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IIpeaucnosue 11

NPEANCNOBUE

HBJ’ICHI/Iﬂ CMAIYHUBAHMA U3BCCTHBI YUCJIOBCUCCTBY C APCBHUX BPCMCH.
CBOﬁCTBa BOABI BIMTBHIBATHCA U OTTATKHUBATHECA OT HOBerHOCTeﬁ Hanuiu
MPAaKTUMECKOES MPUMEHEHHE CHAYaIa B CEIBCKOM XO3AHCTBE, 3aTEM B pe-
MECIIEHHOM €€ M MPOMBIIUIEHHOCTH. Pa3sBUTHE HAyKW W MPOMBIILIEH-
HOCTH TIPEIOTIPEACTAIO BO3PACTAIOIIMN UHTEPEC K U3YUCHHUIO SBICHUN
CMaYUBAHVIA.

B Hedrerasosoii otpacnu mpoblieMa CMadMBaHUA CTaia TaKkKe TPU-
OPUTCTHOM, TAK Kak A00bMA VINIEBOJAOPOJOB HEPA3pPBIBHO CBA3aHA CO
CMAYHMBAOIITNMHA CBOﬁCTBaMPI BOJBI. BJ'II/UIHI/IC CMaAYIMUBAHWA Ha XapakTcp
OOBOIHEHMA CKBAKUH MCCIEIOBATIOCH BEAYIIMMH YUYEHBIMU C CEPEIUHbBI
asafaroro Beka. OmHako MHOTOOOpasue (PU3UKO-TCONOTHUYCCKUX SIBIIC-
HUH, (HOPMUPYIOIUX CMAYMBACMOCTh KOJUICKTOPOB He(TH U rasa u ux
B3aUMHOC BIIUSHUE 3aTPY JHAIO CO3AAHUE HAYYHO 0OOCHOBAHHBIX CIIOCO-
00B y4YeTa U PEryIHUPOBAHMA CMAYMBAHMA TUTACTA TPH I00BIYe HeTH U
razsa.

B mocrnensue ACSATUICTHS YCICIIHO Pa3BUBAKOTCA WHHOBALMOHHBIC
TCXHOJIOTHH PETYTUPOBAHKS CMAYUBAHYS Iy TEM (DU3UUCCKOTO M (PU3HKO-
XUMHUYCCKOTO BOSHeﬁCTBHﬂ Ha MPOAYKTUBHBIC ITTACTHL BHCI[peHI/Ie OTUX
TEXHOJIOTHU MO3BOJAET MOBBICUTE YIJICBOAOPOICOTAAYY IUIACTA KaK TIPH
paspaboTKe TPaJULIMOHHBIX 3aMacoB, TAK U MPU OCBOCHUM TPYAHOU3BIIC-
KacMbIX 3aracoB yriesoaopoaos. OmHako y4ueOHOM auTepaTyphl, OTpa-
JKAOWICH COBPEMEHHOE COCTOSHHE TPOONEMBI, TPAKTHYCCKU, HET.
Nmeronmuecs cBeacHUA 0 CMaYMBAHUK HE(DTETA30BBIX TUTACTOBBIX CUCTEM
HOCAT (PParMEHTapHbIM XapaKkTep W HE NAOT MPEICTABICHUA O BAKHEM-
MHUX XaPAKTCPUCTHKAX MEK(PAa3HBIX B3AUMOICHCTBHH, BISIOIIMX HA
MPOLICCCHI HE()TEra30U3BIICUCHUS.

B kHHre pacCMOTPEHBI OCHOBHBIC TONOKCHUS U 0a30BBIC WICH, JIC-
JKAIUE B OCHOBE OLICHKH, YYETA U PETYJIMPOBAHUA CMAYUBAHUA TUIACTO-
BBIX CUCTCM. y‘II/ITBIBaﬂ y‘IGGI-IBIﬁ XAPakTCp U3OAHWA, aBTOPHI BKIHOTUIIA
B COACPIKAHMC KHUTH 3HAYUTCIBHYI) YacTh KIIACCUYECKOTO MaTepHala,
HeOGXOI[I/H\/IOFO 1A TIOHUMAaHUA SABJICHUA CMAYUBAHUA U UCITIOJIB30BAHUA
3TOrO ABJICHUA B HpOMBICJ'IOBOI\/'I TIPAKTHUKE.

[Mpu manwcanmu y4eOHOTO TIOCOOMA-MOHOTpadMy TEpe aBTOpaMM
CTOSUTH IBOSKAs 3aJa4a. JOBECTH [0 YUTATENI COBPECMEHHBIC MPEICTAB-
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JICHMS O TIPOLIeCCcax, (POPMHUPYIOLINX CMAYUBACMOCTh PCATBHBIX HE(hTETa-
30BBIX IUTACTOBBIX CHCTEM M JaTh HAKMOOJICE IMOJIHYIO KAPTHUHY OLICHKH U
KCIIOJIb30BAHMS CMAYHUBAHKSL B HC(DTSTIPOMBICTIOBOM [ICTIC.

Cremyer OTMETHTB, YTO aBTOPaM YAAI0Ch YCIICIIHO PELIMTE 3TH ABS
JOBOJIBHO CJIOKHBIC 3a1a4u. [Ipu 3TOM B KHHIE pacCMOTPCHBI HE TOJIBKO
CrOCOOBI OLICHKM CMAYHBAHUS KOJUICKTOPOB HE(THU WM rasa, OIMCaHUCM
KOTOPBIX OOBMHO OTPAHUMHMBAIOTCI MHOTHC OIYOIHKOBAHHBIC PAHCS
KHUTH [0 HS(PTSIIPOMBICTIOBOMY ACITY, HO M OCBCTHTH IMHUPOKHU CIICKTP
po6IeM, BOZHUKAOIIKX [PY U3YUCHHH, YICTC U PEIYIMPOBAHUN CMaH-
BAaCMOCTH IUTACTA.

Kpyr paccMOTpeHHBIX B KHHUTE BONPOCOB YPE3BBIMANMHO MIMPOK. Ta-
KOMY IIMPOKOMY OXBaTy, HCCOMHCHHO, CTIOCOOCTBOBAaa HAy4HAas ICs-
TEIBHOCTH ABTOPOB HA MPOTSHKCHUM TOCICIHUX TPUALEATHU JICT. ABTOPHI
HN3BCCTHBI Hay‘lHOﬁ OGH.[CCTBCHHOCTI/I CBOMMH OPHUIMHAIBHBIMU HAY'ITHBI-
MU Ty OIMKALISIMYA M BBICTYIUICHMSIMU.

Her cMmpicia kpaTko mepeckasbiBaTh COACPIKAHUC KHHTH. OHO XOpO-
IO OTP@KCHO B OTVIABJICHHUM, U3 KOTOPOTO YHTATC/Ib JICTKO MOXKET YsIC-
HUTb CIICKTP MPOOIICM, PACCMOTPEHHBIX B KHUTS. OTMETHM JIMIUb TO, ITO
B KQXIOW IIABE 3aTPOHYTH KaK (DYHIAMCHTAILHBIC, TAK M TPHUKIIAIHBIC
acriekThl rpobaembl. Kaskas rmaBa BKIFOYACT CITUCOK OCHOBHBIX ITyOJTH-
Karuii mo o0cyxkmaeMou B Hel mpodiaeme. HeCOMHEHHBIM TOCTOMHCTBOM
KHUTH SIBJBICTCS OOJBLIOS YHCIIO WLIFOCTPALIMH, CIIOCOOCTBYIOIIMX Ha-
DJLIHOMY TIPSICTABIICHUIO PACCMATPUBACMBIX SIBJICHHIA

Kuura maer unrarenro CHCTEMHOC MPSICTABICHUC O CAWHCTBE U Pas-
HOOOpa3uK reosIoro-(PU3NICCKUX MEXAHU3MOB CMAuMBAHISL B He()Tera30-
BBIX INTACTOBBIX CUCTCMAX.

HpeI[CTaBJ'IeHI-IaH KHHUTa ((CMa‘II/IBaeMOCTB HerTel"a?)OBBIX ITTIACTOBBIX
CHCTEM» TIO3BOJIMT CTYICHTAM M ACIHUPAHTaM O3HAKOMMTECS ¢ OCHOBAMH
Y COBPSMCHHBIM COCTOSHHEM IMPOOICM CMavuBaHus B He(pTerazoBoM Je-
ne. Kaury ¢ vHTEpecoM MpOYTYT MHKCHEPHBIC M HAyYHBIC PabOTHHKY,
[OCTOSIHHO CTATKUBAIOIIMCCS C HCOPAMHAPHOCTHIO M PasHOOOpasHeM
MIPUPOIHBIX M TCXHOTCHHBIX HO()TETA30BbIX IUTACTOBBIX CUCTCM.

Epmunos Onee Muxaiinosuuy,
axaoemux PAH
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BBEJEHUE

CMaunBacMOCTh BIISIET HA HEQTEra30KOHACHCATOOTAAYY I171aCTa,
BHABI 3aBHCHMOCTCH OTHOCUTCIBHBIX (Da30BBIX MPOHULACMOCTEH U
KaIMWULIPHOTO JABICHUS OT HACHIIICHHOCTH, & TAKKE HA OCTATOYHOC
BOZO- M HE(TCHACHIIICHUE, JJCKTPHUCCKHEC M TCOJIOTO-TCXHOIOTH-
YECKHUE CBOMCTBA ITIAcTa.

Cy1ecTByeT MHOKECTBO METOA0B BO3ACHCTBHS HA HE(Tera3oBbiit
KOJUICKTOP € LCTbIO VBEIHUYCHHS MPHTOKA YTICBOJOPOTHOTO CHIPbAL.
Ho xakoii Opl METOX HH UCTIONB30BAJICA, BOHHKACT 334a4a M0 YUETY U
VIPaBICHHIO CMAYHUBACMOCTBIO MOPO-KOMIEKTOPoB. CMauuBacMOCThb
BHYTPHIIOPOBOH MOBEPXHOCTU HOPOABI SIBISETCS BAXKHBIM NAPaMET-
POM, OT KOTOPOTO 3aBHUCAT OCHOBHBIC TOKa3aTeIH pa3paboTkH Tr000ro
MeCTOpOKACHMs, neOutr HedTH, rasa, BOAb, OOBOJHCHHOCTH, BOJIO-
HEDTIHOH U ra3oHeTAHON (PAKTOPHI, TCKYINAS M HAKOIUICHHAS JOOBI-
yd HedTH, raza U BoAbl, K03((GUIHCHT HEPTCU3BICUCHHS, OCTATOY-
HBIC 3aMachl, PacIpPeICICHUE HACBIICHHOCTEH (IIIONAaMH U AABICHUS
B 3anexax. MrHopupoBaHue BIHSIHUS MOBEPXHOCTHBIX CBOHCTB KOJ-
JICKTOPa NMPUBOJHUT K HEXKETIATCIbHBIM MOCTICACTBUAM NPH AOOBIYE YI-
JICBOJOPOJOB, TAKHM KaK oOnepexaromas O0OBOJHCHHOCTh A00bIBAC-
MOW HPOJYKLHH, BEICOKOE COJACPKAHUE OCTATOUHOW He(TH B muacre,
U, KaK CICACTBUC, HU3KAas BRIPAOOTKA YIICBOJOPOAOB, COMPOBOXK-
JAIOIIAACS 3HAYUTCIBHBIMU SKOHOMHYCCKIMH MOTCPSIMH KOMITAHHH.

OddexTuBHOS pelICHHUE 331a9 OLCHKH (PUIBTPALIHOHHO-CMKOCT-
HBIX CBOWCTB IUIACTA, MOACIUPOBaHHUA ABYX(]asHOH GumbTpanyu, on-
peaencHus koddduureHTa n3BacucHUs HeTH, 000CHOBAHUS TCXHO-
JIOTHH BO3ACUCTBHA HA IUIACT U MPHU3a00HHYIO 30HY HEPA3PBIBHO CBS-
3aHBl ¢ MPOOIEMOM BOCCO3AAaHUS B Ja0OPATOPHEIX YCIOBHUAX CMAadH-
BacMOCTH, aJCKBATHOH (IO CBOCH CTPYKTYpPE H CBOHCTBAM) peanbHOU
CMaYUBACMOCTH IJacTa. Y CTOSBIIUECS NMPEACTABICHHI O CMAavUBac-
MOCTH, 3aJI0KCHHBIC B CTAHAAPTBl U MCTOAWKH OMPEIACICHHS STOTO
napamerpa, 6a3HUpOBATHCE HA WCCICAOBAHMAX, POBCICHHBIX B CEpe-
JUHE U MOCIeIHeH yeTBepTH XX BEKa, U B HACTOAIICE BPeMsl HYKIa-
IOTCSl B YTOYHCHHH, T.K. OCHOBAaHBl HA WACANTN3MPOBAHHOM IMOHHUMA-
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HUU cMaduBaHus. Takum oOpa3omM, 00OCHOBAHHUE HOBBIX MPEACTABIIC-
HUH O CMAYUBACMOCTH M MCTOAAX €C OMPCACICHHS AKTYAIbHO ISt
noBblIeHUA 3G PESKTHBHOCTH pa3paboTKH 3ane:Kei HeTH U rasa.

CMa4yuBaeMOCTh TMOPOJBI OMPEACIICT B 3HAYUTCIBHOU CTCIICHH
PaCHOIOKCHHUS, TCUCHHS, U PETHCTPUPYCMBIH COCTaB HEQTH, rasa u
BOJbI HA MECTOPOKACHUU.

Ha svedreorgauy miacta u mepuo BPEMEHH, 3a KOTOPBIH MOMXKET
OBITh JOCTHTHYTA 3AIUIAHHUPOBAHHAS HEPTCOTAAYA, CYIISCTBEHHO
BIIMSICT XapakTep CMauMBaHU MOPOA-KojiekTopoB. Mccneaosareu,
MOABOJSI UTOT HCKOTOPBIX BAXKHBIX (DAKTOPOB BJIMSHUS CMAYMBAHUS
Ha HeTeOTAAYY, MOAUCPKUBAIOT, YTO OOMBIIMHCTBO IIACTOBBIX CHC-
TEM HE TUAPOQWIBHBEL. JTO 00YCIaBIHBACT OCOOBIC TpeOOBaHHA K
aHAMM3Y KEPHA W K BOCIHPOH3BCIACHHUIO PCATBHOM CMAYMBACMOCTH
I1acTa B JIA0OPATOPHBIX yCaoBusx [ 14].

OaHaKO JOCTUTHYTOEC TCOPCTUUCCKOS MOHUMAHUE CMAYHBACMOCTH
IO CHX TIOP HE MOXKET OOCCHCUUTh HAJCKHOTO BHIOOPA TEXHOJIOTHH
paspaboOTKH W MPOrHO3a AMHAMHUKH TCXHOJOTHYCCKHX MapamMEeTPOB.
Hedrenaceitiienne B miacTe MpeACTaBISICT HPOLECC YACTHYHOTO 3a-
MEIICHHS TUTACTOBOH MUHCPATU30BAHHOHN BOBI IIACTOBOM HE(THIO B
TCUCHHUE TCOIOTMICCKOro BpeMeHu. Bo Bpemst aToro mpoiecca HedTh
MPUOIIKACTCS K MOBEPXHOCTH MOPOJ, HO OCTACTCS OTACICHHOW OT
HHUX OYCHb TOHKOH (00prdHO <50 HM TONIMMHOH) BOXHOH IIJICHKOM.
Xwupacaku |[13] ycraHOBHII, YTO CMAaYHUBAHUE B 3THUX CHCTEMax OyICT
OTPESACIATHCS TOJIIMHON BOMHOU IUICHKH, KOTOPAsl 3aBHCHUT OT PaB-
HOBCCHS CHJI B MPEASIAaX TUICHKH. JTH CHIBL (DOPMUPYIOT U30BITOUHOS
JABICHHUC (JABICHHUC PACKIMHUBAHUS), NPCIITCTBYIOMICES AAIbHCH-
[IEMY MCTOHUYCHHIO TUICHKH, TONIIUHA TUICHKHA OYJCT YMCHBIIATHCS,
MOKa AABJICHHC PACKIMHUBAHUS HE OYJCT PaBHO ACHCTBYIOLICMY Ka-
nmuipaEOMY AaeyeHuto [11; 12; 13].

Muorue (axkTopsl, BIHAIOIMMC HA CMAYUBACMOCTb, TAKHUC Kak
TEMIICPATYPA, COCTAB U CBOMCTBA IUIACTOBOM BOJBI, HAYAIbHAS BOJIO-
HACBIIIICHHOCTh, MUHEPAJIbHBIH COCTAB MOPOA, COCTaB HedTH, U T.I.
M3YYATUCh PA3IMYHBIMU CIICLIHAIUCTAMHU, HO PE3YJbTAThl MX HCCIIC-
JOBAHHN YaCTO MPOTHBOPSUMIN APYT APYTY, YTO HE CIOCOOCTBOBAIO
BBISIBJICHHIO OOIIHX 3aKOHOMEPHOCTCH.
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Nmeromuecs myOaukanyy He MO3BOISIOT JENATh CPABHCHUS MEXK-
oy (hakropaMu, BIHSIOIIUME HA U3MCHCHHUE CMAYHUBACMOCTH, TaK KaK
B 3KCHCPUMECHTAX OBLIH UCHOIb30BAHBI HCOTUHAKOBBIC MCTOIUKHA HC-
CJICJOBAHUS U MATCPHAITHI.

[IpenaTcTBOBAIO CPABHEHUIO PE3YIBTATOB H3YUCHUSA CMAYHBAHHUS
U TO, YTO B Pa3MHYHBIX HCCICAOBAHMAX HCIOIb30BATOCH MHOTO Pa3-
HBIX BUJOB M COCTaBOB He(PTCH, MUHEPAIbHBIX BEIICCTB U PA3TUTHBIX
KOMITO3UIMH. 3aMETHUM, YTO BAPHALIMU HTHX MApPaMETPOB UTPAIOT BE-
OVIVIO poib B (DOPMHPOBAHUM CHCTEMBI CMavyHBACMOCTH. MHOTHE
KCCJICOBATE/IN U3YUYAIH BIUSHUC OTACIBHBIX (DPAKLIHI, BBIIACICHHBIX
13 He()TH HA U3MCHCHHE CMAuHUBACMOCTH, OJHAKO PCalbHBIA (PpaKi-
OHHBIH cocTaB HE(TEH, KaKk npaBujIo, HEe BoctpousBoauics [4; 15].

TpyxHOCTB emie U B TOM, YTO A0 CHX MOP HET CTAHAAPTHOTO Ha-
JEKHOTO METOJA ATl OLICHKH CMavYHBACMOCTH CHCTEMBI, TIO3TOMY HC-
MOJIB3YIOTCS PA3IUYHBIC METOMbI, U KaKIBIH M3 HUX UMEET CBOH CIIC-
uuguaeckue ocodeHHocTr. Hanbonee pacnpoCcTpaHSHHBIC KOTHUYCCT-
Benneie MeToasl B CIIA — merox Amorra u metogq USBM [3; 10], B
Poccnu — meton TynsOoBHYa 1 H30TEPMUYCCKOH CYIIKH.

B mocnennuie roapl pacnpoCTpaHUINCh ONBITH O aArC3Ud YIIe-
BOJOPO/IOB, TAK KaK OHH O00CCIICYHBAIOT OBICTPBIC U TOYHBIC CPESACTBA
IS OLICHKU CMaYHBAacMOCTH. B ombITax mo aare3uu onpeaenseTcs ai-
copOupyeTcs U 0CamoK W3 He(PTH UMM OH OTASMICTCS CBOOOIHO.
Kpome Toro, HEkOTOpBIC aBTOPHI U3MEPSIOT CTEICHb OCKIACHUS HA
Pa3IHYHBIX MUHCPAIBHBIX MOBEPXHOCTIX, YTOOBI OMPEIAC/IUTh XapaK-
TEP UBMEHEHHUS CMAauHBaCMOCTH.

OKCHCPUMEHTHI MO OMPCIACICHUI) KOHTAKTHBIX YIJIOB M AATC3UU
MPOBOJASIT B MOBCPXHOCTHBIX YCAOBUSX HA TVIAJKHX, IIOCKHUX, OTHO-
POIHBIX MOBSPXHOCTSX, YTO MPHUHIUIHAIBHO OTIHYACT YCIOBHS MPO-
BEACHUS 3THX SKCIICPUMCHTOB OT IIACTOBBIX YCIOBHH B KOILIEKTOpax
He(Ty m raza. Takue 3KCOCPUMEHTHI ObITH MPOBEACHBI HA CTCKIISIH-
HBIX IJIACTUHAX, UCKYCCTBCHHBIX MECCUAHBIX KEPHAX U riuHAX. Bojib-
[IC BCETO PACXOKACHUH B MOKA3aTEIIX CMAYMBACMOCTH MOTYUCHO HA
[IMHAX. OTH PACXOKIACHUS ABTOPBI OOBSCHIN MOJIUMUHEPATBHBIM
COCTAaBOM TJIHH, XOTS TJIHHHCTBIC MHHCPA/Ibl, B OTHOCHUTCIIBHO HE-
OOJIBIINX KOMHYICCTBAX, MIPUCYTCTBYIOT B OOJIBLITHHCTBE TCPPUTCHHBIX
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1 kapOoHaTHBIX MIacToB. OHU MOTYT MOKPHIBATh OOJIBINYIO ILIOMIAAb
BHY TPHUITOPOBOTO MPOCTPAHCTBA M CHUITBHO BIIMATh HA MOBEPXHOCTHBIC
cBoicTBa [5; 6; 7; 8; 16].

CMaIrBaCMOCTh OMPEACIICTCS KOMIUICKCOM TPAHHYHBIX YCIOBUH
CUJIOBBIX B3aUMOJCHCTBUI B MOPOBOM MPOCTPAHCTBE OCAAOUHBIX IO-
poa. DTH YCIOBHS OKA3BIBAIOT AOMHUHHPYIOIISE BIMSHUC HA JBUKC-
HUC B3aMMOJACHCTBYIOIIHUX 3JICMCHTOB B IUIACTEC M CBS3aHBI C HEdTe-
BbITeCHCHHEM. (CMauMBACMOCTh SIBIBICTCS CCPHhE3HON HEPCIICHHOM
npodiaeMo B 3a1adax MHOTO(a3HON QUIbTpALMH, HAUUHAS C MUTPa-
i HE(TH OT MATCPUHCKHUX TOPOJ M 3aKAHYHMBAS YCOBEPIICHCTBO-
BAHHBIMH TIPOLICCCAMHU JOOBIUM, TAKUMH KaK HATHCTAHUC IICIOYCH
i nonepemeHuoe BeeacHue CO, 1 BOIBI.

Harneranue BOABI MIMPOKO MPUMEHSICTCS ¢ CEPSAUHBI ABAALATOTO
Beka. B Poccum 3aBogneHue — ocHOBHOM cniocod noOeran Hedru. bo-
aee moyioBuHbl Tekyieh no0brau Hedru CHIA mpousBogutcs ¢ mo-
MOIIBIO 3TOM TEXHOJIOTHH. Ha mpOTS:KEHHH BCEro 3TOr0 mepuoia BO
MHOTUX HAYYHO-HUCCIICAOBATSIBCKUX padoTaxX yACISIOCh BHUMAHHC
3hdexTy cMauuBACMOCTH MPH A0OBIYEC HEDTH MOCPSACTBOM 3ABOIHE-
Husl. bospinast 4acTh 3HAHMH O IMTACTAX-KOJUICKTOPAX B MHKCHECPHOU
MpaKkTUKE ObLIa OCHOBAaHA HA MPCIAMNOJIONKCHHH O THAPO(PHUIBHOCTH
KOJUICKTOPOB. CUUTAJIOCH, YTO OHH XOPOIIO BIUTHIBAKOT BOAY, T.C. B
IJIaCTe MOPOJAA COXPAHICT CIIOCOOHOCTh BITUTHIBATH BOAY IMPH HATH-
yun B Hell HedTu. Ilogpasymesanoce, uto HETH HE BIHACT HA CMa-
YHUBACMOCTh, @ OCHOBHOC BIHSHHE OKA3BIBACT CaMa MOPOAA.

O00ocHOBaHHUEM JOMUHHUPYIOLICTO TOI0KCHUS O THAPOPHIBHOCTH
KOJUICKTOPA CAYXKU/IA THIIOTE3a O TOM, YTO BOJA M3HAYAIBHO MPUCYT-
CTBOBAJIA B IJIACTOBOM JIOBYIIKE U COXPAHSIACH B MIOPAaX B PE3yJIbTATS
JCHCTBUS KAOWUTSIPHBIX CHI, U B BH/C IVICHOK HA TIOBEPXHOCTHU TIOP,
3aHATHIX HE(PTHIO, B TO BpeMsl Kak HETh MUTPHUPOBAJIA U HAKAILTHBA-
Jack B Koiutekrope. Taike 3T0 HabMIOAAIOCh MPH 1a0OPaTOPHOM
AHAJIN3C KCPHOB, HO MPUIUCHIBAIOCH JAC(CKTAM U MHOTPEIIHOCTSIM,
CBSI3aHHBIM C OTOOPOM U UCCACAOBAHUECM KEPHOB. BOMBIIUHCTBO KC-
MICPUMCHTOB MPOBOAUIOCH ¢ THAPOQUIBHBIM, OUUIICHHBIM OT HE(TH
¥ ra3a KePHOM, TaK KaK 3TO JAABAJIO PE3Y/IbTATH, SKBUBAJICHTHBIC TCM,
KOTOPBIC MOMYYATH MPH UCCACIOBAHUH THAPOQUIBHBIX, XOPOIIO BITH-
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THIBAIOIIUX BOAY KOUICKTOPOB. [IpuMepaMu Takux u3MEpeHUil sBIs-
FOTCs JTA0OPATOPHOEC HATHCTAHHE BOJABI, OMPECACICHHE 3aBHCHMOCTH
3JCKTPUYECCKOTO COMPOTHBICHHUS OT KOS((HUIMEHTA BOJOHACHIIICH-
HOCTH, U3MEPCHUC KAMWLISPHOTO MABJICHUS s ONPEIACICHHUS HACHI-
IICHHOCTH I1aCTa PESIMKTOBOM BOAOW U T.n. OAHAKO CICIHUAIBHBIC
WCCJICAOBAHUS BJIMSHUS CBOWCTB ILIACTOBOH HE(TH HA CMadyUBac-
MOCTh IJIACTA HACSTHO MPOACMOHCTPUPOBATIH TMOJIOKSHHUS O TOM,
4TO OOJBIIMHCTBO IUIACTOB HMMCKOT CMAavyMBACMOCTh, OTJIMYHYIO OT
YUCTO THUAPO(UIBHOW. ITOT BBIBOA CIOCOOCTBOBAN BO3POXKICHHIO
HWHTEPECa K HCCICIOBAHHUSM, CBSI3AHHBIM C H3MCPCHHUEM ILIACTOBOM
CMaYUBACMOCTH W ONPEACICHUEM €€ BIHAHUA Ha HOOBMY HEdTH,
OCOOCHHO MPH UCMOb30BAHUN TSXHOJIOTHH HATHETAHUS BOIHI [9].

OnpeeneHue IACTOBOH CMAYMBACMOCTH U €¢ BIMSHUAS HA JOOBI-
gy HE()TH OCYIISCTB/SICTCS METOAAMH, KOTOPBIC BKJIFOUAIOT B CeOs
KCCJICIOBAHUE OOPA3IOB KCPHA M HA3BIBAKOTCS PACIIHPCHHBIM aHATH-
30M CMAYMBACMOCTH KEPHA.

IlnacTroBasi cmauuBaeMocTh. [IcicHUE KOUICKTOPOB HA BOJAOHA-
CHIIICHHBIC U HC(TCHACHIIICHHBIC SBIICTCS yrpoiueHueMm. Cyimect-
BytoT aBa obmenpunateix B CIIA merona ompeaeneHus cMaduBac-
MOCTH, OCHOBAHHBIC Ha pacnpeacicHun ¢a3 B CHUCTEME IOPO-
Ja/coneBoi pacTBOp/He(Th: MOTUPUIIUPOBAHHBIN TECT AMOTTA B TECT
I'oproro bropo CLIA [3; 10].

Kaxxaprit MeTOq 3aBHCHT OT M3MCPCHHUM BOJOHACHIIICHHOCTH U
KaWUTSIPHOTO JABJCHUS WIH YCIOBHUM MPUTOKA U pacxona (Aast om-
peaencHus maciiraba CMauMBaCMOCTH). JTH HCIBITAHUS MOKA3AJIH,
YTO IJIACTOBAS CMAYHBACMOCTh MOXKET OXBATHIBATh LIHPOKHH auara-
30H COCTOSIHHH, KOTOPBIC BAPbUPYIOTCS OT CHIIBHO THAPOGUIBHBIX 10
cuipHO ruApodoOHbIX. B mpemenax 3Toro AvanazoHa CyMECTBYIOT
CIAOXKHBIC COCTOSIHMS CMEIIAHHOW HACHIIICHHOCTA TCMU WJIH WHBIMHU
(daronaaMu, HO Yale BCETO MBI HMEEM JS/10 WK C MPSUMYIIESCTBCHHO
BOJIOHACHIIIICHHBIMH, WK C HS(PTCHACHIIIICHHBIME TIacTamu [ 14].

B Poccun makcumanbHbii 00bEM UCCIICA0OBAHUEI CMAYHUBAHUS ObLT
mpoeedeH o meroay TymeOosuda (OCT 39-180-85) u mo metoay
n30TepMUIcCKoi Cymku [2]. TIpoBEOCHHBIC HCCICIOBAHMS TAKXKE
MPOJACMOHCTPHUPOBATIN HETUAPODHUIBHBIN XapaKTep CMAYUBAHHS KaK
TCPPUTCHHBIX, TAK W KAPOOHATHBIX ITACTOB.
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Ompeaenstoniee BAMSHAC CMAYUBAHMS HA TCXHOJOTHUCCKHE MPO-
ueccsl HererazooTaun TPeOYST HANMUYHUS CHCLHUAIBHON yICOHOH H
Hay4IHOH nurteparypsl no 3tuM BompocaMm. Oxnako B Poccuu takas
vuebHas muteparypa orcyrersyet. [Ipeanoxkennoe yuebHoe nocobre
SIBISICTCS TICPBBIM OMBITOM OOCCIICUCHHSI YICOHOTO MpoLecca MOAro-
TOBKH LIMPOKOTO KPyra CIeLHATHUCTOB B 001acTH He(TerazoBoro Je-
aa. ABTopamu Tax:ke OB HOATOTOBJICH YUYSOHO-METOAMUCCKUI KOM-
IJICKC, TAC PACCMATPHUBAIOTCS BOTIPOCH cMauuBanus [ 1].
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KNTACCUYECKUE XAPAKTEPUCTUKN CMAYMBAHUSA
MPOCTbIX MUHEPAJIbHbIX MOBEPXHOCTEMN

naea 1. ®u3mka U XMMHUA NPOCTbIX MMHEPabHbIX
NOBEpPXHOCTEN

[Iponeccrl, mpoTeKarLIFie HA IPAHKULEC TBEPAOE TEIO — MKHUIKOCTh,
MPOSBISIIOTCS. B TAKHX SBJICHHAX, KaK CMa4yHBAHUC H PaACTCKAHUC.
CmauynBaHHeM HA3BIBAIOT MOBCPXHOCTHOC SIBJICHHE, HaOIrOmacMoe
MPH KOHTAKTE KHUIKOCTH € TBEPABIM TCIOM B MPUCYTCTBUH TPeTheH
¢asel — raza UM APYrol >KUAKOCTH, KOTOPAas HE CMEIIUBACTCS C Mep-
BOH. Paznnuaror ABa OCHOBHBIX CTy4asi CMAYHBAHHSL.

1. Cuauueanue npu NOTHOM NOSPYIHCEHUU MEEPOO2O MENd 8 JHCUO-
KOCMb (UMMepPCUOHHOe CMAYUeaHue), B KOTOPOM YYACTBYIOT TOJBKO
aBe ¢asbl — XKHIAKOCTh H TBEpAoe Teno. IMMEpCHOHHOE cMavrBaHKC
peanu3yeTcs Ipy MOTHOM HOTPYKCHHUH TBEPAOTO TEJA B )KUAKOCTD, &
TAKXKE B APYTHX CIVYAIX, KOrja o0paszyercs IpaHdLa paszacna TBep-
J0€ TElO — JKUAKOCTh, U XaPaKTEPU3YET OTHOCUTEIBHOC B3aHMOJCH-
CTBUE KUIKOH (has3bl C TBEPAOH MOBEPXHOCTHIO.

2. Kommaxmmoe (uzbupamenvroe) cmavueanue, B KOTOPOM IO-
MHMO KOHTAaKTa KHIKOCTH C TBEPABIM TCJIOM KOHTAKTHPYET TPEThS
(dasa — ra3 wiu Apyrast JKUAKOCTb.

Pacrekanune fBISCTCA MPEACIbHBIM (MAKCUMANBHBIM) CIyYacM
cMauuBaHud. PacTekaHne NpoUCXOINUT B PE3yIbTaTe B3aMMOACHCTBUS
(COMPUKOCHOBEHMS) TCJI, CTPOSHUE MOJICKYJI KOTOPBIX HOX0xH [1].

XapakTep CMauMBaHHS ONPEACTACTCS, MPEKAE BCETo, (PH3HKO-
XUMHYICCKHMH B3aMMOJCHCTBUAMH HAa IOBEPXHOCTH pasaeia ¢as, Ko-
TOPHIC YYACTBYIOT B cMauuBaHUU. MIHTCHCHBHOCTh 3THX B3aHMOJACH-
CTBHH HPH UMMCEPCHOHHOM CMAauMBaHHM XapaKTEPU3YETCS TEIIOTON
CMaUUBaHHA. XapaKTCPUCTHKOH H30UPATEIHPHOTO CMAYUBAHHS SIBIIS-
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[Ipu wmccraeaoBaHHMM TPOLECCOB B3aUMOICHCTBHS KUIAKOCTCH C
MOBEPXHOCTHIO TBEPAOTO TENA U XapaKTepa UX COBMECTHOM (uibTpa-
UM B MOPUCTOH cpene HaubONee 3HAUYNUTEIbHBIMH NAPAMETPAMH SIB-
JSFOTCS: KPacBOM yrosl CMauyMBaHHS, IOBCPXHOCTHOC HATSIKCHUC, Ka-
MWUTSPHOS JABICHHUE M THCTEPE3UC cMaunBaHHUi. bonpmoil Bknax B
PasBUTHE NPEACTABICHUH 00 3THX NMPOLIECCaX BHECTH MHOTHE U3BECT-
HBIC COBETCKHE W poccuiickne yucHele, B ToM uuciae B.JI. Cymm,
H.B. Yypaes, b.B. [eparun, A.J. 3nvmon, B.1O. [lentun, B.J1. Cobo-
JICB U Jp.

MexaHu3MBl 3THX HPOLIECCOB KOHTPOIHPYIOTCS H3MEHCHUSAMHU
CBOOOJHOM 3HEPTUH U BEITUUYNHAMHU KPacBbIX YIJI0B HA IPaHULAX pa3-
naena ¢a3. BaxxHol 0COOCHHOCTRIO MPOLIECCOB, MPOTEKAMIMUX HA Tpa-
HULIAX pasiesia TBEPAOEC TEI0 — JKUAKOCTb, SIBJIICTCSA 3aBUCHMOCTD Xa-
PAKTEPUCTUK STHX IMPOLECCOB KaK OT (PU3HKO-XUMHUYCCKHX MHKPO-
CKOTIMYICCKHX SIBICHHH, TAK U OT MAKPOXaPAKTCPUCTHK MOBEPXHOCTEH
paszaenoB koHTakTUpYOIWUX (a3. [Ipu koHTaKTe KUAKOCTH C TBEPAOH
MOBEPXHOCTHIO (PU3UKO-XMMUYCCKUE SIBJICHUS B CHCTEME OyIyT 3aBH-
CETh HE TOJIBKO OT XUMHYECCKOTO COCTABA KOHTAKTHPYIOIIUX (a3, HO U
BO MHOTOM OVAYT ONPENCTATHCS MHKPO- H MaKpOXapaKTCPHCTHKAMU
TBEPABIX MOBEPXHOCTEH.

Hna aHanmza ocOGCHHOCTEH MPOSIBICHUS MUKPO- U Makposdidek-
TOB Ha IpaHULAX pazaenoB (a3 YCIOBHO MOXKHO Pa3iCIHTh H3ydac-
MEBIC TBEPABIC IOBEPXHOCTH HA MPOCTHIC U CIOXkKHBIC. B mepsom mpu-
OMKCHHH B KQUECTBE MPUPOAHBEIX MPOCTHIX MOBEPXHOCTEH TOTHYHO
paccMaTpuBaTh MOBEPXHOCTH MPHPOIHBIX KPUCTANIOB, KOTOPHIC BH-
3VaIbHO BOCIIPHHUMAIOTCS KaK INIAAKHE IOBEPXHOCTH (pHc. 1.2).

Onnako Oonee ACTANBHBIN AHAJIW3 MOKA3BIBACT, YTO JAXKE BHU3Y-
aJbHO TJaJKUE TIOBEPXHOCTH KPUCTANIOB HE SBILIIOTCA HICATBHO
[IAAKAMHU TIOBEPXHOCTIMU, & XapaKTCPU3YIOTCS CTPYKTYPHOU U 3HEP-
TETHYCCKOW HEOJHOPOAHOCTRIO, MPOSBIIOICHCS HAa MUKpoMaciTabe
(puc. 1.3).

Takum oOpa3oM, AETICHHEC KPHCTATUIUMYCCKUX MOBEPXHOCTEH HA
MPOCTBIC M CJIOKHBIC HE SBISCTCA CTPOTUM, HO OHO OYCHBb IMOJC3HO
I IOHNMaHus (PU3HKH MPOLIECCOB, MPOTEKAIOIINX HA IPaHULAX pas-
nenos (as. 'eomerpuueckas KoHGUrypauus HOBEPXHOCTH OONBIINH-
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[TocnenHee BEIpasKeHHE MOXKET OBITh MOIYUCHO AL H30TPOITHOTO
TBEPAOTO TeJa Takke u3 ypasHeHus (1.4).

CBoOoaHast SHEPTUst IS0 OTKPBITOH CHUCTEMBI MOXKET OBITH 3aIiv-
caHa Kak

dF = =SdT — PdV +ydA+ p.dn, (1.4)

u npu octostHubIX 7, V u n moayuaewm (1.5) u zatem (1.6)
v=(0F 124),, (1.5)
dF =d(F°4)=FdA+ AdF". (1.6)

OaHaxo [is TBEPAOTO Tena, Kak npaswio, df” /dA # 0 ; paxkruue-
CKH PaBCHCTBO BO3MOYKHO TOJIBKO M1 TOMOTaTHYECCKOH (MaeambHO
KpHCTaLTHIeCKO#) mosepxHoctd [8]. CrnenosarensHo, F~° =7, eciau
TOJIBKO MOBEPXHOCTh JOCTUTACT HEKOTOPOTO OJHOPOAHOTO PAaBHOBEC-
HOT'O COCTOSIHHS, & BO BCEX APYTHX COVYAIX MEKAY F° |y, a Takke
MEXIy UX PAaBHOBECHBIMH 3HAUCHIAMHY CYIIECTBYET pasimdue [26, 3].
[TosToMy HET AOCTATOYHBIX OCHOBAaHHM HA3bIBATh Y YACIBHOW MO-
BEPXHOCTHOH CBOOOAHOM 3nepruck |3, 30].

Jta mpodaecMa MOKET TAKKE UMETh AATBHCHUIIHE CJeACTBUsA. Ec-
7Y MBI IPOMHTErpUpyeM ypasHeHue (1.4) npu yCIOBHH MOCTOSHCTBA
TuV, 1o

FzyA—i-Zuini W 1.7

F'=y+Y ul, (1.8)

Taxum oOpazoM, ecnu YCIOBUS HACATBHOH MOBEPXHOCTH MOTYT

ObITh coxpareHbl U dF° / A=0, TO TOMKHO OBITh TAKKE CIPABEIIH-
BO Z pwl',=0.

N3z-3a HCBO3MOKHOCTH HETIOCPEACTBCHHOTO H3MEPCHHSA TMOBEPX-
HOCTHOTO HATSKCHUSA TBEPBIX TEJI SCTCCTBCHHBIM CIIOCOOOM aHAIM3a
ABIIAIOTCA PACUCTHBIC CXCMBI, KOTOPBIC YUHUTHIBAOT PA3TIUIUC IIOJIO-
JKCHUSI HOHOB HA MOBEPXHOCTH U B 00BeMe TBepaoro Teaa. Cxema pe-
JaKCALIMOHHBIX TPOLIECCOB B NPHIIOBEPXHOCTHOM CJI0¢ Oblna JaHa
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®epaeem [26]. OH Ha mpUMEPE KPUCTATUIOB XJIOPUCTOTO HATPHUS MPH-
HSUT IEpUOA 00BEMHOM pereTkd pasHbM 0,281 HM U 3aKTIOYHI, YTO
BO BHEIIHEM CIIO€ HOHBI XJIOPA CABHHYTHI OTHOCUTEIIBHO MOJIOXKCHHUS,
MIPEICKA3bIBAEMOTO HACATIBHBIM PACIOIOXKEHHEM, M HAXOJITCA Ha
paccrostauu 0,286 HM OT NEKaIICH MO HUMH IIOCKOCTH HACATEHOTO
00BEMHOT0 KPUCTAIIA, & HOHBI HATPUS CABHHYTHI BrIyOb M HAXOAST-
ca Ha paccTosHuH (0,266 HM OT TOU K€ IIOCKOCTH, KaK 3TO MOKA3aHO
Ha puc.l.5. Takum oOpa3oM, CIOM BHCUIHHX HOHOB XJIOpPA M HATPHS
otcrosT apyr ot apyra Ha 0,020 HM, 0Opasyst TeM CaMbIM MOBEPXHO-
CTHBIH JBOMHOM CIION. ITOT PA3HOCTHBIN 3 (DEKT ABIACTCSA PE3ybTa-
TOM TOTO, 4TO OOJBIINE OTPHULATCIBHBIC HOHBI MOISIPU3YIOTCS CHIIb-
HEE, YeM Mallble IOJIOXXKHUTEIBHBIE, BCICACTBHE YETr0 B HOHE XJIOpa
BO3HMKACT OOMBIINH SICKTPUYCCKUN TUIOIBHBIH MOMEHT, YeM B HOHE
HaTpus. B pe3ynprare BHEIIHHME WOHBI XJI0pa OVAYT MEpeMeInaThCs
TaK, YTOOBI PACCTOSHHUE OT MOJOXKHUTEIBHOTO KOHIA AMIIONS O CIOS
HMOHOB HATPHA VBEIHIWIOCH, 4 PACCTOSIHHE OT OTPHULIATEIFHOTO KOHIA
YMEHBIIUIIOCH.

Odvemuitl KpLCmana

Puc. 1.5. Moje/is 01HOCI0IHOI peJTaRcAIN XJIOPIAA HATPUS
1o ®epuero

IMo-BuguMoOMy, HEJOTHYHO IIPEAINOJAraTh, 4T0 OyACT PEIaKCUPO-
BaTh TOJBKO BHCINHAA IITTOCKOCTB, (baKTI/I‘IeCKI/I JOKHO CMCIIATHCS
oonpimee unciao cinoes. Benson G.C. et al. [43; 44; 45; 46], uccmeays
PENaKcauuo MOBEPXHOCTEH KPUCTAIIIOB FaJ0rCHHUIO0B IICI0YHBIX ME-
TAUTOB, TMOKA3aJIA, YTO ISITh BHCINHUX CJIOCB BCErAA CYIICCTBCHHO
CMCIICHBI OT ITOJIOKCHHSI B HACAJIBHOM KpI/ICTaJ'IJ'Ie H 4TO KpI/ICTaHH
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MOJKHO PacCMaTpHBaTh Kak WACATBHBIA, HAYMHASA TONBKO C IMECTOTO
OT TIOBECPXHOCTH €104 [16].

B pacuerax mpuHATO, YTO MO CPABHEHHIO C MEXKIUIOCKOCTHBIM
paccrosaueM B o6beme kpuctamia (0,281 um) momsr Na’™ BHemHETO
cros caBuHYTH BriyOb Ha 0,015 HM, a noHbI X10pa Hapyky Ha 0,005.
Pasmeprr okpykHOCTEH MPHOIUZUTEIBHO NPONOPLIMOHATBHBI HOHHBIM
paamycam.

MeTtoa pacdera, B KOTOPOM HCIIOJIB3YIOTCS YHCICHHBIE METOIBI
MUHMMH3AMA OOLIEH 3HEPIHH CHUCTEMBI, JOMYCKACT NMEPEMCLICHHE
HMOHOB B ILITH BHEIIHUX CIOAX K HOBBIM PAaBHOBECHBIM IOJOKCHHAM.
DJHEeprus B3auMOJCHCTBUS JBYX HOHOB M BBIpKAcTCA Kak [3.4].

.0 -3 -3
uy_uy—exn*%)g +ejOH%)G —

u; - eiefrifil B cy"”zfé - dy"”y'ig +by'eXP(””ij /P) , (1.10)

; (1.9)

rac e v |l — 3apda u ,Z[I/IHOJ'ILHLII\/'I MOMCHT COOTBCTCTBCHHO, I’;.j — BCK-

TOP TOJIOXKCHUS WOHA I OTHOCUTCIBEHO UOHA J; ”3 (cm.(1.10) — moTeHn-

uuajibHas sueprust no bopuy—Maitiepy, mpeacTasisomas codoi cym-
My KyJOHOBCKOW, Ban-nep-BaanbcoBoif m OTTasKMBaroOmed COCTaB-
aaromux. Jpyrue uneHsl ypaBHeHus (1.9) — 310 sHeprum 3apsaa-
JUMONBHOTO U AMIONb-AUIIONBHOTO B3aUMOICHCTBHH, BOZHHKAOLIHC
MPH TONAPH3ALUN HOHOB, a SKCIIOHCHIHANBHEIN YJICH, BKITIOYAIOLIUN
MapamMeTp JKECTKOCTH P, — SHEprus ortankueaHus. [lockonbky mo-

ab, 3aHMMACMas MAPOM MOHOB HA TOBEPXHOCTH, COCTABIsET 2,
I ¢ — HANMEHBIICE PACCTOSHHE MEKAY COCCASIMH B 0OBEME KpH-
cTanna, TOoMpaBKa Uil pacueTa MOBEPXHOCTHOH SHEPTHH 10 CpaBHE-
HUIO ¢ HEPTrUCH UACANBHOrO KpucTamia OyaAeT paBHa

Ao, =AU, /2a°, (1.11)

(100)
rae AU, — YMCHBIICHUC 3HCPTUM KPUCTA/LIA 3a CUCT PENAKCALMH.

Takum 00pa3oM, UCTUHHYIO TMOBEPXHOCTHYIO SHEPTHI) MOKHO COOT-

0

HECTH C SHEPruei MAcaIbHOTO KPHUCTAIA S 100)

, JONyCKasl perakca-

OUIO ITATH BHCIIHUX CJIOCB
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O 100y = Olhan) + A0 =210.9-107.4 =103,5 Mlc/r” . (1.12)

100 100
Biusgane yBenmueHHs 4HciIa PEIaKCHPYIOIIMX CIOEB HA pacydeT

MTOBEPXHOCTHOU HEPTUH MOYKHO BUAETD U3 pHC. 1.6.
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Hucii) CHOPB , YYUMbIBAEMbIL 8 pacyeme
Puc. 1.6. 3aBHCHMOCTE NOBEPXHOCTHO JHEPrUM AG ) A/t rpann (100)

NaCl ot urncJjia ¢JioeB, B KOTOPBIX NPEIMOJIATAETCS PETAKCATIHSA

Hanneie (Benson G.C. et al.) [43; 44; 45; 46] no u3MECHEHHUIO O~
JI0O)KCHHUSI UOHOB B CIVYae, KOIJAa IITh BHELUIHHWX CIIOCB MPEAronara-
I0TCS PEJIAKCHUPYIOIIMMU, mpeacTasieHsl Ha puc. 1.7. HanGonee cy-
MICCTBCHHO TO, YTO CMCINCHHE HOHOB XJOPA OT NMOBEPXHOCTH YBEIH-
YHBACTCS TI0 MEPE €€ YAAICHUS OT 00bEMa KPUCTAIIA, B TO BPEMs Kak
HaIpaBICHUC CMCINCHHUS MEHBIINX M0 PasMepy HMOHOB HATPHS MEHS-
ercs. CteneHp OecioOpsaKa WM HUCKAKCHHS, (PaKTHUCCKH CO34aBac-
Mas Ha MOBEPXHOCTH B PE3yJIbTATE PEIAKCALMOHHBIX IPOLIECCOB, MO-
JKET OBITH JICTKO MPOCICKEHA Ha puc. 1.8, Ha KOTOPOM Kpysk0UKH 000-
3HAYAIOT MPHOIM3UTCIBHEIC COOTHOLICHUSI HOHHBIX PAIUyCOB B 00b-

CMC KpUCTAJUINTA. W3 Benuuunb AG( U TIOJIOKCHH CABHUI'OB Ha

100)
puc. 1.8 MOXHO 3aKITIOUNTB, UTO KPUCALIUYECKUE NOBEPXHOCMU
OOJIJICHBL 8 3HAYUMETIbHOU CMEeNneHlt OMIUYAMbCs OMm NIOCKOCMell 6
obveme Kpucmaiid, U 3mo O00IIICHO 8HOCUMb cyujecmeerntole UsMeHe-
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1.2. Bugbl HecoBepLIEHCTBa U HEOQHOPOAHOCTH
NPOCTbIX MMHEpPaJibHbIX NOBEPXHOCTE

IlpocTeie TpHUpOAHBIE TOBEPXHOCTH THIMYHBI IS TPHUPOIHBIX
KPUCTAIJIOB, BXOJAAIUX B COCTAB TOPHBIX IIOPOA. 3TO KpUCTaJLlIbl
kBapua Si0,, kaneiura CaCQO;, ramura NaCl, anruapura Ca(SQO,) u ap.
OxHako KpuCTaLIbl, 00PA30BABIINECS JAKE B MACATBHBIX TCPMOIMUHA-
MHUCCKHX YCIOBHSX, HE 001aJar0T HACATLHBIMY TTOBEPXHOCTIMH.

Kak n3BecTHO, mony4yuTh UacanbHbIH OOBEMHBI KPHUCTAI MPaK-
THYCCKH HCBO3MOJYKHO, TOYHO TaK KC¢ HE TOCTHKHMA HACATbHAs TI0-
BEPXHOCTD, PEIAKCUPYIOMAs, KAK OMHUCBIBAIOCHh B MPEABIAYIIEM pa3-
nene. Ilpexae Bcero Takoil kpuctama He MOT OBl PacTH, a PCaTbHEIC
KPHCTA/UTBI BCETAa COACPXKAT KOIHUYSCTBO MPUMECCH, XOTs OBl U
OYCHB—OYCHb MaI0C. PaccMOTpUM OCOOCHHOCTH BO3MOKHBIX THIIOB
Ie(hCKTOB KPUCTATMICCKUX TOBEPXHOCTCH U TOKAKEM, KAK OHH
BIIUSIIOT HA CTPYKTYPY U Xapaktepuctuku kpucramia. OcobeHHOCTH
IeCKTOB PacCCMOTPUM HA MPUMEPaX NOBEPXHOCTCH HOHHBIX TBEPABIX
TCJI, TaK KaK UX MOXXHO HUCIOJb30BATh AT WIIHOCTPAITUU 6OJ'II>H.II/IHCT-
Ba TUIIOB HOBC,Z[CHI/Iﬁ, U PCKC — APYTUC TBCPABIC MOBCPXHOCTH, KOTAA
3TO HCOOXOMMO H3-33 HEAOCTATKA JAHHBIX.

1.2.1. fledeKTbl MOHHLIX KPUCTAJINYE CKUX NOBEPXHOCTEH

[ToBepXHOCTE KPUCTATIHUSCKOH HOHHOM PEIIETKH MOMXET HUMETh
TC K€ THIBl AC(EKTOB CTPYKTYPBI, 4TO M 00beM Kpuctawia. Tak,
JOJDKHBI CYIIECTBOBATE MOBEPXHOCTHHIC aHajoru achexkros dpenke-
aa u otrku, kak mokaszaHo Ha puc. 1.9 [26].

Moxuo cuurtats, uto gedexrsl LloTTkn nonyyarTced Ha HACATb-
HOM KPUCTATIMYCCKON MOBEPXHOCTH € BAKAHCHAMH B Y3JIaX PCLICTKH,
Toraa kak achextel DpeHKeas BOZHUKAOT B PE3YJIbTATC CMEIICHHS
HCKOTOPBIX MOHOB (OOBIYHO KATHOHOB H3-33 MX MAJIOr0 pasMepa) B
MEXKIOY3MHS PIIOM C BaKaHCHAMHM peeTkd. Eciu pazmepsl aHHOHOB
¥ KAaTHOHOB OJMHAKOBBI, TO B 00BEME KpHUCTA/IA MPeoOIaarT Ae-
¢extrl LloTTku; ecnu e KaTHOHBI HAMHOTO MCHBILEC, YEM aHHOHEL,
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TO obpasyrores nedextbr OpeHkesi, TOTOMY YTO Majible HOHBI MOTYT
Pa3MeNaThCs B MEXKIOY3IIUSIX.

+ -+ -+ -~ 4+ - 4 + =+ — + =+ - + LR T S Ny

-+ -+ -+ -+ - —+—+-+O+— “+ -+ -+ -+ =
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“— 4+ -ttt - —— -t — = —H+ -+ 4 =
ndeansrust 1H0BEPIHOCITE Legerkmn Monmky Legerin CPpEHKem

Puc. 1.9. Moaesib moBepxHOCTH MOHHOTO KpucTaiia 1 — 1 B upeanbHoM
cocrosiHuu conepakaiueii aedextol IlorTrn u Ppenkens (Bua cBepxy)

Ha NMOBEPXHOCTH, KaK IMPaBUJIO, UMECTCs L[e.]'[]:Iﬁ pAA pEIIETOYHBIX
BakaHCHH, mosToMy aedexTsl IIIoTTKH nOKHBI 00pa30BBIBATECS OT-
HOCHUTEJIBHO JIETKO, XOTS BAKAHCHUH HA IMOBEPXHOCTU MOTYT 3aXBaTUTh
HOH M3 NPUNOBEPXHOCTHOrO ¢iod. Ilocnenyromas penakcauus, Bepo-
ATHO, CIJIAXKUBACT PA3JIMYIUA MEXKAY NOHATHAMUA KHaA MOBCPXHOCTD U
«Imom» Hel. Taxoke MOTYT JICTKO BO3HUKHYTH U IMOBCPXHOCTHBIC HOC-
ekl Openkens, TeM OoJiee YTO MOBEPXHOCTHAS pelakcalus U pe-
JIAKCALMOHHbIE SIBJICHUS CIVIAXKUBAIOT PA3JIMUUs MEXIAY 3TUMH IBYMs
tunamu nedextos. Hampumep, HaXOAWTCS JIM BHEIIHWHA CJIOW HOHOB
Hatpust (puc. 1.9) B MEKIOY3IUIX WK 3TO TOJBKO OTKJIOHEHUSI, SIB-
nsirornuecs aedexkramu CTpykTyphi? Takue BTOpUYHBIE PENaKCalMOH-
HBIC ITPOLIECCHI BOIM3H TMOBEPXHOCTHBIX He(beKTOB, B CYILIHOCTH, HE
N3YYCHBI IUIsI MOHHBIX KPUCTAJUIOB, HO UMECIOTC HEKOTOPBIC MHTEPEC-
Hble Pe3yJIbTaThl AJIs1 KPUCTANJIOB HHEPTHBIX Ia30B.

Barton J.J., Jura G. [39; 41, 42] npuHsAIN BeCbMa MPOCTYIO MOJETb
IUIs1 TIPEZICTAaBIIEHNS [TOBEPXHOCTH KpUcTajuios aproHa. OHU mpenmno-
JIOXKWJIM, YTO MOXKHO IpeHeOpedb BCEMH KBaHTOBBIMHU d(dexTamu u
paccMaTpHBaTh TOJIBKO MOTEHLUAIBHYIO SHEprur0. OOIuid NOoTeHIH-
aJ B3aMMOJEHCTBUS OMpEneNsuics KaKk CyMMa MapHBIX B3aWMOJEHCT-
BUI U ONKCHIBAJICS ypaBHeHHEM noTteHuuana Jlennapa—/lxxonca:

U=A4/d*-B/d° (1.13),

rae d — pacCcTosiHMEe MeXIy IapaMu atoMoB. [IoBepxXHOCTHast perak-
calss ~ KPUCTAJUIOB  aproHa  INpPeIBapUTENbHO  HCCEN0BANach
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TiOg 60133 ¥ YCTOWYIHBO BO BCEM HHTEpBaje Temneparyp Boitne 900°C.
OHO UMeEET OUCHb BBHICOKYIO KoHIEHTpaumtoo aedexros Lllorrku; co-
CTaBhI, OTIHUAOLIHEC Mo crexuomeTpun ot Ti0, obaamaroT mosy-
mpoBoAHUKOBbIMH cBoMicTBamu. Cam okcua TiO mposoaut TOK 1o
WOHHOMY MEXaHu3My, HO 15% ero KaTHOHHBIX U AHHOHHBIX Y3JIOB Ba-
kaHTHBL. B TO ¢ Bpems y okcuga Ti0; 33 3aHater Tobk0 74% kaTu-
OHHBIX U 98% aHHOHHBIX Y3/I0B, U, CJICAOBATCIIBHO, OH BEACT CEOS KAk
nonynpoBogHuK p-tuna. C apyroi ctopoHsl, B 110 ¢ HOHBI METAINA
3aHUMAIOT 96% y3710B, @ HOHBI KHUCIIOPOa — TOJIBKO 66%; B pe3yibTa-
TC ATOT OKCH/ SIBJISICTCS IOy TPOBOIHUKOM /I-THIIA.

O06b1uHO paccmarpuBarotTest [15; 16] yeThipe THA HECTEXHOMET-
pHUCCKUX peieTok. B mune I Metamn nmpucyTcTBYeT B H30OBITKE 32
CUYCT AHHOHHBIX BAKAHCHIA, 3JICKTPOHCHTPAIBHOCTh COXPAHICTCs Oja-
rojaps 3axBary 3ICKTPOHOB BakaHcusmu. B mune II u30biTok MeTa-
7a 00yCIOBICH MEXKY3IOBBIMH HOHAMH METANNA;, 3JICKTPOHCHTPAb-
HOCTb COXpaHSCTCs Ojarogapst 3axBaTy JJICKTPOHOB B OKPECTHOCTH
HWOHOB META/UIA. JTO, OUCBUAHO, TO K& caMoe, 4To U achexTsl DpeH-
KCJI, HO TOJBKO OTCYTCTBYIOT BaKaHCHM MOHOB Mctamna. Tun 111 xa-
PaKTEPU3YETCH TEM, ITO ACHHUIUT METAIA O0YCIOBACH KATHOHHBIMH
BaKaAHCHAMU. JICKTPOHCHTPATBHOCTD COXPAHICTCH Onaromaps mepe-
X0y HEKOTOPBIX MOHOB META/IA B 0OJICC BHICOKYK) CTCIICHb OKHUC/IC-
Hud. Bee atr Tamel mokazansl Ha puc. 1.12.

IIpucyrcTBHEC HEKOTOPHIX U3 ITUX TUMOB AS(EKTOB B MIPHUITOBEPX-
HOCTHBIX CJIOSIX MOKET HPUBOAUTE K JOKAIbHbIM UBMEHEHUIM NO-
BePXHOCMHON 3Hepeuly, UX HAMYUC BO BHCIIHEM CJIOC 3aC/IyKUBACT
JaabHEHIIEro paccMOoTpeHus. B To BpeMs Kak MpuUCyTCTBUE AC(HECKTOB
tumos | u III, koTopeie MOTYT BBI3BIBATH CYIIECTBEHHYIO JOKAIBHYIO
pENaKcalyio, MOKHO JIETKO MPEIBHICTh, OJHAKO BO3MOXKHOCTE OOHA-
pyxenns aegekxros taurnos Il u IV ropaszo mMeHee BeposaTaa. B aByx
MOCTICOHUX CIYYAIX CICAYET 0’KUAATH, UYTO PEIAKCAHOHHBIC MPOLEC-
Chl OyAYT NPUBOANUTH K BBIACICHUIO MCKY3I0BOI0 HOHA B MOIOKCHHS
BBIIIC BHEIIHCH IPaHH, KaK 3TO Noka3aHo Ha puc. 1.13. 3arem gomknaa
MPOU3ONTH CICAYIOAS PEIAKCALINS [TOJIOKEHUH, MOKA3aHHBIX HA PH-
cyHke. B pesynprate HOBOE COCTOSIHHE OyAST 00/aaarTe MCHBIICH
JHCPTUCH, YeM B MPUCYTCTBUH JOTOHUTCIHHOIO MOHA B MOBEPXHO-
CTHOM CJIO€. DTU HOBBIC MOJI0KCHHS HA PUCYHKE HE TPCACTABIICHBI.
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Puc. 1.12. Tunbi xe@eKTOB B HECTEXHOMETPHUYECKUX PelieTKaX

O6vemHbIT KpUCmans
Puc. 1.13. Bosmozxnas nepecrpoiika nedexros tunos Il n IV,
VMEHB A0 As] SHEPTHIO OBEPXHOCTH
(3uekTpoH B Mexa0y3.mn Ais Tuna Il ne mokaszan)

[IpucyrcTBue Takux AcEKTOB Ha MOBEPXHOCTH MMEET OTHOIIC-
HHE K T€TEPOreHHOMY KaTaju3y, KOTOPBIH MOTHOCTBIO OIPEAEeIAeTCA
MOBEPXHOCTHBIMM SBICHUAMHU. M3mepeHns oOBEMHOM 3IEKTPOIpo-
BOJHOCTH TAaKKE MOKA3bIBAIOT, YTO UMCHHO AC(EKTHI ABISIOTCS MPH-
YUHOH NOJYNPOBOJUMOCTH, OTMEUCHHOH paHee. B aTom ciayuae 3Ha-
YEHMS OMYIPOBOAUMOCTH HaxoxsTcs B matepane 10°-107 cm/Om
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(cp. ¢ nmrepatom 10°-107 cM/OM A1 METANIOB), YCTAHOBICHO,
YTO MPOBOAMMOCTE C POCTOM TEMITEPaTypbl yeenmuusacTcs. JledekTsl
Tnros | u II BEI3EIBArOT MOTYIPOBOAMMOCTH 1-THIIA, TAE HOCHTEISIMH
TOKa SIBASIOTCA 3MCKTPoHBL, a aedexrsl Tunos Il u IV — noxyoposo-
JUMOCTh p-THIIA, TAC MPOBOANMOCTH OOYCIOBICHA CYLICCTBOBAHHUEM
MOJIOKUTEIBHBIX «IBIPOK».

[Tpu Temneparypax Beime Temneparypsl Tammana (~ 0,57, tae
T, — Temneparypa miasncHus B rpanycax Kenpeuna) [3; 4] noHB 1
3JEKTPOHBI ITOABIKHEI M TIPOUCXOIAT IIEPEMEIICHIE HOHOB B MEKY3-
JUSX U WX V3I0B B COCCAHUE BAaKAHCHH. TakuM 00pa3oM, MpH 3THUX
TEMIOEPaTypax VYBEIUYCHHE MPOBOJUMOCTH OOYCIOBICHO HOHHOU
TOABHYKHOCTBIO.

1.2.3. MpumecHble MOHBI B KpUCTANNAX

[Tpumech MOCTOPOHHETO HOHA B V374X PEIISTKH KPUCTANIA BCETAA
ABILICTCS IPUIUHOHN OecopsaKa, JaXe €CU HOH UMECT TOT JKE 3apsia,
YTO ¥ HOH peiueTkH. [T0CKONbKY OJHMHAKOBO 3apsKCHHBIC WOHBI, HA-
MPHUMEDP, PA3THUYHBIX METAIOB, OTIHYAIOTCSA APYT OT APYra OOBIYHO
pasMepaMH, MOJSPU3YEMOCTBIO U T.IL, OHH HMEIOT PA3HYIO SHEPTHIO
B3aumozeiicTeus B pemerke. Tak, 3amena A’ ma Fe’" B xpucrame
AlLO; Oyaer MpUBOAUTh K HEKOTOPOH PENAKCALIMU KPUCTALIA, TOXKE
€aMo€ CIPAaBCATUBO U B CIy4Yac 3aMCIICHHS HOHA HA MOBEPXHOCTH.
CyImecTBYIOT JOKA3aTENbCTBA TOTO, YTO KOHLICHTPALMH TaKuX AcheK-
TOB BO3pactaroT y nosepxHocTH [17]. Eciam BanmeHTHOCTH MOCTOPOH-
HETO WOHA OTIHYACTCS OT BAJCHTHOCTH MOHA PELICTKH, TO 3Ta CHUTYa-
LM OYEHb HAITOMHHACT HECTEXHOMETpHUECKHEe KprucTamisl. Puc. 1.14
WUTIOCTPUPYET Cay4ai, koraa npumecH okcuaoB L,O u R,0; B okcu-
e asyxsaneHtHoro Metamia MO (L u R — oagHo- u Tpex3apsaHbie
HOHBI METAIITA COOTBETCTBCHHO) MOPOXKIAIOT B NICPBOM CIVYAC aHH-
OHHBIC M BO BTOPOM KAaTHOHHBIC BakaHcHH. Ecnmn mMeramn M moxer
CYIIECTBOBATh B 00JICC BBICOKOH CTCICHU OKHUC/ICHHS, CKAKEM, M,
o mpu podbaBaeHuu 1,0 MOHHAS BaKAHCHS OKCHIA MOKET OBITH 3a-
MOJTHCHA U BJCKTPOHCHTPATIBHOCTD COXPAHUTCS MIPH YCIOBUH, UTO IBa
nona M mepeiinyt B M’ Ananormano npu gobasnennu R,0; Ba-
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MEPICHIUKYIIPHYIO TFIOCKOCTH PUCYHKA. PermeTky Hai pUCYHKOM U
MOJ HUM MOKHO PAcCMaTpuBaTh KAk OOBIYHYH) KYOHUYCCKYIO, HO B
BEPXHCH YaCcTH PUCYHKA MPOCTPAHCTBCHHAS PELIECTKA PACTAHYTA, & B
HWKHEH CKaTa, YTO BBI3BIBACT CKAYOK YHCNIA ATOMOB B PAAY IIOCKO-
cTH CKOmbKeHms. Takme guciaoxarmu  (oOosHaucHer «T» Ha
puc. 1.152) nogBnsArOTCA HA MOBEPXHOCTH KaK CTYICHH ¢ 00JIee BBICO-
KOM JOKATbHOH MOBEPXHOCTHOM BSHEPTHEH, MOpekAe dYeM BHEIIHEE
JABICHUC MPUBEICT K BOCCTAHOBICHUIO mopsaka. Hamuuue aucnoka-
UM YKa3bIBACT HA BO3MOXKHOCTh OTHOCHUTCIBHOTO JBHKCHUS B TLIOC-
KOCTH JUCTIOKAIHMH, KOTJA MMEETCA AKE HEOONBINOE HANPSKCHUC.
CKONBKCHUE TAKUX AUCIOKALUHA MOCTYIUPYETCS KaK MEXaHU3M Ij1a-
CTHYECKOTO TCUCHHS W 3TOT mpouecc AxamcoH (1979) cpaBHun «c
JBIDKCHHMEM IIIEAA, KOTOPBIM TSAHYT 3a HIDKHUH Kpait». KommecTsen-
HO TPUPOAY AUCIOKALMHM MOXKHO MPEICTABUTh, HCIOIB3YS KOHTYP
Broprepca [26]. On npeacTaBaseT Kakou-au0O 3aMKHYTHIH MyTh OT
MECTa K MECTy B OC3AHCIOKALMOHHOW YaCTH KPUCTAIIA BOKPYT 00-
JacTy, coaepkamei aucnokamu. Ecmu 31a TpackTopHs B COBEPIUCH-
HOM KPHCTAIUTe HE 00pa3yeT 3aMKHYTOU METIH, TO 5TO O3HAYACT, YTO
MEPBBIH KOHTYP JOJDKCH COACPKATh OAHY HIH OoJiee AUCIOKALIHIA;
BEKTOP, HCOOXOAUMBIH AT TOTO, YTOOBI 3aAMKHYTh KOHTYD, HA3BIBACT-
cs BektopoM broprepca. Ha puc. 1.16 uzoOpasken koutyp MNOPQ |
3aMKHYTHIH Ha puc. 1.16a n HezamkHyTHIH Ha puc. 1.160; QM — Bek-
Top Broprepca, KOTOpbIH NEPICHANKYLIPEH THHUM JUCIOKALIUH, T.C.
SBJIAETCS IEPIICHANKYILIpoM B Touke T Ha puc. 1.15a.

Hpyroit OObIMHBIN THI JUCTOKAI[HA — BUHTOBAS JUCIOKAIHS, T10-
kazaHHas Ha puc. 1.150 (rae xaxapii KyOHK H300pakacT y3e/ PeIueT-
KU WM aTOM), XapaKTepu3yeTcs BEeKTopoM broprepca, mapanienbHeIM
JVHUU JUCIOKAIMKA W NeprneHAMKYLipHeiM A. Ecan mocMortpers
CBEPXY HA JTHHHIO AWCIOKALMH, TO CHI)KCHHE MOBEPXHOCTH HA OJHH
CJI0¥ mpouCcXoauT npH nosopote Ha 360° n3 B Bokpyr A, mo tex mop,
noka gunus BC He BepHeTcs Ha npexkHee Mecto. [lockoapky 31O
JBHOKCHHE TPOMCXOANT MPOTHB YaCOBOH CTPEJKH, BHHTOBAS AHCIO-
KaLlysl HA PUCYHKE HA3bIBACTCS JICBOCTOPOHHEH.
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T
o

Puc. 1.15. a — cxema kpaeoii nucinokaunu no Korrpeny A.X. [15];
6 — cxema BuHTOBOI qucaokanuu no Frank F.C. [54; 55]

p l Lo
Bexmop bipzepca

]
Puc. 1.16. a — xonTyp Broprepca, BRiIouaomuii JuCJI0KaAIHIO,
6 — TOT Ke KOHTYP B coBepuieHHOM Kpucraie; MQ — sekrop Broprepca
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1.2.5. PocT rpaHeii kpuctanna

Wneq o oM, UTO CTYyNEHN HA OBEPXHOCTH, OOPA30BAHHBIC TUCTIOKA-
LUSMH, OTBCTCTBCHHEI 32 POCT IPaHH KPHUCTALIA, TPHHALICKUT Dpanky,
KOoTOphIH BMEcTe ¢ bapronom u Kabpepoii [42], aHanu3upyst aTOMHYIO
MPUPOAY PACTYINEH MOBEPXHOCTH, OOBACHHI 3KCICPUMCHTAIIBHO Ha-
OIIOIACMYIO BBICOKYIO CKOPOCTh POCTa IUIOTHO VIIAKOBAHHBIX TPaHCH
MPU HHU3KUX TCPECHILICHUAX M MPEACKA3al COHPATd HA MOBEPXHOCTH
kpucrama. Bekope nocneaosanm 3kcrieprUMEHTATBHBIC TIOATBEPKICHUSL:
I'puddun [61] oOHapyxun crpany Ha TPUPOIHBIX KpUCTAIAX OCpui-
Ja, UCTOb3yst MeTautorpadhuaeckuii MUKpockor, Bepma u AMenuHKC
[74] Hamma ux Ha KapOOPYHIAE U OJHOBPEMECHHO OHH OBLITH OOHAPYKCHBI
Ha noauac kaavus. aycoH n BeHa ¢ moMOIObIO 3ICKTPOHHOTO MHKPO-
CKOTIA HAIILTH UX B KpucTamax napaduna [51].

Habmonaemble criupany UMEIOT BEICOTY B OAWH 3JCMCHT HA KaX-
poi cryneHd. [1o3ToMy MOXKHO TPEACTaBHTh POCT KPHCTAILIA Kak
CACACTBUC aaCOPOIMK KasKAOH HOBOH MOPLHH BEIISCTBA B MPOIECCCS
KPUCTATIH3ALMN Ha CTYIICHH TPaHH, YTO NPHBOAMT K POCTY IpaHed
MOPLMAMH OT HX CEPeAUHB K Kparo. Bxomsmuili nByrpaHHBIE yrona
TPaHy JO/DKCH PAacTH MPSHMYINCCTBCHHO M CIUHOOOPA3HO; MPHYHHA
3TOTO 3AKIIOYACTCS B TOM, YTO JHCPTHS aAcOpPOLMHU BBILIC TaM, TAC
0OJIBIIE YHUCIO BO3MOKHBIX coceacit. Takum obOpasom, 3TOT yroja Oy-
JET TMPEAMOYTHTCIBHBIM 1O OTHOIICHHIO K TPaHU, a BXOAMIINN TPeX-
TPaHHBIA YTOI — KO BCEM OCTATIBHBIM MECTaM. JTOT HPOLECC HITIOCT-
pupyercs Ha puc. 1.17, KOTOpEIH BO MHOTHX OTHOLICHHAX MOJOOCH
puc. 1.156, 3a UCKIFOUCHHUEM TOTO, YTO 3ACCh JOMYCTHMbI UCKAKCHHUS
CTPYKTYpBl KyOHKoB. PocT Takol rpaHu MOXKET HpPOJOIKATHCA Oe3
JATBHEHIIIETO 3apOABIIIEOOpaA30BaHU.

[TnoTHOCTP aUCTOKAIU OOBIYHO BHIPAKACTCS YHCIOM JTHHHUH
JUCTOKALMH, IEPECCKAIOINX CIUHIIHYIO II0IANb B KPUCTALIE; 3TO
4pCo 0OBMHO KoxeGaeTes oT 10 Ha 1 M 4718 «XOPOLIEro» KPUCTA-
ma 10 10" Ha 1 M 1715 METANI0B, HOABEPTHYTHIX XOJIOAHOM 06paboT-
Ke. DTO 03HAYACT, YTO PACCTOSHUC MCIKAY AHCIOKALMAMHU COCTABISCT
~10-10° HM, umH, JPYTUMH CIOBAMH, KAXKIABIA KPHCTALT PAa3MEPOM
6omee 10 HM COAEPKUT HA CBOCH MOBEPXHOCTH JUCIOKALUH, a OJHUH
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4) HexorepeHrHsie ¢ Gonpmumu yriamu (0 = 30°), rae HEeT HEPEPHIB-
HOCTHU BJO/Ib PSAOB PCIICTKH.

a 3 8
Puc. 1.18. CxemsI THIOB TpaHumbI 3epHa (10 JJoucaeiin [16]):
4 — COBEPIMIEHHBII KPUCTA/LT; 6 — MO3AHKA U3 MAPAJUIETLHBIX KPUCTAJ-
JINTOB; 6 — MO3AHKA U3 J€30PHEHTHPOBAHHBIX KPHCTAJLIIOB

Cpeau 3THX KPUCTALTHYICCKUX MO3auK HauOoJIee pacpoCTpaHCH-
HBIM W CTAOWJIBHBIM SIBJSICTCS THI 3, B TO BpeMs Kak Tumel 1 u 4
OYCHb IO BHKHBI.

DHEPrETHUCCKHUE U TCOMETPUICCKHE OCOOCHHOCTU CTPOSHUS MPO-
CTBIX MHUHCPATBHBIX MOBCPXHOCTCH OKA3bIBAIOT BJIMSHUC HA B3aWMO-
geicTBue (pa3 B CHCTEME MOBEPXHOCTh TBEPAOTO Tejaa — (IIFOHIBI,
KOTOPBIC PACCMOTPCHBI HUXKC.

1.3. CmaunBaemocTb NPOCTbIX raaKux HOBerHOCTeﬁ

B ¢usuko-xumMum npocTHX MOBEPXHOCTEH OOIIEIPHHATOMN Xapak-
TEPUCTHKOH H3OUPATEIbHOTO CMAYMBAHHUA SBICTCS KPaeBOH yroJ
CMaYHBAHHS.

Kpaesoii yron sBnsercss OQHON U3 BAXKHEHININX XapaKTCPUCTUK U3-
OUPATEIPHOTO CMAYHBAHUS M OMPEACIIACTCS KaK Yrol MEKAY TBEPAOH
MOBCPXHOCTHIO U KacaTeIbHON B TOUKE COMPUKOCHOBEHMs (has [30].

Paznuaaror pasrosecHvlii U HepagHoecHbiil KpacBble yTibl. Pas-
HOBECHBIH KPacBOH YroJl 3aBHUCHT TONBKO OT TEPMOIAMHAMUYECKHX
CBOICTB CHCTEMBI, @ UMEHHO: OT ITOBEPXHOCTHBIX HATSDKEHUH HA rpa-
HULax paszaena (a3, VIacTBYIOIIMX B cMauuBaHuu. [losToMy ams ka-
JKION CHCTEMBI IIPU AAHHBIX BHEIIHUX YCJIOBHUAX PAaBHOBECHBIM Kpae-
BOHU yroJI UMEET OJHO ONPEACICHHOE 3HAUCHUE.

Kpaesrie yrisl, KOTOpBIE H3MEPEHBI P OTKIOHEHUH CHCTEMBI OT
COCTOSHHUS TEPMOJWHAMHYECKOTO PAaBHOBECHS, SBISIOTCS HEPABHO-
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BeCHbIMH. HepaBHOBECHBIC KpacBhIe VIUIBI 00Pa3yIOTCS NPH PacTeKa-
HUH KHUIKOCTHU 10 MOBEPXHOCTH TBEPAOTO TENA, IPH ¢ (DHIbTPALIH B
MOPUCTOH CPEIC MU NPU U3MEHCHUH CBOHCTB CHCTEMBI B PE3yJIbTATE
pasnH4HbIX (PU3HKO-XUMUYCCKHX MPOLIECCOB — UCTIAPCHUS KUIKOCTH,
aacopOLUMKM, B3aMMHOTO PACTBOPCHMS, BIHSAHHS IOBCPXHOCTHO-
AKTUBHBIX BCHICCTB, XUMHUCCKUX peaknuii u T.10. [2; 3; 4; 24; 27; 28].

Benvmuriaa paBHOBECHOTO KpacBOTO YIVIA ONPEIACIACTCS COOTHO-
LICHUEM CHJI TIPUTSKCHHS SKUAKOCTH K TBEPAOMY TEIY H CHI B3aHM-
HOT'O HPUTSDKCHHS MEKIY YacTULAMHU (MOJICKYJIaMH) CaMOH KHIKO-
cti. CBA3p MEXKIY MONCKYSPHBIM B3aUMOACHUCTBHEM JKHIKOCTH U
TBEPIOTO TEIa U XapaKTePOM CMAYMBaHHS BBIIBIICTCA OCOOCHHO OT-
YECTIHBO IPH H30UPATCIIBHOM CMAUYHUBAHHH.

Kamst sxuakoctu B ¢cBOOOAHOM MPOCTPAHCTBE mpHOOpeTacT cde-
puucckyro GopMmy Onarozaps cCulaM MOBEPXHOCTHOTO HATSDKCHHS, a
BEJMYHHA 3THX CHJI (WIH BEIUYHHA CBOOOIHOU MOBEPXHOCTHOH 3HEP-
rum) yOBIBACT B PSIAY:

Memaiibl > COeOUHeHUs ¢ 8000POOHOIL C8I3bI0 = NOAAPHBIE CO-
COUHEHUA > HeNOAAPHbIE COCOUHEHIL.

Korzaa kamnms >kuakocTi NpHBOIUTCA B KOHTAKT C IFIOCKOH MOBEPX-
HOCTBIO TBEPAOTO TENa, PABHOBECHASA (OpMa KaILIH 3aBUCHT OT COOT-
HOLICHHUS BETHYMH MOJCKYSIPHBIX CHI B XKHAKOCTU (KO2e3uu) U CHIL,
BO3HHUKAIIIUX MEKIY KUAKOCTBIO U TBEPAbIM TeoM (aozesuu). Iloka-
3aTENICM 3TOTO COOTHOLICHHSI SIBIIICTCS Kpaeaoi 2o 0, KoTopeii odpa-
3VETCs JKUIKOCTBIO Ha TBEpAOM Tene. B ofmem ciydae ycTaHOBICHO,
YTO MKHUIAKOCTH C MAIBIM MOBEPXHOCTHBIM HATSDKCHUEM JIETKO CMavH-
BalOT OONBIIMHCTBO MOBCPXHOCTCH TBEPABIX Tel, 00pa3ys HyJICBOH
KpacBOW yroi: MOJCKYJIAPHAS aare3us MEeKAY MONEKYJIaMH TBEPAOTO
TENa M MKHUIKOCTH MPEBOCXOJUT MOJCKYISIPHYIO KOTE3HIO SKUAKOCTH.
Kunkoctu ¢ OOMBIIMM NMOBEPXHOCTHBIM HATSDKCHHEM HAINE JAKOT KO-
HEYHBIM KPacBOH yroi; B 3TOM CIy4ac JOMUHHPYIOT CHIIBI KOTC3HH.

Puc. 1.19 wnmoctpupyer 3tu cutyvauuu. Onar B 1805 r. xauect-
BEHHO PacCMOTpPET PaBHOBECHC KAIUTM HA TBEPAOHW MOBEPXHOCTH, a
Hrompe B 1869 r. man ero maremarmucckoe ommucanue. IIpocremmmit
BBIBOJ 3aKIIOUACTCS B PACCMOTPCHHH CHJI, BOZHHKAIOIUX MPH KOH-
takte Tpex ¢az (puc. 1.19 6). IlycTs rpanna KOHTAKTA IEPEMEINACT-
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Bailey AL, Kay S.M [38] B 1967 r. mpoBeau 3KCHEPHUMCHTAb-
HYIO TpOBEpKY BbIpakeHus HOHra, ucrmome3ys AN ONpEICTICHUS Be-
JVYUH U3MCPEHHS SHCPTHH, HCOOXOANMOU ISl PACIICIUICHHUS CITEOIbI
B Pa3mMUHBIX yeaoBusX. s ompenencHus y° pacIienaeHue IpoBo-
JUMIH B IApax, a [ ONPEACTCHHS Y - B KHUIKOCTH, [ISl XKHIKOCTEH C
HYJICBBIM KPacBBIM VIIIoM (cos 6 = 1) pazHOCTh MEKIy 3TUMH BEJIH-
YUHAMH PaBHACTCS TOBEPXHOCTHOMY HATSKCHMIO JKHAKOCTH. WX pe-
3yapTarel gaHbel B Tabna. 1.1. Paszauums Mexkay pesyipTaramMu B IO-
CIEeHUX ABYX KOJIOHKAaX HE3HAYUTEIBHBIC, UTO ONPABABIBACT IPUME-
HeHue ypasHeHus OHra, mo kpaiiHel mepe, A 3ToH cucteMsl. B
CBA3HM C THM HEOOXOAUMO MOJUEPKHYTh, UTO Y°' OTHOCHTCA K IIO-
BEPXHOCTH TBEPAOTO TEIA C PAGHOBECHO A0COPOUPOBAHHON NAEHKOT
napa (3Ta BeNMUUHA HE PABHA TOBEPXHOCTHOH SHEPTHH Y° YHCTOrO
tBepaoro tenaa). IlosepxHoctHoe aasiacnue II, ompeacensemoe kak
7" —*V m sKcIepHMEHTATEHO H3MEpSAEMOE TI0 aACOPOIMH MapoB, Be-
JMYYHA, KaK PaBUIIO, HE MaJasd.

Tabmuya 1.1
MMapamerps1 ypasuenus FOnra

Kumkocts | v>', MH/M v, MH/™ 7>V MH/M vV, MH/™
Bona 182.8 1073 75,5 72,8
I'excan 271 255 16,0 18,4

Koumaxmuoe (usbupamenvnoe) cmauuedanue XapakTePU3YET
Tpexda3Hy CHCTEMY: MOBEPXHOCTh TBEPIOTO TENA, XKHIKOCTb, Map
(raz). B a1oii cucteMe MpUCYTCTBYIOT TPHU MOBEPXHOCTH paszaena ¢as:
MEXIY TBEPIABIM TEIOM H MapoM (ra3zoMm), JKHIKOCTBIO U MapoM (ra-
30M), KHUIKOCTBIO M TBEPABIM TelIOM. JIMHUIO MepeceueHus BCeX TPeX
MOBEPXHOCTCH pas3iena Ha3bIBAKOT JUHUEH CMAYUBAHUSA, 3AMKHYTAs
JAUHUST CMauuBaHUs (JTUHHS TPex(ha3HOTO KOHTAKTA) 00pasyeT nepu-
Memp CMAYUBAHUSL.,

VYron 6 Mexay HOBEPXHOCTSIMH JKUAKOCTh — Ia3 H TBEPAOC TENO
HA3BIBACTCS KPacBbIM yrioM cMadusaHus (cM. puc. 1.19). B zaBucu-
MOCTH OT 3HAYCHHH PAaBHOBCCHOTO KPacBOro VINIA PaszIMvaroT Cle-
OVIOIIUE XAPaKTCPUCTUKUA CMAYMBAHMS MOBCPXHOCTCH: 1) Kpacsoi
yrou octphiii — B <90°, T.e. cos >0 COOTBETCTBYET CAYUAID CMAYUBA-
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HUSL MCCACIYCMOM MOBCPXHOCTH >KHUAKOCTBIO, 2) KPacBOW YroJ Ty-
moii — 6 > 90°, t.e cos 6 < 0 COOTBETCTBYET CAy4alD HECMAYHUBAHUS
MOBEPXHOCTH HCCICAYEMOU >KHIKOCTBIO; 3) PABHOBECHBIH KpacBOU
VIOJI HEC YCTAaHABIMBACTCA, & KAl PACTCKACTCS B TOHKYIO IJICHKY.
TOT cAy4ai COOTBETCTBYET SIBICHUIO pacmexarnus. llpu pactexanun
U XOPOLIEM CMAYUBAHHU 32 CUECT ACHCTBHUS MOBCPXHOCTHBIX CHIT MO-
I'VT BO3HHKATh PABHOBCCHBIC HIH METACTAOHIBHBIC CMAYHBAIOIINE
wicHkw [11].

B vypaBHenmn FOHra oOGBYHO NPHHUMAIOT 3HAYCHUS CBOOOJHOU
MOBEPXHOCTH SHEPTUH UYUCICHHO PABHOHM MOBEPXHOCTHOMY HATSKC-
HUIO, T.C. CHJaM, MPUIOKCHHBIM K CIHHHLC MCPHUMETPA MO JTHHHUU
CMAUUBAHHA U JACHCTBYIOIIMM MO KACATEIBHOH K COOTBETCTBYIOLIMM
MOBEPXHOCTM (CcM. puc. 1.196).

B cootBercTBHU ¢ ypaBHeHHeM HOHra cMavMBaHHIO OTBEYACT VC-
nosue v°" >y, mecmaunsanmo — v° < y°", a pactekanmro — ycnosue
Y2V > %+ MY Bemmuuma W, = v*Y - v* — vV mpeacrasaser coboit
HU3MCHECHUE SHEPTHH CHCTEMBI, KOTJa CAWMHULA MOBEPXHOCTH TBEPIOTO
TEJa MOKPHITA MIIOCKUM CJIOEM KHIKOCTH. Ty BEITHUYUHY MOXKHO pac-
CMaTpHBaThk KakK ABMXKVIOYIO CHIIy MPOLIECCa PACTCKaHMs, T.C. CHIY,
MPHIOKCHHYIO MEPIICHAUKYIPHO K ¢IUHULIC ATHHBI IEPHUMETpPA CMa-
YHBAHUS BJOJb NOBEPXHOCTH TBEpAOro Tena. Bemwuuna W, mpea-
CTaBIACT COOOW SHEPTHUIO CHCTEMBI TBEPAOC TEJIO — JKUAKOCTh — a3,
KOTJa €AMHULA MOBEPXHOCTH TBEPIAOTO TENA MOKPHITA MIIOCKUM CIIO-
€M JKHAKOCTH.

VYpaeuenue FOHra MoskHO BEIpa3uTh uepes padorty aaresuu W,

LV

w —
cosf=a ¥ (1.15)

Ly

3amMeHsIs NOBCPXHOCTHOC HATAXKCHUC KHUIAKOCTU Ha pa60Ty KOore-

suu W, =2y"" | nepenumem ypasuenue FOnra B Buie

W -W
cosf=—a ¢

K
ITO MO3BOJIICT BBIPA3UTE MEPMOOUHAMUUECKUE YCTO6USL CMAYU-
6dHUS YEPE3 COOTHOLICHUS PabOT KOTC3HU U AATC3HHL.
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1
Hecvaunsanuio otseuwaer ycmosue W, <EWK’ CMAUUBAHHIO —

1
EWK <W, <W_, pacTeKaHHIO KUIKOCTU IO TBepAoMY Teay W, > W,.

PaboTa pacrekanus MOKeT OBITh OIPEACIICHA KaK Pa3HOCTb PadoT aa-
resud u xonresuw: W, =W, —W,.

Tax xax B BaKyyMe BCE KOHICHCHUPOBAHHEIC (ha3bl MPUTATHBAIOTCS
JIPYT K APYry, padoTa aAre3uH — BETHYHHA MPUHLIHINATBHO MTOIOKH-
tempHast (W, >0) u, cnenoBarensHo, cos O > —1, T.e. yrom Bcerga

meHbme 180°. Kax mpaBuio, kpacBod yroix B CHCTEME KHIKOCTb —
TBEPAOE TEJIO — ras He mpesbimaet 150°.

B cooteerctBun ¢ BeipaxkeHueMm (1.15) xopomee cMauuBaHUC U
pacTekaHue BO3MOMKHBI NPH GONBIION paboTe aare3ud (KOraa Moe-
KyJIApHas MPUPOAA KUIKOCTH U TBEPIOTO Tena ONMM3KK) WK IPH HHU3-
KOl paboTe Kore3uu (Korja MOBEPXHOCTHOC HATSKCHUC JKUIKOCTH
Mano). COOTBETCTBEHHO V21€6000p00bl it Opyeue OPeaHUHecKue JHcuo-
KOCmil ¢ MallbIM MOBCPXHOCTHBIM HATSDKCHHECM XOPOILIO CMAYHBAIOT
MPaKTUUCCKU JTrOOBIEe TBepAblc Teraa. HaoGopoT, Kuakue MeTamibl
(c Mayoli XUMHYIECKOH aKTHBHOCTBIO), HMCIOLIHE BBICOKHE 3HAYCHUS
MOBEPXHOCTHOrO HaTsukeHus (mopsaka 10°—10° mJlx/m’), xopormo
CMAYUBAIOT TOJIBKO HEOKHCICHHBIC MIOBEPXHOCTH TBEPIABIX METAIIIOB.
AKTHBHBIE METAJJIBI — «PACKUCTUTEIN (HAMMPUMED, TUTAH, MApPTaHeLl,
LUPKOHUI) — CIIOCOOHBI CMAYUBATh U HEKOTOPBIC OKCHUIBI.

Booda — XUIKOCTh CO CPABHUTEIBHO BBICOKOHM PabOTOH KOre3nu B

2
CHJTY TIOJIIPHOCTH €¢ MOJICKYJT (WK ~ 145 mJlx/m ) — XOPOIIO CMavH-

BAacT OKCHABI M PACTCKACTCS HA HCKOTOPHIX CUITUKATaX, HO HE CMAvlBa-
eT napaduHsl, cMOITEL, achanbTeHbl U (PTOPOPraHHYCCKHE MOTUMEPHL.
Pabota aaresuu orpaxkaeT CTENEHb B3AaHMHOIO HACHIIICHHUS IO-
BEPXHOCTHBIX CHII JKHIKOCTH M TBEPIOTO TeNa MPH HX COMPUKOCHOBE-
HUH, cuMDOaTHAas ¢ Hel BETHUYUHA €OS 0 TakKe OTPaXKaeT CTCICHb POJ-
CTBCHHOCTH, HIH, KaK YacTO TOBOPAT, «@QuibHOCHU », TIOBEPXHOCTU
TBEPAOTO TENA MO OTHOLICHUIO K KuAKOCTH (amoduibHocTH). Tak,
MOJSAPHBIC TIOBEPXHOCTH, XOPOIIO CMAavYHBACMBIC BOJOW, SIBIISEOTCS






I'masa 1 49

T€ VCTAHABJIMBACTCA KPAcBOI YroJ, OTBEUYAIOIIUY TyUIIEMY CMaduBa-
HUIO TOM KUIKOCTBIO, POJACTBEHHOCTh KOTOPOM C 3TOM TBEpAOM mO-
BepxHOCThIO Oombine. Ecnu Boma aydine, ueM yrieBoaopos, u3dupa-
TEJABHO CMaYHBACT MOBEPXHOCTH, T.€. § < 90°, TO MOBEPXHOCTh HA3bI-
BAIOT 2UOPOQPUALHOT (01e0G)obHOT);, eCTTH TOBEPXHOCTD NYyUIIE CMa-
YHBACTCS HETIOJSIPHBIM YIIeBogopoaoM, T.€. 6§ > 90°, To Takyro mo-
BEPXHOCTh TBEPIAOTO TENA HA3BIBAIOT 2UOpOhoOHOL (Oneoduivhol).
[Tpu u3bupaTensHOM CMaYHBAHUY, B OTIMYHC OT CMAUYHUBAHUS HA BO3-
ayxe, yron 6 Moxet npuauMars modeie 3HaueHus ot 0 mo 180°. [pu
0 = 0° Gosee monspHAs KUAKOCTh PACTCKACTCS O MOBESPXHOCTH TBEP-
JIOTO TEjIa, OTTECHsISI MeHee monmsapuyto; mpu 0 = 180°, maoOopor, He-
MOJAPHAS JKUAKAS (paza MOTHOCTBIO OTTECHACT OT TBEPAOH MOBEPXHO-
CTH TOTSIPHYIO YKHIAKOCTb.

K BemectBam ¢ rHapoHIBHON MOBEPXHOCTBIO OTHOCAT KBApII,
OOJBLIMHCTBO CHIHKATOB, CTCKIIO, OKCHAB U THAPOKCHIB METAIIOB,
OKHCIICHHBIC MUHEpasl u T.4. [IpuMepamu 00bekToB ¢ ruapododHo
MOBEPXHOCTBIO SIBIAIOTCSI TBEPABIE YIIICBOAOPOIbI U HX (GTOPHPOBAH-
HBIC TIPOU3BOIHBIC, IpaduT, Yroib, cepa, TUCTbI PACTCHUH, XUTHHO-
BbIH MOKPOB HACCKOMBIX, KOKA YKHUBOTHBIX H JP.

Cpenu xapakTepHBIX SBICHHH B JUCTICPCHBIX CUCTEMAX, CBA3AH-
HBIX C U30HPATCIBHBIM CMAadHBAHHEM, MOXKHO HA3BaTh MPOCAYHBa-
HHUE 3MYIIbCUH uepe3 nopucteie cpeasl. Ecmu kpynHomopucTas cpena
HN30UPATEIbHO CMAYUBACTCA KAIUIIMH AUCTICPCHOM (pa3bl amynbcHu,
TO 3TH KaIUTH MOTYT MPHIHNATh K MOBEPXHOCTH MOPHCTOrO MaTe-
pHana ¥ 33ACp>KUBAThCA. DTO WHOTAA UCIONIB3YIOT JJIsl OCBOOOKIC-
HUs HE(TH OT SMYJIbTUPOBAHHON B HEW BOJBI. HE(DTh (QUIBTPYIOT
yepe3 KPYMHOMOPHCTHN ruapoduasabiii Gpunabtp. ToOHKONOPHCTHIHA
$buwibTp, H3OUPATCIPHO CMAYUBACMBIN JAHCICPCHOHHOU CPEAOH,
TaKKe CMOCOOCH 3aJepPKUBATh KAIUTH SMYJBCHH, pasMep KOTOPBIX
MHOro Gomipie auamerpa nop. Ilpu 3ToM Kamau HE MOTYT HpPOUTH
yepe3 Takod QUIBTP, TaK Kak AN 3TOTO TpedyeTcs WX CUIbHAs Jc-
dhopmarys, MPUBOAAINAS K BO3HUKHOBEHHIO BEICOKOTO KAIMHUIIPHO-
ro pmasiacHua. PuupTpanys uepe3 TOHKOMOPHCTHIH ruApodOOHBIN
(WIBTP MO3BOSICT OYUCTUTE OT BOJABI OCH3MH U OTACIUTH HEGTh OT
Boxel [10; 13; 20].
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BaxHOH KONMMYIECTBEHHOM XapaKTEPHUCTUKON SHEPTETUKH CMadH-
BaHUs, OCOOCHHO TS TOHKOMOPHCTHIX CPEX, @ BMECTE € TEM M Xapak-
TEpa TBEPAOH MOBEPXHOCTH (€€ rUAPOdHIBHOCTH U TUAPOGHOOHOCTH,
0neo(pUIBHOCTH U 01¢0(OOHOCTH), CIYKUT YOCIbHAS MENIOmd CMA-
YGaHUs — KOMMICCTBO SHECPTUH, BBIACTICMOE IIPH CMAYNBAHHH CAH-
HULIBI MACChl TBEPJAOTO TEla. DTa BEIUYHHA PABHA PA3HOCTH MOIHBIX
MOBEPXHOCTHBIX HEPTUH rpaHul pazxena a3 TBEpAOE TEIO — ra3 u
TBEpAOE Telo — >KuAKOCTh. [lo PeGuuaepy, OTHOIICHHE TEILUIOT cMa-
YUBAHHUS TBEPABIX mOBepxHOCTeH Bogou (H;) u yriesoxopoxom (H,)
CIYKUT XapaKTCPUCTHKOU TUAPOMHIPHOCTH HOBEPXHOCTH. IS THUA-
podunerex nosepxuocted B = Hy/H,, > 1, nna ruapodobuex — 3 < 1.
Tak, Harpumep, mist aktuBupoBanHoro yris B = 0.4 (ruxpodoOHas
MOBEPXHOCTH), AMs KBapua P =~ 2 (ruapoduiabHas), Ams Kpaxmana
B = 20 (cunpHo ruapoduasHast). Ilpu 3TOM B 000X ClTydasx MPU KOH-
TaKTe ¢ BOAOH M YINICBOJOPOAOM TEIIOBOH 3¢ QKT CMauYUBaHUS MO-
JKeT OBITh OTHECCH K CAMHUIIC MAaccChl Mmopomka (aacopOceHTa) U, Ta-
KUM 00pa3oM, OTIAJacT HEOOXOANMOCTE U3MEPATh MOBEPXHOCTEL HC-
CJIEAYEMOro MOPOLIKA.

1.4. WepoxoBaTocTb MMHEpPaNbHLIX NOBEPXHOCTEN

IMoBepxXHOCTE MUHEPAJIOB HUKOTAA HE OBIBACT WACATBHO TIAIKOH.
JIroGast MuHEpaIpHas MOBEPXHOCTH MPU COOTBETCTBYIOMICM YBEIHUC-
HUU SBSICTCS tepoxosamoti. OmHako mpu rpyOOM paccMOTPSHHH
MHOTHC MOBCPXHOCTH HPUPOTHBIX KPUCTAIOB U HCKOTOPBIX HCKYC-
CTBCHHBIX TBCPIBIX MATCPHAIOB CUMTAOTCS riaaakumu. [lostomy mo-
HSTHC HICPOXOBATOCTH 3aBHCUT OT XapPaKTCPHBIX MaciuTaboB HCCIIC-
JYEMBIX MPOLECCCOB U HAOTIOIACMBIX SIBJICHUH.

VYpOoBEHB, IpH KOTOPOM TCPMHH «IICPOXOBATOCTE» CTAHOBUTCS
HCTIOAXOMAIINM, ONPEACIACTCA, KOTJA MBI PACCMATPHUBACM H3MCHC-
HUS TIOJIOKCHUM B PCIICTKE, BHI3BAHHBIC KOJCOAHUSAMHU MOJICKYJ HIH
aromoB. Hampumep, ammmnryna konedaHuil aToMOB Mauiaans Ha MO-
BepxHoctu Metamna (~ 0,014 HM, MO0 U3MEPEHUAM ¢ UCHOIb30BAHUEM
MEJICHHBIX 3CKTPOHOB [27]) COCTABIET MOJOBHHY AMILIATYIBI KX
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kojeOaHuss B oObeMe Metauia. B cTporom ompeicicHHH TEPMUH
«LIEPOXOBATOCTh» BKIIIOYACT U3MECHCHUS T'COMETPHUYCCKHX XapakTe-
PHCTHK TIOBCPXHOCTH OONBINE, YE€M HA MEKATOMHOE PACCTOSHHC.
IpencraBum, Hanpumep, KyOWUECKHH KPUCTAUT XJIOPHUAA HATPHIL,
packoI0THIH napauienpHo rpadu. [Ipoduns oOpasyromeics moBepx-
HOCTH IIOKa3aH Ha puc. 1.21a, rae Bce MIIOCKOCTH NPEACTABICHBI K-
Oouueckumu rpassmu. QJHAKO €CJIHM TOT JKE CaMbIH KPUCTAILT pa3pesaH
O] MAJIBIM YIJIOM K HCXOZHOH IPaHH, TO €ro MOBEPXHOCTh 0oee Mmo-
xo0%a Ha gecTHuiy (puc. 1.216). XoTs BepXHss IpaHb KaXA0H CTYIIC-
HU OyJIeT TOM ke KyOHdIeCKOU rpanpro, uto u Ha puc. 1.21a. [lepexon
OT CTYIICHHU K CTYTICHH MOXKET OCYINECTBIATHCA KaK IO TEM K€ TPAHAM
kpucramia (1), Tak u uepe3 Apyrue KPUCTAIHICCKUE TUIOCKOCTH (2).
ITockoapKy INIOTHOCT YIAKOBKH JJISL PA3HBIX IUNTIOCKOCTEH KpHUCTALIA
HEOJWHAKOBA, UX PEIAKCUPYIOLIUE COCTOSIHUS HAa MOBEPXHOCTH Oy YT
pasnu4aThCs MOBEPXHOCTHOU 3HEprucid. MOHOKPUCTANT OKCHAA ypa-
Ha, PackonoTed mox yriaoM 11° k mmockocTH, kak mokazaHo audpak-
LHCH MEIJICHHBIX BIICKTPOHOB, 00pa3yeT «CTYICHYATHIH» THIT IO-

<

BepxHOCTH [29].

<
/77

Puc. 1.21. a — npodpuiis cxos1a, NapaLIeIbHOT0 KyOH41ecKoii rpasu,
6 — Ipo L CKOJIA O MAJIBIM YIJIOM K KyOU1IecKoii rpann

Ko3ddpuunenTt mepoxosaroctu

KonuuecTBeHHEIC XapaKTEPUCTHKH IICPOXOBATOCTH MOTYT OBITh
ONIPECIICHB! IyTEM COIMOCTABICHUS PEATbHOTO HPodHIL MOBEPXHO-
CTH C TIaIKUM NpodHIeM HACaTbHOM NOBEPXHOCTH (puc. 1.22).
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Puc. 1.22. MukponpoduiiorpaMma y4acTka moBepxXHOCTH (a)
U CXeMaTH3NpoBaHHas pacmu@poBka yuyactka AB
3T10ii mpopuIorpammei (0)

MuxponpodunorpaMmma y4acTka MOBEPXHOCTH LIMHKA, CHATAs HA
MUKponpoduIorpaMMe ¢ aaMa3HOH UrIoH (YBETHMUYCHHE MO BEPTHKA-
au 1000x, mo ropuzonTtanu — 160x), a Ha puc. 1.22 6 — cxemaruzupo-
BaHHas «pacumpposBka» ydactka AB 3toii mpodunorpammsr. Ilpu-
OMMKCHHO pelibed MOBEPXHOCTH MOXKHO PAacCMaTpPUBATh KaK COBO-
KYIIHOCTh MHKPOKaHABOK rnyOunoit H w mwupuHoll d, H = (d/2)tgy,
TOC ¥ — YION MEXKAY HWIACATH3UPOBAHHOHN IIOCKOH MOBEPXHOCTBIO H
0OOKOBOM CTOPOHOH KaHaBKH. [Ipy HamHMYHK MEPOXOBATOCTH PeabHAS
MIOBEPXHOCTh TBEPAOTO TENA Sy, OOMBINE HIACATM3UPOBAHHOH IIO-
BEPXHOCTH S,;. OTHOIICHNE (DAKTHUCCKOHW IUIOIMATH MOBEPXHOCTH K
IUIOIAAN €€ MPOCKLIHHA HAa HACATH3UPOBAHHVIO IUIOCKYIO MOBEPX-
HOCTb Ha3bIBACTCS KO PHULIHUCHTOM IIEPOXOBATOCTH!

S dlcosy 1

k, =—% . (1.17)
S d cos Y,

1.5. CMaunBaeMoCTb e poXoBaTbiX NOBEPXHOCTE

VBeMMUeHNE NCTUHHOM IUIOMAAN KPUCTALTHICCKOM TTOBEPXHOCTH
MPUBOANT K COOTBETCTBYIOLIEMY BO3PACTAHHIO BKIAJa B DHCPIETHKY
CMAuYMBaHMs TPAHHUI[ pasfeia TBEPAOC TEIO — JKUAKOCTh H TBEPAOC
TEJI0 — ras.

Cornacio A. Bennemo u B.B. Jlepsaruny, B cnyuac KOHTakrta
JKHIKOCTH C TIOBEPXHOCTBIO PEATBHOrO TBEPAOTO TE/IA BBIPAKCHHE
A7t paboTHI AATE3UH CICAYET 3aMHCaTh B BHIC
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W =K, (ySV _ySL)_i_yLV’ (1.18)

Toraa yepeaneHHoe («addekTuBHOE») 3HAUCHHE KOCHHYCa KPacBOro
VIJa cMauuBaHus OyaeT

K. ,YSV _,YSL s sL
cosf,, = ( — ):yLV L ZCOSQZCOSQ-Km. (1.19)
¥ v cosy  cosy

W3 npuBe ACHHOTO BBIPAKCHUSI BUIHO, UTO NPU CMAYUBAHUY K-
KOCTBIO TBEPAOTO TEla MIEPOXOBATOCTh MOBEPXHOCTH YIIYUIIACT CMa-
ypBaHue (yroa 0., YMEHBIIACTCA), NpU HECMAYUBAHUY — YXYALIACT
(yrox 0,4 yBemuumBactcs). YcioBre y = 6 OKa3bIBaeTCA AOCTATOUHBIM,
yTOOBl CMAYMBAHUE MEPEILIO B PACTCKaHHME. JTO HCIONb3YIOT, Ha-
MpUMEP, B MHPOLIECCAX MAHKH W CKICHBAHUS, KOTJA HAXKIAAKOM HE
TOJBKO VAATSIOT 3arpsI3HCHHS, HO H HABOAIT IEPOXOBaTOCTh. BMecTe
€ TEM LICPOXOBATOCTh MOBEPXHOCTH, OCOOCHHO 00pa30BaHHAS CHCTC-
MOW TapaleIbHBIX KAHABOK (HANpHUMEpP, Al MOBEPXHOCTEH, MOA-
BEPTIUINXCS MEXAHHUYCCKOH 00pabOTKE), YCHUIMBACT THUCTCPE3UCHBIC
SBIICHUS TIPH CMAYHBAHHH.

1.6. PpakTanbHOCTL BHYTPUNOPOBbLIX NOBEPXHOCTE

Ipexxae Becero, magum ompeacicHHS (PPaKTATbHBIM CTPYKTYpaM.
OcHOBHOE CBOUCTBO (hpaKTaTBHEIX CTPYKTYP — CAMOIOAOOHE: TaKUe
CTPYKTYPBI BBIIIAAAT OAUHAKOBO Ha PA3HBIX MaCH.ITa6aX, " 1o BUAY
OTIEIPHOrO (pparMeHTa MOKHO CAENATh 3aKIIOYCHHE O CTPOCHHHU
o0bekTa B uenoM. Takum cBOMCTBOM 001aJar0T MHOTHE OOBIUHBIE
CTPYKTYPBI, TIOATOMY IS (PpaKTasioB MNPUHIUIHAIBHBIM SIBISCTCS
JPYroe CBOHCTBO: H3MCHEHHUE MX XapPaKTCPHCTHK (MAacCH, INIOTHOCTH,
mIomaan IMOBCPXHOCTU, MOAYJIA YIPYIOCTU U T.,Z[.) ¢ HU3MCHCHHCM
pasmepa (ppakTasibHOr0 00BEKTA WK HMPOCTPAHCTBCHHOTO MaciiTada,
B KOTOPOM 3TOT OOBEKT paccMaTtpuBactcs. Ilokazarenp cremeHHn —
apodHoe uncno. MHave roBops, Ansd QpakTaabHBIX OOBEKTOB P CO-
OTHOH.ICHI/II\/'I, YCTaHOBJICHHBIX IJId IPUBBITHBIX OJHO- ABY- HUJIU TPCX-



[OKA3aHO HA PHC.
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MOHOCIIOEM MOJICKYJ, U H3MEPHTh YHCIO aACOPOUPOBAHHBIX MOJIC-
kyn. Torma WUCMOMB30BAHUE DKCIICPUMEHTATBHO M3MCPCHHBIX 3HAMC-
HUH Ax(8) A7 MOJIEKYI pa3sHOro pa3Mepa O mo3posieT Haiitu dy. Jns
roro ctpoutcs rpaduk 3aBucumoctd Ax(0) B KOOpAMHATAX
A, (8) =1Ind , TaHreHC yria HaKIOHA KOTOPOro paseH (2 — dy  uTO TO-

3BONACT HAUTH (HPAKTANBHYIO PA3MEPHOCTD TOBCPXHOCTH.

CoBpEeMCHHEIC 3KCIICPUMCHTATBHEIC JAHHBIC MMOKA3BIBAIOT, YTO
3HAUECHUS dr AT PEATBHO CYIIECTBYIOMIMX IOBEPXHOCTEH MOTYT H3-
MEHATBCA B HMIMPOKHUX Mpeaenax, BmioTe 10 di=3. To ects peampHO
CYIIECTBYIOT MIOBEPXHOCTH (B OCHOBHOM Y TVIHHHCTBIX aCOPOCHTOB),
Pa3MEPHOCTh KOTOPHIX HPHOMIKACTCS K Pa3sMEPHOCTH TPEXMEPHBIX
00beKTOB. Takue MOBEPXHOCTH MPAKTHYCCKH MOTHOCTBIO 3aNOTHSIIOT
npoctpancTBO. [lOBEpXHOCTH CKOJNIOB WM MOBEPXHOCTU TPABICHUS
007a1ar0T MEHBIICH (paKTaTbHOH Pa3sMEpPHOCTBIO, KOTOpas OOBIMHO
HE TPEBBHIIIACT BETUIHNHY 2,5.

1.7. FucTepesuc CMa4dMBaHMA Ha pa3/IidHbIX NOBEPXHOCTAX

Ilpu cmauuBaHUM pPeaTbHBIX TBEPABIX TCJI KPACBBIC YIJIBI IO Pas-
JAUYHBIM TTPUYHUHAM OTJIHUYAOTCS B TOW HJIM HHOU CTCIICHU OT PaBHO-
BECHOTO KpacBOro yrma, ompexacisiemoro ypasuenuem Ownra (1.15).
Bonee Toro, npu cMaunBaHUK OAHOM M TOH K€ TBEPJOHM MOBEPXHOCTH
MPH OJHHX M TCX JKE 3HAYCHHUIX TCPMOIAMHAMUYCCKHX MAPAMETPOB
CHUCTEeMBI (TeMIIEpPaTypa, JaBJICHUC U T.[.) CTATHYCCKUC KPACBBIC YIJIbI
MOTYT HMETh MHOXCCTBO Pa3IMYHBIX 3HAYCHHA B 3aBHCHMOCTH OT
ycaoBui ux popmupoBanus. IT0 00YCIOBICHO MPOSBICHUCM THCTE-
pesuca cmaunBanus [30].

T'ucmepesuconm cmauueéanis HAZBIBAKOT CIOCOOHOCTH KHIKOCTH
00pa30BbIBATH MPU KOHTAKTS ¢ TBEPABIM TCJIOM HECKOJBKO YCTOWUH-
BbIX (METacCTAOW/IBHBIX) KPACBBIX YIJIOB, OTIHYHBIX MO 3HAYCHHUIO OT
pasHOBecHOro. Hampumep, kpacBoit yeon namexanus 0y, 0Opa3oBaHHBIH
MPY HAHCCCHUH KAILIH KUIKOCTH HA TBEPAYIO MOBEPXHOCTh, OKA3bIBA-
CTCS 3HAYUTEIIBHO OOJIBIIC KPacBOro yaia ommexanus 0, KOTOpBIH
BO3HHUKACT MPH MPUBCICHUH B KOHTAKT Iy3bIPbKA BO3AyXa C TOH XKe
MOBEPXHOCTHIO, HAXOMSIICHCS B JAHHOM >kuaAKocTH (puc. 1.25).
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Pasmvaror cnexyromue gpopuur cucmepesuca cmauuanus [22;
23; 24; 35].

1. Craruueckuil (WM HOPSIKOBBIH) THCTEPE3UC, KOTOPBIA NPOSB-
JSIETCA B PA3IMYMH CTATUYCCKUX KPACBBIX VIVIOB NMPH Pa3HOH mocne-
JOBATEIILHOCTH CONPUKOCHOBEHUS TBEPAOTO TENA € APYTrUMHU (hazamu,
VYaCTBYIOIIMMHU B CMAUYHUBAHHH.

2. KuHeTHuecKHil THCTEPE3UC, KOTOPBIH OOYCIIOBICH HATHIHCM
Ha TBEPJOU MOBEPXHOCTH PA3TUYHBIX MPEIATCTBHH, 3aTPyIHSFOLINX
pacTeKaHue KUIKOCTH.

3. OUBUKO-XUMHYICCKUN rUcTepesnc. Pasmirame kpacBhIX YTIjIOB Ha-
TCKAHM M OTCKAHMS BBI3BIBACTCS TEM, UTO MPU CMAYUBAHUU MOTYT OJ-
HOBPEMCHHO WATH U APYTHe (PUIHUKO-XUMHUYCCKHE MPOLECCHI (HAIMPH-
MEP, aACOPOLIMS, UCTIAPCHIUS, PACTBOPCHHUE, XUMHUYCCKAS PEAKIUK). ITa
dopMa rUcTEpe3nca CMAYMBAHMS WIPACT BAXKHYIO PONb B IpOLIECCax
BBITCCHCHMSI HE)TH M3 MOPHUCTHIX CPE] MOA ACHCTBHEM aKTHBHEIX Pac-
TBOPOB, HAIPUMED, MOBCPXHOCTHO-AKTHBHBIX BELICCTB H JP.

INuctepesuc kpaeBoro yria HariasJHO MPOSABISACTCS, CCIH HOBEPX-
HOCTb TBEPAOrO TeJa ¢ HAHECCHHOW Ha HEE KaIlIeH HAKJIOHEHA: MPU
3TOM Yroil B HWKHEH 4acTH Kammu 0, OKa3eBaeTCS 3HAYHUTEIIBHO
Oosbine yria B BepxHeH yactu karm 0, (puc. 1.25). 'ucrepesuc cma-
YHUBAHUS MOXKET OBITh CBSI3aH C 3arpsA3HCHHUCEM IOBEPXHOCTH, €€ XH-
MHYCCKOH HEOAHOPOTHOCTBIO M ApyruMu ¢axropamMu. QUeHb CHIIb-
HBIA TUCTEPE3UC, JOCTHIAOIIUN HHOTJA ACCATKOB IPaIyCcOB, MOXCT
OBITh CBA3aH ¢ 00PA30BAHUEM TOHKUX CMAYUBAIOIIUX IICHOK. B 3TOM
cayuae (puc. 1.26) karns KUIKOCTH HATCKACT HA CYXYIO MOBEPXHOCTh
¢ 6OJNBIIMM KPaeBbIM YIIOM 0y, & IPH OTTCKAHWHU HA MMOBEPXHOCTH OC-
TACTCS CMAYUBAIOLIAS IUICHKA, H KPAcBOH YIrON OKAa3BIBACTCS OYCHb
Maj (HECKOJIBKO TPaIyCoOB U MCHEE).

6, o

Puc. 1.25. ®opma kamm Puc. 1.26. I'ncrepesnc cMavuBaHASA
HA HAKJIOHHOM IMOBEPXHOCTH  NPH BOSHUKHOBCHHU CMAYNBAFOIINX
INICHOK






I'masa 1 59

BIDKHBI U VCIIOBHIO PaBHOBECHS OTBEYACT BEKTOPHOE PABEHCTBO, Ha-
3pIBacMoe ypasHeHHeM Hetfivana:

7 4yl gl =0 (1.23)

CXOHBIC YCIOBHS MOTYT PEATH30BAThCI U AJIS KAILIH KUIKOCTH

HA MOBECPXHOCTH TBEPAOTO TEJA MPH HATUYMU 3aMETHOU €ro PacTBO-

pumoctd B BemecTBe skuaxou dasel. Ilpu stom muddysus gepes

JKHAKOCTh CIOCOOHA TPHUBECTH CHUCTEMY K COCTOSHHIO HCTHHHOTO

PaBHOBECHSI, OMKCHIBACMOTO ypaBHeHeM Helimana A 0JHOrO THIA
SKHAKOCTH!

7y 9 =0, (1.24)

B 3ToMm ciyuac Ha mOBEPXHOCTH TBEPAOH (hazbl MOCTCHCHHO 00pa-
3yercst yriayOIeHHE, U MOBEPXHOCTh Pa3ieia TBEPAOTO Tea C KUIKO-
CTBIO Takke mpuoOperacT chepuucckyo popmy (puc. 1.28). Torma
JUISL OTIUCAHUS PABHOBECHS HEOOXOAMMO BBOAMTH ABa yria: 0; — Mex-
Y TOBCPXHOCTBIO KAaITH W TMPOJO/DKCHHEM MOBCPXHOCTH paszicia
TBEPAOE TEI0 — ras; 0, — MEexAY rpaHULCH pa3aeia TBEPAOH U KHI-
Kol (a3 u MpoAOKEHUEM MOBEPXHOCTH TBEPAOE TEIO — ra3. PaBHo-
BECHE B IJIOCKOCTH MOBCPXHOCTH TBEPAOU (ha3bl OMUCHIBACTCS YCJIO-
BHUCM

v =" cosO, + 7% cosh, . (1.25)
B BepTHKATBEHOM MIOCKOCTH CTIPABEATHBO COOTHOMICHHUE
v .sin@, =y* -sinb, . (1.26)

VYrmet 0; u 0, MOryT OBITH ONPEACACHBI MOCIAC 3aMOPAKUBAHUS
JKAAKOCTH HA ULTU(E, CACIAHHOM MEPICHIUKY/SIPHO JTHHUN CMaYH-
BaHud. IIpu W3BCCTHOM MOBCPXHOCTHOM HATSDKCHUU JKUIKOCTH Oy
U3MEPEHUA 3TUX JABYX VIJIOB MO3BOJISIOT ONPEACINUTh OJHOBPEMEHHO
¥ TIOBEPXHOCTHOC HATSKCHUC TBEPAOH (as3bl 0., U MExK(DA3HOS HATS-
KEHHUE Ory. ITOT METO/ HA3BIBAIOT METOAOM «HCHUTPATPHON KATLTH).

AHAJIOTHYHBIC TMPOLICCCHl HM3MCHCHHUS MPO(UIS MOBSPXHOCTH
TBEPIOTO TEJA MPU KOHTAKTE € JKUAKOH (haz0i MOTYT HNPOUCXOTUTh U
B MCCTax BBIXOJA HA TMOBCPXHOCTH rpanunl 3¢peH. [lpm sTtom BmOMB
IpaHUIBl 3¢PHA 00pasyeTcs KaHaBka. Jas 3epeH, OAUHAKOBBIX IO CO-
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CTaBy U IO OPUCHTHUPOBKC OTHOCUTCIIBHO I'PAHULIBI MCXKAY HUMHU, yC-
JIOBUC PABHOBCCHUA B BCPLIMHC TAKOM KAHABKH OIHCHIBACTCSI COOTHO-

MICHUEM
c
cos2 = (1.27)
2 20,
IIC (¢ — TAK HA3BIBAEMBIH JBYTpaHHbIi yron (puc. 1.29).
NNy L Tttt
7 . e .
\\
Puc. 1.29. PaBHoBecHbIIl Puc. 1.30. Oopa3oBanue KuaKkoii
JABYTDAHHBII YroJ ¢ NMPOCTIOIKHI MEKAY 3ePHAMU
npu 00PA30BAHIN KAHABKH NOJHKPHCTAJLIA IPH BbINOJTHEHHH
TPaBJICHHST yeaosus I'no6ca—Cvmra

B nmpenensHOM ciayuae npu BeimomHeHNH yenosus [ nbooca—Cmura
01220 KUAKOU ¢ase TEPMOIUMHAMHYESCKH BBITOJHO NPOHUKHYTh
BJOJb TPAHULBI 3¢pHA C OOPa30BAHHMCM TOHKOH JKUAKOU MPOCIOHKH
(puc. 1.30). [loxoOHoe pacmpocTpaHeHHE KUAKOH (a3bl IO IPaHHLIAM
3C€PCH NOJIMKPUCTATIIHMUECKHX MATCPUAIOB HAOMIOAANOCh B PsAC CHC-
tem (Hanpumep, Zn—Ga, Cu-Bi, NaCl-H,0) [17]. Ecte ocHoBanue
MOJIaraTh, YTO C STHM SABJICHHEM CB3aH PA TCOJOTMUYCCKHX MPOLEC-
COB, HAIIPUMEP, MEPCHOC BEINECTBA B 3eMIIe, MPUBOAAIIMN K 0Opa3o-
BaHUIO MECTOPOKIACHUU.

1.8. CMaynBaemocTb 9HepreTu4eckn HeogHOpPoAHbIX I'IOBerHOCTeVI

Kpucramiorpapuueckas, MonekyspHas U F€OMETPHUICCKAs HEO-
HOPOAHOCTH HOBEPXHOCTEH 00YyCIABIMBAIOT UX 3HEPTETHUCCKYIO HE-
oxHOpoaHocTh. Creaysl MPEeaCTABICHUAM (PU3NKO-XHMUHU MOBEPXHO-
CTEH, paCCMOTPUM HACATbHBIM PUMED.

B xauectBe uaeambHOrO BO3bMEM MPOCTOH KyOUUECKUH KPUCTAILT
xmopuga Harpus. Ero MoKHO cumMTaTh JWINEHHBIM BCEX paHEE pac-
CMOTpPEHHBIX Ac(eKTOB (MPAKTUUCCKH HEPEaTbHAS CUTYalUs, TaK KaK
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TAKOW KPUCTAII HE MOT Obl PACTH, XOTS VIUBHTEIbHAS CIAHHOCTD
0OJBIIOr0 KPUCTANIA MOXKET MOCIYKHTh OCHOBAHUEM A MpPEACKa-
3aHUH WHOTO POJA), HO OCTAIOIUMCS TEM HE MCHEEC HEOJHOPOIHBIM.
[Toxazano, 4To A pacueTa CUI, ACHCTBYIOLIIMX HA OAMH HOH IO-
BEPXHOCTH, HCOOXOAMM V4ET OONBIIOro YHCIa OMMmKAWIINX COCCACH,
ckaxeM nopsiaka 10°. B cayuae NaCl Bkmaj ydqacTBYIOIMX BO B3au-
MOJCHCTBHH aTOMOB MOXKHO VYECTh MONyc(epoil ¢ paguycoM OKOJIO
17 mepuonoB 3neMeHTapHOH suckiku. Takum obpazom, Tr000H HOH U3
17 noHoB pebpa KpHCTAIIA UMEET HHOC 3HAYCHHUE SHEPIUH, YEM HOH,
PacoJIOKCHHBIH B LICHTPE rpanu. B obuem cnydae mo Mepe mpudiu-
JKEHHS K pedpy JOKHA YBEIMUIUBATHCS CBOOOIHAS SHEPTHS HOHOB H,
OYCBHUIHO, TeM OOJIbIIe, YeM Ommke K BepuiuHe. OXHAKO TOYHAS BE-
avurHA 3TUX 3Q(QeKkToB HEedCHA H3-3a OTIIMYMS MPOLECCOB pelaKca-
uuH Ha pedpe u B neHtpe rpanu. Pacuetrsl bencona u Ulpaiibepa [46;
72] mna pebpa, HE CcOAEPKAINETO HCKAKCHUM, AT 3HAYCHHEC
29 nJlx/™m.

Haxke ams umeanbHOH MOBEPXHOCTH O€3 rpaHe M BEpIIMH JO-
KanpHbIC 3Ha4YCHUsI U MOJDKHBI 3aMETHO OTIMYathes oT UF cpenHei
BEJTMYHHBI A5 MOBEPXHOCTH. CTAaTHCTHYECKH 3TO MOXKHO BBIPA3HTh
TaK

o :T f(u v, (1.27)

roe f (U S) — ¢yHKUMA pacnpexaencHus. Jng momydueHus NEHCTBU-

TCIBHO JCTATBHOU KAPTHHBI MIOBEPXHOCTU MBI TODKHBI TAKKC VICCTh
KOPPE/SILUOHHYI0 (DYHKIMIO PACHPSIACIICHUS JOKAIbHBIX 3HAYCHUI

U® B 3aBUCHMOCTH OT WX TIOJOKCHHA. XOTS TIOBEPXHOCTH XJIOPHAA
HATpPHUs HE MOXET ObITh OJHOPOAHOH (MOHBI XJIOpa OTIHYAKOTCSA OT
noHOB Harpus). Pocc u ap. [68] mpeanokunu BBECTH HOBBIH TCPMUH
«rOMOTaTHYECKasd MOBEPXHOCTE» — OT rpedeckoro homos (paBHBIMH,
OoAMHAKOBBIN) u thetos (pacmooKEHHBIN), T.€. HOBSPXHOCTh OJHO-
POJHAS O PACTIONOMKCHUIO ATOMOB, B TOM YUCIC U Pa3HbIX, A7 000-
3HAYCHHUS COBCPIICHHOH MOBEPXHOCTH OCCKOHCYHOW IUNTOCKOCTH KPH-
ctanna, cBoOoIHOro oT nedekToB. B paae ciaydacB MOKeT OBITH MpH-
EMIICMBIM OIMUCAHUE TNIOCKOCTCH, COCTOSIINX U3 aTOMOB OJHOTO THIIA
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(Takpx, KaK WAcANbHAS IUIOCKOCTh rpadura), KaK FOMOTCHHBIX HITH
oxHOpoaubiX. Takmm 06pa3oM, BCEe MOBEPXHOCTH, KOTOPBIC HE SIBIIS-
FOTCSl TOMOT'CHHBIMH, OJHOPOIXHBIMU WA FTOMOTATHYCCKUMH, JOTKHBI
OTHUCHIBATHCS KaK HCOTHOPOAHBIC (TCTCPOTCHHBIC).

[ToMuMO SHEPreTHUECKHUX HEOAHOPOAHOCTCH KPHUCTALTHYCCKUX
MOBEPXHOCTECH, CYIICCTBCHHOC BIHSHHUEC HA CMAYUBACMOCTb MOXKCT
OKa3bIBaTh 00pa30BaHUE MO3aWYHBIX MOHOKPHCTAJIOB KBapLA, Kajlb-
LUTA, THUICA U APYTHX MOponoodpasviomux MuHepanos. broku mo-
3aMKH MOTYT OBITh Pa3yMOPSIIOYCHHBIMHA U MOBEPHYTHIMH APYT OTHO-
CHUTCIBHO JPYTa HA VIUIBI 10 HECKOIBKUX ACCATKOB MUHYT [29].

ATOMHO-MOJICKYJISIPHAS KPUCTALIH3ALNS HTPOSBIACTCA B YCIOBHU-
X MACCOBOHM KPHCTALTH3ALUH MOIHKPUCTATITHICCKUX T C HEOPH-
CHTHPOBAaHHBIM JATBHAM TOPSIIKOM B3aUMOACHUCTBHS MEXKIY aroMa-
MH U MoNeKynamH. B pesynberare obpasyercs MONMMKPHCTALTHICCKAS
Macca, COCTOAMAs U3 XAaOTHUECKH PACION0KCHHBIX KPUCTAJIOB, CO-
MPHUKACAIOIIUXCA APYT ¢ APYTOM MOJ Pa3HBIMHU yriamu. PasopueHTa-
LU TIPH 3TOM MOXKET COCTABIATH MOPSIAKA ACCIATKOB TPaIyCcoB [29].

B nonmkpuctanamyeckux nopoaax, THIA MOTHKPUCTATLIHICCKOTO
THIICA, OTACIBHBIC KPUCTAIUIEI MOTYT HAXOJWTHCS APYT OT APyra Ha
paccrosiauu ot 100 mo 1000 A° (anrctpem). MecTa CoOwICHSHUS KPH-
CTAIOB 00NMANAIOT M3OBITOYHON SHEPruei M SBIAIOTCS TEPMOIUHA-
MHYCCKH HCPABHOBCCHBIMHM YYAaCTKAMH B MOJHKPUCTATTHYCCKUX
CTPYKTYpax. JHEPreTHUCCKas HEOTHOPOTHOCTh IOJHUKPHCTAIIINYC-
CKHX MHHEPAJIOB OyJACT ONPEIC/ThC COCTABOM M CHJIAMH B3aHMO-
JCHCTBHUS MEKIY OTACABHBIMU KPHUCTA/UIAMH, 4TO OYyACT 00YCIaBIu-
BaTh U3MCHCHUC CMAYUBACMOCTH [23].

Ponayruxeiv Opla MpeanoKeHa HECTAHJAPTHAS WHTCPIPCTALHS
KamUUIPHBIX  3(QQeKToB, OCHOBAaHHAs HAa MONCKYJLIPHO-KHHETHYIC-
CKHX NPEICTABICHHAX. B ciyuac roMOreHHOH MOBEPXHOCTH JTHHUS
TpexdaszHoro koHTakTa ((popmyna KOHra) He umeeT Gu3MUECKOrO BO-
IIoIeHUI. TaHreHIaabHas KOMIIOHCHTA CHIIBL, ACHCTBYIOINCH HA
MOJICKYJIBl JKUAKOCTH CO CTOPOHBI TBEPIOIO TEja € MIAIKOU MOBEPX-
HOCTBIO, paBHA HyJr0. Ee MOXKHO HE nprHUMarhk BO BHHMaHHe. Dop-
myna FOHra ynpormaercs, Tak Kak MOBEPXHOCTHOC HATSDKCHHE TIIAJ-
KOH MOBCPXHOCTH HE HIPacT HUKAKOH poiu B (OPMHUPOBAHUM BEIIH-
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naBa 2. OnpepeneHne cCMayMBaeMoOCTH NOBEPXHOCTEM
rOpHbIX NOPOA,

CpaBHUTETBHBIH aHATN3 CMAYHBACMOCTH MOBCPXHOCTCH TOPHBIX
MopoJ OOBIYHO MPOBOAWTCS MO 3HAYCHUSAM PABHOBECHOTO KPacBOTO
yIJla CMAUUBAHUS, MOJIYUYEHHOTO Ha UCKYCCTBEHHO CO3JAaHHOM rman-
KOH MOBEPXHOCTH 00pa3ua ropHeix nopox. s uamMepeHus Kpacsoro
yIJIa CMAUUBAHUS HCTIONB3YIOT CICIUAIBHBIC METOJUKH.

2.1. Cneunduka onpepeneHusi KpaeBoro yrna cMaYuBaHus
Ha rnagKux NoBEePXHOCTSIX FOPHbIX MOPOA

VYroa cMauuBacMOCTH SBJSICTCS JIYYIIAM METOJOM H3MEPCHHUS
CMAaYMBACMOCTH, KOTJIA MMPUMCHSFOTCS YUCTHIC YKUIKOCTH M HCKYCCT-
BEHHBIC KCPHBI, T.K. HCKIIIOYACTCS BO3MOKHOCTD BIIHSHHS TIOBEPXHO-
CTHO-aKTHUBHBIX BCIICCTB WJIM APYTHUX AKTHBHBIX COCAUHCHHUM, KOTO-
PBIC MOTYT M3MCHUThH MPUPOJHYID CMAuMBACMOCTh. [e€M HE MEHEE,
KaK paHee AeTanbHO oOCyxaamock B ['mase 1, umerorcs onpeaciacH-
HBIC CJTOKHOCTH MPHU MPUMCHCHUH METOA U3MEPCHUN YIJIa CMAYHBA-
HUS K TOPHBIM MOpogaM. MeToasl HM3MEPCHHS YIVIA CMadMBaHUS
BKJIFOUAKOT METO/ HAKIIOHHOH TApC/IKH, BUCAUCH KAILTH WK MY3bIPb-
KOB, METOJ{ BEPTHKAJBHOU INTAHTU (CTCPXKHS), TCH3MOMETPHUCCKUI
METOJ, METOJA LHIMHAPUYCCKHA W METOA KAMWUIIPHOTO IOTIbEMA.
Onucanue 3TUX METOA0B AaHOo B padorax Anmamcona, [xouca u Het-
tpa, I'vma, Hotimana u ['vaa [61; 68; 77]. bonpmas gacte 3THX METO-
JTOB, OJHAKO, HE MPUMCHSICTCS AT U3YUCHHUS CMAYHUBACMOCTH HETe-
COACPIKAIIMX MOPOA, T.K. OHH JIYUIIC MOIXOAAT AT YUCTHIX (DJIFOH-
JIOB, JIMIICHHBIX AACOPOLMH MM ACCOPOLUU KOMIIOHCHTOB ChIPOWM
Hedu. M3-3a MOBEPXHOCTHO-AKTUBHBIX BEINCCTB B MPUPOAHOH HePTH
HCOOXOIUM MPOJOKUTCIPHBIN MEPUOA BPEMCHH M3MEPCHUS TS TO-
ro, 4T0OBI YTOJI CMAYUBAHUS JOCTUT PABHOBECHSL.

Mertonel, rnaBHBIM 00pa3oM, MpUMEHICMbIC B HE(TIHOU Mpo-
MBILIJICHHOCTH — METOJ BUCSUCH KalId U BHIOU3MCHCHHAs (hopma
3roro mMerona, onucanHas Tpudepom u ap. [92]. B oboux meromax
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PaTBHBIX MOBEPXHOCTAX: IIEPOXOBATOCTh NMOBEPXHOCTH, HEOTHOPOA-
HOCTh TOBCPXHOCTH W HCMOABUKHOCTh MOBCPXHOCTH B MAaKPOMOJIIC-
KYJISApHOM MaciuTade.

UroObl YBHASTH, KAK MEPOXOBATOCTh MOKET BbI3BATh THCTEPE3HC,
pPaccMOTPUM TOPH30HTATBHYIO MIEPOXOBATYIO IDIACTHHY. Tak Kak
rpy0ast MOBEPXHOCTh COACPIKUT (IMHKH» U «BIAAUHBDY, KHUIKAS KA
OyJAeT, TJIaBHBIM 00pPa30M, MPUTITUBATHCSA K TMOBCPXHOCTH, HE SIB-
JSIOIIEHCA TOPM3OHTATBHONW. PaccMOTPEHHBIH TOA MHKPOCKOIIOM
YIroJ1 CMAYMBAHUS OYCT HC TAKUM JKC, KaK UCTHHHBIH YTOJ CMAdHBaA-
HUS B MUKpockonmieckoMm MacmTade. LllepoxoBatocTe mOBEpXHOCTH
ITO3BOJIAET TIOIVIUTh MacCy META-yCTOHYMBBIX COCTOSHHH KaIUTH C
Pa3IHYHBIMU yTJIAMH CMAYHUBAHUS U OyICT YMEHBIIATh CCTCCTBCHHBIN
YroJ CMAuMBAHUS, MEPEBOAS THAPOMUIBHBIC MOPOABI B Pa3psa THi-
podobHEIx [90].

B pesynprate HEOXHOPOAHOCTH TOBEPXHOCTH TPOSIBIACTCSA THC-
Tepe3uc cMaunBanna. HeoaHOpOAHOCTh MOBEPXHOCTH 3aBHCHT OT CO-
CTaBa MOBEPXHOCTH, & TAKXKEC MOMKET OBITh BBI3BAHA PA3NTUUMCM aK-
THUBHOCTH COCAMHCHUH, U3MCHSIOMNX CMAauYMBACMOCTh. YUT0oOB M30¢-
’KaTh COBMECTHOTO BIHSIHHSI 3THX ABYX (DAKTOPOB, HYKHO H3MEPITh
VTOJI CMa4YMBaHU HA MPOCTOM KPUCTAIE, THO0 TINATCIBHO OYHCTHB
BCIO aIiapaTypy A0 Hadajaa H3MEPEHUH.

Eme oaHO¥M mpUauHON BO3HUKHOBCHHS THCTCPC3HUCA VIIA CMAYH-
BAHUS SBILICTCA HCTIOABIKHOCTh TMOBCPXHOCTH B MAKPOMOICKYJISAP-
HOM MacmTabe. B 3ToM ciyyae ZOCTIDKEHUIO PAaBHOBECHOTO 3HAYCHUS
VITIa CMauYHUBaHMUA MPETTCTBYET HETIOABIDKHAS TIOBEPXHOCTD, KOTOPAs
He jpaet asurarbes Garonay. Hampumep, rucrepe3nc MOXKET BEHI3BATH
MEATICHHAS ACCOPOLUS MOBCPXHOCTHO-AaKTHBHBIX BCIIECTB C MOBECPX-
HOCTH pa3zlena TBEPAOE TEIO — KUAKOCTh B 00BeM kuakocTd. Heko-
TOPBIC TPUPOAHBIC HE(GTH MOTYT 00pPA30BBIBATh TBEPAYIO ILICHKY HA
MoBepXHOCTH paszaena wedres — Boga [14; 32]. B uacrHOoCcTH, 3TH
IJICHKH MOTYT 00pa30BbIBATHCS MPH BO3ACHCTBUH Ha HE(PTH KHCIOpO-
Ja, & TAKXKE B HCKOTOPHIX aHASPOOHBIX HEPTIX.

Haxe ecmu coOMmoAaTe HCKOTOPYIO OCTOPOXKHOCTh B HMOJTYUCHUH
TOYHOTO HM3MEPEHHS VIJIA CMAadHUBaHUA, BOIPOC O MPEACTABUTEIIBHO-
CTH 3TUX PE3YIbTATOB JJI ONPEACICHII CMAaYMBAEMOCTH KEPHA, B3s-
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TOrO M3 KOJICKTOPA, OCTACTCS HEACCH. YTON CMAuHBaHHS HE MOXKCT
VUHTHBATh LICPOXOBATOCTb, HCOXHOPOIHOCTh U CIOXKHVIO TCOMET-
PHIO IPHUPOAHBIX MHUHEPATIBHBIX MOBEPXHOCTEH. Bo-meperix, 310 mpo-
GneMbl, BRI3BaHHBIC 1IepoxosarocThio [80]. Moppoy [73; 74; 75] yka-
3bIBAJI, YTO IIEPOXOBATOCTh (HEPOBHOCTH) M IEOMETPHUS NOP OyayT
BIHATh HA JHHHUIO KOHTakTa HE(Th — BOJA — TBEPAOE TEIO H MOTYT
W3MCHHUTh HCTHHHBIA yron cMaumBaHus. Ha riaagkoil mosepxHocTH
yron cmaunsanus 3adukcuposan. Ha octphix kpasx, oOHApPYKEHHBIX
B MIOPOAE KOJUICKTOPA, OJHAKO, 3TH YCIOBHSA OCNabeBaloT, U CYIIECT-
BYCT LIMPOKHUU AMANA30H BO3MOXKHBIX 3HAYCHUH VITIOB CMAYHBAHHIL.
Moppoy mocTyaupoBaj, 4TO OONBIIUHCTBO H3 KOHTAKTHBIX JTHHHN
HedTh — BOAA — MopoJa OYAYT PACHOI0KEHB Ha OCTPBIX Kpasx, T.K.
HA TUX KPasx VIrOJ CMavYMBaHUI MOXKET M3MCHAThCA O€3 CABHra Io-
JIOKCHHUS KOHTaKTHOH muHun. Bropas npobiema, cBs3aHHAs ¢ IpUME-
HCHHEM H3MECPCHHH VITIa CMAYHBaHUS K MOPOJAM-KOJJICKTOpaM B
TOM, YTO YTON KACaHUS HE VUUTHIBACT HEOJHOPOIHOCTh MOBEPXHOCTH
MOpoAbl. YTJIbl CMAYUBAHHS U3MEPSIOTCSA HA MPOCTOM KPHUCTAIIC MH-
HEpana, TOrJa Kak KEPH COACPHKHUT MHOTO Pa3THIHBIX COCTABISIOMINX.
N3BecTHO, YTO NOBCPXHOCTHO-AaKTUBHBIC BEINCCTBA B MPUPOIHOU
HeGTH MOTYT BIHATh HA CMAUYUBACMOCTDb MECKOB U TJIHH Pa3TUIHBIM
00pa3oM, BHI3bIBAS JIOKATH30BAHHYIO HEOTHOPOAHVIO CMAYHUBACMOCTD
[47; 30; 53].

TpeTbuM OrpaHUUCHHEM SBACTCA TOT (AKT, UTO HEIb3S MONY-
9UTh UHQOPMALMIO O HAIUYUU WA OTCYTCTBUH NOCTOSHHO MEHSEO-
IIUXCS OPTaHMICCKUX IUICHOK HA mopoaax-kouickTopax [32; 80; 33].
ITH IICHKH MOYKHO OOHAPYKUTE TOJBKO 3a CUCT NPOBEICHUS APYTUX
M3MEPCHHM CMAaYUBACMOCTH, ITO B 0COOCHHOCTH BaXKHO Npu padoTe ¢
KECpPHAMH, COCTOSHUE KOTOPBIX BOCCTAHOBJCHO (1abopaTtopHo). [Ipexk-
J€ YeM BOCCTAHOBUTh MNECPBOHAYAIBHYIO CMA4YHBACMOCTb, CICAYCT
VAAIUTE BCE aACOPOMPOBAHHBIC MATCPHANBL, YTO U3MCHHT CMAYHBaC-
MOCTh KEpHA Ha CHIbHO THIpodHnbHYI0. EXHHCTBEHHBIM criocoOoM
ONpPEICINTh, YCICIIHO T NPOLICI MPOLECC OYUCTKH, 3TO H3MEPHTh
CMaYUBACMOCTh OYHIICHHOTO KEPHA: €CH OH HE cnado ruapoduicH,
HEOOX0AUMa AOTIOTHUTCITBHAS OUHCTKA.
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2.3. Bnusinne TexHoNnorumu co3faHus rnagkux HOBerHOCTeVI
Ha XapakTepucTuku ux cMmadmBaHus

Kak ortmeuanock Bblmie, METOABI OMPEACICHHS KpPacBOrO Vyria
CMAUUBAHHS CUHTAIOTCA HAWOOJICe HArMAOHBIMH IIPH ONPEICICHHU
CMaYUBACMOCTH MOBEPXHOCTCH MHHEPATOB, CATAIOIINX T'OPHEIC TIO-
POJIBL, WM AJIS1 MOPOIBI B LICTIOM.

OnHako, MpH MPOYHX PABHBIX YCIOBHAX, CMAYHBACMOCTh MTOBEPX-
HOCTCH TOPHBIX MOPOJA OMPEACIIACTCS HE TONBKO CBOMCTBAMH CAMHUX
MOPOJ, HO U CBOHCTBAMH HMCKYCCTBCHHO CO3JABACMbBIX TNIAJKUX IIO-
BEPXHOCTCH, M3TOTOBICHHBIX U3 3THUX MOpoA. [ magkyio moBepXxHOCT
TOPHBIX TMOPOJ MOXHO TOJYYHTh PA3TUYHBIMH CHOCOOAMH, HANpH-
MEP, PACIHIMBAHUCM, PE3AHUEM, CKPYUYHBAHUCM, OTHPOBKOH, mpec-
COBaHUEM HIH XUMHYCCKOH oOpabotkoil. Bce »Tu MeToapl aenaror
MTOBEPXHOCTh INEPOXOBATOM B pa3Hol creneHu. KomnmdectseHHas
OLICHKA LICPOXOBATOCTH MOXKET OBITh JaHA C HCIOIB30BAHHECM ABYX
MapaMeTPoOB. OAUH W3 HUX CBI3aH C aMIUIUTYAON OTKIOHEHHUN OT
cpeanero mpoduas NOBEPXHOCTH, a BTOPOH — € YBEIMUYCHHUEM IUIONIA-
au u3-3a mepoxosaroctu. Ha puc. 2.4 XY — npoduns peanproit mo-
BepxHOCTH, a AB mnpexacraBnser NOBEPXHOCTH THIOTCTHUSCKOTO
TBEPAOTO TeNa, PaBHOTO 0OBEMY TEla € MOJICKYIISIPHO-TIAAKOH MO-
BepxHOCThIO. Takum oOpazom, AB pacnonoskeHa Tak, 4TOOBI «XOJ-
mb» Ha XY (Boitie mwiockoctu AB) Obiin Obl paBHBIMHU 1O 00BEMY
«momuHam» Ha XY (amke mwiockoctu AB). OTKIOHEHHS TOYCK MO-
BEPXHOCTH OT IIOCKOCTH AB MOTyT OBITh BBIPRKEHBI KaK CpeIHE-
apudmeruueckoe (cp.) (2.1) unu cpeanexBagparuanoe (€.x.0.) (2.2):

2.1,

2.2)

rae s — paccrosaue ot npoduit XY no AB, navepenHoe B OombpmomM
YHCIEC TOYCK MOBEPXHOCTH. DakTop IEepOXOBATOCTH OMPEACIACTCS
(mprueM yacTo ¢ OONBINON TOYHOCTBIO) H3 COOTHOLICHHUS






IUIEHKOW MaTepuaily. B kadecTBe mpumepa, KOTOPBIM XOPOIIO HILIIO-
CTPHUPYET CJIOXKHOE CTPOCHHE MOBEPXHOCTH, MOXHO IPHUBECTH IIO-
BEPXHOCTh ailfoMUHUS (puc. 2.5). B cyxoM Bo3[IyXe TONIMHA TUICHKA
OKcHAa cocTaBnsieT 1-3 HM, a BO BiaxxkHOM — Oonee 10 HM, mpuyuem
OHa pacTeT MOYTH HEOTpaHWYeHHO. B mocnemHem cirydae 3TO MPUBO-
JIUT K PacCIIOCHHIO ¢ 00pa30BaHUEM IIOTHOTO aMOp(pHOIro 0e3BOIHO-
ro CJI0A Ha METaJie, a HaJl HUM - TOJCTOrO MOPUCTOTO THAPATHUPO-
BaHHOTO CJIOS.

Puc. 2.5. lllepoxoBaTasi NOBEePXHOCTH AJIIOMHHUS

INokaxkeM 0COOEHHOCTH TOJTY4acMOM MOBEPXHOCTH IIPU HUCIOJIb-
30BaHUM MMONUpOBaHUs. [I0BEpXHOCTHBIN CIIOH, IMOTy4YaeMblid MPH T10-
JUPOBKE, U3BECTEH Kak ciiol belnOu: moj MHUKPOCKOIIOM OH BBITJIS-
T aMmop(®HBIM [29] 1 HaOMHHAET BS3KYIO JKHIKYIO IDICHKY, 3aI0JI-
HSIONIYI0O HEPOBHOCTH MoBepxHocTH [7]. WccmenoBanme 3TOrOo Cros
METOJIOM JJICKTPOHHOM JAu(paKIUU MoKa3aI0 TU(PAKIUOHHBIC KOIb-
1[a, TUIWYHBIC AJIs aMOppHOro cocTosiHus, Ho Peiizep [17; 5; 18] 3a-
KITFOYMI, YTO (PAKTUYECKH 3TO MUKPOKPHCTAIIMYHOCTh C TAKUMU Ma-
JBIMU KPHUCTAITUTAMU, YTO OHHM JaroT nuddy3HbIe KOJIbIA TpU JH-
(hpakuum 351eKTPOHOB. THUIHYHOE CEeYeHUE TTOJTMPOBAHHON MMOBEPXHO-
CTH, TIOKa3aHHOE Ha puC. 2.6, WLIIOCTPUPYET AcPOpMaIlio TIIyOuH-
HBIX CJIOEB METaJlIa, IIPOUCXOISIILYO TIPH MOIUPOBKE.

CyIlIecTBYIOT JOKa3aTeNbCTBA IMOMAJaHUs OKCUAA BIIIyOb CIIOS
Beiinbu, Tak e Kak ero 3arps3HCHUsS] YaCcTHIIAMH TOJHPYIONIEH cpe-
nel [7]. Kpome Toro, moka3aHo, uTo cioit belinbu HeycTOWYNB: B HEM
MTOCTENIEHHO TPOMCXOIUT PEKPHUCTAIIIN3ANUs ¢ 00pa3oBaHHEM OOIb-
muX KpucTaumTOB [18]. OmekTpo-monupoBaHHBIE TTOBEPXHOCTH



OOBIYHO MMEIOT MEHEEe HCKaKCHHYIO CTPYKTYpY, YeM MEXaHHUYECKH
MOJIMPOBaHHbIE, M NAIOT AUPPAKLIUOHHYIO KapTUHY KPUCTATTMYECKON
CTPYKTYPBHI.

Cunpnan
dehopmayus

Ymepennasn
dehopmayus

Hesnauu-
mejbHoil
depopmanus

Puc. 2.6. Mopeas CamyaJiibca 1Jisl NOJTHPOBAHHON MOBEPXHOCTH.
Tommmuua cos okenaa 0,01-0,1 mxm, ciiost beinou 0,1 mxm,
cuibHas Aepopmanun 1-2 MxM, ymepennas nedpopmanus S5-10 Mxm,
He3HaYHTeabHas Aedpopmanusa 20-50 Mxm

BaxHO OTMETUTH, YTO TOpHbIE MOPOABI, SBIAACH T€TEPOreHHBIMU
00pa3zoBaHusIMH M 00Jagasi M3MEHUYMBBIM MHUHEPAJIbHBIM M XHMHYe-
CKHUM COCTaBOM, IO-pa3HOMY OyAyT M3MEHSTh CBOU NMPHPOJHBIE IO-
BEPXHOCTHU MPHU CO3AAHUU TEXHOT€HHBIX HCKYCCTBEHHBIX INIaJKHUX ITO-
BepxHOCTEH. ITH 3((EeKTh OTpakaloTCsl B ONMPEeNICHUsX yIjia cMa-
YHBAHMSI.

2.4. CMauMBaeMoOCTb YUCTbIX MagKNX MUHeparnbHbIX NOBEPXHOCTEN
ropHbIX nopopa

[Ipu npourx paBHBIX YCIOBUSIX MUHEPAIBHBIN COCTaB TOPHBIX I1O-
pPOA OKa3bIBaeT BJIMSHUE HA 3HAUYCHHSI KPAaeBOrO YIJIa CMA4yMBaHUSL.
Tak, TpatiGepc ¢ coaBropamu [92], Tak u YnunuaTtap ¢ Menom [41] yc-
TaHOBWIY, YTO KapOOHATHBIC TUIACTHI B CpefHeM Oojiee ruapodoOHbIe,
YyeM TEpPPUTCHHBIC; OJHAKO MPU B3aUMOJICHCTBUM C KOMIIOHCHTaMU
MPUPOJTHON HEe(TU CUTYAIMsi MOXKET U3MCHUTHCS 32 CUET U3MCHCHUS
CBOMCTB MOBEPXHOCTH pa3jeia aKTUBHBIMH KOMIIOHEHTaMH 3TOM
HedTH.



OOmuMpHBIA 3KCTIEPUMEHTAIbHBIA MaTepran MOKa3bIBaeT, YTO OC-
HOBHBIE TOPO000pa3yloIe MUHEpaIbl KOJUIEKTOPOB HETH U Taza
XapakTepu3yloTcsl TUAPOQWILHOW MHHEPaJbHOW MOBEPXHOCTBIO.
KBapu, nmonessie mmartel, KapOOHATHI, CyIb(PaThl UMEIOT CHIBLHO THI-
podunbHbele MOBepxHOCTU. CuMTaeTcd, 4To KapOOHATHBIE TOPOIBI B
cpenneM Oosee TuapodoOHBI, YeM TeppuUreHHble. Takue MHHEpAH,
KaK yrois, rpagur, cepa, TalbK U MHOTHE CyIb(QHUIBI UMEIOT €lado
THAPOQUIIbHYIO, WIH Jaxe ciabo ruapodoOHyro moBepxHocTH. [lu-
pOoQUHUT U Ipyrue TaabKoOOpa3HbIe CHIMKATHI (CHIIMKATHI CO CIIOU-
CTOH CTPYKTYypOH) MMEIOT HEUTpanbHylo, 1u00 ruaApodoOHYIO Xapak-
TEPUCTHKY MOBEPXHOCTH.

Iunucmeie munepanvt B OONBIIUHCTBE MPOSBIAIOT THIPOPHIIB-
HYIO XapaKTepUCTUKY MOBEPXHOCTH. [Nlamkue MOBEPXHOCTH, COCTOS-
HIME U3 TIMHUCTBIX MHUHEPAIOB, OOBIYHO MOIYYaIOT METOIOM MPECCO-
Bauust [32]. UckimoueHue COCTaBISICT WaAMO3UMOBAs  2NUHA
(Fe3A12Si2010-3H20). [llamo3uToBas riiuHa, KOTOpasi borara Kene3om,
MoKpbIBaeT okoso 70% moBepXHOCTH MOpoabl. Bo3aMoxkHO, 3T0 00B-
SICHSIETCSL TEM, YTO IIAaMO3UTOBAs INIMHA THAPOPOOHM3YyeT KEepH H3-3a
TOTO, YTO MOHBI KeJe3a SBISIOTCS! CHIIbHBIMU aKTHBATOPaMH.

2.5. CmaunBaeMoCTb NOPUCTbIX NOBEPXHOCTEN

[ToBepxXHOCTU KOJJIEKTOPOB HE()TH M ra3a, MOMHMO IIEPOXOBATO-
CTH, MOTYT 00JIalaTh M MOPUCTOCTHIO. DTO MHKPOIIOPUCTOCTH BHYT-
PUTIOPOBOTO IIEMEHTa, MUKPOIIOPUCTOCTh BHYTPHIIOPOBBIX MHHE-
paTBHBIX MOBEPXHOCTEH W APYrHe BUIbI BHYTPUIIOPOBOW MHUKPOIIO-
pucTtocTH. BiusHue BHYTPHUIIOPOBOW MHKPONOPHCTOCTA HAa CMayH-
BaeMOCTh MOXHO MPOWJUIIOCTPUPOBATH CICAYIONMM TpumepoM. [lo-
PUCTYIO TOBEPXHOCTh Ha IPAKTHKE OOBIYHO 00O03HAYAIOT CETKO,
umeroneir popmy rpydoro tpybuyaroro BojokHa. Ha puc. 2.7 npen-
CTaBJICH MOMNEPEYHBIN pa3pe3 Takoii cetku. IlpensTcTBue 7~ Oynet 00-
IIeH TUIOIIAAbI0 TOBEPXHOCTH pa3jielia TBEPAON MOBEPXHOCTH U KUJI-
KOCTH H_j2 Oyzaer oOmieil MIomaabid MOBEPXHOCTH pasjiena XKuj-
KOCTh — BO3AyX B ILIOMIA/IX TUIOCKOW (PUTYPBI €AMHON MapaienbHON



nuHUK TpyOoil moBepxHocTH. Korma Bojga HaxoOuTcs B eAWHHLE
IUIOIIAAN paszena TBepaas ¢asza — Bo3ayX /b 3Ta NOBEPXHOCTh H3Me-
HUTCS, U ee dHeprus /* ys« Oynet peannzoBana (yis MexdazHas 3Hep-

TSl CUCTEMbI TBepaas (haza - Bo3yX). DHEprus/ yrs OyJIeT 3aTpade-

Ha Ha (OPMHPOBAHME TOBEPXHOCTH TBephas (aza - KUAKOCTh HaJ
TOH ke TUIOIaAbt0 (s BHEPTUsS MEXKIY TBEPIOH W KHIKOU (ha3oii).

OHeprusi /2 yr4 OyAeT Takke 3aTpadeHa npu GpOpMUPOBAHUH MOBEPX-
HOCTH MEXIy Ta3o00pa3zHoil u BogHOW (azoi. OOmas sHeprus Ebp

peanm3oBaHa NpH (OPMUPOBAHMM EOUHHUIBI IUIOCKOHM IJIOMAAM Ha
MOBEPXHOCTH pa3iela U pPacCUuTHIBAaeTCs o hopMmyie:

ED =ﬂyis -V ) +ﬁYA 2.4)

Puc. 2.7. Bona Ha yuaMHApax

Ecnmu O4 OymeT MeHSATBCS, TO KpaeBOW Yroi AJisi OBEPXHOCTH

paszena MexXIy TBEpAOH U KUAKOH ¢a3amu OyaerT:

coses = (ySA 'yLS) (2.5)
Vi

ypaBHeHHeE (2.4) IpU 5TOM NPUMET BUJ:

ED =yL4 (ﬁ - 7i008e ) (2.6)
A BBIPAXXCHUC U1 yTJIa CMauYUBAHUS MOKET OBITH HAIIKCAHO:
E
COSCs =- 2.7)
Vi

B nmpomexytke (yLs - yLA) Oyzmer sHeprus E, HeoOxoaumas Ha

(bOpMI/IpOBaHI/Ie CAWHULIBI IUJIOMIaNW TIOBCPXHOCTU pa3aciia MCEKIAY



XKHUIKOH 1 TBeproi (azoil. Bunumelii kpaeBoit yron Op , MOXET OBITH

OIIpeJielieH U TIOPOBBIX MOBEPXHOCTEH Mo aHanoruu ¢ (2.4), ato Oy-
JeT:

cosOp =

= fiCosQa —f> (2.8)
L4
Korna moBepxHOCTb ABISIETCS LIEPOXOBATON, HO HE MMOPHUCTOM, /2 -
paBHO HYJIO, M ypaBHeHHE (2.8) mepexoauT B ypaBHeHHe A. BeHuens
u b.B. [lepsruna ¢ dakropom miepoxoBaroctu /7. YpaBHeHue (2.8)
JaeT BUAMMBIA KpaeBOM yroJ AJisi BOIBI, MPOXOMAIIEH MO CyXol mo-
BEpPXHOCTH. BuanMmebIil oTcTynaromuil KpaeBoi yros MokeT OBITh OIl-
pEeneNeH TeM Ke CaMbIM ITyTeM:
¢0s0... = /rcosO. - /2, (2.9)

rae Or - OTCTyHaroIMH KpaeBOM yroi HIEpOoXOBaTOM MOBEPXHOCTH,
On - BUOUMBIN OTCTYMAIOUINM KpaeBOM yroJi Ajs HOPOBOI MOBEPXHO-

ctu. Creyer OTMETHUTh, YTO / W f2 B ypaBHeHHU (2.9) ompenemnsoT
MpOABIKEHUE KpaeBoro yria 0.

U3 cootHomenus (2.9) cmemyer, 4yTO 3HAYEHHsI KPaeBOro yria
CMay4MBaHUs JJIsl TIOPUCTON ¥ CIUIOIIHOM (HE TOPUCTOM) CHCTEM pas-
JUYAIOTCsl TIOKa3aTeieM /2, KOTOPBIA XapaKTepu3yeT OTHOCHTEIBbHYIO
JIOJIIO TIOp Ha M3y4aeMOil MOBEPXHOCTH.

2.6. Moaudmkauma cBONCTB MUHEpParnbHbIX NOBEPXHOCTEN

NpUpPOAHLIMU HedTAMMU

CunbHas TUAPOPUIEHOCTE OOJNBITUHCTBA MUHEPAIBHBIX ITOBEPX-
HOCTEH, (hOPMUPYIOMIUX KOJUIEKTOPHI HE()TH U ra3a, MOXKET ObITh M3-
MEHEHA 3a CUET aJICOPOLUU MOJIAPHBIX KOMIIOHEHTOB WJIH OTJIOKCHUS
OpPraHUYECKUX BEIIECTB, COJCPKAIIMUXCS B TPUPOTHBIX HEPTSIX.



2.6.1. ®akTopbl, OKa3biBawLWMe BO3AeNCTBME HA CMa4MBaeMoCTb

MUHeparnbHbIX NOBEpPXHOCTeN

[lepBonayansHast cUiIbHAas THAPOPHUILHOCTH OOJBIIMHCTBA IJIa-
CTOBBIX MHHEpAJIOB MOXKET OBITh M3MEHEHa NpH aacopOLuH MOJsp-
HBIX KOMIIOHCHTOB WJIM TIPH OTJIOKEHUH OPTaHUYECKHX BEIEeCTB, KO-
TOpBIC MIEPBOHAYAIBHO coJiepkanuchk B Hedtu [43; 70; 69; 47; 36; 35;
33]. Cuuraercsi, YTO MOBEPXHOCTHO-aKTHBHBIC BEIIECTBA SBISIOTCS
MOJIIPHBIMH BELIECTBAMH, COJIEPKAIIMMU KUCIOPOJ, a30T U cepy [44;
45; 74; 79; 80]. DT BemecTBa coaepkKaT Kak MOJSPHBIC, TaK U yTrie-
BOJIOPOJHBIE KOMITOHEHTHI. [losipHBIE KOMIIOHEHTHI (paauKaibl) af-
copOupyrOTCsi Ha MOBEPXHOCTH MOPOABI U THAPO(GOOU3YIOT MOBEpPX-
HOCTb TOPOJBI. DKCIIEPUMEHTHI TOKA3aJIM, YTO HEKOTOpPHIE M3 STHX
HATypalbHBIX MOBEPXHOCTHO-aKTHBHBIX BEIIECTB JOCTATOYHO XOPO-
IO paCTBOPUMBI B BOJIE U MOTYT IIPOHHUKATh Yepe3 TOHKHUI CI0H BOABI
U aacopOMpoBaThCsl Ha MOBEPXHOCTU MOpoas! [66; 68; 63; 39]. [Tomu-
MO KOMIIOHEHTHOTO COCTaBa HE(TH M3MEHEHHE CMAaYMBAaEMOCTH OII-
penensercst Takke (U3MUECKHUMHU TOJISIMHU (AaBIEHHEM, TEeMIepaTy-
pO#), MUHEpAJIbHBIM COCTaBOM IIOPUCTOH Cpellbl, XUMUYECKUM COCTa-
BOM IIJIACTOBOM BOABI, BKJIIOYAs MOHHBIA COCTaB M IMoka3zarenb pH.
BaxxHocTh MUHEpAJILHOTO COCTaBa MOPUCTON Cpeabl, MOKa3aHHas ITy-
TEM HM3MEPEHHUSI KpaeBOro yria CMauMBaHUs, 0OCYyKAanach B LIEJIOM
psizne padot [41], B KOTOpBIX OBUIO MMOKa3aHO, YTO OOJBIIAS YaCcTh Kap-
OOHATHBIX 00PA3IOB OKa3aJiach rUAPOPOOHOM, TOTIa KaK MHOTHE 00-
pasipl TEPPUTeHHBIX NOpoJ ObUIM ruapoduiabHbIMU. VccnemoBarenn
OOHapYXHJIH, YTO HEKOTOPBIC TOJIIPHBIE KOMIOHEHTHI HE()TH BIUSIOT
Ha CMa4MBaeMOCTh MOBEPXHOCTH TEPPUTECHHBIX W KapOOHATHBIX 00-
pasuoB mo-pazHomy [35; 66; 47; 65; 74; 53]. Xumuueckuil cocta
IUTACTOBOW BOJBl WJIM TEXHOJIOTUYECKHUX JKUAKOCTEH MOMKET TaKkKe
WU3MEHITh CMayMBaeMOCTb. MyJIbTHBaJICHTHbIE KaTHOHBI YCHUIIMBAIOT
aIcOpOLIMIO TIOBEPXHOCTHO-aKTUBHBIX BEILIECTB HA MOBEPXHOCTH II0O-
puctoit cpeasl [34; 40; 47; 41; 66]. Benuunna pH pactBopa Taxxke
BaXKHa NPU OMNpPEIEICHUH CMaduBAa€MOCTH W JPYIHX MexX(a3HbIX
CBOHCTB cUcTeMbl He)Thb — pacTBOp - mopojga [32; 91]. Hanpumep,
MIPY IIETOYHOM 3aBOJHEHHU B3aUMOAEHCTBHE MIEJI04M C HePThIO NpH-



BOIUT K O6pa30BaHI/IIO MOBCPXHOCTHO-AKTHUBHBIX BCIICCTB, U3MCHSIIO-
X CMa4uBa€MOCTb.

2.6.2. NoBepXHOCTHO-aKTUBHbIE KOMMOHEHTbI B NpMpoaHon HedTH

XO0TA MOBEpXHOCTHO-aKTHBHBIE BELIECTBA B NMPHUPOJHON HedTH
O0OHapyXEHBI B IIMPOKOM AHMana3oHe (pakuuii, OJHaKo OHHU mpeobia-
JAIOT B TSDKENBIX (Qpakiusx HedTH, TAKMX KaK CMOJIBI U ac(aabTeHbI.
CunTaercs, 4TO 3T TNOBEPXHOCTHO-aKTHBHBIC BELIECTBA SIBISIOTCS
MOJISIPHBIME KOMITOHEHTaMU M COAEPKaT KUCIOpOA, a3oT, cepy. Ku-
CIIOPOJHBIE KOMIIOHEHTHI MPEACTABISAIOT OOBIYHO KHCIOTHI, BKIIOYAs
(eHOIIBI U OOJIBIIOE YHCIIO PA3IUYHBIX KaPOOHATHBIX KapOOKCHIIBHBIX
kucnot [79; 83; 84]. Ceticdept u Xayenc [83] mokazaim, yTo KapOOK-
CHJIbHBIE KHCJIOTBI SIBISIOTCS MEX(Aa3HOAKTUBHBIMU TPH LIEIOYHOM
pH. Cepoconepxamiye KOMIIOHEHTH! BKIIOUYAIOT CYJIbGUIB U THODE-
HBl C HEOOJBIIMM KOJIHYECTBOM APYIMX KOMIIOHEHTOB, TaKHe Kak
MepKanTaHel U monucynbguasl [86; 87]. AzoTcomepxkaiiye KOMIIO-
HEHTBI SIBIISIIOTCS B LIEJIOM JIMOO OCHOBHBIMHU JINOO HEUTPaJIbHBIMU U
BKJIIOYAIOT Kap0a30JIy, aMUIbl, TUPUAUHBI 1 Iopdupunsl [86; 87; 72;
90]. Topdupunasl MoryT 00pa3oBBIBATH MeEK(Aa3HOAKTHUBHBIE KOM-
IUIEKCBl METAJUT — MOP(QUPUH C Pa3IMYHBIMH METAJUIaMH, BKJIIOYas
HUKENb, BAaHAJWH, J)KeJIe30, Me/lb, IIMHK, TUTaH, KalbI[ui, Maruui [48;
51; 73; 52]. Tak Kak TOBEpPXHOCTHO-aKTUBHBIE BEILIECTBA HAXOMASTCS B
npupoaHol He(TH B BUE OOJNBLIOTO YHCIA OUYCHD CIIOKHBIX XMMHYE-
CKUX BELIECTB, MPECTABISIIONINX MAIYIO JOJII0 BCel He()TH, UACHTH-
(uKanus TOoro, Kakue KOMIIOHEHTBI OTBETCTBEHHBI 32 U3MEHEHHE CMa-
YUBAEMOCTH, 3aTpyiHeHa [32].

OKCHEpUMEHTHI, B KOTOPBIX OMNpenesuach olmas mpupoAa Io-
BEPXHOCTHO-aKTUBHBIX BeIIECTB M (hpakuuii HePTH, B KOTOPBHIX OHU
cozepkarcs, 0e3 MOMBITKH OIpEICNCHUs] TOrO, Kakhe KOMIIOHEHTEHI
BBI3BIBAIOT M3MEHEHHs CMauMBacMOCTH, OKa3aluCh MH(POPMATHBHBI-
mu. Moxancem u Jymmmnr [59; 60] oGHapyxwi, uto acdaabTeHb!
ObUTM OTBETCTBEHHBI 34 M3MEHEHHE CMauylMBaEMOCTH B HEKOTOPBIX
cucreMax HeTh - BOJA - CTEKJIO OT TMAPOGWILHOH N0 THAPO(OO-
HOll. Cucrema Obuia rHAPOPOOHONH MPU HCHONB30BAaHUM TPUPOJHOM



HepTH W TUAPOQWIFHONH NpH HMCIOIB30BaHMM Aeac(aabTeHUPOBaH-
Hoit HedTu. J[oOaBneHNe oueHb He3HAUUTENbHBIX KomuecTB (0,25%)
NepBOHAYAIbHOW HedTH, conepikaiiell acganbTeHbl, K aeacdaibTe-
HUPOBAHHON BOCCTaHABIMBAIO TUAPO(YOOHOCTH CHCTEMBI.

Hexkoroprie uccnemnoBarenu [33; 58] usyyanu U3MEHSIONIUE CMa-
YHBAEMOCTh KOMIIOHEHTBI, KOTOpBIE OBUTH MOJy4YEHBI MyTEM DKCTpa-
TUPOBaHMA MPUPOJHOrO KepHa. /[)keHHuHrc [47] ynaiaui yacTb U3Me-
HSIIOMIMX CMA4YMBaeMOCTh KOMIIOHEHTOB IyTE€M 3KCTParHpOBaHHs He-
rUAPOQHUIBLHOTO KEPHA TOIYOJIOM H 3aTE€M CMEChIO XJIopodopMa ¢ Me-
TaHosIoM. ONBIT M0 MPONHUTKE MOKa3all, YTO HEKOTOPHIE N3MEHSIOLINE
CMayMBaeMOCTh KOMIIOHEHTHI ObUIH yIaleHBl BO BpeMsl BTOPOT'O IKCT-
parupoBaHus, T.K. KepH Obl1 Oosee TuapodmisHbBIM. BemectBo, yna-
JICHHOE BO BpEMs BTOPOW 3KCTPAKLWH, COAECPKANI0 MOPPHUPHHEI, BBI-
COKOMOJICKYJISIpHBIE NTapaMHbI 1 apOMaTHYECKHE YTIIEBOAOPOIbL.

MHorue y4eHble HCCIe0BaId MOBEPXHOCTHO-aKTHBHBIE BELIECTBA,
KOHLIGHTPUpYIOIIMECs Ha TpaHule pa3zaena HedTs-Boma. B menom stm
BEILlECTBA TaK)KE MOTYT aJcOpOMpOBaThCsl HA MOBEPXHOCTH CKEJIeTa MO-
pHUCTON cpeasl U U3MEHATh cMadynBaeMocTh [35; 57; 62; 91]. baprenn u
Hunepxaysep 3aHMManuch BBIIEICHHEM 3THX BEIIECTB U3 HPHPOAHOM
He(TH 1 0OHAPYKUIIK, YTO OHU 00Pa3yIoT TBEPAOE, YePHOE, HEKPHUCTAI-
JIMYECKOE BELIECTBO, [0 CBOEH NPHPOJIe MpeacTaBistomee achaibTeH.

2.6.3. Apcopbumna Yyepes NieHKU BoAabl

OKCHNEpUMEHTHI TTOKa3ajl, YTO MPHUPOAHBIE TTOBEPXHOCTHO-AKTHB-
HbIE BEIIECTBA B MPHUPOAHON HE(PTH 4acTO OBIBAIOT IOCTATOYHO pac-
TBOPUMEBI B BOJIE, YTOOBI aJcOpOMPOBATHCS HA MOBEPXHOCTH CKEJIeTa
MOPOABI TOCKe MPOXOKACHHS Yepe3 TOHKYIO IUIEHKY Bojbl. M3mepe-
HHS, CpAaBHHUBAIOLIME aJCcOpOLHI0 ac(albTeHOB B KEpHaX ¢ BOAOH U
0e3 Hee, MTOKA3bIBAIOT, YTO BO MHOTHUX CIIydasiX BOJSHAs IUICHKA OyAeT
yYMEHBIIATbCA, HO He OyIeT MOJHOCTBHIO MojaBjeHa ajcopOuueil ac-
¢anbreHoB. OgHAKO TOCKONBKY BoJAa M ac(albTeHBl ABJSIOTCA ajl-
copOeHTaMH, TO IUIEHKa BOJABI MOXKET M3MEHSTH JETAlld MEXaHH3Ma
ancop6uuu. Jlrotud U Bypaun oOHapyxwuim, uTo agcopOuus achaib-
TEHOB M3 ApJaHCKOW NPHUPOJHON He(pTH B HECLEMEHTHPOBaHHBIX



necyanukax Obuta okono 80% mpu BogoHackimeHHocTH 10% mopoBo-
ro oosema, ymenbiascs 10 40% mpu yBeIMYEHUH BOJOHACHIIICHHO-
ctu 10 30% mopoBoro oowema. bepesun ¢ coasr. [39] mposepsim aj-
copOuuo acanbTeHOB U CMOJI U3 MPHUPOAHON HE()TH B OUHMIICHHBIX
KepHax u3 mnecuyanuka. [Ipm ucnonb3zoBannu TyHMasuHCKOW HedTH
BOJIOHACBIIIEHHOCTH OKOJIO 17% ymeHbIana ancopOuuo NpUMEpHO B
3 paza. IIpu ncnonb3oBanuyu Apyrux HeTe BOJOHACHIILICHHE OKOJIO
20% TMOJIHOCTBIO MOMAABISUIO ancopOuuio. Takoe MoJHOE MOJaBIICHHUE
azicopOLUK BOASHOW TUICHKOW ClelyeT OXHIaTh B IJIacTax, KOTOpbIe
OCTaroTCs TUAPOGUIBLHBIME C HE3HAYMTENBHOW ajcopOuueil u3 mpu-
poaHOI HePTH.

Peticoepr u JJomep [80] BbIIEpKUBaNIM YUCTHIE CTEKIISIHHBIC IJ1a-
CTHHKHU B MPUPOJHON He(TH, MIIABAIOLICH Hall pacTBOPOM, U HAOIIO-
nanu o0pazoBaHusl HEPTAHBIX MIeHOK. OOpa3oBaHue W CTAOMIBHOCTD
HeTSIHOW MJICHKU Ha TUIACTHHKE (PUKCUPOBATIOCH MYTEM TOTPYKEHUS
IUTACTHHKH B PacTBOP M OMpPEAETICHUS TOTO MOMEHTa, KOTJa pacTBOP
BBITECHHUT BCIO HE(Th C IJIACTHHKW. BHavajge OHU BBIOEPKUBAIH YHUC-
TYI0 CTEKISIHHYIO TUIACTHHKY B He(TH M OOHAPYXHJIM, YTO IUICHKA,
oOpazoBaBIIasicss 4epe3 HECKOJIBKO IHEH, cenana IUIACTHHKY yMe-
peHHO TUApPoPOOHON. 3aTeM OHM MOIU(PHIHMPOBAIN OMBIT IMyTEM IIO-
IpY’KeHHS TUIACTUHKHU B BOJy Mepen MOrpyXeHuem ee B HedThb. Y u-
BUTEJILHO, YTO HpPW 3TOM HeTsHas IUIeHKa 0o0pa3oBallach Topasio
obictpee. [lpu mcnonp3oBaHuuM BMecTo Boabl pactBopa NaCl ma-
CTHHKA BCE PaBHO CTaHOBWJIACh TMApodoOHOH, omHako s (obusa-
UK TpeOoBanock OOJIbIIE BPEMEHH.

2.7. BnusiHue rpaHu4HbIX ¢pa3 Ha moaucukaum cMmaymBaemMoCcTU
MUHepanbHbIX NOBEPXHOCTEN

Ha rpanunax pasmenoB MuHepan - Quionasl 00pa3yroTcsi TOHKHE
MOBEPXHOCTHBIE (rpaHUYHBIE) Qa3bl ¢ 0cOOBIMU cBoWcTBaMH. Mode-
KyJbl (QIouaoB, (OPMHUPYIOIIMX MOBEPXHOCTHBIC (a3bl, 001agaroT
CHEeUU(PUUECKIMU CBOHCTBAMH W DHEPreTHYECKH HE SKBHUBAJICHTHBI
MOJIEKYJIaM 3TUX (PIIOMI0B B CBOOOAHOM MPOCTPAHCTBE.



Kak cnenyer u3 I'maBel 1, TepMoguHaMHYECKONW XapaKTEPUCTUKON
CMauyMBaHUs SBISIETCS BEJIMUMHA PAaBHOBECHOTO KpaeBoro yria 0, om-
penensiemoro u3 3akoHa HOHra. B cooTBeTCTBHM C COOTHOIIEHHEM
(1.14) sHepreTnveckue XapakTEPUCTHKH MOBEPXHOCTH pa3zeiia MHHE-
pan - xujkas ¢asza 3aBUCST HE TOJIBKO OT CBOMCTB TBEPIOU U JKUKOM
¢a3, HO U OT CBOWCTB MOTrpaHUYHON (a3bl, 00pasyroLIeiics Ha rpaHu-
e pasaena TBepAoi u xuakoi ¢asz. HedpTb cogepxut B cBoeM cocTa-
B€ BBICOKOMOJICKYJISIPHBIE CMOJIO-ac(anbTeHOBbIE (QpaKIMy, KOTOPHIE
HaXOoIATCA B BUJIE CIEUUPUIECKUX 00pa30BaHUN — MUYEILT.

Kax mokazanu MHOrO4MCIIEHHBIC SKCIEpUMEHTH [14; 15; 22; 26;
28], ”MEHHO cMOJI0-ac(aIbTCHOBBIE KOMIIOHEHTHI MIPUPOAHON HEPTH
(GbopMHPYIOT TpaHWYHYIO (Da3y, KOTOpas H OIpenelsieT cMaduBae-
MOCTb MOAM(UIIMPOBAHHBIX MUHEPAIBHBIX MOBepxHOCTe. Ha MuHe-
paBHBIX TOBEPXHOCTAX AACOPOMPYIOTCS Kak acalbTeHbl, TaKk H
cMmonbl. B pabotax [3; 14; 23] npencTaBieHbl OMBITHI C LENbI0 OLEHKU
agcopOuun acdaibTeHOB M cMOJ U3 UX cMeced. OmbITH MPOBEICHBI
Ha KOMIUIEKTaX 0Opa3loB KBaplEBHIX MECYAHUKOB M M3BECTHSKOB (B
Ka)XIIOM KOMIIJIEKTE TISITh 00Pa3LoB).

Brauane mis xaxxzoro obpasma ObUIO MPOBENEHO ONpeneiCHUE
BEIMYUHBI aJICOPOIMU OTIENILHO acQalbTeHOB M cMou (Tabm. 2.3,
omeITel 1, 2, 6, 7), 3aTeM W3 cMeceld MPU COOTHOLIEHHH HCXOIHBIX
koHueHTpauid 1:1 (omsitet 3, 4 1 8, 9) u 1:3 (omsIT 5).

Mo pe3ymnbTaraM ONMBITOB OBUIN CHENAHBI CIAESTYIONINE BHIBOBL:

1. 3 cmeceit ancopOupyroTcst U acanbTeHbI, U CMOJIBL.

2. Ilpu HeGompImIMX ONMU3KMX PAaBHOBECHBIX KOHIEHTPAIMSIX CyM-
MapHas BeJIMYMHA afcopOuuu acaqbTeHOB M CMOJ U3 HX CMeceil
(ombiThl 3, 4 1 8,9) mpuMepHO paBHA aacopOIMU ac(allbTEHOB U3 UX
WHAWBUAYAIBHBIX PACTBOPOB (OMBITHL 1, 6).

3. AncopOuus acanbTeHOB M3 CMECH CO CMOJIaMHU 3HAYUTEIHHO
MEHbIIIe, YeM M3 PacTBOPOB OJHHX ac(aibTeHOB. B mMpoTHBOMOIOXK-
HOCTh 3TOMY aCOPOIMS CMOJ M3 WX CMeced ¢ acaibTeHaMu 0OJb-
1Ie, 4YeM U3 PAaCTBOPOB OJTHUX CMOJL.

4. Tlpu yBenWYEHUHU COJEPXKAaHUS B CMECH CMOJ ajacopOIms ac-
(abTeHOB 3HAYUTEIIFHO YMEHBIACTCS, & CMOJI BO3pacTaeT (OMBIT 5).



Tabnuya 2.3

Ancop6uust acaabTeHOB M CMOJI M3 HX cMecell (pacTBopuUTe/b — 0eH30.1)

oNe onbITOB

p—

Ancopoar

AcddanbreHst
CMmonnsl
AcddanbreHst
+CMOJIBI
AcddanbreHst
+CMOJIBI
AcddanbreHst
+CMOJIBI

AcdanbreHsl
CMmonsl
AcddanbreHst
+CMOJIBI
AcdanbreHst
+CMOJIBI

CooTHOLIEHNE KOH-

HeHTpanuu achaib-

1:3

I:1

1:1

TEHOB U CMOJI B UC-

XOTHOM p-pe

X
=
<
g
©
=]
5- Acdanb-
TEHbI
Ilecuannku
0,24 5,1
0,34 -
0,26 2,8
0,26 2,4
0,83 1,0
HN3BecTHAKH
0,29 3,0
0,33 -
0,31 1,1
0,32 1,2

CMmoJrbl

1,7
2,0

2,2

3.9

1,7

Ancopouusi, Mr/cm3, Vi

AcanabTens! +

CMOJIbI

4,8

4.6

4,9

3,0

2,9

Oco0eHHOCTD ajicopOIMu ac(ajibTEHOB M CMOJI, HAOJIOAIOIIYIO-

Csl B ONBITax C UX CMECSIMHU, BUIUMO, MOXKHO OOBSICHUTH TEM, YTO aj-
COpOMpOBAaHHBIE CMOJIBI HE BBITECHSIOTCS C TBEPAOH MOBEPXHOCTH
acdansreHamu. [Ipyu 5TOM 9acTh CMOJI, 1O BCEH BEpOSTHOCTH, aCCO-

LUUpYeT Ha aicopOMpPOBaHHBIX MOJIEKYJax ac(halbTeHOB.

Crnenyet 0co00 MOAYEPKHYTH, YTO, CYS MO Pe3yJbTaTaM OIBITOB,
acalbTeHBl HE MOIABJISAIOT aACOPOIMIO CMOJI, M3 CMeceil ajicopOu-
pyroTCcs 1 achallbTeHbI, H CMOJIBIL.



B cuny psiga mpudunH, paccMaTpuUBaeMBbIX HM)KE, CMauMBaEMOCTh
MUHEpaAIBLHBIX MIOBEPXHOCTEH HEPTAMU OoJiee CIOKHOE SBJICHHUE, YeM
CMayMBaeMOCTb HU3KOMOJICKYJSIPHBIMU (iongaMu. s BBICOKOMO-
JEKYJSIPHBIX HE(PTSHBIX CUCTEM aHAU3 PE3yJIbTaTOB HKCIIEPHUMEHTOB,
MIOJIyYE€HHBIX C MCIOJIb30BaHUEM ypaBHeHUs FOHra, yacto oka3bIBaeT-
Csl CIIMIIIKOM TpyObIM. B HacTosIee BpeMsi yCTaHOBJIEHO, YTO Ha CMa-
YMBAaEMOCTb BBICOKOMOJICKYJISIPHBIX ~ (DIIOWAOB MOTYT OKa3bIBaTh
BJIMSHHE HE TOJBKO TePMOAMHAMHYECKHE (aKkTOpbl - Takue, Kak Io-
BEPXHOCTHOE HATSDKEHHME HA TpaHule pasnena a3, HO U LeNbld psf
JOPYTUX OMpPENeNIomuX (akTopoB, K KOTOPBIM OTHOCSITCSI CTPYKTYp-
HO-MEXaHMYECKHE CBOMCTBA IPaHUYHBIX (a3 Ha IPaHHLE C MUHEPAJb-
HBIMHU [TOBEPXHOCTSIMH, PEOJIOTUUECKUE XapaKTEPUCTUKU MEX(Pa3HbIX
aJICOPOLIMOHHBIX CIIOEB Ha TPaHUIAX pasJiesia pacTBOp - BO3IYX U
pacTBOp - OpraHUYEcKasl *KHUIKOCTb, KOH(OPMALMOHHOE M3MEHEHHUE
MaKpOMOJIEKYJl cMOJI M ac()albTEeHOB B MOBEPXHOCTHBIX CIOSIX H AP.
JlelicTBHe BBILICTIEPEYUCICHHBIX (DAKTOPOB NPUBOJUT K TOMY, UTO
9KCIEPUMEHTAILHO U3MEPEHHBIE 3HAUEHUs KPaeBhIX yIJIOB CMaudlBa-
HUSI COOTBETCTBYIOT METaCTaOMIIHBIM COCTOSIHUSIM PaBHOBECHS B He-
MOCPEICTBEHHOM OJM30CTH OT JIMHUM KOHTAaKTa Tpex (a3, y4acTBYIO-
IIMX B CMauMBaHHUHU, a HE TEPMOJMHAMUYECKOMY PaBHOBECHUIO, XapaK-
TEPU3YIOIIEMYCsT MUHMMYMOM 3HaueHus oOmeld MOBEpXHOCTHOM
sHeprun TpexdaszHoii cucteMbl. Takum 00pazoM, SKCHEPUMEHTAILHO
W3MEpPEHHOE 3HAYCHHE yrila CMAauuBaHHA OyJeT OTIMYHO OT 3HAYCHUS
FOHT'OBCKOI'O PAaBHOBECHOT'O YyIJa.

CoOTBETCTBEHHO, 3aKOHOMEPHOCTH CMAauyMBaHUs MHUHEpPaJIbHBIX
MOBEPXHOCTEH HEe(TAMH HOJKHBI 0a3MpOBaThCS Ha ydeTe SHEpreTH-
YecKOoW HEOIHOPOJHOCTH KaK MHHEpAaNbHBIX MOBEPXHOCTEH, Tak WU
(U3UKO-XUMHYECKOH HEOTHOPOAHOCTH YIIeBOAOPOAHON (ha3bl BOJIU-
34 JJUHUH CMAayUBaHUS.

3aBHCHUMOCTH KpaeBbIX YIJIOB CMauMBaHHUA OT OOJNBLIOTO KOJUYe-
CTBa (U3MKO-XUMHUYECKHX U XMMHUYECKUX (PaKTOPOB OCJIOXKHSET BbI-
SIBJICHUE 3aKOHOMEPHOCTEH CMauMBaHUS B BHICOKOMOJIEKYJISPHBIX yT-
JIEBOJOPOAHBIX CUCTEMax, HO OJlaroiaps STOMY 3HAYHMTENILHO pacIlu-
PAIOTCS TEXHOJIOTHYECKHE BO3MOMXHOCTH PETYJIMPOBAHUS CMauyMBaHUA
MHHEpaJIbHBIX IIOBEPXHOCTEH.



CMaunBaeMOCTh BBICOKOMOJICKYJISIPHBIX CHCTEM 3aBHCHUT OT
CBOHCTB MOBEPXHOCTHOH (ha3pl. OcoOylo poiib B CMauyMBaeMOCTH HT-
PaeT noIAPHOCHb SPAHUYHOU Pa3bl.

[onspHBIMH KOMIOHEHTaMH NPUPOIHBIX HeTeH sBIAIOTCS ac-
(habTEeHOBBIE M CMOJIMCTBIE KOMIIOHEHTBI. JTH KOMIIOHEHTHI, aacop-
OUpYysICh Ha MHUHEPAJIBbHBIX MOBEPXHOCTSX, U3MEHSIOT HOJAPHOCTh Ha
MexdasHoii rpanuie. V3MeHeHHe MONIIPHOCTH TPaHWYHBIX (a3 o0y-
CIIaBIMBaeT U3MEHEHHE CMaylBaeMOCTH. VI3MeHeHHe CMaurBaeMOCTH
rpaHU4HOH (a3oil 00YCIOBICHO TEM, YTO OPHEHTALUS MOJIEKYJ B MH-
LeIaX 3aBUCHUT OT IMOJIIPHOCTH COCEACTBYoIIeH ¢a3pl. B mporecce
(opMupOBaHHA rpaHUYHOH (a3l HA TpaHUIle ¢ NOJIApHOH (azoii rpa-
HU4Has Qasza oboramaeTcs NOMSIPHBIME CETMEHTaMHM, a Ha TPaHHLE -
C HEMOJSPHOH - YIJIEBOAOPOAHBIMH paauKaiaMu (ruapodoOHBIMU
cerMeHTaMu). DUIUKO-XUMHUUYECKHMM OOOCHOBAaHMEM TAaKOH MOJEH
W3MEHEHHUs] CMauMBacMOCTH MUIEIUIAMU ac(albTeHOB U CMOJ SIBJIS-
€TCsl MPABUJIO ypaBHUBAHUS TOJNAPHOCTH NU(MUIBHBIX MOJIEKYH (Tpa-
Bwio I1.A. Pebunnepa).

VYkazaHHas TUTIOTE3a U3MEHEHHSI CMauUBaEMOCTH MO3BOJISIET 00B-
SICHUTb OCOOCHHOCTH MOAM(UKAMKM MUHEPAIBbHBIX IOBEPXHOCTEH
Pa3IM4YHOTO COCTAaBa.

Tak, HaOmomaeMble Pa3inyuds B CMAauMBAaeMOCTH CUJIMKATOB U
KapOOHAaTOB MOTYT OBITh OOBSICHEHBI TEM, YTO CHIIMKATHI CTPEMSATCS
azicopOupoBaTh MPOCThIE OPTaHMYECKHE OCHOBaHHS, TOTAA KakK Kap-
OOHATBI - MPOCTHIE OpraHUYecKre KUcioTel [4; 14; 27; 32]. D10 mpo-
HUCXOJIUT HM3-3a TOTO, YTO CHJIMKATHI OOBIYHO MMEIOT OTPULIATENbHBIN
3apsj, oOpasys ci1abo KHUCIOTHYIO MOBEPXHOCTh B BOZE BOJIM3M HEl-
TpanbpHOro pH, Toraa kak kapOOHATHl HMEIOT TIOJIOKUTENBHBIHN 3apsij,
o0pa3ys ci1abo OCHOBHbBIE TOBepxHOCTH [4; 14; 27; 32]. DTu noBepx-
HOCTH OYyIyT MPEeNNnOYTUTENHHO alcopOMpOBaTh KOMIIOHEHTHI MPOTH-
BOIIOJIO’KHOH TOJIIPHOCTH TOCPEICTBOM PEAKIUU MEXIY KHCIOTOH U
ocHoBaHueM. CMaunBaeMOCTh CHIIMKATOB OyzaeT B OoJblIeil cTerneH:
OTIPENENAThCS OPraHUYECKUMH OCHOBAHUSIMH, TOT/AAa KaK HAa CMadd-
BaeMOCTh KapOoHaToB OynyT B OOJbIIEH CTENEHU BIUSATH OpraHHye-
CKH€ KHCJIOTBL. DTO MMEET MECTO B DKCIEPHUMEHTax 10 aAcopOLuH U
W3MEHEHUIO CMAuMBaEMOCTH JUISI OTHOCHTEIILHO MPOCTBIX MOJIIPHBIX



KOMITOHEHTOB Ha TMecYaHuKaxX M KapOoHaTax. DTH KOMIIOHEHTHI ObUTH
pacTBOpPEHBI B HEMOJSIPHOM HE(TH M 3aTeM M3MeEpsUICsS KpaeBOH yroi
CMauyMBaHUs B cucTeMe HeTh — BOJA - MUHepall Ha NMepBOHAYANBEHO
YHCTOW, CHIBHO THAPOQHILHON MOBEPXHOCTH KpHCTayuia. B memow,
azcopOLUs ¥ U3MEHEHHE CMAauyuBa€MOCTH MMENH MECTO AJISI OCHOB-
HBIX KOMIIOHEHTOB Ha KHCJIOTHOH MOBEPXHOCTH CHJIMKATOB U AJISI KH-
CJIOTHBIX KOMIIOHEHTOB Ha OCHOBHBIX IIOBEPXHOCTSIX KapOoHaToB. Ku-
CIIOTHBIE KOMIIOHEHTHI UMEITN O4YEHb HE3HAYMTENbHOE BIHMSHIE Ha CH-
JIMKAThl, @ OCHOBHBIE KOMIIOHEHTHI OKa3bIBaJI OYEHb MaJICHBKOE BO3-
neiicrBue Ha kapOoHathl [24; 32]. OTMeTHM, OJHAKO, YTO OOJBIIUH-
CTBO aJCOPOMPOBAHHBIX KOMIIOHEHTOB HM3MEHSUIM CMaylMBaEeMOCTb
TOJIBKO OT CHJIBHO THAPOQHUILHOM 10 cpeaHe ruapoduiIbHOM, a He 10
ruipohoOHOIA.

KucnoTHele KOMIIOHEHTBI, KOTOPBIE aACOpPOMPOBAINCH U M3MEHS-
M CMauyuBaeMOCTh KapOOHATOB MpEANOYTUTETbHEE, YeM CHIIMKATOB
BKIJIFOYQJIM HA()TECHOBYIO KUCIOTY [32] M MHOXKECTBO KapOOKCHIIBHBIX
kucinor (COOH), Brirouas kanpwioByr (BoCbMepHUHYH) [32],
NAJBMUTUHOBYIO (IIecTHaAUATepuyHyto) [32], cTekpuioByro (BoceM-
HajanarepuyHyo) [32] u onenHOBYIO (1MC-9-BOCEMHAIIATEPUYHYIO)
KucnoTel. OCHOBHBIE KOMIIOHEHTHI, KOTOpBIE aJcopOMpoBalich Ha
KHUCJIOTHBIX CHJIMKATHBIX IOBEPXHOCTSX, BKIIIOYAIM W30XWHOJNUH U
okrageumnamun (CH3(CH2)17H2). Kpam u Moppoy ¢ coasrt. [74] u3y-
Yany afcopOLUIo 1 U3MEHEHHE CMaunBacMOCTH Ha KBaple W JOJIOMU-
T€ MHOXXECTBA OTHOCHTENIBHO HU3KOMOJIEKYJIAPHBIX KOMIIOHEHTOB,
BBIJICJICHHBIX W3 TMpHUPOAHOH HedTu. OCHOBHBIE a30TCOACPIKAIIME
KOMITOHEHTHI JaBalM HACTYMAIOIIME yriabl cMayuBaHus a0 66° (1,15
pan) (ruapouIbHOCTB), ¢ Ooee BHICOKMMH yIiaMu il KBapla, 4YeM
uia ponoMuta. McecnenoBaHHBIE cepocoep Kaliie KOMIOHEHTHI Ja-
Banu yrasl 10 40° (0,7 pax) wim MeHbLIE ¢ OTCYTCTBHEM CHCTEMAaTH-
YeCKMX pPa3IMuuii MEeXIy ABYMsS TMOBEPXHOCTSIMH. KpaeBble yribl
CMauyMBaHUs ObUIM MO0 CTAOMIBHBIMU HJIM YMEHBIIAIUCH CO BpeMe-
HeM (T.e. cucTeMa CTaHOBWJIach Oosiee ruppoduibHOi). KucnoTHele
KHCIIOPOJOCOIEpKaIllNe KOMIIOHEHTHI JaBalu 0ojiee BBICOKHE Kpae-
BBIC YTJIBI HA JOJIOMUTE, Y€M Ha KBaplle, BILIOTh 10 145° (2,5 pan) ans
oktanoBoi kucinotel (CH3(CH2)6COOH) u no 165° (2,9 pan) mis ku-



cinorel (CH3(CH2)I0COOH). 3ametrum, omHAKO, YTO KHUCIOPOIOCO-
JepoKaliie KUCIOTHBIE KOMIIOHEHTBI, MO-BHIMMOMY, MOTYT pearupo-
BaTh C JIOJIOMUTOM MOCTENEHHO, TaK YTO KPaeBOW yroj CMauyWBaHUs
HECTaOMJICH M CHUCTeMa IIOCTENEHHO CTaHOBHUTCS THUAPOPHILHOM.
Kpam ¢ coaBTopamu oTMeual, 9To cpeiy TeX OTHOCUTENBHO MPOCTHIX
KOMIIOHEHTOB HET TaKHX, KOTOpble MOTJH Obl 00pa3oBaTh CTAOWIIb-
HYI0 TUAPO(HOOHYIO TTOBEPXHOCTb. ABTOPHI CAEJIAIH BBIBOJ, YTO KOM-
MOHEHTaMH He()TH, OTBETCTBEHHBIMH 332 M3MECHEHHS CMauylBaeMOCTH,
OBUTH BBHICOKOMOJICKYJISIPHBIC TTOJISIPHBIE KOMITOHEHTHI ac(ajbTeHOB U
CMOJL

B Gonee cnoxHbIX cuctemMax HE(Th — PacTBOP - MOpoOJa IOBEPX-
HOCTh MUHEpaJioB He 00s3aTeNbHO OylIeT UMETh MPEeNNOYTeHUE IS
KOMIIOHEHTOB NPOMUEONONONCHOU KUCIOMHOCYU. B IPOCTBIX CHCTe-
Max, paCCMOTPEHHBIX BBIIIE, KaXJ0€ MOBEPXHOCTHO-aKTUBHOE Bellle-
CTBO HCHBITHIBAIOCH MHAMBUAYAIBHO, 8 BO3JACHCTBHE XMMUYECKOTO
cocTaBa pacTBopa ycrpaHsuiock. [lanee OyneT mokazaHo, YTO MYJIBTH-
BaJICHTHBIE KaTHOHBI MOTYT CIIOCOOCTBOBAThH aJCOPOLIMH MOBEPXHOCT-
HO-aKTHBHBIX BEIIECTB TOW e KUCIOTHOCTH, YTO M TOBEPXHOCTD
TBepaoi ¢asel. Kpome Ttoro, angcopOums m000ro MOBEPXHOCTHO-
AKTHBHOTO BEIECTBA M3 NPUPOTHON HEPTH MOXKET ObITh yCHUJICHA UITH
ocnaleHa afgcopOuuneil Apyrux KOMIOHEHTOB.

B 1abn. 2.4 B kauecTBe mpUMepa NPUBEACHBI XapaKTEPUCTHUKU
CMauyMBaHUs MOBEPXHOCTH BHICOKOMOJIEKYJISIPHBIX 00pa30BaHUM — Te-
Jel JkenaTUHBI U KasenHa. [loBepXHOCTH 3THX reneit npu ux Gopmu-
pPOBaHUM TPAaHUYMIN C HENOJSpHBIMH (azamu (BO3AyX, mapaduH,
¢dTopomnact) U npuodpenu ruapodoOHbIN XapakTep: Ha HUX KpaeBble
yrasl Kamu Boasl (0 > 90°. TIpu 3Tom yem Gosibllle MONSPHOCTH IO
JIOKKH, C KOTOPOH KOHTaKTHPOBAJI Te€llb, TEM CHJIbHEE BBIPA)KEHA €ro
ruapodobHocTs (Tabn. 2.4). HanpoTus, moBepXHOCTHBIN CIOW kema-
TUHOBOW TUICHKH, OOpAa30BaBIICHCS Ha TOJSAPHOW TOJUIOKKE (CTEK-
JISTHHAS TJIACTHHA), UMEET TUAPOQMIbHBIE YUACTKH U XapaKTepu3yeT-
Csl KpaeBbIM YIJIOM CMauyMBaHus A Boasl 0<90°.

[epexon ot ruapoUIBHOCTH K THAPOPOOHOCTH MPH U3MEHEHUH
NPUPOABI TPaHUYHON (ha3bl XapaKTepH3yeT MHBEPCUIO CMaunBaeMo-
CTH TIOBEPXHOCTHOW (a3bl [27; 25]. BnusHue mpuponsl rpaHUYHOI



¢a3bl oOycnaBiuBaeTcs JeicTBUEM 3TOH (a3el Ha cienuduKy cTpoe-
HUSl ¥ OPUEHTALMIO MaKpOMOJIEKYJ HMOBEPXHOCTHOTO CJIOSl B 3aBUCH-
MOCTH OT MOJISIPHOCTH KOHTAKTUPYIOLIEeH (a3zbl.

Tabruya 2.4

CMmauuBaeMocThb 14%-HOro reJis seJaTUHbI Pa3HBIMH KUAKOCTAMU [21]

0 (rpaa.) B 3aBHCHMOCTH OT FPAHHUYHOI (pa3bl

Kuakocts o, MH/m ¢propo-
cTexkJ0  nmapadun BO3AYyX
IacT

DTaHOa 22,0 0 16 16 10
Jexan 23,9 0 0 11 8
Tpunexan 26,1 0 0 20 9
n-Kcumon 283 0 0 32 11
Me3sutuner 28,5 0 0 35 12
BazenuHoBoe 30,0 6 13 40 18
MacJjo

dopmamug 58.2 31 52 56 40
I'munepun 63,4 54 69 97 67
Bonpt 72,5 71 98 110 96

'umore3a 00 W3MEHEHMM NOJBMKHOCTH M MPEAMOYTHTEIBHON
OpHEHTALUU MHULEI achanbTeHOB U CMOJI Ha BHEIIHEW U BHYTPEHHEH
MOBEPXHOCTSX TPaHUYHOU (a3bl MOXKET OOBSICHUTH HEKOTOpBIE JKC-
MEPUMEHTANILHO ycTaHOBIEeHHbIe (akThl. Tak, n3BectHo [14], uro npu
KOHTaKTe He()TH C MUHEPAIBLHBIMH MOBEPXHOCTSIMU CTENEHb T'MAPO-
(oOu3aMu MOBEPXHOCTH OIpeesseTcsl KOHIEHTpaluued cmoioac-
(abTCHOBBIX KOMIIOHEHTOB B Hccienyemoil Heptu. OTmeuanoch
TaK)Xe BIMSHUE BPEMEHH KOHTAaKTa HAa 3HAUYEHUS H3MEPAEMOro yria
cmaunBaHui. C pocTOM BpeMEHHM KOHTaKTa CTemeHb TuapodoOHOCTH
MTOBEPXHOCTH PACTET.

BrlmenpuBeieHHbIE dKCIIEPUMEHTANIBHBIE PE3yJIbTaThl COIJIACY-
I0TCS C pacueTaMHM Ha OCHOBE MOJIEKYJISIPHOW TEOpUH CMauMBaHUS:

paboTa aare3uu KUIKOCTH K TBepAOMY Teny Wa = CT(l +cos OO) B CO-

OTBCTCTBHH C TeOpI/Ieﬁ qDocha OIIpPeALIAACTCA YPABHCHUCM

wa = 2(CTCTX)LU (°d s ¥epep s mw, (2JD)



rac o, oa " ol - MOBCPXHOCTHOC HATSKCHUC JKUAKOCTU U €TI0 AUCTICP-
CHOHHAsA U MOJIApHAasA KOMIIOHCHTBI; O.., Od U Or — SHCPIUA I'u66ca

MIOBEPXHOCTH TBEPAOIO Tela M €€ AUCIEPCHOHHAs U MOJSApHAs KOM-
MTOHEHTBI.

Pacuets no ypaBHeHuto (2.4) mokasslBaloT, YTO Ha BHEIIHEN IO-
BEPXHOCTHU TeJld JKENaTUHBl NPEBAIUPYIOT TUCIEPCHOHHBIE B3aWMO-
neiicteust (©=29,2 m/Ix/m2). Bknan monsipHBIX B3aUMOAEUCTBHI

kpaiiHe He3HauuteneH (0r=0,6 mJx/m2). Takum oOpasom, moBepx-

HOCTB TeJIsl JKeNaTHHBI, 00palieHHass K BO3/AyXY, IPaKTHYECKH TOJTHO-
cTeio ruApodoOHa. Ha MOBEpXHOCTH CBEXEro cpe3a MpeBATUPYIOT
noJsipHble B3auMonercTBus (0»=43,3 m/x/M2, a 04 =14,5 mlx/m2).

OTu pa3nuuusi OOBSCHIIOTCS Pa3HBIM KOH(QOPMAIIMOHHBIM COCTOSHU-
€M MAaKpOMOJICKYJ >KEJIaTHHbI Ha HApYyXHOW IOBEPXHOCTHU Tesl U
BHYTPH HETO.

B Tabmune 2.5 npuBeneHbl KpaeBbIe YIIIbI BOJIBI U OPTaHHMYECKHX
xuarocter Ha 20%-HOM resnie *KelaTUHBI — Ha ero BHEIIHEH MOBEPXHO-
cTH (Ha TPaHUIIC C BO3JyXOM) U Ha BHYTPCHHEH MOBEPXHOCTU (TOCIE
CBEXKEro cpe3a). BHemHss moBepXHOCTh Tens 00Ja1aeT BHICOKOW TH/I-
pohOoOHOCTRIO: Ha HEl KpaeBoi yroJ BOJbI IPUMEPHO TAKOH ke, Kak Ha
napadune (108-110 °C). BHyTpeHHHe ke MOBEPXHOCTH Teliei XKelaTu-
Hbl TUApoGWIBHBL [10]. DTO pasnuuue COOTBETCTBYET NpPABUIY ypaB-
HUBaHUS MOJSPHOCTEH: Ha TPaHULIE ¢ BO3LYyXOM MPOUCXOAUT MPEAIoy-
TUTENbHAS OPUEHTANUs TUAPO(HOOHBIX YYaCTKOB MAaKPOMOJICKYJI JKeia-
TUHBI, 2 B CTOPOHY UMMOOMJIN30BAHHOTO PAacTBOpA BHYTPHU Telis MpPE-
MOYTHUTELHO OPUEHTUPYIOTCS TUAPODUITBHBIC CETMEHTHL

Tabnuya 2.5

Kpaesble yriibl pa3HbIX skHAKOCTell Ha noBepxHOcTAX 20%-HOro

reJjist ;ejaTuHa [9]

0, rpan.
Kuakocrs 0, MH/M HA BHeLIHel Ha BHYTpPeHHel
MOBEPXHOCTH TMOBEPXHOCTH
Bopna 72,8 111 36
dopmamug 58,2 74 31,5

MeTuneHnoaun 50,8 59 64



Du3uKo-XxumMuyecKkuil cucmepesuc

Kax ormeuanock B riase 1.6, 07jHOM M3 MPUYMH T'HCTEpe3Uca cMa-
YMBAHUSI MUHEPAIBHBIX TOBEPXHOCTEH SBISIETCS (HPU3MKO-XHUMHUUECKOE
B3aMMOJICHCTBHE HCCIEAYEMBIX (IIOMIOB U MUHEPAIBLHBIX MIOBEPXHO-
CTEH.

CMmauuBaHMe IpaHUYHBIX CJIOEB BOAOM XapaKTepu3yeTcs pe3Ko BBI-
pPaXE€HHBIM THCTEPE3NCOM KpAaeBBIX YIJIOB HATEKaHUS M OTEKaHMS.
OCoOEHHO SIPKO TPOSBISAETCS TaK Ha3bIBAEMBIN MOPSIKOBBIA THCTEpe-
3HUC - Pa3IMuYUe KPAaeBBbIX YIJTIOB B 3aBUCHMOCTH OT IOCIIE€A0BATEIbHO-
CTH, B KOTOPOIl MPOMCXOAUT KOHTAKT KUJIKOCTEH C TTOBEPXHOCTBIO T'e-
n1. Hanpumep, npu HaneceHunu karuiu Bojbl Ha 10%-HbIH rens xkena-
TUHBI B cpene OcHzona 0=146° (T.e. MEPBBIM KOHTaKTHPYeT OCH30J, a
KaIuIsl BOJBI TOJIKHA OTTECHSTHY €r0 ¢ OBEPXHOCTH Tefisl); MPU HaHe-
CCHHUHM JK€ Karyii OeH30Jia Ha refib, NpEeIBapUTEIbHO ITOMEIICHHBINH B
Boay, 0=35° [21]. IIpuunHsl rUcTEepe3nca BEChbMa BaXKHBI AJIs TOHUMA-
HUS MEXaHU3Ma N3MEHEHUH, MPOUCXOAALINX C MOBEPXHOCTHBIM CIIOEM
MPU KOHTAKTE C TOJIIPHON M HEMOJSAPHOW Cpefioi (’KUAKOCTBIO WITH Ta-
30M). B CcBS13U ¢ 3TUM IpeAcTaBIseT MHTEPEC UCCIIEN0BAHNE THCTEPE3H-
ca CMauyMBaHUS Ha MPOCTBIX CHUCTEMax - Ha TMJPOTENISIX HEKOTOPBIX
MOJIUMEPOB (MOTUTHAPOKCUITHIIMETAKpHIIaTa, MOJHaKpUIaMuIa U Ap.)
[20]. bt u3mepensl kpaeBble yriabl HatekaHus 0. 1 oTTekanus Or Bo-
JIbl HA ATHX MTOBEPXHOCTSAX B KOHTAKTE C BO3JyXOM U OKTaHOM.

[ Bcex McclieA0BaHHBIX THApPOreNeil xapakTepeH OOoNbLIoi THc-
Tepe3uc KpaeBbIX yriioB. OH He CBf3aH C IIEPOXOBATOCTBIO MOIJIOXK-
KH; OTCYTCTBYIOT B OTHX CHUCTEMaxX W MPOLECCHI, KOTOPbIe MOTJH Obl
M3MEHUTH CBONCTBA NMOBEPXHOCTHOIO CJIOSI MPU KOHTAKTE UX C BOAOH
(rumpaTtanusi, pacTBOpeHHE, OCaXIeHHWE MmpuMmeceil, ruaponus). Pe-
LIAIOIIYI0 POJIb B BO3HUKHOBEHUHU THMCTEPE3NCA OTBOIAT CTEPEOXUMHU-
geckoMy (akTopy, MOA KOTOPHIM TOHHMAIOTCS KOH(OPMAalMOHHbIE
W3MEHEHHUs B IEMAX M CEerMEHTaX MaKpOMOJIEKYJI MOBEPXHOCTHOIO
CJIOSl TIPU KOHTAKTe ¢ Bojoi [57; 28; 25].

Bruanue degpopmayuu epanuunoii gpasvl na cmavugaemocmy

I[pyraﬂ Ba)kKHAst 0COOEHHOCTh CMAUYMBAHUS a,[[COp6I_[I/IOHHLIX CJIOCB
COCTOUT B TOM, YTO IIPU OMPCACICHHBIX YCIOBHUAX KPACBBIC YIJIbI 3a-



BUCAT OT AeOpMaliii TOBEPXHOCTHOTO CJIOSI T€Nsl, MPOUCXOASLINX B
HETIOCPEACTBEHHOM OJIN30CTH OT MEPUMETPa CMaylBaHHUS.

[TonoxwuM, yTo MexaHH4YecKasi IPOYHOCTh aJICOPOLMOHHBIX CIIOEB
pacTer ¢ yBeITMYEHHEM KOHIEHTPAMU CMOJ0-ac(albTCHOBBIX KOM-
nmoreHt [23; 28]. CooTBeTCTBEHHO, nehopMaIvik TOBEPXHOCTHOTO
CJIOSI TOpa3/l0 3aMETHEE Y CIIOEB, MOJyUYEHHBIX U3 MAJOKOHIEHTPHUPO-
BaHHBIX cMecell. [ToaToMy KpaeBble yIuIbl BOJBI Ha MOBEPXHOCTH a-
COpPOLIMOHHBIX CJI0EB CHJIBHO 3aBUCAT OT MX KOHIIEHTpaluHu (c) B HC-
neityemoit Hetu. [Ipu ¢<0,7% xamist Bogsl He yIOep KUBaeTCsl Ha I10-
BEPXHOCTH Tefisl, a OBICTPO «IOTpy>KaeTcsh» BHYTPh Hero. B y3kom uH-
TepBaine ¢=1-2% Kkaruis BOJIBI yKe yIepKUBaeTcs Ha rejie, HO BOJIH3H
Hee HaONII0JaloTCsl 3aMEeTHBIE JeopMalliOHHbIE U3MEHEHHS MOBEPX-
HOCTHOTO CJIOSI: Ha MEpUMEeTpe CMadyuBaHUsi 00pa3yeTcs paHT BBICO-
To# 1o 0,1 MM, a moJ| Karwie BOSHUKAET JYHKA ITyOWHOM JI0 IECATHIX
nonedt Mumumerpa. [Ipu yBennueHnn KOHIEHTpaluK JKeNaTHHBI BbI-
coTa paHTa M TIyOuHa TyHKH yMeHbmarorces. [Ipu ¢ > 3% noBepxHo-
CTHBIH CJIOH TS KeJaTHUHbI CTAHOBUTCS HACTOJBKO KECTKUM, YTO OH
y’K€ HE HCHBITHIBACT 3aMETHBIX JedopManuil. MaKpoKpaeBble YIIbI
KarwIi BoJbI Bo3pactatoT A0 120-125°, T.e. OHM 3HAYUTENHHO OOJIbIIIE,
yem Ha napadune [1; 2; 5; 9; 11]. [IpuunHOM 3TOTO pa3nuuus sSBISCT-
Csl IIEPOXOBATOCTh IOBEPXHOCTU KOHIIEHTPUPOBAHHBIX IeJeH.

Uccnenosanus, nposenenusle M.A. I'eiimanom u ap. (1955 r.) Ha
npuMmepe HepTH POMAIIKMHCKOrO MECTOPOKACHUS, TMOKa3alH 3aBH-
cuMocTh cMaunBaemocTy Bl (Bl2=cos0) ot koHIEHTpauyu HEPTIHOTO
pactBopa (puc. 2.8). U3 puc. 2.8 ciaegyer, 4TO UMEETCs] 3aBUCHMOCTh
CMayMBaEMOCTH MHHEPAJIbHOW MOBEPXHOCTH KaJbLKTA OT JIorapupma
KOHIIEHTpalMK He(TH B pacTBOPE TOIYONA.

Pe3koe pasnnune B CMauMBaHUM «MATKHX» M <OKECTKHX» Treyied
MPUCYILE HE TOJBKO TEJSAM JKEIaTUHBI. Tak, pH HCCIeI0BaHUN resiei
Ka3enHa ObUI0 OOHApYXEHO, YTO NPH KOHIEHTpanusx MeHbme 10%
KaIjis BOABI HE YJEp)KMBAeTCs Ha MX MOBEpXHOCTH, mpH c=10-15%
rejid CTAaHOBSTCS TIOCTaTOYHO JKECTKUMH U KpaeBble YIUIbI BO3pPACTaIOT
no 105-108°. Pe3koe Bo3pacTaHne MaKpOKPAeBBIX YIJIOB B Y3KOM HH-
TepBaje KOHIEHTpalMid OOHAPYKEHO M Ha TEIX IPYTUX BEIECTB
(arapa, MOJIMBHHUIOBOTO crupTa). TakuM 00pa3om, «IoporoBas» 3a-



BHCHUMOCTbh KPAaeBBIX YITIOB OT KOHLIEHTPAIMH MPEJICTaBISCT Xapak-
TEPHYI0 OCOOCHHOCTh CMadMBaHUS MHOTHX Trenei. IlpwmunHa Takoid
3aBUCUMOCTH 3aKJIH0YAETCS B CIEIYIOIIEM. MalOKOHIICHTPUPOBAHHBIE
relld MMEIOT HU3KYI0 TPOYHOCTH (TpeAenbHOE HAIpsDKEHHE CIBHUra
Pi1), MOdTOMY HNaBlEeHUE p, CO3[aBaeMOE Karuied, BBI3BIBAET B IIO-
BEPXHOCTHOM CJIO€ 3Ha4YHTeNbHbIe Aedopmarun. [lpn Gombmmx KOH-
LEHTPAUMIX 3HauyeHUs Pir JOCTATOYHO BEJIWKUM M OTHOILEHUE
p/Pxl <<'1, B pe3ynbTaTe MOBEPXHOCTHBIN CIIOH Tels YK€ HE UCIBITHI-
BAaeT 3aMETHBIX JeQOPMAIMOHHBIX U3MECHCHUH.

Puc. 2.8. U3MeHeHHe cCMAaYMBAEMOCTH KAJbIUTA,
00padoTaHHOI0 TOJIYOJIBHBIMH PACTBOPAMH POMAILIKUHCKON HedTH,
npu aTMOcePHOM U NMPH BBHICOKOM JTABJICHHSIX

T'ucrepesncHoe cmaunBanue Bl2=£(c): KaabIIUT-KaIIA BOIBI BO3IYX:
« -1 xr/em2, O-12 xr/em2, X-350 kr/cM2; TyHKTHPOM IIOKa3aHa OCHOBHAS
3aKOHOMEPHOCTh U3MCHECHHUS CMauYMBACMOCTH OT JIaBJICHUS

CuibHOE GnuUsIHUe CIMPYKMYPHO-MEXAHUYECKUX CBOUCME TPaHHY-
HBIX CJIOCB HAa MX CMAauMBaHUC MOJTBEPKAACT P JPYTHX SKCICPH-
MeHTOB. Hampumep, B Malio KOHIICHTPUPOBAHHBIX CUCTEMaX IMPeIeib-
HOE HaNpsDKCHUE CABWTa Teliei P« HapacTaeT 0 MOCTOSHHOTO YPOB-
HS B TE€UEHUE HECKOJIBKHUX CyTOK [10; 16], COOTBETCTBEHHO W KpaeBhbIE



YTJbI BOABI HAa JTUX TCJIAX 3aBHUCAT OT BPEMCHU UX (I)OpMI/IpOBaHI/ISI.
3aBucumocts () OoT BPCMCHU T IJIA rejieii OeNnKoB YAOBJICTBOPUTCIIBHO
OIMUCBIBACTCA OMIIUPUICCKUM COOTHOLICHUEM

0=A lg /10, (2.10)

rae A - xK03(pQUIMEHT, 3aBHCAIINA OT KOHIEHTpauuu Oenka; 10 -
BpeMs Hadaja CTPyKTypooOpa3oBaHusl.

AHanoruuHeI Xapaktep UMeroT 3aBucumoctu 0=]IT) muist reiei
JIPYTUX BEIISCTB, HANPUMEpP, JUIA Ka3eWHA, arapa, MOJUBHHHIOBOTO
crupta [17; 29; 25; 21].

3aBucumoctu 0=/IT) coriacyrTcs ¢ KHHETUYSCKUMH 3aKOHOMEp-
HOCTSIMH TIPOIIECCa CTPYKTYpOOOpa3oBaHMS B OEIKOBBIX CHUCTEMax.
W3BecTHO, 4TO HapacTaHUE MPEASITHHOTO HAMPSDKEHUS CIIBUTA OEIIKO-
BBIX renedl P« TIpU U3MEHEHHHM BPEMEHH CTPYKTYpPOoOOpa3oBaHUs
MIPOUCXOUT TeM ObICTpee, YeM OoJbllie KOHIeHTpalus Oenka. Kune-
THKa TPOIecca CTPYKTYPOOOpa30BaHUs YOBICTBOPUTEIHLHO OIUCHI-
BaeTCs JIOTapU(PMUUECKUM COOTHOIICHUEM:

Pu =B Ig 1/, (2.11)

rae B - xoa¢unuent (MH/m2), KOTOpBII pacTeT ¢ yBeTHYeHHEM KOH-
LEHTpaluuy OenKa.

Takum 00pa3oM, KHHETHYECKUE 3aKOHOMEPHOCTH (HOPMHPOBAHHUS
MOBEPXHOCTHBIX CJIOEB OENKOBBIX Tejiel, XapakTephU3yeMbIX CMayu-
BaeMOCTBIO, U MPOILIECCAMU CTPYKTYpoOOpa3oBaHUsl STHX Tejield nme-
I0T ONpEeNeNeHHbIE aHaJOTUH. DTOT BBIBOJ MOATBEPXKIAETCS TaKXKe
pe3yJbTaTaMu, NOJYYEHHBIMU NMPH M3YYEHUH TUKCOTPOMHBIX 3 deK-
ToB. [locie MexaHUUEeCKOro pas3pyieHus 0opasia *KeIaTHHOBOIO rejs
U TOCIIEAYIOIETO THKCOTPOITHOTO BOCCTAHOBIICHHUS TSl KpaeBble YT-
JIBI BOABI MOCTETMIEHHO BO3PACTAlOT. XapaKTEepHO, YTO MEPHOJ BO3pac-
TaHUsI KPAeBBIX YIJIOB JI0 OCTOSHHOTO YPOBHSI MIPUMEPHO TaKoH xke,
KaK M TI€PHOJ] THUKCOTPOIIHOTO BOCCTAHOBJICHUSI CTPYKTYPHO-
MEXaHHUYECKUX CBOMCTB TeJieil )KeIaTHHBI TOM ke KOHIIEHTPAIHH.

I'nmaBHBII BBIBOJ, KOTOPBIN CIEIyeT U3 CONOCTABICHUSI CMavyHBae-
MOCTH U CTPYKTYpHO-MEXaHHYECKUX CBOMCTB COCTOHT B CICAYIOIIEM.
KpaeBbie yribl U peosornyeckue XapakTepUCTUKHA MOXHO Peryiupo-
BaTh C MOMOIIBIO OJHUX M TeX K€ (UIUKO-XUMHUYECKHX U XHUMHYeE-



ckux (aktopoB. [TockoIBKY CTPYKTYpoOOpa3oBaHue B OEIKOBBIX CHC-
TeMaxX HM3yYeHO BecbMa MOAPOOHO, obsieryaercsi BBIOOp METOJOB
yIpaBIeHUS CMauYMBaeMOCTHIO [TOBEPXHOCTHBIX CIIOEB.
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Pasgen Il

CTPYKTYPHAA CMAYUBAEMOCTb HE®TEIA30BbIX
MIMACTOBbIX CUCTEM

FnaBa 3. MUKpOCTPYKTYypHasi CMa4MBaeMOCTb KOMNMeKTopoB
HedbTH 1 rasa

3.1. Tunbl cMa4YMBaeMOCTH NNAcCTOBbLIX CUCTEM

B 3aBHUCHMOCTH OT TEHJEHLUU OAHOMN KUAKOCTH PACIIPOCTPAHSITH-
Csl MJIU IIPUCOEAUHATHCS K TBEPJOU MIOBEPXHOCTU B IIPUCYTCTBUH JIPY-
TUX HECMEIIMBAIOIIMXCS KUIKOCTEN KOJIJIEKTOPBI IIPUHATO AEIUTh Ha
rUApOQUIbHBIE (CMayMBaeMble BOJOI), KOT/a BOJA 3alOJHSET MeJ-
KUE TIOphl U KOHTaKTHPYET ¢ OOJbIIeH YacTbio MOBEPXHOCTH, THAPO-
¢obHbIe (HE cMauMBaeMble BOAOH), KOrzaa HE(Th 3amoyIHSAET MENKHE
MOPBl M KOHTAKTUPYET ¢ OoJblleil 4acThio moBepxHocTH. Ecnm et
MPEANOYTHTEILHOTO B3aUMOACHCTBHSA MOPOJbI ¢ HEPTHIO M BOAOH, TO
TaKyH CMa4MBacMOCTb HA3BIBAIOT HEUTPAILHOM.

3.2. N3bupaTenbHaa cMauMBaeMoCTb

Tak Kak BHYTPEHHsISI MOBEPXHOCTb MOP COCTOUT U3 Pa3IUMYHBIX
MUHEPAJIOB C Pa3IMYHBIMU XUMHUYECKUMU U aJCOPOIIMOHHBIMU CBOM-
CTBaMH, TO BO3HUKAeT TeTEpPOrcHHas (M30uparenpHas) cMaduBac-
Mocth [17]. Ilpm aToMm cremyer OTaMuaTh T€TEPOTEHHYIO CMaduBae-
MOCTh OT TPOMEXYTOYHOW, KOTJa OTCYTCTBYET MPEIpacIOiIOKEH-
HOCTh K CMAYMBaHUIO KaKUM-TH0O QurronioM [16].

B 1973 r. R.A. Salathiel BBen HOBOE MOHATHE «CMEIIAHHAS CMa-
YUBAEMOCTB» KaK CHEIHANbHBIN TUIl T€TePOTEHHOW CMayuBaE€MOCTH,



pu KOTOpOM TUApodoOHBIE TOBEPXHOCTH 00pa3yrOT CKBO3HBIE MyTH
M0 KPYIHBIM 1OpaM, a MEJKHE MOPhI OCTAIOTCS CMOYEHHBIMU BOZOH
[26].

3.3. MukpocTpyKkTypHasi cMa4MBaeMoCTb

B 1990 rony H.H. MuxaitioBsiM ¢ coaBTOpaMu ObLlIa UCCIIEI0BA-
Ha BO3MOYKHOCTH CYLIECTBOBAaHHS CBS3M MEXKAY pa3MepaMu HOp U
CMayMBaeMOCTbIO, KOTOpasi HEKOTOPOE BpeMs CYIIECTBOBaja TOJBKO
kak runote3a [3]. B 1995 rogy M. Robin ¢ coaBTopamu [24; 25] mpo-
BEJIM OMBITH MO MCCIEJOBAHUIO CMauMBA€MOCTH 00pa3loB Ha CKaHU-
pYIOLIEM DIIEKTPOHHOM MHKPOCKOIE Ha UCKYCCTBEHHO IPUTOTOBIICH-
HBIX OOpa3suax ¢ TuAPOQWIBHBIM WM TUAPOGOOHBIM XapaKTepoM
CMayMBaHUSl U Ha €CTECTBEHHBIX 00pa3lax MEeCYaHWKOB M KapOoHAaT-
HBIX [IOPOJ] CO CMEIIAHHOH CMaunBaeMOCTbI0. MeTouKa UCClIea0Ba-
HUI MO3BOJSIa BU3YalbHO HAOIIONATh KaMJUBIPHBIA MOABEM (IIou-
Ja B oOpasiax mopojbl. beuio mokazaHo, 4To B KapOOHATHBIX TOPOAAX
CO CMCLIaHHOW CMauyMBaeMOCThI0 HE(Th MOSBISLIACH CHAadana B ca-
MBIX KpYNHBIX mopax. [lyisi oOpa3noB mecuaHWKa C BKpaIUICHUSIMH
KaoJIMHUTA THAPOPOOHOCTh He Obla CBs3aHa C MOpaMH ONpENCiIeH-
HOTO pa3Mepa, NpaBla aBTOPHI YKa3bIBalOT, YTO HE YIENSUIH 3TOMY
00CTOsITeNbCTBY BHUMaHMs. Kak BHIHO M3 AaHHOTO OMBITA, B €CTECT-
BEHHBIX YCJIOBHSX THAPO(GOOHOCTh CMEIIAHHBIX MO CMAavyMBaeMOCTU
KEPHOB MOXKET OBITH CBsI3aHA KaK ¢ OONBIIMMH, TaK M C MaJbIMH I10-
pamu.

Ilpu nBWKEHHMM MHOTOKOMIIOHEHTHBIX CMeEcei, TakuX Kak ras,
KOHJIEHCAT, He()Th, Yepe3 MOpoJbl KOJJIEKTOpa HETH U Tas3a Mpouc-
XOJHT CEIEKTUBHOE OCAXKICHUE WX BO BHYTPHIIOPOBOM IPOCTPAHCTBE
B pe3yJbTaTe psaa mpoueccoB. TakuM 00pa3oM, CTAHOBHUTCS OYECBH/I-
HBIM, YTO paHee CYyIIecTBOBABIIAs THIIM3ALMs CMAaudBAEMOCTH HE SIB-
JISIeTCs TIOJTHOM M3-32 OTCYTCTBUS ydeTa MUKPOCTPYKTYPHBIX HEOJHO-
pomHOCTe# macta. ABTropamMu [3] ObUIO BBEIEHO HOBOE TMOHSTHE
«MUKPOCTPYKTYpHasi CMauMBaeMOCTb». [laHHOE MOHSATHE YYHUTHIBAET
TOT akT, 4ro ruApoMIbHBIE U THAPO(YOOHBIE YUACTKH CMAYHBAHUS



MPUYPOUYCHBI K OpaM M KamwuisipaM OTpeelIeHHOTO pa3Mepa U KOH-
¢urypamym, 9To NpUBOJUT K HEOTHOPOAHOCTH CMAauyMBaHUS HA YPOB-
HE OTIENBHBIX MOop (MUKpOYypoBeHs) [§; 9; 10].

MHUKpPOCTPYKTYpHAsI CMauuBacMOCTh NMPUBOAUT K HEOOBIYHBIM SIB-
JICHUSIM TIpU ABYX(a3zHoW QuibTpanuu u TpeOyeT CeuraabHOTo yue-
Ta yis 0OOCHOBaHHMSA TEXHOJOTMH M3BICUCHHS YTJICBOAOPOIOB H3
IUIaCTOB ¢ MHUKPOCTPYKTYPHBIM THUIIOM CMauuBaHus. BbvIsiBIeHO, 4TO
MHUKPOCTPYKTYpHasi CMauMBacMOCTh BIHAET Ha (Da3oByl0 M OTHOCH-
TeNbHYI0 ()a30BYI0 MPOHULIAEMOCTH: Ha (OpMY KPHUBOW OTHOCHTEINb-
HOW ()a30BOM MPOHMIAEMOCTH BIIMSIET TO, KAKHE MMEHHO 3JIEMEHTEHI
CTPYKTYpBI ITOPOBOTO TPOCTPAHCTBA (MENKHE MPOBOJSIINE KAIHILIA-
pBl WIIM KpYITHBIE TOPHI) SBISIOTCS CMauyMBacMbIMU BOJOH. Mukpo-
CTPYKTypHas CMa4MBacMOCTh BIIUSET TakKe Ha KaNWJULIPHOE aBie-
HHE, HEMOJIBM)KHYIO BOJIO- M HE(TEHACHIILICHHOCTh, U B KOHEYHOM
uTore 00YyCIaBIMBAET YIIEBOJOPOJOOTAaUy miacta [14].

3.4. lNeonoro-chunsnyeckune ycnosusi hopmmpoBaHus
MUKPOCTPYKTYPHOM CMa4ynBaeMocTu

Hrak, B mporecce ruapodoOH3auy yMEHBIIACTCS KOJIMYECTBO
CBOOOJIHBIX TOpP, HE()Th 3aHUMAET TIOPBI PAa3HOTO pa3Mepa U B Pa3HBbIX
¢dopMmax (TUIEHOYHAsI, MEHHCKOBasi, KOHTAKTHAS), U3MEHICTCS KOH(DH-
rypamus TOPOBOTO MPOCTPAHCTBA (B MPUCYTCTBHU YIJIICBOJIOPOIIOB
KOHQUTYpaIus CrIaXUBaeTCs). DTH SBICHHUS MPUBOIAT K HEOOXO -
MOCTH J€TANbHO M3Y4YUTh (QU3UKY THIPOPOOH3aUN Ha MHKPOYPOBHE.
lunpodoOuzanuss Ha ypoBHE TOp U KaHAIOB (POPMHPYET MHUKPO-
CTPYKTYPHYIO CMayMBaeMOCTh, T.K. TOPBI PA3JIMYHOTO pa3Mepa U
¢dopMbl 10-pazHoMy THIPOGHOOU3UPOBAHKI H, CIEIOBATEIBHO, UMCIOT
Pa3IMYHYI0 CMAa4uMBacMOCThb. B pesynbraTe aacopOIMu aKTUBHBIX
KOMIIOHEHTOB He(TH Ha MOBEPXHOCTH He(TEBMEIIAIOIUX IMOPOX
(hOpMUPYIOTCS yIaCTKH C H3MCHEHHOW CMa4YUBaEeMOCTBIO.

Bo3HNKHOBEHHE MUKPOCTPYKTYPHOW CMauWBAaEMOCTH OIIPEEsIeT-
Cs CTaausiMA (POPMUPOBAHMS U U3MEHCHUS COCTOSIHUS 3aJICkKEH yriie-
BOAOPOAOB [4]. MOXHO BBIACTUTH CICAYIOLINE 3TAlbl: MEPBUYHOE 3a-



MEIeHHE BOJBI HE(ThIO (MEPBUYHBIN APEHAX); aJCOpOLUOHHOE B3au-
MozelicTBUEe He(PTH ¢ MHUHEpajaMH, CIararolliMi BHYTPHIIOPOBYIO I1O-
BEPXHOCTD; TIEPHOIUUECKOE 3aIOTHEHHE JIOBYIIKH BOJIOH (CIIOHTaHHAs
MPOIUTKA); N3MEHEHUE TUIACTOBOTO AABICHHS (BBIHYKACHHAS MIPOIHT-
Ka; Toclenyomee BHenpeHne HeTH (BTOPUUHBIM ApeHax). Bce atu
aTanbl (HOPMHUPYIOT CTPYKTYPY HPUPOAHOTO HEPTEHACHIECHNS KOJLICK-
topa [13]. Ha ypoBHE OTAEIBbHBIX MOpP paclojoKeHue HEePTH M BOABI
KOHTPOJIMPYETCSl KaTWUIAPHBIMU CUJIaMH, BeTMUYMHA KOTOPBIX 3aBUCHT
OT JIOKAJIbHBIX PaANyCcOB KPUBH3HBI TPAHULBI pa3ziena Ga3 U Haludus
BOJIOHE(TSHBIX IJICHOK Ha IOBEPXHOCTH TIOP.

®opMHpPOBaHUE MUKPOCTPYKTYPHOM CMadMBaeMOCTH paccMaTpH-
BaeTCs Ha MOJIENH TIOPhI B BUAE CUMMETPUYHOM 3Be31bl (puc. 3.1), Ko-
I/1a YeThIpEe CTEPKHS WM MECUMHKH, CONPHUKACcaACh PYT C JIPYTroM,
00pa3yloT ceueHHe, B LEHTP KOTOPOr0 MOYKHO BIHCATh OKPY>KHOCTb.
I'paBUTAalIMOHHBIMU M KOHLIEBBHIMU CHJIaMHU TipeHeOperarot [21].

Puc. 3.1. Cxema npounecca 00pa3oBaHis MUKPOCTPYKTYPHOI
CMAa4YMBaeMOCTH: 1 — ruaIpoduIbLHAS IOPa Noc/Ie IPOHUKHOBEHHSA
He(dTH, 2 — TOPa €O CMEIIAHHOH CMaYHBAEMOCTBIO,

3 - caMONpoOM3BOJILHAS NIPONNTKA, 4 — BLIHYKICHHAS IIPONUTKA



Kanunnsapaoe nasnenue P Ha ypoBHE OTAEIBHON TOpPBHI B COOT-
BETCTBUM ¢ ypaBHeHHeM lOHra-Jlammaca 3aBHCHT OT ITIaBHBIX pajidy-
COB KpUBH3HBI 77 U F2 U TIOBEPXHOCTHOT'O HaTsbKeHMs (8). OmHako B
npouecce (GopMUpoBaHUs 3aiexu He(Th 3aMelIaeT BOLy HE MOJHO-
CTBIO, U B HEKOTOPBIX YacCTsIX MOPBI OCTaeTcs Boja, o0pa3ys cMayu-
BAIOLIYI0 IUIEHKY Ha BHYTPUIIOPOBOM MOBEPXHOCTH. OTa IUICHKA,
TOJIIMHOU 4 TeHepupyeT pacKiInHuBaromee aasieHue [1(4), o0ycnos-
JICHHOEe cuiamu JlepsArnHa, KOTOpble HEOOXOAMMO YYecTh B KaIluJl-
JIApHOM pAaBieHUH. COOTBETCTBEHHO, PACIIMPEHHOE COOTHOIICHHE
IOwnra-Jlamnaca i kanuuIIpHOTO JaBiieHus Oynet (popmyna 3.1):

n), (3.1)

PacknunauBaromiee naBieHue 7(7) 3aBUCHT OT TOJNIIUHBI CMayu-
Baromeil miueHku 4. s ToHkux mieHok (~100 um) Benmuuuna n(h)
BEJIMKA [0 CPABHEHUIO C JAPYTUMHU wieHaMmu cooTHorienus (3.1). s
IUIOCKUX YYaCTKOB IUICHKH PaBHOBECHOE KAMWUISPHOE JaBIICHHUC
Pe=n(h).

PacknunuBaroiee aBjieHUE KOHTPOIHMPYET W JIOKAIBHBIA YTroj
cmaunBanus (O) (popmymna 3.2) [27]:

cosO-1=1T B O™, -h)n(h) (3.2)
oL-»

rne h, hp - paBHOBeCHas: U 0a30Bas TOJIIMHA TUICHKH PaCcKIMHUBAKO-
miero naBneHus; £ - QUKTUBHAS mepeMeHHas MHTerpupoBaHus. B co-
otHoweHuu (3.2) hp/am<<l (am - cpenHUi pagnyC OKPY>KHOCTH, BIIH-
caHHbIH B opy). s Toncteix mieHok O = 0, ans Tonkux 0< O <90 .

U3 cootHomenus (3.2) cmemyer, YTO JOKaNbHBIA yrojl CMaduBa-
Hust (O) 3aBHCUT OT KOH(QUTypanuu KpUBU3HBI BHYTPHUIIOPOBOTO TPO-
CTpaHCTBA M XapakTepa MapamMeTpoB IUICHKH MpPU 3aMELICHUH BOJBI
HedThIO.

Hwxe npencrasieHs! 3tansl (GOPMHUPOBAHUS YTICBOAOPOAHON 3a-
JIEKH.

1. IepBuuHbIii ApeHak U aacopouusa achaabTeHoB. B npupon-
HBI TOJTHOCTBIO BOJOHACKHIIIEHHBIA KOJUIEKTOP (BCE MOBEPXHOCTH U



YTJIBI TIOP 3alOJIHEHBI BOJIOW) HAYWHAET MOCTynaTh HedTh. HedTh 3a-
HHUMaeT LUEHTPAJIbHYIO YacTh MOPHI, B yrjiaxX MO-TIPEKHEMY OCTaeTCs
Boja. [Ipu 3TOM KamwIsIpHOE NaBJICHUE YBEIUYUBAETCS, MJICHKUA BO-
Ibl MCTOHYAIOTCS U PACKIMHHUBAIOUICE AaBICHHUE YBEIMYMUBACTCA.
VY Kax10#1 Mopsl CBOE KAMWJUIIPHOE AABICHHUE HA BXOXE, KOTOPOE 3a-
naetcst ¢opmysiord 3.3 (ans mop B BUAE 3BE3Jbl C YIJIOM CMadyWBa-
Hus = (°, KanmwuIIpHOE NaBJICHUs BXona 3aaaetcs ¢dopmyinoi 3.3).
Taxxe kaxxgas pasMepHas Mopa UMEET CBOE KPUTHUECKOE KaIMJUIsIp-
HOE JaBjieHHe, KoTopoe 3amaercs ¢opmyioi 3.4. Ilpu gocTmxeHuu
€ro, IJICHKa BOJBI CTAHOBUTCS HECTAOWIBHOW W TOJBEPXKCHHOM HC-
TOHYECHHIO U pa3pbIBy [27].
ap (

= 1,86, (3.3)
CT

P =Ilmax —G/2—1)/a 34

roe a - paauyc BIMCAHHOM B 3BE3J000pa3HYyI0 MOPY OKPYKHOCTH,
(Pe)e -KamMIUIIPHOE JaBlICHUE Ha BXOAE, (T — MOBEPXHOCTHOE HATSKe-
HHE, N -KPUTHYECKOE pPacKIMHUBAIOIIEE JaBiieHne, P* - Kammi-
JSIPHOE JTaBJICHUE.

B cambIX KpyIHBIX Opax KanWUIIPHOE AaBJICHUE BBICOKOE, B HUX
HE MPOUCXOIUT aAcopOuus achalbTeHOB HAa HAYaJbHOM JTalle Jipe-
HaKa, MMOCKOJIBKY OHH 3aIlUIIEHBI TOJCTHIMH IJIGHKAMH BOJBI, Yepes3
KOTOpBIe ac(albTeHBl HE MOTYT NPOHUKHYTh. HedTh mocTynaer B mo-
pBI CpeHero pa3Mepa, MPU 3TOM IUICHKH BOJBI HUCTOHYAIOTCA A0 MO-
JIEKYJSIPHBIX, @ YTJIBI IOP OCTAOTCS BOJOHACHILIEHHBIMU. Camble Ma-
JICHBKUE TOPBI, KOTOPBIE HE 3allOJHWINCH HEPTHIO, CTAU MOTHOCTHIO
3aroJiHeHbI Bozol (puc. 3.1, 1).

TakuM 00pa3oM, MBI MOJYYHJIM CMEIIAHHYI) CMauMBacMOCTh Ha
YPOBHE OTAETBbHOM mopsl (puc. 3.1, 2).

2. Cnonrannas nponutka. [Ipu usmeneHnn yciosuii popMupo-
BaHUsI 3aJIEKU MM €€ YaCTUYHOTO pa3pyLICHUs KamULIPHOE JaBiie-
HHE YMEHBINACTCS, U BOJa HAYMHAET BIIUTHIBATHCS CAMOIIPOU3BOJIBHO.
[To mepe yMeHbIIeHHS KamWULPHOTO NaBIICHHS MEHHCKM B IMOpax
0o0pa3yloT BIHMCAHHYH OKpyxkHOCTh (Pucynok 3.1,3a), koropas He
crabuibHa, U He)Th HAYMHAET pa3AessIThCs Ha HWIMHAPHI C TOIycde-



PUYECKUMH OCHOBaHHSMH, KOTOPbIE PacHpeAeisaioTCcs BAOIb MOp, Ha-
CBIIICHHBIX BOAOW. DTH LHMIMHAPHI YK€ HE 3aBUCAT OT KaIMJUIIPHOTO
JaBJICHUS ¥ TOIMAJAIOT B JIOBYIIKH. B ciyyae cMenraHHO cMaduBae-
MBIX TIOp CIIOHTaHHAsl IPOIHUTKA UMEET C1a00 BHIPAKEHHBIH XapakTep
(puc. 3.1, 30). B arom ciyuae cpemHue TOPBI B IEHTPE COJIEPIKAT
He]Th, a B YIJIaX — pacTBOp.

3. Boiny:kaeHHasi nponuTKa. Bo BpeMsi IPOHUKHOBEHHUS! BOABI B
MOPOJy caMble MaJleHbKHE IOpBI 3allOJHEHBI PAaCTBOPOM, a Camble
Oosipiive - He(ThIO, MOMAaBHICH B JIOBYIIKM Ha CTaIHH CAMOIPOM3-
BOJIbHOH MNpPOMUTKK (KOTOpble paHblle ObUTM HACBHIIIEHBI BOJOK).
B atom ciy4ae naBieHue BOAHOM (a3bl MpeBhIIAeT AaBleHUE HEPTS-
HOU (a3bl U, CIEAOBATENHHO, KAMWLIAPHOE AaBJICHUE CTAHOBHUTCS OT-
punaTensHBIM. B 3TOM ciydae HeTh OyneT HaXOAUThCS B yrilax Mop,
a pactBop OyzmeT 3aHMMaTh ILCHTPAIbHYIO 4YacTb CTEHKM MOp
(puc. 3.1, 4). Cuwuraercs, 4TO 3Ta IUICHKA CTaOWMJIbHA, a PACKIMHU-
Balolee AaBjeHue HeTH oTTankuBarouiee. [losToMy BHYTpHIIOpOBas
TBepJas MOBEPXHOCTh IOJHOCTHIO HackileHa HedThio. Ilo mepe
YMEHBIICHUS KaNmWUIPHOTO JaBJCHUS B OTPULATENbHYIO 00JIAaCTh,
HE(QTb CTEKAeT C JIMH3BI M KOTJa JIMH3a MOYTH HE COICPKHUT HEPTh,
JBe TIOBEPXHOCTH BOJAa-HE(PTH BcTpewaroTcs. Jlamee BO3MOXKHO JBa
BapHaHTa MMOBEJCHUSI HEPTAHOW JMH3BL: |. JIMH3a CTAHOBUTCA HECTa-
OubHOM 1 pBeTca. Hebompuioe KonuyecTBO HEPTH M3 JTUH3BI TIPOXO-
IUT 4Yepe3 HENpPEepbIBHYI0 HE(PTEHACHILICHHYIO MOBEPXHOCTb K OJHn-
XKaWIIMM TIOpaM M pachpelessieTcsi MOPOBHY MEXIY OCTaJIbHBIMHU
TUH3aMKd He(TH; 2. MJICHKAa KaK BOJOHE(TAHAS SMYJbCHS CO3JacT
MOCT, KOTOPBI COETUHSACT YIJIbl TTOp. DTa MJIeHKa cTabuibHa Mpy 3a-
JaHHOM KalmWUISIpHOM NaBieHud. Ecnu mieHka HecTaOwibHa B 3a-
JaHHOM JAMana3oHe KamWUIIPHOTO JAaBJICHUS, TO MPOMCXOAWT Bapu-
ant 1. B mo6om cnydyae HedTeHACHILICHHOCTh OYAET YMEHBILIATHCS JI0
octatoyHoi. HackimeHHoCTh a3aMu B 3aBUCMOCTH OT pa3Mepa mop
MPU CMEIIAaHHON CMaYyrBaeMOCTH OyAET BBIIIAACTh TaK: MeJIbYaiInne
MOPBI OCTAIOTCS 3allOJHEHBI PacTBOPOM, B HHUX HE CMOIJIA HPOWTH
He]Th, MOPBHI CPEAHEr0 pa3Mepa (CMEIIAHHO HACHIIICHHBIE) TOJIHO-
CTBIO 3aIOJIHEHBI BOJOH, KpOoMe HeOOJBIIOro KOJWYecTBa HEPTH B
BUJIE TOHKMX HE(TAHBIX IUIEHOK BJOJb TBEPAOI MOBEPXHOCTH IMOPEI



WX B BUJIE TOHKUX BOJOHE(TAHBIX 3MYJILCHOHHBIX MJIEHOK, KOTOPbIE
OXBATbIBAIOT KX YTOJIOK TOPHI, a camble OOJIbIINE MO BEJIUYUHE
MOPBI MTOJIHOCTBIO HACBIIIEHHBI BOIOM.

4. BropuuHblii apena:xK. BTopuuHbll OpeHax IUis HePTAHOU
JUH3BI OyJeT MpoTeKaTh Mo-pasHOMY. B MHUKpOCTpYKTYpHO-CMauuBa-
eMBIX MOpax B Cilyyae HEYCTOMUMBOH He(TSHON NMH3BI HEe(TSIHBIC
rieHku crymatores (puc. 3.2, 1). [lo Mepe yBenuyeHUs1 KaOWJUIIPHO-
ro JaBiieHHs He(Th MPOJOIKAeT BHEAPSATHCS BAONL CTEHOK IIOP.
Boanslii pacTBop (KOTOpBIH HAXOJUTCS B LICHTPE MOPHI) IIepecTpanuBa-
eTcs B MIUHIPUIECKUE KAIUTH ¢ MONyC(HEepUIEeCKUM OCHOBaHUEM, KO-
TOpBIE OXBaTHIBAIOT CeueHHE mop. B pesynbraTe 3TOr0 pacteop 60Ib-
1€ He UMEET CIJIOUIHYIO CTPYKTYpPY, CTAHOBUTCS MPEPHIBHBIM B II€H-
Tpe Top, a HeTh COXpaHsIeT CBOE MECTONONOXKEHHE (Kak He(Th B JIO-
BYIIKAX).

Bo3pacTaHue Pc

Puc. 3.2. Cxema BTOPHYHOIO IpeHAMkKA
B MHKPOCTPYKTYPHO-CMAa4iBaeMoii nope:
1 - ctabnabHast BOXO-3MYJILCHOHHAS IVIEHKA, 2 — HecTa0M/IbHAasl JINH3a

B MHKpOCTpYyKTYpHO-CMauMBaeMbIX MOpax HEPTh TaKKe MPOHHU-
KaeT B OOJblLINe, HACHIIIEHHBIE BOJAOW MOPHI (KaKk M B CIydae camo-
MPOM3BOJIBHON MPOMUTKH). DTa He()Th MPUCOETUHSIETCS] K OCTATOUHON
HedTH, KOTOpas HaXOAHUTCS B JoByIIKax. OMUCaHHBIN NpOLECC AJINT-
Csl 10 MOMEHTa JOCTI)KEHUS MaKCHMaJIbHOTO KalmWUIIPHOTO JaBJie-
HHSL.



B caydae cTaOWIBHBIX BOAOHE(PTAHBIX SMYJBCHOHHBIX IUJICHOK
He()Th pacnonaraeTcs B yriax mop (puc. 3.2, 2). Ilocie poctmkeHus
HEYCTOHYMBOTO IMOJIOKECHUSI B LIGHTPE MOPBI, pa3apobieHHas HedTb
BBITEKAET, & BOJA TAKKE TepseT CIUIOIIHYIO CTPYKTYpy U 0Opasyer
¢dopMy mmiaMHApa ¢ NonycepruyeckKUMU OCHOBAaHHUSAMH, KaK W B TIep-
BOM CIlyYae.

C yBenuueHHEeM KalnWUISIPHOTO JABIEHHUs HEPTh MOCTYHaeT B BO-
JIOHACKHIIICHHBIC MTOPBI M COCTUHSACTCS C OCTATOUYHON He(ThIO, KOTOpast
Obuta 3axBayeHa. [Ipu 3TOM KamwsipHOE NaBliCHHE YBEIUYHMBACTCS
70 MakcUMaJbHOro. B 00ouX cilydasix OTCYTCTBYIOT MOJIEKYJISIDHBIE
TUIEHKU BOJBL.

Hacpimennocts Qa3zaMu B 3aBUCHMOCTH OT pasMepa mop Oyner
BBHITJIAZETh TaK: B MHKPOCTPYKTYPHO-CMayMBaeMbIX IOpax (CpeaHue
MOPBI) B yIJIax Nop OyJdeT HaXOIAWTHCS PacTBOP, B LEHTPE MOPHI pac-
TBOp TPEpBIBACTCS, a TAKXKE MPUCYTCTBYIOT HETIPEPHIBHbIC HE(TAHBIC
TIeHKH. B kpynHbIX mopax HedTh OyAeT pacnonarateCsi B HEHTPE I10-
PBI, @ B yIJIax Op - PacTBOP C IUIEHKOW BOJBI HA CTEHKAX.

Takum 00pa3oM, eciau BoJOHE(TIHAS HIMYJIbCHOHHAS IIJICHKA CTa-
OuibHa, TO pacTBOp (OPMHPYETCS NPH TONOKUTEIBHOM KalMJUIsp-
HOM JaBneHud. Ecnu BogoHe(TsHas 3MyJbCHOHHAs IUJICHKa HECTa-
OuibHA, TO pacTBOpP (POPMHUPYETCS IPH OTPULATEIIEHOM KaIMUIIPHOM
JaBJICHUH.

PaccmoTpenHass Mofens MHKPOCTPYKTYPHOH —CMaunMBaeMOCTU
HUMEET MATh BaXKHBIX NApaMeTPOB, KOTOPBIE MOTYT OBITH OINpEeIICHBI
B peaJbHBIX YCIOBUSX: MaKCHMalbHOE KalWUIIPHOE [ABICHHE Ha
BXOJle, MUHUMAaJIbHOE KalmWJISIpHOE JaBlieHHE Ha BXOJE, MAaKCUMallb-
HOE pacKIMHMBAIONIEE NaBieHHe, (popMa Mop U pachpeacieHue mop
10 pazMepam.

MakcumManbHOe KanWUIsIpHOe AaBjeHne Ha Bxone. [Ipu mep-
BUYHOM JIpEHAXE C YBEIMYECHHEM MAaKCHMAIbHOTO IPHUIOKEHHOTO
KalTWUIAPHOTO JaBJIEHUs pa3phIBAIOTCS TOJCTHIE IJIEHKU BOJBI 10 MO-
JEKYJSPHBIX M TOBEPXHOCTh TOpP CTAHOBUTCS HE(TEHACHIICHHOM.
Ora popmynupoBka cornacyercs ¢ peynbratamu Salathiel. Korna Bce
TOJICTBIE IIJICHKH BOJBI Pa30pBaHbl M HET JUIMHHBIX BOJIHBIX IyTEH,
KallMJUIIPHOE JaBJICHUE HAuWHAET CHUXKAThCS JO MHHHUMAIbHOTO U



Janee CTpeMuTbcs K Hymo. [Ipu 5TOM cMemaHHash cMauuBaeMOCTh
MOp COXpaHseTcs, TaK Kak B OOOHMX Cllyyasx MOBEACHHUS He(TIHON
JIMH3BI YTJIBI TO-TIPEKHEMY OCTalOTCSl HachlmieHbl Bojgod. C pocTom
MAaKCHMAJILHOTO PACKJIMHHBAIOIIET0 aBJEHUs TUICHKU BOJBI CTa-
HOBSTCSI HECTaOMJIBHBIMH, TOHKAMH HJIH Pa3pbIBAIOTCS, MOBEPXHOCTD
cTaHoBUTCS TuApodoOHO. Mopma MOP TaKKe OKa3bIBACT 3HAYH-
TeNbHOE BIHMSHUE HA pacmpelelieHHe Hachmarommx ¢as. Hanpumep,
B BOTHYTBIX (hopMmax mop (dhopma riasza, puc. 3.3, a) TOHKHE TUICHKU
pacTBOpa BBIPABHHMBAIOT CTEHKH CaMBIX KpPYNHBIX II0p, MO3TOMY
KpYIHBIE TOPBI CTAHOBATCSI CMEIIaHHO-CMAaYMBAaEMbIMH. B BBITYKIIOH
¢dopme mop (cuMMeTpUYHas 3Be3la, puc. 3.1) TOHKHE IJICHKH PacTBO-
pa Taxke HaxOAATCS B CaMbIX KpYNHBIX mopax. dopma mop B Buzae
HEpaBHOCTOPOHHETo TpeyroibHuKa (puc. 3.3, 0) HapymiaeT 1enocT-
HOCTH IJICHOK BOABI M BCE MOPbHI CTAHOBATCS HEPTEHACHILICHHBIMH.
B Takux mopax ocratoyHas He(TEHACHIILIEHHOCTh OYyAET MEHBIIE, YeM
B MOpax B BHJEC CHUMMETPWUYHOW 3Be3lbl M TWaza. B mopax B Buae
acUMMeTpuuHOW 3Be3abl (puc. 3.3, B) OyaerT MeHbIIas aacopOIus
HedTH U Gonee BbIcOoKas HedTenoObva. Y mop B GopMe CUMMETpHUY-
HOM 3BE€3/Ibl CO CKPYIJIEHHBIMH yriamu (puc. 3.3, r) (MHHEpaisl pac-
MoJIararoTcss MEXAY 3€pHaMH) Bce CTEHKM mop OyayT HeTeHachl-
LIEHHBIMH, MTOCKOJIbKY HM3-332 CKPYIJICHHOW (DOPMBI YITIOB PacTBOpP HE
OyzaeT 3aepKUBATHCS B HUX JaXKe MPH BBHICOKOM KalMUIIPHOM J1aB-
nenun. Pacnpenesnenue nop no pasmepam. [Ipu yMeHbIIEHHH COOT-
HOLIEHUS! OOJBLIOro pa3Mepa Mop K MajJoMy KOJIMYECTBO OCTaTOYHON
HedTH yMmeHblaeTca. Yem Oonblle TOp CpeAHEro pa3Mepa (cMelaH-
HO-CMa4MBaeMBIX), TeM Oouiblne u3Biekaemoil Hedtu. Ecnu u3 pac-
npeesieHus op Mo pa3mMepaM yopaTh caMmble MaJeHbKHE TOpPbI (MHK-
POIOPBI U MaJEHbKUE TPEIIMHBI), KOTOPhIE OCTAIOTCA HACHIIIEHBI BO-
J0H, TO OcTaTo4Has BOJOHACHIILICHHOCTh YMEHBIIACTCS, MPH STOM
(OpMBI KPHUBBIX KaNWJUIAPHOTO JAaBJICHHS HE W3MEHSIOTCS, a MPOCTO
CIBUTAIOTCS BJIEBO, IIApaMETPhl CMaYMBAHUS TAKXKE HE M3MEHSTCSL.

C moMmomp0 HU30TEPM PACKIMHUBAIOLIETO ABICHHS BO3MOXKHO
MOJIEIIUPOBATh CUCTEMBl C CaMOW pPa3HOM CMAuMBAaeMOCTHIO, B TOM
YrciIe KOIr/la OJHA YacThb MOBEPXHOCTH BOAOHACHILIICHA, a Apyras -
He(TeHaCHIIIeHa.



Puc. 3.3. AsbTepHaTnBHbIe (GOPMBI NONEPEYHOT0 CEYCHHS:
(a) ¢popma rnaza, (0) HempaBMIIBHBIH TPEYrOJbHHUK, (B) ACCHMETPUYHAS
3Be3/1a, (r) ¢popMa 3Be3/1bl ¢ MHHEPAIBLHBIMH OTJIOKCHUSMHU B YIj1ax

Uzyuas B3aumopeiicTBiEe MeXITy (HOpPMOIA MOPBI U XUMHUEH TOHKUX
IJICHOK, MOKHO IPEJCKa3aTb CMEUIaHHYH CMaduBaeMocCTb. Hampu-
Mep, CaMble KpYIHbIE 3BE34000pasHble MOpPHI MPEeIOTBPALIAIOT af-
copOuuo acaibTeHOB HM3-3a MOKPHITUS CTEHOK TOJICTBIM CJIOEM BO-
Ibl, TIOOTOMY B TaKHMX IOpax oOpa3oBaHHE CMEIIaHHOW CMadnBacMO-
cTH 3arpyaHeHo. C Apyroil CTOPOHBI, HA CTEHKaX CPEeIHUX IO pa3me-
Py 3Be34000pa3HbIX MOP NPUCYTCTBYIOT MOJIEKYJIAPHBIC TOHKHE TUICH-
KM BOJBI, KOTOPBIE MO3BOJSIOT OECIPENATCTBEHHO ancopOUpoBaThCs
acanpTeHaM Ha CTaJuH NEPBUYHOTO JPEHaKa, YTO MPUBOAMUT K BO3-
HUKHOBEHMs CMEIIaHHON cMadnBaeMocTd. Camble MaleHbKHE 3BE3-
N000pa3Hble TOpBl OCTAIOTCS BOJOHACHIIICHHBIMU, TaK KaK B HHUX
HEQTb HUKOTJa HE POHUKAJIA.

B mepuoa BeicOKOA(PEKTUBHOTO 3aBOAHEHHSI CMEIIAaHHO-CMayH-
BaeMOH CHUCTEMBI 00pa3yrOTCs TYCThIC MJICHKH WM PyYbd HEPTH, KO-
TOpBIE HapsiLy ¢ 0Opa3oBaHHEM IJICHOK HE()TH TaKXKe 3aroHSIOT yT-
nel nop. JpeHaxk HeTH MPOXOXUT OueHb MeaieHHo. OcTaTroyHas
He(TEHACHIILIEHHOCTh MOXKET BO3HUKATh B BOJOHACHIIIEHHBIX OOJac-
TaX. HecHmkaemast BOZOHACHIIEHHOCTh (POPMHpPYETCS aHaJIOTMYHBIM
CI1ocoooM.



BbiBoAbI, MONydyeHHBIE M3 aHAIM3a MEXaHU3MOB 0Opa3oBaHHUS
MHUKPOCTPYKTYPHOU THAPO(OOH3aLNN COTIACYIOTCS C pe3yibTaTaMu
pabor [16; 25; 21; 27; 15; 22; 23], aBTOPBI KOTOPBIX TAKXKE JACTATHHO
M3y4aay CMEIIAHHYI0 CMAayMBaeMOCTh Ha MOPOBOM YPOBHE C IOMO-
IIbI0 KPHO-CKaHUPYIOIIEro MUKpocKona. Hapsty ¢ BEISIBIEHHBIMH 3a-
KOHOMEPHOCTSIMH  JICOPOLIMHM  yTIIEBOJIOPOZOB B 3aBUCUMOCTU OT
(GopMBI, pa3Mepa W pacmpelesieHHus IMOp, OHH TaKkKe HCCIeI0BaH
BJIMSHHE MUHEPAIOTHYECKOTO COCTaBa (COCTaB M pa3Mep YacTHIl,
MNPUCYTCTBHE TJHMH) BHYTPHUIIOPOBOH MOBEPXHOCTH Ha aAcopOLUio
BoIHOW W He(TsHOU (a3bl. B pesynprare 3THX HCClenOBaHUI ObUTH
CAENaHbl BBIBOJABI O TOM, YTO COCTAaB MOPOABI Takk e CYIIECTBEHHO
BIIMSIET Ha aJcOpOLIMOHHBIE POLIECCHl. B yacTHOCTH, B BBIAEPKAHHBIX
B He()TH TEPPUTECHHBIX 00pa3lax MPUCYTCTBUE B HUX YACTUI] KAOJH-
HUTa CHOCOOCTBOBAJIO aAcOpOLMY HEPTH HA 3TUX YACTHULAX, HPUUEM
9Ta aAcopOLUs MPOMCXOJMIa CENEeKTHBHO, B TO BpeMs, KaK HIUTUT
B3aMMOJEHCTBOBAJ TOJBKO C COJIEHBIM pacTBOpOM. J[isi kKapOOHATHBIX
00pasloB CYIIECTBEHHOE BIMSHME Ha (HOPMHUPOBAHUE CMEIIAHHOM
CMauyMBaEMOCTH OKa3bIBAIOT pa3Mep MOp M UX pachpeacieHue: HedTh
BTOpraercs B KpyIHEWIINe MOpbl, B TO BpeMs KaK MEJIKHE OCTaloTCA
0e3 HedTH BCIENCTBHE HEAOCTATOYHOTO KANMUIPHOTO JABICHHMS.
BrinepxuBanue MOXKET 3aT€M NPUBECTH K aicOpOIUH MOJSPHBIX CO-
eIMHEHUH HEPTH Ha OTKPBITHIX MOBEPXHOCTAX HEIMOCPEACTBEHHO HIIH
yepe3 TOHKYIO IUIEHKY pacTBopa. JTH MOBEPXHOCTU CTaHOBATCS TH/I-
podobueMu [25]. M3ywas kapOOHaTHBIE MOPOJBI MECTOPOKACHUS
CaynoBckoii ApaBud, aBTOpHI [22] moKa3aiu, YTo HEPTH HE MOMaLaeT
B TIOPHI MaJIOT0 pa3Mepa He TOJIBKO M3-3a HEJOCTATOUHOrO Kaluyuisip-
HOTO JIaBJI€HMs U BPEMEHHU COCTapHBaHMS, a €lle IOTOMY, YTO pa3Mep
MOPOBBIX KaHAJIOB MEHBIIE, YEeM YacTHLBl acgaibTeHa, I03TOMY
OoJiblIMEe MOPHI M KaHAJIbl CMOYEHBI HE(THIO, a MaJICHbKHE — BOJAOW.
[ponecc cocrapuBanus 00pa3LoB MPUBOAUT K TOMY, YTO HE(TH CBO-
0o/HEe NMPOHUKAET B MOPOBOE MPOCTPAHCTBO M paCIpeleseTcs Mo
crenkam nop. [Ipu TakoM cocTossHUM HE(Tb MOKET MPOHUKHYTH B
MHUKpPOTIOpBI pazMepoM oT | 10 10 MkM.

Astopsl [20] moka3anu, 4TO ypoBeHb KapOOHATHOCTH M HaJIWYue
[JIMHUCTBIX MHHEPAJIOB BIMAET HA CMAadyMBAIOIIUE XapaKTEPUCTHKH
HCCIIeI0OBaHHBIX 00pa3ioB. HanpumMep, 00pasiibl ¢ BEICOKOH CTETEHbI0



kapOonatHoctu (Bbime 30%) Oosee TuapodoOHBL. B obOpasmax co
CpeIHMM YpPOBHEM KapOOHATHOCTH THII CMAuMBAHHUS MOXKET OBITh
CMEIIAHHBIM WJIM TIPOMEXYTOYHBIM. MUKPOCTPYKTYpHasi CMadnBae-
MOCTh B OTOM Cily4yae OyJeT MpOSBIATHCS, KOTJa BCsS MOPOBas I10-
BEPXHOCTh IMOKPBITA TOHKHM CJIOEM OPraHHYEcKOro BeuiecTBa (Ipu
3TOM TIOKa3aTelH CMaylMBaeMOCTH MO0 AMOTTY OyAyT MMETh HU3KHUE
3HAUCHUS) WM KOTJa HEKOTOphIE O0JACTH MOBEPXHOCTH OyIyT IO-
KPBITBI YTIIEPOAOM U TUIPO(OOHBI, a OCTalbHbIC UMETh HU3KHUH YpO-
BEHb KapOOHATHOCTH U SIBIATHCA THAPODUIBLHBIMU.

3.5. dKcnepuMmeHTanbHble NOATBEpPXAeHUA cyuiectBoBaHuUA
MMKpOCprKTypHOﬁ cMavynBaemMocCcTu

HaubGonee wH(MOpPMAaTHUBHBIM METOAOM HCCICAOBAHUS MHKPO-
CTPYKTYPBI TOPOBOTO TPOCTPAHCTBA SBISICTCA TPSAMOE HaONIOICHUE
He()TEHACHIIICHHBIX TIOPOJ] ¢ TMOMOIIbI PACTPOBOTO 3JICKTPOHHOTO
mukpockona (POM). HccrnemoBanusl mokazaid, 4TO NPU TOABEME
KEepHa U3 CKBaXXKHHBI, HACHIIICHHOTO BBICOKOBSI3KOW HE()THIO, C TIPH-
MEHEHHEM JUJIsl KOHCEPBAllMU OOpa3IOB OJHOPA30BBIX KEPHOIPHUEM-
HBIX TpyO, €e HavabHOE MHKPOCTPYKTYPHOE pachpe/e/ieHHe Ha Io-
BEPXHOCTH 00pa3lia COXPaHAETCS.

Nzyuenue HedTeHACHIIEHHBIX MOPOJ MPOBOAMUIOCH MO JIBYM Ha-
MIPaBJICHUSM: HA OCHOBE CTATUCTHUYECKUX MOPOMETPUUECKHUX JaHHBIX,
aHaJIM3a MUQPPOBLIX N300PAKEHUIA TOP, MOJYYCHHBIX B AJIEKTPOHHOM
MHUKPOCKOIIE ¥ Ha OCHOBE MOP(OIOTHUYSCKUX MUKPOCTPYKTYPHBIX HC-
CJICIOBaHUN HE(PTCHACHIIEHHBIX 00pa3I0B B 3JICKTPOHHOM MHUKPO-
ckorie (mpsimble HaOmoneHus) [2]. KonwuecTBeHHas oleHKa conep-
JKaHUSI PaCTBOPHUMBIX YTIECBOJOPOIOB B MOPOBOM IPOCTPAHCTBE OII-
penensyiack Ha OCHOBE HM3YYCHHUs MOPOBOTO IIPOCTPAHCTBA MOPOJ B
POM, B pexume karopomomMunecueHuu [1; 18].

Jns BBISBIEHHS KAYECTBEHHBIX M KOJIWYCCTBEHHBIX W3MEHEHMM
MHUKPOCTPYKTYPBI IIOPOBOTO MPOCTPAHCTBA HA YPOBHE OTACIBHBIX TOP
W KaHaIOB B pe3yibTare TuapoQoOH3anuu ObUT MPOBEACH IKCIEPH-
MEHT C TIOMOIIBIO PACTPOBOTO IEKTPOHHOTO MUKpockora (POM).



s uccnenoBaHus OT KaXKI0TO KepHa OTHHIIMBAJIH 10 ABa 00pas-
na. OauH o0pasen uccieoBaics B HepTeHACHIIEHHOM COCTOSIHUH, a
JOpYyroi 3KCTparupoBajcst OT HeYTH. DKCTPAKLUHUIO MPOBOAWIN TOPs-
9uM c11ocoOoM crupTo-OeH30IbHOM cMecklo. [loncuer xommuecTBeH-
HBIX TapaMeTPOB MOPOBOTO MPOCTPAHCTBA IO PACTPOBBIM AIIEKTPOH-
HO-MUKPOCKOITMYECKUM Hu300pakeHusM (POM-uzo0paxkeHusM) ocy-
LIECTBISUICS C TMOMOILIBI0 MPOrpaMMbl aHannu3a n3o0paxeHui «Kom-
nekrop». [lpu aHanuM3e mMOpoMETpUYECKUX AaHHBIX C MOMOLIBIO KOM-
MBIOTEPHOI MPOrpaMMBbl JITOPUTM PACUETOB OCHOBAH Ha MOJEIBHOM
MPOCTPAHCTBEHHOM TPEJICTABICHHUH ITyCTOTHOTO IMPOCTPAHCTBA Kak
CHCTEMBI MOp U KaHaJioB. [Ipy 3TOM MOpBI M KaHAJBl TPUHLIUAAIEHO
pa3nuy4aroTcs, TO €CTh IMOPBl PACCMATPUBAIOTCS KaK BKIIOYCHHEBIE
00BEMBI C COMOCTaBUMBIMH OKBHUBAJIICHTHBIMU pa3MepaMH IO TpeM
KOOpJIMHATaM, a KaHaJIbl KaK MPOTSHKEHHBIE KaMIUIAPHI, COEIUHSIIO-
mue nopel. [IporpaMma Ha OCHOBE peaibHBIX Pa3MEPOB MO3BOJISIET MO
KaTOJOJIIOMUHECLIEHTHBIM 3JIEKTPOHHO-MHKPOCKOIIMYECKUM H300pa-
KEHHSM IPOBOJUTH Pa3leNbHYI0 MOPOMETPUIO Kak IJIsl HOp, TaK U
st kaHatoB. [lodydeHHBIE MOpoMeTpUYecKre JaHHbIE HACHIIIEHHBIX
HE(PTHIO U OTMBITHIX OT HEPTH 00Pa3LOB MOPOJ COMOCTABISUIUCE. ITO
MO3BOJIMIIO KOJTMUECTBEHHO OLIEHUTh M3MEHEHUS! MHUKPOCTPYKTYPHBIX
napameTpoB. [IpoBozst 3KCTpakuuio 00pa3oB MOPOABI OT YIIEBOAOPO-
JIOB U COIOCTAaBJISAsA MOPOMETPHUUECKHE XapaKTEPUCTHKH A0 M MOCIe
SKCTPaKLHK, MBI IOJy4YaeM COCTOSIHUE MOPHCTOW Cpelbl A0 U MOcIe
MUTpauuu HeQTH. B pesyipraTe UIMTENBHOH SKCTPAKUUM ancopOu-
pOBaHHBIE YIJIEBOJOPOABI yIAISIOTCS U3 BHYTPHIIOPOBOM MOBEPXHO-
CTH M MOBEPXHOCTh Tuapodminzyercs. Takum 00pa3oM MOIENUpyeT-
Csl IPUPOIHOE COCTOSHHME TOPOBOI moBepxHocTH [19].

3.5.1. XapakTtepucTtmka ob6bekTa uccnegoBaHus

UccnenoBanust OblIM BBINOJIHEHBI HAa KapOOHAaTHOM oOpasie u3
[IEPMCKO-KaMEHHOYTOIbHBIX OTJIOKECHUM Y CHHCKOIO MECTOPOXKIACHHUS
Tumano-Ileyopckoii HedTerazoHocHol NpoBHHUMHU. [IpoayKTHUBHEBIE
OTJIOKEHHSI HEPTSAHOW 3aJIe)KU MPEICTABICHBI CIOKHOMOCTPOSHHBIMU
KapOOHATHBIMU KOJIJIEKTOPAaMH C PE3KOW HEOJHOPOIHOCTBIO (HIIBT-



PaIMOHHBIX CBOMCTB (razomponuriaemocts ot 0,01 m/] no 4 J] u Go-
Jiee), TOPUCTOCThIO KOJUIEKTOPOB 10 30%, HACBHIIICHHBIMH HE(THIO,
Bs3KOCThIO B cpeaneM 700 clI3 B mmacToBbix ycioBusx. KosnekTopsl
TPELIMHOBATHIE U KaBEPHO3HBIC TOJIOMUTHU3UPOBAHHBIC OPraHOTCHHEIE
W3BECTHSKH, PEAKO A0JOMUTHL. HedTh OCHOBHOH 3anexu - mepmo-
KapOOHOBOM - O4eHb BsI3Kasl, MPAKTHYECKU C BAKOCTHIO I'YAPOHA.

s coxpaHeHHsT MUKPOCTPYKTYpHOTO pacrpeneneHusl HedTeHa-
CBILICHHSI MTOPOBOTO IMPOCTPAHCTBA, NpW OypeHHH Ui KOHCEPBALUH
00pasoB MPUMEHINCH OJHOPAa30BbIE KEPHOIPHEMHBIE TPYOsl [5].
Ha puc. 3.4 nokazansl goTorpaduu miacTud, OTHWIEHHBIX OT HedTe-
HACBHIIIEHHBIX KepHOB. KoJleKTopckue CBOHWCTBA 3KCTParupOBaHHOTO
obpasua Nel72-391-09, uccnenoBanHoro B POM: mnTepBan otOopa
1367,5-1367,6 ™M, mnopuctocts 15,82%, ra3ompoHULIAEMOCTh
68,83*10-3 MKM2.

Puc. 3.4. ®ororpadgus njiacTHHbI, BLINWJICHHON H3 00pa3na
kepHa Ne 172-391-09

Jluronoruueckass xapakrepuctuka odpasua Nel72-391-09. Onu-
CaHue B MUTU(AX: JOJIOMHUT MHKPO3EPHUCTHIH €l1a0b0 M3BECTKOBUCTHIN
1 caOOTIMHKUCTBIN, C BBHIIEIOUYEHHBIMH OTIEYaTKaMi OHMOKIIACTOB, C
HaJIMuMeM KpeMHuctoro martepuana (<1-3%), He]TeHachIIICHHBIH,
nopucTo-kaBepHo3Hbl (15-20%). TekcTypa NMOpUCTO-KaBepHO3HAs.
CrpyKkTypa KpUCTAJUIMYECKH-3€pHUCTAs, TOHKO-MUKPO3EpHUCTas, pe-
nukToBast OuoknactoBas. [lopona cnoxena kpuctamuiamu (<0,01 mm,
ropazio pexe 10 0,02-0,04 mm) mosiomuta ¢ poMOO3IPUUESCKON HE-
MPaBUIBHONW M M30METPUYHON (Gopmoii 3epeH. [IpucyTcTBytoT oTre-
YaTKu OHMOKIIACTOB (IPEUMYIIECTBEHHO CIIUKYJBI TYOOK, PEIKO KpH-



HOUuzieH, OpPaxHOMOAbl, TPYIHOONPEASTUMBIE PETUKTHI), IO KOTOPBIM,
KaK IpaBUiIo, pa3BUBAIOTCS MYCTOTHI BhIILEnaunBanus. HaOmoxaercs
netput (10 5%) KPEeMHHUCTBIX CIUKYJ T'yOOK, CIIOKECHHBIH Xaleno-
HOM, OMajoM, TUTMEHTUPOBAHHBIM OPTaHMUYECKHM BEIIECTBOM, M ar-
peraTHBIM KBapLeM, U €AMHUYHBIM JHOPUTOM (POC(aTHOTO COCTaBa.
TeppurenHass mnpuMech ajJeBpPUTOBOM pPa3sMEPHOCTH MpeACTaBiIeHa
3epHaMH KBaplLia M YEHIysIMH MYCKOBHUTA, €& KOJIMYECTBO KpaiiHe Ma-
7o. Akueccopuu (e1.): IMPKOH, aHaTa3. AYTUT€HHbIE MHMHEpalbl: -
KaJbIUT (€11.) - B OMOKIacTax (4aCTUYHO 3aroJIHSAET TOPHI); — MUPHUT
(mo 1%) mpucyTcTBYyeT B BHJE TOHKOPACCESHHBIX 3epeH. OTKpBIThIE
mycToTsl pazmepoM 0,01-6,5 MM pa3BuUBaIOTCS MO AETPUTY U B MEXK-
3epHOBOM TMpocTpaHcTBe. [lycTOThI M30JMpOBaHHBIE U PEAKO COOO-
HIAIOLIMECcs] UMEIOT pa3HooOpas3Hble (OPMBI, COOTBETCTBYIOIIUE (HoOp-
Me BBILIEIOYEHHOIO JeTpuTa (OKPYyIIIyl0, OBajJbHYIO, YAJMHEHHYIO,
HETpaBWIBHYIO), M YIIIOBaTyl0. B mycrorax m3penka BcTpedaercs op-
TaHUYECKOE BEIIECTBO, XAIEIOH U MOHOKPHCTAIUINYECKUH KaJbIIUT.
[IpucyTcTByeT OpraHM4ecKoe BEIIECTBO KOPHUYHEBOIO LIBETA B BHJE
MPUMAa30K U BBITIOTOB.

Jlyist onleHKHM pacmpenesieHus Iop Mo pazMepaM NPUTOTOBICHHBIE
00pasisl ObUTH KccaenoBansl B POM B pexkuMme KaToIOTIOMHHECIICH-
. [lomyyeHHsle N300pakeHUs] MOPOBOTO MPOCTPAHCTBA, MPEACTaB-
nsronme co0oit Oernple mopsl Ha yepHoM ¢oHe (puc. 3.5), ObuTH 00pa-
00TaHBl METOJOM KOMIIBIOTEPHOTO aHanHu3a W300paKeHUH W MO HUM
ObUTM pacCUMTaHbl CTATHCTUYECKUE CTPYKTYpHBIE IapaMeTphl MOpO-
BOTO IMpocTpaHcTBa (Tabnuia 3.1), a Takke MOCTPOSHBI TUCTOTPAMMABI
pacnpesiesieHus TIop U KaHAJIOB 1o pa3mepam (puc. 3.6-3.8).

a-He()TeHACHIEHHBII 0-0TMBITBIH OT He(TH
Puc. 3.5. U3MeHeHns MOpOBOro NpoCTPAHCTBA B pe3yabTaTe
skcTpakuuu HedTH 3 odpazua 172-391-09 (kaToa0HOMUHUCHEH U
B 3JIEKTPOHHOM MHKPOCKOIIe, 6ej10e — MOphI)



Tabnuya 3.1

JlaGopaTopHbIe H CTPYKTYPHBIE IapaMeTPbl HOPOBOro NMPOCTPAHCTBA
HedTeHAChIEHHOTr0 00pa3na kepHa Nel72-391-09
A0 M MmocJie IKCTPaAKINU

Ilo Iocne
9KCTPAKUUHM  JKCTPaKIHUU

Ilokasatenu

JlaGopaTopHblie mapamMeTpsbI
Koatpuuuent nopucroctw, 1. ex. 0,070 0,153
Koapuunent nponnnaeMoct, MKM2 0,0065 0,0650
CTpyKTypHBIE IapaMeTPhI NOPOBOr0 MPOCTPAHCTBA
IMopucrocts no POM, 1. en. 0,060 0,205
CyMMapHBI IepuMeTp HOp U KaHanoB, MkM  74779,46 284461,98

CyMmMapHast Iuomaap nop 1 kaHainos, MkMm2 — 403086,81 13784173
Cpenssisi II01aab 0P U KaHAJIOB, MKM) 302,16 486,90
I((J;)Heaz;}:f ;I;};AI/IBaJIeHTHHﬁ JHAMETP MOp U 19.62 24.90
CpenHuii nepuMeTp Nop U KaHalIoB, MKM 56,06 100,48
MakcuManbHbIi JUaMeTp KaHaloB, MKM 10,00 16,66
Pacuernas a¢dexTrBHAs HOPUCTOCTH 0,050 0,164
OcTtaroyHasi BOJJOHACKIIEHHOCTh, KBo 17,23 19,82
I'azonedTeHachIeHHOCTh, Kir 82,77 80,18
IIponunaemocts, Kip, Mmxml 0,0051 0,0643
[IpoHnaeMocTh KaHAIOB, MKM 0,0046 0,0602
[Iponunaemocts NOp, MKM) 0,0005 0,0041
KoopaunanuonHoe yucio 3,82 4,00

3.5.2. Pe3ynbTaTbl 3KCNEPMMEHTOB M MX O6CyXaeHue

OmnucaHHbIE CTPYKTYpHI MOPOBOIO MPOCTPAHCTBA MPOJAEMOHCTPHU-
POBaJI ©I3MEHEHUE MUKPOCTPYKTYPHI B pe3yJibTare ruapodooduzanuu.
Ha rucrorpamMme pacnpenenenus mop mno pasMepam (puc. 3.7) MOKHO
HaOII0aTh YBETMUCHHE «BUIMMON MOPUCTOCTHU MOCTIE SKCTPAKIUH.



Puc. 3.6. JloneBoii 00beM nop 1 KaHaJi0B B o0pa3ue kepua Nel72-391-09
10 M MOCJIe YKCTPAKINHA

Puc. 3.7. Pacnipenenenne mop u KaHaJIoB 10 pa3MepaM B 00pasue KepHa
Ne172-391-09 no u mocie IKCTpAKIHMHA



Puc. 3.8. PacnipenesnieHue mop u KaHaJIOB N0 NepUMeETpaM B oOpasiue
kepHa Ne172-391-0 1o u mocjie IKCTPaKINu

MO’KHO KOHCTaTHpOBAaTh, YTO B PE3yJbTaTe SKCTPAKIUHU BBICOKO-
BS3KOH HeTH M3 00pa3LoB MOPOJ YBEIHMYMIOCH KOJIHYECTBO CBOOO/I-
HBIX TI0Op, KOTOpbIE paHee OBUIM TOJHOCTBIO 3aIOJIHEHBI HE(THIO.
VYBenuueHue MOpPUCTOCTH B Pa3IMUYHBIX pa3MEpHBIX I'pyIIax Mop IMo-
clie DKCTPAKIHMU CBI3aHO KakK C OCBOOOKAECHHUEM OT HE(TH MENKHX
Mop, TaK M C HEKOTOPHIM YBEJIMYEHHEM pPa3MEpPOB YACTUYHO 3arloJl-
HEHHBIX HeThIO Oosiee KPYIHBIX MOP 3a CUET yJaleHHUs U3 HUX BBICO-
KOBSI3KOHM HEPTH YIIIOB 1Mop (MEHHCKOBOIT), TUIEHOUHOM.

[Tocne skcTpakmu, 3a c4eT 0CBOOOXKIEHHS MOPOBOTO MPOCTPaH-
CTBa OT He(TH, KOJIWYECTBO OTKPHITHIX IOP M KaHAJIOB BO3POCIIO
(puc. 3.6), a cpemnumii guametp yBemumuwics ¢ 19,62 go 24,90 mxwm,
IIpYU 3TOM IUIOLIA/b OTKPBITHIX TOpP W KaHajoB yBennuuiuach ¢ 302,16
1o 486,90 Mmkm2. CpenHuil nepuMeTp Mop yBEJIUYWICS MTOYTH B 2 pasa
(puc. 3.8), uTo 0OBACHSETCS 3HAYUTENBHBIM YCIOKHEHHEM TTOBEPXHO-
CTH TIOp 32 CUET yJNaJIeHHsl IUICHKH He(TH, CriakuBaromeil KoHQUry-
parnuto mop [12].



3.5.3. U3ameHeHMne nopomMeTpnUYeCKoOn XxapakTepucTMKn obpasua

(B 3aBUCUMOCTM OT hOpMbI NOP) 4O U NOcCre IKCTpaKuum

Jns oneHkn m3MeHeHUss (OPMBI CEUSHUH MOpP M KaHAJIOB B IPO-
1ecce OTMBIBKM He(TEHACBHIIEHHOTO 00paslia HMCIONb30Ball Mapa-
MmeTp K- KoapduuueHT GopMbl, KOTOPBIA XapaKTEPHU3YET BBITSIHY-
TocTh Tophl. KoadunmeHnTt Gopmbl paccunThIBacTCs Kak OTHOLICHHE
oceil auIca BOMCaHHOTO B Gurypy mopsl. st kpyra K= 1, ans BeI-
TSHYTOW IOpBI J0JIM eauHMIbL. Ha rucrorpaMmax mokasaHsl pacipe-
neneHus mo Ko3(huueHTy GopMbl OT 4acTOThl BeTpedaeMocT Ni/N

Puc. 3.9. Pacnpenenenue no xodpuuuenty ¢popmnl
aJs oopaszna Nel172-391-09 no sxcrpaknuu

Puc. 3.10. Pacnpenenenue no kodgpduuuenty ¢popmsl 1Jis1 06pasua
Ne172-391-09 nocJie IkcTpakuuu



[Tocne oTMBbIBKM He(TEHACHIIEHHOTO 00pa3iia J00aBuIrch Oojee
OKpyTJIble (OPMBI MOP, YTO MPHUBEJIO K CPEAHEMY YBEIUUCHUIO OKPYT-
noctu K= 0,5020 (tabnuua 3.2). KonndectBo nop B eauHune oobema
Mocyie OTMBIBKH BO3pocio B 2,91 pasza. B Toxe BpeMs BU3yalbHO IIO
CHMMKaM BUIHO (puc. 3.11), urto ¢dopma mop W3MEHHIAch O4YeHb CY-
LIECTBEHHO, MOSBUINCH 3UI3arooOpasHble C OCTPBIMH YIJaMH TEpH-
METPHI TOPOBBIX KAHAIOB, PE3KO YBEIMYMIACh TOBEPXHOCTh, KOJIHYE-
CTBEHHO 3TO MOKa3aHO KaK yBeJIUUEHHE EPUMETPOB TOP.

Tabnuya 3.2

3navenns ko3¢ puunenTa GopmMbl cedeHUs! MOP H KAHAIOB
J0 M mocJjie IKcTpakuuu odpa3na kepua Ne 172-391-09

Koadduuument dopmsl, K7, 1. en. Hedrenacsimennsiii [locne skcTpakuuu
MuHUMaIbHBIA KO3 QUIIHEHT

dopmbr, Kf min 0, 1753 0,1425
MaxkcuManbHBIH K03 GUIIMESHT 0. 7142 0. 3478
dopmer, Kf max
Cpem.n/m ko3 duimeHT GopMEI, 0, 4464 0.5020
Kf mid

4 o

Puc. 3.11. Cunmoxk POM: uzmeHeHune CTPYKTYpPbl IOPOBOI0
NPOCTPAHCTBA KaApOOHATHOIr0 00pa3La nocJjie IKCTPAKLUM
(a — HedTeHACBILEHHBII, & — OTMBITBIH 0T HepTH)

AHanu3 CTpYKTypHl IOPOBOTO MPOCTPAHCTBA HEPTEHACHIILIEHHOTO
oOpasna MoKas3aj, 4TO MOCJIe TOro, Kak OH OBbUI OTMBIT CIHUPTO-
OCH30JILHOH CMEChI0, CTPYKTypa MOpPOBOTO MPOCTPAHCTBA H3MEHH-
J1ach:



- YBEJIMYMIOCH KOJMYECTBO CBOOOAHBIX MOpP, KOTOPBIE paHee Obl-
JIM TIOJTHOCTBIO 3arlOTHEHbI HEPTHIO. YBeIHMUeHHE MOPUCTOCTH B pas-
JUYHBIX Pa3MEPHBIX TPYIIAx MOp MOCie DKCTPAKIHH CBSI3aHO Kak C
0cBOOOXKAEHNEM OT He(DTH MENKUX MOp, TaK U C HEKOTOPBHIM YBEJIH-
YeHHEM Pa3MEpOB YaCTUYHO 3allOHECHHBIX HE(THIO Oojiee KPYITHBIX
MOp 3a CYeT yJaJeHHsl W3 HUX BBICOKOBSI3KOM He(TH yriioB mop (Me-
HUCKOBOH), TJIIEHOYHO;

- CpPeIHUH MEepUMETp HOp YBEIUYWIICS MOYTH B 2 pasa, 4yTo 00b-
SICHSICTCSL 3HAYUTENBHBIM YCIOXKHEHHUEM IOBEPXHOCTH TOp 3@ CYET
yIaleHus TUICHKH He(TH, CriakKuBarolleil KOHQUrypamuuio mnop, T. €.
PE3KO YBETMUYMIACH TIOBEPXHOCTD;

- no0aBunKchH Oojee OKpyrible GOPMBI TIOp, YTO NPUBETIO K CPel-
HEMY YBEJIMUYEHHIO OKPYTIOCTH.

Takum oOpazom,

1. TuapodoOHOCTH CMENIaHHBIX 10 CMAYMBACMOCTH KEPHOB CBS-
3aHa Kak ¢ OOJIBIIMMHU, TaK U ¢ MaJIbIMH ITOPAMH.

2. DKCTIEpUMEHTAIBHO AO0Ka3aHO, YTO MpoLecc ajcopOuuu yrie-
BOJIOPOJIOB 3aBHCUT OT ()OPMBI, pa3Mepa H paclpelesieHus 1mop, Mu-
HEPAJIOTMYECKOro cocTaBa (COCTaB W pa3Mep YacTHll, NPUCYTCTBHUE
TJIMH) M TaKkKe BPEMS KOHTAKTa YTJIEBOJOPOAOB C BHYTPHUIIOPOBOMH
MOBEPXHOCTHIO. YTBEpXKICHHE O THAPO(UIBHOCTH MOPOABI OO MHU-
rpalyy B Hee HE(PTH MOXKHO CUUTATh BepHBIM. OIHAKO, KaK IMOKa3alu
SKCHEPUMEHTHI, HE()Th MOXKET MPHUCYTCTBOBAaTh W B ITOpPax MaJoro
pasmepa (1o 10 MKM), 0COOEHHO 3TO aKTyajdbHO IJsI KapOOHATHBIX
KOJUTeKTOpOB. [laHHBINA (pakT MOXeT OBITH CBsI3aH KaK C KaTareHeTH-
YeCKHM MpPeo0pa30BaHUEM OPraHMYECKOro BEIECTBA, T.€. KOJIEKTOP
SBIISIETCS HE(PTEMATEPHHCKUM, TaK U C JUIMTCIHHBIM KOHTaKTHPOBa-
HUEM HE(THU C TOBEPXHOCTHIO MOPOABI.

3. Takum 00pa3oM, MOATBEPKICH MHKPOCTPYKTYPHBIH XapakTep
ruApoQOoOHU3aLUH, KOTOPBIN ClIeyeT YUYUTHIBATH IPH MOJACTUPOBAHUN
MPOLIECCOB B HE(TEra3oBbIX KOJUIEKTOpaxX, pa3paboTke W A00bIYe yT-
nesoaopooB [11, 5].
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MaBa 4. PU3NKO-XMMUYECKME MeXxaHU3Mbl chopMupoBaHus
MUKPOCTPYKTYPHON CMavyMBaeMoCTun

4.1. BnusiHme cocTtaBa U CBOUCTB NPUPOAHbLIX HedbTen
Ha chopMMpOBaHUE MUKPOCTPYKTYPHOU CMa4YMBaeMoOCTH

Pacnpenenenne ruapooOHBIX U THAPOGUIEHBIX YUYACTKOB B KOJI-
JIEKTOpE, UX YUCIIO M YepEIOBAHUE 3aBUCST OT MPUPOABI OPOA00Opa-
3YIOUIMX MHHEPANIOB, (DU3NKO-XMMHUYECKUX CBOMCTB HACBHIIIAIOLINX
KHUIKOCTEH U COAEpKaHUS B HEM NOTpeOEHHON (PEeTMKTOBOI) BOJIBI
[25] TlosBnenue ruapodoOHBIX M TUAPOPWIBHBIX YyYacTKOB Ha IO-
BEPXHOCTH MOPOBBIX KaHAIOB CBS3aHO C MporeccoM aacopbuuu. Boxa
U YIJIEBOAOPOIBI aJCOPOMPYIOTCS IOBEPXHOCTBIO COTJIACHO MX YHEp-
THSAM aJICOPOLMH, TIO3TOMY OTpeJeNieHHEe 3TUX NapaMeTpoB JaeT BO3-
MOKHOCTb MPaBHJILHO OLEHUTH XapaKTEPUCTUKU NOObIYM HedTH 3a-
BOJHEHHEM. Bo-TepBbIX, €ciM dHEprusl aacopOLWU BOJbI HA AaHHON
MOBEPXHOCTH BBILIE PHEPTUM aJCOPOIMHU YIIEBOAOPOIOB, TO YIJIEBO-
J0poAabl OyIyT BBITECHATHCS BOAOH C TaHHOW MOBEPXHOCTH 0e3 mpu-
MEHEHUS JOMOJTHUTENFHBIX PEarcHToB, B IIPOTUBHOM cCilyyae HE00Xo-
VMO TPUMEHSATH 7Sl BBITECHEHHS JOMOJHUTENbHBIE BEIIECTBA, YHEP-
s aacopOLMK KOTOPBIX HAa JAHHOW MOBEPXHOCTH OYZET BBILIE SHEP-
MM aJcCOPOLIMU YTIEBOJOPOAOB; BO-BTOPBIX, €CIIM DHEPrus aacopo-
LUK MEXIY TOpoAoH U monaaMu (BOAOW M yriIeBOJOPOAaMH) BBIILE,
YeM DHeprus ajacopOnuy MeXIy cJosMH caMux (iaroumoB, To Oyner
BBITECHSITHCSL T4 YacTh BOJBI WIIM YTJIIEBOAOPOJOB, Y KOTOPOHl CBS3b
MEXIy CIOsIMA HauMeHblas Takum o0pa3oM, y W3HAYaJIbHO THAPO-
(UITBHBIX KOJUIEKTOPOB B Mpoliecce GOpMUPOBaHUS HEPTIHON 3aIeku
CMayMBaeMOCTh MEHSETCS B pe3yJbTaTe mpouecca rugpodoOusannu:
4acTh BHYTPUIIOPOBOW MOBEPXHOCTH CTaHOBUTCS TuapodobHoi [30;
31; 35]. [ToaToMy B peasbHBIX YCIOBHIX OOJBIIMHCTBO KOJUIEKTOPOB
HaxomsITca B THAPOQOON3NPOBAaHHOM COCTOSHUU. B mporecce ruapo-
(oOH3anU yMEHBIIAETCS KOJIMYECTBO CBOOOJHBIX MOp, HEPTH 3aHU-
MaeT MOphl pa3HOTo pa3Mepa U B pasHbIX (opmax (MJIeHOYHAs, MEHU-
CKOBasi, KOHTAaKTHasg) M H3MEH’EeT KOHQUrypamuio TOPOBOTO IpO-



CTpaHCTBa (B MPUCYTCTBHU YIIIEBOJOPOAOB KOH(UTYpalMsS CTIIaXH-
Baercs). B pesynbrare agcopOuuy aKTHBHBIX KOMIIOHEHTOB HETH Ha
MOBEPXHOCTH He(TEeBMEIAIOMUX MOpoJ (POPMHUPYIOTCS Y4acTKU C
W3MEHEHHOH CMa4lBaeMOCThIO.

Jlrobast HedTh B OOJIBIICH WIIM MEHBIICH CTENeHH 00JamaeT Io-
BEPXHOCTHOM aKTHBHOCTBIO. MccmenoBaTensiMu cepeiMHbl U BTOPOI
nonoBrHbl XX Beka (M.M. Kycakos, I1.A. Peounnep, K.E. 3unuenko,
®.A. Tpebun, B.B. [lernukamos, N.JI. Mapxacun u jap.) Obu10 ycra-
HOBJICHO, YTO (WIBTpalXs HEPTH B HIOPUCTON Cpelie COMPOBOKIACTCS
HEKOTOPBIM YMEHBILICHHEM €€ pacxoja, TO eCTh HaOmoaeTcs 3aTyxa-
He puibTpanun HedTH. [laHHOE sBIEHUE OOBACHSIN 00pa3oBaHHEM
Ha TIOBEPXHOCTH MOPOBBIX KAHAIOB aICOPOLMOHHBIX CIIOEB MOJIIPHBIX
KOMIIOHEHTOB HE(TH, W3MEHSIOUINX MOJEKYJSIPHYIO TPUPOIY TBEp-
JIOW TIOBEPXHOCTH M SIBISIIOMINXCS 0a30i 111 GOPMUPOBaAHUS KOJUIOH-
JU3UPOBAHHBIX TPAHUYHBIX CJI0EB HE(TH, OTIMYAIOLIMXCS MO PEOo-
TMYECKHM CBOWCTBaM OT He(TH, HaxosIeiics B CBOOOJHOM COCTOSI-
HUU. B pesynbrare 3TOrO ABNIEHHS YMEHBIIAETCS CeYeHHE (HIbTpa-
LIUOHHBIX KaHAJIOB TIOPUCTON CPEMIbl U CHIXKAIOTCA €€ MPOHUIAEMOCTD
u HepreoTaava.

HccnenoBanus B.B. JleBaukamMoBa C COTPYJHUKAMH, A TaKxkKe
JOPYTUX aBTOPOB TOKA3aJld, YTO B IIACTOBBIX YCJIOBUSAX HedTH oOua-
JAl0T CTPYKTYPHO-MEXaHHMYECKMMH cBolcTBamu. [loBepXxHOCTHO-
aKTHBHBIC KOMIIOHEHTHl HE(TH, TakHe KakK ac(aJbTeHbl, CMOJBI U
HETAHBIE KHCIOTHI, 00Pa3yIOT NPOCTPAHCTBEHHYIO CTPYKTYpY, KOTO-
pasi mpensATCTBYET IBWKCHUIO HETH B MOPHUCTOW CpeAe H, CIeN0Ba-
TEJBbHO, €¢ BhITeCHEHHI0. Ha koHTakTe He()Th - MOPOI00Opa3yIOIIHe
MUHepaibl GOpPMUPYIOTCS ClloW He(PTH, 00JIAJAI0MIMe aHOMATbHBIMU
CBOMCTBaMH, TOJIIMHA KOTOPBIX COM3MEpUMa C PaJuyCcoM IMOPOBBIX
KaHaJIOB HE(TAHBIX KOJUIEKTOPOB [7]. JlaHHBIA (akT nan ocHOBaHHE
yTBEP)KAATh, YTO MEXaHU3M IepeMelleHus] HeTH B IUIacTe U ee u3-
BJICYEHHE BO MHOTOM OIPEACISIOTCS MOJICKYIISIPHO-TIOBEPXHOCTHBIMU
MporeccaMu, MPOTEKAOIIMMU Ha TpaHuIax paszena a3 (mopomooo-
pasyrolire MUHepabl — HACHILIAIOUINE MJIACT KUAKOCTH U Ta3bl - BbI-
TECHSAIOLIME areHThl) H, CJIEI0BATEIbHO, CBOMCTBAMH M COJEPKAHUEM
MOBEPXHOCTHO-aKTUBHBIX KOMIIOHEHTOB HE(DTH.



I'maBHOM TPUYMHON HM3MEHEHUS CMAuMBAEMOCTH SIBISIETCS KOM-
MOHEHTHBIH COCTaB HE(TH.

Uccnenopanusamu [1.A. Peounnepa, M.M. Kycakosa, K.E. 3un-
yenko u JLI. I'ypeBuua [9; 22] ObUTO YCTaHOBIIEHO, YTO MOBEPXHOCT-
Has aKTUBHOCTh HEPTH OOYCIIOBIEHA CyMMapHBIM COJEPKaHHUEM B
HEHl TONAPHBIX COEJUHEHHH, KOTOPble KOHLEHTPHPYIOTCS B BBICOKO-
MOJIEKYJISIPHBIX, TSDKENBIX (PPaKkUUsIX HEPTH U OTHOCATCS K TPYyIIE Te-
TEPOOPraHMYECKUX COEAWHEHUH, MPOSBISIIOIINX MOBEPXHOCTHYIO aK-
TUBHOCTb Ha MeK(a3HbIX TpaHULIAX pa3IMYHOl npupos! [25, 29, 47].

CymecTBeHHBIMH  (DaKTOpaMH, KOHTPOJHPYIOLIMMH aJICOPOLHIO
ac(anbTeHOB M CMOJ Ha MHUHEPAILHOHW MNOBEPXHOCTH, SBIISIOTCS:
1) HanM4me, TONMIMHA U CTaOWIIBHOCTh BOJHBIX IJICHOK HA MUHEPAJIb-
HOW TOBEPXHOCTH; 2) XMMUYECKUH W CTPYKTYPHBIA XapakTep MUHe-
PAJIBHOW COCTaBIISIONIEH MOBEPXHOCTH HOPOABI; 3) KOJMYECTBO ac-
(anbTeHOB U cMoOJ B TpuponHol HedTH; 4) HamMuue achanbTEeHOB H
CMOJI B IPUPOAHON HE(PTH B BUJAEC KOJUIOMTHBIX MULEIUT M arperaros;
5) cnocoOHOCTh Pa3NUYHBIX (HPAKUU YIIIEBOJOPOAOB B MPHUPOAHON
HepTH K cTabMIHM3aluy 3TUX KOJUIOMIHBIX arperatoB B HETH U pac-
TBOPEHUIO UX B pacTBOpe [43].

[Ipexne, yem Ooiee AeTanbHO W3y4yaTh MOBEPXOCTHO-aKTHBHBIC
KOMITIOHEHTHl He()TH, cJleqyeT AaTh OINpelelieHHe mpolecca aacopo-
. AZICOPOIUSI - 3TO M3MEHEHHUe (OOBIYHO IMOBBINICHHE) KOHIICH-
TpauMyd aTOMOB WJIM MOJIEKYJ BELIeCTBAa Ha IOBEPXHOCTH paszzaesa
(a3: TBepaOe TENO - KUAKOCTh, TBEPAOE TeNIO - ra3 (oT JaT. ad - Ha U
sorbeo - moromaro) [36]. AmxcopOrus MOKET MPOUCXOIUThH Ha JIHO-
001 MOBEPXHOCTH pa3lena MeXIy OBYMs (a3aMu, HalmpuMmep, KUA-
KOCTh - Ta3 HMJIM TBEPIOE TENO - XKHUIKOCTb. AJCOpOLMIO Ha IMOBEPX-
HOCTH TBEPABIX TNl OOBIYHO KIACCH(QUUIUPYIOT MO XapakTepy CHI,
CBSI3BIBAIOLINX aJCOPOMPYEMBbIE MOJIEKYJIBI C IOBEPXHOCTHBIMH aTO-
MaMH TBEpAOro Teia. TBepJoe Teno, Ha KOTOPOM IMPOUCXOJHT IIO-
TJIOIIEHWE Ta30B W MapoB, Ha3bIBaeTCs alcopOeHTOM, a ajcopOupo-
BaHHOE BEIIECTBO - afcopbaroM miu ancopotuBoM. IIpouecc, obpart-
HBIA afgcopOuuu, Ha3biBaeTcs AecopOuueld. Bennunny agcopouuu, To
€CTh KOJHMYECTBO aJCOPOMPOBAHHOrO ras3a (WM mapa), BBIPaXaroT B
pasHBIX eAMHHIAX, HO Haubojee 4acTo B MOJAX aJCOPOMpPOBAHHOTO



BeniecTBa Ha | r agcopOenrta. Bennunna agcopOuum JaHHOTO Belle-
CTBa TEM BbIIIe, YeM OoJiee AOCTYIHA JUIA 3TOrO BEIIECTBA MOBEPX-
HOCTBb aAcopOeHTa, TO3TOMY B KAaueCTBE XapaKTEPUCTHKH TBEPHABIX
TeJ1 MPUBOAAT BEIWYHMHY YAENbHOW MOBEPXHOCTH S (IUIOLajb IO-
BepxHocTH | T amcopOenTa) [34] CymecTByroT /1Ba BUAA aCcOPOIMU:
¢dusnueckas 1 xummudeckas (xemocopOuus). OCHOBHBIE ONpENEIeHHS
npencraBieHsl B Tabnuue 4.1. B peanbHBIX yclIoBUSIX Bcerja mpore-
KaeT cMeIlaHHas ajcopOnus W3-3a HaIW4Ms HECOBEPIICHCTB Ha IIO-
BEPXHOCTH TBEPABIX TeJ, KOTOPHIE JIEal0T MOBEPXHOCTH SHEPreTHYe-
CKM HEOAHOpOoJHOH. K TaknuM HeCOBEpLIEHCTBAM OTHOCSATCS: CTYIEHH
CKOJIa, TUCJIOKAIMK U TOYEUHBIC Ae()EKThl, KPUCTAIIO-XUMHUYECKHE U
(u3uKo-xuMHUIecKue ocodeHHOCTH. [Iporiece npoTekanus aacopOoIuu
3aBHCUT OT HPUPOJIBI U CTPYKTYpHI ancopbaTta U aacopOeHTa, TepMo-
0apHuEeCKHX yCIOBUH, pa3Mepa MOBEpXHOCTH aficopOeHTa.

Cpeny mMoBEpXHOCTHO-aKTUBHBIX KOMIIOHEHTOB HE(TH BBIIEISAIOT
HaTEHOBBIE KUCIIOTHI, ac(agbTOCMOIUCTbIE COCAMHEHNSI 1 METAIIO-
NOpPUPHUHOBBIE KOMIIICKCHI.

HadtenoBble kucnoTel (HedTsHbIE KapOOHOBBIE KHUCIOTHI) — 3TO
KHCIJIOTHI, BBIJCNICHHBIE W3 MPEACIbHBIX YIIEBOJOPOAOB - LUKJIOMNA-
paduHOB, KOTOpPHIC TaKXke Ha3bIBAIOT HadrTeHamu. OOmas XUMHUYE-
ckas ¢opmyna HapTeHoBbIX kucinoT CnH2n-2COOH. B nedtu comep-
KaHue HaQTEHOBBIX KUCIOT COCTABIISIET COTHIE IOJU MPOLEHTA, PEIKO
nocturaet 1% u oyens penko 2%. HadTeHoBBIE KUCIOTHI XOPOILIO aJ-
copOupyroTCsl Ha rpaHuLEe pasaena HedTh — MOpo100OpasyIoIue MH-
Hepanbl. [Ipy KOHTaKTe C MIeJTOYHBIMU BOJAMH Ha(TEHOBBIE KHCIOTHI
00pasyroT COJIM, KOTOpBIE SIBISIFOTCS BOAOPACTBOPUMBIMH MOBEPXHO-
CTHO-aKTUBHBIMH BEIIECTBAMHU M CHWXKAIOT MOBEPXHOCTHOE HATSIKe-
HHE Ha rpaHuie paszzaena HedTs - Boma. [IpucyrcTBHEe HaTEHOBBIX
KHCJIOT NoJaBiisieT B HekoTopoir mepe (20-30%) ancopbumio acdaib-
TEHOB, HO, TEM HE MEHee, HauOOJbILIMNIA BKIa B Ipolecc TuaApodhoOu-
3alUH [TOBEPXHOCTH MOPOJA000PA3yIOIINX MHUHEPAIOB OKa3bIBAIOT ac-
(anbTeHbI.



Tabnuya 4.1
OcHoBHBIE 0c00¢HHOCTH (U3MYeCKOl H XUMUYECKO axcopounn

dusnueckas ancopOoIms Xumugeckas afncopOomms

Mornekyisl aicopbaTa coXpaHsIoT CBOI0 MoJieKyJIbl afcopbara 00pasyoT

WH/IUBUAYATLHOCTh HOBOE XMMHYECKOE COETUHEHHE.
[Tpu xumuyeckoit agcopOIK Mo-
JIEKyJIbl aficopbaTa He COXPaHSIOT
CBOIO MHMBUIYAILHOCTB.

Ob6paruma Heobparnma

Mornekyisl acopOaTa yIepKUBaroTcsl  XUMHIECKasi FeTeporeHHas peak-

Ha [TOBEPXHOCTH aJICOPOCHTA CHIIaMH M — 3TO 00pa3oBaHKUE KOBAIEHT-

Ban-nep-Baanbca. CHITBI IMCIOT 3JICK-  HBIX CBSI3EH.

TPUUYECKYIO MPHUPOIY U 3aBUCAT OT pac-

CTOSTHUSL MEXK]Ty MOJICKYJIAMHU.

Mornekyiel afcopbaTa cHavana yaep-  XUMHYECKast aacopOIys BO3MOXKHA

JKHUBAIOTCA 3a CUET CUJIOBOTO IOJIA 10-  TIPU XUMHYECKOM POJICTBE aJICOP-

BEPXHOCTH, 3aTeM Jecopoupyrorcs. [lo- Gata u agcopOenTa.

CJIe TOTO KaK CHJIBI aICOPOIIMHY 1 Je- CKOPOCTh XUMHUYECKOH aIcopOInu
copOIuu ypaBHOBECATCS, 00pa3yeTcss  pacTeT ¢ MOBBIILICHUEM TeMITEpaTy-
a7IcOPOIIMOHHBIN IO (MOHO-, TIOJIM- DB

WM MYJIBTUMOJEKYJISIpHBIH cioif). C OO0pazyeTcst TOIbKO MOHOMOJICKY-
MTOBBITIICHUEM TEMITEPATYPBI aACOPOIHS JIIPHBIH CIIOH.
YMEHBIIAETCSl.

Cmoubl 1 achaiabTeHbI - 3TO TskeNbie (Qpakiuu HedTH, B KOTO-
PBIX TIPUCYTCTBYIOT MOJIAPHBIE KOMIOHEHTHI, WM KaK UX €Ile Ha3bl-
BalOT, FETEPOATOMBI, TAKHUE KaK KHUCIOPOJ, a30T U Cepa, a TAK)KE BaHa-
it 1 Hukens [37]. TlpupoaHbie yrieBoopoiHble (UItonabl 00pa3yroT
HETPEPHIBHBINA PSJI COCTABOB OT CYXOro rasa 10 outymoB. B aTom ps-
ZIy TIPOUCXOJUT CYIIECTBEHHOE MOBBIIIEHUE MIOTHOCTH U BSI3KOCTH, a
Mo Mepe yBenuueHusl cogepxkanus achanbreHoB oT 0 10 20% u3meHs-
€TCsl U LIBET — OT IPO3PavyHOro 10 TEMHO-KOpHUYHEBOro. TepMuH «ac-
¢ansrens Ob11 BBeAeH XK.-b. Byccenro B 1837 r. Tak oH Ha3Ban oc-
TaTOK OT MEPErOHKH OWTyMa, HEpacTBOPHMBIN B CIIUPTE, HO PacTBO-
puMbIil B ckunuaape. CeronHs MCHOIB3YETCS CXOXKEEe ONpeaeeHue
achaJIbTEHOB - OCTAaTOK, HEPACTBOPUMBIN B H-aJIKaHAX, TAKUX Kak
H-TIEHTaH WM H-TENTaH, HO PaCTBOPUMBIH B TOIyOJIE.



Ac¢anbTeHbl - 3TO KJIaCC KOMIOHEHTOB YTJIEBOAOPOJIHOTO CHIPBS
[48] OcobGeHHOCTH cMON M ac(albTEHOB B TOM, YTO OHM MOTYT 00ja-
JaTh Kak rugpo(oOHBIMHU, TaK U THAPOPUIBHBIMUA CBOMCTBAMH MO OT-
HOIICHHIO K MIOBEPXHOCTU MOpoasl. KuciaopoaHble KOMIOHEHTHI Mpe-
CTaBISIIOT KUCJIOTHI, BKIIOYas (PEHOJIBI M pa3iMuyHOe KOJIMYECTBO Kap-
OokcwipHBIX KucnoT. Cepocopepiauipe KOMIIOHEHTBI BKJIIOYAIOT
cynbGuIbl ¥ THO(EHBI ¢ HEOONBIINM KOJTHYECTBOM IPYTUX KOMIIOHEH-
TOB, TaKWX KaK MepKalTaHbl U TMOJMHCYIbQUIBL. A30TcoAeprKallie
KOMITOHEHTBI SIBISIOTCS B OCHOBHOM JHMOO OCHOBHBIMH, JMOO HEH-
TPaJbHBIMHA M BKJIIOYAIOT KapOOo30Ibl, aMUJIbl, IUPUANHBI ¥ MOPPHUPH-
Hbl. [lopdupuHbl MOTYT 00pa30BBIBATE MEK(a3HO-aKTUBHBIE KOMILIEK-
Cbl METaJT - NOPQUPHH C PA3THMYHBIMU METaJIaMH, BKJIIOYAsl HUKEIb,
BaHaJIWH, KeJlie30, Me/lb, IMHK, TUTaH, KaJbIIuid U Maraui [37].

Conepxanue cMOIl B TspKenod Hetu MoxkeT mocturath 40-50%,
coniepxkanue achanbTeHoB oT 10% u Oosee. M3-3a HEOOMBIION pa3HU-
bl MEXAY pa3MEpoOM M TUIIOM MOJEKYJI CMOJI U ac(aibTeHOB, HET
PE3KUX TEepexoJi0B, a TOYHEE, MPH OINpPEICICHHBIX YCIOBHUSIX BO3MO-
KEH Tpolecc Mepexoaa cMol B acdanbTeHbl. AcgalbTeHbl paccMar-
pHBAIOTCSl KaK Kjacc BEUIeCTB, OOBEIUHEHHBIX HE IO XHMHUYECKON
MIPUPOJE, a [0 PaCTBOPUMOCTH [25].

Hamuune acdansTeHoB B He)TH BIMSET HA MpoLecC pa3paboTKH
MecTopoxaeHus. [Ipu pa3paboTke HEPTSIHOTO MECTOPOXKICHHS IS
BBITECHEHUS] HETH 4acTO HCIOJB3YIOT 3aKauKy rasa. Eciam B 10ObI-
BaeMOH He()TH NPUCYTCTBYIOT acaibTeHbI, TO KOHTAKT C 3aKauuBae-
MBIM Ta30M MOXKET HapymHTh ()a30BOe paBHOBECHE W IMPHBECTH K
ocaxaeHnto achanpTeHoB. Takoe ocakIeHHWE MOXKET M3MEHUTH Xa-
pakTep cMayrMBaeMOCTH MOBEpXHOCTEN mop [44].

CymiecTByeT AaBHO MpUHATOE YOeXIEeHHe, YTO CMOJIBI CBS3aHBI C
acanpTeHaMH M HEOOXOJUMBI JUISi MX CTAOWIM3alUMU B TIPUPOAHON
Hedtu. Hekoropele xummuku, paboTatomue B o0nacTd acaabTeHOB,
CTaBSAT MOJ] COMHEHHE 3TO YTBEPXKICHUE, OCHOBBIBASCH HAa TOM, UTO ac-
(anbTeHbl MOTYT OBITH CTAOWIBLHEI B TONyoJe u 6e3 cmon [1; 38] [an-
HBIH (aKkT OBUT XOPOIIO MPOMILTIOCTPUPOBAH IPH aHATH3E COIACPIKAHUS
CMOJT M ac(aJbTeHOB B 3aBUCUMOCTH OT TJTyOMHBI Ha MECTOPOXKICHUH
Tantn B MekcukanckoM 3ajiuBe. C MOMOIIBIO ONTHKO-CIIEKTPOMETpPH-



YecKrX MpuOopoB Ha KabeJie U3 CKBa)KMHBI HA pa3HbIX ITyOHHAX OTOH-
panuce mpoObl (QIIOUAOB M OmMpeneNsiach X ONTHYECKAs IIIOTHOCTS.
Coneprkanue acganbTeHOB M0 AaHHBIM W3MEPEHUI ONTHYECKOH TUIOT-
HOCTH YBEJIMYHMBAIOCH OT KPOBIH K mojomBe Oonee ueM Ha 100%, To-
I/1a KaK coJiepaHue cMoJl Bo3pacTtaiio Bcero Ha 8% [1].

Metannonoppupunosbie kKomiiekcbl HedTu. OObMHO MTOPPHU-
PHHBI HaxoJsTcs B HE(PTH B BHIEC METAIONOP(PUPHHOBBIX KOMILIEK-
COB, TJIaBHBIM 00pa3oM ¢ BaHaJMEM U HUKENEM, a TaKKe C JKEIe30M.
Bananuii 1 HUKENb SBISIIOTCS MOCTOSHHBIMH KOMIIOHEHTaMH 30JIbI
HedTeil.

Ha ocHoBaHMM sKCHIEpUMEHTaNBHBIX PadOT MO W3YyYEHHIO METall-
JIOB U METaTIONOP(QHUPHHOBBIX KOMIUIEKCOB B HE(TU BBISIBIICHO, YTO B
OCHOBHOM KOJIMUECTBO BaHAIMs IPEBBIIIAET KOJMYECTBO HUKENS B
KpaTHOe 4Hcio pa3. [laHHOE COOTHOIICHHE 3aBUCUT MIPEUMYIIECTBEH-
HO OT mpoucxoxaeHus: Hedhtu. Banaauii comepkutcs B acanbreHax
U CMOJIax, paCTBOPUMBIX B CITUPTO-OEH30JIBHON CMECH, & HUKENb CO-
JepKUTCs B acaibTeHaxX W NMeTposieiHo-3upHbIX Macnax. OueBua-
HO, YTO BaHAJWH M HUKEIb CBS3aHBI ¢ acalbTO-CMOIUCTHIMU (hpak-
LUSIMH, HO KOHIEHTPAUs UX B CMOJIaX HUKE, YeM B acdaibreHax [5).

[Mopdupunbl mpeacTaBisOT cO00i CUCTEMY M3 YETBIPEX MHUPOJ-
JIOBBIX MOJIEKYJ, COEJUHEHHBIX METHHOBBIMH MOCTHKaMH. MeTtamo-
NoppUPHUHOBBIE KOMIUIEKCHl HE(TH SBISAIOTCS OMOXMMHUYECKUMH OC-
TaTKaMH XJIOpoduiia U TeMuHa. [loBepXHOCTHAs aKTUBHOCTD MOpdu-
PHHOB 3aBHCUT OT COAEP)KaHHS B HUX KapOOHMJIBHBIX U KapOOKCHIIb-
HBIX TPYMM, NPUAAIOLIMX MOJIEKYJIe YETKO BBIPaKCHHBIH MOJSPHBIN
XapakTep.

Binsinne pacTBOPUMOCTH YIJIeBOJOPO/IOB HA U3MEHEHHe CMa-
yuBaeMocTu. CyIlecTBYIOT NPUYMHBI M3MEHEHUS! CMAaYlBAaeMOCTH B
3aBUCHMOCTH OT COCTaBa MPUPOJHOI HEPTH:

1. Hanmnune monsipHBIX KOMIIOHEHTOB B MPUPOAHON He(TH, B OCO-
OeHHOCTH BO (pakiMAX TSHKEIBIX ac(aibTeHOB 1 Mo (puc. 4.2);

2. PazneneHne MOBEPXHOCTHO-aKTHBHBIX KOMIIOHEHTOB MEXIY
OCHOBHOW Maccoil He)TH M MOBEPXHOCTSMH pa3zaeia HedTh/Boaa U
He(Th/BoIa/TBEpAAsl TIOBEPXHOCTh BCIEJICTBHE PacTBOPSIOIICH CIIo-
cOoOHOCTH HeTeH.



[lepBolil MyHKT NpU3HAH JaBHO, a BA)KHOCTh BTOPOrO MYHKTA Yac-
TO He yuuThiBasIach. HeTh Kak pacTBopsitomias cpena BIUseT Ha pas-
JIeTICHWEe TMOBEPXHOCTHO-aKTUBHBIX KOMIIOHEHTOB MEXAY OCHOBHOM
Maccoili He()TH M TOBEPXHOCTSAMH pa3jiena HepTb/Boga WU
He(Tb/Boa/TBEpAasl MOBEPXHOCTh. [1oTHOCTE HEPTH (MM yIeNbHBIT
BEC) SIBISIETCS OJHOM M3 XapaKTePUCTHUK PacTBOPSIOIIEH CIIOCOOHOCTH
Hedtu. B paborax, mpoBeaeHHBIX B mocienHee Bpems [39, 40, 41] mis
KOJINYECTBEHHOM OLIEHKH PacTBOPSIIOLIEH cOCOOHOCTH HE(TH MO ac-
(anpTeHaM HCIIOJIB30BATUCH TOKA3aTeNH NPEIOMIICHUSI B HEPTU cMe-
csiX He(hTH C PaCTBOPUTEISMU U ocaguressmMu. Ecnu HedTh sBseTcs
ciabbIM pacTBOpUTENeM UIA ac(aibTeHOB, TO MOBEPXHOCTH OyAeT
Oonee ruapodoOHa. BriaepkuBanue oOpas3noB moposl B HEPTH yBe-
mnuuBaeT ruapododuzammio [41]. Ha puc. 4.1 mpuBenena urorosas
CXeMa BO3HHKHOBEHHUSI THIPOPOOHBIX YUaCTKOB MOBEPXHOCTH B IIPH-
POOHO-TUAPODUITBHBIX MTOPOAAX.

i HW3MeHeHHe TepMOOapuUecKuX
Xpomarorpacdudeckuii mpouecc pmobap AZCOpOLIHOHHBIH TpoLEce
ycnoBuii
MorneKkyIsIpHO-TIOBEPXHOCTHBIE
CTpyKTypHBIE OCOOCHHOCTH CeneKTUBHOE OCaKACHUE U .
B3aMMOJEiCTBUS. BO3HUKHOBEHNE
MOPOBOTO MPOCTPAHCTBA PacTBOPEHHE YIIIEBOAOPOIHBIX o .
CBsA3eH OT BOZOPOIHOIM 110
M YTIIEBOJIOPOJIOB KOMIIOHEHTOB

XUMUYECKOH

Puc. 4.1. Bo3HukHOBeHHEe THAPO(OOGHBIX YIaCTKOB NOBEPXHOCTH
B IPUPOIHO-THAPOPHIBHBIX IOPOAAX



Puc. 4.2. CpaBHeHHe yIJIOB CMAYMBAHHSA MEKAY 1CKAHOM
H ABAXABI JUCTHLTHPOBAHHOI BOJ0H Ha MOBEPXHOCTAX KaJbIHTA,
B TeueHHe 12 qHeil, BbIIEPKAHHBIX B NIPUPOIHBIX He(PTAX
¢ Pa3JIMYHBIM cojepxkanueM acajbTeHOB

4.2. BnusiHne cBOMCTB NnacToBbIX BoA4 Ha hopmupoBaHue
MWUKPOCTPYKTYPHOM CMa4ynBaeMocTu

Bce ropusie mopozpl cofiepkaT B cBoeM cocTase Boay. CocTosHue
BOJIBI B TMOPOAAX OMNPENEISIETCS XapaKTEpOM €€ CBSI3M C TBEPION MHU-
HepanbHOW NoBepxHOCThIO (puc. 4.3). Ilo xapakTepy 3TOil CBSI3M BbI-
JeNSIOT CBSA3aHHYI0 M cBoOoaHyo Boay. Korga Boja HaxoauTcs B
CBOOOZIHOM COCTOSIHWH, €€ MOJIEKYJIBl B3aUMOJICHCTBYIOT JIMIIb JPYT C
JpYTOM, a MPH HAIWYMU aJCOPOMPYIOIIEH MOBEpXHOCTH Onmkaiiie
K HEH MOJIEKYJIbl BOABI HAYMHAIOT MCIIBITHIBATD BIMSHUE €€ AKTUBHBIX
LEHTPOB. DTO MPUBOAUT K HCKAXKEHHIO CTPYKTYPBl CBSI3aHHOW BOJBI
M0 CPAaBHEHHUIO CO CTPYKTYpPOH BOABI B CBOOOJHOM 00BEME, K OpHEH-
TalUM €€ MOJIEKYJI OTHOCHTEIBHO aKTHUBHBIX LEeHTpoB. OnHAaKO MoIe-
KYJIBI BOJbI, OPUEHTUPYSICb OTHOCHTEIEHO aKTHBHBIX LEHTPOB TBEP-



oW TOBEPXHOCTH, HE IOJHOCTHIO TEPSIOT CBOK CIIOCOOHOCTH K
TPaHCISIUOHHBIM TepeMelieHus M. [lepBblii  MOHOMOJNEKYISPHBINA
CJIOM, HENOCPEACTBEHHO COIPUKACAIOIIUNCA C TBEPAOW IIOBEPXHO-
CTBIO, CBSI3aH OUYEHb IIPOYHO M HAXOIUTCS IOJ AABJICHHUEM CBBIILIE JE-
csaTKa Thics4 Kuitorpamm Ha | cm? [2]. [1.A. Pebunnepom [32; 33] ObI-
J1a mpeJIokeHa Knaccudukanus GopM CBSI3aHHOW BOZABI B 3aBUCHUMO-
CTU OT BEIIMYMHBI U MPUPOABI SHEPTUU CBSI3U BOABI C IOBEPXHOCTHIO
JIUCTIEPCHOHHOTO TeJa (KamMUIIPHO-TIOPUCTOr0) B MOpPSAIKE YyObIBa-
HUS DHEPIUU.

Puc. 4.3. ®opmbl HaAX0KAeHUSI BOABI B IIyCTOTHOM NPOCTPAHCTBE FOPHOM
MOPOAbI: a4 — THTPOCKONMNYecKas, 0 — MJICHOYHAs1, B — KANIMJLIAPHAas,
I — [PAaBUTALIMOHHAsA; | — 3epHa NOpPoabl, 2 — BOAA

[lo3muee P.U. 3noueBckas [10; 20] momomHuna 3Ty kiaccupuka-
LU0, MOAPA3JeUB XUMHUYECKH CBS3aHHYI0 BOJY Ha KOHCTUTYIIMOH-
HYI0 ¥ BOJly KpUCTaJUIMUECKOW permreTku (Ttabmuia 4.2). Boma xpu-
CTAJUIMYECKON pEIIeTKH MUHEpAJIOB yAEP)KMBAETCs 3a CYET XMMUYe-
CKUX M (U3MKO-XMMHUUYECKHX CHJ C DHeprued cBs3u Oojee
80 k/I>x/M01b, 3TO KOHCTUTYLIMOHHAs (HEMOJEKYIsIpHas) hopma BOIbI
tuna OH-rpymnn, ¥ KpUCTaUNIM3allMOHHAs BOJA Pa3jIMYHBIX KpHCTal-
JoruApaToB. AcopOLMOHHAs BOA OTHOCUTCS K THILY BOJBI, KOTOpPas
o0pazyercs 3a CUeT «IPUTSDKEHUS» MOJIEKYJ BOIbl K aKTHBHBIM IICH-
TpaM MHHEPAJIBHON NMOBEPXHOCTH MOCPEICTBOM 3JIEKTPOCTATHUECKUX
U BOJOPOIHBIX CBS3¢H. AKTUBHBIMH LEHTPaMH aAcOpOLMU MUHE-
paJIbHOW MOBEPXHOCTH MOTYT OBITh MOHBI, OOMEHHBIE KaTUOHBI, THI-
POKCHJIIBL, KUCIIOPOJ U Ap.



Tabnuya 4.2

Kaaccuduxkanus ¢gopM Boabl B JHCIIEPCHBIX OPOAAX
(mo P.U. 3n104eBckoii, 1988 r.)

Kareropus
(Tin BOZBI) Bun v pa3HOBHIHOCTH BOJBI
1. Boma KpucTaninyeckol pemeTku MUHEepanoB (KOH-
CTUTYLIMOHHAsS, KPHCTAUTH3AaLOHHO-CBSI3aHHAs)

2. AncopOrionHast Boga (MOHO- M ITOJIMMOJIEKYJISIP-
HOM afcopOnmm)

2. Boma nepexonno- 1. OcMOTHYECKH-TIOTJIONIEHHAS BOJIA

ro tuna (ot cBsizaH- 2. KamwusipHast Boja (KanMJUIIPHOM KOHIEHCAUMU U
HOH K CBOOO/IHOM)  KaNMJUIIPHOTO BIMTHIBAHHS)

1. 3amMKHYTas B KPYIHBIX I1Opax

2. Texyuas

1. CBa3anHas Bosia

3. CBoboaHas Boga

Kaxaplii akTUBHBIA LEHTP aJCOPOLUM CIIOCOOCH B3aMMOJICHCTBO-
BaTh TOJBKO C OJHOM MOJIEKyJOil afacopOenta. [Ipu MOHOMONEKYISpP-
HO#1 azcopOIMK MOJIEKYITBI BOJIBI 00pa3ylOT BOKPYT aKTUBHBIX LIEHTPOB
ancopOIM MHHEPAJIbHOI TOBEPXHOCTU JMCKPETHBIA YCIOBHBIH «MO-
HOCJIOW», SHEPTusl CBsi3M B TOM ciiydae Oyzer Ooiee 40 k/x/Moib.
Bona monumonekynsipHoi ancopOiun oOpasyercs 3a CYeT CHJI CBS3U
meHee 40 k/[x/Moib. B 9TOM citydae akTHBHBIMH [IEHTPaMH aJICOPOLIHN
st Gosiee yIaJeHHBIX MOJISKYJ BOJbI OyAeT yXke aJcopOMpoBaHHAs
BoJa MOHOCJOs. [lo Mepe yaaneHus: OT MOBEPXHOCTH DHEPIUs CBS3U
MOJIEKYJl BOJBI C MOBEPXHOCTHIO YObIBaeT. CBsizaHHast Bojga oOpasyer
aICOpOLIMOHHBIC TUICHKH, TOJIIIMHA KOTOPBIX MOXXET H3MEHSTHCS OT
OJIHOTO MOJICKYJISIPHOTO CJIOS 10 HeCKONIbkuX. Takas BoJa CyLIeCTBEH-
HO OTJIMYAETCH [10 CBOMCTBAM OT OOBEMHOM BOJIBI.

Bopna mepexoqHOro TUma MEXAy CBSI3aHHON M CBOOOIHOW BOJOI
YACPIKUBACTCA B IIOPOAEC OCMOTHUYCCKHMMU U KAIMWUIAPHBIMU CUJIaAMU.
OCMOTHYECKH TMOTJIONIEHHAS BOJIa 00pa3yeTcsi B TOPHBIX MOPOJAX H3-
3a mporeccoB u30MparesbHOM Tuddy3un MOJIEKyI BOJIbI B HalpaBlIe-
HUM K MHHEPAJIbHOW MOBEPXHOCTH 3a CUET HAIMYMUS HA MUHEPaJIbHOU
MOBEPXHOCTH JBOWHOTO 3ekTpuueckoro cios (IIC), cocrosmero u3
KaTHOHOB MOPOBOT0 pacTBOpa. BO3HMKIIMIT rpalueHT KOHLCHTPALIMU
KaTHOHOB BBI3bIBACT OCMOTHYECKOE MEPEABMKEHHE MOJICKYJ BOIbI U3



o0beMa CBOOOAHOTO MOPOBOrO O0BbeMa B Mpeneibl ABOHHOTO 3JIEK-
TpU4ecKoro cios. Jpyrumu cioBamu, 0OMEHHbBIE KATHOHBI CTPEMSTCS
K 1u¢¢dy3un B CBOOOIHBIN pacTBOp, HO 3a cYET KOMIICHCAIIMU 3apsiaa
MUHEpaJbHOH MOBEPXHOCTH YIEP)KUBAIOTCA OT yXoAa Ha Oombline
paccrosiHus. [laHHOE SBJICHHE XOPOIIO MJUTIOCTPUPYETCS Ha MpUMepe
HaOyXaHWs TJIMH, KOTJA MPOUCXOIUT CaMOIPOHM3BOJIBHBIA MEPEHOC
BOJIbl U3 BHELIHET0 00beMa K TBEPAOW MOBEPXHOCTH, MPUBOAALINN K
yBEIHUEHHIO 00beMa (HaOyxaHus) yBIaXXHEHHOH nopoasl. OTinyus B
CTPYKTYpe H (U3MUYECKHE CBOWMCTBA BOJBI MEPEXOTHOIO THIIA IO
CPaBHEHUIO CO CBOOOHOM BOJIONW MEHEE Pa3IM4yaroTCs 3a CUET MCHb-
LIETO BIUSHUSA MOBEPXHOCTHBIX CHUIL.

Bopa kanumisipHOH KOHIEHCaK 00pa3yeTcs B Mopax Karujuisip-
Horo pasmepa (guamerp ot 10-3 mo 103 MKM) 3a cueT KamWJUIAPHOTO
JaBJICHUS] U yJEepKUBaeTCsl B TOPHOM MOpoJe 3a CUET KalMUIAPHBIX
CHJI BOAHBIX MEHHCKOB (ITOBEPXHOCTHOTO HATSIKEHUsI), 00pa3yIoInX-
csl Ha rpaHuue paszaena a3 TBepaasl MOBEPXHOCTh — Boja - ra3. [lpu
KalMMUIAPHON KOHAEHCAIUU MOJIEKYJIBI BOJBI TIOCTENICHHO KOHACHCH-
PYIOTCSl Ha MOBEPXHOCTH IUICHKH aAcopOMpoBaHHOW Bnaru. [lnmeHka
a/7IcOpOUpPOBAHHON BJard OKPY>KaeT YacTHLbl, 1 B MECTaX KOHTaKTa
gactull oopasyrorcst MeHucku [20].

Boaa kanwuisipHOro BOHUTBHIBaHHMS 00pa3yeTrcsi MPH KOHTAKTE MU-
HEpaNbHOW TOBEPXHOCTH CO CBOOOIHOM BOJOH B KaHajax, cOOOmIao-
LIMXCA MOpax U TPeUIuHaX.

CBoOonHas Boa 00siaaeT cBOMCTBaMK OOBIYHON BOJBI, HAXOJUT-
csi TMOA MACWCTBHEM TpPaBUTALMOHHBIX CHJI WM Hamopa B TOpax
(r> 10MKM) ¥ TpeuuHaXx.

[Tpu popmupoBaHuy 3a51eXu HEPTU U ra3za B IOPOBOM IIPOCTPAHCT-
BE OCTaeTcsl BOJAA, €¢ NPHHATO Ha3bIBaTh OCTATOYHOHM Bojoil. OHa mo-
KpBIBA€T MOBEPXHOCTh MEJKUX COOOIIAIONIIMXCS TI0p, 3alOJHSIET IMOJl-
HOCTBIO MeJbYalilline KanuUIsipHbIe KaHalbl U yIepPKUBACTCS MOJIEKY-
JSIPHO-TIOBEPXHOCTHBIMU CHJIAMH OT Y4acTHs B 00IIeM JIBHKCHUH IL1a-
CTOBOM KUAKOCTH K CKBa)kHHaM. KonnuecTBO ocTaToYHON BOJBI B T10-
podax pa3NIMYHOTO JUTOJIOTMYECKOr0 COCTaBa OIMPEACNIETCS CTPOCHH-
€M TOpOBOr0 MPOCTPAHCTBA, COOTHOLIEHHMEM MEJKHX M KPYHHBIX
GUIBTPYIOMMXCA KaHAJOB, UX U3BHJIMCTOCTBIO, TNIOTHOCTBIO TOPOJIBL,



HaJM4YUeM BEILECTB B MOPOJE, MOJBEPKEHHBIX TMApaTaluu. BennunHa
OCTaTOYHOM BOJOHACHIIICHHOCTH MOXET U3MEHATHCS B LIMPOKUX Ipe-
nenax ot 5 go 70-100%. Ha BenmuuuHy OCTaTOYHOM BOJOHACHIIIEHHO-
CTH BIIMSET TaKXKE€ MHUHEPAJIOTHMUECKHUN COCTaB MOPOIBL: B IECYAHO-
QJIEBPUTOBBIX MOPOJIaX KOJIMUYECTBO OCTATOUYHOU BOJIbI yBEIUIHBACTCS C
YBEIMYCHHEM KOJW4ecTBa TIHHBL CBOWCTBA TIMHHUCTHIX HOPOA IIO-
Pa3HOMY H3MEHSIOTCS B 3aBUCHMOCTH OT THUIA BOJBL: €CJIM B TJIMHAX
MPUCYTCTBYET aJICOPOIMOHHO-CBSA3aHHAsl BOJA, TO TAKUE TJIMHBI UMEIOT
MPOYHYIO U TBEPAYIO KOHCUCTEHLUIO, €CIIM OCMOTHYECKAs WU KaIlu-
JIIpHAsT BOJA, TJIMHBI MPUOOPETAIOT CBONCTBO IUIACTUYHOCTH, JIUITKO-
CTH, JIETKO JeQOPMUPYIOTCS ¥ TEPSIFOT MPOYHOCTh, €CIH B TIIMHAX MPH-
CYTCTBYeT cBOOOJHAs BOAA, MOpOJa CTAHOBHUTCS TEKyd4eH, >KUAKOOO-
pasHoii [20]. Boja Ha MOBEpXHOCTH IIMHUCTHIX MHHEPAIOB 00pa3yeTcs
B BHUJIC KOMILJICKCOB IIYTEM B3aMMOJACUCTBUS BOJOPOIHBIX CBS3EU MO-
JIEKYJ BOJBI C IPOTOHU3UPOBAHHBIM BOJOPOJOM THAPOKCHUIIOB aTIOMO-
cunrkaroB. KomudecTBo BOJOPOTHBIX CBsI3Ci 00YCIIaBIUBACTCS YACIh-
HOW TIOBEPXHOCTBIO U pazMepamu nop [14].

OcTtarodHast BOjla BKJIFOUAET B ce0sl HECKOIBKO (hOpM BOJIbI, KOTO-
pBle MOTYT HaXOJWTHCS B IMOPOJE OJHOBPEMEHHO: aJCOPOIMOHHAS,
KanWUIspHAs U BOJA yriaoB nop. TOHKUM CJIOM OCTaTOYHOM BOJBL, Ha-
XOJAIIUNCS B TIOPOBOM MPOCTPAHCTBE, UMEET OMPEICICHHBIN pa3mep.
OcraTtouHas BoJla UMEET HEOJUHAKOBBII XapaKTep paclpeieieHus: B
BHJIE TJICHOK Pa3IMYHOM TONIIUHBI OHA PaclojliaraeTcs B KPYMHBIX U
MEJIKUX MOPOBBIX KaHANAaX, 3alOJHSICT YIJIbl U U3BUIUCTBIC YYACTKU U
MOYTH TOJHOCTBIO 3aHMMAET MEJbUalIINe TMOphl Pa3MEpPOM MeEHee
| MkM. IMEHHO 3TUM OOBSCHSIFOTCS CTOJIb PA3JINYHBIC BEITMYHHBI TOJI-
IIVHBI TUICHKHM CBsi3aHHOW Bojbl (oT 0,01 Mxm mo 0,857 mkm) [2].
TommuHa oSl CBsI3aHHOW BOJIBI 3aBUCUT OT THAPOQPIILHOCTH MUHE-
pPaJIbHOTO CKEJEeTa MOPOJbl, BHEIIHUX YCIOBUM, OT YCIOBUI paBHOBE-
CHUSl JIOMUHUPYIOIICH CHOCOOHOCTH K CMAauWBaHUIO BOJOW WIJIM yTJe-
BOJIOPOJIaMU MUHEPAIbHON MOBEPXHOCTH, OT MPUCYTCTBUSI KATHOHOB,
CTETeH! KOHIIEHTPAIMH JIEKTPOJIUTOB B IJIACTOBOM BOZIE, OT pazMepa
YaCTHI] TOPOJIBL.

HavanwHOoe pacnpenencHue He(TH, OCTaTOYHOW BOJBI M ra3a B
MOPUCTON CpeJie TUIACTA BIIMSIET HA MPOIECCH ABMKCHUS HE()TH U BbI-



TECHEHUE ee BOAOH M3 miacTa. KoinndyecTBO ocTaTOYHOM BOABI 3aBU-
CHUT OT COPTUPOBAHHOCTH M OKaTaHHOCTH KJIACTHYECKOI'O MaTepHala,
a Takke oT pasmepa nop [19]. Ilo cBoeMy XMMUYECKOMY COCTaBY OC-
TATOYHASI BOJIA MOXET OTJINYAaThCS OT KOHTYPHOH BOIBI M OT BOJHI,
noObIBaeMoit BMecTe ¢ He(pThio 1 Ta3oM [8].

Konrakt Mexny npuponHoi HETHIO M IOPOAOHM 3aBUCHUT OT CTa-
OMJIBHOCTU BOJHOW TUICHKH MEXIy MOBEPXHOCTSAMH M NPHUPOTHOMN
He(ThIO. Y CTOWYMBOCTh BOJHBIX TUICHOK MEXIY MPUPOIHON HE(PTHIO
U TIOBEPXHOCTHIO TOPHOM MOPOIBI CIIOCOOCTBYET MPEJOTBPAILICHHUIO
azicopOLUK BOIOHEPACTBOPUMBIX KOMIIOHEHTOB. Ecim e mieHka He-
cTabuibHA, MOJSIPHBIE KOMIIOHEHTHI He(pTH OyIyT HampsMYyIO ajcop-
OMpOBaThCS HA MMOBEPXHOCTH TOPHOH MOpoabl. CTaOMIBHOCTD BOJHOM
IUIEHKU OIpefeNnsieTcs Moka3areneM HelrpaibHocTH pH, KoHLEHTpa-
uuen pactBopa u coctasoM [3; 12; 13].

@dopMupoBaHNE U YCIOBUS YCTOMYMBOCTH TOHKHMX ITUIECHOK BOJIBI B
MOPHUCTBIX Cpellax MOXHO PAacCMOTpPEeTh B pamkax Teopuu JlepsaruHa,
Jlanpay, ®epses, OepoOeka (cokp. (AJIDPO) [11]. Komnougneie vac-
TUIBI B PAacTBOpE, BCIICACTBHE OpPOYHOBCKOI'O JIBIKEHHS, MOTYT Oec-
MPENSTCTBEHHO CONMKATBHCA IPYT C APYTOM, MOKa HE CONPUKOCHYTCS
CBOMMM XKUAKUMH Auddy3HBIME 0000uKamMu uiH ciosiMu. [Ipu sTom
MEXIy HHUMHM HE BO3HHMKAaeT HHMKAaKMX CWJI B3auMmoaeucTBus. [lms
JanbHENIIero CcONMMKEHUsI YacTUIBl JOJDKHBI Ie(QOpPMUPOBATH CBOU
i dy3HbIe 000I0YKH, YTOOBI MPOM3OLIIO WX B3aUMHOE MEPEKphIBa-
HHUEe (WM MPOHUKHOBEHHE APYT B Apyra). Ho KUAKOCTH IIIOXO CXKH-
MAaroTcsi, 1 B OTBET Ha Ae(opMalmio ¢ UX CTOPOHBI MOSBISIIOTCS Tak
Ha3bIBaCMbIe CHJIBI PACKJIMHHMBAIOLIET0 IaBJIEHUs], NPEISTCTBYIO-
IIMEe OCYLIECTBICHUIO IaHHOTO mpouecca. [Ipuuem uem Oonblue pas-
Mepbl JUQQy3HOTO Cosl, TEM 3HAUYUTEIbHEE CHIIBl PACKIMHUBAIOIIETO
nasneHus. Ha mpocioiiky >KUAKOCTH TONIIMHOM h meHcTBYIOT Tpu
JaTbHOICHCTBYIOIINE CUITBI, KOTOPHIE B CYMME OIUCHIBAIOT H30TEPMY
packnunuBatomero nasnenus [I(11). Monekymspuasie cunbsl [I1(l1) u
H”h) ctpykrypHble cuibl (CHJIbI, OTBEYAIOLIME 3a 00pa3oBaHUE Tpa-
HUYHBIX CJIOEB) OO0ECMCUMBAIOT MPHUTSHKEHUE TeN, HM HOHHO-
anexTpocraTudeckue cuibl Ile(11), KoTOpBIe CBsS3aHBI ¢ 0Opa3zoBaHUEM
BOJIN3M JIIO00H 3apspkeHHON Mexdas3Hoi rpanuipl AnhGy3HOTO HOH-



Horo cnosi. Juddy3noHHbI HOHHBIN ClIOW 0Opa3yeTcs 3a cHeT CIIOH-
TaHHOTO TepepacIpesieleHusl HIOHOB Mo AecTBHEM M30BITOYHBIX 3a-
PSIOB MOBEPXHOCTH. MOHHO-3JIEKTPOCTATUYECKUE CUIIBI MOTYT OBITh
KaK IOJIOKHUTENBHO, TaK M OTPULATENIBHO 3apsyKEHHBIMH MU BHOCAT
3HAYUTENBHBIN BKIal B (POPMHUPOBAHHE M yCTOWYMBOCTH TOHKUX BOJ-
HBIX IUIEHOK. /laHHasg cuila BOZHUKAeT B MOMEHT IEPEKPBITHS CIOEB
npu ux commxenuu. Ecnu Ile(#t) oTpuniatensHa, TO MIEHKH NPUTATH-
BAaIOTCS C YMEHbBLICHUEM €€ TOMIIUHBI h. TonmuHa nieHK: yMeHbIa-
€TCsl 10 MUHMMYyMa, a Ha HEKOTOPBhIX y4acTKaX MOBEPXHOCTU pa3py-
1aeTcs 3a C4eT MUKPOCTPYKTYPHBIX HEOJTHOPOTHOCTEH MOBEPXHOCTH.
Ecnu noBepxHOCTH 3apsiKeHBl OAMHAKOBO, TO noBeaeHue Ile(1) mmeer
JIBa aCCHUMETPUYHBIX MaKCHUMyMa, B 3TOM CJIyyae JIaBJIEHUE MOXKET
Kak yObIBaTh, Tak U Bo3pactaTb. UeM OoJblIe NaBleHHE B MAKCUMyMe
[lerax™tax) m mupe AMANa30H MOJOXKUTEIBHON BOJHBI JaBIECHUSA, TEM
BBIIIE YCTOMYUBOCTD IMJIEHKH BOJIBI.

[InacTtoBele BOABI MMEIOT pa3IMUYHYI0O MUHEpanu3auuio. Yem BHI-
1€ KOHLEHTPAIMs 3JIEKTPOINTA, TEM IUIEHKA BOJIbI CTAHOBUTCSI MEHEE
YCTOWYHMBOH. DTO MPOUCXOAUT 3a CUET aicOpOLMU MPOTHBOMOHOB U
cokaTusg JUQQPy3MOHHOTO CcJ0S, TO €CThb MEXaHMYecKas MpPOYHOCTb
IUIGHKU 3JIEKTpONiuTa cHWXkaeTcsa. B pabortax [14; 15] skcnepumen-
TaNbHO MOKa3aHa 3aBHCUMOCTb POCTa THAPO(GOOHOCTH MOBEPXHOCTH
OT YBEJIMYEHUS] MUHEPAIN3ALUHU TIACTOBOI BOABL

TakuM 00pazoM, MOXKHO cAelaTh HEKOTOphle BBIBOABL. Bona B
TOPHBIX TIOPO/aX HAXOAUTCA B BHJE aJCOPOLMOHHBIX IUIEHOK U MEHU-
CKOB, CBOMCTBa KOTOPBIX (CTaOMIBHOCTD, XapakTep PacIoNOKEHHs B
MOPOBOM TIPOCTPAHCTBE) 3HAYMTENBHO BIMSIOT Ha Tpolecc anacopo-
LUK YTICBOAOPOAOB B Mpouecce (HOPMHUPOBAHHS 3aJeKH U IPU pas-
paboTke MecTopoxaeHuii. Bonma B3auMoielicTByeT ¢ TOPOOH, B pe-
3yJbTaTe YEro MOYKET M3MEHHUTHCS CTPYKTypa MOPOBOTO IMPOCTPAHCT-
Ba, a CJIEIOBATENbHO, U CBOMCTBA MOpOJBI, KaKk ObUIO MOKa3aHO Ha
pUMepe ¢ TIIMHUCTHIMM MuHepanamu. OcTaToyHas BOAA HEPABHO-
MEpPHO pacIpeieNnsieTcss B IOPOBOM MPOCTPAHCTBE KOJJIEKTOpPA, B pe-
3yJIbTaTe YEero 4YacTh MOBEPXHOCTH OKa3bIBAETCS 3aHATa ajcopOupo-
BaHHOH BOAOH, a YacTb - aACOPOMPOBAHHBIMH YTIIEBOJOPOAAMH.
I'mnpodobueie n ruapOodUIbHBIE YUYACTKH MMOBEPXHOCTH TOp W KaHa-
JIOB MOTYT 3aHMMAaTh Kak KpPYIIHbIE, TAaK U MEJKUE MOphl. DTO Ompee-



JIIETCSL CTPYKTYPOIl MOPOBOTO MPOCTPAHCTBA, COCTABOM MUHEPAIBHOM
MOBEPXHOCTH, COCTaBOM HACHINIAOINUX (IIFOHIOB M TepMoOapuue-
CKUMH yCIOBUSIMU. OTHCAHHBIE SIBJICHUS TECHO CBSI3aHBI CO CMayu-
BaeMOCTBIO KOJIJICKTOPOB M BIMSIFOT Ha MPOIECCH ABMKCHUS HE(DTH U
BBITECHEHHE €€ BOJIOH M3 IUIacTa B mpoliecce pa3paboTKy.

4_3. BnusaHue dumanmyecknx nonen Ha popmmpoBaHue
MWUKPOCTPYKTYPHOM CMa4ynBaemMocTu

4.3.1. BnusaHue Temnepatypbl Ha oopMupoBaHme
MUKPOCTPYKTYPHOW CMaynMBaeMoCTH

Ha xapakrep cMa4nMBaeMOCTH IOPOJBI-KOJUICKTOPA BIIUSET TEM-
nepatypa. BiusiHue Temmeparypbl Ha CMadyMBaeMOCTh TECHO CBsi3aHa
C (pM3UYECKUMHU U XMMHYECKUMHU CBOMCTBAMH KaK TMOPOBOH MOBEpX-
HOCTH TOPOJBI, TAK U C COCTAaBOM HACHIIIAIOIIUX YTJIEBOJOPOIOB U
Bozbl. Kak mokazanu MHOroumcieHHsie 3xcnepuMmentsl [20; 21; 50], ¢
POCTOM TEMIIEpaTyphl aICcoOpOIMs AKTUBHBIX KOMIIOHEHTOB HE(TH
YMEHBIIIACTCS, M CJIEIOBATEIbHO, TOBEPXHOCTH CTAaHOBUTCS Ooliee
runpodmibHoi. [loaTOMy BCe mcclieoBaHUS HA CMauYMBaeMOCTh HAJIO
MIPOBOJUTH MPHU IIACTOBOM TEMIIEpaType ¢ UCIOIB30BAHUEM MPUPOJI-
HBIX TUIACTOBBIX (ptounoB (Tadi. 4.4).

OnHako, KaK MOKAa3bIBAIOT HKCIEPUMEHTHI, BIUSHUE TEMIIEPATYp-
HOro (pakTOpa Ha CMaUYMBAEMOCTh He(pTEH Pa3IMYHOrO COCTaBa HEOJ-
HO3HAYHO (puc. 4.4).

CHWXCHUE WM YBEIMYCHHE TEMIEpPaTyphl B IUIACTE BO BpeMs
MPOBENICHUS TEPMUUYECKUX METOJIOB BO3JCUCTBUSA HA 3AJIEKb MOXKET
BJIMATH Ha HepTeoTnauy. B pabore [18] nzyuanock BIMsSHME MOBBIIIE-
HUS TEMIICpaTyphl Ha KBapIeBbIC M KaJbIIUTOBBIC IOBEPXHOCTH.
KBaprieBble nmecyaHWKY CTAaHOBHJIUCH OoJiee TUAPOPOOHBIMU, a Kallb-
LUTOBEIE - OoJyiee TUAPOQIILHBIMU C POCTOM Temreparypbl. Takxke
CJICyeT YYHUTHIBaTh BBINMAJCHUE COJIEW W3 MUHEPAIHHOTO BOJIHOTO
pacTBOpa MpU MOBBIIICHUU TEMIIEPATYphl, OCATOK KOTOPBIX MOXKET
M3MEHSATh CMAuyUBAIOIIME CBOMCTBA MOBEPXHOCTH MOPOABI, 00pasys
IJIeHKy [22; 24; 25].
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Puc. 4.4. CpaBHeHuHe YIJ10B CMAYUBAHUA MEKAY T1€KAHOM
M ABAK/IbI JMCTHJIJIMPOBAHHON BOI0H HA MOBEPXHOCTHAX,
B TeueHHe 12 qHell BbIIeP:KAHHBIX B IPUPOAHOIT HedTH
Pa3JMYHOro cocTaBa npu temmneparypax 25°C n 60°C

4.3.2. BnusaHue gaBneHus Ha popmupoBaHue

MUKPOCTPYKTYPHOW CMauyMBaemMoCTun

Kunetnky usmMeHeHHs cMauMBaeMOCTH Ha Pa3iIUYHbIX MUHEpaib-
HBIX [TOBEPXHOCTSX B 3aBUCUMOCTH OT U3MEHEHUs IAaBJICHUS U TEMIIe-
paTyphl u3y4yanu MHoOrue yuenele [4; 6; 23; 46; 49]. dopmupoBanue
MIPUPOTHOH MUKPOCTPYKTYpHOH CMauMBaeMOCTH HEpa3pbIBHO CBs3a-
HO C IPOLECCaMU aJCOPOLMH MOJSPHBIX KOMIIOHEHTOB HE()TH Ha MU-
Hepayax, CJIaraloliuX BHYTPUIIOPOBYIO MOBEpPXHOCTH. MccrnenoBanus,
npoBeneHHble B.M. bepe3unsiM [4], mpoaeMOHCTpHPOBAIU SBHYIO 3a-
BHUCHUMOCTD aJICOPOIIMU aKTUBHBIX KOMIIOHEHTOB HE()TH OT IABICHHS
(Tabm. 4.3).

M.A. T'eiicmaH [6] ¢ coaBTOpaMu HarIsAHO MPOAEMOHCTPUPOBATIU
CJIOKHBIM THI 3aBUCUMOCTH cMauuBaemoctu (Bl)=cos0) (puc. 4.5).
ITo mepe yBenuyeHUs1 KOHLIEHTPAMKU HE(TH B pacTBOpPE TOIYOJIa B
3aBHCHMOCTH CMa4MBaeMOCTH OT JaBJICHUS ycinoxkHsaeTcs. [Ipn Manbix



BEJIMYMHAX JIABIECHUSA 10 MEpe €ro pocTa IMPOUCXOIUT yBEITHUEHHE
3HAYEHUI CMaYyMBaEeMOCTH JJIsl BCEX 3HAYEHMH KOHLEHTpauuu HedTH,
OTIHYHBIX OT Hyms. [Tpu nasnennn 50 kr/cM] UMeET MECTO MaKCHMYyM
cmauuBanus (0=26-33%,), (B12=0,9-0,84), koTophklii XapakTepeH aa-
ke JJI1 CaMbIX OOJIBIIMX KOHIEeHTpanuid Hedtu B pactBope. Jlaib-
Hemmidi pocTt aaenenust (1o 350 kr/cm2) oOyclaBIMBaeT CHHKCHHE
cMaunBaeMocTd. CMaunBaeMOCTh CTAHOBHUTCSI HMXKE, YEM IIPH aTMO-
chepHOM aAaBieHHH. MakcuMallbHasi CTENEHb CHW)KCHHSI CMadyhBae-
MOCTH HaOmIomaeTcsi MpH MaKCHMalbHOM KOHIEHTpauuu He()TH B

pacTBope.
Tabnuya 4.3

ApncopOuusi cM0J1 M HaTEHOBBIX KHCJIOT U3 PACTBOPOB, (A*10-6) Kr/m1
(H.K.* — HaQ)TeHOBbIE KHCJIOTBI, CM.** — CMOJIbI)

MII
Temmneparypa, JaBienne, a

Oopa3zen oC 0,1 10,0 20,0
H.K.  cM.**  HK. CM. H.K. M.
20 1,3 5,1 1,3 7,8 1,3 8,1
KsapueBbIii 50 1,0 48 1,0 6,3 1,1 7,5
IEeCOK 80 0,9 4,1 0,9 6,2 0,9 6,9
95 0,9 3,7 0,9 58 0,9 6,3
ITopomiok 20 1,0 3,1 1,0 43 1,0 4,5
KaJlbI[iTa 50 0,8 2,8 0,8 3,6 0,8 4,3
80 0,7 2,6 0,7 3.4 0,8 4,0
95 0,7 2,4 0,7 3,1 0,7 3.8

TemnepaTypa JaBaenue, MIla

Oo0pa3zen oC i 50,0 60,0 80,0
H.K. CM.¥*  H.K. cM. H.K. CM.
20 1,4 7,9 1,4 3,1 1,4 8,4
KBapuesbrit 50 1,2 7,3 1,1 7,5 1,2 8,0
MECOK 80 1,0 7,0 1,0 7,2 1,0 7,4
95 0,9 6,8 0,9 7,0 1,0 7,1
20 1,1 4,5 1,1 4,6 1,1 49
[Mopomok 50 0,9 4,3 0,9 4.4 0,9 4,7
KaJbIUTa 80 0,8 42 0,8 42 0,8 4,5

95 0,7 3,9 0,7 41 0,8 44



Konuentpanus
pactBopa, %

0,1
0,25
0,5
0,75
1,0
1,5

0,1
0,25
0,5
0,75
1,0
1,5

0,1
0,25
0,5
0,75
1,0
1,5

Ancopouusi cmout, (A*10-6) kr/m?

20

5,1
10,1
16,0
20,2
23,5
243

3.2
8,5

12,5
14,0
14,5
16,9

5.4
12,2
17,6
232
25,5
26,4

Temneparypa, °C
35 50 80
Keapyeswiii nopouiok

4,5 4,2 4,1
8,5 7,2 6,8
14,6 13,3 12,6
18,7 17,3 16,1
223 22,0 19,7
23,7 23,1 21,2

Topowiok uz kanvyuma

2,7 2,4 2,1
8,1 7.9 6,2
9,8 9,0 8,6
13,0 12,0 11,7
13,8 13,5 12,9
15,3 14,0 13,0

Topowok uz enun

5,1 49 4,7
10,1 9,2 8,3
15,7 15,0 14,6
21,7 21,2 20,4
24,1 23,8 23,0
25,1 24,6 23,8

Tabnuya 4.4

95

3,7
6,5
12,2
15,4
18,8
20,4

1,8
6,1
8,4
11,1
12,7
12,6

4.5
7.8
14,4
20,0
21,3
234



Puc. 4.5. U3MeHenne cMAaYHBAEeMOCTH KaJIbI[HTA,
00padaTbIBAEMOr0 TOJYOJbHLIMH PACTBOPAMHU POMANIKUHCKOH HedTH,
B 3aBHCUMOCTH OT JaBJieHHs p (Kr/cm2)
lucrepesucHoe cmaunBanue (Bl2) Ha rpaHuIe: KaubIIUT Karuisd BOIBI (JECT.)
azor: | © - 0%, 2 x - 0,01%, 3 o - 0,5%, 4 = - 1,0%, 5 m - 5,0%, 6 -

25,0%, A - 100,0%

4.3.3. AneKkTpuyecKkne CBOMCTBA HaCbILWEHHOro nnacra

CyliecTBYIOT KOJIMUECTBEHHBIE CBSI3H MEXKAY (HU3MUECKUMHU CBOM-
CTBaMH TOPHBIX NOPOJ (3NMEKTPUUECKUMH, PAAUOAKTHBHBIMH, TEILIO-
BBIMM, MarHUTHBIMH) U He(Te-, BOZO- ¥ [A30HACHIILIEHHOCTHIO, IIOPHUC-
TOCTBIO U NMPOHHLAEMOCTBIO. J{JIsl YCTaHOBIEHHS NaHHBIX CBS3€H IIHU-
POKO HCTIOJNIB3YIOT Te0()U3MUECKUE METOABI UCCIECIOBAHUS KOJIIEKTOP-
CKUX CBOMCTB MoOpojbpl. CMayMBaeMOCTh BIMSET Ha HEKOTOPHIE BUBI
KapOTaXHBIX M3MepeHuid. [ KapoTaka CONpPOTUBICHUI HEOOX0AUM
HETIPEPBIBHBIN MyTh TOKA Yepe3 MOpoy, KOTOpBIH o0ecrednBaeTcsi BO-
IOM, T.K. BOJA SBJISIETCS MPOBOISIINM MaTepHaIoM ISl TOKa, a HeTb U
raz — quaNieKTpukamu. Eciu B miacTe ecTb HEKOTOPOE KOJIMYECTBO BO-
Ibl, TO YIETIBHOE COMPOTUBIICHUE ABJsIETCS (PYHKLIMEH BOJOHACHIILECH-
HocTu. OT KOJIMYECTBa M XapakTepa paclpeeleHusl BOABI U YIJIEBOI0-
pozmoB B mopoae OyaeT 3aBUCETh KOPPEKTHOCTh pacdeTa BOAOHACHI-
IIEHHOCTH B 3aBUCUMOCTH OT YJI€IbHOT'O CONPOTUBIICHHUS.



Jna pacdera BOJOHACBHILIEHHOCTH HCHOJB3YIOT ypaBHeHHE Jlax-
HOBa-Apuu:
S = (R/Ro)n 4.1)

Sw— BOJOHACHIIIEHHOCTb, J.€1l., R:- TEeKyllee yACIbHOE COMPOTHUBIIEC-
Hrue (Om-M), Ro - ynensHoe compoTuBienue npu 100% BomoHACHI-
IIEHHOCTH, 1 — MOKa3aTelb HACBIIIICHHOCTH.

Ha 3nadenue mokasaTens HACBHIIIEHHOCTH /1 BIMSIET CMaudHuBae-
MOCTb, TOPHOE JaBICHHUE, XapaKTep U MHUKPOCKOIUYECKOE pacmpeie-
JICHUE TUIACTOBBIX (DIFOMIIOB, a TaK)KE TUIBI M KOJUYECTBO MPOBOIS-
X TIUHUCTBIX MHUHEpanoB [36]. Eciu BOJOHACHIIIIEHHOCTh BBICO-
Kas, TO N HE 3aBUCUT OT CMAuMBAEMOCTH, T.K. €CTb HEMpEpbIBHAA
IJICHKA BOJBI IJIsl 3JIEKTPUYECKOr0 TOKA, B 3TOM ciyyae n = 2. B oxn-
HOPOJHO TUAPOPOOHBIX CHCTEMaX MPH HU3KOW BOIOHACHIIICHHOCTU
MoKa3aTelib BOJOHACHIIIIEHHOCTH MOXET IOCTUTaTh 3HaueHus 10 u
Bhime. [lokazarenp HaCHINICHUS HEOOXOAMMO H3MEPATh B YCIOBUSIX
CMa4MBaEMOCTH, KOTOPHIC CYIIECTBYIOT B IUIACTE, T.€. HA KEPHAX C €C-
TECTBEHHOU WJIM BOCCTAHOBJICHHOH BOJJOHACHIIIIEHHOCTHIO, IIOCKOIBKY
OH SIBJIIETCA UYBCTBUTEIBHBIM TOKA3aTENIEM, BIUSET Ha KOPPEKTHOE
OTPEJICIICHUE BOJIOHACHIIICHHOCTH, KOTOpas y4acTBYET B IMOJCYETE
3amacoB. B mpOTUBHOM ciydyae BOJIOHACHIIICHHOCTH, OMPE/CICHHAS
no ['MC Oyzer 3anmxena [27; 28].

4.3.4. finepHO-MarHUTHbIA pe30HaHC U CMa4ynBaeMocCTb

Merton simepHOro MaruutHoro pezonanca (SIMP) ocHoBaH Ha pe-
30HAHCHOM TIOTJIOLEHUM SJIEKTPOMAarHUTHON 3HEPTMU B BEILECTBAX,
00YCIIOBIIEHHOM MarHeTusMoM siaep. Jddekr nornomenuns Habmoga-
eTcs B CWJILHOM MarHWTHOM M0JIe, Ha KOTOpPOe HakKjaablBaeTcs Oojee
cnaboe mosie obmactu paaunodactor. Mctounukom sHeprun B SIMP
CITy’KuT renepatop paguodactor 10-60 MI'n (nymuHa BosHb! 30-50 M).

CmaumBaeMocte u SIMP mnoBepxHOCTHas penakcanys 3aBUCST
Ipyr ot apyra. CMauuBaeMOCTb KOHTPOJIUPYET PACIOIOKEHHUE >KHI-
KOCTH B MOPHUCTHIX cpefax, a SIMP moBepxHOCTHas penakcanus MoKa-
3bIBA€T, YTO )KUJKOCTH B KOHTAKTe C MIOBEPXHOCTBIO MUHEpaIa UMEET
BpeMsI pelakcaliu KOpode MO CPaBHEHHUIO ¢ ee OOBEeMHBIMH 3Haye-



HusiMu. HaOromaetcst Xopoiasi CorllacOBaHHOCTh B MHIEKCAaX CMayu-
BaHUsl, ompenenseMbix no meroay SIMP u merony Amotra-I'apses,
YTO JaeT OCHOBaHME UCMONb30BaTh MeTox SIMP ¢ Gonbmioil yBepeH-
HOCTBIO B BEpHOCTH pe3ynbTrara [42; 45; 50].
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Paszgen Il

9KCMEPUMEHTAJbHbLIE UICCNEOOBAHUSA
3AKOHOMEPHOCTEW CTPYKTYPHOM

CMAYNBAEMOCTU MIACTOBbIX CUCTEM

Maga 5. CywecTtByoLwme cnocobbl onpeageneHns
CMa4yMBaeMOCTM NNacToBbIX CUCTEM

5.1. NapameTpbl cMauMBaHUA U CNOCOOLI UX onpeaeneHus

Bonbioe pazHooOpasne METOIOB OIIEHKH CMaylBaeMOCTH CBHJIE-
TEJIBCTBYET 00 OTCYTCTBMM YHHMBEPCAJIBHOTO METOJAa U O HEompeae-
JIEHHOCTH 00JIACTH MX HCITOJIb30BaHMs [27].

Cuctema nopoja - HeTh - BOAA SIBIISIETCS LEIOCTHOW PUPOJHOM
CUCTEMOH, B KOTOPOM BCE KOMIIOHEHTBbI B3aUMOJCHCTBYIOT IpPYyr C
JPYTOM, MO3TOMY Pa3InYHbIC XapaKTEPUCTUKHU CUCTEMBI HEOOXOIUMO
M3y4yaTh BCECTOPOHHE U KOMIUIEKCHO [1; 2; 3; 16].

Cy1ecTBYIOT IpsSMble U KOCBEHHBIE METOJBI ONpPEAETICHHUS CMa-
yuBaeMOCTH. K NIpSMBIM KONMYECTBEHHBIM METOAAM OIpeNEIeHUs
CMa4MBaE€MOCTH OTHOCATCS: OIpEIENIeHNE KPaeBoro yria CMaunBaHUs
(0), meTon m3orepMuueckoi cymku. K KOCBEHHBIM METOAAaM OTHOCSIT-
csa: meron AmotTa, Metog USBM, meron agcop6iwu Bousl, OCT 39-
180-85, kamwuIspHas MPOMUTKA, KPHBBIE OTHOCHTENBHOU (pa3oBoif
MPOHULAEMOCTH, METOJI SIIEPHO-MarHUTHOTO PE30HAHCA, aacopOLus
METHJICHOBOUN CUHM (METHIICHOBBIHN roay0oii).

Camble paHHUE MONBITKM KOJIMYECTBEHHO OILIEHUTh CMayduBae-
MocTh nmpuHamiexar Oury (1804 r.). On mokasan, 4ro ¢gopma Kamau
Ha TBEP/IOH NOBEPXHOCTU ONPEEIISETCS COOTHOIIEHUEM CUII MOJIEKY-
JIIPHOTO TIPUTSDKEHUSI MEXTy MOJIEKYJIaMU JKUIKOCTU M TBEPJOTrO Te-
Jla ¥ B3aUMHBIM MPHUTSHKEHUEM MOJIEKYJI xKUIKocTh (puc. 5.1). Taxoke



OH IIOKa3sall, 4TO paBHOBCCHbIﬁ KpaeBoﬁ yroJj CMa4uBaHUA — IMOCTOSH-
Has BCIMYHHA OJIA Ka)K,I[OfI ):[aHHOﬁ CHUCTEMbI TBEpJas MOBECPXHOCTb —
JKUJKOCTh - Cp€Aa W BBIBCJI YPABHCHUC JI paCdCTa KpacBOro yriia

CT25 =(T13 +(T12 *cos6 (5.1),

N\ o
€086 =—22n X (3.2)

rae ol) - Mexda3Hoe HATSHKEHUE MEXIY TBEPAOW MOBEPXHOCTBHIO U
HedThIO, Ol3 - Mex(dazHOe HATHKEHHUE MEXKAY TBEPAOH MOBEPXHO-
CTBIO M TIOBEPXHOCTBIO KaIlIM BOABL, Ol) - MexdazHoe HaTsHKeHHE
MEXIy MMOBEPXHOCTBIO KaIluld BOJBI M HEPTHIO, 0 - yroy cMauynBaHUS.
IIpn 0 = 0 - monmHoe cMaumBanue, npu 0 = 180 - monHOE HECMauMBa-
Hue (1 - )KUAKOCTB, 2 - HeTh, 3 - TBepAast HOBEPXHOCTH).

Jns m3mepenust 0 NpUMEHSIOT pa3iIMYHbIE CHOCOOBI: HaKJIOHHAS
IJIOCKOCTh, LWIMHAP, MOABEM KHUAKOCTH B KalWUIIpE, METOA CUAS-
4ero my3bIpbKa WM Karuiy U 1p. Bce 3T MeToapl Xxopomo paboTaroT
MIpY YCJIOBMH HWCHOJB30BAHUA TJIAJAKOW YUCTOW MOBEPXHOCTHU M YHC-
ThIX kuJKocTed. [loaTomy ans ompeneneHus cMadMBaeMOCTH B pe-
QIBHBIX NMPUPOAHBIX CpeJax OHM He MPUMEHHUMBI, T.K. IIEepOXOBaTO-
CTH, TIOpBl, MHKPOTPEUIMHBI, (DU3NKO-XMMHUYECKasi HEOJHOPOIHOCTD
MOBEPXHOCTH OyIyT OKa3bIBaTh CHJIBHOE BO3/CHCTBUE HA CMaulBaHHUE



TBEPIOW MOBEPXHOCTH. DTH HEOTHOPOAHOCTH IMPHUBOMAAT K IMPOSBIIE-
HHUIO THUCTEpe3rca CMauMBaHHs, KOTOPBI WIPaeT OrPOMHYIO POJib B
peasbHBIX cpefax. [ mcrepe3ncoM cMauuBaHUSI Ha3bIBACTCS CHOCOO-
HOCTH JKUAKOCTH MMETH NMPH KOHTAKTE C TBEPABIM TEJIOM HECKOJIBKO
YCTOMUYMBBIX (METacTaOMJIbHBIX) CTaTHYECKUX KpAaeBBIX YIJIOB, OT-
JUYHBIX OT PAaBHOBECHOTO (TEpPMOAMHAMHYECKOTo) 3HaueHus. Jlaxe
npu cOOMIONCHNN TTOCTOSHHBIX TEPMOJANHAMUYECKUX YCIOBHH OJHA U
Ta JKe KaIuis )KUAKOCTU Ha OJHOW M TOM K€ TIOBEPXHOCTH OyIeT UMETh
pa3nvHbBIe CTATUYECKUE YIJIbl CMAuMBAaHUS B 3aBUCHMOCTH OT YCJO-
BUH ee (POPMUPOBAHHUSI.

[ onmcanus xapakTepa ABMKECHHUS KHIKOCTU B peajibHBIX I10-
PHUCTBIX TeNax, TaKhX, KaKk cOOOMIAIoIMecs y3KHe KaHalbl Kaluuis-
POB C MEPEMEHHBIM IOTEPEYHBIM CEYEHHEM, HCIOJIB3YIOT 3aBHCH-
MOCTh KalWJUIPHOTO JaBJICHUS P« U paJnyca KaHaja e. Brepsble oty
3aBucuMocTh monyunn Jlamac (1805 r.), mis chepudeckoil moBepx-
HOCTH OHa BHINJILANT TaK (opmymna 5.3):

. (53),
T7e O - TIOBEPXHOCTHOE HATSDKEHHE JKUAKOCTH, R - pagnyc KpUBHU3-
HBI MEHHUCKA.

[t cykaromerocst ¥ pacIIupsIOIerocsl KaHaia 3aBHCUMOCTD P

oT 2 paznuyHa (popmyna 5.4, 5.5):

ﬁk . 2CTur 0052(60 +a) (5.4),
2% cos(0o ““Q)
Pre - )

’ (5.5)
IJIe OXT — MOBEPXHOCTHOE HATSHKEHHUE JKUIKOCTH, 2 — PaJuyC KaHaua,
a - YroJl HaKJIOHA CTEHKHU KaHaJla K €ro OCH.

JI71s1 BEITECHEHMSI )KUIKOCTHU 10 KaHATY MEPEMEHHOI0 CEUeHUS He-
00X0JMMO TPEOJ0ICTh KAMWILIIPHOE JaBJICHHE, CO3/laBas BHEIIHEE
naBieHue. ['ucTepe3uc mposBIsSETCS B TOM, YTO MPHU OJHOM H TOM K€
BHEIIIHEM [IaBJICHUU MEHHUCK MOKET 3aHMMATh PAa3HBIC IMOJIOKECHHS B
Mope B 3aBUCUMOCTH OT HAIPABIICHUS MEPEMEIICHUS KUIKOCTH [23].



5.5.1. MeToa nsmepeHusi KOHTaKTHOrO yrrna cMadyMBaHus

CMaunBaeMOCTh XHUAKOCTHIO TBEPAOH MOBEPXHOCTH MOXET Xa-
PaKTEPHU30BaThCS «KpaeBbIM 3P heKTOM» (00pa3oBaHHEM MEHHCKA) Ha
rpaHmIe pazaena Tpex a3 (Hampumep, mopoaa — Boaa — Hedrtp) [10].
Wnu ecnu Ha MOBEPXHOCTH TBEPAOIO TEJIa HAHECTH KAIUTIO XKUAKOCTH,
TO OHa MOJ ACHCTBHEM MOJEKYJSIPHBIX CHJ PAcTEUeTcss U MPUMET
¢dopmy nuH3HI (puc. 5.2).

VYroi, 00pa3oBaHHbBIN KacaTeILHOU K KaIlie B TOYKAX €€ IepUMET-
pa Oc 3aBUCHT OT TOBEPXHOCTHBIX HATsDKEHHH Ha pasnenax ¢as. U3
YCJIOBHI PaBHOBECHUS BEKTOPOB (yrojl CMayMBaHUS OTBEYAET TEPMO-
JUHAMAYECKOMY PaBHOBECHIO), 0€3 ydeTa CHJI TSDKECTH IOIYYUM

Puc. 5.2. Cxema 00pa3oBaHusi KOHTAKTHOIO yrja
B CHCTeMe IJIaJIKasi IOBEPXHOCTh — BO/Ia — He(pThH

B 3Tux ypaBHEHUIX OB M OHI MPAKTUYSCKU HEU3BECTHBI, IIOITOMY
0 COOTHOIIICHUU MOBEPXHOCTHBIX HATSDKEHUM CyIAT MO YIIIy CMadmu-
BaHUSI.

N3 BeIpakeHus 5.2 BUAHO, YTO YEM MEHBIIE 3HAYEHHUE MMOBEPXHO-
CTHOTO HATSDKEHUS MEKIY TBEpPIOW MOBEPXHOCTHIO M KHUIKOCTBHIO,
TEM JIydIlle CMA4MBaeTCs TOBEPXHOCTh. WMim, wHaue, MOBEPXHOCTH
JIOJDKHA JIy4IlIe CMA4MBaThCA TOW KHJKOCTBIO, KOTOpas o0JiajaeT
MEHBIIIEH Pa3HOCTHIO MOJIAPHOCTEH MEXKAY TBEPABIM TEIIOM U KHUIKO-
CTBIO, T. €. MCHBIIIMM 3HAYCHHEM MOBEPXHOCTHOTO HATSIKEHUS Ha MX
pasnmene (puc. 5.2). Ecnm < c030c < () — MOBEPXHOCTH
ruapodmibHa, 900 < Oc < 1800(0 < co30¢ < — 1) — MOBEPXHOCTH T'H-
podobna. 3Hauenue 0, e€CIM WCKIIOYNTHh BIMSHHUE CHIIBI TSHKECTH, HE



3aBUCHUT OT Pa3MEPOB KaIlld M OIMPEIENIICTCS JIUIIb MOJCKYISPHBIMU
CBOWMCTBaMU MOBEPXHOCTEH TBEPAOTO TeJla U CONMpPUKACAIONIMXCS (a3.
[Toatomy, MCX0/s U3 TEOPUHU MOBEPXHOCTHBIX SBJICHUHN, MOXKHO YCTa-
HOBHTH CBSI3b KPAaeBOTO yriia cMaumnBaHus (¢ ¢ MOBEPXHOCTHBIM HaTS-
YKEHUEM MEXTY TBEPJBIM TEJIOM U JKUJKOCTBIO.

Yron cMaunMBaHUS Ha UACATBHON MOBEPXHOCTH 3aBUCUT OT MHO-
JKecTBa (PaKTOPOB: MEXaHHMYECKOTO CTPOCHHS MOBEPXHOCTH, aJcOopO-
1MUY Ha HEW ra30B, MOBEPXHOCTHO-aKTUBHBIX U JIPYTHX BEIIECTB, OT €¢
3arps3HEHUs, DIICKTpHUYecKoro 3apsaa u T. A. OcobeHHo Oombioe
BIMSIHAE Ha YroJ CMAuMBaHUS OKa3bIBAIOT MPOIECCHI afcopOIuu B
CBSI3U C M3MECHEHUEM XMMHYECKOTO CTPOSHUSI IMOBEPXHOCTH TBEPOTO
Tena. Eciu nmpu 3TOM K MOBEPXHOCTH OPUCHTUPOBAHA HEMOJSPHAS yT-
JICBOJIOPOJIHAS IIETb TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB, TO THUJIPO-
¢unbable pagukansl (-OH, -COOH, -CO,-COH u ap.), oOpaiieHHble
B CTOPOHY >KUJKOCTH, CHOCOOCTBYIOT CMaYyMBAHHIO MMOBEPXHOCTH BO-
noit. [Ipu oOpaTHO# opreHTaIK NOBEPXHOCTH rHapododuzyercs [8].

Mertonbl U3MeEpeHue KpaeBoro yriia CMavyMBaHUs JIENSTCS Ha CTa-
TUYECKUE U JAMHAMU4Yeckue (Ui kuakocteit). K crarmyeckum meto-
JlaM OTHOCSITCS METOJ] OTpbIBa KoJjbia (Meron Jsto Hywm [28]), meron
iactuHku (Meto; Bumbrensmu [29]), MeToJ Bpalnaromieiics Kariy,
METO/I Majaroliel Karmiy [26]; K AMHAMUYECKUM — METOJ MaKCUMaJlb-
HOTO JIaBJICHHUSI B ITy3bIpbKke (MeTon PeOunmepa), MeTon oObeMa Karm
[6]. dnst TBepABIX TEd: METOJ JeKAaIlel Karul, THHAMAYECKUN METO]
Buerensmu, mMeton BuiabreasMu ¢ €IMHUYHBIM BOJOKHOM, METOI
OIPENICIICHUS KPaeBOro yria B Clilyyae MOPOIIKOB. TpajuiMOHHAs Me-
TOJMKA JIeXKAIIEH KAl U ONTHYECKOTO U3MEPEHUS yria CMauylBaHUS
Mo 3aMepy yriia MEHUCKa, 00pa30BaHHOTO Ha IMOBEPXHOCTH 0o0Opasia
JIETaIbHO OMKCaHbI B pabote [29].

W3mepenne yriia cMaynmBaeMOCTH 10 Karle Ha MOBEPXHOCTU 00-
pasiia MmopoJbl JIETKO BBIMIOJHACTCS COBPEMEHHBIMH ONTHYCCKUMH
cpeacrBamu. OnHAKO CHIOCO0 HE MOJYYMIJI IIMPOKOTO PacpOCTpaHe-
HUSl U3-32 CJIOKHOCTH U TPYJOCMKOCTH HAaHECEHHS MEXaHHUYCCKUM
croco0oM OOJIBIIIOTO YKCIa COM3MEPUMBIX 10 pa3Mepy Kamenb. Kpo-
M€ 3TOTO, JIJIsl TOPUCTHIX MOPOJT ATOT METO] HE MPUTOJICH, TaK KaK Ha-
HECCHHBIC KaIlTi OBICTPO BIIUTHIBAIOTCS B MOPOIY.



CyTb MeTOJa ONpeAeNcHHs KOHTAKTHOTO YTjia 3aKIF04aeTcs B
CJIEJYIONIEM: YUCTYIO TJIQJAKYIH0 MUHEPaJbHYIO0 MOBEPXHOCTH (KBapIle-
BYHO MJIM KaJILIITOBYI0) YCTAHABIMBAIOT B CHCIHMATBHYIO SUCHKY, 3a-
TIOJITHEHHYIO YHMCTOW MWHEpaIM30BaHHOH BOmOi Oe3 kucmopoma. Ha
TUIACTHHY HAHOCHTCS Karuisl HeTH TakuM o0pa3oM, 4TOObI OHA KOH-
TaKTHpOBaja ¢ OOJbBIIEH YacThIO MOBEPXHOCTH IIACTHHBI. B ciydae
IBYX MapaUIeNbHBIX TUTACTUH KaIUTI0 He(hTH TIOMENIA0T MEXIy HAML.
HHH JOCTHXKCHUA PaBHOBCCHOT'O COCTOAHUSA KaIlJIIO He(bTI/I OCTaBJIAIOT
B TaKOM TIOJIOKEHWH Ha HECKONbKO mHed. llocie mocTrkeHus paBHO-
BCCHOT'O IIOJIOKCHUSA IUIACTUHY HAKJIOHAIOT, 4 B ClIy4da€ ABYX I1apal-
JICNIBHBIX TUIACTUH ITUTACTHHKH CMEINAIOT MapajuielbHO JAPYT JAPYTY
Tak, 4TOOBI Karuid HeTH cierka caBuHynack. [Ipu sToM MuHEpanm3o-
BaHHas BOJIA MEPEMEIACTCS HaJl TOW YaCThIO TUTACTUHKH, TJIC PaHbIIE
KOHTAKTHpOBaJia ¢ He(PThIO. YTOJl KOHTaKTa B 3TOM cly4ae OyJIer Ha-
3BIBAThCS «HACTyMaomuM» — Omact (puc. 5.3), T.e. yron, u3MepeHHBIH
MOCJIe MPEKpalleHUs pacTeKaHus Kammd. [Ipu nepeMereHnu Karui B
00paTHOM HaIpaBJICHUH 00Pa3yeTCs OTCTYMAIONIV KOHTAKTHBIN yTro
- Qotcr. Pazrocts (Onacr -Ootet) HA3BIBACTCS KUHETHYECCKHM THCTEPE3H-
COM KOHTaKTHOTO yruia (puc. 5.3).

Puc. 5.3. Cxema rucrepe3nca KOHTAKTHOI'O yIJa

[ToBepXHOCTH IOPOBBIX KAaHATOB MMEET CIOXKHBIM MUKpOpenbed ¢
BBICTYIIAMH W BIAQJAWHAMM pa3MdHONd (QopMbl U pasMepa. Hamuume
HIEpOXOBAaTOCTH (pHC. 5.4) BIUSAET HA KAYECTBO M3MEPEHHS KOHTAKT-
HOT'O yTjla Mo JIBYM IMpPHUYMHAM: TEPMOJMHAMUYEcKasl, KOIrJla HEpOBHO-
CTH yBEJINYMBAIOT PEAIbHYIO MOBEPXHOCTD 110 CPABHEHUIO C HICAIBHO
IJIaAKOM; BTOpas NMpUYMHA — KWHETH4YecKas. Bo BTOpoM ciydae cko-
POCTh pacTeKaHUsl KHUIKOCTU BIOJb KaHABKH (BIaIWHbI) U IPH IOMa-
JaHUU ee B KaHaBKy OyleT pa3HOi, HaJIWYMEe BMAAWH CHUKAET CKO-
POCTh pacTeKaHHUs.



Puc. 5.4. Ilpumep mepoxoBaToii MOBEPXHOCTH €CTECTBEHHOT 0
o0pa3ua nopoasl

[Mnactel HedTera3oBbIX KOJUIEKTOPOB HMEKOT Pa3iIUYHBIA MUHE-
panbHBIN cocTaB. YUacTKU BHYTPUIIOPOBOM MOBEPXHOCTH UMEIOT pa3-
HYIO BEJIMYUHY [TOBEPXHOCTHOM 3HEPTUH, YTO BBI3BAHO HEOIHOPOJIHO-
CTHIO KPUCTAUIMYECKON CTPYKTYPBl U XMMHYECKUM cocTaBoM. Jlpy-
TUMHU CJIOBaMH, OT/AEIbHbBIE YUACTKH MOBEPXHOCTH UMEIOT Pa3IMUHYIO
aJICOPOIMOHHYI0 aKTUBHOCTH [24]. TIpuCYTCTBHE TIIMHUCTBIX MHHEPA-
JIOB B TOPOJIE JENa0T HEBO3MOXHBIM a/IeKBATHO PAaCCUUTATh KOH-
TaKTHBIA yroJl CMauuBaHUSA, MOCKOJILKY TIIMHUCTHIE MHHEPAIbI 00Jia-
JArOT BBICOKOW aIcOPOIIMOHHOM aKTHBHOCTBIO.

s u3MepeHrss KOHTaKTHOTO YIJIa CMAuyMBaHMS CIIEAYeT HCIIOJIb-
30BaTh TJIAJIKAE YUCThIC MOBEPXHOCTH (MCKYCCTBEHHBIC KEPHBI) U YUC-
ThIE JKUAKOCTH (OTCYTCTBYET afcopOLus U ecopOLus MOBEPXHOCTHO-
AKTHUBHBIX KOMIIOHCHTORB). B peajbHBIX YCIOBUSX BHYTPEHHSS TIOPOBasI
MOBEPXHOCTh MOPOJIBI LIEPOXOBaTasi U TETEPOreHHas, UMEET HEOIHO-
POIHYIO CTPYKTYpY (IIOpBI M KaNMJUISPHI PA3IUYHBIX Pa3MEpPOB) U He-
OJHOPOZIHOE HAChIIIEHHE (QIIOMIAMH C MPUCYTCTBHEM IOBEPXHOCTHO-
AKTUBHBIX BEIIECTB. B 3TOM ciydae mpu OmpeAeiceHUHd KOHTAKTHOTO
yria TpeOyeTcs 3HAUMTeNbHOE BpeMsl Uil JOCTHIKEHHS PaBHOBECHOTO
coctosinus. Takxke CMayMBaeMOCTb SIBISIETCS BEJIMYMHON HE MOCTOSH-
HOM, a 3aBHUCHUT OT COCTaBa MHUHEPAIbHOM MOBEPXHOCTH, CBOMCTB Ha-
CBIIIAIONINX (DIIOMIOB U B3aMMOJICHCTBUS MEXIy HUMH. B CBs3u ¢
STUM BCE METOJIbI OMPEICICHUS CMAYMBAEMOCTH 10 KOHTAKTHOMY YTy
CMauYUBaHUs HE YUYUTHIBAIOT PEATBHBIX (PU3UKO-XUMHUECKUX YCIIOBHMA U
JAIOT JTUIIG MPUOTU3UTEIBHYI0 OLEHKY XapaKTePUCTUKU CMavyUBaHUS.
Bce mepeuncieHHbie BbIlie METOIBl U3MEPEHHUS] KOHTAKTHOTO yTia HE
YUUTBIBAIOT CTPYKTYpPY MOPOBOTO NMPOCTPAHCTBA.



5.5.2. KpaeBow yron Ha dpakTanbHON NOBEPXHOCTU

@DpakTanbHble MOBEPXHOCTH, KaKk OBUIO OTMEUEHO paHee, Mpea-
CTaBIISIIOT cOOO CHITBHO LIEpOXoBaThie MoBepxHOCTH. Kak u B ciyuae
MPOCTO IIEPOXOBATHIX MOBEPXHOCTEH, KPaeBoil yroi Ha MOIIOKKE C
(paKkTaIbHONW CTPYKTYPOH CYIIECTBEHHBIM 00pa3oM OTIMYAETCS OT
KpaeBoro yria Ha IMaJKoi mojioxke. TeopeTnueckn BeTUUMHa Kpae-
BOTO yria Ha (paKTaIbHOU MOBEPXHOCTH MOXKET OBITH ONpeneNneHa B
CUTYyalluH, KOTJIa pa3Mep Karulk MpeBbIIacT MacIITa0bl, Ha KOTOPBIX
BBITIOJTHSIOTCS. 3aKOHOMEPHOCTH, OTBEUYAIOIINE (PpaKTaJbHOH CTPYK-
Type. OrpaHM4uMCsl PaCCMOTPEHHEM THUIUYHOU IS MaKpOCKOMHYe-
CKUX CHCTEM CHUTyallUHd, KOIZa pa3Mep Kallli MPEBbIMaeT Macurad
Hanbojee KPYIHBIX HEOJHOPOAHOCTEH Ha (paKkTalbHOW MOBEPXHO-
CTH. DTa CUTyalus XapakTepHa JUIi MHUKPOCKOITMYECKHUX CHCTEM Ha
MOBEPXHOCTH KOJUIEKTOpA.

[Mycts kamist paamyca Rl mepexomut u3 o0beMHOH (asbl Ha mo-
BepxHOCThb. [Ipumem, uTo (pakTaipHas CTPYKTypa MOBEPXHOCTH Ha-
YUHAET MPOSIBIATHCS ¢ MacmTaba 5o M OrpaHHYeHa CBEpPXY MaclITa-
6om [lo. I[Tycth dl - pazmep MoneKyll KHIKOCTH, a d] pa3Mep MOJEKY
rasa (WIM SKBUBAJIEHTHOH emy ¢a3bl). Torma miomaan mexdasHoil
MOBEPXHOCTH, U3MEPEHHBIE Ha MaciiTabax di M d2 paBHBI COOTBETCT-

BEeHHO Af'= u , TIIe 4= HEKOTOpasl MOCTOSH-

Hast; d7 - QpakTagbHas pa3MEPHOCTH TOBEPXHOCTH.

3nech Hamo OOpaTHTh BHUMaHHE Ha pa3indyHue MPOCTO LIEpOXOBa-
TBIX MOBEPXHOCTEH W LIEPOXOBATHIX MOBEPXHOCTEH € (paKTaIbHOU
CTpYKTypoil. sl OOBIYHBIX LIEPOXOBATHIX MOBEPXHOCTEW IUIOMIAJb
Mex(a3HOW MOBEPXHOCTH He 3aBHCUT OT Tuma (roupa. Jns dpak-
TaJbHBIX XK€ MMOBEPXHOCTEH IUIOLIaab OyIeT ONpeneNsiThes pazMepoM
MOJIEKYJI, KOTOPBI B JQHHOM ClIly4ae SBISIETCSA Pa3MEpOM 30HIA, C
MOMOIIBIO KOTOPOTO HM3MEpSIeTCs IUIomMans (paKkTalbHONH MOBEPXHO-
cti. IMEeHHO 1o 3TOH NpuYMHE pacdeT KpaeBoro yria st (pakraib-
HBIX [OBEPXHOCTEN HE CBOAUTCSA MPOCTO K AHAIIOTMYHOMY PACUETY,
IIPOBENCHHOMY JUISl HIEPOXOBATHIX TOBEPXHOCTEN.



Jna xammu pasmepom R0>Al macmta® w3MepeHHs IUIOMIAAN
¢pakransHOH moBepxHOcTH paBeH Al Torga miomanb OCHOBaHUS
LIapOBOTO CErMEHTa, OYEBUIHO, paBHA

A :(tI -
(5.6)
U MBI MO>KEM HAIUCATh CIEAYIOLIEe COOTHOLICHHUE:
/o \ar ‘
Af | TRIsin2e (5.7)

C ydeToM BbIIIE NPUBEAECHHBIX COOTHOIIEHUM HM3MEHEHHE CBO-
0O/IHOM PHEPTUU KaIlIK MPH MepeHoce ee Ha (PaKTANbHYIO MOIOKKY
MOJKET OBITH 3aITUCaHO B BHJIE:

*F =—Adj I " — e A
(5.8)
1 - a l
+7w 2nR = ( COSe)g (e)
2
WM C yYETOM cOoOTHoIeHus (5.7):
\2~df 7 \2—df ~
_ gl =Telde | ~R<Ig (e)sin2e+

d] yd J (5.9

+7 4R [(1- COs€) ga(€) /2 = 1]

HCHOJII:BySI TCOPUIO CMAaYMBaAHUA, NPUXOJUM K CICAYIOUIEMY BbI-
PAXCHUIO IJId PABHOBCCHOI'O KpacBOI'o yrjia Ha q)paKTaHLHOﬁ I10-
BCPXHOCTHU:

TI-(7S7:)d=2/di ) 1

COSC r = 7,?\/ 7iv7,vi J 1 _ (7SV/ 731‘) ) kJ J
(5.10)
Tl - (Tsv/ T \ezzren ) 1
=cos00 uJ J
L 1 - (7SV/ 7Si)

U3 popmyer 5.10 BUIHO, 4TO KpaeBol yroa Ha (pakTaibHBIX MO-
BEPXHOCTSIX OINpENeNIeTCs] HE TOJBKO MEK(pa3HBIMH HATSHKEHHUSMH,



HO ¥ pa3MepaMH MOJIEKYJI, a TAKXKEe MaciTaboM, OTBEYAIOUIUM BEpX-
HeMy mpeseny (ppakTaipHOTO MpHUBEACHUS NoBepxHOCcTU. Ecim Hux-
Hul npenen S0 mpeBbIaeT pa3Mepbl MoJiekys, To ¢opmyina 5.10 cy-
LIECTBEHHO yMpolnaercs. B aTom ciydae miomans MexdasHo# mo-
BEPXHOCTH, U3MepeHHas: Ha macmTabax 30, dl u d2, umeer ogHy U Ty
e BEJIMYMHY, [103TOMY B ¢opmyine 5.10 MoxHO 3ameHUTH d| U dl Ha
50, 9TO MPHUBOAMT K CJIEAYIOUIEMY JAOCTATOYHO MPOCTOMY BBIpake-
HHIO:

c0sQ,=cos001-"°- | (5.11),

CXOJTHOMY C TOJIyYEHHBIM JJIS IIEPOXOBATHIX MOBEPXHOCTEH.

Iockoneky ¢QpaxTanbHas pa3MEpHOCTh MOBEPXHOCTEW dr Bcerna
OoJibllle BYX, @ HWKHUM M BEPXHMH MacuITaObl, OrpaHUYMBAIOIIUC
obyacTb (pakTaIbHOH CTPYKTYpBl, MOTYT CHJIBHO pa3lnyuaThbes
(A0>>50), To Ha ¢paxTaIbHON MOBEPXHOCTH KPAaeBOM yroil MOXKET
CYIIECTBEHHO OTJIMYAThCS OT KPaeBOro yrila Ha TI1aJKOH MOIOKKE 13
TOM e TMOpOIBl, MpUYeM Ha (PPaKTaIbHON MOBEPXHOCTH KAl CYIIIe-
CTBEHHO JIy4lle (MM HA00OpOT CYLIECTBEHHO XYX€) CMauyMBaloT IO-
BEPXHOCTb.

D¢ ¢exT MmoBBILIEHHS OTTAIKUBAIOLIEH crnocoOHOCTH it (pax-
TaJIbHBIX IOBEPXHOCTEH OBUT JKCIIEPUMEHTANBHO TOITBEPIKACH.
CBepx BOJO- M HE(PTEOTTATKUBAIOIINE MOBEPXHOCTH C (PpaKTaIbHOM
CTPYKTYpOW OBbUIM TONy4YeHBl. bombmuas cepus SKCHEPHUMEHTOB IO
W3yUYEHHIO BOAO- M HE(TECOTTANKHBAIOUINX CBOHCTB (PpaKTaIbHBIX I10-
BepXHOCTeHl mpencTasiena B padborax Ponmyruna B.U. B aTux sxcne-
pPUMEHTaX MOBEPXHOCTh aHOAWPOBAHHOTO ATIOMUHHS, UMEBILAs Qpak-
TaNbHYI0 pasMepHocTh 2, 19, obpabaTbiBanack mepdTopTpuxiIoOpcu-
JaHaMH JUISL TIOJTyYeHHUsI CYIep BOJOOTTAIKHBAIOMIEH MOBEPXHOCTH U
nepGopupoBaHHBIMU MOHOAIKMI(pochHaTaMu JUIsl TOyUYESHUS Maclo
OTTAJIKUBAIOILIEH MOBEPXHOCTH.

Ha puc. 5.5 mpencraBieHbl 3aBUCUMOCTH KPaeBOIO yIJla CMECU
BOJIa/3TaHON Ha 00pabOTaHHBIX Pa3IMYHBIMUA MOIU(PHUKATOPAMH TJIaj-
KO M (paxTajgbHON MOBEPXHOCTSAX. BUAHO CylecTBEHHOE pa3inyue
3aBUCHMOCTEI KpaeBOro yriia OT MOBEPXHOCTHOTO HATSHKEHMS: IS



TIIagKux HOBerHOCTeﬁ HUMECT MECTO IUIABHOC YBCJIMYCHHUEC KPAaCBOI'O
yria ¢ poCTOM IMOBCPXHOCTHOI'O HATSAXKCHHA, TOTAAa KakK JIA (bpaK—
TaJIbHBIX HOBCpXHOCTCfI obmactu MCIJICHHOI'O MU3MCHCHHSA KpacBOI'o
yriia pa3acJICHbL CKa'lKOO6p3,3HLIM €0 UBMCHCHHEM.

Puc. 5.5. 3aBucuMoCTH KpaeBoro yria cMecH BoJa/3TaHOJI
HA 00pa00TAHHBIX Pa3INYHBIMU MOAU(pUKaTOpaMH ¢pakTaabHOii (1)
1 TJIaJK0ii (2) IOBEPXHOCTAX OT MOBEPXHOCTHOI0 HATSZKEHHUS CMeCH

Puc. 5.6. 3aBucHMOCTL KpaeBoro yriia Ha (ppaKkTaabHON MOBEPXHOCTH
0T KPaeBoro yrJjia Ha rJagKoi MoBepXHOCTH JJIAA CMeCH BOAA/ITAHOJ



Ha puc. 5.6 npencraBineHa takke 3aBUCHMOCTb KpaeBOTO yria Ha
(pakTaibHON MOBEPXHOCTH OT KPAaeBOTO yrila Ha TaJKoi MOBEpXHO-
ctd. BugHo, 4To sKCHieprMeHTaNbHBIE JaHHBIE XOPOIIO COOTBETCTBY-
10T 3aBucuMocTH (5.11).

5.5.3. N3mepeHMe KOHTaAKTHOro yrrna cMaumBaHusA
no metoguke K.U. BarpuHueBon n T.C. MNpeo6paxeHcKon

JlanHbiii MeTO] [4] MO3BOJISET OMPEENIATh KOHTAKTHBIC YIIIbI CMa-
YUBAHUS B MJCHTUYHBIX YCIOBHUSAX Ha HECKOJBKUX 0Opasiax cpasy ¢
MOMOIII0 MHUKpPOCKOTa. TOHKHME 2 MM IUTACTHHBI, BBINMJICHHBIE U3
KEPHOB TOPHOW MOPOJIbl MapaLIeIbHO WIH MEPICHIUKYIISIPHO K HaTLIa-
CTOBAHUIO, NMUIM(YIOT, KUIIATAT U HACHIIIAIOT O] BAKYYMOM MOJICIIBIO
He(TH, KEPOCHMHOM WJIH BOJIOH. MCnosp30BaHHe TOHKKX TUIACTUHOK I10-
3BOJISIET CBECTH MPAKTHYECKH K MUHUMYMY 3(PQPEKT KanuUISPHBIX SB-
neHuit. Jlanee 3T IUIACTHHBI MMOMEMIAIOTCS B KIOBETHI, 3allOJHCHHBIC
KUJIKOCTBIO, MOJIIPHO TPOTUBOIIONIOKHON uccienayeMoil. KioBeThl Ha-
XOJSITCS Ha CIIEIMATIbHON HETOIBMKHON TaT(opme, BOKPYT KOTOPOH,
Bpaias MUKPOCKOII, U3MEPSIOT MaKCUMAJILHBINA JHaMETP W BBICOTY Ka-
M ¢ 00X CTOPOH KAXIOW IUTACTHHBI Y CJIOBUS M3MEPCHUS Clic-
JYIOIINE: MaKCUMAaJIbHBIN JUaMeTp Kalld HE JIOJDKCH MPEBBINIATh
| MM, B TIPOTHBHOM CJIyYae Karlld CIUBAKOTCS U HE OTPAXKAIOT pealib-
HYI0 XapaKTePUCTHKY CMaYMBaeMOCTH (4acTO 3TO MPOMCXOJUT B CHIIb-
HOTIOPUCTBIX PA3HOCTAX), YHCIO OOPa30BaBIIMXCS Kareib JOJDKHO
ObITh He MeHblIe 20, TaKKE €CTh ONPEIEIICHHBIC YCIOBHS TPOBEICHUS
NUTM(OBKY, BPEMEHU KHUIISIYCHHS, BaKyyMHUPOBAHUS, BPEMEHH YCTa-
HOBJICHUSI PABHOBECHOTO COCTOSIHMS U BPEMEHHU MHTEPBAJIIOB 3aMEPOB.
KonTtakTHbI# yron paccunThiBatoT o gopmyiam 5.12, 5.13;

(5.12),
cos0=E 7¢os0 (5.13)
=l
rae 0 - KOHTAKTHBIN yToJ, i — BBICOTA KallH, - MaKCHMAJIbHBIH

AunaMeTp KaHJII/I,_f— 3HAUYCHHUC KOOpPAWHAT MECTOIIOJIOKCHUA HU3ME-
PACMBIX Kamelib.



[ToBepxHOCTH 1O pe3yibTaTaM M3MEpPEHHs KOHTAKTHOIO yria jJe-
79T Ha Tpu 30HBL 0-75° - ruapodunbHas, 75-105° - mpomexyTou-
Hast, 105-180° - rumpodoOHas. [nsg KaxJoH 30HBI PacCUUTHIBAIOT
CpelHee 3HAYeHHE KOHTAKTHOrO yrija. A Takxke OINpenessioT IMpo-
LIEHTHOE COJEpXaHMue Kareib B AuanazoHe oT 1-180° gyepes kaxkable
10°.

Janneiii MeToa 1o3BoJIsieT chOPMHUPOBATH KAIUIM OJHOTO pa3Mepa
U COONIOCTH OAMHAKOBBIC YCJIOBHS NPOBEICHUS M3MepeHus. Takke
METOJ MO3BOJSAET BU3YalIbHO HAOIIOAATh TUHAMUKY (OPMUPOBAHUS
Karesns. MeTo 1aeT BO3MOKHOCTh KOOPAMHATHON MPUBSI3KU KaXI0T0
M3MEPEHHOTO KOHTAaKTHOIO yIJla K MUHEPAJIBHOMY COCTaBY MOPOABI U
CTPYKTYpE MOpPOBOI0 MPOCTPAHCTBA, YTO MO3BOJSIET BBISBIATH HEOA-
HOpPOJHOCTb CMaUMBaHUS OTJEJIBHBIX YAaCTEH MOBEPXHOCTH IJIACTUHOK
Y OLICHHBATH BIUSIHUE OTAEIBHBIX MUHEPAJIOB HA TUIPOGOOH3aLHIO.

ABTOpBI JJAHHOW METOJMKH OOpamaroT BHUMaHHE Ha TOT (akT,
YTO MEXaHU3M Mpolecca 00pa3oBaHus Kaleldb Ha IOBEPXHOCTH OIpe-
NeNsgeTcs CTPYKTYpOH HCCIeAyeMbIX MaTepuaioB M CTPYKTypoil mo-
poBoro mpoctpaHcTBa. Tak, B INIOTHBIX OOpasnax Mmopoabl (mopwuc-
tocts MeHee 10%) karum oOpa3yloTcsl U3 MOBEPXHOCTHOH IUICHKH C
MOMEHTa MOTPYKEHUsI MJIACTHHKHU B KIOBETHl U €Ille B TEUEHUE He-
CKOJIBKO 4acoB, IPU 3TOM KOH(HUrypanus Kameiab Hen3MeHHa. B Oomee
MOPHUCTBIX Moponax (mopucrocts Oonbiie 10%) Bpems oOpa3oBaHus
Karejb YBEJTMUMBACTCA U YHMCIIO Kamelb HEMPEPBIBHO PacTeT. ABTOPEI
MPEIoaralT, 4To npouecc GOpMHUPOBaHUs Kaleidb B 5TOM cilydac
CBSI3aH HE TOJBKO C IOBEPXHOCTHBIMM SABJICHHAMH, HO U C KallUJUIAp-
HBIM JBIKEHHEM HachIIaomux (iarongos. BpemenHol uHTepBa 3a-
MEpOB Ha TIOTHBIX 00pa3ax, Kak MpaBuilo, YBEITUINBACTCS.

Ha runpodobuzanuio BiIuseT CTpyKTypa MOPOBOTO MPOCTPAHCTBA
(HanMuWe Mop W TpelyH) B nopoae-komiekTope. Ha obpasnax Open-
OyprcKoro ra3oKOHAEHCATHOIO MECTOPOXKICHHUS ObUT MPOBEICH aHa-
JIM3 3aBUCHMOCTH CTEIIeHH ruapodoOu3annu (o KpaeBoMy yriy cMa-
YUBaHMA) OT CTPYKTYpPHI IOPOBOTO MPOCTpaHCTBA. Bricokue 3HaUEeHUs
KpaeBoro yria cMaunBanus (Oonee 105°) mpociexuBaroTcs y KOJIJICK-
TOpoB mopoBoro tuna. Huszkonopucteie paznoctu (1-3%) npeumyiie-
CTBEHHO T'HIPO(OOHBI B 00JaCTU TPEIIUH U CTHJIOJUTOBBIX IBOB, U



MPEUMYIIECTBEHHO TUAPO(UIbHEL B o0nacTu Mukponop. Ho nanHas
3aKOHOMEPHOCTh HE TOCTOSIHHA M pa3iMyHa A IPYTUX MECTOPOXK-
nenwii. Hanpumep, aBrop [30] npu u3ydyeHnn kapOOHATHBIX 00pa3LoB
MecTopoxaeHuil CpenHed A3nuu CTaJKMBajiCs C T€M, YTO HHU3KOIIO-
pucteie (1-18%) o0pa3ubl MOpPOABI UMENH CpelHee 3HAueHHE KOH-
TakTHOro yria 80-900, To ecTb MMENIO MECTO MPOMEKYTOUHOE CMaUH-
BaHME, IIPH 3TOM MOPOABI C THAPOPUIBHBIMU CBOMCTBAMH OTCYTCTBO-
Banmu. Ha apyrom mecropoxineHun o0pa3ibl UMENH BBHICOKYIO yAETb-
Hy10 moBepxHOCTh (0,25-0,33 M2/T) U BBICOKOE 3HAYCHUE OCTATOYHOU
BOJIbI, TO €CTh JIOTHYHO OBLJIO MPEANONOXKHUTH THAPO(UIBHBINA Xapak-
Te€p CMa4MBAEMOCTH, OJHAKO YHCJIO KaIlelb CO CPEIHUM KOHTAKTHBIM
yriaoMm 12-15° 6buto oueHb mano. JlaHHBIC OTKJIOHEHHsSI aBTOPHI 00b-
SICHWIH TE€M, YTO CTPOCHHE TOp, MX MOPQOJOTHA U COOOIAEMOCTh
HCKa)Kal0T UCTUHHYIO KapTUHY NOBEPXHOCTHBIX CBOMCTB. Takxke cie-
yeT YYUTHIBaTh MUHEPAJIOrMYECKUE BKIIOYEHUS, TaKHe KakK aHTH[-
PUT, THUIIC, KAJIBIUT B COCTaB MOPOABI IPU U3yUYEHUH CMAYHBAEMOCTH.
JlaHHBIE BKJIIOUEHHSI CHHKAIOT CPEOHUN KOHTAKTHBINA yroia, TEM ca-
MBIM BBISIBJISIA 30HBI ¢ THAPOQUIILHBIM XapakTepoM cMaunBanus [30].

5.5.4. Metog AmoTtTa

Meton AMOTTa - KOJIMYECTBEHHBIH METOJ OLIEHKH CMauHnBaeMo-
ctu noponsl. Meronq AMoOTTa coueTaeT B cebe MPONMUTKY M Popcupo-
BaHHOE BBITECHEHME NIl U3MEPEHMSI MHTETPATILHOIO CPEAHEro 3Have-
HUSl CMayMBaeMOCTH KepHa. B maHHOM MeTone OOBIYHO HMCHONB3YIOT
LeJIBHBI MpUpOAHBIA oOpaszen kepHa u ¢umoun. Metox AMoTTa OC-
HOBaH Ha TOM MNPWHIMIIE, YTO cMauuBaromuii ¢urons OyneT BOUTHI-
BaThCA B KEPH, KaK MPaBHUJIO, CIOHTAHHO BBITECHSSI HECMAUYHBAIOIIHH.
OTHOLICHUE CHOHTAHHOTO BIMTHIBAHHA K (POPCHPOBAHHOMY BBITEC-
HEHHIO OOBIYHO YMEHBIIAET BJIMSHHE IPYIHX (aKTOPOB, TAKHX Kak
OTHOCHUTENbHAs MPOHHUIIAEMOCTb, BSI3KOCTh M HadajbHas BOJOHACHI-
LIEHHOCTb MTOPO/IBI.

OOBIYHO KEpH TOTOBAT IMyTEM LIEHTPU(PYTHPOBAHHS B paccoiie 110
JOCTHXKEHHUSI OCTaTOYHON He(TeHachIIEHHOCTH. B MeTome AmoTtTa
MOJKHO BBIJICTUTH CIIEIYIONINe YEThIpe dTamna:



1. MorpyxeHue kepHa B He)Th U U3MepeHHe 00beMa BOJIbI, BITEC-
HEHHOU MyTeM CIIOHTAaHHOW MPONHUTKU HEPTHIO B TeueHne 20 4acos.

2. llentpudyrupoBanue 3TOro KepHa B HE()TH JO JOCTHIKCHUS
HEYMEHBLIAIONICHCS] BOJOHACHIIIEHHOCTH U U3MEPEHUE CYMMAapHOTO
00BbeMa BBITECHEHHOM BOJIBI, BKITIOYAsi 00BEM BBHITECHEHHOM BOJBI TIPH
CIIOHTaHHOH MPONHTKE.

3. IlorpyxeHue KepHa B paccoi U U3MepeHue oobeMa He)TH, BbI-
TECHEHHOU ITyTeM CIIOHTaHHOM MPONMUTKU BOJBI B TeueHue 20 yacos.

4. lentpudyrupoBanue 3TOro KepHa B paccoje A0 JOCTHKCHUS
0CTaTO4YHON HEe()TEHACHIIIEHHOCTH M U3MEPEHHUE CyMMapHOro o0beMa
BBITECHEHHOH He(TH.

Pe3ynpTaThl 3KCIEPUMEHTA BBHIPAKAIOTCA B CIETYIOIEM:

1. OtHowenne BeiTecHeHHOH HedTH (hopmyna 5.14): oTHomEHHE
o0BbeMa BOJIbI, BHITECHEHHOH 3a CUET CIIOHTAHHOM MPOIMUTKH HePTHIO,
Vwsp, K CyMMapHOMY 00BEMY BOJIbl, BHITECCHEHHOH 3a CUeT MPOMHUTKU
HE(PTHIO U HUEHTPUPYTUPOBAHUS Vwe

S50= wap/th (5 1 4),

rae Vwsp - 00bEM BOABI, BBITECHEHHOW HE(THIO MPH CIIOHTAHHOH HpO-
NUTKE; Ve — OOIMA 00BEM BOJBI, BHITECHEHHBIH HE(TBHIO Kak HpH
MPOMUTKE, TaK ¥ [P HEHTPU(PYTHPOBAHHH.

2. OrHouleHue BBITECHEHHOH Boabl (popmyna 5.15): oTHomeHHE
o0bemMa He()TH, BHITCCHCHHOW 3a CYET CIIOHTAHHOW MPONUTKH BOIOM,
Voso, K CyMMapHOMYy 00BbEMY BBITECHEHHOH HE(TH, BBITECHCHHOW 3a
CUET MPONMUTKU BOJOH U UEeHTpU(yrupoBanus, Vo,

8w= Vosp/Vot (5 15),

rae Vos — 00beM He(TH, BHITECHEHHON BOJOH MPH CHOHTaHHOW MpO-
nmutke; Vor — oOmmii 00beM HedTH, BBHITECHEHHBIH BOJOW Kak MpHU
MPOMUTKE, TAaK U MIPHU HEHTPU(PYTHPOBAHHH.

Kepnbl, mpenMyIIecTBEHHO CMayMBaeMbIe BOJOW, MMEIOT IOJIO-
KUTEIbHYIO BEMUNHY Sw, a BenuuuHa 50=0. OtHomenune 50 («BbITEC-
HEHHE BOJAOI») CTpeMHUTCs K |, U JOCTHraeT ee M0 Mepe YBEIHMUEHUs
CMaunMBaeMOCTH BOJOH. TOYHO TaKXke, KEepHbI, IPEUMYLIECTBEHHO
cMayMBaeMble HE(PTHIO, UMEIOT MOJIOKUTEIBHOE 3HAUeHHE 50, a 0.=0.



Ecnu o0a 3HaueHus paBHBI HYJIO, TO KEPH UMEET HEHTPAIBHYIO CMa-
YUBAEMOCTb.

Hpyrue uccrnenosarenu [31; 33] momudunupoanu Metoa AMOT-
Ta, OCHOBBIBAsICh HAa TOM, 4TO 20 4acoOB MPOMUTKH HeAOCTaTO4YHO. [lo-
MOJIHEHUE K METOIy AMOTTa COCTOUT B TOM, YTO €CTECTBEHHBIH, Ha-
CBILIICHHBIN PaccoioM 00paselr Mopo/Ibl, MOCIE CIIOHTAHHOW MPOITUTKU
He()ThIO CHaYalla IeHTPUQYTupPyeTcss B paccoie, a 3aTeM IeHTpudy-
TUPYETCs B HE(TU, J0 JOCTYIKECHUS HEYMEHBIIAIOMICHCS BOJIOHACKI-
meHHOCTH. OTHomeHus Sw 1 50 pacCYUTBHIBAIOTCS KaK M Mpexnae, HO
KpOME 3TOTO, PAacCUMTHIBAETCS €Ile M Tokasarenb Amotra-I'apses

(popmymna 5.16):

Jan= - = 50= VospVop - 777 (516)
[lokazarens cmaunBaeMOCTH Jan B OTOM cllydyae H3MEHSETCS B
npenenax ot +1 (MOJHOCTBIO CMadMBaeTCsl BOJOM) 10 -1 (MONMHOCTBIO
cMaumBaeTcst HepTHI0). B pabore [33] ycTaHOBIEHO, Y4TO CHUCTEMa
rugpoduibHa, ecinu JAH <1; nmeeT MpoMeXyTOUYHYI0O CMaylMBaeMOCTb

npu -0,3 <JAH < 0,3; ruapodobna, ecnu -1 <JAH <-0,3 (1abmn. 5.1).
Tabnuya 5.1

Kunaccuduxanus nokasaressi cmaunBaemoctu JAH
no merogy Amorra-I"apsesi (no Cuiec L.E.)

Panru nokasatens Amorra-I'apses JAH CMaunBaeMocCThb
Ot +0,3 mo +1,0 rUAPO(UITBHBIHI
Ot +0,1 mo +0,3 cnaborupoPpuITbHbII
Ot -0,1 mo +0,1 HelitpanpHbiii
Ot -0,3 10 -0,1 cnaborupoGoOHbIi
Or-1,0 10 -0,3 ruIpohOoOHBIH

Taxke cymecTByeT eme ogHa Moaudukanus MeToga AMoTTa
[37], B KOTOpOI1 aBTOPHI U3MEHHUIIN CIIOCOO M3MEPEHUSI CKOPOCTH IPO-
nutku. OOpasel MoABeINBacTCS Ha TOHKOW HUTH B BOJIC U HEPTH U
B3BEIIMBACTCS HA JJICKTPUYCCKUX Becax. V3MeHeHHe B Bece (UKCH-
pyercs Bo BpemeHu. CMa4uMBaeMOCTh KEpHA ONPEACIICTCS KaKk CyMMa
CTaHJApPTHBIX TMOKa3aTened cmadnBaeMocTd (5w, S50) u ckopocreit
CIIOHTAaHHOH TPOIUTKH.



OnHUM M3 HEJAOCTAaTKOB METOJIa AMOTTa M €ro MOAH(UKAIMIA SB-
JISIETCST HEUYBCTBUTEIBHOCTh B OOJIACTH HEWUTpaJIbHON CMayuBaeMo-
ctu. CyIlIeCTBYIOT OTPAaHUYCHHUS 110 KOHTAKTHOMY YIJy CMauMBaHUS
(mpubmusutensHo 60-1200), korma HU oauH U3 (moumoB He OyneT
CIIOHTaHHO TOIJIOIIATh M BBITECHITH APyrou. Takke OrpaHUUYCHUE
OyJeT 3aBHCETh OT HAYaJIbHOW HACKHINIEHHOCTH oOpasmna. Eme omaum
HEJOCTaTKOM SIBJIICTCSl MPUMEHEHHUE TOJBKO HE PBIXIIBIX, MO IOJI-
JAIOIIMXCSl Pa3pylICHHIO KEPHOB BO W30CKaHHE IMOTEPh BO BpeMs
MIPOBE/ICHUS OIIBITA.

5.5.5. Metoa Tynb60Buya

OrtpacneBoit cranmapT «Mero onpeAeneHns CMaulBaeMOCTH yT-
JIeBOAOpOaOCOAepKAMX Mopo» (1985 r.) OTHOCUTCS K JTWHAMH4e-
CKUM METOJIaM M JaeT KOJMYECTBEHHYIO OLIEHKY OCpEeIHEHHOW cMma-
YUBAaEMOCTH mopoJsl [19; 23].

Iloozomoexa sxcnepumenma. s npoBeaeHus SKCIIEpUMEHTa He-
o0xonuM o0pasel] MpaBHIBHOW TeOMETPHYECKOH (OpMBI, XOpoLIo
CIIEMEHTUPOBAHHBIA AJs1 oOecreyeHusi LEeNOCTHOCTH NpU padoTe B
KUIKUX (QIonaax ¥ HeHTpuyrupoBaHud. [IpoHUIaeMoOCTh N0 rasy
noJpkHa ObITh He MeHee 0,01 MKM2,

[Tpupoanslif He KCTParupoOBaHHBIA 0Opasel nepen NpoBeACHUEM
9KCHEPUMEHTa HEOOXOAUMO HKCTParupoBaTh B CIHUPTO-OCH30JIBHOMN
CMECH WM YETBIPEXXJOPUCTBIM YTIIEPOJOM. 3aTeM oOpasel MpPOMBbI-
BalOT TUCTWIJIMPOBAaHHON BOJOW M CyIIaT B CYMIMJIBHOM IIKaQy HpH
temneparype 105°C no crabunmsauuu Beca.

IIposedenue sxcnepumenma.

1. OkcrparupoBaHHblld 00pa3el] HACHIIIAIOT AWCTHIUTUPOBAHHON
BOJIOI moJ BakyyMoM. Onpeaensior Maccy oOpasia, morpy>keHHOTo B
BOJY.

2. IlorpyxaroT HachIIEHHBIH BOJOK 00pasen B kepocuH Ha 20 ya-
coB. OnpenensioT Maccy o0pasia, HOrpy>KEHHOTO B BOAY.

3. OOpazen; MOMEMIAIOT B CTaKaH LEHTPU(YTH, 3aMOTHEHHBIH Ke-
POCHMHOM H MPOU3BOIAT HEHTpU(YTrUpoBaHUe B TeueHne 30 MUH MpH



¢daxTope pasgenenus 2500. Onpenenstor Maccy oOpasia, HorpyKeH-
HOTO B BOJY.

4. Obpaszen morpyarmT B IUCTHIUTMPOBAHHYIO BoAy Ha 20 4acos.
B3BecuTs oOpasen B TUCTHIITMPOBAHHON BOJE.

5. OOpazel; NOMEMIAIOT B CTaKaH LEHTPU(YTH, 3aOTHEHHBIN AHC-
TUJJIMPOBaHHON BOJIOW M MPOU3BOAAT LIEHTPU(YTHPOBAHUE B TEUCHHE
30 mun npu akTope pazzpenenus 2500. OnpenessroT Maccy o0pasia,
MOTPYKEHHOTO B BOAY.

6. Bce pesynbpTaThl H3MEpeHH 3aHOCAT B TaOJIHILY.

BmMmecTo kepocuHa gomyckaeTcs 3aMeHa Ha HE(Th MM ee MOJIEINb,
a IUCTWUTUPOBAHHYIO BOAY MOXHO 3aMEHSTh Ha IJIACTOBYIO WU €€
MOJIETIb.

Obpabomka pe3ynbmamog sKcnepumenma.

1. KonnyecTBO BOIbI, BHITECHEHHON KEPOCHHOM W3 oOpasua B pe-
3yNbTaTe MPOTHBOTOYHON KamWUIAPHOW mponuTku (dopmyna 5.17),
cM3:

Ve = (Pl - PZ)/(PB - PK), (517),

rne Pl - macca oOpasiia B IUCTWILIMPOBAHHON BOJIE, HACBIIICHHOTO
JTUCTHJUIMPOBAHHOM BOMIOM, T; P2 - Macca oOpasiia B TUCTUILTUPOBAH-
HOW BOJE MOCJE€ MPOTUBOTOYHOW KANWJUISIPHOW OPONUTKH, T; PB -
TUIOTHOCTh JTUCTHUILTMPOBAHHON BOJIBI, T/CM3; Pk — TUIOTHOCTH Kepocu-
Ha, r/cm3.

2. Kosnm4ecTBO BOJBI, BEITECHEHHON KEPOCHHOM M3 00pasiia B pe-
3yJIbTaTe MPOTUBOTOYHOMN KANWILISPHOUW MPOMUTKU U EHTPUPYTHPO-
BaHus (hopmydna 5.18), cM3;

Var=(Pi = Ps)/(Ps - Px) (5.18),

rae P3 - Macca oOpasua B AUCTHIUIMPOBAHHOW BOAE TOcie HeHTpUPY-
TUPOBAHUA B KEPOCUHE, T;

3. KonuuecTBO KepocHHA, BBITECHEHHOIO JUCTUIUIMPOBAHHOM BO-
Jol U3 o0pasua B pe3ynbTaTe MPOTUBOTOYHON KalMUIIPHOH MPOIHT-
ku (popmyna 5.19), cm3;

V= (Ps-P32K - Py (5.19),



rae P4 - macca obpa3na B AUCTHIITMPOBAHHOM BOJE TOCIE MOTpYKe-
HUS €r0 B JUCTWUIMPOBAHHYIO BOAy B TeueHue 20 4acos, T;

4. KonandecTBO KepocrHa, BHITECHEHHOTO TUCTHIUTUPOBAHHOW BO-
Joi U3 o0pasua B pe3ynbTaTe NPOTUBOTOYHON KaMMUIIPHOH IPOIHT-
KH ¥ neHTpudyrupoBanus (popmyna 5.20), cm3;

VT = (Ps - Ps)/(Ps - Py) (5.20),

rae Ps - macca oOpasia B AUCTUIUIMPOBAHHOM BOJE MOCHE KAIMLIAP-
HOW NPOTIUTKH U HEHTPU(YTUPOBAHUS B BOJE, T.

Ilokazarens cmaunBaemoctu (M) (tabm. 5.2) sBiseTcs HHTe-
FPAJIBHOM XapaKTEPUCTUKOM CMAYUBAEMOCTH BHYTPHUIIOPOBOM IIO-
BEpXHOCTH 00pa3iia mopoJsl U paccuuThiBaeTcs no dopmyne 5.21:

M=VJ V/=(Ps-Ps)/ (Ps - Ps) (5.21),
Tabnuya 5.2

XapaKTepI/lCTI/lKa CMAaYUBACMOCTH IOBEPXHOCTH MOPOABI
10 MoKa3aTeJ Il cMaunBaeMoctu M

[Tokazatens cMaunBaemocTu, M Tun cMaunBaemocTH
0,0-0,2 I'mapodobuas
0,2-0,4 [IpeumyiecTBeHHO THAPOPOOHAS
0,4-0,6 [IpomexxyTOouHasi CMaunBaeMOCTb
0,6-0,8 [MpenmymecTBeHHO ruapodUIbHAS
0,8-1,0 I'mapodpunbuas

CraHpapTusmpoBaHHbIn® meTog CLUA-USBM.
KombuHunpoBaHHbin meTop USBM-AmotTa
CrangaprusupoBannbiii Meton CIHA-USBM

Meton Obu1 paspadotan JoHampaconoMm [38; 39]. CymHocTh Me-
TOJa 3aKJIIOYACTCS B CPaBHEHHUU pPa0OThI, HEOOXOAMMOM JUIs TOTO,
4YTOOBI OJIHA JXKUJKOCTh BBITECHWJIA Jpyryro. Pabora, HeoOxomumas
JUIS TOTO, YTOOBI CMAaYMBAIOIIHUN ()IFOH]] BRITECHUI HECMAadUBAIOIINH,
MeHblIe (M3MEHEHUEe CBOOOAHOW SHEpruH OyneT OJarompusiTHO), YeM
paboTa, HeoOXoauMas JJis1 BBITSCHCHUS HECMAuMBAIOUICTO (IIona



CMayMBaIOIIMM. YMEHBIIEHHE HEPTUU MPOUCXOAUT 3a cyeT dpdek-
TUBHOW CaMOIPOM3BOJIILHOW MPONHUTKH, KaK JOMOJHUTEIBLHOW IMOJIE3-
HOW CHJIBI, CIOCOOCTBYIOIIEH BHITECHEHUIO HECMAUMBAIOIICH JKUIKO-
CTH B TIEPBOM CIIy4ae.

Ecnu cmaumBaromas )KUIKOCTh BBITECHSETCS HECMauMBaIOIIEH, TO
CaMOIIPOM3BOJIbHASL TIPONIUTKA HECMAaYMBaIOIIEH KUIKOCTH OTCYTCTBY-
er. CienoBarenbHO, AOJDKHA OBITH MPOU3BeneHa OoJblIas padoTa A
JOCTHKEHUSI BBITECHEHHON CMauMBaIOIEH KHUIKOCTH TOTO JKe 00beMa.

Iloozomoexa npoodvi. EcTecTBEeHHBI HEIKCTPAarvpoOBaHHBIA KEPH
HWINHAPHYECKON (POPMBI HACHIIAIOT PACcCOJIOM U LIEHTPU(PYTHPYIOT B
HE(PTH Ha BBICOKMX CKOPOCTSX N0 JOCTHXKCHUS HEYMEHBIIAIOUICHCs
BOJIOHACHIILICHHOCTH.

Ilposedenue sxcnepumenma:

1. OGpazen; HachIAOT HEPTHIO (IPUCYTCTBYET HEYMEHBIIAIOIIAS-
Csl BOJIOHACHIIIEHHOCTH) U HEHTPU(YTHPYIOT B paccoe MpH pa3IuYHbIX
ckopoctsx o poctwkenus Pr = -10 psi (-70 klla), 1. e. g0 mopora
JIPEHUPOBAHUS Paccoiia, CIIOCOOHOTO BHITECHUTH U3 KepHA HEDT.

2. Kepn momemiaior B He)Th U CHOBA LEHTPUPYTUPYIOT, TIPH STOM
paccoit BeITecHAeTCsI HeThI0. Pk M cpeaHsis HaChIILIEHHOCTh PacCcOJIOM
Ha 3TOM 3Tare U3MepseTcs A0 TeX Mop, NoKa 3HaYeHue Pk He JOCTHT-
Het +10 psi (+70 xI1a).

PesynpTaTel BeITeCHEHHSI HEPTH BOAON U BOJABI HEPTHIO HAHOCAT-
Cs Ha COOTBETCTBYMOIIME KpuBble. [lokazaTenb CcMauuBaeMOCTH IO
Metony USBM paccuutsiBaercs o gopmyse (popmyna 5.22):

W= Log041)/LogC42) (5.22),
rne Al m A2 - TUIOMA K MOl KPUBBIMU BHITSCHEHHSI HE(PTU M BOJIBL
Eciin W>0, to obpazen ruapoduiien, eciiu W < 0, ruapodobeH.
[Ipu W= 0 obOpa3zel uMeeT HEUTPAILHYIO CMauyUBaeMOCTh. Yem 00JTb-
mie abCcoNoTHas BeMMYMHA W, T€M BBIIIE CMAYHMBAIOIIUE CIIOCOOHO-
CTH JKUIKOCTH.

KomOunuposannblii meron USBM-AmotTa

Sharma u Wunderlich [41] monuduuupoBanu USBM meton, ko-
TOPBIN MO3BOJISIET PACCUMTHIBATh KaK MOKa3aTenb AMOTTa, TaK U IO-
Kaszarenb o merony USBM.



Ilooeomoexa npobwi. EcTecTBEHHBI HEIKCTPATMPOBAHHBIA KEPH
HWIHHPAYECKOHN (POPMBI HACKHIIIAIOT PACCOIIOM.

Ilposeodenue sxcnepumenma.

1. BeiTecHeHue paccoina HeThIO: HACBIIICHHBIN paccojoM o0pa-
3€Il TIOPOJIbl MOMEMIAOT B He(Th U neHTpudyrupyror. [Ipu sTom moc-
TUTAETCSl HEYMEHbIIAIOIMIAICS BOJIOHACHIIIICHHOCTD.

2. anee 3TOT He(TCHACKHIIIEHHBIH 00pa3ell OMEIIA0T B Paccoi
Y U3MEPSIOT 00bEM CIIOHTAHHO BIMTABIICHCS BOJIBI.

3. BeiTecHeHHE HEPTH PaccoNoM: KEpH IMOMEIIAIOT B Paccoll H
netpudyrupyroT. CpeaHIOK BOJIOHACHIICHHOCTh 00pasiia onpeaeis-
IOT 110 KOJIMYECTBY BBITECHEHHON HE(PTU TMPHU KAXKIOM YBEITUUHUBAFO-
memcs Px. Takum 00pa3om, B KOHIIE TPEThel CTyNeHH B 00pasiie oc-
TaeTCs TOJIBKO 0CTaTOYHAs He(PTEHACHIIIIEHHOCTb.

[Tony4yeHHsle naHHBIE MO TPEM CTYIEHSM OIBITA MCIOIB3YHOTCS
JUTSL pacuera IUIOMAau TMOJA KPUBOM BHEAPEHHUS paccoia COTJIacHO
USBM wMerony. PaccuuThIBalOT OTHOILIEGHHUE BBITECHEHHOH BOIbBI
(popmymna 5.23):

3w= Vosp/Vot 5w = VL (5.23),

Vot

rae Vos» — 00beM He(TH, BHITCCHEHHON BOJION MPH CIOHTAHHOW TPO-
nmuTKe; Vor — 00IIMIA 00beM He(TH, BBITECHEHHOW BOJIOW KaK IMPH MPO-
MUTKE, TaK U TPU [IEHTPUPYTUPOBAHUH.

4, OOpa3zer] MOMEMAIOT B HEPTh U U3MEPSIIOT 0OBEM CIIOHTAHHO
BITUTABIIICHCS HEPTH.

5. O0Opaser moMeniaT B HeTh U NEHTPUDYTUPYIOT 10 TOCTHIKE-
HUSI HECHIYKAEMOW BOJIOHACHIIIICHHOCTH.

PaccunTHIBAIOT OTHOIICHUE BBHITECHCHHOW HE(PTH ¥ MOKa3aTels
cmauuBaemoctd 1o USBM wmetony (dhopmyna 5.24):

30: szp/th (524),

rae Vwsp - 00bEM BOABI, BBITECHEHHOW HE(THIO MPH CIIOHTAHHOM HpO-
MuTKe;, Vwe - OOIMH OOBEM BOJIBI, BHITSCHCHHOW HE(PTHIO KaK TpU
MPONHTKE, TaK M MpHU IeHTpudyrupoBanuu. [lokazarens cMmauuBae-
MOCTH 10 KoMOmHHUpoBaHHOMY Metony USBM-AMoTTa paccuuTsiBa-
etcst o opmyiie (hopmyina 5.25):



W=1log(Ai)/log(A2) (5.25),

rae Al u Al - uomany noj KpUBbIMU BBITECHEHHUS HEPTH U BOJIBL.
KomOunmnpoBanusii metoq USBM-AMoTTa MO3BOJISET YIIyUIINTh
pacueT M3MEHEHUs HachlleHus npHu Px=0, a Takxke MOJCUUTHIBAIOTCA
MoKa3aTeNny cMadynBaeMoCcTH mo Amortry. Taxke, MeTon AMOTTa MHO-
r7ia MOKET yKa3blBaTh HA TO, YTO CUCTEMA HEPABHOMEPHO CMAaYMBAETCSL.

5.5.7. MeToa nsortepmMmnyecKom* CyLKun

MeTon M30TEPMUYECKONW CYIIKH SIBJISIETCSI KOJIHMYECTBEHHBIM Me-
TOIOM OLICHKH OTHOCHUTEIbHOM CMaunBaeMOCTH MOBEPXHOCTH TMOP.
Meron naeT TOUHOE OIpeneleHUe 3HAYEHUN J0JIEeH MOBEPXHOCTH, 3a-
HATOW BOJOW U yTJIEBOJAOpOJAaMH. J[aHHBIA METOJ OLEHKH MOBBILIAET
TOYHOCTH IMPOTHO3HBIX 3HAYEHUH MpPHU MOJACYETE W3BJICKAEMBIX 3arla-
COB, a TaKXKe MO3BOJISIECT Oosiee OOBEKTUBHO MOAXOAUTH K BEIOOPY Me-
TOAA BO3JEHCTBUS Ha KOJUIEKTOp NpH paspaborke. Vmest maHHBIE O
CTPYKTYpe MOPOBOTO TPOCTPAHCTBA MOPOJBI, BO3MOXKHO TaKkKe Ha-
OmoaTh ancopOLMOHHbIE SIBJICHUS! HA YPOBHE OTIENBbHBIX HOp M Ka-
nuusipoB [20; 26].

CyTh MeTOAa M30TEPMHUYECKOW CYIIKH COCTOHUT B ONpEAETICHUHU
o0beMa CBOOOJHOM BOJBI, MCHapHUBLICHCS W3 THAPOPOOHM30BAHHOTO
obpasna, 1 00bemMa cBOOOIHOM BOABI, MCTIAPUBIIEHCS W3 oOpasia mo-
cne ycrpaHeHus ruzppodobOuzanuu. CormocTaBieHHE STHX 00BEMOB
MO3BOJIACT OMPEACTUTh Kod(duiMeHT ruapododHU3amu Kak J0Jr0
IUIOIIAAN TIOBEPXHOCTH MOP, 3aHATYIO THAPO(POOHBIMH BEIIECTBAMHU
(popmyma 5.26) [36]:

o=V (5.26),
w:
rae Ow - ko3dunment ruapododusamum; Wl - 00beM CBOOOIHON BO-
Ibl, WchapuBIIeiica u3 ruapodobuzoBaHHOro obpasua, W2 - o0bem
CBOOOZHOM BOJIbI, UCTIAPUBLICHCS U3 THAPOPHUILHOTO 00pasLa.

Topsoox evinonnenus. Ilpn uccneqoBaHUN METOAOM H30TEpMUYE-
CKOW CyIIKM 00pa3ibl KepHa HACBIIAIOTCS AUCTHIUIMPOBAHHONW BOZOI
U TIOMEIIAIOTCS B YCTaHOBKY, TA€ IOJACPKUBACTCS TeMIlepaTypa



25°C u BnaxHocTh 33%. YcTaHOBKa CHAOXKEHA aHATMTHYECKUMH Be-
camu (puc. 5.7). B mporecce ucmapeHHs BOJIBI IMOJyYalOT KPUBBIC
CYIIKMA CHadana Juis Tuapo(oOH30BaHHBIX 00pa3IOB, 3aTeM, IOCTe
AKCTPaKIHMK - IS THAPO(PHMIBHEIX 00pasnoB (puc. 5.8). DkcTparupo-
BaHMe oOpasna npoBoAsST B ammapate COKCeTa MOCHIe0BaTEIbHO
xyiopodopMoM U crupToM. CHHUPT YIAISIOT € MOMOIIBIO HapOB KHU-
ISAIIeH BOJBL. DKCTPAKIUS MPOBOAMUTCS A0 MPEKPALICHHUS CBEYCHUS
MPOOBI U3 IKCTPAKTOPA MO YIETPA(PHOICTOBBIM CBETOM.

Puc. 5.7. IIpuauunuanbHas cxeMa AJ1sl NPOBeAeHUs
HM30TePMHUYECKON CYNIKHU:
| - kIMMaTuyeckas Kamepa, 2 — aHaIUTUYECKHE BECBl, 3 — DKCUKATOP IS
BaKyyMHpPOBaHHS 00pa31oB, 4 — BaKyyMHBIH HAacoC

Puc. 5.8. Kpussble cymku: rugpogodéusupoannoro odopasua (1)
U TOTO ke 00pa3ia nocje ycrpaHeHus ruapododusamuu (2)



5.5.8. MeToa kanunnsApHoOW NPONUTKN

Kanunisipaass mponuTka — MpOLECC CaMONPOHM3BOJIBHOTO BEITEC-
HEHMS XHUIKOCTH WIM ra3a M3 MOPHUCTOW cpelbl APYrod HECMelIu-
BaIOIICHCS JKUAKOCTBIO TMOJ JEHCTBHEM KaNnWUIIPHBIX cuil. laHHOe
SIBJICHUE WTPAeT CYLIECTBEHHYIO POJib IIPH BBITECHEHHH HE()TH U rasa
W3 HEOJHOPOIHBIX MOPUCTBIX U TPELIMHOBATO-IOPUCTHIX KOJUIIEKTO-
pOB.

MerToz OCHOBaH Ha SBJICHUM KaITMJUIAPHOCTU U OTHOCUTCS K Kade-
CTBEHHBIM METOJIaM OIpeeNICHHsI CMauyUBaEMOCTH.

HedrenacplieHHbI TPUPOTHBIA KEpH, MMEIOMIMHA OCTaTOYHYIO
BOJIOHACBIIIEHHOCTb, MOMELIAIOT B paccoll (IUIaCTOBYIO BOMY), HaXo-
JSIIUICS B UUIMHAPE C TPagyHpPOBKOH, W M3MEPSIOT 00BEM M CKO-
pocTh BhITecHeHHOH HedTu [3]. Hu3kue ckopocTH MpONMUTKH CBHUE-
TEIBCTBYIOT 0 caboil ruapoduinbHOCTH KepHa. Eciam Boga He BIUTHI-
BaeTcs BOOOIIE, TO KEpPH cuuTaeTcs THApo(oOHBIM MM MMeeT HeH-
TpasibHyr0 cMaunmBaeMocTh [10; 13]. Jlanee ruapodoOHEIl KepH Mpo-
MBIBa€TCS BOJIOH 10 OCTATOYHON HE(DTEHACHIIIEHHOCTH W OMEILAETCS
B LWJIMHJP, 3aI0JIHEHHBIH HEPTHI0. 3aTeM LHWIMHIDP IePEeBOPaAYNBAIOT
BBEpX IHOM (IpaZyHMpOBKOI HA000POT) U U3MEPSIOT 0OBEM BOJIBI, BBI-
TECHEHHOW HEe(ThIO MpU MPONUTKEe HeQThi0. Ecny KepH BOUTHIBaeT
HedTh, OH ruapodoOHbi. Ecny He BOHMTHIBaeT HU HE(PTh, HU BOAY,
KEPH XapaKTepu3yeTcsl HeHTpajbHOM cMaunBaeMoCThi0. Ecii BOUTHI-
BaeTcs M He()Th, U BOJA, TO KEPH UMEET CMEIIAHHYIO WIH (paKIUOH-
HYIO CMaylBaeMOCTh.

JlaHHBIN METOJ HE YYUTBIBACT TOT (akT, YTO CKOPOCTh MPOMUTKH
3aBHCUT HE TOJILKO OT CMaYMBAaE€MOCTH, HO U OT OTHOCHUTEIBHOM Ipo-
HUIIAEMOCTH, BSI3KOCTH, HMOBEPXHOCTHOTO HATSDKEHHS >KUAKOCTEH, a
TaKXe OT CTPYKTYpHI ITOPOBOIO MPOCTPAHCTBA M HAYaJbHOH BOJO- H
HedTeHacblmeHHocty [9]. nst ydera BIusHUS (DU3NUYECKUX CBOWCTB
MOPOABI M >KUAKOCTEH KCIIEPUMEHTAILHBIE JaHHBIE MPOMUTKHA aHa-
JTU3UPYIOT, CpaBHUBas MOBeAEHHE oOpas3la MOpPOAbl HEW3BECTHON
CMauyMBaEMOCTH C M3BECTHOM CMauyMBa€MOCTBIO 3TOro e o0pasia.
J7st 3TOr0 MCcneayeMblii 00paser] opoIsl OYHIIaeTcst (IPOKaIBaeT-
Csl IpU BBICOKOH TemIepaTtype), a 3aTeM NPH HACHILEHHH COOTBETCT-



BYIOIIUMH >KUAKOCTSIMH JIeJIaeTCs NPEUMYIIECTBEHHO CMaylBaeMbIM
BOJIOW MJIN HEPTHIO.

5.5.9. MeToa nonynpoHuuaemMon* MeMbpaHbli

Meron noiynpoHuiaeMold MeMOpaHbl OCHOBaH Ha OTXKATHUH CBO-
00HOW BOJBI MPENBAPUTEIHHO HACHIIIEHHBIX MOPOJ CHJIAMHU KaIlWi-
JspHOTO fAaBieHus. YacTb BOJBI, COXpaHWBIIASCSI B MOpax obOpasma
MocJe CO3/IaHMs MPEAETBHOTO JaBlIEHHs, COOTBETCTBYET COACPIKAHUIO
OCTaTOYHOM BOABI JJIs TaHHOW Moposbl. OCHOBHOIM HETOCTaTOK METO-
Jla - JUINTENBHOCTh IPOBEJECHMS ONBITAa AJS CHATHS KalnWUISIpHOU
KpuBo# (Oonee 20 mHEl), OTCYTCTBHE M HEBO3MOXXHOCTh TEPMOCTATHU-
poBaHUs IprOOpA.

B mertone nonynpoHuiaeMold MEMOpaHbI ONPENEIISIOT COOTHOLIIE-
HUS KalWUIAPHOTO JIABJIEHUS M HACHILEHHOCTH. JlaHHBIN MeToA MpH-
MEHSAETCS JJI1 OLIEHKU COJEpaHHsS OCTATOYHOM BOJBI, a TaKKe AN
OTIpeNesIeHrs] COOTHOIIEHHSI MOPOBBIX KaHAJIOB Pa3IHMYHOIO JUAMET-
pa. OnBITHI TPOBOAATCS HA MPUOOpPE — KaNMUIAPUMETPE.

IIpu co3manuu HeGonpioro masnenus (150-200 [la) xumkocTs
BBITECHSIETCSI CHavajla U3 IIMPOKUX KaMWUIIPHBIX TOp pasMepoM Oo-
nee 100 mxm, a 3aTeM MO Mepe MOBBINIEHUS AasieHus a0 15 klla u
Ooniee BOAA BBITECHSETCS U3 MEJKUX MMOPOBBIX KaHAIOB, MUHHMAJIb-
HBIM pa3Mep KOoTophIX paBeH IMkM. [Ipu Ka’kaoM HOBOM YBEITHMUEHUU
JaBJieHUs] oOpasel BBIICPKUBAIOT OKOJIO 24 4acoB 10 AOCTHIKEHHS
CTaTHYECKOTO PAaBHOBECHS, MIOCIIE YEr0 BBHIUMCIISIOT 00BEM BBITECHEH-
HOU Boabl. Bona, coxpaHHBIIAsACS B MOPOJE, COOTBETCTBYET OCTaTOU-
HOM BOJIOHACHIIIEHHOCTH.

[Ipu BBITECHEHUM XHIKOCTH M3 MOPHl LWIMHAPHUYECKOW (OPMBI
paanyca r T0JDKHO OBITH MPEOJO0JICHO KanuiuisipHoe Aasienue Pk Bri-
YHCJICHUE SKBUBAICHTHBIX PaAMyCcOB TOp MPOBOAAT no ¢opmyne Jla-
wiaca (popmyna 5.27):

Jbxe = 20 cosO/P,, (5.27),

r7le 0 - MOBEPXHOCTHOE HATsKeHHE BoAbl, () — KpaeBoil yros cMauu-
BaHMs, YCIOBHO NPUHATHIN A7t Boabl 0°, Pk - kanwiuisipHoe 1aBieHue.



[MonydeHHnass kpuBas KamWUIPHOTO JaBJICHUS XapaKTePH3YeT
CTPYKTYPY HOPOBOTO MpPOCTpaHcTBa. [Ipu mpocToM reomMeTpudeckom
CTPOCHHUU TIOPOBOTO MPOCTPAHCTBA MOPOJI MOPOMETPHUECKUE KPUBBIC
MMEIOT OJIMH YETKUH MaKCUMyM, HaOIromaeTcs oOliee yBeITHMuCHHE
MPOHUIIAEMOCTH C BO3PACTAaHHEM KOJIMYECTBA KPYIHBIX (DUIBTPYFO-
urux mop [20].

5.5.10. MeToa sifepHOro MarHUTHOro pe3oHaHca

Merton aaepHOro MarouTHoro pesonanca (SIMP) ocHoBan Ha pe3o-
HAHCHOM TIOTJIOIICHUH 3JIEKTPOMArHUTHON HEPTHHU B BEllleCTBax, 00y-
CIIOBJIGHHOM MarHeTu3MoM saep. D(h(eKT moriomeHus HaboaaeTcs B
CHJIBHOM MarHMTHOM IIOJIE, Ha KOTOpOE HakiaJasiBaeTcsi Oonee ciaaboe
none obnactu paguoyactoT. Mcrounukom sueprun B IMP ciyxut re-
HepaTop pamuodactor 10-60 MI' (mmuna Bomabl 30-50 M). OOpasen B
KPHUCTAJUTMYECKOM WJIM TIOPOLIKOOOpPa3sHOM COCTOSHMM TOMELIAaeTCs
MEXAY MOJIFocaMyi MarHuTa. Perucrpamus crekTpa npou3BOJUTCS 100
BU3yallbHO Ha 3KpaHe ocuuwiiorpaga, aubo ¢ MOMOMIBIO CaMOMHUCLA.
B AAMP-CnekTpOCKONMM Ba)KHbI CIEAYIOIIME XapaKTEPUCTUKH SIEp:
CIIMH, HaJJMYME€ MAarHUTHOTO M KBAJPyNOJIBHOTO MOMEHTOB; BEIHYHHA
MarHMTHOIO MOMEHTA; €CTECTBEHHOE CojepxkaHue usorona. VHTeH-
cuBHble crekTpsl IMP natot siapa: 1H, | 9F, | | P co curom 1-1/2,
(CHIeKTp B ATHX CIy4asX COCTOWUT W3 ojHOU nuHum), Y-i, 9Be, | 1B,
2 3Na co cniuaom 1-3/2 m 2 7Al ¢ 1-5/2. Ina nabmoaenus s¢dexra
HE00X0IMMO, UTOOBI HCCIIeIyeMBIe Spa COACPKATUCh B 3HAUNTEITEHOM
KOJIMYECTBE (T. €. ABJIINCH OCHOBHBIM KOMIIOHEHTOM) H eJaTeJIbHO B
3HauuTenbHOM obbeme (~0,5 cm3). CymecTBytoT aBe Metonuku SIMP-
crniektpockonuu: 1) SIMP Bbicokoro paspemieHus, NpUMEHSIOMuUicS
JUIS HCCIIEAOBAHUA >KUIKOCTEH M ABJISIONINICA CTaHIapTHBIM CIIOCO-
OOM ompeleneHus] CTPOSHUsI OpraHuuecKux Mojekyn; 2) SIMP mupo-
KHMX JIMHUH JJI1 W3y4eHHs TBEPJBIX Tell, UCIOJb3yeMbIH B reojoruye-
CKHX uccienoBanusx. 13 cnexrpos SIMP B TBepabIX Tenax MOXKHO I10-
JYYUTh HHPOPMALIUIO TI0 CTPYKTYpE, HAlPUMED, O PACCTOSHUAX MEXKIY
OmDKalIIMMU SiApaMy, 00 OpUEHTALUH COCAMHSIONIETO WX Harpaslie-
HUS, 0 HAINYHMM HESKBHBAJIEHTHBIX OPMEHTALMI M HEIKBHBAIEHTHBIX
MOJIOKEHUHN ITHX AAEP, O XapaKTepe YHOpsI0UeHHUs UX B CTPYKType, a



NP HAJIMYUM KBAJPYTOJBLHOIO MOMEHTA y AJipa — TakXke 00 OJHOM u3
BKHEWIINX XapaKTEPUCTUK KPUCTAJUTMUECKOTO MOJIS — €ro TPajHeHTe.
Bonbiryto 4acTh 3TUX CBEACHUI MOJIydalOT B pE3YyJbTaTe JUIMTEIBLHOU
00paboTkn HaOMOAAaEMBIX CIEKTPOB, KaK MpPABHJIO, C MPUMEHEHHEM
KOMITBIOTEPOB.

CmaunBaeMocTts u SIMP mnoBepXHOCTHas penakcanys 3aBUCHT
apyr ot apyra. CMauuBaeMOCTb KOHTPOJIUPYET PACIOJIOKEHHUE >KHI-
KOCTH B MOPUCTBIX cpefax, a SIMP noBepxHOCTHasI penakcanys MoKa-
3bIBA€T, YTO )KUJKOCTH B KOHTAaKTe C TIOBEPXHOCTHIO MUHEpasla UMEET
BpeMsI pelakcalii KOpode MO CPaBHEHHUIO ¢ ee OOBEeMHBIMH 3Haye-
Husimu. HaOmromaercst Xxopoliiast CorylacOBaHHOCTh B MHAEKCaX CMavu-
BaHUs, ompenenseMbix no meroxy SAIMP u merony Amotra-I'apses,
YTO JaeT OCHOBaHME UCMONB30BaTh MeTox SIMP ¢ Gonbioil yBepeH-
HOCTBIO ¢ UICTUHHOCTH pe3yibTaTa [32; 40; 42].

5.5.11. MeTtopa onpegeneHnsa agcop6ummn M3 BOAHbLIX paCTBOPOB KpacuTtenemn
MEeTUIIEHOBOW CMHU (MeTUIIeHOBbIN ronyoomn)

AncopOuus METUIIEHOBOTO TONY0Oro MO3BOJISAET OLEHUBATH TUA-
PODUIBHOCTE MOBEPXHOCTU MOPOABI, OCHOBBIBASICH HA MPEIIOJIONKE-
HUM, 9TO 3TOT KpPAcHUTEIb aJAcOpOHpyeTcs MOpPOJOH, MPUYEM TOIBKO
y4acTKaMH, CMOYEHHBIMH BOJOM. B 3TOM ciydae u3 KepHOB mapai-
JIEJIbHO HAIUIAaCTOBAHHUIO BBITAYMBAIOTCS 10 JBa HEOONBIIMX 00pasia.
O0a oHM HACBHINIAIOTCS IJIACTOBOW BOJOH, HO BTOPOW - MOCIE IKC-
TPaKLHUH XJIOPOPOPMOM U METAHOJIOM.

HHTEeHCHBHOCTE afcOpOLMU KpacUTeNsl Ha TIOBEPXHOCTH 00pa3IoB
olpesiensieTcs MPOKauKol uepe3 HUuX pacTBopa kpacurenst. Omnpenens-
€TCsl OTHOLIEHNE MHTEHCHBHOCTH KpacUTENs Ha MCXOJHOM M DKCTpa-
TUpOBaHHOM oOpasiiax. Ha skcrparupoBaHHOM oOpasiie ancopOupy-
eTcs OoJblIee KOJMYECTBO KPACHTENs, B TO BpeMsl, Kak Ha TuApodoo-
HBIX 00Opasuax - He3HaunTenbHoe. [lneHka HedTH, TOKpHIBaIOIIAs OT-
JeTIbHbIE Y9aCTKU IOPOBOTO MIPOCTPAHCTBAa 00pa3loB, U30JIUPYET pac-
TBOp KpacHuTens oT TBepaol ¢a3sl kepHOB [22]. HemoctaTkoM maHHO-
ro METOAA SBIISICTCA BBICOKasl afcoOpOLHs METHIEHOBOTO TOIy00ro Ha
MTOBEPXHOCTH NOPOBOIO NMPOCTPAHCTBA.



5.5.12. OnpepeneHne cMaunBaeMoOCTM C MOMOLLbIO PacTPOBOW

3MEeKTPOHHOW MMUKpPOCKONUM

PactpoBas asnextponHas mukpockomnus (POM) - ato meron uzy-
YeHUsI CTPOCHUs 00paslla, OCHOBAaHHBIM HA B3aUMOJICHCTBUU DJICK-
TPOHHOI'O MyYKa C BEIIECTBOM, IMPEAHA3HAUCHHBIM MJI MOIYy4YSHUS
M300paKCHUs MMOBEPXHOCTH 00pasiia ¢ BHICOKHM IMPOCTPAHCTBEHHBIM
paspelieHueM, a TakKe MOTYYEHHUsS NaHHBIX O COCTaBe, CTPOCHHUU U
HEKOTOPBIX APYTUX CBOMCTBaX MPUIOBEPXHOCTHBIX clioeB (pHc. 5.9).
Meton POM naer BO3MOXKHOCTH HampsiMyro (in situ) BU3yajabHO Ha-
OmoaTh pacnpeseicHue (QIOUI0B B MIOPOBOM MPOCTPAHCTBE 00pa3-
11a ¥ PacCYUTHIBATh KOJUYECTBCHHBIC MapaMeTPhl C MOMOIIBIO CIELU-
QIBHOTO TPOrpaMMHOTO obecrnieueHus. POM mo3BoJsieT HEMOCPEICT-
BEHHO M3y4yaTh MOHOJHMTHBIC OOpa3lbl MOPOJ C MPOU3BOJILHON Teo-
METpHUEH MOBEPXHOCTH, HE MOABEPrasi UX CHEIUATIBHON U TPYA0EMKOU
noarotoBke. OcHOBHBIE IpeumyllecTBa POM: Hepazpymiaromas me-
TOJIMKA, OTHOCHUTEJIbHAS MPOCTOTA B TOATOTOBKE OOPA3IOB IS aHa-
nu3a, 3KCIPECCHOCTh, a TaKXKE MIMPOKUH CIEKTpP aHaIUu3UPyEMBIX
TBepAbIX Ted. POM He3amMeHUM NIpU MCCICAOBAHUM MHUKPOCTPOCHUS
MopoJi, T.K. IMO3BOJSET HEMOCPEACTBEHHO HAOIIOIaTh TOBEPXHOCTh
MAaCCUBHBIX 00pa3IOB U MOJIy4aTh WH(GOPMAIMIO HE TOJBKO O B3aWM-
HOM pAcCHOJOKEHUU MHUHEPAIOB, HO U 0 CTPYKType MOPOBOrO IPO-
CTpaHCTBA.

Puc. 5.9. CtpykTypa NopoBOro npocTpaHcTBa 1 MHKPOCTPOeHHe
kaoauHuta (POM-u3o0pakenne)



[punnun pabdotsr POM 3akimiovaeTcs B TOM, YTO TOHKHU DJIEK-
TPOHHBIN IYYOK HampaBisieTcsl Ha aHaIM3UpyeMbli oOpasen. B pe-
3yJIbTaTe B3aMMOJCHCTBUS MEXKIY SJIEKTPOHHBIM 30HIOM U 00pa3ioM
BO3HHKAIOT HU3KOIHEPIeTUUECKUE BTOPUYHBIC SJIEKTPOHBI, KOTOPHIE
OTOMpAIOTCSl JETEKTOPOM BTOPUYHBIX 3JEKTPOHOB. Kakawlii akT
CTOJIKHOBEHHSI CONPOBOXKAAETCS MOSBICHHEM 3JEKTPHYECKOTO CUTHA-
Jla Ha BBIXOZE JAeTeKTopa. MHTEHCHBHOCTBH 3JEKTPHUYECKOIO CHUTHAA
3aBHCHUT KakK OT MPHUPOBI 00paslia (B MEHbBIIECH CTENEeH ), TaK U OT TO-
norpaduu (B 6oinblIel creneHn) odpasa B 00J1aCTH B3aUMOACHCTBUSL.
TakuM 00pa3oM, CKaHHUPYS SNEKTPOHHBIM ITyYKOM MOBEPXHOCTH 00B-
€KTa, BO3MOXKHO TOJYYHTh KapTy peiibeda MpoaHaIu3HuPOBAHHOMN 30-
Hbl. M300pakeHHe perucTpupyercs HCKIIOYUTENLHO B LU(PPOBOI
¢dopMme. DIEKTpOHHAsA IMyIIKAa M 3JCKTPOHHAss KOJOHHA (OPMUPYIOT
0CTpOCc(OKYCHPOBAHHBIN SIEKTPOHHBIN 30H cpenHux 3Hepruit (10-
50 x»B) Ha mnoBepxHocTH 0Opasma. [Ipubop 00sS3aTENBEHO OJKEH
OBITh OCHAIlIEH BaKyyMHOH CHCTEMOH (B COBPEMEHHBIX MOJETISX MHUK-
POCKOIIOB BBICOKHH BaKyyM >KeJlaTelieH, HO He o0s3areneH). Takxke B
KaxaoM POM ecTh nmpeAMETHBIN CTONMK, MMO3BOJISIONINI MepeMelaTh
o0pazer; MUHUMYM B TpeX HampasieHusx. Ilpu B3anmopnericTBiM 30H-
Ja ¢ 00BEKTOM BO3ZHHUKAIOT HECKONBKO BUIIOB M3NYUYECHHUH, KaXI0€ U3
KOTOPBIX MOXET OBbITh MpeoOpa3oBaHO B 3JICKTPUUECKUI CHUTHAI.
B 3aBucuMOCTH OT MEXaHHM3Ma PErHCTPUPOBAHUS CUTHAIA PA3TUYAIOT
HECKOJIBKO PEKUMOB pabOThl CKaHUPYIOLIETO 3JIEKTPOHHOTO MHUKPO-
CKOIa: PEXHM BTOPUYHBIX DJIEKTPOHOB, PEXKUM OTPAKEHHBIX JJICK-
TPOHOB, PEXKUM KaTOAOIIOMHUHECIICHIIH U JIP.

MoaroroBka o0bexToB. Eciu 00pasupl HempoBogsiiue, TO Ha
HUX HAIBUIACTCS] TOHKUW MTPOBOMASAIIMIA CIIOH. DTO MOXET OBbITh JTH000€
MPOBOASIIEE BELIECTBO, OJHAKO, Yallle BCErO HCIOJIB3YIOT YIIEepoa U
3omo0T1o. IlepBbIil, Kak MpaBUIIO, UMEET MANbId pasMep HambUIIEMbIX
YacTHI, U, KaK CJIEACTBHE, MO3BOJISIET MONyYaTh MUKpodoTorpaduu ¢
OoJIbIIMM yBeTMUYEHHEM 0e3 COOCTBEHHOW BU3yanuzauud. POM-aHa-
U3 croco0OM KaTOAONIOMUHECHEHIINH, MpepiokeHHblii B.A. Ky3b-
MUHBIM B 1987 1., naet HanOonee MONHOE U OOBEKTUBHOE MPEACTaB-
JICHHE O CTPYKTYpe E€MKOCTHOTO mpoctpaHcTBa. CyTb METOAMKH 3a-
KIIIOYaeTCs B HMCCIICJAOBaHUM aHIuIuda obOpasia MOpojbl, MOPOBOEC



IIPOCTPAHCTBO KOTOPOT'O IPENBAPUTENBHO HACBIIAETCS JIFOMUHECLIY-
PYIOLIMM TOJ 3IEKTPOHHBIM ITyYKOM OPTaHHYECKHM JTIOMUHO(POPOM.

[Mony4yaemble POM-n300pakeHnst IpeaCTaBIsSIOT CO00H MpaKTH-
YecKH OMHApHBIC M300paKEeHHsI, HA KOTOPBIX CBETJIbIC YYaCTKH COOT-
BETCTBYIOT II0PAM, 3aIIOJIHEHHBIM JIFIOMUHECIUPYIOLIUM [IOJIUMEPOM, a
TeMHbIe - yacTunamu (puc. 5.10) [26].

Puc. 5.10. POM-u3o6paxkenne (KaTo10JI0MHUHECHEHIUS B 3JIEKTPOHHOM
MHKpPOCKOIIe, 0e10e — Mophbl)

N3ydyeHne mnOBEpXHOCTHBIX CBOMCTB TOPHBIX MMOPOJX METOAOM
POM paer BO3MOMKHOCTH HampsIMyIO HCCIENOBATh pPACIHpeacIICHUE
(GIIoN0B B MOPOBOM IPOCTPAHCTBE, COMOCTaBHTH CTENEHb 3aroJi-
HEHHOCTH (PIIOMIOM TPYMIBl TOp ONpPEAEJICHHOTO pa3Mmepa, mpocie-
JUTh 3aKOHOMEPHOCTh TaHHOTO pacHpezesieHus U, B KOHEYHOM cyeTe,
OLIEHUTH CTETEeHb TUAPOQWIBHOCTH U THIPOPOOHOCTH MOBEPXHOCTH
MOPOBBIX 00BbEMOB [36].

Tem He MeHee, TaHHbIE, [TOJyUYEeHHbIE C TOMOIIBIO CKAaHUPYIOLIETO
AJIEKTPOHHOTO MHKPOCKOIA, HE MOTYT OBITh 3KCTPANlOJMPOBaHBI Ha
BCIO 3aJIEXb B II€JIOM, T.K. CMAauMBA€MOCTb 3aBUCUT OT TEMIIEpaTyphl,
naBieHus1, ypoBHA pH u coctaa xxuakoctu [34].



5.5.13. CpaBHeHue metoaga Amotta (AmoTtTta-lapBesi)) u OCT 39-180-85

Merton Amotrta [15] (Takke ero momudukanus AMotTa-I'apBes
[31; 33] u merox orpacneBoro cranmapta OCT 39-180-85 [18; 21;
22] oTHOCATCS K KOJIMYECTBEHHBIM JUHAMHUYECKMM METOAAM ONpene-
JICHUS] CMauyMBaeMOCTH. MeTonbl coueTaroT B cebe mpomuTKy u dop-
CHUPOBaHHOE BHITECHEHHE LEHTPU(YTUPOBAHUEM JJIsl U3MEPEHHS CMa-
YHBAEMOCTH KepHa M 0a3MpYIOTCsl HA TOM MPUHIMIE, YTO CMadynBaro-
mmid Quoua OyneT BOMTHIBATHCS B KEPH, KakK MPAaBUIIO, CIOHTAHHO,
BBITECHAS HECMauuBaromMid. B pesynpTare skcnepuMeHTa pacCUMThI-

BAaIOT MOKA3aTesIu CMauyuBaeMOCTH (Tabi. 5.3).
Tabnuya 5.3

IMoka3aTenu cMaunBaeMoCcTH MeTOA0B AMoTTa (AMoTTa-I"apBes)
n OCT 39-180-85

[Tapametp I'mapodwmnenbiit Helitpansueii ['uapodoOHbLit
Iloka3zaTens cMauMBaeMo- 3sona>0 soga O Nsoma O
CTH 0 AMOTTY Nueprs 0 Ao 0 Ntedrrn>0

IMoka3arens cMayUBaeMo-
cta Amotra-T'apses
IMoka3aTens cMayUBaeMo-
CTH 110 OTpacieBoMy ctan-  0,6<M<I,0 0,4<M<0,6 0<M<0,4
napty OCT 39-180-85

0,3<Ian<1,0 -0,3<1an<0,3 -1,0<[an<-03

Mexay STUMH METOJAaMH CYLIECTBYIOT OTJIMYMSI B IIOJTOTOBKE
obpasua k muccnenoBanuio. B merone Amotra (Amorra-I'apsest) uc-
MOJB3YIOT 00pasel] ¢ MPUPOAHON He(TeHACHIIEHHOCThI0. [laHHBIN
oOpaselr eHTpu(yrupyroT B paccolie s JOCTHKEHHS OCTAaTOYHOMN
HeyMeHblIatomleiicss HedTeHacwlmeHHocTr. [lanee oOpasen uccieny-
10T cornacHo Mmeronuke. B merone orpacneBoro crangapra OCT 39-
180-85 mepen mpoBeAeHUEM 3KCIEPUMEHTa oOpaser] HeoO0X0aUMO
SKCTParupoBaTh B CHHPTO-OCH30JIbHONH cMECH (COOTHOIIEHHE KOMIIO-
HEHTOB 1:3) WM YEeThIPEXXJIOPUCTHIM YTIEPOJIOM JI0 MOJHOIO yjiaje-
HUs yriieBogopoaoB. [Ipu BbICOKOH MacToBOM (CBsI3aHHOI) Bone 00-
pasipl BOZOCTOMKUX MOPOJA MPOMBIBAIOT TUCTHIIMPOBAHHONW BOJOH B
armmapare Coxcnera. [IposkcTparupoBaHHBIH 00pas3ell BBHICYIIMBAIOT



710 TIOCTOSIHHOW Macchl B CYIIMJIbHOM MIKady mpu Temmneparype 102°-
105°C u npousBoAAT omnpeeneHne abCOMIOTHONH Ira30IPOHUIIAEMOCTH.
[Tocne moaroroBkn o0pasna MPOBOJAT UCTIHITAHUE COTIACHO METOAU-
ke. IlockoiapKky cMaunMBaeMOCTh 3aBHCHUT OT BHJAA HACBILIAIOIIETO
¢darounaa [15], To JAHHBIM METOJIOM OIPEIENISIOT THII CMAaYUBAEMOCTH
no paboueMy areHTy (Ke€pocHH, HeTb, MOJIEJIb HEPTH, IIIACTOBAS BO-
Ja, AMCTHUUIMPOBAaHHAs BOAa, Mojedb Bojbl). [Ipu ncmomb3oBaHumn
meroja orpacieBoro cranaapta OCT 39-180-85 He coxpansercs ec-
TECTBEHHasi CMauyuBaeMoCTh oOpasna. Takke cieayeT ¢ OCTOPOKHO-
CTBIO HCIIONIb30BaTh NUCTUIUIMPOBAHHYIO BOJAY B KauecTBe paboyero
areHTa JUid NpONUTKH U neHTpudyruposanus. Eciu B oOpasue mopo-
Jbl IPUCYTCTBYIOT TIIMHUCTBIE MHUHEPAJIBI, OCOOCHHO YYBCTBHUTEIBHEIC
K BOJIE, TO IIPU KOHTAKTE C BOAOH MPOUCXOJUT HApYLIEHUE CTPYKTYPHI
MOPOBOTO MpOCTpaHcTBa (HaOyxaHWe, CMeEIIEHHE CTPYKTYphl KpH-
ctrauinyeckot pemtetkn). OCT 39-180-85 xoTd U MMeeT KOIMYECT-
BEHHYIO OIIEHKY, HO B LIEJIOM CIIOCOOEH yKa3aTh JHUIIb Ha MpeAIouTe-
HHE MOPOJbl CMaYMBATHCSI TEM WIIM MHBIM (DIFOUIOM.

5.6. BzaumocBA3b Mexay pasnMyHbIMU nokasaTtensamu
cMa4yuBaeMocTu

3HaYNTENIFHOE KOJIMYECTBO pa3pabOTaHHBIX METOJOB OIpenere-
HUSl CMa4MBaE€MOCTH YKa3bIBaeT Ha HEPEUICHHOCTh K HACTOSILEMY
BpPEMEHH 337a4Ml Ha/IeXKHOU OLleHKH cMaunBaHus [1]. OnucanHble Me-
TOIBI 0a3UPYIOTCS Ha Pa3iNMYHBIX (PU3MYECKUX MPEANOCHUTKAX M Xa-
PaKTepU3yIOT OTAEJbHBIE (J4acTO JIOKAJbHbIE) acleKThl CMauyHdBaHUS.
Hctoprudeckn 0a30BbIM MapaMeTpOM CMAuMBaHMS CUATAETCS JIOKaJIb-
HBII yron cmaunBanus (0).

B u3MmepeHusx yria KkacaHus 3aJelCTBOBAaHBI KaleIbHBIE KUAKO-
cti (0OBIYHO BOJa), BCTYHAIOLIME B KOHTAKT C TBEPIOU MOBEPXHO-
CThIO (TUIACTMHOW KpHCTajula MHHEpaja J100 MOBEPXHOCTBIO MOPO-
Ib1), KOTOpPBIE OKPYXKAIOTCA APYrod >KUAKOCTBIO (OOBIYHO HE(THIO).
JKupkocTsiM mo3BoSeTCS NPUIATH B paBHOBECHE, TIOCIE YEro 3arupa-
eTCsl yroil KacaHusl MEKAY KaIluled KMIKOCTH W TBEPAOH MOBEPXHO-



CThl0. Bennunna yria xacaHus MpsMO yKa3bIBaeT HA CMaYyHUBACMOCTb
nopoiel (Anderson, 1986). B Tabnuiie 5.4 npuBeACHBI IUANa30HbI yT-
JIa KaCaHWs U COOTBETCTBYIOIINE COCTOSHHS CMauHNBaHHUS.

Tabnuya 5.4

3aBHCHMOCTH MeKAY CMAYHBAEMOCTHIO H 00IIMMH H3MePEeHUsIMHU
(Anderson, 1968) [28]
I'mapodwenas Heifirpansaas OneoduiibHas
VYron KoHTaKkTa (MHHUMYM) 0° 60°-75° 105° - 120°
VYTon KOHTaKTa (MaKCUMYM) 60° -75° 105° - 120° 180°

Tloka3aTenp cMaunBaeMo-
ctu USBM

OTKJIOHEHHE TTOKa3aTels
cMauuBaeMocTu (Amott) no >0 0 0
BOZIE

~1 ~0 ~-1

OTKIJIOHEHHE TTOKa3aTels
cMauyrBaeMocTy (Amott) 1o 0 0 0
HedTH

Iloka3aTtens cmauuBacMo-

<tw<1. - <w< _ < =
cti (Amott - Harvey) 03<fv<10 -0,3<Iy<03 -1,0<Lv<-0,3

5.7. B3aumocBsa3b MeXxay CTaHAapPTHbIMW NoKa3aTensamMm
cmaumBaemoctu CLUA

Haunbonee mmpoko wHCHOIB3yeMble SMIUPHUECKHE H3MEPEHHS
CMa4MBaeMOCTH ISl KepHa: MeTonoM AMoTTa (Amott, 1959; Boneau
and Clampitt, 1977), cranaptusupoanHeiM MeTogom CIIIA-USBM wu
koMOuHupoBaHHBEIMU MeTotamu USBM-Amorra (Ilapma u Jonansa-
COH u Ap., 1969) Bynnepnux, 1985, 1987) - ocHOBaHBI Ha KCCIIEOBA-
HUSAX CMEILEHHUS.
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. LA
=10*7Y

IMOTT - XapBU HMHAEKC

/ , 2 b~
S»-S, °* §,-S>

Puc. 5.11. CxemaTnueckoe onpeaejienne Amott unaexca 1Jst Boasbl (Iw)
u HedTH (10), unaexc AmorT-Xapsu (14x1), 1 Coenunennsie L TaTs
Bropo maxt (USBM) unaexc (Iusem) ¢ TOUKH 3peHHsT
BO/JOHACBHIILIEHHOCTH B ONpeAdeeHHbIX KANMISPHbIX JaBJIEHUSIX
ITocnenoBaTeNbHOCTh M HAINpaBJIEHWE CMELICHUH YKa3bIBalOT MPOHYMEPO-
BaHHBIMU cTpesikaMu. CIUIOIIHBIE JTUHUM MOKa3bIBAIOT JPEHAXK WM HACHIIb-
CTBEHHBIE NEPEMELIEHMSI; TyHKTUPHbIE JIMHUU MOKA3bIBAIOT CIIOHTAHHBIE CO-

ObITHS

5.7.1. UHpekc AMoTTa

OpurvHanbHBIA TecT, npeanoxeHHsli Amott (1959) cpaBHuBaeT
KOJINYECTBO >KUAKOCTH, KOTOPasi BIIUTHIBAETCS] CIIOHTAHHO B TEUECHHUE
20 yacoB ¢ KOJIMYECTBOM TOM k€ JKUIKOCTH, KOTOpasi MOXKET Iepeme-
LIaThCSl B PE3y/bTaTe LEHTPU(QYHTUPOBAHUS HWIIM BS3KOTO BBITECHE-
Hus (kak npemioxeno Cuiec , 1975). Ha pucynke 5.11 (S2 - S1) npen-
CTaBJsieT co00i M3MEHEHNE HACBIIIEHHOCTH BOJBI U3-32 CIIOHTAHHOTO
BIIUTHIBAHUS, B TO BPEMS KaK IIOJIHOE W3MEHEHUE BOAOHACHIICHHOCTH
W3-3a2 CTIOHTAHHOTO BIUTBHIBAHMS WM MPHUHYIUTEIBHOTO IBM)KEHHS BO-



Ibl TipencTaBieHo BenuuuHou (S) - Sl). Mamekc AMoTTa aist BOJbI
Iw= (82 - S/(S} - Sl). Oro HekoTopas ApOOHAs BETUYMHA, WU3MeE-
Hsttomasicst ot (0 (HeT CIIOHTAaHHOTO MPONHUTHIBaHUS) U 10 | (cuibHas
CMayMBaeMOCTh BOJIOH: HET JONOJIHUTEIHHOTO M3BJICUCHUS TIPUHYIHU-
TENBbHBIM JBIDKEHHEM BOJbI). TOYHO TaKKe CIIOHTAHHYIO MPOMUTKY
HE(PTHIO MOXXHO CPaBHUTH C MPUHYAMTEIHHBIM BBITECHEHHEM BOJBI
He]ThIO, YTOOBI ONpeNenuTh HHACKC HepTH Amorra mo HedTH,
(puc. 5.11). JIBa nokasarens, /w1 lo, y4acTBYIOT B ONpEICICHUH HH-
nexca Amotta-T'apsest (law). bu = In - [o (Boneau and Clampitt,
1977). lan xonebnercst ot —| (cHiIbHAs cMauMBaeMOCTb HE(THIO) M JI0
+1 (cuibHasS CMaYMBaEMOCTh BOJION).

MHoOrue mNpakTU4YecKue HeTall 3KCIEPUMEHTAa MOTYT HMETh
OoJbIIOe BAMSHUE HA 3HAUYEHHUS WHIEKCOB AMOTTA AJIsl BOABI U HE(PTH.
3TO NPOJOIKUTEIBHOCTh CIIOHTAHHOTO TOTJIOUICHUS, KalWUIIPHOE
JaBJieHNE, YCTAHOBICHHOE IOCJE MEPBUYHOTO IPEHaXKa, KOJIMYECTBO
U pacipezelieHne HadyalbHONH BOJOHACHIIIEHHOCTH (Swi), TpUIUNAaHHE
Karieslb BBITECHsIEMOH (a3bl K BHEUIHEH MOBEPXHOCTH KEpHA, W T..
Xota m000i M3 3THX (AKTOPOB MOXKET NMPOU3BOIUTH TOJBKO He-
OoJbIIOe M3MEHEHUE B YMClIaX AMOTTa, OAHAKO B3STHIE BMECTE, OHU
MOTYT BBI3bIBaTh 3HAUUTEIbHBIC HCKAKEHHS. Pe3yabpTaThl OTAEIBHOTO
OTIBITa MOTYT MOKa3aTh CTOWKHE TEHACHIMH, IOTOMY YTO BCE KEPHBI
WCTIBITHIBAJINCH OAMHAKOBO. Ho cpaBHEHHE pe3ylnbTaTOB Pa3HBIX OIIbI-
TOB MOJKET IOKa3aTh 3HAUYUTEIbHbBIE PACXOKACHUS, KOTOPBIE CBA3aHbBI
C Pa3NMYMsAMHU B SKCIIEPUMEHTAIBHBIX METOANKaX. TOUYHOCTH H3Mepe-
HUH HachllleHUs (a3 TaKKe MOMKET BapbUPOBATHCS. DKCIIEPUMEHTHI,
MPOBOJMMBIC B PA3JIMYHBIX JIAOOPATOPHUSX, BKIIOYAIOT BCTPSIXHUBAHUCE
MIpH 3aBOJHEHNH, YUCTKY KepHa U 1p. MaeanbHbIi SKCIIepUMEHTAIb-
HBIA METOJ] IO CUX TIOp He pa3paboTaH.



5.7.2. Nupekc USBM

Hupexc cmaunBaemoctd USBM (IUSBM) Oblt BBeneH JloHanbaco-
HOM 1 7p. (1969). Kak nokazano Ha pucyHke 5.11, npu BEIHYKAEHHOM
IBKCHUH He()TU (HACHIIICHUE BOJOW YMEHBIIIACTCS) M TPU BBIHYX-
JICHHOM JIBM)KCHUHU BOJIbI (YBEIMUYCHHE BOJOHACBIICHHOCTH) KPHUBBIC
JIPEHAKA KAMWUISIPHOTO JABICHHUS M3MEPSIOTCS METOJOM LICHTPH]Y-
rupoBanus. Jlorapugm OTHOIICHHUS TUIOIMAACH MOA STUMH KPUBBIMHU
naer uHaekc cMmauuBaHuss USBM  (IusBMy. [usBM = lonml0(Ai/A2).
Gatenby u Marsden (1957) Obuto OOHapy»XeHO, YTO ILIOMIANb IO
KpUBOH KalWLISPHOTO JABJICHUS SBIISIETCS XapaKTePUCTUKON PabOThI
npoiiecca BeITecHeHUA. B skcnepumenTax JloHanbacoHa U JIp. BBIIIE-
ONKCAaHHBIC YCJIOBUS HE COOJIONAIKCH: TPHU ONPEACICHUH CPETHHX
HACBIIIICHHOCTEH, YCTAaHOBJICHHBIX B KEPHE MyTeM LEHTPU(YrupoBa-
HUS, HE YYUTHIBAJIOCh aHOMAJIbHOE HACHIIEHUE Ha BXOJE AJISL COOT-
BeTCTBymIero 3HaueHus Pc Jlpyrue wucciegoBaTenin OOBIYHO HC-
M0JIH30BAJIA UCIIPABJICHHBIC 3HAYEHUS HACHIIICHHOCTH.

Kak 3nauenne nnaekca Amorra-I'apBes, Tak u MacimTad UHACKCA
USBM mnonoxutenbHbie 115 00Jiee CMavyMBaeMbIX BOJIOW 00pasIoB U
OTpHIIATENbHBIC U1 00jiee cMayrBaeMbIX HeThi0. B mpuHIume, 3TH
3HAUYEHHUsI HE MOTYT OBITH B JMamnazoHe oT +1 (cuiabHas cMadnBae-
MOCTh BOJION) 10 -1 (cuibHas cMaunBaeMocTh HedThi0). Tem He me-
Hee, N7 IMpakTH4eckux uenei, auanazoH -1 < [USBM < +1 mumpoko
WCIIONIb3YyeTCs. AHajorusi co Imkaiaoi Amorra-lI'apBes, B coueTaHUM
CO CKOPOCTBIO W YJOOCTBOM METOJ[a, IPUBEIH K IIMPOKOMY HCIIONb-
3oBaHuio0 Meroaa USBM.

XoTs 3TU NIBa MHJCKCA HCTONB3YIOTCS MOYTH KaK CHHOHHMEI B
He()TSHOW TIPOMBIIUICHHOCTH B KaueCTBE MHIUKATOPOB CMavHMBaHUS
MOPOJBI, €CTh OUeBUAHBIC paznuuns. Uunexkc AmotTa-I"apBes, mo or-
penencHuIo, 0JDKeH ObITh B quana3one -1 u +1. Bonee BaxHO comoc-
TaBJICHHE WHAEKCOB JIJIsl IUPOKOTO CIIEKTpa CJIa00 YBIAKHEHHBIX H
MPOMEKYTOUHBIX ycloBui cMmaunBanusg. Muanexc Amorra-I'apBes ot-
pakaeT CIOHTaHHOE BNUTHIBaHUE, a uHAekC USBM oTpakaeT kKpuBbie
KanWUISIPHOTO JABJICHUS.



5.7.3. Kom6buHupoBaHHble usmepenusa niaekcos USBM-AmotTta

[Mapma n Bynaepnux (1985, 1987) npeanoxunun KoMOWHHPOBaH-
Helil Tect USBM-AMoTTa, KOTOPBIH M3MepseT 00a MHIICKCA B OJJHOM
9KCHEPUMEHTE. DTOT METOJ] UMEET BaKHOE MPEUMYIIECTBO, TaK Kak
OH OLIEHWBaeT 00a MHIIEKCA CMauyMBAEMOCTH C WCIIOJIb30BAHUEM OIH-
HAKOBOH MOCIIEA0BATENBHOCTH U Ha TOM e oOpasue B kepHe. [Tocne-
JIOBAaTENBHOCTh JKCIIEpUMEHTa HauMHAEeTCA C aHajau3a KepHa IOJHO-
CTBIO HACBILIEHHOTO BojaOH (Sw = | u P. = 0 Ha puc. 5.11). IlepBas
¢dunpTpanysa - 3TO ApeHax He(TH, KOTOPBIH 3acTaBisieT BOAY BHITEC-
HSATBHCS M3 KEPHA IO HAYaJIbHOW BOJIOHACKIIICHHOCTH (Swi), (IIOKa3aHO
CIUIOLIHOM JInHKel | Ha pucyHke 5.11). B 3TOT MOMEHT 3KCIIEPUMEHT
MOKET OBITh MPOJOJKEH WM MPUOCTAHOBJIEH HAa HEKOTOPOE BpeMs, B
TE€YEeHHE KOTOPOTO KOMIOHEHTHI HE(TH B3aUMOACUCTBYIOT C MOBEPX-
HOCTBIO MOpP, U3MEHAA UX CMAayMBaeMOCTb. JTO paccMaTpHUBaeTCs Kak
mpolecc «crapeHusi». [Ipolecc compoBoXIaeTCsl CIIOHTaHHOW Ipo-
MUTKON BOIOW MJIM COJIEBBIM PAacCTBOPOM, 0003HAUYEHHOW MyHKTHPHON
nuHUen 2 Ha pucyHke 5.11. KanwuigpHoe naBieHue, Kak MpaBUiIo, HE
M3MepsieTcs BO BpeMs CIIOHTAaHHBIX IporieccoB. Hacelenne Boasl B
KEepHE MeHseTcd, ToKa P. He ynaieT A0 Hyssl. B 3ToT MoMeHT HauuHa-
eTcs NPHUHYIUTEIbHOE BHITECHEHHE HE(PTH BOJOH, OOBIYHO IyTEM
LHEHTPU(YTUPOBAHUS, XOTS TAKXKE HCIOJIB3YETCSl BSI3KOE CMEILCHUE.
Otot 3Tan (cruiomHas TUHUS 3 Ha pucyHke 5.11) nHOrAa Ha3BIBAIOT
MIPUHYAUTENBHBIM BBITECHEHUEM, MOCKOJIBKY HACHIIIEHHE BOJON yBe-
JIMYMBAETCS, XOTSA Ha caMOM JieNe MJIET npouecc apeHaxa. CroHTaH-
HOE MPONHTHIBaHHE HE(THIO M NPUHYAUTENHHOE BBITECHEHHE BOJBI
HE(QTHIO 3aBEpLIAIOT IHMKJ BBITECHEHUS. M3 MOMy4YEeHHBIX JKCHEpH-
MEHTAJIBHBIX TaHHBIX MOT'YT OBITh pACCUMTAHBI MHIEKCHl CMaYHBAHHUS:
unaexkc Amorra-I"apses, uanexkc USBM, 1w, /o

B cnyuwasx, korga UMerOTCs JaHHBIE IJIsI 000UX MHICKCOB (AMOT-
ta-I'apses u USBM), cpaBHeHHE HX 3HAUCHHUA MOKA3bIBACT 3HAUM-
TenbHbIN pazopoc (bakmm, 1996). HabmiomaeTcs TOIpKO KaueCTBEHHOE
COOTBEeTCTBHE Mexay Humu. Ha pucynkax 5.12 (a) u 5.12 (6) mo-
CTpOEHA CBA3b MEXIY 3HAUeHWsIMHM HHAekca Amortrta-I'apBes u uH-
nexca USBM Ha ocHOBE 3KCIIEpUMEHTANIBHBIX TAHHBIX U3 HECKOIBKHX



JUTEepaTypHBIX UCTOUYHUKOB. Ha pucynke 5.12 (a) HekoTOpble TOUKH
u3 pazbpoca, BEpOSTHO, MOTYT OBITH CBSI3aHBI C PEANbHBIMH Pa3iiu-
YUSIMH MEXIy oOpa3lamu, Tak Kak JUIsl ONpeaeieHusi ObUTH HCIIOIb-
30BaHbl pa3iuuHble 00pasnsl. Pucynok 5.12 (0) mokaseiBaeT u3Mepe-
HUA, cIeNlaHHble Mpu KoMOuHMpoBaHHOM Tecte USBM-AMorTa. 310
OBLIN DKCIIEPUMEHTHI ¢ 0O0MMH OKa3aTeNsIMH, U3MEPEHHBIMU Ha OJ1-
HOM M TOM ke yacTh KepHa. CoBHazeHUs MEXIy MOKa3aTelsIMH XO-
polIre B mpeAenax 0JHOr0 Habopa JaHHBIX, HO €CTh 3aMETHBIE OTJIU-
Yyl IPH [Iepexo/ie 0T OJHOro Habopa AaHHBIX K Apyromy. Hexotopsie
PacXokKJIEHUS] MOTYT OBITh CBSI3aHBI C peaTbHBIMH PA3THUYUAMU MEXTY
pasnuuyHbMA Habopamu kepHOB. Kpome Toro, B TO BpeMs Kak cyle-
CTByeT oOllee coryiacue Ijs yClIoBUi ucnbiTanuii Amott 1 USBM-
TECTOB, HEKOTOpBIE M3MEHEHHSl OBbLIM BBEAEHBI APYTUMH aBTOPaMH
(marmpumep, Cuiec, 1975; Jlomxkepon ap., 1994), 1 ux METOAMKH MO-
T'YT 3HAYUTEIBHO OTIIMYATHCS B Pa3HBIX OMBITAX.
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Puc. 5.12. CpaBuenue Ian u USBM unpgekcos,
H3MepsieMBbIX B (2) OTAeIbHBIX IKCIIEPHUMEHTAX ¢ OANHAKOBBIMH
KepHaMH WM (0) B KOMOMHHUPOBAHHOI MOCJIEN0BATEIbHOCTH H3MEPEeHHUH
HA 0/JHOM KepHe (JaHHbIe H3 Pa3JIMYHBIX JJUTEPATYPHBIX HCTOYHHKOB)



Ha pucynxke 5.12 (a) uetsipe cexropa: A (IussM > 0, IAH > 0), B
(Tusem > 0, Lan < 0), C (TIusem < 0, Lan <0) 1 D (Iusem < 0, Tan > 0). Ha
pucynke 5.12 (a) HauOomblliee KOJWYECTBO 3HAUCHUM MMOMANAIOT B
cekTop A, Ha pucyHke 5.12(0) Bo BceM muamazoHe oT IAH = -1 x
IAH = +1 BuaHa TeHIEHIHS - HaUOOJIbIIEE KOJMYECTBO 3HAUCHHUH WH-
JIEKCOB JiekaT Bblmie JuHUM [USBM = IAH; cextop C - mouTH mycToi
KBaJpart, a cektopa B u D - mycTsle.

5.8. 3aBucumocTtu Mexnay koadduuneHTom rugpodobusauumn
M CTaHAAPTHbLIM NoKa3aTesieM CMaiuMBaeMoCTU
(OCT 39-180-85) [14]

CpaBHUTENBHBIN aHAIW3 IOKa3aTeledl cMayuBaHUS IMPOBOAMIICS
Ha IpUMepe MOPOJ-KOJUIEKTOPOB THMMHCKOTO MECTOPOXKIEHUS U TEP-
pureHHsIx opoa CaMoTIOPCKOro MecTopokaeHus (ruact AB4-5).

U3 kepHa GomplIoro pasMepa KapOOHATHBIX MOPOX T3AMHCKOTO
MECTOPOXKAECHUS U TEPPUTEeHHBIX NOopoa CaMOTIOPCKOTO MECTOPOXK-
nenns (actAB45) ObliM BBIMMICHB! TUJIMHAPH MEHBIIETO pa3Mepa
B HEMOCPEACTBEHHOH OJIM30CTH APYT OT Apyra (mapajuiesibHble 00pas-
upl). OnHa yacTh 00pasnoB uccienosaitack mo OCT 39-180-85, npy-
rast 4acThb HCCJIEIOBAJIACh METOI0OM M30TEPMHUYECKON CYIIKH.

Meton  ompeneneHHs ~— CMauMBaeéMOCTH  IOpPOJ,  COTJIAcHO
OCT 39-180-85, mpenycMmaTpuBaeT ONpeAc]CHHE MapaMeTpa, BbIpa-
YKAIOIIET0 MHTETPAIbHYIO XapaKTEpUCTHKY CMauylBaeMOCTH MOPOJ 110
JaHHBIM KaNWULIPHOTO BIWTHIBAaHHA B 0oOpasel BOABI M KEpPOCHHA,
npu aTMOC(EpHBIX YCIOBHAX U B TOJIE LIEHTPOOSIKHBIX CHII TIPH LIEH-
Tpu(yrUpOBaHUH.

KonnuecTBeHHO cMaurMBaeMOCTh XapaKTepU3yeTCs MOKa3aTeNsIMHu,
KOTOpBIE BBIpa)aroTcs 4epe3 COOTBETCTBYIOIIMI BeC Ha pa3HBIX CTa-
musix ombita. Ompenensiercss 00beM CaMONIPOU3BOJIBHO BBITECHEHHON
KEPOCHHOM BOABI, OOIIM 0O0BEM BBITECHEHHOW KEPOCHHOM BOJPBL,
00bEM CaMONPOM3BOJIBHO BBITECHEHHOTO BOJOW KEpPOCHHA, OOIIWt
00BbEM BBITECHCHHOT'O BOJIOM KepocuHa. OTHOIICHHE 00beMa caMo-
MPOMU3BOJIBHO BBITECHEHHOTO BOZOH KepocuHa (Vk) k 00ieMy oobeMy
BBITECHEHHOT'O BOJION KepocuHa (" Vk) onpenensieT moxkasarenb M.



[To moxazarento M mipuHsTa ClEAYyIOMIas rpajalus TUIIOB CMaYyu-
Baemoctu (Tabdm. 5.5):
Tabnuya 5.5
Tunbl cmaunBaemoctu no OCT 39-180-85

INoxazatens M
OCT 39-180-85
M=0-0,2 I'mapodoOubIi
M=02-04 MIPEUMYIIECTBEHHO THAPOMOOHBIN
M=0,4-0,6 IIpomexxyTouHBbIH

Tun cMaunBaeMoCTH

M=0,6-0,8 MIPEUMYILIECTBEHHO THAPODMIBHBINA
M=0,8-10 I'mapodunbHbIH

[Ipu wuccrenoBaHUM METONOM H30TEPMUYECKOHW CYIIKHA 0Opa3Ibl
KEepHa HaCBIIAIOTCS JUCTUIUTMPOBAHHONW BOAOH M MOMeEIIAloTCs B yC-
TAHOBKY, NPEACTABISIONLYI0 COOOH TepMOCTaT, B KOTOPOM MOAIEp-
xuBaercst Temneparypa 25°C u BnaxHocTs 33%, cHaOXEeHHBIA aHa-
nuTudeckuMu Becamu [17]. B mpouecce mcmapeHus BOIBI MOIYyYarOT
KpHBbIE CYIIKH CHadaja Juisi ruapooOM30BaHHBIX 00pa3LoB, 3aTeM,
MOCJIE DKCTPAKLUUH, MOJIYYalOT KPUBBIE CYIIKW Ui THAPO(UIBHBIX
00pasIoB..

[epBas rpymmna obpasuos (1, 2, 3, 4, 5, 6) uccnenopanack cornac-
HO OCT 39-180-85 (mokazarens M); Bropas rpymnmna oopasuos (1', 2',
3, 4', 5", 6') - MEeToJOM U30TePMHUUECKON CYIIKH (KOI(PPHUIIMESHT
rugpodobduzanun, On).

Tabnuya 5.6

Iloxa3zatess M u kodpduuuent ruapododusannu 0, KapOOHATHBIX
00pa3noB THAMHCKOro0 MeCTOpPOXKICHUS

On, JOIH eIUHUIL

No obpasna M, nonu equnnn - Ne oOpasma
TUTOIIA I TOBEPXHOCTH

1 0.27 I' 0.728
2 0.18 2' 0.610
3 0.1 3 0.767
4 0.14 4' 0.759
5 0.47 5! 0.738
6 0.36 6' 0.568



B Tabnuue 5.5 mpuBeneHB AaHHBIE MO OMPENESIICHHUIO MMOKa3aTels
M n xodpdunnentra rugpododbmuzauun On kapOoHATHBIX Topon Ta-
JUHCKOTO MecTopokaeHus. Kak BUOHO W3 Tabiuuel 5.5, mokaszaTesb
M w3mensiercs ot 0,1 mo 0,47. D10 XapakTepusyeT oOpasubl Kak TUl-
pothoOHBIE M TPEUMYIIECTBEHHO THAPO(OOHBIE.

Koadduuuent ruapodobdbuzanuu usmenserca ot 0,568 no 0,767.
U3 storo cnexyer, 4To A0S MIIOMIAAN MIOBEPXHOCTH TIOp, 3aHATAas ajl-
COpOMPOBAaHHBIMU YTJIEBOAOPOJaMH, cocTaBisger Oojbmie 50%, To
ecThb, AaHHbIEe 00pa3lbl TaKXKE€ MOKHO OTHECTH K MPEUMYLIECTBEHHO
ruApoHOOHBIM.

Koadduuuent runpododuzannu, NoaydeHHbIH 11 BTOPOH TPyII-
bl 00pa3loB, YBEIMYMBAETCA MPU YMEHBIIEHHH CYMMAapHOTO MpO-
LIEHTHOTO COJEpKaHusi mop ¢ pazmepom 21,6 mxm - 7,68 mMxM. Takas
e 3aBUCHUMOCTh MpociexnuBaeTcs s nop ¢ pasmepom 0,504 MM -
0,06 mxm. Ins mop ¢ pazmepom 4,32 MM u 2,16 MKM HaOIogaeTcs
oOpaTHasi 3aBUCUMOCTb — 4eM OOJIbllie TPOLEHTHOE COAEPIKaHHE TMOP
TaKoro pasmepa, TeM Ooublne ko3dduiment ruapododuzanum.

Takum 00pa3oM, YCTaHOBIIEHO, YTO IOKa3aTeNd CMauyWBaeMOCTU
CBSI3aHBI C OCOOEHHOCTSIMU MOPOBOW CTPYKTYPBI U KOPPEIUPYIOTCS C
JMaIra30HOM IIOp OMpEAETICHHOTO pa3Mepa.

B Tabnuue 5.7 mpuBeneHb AaHHBIE MO OMPENESIICHHUIO MOKa3aTels
M n ko3dpdunmenta ruapododuzanmu, On, TeppureHHsix nopoxn Ca-
MOTJIOPCKOTO MecTopoxkaeHus. KanwuisspumeTpust i 3TUX o0pas-
LIOB HE MPOBOANIIAC.

U3 Tabmunpr 5.7 cnemyeT, uro mokaszarenb A Uil TEPPUTEHHBIX
nopox uzmensiercst ot 0,403 mo 0,996, To ecTh cMauKMBAEMOCTh TUX
00pa3oB XapaKTepu3yeTcs Kak MPOMEXYTOUYHAs U THAPO(PUIbHASL.

Koadduuuent ruapododuzannu TeppuUreHHbIX 00pasloB H3Me-
usiercs ot 0,138 mo 0,207, To ecTb HaHHBIE 00pPa3LBl MOXKHO OXapak-
TEpU30BaTh KaK MPEUMYIIECTBEHHO THAPO(UIBHEIC.

Ha pucynke 5.13 mokaszaHa 3aBUCUMOCTb KO3 (HUIMEHTa THIPO-
¢dobuzanuu ot mokaszarens M ans KapOOHATHBIX MOpoA THIMHCKOTO
MectopoxaeHus. Kak cienyer u3 pucyHka, OobleMy 3HaYEHHUIO I10-
Kazarensi M COOTBETCTBYET MEHbIee 3HaueHHe Kod((UIMEHTa THI-
podoOuzanmu. YBenndeHue mokazaTenast M ykaszbiBaeT Ha TUAPOQU-



JU3aLMI0 TOpPOA, a yMeHblIeHHe kodddunuenta ruapododuzanmm
TaKXKe yKa3bIBaeT Ha TUAPOQUIN3ALMIO TOPOJIBL.
Tabnuya 5.7

IToxa3zatean M n ko3pdunment ruapododuzanuu Ox
TeppUreHHbIX 00pa3uoB CaMOTJI0PCKOr0 MeCTOPOXKIEHHS

Ou, TOIH €IUHHIL

Ne obpasma M, nonmu equnnn; — Ne obpasia
IUIOMIAIH TIOBEPXHOCTH

1 0.467 r 0.200
2 0.469 2 0.140
3 0.403 3 0.174
4 0.522 4 0.142
5 0.503 5 0.138
6 0.526 6 0.164
7 0.525 7 0.195
8 0.524 8 0.207
9 0.924 9 0.165
10 0.996 10 0.144

Ha pucynke 5.14 mokazaHa 3aBUCHMOCTb KO3 (HUIHMEHTa THAPO-
(obu3anuu oT mokaszarens M ans TeppureHHex nopoa CamoTiopcko-
ro MeCTOpOXAeHHA. TakuM 00pa3oM, pe3ysbTaThl 3KCIIEPUMEHTOB
YKa3bIBAIOT Ha OMNpEACICHHYI0 B3aHMMOCBA3b MEXKIy IOKa3aTeNsIMH
CMayMBaHUs, OCHOBAaHHBIMH Ha Pa3IMYHBIX (PU3UUECKUX MPHUHIMIIAX
OIpeeNIeHHs.

O06a HCIBITAaHHBIX METOJIAa XapaKTePH3YIOT CMauuBaeMOCTh MOPO-
Ibl Bozo U yraesogoponamu. [lokaszarens M yka3piBaeT Ha IpeATNIOy-
TEHHE MOPOAbI CMauMBaTbcs BOJOHM M KepocuHoM. KosddunumeHt
ruapodoOu3aunu onpeaessieT 100 TIOIa i MOBEPXHOCTH TMOp, 3a-
HATYIO TUAPO(OOHBIMH BEIIECTBAMH, TO €CTh ONpEAEISIEeT OTHOCH-
TENBHYI0 CMOYEHHOCTh IIOBEPXHOCTH TOP BOJOH H YTIIEBOJAOPOAAMH.

HecmoTpst Ha TO, 4TO paccMOTPEHHbIE METOIbI COBEPILICHHO pa3-
HBIE, U N0 TOKa3aTel0 cMadunBaeMocTu M, u mo kodddunuenty rua-
podobuzanum uccnenoBaHHbIE 00pa3nbl KEepHa KBATU(PHIUPYIOTCS
OJMHAKOBO: KapOoHaTHbIe 00pa3lbl KepHa T3AMHCKOTO MECTOpPOXKIe-
HUS IPEUMYILECTBEHHO THAPO(OOHBI, a TeppUTreHHbIe 00pa3bl KEpHA
CaMOTIIOPCKOTO MECTOPOXKIECHHS MPEUMYIIECTBEHHO THAPOQUILHBL.



Puc. 5.13. 3aBucumocts k03¢ punuenta ruapopodusanun On
U nokasareJisi M 111 kapOOHATHBIX 00pa30B
TIAMHCKOT0 MECTOPOKICHUS

Puc. 5.14. 3aBucumocts k03¢ punuenta ruapododusaunn On
1 nokasareJisi M 1711 TepPUTeHHBIX 00pa3oB
CaMOTJIOPCKOro MeCTOPOKACHHUS

CornacHo omnpeeNIecHHOMY B XOZ€ OIbITa Mmoka3zarento M oOpasisl
TIMHCKOTO MECTOPOXKICHUS pasfeluinck Ha TuapodoOHbIe, mpe-
WMYIIECTBEHHO THAPOPOOHBIE M C TPOMEXKYTOUYHOW CMadunBaeMo-
CTBIO.

ComocraBnenue nokazaresnss M u koapduuuenta rugpododusa-
uun OH MOKa3bIBaeT 3HAUYMTENBHBIN pa3dpoc Touek. Takoil pasbpoc



MOXHO OOBSICHUTH pCaJIbHBIM pPa3IMdYuCM MCEKAY IMapa/UICIbHbBIMU
06pa3uaMH KCpHA U pa3jinyueM B MCTOAaxX OIIPCACIICHHUA CMavduBac-
MOCTH.
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Maga 6. 3HeKTpOXMMM'~IeCKMe MeXaHU3mMbl cCMavdnBaHusA
B HquTeraSOBbIX nnacToBbIX cUctemMmax

B I'maBe 4 omucano BiusHHE cocTaBa HETH Ha aJCOPOIMIO U U3-
MEHCHHE  CMa4uBaeMOCTH. HeomHOPOMHOCTH  aJCOPOLMOHHBIX
CBOWCTB MHHEPAJIOB, CJIATAIONIMX IUIACT-KOJUIEKTOpP, 00YyCIaBIIMBacT
(hopMUpOBaHHE MHUKPOCTPYKTYPHOW CMauMBacMOCTH, KOTJa 4YacTh
MOPOBOTO MPOCTPAHCTBA TUAPOMUIBHA, a pyras 4yacTh ruapodoOHa.
OTH TPOIECCH MPOUCXOMAAT B T€OJIOTUYECKOM BPEMEHH, W TUAPOdO-
Ou3anus MPUPOTHO-THAPOPUILHBIX KOJUICKTOPOB SIBISCTCS UCXOJI-
HBIM COCTOSTHEM Ha MOMEHT Hauaya pa3pabO0TKH 3aJICKH.

B T0 xe Bpems cuIoBO€ paBHOBECHE, CIOXKUBIIEECS B T€OJIOrHYE-
CKO€ BpEMs, MOXET OBITh W3MEHEHO TEXHOJOTHYECKHM CIIOCOOOM.
B03MOXXHOCTH Takoro W3MEHEHHsI CBA3aHBI C SJCKTPOXUMHUUYECKUMU
YCJIOBHUSIMU CMAuHUBaHUsI.

KoHTakT Mexmy nmpupoaHoil He(THIO U MOPOIOH 3aBUCHUT OT CTa-
OWILHOCTU BOJHBIX IJICHOK MEXIY MOBEPXHOCTBIO TOPOMABI U IPH-
ponHOW He(ThIO. YCTAHOBJICHO, 4YTO CYIIECTBOBAHHE CTAaOMJIBHBIX
BOJIHBIX ITIJICHOK, TOJIIMHOW B nuama3zoHe oT | go 100 am [oT 10 mo

1000 A ], 3aBUCUT OT HATUYMS DJIEKTPUUYECKOTO JIBYXCIOHHOTO OT-
TaJKUBAaHUsI, KOTOPOE BBITEKAECT U3 TOTO, YTO MOBEPXHOCTHBIC 3aPSIbI
Ha MeX(pa3HbIX TOBEPXHOCTSAX paszzesia TBEPJOE TEJO/BOJAa U BO-
na/He(Th OAHOTHUIHBI (MMEIOT OJMH U TOT e 3Hak: Iubo +, 1ubo -).
B MecTax KOHTaKkTa TOHKUE TUICHKH O0JICTal0T TBEP/YH0 OBEPXHOCTD,
3a HCKJIIOYCHHEM IIepOXOBAThIX MOBEpXHOcTed. Boma, ynepxuBae-
Mas, Kak KoXa, Ha TOBEPXHOCTH IMOPOABI 3a CYET SICKTPHUUECCKUX
JBYXCJIOMHBIX CUJI WM CHJI MaJIOTO paguyca ACHCTBUS, SABISAETCS MIIe-
HOYHOW BOJION. PaBHOBecHe ¢ 00BEMHOM BOJIOM 00ecreunBaeTCs pac-
KJIMHUBAIOIIUM JaBJICHUEM, JEHCTBYIOUIUM B IJICHOYHOU BOJIC.

Jo Tex mop, mMokKa BOJOPACTBOPHUMBIC IMOBEPXHOCTHO-aKTHBHBIC
BemecTBa ([TAB) u3 cbipoit He)TH WK U3 IUIACTOBOM BOJBI HE H3ME-
HAT CMa4YMBacMOCTh, CTAOMJIBHOCTh BOJHBIX TUICHOK MEXKIY TPUPOJ-
HOW HEe(THIO M MOBEPXHOCTHIO MOPOABI U MX CHOCOOHOCTH MPEIOT-
BpalaTh aJcopOIMI0 HEPACTBOPUMBIX B BOJIE KOMIIOHCHTOB B TeYe-



HHE TEOJIOTHYECKOTO BPEMEHHM SIBISIOTCS KITIOYEBBIMH (DAKTOpaMU B
¢opmupoBanny TUApOoQUILHOCTA. OIHAKO NpPH HEYCTOHYMBOCTH
TUICHKH, TIOJISIPHBIE KOMITIOHEHTHI M3 HE()TH MMEIOT BO3MOXKHOCTbH all-
cOpOMpOBATHCST HEMOCPEACTBEHHO HAa BHYTPUIIOPOBOW MOBEPXHOCTH
ropueix nopoa. Eciu amcopOupoBaHHBIE KOMIIOHEHTHI HE()TH HaXo-
JATCSL B KOHTAaKTe€ C MOPOJOH, TO 4acTh MOBEPXHOCTH, 3aHATas UMHU
ruapodobHa, a apyras 4acTh OCTaeTcs 3aHsATa BOJOW U OyneT THapo-
¢unbHON. B o0mmiem ciydae HecTaOMIBHOCTh CMAuMBAIOLICH IUICHKH
W3MEHSET HM3HAYaJbHO CHJIBHYIO NPHPOJHYIO THUAPO(WIBHOCTH Ha
YaCTUUHYIO THAPOGOOH3aLUI0 TOPOBOrO MPOCTPAHCTBA.

[les0uHoOE M KUCIOTHOE YHCTIA

Kuciornoe unciio - xonmuuectso menoun B mr (KOH), HeoOxo-
TUMOE JJIi HEWTpalu3aliyd BCEX KHUCIBIX KOMIIOHEHTOB, COJIepIKa-
IUXCS B | T OPraHMYECKOTO COCTUHEHUSL.

Ilesounoe unciao - koiauuectBo kuciotel B Mr (HCI), HE0OXO0-
TUMOE JUII HEUTPATM3allii BCEX OCHOBHBIX KOMITOHEHTOB, COJIEpIKa-
IMXCs B | T OPraHMYECKOTO COCTUHEHUSL.

B cucreme mnpupogHas HePTh/KBapil, XapaKTep CMAaYUBAIOIIUX
CBOWCTB KOPPEIUPYETCs ¢ OTHOIICHUEM INEIOYHOTO YUCIA K KUCIIOT-
HOMY M COOTBETCTBYET TEOPHUSIM CMa4YMBaHUs, 0A3UPYIONIMMCS Ha TO-
HSTUHM PACKIMHHUBAOIIETO JaBicHUs. KHUCIOTHBIE U MIEIOYHBIE YHCIia
He()TH BJIHMAIOT HA CMauyMBaHHE 32 CUCT WX BO3JICHCTBHS HA DJICKTPO-
CTaTUYECKUE B3aUMOJICHCTBUS C MOBEPXHOCTHIO MUHEpaIa.

B mponecce dhopmupoBanus 3anexxu HeQTh MpUOIMKaeTCs K MO-
BEPXHOCTH TOPOJ, HO OCTAaeTCsl OTACICHHOW OT MOBEPXHOCTH OYEHb
TOHKOH (00bIyHO TONIIMHON <50 HM) BojgHOU TuieHKOW. CMauyuBaHUE
B cucTeMax He(Th/MHHEpAIU30BaHHAS BOJA/TIOpoaa OyneT ompese-
JISATHCS BOJIHO-TUICHOYHO! TOJIITMHOMN, KOTOpasi B CBOKO OuYepeib OImpe-
JIEJISIETCS. pAaBHOBECHEM CHII B TIpeJieiax IUICHKH. DTU CHJIbI TAlOT Ha-
4ano M30BITOYHOMY NABJICHUIO, JAABJICHUIO PACKIMHUBAHUS, KOTOPOE
MPEMSITCTBYET YTOHYCHUIO IUIeHKH. [lieHka OyneT yToH4YaThes, MmokKa
PACKJIMHUBAIONICE JIABJICHUE B HEW He OyIeT paBHO MPHIIOKECHHOMY
KaluUIIPHOMY JIaBJICHHIO.

PasnmuyHBIE CHIIBI COCTaBIISIOT O0IEe PACKIMHUBAIOIICS JaBic-
HUe. [ OTHOCHUTENBHO TOJICTHIX TUICHOK MMEKOT 3HAYCHHE TOJBKO



cuibl Ban-nep-Baanbca u CHITBI 3JIEKTPOCTATHYECKOTO TOJSI, TaK Kak
OHU SIBJIIOTCS JTaTbHOACUCTBYIOIUMU. CUYHMTAETCS, YTO B TPEICTAB-
JISTFOIIUX TIPAKTUYSCKUI HHTEPEC CUCTeMax He(Th/MUHEpaIu30BaHHASL
BOJIa/mopoJia ToJabko cuibl BaH-nep-Baansca, OymyT yToHYaTh BO-
HYIO TUICHKY.

DNEKTPOCTATUIECKOE B3aMMOJICHCTBUE B CUCTEME He(Th/BOa/TO-
po/Aa 3HAYUTEIHHO M3MEHSETCS B 3aBUCMOCTH OT MUHEPAIBHOTO CO-
craBa 1wiacta, pH u cocraBa miacroBoii Bojwl u Hedtu. Ecnum armek-
TPOCTATHYECKOE B3aUMOJICHCTBHUE SBISCTCS OTTAIKHUBAIOIIAM, TO 3TO-
TO MOXET OBITh JIOCTATOYHO JUIS YPABHOBEUIMBAHUS CHJI TIPUTSKCHUS
Ban-nep-Baannsca. Takum 00pa3oM, CTaOWIN3UPYETCSI OTHOCHTEIBEHO
TOJICTas TUICHKA BOJIBI, U B 3TOM cliydae (OPMHUPYETCs TUAPOPUITBHBIN
THIT CMAa4YUBaEMOCTH TIOPOJIBL.

Ecimu cuna snextpocTatmdeckoro mosis OyAeT HeIOCTaTOYHO OT-
TaJKUBAIOIICH, TO BOJHAS IICHKA MPOJIOJIKUT YTOHYATHCS, ITOKA MPO-
1ecc He OyJIeT OTpaHUYeH KOPOTKOACHCTBYIOIIMMHU OTTAIKHBAOIIUMHU
CTPYKTYpHbIMU cuiaMH. CTPYKTYpPHBIE€ CHJBI - YHUBCPCAIBHBIN
TEPMUH JJIs1 JIOKATGHBIX 3()()EKTOB, BOZHUKAIONIUX B Pe3yIbTaTe Mpe-
PBIBUCTOCTH TOHKOU IJICHKH, COCTOSIIEH U3 MOJIEKYJI, 3aIOJHSIOIINX
MPOCTPaHCTBO. B Kkoiuiekropax HepTH M raza CTPYKTYpPHBIE CHUIIBI
MPOSIBISIOTCS B Maciitabe mop (Mukpomacmitade) U, 0 CyTH, SIBJIS-
FOTCS. MUKPOCTPYKTYPHBIMU U (DOPMHUPYIOT MHKPOCTPYKTYPHBIH THII
cMaunBaeMocTH. DPQPEKT BIHUSAHUS CTPYKTYPHBIX CHJI HAa MPAKTUKE
BBIpaXaeTcs B (POPMUPOBAHUHM HWKHErO TpeJelia TOJIIMHBI BOJHOU
IieHKd. B 3rom Oollee HU3KOM Mperelie MICHOYHOW TOJIIMHEI TIO-
BEPXHOCTh He OyZeT cMadyrBaeMa BOJION, U KPacBOW Yrol MOXET ObITh
BBIYHCJICH M3 3aBUCUMOCTH PACKIMHHUBAOIIETO JIABJICHHS OT TOJIIIH-
HEI IJICHKH.

6.1. dDneKkTpocTtaTuka B cucremax
nnactoBas HedTb/NNactosBaa Boaa/nopoaa

HOCKOJ’IBKy He(l)TB BCTYIACT B TECHBINA KOHTAaKT C NepBOHAYAJIBHO
CMauylBacMOM BO,E[OI>'I MOBCPXHOCTHIO MOPOALI, BOJHAA IIJICHKA Ha I10-
BCPXHOCTH OT'PaHUYMBACTCS NOBCPXHOCTHIO pasjcia HG(bTI)/MI/IHepa-



JIN30BaHHAs BOJIa, C OJTHOW CTOPOHBI, ¥ TIOBEPXHOCTHIO pasjieia mopo-
Jla/ MUHEpaJIM30BaHHas BoJia — ¢ aApyrod. Ecnm y 3TUX IByX moBepx-
HOCTel pasjena OyayT OJIHOMMEHHBIC 3aps/ibl, TO OyAET JeHCTBOBAThH
CHJIa 3JIEKTPOCTATUYECKOTO TOJsl OTTAJKUBAHHS, YTO YBEIMYUT pac-
KJIMHUBAIOIIICE JaBJICHUE U OYJET COXPAHAThCS TOJICTAasl BOJHAS IJICH-
Ka. DTa CUTyalus, OYEBUIHO, NMPUBEICT K MPEUMYIIESCTBCHHON TU-
poduisHOCTH cucTeMbl. HaobopoT, ecnm y MOBEpXHOCTEW pasnena
He()Th/MUHEpAIM30BaHHAS BOJA M IOPOJa/MUHEpaIM30BaHHAS BOJA
OyJyT NMPOTUBOIMOIOXKHBIE 3apSA/bl, MICKTPOCTATHYECKOE B3aUMO/ICH-
CTBHE OyJIeT YTOHYATh IJICHKY BOJIbI, U CUCTEMa OYIET MPEUMYIIECT-
BEHHO TUIPOGOOHOIA.

XapakTepucTHKa 3aps/ia Ha MOBEPXHOCTH pasjiena HedTh/MuHepa-
JIN30BaHHAs BOJIA WJIU TIOPOJia/MHUHEPAU30BaHHAS BOJA MOXKET ObITh
ompezelieHa U3 M3MEPEHUI J3eTa-MOTCHIMANA. DIIEKTPOXUMUYCCKHUIA
MOTEHIUAJl — MMOTCHIIMAI B IJIOCKOCTH CBHTra, KOTOPBII HAXOUTCS HA
HEKOTOPOM HE3HAYUTEILHOM PACCTOSHUM OT MOBEPXHOCTU. 3HAUYCHUS
ANEKTPOXUMHYECKOTO MOTEHIIMANa MOTYT OBITh TOTYYEHBI TIOCPEICT-
BOM TIPOBEJICHUS CICHUAIBHBIX 3JIEKTPOKHHETUYECKUX SKCIICPUMEH-
TOB, TaKUX Kak Anekrpodopes. [Ipu oTCyTCTBHM POYHOI OIpeaencH-
HOW aJicopOIMK MPOTUBOMOHA, 3HAUYCHUE J3€Ta-MOTEHI[AIA YKa3biBa-
€T Ha HaJM4Yue MOBEPXHOCTHOTO 3apsiya. YMCIeHHOE 3HAUYCHUE DJICK-
TPOXUMHUYECKOTO MOTEHIIMANIA MOXKET UCIOIB30BATHCS ISl BHIUUCIIE-
HUS CHITBI DJIGKTPOCTATHYECKOTO B3aUMOJICHCTBUS MEX 1y (ha3zamu.

DNEKTPOXUMUYECKHIE MOTSHIMAIBI TUIACTOBOM MOPOABI MOTYT W3-
MEHSATHCS B IIMPOKUX Tpeaenax. [IoBepXHOCTH, COCTOSIINE U3 KBap-
1[a, KOTOPBIN SBIISETCS JOMUHHUPYIOIIUM MHHEPAIIOM B COCTaBE TEp-
PUTCHHBIX TOPOJI-KOJUISKTOPOB, SBJSIFOTCS OTPUIATEIBHO 3apsiKEH-
HbIMU. OJTHAKO TIOBEPXHOCTH JIPYTUX MUHEPAJIOB, TAKKE BXOJSIIUX B
COCTaB TEPPUTCHHBIX MOPO/] (MOJEBHIC MIMATHI ¥ TIMHBI) MOTYT UMETh
pasiuuHbIC 3apsbl TOBEPXHOCTU (BKIIOYAs pas3ivude 3apsoB Ha
Pa3HBIX TPaHAX KPUCTAIA), HO, KaK MPAaBUJIO0, UMEIOT OTPHUIIATEIbHBIN
3apsn. [loaToMy B TEpPUTCHHBIX IMOPOAAX-KOJUIGKTOPAX BEJIUYMHA
J3eTa-TIOTEHIMAlIa ONPEACICTCS B TIEPBYIO OodYepe/b 3HaueHussMu pH
MUHEPAaIM30BaHHOW BOJIBL.



H3031eKTpHYecKas TOYKA

WzosnexTpuueckas Touka — KUCIOTHOCTH cpeasl (pH), mpu koTo-
poil onpeneneHHas MOJIEKyJa UM IOBEPXHOCTh HE HECET DJIEKTpUye-
CKOTO 3apsja.

[Tokazatens pH Taxke onpenenser 3apsa] Ha MOBEPXHOCTHU pas3fe-
na HeTh/MUHEpaIu30BaHHas Boja. [lpn Hu3KkMX 3HayeHusix pH Boabl
3apsin He(hTH MOJIOKUTENEH; TP Oojiee BHICOKHMX 3HaueHHusx pH BozpL,
JNEKTPOXUMHUYECKMH MOTEHIMAl MaAaeT OO HyJs B H303JIEKTpU4e-
CKOIl TOUKe M 3aT€M CTaHOBHUTCS OTPHULATEIbHBIM. DTa TEHJEHIMS 3a-
MeYeHa KaK y YHMCTBIX YIJIEBOJOPOAOB, TaK M y NMPUPOTHON HedTH.
Ecnu MuHepanbHas MOBEPXHOCTh OTPHUIATENBHO 3apsDKEHA, TO HM3Me-
HEHHE OT MOJOKUTEIBHOIO IO OTPHULATENBFHOrO MOTEHIMAaIa Ha rpa-
HULIE pa3nena HedTh/MHUHEpanu30BaHHAs BOJa MPHBOAUT K OTpHULA-
TEJIBHOM JEKTPOCTATUKE M K U3MEHEHUIO CMayMBaHUsI OT TUAPO(OO-
HOW K THUAPOQWIBHOW. DTO SBJIEHHE MMeeT OOJbIIoe MpaKTHYECKOe
3HAYEHHUE AJIs1 TEXHOJIOTUH MOBBIMICHUSI HEPTEOTAAYH TUIACTOB MyTEM
perylIMpoBaHHus CMayMBAaEMOCTH IIIacTa IOCPEJCTBOM H3MEHEHUs
KOMIIOHEHTHOT'O COCTaBa 3aKauyMBaeMbIX peareHToB (cM. I'maBy 8§).

MOXHO KOHCTaTHPOBAaTbh, YTO JUII BOSHUKHOBEHHS THAPOPHIBHO-
CTH HEOOXOJIUMO JOCTaTOYHO CHIILHOE BIIEKTPOCTATUYECKOE OTTAJIKH-
BaHHE, TO €CTh OTTAJKHBAIOLIAsl CHJIA TOJKHA OBITH IOCTATOYHO 0OJIb-
moif, Oombine cun NpuTsDKeHus Ban-pep-Baansca. B cucremax
KBapl/He(Th/MUHEPATM30BaHHAsT BOAA 3TO YCJIOBHE O3HAYaeT, 4TO
MOBEPXHOCTh KBapua OyneT ruapoMILHON TOJIBKO B Clydae, eciH
3HaYeHMs J3eTa-NMOoTeHIHana Oojbllle 3HAYEHUH H303JIEKTPUIECKOM
TOYKH HE(TH.

3T0 MOJIOKEHUE MILTIOCTpUPYET puc. 6.1 Ha mpumepe MPUPOAHOU
Kamdopuwuiickoit Hedtn u ounmennoro keapua (25°C u NaCl Ha
0,02 M). B nannom npumepe y He(TH OTHOCHTEIBHO BBICOKAsh M30-
anexkTpudeckas Touka, mexxay pH = 6 u pH = 7. Dnekrpocratudeckoe
NPUTSDKEHUE TPUBOIUT K THAPO(POOHOCTH CUCTEMBI, IO KpalHel Me-
pe, nopH="17.

[Mpupoansie HeTH M YUCTBIE YIIIEBOAOPOABI UMEIOT H303JIEKTPH-
YEeCKYI0 TOUYKY. B UYHCTBIX yrieBomopoAax HM303JIEKTpHUEcKas TOUKa
00bryHO HIKe pH = 3, ¥ 2IeKTpOXUMHUYECKHH MOTEHLUAN MPU THUX



3HaueHusXx pH He3HauWTeNneH, yTO OOYCIaBIMBAET TUAPOPHILHOCTh
cuctemMbl. HapoTus, y npupoaHbIx HedTel 3HAUCHUS H303JICKTpUYC-
CKHX TOYeK 0oJiee BHLICOKHE U 00jiee BBICOKHE ITOJIOKUTEILHEIC DJIEK-
TPOXUMHUYECKUE TIOTEHIMAIBI TIPU HU3KOM BOJIOPOJHOM TIOKa3aTele,
4T0 00yCIIaBIUBACT THIPO(HOOU3AIUI0 CUCTEMBI.
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= _D_D_ 9_1/1 KBapu
ix
S T "
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Puc. 6.1. 3aBucumocts A3eTa-norennuana or pH npupoanoii HedpTn
California u kBapua u npeamnosaraeMasi CBfi3b €0 CMA4YUBaHHEM

Jpyroe odeBHAHOE pa3iHyhe MEXKAY MNPUPOAHBIMH HEPTAMH H
YHCTBIMHU YTJIEBOJOPOJIAMH — 3TO MPHCYTCTBHE NMOBEPXHOCTHO-AKTUB-
HBIX BEHIECTB B MPHPOJHBIX HE(TIX, TOTJA KaK B PacTBOPAaxX YUCTHIX
yIJIEBOIOPOZIOB OHU OTCYTCTBYIOT. IlpuponHbie HeTH comepxar Ku-
CIIOTHl © OCHOBAHUSI, KOTOPBIE MOTYT OBITh aKTUBU3UPOBAHBI TIPH Pa3-
HBIX 3HauUeHUsIX pH, u KoTopkle, 0OJbLIeH YacTbIO, SBISIOTCS MTOBEPX-
HOCTHO-aKTHBHBIMHU.

HccnenoBanus mokasanu, 4To 3HaY€HHE M303JIEKTPUUECKON TOUKH
YBEITUUUTCS NPH YBEIWYCHUU MOBEPXHOCTHONH KOHLEHTPALUH OCHO-
BaHUs WJIM MPU YMEHBUICHUH MOBEPXHOCTHONH KOHIEHTPALMH KUCIIO-
Tel. CuMTaercs, YTo yKa3aHHbIE TOBEPXHOCTHBIC KOHIIEHTpAIMU KOP-
pPENUPYIOTCA C KHCIOTHBIMH M LICJOYHBIMHA YHCIAaMHU TPUPOIHON
HedTH.



KpOMC KHUCJIOTHBIX M IICJIOYHBIX YHCCI HAa CMAaYUBACMOCTh BJIMA-
FOT 3HAYCHUA KOHCTAHT paBHOBECUS (pKa) KHUCJIOT U OCHOBAHHI.

6.2. OnpeaeneHne KUCNOTHOIO U LWENOYHOro Yy1ucna

MeTooM TUTPOBaHUS MOIYYalOT KOHEYHbIE TOYKH KPHUBBIX CO-
CTOSIHMSI IPUPOIHON HEPTH. DTH KOHEUHBIE TOUKHU, OJHAKO, HE COOT-
BETCTBYIOT OOILIETIPHHATHIM YIPOILICHHBIM MOJEISM ONPEAeIICHUsT KH-
CIIOTHBIX M ILIEJIOYHBIX uncen. [IpuumHON ABISETCA TO, YTO MPUPOA-
Hasi HEPTb - MHOTOKOMIIOHEHTHasl CJIO)KHas CMeCh MOJIEKyl. A WH-
TepBaJl 3HAYEHUH KOHCTaHT paBHOBecHs pKa 11l OCHOBaHUI B HEPTH
UMeeT TeHACHUHUIO M3MEHITh KOHEUHYI0 Touky. Kpome Toro, 3Haum-
TENbHAs YacTh KHUCIOTHOM M INENOYHOW XapaKTEPUCTHKH MPHUPOIHON
HeTH CBs3aHA C BBICOKOMOJICKYJISIPHBIMH (ppakuusiMd B HepTH (Ha-
npuMmep, cMojiaMu U acdanbreHaMu). OHH HE SABJSIFOTCS TOJHOCTBIO
PacTBOPUMBIMH B PACTBOPUTEIISIX.

[Ipu TMTpOBaHNM HEOONBIIOTO KOJIMYECTBA 00Pa3LOB MPUPOAHOM
HedTH OBUIM MOTYYEHBI JBE WJIM TPU TOUKH meperuda. B sTom ciydae
3a KOHEYHYIO TOUKY HEHTpanu3auuy NpUHUMAIOT TOCIIEAHUH eperuo
KPUBOH TUTPOBAaHWSI M IO HEMY OMNPEICNSIOT LIEJIOYHOE YHCIIO
(puc. 6.2). DTH TOUKHU COTTIACYIOTCS C TIOBEACHHEM A3€Ta-MOTEeHIANa,
MOKa3aHHOM Ha pUCYHKE 6.1.

HexoTopeie 00pasnsl npupoaHoli HeTH HE AAIOT meperuda npu
TUTPOBaHUH. B 3TOM ciydae K mpuponHOH HEePTH N0OaBISIOT U3BECT-
HOE KOJIMYECTBO XMHOJIMHA B IeKaHe, XHHOJIMH JaeT XOPOLIHH meperuo.
leno4Hoe yKcia0 B MPUPOXHOH HE(TH OmpeAensercs ¢ y4eToM Mpu-
cyTcTBUA XuHONWHA. [lomydeHHbIE pe3ybTaThl CPABHUBAIUCH CO CTY-
MEHYAaTON U HE CTYNEHYaTOH METOJMKAMHU THUTPOBaHUs 00pas3loB Hed-
TH, KOTOpBbIE Aaju xopoume neperndsl. OmmnbOka B SKCHEPHUMEHTAb-
HOM OIIpEeIeTICHNH LIeNOYHbIX yucen He npesbimana 10%. Ha puc. 6.2
MOKA3aHO CPaBHEHWE CTYNEHYAaTOro M HE CTYNEHYaTOro METOHOB THUT-
poBanus Ha npumepe Kanngopuuiickoro odpasna npupoaHoi HedTH.

HedTu TuTpOBaMCH CMEChIO XJIOPHOH U JIEASHON KHUCIIOTHI B pac-
TBOpHTEIIE.



Puc. 6.2. TurpoBanuns Kanndopuniickoii HedTH cMechbI0 XJIOPHOI
H JIeITHOM YKCYCHOI1 KucaoT B pacteopurtene MIBK:
(a) HemomeueHHblii U (b) mMoOMeUYeHHBIH

[[lero4yHOE YMCIO BBHIMIEONMUCAHHBIM METOJIOM OBUIO OMpEAETeHO
st 26 oOpasuoB npupoanoil Hedtu. [lodydyeHHbIE 3HAYECHUS MIEIOY-
HBIX YHCEN OBUIM BBILIE, YEM aHAIIOTHYHBIC 3HAYCHHUS, H3MEPEHHBIE 110
CrangapTy AMEpPUKaHCKOTO oOOLIecTBa HCHBITaHUsI MaTephalioB.
B Tabmune 6.1 mana cpaBHUTENbHAs XapakTEPUCTHUKA YeThIpex o0pas-
OB NPUPOJHONW HEPTH M3 PAa3IMYHBIX reorpaQHUIecKUX PErHOHOB.
C noMOIIBIO BBIIEOMUCAHHOTO METO/a MOKa3aHo, YTO MOYTH Yy BCEX
00pa3oB HEPTHU IMIETOYHOE YUCIIO BhIIIE, YeM KHUCIOTHOE.

Tabnuya 6.1

CpaBHeHHe LIeJI0YHOr0 YHc/Ia He(pTH Pa3HBIX PETHOHOB

Hedsmoll  KucnoTHoe Illenounoe uncio OTHO}HGHI/IC )
N . CTapbIA/HOBBII
pEeTHoH YHCII0 Craperiit Meton  HoBbrit MeTos
METOJ
Gulf coast 1.13 0.14 0.93 6.6
North Sea 0.08 0.08 1.40 16.7
Middle East 0.12 0.22 1.14 5.2

California 0.22 1.09 4.90 4.5



[IenouHoe 4KcO, OMPENEIIEHHOE 3TUM METOAOM 110 KpaiiHel Me-
pe B 4.5 pasza Oonblue, yeM npH Hcnoib3oBanuu Crtangapra Amepu-
KaHCKOTO 00IlecTBa ucnbiTanus marepuanos. Jlns wHedru North Sea
(Tabn. 6.1) OGosyee BHICOKME 3HAUEHHS IICIOYHOTO YHCIA OOBICHSIIOT
BBICOKYIO CTEleHb THAPOPOOHOCTH, 4YTO s HEeYTH CcO IIenoy-
HBIM/KUCJIOTHBIM OTHOIIEHUEM ~ | HEOOBIYHO.

UToOBl YCTAaHOBUTH 3aBUCHMOCTH MEXIY 3HAYCHUSIMH IMICTOYHBIX
WM KUCJIOTHBIX YHCEJ M CMauyMBaHWeM He(Thblo, ObUT pazpaboTaH
IIPOCTON TECT — «OYTHUTOUHBIN TecT» [12].

«ByTLIJ’IO‘thIﬁ TECT» AJIA ONpeaeJCHUs MICJT0YHOr0
H KHCJIOTHOI'O YHCeI

B wuccienoBaHusAX NPUMEHSIMCH: B KAa4eCTBE MOPCKOM BOJBI -
0.02 m pactBop NaCl (460 ppt Na); B kauecTBe 0Opasiia mopojbl —
obpazern, comepxammii 60% KpeMHE3eMa, KOTOPBIH ObLT MPOCEsH ve-
pe3 cuto 120 mem. Brina npoBeneHa 00paboTKa JaHHOTO 00pasia Ku-
CJIOTON AJIA yHajeHMsl 3arpsi3HEHUs JKEJIe30M, U 3aTeM CHcTeMa Heil-
Tpaqu30BaHa KUCIBIM yriekucibiM HaTpueM (NaHCO3).

[Ipu npoBeneHuu «OYTBUIOYHOTO TECTa» MEpPBBIE BOCEMb CTEK-
JSTHHBIX ITy3bIpbKOB 00beMoM 3.70 cm3 (oaMH My3bIpeK AJsl ompeje-
JIeHHOTO 3HaueHus pH) ObLTH 3aMOJTHEHBI MOPCKOH BOJIOW M OCTaBIIe-
Hbl Ha 48 yacoB. 3aTeM MOPCKYIO BOAY U3 Iy3bIPbKOB BBUIMJIU (OHA HE
HYXKHa). DTOT mIar HeoOXOJUM I MPEIOTBPAICHHS B3aUMOICHCT-
BUSI HCHBITYEMBIX PAaCTBOPOB CO CTEKJIOM Iy3BIPHKOB. 3aT€M B Kax-
JBbIA Ty3bIPEK MOMENIail B3BEIICHHOE KOIWYEeCTBO 00pasia Mmopo.bl,
3aJIMBAJIM MOPCKOM BOJOW € ompezesieHHbIM pH, U Iy3bIpbKH OCTaB-
nsnu Ha 2 aHA. [lo McTeyeHnn 3Toro BpeMEHH MOPCKYIO BOJY CIIMBa-
JIM BO BTOPYIO CEPHIO MY3BIPHKOB. 3aTeM B MepBbIe My3bIpbKH (¢ 00-
pas3oM Nopo/isl) HajlMBajlach HEPTH B KOJHMUYECTBE, HEOOXOIUMOM IS
MOJIHOTO MOKPHITUS 00pasna. [1y3sIpbKH BCTPAXUBAIKCH, YTOOBI TOJI-
HOCTBIO CMEIIaTh YBIAXKHEHHBIH oOpaseln ¢ HedThio. DTOT Imporecc
MIOBTOPSUIM [IBa pa3a B eHb B TeueHue 2 aHel. [locne atoro Mopckas
BOJ/Ia U3 BTOPOH CepUU MY3bIPHKOB 100ABIISLIACE 0OPATHO B MY3BIPHKH
¢ He(pTBI0O U 00pa3loM MOPOABl. JTal CMAayMBaHUS BOAOHM 3aKaHUH-
BaJICs, KOTJa He(Th IepecTaBaia epeMenaThCsl CBEpXy BHHU3 M OCTa-



BaJIach B OCHOBaHHMU My3bIpbka. HedTh HEKoTOpOE Bpems 3a/iepKuBa-
nack 00pa3LoM, U o0pasel] OKa3bIBAJICS MU 00ECIBEUCHHBIM, U OK-
pauieHHbIM He(ThI0. Pe3ynbTaTsl TeCTa IPUBEICHBI HUKE.

B my3sipeke ¢ HedThi0 Gulf coast (puc. 6.3) co mIeI0UYHBIM/KHC-
JOTHBIM cooTHomeHneM 0.8 conepkXuTcs HeOONbIIOoe KOJIMYECTBO
yuctoro necka npu pH = 3.8, a mpu pH 5 yxe Gosnbinas yacth mnecka
SIBJIIETCS YACTOM.

Puc. 6.3. « ByTbLI109HBI TecT» A1 npupoaHoii HedpTn Gulf coast

Puc. 6.4. «byTbL104HBI TecT» A1 npupoaHoii HedTn North Sea

B nyssippke ¢ HedThio North Sea (puc. 6.4), meno4noe/KHCIOT-
Hoe cooTHomenue 17.5: mpu pH = 5.1 mecok cuibHO 00ECIBEUCH; TIPU
pH = 6.1 necok o4eHp YHUCTHII.



B mysbipeke ¢ HedThio California (puc. 6.5) runpodoOHOCTE Ha-
crynaet npu pH = 6.1, ognako npu pH = 7.6 Bce eme nmeercs 50%
YUCTOrO INecka. Y 3TOH He(TH MIENIOYHOE/KUCIOTHOE COOTHOILICHUE
paBHO 22.3.

Puc. 6.5. «ByTbL104HBI TecT» A1 npupoaHoii HedpTn California

s ycTaHOBNIEHUSI KOPPEILSIIMK MEXKAy CMauMBaeMOCTBIO U pe-
3yJIbTaTaMH, TOJyYCHHBIMH B «OyTBIJIOYHOM TeCTe», OBUIM BBIOpAHEI
pe3yibTaTel ¢ TakuMu 3HaueHUsMu pH, rae 50% mecka BU3yaslbHO
BBITJIAIUT YUCTHIM, U 50% BH3yalbHO BHITIAIUT 00ECIIBEYCHHBIM HITH
HacblleHHbIM HedThio. beimn BeiOpansl: pH = 4.0 - ans vedptu Gulf
coast; pH = 5.5 - nna medptu North Sea; pH = 7.6 - nnst HedTH
California.

H3Mepenns n303J1eKTPHYECKON TOUKH

3aBUCHMOCTH A3eTa-noTeHIma/pH ObuIM ToNTydYeHbl 11 BceX 00-
pas3toB HedTH ¢ OMOIIBIO JIa3epHOTO Mprdopa snekrpodopesa [or-
nepa, Coulter Delsa 440 (Coulter Electronics Inc). Bce usmepenus
obut B Mopckoit Bojge (NaCl 0,02 M npu 25°C). M3mepenus 3iek-
Tpodopes3a BHINOIHLIMC, HAa HE(TIHBIX SMYJIBCHSIX, IMOIYYCHHBIX
pas3baBreHueM 00pa3loB HE(TH MPUTOTOBICHHOH MOPCKOW BOIOM ¢
cootBercTBytoumM pH. Ha ocHOBaHMHM dKCIIEpUMEHTAIBHBIX JaHHBIX,
uHTepnonupys pH HyneBoro morteHmuan€a n3era, ObUIM ONpPeeIeHbI
M30JICKTPHYECKUE TOUKH.



6.3. 3aBUCUMMOCTb MeXAy COOTHOLUEeHMEM Leno4b /KNCnoTa,
M303/1eKTPUYECKON TOYKOM M CMa4yuBaeMoOCTbIO

Puc. 6.6 moka3piBaeT B3aUMOCBSI3b MEXKIY COOTHOIIICHHUEM IIIe-
nmoub/kucinora U pH cmauuBanusa. VMcxomHbie MaHHBIC TONYYCHBI U3
«OyTBUIOYHOTO TecTa» Ha 24 obpasuax npupoanoit Hedru. Cymect-
BYET TaK)Ke 3aBUCUMOCTh MEX]y COOTHOIICHHEM IIEIIOYb/KUCIOTa U
H303JIEKTPUYECKON TOYKOM. Y CTaHOBJIEHO, YTO ¢ YBEJIMYECHUEM BEJIU-
YUHBl COOTHOIICHHS OCHOBAaHHUE/KUCIIOTA YBEIMYHUBAIOTCS 3HAYCHHS
M303JIeKTprudeckoi ToukH 1 pH cmaunBanus. OgHaKo UMeeTCs 3HaYH-
TENBHBIN Pa30poc BOKPYT JMHHUU TPEHJIA B 000UX CIyYasx, 4TO MOXKET
OBITH CBSI3aHO CO CIEITU(PUKON MTPOBEICHHSI SKCIIEPUMEHTA.

Puc. 6.6. 3aBuCHMOCTH MEKAY HIEJTOYHBIM/KHCIOTHBIM COOTHOLIEHHEM
u pH cmaunBanns

Kpome cooTHomIeHNs MIeT0Yb/KUCI0Ta HA 3HAYEHNE HU303JIEKTPH-
YEeCKOW TOYKH MOTYT OKa3blBaTh BIIMSHHE KOHCTAHTBI PaBHOBECHUS
menoun (pKa) u xkucnotsl (pKa) B Heptu. Takum oOpasom, 3HAUH-
TEJIHBIA Pa30poC 3KCIIEPUMEHTAIBHO ONPENETIEHHBIX H303JIeKTpUye-
CKHUX TOYCK Ha pHUCYHKe 6.7 CBsA3aH ¢ pa3HOOOPa3HBIMHU AIICKTPOXUMH-
9YECKUMH IPOIIECCAMHU.



LLleno4Ho/KMCNOTHOE COOTHOLLEHME

Puc. 6.7. 3apucumocts pH n3mMeHeHust cMaYnBaHHA
0T 3HAYEHHH H302JIEKTPHYECKUX TOUYEK

«ByTBUIOUHBIN TeCT» SBJISIETCS MPOCTHIM MPSIMBIM METOIOM. DTO
MO3BOJISIET MPUMEHATH €ro B CIIy4ae CIO0XKHBIX XapaKTEPUCTHK CMayu-
BaHUSL.

Hedtu, ncnonb3yemble B SKCIIEPUMEHTE, NOKHBI OBITH CBOOO.-
HBIMH OT MOBEPXHOCTHO-aKTHBHBIX 3arps3HSIONMX NpuMeceil (aHTu-
KOppO3uiiHble 100aBKH, W T.A.) W MPEANOYTHTENBHO TOJDKHBI OBITH
3alIMIICHBl OT OKUCICHHS, KOTOPOE MOMKET H3MEHHTh KHCIOTHO-
LIEJI0OYHOM OaJiaHc.

ITocpenctBoM HEBOJHOTO TMOTEHIMOMETPUYECKOTO THTPOBAHUS
MOKa3aHO, YTO B HCCJIENOBAaHHBIX 00paslax MPUPOJHON HePTh co-
JEPKUTCST 3HAYUTEIBHOE KOIWYECTBO CIa0BIX OCHOBaHWE (pKa <7) n
COoJiep)KaHHe OCHOBAHMH BBIIIE, YeM KUCIOT. McKioueHue cocTaBuin
IBe aMepuKaHckue npupoansie Hedgtu Gulfcoast.

Ha ocHoBannu TpOBEIECHHOIO HKCIEpUMEHTa («OyTHUIOYHBII
TecT») OBIJIO YCTAHOBJIEHO, YTO KPEMHE3EM CMAuMBaeTCsi HEPTHIO MPH
HU3KOM 3Ha4deHuW pH, a BOIOW MpU IOCTATOYHO BBICOKOM 3HAYECHUH
pH.



B skcnepumenTtax Bce He()TH XapaKTEPH30BAINCH 3HAYECHUSIMHU
MTOBEPXHOCTHOTO 3apsifia, PaBHOTO HYJIO NPH COOTBETCTBYIOIMX pH.
[Ipu 3TOM 3apsin Ha TpaHuIle HePTH/MOpPCKas BOAa U3MEHSUICS OT IO-
JIO)KUTENBHOTO JIO OTPULATENBLHOIO NMPH yBENMUYEHUM 3HaueHui pH.
[Ipr M3MEHEHUH MIENTOYHOTO/KUCIOTHOTO OTHOLICHUS B HE()TH H30-
aneKTpuieckas Touka u pH yBenuunBarorcs.

IIpn u3meHeHuM cmaumBaHUs Mokazarens pH Beime, yeM u3o-
aNIeKTpUYecKas Touka, npubam3utensHo Ha | pH. Dto HabmrogeHue
coryacyercs ¢ Teopuell CMauyMBaHMSA, OCHOBAaHHOW Ha MOHATHU pac-
KIMHUBAIOIIETO JaBleHUs. [ MIpopUIbHOCTh TPOSBISETCS TONBKO,
KOI'/Ia €CTh PEaJIbHOE IEKTPOCTATUUECKOE OTTAIKMBAHUE MEKAY MH-
HEepaJIOM/MOPCKON BOJION M rpaHuLeil HeTh/MOpCcKas Boja.

6.4. dnekTpnyeckne cBomcTBa MexdasHbIX NOBEPXHOCTEN

B I'naBe 4 ObLIO TOKa3aHO, YTO Ha TPaHUIlAX pasjena Qa3 aekicT-
BYIOT MeX(a3Hble CHJIbI, UMEIOIINE pa3anyHylo npupoay. Hauboms-
UK TPaKTHYECKUH UHTEPEC MMEIOT CHIIbI SIEKTPHYECKON MPHPOABI,
TaK KaKk OHH MOTYT PEryJUPOBATHCS TEXHOJIOTUUYECKUM IIyTEM, IyTeM
W3MEHEHHs COCTaBa 3aKayMBaeMBbIX areHToB. Ha pa3nuuHbix mMexdas-
HBIX TOBEPXHOCTAX: Boda/HedTh, BoJa/mopoda; HedTH/Mopoaa;
HepTb/Ta3 M T.0. - JEHCTBHE 3JCKTPUUCCKUX CHJ HPOSIBISECTCS MO-
pasHoMy.

JdyekTpUYecKHe CBOlicTBa Me:x(pazHoit MOBEPXHOCTH
He()Th/BoA. VI3BECTHO, UTO TTOBEPXHOCTH pasjiena HeTh/BoIa HMeeT
OTPHLATEIBHBINA 3JIEKTPUUECKUH 3apsil, KOTOPBI MOXeT 06a3upoBaTh-
csl Ha MoJieNid MOHM3Upyemoil mosepxHocTHO# rpynmsl (UIID). TIpu
MPUMEHEHUH 3TOH MOAENH, MPEIoNIaraeTcs, 4To0 OTpULATENbHBIN 3a-
PSI TIOBEPXHOCTH pasfelia BbI3BaH AMCCOLMALMEH KapOOHOBBIX KH-
CIIOT, KOTOpPBIE ABISIOTCS HATYypalbHO 00pa3yIOIIUMHUCS MTOBEPXHOCT-
HO-aKTHBHBIMH BEILIECTBAMHU.

DKCHEpUMEHTHI 10 3IeKTpodopesy IS TUMUYHBIX HeTed mpo-
JEeMOHCTPHPOBAIM W3MEHEHUE MEX(a3HOTO 3apsia ¢ OTPHLATEIBHO-
ro Ha MOJIOKHUTEJILHBIN NPY HU3KHUX 3HaueHus X pH. DTo yka3piBaeT Ha



MPUCYTCTBHE IIEJIOYHOM M KHUCJIOTHOM IOBEPXHOCTHO-aKTUBHBIX
TpyNI Ha TpaHuIle pa3zaena HeTb/Boaa. [loaToMy Teoperuueckas Mo-
JIellb, YYHMTHIBAIOIIAs I[BUTTCPUOHHBINA (OWUTONSPHEIN) XapakTep Io-
BEPXHOCTHU pa3jielia chipas HeTh/BoJa, OblIa alaTUPOBaHA MOCPEI-
CTBOM HCIIOJIb30BAaHUSI METOJA, ONTMCAHHOI0 XapJAUHIOM U XHUJUIH:

AH A-+H+ (6.1a)
u BH+ B+H:+ (6.16)

roe A- u BHt mpencraBisiror co0oii KHCIOTHBIE U OCHOBHBIE TPYII-
bl HA TpaHuLe paszzena. X KOHCTaHTBI IUCCOLMAIIUH ONIPEEISIOTCS,
Kak

Kau =[A-][H+] /[AH] (6.2a)
n Ko =[B][H+]/[BH*] (6.26)
rae, [H+]= KoHLeHTpaluu HMOHOB BOJOPOJA B HEMOCPEACTBEHHOU

ONMU30CTH OT IMMOBCPXHOCTHU, KOTOpAad MOXKET OBITH CBsI3aHA C 00BEM-

HOW KoHIeHTpanwmel, [H+] c ucmonb3oBanuem oTHomeHus bonbii-

MaHa;

[H+]=[H+] -1 (6.32)
rae @q) - CHIKEHHBIN MOTEHLUAN, PaBHBII

@) = e@0/ kT (6.30)
r7e e = 3apsn 3JeKTpoHa, @) = MOBEPXHOCTHBIN MOTEHLUAI, K = IIO-

crosiHHas bonpumana, 7= aGcomoTHas TeMIiepaTypa.
[ToBepxHOCTHAs IJIOTHOCTH 3apsaa, cr0, A 3TOro THMa MOBEpX-

HOCTH pa3aciia MOXCT OBITH 3aIKcaHa B BHUC!

v : Mmoo (64

rIe YaCTUYHOE MOKPBITHE, #° MOBEPXHOCTH KHCIOTHOH M OCHOBHOMU
IPYIIIaMHU BBIPAXKAETCS B BUJIE:



S=N2/Ni (6.5)

u Nd U Na) = o0lee KOJIMYECTBO KUCIOTHBIX U OCHOBHBIX ITO3ULIMNA

Ha rpaHuIe pasacia, COOTBETCTBCHHO.
IInoTHOCTH MMOBCPXHOCTHOTI'O 3apsAga JOJKHA OBITE YpaBHOBCHICHA
IIJIOTHOCTBIO 3aps/ia B JIBOMHOM QJICKTPUICECKOM CJIOC, s

= _(8nsskTY2 sinh(eOo / kT) (6.6)

rae: n», = IDIOTHOCTh HOHOB B 00BEME PacTBOpa M S = AMDJIEKTpHUE-
CKasl MPOHUIIAEMOCTb CPEABbI.

3aBucumoctn pH ot @0, KOoTOpble YIOBJIETBOPSAIOT YCIOBHUIO
anekTpuieckoro Heiirpanurera (¢l +os =0), MOTYT OBITH Ompenee-
Hbl YHCJIEHHO JUIl JAaHHBIX YCTAaHOBIEHHBIX 3HAYeHMH Nal, Na2,
pKu n pKa) B pasnu4yHBIX PEMIEHUSAX IEKTPOIUTA.

IIJ'ISI CpaBHCHUA 3aBUCUMOCTEH TCOPETUICCKOI0 MPOTHO3a A3CTa-
norceHnuajia oT pH C SKCIICPUMCHTAJIBHO OIPCACICHHBIMH 3JICKTPO-
(bOpCTI/ILICCKI/IMI/I IOABHMXXHOCTIAMHU HCO6XOI[I/IMBI JAaHHBIC O 3HAYCHUAX
A3€Ta-MOTCHIHAJIa TIPU PA3HBIX pH, a HC 3HAYCHUSA NOBEPXHOCTHOI'O
IIoTCHIHAaIa. Takum O6p330M, JA3€Ta-IIOTCHIIMAI, , pPaCCUUTBHIBACTCA

oTHoueHueM ['yn-Hanmana:

D(x) = DIn[l+yoe ] /[1-yoe ] (6.7a)

rae y0 = [ep02 - 1]/[ex02 + 1] (6.70)
U k SBISICTCS MHBEPCHOW JUIMHOW NBOMHOTO cinos [leOas- Xrokkens,
JlaHHAas U3

k) =2elnb / skT (6.78)

Eciu MpEAIOJIOKUTb, YTO CABUI IUIOCKOCTU HAXOJUTCA Ha pac-
CTOSIHUH X OT IOBCPXHOCTH,

0=a(x) (6.7r)



JyleKTpUYeCKHE CBONCTBA MOBEPXHOCTH pa3jesia CTeKJI0/Boaa

AmboTtepHas TpuUpoaa MOBEPXHOCTH pasjielia MUHEPATbHBIN OK-
CHUJ/BOJIa MOET OBITh OMKCAHA:

AH> AH tHt (6.82)
un AHA- tHt (6.80)
KoHcTanThl qucconmanuu 3TUX peakuil JaHbl
Kt=[AH][Ht]/[AHLt] (6.92)
n K—-=[A-yHt1/[AH] (6.90)

Jlns noydeHus BBIPRKEHHUS IS MOBEPXHOCTHOM IJIOTHOCTH 3a-
psna ucnoiib3dyeM ypaBHenus 6.6, 6.8 u 6.9:

0= eN. ([H]/ K+)e-00 - (K /[Ht])ewn

s (6.10)
1t ([Ht ]/ K+ )e-on € (K /[Ht])ews

UucnenHnoe pemieHue ypaBHeHuil 6.6 u 6.10 maer B3aMMOCBSI3b
Mexnay D0 u pH.

Pacyernl packiuHUBaWOIIEro AaBjeHus. PackiuHuBaromiee
napnieHne Pz, NEHCTBYS MEXIY ChIpoi HE()THIO U TBEPABIMH MOBEPX-
HOCTSIMH, COCTOUT M3 TpeX THUIOB B3aumozencTBuil: Jlonnon-Ban-
Jep-BaanbcoBoi CHUIIBI NPUTSAKEHUS, DIIEKTPUYECKON JBYXCIIOMHON
CHJIBI M OJIU3KO JEHCTBYOIIMX CHJ OTTAKUBAHMS:

P (n)=Fa(h)tFp (h)tFu(h) (6.11)

rae /i = paccTOSHUE MEXKIY MOBEPXHOCTIMHU.
3ameanenHas cuiia MpUTsHKeHUsT Ban-nep-Baanbca mexny nByms
napaieqbHBIMH [UTACTHHAMH MOKET OBITH BBIpaXKEHa:

F (h) = -A(15,96h/ X1t2)
J ' 12nA3(115,32h/ X))

rne A = noctrosiHHas ['amakepa (mpumepro 1,0 x 10 20 Ik [0,0624 3B]
Uit HedTr/cTekna B Bone. W Z = anvHa BonmHB! JIOHIOHA MTPUMEPHO
100 M [1000 A4 ].



JIByxcloitHOE B3aMMOJICHCTBHE UIsl TIOBEPXHOCTH pasjielia, 00Jia-
JAIONIEeH pa3HbIMH MOTEeHIMaNamMu, "~ u Q2, MOXeT OBITh MPE/ICTaB-

JICHO aHHpOKCI/IMaHHGﬁ IIOCTOSSTHHOT'O IIOTCHIIMAJIa:
Fp (h) = nuk T{\®-)®-: cosh (kh) - @\ - ]/ sinh(kh)}  (6.13)

rae @. = cHWKeHHBIH noTeHuuan («n =eQ / k7).

PacknuuuBatonias cuna Oblla paccunMTaHa U3 ypaBHeHHH 6.11 u
6.13, ¢ mpeAnonoXeHneM, 4To Fr (h) =0 g pa3saM4HbIX 3HAYEHUN
pH u xoHueHTpauuit snexrponura. [[3era-nmoTeHuuansl, mpeackasaH-
uele u3 UCI" Mmozenu, ObIIIM MCTIONB30BAHBI ISl OLEHKH JIBYXCIIOHHO-
ro B3aumozeiicteus. [Ipumeps! oTHOmEHNH Pa (h) IUIsL CBIpOW HepTH
Moyrtpeii B 10-2 M NaCl npu pH=4,5, u pH = 6 u B 0,1, 0,14 u
0,16 M NaCl mpu pH 8,0, nokasans! Ha puc. 6.8.

Puc. 6.8. CpaBHenue 3aBucumoctu Pd ot h
naia a) pH = 4-6 npu [Nat] =0.01 M
u b) [Nat]| =0.1; 0.14; 0.16 M npu pH = 8§

Pe3ynbraThl OBLIM HCIIONB30BAHbI JIJIS IPOTHO3UPOBAHHUS TTOBEIC-
HUS aAre3ud Ha TOBEPXHOCTU KBapla JUIs TPEX MPUPOJHBIX HedTei.
[Ipenmnonaranock, 4TO aAre3usi HEOUUIICHHOW HE(PTH MMEET MeEcCTo,



koraa (Pajmax <0, tne (Pijmer MaKCHUManbHOE 3HAUYCHUE PACKIMHU-

BAaIOLIET0 AaBieHus (cM. puc. 6.8). [lomyueHHsle quarpaMMbl aare3nu

IUISl TpeX IPUPOAHBIX He(Tel npuBeaeHbl Ha puc. 6.9.
™ er (-§

Anresust

yJ— [ Y ) I | — el 11111
0.0l 0.1 1.0

[MC+1(M)
Puc. 6.9. Ilporno3npyemMsblie rpaHUIbI CHENJICHUS
JJISL TpeX NpHUPOoAHBIX HedTel. HuxHue npeneibl COOTBETCTBYIOT
(Pd)max = 0; Bepxuue npexennl pias (Pd)max = 10 kIla.
CnporHo3upoBaHHasi aAre3usi BO3HHKAET HUKe U MPaBee 3THX KPHUBBIX

Ha pucynke 3nauenust (Pa)max oT 0 mo 10 xI1a [0 u 1,5 dyHTOB Ha

KBaJpaTHBIH JIOMM]| yKa3aHbl KaK IMEepPexXoJHas 30Ha OT aire3uH K He
aare3ud. JTOT IHMANa3oH (rd)max OBUI BBHIOPaH TMPOU3BOJIBHO, IIO-

CKOJIbKY Ha IPAKTHUKC IMCPEXOd OT aATE3UH K HE aJAre3nun HCYCTKHIA.
HCpCXOZ[Haﬂ 30HA TaKXKC CIYXUT AJId OTPaKCHUA HCONPCACICHHOCTH

B pacuetHbix 3uaucnnsx Fa (A)uFp (h) w3-3a HeompeneneHHoCTH B

UCTIOJIb3yeMOM 3HAYeHMH KOHCTaHTHI [amakepa M NpUOIIKEHUH,
YYacCTBYIOIIHX B TEOPHH.

PacxoxneHuss Mexay SKCIEepUMEHTAIbHO OIpENeNeHHBIM IOBe-
JNEHUEM aAre3ud U TEOPETUYECKUM, MPEICKa3aHHBIM Ha OCHOBE TEO-
pUU PACKIMHHUBAIOIIETO AABJICHUSI, YKa3blBalOT Ha YCJOBUSA, MPHU KO-
TOPBIX CHJIBI MaJOTO paguyca ACHCTBUS, U, TO-BUAUMOMY, CHIIbI TH]I-
paTanuu, CTAaHOBATCS] 3HAUUMBIMH.



6.5. dkcnepumMeHTanbHbIe UCCNEeAOBaHUA 3NEKTPUYECKUX CBOMCTB
MeXxda3HbIX NOBEpPXHOCTEN

HN3mepenns 3aexkTpodopesa

Omynvcuu npupoonoi negpmu. IMynbcuu MPUPOJHON HePTH B
BOJIe OBLTH TOyYeHbI P KOMHATHOH TeMIIEpaType ¢ UCIOIb30BAHHU-
eM 4-mu1 oOpasna npupoaHoit Hetu B 100 M1 BOIBI CO 3HAYCHUSAMU
pH, moBegennsiMu ¢ momoieio NaOH no 10. [Inst cmemmBaHust uc-
MOJIB30BAJICS. PYYHOH TOMOTEHH3ATOp, MPH STOM KaxIblld oOpazery
MIPOITyCKaJI Yepe3 TOMOT€HHU3aTOp ABAXKABIL.

[lony4yennsle kammu HedTn uMmenu paaumyc ot 0,5 mo 8§ MM, co
cpenHuMu paguycamu okono 1,0 mm s Hedren Jleayk u ST-86 u
1,6 MM it HeTH MoyTtpel. DnekTpodopeTudeckrue MoABUKHOCTH
ObUTM W3MEpEHBI JIs1 SMYJIbCUN MPUPOAHONH HE(TH B 3aBUCUMOCTH OT
pHB 103, 102 u 10 | M pacrBopos NaCl mpu 25 °C [77°F] ¢ mo-
MOILBIO JIA3EPHOH JOILIEPOBCKOM anmaparypsl. s U3MEpeHU JJIeK-
Tpodopernyeckoii moasmxkHOCTH 100-Mi1 00pa3zel Kax0i IMYIbCHA
paz6aBisuicss B 20 M1 BOABI ISl AOCTHKEHUSI TPeOyEMBIX 3HAYCHUH
pH u KoHUeHTpauuu MOHOB HaTpus. bydepHble pacTBOPHI ¢ KOHIICH-
Tpauuei Nat oxono 10 [AM MCHONB30BANUCH AJI KOHTPOJA HA Ke-
nmaemoM ypoBHe pH u s mpemotBpatenus n3meneHus pH Ha mo-
BEPXHOCTH 3JIEKTPOJA.

Cycnenzuu mamoeozo cmekna. Ilpenmerneie crexna (TpaHyIu-
poOBaHHBIE) OBUIM M3MENBYECHBI C TIOMOIIBIO CTYIKH U MECTHKA 10 Ta-
KOM CTENEeHH, YTO TMOJIY4YEHHBIE YacTUIBl IMPOXOIWIM Yepe3 CHUTa
120 mem (<125 mm). [Ipubnuzutensuo 50 mr aToro obpasua gucmep-
rupoBani B 20 MJI BOJHOIO pacTBOpa C KEIaeMOM KOHIEHTpauuen
anektponuta u pH. DaekrpodopeTnieckyro MOABHKHOCTD U3MEPSUIIN
B TeUeHHE | yaca mocie MPUroTOBJIEHUS TUCIEPCUU U CHOBA uepe3 2
HEJEIH MOCIE MOTy4YEHHUs.

Pacuem 03zema-nomenyuana J3eta-noTeHIMaNbl ObUIM PacCUH-
TaHbl M3 U3MEPEHHBIX AIIEKTPOPOPETHIECKUX MOABMKHOCTEH. Ypas-
HeHne OcHMBI-XUITH-YaiTa HCHO0NIb30BaIOCh AJsl KOppeKuu 3¢ dek-
Ta anekrpodoperndeckoii penakcaiyu u3mepeHuii B NaCl ¢ KoHIICH-
tparueit 10 3 M mpu pH >6.



PesynbsTatsl

BaBucumocTts Z oT pH s mpupoaHbix HedTeil. J[3era-
MOTEHIHANBI TPeX MPUPOAHBIX Hedrell kak ¢yHkuuus pH B pactBo-
pax ¢ kounenrparmed NaCl 103, 102 u 10 IM mnoka3anel Ha
puc. 6.10; 6.11a; 6.12; 6.13: nns npupoansix Hedreit Moytpeii, CT-
86 u Jlemyk COOTBETCTBEHHO.

PesynpTaTel s BceX Tpex NPUPOAHBIX HeTeH NoKazanu
(Tabm. 6.2), uro m3oanekTpudeckas touka (MIT), mpu koTopoit mmc-
COLIMMPOBaHHbIE KUCIOTHBIE U OCHOBHBIE TPYIIBI MPUCYTCTBYIOT Ha
MOBEPXHOCTH, OKa3bIBae€T OAMHAKOBHIA 3(deKkT Ha MOBEPXHOCTHBIN
3apa.

JuekTpoxuMu4ieckne 3QpPeKTsl cTapeHus

s smynscun ST-86, UDOT Obina cHmwkeHa ¢ 4,3 1o 3,4 mocne
XpaHeHHs B TedeHue 2 Helenb B BogHOM pactsope mpu pH 10,0. 3a-
BHCUMOCTH OT pH, M3MepeHHbIe Mocie XpaHeHUs], ObUIH 10J100paHbI
myTeM U3MEHEeHus 3HaueHuss N.! ot 2,08 x1018 mo 1,97 x108 ™ 2.
3TO TOBOPUT O TOM, YTO HEKOTOPHIC U3 OCHOBHBIX T'PYIII BHIIIEIAYU-
BaJIMCh U3 MPUPOTHON HE()TH B MPOIIECCE XPAHCHUSI.

Puc. 6.10. I3erta-norennuan kak ¢pynkmus or pH u [Naf|
JJIS1 IMYJIbCHI npupoaHoil HedpTn MoyTpeit
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Puc. 6.11. I3era-norennnaJ kak ¢pynkuus ot pH u [Nat| nius smyiascni
u3 Heptu CT-86: a) xpansiueiics 1 Hemenro (cBexkas);
b) xpansiueiics 2 Henesn (cTapas)



Puc. 6.12. I3eta-norennuan kak ¢pynkmus or pH u [Naf]
AJI SMyJIbcnii npupoaHoit HegTu Jlenyk

Puc. 6.13. I3era-norennnaJ kak ¢pynkmus ot pH u [Na | nusa cycnensuii
HU3MeIbYeHHOT0 MUKPOCKOITHOTO CTeKJIA: CIIONIHbIe TUHUH — CTapble
CYCIICH3UH, TYHKTHPHbIC THHUHA — CBE:KHE CYCIICH3UH
Ha sTux pucyHkax CUMBOIIBI IPEACTABISAIOT U3MEPEHHBIE NaHHBIE U JIMHUU

MOKa3bIBAIOT 3aBUCUMBIE OT pH OoTHOLIEHNUS, IpeACcKa3aHHbIE U3 MOJETH



Tabnuya 6.2

PusuyecKkne cBOWCTBA TPpexX NPUPOAHBIX HedTeld,
HMCIOJIb3yeMBbIX /IJISl U3MEPEeHUI aAre3un  dJiekTpodopesa

Bsskocte  IInmor- Moneky- Kucnothoe Brimanenue

CeIpbie o
HedtH npu 25 °C HOCTb  JIApHAs  YHUCIO (MT 0CaIKOB (MJI
(mITa*c)  (xr/mM3) wmaccay.e. KOH/r) mnenrana/r nedru)
Jlenyx 2,49 813 184 0,15 '
Moytpeit 5,23 838 226 0,26 2,52
CT-86-1 13,01 875 246 0,15 8,14

*QOcagky He HAOIIOAINCh BIUIOTH 10 50 MII IIeHTaHa
Tabnuya 6.3

MaTepI/IﬂJIbeIe KOHCTAHTbI, HCITOJIb3YyEeMbI€ IJIA IPOTrHO3UPOBAHUSA
A3€TAa-NMMOTCHINAJI0B

Marepuan Nal*1018  Na2*1018 pKa pKa U3T (pH)
Kunkoctu
Jlenyx 1,55 1,4 3,8 8,0 4,75
CT-86-1 2,00 2,08 1,75 58 43
MoyTpeii 0,10 4,0 7,0 35

TBepasle Tena

2,5 - -1.0 4,0 1,5
Crexio (crapoe)

XoTs Teopus afeKBATHO OOBSICHSET U3MEPCHHBIC 3aBUCUMOCTH OT
pH st Bcex He(Te, M3yYEHHBIX B 3TOM HCCICIOBAaHHH, MaTepHAIIb-
HbIE KOHCTaHTBI, TIEPEUHCIICHHBIC B Tabnuie 6.3, He 00sI3aTENBHO SIB-
JIIFOTCSL YHUKAJIbHBIM HAOOpOM 3HAYCHWH ISl KaXKJIOW MPHUPOHON
HedTu. [loaTOMy Hns MACHTUDUKAIMN XUMUYECKOW TMPUPOJIBI TPYIII
3apsA70B Ha TPaHUIAX pasjiena (a3 MokKeT MoTpeOoBaThCs TOTOTHU-
TeJIbHAasl DKCIIEPUMEHTAIbHAS Pa0oTa.

W3 umeromumxcs pe3yabTaToB MOKHO CJIeNIaTh BBIBOJBI 0 XMMHYE-
CKMX CBOHCTBaxXx TIOBEPXHOCTHO AaKTHBHBIX TPYIIl HA TpaHUIC
He]Th/BOAA.

1. B npupoaHoii HeTH MPUCYTCTBYET JOCTATOYHOE KOJIMYECCTBO
MOBEPXHOCTHO AaKTUBHBIX BEIIECTB JUIA HACHIICHHUS TOBEPXHOCTU
pasnena HeTH ¥ BOJIBI Iaxe MPH OOJBIIUX BEIIMYUHAX DTOU MOBEPX-
HOCTH.



2. To-BuauMoMy, KapOOHOBBIE KHUCIIOTHI SBISIOTCS JOMHHHPYFO-
el KUCIOTHOM IPyNIION A1t NpUpoIHBIX Hedreit MoyTpeit u Jlenyk.

3. 3uauntensHas noaa kucior migt CT-86 Moxker ObITh Ooliee Ku-
CJIOH, 4eM yKCyCHasi KHCJIOTa B BOJHOM PacTBOPE.

4, OO1Iee KOJIUYECTBO MOBEPXHOCTHO-AKTHBHEIX TPYIII B MOBEPX-
HOCTHU pazzesia MoyTpeii/Bojia COCTaBIsIeT TPUMEPHO OJIHY YETBEPTh
OT moBepxHocTHU pazaena Jlenyx/Bona u CT-86/Bona.

5. OnHnM U3 00BSICHEHUH TPEIBIAYIIETO BEIBOIA (4), ABISCTCS TO,
YTO CTEpUYECKas MOMEXa MOXKET MPUBECTH K 0oJjice HU3KOMY OXBaTy
MMOBEPXHOCTHO-aKTHBHBIX TPYII IS IPUpoiHON HedTn MoyTpeit.

3KCHepI/IMeHTbI o onmpeaeJIeHuI0 ajaresuu

Pe3ynpTaThl aAre3sMOHHBIX TECTOB U TPEX MPUPOAHBIX HedTel
Ha MOBEPXHOCTH CTEKJIa MPUBEAECHbI Ha pUCyHKax 6.14-6.16. 3aech +
0003Ha4YaeT COCTOSIHUE, TIPH KOTOPOM HE(PTh OCTaNach Ha CTEKIITHHOM
MOBEPXHOCTH U O TOKa3bIBACT YCIOBUS, IPU KOTOPBIX HEPTH yaams-
eTCsl LIENUKOM. DKCIIEPUMEHTAIBHO ONpEAeTICHHBIC TUarpaMMbl ajare-
3HH SICHO IEMOHCTPUPYIOT HAJIMUWE JABYX KPUTHYECKHX 3HaueHui: pH
Y KOHLIEHTPALMH JJIEKTPOJIUTA. AAre3usi NpUpOIHONH HE(TH MPOUCXO-
JUT TOJBKO MPH HU3KUX KPUTHYECKHUX 3HaueHusx pH (Huke KpuTnie-
ckoro 3HayeHus: pH) U BBICOKMX 3HaUCHUSIX KOHIEHTpauuu Nat (BbI-
1€ KPUTHYECKUX).

Bpemennas anresust k cTekiny HaOmoganachk 1 Hedru Jlemyk
NpU TPOMEXYTOUHBIX 3HadeHusx pH. HaOmromaemas kamns HedTH
MpUINIANa K TOAJO0XKE, OJHAKO YroJl KOHTAKTa 4epe3 BOAHYIO (azy
CO BpeMeHeM yMeHbLIaJIcs. B koHeuHOM uTore Karuisi HeTH OTpbIBa-
Jach OT TMOBEPXHOCTH. DTOT MPOIIECC 3aHUMAal OT Toiydaca a0 2
JHEH, B 3aBHCUMOCTH OT COCTaBa paccoja M HavyaJbHOTO BPEMEHU
KOHTaKTa He()TH €O CTEKJIOM (10 pa3phiBa Karmk Hedtn). Ha puc. 6.16
BpeMeHHas aare3us 0003HaYaeTCsl CHMBOJIOM (7).

Pe3ynpTaThl TEOPETHUECKOTO MPOTHO3a TPAHUIBI MEXKIY aAre3uei
U He aiare3ver Takke MOoKa3aHbl Ha pucyHkax 6.14; 6.15; 6.16. [dnsa
npupoanoit Hedptu CT-86 ans pacyera moBeaeHUs aAre3un ObUTH UC-
MOJIb30BaHbl 3aBUCHMMOCTU OT pH anst cexeil smynbcun. Ecin Ha-
OmtoaeMble SIBJICHUSI CTAPCHUS B CAMOM JIeJIe SIBIISIIOTCST PE3YJIbTaTOM



Puc. 6.14. OTro0pa:kenne aare3un 1jis npupoaHoi Hedprn MoyTpeii:
(+, =) — aare3ust HAOJIIOIAETCA; 0 — A/ATe3UsI He HAOJII0IaeTCH.
3amTpuxoBaHHas 00J1aCTh — MPeICKA3aHHAS TPAHULIA AT e3HUH,
NYHKTUPHAsA JIMHHS — IEPECMOTPEHHBII NPOrHO3

Puc. 6.15. Orodpa:kenne agresuu Ais npupoanoii Hedpru CT-86:
(+, =) — aare3ust HAOJIIOAETCA; 0 — A/ITe3Us] He HAOJII0/IaeTC .
3amTpuxoBaHHas 00J1aCTh — CIPOTHO3MPOBAHHAS TPAHUIIA A/ITe3U N,
MYHKTHPHAS JIUHAS — IEPECMOTPEHHBIIl MPOTHO3
C MPeINnoJI0:KeHHEeM MOCTOSTHHOI IJIOTHOCTH 3apsiia



Puc. 6.16. OTodpa:kenne agre3un Ajas npupoanoii Hepru Jleayk:
(+, =) — aare3ust HA0JIIOAETCSI; 0 — a/ire3Us1 He HADJIKIaeT s ;
(+) — BpeMeHHas1 aare3usi HA0II0AaeTCsl.
3amTpuxoBaHHas 00J1aCTh — CIIPOTHO3MPOBAHHASL TPAHUIIA ATe€3UH

BBIIENIAYMBAHNSL OCHOBHOHM TPYNIBL, TO OHU HE OyAyT BO3HHUKATH BO
BpeMs U3MEpEHHs aAre3ur, MoTomy 4uto: (1) TecT Ha aaAre3uro OOBIYHO
3aHMMAET ropa3Zo MEHbBIIE OJHOrO Yaca M OTHOLIEHWE MJIOLaaN Io-
BEPXHOCTH K 00beMy Karuld He(TH, HCIOIb3YEeMOH ISl ONpeAeIeHus
aAre3uy, O4e€Hb Majo MO CPaBHEHHIO C aHAJIOTUYHBIM OTHOIIEHHEM B
SMYJbCUU HEPTH B BOJE.

Kak Buano Ha puc. 6.14 u 6.16, TeopeTHUeCKH pacCUUTAHHBIE
JrarpaMMbl aare3uy YCHEIIHO BOCHPOM3BOAAT B OOIIMX uYepTax IMo-
BEJCHHUE aJre3uu dTUX MPHUPOJHBIX HEPTEH Ha MOBEPXHOCTH CTEKJIA.
OCHOBHBIMH PAacXOKJICHUSMH MEXAY 3KCIEPUMEHTAIbHO H3MEpEH-
HOW M TEOPETHYECKH MNpEACKa3aHHOW KPHUTUYECKOW azaresueid oOy-

ciorienbl pH u konnenrpanueit Nat, : (1) (pHe)th < (pHe)obs, (2)
[Na: Ju <[NacU wu (3) [Na=U = 1(T-M npu pH 12, rne (pHe)m,
(PHC)obs, [NaC]th n [NaC]obs.

Puc. 6.16 mokaspiBaeT HeyOeOUTENbHBIE PE3YJbTAThl, KOTOpBIE
MOTYT OBITh BBI3BaHBI MOBEPXHOCTHO-aKTUBHBIMH TOOaBKAaMH B 3TOM



oOpasue. DT0 MOAYEpKUBaET HEOOXOAUMOCTb B HE3arpsa3HEHHBIX 00-
pasuax HeTH U1 U3yYeHUs] CMaYlBaeMOCTH.
Habmronenue, uro (pHe)th < (pHe )obs, cBsi3ano ¢ nmpenmnonoxeHu-

€M, MCIIOJIb3YEMBIM I pacueTa IByXCIOWHBIX B3aUMOJIECHCTBHI; T. €.
4yro Q ompeneneHHas Npu OECKOHEYHOM pa3AesieHUH YacTHL, OCTaeT-
Csl TIOCTOSIHHOM KaK pasJieliecHue /s, yMEHbIIAIoIeecs BO BpeMsl aiare-
3uoHHOrO 3KcnepuMenTa. [Ipu pH Beime MOT ans crekna, KOHIEH-
Tpauus A+ B HEMOCPEIACTBEHHOH OJM30CTH OT MOBEPXHOCTH CTEKJIa
3HAYUTENFHO BBIIIE, YeM B 00BEME pacTBOpa HM3-3a OTPULATEIHHOTO
3apsaa MOBEPXHOCTH. DTO MPUBOAMUT K CHIKEHHUIO AMCCOLMALNN KH-
CJIIOTHBIX TPYII U YBEIMYEHHUIO AMCCOLMALIMM OCHOBHBIX TPYII Ha
MOBEPXHOCTH MPUPOAHOW HEPTHU 1O Mepe TOro, Kak MOBEPXHOCTH
NPUPOAHON HEe(TH U CTEeKJIa MPUONMKalOTCs Ipyr K Apyry. M3mene-
HHE 3HaKa MOBEPXHOCTHOTO 3apsiaa NPUPOIHOH HEPTH MOXKET Mpo-
n3oiith, gaxe xorna pH Goxpure, uem pH npu UDT wedru.

TpynHO craenaTh BBIBOJ Ha AaHHOM 3Tame, BBI3BaHA JHM HAOIIO-
Jlaemasl pa3HuLA MEKIy U3MEPEHHOU U MPEICKa3aHHOM KPUTHUYECKU-
MU KOHIEHTpauusMu Nat+ WIH CUIOH IHapaTaluy B pe3yiabTaTe Tui-
paTalnuu CTEKIIHHON moBepXHOCTH. Koarymsnus OUTyMHBIX SMYJIb-
CHi MOXKET OBITH IHOJIHOCTBIO OOBSCHEHA ABYXCIOHHBIM B3auMOJEii-
CTBHMEM, YTO YKa3bIBa€T Ha OTCYTCTBUE CHJIbI THApATAlMH HA TPAHUILIE
He]Th/BOAA.

Psgom ¢ [Nac] mpu pH > 6, GOJIBIIMHCTBO U3 KUCIOTHBIX TPy
MPUPOAHON HE()TH MOITHOCTHIO AUCCOLUMUPYIOTCS. B 3TOM cocTosiHMM,
JBYXCJIOMHOE OTTAJIKMBAHHE MPH MPEINOI0KEHUH TOCTOSIHHOM TIOT-
HOCTH 3apsija:

- i+
4

FD (h) =nkT¢ . '
D (h)=n C -on) (6.14)

kh



Takum obOpaszom, [Na“]| mis kKaxaoW mnpupoaHoit HedTu Obuia

olleHeHa ypaBHeHMSIMH 6.12 u 6.14 M moka3aHa MyHKTUPHBIMHU JIH-
HUAMH Ha puc. 6.15 n 6.16.

CHmwkeHne aA3eTa-TOTeHNMana mnpu BbicOKoM pH oObscHsercs
JTUCKPETHOCTHIO d((eKTa B JUCCOLMUPOBABILUX IPYNNAax Ha TPaHULIE
paznena. [lonmxenune C MOXKET cmocoOCTBOBaThH aare3uu npu pH >2.

Ecnu crapast cTexisiHHas OBEPXHOCTD JIEHCTBUTENBHO UMEET TOPHUC-
TBIN CJIOM Tejsi, pacTBOPEHUE TAKOro cjos MpH BbicoOkoM pH moxker
TaKXXe MMOBBICHTH aJI'€3UI0 MPUPOAHON HEPTH.
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Pasgen IV

BJIIMAHUE CMAYNBAEMOCTHU

HA HE®TEU3BNEYEHUE NPU PA3PABOTKE
MECTOPOXIOEHUA

BeegeHue B npoGnemy

CocTosiHHEe CMAYHBAEMOCTH IJIACTA BIMSCT Ha KO3 UIUEHT
HeTeoTnauu. DTO IMUPOKO W3BECTHHIN (akT. OHA U3 OCHOBOIIOJA-
raroIux padoT, MOKa3bIBAIINX BAKHOCTh CMAYUBACMOCTH JUIS IIPO-
1ecca 3aBoJHeHuUs, ObLIa rmpoBeaeHa bakmu u JlereperTom eme B 1941
rogy. OmHAKO XapaKTEPUCTHKU CMAuMBA€MOCTH, KOTOPBIE BIHSIOT Ha
ONTUMAJILHOC 3HAYCHUE U3BJICUCHUS HE(TH, SBISIOTCS NPEIMETOM
MHOTOJICTHUX HAy4YHBIX JUCKyccui [2]. B pe3ynbprare Obimu ormyOmu-
KOBaHBI «ONTUMAJILHBIC) 3HAUCHUS HePTeOTIauu il TUIPODUILHBIX,
HEUTpaIbHBIX U TUAPOPOOHBIX TacToB. OHAKO 3HAYCHUS, TIOTYUYCH-
HbI€ Pa3HBIMU HCCIEIOBATENSIME, CHJIBHO pa3inuuaiuch. [Ipudaunb
ATUX PACXOKIACHUIN CBSA3aHBI CO CISAYIONMMU (pakTopamu:

1) cOXHOCTH B BOCIIPOU3BOACTBE COCTOSIHUSI CMAUKBAHUS;

2) HEIOCTATOK EAMHBIX CTaHJAPTHBIX MPOIEAYP Ui 0TOOpa Kep-
Ha, €r0 XpaHCHHUSI;

3) pa3nuYHbIC METOJbI, IPUHATHIC JIJISI OTUCAHUS COCTOSHHS CMa-
YUBAHUS, U CBOMCTBEHHBIC UM OTPAHUYCHUS;

4) TOT (akT, YTO COBOKYMHOCTh JPYTHX MOPOJ IJIACTa U CBOMCTB
KHUJKOCTH, BIOOABOK K COCTOSHUIO CMa4yMBAaHUS B IUIACTE, TAKKE
BIUSIIOT Ha K03 puumeHt HepreoTaaum.

[Ipu u3ydeHUM BIMSHHUS CMauyUBACMOCTH HA HEQTEOTAAa4yy MPUH-
LUIUAILHOEC 3HAYCHUE MNPHOOPETaeT JOCTOBEPHOCTH OIPEIEICHUS
CMaYMBaEcMOCTH TUTacTa Ha dTarne OOOCHOBAaHHUS CHUCTEM pa3pabOTKH
3alie)Keld W TUIAHUPOBAHMSI TEXHOJOTHM IMOBBINICHUST HedTeoTnaun
IJIaCTOB.



CornacHo HCCIIEIOBaHUAM, U3MEHEHUE THIPOPHUIBLHOCTH IPUBO-
JUT MO0 K CHWXKEHUIO, 100 K MOBBINICHUIO KoddduiueHTa Hedre-
OT/a4u, OTpaxkas JUarma3oH BO3MOKHBIX M3MEHEHUI CMaylBaeMOCTH.
TpyIHOCTh B M3MEpPEHHM COCTOSHUS CMayMBaHHUs IUTacTa Ha MECTeE
3ajeraHusl BBIHYKIACT NPOU3BOIUTH H3MEPEHHsI Ha MOBEPXHOCTH,
UCTIONB3Yysl 00pa3npl KepHa. OIHAKO COCTOSHHE CMavMBaHHUS 00Opas-
LIOB KEpHAa MOKET OBITh M3MEHEHO MO CPaBHEHHIO C MPHUPOAHBIM CO-
CTOSTHHEM Ha MeCTe 3aJeraHHs.

ChneuuajbHbIii aHAJIU3 KEPHA /ISl oNpe/ie/ieHus] CMauHuBaeMo-
cTH HEOOXOAMM UIS TIONYYEHHS PE3yJIbTaTOB MCCICIOBAHHUM B LIEISX
ycnenrHoi pa3paboTku 3anexu [8]. OmpeneneHre CMaYuBaeMOCTH
I1acTa U KPUBBIX OTHOCHTENHLHON (pa30BON MPOHMIAEMOCTH - CIIOXK-
Has 3agada. OCHOBHOM BONPOC - BO3MOXKHO JI B JaOOpaTOpHBIX yC-
JIOBUSIX CO37aTh TAKOE K€ paclpelesieHue MOBEPXHOCTHBIX CBOMCTB U
pacrpenesieHist BHyTPUIIOPOBBIX (a3, Kak B IPUPOIHBIX Tu1acTax?

OcHOBHBIE 3Tambl PELICHUS 3TOM 3aaull CIEAyIOIIIe: N3BICUCHUE
KepHa; 00paboTKa M XpaHEHHE KEepHA; OYMCTKA KEPHA; BOCCTAHOBIIC-
HHE MPUPOJHONW CMayMBA€MOCTH KEpHA IO aJCKBaTHBIX 3HAYCHUH U
CTPYKTYpBl BOJOHACBHIILICHHS; W3MEPEHHE CMayMBAEMOCTH; MOZEIH-
poBaHHNE (QUILTPALMU MPU 3aBOJHEHUM U ONpeAescHue QyHKIHHA OT-
HOCUTENBHBIX (Pa3oBBIX MpoHMIAaeMocTel. TpaTuuMOHHBIA aHAIH3
KEepHa JIJIsl ONPECIICHUS CMauuBaeMOCTH ycTapes U TpedyeT 0OHOB-
nenust. B HacTosimee Bpemst Beaercst paboTa Mo M3MEHEHHUIO CYIIEeCT-
BYIOIIMX CTaHAAPTOB B ATOH 00nacTu.

Ot10op kepHa u3 mJjacra. V3MeHeHHe MPUPOJHON cMayMBaeMo-
CTH KEepHa MPOUCXOINUT BO BPEMs PE3KH, HAIUIABKU M MOCIEAYIOIICH
00paboTKH MO PALY HPUYMH: 3arps3HEHHOCTH JKUAKOCTH, BO3AEHCT-
BUSL TEMIIEpaTypbl M JaBICHHS HA CMayMBaeMOCTh (OCaKAEHHE ac-
(arbTeHOB WM BBINAAcHUE MapaduHa), OKUCIEHHE HEPTH KUCIOPO-
JIOM BO3[yXa, CyLIKa KepHa, BIHMSHHE CHW)XEHHS JaBJICHHUS HA TpH-
POIHYIO BOJOHACHIIIEHHOCTb.

Korna orbupaercst kepH Ha BOJHOH OCHOBE MM OCHOBE OYpOBBIX
pacTBOpPOB, akKIEHT JeNaeTcs Ha HCIONb30BaHHWE TaK HAa3bIBAEMBIX
MSTKHX PacCTBOPOB, TaK KaK TBEPIbIE YaCTHILBI U3 OypOBOTO pacTBoOpa
OCa)KJAI0TCSl B OCHOBHOM Ha MOBEPXHOCTH KEPHA, & U3MEHEHHE BOJIO-



HACBHIILIECHHOCTH MPOMCXOJHUT B PE3yNbTaTe NMPOMBIBKH (PUIbTpaTaMH.
Panbuie ucciaenoBanus ObLIM HANpaBJIeHB! B OCHOBHOM Ha BBISIBICHHE
cocraBa OypOBBIX (UIIOMIOB, HE W3MEHSIOUIMX MPHUPOJHYIO CMadH-
BaeMOCTh KepHa. OAHaKo B MOCIETHHE oAbl OOJNIBIIOC BHUMAHHUE
yIenseTcss M3MEHEHHSM CMadylBaeMOCTH B He()TeHACHIIEHHBIX Kep-
Hax C reTepOreHHbIM TUIIOM CMAYUBAEMOCTH.

Cuntaercs, 4To OTOOpP KEpPHA C HMCIOJB30BAaHHEM OYPOBBIX pac-
TBOPOB Ha HE(PTSIHOW OCHOBE C HHU3KHM COJEP)KAHUEM BOJBI MMEET
SIBHOE IPEUMYLIECTBO IPU ONPEIAEICHUM CMAYUBAEMOCTH, T.K. IIPU-
polHas BOJOHACHIIIEHHOCTh KEPHA OCTAe€TCs HEU3MEHHOU. OnHako
pacTBOpel Ha HE(PTSIHOH OCHOBE MOTYT THIPOGOOH3MPOBATH KEpH.
Pacmmpenue ucnonabp30BaHusi pacTBOPOB Ha HEPTSHONH OCHOBE MpHUBE-
JO K TOMY, YTO 0co0oe BHHMAaHHUE yJIenseTcd MpobjeMaM OYMCTKU
KEepHa ¥ BOCCTAHOBJICHUIO €r0 NPUPOIHON CMaynBaeMOCTH B Jabopa-
TOPHBIX YCJIOBHSIX. ByHIepnux aan moapoOHBIA 0030p pa3mUuHBIX
BapHaHTOB M CPaBHEHHU NpU O0TOOpE KEpHA C COXpAaHEHHBIMH 3Haue-
HUSMHU [IPUPOJHON CMAaYyUBAEMOCTH.

Xpanenne kepHa. OOBIYHO MPOXOJUT MHOTO BPEMEHU MEXKIY
0TOOPOM KEpHa U ero MCCIeJOBaHUEM, B TEUEHHE KOTOPOrO CBOMCTBA
KEpHBI IOJDKHBI OBITH COXpaHEeHbI s u3ydeHus.. KepHbl 00bI4HO Xpa-
HAT B (uIbTpaTax OypOBOTO WJIHM COJIEBOTO pacTBOpoB. llpu sToMm
KEpHBI 3allUALIEHBl OT BIMSHUS KHUCIOPOJA, UCIAPEHHUs, IOMAJaHUs
CBETa M PEe3KHX KoyiebaHWi Temmneparypbl. HekoHconmmanpoBaHHBIN
KEpH, KaK MpaBUio, MoABepraercs 3amopaxkusanuio. [Ipu nccnenona-
HUU CMayMBA€MOCTH XPaHSIIMECS KEPHbI Ha3bIBAIOT CBEKHMHM, XOTS
[EPEXOA K UX U3YYECHUIO MOXKET IPOUCXOAUTH 4€PE3 HECKONIBKO JIET
nocie ux oroopa.

Ounctka kepHa. Llenpro 04UCTKH KepHa ¢ MOMOIIBI0 paCTBOPHU-
TeJIeld WM MpU MOMOIIH 3KCTPAKIMK SABJISETCS YAAJIEHHE BCEX Opra-
HUYECKHX COCOMHEHUH 0e3 M3MEHEHHSI OCHOBHOW CTPYKTYpBI ITyC-
TOTHOTO MPOCTPAaHCTBA MOpPOXBL. B Hacrosiiee BpeMs ompoOOBaH
LIUPOKUHA CIEKTP COCTABOB pPAacTBOPUTENEH M HX KOMOMHAIMM.
OOBIYHO PACTBOPHUTENH MOAOUPAIOTCS, UCXOAS M3 CBOWCTB MPHUPOJ-
HOW He()TH M THIIA KOJJIEKTOPA, OJHAKO 3TH HPOLEAYpHl HE CTaHAAp-
TU3UPOBAHBI.



TpaguIMOHHO B UCCIEIOBAHUSAX UCHONb3YIOTCS OYHUILEHHBIE MMOJ-
HOCTBIO BOJIOHACBHIILICHHBIE KEPHbl C W3MEHEHHBIMU MapaMeTpaMu
CMauyMBaeMOCTH. OTH KEpHBI HE aJEKBaTHbI CTPYKType HPUPOAHON
cMmaunBaeMocTH. Hanpumep, moctmkeHne (UKCMPOBAHHOTO MHIEKCA
AMoTTa pu QUIBTpaK TPUPOTHON He)TH HEe rapaHTUPYET IOCTHU-
XKEHUsI MPHUPOJHON CTPYKTYypbl cMauMBaeMocTH. bonee HanexHas
MPOBEpPKa yAalIeHus aJcOpOMPOBaHHBIX YIJIEBOAOPOIOB (ruapoduu-
3alUM KepHa) MPOU3BOJUTCS MOCPEICTBOM OTNpEeIICHHs] TapaMeTpOB
WU3MEpPEHHs CaMONPOU3BOJILHON MPOMUTKY NPH (PUKCUPOBAHHBIX 00B-
eMaX BhITECHEHHOH HedTH.

W3HayanbHOM 11€1bI0 OYMCTKH KEPHA ABISUIOCH CO3/IaHUE BBICOKOM
BOJIOHACBIIIEHHOCTH M TUAPOQUIBHOCTH JJIsl COMTOCTABUMOCTH DKCITe-
pumenTtoB. [locnmenyromue uccienoBaHus, Takue, Kak OIpeaereHue
OTHOCHUTEJbHOM (pa30BOM MPOHUIAEMOCTH, BBITIONHAIOTCS C COJIEBBIM
pacTBOpOM M OYMIIEHHOH HedThi0. B mocnennee Bpems pacT€T MOHU-
MaHHE TOrO, YTO CO3JAHHE YCJIOBHH BBICOKOM BOJOHACBHIIIEHHOCTH
KEpHa He SBJIAETCS BIOJIHE AOCTAaTOYHBIM JUIS ONpEAETIeHHs ero cMma-
YHBAaEMOCTH, TaK KaK yKa3aHHas 00pa0oTKa KepHa — 3TO TOJBKO Iep-
BBIIl IIar B MpOLEAYypEe BOCCTAHOBIEHMS MPUPOAHON CMadyMBaeMOCTH
oOpasia.

BoccraHoB/ieHHe TIPHPOJHON CMaYMBAEeMOCTH KOJIJIEKTOpPA.
B nponenypax BOCCTAaHOBIEHUS CMAayMBAa€MOCTH LENBIO SIBIISETCS
BOCCTAHOBJIEHHE MPHUPOJHOIO THUIMA M CTPYKTYphl CMauMBaHUsS KOJ-
JIEKTOpa TOCPEACTBOM BO3JEHCTBUS HAa HEro IUIACTOBOM HEPTHIO.
[Mpuznanue OoONBIIONW BaXKHOCTH CTPYKTYPHOM CMauMBaeMOCTH IUIa-
cta 00ycinoBuJIO ocoboe BHMMaHHME K MPOLEAYpaM BOCCTAHOBIICHHS
CMauMBaEMOCTH «CTaphIx» 00pa3lloB KepHa.

BaxxHpIM m1arom B BOCCTaHOBJIGHMH CMAadMBaeMOCTH KEpHa SIB-
JISIeTCsl CO3JIaHME BOJIOHACKHIILIEHHOCTH KepHa (Swl), cOOTBETCTBYIO-
el miacToBoi. D10 TpeOyeT MOCTOBEPHBIX CBEACHUUN O MPHUPOIHOMN
BOJIOHACBHIIIEHHOCTH IJIAaCTa M CIIoco0e ee BOCCOo3IaHus B jadoparo-
pun. OmpeneneHne UICTUHHON PEIMKTOBOM BOJIOHACHIIIIEHHOCTH KOJI-
JIEKTOpa SIBJIACTCS] CIOKHON CaMOCTOATENbHOM 3amaueii. Heobxonu-
Masi CTENEHb BOJOHACBILICHUS JAOCTHraeTcs (QUIbTpalueil Mmpu BbI-
COKOM [IaBJICHHH WM TOCPEACTBOM LeHTpudyrupoBanus. Kepn



MPOMBIBAETCSl MPHUPOJHOW HE(PTHIO M 3aTeM BBIIEPKUBACTCS NPHU
IIJIaCTOBOM Temmeparype B TedeHue 1-4 Hemens. Llensro mporecca
«CTapeHHusD» SBJISICTCS BOCCTAHOBICHUE COCTOSHHSI pAaBHOBECHS a-
copOLMN MEXIY KOJJIEKTOPOM M He(pThIo, KOTOpoe OBLIO CO3AaHO
MIPUPOJIOH B TEUEHUE T'€OJIOTHIECKOTO BPEMEHH.

[Ipu BoccTaHOBIEHHH NPUPOTHON CMAaYMBaEMOCTH MOTYT BO3HH-
KaTh OoJblIne ciokHOCTH. Onupasch Ha KIIOYEBbIE TapaMeTpsl Gop-
MHUPOBaHHUSI CTPYKTYPHOH CMauyWBaeMOCTH, MOXXHO JOOUTBbCS OOJb-
meld HaJe)KHOCTH B BOCCTAaHOBJICHHM TPHPOJHON CMauynBaeMOCTU
KepHa.

CpaBHeHHe pe3yJbTAaTOB, MOKA3aHHBIX NPH HCCIEA0BAHUU
CBEKMX M BOCCTAHOBJIEHHBIX KepHOB. OCHOBHOHM mpoOiemMoil mpu
OTIpEeNICHNH CMaYMBaEeMOCTH KEpHa SIBISIETCS TO, YTO HET HaJleKHO-
ro cnocoba NMpOBEPKU TOCTOBEPHOCTH pe3yibraToB. CpaBHEHHE pe-
3yJIBTATOB CBEKUX KEPHOB M aHAJOTMYHBIX KEPHOB B BOCCTaBICHHOM
COCTOSTHMM IOKAa3bIBACT, YTO OAMHAKOBBIE KEPHBI JAAIOT MOXOKHE pe-
3yNbTaThl. Hamiryymmm cBUAETENBCTBOM TOTO, YTO PE3YibTaThl JeH-
CTBUTENbHBI, SIBJISIETCS TO, YTO JIBa HA0Opa JaHHBIX OYIyT OJNU3KHU IO
3HaueHHAM. Ecim TakoBoro He HaOJI0gaeTcs, BCEBO3MOKHBIE MTPUYH-
HBI CIIElyeT UCKaTh B BBIOOpE HaOOpa JaHHBIX.

H3mepenune oTHOcHTeNbHOW NpoHuuaemoctu. I[locne momyue-
HUs 00pa3loB KEPHA M KUAKOCTEH U3 miacTa, ocoboe BHUMaHHUE yIe-
JsieTcsl MOJACPKAHUIO MM BOCCTAHOBJICHHUIO IUIACTOBBIX YCIIOBHIA,
nabopaTopHbIe HCIIBITaHUS MPOBOAATCS C LENbIO IMONyYSHUsT U3Mepe-
HUI OTHOCHUTEJIBHOW MPOHUIAEMOCTH. DTU U3MEPEHHSI UCIIOIb3YIOTCS
B THJIPOJAWHAMUYECKOM MOJEIUPOBAHUHU JJIsI MOJyYSHHs MPOTHO30B
JIOOBIYUH.

Haubosee yacTo MCIoNb3yeMblii U yIOOHBIN METOH JUIS U3Mepe-
HUSI OTHOCHTEJIFHON MPOHULAEMOCTH - 3TO HECTAIlMOHAPHBIA METO/.
OtoT Meroxn OblT pa3paboTaH W MPHUMEHEH Ui TUAPOQWIBHBIX CHC-
TeM. B Hacrosliee BpeMs IIMPOKO MPHU3HAHO, YTO TAKOH MOIXOX
HEJIb3s WCIONb30BaTh NMPH UMUTALWHU YCIOBUI MPOMEXKYTOUHOU WIIN
cMenIaHHOW cMaunBaeMocTH. OIHAKO €CIIM TeCTHl MPOBOIATCA B ILIa-
CTOBBIX YCIIOBHSIX, TO aHOMAJIbHBIE PE3YJIbTAaThl MOT'YT OBITH 00YCIIOB-
JIeHbl BJIMSHUEM KamWUIAPHBIX KOHLEBBIX 3((eKToB. BhIsABICHHBIC



MPUYUHB AHOMAJbHOTO 3aBOJHEHHS MOJAEIHPYEMOI0 KEpHa MOTYT
OBITh HCIIOJIB30BaHBI I KOPPEKTHPOBKU (HIBTPALIMOHHBIX JKCIIE-
pumeHToB. CyIIecTBYeT MHOXECTBO J0Ka3aTelIbCTB, YTO KOHIIEBBIE
3¢ ¢eKThl I 3aBOJHEHHBIX IIACTOB CO CMEIIAHHOH CMadHnBaeMo-
CTBIO MOTYT OBbITh HEBBIPAaKEHHBIMU. /711 MIPOBEPKHU BIIMSHUS KOHIIE-
BBIX 3(QEKTOB MPOBOIATCA U3MEPEHUSI HACBHIIICHHUS KEPHAa METOAOM
MOTJIONIEHUS. MM C IOMOIIBIO CKAaHUPYIOIIEr0 MMKPOCKOMNA, 4TO
o0ecreunBaeT HaIeKHOCTh IPOBEICHUS SKCIIEPUMEHTOB.

IInacToBasi cMauMBaeMOCTh M yleJbHOEe JJEKTPHYeCcKoe €O-
NpPOTHUBJIEHHE. DIESKTPUIECKUI KapoTax sBIsIETCS HanOoee MIMPOKO
WCTIOJIb3YEMBbIM METOJOM BBISBICHUS HE(TETa30HOCHBIX MHTEPBAJIOB
B ckBaxuHe. CTaHJapTHBIE METOJbl M3YUYEHUsI OCHOBAaHbI HA B3aWMO-
CBSI35X HE(DTEHACBHIIIEHHOCTH C YACIbHBIM JICKTPHUECKIM COMPOTHB-
JICHWEM, KOTOpbIE MOIYYaroTcA MPU U3MEPEHMSX B COJEBBIX PacTBO-
pax oOpaboraHHBIX KepHOB. Kak mpaBuio, B THUX JKCIEPUMEHTaX
BO3AYX SBIISETCS HEHACHILCHHOW (ha30i. DTH W3MEPEHHs COOTBETCT-
BYIOT YCJIOBHUSIM OY€Hb BBICOKON BOJOHACHIIIEHHOCTH. BoNBIIMHCTBO
WCCIIEIOBaHUN BIUSHHUA CMauylBa€MOCTH HA CONPOTUBIIEHHUE MTOKA3aJIn
POCT COIIPOTHUBIIEHUS C YMEHBIIEHHEM BOJOHACHIMIEHHOCTH. OnHaKo
OOJIBIIIMHCTBO 3TUX IKCIIEPUMEHTOB MPOBOAWIUCH I CUCTEM, B KO-
TOPBIX M3MEHEHHE CMauyMBaeMOCTH OBbUIO BBI3BAHO MCKYCCTBEHHBIM
MyTeM, HampuMmep, 00padOTKON KEPHOB CHIIAHOM.

IIpakTnyeckuM perrennemM, 0ObBIYHO MpPEATIaracMbIM IS OIpeae-
JIEHUSl CMA4MBAaEMOCTH, SBJISIETCS U3MEPEHNE U aHAIN3 OTHOCUTENBHON
MPOHULIAEMOCTH U JPYTUX MapamMeTpoB Ul MMIPOJANHAMUYECKOTO MO-
JeTUPOBAHUs TPHU YCIOBHUAX, COOTBETCTBYIOIIMX IIAcTOBBIM. OpHako
HETOJIHOE TOHUMaHNuEe MEXaHU3MOB CMauyMBaeMOCTH IIPY TaKOM HOJXO-
Iie W BBICOKAs 3aTPaTHOCTH MOJNYYEHUS IKCIIEPUMEHTAJbHBIX JaHHBIX
HaKJIAAbIBAIOT ONpe/eNicHHble orpaHudeHus. Eme Oonee cepbe3HOH
npoOIeMoll SIBNISIETCS HEBO3MOKHOCTh HMPOBEPUTH JOCTOBEPHOCTH IIO-
JIyYeHHBIX JaHHBIX. boJbllloe BHUMaHME YAENSEeTCs CMEIIaHHOM cMa-
YHBAEMOCTH CHCTEM M HCIIOJIb30BAHUIO CKAaHMPOBAHMA AJIS MOJTyUSHUS
MPSIMBIX U3MEPEHUH paclpeneneHns )KUIKOCTEN U ra30B M BbISBICHUSA
HEOIPEeICHHOCTE B M3MEPEHUSIX OTHOCHTENIBHON NPOHHIAEMOCTH.
WnTepnperanus KpUBBIX OTHOCUTENBFHON MPOHUIIAEMOCTH, B IIaHE IO~



BEJCHMSI U PACIPENEICHUS KUAKOCTH, MO-IIPEKHEMY OCTAETCSA JOBOJIb-
HO PUMUTUBHOM. [IpaBuiio 0oBIIOro Najbpla, MUPOKO HCHOJIB3yeMble
B MHTEPIPETALMM BIMASHUSA CMAayMBACMOCTH Ha IOBEICHHUE OTHOCH-
TEIbHOU IPOHULAEMOCTH, CJIELYET UCIONb30BATH C OCTOPOXKHOCTBIO.
MexaHuCTUYECKUE PACUETHI BIMSHUS CMAaYMBAEMOCTH Ha KalWULIPHOE
JaBJleHHe, pacrpenelieHie >KUAKOCTeH M Tra3oB M XpaHeHue HedTH
o0ecreunBaroT NPSMOH MOIX0/] K TOHUMAHHIO B3aUMOJACHCTBHS MEKILY
CMa4MBaEMOCTBIO U I'€OMETPHUEH IIOP U ABIIIIOTCS JIOTHYECKOU OTIIPaB-
HOHW TOYKOH JUIs pa3pa0dOTKH OoJiee MOTHOT0 NOHUMaHUS (U3UKU OTHO-
CUTEIILHON MTPOHULIAEMOCTH.

HaxonuieHHBI ONBIT ompeejieHHsT CMAaYMBAaeMOCTH ITOKa3bl-
BAET, YTO 3HAYUTEIBHOE KOJIWYECTBO aHAJIM3HPYEMBIX OOBEKTOB Je-
MOHCTPUpPYET HE THUAPOQMIBHYIO XapaKTEepPUCTHKY CMadyWBaeMOCTU
(tabm. 7.1).

Tabnuya 7.1
Pacnpenesenne B KoJIJIEKTOPe CMAYHBAEMOCTH
B 3aBHCHMOCTH OT 3HAYeHMii KPaeBOro yria
XapakxTtep Kpaesoii yron Ilecuansiii KapGonaruerii  Bcero
CMayMBaeMOCTH ©) KOJUISKTOP ~ KOJUISKTOp  IUIAacTOB
I'mapodunbHbIA 0-75 13 2 15
ITpomexxyTouHbIH 75-105 2 1 3
I'mapodoOHsIi 105-180 15 22 37
Konuuectso _ 30 25 55

IU1acToB (e1.)

B skcrepuMeHTax HMCIHOJIB30BAJICS HACTYNAIOUIMH KPaeBOil yrodi
CMa4MBaHUS JUIS BOJbI TIPH ONPEICICHUN CMaYlBAaeMOCTH 55-TH Hed-
TSHBIX TUIACTOB. B 3T0ii mpouenype 00eCKUCIOPOKEHHBI CHHTETHYC-
CKHMI TUTaCTOBBIH PacTBOP M MEPTBOE aHAdpPOOHOE ChIpbe HE(PTH WC-
TBITHIBAJIMCH HA KPUCTAJUIAX KBaplia M KaJbIIMTA MPU TUIACTOBOW TEM-
neparype. [Ipu 3Ha4eHNM KpaeBOro yria, M3MEpeHHOM 110 Bojxe, oT 0°
no 75° (0-1,3 pan) - cucrema rugapodwibHa, ot 75° no 105° (1,3-
1,83 pan) - ¢ mpomexyTouHOlH cMmadnBaeMocTbio U oT 105° mo 180°
(1,03-3,14 pan) - ruapodobnas. Kak mokazano B tabm. 7.1, 37 uccne-
JIOBAaHHBIX IUIACTOB OBUIM OTHECEHBI K TMAPOGOOHBIM, 3 MMENHU Mpo-



MEXYTOUHYIO CMayMBaeMOCThb, 15 ObumM ruapodmisHbIMHA. Bonbimas
4acTh THAPOQPOOHBIX IIIACTOB ObLTa ciabo ruapodoOHOM ¢ KpaeBbIM
yraom 120-140° (2,1-2,4 pan). M3 kapOoHaTHBIX miactoB 8% ObuM
rUAPOQUIBHEIMY, 8% HWMETH NPOMEXYTOUYHYIO CMauMBacMOCTh U
84% Ot ruapoGoOHBIMH.

Kak crenyer u3 tabmn. 7.1, cMaunBaeMOCTh PacCMOTPEHHBIX O0b-
eKTOB MEHSUIaCh B LIMPOKMX Mpejaenax. Takod pe3yibTaT BBI3bIBAET
HEOOXOIMMOCTh CHEIMAIBFHOTO aHalN3a U ydeTa BIUSHUA CMadnBae-
MOCTH Ha pa3paboTKy.

Maea 7. BnusiHme cmauMBaemMoCTV Ha 3aBOAHEHMEe NacToB

3aBoHEHUE SIBIISICTCS BTOPUYHBIM METOAOM HM3BJICYECHUS HE(TH,
MPY KOTOPOM BOJA HArHETAETCsl B MPOAYKTUBHBIN MIACT I AOOBIYH
JOTIOJTHUTENILHOTO KOJHMYEeCTBA HE(PTH, KOTOPOE OCTaOCh B IUIACTE
MOCJIe TIEPBUYHOIO M3BJICUEHUS. 3aBOJHEHUE — 3TO HanOoJee IHPOKO
MPUMEHSIEMBIA METOJ JUIS JIy4YLIero M3BJICYEeHUs HeTH; Oonee moJio-
BuHbl He(tH B CILIA noOwiBaeTcst HMeHHO 3TUM criocoboMm. Bo Bcem
MUpPE TOXO0KHE COOTHOIIECHHS [0 3TOMY IOKa3aTelIio.

Korgaa 3aBoanenne npuMeHseTcs B THAPOQUIBHBIX CHCTEMax, BOJa
BIIUTBHIBACTCS B OOJIee MEJIKUE MOPHI M3-32 OJarompHsATHBIX KaluuLsp-
HBIX CWJI, U He()Tb BBITECHsSETCA B Oonee KpymHbIe mopbl. IIporecc BbI-
TECHEHHsI MPOMCXOJUT TaKUM 00pa3oM, 4To BoAHas (haza COXpaHseT
JOBOJIEHO PaBHOMEPHBIN (POHT, M TOJBbKO He(pTAHas (aza IBUKETCS
Briepen gponra. M3-3a mpenMyIecTBEeHHOTO CMaylBaHUs TOPOJIBI BO-
10#, He()Tb BBITECHSIETCS W ABIKETCS BIEpeId BOABL, KOTOpas Iepe-
MelaeTcs BAOJb CTEHOK MOp. B HEKOTOPHIf MOMEHT BpeMEHH CY)KEH-
Hast 9acTh HE(TH OKa3bIBACTCS HECTAOMIBHOW M OTAENSAETCS OT OCHOB-
HOW He(TH, B pe3ynpTare oOpasyercsi cdepuueckas riodyia HepTH,
ocrtapmiasics B Hentpe mopel (puc. 7.1) [45]. Ilocne yero HarHeraemas
Boza Onokupyer HepTh. [loutn Bes ocraBmascs He(Th HEMOJBIKHA.
3amiemyieHHas OCTAaTOYHAs HE(QTH MpEACTaBIseT COOOM MalleHbKUE
cepudeckue rao0ynsl B LeHTpe Oonee KPYIMHBIX Mop U 0oJee KpymHbIe
HeTSHbIE YYaCTKH, PaclojiO)KEHHbIE BHYTPH MHOXECTBA TOp, OKpY-



KEHHBIX BOOH. B THApPO(OOHBIX cHcTeMaxX pacHoNOKeHWE BOIBI H
He(TH TMPOTHUBOMONOXKHOE. 3aBOJHEHHE B THUAPOPOOHBIX MOpOAAX
00b19HO MeHee 3((GEeKTUBHO, YeM B THIpOQMIbHBIX mopoxaax. Ilocie
Hayana 3aBOJHEHMs BOAa 00pa3yeT HempephIBHBIC KaHAIBI U SI3BIKHU IO
LEHTpaM KPYIHBIX TOp, MpoTankuBas HedTh Brepeau cedst (puc. 7.2).
Hedtr 3aTem octaercs B Menkux mopax u TpemuHax. OObBIYHO B TH-
pohoOHBIX miacTax ocraBiuascs He(Th OKa3bIBaeTCA B BHUIE IUICHOK
BOKPYT MOBEPXHOCTH MOPOJ, B CY)KEHHBIX ITOpax M KPYMHBIX KaBepHax,
r7e OHa OKpY>KeHa BOJOH M3-3a 00pa30BaHUs HEMPEPHIBHBIX KAHAIOB U
S3BIKOB BOJABI B IIGHTPax MOp. DTH SA3BIKK MOTYT, B KOHIIE KOHIIOB, CO-
CIIMHUTHCS MEXKIY COO0H, 3a0I0KUPOBaB HEQTH.

Hedrs Hedrs Hedts
Bona Bona Bona
I | Boma 1.L] Hedts y/vz 3eprHanopon

Puc. 7.1. 3amemenne HedTH NPy 3aBOJHEHHH BOI0H
B FHAPOPUIBHBIX opoaax [45]

Hedrs Hedrs Hedts

Bona Bona Bona

I | Boma C—J Hedts 2223 3epnanopon

Puc. 7.2. 3amemenne HedTH NpH 3aBOJHEHHH BOAOI
B ruApooOHBIX opoaax [45]



7.1. CMauMBaeMoOCTb U OTHOCUTENIbHAA NPOHULLAeMOCTb

JlaBHO M3BECTHO, YTO CMAYMBAEMOCTD SIBJISICTCS TJIABHBIM OIIpE/e-
nstomuM  pakropom koddduimenta HepTEOTHAUM TPU 3aBOAHEHHU
[1]. BmoGaBok, HedTeoTAaua MPH 3aBOJHEHUM OMPEACTACTCS OTHOCH-
TEIHHBIMU MMPOHUIIAEMOCTSIMH HE(TH U BOJIbI, KOTOPBIC SIBIISAIOTCS HE-
sSBHbIMU (pyHKIMsAMU cMmauumBaeMocTd [3]. Ha mpakrtuke nHambGoiee
IIMPOKO MPUHATHI METOJ y4eTa BIUSHUS CMAauMBAEMOCTU TpHU 3a-
BOJHEHHUU - 3TO M3MEPEHUE OTHOCUTENBHBIX (Pa30BBIX MPOHHUIIAEMO-
cTeil Ha oOpa3uax KepHa U3 MPOAYKTUBHOIO IIacTa, MPH TOM HC-
MOJIB3YIOTCS TIACTOBBIE (MIIOWABI MPH IJIACTOBBIX TEPMOOAPHUECKHX
YCIIOBHSIX.

7.1.1. CMaumBaeMocCTb U OTHOCUTENbHasA NPOHULLIAEMOCTb

B OAHOPOAHO CMavMBaeMoW cpege

Kak ormedasnocsk, yke JaBHO W3BECTHO, YTO CMAYMBAEMOCTD SIBJISI-
€TCsl OCHOBHBIM (haKTOpPOM, ONpeAeisiFoinM 3 PeKTHBHOCTh JOOBIYH
npu 3aBoxHeHuu [13; 16; 20; 44; 43]. Kpome Toro, no0biua npu 3a-
BOJHEHUH KOHTPOIUPYETCS OTHOCUTEIBHOU MPOHULIAEMOCTHIO IO BO-
ne W HepTH, KOTopas SABISCTCS HESBHOM (PyHKIMEH cMauMBaeMOCTH.
Ha mnpaktuke oOmEnpUHITEIM METOIOM y4dera 3((EeKTOB cMauuBaec-
MOCTH SIBJISIETCS M3MEPEHHE OTHOCHUTEIBHOM MPOHUIIAEMOCTH Ha 00-
pasiiax KepHa IulacTa ¢ MCIOJb30BaHHEM ILIACTOBBIX (IFOHMIIOB IMPH
IJIACTOBBIX TeMnepaType u gasienun [10, 21].

OnHopomHO cMmauynBaeMasl cpeia IMpeAcTaBisieT COOOH CHCTEMY,
I7Ie CMauyuBaeMOCTh BCEH MOBEPXHOCTU OJAHOPOJHA, TO €CTh TO THUJI-
podoOHasi, ruapodrIbHAs WK MPOMEXKYyTOUYHas cpena. B 3aBucumo-
CTH OT CII0CO0a HOPMHUPOBKU KPUBOW OTHOCHUTEIBHON MPOHUIIAEMO-
CTH (opMa KPUBOW MOXET OTIUYATHCS OT MOJOOHOW KPHBOW TpH
AQHAJIOTUYHOM COYETaHUM (DIIOMIIOB TaK K€, KaK M MPU U3MEHCHUSIX
cmaunBaemMocTd [6]. HopmupoBKa KpHBOW OTHOCHUTENBHOW MpPOHU-
LIAEMOCTH JOCTUTAETCS 32 CUET KCIOJIb30BAHMS MPOHULIAEMOCTH IO
paccony/Bo3nyxy wid 3(G(EKTUBHON NPOHUIIAEMOCTH TOPOJABLI O
He()TH MPH OCTATOYHON BOJIOHACHIIICHHOCTH. B Hamel pabore moHs-



THSl «BOJOHACHIIIEHHOCTh IOPOBOTO 00BbEMay, «IorpeOeHHast BOIOHA-
CBILIEHHOCTb» M «OCTAaTOYHAsl BOJOHACHIILIEHHOCTB SIBIISIIOTCS OJJHUM
U TEM K€ MOHSITHEM, NTO3TOMY OHHU MCIIOJIB3YIOTCS MONEpEMEHHO. 13-
BECTHO, 4TO 3¢ (PEeKTHBHAS NPOHUIAEMOCTh HE()TH yMEHBILACTCS, KO-
r71a KEpH CTAaHOBUTCA THAPOPOOHBIM. Taroke OBLIO MOKa3aHO, YTO TaKk
KaK KepH CTaHOBUTcA Oonee rHApOoQOOHBIM, KPUBBIE OTHOCHUTENBHOMN
MPOHULAEMOCTH YHUHULIUPYIOTCS Ha HayaJbHOE BOJOHACHILICHHE C
pe3yabTaTamMu aOCOJTIOTHONW MPOHMIIAEMOCTH MPU CHMKEHHH (ha30BoH
nponuliaeMoctu no Hedru [22]. Tam, rae KpuBas OTHOCHUTEIHHOW
MPOHULAEMOCTH YHUHIUpYeTcs ¢ 3(PHEKTUBHONH MPOHUIIAEMOCTHIO
He]TH, BIMSHIE CMauyMBaeMOCTH, HAOI0gaeMoe B MPEbIAYILEM CIIy-
yae (YHHU(UKALIUSI TPOHUIAEMOCTH), (PaKTOPU3YETCs TaK, YTO KPUBBIE
HAa4YMHAIOTCS B OJHOM M TOM K€ TOYKE HE3aBUCHMO OT M3MEHEHUH
cMaurBaeMocTH [14].

Pucynku 7.3 (a, 0) MOKa3bIBalOT 3aBUCHUMOCTH OTHOCUTEIIBHBIX
MPOHHULIAEMOCTEH HETU U BOIBI OT cMaynBaeMocTH. OHU WILTIOCTPH-
PYIOT OTHOCHUTENBHYIO HPOHUIAEMOCTh (B MOIYJIOrapu(pMHUYECKOM
MacmTabe) HeTH W BOABI NPU BIUTHIBAHHM B MECYAHHUCTOM KEpHE.
B skcnepumente cMaunBaeMOCTh HE(ThIO OblIa MOJyuyeHa B Pe3yiib-
TaTe HCIOJb30BaHUsI PAcCTBOPUMOIO B HEPTH MOBEPXHOCTHO-
aKTHBHOTO BelllecTBa. M3MepeHue yria cMayuBaHUs ObLIO HCIOJB30-
BaHO JUIS ONMCAHMS COCTOSHUS CMadMBaHUA KepHa. ba3oBble mpoHU-
LAeMOCTH 7151 000OUX PUCYHKOB OBUIH OIpeieNieHbl KakK 3¢ deKkTuBHbIe
MPOHULAEMOCTH He()TH NpU MOrpeOEHHON BOAOHACHIIEHHOCTH. M3
pucyHka 7.3.a BHIHO, YTO OTHOCHTEJIbHAs MPOHHLAEMOCTb HEPTH
BBILIE MpU HEOONBIIONH cMmaunBaemocTH Bompoi (0=47°), yem npu
CWIBHOM cMaunBaeMocTd He(Thio (0=180°).

Habnronaemplii rucTepe3nc KpUBBIX OTHOCHUTEIBHBIX INPOHHIIAC-
MOCTEH COBIAZaeT C MOHMMAHHEM paclpeAeNeHHUs] HaCBIIIEHHOCTH
JUI Pa3iINYHbIX COCTOSHUIN CMaulBaeMOCTH.

U3-3a Toro, uto HedTh yaepkuBaercs B nopax (mns 0=180°) ka-
NWUIAPHBIMUA CHJIaMH, TOpPa3Ao Mpolle BHITECHUTh BOIHYIO (a3y, ueMm
HepTAHYIO B TaHHOM ciy4yae. OOparHasi cuTyauusi HabJIroaeTcs Tak-
ke JUIsl CWIBHO CMauMBacMoOW BOMOM cucteMbl. M3MeHeHue 3aBHCH-
MOCTH OTHOCHTENILHOW MPOHUIIAEMOCTH OT CMauyMBAEMOCTH, TIOKa3aH-



HOE Ha PHCYHKe 7.3a, TaKkKe NMPOMLUIFOCTPUPOBAHO HA pHUCYHKE 7.30.
Beuto 3ameueHo, yTo AJs JIIOOOTO 3HAYCHHS BOJOHACHIIIICHHOCTH BbI-
II€ BOJIOHACKHIIICHHOCTH MOPOBOTO 00BhEMa, OTHOCHUTENBbHAS TPOHH-
LIaEMOCTh BOJIbI YMEHBIIAETCS C YBEIMYCHUEM CMAaYMBAEMOCTH BOJIOH.
Korna Bogonaceimennocts 60%, OTHOCUTENbHAS MPOHUIIAEMOCTh BO-
nel 4%, Torma kak HeTH - 11% IJIst XOpOIIO CMayrMBaeMbIX BOJIOU
nopont (kpaeBoit yron cmauuBanus paset (). [yis xopomro cMmavnBae-
MBIX HE(TBIO MOPOJ, C KpaeBbIM yriiom cMmauuBanusi 180°, oTHocH-
TelbHAs MPOHULIAEMOCTh BOJBI MPU TOM XK€ POCTE HACHIIICHHOCTH
yBenuuuBaetcs oT 10 mo 40%, Toraa Kak 111 He()TH IOYTH paBHA HY-
nr0. CMBICIT B TOM, 4TO TpU 0OJiee BRICOKHMX 3HAYCHUSX KPacBOTO yria
(korzma mopoja CTaHOBHTCS TOCTENEHHO Ooyiee cMaunBaemoil Hed-
TBI0), IPOBOJAMMOCTb BOJIbI B TUIACTOBOM MOPOJIE BHIIIE, YeM HE(TH U,
MO CYIIECTBY, M3BJICUCHHE HE(DTHU JTOJKHO OBITH MeHee 3PPEKTHBHBIM
B XOPOIIO CMauMBaeMbIX HE(PTHIO, YEM B XOPOILIO CMauMBaEMBbIX BO-
JIOH IJ1acTax.

OJOHACBINICHHOCTD. % HOpOBHﬁ 00BEM BoonachIieHHOCTh, % MOPOBEI 00beM
Puc. 7.3(a). OTHOCUTE/IbHBIE Puc. 7.3(6). OTHOCUTEIbHBIE
MPOHULIAEMOCTH JJIs1 IBYX NPOHMLIAEMOCTH JJIsl HHTepBaJa

COCTOSIHUI cMayuBaemMocTu [43] COCTOSIHMII CMAa4YlBaeMOCTH



Morrow et al. [38] u3yumiau BIUSHUE W3MEHCHUS CMAuyUBACMOCTHU
Ha YCTaHOBHBUIYIOCS OTHOCUTEIBHYIO ()a30BYIO MPOHHLAEMOCTb BOJIBI
u Hedtu. WX wuccrnenoBaHus MPOBOAWINCH B THUAPOQHUIBHBIX, HEH-
TpaJbHBIX U THAPO(OOHBIX Mopoaax. M3MeHeHHs cMaylMBaeMOCTH OBbI-
JIU JJOCTUTHYTHI C TOMOILBIO MCIIOJIb30BAHUS PA3IMYHBIX KOHIIEHTpa-
LU OKTaHOBBIX KUCJIOT B He(TH. OHU MPHUILLIH K BBIBOLY, YTO OTHOCH-
TesnbHast (a3oBas MPOHHUIAEMOCTb BOJBI YBEIHUHMBACTCS C YCHICHHUEM
ruapopoOHOCTH, a HepTH HA00OPOT yMeHbIIaeTcs. Takxke 3aMeTHIy,
YTO C POCTOM CMAuMBAEMOCTH HE(THIO MX MEPECEUCHHE MPOHCXOIUT
npu Oosee HU3KUX 3HAYCHUSX BOJIOHACHIIICHHOCTH.

Mungan [40] uzMepus HeCTallMOHAPHBIE OTHOCUTEIbHBIE MPOHU-
LaEMOCTH KEPHOB U3 Te(IOHA U COOOIIWI, YTO COOTHOILICHHUE OTHO-
CUTENBHBIX MPOHUIAEMOCTEH (BBITECHSIOMIEH K BBITECHEHHOU (hase)
[IOYTH MEPNEHANKYIISIPHOE U AJTUTCS B TEUEHUE KOPOTKOIO MHTEpBaIa
3HAYCHWI HACHIIIEHHOCTH, KOT/Ia cMavynBaiommas (aza BHITECHSIET He-
CMa4MBaIOIIyI0. 3aTeM OH MpUILEN K BEIBOAY, YTO OOpaTHAsl CHUTYaIHs
MOJyYaeTcst, KOrja HecMauuBaomas ¢asa BEITECHIET CMaYUBAIOIIYIO.
B naHHOM ciyyae COOTHOIIEHHE OTHOCHUTEIBHBIX IPOHHUIIAEMOCTEN
CPaBHHUTENBHO BBIIIE M JUIMTCA NPH OONbIIEM WHTEpBaje 3HAYCHUIl
HaCBHIIIIEHHOCTH.

W3BecTHas M3 Hay4HBIX NMyOJIMKANUK 3aBUCUMOCTh KPHBBIX OTHO-
CUTENIbHON MPOHUIIAEMOCTH OT W3MEHEHHI CMadyrnBaeMOCTH IMOJITBEp-
)Knaercss MHOTUMHU uccnenoBanusamu [31; 32; 40]. Onnako However,
McCaffery et al. [32] 3ameTnnu, 4TO OTHOCHUTENbHAS TPOHUIIAEMOCTD
HE 3aBUCHUT OT U3MEHEHUI CMauMBaeMOCTH IPU CHIBHO BIIAXKHBIX yC-
JIOBUSIX, U YTO OOJbIINE M3MEHEHUS! MPOMCXOAAT TOJNBKO KOTJa cMa-
YHBAEMOCTbh CHCTEMBI ONM3Ka K HelTpaibHOH. K MoxouM BBIBOAaM
npulu 1 Apyrue aBropel: Morrow et al. [35; 36] - koTopsie coo6-
IMUIH 00 U3MEHEHUSIX KPUBBIX KalWUIIPHOTO AABJICHUS ¢ U3MEHEHU-
eM cmauyuBaeMocTH. OpHaKo ToydeHHble pe3yiabraThl Owen and
Archer [43] mpoTuBopeyar 3TOMy, TaKk Kak OHM HaOJNIOJAald TOJNBKO
W3MEHEHHUs] KPUBBIX OTHOCHUTEJIBHBIX MPOHHUIIAEMOCTEH MpHU H3MEHe-
HUM KpaeBoro yria cmauusanusi ot 0° no 47°. Habmronaemele u3Mme-
HEHMS IOBEACHUS OTHOCUTEILHON MPOHUIIaeMOCcTH (puc. 7.3) roBopAT
0 BO3MO’KHOCTH BBISIBJIICHUS B3aMMHOM 3aBHCHMOCTH OTHOCHTEIHHOMN



MPOHULAEMOCTH M CMayMBAa€MOCTH JIi TOMOTE€HHOTO THIAa CMayu-
BaeMocTd. OOOCHOBaHUE TaKOH B3aUMO3aBUCHMOCTH MOMOTJIO OBl OTI-
pPEeAENATh TUI CMAYMBAaEMOCTH 0 BUY KPHUBBIX OTHOCHUTEIILHBIX MPO-
HunaeMocteid. OHaKo 10 HACTOAIIEr0 BPEMEHHU HE MPHAYMAHO COOT-
HOLICHUH, HECMOTPS Ha MPEATI0KEHHbIE PyKOBOACTBA IS OLICHKU CO-
CTOSHUH CMayMBaHHA. B 3akiroueHHe yMECTHO NpEACTaBUTH IIPH-
ommxennblit moacuer Kpeiira (Craig's Rule of Thumb) [18] mns on-
peneneHusl CMauyMBaeMOCTH M3 aHATN3a KPUBBIX OTHOCHUTEIBHBIX MPO-
HUIIAEMOCTEH IJIi CHCTEM C BBICOKOW CTENEHBbIO BOJOHACHILICHUS.
[MpubnmkeHHbI MoAcUeT mpencTasieH B tabmuue 7.2. Crexyer ot-
METHTh, YTO Jpyrue (akropsl: ¢Gopma mop, HavyalbHas BOJOHACHI-
LIEHHOCTb, pacmpe/iesieHHe MmMop Mo pa3MepaM U CBA3HOCTH MOp - TaK-
e BIMSIOT Ha (JOPMY KPHBBIX OTHOCHTEIBHBIX IMPOHUIIaEMOCTel [0,
9]. Morgan and Gordon [39] mpomeMOHCTpUpOBaJIM AaHHBINA (axT,
W3MEPUB OTHOCHUTENbHBIE MPOHUIAEMOCTH B YHCTO THAPO(UIBHBIX
KepHaxX, U COOOIIMIN O 3HAYUTENBHBIX Pa3IUUUsIX MEXKIY STUMH I10-
Ka3aTesIMU U1l KEPHOB C OOJBLIMMH, XOPOIIO CBSI3aHHBIMHU TOPaMH,
u ¢ Oonee mMenkuMmH, MeHee cBsi3aHHbIMU mopamu. Caudle et al. [17]
3aMETWIH, YTO KPUBBIE OTHOCHUTEIBHBIX MPOHHUIIAEMOCTEH, MOJTydeH-
Hble Ha TUAPO(UIBHOM TEeCYaHHKe, 3aBUCSAT OT HaYaJbHOM BOJOHA-
CBILIEHHOCTHU. VI3MeHeHHs 3HaYeHUH HadaabHOH BOAOHACHIIICHHOCTH
BIUSIFOT Ha opMbI 1 pa3menienue KpuBbix. [loaTOMy MHTEpnpeTanus
CMauyMBaEMOCTH MOPObI MPH UCIOIB30BAHUH MPHOIMKEHHOTO IOA-
cuera Kpeiira (Craig's Rule of Thumb) [18] momkHa ObITh JOTIONHEHA
TaMm, TAE 3TO BO3MOXKHO, IPYTUMHU U3MEPEHUSIMHI CMaulBaeMOCTH, Me-
HEe YYBCTBUTEILHBIMH K «TIOMeXaM» (TO €CTh JPyTuM (hakTopam, KO-
TOpBIE TAaKXKe BIHUSIOT HA (OpMY KPHBBIX OTHOCHTENBHBIX MPOHUIAE-
MOCTeH, KaK ObUIO OMMCAHO BHIIIE).

7.1.2. CmaumMBaeMocCTb U OTHOCUTENbHAsA NMPOHNLAeMOCTb

B HepaBHOMEpPHO YBMnaXXHeHHOM cpefe

B ciiydyac CMEIIIaHHOW CMa4YyHMBaeMOCTH BOJa H He(i)Tb MOT'yT Ca-
MOITPOU3BOJIBHO IMOIJIOMIATHCS MTPU BBICOKUX 3HAUCHUAX HGCI)TG- " BO-
JOHACBINICHHOCTH COOTBCTCTBCHHO. Oco0EHHOCTh CMEIIaHHO-CMaYK-



BaeMOT0 IUTacTa - YacTU MOBEPXHOCTEW mopoA (00bIYHO OobLIMe T10-
POBBIE IPOCTPAHCTBA) NPEUMYILECTBEHHO TUAPOGOOHEI, B HUX HEPTH
HaXOIsTCA B BUJIE TUICHOK, TOTJa KaK OCTAIbHBIE YACTH (MEJKHE MOPEI
1 30HBI KOHTaKTOB 3€PEH, YCThs MOP) MPEUMYIIECTBEHHO THAPOPUIIH-
HBl. [{nd cMemiaHHO-cMayMBaeMbIX CHCTEM OTHOCHUTENbHAas MpPOHU-
LaeMOCTh HE()TH TOCTATOYHO BBICOKA AK€ NMPU HHU3KOW He(TeHaCHI-
menHocTd. Ha pucynke 7.4 mokaszaHbl JaHHBIE OTHOCHTEIBHBIX MPO-
HUIIAEMOCTEN /JIs1 KepHOB INecyaHrKa Berea 10 U mocne Tak Ha3bIBae-

Mmoit «Dri-Filmy» o6pabotku [51].
Tabnuya 7.2

Hpunéanxennsrii noacuér Kpeiira nis onpegenennss cMa4uBaeMOCTH
10 KPHBBIM OTHOCHTEJbHBIX NPOHULIaeMocTeil [18]

I'mppoduniabnas I'mppodobuas
nopoaa nopoaa
OO0b1uHO Gonpie  OObryHO GoubIre 15%

20-25% mopoBoro HOPOBOro 0ObEMa.
o0bema Yacro menbire 10%

B0/10HACKIIIIEHHOCTH TOPOBOTO
o0beMa

HacpImeHHoCTh, Koraa OTHOCH-
’ Boasme 50% Bo-  Mensire 50% Boo-

TEJIbHBIC IMPOHULIAEMOCTU BOAbL
JOHACBINICHHOCTH HAaCBIIICHHOCTH

1 He()TH paBHBI

OTHOCUTENbHAs TPOHUIAEMOCTD

BOJIBI IIPH MaKCHMaJILHOI BOJIO-

HACHIIIICHHOCTH; Ha OCHOBE 3¢- OObuHO MeHbIe  Bimxke 50% u ¢ qoc-
(heKTHBHO ITPOHNIIAEMOCTH 30% TroxeHueM 100%
HEe()TH IPH BOJOHACKHIIIIEHHOCTH

MOPOBOTO 00BEMa

«Dri-Film» - 3T0 monumep KpeMHHS, UCTIONB3yEMbIH AJIs1 YMEHbB-
LIEHU CMaYMBAeMOCTH MOPOJ BOAOH, a TaKXKe NI JOCTHIKEHUS Ke-
JTaeMOTO CMeEIlaHHO-cMauuBaeMmoro moseneHus. [lomarator, yTo uC-
MI0JIb30BaHUE MOJUMEPOB KPEMHHMS Il M3MEHEHHUS CMadylBaeMOCTH
MIpUBENET K €€ HEPAaBHOMEPHOCTH H3-3a NMPEUMYIIECTBEHHO CMELICH-
HOU ajcopOLuK peareHToB Ha nopoje. O0e cepuu KpUBBIX HA PUCYH-
ke 7.4 ObUIM MOJIy4YeHBl PU HEYCTAHOBMBIIEMCSI METOAE LIS OIpelie-
JICHUs. OTHOCHTENBHBIX IpoHHUIaeMocTted. W3 pucyHka BHIHO, 4YTO
NpU CBA3HOM BOJOHACHIEHHOCTH MPOHHULIAEMOCTh HE(TH pacTeT



CUJIbHEE, YeM OTHOCHUTENIbHAS MPOHUIIAEMOCTh BOJbI C YBEIHMUCHHEM
CMa4MBaeMOCTH BOJIOHN (W3-3a 00paboTku «Dri-Film», B pesynbprare
KOTOPO KEPH CTAaHOBUTCS TUAPO(MOOHBIM). JlaHHBIN pe3ynbTar mpo-
THUBOMOJIOKEH TOMY, KOTOPBIA OBLI TOJIYYECH B CHCTEMaX C OJHOPOJ-
HOW CMaYMBacMOCTBIO, TJI€ OTHOCUTEIIbHAS MPOHUIIAEMOCTh HedTH
CHIDKACTCS ¢ YBEIIMYCHUEM CMauYuBaCMOCTH HE(THIO.

Puc. 7.4. KpuBbie 0THOCHTEJILHBIX IIPOHHUIIAEMOCTei
1Jis1 necyaHukoB Berea 10 u nocie oopadotku «Dri-Film» [51]

Wang et al. [50] uccienoBanu BIusHUE H3MEHEHHS CMauylBAEMOCTH
HA OTHOCHTEJIbHbIE NPOHUIAEMOCTH HE(TH U BOJBI, UCIOJIB3Ys KEPHBI
necyannkoB Berea u Loudon. KepHsl necuanuka Loudon Obutn n3Ha-
YaJbHO CMEIIAHHO-CMAuMBaeMble, a 3aTeM MpPEBpaILeHbl B THAPOQUIL-
Hble, TOT/Ia KaK CMEIIaHHAs CMauuBaeMOCTh ObLIa JIOCTUTHYTa B THI-
podMIBHBIX KepHAX NecyaHnKa Berea ¢ mOMOIIBIO OKHCIEHHS TPUPO-
Ho HedtH 3 Loudon. M3mepenne OTHOCHTENBHBIX MPOHHUIAEMOCTEN
MPU YCTaHOBUBILIEMCS] pEXUME OBLIO BBIIOIHEHO Onarogaps NpUHIIHU-
ny, omucaHHOMY B pabore Braun and Blackwell [15]. Onu cpaBamim
OTHOCHUTENbHBIC TIPOHULIAEMOCTH TIPH BIMTHIBAHUU KEPHOB MECUAHUKA
Berea 1o u nocne oxkucieHHs U 0OHAPYKWIIM CYLIECTBEHHBIE OTIMYUS



MPU BBICOKOM 3HAYEHHH BOJOHACHIMEHHOCTH >50%. OHU cooOrmmim,
YTO OKUCIJICHHBIC KEPHHI MecuyaHuka Berea mmeror ocrarounyro Hedte-
HACBILICHHOCTb, paBHYI0 17%, TOr/Ia KaK €CTeCTBEHHBIC KEPHBI MTOKa3a-
11 3HaueHue, paBHoe 47%. B KOHEUHBII MepuoJl OTHOCUTENbHAS MPO-
HUIIAEMOCTh BOJIbI ObLIa 35% B OKMCIIEHHBIX KepHax U 3,4% - B ecre-
cTBeHHBIX. [[ns BojoHackimeHHOCTH Hibke 50% mapaMmerpsl OTHOCH-
TEJIBHBIX IPOHUIIAEMOCTEH OBLIN MOX0XHUMU. Te ke uccieoBaHus Obl-
JI1 TIPOBEJICHBI Ha KepHax mnecyanuka Loudon, rjie B KOHEUHBIN TIEPHOJ
OTHOCHTEJIbHASA MPOHUIIAEMOCTb BOIBI CHU3MIACH ¢ 20% 1uist cMelnan-
HO-CMAuMBaeMOro cocTostHust 10 7,8% 1uist TuapoOUIBHBIX TOpoA. Bol-
JI0 TOXOXKEE CHIKCHHE 3HAYCHUH OTHOCUTEIHHOM MPOHULIAEMOCTH
HedTH B KOHEUHBIH nepros ¢ 82% 10 63%.

Richardson et al. [46] uccienoBanu MoBeICHNUE COOTHOIICHUS OT-
HOCHUTEJBHBIX MPOHUIIAEMOCTEH HA KEpHAX B ECTECTBEHHBIX COCTOS-
HUSX U ounIIeHHBIX kepHax u3 East Texas Woodbine, uzmepsisi oTHO-
CUTENbHBIC (a30BbIC NMPOHHUIIAEMOCTH HEe(THU U BOABI MPH HEYCTaHO-
BuBIIEMCs pexkume. OHU 3aMETWIIM, YTO MOBEACHHUE KEpHA B DKCIIC-
pUMEHTaX TOCJIe OYUCTKH OTJIMYAJIOCh OT TOr0, KOTOpOE OBLIO B OJI-
HOPOJHO CMayuBaeMoil cucrteme. B 0THOPOAHO CMauyuBaEeMbIX CHUCTE-
MaX COOTHOIIEHHE OTHOCHUTEIHHBIX MPOHUIIAEMOCTEH (CMaYnBaroas
(aza 3amMeraeT HECMa4yMBAOIIYI0) MPHU 3aJaHHOW BOJOHACHIIICHHO-
CTH OBLJIO HAUMEHBIIUM JIJIS TUAPO(MUIBHBIX CUCTEM, U OOJIBIIEE KO-
JIUYECTBO KPUBBIX THAPOGOOHBIX CUCTEM OBUIM PACIIOJIOKEHBI ClIeBa
OT KPHMBOHW sl TUAPOQPHIBLHONW CHCTEMBL. TO ecTh ObLIO YMCIEHHO
0oJbIIICe COOTHOIICHHE OTHOCHUTEIbHBIX MPOHUIIAEMOCTEH MpPU TOM
K€ BOJIOHACHIIIEHHOCTH. OIHAKO OHU 3aMETUJIM, YTO KPHUBasi TUIPO-
(UIIBHOM cHCTEeMBI ObLIIa PACIIOJIOKEHA CJIEBA OT KPUBOH B €CTECTBEH-
HOM COCTOSIHUU. 3aBOJIHCHUE KEPHA B €CTECTBEHHOM COCTOSIHUH IPHU-
BEJIO K OYCHb HU3KOMY 3HAYEHHUIO OCTATOYHOW He()TEHACHIIEHHOCTH
(OH), kotopoe m3mensiercst ot 2% no 12% mnopoBoro o0bema, Toraa
KaK pe3yJbTaThl M3BJICUCHHOTO KepHa (TUAPOQILHOIO) OKa3alUCh
paBubiMu 30%. [laHHOE wHCCleOBaHHE PACCMATPHUBAIO CMEIIAHHO-
CMa4YMBaEMO€ COCTOSHUE KEPHOB B €CTECTBEHHOM COCTOSIHUU.

Hpyrue uccrnenosatenu [23; 47] m3aMepsuin OTHOLIEHHE OTHOCH-
TEeNBHBIX TpoHHIaeMocTell (kw/k() B HE3HAYUTEIHLHO CMAaYMBACMBIX



CUCTEMaX, HCIIONIb3ysl 00paboTaHHBIE/HEOOPaOOTaHHBIC TMECKH MU
KpOIIIKKA CTEKJa/TehIoHa JUIsl UMUTAIMKM HE3HAYUTEIhHO CMauyuBae-
MOTO COCTOSIHMSl. ['JIaBHBIN pe3ynbTaT HCCIENOBAHUM - W3MEHEHUS
OTHOIIICHU OTHOCUTEIILHBIX MPOHHUIIAEMOCTEl C yBenudeHueM OT ()
1o | (umm camkenueM ot | go 0) moseit mopoj, cMadnBaeMbIX Hed-
TBIO, TIOXOXKH HA U3MEHEHUS, HaOII0aeMbIe MTPU CMEHE CMayuBacMO-
CTH TIOPO/]T OJTHOPOJTHO CMaYMBAaEMbIX KEPHOB.

7.2. BnusiHne MMKpOCTPYKTYPHON CMa4yMBaemMoCcTu
Ha XapaKTepPUCTUKU 3aBOAHEHUA

s HedTerazonpoMBICIIOBOH MPAaKTUKU XapakTepHO, 4TO (assl,
¢unpTpyoNIMecs B pealbHbIX IacTax (HedTh, NPUPOAHBIN a3, BOJA,
KOHJICHCAT, TEXHOJIOTUUECKHE XHUIKOCTH), HE SBISIOTCS MHEPTHBIMHU
M0 OTHOILEHHIO K CKeneTy miacta. OHM aKTHMBHO B3aUMOACUCTBYIOT C
TBepIoi ¢a3oi u ¢ apyrumu dazamu miacta. [loaromy BMecTo abco-
JIOTHOM MPOHHULAEMOCTH, XapaKTepu3ytoueld (puibTpaluoHHYIO CIO-
COOHOCTB TJIacTa IjIsl «KMHEPTHOM» (a3bl, HE B3aMMOJCHCTBYIOLIEH CO
CKEJIETOM TMOpOABI, AOJDKHA paccMaTpuBarbesi (ha3oBas IpPOHUIIAe-
MOCTbH IIPH TIOJIHOW HACBHIIIEHHOCTH MOPHCTOW Cpelbl NaHHBIM (IIIou-
noM Ko.

3navyenus kod¢¢unreHToB (HazoBoi MpoHUIIaeMOCTH K 3aBUCST
OT 3HayeHHH KOo3(PPUIMEHTOB aOCOMIOTHOM NPOHMLIAEMOCTH, IIO-
CKOJIbKY W Ta, W JpYyras MPOHHLAEMOCTH OINPENEISIOTCS CTPYKTYPOi
MOPOBOTO MPOCTPAaHCTBA, HO BEJIMYMHBI 3THX KOI(PQPHUIUEHTOB pas-
JIMYHBI, TaK KaK (a30Bas IPOHUIIAEMOCTh ONPEAETSIeTCs CYIIECTBEHHO
Oonee OOMIMPHBIM HAOOPOM MapamMeTpoB, YeM aOCOMIOTHAs MPOHH-
naeMocTb. B3anMocBs3p k03 duienToB ¢azoBoii (Kp) 1 adbcomot-
Holi (K0) MpoHHUIIaeMOCTEH MOXKET OBITh Ipe/ICTaBlICHA B BUC

Ky=Ko F,
rae £ - dyHkuus B3auMoneicTBust QUIBTpyomuxcs (a3 co CKeleToM
IJ1acTa, XapaKTepPU3yIOliasl CTeNeHb U3MEHEHUS! TPOHUIAEMOCTH IS
KOHKpPETHOH mapsl ¢umon/mopoga npu (UKCHUPOBAHHOM XapakTepe
(U3NYECKUX MOJIEH.



Ha rugpo¢oOHOl MOBEpXHOCTH CKeJleTa BO3HHKAET CTPYKTypa C
OpHEHTalMell IuIoJIiell BOABI MapaijielbHO TMOBEPXHOCTU. DddexT
YTOPSIIOYEHHONH OpPUEHTALMM PACIPOCTPaHseTCs Ha 3HAYMTENbHBIC
paccTosiHUA (SBISIETCS NATbHOACHCTBYIOIMM). Takas CTpyKTypa mpu-
BOJIUT K YMEHBUICHUIO TIOTHOCTH BOJBI BOJM3M CTEHOK MOP M TOBBI-
LIaeT MOJBHXHOCTh MOJICKYJI B TAHT€HIIMAILHOM HAIPaBICHUU K BHYT-
PHUIIOPOBOI MOBEPXHOCTH CKEJIeTa. ITO MHTEPIIPETUPYETCS KaK CHIKE-
HHE BSI3KOCTU IPAHUYHBIX CJIOEB BOABL OTOT 3 (EKT MPOSBISETCS KaK
CKOJIbXKEHHE BOJBI 10 TuApodoOHOoH noanoxke. [lomoOHbIe 3¢ (peKThI
MOT'YT IPUBOAUTD K POCTY (a30BOil MPOHMLIAEMOCTH IO BOJIE.

Jns runpodunbHOM MmoBepXHOCTH cHUTyauusi oOpaTHas. Wmeer
MECTO TOBBILICHHE IUIOTHOCTH WM CHH)KEHHE TAHTCHIMAIBHOW MOJ-
BIDKHOCTH MOJIEKYJI B CJIO€ TONIIMHON HECKOJIBKO HaHOMETPOB. JTO
WHTEPIPETUPYETCS] KaK POCT BA3KOCTH IPaHUYHBIX CJIOEB BOJbL. B Ka-
nwuiapax 3Q¢GeKT yBearnueHHs BA3KOCTH BOABI 3aBHCUT OT paanyca
Kanmuuisipa (T.e. OT COOTHOIIEHHsI cBOOOTHOTO 0O0beMa H 00beMa CBSI-
3aHHOW BoApbl). C yMEHBIICHUEM paJuyca Kamwuisipa CpemHss Bs3-
KOCTh BOJbI pacteT. Ha MareMaTniecKux CETOUHBIX MOJEJSX MOpPHUC-
THIX cpel ObUIO CMOJECIUPOBAHO BIMSHHE W3MEHEHUS BSI3KOCTH B I10-
pHUCTHIX 00pa3uax B 3aBUCHMOCTH OT CMauyMBaeMOCTH oOpasma. Ha
puc. 7.5 mokaszaHo, YTO M3MEHEHHE 3HAYCHHUH (a30BBIX MPOHHLIAEMO-
creit mpu 100% 3amoyiHEHUH TIOPOBOTO 00BeMa (HIFOMIIOM, OTHECCH-
HBIX K a0coroTHON npoHHuaemMoctu (F = Ky/Ko), 3aBUCHT OT BEIHYH-
HBI IUIOMAaM cMadnBaeMoi moBepxHoctd (OPSP) u ctpykryphl cma-
YMBAEMOCTH (AMana3oHa cMaduBaeMbIX MyctoT). [Ipuuem mpu Hecma-
YrBaeMOW MOPUCTON cpene F MOKeT ObITh 3HAYUTENIbHO Oojblie |.
Bnusinue Tuma cMaunBaeMocTd Ha (a30BYIO MPOHUIIAEMOCTh HE00XO-
VMO YYMTBIBATh MPH MPOTHO3E MOKa3aTesieil pa3padOTKU B CI0XKHO-
MOCTPOCHHBIX IIACTaX.

B npomebIciioBo# mpakTHKe OOBIYHO JAeiajcs akleHT Ha 3ddexrax
3aHKeHHs (a30BOH MPOHUIIAEMOCTH IO OTHOLICHUIO K aOCONIOTHOM.
OO0partHbiil 23QQeKT paHee HUKOTIAa HE paccMaTpuBaics. B To xe Bpe-
MS JUII OTHOCUTENbHOH (ha30BOI MPOHUIIAEMOCTH TIPH HETOJIHOM 3a-
MOJTHEHUH TIOPOBOTO MPOCTPAHCTBA (PUIBTPYIOLICHCS U3BECTHBI IKC-
MepUMEHTANIbHBIC TaHHBIE, IEMOHCTPUPYIOIINE aHATOTHYHBIN 3 dexT



(puc. 7.6) [3], (puc. 7.7) [4]. BugHO, 9TO TpW MajbIX 3HAYCHHUSIX BO-
JIOHACKHIIIEHHOCTH (Da30Basi MPOHUIIAEMOCTh 0 HE(PTH MOXKET CyIIe-
CTBEHHO IMPEBBINIATh 3HAYCHHE aOCONIOTHOW MPOHMUIIAEMOCTU. ITOT
3¢ ekt MokeT OBITh YCIIEIIHO UCTOIh30BaH MPH T0ObYe HEPTH T10-
BBILLIEHHOW BSI3KOCTH.

-m-CMadnBaeMbl
MeHbLUMe NyCTOoTbl

1 *m CMayvBaeMbl
6onblune nycToThl

Puc. 7.5. BaiussHae CTPYKTYPHI CMAYHBAHNUS HA PUBEACHHYH) BeJHYHHY
(dazoBoii nponunaemoctu npu 100% 3anosHeHUH MOPOBOro odbLeMa
prougom

Puc. 7.6. 3aBHCHMOCTH OTHOCHUTEJIBHBIX ()a30BBIX IPOHHIIAEMOCTEH
OT HACHIIIEHHOCTH NMOPOBOro 00beMa cMavnBaoeil ¢a3oi
JJIS1 HU3KONPOHMIIAEMOI0 MeCYaHUKA NMPH Pa3JTUYHBIX 3HAYEHHUSAX
napametpa p(/Ils' (Odeh, 1959)



Puc. 7.7. 3aBucuMoCTb 0THOCHTEIBLHON (pa30BOH MPOHHUIAEMOCTH
1o He)TH NPH ABYX Pa3JIMYHBIX 3HAYCHUAX HedTeHAChIEHHs KepHa S(
(Danis, Jacquin, 1983).

7.2.1. BnusiHne MUKpPOCTPYKTYpPHOMU CMaynBaeMoCTu
Ha OTHOCUTENbHYI (ha3oBy0 NPOHULLIAEMOCTb

OtHocuTtenbHble (a3oBble nponunaemocta (OPII) obbuHO ompe-
JETSI0TCS Ha DKCTParupOBaHHBIX KEPHAX, KOTOPHIEC SBISIOTCS PaBHO-
MEpHO THAPOPHUIBHBIMU. BiHsHUE MHKPOCTPYKTYpHOWH CMadnBaeMo-
ctu Ha ODII ne uccnenosano. Ha puc. 7.8 ganst O®DII ana mukpo-
CTPYKTYPHO-CMAuMBaEMOI0 KOJUIEKTOpa. MHKpPOCTPYKTypa COOTBET-
ctByetT miactaM FOK 10-11 Tanunckoit miomaaun KpacHoneHHHCKOTO
MECTOPOXKICHUS.

Jna xomnekropos miactoB FOK 10-11 xapakrepHo Hamuuue 4 Tu-
noB (pa3oBBIX MPOHUIIAEMOCTEH MO BBITECHSIOMIEH BOJE, MEHSIOMINX-
Csl OT BBINYKJIOro 10 BOrHyToro. IlomyueHuwe TOro WiaM MHOTO THIIA
O®II 3aBUCHUT OT TOrO, KaKOW 3JIEMEHT CTPYKTYpPHI IYCTOTHOTO IPO-
CTPAHCTBa: MPOBOASALINE KANMUIAPHI (Majble MyCTOTHI) MM KPYIHBIE
MOPBI SIBIISIIOTCS CMAaUMBAaEMbIMU BOJIOH.



IIpuBeneHHble (pa3oBble NPOHUIIAEMOCTH IO BOoJde U He(dTH.

Koadpdununenr BoagoHachilieHHOCcTH KB

Puc. 7.8. Biausinne cTpyKTyphl CMAYHBAHUSA HA OTHOCHTEIbHBIE
(¢azoBble NpoHNLIAEMOCTH

7.3. CMmauMBaeMoCTb U ABMXeHue BogHou ¢asbl Npu 3aBOgHEHUU

Kak Obuio 3amedeHo, He()Th OOBIYHO 3aHMMAaeT Ooyiee KpYIHBIC
MOphl B THAPO(QWIBHBIX IIacTaX, TOTJa KaK BOJA — MEJKHE MOpEIL.
I'pagueHT naBneHus, HEOOXOAMMBIH JJIs 3aMEIEHUS BOJBI U3 TLIACTa,
TakuM 00pa3oM, BHIINIE, YeM TOT, KOTOPBIH HEOOXOAUM JUIs 3aMellie-
Husl HeTAHOW (ha3kl HM3-3a BBICOKMX KaNMWUIAPHBIX cuil. [loatomy
yBEJIMYCHNE BOJHOU (pa3bl oTpakaercs Ha pocre 3((HEKTHBHON Hpo-
HUIIAeMOCTH HedTH U craje 3P(HEeKTUBHON MPOHUIIAEMOCTH BOJbL. M3
BBIIIIECKA3aHHOTO CIIEAYET: CJIM CBOWCTBA IPYTOM MOPOALI U (hrouia
OCTAIOTCSl TIOCTOSIHHBIMH, W3BJICYCHHAS HE(Th B JIIOOOW MOMEHT Bpe-
MeHH OyneT BbllIE B TUAPO(QUIBHOM IUIacTe, YeM THAPO(HOOHOM.
Onenka 3 QeKTUBHOCTH BBITECHEHUS MPH 3aBOJHEHUM IPOBEICHA C
TTOMOIIIBIO aHATTN3a KPUBOM JBUKEHUs OTHEeNbHBIX (a3. Torma, koraa
COCTaBJICHO ypaBHEHHUE JABWKCHUS OTICIBHBIX (a3 ¢ HIeaTn3upoBaH-
HBIMH CBOHCTBAaMH, BO3MOYKHA OIICHKA, C OMPE/IEIICHHBIMH ITOTPEITHO-



CTSMH, CBS3aHHBIMH C paclpelesieHeM HaCBILIEHHOCTEeW NP BBITEC-
HEHHHU BOJIOH, a TakKe ¢ BIUSHUEM COCTOSHUS CMauMBaHUs Ha GOpMy
U MECTONOJIOKEHHE KPHUBOM. BrlpaskeHne s KpUBOM ABMKEHUS OT-
JenbHOU (a3blfw npeacTasieHo Hwxe (7.2).

(7.2)

rae f» — (a3oBoe ABWKEHHE BOABL, ko, kv - OTHOCUTEJIBHBIC MPOHU-
LAaeMOCTU HE(TH U BOJBI COOTBETCTBEHHO, PO, Pw — BSI3KOCTH HE(PTH U
BOJIBI COOTBETCTBEHHO, Sw — BOAOHACHIIICHHOCTb.

B Taxoii ynpomienHo# ¢hopMe ypaBHeHHE IBMOXKCHUS (a3 sBIsSETCS
MOKa3aTesieM KOJMYEeCTBa BOJbI, KOTOpas AOOBIBAeTCS BMECTE C Hed-
TBHIO B JTIO0OK MOMEHT BpeMEHH. YpaBHEHHE 7.2 TIOKA3bIBAET, YTO ITO
KOJINYECTBO 3aBUCHUT OT OTHOILIECHUH BA3KOCTH U OTHOCHTEJIBHBIX IPO-
HunaemMocteid. Tak Kak OTHOCHTEIbHAs MPOHUIAEMOCTb HESBHAs
(GYHKUIMS CMayMBaeMOCTH W SBHas (PYyHKIMS HACBIIIEHHOCTH, TO
(POHT BBITECHEHHUSI 3aBHCUT TaKK€ OT COCTOSIHWS CMauWBaHMS IUIa-
cra. CinenoBaTeNnbHO, IPU TTOCTOSHHBIX 3HAYEHUSIX COOTHOLICHUH BSI3-
KOoCcTel HeTU U BOABI, 00BEM ABMXKYIIEHCS (a3bl 3aBUCUT HESIBHO OT
HaOJII01aeMOT0 B IJIACTE€ COCTOAHUS cMmaumBaHus. Ha pucynke 7.9
[51] mokazaHO 5TO OTHONIEHWE MEXAY KPWUBOW IBMKEHHs (aszbl U
cmaunBaeMocTH. COCTOSHUE CMauMBaHHA OBUIO ONPEAENECHO C TIOMO-
HIBI0 KPaeBOTO yrila CMauyMBaHUs, U COOTHOLICHUE BSI3KOCTEH HEPTH U
BOJIBl OCTaBaJIOCh TIOCTOSIHHBIM Ha YpOBHE 25.

Kpuas amwxenus ¢a3 ans ruapodobOHOro rumacta 6osee KpyTas
u uMmeeT Oojee IUIMHHBIA «XBOCT» MO CPaBHEHMIO C THAPOGUIBHBIM
riactoM. [103ToMy (QpPOHT BEITECHEHHUS M CpeHss HACBIIIEHHOCTD I10-
3aqu  (poHTa OoJiee BBICOKAas MAJsl CMAuyMBaeMbIX BOJOH CHCTEM
(0=47°), yem ans xopomo cMauuBaeMblx HedTblo cuctem (0=180°).
Cwmpicnt B TOM, uTo Oosbine HedTH OydeT H0OBITO B TMAPOPHUILHOM
IUIacTe MO CPaBHEHUIO ¢ TUAPO(OOHBIM TacToM. Jpyrodl BaskKHBIHA
BBIBOJI, KOTOPBIM MOXKHO CllenaTh Mo pUCYHKY 7.9 [51]: HecMmoTps Ha
TO, YTO CyMMapHbIe JOOBIYH 00EUX CHCTEM, B KOHEYHOM cueTte, OyayT



OJMHAKOBBIMH, M3BJeUeHHE B TUAPO(YOOHOM MiiacTe Mocie TOCTHUXKE-
HUs PppoHTa BEITECHEHHMSI OylIeT CBS3aHO ¢ J0OBIYeH OOJBIIOro KOJH-
YecTBa BOZABI M3-32 JJIMHHOTO «XBOCTa». B KOHEWYHOM cuere, HEBBI-
TOAHBIC TIOKA3aTeIn B YKOHOMHUKE 3aCTaBAT CHU3UTH MPEACIBHYIO J10-
Obiuy. Ecnm ompemenuMm cpeiHee 3Ha4€HHE BOJOHACHIIIEHHOCTH 32

(l)pOHTOM BBITCCHEHHUS KakK Swar BOJOHACBIIICHHOCTH HOI’pe6GHHOﬁ
BO,I[Oﬁ KakKk Swi, TOorAga HACbIIICHHOCTb BBITCCHCHHBLIX YTJICBOAOPOJ0B

Ha (pOHTE BBHITECHEHUS ONPEACIIICTCS KaK Swsr — Swi

Puc. 7.9. Kpusble 1BHKeHUS OTAEJbHBIX (pa3 NpH 3aBOAHECHUH
B IHAPOQMILHBIX H THAPOGOOHBIX CHCTEMAX P COOTHOLICHUH
BsI3KOCTel HedTH U BOAbI, paBHOM 25 [51]

ITosToMy 00Iliee KONUYECTBO BBITECHEHHOW HE(PTH BBIYHCIACTCS
o Qopmysie:



NP =V, (SwBT - Swf) (7.3)

rae Ve - MOpOBBI 00BEM MPOAYKTHBHOrO Iuiacta. MHTepecHo, 4TO
MIPY NIOJTy4eHUH ypaBHeHUs 7.3 QyHIaMEeHTaIbHBIM MPEIIOI0KEHIEM
OBUIO TO, YTO B HaYaJIbHBIH MOMEHT 3aBOAHEHHS BOJa ObUIA HETOA-

BwkHOH. W3 pucynka 7.9 Swsris =0.55 1ans1 rugpoQuibHBIX U

Sweris =0.39 g ruapodobueix cucrem. Ilpeamonaraercs, 4To BO-

JIOHACBHIIIEHHOCTh TOrpeOEHHOM BOJBI SBISETCS MOCTOSIHHON BEJINYH-
HOH, paBHOi1 0,2. Takum oOpazoM, cymMmapHOe KOIH4ecTBO HeTH No
Ha (QpOHTE BBITECHEHUS UIsl 000MX CiydaeB COOTBETCTBEHHO Mpe.-
CTaBJICHO HUXKE:

Np (0=47°) = 0.35PV (To ectb 35% mopoBoro oobema Iacra);

N» (0=180°) = 0.19PV (10 ectb 19% mopoBoro oobeMa iacra).

Takum o0pas3om, AJsi CUCTEMBI, MMOKa3aHHOW Ha pUCyHKe 7.9, Ha
(pOoHTE BBITECHEHHS H3BIICYCHHAs HEPTHh M3 THAPOPUIBLHOTO TUIACTA
OyzeT mpeBbIIATh B B pa3a TOT 00beM, KOTOPBI MOT Obl OBITH J0-
ObIT U3 ruapodobuoro miacta. Ha pucynke 7.10 [51] mpencrasieHo
JaHHOE HCCIEAOBaHKE, TJe NMPUBOJUTCS CpaBHEHHE HEPTEBHITECHE-
HUS 17151 TOM e cucteMbl. Ha ocuy moka3sana u3BinedeHHas HeQTb, Ha
ocu X - 00BeM HOp, 3aTPOHYTHIX 3aBOAHEHUEM.

Puc. 7.10. Binsinne cMa4yMBaeMOCTH HA BhITeCHeHHe HeTH
NPH HATHETAHUHU BOABI [51]



Ha pucynke 7.10 mokazana HabnroaeMasi TEHACHLUS IPH BOAHOM
BBITECHEHUH U, BO3MOXHO, OHa OTpakaeT HOpMY HedTeoTAaun mpu
3aBonHeHuH. Cremyrone BaKHBIE BOMPOCH JTOCTOWHBI BHUMAHHS:
nocie (ppoHTa BHITECHEHHSI HE TPOUCXOIUT 3HAYUTEIHLHOTO M3BJEYe-
HUS He(TH B THAPOQUIBLHBIX CUCTEMAax; BOJHBIH (PPOHT BHITECHEHUS
JOCTUraeT I0OBIBAIOIIYIO CKBXMHY MEHBIIE YeM depe3 | MOpoBBId
00beM HarHeTaeMoi Bojbl. OOBMHO pa3paboTKa MECTOPOXKACHUS C
THAPOQUIBHBIM THIIOM KOJUIEKTOPa HPOHMCXOAWT MpPHU INPOKAYKE B
npenenax ot | g0 1,5 mopoBbIX 00BEMOB BOJBL, A 00BEMOB, 0OOJIb-
IIMX OJHOTO TMOPOBOTO 00bEMa HATHETAeMOW BOJbI, TUAPOPOOHBIC
CHCTEMBI SBIISIIOTCS caboll (yHKUMEH HarHeTaeMbIX MMOPOBBIX 00be-
MOB.

7.4. BnusiHme cmMayMBaeMoCTU Ha Ko3acpduumeHT HepTeoTAaUM

7.4.1. OpHopoagHoO-CMauMBaemas cpena

Ony0aMKOBaHO MHOXKECTBO J1a0OPAaTOPHBIX HCCIEIOBaHUH, KOTO-
pbie OBLIM MPOBEJCHBI JIJIS BBISBICHUS BIMSHUS OJHOPOTHONW CMadu-
BaeMOCTH Ha 100bdy HeTH U Ha KodduuueHt HepTeornaun. Oana
W3 paHHUX Pa0OT, MOCBSAIIECHHAS BIUSHUIO TUAPOPOOHBIX M THUAPO-
(WIBHBIX CUCTEM Ha JA00bIYY HEe(TH MpH 3aBOJHCHUH, ObLIA BBHIMOJ-
HeHa aBtopamu Donaldson and Thomas [22]. OHu ucnoab3oBaiu
MUKPOMOJIETH (IBYXCIOWHBINA IECOK MEXIY ABYMS ILUIOCKHMH MUKPO-
CKOIIMYECKUMH CIIOSIMHA O0PAa3IloB) Ui HAOMIOJACHUS BIMSHUS OJTHO-
POIIHOM CcMauMBaeMOCTH Ha NoObMy HedTu. Pesymprarel uccienosa-
HUN OBUIM TIOJNTBEPXKACHBI paboTaMH MO 3aBOJHCHUIO TECUYAHHCTHIX
kepHOB. CocTosiHME CMauuBaHHA JUII MHUKPOMOJENEH ObLIM oIpene-
JICHBI 110 BU3YAJIBHBIM HAOIOJICHHUSIM, TOT/Ia KaK IMeCYaHUCTHIC KEPHBI
OBLUIH OIMCaHBI ¢ Hcoab30BanreM nHaekca USBM. M3menenusa cma-
YHUBAEMOCTH 00PAa3IOB KEPHA OBLIM JOCTUTHYTHI MPH MOMOIIHA 00pa-
6otk GE Dri-Film Nel44. B xauecTBe pacTBOpa UCIIOJIB30BaJICS BOC-
cranonieHHbiii (0,1 NaCl). Tect no 3aBOJHCHHIO KEpHA MPOBOIMICS
pu NOCTOSTHHOM Ju(depeHnmanbHoM naieHud 50 QyHTOB Ha KBaj-
patHbiii aroviM. CorllacHO pe3ysbTaTaM 3KCIEPUMEHTa ObLIO W3BIIC-



YeHO Oosblliee KOIMYEeCTBO HEYTH M3 THAPOPHUIBHBIX CUCTEM, YEM U3
ruApoQOOHBIX MM CMEIIAHHBIX cucTeM. Huskue 3HaueHust HeTeoT-
Jadu B TUAPOGOOHBIX CUCTEMAaX OOBSCHIUCH OBICTPBIM 00pa30BaHHU-
€M KOHYCOB 3aBOJHEHUsI, KOTOpBIE MPHUBOIWIN K OJHOBPEMEHHOMY
MPOPBIBY BOJBI B CKBa)KUHBI C TIEpBOW A0OBITON HedThio. OnHAKO J10-
Obl4a HeTH MpoAOIDKaNach elie JUINTEeIbHbIE EPHOABI AaXe Iocie
storo mpopsiBa. Ilocie Toro, kak mo0ObYa He(TH MpPEKpaIaiach,
oonpmue 1enukn HehTu (0T 20 mo 30 aMaMeTpoB 3epeH MOPOBOTO
MPOCTPAHCTBA) €lIe OCTAaBAIUCh B CUCTEME. B THApOQHIBHBIX cHCTe-
Max TaKxe ObUTH OOHapysKeHbI 1enuKd HedTi. OfHAaKO OHM OKa3bIBa-
JIUCh MaJbIX pa3MepoB (00b4HO 3-4 nuaMerpa 3epeH MOPOBOTO MpO-
CTpPaHCTBa), M MOCIEAYIOIIee BHITECHEHHE 3TOH 3aleMIeHHONH He(TH
OBLIO BO3MOXKHO MPH OYEHb BBHICOKOH CKOPOCTH HarHETaHHH.

Bonpexu otdery Jlonanpacona u Tomaca [22] Mo OTHOCHTENBHO
TI0X0H 3P QPEKTUBHOCTH BHITECHEHUS W U3BJICUYEeHUs] He(TH MpH cMe-
[IaHHO-CMA4YHMBAEMbIX YCJIOBHSX IO CPaBHEHHIO C THIPOPHIBLHON
CUCTeMOH, apyrue ucciuenoatenu [34; 27; 30; 26] mokaszanu, 4yTo U3-
BJICUCHNE W3 THIPOPHUIBHBIX WM THAPOPOOHBIX KEPHOB HAa CaMOM
Jieie HIDKE, YeM M3 CMEIIaHHO-CMaynBaeMbIX. HekoTopeie mpaBaormo-
NOOHBIE OOBSACHEHUS ISl TOTO OYEBUIHOTO pa3HOIacusi B MOJIyUCH-
HBIX HKCIEPUMEHTAIBHBIX PE3yJIbTaTax MOTYT BKIIOYATh: Pa3HOE OIl-
peneneHre CMEIaHHO-CMauMBaeMOW CHUCTEMBI U METO/a ONHCAHUS
CMayMBaeMOCTH; BIIMSIHAE CKOPOCTH HArHETaHUS! Ha WU3BJICUCHUE TPHU
3aBOJIHEHUHU (HEKOTOpPBIE HCCIICAOBAHUSI OTPULAIOT JAaHHOE BIUSHUE).
Henocrarok cranaapTH3MPOBAaHHOTO ONpPEENICHHs IS 3TOTO COCTOS-
HUS CMa4MBaHUs TPUBEN K TOMY, YTO Pa3Hble aBTOPBI UMEIOT pa3iny-
Hble CyOBEKTUBHBIE IpeacTaBiieHus 00 3ToM. Hekoropsle mccienye-
MBI€ COCTOSIHHMSI CMAUMBaHHSA, KOTOPBIE OBLIM KIACCU(PHULIMPOBAHBI KaK
CMELIaHHO-CMAaYMBaEMbI€ PA3JIMYHBIMU ABTOPAaMH, BKIIOYAIOT: HEM-
TpaJbHOE COCTOSHHE CMA4MBaHHS; OT CIa0OTHAPOQUIBHOrO 10 Clia-
060ruapooOHOTO COCTOSHHSA; CMELIAHHOE COCTOSHHE CMAaYMBaHUS
(koMOMHanMs THAPOGOOHBIX U THAPOMUIBHBIX YYacTKOB). XapakTte-
PUCTHKH CMaYMBaHUs KOKIOTO U3 dTHUX COCTOSHUN CMadMBaHUs IMOKa-
3aHBI ISl BapbUPOBAHUS BIMSHUA Ha 100bIYY HeTH U KO3 PUIIHEH-
ThI BHITECHEHHUSI.



Jadhunandan and Morrow [26] uccienoBaiu OTHOIICHUE MEXITY
CMayMBaeMOCTBIO M He(TEeOTHaueH Mpyu 3aBOJHEHUH M OCHOBHBIC H3-
MEHEHHs, KOTOpPbIE KOHTPOJIIMPYIOT CMAauMBAa€MOCTh B CHCTEMax IpH-
ponnas HedTb - pacTBOp - mopoaa (COBR), ucnonb3ysi mecuaHUKH
Berea. 3menenne cMaumBaeMocTH KepHa (OT CMayMBaeMOI0 BOOI
JI0 CMauuBaeMoro He()Thi0) OBLIO TOCTUTHYTO OKHCIICHHEM B TECUCHHUE
10 gueit nmpu temneparype ot 26 o 80 °C. Cmecu Contpona 130 u
KepOoCHHa ObUIM TOATOTOBIICHBI I JOCTHKEHUST HEOOXOIUMBIX BS3-
KOCTEH, W BIIOCIEICTBUM MOJYyYMIM Ha3BaHUs Moutray M cbIpas
Heg1b ST-86. Harneranue BoAbpl MPOBOAMIIOCH IPH KOMHATHOM TEM-
neparype, M TEeMIbl 3aKayku cocTaBuid oT 2 1o 100 ¢yToB B AeHb
(s ompenesieHusl BIWSHHUS HMHTCHCUBHOCTH HATHETaHUs Ha HETeOoT-
nady), ¢ mpeobnaganueM ot 3,5 1o 7 ¢yToB B ACHB (Ui OMHUCAHHSA
BIMSHUS CMadMBaeMOCTH Ha Hedreornady). Koapduument cmauu-
BaeMOCTH OBUI ONpe/AeieH C WCIONb30BAHUEM H3MEHEHHOTO METona
AmotTa. Bpemsa camMompou3BOJIBHOTO BIUTHIBaHMS, paBHOE 3 Hexe-
J5IM, OBIJIO MIPUHATO IMOCTe MCCIeI0BaHMs TEHACHLIMH KPUBBIX B CHUC-
TeMe BOHThIBaHME - Bpems. [lepenan maBnenus <35 ¢yHTOB Ha
KBaJpaTHBI TIOHM OBUT HCIONB30BaH B HCCIEJOBaHUM H3-3a TOTO,
YTO TPH rpaAueHTe AaBieHus Boime 50 GyHTOB Ha KBaApPATHBIN AIOUM
MIPOMCXOANIIO pa3pylIeHne KepHOB. Pe3ynbTaTsl paboT MoKa3aiy, 4To
TeMIiepaTypa OKHUCIEHMs, HayajlbHasi BOJOHACHIIEHHOCTh, COCTaB
pacTBopa M CBOWCTBA NMPUPOJHOIN HEPTH OBbUIM TMIaBHBIMH (haKTOpaMu
Ipu onpeneneHny cMaunBaeMocT B cucremax COBR. ABTops! cre-
JIaJTy BBIBOA, YTO IPH ONPEAEICHUH BIMSIHHS CMaulBaeMOCTH Ha Hed-
TEoTAady JAaHHbIC, KOTOpbIE MOKAa3bIBaJIH OYEBHIHBIN KOHIEBOH (-
(exT n 00pa3oBaHHUE BSI3KOCTHBIX SA3BIKOB, HE YUUTHIBAJIHCH.

Ha pucynkax 7.11 [26] u 7.12 [26] noka3aHO BIUSHUE CMadHUBae-
MOCTH Ha HedTeoTnauy Ha (poHTE BBITECHEHMs, a TaKkXKe INPH Ipo-
KauyKe pasIuHOro KOJMYecTBa MOpoBbIX 00beMoB (1, 3, 5 u 20). U3
pucyHnka 7.11 BHOHO, 4TO MaKCHMalbHOE 3HaueHHE HedTeoTAaun mo-
JMy4arT TPH CMaYuBAE€MOCTH, OJIM3KOH K HEHTpanmbHOH (/»-0«0.2).
Cxoxas TeHAeHIMs [TOKa3aHa Ha pUCyHKe 7.12, Ha KOTOpOM IOKa3a-
HBl pe3yNbTaThl A 3HAYEHWH OCTATOYHOH HE(TEHACHIILIEHHOCTH.
B o0oux ciydasix MakcMManbHOE 3HaueHHE He(TeoTAadn U MHUHU-



MaJIbHOE 3HaueHHe He(TEHACHIIEHHOCTH IOCTHTacTCs NpU Hermpe-
PBIBHOM 3aBOJHEHMH. KpuBBIE MOKa3bIBAIOT: THAPO(UIBHAS cHUCTEMa
(Iw-o~1.0) He 3aBHCHUT OT KOJIMYECTBA IMOPOBBIX OOBEMOB, MPOKAYEH-
HBIX BOJION;

(1) ruapodobHBIE cucTeMsbl (/" »-0.5) cnabo 3aBUCAT OT MpOKa-
YEHHBIX MOPOBBIX 00HEMOB, OJJHAKO 3Ta 3aBHCUMOCTH YCHIIMBAETCS C
HW3MEHEHUEM COCTOSHUS CMAauMBaHUS B CTOPOHY OoJiee CMEIIaHHOM;

(2) ecnu MBI IpUMEM, YTO M3MEHEHHBIH KOdpPuIMeHT AMOTTa-
I'apBes paBen nymo ("~O) B HeWTpanbHOW cucTeme, TOrAa Hedre-
0TAa4ya/ocTaToYHasi He)TEHACKHIILEHHOCTh OyIeT ONTUMAaIbHOH.

Puc. 7.11. Hedreornaua — ko3gdpunuent Amorra-I'apses
NPH Pa3HbIX NPOKAYEHHBIX MOPOBBIX 00beMax [26]

Puc. 7.12. Ocratounas HeTEeHACBIIEHHOCTh — KO3 dunmenT
Amotra-I'apBesi Ipu pa3HbIX NPOKAYCHHBIX MOPOBLIX 00beMax [26]



OnmHako HYXHO OCTOPOKHO HHTEPIPETUPOBATh HaOII0JaeMYyIO
HedTeoTHauy B HEHTpalbHON cUCTEME, MOJTYUYEHHYIO ¢ TIOMOIIBIO KO-
a¢punmenta Amorra-I"apBes, mockoabky B paborax [11; 33; 37] ObI-
JI0 TIOKa3aHO, YTO JaHHBI KOdQQHUUMEHT caabo pearnpyeT Ha HeEH-
TpaJIbHYI0 CMauMBaeMOCThb IIPH KPaeBBIX yIilax cMaduBaHus oT 60° 1o
120°.

Tweheyo et al. [49] uccnemoBanu xapakKTepUCTHKH AOOBIYN B THI-
POMUIBHBIX, HEUTPANbHBIX M CMEIIAHHO-CMAauWBacMbIX KEpHax, HC-
MOJIB3Ysl pa3indHble necuaHuku CeBEepHOro MOpS U TPH Pa3HbIE CHUC-
TeMBbl (QIIIONIOB, cocTaBieHHbIe n3 pacTBopa NaCl u unctoro n-neka-
Ha WIK n-AeKaHa ¢ gobaBkamu. Moaudukanus cMaunBaeMoCTH Obuia
JOCTUTHYTa ¢ IOMOUIBbIO A0OABICHUSI HEOOIBIIOTO KOJINYECTBa Opra-
HUYECKOH KHCJIOTBI MM OpraHMYecKOH OCHOBBI He(pTH. OHM MPHULLTH
K BBIBOJY, YTO THAPOQUIbHBIE KEPHBI UMEIOT HAUOOIBIIYIO HEPTEOT-
nady Ha (pOHTE BBITECHEHHS, U HETUAPOQPHUIBHBIE CHCTEMBI — XBOCT
Hedtu. Hambonpiume xoHeuHble HeQTEOTAAYM OBUIM MOJTYUEHBI IS
HEHTpaNbHBIX CUCTEM, a HAUMEHBIINE HEePTeoTaauu — Al THAPodoO-
HBIX cucTeM. COCTOSIHMSI CMa4MBaeMOCTH KEpHOB OBUIM OIMHUCAHBI C
WCTIOJIb30BaHUEM KOMOMHUpoBaHHOTO MeToaa USBM-AmorTa.

Msmuorue npyrue astopsl [19; 28; 29; 42; 41] Taxxke cpaBHUBAIU
HeTeoTHauyy NpH 3aBOAHEHHH B THUAPOQMIBHBIX M THAPOPOOHBIX
KepHax M 3amedanu 0ojiee BBHICOKYIO HeTeoTaady B TMAPO(UIBHBIX
KEpPHAaX C OJHOPOAHO-CMauMBacMOU cpenoi. IIpoTHBOIOIOKHO C€O-
CTOSTHHIO CMAuMBaHUs, HAOJII0IaeMOMY B MECUAHHUCTHIX MacTax, 90%
KapOOHATHBIX TJIACTOB OIMUCHIBAIOTCS KaK HEHTpaiabHbIE U THIPOGOO-
Hble. [l kapOOHATHBIX HE(TIHBIX IUIACTOB CMAaYMBAaEMOCTb BOJON
YBEJIMYMBAETCS C POCTOM TeMmmepaTypbl. M3BecTHO, 4TO KHCIOTHOE
gyrcio (AN) MoXeT OBITh O4Y€Hb Ba)KHBIM (PaKTOPOM MpPU U3MEHEHHU
COCTOSIHMSI CMAUMBaHMs IJIaCTa, TaK Kak ObLJIO M3YyYEHO, YTO CMadH-
BaeMOCTb BOI0M ymeHbmaeTcs ¢ poctoM AN. AN onpenensercs kKak
KOJINUECTBO MHJUTUTPAMMOB ILENOYH, HEOOXOAUMOE JUIsl HeUTpasm3a-
OUM BCEX KHUCIOTHBIX KOMIIOHEHTOB, KOTOpPBIE TPHCYTCTBYIOT B
| rpamme obpasua HedTr. KucnoTHoe yncino - 3To HesiBHAS QyHKIMS
TEeMIIepaTypsl IUIACTA, TaK KakK AEKapOOKCHIMPOBAaHHE MPOUCXOIUT
npu pocte Temneparypsl. [lostomy AN B npuponHoli HepTH yMeHb-



LIaeTcs ¢ POCTOM TemIiiepaTypbl. Zhang and Austad [52] skcniepumMen-
TaNbHO Pa3beAMHWIN BIUSHHS Temmeparypbl u AN Kak mapaMmeTpsl
CMauyMBaHUSl MEJIOBBIX OTJIOKCHUH W ONpeNesWIN, Y4TO CMadhBae-
MOCTh KapOOHATHBIX IUIACTOB B OOJbIIEH cTenmeHH 3aBUCUT OT AN
MPUPOAHON HEPTU U HE 3aBUCUT OT TEMIIEPaTyphI IJIacTa.

Tang and Firoozabadi [48] m3yunnu BIMSHHME CMauMBaeMOCTH U
HaYalbHOW BOJOHACHILICHHOCTH HA MOKAa3aTeIW HarHeTaHUsI BOJBI B
MeJoBBIX oOpasnax u3 Kanzaca. Tak kak Men siBiseTcsl THAPOPUID-
HOW TOPONOW, M3MEHEHHE CMaYMBAaEMOCTH OBLIO JOCTUTHYTO C IIO-
MOIIBI0 CTEAPUHOBOW KUCIOTHI. J{JIsl OMMCaHusl CMauyuBaeMOCTH OBLTH
WCTIONB30BaHbl Koddduuuent Amorra ast Boasl (Iw) 1 cooTHOIIEeHHE
CaMOINPOM3BOJILHOTO BIUTHIBaHMS. Harneranue Boabl ObLIO mpoBeze-
HO C pa3HBIMHU TeMIIAaMH U TiepenagaMu aaBieHus. OHU NPHUILTN K BbI-
BOJy, UTO HayajbHasl BOJOHACHIIICHHOCTh UMEET PE3KO BBIPAKEHHOE
BIMSHHE Ha He(TEeOTHauy MpU 3aBOJHCHUHM B CpPEHE CMAuUBAEMBIX
MEJIOBBIX MTOPOAAX ¥ HAMHOTO MEHbIIEE BIUSHUE — HA TUAPOPHUILHBIC
nmopojipl. J[ysi Xopomio cMadynBaeMoro BOJIOW COCTOSIHUS MOPOJ Hed-
TEOTJa4ya YMEHbBLIACTCSI HE3HAYMTENBbHO C YBEJIMYEHHEM HadalbHOM
BOJIOHACBIIIEHHOCTH, TOT/Aa KaK HpH cilabo CMadrBaeMbIX BOJOH U
CpeiHEe CMauuBaeMbIX MOpOAax HedTeoTaaya MOBBILACTCS CYIIECT-
BEHHO C POCTOM HauyaJIbHOM HAachIIEHHOCTH. Jlanmee OHU 3aMETHIIM,
4yTo K03 PuuueHt HedTeoTAAUN YYBCTBUTENEH K CUIIaM BHYTPEHHETO
TpeHusi, Korga MeJl CpeAHe WM IJIOXO0 cMauumBaeMm Boaoil. He Obuio
BIIMSHUS Ha KOHEUHYIO0 He(TeoTaauy, Korjaa Men Obll XOpOIIO CMavu-
BaeM Bojaoi. Korma cumna BHyTpeHHEro TpeHMsi Oblla BBICOKa
(Ap = 13,5 psi/em), cpegHe CcMauyMBaeMoO€ COCTOSHHE IOPOJBI
(/.=0,09) mokazayo aydiine pe3ynbTaThl MPU 3aBOJHEHHH, a XOPOLIO
CMayMBaeMble BOJAOW TOPOIBI — XyALIME pe3yibTaTl. OAHAKO NpHU
MaJIbIX 3HAYEHUSIX CHI BHYTPEHHETO COIIPOTHUBIICHUS
(Ap = 0,96 psi/cm) xopomo cmaduBaeMasi BOJOH CHUCTeMa IOKazania
JyqIIre 3HAUCHUSI.

Hognesen et al. [25] uccnemoBanu yBenuuyeHue Kod(pQHUIMEHTA
HepTeoTnaun B THIPOGOOHBIX KapOOHATax C CaMONPOU3BOJILHBIM
BIIMTHIBAHUEM BOJBI Onaronapsi M3MEHEHHIO CMayMBaeMOCTH. TecTbl
M0 CaMONPOM3BOJEHOMY BIUTBHIBAHHIO OBUIM MPOBEACHBI Ha MOPOJAX



Mena u o0pa3uax IJIacTOBOTO M3BECTHSKA MPH pa3HBIX TEMIIEpaTyp-
HbIX auanaszoHax (70°C-130°C) ¢ ucnonb3oBaHMEM MOPCKOH BOJIBI €
pa3NUYHBIMUA KOHLEHTpaUuusMU cyibgara. OHM MpeAcTaBUiIM Onaro-
NPUATHBIE Pe3yJIbTaThl MPHU BBICOKMX TEMIIEpaTypax, W elle JIydile
pe3ybTaThl OBUIM MPH YBEIWYEHUHM KOHLEHTpAlMU Cyjibdara B MOp-
ckoii Boze. Ilpu Oonee HM3KHMX TeMIeparypax yBEIWYeHHE CaMOMpO-
W3BOJIBHOTO BIMTBHIBAHHS JOCTUTAJIOCH C TOMOLIBIO J100aBIeHUS Ka-
THOHOTEHHOTO MOBEPXHOCTHO-aKTUBHOTO BEIECTBA B JKUAKOCTH BIIU-
ThiBaHMsL. OrpaHUYeHus U UCIONb30BaHus BKiIovaoT: (1) mpobie-
My OKHCJICHUS M Maciitad riacta u (2) HavyaJIbHYF) MHHEPAIU3aIUI0
pacTBopa 1 TeMIlepaTypy.

B cBoeii pabote [53] Zhang and Austad moaTBepauin oryOIHKO-
BaHHbIe HaOmoneHus HOgnesen et al.[25]. OHM ycTaHOBWIM COOTHO-
HIeHHE MEXIy HeTeoTaaueil Mpy 3aBOJJHEHUH B MEJIOBBIX IJIACTax Ha
OCHOBE «HOBOro» ko3(duimeHTa cMauuBaeMOCTH (OCHOBAaHHBINH Ha
XpoMaTorpaduuecKkoM MeToJie, omnpeaeieHHoM B pabore Strand [29])
M COCTaBOM pacTBOpa (cxojHa ¢ padoroii, mpoaenanHoii HOgnesen et
al. [25].). OHH 3aMeTHJIM, YTO CaMOIIPOM3BOJILHOE BIUTHIBAHUE OyAET
MPOMCXOANTH TOJBKO B TE€X MEJOBBIX IJIACTaX, B KOTOPBIX CMaunBae-
Masi BOJOH YacTh IMOBEPXHOCTH MeJla MMEET YHCIIEHHOE 3HayeHHUe
«HOBOTO» K03 unuenta >0,6.

Al-Hadhrami and Blunt [12] ucciemoBanu BIMSHUE HarHETaHUS
ropsyeil BoAbl Ha HeTeOoTaauy B TPELIMHOBATHIX THAPO(POOHBIX Kap-
OoHaTHBIX mopopax. OHH 3aMeTHNIH, YTO OObIYHAs HedTeoTAada M3
MecToposkaeHuss OMaHu, Ilie TPEUIMHOBATHIA KOJUIEKTOP, ObLIa BCEro
2% mnocne 20 ner. Harneranue Boabl Ha TaKUX MECTOPOXKACHUIX Oy-
neT Hed(h(HEeKTUBHON M3-32 3HAYUTEIHHBIX WTHOPUPYEMBIX MPOOIEM.
OpHaKoO HCIIONB30BaHUE TOpsUel BOABI/Tapa MPHUBENO K U3MEHEHHUIO
CMauyMBaeMOCTH (TJIACT CTall THAPOQHUIBHBIN), YTO MO3BOIMIO MOIY-
YHUTh YBEIMYCHHYIO HEPTECOTAATY.

Graue and BognO [24] uccrmepoBanu MexaHW3M HEPTEOTHAYH B
TPEIIMHOBATHIX MEJIOBBIX OTJIOKCHUSX MPU PA3IUYHBIX COCTOSHHUSX
CMauyMBaEMOCTH C IOMOIIBIO TOBTOPHOTO CPAaBHEHHS HSKCIEPUMEH-
TaJIbHOM pabOTHl (MCCIeI0BaHUs 3aBOAHEHHSI KEPHOB) M YHCIIEHHOTO
MOJENUPOBaHMs. B KaXIOM HCHONB30BAaHHOM MENOBOM OJIOKe OBLIN



JIBe BEPTHKAJIBHBIE TPEIIMHBI W TPU TOpU3OHTaibHbIE. [lepBble nBe
BEPTUKAIbHBIE TPEIIUHbI ObUTH 4 cM U 13 CM COOTBETCTBEHHO, a TO-
PHU3OHTANbHBIC TPEIIMHBI PAclojarajich Ha LEHTPAIBHON JIMHUH
0JI0Ka U BBIXOJWIIU C 00OMX KOHIOB JUISl THAPABIMYECKON CBS3U ATHUX
KOHIOB. CMaunBaeMOCTh ObliIa OMHMCAaHA ¢ OMOLIBIO KO3 PUIIHEHTA
AmotTta-I"apBesi, 1 U3MepeHHss CMAaunBaeMOCTH OBbUIM MPOBEPEHBI Ha
CTa0MJIBHOCTh M BOCIPOW3BOAMMOCTh. OHHM MPUIUIM K BBIBOAY, YTO
XOTS Ha ABMKEHHE BOABI CHJIBHO IMOBJIMSUIO MPUCYTCTBUE THAPOGHOO-
HBIX TPEIIMH U B MEHbBLIEHW CTENEeHM — «3aKPBITBIX» TMAPO(UIBHBIX
TPELIMH, THIPOPA3PHIB [UIACTA HE MPUBEI K 3HAYUTEIHHOMY yBeJU4e-
HUIO HeTeoTAaun 11t 00erX XOPOLIO U CpeHE CMauyHUBaeMbIX BOZOI
CHCTeM. YMECTHO 3aMeTHTh, YTO MPOHHMLAEMOCTb YBEJIWYMIACH Ha
50% mocne rupopas3pbiBa IIacTa.

7.4.2. HeopHOpogHO-CMaynBaeMble CUCTEMbI

[NonuMaHue TOTO, YTO FETEPOrCHHAS CMAaYUBACMOCTh MOXKET OBITh
HOPMAJIBHOM CMauyuBacMOW CHUCTEMOH IuIacTa MOATBEPXKIAeTCs Ha-
OJIFOJICHUSIMU TaKUX CMauyuBaeMocTei B miacte [4; 5; 8; 9; 10]. Moryt
JIX TUIACTHI OBITh OXapaKTEPU30BaHbI KaK CTPOTO OJTHOPOJHBIC, OCTa-
€TCsl BOTIPOCOM, MOTOMY YTO HEKOTOPBIE M3MEHEHHs COCTOSIHUSI CMa-
YMBaHUS MO BCEH IUIOIIAAM IIacTa Bce PaBHO MPOMUCXOAAT. B nanHoi
paboTe OJHOPOJIHO-CMAYMBaeMasi TMOBEPXHOCTh — 3Ta MOBEPXHOCTH,
KOTOpasi TPEUMYIICCTBEHHO CMayMBacTCd BOJOH MWIM HE(PTHIO Ha
MPOTSHKCHUHU BCeH Tuiomaau. Vcnomnb3ysi qJaHHYO CTaHIapTHYH ¢op-
MYJIUPOBKY, MBI OIPEIENIieM HEOIHOPOIHO-CMAaYNMBACMYIO CHUCTEMY
KaK CUCTeMY, KOTOpas MMEET OINPEHCICHHBIC U UIACHTU(DUIIMPYCMBbIC
CMaydMBaeMbIC ILIONIA/IU, KOTOPhIC HAXOISITCS BHYTPU TOM ke CHUCTE-
MBI, I OHH MOTYT OBITh YE€TKO OMHCAHBl KaK THAPOGOOHBIC WIH TH-
poduibHBIE 00IACTH.

JIBa BH1a HEOMHOPOAHO-CMAYUBACMBIX CUCTEM TPEACTABIISIOT UH-
Tepec s He(TSHOW MPOMBIIUICHHOCTH: CMEIIaHHO-CMayuBaeMast
CUCTeMa M YaCTUYHO-CMauuBaemasi cucrema. CMelNIaHHO-CMavuBae-
Masi CHCTEMa — 3TO CHUCTEMa, KOTOpask MMEET MPOIOJIKUTEIbHBIC TH]I-
potoOHBIE TOOCH! B OoJiee KPYMHBIX MOpax U TuApoduibHEIe B 0O-



Jiee MeNKuX. BakHO 3aMeTHTh, YTO JAaHHOE OIpeesieHHe ObUIO pac-
LOIUPEHO Ui TOTO, YTOOBI BKIIOYHMTH HAOIIOAaeMOE HPUCYTCTBHE
TaK)ke CpeJHEe CMauyMBaeMbIX MecT B Mopoje. B wacTuuHo-cMaum-
BaeMbBIX cHCTeMax TuApo(oOHBIE W THAPOQPUIIBHBIE MOBEPXHOCTH
HUMEIOT pa3Mephl, paBHbIC pa3Mepy OTIACNBHBIX TOp, U 3TH THAPOPOO-
HBblE WIH THAPOGUIBHBIE MOBEPXHOCTH HE HYKIAIOTCS B OMNperesie-
Huu. Ha pucynkax 7.13 u 7.14 npencraBineHsl cXxeMaTHYHBIE MOJIENIN
CMEIIaHHO-CMaUMBaeMbIX M YaCTHYHO-CMAaYMBAEMbIX CHCTEM, Mpe.-
JI0’)KEHHbIE J[MKCUTOM U IPYTHMHU.

Puc. 7.13. CxemaTn4eckoe npeacrapjieHne CMEIIAHHO-CMAaYiBaeMoii
CHCTEeMBI

HavanrHas Bona

B=(P
0071aCTh,
cMavHMBaeMas BOJIOH
0=0-89° 00J1aCTh,
cMayuuBaeMast
HE(DTHIO
9=191-180°
Paguyc nop

Puc. 7.14. CxemaTn4eckoe npeacrapjieHne CMEIIAHHO-CMAYiBaeMoii
CHCTEeMBbI



7.4.3. CmellaHHO-CMa4yMBaeMble CUCTEMbI

Bbiio  poIeMOHCTPUPOBAaHO, YTO OCTaTOYHasi He(TEHACHILICH-
HOCTh TpPH 3aBOJHEHUH B CMEIIAHHO-CMauMBaeMBIX IUIACTAaX YacToO
CHJIBHO 3aBHCHUT OT OOBEMOB HarHeraemMoil Bojbl. Bnusnue umcna
MPOKAYCHHBIX MOPOBBIX 00BEMOB OBUIO MOKA3aHO JUIS Pa3IUYHBIX
HEPTSIHBIX MECTOPOKACHUN CO CMEIIAaHHO-CMauyUBaEMBIMH ILIACTAMH,
Hanpumep, B Mct Texac Bynbaiine u Ouaukore (Ansicka). JlanbHeii-
niee TOHIDKEHHE OCTaTOYHOW He(TEHACHIIEHHOCTH BO3MOXKHO B
CMELIaHHO-CMaYMBaeMOM IIJIacTe, I/Ie MPOUCXOJHUT IOBEPXHOCTHOE
JIpeHupoBaHHe IUIeHKH. [IoBepXHOCTHOE IpEeHMpOBAaHHME IUICHKH HE
MPOMCXOANUT BO BCEX CMEIIaHHO-CMAuMBaeMBbIX ILIaCTax, HO ObLIO yc-
TAQHOBJICHO, YTO OHO OCOOCHHO AKTHUBHO NPOSBISIETCS B CMEIIAHHO-
CMauyMBaCMBbIX IUIACTAaX C BBICOKOM BEPTHKAJIBHOH MPOHUIIAEMOCTHIO.
Bonee HuU3Kas ocraTouHas HEPTEHACHILICHHOCTh ObLIa B CMELIAHHO-
CMayMBaeMBbIX IUIACTaX, I7ie MPOUCXOIMIO MOBEPXHOCTHOE APEHHUPO-
BaHME IUICHKH MO CPaBHEHHUIO C TEMH, TIe He ObUIO AaHHOTO Mexa-
HU3Ma JpPeHUpOBaHus. MecTopokaeHne DHAUKOT B AJISICKE SIBISIETCS
MPUMEPOM CMEIIaHHO-CMaYyMBaEMOr0 IUIacTa ¢ 3PPEKTOM MOBEPXHO-
CTHOTO JPEHHPOBaHMS. B dKCHEepHMEHTE ¢ KEPHOM IPH ILIACTOBBIX
YCIOBHSIX OBUIO BBISICHEHO, YTO OCTaTOYHAsi HE()TCHACHILIEHHOCTh MPU
3aBONHEHUH Sow OblIa 40% mociie HarHeTaHUss OJHOTO IIOPOBOTO
o0bema Bogpl, 22% - mocne 500 mopoBeix 00beMoB U 12% - mocie
OTPOMHOT0 KOJIMYECTBA MOPOBBIX 00BEMOB. 3aBOAHEHHE B LEHTPU(Y-
re ObUIO MPOBEAEHO IS HAOMIOACHUS BIMSHUS TOBEPXHOCTHOTO JIpe-
HUPOBAHUS TUICHKH Ha OCTaTOYHYI0 HE(TCHACHIIIEHHOCTb W, TAKUM
00pa3zoM, ObUIO HMCKIIOUEHO BIMSHHE 3aBOAHEHHS Ha KOA(QUIMEHT
HedreoTnaun. bruto 3ameyeno, uTo HeTEOTIAUa BHILIE B CMELIAHHO-
CMauylBa€MOM COCTOSIHHH IO CPaBHEHHUIO C THAPO(UIBHBIM COCTOSI-
HueM. Hedreornaua B cMemaHHO-CMa4rBaeMOM KEPHE CHJIBHO 3aBH-
cella OT KOJMYECTBA MPOKAYEHHBIX BOJOH MOPOBBIX O0OBEMOB, TOT/A
KaK B THUAPOQUILHOM KepHEe He(TEeHACHIIICHHOCTh MOHMXKAETCS M0
noaxona GpoHTa BeITeCHEHHs (~] MOPOBBIH 00BEM), MOCIIE YEro He
MPOMCXOANUT 3HAYMTENLHOTO M3BiedeHus Hedru. [loxoxkue uccieno-
BaHUs Ha oOpasuax kepHoB u3 bous Mcr Texaca mokazanu, uyto Hed-



TEHACHIIIEHHOCTh MPOA0JDKAIA TIOHWKATHCSI B TEUEHHE BCEro BpeMe-
HU HarHeTaHusl BOJABI B CMELIAHHO-CMAaYMBaEMble KEPHBI, TOT/AA Kak
He(PTEHACHIILIEHHOCTh OBICTPO JOCTUTaja MOCTOSIHHOTO 3HaueHUs (T1o-
cine (poOHTA BBHITECHEHHWS) B THAPOPHIBHBIX KEpHaX HE3aBHCHUMO OT
KOJINYECTBa MPOKAUYEHHBIX MOPOBBIX 00beMOB (puc. 7.15). BsskocTsb
HeTH TaKKe BIMsJIa HA KOHEYHOE 3HaYeHHWE He(TEeHACHILICHHOCTH
NpU 3aBOJHEHHUM, NpHU Oojiee HU3KOH BSI3KOCTH 3HaYEHUE Sorw OBLIO
HaMHOTO MeHblIe. Tarke ObUIO MOKa3aHo, YTO COCTAB MOPOJBI TIACTa
UMEeT OTPaHMYCHHOE BIHMAHUE HA Somw AJIS TOTO K€ CMayUBAEMOTO
coctosinus (puc. 7.16).

Moppoy u Apyrue W3MEHWIH CMadyMBaeMOCTh THUAPO(UILHOTO
KepHa Ha reTeporeHHO-CMauiBaeMOE COCTOSHHE C IOMOIIBIO OKHUCIIe-
HUS pacTBOpa u Ceipoii HedhTH MoTpoy U Habmonanu 3a HedTeoTna-
4aMH B OOOMX COCTOSHUSX CMayMBaHHUA. AHAIOTWYHBIC H3MEHEHHS
OBUTH C/IETaHBl TAK)KE B CTEKISIHHBIX MHKPOMOJIEIISIX JUIS IPOBEACHUS
MPSAMBIX HAOJIIONEHUN BIUSHUS COCTOSHHS CMAaYMBaHUS U M3MEHEHUS
CMauyMBaHUsl Ha KOA(PPHUIUEHT BBITECHEHUS 1 MEXaHH3M U3BJICUCHHSI.
OHM NpHULUIA K BBIBOLY, YTO XOTS MOKa3aTeln (PPOHTA BHITCCHEHUS
ObUTM OJMHAKOBBIMHU JJIsI BCeX ciydaeB (ObUIO mpokadeHo 1,5 mopo-
BbIX o0bema (ITIO Bozpl), Sow B OKHUCIEHHBIX KepHaX ObLT HAMHOTO
Ooniee HU3KUM IO CPaBHEHHIO C TMAPOQWIBHBIMH KepHamu. [lanee
OHU 3aMETHJIH, YTO XOTSl U3MEHEHHE BA3KOCTH HEPTH BIUSUIIO HA Sorw B
ruapodUIBHBIX opoAax (0oee HU3Kas BI3KOCTh MPUBOAMIA K Ooree
HU3KOMY 3HAYCHUIO Somw), KOOPPHULHUEHT MUKPOCKOTIMUYECKOTO BBITEC-
HEHHS ObUT OTHOCHTENIFHO MOCTOSHHBIM, TaK KaK ObUIO YCTaHOBIICHO,
YTO CHIKEHHE BSI3KOCTH HE(TH NPUBOJAMIO K COOTBETCTBYIOILIEMY
CHIDKEHUIO HavyalbHOW HedTeHachlmeHHoCcTH. KoadduimeHnt Mukpo-
CKOIIMYECKOTO BBITECHEHUsI ONPEAEIISAETCS KaK OTHOILICHHE U3MEHEHUS
HedTeHachlmeHHOCTH AS) K 3Ha4eHHIO HavyalbHOW HeQTEeHACHIILIEH-
HOCTU Soi, TO €CTh [(Soi~Sow)/Soi] . CTOHT cka3aTh, YTO, MO0 MHEHHIO
aBTOPOB, (paKTHUECKasi MPUPOJA U3MEHEHHBIX COCTOSIHUI CMaYMBaHUS
ObuTa COmpshKeHa ¢ OONBIIUMH PUCKAMH, MO3TOMY Ui WX PaOOTHL,
OHM OIIpeJeNIIN ee KaKk HeOJIHOPOAHO-cMaunBaeMas. BaHr uccueno-
BaJ BIMSIHAE U3MEHEHUSI CMaYMBaEeMOCTH (OT CMauMBaeMbIX BOJOH JI0
CMEIIIaHHO-CMAYMBaeMbIX COCTOSHUI W HA00OPOT) Ha IOJBHKHYIO/



Harneraemas Bozaa - I1.0O.

Puc. 7.15. CpaBHeHHe BJMSAHNAS 32aBOJHEHHUS HA CMEIIAHHO-
cMavnBaeMble M THAPOQUILHBIE KepHBI U3 MecTopoxkaenus Mer Texac

Puc. 7.16. CpaBHeHne 3aBOJHEHHS IIPH PA3HBIX COCTOSTHHUSIX
CMa4YHBaHMS B HECKOJBbKHX MOPHCTHIX Cpeaax



HETIOABMXHYI0O He()TeHACHIIIEHHOCTh, HCIONB3Yysl KepHbl Berea wu
Loudon. OH mpumen K BBIBOLY, YTO XOPOLIO CMayMBAaeMBId BOJON
KEpH MpeKpaiiai 1aBatb HeTh mocie GppoHTa BEITECHEHUs, TOT/Aa KaK
B CMEIIaHHO-CMaYMBaeMOM KEpHE MPOUCXOIUIIa HenpepbiBHAS Hed-
TeoTaaua Jake Moclie MHOTOKPAaTHOTO IPOKAYMBaHUS BOJON MTOPOBBIX
00BEMOB, UTO TMPHUBEJIO K OYEHb HU3KOMY 3HAUYEHHIO OCTaTOYHOH HEd-
TEHACHIIEHHOCTH (JaHHBIA BBIBOJA COBIIAQJAET C ONMHCAHHWEM IOBEJe-
HUS CMEUIaHHO-CMa4YMBaEMbIX IJIACTOB, BBIOJIHEHHbIM CanaTuenem,
Bynom u np.). [Jlanee on cooOumpui, uTo Oosee BBICOKOE 3HAUCHHE
MOJBMKHOH HE(TEHACHIIIEHHOCTH TPH JABYX(a30BOM TeUEHHH OBbLIO
JUISl CMEIIaHHO-CMaYMBaeMbIX KEPHOB M0 CPABHEHHUIO CO 3HAYCHUSIMU
Uil TUAPOQWIBHBIX KepHOB. JlaHHBIM (eHOMEH OOBSCHACTCS TeM
(akTOM, YTO B CMEIIAHHO-CMayMBaeMOM KepHe TuapodoOHbIe mOo-
BEPXHOCTH MPEACTaBISIIOT COOOW HENpephIBHbIE IUICHKH IO Bceil
IUIOIA/N TIOp, TOTJa Kak 0oJjiee MeTKHe MOpHl 3aHATHI BOJOH. Takum
obpaszoM, monsi He(TH, 3alIeMJICHHOW BOJHBIMH IUICHKAMH, MpH
IBYX(a3HOM TeueHHHU Obljla MEHbIIE B CMENIaHHO-CMaylBaeMOM Kep-
He, 4eM B rujapo¢umibHoM. OH Takke MpHIIeN K BBHIBOAY, YTO MOM-
BIKHASI BOJIOHACBIIIEHHOCTD HE SBJIsIETCSl QyHKIMEH CMauuBaeMOCTH.
HenoasmwxHas BOZOHACHIIICHHOCTh ObLIa MaJlOH BEJIMYWHON BO BCEX
Cllydasix HE3aBHCHUMO OT M3MEHEHHS CMayMBaeMOCTH (OT cMayuBae-
MBIX BOAOH 0 CMELIaHHO-CMa4YlBaEeMOT'0 COCTOSIHUSL M HA000pOT).

XyaHr v Ipyrue Takke CPaBHWIN He(TEOTAaY NMpU 3aBOJHEHUH
MEXIYy CMEIIaHHO-CMauMBaeMbIMH M CMa4MBAaEMBIMH BOJOW CHCTe-
MaMu, ¥ TIPUIIUTA K TAKHM K€ BBIBO/IaM, KakK ObLIO omucaHo Bbime. Mx
paboTta Obla HallpaBJIeHa HA UCCIIEIOBAHUE OCATOYHBIX 00JIOMOYHBIX
IUTACTOBBIX TMOPOJA B MajbIX Macmrabax. OHHM Omucand CMENIaHHO-
CMayMBaeMble XapaKTEPUCTHKH IIACTa KaK reTepo-CMayuBaeMoOe CO-
CTOSIHHE.

7.4.4. YacTnyHo-cMauMBaeMble CUCTEMbI

HOBCI[CHI/IG CUCTEM, KOTOPBIC ABJIIOTCA 4YaCTUYHO-CMAYUBACMBbI-
MU, IOXOKE Ha TO, KOTOPOC OBLIO OMHCAHO oA OAHOPOJHO-CMavdu-
BacMBIX CHCTCM. Ha6mo;[ancsl pocT OCTaTOYHOI He(i)TCHaCBIH_ICHHO—



CTH C YBEIWYEHHUEM JOJH THIPOPOoOHOM moBepxXHOCTH. OmHcaHHBIE
MOKAa3aTeNId 3aBOAHEHHS JISXKAT MEXIy pabOuUMH XapaKTepUCTUKAMH
st 100% rugpodunshoit 1 100% ruapodoOHON mecdyaHBIMH TIO-
BEPXHOCTSIMU.
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Maga 8. lNoBbiweHMe HedpTeOTAAUN NYyTEM perynmpoBaHusi
CMaynBaeMoCTU NnacToB

8.1. CmaumBaemocTb pa3pabaTbiBaeMbIX NNacToB

Kak 6buto moxazaHo B HpebIayIIed TiaBe, CMauyuBaeMOCTh MO-
JKET OKa3bIBaTh OMpPEAENSIONIee BIMSHUEC Ha Mpollecchl HedTensiie-
YEHUs TP 3aBOTHCHUH.

TpaauIMOHHO CYMTANOCH, YTO BCE HE(TAHBIC KOJUICKTOPBI CUIBHO
runpodmibHbL. OCHOBOHM ATOrO YTBEPXkKACHUS CIYXKHI TOT (PaKT, 4To
BCE YHUCTBIC MPUPOJHBIC OCAIOYHBIC TOPOIBI CHIBHO TUAPO(UIBHBL
B 1930 roay aTa Teopus moaBepriach COMHEHHUIO, U OBLIO JJOKA3aHO,
YTO CMAuUMBAE€MOCTh PA3JIMYHBIX MHUHEPAJIOB MOXKET H3MEHATHCA 3a
CYeT aJCOpPOIMH OPraHMYECKOTO BEIECTBA M3 IUIACTOBOM HEPTH Ha
BHYTPHUIIOPOBYIO MOBEPXHOCTh, B PE3YJIbTATE€ YEro BO3IHUKAET THIPO-
(hoOu3anust BHYTPUIIOPOBOTO MPOCTPAHCTBA U (POPMUPYIOTCS Pa3in-
Yus B CTEMEHU cMauuBaeMocTU. OJHAKO TPAAUIIMOHHOE IPeICcTaBIie-
HHUE O TPUPOJTHON TUAPOPIILHOCTH KOJUICKTOPOB HE()TH U Ta3a Ipe-
JIOTIPEJICITAIIO OIIHMOOYHBIH METOAMYESCKHUI MOAXO0M K MOJICIIMPOBAHUIO
MPOIECCOB TOBBINICHUST HeTeoTnaun B JTaOOPaTOPHBIX YCIOBUSX.
MopenupoBanue IPOBOAWIOCH, KaK MPaBUIIO, Ha SKCTPArUPOBAHHBIX
KEepHaX, KOTOPbIC XapaKTePU30BAIUCH CUIBHON THUAPO(UIBHOCTEIO.
Hcnonws3oBanue mpu MPOSKTUPOBAHUU M aHATU3E pa3pabOTKH MECTO-
POKICHMIA MMONYYCHHBIX TaKUM 00pa3oM pe3yJIbTaTOB IMOKA3allo 3Ha-
YUTEIbHBIE PACXOXKICHUS (PAKTHUECKUX U MPOEKTHBIX IOKa3aTelei,
0COOCHHO JIsi KApOOHATHBIX IJIACTOB.

AHanu3 UMEIOIUXC JaHHBIX 0 CPEAHUX 3HAUCHHUSIX CMAuUBacMO-
CTH pa3pabaThIBaCMbIX TEPPUI'CHHBIX W KapOOHATHBIX IUIACTOB IPH-
BefieH B Tabnmimax 7.1 u 8.1. Kak ciemyer w3 HaHHBIX 3THUX TaOIUI
3HAYUTEIIbHAS JIOJSI pa3padaThIBACMbIX TEPPUTCHHBIX, W TIOABJISIO-
niee OONBUIMHCTBO KapOOHATHBIX IUIACTOB HE SIBISIOTCS THAPOQUIH-
HeIMU. B Tabmuiax 8.2 u 8.3 mpenctaBieHbl OCPEIHEHHBIE XapaKTe-
PUCTHKHU CTeNeHU THapodoOU3alui U KOJUIEKTOPCKUE CBOWCTBA TEp-
PUTCHHBIX ¥ KapOOHATHBIX IJIACTOB Ha pa3padaThIBAEMbIX MECTOPOXK-



nenusx Poccuiickoit ®enepanuu. Kak BUAHO U3 JaHHBIX yKa3aHHBIX
TabJHI, CMAauYUBAEMOCTh KOJUIEKTOPOB Ha BCEX MPUBEACHHBIX OOBEK-
Tax He MOXET OBITh OXapaKTepHU30BaHa KaK YHUCTO TUAPOQPHIIBbHAS.
Jlaxke Ha YHCTO Ta30BBIX MECTOPOXKICHHUAX ONpeAesieHa ruapodoou-
3anus 20% OT Iiomaau BHYTPHUIIOPOBOW MOBEPXHOCTH KOJUIEKTOPA.
Cpenusis creneHb ruapodoOU3aluy BHYTPUIIOPOBOIO MPOCTPAHCTBA
JUId Ta30KOHJEHCAaTHBIX MECTOPOXKACHHUH YBEIUYMBACTCS U TaKkKe
MOJKET JOCTHTraTh NBaAlaTH M Oojiee MPOLEHTOB OT BHYTPHUIIOPOBOMH
MOBEPXHOCTH. MakcuManbHas cTeneHb ruapodoOu3anyuu HabIoaaeT-
csl Ui He(TSIHBIX MECTOPOXKICHUH, 0COOEHHO C BBICOKOBSI3KOH HeEd-
TBIO, COZEpIKaIlel MOJISIpHbIE KOMIOHEHTH. [ 'mapodoOuzanus BHYT-
pPUIIOPOBOM MOBEPXHOCTH SBJSETCA MNPENSATCTBUEM K YBEJIWYCHHUIO
HedTeoTnauM miacToB (kak onucano B ['nmase 7). JlabopaTopHbie 3Kc-
MEPUMEHTHI 110 TECTUPOBAHHUIO PA3HOOOPA3HBIX TEXHOJIOTHI TOBBIIIE-
HUS He()TEOTAaun, OYEBHAHO, NAIOT BEPXHUN MpeaeN BO3MOXKHOCTEH
MOBBIICHNST HEPTEOTHAUN Il UCHBITYEMBIX TEXHOJIOTHH. DTOT pe-
3yJIBTaT B MPOMBICIOBBIX YCIOBHUSIX MOXKET OBITh JOCTUTHYT JIUIIb C
MPUMEHEHHEM TEXHOIOTUH ruaApodoOH3aLny MIacTa.

O600meHHas XxapakKTepUCTHKa CMauylMBaeMOCTH 10 pAay pas3pada-
ThIBaeMbIX TeppureHHbiXx miaactoB CIIIA Obia mpencraBieHa B
Tabm. 7.1.

XapakTepucTiKa cMmaunBaeMocTH paspabaTeiBaeMbix B CILIA
KapOOHATHBIX IUIACTOB MpHUBeaeHa B Tabauue 8.1.

Tabnuya 8.1

Pacnipenenenue cMaynBaeMoOCTH B KapOOHATHBIX KosuiekTopax CIIA

Xapakrep cCMauuBaeMOCTH Kpaesotii yromn (°) % KoIIeKTOpa
I'mapodusHbIiA 0-80 8
[IpomexxyTouHbIit 80-100 12
I'mapodoOHsbIi 100-160 65

CunbHO THAPO(OOHBIH 160-180 15



Tabnuya 8.2

Konnexkropckne cBoiictBa u ko3 puuuent ruapododuzanun
TeppUreHHbIX KOJLIEKTOPOB B Poccuiickoii @enepauun

Kaod, Kon
Kiace ’ Knp Om.
MecTopoxaeHue JIOJIU JIOJIU ’
KOJUIEKTOpa 10-15M2  moJ e IMHUIL
CIUHULl  €IUHHMI]
Cpesuii Tromr I 0,176 0,233 438 0,051
(rl;gBoe) 1 0,110 0,171 65 0,101
v 0,06 0,142 14 0,203
HoBwlit YpeHroit I 0,156 0,190 158 0,052
(ra3oKOHJICHCAT- 111 0,130 0,166 83 0,057
HOE) v 0,075 0,134 7,5 0,084
P I 0,171 0,183 569,4 0,258
OMAIHTCIOe 1 0.13 0151 216 0,236
(redrsiHOE)
v 0,084 0,114 74,3 0,202
T 1I 0,172 0,188 712 0,125
IHHCKOC it 0,152 0,173 253 0,112
(redrsiHOE)
v 0,083 0,121 34 0,092

Tabnuya 8.3

Koanekropckne cBoiicTBa U creneHb ruApogodon3anuu KapooHaTHBIX
KOJL1eKTOpOB B Poccuiickoii ®enepanuu

< = = =
L& E E 0 = u 0w
Mecropox- S E & =8 fﬁnS = (I ]
g 38 % o O 8 o (0]
JieHue 2 5 = x s o s O
g B B =R "
> = el o
=4 =4 =4 u
Kapasaranak o 0,163 0,181 67,9 0,199 3,15 84,7 9,75
P m 0,107 0,129 359 0,153 61,6 36,5 0,72

ckoe (ra30B0C) 1 0as 0063 27 0230 446 495 35

Actpaxamckoe 11 0,121 0,144 - 0,192 9649 187 0,07
(rasokommen- Il 0,075 0,102 - 0212 9654 194 0,07
carHoe) IV 0018 0,035 - 0064 83,12 464 007

I 0,178 0206 - 0823 999 - -
¥euncioe m 0,133 0157 - 0719 999 - -
(redrsiHOE)

IV 005 0069 - 0445 999 - -



8.2. dusnko-texHonorm4yeckme NpUHLMNbLI peryrnmposaHuns
CMayYMBaeMOCTM NNacToBbIX CUCTEM

YroObl TOHSITH BIMSHUE CMAYMBAEMOCTH Ha He(TEOTAady, BaXKHO
OCMBICIIUTh (DU3UUECKHE MEXaHHU3MBI TPAHC(POPMAIIUM CMAYMBAEMO-
CTH W METOJIbl, TMO3BOJISIONINE HM3MCHSITh CMAuyMBACMOCTh ILIACTA.
CMaunBaeMOCTh KOJIJIEKTOPA CHIIBHO 3aBUCHUT OT XUMHUYECKOTO COCTa-
Ba MOBEPXHOCTH M aACOPOIMOHHBIX CBOWCTB MHHEPAIOB MOPO/IbL.
ITouTH Bce T€ONOTHUECKHE (POPMAITHH B MIPOIIECCE OCATKOHAKOTICHUS
MOJTHOCTBIO HACHIMAIOTCS BOJOW W HM3HAYAIBHO THUAPOPHIBHBL. Bo
BpeMsT MHUTPAlMU YTICBOJAOPOJOB B BOJMOHACHIIICHHYIO (HOPMAIHIO
ClIararoliye ee TIACThl MOTYT OCTaBaThCS JIMOO THAPO(GUIBHBIMH, JTH-
00 WX CMAYUBAEMOCTH M3MEHHUTCS BCICACTBHE B3aUMOICHCTBUS C yT-
nesogoponamu. Buckley el al. [48] kpaTko OOBSCHWIM MPUYUHBI yC-
TOWYHBOCTH COCTOSHHSI HEHTPAIbHOW CMAuyMBAEMOCTH U €€ H3MEHe-
HHS.

Hirasaki, G.J. [59] oOpatun BHMMaHUE Ha TO, YTO U3MCHCHHS B
CMauYMBaEMOCTH YaCTO CBS3aHBI C MPUCYTCTBHEM WJIH OTCYTCTBHUEM
CTaOMIBHBIX BOJHBIX MICHOK, 00Pa3yIOIMIUXCSA MEKIY TTOBEPXHOCTIMHU
HedTH ¥ miacta-koyiekropa. OH yTBEp)KIall, YTO CMaYMBaHKE B CHC-
TeMax chipas He(Th/BOJAA/TOPOA OMPEACTSICTCS TONIIMHOW BOIHOM
rieHk. Ecnu cTabuiIbHbIC TOJICThIE BOJHBIC TUIEHKH OTACISIOT HE(Th
OT MOPOJIBI, TO CUCTeMa ruApodmIbHa. B ApyroM ciydae HecTaOUIIb-
HBIE TUICHKH OYIyT paspymiaThCs, OCTABISAS BO BHYTPHUIIOPOBOM IPO-
CTPAHCTBE OT OJJHOTO JI0 HECKOJBKUX MOJICKYJSIPHBIX CIIOEB BOBI, B
pe3yJbTaTe 4ero He(Th BCTYIHT B HEMOCPEACTBEHHBIN KOHTAKT C TO-
BEPXHOCTBIO TOPObl. [TONSIpHbIE KOMIOHEHTHI HE()TH MOTYT 3aTeM
aJIcOpOMpPOBATHCS WM OTJIAraThCs HA BHYTPHIIOPOBOI MOBEPXHOCTH.
AchanbTeHsl SBISIOTCS MPHUYUHON M3MEHEHUS CMAauyMBAEMOCTH H3-3a
HAJIMYKS B UX COCTABE MOJIAPHBIX TPYII, KOTOPHIE MOTYT B3aMMO/IEH-
CTBOBATh C MOBEPXHOCTHIO MUHEpAIA.

CTaOWILHOCTD BOJHOW TUIEHKH 3aBHCHT OT BEJMYMHBI KAHJUIAP-
HOTO JABJICHHS, a TAKXKE BEIUYUHBI KPUTHUCCKOTO JABICHUS PACKITH-
HUBaHHs. PacKIMHHUBAIOIIEE JaBICHHE XapaKTEPU3yeTCs M3MECHEHHUEM
SHEPrHU Ha €IUHUILY TUIONIAIH, BEJIMYMHA €0 W3MEHSIETCS TPH yBe-



JUYCHUN WM YMEHBUICHUU PAcCTOSHUSI MEXIY MOBEPXHOCTAMH pas-
nena AByx (a3. IlonoxuTenbHOE pacKIMHMBAIOIIEE OaBlICHHE CIIO-
cOOCTBYeT pa3zeleHUI0 TOBEPXHOCTH pasiena AByX (a3, Torna Kak
OTpULATEIbHOE PAaCKIMHHUBAIOLIEE NaBlieHHe NpuTsIruBaeT ux. Coot-
HOWICHUC MCKAY PaCKIWHUBAIOIIUM [OABJICHHUEM W KallWJJIAPHBIM
JaBlieHWEM, BbIBelleHHOEe W3 ypaBHeHus FOHra-Jlamnaca, BBITISAIUT
CIIEIYIOIIUM 00pa3oM:

P. =pa-/~> 11+ 2Hay oy (8.1)

rae pa, pl - naBienue B (azax, Pc - xanumisapHoe nasnenue (Pe= pa -
p"), IT - packnunuBaromee nasnenue, HaY - cpequss kpuBu3Ha, 0+] -
Mex(dazHOe HATSHKEHHE.

Tam, rae KanwUIAPHOE ABJICHHE BBIIE KPUTHYECKOTO PACKIHHU-
BAaIOIIETO JaBJICHUS, TOHKHE TUIGHKHM BOJBI Pa3pyIIAIOTCS Tak, 4TO
npUpoaHas HeTh HAUMHAET CONPHKAcaThCs C MOPOJOH IJIacTa U Io-
CTeNeHHO ruapododmusyer ee. B pesynbpraTe NpPOAYKTHUBHBIM IIACT
CTaHOBUTHCS TUAPO(OOHBIM, M C YMCHBILICHHEM 3HAUCHHWH BOJOHA-
CBIIIEHHOCTH MPOHUCXOAUT POCT BETUYUHBI KAMMIJISIPHOTO 1ABICHHS.

Onnako Kaminsky, R. and Radke C.J. [65] cuutaror, 4yto cmMaum-
BaE€MOCTh IIJIacTa MOXKET MEHATbcS 0Oe3 paspylieHHs cTabwibHON
IUIEHKU BoJbl. B cBoei pabore oHM MOKa3ayd, 4TO KOMIIOHEHTHI Hed-
TH, OBICTPO pacTBOpUMBIE B BoAe (B TeueHHe He Oonee | MUHYTHI),
CIOCOOHBI MPOCAYNBATHCS Yepe3 BOAHBIE MJICHKU U 3aTeM afcopOUpo-
BaThCS Ha MOBEPXHOCTH MuHepanoB. Ho ycraHoBieHHBIH (akT, 4TO
He Bce acanpreHoconepkamine HeTsIHblE MIacTel THAPO(HOOHEI,
MPOTHBOPEUHT JaHHOMY OOBsicHEeHHIO. [Ipy 0OBsICHEHNH OYEBHIHOTO
MPOTUBOPEYHS], YKa3aHHBIE aBTOPBI MPEIIOJIOKMIN, YTO B 3THX CIIY-
yasx aacopOuus acQaibTeHOB, B MPHUCYTCTBHU BOJHOW IUICHKH, HE
00513aTeTBHO MPUBOAUT K U3MEHEHHIO CMauyUBAEMOCTH.

Takum o00pa3oM, CMauMBaeMOCTb IUIACTa MOXKET OCTaBaTbCA
CHJIBHO THIPOQUIBHOM, €clH TUIEHKA BOJbI, MOKPBIBAIOIIAS MTOBEPX-
HOCTB 3€pEH, OCTaeTCsl yCTOWYMBOM, a He(Th HE COAEPKUT PACTBO-
PEHHBIX B BOJE MOBEPXHOCTHO AKTUBHBIX KOMIIOHEHTOB, CIIOCOOHBIX
WU3MEHITh XUMHYECKHH 3apsa Mek(aszHbIX TMOBEPXHOCTEH pasiena
¢moun - ¢uoun wu ¢aronn - tBepaoe teno. C Apyroil CTOPOHH,



HEYCTOHYMBOCTh IUIGHKM BOJABI MOXET HE MPEMsATCTBOBaTH HE(TH
BCTyllaThb B KOHTAKT C IIOBEPXHOCTBIO IOPOABI, & HEPACTBOPHUMBIE B
BOJIC KOMIIOHEHTBI [IPU YCIOBUU HEYCTOMYMBOCTH IUIEHOK MOLYT aJ-
cOpOMPOBATHCS TMOBEPXHOCTBHIO 3€pEH MOPOABI, W3MEHSISI UX 3apsa U
CMa4yMBacMOCTb. Y CTOMYHMBOCTD IUIEHKU BOJBI 3aBUCHUT OT ITOKAa3aTels
pH, cocTtaBa consHOro pacTBopa U KanwIISPHOIO JABJICHUS.

B Hacrosmee BpeMsi pa3paboTaH LENbIH PAJ TEXHOJIOTHH, TO3BO-
JISIIOIMX U3MEHUTh MPUPOJHYK) CMayMBaeMOCTb IuiacTta. g ruapo-
(oOu3anny MmaacTa UCIOIB3YIOTCS CIEAYIOIINEe TEXHOIOTUH: 3aKayKa
XUMUYECKU aKTUBHBIX PEarcHTOB, TEIUIOBBIE TEXHOJOTMHU, 3aKAuKa
c1a00OMHUHEPATM30BaHHBIX BOJ, 3aKauKa KOJUIOMAHBIX YacTHI] XkKele3a
u T.1. HaumeHee 3aTpaTHON U JIETKO PeaIn3ye€MOI TEXHOJIOTUEH sIB-
JsieTcs 3aKavKa Cl1abOMUHEPaIN30BaHHBIX BOJ.

8.3. 3akauyka cnabomMuHepanusoBaHHbIX BOA
KakK MmeToA noBblleHus HedpTeoTAaum nnacra

3aBOJJHEHME MPUMEHSETCS BO Bcex cTpaHax Oonee 100 ner. o
MOCIIEIHETO BPEMEHH 3TOT METOJ PacCMAaTPHUBAJICS HCKIIOYHTEIEHO
KaK (PM3MYECKHI MPOIECC TOJJICPIKAHUS TUIACTOBOTO JABJICHUS IS
BBITECHEHUS HE(PTU K MOOBIBAIOIIUM CKBa)KHHAM, OIHAKO C IOSBJIC-
HUEM BO3MOXKHOCTEH aHAIM3MPOBATH BIMSHUE W3MEHEHUSI MUHEPAIH-
3allMM U COCTaBa 3aKaYMBACMBIX BOJ B IUIACT HA CTCICHh CMayuBae-
MOCTUA ¥ TIOBBIIICHUE HE(TEOTHAAUYM, 3aBOJHCHUE MOXKET HCIOJIB30-
BaThCsl U KaK MpemuyHblii Memoo ygeauueHus negpmeomoauu,

Pe3ynbraTel MPOBOJUMBIX B pa3HOE BPEeMsi MHOTOYHMCICHHBIX HC-
CJICIOBaHUI TTOKA3alld, YTO BOJA, UCTIOJIb3yeMasi B KAUeCTBE pabovero
arcHTa B CUCTEME IMOJJICpIKAHUS JIABJICHUS, JOJDKHA OBITh MAaKCH-
MaJIbHO OJIM3Ka M0 CBOEMY XMMHUYECKOMY COCTaBy K IUIACTOBOM BOJIC.
CUHTaI0Ch, YTO 3TO MO3BOJSIET COXPAHUTHh CTPYKTYPY HOPOBOTO MPO-
CTPaHCTBa KOJJICKTOpAa M M30€XaTh CHWXKCHUS NpoHuliaeMoctu. [Ipu
CMEHE BOJIbI C BBICOKOW MHHEpaJIM3aliell Ha MCHee MUHEPATU30BaH-
HYI0 BO3MOXHO CHIKCHHE IPOHHUIIAEMOCTH TIOPOJBI BCICICTBHE
BIUSHUSA psina pakropos: 1) HaOyxaHWe TITMHHCTOTO MaTepuaia, IpH-



BOJAIIEE K CY)KCHHUIO ceueHHs (DUIBTPYIOIINX KaHAJIOB; 2) YaCTUYHOC
3aKyITOPUBAaHUE CEUCHHS MTOPOBBIX KAHAIOB TJIMHUCTBIMU YaCTHIAMH,
KOTOpbIE OBLIM OTOPBAaHBI OT OOJIOMOYHBIX 3€PEH U BOBIICYCHBHI B
(UIBTPAIIMOHHBIN TIOTOK M3-32 MX BBICOKOH JUCIEPCHOCTH U YICIb-
HOW TIOBEPXHOCTH; 3) 00pa3oBaHHE HEPACTBOPUMBIX OCAJKOB W JIPY-
TUX TIPOIIECCOB.

O030p Hay4YHBIX MyOJIHKALMIA
cJ1200MHHEPATU30BAHHOIO 3aBOTHEHUS

MHorue onyONHMKOBaHHBIC JaHHBIC B JIMTEPATYpPE IOKA3BIBAIOT,
YTO COCTaB, OCOOCHHO MUHEpaIN3alys, 3aKaYMBaeMOro BOAHOTO pac-
TBOpA BIIMACT HA YBEIHUCHUE KO3(PUIIMEHTa BRITCCHCHHUSI.

Eme B 1959 r. uccnenosanust Wagner O.R. u Leach R.O. [84] mo-
Ka3ald, YTO W3MEHEHHE CMadlBaeMOCTH HE(TSHOIO KOJUIEKTOpa, pe-
TyJIUpyeMOe MU3MEHEHHEM COJICP’KaHUS B BOJIC HOHOB HATPHUS M IOKa-
3arenst pH, okas3pIBaeT BIMSHHE HA CTENECHb MOBBIMICHUS HeTeoTaa-
yn. B 1962 r. Ha OCHOBE 3THX HCCIIEAOBAHMI OBUIM POBECHBI OIBIT-
Ho-mipoMbinuieHHbIe ucnbiTanus (R.O. Leach et al.) [41].

B 1965 r. Mungan N. mpoBen uccienoBanus B 1abopaTopuu, Ko-
TOpBIE MOKa3aJi CHIKEHUE TIPOHUIIAEMOCTH 3a cueT u3MeHenus pH u
MUHEpanu3anuu [74].

B 1967 r. Bernard G.G. nmpoBouI HCCACIOBAaHUS BIVSIHUS MUHE-
pau3anyy 3aKaurBaeMbIX BOJ Ha HE(TEU3BICUEHUE M3 TIIMHOCOIED-
JKalUX KOJUIeKTOpoB [47].

B nanmpneitmem, 10 90-x romoB 20 Beka, J1a0OpaTOpHBIC UCCIIEO-
BaHUS MPAKTUYCCKHU HE TPOBOIHIKCE.

B 1990-x romax Jadhunandan P., Morrow N.R., Tang G.-Q. [64;
81; 82], Yildiz H.O [88] omyOsiukoBanu pabOThl O BIMSHUU COCTaBa
3aKauMBacMOW BOJBI Ha J00BIYY HE()TH, KOTOpbIC HAYald MEHSThH
B3TJIST HEPTIHUKOB HA MEXaHHM3MBI M ONTHMHU3AIUIO MPOIIECCOB 3a-
BOJIHEHMS. Pe3ynbTaThl 3KCIEPUMEHTOB IOKa3ajdd BIIUSHUE CBOMNCTB
BOJbI (MOHHBIE Trpynmbl, pH, MuHepanu3amnus) Ha MOBEPXHOCTHEIC
B3aMMOJICHCTBHS B CUCTEME NMPHUPOAHAas He(Th/BoAa/mopoia, H, cie-
JI0BaTeNbHO, HA N3MEHEHHE CMauyUBAEMOCTH.



B uccnenoanuu Tang G.-Q. u Morrow N.R. [82] mpoBogunucek
TECTHI TI0 BHITECHEHHIO Ha oOpa3iax mecuaHukoB Berea. B skcrnepu-
MEHTaX OBLIM MCIIOJIb30BAHBI TP PA3IMYHBIX BUJA MPUPOIHON HE(DTH
W TUIACTOBBIX BOJ. Pe3ynbTaThl Mokazaiu yBelnudeHue HedTeoTaaun
MPY YMCHBIIICHUN MUHEpPAIM3alUU KaK 3aKauuBacMOM, TaK U PEIIUK-
TOBOH (CBSI3aHHOI) BOABI, O€3 aHAM3a MEXaHU3MOB 3TOTO SIBICHUS.
Bbu10 yCTaHOBJIEHO, YTO NPU YBEIUYCHUN TEMIICPATYPhI MTPOUCXOIUT
U3MEHeHUe CMAYueaemMocmu 1, Kax CIeCTBHUE, yBeTUUMBaeTcs Hed-
TeoTIaya.

B npyrom ucciienoBaHuM BIMSHUS COCTaBa BOJBI Ha KO3 (uUIHU-
eHt BoITecHeHus1 HepTn Tang G.-Q. u Morrow N.R. [83] Tarxke uc-
MOJIb30BAIA 00pa3ilbl necyaHukoB Berea. [lyis 3aBOJHEHUS U caMo-
MTPOU3BOJIBHOTO BIUTHIBAHUS HCIOJIb30BAIUCH PACTBOPBI C Pa3HBIMU
BaneHTHbIMU KaTHOHamu (NaCl, CaCl2 u AICl3). Pe3ynbraTsl ucciue-
JIOBaHUS TIOKA3aJIM, YTO MPU POCTE BAJICHTHOCTU KAaTHOHA B PacTBOPE,
conepxaiieM 1% comn xmopuma (NaCl, CaClL, AICI3), mpoucxoaut
yBelm4YeHrue HedreoTaaun. ABTOPEI OOHAPYKHUIIM, YTO MPU YMEHBbIIIE-
HUU MUHepanu3aluu HedreoTnaya nmoseimaercs Ha 8-13%, npoucxo-
TUT cuopoghunuzayua nopoovt, m.e. U3SMEHAEMCA CMAYUCAEMOCHTD,
Uckmouyenne coctaBui pactBop TpéxBaneHnTtHol conmu AlCI3. Takoe
aHOMaJIbHOE TIOBECHWE OBLIO MPUIHCAHO BIMSHUIO Tokazareis pH
Ha XapaKTePUCTHKHU Mex(a3HOTO 3apsja.

Filoco P.R. u Sharma M.M. [54] npu uccienosanusix 3¢pHeKTHB-
HOCTH CJIAOOMUHEPAIM30BAHHOTO 3aBOJHCHUS Ha KEPHAX IeCYaHHUKA
Berea mpunuin k CIEAyIONIMM BbIBOJAM: 1) CHIKCHHE MHUHEpaIM3a-
LMY TPUBOANT K YBEJIIMYCHHUIO HE(PTEOTIAYM MPH OJUHAKOBOH MUHE-
paNu3aiyy BBITECHSIOIIECH M PEIMKTOBOW (CBSI3aHHOWM) BOJBI; 2) MpH
YMCHBIIICHUY MHUHEPAIU3al[ii BBITCCHSIONICH BOJbI M HEU3MEHHOU
MUHEpAIN3aIlUU CBA3aHHOW BOJBI yeenuueHus Hehmeomoauu He
Habnrwoaemcs; 3) IpU CHIDKCHUHM MHUHEPATU3AIUU CBSI3aHHOU BOJIbI,
HE3aBHCUMO OT MWHEpaJIM3alliy BHITCCHSIONICH BOJIbI, HAOIIOAACTCS
yBenmyeHne Hedreornaun. [IpuauHBI pacXoXeHUs 3TUX BHIBOJOB C
Temu, Kotopble noxyuunu Tang G.-Q. u Morrow N.R. 1o HacTosmiero
BpPEMEHH HE OTpE/IeIICHBI.

B mnawane 2000-x rr. ObUIM ONYyOJMKOBaHBI HCCIIEAOBAHUS
McGuire P.L., Chatham Jr. [72], Webb, K.J. et al. [85; 86; 87],



Yildiz, H.O. et al. [88], xoTopble mpoBoAWINCH Ui KOMIaHuu British
Petroleum. OcHOBO#1 SKCIIEPUMEHTOB 10 3aKa4Ke BOABI HU3KOW MUHE-
panu3anuy ObUIM HCCIEIOBAaHMS TPAacCEpOB U TUAPOJUHAMHUYECKHE
UCCIIeIOBAHMSL.

Uccnenopanus, npoenenusie Webb, K.J. et al. [86], Yildiz, H.O.
et al. [88] mokazamu >dPeKkTUBHOCTH craboMHUHEpATU30BaHHOTO 3a-
BonHeHus. CHayana oOpasipbl KepHa ObUIM OYHMINEHBI, 3aT€M BOCCTa-
HOBJICHBI 10 HAayaJlbHOW BOJOHACBHIIIEHHOCTH, T.K. CMayHMBaeMOCTb
SIBIISICTCS BaYKHBIM IIOKa3aTeJieM IpH 3aBoJHEHHH. [lanee Bocco3maBa-
JIM TIJIACTOBBIC YCIIOBHUS (IaBJIeHUE M TeMIepaTypy), YToObl HACHILICH-
Has He)Th MPUHSUIIA TapaMeTphl TPUPOTHON HeTH. 3aBOAHEHHE TO-
TOTOBJIEHHBIX 00pa3oB (KEPHOB) MPOBOAMIIOCH B TUIACTOBBIX YCIOBH-
SIX BTOPUYHBIM (3aKayka CIa0OMHHEpaIM30BaHHBIX BOJ) U TPETHY-
HBIM (3aKauka clabOMHHEPaIM30BAaHHBIX BOJ IOCJIE BHICOKOMHHEpa-
JIU30BAaHHOTO 3aBOjHEHUs) MeTogamu. OTEHKY 3PPEKTUBHOCTH Hed-
TEU3BJICYCHHUS TIPH 3aBOJHEHUH aBTOPHI MPOBOIUIN C HCIIOJIB30BaHHU-
€M 3aBHCHUMOCTH J00BIYM HEPTHU OT KONUYECTBA M3BJICUCHHOW BOJBI.
PesynpTaThl OKa3adM yBenuueHHe AOOBIYM HE(PTH MPHU yMEHbLICHUH
MUHEpaTU3aluy BOJBL

Ha pucynke 8.1 McGuire et al. [72]; Webb et al. [87] nemoHCTpH-
pyeTcs, Kak CHW)KEHHE COJICHOCTH paccoja MPUBOIUT K CHUXKEHHIO
OCTaTOYHOH HE(PTEHACHIICHHOCTH WM, JAPYTHMMH CIOBaMH, Kak
YMEHBIIICHHE COJICHOCTH B PAcCcoje CIIOCOOCTBYET YBEIMYCHUIO NIO-
Ob1un HeTu. PucyHok 8.1 MOKa3pIBaeT, 4TO yMEHBIICHUE COJEHOCTH
paccosna Bcerzaa MpUBOIUT K CHM)KEHHIO OCTaTOYHOW He()TeHACHILICH-
HOCTH, TO €CTh YBEJIMUYCHHIO NOObIYM HedTH. 3amedeHo, 4To NpH
YMEHBIICHHH COJEHOCTH paccoiia Oonee ueM Ha 80%, Habmromaercs
3HAYNUTENBFHOE YBEIMUEHHE JOOBIYM HePTH.

OnHako mpu 3aKauyke MOPCKOW BOJIBI YBEIWYECHHUS HePTeOoTIauu
He ObLIO0, Ja’ke B TOM cCilydae, KOrja MUHepalu3alys MOPCKOH BOJBI
ObUIa MEHbIIE MUHEpPAIU3AlMU IIacTOBOH BOAbl. OOBSICHEHHE TaKo-
MY SIBJICHUIO aBTOPHI B cBoeH pabote He aanu. Crnenyer OTMETHUTS, 3a-
KauKa c1a00- ¥ BHICOKOMUHEPATU30BAHHOM BOJBI IPOU3BOAMIACE TIPH
OJMHAKOBOW Ha4yaJlbHOM BOAOHACHIIIEHHOCTH KepHa. |'paduku, moka-
3bIBAIOLINE AMHAMHKY He(TEeU3BICUCHUS, H300pakeHbI Ha pHc. §.1.



Puc. 8.1. Yeesnuenune no0b14n HegT B % / UsMeHenne Sor B %
NPH CHHZKEHHMH COJICHOCTH PaccoJia AJIsl Pa3JIMYHbIX HCCIe0BAHUI
(McGuire et al. [72], Webb et al.) [87]

U3 puc. 8.2 BumHO, 4TO 10 0aX0/Aa GPOHTA BBITECHEHHS K KOHILY
oOpa3ia KkepHa 100bIBaeTCs TONBKO Oe3BoaHas HedTh. [locie mpokay-
KH OJIHOTO IOPOBOTO 00BeMa BOJIbI, KOrAa (PPOHT BBHITECHEHUS I10JI0-
es K KOHIy o0pasia, He)Th OOBIBAJIACH B HE3HAYMTEIBHBIX KOJIH-
4eCTBaX, JIMOO ee OoObIYa MOTHOCTHIO MPEKPaIaiach.

Puc. 8.2. CpaBHeHHe XapaKTepHCTHK 100bIYM BTOPUYHBIX METO0B
NPH IJIACTOBBIX YCIOBHUSX 3aKAYKH ¢J1a00MHUHEPATH30BAHHON BOABI
M BbICOKOMUHEPAJIN30BaHHOro 3aBoAHeHuss (Muxaiiiio H.H. u ap.) [22]



Pesynbratel uccnenoBanuii kommanuu British Petroleum mokasa-
JIM, YTO TEXHOJIOTHS, OCHOBAaHHAs Ha 3aKayke CIaOOMUHEpPaTN30BaH-
HOW BOZBI, MO3BOJIAET yBEIHUYUTH 3PPEKTUBHOCTH OOBIYHOTO 3aBOJ-
HeHus Ha 10-55%.

Kpynusie nedransie komnanuu (Total S.A., Royal Dutch Shell,
Statoil ASA) 1 yHUBEpCHUTETHI pa3HBIX CTpaH MHUpa PabOTaIOT B STOM
HarnpaBJICHUH.

Bospacraronee ¢ KaXasIM roJOM KOJWYECTBO MyOJIMKaLUil CBU-
JIETENbCTBYET O BBICOKOM MHTEpece K 3TOH TeMe.

8.4. MexaHM3M BbITeCHEHMUA He(TU NpU 3aKauke
cnabomunHepanusoBaHHOMN BOAbI

Ponp B opranuzanum B3auMoeicTBUs He(pTh-1IOpOAa MPOSBISICT-
Cs B HECKOJIBKMX acleKkTax. B IpucyrcTBuM BOJbl Ha IOBEPXHOCTU
nopoA 1 Heth nomyyaroT 3apsa. [lonspHeie pyHKIHMOHATIBHBIE TPYII-
Ibl, OTHOCSIIUECS U K MOPOAaM, M K CBIpOil He()TH MOTYT MpPOSBIATD
ce0s1 KaK KUCIOTHI (OTHaBas MPOTOH M CTAHOBSCH OTPHULATEIBHO 3a-
PSDKEHHBIMM) M OCHOBaHUsI (IIPUCOEAMHSS MPOTOH U TMONydas MOJOo-
JKUTENbHBIN 3apsn). EcTh 1Ba OCHOBHBIX IyTH, COTJIACHO KOTOPBIM
sBIIeHHE 00pa30BaHMs MOBEPXHOCTHOTO 3apsAja BIMSET Ha B3aUMO-
JEeUCTBUSL MEXIY NPUPOJHON HE(THIO, paccoioM M TBEPABIMHU IIO-
BEPXHOCTSIMH.

Bnusnue mOBEpXHOCTHBIX CHJI B CTAOMIIM3alMM TOHKOH IJICHKU
BOJIBI MEXJy MOpoAoi U HeThO Hauboliee 3HAYUTENHHO, KOTAa MH-
Hepanuzanua (asel paccona siBisieTcss HU3Koi. [Ipu Oonee BBICOKHX
3HAUEHUSAX MHMHEPATU3aIUH, MOABIAIOTCS OrpaHUUYEHUs] TEOpUU AcH-
CTBHS TIOBEPXHOCTHBIX CHJ. 3HAUE€HUE CHJI, HE OTHOCAIIMUXCS K DJIEK-
TPOCTATHYECKUM U cunaMm Ban-nep-Baanbca, 3HauuTenbHO BO3pacra-
er. Jlns naHHBIX IOBEpXHOCTEH HE(TH WM MOPOABI, TOBEPXHOCTHBIH
3apsAA  3aBHCUT OT CTENEHM peakuud JUCCOIMAallUK  KHCIIO-
THI/OCHOBaHUSI, KOTOPBIE B CBOIO OYepellb 3aBHCAT OT mokaszareist pH
HA NOBEPXHOCTU. JlJII HEKOTOPBIX COCTABOB PACTBOPOB COJEH, IIO-
BEPXHOCTH paszzienia HeTh-BOJA U TBEPIOE TeJIo-BoAa OyIyT UMETh



OIVH W TOT K€ 3apsi U B pe3ylibTare OTTAJIKHUBAHWE CTAOMIH3HUPYET
MPOMEXKYTOUYHYIO (TIepeXoAHYI0) TUIEHKY BoAbl. Eciu BomHas mieHka
SBISIETC CTaOMJIBHOM, MOTYT TONIEPIKUBATHCSA YCIOBUS CHIIBHOU
rugpoduibHocTH. Ecnm HET, TO pa3phlB BOIHOW IUICHKH MO3BOJSET
MPOTEKaTh B3aUMO/ICHCTBUSAM, U3MEHSIOIIUM CMadylBaHHeE.

[Torepst paBHOBECHOTO COCTOSIHUSI BOJHOM IUICHKH SIBIISIETCS JIUILIB
MEPBHIM [IArOM B U3MEHEHMM cMaunBaHus. Ha manHoM 3Tame Kommo-
HEHTBl TNPUPOAHOW HePTH Ha Mexk(pa3HOH MOBEPXHOCTH HEPTh-
paccosl MOTYT afcopOMpOBaThCs Ha TBepAOH moBepxHocTu. Kpemmue-
BbI€ TOBEPXHOCTH OTPHLATEIBHO 3apsDKeHbI NpU 3HadeHusX pH>2;
MOJIOKUTENILHO 3apsKEHHBIE a30THCThIE OCHOBAaHHS MOTYT ajacopOu-
poBaTbesi. KanpuTOBBIE MOBEPXHOCTH SIBISIOTCS O0Jiee CIOKHBIMH,
HO MOTYT OBITh TOJIOKUTENBHO 3apsbkeHbl MmpH 3HaueHusix pH <9.5,
YTO IPUBOAMT K MOBBILIEHHON aCOPOIIMH KUCTIOT.

Ecnu mpucytcrBytor nonsl Calt, OHM MacKUpPYIOT YUCTO KHUCIOT-
HBIE/OCHOBHBIC B3aUMOJICHUCTBUS. BO3MOXKHBI HECKOIBKO B3aMMOJEH-
creuii: HedTb-Ca-HedTh; mopona-Ca-nopona; HedTh-Ca-nopona.
[lepBbie 1Ba MOTYT OrpaHMYMTH W3MEHEHHE CMAaYMBAaEMOCTH, TOT/A
KaK IMOCcJIeHEee CTUMYJIIHPYET €ro.

B Hacrosimee Bpems aBTOpHI HAay4YHBIX IMyOJHKAalWd Ha OCHOBE
HUMEIOIIUXCSl IKCIIEPUMEHTAJBHBIX NaHHBIX BBIICIAIOT HECKOJIBKO
MPOLIECCOB, MPHUBOAAMIMX K M3MEHEHHIO CMauMBacMOCTH. JTH TPO-
LECCHl POUCXOAST B CUCTEME MPUPOAHAs HepTh/BoAa/mopoaa B mJa-
CTOBBIX YCJIOBHSIX.

. Muozokomnonenmmuulii UOHHBIIL OOMEH, TIPOUCXOMSIIUN B
TIacTe MEXIy 3apsUKEHHBIMU MMOBEPXHOCTSIMU MOPOABI M 3aKauKBae-
MO} MUHEPAJIIM30BAHHOM BOJOU. B MIacTOBBIX yCIOBUSAX KOMIIOHEHTBI
HedTH ancopOUpyIOTCsS Ha MHUHEpanax, CJIararoliuX KOJUIEKTOp, U H3-
MEHSIIOT cMauyrBaeMocThb. [Ipu 3akauke craboMuHepanTu30BaHHOH BO-
Ibl, MHOTOBaJICHTHBIC KATHOHBI, UMEIOIIUE OOJBUIYIO DIEKTPOXHUMH-
YEeCKYI0 aKTHBHOCTB, 3aMEIAIOT MOJISIpHBIE KOMIIOHEHTH! He()TH, B pe-
3yNbTaTe MPOHCXOAMT AECOpPOIMS TOCIEAHUX W THUAPOUIM3AIMS
riacta. Kak mokasanmu uccliefoBaHUSl, MHOTOBAJICHTHBIE KaTHOHBI,
KOTOpBIE HAaXOIATCA B PEMKTOBOM (CBSI3aHHON) MHUHEpaTN30BaHHOI
BOJIE, CITIOCOOCTBYIOT YBETMUEHHIO HE(PTEOTIAuM MPH 3aKadKke ci1ado-



MUHEpaI30BaHHOU BoAbl. M3MeHeHUs] B HOHOOOMEHHOM PaBHOBECHH
npu cnaboil MUHEpanu3aluy NPUBOASAT K BOSHUKHOBEHHIO TTOABHIK-
HOCTH MPOYHO aJCOPOMPOBAHHOMN, CBSI3aHHOW CO CKENeTOM HedTH.
B pesynbTare paspbiBa cBsizel, yAepKUBAIOIIKUX HEPTh HA BHYTPHUIIO-
POBOI TIOBEPXHOCTH, MPOMCXOAUT TUAPODUIM3AIMSA M, KaK CIEACT-
BUE, yBEIMUYCHNE HE(PTEOTAaYH IIIacTa.

2. 3ghghexm 06oitnozo Inekmpuueckozo cnoa. JIBOMHOU 3IEKTpU-
YeCcKHi CI0M 00pa3yeTcst Ha MeX(a3HbIX IOBEPXHOCTSX B Pe3yJbTaTe
N30BITOYHONW TOBEPXHOCTHOM SHEPruM CONpUKacaommxcs das.
IByxda3zHas cucTemMa CTpEeMHUTCS K YMEHBIICHHIO MOBEPXHOCTHON
SHEPTuH, YTO MPUBOIUT K YMOPSIOYMBAHUIO MOJIAPHBIX MOJEKYNT U
WOHOB B MOBEPXHOCTHOM CJIO€, TOCTIE Yero CONpHUKacarommecs (asbl
MPUHUMAIOT 3apsAbl POTHUBOIOIOKHOTO 3HAKA M PABHOM BEJIMYUHBL.
HccnenoBanusiMu yCTaHOBJIEHO, YTO MPHU 3aKayke CIaOOMHHEPaIH30-
BaHHOW BOJBI NPOUCXOIUT G03pacmanue 31eKmpoKUHemuuecKozo
nomenyuana (03ema-nomenyuana) ABONHOTO SICKTPUUECKOTO CIIOS
(puc. 8.6), B pe3ysibTaTe 4ero MPOUCXOMUT ruapodumzanus. pyru-
MU CJIOBaMH, PaCIIMpPEeHUE OONACTH IBOMHOIO 3JEKTPHYECKOTO CIOS
W3-32 HU3KOM MHHEpaIM3alud NPUBOJUT K YCKOPEHHIO AecopOLuu
MOJISIPHBIX KOMIIOHEHTOB He(pTH ¢ TOBepXHOCTH TimH (puc. 8.7).
CrnencTBueM 3THX MPOLECCOB SBISACTCS THAPOGHUIN3aLUsI U yBeTuue-
HHE He(TeOoTAauH.

He menee BaxHbIM (PakTOpOM SIBISIETCS W3MEHEHHE BEJINYHHBI
IUIOIAAN TTIOBEPXHOCTH MeK(pa3HOTo paszeina BoAa /HeTh MpH U3Me-
HEHUW MUHEpaIM3alMy 3aKauuBaeMoi Boabl. Kak mokaszanm uccieno-
BaHus (Abhijit Dandekar, Shirish Patil, Santanu Khataniar) va npume-
pe HedTel OHOTO M3 MECTOPOXKICHUN AJSCKH, Mex(a3Has IUI0Iaab
MEHsIETCSL.

Ha puc. 8.3 npuBeneHs! 3HaUeHNST OCTATOYHOTO HE(TEHACHIILICHHS
(Sor) M yAenpHOM Miolaay MOBEPXHOCTH pasjiena B 3aBUCUMOCTH OT
oobemHOl KoHneHTpanuu NaCl B 3akaunBaeMoii BoJe.

Kak BupHO W3 pucyHka 8.3, BelIMYMHA OCTATOYHOW HedTeHACHI-
LIEHHOCTH MaJaeT ¢ YMEHBIIEHUEM COJIEHOCTH, B TO BpeMsl, Kak ILIO-
maap Mexx(azHOTro pasziena MEHSeTCss HEMOHOTOHHO ¢ YMEHBLICHUEM
COJIEHOCTH U JOCTUTaeT CBOEr0 MaKCUMyMa IpU COJIEHOCTH ~ 2%.



nw

Puc. 8.3. Ocrarounas HacblleHHOCTH [ekaHa Sor
1 0c00asi IOBEPXHOCThL pa3aena HepTh/Boaa Anw
B IIPOTHBOBEC COJIeHOCTH. CHIKeHHas Sor ¢ IOHUKEHHOH COJICHOCTDIO,
MOKA @nw JOCTUTAJIa MAKCHMYMA IPH COJIeHOCTH ~2%

3. CHudicenue mexnchaznozo noGepxXHOCMHO20 HAMANCEHUA. 3a-
BOJIHCHHE CIa0OMHHEPATM30BaHHON BOJOW NIEHCTBYeT MOJ00HO 3a-
Kauke B IUIACT IIEJIOYHOI'O PACTBOPA: CHUNCAEMCS 3HAYeHUe Medic-
haznozo nosepxnocmHo20 HamsxCeHUs: 1S TIACTOBOW BOJIBI 1 HE(DTH

(puc. 8.4)

Puc. 8.4. Mexdasnoe HaTszxkeHne Mexay HeThbI0 H BOAOH
B 3aBUCHMOCTHU OT KOHIEHTPALIMU PACTBOPA COJIU B BOj1e



4. Ocmamounasn negpmo B BUIC Karlellb U IJICHKH, KOTOpPBIE TIPHU-
JUIJIM K TBEPAOH MOBEPXHOCTH IOPOJBI, XOPOILIO OTMBIBACTCS U yB-
JIeKaeTcs K TOOBIBAIOIINM CKBaknHaM. Kak clieicTBHe, yMEHbIIAeTCs
ocTaTouHasi He()TeHACHILIEHHOCTb.

5. Hoevimenue noxazamensa pH. Poct nokasarens pH 3akaum-
BaeMOH BozbI (TpecHas BoJa UMeeT Oosiee BBICOKHMH MoOKaszatens pH,
YeM IUIaCTOBas BOJA) MPUBOJUT K USMEHEHUI) Xapakmepa cmayueae-
Mocmu 2opHoti nopodvl. KOJIEKTOp CTaHOBUTCS MPEUMYILIECTBEHHO
CMauyMBaeMbIM BOJOH, a He HE(THIO (MPOMCXOIUT TUAPOPUIH3ALMS
MOPO/IbI), YTO OOYCIIABIMBAET MOBBIIICHUE HEPTCOTIAYUH.

Heobxomumo oTMeTHTh, 4TO M3MEHEHHE NOKazaTelsl p/ 3akadu-
BaeMOT'0 PAacTBOpa OKa3bIBACT BIMSHHE Ha XapaKTEePUCTUKU ABOHHOTO
AJNIEKTPUYUECKOTO JI3eTa-oTeHnuana (puc. 8.5).

g (mV)

Puc. 8.5. 3aBucumoctp a3era-norenuuana £(mV) or pH-pacrsopa
ISl KAJBUUTOBOI0 NOpoLIKa (KoHueHTpauus pacrtsopa MNacCl 0,01
(Norman K. Morrow, Sill Buckly)

Kak Buznno u3 puc. 8.5, xorna nokasarens p/{ pacTBopa cOCTaBIIs-
et ~8—10, A3eTa-moTeHIMAN IPUHUMAET 3HAYCHUS, OIM3KHE K HYIIIO.



6. Omblienue u Ighpekmuvl NOGEPXHOCMHO-AKMUBHBIX 6EULECE.
JlaHHBIE MPOIIECCHI OCYIICCTBIISIFOTCS MPH KOHTAKTE CIIA0OMUHEPAIH-
30BaHHOTO PAaCTBOPA, UMEIOIETO TOBBINICHHBIC 3HAYCHUS MTOKA3aTels
pH, ¢ mnacroBoii HedThI0. [IpOHCXOMUT OMBUICHHE TPUCYTCTBYIOIINAX
B He(bTH KHCJIOTHBIX U IMOJIAPHBIX KOMIIOHCHTOB.

7. Dghhexm Ooucnepzuposanus enunucmpIx Yacmuy TPOUCKXOIUT
MPU B3aMMOJCUCTBUM CIIA00MUHEPATU30BAHHBIX BOJ[ C TIMHHUCTHIMU
MuHepanamu. CrnaOoMHHEpaIM30BaHHAs BOJA CHOCOOCTBYET THJpa-
TalU¥ TIUHHUCTBIX YACTHIl, YTO MPUBOJIUT K YMCHBIICHUIO (ha30BBIX
MIPOHUIIAEMOCTEH 110 Bojie U HedTh [14].

Puc. 8.6. Cxema cTpoeHHUsI JBOIHOT0 JICKTPHYECKOTO CJIOS.
(o — moreHnmas crenku; ¢" — morennmay llrepua,
L — 31eKTPOKMHETHYECKU I MOTEeH A

Omnpenensionyo pojib B MEXaHU3ME BBITECHEHUS HE(TU MpU 3a-
Kauke ClIabOMHUHEPATH30BAHHOW BOJBI UTPAET HOHHO-OOMEHHBIH TPO-
1ece Mexay (hIrouaaMu | MOPOJIOH.

MOXHO YCIOBHO pa3/ieluTh KOJJICKTOPA HA T€, B KOTOPBIX TPH-
CYTCTBYIOT MIMHUCThIC MUHEPAJbI (TJIMHUCTBINA [[EMEHT) U Ha TE, B KO-
TOPBIX MX COfepKaHue Majo. J[Jst KOJICKTOPOB ¢ MAaJIbIM COJICPIKaHH-
€M TJIMHUCTBIX MHHEPATIOB MPe00IIaaatoT MPOIeCChl HOHHOTO 00MEHa,
a JUIsl KOJUTEKTOPOB CO 3HAUUTEIHHBIM COACPIKAaHHEM TaKHX MHHEpa-
JIOB — TIPOIECChl HAOyXaHUs ¥ JUCTIEPTHPOBAHUE TIIMHUCTBIX YACTHII,
B TeppuUreHHBIX KOJUIEKTOpAX AOJs TIIMHUCTBIX MHUHEPATOB MOXET



cocraBiath 10 20-50%, a B kapOoHaTHBIX 10 5-10% [38]. Ilpu xo-
a¢durenTe rmMHEUCTOCTH KT (1071 TIMHUCTRIX MUHEPAJIOB B 00IIeM
o0beMe ckesera mopoAbl) Beime 15-20% mopoaa-KOJIEKTOp MOYTH
Henponuiaema [39].

Puc. 8.7. A) Cxema 1BOHHOIO 31eKTPHYECKOI0 CJIOS
U He()TAHBIX KOMIIOHEHTOB, 2/ICOPOMPOBAHHBIX HA IBYXBaJEeHTHbBIX
TMOBEPXHOCTSX ABOIHOI0 3JIEKTPUYECKOT0 ¢J10s1; B) TommmHa ABoiHOTO
3JIEKTPUYECKOTI0 CJIOSl, IPU KOHTAKTE BOJbI BbICOKOH MUHePAJIU3aALUN
€ NOBEPXHOCTHIO ITUHBI; C) TOMIMHA ABOITHOI0 3JIEKTPUYECKOI0 CJI05,
NPH KOHTAKTE BOJAbl HU3KOI MUHEPAIH3ALUM C NOBEPXHOCTHIO IVIUHBI
(o Lee, 2010) [67; 74]

Cmauusaemocmsy noeepxrHocmu TOPHON HOPOIBI, C IJIEKTPOXHU-
MHYECKON TOYKHU 3PEHHUs, SABISCTCSA CIEACTBUEM 3apAJOBBIX B3aHMO-
JEWCTBHA, KOTOpBIE NEHCTBYIOT MEXIY MOPOJAOH, HE(THIO U BOJOH,
IIPUYEM CUIIBL OTUX B3aUMOJEUCTBUN NEUCTBYIOT CUIbHEE MEXIY IIO-
pofioii 1 HeThIO, YeM MEXIy TOpoaoi u BojoH (cM. I'maBy 6). O0b-
SICHSIETCSL ATO TE€M, YTO MOBEPXHOCTb YACTHI] TOPHOM MOPOABI U IUIA-
CTOBasl BOJA IIEPBOHAYAIIBHO 3apsKEHBl IOJIOKUTEIBHO, [TIMHHUCTHIE
JacTUIbl U HeQTh MMEIOT OTpHUAaTeNbHbIN 3apsan. OcnalneHue 3apsi-
JOBBIX B3aMMOJICHCTBUI, OMMCAHHBIX BBIIIE, MEXIY HE(THIO U TIOPO-
Jo1 o0ecrieunBaeT nporece ruApOPUIN3aluH TOPObl. Y CTAHOBIICHO,
YTO HAJIMYME TIUHUCTHIX YaCTHIl B KOJUIEKTOPE CIIOCOOCTBYET MeXa-
HU3MY THAPO(HIN3ANH [IPH 3aKauKe CI1a0OMUHEPATN30BaHHBIX BOJ.

g KONNIeKTOpoB ¢ HATUMYMEM TJIMHHUCTBIX MHHEpPAJoB, TJIMHU-
CTBIC YaCTHLBI CO3Aal0T M30BITOUHBIA OTPULATENBHBIA 3apsid, KOTO-
PBII NPUTATUBAET PACTBOPEHHBIE B ILIACTOBOM BOJE, IOJIOXKHUTEIBHO
3apspKkeHHbIe HOHBI (puc. 8.8a). [lomoxuTensHO 3apshKEHHBIE ABYXBa-



nenTtHble MoHbl Calt u Mgl+, mprcoeqUHEHHbIE K TIIMHUCTBIM YacTH-
aM, TaKkke MPHUTATUBAIOTCS K TOJSAPHBIM KOMIIOHEHTaM Hedtu (Ta-
KM Kak ac(aibTeHbl, HAQTEHOBbIE U ac(aIbTOTCHOBBIE KHCIOTHI,
CMOJIBI), TEM CaMbIM, UTPAIOT POJIb CBA3YIOIIETO 3BEHA, YIACPKHUBAIO-
niero HeTh Ha MOBEPXHOCTH MOPOJIBI, KaK MOKa3aHO Ha pHUCYHKe 8.8.
3akauka ci1abOMHHEPATN30BaHHOW BOABI CIIOCOOCTBYET YMEHBIICHHIO
AJIEKTPOCTATUUECKOW CHJIBI, YTO NPUBOJUT K OTPBIBY W MHIPAMU
BEPXHEro CJIOsI TNIMHUCTOTO Marepuaia, Ha KOTOpPOM aJcopOUpOBaHBI
MOJISIPHBIE KOMIIOHEHTHI HE(TH.

Puc. 8.8. HauanbHoe pacnpenenenune 3apsiioB B cHCTeMe
nopoaa-HeTh-BoAa: rHAPOGUIbLHEIN KOLJIEKTOP (a),
ruapopooHbil koIekTop (0) (V. Akhmetgareev, R. Khisamov) [44]

Jnd cnydas, Korja KOJIMYECTBO INIMHUCTBIX YaCTHUI[ B ITOPOJE He-
3HAYUTENBHO, BCE 3apsHKEHHBIC TOBEPXHOCTH B KOHTAKTE C IJIAaCTOBOM
BOJION MMEIOT JTIOCTYI K MOHAM BOJIU3U MOBEPXHOCTH (IBOMHOM 3JICK-
Tpuyeckuii cinoil). HecMoTpst Ha To, 4yTO KOHLIEHTpauusi HOHOB Nat U
Cl- B myacToBO#l Bojie BBICOKAsl, OHM HE MPHUHUMAIOT aKTHBHOTO yua-
CTHSI B TIpoLIecCe U3MEHEHHs] CMauMBaeMOCTH Mopojisl. KoHeHTparus
OTPHILIATENBHO 3apsDKeHHBIX HOHOB CO32- m SO42- B muiacToBO# Boze
HEBEJIMKa, TI0ATOMY OHA UMEET MOJIOKUTENbHBIN 3apaa. CBA3b MEXIY
MOBEPXHOCTBIO MOPOJBI, UMEIOLIEN MOJOKUTEIBHBIN 3apsai, U OTpH-
LaTeIbHO 3apshKeHHON KapOokcwibHoU rpynnoit Hedtu -COO- oueHb
cuibHas. [1oaToMy KpymHBIE MOJIEKYJIBI HEPTH MOTYT yIEpKHBAThCS
Ha NMoBEepXHOCTH NopoA. CrnenoBarenbHO, Yol CMaduBaHUS MOPOJB
BOZIOW OONBIIONW, M TOpOJa XapakTepusyercss Kak ruapodoOHas



(puc. 8.80). Pa3peIB cBsizeil, yaep:KUBarOIUX HE(Th HA MOBEPXHOCTH
Nopobl, 00ycinaBIuBaeT yBenuueHue nedreornauu (puc. 8.9) [22].

Puc. 8.9. Mexanusm yBennueHusi HeTeBbITECHEHHSA
3a cueT ruApoGHIN3aNNN NOBEPXHOCTH MOPOABI

CocraB 11acTOBOM BOJBI, KaK YK€ OTMEYaJIOCh BBIIIE, BIMSET Ha
cMaunBaeMocTh nopo. Mousl cynbhaTta SO42- SBASIOTCS CaMbIMU aK-
TUBHBIMHU B IIPOLIECCE CMAYUBAEMOCTH B KapOOHATHBIX MOPOAAX, OJ-
HaKo UX COAEp KaHUE B MJIACTOBOM BOjie OYeHb HeBenuko. lpu 3akau-
Ke CJa0OMHHEPaIN30BaHHONW BOJIBI, BBHIY pAaCIIMPEHUs] 00JacTh
JIBOWHOTO 3JEKTPHUYECKOTO ciosi, HOHBl SO42- ancopOupyroTcsl Ha Mo-
JIOXKHUTENBHO 3apsHDKEHHYIO MOBEPXHOCTH MOPOABI M TaKMM 00pa3oM
CHIDKAIOT TOJIOXKHUTEIBHBIN 3apsAl MOpoJbsl. JTO NMPUBOIUT K YMEHb-
LIEHHIO yTJIa CMauyMBaHUs BOJIOH, U KaK CIEACTBHE, IIOPOJIa CTAHOBUT-
cs1 6osee TUAPOPUITHLHOM.

[IpucyrcTBre MOHOB cynb(dara B 3aKauMBaeMOi BOJIC yBEIUYMBAa-
eT TUAPOPUILHOCTE B KapOOHaTHOW mopoje [78], ciemoBaTenbHO,
JOTIOJTHUTENNbHAsT He(Th MOXET OBITh BBITECHEHA M3 IIOp, YTO 00Y-
CIIaBJIMBAET CHIKCHUE OCTATOYHOW HE(TEHACHIIICHHOCTH U yBEIUYe-
HHE He(TEOoTAauH.

CornacHo MMEIOIIUMCSI MCCIICJOBaHUSAM, NPU 3aBOJHEHHH Cl1abo-
MUHEPAIN30BaHHOW BOJOW OCHOBHBIM MPOLIECCOM ANl KapOOHATHBIX
KOJIJICKTOPOB SIBJIICTCS MHOTOKOMIIOHCHTHBI MOHHBIH OOMEH H, Kak
CIICICTBHE, U3MEHEHNE CMAaYMBAaeMOCTH. /[ TEppUreHHBIX KOJIIEKTO-
POB, U3-3a OoJIee CIOKHOTO MUHEPAJIOTHYECKOTr0 cOcTaBa, mpeodnasaet
MPOLIECC TUCTIEPTUPOBAHUS TIIMHUCTBIX YACTHLl U UX MUTpaLIUs.



OKCIEepUMEHTaIbHO YCTaHOBJICHO, YTO MOHBI Mgt B caboMuHe-
paM30BaHHON BOJIE CLIOCOOHBI 3amMeraTth HoHbl Calt Ha MOBEPXHOCTH
KapOOHATHOTO KOJUIEKTOpa, YTO MPOMUIIOCTPUPOBAHO YpaBHEHUEM
CaCO; + Mgt — MgCOs + Calt,

Ha pucynxke 8.10 npeacraBneHa cxema NpeAnonaraéMoro mporec-
ca M3MEHEHHsS CMayMBaEMOCTH TOBEPXHOCTH KapOOHATHOH MOPOJIBI
MpY 3aBOJHEHUH CJIa0OMUHEPATN30BaHHON BOJOM.

Puc. 8.10. Cxema nmpeamoJiaraeMoro npouecca M3MeHeHHs
CMa4YHBAEMOCTH NMOBEPXHOCTH KAPOOHATHOI MOPOABI MPH 3aBOAHEHHH
ciaadomuHepanuzoBanHoii Bogoii (Y. Zhang, N.R. Morrow) [89]

Ha pucynke 8.11 mpencraBieH mpeamnoiaraeMblii MEXaHU3M Je-
3arperanyy (AMCIEepralnyy) TIIMHUCTBIX MUHEPAJoB ¢ 00pa3oBaHHEM
B3BeCEHl M KOJJIONIHBIX PacTBOPOB, U MOCIENYIOIIEE BIUSHUE YaCTHUIL
B3BECHM Ha Tpouecc (UIbTpaUUU NpH CclabOMHUHEpaM30BaHHOM 3a-
BOJIHEHHU.

TTIHHACTBIC
YaCTHIIB

Puc. 8.11. Mexanu3sM e3arperany r’iiMHACTOH KOMIIOHEHTBI
H NocJjieyloniee BJIMsTHAE YACTUIl B3BeCH Ha nmpouece punbTpanmun



[TomyMo BhIIIENIEPEUUCIEHHBIX MPOLIECCOB, B MacTe Napaieib-
HO MOTYT IPOXOJUTh NMPOUECChl, HE2AMUBHO GUAIOULUE HA Hedhme-
omoauy.

OueBUIHBIM HETaTUBHBIM (PAKTOPOM INPH 3aBOJHEHUH BOJOW, OT-
JIMYHOM MO COCTaBy OT IUIACTOBOI BOJBI, SIBISIETCS CHUYKEHHE MPOHU-
LAeMOCTH KOJUIEKTOpa M3-32 HaOyXaHWs W JUCIEPrHPOBAHMS TIIMH.
[Ipu yBenuuennn obbeMa TIMHUCTOTO LIEMEHTa B HECKOJIBKO Pas3, B
pe3ynbTaTe U3MEHEHHs CTPYKTYpHI MOp M MOPOBBIX KaHAJOB, NMPOHHU-
aeMOCTh MOPOJBbl MOXKET YMEHBIIUTHCSA B AeciaTku pa3. HaOyxanue
[JIMHUCTBIX MHUHEPAJIOB MOBBILIAETCS NMPH YMEHBIIEHUH MHHEpalIn3a-
UM 3aKaYMBAaeMOI BOJBI, YTO CBS3aHO C MOHHBIM OOMEHOM, MPHUBO-
JSIIUM K TIOTJIOUICHUIO TJIMHAMHM BOJBI M NPEoOpa3OBaHUIO OIHUX
MuHepasnoB B Apyrue [31]. Bennuuna u xapaktep HaOyxaHus TJIUH 3a-
BUCHT OT psna GpakropoB. OCHOBHBIMH (haKTOpaMu SBJSIIOTCS: MUHE-
palbHBIA COCTaB 3aKauMBAEMOM BOJIBI, CTPYKTypa M COCTaB TJIMHH-
CTBIX MUHEPAJIOB.

OnHako aBTOPBI HEKOTOPHIX pabOT OTMEYAIOT MOJOKUTEIbHbIC
3¢ ¢eKThl 0T Ha0yXaHus TJIMHUCTOTO IEMEHTa Ha MpOolecC BBITECHE-
Hust Hedru [11; 33; 35]. 3MeHeHne CTpyKTYyphl HOPOBOTO MPOCTpPaH-
CTBa KOJJICKTOPA MPUBOANT K YMEHBLICHUIO 3HAUeHNH Kod(duimenta
3¢ ($eKTUBHON MOPUCTOCTH, BCIECICTBHE YETO MPOUCXOIUT «BBDKHMA-
HHUE» 4acTu HeTu u3 miacta. [Ipu aTom (azoBas mpoHULIAEMOCTD MO
BOJIE CH)KAETCsl, a 0 He()TH YBEIUIUBACTCS.

CrenyromuyM HeraTHBHBIM (DakTOpOM NpU 3aBOJHEHUHM BOZOI
ciiaboli MuHepanusanuu spisercs Ouorneno3 [32]. Ilpu ucnosnb3oBa-
HUH MPECHON BOJIBI OOJIBIIYIO OMACHOCTH MPECTABISAIOT CyIb(aTBOC-
CTaHaABJIMBAIOIIUE OAKTEPHH, YACTO MPUCYTCTBYIOIIUE B MPECHBIX BO-
nax.

HemanoBaxHol 3amadeil mpH 3akadke MHUAKOCTH, OTIMYHOM OT
COCTaBa IJIaCTOBOM BOJBI, ABISETCS NpeNOTBpalleHue Ipolecca co-
neoOpa3oBanus. Brinmagenue ocanka B BHIE COJHM MPOUCXOIUT IPH
CMEILIEHUH BOJ pa3HOro coctaBa. KOHIIEHTpanys HOHOB MOKET Pe3Ko
BO3pacTl M NPEBBICUTh 3HAUEHHE PACTBOPUMOCTH JUIsI COOTBETCT-
BYIOIIETO COETMHEHNS, U TOT/1a OHO BBIMIAJET B OCA/IOK.



Brlmeonycaniple MeXaHU3Mbl H3MEHEHHSI CMaYlBaeMOCTH B CHC-
TeMe BOJa-HEe(PTH-IJIACT MPH 3aKayke cIabOMHUHEPANTU30BaHHBIX BOJ
XapakTepU3yl0T BO3MOXHBIE CIEHAPHU pPealii3allid TEXHOJOTHH IMO-
BBILLICHUSI HEPTEOTAAYH MPHU CIAOOMHHEPATN30BAHHOM 3aBOJHEHUH.
OpHAaKO HM OJHMH M3 3TUX MEXAHHW3MOB HE SIBISCTCS JOMHHHUPYIOIIIM
Uil BceX HEe(TAHBIX pe3epByapoB, TaK Kak CTENEHb 3HAYUMOCTH OT-
JENBHBIX MPOLECCOB B PA3IMYHBIX T'€0JIOr0-TEXHOJIOTHUYECKUX YCIIO-
BUSIX M3MEHSETCA. JTO CJIEICTBUE IIMPOKOTO pa3sHooOpasusi cBszei
napamMeTpoB pa3paboTKH ¢ (PU3MUYECKUMHU CBOMCTBAMHU TOPHBIX TIOPOJ,
(GIIONA0B B IUIACTOBBIX YCJIOBHSIX W HAarHETAaeMbIX B IUIACT YKUAKO-
CTeH.

B Hekorophix padoTax [63], [45] aBTOPHI yKa3bIBAIOT, YTO TPH 3a-
BOJHEHUHU CIa0OMHHEPAIM30BaHHON BOAOH 3(dekT Moxer AoCTH-
raThCs B pe3yJbTaTe MPOSBICHUS HECKOJIBKUX MEXaHU3MOB, KOTOpPbIE
JEMCTBYIOT OJJHOBPEMEHHO. B TO ke BpeMs BKJIaJ KaXIOro M3 HUX B
3¢ GEKTUBHOCTh JAHHOTO METOJA YBEIWYECHHUS HePTeOTHaud MOKET
OBITh PA3INYHBIM.

BEI3BIBAIOT MHTEpEC pe3ybTaThl IKCIIEPUMEHTOB 110 CPABHUTEIb-
HOMY aHaJIM3y W3MEHEHHUS CMayMBAa€MOCTH W OCTaTOYHOM HedTeHa-
CBIIIEHHOCTH TPH BBITECHEHUH HE(TH MUHEPATM30BaHHON W MPECHOH
o3epHoii Bojiol, mpuBeaeHnbie S. Kulathu, A.Y. Dandekar, S. Patil, S.
Rkataniar [66]. [Ipu ucnons3oBanun kepHa Berea u npupoaHbix Hed-
Tel OTHOTO M3 MECTOPOXKIACHUH Ascku ObUI0 00OHApYKEHO He3HAYHU-
TeNbHOE M3MEHEHHE HHJIeKca cMmaunBaeMocTH (puc. 8.12) u moutH
JBYKpaTHOE M3MEHEHHE 3HAUCHMH OCTATOYHOW HE(PTEHACHIIICHHOCTH
(puc. 8.13).

3aBUCUMOCTh HepTeOTAaYM OT 0OBEMa 3aKauaHHOHM BOJBI MOKa3a-
HO Ha puc. 8.14. Kak BuaHo u3 puc. 8.14, npouecc BeITeCHeHUST HEDTH
MUHEPaTM30BaHHOM BOJOHN MPaKTHYECKH 3aBEpLIAETCs MPU MPOKaUKe
JBYX TOPOBBIX 00BEMOB, B TO BpeMs KaK NpPU HCIOJIB30BAaHUU TIpe-
CHOM 03epHOH BOABI cTaOwim3anus HeTEOTHAaud HACTyHaeT JHLIb
MIPU TPOKaYKe BOCBMH MOPOBBIX 0OBEMOB.

CpaBHEHHE IKCIIEPUMEHTANBHO ONPEACIICHHON TUHAMUKU 3aBOJ-
HEHUs, TOKa3aHHOe Ha puc. 8.14, mumoctpupyeT SPPEKT yBeIUIeHUS
TeKyleld HedTeoTAaun Npu NpPOKAYKe MHHEPATU30BAHHOW BOJIBI



(TONIbKO TIPW 3aKavKe OJHOTO MJIM HEMHOTO 00Jiee MOPOBBIX 00BEMOB
BOJIbI), B TO BpeMsl Kak IPH 3aBOJHCHUU O3E€PHOUN BOAOH (opMHUpOBa-
HUE OCTATOYHON HE()TCHACHINEHHOCTH JOCTUIaeTCs JIHUIIbL TIPU J0-
MOJIHUTEILHON MPOKAYKe IIECTH U 00JIee TOPOBBIX 0OBEMOB.

ConeHoctb paccona (TDS)

Puc. 8.12. BiansiHue coJIeHOCTH IJIACTOBOr0 PaccoJia Ha CMa4MBAaeMOCTh

Puc. 8.13. Buusinne coneHOCTH paccoJia Ha 0CTATOYHYIO
HeTeHACHILIEHHOCTH



Puc. 8.14. [lunamuka Tekyueil HepreoTaauu npu 3aKkauke
MMHEPAJH30BAHHON H 03ePHOI1 BOJBI

8.5. BnusiHne CTpyKTypbl U NOABUXHOCTU OCTaTOYHOW HedTn
Ha 3dheKTUBHOCTb criabomMuMHepannu3oBaHHOIO 3aBOAHEHUA

Ycnemnoe pemieHrde NpoOJieMbl MOBBIMICHAS HEPTEOTAay IOo-
CPEACTBOM 3aKauku clIabOMWHEpaTU30BaHHON BOJBI HATAJIKHBACTCS
Ha TPYOHOCTH, CBSI3aHHBIC C TPAAMIMOHHBIMH MPEICTaBICHHAMHU 00
OCTaTOYHOH He(TEHACHILICHHOCTH KaK 00 OJHOM M3 meTpodusnye-
CKUX CBOWCTB, NPUCYIIUX KOJUIEKTOpY. COIacHO HMCHOJIb3yeMOMY B
MPOMBITINIEHHOCTH 00menpuHITOMYy poccuiickomy crangapty (OCT
39-195-86), a Takxke CTaHIAPTHBIM METOJUKAM, HCIIOJIb3YEMBIM B
CLIA, ocrarouHas HEQTEHACHIIEHHOCTh ONpEACTSICTCS MpU (PUKCH-
POBaHHBIX YCJIOBHUSX BBITECHEHUS U CUHTAETCS] HEM3MEHHOHN BEITNYH-
HOU IS OmpenenéHHbIX 3HAuCHWN (QUIBTPAIMOHHO-EMKOCTHBIX
CBOMCTB IUIACTa-KOJUIEKTOpA. ATPHOPU CUUTAETCS, YTO B OINpEICIICH-
HOM JMamna3oHe (QUIbTPAlMOHHO-EMKOCTHBIX CBOMCTB OCTATOYHOE
He()TeHACHIIEHNE HE 3aBUCUT OT (U3MKO-TUAPOIMHAMHYCCKUX YCIIO-
BUI BBITECHEHUS U HE MOXET OBITh M3MEHEHO IOCPEICTBOM HOBBIX
TEXHOJIOTHYECKUX PEIIeHUH 1Mo 3aBogHEeHUIo. OJHAKO Takue Ipel-
CTaBJICHUS MPOTHBOPEYAT OMHCAHHBIM BBILIE IKCIIEPHUMEHTaM, KOTO-



pble IEMOHCTPUPYIOT W3MEHEHUS KOA(pHULUNEHTOB BBITECHEHHs (OcC-
TATOYHOM He(TEHACHIIEHHOCTH) NPH NPOBEICHUU CTAHAAPTHBIX HC-
NBITAHUWA TI0 BBITECHEHMIO C 3aMEHOM IJIACTOBOM BOJIBI HA MPECHYIO.
B pabotax [23; 13; 18; 21; 27; 40; 42; 46; 49; 50, 52; 53; 55; 56; 57,
58] mpuBenEHBI AKCHEPUMEHTAIBHBIE JAaHHBIE, JEMOHCTPUPYIOIINE
W3MEHeHus ocTtaToyHoil HedTeHachimenHoctd (OHH) B ycmoBusix
MEHSIOLINXCS pEKUMOB BBITECHEHHUSL.

Hccnenoanus B odnactn ¢puzukn miaacra. Hamu panee noka-
3aHO, YTO OCTAaTO4YHAs HEPTEHACHILEHHOCTh MPEACTaBIAET CO0Oii
CJIO)KHYIO TMHAMHUYECKYIO CHCTEMY, B KOTOpPOW BBIJIENAETCS KakK yc-
JIOBHO-TIO/IBUKHAsI KOMIIOHEHTA, TaK U MPOYHO CBsI3aHHAs 4acTh OCTa-
touHou HedTH [13; 18]. Eciu 3HaueHNE MPOYHO CBA3aHHOW YACTH OC-
TATOYHOM HE(TEHACBHIIIEHHOCTH KOHTPOIHpPYeTCs (UIbTPaluOHHO-
€MKOCTHBIMHM M MOBEPXHOCTHBIMM CBOMCTBaMH IIJIacTa, TO BEIHMYMHA
YCIIOBHO TOJBM)KHOW OCTaTOYHON HE(TEHACBHIIEHHOCTH ONpeAeisieT-
Csl HEe TOJBKO (MIBTPALIMOHHO-€MKOCTHBIMU CBOMCTBAaMH IjlacTa, HO
W yCTIOBUSIMHU BBITECHEHUsI HEPTH (CKOPOCTh BBHITECHEHUS, COOTHOIIIE-
HHE BSIBKOCTEH HE(TH M BOABI, MMOBEPXHOCTHOE HATSDKEHHE, CMayu-
BaeMOCTb U ApYyrHe nmapameTpsl). MI3MeHeHne yCIIOBHM BBITECHEHHS B
Mpollecce 3aBOJHEHUs IUIacTOB (OPMUPYET HEOTHOPOIHOE IIOJie OC-
TATOYHOH HEPTEHACHIILIEHHOCTH, KOTOPOE pearupyeT Ha TeXHOJIOTH-
YecKue napameTpsl BeitecHenus [13; 18; 21; 27].

Kak moxasanu HenmaBHUE MCCIEAOBaHMA, YUET CTPYKTYphl M TOJ-
BI)KHOCTH OCTaTOYHOW HE(TH MO3BOJISIET MIO-HOBOMY IOJOWUTH K IIPO-
OJeMaM JOM3BIIEUYEHHS OCTATOYHBIX 3arMacoB U 0ojiee JOCTOBEPHO Olle-
HHUTb 3P PEKTUBHOCTH TEXHOJIOTU NMOBbIIeHHs HedTeoTnauu [15; 16].

[Ipu ManbIX CKOPOCTSX BBITECHEHHS, OJU3KUX K CKOPOCTH KaIlWI-
JSIPHOW MPONHUTKU, (POPMHUPYIOTCS MaKCUMaJIbHO BO3MOXKHBIC 3Haue-
HUS OCTaTOYHON HedTeHachleHHOCTH. [lo Mepe pocTa cKOpoCcTH BEI-
TECHEHHUS JOCTUTHYTBIE TPU MPONHUTKE 3HAYEHHs OCTAaTOYHOW Hedre-
HaCBIIIEHHOCTH OCTAalOTCS MPAaKTUYECKHM HEU3MEHHBIMH, OJHAKO MpHU
JNOCTHKEHUH HEKOTOPOM KpPUTHUECKOM CKOpOCTH BBITECHEHMSI OHHM
YMEHBIIAIOTCS, ¥ UMEET MECTO Mepexo] OT KaNWUISIPHOIO peXuMa
00pa3oBaHusl OCTaTOYHOH HE(TEHACBHIIEHHOCTH K KalWUISIPHO-
HanopHoMmy. KpuTnueckoe 3HadeHHE CKOPOCTH BBITECHEHHS XapakTe-



PU3YET nOpoz Mobunuzayuu ocmamounol Heghmu, oOpasoBaBIIeiics
NpU KanmwusipHOM pexume. [lpu nanbHelIeM yBeTUUYeHHH CKOPOCTH
BBITECHEHUS 3HAUCHMs OCTAaTOYHOW HE(PTEHACHIICHHOCTH YMEHbIIa-
I0TCS, YMEHBLICHUE MPOUCXOAUT O 3HAUCHUH BTOPOH KPUTHUYECKOH
CKOPOCTH, OTIEJISIONICH KalMIUISIPHO-HAIOPHBIN PEXXUM 00pa30BaHUs
OCTaTOYHON HE(TEHACHIIIEHHOCTH OT aBTOMOJEIBHOTO pekuMa. BTo-
poe 3HaYeHHE KPUTHUECKON CKOPOCTHU - MOpOZ blMeCHeHus ocma-
mMouHO Hemu, XapaKTEpU3YIOLUNI MOJHOE BBITECHEHUE YCIOBHO
MOJBIKHOM YacTH OCTaTOYHOH HedreHachlieHHOCTH. [lampHermmit
POCT CKOPOCTH BBITECHEHUS YK€ HE BBI3bIBACT M3MEHEHHMH OCTaTO4-
HOW He(TEeHACHIICHHOCTH, TaK KaK OcTaTO4Has He(Th MpecTaBiIeHa
y’K€ TOJBKO MPOYHO CBA3aHHOM YacTbIO OCTATOYHOW HEePTU. DTOT pe-
UM, B COOTBETCTBHM C HCCIEIOBAHMSIMH W TEPMHHOJOTHEN
H.A. Ddpoca, Ha3BaH HaMU aemomodenvHbim [13].

B nensx 0000menns pe3yapTaToB 3KCIEPUMEHTOB HAMU Tpeasio-
KEHO PaccMaTpHUBaTh HE 3HAUEHHE CKOPOCTH BBITECHEHHMS, a OTHOLIIE-
HHE THAPOJUHAMHYECKOTO Iepenaja JaBIeHUs K KanuusipHoMy [12;
13]. Tlpn xanwuIsipHOM peXHUMe THIPOAMHAMHUYECKHM Mepenasom
MOXHO IpeHeOpeuyb W CUUTaTh, YTO MIIOOYJBl KamWUILIPHO-
3anieMIEHHON HeTH (OPMUPYIOTCS HUCKIIOUUTENBHO 32 CUET KaruJl-
JspHBIX cuil. [Ipy KanmuusipHO-HAIOPHOM PEXUME MMEET MECTO paB-
HOBECHE - THIPOAWHAMHYECKHI Mepenaj AaBleHUs YpPaBHOBEIINBA-
eTcsl KaMUBIPHBIM. B aBTOMOJETbHOM pexXrMe JOMHUHHUPYIOT HAOp-
HBblE THUAPOAMHAMHUYECKHE CWIBL. McXOoAs W3 yclnoBUS KamWJUIIPHO-
HAIOpPHOTO PaBHOBECHS, OBUIO MOJYYEHO COOTHOILIEHHE, CBS3BIBAIO-
mee 3HaueHHe Kod(D(UIMEeHTa OCTaTOYHOH He(TEeHACHIIEHHOCTH
(KHo) co 3HaueHusIMEU 00001IEHHOTO KamwusipHoro uucna (11) [13].

K =1-Kw-cIT' (8.2),

rae /7 xapakTepu3yeT COOTHOLICHUE HATOPHBIX M KaWUISPHBIX CHJI,

Crx1/— x03h(UIHMEHTHI, 3aBUCSIINE OT CTPYKTYpHI IOPOBOTO
MPOCTPAHCTBA,

Ko - K03 dUIHEHT 0CTaTOYHOTO BOJIOHACKHIIICHHS.

Jns ruapoUIbHBIX M1acTOB, peHeoperast 3 PeKTaMu CTPYKTY B
MOPOBOTO MPOCTPAHCTBA, MOIyYaeM OOIICHPUHATOE YIMPOIIEHHOE BbI-



pakeHue 11 OTHOLIEHHUH THIPOANHAMUYECKOro Mepemnasia AaBIeHNus K
KaULIPHOMY B Buzie 0€3pa3MepHOro KammUIIPpHOTo yncia (No)
Ne = (8.3),
(T
TJIe V ¥ U — CKOPOCTb BBITECHEHUS U BSI3KOCTb BBITECHSIOILIETO areHTa

7 - Mex(dazHOe HATSDKEHUE HA TpaHULE HEePTh — BHITECHSIOLIMNA
areHr.

[opory MoOHuIHM3aIuK COOTBETCTBYET KPUTUUECKOE 3HAYCHHE Ka-
MWIIPHOTO uncia Nev, IOPOTy BBITECHEHUS No2

D¢ deKThl CHIKEHUS 3HAaYEHUI 0CTaTOYHOM HEPTEHACHIIIECHHOCTH
NpU 3aKauke CIa0OMHHEPaIM30BaHHOW BOJBI, OUYEBHIHO, CBSI3aHBI C
W3MEHEHUSIMH 3HAUYCHHWH KaMWUIIPHOTO YKCIa U pexuma oO0pa3oBa-
HUSl OCTaTOYHOM HedTeHacheHHOCTH. [loCKONbKY 3Ha4YeHUsl ocTa-
TOYHOW HEe(TEHACHILIEHHOCTH KOHTPOJIHPYIOTCS CKOPOCTBIO (Ipaau-
CHTOM JaBJICHUS), BSI3KOCTBIO BBITECHSIOIIECH BOJBI U MEK(pa3HbIM Ha-
TSKEHUEM, TO BCE OTH MapaMETphbl U3MEHSIOTCS IPHU CMEHE MHUHEpa-
JIU3aIUY 3aKaYMBaEeMbIX BOJ.

JKCIepUMeHTAJIbHAsL YacTb. VMeromuecs 3KCepuMEHTHl yoe-
JUTENFHO AEMOHCTPUPYIOT M3MEHEHHE OCTATOYHOW He(TEHACHIICH-
HOCTH ¢ U3MEHEHUEM MUHEpaIU3allii 3aKauuBaeMbIX BOJ (Hampumep,
puc. 8.13).

OnHako 3TH SKCIEPUMEHTHI TPOBEIEHBI PU CTPOTro (PUKCHPOBaH-
HBIX YCJIOBHSX BBITECHEHUS MIPU KaMJUIIpHOM pexume [48; 54] unu B
YCIIOBHSIX HAIIOPHOTO BHITECHEHUsI, 6€3 MPUBSI3KM K KOHKPETHBIM 3Ha-
YeHUSIM KamwuisipHoro uucia. CremoBarenbHO, OUEHUTH 3¢ (EKTHB-
HOCTh yBEJHMYCHHs He(TEOTAaud, NPH U3MEHSIOUIMXCA B IIUPOKHX
Mana30Hax yCJIOBUSAX BBITECHEHHUS Ha OCHOBE JTAHHBIX 3THUX JKCIIe-
PUMEHTOB HEBO3MOKHO.

s pemenns npo6aemsr H.H. Muxaiinossim u C.B. Menexunbim
B 2015-2016 rr. OBUIM MOCTaBJIEHBI CHELUAIBHBIE SKCIEPHUMEHTHI B
HIMPOKOM AMAana3oHe yCJIOBHH (POPMHPOBAHHS OCTATOUYHOU HedTeHa-
CBIIICHHOCTU JUISI BCEX TPEX PEXHMOB ee oOpa3oBaHMs. 3afada dKC-
MEPUMEHTOB - OleHKa 3(QQeKToB M3MEeHEeHUs1 0CTaTouHOW HedTeHa-
CBILIEHHOCTH B LIMPOKOM JHAala3oHEe YCIOBHM BBITECHEHUS NpPU 3a-
KayKe KaK IUIaCTOBOM, TaK U ClIabOMHHEPANTN30BaHHON BO/IbI.



XapakTepucTuka 00HEeKTOB HccaeqoBaHusl. B xauecTBe 00bek-
Ta HUcclieIoBaHusl ObLIM BHIOpaHBI 00pa3lbl KepHA TEPPUTEHHOTO KOJI-

JICKTOpa. XapaKTePUCTHKH WUCCIEAYEeMbIX 00pa3IoB JaHbl B TaOJu-
e 8.4.

Tabnuya 8.4
ITapameTpbl 00pa3IoB KepHa
II . -
. a6u0paTop Topric- O6ben l"azonponn
HbIA HOMep [lnuHa Jluametp [[aCMOCTh,
/m TOCTh, K, op,
o0pasia L, cm D, cm 3 Kup
% cM ’
10-3mxMm2
1 2 4 5 6 7 8
1 610 3,09 3,02 16,81 3,72 197,90
2 606 3,09 3,02 17,02 3,77 142,70
3 644 3,09 3,02 15,43 3,42 38,39
4 645 3,09 3,02 16,13 3,57 28,77
5 586 3,09 3,02 10,05 2,23 9,19
6 607 3,09 3,02 727 1,61 3,34

OO6pasipl HAXOAWIKCH B IUIACTOBBIX TEPMOOAPUUECKHX YCIOBHSX.
B kauectBe Mozenu HeTH UCIIOIB30BaATIACH N30BA3KOCTHAS MOJENh CO
CBOWCTBAaMH U KOMIIOHEHTHBIM COCTaBOM, COOTBETCTBYIOLIUM IJIACTO-
Boil HeTH. B KauecTBe MOAENH IIACTOBOM BOABI UCIOIB30BAJICA BOJ-
Heiil pactBop NaCl ¢ munepanuszauueii 240 r/n. B xayecTse arenra 3a-
KayKH TECTUPOBAINCh BBICOKOMUHEpAIN30BaHHAs IUIaCTOBas BOJA
(Munepanuzanus 240 r/m) u npecHas Boxa (mMunepanuzauus 0,60 /).
OunpTpallMOHHBIE UCCIEIOBAHUS MPOBOAUINCH Ha ycTaHOBKe YUK-4,
MO3BOJIAIONMIEH MPOBOAUTE SKCIEPUMEHTHI M0 MOJETMPOBAHUIO MHOT'O-
(a3Hoil GUIBTPALKHU B YCIOBUSX, MOACIUPYIOLIHUX [UIACTOBBIE.

Mertoauka mpoBegeHusi 3kcnepuMenta. Kak Obio oTMEueHO,
CTaHJapTHas METOAMKA MPOBEIEHUS SKCIIEPUMEHTOB MO BBITECHEHHIO
HE MO3BOJIAET M3ydYaTh 3aBUCHMOCTH OCTATOYHOW He()TEeHACBIIIEHHO-
CTH OT YCJIOBHH BBITECHEHHUS (KaWULIPHOTO YUCIIa) K PACCMaTPUBAET
OCTaTOYHYI0 He()TEHACBHIIEHHOCTh KaK (HUKCHPOBAHHBIE CBOMCTBa
Kosekropa. [l pelenus MocTaBIeHHOHN 3a7jauyd HaMU MCIOJIb30Ba-
Jack OpUTMHAajbHAs JKCIIepUMEHTaJbHas mpouenypa. Ha oOpasmax
KepHa C a/JIeKBaTHOH OCTATOYHOW BOJOHACHIILIEHHOCTHIO OBbLT pealu-



30BaH MPOLECC KAMWIUIIPHOH MPOMUTKHA IyTeM HOrpyxeHus Hedre-
HACBHIIIEHHBIX 00pa3loB B €MKOCTh C MOZEJBI0 BHICOKOMHUHEPAIN30-
BaHHOH TIacTOBOM BOJbI. /IMHAMHKa HACHILICHUS! OTpEAeNsIach IIy-
TEM MEePUOJMYECKOTr0 B3BEeUIMBaHU o0pasia. KanmuinspHoe BbITECHE-
HHE TPOBOJIWIIOCH MpPU IUIACTOBOM TeMIeparype A0 CTaOHIM3aluu
THIPOCTAaTHYECKOTO Beca (OTCYTCTBHE HM3MEHEHHMH HM3MEpsieMBbIX Ma-
paMeTpoB B TeUueHHe 24 4acoB), MOCIIE YEro ONpenessuIoch 3HAUCHUE
0CTaTOYHON HEe(PTEHACBHIIEHHOCTH MIPH MPOITUTKE.

[Tocne xanuuIApHON MPONMUTKU 0Opaszen KepHa MOMELIaid B Kep-
HoJepKaTelb (QWIBTPAMOHHOM ycTaHOBKH. [y craOuimm3anuu
CBOHCTB CHCTEMBI MOPOAa-(IIONA OH BBIACP)KUBAICS MPU TepMOOa-
PUYECKUX YCTIOBHUSX, COOTBETCTBYIOIIMX IUIacTOBBIM. [lanmee mpoBo-
WA BBITECHEHHE HE(PTH BOJOH NMPH Pa3IMYHBIX CKOPOCTAX (PHIIbT-
pauuy, HauWHas ¢ HaMMEHBIIEH, OJMM3KOH K CKOPOCTH KalMJUIIPHOH
MPONUTKH. BRITECHEHHE HA KaXKA0H CTYNEeHH MPOAOIDKAIN 10 MOMEH-
Ta cradunM3anyy Tepenaja JaBieHUs U OTCYTCTBUS HEPTU B BBIXO-
JITICH SKUIKOCTH. Ha KakJoW CTyneHHu omnpenessuicss 00beM WU3Blie-
YEeHHON HEQTU U PacCUUTHIBAJIaCh OCTaTOYHAsI HE(PTECHACHIIIEHHOCTb.

VYBenuueHre CKOPOCTH BBITECHEHHUS! MPOBOAMIIOCH A0 BBIXOJA Ha
ABTOMOJICTIbHBI PEXUM M JOCTIDKCHHS MHHUMAIBHBIX 3HAYCHUI
MPOYHO CBSI3aHHOW ocTaTouHOW HedreHacwmeHHocTH. Ilocne okoH-
YaHWs TEPBOI YacTH DKCIIEPUMEHTOB Ha 00paslax BOCCO31aBalach
HadanbHas He(pTEHACHIIEHHOCTD, M SKCIIEPUMEHT MTOBTOPSUICS 3aHOBO
C MCHOJIB30BaHUEM TPECHON BO/IbI.

B pesynbrare ObuM MOMyuYEHBI 3aBUCUMOCTH OCTaTOYHOH HedTe-
HACBHIILIEHHOCTH OT KamwuiipHoro umcia. Jns ynobctBa oOpaboTKu
SKCIIEPUMEHTALHBIX TAHHBIX W MOBBIIICHHUS HAAEKHOCTH UX UHTEP-
npeTanyy ObUIO MCIOJIB30BAHO HE 3HaueHWe KO3 PHUIUEHTa OCTaTOU-
HOW He(TeHACHIIEHHOCTH (AH0), a 3HaYeHue Kod((UIMeHTa BOIOHA-
CBILICHHSI TTOJIHOCTBIO TMPOMBITOTO KEPHA, COAEPIKAIIETO OCTATOYHYIO
Hed1h (Kamm). Mexny aTuMu ko3¢ duIreHTaMi IMEEeTCsl OTHO3HAUHAS
CBSI3b.

Az = | = Ao 8.4

i KanWJUIIpHO-HAIOPHOTO peXrMa cooTHomeHne (8.4) MoxKeT
OBITH MIPEACTABICHO B YA0OHOM BHJIE:



A (8.5),

rae A u a - O6e3pa3MepHbIe MapaMeTpbl SKCIIEPUMEHTAIbHON 3aBUCH-
MOCTH.

PesynbTartel 3xkcnepumenTta. Ha puc. 8.15 npuBeneHsl 3aBucu-
MOCTH BOJIOHACBIIIEHHOCTH TIOJIHOCTBIO MPOMBITOr0 o0pas3ma KepHa
(Kpmn) oT KanwIspHOTo YMCia Ui aHaTH3UPYEMBIX 00pa3LioB KepHa.

Puc. 8.15. IIpumepsnl 3aBUcUMOCTEll BOJOHACHIIIEHHOCTH
NPOMBITOI 30HbI OT YMCJIa KANWLISPHOCTH NPHU BbITECHEHUH
NMPeCcHOoil 1 MUHEPAJU30BAHHOI BOAaMU

Kak BunHO U3 pucyHka 8.15, 3aBUCHMOCTH OT UKcia KanWIIsIpHO-
CTH TIPH BBITECHEHHH HE(TH IUIACTOBOH U CIa0OMHUHEPAIM30BAHHOM
BOJIOW pa3NuuHbl. MakcuMalbHbIC OTJIMYMS HAaOMIOAAIOTCS MpU Ka-
MWUAPHOM peXHMe 00pa3oBaHMs OCTATOUYHON HE()TEHACHIILIEHHOCTH.
[Ipyn KamWUIAPHO-HATIOPHOM peKUMe 00pa3oBaHMsl OCTATOUYHOW Hed-
TEHACHIILIEHHOCTH pa3iniusl B €€ 3HA4YeHUSIX (BOJOHACBHILICHUS IPO-
MBITOW 30HBI) YMEHbIIAIOTCS. [Ipy aBTOMOAETBHOM PEXKUME PaA3THUHS
B 3HAYCHUSX OCTATOYHOW HE(PTEHACHIICHHOCTH, MPAKTUIECKH, HCUe-
3a10T. OTIMYaloTCs TakKe KOdPPHULIUEHTH B cooTHOLIEeHUH (8.5), Ko-
TOpBIE XapaKTEPU3YIOT UyBCTBUTEIBHOCTH OCTATOYHOM HE(TEHACHI-
LIEHHOCTH K M3MEHEHHIO yclloBuil BeITecHeHUs. Kak Ob1o mokaszaHo
paHee, 3HaUYCHHS ATHX KOA(PPHULIMUEHTOB 3aBUCIT OT (HUIBTPALUOHHO-
€MKOCTHBIX CBOMCTB M CMauMBaeMOCTH Iij1acta [12].

Ha pucynke 8.16 gansl 3aBUCHMOCTH MHOXUTENS (A) OT MpPOHU-
LAaeMOCTH M OCTaTOYHOW BOJOHACHIIICHHOCTH JISl TJIACTOBOM (MHH-
peaJIn30BaHHON) U CIA0OOMUHEPAIN30BAHHOMN BOJIBI (ITPECHON).



4 npecHast
W MHHE PaJIH30BaHHAsL
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Puc. 8.16. 3aBucuMOCTH 3HAYEHUSI MHOMKUTEIS A 0T MIPOHULIAEMOCTH
(cieBa) M OT OCTATOYHOM BOJAOHACHIIIEHHOCTH (CIPaBa)

Ha pucynke 8.17 npuBeeHbI 3aBUCHMOCTH ITOKa3aTells CTCIICHH a
oT Tex ke mapaMmerpoB. Kak cienyer u3 pucynkos 8.16 u 8.17, 3naue-
HUS ApaMeTpoOB A U a i IPEeCHOW M MUHEPATM30BAHHOW BOJIBI pa3-
JIUYAIOTCS Jaxe JUIS OJHMX M TeX € 3HAUCHUM (UIBTPAMOHHO-
E€MKOCTHBIX M TIOBEPXHOCTHBIX CBOWCTB. DTO yKa3bIBaCT HA OTIMYHE
3HAYEHUI OCTATOYHOH HE(TEHACHIICHHOCTH TPU 3aBOJHCHHH ILjIa-

CTOBOM M IPECHOM BOAOHM B IIMPOKOM AMANA3ZOHE YCIOBUM BBITECHE-
HUSL.

1,00 1000,00

ho,oo 100,

DOHHIAEMOCTD, Mﬁ[)

Puc. 8.17. 3aBucumocT 3HaYeHUsI MOKA3ATeJIsl CTelleHH A
OT NPOHMIIAEMOCTH (cJIeBa)

M OT OCTATOYHON BOJOHACHIIIEHHOCTH (CIpaBa)

BaxHBIM pe3ynbTaToOM SKCIIEPUMEHTANBHBIX UCCIICAOBAHUN SIBIIS-
eTcs oOHapyXeHnue u3MeHeHus: mopora moounuzauuu (NGl) 1 mopora



BeITecHeHUs (Nc2) Ipu cMeHe TUIaCTOBOH BOJBI Ha c1abOMUHEpaIn30-
BaHHYIO (puc. 8.18).

Kax BunHO u3 pucyska 8.18, u3MeHeHHue MHUHEpalIU3aldy B Mak-
CHUMaJbHOM CTENeHM BIIMSET HA 3HaYCHUs ropora Moomnusauuu (N”)
1 B MUHMMAJIbHOW CTETeHU — Ha 3Ha4YeHUs nopora BoitecHeHus (N7).

Takum 00pa3oM, pe3ybTaThl MPOBEACHHOTO SKCIEpUMEHTa Ha-
[JIAAHO IEMOHCTPUPYIOT BIMSHUE MHHEpaTU3allii 3aKauuBaeMoOn BO-
Jbl Ha 3HaYEeHUS ¥ TOABIKHOCTh OCTATOYHON HE(PTEHACHIIICHHOCTH B
LIMPOKOM AMANA30HE U3MEHSIOINXCS YCIOBUI BHITECHEHHSI.

Puc. 8.18. ConocraBJ/ienne 3HaYeHH MOPOra MOOWJIM3aUuH (cj1eBa)
W TIOpPOTra BbITeCHeHHs (CMPaBa) ¢ MPOHHIIAeMOCTHIO MPH BbITECHEHNH
He()TH NpecHO 1 MUHEPATN30BAHHOW BOJOMH

I'uaponnnamuyeckune uccaegoBanusi. Kak OblJIo OTMEUEHO BbI-
1Ie, 3aMeHa IIaCTOBOM BOJBI Ha c1a0OMUHEPAM30BaHHYIO TIPUBOJUT
K YMEHBIICHNIO OCTAaTOYHOH He(TEHACBHIIIEHHOCTH NMpU (PUKCHPOBaH-
HBIX MapaMeTpax 3KcliepuMeHTa. B olmem ciydae mpu M3MEHEHUH
MUHEpPAJbHOTO COCTaBa 3aKauMBAE€MOM BOJBI YCJIOBHE IOCTOSIHCTBA
CKOPOCTH BBITECHEHUS He(TH (IIpU MPOBEICHUU DKCIIEPUMEHTA) He
a/IeKBaTHO YCJIOBHIO MOCTOSIHCTBA COOTHOUIEHNUH T'HIPOJUHAMHYECKO-
ro ¥ KamwULIPHOTO repenazia AaeieHuil. [Ipu 3akauke ciabomuHepa-
JIM30BaHHOM BOJIBI MOYKET U3MEHSTHCSA NMPOHULAEMOCTh HUCIBITYEMBIX
00pasIoB, YTO MPH MOCTOSIHHONW CKOPOCTH KBUBAJICHTHO U3MEHEHUIO
JEeWCTBYIOIETO rpaguenTa nasineHus. Tabmuma 8.5 [13] wumoctpupy-
€T BIWSHHME ACHCTBYIOIErO IpajJUeHTa JABJICHHMS Ha OCTAaTOYHYIO



He()TEHACHIIIEHHOCTh TIPU 3aKayKe BOJBI C Pa3IMYHONM MHUHEpaIn3a-
ueld B 3arIMHU3UPOBaHHbBINA oOpasen. M3 maHHBIX Tabmuipbl 8.5 cie-
IyeT, 4To 3(PQEeKThl YMEHBIICHUSI OCTATOYHON HE(PTEHACHIIIICHHOCTH
OTPEICTISIOTCS YBEIHMYEHUEM JCHCTBYIOIICTO IPalueHTA JTaBICHHUS.

Tabnuya 8.5
MuHepanusanys BoJbl OHH % JlelicTByIOLIMI ITpaueHT
% NaCl nasienust MITa/cm
15 343 0,11
0 234 3,68
10 31,5 0,08
0,1 248 2,28
15 34,5 0,08
0,1 244 3,60
15 42 0,11
0,1 27,7 2,64

CrienuanbHble SKCIICPUMEHTHI M0 3aKayKe BOJ C Pa3lIUYHON MH-
Hepaau3aluen, HO C MOCTOSHHBIMU 3HAYEHUSIMHU JIEMCTBYIOLLErO Ipa-
JMCHTA JaBJICHUS HATJIATHO MPOJACMOHCTPUPOBAIU TOCTOSTHCTBO OC-
TaTOYHOW He(TEeHACHIIIEHHOCTH (cM. Tabnuity 8.6).

Tabnuya 8.6
MI/IHepE;IH/BaHI/IH BOJBI OHH % JlecTBYONMIA ITpafueHT
% NaCl nasnenust MIla/cm
10 54,6 0,275
0,5 54,6 0,247
0,1 54,6 0,247
10 52,9 0,247
0,5 52,9 0,247
0,1 54,8 0,247
10 57 0,275
0,5 57 0,247
0,1 57 0,247

Takum oOpaszom, Aisi oneHKH 3()(HEKTUBHOCTH MOBBIMICHUS Hed-
TEOTAauu 3a CUET 3aKauku CIa0OMHUHEPAIN30BaHHOU BOJbI HEO0XO-
VMO HCIIONIb30BaTh 3HAYCHHE YMCIIAa KAMWIISIPHOCTH B BUIIE



N= VW (8.6),

rac k0 3Hauenue MMPOHUIIAEMOCTH B ):[aHHOfI TOYKE ILjIacTa, Vp - JIO-
KaJIbHBIN rpagucHT NaBJICHHUA, OB - KOI-)(b(I)I/ILII/ICHT MMOBCPXHOCTHOT'O

HaTSDKEHUS IS 3aKaYUBaeMOM BOJIBL.

Jnd HaxoXIeHHUs JIOKAJIBHOTO YMCIIa KalWIIIPHOCTH HCIIOJNIb30-
BaJsics paHee paspaboranHbli MeTox [17; 25; 51].

I'mpponunamMnyeckoe MoJeaTHpOBaHWe He(TeOTHAYH NPH 3a-
Ka4yKe IJIACTOBON M cJa00OMHMHepPAJIM30BaHHOH BoOAbI. CTaHAapT-
Hbl€ KOMMEPUECKHE CUMYJIATOPHI, UCIONb3YEMBbIE JUIsI MOJEIMPOBa-
HUS He()TEH3BIICUEHHS, HE TIO3BOJISIIOT YUHUTBHIBATh CTPYKTYPY W HOM-
BIYKHOCTH OCTAaTOYHOM He(Tu. OHU HE MPUTOAHBI I OLCHKU HedTe-
OTAa4y¥ MpU 3aMeHe IJIACTOBOM BOIBI Ha CIa0OMHHEPAIM30BaHHYIO.
Jns pemeHust mpoOieMbl ObUTa MCTIONB30BaHA OPUTHHAIBHAS THIPO-
JWHaMHu4ecKas Mojaelb [24].

Bruta paccMoTpeHa 3aada TOOTMBIBAa OCTATOUYHON HE(TH U3 MOJI-
HOCTBIO MIPOMBITOTO HEOJHOPOJIHOTO TUIAacTa MpH U3MEHEHUH MHUHEpa-
n3anui Bojbl. CKOpOCTh (PMIbTpaluy BOABI B MPOU3BOJIBHON TOUKE
HEOJITHOPOJIHOTO MPOMBITOTO IIJIACTa OINpPENENSIeTCsl COTJIAaCHO 3aKOHY
Hapcu:

g e g0 e 8.7),
Ps

rae ko = ko (X)) - 3aKOH pacnpejesieHUs] a0COIIOTHON MPOHHUIIAEMO-
CTH TIJIaCTAa MO JIATePaJH PB — BA3KOCTH BOJBI; 7F (sB)- OTHOCHTENbHAsS

(hazoBas MPOHUIIAEMOCTH IO BOJIE JIJIsl MPOMBITOTO TiacTa (SB=3BII).
Koad¢unpent BojgoHackIeHHOCTH MPOMBITOTO Triacta (SBII) ceszan
C OCTaTOYHOM HE(PTEHACHIICHHOCTBIO (SHo) clenylommM o0pa3oM:
Sro=I~SBnn. B cBotO ouepenp, ocraToyHasi HEPTEHACHIIICHHOCTh CBS-
3aHa cO 3HaYEHHMEM JIOKAJIbHOTO KaMWIISIPHOrO YMCIa, YTO OTpakaeT-
Csl B CJICAYIOIIEM BBIPAKEHUHU:



omax
<
HO

(8.8),

min
HO >

rae C - ko3pUIHeHT, XapaKTepU3yOLIHi QUILTPAINOHHO-EMKOCT-
HblE CBOWCTBa IUIAaCTa, a a - KOX(PQHUUUEHT, KOTOPHIH YYUTHIBAET
CTPYKTYpY ITOPOBOTO MPOCTPAHCTBA; 580 — KOIY(HUIIMEHT OCTATOYHOTO
BOJIOHACHIILIEHMS.

3necy mapamerp // cBsi3aH ¢ YIOMSHYTHIM BBIIIE KaNMUIIPHBIM
gucioM Nc crneayronmmM odpasom: /7=4*Nc, tne A - KOHCTaHTa, Xa-
pakTepusylomas noposoe npocrpadctBo. [Ipu atom Iipl= A*Ncker 1
ITlxpl= A*NCkp2? - KpUTHYECKHE 3HAYCHUS MapaMeTpa NpH KOTOPBIX
MPOMCXOANUT CMeHa pexumMa oopazosanust OH (mopor MoOmM3anuu u
MIOPOT BBITECHEHMS ).

Crnenyer OTMETHTh NMPUHLMIHAIBHBIE PA3IUYHUSl MOAEITUPOBAHMS
JUIS HEOHOPOAHOTO IUIACTA B CPAaBHEHUH C aHAJIOTMYHOM mpoOieMoit
JUIS. OJTHOPOJHOTO IuiacTa [24]. Jleno B ToM, 4TO B 00IEM BUE HEO/I-
HOpPOJHOCTh KaK TaKOBas MOJpa3yMeBaeT HE TOJIBKO HEKOTOPOE IMpo-
CTPaHCTBEHHOE pacnpezaeeHus ko3 duimenta npoHNLIIAeMOCTH, HO U

pacnpesneneHde Apyrux mnapamerpoB. Tak, Smax= Sm™ (x,y), Smm=

5mn (x,y), NCkp!/= Nckp1(x,y), NCkr2= Nckr2(X,y). Seo=Seo(X,y), a Takke

A(x,y), a(x,y). B cOOTBETCTBUH C TIOJYyYEHHBIMHU SKCIIEPUMEHTATBHBI-
MU JTaHHBIMU OBUIM UCTIOJIB30BaHbI 3HaueHUs ko3 duiuenro C, 5 u

KOHCTaHTBl 4 W KOPPEJSLHUOHHBIE COOTHOMIEHUSA Sm,= Smn (k) u

Swoln="Sm (kl)), Sxv= S (ko), a ocTambHBIC 3aBUCUIMOCTH MEPECUUTHI-
BaJINCh C MOMOILBIO (opMyibl (8.60) TpH 3aJaHHOM paclpeAeIeHUH
a0COIOTHOM MPOHULIAEMOCTH ko = ko (X,)).

s MozmenupoBaHusl CTaBUTCA KpaeBas 3a/1a4ya B KBaJpaTHOH 00-
JacTu cuéTa ¢ HENPOHHUIIAEMON I'paHUIEH (CTaBUTCS yCIOBHE HEIpO-

dw o
TEKAaHUS d—: 0). Buytpu obnactu AeicTBYIOT MOOBIBAIOINE U Ha-
w

THETATCJIbHBIC CKBAXKUHBI, TApaMETPhl KOTOPBIX 3a4ar0TCA (byHKL[I/IGf/i
IIJIOTHOCTH MCTOYHUKOB U CTOKOB.



CoBMeECTHO C ypaBHEHHEM Hepa3phIBHOCTH div(w) + V(x,y) = 0,
rae V(x,y) - QyHKIUS TUIOTHOCTH UCTOYHHUKOB U CTOKOB, PacCMaTpH-
BaeMasi 3a/1aua SIBJSICTCS B BBICOKOW CTETICHHM HEJIMHEHHOMN ¢ K03 du-
IIMCHTAaMH, 3aBHCAIIMMH OT TpamueHra. J{ns e€ pemieHus Obuia uc-
MOJIb30BaHA METOJIOJIOTHSI YMCIICHHOTO MOJISIMPOBAaHUS Ha OCHOBE
pENaKCallMOHHOTO MTEPALIMOHHOTO METOJa ¢ 3aMOPOKEHHBIMH K03(-
¢dunreHTaMu.

C yu€TOM NOJTyYeHHBIX DKCIIEPUMEHTAIILHBIX TAHHBIX U HA OCHOBE
BBIIIE OIMUCAHHON THUAPOJUHAMHYECKOW MOJICITH, OBLT MPOBEACH DS
MOJICTIbHBIX YHMCIICHHBIX HWCCIICJIOBAaHUH, MPU3BaHHBIX IMOKa3aTh d(-
(exT OT BIOOpA BHITECHSIONICTO areHTA PH [UTUTEIBHON pa3padoTKe.

B kadecTBe MoAenbHOro OBbUT BHIOpAaH HEOJHOPOIHBIH YYACTOK
miacta AB,3 BaTHHCKOTO MECTOPOXICHHS C IIUPOKUM JAHANA30HOM
W3MEHEHUsI MPOHUIIAeMOCTH. J[1sl MOACTUPOBaHHS JUara3oH U3MEHe-
HUSl TIPOHUIIAEMOCTEH, MOJYUYCHHBIN B HAIIMX 3KCICPUMEHTAX, OBbLI
npuBeNEH K IUana3oHy M3MEHEHHUsS ITOTO Mmapamerpa Ha BaTuHckoM
MECTOPOXKIECHUU. AHaNIM3UpOBaach MATUTOYEYHAs CHCTEMa paccTa-
HOBKHU CKBKUH C TUIOTHOCTBIO ceTkH 10 ra/ckB. JlaBneHune 3akayku B
HAarHeTaTeNIbHBIX CKBaxKMHaX - 200 aTm., 3a00iHOe JaBiieHue JOObI-
Baronx ckBaxxud 100 aTm.

B Hamem ciyvae 3HaUYe€HHS MaKCHUMAalbHOW M MUHMMAJIbHOU Hed-
TEHACBIIICHHOCTSH TakkKe 3aBUCAT OT KO3(PQHUIMEHTa aOCONIOTHOM
nponutaemoctu (X. = X.  (kixy) = X.  (xp); X = OHo
(£0(xy)) = Slmax (x,))), TOITOMY AJIi JEMOHCTPAIUN HUCHIO020 -
¢hexma ObIN MCNIONB30BAaH HOPMHUPOBAHHBIN KOA((QUIHMEHT OCTAaTOY-
HOW He(hTEeHACHIIIIEHHOCTH, Onpe/eseMblii popmyoii (8.9):

_ ()C, y) - ST(x,y)
C(xY) Sax(x, V) = Xor(x, 1) (52

PesynpTaTel MOgenupoBaHus IpUBEACHBI HA pUCYHKE 8.19.

Kax Bugno u3 pucynka 8.19, 3akauka npecHON BOJbI IPUBOANT K
W3MCHEHUSIM XapaKTepa paclpeielcHuss OCTAaTOYHONH HePTeHACHI-
HIEHHOCTU B MEXCKBa>KUHHOM MPOCTPAHCTBE.

MopenupoBanue MOKaszano, 4TO MpPH JJUTEIBHOM 3aKauke Muia-
CTOBOI BOJIbI OCPENHEHHBIN MO TWIOMAAH KO3(DUIIMEHT 0CcTaTOYHON



HedTeHachimeHHocTH paseH 0,399, Toraa kak mpu 3aKadke MPECHOH -
0,403. 3HaueHHss HOPMHUPOBAHHOTO KO3 HUIMEHTAa COOTBETCTBEHHO
paBusl 0,643 1 0,745. To ecTb pe3ynbTaThl MOJEIUPOBAHUS IEMOHCT-
PUPYIOT TOJIOKHUTENBbHBIH 3PQEKT OT MpUMEHEHHs CclabOMHUHEpaH-
30BaHHOU BOJBL

Puc. 8.19. Pe3yabTar MoAeIMPOBAHUS VIUTEIbHOI Ppa3padoTKu
€ 3aKa4KOii IJIACTOBOIl (cj1eBa) M NMpecHOi (cnpaBa) BOJbI.
Kapra HopMupoBanHOro ko3¢¢uuueHTa ocTaTouHoi
He()TEeHACHILEHHOCTH

Bauanue uzmeHeHus npoHuyaemMocmu Ha Heghmeomoauy Moje-
JIUPOBAJIOCh MYTEM BBEJCHHUS CICIHATBHOTO KO3 (DHUIIMCHTa YMCHbB-
IICHUS IPOHUIIACMOCTH TIPH 3aKavKe CIIA00MUHEPATM30BaHHON BOJIBL.
Ero 3nauenwe MEHSIOCH OT CBOEr0 MHUHHUMAJIBHOTO 3HAYEHUS MPH
MAaKCUMAaJIbHBIX 3HAUYCHUSX MPOHMUIIAEMOCTH A0 CAWHULIBI IPU MUHU-
MaJbHOM MPOHULAEMOCTH.

Pacnipenenenue KOHTPACTHOCTH MPOHHUIIAEMOCTH JaHO Ha PHUCYH-
ke 8.20.

i BBISIBIIGHUS] BITUSTHHUSI CHIDKCHHUS TPOHHIIAEMOCTH Ha d(]dek-
THBHOCTb 3aBOJHEHUS CIIA00OMHHEpPATN30BAaHHOW BOJON OBIIO IpOBE-
neHo mogenupoBanue pacnpeneneans OHH npu cHmKeHHM TpOHU-
IIaeMOCTH B pE3yJIbTaTe 3aKauKu CIIA00MHHEPATH30BAHHON BOJIBL.



L, m

Puc. 8.20. KoHTpacTHOCTH MPOHMIIAEMOCTH UIfl yyacTKa miacta ABD
BaTunckoro MecTopoxIeHus:

PaccmoTpens! ciydan cHuxeHust mponunaeMoctd B 10 u 100 pas.
Pe3ynbraTel MosenpoBaHus NIpEeACTaBIEHB] HAa pUCyHKax 8.21 u 8.22.

Puc. 8.21. Pe3yabTaTr Moae1upoBaHus JNIMTeIbHOMH pa3padoTKu
¢ 3aKa4YKOii NJ1acTOBOI (c/1eBa) M NMpecHoii (cnpaBa) BOJbI.
Kapra HopmupoBaHHOro ko3¢g¢uuueHTa ocTaTo4HoOn
HedTeHachilleHHOCTU. Moaudunupywomuii MHOxkuTE b (.1.
IIyHKTHPOM BblJeJIeHbI 00J1aCTH, B KOTOPBIX IPOMCXOAUT 0oJiee
3¢ pexTUBHOE BbITECHEHUE HeQTH, YeM NPH 3aKAUYKe IJIACTOBOH BOAbI



Puc. 8.22. Pe3yabTaT MoAe1MPOBAHUS JJIMTEIbHOIM pa3padoTKu
€ 3aKa4KOil IJIACTOBOIl (c/1eBa) M NpecHOi (cnpaBa) BOAbI.
Kapra HopMUpOBaHHOro K03(pQUIHEHTAa 0CTATOYHOMI
He(TeHachIeHHOCTH. Moauduuupywomuii mao:xureas 0.01.
IIyHkTHpPOM BbIJ€JIeHbI 00/1aCTH, B KOTOPBIX IPOMCXOAUT 0oJiee
3¢ pexTBHOE BbITeCHEHHE He(PTH, YeM NPU 3aKa4Ke IJIACTOBOMH BOAbI

Kax Bunno u3 Pucynka 8.21, ¢ yuéTtoM M3MEHEHUS MPOHHUIIAEMO-
cTu abcomoTHBI 3 (eKT OT 3aKauku MPECHO BOJBI MEHSETCS Ha
MIPOTUBOIIONIOXKHEIN, a cpenuuit ko3pdunment mensercs ot 0,403 npu
3aKadyKe IIacToBoi Boawl M0 0,422 mpu 3akauke MPEeCHOW. 3HAYCHUS
HOPMHpPOBaHHOTO Koa(dummenta coorserctBenHo: 0,745 u 0,744,
YTO O3Ha4aeT Oojiee MHTEHCUBHOE BBITECHEHHE HAa MEHEEe IMpPOHMIAe-
MBIX y4acTKax, rie 3¢ (exT CHwKeHUs IpoHuIaeMocTy Huwke. OnHa-
KO yucmolil Ighghexm BCE emé 0CTaeTCs MONOKUTEITHHBIM.

Ecnu e MUHMMabHOE 3HaYeHHE MOIU(PHUINPYIOIETO MHOXKHUTE-
ns 0ynet paBHbM 0,01, To U yucmelii Ighghexm OT 3aKauKU TPECHON
BOJIbI CTAHOBUTCS OTpUIATEIbHBIM. [IpH 3TOM HEHOPMHPOBAHHBINA KO-
3¢ UIHEHT 0CTATOYHOM HEPTEHACHIILICHHOCTH HE3HAYUTENLHO OTIIH-
yaeTcsd OT pe3yibTaTa NpeAbIAyIero Moaenuposanus u paseH 0,426,
B TO BpPeM: KaK HOPMUPOBAHHBIN KO3(GHHULUNEHT yXKe MEHSIETCS BeCbMa
cymiecTBeHHo u paseH 0,755,

Kak BuaHO M3 NMpOBeAEHHOTO MOJENMPOBAHUS, AJUTEIbHAs 3a-
KauKa IPECHOM BOJBI IIPU MPOUYMX PABHBIX YCIOBHIX MOKET OKa3bl-
BaTh pa3HOHANPABIEHHOE BIWSHUE Ha 3((EKTUBHOCTH BBHITECHEHUS



npu pa3paborke. KoHeuHbI 3pEeKT 3aBUCUT OT YyBCTBHTEIBHOCTH
MUHEPAJIBHBIX KOMIIOHEHTOB MOPOABI K MPECHON BOJE M COOTHOIIE-
HUS BBICOKOTIPOHMIIAEMBIX W HH3KONPOHUIAEMBIX Y4YacTKOB. XOTA
MIpY BBICOKOW TIMHUCTOCTH IUIAcTa 3aKadka IMPEeCHOHW BOJIBI HE PEKO-
MEHJIyeTCs, CJeNyeT OTMETHTh OOLIYI0 TEHIEHIWIO K MHTeHCU(UKa-
UM OTMBIBA OCTATOYHON HE(TH B HU3KOIPOHUIAEMBIX yYaCTKAaX.

Tabnuya 8.7
H3menenue
KuakocTe 3aKauku <8uo*> <8uo>
MIPOHUIIAEMOCTH
IInacroBas Boga Her 0,745 0,403
Her 0,643 0,399
IIpecnas Bona MHOXUTENH (.1 0,744 0,422
MHOXUTENH 0.01 0,755 0,425

8.6. 3akauyka cnabomMuHepanusoBaHHbIX BOA
KaK TPeTU4YHbIA MeToZ NOoBbIWeHUsl HedpTeoTAauM

Bce mpoBeneHHble TabopaTOpHBIE SKCIIEPUMEHTH AEMOHCTPHPY-
10T CHI)KEHHE OCTaTOYHOTO He()TEHACHIIeHUs 3a cueT ruapoduimza-
LMY BHYTPUIIOPOBOI NMoBepxHOCTH. Ha mpakTuke mporecchl 3aBoiHE-
HUS OCYLIECTBIIIIOTCS HempepbiBHO. Kak ObIIO MOKa3aHOo BBILIE, HPH
HETPEPHIBHON 3aKauke cIabOMHUHEPATN30BaHHBIX BOJA IPOLECC 10C-
THKEHUSI OCTATOYHOTO HEe(DTEHACHIIIEHHUS pacTArUBaeTcs, M0 CpaBHe-
HUIO C aHAJIOTHYHBIM MPOIECCOM, MPOUCXOSIINM MIPU 3aKauKe MUHE-
paM30BaHHON BOJBI. JTO ABISETCS OLYTUMBIM (PMHAHCOBO-TEXHOJIO-
TMYECKUM OTpaHUYEHUEM ISl TEXHOJIOTHI HEMPEPBIBHOM 3aKauky.

Ha puc. 8.23 mpencraBneno cpaBHeHue 3(ppeKTUBHOCTH TOOBIYM
HepTH B TaOOpATOPHOW MOJENH MpPU MCIOIB30BaHHH PACTBOPOB pa3-
JINYHOU COJIEHOCTH.

B nanHoM skcnepuMeHTe HedreoTAaua, MoaydeHHas IpH HCIIOIb-
30BaHUU 4%-TO COJIEBOTO pacTBOpa, WCIOJIb30Bajlach Kak 0a30BBII
MoKa3arenb Uil BTOPUYHON NOOBIYHM HE()TH MPH 3aKadKe PACTBOPOB C
MeHbIIeH MUHepanu3anueil. TpeTnunas 1o0bYa OCYIIeCTBIISIIACE ITY-
TeM TOCIEAYIONIel 3akauku Oosee mpecHOro pacteopa (2% u 1%).



Habmonaempie Ha rpadrke SKCIIEPUMEHTa «IOJKI» JEeMOHCTPUPYIOT
JOCTHXKEHUE IPEeAETbHON He(TeoTIauu Ipy IPOKayke pacTBopa QUK-
CHUPOBAHHOU COJIEHOCTH.

1% pacTtBop

000 016 035 571 1139 1417 1694 1972 2250 2526 2806

Puc. 8.23. Bausinue 3aKa4KH pacTBOPOB ¢ PA3IMYHOI COJEHOCTHIO
Ha 100614y HedTH

Ha puc. 8.24 nokazaHo m3MeHEHHE 3HAYCHUH OCTaTOYHOTO HedTe-
HACHIIICHHS IPY YMECHBIIICHUN COJICHOCTH 3aKa4MBAEMOT0 PacTBOPA.

Puc. 8.24. Biausinue u3MeHEHHUs COJIEHOCTH pacTBoOpa
Ha 0CTATOYHYI0 He)TeHACHIIEHHOCTh



Ha puc. 8.23 u 8.24 nmpencraBiieHbl AaHHBIE, HAaTsIHO MOKAa3bl-
Balolye yBenumueHne Hedreotaaun (puc. 8.23) M CHHKEHUE OCTAaTOY-
Holl HedTeHackieHHOCTH (8.24) TpU yMEHBIICHHH COJICHOCTH pac-
TBOpa. OHAKO HapsALy ¢ yBEJIHMYCHHEM HEPTEOTHaud MPOUCXOIUT H
pOoCT Konu4ecTBa A00bIBaeMoii Bozbl. C yMEHBIIEHHUEM COJIEHOCTH 3a-
KauyMBaeMOMW BOJIbl YBEIMYMBAETCS U BPEMs ITPOPBIBA BOBIL.

Bapuantom pemeHus IpoOaeMbl MOKET CTaTh HUCIOJB30BAHKE 3a-
KauyeK ONpPEeCHEHHOW BOJBI B BHAE OTOpOYEK. B 3ToM ciydae Moxer
OBITh peaTM30BaH LUKIMYECKHUH PEXUM 3aKauKu CclabOMHUHEpaIn30-
BaHHOW BOJbI Ha (OHE MpEAIIECTBYIOMIEH 3aKayKh COJEHBIX BOJ. Pe-
KHUM LUKIAYECKOH 3aKayKd MOKET OBITh OCYIIECTBIEH C MOMOIIBIO
YCTPOICTB CHHXPOHHU3AIMM TOJAa4l pacTBOpa B HACOCHOM cHCTEME.
Bxirouenue M BBIKITIOYEHNE CHHXPOHMU3UPYIOIIETO YCTPOMCTBaA MO3BO-
JsieT co3maBaTh TpeOyemble BOAHBIE OTOPOYKHM 3aJaHHOW COJICHOCTH,
YTO CIIOCOOCTBYET MOCTENEHHOMY (0€3 MpOpBIBOB) PaCIpPOCTPaHEHUIO
caboMUHEpaIN30BaHHOM )KUIKOCTH 10 BCEMY 00beMY IIIacTa.

OnHO M3 OCHOBHBIX NPEUMYIIECTB IUKIMYECKOW 3aKauKH BOJBI
COCTOMT B TOM, YTO OCTaTOYHAs HE(PTEHACHIIICHHOCTh AOCTHUIAETCS
paHblile, YeM TpH PeKUME HENPEpPHIBHOI'O HarHeTaHWs. OTO 0OCTOs-
TEJIbCTBO YAacTO WIPAET PEIIAIOUIYI0 POjb Ha MPAKTUKE, MOCKOJIBKY
st 1oObran 13 macta 60% HedTH, Ipu HEeNpepBIBHON 3aKayKe BOJBI
MyTeM HarHeTaHus morpedyercs 1,5 mopoBoro o0bema BOJIBI, TOT/AA
KaK MpH LUKINYECKOH 3aKayKe BOABI - TOJNBKO | IMOPOBBIH 00BEM.
DTO O3HAYaeT, 4TO NMPH OJMHAKOBOM OOBEME 3aKauMBaeMOH BOJBI
(B LIMKJIMYECKOM Cllydac) BO3MOXKHa Oouiblias Hedreornaua. B pabore
Ivanov D.A., Araujo Fresky M.G. [61] B 2006 r. mpeacTaBieHbl pe-
3yJIbTaThl SKCIIEPUMEHTOB, OATBEPHKAAIOIINE 3TOT BBIBOA. ABTOpaMHU
ObUla BBITIOJIHEHA LUKJIMYECKas M HENpephiBHAS 3aKadyka BOABI B
WACHTUYHBIX YCIOBHAX, KOTOPHIC MOKa3aiu Oojee MIaBHOE BBITECHE-
HHE He(TH BOJIOW NPH IMKIMYECKOM 3aBOJHEHUM MO CPaBHEHHIO C
HETIPEpBIBHBIM 3aBOJHEHHEM. XOTA KOHEeYHas HeTeoTnadya OKa3a-
Jack MOYTH OJMHAKOBOH B 000OMX Cllydasx, TeKymas A0ObIYa HeTH
ObUIa BBIIIEC NPY LUKIAYECKON 3aKayke, YTO yKa3bIBaeT Ha Oonee Obl-
CTpPOE JOCTHKEHHE OCTAaTOYHOW HEPTEHACHILICHHOCTH. JKCIEPUMEH-
Tl MOKa3aJll TaKXe, YTO NPU LUKIMYECKOM HArHETaHUHM TpedyeTcs



MEHBIIIee KOJMYECTBO BOJBI ISl JIOCTIDKEHUSI KOHEYHOU HedTeoTna-
g, YMEHBIIIEHNE CKOPOCTH HAarHETaHUS W COOJIIOICHHEe Ooyiee KOpoT-
KX WHTEPBAJIIOB MMITYJHCOB HATHETAHUS TPHUBOMAT K YBEIUICHHUIO
HedTeoTauu.

Ha puc. 8.25 mansl 3KCnepUMEHTaIbHBIE COOTHOIICHUS OCTATOY-
HOH He(TEeHACHIIIEHHOCTH, MOJyYeHHbIE MPH MHUKINYECKON 3aKadke
OTIIPECHEHHOTO pacTBopa B TeueHue | u 0,3 MuH.

OcraTtoyHas Hed)TeHaCbILLI,eHHOCTb

10 15 20 25 30 35
OcTaroyHasn HedhTeHacbILEeHHOCTb B %

Puc. 8.25. OcraToyHast HeTeHACBILIEHHOCTh
(pa3IM4HbIe HHTEPBAJbI BpeMEHH MUKJIA 3aKAYKH)

Puc. 8.26. Io0b14a HepTn (pa3ianyHbIe HHTEPBAJIBLI BPEMEHH
IUKJIA 3aKAYKH)



Kax BuanHo u3 puc. 8.25, yMeHblIeHHE Mepuoja 3aKayku MPUBO-
JUT U K YMEHBIICHHUIO 3HAYEHUSI OCTATOYHON HEe()TEHACHIIIEHHOCTH.

Ha puc. 8.26 mokazana nukiandeckass 700b4a He()TH NIPU Pa3HBIX
LMKIaX 3aKaykd omnpecHeHHOW Boabl. Kak BumHo u3z puc. 8.26,
C YMEHBIICHHEM BPEMEHHOT0 MHTEpBajia IUKIa JoObYa He(TH BO3-
pacraer.

8.7. BnusiHne npupoaHoOM U TeXHOreHHOW MUKPOCTPYKTYpPbI
Ha 3¢pheKTUBHOCTL NOBLIWEHUS HedTeoTaaun
nyTem 3aKa4dku crnabomunHepanuM3oBaHHbIX PpacTBOPOB

[Ipu peanuzanuu TEXHOJOTUHU 3aKaYKH CIIA0OMUHEPATH30BAHHBIX
BOJI B Ka4eCTBE TPETUYHOTO METOJ]Ia TOBHIIMICHUS HedTeoTnaun d¢-
¢dext ruapoduIM3aMU TPOUCXOIUT 32 CUET KOHTAKTOB ClIabOMUHE-
paM30BaHHON BOJBI C BHYTPHIIOPOBOH MOBEPXHOCTHIO. V3MeHeHHe
KOHIIGHTpAllMK COJICH B TOPOBOM TPOCTPAHCTBE MPOHCXOAUT B pe-
3yJIbTaTe MACCOIMEPEHOCA 3aKaYMBAEMOT0 BEIIECTBA (PHIBTPYIOIIUMCS
moTokoM. D()EKTHBHOCTh 3TOr0 Mpolecca 3aBHCUT OT HCTUHHOU
CKOPOCTH JBIXKCHUS 3aKauMBaeMoro (QUIIOHJIa BO BHYTPUIIOPOBOM
MPOCTPAHCTBE.

ITonneli moTok BemecTBa U CKIaabIBaeTCs U3 KOHBEKTUBHOTO IIe-
peHoca BemectBa Ux cO CpelHEH CKOPOCTBIO OBMKEHHS >KUAKOCTU
(v2) B mopax u nucdy3uoHHOTO TIepeHoca ¢ 3PPEKTUBHBIM K03 Pu-
nuentoM aupdysun Big.

B o6mem Buae koadpduument 3¢pdexruBHoi nuddysun

Ad=But XV (8.10),

rae X - k03QUIHEeHT THAPOJUHAMUYECKON Aucnepcud, By - Koad-
¢unmeHT MosekysipHol nuddy3un, mokasarenb CTENEHU a BapbHPY-
ercs oT | 10 2, GONBUIMHCTBO aBTOPOB IMOJIATAIOT a = |.

MHOTOUYHNCIICHHBIE SKCIEPUMEHTHI TTOKa3bIBAIOT, YTO 3aBUCHMOCTh
kodpduumenta 3pdekTuBHON TUPPY3UN OT yCIOBUH BHITECHEHUS B
00IIeM cydae MOXKeT OBbITh Tpe/ICTaBlIeHa B BHC

Bscb/Do:BM/ D, + BPea (81 1),



rae a u B - xoadpuumeHTsl, 3aBUCsIIUE OT TEOMETPUH ITOPUCTOI cpe-
Ibl ¥ TUTIA KoJulekTopa: Pe — Ge3pasmepHoe uuncino [lekne, xapakTepu-
3yIOIIee YCIOBHS BHITECHEHHUS! CMEIINBAIONINXCS JKUIKOCTEH.

Hns xomnekropos uucno llekne paBno v2Jk, /Bu. Benmumna

Vjk~ XapakTepusyeT JIMHEHHBbIH MacimTad MOPOBOrO MPOCTPAHCTBA.

Jlnst IeCKOB JTHHEHHBIM MAacIITaboM SBISICTCS CPEIHUN JTHaMeTp 3e-
peH.

C rupoAMHAMUYECKOW TOYKH 3PEHUsSI TIPOIIECC N3MEHEHUST MUHE-
paM3anuu MpH 3aKavke CIIa0OMUHEPAIM30BAHHOTO PAacTBOpa B 00-
BOJTHCHHBI MUHEPATM30BAHHOW BOJOW IUIACT OTPEACISIETCS MPOoIiec-
COM H30TepPMUYECKOW (UIbTPAIlMK JBYX B3aHMOPACTBOPUMBIX HE-
CKUMAEMBIX JKHIKOCTEH.

B o0miem ciydae mporiecc ONnuchIBaeTCsl YpaBHCHHEM KOHBEKTHB-
Hoit muddy3un (H.H. Bepurun, XK. ®pun) [3,37]. B 30He 3amemenus
MUHEPATM30BAaHHOM MIaCTOBOM BOJBI MOXHO BBIACIHUTEL 30HY MOTHOTO
3aMelICHHS U IEPEXOHYI0 30HY (puc. 8.27).

Puc. 8.27. Pacnipenesienusi cTeneHy 3aMelleHUs MJIACTOBOH BOABI
NP Pa3JIMYHbIX 3HAYeHUSIX KO3 uuneHTa
THIPOANHAMMYECKOIi Jucnepcun X

[lony4yeHnHsle TeopeTHueckre Npo(UIM MUHEpaIH3alud KayecT-
BEHHO XOpOILO COIJIACYIOTCA C pe3yJbTaTaMU 3IKCHEPUMEHTAIbHBIX
UCCJIeOBaHUH, NMpOBENeHHBIX Ha KepHaX (A.B. Pyukun) [30] u nHa-
ChIMHBIX Mojensix miactoB (JI.U. Opnos) [29].



B 1O xe Bpems MpaKTHYeCKOe HCIIOJIb30BaHUE IMOyYEHHBIX pe-
3yJIBTaTOB 3aTPYAHEHO HU3-32 OTCYTCTBHSA A0 HACTOSILETO BPEMEHHU
JOCTOBEPHBIX KCIIEPUMEHTANBHBIX JaHHBIX 10 3aBUCUMOCTH 3 deK-
TUBHOTO Ko duimenta nuddy3un oT yCIOBHHA BEITECHEHUS H CTPYK-
TYpHBIX OcoOeHHOcTell KoiulekTopa. [lomaBisomiee OOJBIIMHCTBO
SKCIEPUMEHTOB MO ompeneneHnio koddduuuento s¢dekTuBHOI
T dy3un IpoBEAEHO sl HECLUEMEHTHPOBAaHHBIX MECKOB M PBIXJIBIX
MEeCYaHuKOB. J{Jsl KOJUIEKTOPOB HE(TH M ra3a HUMEETCsl OUYeHb OrpaHu-
YEHHOE KOJMYECTBO JKCIEPUMEHTOB. B TO ke Bpems 3KCIEpUMEH-
tansHbie uccnenoBanus A. bapa, H.H. Bepuruna, K. ®puna [2; 3; 37]
MOKAa3bIBAIOT, YTO NPU OAMHAKOBBIX 3HAYEHUSX MPOHHLIAEMOCTH KO-
3¢ duureHTs dPPEKTHBHON TUPPY3UN A MECKOB M YIUIOTHEHHBIX
MECYaHUKOB MOTYT OTIM4YaThcs Oonee yem B 100 pa3. DkcrnepumeH-
TanbHble uccnenosanus JI. Jlyknepa, B.M. Illecrakosa [10], XK. ®pu-
na [37] nokazanu Takxke, 4To Ko puureHt 3¢ dpekTuBHON 1uddy3un
BO3pacTaeT ¢ yMEHbIIEHHEM o0mel mopuctoctu (/¢ mpomopuuo-
HanpHa  3). CTemeHHas 3aBUCHMMOCTb KoddduiuenTta 3¢ HeKTHBHOM
T dy3un OT MOPUCTOCTH, OUEBUIHO, CBsI3aHA C YCIO)KHEHHEM MUK-
POUIBTPALIMOHHBIX TTOTOKOB MPH YBEJIMYEHUH CTENEHU YIUIOTHEH-
HOCTH MOPO/I.

I'maporeonornueckue McciaeoBaHUs, MIPOBEIECHHBIE B €CTECTBEH-
HBIX YCJIOBHSX, IMOKa3aJd, YTO KOA(PQHUIUEHTH AUCIEPCHUH, OIpelie-
JICHHBIE B €CTECTBEHHBIX YCIOBHSIX, IIPEBBIIAIOT HA IBA-TPU MOPSIKa
COOTBETCTBYIOIIME KO3(PHULUMEHTHI, MOJYyYEHHBIE B YCIOBHUSX Jabo-
paropHOro skcrnepuMeHTa. Tak, B TPELUIMHOBATHIX MOpoAax (IecyaHu-
KU, MeJ, JOJIOMHUTHI) KOA(PGHUIUEHT NUCIICPCUH, U3MEPSIEMBIA B MET-
pax, gocturaet 50 M, B BEICOKOIIPOHHIAEMBIX MECYAHBIX OTIIOKEHUAX
X Meusiercd ot 6 10 21 M.

IMpu Ttakux OonpmIMX 3HAYCHHUSX KOI(POHUINEHTOB IUCIEPCHH
BKJaa MosekyysipHo anp¢y3un B 3¢ddexkTuBHBIN KodpduImenT
T Qy3un CTaHOBUTCS MPEHEOPEIKUMO MaJbIM, TaK KaK XapaKTepHOe
3HaueHue Kodd¢unuenra MoyekynspHod auddysum I, ~ 10 7 m/c.
Pa3zmeprl 30HBI cMelIeHHsT 3aKaYMBAEMOTO PAacTBOpa U MUHEPAIN30-
BaHHOW IJIACTOBOW BOABI mporopiuoHanbHbl JI/X. [Ipn 3HaueHmsx X

nopsaaKka METpPOB pa3MEpbl 30HbI CMCIICHUSA UMCIOT MOPAJ0K, MCHBIIIC



pa3MepoB TUIUYHOW MoJienu. B 3ToM ciydyae 30Ha MONHOrO 3amelrie-
HUSI MOXKET BOOOIIe He 00pa3oBaThCs, U M3MEHEHHE KOHIEHTPAaLUU
OyzaeT IpoUCXOAUTH BO BCeil 001acTH, 3aHATON PacTBOPOM, B TEUCHHE
BCEro MepHo/ia HarHeTaHus PacTBOPA.

[Ipsimble 3KCIepUMEHTANbHBIE HUCCIEAOBAaHMS TOKA3alHd, 4YTO B
MECYAHO-TIIMHUCTBIX M KaBEPHOZHO-TPELIMHHBIX KOJIJIEKTOpax Ipo-
MBITasi 30Ha He o0pasyeTrcst Jaxke MpH NpoxoxkaeHuH 12-50 mopoBbIxX
00beMoB (uibTpata. KoiandecTBO HEBBHITECHEHHOW IUIACTOBOW BOJBI
MIPU 3TOM MOKET cocTaBIsITh 30-50% u Gonee.

HN3MeHeHne NMpPUPOIHOH MMKPOCTPYKTYPbI IUIACTA NPH BBI-
TecHeHMHM HeTH Boaoii. IIpu BeITecHeHUHN HETH BOJOH MOXKHO BbI-
JIENIUTh CJIEAYIOLINE OCHOBHBIE BHJIBI OCTaBILIEHCS TOCHE 3aBOJHEHUS
HedTH: TpUpoaHYIO (MOABHXHYIO), KaMMUIIPHO-3allleMJICHHYIO (He-
MOJBIKHYIO), aICOPOMpPOBaHHYIO, IUICHOYHYIO, OCTaTOYHYIO He(Tb
TYNHUKOBBIX MIOP ¥ MUKPOHEOAHOPOJHOCTEH (3TH BUJBI IPOYHO CBSI3a-
HBI CO CKEJIeTOM KoJutekTopa). CorimacHo 3TOH KiaccH(UKAMU MOX-
HO TOBOPHUTH O COOTBETCTBYIOIIUX HachleHHOCTX (Muxaitnos H.H.)
[13]. B peanpHbIX pa3zpabaThlBa€MbIX IUIACTaX MPUCYTCTBYET, Kak
MPaBUJIO, HECKOJIBKO BHJOB OCTAaTOYHON HE(TH, KOTOPBIE B COBOKYII-
HOCTH (POPMHUPYIOT OCTaTOYHOE He(TEHACHIIEHHE pa3padaTbIBAEMBIX
ILIaCTOB.

KanunnsapHo-3aimemienHas ocratoyHas He)Th oOpasyeTcs Impe-
WMYLIECTBEHHO B TUAPOQUILHON TOPUCTOM cpelie B OTACIBHO B3STHIX
1opax, y3jiax mop, 1100 B HECKOJIIBKHX MOpax OAHOBPEMEHHO B BHUIE
W30JIMPOBAHHBIX Kanenb-rno0yn. C yxyameHueM ¢GHIbTPaHoHHO-
€MKOCTHBIX CBOMCTB B KOJJIEKTOPE YCIOKHSETCS CTPYKTypa OPOBOTO
MIPOCTPAHCTBA: YBEIMYUBACTCS M3BUWJIMCTOCTh KaIWUISIPOB, BO3pacTa-
eT 10Jisl CyOKamMUIAPHBIX MOP U BO3HUKAET 3HAYMTEIBHOE KOJIUYECT-
BO TYNMHUKOBBIX NOp. TynHKOBBIE MOPHI ¢ THAPOAMHAMUYECKONH TOUKH
3peHUsl SBIAIOTCA 3aCTOMHBIMM 30HaMM, U B HUX HEBO3MOXKEH IpO-
LecC BBITECHEHUS HH MOA JEMCTBHEM T'MIPOAMHAMUYECKHUX, HHU MOJ
neficTBUeM KanmWUIAPHBIX CWI. B 3THX mopaxX BO3MOKHBI JIMIIb MEJI-
JICHHBIE MacCOOOMEHHBIE MPOLIECCHI C MPOTOYHBIMHU TOPAMH.

B runpodoOHbIX mmactax u miuactax co CMEMIaHHBIM THIIOM CMa-
YHBAaEMOCTH 3TH TYMHUKOBBIE TIOPHI COJEPIKAT OCTATOYHYIO He(Th, KO-



TOpasi MO0 CBOM CBOMCTBaM MOJKET OBITh aHAIOTWYHA IPUPOTHON Hed-
TH, W, TAaKUM 00pa3oM, 1enecooOpa3Ho BBIAEICHUE 3TOW OCTaTOYHOM
HE(PTU B OTACIBHYIO KaTETOPHUIO.

Pa3zmepr! TynHMKOBBIX MOpP, KaK MPaBUIO, Malbl, OXHAKO BO3MOX-
HBl TYNIUKOBBIE TOPHl M 3HAYUTENLHBIX Pa3MepOB, YaCTUYHO 3aJicueH-
HBIE TIOPHI BBILIETAYMBAHUS, HE3HAUMTENIbHbIE KaBepHBl U T.A. [lpu
HAJIMYUHN TAKUX MOP OCTaTOYHas HE(Th TYNHKOBBIX MOP MOXET (op-
MHUPOBAThCS U B THUAPOPMIBHBIX KoJuleKTopax. Joys ocTaTouyHON
He(TH TYNHUKOBBIX TIOp PACTET C YMEHBILICHUEM MPOHULAEMOCTH KOJI-
JIEKTOpA.

B c110’%HO MOCTPOEHHBIX KOJUIEKTOPAX CO BTOPUYHON MOPUCTOCTHIO
3HAUUTENILHBIC 3aMackl HETH MOTYT COJEPIKATHCS B TYMHUKOBBIX MOPaXx.
3amackl HETU B TYNUKOBBIX MOpax HE BBHIPAOATHIBAIOTCS C TIOMOILBIO
TPaJULIMOHHBIX TEXHOJIOTUH, 1 B HACTOSIEEe BPEMsI BEJCTCSl aKTUBHBIHA
MOUCK MPUHIUIHAIBEHO HOBBIX TEXHOJIOTHH [Tl U3BJICUEHUST HE(DTH Kak
13 TIPOTOYHBIX, TAK U U3 TYNMUKOBBIX op. Kpome Toro, B mporecce pas-
paboTKH 3aneku 0Opazyercs Kiacc Hop, KOTOphIe W3HAYaJIbHO MPHHAI-
JIeKal OTKPBITOM aKTHBHOM MOPUCTOCTH, HO, OCTaBasCh MPHHAJJIeC-
XKallMMHU CBs3aHHOW (a3e, ObLIM OJOKUPOBAHBI APYrOd HECBS3aHHOU
¢azoii, u B pe3ynbTare (oA B HAX CTaj HEMOABWKHBIM. B Makpo-
o0beMe MPOHUCXOINUT MEPECTPOiiKa MOPOBBIX CETEH, B pe3ysbTaTe KOTO-
poii 00pa3yloTcs TEXHOTEHHBIE TYIHKOBBIE TIOPOBBIE CHCTEMBI, HE MPHU-
HUMAIOIMe y4acTue B ¢uiabTpaund. PUIbTpyromas 4acTb MOPOBOH
CHCTEMBI COOOIIACTCS C TYMHUKOBOM, HO OHA HE B COCTOSIHMU BBIJABUTD
OJIOKMPOBAHHYIO YacTh (IIOMIOB M3 TYIUKOBOW CHCTEMBI. 3acTOHHAs
yacTh 00beMa (uibTpyromeiics MOABMKHOM (a3sl MOXKET OBITh OXa-
PaKTepHu30BaHa KaKk HEMPOBOIAIIAS HETIOIBIKHASL HACHILLIEHHOCTb.

Uzyuas 310 siBneHue B §0-X IT. MPOILIOr0 BEKa Mbl HA3bIBAIH ATH
nopsl nicepnorynukoBeiMu (Muxaitnos H.H. u np.) [26]. B unoctpan-
HOU NUTepaType MPUMEHSIOT TEPMHH <«JICHIPUTOBBIE» (IPEBOBHUAHEIC)
(Stephen J. Salter et al.) [79]. Hanuuue nceBAOTYNHUKOBBIX MOP OKa-
3BIBAET CEPHE3HOE BIMSHHE HA JOCTOBEPHOCTH METOAOB HM3YUYEHUS
He(PTEHACHIILIEHHOCTH € TIOMOIIBIO HHANKATOPHBIX METOJIOB U BIIHSACT
Ha 3(PEKTUBHOCTh (PU3MKO-XMMUYECKUX METOJOB JOU3BIICUEHHS OC-
TaTOYHOW HE(TH.



KonnuecTBo MUKPOMOp B KOJJIEKTOPE MOKHO CBS3aTh C €r0 JIUTO-
JIOTHYECKUM COCTaBOM. B 3TOM ciyuae ajisi KOJUIEKTOPOB C pacnpese-
JICHHBIM TJIMHUCTBIM MaTepHajioM JIOJISl TYNHUKOBBIX MOP ONpeAessieT-
Csl KOJMYECTBOM TJIMHHCTOTO LIEMEHTa M €ro MOpUCTOCThIO. B Tpe-
LIMHHO-TIOPOBBIX IJIaCTaX MOPHI OJIOKa SBISIOTCS (DAKTUUECKH MOIy-
TYNHKOBBIMHU 110 OTHOIICHHIO K TPELUIMHHOW MOPHUCTOCTU. AHAJIOTHY-
Hasi CUTyalusl B IOPOAax ¢ MaJIONPOHULIAEMBIMH BKIIOUEHUSIMU.

[pu kamuUIApHOM 3alIeMIICHHH TaHTIui HeTH 4acTe mop OJo-
KHUpyeTcsi, U 00pa3yloTcsl TCEBAOTYIMUKOBBIE MOPHI TEXHOTEHHOTO
npoucxoxjeHus. Kpome Ttoro, B mpouecce pa3paboTku HE(QTSIHOIO
MECTOPOKACHHUS POUCXOANUT 3HAUYUTENBHOE YXYIIICHHE KOJUIEKTOp-
CKUX CBOICTB IJIacTa B pe3yJbTaTe 3aCOPEHHS TOp TBEPABIMU YaCTH-
LAMH TE€XHOJIOTUYECKUX KUIKOCTEH, aJcopOlMu MoJMMepa Ha CTEH-
Kax MOp, BBIAJAEHHUS COJEW M3 IUIACTOBOW BOABI U T.I. YXYyALICHHE
KOJIJICKTOPCKUX CBOMCTB IJIacTa UMEET OOJIbIIOe 3HAUYEHHE ISl OLEH-
KM OCTaTOYHOH HE()TEHACBILIEHHOCTH B OKOJIOCKBaKMHHOW 30HE U
JUISl IPOEKTOB MOBBIILIEHHS HEPTEOTJaYH MJIACTOB.

[Iponeccrl yxyAneHUs: KOJUIEKTOPCKAX CBOWCTB MOPHCTON Cpebl
NPY BBITECHEHUH HE(TH BOAOH BIIOJIHE MOAJAIOTCS MOJCTUPOBAHHIO
Ha ceTOuHBIX MHKpomozemsix (Muxaitmos H.H. u ap.) [20]. ABTOpEI
CMOZEIHMPOBAIM Tpoliecc 0Opa3oBaHHS «IICEBAOTYNHKOBBIX» IOp B
nporecce BbeITecHeHUs! HeTH Bonol. Tak, B pe3yspTare OJIOKHPOBKU
OTACTBHBIX HEe(TSHBIX TAaHINIMH BOAOH W mepexoja MX M3 aKTUBHOU
HepTsIHOW (a3bl B MAacCCHBHYIO (T.e. NPH TOSBICHHM HEMOJBMKHON
HeTH), He(Th 3aHUMAET OTJCIbHbIE TOPHI U IPOYHO YACPKUBACTCS B
HUX KalWUIAPHBIMH CHJIAMH, TEM CaMbIM NpEBpAILas MOpHI, 3aHATHIE
BOJIOW M MPUMBIKAIOIINE K MOpE, 3aHATOU HEPTHIO, B «IICEBIOTYITHUKO-
BbIey. Hannume Takux «IceBIOTYMUKOBBIX» MOp, MOSBUBLINXCS B pe-
3yJIbTaTe 3aBOJHEHUS, BIUsACT Ha 3(pPEeKTUBHOCTD METOJIOB PETYIUPO-
BaHUs CMAUMBACMOCTH U MOBBIIICHHS HE()TEOTAAYH LIACTOB.

PaccMoTpenbl pa3nuuHble MEXaHW3MBI 00pa30BaHUs «IICEBIOTY-
MUKOBBIX» TOp. B pesynbpTare mpoBeAeHHBIX HCCIeq0BaHUI 00pa3o-
BaHUsI TYMHUKOBBIX TOp TMOJYYEHBl 3aBUCHUMOCTH OTHOCHUTEIBHOTO
00beMa TYMHUKOBBIX MOP OT OTHOCUTEIBHOTO 00beMa 3arepTod Heus-
Biekaemord Hetu (puc. 8.28) (MuxaitnoB H.H. u ap.) [19]. 3aBucu-



MOCTh OTHOCUTEIHHOI'O 00bEeMa TYIMHUKOBBIX IOP OT OTHOCHUTEIILHOTO
o0beMa TIacCHBHON HE(TH SBISETCS MPSMO MPOIIOPIIHOHAIBHOM.
[psimMasi, oTHOCAIIAsICS K CAy4aro, KOrja Mopoja SIBJISIETCS HeCMadu-
Baromeics BogoH, T.e. cosO < 0, maer Hambosee kpyro. [Ipsmas, ort-
HOCSIIASACS K CIy4ar, KOrJa Mopoja SBISCTCS CMAadMBaloOIICH, T.e.
cos0 > 0, uner Haubosiee mosoro. [IpsiMbie, XapakTepu3yroIye Mopo-
Iy C MHKPOCTPYKTYPHOW CMa4HMBaEMOCTBIO, PACIIOJOMXEHBI MEXITY
HHUMMU.

Takum 00pa3oM, MOJTyYeHA 3aBHCUMOCTh OTHOCUTEIBLHOTO 00beMa
TYIHKOBBIX MOP OT OTHOCHUTEIHLHOTO 00bEMa OCTATOYHOM 3aIIeMIICH-
HOW He()TH W TOKa3aHO, YTO ATa 3aBUCUMOCTb SIBIISICTCS MPSAMO ITIPO-
MOPIMOHALHON, TPUYEM yroJI HAaKIIOHA MPSMOU K OCH a0CIHUCC TeM
MEHBIIIE, YeM OOJIbIIIC B ITOPOJIC CMAYMBAEMBIX TI0D.

Puc. 8.28. 3aBucuMOCTE OTHOCHUTEJIBLHOTO0 00beMa TYNHKOBBIX nop KT
OT OTHOCHTEJbHOT0 00beMa 3anieMJIeHHoi ocTtaTouHoil HedpTn KHO.
1-cos0=-1;2-cos0=+1;3-p=0,4, q=0,2; 4 - nopbI 60JILLIOT0
paguyca HedTpaJabHbIe, MAJIOr0 PaHyca CMaYuBaeMble; S5 — MOPBI

00J1b1I0TO pafiMyca — CMaYdBaeMble, MAJIOT0 Pajuyca — HecMaYHBaeMble

CyTb mpo1ieccoB U3MEHEHUSI CMauMBaeMOCTH TNPH 3aKayke ci1abo-
MUHEPAJIM30BaHHBIX PACTBOPOB 3aKIIOUAETCs B MPOSBICHUH psina u-



3UKO-XUMHYECKHX TMPOLECCOB, WHTEHCHUBHOCTH KOTOPBIX 3aBHUCHT OT
HavalbHOW KOHIIEHTPALlMH KOMIIOHEHTOB pacTBopa. Takum oOpaszom,
0e3 3HaHMS CTPYKTYPBI OCTaTOYHON HEPTEHACHIIICHHOCTH HENb3S CY-
IUTH O JIOCTOBEPHOCTH U 3(P(PEKTHBHOCTH J1a0OPaTOPHBIX IKCIIEPU-
MEHTOB, U B 9TOM 3aKJII0YaeTCs TIIaBHas TPYJHOCTb.

JpyrumMu BayKHBIMH (U3HMYECKHMH MPOLIECCAMH, COMPOBOXKIAIO-
LIMMHU [TPOHUKHOBEHUE PAcTBOPA B ILJIACT, SIBISIIOTCS XUMUYECKHE pe-
aKIMM M MPOLECCHl COPOLMH, KOTOPhIE Haubonee SPKO BBIPAKEHBI Yy
TJIMHUCTBIX MOopoA. OHAKO Mpolece MPOXOKACHUS XUMHUUYECKOH pe-
AKX 3aBUCHUT HE TOJBKO OT KOHCTAHTHI CKOPOCTH PEaKLHH, HO U OT
THIPOIMHAMUYECKUX 3()(HEKTOB 1 MUKPOCTPYKTYPHBIX 0COOEHHOCTEH
MOpHUCTON cpenpl. Hamuume TYNMKOBBIX TOp, MaccooOMeH ¢ KOTOPBI-
MH OCYULIECTBIISIETCS TOJNBKO 3a CUET MOJEKYJISpHOH nuddysun, 3a-
TPYAHSIET MPOTEKaHNUE peaKkuu, CHIKaeT 3 (eKTsl THAPOGUIN3ALHY.
HeoaHopoHOCTh MOPOBOTO MPOCTPAaHCTBAa MOPOXKIAET M BPEMEHHYIO
HEOJHOPOIHOCTb, YTO, B CBOIO OYEPEb, BHI3BIBAET MCKAXKEHHE (PyHK-
LUK pacrpeeneHusi KOHIEHTpauun pactBopa U Hegreotaauy (Komb-
gunkas T.H. u np.) [34].

[Ipu MopenupoBaHHMM TEPBOHAYATBHOTO pacmpeneneHus ¢a3 B
KEpHE C MOCIeIyIOUINM BEITECHEHHEM He(TH U3 KepHA yUeT HaTHYUs
MICEBJIOTYIHKOBBIX TTOpP MPHUBOAUT K U3MEHEHUIO KaK BHJIA KPUBOH Ka-
NWUIIPHOTO JAaBJICHHS, TaK U KPUBBIX (Pa30BBIX MPOHULIAEMOCTEH.

Beio  cmonenupoBaHo o0pa3oBaHHE TCEBAOTYNHKOBBIX IIOp B
Mpolecce MHOTOKPAaTHOrO 3aBOJHEHUS W APESHUPOBAHHS HOPUCTOTO
oOpasua. [lokazaHo 3HAYUTENBFHOE BIHMSHUE BEIWYHMHBI U CTPYKTYPHI
CMauyMBaEMOCTH 00pa3la Ha npolecc 00pa3oBaHMs MICEBIOTYIHKOBBIX
1Op, a TaKXKe Ha BETUUMHY TICEBIOTYMHUKOBOH MOPHCTOCTH.

B tabn. 8.8 [13] mpuBOASTCS SKCIIEPUMEHTAILHBIC JIAHHBIC 110 OII-
peneseHnIo 3HaueHWH MCEeBIOTYNMKOBOM mnopuctoctu. [lpuBomsrces
B3aMMOCBS3M aKTHBHOM U MCEBAOTYHKOBON MOPUCTOCTH.

Ha puc. 8.29 manbpl SKCIEpUMEHTATBHO MOJYyUYECHHBIE B3aUMOCBSI3U
TYHHUKOBOH, 3alllEMJICHHON M MPHUPOJHON (TIOABMKHOM) HACBIILIEHHO-
CTH B 3aBUCHUMOCTH OT HACBHIIIEHHOCTU (IIIOUIOM.

Kak BuaHO, MMeeTcs TEHASHLUS K YBETHMUCHHIO 3HAYCHUH 3al11eM-
JICHHOW ¥ TICEBAOTYIHMKOBOW HACHIIICHHOCTH C YMEHBILICHUEM 3Haue-
HUHM TOJBMKHON HACHILIEHHOCTH. DTH (AaKThl HE YUHUTBIBAIOTCS MpPU



J'IaGOpaTOpHOM TCCTUPOBAHUU PAZJTUYHBIX TEXHOJIOTHMH H3MCEHEHUS

CMA4YMBa€MOCTHU U JOU3BJICUYCHUS OCTaTOYHOU He(bTI/I.
Tabnuya 8.8

H3menenne ncesporynukosoii nopucroctu KIIT B 3aBucumocTn
0T 0CTATOYHOIr0 He)TEeHACHILCHHSA

HaCI)IIIIeHI/IC B TYIIMKOBBIX ITOpax

Ko ¢ K
o % " Ks Kn
0 12,26 12,26 0
2 14,71 12,71 13,60
2,8 17,44 14,64 16,05
8,9 27,52 18,62 32,33
18 38,69 20,69 46,52
29,7 49,86 20,16 59,56
MoxBuxnas
0 50 Hedrenacormennocrs 100

Puc. 8.29. loss1 (ea.) pa3jM4YHBIX BUIOB OCTATOYHOI HepTH
NPM JpeHa:ke B 3aBUCMMOCTH OT HedTeHachIeHHOCTH (%) [26]

I'napoanHaMuyuecKuii aHa/Iu3 BJIMSHUSI MHUKPOCTPYKTYPbI Ha
cTelneHb 3aMellleHHs] ILUIACTOBOI BOJIbI Ha CJa0OMHHEPAJHU30BaH-
Hym. Pacnipenenenne 3akaunBaeMoro KOMIIOHEHTa UMEET OUeHb CIIOXK-
HBIH M KOMIUIEKCHBIH Xapaktep. Ha Hero BIUSIOT: BUI 3aKauMBaeMbIX
KHUIKOCTEH, TEUCHNEe U COCTOSHHUE BBITECHSIOIIETO areHTa B 00BOIHEH-
HBIX IUIACTaX C OCTaTOYHOW HE(TEHACHIIEHHOCTBIO, CTPOCHHE OOBOJI-
HUBLIMXCS TUIACTOB, TEXHOJIOTHA 3aKaukd. DHU3nuecKne CBONWCTBA 3aKa-



YHBAEMBIX areHTOB, CKEJIEeTa MOPOJIbl, OCTATOYHOM HE(TH, a TAKKE pa3-
JYHBIX BEIIECTB-TIpUMeECceH, TaknX, KakK BS3KOCTh IUIACTOBOW W 3aKa-
YHUBaeMOU BOJBI, IMPOHUIACMOCTD IIJIaCTa, PaCTBOPUMOCTb OTACIBHBIX
KOMITOHEHTOB, OIPEIENIIOT paclpeeseHne KOHIEHTpAIud 3aKadu-
BaeMbIX PEareHTOB MPH PeaH3aluy TEXHOIOTHH.

OcTaHOBUMCSI Ha MaTeMaTHYECKOH MOJIENH OMHMCAHHBIX IPOIIEC-
COB WM3MEHEHHS CMAayMBaeMOCTH. MBI BHAWM, YTO TYIHKOBBIE MOPHI
SIBIITFOTCSL OJHUM M3 OCHOBHBIX (DaKTOPOB, KOHTPOJHMPYIOMIMX IIPO-
necc (uabTparMM U MaccOOOMEHHBIE mporecchl. KomuuecTBo 3a-
CTOWHBIX 30H €CTECTBEHHOTO MPOUCXOXKIICHUsI CBS3aHO ¢ TAKUMH Xa-
PaKTEpUCTUKAMH TIACTA, KaK MOPUCTOCTh, U3BWIUCTOCTD, JIUTOJIOTH-
YECKUI COCTaB, W JIPYTMMH CTPYKTYPHBIMH OCOOCHHOCTSIMH CpEJBL.
KonuuecTBO 3aCTOWHBIX 30H, 00pa3yIONIMXCS B PE3yJIbTAaTe BBITECHE-
HUS HE(PTH BOJIOM, 3aBHUCHUT, B MEPBYIO OYepellb, OT CMA4YUBAEMOCTH,
(ha30BOM MPOHUIIAEMOCTH OCTATOYHOW HE(PTEHACBHIIICHHOCTH, TI0-
BEPXHOCTHBIX CBOMCTB BMemlaronux nopoja. Ha puc. 8.30 mpencras-
JIeHa 3aBUCHUMOCTh KoJimdecTBa 3acToiHBIX 30H K3ACT ot morapudma
npoHUIaeMOCTH Krro IO Ta3y, IS TEPPUTCHHBIX U KApOOHATHBIX I1O-
poa. DTa 3aBUCUMOCTh JHHEHHA, U C POCTOM (hpa30BON MPOHHUIIAEMO-
CTH KOJMYECTBO TEXHOTESHHBIX 3aCTOMHBIX 30H MaJacT.

Puc. 8.30. 3aBHCHMOCTDE OTHOCHTEJIBHOIO COJEP KAHUS
TYNHMKOBBIX MOP a oT razonponunaemoctu Knp ans reppurennsix (1)
1 KapOOHATHBLIX (2) mopoja



Cucrema ypaBHEHUH, OINKCKHIBAIONIAS TEXHOJOTHUIO METOJa U3Me-
HEHUS MUHEpaJu3aluu B IJIACTE, B CIy4ae HEOJAHOPOJHOIO IIJIACTa B
LWIMHAPUYECKUX KOOPJNHATAX UMEET BUJL

V(D* VIC)-V(VC)=Kn  +Kil 'C +K
ot ot ot

1k 9€ =viic=cy (8.12)
ot

= 2Km/\C— C2
o YA a(?)

VC(re,t)=VCi +D* VrC(re,t), i=12
C(M, 1) = C1(1M,£) = C2(r>, ) =0
C(r,0)=Ci(r,0)=C2(r,0)=0

C02= C-COi mpm per ¢ > ¢* (8.13),

rae COi, C0) - MuHepanu3aluu 3aKa4yMBAa€MOro pacTBOpa IpU Tep-
BUYHOW W BTOPHYHOH 3aKayke, COOTBETCTBEHHO ¥ - MOMEHT BpeMe-
HH, TIPH KOTOPOM MPOMCXOIUT CMEHA pacTBopa, KIIT - o0mmas TyrmuKo-
Bas MOPHCTOCTh, paBHAas CyMMe TE€XHOTeHHOW (/[KIH)) U ecTecTBeH-
Ho#t (KnN) TynmuKOBBIX TOPUCTOCTEH, TO ecTh KT = ([/KTH)) + (KnN) -
TUHEHHas (QYHKUMS MOABMKHOHW HeTH B 00BEME >OTKPBITHIX MOP.
CkopocTb ¢uIbTpanlMu Mbl TpuHHMaeM paBHOW (Q/r, Toraa s¢dex-
TUBHBINA K03 ¢unmeHt D* MOXHO 3amucaTh B BHIE:

D* = DM+X V= D+ X Ov/m (8.14).

XapakTep BBHITECHEHUS! CMEIIMBAIOLINXCS JKUAKOCTEH Ompeaers-
ercsi, B IepBYI0 o4epenb, 3PPeKTUBHBIM KodhdunreHTomMm auddysun
D* DdodextuBHblii kodpduuuent nudpdy3un npeactaBiseT coOon
CyMMy KO3((HUIHMEHTOB MOJIEKyIspHOH (DM) M KOHBEKTHBHOI
(DK+XVn) muddysueri. OT COOTHOLICHUS! ATUX COCTABISIOMINX U 3a-
BHCHT XapaKTep pachpelelieHuss MUHEepalU3aluy B 001acTH 3aKauKH
(puc. 8.27).

Bennunna koadduurenTa KOHBEKTUBHOH nuddy3un 3aBUCUT OT
CKOPOCTH TOTOKa M OT mapamerpa X, XapakTepH3YIOIIEro CTPYKTypy
MOPOBOTO MPOCTpaHcTBa. BennunHa KodQuLMenTa ruIpoanHaMuye-



CKOW JUCTIEPCHU J1 U3MEHSETCS OT COTBIX JI0JIeii METPOB B TIIMHUCTHIX
Mopojax, 10 JIECAITKOB METPOB B TPEIIMHOBATHIX MOPOAax. B BbICOKO-
MIPOHUIIAEMBIX TECYaHbIX OTIIOKEeHUAX Jl MmeHsercs oT 6 1o 21 M. IIpu
MabIX 3HaYeHHUAX Kodp¢unmenta Jl cootHomenune mexny DM u DK
OnpelenseTcss COOTHoIeHneM Mexay DM u V. Ha HauanbHOM 3Tame
(hopMHPOBaHHS 30HBI 3aKaUKH, KOTJa CKOPOCTU MOCTYIUICHHS PaCcTBO-
pa B IUIaCT 3HAYMTENbHBI, KOHBEKTHBHBIA MEPEHOC MpeodianacT Hal
MoJieKyJIspHbIM (puc. 8.27). Ho mociie yMeHbIlIeHUsI CKOPOCTH 3aKad-
KA ONpEeAeISIIoNIel CTaauell CTaHOBHUTCS MOJEKYJsApHas Iuddysus,
MHTCHCU(UIUPYETCS TPOoIecC MOJeKyJsipHOi muddy3un. [lpu 3Ha-
YeHHAX 1>>1 BKIax MONEKYyJSpHOH muddys3un B 3hHeKTUBHBIN KO-
s punmenT nuddy3un CTaHOBUTCS MPEHEOPEIKUMO MAJbIM, TaK Kak
XapakTepHass BelUYMHAa Kod(pQHUIUEeHTa MOJCKYIApHOH auddys3un
umeet nopaaok DM « 10 Im2/c.

Pa3zmep 30HBI cMelIeHHs 3aKauyMBaeMOW M IJIACTOBOM BOJBI IMpPO-

nopuuonainen >/X . [1pu Jl mopsiaka HECKONBKUX METPOB, pa3Mep 30HBI

CMELICHUS] UMEET MOPSIOK pa3Mepa Mojeld. B 3ToMm ciydae mosiHo-
CTBIO TIPOMBITasi 30Ha He 00pa3yeTcsi, U U3MEHEHHs] MHHEPaIU3aLUH
MPOMCXOJAT MO Bcell 001acTH, 3aHATON PacTBOPOM, B TEUEHHE BCETO
MepHUOIa HaTHETaHHUSI.

Puc. 8.31 (a u 6) winroctpupyet 310. Ha Hem npencrapiieHsl rpa-
($uKH pacnpenencHns] MUHEpaTH3aldy B MOJENH JUIsl pa3IMIHbIX 3Ha-
yeHuit JL

Pacnpenenenus MUHEepalu3aluy, MpeJcTaBICHHbBIE Ha
puc. 8.31(a, 6) ObuIKM MONy4YeHBI AJS CIAy4as OJHOPONHOW MOPUCTOM
Cpellbl MPU OTCYTCTBHM IMPOIECCOB copOimu. MaccooOMeHHbIe Mmpo-
LECCHl ¢ TIIMHUCTBHIMUA YaCTHLIAMHU U TYIHKOBBIMH MOPAMH HE TOJBKO
OCJIOKHSIOT IMHAMUKY (POpMHUpPOBaHUS 00JIaCTH C N3MEHEHHOH MUHE-
panu3anueil, HO W BIUSIOT Ha CKOPOCTh ee pacdopmupoBanus. Pac-
npeesieHne MUHEpaTu3alluyd XapaKTepU3yeTcsli H3MEHEHUEM KPHUBH3-
Hbl poduist. [Ipyu BEICOKHX CKOPOCTSIX MaccooOMeHa Ha CTaJHH pac-
(hopMHPOBaHHS MPOUCXOAUT BO3pacTaHWE KOHLEHTPALUU peareHTa u
(dbopMupyeTcs 30HA MOBBILICHHOW KOHLEHTpAIMU, B CBS3H C YeM HE
HaoOmonaercs s dexra pachopmupoBanus (puc. 8.32).



Puc. 8.31. /lnunamuka pacnpeejeHAsi KOHIEHTPAINHA coJieif B mIacre
NPH NEePBHYHOM 3aBOJHEHHMH (CIJIONIHbIE JUHUH) H 3aKaYKe
c1a00MHHEPAIM30BAHHOI0 PACTBOPA (IIyHKTHP ISl PA3HBIX 3HAYCHU
k03¢ punuenTa ruapoaunamuyeckoi gucnepeuu X = 0.03 (a)

u X=10.6 (6). llIngp xpuBbIX — 6e3pasMepHOe BpeMsi

Puc. 8.32. U3MeHeHHe MU HePAJIM3allMU 3aKAYMBAEMOI0 PacTBOPa
NpH Pa3JMYHbIX 3HAYEHUAX CKOPOCTH MaccooOMeHa Y
B (pMKCHPOBAHHBII MOMEHT BpeMeHH.
1.Yi =Y2=0; 2. Y1 = 0,55.10-6, Y2 =10-6; 3. Y1 = 0,55.10-4, Y2 = 10-4;
4. Yl = 0,55.10-3, Y2=10-3. Y| - kod>(ppunuenT maccoooMeHna
¢ MCeBA0-TYNHKOBBIMH NMOpPaMH Y2— ko3¢ duimenT MaccoodMena
¢ INIMHUCTBIM LIEMEHTOM



Hanuuwme rimHHMCTOrO LIEMEHTa U HEOAHOPOJHOCTh OOBEKTA CKa-
3bIBAIOTCSl M HA AMHAMHMKE W3MEHEHUS] MUHEpPAIU3alli BOJBI NP 3a-
MEHE IJIaCTOBOM BOJbl Ha HU3KOMMHEpanu3oBaHHyto. Puc. 8.31 wmi-
JIOCTPUPYET MPOLIECC BBHITECHEHHUS TJIACTOBOIM BOZBI paCTBOPOM KOH-
TPAacTHOH COJIEHOCTH B Ciiy4ae OJHOpoaHOW (1) M 3ariMHHM3MpOBaH-
HOW mopoabl (2) CO CIOXXHBIM BHYTPHUIIOPOBBIM CTPOCHHEM HpH
X=0,03 u X = 0,6. KpuBble a COOTBETCTBYIOT NEPBUYHOMN 3aKauke.
KpuBble 6 omuchIBaIOT COCTOsIHUE IIJIacTa MPH CMEHE pacTBopa Ha 6o-
nee mpecHblil. Illudpom KpuBBIX siBIsgeTcs Oe3pa3MepHOE BpeMsl.
B BrIcOKONpoOHHMIIaeMBIX TecuaHukax (X > 6) BKJIaJ MOJEKYJIpHON
muddy3un B MaccooOMEHHBIE MPOLIECCH MPEHEOPEKUMO Mall, TIOITO-
MY BIHSHHE TYNHKOBBIX MOp Ha JUHAMHKY (POPMHUpPOBAaHHUSI 30HBI C
W3MEHEHHOH MHUHepaiu3auueil He3HauuTenbHO. C poCTOM YIUIOTHEH-
HOCTH TOPHBIX MOPOJ MacCOOOMEHHBIMH MPOLECCAMH C TYHKOBBIMH
NnopaM M TJIMHHUCTBIM IIEMEHTOM TMpeHeOpeub HENb3s, CTAHOBHTCS
CYIIECTBEHHBIM HMX BJIMSHHE Ha BTOpHUYHOE (HOPMHPOBAHHME 3aBOA-
HEHHOH o0acTH.

8.8. PerynupoBaHue cmaunBaemocTH nnacra
nyTeM 3aKa4kvm XMMMUYEeCKU aKTUBHbIX peareHToB

Buckley u np., (1989) aknentupoBany BHUMaHHE Ha €CTECTBCH-
HOM M3MEHEHHMH CMauMBacMOCTH C TEUCHHEM T'e0JIOTHYECKOr0 BpeMe-
HU. V3MeHeHne cMauuBaeMOCTH IUIACTa MOYKHO TAaKKe OCYILECTBUTD
TePMHUUSCKUM WM xuMuueckuM crocobamu. Al-Hadhrami u Blunt
(2000) nzyvamu 3¢pheKT TepMaNTBbHO BBI3LIBAEMOT0 U3MEHEHHS CMaYH-
BaeMOCTH TUAPO(HOOHOrO KapOOHATHOTO IJIACTa, MMEIOLIEr0 eCTeCT-
BEHHYIO CHCTEMY TpelMH. MeXaHU3MOM, 3a cYeT KOTOpOr'o CMayu-
BaeMOCTh M3MEHSUIaCh B MPOLECCE 3aKAauKH Hapa/ropsueil BOIbI, sIB-
JISUTack 1ecopOims acalbTeHOB ¢ IOBEPXHOCTH HOPOIbI.

B HeckoJNBKHX HCCIEIOBAaHUSIX PACCMATPUBAIOCH BIUSHHUE 3aKad-
Ka XMMHUYECKOro pearcHra Ha U3MEeHEHHe cMaunBaeMOCTH. OCHOBHBI-
MU XMMUYECKUMH PEareHTaMu, UCTIOIb3YEMbIMHU JIJIsl U3MEHCHHS CMa-
YHBAEMOCTH, SBISIIOTCS MOBEPXHOCTHO-aKTHBHBIE BELIECTBA U IIEJO-



4n. [1oBEpXHOCTHO-aKTHBHBIE BELIECTBA MOTYT OBITh AHHOHOTCHHBI-
MH, KAaTHOHOTCHHBIMH, HEHMOHOTEHHBIMH WIH aM(pOTepHBIMH [6)].
B GnaronpusTHBIX YCIOBHUSIX TIOBEPXHOCTHO-aKTHBHBIEC BellecTBa Oy-
OyT ancopOMpoBaThCs Ha BHYTPUIIOPOBOM MOBEPXHOCTH MOPOABI U
M3MEHATh CMadrBaeMocTh. Hampumep, MOJOXKUTENBHO 3apsKeHHas
nopona OyAeT CHIBHO MPUTSATUBATh aHWOHOTEHHBIE OBEPXHOCTHO-
aKTHBHBIC BEILECTBA, a OTPULATENbHO 3apsHKeHHas mopoja Oyaer
CHJIBHO TPUTATHBATH KATHOHOT€HHBIE MOBEPXHOCTHO-aKTHBHBIE Be-
miectBa. HemoHOreHHoe moBepXHOCTHO-aKTUBHOE BEIIECTBO MPUTATH-
BaeTCs K IIOBEPXHOCTSIM MMHEPAJIOB 3a CUeT BOJOPOJHOHN CBA3U
(hydrogen bonding) u cunammu Ban-nep-Baanbca. [loBepxHOCTHBIH
3apsA MOpPOABI CYLIECTBEHHO 3aBHUCUT OT 3HAdeHUs Mokaszatens pH,
MO3TOMY aCOPOLUS CaMBIX MIMPOKO HCIOJIb3YEMBIX aHUOHOTEHHBIX
MOBEPXHOCTHO-aKTUBHBIX BEIMIECTB OOBIYHO CHIKAETCS C POCTOM IIO-
kazarens pH.

Standnes u Austad [45] uccnenoBaau BIUSHAE KAaTHOHOTCHHBIX U
AQHMOHOTEHHBIX IMOBEPXHOCTHO-aKTUBHBIX BEUIECTB Ha HW3MEHEHHE
CMauMBaeMOCTH THAPO(GOOHOTO MEJIOBOrO KEpHA NPU WX BIHTHIBA-
HUW. BBIIO BBISIBIEHO, 4TO TNEepBOHAYalbHAas THAPO(POOHOCTH KepHa
ObLIa CIIEICTBHEM aACOPOLMH OTPULIATENHHO 3apsHKEHHBIX KOMIIOHEH-
TOB HeTH. 3aTeM cMauMBacMOCTh Oblla U3MEHEHa 3a cYeT JecopO-
UM TPUPOJHO-aJCOPOMPOBAHHOTO BEIIECTBA B pe3yjbTaTe 00pa3o-
BaHUsI MOHHOHM Mapbl MEXAY MOJOKUTEIBHO 3apsKEHHBIMH MOHOME-
pamM# IOBEPXHOCTHO-aKTHBHOT'O BELIECTBA U OTPHLATEIBHO 3apsKeH-
HBIMH a/ICOpOMpOBaHHOrO BemiecTBa. Ecnu ancopOupoBaHHBIN MaTe-
pHal yaassics, Iopojaa CTaHOBUIIACH TUAPOGUIBHOM, 1 IPOUCXOIHIIO
aKTHUBHOE BIUTHIBaHME. [I[puMeHEeHNEe aHMOHOTE€HHOTO MOBEPXHOCTHO-
aKTHBHOTO BELIECTBA OKa3aJoch Oe3pe3ysbTaTHBIM, TaK Kak OHO He
cMorio oOpa3oBaTh MOHHYIO Mapy M AecOpOMpoBaTh aacopOHMpOBaH-
HBII MaTepuall.

B mocnennee BpeMsi Oosiblioe BHUMaHHE YIENsSETCS M3BICUCHUIO
HEPTH XMMUYECKUMH COCTaBaMHU H, B YACTHOCTH, C HUCIIOJIb30BAHUEM
WHBEKLIMI PacTBOPOB IOBEPXHOCTHO-aKTUBHBIX BemecTB. I[lpeana-
raeMble MEXaHWU3MBI JOTOJHUTENBHON J00BIYM HeTH mocie BBege-
HUSl TIOBEPXHOCTHO-aKTHUBHBIX BELIECTB OCHOBAaHbl Ha W3MEHEHUH



CMayMBaEMOCTH TOPOJBI W YMEHBIICHHH MEX(a3HOrO HaTSHKECHHUS.
Ecnu moBepXHOCTHO-aKTHBHOE BEIIECTBO BHIOPAHO B COOTBETCTBUHU
CO CBOWMCTBaMH KOJUIEKTOpA, TAKUMH Kak JaBJICHUE, TEMIIEpaTypa, co-
JICHOCTh, 3TO MOYKET NpHUBECTU K Oojee 3PPEKTUBHOMY BBITECHEHHUIO
HedTH U3 pesepByapa. C Apyrodl CTOpOHBI, HEOOOCHOBAHHBINA BHIOOD
MOBEPXHOCTHO-aKTUBHOTO BEIIECTBA MOXET MPUBECTH K HU3KOMY KO-
3¢ dULMeHTy U3BICUECHUS HEPTH, U JaKe HEONArompHsITHO MOBJIMATH
Ha CBOMCTBA KOJJIEKTOpA, YTO MpPUBEAET K OJIOKMPOBAHHIO TTIOPOBOTO
MpoCTpaHCTBa. Takke HEOOOCHOBaHHBIA BHIOOP TOBEPXHOCTHO-
aKTHBHOTO BeIeCTBa 0e3 yueTa MHHEPaJIbHOTO COCTaBa MOPOJ MOXKET
MPUBECTH K BBICOKOH afcopOIMK Ha BHYTPHUIIOPOBOW MOBEPXHOCTH
MOPOABI ¥ CHIDKEHHIO 3P PeKTUBHOCTH. OTMETUM, YTO TTOBEPXHOCTHO-
AKTHBHBIC BELIECTBA SIBIISIOTCS OAHUMH M3 CAMBIX JOPOTHX XUMHUYe-
CKHUX BEILECTB, UCIOJIB3YEMBIX B TPETUUHBIX MeToxax. O630p coBpe-
MEHHOH JMTepaTypsl MOKa3bIBaeT, YTO AHWOHHOE IIOBEPXHOCTHO-
aKTHBHOE BEIIECTBO OTHOCHUTCS K HPEANOYTHTEILHOMY Kiaccy IIO-
BEPXHOCTHO-aKTHBHBIX BELIECTB, 0COOEHHO KOTJa pedb HIET O MpH-
MEHEHUH B IIeCYaHbIX pe3epByapax. MHOrIa B KOHKPETHBIX CHUTYallU-
AX, 0cOOEHHO TpH padoTe ¢ KapOOHATHBIMHU pe3epByapamu, ObLIO 00-
HapykeHo Oosiee 3peKkTuBHOE AEHCTBHE PAacTBOPOB MOBEPXHOCTHO-
AKTHBHBIX BEIIECTB MOCJIE HHBHEKINN KATHOHHBIX, HEHOHOT'CHHBIX I10-
BEPXHOCTHO-aKTUBHBIX BELIECTB (WM MX cMecel). MexaHu3Mbl Jeii-
CTBHS TOBEPXHOCTHO-aKTHBHOTO BEIIECTBA 3aKJIIOYAIOTCA B YMEHb-
LICHWH 3HAYeHUH BENWYMHBI MEK(Pa3HOTO HATSHKEHHS M M3MEHEHUH
cMaunBaeMocTH Tacta. OcraTtounyro HedTh KoiuiekTopa (mocie 3a-
BOJHEHHS) MOYKHO pa3/eiuTh Ha JIBE KaTeropHu: He(Th, HAXOAIIAs-
Csl B HEIOCTYIHBIX I BOJBI IOpax (TYNHKOBEBIE MOPHI), U HEPTh, Ha-
XOAsIIascss BO BHYTPHUIIOPOBOM IpocTpaHcTBe. Kak mpaBmio, ocra-
TOYHasi He(PTEHACHIIEHHOCTh Haxomutcs B auanazone 20-50%.
Hed1p ocraercs ruapoauHaMuuecKi HENOABMKHOM B 3TOM JHamas3o-
HE M3-32 BIUSHUS TOBEPXHOCTHOTO HATSDKEHUS MEXKAY HEPTBIO U BO-
JI0H, OTpeseNsIoNIero BIMsSHIE KanWUIIpHBIX cuil. KpoMe Toro, run-
POOMHAMUYECKUH Tepenaji JaBleHHS HE MOXKET MPeoJojeTh Karuil-
JSIpHBIE CHJIBI, YTOOBI BBITECHUTHh HE(TH 3 mopbl. OAHAKO MOBEPXHO-
CTHO-aKTHBHBIC BEIIECTBA MOTYT 3aMETHO YMEHbIIATh MekK(asHoe



HATSHKCHUE, TEM CaMbIM YMEHbBIIIAsl KaWUIIPHOE JABICHUE U 03BO-
nsist BoZie (C TIOBEPXHOCTHO-aKTUBHBIM BEUIECTBOM) YIAISTH 3aIlleM-
JIeHHYI0 He(Th. Bce ucciieoBarey COriaacHbl ¢ TEM, YTO KOHIIEHTPA-
1Sl TOBEPXHOCTHO-aKTUBHOTO BEIIECTBA B XUMHUYECKOH OTOPOYKE
BCET/a JIOJDKHA OBITh 3HAYMTENHHO BHINIE KPUTUYSCKOW KOHIICHTpA-
MU MUIIEIUIO00Pa30BaHus, YTOOBI MOXKHO OBUIO WHHUIIMUPOBATH CO-
mobunmmzanuto. Hirasaki et al. [60] ommceiBaloT 3TOT mpolecc: Mpu
00JIbIIICH KOHIIEHTPAIIUH TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB OOJIBIINI
o0beM He(TU M BOABI CTAHOBSTCS COJIFOOWIM3UPOBAHHBIMU U 0Opa-
3y1oT cpenHior (asy (pactBop Tuna Winsor III), uro nmpuBoaur x 60-
Jiee BBICOKOH CTeneHH BhITecHeHHs HedTH. [loaTOMY HM3Kas KOHIICH-
Tpalus OBEPXHOCTHO-aKTUBHOTO BEIIeCTBa HexkenarenbHa. Hirasaki
et al. [60] cooOmmmy, 4To Naxke eCIM KOHIICHTPALUS BBIIIC KPUTHYC-
CKOTO 3HAYEHUs, HO BCE ellle ONM3Ka K Hell, cpeqHss (ha3a MHHUMAIb-
Ha WM He 0O0HapykeHa BoBce. C Ipyroi CTOpOHBI, CICAYET UMETh B
BUJY, YTO TP BBICOKOW KOHIIEHTPAIMM MOBEPXHOCTHO-aKTHBHOTO
BEIL[ECTBA [TOBEICHUE MUIICIUSIPHON (Pa3bl OTIMYAETCS OT HOPMAIBHO-
T'O MOBEJCHUS.

Standnes u Austad (2003), Chen u ap., (2004), Seethepalli u ap.,
(2004), Li u 1p.,(2004) u npyrue npeacTaBUId JaHHBIC 0 H3MEHEHU-
M CMAauUBacMOCTH TIOPOABI C UCIOJB30BAHUEM IMOBEPXHOCTO-
AKTUBHBIX BeIICCTB. B 1ByX moxoxwux wuccienoBanusx Hirasaki u
Zhang (2003) u Adibhatla u ap., (2005) ObuTH MpOBeAEHBI KCIIEPU-
MEHTHI [0 M3MEHEHHUIO CMayMBaeMOCTH KapOOHATHBIX KepHOB llepm-
ckoro OacceifHa ¢ MecTopoKaeHHus Yates OT MPEeUMYLICCTBEHHO TH-
podoOHOI K THAPOPUIHLHONH. DKCIEPUMEHTHI MTPOBOIMIIUCH B KOMOH-
HaI[UM CO CHIKEHHEM MOBEPXHOCTHOTO HATSDKEHHSI IMTyTEM HCIOJIB30-
BaHUs KapOOHATa HATPUS U MMOBEPXHOCTHO-aKTUBHBIX BEUICCTB.

CMaunBaeMOCTh KOJUIEKTOPa OKa3bIBacT CEPhE3HOE BIUSHHUE Ha
3¢ (HEeKTUBHOCTh XUMUYECKUX TEXHOJIOTUN TMOBBINICHHUS HE(PTEOTIAUH
acToB. B Macmrabax 3anexu MOkeT HaOI0AaThC MHOXKECTBO pas-
HOOOPAa3HBIX YCIOBUH CMauyUBaCMOCTH, OT CHJILHOW TUAPOPUILHOCTH
JI0 HEHUTpaJIbHON CMaYyMBaCMOCTH, OT CMEIIAHHONW CMaYlBaeMOCTH 0
runpodoOHOCcTH. PazHOOOpa3HbIe CBOMCTBAa IUTACTa KOHTPOIUPYIOT
JIOKAJTbHOE COCTOSIHME CMauuBaeMOCTH. B yacTHOCTH, HaOmomaeMoe



COCTOSIHME KOJUIEKTOPOB, YCJIOBUSI UX 0Opa3oBaHMs, YCIOBUS MHUIpa-
UM KUIKOCTEH, XUMHUYECKHH cocTaB (GIouI0B U mopoabl. OOBMHO
KapOOHATHBIE IOPOABI CTPEMSITCS aAcOpOMPOBATh U3 IJIACTOBOH HEd-
TH MPOCThIe opraHnyeckue KUciaoTel (Anderson, 1986A), nemoHcTpH-
pys mpu 3ToM cocTtosiHue cnaboi ruapoduneHocTH. Chilingar u Yen
(1983) nokazanu, yTo 0OBIYHO KapOOHATHBIE KOJUIEKTOPCKHE MOPOIbI
cnabo ruapodobHbl. C APyroil cTOPOHBI, MOKHO OXHIATh, YTO TIEC-
YaHUK, CTPEMSIIMICS aicopOMpOBaTh MPOCThIE OPraHUYECKUE OCHO-
BaHus (Anderson, 1986A), B OCHOBHOM OKaxkeTCs THAPOPMIBLHBIM. U,
Hanpotus, Treiber u ap. (1972) oTMedanu, 4To TEppUTEHHBIE KOJJICK-
TOpBI HE 00Jaal0T OOLIMMHU YCIOBUSIMH CMadyuBaeMoCTH. B HekoTo-
PBIX CydYasx MPOSBUIOCH, YTO TOBEPXHOCTHO-aKTHBHBIC BEIICCTBA
TpaHC(HOPMHUPYIOT MPUPOIHOE COCTOSHHE CMAaYMBAaEMOCTH TOCPEACT-
BOM CMEHBI XUMHYECKUX 3aps10B MEXK(a3HbIX MOBEPXHOCTEH Ha MPO-
tuBononoxHble. Standnes u Austad (2000, 2003), Chen u ap. (2004),
Seethepalli u ap. (2004), Li u ap. (2004), Hirasaki u Zhang (2003) u
Adibhatla u np. (2005) npoBenu nabopaTOpHBIC MCCICIOBAHUS 3TUX
a¢dexToB. Tem He MeHee, B HACTOsIIEE BpeMsl HE JOCTAET OITyOIHKO-
BaHHBIX CBEACHUM M [AHHBIX, HEOOXOOMMBIX IJII MOJICIUPOBAHUS
9THX 3((EKTOB U MPOTHO3UPOBAHUS TIOBEICHHUS KOJJIEKTOPOB B IPO-
MBICJIOBBIX YCIOBHSIX.

[IpuBeneM HEKOTOpHIE MPUMEPHI TEXHUYECKU YCIEIIHO OCYIIECT-
BJICHHBIX TPOMBICIOBBIX MPOEKTOB C HCIOJB30BaHUEM KOMIIO3ULIUN
MOBEPXHOCTHO-aKTUBHBIX BemecTs/moiaumMepoB. Gilliland and Conley
(1976) omuchIBaIOT MUJIOTHBIA TECT ¢ MCIOIH30BaHUEM KOMIO3HLIUIA
MOBEPXHOCTHO-aKTUBHBIX BEIIECTB/TIOIUMEPOB, TIPOBEACHHBIN Ha Me-
cropoxxaenun Big Muddy Field B Baiiomunre. Konnekrop mpencras-
751 coboii HEe3aBOAHEHHBIM MECYaHWK C HU3KHM JABICHHEM M JO-
BOJIHO BBICOKOH OCTaTOYHOHM He(TEeHACHILIEHHOCTHIO. B pesyibraTe
peanm3any MpoeKTa cojepikaHne He(TH B IMJIACTOBOM >KUAKOCTU
Bo3pocio ¢ 1% nmo 14% Bo Bpems mukoBoi noObrum. Bragg u ap.
(1982) Takxke mpeAcTaBUIN Pe3yNbTaThl MUJIOTHOTO TeCTa, MPOBEACH-
Horo Ha Mectopoxnaenun Exxon's Loudon Field B Mnnmunotice. Tect
MPOBOJMIIM B HE3aBOAHEHHOH YaCTH TEPPUTEHHOTO KOJIeKTOopa. briio
nony4deHo 60% oT ocTaToYHOTO He(TeHACHIIICHHUsS, HECMOTPS Ha TO,



YTO IJIACTOBBIA COJITHOW PacTBOpP MMEN BBICOKYI0 MHUHEpaTU3alMIO.
Bae (1995) omucan mpoekT mo 3akayke KOMITO3HLUHM MOBEPXHOCTHO-
aKTHBHOTO BellecTBa/monuMepa Ha Mectopoxkaernd Chevron's Glenn
Pool Field B Oxiaxome. B HU3KONMpOHHIIAEMOM T€CYaHUKE HETIy0o-
KOro 3ajeranusi yjanochk aoussiedb 30% octarouHo HepTu. Putz u
ap. (1980) mpeacraBuim pe3yabTaThl THJIOTHOTO TECTA C UCIIOIb30Ba-
HUEM MUKpo3Myibcuu. VM yaanock m3Biedb 68% ocTaToyHOl Hed-
td. Holm and Robertson (1980) u Widmeyer u ap. (1988) takxke mo-
JIOXUIHA 00 YCHEIIHO NPOBEJCHHBIX MUIOTHBIX TECTaX.

B xapOoHaTHBIX KOJUIEKTOpax OBLIO peaqr30BaHO MEHbBIIE MPOCK-
TOB C 3aKauyKOH KOMIIO3UIIMH XUMHUYECKUX PEarcHToB. V3BECTHIKH U
JTOJIOMUTOBBIE KOJUIEKTOPBI UMEIOT CIO0XKHOE CTPOEHHUE, U UX TPYIHO
MoJenupoBaTh. OHU CHIIBHO HEOJHOPOAHBI M OOBIYHO 00JaNaroT HHU3-
KO TOPHUCTOCTBIO M NpOHHUIaeMocTblo. Kpome Toro, xapOoHaTHbIE
KOJIJIGKTOPBI CHIIBHO THIPOGOOHBI, CHIIBHO TpeIMHOBATHL. [IpruMepom
OCYILECTBICHHOI0 MPOEKTa MO 3aKayke KOMIIO3ULUN XHUMHUYECKUX
pEareHTOB MOKET CIYXKHUTh ITPOMBICIIOBBIM 3KCTIEPUMEHT, ONMHCAHHBIH
B padore Adams u ap., (1987). Beun mpencraBneH MUIOTHBIA TECT C
3aKayKOW KOMIO3UIUHA MOBEPXHOCTO-aKTHBHBIX BELIECTB/IOIMMEPOB
JUISL IBYX Hap CKBaKUH, MPOBEAECHHBIN B KOJJIEKTOpPE JOJIOMHTA San
Andreas B 3amagnom Texace. HIuKaTopHble HCCeIOBaHUS MOKa3a-
JIM, YTO OCTAaTOYHbIC HE(PTEHACHIILEHHS IOCE 3aKauyKd KOMIIO3UIMH
XUMHYECKHX PEareHToB COCTaBWIH 7,5% Al OMHON Mapbl CKBaXKUH U
18% nna apyro#. OnpenensiomuMHu CBOMCTBAMHU ILIACTA, BIHUSIOIIHU-
MU Ha 3QPEKTUBHOCTb TEXHOJOTHH 3aKaYKH KOMIO3UIUH, OKa3aJIUCh
HEOJHOPOIHOCTD TUIACTa M BBICOKAas MHUHEPAIM3alUsl IJIACTOBBIX BOJ.
OT0 penkuil MPOeKT, B KOTOPOM HccieaoBanach 3pdekTuBHOCTE 3a-
Ka4Kl XUMHYECKUX PEareHTOB B KapOOHATHBIEC MOPOJBI JUIsl TOBHIIIE-
HUs HedTeoTnaun minactoB. OOBIMHO MpOBenEHHE MOAOOHBIX Omepa-
U B KapOOHATHBIX KOJJIEKTOPAaX CBS3aHO C OOJIBIIMM PHCKOM, 00Y-
CJIOBJICHHBIM BO3pacTarollell HEONpPEeAEICHHOCTHIO 0XMIAEMBIX pe-
3yJIBTaTOB.

Meroz 3aKauky KOMIIO3UIM XUMHUYECKUX PEareHTOB, W3BECTHBIN
Kak ASP (11e104b/TOBEpXHOCTHO-aKTUBHBIE BEIIECTBA/TIOJMMED), HE
TaKOM TOPOTOCTOSIINM, Kak 3aKkauka KoMIo3uIuit SP (moBepXHOCTHO-



aKTHBHBIC BEIICCTBA/TIOMMEp), U TIO3TOMY B MEPUOJ] HU3KUX LIEH Ha
HedTh (1986 u 2003 rr.) MeTox ucnonb3oBaiics ropasno vame. Clark
u ap. (1993) npencrasuiu ASP pacuer (miaH) st MECTOPOKIACHUS
West Kiehl Field B Baiiomunre. 3toT pacuer (mjiaH) omupayics Ha
JaHHble JTa0OpaTOPHBIX 3aKaueK, B KOTOPHIX 3a cueT 3akadku ASP
(IenoYn/moBEpXHOCTHO-AKTUBHOTO ~ BELIECTBA/TIOJIMMEPa) H3BIIEKa-
nock Ha 23% Hed T GoJplie, YeM npu 00bIYHOM 3aBoAHEeHHH. Zhijian,
u ap. (1998) nmonoxkwnu 00 yCHENIHOM TNPOEKTE C 3aKa4KOW IIeso-
Y1/ITIOBEPXHOCTHO-aKTUBHOTO BEIIECTBA/TIOJIMMEpPa Ha MECTOPOKIe-
nun Hedgtu Gudong Oil Field B Kurae. M3y4yaemblii 00beKT CHIBHO
HEOJHOPOJICH U COJCPKUT BBICOKOBS3KYIO HedTh. Ynmamoch yBenu-
4uTh 100bI1y Ha 13,4% OT Ha4aJIBHOTO cojaepkaHus HeTH B TUIACTE.
Qi, 1 ap. (2000) npoBoauar ASP MUIOTHBIN TECT HA MECTOPOXKICHUN
Karamay B Kurae. OHn oTMeTnin, 4To KOMOWHANUS yIABTPAHU3KOTO
MOBEPXHOCTHOTO HATSHKCHUSI M KOHTPOJb MOJBIKHOCTH CTalM KO-
YeBBIMH (PaKTOPaMH YCIICIIHOI'O OCYIIECTBIEHHUS MpoekTa. bruio mo-
JIOXKEHO O MOCTCIEHHOM pOCTe JA0O0bIUHM, gocTuriieM 24% oT Havallb-
HOro cozaepkanus HepTH B tuacte. Wang u 1p. (1999) u Manrique u
ap. (2000), a Taxke APYTUE MCCIEIOBATEIHM COOONMINA 00 YCIEIIHBIX
pe3ylibTaTax, MoJiydeHHbIX Npu 3akauke ASP. 3akauka ASP 00bruHO
MPOBOJMIIOCH B MECYAHUKE C IPaHYJUIIPHBIM THUIIOM MOPHUCTOCTH MpPU
HU3KOHM IUIACTOBOM TEMIIEPAType € HUCIOJb30BAHUEM DPEAKOU CETKU
CKBaXKMH. Yaie Bcero MCrojb3yeMbIMU BELIECTBAMU ObLTH KapOOHAT
HATpHsI WM TUAPOOKHUCH HATPUs, MO0 CMECh STHX COCAMHEHHH, CMe-
LIaHHasE ¢ MSATKOH, MPecHOH BOJOHM, 4TOOBl M30€kaTh 00pa3oBaHUs
ocanka. [loutn Bcerga moiaumMepoM ObUI THAPOIHM30BAHHBINA IOJIHAK-
punamug (I'TIAM). OObraaO ucmonb3yercst [TIAM, mockoiibKy OH
SIBIISIETCS CaMBbIM JICLIEBBIM PAaCTBOPUMBIM B BOJE W AOCTYIHBIM IIO-
JUMEpPOM JUIs MOBBIIICHUs HedreoTaadn. B kommepueckom miaHe
HEKOTOpPBbIE MPOEKThl OKA3aIUCh YCHEUIHBIMU, YTO BBIPA3WIOCH B He-
BBICOKOH CTOMMOCTH XMMHYECKUX PEareHTOB s peann3alui IpOeK-
Ta, COCTABISIONICH OKOJIO 5 moJTapoB Ha | Oappenb mpupocta HedTe-
n00brur. OJHAKO MPOEKTHl He OBLIM MaclITaOHBIMH, ITO3TOMY NpUBeE-
JIM K OTHOCUTENBFHO HEOONIbIINM 00beMaM HeTeZ0ObIdaM.



8.9. Ucnonb3oBaHue KOMMOUAHBLIX YAaCcTUL, XKefne3a B Boge
ANs U3MEeHeHUs CMa4yuBaeMoCTU BHYTPUMNOPOBOW NOBEPXHOCTU

PaccMoTpeHHBI€ BbIlIE TEXHOJIOTHU THAPOPUIM3ALNY TJIaCTa OC-
HOBaHBI Ha (PUBMKO-XMMUYECKOM U 3JEKTPOXUMHUYECKOM B3aMMOEH-
CTBHAX Ha MEX(a3HbIX MOBEPXHOCTAX. DPPEKTUBHOCTh TAKHUX TEX-
HOJIOTUI 3aBUCHUT OT CBOMCTB MMHEPAJIBHOI'O CKEJIETa U HACHIIAOLINX
ero ¢umongoB. Takue TexHONOTUM S(PHEKTHBHBI KaK Uil TCPPHUICH-
HBIX, TaK W i1 KapOoHaTHBIX miactoB. B 2002 r. B.M. Jlecun,
H.H. Muxaiinos u JI.C. Ceunna npemayiokKuid MHOW (KOJUTOUTHBIN)
NOAX0M K MOTU(HKALMK BHYTPHIIOPOBOM MOBepxHOCTU [9]. DTOT
noaxo 6a3upyercs Ha CIEAYIOMINX MPEANOChUIKAX.

PacnpocTpaneHHbIe TOPOAOOOPA3YIOLINE MUHEPAIIBI B 0CATOYHOM
4exJie, a MIMEHHO: CHJIMKAThl, aJIIOMOCHWIMKATBl U KapOOHAThl - CIO-
COOHBI, TI0 CBOEH HpHUpoJe, aacopOoupoBarb Boay. B aTom cMmbicie ux
MOBEPXHOCTh TruApoduiabHa. [HAPOPOOHOCTE TOBEPXHOCTH, OTME-
yaemas MCCIelOBaTelsIMM IpPH U3YUYEHUH OCaJ0YHBIX IOPOJI-
KOJJIGKTOpOB He(pTH M Taza, SBJILETCS NPUOOPETCHHBIM KadeCTBOM,
CIIeNCTBHEM (PU3MUYECKOW WIIM XMMUYECKOW aJCcOpOIMH YrieBOIOPO-
7oB. B pesynbraTe ancopOuuy npoucxoauT GOpMHUPOBAHUE CIIOEB a/l-
copOMpOBaHHOM BOJBI M HE(PTH, UIMEIOLINX CIOXHOE cTpoeHue. Heob-
XOJUMO OTMETHTh, YTO CMAYMBAIOLIAs XapaKTepUCTHKA MOPHUCTOU
Cpelbl He SBISIETCS €€ MOCTOSHHBIM CBOMCTBOM, a MU3MEHSAETCS C U3-
MEHEHHEM (U3MKO-XUMHUYECKHUX YCIOBHH, COMyTCTBYOIINX MpPOLIECCy
BBITECHEHUS HE(DTH BOJIOH.

Kax mnoxaspiBaloT SKCIIEpUMEHTAJIBHBIE HCCIEA0BaHMSA, CTEINEHb
rugpoodu3anuy NOPOA-KOJUIEKTOPOB HE(TH W ra3a M3MEHSETCS B
HIMPOKUX Tpernenax [36]. PasnuuHble 3HaueHHS NPUHUMAET CTEINEHb
ruapooOH3anH U TI0 pa3pe3y OTAETbHONW CKBasKHHBI.

Crenenp ruapodoOu3anyy 3aBUCUT OT MHOTHX (DaKTOpOB, B TOM
qucie 0T PU3MKO-XUMHUECKUX CBOMCTB yIJIEBOJOPOJOB U MUHEPAIIb-
HOTO COCTaBa IUIMH, cojaepkaimxcs B nopone. Ilopoaa ¢ paznuyasim
MHUHEPaJbHBIM COCTaBOM TJIIMHUCTOTO KOMIUIEKca Tuapodobusupyer-
Csl YIJIEBOJIOPOHBIMU KHUJIKOCTSIMH B pa3HOW cTeneHH. [y Kaxaoro
MECTOPOKACHUS XapaKTepHa CBOS CTENeHb THMApOPOOH3aLUM TIHMH C



OJMHAKOBBIM MUHEPAIBHBIM COCTaBOM. UeM ClI0KHEe COCTaB YIJIeBO-
JOPOZIOB, KOHTAKTUPYIOIINX C MOBEPXHOCTHIO, TEM BBILIE, KaK MPaBH-
710, cTeneHb TuApohoOH3aLnH.

Kak 0b1u10 mokaszano panee, ais 3¢hGexkTUBHON pa3paboTKH HEoO-
XOAMMO PErYJIHPOBaTh THIPOPHILHOCTE/THAPOPOOHOCTE MOPOBOTO
npoctpancTBa. OCcHOBHas yacTh THIPOGOOH3UPOBAHHOM, 3a cUeT aj-
copOuuu ac¢anbTeHOB U CMOJI, IOBEPXHOCTH MOPOBOTO MPOCTPAHCTBA
MpEJCTaBICHa MOBEPXHOCTHIO TIMHUCTBIX MHHEpPAIOB. [ IMHHCTEHIE
MUHepaibl (0COOCHHO MOHTMOPHJUIOHUT) OOJaNaroT BBICOKOW aj-
COpOLIMOHHOM CTIOCOOHOCTBIO TI0 OTHOLICHHUIO K TOJISIPHBIM OpraHHye-
CKUM MOJIEKYJIaM, THUIIa CMOJI U ac(ajbTEHOB, YTO IIUPOKO HCIIOJB3Y-
eTcsi, HalpuMep, IUIA OCBETIICHUS M JIeMepKaNTaHU3alud HedTenpo-
IOYKTOB, (PM3UKO-XMMHUUECKONH MOIU(PHUKALUN OYpOBBIX PaCTBOPOB IIy-
TeM J00aBIeHNsI OPTaHMYECKUX BEIIECTB, COJAECPIKALINX T€TEePOATOMBI
KHCIJIOpOJa, Cephl U T.J. DTO CBOMCTBO INIMH OOYCIIOBJICHO HANIUYHEM
AIIEKTPUYECKOTO 3apsia M 3IEKTPONPOBOASALIMX CIOEB BOABI Ha IO-
BEPXHOCTH TJIMHHUCTBIX MHUHEpANIOB, OJarofapsi KOTOPBIM MEXIY Op-
TaHUYECKUMH MOJIEKYJIaMH, COJAEPKAIIUMH MOJAPHbIE TPYNIBl U
anugarnyeckue (parMeHTsl (HampuMmep, CMOJNaMH, HUMEIOLIMMHU I10-
JSIPHYIO «TOJIOBY» M HETIOJISIPHBIH «XBOCT») W IMOBEPXHOCTBIO TJIHHU-
CTOr0 MHUHEpasla BO3HHKAIOT CHIIBI 3JIEKTPOCTATUYECKOTO MPHUTSIKE-
Hus. brarogapsi ocOOCHHOCTSIM CTpOEHUs cofepiKaluxcs B He(TH
MOJISIPHBIX KOMIIOHEHTOB MOBEPXHOCTH TJIMHUCTBIE MHUHEPAJIBl MOTYT
npuoOperatb TuApodoOHBIE/TUAPOGMIEHBIE CBOWCTBA M3-3a ancopO-
UU/AecOpOIMM Ha WX TOBEPXHOCTH CMOJ, ac(aibTeHOB, Ha(TEHO-
BBIX KHCJIOT U IPYruX KoMrnoHeHToB Hedtu. [Ipu sToM cremyer yuu-
TBHIBATh, YTO aJCOPOLHUS CMOJ U ac(albTEHOB COMPOBOXKAAETCS BKITIO-
YEHHEM B COCTaB aJICOPOIIMOHHOTO CJIOSl TaKXKe M MOJIEKYJ apoMatu-
YEeCKUX YTJICBOJOPOAOB U APYIMX KOMIIOHEHTOB HE(TH, HampuMmep,
TsDKENBIX Macell. [Ipy HamMuuM Ha MOBEPXHOCTH TIMHUCTBIX MHUHEpPa-
JIOB HECKOJBKUX aJCOPOMPOBAHHBIX CIIOEB MOBEPXHOCTH MHHEpaa
MOKET MMEThb Kak TrHApoQoOHbIe, TaK U THAPOQUIIbHBIE CBOICTBA, B
3aBUCHUMOCTH OT OPHEHTALlM MOJIEKYJl CMOJ OTHOCHTEIBHO IOBEPX-
HOCTH. B ciydae agcopOuuy MOHOCIOSI CMOJI HOBEPXHOCTh TIIMHUCTO-
ro mMuHepaia ruapodoOHa. Hammume Ha MOBEpXHOCTH MOPBI THAPO-



(OOHBIX YYaCTKOB HPEISITCTBYET MPOHHUKHOBEHUIO B HEE BOJBI, U3-3a
Yero onpeeNeHHbI 00beM MOPOBOrO MPOCTPAHCTBA HE TOABEPraeTcs
BO3/ICHCTBUIO 3aBOJHEHUS W (PU3UKO-XUMHUYECKUX areHtoB. [ uapo-
(dobu3anyrs TITUHOCOAEPKAIIUX MOp MOJSPHBIMU (pparmenTamu Hed-
TH, CJIEIOBAaTEIbHO, MPHUBOAUT K CHIDKEHUIO TOJHOTHI BBITECHEHUS
HE(TH, CHIKCHUIO CKOPOCTH (QHIBTPALH, (OPMUPOBAHUIO SI3BIKOB
MPOPBIBA BOABL

KonuuecTBo cBsI3aHHON, OCTATOYHOW HE(PTH MPOMOPLUUOHAIBEHO
o01meil aacopOIMOHHON €MKOCTH TMOPOIBI-KOJUIEKTOPa, MOCKOJIBKY
BEJIMYMHA EMKOCTH, B OCHOBHOM, OTIPEJIENISIETCS COJICpKaHUEeM TJIMHU-
cTeix MuHepanoB (puc. 8.33). Ha puc. 8.34 mokasaHa 3aBHCHMOCTb
o0111ei aacopOIMOHHON EMKOCTH OT €MKOCTH 0O0OMEHa.

¢ CpepHuit TioHr —m——H. YpeHron —A—PomaLlkuHckoe

Puc. 8.33. 3aBucumocth 00mIeil agcopOLOHHON eMKOCTH
OT cojiep KaHMsl TIMHUCTONH (PaKIHHU 1J1s1 BbITEeTeHHBIX
KJIACCOB KOJIJIEKTOPOB

JluHeliHas 3aBUCHUMOCTh MEXAY KOA(PGHUIMEHTOM OCTATOYHOM
HepTH U aJCOPOIMOHHON EMKOCTBIO TOATBEPXKIACT MPABUILHOCTh
MPENONIOKeHNUsT 00 OCHOBHOW POJIM TJIMHHUCTBIX YacTHI] B 00pa3oBa-
HUU cBsi3aHHOU HedTH (puc. 8.35).



E T n , Mr-aske/100r
CpepHuia Tionr = H. YpeHron A POmalukuHckoe

Puc. 8.34. 3aBucumocthb o011eli acOpPOMOHHON eMKOCTH OT eMKOCTH
00MeHa MOPObI VISl BBI/IEJEHHBIX KJIACCOB KOJIJIEKTOPOB

Puc. 8.35. 3aBucumocts crenenu ruapododomsanuu Ox
0T agcopOuOHHO-cBA3aHHOI HedTH KcH 1J1s1 BBIIeTeHHBIX
KJIACCOB KOJLJICKTOPOB



Jns rugpodunmsnanyym nopoabl HeoOXomuMmo aecopOMpoBaTh
CMOJIBl U ac(ajbTeHbl C MOBEPXHOCTH TJIMHUCTBIX MUHEPAJOB, Cla-
TaIX BHYTPUIIOPOBBIE MpOCTpaHCcTBa. s peanu3anuu 3Toro 3¢-
(ekTa npearaeTcs NPOBECTH epeancopOImio Ha TUAPOGOOH30BaH-
HYIO TIOBEPXHOCTHb (EPPOMArHUTHBIX MpUMeECEH, MPUCYTCTBYIOIUX B
Bojge. IlepeancopOuus Ha QeppoMarHUTHBIE HMPUMECH KOJIIOUIHBIX
YacTHIl >KeJe3a OCYyIIeCcTBIIeTCsl Onaromapst TOMy, YTO 3HEPrHs aj-
copOMM Ha MOBEPXHOCTH YaCTHUI jKeJie3a BBIIE, YeM DHEPrHs aj-
copOLKK Ha MOBEPXHOCTH YAaCTHII TTTUHBI [75].

Kosonnele 4acTuibl Jkene3a MOTyT IPUCYTCTBOBATh B BOJIE B BU-
Jie KpYIHBIX arperatoB ¢ pa3MepaMy YacTHL[ 10 HECKOJNbKUX KyOude-
CKUX MHKpoMeTpoB. [lo maHHBIM [5] XapakTepHble pa3Mephl arperaTton
nopsiaka 5x5 Mk u 0.75x0.75 MkM. ArperaTsl Takoro paMepa He CIIo-
COOHBI IPOHMKATH B MOPHI MAJIOTO JHaMeTpa M OCYLIECTBISTh UX TU-
podmnmzanuo. OnHako u3BecTHO [69, §], 4o 3TH arperaTsl 0Opa3oBa-
HBl €IMHUYHBIMH CyIIepliapaMarHUTHBIMH HAaHOYACTUIIAMU OKCHUJA XKe-
Jie3a, KOTOpble UMEIOT XapakTepHyto JymmHy - 0,1 Mxm (100 HM), nua-
metrp - 0,015-0,020 mxm (15-20 BM) HM, U Maccy nopsaka 10-15-
10-14r. AncopOunoHHasi €MKOCTh TAKMX YacTHUIl COCTABISIET BEIUYMHY
nopsiaka 1,1 r/m2. Onenka miomany ruapodoOusaiy TakuMi HaHOYa-
ctuuamu [43], mpu 3akauke BOJBI, COJEp)KAIlEHd CaHUTAPHYIO HOPMY
xene3a - 0,3 Mr/i, mokaspIBaeT, 4To Uil rUApoQoOu3anu HOpOBOTO
MpocTpaHcTBa monaaso ~300 M2, 3a1IOJTHEHHOTO MIMHUCTBIMU YaCTH-
aMd MOHTMOPWJUIOHUTA, Tpedyercs mpumepHo 2000 i Boasl [7].

[Tocne o6paboTku BOAbI, comepKaliel KpymHbIe I0 pa3Mepy arpe-
raThl MarHUTHBIX YacTHIl JKE€JIe€3a, HACBHIIEHHON ra3oM C IMOMOIIBIO
CHELUATBHOTO YCTPOMCTBa, 00ECIeYNBAIOLIETO JOCTATOYHO CHIBHOE
MarHuTHOE TI0JIE B BOJIOBOJIE, KPYIIHBIC arperatsl A€3UHTEIpPUPYIOTCS,
U MOKHO TOJIyYUTh OJMHOYHBIE YAaCTHIBI CyOMHKPOHHBIX Pa3MEpOB
[7], xoTopBle CIOCOOHBI MPOHUKATH B MOPHI TUAMETPOM TOPSIIKA J0-
Je MUKpOMETpa M TUAPOQUIN3UPOBATE MX MOBEPXHOCTH, YIydllIas
OJTHOPOJTHOCTh (PPOHTA IBUKEHUS BOJBI U O0ecreurBast 00Jiee MOIHOE
u3BneveHue Hedru [1].

Bricokas mpoHuKaromasi cnocoOHOCTh I MUKPOYACTHIL JKese3a
obecrieunBaeTcsi HOpMUPOBaHUEM Ha MX MOBEPXHOCTH T'a30BBIX MHK-



POIY3bIPEKOB B aTMOC(EPHBIX YCIOBUSAX C UCXOAHBIMU TUIHYHBIMU
muamerpamu 2-5 MkM. Cama MexdaszHash TOBEPXHOCTh pasnena ITy-
3BIPEK Ta3a-)KUJIKOCTh MMEET JJICKTPHUYECKHU 3apsa U MOXKET CIIy-
XKHTh B KaUeCTBE MOBEPXHOCTH, aJICOPOUPYIOLIEH CMOJIBI U acdanbTe-
HBL. OTO SBIIEHHE ONpEeNseT IeCOPOIHI0 TOBEPXHOCTHO aKTHBHBIX
KOMIIOHEHTOB HE(TH ¢ TOBEPXHOCTH TIMHHUCTHIX YACTHII, YTO TPUBO-
T K TUAPOPHUIN3AINH BHYTPUIIOPOBOTO MPOCTPAHCTBA. TaKue IieK-
TPUYECKH 3apsDKEHHBIE MUKPOIY3BbIPDHKH HE HCYE3aloT, a IIUIb
YMEHBIIAIOT CBOM JMaMeTp MPH BBICOKHX JIABICHUSX B COTHH aTMO-
cdep, U SBIAIOTCSA IEHTPAMU aJCcOpOIMU CMOJI, ac(aabTCHOB, TSKE-
TBIX HE(PTAHBIX (QpPaKkIWi W TOJBMKHBIX MEXaHHYECKHX HPUMECEH.
brraronmapst yCTOWIMBOCTH K CXJIOTIBIBAHUIO M CITOCOOHOCTH K YIIPYTOM
JneGopMany MUKPOIY3bIPBKH CIIOCOOHBI IPOXOAMUTH Yepe3 Y3KHE I0-
PBI, OCYIIECTBIISS JEKOIbMATAIMIO TIOPOBOTO TpocTpaHcTBa. [Ipomecc
TUAPODUIN3AIAN  TIOBEPXHOCTH TOPHI, THAPOPUOM3UPOBAHHON 32
CUeT AecOpOLUH CIIOS TOISAPHBIX MOJIEKYJ CMOJ M ac(aibTeHOB, CXe-
MAaTUYECKU NMPOWIIIOCTPUPOBAH Ha puc. 8.36.

M'mapodobHas noBepxHOCTb I'mapoduiibHas MOBEPXHOCTH

Puc. 8.36. Cxema ruapo¢uin3aniu NOBepPXHOCTH MOPbI
B pe3yJbTaTe B3aUMOAEHCTBHS Ia30BOr0 MUKPOIY3bIPbKa,
Ha MOBEPXHOCTH KOTOPOT0 PacHoJI0:KeHbl HAHOYACTHIIHI OKCH/IA JKeJIe3a,
¢ aAcOpOMPOBAHHBLIMH HA MOBEPXHOCTH ac(hajibTeHAMH U CMOJIAMH

BsaunmoneiictBue my3blpbka ¢ ruapooOHM3MPOBaHHON BHYTPHIIO-
pPOBOI TOBEPXHOCTHIO OMNPEAEIAETCS TOJIOKUTENbHBIM 3JIEKTpHye-



CKHUM 3apsIOM ra30BOT0 My3bIpbKa, 00YCIOBICHHBIM MOJI0KUTEIBHBIM
3apsIOM KOJJIOMJHOW YacTHILBI JKelle3a, B KOTOpoi OH o0Opasyercs U
OTpHULATEIBHBIM 3apsJOM TJIMHUCTOW YacTULBI, ¢ KOTOPOW OH B3aM-
MozeicTByeT. brmaromapst cuiam 3J€KTpOCTaTHYECKOTO HPUTSKEHUS
YBEIUUNBACTCSl BEPOATHOCTh CTOJKHOBEHHUS My3bIpbKa ¢ THAPO(GUOU-
3UpPOBAHHBIM Y4aCTKOM MOBEPXHOCTH. Vcmosp3oBaHHE KOJIOMAHBIX
YacTHIl XKeJie3a, CBA3aHHBIX C MUKPOITY3bIpbKaMH ras3a, Kak CleIyeT U3
pabot [1; 28] mo3BongeT yny4lmaTh TEXHOJIOTHUECKUE XapaKTEePUCTH-
KM 3aBOJIHEHUS], & IMEHHO: YBEINYHBAThH MTOJHOTY BBHITECHEHUS HE(TH
Ha 20-40%; yBenn4yMBaTh MPOJOJKUTEIBHOCTh Ieproaa 0e3BOTHOMN
no0bran Ha 10-25%; yBenmMuuBaTh MPUEMHUCTOCTD BOJIOHATHETAIBHBIX
ckBaxxuH Ha 50-100%.

JlononHUTENFHOE BBITECHEHHE W TOPLIHEBOH (P(PEKT BOZHUKAIOT
3a CUeT YBEIMYEHUS O0XBaTa MOPUCTOMN CPE/Ibl 3aBOAHEHUEM B PE3YIIb-
TaTe MPOHMKHOBEHHUS BOIBI B THIPOQIIN3HNPOBAaHHEBIE, 32 cyYeT (ep-
POMAarHUTHBIX YacTHI, y3KHE MOPOBbIE KaHAJbI, paHee OJOKHPOBaB-
mue HedrecoAepkaline y4acTKH. B sToMm ciydae it HOCTHXKEHHS
a¢ddexra pocra koadduinmenta BoiTecHeHus Ha 40% MoOKeT OBITH
JOCTaTOYHO (B YCJIOBHUSX MOJENM) HECKOJIBKMX MWJIIUTPaMMOB dac-
THII K€JIe3a, T.€. HECKOJIBKUX JTUTPOB BOJIBI.

W3 ckazaHHOTO BBIIE CIEAYET, YTO (UIUKO-XUMHUYECKHH MeXa-
HU3M yBelIH4yeHUs! d(P(PEKTUBHOCTH 3aBOAHEHMS NPH HCIIOJIB30BAHUH
KOJUTOMJIHBIX YacCTHI] JK€JIe3a COCTOUT B BOBJIICYEHMU B NPOLIECC JIBH-
XKEeHUs1 00bEeMOB HE(TH, COACPKAIIUXCS B MOPOBBIX MPOCTPAHCTBAX,
paHee OJOKHMPOBaHHBIX TUAPOGOOH3UPOBAHHBIMH Y3KHUMH IOPaMH,
COJIEPIKAIIMMH YaCTHIBI TIMHBI C aICOPOMPOBAaHHBIMU HA HUX CIIOSMH
MOJISIPHBIX MOJIEKYJ HETH.

OtMmeTuM, YTO W MOPIIHEBOH dPdeKT, u yBenmueHue Kodhduim-
€HTa u3BIe4YeHUsT HepTH u Apyrue SPQPEKThl TOCTUTAIOTCS TPH HC-
MOJIb30BaHMH KOJUIOMIHBIX YaCTHUII XkKelle3a 0e3 yBeTHMUYeHHUs BI3KOCTH
cpensl. OTOT (pakT AaeT OCHOBaHME MOJararh, YTO MPH MOJMMEPHOM
3aBOJHEHUH CYILECTBEHHOH XapaKTEpUCTUKOW MOJIMMEPHOTO PaCTBO-
Pa MOXKET SIBIISITHCSL HE €T0 BA3KOCTh, a (PU3UKO-XUMHUECKHE CBOWCTBA
arperaToB MOJIMMEPHBIX MOJIEKYI.
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MUXAMNJIOB Hukounaii HustoBuy

B 1971 r. oOKOHUMI C OTJIMYHEM
MUHXul'Tl um. U.M. T'yOkuna mo cnenm-
anpHOCTH «I eou3nuecKkue MeTonbl TMouc-
KOB U pa3BeIKH MECTOPOXKIEHUH MOJIE3HbIX
HCKOMAEMBIX». [IOKTOp TEXHMUYECKHX Hayk,
npogeccop kadenper PaspaboTku u 3Kc-
IUTyaTalid  HEPTAHBIX  MECTOPOKACHUH
PI'Y nwedtu u raza (HUY) um. U.M. I'yOku-
Ha, IVIABHBIA HayuyHbld coTpynHuk MITHI
PAH. IlogrotoBun 17 KaHOWUAATOB HayK,
KOHCYJIbTaHT 2 TOKTOPCKHUX padot. [Ipencenarens SKCIEPTHOTO COBE-
ta BAK npu Muno6pnayku P® no npobiemam HedTH 1 raza. [eiict-
ButenbHbIl wieH PAEH, unen LlentpaibHoit komuccuu mno pa3padboT-
K€ MECTOPOXKIEHHH TOPIOYMX MCKOMAaeMBIX (HETAHAS CEKIHA), YWIeH
Hayuno-texuuueckoro coera OAO «I'asnpom», skcniept PODU no
otaenenuto «Hayku o 3emine», skcnept Poccuiickoro Hay4Horo ¢os-
na, wieH Yuénbix copero UITHI" PAH u PI'Y nedTu u raza (HUY)
um. .M. I'yOkuHa. YseH peqakimoHHOM KOJUIeruu KypHanoB «Hed-
TSHOE X03HCTBO», «I eonorus, reodusnka u pazpadoTKka HEPTIHBIX U
ra3oBbIX MecCTOpokaeHUi» u «HedtenpomeicnoBoe aeno». ABTOp
370 medaTHBIX padoT, B TOM uuciie 17 MoHorpaduii ¥ y4eOHBIX MOCO-
Ouit. JIBaxxnsl ynocroen [Ipemun um. .M. I'yOkuna, mouétHblil HE]-
TsiHUK PO.



MOTOPOBA Kcenust AjleKCaHAPOBHA

Kcenns AnexcanapoBna MotopoBa po-

munack B MockBe. B 2008 r. oxkoHumia Poc-

CUICKHHM TOCYJAapCTBEHHBIM  YHHBEPCUTET

HedTH U Ta3a umenn M.M. ['yOkuHa no crie-

nuanbHocTu «@usnueckue mpouecchl Hedre-

ra3oBOro Mpou3BOACTBa», B 2017 r. 3amuTu-

Jla KaHAMJATCKYI0 JAHUCCEpTalMi0 Ha TeMy

«MUKpOCTPYKTypHasi CMa4MBaeMOCTb KOJ-

JIEKTOpoB HedTU U razay. Crapiuunii HayYHbIH

COTpYIHUK Kadenpsl «TeopeTHueckux OCHOB

pa3paboTku MecTopoxaeHuid HepTH M rasa» ['eomormyeckoro ¢a-

KyJIbTeTa MOCKOBCKOTO TOCYJApCTBEHHOIO YHHUBEPCHTETa HMEHHU

M.B. JlomoHOCOBa, YWTaET JIEKIMU U MPOBOJUT MPAKTUUYECKHUE 3aH-

THd 1o aucuuiuinHe «IloxzeMHas ruagpomexanuka». ABTOp U COaBTOP

37 medaTHBIX pabOT, B TOM 4Kciie OJHON MOHOTpaduu, MaTeHTa U ja-

6opatopHnoii pabotsl. [lobeaurens nepBoii HomuHamu Konkypca pa-

OOT CTY/IEHTOB, aCIIMPAHTOB U MOJOABIX yYueHbx MI'Y um. M.B. Jlo-

MOHOCOBa, yupexxaeraHoro O.B. Jlepunackoit B 2016 romy, Harpaxmie-

Ha MAThI0 JUIUIOMAaMHU 32 JIyYIIUH YCTHBIN JOKJIaJ Ha BCEPOCCHUMCKUX
1 MEXIYHApOAHBIX KOH(pepeHIHsIX B ieprox ¢ 2005-2016 rr.



CEYUNHA Jlapuca CepreeBHa

Ceunna Jlapuca CepreeBHa OKOHUMJIA B
1974 . XUMHKO-TEXHOJOTHYECKHH (a-
kynbreT MUXul Tl um. U.M. I'yOkuna.

Hayunsiii  cotpyanuk  naGoparopuu
I'upoporasoguHamMuku B Mpoleccax paspa-
OOTKM MECTOPOXKICHUH  YIIIeBOAOPOJIOB
(cexTop TeoNOro-PU3MYECKUX METOJIOB H3-
BieyeHus: ocrarouHot Heptu) UTTHI" PAH.

Crnenuanuct, BiaJCIOUIUI COBpPEMEH-
HBIMH (DU3UYECKUMH U XHUMUYECKUMHU Me-
TOIaMHU HCCIEOBaHMs TUCIIEPCHBIX cHcTeM. PaspabaTbiBacT HOBBIE
METOAMKH HCCIEeNOBaHUA (DU3NYECKUX M MOBEPXHOCTHBIX CBOWCTB
riacta. ABTOp 0Oojiee COpOKa Hay4HBIX MyONUKanui, B TOM 4YHCIE
MoOHOTrpaduy, maTeHTa. PerynspHbIid y9acTHUK MEXIyHapOAHBIX KOH-
(epeHnuii.

OcHoBHOE HampaBlieHHE pa0OT - SKCHEpUMEHTaJbHbIE HCCIen0-
BaHUs M M3YYCHHE POJH aJCOPOLMOHHBIX MPOLECCOB M BIUSIHUS OT-
JEeNTbHBIX KOMIIOHEHTOB HE(TH Ha BO3HHKHOBEHHE THIPOPOOHBIX
Yy4acTKOB B IOPOBOM MPOCTPAHCTBE MOPO/I.
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