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NPEAUCIOBUE

- O npHpomHBIX Npoueccax, KOTOpPble NPOTeKaJH B AaJEKOM MpoLl-
JIOM H TpPHBEAH K (OPMHPOBAHHIO MECTOPOXKIEHHH TMOJIE3HBIX HCKO-
fgaeMblX, FeoJIOr CYAHT 0 KOHEYHBIM pe3yJbTaTaM pyA0006pa3sylouinx
npoueccos, Hab6nioaeMuM B HacTosimlee Bpems. BcecToponne usyuns
MECTOPOXK/JEeHHEe H HCMNOJb3ys JaHHble TEOJOTHYECKHX H CMEXHBIX
HayK, OH CTPOHT IeHeTHYeCKYyl0 Mojelb pynoolpasylollero mnpouecca,
KoTopasi corjacyetcl ¢ HaOJloJeHHSMH W OTBEYaeT Ha BONPOC, Kak
chopmupoBasock Mecropoxkaenne. HenocpeacrsenHo u3ayuutb pyno-
006pasylolnil polecc, ero pa3BHTHe B NPOCTPAHCTBE H BPEMEHH, T.e€.
MO3HaTh JAWHAMHKY Ipoluecca, HeBO3MOMKHO H3-3a €ro JTHTEJLHOCTH.
MHorue pyjHBE MecTOpoXkjJIeHHs (OPMHPYIOTCH B TeUeHHE MHJJIHO-
HOB M OoJsiee JieT, Tak 4YTo Habaw01aTb AHHAMHKY pyAo0Opa3OBaHHi,
€CTeCTBEHHO, Hellb3sl.

BoccranaBnuBasi pa3BHTHE NPHPONHOrO Npolecca MO €ro KOHeu-
HEIM pe3yJbTaTaM, reoJor pacliidpoBHBAeT TeHe3HC NMPHPOJLHOro 00-
pas3oBaHud, DTO upe3BHYaHHO TPy/JHAas, HO BecbMa BazKHas NpaKTH-
‘YecKasi 3ajava TeoJOTHUYEeCKHX Hcc/efoBaHuil. 3Hasg, kKak (GopMHPO-
BaJlHCh pY/ABl, HCCJeAOBaTelbh HaAYYHO OOOCHOBAHHO NMPOTHO3HPYET OT-
KPEITHE MECTOPOZK/IEHHH TOJIe3HBIX HCKOMAaeMBIX M Le/eHanpaBaeHHO
ocyulecTsAseT HX NMoucKH. CHO0KHOCTb eHeTHUECKHX 3ajau 3a4acTyio
NPHBOJAHT K TOMY, YTO OJIHOBPEMEHHO BO3HHKAIOT H CYILECTBYIOT CO-
BEDPLUIEHHO IPOTHBOINOJIOXKHBEIE TEOPHH H THOOTE3bl MPOHCXOXKIEHHS
FOPHBIX MOPOL, PYA M JAPYTHX reojlornyecknx o6beKkTOB (Hanpumep,
TPAHHTHBIX NOPOJA, MHOTHX PYJAHBIX MECTODOMXKIEHHH, MECTOPOKAEHHH
HedTH H 1p.). ‘ ' '

B martepnanax XXVI cbesna KIICC ykaswsiBaercs, uto B o6aacti
€CTeCTBEHHbIX H TeXHHYECKHX HayK OJHOH H3 BaxKHeHIIHX mpobJewm, Ha
PelieHHH KOTOPBIX HaJ0 COCPeOTOYHTL YCHJIHS, ABJIAETCS MOBbILICHHE
HCNOJIb30BAHHSI MaTeMaTHYeCKOH TeOpHH B NpHKJAaiHbix Heasx. K uHc-
Jy paboT, OCHOBAHHHIX HA IMPOKOM NPHMEHEHMH MareMaTHYeCKHX Me-
TOJIOB, OTHOCATCA H HCCJAEAOBAaHHA aBTOpA.

Ho nocsensero BpeMeHH CTPOHJIHCH HeOPMaJH3OBAHHEE MOJENH
Ha OCHOBe HabMI0/laeMBbIX pe3yJbTATOB TIe0JIOTHYECKHX MpOILECCOB H
CONOCTABJICHHS TOCJAEJHHX C H3YYEHHBIMH (DH3HKO-XHMHYECKHMH TpO-
lleccaMi, KOTOpHle NPHBOASAT K aHAJOTHYHBIM pesyabTaTtaM. Tak,
(dopMHpOBaHHE THAPOTEPMAJbHLIX PYAHBIX MECTOPOMKIEHWH paccmart-
PHBAJIOCh O aHAJIOTHH C KPHCTaJJIH3allHell BellecTBa H3 HAarpertoro .
pactBopa npu ero oxaaxjennu. Ho takaa ananorus Guiia no mpew-
MYIUECTBY KayecTBEHHOH, mpH ee OOCYKJEeHHH HE HCHO0Jb30BaJUCh
KOJIHYeCTBEeHHbIE NOKa3aTeJH M3BeCTHOro npolecca, KOTOpPhHIE Hepes-
KO emle He OBJIM M ycTaHOBJeHb. YacTHYHO 3TO SIBASIIOCH NPHYHHOM
CYLIeCTBOBAHHA pPa3JMHYHBIX FeHETHYECKHX KOHUENUHH B OTHOLIEHHH
OIHHX M TEX Xe reoJornuyeckux obpaszoBaHuil.

Ilporpecc Hayk npuBes K cO3/anHI0 TEOPHH Pa3MHUHBIX (PH3HUYe-
CKHX H XHMHYECKHX MpOIECCOB (renionpoBoanocTH, ARG DY3UH,
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~ duABTPALHH, AHHAMHKH cOpOLUHH, KPHCTANIH3AUHH H ap.). B reouso-
. rup Takxke Gblaa MOCTPOEHA TEOPHsSI METACOMATHUECKOM 30HaJbHOCTH
" TOPHBIX MOPOA, OCHOBAHHAS HA KOHUCHIHAX «MO3ANYHOTO» PaBHOBE-
cHi M «pHABTPAUHOHHOIO sq)fpeKTa» (Kopxuuckuit II. C., 1952).
. Tloaxke aBTopoM Hacrosiled paboTsl Oblia paspaborana TeopHs
JAMHAMHKH MeTacoMaTtosa. B jasbHeiiliem Bo3nHKaa Heo6XoAHMOCTD
Ha OCHOBE yuera KHWHeTHKH mpoiecca cpopMyJaupoBaTh 3ajady H Me-
TON WCcAEAOBaHHS JHHAMHKH TEOXHMHYECKHX IIPOIECCOB H OMHCaTh
HX OCHOBHBIE MaTeMaTHueckwe MmojeaH. PaccmaTpuBas Hacrosilyio
KHHTY KaK BBEJeHHE B TEOPHIO JHHAMHKH F€OXMMHUCCKHX MPOLECCOB,
aBTOp HajeeTcd, 4TO ee onyGAHKOBaHHe OyJeT CTHMYJIHPOBATb HC-
c/e/l0BaHHA B 3TOM OGBICTPO  NPOrPeccHpyiolleM  HanpaBJeHHH.
Hmerounecss HEMHOTOUHCJACHHBIE KHUTH 1[0 JaHHO# npobJjeme mnoces-
HIeHB YacTHBIM BONMpOCaM M HEPENKO yiKe He OTpPaXKaloT COBPEMEeH-
HBlii ypoBeHb HccaenosBaumit. B npeanaraemoii paGore nocaeposa-
TeJIbHO H3JIOMKEHLl TEeOPeTHYECKHe OCHOBHI JHHAMHKH (GH3HUECKHX H
XHMHUCCKHX SIBJEHHH, NMPOHCXOASIIHX NMPH TeoJIOTHUECKHX Mpoleccax:
TEMJIONPOBOJHOCTH, TJaBAeHHS, KpPHCTAa/JH3allHH, PacTBOPEHHS, XH-
Mmuyeckux peakuuit. Ha stoi 6ase paccMoTpeHbl MaTeMaTHYeCKHe MO-
JieNH reoXHMHUYecKHX mnporeccoB. CHeICTBHA H3 MaTeMaTHYECKHX MO-
Jiesieli COMOCTABJEHBI C Pe3yJbTaTaMH 3KCNepHMEHTAJbHBIX HCeJex0-
BaHHil H C TEOJIOTHYECKHMH JIaHHBIMH TNO PAAY KOHKPETHBIX MPHPOA-
HBIX O0OGBEKTOB, H4 OCHOBE 4Yero BLIACHSAETCS TeHe3HC TOCJIELHHX.
B paGore npuBeseHb HOBBIE AAHHBIE MO AHHAMHKE reO0XHMHUYECKHX
{IpOLIECCOB, a4 TaKMKe Pa3BHTHl H YTOYHEHHl OCHOBHBIE pe3yJbTaThl
NpeabLAYILHX HCCIeOBAHH.

Psig naHHBIX, M3JI0XKEHHHX B pabGoTe, MOJyuYeH aBTOPOM B COB-
MecTHBIX HccqenoBauuax ¢ A, A. TapuGauunem, B. H. Ulapanoseim,
H. H. Bepuruaam, E. M. IlImapuosnuem, I'. M. [TanueHkoBbiM,
E. JI. Acrpaxanom, f1. H. Benesueswim, 0. U. Ba6Genko, C. B. Ba-
cuiabesbiM, E. B. Benuumanosnim, B. A. I'pa6osuukossim, I1. T1. 3o-
aorapeswniM, I'. A. Kapnosum, I'. H. Kpuuesuowm, Q. A. KysuenossiM,
A. JI. INapaoseim, E. @. [MomexonoseiM, WM. IO. Pocaskosoi,
F. U. Poccmanom, A. I1. Conososuim, B. [I. Dpucrasu. Llennsie 3a-
MeyaHHs 1o Bompocam, 3aTpoHyThiM B Kuure, caeaans [1. C. Kop-
wuuckuMm, I1. 9. Kouunoit w H. Y. XurapossiM, a Takxe B. JK. Apen-
com, B. JI. Bapanosuim, A. A. Beycom, 0. A. BoraaHoBhM,
A. H. I'uus6yprom, A. H. Epemeessim, M. K. Kapnoseim, A. H. Tle-
peabmanom, M. M. Kynpusnosoit, A. A. Ilskom, P. I1. Padansckum,
10. I1. Tpyxunsim, 1. H. Xurapossim, I'. X. Uxesanom, A. A. fpomes--
CKHM M Jp.



BBEILEHHE

[Mpouecc auddepenunannn Hayk npuHses K (HOPMHPOBAHHIO Ha
rpaHHlle TE€OXHMHH M (PU3UYECKOH XHMHH HOBOTO HanpasJieHHd, N0-
JyuHBlIero Haspanue (usnyeckoit reoxumud. Pan astopos [Iloauso-
Ho6posoabckuit B. B., 1967; Cmur @, I'., 1968] cuuraior, 4To 3TO
pasjes TeoXHMHH, 3aHHMalOmMicd H3yYeHHEM TPHPOAHHIX (a3oBLIX
peakuuii Ha OCHOBE paBHOBECHOTO TepMOAHHAMHUECKOrO MeEToja,
Me:xay Tem, cMmexHbBIe HAYKH, HAa rpaHHIle KOTOPHIX BO3HHKJAA (H3H-
yeckast TEOXHMHSA, HE OrPAHHYHBAIOTCH M3yUeHHeM JHIIL XHMHUECKHX
paBHOBecHil. B ¢usHuecKoii XHMHH HHTEHCHBHO Da3BHBAaeTCH HEpaB«
HOBeCHasi TepMOJAHHaMHKa, B KOTOpPOH paccMaTpHBAeTcsl pa3BHTHE
HeOOpATHMBIX TIPOLECCOB B MpoCTpaHcTBe H BpemeHH. OfHa M3 OCHOB-
HBIX 3ajgau reoxumuu, no B. M. Bepnagckomy u A. E. ®epcmany, —
‘M3y4YeHHe MHMrpalMH BeLlecTs -B 3eMHOH kope. [lanHbie o06CTOSATENb=
¢TBa HeoOXOAHMO YUHTBIBATH TPH OOCY:KIEHHH mpeaMera (uto ne-
JaTth) M Meroaa (Kak AenaTb) (H3HYECKOH TEOXHMHH Ha COBpEMEH=-
HOM 3Tane ee Pa3BHTHA.

CorsnlacHo mnpeJcTaB/JeHHsM KJACCHKOB TeOXHMHH, TeOXHMHYecKHe
NPOLECCH — 3T0 TaKHe TreoJIOTHYECKHe MPOIEeccH, B KOTOPHIX MpoTe-
KalT XHMHYECKHe peakIHH M TPOHCXOAHT CYLIeCTBEHHAsi MHIrpalHs
XHMHYECKHX 3JIeMeHTOB B TNpOCTpPaHCTBe H BpeMeHH. B nepByio oye-
pelb K HHM OTHOCATCS NMpPOLECCH MarmMaTH3Ma, MeTaMop(H3Ma H Me-
TacoMaTo3a, BYJKaHH3Ma, PasJHYHbE, THOepreHHue mponecchl. OnHa
H3 OCHOBHBIX 3a/ay TeOXHMHM, B OCOOEHHOCTH (PH3HUECKOH, — H3y-
YaTb ITH NMPONECCH B JHHAMHKE, B Pa3sBHTHH, T. €. HCCAELOBaTh TJaB-
HBIM 06pa3oM AHHAMHKY FeOXHMHUYECKHX MPOIECCOB, a He TOJIBKO HX
pesyabraThl. M3ayuennem uMewmuXcs Ha JlaHHOe reoJIOrH4ecKoe Bpe-
Mf NPOAYKTOB TeOXHMHYECKHX NpOLECCOB, T. €. MHHEpajoB, TOPHHIX
NOpoA M pyld, 3aHHMAlOTCA B OCHOBHOM JApPYTHe TeoJIOrHYecKHe HayKH?
MHHepaJiorusi, nerporpadus, JHTOJOTHS U T. A .

Caenyer, oHaKo, YYHTHIBaTh, 4TO TPAAHIMOHHO B TEOXHMHH pac-
cMartpuBaercsi 6GoJjiee INHPOKHH KPYyr BONPOCOB, MO3TOMY BhiJleJIeHHE
(H3HYECKOHl TeOXHMHH B CaMOCTOATEJNBHYI0 HayKy — NPOIecC BIOJHE
ecrecTBeHnblit, [To MHeHHI0 aBTOpa, OCHOBHOH npeaMer (H3HYECKOH
TEOXHMHH — JIHHAMHKA (H3HYECKHX H XHMHYECKHX sBJIEHHH, npoTe-
KawmH{X npH reoxuMHyeckux npoileccax. K obanactu dusnyeckoi reo=
XHMHH cJelyeT OTHeCTH H JHHAMHKY KOHKDETHHIX TeOXHMHUYECKHX
NpouUeccoB, XOTA OHA PAacCMATPHBAETCH H APYTHMH Te0JIOTHYECKHMH
HaykamMu. Pusuueckas reOXHMHSI H3y4aeT TEOXHMHYECKHE Tpouecchl
€ NOMOIIBIO (PH3HKO-XHMHYECKHX METOJOB. ;

I[TosichiM cKasaHHOe HECKOJBKHMH NPHMEPaMH.

1. HMsBectHo, uTOo NpH XHMHUECKHX peakKUHAX, INPOTEKAIOUWHX B
3€MHOH KOpe, MPOMCXOAHT BHJEJNEHHE H TOrJolleHHe Temia. XHMHYes
CKHe peaKkUMH B 3eMHOH KOpe H3yuaeT TEOXHMHA, a TemaoBne 3g-
QEKTBl XHMHUECKHX peakuuii — guaudeckas xumus. Hccaenosanne
K€ B COBOKYMHOCTH TeNJIOBHIX H XHMHYECKHX MPOLECCOB, MPOHCXOAA-
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IIHX B 3eMHOI Kope, COCTaBJfeT OAHY M3 3anad (PH3HUECKOH FeoXH-
MHH.

2. XuMHYECKHe peaKlUHH NPOTEeKAlT ¢ OnpeleJeHHbLIMH CKOPOCTS-,
MH. M3yueHHeM cKopocTeH HCKYCCTBEHHBIX XHMHYECKHX peaKUHil 3a-
HHUMaeTcss (U3HYecKas XHMHsS, a CKOPOCTeHl NPHPOAHBIX XHMHYECKHX
peakuuii — (pusuyecKas reoXHMmus.

3. TeoxuMHYecKHe NPOULCCH CONMPOBOMKAAWOTCA  MHUTpalMed Be-
(IleCTB B 3€MHOH Kope, KoTopylo u3yyaer reoxumus. HMccaemoBanue
 XHMHYeCKHX H (H3HKO-XHMHYECKHX MpOLEeccoB, NPOHCXOAALIHX TpPH
 TeoXHMHYecKOH MHTpalHH B HX Hepa3pbIBHOH CBfI3H, YyCTaHOBJEHHE
.3aKOHOB, CJIeAYIONIHX H3 3TOH CBA3M, fABJAAeTCA 3ajayeil (QH3IHYECKOH
' TEOXHMHH.

INockonbKy 3BOJIOUHMA TEOXHMHYECKHX TPOLECCOB  OMpefenseTca
3aKOHAMH PABHOBECHSl H KHHETHKH (CKOPOCTH) COOTBETCTBYIOILHX (H-
.3HYECKHX H XHMHYECKHX $BJEHHH, B (H3HYeCKOH FEOXHMHH Clelyer
.BBUIeJIATE CJAeAyioliHe OCHOBHble pasjieqbl: 1) reoXHMHYECKYl0 Tep-
.MO/IHHAMHKY; 2) reoXMMHYecKyi  KHHeTHKY; 3) reoXHMHYECKYIo
JHHAMHKY. B reoxumuueckoii TepMOAHHAMHKe HCC/AEAYyeTcsi paBHOBe-
CcHe TIPHPOAHBIX XUMHYECKHX peaKuui; B reoXHMHUYECKOH KHHEeTHKe —
HX CKOPOCTH; FeOXHMHYECKas AHHAMHKa H3ydaeT 3BOJIIOLHIO MPHPOI-
HbIX. XHMHYECKHX peaKkudi M reoXHMHYeCKHX MpOLECCOB, HX Pa3BHTHE
B NPOCTPAHCTBE M BpPEMEHH. "

OcHoBHasi 3anaya HCC/IeNOBaHMH MO AHHAMHKE TeOXHMHYECKHX
JIPOLeCCOB — H3YYHThb 3IBOJIOIHIO 3THX MNPOLECCOB, HX pa3BHTHE B
npocrpaHcTee H BpeMeHH. C 3T0i ueabld GopMyJHpyeTca H Hccle-
AyeTcsi MareMaTHuecKas MOJesb NPHPOAHOro mpolecca, xapakTepH-
3yollas onpejesieHHEle €ro cBOMCTBA (TeMnepaTtypy, JAaBjeHHe, KOH-
JAlEHTPALHIO BELIECTB-YYACTHHKOB XHMHYECKHX peakUMd u ap.) B 3a-
BHCHMOCTH OT NPOCTPAHCTBEHHHX KOOPAHHAT (X, Yy, 2Z) H BPEMEHH

(f). O NAOLOTBOPHOCTH MOJENH CYAAT MO COBNAJEHHIO CJIEACTBHH H3
MOJIE/IH € COOTBETCTBYIOIIHMH TPHPOJHLIMH 3aKOHOMEPHOCTAMH, Hab-
JIOJlaeMbIMH Ha H3ydeHHBIX o6bekrtaX. [lpm Hannuum Takoro coBna-
HEHHs MpeaJO¥eHHass MOJenb (AKTHYECKH H XapPaKTepH3yeT IIPOH-
cxoxjenue (redesuc) obbexkta. Torja ynaetcss BHIIBHTH ONpejieeH-
HBIE TF€OXHMHYECKHe KPHTEDHH reHe3HCa reoJIOTHUYeCKHX 00pasoBaHHH
H HCHOJb30BAaTh MX Ha NPAaKTHKE MPH H3yYeHHH HOBBIX OOBHEKTOB.

OcnoBHoli MeTox (H3HYECKOH TreOXHMHH — TePMOJAHHAMHYECKHI,
KOTOpHIH B JPYrHX reoJIOrHYeCKHX HayKax HrpaeTr JHIUb BCIOMOra-
TeJBHYI0 poJib. MaremaTHYeckoe MOJAENMPOBAHHE ABJSAETCA TIVIaBHBIM
HHCTDYMEHTOM HCC/JeJl0BAHHA JHHAMHKH TeOXHMHYECKHX MNpOIEcCoB,
IOCKOJIBKY B SKCNEDHMEHTe He MOryT OBITb HenoCpeJACTBEHHO BOCHPO-
H3BEeIEeHB HX AJHTEJNBHOCTh H MacwiTabbl. Tem He MeHee, pe3yJnbTa-
Thl MaTEMAaTHYECKOTO MOJAEJHPOBAHHS MOTYT OBIThb NMPOBEPEHbl 3JKCIe-
PHMEHTaNLHO (B JabOpaTOPHBIX MMM MOJEBEIX ONBITAX) TIPH IPHBJE-
MEHHW COOTBETCTBYIOMieH Teopuw nojaobus. Kpome toro, muerue Hc-
KYCCTBEHHbIE TEOXHMHYECKHE Mpolecchi . (MoJ3eMHOe BbIlEIauHBAHHE,
IJIaBJeHHe W Jp.)’ MO CYLEecTBY MO/CJHPYIOT NPHPOAHLIE MpOLECcCH
H ABAAITCA YyA0OHBIM 0OBEKTOM AJIS NPOBEPKH CJEJACTBHiI H3 MaTe-
MAaTHYECKHX MOJe/eH.

]
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MaremMaTHYeCcKOe MOJEJHPOBAHHE HCIOJb3YETCs] BO MHOTHX Hay-
kKax. Ho oco60 BaxHOe 3HaYeHHe OHO HMEET /Js TeoJIOTHUECKHX Ha-
VK, UYTO CBSI3aHO ¢ HEBO3MOMKHOCTbIO B GOJBIIHHCTBE CcJAyYdeB Hero-
CPeICTBeHHO HaG6JIIOIATH TeoJOrHYeCKHe IPOLECChl B HX -Pa3BHTHH.
EcrectBenno, npu Mo/Je/HpPOBaHMH BO3HHKAKIOT ONpejefeHHbIe <«omac-
HOCTH» H3-3a YIPOLIEHHS H CXemMaTH3auWH NPHPOAHBIX sBJaeHHil. Ox-
HAaKO TpPaJAHLHOHHBIE METOAB YacTO HE TO3BOJAIOT NMOJYYHTh [JaiKe
NpHOJIHKEeHHbIE KOJHYECTBeHHble OLEHKH NMapaMeTpoOB reoXHMHYeCKHX
nponeccoB. [lostomy npu Bcex OrpaHHYEHHSX METOAbl MaTeMmaTHYe-
CKOTro MojeqHpoBaHusl HaubGosee uesecoo6pasHEl NMPH BLIFBJIEHHH re-
HETHYECKHX 0cOoOeHHOCTEH reoJIorH4ecKux oO6beKTOB.



Sacry 1

JUHAMHUKA ®PU3HYECKHX
U XUMHYECKHUX SABJIEHUH, MPOUCXOOSALUIUX
NMPU TEOXUMHYECKHX NPOLLECCAX

F'aasa 'l
KHUHETHKA TETEPOTEHHBIX NPOLLECCOB

OCHOBHBIE MOJIO)KEHHA ®OPMAJIBHOA KHHETHKH

PaccmoTrpuMm 3anucaHHyl B OOIIEM BHAE XHMHUYECKYIO peaKUHio:
viA,+viAs+ ... +V,}An-+'VIAI+V2A2+ o n o FViAn . (11}
rie A, A; (i=I,2,..,.,n)—OGOBHE‘JEHHE HCXOZHBIX M MOJyYalo-
IMXCs BeulecTB, V;, V; — CTeXHOMETPHUYECKHe KO3((HIHEeHTH peak- .
ILHH. ;

ITox cKOPOCTBIO XMMHYECKOH peaklHH MOHHMAIOT KOJHYEeCTBO MO-
JIEKYJl HJIH TPaMM-MOJIEKYJ JaHHOrO BellecTBa, PearHpyloLIHX B €Au-
HHILy BpeMEeHH B elHHHUIe oObeMa cHcreMbl. [uisi m3amepeHuss cKoOpo-
CTH peakIHH [J0CTATOYHO ONpEeIeJHTb H3MEHEHHe BO BpeMeHH KOJH-
gecTBa ONHOrO M3 YYAaCTHHKOB peakllHH, TaK KaK M3MEHEeHHs KoJiHue-
CTBa OCTaJIbHbIX MOryT ObITb Hal/JeHbl Ha OCHOBE CTEXHOMETPHYECKO-
ro ypasHenusi peakuun (1.1},

B COOTBETCTBHH C 3THM OnpeJeJeHHeM CKOPOCTh XHMHYECKO# pe-
aKLHH @ paBHa: .

dny
=—— (1.2)
Vdt
rAe M, —YHCIO rPAMM-MOJEKy] BeulecTBa A; B MOMEHT BPEMEHH

f, V— o6beM CHCTEMHI.

Ecan o6beM cHCTEMBI B TeYeHHE peaKIMH He MeHseTcs (peakuus
B pacTBopax), To BMecTo paseHcTBa (1.2) Gyaem umethb
dcy,
dt »
rae CA‘—KOHLIEHTan.HH Belecrsa A;.

MoxHO cpenath BIHOJIHE OYEBHAHOE AOMYyILEHHE, YTO PearHpywr
TOJILKO T€ MOJIEKYJbl, KOTOpbE CTaJKHBalOTCA. YHCJA0 CTONKHOBEHHI
npsMO NPONOPUHOHAJBHO YHCJY MOJeKy/a B cucteme. CjenoBaTenb-

HO, CKOpPOCTb XHMHYECKOH peakIHH NPONOPLHOHAJbHA KOHILEHTPAllH-
SIM PEarHpylolluX BellecTB, T. €.:

w=kcl'lc;", « & o CX';. (1'4)

W= —

(1.3)



rae k-— ko3 HIHEHT NPOMOPUHOHAJLHOCTH, KOTOPHIH HOCHT Ha3Ba-
HHE KOHCTAHTHI CKOpOCTH peakuuu. Buipaxenue (1.4) HasbiBaeTcs
OCHOBHBIM TIOCTYJIATOM XHMHYeCKOH KHHeTHKH. Pu3anueckuii cmbica k
caenyer u3 pasenctsa (1.4). Ecau mosomxuts, uto

Cm:CA,:-. e :-CAnzl, (1.5)
TO
w= k. (1.6)

Takum 06pa3oM, KOHCTAaHTa CKOPOCTH XHMHYECKOW peakuUHH pas-
Ha CKOPOCTH 3TOH peakUHH NPH YCJIOBHH, 4TO KOHLEHTpAIMH pearH-

y pPYIOLIHX BEUIECTB MOCTOAHHBI W paBHbl €1HHHILE.

XHUMHUECKHe peaKUHH MOApasjiensaloT Ha obpaTtuMmee H HeobpaTH-
Mble. OGpaTHMbIMH Ha3LIBAIOTCHA TaKHe PpeaKlHH, KOTOpHle OJHOBpe-
MEHHO H He3aBHCHMO IPOTEKAaKwnT B NPAMOM H o0paTHOM HamnpasJie-
HuAX. HeoGpatuMbiMu Ha3wIBalOTCA TaKHE peaKlHH, KOTOpLe MpoTe-
KaloT TOJbKO B OJAHOM HanpaBjennH, OOGpaTHMBE peakKUHH HAYT 10
YCTAHOBJIEHHS XHMHUYECKOro paBHOBECHS, MPH KOTOPOM CKOPOCTH Nps-
MOA H 00paTHOH peakKuMH BHIpaBHHBaloTcd. HeoGpaTuMble peakiuh
HAYT A0 KOHLA, T. €. JI0 MOJHOrO HCYE3HOBEHHMS HCXOJAHBIX BELLECTB.

Urobe npoH3ouies 3JeMEHTAapHBIH aKT XHMHYECKOro mpesBpalie-
HHf, pearHpylollHe YacTHUH (MOJEKYyJbl, AaTOMBbl, HOHBI) JOJHHBI
CTOJIKHYTbCA APYr ¢ ApyroM. B 3aBucHMMOCTH OT uMcJa 4acTHL, ydacT-
BYIOLIHX B 3J€MEHTAapHOM akKTe MpeBpallleHHs, pasjJHyaloT peakuHH
NepBOro Mnopsjika, HJIH MOHOMOJEKYJAsipHbIe, BTOPOro MOpsjaKa, HIH
GHUMOJIEKYAsAPHBIE, W TPETbEro H BhIlE NOPAAKOB, HJIH NOJHMOJEKY-

© JIApHbIE. Peakuuu BBICOKHX NOPAJTKOB MaJIOBEPOATHBI, TAK KaK BO3-

MOJKHOCTL OJIHOBPEMEHHOTrO CTOJIKHOBEHHHA MHOTHX MOJIeKYJ MaJga.
Ha mpaktike HMeIOT 1e10 ¢ peakUHAMH MePBOrO, BTOPOrO H pexe
TPETHEro MopsiIKOB.

[Mosasasiouee GOJAbUIHHCTBO XHMHYECKHX peakKllHil NpoTekaeT B
HECKOJIbKO M0CJe0BaTeNbHbIX cTaauil. B 3T0M cayuae ckopocTh Beei
PeaKkuiH onpeenseTcs CKOPOCTbIO HaubGojee MeLNEHHON cTaiuu. ITa
e CTajHd onpejensieT NMOPAAOK peaklHH. YpaBHeHHe peakuuH (cTe-
XHOMeTpHUecKoe) oToGpaxaer cymmaphwuiii npouecc. Ilopsaaok peak-
LHH OOBIYHO Onpejessaercs SKCNepHMeHTaJ bHO.

3anuuieM ypaBHEHHsI CKOPOCTH JJISl HEKOTOPHIX peaKIHii.

l. Heobparumas peakyus nepsoco nopsdka. B obuiem Buje peak-
I}l 3aMHCHIBAETCH CJAEAYIOIHM 06pa3oM:

. AsviAi+vhs+ . . .. (1.7)
B coorsercrBuu ¢ ¢opmyaamu (1.3), (1.4) noayuum caeayioulee
AuddepenunasbHoe ypaBHeHHe cKOpocTH peakumit (1.7):

Y i T kC,
di :

(1.8)

rie C — KOHUEHTpPalus BellecTBa A B MOMEHT BpeMeHH f.
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L)

nbEbT MoMmenT Bpemens f=0 KoHUENTpauus Belle-

[Tycts B Haua
Unrterpupys ypaBHeHHE (1.8) npu 3TOM HayaJbHOM

<tBa A 6uina Co.
YCAOBHH, TOAYYHM
C= Ce™, (1.9)

Wurerpansuoe ypashenue (1.9) ckopocts peakunn (1.7) xapak-
TepH3yeT H3MEHeHHe BO BPEMEHH KOHIUEHTPaUHM pacrnafaioulerocs

semectsa A.
2. O6parumas peakyus nepsozo nopadka. IT0 pPeakuHs THIA:

A=A, (1.10)

Cropocts peakunn (1.10) paBHa passocTH cKopocTeil npsiMod H 006-
paTHOH peakKuHil, KaXAas H3 KOTOPHIX ABJAAETCA MOHOMOJEKY/IAPHOH,
5. el

w=w, — W, = kCas—~,Cx-. (L1.11)

B coorercreuu ¢ (1.3) moayyum caeaywollee auddepenunanbHoe
ypaBHeHHe cKopoctH peakuus (1.10):

dC ;
T YoM (1.12)

TAE R, ¥ Ry — KOHCTaHTBI CKOpPOCTH HMpAMOH ¥ o0paTHo¥ peakuuii co-
OTBETCTBEHHO.
Huterpuposanne ypasueuus (1.12) me npexacraeasger Tpyja.

FETEPOTEHHBIE MPOLECCHI

H3noxeHHbIE BBILIE TPEACTABACHHS O CKOPOCTAX XHMHYECKHX pe-
AKUHH OTHOCATCH T/aBHBIM 00pa30M K TOMOT€HHBIM DeaKUHAM, 1pO-
TeKaloWuM B OAHON (hase. B rereporeHHbX mpoueccax pearupymoumue
BellecTBa HAaXoAATcsa B pasHbiXx (hasax, Tak YTO peakuus HAET TOJb-
KO Ha rpanpue pasfena as. Beaepcrsue 3TOro NoABJISIOTCA OCH0K-
HaolHe (akTophbl, CBA3aHHBIE ¢ KOHEUHOH CKOPOCTbIO MEepeHoca Be-
L[eCTBA B 30HY PeaKiiky.

[Ipu reoX¥MHYECKHX INIpolleccax NPOHCXOAAT TrJABHEIM o6pasoM
reTeporeinble xHMuueckue peakuut. [lostomy aas dusnueckoi reo-
XHMHH KHHETHUECKHe 3aKOHOMEDPHOCTH TFeTEepOreHHbIX NpPOLeccoB mpei-
«CTABJSAIOT OCOOBIH HHTEpec.

Jlio6as reteporensas peakuus BKAOUaeT B celsi HECKOJbKQ CTa-
JAui. B 4acTHOCTH, €CAM JKHIKHE HJIH ra3oo6pasHblit pacTBOp peari-
PYeT ¢ TBepPAHIM TeJOM, NMPOIECC CKJAALBIBACTCS M3 CACAYOIIHX CTa-
Auit: 1) mojaBoza BewliectBa K MOBEPXHOCTH, 2) aKra XHMHYECKOrO
B3aHMOJEHCTBHA, 3) OTBOJA OOPA30BABLIErOCH B Pe3yJbTare peakiuH
BellecTBa B oOGbeMm pactsopa. [lpoueccsl nepeHoca OCYILECTBASIOTCH
3a CYeT PA3HHNH KOHLEHTpauuili B o6bemMe pacTBOpa ¥ Ha PeaKiHOH-
HO{l MOBRPXHOCTH — MOJIeKy/asapHO# (HOHHOU) muddysueidi, a npH Ha-
JIMYHH NepeMeIlHBAHHA HJAH MMOTOKA PeardpylolllHX BellecTB — KOH-
BeKTHBHOH nuddysuei.
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CyMMapHasi cKOPOCTb FeTeporeHHOro Hpouecca Onpejeasieresi cKo-
pocTaMH OT/e bHbIX cTafuit. OAHAKO, ecAW CKOPOCTh OAHOIN H3 cTa-
AHi HAMHOIO MeHblile, YeM JPYTHX, TO CKOpPOCTb mpouecca onpeae-
JAACTCH CKOPOCTbIO Hanbosee MeJEHHON cTalHH.

Ecnn ckopocTh XHMHYECKOH peaKlUHH MeHblUe, ueM CKOpoCTh aHd-
{dy3uH, TO rOBOPAT, UTO MPOLECC NPOTEKAET B KHHETHUECKOR 06/aCTH.
CkopocTh mpoLecca B 9TOM cjlydae ONHCHBAETCS ypaBHEHHEM CKOpO-
CTH peakuuu Ha rpanuue pasaena (as, KoTopas onpenessercs H3
OCHOBHOTO NOCTyJaTa XHMHYecKoii kKHHeTHKH. HaoGopor, eciu cko-
poctb aHQGY3HH MEHbLIE CKOPOCTH XHMHYECKOH PeaklHH, TO [poLecc
nporekaer B Aud¢ysuonnoi obaactu. Koraa ckopoctn auddysun u
XHMHYecKoll peakuuu GJAH3KH, NPOUECC [POTEKAeT B NEPeXOAHOM
{cmewandoit) oGnacru.

Ozna u Ta Xe peaklHs B 3aBHCHMOCTH OT YCJOBHH ee mnpoBeje-
HHSl MOJKeT NpOTeKaTh B pas3nH4YHbIX obaacTax KuHeTHkH. Hanpuwmep,
YCTAHOBJIEHO, YTO TNPH NOHHMKeHHH Temnepatypui Ha 10° ckopocTs
Auddysun yMmenpuraercs npubausutensHo B 1,2 pasa, a CcKOpocTh
peakuun — B 3—4 pasa. CiefoBaTenbHO, €CAH NMpH AAHHOH TeMmmepa-
Type npoiiecc nporekaer B AHG(PY3HOHHOI 06JacTH, TO NMPH MOHHMKE-
HHH TeMIepaTyphsl NPOLEcc MOMKET fnepeiiTH B KHHETHYECKYI0 00J1aCTh.
O6aactb npoTekanust Mpouecca onpeaenseTcs 3 onbiTa.

PaccMoTpum KiaccHdeckHe TNpeAcTaBienusi, Kacawouuecs anpdy-
3HOHHOH KHHeTHKH peaxkuuil Mexay KHAKHM DACTBOPOM H TBEpAbIM
Tenom. Teopus 3Toro Bonpoca Ha mpHMepe PacTBOPEHHs TBEPABIX TeJ
B JKHAKOCTAX pa3paboTaHa nmepeoHayajbHo Hepucrom. CorsiacHo 3T0#
TEOPHH B CJOe pPacTBOpa y MOBEPXHOCTH TBEPAOro Tela BO3HHKAET
HacelleHHBd chnoft Bewtectsa. Pacrsopenue uaet nyTtem anddysun
M3 3TOr0 caos B oObeMm pactBopa. Ecam  o6Go3nauuTh yepe3 O pac-
CTORHNE, HA KOTOPOM KOHIEHTpPAUHS MeHseTcsd OT KOHIEeHTPAIHH Ha-
cHileHHoro pacrBopa Cy no o6bemHoit C, TO B COOTBETCTBHH C mep-
BBIM 3aKOHOM AHQQysun PHKA MOXKHO HAMHCATH Cheiyioliee BHpa-
JKeHHe I/ KOJMYecTBa BeulecTBd, PacTBOPAIONIErocs B €IHHHILY Bpe-
MEHH:

-5

Q=D===S (1.13)

’
rae S —mniolladb NMOBEpPXHOCTH, ¢ KOTOpPOil HIET pacTBOpeHHe, § —
To/ulHHA TaK Haswiaemoro aud¢ysuonnoro caos Hepucra, D —
Koathpuuuent auddysun.

Ecan pacTBOpeHHe MPOMCXOAHT NPH NEpeMeillnBaHHH MJAH B NOTO-
Ke pactBopuTtess, To, no ‘Hepuery, kK nosepxsHoctH TBepaoro Tena
NPHJIEraeT HeNoJABHMKHBIH CJOH MKHAKOCTH TOJILHHOH &8, B KOTOpPOM
TpoHcXoAHT Anddy3us MoJaekyJa pacTBopsioulerocs Belectsa. 3a
npefeslaMH 3TOTO ¢JI0f KOHUEHTPAlHA BellecTBa NOCToAHHA Oaaro-
Aapa nepemewmnsanuio. M3 onwita Owio  waliieno, uto 6=10"2—
10~ ¢M ¥ yMeHbHIAGTCS C YBEeNHYEHMEM CKOPOCTH IOTOKa pAacTBoO-
PHTEJIS 110 CTeNeHHOMY 3aKOHY:

8~ (n=05—1). (1.19)
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Teopusa Hepucra sBasgercs KauecTBeHHOH Teopueil Anddy3noHHOH
KHHETHKH TeTepOTeHHBIX TPOLECCOB, TdK KaK OHA He JAeT TeopeTHue-
CKOro BBIpaXKeHHA AA8 ToAWmMHb Auddysnonnoro ciaos 6. Caenosa-
TeJIbHO, TEOpPETHYECKH He MoXKeT OhlTh paccuuTano abconioThoe 3na-
yeHue sToro noroka. KonwvecrtBennas teopus anddy3HOHHOH Kuue-
THKH TeTePOreHHbIX MPOLECCOB OCHOBBIBAGTCS HA PasJHYHBIX pelle-
HuAX AnddepenunanbHbX ypaBHEeHHH MOJEKYJASPHOH HJIH KOHBEKTHB-
HOH ]p.mpcpysuu [Crank I, 1956; ToayGes B. C. Tapubanu A. A.,
1968].

KHHETHKA COPBUHH H HOHHOIO OBMEHA

[Tox copOuueli MOHHMAIT MOrJOlUleHHe Ta3000pa3HbIX HAM KHI-
KHX BEIIEeCTB TBEPABIMH TeJaMH MJH KUIKOCTIMH H3 OKDPYKAIOULETo
ux npoctpanctBa. Ilpu HOHHOM O6MeHe NPOHCXOAHT CaMONPOH3BOJb-
HB npouece o6MeHa HOHOB MeX1y cOop6eHTOM H pPacTBOPOM.

CopbOunsi ¥ HOHHBI OOMeH SBJASNIOTCA THIHYHBIMH TeTE€POTeHHLIMH
npoueccamu. OOl nmepeHoc BELLECTBA MEXKY 3epHoM copGenta H
pacTBOPOM MOMKHO pa3feNHTb Ha cjeayiomne craguu: 1) auddysus
copbupyemoro peulectBa H3 o6bwema K 3epuy copleHTta, 2) auddy3us
B 3epHo, 3) mpouecc copbuHH HJAH oOMeHa HoHOB, 4) aud@dysus o6-
pasoBaBluerocs B pesyabrate oOMeHa BellecTBa K NMOBEPXHOCTH 3ep-
Ha, 5) auddysna BemectBa B 00beM pacTsopa. MuorouncieHHue
JKCNepUMeHTabHEIE HeeJeJoBanHs copOuuu (MonHoro obMmeHna) mo-
Ka3ajiH, 4TO CKOPOCTH 3THX MpoleccoB 00BYHO onpeaensiiorca Aud-
dyaueii. [lostomy copbums (HoHHBIH 0OMeH) MOXET NMpPoOTeKaTb B 06-
aactax: 1) puewisennddy3HOHHON KHHETHKH, KOTJa CKOPOCTH copl-
UHH JuMHTHpYeTcd audihysueii BeiiecTBa K NOBEPXHOCTH copbeHTa,
2) BHYTpHAH(GY3HOHHONH KHHETHKH, KOTZAa CKOPOCTh COPOuMH JHMH-
THpyercs Audrysneii B 3epuo, 3) cMemanHoit AHDGDY3HOHHOH KHHE-
THKH, KOrja CKOPOCTH NEepeHoca BelllecTBA CPABHHMbI JPYT C JPYTrOM.

B 3aBHCHMOCTM OT YCAOBHiI mpouecca cop6uHs M HOHHBIA oOMEH
MOryT mpoTekath B J060i audpysuontoii obaacTn. DKCnepHMEHTaNb-
HBIMH HCCJ/elOBAHHSAMH HOHHOTO 06MeHa HA CHHTETHUECKHX OOMeHHH-
Kax ycrauosieno [[eabpepux ., 1962], uto npud MaJjbiXx KOHUHEHTpa-
uuax (C< 0,003 u) mpouece nporekaer Bo-BHewHeAH(dysHonHoH 06-
Jaacty, npu Goasuinx KonueHrpauusax (C = 0,5 H) — Bo BHYTpHAHD Y~
3HOHHON. B mpomexyTtounofi obJacTH KOHLUEHTpaluii HOHHBIT oOMeH
NPOHCXOAHT B cMellaHHOH aAuddysuounoit o6aactu. as copbunu Ta-
KHX TIpOCTHIX 3aBHcHMocTell He Habmogaerca. O6iaacth, B KoTopo#k
NpoTeKaer MPoIecc, BO MHOTOM ONpeaesieTcsi CBOACTBAMH CaMOTo cop-
6enta. Tak, cuntaercs, YTO Ha IIHPOKONOPHCTHIX copleHTax copOuusS
o0bIYHO TpoTekaeT BO BHemHeanbhysnonnoi obsacTH, a Ha TOHKO-
NOPHCTHIX — BO BHYTPHAH(DY3uoHHo# [Tumodeen . 1., 1962].

[Tpu BBIBOgE KHHETHYECKHX YpaBHEHHIl, XapaKTepu3yoUHX CKO-
poctb copbuun BO BHellHeAn(pdyanoHHOH o6JacTH, noaarair, 4To
CKOPOCTb caMoif copOuUHH HamHoro Gogblle cKOpocTH AH(DGY3HOHHOrO:
NMOABOA BeulecTsa X mosepxuoc™n copbenra. Ilostomy na nosepxHo-
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«CTH 3€pHa HMEeT MecTo copOIHOHHOe paBHOBeCHe: KOHUEHTpPauus
pacteopa C, HENOCPEACTBEHHO NPHJLTAIOWIET0 K MOBEPXHOCTH, cBA3a-
Ha ¢ KOHUeHTpauHeit copOHPOBAHHOrO BEILECTBA § YPABHEHHEM paB-
HOBECHA HJHM YpaBHEHHeM H30TepMbl cOpOUHH (HOHHOrO o6GMeHa),
JTO ypaBHeHHE MOXKHO 3amHcaTh B 06lleM BHE:

C=F@. (1.15)
[Tpu copbunn u3 pasbapieHHbIX pacTBopos f(g) = -1—, k=const.

‘CKOpOCTb COPOLHMH NPOMOPLHOHANbHA PA3HOCTH MeXAYy KOHIEHTpa-
1IHel BedlecTBa B oObeMe pacTBOpPa H Ha NOBEPXHOCTH, T. €.

$orfo—t) 9

rle Yy, — KOHCTaHTa CKOpPOCTH (KHHE‘TH‘!&CKHH KO3 hHHIHeHT) BHEL-
He#t auddysuu, sasucsuwias or D u dopmul 3epHa copleHra.

[Tepenoc copOupyemoro Beluectsa BHYTPL COPOEHTA NPOHCXOIHT IO
mopaMm M npeicrasaser coboii caoxHoe spiaeHne. CKopocTb 3TOro
npouecca (popmManbHO MoXKeT ObITh OMHCAHA ypaBHeHHeM JH(PY3HH C
HeKoTopbiM 3(QeKTHBHBIM  3HayeHHeM Koadpduunenta AuPOy3HH
Dy, Pemas ypasnenne aud@dysun, MOXKHO TNOAYYHTH cJeayloniee
NPHOAKIKeHHOe ypaBHesHe BHYTPHAUPPYIHOHHOH KHHETHKHM COPOUHH:

. S b S
magdCea], . (117)
Tje Y2 — KOHCTAHTAa CKODOCTH (KHHETHUeCKHIi Koacbq:muuem) BHYT-
penneit nuddysuu, 3aBucslas ot Dyy H (bopm:x 3epeH.

Ecnu ckopoctH BHeurneii W BHyTpenneil aupdy3uH cpaBHHMBI, TO
CKOpPOCTh copluuu (uonHoro oOmeHa) OyaerT JUMUTHPOBATHBCR Kak
nuddysueit agcopbupyeMoro BeulecTBa K NOBEPXHOCTH copbeHTta,
Tak H Auddysnei BHyTPb. YpaBHeHHe KHHETHKH cOpOUHM B cMeLIaH-
HOH AH((y3HOHHOI oGaacTH MOKeT ObITb 3aMMCAaHO B BHAE

8 oelo il
it ok it
Tae
St i e (1.19
T Y1 T2

Takum obGpasoM, obpaTHasi BeJiHYHHA KHHETHYECKOro kKosbhdunuenia
Audpdysun B cmelnannoi AupPy3uoRHONH oOnacTH paBHa cymme o6-
PaTHLIX BeJHUHH KHHETHYECKHX KO3((HUHEHTOB BHeMIHeH H BHYT-
penned audysun.

B mnacrosimiee BpeMs WHPOKO o6cyxaawoTea  6ojiee  CJAOMKHBIE
ypaBHenus An(py3HoHHOH KHHETHKH CcopOIfHH, B 4YaCTHOCTH, OCHO-
BaHHble Ha OHnopucroit moaenu copbenra [3onorapes I1. Il., [LyGm-
Hun M. M., 1973; 3oaorapes I1. [1., 1979].
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G

ik KHHETHKA KPHCTAJIJIH3ALLHH H3 PACTBOPOB

Kpucraanu3alns ABJAseTCs MHOrOCTA/IHITHBIM TIPOIECCOM,  BKJIIO-
galouHm B ce0i BO3HHKHOBEHHE 3apO/BILIEH, POCT KPHCTAJIOB H Iie-
pekpHCTaaH3aLu0. BeaencTsie 310ro CKOpOCTb KpHCTAJNIH3AUMK He
yaaercs 0XapaKTepPH30BATh €IMHLIM YDAaBHEHHEM, a NMPHXOAHTCA pac-
cMaTpuBaTh €e Il OTAEJbHBIX CTajuil npouecca.

B ofmem caydyae H3MeHeHHe KOHIEHTPAlMH KpHCTaJJIH3yloulerocs
BelllecTBa B' PacTBOpe BO BpeMeHH H300paxeno Ha puc. |. [Xam-

ckuit E. B., 1967]. Yuacrok ab npaktu-
’ YeCcKH TIOCTOAHHOI KOHIEHTPAUHH Ha
z 0 3TOH KPHBOH COOTBETCTBYeT HHAYKILHOH-
HOMYy nepuoay. Psaj aBTOpOB moJjaraior,
4TO Ha MPOTSIKEHMH MepHOia HHAVKUHH
NpoTeKdaeT MeJIeHHbIH npouecc o6paszo-
BAHHS 3apojblllledi; APYyrHe — CBS3LIBA-
10T TIePHOJL HHIYKUHH C NpOlieccoM Ha-

Al YaJbHOro pocTa KpPHCTAaJNJIOB MO0 TAKHX
4 pasMepoB, Bblllle KOTOPHIX 006pa3oBaHHe
T HOBOH ()a3sl NPOHCXOJIHT CPaBHHTEJbLHO

¢t - GHCTpO. ot
Puc. 1. H3menenne KoHuenTpa- Yuactok bc Ha PHC. 1 coorBercTBYET
HHH  KpHCTaJJIH3Yiollerocs Be- coOCTBEHHO KPHCTAJJ/IH3AllHH. 3nech B
lnecTsa BO BPEMEHH OCHOBHOM IPOHMCXOJHT POCT 3apOAHBIINHX-

csi B MepHOL HHAYKLUHH Kpucrasanos. Ha-
KOHell, Ha yuacTKe ¢d KPHBOH NPOTEKaeT CPaBHHTEJbHO MeJJIeHHBI
npolecc NepeKpHCTANIH3aNHH. JTOT NPOLECe MPHBOAHT K 06pasoBaHHIO
Gosiee KPYMHBIX KPHCTAJJIOB 3a CYET PACTBODEHHSI MEJKHX YacTHI M
OTJIOKEHHSI PACTBOPHBIUErOCS BelleCTBA HA TNOBEPXHOCTH  KPYNHBIX
KpHucTaaioB. M3-3a NoBBILIEHHON PACTBOPHMOCTH MeJKHX YaCTHIL OJHH
H TOT K€ PAcCTBOpP SIBASETCS HECKOJbKO HeJOCHIIIeHHBIM 110 OTHOLIe-
HHIO K MeJKHM KPHCTaJUIaM H HEeCKOJIbKO IepechlllleHHbIM 1O OTHO-
LWIeHHIO K KpynHbIM. Baarosapsi 3ToMy o6CTOATENbLCTBY, @ TaKKe H3-3a
JAHHAMHYECKOr0 Xapakrepa PaBHOBECHS MKy PacTBOPOM M KpHCTaJ-
JlaMH NPOMCXOAHT TNepeKpHCTaJIH3auus TBepaoi (aswl. Bo Muorhx
cay4yasX CKOPOCTb CaMOW KPHCTA/UIH3ALHH ONpelessieTcsi YpaBHeHHeM
dopManbnoii xuMuueckoit KuHetHku [Xamcknit E. R., 1967]

ac e 5
w=-—d—t=ﬂ(6—‘cn)' (1.20)

rie Cy— KOHIEHTpPAalHsi HACHLILIEHHS, NMPH KOTOPOH XKHAKAS H TBep-
nas ¢aspl HaXOASTCS B PABHOBECHH JpYr c ApyroM, f-— KoOHCTaHTa
CKOPOCTH KPHCTAJJIH3ALHH, v — HNOPAN0K IHpolecca. .

O6biuHo KpHcTaJaJaH3alHA NpoTekaer no nepsoMy (v=1) uau BTO-
pomy (v=2) nopsaxky. Kak mo6ofi rereporeHHblii npouece, KpHcTaJ-
JH3alHsa BKJAKYaer B cefsi HeCKOJbKO cTafuil. Ecanm cKOpocTh KpH-
CTaJNH3alUun onpenessercs AH(Qy3Hell BelllecTBa K  NMOBEPXHOCTH
pacTyulero Kpucrajnaa, TO npouecc nporexkaer B AH(GGY3HOHHOH 06-
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JacTH. B COOTBETCTBHM ¢ KOHLNUHEH reTeporeHHBX MNPOLECCOB Mo
Hepucry ypaBHeHHe cKOpocTH —KpucTagaumsauuu umeer ‘Buja (1.20),
ecaH AonycTutb, 4to v=1. Ecan CKOpOCTb KPHCTAJJH3ALUHH JHMH-
THPYeTCA CKOPOCTbIO B3aHMOAEHCTBHS MEK1y YacTHUAMH MXKHAKOH M
TBepMoit a3, TO Mpouecc MOMKET NPOTeKaTh KaK peakiHs BTOPOro
nopsiJIKa.

KHHETHKA TETEPOTEHHBIX XHMHYECKHX PEAKIHHA

3aKOHOMEPHOCTH KHHETHKH TeTE€DOreHHBIX XHMHYECKHX peakiuik
3aBHCAT OT TUna peakuui. EcnH ocHOBBIBaTbCSI Ha arperaTHOM CoO-
CTOSAHHH KOMIIOHEHTOB CHCTEMbI, TO MOZXKHO BbIJEJUTh CJeAYIOUIHE
THIIBI T€TEePOreHHbIX XHMHYECKHX pEaKL{Hﬁ AJs CHCTEM, COoAepHKALIHX
xkuikoe (JK) u tBeproe (T) semectso [Xaybde K., 1962]:

) K+ T,-T,

2) K+ T, > K, + T,

£ ) K+ KK+ T,
4) T, + Ty =Ty + Ty,
5) T, + T, - Ty + XK.

AHasorHuHO MOXKHO KaacCH(HUMPOBATb FETEPOreHHble peakUuHH C
yuactHeMm O0JIblIEero yWejga KOMIOHEHTOB, a TaKxke rasoBoil (dasol.
Tunuunas rereporeHHasi peakiHsi 3aMelleHHs

" b Ty ML T (1.21) -

BKJIOYaer B cebs Hapsay co cragusMu nepesoca seiects JK; m JKe
(cM. Bhille) TakkKe caeaylollHe cTaiHH: l) pacTBopeHHe HCXOAHOM
¢asul Ty, 2) akT XHMHYECKOrO B3aHMOAEHCTBHSA, 3) KPHCTAJIH3AUHIO
KoHeuHo#l (aswel Ta.

Koraa HauGosee MejnneHHasi, JUMHTHpYIOILas CTaAus peakUHH
(1.21) — pactBopenue ucxoauoi ¢asws T;, TO 3aMellleHHe NPOHCXOAHT
o MexaHuaMy, OJH3KOMY K MnceBLoMOpdHOMY — nyTeM peakiHOHHO-
ro B3auMojeiicTeusi Ha nopepxuoctH ¢asul T, [[lo6poBoabckuit E. B.,
Jlsasko B. M., 1978). Eciu dasa T; nMeeT MeHbUIHH MOJEKYJsPHBIH
06bem, uem T, To B AajbHEilIeM NPOHCXOAHT POCT CJOS NPOAYKTA
peakuun T, Bo BHYTpb 3epeH 3amemiaemoit dasnl Ti. Juddysnonnsiit

- neperoc JK; ocyulecTBasiercsi no TpeUlHHAM H MOpaM MPOLYKTa 3a-
Meutenus T,. HaoGopor, ecnl ¢asa Tp umeer G0JbIIHHA MOJEKyasp-
HBIH o6beM, uem T, To oOpasyeTcs TOHKas 3IKpaHHpyloulas MJeHKa
- Ty, u npouecc sameluenHs npakTHUECKH npeKpailiaetcs (u3-3a MaJIoi
CKopocTH anddysun B TBepuoit (ase). CBojaka peakuuii ¢ yyacTuem
MHHEPAJIOB, NPOTEKAWIIHX [0 THIY ICeBAOMOPHHOrO 3aMelleHHs
graG.n. 1), 3aumcrBoBana u3 paborei E. B. Jlo6poBoabckoro H
. M. Jlaabko (1978). ITo naunwim apyrux astopos [Helgeson H. C.,
1968; Kaauwun JI. B., 1973], CKOPOCTH MHOTHX NPHPOAHBIX peaKiHit

- 3aMelleHHA KakK B IHJOreHHbIX TaK H 3K30TeHHBIX YCJOBHAX JHMHTH-

":'i;-pylo'r'cu CKOPOCTBIO PacTBOPEHHs HCXOAHBIX MHHEPAJOB.
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TaG6auwnga 1
XapakrepucTHKa peaxiii NceBAOMOPMHOro 3amMelleHHs

3 z |5,
Tlepsuunmft = 3amegaomuft Sl - § Venonue npewpamesns
MHHepan 32 g MHHepaJs a % eEzEY npolecca
8% § § |085%
Kanpuur 37,1 | ®moopur 24,5 | 1,51 | YcranosieHne paBHOBECHS WIH
MOJHOE 3aMell|eHHe

Tunc 74,8 | Kansuur 371} 2,01 To xe

Tunc 74,8 { Bapur 52,6 | 1,42 »

Tunc 74,8 | lLlenectun 46,0 | 1,62 »

Tunc 74,8 | ®mooput 24,5 | 3,05 »

JloaoMuT 65,7 | Kaabuur e T I L irg »

Tanenut 31,9 | Cdarepur 24,8 1,28 »

Cianepur 24,8 | Tanenur 31,9 ] 0,77 | OGpasoBarie  3KpaHHPYIOIIETO

caos

Kambuut 37,1 [unc 74,8 | 0,49 To xe

Kanpuut 37,1 Burepur 45,8 | 0,81 »

Kasbuur 37,1 | Crposusanur | 40,0 | 0,92 »

DaoopAT 24,5 | Tunc 74,8 | 0,32 »

Tanut 18,3 | Tenapaur 52,6 | 0,34 »

Anatut 157 Tunc 74,8 1 2,1 3asucut ot Konuentpauwsn H,SO,

[ns psaga npHPOAHBIX XHMHYECKHX peakuuii JHMHTHPYIOlleH cTa-
JHel ABIAETCS KPHCTAJIH3alMsA NPOAYKTOR peakuui. B stom cayuae
3aMelleHHe NPOTEKaeT [0 THOY PAacTBOPEHHE — MePeHoC — KPHCTaJl-
ausauus [Jo6posoasckuit E. B., Jlsasko B. W., 1978]: sewecrso T,
MEepexoAHT B PacTBOp, B PACTBOPE NPOTEKAET AKT XUMHUYECKOro B3aH-
MOJeHCTBHS, oGpa3ylorcs 3apoibiiyu  noBoit daswl Ts, Ha KoTopbIX
pacTyT KpHCTaNIB. 3aMeuieHye MOXET NPOHCXOAHTh Ge3 CyllecTBeH-
HOro u3MmeHenus ofbema TBepianix (has (cornacyo npasuay Jlunarpe-
HA O MOCTOsiHCTBE 00beMa NOPOALl IPH MeTacoMaTose).

Hns oaHoit # TOM Ke peakllHH B 3aBHCHMOCTH OT (DH3HKO-XHMH-
YeCKHX YCJAOBHH JHMHTHPYIOUlEH craaueit MoxKeT ObiTh JHO0O pacTso-
peuse wucxoAHOH (a3b, NGO KpPHCTANIH3aLHsA KOHeYHOH. 10 Hab-
JIOJAN0Ch, B YaCTHOCTH, [/ peaklHH 3aMelLleHHs Kaabuura ¢Jioo-
puTOoM, npu H3MeHeHnH pH u KonuenTpaumnm mona dropa [Jdo6po-
poabckni E. B., Jisabko B. M., 1978].

Hns XapaKTepHCTHKH €KODOCTH TeTEpPOT€HHLIX XHMHYECKHX peak-
IHil HeoOXOAHMO TNpHBJAEKAaThb 3aKOHBI AHGQY3HH, KPHCTANTH3AUUH
u GopmanbHoil kuueTHkH. Korja peakins JHMHTHPYeTCA KpUCTAJ-
JH3aNHeH KOHEeYHOH (pa3bl, TO CKOPOCTh PeaKlHH OlUCBIBAETCH ypaB-
HeHHeM KHHeTHKH Kpucrajaudauumu thuna (1.20). [das peakumu, npo-
TeKalollel N0 THOY H30MOP(HOro 3aMelleHus, COefyeT paccMaTpH-
BaTh GajlaHC pacTBOPeHHOro BellectBa YK, HA PeakiMOHHON HOBEpX-
HOCTH.

[Torok Bemecrsa JK; kK noBepxuocTu TBepio# dasm T, B cooTser-
CTBHH ¢ nepBbIM 3akoHOM Duxa pasen:

: aC
io=D(2=)_, (1.22)
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1

fAe NpoussoAnas Oepercs No BHeWHedl HOpManuw 2 K peaKuHOHHOM
nosepxnoct 2=0. Byaem cuntaTh, YTO Ha NOBEPXHOCTH MpOTEKaeT
HeoOpaTuMas pearkuns v-nopsaaka. Toraa 4Hcea0 YacTHU, peardpyio-
HAX B €AMHHILY BpeMeHH Ha | cM? MOBepXHOCTH peakuHH, B COOTBET-
CTBHH C OCHOBHBIM NOCTYJIATOM XHMHYECKOH KHHETHKH PaBHO

= iCY, (1.23)

rae C,— KOHUeHTPAUHA HA peakUHOHHOH NOBEePXHOCTH, R — KOH-
C€TaHTa CKOPOCTH PEaKIlHH, NPOTEKalolled Ha NMOBEPXHOCTH.

B cranuoHapHBIX yCJOBHAX YHCIO YacCTHI, NPHXOAALIKX Ha mO-
BEPXHOCTb, 'PaBHO YHCJAy pearHpylowux 4acrui. Toraa noayyaem
caejyiollee YCJOBHE Ha PeaKUHOHHOM MOBEePXHOCTH:

dac
Y o (1.24)
k dz z:ﬂ

Ecan £ 1, 40 COOTBeTCTBYT NPOTEKAHHID peakund B AHDDY-

3uoHHOK obaactyd, 1o (1, 24) npuoGpeTer BUA

C,=0, z=0. _ (1.25)

Ycaosue (1.25) osnauaer, yTo ecaH CKOPOCTb peaKkUHH Be/HKa,
'ro BCE YaCTHULI, MOAXOAALIHE K NOBEPXHOCTH, MIHOBEHHO pearHpyior.
% Ckopocts npouecca JHMHTHpYeTCS nuddysneii K, K peakuHoHHO#M
NOBEPXHOCTH, H AJA ee ONHCAHHS HeoO6XOAHMO HCIOJb30BATH COOT-
}3 BETCTBYIOIHE peIUeHHS ypaBHeHHH AHbOysun (cM. raasy 4).
b IMpu k1 mpoliecc MpOTEKaeT B KHHETHUecKoi ofaacTH, H yclo-
BHE Ha peaKUHOHHOI nosepxaocm 3amUchHIBaeTCHd CJaenyioluM o6pa-
30M.

(£).mo um

ycnoaue (1.26) o3mauaer, uto KOHUEHTpauus B ofbeme pactho-
Pa, npuserapuleM K MOBEPXHOCTH, HE MEHSIETCH npu yAaACHHH OT
- HoBepxHocTH peakuuu. CyMMmapHas CKOPOCTb Npoiecca onpefensercs
c;(Opocrblo XHMHUYECKOH peakuuu -

s A0V (1.27)
‘TAe C — KoHUeHTpauus B 06beMe PacTBopa. : '

By ‘ Famapa 2 Ak
LI YPABHEHUA NTHPPYIHU U dUJIADLTPALLUMU

- JuHamMuKa reoXWMHYECKHX INPOLECCOB HCCAEAYeTCH Ha OCHOBE
- TEOpHH OHJALTPALMH, B YaCTHOCTH TEOPHH Maccoob6MeHa HpH (GHIb-
- TPpauun u AuQPY3HH PacTBOPOB B MOPHCTHIX H TPEUIHHOBATHIX cpe-
Jdax. B cymectByiouuxX TeOpHAX (HJALTPALMH TPaAHUHOHHO NPHHH-
‘MaE'rcs: YTO JKHAKOCTh ABHKETCA 4Yepes NMOPHCTYIO CPEefy O CKOpo-
CThIO, KOTOpast ompedessercs pacxoioM, OTHECEHHHIM K eIHHHUE ce-
2 3ax. 164 i7




yeHHs motoka. [IpH 3ToM, ecrecTseHHo, He yyHThIBaeTcs cnenupHue- (
CKas CTPYKTYpa (HALTPALUHOHHONO NOTOKA MKHAKOCTH, CBfi3aHHAS C
CylllecTBOBaHHEM B MOPHCTOH Cpee NPOTOYHBLIX H 3ACTONHBIX 30H.

Huxe Ha ocHoBe OpHIHHaJbHBIX HCCJAeJ0BaHHH® paccMaTpHBAIOT-
CsA OCHOBBI TE€OPHH TEUYeHHA KHIAKOCTH B IlOpHCTOﬁ CPEHE Cc l'lpO'l‘O'i—
HBIMH ¥ 33CTOHHBIMH 30HAMH.

OCOBEHHOCTH NH®PY3HH B NOPHBLIX MMOPOJAX

Huddysnsa —3To npolecc nepeHoca BelllecTBa W3 OJAHOH  uacTH
CHCTEMBl B JIPYryio, OOYCJOBJEHHBIH TEeMJOBHIM JIBHJKEHHEM YaCTHIL
(MONeKys, aTOMOB, HOHOB H T. T.). OHa mpoTekaeT Kak B OAMOM Be-
LIECTBE, TAaK H B JI000f CMeCH BEILECTB HE3aBHCHMO OT WX arperaTt-
HEIX cocTosiHHH. B nepBoM caywae mpouecc HaswBaeTca caMoaugdgy-
3Heil, BO BTOPOM — B3auMoanddysuein uan npocro augpdysueir. Ten-
JIOBOE [BHKEHHE aTOMOB H MoJjexkyn xaoruuno. [lostomy B oaHOM
peulectBe AH(GGYy3Hs OecnopsifioyHO MEPeHOCHT HacTHILBL H3 OJAHOTO
mecta B jpyroe. OaHako ecanm B cHCTeMe HMeIOTcs JABa HJAH Gojee
BelecTs, TMpHYEM KOHUEHTpauHH HX B Pas3HbLIX TOYKAX HEOLHHAKOBHI,
TO BO3HHKAIOT HamnpaBJeHuble AHGdY3nOHHBIE TNOTOKH, CTPeMsilnect
BHIPDABHHBATh KOHIUeHTpaluH. Takas cucteMa nocpeicTBoM AH(@y3HH
NepexojHT B COCTOSIHHE TepMOAHHAMHYECKOr0 pPaBHOBECHS, OTBeYao-
1lero MakcUMaJbHO HEYNOpAAOYEHHOMY pacnpejeseHHI0 YacTHll, T. e.
paBeHCTBY KOHIEHTPAUHH KaKJI0r0 H3 HX KOMIOHEHTOB B I00oii ya-
crti cucreMmbl. CaenosatenbHo, aHMdy3ua sBjAsSeTCS CaMONPOH3BOJIb-
HbiM H HeoOpaTHMBIM npolleccoM. biaronaps cBoefi yHHBepcaJlbHOCTH
Anddysns Hrpaet CyIECTBEHHYIO POJAb B TeTEPOTeHHLIX Tmpomeccax
reoxumudeckoit murpaunu [FoayGes B. C., TapuGsany A. A., 1968].

3akonoMepHocTH AH(GY3un Brepssle Oblau chopMyanpoBaHsl PH-
KOM B BUAC JABYX 3aKOHOB, IlepBuit sakon ®uka raacut, uTo AHPY-
3HOHHHIH MOTOK BEUlecTBA NPONOPUUOHAJEH ero rpPajueHTy KOHUeH-
TPAUHH H HANpPABJIEH B CTOPOHY ee yObIBaHusi, T. €.

Jo=— DgradC, @.1y
WM 1715 OAHOMEpHO#H AHPdY3HH BAOIb OCH X
- at
!D = — E— > (2.2)

31eck jp—nucpcbyaﬂom{'uﬁ NOTOK, T. €. KOJHYeCTBO BelllecTBa, mepe-
uocumoro audbdysuel uepes eAHHHLY cedeHHs cpelbl (B OJHOMEPHOM
ciayyae MepneHAMKYJISPHOro K X) B elnHHuy sBpemeny, D — xoad-
duupent Aupdysun.

Kak caeayer u3z (2.1) u (2.2), koadpduunent auddysun uncaeHso
paBen nuGGYIHOHHOMY HOTOKY TPH rpajuenTe KOHIEHTPaLHH, paBHOM

* DKcnmepuMeHTaAbHBIE HCCAS/OBAHMS BunosHenst A. A, TapuGsnuem.
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elHHHIle, ero pasMepHOcTb — cM?/c. B npaAMOyrosbHHX KOOpAHHATax
(x, y, z) ypaBHenue (2.1) npHHHMaeT BHA

" oG gl acC

in D( et ) (2.3)

Ecau jp Mensercs co BpeMeHeM, TO B CPejie NPOHCXOAHT HAKOMJe-
nue uan youiab AnhgyHAHPYIONEro BelecTsa.

Haifinem 3akoH H3MeHEHHS KOHIEHTPALHH BO BPEMEHH B (PHKCHPO-
BaHHOH TOUKe Cpeflbl AJS NpocTefllero ciaydas onHoMepHoR auddy-
3HH BIoJb ocH x. PacceMotpuM and@y3Hio B UHIHHIPE TONEpPedyHbIM
cedeHuem | cm?, och KOTOpPOro mapanajenbHa ocw x. Mamenenue za
e[HHHIy BpEMEHH KoJH4ecTBa BellecTBa BHYTPH OeCKOHeYHO MaJoro
o6beMa 1HJAHHApa, 06pa30BaHHOrO ABYMSA MJOCKOCTSAMH, MEpNeHIHKY-
JASPHBIMH K X H OTCTOALIMMH ADPYr OT Apyra Ha paccToannu dx, pap:
HO PA3HOCTH MEXK/LY BXOAAUMM H BBLIXOAAULHM TMOTOKAMH, HJH

ac (x, ) . __niCk, Y aC (x 4 dx, 1)
ot AT dx i dx ;

Pasnaraa C(x+dx,t) B paa 10 crenenamM dx, noay4uM ypaBHeHHEe
Broporo 3akoHa ®uka (ypaBHenHe HecTauMonapHoil aHddy3uu):
aC ac

Y e (2.4

310 ypaBHenHe jerko oGobulaeTcss Ha caydait TpexmepHoil auddy-
3HH
2 aC *>C a*C a2C

‘a',—:D(axa TRy 62,). (2.5)

Pemas ypasuenusi (2.4) u (2.5), MoxHO Ha#iTH pacnpeneseHue Aub-
®ynaupyioniero peulecTsa B cpeje B 060l MOMEHT BpeMeHH, eCaH
3ajaHbl Haya/JbHble H rpaHuYyHbIe ycaoBufi mpouecca [Crank 1., 1956;
Boarake 5. U., 1961; T'ony6es B. C., Tapubsaun A. A., 1968].
Huddysus B ropHBIX MOpoAax JHUIb B HCKIIOYHTEJbHBIX CAydasx
HOMUKHACTCS YKA3apHLIM BHille 3aKOHOMEPHOCTAM, TakK Kak OHa npo-
TeéKkaer B 6oJee CJ0XKHOH 06CTaHOBKE, ueM Ta, KOTOpas Y4YHThIBajach
NpH BhIBofe ypaBHenu# Au(ysun. Bce mopoisl HMEIT NOPHCTYIO
CTPYKTYpy, BKJIOYAlOULYl0 MOPbL pa3HbiX pa3MepoB H GOpMBI, u Me-
XaHH3M mepeHoca BeIIECTBA B HHUX BecbMa caoxeH. [opubsle nopoast
ABJNAIOTCA reTeporeHHBIMH CHCTEMAaMH, BMEIAoUIHMH PAacTBOPH HJH
Pa3bl, yan pacTBOPH H rassl ofHoBpeMexHo. [Ipu augdysuu B rere-
i];ﬁi'enﬂoﬁ Cpejie BellleCTBO B3auMOAEHCTBYeT ¢ TOPHLIMH MNOPOAAMH
(Cop6upyercsi, BcTynaer B XHMHYeCKHe peakuud). B mpupoxHoii 06-
€TaHOBKe BenlecTBO yacTo AHQOYHAHPYET 4epe3 CepHi0 HEeOoAHHAKO-
BBIX niacToB, B KOTOpHX Ko3duuueHT AudDY3uH pasubiii, 4To yc-
- loXuser onucanne Auddyauu.
Pacemotpum, kakuM 06pa3oM MoryT GITh yuTeHH HEKOTOPHE H3

YKa3aHHEIX OCHOBHBIX (haKTOPOB mpH onHcaHud AHGGOY3HH B TOPHBIX
Mopoaax.
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[Topucrocts cpean. Ilepenoc BmMeuaeMblx B NOPHCTHIX
Ccpefiax BEULeCTB NPOMCXOANT NO NOPaM H MpeiacTasiaser coboil caowx-
Hoe sipaenne. [lepenoc BemlectBa B KHAKOW (ase oOyc/OBJIEH MoJie-
KyaspHoiit auddysueit. Ilpoueccsl nepeHoca B rasoBoil ¢ase Gosee
pasnoobpasusl. Ecau anamerp nop d Goablte faauupl  cBOGOAHOTO

d
npobera MoJeKyJ rasa h(—)} l), TO npouecc nepeHoca o06yca0B-

JieH 06buHOi Au(dy3nelr, mpoucxoasileil B o6beme rasza. Ilpu ouensb
HH3KHX JIaBJeHHsAX ra3a HJIH B Y3KHX mopax (—(( l) MOJIEKYJIbI

NpeHMyIleCTBeHHO CTAJKHBAIOTCS He APYr ¢ Apyrom (Kak B caydae
-:— >1), a co creHkaMH nop. MexaHH3M mnepeHoca BeLIeCTBa 3/1€Ch
y¥xe Apyrod, OH HOCHT Ha3BaHHe KHy/JACeHOBCKOH auddysun. Hako-
Hel, B YJAbTPanopax, pasMepel KOTOPHIX CPABHUMBL ¢ NONEpeYHHKAMYU
MoJieKyJ, AHQQysHs BecbMa 4YyBCTBHTeJbHA K pasmepam JaH(OyH-
JAHPYIOIMIUX MOJIEKYJ.

Tak Kak ropHsie MOPOJAB HMEIOT TOPH BCEBO3MOMKHBIX Pa3MepoB
W pa3Hoi (POpMBI, MepeHoc BEUeCTBA MPOHCXOAHT BCEMH YMOMSHYTHI-
MH BbIlIe CMOCOGAMH OZHOBPEMEHHO. JTO 3ATPYAHAET KOJIHYECTBEH-
Hoe ‘onucaHHe npouecca. Haubosee paspaGoraHa B 3TOM OTHOILEHHH
6unopucran mojenb copOeHTa, B KOTOpPOi y4uTbiBaercs AHpdy3Hs
copbupyemoro BeulecTBa B TpaHcmopTHRIX (GoJsiee mupoxﬂxf nopax
H COpOHPOBAHHOrO BELIECTBA B MHKPOMOPHCThIX 30Hax [3osoTa-
pes I II., Oy6unuu M. M., 1973; 3oaorapes II. I1., 1979].

Teopernyeckne uccaefoBanud nokaseiBaloT [Tumogees M. II.,
1962}, uto cropocTh mpouecca BO BCEX CayyasX HMeeT OJHHAKOBYIO
3aBHCHMOCTb OT rpajHeHTa KOHLUEHTPalWH, AHAJOTHYHYK 3aKOHAM
auddysun Puka, CnenosarebHO, npu A0GOM BHAE NMepeHOCa Bellle-
CTBA B MOPHCTOW cpeje, B TOM YHCJAE [PH NEPEHOCE B TOPHEIX TMOPO-
Zax, CKOpOCTh Npolecca B MEpPBOM MPHOJHMKeHHH (OopMadbHO MOMeT
OHTh BHIpaXKeHa ypaBHeHHAMH AHGQY3HH C HEKOTOpbIM 3DPeKTHB-
HBIM KO3(duuneHTOM AHDDY3HM.

Crpykrtypa cpenn. Paccmorpum auddysuio B 3@pHHCTbIX
noponax. Auddysus pacTBOPEHHBIX BEUHECTB B 3TOM Caydae MOXKeT
NPOHCXOAHTb B CBOGOJHOM mPOCTPAaHCTBE MOPoA (T. €, B NMPOMEKYT-
Kax MeXay rpanyilamu). Ecau NpoMeKyTKH MEMXAy rpaHyjJaMu 3a-
MOJSIHeHH ra3oM, TO BO3MOXHA Jauddysus TonbKo razosB. Korga cpo-
60HOE NpPOCTPAHCTBO MOPOJ YAaCTHYHO HJH IMOJHOCTBI  3aMOJHEHO |
BOJOH, To Hapafay ¢ auddysuedi rasop npoucxoaut Auddysua pacrt-
BOPEHHLIX BellecTB B XKHAKOH (ase.

Pacemorpum cyiofi mopoasl ToamuHOR [, B KOTOPOM HaXOZHTCH
yCTAaHOBHBLUHACA NOTOK AuddyHAHpYioulerc Bellectsa. Duaropaps
reTeporeHHOCTH Cpe/bl HCTHHHBIH NMyThb NPOAHGGYHAHPOBABIIHX CKBO3b
nopony uyacTuy pased 1/, rae n'>1— penuunna, NOKa3LiBAI0ONAs, BO
CKOJIbKO pa3 nyTb ABHKeHust yacTui Goabuwe [. Ilotox auddysaupy-
loulero BelllecTBa 4epe3 1 cm? nOBEPXHOCTH NPH YCJOBHH, 4TO KOH-
LeHTPalHs OTHOCHTCS K €AWHHIE ofbeMa NMOPOJAH, B COOTBETCTBHH C |
nepsuiM 3akoHOM PuKa paBeH:
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£33 S0 C1—"Cz 1% C‘—Cz
T et b (2.6)

rae D — xoapipunnent nuddysun B nopone, Dy — koaddbuunent aud-
QysHH B KMAKOCTH MJH rase, 3anoJHAIONIEM TNPOMEXYTKH MexXIy
rpanyaamu.
H3 dopmyan (2.6) cne,zlye'r

BT T D rlDDs ('fl < l): (2'7)

rae 1 (uacto 1) — Ko3bPUIKEHT WIBHIRCTOCTH.

! TaKHM obpazom, Koadpduuuent anddysun Beuecta D B mopu-
cTOli cpese MeHbLIe COOTBETCTBYIOLLEro Kosdduunenta auddysun Do
B o6beme pactBopa Hau rasa. Kosd¢uUHEHT H3BHAHCTOCTH 3aBHCHT
OT crmocofa yK/a/KH 4acTHI, HO He 3aBHCHT OT HX pasMepoB (NpH
YCAOBYH, YTO TeoMeTpuueckasn $Hopma coxpansercs). Tak, aas Ky6u-
uecxoﬂ YyNaKoBKH OJAHHAKOBBIX MO pasMmepy ma2p006paaﬂblx YaCTHH,
‘ n

‘—___.. 1
: 5 s poMOHYECKOH YNaKoBKH 1 = 35
- Ecan xonuentpausio AnddyHaupymoomero sewecrBa C’ OTHOCHTB
x efHHHIe of6beMa OPOBOr0 pacTBOpa, TO BMECTO Bupaxenns (2.6
Sydem nmetb
W

. e O

(S o
ID=D l _..]_...._2

=Do% .
n'l

’ (2.8)
";e % — NOPHCTOCThb CPEebl.’

Torna cea3b Mexay kKospduumentom andpdysmn D B nopucron
épe.ae H Dy B pacTBope HJH rase BHPasHTCA

* D = nuD, (2.9)

?ﬁw Baaxuoctes nmopoa CojepKanue BJaru B TOPOJAax OKasnl
%'e'r CylIeCTBEHHOE BJIHSIHHE HAa CKOpocTh AHDOY3HH pacTBOPEHHBIX
ectB Hiu ras3oB. Jluddysusi ra3os uaer yepes BO3AYX, 3amOJHsA-
uii nopsl. Ilpn HemosnHOH yBJaKHEHHOCTH BOJA 3aNMOJIHAET HacTb
B TOpojax, raaBnpiM ofpa3oM kanuwanspunie nops. Cnepora-
BHO C YBEJHYEHHEM BJIaXKHOCTH CKOPOCTb AH(PY3HH rasoB yMeHb-
aercs. B yBnaXHeHHBIX H BJAXKHBIX 1OPOAAX AudPysHs NPOHCXO-
' rlaBHBIM 006pa3oMm Yepe3 HeKanuJJIAPHHE (MeKarperaTHblé no-

. Ecam ras pactsopsieTcs B BOAe, TO  INPOHCXOAMT ‘AubPy3us
ACTBOpeHHoro rasa. OJHakKo, ec/iH PacTBOPHMOCTb TA30B HEBEJHKA,
) MOXKHO CHHTaTh, 4TO nmb(byanonﬂuu nepeHoc pacTBOPEHHOro rasa
peHebpexxumMo maJ.

JloBOJILHO C103KHO ouemnb poab Baarn B AH(dy3uu pacTBOpeH-
BIX B XHAKO# (ha3e BemlecTB (3JEKTPOJNHTOB M HEIIEKTPOJHTOB).
MODysHs pacTBOPEHHBIX BEIIECTB MOXKET NPOTEKaTh TOALKO B ey~
, KOrla Nnopsl mopoji 4aCTHYHO HJIM NMOJHOCTHIO 3AMOJHEHLl BOJOH.
M MeHblle cojepKaHHe BOJABl B NMOpax, TéM MeHbIe CKOPOCTb AH-
PYsuu. Opnako snpjenne AHGQY3HH YCAOKHAETCH OCMOTHUECKHM M€«
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