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[peancnosue

Boripoc o ToM, KaK 3BOJIIOLIMOHHMPYET BCe TO, YTO HAC OKPYKaeT, Ha-
YaJ 06CyKOaTh 3aM0JTOo 10 JleMOKpHTa, HO TUCKYCCUM IPOIOJIKAIOTCS
U cerogHs. O6CyXneHrue 0COOEHHO 00OCTPUIIOCh MOCTIE TOTO, KaK MHO-
rve NoBepwIn B mneto bompimoro B3peiBa u MoSBIIACH TTOTPEOHOCTH
OCMBICJIEHNSI HOBOTO 3KCIIepUMEHTAIFHOTO MaTepHaJjia, KOTOPHI B He-
OBIBaJIOM O0beMe HaKaIUIMBAeTCsI pa3HBIMUA HayKaMH OT aCTPOHOMUM JIO
MOJIEKYIISIpHOM 6nosorn. Hemablii MaTepmral HaKOIICH U B OTHOIIIE -
HUHN 5BOJIIOLINY TBEPIOTO BellleCTBa KaK Bo BceleHHOIT B 11e710M, TaK M
MpY KOHKPETHBIX CUHTE3aX TBEePIbIX IpomyKToB. KoHeYHO, BoIpoc 00
SBOJIIOIIM TBEPIOTO BeIeCTBa HEJIb3SI OTOPBAaTh OT SBOJIOIIMOHHOM
Mpo61eMaTUKA B HesioM. Ho maHHEBII BOIIPOC MMeEET CBOIO CITELIM(HKY.
OHa 00ycJIOBJIeHa TeM, YTO O 3apOKICHUM, pOCTe M YIaCTUM KPUCTAI-
JIOB B TIPUPOIHBIX M TEXHOTEHHBIX MpoIleccaX HAKOIUIEHO TaK MHOTO
TAaHHBIX, YTO MOKHO COCTaBUTH MpeACTaBIeHIe 00 SBOTIOLINI TBEPIOTO
BellleCTBa, He Iproerasi K MPOM3BOJIBHBIM THITOTE3aM.

DBOTIOLIMOHHASA MOIIEJb TBEPIOTO BEIIeCTBAa — 3TO COBOKYITHOCTH
HaJIe>KHO YCTaHOBJICHHBIX 3aKOHOMEPHOCTEI1, KOTOPhIe He TOJIBKO T03-
BOJISIOT TIOHATH, KaK pa3BUBaeTCs BEIIeCTBO IIPU MOJyYeHNU 1 KaK Je-
TpagrpyeT IpH VCTIOIb30BaHINU, HO 1 CITy>KaT METOMOJTOTMYeCKOM OCHO-
BOI pellleHNsI KOHKPETHBIX TEXHOJIOTMUYECKUX 3amIad.

IToTpeOGHOCT, B 3BOIOIIMOHHOI MOIEIM OMIyIajach ITaBHO, HO
cTajla HaCyIIHOM B CBSA3M C pa3BUTHEM HaHOTeXHOJIOIMU. B HaHOTEeXHO-
JIOTUM MCTIOb3YIOTCS BEIIECTBA, COCTOSIIME U3 TBEPAbIX YACTULl HAHO-
METpPOBOIO pa3Mepa, T. €. HaXOOAIIMXCSI B «HAHOCOCTOSHUU». Yepe3
«HaHOCOCTOSIHHE» BEIIeCTBO MPOXOMUT Ha paHHEe! CTaauM SBOJIIOIINM,
KOTJIa TOJIPKO UTO 3apOIUBIIIECS YaCTHULIBI ellle He YCIIeIN YKPYITHUTD-
¢Sl HaCTOJIPKO, YTOOBI BEIMTH M3 HAHOMETPOBOTO muamna3oHa. OmHaKo
cTagrsl HAHOCOCTOSIHUS OOBIYHO KpaTKOBpeMEHHA, TaK YTO HAyIUThCS
yIepXUBaTh BeIleCTBO Ha JaHHOM CTamMM — 3TO 3HAYUT PacIIMpPHUTH
BO3MOXHOCTH HaHOTeXHOIOTU. Bojlee Toro, oCMBICIIEHHO UCIIONIb30-
BaTh BEILIECTBO B HAHOCOCTOSTHNM 0€3 TIOHUMaHUs TOTO, KaK BEIIECTBO
BXOIIWT B 3TO COCTOSTHIE U KaK BBIXOIWT M3 HETO, IIPaKTUYeCKHN HEBO3-
MOXHO. BTO 00CTOSITETLCTBO TAJIO TOTYOK K pacITIpeHUIO NCCIeIoBa-
HUIf paHHUX CTaOWii 3BOJIOINM TBEPIOTO BellleCTBa, a 3aTeM M BCETO
3BOJTIOIIMOHHOTO IIpollecca B IIEJIOM.

B naHHOI1 KHMTe coOpaHbl U B KaKoil-To Mepe 0000I11eHbl HEKOTO-
pBIe 3KCIepUMEHTaIbHBIE Pe3yIbTaThl U3YUeHUST M3MEHEHUS COCTOSI-
HUSI ¥ CBOMCTB TBepHIOTO BeIlleCTBa B MPOIIECCe ero BhIACICHUS U3 TTepe-
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CBHIIIIEHHOW CPe[ibl, a TaKXe MPU MOCTIeAYIOIEM XpaHEHUH 1 NCTIONb30-
BaHUU. BobIast 4acTh 3TUX pe3yJIbTaTOB TOJTyYeHa B JabopaTopuu re-
TEPOTEHHBIX MPOIIECCOB XUMUUECKOTO haKyasTeTa MOCKOBCKOTO ToCy-
JIapcTBeHHOro yHUBepcuTeta nMeHU M. B. JlomoHocoBa. OcTajbHbIe
TTaHHBIE B3AThI U3 IUTepatypbl. OTIIEHKN TOKAa3a/IM, YTO K paccMaTpuBa-
eMoli mpo0OIeMe UMEIOT OTHOIIIEHNE He MeHee 5 MITH HayYHBIX ITy0InKa-
muit. I3 HUX B KHUTe MCTIOIb30BaHbI TOJIBKO T€, KOTOpbIe Hanbosee co-
OTBETCTBYIOT €€ TEMaTUKe.

Martepuasl KHUTH SIBJISIETCST paCIIMPEHHBIM BapDUAHTOM ITMKJIA JIEK-
uit, KOTOpble OBLTM TIPOYUTAaHBI B MOCKOBCKOM TOCYTapCTBEHHOM
yHuBepcuteTe 1 OOpa30BaTeIbHOM LIEHTPe 110 HAHOTEXHOJIOTHUM.

ABTOp BbIpaxaeT ri1yookyio 6garomapHocts B. E. boxeBojibHOBY 1
9. JI. Ko310BCcKoIii 3a TIIONOTBOPHOE 0OCYXIeHWe 1 ITOMOILb B 0hopM-
JIEHUW PYKOTIVCH.



Mnaga 1
BeegeHune

Hamma BecenenHas «3aceneHa» TBEpIbIMU TeJlaMU. TBepbie BEIecT-
Ba HETIPephIBHO 00pa3yioTCs B OKOJO3BE3MHOM MPOCTPAaHCTBE, (DOPMU-
Py TIbLIEBBIE 00JIaka KOCMWYECKOTO MacITaba. MupHabl TBEPIbIX Tell
(hopMUpYIOT «3eMHYIO TBEpIIb», 00pa3ylOTCs B TOJIIE MOPCKOW BOIHI,
BBIIETISTIOTCS] TIPU U3BEPXKEHUU BYJIKAHOB U T. 1. B maboparopusix u B
TPOMBITIIEHHOCTHU €XeIHEeBHO cuHTe3upyeTcs 6oiee 200 ThIC. TBEPIbIX
BEIIIECTB, 3HAUUTEbHASI YACTh KOTOPBIX UCITOIb3YeTCs B KAYECTBE KOH-
CTPYKIIMOHHBIX 1 (DYHKITMOHATHHBIX MaTEPUATIOB.

B okpyxatoiiieM Hac MUpe TBepIIble BEIIECTBA BHITIOTHSIIOT MHOXE-
CTBO pa3HOOOpa3HBIX (PYHKIIMII, B 3HAUUTETHLHON Mepe OTpeIeISTIOINX
JIIIO Hallleil MBUIN3anui. ToJIbKO OMVH TIPeICTaBUTEIb TBEPIBIX Be-
IECTB — TUIPOKCUATIATUT — BBITIONHSET B OpPraHM3Me YeloBeKa o
MeHbIlIeH Mepe Tpy (GYHKIMU. BXxomst B cocTaB KOCTHOW TKaHW, OH
obecrieyrBaeT MPOYHOCTh HAIIEeTO cKejleTa. Haxonsch B 3HAUNTETbHBIX
KOJIMYECTBAX B KPOBOTOKE, €70 HAHOKPUCTAILIBI TTOIEPKUBAIOT TTOCTO-
STHCTBO KOHIIEHTpAIlUM KaJdblds B TUIa3Me KpoBu. Hakownerr, oGmamast
GOJIBIIIOI COPOIIMOHHOI CITOCOOHOCTHIO TIO OTHOIIEHUIO K PSITY SITOBU-
THIX BEIIECTB, TMIPOKCUATIATUT CTIOCOOCTBYET CHVKEHUIO WX BIVSTHUS
Ha opraHu3M. [1pu 3ToM 3¢PeKTUBHOCTH BBHITIOTHEHUS THIPOKCHATIA-
TATOM YKa3aHHBIX (DYHKIIWI 3aBUCUT OT TOTO, KaK IMPOUCXOIUT 3apOXK-
JIEHWE, POCT M pacTBOpPEHNE €r0 HAaHOKPHCTAIOB Ha Pa3HBIX 3Tariax
pa3BUTHSI OpraHU3Ma, T. €. OT TOTO, KaK 3BOMIOIMOHUPYET TUIPOKCH-
artaTuT, TI0 Mepe TOTO KaK MbI CTapeeM.

DBoMOIMS TBEPIOTO BeIlleCTBa — SIBJIEHWE MHOTOCTAIMiTHOE U
cioxHoe. OHO 3HAYMTEFHO TPOIIIE, YeM 3BOTIONMS OUOIOTUIECKUX U
COIMATbHBIX CUCTEM, HO U €TO OIMMCaHWe BO3MOXKHO TOJBKO MOCe Ha-
KOTUIEHUSI TaKOTO O0beMa 3KCIepMMEHTaTbHON WHGOpMAIun, KOTO-
PpPblii TO3BOJISIET CBECTU TUTIOTETUYHOCTh OMMCAHUS K PAa3yMHOMY MUHM-
MyMy. B HacTosIImit MOMEHT 3TOT MUHUMYM, TIO-BUAUMOMY, TOCTUTHYT,
TaK 4TO MOXKHO COCTaBUTh (pparMeHTapHYIO, HO CBSI3HYIO KapTUHY 3BO-
JOLIVU, OTIMPAsICh Ha (paKThI.

1.1 MpeameT paccmMoTpeHus

B manHoii paboTe paccMarprBaeTcs TeTeporeHHasl cricTeMa, KoTopasi Co-
CTOUT W3 MHOXKECTBA TBEPIIBIX YaCTHUII (TBEPIBIX TeN), TIOTPYKEHHBIX B XKIII-
KYIO WU Ta30BYIO cpefty (BHYTPEHHIOIO CPEly CHICTEMBI), M OT/IeJIeHa OT OC-
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TaJIbHOTO IPOCTPAHCTBA (OT BHELIIHEN cpeibl) cTeHKamMu. Yepe3 CTeHKH B CH-
CTeMy BBOISITCS BELIIECTBA, TEIUIOBast M MexaHndecKas Heprusi. Kpome To-
T0, Ha CHICTEMY HAJIAraloTCs 3IEKTPOMAarHUTHBIE M TPaBUTALIMOHHBIE TIOJIS.

IMox yacTulieil BelecTBa MOApa3yMeBaeTcsl COBOKYITHOCTh TOCTa-
TOYHO OOJIBIIOTO KOJMYECTBa aTOMOB, CBS3aHHBIX OPYr C JPYrOM
CTOJIb CHJIBHO, YTO OHM MOTYT JJTUTEIHHO TTePEMEINAThCS B IPOCTPaH-
CTBe KakK eIMHOE IIeJI0e C cCOXpaHeHneM (opMBbI 1 peibeda MoBepXHO-
ctu. TToTHOM XapaKTepUCTUKOM KaX IOl YaCTULIBI SIBISETCS COBOKYII-
HOCTh ITAPAaMETPOB COCTOSHUS BCEX COCTABISIONIMX €€ aTOMOB.
Hab6moneHusa 3a MoBeIeHMEM OTOETIBHBIX aTOMOB Ha IOBEPXHOCTH
TBEPIBIX TeJ in situ METOXAMHU aBTOMOHHOI, TYHHEJIbHON M aTOMHO-
CHJIOBOM MMKPOCKOIUM YKa3bIBAIOT HAa TO, YTO COCTOSIHME KaXKIOTO
aToMa CJIedyeT XapaKTepHU30BaTh IMPOCTPAHCTBEHHBIMU KOOpIMHATA-
MH ¥ CKOPOCTBIO €T0 ABVKEHHS, PACCTOSTHHEM IO COCETHUX aTOMOB U
IapaMeTpaMM pacripee/ie HUsI 3JIEKTPOHHOI IIOTHOCTH B €T0 OObeME.
OmHAaKo TOrIa OIMCaHKe TTOBedeHUS YaCTHLIBI KakK 1IeJI0T0 IpeBpalia-
eTCsl B CJIIOXKHEWINyIo 3amady. ISl yIpOIIEHWS 3adaddl IIPUXOIUTCS
MpuderaTh K COKpaIleHHOMY OIMCAHMIO, TOTYCKast, YTO GOJIBIIMHCT-
BO IApaMeTPOB COCTOSTHMS KaXIOil YacTHIIbI, YCpeTHEHHBIX BO Bpe-
ME€HM, OJHO3HAYHO CBSI3aHO CO CPEIHMMH IMapamMeTpaMu COCTOSTHUS
aToMoOB YacTulibl. CliesiaB Takoe JOMyIIeH’e, TTapaMeTpbl COCTOSTHUS
{X;} Xxaxmoii yacTUIIBI leJIecoOOpa3HO pa3aeIMTh Ha BHelllHUe {X|;} 1
BHyTpeHHHUe {X,}:

{/Yl} = {Xli} +{X2[}’ {Xli} = M> )(i’ Vg li: hh {X2t‘}: Gui> Osi> Mei> Vois Viis

rne M — Macca 4acTuilbl, X; — IMTPOCTPaHCTBEHHBIE KOOPIWHATHI €€ 11eH-
Tpa Macchl, V,; — CKOPOCTU MOCTYIATEIbHOTO U BpalllaTeIbHOTO JBUXKE-
HUA, [; M h; — TTapameTphbl, XapakTepusyionme GopMy (TrabuUTyc) 1 peib-
ed TOBEPXHOCTU YacCTULbpl, G, Gy U 1, — IapaMeTpbl CTPYKTYpbI
00beMa, TIPUTTOBEPXHOCTHBIX YYACTKOB M 3JIEKTPOHHOM CTPYKTYPHI Yac-
TULL, V,,; U V,; — XapaKTEPUCTUKU YaCTOT KOJIeOaTeTbHbIX U TPAHCIISILIN-
OHHBIX ITepeMELIEHNIA aTOMOB.

BHyTpeHHUE 1 BHEIITHME TTapaMeTpPhl XapaKTepU3yIOT COCTOSTHUE Yac-
TULIBI TI000TO pazMepa. OTHAKO Y YaCTULI, COMEPXKAIIMX Majoe YUCIIO
atoMoB (n < 10%), TapaMeTpbI TEpSIIOT OIPeIeIeHHOCTb, TAK KAK COCTOSI-
HUe YacTull hIyKTYHpyeT BO BpeMEHU M3-3a TETUIOBOTO IBIKEHUS, a TIPU
n < 10° pIyKTyalmM CTOJIb BEMKHU, YTO YACTHULIBI C OTMHAKOBBIMU CBOIA-
CTBaMU HaXOSITCSI B CYIIECTBEHHO Pa3HOM COCTOSTHUM. B maHHOIT paboTte
B OCHOBHOM PacCMaTpPUBAIOTCS YaCTHIIBI C YKCIIOM aToMOB n > 10°, KoTo-
phble SBIISTIOTCS HOCUTENISIMU CTa0MIbHBIX CBOMCTB BEIIIECTRA.



BeepneHune 9

BHenrHMe mapaMeTpbl COCTOSTHUSI YaCTUIIhI XapaKTepU3YIOT ee Be-
IIECTBEHHO-3HEPTETUIECKUIT OOMEH CO Cpeloil, a BHyTpeHHUE I1apa-
MeTphI — TlepepacrpeeieHre BellleCTBa U SHEPTUN BHYTPU YaCTUIIBI.
HM3MmeHeHMe Tex U ApYyTvX BO BpeMEHU B pe3yJbTaTe BHEIITHUX BO3Iel -
CTBMII Ha CUCTeMY Jajiee pacCMaTpuBaeTcs Kak (PU3NMKO-XUMUYecKast
3BOJIOLMS BelllecTBa. [Ipu 3TOM MMeeTcs B BUMY, YTO MOTYT peain3o-
BaTbhCS JIBA MPEIEIbHBIX 3BOIOIMOHHBIX MapIIpyTa: MpH MEPBOM OC-
HOBHbIE U3MEHEHUSI IPOUCXOJISIT C BHEIITHUMM, a TIpU BTOPOM — C BHY-
TPEHHUMHU MapaMeTpaMU COCTOSTHUSI.

M3mepeHunst mokasaiu, 4TO B MIPUPOJAE HET BEIECTB, Y KOTOPHIX
BCE YaCTUIIbI UMEIOT OTMHAKOBBIE CBOICTBA. [1OTIBITKY TPUOIU3UTE-
csl K TAKOMY BEIECTBY (CIeIaTh BeIeCTBO MOHOIUCTIEPCHBIM) TIPO-
JEMOHCTPUPOBAIN, YTO IJIS 3TOTO HYXHBI HEOTpeIeleHHO-00.b-
e 3HepreTuYeckre 3aTparsl. [lo3TOMy B KayecTBe OCHOBHOI
XapaKTEePUCTUKU BEIleCTBA B JTIOOO MOMEHT 3BOJIOIMU BHICTYTAET
mnddepeHnmanbHas GyHKIUS paclipeaesIeHUs ero YacTUll Mo CO-
CTOSTHUSIM

o’ N
9X,...0X, ’
rae Ny — YUCJIO YacTHLl, y KOTOPbIX 3HaYEHUSI apaMeTPOB COCTOSIHUS
B MOMEHT / He TIPEBHIIAIOT {X,}; p — YMCIIO TapaMeTPOB, BOBJICYEHHBIX

B pacCMOTpEHUe.
@yHKIIMS pacrpelieIeHUsT YIOBIETBOPSIET YCIOBUIO

F(X,,t)=

1 Xim
(X,)= N X{O)(,F(X,,t)dxl...dxp
npu

Xim
Npo= | F(X,,t)dX,..dX
Xio
rae (X;) — mapameTp X,, yCpeJIHEHHbIil MO BCEM YAaCTULIAM CUCTEMBI,
YUCTIO KOTOPBIX paBHO Npy; Xy 1 X;;, — MUHUMATIbHOE 1 MAKCUMAaTTbHOE
3HA4YeHUS X;, pa3pellleHHbIe 3aKOHAMU COXPaHEHMSI.
HurerpupoBanue pacripenenenus F(X,, f) o BceM mapaMerpam co-
CTOSTHUSI, KpDOME OTHOTO TMapaMeTpa X;, IPUHSTOTO 3a OTIPe/IeISTIONINIA,

TIPUBOAUT K TIOTyMHTETPAIbHOU (DYHKIIMM pacripene/ieHrs

Xim
o(x.1)= | F(X,1)dX,..dX .
Xio
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IMonyunTterpanpHast GyHKIMS MeHee MHGOpMaTHBHA, YeM F( X, f), HO ee
3HAYUTEILHO TIPOIIle M3MEPSITh U MOIeanpoBath. [loaToMy nanee moury-
WHTeTpaibHble (DYHKIIMUA PACCMATPUBAIOTCS Yallle OCTaTbHBIX.

Oyukivm F(X,, ) 1 o(X|, 1) akkyMyImpyioT nHbopMaImio 060 Bcex
3JIeMEHTapHBIX TIpoIleccax, MPUBOISIINX K 3BOJIOINK BEIIeCTBa. YCKO-
peHMe WIN 3aMelJIEHNe KaXIIOro 3JeMEHTapHOTO Mpollecca NM3MeHSIET
¢byHKUIMM pacTipeieeHus, pudeM ISl KaXIoTo TIpoliecca TaKoe n3Me-
HEHUe SIBJISIeTCST XapaKTepucTUIHbIM. [Ipu 3TOM yKazaHHbIE N3MEHEHUS
COXpaHSIOTCS JOCTATOYHO Moaro. OHM MCYe3aioT TI0 Mepe JeTpanalin
BEIIleCTBa, HO €CJTM BEIIECTBO YCTOWYUBO, TO TIO IeTatsiM (hyHKITUI pac-
TpeiesieHnsT B KOHIIE TpoIlecca MOXHO COCTaBUTh TIpENCTaBIeHUE O
TOM, KaK TIPOIIECC MPOUCXOMII. 3aKOHOMEPHOCTSIM M3MEHEHUST 3TUX
dyHxumit B mpoitecce o6pazoBaHUS U (HYHKIIMOHUPOBAHUS TBEPIOTO
BEIIleCTBa M TTOCBAIIIEHa B OCHOBHOM JIaHHasI paboTa.

1.2. MNpu4nHbI 3BOJIIOLUMN CUCTEMDI

IMprurHa 3BOMIOIIMM — TIPUTOK BEILIECTB W SHEPTUU B CHUCTEMY W3
BHeIIIHel cpenpl. BerecTBo 1 3Heprusi, OCTyMNAaONIe B CUCTEMY, U3Me-
HSIOT CBOIICTBA CHCTEMBI, BBIHYXXIIAsi TBEPIble YACTUIIHI TIPUCIIOCA0IN-
BaThcsl K M3MEHEHHOW 00CTaHOBKe. B pa3HBIX crcTeMax Takoe MPUCIIO-
co0JIeHre TIPOVCXOIUT C Pa3IMYHOI CKOPOCThIO. B HEKOTOPHBIX crcTeMax
BpeMsI peJlakcallii YacTUI] K HOBBIM YCIOBUSIM OKa3bIBAETCSI COM3MEPU-
MBIM CO BpEMEHEM CYIIIECTBOBaHWs Hailleil BcerleHHO, B ApYTrux perak-
carsi TIpOUCXOIUT 3a MUKpoceKyHIIbI. [Tporiecc mipricrnioco6ieHus Betile-
CTBa K U3MEHSIONIENCS OOCTAHOBKE COCTABISIET CYIITHOCTD €TO 3BOJTIOIN.

Cyns 110 pe3ysisraTaM 3KCIIEpUMEHTOB, TP MEXaHUYeCKUX, TeTUIO-
BBIX M XUMWYECKUX BO3IENCTBUSIX HA CCTEMY HETIOCPEICTBEHHOM TTpH-
YMHOW 3BOIOIVH SIBIISIETCS] U3MEHEHUE CBONCTB cpebl. [1pn 3TOM cpe-
JTa OKa3bIBaeTCs B JOCTAaTOYHOW Mepe OXapaKTepM30BaHHOI, ecin
W3BeCTHBI KOHIIeHTpalmu C,; aTOMOB (MOJIEKYJT) BCEX BUIOB, KOTMIECT-
BO HAaHOYACTWUII # ; PA3HOI1 TIPUPOJIBI B €€ 00beMe, CKOPOCTh ABVKEHUS
V,, OTHOCUTEIHHO CTEHOK, TeMreparypa T u ckopocTh U, oOpazoBaHUS
TPOITyKTOB PaJiMo3a MO BIMSIHUEM BHEIITHETO OOy4YeHUs, T. €.

{Yi} = Cm‘> R N VM’ T7 UM‘

Cpeu TTapaMeTpoB COCTOSTHUS Cpelibl {y;} He Bce MOXKHO HaZIesKHO OTIpe-
nerTh. JIto6ast crcteMa B MaJIbIX KOTMYECTBAX CONEPKUT COTHU HEIOCTYII-
HBIX [T OOHApYKEeHUS BEIIIECTB, TIPYeM MHOTHE 13 HUX TIPUCYTCTBYIOT B
BHJIE HAHOYACTHLI, KOTOPBIE TPYITHO, @ THOTIA Y HEBO3MOXKHO OIPE/IEITUTb.



BeeneHue 11

B pesynbrate 3TOTO XapaKTepu3alins CICTEM YaCTO OKa3bIBaeTCs He-
TIOJTHO#, 4TO BeleT K TIPEATIONIOKEHUSM O POJM HEU3BECTHBIX (hOpM
sHeprum, rocrynatoiieit u3 Kocmoca.

INpuTtok BelllecTBa ¥ SHEPTUU B CUCTEMY HEM30EXKHO JTeIaeT ee HeO -
HoponHol. KoHIleHTpalrsi BBOIMMOTO BelllecTBa Beeraa 0oibiiie BOIM-
3U MecTa BBOJA, TeMIlepaTypa OoJibllie BOMM3M HarpeBaTesieil U T. 1. B
crucTeMe BO3HUKAIOT M YacTO TIOMAEPKMBAIOTCS TPOCTPAHCTBEHHbBIE
TPaJIMeHThI CBOMCTB CpEIbl, KOTOpbIE SIBISIOTCS HEMOCPEICTBEHHOM
TPUYMHON TIepeHOoca BeIeCTB W 3Heprur B cpele. Takoil TiepeHoC
OTIpeJieNIsIeT MHOTHE OCOOEHHOCTH 3BOMIOIIMOHHOTO TIpo1iecca.

B cucremax, rue nmpeoGaamaroT aBa BelllecTBa — (ha3o00pa3yonuii
MaKpOKOMITOHEHT U PacTBOPUTENh, & OCTAIbHBIE BEIECTBA MPUCYTCT-
BYIOT B BUJle MUKpOTIpUMeceil, 0COOYIO pOJIb B 3BOJIOIIMU UTPAET KOH-
neHTpatmst ¢$a3000pa3ylolero MakpoKOMITOHeHTa B cpene. Ecim ata
KOHIIEHTpAIIUS TOTHUMAETCS BBIIIIE HEKOTOPOTO pyOeXXHOTO 3HAYEHUSI,
TO YacTUIIAa HAYMHAET YKPYITHSITHCS, U3MEHSSI TabuTyc M penbed mo-
BEpXHOCTHU. B ee oObeMe Bo3pacTaeT KOJIMYECTBO CTPYKTYPHBIX Aedek-
TOB M M3MEHSIOTCS MapameTphl {G,,;}. YacTHila HauMHaeT 3aXBaThIBaTh
JTOTIOJTHUTEITbHBIE KOJIMYECTBA MUKPOKOMIIOHEHTOB, YTO YaCTO TIPUBO-
IAT K CYIIECTBEHHBIM W3MEHEHWSIM paclipelle]leHUs 3JeKTPOHHOU
TUTOTHOCTU B €€ 00beMe M Ha TIOBEPXHOCTH, a CJIeOBaTeIbHO, U Mapa-
MeTpoB {n,;}. Eci KoHIIeHTpallsl MOJIeKyI CTAHOBUTCSI MEHbIIIE pYy-
OEXHOU, TO YaCTUIIa HAYMHAET PACTBOPSITHCS U HA €€ TIOBEPXHOCTHU T10-
SBIsTIOTCS DUTYpPBI pacTBOpeHUs (HUTYpHI TpaBIEHUS ).

D11 haKThI OKA3BIBAIOT, YTO MMOBEIEHNE YaCTUL] BO MHOTOM OTIPeIe s
€TCsI TEM, CKOJTb BEJIMKO OTKJIOHEHE TEeKYIIei KOHIIEHTPAIK MOJIeKYT (ha-
3000pa3yIoIIero MaKpOKOMITOHEHTA B Cpelie OT pyoexKHOTro 3HaueHus1. [Tpo-
CTelilliee COOTHOIIEHIE, XapaKTepU3YIoIliee 3TO OTKIIOHEHWE, IMEeT BUJL

&j = (CM/LMj) - 1’

rae C,, — KOJIMYeCTBO MOJIEKYJT WIN KJIACTePOB, U3 KOTOPBIX CTPOSITCS
YacCTUILIbI, B eIMHUIIE 0ObeMa cpelbl, L,; — pybexHoe sHayeHUe C,, I
JaHHOM YaCTULIBL.

BemunHy &; pUMEHHUTETBHO K pACTBOPaM 1 MapaM Ha3bIBalOT OTHO-
CUTEJIbHBIM TepechillieHreM. [IpMMeHUTeIbHO K pacijlaBaM OHa MOXKET
OBITh CBellEHA K Tepeox/IaxaeHuio. BeanunHa §; otpaxaeT To 06CcTOS-
TeJIbCTBO, YTO U3MEHEHMeE JTI0O0To CBOWCTBA YaCTULbI IPUBOIUT K U3Me-
HEHUIO BEPOSITHOCTU OTPbIBA aTOMOB OT YaCTULIbl. DTa BEPOSITHOCTD Xa-
pakTepu3syeTcs apaMeTpoM L, ., a TaK KaK BepOSITHOCTb ITPUCOETUHEHUS

Mj>
K 9aCTHUILEC 3aBUCUT OT KOHLICHTpallun C,, TO OTHOIIIEHME CM/ L o oTpaxa-

M
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€T MpeobiagaHue TiprcoeMHeHNsT Han oTpeiBoM. Ilpu C, = L, ; yacTuiia
HaXOIUTCS B IMTHAMYECKOM PaBHOBECUM CO CPEJIOil, TaK YTO TIPUMEHU-
TEJILHO K pacTBOpaM BeJIMYMHY L, MOXHO Ha3BaThb PaCTBOPUMOCTBIO
maHHOI YyacTUIlbl. [ToCKObKY CBOICTBA YaCTHUIT HE OMWHAKOBBI, KaXast
YacTUIla XapaKTepu3yeTcsl COOCTBEHHOW pacTBOPUMOCTHIO. Pazmume
COOCTBEHHBIX PACTBOPUMOCTEN YaCTULL NPUBOIUT K TOMY, UTO B CHCTEME
BCe MPOLIeCChl pa3BUBaIOTCS Ha (hoHe Mepexo/ia BellecTBa OT b6ojee pac-
TBOPUMBIX YaCTHUII K MEHee pacTBOPUMBIM. VIHTEHCMBHOCTh TaKOTO Tie-
pexona orpeie IsieTCs TIepeCchIIIieHNeM CPelibl, CO3MaHNe KOTOPOTO SIBIISI-
€TCST OTHON M3 TJIAaBHBIX IPUYMH 3BOTIOIN CHUCTEM.

1.3. Temn aBoniouuu

B 3eMHBIX ycIOBUSIX Hanbojee pacrpoCTpaHEHbBI MHOTOCTaIUITHbIE
3BOJTIOLIMOHHBIE TIPOIIECCHI, TIPY KOTOPHIX B TEYeHUE OTHOCUTETHHO Ma-
JIOTO UHTEpBajia BpeMEH! B HEKOTOPOIT 00JIaCTH XKUIKOCTHY WJIM Ta3a co-
3MaeTcs TepechillieHre, KOTOpoe CHUMAETCST B pe3yJibTaTe 3apOoXKIeHUs
¥ pOCTa TBEPIbIX YACTUIL. 3aTeM 3TU YaCTUILIBI MOTIAAI0T B HEHACHITIIEH-
HYIO Cpely W HaYMHAIOT PacTBOPSATHCS WM VICTIAPSATHCS, YIaCTBYIOT B
TOTTIOXMMWYECKUX PEaKIMSIX U cTapeloT. U Tak 10 TeX mop, ToKa Bce Ya-
CTUIIBI HE PACTBOPSITCS (MCTIApSITCST) WM He TIPEBPATSTCS B TIPOIYKT TO-
TMOXVUMUYECKON peaKiMi C MEHbIIeil CKOPOCThIO PAaCTBOPEHUS, YeM Y
HUX caMuX. Takoe MPOUCXOMUT TIPY N3BEP>KEHNH BYJTKAHOB M CHETOIIa-
TTax, Tpy 3aTBepAeBaHUM PACTUIABJIEHHOTO MeTallla U TIepUOINYeCKOM
KPUCTATU3AIMY B TIPOMBIIIIEHHOCTH, TIPU CUHTE3€ TBEPIIBIX BEIIECTB
B JJAOOpaTOPHOU MpaKTUKe U T. . B Ha3eMHBIX YCIOBUSIX OMHOBPEMEH-
HO AEHCTBYIOT MWUIMOHBI TIPUPOTHBIX U TEXHOTEHHBIX «MCTOYHUKOB»
TBEPIBIX BEIECTB, OTKY/IA YACTUIILI MUTPUPYIOT B OKPYXKAIOIIIYIO CPEIy,
TJe BCTYIMAlOT B MHOTOCTAIMITHBIIN TIPOIIECC, 3aBEPIIAIONINIICS UX WC-
Ye3HOBEHUEM.

OmHaKO pacrpoCTpaHEeHbI TAKXKe YCIOBUS, TIPY KOTOPBIX TTepechIIiie-
HME B 00JIACTU 3apOXKIIEHUS Y POCTA YaCTUII TIOAIEPKUBAETCSI CTOJh IO~
TO, YTO MOXHO TOBOPUTH O HETIPEPHIBHOM 0Opa30BaHUM BelllecTBa. Takast
CUTyallvsl CYINIECTBYeT, HarpuMep, B atMocdepe, Kyaa ¢ TIOBEPXHOCTH
3eMJTA I MOpeTl JUTMTETBHO TTOCTYTIAIOT Ta3bl-peareHThl, PY B3aNMOIEli-
CTBUU KOTOPBIX 00pa3yIoTCsI TBEPIbIe YACTUIIBI. DTU YaCTUIIHI TTOTIAIAI0T
B Karum atMocgepHOI BOMIbI, TIe paCTBOPSIIOTCS, WM BO3BPAIIAIOTCS Ha
TIOBEPXHOCTh 3€MJIM, TJIe OKAa3bIBAIOTCS B HEIOCHIIIIEHHON LTSI ce0sT cpe-
me. B Takmx ycoBUMSIX CTaauy 3BOMIOIIMN BETlleCTBA COBMEIIIEHBI BO Bpe-
MEHU, HO B 3HAYUTEJIbHOI Mepe pa3/eieHbl B IPOCTPAHCTBE.
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Ha xaxmoii ctamiu TeMIT 3BOTIOIIMN MOXKHO OXapaKTepU30BaTh CyM-
MOW CKOpOCTell M3MEHEHUST BCEX MapaMeTPOB COCTOSTHUS YacTHII, T. €.
CyMMOIi (hyHKIIMOHAIIOB

G[ = (d/\/l/dt) = Gi(/\/t'vy[)>

a IMEHHO
p
Gr=%G;(X.y;).
i=1
3nech Gy — CKOpOCTh 3BoolMn. boilee MHGOpMaTUBHBIMU XapaKTe-
PUCTUKAaMU T€MTIa 3BOJIIOLINN SIBJISTIOTCS] BETMYMHBI

GFE (aF/at) = GF(IY[’ Yis t)v G(p = (a(P/at) = G(p(/\/is Vis t)

HaGmomeHnsT CBUIETETCTBYIOT O TOM, YTO B 3€MHBIX YCIOBUSIX
TBEpJble TeJla 3BOJIOIMOHUPYIOT CO CKOPOCTSAMU, Pa3TNYaloNMUCS
no BeanunHe Ha 10—15 mopsiakoB. [Ipu TaKoM KMHETUYECKOM pa3HO-
o0pa3nu oO0Ine 3aKOHOMEPHOCTU W3MEHEHUSI COCTOSIHUSI YaCTHUI]
OKa3bIBAIOTCS TPYTHOMOCTYITHBIMU. UTOOBI 00JIETYNTH 38029y, IPUXO-
JIUTCST UICTIOB30BaTh PS MPUHITUIIOR, YIIPOIIAIOIIUX OTTMCaHUE TIPO-
1IECCOB.

1.4. MpuHUMNbI ONUCaHUS

M3meHeHMe GOTBIIMHCTBA CBOMCTB YaCTUI IPOUCXOIUT TUCKPETHO.
Kaxmoe mrepemeriieHre atoMa U3 Cpelibl Ha TTOBEPXHOCTh YaCTUIIBI —
3TO CKaYOK ee CBOICTB. OMHAKO, Cy/Is TI0 OIBITHBIM JaHHBIM O HAaHOYAa-
CTULIaX B Iapdx psAla METaLUIOB, NMCKPETHOCTh YKPYITHEHMS YaCTHII
MOXHO HE YYUTHIBATh B SIBHOM BUJIE, €CJTM YMCJIO # ATOMOB B KaXXJIOW 13
Hux npessimiaet 10°. TIpu n > 10° moBeneHMe YacTUL MOXKXHO IOCTATOY-
HO TOYHO OIHCaTh, CYNTAST, YTO UX CBOIICTBA N3MEHSIOTCSI HETIPEPHIBHO
npU cOOTIONEHNM 3aKOHOB COXPAaHEHUSI MAacChl, SHEPTUH, 3apsiia U UM-
MyJIbCa YacTUII B JOO0I1 MOMEHT Tiporiecca. Eciam n3aMeHeHre cocTosi-
HUS OTJETbHOI YaCTUIIHI TIPEICTABUTH B BUIE IBVDKEHUST TOUYKU B TIPO-
CTPaHCTBE CBOIICTB U TPAeKTOPUIO 3TOTO IBMXKEHUS U300pa3uTh B BUIE
TUIaBHOM KpuBoi (puc. 1.1), To aTa KpuBasi OTpa3uT OCHOBHBIE OCOOEH-
HOCTU peaTbHOTO NBWXEHWS C JOCTAaTOYHOW TMOJHOTOU. [laHHOe
YTBEepXIeHNe MOXHO Ha3BaTh TPUHITUIIOM HeTlpepbIBHOCTH. OHO T~
YepKMUBAET, YTO CKAYKM CBOIMCTB YacCTHLIBI HE MOTYT HapyIIUTh HETIpe-
PBIBHOTO ee IBIDKEHUST KaK pe3ysbraTa CJIOXEeHUST CKauyKoB. [TpuHImI
HETIPEPBIBHOCTH JOTYCKAET OIMMCaHe TIPOIIECCOB TIPY TTOMOIIIN HeTIpe-
PBIBHBIX (DYHKIIMI pacpeaeaeHUsI.
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