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MccJiep;onamrn <PoToaM11ccuonubrx .llBJiemiii: B <meKTpOXllMHTJccm1x c11cTe· 
Max - 3TO op;HOBpCM'CIIIIO II HOBOe II O'IeHb CTapoe HarrpaBJiemrn 3JieI\TpOXlll\Um:. 
Xor.11 a<P<Pe1tT noanmrnonenu.11 TOI\a na aJicKrpop;e rrpu ocneIIJ.eHHII 6bIJI o6ua­
py;iteH A. Be1mepeJieM 130 JieT naaap;, op;nmw naH6oJiee IIHTeucunuoe 

11ccJiep;onanue rrpo1~eccon, rrponcxop;Hll.J.HX rrpn o6JiytJemm MeTaJIJIH'Iec1rnx 
aJieitTpop;on nHp;HMbIM u 6mnKHHM yJibTpaqrnoJieTOBbIM cneToM, Ha'IaJioCb JIHillb 
B IIOCJI07J;Hll0 rop;bI. 

B pe3yJibTaTe an1x :nccJI'ep;onan11Il: p;JI.11 06'b.11c11e1111.11 rrpnpop;bI 11a6JIIop;ae-
MbIX <PoTOTOKOB 01>mo npep;Jrnmeno necrWJibKO pa3JilI'IHbIX MexamrnMoB. TaK, 
corJiacno TO'IKe 3pemm, BbICI\a3aHHOll M. reil:poncIUIM, na6JIIop;aeMblH <IioTO­
TOJ{ o6ycJIOBJleH pa3JIOiKCHH0M rrop; ;a;eil:CTBlieM CBeTa o6paayIOll.J.HXCJI na no­
nepXHOCTII M0UTaJIJI - paCTBOp IWllUIJI01\COB c rrepenocoM aapnp;a; COl'JlUCHO 
X. Bepry, p;eHCTDHe cnera cnop;11Tcn Ii. yc1wpernno rrp0Terrn1rn11 «TeMHOnhlX» 
aJieHTpoXHMIPiecm1.x peam:.1,uii: na rronepxnocru aJieitTpop;a; narwuen;, ,Zl;a<. Bap­
Rep nnepBbie OOpUTHJI DIHIMaHHe Ha CYIIJ.0CTDUHHYIO pOJib DH0illH0fO <Iioroa<I>­
lfieHTa ( <Poroa11rnccHH)' T. e. rrepexop;a rrorJIOTIIDIIHIX CB0TOBbl0 RBUHTbI 
aJieKrpoHOB 113 MeTaJIJia B 0Kpymaronzy10 cpep;y. I-\ Hac1·0.11:meMY npeMeHll M0'1<­
HO c•rnraTb TBepp;o ycTaHonJieHHbIM, 'ITO cyIIJ.ecrnyer mupo1rn1l ooJiacT:& qac­
TOT H3JIY'I01IIIH II IIOT0HD;lclaJIOB 3JI0HTpop;a, B KOTOpoil: llM0HHO lfioT03MllCCIIH 
aJieitTpoHOB nnJineTc.11 orrpep;emuoIIJ.HM aJiel\IeHTOM cyMMapttoro npon;ecca 
(J];m. Bap1rnp, A. fapAHep). 

fl pn paccM0Tpen11R <P-0ToaM11cc11011nb1x 11nJien11ii na rpan11n;e MeTaJIJia c 
pacTBopoM rrpon;eccbl, rrponcxop;HIIJ.He c cpoToaJI01tTpoHa11Hr, 111oryT OblTb paa­
p;eJieHbI Ha Tpll crap;11n: co6CTD0HHO cPOT03MHCCIIH, T. e. rrepexop; 3Jl0I\T­
poHOD 11epea Mem<fiaanyro rpamui;y; TepMamrnan;11.a aMHTHponaun:&rx aJieKTp-O­
non n nmp;ItoCTH, cnnaamra.a c ooMeHoM aueprrreil: c pacTnopuTeJieM; coJII·­
naTan;1u1 aJieltTpOHOB lI IIX IIOCJiep;ymu~ue cPH3HIW-XHMI1'10CIUie npenpaIIJ.0Hll.fl 
(p;111ficfiy3HJI II l\Hlrpan;1111 I\ aJieitTpop;y II B o6'beM pacTBOpa, XIIMll'ICCIUl0 peaK-
n;IIH n pacTBope n na aJI01npop;e) • . 

B HacToHir~oii cTaThO 6y:p;eT paccrmsano o peayJibTaTax Teoperu11ec1rn:x 
II a1wnepllM0HTUJlblILIX llCCJiep;OBUHHH <Po11oaMHCCirn 113 MeTaJIJIOB B paCTBOpbI, 
nbIHOJIHeIIHLIX B MncTHTyTe aJieHTpoxHMIUI A1m~e1111111 11ay1t CCCP. MbI pac­
cMoTpHM OCHODIIble oco6eHHOC'l'll BH0illHero <fioToacficIJeltTa n CllCTeMe 11mTaJI­
JIJI'IOCii.1Ill 3Jl0ItTpop; - paCTDOp 3JI0HTpOJIHTa H nepe'IHCJIHM pnp; npo6JieM 
( n TO:lf 'IHCJIO IIO<lJIOl{TpOXHMH'Jlec1toro xa pa1nepa)' npH peIIIeHHH J{OTOpbI:X: npII-
1110nenne MOTOp;a <fioT03MllCCHII B paCTBOpLI 3JI0KTpOJI11TOB MOiI\eT oRa3aTbC11 
OlJ0Hb TIOJl03HbIM. . · 

3aeucu:MocTb Tona (/joToaMuccuu oT noTelllfUa.1ta. IlycTh nonepxnocT:& 
MeTaJIJia 06Jiy•meTc11 111onoxpoMaTH'leCI{HM cneTOM •iaCTOTbI ro (puc. 1) · Ecmr 
arrnprHH COOTBOTCTBYIOIIJ.Oro 3TOII lJaCTOTe I\BUIITa CBOTU /iro (Ii - nocTOJIII­
Ha11 IIJiaHRa) 6oJibl1Ie paooTLI B:&rxop;a aJieHTpoHa 11a MeTaJIJia B nmAKOCTL, 
TO CTaHOBIITCH anepreTH1IeCHll D03MOil\II:bIM D03IHII\HOB0HH0 aMHCCHOHHOrO 
cpoTOTOI\U. qaCTOTa Cilo, l\OTOpa11 COTBeTCTnyeT I\BUIITY c :meprIIOll h<uo, 
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pannoii: pa6oTe DLIXO).l;a, Ha3LrnaeTc.rr noporonoii: liaCTOTOJI (mm Hpacnoii rpa­
mm;e:ii) cp0Toacpcp01<Ta. 

Cy~ecTnonno, lJTO :meprII.fl aMMTIIponaimLrx aJI01\Tp-0uon o6Lrtmo TaKona, 
'ITO OHII D3aIIMO).l;OHCTDYIOT co cpop;oii:, D I\OTOpy10 npOIICX0)1IIT 3MllCCIIH, KaK 
c 0).l;IIHLIM n;eJILIM. Ilo3TOMY IlllO IIOJifI ).1;0MCTDilfI nonepXIIOCTHI>IX CIIJI llX 
).l;Dllllieinre MOiI{HO OIIIICLIIlaTb I\al{ ).l;Dllil\OHI10 lJaCTIII~ D IIOI\OTopoii: ycpe)J;HOH­
HOH IIOTOilll;llaJibIIOH HMO, rJiy61ma I\OTopoii v 3aDllCIIT JIIIllib OT CDOMCTil 
cpe).l;LI, ny).l;a rrpottcxo)J;HT :nmcc1rn (n cJrytrao aMnccuII n nauyyM rroJiaraoM 
lJ = 0). 

TaRHM o6paaoM, aJieI\Tpon, 
aneprnu 1iro, nepexo)J;HT II3 

A. 

Pacmffop 

HorJIOTHn n pe3yJII>TaTe <IioTOal\rnccnn rmaHT 
na'IaJILnoro cocTOHHHn c :meprneii: n6mrnH 

ypomrn <DopMH n MOTaJIJio EF n rrnHelJH00, 
xapa1\Tepusy10II(eecn aueprneii: EF + tiro. 

Ecmr tJaCTOTa o6JiylIOHHJI ne cJIJIIUKOM 
npeDOCXO,Il;IlT rroporony10, TO RlIHOTlllJ0-
CRaH aneprmr aMHTIIponamrnro aJl'OI\TpO­
na H COOTil0TCTB0HHO ero IlMIIyJILC raWR0 
neneJI'llmr. EcJin orpaHnlJHT1,cn 1mtJecT· 
nemrI>IM paCCMOTpe.IIHOM, TO MmIUIO cKa-
3aTL, lJTO ;qmrmemn-0 3JI0Il'.TpOHa c lIMIIYJIL­
COM p COOTDeTCTDYOT noJIHa ).1;0 Bpoil:mr, 
D;JIIIIIa I\OTOpOH panna '},, = n/p. Ilpll 3TOM 
eoJinonaH ¢ymm;1rn, xapaHTepuayro~aiI 
COCTOJIH'.He 3JIOKTpOHa, He 11'10il<OT cy~ecT­
BOHHO Il3MOIUITLCJI Ha pacCT-OHHlIHX, MeHI>­
mIIX 'A. B CJIY'Iae, I\Or).l;a ).l;JIJI ncex aMJITH­
ponaHHLIX 3JIORTpOHOB BLIIIOJIH.IIeTCJI yc.rro-
llllO 'A > d,. r).l;e d - TOJI~IIHa Memcpa3HOH 

rpaHIIll;hl, TO D COOTDeTCTBHII C-0 CKa3aHHLIM, H3MeHeIIIIO IIOTOHIVIaJia B o6JiaCTil, 
HMOIO~eli TOJI~Hny d (no1\a3aHHOe Ha pnc. 1 rryHKTHpOM)' He MOmeT cy~ecT­
neuno CKa3aTbCfl Ha BH).l;e aaBHCIIMOCTII qJOT03JICI\TpOHHOro ToHa OT mrnprnII. 

EcJin 1wnn;enTpan;11H aJieKTpOJIIITa ).l;OCTaTo'mo BOJIJII\a (>10-1 e. a~.a/.a), 
TO OCHODHOe rra,n;eHIIe IIOTeHI,IIa.rra llICiI\).l;y MeTaJIJIOM Il pacTnopoM npoHCXO· 
,Il;IIT B IIJIOTHoil: qacTII lJ;Boiinoro cJion, paaMepbI 1wTopof1 (2-3 A) 06wu10 
cy~eCTBeimo Mein.me 'A (CM. p11c. 1) 1• II pmromemrn paauocT n rroTean;n:aJIOB 
(jl Mem,u;y MeTaJIJIOM H pacTDOpOM IIIJOCTO 1131\<IeHHOT rny6nny IIOT0Hll;IIaJILHOH 
HMLI V na neJIII'IHIIY eqi ( e - aapH).l; aJreitTpona), TaI\ 'ITO Hpacnan rpaHn~a 
<J>oToacpcpeKTa CMelll;aeTcH cornacno lfiopMyJie 1iroo ( <p) = 1iw0 (0) + e<p, r)J;e 
m0(0) - aHa'IOHIIe rroporonoi-i 'IaCTOTLI rrpn cp = 0. Ha ocuone 3TIIX ).l;OCTaTo'I­
uo 06~11x rrpe).l;rrocbIJIOI\ ohIJia pa3BHTa Teopmr aJieH.Tponuof1 aMHccnn 
(A. M. Bpo,u;cm1ii, 10. JI. rypeBIPI, B. r. JleJlH'I)' OITIICLIDaIOill;an DHOIIIIIlIM 
qioroacp<IieKT B 06.rracTH. 'IacToT, 6mrn1rnx I\ noporonoii:. Iloporonoe paccMoT­

Pnc. 1. 3HepreTJPieCWlll cxe:Ma qlOTO­
aMrrcc1nx Ha rpamu.1e MeTaJ1J1 -- pa­

CTnop 

pemre rrpIIBO)J;'liT B 3TOM CJiyqae R DLipameHHIO ).l;JIH TORa cpOTO::JMHCCKH: 

I = A [liro - liw0 (0) - ecp ]'", (1) 

r;w A - KOHCTaIITa, 3aDIICHlll;aH OT npnpo,n;r,r MOTaJIJia II IIUTeHCIIDHOCTH 
ocne11l;0IIIIH. Co0Tuo1.Ue1rne ( 1), naanamrne anr-0paMH «aaROHOM IIHTH, nTO­
pLix», aa).l;aer DOJibTaMnepuyro xapaI\TepHCTIIRy CHCTeMhI 'MOTaJIJI - IWHll;OHT­
pHpoBaHHhlll paCTBOp 3JIOKTpOJIHTa B ycJIODHHX <IioT03MHCCHII II nall;noporono.ii 
o6JiaCTJI qacTOT. Cy~ecTnenno, 11To rrpn DhlBO).l;e ( 1) ne 7J;eJiaJioc1> mmarrnx 

I M11TcpnaJ1 IWIICTJ:HhlX mrnprHii: BMHTHponaIIHhlX i)JICI\TPOIIOB /icu - fiulo, n IWTOpOM 
ooLPIHo nwrromrneTCH ycJiomrn '),, > d, rrpocTIIpaere11 AO 1-2 ae (/,, ;;;::: 10 A) rr Tal\HM 06-
paaoM oxnaThlDRCT IIaH60JI90 lUITepecnyro c TO'll\ll apemm i)JI91\TpOXlIMH'IOC!\HX lICCJIOAO· 
na1mii o6JiaCTL. 
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Mop;eJibHbIX upc,n;noJio;r>eHnll: HU o xo.n;e noTeHI~HaJia n ooJracTH d, nu o none­
p;euun aJieH.Tponon mryTpn MeTaJIJia 2. 

8r{CnepnMeHTaJibuarr nponcp1\a «3a1wna ITJITH BTOpbIX» ObIJia BhlITOJIHeHa 
na aJieI\Tpo,n;ax na PTYTH H aMaJibraM n paamPIHhlX aJie1npoJIIITax. B 1,e­
JIITX yMeHbIIICIUIIT OOpaTIIOrO TOKa COJibBUTHponaHHhlX [)JICI\TpOHOB Ha 9JICI\T­
pop; n oo'beM pacTnopa BBO,D;lIJIHCb a~enTopu aJieKTponon HsO+ 11 N20. 
qTOObI cp;eJiaTb OOOCHOBaHHbIH Bhl60p Memp;y <<3aKOHOM IIITTH BTOpbIX» H aa­
KOIIO.M <I>ayJiepa, 60J1bmoe IWJIII'IeCTno a1\cnepuMeHTaJibHbIX 11:pHBbIX <«poTo­
ToK - noTemvrnJI aJieI\Tpo,n;a» (npn qnmcnponaIIIIOM 3Ha'I0HHH ro) 6LIJIO no,n;­
nepruyTo cTaTHCTIPICCI\OiI o6pa60TKe c IIOMO~bIO 8BM IIO MCTO,!l;Y HaHMCHbIIIHX 
1map;paTOB. B peayJ11>TaTe 6uJio Tnepp;o ycTanonJieHo, 'ITO cpoToaMnccni B 
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Pnc. 2. BJimrnne pa6oTLI BLixop;a Ha l(pacmyro rpaHn:a;y cpowsMHc­
ClflI B CHCTeMe MeTalIJI - Bal(yyM (a) H M0TaJIJI - l{l'aCTilOP (6) 

p;ocTaTO'llIO IWHIWHTpHpoBaHHbl'C paCTBOphl KOJIJl'lCCTBeHHO OHHC.bIBaeTCJI (<3a­
IWHOM rrJITll BTOpbIX», a He 11apa60JIJI'ICCKIIM 3al\OHOM <I>ayJiepa. 

Op;uonpeMenno 6bma H3MepeHa paooTa Bbrxop;a uap;TenJionoro aJie1>rpona 
B nop;y II3 pryn1 n ro<me nyJienoro aapH,n;a ( 3,3 ae). lfa cpannemrn ee 
c pa6oTOH nLIXO)W aJiernpoHa ua pryrn n nar\yyM ( 4,5 ae) MOiI<HO orrpep;e­
JIHTb aq)<fleI\TIIBHYIO rJiy61rny .fIMhl V p;JIJI aMnTnponannoro aJieKTpona_ n no,n;­
HOM pacTnope: ona oHaahlnaeTCJI pannoir 1,2 ae. 3Ta neJIH'lHHa, I\aH n 
cJie,n;onaJio onmp;aTb, aaMeTno unme aueprHn n1,n;paTan;nH aJieRTpona, KOTopa11 
corJiacuo pa,n;na1~nonno-xnMH'rec1rnM p;aHHhlM 6mrnKa K 1,7 ae. Pa3HOCTh 
1-1:nyx y11:aaa'HHhlX BCJIIl'IHH, COCTaBJI.mo~a.fl HpHOJIIJf3HT0Jl.bHO 0,5 ae, H eCTb, OTJO­
BHAHO, aneprH.fl «COOCTBCHHO rnp;paTan;:mrn, T. e. CB113H rn,n;panrpoBaHHOrO 
aJieKrpona c 6m1mall:rnm,m MOJieI\yJial\rn nop;hl. 

J1opoz rj;oroaMuccuu u npupoaa Mera.1t.1ta. IIpH ocae~eHIDI rpanH:a;bl Me­
TaJIJia c aaI\YYMOM nopor (1\pacna11 rpamrn;a) BHernnero <f>oToa<P<fleKTa aann­
cnT oT paooTLI nr.1xop;a aJieKTpoHa H3 MeTam1a n aaKyyM (pnc. 2a). Ha 
aToM oc11oaan pacrrpocTpaHeIIH1>rll: cnoco6 onpep;eJieHH.fl pa6oTLI nb1xo,n;a." P11p;y 
aBTOpOB Ka3aJIOCb ecTeCTBeIUihlM rrepeHeCTH 9TH npep;cTaBJieml.fl na <floro­
aMHCC'llIO n aJieKTpOJIHT. Tai\, 6hlJIO BMCI\aaano rrpe,n;noJiomeHTie (II. )l;eJiaxeu, 
B. CpHmrnacan), 'ITO noporonue rroTeHn;HaJihI (np11 3ap;annoi aneprHH 1manTa 
CBOTa) ,D;Jl.f.I pa3JIH'llII.IX l\fOTaJIJIOB 6yp;yT OTJlH'IaTbCH Ha TY me B0JlH'lllHY, 'ITO 
JI HX pa60Thl BbIXOp;a ( HJIH, 'ITO IlO'ITH TO rKe caMoe, IIOT0HD;llaJibI uym:iiaoro 

aapH,n;a). 
Op;na1w B aTOM OTHornemrn CHCTeMa l\IeTaJIJI - aJieI\TpomIT cy~ecTaenno 

OTJillTJa0TC1I OT CHCT0Mhl MeTaJIJI - naI{yyM, 'ITO CB.fl3'UHO . c naJill'lllel\l B 

2 3aMeTHM, 'ITO COOTHOlll0HHe (1) OTJIH'la0TC1i OT «napa6oJIH'l0CKOfO» aa1wna lf>oro­
aMHCCltll B naKyyM I ,.., (ro - roo) 2, CJI0AYIO~ero H3 li3B0CTHOit T00p1IH <I>aynep_a. aTo paa­
Jlll'IHe o6ycJIOBJI0HO 0TCYTCTBH0M B CHCT0M0 llI0TaJIJI - SJI0KTPOJIBT AaJILHOA0HCTByI0~HX 
cHJI :nao6pamennn, necr,Ma cy~ecTne1111Lix npn cI>oToaMn:ccmx n naxyyM. 
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cncTeMe MeTaJIJI - ;me1npoJIHT JIHIIIIIe.ii rrepe11rn1rnoii - aJieI{Tpo;a;uoro rroTeH­
~HaJia. IloCROJibKY, KaK yme y1<a3hlBaJIOCb, 113MCHem1e IIOTeHu;HaJia MeHJieT 
pa6oTy BhlXo;a;a ()JI0I\Tpona B ()JI01\TPOJIHT, TO nocJie}l;HIOIO, 01IeBII,ll;HO, cJie,n;yeT 
ncer,n;a OTHOCHTb I\ RaROMy-TO Bhl6paHIIOMy 3Ha1IeHHIO norenu;naJia. Ho B 
MeTaJIJiaX, Haxo;a;mu;11xcn rrpH OAHHaIWBOM :::m:ell:Tpo;a;HOM IIOTeHu;naJie, 
:\'POBIIH cDep:MiH, 011enn;a;Ho, comra;a;aroT (pHc. 26). TairnM o6paaoM, upu aa­
;a;auHoM aJieHTpo,n;noM rroTeHu;ImJie na1IaJibHhl:i:i: yponeHb :rneprmr aJieRTpoua 
yil\e He aan11cnT OT rrpnpo;a;M MeTaJIJia n u;emmoM orrpe,n;emrnTCJI neJIHlJimoi 
3TOro noTenu;naJia. l{oue1mr,1Il: ypoReni. aneprnH :meI,Tpona n pacTDope, 

J '(Orm,.et/) 

3 

2 

-0,5 

o Pmymb 

• AMll_f!biaMa maJJJJWI (~%) 
c. AMaJJb'iaMa 11.HiJ11.11 (18%) 
" AMa!IMaMa 11.HiJ11.S1 (So%) 

-1,0 
'i'6011bm{npomuO HllCbl/4. 

KllDOMe!lbHIJW 3fieKmpo/la) 

Puc. 3. RpHBLie cpororoKa ua MeraJIJiax c paamrqnoii: pauoroii Bblxop;a 

ecTecTnem10, TaKil\e ne aanncnT OT rrpupo;a;LI MeTaJIJia. IIoaroMy cneu;nqnrn.a 
pa3JIHlfHhlX MeTaJIJIOB npoJIBJIH0TCJI JIIIIIlb n BblCOTe II cpopMe nornnu;naJibHOfO 
6ap1>epa ua rpamru;e pa3,n;eJia ( B o6JiacTn d). Ho Kar{ pa3 cnoiicTBa 6ap1,epa 
n ycJIOBHJIX IIpIIM0HHMOCTII rroporonoro rrpH6m1memrn (A.> d) OJ\a3bIBaIOTCH 
uecyru;ecTB01IIIhlMH }l;JIH OCIIOBHblX aaIWHOMepHOCT0H cp0T03MHCCHH, I\OTOpbI0 
orrpe;a;eJIJ'IIOTCH TOJlbl\O na1IaJibHhlM II ROH0 1IHhlM 3HepreTll'IeCIUIMH COCTOHHIHI­
MH aJieRTpona. CJie;a;onareJ11>Ho, H rropor cpoToaMHCCHH n aJie1>.TpoJIHT ne ;a;omrrnil 
aanHceTI> OT rrp:upo;a;:r.r MeTaJIJra (IO. B. IIJiec1{on, 3. A. Poren6epr). 

8TOT BbIDO)l; rrpeKpacno comacyeTCH c o6ru;HMH npe.u;cTaBJICIIIIHJIUI 3JieI\T­
poXHMIIlf0CI\OH IHIHeTHI\H. ~eHCTBHT0JlbHO, pa6ora BbIXO;a;a aJieHTpoua ![3 
MeTaJIJia B . naKyyM ne BXO}l;HT B HBHOM BH,n;e B ypaDI-IeHHH aJieI\TPOXHMH'Ie­
CI\OH KHH()THKH, rrpn YCJIOBmr, 'ITO IIOTeIII~HaJI OTC'lllTbIBUeTcH OT llOI\OTOpOf0 
rrpOH3BOJlbHOro, HO IIOCTOHHHoro 3Jl01{Tpo;a;a cpaBHeHHH 3• cDoT08MlICCIIH, rrnK 
n ,u;pyrue THIIhl aJieI{TpOHHhlX rrepexo.u;on Ha rpanuu;e MeTaJIJI - aJieurpomrr, 
rro;a;'lllnJiercJI aroii aa1rnuo11rnpnocrII. B TO me npeM11 ona rrpe;a;cTanmier 
IIIIIpomre noaMomHOCTII ;a;JI11 nccJie;a;onamrn pomr aJien:Tpomrnii crpyKrypor Me­
TaJIJia, H n qacTHOCTII paOOThl n:r,rxo;a;a n aJieI\TpOXHJIUI'IeCHOII mmeTHI{e. 8ro 
o6ycJIOBJI0HO TeM, 'ITO n OTJIH"t!He OT 6oJibHilIHCTBa (<I\JIUCCHl[EJCIUIX» aJiernpo-

ll CM. crarr.m A. H. <I>pyM1mna n 9TOM noMepe ntypnaJrn. 
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XlillUI'JeCIUIX peam:i;1Iii 1JoT09MIICCH.fl He conpoBomii;aeTC.fl o6pa30BaIIH0M HJIII 

pa3pbIBOM XHMH'IeCI{IIX cmrneii. 
He3am1cIIMOCTb nopora cl>oT09MHCCHH OT 11pnpo,n;LI McTaJIJia HJIJIIOCTpHpy­

eTCJI 11a puc. 3. HecMoTpJI Ha 6oJILIIIHe pa3JIJPill.fl B nornmi;uaJrax nyJienoro 
3apJI,n;a HCCJie,n;oBaHIILIX MCTaJIJIOB (,n;o 0,4 6)' JIX noporOBLI!'J IIOTeHii;HaJihl cpo­
T03MHCCHH COBIIaJJ;aIOT B rrpcp;eJiaX OIIIHOOK OIIbITa ( ± 0,03 6). 

OcTanoBHMCfl 1\paTKO 11a BJIH1IHHH crreIJ;Hcpwrnc1wii ap;cop6IJ;HH Ha <lioTo­
aMHCCHIO. 3,n;ech CJie,n;yeT pa3,D;eJIHTb BJIH1IHHC, IWTOpoe ap;cop61vrn oKa3bIBaeT 
na rroporoBhIH rroTeHIJ;HaJI n ua IImwo11 1°·4 - cp rrpnMLIX. ;r:t;Jin noporoBoro 
IIOTOHIJ;HaJia cIIpaBep;JIIIBO BCO 

ID'~ 
CI\a3aHH00 pa11eo B CBfl3H c 
rrpnpo,n;oii MeTaJIJia. Ap;cop6IJ;nn i 
Me1rneT pacrrpe,n;eJiemrn rroTen­
IJ;HaJia B ,Il;BOHIIOM CJIOe, T. e. 
1rnH pa3 n TOH o6JiaCTII, IWTO­

pan HO 011:a3LIBaeT aaMOTHOro 
BJIIrnmrn ua 3MHCCHI0 (rrpH co 
xpane1nrn ycJIOBHfl /.. > d). 
Ha11aJihIIOO nm II 1wHe•moe co­
CT011HHJI CHCTOMLI OT a,n;cop6-
IJ;IUI ne aaBHCflT. IloaTOMY H 
rropor <IioToaMnccmr ne MOIUI­
eTca npn a,n;cop6u,nn na pTyrn, 
narrpnMep, raJIOH)J;IILIX aHHO­

o 0.fH Kf 
ti a.t.'f KBr 
0 0,fH K:J 

HOB, XOTfl OHH CHJibHO cp;nHra- 0'----L-----,:1-::-------~-.,....,--~ 
IOT TIOTOIIIJ;HaJI uyJienoro aapn -0,5 -1.0 If· 8(HUCb!iu,. 
p;a (pnc. 4). lflll!.Jf!.) 

Puc. 4. I\pnnhlc <PoToT01rn na PTYTIIOM aJIOitTpoAe 
n rrpHCYTCTBlilI crre~n<Jiu1iecmr aAcop6npyrom;ux 

raJIOll):\Hl>IX UIUIOUOB 

3TOT llbIBO)l; He 03Ha•rneT, 
op;HaKo, 1ITO <lioToaMnccnm 
IIOJib311 HCHOJIL30BaTL p;mr HC­
cJiep;onaIUUJ ap;cop6IJ;IIOHIILIX 
.flBJieIIHii. B p;ei1cTBHTOJILJIOCTH Mo;mro rroJiylJHTh 1mqiopMaIJ;mo o npoIJ;eccax 
ap;cop6IJ;rnr, uanpnMep H3 H3Me11emrn 1-rnKJioHa ! 0•4 - cp rrp11M1,1x. B peayJILTaTe 
a,n;cop6IJ;HH, B 1IaCTHOCTH, MOIIHOTCfl rronepXHOCTIIan 3JI0l{TpOIIHafl nJIOTHOCTb 
MeTaJIJia, oT 1wTopoii aaBHCHT I\OIICTaIITa A n lfiopMyJie ( 1). Tar\, npn ap;cop6-
1vrn pnp;a opraHIPIOCKHX BeIIJ;ecTB na pTyTn 11a1mo11 /0,4 - cp npnMI>IX aaMeTHO 
MOHLIIIO, 110M n •mcToM pacTnope <liona. Ilo Mope p;ecop6IJ;HH aHa11eane <IioTo­
'l'OHa paCTOT H p;ocTJrraeT 3Ha1IeHHH, xapaI\TOpHLIX ,D;JI.fl 'IHCTOH noBepXIIOCTll. 
llpn orrpeii;eJieIIHbIX rrpOJJ;HOJIOilrnmrnx 0 mmaµ;e B cyMMapIIl>IH cl>oTOTOI\, BHOCH-
1\IOM TIOI\pblTLIMII aµ;copoaTO~I H CBo6o,n;IIl>IMH y11aCTK8MH HonepXHOCTII MOTaJIJia, 
yp;aeTC.fl pacc•mTa Tb neJiwnmy aamimIOHHfl nonepxnocTH a,n;cop6a TOM rrnr\ 
cpy1rnu,n10 ITOTOIIIJ;UaJia, 'ITO l\iOil{OT CJ1ynrnTh HOilbIM MOTOJJ;OM IlOJIY'IOHlI.fl H30-
TepM aµ;cop61vm. 

B//,uJLnue paa6ae//,eliUJl pac1eopa. Hau6oJiee namHLIM cJie,n;cTnneM paa6an­
Jiemrn .flBJiflCTC.fl U3l\leIIOlllIO CTpoemm )J;BOHHOro CJIOfl: OCJIII B IWHIJ;OHTpHpO­
naHIILIX pacTBopax OH cq1opMHpOBaH 110HaMH, HpirneraIOII~HMH J{ 9JIOI\Tpop;y 
H lTMCOT TOJIIIJ;HIIY nopnmrn aTO!llHLJX pa3Mepon, TO B pa36anJIOIIlll>IX pacTBopax 
µ;noiiIIoii: cJioii pacmnpHeTcn n my61rny pacTnopa. ToJIIIJ;HHa ero µ;ncp<Jiyimoii 
'IaCTH 1/x yneJin•nrnaeTcn c paa6anJieIIHeM H cocTanJIHeT, uarrp11111ep, 100 A 
n 10-3 11. pacTn~pax. B 3TH~. ycJronnnx na noHax, np1mera10ui;Hx K aJieI\Tpop;~ 
( T. e. B JIJIOTHOH '.!aC'HI p;nomroro CJIOJI)' na,n;ae1· yme HO BOCb npHJIO'l\8HHbUI 
HOTOHIJ;HaJI; 31Ia'lHTOJ1LIIan ero 1IaCTb OJ\a3l>IBaeTCfl paccpep;OT0'10HHOH B p;ucp­
lpyanoii 11acTII )J;BOMIIOrO CJIOH (pnc. 5). 

Rm\ yilrn ronopnJIOCb, onpep;eJiflIOIIJ;IIM cI>m<TopoM ,u;m1 <IioToaMIICCHH 1IBJIH­
eTCJI COOTIIOIIIOIIHO :!110il\p;y ,n;e6poiiJieBCI\Oll p;mmoii BOJIIIJ,1 9!\IHTHpOnamrnro 
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3JieKTpOHa 'A H xapaKTepHbIMH paCCTOHHIUIMII, Ha KOTOpMX II3MeHHeTCH IIOTeH­
D;HaJI. Pac11eT noKa3bIBaeT, 'ITO AJIH 9MHTHponaHILbIX aJieil'.Tpouon c TiffiiflIHoii: 
KOHe'!Hoii: aneprne:ii: 0,3-1 ae AJIIIHa BOJIIILI Ae BpoiiJIH 01maLrnaeTcH TaKo· 
Ba, 'ITO B pa36aBJieHIIbIX paCTBOpax 'A < 1/x, II OIUI ue 11rnryT IIpOCO'IHTbCJI 
11epea AHcf>cpyauyro 1rncT1> ;:i;noiiuoro CJIOH BBIIAY ee 60JI1>rnoii: Tonw;1n1bl. II0TeH-
1~uaJI B 3TO:ii: o6JiaCTFI llteHHeTCH c paCCTOHHHeM CTOJib MeAJieHHO, TITO oua 
~rpaeT Terrep1> AJI.H aMHTnponaHnhIX aJieKTpouon TY me poJib «Hm;1ma c rrnoc-

A. KHM AHOM», KaKyIO )J;JIJI IWHD;CIITpHponaH; 

Melfl~/U/· 
Pacm8op 

HbIX pacTBOpOB nrpaeT Heaapm1rnHHblH 
o6'heM ane1aponnra. 

06oana•rnn BeJIHTJ:HHy rroroun;uana, rra­
~arow;ero B ,Ii;Hcp<lJy3HO:ii: 'IllCTH ABO:ii:noro 
CJIOH, •rnpea '¢i, IIOJIY'IHM, 'ITO npu U3M0-
Hemrn IIOJIHOro IIOTeHn;HaJia Ha BOJIH'IlIBY 
qi AHO 31-IepreTHTJCCI<Oii: HMLI B pacTnope 
.:MeCTHTCH Ha nemPrnHy e(cp- '¢1), a ne 
Ha ecp, I\UK paHee. CooTnercTneuHo, p;Jifl 
CJiy'IaH HH3KHX KOIIIJ;eHTpau;nii: aJieKTpOJilli 
Ta ,li;OCTaTO'IHO B ( 1) rrpOCTO nponecTif 
aaMeHy cp Ha cp - '¢1. B peayJihTaTe rrony­
'IHM COOTUOilleHHe 

I= A [nw-nw0(0)-e (cp- 'IJ'1)J"'• (2) 
t'IIC. 5. 3uepr&ru'leCKa.a cxeMa qmro-
allmcmm B paaoaB;ieHHLie pacT~opLI Ha pnc. 6 peayJI1>TaTbl ~mcrrepnllieH-

1 TllJibHOro HCCJI0AOBllHIIH 3MHCCHII H3 pry-
TH B pacTBopbI KF paaJIHTJnoii: Konn;e11Tpan;uu rrpeACTanJieHLI AJIH cpamremrn n 
1wopp;nnarax Kill\ 1°·4 - cp, ra1\ n / 0•4 - ( cp - '¢1). B rrocnc~HCllI cJiy11ae Aame 
)J;JIH BeChMa Daa6anJieHHbIX pac_TBOUOB (BIIJIOTb ,li;O 10-3 e. arrn/.1t) IIOJiyqaIOTCfl 

r'" 

1,0 

-0,4 "0,8 
a 

-0,4 -0,8 
0 

• J.10~3.H 
o !Oiz H 
~ 10-'if 
o I H 

3 H 

-1,2 I<'- 'P, 

PHc. 11. Rp1rnLie <f>ororoxa B pac1"BopLI paamPmoif KOHD;0HTpan;M 

rrpHMhie, a1wrparrom1py1ow;nec11 rrpn I-+ 0 K TOMy me 3Ha•rnHHio rroporonoro 
norenn;naJia, 'ITO H 1°·4 - cp npHMLie, CHHTbie B I<OHD;eHTpHpoBaHHblX .pacTBopax. 

TaKHl\I 06paao:1r «11wp;mpnn;npona1rnLIH: aaKoH n11TH n·rophIX», BbipameIIHb!H 
COOTHOIIl0HH0M ( 2)' KOJIH1IeCTBeHHO OIIHCbIBaeT cpOT03MHCCHIO B paa6anJieITHLI0 
paCTBOpbI 3JI0ICTpOJIH'fOB, 
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* 
Cei'Prnc yme 11ro;wro ronopnTI> o no3nmmone1-rnn nonoro uarrpamrnnn11 ::iJieI\­

flJOXHMIPrnc1rnx HCCJie;a;onaJUIH, CilH3aHnoro c HBJie1rneM cpoTO::JJieKTpOHIIOll 
~MHcc1rn n pacTnopM :lJieI\TpOJJHTOB. BJiaro;a;apn oco6ennocTHM rpamrn,LI pa3;a;e-
' ,, 11a MeTaJIJin1rncmm ::JJIOI<Tpo7i; - pacTnop ::iTo nanpanJiemre necI>Ma rrepcrrelf> 

,ru:nno. 
IT pem;a;e ncero IICIIOJIL3onamrn co0Tnomenrr11 ( 1) rrpe;a;cTaBJI.ReT, no cy­

flJ;ecTny, ocuony uonoro MeTo;a;a ::JI{Cnepm.rnIITaJILHoro nccJie;a;onauu:11 cpoTo::iMrrc­
turr, rrp1rn1vnmaJibIIO OTJIIPrn10rqerocJI OT nprrMen11BIIIHxc11 ;a;o cnx nop. To, 'ITO 
jlpH 1ICcJie;a;onamm qioTOa:r.rnccnn B pacTnopr,1 ::iJie1npom1TOB MO>KIIO napbnpo­
flaTI> HO TOJII,KO "tJaCTOTY H3Jiy'IeHHJI 11 TeMrrepaTypy, HO 11 erqe o;a;nn cyrqecT­
j3eIIHbIH napaMOTp CHCT0MbI - IIOTeHIVIaJI ::lJieKTpo.n;a,- OTI{purnaeT p11;a; B03-
fr!OiKHOCTeii, I\OTOpble B CJly'Iae H3Mepemrir B BaKyy11rn OTCYTCTBYIOT. ,IJ;onomrn-
1'0JlbHO 11rnmIIo MeHHTb l\OHIJ;eHTpaI~IIIO H COCTaB pacTnopa, rrpnpo;a;y 
jJacTnopnTeJI.11 H T. ,n;. Bee ::JTO no3noJ111eT c TIOMOiqbIO 1rnytJemrn cpoToaMncc1m 
1ICCJie,n;onaTb CTpyI<TYPY nonepXHOCTll <I>epMH MeTa.1mon, a TaI\me xo,n; 9J10l{T­
pomroll: IIJIOTIIOCTH ua rpamni;e MeTaJIJI - paCTBOp, T. e. Te cpyn,n;aMOII'TaJILHbl0 
;tapaKTepHCTlllUI, OT I\OTOpbIX, B IWHe'lHOM C1IeTe, aanlICJIT nc·e rpna1rno-XHMI1· 
<rncKne npo1wcci,1, rrponcxo,n;Jirque na Mea<cpa3noll: rpamni;e. 

MccJie,n;onanne 1p0To::i:-.111cc1111 n aJ1e1\TpoJ1rrT :r.romeT 01rnaaTLCJI o,n;mrM II3 
r.anmeiimnx MeTo;wn nay•rn1rnJI ;a;eTaJihIIOro CTpoemrn ~oiinoro cJioJI 11 
a.i:~cop6ri;110HHbIX JinJiem1M: ua aJiernpo;a;e. Oco6euuo cyrqecTneHHblM c aToii T01I­
JUI apenIIJI OJ{a3bIBaeTCH auamrn OTJ{JIOHenrrii: OT <rna1wna UHTH BTOpbIX» B 06-
)IaCTlI KaR MaJibIX, TaK 11 BbICOirnx ::iHeprnir. Bnennrnii cpoToacpcpeHT nhICTyllaeT 
3/WCb I\aI{ JICT0~1mm ::lJICl\TpOI-IOB B cnoeo6pa3HOM ((::JJieI\TpOIIHOM Ml1KpOCKOII0», 
noaBOJIJIIO~eM c IIOMOil~hIO ()Jl0I{TpOHHoro IIY'II<a «paccMOTpeTL» cTpyKTYPY 
1110mcpaanoii rpaIIHUbI na aTOMHbIX paCCTOHHHJIX. 

Ha1wne~, BHemIInii cpoToacpcper<T n pacTBopbI MomeT 6hITb rrcnOJibaonaH ,n;JIH 
lICCJie,n;onamrn uone,n;emrn ::lJieKTpOIIOB B am,n;KOCTJIX. 'YrroM.RHyTOe Bblllle H3MO­
peune pa6oTbl nMxo~w aJieI<Tpoua n nop;y nnepni.10 y,n;aJiocb nponecTH JIMeHHO 
6Jiaro,n;apn: cpOT0911UICCHOHHhIM lICCJIO)l;OBaIIHJIM. <DoTO<lMHCCHH MO>I\OT 6bITb JIC­
noJIL30BRHa TaI{>I\fl ,!l;JIJI orrpep;eJieHHJI xapaKTepa TOpMO>I<eBHJI JI CKOpOCTH 
COJlbBaTa~HII ::lJIOI{TpOHOil, CIWpOCTII HX 3RXBaTa aI<Ii;OIITOpaMH (n 3aBHCHMOCTlI 
ee OT JIOHHOi'i CIIJibt paCTBOpa, IW:lcp<'{rnri;HeHTa ,n;rrcpcpy3HH COJlbBRTHponaHHoro 
aJieI{Tpona, npnpo,n;M am~errTopa n ,n;p.). KpoMe Toro, oua MoiKeT cJiymHTb 
y;i;o6HbIM HCTO'lHUl{OM na,n;TelIJIOBbIX ()JieKTpOHOB B paCTBOpe 6Jiaro,n;apn: B03-
MOamoCTlI OTHOCUTeJibHO Jier1w perym1ponaTb I{al{ HHTeHCHBHOCTb uy'IKa, Tal{ 
lI nepxHIOIO rpa1nmy ::inepnm ::lMHTHpOBaHHLIX ()Jl0KTpOHOB. 

Ta1rnM o6pa30M, OTHphIBaH noaMonrnocTII nccJte,n;onamrn co6cTneHHO cpoTo­
aMrrccrrn, cpoToacp<pe~\T Ha rpamr~e MeTaJIJI - pacTnop MoarnT o,n;HonpeMeHHO 
JIBlITbCH HOBLIM acp<fieI\TIIBHbIM MeTO,!l;OM H3y'Iemm CTpoeHJIJI II CBOHCTB MeiI\­
<fia3HOH rpanmv,1, a Timme rrponcxo,n;.11rq11x ua aToii rpanrr~e 11 n6mrnn nee 
qrnaHKO-XHMH'IeCKIIX rrpoii;eccon. 

l'!l.U 541.18 




