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OTCYTCTBHe pa31Ja6oTaHIiOH TeOpJUl SJICKTPOJlJ1TOB II cJIa60c pa3BlI

TJleSKCITepHMeHTaJThllbIX MeTO,ll,OB HX J1CCJle,nOBamm Ha aTOr,JapHo-f.l0JIeKY

MpHOM ypOBHe He pa3~emaeT B HaCTOffillee Bpel,m Henocpe,nCTlleHI!Oe 

onpe,neJIeHHe MHKPOCBOMCTB STIDC ClICTeM. HaH60JIee pe3YJIhTaTHBlillMI1 

n03TOMY BCe ell{e OKa3b1BaIOTCR II0JIY3f><mHpI-l'ieCKl1e IIO,n;xO,n:H, B KOTOPbIX 

Ha OCHOBailllli llMeKlJ.lHXC.fI 3Kcnep~MeHTaJThHbIX TepMo,nHHaMH'IeClOlX xapa](

TepHCTHK J1 MO,n:e~HbIX npe,n:CTaBJIeilllfi HruuynUBaIDTCR l1 B~TCfl Te 

HJIJ1 HIDie OCHOBHhIe MHKpOCBOi1cTBD. 11 3aIWHOMep"OCTH paCTDOpOB. 

He pema.fI rrpo6JIeMbI 3J1CRT poJJI1TOB B l.\eJJo},(, B CI1JJY 1.fpe3Bll'!aiiHOli CJIOJi(

HOCTH ,n:JlHaMJIKll H CTPYKTyPbl 3 TID: CHCTeM, 1I KOHueHTpHPYRCb Ha 

paCCMOTpel-OOi TOJIhKO ee OT,neJIbllliX 3a,n:a1.f, STIl 1,!eTO,!l;bl TeM lie MeHee 

BHOCHT BeCOMHH BRJIa.n B CTallOBJIeHHe H pa3BHTHe qJ1I3Jl1.feCKl1X npe,n:

CTaBJIeilllM 0 paCTOOpax. 

B sToR pa60Te H3JIaraeTCR O,nl1H Jl3TaKllX no,n;xo,n:oll H npJIBo,WITCR 

nOJIyqelIHhIe npJl 3TOM .l(a HHHe 0 pR.I(e q,1l3114eCRHX xllpaKTepl1CTHK 

COCTORHIDI HOHOB B s.JJeKTpoJilITax. boJIhllll1HCTDO 1'13 onpe,neJIemillX 

napaueTpoB wm 31 paccMoTpelUloro !lOIIa Ol.\eHeHO nncpDlle. 

PaC'IeT HOp1>!aJILIillX 1.faCTOT KCJIeCiallHH M5:0H. cBl-I3e~i 

3HaHHe 1.faCTOT KOJIe6aI-rn}i HOH-MOJICICYJIa IlO,ubl ,npe.l(C1e.BJlRR CBllO

C10RTeJlbHbI~ HHTepeC,CJJyxHT 1aKXe KJlD~OM ~JlR O~eHKv. pRft8 ~1I3114eCKv.x 

BeJlJ1'IHH nepBllX rnnpaTaIlYIOlfl1lDC c!lJep nOHOB. Onpe.neJleHUe Bcero 

cneKTpa 'raCTOT RBJlReTCR nORa 410 Hepa3peWMwoA 3~1l4eH. 

K C'IaCThlO, o,n:HaKO, ,U.JIR nOJIY1.feill!.fi Ml-lOrl1X IIJII3.l1.feCIDlX napaJ-:leTpoB 

3HaHHe Bcero cneRTpa He 0OO3aTeJlbllO. BnOJIHe JlOCTaT01.fHO ID.leTh 

TOJIbRO ,n:aHHble 0 XapaKTepHcTl~ecKIDC qaCToTax. 3,necb ,n:eJIo 06CTOHT 

npnMepHO TaK Xe,KaK H npH paC1.feTe pR,Ua \PIl3U'lecKIDC cBoiicTB KPHC

Ta'!.llOB Ha OCHOBaIllIH ~e(jaeBCKOH XapaI{TeplICTW·lecl(QR qaCTOTIi. 

PacCMOTpHM KpaTRO HBJlemm, COllpoBol!i,ll,8.lOOU1e pacTBopeHHe COJIH 

B TaKOH 1.UUUCOCTl'I, KaK BO,na. IIOHBJleRHe HOHa B npoCTpaI!CTBeJlllOH 
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Ce TI{e BO,!{l1 npHBO'!{l1T H ,npaMaTHtteCRMM n oc.ne,!{CTBHllJI1. lis-sa CTPYK

TYPHoi1 ne::mBHBaJleRTHOC'rH HORa .PI" MOJIeKYJI1I DO,ml, a TaIOKe Jil3-3a 

CMbHoro 3JIeKTpOCTaTH'leCI Wl'O B3aHMo.n:e~CTBIUI Mew JrnMl! rrp01'lCXO

,!{}IT pa3pymem1e CTpY KTYPl1 dJJ.lIll!afunroc: It l<!OI!Y o6JiacTej;i BO,IOl , R8.K 

611 l<!X OnJIaBJIe u.Jte 11 oopaSOBnJUtle u OBOR CTPYWryp~ . BoKpYI' HOlla 

BOSIDIRaeT c cpepa C .IqJyrm.m IPHSH"IeCIOOoUl CBOil:CTBaMl!!. fleprum CJloil: 

MOJIeKYJI BO,!{1::l 3TOfi c(jJep~ Ha3b1Bf1DT n epBoA I'H,JUl8.TaIl,HOlffiOH ctPepoJ.i 

CB ,!{aJI:bHe~1illeM rrpOC TO rJ1,IU)aTIllT.HOHHaJ'I ccpepa) • .II.eJIO OOCTO.lfT rrp.rr

!;IepHO TaK, RaR ::I TO cxeMaT.rrttecml rrORa3aHO Ha PI1C. I. 

2 
COC TOIDlll e l10Ba B pac TBope. 

I - lIOH , 
3 

2 - I'J1.lUla1'a1U'IOHHM c(pepa, 


3 - Bo,!(a, 


qo - paccTomme Melil,TI;y ueHTpaMH HOJ-Ia H aTOMa 


Kl1cJJopo,!{a MOJIel,YJIH BO;nhl nepBott I'J1,IlpaTa


rumHHoH c Ij)ePl:1 . 


VI3BeCTlillMK qm3R'leCRlIMlf xapaI{Tepl1CTllItaMH I'l1.l{paTaIUlOHHOI:1 cIlJePl:1 


B HaCTO.FliJlee BpeMFi ilBJJmOTC.'l ,l{.IJl1Ha MI:t_ OHa CM31!l do 11 


T811JIOTa I'.\!,JUlaTalJ;lU! HOJia - AH , B OCHOBlIOM orrpe.neMeMall B3!U!MO


;nefiCTBl1eM MelK,ltY l10HOM H MOJIeltyJIaMPI DO.zo,l I'H,llpaTaIl,HOHHOn cllJePl1. 


3TIDC ){BYX xapaJ(TeptlCTHK ,!{OCTaTO'IHO ,UJIIi onemm 'lacTOT HOPM8JI:b

HHX ROJIe6a.:HIDl M1i_ OHa CM3eH B SHHmTeHHOBCKOM IIpH6JIl111tBHIDI. 

KaR H3BeCTHo, B 3TOM rro,llXO;ne rrpe.nnOJIaraeTC.'l, l1TO Bc e JI,lIpa 

MOJIeRyJll1 RJlR ~e KPHCT8JIJla KOJIe6.nIDTcfl C O;nHofi H TOH Me MOHOXPO

Tar{aR MO;neJIb BIIOJIJI8 ~eKBaTHa, eCJmMaTR'leCI\On 'IaCTOTOH ~ 

2 

BHYTpID.!OJIeKYJL'Ipm.re CWlli cymecTBeHHO npenOCXOMT r·~eliIMOJIeKYJL'IpHl~e 

B3aJo1MO.IJ:e~C TBY.R, a TaRllte , eCID! MOJIeKyJIa COCTOHT U3 Mep ,!{BYX 

TImOB ,CllJ1bHO pa3J1H'l81OIlUIX CR no Macce. Ilpl1 YKa3aHHhlX yC.~OBI1RX 

orrTIReCRaff BeTBb 'lac TOT ROJIeO~ XapaKTepH3yeTCH Y3ROR rrOJIOCOH 

'laCTOT, IWTOPM rrpHd.irl!lIeHHo !.mllteT 6HTb orrncaHa o'!{Hoil MOHOXPO

MaT¥I'leCROil l1acTOTOn. I10;no6HM cHTYaWlJl., HaIIpm,lep . RMe eT MeCTO 

B MOJIeKyJL'Ip~ KPHCTaJIJIax 11 rH;I1Jllmax TIDlIeJIIDC MeTaJIJIOB. 

IIOCMOTPJolM Tenepb, y;nOBJIeTBOplieT ID! O,!{HOMY H3 ::ITHX YCJIOBl1i1 

cpu3¥I'leCKM ImpTIDIa COCTO.'lHl1f.i B Cl1CTeMe HOH-I'),lJij)aTaI.UI0HHM ccpepa. 

Hal{OrrJIe l1H1:lH B HaCTD.lrmee BpeMH ::mcnepm~eHT8JIbH1ili MaT8pl'l8JI no 

3HepI'WlM aI,llpaTanIDI 110HOB IlPl1 rrOCJIe,!{ODaTeJIbHOM IIpRcOe,lJ;lHle HID:! 

MOJIeKYJI DO~ K u eHTpalThlloMY I'M!,IijlaTJqJyeMoM,Y I TOHY /1/ 0~I0 3Ira'lHO 
I'OBOPRT B rrOJIb3Y Toro ~Ta , 'iTO B OCIIOBHOM Bcn <lHepI'llH 

rYJ,lijlaTaI.Um orrpC,ll;eJDleTCH Bsam.lo,!{eiicTBHeM MelK.n,Y UeHTPaJIbHhlM ~IOHOM 

I!l MOJIeKyJIaMH BO.zo,l rrepBoii C(PePLI. BIW~ OCT8JIb~ CJIOeB cyme cT

BeHHO M8lffiwe. TeM CaMl1M Cl'lJIa BHYTpeHHero B3IDlMo.nei1c TBM B 

KBa3li1MOJIe l\YJIe I!lOIl-I'H,llp8TaInlOHHa Q ci!Jepa 3Ha'UfTeJIbHO B1iIlIe MeA11~O

JIeK;yJL'IpHOH CM31!l STOI'O aItDaI{or.mJIenca CO BTOPIlM ~ 60JIee ,!{aJI6Kl1MH 

CJIOm.m MOJI8K;yJI BO.zo,l . KPOM6 STOil: KOMrroHeHThI, onpe,!{eJIeHHl:i~ BIWa,IJ; 

Mon:eT eme BHOCl1Tb 110H-llOHHM COCTaB.'lHIOOlM, B03HHKaKJl{aJ'I 113-38 

B3a:HM0,neHCTBM aKBaKOMl1JIeKCOB .JUlYI' C .I\PYI'OM. I1plfH.l!lM8.I{, o,qHaKO, 

BO BHHMaJU!e TOT ifa!\T, '{TO BeCb paC'leT rrpOBO,IU:lTC.'l B npIT6JlIDi(8HID! 

c5eCKOHe'lHO pa3c5aBJleHHO rO paCT B Opa ,MbI MOllte).! 3aKIr kl 'l l1T h ,'l TO n o Mell 

HOHHo a B38MJ.fO,lleilcTlllle paBHO HYJlIO. TaKllM 0 6pa30M,<pM 311'1C CKMe YCIrOBJo\ lI 

COCTOll lIl!l H aKDCl.KOMllJleKCa B paCTBOpe y.nOBIreTBOPRIOT Tpec50B a HHIlM 3ilH

lliTe llHOIl CKO A MO,lleJl I!l 11 n03TOMY 3TOT no,llxo.n MOEeT 6HT b n pHlofe HeH 

,UJIIi OImCaHID! '{aCTOTHoro crreKTpa KOJIe6aHHit 3TOii KBa3IRaCTI!lIl;H. 

C'!{BIlHeM I!lOH 113 nOJIOJileHM paBlIOBeCIm B ueHTpe I'll,llJlaT~OH

HOH cilJePl:1, Harrpl1Mep, lIa paCCTOJ'lHne X, MeHbmee do . B 3 TOM 
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cJIY'iae Ha HOH co CTOPOH!:I CcJiePli 6y,n;eT ,n;ei1:cTBoBaTb B03BpallIaKlI\M 

CM a '7 . 061I'IHO npluun.lae'l'CR., 'iTO npU MaJlliX OTK.!10HelillRX X 

BeCl. npo~ecc OnHCliBaeTCJl 3aKOH0l.1 I'yKa 

:r; -i.x- (1) 

HOCUT Ha3BaHlle CRnOBOnK03(pp'II1.lleHT nponopWlOHaJI.bHOC TZ I 
IWHCTaHT}t. 


3aTpa'UIBaeMM Ha 3TO OTKJIOHelUle 3HepI'HR U ,naeTCR. mrp8XelllleM 


x (2)U~ J:rdx : flcx 2 
• 

o 
ITp n OTKJIOneHlUl HORa 1'13 neHTpa CrJleP!:I Ha paCCTomrne oX ~ do 1'I0H 

BllXO,lUfT n3 r HJ.ij)U Tan;HOIDIOti cq)epH, T. e. ;nerHJ.ij)UTRPY e TCR., 1I03TOMY 

Monro npnHR.Tl., "TO lIe06XO,n;HMaJI ;rr;IDl 3TOI'O :m epI'M ;n:oJIlltHa 6 HTl. 

prulHa TenJlOTe I'H,1JJlaTa.L\IDI }IOHa t:. f.J • Pa3mma Me;!UJ;Y TeMOTOH H 

3HepI'lleil I'H,1JJlaTaIUrn HecymecTBeHHa ,n;Jl.ff Hamn paC'1eTOB. 

CJle;nOBaTeJIbHO I 

tlH=1.lr,d~ (3)2 o. 
OnnpMCl. Ha 3TO pa.neHc TBo H UCIIOJTh3YJI ypaBHeHHe (4) .Ivm: rapMo-

HWleCKoro OCLOIJlJlIlTOpa 

~ ~ = L(llL) (4)
2'i1 M" , 

r;nc N, M" - "l'ICJIO ABora,IUlO U nplloo,n;eHH8.fl WlCca OCJ.J,H.JJ.JL'ITOpa, 

MOJKHO HaHTU Bl:IpalK8ID!e xapaKTepllC '1'Hl1eCKol1 yaCTOTI:I KOJle6aIDlR. 

"epe3 tJ Hu do: 
~ = L (2M-IN) 1/2 (5)

2~ r:J.2 M- . 
o 

TaR KaR Hac 3;neCh HHTpecyeT "aCTO Ta HOPUaJIhllllX ROJleCirumit !1- DHa 
CBfl311, TO lIpHBe;neHHyIO lI1aCCy M* HyJKHO onpe,neJll1Th I<aI{ 

I - L + L (6) 
M- -l'1u M!!a D 
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• 

TuoJuma I 

CIDrOBlIe I-:03q$fl.l,HeHThl k 11 'iaCTOTbI HOPMa.JIbHUX ]COJle oaJ!ID1 

.y 1.1 - UH2 c BH3eJi 

HOH 
lI H . 1019 

J(;;; /MOJIeK 
/2/ 

do •1010 k Mi 
1 - I

M H' l!  lIT !)MOJIb 
/ 3/ . / 4/ 

1,1*-I 
-I

KI' I\MOJlb 

».10- 12 
IC 

.it .10-2 

1,1-1 

I,i+ 8,82 2,15 38,18 6, 9 0,2006 IO, 80 360 
Nil. 7,02 2,46 23, 21 23, 0 0, 0991 5,93 198 
K 5,62 2,94 13,00 39,1 0, 0812 4,02 134 
Hb 5,21 3,08 10,48 85 ,5 0,0673 3,28 109 
Cs 4,65 3,3U 8,54 133,0 0,0631 2,87 96 
Ag 8,13 2,05 38,68 108,0 0,0649 6,19 206 
Be

+,. 41 ,75 1,62 317,60 9, 0 0, I666 ~8,43 948 
Mg 32 , 44 2,04 155,70 24 , 3 0,0967 15,16 505 
Ca 26,81 2,38 94,82 '10 , 1 0,U806 10,80 360 
Sr 24,52 2,56 74,85 87,6 0,0670 8,75 292 
Ba 22,23 2,73 59,6I 137,3 0,0629 7,57 252 
Ha 21,53 2,95 49,58 226 , 0 U,06OO 6,74 225 
Mn 3I,19 2,22 126,50 51\,9 0,U738 II, 94 398 
Co 34,66 2, 09 158,33 58,9 U,0'726 I3,25 412 
Ni 35,50 2,13 156, 62 58,7 0 , 0726 13,18 439 
Cu 35,36 2,01 175,54 63,5 0,0713 13,83 461 
Zn 34,45 2,12 139,50 65,4 0,07[J9 I2,29 410 
Cd 30,50 2,35 IIO,60 II2,4 0,06'15 IO,41\ 348 
Pb 25,15 2,51 79,8I 207,02 0,0604. 8,58 286 
Fe 32,44 2,09 148,20 55 ,9 O,U735 12,90 430 
Sn 26,33 2,36 94,59 II9,O 0,0640 9,62 320 
Al+++ 78,15 1, 88 442,90 27,0 0,U927 25, 04 835 
Ce 59,74 2,60 176,80 I4O,O 0,0627 13,02 434 
Sc 66,55 2,15 288,60 45,0 0,0778 18,52 617 
Tl 70,30 2,24 280,00 204,0 0,0605 16,08 536 
In 69, U5 2,13 304,30 II5,O 0,0643 17, 29 576 
La 55,29 2,74 I47,30 I39,O 0,0628 II,89 396 
F 8,06 2,76/5/ 21,16 19,0 0,1082 5,91 197 
Cl 5,83 3,32/6/ IO,58 35,4 0,0838 3, 68 123 
Br 5,28 3,4 /7/ 9,14 79,9 0,0681 3,09 I03 
J 4,65 3,6 /8/ 7,17 126,9 0,0635 2,64 88 
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Mu I Mu 0 - OOOTBeTCTBeHHO lo!OJlbHLle MaCCLI MOHa M MOJIeI;YJIH SOAb! 
Il 

(O, 0I8 Kr Kl.IOJlh-I). 

B Ta6.1i:lme I npKBe~eHli pacC'IHTaIlHbIe no YpaBHelmfIM (3) H (5) 3R.a

~eHWl ~ H)) .ltJl.Il 31 HOHa 0 pa3JI1rull:lMI! aTOMHliMll: napaMeorpru.IH. 

,lJ,runwe n o TeWlOTaM r ltl)ijl8Tru..um HOHOB 1'1 no ,ItJmHaM CBR:3ei! 38.l1MCT

BOB8HH H3 pa60T /2/ H /3/. 

Ka'leCTBeID!O no.ny~eHJille 'laCTOTU HOPMaJIhHHX 1,OJle6amrlt xopcmo 

cor~cyroTCR C cOBpeMeHHHMn npe~cTasneHHRMH 0 npapo~e HOHOB B 

BO.ItHHX paC TBOpax . KaK 1'I3BeCTHO, TaIDm O.ItHOBaJIeHTHNe HOHNI KB.R 

+ + F - tJ+ GTLi. ,No 11' , .flB.IUI!OTCR CTPYKTypoo6pa30 BaTeJIJlMll:, a" ,R , 
Cs +, CI!. - , 8, - H .:f - - CTpyltTypcpa3pyumTeJISiMH. il03TOMY 

cne~OBaJIO o~aTb, 'ITO 'laCTOTU KOJIe6~ nepBoi! rpynTIH HOHOB 

~OJ!llUll1 6b1Tb BWIIe xapaKTepHCTWleCKoR 'laCTOTHI MeJlMOJIeKyJIJipHHX 

KOJIe6~ BO,ItU , paBHo R 175 cM- I /9/, a '1aC TOTHI lcoJIe6aHHit BTOpcit 

rpy IlIUl, Hao6opoT , JIeEaTb m !1Ke SToro 3HaqeHIDI. fum MOlKHO BH;I{eTb 

Ha Ta~ I, TaKaH 3aKOHOMepHocTb H Ha6JIJO.n;aeTcR B .n;eHcTBHTeKb-

HOCTJ~. 

Ta6J!lma 2 
I 

l1acToTHI HOPM8JlI>HbIX lOOJIe6aHID1 -V M~cBfI3ei! n cM-

MeTo~ onpe8eJIeHHft 

Yio n ill{ PaMaH. HeAT);;!. PaC'IeT 
IO/ / ID/ /II/ / 12/ /13/ / 14/ 


Ca++ 380 360 
Sr 312 292 
Ba 238 252 

lin 395 375 398 
Pe 389 320 430 

379 
Ni 4D5 296 439 
Cu 440 390-435 461 
Zn 364 380 370-390 390 410 
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ilpmMoe ROJIEqeCTBeHHoe COnOCTanJIeHHe B~CJIeHHliX qaCTOT C 

cooTBeTcTBYJOOIID,m :3ItCnepHMeHTaJIhHhIMH 3Ha'leHliJIMH. nOJIY'leHHHMM 

MeTO.It&!I!! JIll'UppaKPBCHoi! ( l1K), paMaHOBCKOi'1 ( PaMaH.) H HeitTpoHHoH 

(He~Tp . ) cneKTpocKoIIHA, .n;aHO B Ta6.ID!l(e 2 H YKa3b1BaeT Ha npHeM

JIeMYlO TO'lHOCTb paCC'l1'lTaHHhlX BeJIH'lHH. 

Onpe8eJIeHl'le MHKpOBR:aKOCTe~ HOHOB 

Ha.irntrne H~elKRblX '1aCTOT KOJIe6amrii n03BOJUleT rrpoBecTH onpe

~eJIeHHe o~oro 1'13 BajimealllHX napaJ.IeTpOB KBa3HMOJIeKyJIH I10H-rl1,lij)a

T8.IlllOHHM cifJepa ee BHYTpeHHe~ BR:3KOCTH . :hy Bem~mlY Will 

rrpoCTOTbI 6y.n;eM o603Ha'laTb ICaI, MRRPOBfI3KO OTb Hona. 

3Hruu!e MllliPOBR:3KOcTeit HOHOB lIc 06xo,lUIMO ,l\JUI orrpe,IteJIeHWI 

piI.Ita tPH3llQeClillX x aprueTepHcTllK rlmpaTauJ10HHl:lX c rDep , a TaroKe ,ll.JIJI 

rrOHID.mHID! n p:HpO.D;bl HeKOTOpwc rrpcueoooB B 3JIeKTpoJIll'rax . HanpHMep. 

TaKIDC. Kale 3JIel(TpOrrpono.n;I!OCTb n JJ:MtMJy31m. . HeY.IU1BnTeJIbHO n03TOMY. 

'{TO YJKe C ,naBHl!X nop rrpe.n;I!PJlHID~wrnCb YCHJIe lIl llie rrOI!blTKI! rro JOe 

HaxOlK,l(eHJlllO. llrul60JIee k13Be CTHM l!3 IDIX rrpllHa,n;JIeliU!T OtiKeay /15/ 

KOTOPUH. I1CXO,nrr 1I3 CBOl-iX rrpe.n;c TaBJIe HH.i-i 0 C'fpyRType BO.D;bI . nOITU

TaJICR orrpe~eJIHTb 8TH BeJIWU! HlI . O,n:HaJ\O ltaKllX-JIH60 IWJIH'leCTBeII

IIblX peaYJIbTaTOB .11M npn STOM nOJIy'leHO He 6b1JIO . 

.IJ.;m paCQeTa MHKpoBfI3ROCTeii HOllon MOlKHO BOCrrOJlb30naTbOR 


ypaBHeHHeM 


1'1 . = 2f1-v
'&, -- (7) dN I 

Bupa:;ca.iOIIlHM BfI3KOCTb cpe,ItU '{epe3 'laCTOTbI Mel!:MOJIeltyJUlp HHX1/i. 
KOJIe6aHl'li1: -y ee COCTaBJUlKlljMX 'l:aCT}ll( . MOJlbHOH MaCCbI M }! 

MeEMOJIeKYJIHpHoe paccTORHHe d Kai{ '13BeCTHo. !'lTO COOTHome-

HHe BUBO,IJJ!!TCJI H3 @1!!.nar,leHTaJIhilOrO ypaBHeHlm. Bl!3KOCTH ra30B /16/ 
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Ta6..~a 3 Dep.ff .II,IlfI M MOJIe KYJlilpIDili Dec H2 0 ,a ,!J,JIJI d. ltIDlHY M-OH2 
lliI3I{QCTll I'MpaTaL\:I'lOIlHblX ccpep ( 1.1}!KPOB.H3JCOCTH HOHOD) CBfl3H cI. 0 H nCnOJlh SYil Ollpe,JJ;eJIemllie x apaKTepnCTK'JeClme '!aCTO

/ 17/ 
11 SHa'!eHlIJI to E no Ca!~Orj.lIODY O.F1. TLl Y , MOlilHO n o ypaBHeHl1IO (7) o rrpe,JJ;cJrnTb MllKPOM SKOCTIl nOHOB 

B Ta6Jr:m:\e 3 npHBe,JJ;ellli pesy.m,'raTLl 3TIDC paC'fe ToD.
, 

1l , 
. 104 ~ E .dE

1li 
KrM- I C-I -1 1 Hs-sa OTCYTCTBIDI Kal tEX""l1160 ::mcrre pllMeHTaJThHblX JJ.aHHUX

MOil K~lI!MOJIh KJIliIJOJIh
171 lIO 'Zi -neJIWrnllaM Op!ThIail ill( rrpoBcpKa D HaCTO!TI'1l6e BpeMfI 1I6BOS

Li+ 30,02 3, 06 3,00 MOlKHa . I{a'leCTB6HHO , O,lUlaRO, OID! xopomo YRJIa,mrnaIDTCll B pW..ntliI 

Na 14,41 1,05 1,18 
cOBpeMemrux BSrJIi1.D:OB Ha npl1p 0,n:y nOHOD B BO.llJIlD{ paCTBOpax. 

K 8,17 -1 ,05 - 0,22 
Kal\ H CJl6,nOBa.1.l0 o;;ouaTI" MMICPOnfISKOC TH CTPYKTypopa3PywIlTeJIe-a 

Hb 6,36 - 0, 84 
Ca 5,20 -1,38 - 1 ,34 J.< +• RC + ,Cs f' , ee-- •a, - II Y- t.te IThUle M SROCTH BO,IJ;U, prulHOM 

Ag 18,05 1 ,74 8 .94' 10- 4 KI'M-1C-I (250C). l,mxpoBH31(QCTH lite Bcex CTPYKTYpOOOpa
Be++ 104, 89 6,10 

sYIOllU1X 1Il0HOB, Hao60poT, 6oJI1111e ::lTOll: Be.lIlNlmH. Oco6eullo Blle'!aT-Mg 44, 42 3,-97 
3~ 2.+ 

Ca 27, 12 1,88 2,75 JlllJllT OtleHh BhlCOIrne Slla'leHlUI MmqlOM3ROCTea ROllOD .lie Ii Be , 
Sr 20 , 43 2,05 

paBHhle COO'fneTCTBeHHO 77.10-4 RI'M-I c-1 JI 105. IO-4 RI'M-IC- l • 
Be 16, 57 1;53 

B CDR311 C I1PliHIU!OI18.Jll>HJill x apaKTepo).{ SH8.'1eHI1A WlKPOBSl 3KocT et:l .IlJI il
Ha 13,66 1,05 
:.In 32 , 15 3,17 OJJ;eHKJI n pRPo,IJ;U lIOHOB B paCTBOPax H BwrnJIeHIDl ])lI.ll!l ,lIJlyrJIX qm31f

Co 38 ,89 3,64 
'1eClrnx: napaMeTpon r~Ta.rmOHHl:lX c<PeP. lIteJIaTeJIbIIa. HX c50JIee 

Ni 36 , 98 3,52 
TIl\aTeJIbHaH KOJm'l:eCTBeHHM rrpclBeplca.eu 41 , 13 3, 78 

Zn 34,65 3 ,36 Han60JIee no.nxo~e, :I1)IH aToii: u e.mr JIBIDIeTCR Be.1IIRHHa 11 E no 
2,70 Cd 26,55 CaMORJIOBY O.F1. 17 , npe.IlCT aan RDmaH pasHocT1 RUCOT llOTeHUHaRb-

Pb 20 ,43 2,05 
IillX 6apbepoB .~ rrp~oB 140JIeRyJI BO.D:U B r~Ta.rmoHHoll: c~pe

Pe 36 ,89 3,51 
Sn 24 ,36 2, 48 £ j. J1 B Hepaspyme}I1IoiJ: BO,lUIOll: CTPYRTYpe £ , T.e.AE =E.j. -£ 
Al +++ 5, 3576,61 KpoMe STOH B8~ MOXHO eme rrpHBJI8,!b Koppe~OHHHe n peMeRa 

Ce 29 , 93 1,74 


BpamaTeJIbHHX .D:BIDKeFUlil: H:2 0 -MOJIeRyJJ B rH.IJ:PaTaIUIOHHWC C<Pepax 
Sc 51 ,49 4,34 

Tl 42 ,91 3 ,88 'ic • ,JJ;Jlil KOTOpm: 'l'aKlite lIMemCfI COOTneTC1'BYKmHe 3KcrrepmlleHTaJib 


4,19 I n 48,52 HIle ,JJ;amrue. PaCCMOTpHM BHa'laJIe rrepBylO B03MOIitHOCT1 . ITo CaMoibJOBY 
La 2..5 , 94 2,64 

/17/ BUpaAe~e Bi1 3KOCTB BO.D:Horo CJJOil , llpYJIer aDmero Henocpe~p 12, 79 0,89 

Cl 6,62 -1,13 -0,74 CTBeHHO R HOllY, T . e. ~~e MHKPOMSKOCTH, 3anHCana e TCJI 


Br 5,43 -1 ,21 - 1, 24 CJIe.D:Y KIIlW~ o6pasoM : 

J 4, 38 -1 ,34 -I , 7? 
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~i ;:; 8 LTexp( £:::£ ) I (8) 

a ;IJ,llR. BJI3IWCTI1 'lJIICTO:i1 BO;:o1 

(9)72#3.0 =8 T,.xp (iT ) . 
I10.neJIHB (8) Ha (9)H npl'l lfl1Marr 8£ = 8 (no CaMOVrJIOBY ) , noJIY'UlM 

ypaBHeHl1e (10): 

"li. =::- "ll-le D ~xp (~~ ) I 
(ID) 

CBJI3!1B8.KlI1ee Ml1K]XlM3I<OCTh C lliI3KOCTbJO tUlCTOfi BO,n;hl 11 ,l!onOJIlm

TeJIbHOii 3Heprl1e i1: L1 £ . Ha OCI!OBaHHl1 ypaBHeHID! (10) 11 61:1JlH 

OueHeH!1 Beml'lHH!1 /1 £ no paCC'l}l'raHH!1M 3Ha'lelUllIM '2i C 

1J.
HaO 

= 8, 94' 10-4 KI'M- IC-I (250C). OlU1 Bce npHBe,l!eH!1 B Ta6JIJ1ue 

3. B TpeTb8M cToJI6ue ;n;JI.il COITOCTaBJIeHlL'l ,l!aH!1 3KCrrep:llMeHTaJIbH!1e 

3lla'leHIDI ITO CaMOf1JIOBY, nOJIytJeHlille liM H3 Te~mepaTYpHb!X K03@imu1

ellTOB rrO,l!BHIDlOCTI1 :II ,IU:!@lY3J1Yl HOIlOB B pac'rBopax. KaI{ BM.D;HO :113 

cpamreHIDl, BO Bcex C;rytIa5IX Ha6JIIO,l!aeTCH xopomee COBrra,l!elme. 

HeCKOJIbKO 60JIbUlarr pa3HHUa .l(!I1I k + BITOJIHe rrOlmTHa, eCJIH 

ytJeCTb M:II30CTb "YJ . }(. :II 7J • B 3'1'01.1 cJIytJae YRe He60JIbllJarr 
'" ·tJlaO 

OUlMCiRa B onpe.n;eJIeHI1I1 1l. cephe 3HO CRa311BaeTCH Ha L1 £ - Beml'l¥!He. 
l + 

HarrpIlMep, YI3eJI¥!'leHl1e r..mKPOB513KOCTH I( Ha 10% OT ee 3HatJemm 

ITPI1BO.n;l1T YRe K 113rileHeHl1JO 311aKa £} £ . 

KOppe.JI.FIInWHH!1e Bp8MeHa 1c 3JIeMeHTapHb!X rrpoueccon Bpame

HID! MOJIe KyJI rMJUlaTaIll'IOHHRX ccpep MORJIO orrpe.neJIUTb no ypaBHemlJO 

.I\e6arr 

4~"~'Ztc (II)
!JIT 

CBII3h!B8IlllleMY 3TH BenI1'HlH!1 C BII3KOCThlO Cpe.l(!11t ~ pa,lU1YCOIol 

Bpamai)me~CII B Hell MO!IeKY!I!1 r /18/. YlCITOJIb3YJI B ypaBHelillm (II) 

10 

~ Ta6!Kua 4 
l{opp8.JI.FIIn10HHble 13peMeHa Tc- 3JIeMeHTapHIiX Bp8ll18TeJIbHHX 

~~ H20-MOJIeKyJI n epBHX r~T~oHHUX c~p HOHOB 

r; .roI2 r: .roI2 (c)
110lI 

c /19/ 
4* 6* 8* ro* 

L1+ 8,37 7,83 6,21 5,40 4, 86 

Na 4,02 4,86 4,32 3,78 3,51 

K 

Rb 
Cs 
Ag 
Be++ 

Mg 

Cs 
Sr 

Ba 

Ha 

Mn 

Co 
Ni 
eu 
Zn 
Cd 
Pb 

Pe 

Sn 
u +++ 

Ce 
So 
Tl 
In 
La 

P-

Cl 
Br 
J 

2 ,28 
1,77 
1,45 
5,03 

29,26 
12,39 
7,57 
5,69 
4,62 
3,Bl 
8,97 

ro , 85 
10, 31 
Il ,47 
9,66 
7,41 
5,70 

10,29 
6,79 

22,21 
8,35 

14,36 
II ,9? 
13,53 
7,24 
3,58 
1,85 
1,52 
1,22 

2,43 
1,62 
1,35 

14, 04 
9,45 
B,37 
7,29 

6, 21 
2,43 
1,62 
0,81 

2,43 
1,89 
1, 89 

Il ,07 
7,83 
7,02 
5,94 

5,40 
2,43 
1,89 
1,08 

*) MCnO~30BaHHHe rB.D;paTauROHHHe ~c~a ROHOB. 

II 

2,43 
2, 16 
1,89 

9,45 
6,75 
6,21 
5,4 

4,86 
2,43 
2,16 
1,62 



.rpm "l 3Ila'I8mll lilm,pol3JI3I<OCTefi , a ,n:.IDl pa.!\ffyca MOJI8ItyJll:l BO,llbl 
o 

B8JHf'Umy, p aDHjl lO 1 ,40 A, n OJIy't1aeM ROppe.1lJ'!IJ;HoHHHe BpeMeHa 

l1epeop>re ltTaI.Uili MOJIe RjlJI H2. D rl1,I{PaTau;HomlUx cepep. 0l1pe,ll;8JIemrue 
:t 

TaKHM oopa30M t c C06paHH B CTOJlc:5ue 2 Tao.1Umu 4. 
+ 

B TpeTh8M CTOJIOue nplme,ll;eHH 3ItcnepMMel!TaJIhHHe r; 3Ha-

u.eHJ1fi. nOJIY'l8HHU8 r 8pm8M H U8i<i.r\JIepoM / 1 9 / 11IeTO,ll;OM H.l.l . P. 

KaR BMIlO VI3 Ta6JImJ;u, Melil,lG' paCC'lHTaHlI!1Ml'l IT ::mcnep J1Me HTaJILllHMJIl 

ROppe..TIRW!OHHHMH Bp8MeHaMH lIU6Jl1{),n;aeTC!1 xopomee CorJIacue. TromM 
-I 

odpa30l.~ , npoBepI\a MffitpOM 3I-:ocTeil no Be!lH'lHHaM !J E M rC yl<a 

31lBaeT Ha III ,n;OCTaTOqHO BblCOICY IO TO'lHOCTh. 


Onp e.n;eJIeHHe pagny COB HOHOB B paC TBOPax 

IIOJIY'leHHUe 3Ha'IeHJ1H Ml1KPOBII3Kocr ef! HOHOB pa3pelllalOT 

Tenep:o paCCMOTpeTh O.I11lY 113 aKTyaJIhHliX CTpYKTyPRID< npo6JIel.1 

3JIeKrpOJIJIlTOB - onpe~eJIeHMe p~yCOD HOHOB B paCTBopax.M3BeCTHO, 

'ITO 3HaIDle llCTHHHWC pa.n:rryCOB l10HOB B pacTBopax IDmeT nplffilUl

n JilaJILHOe 3Ha1J.Clrne .n;M pa3Bl1TIDI Y'lemlll 06 3JIeKTpOJIJllTax /20/. 

TeM He MeHee .n:o HaCTO.fll.Uero BpeMeHM OHll 61:l.;rn eme He.n:OCTynHH .nJlII 

Henocpe.nCTBeHHoro onp8.ne!leHHIl. IIpl1 paC'IeTax H TOJll<OBaHl!rn TepMO

.n:miafJlH1IeCKHX ,n;aHHHX lICnOJIb3YlOTCil nORa 'ITO TaK lIa3l:lBae~llie 

3qxpeKTlUlHli8 PauMYCIi MOHOB /21,22/, npe,ll;cTa.:ElJIiUOOlI1e coooH j{QppeK

Tl1poBaHJllie Ha 'I'OT rum I1H011 3MJllipl1'IeClmli. napaJlIeTp KpHCTaJLillf'Jec

lUre pa.n:rry Cli • 

110HJllie Pa.IU!YCI:l B pac'rBopax MOJtHO OU8IDlT:O, OI1HpalICh HU 

3RC1l8Pl1M8HTaJThHlie 3Ha'ieHIDI 110 3RBJ!BaJl8HTHllM 3JJeJ{TporrpOBOMOCTRM 
+ 

HOHOB llPH 6eCKOH8'lHOM pa30aBJIeHHH A;, no xopomo H3BeCTHOMY 


YpaBHeHIDO 


+ ZeF (12)
A~ =6<Ji1 ri 

12 

r.n:e 	 l - 3aplm HOHa , 
t - neJIl1'Illlla 3JIeMeHTupHoro sapMa . 

F - 'lllCJIO <Mpa,neJI • 

1l - M3KOCT:O cpe,llbl. B ROTOPO~ ,IUlmteTCJI HOl-! , 

~ - ~c HOHa. 

ITpe06pa3YII STO YPaBHefrne OTHOCliTeJIhHO '1 H 1l0,n;CTUBJlII.!1 'mCJIeH

Hli8 3H9.'feHIDl .IVlll neJIJlltmHH 3JIeM8HTapHoro 3aPlI,n;a M 'l}ICJIa ~apa,neH, 

noJIY'lliM .IVlll pa,IOOca nOHa B aHrcrpeM8.X : 

o 8,19.10-6 	 (13)'l. (A) 

'1£ A~ 
1 -I -1

3,1l;8Cb .it;' c:5epeTcll B 8AllHHUax oIJ-1u2 r - sKB- , a ~.: - B KrJ.! C • 

B Tpene! KOJIOHKe Ta6.llllUH 5 np1ID8,1l;eHll 3Ha'leHHfI t'i. ,pac

ctmTamrue no YPaBHeHIDO (I3) C HCnOJIh30BaIDleM MHKPOMSKocTei1: 

:If 3KBHBaJleHTHliX 3JI8KTponpOBO,IjHOCTeH HOHOB. TaM Jl(8 npliB8,Ijelill, 

,,ItJIIi conoc TaBJIe HRfI , KpZCTaJIJll1tr8ClUIe Pa.n;lryCI:l 11OHOB pa3JU1'IIffiX 

CHCTeM: ~ - rOJIb.I1llil,lMTa /4/, rp - ITayJIl1Hra /4/, rl'1_ x 

- :,leJI:bBllli-Xbl!)Sa /4/, tG _A - I'ypapl1-A,Iij)HaHa /23/ , ~N - o6o JIo 

'l8K ,lHepTHRX ra30B /4/ .H CTOKCOBCKHe ~CbI PlOHOB B pacTBOp8X 

- rs . CpaBH8IDle r;, -BeJll1'IRH C HI1MH IIORa3IiBaeT, 'ITO no CBOl1M 

ac:5cOJIIOTHI:iM 3Hfl'lemlliM orrpe,n;8JIeHJIHe pa,mryCbI xopomo corJIaCY)i)TCH 

C KPHCTanJIKqeCKHMl1. 

¥~K H3BeCTHO, a6COKIOTHlie 3Ha'IeHRa pa,Il;Hy COB HOHOB B KPRCTaJI

JIax H8 ,n;OCTOB8pHH. 3Tl1M 11 06'l>1ICIDle 'fCii Ha.JI.II'lne TaKOrO 60JI:omoro 

KOJill1IeCTBa CHCTeM. IIplNHHa BToro COCTOJIHJ1H KpoeTCIl D OTCYTCTBl1ll 

06'l>eKTHBHOro KpHTepllll pa3.n;eJIeHIifI CYMMapHoi! ,n;.mrnJ:I CM3H KaT'!OH

-aHJllOH B KpMCTaJIJIe Ha HOHlllie COCTaBJlRJlI(He . ,lJ,.rrJr SToro He06xo)l;l!MlJ 

,IjOrrOJIJrnT8JThHlie lIpe,nrrOJIor.,:eHIDI. XOTJI }13JIOzeHHliil: 3,1l;eCh r~8To.n: il 

H8 HCnOJTh3yeT B HBHOM BMe KpMTepIDl: p a S,IjeJIemm, B HeJIDHOM rume 

OH Bce xe BBO,Il;J1TCH B paC'IeT 'lep83 3HeprRH r~aTauHB HOBOB. 
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O.llHaJ(O Y'ler To r o cpaJ(Ta, ' IT O KaJ( 1l 0pMaJIbHhie tlilCTOTbl KOne6aHI!I!, 


TaJ( II WUtPOBil3KOCTH HOHOB 3aBllC.flT KaJ( Ko peH!> RBlUpaTHbll! OT 3Hep


rllll r ll.npaTalUll-l, CYlIIe CTBeHHO OCJlaOnlleT HeOn pe.l\eneHHOC Th, CB II 3atlHYXl 


C He o (hsKTllBHOCTLll KpHTepMll paS.l\eJleHllil, B CB il 3l-1 C '1ell "'Oli liO 0]["


J\aTL nonYlIeHHil aTl-IU cn o Co 60lA OOJI ee TO'llllDC 3Ha'l eHJIIi HOII IlIDC P8,l\11Y COB. 


B 3aRJIlO'Jem!.e paCCMOTpIDd eme CTOI(COBClrne p a.n;Ry CIi HOFIOB . 

rum H3BeCTHO, ITpn IDe paC'1eTe ITO ypaBHeHIDo (13) ,lJ,JI5[ 12. 6epeTCJI .. 
rrpocTo M3ROCT!. tmC TO:!i BO,IU.l, T . e. ITOJIHOC TblO }!I'HopnpyeTC!l 81\CITepH-

MeHTaJIbHO YCTaHOBJIeHHllii !PaRT H3MeHelllUf M3ROCTIl BO.n;I:i rrpK pac'rBO

pemrn B HeH cOJIea /24/. llliIpOKO pacTp ocTpaIlenHoe MHelme 0 TOM, 

<lTO CTORCOBCRMe pa.n:HYCil - 3TO Pa.tJ.1ry CH r 1uwa'l'llpOBaHHI:lX HOIIOB, 

T.e. HOHOB cOBMeCTRO C 1IX rlf.ll;paTHllMH 060JlO1.H<aMH, C'l'aBIfTCfl ITO,L\ 

COMHeH11e nx ]I[£) a6coJIlO'l'll.l:D.rn 3HaQe HIDIMH . HarrpJ1Mep, RaK mU\no 113 

t + + 
Ta6Jmm,.! 5, CTOI\COBCKHe pa,n;:HyChI TaKHX !dOHOD,I\aI< I< , Rg If C5, 

MeHbme llX RpllCTaJJJlJf'1eCRlIX Pa.n;HJCOB. COBepllleHHO OlJeBMHO, 'ITO 

::lTOT !Pa1{T He HaxO,UHT OO'bIICHerurn: B nplffie,L\eHHOH KOHUeIIIOrn 

CTORCOBClGlX pa,n;rry COB . TeM c ru.'IHM BOITPOC 0 tPH3H'leCIWM CMIlCJIe 

CTORCOBCKID:: Pa.IUiY COD CJIemeT C'DtTaTb OTRpI:lTIIM. 

ABTOP C'tHTaeT CBOEM llpllRTI:lL!M ,nOJlrOM B!ipa31!Th rrp1l3HaTeJlb

HOCTb hl .M. OCTaHeBH'lY 3a ~ ueHHHX 3aMe'1aHaK. 
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