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BBeJleHHe 

KpHCTannbi AgO H NaCI , coJlep*aiiiHe npHMeCH *eneaa-57, Hccne-

11-101 B JlOBaHlii c noMOIIIbiO scM>eKTa Mecc6ayspa B cepHH pa6oT • HeKo-
14 101 

__ TOphiX H3 HHX 
1 

o6cy*Jla10TCSI s¢<j>eKThl 1 B03HHKaiOIIIHe B TOM cnyqae, 

KOI'Jla KpOMe )!{eneaa B yKa3aHHhiX ranoreHHJlaX HMeiOTCSI aHHOHHhle npHMe-

CH. 06mee paccMoTpeHHe caol!:cTB AgCI H NaCI c npHMeCSIMH MO)!{HO 
- 111-141 

HaiT-H B • 

• JlaHHhie 0 CBOfi:CTBaX npHM9CHhiX COCTOSIHHfi: )!{eneaa B AgCI H NaCI, 

nony'leHHhie c noMOIIIbiO sciJciJeKTa Mecc6ayspa, H peayn&TaThi, nony'leHHhle 

115 161 
JlPYI'HMH MeTOJlaMH (HOHHaSI npoBOJlHMOCTb 1 

, 1 JlHSneKTpH'IeCKHe fiOTe-

116 111 1181 119,20,211 
PH ' , onTH'IeCKoe nornomeHHe , napaMai'HHTHhifi: peaoHaHc 

ENDO R 
12

'2.
1

), JlOnonHSIIOT Jlpyr Jlpyra. 

Ha PHC. 1 npHBeJleHbl MOJlenH, B KOTOpbiX HOH )!{eneaa HaXOJlHTCSI B 

peiUeTKe B pa3Hh!X BaneHTHhlX COCTOSIHHSIX H C pa3HbiM OKPY*eHHeM. Mo-

o x) Jlen& a , B KOTOpofi: OJlHOBaneHTBbifi: HOH )!{eneaa 3aMeiiiaeT KaTHOH (Fe ) . , 
11 I c 

npeJlnaraeT M10neH JlnSI o6'bSICHeHHSI Hafi:JleHHoro HM Mecc6ayspoacKoro 

B 11,8-8,11,15,21 I 
6 

b 
cneKTpa. 0 CY)KJlaiOTCSI MOJlenH H C 

1 
B KOTOpb!X 

JlnR KoMneHcauHH 

•• H36hiTO'IHOI'O aapSIJla JlBYXBaneHTHOI'O HOHa )!{eneaa B yane 

peweTKH (Fe c ) KaTHOHHhie BaKaHCHH ( 0 c 

~x~)r-0-6_o_3_H_a_'l_e __ H_H_SI __ n_o __ Ten&TOBY 1161. 
aCCOUHHpOBaHbl B Hanpaa-

8 
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Mo.llenH a- g rrpHMeCHbiX cocTOSIHHii ll<eneaa B KpHcTannax AgCI 
H NaCI • ( 100) - rrnocKoCTb c rrpHHSITbiM coKpameHHeM + ( Ag + 
HnH Na + ), :.t', (Fe+) 1 *(Fe-H;),-+1+ (Fe+++~),-(Cl),=(O=) O(BaKaHCHSI). 

' -

4 

~ 

• 

neHH.HX [ 110 1 HnH [ 1001 c Fe · • TeopeTH'IeCKaSI pa6oTa 

/24/ 
0 

CIIepHMeHTSnbHSSI pa60T8 S!BnSIIOTCSI OCHOBHbiMH IIpH paCCMC 

KHX accou~_rauHA. KoMneHcauHSI H36biTO'IHoro aap.Hlla Fe ~c B Mo. 

IIOMOmbiO llBYXBaneHTHOro IIpHMeCHOrO SHHOHS 0: 1 8 ; 
/4 10 24 25/ x) 

HnH 

cMaTpHBaeTcSI B ' ' ' • Mo.llenb e TpexBaneHTHoro i 

38 Fe~· 2 D'c B NaCI H KCI /1 26/ /2( 
npHBe.lleHa B ' • B 

aynbTaT.bi napaMarHHTHoro peaoHaHca Fe+++ B AgCI HHTepnpe1 

no MO,llenH f 1 B KOTOpOA TpeXBaneHTHbiA HOH :ll<eneaa H8XO.llHTC 

.llyyanHH (Fe·~· ) H accouHHpoBaH c 'leTbipbMSI BaKaHCH.HMH (Fe·· 
/10/ •• , ( 

B paCCMaTpHBaeTCSI MO,llenb g( Fe c 20 a ). 

MHOll<eCTBO B03MO:li<HbiX COCTOSIHHA npHMeCeA ll<eneaa SIBnSie 

BeHHbiM 06'bSICHeHHeM pa3H006pa3HSI :3KCnepHMeHT8nbHO Ha6iiiO,ll8E 

M~Cc6ayapOBCKHX CIIeKTpOB, BH.ll KOTOpbiX 38BHCHT OT 'IHCTOTbi H 

BemecTB, ycnOBHft npHrOTOBneHHSI1 TerrnOBOA HCTOpHH 06p83Il8 H 

H3MepeHHSI. B .ttanbHeAweM Mbi 16y.lleM paccMaTpHBaTb 6 paanH'IHbl 

apOBCKHX cneKTpOB, K8:ll<,llb!ft H3 KOTOpbiX COOTBeTCTByeT TOnbKO 

rry IIpHMeCHOrO COCTOSIHHSI :ll<eneaa. 3TH 6 CIIeKTpOB 6y.lleM 0603f 

paMH I +- VI • BHeWHHA BH.ll crreKTpOB npHBe.lleH Ha pHc. 2 H ·10, 

pOBCKHe napaMeTpbi - Ha pHC. 3~8. 

B 
13

•
4

•
51 

cneKTp 06'bSICHSieTCSI MO,llenblO C , (pH C. 1) 1 a 

BbmaBweA <jlaaoa CoCI 2 • CneKTp III 17 8/ 
B 

1 
HHTeprrpeTHpyeT< 

/1/ /6/ MH b H C c HnH e , a B - MO.llenbro H B - cyne: 

MO.llenea b HnH c H e • 8hiXO.llOM H3 aToA CHTyaUHH SIBnSieT 

HeHHe CIIeKTpa III MO.llenbiO g H ITO,llTBepll<,ll9HHe HHTepnpeTaU 

/345/ /910/ 
1 .Q8HHOA B 

1 1 
( CM. H8WH C006WeHHSI ' ) • 

B .llSHHoil: pa6oTe npHBe.llcHo noapo6Hoe H3noll<eiiHC aKcnepHl 

1101 
.ll8HHhiX1 Kp8TKO OITHC8HHbiX B 1 a T8Kll<e P.Hll HOBblX peaynbTI 

x) 
HarrpaBneHHe accouHaUHH BaKaHCHeil: He onpeaeneHo. 

5 
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rrpHMeCHbiX cocTo.HHHH Meneaa B KpHcTannax AgCI 
) - rrnOCKOCTb C llpHH.HTbiM COKpameHHeM + ( Ag + 

~+_',(Fe+) , -\1-(Fe+J;),-ffi (Fe+t+,),-(CI/,=(0=) O(saKaHCHH). 

4 

~ 

neHH.HX ( 110] HnH ( 100] /23/ 
• TeopeTHqecKa.H pa6oTa H sK-c Fe· 

0 

/24/ 
cnepHMeHTanbHa.H pa6oTa .HBn.HIOTC.H OCHOBHbiMH npH paCCMOTpeHHH Ta-

KHX accou~_i~UtHA. KoMneHcaUHH H30biToqHoro aapsma Fe ~c B MOJlenH d c 

nOMO!UbiO .1lBYXBane¥THOrO npHMeCHOrO SHHOHS 0 ~ 1 8 ; 
14,10 24 25/ x) 

HnH Se'a pac-

CMaTpHsaeTcsr s ·' ' ' • Moaenb e TpexsaneHTHoro HOHa Mene-
.. /126/ /2022/ 

38 Fee 2 D'c B NaCI H KCI npHBeJleHa B ' • B ' pe-

aynbTST.bi napaMarHHTHoro peaoHaHca Fe+++ B AgCJ HHTepnpeTHposaHbi 

no MO.{lenH f 1 B KOTOpOA TpexsaneHTHbiH HOH Meneaa HSXO.llHTCSI B Me)!(-

.llyyanHH (Fe~· ) H SCCOUHHpOBSH C qeTbipbMSI BSKSHCHSIMH (Fe'~ 
/10/ ( •• 2 , 

40, ). 
c 

B paCCMSTpHBaeTCSI MO.llenb g Fe c 0 a ). 

MHO)I(eCTBO B03MO)I(HbiX COCTOSIHHil: npHMeceA )l(eneaa SIBnSieTCSI ecTeCT-

BeHHbiM OO'bSICHeHHeM pa3Hoo6pa3HSI SKCnepHMeHTanbHO Ha6niO.llSBlliHXCSI 

MeCc6ayspOBCKHX cneKTpOB, BH.ll KOTOpbiX 3SBHCHT OT 'IHCTOTbl HCXOJlHbiX 

Bell!eCTB, ycnOBHH rrpHrOTOBneHHSI, Tennosoil: HCTOpHH o6pa3US H ycnOBHil: 

H3MepeHnsr. B .ttanbHeAmeM Mbi 'oyaeM paccMaTpHBSTb 6 paannqHbiX Mecc.6ay­

sposcKHX cneKTpOB, KS)I(.{lbiA H3 KOTOpb!X COOTBeTCTByeT TOnbKO O.llHOMy TH-

ny npHMeCHOrO COCTOSIHHSI Meneaa, 3TH 6 cneKTpOB oy.{leM 0003HaqaTb UH~ 

paMH I +- VI • BHemHHA BH.ll cneKTpos rrpnseaeH Ha pnc. 2 H ·10, a Mecc6ays-

pOBCKHe napaMeTpbi - Ha pHC, 3!'"8, 
/3 4 5/ . /6-8/ 

B ' ' cneKTp I o6'bsrcHsreTc H MoaenbiO c ( pnc. 1 ) , a B -

BhmaameA <Paaoil: O>CI 2 • CneKTp III 17 8/ 
B ' HHTepnpe'l'HpyeTCSI MO.{lensr-

/6/ 
- cyrrepno3HUHeil: 

111 
MH b fl c c HnH e , a B - MoaenbiO H B 

MO.lleneA b HnH c H e • Bb!XO.llOM H3 aToii CHTyauHH smnsre'I'CH o6'bsrc-

.ae.ane cneKTpa III MO.{lenbiO g H ITO.llTBepMJleHHe HHTeprrpeTSUHH cneK'rpa 

/3 4 5/ /9,10/ 
{ISH HOi!: B 

0 0 
( CM, Hall!H COOOllleHH.H ) • 

B .llSHHOA pa6oTe npHBC.llCHO ITO.llpOOHOe H3nOMCIIHC SKCnepHMeHTSnbHbiX 

/10/ 
.1l8HHhiX 0 KpaTKO OITHCaHHbiX B 0 a TaKMe PHA HOBbiX pe3ynbTaTOB, 

x) 

HarrpaaneHHe accouHaUHH BaKaHCHeH He onpeJleneHo. 

• 5 
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PHc.3. TeMnepaTypHaH saBHCHMOCTb H3oMepHoro casHra OTHOCHTenDHo 
67 Co B K 4 Fe( CN)6 • 3H20 (nesaH opaHHaTa) H Na2[Fe(CN) NO]H 0 

(npaBaH opaHHaTa) cneKTpOB ,1_,ll,ffi,VB Agg~ ··-· ·· · ' 6 · 2 

3KcnepHMeHT8nbH&Ie ToqKH anSI cneKTy.a I B3HTbl H3 pa6oT&I 141, 
anH ll 4 - H3 / 4 /, anH ffi ~- H3 7 (j.n~ Q) - H3 aaHHOA pa6o­
Tbl H anH V G) - H3 aaHHOA pa60Tbi. 
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Pac.4. TeMnepaTypHa51 aaBHCHMOCTb · aaoMepHoro CllBHI'a. oTHOCHTellbHO 

n OJ s :K 4Fe(CN) 6 3820 (nesag opJlHHaTa) H Na2 [Fe(CN)GNO]H 2 0 
( npasast opJlHHaTa) cneKTpos 11-V s NaCl. 
OKCnepHMeHT81IbHble TO'IKH Jln51 fi • -BaSrrbl H3 Jl8HHOi pa60Tbi 0 

Jln51 m • - H3 Jl8HHOi pa60Tbi, H (I) - H3 /1 I. Jln51 IV t1 - H3 

Jl8HHOi pa60Tbl H Jln51 V 0 - H3 /r/ 0 0 - H3 Jl8HHOi pat50Tbl 

npH HanH'IHH cneKTpa III A - H3 Jl8HHOi paeioTbi npH· _HanH-

'IHH cneKTpa IV. 

1¥D 
~£E{tnm·.f1} 
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Pac.4. TeMnepaTypaasr aaBHCHMOCTb · aaoMepaoro CllBHra. OTHOCHTellbao 
07 

(b a K 4Fe{CN) 6 3820 (neaasr opllHHaTa) H Na~[Fe{CN)GNO]H 2 0 
( npaaaH opllHHaTa) cneKTpoa 11-V a NaCI. 
3KcnepaMeHTallbHhle TO'IKH llJISI I • -aaSrrbi aa llaHHoA pa6oTbi, 
llJisr III • - aa llaHaoA pa6oTbi, B ~ - aa II 1, llJisr IV 1\ - aa 
llaHaoA pa6oTbi H llJISI V 0 - aa 1 , 0 - aa l18HHoA pa6oTbi 
npa HaJIH'IHH cneKTpa III 4 - aa llaHaoA paQOTbi npa _Hana­
'IHB cneKTpa IV. 

··-

Pac.5. TeMnepaTypHaH aaaaCHMOCTb KBallpynollbHoro pac111enneaasr 1\E 
CneKTpa f-Ill B AgCJ o 3KcnepBMeHT8JibHbie TO'IKH 
llJISl cneKTpa ·I • B3SlTbi B:a I 47, x - aa 151, •· - 83 11 I 
llJISl n A - H3 I 41 H llJISl III 0- B3 l18HHOA pa6oTbi. 
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2. YcTaHOBKa H rrpH~oToaneHH~ o6paauoa 

I1aMepeHH51 M~Cc6ayapOBCKHX CITeKTpOB 6binH BbiiTOnHeHbi Ha aneKTpo­

/27/ MeXaHH'IeCKO:l!: YCTSHOBKe C CHHyCOH.IlanbHb!M pe)I(HMOM .llBH)I(eHH51 . o MaK-

CHMSnhHbie 3Ha'le~H 51 CKOpOCTH .llBH)I(eHH51 ITO~nOTHTeJI51 ( HnH HCTO'IHHKS) 

', . 6 ~7 r"_ orrpe.oeJI51JIHCb C rrpMOmhiD KSJIH pOBO'IHO~O CITeKTpa C HCTO'IHHKOM uu B 

MaTpHue xpoMa ,H c rro~noTHTeneM a-Fe
2
0 

3 
, o6o~ameHHbiM no 70% 

57 

Fe ITpH H3BeCTHbiX ,lln51 9TO~O ITo~nOTHTeng H HCTO'IHHKa .llSHHbiX rrono-
/28/ 

)l(eHH:l!: ITHKOB • PeaynbTSTb! H3MepeHHH o6pa6aTb!BSnHCb MeTO.IlOM HaH-

MeHbiUHX KBS.IlpaTOB B rrpe.orronO)I(eHHH J1opeHO:OBO:l!: ljlopMbl nHHH:l!: CITeKTpa 

/27 I 
Ha Bbi'IHCnHTenbHO:l!: MSIUHHe o M~cc6ayapOBCKHe HCCne,llOB8HH51 B HSIUHX 

aKcrrepHMeHTax 6bmH rrpoae.oeHbi B .llHanaaoHe TeMnepaTypbi o6paauoa OT 4 

no 1000°~. 06paaubi H3~0TOBJI.IInacb H3 MOHOKpHCTannoa AgCI x) HJIH 

NaCJ C CO.Ilep)I(SHHeM .llBYXBaJieHTHbiX rrpHMeCHbiX KSTHOHOB MeHee 10 MOnb 
. -4 

%, Lln.11 y.oaneHH.II aa~p513HeHH:l!: c noaepxHOCTH nnacTHHKa AgCJ 
TpSBHnacb 

B paCTBOpe THOCynb¢aTa H8TpH51 H rrpOMbiBSJISCb B .llHCTHJinHpOBSHHO:l!: BO.Ile 

a 'IHCTOM crrapie. 06paaubi N aCI TaK)I(e npoMbiBanacb B .llHCTHnnapoBaH-

57 
Ho:l!: Bone H 'IHCTOM CrrHpTe, CoCJ 2 B 4-HopManhHOM pacTaope HC,I Ha-

HOCHnc.s~ Ha ITOBepXHOCTb KS)I(JlO~O o6paaua. Llanee 06pa3Ubl BbiCYIUHBSJIHCb 

npa TeMnepaTypax < 40°C a nnaaanacb a KBapueabiX Tarn.s~x B TOKe 'lac­

To~o ~ena.s~. ITocne nnaaneHH.II o6paaub! oxna)l(.oanHcb B BTMocljlepe reJIH.II, 

,[lo. H3MepeHH:l!: M~CCOayapoBCKHX CrreKTpOB o6pa3Ubl XpSHHnHCb B ~eJIHH HnH 

a aaxyyMe. KpoMe To~o, ace pa6oTbi c AgCJ npoao.oanHcb npH KpacHoM 

~7 ceeTe, H o6pa3Ubi xpaHanHCh a TeMHOTe, KoHueHTpauH.s~ (b , oueHeHHa.ll 

-4 ITO SKTHBHOCTH o6pa3UOB ( "' 1 MK), He npeBbiiUana 10 MOnb %, 8 Ka-

'leCTBe ITOrJIOTHTeJI51 HCIIOJib30BSJIC51 K 4 Fe(CN )u • 3H 2 0 ·roiiumHo:l!: 
57 Fe -2 ~7 

50 Mr•CM , o6oraweHHbiH Cb 

H3MepeHH851 C HCTO'IHHKOM 57 (b 

-1 TSBJI.IIeT (0,29:!: 0,03) MM•CeK o 

.llO 80%. f1 OJiyiUHpHHa JlHHH:l!: ITO~JIOTHTeJI510 
B Cr ilpH KOMHSTHO:l!: TeMrrepaType, COC-

x.-, KpacTaJIJibi nony'leHbi H3 I1HCTHTYTa ¢H3HKH KpHCTannoa HeMeUKo:l!: aKa­
MHH HayK (BepJIHH). 

, 13 

~ 



3. Peay,m,TaThi H3MepeHHA 

3.1. CrreKTP I 

67 
Mllcc6ayapoBCKHA crreKTP o6paauoB AgCI I Co (pHC, 2a), I!pHI"OTOB-

neHHb!X I!O CIIOC06y, OIIHCBHHOMY B rn, 2, COBIIan C paHee H3BeCTHb!M 

crreKTpoM, KoTophiA Mbi .oanee 6y.oeM o6oaHa'laTb UH<lJpoa 1. CrreKTP xapaK­

TepHayeTCH TeMIIepaTypHOi!: 3aBHCHMOCTbiD XHMH'IeCKOI"O C.llBHI"B 8 OTHOCH-

Te.IIbHO K 4 Fe ( CN) 6 • 3 H 2 0 (neBaH op.oHHaTa) H Na
2
[Fe(CN)

5
·NO]·H 2 0 

(rrpaBaH op.OHHaTa}, KBa.opyrron~:.Horo pacruerrneHHH !'!. E H (j>aKTopa .D.e6aH-

Bannepa f , KaK IIOKa3aHO HB pHC, 3,5 H 7 • l1HTepeCHO OTMeTHTb, ,'ITO 

rrnaBneHHe AgCI BMeCTe C C'oCI 2 xH 2 0 .oaeT TaKOi!: )Ke CIIeKTp, KaK 
. /3,4,5,7 I 

BBe.OeHHe I!pHMecei!: MeTO.IlOM .OH4J4Jy3HH • 

Mbi o6Hapy)KHnH, 'ITO crreKTP I rrocne OT)KHI"a o6paauoB rrpH T=400°C 

B Te'leHHe 3-x 'laCOB B aTMoc<lJepe He c rrapaMH H 2 0 rrepexo.oHT B crreKT­

pbi III H V , KOTOpbie paccMaTpHBaroTc.H B paa.oenax 3,3 H. 3,5. t.{To6hi 

rrony'IHTb aTMoc<tJepy He c H 2 0 , He rrporrycKancH 'lepea BOllY c TeMrre-
o . 

paTypoa 50 C. OT)KHI" B 'IHCTOM He rrpH TaKHX )Ke TeMrrepaTypHbiX H Bpe-

MeHHhiX ycnoBHHX He Be.OeT K rrpeBparueHHro crreKTpa I B crreKTpbi III H 

V • .D.o6HTbCH o6paTHOI"O rrpeBparueHHH crreKTpOB III H V B crreKTP I 
0 

C IIOMOIUbiD MHOI"O'IBCOBOI"O OT)KHJ:'B o6pa3UOB B BBKyyMe I!pH 4QQ C HaM He 

y.oanoc~:.. 

B NaCi. c rrpHMec~:.ro Ko6ani:.Ta, BHeceHHoii: BhiweonHcaHHhiM MeTo.ooM, 

crreKTp, aHanorH'IHbiA cneKTPY I B AgO , o6Hapy)KeH He 6hin. TipH yBenH'Ie-

Co -3 
HHH KOHUeHTpaUHH .oo 10 MO.Jlb % rrony'lanHCb crreKTpbi II HnH III. H V , 

Ho He crreKTp I 

3.2. C rr e K T p II 

He H3BeCTHbiA paHee crreKTp II Mhi o6Hapy)KHnH B NaCI , IIpHI"OTOB-
o 

neHHOM crroco6oM, orrHcaHHhiM B rnaBe 2. BH.Il crreKTpa II rrpH 77 K rrpH-

14 

.,. 

~! 

Be.oeH Ha pHc. 2c. TeMrrepaTypHaH aaaHCHMOCTb Mllcc6ayapoBCKH' 

0 .pOB ::lTOI"O CI!eKTpa B HHTepBane TeMrrepaTyp OT 4 .00 900 K H30( 

Ha pHC, 4,6, H 8. Bo BpeMH H3MepeHHi!: o6pa3Ubl HaXO.OHnHCb B B, 

lliHpHHa nHHHi!: 060HX KOMIIOHeHTOB rl =r2 = (0,48::!: 0,05) MM C 

OTHOWeHHH,HX HHTQHCHBHOCTei!: A 1 /A 2 = 0,7 + 0,1 He 3aBHCHT OT 
0 

TYPhi rrpH t · HH)Ke 720 K. 

TipH 6onee BhiCOKHX TeMrrepaTypax pacwerrneHHe crreKTpa Ha 

IIOHeHTa HC'Ie3aeT, Ha TeMIIepaTypHOi!: 38BHCHMOCTH 8 (pHc,4f 

eTCH IIepenoM; 3KCII9pHM9HTanbHble TO'IKH MO)KHO OIIHCaTb .llBYMH 
-4 -1 0 -1 ( 0 

c HaKnoHaMH (-6,5 + 1,0)·10 MM•CeK K , 4 t- 675 K) H (. 
-3 :1 0 -1 0 

+ 1,0) •1 0 MM•CeK K ( 700-860 K). Me)K.oy H3MepeHHHMH n 
0 

790 H 870 K (rrocne Me.oneHHoro oxna)K.oeHHH o6paaua B IIe'IKe) 1 

.OHnH KOHTpOnbHb19 H3MepeHHH I!pH KOMHaTHOi!: TeMIIepaType H Ka)K 
. 0 

rrony'lanH HCXO.IlHhiA crreKTp II • TipH T&MJ;JepaTypax 770 K H BbiW 

.oanacb Toni:.Ko o.oHa rtnoxo paapeweHHaH nHHHH. 

-1 TioCKOnbKY IIOnywHpHHbl r 1 = r2 = (0,48 ::!: 0,05) MM•C&K 
0 

Bane TeMrrepaTyp OT 4 .00 720 K IIOCTOHHHbl 1 Mbl HCIIOnb30BanH H; 

IIOnHHTenbHble ycnOBHH .OnH Bbl'IHCneHHH 3Ha'leHHH I'!.E ( pHC, 6) II) 
0 

paTypax BbiWe 770 K. 

06Hapy)KeHO HHTepecHoe II0.006He IIOBe.OeHHH CIIeKTpa Il ( N W 

OT)KHI"e B pa3HbiX aTMoc<tJepax. CrreKTp II nepexo.oKT B ·crreKTpbi 

IIocne OT)KHI"a 06pa3UOB B Te'I&HHe I!pHMepHO 3-X 'laCOB IIpH TeMn 
0 

700 C B aTMoc<tJepe He C IIapaMH H2 0 HnH B T9'19HHe 10 'laCOB 
0 

500 C B soa.oyxe. HaM He y.oanocb rrony'IHTb o6paTHoe rrpeBpaweE 
0 

IIOMOUibiD OT)KHJ:'a B BaKyyMe I!pH 700 C B T9'19HH9 15 'laCOB, 

3.3. CrreKTp III 

KaK CKa3aHO BbiiUe, CII9KTp m Mbi nony'lanH a AgCI H3 

(eM. 3.1) H B NaCI H3 crreKTpa II (eM, 3.2)~ Ha pRe. 2d 

15 
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3. PeayllbTaTbi H3MepeHHi!: 

3.1. CneKTP I 
57 

cneKTP o6pasuos AgCI I Co (pHC, 2a) 1 npHrOTOB-

o6y, onHcaHHOMY a rn. 2, co en an c paHee H3BeCTHbiM 

i!: Mbl llanee 6ylleM o6oaaa'I8Tb UH.Ppoi!: 1. CneKTp xapaK­

paTypHoi!: 38BHCHMOCTbiD XHMH'IeCKOrO CllBHra 8 OTHOCH­

(neBaSI opllHHaTa) H Na
2
[Fe(CN) • NO]·H 0 5 . 2 

} , KBallpynonbHoro pacwenneHHSI ll E H (jlaKTopa Lle6aSI-

Ha puc. 3,5 H 7. l1HTepeCHO OTMeTHTb 1 .'ITO 

Co CI 
2 

xH 
2 
0 llaeT TaKOH )Ke cneKTp, KaK 

. /3 4 57 I 
MeTOilOM llH4J4Jy3HH 

1 1 1 
, 

, 'ITO cneKTp 
0 

nocne OT)I(Hra o6paauoe npu T =400 C 

He c napaMH H 2 0 nepexOilHT a cneKT­

KOTOpbie paccMaTpuearoTC.SI B paallenax 3,3 H. 3,5. YTo6bi 

He c H 2 0 , He nponycKancg qepea BOllY c TeMne­

OT)KHr a 'IHCTOM He npu TaKHX )Ke TeMnepaTypHbiX H ape-

He aelleT K npeepaweHHro cneKTpa a cneKTpbi III H 

H V a cneKTP I 
0 

oaoro OT)I(Hra o6pasuoa B eaKyyMe npu 400 C HaM He 

npHMeCbiD K06anbTa, BHeCeHHOH BbiWeOIIHC8HHblM MeTOil?M1 

A cneKTPY I B AgCI ' o6Hapy)KeH He 6bin. npu yeenu'le­

-3 llO 10 MOllb % nonyqanucb cneKTpbi II uno III H V , 

3.2. C n e K T p II 

HbiH paHee cneKTp II Mbi o6Hapy)Kunu a NaCI , npHrOTOB­
o 

, onucaHHbiM a rnaee 2. Bull cneKTpa II npu 77 K npu-

14 

.-.-

/.-.'' 

eelleH Ha puc. 2c. TeMnepaTypHaSI aaeucuMOCTb M~cc6ayapoecKHX · napaMeT-
o .poe aToro cneKTpa a HHTepeane TeMnepaTyp oT 4 llO 900 K uao6pa)KeHa 

Ha puc, 4,6, H 8. Bo epeMSI H3MepeHHH o6pa3Ubi HaXOilHnHCb a aaKyyMe. 

llJupHHa nHHHH o6dux KOMllOHeHTOB f'1 =l2 = (0,48 + 0,05) MM CeK-1 H 
' -

OTHOWeHHR,HX IIHT~HCHBHOCTeH A 1 /A 2 = 0,7 : 0,1 He 38BHCSIT OT TeMnepa-
0 

Typbi npu t HH)Ke 720 K. 

npH 6onee Bb!COKHX TeMnepaTypaX pacwenneHHe cneKTpa Ha llBa KOM-

noHeHTa uc'lesaeT. Ha TeMnepaTypHoA saaucuMoCTH 8 (puc.4) Ha6nrolla-

eTCSI nepenOMj 3KCnepHMeHTanbHbie TO'IKH MO)KHQ OnHCaTb llBYMSI npSIMbiMH 
-4 -1 0 -1 0 

c HaKnoaaMH (-6,5 + 1,0)·10 MM•CeK K , (4 t- 675 K) H (-5,0 + 
-3 :1 0 -1 0 -

+ 1,0) ·10 MwceK K (700-860 K). Me)Kay H3MepeHHSIMH npu 720. 

790 H 870°K (nocne Mellneaaoro oxna)KneHHSI o6pasua a ne'IKe) Mbi npoao­

llHnu KOHTpOnbHbie H3MepeHHSI npH KOMHaTHOi!: TeMnepaType H Ka)KL\blH pa3 
. 0 

nonyqanu HCXOAHbiH cneKTp II • npu TeMnepaTypax 770 K H BbiWe Hat'5nro-

llanacb TonbKO OllHa rtnoxo paspeweHHaSI nHHHSI, 

-1 nocKOnbKy nonyWHpHHbl f' 1 = l2 = (0,48 : 0,05) MM•CeK .B HHTep~ 
0 

sane TeMnepaTyp oT 4 ao 720 K nocTOSIHHbi, Mbi ucnonbsoaanu ux KaK ao-

nonHHTenbHbie ycnOBHSI llnH Bbl'IHCneHHSI 3Ha'leHHSI flE (pH Co 6) npH TeMne-
0 

paTypax BbiiUe 770 K. 

06aapy)KeHo HHTepecaoe nono6ue noaeaeHHH cneKTpa II ( N aCt ) npu 

OT)I(Hre a pa3HbiX aTMoc.pepax. CneKTp II nepeXOilHT a ·cneKTpbi III H V 
nocne OT)I(Hra o6pasuoe a Te'leaue npuMepao 3-x 'lacoa npu TeMnepaType 

0 
700 C B aTMOc$epe He c napaMH H 2 0 uno a Te'leaue 10 qacoa npu 

0 
500 C a aoaayxe. HaM ae ynanocb nony'IHTb o6paTaoe npeepaweaue c 

0 
noMOIUbro OT)I(Hra a BaKyyMe npu 700 C a Te'leHue 15 'lacoa. 

3.3. CneKTp III 

KaK CKaaaao Bbiwe, cneKTp III Mbi nony'lanu a AgCI us cneKTpa 

(eM. 3.1) u a NaCI us cneKTpa II (eM, 3.2)~ Ha puc. 2d, e uao6-

, 
15 



0 0 
pa)l{eHbi BHJlbi cneKTpa III a AgO npH 300 K H a NaCI npH 4 K H Ha 

pHc. 3-8 - TeMnepaTypHaSI aaBHCHMOCTb napaMeTpoa 8 
~E H f 

06oaHa'leHHe cneKTpoa III , aoaHHKSIOillHX a AgCI H NaCI, Bbi6paHo OJlH-

H8KOBbiM, T,K, aenH'IHHbl 8 H ~E H TeMnepaTypHbie 38BHCHMOC'l'H y 

HHX (pHc. 2-6) coanaJlaiOT. B o6oHX KpHcTannax cneKTP III o6bi'IHO con­

V pOBO)I(Jl8eTCSl cneKTpOM 
lpaaJlen 3,5)~ (TioJlo6Hbie cneKTpbi onHcaHbi 

, n 
NaCI c ChO, /26/ 

B AnSI KCI H npHMeCbiO Ko6anbTa), EcnH nnaaneaHe 

( CM, rn. 2) npoHCXOJlHno npH aanH'IHH aoaJlyxa, TO aMeCTO cneKTpa II 

Ha6niOJlanHCb cneKTpbi III H V , B Na·Cl HSMepeaHe a aaKyyMe npH 

0 TeMnepaType 270 C noKaaano, 'ITO cneKTP III noc"reneaao npeapamaeTCSI 

a Jlpyroa cneKTP IV • TipH aToM aa 15 'lacoa nonHoro npeapameHHSI 
0 

He npOH30lllnO, TipH H3MepeHHH B B03JlyXe npH 'reMnepaTypaX Bblllle 400 C 

cneKTP Ill nonaocTbiO nepexOJlHT a cneKTP IV , npH TeMnepaTypax HH­

o )l{e 400 C cneKTP Ill a aoaJlyxe ycTOA'IHB. 06paTHOe npeapameaHe cneKT-

pa IV a III TSK)I{e aa6niOJlanocb ( cM, 3.4), noaToMy peaynhTaT OT)I{HI"'a 

NaCI ;Co CHnbHO 38BHCHT OT Tennoaoll: HCTOpHH o6paau~· ·• 

3,4. CneKTP IV 

TionyqeHHe aToro cneKTpa nonaocTbiO onHcaao a 3.3. CneKTP IV yJla­

nocb nony'IHTb ToribKO H3 cnexTpa III H TonbKO a NaCI • TipH OT)I{HI"'e 
0 . 

o6paaua B Te'leHHe 5 '18COB B B03JlyXe npH 270 C cneKTp .IV nonHOCTbiO 

npeapamaeTCSI a HCXOJlHblll: cneKTP III • B o6pa3uax, oTO)I{)I{eHHbiX a aaKy­

yMe npH T > 400°C, cmiKTP IV MO)I{HO aaMopa)I{HBaTb nyTeM 6biCTporo 
0 -1 0 

oxna)I(JleHHSl (Ha'lanbH8Sl CKOpOCTb 200 C MHH ) o6paaua JlO 20 C. TipH 

MeJlneHHOM oXn8)1(JleHHH B aaKyyMe npH KOMJ18THOll: TeMnepaType aa6niOJl8-

nacb cynepnoaHUHSI cneKTpOB III H IV • BHJl cneKTpa IV noKaaaa aa 

8 , ~E H f - Ha pHC, 4, 
pHC, 2 f , TeMnepaTypH8Sl 38BHCHMOCTb 

6, 8. BenH'IHHbi ~E aa pHc. 6 Bbi'IHcneHbi, KaK yKaaaao a paaJlene 3.2. 

16 
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3.5. C n e K T p V 

3TOT cneKTp aoaHHKaeT BMeCTe co cneKTpOM III B AgCI 

CneKTpOM Ill H IV a NaCI 

MeTHbiX H3MeHeHHJl: cneKTpa 

llOK83biB8IOT BH}:( COeKTpa V 

CHMOCTb H30MepHOI"'O CllBHI"'8 8 

• TipH npeapameHHH cneKTpoa III· 

V He Ha6niOaanocb. PHc. 2 d 

, a pHC, 3,4,6 H 9 - T9MnepaTyp 

, «iJaKTOpa f H IllHpHHbl r 
HHe HHTeHCHBHOCTell: cneKTpoa V H III( IV) aaa HCHT oT CKOp( 

na)l{}:(eHHSI o6paauoa. 11HTeHCHBHOCTb cneKTpa V aoapacTaeT c 

HHeM CKopocTH oxna)I(JleHHSI o6paaua nocne OT)I{HI"'a, nepeaoaSIIller 

I( II) a cneKTp III • HaH6onbwasr HHTeHCHBHOCTb cneKTpa V 

6bin8 nony'leHa npH H8'1anbHOll: CKOpOCTH OXn8)1(JleHHSl 200°CtMHH, 

OllbiT8X nony'leHH8H HHTeHCHBHOCTb COCKTpa V 6bin8 MeHbWC HI 

HOCTH cneKTpa III H HHTCHCHBHOCTb cneKTpa V B NaCI 6binl 

HHTCHCHBHOCTH 9TOI"'O cneKTpa B AgCI • CneKTP. V HMeeT 6oneE 

TeMnepaTypHyiO 38BHCHMOCTb f , 'ICM OCTanbHbiC CneKTpbl, 

3.6. CneKTp VI 

CneKTP VI aoaaHKaeT rrocne nnaaneHHSI a aTMoc«lJepe aoa 

o6paaua NaCI • o6na}:(tii0Illei"'O cneKTpaMH m H v (pHC. 10). 

HHSI Kpall:HHX OHKOB Ha pHC, 10 OOK838Hbl npH 77°K (-5,35 + O,m 
-C 

(-3,10 + 0,10), (+3,15 + 0,10) H (+5,35 + 0,05) MM'CeK OTHC 
. - - -

K 4 Fe ( CN )6 • 3H 2 0 • TipH KOMHaTaoll: TeMnepaType nono:>t< 

3THX OHKOB He H3MCHHnHCb, TipH nnaaneHHH o6paaua CO cneKTp( 

B 8TMOC<jlepe Xnopa nonHOCTbiO BOCCT8H8BnHB8IOTCSl HCXO}:(Hble CO€ 

H V 
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B AgO 
0 6 

npH 300 K H a NaCJ npH 4 K H Ha 

38BHCHMOCTb napaMeTpOB 8 , ~E H f 

aoaHHKaromHx a AgCI H NaCI, BbiopaHo OJlH-

8 H ~E H TeMnepaTypHbie 38BHCHMOCTH y 

B oooHx KpHCTannax cneKTp Ill o6bi'IHO con-

OM V lpa3Jlen 3,5)~ (noJlOOHbie cneKTpbl OTIHC8Hbl 
' 67 

npHMecbro KOoanbTa). EcnH nnaaneHHe NaCJ c ChQ 11 

HanH'IHH B03Jlyxa, TO BMeCTO cneKTpa II 

Ill H V , B NaCI H3MepeHHe a aaKyyMe npH 

noKaaano, 'ITO cneKTp Ill nocTeneHHO npeapamaeTCSI 

, npH aTOM 38 15 '18COB nonHOrO npeapameHHSI 

0 
H3MepeHHH B B03JlyXe npH TeMnepaTypaX BbiWe 400 C 

TbiO nepexOJlHT a cneKTp IV ,npH TeMnepaTypax HH-

01 B B03JlyXe YCTOti'IHB, Qf5paTHOe npeBpalUeHHe cneKT­

Haonro)lanOCb ( CM, 3.4), noaToMy peaynhTaT OT»<Hra 

38BHCHT OT Tennoaoti HCTOpHH of5pa3U~· ·,. 

3.4. CneKTp IV 

cneKTpa nonHOCTbiO onHCaHo B 3.3. CneKTp IV yJla-

H3 cnekTpa DI H TOnbKO B NaCJ • npH OT>KHre 
0 ' 

5 '18COB B B03JlyXe npH 270 C cneKTp .IV nonHOCTbiO 

XOJlHbiti cneKTp Ill • B of5paauax, OTO>K>KeHHbiX B Ba~cy-

• cneKTp IV MO>KHO 38MOp8>KHB8Tb nyTeM ObiCTporo 
0 -1 0 

Sl CKOpOCTb 200 C MHH ) Of5pa3U8 JlO 20 C, npH 

B BaKyyMe npH KOM,H8THOti TeMnepaType HaoniOJla-

H IV • BHJl cneKTpa IV TIOK838H Ha 

TypHaSI 38BHCHMOCTb 8 , ~E H f - HB pHC, 4, 

HB PHC, 6 Bbi'IHCneHbi, K8K YK838HO B p83Jlene 3,2, 

16 
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3,5, C neK Tp V 

3To'r. cneKTp B03HHKaeT BMecTe co cneKTpoM III 
B AgCJ H co 

cneKTpOM Ill 
H · IV B NaCJ • npH npeapameHHH cneKTpoa III !0 IV aa-

MeTHbiX H3MeHeH~ti cneKTpa V He Haonroaanocb, PHc. 2 d , e H f 
TIOK83biB8IOT BHJl CTieKTpa V 

, a pHc. 3,4,6 H 9 - TE!MnepaTypeyro 38BH-
CHMOCTb H30MepHoro CJlBHra 8 

, QJBKTopa f H WHpHHbl f' , 0THowe-
HHe HHTeHCHBHOCTeti cneKTpoB V H III(IV) 

38BHCHT OT CKOpOCTH OX-
na>KJleHHSI of5pa3UOB, J1HT9HCHBHOCTb cneKTpa V 

B03paCTaeT C llOBbiWe-

HHeM CKopoCTH oxna>KJleHHSI o5paaua nocne OT>KHra, nepeBOJlS!lUero cneKTp 

I( D) B cneKTp DI , HaHoOnhWaSI HHTeHCHBHOCTb cneKTpa V (pHc, 2e) 

obma nony'l:eHa npH Ha'lanbHoti CKopoCTH oxna>KaeHHSI 200°Ci'MHH, Bo Bcex 

OllbiTaX nony'leHH8SI HHTeHCHBHOCTb cneKTpa V Obina MeHbllle HHTeHCHB-

HOCTH cneKTpa III H HHTeHCHBHOCTb cneKTpa V B NaCJ ohma 5onbwe 

HHTeHCHBHOCTH 9TOrO CneKTpa B AgCJ , CneKTp V HMeeT f5onee pe3Kyro 

TeMnepaTypHyro 38BHCHMOCTb f 
, 'leM OCT8nbHhie cneKTpb!, 

3,6, C n e K T p VI 

CneKTp VI B03HHKaeT rrocne nnaaneHHSI B aTMoctjlepe aoaopoaa 

oopaaua NaCJ • o5naaaromero cneKTpBMH DI H v (pHc. 10), nono>Ke-

0· HHSI KpatiHHX TIHKOB Ha PHC, 10 llOK838Hbl npH 77 K ( -5,35 + 0,05), 

( -1-(-3,10 :: 0,10), (+3,15 + 0,10) H +5,35 :: 0,05) MM•CeK OTHOCHTenbHO 

K 4 Fe(CN)6 • 3H
2

0 
, npH KOMH8THOti TeMnepaType nono>KeHHSI 

9THX TIHKOB He H3MeHHnHCb, npH nnaaneHHH of5paaua CO cneKTpOM ~ 

B BTMOCQJepe Xnopa nonHOCTbiO BOCCTaHaBnHD8IOTCSI HCXOJlHhie cneKTpbi III 
H \' 
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4. Q6cy~~eHHe peaynbTSTOB 

4.1. C rr e K T p I 

nocKOnbKY crreKTP I(AgCI) cny)KHT HCXO~HbiM CIIeKTpOM ~nSI rrony-

'leHHSI crreKTpOB DI H V 1 HHTeprrpeTaUHSI ero B pa3HhiX pa6oTaX paanH'I­

Ha (rn. 1 ). 3~eCb Mbl KpaTKO H3nO)KHM rnaBHhie apryMeHThl B IIOnb3Y MO­

~enH Fe ·c 0' c (pHc. 1 c). TeopeTH'IeCKSSI aaBHCHMOCTb KBa~pyrronbHOI"O 
/4/ 

pacmerrneHHSI OT TeMrrepaTypbl ~nSI 9TOA MO~enH Bhi'IHCneHa B IIO Te0-

/29/ pHH
1 

H3nmKeHHOit B 1 H cornacyeTCSI C OIIbiTOM IlpH TeMIIepaTypaX HH-

0 0 
)Ke 200 K, pHC. 5. Ylc'le3HOBeHHe KBa~pyrronbHoro pacmerrneHHSI rrpa .. 300 K 

/3/ /4/ 
(nyHKTHpHSSI KpHBSSI HS pHCo 5) 06bSICHSieTCSI B H ~OCTSTO'IHO 

6hiCTpblM ~BH)KeHHeM BSKSHCHH BOKpyr KSTHOHS Fe • • TipH 9TOM rrpeAIIo-c 

naraeTCSI
1 

B cornaCHH C H3BeCTHblM IIOBe~eHHeM ~BYXBaneHTHblX KSTH OHOB 

/11/ /21/ ++ 
B AgCI H NaCI H Co++- B AgCI 1 'ITO HOH Co Haxo~HTCSI 

B yane pemeTKH H accoUHHPOBaH c BaKaHcaeA. KpoMe aToro rrpe~rronara­

eTCSI1 'ITO rrocne. pacrra~a K06anbTS AAPO )Keneaa TO)Ke HSXO~HTCSI B ~ByX­

BaneHTHOM 3SPS!f!OBOM COCTOSIHHHo C IIOMOIUblO TeOpHH BpSIUSTenbHOI"O Cy)Ke­

HHSI nHHHit AAepHOI"O MSI"HHTHOI"O pe30HSHCS yKa3aHHOe HC'Ie3HOBeHHe HH-

/30/ 
TeprrpeTapyeTCSI y6e~HTenbHO • TipoBepKa aTHX rrpe~rrono)KeHHA H3Mepe-

n 
HHSIMH C KpHCTannaMH, CO~ep)KSIUHMH IlpHMeCH 

/19/ 

Fe 1 rro~TBep~Hna ax 

npaBHnbHOCTb 

AHanor crreKTpa B NaCI 
. /1 2/ 

HH HSMH1 HH ~pyrHMH SBTOpaMH ' He 

Ha6niO~ancSI. LITo6hi o6oc:HoBaTb aTo yTBep)K~eHHe1 pacCMOTpHM, KaKHe 

napaMeTphi O)KH~aiOTCSI ~nSI crreKTpa 
B NaCI 1 cooTBeTCTBYIOIUero ueHT-

PY Fe" 0' c c 
B AgCI • BenH'IHHa H30MepHoro c~Bara crreKTpa B NaCI 

~On)KHS 6hiTb cpaBHHMOit C BenH'IHHOit H30MepHOI"O C~BHI"S CIIeKTpa I B 

AgCI BCne~CTBHe H~eHTH'IHOCTH rrepBOit K.OOp~HHSUHOHHOA c<fleph1 0 IIOCTOSIH-
/31/ 

HhlX pemeTOK H CTerreHH KOBaneHTHOCTH o60HX xnopH~OB • TioCKOnbKY 

H30MepHbiA C~BHI" Fe++- B pa3HhiX THIISX xnopH~OB1 HaiipHMep1 AgCI 
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4. 06cy~aeHHe peaynbTBTOB 

4,1. C rr e K T p I 

I( AgCJ) 
cny}KHT HCXO):tHhiM CIIeKTpOM .z:tnsr IIony-

H V , HHTeprrpeTBUHS! ero B pa3Hb!X pa6oTaX pa3iiH'l:-

KpBTKO H3nO}KHM f'nBBHhie Bpf'yMeHThl B IIOnb3y MO­

l c). TeopeTH'ieCKasr 3BBHCHMOCTb KBaapyrronbHOf'O 

14/ epaTyphi ansr STolt Moaenn Bhi'l:HcneHa B no Teo-
/29/ 

, H COf'nacyeTCS! C OIIhlTOM IIpH TeMrrepaTypaX HH-

0 11c'l:e3HOBeHHe KBaapyrronbHoro pacmerrneHHsr IIPH ""800 K 

/8/ /4/ 
HB PHC, 5) 06bS!CHS!eTCS! B H .AOCTBTO'l:HO 

BBKBHCHH BOKpyf' KBTHOHB Fe • • npH 9TOM IIpe.z:trro­
c 

C H3BeCTHhiM liOBe.z:teHHeM .ltBYXBaneHTHhiX KBTH OHOB 

/21/ 
Co +t B AgCJ , 'iTO HOH Co++ HBXO.AHTCS! 

c BaKaHcnea~ KpoMe SToro rrpearronara­

Ko6anbTa srapo }Keneaa TO}Ke HBXO.AHTCS! B .ltBYX­

COCTOS!HHH, C liOMOIUbiO TeOpHH BPBIUBTenbHOf'O Cy}Ke-

MBf'HHTHOf'O pe30HaHca YKB3BHHOe HC'ie3HOBeHHe HH­
/80/ 

, npoBepKa 3THX IIpe.z:trrono}KeHHit H3Mepe-

H, coaep}KBJUHMH IIPHMecn ~7 

Fe , rroaTBepaHna HX 

B NaCJ /1 2/ HH HBMH, HH .APYI"HMH 8BTOPBMH ' He 

060C:HOBBTb 3TO YTBep}K.z:teHHe, paCCMOTpHM, KBKHe 

sr ansr crreK Tpa 
B NaCJ , COOTBeTCTBYIOIUef'O UeHT-

• BenH'IHHa H30MepHoro C.ABHI'a crreKTpa I 
B NaCJ 

Oit C BenH'iHHOit H30MepHOf'O C.ABHI'S CIIeKTpa J B 

H.AeHTH'iHOCTH IIepBoit K.OOp.z:tHHBUHOHHOit c«flephr, IIOCTOS!H­

/81/ KOBaneHTHOCTH 060HX XnOpH.z:tOB • nocKOnbKY 

B PB3HhiX THIIBX XnOpH.z:tOB, HaiipHMep, AgCl 
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4. 06cy)K,neHHe peaynbTBTOB 

4.1. C rr e K T p I 

I( AgCI) cny)KHT HCXO.(IHbiM CIIeKTpOM .(lnH nony-

H V , HHTeprrpeTaUHH ero B pa3HbiX pa6oTax paanH'I-

KpaTKo H3nO)KHM rnaBHble apryMeHTbl B IIOilb3y MO­

(pHC, 1 c). TeopeTH'IeCKaH aaBHCHMOCTb Ksa.npyrronbHoro 

/4/ 
TeMIIepaTypbl .(lnH :3TOil: MO,nenH Bbi'IHCneHa B IIO Te0-

/29/ 
B , H cornacyeTCSI C OIIbiTOM IIpH TeMIIepaTypaX HH-

0 
5, l1c'le3HoseHHe Ksa.npyrronbHOro pacwerrneHHH rrpH "'800 K 

/8/ /4/ 
B8SI H8 pHC, 5) 06bSICHHeTCSI B H .(10CT8TO'IHO 

B8K8HCHH BOKpyr K8THOH8 Fe. • npH :3TOM rrpe.nrro-
c 

C H3BeCTHblM IIOBe.lleHHeM .llBYXBaneHTHblX K8TH OHOB 

/21/ + 
H Co++ B AgCJ , 'ITO HOH Co + HaXO.IlHTCSI 

H accouHHposaH c saKaHCHeA. KpoMe :3Toro rrpe.llrronara­

pacrra.na K0681lbT8 Sl.llpO )Keneaa TO)Ke H8XO.IlHTCSI B JlBYX­

OBOM COCTOSIHHH, C IIOMOWblO TeOpHH Bp8W8TenbHOrO Cy)Ke-

oro MarHHTHOro pe30H8HC8 YK838HHOe HC'Ie3HOBeHHe HH­

/80/ 
y6e.nHTenbHO , nposepKa :3THX IIpe.lliiOnO)KeHHil: H3Mepe-

-nJIBMH1 CO,nep)K8WHMH IIpHMeCH 
67 

Fe , IIO.IlTBep.nHna HX 

s NaCI /1 2/ 
HH H8MH, HH JlpyrHMH 8BT0p8MH f He 

o60C:HOB8Tb :3TO yTBep)KJleHHe, paCCMOTpHM, K8KHe 

H .nnH crreKTpa s NaCI , cooTBeTCTByiOwero ueHT-

• BenH'IHHa H30MepHoro c.nsHra crreKTpa I B NaCI 

HMOil: C BenH'IHHOil: H30MepHoro C.(IBHra CIIeKTpa I B 

TBHe H.neHTH'IHOCTH IIepsoil: K-00p.llHH8UHOHHOil: c<flepbl, IIOCTOSIH­

/81/ 
KOsaneHTHOCTH 060HX XnOpH.(IOB , nocKOnbKY 

Fe++ B pa3HbiX THrrax xnopH.IlOB, HarrpHMep, AgCI 
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cneKTP , CoCI 2 

/2/ /32/ 
H a APYI'HX paam FeC1 2 -4H 2 0 

TOnbKO HS 20%, pa3yMHO npe.llnOnai'STb, 'ITO H B ASHHOM cny'lae pi 

M9)1{AY C.llBHI'SMH B AgCI H B NaCI COCTSBJIStna 6bi He 601IbWe 

Eea BnHHHHH a~~eKTa cy)l{eHHH aenH'IHHa KBaApynonhHOI'O pacwennE 

cneKTpa I B NaCI AOn)I{Ha 6biTb TO)I{e npH6nH3HTenbHO paBHOA 

BenH'IHHe B AgCI no TaM )1{9 npH'IHHSM 1 'ITO H JlnH H30MepHOI'O C 

TaK KaK aHeprHH aKTHBSUHH ueHTpa I B NaCI 6onbwe, 'laM B 

MO)I{HO 3aKnJO'IHTb, 'ITO BnHHHH9 a~~eKTS Cy)l{eHHH HS ~E B NaQ 

XOAHT npH 6onee BbiCOKHX TeMnepaTypaX, '19M B AgCI • 3TO 3Ha~ 
0 

Ba1IH'IHH8 ~E A1IH TeMnepaTyp HH)I{e "' 150 K A01J)I{H8 6hiTb OAHf 

KaK A1IH AgCI , TaK H .unH NaCI . Mo)I{HO oueHHTb TeMnepaTyp: 

npH KOTopoA a NaCI cy)l{eHHe HMeno 6hi MeCTO (eM. paa.uen VI 

llnH 9Hepi'HH aKTHBaUHH M • O E= 0,5-0,6 aa, B3HTOA H3 
1241 

· no c 
. 0 

CH T a "' 400-550 K. VI3B9CTHO, 'ITO 9Hepi'HH aKTHB8UHH .UBYXBaneH 

/13/ 
HOB MeTannoB rpynnhi )l{eneaa B NaCI .unH aToA oueHKH cyu 

He pa31IH'I8IOTCH, 

CpaaHeHHe TeMnepaTypHoA 3aBHCHMOCTH H30MepHhlX C.UBHI'OB 

pynonhHhiX pacmenneHHA cneKTpa B I B AgCI C COOTBeTCTBYIO 

xapaKTepHCTHKaMH cneKTpoa Ill , IV H V , Ha6nro.uaBWHXCH 

He 06Hapy)I{HBaeT He06XO.UHMOI'O C0Bll8A9HHH ASHHhiX, 

C .upyroA cTopoHhi, ~:~ccne.uoBaHHH HOHHOA npoBO.UHMOCTH Na 

noKa3hiBaJOT, 'ITO o6pa30B~.HHe accouHaUHA M' D. c c 
HB1IH9TCH OCI 

nyTeM KOMll9HC8UHH H36biTO'IHOI'O 3apH.U8 .UBYXB81IeHTHblX npHMeCe 
. , /33/. 

AccouHaUHH Co cO c B NaCI npHMO Ha6nro.uanacb B • llnH 

HHH 9TOI'O llpOTHBOpe'IHH CyWeCTBYJOT .UBe B03MO)I{HOCTH: 1IH60 HCJ 

MOHOKpHCTa111Ibl CO.U9p)l{aT .upyrHe npHM9CH, KOTOpb!e npellHTCTBYIO 

BBHHJO BaKaHCHA H aCCOUHHpyiOT C Co~ , nH6o B npouecce H3I' 

KpHCTannOB B HHX TaKHe npHM9CH nona.UaJOT. TIOCKOnbKY .[la)l{e npl 

-3 c 
HHH KOHUeHTpaUHH Ko6anbTa .uo 10 MOnb % cneKTP I B Na I 
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cneKTp CoCI2 
/2/ /32/ 

FeCI 2 ·4H 2 0 R B JlpyrHX p83JIHqaeTCH 

TOJlbKO H8 20%1 pa3yMHO npe)lnonaraTb, qTQ H B Jl8HHOM cnyqae pa3HHU8 

Me)KJlY C.llBHr8MH B AgCI H B NaCI COCT8BJIHJI8 6hi He 60JibWe 20%, 

Eea BJIHHHHH s~~KTa cy)KeHHH BenHqHHa KBaJlpynonbHoro pacwenneHHH 

cneKTpa I B 
1NaCI Jl0JI)KH8 6biTb TO)Ke npH6JIH3HTeJibHO p8BHQ:li 9TO:li 

BenHqHHe B AgCI no TeM )Ke npHqHH8M1 qTo H JlJIH H30MepHOro CJlBHra, 

/11/ 
TaK KaK sHeprHH aKTHBSUHH ueHTpa I B NaCI 6onhwe, qeM B AgCI , 

MO)KHQ 38KmoqHTb 1 qTo BJIHHHHe 9~~eKT8 Cy)KeHHH H8 ~E B Naa npoHc-

XOJlHT npH 6onee Bh!COKHX TeMnepaTypaX1 qeM B AgCJ • 8TO 3HaqHT1 qTQ 

0 
BenHqnHa ~E .nnH TeMnepaTyp HH)Ke "' 150 K JlOJI)KHa 6biTb OJlHHaKoaoA 

K8K JlJIH AgCI 1 TaK H JlJIH NaCI Mo)KHO oueHHTb TeMnepaTypy T a, 

npu KOTopo:li B NaCI 6 ( . /4/) 
cy)KeHne HMeno hi MeCTO CM, pa3Jlen VI B · • 

• /24/ 
B3HTO:li H3 1 nonyqaeT-LlnH sHeprHH aKTHBaUHH M • 0 E = 0 15-0 16 9B 1 · no c 

0 
CH T a "' 400-550 K. H3BeCTHO, qTo 9HeprHH 8KTHB8UHH JlBYXBaneHTHhiX Ho-

HOB MeTannoB rpynnhi )Keneaa B NaCI /13/ 
JlJIH 9TO:li OUeHKH CyWeCTBeHHO 

He p83JIHqaJOTCH, 

CpaBHeHHe TeMnepaTypHO:li 38BHCHMOCTH H30MepHbiX CJlBHrOB H KB8Jl-

pynonbHhiX pacwenneHH:li ci:IeKTpa B I B AgCI C COOTBeTCTBYIOIUHMH 

xapaKTepHCTHKaMH cneKTpoB III , IV H V 1 Ha6nJOJlaBWHXCH B NaCJ , 

He 06Hapy)KHBaeT He06XOJlHMOrO COBll8JleHHH Jl8HHhiX, 

C Jlpyro:li CTOpOHhll HCCJieJlOB8HHH HOHHOH npoBOJlHMOCTH NaCJ Ill/ 

noKa3hiB810T 1 qTo o6paaoBaHHe accouHaUHH M' 0' 
c c HBJIHeTCH OCHOBHhiM 

nyTeM KOMneHcauHH H36hiToqHoro aapHJla JlBYXBaneHTHhiX npHMecei!: M ~ • 
. /33/ . 

AccouHaUHH Co cD'c B NaCI npHMO Ha6JIIOJlanacb B • LlnH o6'hHCHe-

HHH 9TOrO npOTHBOpeqHH CyiUeCTBYIOT JlB9 B03MO)KHOCTH: JIH60 HCXOJlHhie 

MOHOKpHCT8JIJibl COJlep)K8T JlpyrHe npHMeCH 1 KOTOphie npenHTCTBYIOT o6pa30-

B8HHIO B8K8HCH:li H 8CCOUHHpy!OT C Co: 1 JIH60 B npouecce H3rOTOBJieHHH 

KpHCT8JIJIOB B HHX T8KHe npHMeCH ll0ll8Jl810T. IToCKOJibKY Jl8)Ke npH yBeJIHqe­

-3 
HHH KOHUeHTpaUHH Ko6anhTa JlO 10 MOJib % cneKTp I B NaCI Mhi He 

' 
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HamnH, Ka)l(eTCSI pa3yMHbiM t.:'IHTaTh, 'ITO BTOpaSI lipH'IHHa 6onee cymeCT-

BeHHa, 
/1 2 26/ 

Mbi H aBTOpbi pa6oT . ' ' HaHOCHnH pacTsop CoCI 2 B H20 H 

HCI (rnasa 2) Ha nosepxHOCTh KPHCTannos H_HcnapSinH H2 0 H HCI 
0 

npH TeMnepaTypax HH)I(e · 40 C. Ba)I(HO, 'ITO NaCI pacTBOpSieTCSI B aTOM 

paCTBOpe, a AgCJ HeT. npH HCnapeHHH OH- OCTaeTCSI B Naa TaK 

)l(e, KaK aTo npoHcxo~HT npH npHroToBneHHH KpHCTannos NaCI H3 BO~SI-

/34/ 
HOI'O paCTBOpa , BeCbMa BepOSITH0 1 'ITO Co npH HCnapeHHH CBSI3bi-

BaeT cooTseTCTBYIOIIlee ero KOHUeHTpauHH KonH'IeCTBO HOHOB OH- • P aayM-

HO npe~nonaraTh ~anee, 'ITO Ofl;- npH TennOBOH o6pa.60TKe ~HCCOUHHpy.,.. 

eT Ha 0= H H+, 0= MO)I(eT KOMlleHCHpOBaTb H30biTO'IHblti: 3apSI~ K06anh­

Ta ( 4.2). a H + H a -o6paayiOT MOneKyny HCI • KOTopaSI MO)I(eT HC'Ie3aTb 

113 pemeTKH. TaKHM o6paaoM, ycnoBHSI BBe~eHHSI Co B NaCI B Hamel!: 

/1 2 26/ • 
pa6oTe H B ' ' TaKOBbl 1 'ITO aCCOUHaUHSI Co cD: He o6paayeTCSI, 

BMeCTO Hee B03HHKaeT accouHaUHSI c KHcnopo~oM, 

4,2, C n e K T p II 

CneKTP II HaMH ~eTanhHO HCCne~oBancSI B NaCI, • npH TeMnepa-

0 ) -4 -1 
TypaX HH)I(e 700 K HaKnOH H30MepHOI'O C~BHI'a ( -6,5 + 1,0 •1 0 MMoCeK 

0 -1 . - -4- -4 0 -1 /35/ 
K (paa~en 3,2) cosna~aeT c HaKnOHOM -7,3·10 MM cex K 

penSITHBHCTCKOI'O C~BHI'a ~nSI TeMnepaTyp T > @D ( e D - TeMnepaTypa 

.Ue6aSI). 

H30MepHoro c~BHI'a H KBa~pynonbHOro pacwenneHHSI npH 

~nSI nByXBaneHTHOI'O HOHa )l(eneaa B HOHHbiX COe~HHeHH'"' 

BenH'IHHa 

300°K THnH'IHa 

/36/ 
5lX , 3aBHCHMOCTb KBa~pynonbHOI'O pacmenneHHSI OT TeMnepaTypbi 

(pHC, 6) nnSI )l(eneaa B COCTOSIHHH
5 0(3d 6

) MO)I(HO Bbi'IHCnHTb no 4JopMyne, 

/29/ 
~aHHOi!: B 

22 

_. 

I -

2 2 -8 2 2 
~E = 7. e Q ( 1-R0 ) < r ~ a F (~,a , .\ 0 , T 

=5,6a 2 F(~,a 2, .\0 ,T) [ -1 
• MM•CeK ) , 

r~e e - aapM snexTpoHa, Q - KBa~pynonhHbiA MOMeHT E.oa6y)l(~ 

COCTOSIHHSI Mpa )l(eneaa, (1-Ro) - 4JaKTOp llJTepHXei!:Mepa, +<r-8~ 
~HeHT sneKTpH'IeCKOI'O nonSI B Mpe, Bbi3BaHHbii!: meCTbiM d -s; 

A=a 2 .\ 0 ;.\ 0 ,A 

H CBSI38HHOI'O HOHa, 

- nOCTOSIHHhle CnHH-OpOHTanbHOi!: CBSI3H C 

~ -paCCTOSIHHe Me)l(~y HH)I(HHMH ypOBHSIMH
5 

TOSIHH Sl I x y > H I x z > , I yz > B axcHanhHOM none. 
2 /29/ 

LJ.ng 3Ha'leHHi!: a B HHTepBane 0,8 .. 1,0 'f~OpeTH'IeC 
0 

BaSI H~eT 'lepea sKcnepHMeHTanbHbie TO'IKH npH 300 K npH ~ "' 

(pHCo 6), 

Tax xax KHcnopo~ Henocpe~cTBeHHO y'laCTByeT B o6paaoBaH 

II , Mhi npe~naraeM ~n£1 o6'bSICHeHHSI sToro cnexTpa Hei!:TpanhH3 

d (pH c. 1, Fe: 0 : ) H C'IHTaeM, xax H B 4.1, 'ITO y)l(e Co o6 

9TOT UeHTp. 

npH cpaBHeHHH MO~enei!:, COOTBeTCTBYIOIIlHX cneKTpaM I I! 

cne~yeT IIO~'IepKHYTb, 'ITO B cny'lae 0 8HHOH 0 = HaXO~HTCSI I 

6nH)I(e x HOHY )l(eneaa, '!eM saKaHCHSI s MO~enH ~n£1 cnexTpa I 

BO~HT K yBenH'IeHHIO KpHOTannH'IeCKOI'O nonSI B HOHe )l(eneaa. no: 

cneKTpa 0 O)I(H~aeTCSI B03pacTaHHe ~ H. BenH'IHHbl RaoniO~aBWE 

xBa~pynonhRox_::o pacwenneRH.SI. Taxoe BoapacTaRHe ~ei!:cTBHTenbH< 

eTCSI ~nSI AgCI (eM. pH c. 5) H ~nSI cnexTpa I ~ = 100 eM-
. /4/ 

CnexTp 0 B AgCI Hccne~oBaH B paooTe H xapaxTepJ 

H '-~E y Hero BeCbMa 6nH3KH K COOTBeTCTBYIOIIlHM XapaKTepHCTI 

pa 0 B NaCI B WHpOKOM TeMnepaTypROM HHTepBane. 3To no: 

HaM C'IHTaTh, 'ITO cnexTpbi II B OOOHX KpHCTannax COOTBeTCTE 

H TOft _)l(e MO~enH. 

23 



S1 pa3yMHhlM <..:"'HT8Tb 1 'ITO BTOp8S! UpH"'HH8 6onee cymecT-

/1,2,26/ 
pa60T · H8HOCHnH paCTBOp CoCI 2 B H20 H 

H HCJ noaepxaocTb KPHCTannoa H HCnapSinH H
2
0 

0 
HH)Ke · 40 C. Ba)KHO, 'ITO NaCI pacTaopSieTCSI a aToM 

aeT. flpH HcnapeHHH OH- OCT8eTCSI B NaQ TaK 

OHCXOAHT npH ITpHrOTOBneHHH KpHCTannoa NaCJ H3 BOASI-
/34/ 

• BecbMa aepOSITHo, 'ITO Co npH HcnapeHHH CBSI3hi-

TByromee ero KoaueaTpauHH KonH'IeCTBo HOHOB OH- , PaayM­

Aanee, 'ITO OH- npH 'l'ennoBOH o6pa60TKe AHCCOUHHpy .... 

0~ MO)KeT KOMITeHCHpOB8Tb H36biTO'IHhiH 38pS!A K008nh-

H a -o5pa3yJOT MoneKyny HCI • KOTOpaH MO)KeT HC'Ie38Tb 

ycnOBHH BBeAeHHH Co B NaCI B aamei!: 

'ITO 8CCOUH8UHH Co' 0' He o6paayeTCH, 
c c 

·U~HHK8eT 8CCOUH8UHH C KHCnOpOAOM, 

4,2, CneKTp II 

H8MH AeTanbHO HCCneAOB8i'ICH B NaCJ, , flpH TeMnepa-

( ) -4 -1 HBKnOH H30Mepaoro CABHra -6,5 + 1,0 •10 MMoCeK 

- -4- -4 0 -1 /35/ 
COBIT8A8eT C HBKnOHOM -7,3•10 MM CeK K 

CABHra AnH Te Mnepa Typ T > @) D ( @) D TeMnepaTypa 

H3oMepaoro CABHra H KBaApynonhaoro pacmenneaHH npH 

AnH AByXaaneHTHOrO HOH8 )Keneaa B HOHHb!X C09AHHeHH• 

....... ~~· KBaApynonhaoro pacmenneRHSI oT TeMnepaTypbi 

B COCTOHHHH
5 

0(3d 6
) MOlKHO Bbl'IHCnHTh nO <flopMyne, 

22 

~ 

2 2 -3 2 2 
6.E =- e Q ( 1-R0 ) < r > a F ( 6., a , ..\

0
, T ) 

7. 0 . 

=5,6 a 2 F( 6., a 2
, ..\

0 
, T) [ -1 

'MM•CeK ] , 
{1) 

rAe e - aapHA anexTpoaa, Q - KBaApynonbHhil!: MOMeHT soa6y)KJleaaoro 

cocTosrRHH HApa )Keneaa, ( 1-Ro) - <flaxTop IIITepaxel!:Mepa, -
7
4 <r-8> - rpa­

. 0 

JlH9HT aneKTpH'Iecxoro nonsr B 5!Ape, Bhi3B8HHhil!: IIIeCThiM d -aneKTpOHOM1 

A=a 2
..\ 0 ;..\ 0 ,A - nOCTOSIHHhl9 CnHH-Op6HT8nhROl!: CBH3H CB060JlHOrO 

H CB5!38HH0r'O HOHa, 6. -paCCTOSIHHe M9)KJlY HH)KHHMH ypOBHSIMH 6 0 coc-

TOHHHH I x y > H I x z > , I yz > B axcHanhHOM none, 

2 /29/ 
lJ.nsr 3H8'19HHl!: a B HHTepaane 0,8 .. 1,0 T~OpeTH'I9CK8SI KpH-

0 
aasr HJleT 'lepea axcnepHMeRTanhRhie TO'IKH npH 300 K npH 6. = 275 + 45 

(pHC, 6), 

Tax xax KHcnopoJl aenocpeJlcTaeaao y'lacTayeT a o6paaoaaRHH cneKTpa 

0 , Mhi npeJlnaraeM Jlnsr o6'bsrcaeRHH aToro cneKTpa ael!:TpanbRylO MOJlenb 

d (pRe, 1, Fe: 0 : ) H C'IHTaeM, xax H a 4,1, 'ITO y)Ke Co o6paayeT 

9TOT U9HTp, 

flpH cpaaaeRHH MOJlenel!:, cooTaeTC'l'BylOmHx cnexTpaM I H II 

cneJlyeT nOJl'lepxayTh, 'ITO a cny'lae II 8HHOH 0 = H8XOJlHTCH B 2 ·pa3a 

6nH)Ke K HOHy )Keneaa, 'leM aaxaacHsr !l MOJlenH JlnSI cnexTpa I • 3To npH-

BOJlHT K yaenH'I9HHlO KpHCTannH'I9CKOr'O nonsr B'HOHe )Keneaa, flo9TOMy }lnsr 

cnexTpa II 0)KHJl89TCSI B03p8CT8HHe 6. H . aenH'IHHhl Ra6nlO}l8BIII9r'OCSI 

xaaJlpynonhaoro pacmenneaHsr, Taxoe aoapacTaaHe Jlel!:cTBHTenhao aa6nl0Jla-

- -1 /4/ 
eTcsr JlnH AgCI ( CM, pH c. 5) H Jlnsr cnexTpa I 6. = 100 CM , 

. /4/ 
CneKTP II a AgCI Hccne}loaaa a pa6oTe H xapaKTepHCTHKH 8 

H ' .6_E y aero B9ChM8 6nH3KH K COOTBeTCTBYlOll(HM xapaKTepHCTHK8M cneKT-

pa II a NaCI B IIIHpOKOM TeMnepaTypHOM HHTepBane, 3TO IT03BOnHeT 

RaM C'IHTaTh, 'ITO cneKTphi II 

H TOll: .)Ke MOJlenH, 

~ 

B 060HX KpHCTannax COOTBeTCTBylOT OJlHOl!: 
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TeMnepaTypHaH 3SBHCHMOCTb KBaapyno11bHoro pacmen11eHHH cneKTpa 
-1/4/ 

B AgCI (pH C. 5) onHCbiBaeTCH napaMeTpaMH a
2 =I H 1'1 = 230cM • II 

MHO)I{HT911H f cneKTpa II B AgCI H NaCI ( p~:~c. 7, 8r);HBHo pa311H-

qaiOTCH BC11eaCTBHe pa3HbiX: K01Wf5ST911bHbiX: CBOii:CTB 060HX: x:nopHaOBo 
* .. · o /37 I * o 

ne6aeBCKH9 TeMnepaTypbl ®D = 308 K a11H NaCI H ® D = 183 K 

/38/ . 
a11H Agf:!l 6hinH onpeae119Hbl H3 TeMnepaTypHOii 3SBHCHMOCTH Ten11o-

9MKOCTH aTHX: BemecTB. HecMoTpH Ha yc11oBHOCTb npHMeHeHHH B aToM 

/39/ • 
C11yqae ae6aeBCKOil: MOae11}J 1 KS)I{9TCH O'i9BHaHblM 1• 'ITO "M~Cc6ayapoB-

CKH9 ® ~ " a11H )l{e11e3a, 3aMemaiOmero Na ,;-,'H11H Ag 1 TSK)I{e ao11)1{Hbi 

CH11bHO pa311H'iSTbCSI, lleil:cTBHTe1lbHO, o6pa6oTKa 3SBHCHMOCTH f( T) B 
M 0 M 0 /4/ 

ae6a_eBCKOM npH611H)I{9HHH naeT ®0 = 280 K H ®0 = 130 K anH )l{e-

11e3a B NaCI H AgQ COOTBe:rcTB9HHOo :3TOT pe3y1lbTST HB11H9TCH noa­

TB9p)I{A9HH9M TOrO, 'iTO )1{911930 3aMemaeT KSTHOHbl B paCCMaTpHBS9MBIX: 

x:nopHaax:. 

flpH TeMnepaTypaX: Bblllle 700°K H30MepHbiil: CABHr cneKTpa II B 

NaCI npoHB11HeT nopa3HTe11bHYIO oco6eHHOCTb. HaK110H KpHBOii (pHc. 4) 
0 

a1IH TeMnepaTyp Bbllll9 700 K B 8 pa3 601lblll9 1 'i9M HaK110H KpHBOii HH)I{e 

0 700 K (pa3ae11 3.2). HaM Ka)l{eTCH B03MO)I{HbiM npeano110)I{HTb 1 'iTO npH 

0 
TeMnepaTypax: Bbllll9 700 K npOHCXOAHT H3MeHeHHe Ba11eHTHOrO COCTOHHHH 

HOHa )l{e11e3a
1 

a HM9HH0
1 

aByX:Ba11eHTHOe )1{911930 npeBpamaeTCH B TpexBa-

119HTHOe, Oco6oe noBeaenHe KBaapyno11bHoro pacmen11eHHH npH TeMnepaTy-

o pax: Bbiille 700 C (pH c. 6) MeHee 3aMeTH01 no He npoTKBope'iHT npenno11o-

)1{9HHIO o npeBpameHKK ueHTpa II npK t Bbiille i00°K B apyroil: TpexBa11eHTHbiil: 

ueHTp. Ha Halll B3r11Rn
1 

TaKoe npeBpamaHHe npoHCXOAHT B ABa aTana c11e-

nyiOWHM o6pa3oM: a) ueHTp CO ++o = oTaaeT aneKTpoH B oKpy)l{aiOmyiO 

pellleTKy; 6) aTOT a1IeKTpOH o6pa3yeT F - U9HTP C aHKOHHOii BaKaHCKeii, 

B03HHKaiOmeil: npH pO)I{aeHHH aecpeKTOB no liJOTTKK. 

B no1Ib3Y npea11araeMoro MeX:aHK3Ma roBopHT TO o6cTOHTe11bCTBo, 'iTO 

KOHUeHTpaUHH Aet!JeKTOB no illoTTKK B NaCl cpaBHKBaeTCH c KOHUeHTpauKeii 

Ko6a11bTa B o6paauax B Toil: )1{9 o611aCTK TeMrrepaTyp, rAe ua-

24 

.. 
I' ~ 

6monaeTcH o6cy)l{naeMbiii 
/14/ 

nepexon KoHueHTp8UHH A9cpl 

6biCTp0 yBe11H'iHB8eTCSI C nOBbiilleHHeM TeMnep8Typbl 1 'iTO n03BO 

HHTb Ma110CTb TeMnepaTypHOrO HHTepBa118, B KOTOpOM npOHCXOA 

CymecTBOB8HHe F -ueHTpoB npH paccMaTpHB8eMbiX TeMnepaT) 
'~!· . 

HOB119HO ' ·, ll11H o6p8THMOCTH npeBpameHHSI He06XOAHM01 'iTC 

aKTHB8UHH npouecca a) 6bl1la He HaMHOrO M9Hbllle, '19M A11SI n] 

flpH aTOM Mbl . npeano11araeM 1 'iTO He npOHCXOaHT 3aMeTHOA 

UHH ueHTp8 · II • 0cHOB8HHeM ll11H TaKoro nonymeHKH C11Y)I{HT ~ 

/24/ 0 
MeHT , B KoTopoM npH 700 K He o6H8py)l{eHo a~:~ccouHaUHH . 

Mn 0' 
c a 

C TO'iHOCTbiO 10%. 

0TMeTHM1 'iTO H8Illa HHTenpeTaUHSI BblCOKOTeMnepaTypHOrO 

7 57 5 C0 B NaCI nOX:O)I{S Ha HHTenpeTaUHIO CHCTeMbl C0 - Cc 

4.3. C n e K T p III 

/1 7 8/ 
TaK )l{e KaK H B pa6oTax ' ' aToT cneKTp Mbi H8611IOJ 

Ta1111ax AgO H NaCI • 0aH8KO H3-3a cymecTBOBaHHH pa3HbiX 11 

UHii aToro cneKTpa ( r11aBa 1) Mbi paccMoTpHM ero noapo6Ho. I 

HHH n0_11y'ieHHbiX: H8MH B91IH'iHH XHMK'i9CKOrO CllBHra H KBaapync 

~en119HHSI H HX: TeMnepaTypHoA 3SBHCHMOCTH C CHCT9M8TH'i9CK 

/36/ 
MH B H npH yqeTe HOHHOrO XapaKTepa CBSI3H B aTHX x:nop 

. 6 
eT, 'iTO HOH )1{911938 JISX:OaHTCSI B TpeXBa11eHTHOM COCTOSIHHH 8 

nep8TypHaSI 3aBHCHMOCTb MHO)I{HTe11H f( T) cneKTp8 III B Aj 

OT11H'I8eTcH oT f( T) cneKTpoB I K II • 06e no11y'ieHHble a 
M 0 M 

III TeMnepaTypbi lle6aH ®0 ( AgCI) = 2~ K H ®0 ( NaCI)= S 

* Ille, 'iOM TeMnepaTypbl (M) D 1 B3SITbie H3 1:13MepeHHA no ·YA91U: 

0 0 
Te 183 K (AgCI) H 308 K (NaCI) (pa3Ae11 4.2). llmi cneKTpo 

TeMnepaTypbi lle6aH (M)M 
D 

1 no11y'ieHHhie H3 TeMnepaTypHoA 38 

tjlaKTopa f , MeHbllle~ 'ieM TeMnepaTypbi, K3MepeHHbie no yaellbJ 

(4.3 ). 
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aaBHCaMOCTb KBanpynonbHoro pacmenneHHR cneKTpa 
-1/4/ 

5) onHCbiBaeTCR napaMeTpaMH a 2 =I H ~ = 230cM 

B AgCI a NaCI ( pHc. 7, 8t)~BHO paanH­

paaHhiX K01!06aTenbHbiX CBOJl:CTB 060HX XliOpHnOB, 

* . · o /37 I * o eD = 308 K nnR NaCI H 8 D = 183 K 

onpeneneHbl H3 T9MllepaTypHOJl: 3BBHCHMOCTH Tenno­

• HecMoTpR Ha ycnoBHOCTb npHMeHeHHR B aToM 

/39/ • 
, K8)!{9TCR O'i9BHnHbiM,· 'iTO "M~CC6ayapOB-

' TBK)!{e non)!{Hbi 

o6pa6oTKa aaBHCHMOCTH f( T) B 

0 M 0 /4/ 
280 K H eD = 130 K nng )1{9-

COOTB9TCTB9HHO, 3TOT peaynbTBT RBnReTCR non­

o, 'iTO )!{9ne30 38M91ll89T KBTHOHbl B paCCMBTpHB89MBIX 

TypaX Bbllll9 700°K H30MepHbiH CJlBHr Cll9KTpa ll B 

oco6eHHOCTb, HaKnoH KpHsoll: (pHc, 4) 

8 pa3 60JJbllle, '19M HaKnOH KpHBOH HH)!{9 

HaM Ka)!{eTCR aoaMO)!{HbiM npennonO)!{HTb, 'iTO npH 

0 
700 K npoacxonaT H3M9H9HHe saneHTHOro COCTORHHR 

MeHHO, JlByxsaneHTHoe )!{eneao npespamaeTCR B Tpexsa­

noaeneHHe KsanpynonbHoro pacmenneHHR npH TeMnepaTy­

( pHC, 6) MeHee 38M9THO, HO He llpOTHBOpe'iHT llp9JlllOnO-

O II npa t Bbillle 700 K s npyroll: TpexsaneH•THbill: 

, TBKQe npespamaHH9 llpOaCXOJlHT B JlBB 3TBUB cne-

oTnaeT aneKTPOH B OKPY)KBJOillYJO 

BHHOHHOJl: BBKBHCHeJl:, 

9MOro M9XBHH3M8 rOBOpHT TO 06CTORT9nbCTBO, 'iTO 

KTOB no IlloTTKH s NaCl cpaBHHsaeTcR c KoHueHTpauHell: 

TOll: lK9 o6nacTH TeMIIepaTyp, rile Ha-

24 

~ 

6nJOJlaeTCR o6cy)j{naeMbill: 
/14/ 

nepexon KoHueHTpauHH ne!fleKTOB 

6biCTpO ysenH'l:HBB9TCR C ll0Bbllll9HH9M TeMnepaTypbi, 'iTO ll03BOnReT 06'bRC­

HHTb ManOCTb TeMnepaTypHoro HHTepsana, B KOTOpOM npOHCXOnHT nepeXOJl, 

CymeCTBOBBHHe F -ueHTpos npH paccMaTpHsaeMbiX TeMnepaTypax ycTa-

'40/' 
HOBneHO , ·, Llng o6paTHMOCTH npespameHHR He06XOJlHMO, 'iT06bi aHeprHR 

aKTHBSUHH npouecca a) 6hma He HSMHoro MeHbllle, 'ieM nnR npouecca 6). 

npH 3TOM Mbl . npeJlnonaraeM, 'iTO He npOHCXOJlHT 38M9THOJl: nHCCOUHa­

UHH U9HTpa· ll , 0CHOB8HH9M nng TBKOrO nonymeHHR cny)!{HT 3KCnepH_. 

/24/ 0 
MeHT , B KOTopoM npH 700 K He o6Hapy)!{eHo nHccouHaUHH ueHTpa 

Mn 0 ~ c TO'IHOCTbiO 10%. 
c 

0TM9THM 1 'ITO Hallla HHTenpeTaUHR BbiCOKOT9MITepaTypHoro ITOBeneHHR 

07 . 07 /41 42/ 
Co B NaCJ ITOX0)!{8 Ha HHTenpeTSilHJO CHCT9Mbl Co - CoO 1 

4.3. C n e K T p Ill 

/1 7 8/ 
TaK )1{9 KaK H B pa6oTax ' ' aToT cneKTp Mbi Ha6n10nanH s KpHc-

Tannax AgQ H NaCI . 0JlH8KO H3-38 cymeCTBOB8HHR pa3HbiX HHTenpeTa­

UHJl: aToro cneKTpa ( rnaaa 1) Mbi paccMoTpHM ero noJlpo6Ho. Ha cpasHe­

HHR n~ny'ieHHhlX H8MH BenH'IHH XHMH'i9CKOrO cnsHra H KB8JlpynonbHOrO pac­

.ll{enneHHR H HX TeMnepaTypHOJl: 38BHCHMOCTH C CHCT9M8TH'I9CKHMH naHHbi-

~6/ . • 
MH B H npH y'leTe HOHHOrO XapaKTepa CBR3H B 3THX XnOpHJl8X cneJly-

. 6 6 T eT, 'iTO HOH )!{eneaa lf8XOJlHTCR B TpexsaneHTHOM COCTORHHH S (3d ) • 9M-

nepaTypH8R aaBHCHMOCTb MHO)!{HTeng f.( T) cneKTpa Ill B AgCI (pHc. 7) 

OTnH~aeTCR OT f(T) 

Ill TeMnepaTypbi 

cneKTpos I H II • 06e rrony'ieHHhie JlnR crreKTpa 

M 0 M 0 
Lle6ag 8 0 ( AgCI) = 240 K H 8

0 
( NaCI )= 350 K 6oJJb-

* llle, 'iCM TeMnepaTypbl 8 D 

Te 183°K (AgCI) H 308°K 

TeMJJepaTypbi Lle6ag eM 
D 

, B3RTbie H3 H3MepeHHil: ITO ·YJlenbHOJl: Terrno-

( N aCt ) ( paauen 4.2). LlnR Cll9K'l'POB I H n 
, nony'l:eHHbie H3 TeMIIepaTypHoJl: 38BHCHMOCTH 

!flaKTopa f , MeHbllle~ 'ieM TeMncpaTyphi, H3MepeHHhie no yJleJJbHoll: TennoTe 

(1.3 ). 
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CnexTp III B03HHKaeT H3 cnexTpa I B Agel H H3 cnexTpa II 

B NaCI c noMOUibiO GTJKHI'a B aTMocrtJepe He c "2 0 HnH B B03,1lyXe 

( paa.11en 3,3), qTo noxa3biBaeT Henocpe.llCTBeHHOe snHRHHe H 2 0 Ha o6pa-

aosaHHe cnexTpa III • Tax xax cnexTpbi I . H II (s NaCI npH TeMne-

paTypax MeH&We 700°K) B0-3HHKaiOT nocne pacna.11a Co ++ , no-BHAHMO­

My, paayMHO npeAnonaraT&, 'iTO Anst B03HHKHOBeHHR HOJ:Ia Fe+++ Heo6xo­

AHMO npHCYTCTBHe Co +++ • 3Ha1!:HT scneACTBHe npoHHKHOBeHHR H 2 0 B 

peweTKY Co++ nepeXOAHT B Co +++ H o6paayeTCSl Heil:Tpan&Hbiil:, CTa6Hn&­

O 
Hbiil: HHJKe 600 K ueHTp III. 

flep~HCneHHble OfibiTHbie AaHHbie aacTaBnSIIOT HaC HCKaTb Heil:Tpanb-

HYIO MO,Ilen& C. Co+++ 
1 

aCCOUHHpOBaHHbiM C KHCnOpOAOM H (HnH) BaKaH­

CHSIMH, KpHTepHeM AnSI OT6opa MOAenH MOJKeT cnyJKHTb BenHiJ:HHa KBaApy­

non&HOI'O pacmenneHHR. HanH'iHe xsaApynon&Horo pacmenneHHR cnexTpa 

fii 3aCTaBnsteT OTKa3aTbCR OT MOAenH f pHC, 1, KOTopaR Hail:,lleHa B 

AgCI /22/ 

nnst HOHOB JKeneaa B COCTORHHH 
6 S(3d6

) xsaApynon&Hoe pacmenne-

HHe L\Eth CBSl3aHO C rpa,11H8HTOM aneKTpH'ieCKOI'O nonst peweTKH no 4Jop- ' 

/43/ 
Myne, AaHHOil: B 

L\Eth = _1_ e2 q' Q(1-y )(1+ ~)t/2 
2 ~ 3 ' 

(2) 

r.11e e -aapstA anexTpoHa, eq'= V zz- rpaAHeHT eHewHero nonR B RApe, 

Q -KBaApynonbHbiil: MOM8HT nepBOI'O B036yJKAeHHOI'O COCTOSIHHSI RilPS JKe-

neaa, ( 1-y ~ ) - 4JaKTOp aHTH9KpaHHpOBaHHSl 

V xx-Vyy ., .. ; ( I v zz I > v XX I >_ I v yy I ) ' (3) 
vzz 

V xx , V yy , V zz - KOMfiOHeHTbl AHSI'OHSnH30BSHHOI'O TeH30pa rpa,llHeHTS 
/29/ /44/ 

anexTpHqecxoro nonst. flonarast Q = 0,29 6apH , y ~ =-9,14 H 

26 
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r..,', ~ 

0 ° '/31/ 
nocTOSIHHble peweTOK 5,64 A(NaCI) H 5,56 A (AgCI) , Mbi Bbiq 

s npH61IHJKeHHH ToqeqHbiX aapAAOB Vxx , V YY , V zz H senHqHHbi L 
0 

npH 300 K AnSI 9 HeiTpan&HbiX ueHTpOB, noxaaaHHbiX B Ta6n.l. nnst 

HeHHR Ha6niOAaeMoro KBa.llpynon&aoro pacmenneHHSI (pRe. 4) H L\E u 

o6XOAHMO BBeC~H nonpaBKH Ha anexTpOHHYIO H HOHHYIO DOnSipH3aUmH' 

uHaUHI, SnexTpoHHYIO nonsq>eaauHIO MOJKHO onecaTb npe noMOUIH scM> 
/45/ /37/ . 

HOI'O aapSIJ18 HOHOB. nnSI Fe 2 0 3 II: NaCI ero BenHiJ:HHa .. 

l1 OHHaSl nonstpH3aUHSI orpaHHiJ:eHa BeneqHHaMH HOHHbiX PS.IlHYCOB pace 
+++ = /31/ 

pHBaeMbiX HOHOB Fe H. 0 • TaxHe; :~~onpaBKH H3MeHmoT 1 

ae 6onee, iJ:eM Ha ! 80%. Ha ocHose Taxol oueHKH KBa.llpynon&Horo 

menneHHR MOJKHO aaxnJOqHTb, qTo Ton&xo MOAene A 5 , B 2 , B 3 

IOTCSI npHeMneMbiMH AnSI OnHCaHHSl 9KCnepHMeHTanbHbiX AaHHbiX L\E( J 

-1 ) -1 = (0,49 :!: 0,05) Mwcex , L\E( NaCI) = (0,55:!: 0,05 MM.cex • IT4 

xy cnexTp III nonyiJ:aeTCR H3 cnexTpall (Fe: 0 :) , HaM KaJKeTc 

necoo6pa3Hb!M npeAnonaraTb, qTQ acCOUHaUHR TOn&KO C KHCnOpOAOM 

B A 6 BepOSITHee, ·~eM O.llHOBpeMeHHaSl aCCOUHaUHSl C KHCnopOAOM H 

CHSIMH KaX B B 2 H Ba • KpoMe aToro, cqHTaeM MoAen& A 6 

npeAnOiJ:THTen&HOI H3-3a ee 6onee BbiCOKOil: CHMMeTpHH no CpaBHeHH 

' aenRMH B2 H B3 
, J1, HaKOHeU, MOAen& A 

5 
, no-BHAHMOMY, SIB 

M 
6onee nOAXOASIUiel AnSI o6ecneiJ:eHHSI 60n&WHX 3HS'ieHHI 8 D H cna1 

TeMnepaTypHOI 3aBHCHMOCTH f(T) , XOTSI 3AeC& npoBeAeHHe xonH' 

HbiX pacqeToB aaTpyAHHTen&Ho. (nnst o6'bRCHeHKSI cnexTpa III 
/26/ 

HOI'O B npe.11naraeM TY JKe caMyiO MOAen&) • 

HcxoASI ua BbiweonucaHHbiX axcnepHMeHTos' npespaweHHR cnex1 

H II B III H IV , npouecc o6paaosaHHSI ueHTpa III npH Bb 

TeMnepaTypax B AgCI H NaQ MOJKHO npeACTaBHTb ce!$e cneAyiOwH 

paaoM. BoaMoJKHO, iJ:TO Ha nosepxaocTB AgCI npo&CXOAHT peaxUHSI . 
TH'iHoil: AHCcoueau&H BO.IlstHoro napa B o6pa3osaaee Ag 

0 
, 0: ·• 

H HCI 
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H3 cneKTpa I a Agel H H3 cneKTpa II 

GT>KHI'a s aTMoccpepe He c H2 0 HnH B B03.llyXe 

noxaabtsaeT aenocpe.llCTBeaaoe snHHHHe H 2 0 aa o6pa-

• Tax xaK cnexTpbt I H II (a NaCJ npH TeMne-

°K) soaHHKaiOT nocne pacna.11a CO·* , no-BH.llHMO­

.nnnA~ATb, 'ITO .11nH so3HHKHOBeHHSI HO~a Fe ~ aeo6xo-

3aa'IHT scne.llCTBHe npoHHKHoseHHSI H 2 0 B 

C0 ~ H o6paayeTCSI Heii:TpallbHbiA, CTa6Hllb-

OnhiTHble .llaHHhle 38CTaBnSIIOT HSC HCK8Tb Heii:Tpanb-

' aCCOUHHpOBSHHblM C KHCnopO.llOM H (HnH) BaKaH­

.llnSI OT6opa MO.llenH MO>KeT cny>KHTb senH'IHH8 KBS.llpy­

SI, HanH'IHe KBa.llpynollbHoro pacmenneHHSI cneKTpa 

OTK838TbCSI OT MO.llenH f pHC, 1, KOTOpaSI HSii:.lleHa B 

B COCTOSIHHH 
6 S(3d 5

} xsa.llpynollbaoe pacmenne-

c rpa.llHeHTOM aneKTpH'Iecxoro nonH peweTKH no cpop- • 

I 

1 2 --e th - 2 
q' Q(l-y )(1+ ....!1...2)1/2 

00 3 ' 
(2) 

Tpoaa, e q' = V zz - rpa.llHeHT saewaero nonS! a H.llpe,·: 

MOMeHT nepBOI'O B036y>K.lleHHOI'O COCTOSIHHSI Sl.llpa >Ke­

TOp 8HTH3Kp8HHpOB8HHSI 

; ( I v zz I > v XX I >_ I v YY I ) ' (3) 

- KOMnOHeHThl .llH8I'OHanH30B8HHOI'O T9H30pa rpa.llH9HT8 
/29/ /44/ 

ITonaraH Q "' 0,29 6apa , y =-9,14 H 
0() 
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o o ·t.n; 
nocTOSIHHhle peweToK 5,64 A (NaCI) H 5,56 A ( AgCJ) , Mhi Bhi'IHCnHnH 

B npal5nH>KeHHH TO'Ie'IHhiX 3apSI.llOB V , V , V H senH'IHHhl .1\Eth 
XX yy ZZ 

0 ' 
npH 800 K .llnSI 9 HeiTpallbHbiX Il9HTpOB, nOK838HHhiX B Tal5n,1. llns cpas-

aeHHSI aal5niO.llaeMoro Kaa.llpynonhaoro pacmenneaas (pac. 4) H .1\E th ae­

o6xo.llHMO BBeC.TH nonpaBKH Ha aneKTpOHHYIO H HOHHYIO nonspH3aUHlB' acco­

UHBUHA, 3neKTpOHHYIO nongpH3allHIO MOlKHO OIIHC8Tb npH nOMOWH aclMPeKTHB-
/45/ /37/ . 

a oro 3apSl.!Ul HOHOB, llnH Fe 
2 

0 
3 

K NaCJ ero senH'IHHa .., 0,1. 

Y! OHHSSI nongpH3aUHSI orpaHH'IeHa BenH'IHHaMH HOHHhiX PS.llHYCOB paCCMaT-
= /81/ 

pasaeMbiX HOHOB Fe~ H. 0 • TaKae; ~onpasKH H3Me.amoT .1\ E"' 

ae 6onee, '19M Ha ! 30%, Ha OCHOBe TaKOii: Oll9HKH KBa.llpynOn&HOI'O pac-

menneHHSI MOX<HO 3aKniO'IHTb, 'ITO TOnbKO MO.llenH A 6 , 8 2 1 8 8 S!BnSI-

IOTCSI npHeMneMbiMH . .llnSI OIIHCSHHSI 3KCIIepHM9HTan&HbiX .llaHHhiX .1\E( AgQ) = 
-1 -1 

.. (0,49 ! 0,05) MM•CeK • .1\E( NaCJ) = (0,55! 0,05) MM.CeK • nocKQllb-

KY cnexTp Ill nony'laeTds H3 cneKTpall (Fe' 0 •) , HaM KaX<eTCSI Ile-
c a 

necoo6pa3HhiM npe.lliiOnaraTb, 'ITO aCCOUHaUHSI TOn&KO C KHCnOpO.llOM KaK 

B A 5 seposTaee, ·~eM O.llHOBpeMeaaaSI accouaauas c KHcnopo.lloM H saxaa-

CHSIMH KaK B 8 2 H 8 8 , KpoMe 3TOro, C'IHTaeM MO.llen& A 
5 

6onee 

npe.lliiO'ITHTen&HOA H3-38 ee 6onee BbiCOKOI CHMMeTpHH IIO CpasHeHHIO C Mo­
l 

.t~enSIMH 8 2 H 88 , Y!, HaKOHeU, MO.ll9nh A 
5 

, no-BH.llHMOMY, SIBnSieTCSI 
M 

6onee IIO.llXO.llSIWeA .llnSI o6ecrre'leHHSI 6on&WHX 3Ha'I9HHA 8 D H cna6oA 

TeMnepaTypaoA 3aBHCHMOCTH f( T) 1 XOTSI 3.ll9Cb npOBe.ll9HHe KOnH'IeCTBeH­

HbiX pac'leToB 3aTpy.llHHTen&ao. ( llns o6'hSICHeHKSI cneKTpa III t HaA.lleH-
/26/ 

HOI'O B npe.11naraeM TY lKe caMyiO MO.llen&) , 

Hcxo.llSI H3 Bhiweonacaaahlx axcnepaMeHTos' npespameaas cnexTpos I 

H II B Ill H IV , npoaecc o6pa3osaaas ueaTpa Ill npa BhiCOKH:lC 

TeMnepaTypax B AgCJ H NaQ MOX<HO npe.llcTaBHTb ce~e cne.llyiOmHM o6-

paaoM. Bo3MOX<Ho, 'ITO Ha nosepxaocTH AgCI npoacXO.llHT peaxuas 'lac-. 
TH'IHoA .llHCcouaauHH BO.llSIHoro napa H o6pa3osaaae Ag 

0 
, 0: • (OH). 

H HCI 
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AgCJ +H·
11 

0 -+ xAg~ 0 = .+(1-x)(OH)a +xHCI. (4) 

HCI ~acTH~HO &cnapHeTcH c noaepxHOCTH H ~acTH~Ho pacTaopHeTCH B pe-

weTxe • .Uan&we MO>KHO aan&caTb pea:xuHIO o6pa3oBaHHH ueHTpa U 

Tax>Ke 4.1 ) : 

Ag" 0' +Co" 0 ' -+ Co • 0' HnH 
0 a o o o a 

( OH) + Co. 0 ' -+ Co. 0 ( OH) -+ Co. 0 • + H C I. 
a co co a ca 

(eM. 

(5) 

(6) 

HCI o6pa3yeTCH: B llBOAaoA aaxaHCHH B MO>KeT &c~e3HYTb B3 peweTKB. 

EcnH KOHileHTpau&H OH - ~ peweTxe 6on&We KOHileHTpaUBB Co. o· ' 
. - . 0 0 

TOrlla B03MO>KHO, ~TO G a 0 , pearHpyeT llan&we c ( OH) c o6pa30B8HHeM 
o a a 

ueHTpa UI: 

eo·o· +(OH) -+0' eo-o· +H. 
o a a a o a (7) 

ATOMapHbdl: BOilOPOil pear&pyeT C BOHOM ·cepe6pa H B03HHKaeT MeTannH~ec-

KOe cepe6po B HCI . il 

H+Co"O'-+Co(OH). 
o a c a (8) 

:3TO OO'bHCHHeT OllHOBpeMeHHOe o6pa30BS..HHe TOnbKO TpeX- II: OllHOBaneHTHbiX 

HOHOB >Kene3a .. ueHTpOB lD B V ( CM. 4.5) 1 Hexy6H~eCKYIO CHMMeT_pHIO 

ueHTpa V B TOT ljlaKT1 ~TO HHTeHCBBHOCTb cneKTpa V BCerlla MeHbWe 

HHTeHCHBHOCTH cnexTpa DI (3.5). 

.UnH NaO npoHCXOilHnH Obi aHanorH~Hbie peaxUHH. Cne11yeT Ton&xo 

Ag~ 0 •a 3aMeHHTb accouBaUHeA 0 ~ 0: H HMeTb B BHilY 1 ~TO B NaCJ 

28 

_. 
-:.,:;. .t,. ~ 

o6pa3yeTCH H11 xpoMe Coo ( OH). , noToMy ~To peaxu&H H 
' /84,46/ 

apHil n& cywecTayeT 

' 4.4. C n e x T p IV 

npeapaweHHe cnexTpa m B cnexTp IV npH Bb!COKHX T'el 

pax o6pa3ua, HaXOilHWerocH B aaxyyMe (HnH B B031lyxe np& 6one 

KHX TeMnepa TypaX 1 ~eM B BaKyyMe) 1 yKa3biBaeT Ha llHCCOUHaUHIO 

m (pa3Jlen 3.4). 

,UonyCTHM1 ~TO eo•• 2()a' llHCCOUHHpyeT Ha Co"" ~0' H 0' 
o · a a • 1 

MO>KHO O>KHilaTb 1 ~TO KBallpynon&HOe pacutenneHHe llnH Co"" 0 • 63 
o a 

Ho nonoa&He KBallpynon&Horo pacwenneHHH 11nH Co ""20 • 
o a • :3TO I 

eTCH C 9KCnep&MeHTanbHbiMH llaHHbiMB (pHC. 6) • 

.UnH OO'bHCHeHHH o6paTHoro npeapaweHHH cnexTpa IV B UI 

oxna>KileHHH HnH OT>KHre (8.8 H 3.4) cne11yeT HMeTb B BRAy, ~TO 

>KHre B BaxyyMe KHCnOpOil nnoxo llH!jJ!jlyHilHpyeT H3-3a OTCyTCTBHH 

HbiX aaxaHc&A H npH oxna>KileHHR o6pa3ua 110 300~ He ycneaaeT 

HpOBaTb C eo•• 0 • • npH OT>KHre B B03JlyXe B peweTxe cyweCTB o a 

ObiTO~HbiA KHCnOpOil H CBsiaaHHbie C HHM aHHOHHbie BaKaHCHH. nos~ 

llH<lNPY3H H KHcnopo11a HlleT llOCTaTO~Ho 6biCTpo, II OH npH oxna11,<11e1 

BaeT aCCOilHHpOBaTb C eo·: 0: , 
11HTepeCHO OTM9THTb 1 ~TO o6pa30B8HHe 3apH>KeHHOrO lleHTpa 

npOBCXOilHT He TOnbKO BCneACTBHe llHCCOilH8IlHH ueHTpa Ul , HO E 

CTBHe npespaweHBH Co -1+-+ Co+++ (ueHTpa fi ) npH Bb!COKHX TeMJ 

paX ( CM. 4.2) • :3TOT npOileCC BHileH H3 TeMnepaTypHOA 3aBBCBMOC 

Mepaoro CllBHra cnexTposU H IV Ha pRe. 4·. 

4~5. C n e K T p V 

:3TOT CneKTp, Ha6niOil89MbiA BMeCTe CO cneKTpOM Dl sAge 

H IV B NaCJ , UO H30MepHOMY CllBHry H WHpHHe nHHHH He COB 
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... xAg'
0 

0 • .+(1-x)(OH) +xHCI. 
a a (4) 

HeTCH C nosepXHOCTH H '18CTH'IHO paCTBOpBeTCH B pe­

H8llHC8Tb peaKUHIO o6p830B8HRH U9HTp8 ll (eM, 

+eo· o · ... eo· o , 
c o o a 

RnH (5) 

0 ' ... Co. 0' ( OH) ... Co. 0 • + H C l. 
o o o a c a (6) 

• B asoAHoA B8K8HCRH H M0)1(9T HC'i93HyTb H3 peWeTKH, 

Tp8UHH OH - ~ peweTxe 6onbWe KOHU9HTp8UHR Co. o· ' 
. - . 0 0 

'ITO Co 0 ' pearHpyeT nanbwe c ( OH) c o6pa3osaHHeM 
o a a 

+ ( OH) ... 0' Co- 0 • + H • 
a a a o a (7) 

pearepyeT C HOHOM·Cepe6pa H B03HHK89T M9TannH'i9C-

CJ . H 

+eo·o· ... eo (OH) • 
o a o a (8) 

ospeMeHHoe o6pa3osa.Hee Tonbxo Tpex- 11: oaHosaneHTHbiX 

Ill H V ( CM, 4,5), HeKy6H'ieCKYIO CHMMeT_pHIO 

'ITO HHTeHCHBHOCTb cneKTp8 V BCeraa M9HbW9 

Ill ( 3,5). 

npoHcxoaHnH 6bi aHanorH'IHhie peaKUHH. CneayeT TonbKO 

accouHauueA 0 ~ 0: H HMeTb B BHay, 'ITO B NaCI 

28 
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o6pa3yeTca H 2 xpoMe Co.,(OH)a , noToMy 'ITO peaxnHa H c Na., 
' /84,46/ BPH.!l nH cywecTsyeT 

• 4.4. C n e x T p IV 

npespaweHHe cnexTpa III a cnexTp IV npH BbiCOJCHX TeMnepaTy-

pax o6pa3ua, Haxoagmeroca B saxyyMe ( HnH B so3ayxe npH 6onee Bbrco­

KHX TeMnepaTypax, '19M B BaKyyMe) 0 YK83biB89T H8 aHCCOilHBilHIO ll9HTpa 

Ill (pa3Aen 3,4), 

DonyCTHM, 'ITO eo"ao:aHCCOilHHpyeT Ha Co'; o: H o; , Toraa 

MO*HO O)I(HaaTb, 'ITO xsaapynonbHoe pacurenneHHe ana Co" 0 • 6yaeT pas-
o a 

HO nonoBHHe xsanpynonbHoro pacwenneHHB ana Co "20 • 
o a • 3To cornacy-

eTc a c sxcnepHMeHTanbHbiMH aaHHbiMH ( pHc, 6), 

Dna o6~acHeHHB o6paTHoro npespaureHHB cnexTpa IV B DI npH 

oxna)l(a9HHH HnH OT)I(HI'e (8,3 H 3,4) cneayeT HM9Tb B BRAy, 'ITO npH OT-

)I(HI'e B BaxyyMe KBCnopoa nnoxo AH~HaHpyeT H3-3a OTCyTCTBHH BHHOH~ 

HbiX saxaHCHA H npH oxna*aeHHH o6pa3ua no 300'1< He ycnesaeT accouH­

HposaTb C eo" 0 • , npH OT)I(HI'e B B03ayxe B peweTKe CyWeCTByeT H3-o a 

6biTO'IHbiA KHCnopoa H CBH38HHbie C HHM 8HHOHHbie B8K8HCBB, n OSTOMY 

aHcpcfly3H H KHCnopoaa BA9T aOCTSTO'IHO 6biCTpo, H OH npB OXna)l.{.[l9HBH ycne­

. B89T 8CCOilHHpOB8Tb C eo•: 0: , 
YIHTepecHo OTMeTBTb, 'ITO o6pa3oBaHBe 3apH)I(eHHoro ueHTpa a;: 0 ~ 

npoBcxoaRT He TOnbxo scneacTBHe aBccouBaUBH ueHTpa III , HO B scnea­

CTBRe npespaweHBH Co++-+ Co+++ (ueHTpa fl ) npB BbiCOKHX TeMnepaTy­

paX ( CM, 4,2), 3TOT npouecc BRaeH R3 TeMnepaTypHOA 38BHCHMOCTH .H3Q-

MepHoro CABRra cnexTposll R IV Ha pRe, 4·, 

4•5. C nexT p V 

3TOT cneKTp, Ha6niOaaeMbiA BMeCTe CO cneKTpOM Ill B AgCJ HIll 
B IV a NaCI , no H30MepHOMy casHI'y H WHpHHe nBHHH He COsnaaaeT 
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C nJ06biM XOMnOHeHTOM L(pyrHX cnexTpOB. lloaTOMY Mbl 06'b51CH519M sry .1111-

/1/ 
HHIO Tax >Ke, xax aTo JlenaeTCH B pa6oTe llnH Na C 1,- Ha ocHoee ee 

H30M9pHOro CJlBHra (pHC. 3a) C nOMOIIH>IC 3d 
7 

- XOHcPHrypaUHH lKeftea&o 

/47/ 
CymecTsosaHHe Fe+ B MgO Ha6niOllanocb c noMOWbiO acPcPeJrTa 

/48/ . 
M6cc6ayapa K B N~F · no MeTOllY napaMarHHTHoro peaoHaHca. 

0'1eHb HHTepeCHO, 'ITO WHpHHa nHHHH cnexTpa V YM9HbW89'1'C11 B 

0 
. HHTepsane TeMnepaTyp oT 4 llO 500 K B 2,6 paaa H 'ITO cnexTp V aa6-

niOll8nC51 TOnbXO BM9CT9 CO cnexTpaMH JD H IV TpexsaneHTHoro aene-

3a. J13MeHeHHe WHpHHbl nHHHH yxa3biBaeT Ha cymeCTBOBaHHe HepaapemeBBo­

ro XBallpynonbHOrO pacmenneHH510 XOTOpOe C nOBbiWeHHeM TeMnepaTypY 

yMeHbwaeTCH scnellCTBHe H3MeHeHHH pacnpelleneHHH d -anexTpOHOB :118 

yposHHX pacmenneHaoro F -cocTOHHHH KOHcPHrypaUHH 3d
7 

• 3To aaa­

'IHT, 'ITO Co+ HaXOllHTCH ae B xy6H>~ecxoA CHMMeTpHH. TeMnepaTypS)'lD 

3aBHCHMOCTb KB8llpynonbHOrO pacmenneHHSl MO>KHO rpy6o OUeHHTb, ec.u 06-
0 

paTH"~:~> BHHMaHHe Ha TO, 'ITO npH 500 K WHpHHa nHHHH COOTBeTCTB)'er &a-

meA annapaTypHoA WHPHHe. Torlla senH'IHHa xsallpynonbHoro pacmemre811SI 
-1 0 0... 

M9H519T;C51 nHHeAHO OT (0,6 ! 0,1) MM•CeK npH 4 K llO HynH np.a 500 Ko 

(puc. 6 ). HaM xa>KeTcst B03MO>KHbiM HHTepnpeTHposaTb cnexTp V acco­

UHauHeA . Co. (08) • llyTH o6paaosaHH51 9TOA accOUHaUHH 6binH pacc)Noorpe-
c & 

Hbl B (4.3). 

4.6. C n e K T P VI 

CnexTp VI o6nallaeT MarHHTHbiM csepXTOHXHM pacmennelUieu. Mar-

57 0 ( ) HHTHoe none H Ha SlllPe Fe npH 77 K H = 333! 6 xa 11 u.-
3000K H = (330' + 15) xa, XBallpynonbHOe pacntenneHHe ~E <(0,.85+ o.05) 

-1 ' - 0 -
MM•Cex npH TeMnepaTypax 80 H 300 K. Mbi npellnonaraeM, 'ITO &TO 

M8rRHTR09 CBepXTOHXOe B3aHMOll9ACTBH9 B03HHKaeT H3-38 o6pa30B&aBSI 

MeTannH'I9CKHX 'laCTHU Co-Fe npH nnasneHHH o6pa3UOB B aTMOctePe D0-

/49/ . 67 
llOPOlla. Kax H3BeCTHO , MarHHTHOe none B 51llP9 Fe s cmmme 

30 

_. 

Co-Fe 3aBHCHT OT XOHUeHTpaUHH xo6anbTa B cnnase. J1cnOnb3y 

Hbi90 Mbl OUeHHnH OTHOCHTenbHYIO KOHUeHTpaUHIO 67 Co • Oaa pa 

80-90%. n ocxonbxy xa>Kllb!A nHx cnexTpa VI HMeeT llOBOnbHO 
-1 . 

nbnywHpHHy (0,4 + 0,05.) MMoCeX t H H3MeHeHHe MarHHTHOro no 
67 -

pe Fe He aaMeTHO npu H3MeHeHHH TeMnepaTypb1 0 Mbi llYMaeM, 
0 

Mepbl 'laCTHU llO.cTaTO"'HO senHXH ( > 100 A.). H noaTO¥Y s cu 

OTCYTCTByeT cynepnapaMarHHTHOe HBneHHe • 

5. 3axniO'IeHHe 

0CHOB.H,ble· pe3ynbTaTbi ll8HHOA pa60Tbl cnellyiOmHe: 

a) UeRTp Fe·
0 
O; B AgCI nepeXOllHT nocne OT>KHra 'o6pa:: 

Mocq,epe He +H 2 0 s ueHTp, HHTepnpeTHposaHHbiA RaMH MOllenbiO 

6) B NaCI o6Rapy>KeH HOBbiA cnexTp, HRTepnpeTHposaHRbl~ 

ueHTpoM Fe· 0 ' , xoTopbiA npespamaeTCH s 0' Fe·· 0 ' . 
o a a o a 

s) HaAlleRo, 'ITO ueHTp 0 'Fe·· 0' B NaC I llHCCOUHHpyeT 
& c & 

. 0 . -
nepaTY:pax ~ 300 C B ueHTp, HHTepnpeTHpOBaHHbiA xax Fee o: . 

r) CnexTpbl MOlleneA 0 • Fe"" 0 ' H Fe"" 0' 'ISCTO conpoBO>KL 
a c a c a 

o6oHx xnopHllaX cnexTpOM, HHTejmpeTHposaHHblM xax Fe + B Hexye 

CHMMeTpHH. BoaMO>KHO, 'ITO o6paayeTC51 Fe
0
(0H)a . 

AsTopbi Bblpa>KaiOT u:cxpeHHIOIO 6narollapHOCTb <ll.n. lllanupo 

TaHeBH"'Y 38 HRTepec K pa6oTe H U9HHbl9 38M9'18HH51o 

n H T e p a T y p a 

l.J.G. Mullen. Phys. Rev., .131, 1415 (1963). 

2.J.G. Mullen. Phys. Rev., 131, 1410 (1963). 

3.K. Hennig, W. Meisel and H. Schnorr. Phys. stat. sol 

k9 (1966). 

31 



J:(pyrHX cneKTpOB. lloaTOMY Mbl 06'b51CH519M 8J'Y .1111-

/1/ 
JlenaeTCSI s pA6oTe Jln51 Na C 1,- Ha ocacme ee 

C nOMOIIH>I0 3d 
7 

- KOHcPHI'ypaUHH JKeReaa. 
/47/ 

Ha6niOJlanOCb C nOMOWblO acPcPelrnl 
no M9Torty napaMai'HHTHOI'O p930HaHca. 

'ITO lliHpHHa nHHHH cneKTpa V yMeHblllaeTCSI B 
0 

oT 4 110 500 K B 2,6 paaa H 'ITO cneKTP V ua6-

H IV TpexaaneHTHoro aene­

nHHHH yKa3b!BaeT Ha CyWeCTBOBaHHe HepaapemeBHo­

pacwenneHH511 KOTOpoe C nOBbiilleHHeM TeMnepaTypY 

H3MeHeHHSI pacnpeJleneHHSI d -aneKTpOH.OB :118. 

F -cocTOSIHHSI KoH.Pnrypauuu 3d 7 
• 3TO 3Ba-

s Ky6uqecKoA CHMMeTpHH. TeMnepaTypillylD 

pacwenneHHSI MO~Ho rpy6o oueHHTb, ecDB o6-
o 

npu 500 K lliHPHHa nnHHH COOTBeTCTByel' aa-

lliHPHHe. Toraa senH'IHHa KBaapynonbHoro pacweaneaaa 
-1 0 0.. 

OT (0,6 ~ 0,1) MM•CeK npu 4 K ao ayng np.11 500 1\.,, 

Ka~eTCSI B03MO~HblM HHTepnpeTHpOBaTb cneKTp V acco-

• llyTH o6pa30BaHH51 STOA aCCOUHaUHH 6binH paCCjUOTpe-

4.6. C n e K T P VI 

o6naaaeT MarHHTHbiM csepXTOHKHM pacwenneoeu. Mar­

Ra 51l1Pe 
57 Fe npu 77°K H = (333~ 6) Ka 11 ...-: 

+ 15) Ka, KBaapynOnbHOe pacn:tenneHHe .1E<(0.1J5! 0.05) 
0 

MnepaTypax 80 H 300 · K. Mbi npeanonaraeM, 'ITO 3'1'0 

Oe B3aHMOJ1eACTBHe B03HHKaeT H3-3a o6pa3aaaa.K 

Co-Fe npu nnasneHHH o6paauos B aTMoctePe ao-
/49/ . 57 

, MarHHTHoe none B 51Jlpe Fe B omaaae 
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I 
Co-Fe 3aBHCH~ OT KOHUeHTpaUHH Ko6anbT'a B cnnase. J1CTIOnb3Y51 8TH J1aH-

Hbie, Mbl OU9HHnH OTHOCHTenbHYIO KOHUeHTpaUHIO 57 Co • 0Ha pasHa 

80-90%. nocKOnbKY Ka~JlbiA TIHK cneKTpa VI HMeeT JlOBOnbHO Y3KYIO 
. ( ) -1 . 

nbnylliHpHHy 0,4 + 0,05. MMoC9K 1 H H3MeH9HHe Mai'HHTHOI'O TIOnH Ha SIJl-
57 -

pe Fe He aaMeTHO npu H3MeHeHHH TeMnepaT'ypbl,· Mbl llYMaeM, 'ITO paa-
0 

aenHKH ( > 100 A).. H nosToMy s CHCTeMe Mepbl 'laCTHU JlO~TaTO'IHO 

OTCYTCTByeT cynepnapaMai'HHTHOe HBneHHe. 

5. 3aKniO'IeHue 

OcHos·H.bie· peaynbTaTbi aaaaoa pa6oT'bi cneayiOmHe: 

a) UeHTp Fe·o O; B AgCI nepexoaHT nocne OT~ura 'o6paaua B aT-

Moc.pepe He +H 11 0 

6) B NaCI 

B U9HT'p, HHTepnpeTHpoBaHHbiA HaMH MOJlenbiO 0 'Fe• 0: 
a o a 

06Hapy~eH HOBbiA Cfi9KTp, HHTepnpeTHpOBaHHbiA HaMH 

ueHTpoM Fe· 0 ' , KOTOpbiA npeapamaeTCSI B 0 ' Fe·· 0 ' • 
o a a o a 

a) HaAaeao, 'ITO ueHTP 0 'Fe·· 0 ' B NaC I auccouuupyeT npu ~eM-
a c a 

. 0 . -
nepaTY:pax ~ 300 c B U9HTp, HHTepnpeTHpOBaHHbiA KaK Fee o; . 

r) CneKTpbi Moaenea 0 'Fe·· 0 ' H Fe·· 0' 'lac To conposo~aaiOTCSI B 
a c a c a 

o6oux xnopuaax cneKTpoM, uwrepnpeTuposaHHbiM KaK Fe + B HeKy6H'IeCKoA 

CHMMeTpHH. BoaMO~Ho, 'ITO o6paayeTCSI Fe
0
(0H)a • 

AsTopbi Bbipa~aiOT HCKpeHHIOIO 6naroJiapaoCTb ~.n. lllanupo H IO.M.Oc­

TaHeBH'IY 3a HHTepec K pa6oTe H U9HHbie 3aMe'laHHSio 

fl H T e p a T y p a 
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2.J.G. Mullen. Phys. Rev., 131, 1410 (1963). 
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