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,L(oKJIa)l;bI AKa)l;eMBB HaYK CCCP 
1973. TOM 212, .M 2 

YJJ;K 541.67 ([JH3JrgECKAH XHMI1H 

A.H.<I>HJIlffillOB 

3JIEKTPOHHblll IIAPAMArHHTHbIll PE30HAHC P ACTBOPOB 
JJ;H3TlIJIJJ;HTlIOKAPBAMAT A MEJJ;lI B BEH30JIE 

IIPH BblCOKOM JJ;ABJIEHHII 

(llpe f)c ra6Ae ftO anaf) e.l t u i,O.lt JI. <P. BepeUfMUltbl)£ 16 IV 1973) 

BJIJiUIllIIe p;aBJlemnI ,n:o 1000 aT. Ha paCTBopbI ,n:H3THJI,n:HTIWKap6aMaTa Me,'l;H 

Cll (JJ;JJ;K) 2 B TOJryOJIe, ImpH,n:HHe H HX CMeCHX 06cym,n:eHo B pa60Te C). B aToH 

pa60Te co06~aeTcH 0 pe3YJIbTaTaX, nOJIytIeHHbIX npH HCCJIe)l;OBaHHH MeTop;OM 

a .n.p. no,n: BbICORHM p;aBJIeHHeM pacTBopoB Cll (JJ;JJ;K) ~ B 6eH30JIe . 

Ha pHC. 1 npHBep;errbI cneKTpbI a.n.p. pacTBopoB Cll (JJ;JJ;K) 2 B 6eH30JIe ROH

n;eHTpan;HH 0,01 H 0,003 MOJI/JI npH pa3JIJiIltIIblx BeJIHtIHHaX p;aBJIeHHH. Ha 

pHC. 1, 1a BllAHO, tITO P;JIH ROHn;eHTpan;HH 0,01 MOJI/JI 1I30TpOnHbIH cneKTp pac

TBopa, COCTOH~lIH H3 tIeTblpex JIHHHH C.T.C. COOTBeTCTBeHHO Hp;epHOMY cnHHY 

1 = 3/ 2 aTOMa Mep;H, no,n: BJIHHHHeM p;aBJIeHHH rrpH ROMHaTHOH TeMnepaType ne

pexop;HT B aHH30TponHbIH cneRTp rrOmIRpHCTaJIJIn<reClwro o6pa3n;a C gil = 

= 2,089±0,001 IT g.L = 2,023±0,001. 
B 06JIaCl'H npoMemYTOtIHbIX p;aBJIeHH:H Ha6mo,n:aeTcH cneI{l'p C H e6oJIbIIIOH 

aMnJIIlTYAoH, npep;CTaBJIHIO~eH c06o:iii: cynepn03Hn;HIO IT30TpOnHoro CneI{Tpa p ac

TBopa H aHH30TpoIIHoro crreRTpa IIOJIHRpHCTaJIJIHtIeCROH !l>a3bI. BocCTaHOBJIeHHe 

H30TponHoro crreRTpa pacTBopa npH CHHTHH p;aBJIeHHH TaRme npoxo,n:HT tIep ea-

06JIaCTb cyneprr03Un;HOHHbIX cneRTpoB (pHC. 1, 16). JJ;JIH ROHn;eH1'pan;JJlI 

0,003 MOJI/JI (pHC. 1, IJa, 6) npaRTHlfecIm IIpIT 1'ex me p;aBJIeHHHX, tITO H ,n:JIH 

IWRn;eHTpan;HR 0,01 MOJI/JI cneRTp paCTBopa C napaMeTpaMIT cnHHOBoro raMITJIb

TOHllaHa g = 2,045±0,01 J'( ii = (79,9±0,5) a IIepeXOp;IIT B CneT{Tp, ITMeIOIIJ;IIH 

yIIIllpeHHbIe JII1HHH c . l' .c . C 3HatIH1'eJIbHO YilaBIIIHMH aMIIJIH1'y,n:aMH. 

CYIIepn03Un;HH co cneRTpOM IIOJIHKpHCTaJIJIHlJeCHOi i !l>a3bI AJIH ROHn;eI'!Tpa

n;HH 0,003 MOJI/JI MeHee 3HatIHTeJIbHa, tIeM P;JIH ROHn;eHTpan;HH 0,01 MOJI/ JI . C IIO

BblIIIeHHeM ,n:aBJIeHHH JIHHHH C.T.C. paCTBopa HClfe3aI01'. IIpH CHHTHH p;aBJIeRIIH 

(pHC. 1, IJ6) co CTOPOHbI CHJIbHbIX nOJIeH no cneRTpy nOHBJIHeTCH HeymHpeH

HaH JIHHHH C.T.C., 06H3aHHaH nepexop;y m = _3/2, H XOPOIIIO BHp;eR cneR1'p no

JIHRpHCTaJIJIHlJeCROH !l>a3bI C YHaaaHHbIMH BblIIIe napaMeTpaMH. JJ;aJIbHe:iii:

IIIee BOCCTaHOBJIeHHe CneI{Tpa npoxop;HT tIepe3 cyrrepn03Hn;HOHHble CneI{TpbI 

;n;BYX !l>aa. 

Ha pHC. 1 npHBep;eHbI BeJIHtIHHbI p;aBJIeHHH nepep;aIO~eH p;aBJIeHRe cp ep;bI 

(MaCJIa) B MOMeHT perHCTpan;IUl: CneI{TpOB a.n.p. <DaRTlltIeCRH B HamHX aRcne

pHMeHTax npH ITJlaBHOM HaMeHeHHH ;n;aBJIeHHH B HHTepBaJIe MeHbIIIeM 50 aT Ha 

OCrr;HJIJIOrpa!l>e Ra6JIIo;n;aJICH CHatIOR IIIHpHH H aMnJIHTYP; JIHHHH C.T.C. 31'0 H3Me

HeHHe IIIHpHHbI )1JIH OP;HOH JIHHHH C.T.C. (m = _1/2) nORaaaHO Ha pRC. 2. 
IIoCROJIbRY CBOHCTBa paCTBopOB MoryT HeCROJIbRO OTJIHtIaTbCH OT CBOllCTB 

IJoCTBOpHTeJIH (tI1'06bI rrpaBHJIbHO CYP;HTb 0 npHlJHHaX, BblabIBaIO~HX nepe xop; 

paCT'lOpeHHOro Be~eCTBa B nOJIHRpHCTaJIJIHlJecRYro !l>aay), HaMH 6bIJI npOBep;eH 

pHP; Cnen;HaJIbHbIX onbITOB, B TOM tIHCJIe H onbITOB, OCHOBaHHbIX Ha perRCTpan;nH 

paapbIBa HenpepbIBHOCTH B ;n;BllmeHHH nopmHH npH !l>aaOBbIX nepexop;ax (2). 
STn onbITbI nORa3aJIH, tITO ;n;aBJIeHHe rropHp;Ra 1000 fl.T . IIpH ROMHaTHOH TeMne-
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PBC. 1. CIIeI{Tphl 3 .II.p. pacTBopoB Cu(,IUJ;K) 2 B 6eH80JIe IIpB BbICOKOM .a;aBJIeHBH H KOH
IWHTpan;l!IHX - 0,01 (/), 0,003 MOJI/JI (II) : a - IIOBblmeHl!le .a;aBJIeHHJI; 6 - CRJITHe .a;aB 

JIeHHJI 

paType IIPHBOP;HT R 3aTBepp;eBaHHIO H paCTBOpOB H 6eH30JIa. 8TOMY MOMeHTY H 

COOTBeTcTByeT CRR'lOR mHpHH H aMIIJIHTYP; JIHHHi C.T.C., TaR RaR IIOP; BJIIDIlllIeM 

p;aBJIeHHH 60JIhmaH qaCTh paCTBOpHTeJIH RpHCTaJIJIH3yeTcH, H CRaqROM B03pa

CTaeT ROHn;eHTpan;HH paCTBopeHHoi COJIH. illHPHHhI JIHHHH C.T.C. IIpHHHMaIOT 

3HaqellllH COOTBeTCTBeHHO B03HHKmei ROHn;eHTpan;HH eu (,l1;,l1;R) 2 B 6eH30JIe 
(m = _1/2). 

[eu (DDKhl. MOJI/JI 0,012 
AH,9 16,5 

0,01 
12,4 

0,007 
10,9 

0,005 
9,5 

0,003 
8,8 

0,001 
8,5 

B <>TOT MOMeHT qaCTHn;hl paCTBOpeHHOi COJIH ORa3hlBaIOTCH HaCTOJIhRO 6JIH3RH 

p;pyr R p;pyry, a 6pOYHOBCKoe ABHmeHHe HaCTOJIhKO 3aTopMomeHO, qTO c03Aa-
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IOTCH 6JIarOnpIIHTH1>Ie YCJIOBIIH ;D;JIH 06pa30-
BaHIIH MHOrlIX n;eHTpOB RpIICTaJIJIII3an;1I1I. 

B03HlIRHOBeHlIe nOJIIIRpIICTaJIJIlI'IeCROH 1Ja31>I 

Bhl31>IBaeT aCIIMMeTplIIO JIIIHIIE: c. T .C., COOT

BeTCTBYIOID;IIX m = 1/2 II m = 3/2, 1I npIIBO;D;IIT 

R OTRJIOHeHIIIO CneRTpa a.n.p. OT HYJIeBOH JIlI
H1I1I CO CTOPOH1>I CJIaOhlX nOJIeH no cneRTpy. 
OTMeTIIM TaRJKe CBoeoopa3HhlH xapaRTep 06-

pa30BaHlIH nOJIIIRpIICTaJIJIlI'IeCROH 1Ja3hl, Ha

oJIIO;D;aeMhlH no cneRTpaM a.n.p. nOCJIe CRa'ma 

mlIplIH JIIIHIIH, II HeRoTopoe pa3JIlI'IlIe B cneR

Tpax nplI HaJIOJKeHlI1I II CHHTlIlI ;D;aBJIeHIIH. Ii3 

nOJIY'leHHhlX pe3YJI1>TaTOB BII;D;HO, 'lTO MeTOp; 

a.n.p. npep;CTaBJIHeT OOraT1>Ie B03MOJKHOCTII 

P;JIH IICCJIep;OBaHIIH HBJIeHnH 1Ja30B1>IX nepe

XOP;OB 1I paCTBoplIMOCTII no)]; BJIIIHHlIelll )];aBJIe

HIIH. BOJI1>rnaH HarJIHp;HOCT1> II B03MOJKHOCT1> 

l\OHTPOJIlIpOBaT1> MIIRPOCOCTOHHIIH CIICTeMhl B 

JIIOOOH MOMeHT npon;ecca BhlrO)];HO OTJIlI'IaeT 
ero OT )];PyrlIx 1I3BeCTHhlX MeTO)];OB (2, 3) . 

8Rcnep1IMeHT1>I npOBOp;IIJIIIC1> nplI ROM

HaTHOH TeMnepaType Ha cneRTpOMeTpe 

P8-1301, oOopY)];OBaHHOM Cnen;lIaJI1>HOE: rrplI

CTaBROE: (4), p;aBJIeHlIe 1I3MepHJIOC1> MaHraHII

J - 0 
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PHC. 2. illHpHHa JIHHHH C.T.C. (m = 
= _1/2) cneKTpa s.n.p. pacTIlopa 
Cu o:~.n;R) 2 B 6eH30JIe KOHn;eHTpa
n;HH 0,003 MOJI/JI B 3aBIICJi!MOCTII OT 

p;aBJIeHHJI 

HOB1>IM MaHOMeTpOM, perlICTpan;IIH cneRTpOB a.n.p. npOBO;D;IIJIaC1> B YCTaHOBIIB

rneMCH peJKIIMe TeMnepaTYP 1I )];aBJIeHIIE:. 

B 3aRJIIO'leHlIe aBTOp BhlpaJKaeT IICRpeHHIOIO OJIarO)];apHOCT1> B. M. K03bI

peBY 3a nOCTOHHHoe BHIIMaHlIe R paOOTe, a TaRJKe Ii. B. OB'lIIHHIIROBY 3a 06-

CYJKp;eHlIe pe3YJI1>TaToB. 

RaaaHcKltii: <pH3HKo-TeXHH'IeCKHH HHCTHTYT 
AKap;eMl'lIt HaYK CCCP 

UMTMPOBAHHAH ~MTEPATYPA 
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,11;oRJIaAbl ARaAeMHH BayR CCCP 
1973. TOM 212, M 2 

(/J1131JTIECRAH XI1MI1H 

r. B. CII0MIIH, r. II. BPIIH, M. B. rEHRIIH, A. R. JIIOBIIMOBA, 
JI. A. BJIIOMEHCIIEJIb,IJ;, 'lJIeR-KOppeclIoHp;eHT AH CCCP A. A. RPACHOBCRIIH 

r MACC-CIIEKTPOMETPHqECKOE HCCJIE,11;OBAHHE 

(J)OTOP A3JIOJKEHHH BO,11;bI B CHCTEME HEopr AHHqECKliIll 

CEHCHEHJIH3ATOP - ARD;EIITOP 9JIEKTPOHA 

B KaqeCTBe xH?vu£lIeClWH MO)1;eJIH peaKn;HH cpoTopaaJIOmeHHH BO)1;hl npH cpo
TOCHHTeae 6bIJIa npe)1;JIOmeHa CHCTeMa - cycneHaHH BeOpraHHqeCKorQ nOJIynpo
BO)1;HHKa-cpOToceHCH6HJIHaaTOpa B BO.n;HOM pacTBope, co.n;epma:rn;eM coe.n;HHeHHH 
C BbIpameHHbIMH 8JIeKTpOHoaKD;enTOpHhlMH CBoHcTBaMH, B KaqeCTBe KOTOPbIX 
HCnOJIb30BaJIH coe)1;HHeHHH OKHCHoro meJIeaa, n-6eHaOXHHOH (1-4). Y CTaHOBJIeHO 
BbI.n;eJIeHHe KHCJIOpo.n;a npH OCBe:rn;eHHH TaKHX CHCTeM C KBaHTOBhlM BhlXO.n;OM )1;0 

( 

.-- 1 %. CTexHOMeTpHqeCKHe COOTHomeHHH KOJIHqeCTBa 
J BOCCTaHOBJIeHHOrO aKn;enTopa 3JIeKTpOHa, BbI.n;eJIeHHO- . 

- ro KHCJIOpo.n;a H 06paaoBaHHbIx HOHOB BO)1;OpO)1;a yKa-
3bIBaJIH Ha TO, "'ITO Bhl.n;eJIHIOID;HHCH npH peaKD;HH KHC-

. 5 r- 2 .1I0POP; npHHa.n;JIemaJI MOJIeKYJIaM BO.n;hl (3). 

PRe. 1 

- B HacToH:rn;eH pa60Te no nOJIOmeHHe .n;oKaaaHo B 

) I 

npHMhlX onbITax C HCnOJIb30BaHHeM Me"'leHOH no KHC
JIOpO)1;Y BO.n;hl (H20

IS
). PeaKn;HIO npoBo.n;HJIH B cocy.n;ax, 

npe.n;cTaBJIeHHbIX Ha pHC. 1. B map 1 aaJIHBaJIH HCCJIe
)J;yeMYIO cycneH3HIO, Ha KOTOPOH "'Iepea OTBO.n; 2 y)1;aJIH
JIH Boa.n;yx BaKYYMHpOBaHHeM .n;o 10-3 MM pT. CT. C 
TpeXKpaTHbIM nOBTopeHHeM n;HKJIa aaMopamHBaHHe -
paallmpamRBaHRe, nOCJIe "'Iero OTBO)1; aamUmaJIH. PeaK
D;HOHHYIO CMeCb OCBe:rn;aJIH JIHOO nOJIHhlM cneKTpOM 
JIaMIIbI ,11;pm-1000 (106 apr/CM2. ceK) B Te"'leHHe 
30 MHH., JIH60 "'Iepea cBeTocpHJIbTP mC- lO B Te"'leHHe 
'Iaca (A. > 400 Mf.t). ,11;JIH aHaJIHaa COCTaBa JIeTyqHx 
KOMnOHeHTOB Ha.n; cycneHaHeH npHMeHHJIH Macc-cneK
TpOCKOnHqeCKHH MeTO.n; (Macc-cneKTpoMeTp MX 1203). 
06paan;bI "'Iepea OTBO.n; 3 npHcoe.n;HHHJIHCb I{ BXO.n;HOMY 
06'l>eMY Macc-cneKTpOMeTpa. map 1 nOMe:rn;aJICH HJIH 
B mH.n;KHH aaOT, HJIH B CMeCb an;eTOHa C CyXHM JIb.n;OM 
(t = -40-77° C). ,11;JIH BBD.n;a JIeTY"'lHX KOMnOHeHTOB B 

Macc-cneKTpOMeTP. HrJIa 4 paa6HBaJIaCb Cnen;HaJIbHbIM CTaJIbHhlM 60HKOM 6, KO
Topbril M omHO 6bIJIO nepeMe:rn;aTb B)1;OJIb Tpy6KH 5 C nOMo:rn;bIO MarHHTa. B Ka
"'IeCTBe aKn;enTopOB 3JIeKTpOHa npHMeHHJIH cpeppHn;HaHH.n; KaJIHH (MapI{H x."'I.) 
H napa6eHaoxHHoH. IIocJIe.n;HHH O"'lH:rn;aJIH C nOMo:rn;bIO BOarOHI{H. MCnOJIbaOBaJIH 
HeOpraHH"'leCI{He nOJIynpOBo.n;HHI{H: OI{HCb n;HHI{a (.n;JIH JIIOMHHOCPOPOB), BOJIb
cppaMoBYIO I{HCJIOTY (MapI{H 'I.), BOJIbcppaMoBhlH aHrH.n;pH)1; (.n;mI cneKTpaJIbHOrO 
aHaJIHaa) . HaBecKH nopomI{a nOJIynpOBo.n;HHI{a - 500 Mr Ha 10 MJI BO,n;HOrO pac
TBopa 8JIeKTpOHHoro aKn;enTopa. I\oHD;eHTpan;HH cpeppHn;HaHH)1;a 6.10-3 MOJI/JI, 

napa6eHaOXHHOHa (C8H 40 2) 9 .10-3 MOJI/JI. ,11;JIH onpe)1;eJIeHHH npOn;eHTHOrO CO
CTaBa THmeJIOKHCJIOPO.n;HOH BO)1;bI ee paaJIaraJIH 8JIeKTpOXHMHqeCI{H B OlTHcaH
HbIX BbIllIe cocy.n;ax, B I{OTOphle .n;onOJIHHTeJIbHO 6hlJIH BnaHHhl nJIaTHHOBbIe 
3JIeJ{Tpo.n;bI. MaCC-CneI{TpOMeTpH"'leCKH HCCJIe.n;OBaJIH COCTaB BbI)1;eJIHIO:rn;erOCH 
I{HCJIOpo.n;a. OI{aaaJIOCb, "'ITO COOTHomeHHe 0 180 18 

/ 0 2
18 = 15, OTCIO.n;a 

H20 18 
/ H20 18 = 7,5%. 
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