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KOPPEJUII.J;IUI Cn EKTPOB n EPEHOCA 3APH)J.A M CnEKTPOB
 
d-d-nEP EXO)J.OB P ACTB OPOB I>POMI1)l.A KOIiAJlhTA(II)
 

B TPI1METI1J1<1>OC<l>ATE
 

© T.C.Mapi'OBa, O .B.SlHyrn 

C a IlK T-IlcTC'P6yp i CKJill r ocynapcr aca nsut TeXHOrrOr H~eCKI1H ymrnepcirrer paCTIITCJlhHbIX nOJUI~lep OB 

I1 o CTy m IJIO B P C,It3 Kll HlO 2 III OH5I 2006 r. 

1,4ell/ OOOM sneumpouuoii cneKmpOCK01l111l uccneooeauu pacmeopu opou uoa «otiau.ma (II) e mpuuemus tp oc­
tpame npu 20 U 60 "C'. 

C BClJ,CHlUI 0 crr exrp a x nepcnoca aapan a ( IT3) II d-d-ne­ :n OT pacm oprrrem, SlBJISleTCSI OJI.IUlM H3 nJIaCTlf(~HKaTo ,
 

pexonon KO ~lruICKCOB nCpCXOlJ,HhIX MeTaJIJIOB B J8BIICH­ pon nonnn epo n , nprrrozmstx ,UJUI C0 3.naHlISl cnerop er y
 

MOCTU 01' COCTana ~ICiKCTeKOJIbHojj n OJUIMl,1>HOH 1>1 ar ­ JlHP Y10 IUHX yCTpOHCTn .
 

parn.r neooxomcn.r npn I'UJI'a60TKC COBp CMCHIlor o CBe­

PCUJlliHbIC TCPMo xpo~mhIc ClICTCMI,I (p aCTBOpbI II nnen 

'roperymrpyrontero n aneprocoeperaroruero OCTCKJlCHI Hl . 
KH) C nep eu en m.n r cn eronporrycxanncsr , ,UJUI C 03~aHm 

TpIL\leTHJI<pocqlaT (TMP) HJ BCCTClI KaK nrracrndnncarop 
KOT Op 1>I X MOI)'T 6bITb HCnOJlh30naHbI PC3YJIhT3Thl gaH'

nOJUIMepOB, HCnOJIh 3YCMhIX ,UJUI 3T OH u eJUI . Ofinaztax 
1I0ro HCCJICnOBaIllfll , a xa xecree HCOThCMnC~lOro KOMilO· 

BblCOlmM lJ,OHOPHhIM 'llICJIOM H HUJKOii COJIhBaTUp)'lO ­
UCHT3 ,lJ.OJI iKllhI CO,lJ.C!) lK aTL nozry [7, 8, 11 ] H 6 bIT h su co r. 

mCH cn oc06110CTh lO n o c ruom emno K raJIOrCHH,n-HOllaM, 
KOI..:oHUC IlTp HpoBaHnbI~1H no cO,UC!>iKaHlIIO nUrMCHTOE 

OH nOJBOJIlIeT mysrm, CBOllCTBa s cero smor oodpaaaa 
( 0. 1- 1. 0 MOJIh 'JI- 1) . n 0 3TO~IY .no n o Jrn HTCJ1.I>HOii 3a}(3'1ef: 

KOMnJICKCOB K06aJ1hTa (II) H YCTaH o n11Th 0 6 IIU lC 3a KO­
HCC.'I ClJ,On a HlISl 6 LIJIO n ayxcrme 3aKOHOM1,11110 CTClI x oxn 

1I0M epHOCTH UX BJUmnU,IX rrpeapaurenn a B 3a nHCHMOC­
JIcK co06pa 30 naHHSI II 3aBnCIIMOCTlI 01' CO,UCplK3UHlI BO' 

TIl 0 1' 'reu neparypu, 'ITO neoo xoznero ,UJUI OnTIIMlI3 U­
,UbI B CHCTCMC. 

UUU CBOHCTB x p OMo r CUHhIX ~laTep lI aJIOB . 

Cnexrpsi IT3 raJIOreUII)),Il hlX K OMn rrCKCOB nepCXO,II,HhI X
 

MeT aJVlOB BOJHIIK310T n PC3YJlliTaTC n 036y iK):(c1UUI 3JIeKT ­


pen o n 113 o- H n-CBSl3bm aIOII:{IIX n rm HCCBSl3hIB a lOIIl HX .L!:JUi n p Hr OT OBJICUlIlI p aCTBopOB IUI1pllTa [Co(N O)2>
 

Op6UT 3JISlX, npCHMYIIlCCTBCliHO nnrannnoro xapaxrep a x 6 H zO], J016 0 6p 0 J>U1n 3 1(06 aJlh T a (C o B r 2·6 H 20) D IMP
 
C nepexonost UX na naKaHTHbI C c- H n -pa 3p bl XIDnOW HC c .n0 6aBKaMH LiBr HCnOJlh30Bami naanamu.rc COHH Map·
 

op fiirrana, n OKam nOBaHHhIC, r JIUBHh IM 06pa]OM , H3 KII «'1HCThIH » , x o u nerrrp auncii 0 .5 MOJIh·n -
i
. C OOTBcrcl
 

UCHTpaJIhUOM aTOMC MeT UJlJIa [I] . Cnexrpu IT 3 TCTp8 ­ DCUHO TaKIIC paCTBOpbI c on epacann lie Mcnee 3 MOITb'il-~
 
ranorcaazmux KOMnJICI(COn K06am,TlI [C o H aI 4f- (rne H 20. Conep x amre OC3BO}llror o LiB r uapi.npoaann E
 

Hal - r 3JIOr CrrHJJ:-Ho rr) 6hIml ,nCTam,HO tny-reusr II xpn c­ IUITCp n3JIC ero I'aCTBopHMOCTH 0-7 .5 Mom·n-
I
. B
 

TUJUlUX [2- 4] H pacrnopa x [3, 4]. O.llUUI(O saxouoxrep ­
 ,n3JIhHCHmeM TaKHe CHCTCMhI 6y.nCM 06 0 3HB'lBTb Ka!: 

HOCTH H3MCUCIUfll cn eKTpaJIh IIOr O n OJIO)KCm ISl II mrren­ Co(N03h 6 H 20-LiBr- T MP. 

CHBHOCTII n OJIOC n 3 B 33BHCIIMOCTH 01' K OOp m m 3HHo u ­ .L!:rr Si BbISICHClillli p onn BO,UbI npn KOMnJlCKCOOOp a30Ba· 
uoro 'lHCna MeTaJUIa I I KOn aJICHTH OCTH CBSl3H M - L [2- 5], IIHH ee ,ll06aBJUl1nI n oe3BoM )'1O clICTeM Y C oBr z-L iBr­
3 TaK)KC n p HH u.nrrC)KHOCTh crrCKTpOB Il3 H d - d -n cp cx o ­ TMP n KOmRCCTBC 0-1 3 ~IO JII>' JI- l . DC3Bo,II,HbIH 0PO~lJIJ 
.nOB O,II,HHM H TCM lKC KOMnJICKCaM np aKTlI~CCKH UC Oblilll Ko 6aJ1.l>Ta no ''1aJnI n p o x am m an n en C o B r 2·6H20 lIpl: 
YCTallOBJICI lb1. B TO iKC B PC~1lI 3TH BOIIJ)O CbI HMCIOT 13 0-1 40° C B T C'ICHlIC 8 ~. 
npIlHUllIIH3JIhUbn1 x ap axrep rrpa pa]p3 00TI<C cnerope­

Ilpena apa r em.no no ,UaHllliIM 11 K cnex rpo cx o rnm pacr ymlpYJOIIlHX srarepuan oa [6-8] , rrO CK OJlliKY cn ercrp s t 
TB Op OB TMP-H20 ( a a amrrns ec x as 'Ja CTOTa 33 50 eM-I) 

Il3 MOr)"f ObITh HCnOJlh30Bam,I ,UJUI axpa n u p o n amts n e­

6 bIJIO n OK a 3alI0, tIT O 1 ~IOJlh TMP cnoco fi en CBlI 3hlBa1f
 )KeJIaT eJIb lWrO xoporxononnosoro IUJIy'lCHHSI COJIHIJa. 
n o 0 .2 5 MOJIL nozn.r ; rrpn 60m,mcM cozepzcartau BOro; 

.L!:JUi myxeann cneicrp o cxormsecx a x OC06CInrocTcH II xaparcrep ce BXOlKJ[emllI H3MCHlIeTCSI, 0 'l e~1 r OBOpI1T II} 

KOPPeJISlWIH n o n o c nOfJIOII{CHHSI Il3 H d--d-ncpeXolJ,oB nOM na KpUBOli ]aBIICHMOCTlI OnTIIQeCKOH nJIOTIl Om 

,UJUI xax noro 'nrrra I(OMn JICKCOB (pa ] I IOH cHM~ lerpml II mMcpCUIIOH na 'laCTOTe v = 3 3 50 CM-
I, 

01' xonuemp s 

C pa3ffil'lHbIM '1HCJIOM raJIOrCHIm-IIOHOB) n K 3'leCTBC MO­ !lUH nOJIl>1. T p n MeT UJIcPo C(jl aT , oblcymclIHblH n TeqeHl:. 

.neJIhHOH CHCTCMbl, r n e lJeTKO n p OSlIlJISlCTCli KU)l()lbIlI Tim 400 'I II3)X 06CJnO)KCHHbIM (0 TC'JCHHC 7 'I npu 2000
( 

K OMIUICK ca [9, 10] , ohOO" IlbI6paHbI PUCTBOPbI 6po ~IH,U ­ MgS0 4, o-nnnamt l1ep er OHJW H non D3K)'YMOM. nom 
HhIX KOMOJIeKCOB K06am,Ta (II) B T M P. Kp oxre roro , QeHIIhIH Tal(llM o fi p aao sr p a CTDoI' conepx arr, no p e3YJIh' 
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Puc. I. Cnexrpsr n OD IO IlICIlI151 «cnex enparoro aneau u x» 
paCTDopOB CO(N03 h6H 20 -LiBr- TMP, n a BCTaBKC - c n cx ­

Tpbl Br/Co=O-I. 

T=20°C , cCo=0 .5 MOITb·IT-
I. 

t - \IOJHp IIblfi K03ep<p IIl~ lleHT 3KCT HHKl.\ IIH (JI'CM -1 'M OJl b- 1) , 

i. - WHl Ha BO:I Hb l (HM ) ; TO )KC )J) IH pac. 3, 7. 
1I1/41Pbl y kpueux - OTH OW CI IlI5I IlCXO.i\Hbl X MOJUIPH bIX KOH­

uenrpaunii Br/Co; TO )!(e ,UJI5I pn c, 2. 

cnexrpsr IT3, 400- 900 11M ­ d-d- nepe­
XO,UOB. 

J 

800 

600 

J 

10001 400 

500 

6 

4,5 

.. 
3 

nuanaJOII 200- 350 llM ­

620 660 700 740 A 

Puc. 2.	 Bropue npo nasonuue cnCKTpOB d-d-nepeXO,UOB 

pacrnopoa Co(N0 3)2·6H20 -LiBr- TMP . 
1 - IIHTCIlCHBHOCTb (OTIl.C,U .) , Ie - ,UJ1IiHa BOJJHbl (HM). 

TaTUM msrcperma 11K cnCKTpOB, MCHCC 0.25 MOJIh 'JI-
1 

H20, J.1CCJlCJIOllaunc IlfiHIHIUI .uo6aBOK DOJI!>I HMeJIO 

TaKil(C lIpa!I.Jll'ieCKIIH mrrepec, nOCKOJIhKY YBCJIIllfCHHC 

CC COJICpiKaHHlI cnocoono n p UBO/UITh K n OBh lIll CHl UO 

Jql(jlCIm IDIIOCTII TCpMOXpOMULIX Ma TCp Ha JIOB [7, 8]. 

Cmrre; p acr s op o n 6pOl>.lH.ua Iw6aJIhTa(II) B T M P npo ­

BOiUIJDI IIpII 60°C II nccnenoaann «CBC)J\cnpllrOTOIlJICH­

80~ ~ \ a 

400ll /VI 
o /~ \\ 

30 (~ ! 
£ . 0 :>-OO ! I2000l 

, .	 

7006 

1000';\1 ~ 
300 I I	 ~ 600 

E\ 4 
2000 r!J "1\1\ 

(3 

J~o o 
-1 50 

A 

j ~~~
 
800 A 

400 600 800 I. 

Puc, 3. Ilpnn cpu p aJ.'lO)KeHH5I cnexrpos n Or JIOll\CHH5I 

pacrsopos Co(N03h ·6H20 -LiI3r- TMP npn Br /Co ) (a) 

II 4 (6) a a COCTaBJJ5IIOll\lI e B BII ,UII MO il 0 6 JJacTli (d - d -n ep exo,Uhl ) 

II Y<.I> (IT3) (cCo=0 .5 M OJl b 'JI-
1
) , a 'raiose 

xonrypu 11lI,IU IB II Jl YaJl h HhIX cnexrpansnsix epOPM (8) . 

I.JU rjJpbl y KpU8blX - 41l CJIO 6 P OM lliJ,- 1101l0B B KOMTIJJe Kca x : 

o - [Co(TMP).i H20 )6_xj2+, 1 - [Co(TMP)x(H20 )S_xBrj+,
 

2 - [Co(TMPh Br2], 3 - [Co(TMP)Br3r ,
 
4 - [CoBr4]2-; TO »ce M 5I puc. 4.
 

HhIC» otipamsr (1I3 ~l ep CHH 5I c n exrpo s d-d-nepexo.uoll 

H il3 n p On OJOImI 11 TClJCIIlIC 1- 2 q nocno CIIHTCJ a ), n o ­

CKOJILKy pacrsopst HCy<.:TOii'llIBhi. e TC'ICHHCM Bp CMc m I 

Ii B OC0 6 CHII OCTH n pn n o n s nnen n n TCMn cp a Ty p bl B HUX 

n p o HCXo M T n p OUCCCbl IlblLJ:err Cm I51 TBcpnOH '1Ja Jbl , rrp ea ­

CTaB illIIOm CH cofioii , n o p e ay m.ra'raxr IU YI.J CIUl li 11K 
crr exrpon, rrporryxr BJamlO.ucHCTBlIlI 6 p OMHLJ:a mrrn51 

C T M P (n pn ll,0 6 a BJICIl HH 6p o ~m.ua m ITIIlI B TM P B 11K 
CnCK11)c T M P n0 51B JI5l~"TC51 no rroca B 0 6 rra CTII 3350 c~Cl , 

HClfC3aIOII{a 51 rrpn Ilbma)]:CHUH rnepnori Ipa3bl ) . 3 TH pe ­

a KUHlI , MCM CHHO (CYTKII H n en enn) n p OTCKaIOIIJJIC B 

CHCTCMa x n pn KOMHa TI-IOli TeM n~"P aTYpc H yCKOp5lIQII{H­

CC51 npn ee nonsnnemnr, xonrponnponana n y rest pe­

rncrpaunn 3JICK1.1lOHHbIX c n cx rpos n Or JIOIUCIUI51 x epea 

orrpezrenenuuc iurrepnansr BpeMCHU , B lfaCTII OCTII, lfCPCJ 

Ka lK)IhIC 15- 20 MHH B XO.UC n p o rpe n a rrp n 100De .u0 yc­

T a HOBJIe m lli 0 pacraopax CTa 61IJIhHOrO X.H~lHlf C CIWr o 
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PIIC. 4 . .ll:Harpa MMa cO~Cp)/(a H H$I Km mJICKCOB B pacrso­

p ax Co(N0 3)z·6 H 20 -LiBr-TMP rtpn 20 °C, pacc-nrr aa­

Ha$l aa ocaouaaun PC3YJIbTaTOB p a3JIO )/(CHHSl cnexrpon 
aa COCTaB JISlIOll\HC B 1l 1l~HMOH o6naCTII (d-d-n cpcxo~bl ­

«aanonncnusre- CHMBOJIhl) H Y<1> (I13 - «HC3a nOJIHCHllhl C» 

cnanonsr). 

c 2+ - KOIU.\CHTp8 UII $I 1I0HOB xoc ansratlf) ( MOJIb 'JI-
1) . Co

cBo - KOHU CIITp8U1Ul 6POM H~-HOHOB (M OJIh 'JI-
1). 

paBl-lOBCCHX. Ofinapyxeno , tITO B 6e:m o,1U:lo l1 CHCTCMC 

C oBr2-LiBr-TMP np oneccsr paapynrenns BbICOI\Ora ­

JIOr em UOi bIX aH1IOHHbIX KOMnneKCOD 11 oopaaosanas 

H1I3KOraJIOremI,1U:lbIX OHHCRbI X nnyr 6blCTpee, tIeM B CHC­

TCMC C o(N0 3) 2·6H 20 - L i B r - T M P, CO)1.CpiKUmCH BO ~Y. 

11K II 3JICKTpOIDl bIC cnexrpsr n OrJI OIIICHHX pacruopos 

3un UCLm UJIH HCI KOMn M oTcp H31rpODCllIIIbIX cn exrpodio ­

T01-ieTpux Specord M -80 11 Specord M-40 n p n cnCKT­
1PUJIbHOH unrpnae mCJIcl1 OT 20 )1.0 40 CM- , n p n 20 II 

60°C D KIOBCTax , H3rOTOBJICHHbIX H3 CTCKJIO0 6p U3Ho r o 

x nap u a , nnfio <pmoop u Ta, 'rcpxrocr ar npyea stx C TOtI­

HOCTbIO )1.0 1 rpan, 

Cnexrp am.m re <POPMbl H1ImIB1fLlyaJIhHLIX KOMnJICKCOn 

nsrnensna H3 HCXOmlbIX 3JICKTPOJUlh IX cnexrpon C HC­

n OJIb30nalUlCM MeTo.u.a Y OJIJIcc a-K au a [ 12], xcr opsnt 
cno.u.UJICX K onpeneneamo tIHCJIa mmeiino He3aBHCHMblX 

CTpOK MaTpHUbl, COCTUBJIeHHOn H3 3UatIClU Il1 ormrs ec­
KOn n JIOTI IOCTH na Q>HKcHpoBaHHblx 'IaCTOTaX no Ka iK­

.u.m,IY 3Kcn epl IMeI IT aJIbHoMY cnexrpy , tITO n03BOJIXJIO 

0 6'bCKTl m HO OUCHHTb tIH CJIO KOMnJICKCOD, cocyutecr sy ­

IOmlIX n p acrnop ax . .D:mt 6 0Jlee r oxaor o orrpe.u.CJICHIUI 

CTpYKTYPbI n OJIOC nOrJIOmeHHX D3 H d- d-n epexollon 

aaammrpouarra tICTHblC rrpoasaonaue HCXO,1U:lbIX 

cnexrpon. 

K03<pqlHIUlem'!?l 3KCTHl lKIUllI HaH6QJIee IIHTCHCHDHhlX 

nonce nornomenna BbmCJIeHIi bIX xorrrypoa , rrpnnazure­

iKallUlX mImllumyaJIhHblM x osmrrexcaa, 6bIJIH pace-m­

'ranst C nOMOmbIO ypasnea aa 6 aJIan ca: 

(I ) 

a 
80000 [CoBr4]2- • Br ll 

Br6 Br7 
Br4. Br9 

Br3 [CoLBr3r 
,g 40000 [CoL2Br2] Br2 

w 

[ Co( T MP)iH 20 ).-_xBrt 
• Br l 

• BrOA 
[Co( T M PM H 20 )6-xBr]2+ 

180 00 160 00 14000 
vcg 

6 
8000 

,~ 
w 

2000 

35600 35400 35200 
VMaKc 

PIIC. 5. K OPP CJISlUII H 

K

3aDl ICII MOCTd i K03<p qlllUlleHrt; 

3 KCTII IlKl.{l1ll OT n OJIO)/(CHH5I M a Kc lIM y Ma .uJISl n OJIOC d 

n ep C X O~OB (a) II rn (6) B ssrncncuusrx xotrrypax YKa3aHHI 

KOMn JICKCOB ( IlC3anOJIHCHH bIC cnn sorn.r) 11 HCXOJlHhl X cnexrp 

pacrsopos Co( N 0 3)z·6 H 20 - LiB r-TMl' (3 a n OJIHCHHbIC CII 

BOJIbI ; BrN - OTHOLUeHlI C II CXOLllIb l X Mo n Slp HbI x xouuerrr 

I Ul ii Br/Co B pacrsopax). 

gin ! _ HHTc r p anbHhl i1: MOJISlpHbl ii K03<PcP lI UIlCHT 3KCTII 

l\HH ( IIM 'JI 'CM- I ' ~!OJIb- I) , V - n OJIO)KClIlle UCHTPa T5IlKec 
n OJIOCbl nOrJIOll\CHI1Sl (CM-

f), gMaKC - MOJI5IPHbl ii K03¢~ 
UliCHT 3K CTHHK UIl1l H MaKcHM yMC (n'CM- 1'M OJIb- 1), Vl l llKC 

lJaCTOTa MaKcmlyMa (CM- I ) . 

rne D, - OnUllfCCKaH nJIOTHOCTI, D MaKCll\IYMe n ona 

n Or JIOIIICIDm ; Si - mlKOBbllJ.I( 0 3Q>Q>II~lI CHT 3KCTIIHKl 

(JI'CM-
1
' l>lOm ,- I) , C + - ~?llIaH KOHUCHTIHluH5IM C o2

6aITbTa D pacrnope, !-IOJIh'JI . 

Hccnenonanns nOJIOiKCmrn UCHl'P 0B THlKeCTll A Dbcg 
JICHUblX nonoc 

800 800 

Acg = JD (le)/,dA I JD (t..) dx., 

400 400 

H1ITcrpaJIhHOrO K03cllqllmn CHT!1 3KCTHHKUIIlI 

S in! = Js (t..) dt.. , 
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IHKUH H 

~Ul 1<0 ­

nsuie­

(2) 

(3) 
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CnCKT1l0CK OrrW-ICCKHC X3paKTCpnCn II<H n OJIOC n OrJIOlllCHlHI IT3 n d- d-nepcXO,lJ,OB 
KOMITJICKCOR, nLI,lJ,CJICI lllhIX B CIICTCMC Co(N0 3h·6H 20 - L i B r - T M P rrpn 20 °C 

gin t · 1O- 3 , Tun KOMflJIeKCa 6/'e[[ ' HM, I 'MaKc' HM , I'cg' HM , gMaKC EMaKc J VMaKc> 

-I - I 1CM ­ !I'CM-I'MOJIb- I±[ 11M ±1 11M±! HM JI'CM 'MOJl b 

I 
I10 JIOCbl n OrJIOUj eHlUl d-d-nepCXOJIOB I10JIOCbI n OrJIOll.\CII W I I13 

~o (TMPMHP)6_.J Z + 
[Co(TMP)x(H2O)5_xBrt 
[Co(Tl\IPh Br21 
[Co(TMP)Br:J­
[CoBri ­

-537 28.5±O.5 2.9±O.1 100 532 
-16±2 150590 61 1 100±10 

40.I±O.9 93 35600697 664 480±50 
41 .5±O.8 35360702 560±10 61 678 

82 35270 727 693 1000±50 77±4 

I (inl _ nurerpam.uuf K03<p<p IIUllCHT 3KCTllHKUUIl, onpcJICJICHHblH n o ypas nea mo (3) , V - nOJI OlKCHllCM aKc 

onpeaennnocs nJUI HaIl6 0 .'lc c HIl3KO'laCTOTHOil nonocu I13 . 

-

-

1500±80 
2000±90 
2500±100 

MaKc u My Ma vMaJ<c 

II 3~$cKnIDH oH nonyumpmrsr norroc n OrJIOU~CHHH d-d­
nqexonos 

' =	 (4) ~ I crr [f D (I,) d/, ID M aKC ] 

(mITeI1Jailb l DbI'IIICJUlJIHCb B rrpenenax KOIITypa nonocsi) 
B JaBIICHMOCTI I OT CO,lJ,ep1K3HlIlI 6POMH,lJ,-I10HOB B pac­
ncpax C.1JYlKIlIUI )lJUI norrysenna ,lJ,On OJllillTCJIbUO H UH ­

~Op)la lDIH 0 caoricrsax xo sm nexcoa ." 

Xspaxrep 113~leHCHHlI cn CKTpOD rr o r JIOm CUI UI cnex enpn ­
rOTODJIClUllilX. p aCTDOp OB C o (N03}z·6 H zO -LiB r - T M P 

C)]e:IH'l ClllJeM xoaucnrpaunn 6P OMlI,lJ,-IIOnOB n OK 3 3aH 

napIIC. I. B BU,lJ,lIMOH ofinacrn n adrnonaror cn no rrocu 
nOrJOlueIUIlI, OTHOClIMbIC K «BUyTpCUHHM» d- d -n cp cx o ­

,fa)l HOHa Ko6aJlhT3(II) D K OMnJICKCa X OKTa3,1I,pIl'leCKOH 

[4 T lg(~4T Ig(P)] , nnanaaon 4 60-52 0 JIM , IUI6 0 

TeTpaJ;qJIi'leCKOH [4Az (F)~T I (P)], ,lJ,I·I an a30JI 550­

750 1I~ , CHMMCTpHlI. B Y<I> mranaao n e pacnonox ea u 
cnCKTpbl D3, 0 6YCJIOB.JICHIU,IC «mryrpnmrr annnsura 
nrpexonaxa» (200-250 11M) [ 13 , 14] II ncpCXO,lJ,aMH MCIK­

ny )1O:IeKYJI}Jp HbIMH op 6HTaJUIMH, rr OKaJIH30Bam I LIMII 

C001BeTCTBeHHO H8 notta x mrr anna 11 MCTaJDI8 , B K OMn ­

i1eticax xofiam.ra (II) ( 2 5 0-320 liM) [2-4]. 

113YQCmle 'IeTHbiX npo n anoznmx cnexrpon , oco fi en n o 

B 05::IaCTH " MaKc =70 0 liM (PIlC. 2) , H aaamn MeT O,lJ,OM 

Yomeca- Kaua [ 12] n 03BomUIH BbUlBUTL sersrp e nma 

KO)IWlCKCOB BO B C e~{ HCCJIC,lJ,ODaHHOM I1UTCpBaJIC x o n ­

nerrp aunii 6POMH,lJ,-HOllon . ITPII 31'OM B zn ran a aone OT ­

uomcmIii Br/Co = 4. 5-1 5 YCTa JIODn eliO cy m ecr u oaarra e 

srer o llBYX <pOPM - [CoBri - II [C o(TMP)Br 3r . Ilpn­
\fepbl pa3JIOJKeUHH cn ex rpo a CIICTCMbI C o (N03h 6 H20 ­

LiBr- T M P na COCTaBJUUOlllHe HX KOUT)'P bI npHnC,lJ,CIILI 

na pnc, 3. 

• Mar cMal l 14ecKYlO	 o 6 p a6 o TKy CnCKTpOB a ax p a3JIOJKClm e 

ua cocraamnoume n p OBOAlIJIII C IIC n OJIb30 n UHIleM Matlab 
6.0 II MicroCal Origin 7.1. 

B p C3YJIb1'aTC B BH,ll,lIMOH otinacrn 6LImf Bhl,lJ,eJ1CHhI 

cncxrp ansnu e <l>OpMbI, npIUl8,lJ,JICIK3111HC K OMnJICKCaM, 

[C o ( T M P }z B r ] , [Co(TMP) BrJl- H [CoBri- , H Mcneez
I1a,lJ,CIKIlO - crreKTp 8JIbHbIC epOPM LI , rr p HHa,lJ,JIelKam u c 

oprrearnpono-m o [C o ( T M P) x (H20 ) 6_x]2+ H [Co(T M P)x 
(H zO h _x B r t , D KOTOpblX OTIIOUI eHUC T M P/ H 20 HC 

ynanocs onpenemrrs , OKa3aJIOCb, 'ITO nponenennoe Ta ­

KIIM 0 6pa30M pa3JIO)KeHU e B BU,lJ,HMOM znranaaone npn 
npnsrene aan onnoii II ron IKe rrpoUC,lJ,YVbl 0 6p a6o TKlI 

cnexrpos BO acext HCCJIC,lJ,OllaI-IHOM zmanaaone ) I) D IH no ­

Jill ( 20 0-90 0 HM ) aBTOManl 'lCCKII npIlDO,lJ,IIT K nonyse­
HlIIO nOCTOSIHnbIX (H e 3aDIICIDIUIX OT COCTaDa pacrnopa) 
cnexrpansm,rx <jJOp M nns DbI,lJ,CJICHHbIX KOMIT1ICKCOn K3K 

B BI l,lJ,IIMOH 0 6JIa CTII , TaK II B Y<1l. C nCKTp3JIbUJ,JC <Pop ­

MLI nonce nornomenna, nony'lCHIILIC B Y<I> U DlI,lJ,IIMO~I 

,ll,lfana30Ilax, rrpe,lJ,C1'aDJICUbI U3 puc. 3, e, a znrarpasoaa 
cO,lJ,CplKaHIISI KOMnJICKCOD, nocrpocnnas C I1CnOJIb'lOn3 ­

HUCM ypaunemrs ( I) - ua puc. 4. 

KOCBClUIbL\I n Oll,TD ep)l()lCHUCM crrpanenmmocra n ony­

'1CHHOH zmarpasnua (PIlC. 4) }JDmIeTCSI x apaxrep aa nn­

CUMOCTCH 3qlepeKn m n o H no rryunrptmsr 6 A.eff H lIHTCn­

CHDHOCTCH cnexrpos D M aKcHMyMc OT COCTaB a K OMn o ­

3l1UInI. I1CCJIe,lJ,OBamISi n oxaaann, 'ITO 0 60r3mCHHC pac­

m opa O,lJ,InIM nmOM KOMnrrCKCOD, T. e. B OTCyTCT BlIC 3ep­

epCKT a nepexpsmanns n o rroc nornouteans pam u x KOMn­

JICKCOD, npUBO,lJ,lIT K yxeasuremrro ~A.cff II n o san emno 

OTHOCIITCJlbHO Y3KH X HHTeHCl mnLIX n OJIOC B COOTDt-'TCT­

BInI C ,lJ,IIarpaMMOH COLJ:eplKaHHH KOMnnCKCOB, K aK jJ)lSI 

cn exrpon IT3, TaK n ,lJ,JI}J CnCl\1pOB d-d-nCIleXO,lJ,OB. 
C n eKTpOCK On H'ICCKn C x apaKTCp llCTHKH nonoc norno­

mesas d-d-nCIl eXO,lJ,OB H cnCKTpOB IT3 (nOCrrC,lJ,HHC o n p e­

,lJ,CJICHhI C MCHb IlICH TO'lHOCTbJO BBH}lY nepexpsmaaaa 

C n OJIOC3MH nnyrpunnranmrsrx nepex on o n) KOMnJICKCOB, 

DbI,lJ,CneHUbIX D cn CTeMC C o (N0 3h 6H 20 - L i ijr - TMP, 

rrpn nenenst B T a 6m IUC. 

C OBn a,lJ,CI lHe ,lJ,3 n HbIX 0 correpx aaua KOMITJIeKCOB 

(puc. 4), n ony'lCJIJIbIX B p e3YJIbTaTe ilHHJIH3a cn ex rpo a 

0 3 U d- d-n ep ex o ,lJ,o B, CBH.lleTeJ1hCTByer 0 nplIHa,lJ,JIC)K ­
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HOCTII CnCIC1J'OB B Y<1> II Ill llUI MOM lUlanU30Ha X O;:UUHI H 

TC~ I )Ke KOM flJ ICKCa~I. ITPII U3 ~{ellel-IHII COCT a n a KO ~IIUleK ­

COB n 3a BII Cm lO CTI I OT n p OIlC XOJUIllI,HX I13MCIIemlH c u m .t 

n OJHI nnr ann on II CII MMCTP Hl I OKp Y)KCIIW I aafirnoxaerca 
KOp p CJUlUW l B n OBC.1I,CmUI cnexrpansm.rx Cll OHCTB n OJlOC 

d -d- n c p e XOn OB II IT3 (CM. .r a fimnry, pHC. 5). Ilpn n OC!IC­

nonarern, 110:'1 uasreutennu .'I lI r m U OB TIHIMCTlIJIqJOc qJa T a 

1I0 HHMII OP G:lIa no eu yrpenneri lCOOp Jll IH aI rIl OllHOH ( 1)(; ­

p c K O~mJICK COB xofiarn.ra TCllJUJ)rplltICCKOH CH/lnlC'IV HH 

npoucxoznrr nocrenem toe yacrnrs enne KOJ <I)llm n llc HTo n 

3 KCTHIn(UIIII nOJlOC nor:IOIIlCHII5i d - d-ne p e x o .rr.o D II IT 3 

(n p ll 6 m l3Ju e JIbHO B 2 p aaa Ka K roUl fll IKOBbl X KOJqlqm ­

W ICIITOB 3K CTHHKUlIII HIIJI\OtlaCTOT HhlX M aKcIIMY~lOn II 

cnexrpax IT 3 , 'ra te II wmmrrerpam.aux KOJqJ<pm Ule HT o B 

3 KCTIUlKUIII-I nonce nornorucn ns d -d- n cp c x o .rr.OB) , c o ­

nponoxoiaromeccs nx J/.llIlHII OBOJIH OBblM CMCmeIUICM. 

Haoruonaexryro KOP P CJUlUI1IO MO)KII O 0 6 b HCllI IT b TeM, 

'ITO npn IT 3 J JIeKTJJ OH nepcx omrr C :'I OJIc KyJrnp HO n 0 p ­

6lITUm l mrranna [2] ira T OT )KC caxn.rii l1036Y)KneHHhIH 

ypouem, d -060 n OtiKH C 0 
2+ , 'ITO II nprr d - d - n e p e x o n e . 

H II3K O'Ia CT OI1Ir.rn czmnr norroc nOrnOllI,CIUISI d- d-nepc­
XO,nOB MOIKHO I111TcpnpeTllpOBUTb xa x CJIC;:I.CTBHC ocna fi­
. ICIIII SI nons JII IU JIllJ.OB no xrepe B0 3p UCTaHII5i norm 6 p o ­

~1H.rr.-I10 H O B II KOMnnCKce. )J.Jrn uccneno uanm,rx n OJl OC 

n OrJIOIItelUl5i d - d -n e p c x o .rr.OB ncmrm na czmnra n OJIO IKC­

Ill/}[ uerrrp a TSI)KcCTll Vcg COCTlIllWIeT 1300 CM-
1 npn ne ­

pexozic OT [C o ( T M P h B r2 J J( [C o B r i -, a nns 111I3KOlJaC ­

T OT Uh \. · 1<O:'Ifl OHCHT OIl cnexrpa IT 3 -- -300 CM-
1 

(PIlC. 5). 
Pa:JHyIO IlCJIJIlJIIH)' CMCm CIl WI MO)KII O o 6 1, HCHllTI, TCM, 

lJTO nOJIO)KCH IIC nerrrpa TlI)KCCTII 'repua 4A 2(F) , C KOTO ­

p o r o n p OIl CXO,!J.5iT d - d -n c p e x o lU' l n o OTI lO lllCm OO K o p ­

61ITa JUIM 6 p o~m.u-IIOH OB ne OCTaeTCH nOCTOHHllblM npn 
U1MCUCHlm COC1'a n a r-:O MflJIC KCOIl. 

tITO KaCaeTClI. IlI ITCHCIIUIlOC'rll cnexrpon, TO B COOTn eTC ­

.rnmr C ooutcrrpa nar oii normcoti [ I J cnenonan o O)KII}laTh 

noapacrauna ClIJI OCIUU l1HIT OP OB d - d -ncpcx o .uo n n o Mcpe 
2

n OHH )KCHU5i CIL\I Me:rp u H KOMn JICKCOn n parry [C o B r,d - > 

>[C o (T M P h B r 2] > [Co(TM P) B r 3r , lJT O SlBJillJIOCh 6bI 

IlMCCTC co cxreutem reu n OJIOC B 0 6 Jl UCTh ~laKCHM UJIhUOn 

lJyn CTBI-ITCJIhH OC'nI lJeJIOBC'leCKo r o rnaaa n p llBJICI<a TCJIb­

Ubl M npn C0 3n a UUll MUTepU3JIOB C ncpe~tCHH biM CBeTO ­

nponycxanuen . O .1I,H3 KO, ua timonaercs npcr nnononccs­
u a Si T eun CHU HSI (CM. Tu 6JIHI(y , puc . 5). A u anOr UlJU3 H aa ­
KOllOMCP HOCT b n0.1I)'lJ 3 JIa Cb 11 B CUCTeMe C o 2+ (0.05 ~IOJIb X 
x 1-' )-LiBr (14 MOITh'" - I )- LiC I (0- 10 ~toJIb' JI- l)-H 20, 
conepacautcn ClIJIhHO pa3JUI'I3 lO11IlIeC5I n o ClI JIe nons rnr­
ranm.r Br" U C I- ; rnc n p OHCXOJrIlJIO MOHOTOHl IOC n OHU ­

)Kcmrc K03lllcPIIUllcllTon 3K CTHHKlom n ono c n OrJIOm CIU l5i 

a pazry [C o B r 4f - > [C o B r 2C1i - > [C o BrCI3] 2- > 

[C o CI J 2- (p IIC. 6). 

Co x p a UCHHC BblCOKOH CIIMMC'IlJHU II «T o HK OH » crpytc­
'rypu cv euraua six rerparanoremumsrx KOMn JIe KCOll 

~to )K lIO 06M ICHUT h H3nCCTHOH J.I,CJIOKa m I3 UUlI Cii cnsaeil 
II 0 606111CCTBrrCHHcM 3rrc1<TJ) OHH OH lIJIOT HOCTH 8 KOOp ­

mmaunonnux COC.1I,llHCIllUlX [ I ] . B KOMnJICKCaX [CoBri-, 

,HapK06a T.C , flr/ y Ul G.B. 1\0 

J2­
80000 

c 

-w 60000 

[C o B r4
[C o B r2Cl2J 2-

[C oBrCI3F-

s 
1000 

500 

P IlC_ 6. BblJlC.'1CHHh IC KOHT)'P 1J1 B cnexrpax pacrsopoa Co mil)'
(0.05 ~IOJlb -JI- l )-L i Br (14 MOJlh.n- 1) - L iC l (0-10	 Mo m-:l- I)­ trrci 

0 , a T alOKC YMCH1JWCll ll e iurr erpam.astx K03(t,tP lll\UCHTOBH 2 -JIIII 'l ! 
3KCTHHKl\ lIl i nO JlOC d -d - lIc p c XOJ\OB 3TlIX KO ~tnJIeKCOB nps Ia' 

nepexone OT [CoUr4]2- K [C o C I4f - (na BCTa BKe ) . ).UUl n 
gint _ HHTerpa !Ih HbI H MOJl$lP Hbli'I K0 3¢qlH l IHCIIT 3 KCTl IIIKUlIII Ilpa : 
(H~i' J I ' CM-I'M OJ1 1J - 1) , "ci- - l.HiCJlO XJlOP llJI-1I0HOB B K o ~ n· IT ( ­

Jl e KCa X, s - MOJI$lPH bl i1 K03ep¢1Il\ HCHT 3KCT IIHKl\ HH (n- e M-l x )lR.\] 

XMOJlh- I ) , t.. - LJ:_lIlHa s o m n« ( H~l )_	 me, 'II 

>l\C 1'>1; 
CK. JI [C o ( T M P ) B r 3r II [Co(T M P h B r 2] coxpaaennc crp orc 

/lupon
TeTp H3,!ijlHlJeCKOH Cl N Ml.,'TJH lH, a 'raxace 6 m 130CTb TMP 

fl3 or
H 6PO~Il I)l,-HOH08 n o cnoC06HOCTlI K 0 6 p a J OBUn InO KO' 

I[Cl 'JI[
n a JICHT Hbl X CBSlJCH nposnnaror ca n TO ~I, -rro lJeTHble 

110 II ] 
npom uozuru c OT c n CKTpOB d - d - n epc xon OR	 8bUIBIDIIOl 

pom.i
B nepaoxr n pu6 m 'I)KCHIUJ ozum II TC IKC MaKCIlMYMbl ,UJl1 

p 3 3Hbi X KOMnrrCKCOB (puc . 2). B OTm 

(nanpi 
Y CT a llORJICII O, 'IT O xapaxrep ynennucuas )(03(~cPHUlleH ­ inuo K 
TOB 3 I<CTUHK UIlH n o Mepe HH3KOlJaCTOTIIOr O CMernCHm n pesy 

nonoc d -d-nep c x o n o ll II IT 3 (PIl C. 5) lIB!UleTClI 06·V MaKc	 II p8B. 
llUL\f JJ,lliI scex nccnenonairns rx p acrnopon H	 onacusa I CHild 
eTC5i COOTIIOUl e HlICM lns in l~(- vcg) ' Ofn.scneaa e 3Toll 06· PCI• .rTJ. 
m e n 3aBI-lCHMoC'rll MOIKC'f aaxmo xar t.cs B YBemlt[cHllll 

crenemr rrepexpsmamm 1l0 JIJIOBbiX <PYI-IKUUH n o Mepe 
C6 m l )f(e HlI ll C0 6 C'fIl CHHbiX 3I1alJCHI-lH aaeprun, '-ITO npu 
BOlUlT K nospa cramno xra'rpuxnoro 3 JIC~reHTa rrepexoza --J 

orrpeaenmornero HHTClI cnn HOCTb n OJIOC1>l nOrJIOrn elUI9. 

npcrcx 
H e o6 x o lO IMO OThl c'11ITb , 'ITO KOJ <pqm UlI e l IT bi	 3KCTHID:· 

110. I (f 
UHH KOMn JICKCOB [Co B r 4]2- nns n OJlO C d-d -n c p e XO;\OB 

GlIJIh TlI 
(S727 = 1000±50 JI'Cr-CI 'M OJIb-I ) H D3 (s 283 =2500±lO(, pax DC 
JI'CM- 1' MOJIb - I ) 0 6 JIa .rr.aIOT x apaKTepliCTIJ1JHOCTb IO II co II cozte 
xp a llIDOTCSI n p33HhiX cpeztax, narrpmrep B	 3T llJlOBOV Col ,· 2 1 

40000 L....L._ '-----'-----'----"=__ 

PIlC. 

'1 [1' 

(BriG 

IIpa.1 

Kpun 

650 750 

2t 
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J.B. hGprml/ll~ cnexmpoe nepeuoco sopsoa u cnexmpoe d-d-nepex oooe pacmeopo e 6po./lf uiJo xotionema I' ll) a mpuu enucup octpome 

e­

' 0 2+ 

':1- ­1)

eHTOB 

npll 

). 

HKUliII 

KOM TI­

'CM- I X 

:-rporo 
TMP 

IlO KO ­

rerasre 

!BmuoT 

{bl nns 

HlI,IlCH­

:lUCID UI 

res 0 6 ­

lICbIDa ­

roii 06­

H'lCHHn 

o ~(cpe 

to npll­

pcxozia , 
nueuns. 

KCTIIHK­

JCXO,1I.08 

500±100 
10 H co­
lUIOBOM 

E 

500 

300 

100 

500 600 700 A 

PilC. 7. 113 ~leHeH ll c CllCKTpOB d-d-neoexcniot: p acrso p a 

UIP-Co (N0 3)2·6H 20 (0.5 Mon b' Jl - I )- LiBr (1 Mo n b.n -
I) 

(Br,(o=2) B xone era nporpesa npn 100°C C o 6 pa30lla HHC1I1 

IlOC'll C;+;)'TO'l Il Oro KO Mll_IJCKCa (10) 11 [C o (T M P ) i + 

(30. 50, 70, 95 Ii 155). 
KplinaR «HCX» COOTIlCTCTBYCT cnexrpy CBe)KCnpllrOTOBJICH­

aoro pacrsopa. 
L[ UtjJp bl y Kp U6blX - npcMH nporpesa (MlIH) . 

cmpre, none U TMP. Brreunrecrpepnoe s nnsane pacr s o­
pnrets ua KOMnJICI<C [C o B r J 2- npoaa nscrcx mUIIJ. B IIC­

3HaQHTC:Ih ll hIX (no cp a BHc HI lIO C IlIH P UIIOi"i n orroc) cnnn­
rax nO.l0)l\CUll n ~fa KCIIM )'MOB , Om l3KHX K IIa OJIlO,1I.a CMbIM 

,llll nepexonm.rx MCTa JIJIOU B pacrrnaaa x m rrpar os [15]. 
Ilpn )TOM MaKCIIM3nhHLIC cnmmr nonoc nOJ'.TIOII{e Hl IH 

OJ (COCTa BJUl.IOUUle oxorro 300 C:.,-I II UCCJ1C,1I.o n aIll IOM 

PK:I)' p3CTBOpUTCJIcii:) OK33blBaIOTCll na rropanox 6 0 JII>­

we, QC~I J1'1.5I d - d-ncpcxonoB (npruiepno 50 C~{ -I B TOM 

;;;e PHJ)'), 'ITO ~ fO)l(JIO 0 61,llCIlliTh cna6 LIM B11l1HHHCM 1110­

Je,,)'] P3CTBOPIH CJIll BHCIlIIJC Il CcjJCPbI na XOp OIIl O axp a­
HIlPOB3UHhlC ypOBlIII d -OOOJIO lIKU. C.llIHWII jf(C nonce 
OJ onpenennor ca HC T OJ1hKO ann sm rexr pacrsoprrrcna 
nasncpnno B030 Yjf()I.CHHOrO COCTOHIUllI B d - 0 6 0 JIO'lKC, 

lIOIl m3'lIITCJIhHO 6 0 n c c C IU1hHhl~ f BJllIllHIICM na 3JICk,­

POllbI mrraunoa. 

BOT:nm IC 0'1' npyrnx IlLICOKO,1I.OIIOIHlLIX pa craopnrcncil 
(llanplL\lep , H20 ) , TMP 0 6 n a ,1I.acT IUI3KOH no OTi lO Ill C­

11100 K 6JlOMUA-II0Ha ~, com.nartrpyto meii cnocoouocn.ro , 
B PC3YJlhT3TC ser o II T MP, II 6POMH,1I.-UOHbI cnocofinsi 
Bpaanoil cr encm r YlJa CTBOBaTh B qJOp MUp OBa Hliu unyr ­
pCllllcij xoopnnnarmon uoii CcjJCP LI. O Ka3 a JIOCb , 'ITO B 

PC1YThTaTC peaxunti 1I0HII3alUIII 

[CoBrpM Ph] + xT MP ~ 

~ [CoBr2_ (TMP)2+ lx+ + xBr- ,x x

npOTCK310IIIIIX npn nporpenax, a T3Kjf(C npa JUTIITCJIh­

lIOll (bonee I stec) xpauemnr paCTBopOB 6 p o MII.il.a KO­

6a.1bT3 B TM P rrpu KO~fIIaTIiOn r esmcparypc B cnexr­
pax ncex inysemn,rx 6pO~lll1UlhlX. C IICTe~ , (6C'3 BOrof bI X 

II COJ cp)l\alUlIX BOilY), a Ta K)f(C C o(N0 3h·6 H20 - TM P, 

Colr2Hp -T M P , B cncxrpax 0 6 pa31l0B n OHDJIllCTCll 

oJOm II TOT )KC KOHT)1) (pnc , 7, xp nm.re 30, 50, 70, 95 
H 155) . Oznrax o n pacrsopax xnopuna xo fiam.r a B T M P 

n p Il 'rex :>Ke ycnonns x KOMnnCKC, OTBe 'laIOIIUIIi J ToMy 

KOIlTYPY, HC ofipaayerca. BI,I COKHJ1 K03qlqnU\lICHT 1KC­

TIIIlKlIIIlI (8 580 = 400 JI'CM-l'~1OJIh - l ) , ero crrafias rann­
ClI MOCTb 01' 'rexmeparypu, a TaK:>KC CTp)'KT)'P11POB311­

HOCTh KOH1.ypa r oaopsr n nOJIh3)' TCTpa3.n:pI I'lC CKOr O 

crpoeans ar oro xoxmnexca. B l:p OHTHCC sccro, COCTa B 

KOMnJICKc a K0 6aJIbTa C T M P , BO BH)'TpCHHlOIO KOOp,'U1­

HaHIIOHH)'lO cdiepy xoroporo HC IlXOJOrr HII nona, 1111 

NO;, Br", r MO)KHO npcncramrn, B BlI,U,e [C o (T M P ) i + . 

TI Orry'lCHHbIC p C3)'JIhTa Thl nOKa'3aJ1l1 , lITO OhlCTpCC accro 
KOMnnCKC [C o (T M P ) -l]2+ oopm yercs II ClICTCMC C IIOJUI,1I.­

1I0Ha~III. B cnysae 0 PO MII,1I.HbI X p aCT Bo p OB ofipa aos a­
HIUO [C o (T M P ) -l]2+ npenurecruyer « n pOMC)KYT OlJHLl ii" 

(PIlC . 7, xp neaa 10) ;l,o nomUl'rcm, HbIfi KOMIlJIt:KC (nou n­
MO [C o (T M P ) i + II KO ~m.Tll~KCO B CBC)KCnpll r OTou Hc HlIW' 

pacrnop on (PIlC. 3, e). B C IICTe~ fe jf(e C XJIOpII JHlOlla~1Il 

T a K:>Ke ofip aayercs IICKIUl 11113KoranOrCIU I;I.Hbln I\O Mn ­

JICKC, KOTOp bJH llBJIlleT CH YCTOnlUlDLIM II IIC nepexomrr 
B [C o (TMP).d2+ . Hafimozraexn.re 3 a l<0 1l0 1l1cpn OCTII MO)K­

no 06b HCHIIT h OOJIb llI cii np o-nrocrsro CBH3cii K06ajILTa 

C X':IOp OM, 'leM C 6POMO~ 1 H T e M OOJICC C 1I0 J~OM . 

P e 3YJIh T ClT bl UCCJIC,1I.OBaHlIH cncxrpos nornouicuna no­

Ka3aJII I, ' IT O HCOOJIhIlIHC ){0 6aDKII BOMI, cp a UHIIMb lC C 

BDOJUIMhl Ml1 '1CpC3 runparr.r, B nepnue '1aChl lie npUD O­

)I.llT 111 1 K ysrem.menmo 1II1TCHCIIBHOCTII, lin K I13MCIIC­

HIllO l<OIIT) lJ OB, lIT O 0 6bllCWlt:T Cll rurrparaunetl fipoxn r­
,1I.a mrrns B pacruopax. AHaJIII1 113MCHCHlIH IIIrfCIICIIB­

HOC-fCII cnexr p on na m n.rx CHCTCM B 3 UIIIICn 1llO CTll 0 '1' CO­

OTiIOmeIIIlll 1IIa CC BOALI H fipoxmzta mrrns , aIlUJlOnl'lIiLIH 

n p CM O)KCIII I01IIY B pa fior e [16], noaaormn onp c ,1I.CJIHTh 

cpemrec rnzrparnoe lIHC!IO opoMlma ill rrnx , pana oe 
4.06±0.08, -rro xopouio cornacyercs C ,UaHHLIMII, nony­
lJCHllhlMII np yruxur lIleTO,1I.a MII [17]. 

BhlBOJU>1 

1. Iloxaaano, lIT O cnexrpu nepeuoca 3 a p H,1I.a npnnan­
nC)KaT TCM :>KC KOMnnCKcaM [C o (T M P )x ( H 20 ) 6_xf+, 

[C o (T M P h B f 2] ' [C o (T M P) B f 3r U [CoBr 4f - , -rr o II d- d­
nepexom.r. 

2. YCTaHOBJlCHa KOPPCJIllWUI B Il03pacTaIHIH K03t!ll!Hl­

unerrr oa 3KCTHHKlI,1I1f II LUDIHHOBOJIH OBOM CMCWCIIIUI 

nonce nep ea oca aapsna II d-d-n c p c Xo ,1I.OB C yaemrsenuca 
CTcnCIIII Ko n a rrCHT HOCTH CB1l1Cii B p m y [Co(TM P hBr 2] < 

[C o (T M P ) B r 3r < [Co B r i - · 

3. Flonysena 3a Bll CIIMOCTh Incint_(_Vcg), cnp anenm maa 
cax lJ.lll nonce d-d-nc p c x o n OB Kom UleKCOB K0 6 a Jlh T a ( 1I) 

Ok,a3,1I.pHqeCKOn II TCTp a 3 ,1I.p II lJeCKo i'i CH:-.IMCTp III I. T a K 

II JUJll nonoc nepenoca aap xna T CT}>33npll'leCKIIX KOMn­

JICKCOB Ko 6 aJlhTa ( II) . 

4. Harincm n.re aaxououepnocrn OKa )KyT Cll n OJIC3HbiMII 

npn pa3paOOTKC IIh I C OK03t~t\JeKTIIBHor o TCpMOxpollfHoro 

OCTCKJICHIIH. 
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I1CCJICJlOBaIIHC aunormeao npn qllIHaHcoBOii nozutep aoce 
MUH 06pa'30BHHHH POCClIli (rparrr M04-3.6K-352). 
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