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BH.ll 38BHeHMOeTH IIOJIBH>KHOeTH ( R1 ) sneMeHT8 OT KOHUeHTp8UHH 

KHeJIOTbl B oyM8>KHOtl XpOM8TOf'p8qlHH orrpe,lleJISieTe~ IIO,llBH>KHOeTSIMH OT

,lleJibHbiX KOMIIJieKeHbiX cf>opM SJieMeHT8 IIpH yeJIOBHH IIpeOOJI8/l8HHSI O.llHOf'O 

BH.ll8 KOMIIJieKeHOf'O HOH8 B ,ll8HHOtl OOJI8eTH KdHUeHTp8UHtl KHeJIOThi. 

2+ 0 
QqeBH.llH0 1 qTo IIO.llBH>KHOeTH HOHOB, aarrpHMep Pu (NO 3 ) 2 , Pu(N03 ) 4 

H Pu(NO )- , pa3nHqHhi 1 H rrosToMy rpacf>HK 38BHeHMOeTH R 1 OT KOHUeH-
a 5 

Tp8UHH KHeJIOTbl .llOJI>KeH eoeTOSITb H3 pS1,ll8 rrepeeeK810!IIHXeSI JIHHHif 1 K8>K,ll8SI 

H3 KOTOpbiX eOOTBeTeTsyeT oonaeTH eymeeTBOB8HHSI KOHKpeTHOf'O KOMIIJ1eKe

HOf'O HOHa. B KHenoTax, aarrpHMep HC10 4 , rae KoMrrneKeoo6pa3osaaHe ae 

IIpOHeXO.llHT HJIH BO seeM HHTepsane KOHUeHTpaUHif KHeJIOTbi eymeeTByeT 

O.llHt' KOMrrneKeHbitl HOH, 38BHeHMoeTb R
1 

= f[ HCI 0 4] aon>KHa OhiTb rrpHMOJIH-

/11 
aetiHotl (eM. pHe. 1 H 2 s paooTe ) • AaanorHqHbie 38BHeHMOeTH rrony-

qeabi .llJIH pTyTH s HCI0 4 , HCI , H2S0 4 H H3 PO 4 s 
121 

8 HaeTOSIIIIetl paooTe eaenaHa IIOIIhlTK8 o6oeHOB8Tb eK838HHOe Bhlllie 

H Heene.llOB8Tb OOJI8eTH eymeeTBOB8HHSI KOMIIJ1eKeHbiX cf>opM 8KTHHH.llHhiX 

sneMeHTOB oT U ao Cf s paeTBopax a3oTHotl H xnopaoil: KHenoT. Dm1 
Ill 1 

OOJibWeil: H8f'J1SI.llHOeTH IIO .ll8HHhiM paOOTb! IIOeTpoeH rpacf>HK (lfr -0 =fl:HN0
3

] 

(pH e. 1). Bee Jl8HHhie rro OIIhiTaM s HCIO 4 , Hcrronb3yeMbie B aanbaeil:weM, 

Ill 
IIpHBe,lleHbl B pa6oTe • PaeeMOTpHM BHaqaJie H8 STOM rpacf>HKe KpHBbie 

.llJISI Pu(IV) , Pu(VI) H U(VI) , T.e. Tex sneMeHTOB, .llJIH KOTOphiX eeTb JIH-

TepaTypHbie aaHHbie rro KoMrrneKeoo6pa3oBaHHJO s HNO 3 

3 



1.feTeipexBaneH'fHbif!: nnyToHHf!: 

/3/ 
YcTaHOBneao , 'ITO B pacTBopax asoTHOM KMcnoTbi Pu(IV) cTyneaqa-

3+ 2- /4/ 
TO o6pasyeT KOMnneKCbi OT Pu (N0

3
) no Pu (N0 3 ) 6 o B pa6oTe flan:~rca 

yKa3hiBaeTCH, 'ITO np:~rcoen:~~HeHHe NO; -rpynn K Pu(IV) npM mo6of!: :~rx 

KOHUeHTpaUHH Ha6niDnaeTCH nHllib npM nocTH~eHHH onpeneneHHOf!: KOHUeH

TpBUMH H+ - HOHOB B cnenyiDrnef!: nocnenoBaTenbHOCTH: npM yBenH'IeHHH KOH-
3+ 

ueHTpaUHH HNO 
3 

no 1,5 M o6pasyeTCH Pu (N0 3 ) , JlO 2,1M HNO 3 

2+ + 0 
Pu(N0

3
)

2 
, no 3,8M- Pu(N0 3 ) 3 , JlO 5,6M -Pu(N0 3 ) 4 

cBepx 7,1M - Pu (NOS)~- 0 np:~r KOHUeHTpaUHH HNO 3 > 
2-

HaxonHTCH B BHJle Pu(N0 3 ) 6 

, JlO 7,1M - Pu (N03);, 

11,67M Becb Pu(IV) 

B npeJlenax TO'IHOCTH H3MepeHHH ( CMopHCol) H3nOMbl Ha KpHBOH nnH 

Pu(IV) npoMcxonHT npH Tex ~e KOHUeHTpaUHHX HN0
3 

( B M/ n): 1,5; 2, 2; 

4,3; 5, 7; 7,0; to,5 - 11,5o 
/3/ 

CneKTpanbHbie Jl8HHbie YK83b!B8IDT H8 OTCYTCTBMe KOMUneKcoo6pa-

30BBHMH Pu (IV) na~e B KoaueHTpMpoBaHHbiX paCTBopax HCI 0 4 o Onbi-

/3/ 
Tbi no aneKTpoMMrpaUMM noKa3biBaiDT, 'ITO Pu (IV) cymecTByeT B BMne 

KaTMoHoB no toM HCIO 4 

3TMM pesynbTaTaM C~OTBeTCTByeT nMHefiHaH 38BMCMMOCTb ~yHKUMM .. 
R =HHCIO ] AnH Pu(IV) 

r 4 

TaKMM o6pasoM, coBnaneaue KoHueaTpauMii IINO 3 , npM KOTOpbiX 

npOMCXOJlMT npMCOeJlMHeHMe NO: - rpynn K Pu (IV) M Upli KOTOpbiX 

KpMBaH R 
1 

= f [HNO 
3
] MMeeT MsnoMbi, a TaK~e npHMOnMHeiiHOCTb ~YHKUMM 

Rr = f111CIO) nosBonHIDT CJlenaTb BbiBOJl o ToM, 'ITO aenpHMoJmaefiHhiii xapaK

Tep saBMCMMOCTM R r= f[HN0
3

] o6ycnoBnea nocnenoBaTenbHbiM o6pasoBaHMeM 

HMTpaTHhlX KOMnneKCOB nnyTOHMH (IV) 

WecTMBaneHTHbif!: nnyToHMf!: 

/3 56/ 
lis pa6oT ' 1 cnenyeT 1 'ITO JlO 4M paCTBOpOB HN03 o6pasyiDTCH 

MOHO- M nMHMTpaTHbie KOMnneKCbl Pu (VI) , a B MHTepBane KOHUeHTpBUMf!: 

4 

·,~,;, 

'i··, 

'~-· 

•l) 
.~~~' 

l'j 

HNO OT 4M JlO 9,8M cymeCTByeT PuO (NO ) - 0 no XMHJlMeay
151 

3 2 3 3 4 
cneKTpanbH8H xapaKTepMCTMKa MOHOB Pu (VI) B pacTBopax HCIO 4 ( OT to-

/3/ 
no 6M) OCTaeTCH HeM3MeHHOf!:1 a aneKTpOMMI'p8UHH UOK83biBaeT1 'ITO 

JlO toM HCIO Pu (VI ) cymecTByeT B BMJle KaTMOHOBo 
4 

npHMOnMHef!:HaH 38BMCMMOCTb R, cf(HCI04] JlnH Pu (VI) 
Ill 

COOTBeT-

CTByeT 8THM naHHbiMo HsnOMbi Ha KpMBOf!: R 1=f( HNO 3] npoHCXOJlHT npH 

KoaueHTpaUHM HNO 
3 

, paBHOf!: 4M M to,5Mo 3To saa1JMT1 'ITO npM 10,5M 
2-

HNO 3 o6pasyeTCH MOH Pu 0 2( NO 8 ) 4 o 
171 

EcnH B3HTb sa ocHOBY pa6oTy , TO npM to,5M HNO 3 o6pasyeTCH 

Pu0
2
(N0

3
); , a npM 4M HN0 3 - Pu0 2(N0 3 )~, 

WecTHBaneHTHbif!: ypaH 

/8/ 
YcTaHoBneHo , 'ITO npM KMcnoTHOCTHX JlO 2M HNO 

3 
ypaHMn cy-

mecTByeT B ~opMe uo 2+ M uo2 (NO 8)+ • OT 2 JlO" 5M HNO 8 - B BHJle 
2 

UO J NO 
3

) ~ , a yBenH'IeHMe KoaueaTpauMM KMcnoTbi Bbirne 5M npMBOJlMT 

K nocTeneaHoMy HaKonneHMID aHMOHHbiX KoMnneKCOB ypaa:~rna. MsnoMhi Ha 

KpHBof!: ( lR- l)= f(HNO ] oTHOCHTCH K 2,3M, 6,5M M 10,5M HNO 3 , T,eo 
r 3 

UO (NO )0 o6pasyeTCH npM KoaueaTpaUMM 2,3M, U02 (NO 3f 3 - npM 6,5M HNO 3 , 
2 3 2 I 81 ·.2-

'ITO cooTBeTCTByeT naHHbiM pa6oTbi ·o 06pasoBaHMe 1102( NO 
3

) 4 MO~Ho 

oTaecTM K to,5M HNO 3 
/9/ 

CneKTpanbHbie JlBHHbie roBopHT o6 oTcyTCTBMM KoMnneKcoo6paso-

BBHHH Me~JlY MOHOM ypaHMna M CIO 4 - MoHaMH B MHTepBane oT 0 JlO 

7,5M HCIO 4 o 3aBHCHMOCTb R 
1 

oT KOHUeHTpauMM HCIO 4 HBnHeTCH npsr-

MOnMHef!:aof!:, 'ITO nonTBep~JlaeT CK838HHOe Bbillieo 

npHBeneHHbie Jl8HHbie nocTBTO'IHO y6enMTenbHO UOK83b!B8IDT1 'ITO He-

UpHMOnMHef!:HOCTb saBMCMMOCTM R,=f[HN0 3 ] onpeJlenHeTCH koMnneKcoo6-

pasoBaHHeM aneMeHTOB B a30THOf!: KMCnOTeo 

IiCXOJlH M3 3TOI'O nanee CJlenaHa UOUb!TKa M3Y'IMTb KOMnneKC006pa30-

B8HMe Np (IV) , Np (VI), Am (III), Cm (110:~~ Cf(III) B pacTBopax asoTHof!: KMcno-

Tblo 

5 



HenTyHHA qeThlpexaaneHTHhlA 

BaHJlY rro!lo6HSI rro XHMH'-lecKHM caoAcTBaM rrnyTOHHIO ( IV) Np(IV) 
2-

o)l{eT o6pa30BbiB8Th KOMrrneKCbi BIIJIOTh JlO Np( NO ) . TaK )l{e, KaK 
3 6 

y rrnyTOHH51 1 o6pa30B8HHe KOMnneKCOB Jl0JI)I{H0 IIpOHCXOJlHTh CTyiieH'-!8TO, 

1101 
3 pa6oThi PH aHa H3BecTH0 1 '-ITO B 1OM HN03 rro'-ITH aech Pu (IV) 

2-
axoJlMTCSI B <jlopMe Pu (NO ) , a B 11,5M pacTaope IIN0

3 
HerrTyHMfi 

3 6 2-

ymecTayeT TOJihKO KaK Np(N03) 
6 

• TaKMM o6pa3oM, MCXOJlSI M3 nHTepaTyp-

IHbiX JlaHHbiX H 38BHCMMOCTH R, = f [HNO ~ MO)I{HO caenaTh BbiBOa o TOM, 

3+ 
TO JlO 2M HN0

3 
cymecTayeT Np(N03 ) , c 2M HNO 3 o6pa3yeTCSI 

Np(N0
3 

):+ , c 4,5M - Np(NO 
3
); , c 6,5M - Np(N0 3 )~ , c BM - Np(N0

3
): 

2-
M c 11M - Np( N03 ) 6 • 

3aBMCMMOCTh R = f [ HCI 0 ] SIBJISieTcSI rrpSIMonMHeii:Hoii:. 
f 4 

HerrTyHMA mecTMBaneHTHhlA 

KoMnneKCHbH3 coe!lHHeHMSI Np( VI) JlOJI)I{Hbi HanoMHH8Th coeJlHHeHMSI 

Pu (VI) , B a3THOKMCJibiX pacTaopax Np (VI) H86JIIO)laeTC51 yBeJIH'-leHMe 

MHTeHCHBHOCTM IIOrJIOIIIeHMSI B YJihTpa<jlMOJieTOBOA o6naCTH CIIeKTpa IlpM 

. Ill/ 
KOHUeHTp8UHM HNO 3 3,5M • no 38BMCMMOCTH R r"" f[HNO} MO)I{HO npeJl-

IIOJIO)I{MTh, '-ITO Np (VI) o6pa3yeT qeTbipe KoMnneKca, 1-A KOMrrneKc B 

+ 
aepoSITHo, NpO 

2
(NO 

8
) , 2-fi - B 7M 

u 
HN0

3 
- Np0

2
( N0

3
)

2
, 

-Np02(N03); M 4-A- B 11,5M HN03 

3aBHCMMOCTh R = f[ HCIO ] SIBJISieTCSI JlJISI Np (VI) npSIMOmiHeii:Hofi, 
f 4 

2,8M HNO 3 - 9TO, 

3-ii: - B 9M HNO 
3 

- NpO z (NO a>z4-: 

TpexaaneHTHbie aMepHUHfi, KIOpHii:, KanHpopHHH 

/12/ 
C II9KTp&JihHbl9 M 9JI9KTpOMHrp8UHOHHble Jl8HHbl9 rOBOpSIT 0 KOMn-

neKCOo6pa30B8HMH Am (Ill) B a3oTHOKMCJibiX pacTBopax, npH KoaueaTpaUMM 

HN0
3 

> 10M no'-!TM aech A~ (Ill) MHrpHpyeT K aHOJly, 
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0'-!eBHAHO, qTo Am , Cm H Cf IIO!lo6ao Pu (Ill) B a30THoii: KHcno-

Te JlOJI)I{Hbl o6pa30Bb!B8Th KOMIIJieKCbl CTyneHqaTO 
/13/ 

/14/ 
ABTOpbi pa6oThi onpe!lenHnH1 qTo npH pH = 1,5 B HNO 3 cymecTBYIOT 

TOJihKO Am (NO ) 2 + H Cm (NO f + , 0 KOMIIneKcoo6pa30B8HMH Cm H Cf 
3 3 

rosopHT MX aKcTpaKUHSI H3 KoHueaTpHpoaaHHOH HNO 3 TpH6yTMn<jloc<jlaToM, 

06pa3oBaHHe aHHOHHbiX KoMrrneKCOB Am · , Cm H, 0'-!9BMJlHO, Cf H Es 
IIOJlTB9p)I{Jl8eTC51 9KCTp8KUHeA HX TpeTHqHbiMH H '-!eTBepTM'-IHb!MH aMHHaMH 

/15/ 
·B BH!le(R

3
NH)2Am(N0 3 ) 5 H (R 3 CH 3 N) Am(N0 3 )

4 
• 

3aaHCHMOCTh R ,= f[ HN03 l JlJISI Am , Cm H Cf , KaK H cne!lo-

aano O)I{HJlBTh, SIBJISieTCSI aerrpSIMOJIMHeii:Hoii:, a 38BHCMMOCTh R = f [ HCIO ] _ 
r 4 

IIpSIMOJIHHeltHOA, Ha OCHOBaHHH H3JI0)1{9HHOro Bb!III9 MO)I{HO rrpeAIIOJIO)I{HTh1 

'-ITO B BHJl9 MOHOHHTpaTOB Am cymecTayeT JlO 2,5M HN0 3 , Cm - ao 

2,0M, Cf - Jlo 3,5M HN0
3 

; B BH!le Me (NO 
3 

)+
2 Am - JlO 3,5M, Cm H Cf 

-Jlo 4,5M UNO 
3 

; B BH!le Me( NO }u 
3 3 

Am H Cf- JlO 7,0M, a Cm - JlO 

B,OM; B <jlopMe Me (NO )-
3 4 

oHM cymecTByiOT Jlo 9,5 - lO,OM HNO 3 , 

a ]lanee, aepoSITHo, npHcoe!lHHSIIOT eme OllHY rpynny NO 
3
- • 

/16,17/ 
no ony6nHKOBaHHb!M li IIOJiy'-leHHbiM B HaCTOSIIIIeii: pa6oTe aaH-

HbiM Bb!SIBJI9H8 3aBHCiiMOCTh o6pa30B8HHSI KOMIIJI9KCHblX <jlopM aKTHHHJlHbiX 

aneMeHTOB OT KOHUeHTpaUIIH a30THOH KMCJIOTb! ( pHC, 2,3,4), XapaKTep 9TOH 

3aBHCHMOCTH II03BOJIHJI pacrrpoCTp8HHTh ee H8 HeHCCJie)lOBaHHbie aneM9HTbl 

B pa3Hb!X B8JieHTHbiX COCTOSIHHSIX, HaKJIOH Ilp51Mb!X MO)I{H0 1 O'-!eBHAH01 o6'bSIC-

HHTh H3MeHeHHeM IIpoqHOCTH KOMIIJieKCOB B pSIJlY aKTHHHllOB, 

Bb!BO)lbl 

1 • noKa3aHo 1 '-ITO HenpSIMOnHHeAaocTh 3aBHCHMOCTH R, = f [ HNO 
3 

] 

JlJISI 8KTHHHllHbiX aneMeHTOB CB5138H8 C KOMIIJieKC006pa30BaHHeM 9THX 

aneMeHTOB B a30THOH KHCJIOTe, 

2, npMMeaeHHe MeToJla R r -cneKTpoB II03BOJIIiJIO caenaTh BbiBOJlhi 

0 COCTaBe li o6naCTH CyiiieCTBOB8HHSI HHTpaTHb!X KOMIIJieKCOB 8KTiiHHJlHblX 

aneMeHTOB H HX B8JieHTHhlX <jlopM B 830THOH KMCJIOTe, 

7 
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