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Ill 
B pa6oTe B.B. ~OMHHa noxa3aHo, 'ITO Hcnonb30BBHHe o6menpH-

HRTbiX MeTonoB pacqeTa KOHCTBHT KOMnneKcoo6pa30B8HHR MO~eT He TOnbKO 

Bb13B8Tb OWH60'iHOe onpeneneHHe KOHCTaHT YCTOft'iHBOCTH KOMnneKCHbiX 

HOHOB, HO H npHBeCTH K BbiBOny 0 cymeCTBOBSHHH TSKHX HOHOB, KOTOpbiX 

B neftcTBHTenbHOCTH aeT. Bo3MO~HOCTb Taxoft omH6KH TeM 6onbme, qeM 

MeHbllie KOHCTaHTbl yCTOft'iHBOCTH KOMnneKCHbiX HOHOB H qeM 6onbme H3MeHe­

HHe COCTBBB paCTBOpa npH UOCTORHHOA HOHHOft CHne. TaKHM o6pa30M, pe3ynb­

T8Tbl Bbi'iHCneHHR COCTaBa UpH pa3nO~eHHH KpHBOft COCTBB - CBOftCTBO, 

UOCTpOeHHOft B npennono~eHHH 0 UOCTORHHbiX 3Ha'ieHHHX KO~~HUHeHTOB 

8KTHBHOCTH, ~enaTenbHO nonTBep~aTb He38BHCHMbiM noKa3aTenbCTBOM 

cymecTBy!OlliHX KOMnneKCHbiX HOHOB. 

Yno6HbiM H a#eKTHBHhiM MeTonoM B cnyqae rHnponH3a HBHnocb 6bi 

xpoMaTorpa~Hqecxoe pa3neneHHe KOMnneKCHbiX Hoaos, ao nono6aoe H3yqeaHe 

orpaaHqeHO 06bi'IHO KHHeTHKOft peaKuHft KOMnneKC006pa30B8HHRo f. ~pe3epOM 

6binO noKa3aHo 
121 , 'ITO c noMOllibJO aKcTpaxuHH MO~Ho npocTo H yno6ao 

H3y'i8Tb KHHeTHKy 6biCTpbiX pe8KUHA o6pa30B8HHR xenaTOB MeTannoB H npy­

rHX aeopraHHqeCKHX KOMnneKCOB. C UOMOllibiO 9KCTpaKUHH MO~HO o6ecne'IHTb 

qpe3Bbi'i8ftHO HH3KYIO noCTORHHYIO KOHUeHTpaUHIO OJlHOrO H3 peareHTOB, npHHH-
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II 

M810tnliX Y'I8CTHe B 6biCTpOlt peaKUHH H, ClleLIOB8TellbH01 cytneCTBeHHO CHH-

3HTb CKOpOCTb peaKUHHo QqeBHLIHO, 'ITO XpOM8TOrpa~H'IeCKOe O~OpMileHHe 

aTOrO MeTOLl8 Ll8CT 60ilbUIHe npeHMytneCTBa, OCo6eHHO eCilH YL18CTCH CBH-

38Tb B Ll0CT8TO'IHO npO'IHOe COeLIHHeHHe HOH, OTBe'l810tnHlt 38 6biCTpy10 CTa­

LlHIO peaKUHil:, 0LlHOil: H3 OCHOBHblX 38Ll8'1 npH aTOM CT8HOBHTCH Bbi60p COOT-

/3 4/ 
seTcTBYJOtnero xenaToo6paaosaTenH, Ha o6mHx coo6pa)f(eHHli • npH Hay-

qeHHH rHL!pOilH38 npeano"!TeHHe H8LIO OTL18Tb 6HL!eHT8THbiM xenaT006p830B8-

TellSIM, Heo6XOLIHMbiM yCilOBHeM T8KOrO poaa aKcnepHMeHTOB SIBilSieTCSI LIOCTa­

TO'IH8SI 6nH30CTb KOHCT8HT YCTOlt'IHBOCTH KOMnneKCOB ueHTpallbHOro HOHa 

KaK C rHL!pOKCHil-HOHOM 1 T8K H C xenaT006pa30B8TeneM, npHMeHHeMbiM B 

Ka'leCTBe HenOLIBHlKHOil: ~83bl, M OlKHO OlKHL18Tb 1 'ITO npH aTOM OTLiellbHbie 

rHL!p01IH3Hbie ~OpMbl 6yayT p831lH'IHbiM o6p830M B38HMOL!eliCTBOB8Tb C xena­

T006pa30B8TeneM, TaKOMy YCIIOBHIO B 06tneM Clly'lae He OTBe'l8lOT. HOHHblli 

06MeH H aKCTpaKUH~, 

XpOM8TOrpa~H'IeCKOe H3y'leHHe rHLipOilH38 MOlKeT 6biTb OCHOB8HO T8K-

lKe H Ha TOM, 'ITO npoueCCbl LleOilSIUHH H aeoKCOilHUHH npoTeKaiOT qpe3Bbl-

'18ltHO MeaneHHO, 'ITO noaBOilHeT npOBOLIHTb H3y'leHHe HCXOLIH H3 KOHe'IHbiX 

npOLIYKTOB rHL!p01IH38, 

Oocne paaaeneHHH rHL!pOilH3HbiX ~OpM Heo6XOLIHMO onpeLlellHTb, K8KHM 

~OpMaM COOTBeTCTByJOT nHKH Ha xpOM8TOrpaMM8X, CytneCTByeT HeKOTOpaH 

KOppellSIUHSI MelKLIY 3H8'1eHHSIMH nOLIBHlKHOCTH ( Rt ) HeopraHH'IeCKHX HOHOB 

H cocTasoM noLIBHlKHOlt ~aahi s 6yMalKHOlt xpoMaTorpa~HH 15- 71 , OpH 

aTOM /8/ 

Rt 
1 

As 
1+a-
. At 

I 

1 
H Rm = log ( ~ - 1 ) , 

f 

rae As - o6'beM aenoaBHlKHOli ~a3hi, A 1 -06'beM nOLIBHlKHOli ~83bl H a 

Koa~HuHeHT pacnpeL!eneHHSI, KoacTaaTa paBHOBeCHSI peaKUHH rHaponHaa B 

o6meM cny'lae aanHCbiBaeTcH KaK 

4 

... 

~' 
11 

r 
\ 

( 

y-x x 
[M(OH)x ][H20] 

K 

[M(Tt.!O)~+] [OH-]x 

TaK KaK a 

Y+· 
[M(H

2
0)x] 

[ M (OH) ~-x] 
H Rm ~ log a + 

As I At HBIIHIOTCSI KOHCTaHTaMH,To Rm ~-xlog [OH-]: 

KOHCTaHTa, Ha nocneaaero ypasaeHHH cneayeT, 'ITO , 

HOCTH OTL!ellbHblX KOMnlleKCHhiX ~OpM OT KOHUeHTpal 

6biTb llHHell:HOii, 8TO n03BOilSieT OTHOCHTb K onpeaenE 

~OpMaM nHKH 1 nony'leHHble H8 p83HbiX XpOM8TOrp8MM 

H3y'leHHe rHaponHaa pacnpeaenHTenbHOii xpoMaTorpa~ 

LlyJOtneMy: 

a) no 3H8'18HHHM KOHCT8HT yCTOti'IHBOCTH noa6E 

tnHli KoMnneKcoo6paaosaTenb LlnR aenoaBHlKHOli ~a3hii 

6) npOBOLIHTCSI paaaeneaHe rHL!pOilH3HblX ~OpM I 

p831lH'IHhiX pH i 

B) LlllSI onpeaeneHHSI nHKOB, OTHOCSitnHXCSI K OLIH 

CTpoRTCSI rpa~mKH Rm ( HllH R 1 ) = I [ H + ] H s ( 

OTHOCHTellbH8SI nnOtn8Lib nHK8i 

r) HCnOilb3YSI 38BHCHMOCTb THna (1), H3y'I810T 

nneKCHOrO HOfta XpOM8TOrpa~H'I8CKHM M8TOLIOM B 38E 

paUHH COOTB8TCTBYIOtnHX llHraHLIOBi 

L1) Bbi'IHCIISIIOT KOHCT8HTbl ycTOli'IHBOCTH K8lKL!Or 

.ilOCTOHHCTBO H31lOlK8HHOli CX8Mbl COCTOHT B TO 

llHB88TCSI CytneCTBOB8HHe KOMnneKCHbiX HOHOB, a 38TE 

COCTaB H yCTOti'IHBOCTb, 

B HaCTORUJeli pa6oTe caenaHbJ nonbiTKH nposepH 

Ha npHMepe ypaHHil- H nnyTOHHil- HOHOB, rHLlpOilH3 Kl 

po6ao Hayqea B pgae pa6oT /9-16/ 
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CTHe B 6biCTpOlt peaKUHH H, cnetlOB8TeJ1bH0 0 Cyi.UeCTBeHHO CHH­

Tb peaKUHH. QqeBHllHO, qTO XpOM8TOrpa~HqecKOe O~OpMneHHe 

1aa aacT 6onbmHe rrpeaMymecTBa, oco6eaao ecnH yaacTCH CBH-

aToqao rrpoqaoe COellHHeHHe HOH, OTBeqaiOI.UHA 38 6biCTpyiO CTa­

A. 0aHOH H3 OCHOBHbiX 3aaaq IIpH 9TOM CT8HOBHTCH Bbi60p COOT­

ro xenaToo6pa3oBaTenSI. 113 o6max coo6pa>!(eHHA 13•41 rrpH H3y­

na3a rrpearroqTeHHe aaao oTaaTb 6aaeHTBTHbiM xenaToo6pa3oaa-

XOllHMbiM ycnOBHeM T8KOrO pOllS 9KCIIepHMeHTOB SIBJISieTCSI llOCT8-

0CTb KOHCT8HT ycToltqHBOCTH KOMIIJleKCOB ueHTpanbHOro HOHa 

KCHJI-HOHOM, TBK H C xenaT006p830B8TeneM, IIpHMeHSieMbiM B 

rroaBH)I{HOH ~83bi. Mo)I{HO O)I{HllBTb, qTo rrpH aToM oTaenbHbie 

~OpMbl 6yayT p83J1HqHbiM o6p830M B38HMOtleHCTBOB8Tb C xena­

eneM. TaKOMY ycnOBHIO B 06I.UeM cnyqae He OTBeqaiOT. HOHHbiH 

Tp8KUHS!o 

TOrpa~HqeCKOe H3yqeaHe rHllpOi1H38 MO)I{eT 6b!Tb OCHOB8HO TBK-

, qTO rrpoueCCbl aeOJISIUHH H aeOKCOJlSIUHH IIpOTeKSIOT qpe3Bbl-

HHO, qTQ II03BOJ1SieT IIpOBOllHTb H3yqeaHe HCXOllSI H3 KOHeqHbiX 

pa3aeneHHSI raaponH3Hhlx ~opM aeo6xoaHMo orrpeaenHTb, KaKHM 

BeTcTByiOT IIHKH Ha xpoMaTorpaMMax. CymecTByeT HeKoTopaSI 

Me )Kay 3HaqeHHSIMH IIOllBH)I{HOCTH ( Rt ) HeopraHHqeCKHX HOHOB 

rroaBH)I{HOif ~aabi B 6yMa)I{HOlt xpoMaTorpa~HH 15- 71 • DpH 

1 

As 
1+a­

AI 

H 

I 

1 
Rm = log ( R - 1 ) , 

f 

'heM aerroaBH)I{HOif ~83bi, A 1 -06'beM IIOllBH)I{HOll: ~83bl H a 

pacrrpeaeneHHSI. KoacTaHTa paeaosecHSI peaKUHH rHaponH3a B 

e 38IIHChlB8eTCSI K8K 

4 

V, 
'I 

,,:~}1;11 

r 

y-x x 
[ M ( OH) X ] [ H 2 0] 

K 

[M(I~O)~+] [OH-]x 

Y+. 

TaK KaK a 
[M(H20) X ] 

Rm = log a + log As I AI , a K H H 
[ M (OH) ~-x] 

As I AI HBJlSIIOTCSI KOHCTaHTaMH,TO Rm =-xlog [OH-] ± a ( l), rae a 

KOHCTaHTa. J.1a IIOCJieaHero ypaBHeHHSI cneayeT, qTQ 3aBHCHMOCTb IIOllBH)I{­

HOCTH OTaenbHblX KOMIIJleKCHbiX ~OpM OT KOHUeHTpaUHH JlHraaaa ll0Jl)I{Ha 

5b!Tb ilHHeAHoif. 3TO II03BOJISieT OTHOCHTb K OIIpeaeneHHbiM KOMIIJleKCHbiM 

tflopMaM IIHKH, rronyqeHHbie Ha paaHbiX xpoMaTorpaMMax. TaKHM o5paaoM, 

aayqeaHe rHaponH3a pacrrpeaenHTenbHOif xpoMaTorpatflaelt csoaHTCSI K cne-

llYIOIIIeMy: 

a) IIO 3HaqeHHSIM KOHCTaHT ycToifqHBOCTH IIOtl5HpaeTCSI COOTBeTCTByiO­

liiHH KOMIIJ1eKC005pa30BaTenb llilSI HeiiOllBH)I{HOH tflaabii 

5) rrposoaHTCSI paaaeneaHe rHaponHaHbiX tflopM HayqaeMoro HOHa npH 

paanHqHbiX pH i 

B) llilH OIIpeaeneHHH IIHKOB, OTHOCHIIIHXCSI K OllHOH KOMIIJleKCHOH tflopMe, 

cTpoSITCH rpatfJHKH Rm ( HnH R 1 ) = f [ H + ] H s (%) = f [ H +] , rae s -

OTHOCHTenbHaH IIJlOIIlatlb IIHKa; 

r) HCIIOJ1b3yH 3aBHCHMOCTb THna ( 1) 0 HayqaiOT COCTaB K8)1{tlOro KOM­

nneKCHOro HOHa xpoMaTorpatfJHqecKHM MeTOllOM B 3aBHCHMOCTH 'oT KOHUeHT-

paUHH COOTBeTCTBYIOIIlHX JlHrBHllOBj 

ll) BblqHCJlSIIOT KOHCTaHTbl ycToi!:qHBOCTH Ka)l{tlOrO KOMrrneKca. 

JlOCTOHHCTBO H3JlO)I{eHHOi!: CXeMbl COCTOHT B TOM, qTO CHaqana yCTaHaB-

JlHBaeTCSI CyiiieCTBOBaHHe KOMIIJleKCHbiX HOHOB, a 3aTeM OIIpeaenHeTCH HX 

COCTaB H yCTOltqHBOCTb. 

B aacTOHIIIei!: pa5oTe caenaHbi rronbiTKH nposepHTb H3JIO)KeHHyiO cxeMy 

Ha npHMepe ypaHHJl- H nnyTOHHJl- HOHOB, rHllpOi1H3 KOTOpbiX llOCTaToqao noa­

po5HO Hayqea B pSiae pa5oT 19-161. 

5 



~I I, 

II 

3KcrrepHMeHT8JlhH8H qacTb 

B KaqecTBe aerroaBH)I(HOfi ljla3bi 6hm Bbi6paH 0 1 1M pacTBop TeTpa6yTHJI­

rHrroljlocljlopHofi KHcnoTbi ( TEfc:t>K) 1 KOTopaH paaee rrpHMeHHnacb rrpH pas­

aeneHHH aKTHHH.l:lRhiX aneMeHTOB /17/, HocHTeneM HBJIHnacb 6yMara BaT­

MaH-1 (1x50 CM), noaroTOBKa 6yMarH H paCTBOpOB OITHC8Ha B pa6oTe /17{ 

3JIIDHpOB8HHe ITpOBO.QHJIOCh BOCXO.l:lHmHM MeTO.QOM ITpH 18° - 20°C B Teqe­

HHe 215-4 qacoB. 

233 
ilnll H3yqeHHll rH.QpOJIH38 ypaHa ITpHMeHSIJICll H30TOIT U 1 oqmueHHhifi 

oT aoqepRHx rrpoayKTOB, Ypaa ( Yl ) rrepeBO.QHJICSI B rrepxnopaTHYID ljlopMy1 

OCS.QOK paCTBOpHJICS! B BO.Qe (6e3 C0 2 ) .QO KORUeHTp8UHH ypaHHJIS 

2-3.10-SM, Pa6oqHfi pacTBop xpaHHJICSI B aTMocljlepe oqHmeaaoro asoTa. 

AnHKBOTbi H3 aToro pacTBopa aaaocHnHCh aa rronocKH 6yMarH. 3niDHpoBaHHe 

rrpoBO.l:lHJIOCh pacTBopaMI HCI04 c 38.(l8HHb!MH 3RaqeHHS!MH pH ( 6es c~ ) . 
Pa6oqHfi pacTBop nepea orrbiTSMH Bhi.Qep)I(HBancSI B TeqeaHe pa3HhiX rrpoMe­

)I(YTKOB BpeMeHH: oT 10 MHHYT ao 70 qacoB. B cnyqae rrnyTOHHSI anSI pa6oTbi 

npHMeHSIJIOCh 20 Mr cneKTpocKorrHqecKH qHcToro nnyTOHHSI-239. HcxoaHhifi 

rrpenapaT rrnyTOHHll rOTOBHJICll no MeTO.QHKe, OITHC8HHOM B pa6oTe /5/, npena­

paT 6b!JI pasaeneH HS IlleCTb qacTefi, K K8)1(.(l0H H3 KOTOpb!X ao6aBJIS!JICll 

pacTBop c saaaHHbiM saaqeaHeM pH • OcaaoK H pacTBop nepeMelllHBaJIHCh 

4 qaca .QO yCTSROBJieRHll paBHOBeCHll, OCS.QOK OT.QeJillJICll, a H3 paBHO­

BeCRDrD paCTBOpa OT6HpanaCh 8JIHKBOT8 .QJI.Il p83.QeneRHll, 3niDHpOB8RHe 

rrpDBO.QHJIOCh paCTBopaMH XJIOpROfi KHCnO[I'hi 0 KHCJIDTHOCTb KOTDpb!X 6b!n8 paBRa 

saaqeHHS!M pH COOTBeTCTByiDmHX paBHOBeCRbiX paCTBOpOB, 

ilnll ITO.Q.Qep)I(SHHSI ITOCTOSIHHOfi HOHHOfi CHJibl ( /l 0,1) rrpHMeRSIJICll 

nepxnopaT aaTpHSI. HsMepeHHe BenHqHRhi pH anweRTOB H paBHoBeCHhiX 

paCTBOpOB rrpOBO.QHJIDCh B SJIHKBOTSX H3 o6mero o6~eMa HS pH -MeTpe 

THUS "Pa.QHOMeTp" ( Koneararea) • no OKORqSRHH Ollb!TDB H3MepllJIOCb pacn-

peaeneaHe a - 8KTHBHOCTH ypaaa HJIH nnyTOHHll B.QOJib XpOMSTOrpaMMb!, 

8 

'~ 

CTerreHb oKHCJieRHll ITJIYTOHH.Il H ypaHa B K8)1(,l:l0M ITHKe 

MeTO.QSMH 6yM8)1(H0H xpoMaTorpaljJHH /18/ H COOCS)I(.Qe 

sapSiaa HOROB orrpeaenHJICH aneKTpOMHrpauHefi B Tex )l(e 

V = 30 BlcM (6es TEfc:t>K). 

CneayeT OTMeTHTh1 qTo ypaH H rrnyTOHHfi oqeab TUJ 

OT B03M0)1(Hb!X ITpHMeCefil OC06eHHO OT KpeMHHSI H )l(eJie, 

CTBHe Re IT03BOJISieT ITOJiyqaTb .QOCTOBepRbie pe3yJihT8Tbl 

.QHJIHCb TOJibKO B TeljJJIOHOBOH rrocyael paCTBOpbl oqHmam 

.QHCTHJIJillUHefi TSK)I(e B TeljlnoHOBOH arrrrapaType, 

PesynhTaThi H o6cy)l(aeaHe 

B pesynhTaTe OIThlTOB c pacTBopaMH ypaaa, Bhl.Qe 

HHe 70 qacoB, 6bm rronyqea pSia xpoMaTorpaMM, ReKoTo 

Hbl Ra pHC, 1, no OITHCSHHOMY Bbi!Ile MeTO.Qy pe3yJihT8T! 

rrpeacTaBneHbi B BH.Qe saBHCHMOCTH R 1 = f [ H+] H s(%) = 

26). TaK KaK orrpeaeneaHe sapgaa KS)I(.QOH H3 ¢opM B a 

saTpyaHHTenhH01 To rrpoBoaHnocb orrpeaeneaHe cpeaaero 

aRaKa MeToaoM aneKTpoMHrpauHH. OrrbiThi no aneKTpoMH 

qTo HefiTp8JihHbie HOHbl ITOS!BJIS!IDTCSI B HHTepBane pH OT 

USTeJihHbie rrpH pH > 5,51 qTo COOTBeTCTByeT .Q8HHbiM I 

pOMHrpaUHOHHOe prrpeaeneHHe 38pll,l:l8 ypaHHJI-HOH8 ITpOBC 

CpaBHeHHll ITO.QBH)I(HOCTefi 
1191 

ypaHHJI8 H aMepHUHll B J 

/211 
rrpH p. = 0, 1. HsBeCTHO , qTo sapSia aMepHUHSI B 

paBeR +31 a B HN03 rrpH pH = 1-2 paBeH +2. noaBH)I( 

B HCI04 rrpH pH = 1 paBHa 4,4. w-8 CMIB-1 ceK-1, 

3,0. l0-8cMIB-1 ceK-1 1 T.e. 38pll.l:l ypaHHJia rrpH pH = 

KaK rrpH pH = 2 B HN03 ypaa ae o6pasyeT KOMrrne~ 

MH /12-14/ H rrpH 9TOM H3BeCTeH 38pSI.l:l aMepHUHll /22. 
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3KCIT8pHM8HT8JlhH8H qaCTh 

HSITO.[{BH)I{HOH ljla3bi 6biJI Bbi6paH 0 1 1M paCTBOp TeTpa6yTHJI­

HOH KHCJIOTbi ( TEfct>K) 1 KDTopaH paaee rrpHMeHHnacb rrpu pa3-

THHHAHwx aneMeHTOB /1 7 /, HoCHTeneM HBJIHJI8Ch 6yMara BaT-

0 eM). IToaroTOBKa 6yMaru H pacTBopoa orrucaaa a pa6oTe 117{ 

e rrpOBOAHJIOCh BOCXOAH!IlHM M8TO.[{OM ITpH 18° - 20°C B Teqe-

rH.[{pOJIH3a ypaHa ITpHM8H5IJICH H30TOIT 233 U 
I O'IH!Il8HHbiH 

x rrpoayKTOB. Ypaa ( Yl ) rrepeaoaunc.H B rrepxnopaTay~ ljlopMy
1 

BOpHJICH B BO.[{e (6e3 C02 ) .[{0 KOHU8HTpauHH ypaHHJia 

Pa6oqHif pacTBop xpaauncg B aTMoc¢epe oqHmeaaoro a3oTa. 

8TOrO paCTBOpa HaHOCHJIHCh Ha ITOJIOCKH 6yMarH, 3n~HpOBaHHe 

pacTBopaM! HC!04 c 3aaaHHbiMH 3HaqeHH.HMH pH (6e3 C6.? ). 
CTBOp rrepea OfiWTaMH BhlA8p)I{HBanc.H B TeqeHHe pa3HhlX rrpoMe­

M8HH: oT 10 MHHYT ao 70 qacoa, B cnyqae rrnyTOHH.H an.H pa6oTbi 

h 20 Mr crreKTpocKOITHqecKH qHcToro rrnyTDHH.H-239, HcxoaHhiH 

yTOHHH rOTOBHJIC.H ITO MeTO.[{HKe 1 OfiHCaHHOH B pa6oTe 151, ITperra­

aeneH Ha WeCTb qacTei1: 1 K Ka)I{.[{OH H3 KOTOpbiX no6aBJI5IJIC5I 

aaaHHbiM 3HaqeaHeM pH • OcaaoK H pacTBop rrepeMeWHBanHCh 

CTaHOBJieHHH paBHOBeCH5I1 OCa.[{OK OT.[{eJI5IJIC5I
1 

a H3 paBHO-

TBopa oT6upanacb anHKBOTa nn.H pa3neneHH.H, 3n~upoBaHHe 

paCTBOpaMH XJIOpHofi KHCJIOTbi 1 KHCJIOTHOCTh KOTOpbiX 5bma paBHa 

H COOTBeTCTBY~lllHX paBHOBeCHbiX paCTBOpOB, 
I 

naep)l{aHHH ITOCTOHHHOll: HOHHOll: CHJlhl ( p 0,}) ITpHMeH.HJIC.H 

iaTpH.H, H3Mepeaue aenuqHHbi pH an~eHTOB H paaaoaeCHbiX 

lpoaoaunoch a anuKaoTax H3 o5mero o5'beMa aa pH -MeTpe 

MeTp" ( Korreararea). ITo OKoaqaauu OITbiTOB H3Mep.Hnocb pacrr-

- aKTHBHOCTH ypaaa HJIH rrnyTOHH.H B.[{OJib XpOMaTorpaMMbi, 

6 

,, 

~-

CTerreab OKHCJI8HHH ITJiyTOHH.H H ypaaa B Ka)I{,[{OM IIHKe KOHTpOJIHpOBaJiaCb 

MeTO.[{aMH 6yMa)I{HOll: XpOMaTorpaljJHH 1}61 H COOCa)l{.[{eHHH l}71, 3HaK 

3ap.Hna HOHOB OIIpenenHJIC.H 3JieKTpOMHrpauueif B Tex )1{8 YCJIOBH.HX IIpH 

V. = 30 alcM (6e3 TEfct>K). 

CneayeT OTMeTHTh 1 qTo ypaa H rrnyToaull: oqeab T!IlaTenhHO oqumanucb 

OT B03MO)I{Hb!X ITpHMecefil OC06eHHO OT KpeMHH.H H )1{8Jl83a
1 

T,K, HX IIpHCyT­

CTBHe ae II03Bon.HeT rronyqaTh aocToaepabie pe3yJibTaTbi, Bee pa6oTbi rrpoao­

AHJIHCh TOJihKO B Te¢noaoaoll: rrocyael pacTBOpbi oqumanucb H30TepMHqecKoll: 

AHCTHJIJI5IUHefi TaK)I{e B TeljlnOHOBOif arrrrapaType, 

Pe3ynbTaThi H o6cy*neaue 

B pe3yJihTaTe OIIbiTOB c pacTaopaMu ypaaa 1 BbiAep*aHHbiMH a Teqe­

aue 70 qaCOB 1 6biJI rronyqea PHA XpOMaTorpaMM 1 HeKOTOpbie H3 HHX ITOKa3a­

Hbl Ha puc, }, ITo OITHCaHHOMy Bb!We MeTOAy pe3yJibTaTbl OflbiTOB 6biJIH 

rrpeacTaBJI8Hbl B BHL(e 3aBHCHMOCTH R f = f [ H+] H s(%) = f [H+] ( pHC. 2a H 

25). TaK KaK orrpeaeneaue 3apRaa Ka)l{aoll: H3 ¢opM B aaaHoM cnyqae 

3aTpyLlHHTeJibHOI TO IIpOBOLlHJIOCb OIIpeaeneHHe Cpeaaero 3ap.Haa H ero 

3H8Ka MeTOLlOM aneKTpOMHrpaUHH, 0IIb!Tbi ITO aneKTpOMHrpaUHH IIOKa3aJIH
1 

qTo aeifTpanbHbie HOHbl IIOHBJI.H~TCg B HHTepaane pH OT 4 LlO 7
1
5

1 
a OTpH­

UaTeJibHbie IIpH pH > 5151 qTo COOTBeTCTByeT LlaHHbiM pa5oTbl I 191, 3neKT­

pOMHrpauHOHHOe orrpeaeneaue 3ap.Haa ypamm-uoaa rrpoaoaunocb MeTOLlDM 

cpaaaeHH.H IIOLlBH)I{HOCTell: 
1191 

ypaauna H aMepHUH.H B HC!0
4 

H HN0
3 

rrpu p = 0,1. H3aecTao 
1211

1 qTo 3ap.Ha aMepHUHH B HC!04 rrpu pH= 1 

paaea +31 a a HNO 3 rrpu pH = 1-2 paaea +2, IToaBH)I{HOCTb aMepHUHH 

B HC!04 IIpH pH = 1 paaaa 4,4. w-6 CMia-l CeK-ll a ypaauna -

3,0. w-6CM1a-l CeK-ll T,e, 3apga ypaauna IIpH pH = I paBeH +2. TaK 

KaK rrpu pH = 2 B HN03 ypaa ae o5pa3yeT KDMrrneKcoa c N0
3
- -uoaa-

MH I 12- 141 H rrpu aTOM H3BecTea 3apga aMepHUHH I 221 , paaabill: +2
1 

7 



, I 
I 

cpaBHeHHe HX ITOABH)I(HOCTel1 ITpH pH = 2 ITpOBOAHJIOCb B HNO 3 • 3ap51A 

ypaHHna B CBe)l(eiTpHrOTOBJieHHhlX paCTBOpax (- 1 MHHyTa) OKa3aJIC51 paBHhlM 

+2 ( u Am = u uo2 = 3,0 • w-6 
CMIB -

1 
ceK -

1
). DpHMeHeHne 6onee BbUiep­

)l(aHHbiX paCTBOpOB ( - 1 'laC a) Bbi3bJBaeT ITOHBJieHHe 2-ro ITHKa IT pH 

aneKTpo!jlope3e, no aaHHbiM pa6oTbi I 141 1 ITpn pH = 2 n 3 (ITO HNO 3 

cyruecTBylOT HOHbl uo 2+ n 2 uo2 oH+ , HO ITpn 9TOM ITOABH)I(HQCTH 9THX 

HOHOB OTHOCHTCH KaK 4: 1, K CO)I(aJieHHIO, BpeMH BbJAep)I(Kii paCTBOpOB 

ypaHHJl8 B pa6oTe I 141 He yKa3biB8eTC51 1 HO OTHOllleHHe ITOABH)I(IIOCTel1 9TH X 

!jJopM rOBOpHT CKOpee 0 TOM 1 'ITO BTopaH !jlopMa HBJIHeTCH ITOJIHMepHOi1, 3To 

ITOATBep)I(AaeTCH H TeM, 'ITO cop6UH51 ypaHHJia Ha 6yMare ITpH pH = 2 

He3Ha'IHTeJihH8 1191. 

Y'IHTbiBBH Bbill!ecKa3aHHoe, MO)I(HO C'IHTaTh, 'ITO !jJopMa 1 ( pnc. 2a) -

aTo UO ~+ , !jlopMa Y HMeeT 3apHA, paBHbiH uyn10, a tjlopMbi Yl n Y II -

oTpnuaTenhllhlH 3apHa. Konn'leCTBo 3arHaponn3oBauuoro ypaunna ITpH 

pH = 2-3 paBHO 30-40%, a UO;- ·60% 
1 141

1 'ITO cooTBeTCTByeT aaHHbiM, 

ITpnBeAeiiHhlM Ha pHC, 26, KonH'IeCTBeHHOe COOTHOllleHHe rHApOJIH3HhlX !jlopM 

( pHC, 26) H OTHOll!eHne ITOABFI)I(HOCTeif OAHH8KOBbiX rHApOJIH3HbiX !jJopM ITpH 

aneKTpoMnrpauHH BMecTe c H3BeCTHbiM !jlaKTOM yMeHbllleHHH 3Ha'leHHH R t 

HOHOB ITpH yBeJin'leHMH 'IHCJia OH -rpyiTIT B KOMITJieKCHOM HOHe l23 l ( CM, 

1241 
pH c. 4) 

1 
a TBK)I(e cpaBHeune ITony'leHHbiX aaHHbiX c nHTepaTypHbiMH 

( pHC, 3) IT03BOJI5110T caenaTb Bb!BOA 0 COOTBeTCTBHH BCex 9THX A8HIIb!X,HeKo­

TOpoe pa3JIH'IHe B COOTHOll!eHHH rHApOJIH3HhiX !jJopM Ha pHC, 2 H 3 OObHCHH­

eTCSI pa3JIH'IHbiMH yCJIOBHHMH OITb!TOB ( ~peMH, KOHUeHTp8UHSI, HOHH851 CHJia), 

B OITbiTax c ITnyToHHeM ObiJIH ITony'leHbi xpoMaTorpaMMbi THITa noKa-

3aHHOH Ha pHC, 4, BITJIOTb AO pH = 7 OTpHuaTeJibHO sapSI)I(eHHbiX HOHOB He 

Ob!JIO o6uapy)l(eHo. nocTpOeHH.e rpa!jJHKa s(%) = f [H+]aano 38BHCHMOCTbl 

6JIH3KYIO K aaHHbiM pa6oTbi ( pHc. 5) 
1151

, BMecTe c yiToMHHaBll!HMCSI 

!jJaKTOM 0 CBSI3H 'IHCJia OH--rpyiTIT B KOMITJieKCHOM HOlle C BeJIH'IHHOtl 

R f 1231 9TH X AaHHbiX AOCTaTO'IHO AJISI HAeHTH!JJHKaUHH ITHKOB, 

8 

··~ 
I 

~ 
I 

I 11 1 3 251 
CaTTOH ' ' , HCXOAH n3 ciTeKTpocKOITH'IecKnx 

H3MepeHnl1, a TaK)I(e 1'13 aaHHbiX ITO THTpOBaHHIO H aneKTJ 

cneaylOIUYIO cxeMy rHaponH3a: 

1, 2+ 2+ 
2 UO 2 + H 2 0 <" [(UO 2 ) 2 0 ) 2+ 

(=U205 ) + 

2. [ (U02 )2 0 ] 2+ + Uo~+ + H
2
0 ;! [ (U02 )

3 
0 ]; 

3. u
3 

o;+ + oH- : u
3 

o
8 

oH+ 

4, u3 o 8 oH+ + oH-: U3 0 8 (OH h H T.a. 

19,131 
ilaHHbie ApnaHaa ITpHBOASIT K Bb!BOAY 0 TOM, 'ITO 

KQ:-!ITJieKCbl OOpa3ylOTC51 B pe3yJihTaTe rHApOJIH3a Aa)l(e IT 

2+ -3 UO 2 - 10 M. ApnaHA cornaceu c ITpeaiTOJIO)I(eHHeM Ct 

B8~HH anypaHHJlhHhlX KOMITJieKCOB Ha ITepBhlX CT8AHSIX rn. 

ITycKaeT a!jl¢eKTHBHYIO KOHKypeHUHIO CO CTOpOIIbl MOHOypa 

COB, B TO BpeMH K8K 0 ITO CaTTOHy, ITpHCOeAHHeHHe MOHO: 

nrpaTb pOJib JIHlllb ITOCJie TOrO, KBK HOHbl uo;+ 38KOMIT. 

u3 o 2/ . 
1141 

B pa6oTe s.r. nox<apcKoro n ap. caenaH Bb!BO 

rHaponH3 ypaHHna ITpoTeKaeT cuaqana qepes o6pasoBaHH 

OAHOBpeMeHHO o6pa3ylOTC51 HOIIbl uo 2 ( OH) 2 H ( uo2 h (OJ 
2+ 2+ 

THTh, 'ITO AnSI rnaponn3a N p 0 2 H Pu 0 2 ITpeanoX<eHb 

rnaponHsa 
115,251 

ilnH yTO'IHe~HSI MeX8HH3M8 rHApOJIH38 ypaHHJl8 HaM 

Hbl OITb!Tbi ITO pa3AeneHHIO ero rHApOJIH3HblX !jJopM H3 pa 

HbiX B Te'leHHe 5,10,60,200 H 300 MHHyT (pHC, 6) ITOCJI€ 

YpaHHn pacTBOpSIJICH H BhiAep)I(HBancSI B Boae pH = 6 

HbiM SIBJI51eTCH ITOHBJieHHe 118 XpOM8TOrp8MM8X HOBbiX ITH 

cRt= 0 (cp, pHC, 1,2a H 6), C yBeJIH'IeHHeM BpeMeHH I 

TeJibHOe coaep)I(8HHe 9TOrO ITHK8 yMellbll!8eTCSI BITJIOTb P 

COB, QqeBHAH0 1 !jlopM8 C Rf = 0 SIBJIHeTCH HOHOM U02 ( ( 

C ITnyTOIIHJIOM ( pHC, 4), 

9 



HX rroABH)f(HOCTei1 rrpH pH = 2 rrpoBOAHnocb B HNO 3 • 3apsw 

CBe)f(eiipHrOTOBneHHhlX paCTBopax (-I MHHyTa) OKa3anCA paBHhlM 

= Uuo2 = 3,0. w-6 
CMIB-I ceK-I). DpuMeHeaue 6onee BbiAep­

CTBOpOB ( - I qaca) Bb!3biBaeT IIOABneaue 2-ro IIUKa rrpu 

e 3 e. no aaHHbiM pa6oTbi II 41 , rrpu pH = 2 u 3 (rro HN03 

T UOHbl UQ ~+ U U02 QH + , HO IIpU 9TOM IIOABU)f(HOCTH 9TH X 

cATCH KaK 4: I. K CO)f(aneHUIO, BpeMA Bh!Aep)f(KH pacTsopoB 

pa6oTe 1141 He yKa3hlBaeTCA, HO OTHOWeHHe IIOABH)f(HOCTeA 9THX 

HT CKOpee 0 TOM 1 'ITO BTOpaA tflopMa ABnAeTCA IIOnUMepHOA. 3To 

eTCH U TeM, 'ITO COp6UUA ypaHHna Ha 6yMare rrpu pH = 2 

bHB I 191. 

!BaA BbiWeCK83aHHoe, MO)f(HO C'IUTaTb, 'ITO tflopMa I (puc. 2a) -

, ¢opMa Y nMeeT 3apAa, paBHhiA ayn10, a cpopMbi Y/ n y 11 -

HbiA 3apAa. KonuqecTBO 3aruaponu3oBaHaoro ypaanna rrpn 

paBHO 30-40%, a VO;- .60% 
1 141

, 'ITO cooTBeTcTByeT aaHHbiM, 

IM Ha pnc. 26. KonuqecTBeHHOe COOTHOWeHue ruaponH3HhlX tflopM 

OTHoweaue IIOABU)f(HOCTeA OAUHaKOBhlX ruaponU3HhlX ¢opM DpU 

pauuH BMecTe c U3BeCTHbiM ¢aKTOM yMeHbWeHUA 3Ha'IeHuA R f 

aenuqeHuu qucna OH -rpyrrn B KOMrrneKCHOM noae l23l ( cM. 

124/ T8K)f(e Cp8BHeHUe rrony'IeHHhiX A8HHblX C nuTepaTypHh!Mif 

3BOnAIOT caenaTb BbiBOA 0 COOTBeTCTBUU BCex 9TUX A8HHbiX.HeKo­

que B COOTHOWeHUif ruaponH3HhlX tflopM Ha puc. 2 U 3 06bACHA­

ycnOBUAMU OIIblTOB ( BpeMA, KOHUeHTp8UHA, UOHfiaA CUna) • 

rrnyToHneM 6brnu rronyqeHbi xpoMaTorpaMMhi Tuna noKa-

UC. 4. BrrnOTb AO pH = 7 OTpuuaTenbHO 38pA)I(eHHhiX UOHOB He 

y)f(eHo. DocTpoeHu_e rpa¢uKa s(%) = f [ H+] aano 3aBucuMoCTh, 

aaHHhiM pa60Thi (puc. 5) 
1151

• BMecTe c yrroMUHaBWUMCA 

BA3U 'IUCna QH--rpyrrrr B KOMrrneKCHOM UOHe C BenU'IUHOA 

ITUX A8HHhiX AOCT8TO'IHO AnA UAeHTU<fJUK8UUU IIUKOB. 

8 

·~ 
; . :~,' 

'r,, 

·s: 
''!1 

I 

~ 
I 

111,13,251 
CaTTOH , ucxoaA U3 crreKTpocKorruqecKux u KpuocKorruqecKHX 

U3MepeHHA, a T8K)f(e lf3 AaHHbiX ITO TUTpOB8HUIO U sneKTponU3y
1 

rrpeanO)f(Hn 

cneayiOIUYIO cxeMy rHaponu3a: 

I. 2+ [ ] 2+ 2+ + 2 UO 2 + H 2 0 "" (UO 2 ) 2 0 ( = U 2 0 5 ) + 2 H , 

2. [ (U02 )2 0 ]
2

+ + uo;+ + H20 ;! [ (V02 )3 0 ]2+ (=V3 o~+) +2H+ 

3. v o 2+ + oH- -. 
3 8 ... u

3 
o

8 
oH+ 

4. U3 0 8 OH+ + OH--+ U3 0 8 (OH ) 2 H T.a. 
·-

19,131 
DaHHhie A pnaHaa rrpuBOAAT K BhiBOAy o ToM, 'ITO rronuypaHunhHbre 

KO:I.IIIneKChl o6pa3yiOTCA B pe3ynhT8Te ruaponH38 ):{8)f(e rrpu KOHUeHTp8UUH 

2+ -3 
UO 2 - 10 M. ApnaHA cornaceH c rrpearrono)f(eHueM CaTTOHa o6 o6pa3o-

B8f!UH auypaHUnhHhiX KOMIIneKCOB Ha rrepBhiX CT8AHAX rnaponH38
1 

HO ):{0-

ITyCKaeT s¢¢eKTHBHyiO KOHKypeHUHIO CO CTOpOHhl MOHoypaHUnhHhiX KOMIIneK­

COB, B TO speMA KaK, no CaTTOHy, rrpHcoeaHHeHIIe HOHOB OH Ha'IIIHaeT 

Hrp8Th ponb nHWh IIOCne TOro, K8K IIOHhl UO ;+ 38KOMrrneKCyiOTCA AD UOHOB 

u3 o ~+ • 
1141 

B pa6oTe E.r. nox<apcKoro u ap. caenaH BhiBOA o TOM,_ 'ITO 

ruaponu3 ypaHuna rrpoTeKaeT CHaqana qepe3 o6pa3oBaHHe UO 2 OH + , a 3aTeM 

OAHOBpeMeHHO o6pa3yiOTCA UOHhi U02(0Hhn (U02h(OH)j. Haao OTMe-

2+ 2+ 
TUTh, 'ITO anA ruaponu3a N p 0 2 u Pu 0 2 rrpeano)l(eHbi rroao6Hhie cxeMhi 

115,251 
ruaponH3a 

DnA yTo'!HeHUA MexaHU3Ma ruaponu3a ypaHuna HaMu 6brnu rrocTaBne­

Hhi OITh!Thl ITO p83AeneHUIO ero ruaponH3Hb!X ¢opM U3 paCTBOpOB, BhiAep)f(aH­

HbiX B TeqeHIIe 5,10,60,200 II 300 MIIHYT (puc. 6) rrocne IIX rrpuroTosneHIIA. 

YpaHIIn pacTBOpAnCA II BhiAep)I(IIBancA B soae ( pH = 6,95). XapaKTep­

HbiM ABnAeTCSI IIOABneHIIe H8 XpOM8TOrpaMM8X HOBb!X IIIIKOB
1 

B 'I8CTHOCTII 

C Rf = 0 (cp. piiC. 1,2a II 6). C ysenii'IeHIIeM BpeMeHH BbiAep)f(KH OTHOCH­

TenhHOe coaep)f(8HHe 9Toro ITHKa yMeHhwaeTcA BrrnoTh ao 0 qepe3 70 '!a­

coB. QqeBHAHO, ¢opMa c Rf = 0 ABnAeTCA HOHOM vo2 ( OH) ~ rro aHanorHH 

C rrnyTOHHnOM ( pHCo 4) • 
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I 

XoTs:r aTH naHHhie He ITpoTHBope'laT MexaHH3My, ITpenno)l(eHHOMy B pa­
/14/ 

ooTe 1 H8M K8)1(eTCSI 6onee ITpeniTO'!THT9nbHbiM M9X8HH3M onHOBpe-

M9HHOrO 00p830B8HHSI nHypaHHnbHhlX H MOHOypaHHnbHhlX KOMITn9KCOB ITO 
/9 13/ 

ApnaHny ' • 

ABTOp ITpH3HaTeneH C.A, DnewyKOBOll: 38 ITOMOillb B ITpOBeneHHH OITb!TOB, 

BbiBOnhi 

1. DoKasaa:a B03MO)I(HOCTb ITpHMea:ea:Hs:r paciTpenenHTenha:oll: xpoMaTo­

rpaqlHH c o6paureHHhiMH tl>asaMH nns:r H3y'!eHHSI rRnponHsa. 

2. DpoBenea:o xpoMaTorpa¢H'IecKoe H3y'!eHHe rHnponR3a ypaHHn-

H ITnyTOHHn-HOHOB, 

nHTepaTypa 

1.B.B. ct>oMHH. PanHoxHMHs:r, 9, 6, 652 ( 1967). 

2. r. ct>pesep.B c6."XHMHSI aKcTpaKuHH," 59, M., ATOMHsnaT, 1971. 

3. ct>. Eacono, P. DHpcoH. M exaHH3Mhi HeopraHH'!eCKHX peaKUHll:, 200, 
MHp, 1970. 

4. K. neHr¢opn, r. fpell:. DpoueCCbl 38M9ill9HHSI nHraHJ.lOB, 107, MHp, 1969. 

5. M.Lederer. I.Chromatog., ]:_, 172 (1958). 

6. R.A.Carvalo. I.Chromatog., :!:._, 353 (1960). 

7. F.W.H.M.Merkus. Pharmaceut~sch weebkblad, 38, 103, 
1037 (1968). -

8. C6. ;,XpoMaTorpa¢Hs:r Ha 6yMare"·, ITOCI pen. ill. Xall:ca H K. MaueKa, 
Mn, 1962. 

9. S.Arland. Acta Chem.Scand., ~. 374 (1949). 

10. I.A.Hearke, A.I.White. I.Chem.Soc., 2168 (1957). 

11. !.Sutton. I.Chem.Soc., 275 (1949). Suppl.Issue. 

12. H.n. KoMapb, 3.A. TpeTbSIK. )f(. aHanHT. XHMHH, 10, 236 ( 1955). 

13. E. Pa6HHOBH'I, P. EeHti>opn. CITeKTpocKOITHH H tl>oTox 
ypaHana, AToMHsnaT, 1968. 

14. E.r. no)l(apCKHH, T.H. CTepnHHroBa, A.E. DeTpoBa, 
8, 7, 1594 (1963). 

15. A.M. MocKBHH, B.n. 3all:ueBa, PanHoxHMHs:r, 4, 1, 73 

16. M.E. KpeBHHCKaSI, B.n. HHKOnbCKHH, E.r. no)l(apcK: 
PanHoxHMns:r, 1, 548 ( 1959). 

17. IO.C. KopoTKHH, PaAHOXHMHs:r, 13, 1, 137 ( 1971), 

18. M. Meu, r. YoTep6epH. AHanHTH"'9CK8SI XHMHSI Tp8H< 
TOB 1 63, ATOMH3naT, 1967, 

19. M.E. CTapHK, Oca:oBb~ paauoxHMHH, 186, HayKa, 196 

20. M.E. CTapHK, Oca:OBhi panHOXHMHH, 569, HayKa, 19E 

21. P. nea:HeMeH, T. KHHeH. Pa/.lHOXHMHSI aMepHUHH II K 

22. M.A. ne6eneB, c.B. DHpO)I(KOB, r.H • .HKoBneB. PanH 
( 1960). 
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25. A.M. MocKBHH. PanHoxHMHs:r, 13, 5, 681 ( 1971). 

PyKOITHCb ITOCTyiTHna B H3naTenJ 
20 arrpenH 1972 rona. 
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8TH ABHHbie He IIpOTHBOpe'laT M8X8HI13My, IIp8t:(Jl0)1{8HHOMy B pa­

HBM K8)!<8TCH 6onee rrpeAIIO'ITHTeJibHbiM M8X8HI13M OAHOBpe-

6pa30B8HifH AHypaHHJlbHbiX 11 MOHOypaHHJlbHbiX KOMIIJI8KCOB ITO 
,13/ 

p IIpH3HaTeJieH C.A, DnewyKOBOH 38 IIOMO!Ilb B IIpOB8):18HI1M OilbiTOB, 

BbiBOAbl 

OK838H8 B03MO)I{HOCTb IIpMM8H8HMH pacrrpeaenMT8JlbHOH XpOM8TO­

o6pameHHh!Mif 4Ja3aMM AJIH nay'leHMH rnaponnaa. 

oseaeHo xpoMaTorpa4JI1'1ecKoe nayqeHne r11aponnaa ypaHnn-

-110HOB, 

flnTepaTypa 

MHH. PaanoxrrMrrH, 9, 6, 652 ( 1967). 

3ep .B c6.'' XnMrrH 8KCTpaKUI111," 59, M ., ATOMI13AaT, 1971. 

ono, P. DrrpcoH. M exaHM3Mbi HeopraHnqecKI1x peaKunH:, 200, 
1970. 

r4Jopa, r. fpell:, DpouecCbi aaMerueHMH nnraHaos, 107, Mnp, 1969. 

erer. I.Chromatog., .!_, 172 (1958). 

arvalo. I.Chromatog., ~. 353 (1960) . 

. M.Merkus. Pharmaceutisch weebkblad, ~•I 103, 
0968). 

poMaTorpa4JrrH Ha 6yMare"·, rrou pea. ill. Xall:ca 11 K. MaueKa, 
62. 

and. Acta Chem.Scand., ~. 374 (1949). 

earke, A.I.White. I.Chem.Soc., 2168 (1957). 

ton. I.Chem.Soc., 275 (1949). Suppl.Issue. 

OMapb, 3.A. TpeTbHK, )f(, 8H8JIMT, X11MMM, 10, 236 ( 1955). 

10 
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17. IO.C. KopoTK11H, Paai1DXMMI1H, 13, I, 137 ( 1971). 

18. J.1. Meu, r. YoTep6epl1, AH8JIMTMqecKaH XI1MMH TpaHcypaHOBb!X 8JleMeH­
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24.I.Sutton. I.Chem.Soc. (London), 1949, S 275 (1949). 
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