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dHHTE3, @kI3kIICO-XHMEZYECICkIE CBO~~CTBA kl METACTAEKilbHbIE 
COCTOHHkIII HkITP030AMMkFHOICOMIIJlEICCOB PYTEHHHw, n p e n c T a B n e H H y I o  H a  

C o u c K a m e  penoii  C T e n e H n  K a n m a T a  xmngecuix H a y  no cneunarrbaocm 02.00.01 - 
H e o p r i w l r e c K a r r  xmux  

Aucceprarruo~~arr pa6o~a Bopo6be~a B.A. n o c B x q e n a  C A H T ~ ~ Y ,  nne~m@maun~ ti 4 n 3 m -  
XUMHqeCKOMy ACCnenOBaHUIO (POTOXPOMH~IX HUTP030aMMUHOKOMMeKCOB P)"EHuII(II). 
@ O T O X ~ O M H ~ I ~  MOHOHUTP03UnbHbIe KOMnneKCbI nepeXOAHbM MClWUlOB IIPeLICTaBnXIoT 

6 o n b m o i i  UHTepeC KaK B I I n a H e  ( P y ~ 4 a M e ~ ~ W I b ~ o f i  HaJ'KA, TaK A UX B03MOXHbIX IIpaKTllgeCKAX 

npnnoxe~nii. Q y ~ i q a M e n ~ a n b m e  uccnenosmrn B OCHOBHOM ~ a n p a ~ n e ~ b ~  H a  B m c n e n u e  

n p A p O n b I  M e T a c ~ a 6 U J l b I i b I X  c 0 C T O d  B HaTpo3FUIbHbm KOMnJIeKCax U H a  YCTaAOBneHHe 

B ~ ~ E I M O C B X ~ ~ ~ ~  M e w  CTpoeHHeM 3TUX KOMIUIeKCOB H UX @OTOXPOMA~IMA CBO~~CTBBMB, YTO 

B-0 AJIX HanpaBJIeHHOrO CEiHTe3a HUTpO3UJlbHbIX KOMlIJIeKCOB C ~ O ~ X U i B ~  

M ~ T ~ c T ~ ~ A J I ~ H ~ I M A  COCTOXFIUXMX U B ~ I C O K O ~ ~  3 a c e n e ~ ~ 0 ~ ~ b m  3TAX C O C T O I M ~ .  Cpem 
npunoxe~uk HHTP03UJIbHbIX KOMMeKCOB MOH(H0 BbUIeJIEiTb ABa HanpaBneHll l r ,  KOTOpble 

06cymsmn:~ B nmepaType. OAHO ti3 HEX 06ycno~neno 6nonorusec~ofi ~KIIIBHOCT~H) mix 
KOMM~COB, KOTOPBR c B a 3 a n a  c y.iacmeha cdomoi i  N K O O ~ A U H ~ ~ O ~ O ~ ~  ~ B C T U I ~ ~ I  NO BO 

M H O ~  (P t i 3uonom~ec~~~  npoqeccax. B XOM mane H H T ~ O ~ O K O M ~ ~ ~ K C ~ I  pyre-, K m o p b I e  

0 6 n a . u ~  BblCOKOfi Y C T O ~ I B O C T ~ H )  H MEUIO% TOKCHWOCTbH), 4)ABneKEXOT 3HaYUTeJIbHOe - - 
B e u M a n u e  B K a r e c m e  n p e m e c m n n l m o B   HOB^ NO-npenapam~. Apyroe nanpamenue 
l I p l i M e H e H W  CBX38HO C @OTOXPOMWIMEI CBO%CTB~MA MOHOHUTp03HJIbHbIX KOMMeKCOB. B 3TOM 

- - 
n y ~ e ~ ~ o 3 ~ e t i ~ ~ ~ ~ ~  H a  npyrym B n e m a u M w  a m p a m ,  B gacmocm CB~TOM. B mepaType yxe 
a3~ec~nb1 n o n n + y a m o ~ a m ~ ~ e  wemaearn, coqe~amve  ~ono~one~ynnpabIZt M B M ~ T I ~ ~ M  a 
@OTOXPOMA~M, C B I I ~ ~ H ~ &  C KaTHOHHbIMU M O H O H ~ 0 3 H J l b H b l M A  KOMnneKCaMU PyTeHIIII. 

b a r 0 ~ a p I I  c n e w @ U ¶ e ~ K U M  @OTOXPOMH~IM C B O ~ ~ C T B ~ M  MOHOHATpo3UJlbHbIe KOMnneKCbI 

n p u B n e K i u o T  B n n M a m i e  KBK O~T,~KTL.I PJUI O n m q e C K u x  n ~ @ o p ~ a q u o ~ n b m  T ~ X H O ~ O ~ & .  ~ ~ I J I U  

C03naEE-I BbICOKO-MOTHbIe Ol lTU' i~CKHe nHCKA (10 '~  ~UT/CM*) H a  OCHOBe HUTPOnPYCCUna HaTpUX 

( ~ A A O A H ~  H H T p 0 3 A l I b ~ b I j i  KOMllJIeKC xene3a(II), [ F ~ N O ( C N ) ~ ] ~ ~ .  O ~ r a K 0  3TU W C K U  H e  

m e m  n e p c n e I m B  B mane ax npmsecro ro  n p u M e H e n u x ,  T ~ K  K ~ K  nonromsyque 



CKa3iuIHOe, uenb m C C e p T a & i  B.A. Bopo6besa - n e T e K T U p 0 B m U e  MeTacTa6UnbHbIX COcToXUUfi 

B U3BeCTHblX HEiTp030aMMUHOKOMlIneKCaX PYTBHUX, p a 3 p a 6 0 m  ~ @ @ ~ K T U B H ~ I X  MeMAOB 

CUHTe3a HOBbIX aMIlHOKOMnneKCOB HCiTP030PYTeHUX, 0 6 n a ~ m u u x  I l e p ~ n e K T U ~ H o f i  

@ O T O X U M U Y ~ C K O ~ ~  aKTUBHOCTalo, a T a m e  YCTaHOBneHUe ~ 0 p p e j T X q U f i  M e W y  CTpYKTypaMU 

nOJIYTeHHbIX KOMnneKCOB U UX @OTOXPOMH~IMH C B O ~ ~ C T B ~ M U  - IIPi3lCTaBJMIIIeTCX LIIC'CyaJIbHofi U 

C O B P ~ M ~ H H O ~ .  

A U C C ~ ~ T ~ U U O H H ~ X  pa6o~a COCTOw M3 BBeAeHUX, 0630pa nHTepaTypbI  (m. I), 
3 ~ ~ l I e p ~ ~ e E T a J I b ~ 0 f i  .IaCTU (IT. 2), pe3YJIbTaTOB U UX O ~ C Y W ~ H U X  (UI. 3), 3aKmoYeHU9, 

BLIBO~OB u c n u c K a  n u T e p a T y p b I  (1 18 ~ a u ~ e ~ o ~ m u f i ) .  P a 6 o T a  u 3 n o x e ~ a  Ha 133 c T p m u q a x ,  

Wnepxm 44 pUCyHKa U 19 ~a6nuq. BO BBeneHUH 06oc~oema aKTyalIbHOCTb 

nuccep~wuo~~oro  uccnenosmm, c @ o p ~ y n u p o s m b ~  qenu u swam pa6o~b1, 
a p r y h l e a m p o B m a  nayxian H O B U ~ H ~  uccnenosmuii, n o K a 3 m a  n p m y e c r a x  ~ H ~ W M O C T ~  

@ O T O X ~ ~ M H ~ I X  C B O ~ ~ C T B  HUTpOIIPYCCUnP HaTpUX, KOTopOe Am0 M O U H ~ ~  TOn40K Pa3BUTUIO 

pa60T no CjiHTe3y U UCCJIeAOBaliUIO MOHOHUTpO3NnbHbIX KOMnneKCOB nepeXORHbIX M e T m O B .  

0 6 c m e ~ b 1  YCnOBUX 0 6 p a 3 o ~ m ~ r ,  XapaKTepucTAKu U npupona M ~ T ~ C T ~ ~ U J I ~ H ~ X  COCTORHU~~ B 

COJIRX HarponpyCCUA-aHUOHa. P ~ C C M O T ~ ~ H ~ I  T a K X e  HeKOTOPbIe IIUTepaTyPHble A m H b I e  no 
HUTpO3UJIbHbIM KOMnneKCaM PYTeAllX. C A e J I m  BbIBOn, s T 0  HUTp030aMMUHOKOMnneKCbI 

pyremix, conepxamie K o o p n a H u p o B m H b l e  MoneKynbI  B O A ~ I  unu aMMuaKa B ~pa~c-nonoxe~uu 
K ~u~po3orpynne, I I O K ~ ~ ~ I B ~ I C ~ T  OAHU u 3  ~au6onee B ~ I C O K U X  T e M n e p a T y p  pacnana 
MeTaCTti6~nbHbIX C O C T O X H U ~ ~ .  0 6 p a e ~ o  BHUMaHUe Ha B03MOXHOe AeIIPOTOHUPOBaHUe 

aKBaKOMnneKCOB, YTO ~ p e 6 y e ~  U3YYeHUX UX KUCIIOTBOCTU. %U UCCneAOBaHUX 6 b m ~  pa3BUTbI B 

pa6o~e. Bo ~ ~ o p o f i  Y ~ C T U  n m e p a T y p H o r 0  o 6 3 o p a  n p o m a w 3 u p o ~ m b 1  MeToAbI c u ~ ~ e 3 a  

aMMUHOKOMIIneKCOB HUTP030PYTeHUX. C ~ e n a H  BbIBOA, YTO B nUTepaT)'pe OTCYTCTBJ'IOT 

~ @ @ I ~ K T A B U ~ I ~  c n 0 ~ 0 6 b l  c u u ~ e 3 a  KoMnneKcoB,  conepxaux MeHee  senapex 
KOOP~HUPOB2lHHbIX MOJIeKyn aMMUaKa. B TO X e  BpeMX TaKUe KOMnneKCbI M O T  OKa3aTbC11 

n e p c n e m m H m u  B nnme @ O T O U ~ O M ~ ~ U ~ ~ I M .   TO c u t x T e T u y e c K o e  H a n p a B n e H u e  6bmo 
P ~ ~ B U T O  B pa6o~e. 

BO BTO@ rJIaBe OnUCaHbI MeTOAUKU CHHTe3a U W~HTU@UKWUU KOMIIJIeKCOB PjTeUUX, 

a TaKwte MeTOnbI UCCneAOBsuIUX @OTOXPOMH~IX C B O ~ ~ C T B  IlOnYYeHHbIX C O ~ A U H ~ H E ~ ~  

~ ~ A ~ ~ ~ C T B O B W  6on~ruofi ~ a 6 o p  M ~ T O ~ O B :  m C ,  XAFS, TTA, 3A, POA, PCA, XMP, ACK. 
A o C T o s e p ~ o c n  npeACTaBlIeHUbIX pe3yJIbTaTOB H e  BbI3bIBaeT C O M H ~ H U ~ ~ ,  TaK KaK pe3yJIbTaTbl 

nOnTBepXJ(alIUCb COBOKyIIHOCTblO BCeX 3TUX MeTOnOB. 

Tpe~bx  r n a B a  WCTOHT u 3  c e M u  rac~efi. nepsax s a c n  woii rnmn n o c B x q e H a  

Ae.TeICTUpOBaHUI0 M ~ T ~ c T ~ ~ H ~ ~ H ~ I X  C O C T O X H U ~ ~  MeTOnOM k I K - C ~ ~ K T ~ O C K O ~ U U  B 1 1  U3BeCTHbIX 

HUTp03UlIbHbIX KOMWeKCaX PYTeHUX, KOTOPbIe CIIeUUWIbHO AJJX 3TOr0 6 b ~ l l l  CUHTe3tipOBCiHbI. 

BO BCeX 3TUX KOMIIJIeKCaX ~ ~ @ U K C U P O B ~ H ~ ~  HOBbIe IIOnOCbI IIOrnOUeHUX B kiK CIIeIcrpaX 

0 6 p a 3 q o ~  nocne KX n p e n B a p u T e n b H o r o  o 6 n y ~ e ~ u x  c s e T o M  c J L I I U H O ~ ~  B O ~ H ~ I  443 HM npu 
T e M n e v a m  XUAKOTO a3oTa. l l o ~ a 3 a ~ o .  YTO ~ T U  nonocb~ C B I I ~ ~ H ~ I  c O ~ D ~ ~ O B ~ U H ~ M  * - -  
M ~ T ~ C T ~ ~ U ~ ~ H O ~ O  COCTOXHUX (MSl), KOTOpOe COnpOBOWaeTCX ~ 3 0 ~ e p U 3 a I J l l e f i  N O - r p y n n b I .  

Y c T ~ H o B J I ~ H o ,  YTO M e m y  BOIIHOBbIMU YUCJIaMU BmeHTHbIX ~one6mufi U30HUTP030TpyIIIIbI B 

COCTOXHUU MSl U BOJMOB~IMU m C n a M u  ~one6mufi H U T p 0 3 0 r p y n n b I  B O C H O B H ~ M  CO~&XHUU 

c y r s e c T B y e T  nu~efi~arr ~ ~ B U C U M O C T ~ .  T ~ K U M  0 6 p a 3 0 ~ ,  ~ o m o  oqemsan B o n n o a w e  mcna 
BUleHTHbIX ~one6muii M ~ T ~ C ' C ~ ~ U J I ~ H ~ I X  COCTOXHU~~ B HOBbIX HUTp030KOMIIneKCaX PYTeHUX, 

OCHOBbIBaXCb Ha AaHHbIX ~ K - c I I ~ I ~ ~ ~ o c K o I I u H  KX c T a 6 ~ n b H b I X  C O C T O X H H ~ ~ .  B YaCTXX 2-5 
IIpenCTaBJIeHbl pe3ynbTaTb1, OTHOCXWeCX K CUHTeSY U u ~ ~ H T U @ U K ~ U  HOBbIX 

K a s e c m e  ucxon~oro c o e n u H e H u x  xopomo pacmopu~oii ~ a ~ p u e ~ o f i  corn 
RKCi3HUTpOKOMnneKCa [ R U ( N O ~ ) ~ ] ~ ' ,  C U R T 3  KOTOpOrO 6 b ~ 1  3HaYUTeJIbHO ynyYrueH.  

~ I ~ ~ ~ I U ~ O B U ~ O C ~ ,  YTO p e a m  3TOrO KOMlIneKCa C aMMHaKOM 6 y n e ~  npUBOHHTb K YaCTUYHOMY 



CUHTe3BpOBiuIbI 9 HOBbIX aHUOHHbIX U ~ e f i T p a i ' l b ~ b I X  HUTpO30aMMUHOKOMnrreKCOB PyTeHUX, 

conepmaurax p a 3 n u r H b I e  a q u n o n u r w b I  (Cl, NO2, H 2 0 ,  OH). K O M M ~ K C M  6bmu H a n e m o  

u n e ~ n i + u m p o n a H b ~ ,  B TOM sacne c n o M o u b  p e H T r e H o c T p y m y p H o r o  a ~ a n u 3 a .  Cnenyer 
OTM-n m N p O K o e  xi  y c n e m H o e  ucnonwosawie B p a ~ o ~ e  M e T o n a  EIMP Ha ~ n p a x  "N. B 
racmocm c n o M o m m  3~0m M e r o n a  ~BTOPY ynanocb p a 3 0 6 p a T b c ~  B cnombrx n p e B p a w e H u r n t  

P a H - T p W T p U a M M N H p y T e H a T a  B BOAHbIX PaCTBOpaX. 

U ~ C T ~  Y a C T b  r n a B b l  3 IIOCBflUeHa U3)"XeHUm BJIEllIHUR K ~ u c T ~ J I J M ~ ~ c K o ~ ~  ynaKOBKU 

HUTp030KOMnneKCOB PYTeHHX Ha C T ~ ~ U J I ~ H O C T ~  B 3aCeJIeHHOCTb M ~ T ~ C T ~ ~ H ~ ~ H ~ I X  C O C T O I I H U ~ ~ .  

B KaYeCTBe O ~ X K T O B  U c c n e n o B a H m  666111u ~ b I 6 p i l ~ b I  KOMIIJleKCbI, B CTpYKTj'paX KOTOpbIX 

IIPUCYTCTBYIOT K ~ U C T & ~ ~ J I O ~ ~ ~ U Y W K U  He3aBUCUMbIe MOneKynbI  KOMnneKCOB. B CJIyYae UUC- 

rHnpOKCOnUHUTpOnUaMMUHHHU~3OpyTeHUII ~ O T O H ~ O M ~ P U ~ ~  6 m a  U 3 P e H a  MeTOnaMU H K -  
c n e K q I o c K o n u u ,  ACK U p e H T r e H O C T p ~ H O r 0  anarm3a. n 0 c J I e  o 6 n y ~ e ~ m  MOHOKpUCTaJIna 

K o M n n e K c a  B n u @ p m ~ o ~ e ~ p e  npu 100 K ynanocb onpenenun H e K o T o p H e  CTpyKTypHbIe  

IIapaMeTpbI M e T a ~ T a 6 U n b ~ b l ~  C O C T O X H H ~ ~  U UX 3aCeJIeHHOCTU, KOTOpbIe OKa3alIUCb pa3HbMU nruI 

Jwx K ~ U C T ~ . I I J I O ~ ~ ~ I $ U Y ~ C K U  He3KBUBaJIeHTHbIX MOJIeKyJI KOMIIJIeKCa. AHWU~ 
peHTI'eHOCTpYKTYPHbIX AaHHbIX ITOKaWI, YTO 3 T 0  P i w r m Y U e  B 3aCeneHHOCTllX OnjXneJLXeTCll 

BenBYEiHaMU o 6 a e ~ o ~  c ~ o 6 o n ~ m  I I o J I o c T ~ ~ ~  BOKpyr  HUTp030rp)T tn  B K ~ u C T Z ~ ~ U I U Y W K O ~ ~  

p e I u ~ T K e ,  HaJIUrUe KOTOpbIX H ~ O ~ X O A U M O  U30MepU3aIJUH H U T p 0 3 0 r p p I I b I .  Ecnu 
3aCeJIeHHOCTb 3aBUCUT OT KPUCTa.JInUYeCKOr0 O K p y X e H U f f  HUTpO3Orp)TtnbI,  TO no AiUrHbIM kIK- 
CneKTpOCKOnHU U ACK Y C T O ~ B O C T ~  M ~ T ~ C T ~ ~ U ~ ~ H ~ I X  C O C T O I I H U ~ ~  OKBUUIaCb OAUHaKOBa 

o6em HK3KBUBaJleHTHbIX M O n e K y n  KOMIIJIeKCa B T B ~ P A O ~ ~  @a3e.  A ~ a n o r u r ~ ~ f i  pe3yJIbTaT 6 m  
~ O W ~ U  U .Dm npyror0 HUTpO3OKOMIIneKCa, ~ O P U A ~  vH- 
AUxnOpOTpUaMMHHH~3OpyTeHElrr ,  KOTOPHB T W X e  COnePXUT ABe  CTpYKTYPHO 

H e 3 K B U W e H T H b I X  MOJIeKyJIbI B K ~ U C T ~ T U I H % C K O ~ ~  PeLlIeTKe. B OTnUYUe OT 3TUX ABYX 

C I I e K T p O c ~ o n ~ e f i ,  OKa3allUCb Pa3JIUWbIMU nruI ABYX K ~ u c T ~ J I J I o ~ ~ ~ @ F I ~ c K u  He3KBUBaXeHTHbIX 

M ~ T ~ C T ~ ~ U J I ~ H ~ I X  COCTOXHU~~.  

B n o c n e n n e M  c e m M o M  pa3nene rnaBbI  3 n p e n c T a B n e H b I  p e 3 y n b ~ a ~ b 1  u c c n e n o s a H m  

MeTacTa6UnbHbIX ~ 0 ~ ~ 0 r n l U f i  B 23 HUTpO3OKOMlIJIeKCaX PyTeHllrr MeTOAOM ~ H $ p W p a c H o f i  

CIIeKTpOCKOIIUU. ~ T U  COenMHeHUX BKmOYai'lU KBK U3BeCTHbIe KOMnneKCbI, T W  U HOBbIe, BIIepBbIe 

CHHTe3UpOBaHHbIe nUCCepTiUrTOM. ~ o c J I ~  0 6 n y ~ e ~ u n  CBeTOM U p U  TeMnepaTj 'pe  XCUAKOrO a 3 0 T a  

BCe UCCnenOBaHHbIe KOMnneKCbI n O K a 3 W  HOBble nOnOCbI nOlXOI4eHHII,  CBX3aHHbIe C 

0 6 p a 3 0 ~ a H U e M  M e T a c T a 6 ~ n b ~ b I X  C O C T O X H U ~ ~  MSl. A~mns  IIOJIOlKeHHII 3TUX IIOJIOC B CneKTpaX 

nomepnun H a  6onee 0 6 ~ 1 u p ~ o f i  B ~ I ~ O P K ~  c o e n u ~ e d  n u n e f i ~ y m  3 a ~ u c m o m  M e w  

BtXJIeHTHbIMU K o J I ~ ~ ~ H u ~ u  HUTpO3OrpyIIIIbI B OCHOBHOM U M ~ T ~ c T ~ ~ U J I ~ H O M  COCTOXHIUIX. 

k I c I I o J I b 3 y ~  3KCnpeCC-MeTOA OUeHKU ~ C T O ~ ~ Y U B O C T U  M ~ T ~ C T ~ ~ U I I ~ H O ~ O  COCTOrnlEllI, JJUCCepTtlHT 

OlIpeAelIFUl NBpeMX XU3HU))  M ~ T B c T ~ ~ A ~ ~ H ~ I X  COCTOIIHMH nruI BCeX 23 UCCJIe.I(OBaHHbIX 

KOMUJIeKCOB. 6bmo 0 6 ~ a p y x e ~ 0 ,  W O  ~ a U 6 0 n e e  n O n r O X H B y U U M U  M ~ T ~ C T ~ ~ U ~ ~ H ~ I M E I  

C O C T O I I H ~ U  06JIWIaIOT HUTp030KOMtIJIeKCbI PYTeHHII, COAepXarUUe KOOpJJUHUpOBruIHbIe 

M o n e K y n m  B O ~  B ~ p w c - n o n o ~ e ~ u u  K m~posorpynne. Bpem X U ~ H U  MS1 AJM mix 
K o M n n e K c o B  3 a ~ e m o  B b I m e ,  s e M  K o M n n e K c a  [ R u N O ( N H ~ ) ~ ] C ~ ~ . H ~ O ,  ~ o ~ o p d  meeT omy 
113 cxwm B~ICOKUX T e M n e p a T y p  pacnasa MSl (261 K).  TOT p e 3 y n b ~ a ~  B a x e H  .~JIX 

A a l I b ~ e f i L l I e r 0  HaIIpaBJIeHHOrO CUHTe3a HuTpO30KOMIIneKCOB PyTeHKR C KOMHaTHbIMIl 

T e M n e p a T y p a M u  pacnana M ~ T ~ C T ~ ~ U J I ~ H H X  c o e ~ ~ e a u & .  
no nUCCepTWUU e C T b  HeCKOJIbKO 3 a M e ~ a H ~ f i ,  KOTOPbIe B OCHOBHOM OTHOCRTCR K 



IIpeACTiiBneHUeM ~ a 6 n u w ,  B KOTOPyIo BKmO'YU~ HeKOTOpbIe HUTP03EUIbHbIe KOMMeKCbI 

p y T e H m  6e3 neTaRbnoro ux 0 6 ~ y m 4 e H H f f .  B 3~09  ~ a 6 w s e  n o ~ e ~ y - T O  coBceM H e  

npenc~a~nenbl K a m o H H b I e  H U T ~ O ~ O K O M ~ J I ~ K C ~ I  p y T e H u x ,  conepxwae B K a r e c m e  

nnranna nup- u npyrne a p o M a T E n e c w e  ~ M H H ~ I ,  K o T o p u e  o6na+qam~ p e K o p m b I M u  

3HaqeHHffMU 3aCeneHHOCTLi M € X " I ' C T ~ ~ U J I ~ H ~ I X  COCTOIIHM~~ U aKTUBH0 HCCneAYIOTCR B 

nocnennee B p e M r .  

2. , @ c c ~ ~ T ~ ~ I T  CUHTe3HpOBaJI HefiTpaJIbHbIe, KaTUOHHbIe U WUOHHbIe HUTP030KOMMeKCbI 

pYTeHHII. Ka3aJ Iocb ,  TTO aBTOp nonxea 6m 6b1 O ~ C Y A U T ~ ,  B YaCTHOCTH, B nUTepaT)'pHOM 

o6sope B n u x H u e  3 a p m o B o r o  COCTOXHUX 3TUX KOMnneKCOB H a  O C O ~ ~ H H O C M  O ~ P W O B ~ L H U I I  

B HHX ~ e ~ a ~ T a 6 E i n b H b I X  COCTOIIH&. OAHaK0 3 T O m  H e  6 ~ 1 0  CAenturO. B TO Xe BpeMff 

HSBeCTHO, 'FM) KaTHOHHble HUTP03UnbHbIe KOMnneKCbI PYTeHHR, B OTJIIIWC OT aHNOHHbIX 

HUTp03HjlbHbIX KOMMeKCOB MeTalIJIOB, n O K a 3 b I B m T  TOnbKO O m 0  M ~ T ~ C T ~ ~ U J I ~ H O ~  

c o c T o m n e  (MSl) npu 06npeeuu CB~TOM c nnnnofi BonHbI 350-540 HM. 

3. Mccne~oeanae ~ C T O ~ U B O C T U  U 3 a c e n e H H o c T u  M ~ T ~ c T ~ ~ u J I ~ H ~ I X  coc~ox~ufi  B TpeX 

HUTpO3UJIbHbIX KOMnneKCaX PYTeHUII, COAePXarWX K K ~ H c T ~ ~ J I J I u ~ ~ C K O $  PeIIIeTKe ABe 

B b I c ~ a 3 a H H b 1 e  3 a ~ e r a ~ ~ l l  H e  u M e m T  n p H H w n u a m n o r o  xapanepa u H e  ~ n u r r m ~  H a  
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