


Pa3~006pa3ue H ~ O ~ ~ I Y H ~ I X  TBepnOTeJIbHbIX  C T p Y K T Y p  H @ a 3 0 B b 1 ~  nepe- 
XOAOB MeXJly  HHMU n p U B J I e K a e T  BCe  6 0 n b u u f i  HHTepeC 3 K C l l e p H M e H T a T O p o B  
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MeHH V e l l O H q T H b I M .  kicnonbso~anue A e ~ e p k i p o ~ ~ b 1 ~  )KUnKOKpUCTUlJIH- 

MeCKHX BeIlJeCTB CylLJeCTBeHHO P a C U U p f l e T  3KCnepHMeHTaJIbHbIe  B03MOXCHO- 
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@ a 3 0 B b t x  n e p e X 0 A O B  U B ~ e f i ~ e p H p 0 B a H H b 1 ~  COefiUHeHHRX. M ~ T O ~ O M  ~ H @ P I K -  

UUU H e f i T p o H 0 ~  P a H e e  6b1nn UCCJlenOBaHbI ~ ~ I C T P O  3aMOpoXCeHHbIe Y n O p R -  
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H ~ ~ ~ T P O H O B  U K O M ~ H H ~ U O H H O ~ O  paCCeRHUR C B e T a  l l O C B R U e H a  HaCTORIlJaR 

pa60ra. 
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p e a K T o p a  MbP-2''' I .  C n e K T p o ~ e T p  pa6o~an B A H @ P ~ K U H O H H O M  P e X H M e  

no M e T o n y  B p e M e H H  npoJ'IeTa.  P ~ C C ~ R H H ~ I ~  Ha 06pa3se HefiTpOHb1 PerHCTPU- 

posanucb T P ~ M R  He n e ~ e ~ ~ o p a ~ u ,  pacnonorne~~b~m non y r n a ~ u  20  = 
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n p H  pa3J'IHlmbIX BWIHrwIaX I I e ~ A a W i b I X  HMlQU'IbCOB. ki3Mep13UiFI npoBeReHbI  

B HHTepBaTle nepenaHHbIx  HMIlJVIbCOB 3 + 25 HM- ' C pa3pemeHHeM A Q/Q < 
< 0,03. 0 6 p a 3 U b 1  (-1 rp.) nOMeI4WIHCb B repMeTH-& TOHKOCT~HH~I# 

aJIIoMHI-lUe~brii L I I .L~UHAPHY~CKU~~ K~I i 'TehHep  B ~ I C O T O ~ ~  55 MM A . m a M e T p M  

12 MM. &FI YMeHbUeHHII TOnI4UHbI 06pa3ua B K ~ H T e f i H e p  KOaKCHaTlbHO 

BCTaBJIJUICFI r e p M e T H ~ b I #  T O H K O C T ~ H H ~ I ~ ~  ~ T ~ I O M W H H ~ B ~ I ~ ~  W H H A P  D i a M e T p o M  

11 MM. K O H C T ~ ~ K I J ~  u c n o n b 3 y e ~ o r o  B m M e p e m x  K p u o c T a T a  ~ O ~ B O ~ J U I ~  , 
npoBOnHTb CTpYKTypHbIe H CneKTpaTlbHbIe HCCneJ&OBasIHFI B HHTepBaTle 

T e M n e p a T y p  80-310 K. T e M n e p a ~ y p a  0 6 p a 3 ~ 0 ~  KOHTpoJIHpoBaTlaCb TepMO- 

napoii, pacnonoxewioii H e n o c p e n m e m o  B ~ o ~ ~ e h i e p e  c HccnenyeMbIM 

BeueCTBOM. MeAIIeIiH0e O X J I r n e I U i e  0 6 p a 3 ~ 0 ~  H 3  H e M a ~ U Y e c K o f i  @a3b1 

OCyueCTBJIJUIOCb CO CKOpoCTbKl 0,l  + 0 , 7 O  /MUH. B ~ 3 y a T l b ~ 0 e  H86nIOJ&eHHe 

H a  3 ~ p a ~ e  rpa@mec~oro n n c n n e H  m @ p a m u o ~ ~ o i i  K a p n i t i b I  npm m M e H e -  

HUH TeMIIepaTypbI llO3BOJIJUIO @ H K C H P B ~ T ~  B03HHICHOBeH)le H O Q O ~ ~  @a3b1 

npn @ ~ ~ O B O M  nepexone H o n p e n e n m b  T e M n e p a T y p y  nepexona. ~ V ~ H T  

TeMnepaTypbI  no AIIHHe 06pa3qa, K O H T ~ J I H P Y ~ M ~ &  C llOMOU@Hl nH@e- 

peIiI@iUIbHofi TepMOnapbI ,  H e  npeBbIUaTl  0,2". BbIc~poe O W r n e H U e  o6pa3- 
UOB n o c ~ w a n o c b  n o M e u e m e M  a n m m H n e B o r o  ~omehiepa B ~ w y  c m- 
KHM a30TOM. k i 3 ~ e H e I U i e  TeMllepaTypbI  06pa3qa CO BpeMeHeM B 3TOM C T -  

sae n o K a 3 a H o  H a  pac.1. B paiio~e 270 IC c ~ o p o c r b  o x n r n e m f i  c o c T m n m a  - 300" / ~ m .  
C n e K T p b I  K O M ~ H H ~ O H H O I ' O  PaCCeHHIlR CBeTa H3MepeHbI H a  CneKTpo-  

M e T w  nw-24 C HCnOJIb3OBaHHeM aprOHOBOr0 JIa3epa HA-120-1 (A = 
= 514,5 HM) . M3MepeHH.fi CneKTpoB n p o B W e H b I  n p H  T e M n e p a T y p e  80 K 
B 06nac~n s a c T o T  20 + 280 CM- ' c p a 3 p e w e H n e M  - 1 CM- ' . 

Mccnenosam~ seTbrpe  H s o T o n o -  

~ e p a  3BBA: Do - ~enekrepnpo- TK. 

B ~ H H ~ I ~ ,  Dg - aTOMbI BOXOpOna 

B 6 e H 3 0 n b H b I ~  KOnbUaX MOneKyJIbI 300 

s a ~ e u e ~ b r  H a  neP~epHii, D l  4 - 
aTOMb1 BOnOpOna B KOHUeBbIX rpyn- 
nax M o n e K y n b I  s a ~ e u e ~ b ~  H a  neii- 
~ e p d ,  D2 2 - aTOMb1 BOnOPOW 

6 e I i 3 0 n b H b I ~  KOJIeU H KOmeBbIX rpyllll 
s a ~ e u e ~ b r  H a  neii~epnii. 

Atc.1. N3menenue rmnepmypbr npu 6brcr- la - 
p m  omlUCdenuu 0 6 p a w  ( 8 p w  t 8 ce- 
KW~I - 5 W )  20 30 4 0 t  

Ha pkic.2 H 3 npHBeneHb1 H e f i ~ p o H ~ r p a M ~ b ~  H CneKTpbI K O M ~ U H ~ ~ ~ ~ H H O ~ O  

pacceHHaR TBepnOTWIbHbIX CTpyKTyp,  06pasymunxc~ n p H  ~ ~ I C T ~ O M  O m a x -  

n e H u u  H ~ M ~ T U Y ~ C K O ~ ~  @a3b1 3BEA. Hanusne H a  n n @ p a K T o r p a ~ ~ a x  3BBA 
xapamep~oro H H T ~ H C H B H O ~ O  nsoii~oro n u ~ a  B 06nac~n Q - 15 HM- , 
nono6ue CneKTpOB K O M ~ U I ~ ~ H O H H O ~ O  paCCeHHIlR y K a 3 b I B m T  H a  TO, YTO 

y B c e x  H ~ O T O ~ O M ~ P O B  n o n y q e H a  o n H a  n Ta x e  @ass, O ~ O ~ H ~ Y ~ H H ~ R  B pa%- 
T e l 7  / C 1 . ~ H @ P ~ K T o ~ ~ ~ M M ~ I  0 6 p a 3 ~ 0 ~  Dg H D2 2 B  TO# @a3e OTJIHYWTCH 

OT 06pa3ua Do CYueCTBeHHbIM 

YBenHYeHHeM UIiTeHCUBHOCTU B 

O ~ J I P C T H  Q =19 + 23 HM-' , a WH 

0 6 p 1 1 3 9 0 ~  Dg u Dl  - nomne- 
HUeM BbICQKOUHTeHCHBHbIX nHKOB 

npn ~ a n b ~ ; ~  n e p e n m b I x  n M n y n b -  

cax Q < 10 HM- I . nepexon R 3  

~ ~ ~ c ! O X J I ~ ~ ~ H H O #  H ~ M ~ T U Y ~ C K O ~ ~  

B ~ p ~ c ~ a n n u r ~ e c ~ y r n  C1 4 a s y  npo- 
HCXQnHT n p H  T - 270 K. K ~ Y ~ c T -  
BeHIIO OTJIUYHOB llOBeneHHe Ha- 

6 n m n a e ~ c ~  npn ommema c Te- 

MU Xe CKOPOCTHMH (- 300' /MAH) 

H ~ M ~ T H Y ~ C K O #  @a3b1 H3OTOllOMe- 

p o ~  6n~xaiimero r o M o n o r a  3BBA 
HurFlKOrO KpHCTaJlJIa 

- 
I. 

Bb1cTpoe  o x n a w e H a e  MBBA nps- 

I 
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: 022 
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fic.2. flU!$p~~~O~parnMbl !$a3 C1  U fic.3. CneK~pbl K O M ~ U H ~ ~ U O H H O ~ O  pac- 
C2 ( ~ Y H K T U P )  d f l ~  06pa3408 3EEA C e R H l L s  C8eTU OT Cl-t$~3bl npu 80 K 
- D o , D B , D I ~  u D12 (Q 8 H M - I ) .  (no ocu a6cyucc - v a c ~ o ~ a  8 C M - I ) .  



BOAHT K 0 6 p a 3 0 ~ ; L H m  ~ M O & H O ~ ~  CTpYKTYpbI ( C T ~ K J I O O ~ ~ ~ ~ H O ~ O  H ~ M ~ T H K ~ ) ,  

npa  TOM nepexon B T s e p n o e  C o c T o m H e  ~ ~ H C X O A H T  npn cyuecmemo 
&nee H H ~ K O ~ ~  T e M n e p a T y p e  - 205 K. B o s ~ o x a i o c r b  c m b H o r o  nepeoxnamne- 
HHR H 06pa30sa~~e mop@soro C O C T O R H ~  o n p e n e m T c n  B n e p B y I o  one- 
p e n b  BR3KOCTbH) BeUIeCTBa H ~ J I ~ ~ H M  M O n e K ~ n H p H b I M  n O P 4 4 K O M .  He- 
CMOTpR H a  CXOXWTb MOJIeKYnRpHOrO C T p o e H m ,  p a 3 M e p b I  06JIa~~efi 6 J I H x -  

H e r o  n o p H n K a  B H ~ M ~ T H Y ~ c K o ~ ~  @a3e 3BBA H MBBA 3aMeTHO 0TnHIIILH)TCR. 

B ~ O C K O C T H ,  n e p n e ~ n a ~ y n ~ p ~ o i i  n~pemopy W K o r o  K p n c T a n n a ,  ~ o p -  
peJIRmOHHiV3 AJ'IHHa ( ~ @ @ ~ K T H B H O ~  PaCCTOmHe,  H a  KOTOpoe nPOCTHpaeTCR 

M0JIeKyJIRpHbG nopJ3,IJoK) lIJ'IR 0 6 0 ~ ~  BeIUeCTB C O C T M R e T  -5 + 6  M O n e  

KYJIRPHbIX A H ~ M ~ T P o B ' ~  '. TP~I-IcJIRL&~oHHO~ y n O p 4 4 0 Y e H H e  BnOJIb JIOKaJlb- 

HOrO AHpeKTOpa B MBBA n p a m H n e c K H  OTCYTCTBYeT: KOppeJIRWOHHaR 

m n H a  B ~ T O M  H a n p m n e H m  (LZ) c o c T a s n R e r  n u m b  1,5 + 2  I9 ' M o n e I c y -  

JIRpHbIe lIJ'IHHb1 (f!). ,&If3 H ~ M ~ T H Y ~ ~ K O ~ ~  @a3b1 3BBA OTHOlueHHe Cyl4ecTBeH- 

HO 6 0 J I b l u e  -3 9 6, npHlleM HHTeHCHBHOCTb M e p H s H Q H m b H o r O  pe@J'IeKCa, 

xapa~~epn3yroura~ nocnoii~oe M o n e K y n u p H o e  ynopmoveme, p a c T e T  c go- 
HHXeHHeM T ~ M ~ ~ P ~ T Y P ~ I ' ~  '. T a ~ c o e  nOPeAeHHe XapaKTepHO lIJ'IR HeMalU-  

rec~oii  @ a m  s e q e c T B ,  06JIaamruux c ~ e ~ m l r e c ~ o i i  @a3oii, KOTOP~R H M ~  

eTCR y BbICluHX rOMOnOrOB OCHOB@H& UIH@@a. B R ~ K Q C T H  W K H X  KPHCTW- 

no8 MBBA H 3BBA T a K x e  C y U ~ c l g e H H O  0TnHWK)TCR: B 6 n H 3 H  T e M n e p a T y p b I  

nepexona HeMaTHK - H 3 0 T p I M 8 q  W K O C f b  Q = 6 ~n (SBBA), Q = 16 (>n 
( M B B A )  '' O ! T~HA~HUHFI  K o 6 p a s o ~ a ~ w  C M e m H s e c K o r o  n o p m K a ,  MeHb- 

BR3KOCTb, no-BHAHMOMY, npeTUITCTByH)T CYUIeCTBeHHOMY nepeOXJlaX-  

neHHI0 3BBA H nepexony ero B ~ T e ~ J ' I 0 0 6 p a 3 H b r i i  HeMaTHK n p H  CKOpoCTRx 

OXJIaWXeHHR, KOTOPbIe nPHBOART K B M O ~ @ H ~ ~ ~ H H  MBBA. ,&In BCeX H30TO- 

n o M e p o B  3BBA @-a C 1  MOXeT 6bITb n O n y n e H a  H n p H  CpaBHHTeJIbHO M e n -  

JIeHHbIX CKOpoCTRX O X J l W n e H H R  (-0,l + 0 , 7 ° / ~ ~ ~ ) ,  W O  rOBOPHT 06 Onpe-  

n e n c I I o q e M  m m m ~  6 n ~ m e r 0  n o p m K a  B ~ e ~ a ~ m e c ~ 0 i - i  @a38 H a  THZ~ mep- 
A O T ~ J I ~ H O ~ ~  CTPYKTyPbI, 06pa3ymure2ic~ H 3  W K O K P H C T ' B n n H ( I W K O r 0  COCTOR- 

HHR 3BBA. 
Ha pHc.2  H 4 nOKa3aHbI Pe3YnbTBTbI H 3 M e p e ~ ~ f i  AH@PBKIJHH H CneKTpOB 

K O M ~ H H ~ H O H H O ~ O  paccemm K ~ H C T ~ J ' I J I H ~ W K O ~ ~  SBBA, o6pa3ylo- 
ureiicn n3 C1 npn ee H a r p e s e .  Oa3osbdi nepexon C1 + G P ~ ~ M ~ I T ,  H npn 
H a r p e s e  co CKOPOCT~H) - 0,25O /MHH n e m  B 06JIacm 230 + 255 K, ~ e c ~ o n a -  
KO O T ~ H S ~ R C ~  B npenenax Jroro m T e p s a n a  T e M n e p a T y p  AJW pa3mwa1x 
H ~ O T O ~ O M ~ P O B  3 6 6 A .  @ma C2 C o x p a m e T c F I  nocne ee nonysexim n p H  notin- 
x e H m  T e M n e p a T y p b I  no 80 K.  Au@pamm B 06naau Q - 15 HM ( p u c . 2 )  

H CneKTPbI K O M ~ H H ~ ~ [ H O H H O ~ O  PaCCeRHXR MeXMOJIeKyJIRpHbIX H HH3K098- 

CTOTHbIX BHYTPHMOJleKYJlFIPHbIX ~ o n e 6 a ~ n f i  ( p H c . 4 )  n p a K T H s W K H  W e H T m -  

HbI. He3HanHTeJIbHble CMeLIleHm @OHOHH~IX nHKOB AJW B e w e C T B  ~ W H Y H O ~ ~  

CTeneHH A ~ ~ ~ T ~ ~ H ~ O B ~ H H F I  CBFI3;LHbI C H3MeHeHHeM MaCCbI MOneKyJ'I 3BBA 
H H e  H3MeWH)T 0 6 ~ y t 0  CTpYKTYpY cnempa. ,&R B c e x  KiOTOnOMepoB 3BBA 

R4c.4. C n e ~ ~ p b a  ~ 0 ~ 6 u n a y u o n n o z o  pac- 
cennun cema o r  q -ga3bl  npu 80 K (no r C 2  

@ m o s b G  nepexon CI  + C 2  conpo- 
B o m a e T c R  y n o p m o n e H n e M  crpymy- 
p b ~ .  B @me C1 y x e  H ~ T  cyurecraea- 
HbIX Hapyl l leHHfi  KpHCTaJIjlH'leCKOrO 

n o p m K a  H a  pas~epax, C P ~ H H M ~ I X  

C A ~ H H O ~ ~  BOnHbI CBeTa, KOTOpbIe 

B Cl  -@me npHBOART K HaPYlueHHH) 

n p C T p a r l C T B e f W 0 f i  KOrepeHTHOCTH 

@OHOHOB H Pa3MbITOCTH CneK'TPa 

K O M ~ H H ~ O H H O ~ O  ~ ~ C C ~ I I I I H R  

(puc.3). 
H a r p e ~  u 6 p a 3 ~ o ~  sbxlue 260 K 

nPHBOnHT K n e p e C T p o f i K a M  M@PBK- 

T o r p a M M  (puc.5) H c n e m p o B  KOM- 

~ H H ~ ~ ~ o H H o ~ Q  PaCCetMHR ( P H C , ~ )  . 
O a 3 0 B b I e  n p e P p a u l e H H R  n p H C X O & R T  

c cywecrsemo ~ e ~ b l u e i i  c ~ o p o c ~ b m  no C p m H e H m  c n e p e x o n o M  C1+C2 . 
,&IH SBBA-Dl1 T ~ ~ H C @ O P M ~ W ~ R  M@PBKUHOHHO~~ KaPTHHbI ( p H c . 7 )  n p H  

T e M n e p a T y p e  295 K s a ~ a r l w s a e ~ c ~  new3 7 nacoa, H a r p e B  06pa3qa no &nee 
abrco~oB T e M n e p a T y p b r  H e  n p n B o n H T  K c y q e c r s e H x i o M y  y s e n H n e H m  CKO- 

pocru aa30~oro n p e s p m e H H R .  0 6 p a 3 y m q a ~ c ~  K p H c r a n n n n e c K a R  @a3a 
MOXeT 6 b m b ,  K a K  H C l ,  OXJlaXAeHB 

6e3 @a3o~oro nepexona no 80 K. 
,&IR ~eneiirepnposatuioro BBBA, 1 
K ~ K  6bmo y c r a r l o a n e H o  parlee" ', 
BO3MOXHbI A B a  T H n a  nepeXOAOB : 
C1 + C3 H Cl + C 4  , CneKTPbI KOM- 

6 m a q ~ o ~ ~ o r o  paccemm WHX @a3 

n p e n e H b I  H a  p ~ c  .6. Conorname- 
HHe CTpyICrYPHbIX R CneKTPNIbHbLX 

~ ( L H H ~ I X  ~IJ'IR H30TOnOMepoB 3BBA 
( p n c . 5 , 6 )  n o K m b m a e T ,  wo nepexon 



U 3  Cz B O 3 M O X e H  U B npyrkie KpUCTaJI- 

nusecme @a3b1. H a 6 n m n a e M b I i i  m a  
3TUX @a3 n U K  l lpU M U b I X  Q = 3,36 H M -  ' 
CBII3aI-I co C T P Y K T Y P H ~ I M U  ennmuam 
d = 1,87 H M -  ' .  TOT n U K  0 3 H a Y a e T ,  YTO 

MOJIeKyJIbI r p y n I I U p y m T C ~  B CJIOU T o n -  

upi~oii 1,87 H M -  ' nono6~0 TOMY M e x -  

MOCKOCTHOMY y n O p J U O Y e H H I o ,  K O T O p o e  

~ a 6 n m n a e T c a  B C M e m u ~ e c m i x  @a3ax. 
Himume nOnOJIHUTeJIbHbIX n U K O B  n p H  

MUIbIX  Q ( p U c . 2 )  y Ica3bIBaeT Ha no- 
n o n w l T e n b H o e  y n o p a n o s e H u e  B nnoc- 
KOCTH, n e p n e ~ n u ~ y n a p ~ o i i  nnkiHHbIM 

OCHM M o n e K y n .  

P a c ~ e ~  nonomema H m T e H c m H o c m  

~ U @ ~ ~ K ~ O H H ~ I X  MaKCHMYMOB Ha OC- 

H O B ~ H H H  C T P Y K T Y P H ~ I X  nambIx pa&- 
T ~ I "  ' / nna K ~ H c T ~ J I J I u Y ~ c K o ~ ~  @=b1 

o6pmua Do ( p U c . 5 )  ~ ~ H T u @ u ~ u ~ ~ ~ T  

3 ~ y  @asy c @ a s o f i ,  nonyse~~oi i  H a  

MOHOKpUCTaJInHYeCKOM o6pa3ue 3 E E A  
aBTOpaMH 3 ~ 0 f i  p a 6 0 T b 1 .  

B ~ e n e i i T e p u p o s a H ~ o ~  u neiiTepki- 
~ B ~ I - I H O M  M E E A  ~ a 6 n m n a e ~ c ~  @HKCU- 

po~a~sm n o c n e n o s a T e n b H o c r b  @ a s o ~ b ~ x  
n e p e x o n o B  npn o T o r p e s e  3a~opoxemo- 
r0 H e M a T H K a f 6  /. BCeX H 3 0 T O n 0 -  

h c .  7. AU#PUKTOZP~MM~~ nepexoda Cz 
e ebrcoKoTeAnepavpnyw KpunmnuuecKyw 
modu#u~ayuw 365A-D2 2 .  H3~epenu~  npo- 
eedenbr vepes 1 u ( I ) ,  2 u (2) .  3 u (3)  , 4  u (4)  
u 7 u (5)  nome nazpeea o6pa3ya do 295 K 
( Q  e H M - I ) .  

M e p B  3 E E A  coBna,uaeT TOJIbKO n e p ~ b 1 i i  3 T a n  C T p y K T y p ~ o f i  nepecrpoiim 
(nepexon C1  -+ Cz ) , nocnenymwe npespauewla Mory-r  n p m o n u T b  K o6pa- 
30B8HHH) pa3JIWJHbIX KpUtXaJIJIUseCKHX C O C T O H H H ~ ~ .  Hwnwie HeCKOJIbWiX 

6nn3mx no 3HeprHH MUHUMYMOB B T B e p n O M  COCTOHHUH 3 E E A  npHBOnUT 

K HeOnH03HaYHOCTH B n e p e X 0 n a X  H3 C2 -@=b1, p e a J I H 3 w U R  K O H K ~ ~ T H O ~ ~  

C T p y K T y p b I  M O X e T  38BUCeTb OT cna6b1x B O ~ M ~ U ~ H U # ,  T a K H X ,  K a K  n e k e -  
p U p o B a H H e  MOJIeKyJIbI HnH HaJIHrMe B B e U e C T B e  H ~ K O H T ~ J I U ~ ~ ~ M O #  

n p s M e c s .  

B pa60l.e n p e n C T 8 B n e H h I  U 3 M e p e H k u I  A H @ ~ ~ K I @ W  H ~ ~ P ~ H O B  U C n e K T p O B  

~ o ~ 6 u ~ a 4 f o ~ ~ o r o  p a c c e a m  C B e T a  m R  pa3JIUYHbIX @a3 ~ ~ I C T ~ ~ ~ M O P -  

?KeHHbIX H30TOIIOMt?POB 3EEA.  Y c T ~ H o B J I ~ H o ,  YTO @ma C1 06pa3ye~cn 
y BCeX H3OTOnOMepDB K a K  n p H  ~ ~ I c T ~ O M ,  T a K  H n P U  M e m e H H O M  O w i u r c n e -  

BHH o6pa3ua U 3  H ~ M ~ T ~ ~ C K O #  @a3b1. nepex0n B n p y r U e  M O ~ U @ H K ~ H U ,  

B o T n u m e  OT M E E A ,  npoucx0nu-r B n o B o n b H o  L U U ~ K O M  m T e p s a n e  T e w n e -  

p a T y p ,  a n O p m O K  CJIenOBaHLHHH @a3 M O X e T  CyUeCTBeHHO 38BUCeTb OT Hi3J'IH- 

U H H  n p n ~ e c e f i .  
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