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K c e p e n n n e  1989 r o n a  6 ~ n  p a 3 p a 6 0 ~ a n u  c n a q a n a  

M a r n n T o m e T p  [I], a BIIOCJIenCTBHH w a r n n T o r a p n n o w e T p  [a] n a  

o c n o e e  o n n o n n n y r T n e n o r o  e s l c o r o r e M n e p a T y p n o r o  c r e n n a .  B 3 r n x  

p a 6 o r a x  n p o n e M o n c T p n p o e a n a  BbbCOKaR q y e c T e n T e n b n o c r b ,  

f l O T e H U H I n b H 0  31nOIf!Htl&R B BbEOKOTeMnep lTYpHb iX  CKBHnaX.  

O n n a r o ,  r a r  y r e  o r u e v a n o c b  B [a], B b i X O ~ H O A  c n r n a n  

o n n o n a n a n b n o r o  M a r n n T o r a p n n o M e T p a  n o n n o c T b m  c o n e p r n T  e c e 6 e  

r n y ~ b ~  OT e a p n a u n f l  n o n n  J e ~ n n ,  npoMblmnennbnr n o M e x ,  e n d p a u n t l  

K p n o c T a r a  H n p .  T a r ,  n a ~ s  n a  n y q m n x  JIIIHCRX, n o n y q s n n b l x  TaKHM 

c n o c o 6 o ~  M a r n n T o r a p n n o r p a M M  (CM. [a] ) ,  o T q e T n n e o  e n n n u  POMRX H 

( B n e p e y m  o q e p e n b  OT BH~PIUHR KPHOCT~TI B n o n e  3 e ~ n n ) .  

~ P H  H C n O n b 3 O B l H H H  TPILIHUHOHHbU H H 3 K O T B M f l ~ P I T Y P H b l X  

c e e p x n p o e o n n n r o e  p a j p a d o ~ a n  o # # e r r n e n a m  u e ~ o n  c n n I e n n u  

BnHRHHR ~ 3 6 b l I 0 q H b ~  IlOMeX T I K O r 0  p o l l a  - T I K  H 1 3 b B 1 e M I R  

f lpOCTpaHCTB8HHaR #HnbTpaUHR.  ~ O C K O ~ ~ K Y  H a  I l p a K T H K B  HCTOYHHKH 

n o ~ e x  H a x o n R T c n  n a  y n a n e n n o u  p a c c T o R n n n  OT o 6 a e r ~ a  n 3 ~ e p e n n t l ,  

TO HX M l r H H T H b B  nOnR RBnRDTCR K B ~ 3 H O ~ t l O P O P H b l M H .  O ~ H O P O ~ ~ ~ ~ I M H  

 orn no c q n T a T b  H e a p t i a u n t i  n o n n  J e ~ n n ,  e c n n  s 6 n n 3 n  n p n 6 o p a  

OTCYTCTBYDT ( D e p p o M a r n n T n b e  H n p o e o n n u n s  M a T s p n a n b l .  ~ # # O K T H B ~ O  

O C J I ~ ~ H T ~  HX BnHRHHB MOIHO,  H C f l O n b 3 0 B & B  B K I q B C T B B  I l e p B H ~ H O r O  

n p e o 6 p a 3 o e a ~ e n n  r p a n ~ e n r o ~ e r p ~ ~ e c n ~ t l  T p a n c # o p M a T o p  n o r o r a ,  

KOTO~WI  o T # n n b r p o e m a e r  n 3 u e n ' e n n n  r e a 3 n o n n o p o n n b n  n o n e t l  [31. 

C 0 3 n a n n s  r a l t o r o  r p a n c # o p M a T o p a  n3 B U C O K O T ~ M ~ ~ ~ ~ I Y ~ ~ ~ ~ X  

c e e p x n p o e o n n n r o e  n p e n c T a e n n e T  c o 6 o R  r p y n n y m  n no c n x  nop 

n e p e m e n n y m  ~ a n a q y .  3 r o  c s n a a n o  n e  T o n b r o  c T e x n o n o r n q e c r o n  

C n O I H O C T b D  H3rOTOBneHHR TOHKOR r ~ 6 ~ 0 t l  npOBOnOKH, HO H C 

H ~ O ~ X O I I H M O C T ~ D  0 6 e c n s ~ e n ~ n  M l n O C T H  e 0  c o 6 c ~ s e n n s n  IPyMoe. 



C ~ e n n  b b u l  n ~ r o ~ o ~ n e n  HJ M a c c n e n o r o  obpmua 

f lOJlHKpHCT8nnHqECKOA KBPIMHKH Y 1 B ~ 2 C ~ 3 0 7 - x l  flOny'iEHHOn n p H  

no~otnn n p o u e a y p b l  T s s p n o r s n b n o r o  c n n T e 3 a  no T e r n o n o r n n ,  

nonpobno onncannon B [ ) I .  B ~ a b n e ~ ~ e  n 3  TBKOA K B P ~ M H K H  

P ~ J M B D O M  8 * 8 * 2  MM B u e n T p e  n p o c e e p n n s a n o c b  o T s e p c T n e  

UHl lMeTpOM O18MM, CJlYSaUeB KOHTYpOM KBaHTOBaHHR U n f l  CKBHAa. 

k l r n y  OTklepCTHeM H KPOMKOR T ~ ~ J ~ ~ T K H  MBXlHH' leCKn l l p O p e 3 a n R C b  

menb,  B H y T p H  K O T O ~ O A  OCTaBnflJICR MOCTHK, 3 f l M b K B D I H A  KOHTYP 

KBIHTOB8HHR.  ~ C T H K  O ~ ~ N H O  HMBn I I p I K T e P H b l 8  p 1 3 M e p b l  10 M K M  H 

aonrren e b m  o b n a a a ~ b  K p n T n r a c r r n M  T O K ~ M  e n n n n u b l  MHKPO~MI I~P.  

TaK, l l ~ 0 6 b l  OCHOBHOn I l e p a M e T p  C K B H I a  

P-2wLBIC/bOr ( 1 * 2 )  . 
3 n e c b  L.- HHPYKTHBHOCTb KOHTYpa KBaHTOBBHHR ( 0 6 ~ ~ 0  

- 2 .  5 * 1 0 - ~ ~ r n ) .  0,- r e e n r  M a r n n T n o r o  I IOTOKa. 

PHC. 1. 

h a  paUHO'laCTOTHbn BbkOKOTEMnEpaTYpHbfR C l rBHa8 1 6blnH 

pacnonoxensl coocno apyr nan a p y r o M  B n a p a n n s n b n m  n n o c K o c T n r  

na P a c c T o R n H H  9 c u . n a 3 b m a e n o ~  b a 3 0 R  r p a a n e n T o M e T p a  b. C l r s n a b ~  

IIOMemeHsl B 3 a K p b r r b B  ~ O K C H K H  2 H 2  # O n b r H p O B l H H O r O  TeKCTOJlHTa 

Pnc. 1. C x e m a ~ n s e c ~ o e  n 3 0 6 p a n e n n e  c e e p x n p o s o n R n e r o  K s a n T o s o r o  

r p a n n e n T o m e T p a .  

l - p a n n ~ q a ~ ~ ~ ~ ~ b ~ e  OAHOAblpOqHbIe BblCOKOTeMnepaTYpHble 

c a e p x n p o e o n n m n e  K s a n T o e b l e  nnTepmepomeTpb1;  

2 - repMeTn ' lHb le  ~ O K C ~ I  n 3  C T e K n O T e K C T O n n T a ,  n O K p b l T O r 0  TOHKHM 

c n o e m  menn,  s a a n m a w m e r o  c K s n n b 1  OT B b K ; o K o ~ a C T o T n b l x  n 3 n y q e n n A ;  

3 - n e p n a e e w m n e  ~ p y b ~ n ,  0 6 e c n e q n s a a m n e  m e c T K o c T b  y c T a n o e K n .  

B n y ~ p n  T P Y ~ O K  n p o x o n R T  p a n n o q a c T o T n b l e  ~ a b e n n ,  c e ~ ~ b m a w u n e  

c K s n n b l  c r e n e p a T o p a m n  n a K a q K n  n p a n n o r l a c T o T n b l M n  Y c n n n T e n R m n .  

r p a ~ l i e ~ ~ o h l e ~ p  paCl lOnOXeH B ~ W O M ~ T H ~ T H O M  CTeKnOnnaCTMKOBOM 

K p n o c T a T e .  B K a q e c T s e  x n a n o a r e n ~ a  n c n o n b ~ y e ~ c ~  mnnKnA a s o ~ .  

O C H O B H O ~  K a n a n  n o c T p o e n  H a  c r e n n e ,  p a c n o n o x e n n o n  y n n a  

cnrnana, n c T o q n n K  K o T o p o r o  n a x o n n T c R  B H e n o c p e n c T s e n n o n  OT 

Y y e c T s n T e n e n  K n o n e ~ n o ~ y  c w r n a n y  n s - 3 a  e r o  I l p O C T p a H C T B e H H O r O  



B b N n T a n n c b  onnn n 3  n p y r o r o ,  nocne q e r o  e p e 3 y n b ~ n p y a m e ~  

P ~ ~ H O C T H O M  cnrtiane o c T a e T c R  n o n e 3 ~ a ~  nnmopMaunR n c n r H a n  

p a 3 6 a n a ~ c a .  

Q y ~ ~ u n o ~ a n b n a ~  cxeMa r p a n n e H T o m e T p a  n p e n c T a e n e H a  Ha 

p n c .  2. 

nnR B e p x H e r o  c K B n n a  8 1 4  B H y n e e o m  MarnnTHoM none. B none 

3 ~ e p r e ~ n q e c ~ o e  p a 3 p e m e s n e  cKsnnoe 

= = 9 * 1 0 - ~ ~ n m / r ~ ,  n p n  T = ~ ~ , B K .  

Cn€!K~paJlbHble nnOTHOCTn C O ~ C T B ~ H H ~ H  mYMOB CKBNnOB no 

MarHnTHOMY nonm B r I e p M a n n o e s o ~  3 K p a H e  n p n e e n e t i b l  Ha pHC. 3. 

K p n s a ~  1 C O O T B e T C T B Y e T  BePXHeMY CKBHOY, KPHBaR 2 

C O O T B ~ T C T B Y ~ T  HnsHemy C K s n n y ,  K p n e a R  3 - c n e K T p a n b H a f l  

nn0THOCTb C O ~ C T B ~ H H ~ I X  IUYMOB r p a Z l n e H T 0 M e T p a  B UenOM. 

M3 p n C . 3  BHnHO, qTO KpHBaR 2 HAeT HeCKOnbKO HnXe KpHBOn 

1 . 3 ~ 0  TOBOPHT 0 TOM, ' IT0  CKBnUbl C MeHbIUnM napaMeTpOM /) n 

p a 6 o r a a a n e  c o o T s e T c T s e H H o  n p n  meHbmeM y p o s H e  p a n n o q a c T o T H o r o  

TOKa CMeUeHHR, HMeDT 6onee HH3Knn YpOBeHb ~36blT0qHbIX UlYMOB. 

P e s y n b ~ n p y a m n n  6 e n b m  mym + K p n e a R  3 n p n  q a c T o T a x  f > l o r u  5 

BbrpaXaeTCR q e p e 3  CYMMY KBanpaTOB CneKTpanbHbD: nnOTHOCTeU 

myMoe cKsnnoe 
2 1 / 2  <a E >=(<iN1>2+<1N2> ) . 

M3 Kpnsoi?  3 nerKo o n p e n e n n n  c o 6 c ~ B e ~ ~ Y a  

'4yBCTBnTenbHOCTb r p a A n e H T O M e T p a  no MarHHTHOMY nOnD 

< G > = < % > / b % 3 , 1  * 1 0 - l 2 ~ n / M  r U 1 l 2 .  
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PMC.  3 CneK~panbHaf l  nnOTHOCTb IPYMOB. 

K P H B a f l  1 - A n R  HnHiHerO C K B H A a ;  

KpnsaR 2 - A ~ R  s e p x t i e r o  cKsnna ; 
KpnsaR 3 - A n n  rpannetiToMeTpa B UenoM nocne sblqnTaHnn qnrHanop 

CnenyeT OTMeTHTb A n R  C p a B H e H H R  , qT0 '4yBCTBnTenbHOCTb 

npaKTHqeCKnX Hn3KOTeMnepaTYpHbFX rpaAneHTOMeTpOB npn Ton Xe 

6a3e  b [ S ]  rlplrriei!llo ~a nOpRAOK nyqme. 

B ~ R H ~ I M  n a p a ~ e ~ p o ~ ,  x a p a ~ y e p n 3 y 1 o m n ~  KaqecTso 

rpannenToMeTpa. R B ~ R ~ T C R  p a 3 6 a n a ~ c  npnehleblx naTqnKos, 

B O ~ H H K ~ D I Q ~ K  n3-3a HenapannenbHocTn n 0 6 b e m ~ o c ~ n  c n s n n o s .  B 

naHtioM c n y q a e  name n p n  nonaqe  onnoponHoro BHemnero MarHnTHOrO 

nonfl n o n n ~ a ~ o s b ~ x  ~ 0 3 m m n u n e ~ ~ a x  n p e o 6 p a 3 0 s a ~ n f l  KaHanoe Ha 

sblxone rpanneHTomeTpa 6 y n e ~  s a 6 n o n a ~ b c f l  c n r t i a n  p a 3 6 a n a ~ c a  nu. 

M3MepeHne p a 3 6 a n a ~ c a  rpaonetiTomeTpa nposonnnocb  B none 

Koneu r e n b ~ r o n b u a .  IlepeonaqanbHo Konbua p a c n o n a r a n n c b  TaKnM 

0 6 p a 3 0 ~ ,  q ~ 0 6 b l  nK OCb COBnanana C BepTnKanbHOR OCbn 

rpaAneHTOMeTpa, a 3 a ~ e m  TaK, '4~06bl  OCn 6 b m n  B3aHMHO 

IIepneHAHKynflpHbl. B O ~ M ~ T K ~  KOneu BBOAWJlCR CWHYCOnAanbHbdl 

( 3 1 5 ) r u  T G K ,  co3naeasmnU none c aMnnnTynou B,,,. 3 ~ 0  none 

n3mepanocb cHaqana onHnm KaHanoM rpannetiToMeTpa, nasasmero Ha 

BbMOAe ccirnail c amnnnTynoU U,, a 3 a ~ e t . 1  n s ~ e p f l n a c b  aMnnnTyna 

cnr t i ana  Ha BLlxone rpanneHToMeTpa A U ~ .  K o ~ @ @ ~ u ~ ~ H T ~ I  nonasnet infl  

BA3nb i-ocn npn 3TGM eCTb : 

k .=U /AU. 
1 m 1. 

n 0 n a ~ n e H n e  BAOnb BePTnKanbHOU O C n  3 a  CqeT IlOACTpORKn 

~ 0 3 m m n u n e ~ ~ a  n e p e n a q n  Katianos yAaeTCR cnenaTb oqeHb BbICOKnM - 
3 6onee 10 . 

3 ~ a q l l ~ e n b ~ 0  TpYAHee IIOAaBnTb p a 3 6 a n a ~ c  no 6 0 ~ 0 ~ ~ 1 ~  OCRM, 

s o 3 ~ n ~ a 1 o m n U  3 a  C V ~ T  HenapannenbHocTn c n s n n o s .  P a 3 6 a n a ~ c b l  no 

BePTHKaJlbHOfl H 6 0 ~ 0 ~ 6 1 ~  OCflM RBnflMTCfl B3anMHO 3aBHCnMbIhln, n 

sbrpasHnsaHne K O ~ @ @ ~ U ~ ~ H T O B  n e p e n a q n  KaHanoe no cnrHany  OT 

p a 3 6 a n a ~ c a  OAHOFI n3 oceA MoxeT cymecTseHHo y x y n u n ~ b  p a 3 6 a n a ~ c  

no npyroA, qTO 3aCTaBnfleT nCKaTb KOMUPOMHCC. 3KCIIepnMeH~anbH0 

onpenene t ine  p a 3 6 a n a ~ c a  no 6 0 ~ o s t . 1 ~  O C R M  n p o n s s o n n n o c b  npn 

K ~ = E ; O O .  npn  TOM Konbua r e n b ~ r o n b u a  p a c n o n a r a n n c b  TaK, 9 ~ 0 6 6 1  

nx O C ~  6b1na nepneHnnKynflpHa ocn Z rpanneHToMeTpa. 

Pnc .  4 .  % ~ H H T O K ~ ~ A H O ~ P ~ M M ~ ~  cepnua  q e n o s e ~ a ,  C H R  Tble 

OAHOBpeMeHHO: 

c s e p x y  - ontinm KaHanoM Ha oc t iose  HnmHero c K s n n a ;  

B cepennt ie  - rpanneHToMeTpoM B uenoM B peanbHoM ~ a c m ~ a 6 e  
BpeMeHH, B nOnOCe YaCTOT 6 0  I 'u ;  

BHW3Y - rpaAHeHTGMeTpOM B UenOM, flOCne YCpeAHeHnR fl0 YeTblpeM 

nepnona M. 



r p a n n e n ~ o ~ e ~ p  nosopaqnsancr i  BoKpyr o c n  Z, n TaKnM o6pasom 

naxonnnocb  n o n o a e n n e , n p n  KOTOPOM Ha e b n o n e  rpannenTomeTpa 

nonyqancR MaKcnManbnbm oTKnnK c a M n n n ~ y n o n  Bumax. 
p e z y n b ~ a ~ e  n o n y q n n o c b , q ~ o  m n n n ~ a n b n b R  KO3@@nUneHT nonaenennfl  

n o  60~0BblM OCRM 

=U /AUmax1 3 2 .  kx ,ymin  m 
Ann npoeepl tn p a b o ~ b ~  rpannenTomeTpa 6bma CnRTa 

marnnToKapnnorpamma qenoeeKa.  Ha p n c . 4  n p e n c T a s n e n a  Tnnnqnafl  

MarnnToKapnnorpaMma, n s m e p e n n a ~  MarnnTomeTpoM (onnnm HnXHnM 

KananoM r p a n n e ~ ~ o m e ~ p a )  ( s e p x n ~ r i  ~ p n s a n )  n onncannblM 

rpannenToMeTpom ( ~ p n s a f l  n o c e p e n n n e ) .  3 a n n c n  npoaenenbl  B 

n o n o c e  6 0  ~ q ,  B peanbnoM ~ a c l n r a b e  epeuesw.  M 3 ~ e p e n n R  

npoeonnnncb  BnyTpn anlomnnneBoA " 6 o q ~ n " ,  p a c n o n o x e n n o n  Ha 

p a c c r o n n n n  20-30 MeTpos OT 6nnma~mnx s n a n n n  M H C T ~ T Y T ~ .  

Tonanna CTeHOK " 6 o q ~ n "  npHMepH0 5 MM. 

M3 cpasnennR aTnx nsyx  MarnnToKapnnorpaMM s n n n o ,   TO 

r[)aAneHTOMeTp 3HaqnTenbHO nOnaBnfleT Hn3KO'laCTO'rHbE BaPnaUnn 

MarnnTnoro nonR 3 e ~ n n ,  n n 3 ~ o q a c ~ o ~ n s 1 e  npombnonennble noMexn n 

s n n n n n e  s n b p a u n n  KpnocTaTa. A ~ R  KonnqecTsennon o u e n n n  

3@@eKTHBHOCTn nOnaBneHnR MemaDaHX @aKTOpOB B TOqKe CHflTnR 

MarnnToKapnnorpaMM 6bmn n3mepenb1 cneKTpb1 OT MarnnTomeTpa Ha 

ocnoBe n n a n e r o  cKsnna  n rpannenToMeTpa <G>. P e 3 y n b ~ a ~ b l  

nsmepennn npencTaBnens1 Ha pnc.  5 ( K P H B ~ E  1 n 2 

c o o T s e T c T s e n n o ) .  06rnnR ~ o z ~ @ @ n u n e n ~  nonasnennri  Melnalomnx 

@aKTOPOB n o  BCeM TPeM OCRM, OnpeAeneHHbR q e p e 3  CneKTpanbHbE 

~ ~ B ~ C ~ M O C T H  

k1<B >/<G>110.  

M3 PnC. 5 TaKXe MOXHO CAenaTb BblBoR 0 T O M ,   TO PeanbHafl 

qYBcTBnTenbnocTb rpannenToMeTpa (Kpnsafl 2 )  B T o w e  n 3 ~ e p e n n f l  

KaPAnOrpaMMbl XYXe c 0 6 c ~ ~ e n n o n  '4YBCTBnTenbHOCTn, nOnyqeHHOA 

BHYTPki marnnTnoro  aKpana ( K p n e a ~  3 ) .  B O C H O B H O M   TO MOXHO 

0 6 b f l ~ n n ~ b  C HenOKOMneHCnpOBaHHblMn BHeluHnMn nomexaMn, HO 

Pnc.  5. C n e ~ r p a n b n b ~ e  nnoTnocTn nymoe: 
1 - C O ~ C T B ~ H H ~ R  luym rpannenToMeTpa B IlepManJroenoM s K p a n e :  
2 - c n e n p a n b n a n  nnoTnocTb l u y ~ o e  n a  sblxone rpannenTomeTpa B 

T O ~ K ~  C H R T H R  ~ a r n n ~ o ~ a p n n o r p a ~ ~ ;  
3 - CneKTpanbHaR nnOTHOCTb OKPYXaDlUnX NYMOB B TOqKe C H R T H R  

MarnwTorapnnorpaMM, m u e p e n n a n  onnnM KananoM Ha o c n o s e  
n n x n e r o  c n s n n a .  

O~nornenne  c n r n a n / m y ~  nonyqennbu MarnnToKapnnorpaMm 

~ O ~ B O ~ R ~ T  naneRTbcR Ha ~ o s m o x n o c ~ b  npnmenennn rpannenTomeTpoB 

Ha BTCK-c~snnax  B npaKTnqecKon nnarnocTnKe.  Kpome T o r o ,  

BblCOKOTeMnepaTYpHble CKBnnbl, KaK nOKa3aHO B [ 4 ] ,  HMeloT 

3HaqnTenbHbR 3anaC n o  9yBCTBnTenbHOCTn,n B 0 3 M O X H 0  LIanbHenmee 

ynyqmeiine nx napaMeTpoe, KOTOpOe, no-BUJMMOMY, o n n o 3 n a q n o  

C B R ~ ~ H O  c coBepmencTBoBanneM T e x n o n o r n n  npnroTosnenwn 

KepaMnKn. B ~ T O M  n a n p a e n e n n n  nmeaTcR s n a q n ~ e n b n b e  y c n e x n ,  n 

nO3TOMY eCTb OCHOBaHnR HaAeRTbCR, YTO B HenaneKOM 6ynymem 

M O X H O  b y n e ~  nonyqnTb Mar HnToKapnnor pammbl bonee  BblcoKor o 

KaqecTBa . 
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