


~ O C T P O H M  npoueAypy paccleTa ~osoeo-aaencn~of i  O Y H K ~ H H  pacnpe- 
AeneHwn cnyclah~ofi sennclnm Z , f ( Z ,  D) tta OcHoBaHun O Y H K ~ U ~  pac- 
npeAeneHun cnyclah~blx BenncluH Z i  u n B OTAenbHocTn. 

n o ~ a s a ~ o '  I/, c l ~ o  

a 

f (  Z,  D) = Z P ( n )  f n (  Z) ,  
n =O 

/2/ 

b 
Ann Ynp~eHnR 3a~acln paCCMOTpHM o6nycle~ue qyBCTBHTenbHOr0 

o6aena OAHOpOAHblM nOTOKOM 3apRMeHHblX claCTHu C 3aAaHHuM 3Haqe- 
HHeM L, KOTOpOe He MeHReTCR npH IlepeCecleHbIH o 6 a e ~ a  clac~blueh. 

I n e r ~ o  n o ~ a s a ~ b ,  UTO f l ( z )  B T ~ K O M  cnyclae o ~ p a m a e ~  reone~puqec- 
I KHe @JlyKTyaublbl, CBR3aHHble C pa3~0h  ~nUH0fi npo6era claCTUuM 

B 4YBCTBUTeJlbHOM 06be~e,  H AJlR C@ePHcleCKOTO clYBCTBWTenbHOT0 
o 6 b e ~ a  nMeeT BHA 

rAe napaMeTp a  x a p a ~ ~ e p n a y e ~  MatccnManbHo B O ~ M O M H O ~  3 ~ e p r o ~ u ~ e -  
neHne npu nepececleHuu clac~ngefi no ocw, n p o x o ~ ~ q e k  clepes ee 
UeHTp. f l n~  ~ € ! C K O H ~ ~ ~ H O  TOHKUX TpeKOB, 6e3 ycleTa BKnaAa B 3Hep- 
roeuAeneHue Z  d -aneKTpoHoe, 

a =  2 . t . ~ .  

U COOTBeTCTByloqaR eMy 3aBHCHMOCTb f l ( 'Z)  ~ Y A ~ T  OTpaMaTb PaCnpe- 
AeneHue n o r n o q e ~ ~ o f i  aHeprnu, s u ~ e n ~ e ~ o h  c e p ~ u e ~ u ~ o h  TpeKa qa- 
CTHI&I, B OAUHOclHOM C O ~ ~ ~ T H W  nOnaAaHHR. BenuqnHa k OnpeAenReTCR 
pa3MepOM CepAueBUHbl TpeKa H IlpUHRTa HaMH paBH0h k = 0,45, q T 0  

COOTBeTCTByeT AHaMeTpy CepAueBUHbl TpeKa r , in  = 1 HM. 

Ann paccleToe @ Y H K ~ W U  f,, (Z) ~ o c n o n b 3 y e ~ c ~  n p e 0 6 p a 3 0 ~ a ~ u e ~  
Jlannaca. Hah~eM o6pa3 Jlannaca F 1 ( p )  OYHKUHH f l ( Z ) .  no onpeAe- 
neHHD 

i 

; rAe P = ( x  + i .  y )  - ~ o ~ n n e ~ c ~ u h  napane-rp. flo TeopeMe A n R  ceepTKu 
: B reopuu npe06pa3osa~u~ nannaca/2ln uMeeM AnR n - r p a r ~ o ~  cseprKu : f  i(Z) o6pa3 Jlannaca Fn(p)  = [ F l ( p ) ]  , T.  e. BuqucneHue o6pasa 
1 n-KpaTH0fi CBepTKU CBOAUTCR K B03BeAeHUD B CTeneHb 06pa3a F1(p). 

Aanee ocTaeTcR npoeecTu O ~ P ~ T H O ~  npeo6paaoea~ue Jlannaca,  TO- 

6b1 H ~ ~ T U  UCKOMYD n-KpaTHyD CBepTKy, a UMeHHO 

1 
w ( x +  i - y )  Z 

no, LJTO uHTerpan /6/ pasen fn(Z) = - f Re[ F,,(x + i .  y ) .  e 
n I ~ Y ,  

0 

i rAe napaMeTpu w u x  6blnu su6pa~u  TaK, q~06bl  npoueAypa pacqeTa 

I uHrerpana, ucnonbayloqaR MeroA C u ~ n c o ~ a  npn w c n e  uaros uHrer- 

I 
pupoeaHuR, pa6Hot.t 20+30, Aaeana npueMneMyn T O ~ H O C T ~  n C K O P O C T ~  

i 
1 

CqeTa. 6uno Bbl6pa~o 

dZ d5 
= - f  ( - .  Z ) ,  a  n a  

KOTOPOe UCnOnb30BanOCb A n R  TOrO,  qT_06bl O Y H K ~ U U  f n ( Z )  3a~a6ynu- 
poeaTb npu s ~ a q e ~ n u  napaMeTpa a  = d 2 .  B ~ ~ M R T u - ~ B M  6una sapesep- 
BupoeaHa MaTpuua Ann s ~ a q e ~ n h  fn (Z , )  npu a  = 2 rAe i = 1 , 2, 
. . . , 30, n = 2,3,. . . , 240. 3HaqeHclR Z, sbl6pa~u C PaBHOMepHblM 

I uaroM Ann KamAorO n B U H T ~ P B ~ ~ ~  OT Zmin AO Zmax, 'Ae 
'$74) . n . d-z, z,,, = (0.57 - - n 



c T O ~ H O C T ~ O  H e  xyme 1%. 
B n p u n o m e H n u  1 n p u e o A u T c n  n p o r p a M M a ,  no K O T O P O ~  L a c c q u T u e a -  

n a c T b  M a T p n u a  ~ a 6 y n u p o ~ a ~ ~ u x  @ Y H K ~ U ~  f n ( Z )  npu a = \ / 2 .  Ann H e e  

O T B e A e H  M a c c n B  W (240,30) ,  B KOTOPOM nepeuk MHAeKC n p o 6 e r a e ~  
3HaqeHMR n OT 2 40 241, a B T O P O ~  COOTBeTCTBeHHO 1 OT 1 A0 30. 
B p e 3 y n b ~ a ~ e  pa60~b1 n p o r p a M M u  B Q a k n  TAPE 1 6 y ~ e ~  s a ~ e c e ~  A a H -  

H M ~  MaCCHB AnR XpaHeHMR U n O C n e A y O ~ e r 0  npHMeHeHUR B P a C q e T a X .  

P ~ c ~ ~ T M  BblnOnHRnHCb H a  3BM CDC-6500. q~06u  B u q u C n U T b  B c e  3 H a -  

WHUR M a c c n B a  W no ~ a ~ ~ o k  n p o r p a M M e ,  n o ~ p e 6 o ~ a n o c b  M e H b u e  

20 MHH n p o u e c c o p H o r o  BpeMeHu .  A a n b ~ e k w u e  p a c q e T u  c u c n o n b s o ~ a -  

HHeM MaCCHBa W Cyl4eCTBeHHO 3KOHOMRT nPOueCCOPHOe BpeMR fl0 C p a B -  

H€!HHO C BaPHaHTOM nPOTpaMMb1, B K O T O P O ~  fn (Z)  p a C C q u T b I B a n u C b  6~ 
6$3 T ~ ~ ~ ~ U ~ O B ~ H U R .  

PHc .  1 . noBeJ(eH&ie ~ a 6 y J I t i p o B a H H b r ~  &yH~q&ifi f n ( Z )  AJIH n  = 1 ,2, 
3 ,4 ,8  H 16. no ocu a6cqticc - Z, 0TH.eG. ;  no o C H  OpAHHaT - 
I I I IOTHOCTb BePORTHOCTH, OTH. en. 

Ha P M C . ~  nPMBeAeHbl  f n ( Z ) ,  nOCTpOeHHble  I lO T ~ ~ ~ ~ U ~ O B ~ H H ~ I M  

3HaqeHMRM A n n  n  = 1 ,2,3,4,8,16. B TOclKaX , npOMemyTOclHblX MemAy 

T ~ ~ ~ M ~ H ~ I M M  3HacleHMRMk1, @ Y H K ~ M R  PaCCclMTHBanaCb J ~ M H ~ ~ H o ~  MHTep -  

nonnuuek M e W y  COCeAHUMU TOclKaMM. H O P M M P O B ~ H H O C T ~  @ Y H K ~ M ~  

fn(Z) H a  eAMHMuY MCnOJ lb30BanaCb  A n R  n p O B e p K U  n p O u e A Y p b l  MX PaC-  

q e T a .  K p o ~ e  T o r o ,  c s e p T K y  fg (Z)  n e r K o  B u c l u c n u T b  a H a n u T u c l e c K u  

M  TO A a e T  @ o p M y n y  A n n  n p o B e p K u  p a c c l e T a  M H T e r p a n a  /6/ B HaweM 

a n r O p U T M e .  Ann BblclUCJleHMR fn(Z)  nPM nPOM3BOnbHOM 3HacleHMM na- 
P a M e T p a  a npMMeHRJlOCb COOTHOUIeHMe /7/. 

P a c n p e ~ e n e ~ u e  f l y a c c o ~ a  P(n) u M e e T  BUA 

O r p a ~ u q e ~ n e  n  ~ 2 4 0  npMBOAMT K TOMY, clTO fi H e  AOJlMHO 6b lTb  6 0 n b -  

UIWM, a UMeHHO, T a K ,  ~ ~ 0 6 b 1  + 3 . G ~ L  240.  TO COOTBeTCTBMe A a -  - 
e T  O r p a H u q e H w e  H a  napaMeTpb1  D, r ,  L, K o T o p b i e  O n p e A e n R o T  n . 
K npunepy, ecnu D = 800 rp ,  r = 0,s MKM, TO L. 2 20 K ~ B / M K M .  A ~ H -  
Hble O r p a n u q e H u n  C o o T B e T c T B y o T  TOMY, UTO P(n) n p o 6 e r a e ~  PRA C Y -  

UeCTBeHHbIX 3 ~ a c l e ~ U k  n p U  CYMMMPOBaHUM n0 n  GT 0 A 0  240.  T o y -  

H O C T ~  p a c q e T o B  H a  AaHHoM 3 ~ a n e  K o H T p o n u p o B a n a c b  no BblCcMcneHIIo 

M H T e r p a n o e  

J f ( Z ,  D ) d Z  = I ,  

J Z f ( Z ,  D ) d Z  = D  

M c o c T a e n n n a  B e n u q u H y  H e  x y m e  5%. 

nph O < x < r  
m i n  ' 



r ~ e  rmin - p a ~ u y c  c e p ~ u e e u ~ u  ~ p e ~ a ,  p a e ~ b l k  n p u n e p ~ o  1 HM; 

c,,, = 4 0 . ~ ~ 9 ~ ~  HM - M a K ~ ~ M a n b ~ b l k  PaAUYC T p e K a ,  o n p e ~ e n n e n u k  
npo6eron 6 - 3 n e ~ ~ p o ~ a  C M ~ K C H M ~ ~ ~ H O ~  3 H e p r b I e k ;  E - 3HeprUR r a -  
C T H ~ U ,  M ~ B / H ~ K ~ .  ; D(x)  - n o K a n b H a R  ~ o s a ;  x - p a c c T o R H u e  OT reo- 
M ~ T ~ u ' - ~ ~ c K o ~  OCH T p e K a .  

TaKaR C T p y K T y p a  T p e K a  n o a e o n ~ e ~  Bce C O ~ ~ I T H R  s H e p r o e u A e n e H u R  
B UYECTBHTeJlbHOM 0 6 b e ~ e  p a 3 A e n U T b  H a  "npf l~ble '~ U " ~ e ~ p R M b l e " .  

K npnMUM CO~UTHRM OTHOCRTCR T a K n e ,  npu KOTOPMX c e p A u e e u H a  Tpe- 
K a  3apRmeHuok  r a c T n u u  n e p e c e K a e T  r y e c ~ B u ~ e n b ~ u k  o6aen, a K He- 

npRMUM C O ~ U T H R M  - Te, K o T o p u e  0 6 y c n o e n e ~ b 1  n o n a A a H u e M  B Hero 
TOnbKO ~ - ~ J ~ ~ K T P O H O B .  

WCXOAR u3 O C O ~ ~ H H O C T ~ ~  PPf l3  / 1 1 / ,  B T p e K e  3 a p R m e ~ H o k  r a C T U -  
ubl MOMHO OueHHTb AOnO 3HeprUU, n o r n o q a e ~ o k  B C O ~ M T H R X  HenpRMO- 

r o  n o n a A a H n R  

'rnin 

r A e  3neMeHTapHaR n n o q a A b  d s  P a c c M a T p u B a e T c R  B o 6 n a c ~ u  M , nepe- 
KpblBaloIliefi ~ ~ E C T B U T ~ ~  b ~ ~ k  o6aen U "~11y6y" 6 - 3 n e K T p 0 ~ 0 ~  T p e K a  . 
TaKuM 0 6 p a 3 0 ~ ,  F G  -  TO A o n n  3 H e p r o B u A e n e H u R  B C O ~ U T H R X  He- 

n p R M O r 0  I lOnaAaHMR, YCpeAHeHHaR no pa3nU'-iHblM BO3MOMHblM KOH@blrY- 
PauHf lM PaCnOnOMeHllR "111y6u" ~ - ~ J ~ ~ K T ~ o H o B  U c l yBCTBUTenbHOr0  o6ae- 
Ma.  H e c n o m ~ u e  Bb l rucneHuR n p u e o A R T  K O o p M y n e  

3 ~ e p r o e u ~ e n e ~ u e  B C O ~ M T H R X  HenpRMoro nonaAaHuR,  K a K  MU n p e A -  
n o n a r a e n ,  p a c n p e A e n R e T c R  no 0 6 n y r a e n o k  o 6 n a c ~ n  6e3 O n y ~ ~ y a u u k  
u o 6 n a ~ a e ~  c e o i c ~ s a ~ u  a H e p r o e u A e n e H u n  n p u  paeHoMepHoM o6nyre- 
HUM 3neKTPOMarHUTHblMU BUAaMU U3nyreHUfl. f l p ~  3TOM UaCTb A03M D ,  
c o o T e e T c T B y t o q a R  nornoqeHuc a H e p r u u  6e3 Q n y ~ ~ y a u u k  

o n p e A e n R e T  n a p a M e T p  ~ - @ Y H K U H H  A u p a ~ a  e n e p e o M  rneHe CYMMU 

/ n  = 0 ,unu OTCYTCTBue n o n a ~ a ~ u k /  B w p a m e u u u  AnR f ( Z ,  D ) ,  
a UMeHHO 

f,,(Z) = 6 ( Z  - Z,,). 

Ann B u r u c n e H n R  f ( Z , D )  c yreTon 8 - a n e ~ ~ p o ~ o e  MI Aonmuw u3 non- 
HOG 3HeprHH Z, KOTOPaR RBnReTCR c n y r a k ~ o k  s e n u r u u o k ,  BblcleCTb 
KOMnOHeHT, 06y~noBne~~b lk  HenPRMblMH IlOnaAaHURMU. 

MOMHO 3 a n u c a ~  b 

I Z g -  3 ~ e p r n ~ ,  BblAenneMaR B - a n e ~ ~ p o ~ a ~ u ,  u3 K O T O P O ~  r a c T b  
F G - Z a  o n p e A e n R e T  KoMnoHeHTy  P a e H o M e p H o r o  0 6 n y r e ~ u ~  6 e 3  O n y K T y a -  
unk. q a c ~ b  s n e p r u u  Z a . ( l - F G )  n p u H u u n u a n b u o  BeAeT c e 6 ~  T a K  me,  
KaK u s H e p r u R ,  BuAenReMan B c e p A u e e u H e  T p e K a ,  u e e  c n e A y e T  

Z * =  Z A +  Z a ( l - F G )  = ( Z  - Z ) .  C Z ,  
Y 

B BupameHuu  A n n  f ( Z , D )  y r n e H o e  CYMMCI, OnpeAenRloupIx rncno no- 
n a ~ a ~ u k  n = 1 ,2  U T . A . ,  H ~ O ~ X O A U M O  a p r y M e H T  Z 3aMeHHTb H a  Z ' ,  
npH 3TOM Mbl nPHXOAHM K OKOHraTenbHOMY BblpaMeHUlo AnR f ( Z ,  D ) :  

KOTOpOe y'4UTblBaeT O C O ~ ~ H H O C T U  3HeprOBblAeneHHR B T p e K e  E COOT- 
B e T c T B u u  c ~ o ~ u e n u u e k  PPtl3: 

H a  p u c . 2  u 3 npuBeAeHbl  p a c q e T b l  O Y H K ~ H H  f ( Z ,  D )  n p u  p a 3 ~ b l x  
n a p a M e T p a x  D ,  L ,  r, u n n l o c ~ p u p y l o u ~ u e  o c H o e H u e  r e p T u  p a c n p e A e n e H u R .  

E c n u  PaCCMaTpHBaTb BePORTHOCTb ~ H O ~ O ~ H ~ ~ C K O ~ O  3@OeKTa G ( Z )  
n p u  o n p e A e n e H H o M  a H e p r o e u A e n e H u u  Z B e u A e  H e K o T o p o r o  OYHKUUO- 
H a n b H O r O  3aKOHa, TO 3KCnepHMeHTanbHO ~ a 6 n K I ~ a e M b l k  3 @ @ e K ~  ~ e o 6 -  
XOAUMO PaCCUHTblBaTb, YCPeAHRR no ECeM B03MOMHblM Z , p a C n p e A e n e H -  
HblM no f ( Z ,  D )  T.e. 

r A e  S(D) - ~ a 6 n 1 0 ~ a e M b l k  3 W e K T .  

I G(Z) = z c w c n o n b 3 o e a n w e M  m o p r r y n u  / 1 4 / .  O r e s w n w o  n p w   TOM,  TO 

S(D) o n p e A e n R e T  cpewee Z unu ~ o s y  D, T .e. S(D) = D .  



. PHC. 2. R o s o ~ o - s a ~ u c u ~ o e  p a c n p e A e n e H w e  f ( Z  , D). l l a p s ~ e ~ p ~  D , L , 
r I I p H B e A e H b l  B  K B a H p a T H b l X  C K O ~ K ~ X  H BblpFlXCeHbl C O O T B e T C T B e H H O  

B r p ,  K ~ B / M K M ,  MKM. OCU ~ ~ C U H C C :  c I I e u ~ $ ~ ~ e c ~ a f f  3 H e p r U R ,  

rp ;  IIO OCH O p A H H a T :  I IJIOTHOCTb B e p O R T H O C T U ,  rp-' . 

P H C . 3 .  ~ H H ~ M H K ~  H 3 M e H e H U R  f ( Z ,  D) n p U  H 3 M e H e H U U  P W U y C a  s y B -  

c T m i T e n b H o r o  o 6 a e ~ a .  llo ocw a6cqucc: - c n e u u $ u s e c ~ a ~  3 ~ e p r n ~ ,  
rp ;  no OCH O p A H H a T  - IIJTOTHOCTb B e P O H T H O C T U ,  rp- l .  

T ~ K H M  o 6 p a 3 0 ~ ,  p a 3 B U ~ b l h  a n r O p H T M  P a C U e T a  ~ ( ~ , D ) R B ~ R ~ T c R  
C p a B H U T e J l b H O  npOCTUM U f l p U r O A e H  A n R  P a C U e T a  KPUBUX A03a ' 3 @ -  

 KT npu  p a 3 n u ~ ~ ~ x  L . O H  Y q u T b l B a e T  x a p a K T e p  P a c n p e A e n e H u R  w e p -  
r o e u A e n e H u R  B T p e K e  3 a p ~ r n e ~ ~ u x  U a c T u u  OT c e p A u e e u H u  T p e K a  u S -  
3 J l e K T p O H O B ,  O K p y M a o U U X  ee. 

PROGRAM YES1 ( INFCT IOUTPU~I IADEI I  
C O u n ~ n 1 6 L 2 / Y ~ 2 1 0 , 3 0 1  
C O ~ M O N / B L ~ / L I M I I ~ X ~ ~ ~ Z ~ R ~ O I ~ J S ~ O ~ L T A K ~ E P L ~  EV*NsSU sA?,GK 
CALL YRFZM 
S l  OP 
E k D  
FUWCTIOh FZC (OUCI 
P O M M O N l B i / L I l 4 r C ~ X . A  .Z*&AJ~UELIEPL .EfRN.S@rl2.61( 
NSIEF= SO 
x n m = o .  
Y M A X = I Z O .  1w-i) I (1 . V W - ~ I  I 
S 2 = S I C C S ~ X A l k . X C b X r N S I E P )  
F ZM=S2.EXP(Z.XI /3.1u15926 

ill F O Q i b T t 2 X r o  NSTEfLmr 16.- FZMx *sEIb.C.' Z= m.E14.81 
RETUQN 
END 
FUNCTIdY SIPPS(XI IM.YCA~.NSIEPI 
M = l l h A Y - Y M I h ) / h S l E P  
I)=hSTEP-3 
X i=XhfW 
x 2 = 4 1 * n  
b=FUNFZMlXl)*b..FUNF ZC(72) 
DO 1 1.1.n.2 
r i = x z * n  
x z = r i + n  

1 L = A ~ Z . . F U M Z I I ~ X 1 ) + b . - F U ) I F Z M ~ X Z l  
X l = x Z * H  
b=A+FUWFZI(X1) 
SIMPS=A*H/ l .  
lETURN 
END 
F U U T I G L  FUNFZII (1) 
C O I * O N / ~ ~ ~ L I M ~ M . X . A ~ Z I R A O I U S I D E L ~ ~ K ~ E P L ~  VRNvSO. ~ZIGK 
:OICLEX PaEr  E l  
PZCMPLX (X.1) 
Ei=( i . .o .  I 
E=-P.ltZ 
E=CExP(E I  
E=-AZ.E IP* ( l . -E ) / (PP)  
DG 1 1=1.m 

1 EI=El.E 
RQ=REAL ( E  1) 
~ I = A I M b 6 L E I )  
FUNF ZM=kR.CGS (1.Z) -RI .SIN(I*  Z l  
RtTURN 
END 
SUB2OUTIhE YRFZP 
C O C M O N I R Z / Y ( 2 1 0 r 3 0 )  
COlDION/3LI/LIM.MrX .A.Z.OUILI . S O r & Z . G K  
DO 1 I = 2 * 2 * 1  
*=I 
u = i . # ~  
XMAX=(. 7 5 * . 5 I S P R T ( i . . ~ ~ I ~ M ~ 8 2  
Ll4IN=(.57-.71/M)*M*A2 
H*(XMAX-XhIN)/29.  
DO 2 L=1.30 
Z = X M l h * P  S = F Z M ( G W I  (L-11 

Z Y ( I - l r L I x S  
1 C O N T I ~ U E  

Y l t I r E  (i)~ 
REIURu 
EN0 
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