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~ peweHH~ OAHOMepHOrO YP8BHeHHR WpeAHHrepa o~eHb 3~KTHBeH 

MeTOA peKyppeHT HWX COOTHoweHHH. OH ~aCTO Hcnonbs yeTCA Ka K npH 
~HcneHHwx , T8K H npH aHanHTH~eCKHX peweHHAx pa3nH~HWX KBaHTOBWX 
HnH BonHOawx aaAa~ " apeMft OT BPeMeHH nepeOTKpwaae TCR BHOBb H 
SHOSb /CM., HanpHMep. 11/ /. TeN He MeHee He ace nPHMeHeHHR SToro 
MeTOAa M38eCTHW WHPOKoH HaY4HOH o~ecTBeHHOcTM . 06 3TOM CSHAe
TenbcTByeT n pMMMTHsHWH nOAxOA K peweHHm 3aAa~ AH~paK~HM B cno
HCTWX CHCTe Max, KOTopwe nOCneAHee speMR Bce 60nbme Hcnonb aymT
CR H a HaYKe , H a TeXHMKe. nePHOAH~eCKHH nOTeH~Han RBnReTC 
HCKnO~HTenbHO ~KTHBHWM AnR AeNOHCTpa4HH YAHBHTenb HWX a03
MOlIIHOCTeH peKyppeHTHoro MeTOAa. Uem. ~lacToRUIeH saMeTKH - nOKa
s aT b , Ka K MHOro H3seCT HWX H ManDHSBeCTHWX . HO HCKno~HTenbHO 

npOCTWX H KpaCHBWX ~pMyn MOMeT 6WTb nony~eHo 3THM MeTOAOM AnR 
coae pweHHO npOHSBonbHoro nepHOAH~eCKoro nOTeHqHana. ~anee MY 

6YAeM npeAnonaran., '4TO nepHOAW WHPHHOH t paSAeneHW 6ecKoHe~HO 
yaKHMH uaenRMM , HanM~Me KOTOPWX He CKaawsaeTCR HH Ha Ka KMX npo
4eccax, ~TO o~eBMAHO H3 3neMeHTapHWX ~HSM~eCKMX coo6pallleHHH . 
KpoMe Toro. 6YAeM nonaraTb, ~TO aMnnHTYAW OTpallleHHR H npenoMne
HMR r H t AnA OAHoro nepHOAa HSBeCTHW i AnR npoCTOTW HX saBHCH
MOCTb OT 3HeprHH naAa~eH ~aCTH4W YKaswsaTbCR He 6YAeT. 6YAeM 
TaKlIIe npBAnonaraTb , '4TO nOTeHijMBn. OTHOeR~HCR K OAHOMY nepHOAY, 
CMMMeTpM'4eH OTHOCMTenbHO e~0~4eHTea~ B npoTH BHOM cny~ae cneAOBa
no 6w pa sm..~aTb aMnnHTYAbi r. t H r. t ANI BOnH, n aAaIO\IP'IX Ha 
nOTeH4Han cne Ba H cnpasa COOTseTCTseHHO . OAHa Ko HeTPYAHo nOKa..... .,. ... .. .. 
saTb, ~TO a,.tnnHTYAw ' . t OAHHaKOB~, ..t .. t. a aMnnHTYAw r . r paa
nH~aIOTCII TonbKO HeKOTOpoH ~aaoH: r ... r e~ (i r,6 ) • npH~eM 3TH COOT
HOWeHHR Hacne~TCR npH paCCe1IHMH Ha nOTeHijMane C nt06wM ~HCnoM 
nepHOAQB, n03TOMY aaAa'4Y BcerAa MOMHO CBeCTH K CHMMeTpH~HOMY 
SHAY. 

npHseAeM CHa'4ana Te ~pMynw, KOTopwe 6YAYT swseAeHW HHlIIe. 
8ee OHM 6wnH nonY'4eHW s 12- 4 / . 

1/ AMnnHTYAa OTpallleHMR OT nony6ecKOHe'4HOrO nepHOAH~eCKoro 
nOTe HllH8Jla 

R.... (va:;: - va: )/<.f&;+ va:) ; t - (r±l)"' -t' • /1/ 

~ c paBHeHMII nonesHO YK8saTb ~pMyny AnIl OTpallleHHR OT nOTeH~H
anb HoH cTyneHbKH BWCOTW u: 

R .. =(Jr- )/(.Jr+.,/'P) ; E ' .. E -u. /1'/ 

r Ae E - 3He prHR naAa-.eM '4aCTHqw . 

2/ AMnn~TYA~ OTpa~eH~R ~ npOXO~AeH~R nOTeH~~ana C N nep~o
AaM~ 

R = R ( 1 _ e 21qL ) I ( 1 _ R2 2I qL ).
N O(l oo e I L = Nf, /2/ 

IqL 2 IqL TN= e P_R: ) / ( 1_R':e ) . 3, . 

AHanor~4H~e ,opMyn~ AnR npRMo y ronbHoro nOTeH4 ~ana W~p~ H~ L ~Me~T 
B~A 

RN =Roc; (1 _ e2ik 'L (1 - Ii2 e2i k' L ) 12'/00 • 

TN =e ik 'L (1 _ Ii: )1 ( 1 _ Ii:e 2ik ' L ) , 13 'I 

rAe k '= J2rnE / h, rn - Macca 4acT~4bl /M~ 6YAeM C4H TaTb 4acT~4Y Mac
C~BHOH, XOTR Bce ,opMyn~ MO~HO 0606~~Tb ~ Ha cnY4aH 6e3MaccoBoH 
4acT~4bl/. 

31 BonHOBoe 4~cno Q B 12/ ~ /31 ~3BeCTHO KaK "6nOXOBCKoe 
BonHOBoe 4~cno". AnR npO~3BonbHoro nep~OA~4eCKoro nOTeH~~ana ero 
MO~HO HaC:lT~ C nOMO~b~ cneAy~~ero Bblpa~eH !.1 R 

eigl' = ( Jb+ - J b _) / ( Jb+ + Jb_) : b! = (t±1)2 _ r 2 . 141 

flerKO npOBepHTb, 4TO AnR BonHOBoro 4Hcna BHYTPH npRMoyronbHoro 
nOTeH4Hana k' MO~HO nonY4HTb aHanorH4Hoe ~e B~pa~eHHe, ecnH 
npeAcTaBHTb ce6e, 4TO WHPOKHH npRMoyronbHHK pa36HT Ha N OAHHa
KOB~X Man~x npRMoyronbHHKOB, aMnnHTYA~ r H t AnR KOTOp~X HMe~T 

BHA 12' I, 13' I, rAe B Ka4eCTBe L cneAyeT nOAcTaBHTb P= L I N . 

PEKYPPEHTH~E COOTHOWEHHR AflR nOflY6ECKOHE4HOrO 
nEPHOAH4ECKOrO nOTEHUHAflA 

npeACTaBHM ce6e, 4TO cneBa Ha nony6ecKoHe4H~H nepHoA~4ecKHH 
nOTeH4Han naAaeT BonHa eAHHH4HOH aMnnHTYA~ ICM. PHcYHoK/. 3Ta 
BonHa npoHAeT 4epe3 nepB~H nepHoA H, nonaB B nepBY~ 6ecKoHe4Ho 
Y3Ky~ ~enb, 6YAeT MHorOKpaTHO OTpa~aTbCR OT neBoro H npaBoro 
KpaeB 3TOH ~enH. B pe3ynbTaTe o6pa3yeTcR CYMMapHaR BonHa, KOTO
paR COCTOHT ~3 AByX BonH ;;1 H '.b ' naAa~HX COOTBeTCTBeHHO Ha

l 
npaB~H ~ Ha neB~H KpaH ~enH. nOCKonbKY nony6ecKoHe4H~H nepHOAH
4eCKHH nOTeH4Han 6e3 OAHoro nepHo~a Bce paBHO RBnReTCR nony
6eCKOHe4HbIM, TO ~ = R ;; ,H AnR I/; MO~HO COCTaBHTb cneAy~~ee

1 1 1
ypaBHeHHe: 

00 

;; = rR J + t;; = r'.b + tJ , /51
1 ""I 0 1 0 

~ 

rAe 1/;0 - ~MnnHTYAa BonH~, naAa~eH cneBa Ha BeCb nOTeH~Han. 
nOCKonbKY 1/;0 no npeAno~eHH~ paBHa eAHHH4e , TO H3 151 cneAyeT 3 2 
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1 

.... - 1 
'" =(1- rR) t. 6 

00 

BQJlHa, OTp alKeHHaH OT nOJlHOrO nOTeH L\l'IaJla . CKIlaAbtBaeTCH 1-13 BOJlHbl 
r"'o • OTpalKeHHO~ OT nepBoro n epl-1oAa, ~ BOJl Hbt t "' l ' npoweAwe~ 06
paTHo 1-13 nepBoi:l uteJl l-1 , T. e . AIlH nOJl HO~ aMn n l-1 TYAbl OT palKe HIo1 H Roc 
n~nY4 aeT c~ ypa s He Hlo1e 

.... . - 1 
ROO = r+twl =r+ t Roo (1 - r R".,) t , 17 

I-1n l-1 , B cnY4ae CKallflpHblX BOJ1H, Ko r Aa r 101 t - KOMnneKC Hble 41'1CJla, 
I1Me e M 

2 2R:"+R .. (t - r - 1) /r + l = O. /8/ 

HHTe pe CHO OTMeTI-1T b , "ITO peweHlo1e Ksa ApaT Ho r o ypaB HeHl'l fI BI1Aa 
a2 1( 2 - 2bx + 0 2 = 0 MOII(HO n peACTaBI'ITb cneAYKlUII'IM 06pa30M : 

x 1.2 = ao (v' b+ ac ± J b- ac )/ (v' b+ ac ± J b - ac ) • /9/ 

OTc~Aa cpa3y lKe cne AyeT Bbtp a IKe Hlo1e /1/, ecnl1 Y4 e CTb, "ITO n pl'l 
r .. O. t ... I aMnll l'lTYAa Roo AOlllKHa CTp e MHTbCfI K HYJlIO. OTMe TIofM. "ITO 
(j>o pMYIl a / 1/ 0 4eHb Ha nOMIof Ha eT BblpalKeHl1 e Allfl K0 3 <!l<!lI-1L\HeHTOe <l>pe HeJlSl. 

ib: 'ii -----1j- ~1 tV, ~ ~ H--~n I-I--iiin.l 
TO _ 1 I, n·' . . rl n --H I IR
 
~ lV\JV\J i
1- I I I I I II II II I 
'¥O~ ...... .L .. 

II I I I I 
t- l - -l ! n·' n n.' 

nOTe~an peanbHOA cnOHCTOH Cp€pPl KoaetJ.xwx pa3MepOB HB
nReTCH He COBCe~! nepHO~1:{flhlM. nOCKOJ1hXY S6JlHSH nOBepx
BOCT» HMeeTCH AOnOnnHTerrbHaH qaCTb, YKasaHHBR sAeeh WTPR
XOBKOR, oAMaKO, nonhsYRch TeM IKe peKyppeHTHhlM MeTOAoM, 
ee HeTPYAHo npHHRTh BO BIiHMBHHe B OJCO}fqaTe.TlbHblX ¢lopt-IY
n ax. 3AeCh f - pasMep oASoro nepHo.u.a, a (- oeCKOHe1l1JO 
Y SKH e ~enB MeJl(,lU' nepHOAaMlI , I'Ae nOTeHIJ,Han paneR uy.mo;'0 H~o 0 60SlfBtJ.alOT BOnJihl, naA~e ua npaBYIO R neBYlO cTeHKY 
c TeRXY n- H ~enH CO OTBeTCTBeHHO. 

6nOXOBCKOE BOnHOBOE 4~CnO 

BbtBeAe M Tene ph /4/. bnOXOBCKaR 80nHa, B036YlKAeHHaR naAaKlUleH 
CIle Ba BODHO~ w~ : 1. B n-M 6eCKOHe4HO y3Ko~ menH npeACTaanHETCR 
CYMMO~ '" I W .npH4eM, nOCKonbKY aonHa BHYTPH nOTeHL\Hana 8 AaHHOM 

n n 

" 

... ... 

CIlY4ae pacnpOC Tpa HReTCfI TOllbKO Hanpa BO, TO ;t = exp (igfn)';o' Ta KI'I M 
.... if- --to n 


OOpa30M, '" + '" = (1+ R )w =( l+R )exp ( igeri). COCT aBI1 M,
n .... n .. 00 OQ 

OAHaKO, AJ'lH "ri H "'0 c n eAY KlUIYIO 04eBI1AHY~ CI1CTeMY ypaBHeHl111 : .. ... .... 
"'n = t l/'n_ l + rWD / 10/• 

o = t~ +r;t / 11 /
n n +1 0 

"'n ± 1 Ha exp ( ± i qf) ifo 
o 

• n onY411M CI1CTe MY3 a Me HHB 

:to = t exp (- iqf);o + r~o • / 12 

~ = t exp ( iqr) ~ + rJ . / 13/000 

y c no811e p a ape lU I1MOCTH KOT OPOv 

1 - t exp ( - i qf) = r ( 1 - t exp (\ qf))- 1 r , /14/ 

111111, B CKa n fl p HOM cnY4 a e , 

exp (2i qf) + exp ( i qf )(,2 - t 2 - 1) / t + 1 = 0 . / 15/ 

3 TO ypa BHeH l1e I1MeeT Ta Ko~ IKe BHA. 4 TO 11 /8/, To nbKO r 11 t cne
AyeT n OMe HHTb Me CTa MH, n 0 3 TOMY e r o peweHHe MomeT 6~Tb n p e ACTa B
n e HO 8 BI1 Ae /4/, rAe 3Ha KI1 nJPeA KOP Hfl MI1 Bbl611 p alOTcR TaKIofM OOpa
3 0 M, 4 T0 6bl n p '" r - 0 '" t -, e l a BTOMa TI14eCKH c n eAOBano 6~ q .. lt. 

AMnnHTYAA OTPA~EHHO~ ~ npOWEAWEA BOnH B CnY4AE 
nEPHOAI-14 ECKoro nOTEHLIMIlA C KOH E411b1M 4l-1 CnOM nEPHOAOB N 

3aMeTI1M, 4TO N n epl10AOB B n OJly6ecKoHe4HOM n epl10 AI14eCKOM 
nOTeH411ane MOIKHO paCCMaTpl1BaTb KaK OAI1H 6011bWO~ nepHOA, n0 3TOMY 
ypaBHeHIofR /8/ H /15/ MO~HO 3an",caTb B CJleAYKlUIeM BI1Ae: 

R:O+Roo(T:-R~ - l)/RN+ 1 = 0. /16/ 

[exp OgfN)12 + exp (igfN)(R~ - T; -1)I TN + 1 = O. /17/ 

ECIl'" pa3peWl1Tb 3TI1 ypaBHeHI1H OT HOCI1TeIlb HO RN 11 TN, TO nplofAeM 
K ¢oPMYIlaM /2/ 11 /3/. 

CneAY~I1~ war CO CTOI1T B TOM, 4 To6b1 000 6ml1Tb nonY4eHHbte ypaa
HeHI1f1 Ha HeC KaIl~pHbl~ CIlY4aH, Kor Aa aMnnI1TYA~ r 11 t RBnRIOTcR 
MaTp11 4 a MIof . B03Mo~eH 1'1 APyro~ Bapl1aHT, a I1Me HHO: BOITH3 Onl1CblBa eT 
CKanRp HYIO 4aCT~L\Y, HO nOTeHL\", a n n peACTa 8JlfleT c OOoH Ha60p nllOC
KOCTe H, B Ka Il(AO~ 113 KOTOpbtX 803MO~Ha A"'¢paK4Ioffl. B 3TOM cnY4ae 
r '" t o nRT b npeACTa BIlfl lOTCR He 4 "'CnaMI1 , a Ma Tp114aMI1 . Yp aBHe HI1R 
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/7/ H /14/ 3anHcaH~ B TaKOM BHAe, KOTOp~~ cnpaBeAnHB ~ An~ MaT
PH4. OAHaKo peweHHe HX npeAOCTaBn~eTC~ 4HTaTen~ , nOCKonbKY aB
TOPY Ha~TH KpaCHBoe, T.e. npOCToe peweHHe nOKa He YAa noCb. 

nPHMEP 

nOCKonbKY , nO-BHAHMOMY, He HMeeT CMblcna BblnHCblBaTb XOPOWO 
H3BeCTH~e ~opMyn~, TO M~ TonbKO YKameM Ha npHMep nOTeH4Hana 
KpOHHHra-neHHH , OAHH nepHOA KOToporo MomeT 6~Tb npeACTaBneH 
B cneAy~eM BHAe 

v = (j ( 0 < x < e) AD (x - f / 2 ) • /18/ 

rAe 8(x)- 8 - $YHK4H~ AHpaKa, a (j - ~YHK4H~ paBHa eAHHH4e An~ 


Tex x. KOTop~e YAOBneTBop~~T YKa3aHHOMY B ee aprYMeHTe ycnoBH~ 


H Hyn~ - B npOTHBHOM cnY4ae. AMnnHTYAbl OTpameHH~ r H npOXO~AeHH~ 


t OAHoro nepHOAa paBH~ 


r = _ e i kP I\. / ( I\. - 2ik) ; t = - e IkP 2i k I ( I\. - 2ik ) • /19/ 

nOACTaBHB /19/ B /1/-/4/, nonY4HM Bce pe3ynbTaTbl, BCTpe4aO~Hec~ 
B AHHaMH4ecKoH TeopHH 6p3rroBcKo~ AH$paK~HH. 
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HrHaTOBH'I B.K. 
PeKYPPeHTHYe cooTHomeHKR 
H o~HoNepHWA nepHQAH'lecKHA nOTeH~an 

P4-85-123 

UOKasaHO , KaK C nONO.b~ peKyppeHTHYX cooTHomeHKA HaATH 
aNnnHTY~ OTpa.eHHR H npOXO~eHHft Anft OAHOMepHoro nepHOAYQe
CKoro nOTeH~ana C npOHSBDnbHWN 'IHCRON nepHO~OB. ecnH HS
BeCTKW aHnnuTy~ OTpa.eHHft H npOXo~eHHR OAHoro OTAenbHO 3ft
Toro nePHOAa . 
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