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qaCTli'illoiH aaanns COOTHOW9HHSI KOHCT8HT Bp9M911H B RC -H npHBO-. 

C• I · /1/ u ' • /2~3/ 
un:MbiX .K HHM RL . -ljlopMuposaTenSix MO)I{ffO aanTn n nuTepaType · • 

IlonHhifi aaanus scex npaKTH'leCKH BCTpe'laJOIIIHXCSI RC -ljlopMuposaTenell: 

OTCyTCTByeT. 

B ·uacToSimeti paooTe npeJlcTannellbi pesynhTaTbi aaanusa ljlopMnpoa·a

Teneti C OJlHO-1 JlBYX-H TpexKpaTHbiM JlHijlljlepe.auuposaHHSM c 'IHCnoM HHT!3-: •.. 

rpupyromnx ueneti oT OJlHoll: JlO wecTu. OnpeJlenea6 cooTuoweaue wyM/curaan 

/4/ .. paC'l9THOe paspeWSIOIII99 speMSI H BpeMSI BOCCTaHOBneHHSI B 38BHCHMOCTH 

OT COOTHOW9HHSI KOHCT8HT JlHijlljlepeuunpoBaHHSI H KOIICTSHT HHTerpu

poBaHHSI • OnpeJleneuo snHSIHHe ljlpoaTa sxoJlaoro HMnynhca na aM

nnHTYJlY BbiXOJlHoro HMnynbca B saBHCifMOCTH oT KpaTHOCTH JlHijlljlepen

UHposaHH.II H HHTerpnposaHHSI. naHbl 38BHCHMOCTH KOIICTaliT !jlopMuponaHHSI, 

8MnnHTYJlbl BbiXOJlHOrO HMnynbca H ITOn0)1{9HHSI MaKCHMyMa OT COOTHOW9HHSI 

·, ' K~HCTSHT. JlH!JlljlepeHUHpOBSHHSI. 

·. IlapaMeTpbi BbiXOJlHoro. HMnynbca ljlopMnposaTenSI 

'I 

nnSI onpe]leneHHSI' BpeMeHH JlOCTH)I{9HHSI M8KCHMyMa1 paC'l9THOrO paape

W8101II9rO speMeHn n speMe.aJi soccTaaosneanSI nocne aMnnuTyJlliOH neperpys-

. KH nony'leHbi ljlopMynbi JlnSI BbiXOJlHQro HanpSI)I{9HHSI npu KpaTHOCTH JlHijlljlepeH

UHPOBaHHSI 1,2 n. 3, n KpaTHOCTH .HHTerpuponaHHSI 1-6. CooTuoweime KOIICT~HT 

JlHijlljlepeHuHpOBSHHSI H KOHCTBHT HHTerpupOBSIIH.II H3M9HSI9TCSI B npe]lenax 

0,·1 ... 10. BbiXOJlH.Oe Ha~pSI)I{9HHe npu ITOJlatie Ha BXOJl 9JlHUH'IHOro CK8'IK8 

li8ITp.11)1{9HH.II HM99T BHJl: 
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a) npH m = 

( -1) n t t n -1 

U (t) = [ e--rg -e-fr :£ 
1 ( f :... 1 )" g b = 0 

(-.J)b f :-1' :b t b 
(-)' (.-) l 

f b! Tg 

6) npH m = 2 

n+1 ' t b 
t ~"'Tf'i'".:..

1 
( -1) f -14 t b ( -1) 

·u (t)= n+11 2 
( f -1) 

[ 1 + 1(n-1)+(f -1)-]-e :£ --(-)(-) x 
Tg b=O b! f:' Tg . 

e-"'f'i 

x[1-+.f (n-1-b)]} 

. B) npn m = 3 

n+2 t 
( -1) --r-(n-1)! 2 . · · t 1 2 t 2 

U
3
(t)= 

2
1 e ll [1+/(n-1)2-0

1
-·-f +(f -1)(2+1 (n-2))-+-(f-1)(-) ] 

( f -1) n+ 2 T 2 T · !l g 

__ t _ ( n -1)! 2 
( n -:2)! 2 t 

-e lrg .[1+_2(n-1)f +01 -r-f -02 (1'+2(n-2) f + 03 2 f ) -r-.+ g 

01 
1 n;? 3 

0 n < 3 

+-1-f-1 t 3 
( n -1)! ( -f--r -) ] l 

02 
1 n ·~ 2 

0 n< 2 

!l 

1 
0 3 = 0 

n~4 

n < .4 

I'Ae m-KpaTHOCTb AH!IJI!JepeHUHpOBSHHSI1 n -KpaTHOCTb HHTei'pHpOB8HHSI1 

T g -:, KOHCTaHThl AH!IJI!JepeHUiipyrorueil: uenu, f -COOTHOIUeHHe MelliAY KOH-

CTallTSMH HHTei'pUpOB8HHSI If AH!IJI!JepeHUUpOBSHHSI. 

no 9THM I!JopMynaM paCC'IHTbiBanHCb napaMeTpbl I!JopMHpOBaTenSI,. 3aBU-.. 

CIIMOCTilf BpeMeHH AOCTHllieHHSI MSKCHMyMa If BenH'IHHhl MSKCHMyMa OT napa-
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MeTpOB m _, n 11 f npe, 

BpeMSI AOCTHllieHHSI Ma 

nnHTyAa · HMnynbca 6hrc 

· .llnSI: nony<JeHHSI C 

cpeAHeKBSApaTH'IHOI'O 

KOHCTSHT HMeeT BHA: 

00 

J (-- 0 1 ; 

. T . 
g opt v oo,.(c.J2. 

f-.. -
0 ( 1 + (j 

.llnSI' MHHHMyMa cpeAHe 

·u 2 
min 

- _1 y·J 
TT 

.ll~HHhte pac<JeTa npet: 

Hhle KOHCTSHThl I!JopMH] 

lf·KpaTHOCTH lfllTei'pHpc 

AR!IJI!JepeHUiipOBSHHSI m , 

BoccTaHoBneHRSI (pac. 

IISKOBhiX KOIICTSHTaX A 

IUeHHSI wy~/CHI'Han (pJ 

m =.2 If 3 B.9TOil: TC 

Hlf9M KOnH<JeCTBa HHTe 

. BhiiUaeT 5% ilpli H3MeH• 

BpeMSI yxyiunaeTCSI · 6o11 

f = 1 AnSI _Bcex npHt. 
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i' 

I 

. b 
,;_1(-1) f -1h t b 
~ --(-){--·)X 
=0 bJ f,. Tg -~ 

-b)] l 

.. . t 1 2 t 2 ] 
.[ (ri-2))-+-(f -1J(-) 

· Tg 2 Tg 

( n~2)! 2 t 
,. e3 l X-r-+ 

2' g 

;, . 

n~4 

n <.4 

Tb HHTerpnpoBaHHH, 

THOllleHHe MellillY KOH-

P()PMHpoaaTen.s~. · 3aan

MaKCHMyMa oT napa-

-·· 

MeTpOB m ·' n R f npe]lCTaBneHbi Ha puc •. 1 ,2,3. 113 pncyHKOB BHJlH01 'ITO 

BpeM.si JlOCTHlliSHH.sl MaKCHMyMa yaenR'IHBaeTC.sl C yaenU'ISIIHeM f H n 1 a aM

nnifTyJla nMnynbca 6biCTpo yMeHhlllaeTc.s~. ·. 

· nng, nony'leHHH OllTHManbHbiX KOHCTaHT ljlop~HpOBaHH.sl HaXOJlHM MHliHMYM 

cpenHeKaanpaTH'IHoro lllyMa (npnnomeane l). Bbipamenne nn.s~ onTHManbllbiX 

KOliCTaHT HMeeT BUll! 

00 w2 T 2 m dw 
f (--s ) 
o 1 + w2. T 2 (1 + [2 w 2 T 2 )n 

g li 
A 1m .A 

T v './:'T=v-1-Vn-·· g opt 
~--( w2 T 2.) m-1 

d w . m-1 g 
f + w_2 T 2) m 12 w 2 T 2)n 0 (i (1 + g u 

, nng. MHHHMyMa Cp8JlH8KB8JlpaTH'IHOI'O Hanp.slllieHH.sl lllyMa nony'laeM: 

·u 2 . 
mm 

_1 V 1 "] V AB. 
TT m• · m-1 

naHHbie pac'leTa npeJlCTaBneHbl rpaljJH'ISCKH Ha PHCYHKax 4 .. s. OnTnManh

Hble KOHCTaHTbl ljlopMHpOB8HH.sl lpHC. 4) YM8Hblll8IOTC.sl C yBenH'ISHHSM f 

H··KpaTliOCTH HHTerpHpOB8HH.sl n , H yaenR'IRB8IOTC.sl C yaenU'ISHHeM KpaTHOCTH 

JlHljlljlepeaunpoaaHH.si m • Pac'leTHoe paspelllaromee apeMH (puc. 5,6) H apeM.si 

ao6cTaHOBneHH.sl (puc. 7,8) HMeiOT MHHHMYMbl B o6naCTH f =1, T.e. npH O;H-. 

.· HaKOBbiX KOHCTSHTaX llH4J¢JepeHilHpOBBHHSI H HHTei'pHpOBSHHst. MHHHMYM COOTilo-

llleHR.si wyM/cnraan (puc. 9) aaxonHTC.si B l = 1 TOnhKO npn m = 1. ITpn 

m =· 2 H 3 B 'aTOM TO'IKe· HMeeTC.sl M8KCHMyM, KOTOpblil: pacTeT C yaenn•1e-. 

HHSM KOnH'IeCTBa HHTerpHpyiOIUHX ueneil:. ITOCKOnbKO 9TO yny'IWSHRe He npe

BbiWaeT 5% npn R3MeHeHnH l a npeJlEmax ±. 50%, a pac'leTHoe paspewaromee 

.. apeM.s~ yxynwaeTc.s~· 6onhwe 'ISM Ha ~0%·, o'leannao itenecoo6pasao Bhi6paTb 

l = 1 Jln.si .acex npnMeH.sieMhiX saa'leHnii: m n n • 
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HMnynbcbl c BhiXOlla ycH1IHTemt noltaiOTCSI Ha BhiXOll npeot5paaoaareM 
. . ' . 

aMnnHTylla-apeMSI, xax npaeHno, <tepea nepexollHYto ;~ -uenb. KoacTaHTa 

_apeMeHH STOit nepeXOllHOH UefiH HaMHOI"O 001Ibi1Ie npetlhillYIIIHX H1IH COH3MepH

Ma C HHM. Bo BTOpOM cnyqae nonyqaeTCSI OHfi01IStpHbiH HMfiY1IbC1 !flopMa KOTO

pOI"O 38BHCHT OT OTHOIIIGHHSI KOHCT8HTbl llH~!flepeHUHpoaaHHSI BTOpOH UefiH 

K ae1IH .. IHH9 KOHCTaHTbl !flopMHpOB8HHSI OCT81IbHbiX ueneit ( • 

BbiXOllHOe aanpSI:lKeHHe nocne BTopoit llH!lKIJep_eHUHPYIOIIIeit uenH HMeeT 

t n . n '-1-
-~ 1 (1-f) t . n . 1 t b 1-I b 

e· !!>[-Tii+T"".(-J + I -(-) (-
1
-J l I, 

nl ; r !fl b =0 b! r!fl 

f 
TKOll 

I"lle = -.. -.--. BpeMSI llOCTH:lKeHHSI MaKCHMyMa a aaaHCHMOCTH oT f noKaaa-
r!flopM 

ao aa pHc.·:ll. Ha pHc. 10 noxaaaaa aaaHCHMOCTb t (t/r) oT I • 0'leBHllHO, 
-p . . 

npH 0,3 < f < 1 HMeeT MeCTo yxyltllieHHe napaMeTpoa !flopMHpoaaTenst. Bhi-

I"OllHO BblopaTb 1IHOO. f = 1, 1IH6o f ·>-> 1. BTopoit cnyqait 9KBHB81I9HT9H 

cnyqaiO OllHOKpaTHOI"O llH!fl!flepeHUHpOBaHHSlo 

TioCK01IbKY B HeKOTOpbiX C1IY'l8SIX B03MO:lKeH 001IblliOit pa3opoc B 3Ha<te

HHSIX !flpoHTOB BXOllHbiX HMfiY1IbCOB1 HaMH npoaHa1IH3HpOB8HO B1IHSIHHe H3MeHe

·_HHSI !flpOHTa BXOAHOI"O HMfiY1IbCa Ha 8Mfi1IHTYllY BbiXOAHOI"O HMfiy1IbC8o TipH 

8H81IH3e H3MeHeHH9 !flpOHTa BXOllHOI"O HMfiY1IbCa MOA91IHpOBaHO HHTGl"pHpoaa-

HH9M C KOHCTaHTOit apeMeHH T!fl MHHHM81IbH8Sl ae1IH'IHHa KOTOpOH paaHa 

Hymo; D.nst BbiXOAHbiX Hanpst)!{eHHit npH OllHOKpaTHOM H AByKpaTHOM AH!fl!flepeH

UHpoaaHHH nony'laeM: 
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: ~~· ~: · . .' 

< n+1 < e n -_t -_t_ 
:u1 {f) "" ( -1)i ' , ( 1,-f)n+1 [ e , fr ll' -e·, rn 

n 
c -lJ b :!_ (.1..; be ,1-e:,; h. 1 }; 

b=O b / T ll: f 
:, j 

·.,, t < t 

u2 (eJ = (..:..1/+1 
en -rr:::- e If -e 

--.n b 1 t · b 7
n }; ( -1) -r-1( -):X 

b = 0 °~ 7H ( 1 -e)n + 2 

rAe 

( 1.-b ) b 
X ---+ 

e 
n 

( -1) 

(n +'1)!· 
e 

TH (-t-) n.+ 1 

T 
H 

T tP " 
f = _P_ • Do 9THM tPYHKUH51M-BbPIHCnnnn 

Tn -
·u ce J -u co J . 11 u 

u ( 0) 
= -,--(f). 

Uo 

(1-f)n+1 

e n I , 

3TH pe3ynbT8Tbl npencTaBneHhl Ha pHCo 12. nng nony'leHH51 38BHCHMOCTH 
• 11·u ..... ,, ,, 

-·-u.-·-OT n B '6onee Hai'nSinHOM BHne nocTpoeli, I'pa¢1fK npH onn,HaKOBOM 
0 . 

{ 

a6coniOTHOM HaMeHeHHH tflpol!Ta BXOAHOI'O HMnynbca. TaKa.II 3aBUCHM~CTb Mo-

:H<eT < 6biTb nony'leHa, ecna nono:H<HTb 

I 
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< ll 

PesynbTaThi aTHX Bl 

'ITO npH H3MeHeHHH 

¢poaTa ~xonnoro. nM 

neftweM,yBena'leHHH 

Ta HMnynbca 6onbWE 

a) Bbt6op onH 

UHPYIOWHX ueneft ¢o 

npH OAHOKpaTHOM1 1 

6) OrpaHH'IeHJ 

yMeHbWeHHeM atvinm 

wyM/cHI'Han. DpH o 

2 fo 6•KpaTHOe HHTe 

KpaTHOe HHTei'p!ipOE 

HHTei'pHpyiOWHX 3_Be 

B) CooTHOWell 

OTnH'I8TbCSI ·oT enHJ 

¢opMnpoBaTenSI. 

Oony'leHHhie !. 

aeftHhiX cneKTpoMe1 

CpenaeKBanpa 

:I'pHpOBaHH51 H nn¢¢ 



";' 

,_::.1)b_
1
_c.J.Jb( 1-e)b. 1 

bt rn .e .. 

b 1 t . b 
( -1) Tf(-) ·X 

0 . . • TH 

-e)n+l 

e n 

'19~1ISl 38BIICIIMOCTII 

IlK' npii O.lliiJI8KOBOM 

'aKaSI _38BIICIIMOCTb MO-

( 

e ~..j2n. 
T H 

1 

PesynbTaTbi aTIIX Bbi'liiCneHIIii npe.ncTaaneJibi Ha piic. 13. 11s piiCYHKa BII.llHO 1 

'ITO npii II3M9H9HIIII n C. 1 .llO 2 HM99T MeCTO pe3K09 yaenuqeime BniiSlHHSI 

$pORTa BXO.llllOI'O IIMnynhca Ha aMnniiTY.llY BblXO.llHOI'O IIMIIynbca. npii .nanb

Heii:WeM yaenii'l9HHH n STO BniiSlHII9 H93H8'liiTenbHOo npu m = 2 BniiSIHII9 $poR

Ta uMnynhca 6onhwe qeM, npii m = 1. 

BbiBOilbl 

a) Bbi60p OllHHaKOBblX KOHCTaHT apeM9HII IIHTei'piipyiOWIIX II ll1I$$epen

UIIpyiOWHX ueneil: lPOPMIIpOBaTenSI SIBnSleTCSl 6n1I3KHM K onTIIManbHOMY KaK 

npii O.llHOKpaTUOM1 TaK H npn .llByKpaTHOM llii$$epeHUIIpOil8HIIII. 

6) OrpaHII'l9HIIe KOnii'leCTBa HHTerpiipyiOwnx saenbeB onpe.nenSleTCSI IInii 

yMeHbW9HII9M aMiinUTy.llbl BblXO.llHOI'O IIMnynbca IInii YXY.llW91lii9M COOTHOW9HUSl . 

WyM/CHI'Han. npii OllHOKpaTHOM llii<P<PepeHUHpOBaHIIH MO~HO IICnOnbSOBaTb 

2 .. 6-KpaTHOe IIUT9I'piipOBaUII91 npu .llBYKPBTHOM llii$$epeHUJtpOB8HIIU -2 .. 4-

Kp8TH09 IIHT9I'piipOB8HII91 a rlpii Tp9XKp8THOM .llii$!flepeHUIIpOBaHUII KOnii'l9CTBO 

UHTei'piipyiOWIIX 3.B9Hb9B He .ctOn~HO npeBblW8Tb 2. ' 

B) CoOTHOW9HII9 KOHCTaHT .llii$$epeHUIIpOB8HIISI II IIIIT9I'piipOB8HIISI MO~eT 

OTnii'!aTbCSl OT e.ctUHUUbl Ha ±.50% 6es cyrueCTB9HHOI'O yxy.nweHUSl napaMeTpOB 

<PopMupoaaTenn. 

nony'leHHbl9 .ctaHHbl9 MOI'YT 6biTb noneSHblMII npii KOHCTpyiipOB8HIIU nii-

H9ii:HblX cneKTpOMeTpJt'leCKIIX yciinHTeneil: AnSI npeUII3UOHHOii cneKTpOM9TpUIIo 

npuno~eHue 1· 

Cpe.ctH9KBa.ctpaTJt'lH09 HanpSl~9HII9 WyMa npu pa3HbiX KOHCTaHTaX UHTe

. rpupoaaHHSl u .nu<P<PepeHuupoaaHun, ecnu nono~uM czH g = x u ru I r g = f 1 

I l 
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. f 
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6ytleT: 

.~2 = 
A 

w 2 TT T g 

dx 
X 

( 1 + I 2 x2)n 

,00 

f 
0 

.;· 

'2 
x m dx 

(-·---) + 
1 + x2 · ( 1 + I 2 x 2) n 

A 

2TTT 'Jm + 
g 

Brg 

2TT J th-1 

Br 
00 (x2)m-1 

g 

f (1 ~m X 21r 0 + X 

HaxoAHM npouaaotlHyro no T 
g npupaaHSieM ee K aynro H nonyqaeM: 

T 
g opt 

y 1m 
J m-1 

A 
..j~B--.• 

ITony'leHHoe BbipameHHe noAcraanSieM a Ti! 
-2 A J m 1 m-1 
uw = 2; Y,' . J 

A B . 1m . . A 
V11 + 2:rrv-1--1 m-d ~ m m-1 · 

= .!._ yJ I 1 y AB •. 
TT . m m-

D.mi 'IHCi:JeHHOI'O HHT9I'pHpOB8HHSI M9HSI9M I'p8liHilbl1 nonai'aSI X .
2 

= 1/ U -1 , 

TOI'tl8. I'paHHilbl HHTerpiipOB8HHSI H3M9HSIIDTCSI Ha 0 H 11 a HHTerpanbi npHMyT 

BHtl: 

1m 

1 

f. 
( 1 -U ) m -1/2 U n -3/2 

d-u ,. 
0 2 [ u + '[ 2 ( 1 -u ) ] n 

m-3/2 
1 (1-.u) 
f 2 . 
o2[u +I (1-u)]n 

du 

n -1/2 
u 

J m-1 = 

18 
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