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KaK H3BeCTHo, /lml ouel!Kn ncKa)!cel!nll: B o6nacTn ManbiX BpeMel! rrpn 

MOHOTOHHoll: rrepeXO/ll!Oll: xapaKTepncTnKe h { t ) · c nso6palKel!neM 

h {p) {I) 

1'/le m < n /1,2/ 
, WllpOKO IICIIOnh3YIOTCH tjlopMynbi onMopa • 

npn rrpoeKTI!pOB8l!llll WllpOKOIIDnOCl!biX ycnnnTenell: .3ll8'11!Tenhl!bill: IlliTe-

pee rrpe/lcTaBnHeT orrpe/leneHne Bepxl!ell: rpal!l!'ll!Oll: '!BCTDTbi wb 

30B8Hiie tjlopMynbi onMopa llnH BpeMel!l! l!8p8CT8l!IIH tjlpOHT8 t H 

l!Oll: IIpllfinl!lKeHHOll: CBH311 t H W b "' 2,2 llnH ll8XOlK/leHI!H 

• Mcrronb-

H 113BeCT-

llBneKo 11e 

BCe!'/l8 BOSMOlKl!0 0 T.K. onTIIMBnbHBH 8MIIni!Ty)ll!0-'!8CTOTll8H XapaKTepi!CTIIKEl 

.{a.'I.Xo) COOTBeTCTByeT rrepeXO/lHOll: xapaKTepi!CTI!Ke IIHOI'/l8 C BeCbMa 6onbWII-

MII Bbi6pocaMn. HarrpnMep, B rrpoc,Tell:weM cny'lae ycnnnTenhHoro KBCKa/la c 

· rrapannen.bHOll: IIH/lYKTIIBHOll: KOppeKUI!ell:/3/ OnTI!ManhH8H a.'I.Xo rronyqaeTCH . 

npl! 3H8'!eHI!II KOStPtPIIUIIeHTa KOppeKUIIII m 0,41 , B TO BpeMH KBK onTI!-

MBnbHBR nepexo11Han xapaKTepncTI!Ka - npn m =0,25. B rrepexo/ll!Oll: xa

paKTepncTnKe, COOTBeTCTBYIOWell: m =0,41, I!MeeTCH Bbi6poc, 1!
1 

cne/lOBaTenbHO, 

orrpe/lenemie BpeMelm HapacTaHI!H tjlpol!Ta no tjlopMyne 8nMopa He rrpe/lcTaBnH

eTCH B03MOlKHbiMo ¥fMeHHO IIOSTOMY OUeHK8 Bepxl!ell: rpaHI!'IHOll: '!8CTOTbl He-

nocpe/lCTBeHI!O no KoatjltjlnuneHTaM BbipalKeHnH { 1) ( 6es · rrpe/lBapnTenhHoro 

· nocTpoel!IIH a.'l.x. nnn pewel!nH anre6panqecKnx ypaBHel!nll: Bhicwnx rropH/lKOB) 

sacnylKnBaeT cneunanhl!oro paccMoTpeHnHx( 

x/ . . 
npaB/la, KBK STO 6y11eT nOK838l!O. HHlKe, rno6anbHbie OUel!KH W b 

npi!BO/lHT K · 6onee l'pOM03/lKHM BbipalKeHHHM0 B KOTOpb!X IIpiiCYTCTBYIOT Koatjl

tPIIUHeHThl He TOnbKO npn rrepBoll: II BTOpoll: CTerreHHX orrepaTopa p 
1 

KBK 
B tjlopMynaX onMopa, HO li KOStPtPIIUiiel!Tbl. rrp!i BbiCW!iX CTerreHHX p 
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PacCMOTpHM MOHOTOHHYIO a,'I,X, h (w) , Tor}la ljlyHKUHS!a(w)=l-h
2

(w), 

xapaKTepH3y!Olll8SI OTKllOHeHHe JlBHHOH a,'I,X, ·oT H}leanhHOH a,'I,Xoo paBHOit 

( HB BCeX 'I8CTOT8.X W ) e}lHHHUe, S!BllSieTCSI MOHOTOHHO B03p8CT810IUefi, IIpH-

'IeM
1 

K8K cne}lyeT 1!3 ( 1) 1 a ( 0) = 0 II a(oo) = 1,C'IHT~SI a (w) ljlyHKUH-

eii pacrrpeAeneHUSI cny'Iaiiaoii aenH'IHHhi w 1 HBXOJlHM MaTeMBTI!'IeCKOe 

OlKHJl8HI!e 

M [w ] = J w a.' (w) dw 
0 

; 

( 2) 

l1HTerpan , ( 2) acer}la ( T.e. npH nro6hiX : rn < n ) CXOJlHTCSI 1 npi!'I~M, 
. . . .. 2 

I!HTerpnpyg no 'IBCTSIM, nerKo nony'II!Tb · M [w 1 = J h (w) dw 

0AHaio rrocneAHI!ii I!HTerpan MO>KHO Bbip~3l!Tb 'Iepea H:oa<pqll!unei!Tbl ( 1). 

B caMCM }lene, cornacao14-61, 

]\2 (w) dw 
0 

j[ h ' ( t) '] 
2 

d t 
0 

( 3) = Tt 

:113 pa6oT/5'-7/ cneAyeT, 'ITO ~ii:Terpan npaaoll qacTll paseacTBa (3) 

acerAa Mo>Kilo Bbi'Ilicnl!Tb Ge3 'liaxo>KJleHI!SI ljlyHKUllll h ( t ) II 'ITO OH npell-

cTaBnSieT co6oft MHOI'~'IneH inoporo nopHAKa OTHocnTenhiiO aaqanhHbiX ycnoanii' 

lll!ljlljlepeaul!aiihHOro. ypaaaeHl!H. )]ng orrpeAenean~ h( t ) ·, npli'I~M K:oa<pq;l!un-

eHTbi 9TOI'O MHOI'oimeHa S!BllHIOTCH paUI!OH8llhHbiMI! ljlyHKUl!Hi1H ~T Koaljlljll!~l!eH-
TOB hI (rAe i,; 1,2 , .. : n ) ypaBHeHl!H. B 9TI!X >Ke . pa6oTaX yKa3aHa n npo.:. 

ueAypa TaKoro Bhi'II!CneHI!H~ Hn>Ke oHa rrponnnrocTpnpoaaaa na pHJle rrpm:lepon,' 

,llnljlljl.epeHUI!8llbHO~ ypaB!leHne JlllH HBXO>KJleHIIH . h ( t ) 0 COOTBeTCTBYIO-

IUee l!~o6pa.>KeHl!IO BI!Jla ( 1), l!Me.eT c~eJlyiOuinii Bl!ll/5, 6,8/: 

b 
n 

dnh(t) dn--lh(t). dh(t) · 
q,_, ,+ ... +ht-.·--+h(t) 

.dt n- dt. 
1 (4) - + 

d l n 

rrpn a a 'IanhHhiX ycnoBl!HX h (0) , . h'(O) hn-! ,(0) 
0 KOTOpbie nerK() . 

onpe}lellHIOTCSI 1!3 CI!CTeMbl lli!Hefi:HbiX ypaBHeHIIH: 
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a bl . ' b2 ' ...... , b 'b h (0) I n-1 n 

a2 b2 , ba hn 0 h '(0) 

.. 
a b 

' b m+l' • • bn ,:0,. •• 0 h,,;_HI) m m 

a b 
m+f 

b m'+2 '•. • b ,0, 0; • . . 0 h'm'o) · 

) 
n 

; 

(n-1) 
an li 

' 
0 

' 
.... 0 h (0) ( 5) n 

npH'IilM, KBK BHAI!O 113 (1), am+l = ••• =an= 0 

· B Ka'leCTBe ouei!KH · Ansr aepXHell rpai!H'IHoll qacTOThl 

. ·a,.J,x, l!cnonbayeM Bh!pa)KeHne 

MOHOTOHHOll 

( 6) 
rAe .\ - l!opMnpyroumll MI!O)KHTenb, Benn'IHHa KoToporo, KaK 6yw~T noKaaa · 

1!0 I!H)Ke0 Bb!6HpaeTCSI HCXOASI H3 Tpe6oBai!HSI liOny'leHHSI 3HB'IeHHll rub 

6nH3KHX. K 31!8'1ei!HSIM W b 0 KOTOphie onpeAenSIIOTCsr/3 / no ypoBHIO lh/2 
0 

T,e, na anre6pal!'lecKoro ypaaaeansr 2 n -oll-cTeneanx/ 

'h 2 (ru) =1/2. (7) 

· xl . · · 2 
0'1eBHAH0 0 'ITO llpll AOCTBTO'IHO Bb!COKHX CTeneHSIX R HBXO)!(Aei!He 

·rub liS ypaBI!,!J~HSI ( 7) . sransreTcsr aenerKoll aaAa'lell, '!acTo paapewnMoll 
nl!Wb 'IHCneHHhlMH M9TOA8MH, 
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npiiMepbl 

1) ·ciicTeMa nepaoro.nopnnKa HMeeT H3o6pa*eHIIe nepexdnaofi xapaKTe-

piiCTl!KH h ( p ) 
1 

1 
KOTOpOMY .COOTBeTCTByeT nwp<flepeHUII8/JhHOe 

1 + p T 

ypaaueniie dh(t) +h(t) = 1 
dt 

, npli'IeM h (0} =0. 

no 

T.e. 

dh(t) 
YMHo*aR sTo ypaaueaiie ua _d_t_ 

, no;Jy'laeM r J +h,t) loo =h(t) ·1 
2 0 

T j + 1/2 = 1 t T,K, h ( oo) = 1 

II IIHTerpiipyR no t~.. OT 0 

00 j 

; rJle J,;, J [h '(t)J:O t, 
0 0 

• Cornacao ( 6) HMeeM w . . b 

= A 1T J =A 1T 12 T • 113 ypaBHeHIIR ( 7) onpe)lenneM w b = 1 I T •. no-, 

Tpe6oBaB W =W 
b b 

x/ 
rrony'laeM A_ 2ltr 

2) CIIcTeMa BToporo rropnnKa IIMeeT H3o6pa*eHIIe nepexonaofi xapaK-. 

h() 
1+a1P C · .t-.1: · .. 

TepHCTllKII BIIA8 P = -.,z- • OOTBeTCTBYJO:Jlee AII'!''!'epeH-
1+blp +b2p 

UIIarrhHOe ypaaaeune b2 b"(t) +.b 1 h '(t)+h(t) = 1 , npii'leM cornacao (5) 

h (0} = 0 h '(0) = a 1 I b 2 • KaK II BbJIIJe, nony'laeM J =(af+b:)l2b1b 2 , 

T,e, Wb =(a~ +b 2 ) _I b 1 b 2 • npn HBXO*AeHIIH J ·6bmo y'!Teao, 'ITO. 

... 'h ' ( 00 ) = h " ( 00 ') ·= . • • = 0 

Ha p1Ic. 1 noKa3aHhi 3aBHCHMOCTH wb II , c;;b OT bl , npii b 2 = 1 

xx/ 2 2 
II pa3/JH'lHblX a I Jl/IR o6naCTH MOHOTOHHOCTH a,'l,X., T,e, a I ~ b I - 2 • 

113 9TIIX 'rpa<fJIIKOB crrenyeT, 'lTO·B6/JH31I rpaHIIUbi·MOHOTOHHOCTH a.'l.X,, -rne 

a 2 = b2 -2 { aa pnc. 1 - KpiiBaR o = 0 ) , rno6anhHbie oueHKH w b 
I I 

C AOCT8TO'lHOH TO'lHOCTb!O COOTBeTCTBY!OT Wb ; A/JR He60IIbWHX 3H8'leHIIH 

a I 9TO COBnaneHIIe HMeeT MeCTO H npH yBe/JII'leHHH bl • OnaaKo npii 

xl 11 B Jl8/lbHeilweM 6yneM C'liiT8Tb ·X = 2 I 1T • XOTR, CTporo roBopR, KaK. 

II B <flopMyne 3/JMOpa, 9TOT Kos<fJ<fJIIUHeHT 38BIICHT OT IIOpRAKa . CHCTeMbi,· 

xx/ 

b (p) 

3aMeTIIM, 'ITO, nonaran b 
2 

= 1 , rrepexo·AIIM K II3o6pameHII!O 

1 '+ a 1 P 
0 HOpM1IpOB8HHOMY no 'l8CTOTe. 

1 + b p + P 2 

I 
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B03paCT8HHH a 1 pacTeT n OTKnonenne, naBaeMoe oueHKofi wb no 

cpaBH9HHIO C <il b • 0TM9THM1 qTo HM99T M9CTO nono6Hoe ~e B03p8CT8HHe 

OTKnoHeHHH BpeMeHn HapacTaHHH' cppon~a,· onpenemieMoro no cpopMyne_ 8nMopa, 

no 'cpaBH9HHIO CO BpeMeH~M- H8paCT8H~SI cppOHTa, ,onpenemieMb!M HO ypOBHHM 

0,1 II: 0,9 OT YCT8HOBHBW9rOCSI 3HaqeHHH h ( t) • 

3)' Cn~TeMa TpeTbero. _nopHnKa .. HMeeT" nso6pa~enne riepexonnofi xapaKTe-

pii:CTHKH h(p) 
l+bt P + b2 p2+ ba Pa 

, T.e. COOTB9TCTBytoiUee nncpcpepeH-

_unanbHoe ypaBH9HH9 HM99T BHn b 3 b "'(t)+b2 h "( t)+b 1h '(t)+ h(t) ~ 1 1 npn-

YMHo~aH ypaBHeii~e na h ' ( t ) n HHTerpnpyH no oT. 0 no 

' ' 

b8jh"'h'dt+b2 Jh"h'dt.+bJ[b'(t)l
2
dt+jhh'dt =ih' dt 

0 0 0 0 0 

T.e. 

(h ') 2 "" h 2 "" "" 2 
bfh"'h'dt+b 2--l 0

+b1J+-I =hi .rneJ=J[h'(t)] dt 
80 2 ' 2 0 0 0 

2 
a 

n b J h '"h'dt- b2--
2
-+ ocnenaee ypaBH9HH9 npHBOnHTCSI K Bnny 3 ~ 

0 ' . 2b2 
. 1 , oo -- oo oo 2 a a 1 hra2 b2 ()() a 2 
+b J __ ,;o, npnqeM fh"'h'dt= h'h"l - f [h "(t)] dt = --2 .-.J[h"(t)] dt. 

I 2 0 0 0 b 
3 

b; 0 " 

llnH BbiqncneHHH HHTerpflna 
~ ' .. 

ypaBHenne Ha h/.: ( t ) 

"" • 2 
J [ h "(t)] dt yMHo~nM nncpcpepenunanbHOe 
0 

n BHOBb nponHTerpnpyeM no OT 0 . no oo 

' 
00 . • 00 . 2 00 .' 00 00 -

b J h "'h, dt + b J [ h "(t)] dt + b J h 'h , dt + J h h "dt = J h " dt 
So 2 o 1 o . o o 

r.e: 
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! 
I 
l 

( h ") 2 00 . . 00 . : ( h ') 2 00 ' 00 

h 3 --l +h 2 f[h"(t)] dt+b 1--l +hh'l -J =h' I 
.. 2 0 0 . 2 0. 0 0 

HTaK, b2 nh '~(t)] 2 dt = J + 
0 ·.. . .. 

a2 b 
2 1 

""""2"b2 + 
. ( a.1 b ~ ..., a~ b 2 )2 .. · a 2 

2b8 b3 
Cnei:ioaa-

3 

TeJibllO, HCKOMb!li HHTerp[m J on~eAeJIHTCH 113 ypaBHeHHH 

. -.;. 

. 1 
b J -1. 

a 2 b 
-2..2 a2(al bs-'-a2b~) -·~ [J 

---b2 . ,b2 
; a~ b 1 + ---+ 

2b 2 2b 2 2 
8 3 3 

2 
(a 1 b 3 - a2 b 2 ) a2 

+ - -] =. 0 
2b

2 b3 
3 

T.e. 

J = [a ~ b 1 + ( a ~ -2 a 
2 

+ b 
2 

) b 
3 

] / 2 b 
3 

( b 1 b 2 - b 
3 

TaKIIM o6paaoM, (t)b = [a 2 b +( a 2 -2a +b2)b] /(b b .:_b )b. npll 
21 12 3 1233 

a 2 =0 nonyqaeM wb =(a~+b 2 )/(b 1 b2 - b
8

) ;· npn. a 
1 

= a 
2 

= 0 

nonyqaeM wb = b 2 / ( 'b1 b 2 - b 8 ) • Ha p11c. 2 noKaaaHbi. aaBIICIIMOCTII 

(t)b II (t)b OT b~ AJIH b 3 = 1 1 a 1 = a 2 = 0 II pHAS 

311S'IeHIIil b I Kpi!Bb!e lJ = 0 COOTBeTCTBYIOT rpSHIIUe MOHOTOllllb!X 

a.q.x. 

4) AHanori!'IHSH ME:)TOAHKa npiiMeHIIMa np11 n.106oM nopHAKe n , npnao-

AH K CIICTeMe JIIIHeilHb!X anre6pal!'leCKIIX ypaBHeHIIil OTHOCI!TeJibllO 

Jl 
oo 2 oo 2 oo (n- I) . 2 =I [h '(t)] dt, J2 = f[h "(t)] dt •••• , J I =f[h (t)] dt 
0 0 · n- .0 
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B 'IBCTHOM cnyqae, Kor.tta Bee Ha'lanbHbie ycnoBIHI nyneBbie, T.e. 

Tene nao6paJKeHim ( 1) paBeH e.ttnnnne. B aToM cny'lae rno6anbHbie oneHKII 

C<lb .t1810T HBIInyqwee COBII8.t18HII8 C 1 onpe.ttemieMb!M no ypOBHIO 

1/{2. 

HeTpy.ttHo. nony'IIITh · cne.ttyrowyro cncTe'My· mmell:HhiX anre6panqecimx 

ypaBH8HIIH· .ttnll .HaxolK.tteHIIll J 1 • J2 • ; · • · • Jn-1 : 

bl -ba b5 . 0 J I 1 . .. 2 

-1 . b -b ... 0 J2 0 
2 4 

0 -bl b a • •• 0 Ja 0 {8) 

.. 

0 -b ' ; 
n-3 . b /· \J n-1/ n-1 

. T.e. BJ = Q 

MaTpiiii8 Koa¢¢IIIIII8HTOB COBI!8.ti88T C M8Tpii1!8H rypBIII!8/6/ II l!Bnl!eT-

Cll H8BblpOlK.t18H!IOH1 ecnii CIICTeMa YC'fOH'IIIBa1 T.e. J = B-l Q . o Cne.ttoBa-

"" 2 !! .TenbliO, J 
1 

= J [h '{t)] ilt=--11 
, rue !! 11 - anre6panqecKoe uonon!Ie!Ine 

' ' 0 •;' ":' '' 2!1 .. 
aneMeHTa M8Tpiii!bl B , CTOl!IUero Ha nepeceqennn nepBoll: 

cTpoKn n nepBoro cTon6na, a - ee onpeuenuTenb. 

Tor.tta BepXHllll rpaHII'IHBll qacToTa rub = !111 I !! 

5) Han6onee ·o6mne BbipalKeHIIll .ttnll IIHTerpana ( 3) nenocpe.ttcTBe!I!Io 

qepea Koa¢¢nnneHThi ( 1) nMeroTCll, nanpnMep, B pa6oTax15-71. Cornacno 

8TIIM Bbip8lK8HIISIM 
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I 

I 
I, 

I, 

I 
i 

I 

I 
I i 

I J 

·.! ·I I, 

11 

IJ 

j[h'(t)]
2

dt 
0 

I --(AI ~I +A ~· . Am+l ~ m+1 2~ . 2 2 + ••• + ) 
bn ' 

(1 0) 

rJie ~ - orrpeJiennTenh MaTpnrrhi B , ~ 1 ( i = I,2, ... m + I ) - orrpe-

JiennTenh, rronyqaromnlfcsr na ~ aaMeHOH .( + I ) -ro cTon6na cTon-

6uo.M I , 0 , ••• , 0 ; A1 = I ; A 2= a ~ - 2a 2 ; 
)' 

A 3 =a; -2a 1 a 3 + 2 a 4 

; ... A 1=a2 m+ m 
2 

Ak =a k-1-2ak-2 + ... + 2(-I)k-1 ak a 2k-2 

HTaK, Bb!pa)KeH!Ie JinSI BepxHeif rpaHH'IHOH '18CTOThl MOHOTOHHOH a.'I.Xo 

IIpOII3BOnhHOli: CIICTeMbl :n -ro IIOpsiJIKa IIMeeT Bllll 

Wb = (A I~ I +A2 ~ 2 + "• + Am+1 ~m+1, /b n ) / ~ (ll) 

ITpeJinaraeMnre rno6anhHhre oueaKn Jinsr Bepxaelf rpaHII'IHolf 'laCTOThr, 

II03BOnSIIOII!He oueHHTb STY Benii'IIIHY HeiiocpeJICTBeHHO IIO BllllY rrepeJiaTO'IHOH 

~yHKUHH uerr11 6ea pewea11si anre6pan'leCKHx ypaBHeHIIif Bhrcwnx cTerreaelf, 

MOryT OK838TbCSI rrone3Hh!MH, B '18CTHOCTH0 IIpii·8Hannae II paC'I~Te WllpOKO-

rronoCHhiX nnHeifHhrx yc11n11Tenelf. 

c i 
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