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1. BBe~teHHe 

Bo3pOCWHe Tpe60B8HHSI K TO"'HOCTH H3MepeHHl!:, IIOBbiWeHHlO 3arpy30"'HOl!: 

cnoco6aocTH, 6biCTpoael!:CTBH!O cneKTpoMeTpa Tpe6y!OT TWaTenbaoro aaanH3a 

pa3nH"'Roro poaa norpewaocTel!:, B TOM "'HCne H norpewHOCTH, o6pa3y!OIUel!:

cSI npH KOHe"'HOM BpeMeHH HapaCT8HHSI BXOaHoro CHrHana ( r ) H rrpH HanH

"'HH ero <flnyKTyaUHH ( f'l r ) • 0aHaKO BOrrpOCb! 8HanH38• rrorpeWHOCTH, CBSI-

38HHOfi C nnHTenbHOCTblO ~pORTa H cnaaa BXOaHOrO CHrHana~aeTanbHO B TeX

HH"'eCKOil: nHTepaType He pa3pa6oTaHbi. 

B aaaaol!: pa6oTe (pa3aen III ) anSI cneKTpoMeTpH"'eCKoro TpaKTa c no

nynpoeoaHHKOBhiM neTeKTOpOM, 38pS!JlOqyBCTBHTenbHhlM ~peaycHnHTeneM H ycH

nHTeneM c R C - ~HnbTpaMH ( rrpOCTbiMH H c KOppeKUHeil:) npoH3BeaeH aaa

nH3 rrorpeWHOCTH, CBSI38HHOl!: C anHTenbHOCTblO BXOaHoro CHrHana. TipoeeaeH

HOe paCCMOTpeHHe 6a3HpyeTCSI H8 pa3aene II pa60Tbi, rae C IIOMOlliblO rrpeo6-

pa30B8HHSI Jlarrnaca /l / rrony"'eHhl He06XOJlHMbie Bbipa)!{eHHSI anSI BXOaHb!X H 

BblXOJlHbiX CHrHanoB, OTaenbHb!X aneMeHTOB TpaKT8 H CHCTeM B uenOM. 3aeCb 

)!{e paCCMOTpeHa aorryCTHMOCTb HeKOTOpb!X rrpeHe6pe)!{eHHl!: C y"'eTOM peanb

Hb!X rrapaMeTpoe CHCTeMbi. PeweHHe aToro eorrpoca rrpHeeno K 3H8"1HTenbHO

MY o6ner"'eHHlO aHanH38 H IIpOCTOTe KOHe"'HblX Bb!pa)!{eHHtf. 3TOT pa3aen HMe-

eT T8K)!{e C8MOCTOS!TenbHOe 3HB"'eHHe, T.K. MO)!{eT cny)!{HTb anSI H3y"'eHHSI K8-

KHX-nlf60 apyrHX BOIIpOCOB HnH CHCTeM C apyrHMH KOM6HHBUHSIMH H3 R C

~HnbTpOB. 

II. llepe~taTO'lHbre cjJyHKUHH, H3o6paJKeHHH H BpeMeHHbre cjJyHKI!HH 

BX0/1HbiX H BbiX0/1HbiX CHrH8110B1 110llyCTHMbie npeHe6peJKeHHH 

3HeprHSI, TepS!eMBSI "'BCTHUeil: B rronyrrpOBOaHHKOBOM aeTeKTOpe, rrporrop-

UHOHanbHB o6pa30B8BWeMyCSI B HeM 38pS!Jly ( Q ) , T.e. HHTerpany OT Bpe-

MeHHOtf ~HKUHH i( t) 
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E- q .. f i(t)dt, 
0 

a T,K, 6JIOK rrpeo6pa30BBHIHI, CTOSIIUHit ITOCJie YCHJIHTeJibHOrO TpaKTa, H3MepS1-

eT aMITJIHTyny BXOnHOrO CHrHaJia, TO aTO IT03BOJISieT cnenaTb BbiBOA 0 Heo6-

xonHMOCTH BBeneHHSI orrepaUHH HHTerpHpOBBHHSI B yCHJIHTeJibHY~ CHCTeMy, Tio 

/2/ 
pSIAY rrpH'IHH HHTerpHpOBaHHe BblriOJIHSI~T 06bl'IHO Ha axone CHCTeMbl, T,e. 

B rrpenyCHJIHTene, KOTOpblit rrpH aTOM 'larue BCero BblriOJIHSieTCSI B BHne TSK 

Ha3biBaeMoro aapHno'IyBCTBHTenbHoro npenycHnHTenSI /2 I, Hao6pa)l{eRHoro 

Ha pHc.l. TaM *e Hao6pa*eH rpa¢ CHrHanoa aToro ycHJIHTenH. R f H C f -

conpOTHBJ!eRHe H eMKOCTb o6paTROit CBSI3H; R O H CO - COITpOTHBJieRHe H 

eMKOCTb . Ha axone npe.nyCHJIHTeJISI1 o6yCJIOBJieHHble B OCHOBHOM napaMeTpaMH 

neTeKTopa; A • 1000 - Koa¢q>HuHeHT ycHneHHSI no RarrpSI)I{eHH~, 'laCTOTROit 

38BHCHMOCTb~ KOTOporo MO)I{HO npeHe6pe'Ib, 

3aMeTHM1 'ITO neii:CTBY~IUHe B rpa<jle CHrHBJlhl cnenyeT ITOHHMSTb KSK 

Hao6pa*eHRbie no nannacy apeMeHHbie ¢YRKUHH. HanpHMep, 

v 
2 

.. V
2 

(p)- L [ v
2
(t)]. 

Ha pHc.l a Ka'IeCTBe axonRhlX cHrHanoa npHHHTbi: i ( t) - apeMeHRaH WHK

UHH TOK~· .neTeKTOpa H V ( t) - CHrHall reHepaTopa STaJIOHHbiX HMITYJJbCOB 
r 

f3J.1,a B rpa¢e - COOTBeTCTBeHHO I(p) H vr (p) • OnHaKO B pSIAe cnyqaea 

nnH naHHOit CHCTeMbl yno6HO C'!HTaTb BXO.IlHbiMH CHrHaJiaMH Q ( p ) H Vr ( p) C 1 , 

nonaHHbie qepe3 HneanbRhlit AH¢¢epeRUHpy~IUHA sneMeRT " p " TBK, KSK 

aTo H306pa)l{eHO HB pHC,l, 3anaHHe BXOnHbiX CHrHBJIOB B BHne q H If.( Q ( p) 

H V~(p))6onee eCTeCTBeHH0 1 TBK KSK B KOHe'IHOM C'!eTe HaC HHTepecyeT 38-

BHCHMOCTb BblXO.IlHOrO CHrHana HMeHHO OT STHX BeJIH'lHH, Renocpe.llCTBeHHO 

HeCyiUHX ITOJ!e3HY~ HH<jlopMaUH~ ( q - 06 aHeprHH 'ISCTHUbl, a V r - rrocne 

ripOXO)I{neHHSI TpaKTS -0 KOS<I>¢HUHeHTe rrepe.llS'IH CHCTeMbi), J.1 erue; Ha Bbl-

xone cHrHanhl Q(p) H V r( p ) C t He pa3JIH'lHMbl, ITOSTOMY 8HSJIH3 CHCTe-

Mbl B OTHOWeHHH onHoro CHrHana pacrrpoCTpaHHeTCSI Ha .npyroit, CKa3SHHOe 

He HCKJI~'laeT paCCMOTpeHHSI B KB'IeCTBe BXOnHoro CHrHana i(t) ( J(p)} 

TaK KaK HHOrna 9TO yno6HO, 

4 
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c,~ 

14 ~ 

::94[ :r'll ¥' -~ ,.~ 

G_,=1/R_, 

FJa-v, =-AR0 Fa-~ =Flv,.c,J-ij =-pAR0 

Lt =-pRof:o+C,) 
Ll =- RoG.! 
L3 =-pRoC, 
L~, =-ARP.f 
L..5=-pA~_, 
6= 1 + R,P1(1+AJ+pR;;f (1+A) 

PHc.l. 3apHAO'!:YBCTBHTenbHbil!: npeJlyCHJIHTenb H ero curaanbHbil!: rpaljl. 
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Ha OCHOB8HHH paCCMOTpeHHSI CHrHanbHOrO r·palfla CHCTOMbl anSI nepeaa-
• V(p) V(p) V(p) 

TOqHb!X ,PyHKUHH npeaycHnHTenSI w, .. 2 
' WQ a-~. w .. c zv--2 -

1 ( p ) Q ( p ) r 1 r ( p) C1 

H Wv ~ 
r 

rae 

Vr(p) 

y2(p) 
MOlKHO 38llHC8Tb cneay!OIIlHO TQqHbJe Bb!p8lKeHHSI 

A 1 
w =--- ---

I Ce p + a 

A p w ., ___ --
Q ce p +a 

A P 
w =-----

v r c 1 Ce p + a 

w =- c 
V I 

r 

A P ---
ce p + a 

-l -1 
R 

0 
+ R 1 (A+ 1) 

C e = C 0 + C 1 + C 1 (A+ 1) 
Ce 

a -

( 1 ) 

(2) 

(3) 

(4) 

HnH, c yqeTOM Toro, qTo o6bJqHo C o•lOC 1 ·10C 1, R 0 • R 1 H A> 1000, npH6-

nHlKeHHhie, HO aoCT8TOqHo XOpOIIlO (anSI pSiaa npHMeHeHHH) annpOKCHMHpy!OIIlHe 

flh!pAlKOHHSI I:VISI WI B BHae 

1 ---w, •-c, P+ b 

1 p 
w Q --~ -;-.;: b 

1 p 
Wv c 1"'-c p+ b r I 

G 

(5) 

(6) 

(7) 

'· 

.':,~-

}~ii,, 
.:·_li i 

.t. 10 

''•·'·"'" •\ 

~ ~ 
.t,~ 
'0_:_!· 

t. 
:~ 
;·~ 

k 
·~ 

1,'· 

:I 
i#l 

'1,,· 

j_
,· 
' ' ' 

I 
; 

c. w =- ----
p 

v r C f p + b (8) 

rae b ... 1/R f C 1 • 

DnR peweHHSI nocTasneHHbiX 3aaaq aHanH3a 6yaeM annpoKCHMHposaTb 

pa3nH'IHbiMH CHrHanaMH peanbHO aeACTBYIOWHe CHrHanbi B CHCTeMe. 8 Ta6nu-

ue 1 npeJlCTasneHbl llOJl06Hbie annpOKCHM8UHH C 3aMe'I8HHSIMH OTHOCHTenbHO 

o6naCTH HX npnMeHeHHA. 0JlH8KO OKOH'IaTenbHO aonycTHMOCTb H uenecoo6pa3-

HOCTb K8*1l0A annpOKCHM8UHH 6yaeT 06CY*Il8TbCSI npH peweHHH KOHKpeTHOil. 

3aaa'IH aHanu3a. 

;jaMeTHM, 'ITO 3KBHBaneHTHOCTb CHrHanOB 1 ·~yt H JleTeKTOI,;l8o V r ( t ) C I 

H q ( t ) npH 0JlHH8KOBOll: HX ljlopMe, HMeeT MeCTO npH BbJnOnHeHHH COOTHo

WeHHll: 

r • r • r 
q .. 

Q - v c 
0 

(9) 

(10 

EcTecTseHHo, 'ITO npu pa3nH'IHH s ljlopMax MO*HO rosopHTb nuwb o npu6nH

*eHHOM paseHCTBe (aKBHBaneHTHOCTH) CHrHanos. 

rpai/Jbl CHI'HBUOB, nepeaaTO'lHbie 1/JyHKllHH, BCHMUTOTH'leCKHe 

UOI'BpHI/JMH'leCKHe BMUUHTY/1HQ-'lBCTOTHble XBpBKTepHCTHKH 

( nA t{K) I/JopMHPYI0111HX RC- ueneJt ( RC- t/JHnbTPOB) 

B Ta6nuue 2 npeacTasneHbl ucnonb3.yeMhte npH nocneayroweM paccMoT

peHHH xapaKTepHCTHKH pa3nH'IHb!X RC - lj!HnbTpos. npeJlCTasneHHble ljlopMy

nhl cnpase.llnHBbl B ycnOBHSIX OTCYTCTBHSI peaKUHH nocneayiOWHX ueneit HS 

npeahtaywne, T.e. npu ( R ) .. 0 a (R ) . .. oo 
BbiX npeAbiAywero • sxoaa nocneay10wero 
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Taonu14af 

./lnlipDKCUMQIJUR CU2Hano6 demeKmOpa i(t},tj(t} U CUeHa./10 rBH"
1
11r{t)·C1 

/111 Ha16aHue ri AljilAUTIJVFQr. 1(. ,~ n 
n;n cu~Hana parpwr 6111paJKeHUi! ~oupa.~reHUe ,pu~ttii(IHue 

i L f'{au~ nfNI:'!~_'!.o btrcrr c 
f[ dt : Q= TM HIIIJ/oAU epyoa11 OnnpOitt:U· I IJ 1/Tbma jl Hlli./U/1. 8rt:blttl paqUOHll/16NI1 npu· 

tp!jHKL/UR. • COnSt Q 'rti!HeHUe 6 llleK CA!/'I(IIIIf ONtiAIIIfl 

2 npR_"'Ofi~O.I1b-;L i·'J [O<t•'t] [ f e·Tp] 
HIIIU UH"!JAbC. L•Q (t•f] j 71 - p 

KtNda 1/Hfi~ICmkHHO KOHe<IHDI 
6peHII d~U~UII CtaHOAO 

tiitt/. 

'[ t 
~4---------4-----------~------~~--------~8-pllde c.ny~ae6 nuoo mom, LL i---'-t+:J .111/Do dpveou CUlHriA xopOUfO H annpaKCUMUPflllm pNZAbHbiU . 

3 Tpe!JCOIIbHIIIU J [Octc2f] 'J f2r t-e·/Cp RpuHeHIIemcp 6 mex CAJI'ID-
uHn!JAbC . H l ~ - -pr 11x aHanu.Ja, Kalda Heotfxo-

L=0 [t•""" dUH 1/'l!m KOHII'IHINO 6peHtHU 
2f t ~ ~J aeucm6uP CUiHa.na . 

4 UHn!JAOC C ;h 
!IKC/IOHI!H/,/U0/16" i•'J e-tjr 'J-1-
HII/H cnadOH . p+ fj'r 

t 

IJe.noma l~ flaJ6o.nt:tem uccnedo6amb 

5 
1/J!/HKI/UII C Q { C xopouteii mO<IHOCIT1bHI VOC-
nepuodoH T. 1-e-fP mamHfiHI Ja6ucuHaCIT1b pgtla 

t 6enU¥UH 1/CUAUme.nbHINO 
mpa~rma. , 9t= Hautfonn npocmaii,HO 6Hecme 

EiJuHuvHa, meH Hau5onee lP!IDoil annpoK-

6 
1/J!/HK/,/UII • Q Q ( Clll'tO/,/Uif. 811C6HQ fJO/,fUOHQ/IbHO 

q~Q (t>OJ p npu,.HeHI/11 6m CA!/IIDIIX QHOAIIJ4 

t 
Ktlttfa HlCfl~llt:m6eHHO ltTIHIIVHOII 
6peHII HttpoCTliHIJR ~HQ/IQ flfJ{t). 

CtllHD_A c I:Jc 0= _g_ t 
./11/HI!UHIIIH Q "J '[ [ Tp] 7 HapacmaHutH : [O< t < 'l] 1l ..i. _ ff.,. 

r/>poHma . 1 "f pi 7fT 
'C . t q~Q [t•O] 

t-T---------1-----------f----'-----ll----------l 8 PP6e CII!/'IOe6 .nutfo mom, 
Cu~Han c 9 ~ n Q t' Ot .nu5o dpylt1t1 CUIHQA xopo-

'lapa60JIINfelfJIJt Q - "J •-4f2 +r ~ -~ UIO .annpoKCUI'fUpfi#M /)eOJ1b" 
8 HaOOcmaHue/'1 : [O< t< Pf] IT_ t-e 01 HIIIU . RpuHIHRtmCII G mex 

1/JpaHma. 1 1 p1 pJ J cA!/YaRx aHa.num, K~da 
t" t D•Q [t>O] HeatflfaduH yvem trOH~'IHM 

r--t---------1-----------f-"J-------lf----------J$p~HeHu Mapa~HUR 
9 iiK='I:OAt• ~tr.;,;o- . [t t l CINHOAQ • 

_, flptJNifiOH. h 9:Q[t-e-fll] Q p - P+VC'] 1 - ------" 

-J flpuHeYQHUe; 
.llnnpoKcul'frlqup CUIIHt1Jit{ q(tJ deme~rmopa HONrem tllllmb npuJtteHeHa dnR cu~Ha.na 
U#trpamopa !JmQJTOHH/iiX Uf'fii!/.1111CtJ6 (r~Jol) IJ;., !I"'_HOIKIHHINO HO tfe.nu~Wf!/ 11/'M'OCTU C,, 
wpr.1 Kamopgl(] .~mom CUlHOA noiJaemcp Ha 6xod n~ycu.numeArl g{t)-V,.(t)·C,. 
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o6bl'IHO BbinOnHSieMbiX B peanbHblX CXeMaX. TiepeJlaTO'IHbie !jlyHKUHH lj!HnbTpOB 

T 1 p + 1 
npeJlCTaeneHbi B BHJle K 

T 2 p + I 
- YJl06HOM JlnSI ITOCTpOeHHSI nA l.{X H 

B BHJle 
K p +a 

P'+b - YJl06HOM JlnR aaanHTH'IecKoro paccMoTpeHHR. 

B rpa<fle 6 Ta6nHUbi 2 JlnSI YJl06CTBa HcnonbaoeaHHSI MaTepHana noMe-

weHbi nony'leHHbie paaee nepeJlaTO'IHbie <flyHKUHH npeJlyCHnHTen.s~ H H3o6pa>Ke

Ha ero nA l.{X. 

Jlepet:lBTO'lHbie 1/JyHKUHH CHCTeM, H306pa)f(eHHH H BpeMeHHbie 

1/JyHKUHH BbiXOJ:(HbiX CHrHBnOB IIpH pa3nH'lHbiX B03J:(eilCTBHHX 

HB BXOJ:(e. [lorryCTHMbie IIpeHe6pe)f(eHHH 

B Ta6nHUe 3 npeJlCTaBneHbl OCHOBHble COOTHOWeHHSI, xapaKTepH3YlOlllHe 

CHCTeMbi [I - [ ( C R) - ( R C ) ] - CHCTeMa c npoCTbiMH R C - <f!HnbTpa

MH, n - [ ( c R) t -( R c)] - CHCTeMa, HM9IOlllaSI R c - <f!HnbTpbl c KOppeK

UHeil:)), npH pa3nH'IHOil: annpOKCHMaUHH BXOJlHbiX CHI"HanoB. 

TipH BbiBOJl9 <flopMyn KOa<fl<fJHUH9HTbl nepeJla'IH ycHnHTenbHbiX KaCKaJlOB 

npHHHManHCb paeHbiMH 1, a HX 'laCTOTHOil: aaBHCHMOCTbiO npeae6peranocb. Or

paHH'IeHHe paCCMOTpeHHSI npOCTeil:lllHMH CHCTeMaMH <fJHnbTpOB o6ycnoeneHO 

nocTaHOBKoil: aaJlS'IH. BMeCTe c TeM OHO C03JlaeT 6aay JlnR aaanHaa 6onee 

CnO>KHblX CHCTeM, a B pS!Jle cnyqaeB nony'leHHbl9 Jlanee COOTH0lll9HHSI C He

KOTOpOR ITOTepeil: TO'IHOCTH MOI"YT 6bJTb HenocpeJlCTBeHHO TaM HCITOnb30BaHblo 

PeanbHbie aHa'leHHR eenH'IHH " m u
1 

u 8 " H u g u m .. 1/ r ; a "' 1/R f C f ; 

g = 1/ RC ) 06bi'IHO YJlOBneTBOpSIIOT COOTHOW9HHSIM 

m> ( 5 ...; 10) g ; [ R C > ( 5 t- 10 ) r l ( 11) 

g > 500 a ; [ R t C t > 500 R C] . ( 12) 

TipH BbJTIOnHeHHH ( 11), ( 12) MO>KHO 3Ha'IHT9nbHO ynpOCTHTb pS!Jl HCXOJlHblX 

COOTHOWeHHil: 6e3 CyllleCTBeHHOI"O CHH>KeHHSI TO'IHOCTH nonyqaeMblX B JlanbHeil:-
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Ta0niqa2 
{paq:JOI CUZia//001 f'}e/)e(]t:lTfJI.IHb/8 fiJijHI(IJUU U .II.AtiX t:pOpl'fup':f(XJ.JUX 

RC-qeneu (tpW!brpooJ u npeaycu.lluTe.IIR. 

N 
n/n 

HaJoaHue 4,enu. 
u ee cxlH1a 

r pa!!J cuzJOA06 G ~TOTU'«<t't111 ..lll7laj 
wtxfJO;KaiOUIUXfPII/IWI fil!ptiJrrOWZtl fPtJ'fii1.IUfl IIBCKaJI al'fi1/IU· 

Vtz.V,{fl=t.[trltJ] wfR= v,{f:J- J.(lfa{d] 'HO·IIfli:roTHaR .-rpt~K-
Vz = ~(/J=t.llli.ftJJ vi(tr i:T'iT.fl1J repucrw«z (/lllrlx) 

A[a4]•2olgfw/• 'f(lgt4 

OfxJcraR iJuqxpepeH-
4t.JPI/IOf..l/aR I,Jetlb. V1 ofVcCP'JRvz 

L C 7CR·tJenll} ·~ 

f I-; 'lJc ·~' I~ -( 

t:.•of•Rt:P 

F•RCp 

flpocmaR UHTI!z::r:f 

lr'"""'""· ~ I ~ -· -:;::!) 2 ~Ita t:.•f•RCp , L ~ :J F•f 

/J~epeHqupt}l«<lf/RCo\MI 
~~uea ~-tJenol ~ ., ~ 

31~' c - -f - I G~r-f/R/{' 
lu; R ju; 6•f•RCP+RG" 

. F•RCp+RG~r 

4 

5 

'v( I 
'llirrPzpu.~aR I.Jentl 
~ mf;pt!lfiJul!li{(«)" -tJem] 

i .JL. 

1 

u;-'~ N L 

u; R~ 
c'"T" 

~ 

I~ I -----;:w~:¢cp 
6•H R 
~ 

f}HrezpupyiOI!JaR tJentJ 
r-: lrO/PN(l/ueU[/!14 -jJentJ} 

i R 

lv.1·~~1 

F•f 

\If { ---:Acp..c. 
c .. ·{~-v~J " 
6 =f+RCP•IIG, 
F•f 

~p W6= =~ 

~~ ~= 7iiJP'i = p• 

zae R" 
l= R•R" 

R.rCP•f _ 
Wu"= hfl~rCP• f -

~~ 
= 7f "'ji+i!1ili;C 

zae h: !?,;: 

( . 
WUK"A ARcp•l 

__ f/f?C 
= f5+7!JRC 

R,.. I 
tile .A• R•R .. = RG .. •f 

flpei}ycunull'~ CX(!I'fa 

6IU ?/}alp CUZHa./108 
lrUTopoeo uJOt!paNreHt11 
Ha puc. ( 

WQ=~=-~ ~=-+e-lla 
WQ=>~-R1__p__=_..!._ _L... 

R,C1P•I c1 P•6 
w =~<01-.t... f 

j ]{fil c, --p;T 
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II K lo• 

20ad'/&!t 

·~ f/RC W 

-20Ur!/tlef 

ll 

II 

.A 

.A 

Q3
f/R~rC f/ltlC ~ 

I 

20dl/~ 

-2olg~ 

fARC' lg<u 

~zoeg,.~ 
-zoaojaet< 

.... ,....L._ 

weM peaynbTaToa, o6ner'IHB TeM caMbiM nonyqeHHe npoCTbiX, yao6HbiX an 

npaKTH'IeCKOrO npHMeHeHHSI KOHe'IHblX Bbipa)l{eHHH. 

fl OK a)!{ eM, 'ITO anSI aHanH3a npoUeCCOB Ha HHTepaane OT Ha'lana Bbl 

XOaHoro HMnynbca ao MOMeHTa npOXO)I{aeHH.II ero 'lepe3 MaKCHMYM (0<t ~ tm) 

BnHSIHHe KOHe'IHOI"O 3Ha'leHH.II ITOCTO.IIHHOH BpeMeHH R f C f npH ycnoBHH Bbl 

nonHeHH.II ( 11), ( 1:.!) Mano, H 'ITO eJO a aTOM cnyqae MO)I{HO npeHe6pe'lb. J.1nH 

apyrHMH cnoaaMH, peaynbTaTbi aHanHaa CHCTeMbi II anSI aToro HHTepBan 

apeMeHH MoryT 6hiTb npHMeHHMbi c xopowel!: TO'IHOCTbJO K CHCTeMe 1. DpH 

aeaeM yKa3aHHOe paCCMOTpeHHe nHWb anSI BXOaHOrO CHrHana C :3KCDOHeHUH 

anbHbiM lPPOHTOM HapaCTaHHSI. QqeaHaHo, 'ITO nonyqeHHble pe3ynbTaTbl MOry 

6biTb pacnpOCTpaHeHbl H Ha apyrHe CllOCOObl annpoKCHMaUHH lPPOHTa. 

J.13 Ta6nHUbl 3 anSI BblXOJlHbiX CHrHanOB CHCTeM 

UHanbHOM lPPOHTe HapaCTaHH.II BXOJlHOrO CHrHana HMeeM 

H ll npH :3KCITOHeH· 

._g_ [ _g 
[ v ( t) ] I "" - .C f g - a 

m 

m-g 

2 
~ 

mg 

(g-a)2 (m-g )2 

gte -qt m + ---
mg 

e-mt-

- q t 
e 

m-a ( m - g )2 

m g a -at 
----'---·- e ] 
(g-a) 2 (m-a) 

_._2_[ _I! 
[v(t)] 11 = cf m-g 

gte-9 \ __!.! 
( m- g)2 

-mt 
e !!!....&.__ e- qt] • 

(m- g) 2 

[ V (t) )
1 

OTnHqaeTC.II OT [ V (t) ]
11 

nHWb HanH<iHeM JlOnOnHHTenbHOH KOM 

noHeHTbi 

g2
- ma 

mga e-at 

(g-a) 2 (m-a) 
H MHO)I{HTenSIMH -~g-· . 

g- a ' 

m 

m- a 

npH JlpyrHX COCTaBnSIJO!UHX. JlerKO 3aMeTHTb, 'ITO npH BblllOnHeHHH e: -a . 
COOTHOIUeHHil: \!I) H \ !2) yKa3aHHbie MHO)I{HTenH Mano OTnH'IHbl OT e)lHHH-

mga -at a _ t 
Ubi, a cocTaanHJOWa.ll e .. -- e a • 

(g-a) 2 (m-a) g 
Mana no cpaaHe-

HHJO C OCTanhHbiMH, aa K TOMY )l{e npaKTH'IeCKH He H3MeHSieTCSI Ha HHTep 

Bane O<t~tm• 

Cne)loaaTenbHO, Ha HHTepaane 0 < t < t m npH BbinOnHeHHH ( 11 

H (12) 

[ v(t)]
1
'"[ v(t)]II. (13 
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TaDIIuiJo 3. 
nepeBaTOlJI-/ble lfiiJUKijUU, uw6pa)l(eHUR u GpeNeHHble tpiJHKijUU GbllOiJH020 CU2HOAO 

IJCU!1Umi/IR npu pa3AUlfHb/X Go~iJeucrGURJ< HQ 8:J.oiJtl 

N 
% 
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'CR} -'R 1 = ,, I<OIIfJOKtjUI!U {CN. ra6. 2. ) 
l' a-t• Cu IIC•v9 {rCR!d•(IIC)u•f/9. A.,C=II.tCj•lja 

YIP) t P' 

W 

Wa-v:Wii) - ~ 
flepeiJarouHble Y1E1 .i p' 
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w3--.--~ -t~ 

0 p 
- 1'j (p•ol1 
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---
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tpiJHKljUU 1<(4UQ OlJIX.09HOl0 
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(IJ-0) R' J 

~
{t) Bpe'"' ne,CC.o 

Q HOKCUHljHQ fm -t 
I flepwu lfQKCU- --

I"!JM 1r. - _!!_ ""' f:te 
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~
oMuuecKuMNapa 8., •• auozo <UlHa· (~+l}+(~-l)e29'l 
TQHU""' tppoHTU Jrall/t}(npu/>~) - gi'CJ 

~
t) Bpel'lfl nep&oeo l I+MJ!t 

a NOKCUJfVNQ tm g Tiiilifi I tae J• ~ I 
flep&.,u MQKCU· Q f I.WJ!J] [ ,] 

't ~ t "'""' lfm -c; exPl- Ri73Jj] t.U/3}~ 
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l
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f7 ,.HflUQI6H61111 Ha- 4Ufl &t-.otJHotO ~ 

~
'paCTllHUW 'PfiO"' CUtHO/Ia lf(t) -/!;,r'"!!; e·f!1g..Jlf,;'!lUe·1 + (:.~2 e-mt-(,;~~ e-gj 

~ BpeH/1 nep&o.o 1 ..L. 
Q Ma~<cu"Y"• t, g ~' eae t· (I{ 1 

ntpGb1U MQKCU• _ _i ...1_ !j{t-l) 
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lfiDtff!!J'II(tiNUt "•III"IJIIJ CUl.HQIHZ 
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- Jl.2 _L __.1._ 
cf (p+tjl l--4-rp 

.At.''' 

III • norpei11HOCTb H3MepeHHH IIpH ljJJIIOKTyaUHH OTHOI11eHHH 

IIOCTOHHHOR BpeMeHH 1/JHJibTpOB K BpeMeHH H8p8CT8HHH 

BXOP.HOrO CHrHBIIB ( '1/ • T/ r ) 

B paMKax CHCTeM c R C- 4mnbTpaMH ( rrpoCTbiMH H c KoppeKuHeH) rrpH 

p83J1H'IHb!X BIIIIpOKCHMBUHRX BXOAHOrO CHrHana ( SKCIIOHeHUHBJ1bHOH, rrapaOOJ1H

qeCKOH H J1HHeftHOH) 6yaeM HCK8Tb 8H8J1HTH'IeCKOe BbipaJKeHHe AJ1R rrorpeWHOC

TH, o6pa3yiOIUeHCR IIpH KOHe'IHOM BpeMeHH H8p8CT8HHR BXOAHOrO CHrHana (r) 

H IIpH HBJ1H'IHH ero lfln!OKTYBUHH ( /!t,. r ) HJ1H lfln!OKTYBUHH IIOCTORHHOH Bpe-

MeHH QllillbTpoB CHCTeMhi ( 6. T) ( T = 1/ g ) • 3Ta rrorpewaocTb o6bi'IHO KOJ1H'IeCT

aeHHO xapaKTepH3yeTCR qepe3 TBK H83biB8eMbiH 
11 

aecpHUHT
11

, OIIpeaenReMbiH KBK 

OTHOCHTeJ1bH8R rrorpeWHOCTb, o6pasyiOIU8RCR IIpH H3MeHeHHH 

iiH'IHHbi T rrpH nHHeAHoM aapacTaHHH c'Hraana aeTeKTopa 

r OT 0 ao ae-

[q(t)] , T.e. 

AJ1R CHrHana ,l:leTeKTOpa B BHAe IIpRMOyronbHOrO HMIIYJ1bC8 C AJ1HTenbHOCTbiO, 

paBHOH r • qpe3Bbi'I8HH8R rpyoOCTb STOH OUeHKH O'leBHAHB, TBK KBK 3AeCb1 

IIO cyTH aena, orrpeaenReTCR J1HIUb OAHB H3 TO'IeK <lJyHKUHH OIUHOKH, K TOMY 

JKe eme rrpH 3Ha'leHHH apryMeHTa TJ "' T / r = 1 , OTCTOSIIUero ,uocTaTO'IHO 

aaneKO OT ero THIIH'IHOrO HHTepaana H3MeHeHHR 100 > 'TJ > (5t-10). PaCCMOT

peHHIO OT,I:IeJ1bHbiX BOIIpOCOB 1 CBSI38HHbiX C STOH rrorpeWHOCTbiO, IIOCBRIUeH OAHH 

H3 pasaenoa pa6oThi /3/. flpeacTaaneHHbie TaM cpopMyJ1hi, Ta6nHUhi H rpacpHK 

HeCyT rop83,1:10 OOJ1biUe HHcpOpMBUHH H 6onee TO'IHbi, '!eM "aecpHUHT
11 

• ,0AH8KO 

orpaHH'IeHHe paCCMOTpeHHSI CJiyqaeM J1HHeHHOrO HapaCTBHHR BXOAHOrO CHrHa

na TBK JKe KBK H pSIA 6onee MeJ1KHX HeAOCTBTKOB, B OCHOBHOM IIO cpopMe rrpea

CT8BJ1eHHR pe3yJ1bT8TOB, He II03BOJ1RIOT C'IHTBTb STY sanaqy OKOH'I8TeJ1bHO 

pemeHHOH. 

ByaeM xapaKTepH30BBTb paccMaTpHaaeMyiO rrorpemHOCTb qepes aenH'IH-

Hy f i orrpeaenReMyiO K8K 

v - v m m r 1 
v 

100% .= 
1 ( 14) 

m 

rae V m - 3H8'1eHHe Bb!XOAHOrO CHrHana B M8KCHMyMe IIpH BXOnHOM CHr

Hane B BH,I:Ie eAHHH'IHOH CTyiieH'I8TOH cpyHKUHH j V m r . - 3HB'IeHHe Bb!XOJl-
1 

HOrO CHrHBJ18 B MaKCHMyMe IIpH BXOAHOM CHPH8J1e C BpeMeHeM H8p8CT8HHR 
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r 1 • KaK cne.nyeT H3 ( 14), rro.u £ i 
IIOHHMBeTCH OTHOCHTenbHaH IIOPpew-

HOCTb 0 OOp83YIOWaHCH IIpH H3MeHeHHH r B HHTepaane 0 < r < r f HnH, 'ITO 

ace paaao, 'T/ .. T I r • 1/ g r a HHTepaane eo > '17 > 'I 
1 

• 3aMeTHM, 'ITO 

£f IIO,UOOHB IIOHHTHIO ",ne~HUHT" (rrpH nHHe~HOM HapacTaHHH BXO,U-

HOPO CHPHana .UeTeKTOpa g ( t ) ) 0 HO HMeeT .Upyro~ HHTepaan H3MeHeHHH • 

Lle~HUHT 

( i 
0 < r < T 

0<r~r 1 
KoHTHHYYM 3Ha'leHH~ £ i orrpe.uenHeTCH ~YHKUHOHanbHO~ aaaHCHMOCTb!O £ • 

= ¢ ( 'T/ ) • Hall:.neM sTy aaBHCHMOCTb .nnH CHCTeMbi c rrpocTbiMH R C- ~Hnb
TpaMH ( C R - R C ) H .nnH CHCTeMbi, HMe10me~ R C - ~HnbTpbi c KoppeK

UHeA [ ( C R) ., - R C ] , rrpH paanH'IHbiX crroco6ax anrrpoKCHMaUHH ~POHTa axo.u

Horo CHPHana ( SKCIIOHeHUHanbHOM ( £a ) 
0 

rrapa6onH'IeCKOM ( 'v; ) H nK-

HeliHOM ( £ n ) ) · 

0TMeTHM, 'ITO IIpOBO.UHMOe paCCMOTpeHHe Crrpaae.nnHBO KaK ,UnH $n!OK

TyauHfi r ( .1 r ) , TaK H ,UnH !jJn!OKTyauHII: T ( ,1 T) , KaK ,UnH CHP

Hana .UeTeKTOpa Q ( t ) , TaK H ,UnH CHPHana f3l1 V (t) C • npH Bbl-
r 1 

BO,Ue 3aBHCHMOCTe~ f ~ • rp ( 'T/ ) , fiT • rp ( '7 ) H f: • rp ( '1'/ ) 
Q s n n n 

HCIIOnb3yeM (14) H Bblpa.lKeHHH (5),(9),(10),(11),(13),(14),(15),(17),(18), 

( 19) CTOn6ua II Ta6n:!:Ubl 3. nocne COOTBeTCTBYIOIIlHX npeoopaaoaaHHII: H 

yrrpomeHH~ c yqeTOM ( 13) rrony'IHM x): 

LlnH SKCIIOHeHUHanbHOPO HapacTaHHH ~pOHTa BXO,UHOPO CHPHana 

( - [ 1 
s 

, 
., -1 

1 
exp ( - - ) ] 100% 

., - 1 

1 

( 15) 

HnH nocne paano.lKeHHH a PH.n 

IIpH6nH.lKeHHeM Ha HHTepaane 

exp ( - - ) 6onee ., -1 IIpOCTOe H C XOpOWHM 

x) 

f "' s 

oo>'T/ > 5f10 

1 
2 ( , - 1 ) 2 100% • 

Bonee no.apofJHbiii BbiBOP srHx 3BBHCHMocrell npHse.aeH s pa6ore /7/. 

14 

( 16) 

',, 
' 

LlnH rrapa60nH'IeCKOli arrrrpOKCHMBUHH !jJpOHTa HapaCTBHHH CHPHana 

2 2 
£ = [ 1 - ( 1 + --) exp ( - ) ] 100% , 
rr 3'T/ 3,+2 

2 

I I l I :.~··,::~ ! ,l 
111!11~~ 

(17) 

HnH nocne paano.lKeHHH a pH.n exp ( -
3., + 2 

6onee npocToe H c xopowHM 

npH6nH.lKeHHeM Ha HHTepaane oo>71 > 5+10 

2 
100 % . 

£ • 2 ) 
n 971(71+3 

.ilnSI nHHeliHOH arrrrpOKCHMaUHH !jJpOHTa HapaCTBHHSI CHI'Hana 

£ = [ 1 - 'T/ exp ( 1 
n 

1 
'T/ [ 1 - exp ( -117l) l ( exp 1/77 - 1 ) ] 100 % 

(18) 

(19) 

Ha pHc.2 npe.ncTaaneHbi rpa!jJHKH aaaHCHMOCTell: (16), (18) H (19). 3aMeTHM, 

'ITO npH ~n!OKTyaUHH T/ Ha aenH'IHHY ,1 11 .. 7'/ 
1 

-11 
2 

OTHOCHTenbHaH IIOP

peWHOCTb H3MepeHHSI 6y,neT pasHa 

.1£ ... £(11 )-£(11) 
1 2 

H MO.lKeT Ob!Tb onpe,neneHa no rpa!jJHKaM pHC.2 KaK pa3HOCTb COOTBeTCTBy!O-

WHX Op.UHHaT. 3aBHCHMOCTb f: S .. rp ( 11 ) ( 16) H COOTBeTCTBY!OIIlHil: ell: 

rpa!jJHK Ha pHC.2 npHMeHHMbl TaK.lKe ,UnSI Bb!SICHeHHSI BnHSIHHSI Ha aenH'IHHY nor

nepeXO.UHblX xapaKTepHCTHK KacKa.noa ycHneHHSI H AUn. LleA

CTBHTenbHO, nepe,naTO'IHbJe !jJyHKUHH STHX sneMeHTOB MOPYT ObiTb npe,nCTaB:-

peWHOCTH f 

1 
neHbi Bbipa.lKeHHeM BH.Ua /4,5/ , a o6maSI rrepe.naTO'IHaH !jJyHK-

11: r p + 1 
UHSI " D " O.UHHaKOBbiX KaCKa.UOB ycHneHHSI H AUll MO.lKeT 6bJTb 3aiiHCaHa KaK 

1 
(20) 

r p+1)n(r
3 

p+l') 
y y 
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E{%} 
e.~~ 

0,5 

0,4· 
L.!x 

1 

0,3 

t 

0,2 

0,1 

I I::::--- I I -:. o 1n ?n _·:m JJI 50 1 
Puc,2. fpa<I>HKH aasHCHMocreA • s •</> s (~) , 'n = </> n (~) H •n• </> n ( ~) 
COOTB8TCTBeHHO npH 3KCfiOHeHUH81lbHOA, napa6onuqeCKOA H llHH8AHOA ~OpMe 
( annpOKCHM8UHH) 4lpoHT8 BXOQHOrO CHrHana. X8p8KTepH3YI01UHX BllHSIHHe Be-

IHPIHHbl 7J npu ee f$1UOKTy8UHH HB norpelUHOCTb H3M8p9HHSI. 

16 

1·,ne: T y - llOCTOSIHHSSl BpeMeHH yCHJIHTeJibH<?ro K8CK8,Q8 1 T 3 y - llOCTOSIH-

Ha51 speMeHH 3SPHAHoro ycTpo~cTBa AUD I 41. 
Toraa H3o6palKeHHe Bhixoaaoro CHraana, B03AeHCTByJOmero aa paccMoT-

peHHYJO paaee CHCTeMy C nepe,naTO~HOA ~yHKUHeA 

UHSJlbHOM ~pOHTe HapaCTSHHSI CHrHana .QeTeKTOpa 

BpeMeHH T 0 6y,neT npe.QCTSBJieHO Bb!pSlKeHHeM 

1 
v (p) 

1 
(p + q)2 

[q(t)] 

npH 3KCllOHeH-

C llOCTOSIHHO~ 

Bb!X P ( r p + 1 )( r p + 1 )n ( r p + 1) 
y 3Y (21) 

(21) ,QJlSI llSHHOrO CJly~aSI MOlKeT 6b!Tb 38MeHeHO C HCll0Jlb30B8HHeM HHTer

panbHOA xapaKTepHCTHKH 

r ""V r2+nr2+ ,2 
g y 3Y 

(22) 

BBe,QeH.HO:li W. G. Elmore 16 ~ 6onee npocTbiM npH6nHlKeHHb!M Bbipa:lKeHHeM 

v (p) = 
BblX 

1 
(23) p(rgp+1) 

I!MeiOlUHM OpHrHHSJl 

v (t)=1-e-t/rg (24) 
Bb!X 

TaKHM o6pa3oM, ecnH B BbipalKeHHH T/ = T I r llOJlOlKHTb T = T g 1 TO 

~YHKUHSI f 
8

"' cp ( T/ ) H COOTBeTCTBYJOlllH:li e:ll: HS pHC.2 rpa~HK MOryT cny-

lKHTb .QJIH oueHKH BJIHHHHSI nocToHHHbiX apeMeHH r , r , r • Co-
Y 3y 

OTHOllleHHSl (23) H (24) MOlKHO paCCM8TpHB8Tb TSKlKe KSK OllHY 113 B03MOlK

HblX ,QJISI ,QSHHO:li 38Jl8"1H annpOKCHMSUH:li H306pa:lKeHHSI BXO,QHOrO CHrHana, 

38,Q8HHOrO CJlO:lKHO:li ~pMyJIO:li BHllS (21). 
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JLII.!L ~. 

3aKnJOqeHHe 

B pa6o~e anH KonHqecTBeHHoro onpeaeneHHH norpewHoCTH H3MepeHHH 

npH (j>moKTYBilHHX OTHoweHHH 17 = T I r 
BBeaeHa BenHqHH8 E , 3HaqHTenb-

HO 6onee HH(j>opM8THBH8H0 qeM paHee HCITOnbayeMoe ITOHHTHe uae{jJH!lHT 8 • Do

nyqeHbl npOCThle H C XOpOWHM npH6nmK'3HHeM 8HanHTHqeCKHe Bblpa)KeHHH D.nH 
38BHCHMOCTH E = cp ( T/ ) 

npH paanHqffblX annpOKCHM8IlHHX BXOaHOPO CHPHa-

na. DaHbi TaK)Ke rpa!j>HqecKHe npen.cTasneHHH 9THX 38BHCHMOCTeii. YKa3aHHhie 

rpa(j>HKH H 8H8nHTHqeCKHe Bblpa)KeHHH ITpH onpeaeneHHb!X Tpe60B8HH.IIX K TQq

HOCTH1 H3B9CTHbiX 38BHCHMOCT.IIX norpeWHOCTH ITO D.pyPHM npHqHH8M OT Be

nHqHHol ITOCTOl'~HOi! BpeMeHH (j>HnbTpOB CHCTeMbl H H3B9CTHOi! BenHqHHe (j>niOK-

TyauHii ,., 
IT03BOnHJOT pewaTb BOITpOCbl 0 Bhl6ope 0ITTHM8nbHb!X BenHqHH 

ITOCTOHHHb!X BpeMeHH (j>HnbTpos, C06CTB9HHOPO BpeMeHH HapacTaHHH YCHnHTenb

HhlX K8CKaaoB, BpeMeHH HapaCT8HHH HMnynbCa f3J1, T.e. CITOC06CTBYIOT on

THMH38!lHH XapaKTepHCTHKH CHCTeMbl B !lenoM. 

B paaaene II 
co6paHbi MaTepHanhi, Heo6xon.HMhie anH nocneay!Omero 

aHanHaa. 3aecb )Ke paCCMOTpeHa aonyCTHMOCTb HeKOTOpb!X npeHe6pe)KeHH:l!: 

c yqeToM peanbHhiX napaMeTpos CHCTeMhi. PeweHHe aToro sonpoca npHseno 

K 3HaqHTenbHOMy o6nerqeHHIO 8HanH3a H npoCTOTe KOHeqHbiX Bbipa)l(eHH:l!:. 

ABTOpbl CqHT810T, qTo 9TOT paan.en HMeeT T8K)Ke C8MOCTvHTenbHOe 3H8-

qeHHe, T8K K8K ero MaTepHanbi MOPYT 6b!Tb HCITOnb30B8Hbl ang peweHHH K8-

KHX-nH6o apyPHX BOITpOCOB H B D.pyrHX CHCTeMaX (B PBMKBX CHCTeM, HC

ITOnb3YIOWHX R C- (j>JWbTphi, npoCThie H c KoppeK!lHefi). 

8 38KniQqeHHe 0TM9THM, qTo pa6oTa Benacb B TeCHOM KOHT8KTe C COT

PYaHHK8MH 011fll1 P.ApnbTOM, 3.f.I1MaeBbiM, K.f.PoD.HOHOBhiM, B.f.THWHHbiM, 

B.B.<I>e!j>HnosbiM. ABTOpbi npHHOCHT HM 6naroaapHOCTb aa noneaHhie o6cy)l(

aeHHH. Oco6y10 6naroaapHOCTb aBTOPhi npHHOCHT coTpyaHHKy !HIP B.f.Cyf'-

6oTHHy, ITpHHHM8BWeMy H8H6onee D.eHTenbHOe H nnoaOTBOpHoe yqaCTHe B aHC-

KyCCHHX. 
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