
COOBIUEHHH 
OB'bE,ZJ;HHEHHoro 

HHCTHTYTA 
H,ZJ;EPHhIX 

HCCJIE,ZJ;OBAHHti 
.£ly6Ha Pl3 - 6428 

8.M.BaxTe~h, B.IO.CeMenoa 

~J1JlbTPAIJJ1H CHrHAJIA 

8 CHCTEMAX AMTIJIHTY~HOM cnEKTPOMETPHM 

1972 



oaxre,Hb o.1vi., \...,~Mt,ttun ue1v. 

4>nnb;paUHll CHrHana B CHCTeMax aMnnHTYaHofi 
Pl:i - 6428 

cneKTp0MeTplm 

B pa6oTe paCCMOTpeHbl H H3nO)l(eHbl cneay10mne BOITpOCbI. 1. no­

ny'leHHe M8KCHM8nbHoro OTHOWeHHll c11rHan/wyM B Cl!CTeMax o6wero BHaa. TTpH 

paCCMOTpeHHH 3Toro BOnpoca acnonb30B8HO ITOHllTHe cjlyHKUHH naMSITH H acjlcjleK­

THBHOro K03cjlcjlHUHeHTa KOppenSIUHH, 'ITO o6ecne'!Hno npOCTOTy, KOMIT8KTHOCTb
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S u m m a r y 

The following problems have been considered: 1) The pro­
duction of the maximum signal-to-noise ratio in the standard 
systems. (When considering this problem the notion of the 
system weight (memory) function and that of the effective 
correlation coefficient were employed, which simplified the 
procedure). 2) The achievement of maximally possible signal­
to-noise ratio in the system of amplitude spectrometry. 
3) The optimization of the parameter selection of some 
practically important types of RC-filters. 4) A proper choice 
of .the time constant of the connecting RC-circuit between 
the amplifier and the analog-to-digital convertor. 

The Appendix covers the system memory function and 
its relation to a widely-known notion of the system impulse 
response. Besides the material is systematized concerning 
the ways of describing the signal, the noise and the system 
characteristics. This material is necessary in solving 
filtration problems. 



Bai1mettw11M napaMeTpOM cneKTpOMeTp!l'IeCKOfi C!ICTeMbl SIBnlleTCll OTHOWe­

H!le c11rnan/wyM, onpeAenl!eMoe np11 BXOAHOM c11rnane B Bl!Ae eA!IHll'IHofi cry­

neH'!aTofi q>yHKllllll KSK 

( 1) 

(2) 

rAe 'v,1 (rm) - SMilnl!TyAS BblXOAHoro c11rnana ( rm - BpeMl! AOCT!llKeHIIS! 

MSKCIIMyMa), a - cpeJ:(HeKBSAPSTll'IHOe 3HS'IeH11e SMilnllTYA WYMOBblX IIMilYnb­

COB, TJ 2 
- OTHOWeH!le Il!IKOBOfi MOIUHOCT!I BblXOAHOro c11rnana K cpeAHeil MOIU­

HOCTII BbIXOAHOro wyMa. 

B aMnn11TyAHOfi cneKTpOMeTpllll 'ISCTO np11MeHSIIOT He Ben!l'Il!Hy I'/ 1 a efi 

06paTHy10 - 1 I I'/ • nocneAHllll 'IIICneHHO paBHa cpeAHeKBSAPSTll'IHOMY SKBIIBS­

neHTHOMY wyMOBOMy 38PMY 

1/ I'/ = q (3) 
a 

ecn11 V2 II a !13MepSI!OTCll B eAIIHIIUSX aapS1Aa. 

CoOTHOWeH!le ( 1) I IICilOnbaysi 'ISCTOTHbie npeACTaBneHIISI, MOlKHO 38Il!IC8Tb 

B BIi/le ( np11noJKeH11e 2 ( n .2) ) 

I'/ m 

¥-I J"' r a, .. . I V
1 

(jeu) H (jeu) e m = 
--00 (4) 

¥0 • 2 1/2 
(2rr f <1>11 (eu) I H(1eu) I d eu) 

--00 
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rAe V1 (jw) - cneKTpanbHSSI IPYHKUHSI BX0)lHOro CHrHana, ¢11 (w) - cneKTpanb­

HSSI nnoTHOCTb MOlllHOCTH BXOJlHOro wyMa, H ( jw) - nepe)laToqHaSI <pyHKUHSI 

CHCTeMbl, 

B o6meM cnyqae OTHOWeHue CHrHan/wyM, KaK 9TO BHAHO H3 (4), 38BH­

CHT OT xapaKTepHCTHK CHrHana, wyMa H napaMeTpOB CUCTeMbI, B uensix yae­

nuqeHHSI ,,, B CHCTeMY BBOASIT tpOpMupy10mue uenu - tpHnbTpbl, Hau6onee ynor­

pe6uTenbHbie a cneKTpOMeTpuqecKUX CHCTeMaX tpUnbTpbl paCCMOTpeHbl a pa-

6o'rax11-5/, OAHaKO npHBOAl!Mhie TaM CBe)leHUSI Henb3SI cquTaTb nonHbIMH KaK 

B OTHOWeHHH xapaKTepHCTUK tpUnbTpOB, TaK H B OTHOWeHHH MaTeMaTuqeCKOro 

annapaTa, Heo6XOAHMoro AnSI HX pacq~Ta, KpoMe Toro, AaHHbie no tpHnbTpaM 

CR - (RC ) 2 H (CR) 2 -(RC)~ npHBOAHMbie B pa6oTax11 - 51 , Hl!Or)la He corna­

CYIOTCSI Apyr C JlpyroM, 

HacTosimasi pa6oTa npoBeAeHa c uenb!O pacwupeHHSI H yToq11e11usi AaH­

HbIX no TSKHM WHpOKO npuMeHSieMhIM B cneKTpOMeTpHH tpHnbTpaM, KSK 

CR-(RC) 2 , CR-(RC) 4, (CRJ 2 -RC H (CR) 2 -(RC)2", OnpeAene1111oe BIIHMSHHe yJle­

neHo TaKlKe o6meit aaAaqe onTHManbHOit tpHnbTpauHH curHana, MaTeMaTuqec­

K0MY annapary, Heo6XOAHMOMY AnSI ee peweHHSI, H annapaTy pacqeTa RC -

tpHnbTpOB, 

1, MaKCHManbHOe OTHOWeHHe CHrHan/wyM D CI!CTeMe 

Ecn11 Ha BX0A nHHeitHOll CTaunonapHoit I CHCTeMhl C tpyHKUHeit naMSITH 

m(t) 161 nocTynaeT CHrHan V1 (t) H 6en:1,1it WYM co cneKTpanbHOit nnoTHOCTblO 

¢11(wr-Nol2=const I TO V2 (t), V2 (rm) n a2 onpeAenSIIOTCSI BbipalKeHHSIMII 

(n.1, n.2): 

v2 (t) =fv1 (t')m(t'-t)dt', (5) 

v2 (rm) =fv1 (t')m(t'-rm)dt', (6) 

o 2 = (N0 I 2) f rn 
2 

( t) dt • (7) 
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Ilpn Jm 2(t) dt = const cpeAH5151 MOmHOCTb BblXOAHOI'O wyMa OKS3bl-

aaeTCSI 3Sq>HKCHpOBSHHoll:, noSTOMY nonY,leHHe MSKCHMYMS 7/ CBOAHTCSI 

K noncKy ij>opM q>yHKUHH naMSITH, 06ecne•maa10mell: nony'leHne Han6onbwero 

3Ha'leHH51 I v2 ( rm ) • 3Ta aaAa'la MOlKeT 6hITb peweHa npn ncnonb-

aoaaHHH Bb!palKeHHll: 

Ks 

2 
I VJ (rm ) I 

[ J v~ (t) dt ] [ Jm 2(t) dt] 

2 
] Jv1 (t ') m (t' -r,,,)<lt' I 

[ J vf (t)dt] [ Jm 2(t)dtl 

(8) 

(9) 

npeACTaBnS110mnx Sq>q>eKTHBHb!ll: KOSq>q>HUHeHT KOppenSIUHH M8lKAY Vz ( t) H m ( t) , 

.i 3H8'18HH51 KOTOporo, KSK H3B8CTHo
161, nelKaT Ha 0Tpe3Ke -0$~ s.S.1 • Ilpn 

38ASHHOM BXOAHOM CHI'Hane H J m2 (t) dt = const MSKCHMYMY K 9 , O'le-

BHAHO, cooTBeTCTByeT MaKCHMYM I v
2 

(rm) I 2, paBHb1ll:, KaK sTo cnei:tyeT na (8), 

!fa (2), (7) H (10) BHAHO, 'ITO npH .K 9 =l 71 2 
He 38BHCHT OT 

BenH'IHHbl HHTerpanbHOI'O KBSApaTa q>yHKUHll: naMSITH ( Jm 2(t) dt) , nosTOMY 

BB0A0HHOe BhlWe orpaHH'leHHe Ha scy q>yHKUHIO He npHBOAHT K noTepe 

o6mHOCTH 

Ha (9) cneAyeT, 'ITO MSKCHMYM 

ycnOBHSI 

K 
9 

AOCTHI'aeTCSI npn BbinOnHeHHH 

a= const , (11) 

T.e. ·npn COBilSA0HHH q>OpM q>yHKUHH naMSITH H BXOAHOI'O CHI'Hana. lln51 peann­

ayeMoll: cncTeMbI m(t) = 0 npn ( > 0 (n.1), nosToMY ycnoane (11) 

BbinOnH510TCll TOnbKO npn 

02) 

I'Ae re - AnHTenbHOCTb BXOAHOI'O CHI'Hana. 
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C11CT8MY. YAOBneTBOpsuomy10 ycnoBl!IO ( 11). H83blB810T OIITl!ManbHOii 

11n11 cornacoBaaaoii c BXOAHbIM cnraanoM. Ma (2), (6), (7) 11 ( 11) cneny­

eT, 'ITO nnsi OIITl!ManbHOii Cl!CT0Mbl: 

TJ = ,j2E/N 0 , (13) 

rne E = J vj (t) dt - 9H0pr'l!S! BXOAHOr'O Cl!r'Hana (TI.2), 

TaKl!M o6paaoM, cpen11 Bcex n11aeiiHb1X c11cTeM - cornacoBaHaasi rroa­

BonsieT rrony'll!Tb MaKCl!ManbHOe OTHOlll0Hl!e Cl!r'Han/lllyM, Benl!'ll!Ha KOTopo­

r'O • KaK Bl!AHO 113 ( 13). ae 38Bl!Cl!T OT rrapaMeTpOB Cl!CT0Mbl, a orrpenensi­

eTCS! TOnbKO xapaKTepl!CTl!KaMH BXOAHOr'O Cl!r'Hana II lllyMa, 

B 'l8CTOTHOM rrpencTaBneHl!I! ycnOBl!IO (11) COOTBeTCTByeT 

M (juJ) =. a vl (juJ) exp (juJ Tm ) ' ( 14) 

r'Ae M ( j (u ) - CII0KTpanbHaSI rrnoTHOCTb <jiyHKUl!H II8MS!TI!, 

Y'll!TblB8S! CBS!3b <jiyHKUl!I! rraMSITI! C HMIIynbCHOii xapaKTepl!CTl!KOii, rrepe-

A8TO'IHYIO <jiyHKUl!IO cornacoBaHHOfi CHCT0Mbl MOll{HO rrpencraBHTb B Bl!A0 (n.1, 

.n.2) 

H(juJ) =aV/(jw)exp(-juJTm). (15) 

Terna CIIeKTP BblXOAHOr'O Cl!r'Hana MOlKHO aarrncaTb KaK 

V 2 ( j uJ) = I .V 1 (j uJ) I 2 exp (- j uJ rm) ' (16) 

a Bp0M0HHYIO qiyHKUHIO KaK 

+• . 
Vz (t)= (a/277) J I V1 (juJ) I e-JuJTm eJ(ut duJ. (17) 

Han11q11e <jia30B0r'O MHOlKl!Tensi exp (-j w rm ) !Ipl! rapMOHH-

qecKoii cocTaBnsi10meii BbIXOAHoro cnraana (a/2TT) I V1 (juJ) ! 2exp(-jwrmYexp(jwt)cku 

yKa3blB80T Ha TO, 

B MOMeHT t = 'm 
'ITO BCe OHi! l!M0IOT DARY II Ty JKe, paBllYIO Hyn10, <jiasy 

11, cnenoBaTenbHO, KalKA8SI 113 lll!X naeT M8KCl!ManbHb[il 

BKnan B IIl!KOBOe 3Ha'leH11e 'Bb!XOAHOr'O Cl!r'Hana- vz (Tm)• 
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Heo6XO/UiMOCTb ycnoBHll rm 2 Momao npoannrocTplipo-

aaTb, .ecna npencTaBHTb axonaoil: caraan B. BRAe nocnenoaaTenbHOCTR naaeil:­

HbIX RMnynbCOB, KamnoMy R3 KOTOpbIX COOTBeTCTByeT Ha6op rapMOHl!K, TTpa 

rm < re B peanaayeMoil: cacTeMe B v2 (rm) nacT BKnan TonbKO 'la.CTb 

rapMOHR'leCKRX cocTaanllromax R nRlllb npa rm ~ re -ace, 

Ecna BXOAHOH wyM ae6enbIH, TO aanaqy nony'leHRll t/max MOmHo 

npaBeCTR K paCCMOTpeHHOH Bblllle, nponyCTHB npenaapRTenbHO lllYM Ii caraan 

qepea y6enllromail: qi1rnbTp c nepeAaTO'IHOH qiyHKUReil:, paBHOil: (
111• CTp,6 13) 

H(jw) = b exp (jrf,(w) /y'if>11 (w), b = const • ( 18) 

EcTeCTBeHHO, 'ITO a STOM cnyqae non aenR'IRHOH re a COOTHOllleHRR (12) 

cnenyeT ll0HRMaTb AnRTenbHOCTb CRI"Hana Ha BbIXOAe y6enllromero ¢11nbTpa, 

MaKCRManbHOe 3Ha'leHRe r, .Anll STOI"O cny'lall, c y'leTOM (4), (15), 

(18), (TT,2), MomeT 6hITb aaImcaHo a aane 

'laCTHblM cnyqaeM KOTOporo npa if>11(w)= Const llBnlleTCll ( 13), 

2, MaKCRManbHO B03MOmHoe OTHOllleHRe CHI"Han/rnyM 

B CHCTeMaX aMnnRTYAHOH cneKTpoMeTplili 

( 19) 

TTpa perneHRR aana'I qianbTpauaa B aMnnRTYAHott cneKTpoMeTpaa car­

Han c neTeKTOpa aany'leHRll a 6onblllliHCTBe cnyqaea c xoporneil: TO'IHOCTbID 

MomeT 6bITb annpOKCRMHPOBaH CTyneH'laTOH qlyHKURett aapllna (anR Hanpll­

meHRll) 

V1 (jw) = 1 / jw • (20) 

OAHOCTopOHHllll cneKTpanbH8ll nnoTHOCTb lllyMa Ha BXOAe aMnnRTYA­

HOI"0 cneKTP0MeTpa, KaK R3BeCTH0 18,91 , MomeT 6bITb npencTaaneHa B 

BRAe 

(21) 

rne A1, A2, B Anll KOHKpeTHOJ1 CHCTeMbl-K0HCTaHTbl, 
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t.JneHOM At/ <,J OObl'IHO npeHeoperaroT, Il08TOMY 

11>11("') ·.=-B +A/..,,2, A"'A2, (22) 

Hs (1 ), (8), (4), (20), (22) cne1:tyeT, 'ITO Anll cneKTpOMeTpll'i8CKOlt 

CHCT8Mbl oomero BHAS 

)
--~+ .. 

q~I= (1/ I ~2 (rm) I (1/211) t(B+A/..,, 2JIH(i..,,Jl 2d..,, (28) 

a Anll OilTHManbHOlt (19) 

4--
q 

8 
= V A-B (24) 

nepe1:taTO'IHYIO qJYHKUHIO OilTHManbHOlt CHCT8Mbl, Y'IHTblBSll (15). ( 18). 

(20), (22), MOlKHO npeACTSBHTb B BHA8 

H(p) = 
Pro 

(l+pr 0 ) ( 1-pr0 ) 

ro=v-B/A. 

-prm 
e (25) 

(26) 

r O -nOCTOllHHSll BpeMeHH OilTHMSnbHOlt CHCT8Mbl, 3Ta <jiyHKUHll HMeeT no-

nroc B npaBoii nonynnocKoCTH KOMnneKcHoro nepeMeHHoro p = a + j..,, , 

CHCTeMa C TaKolt nepeAaTO'IHOlt qJYHKUHelt He MOlK8T Ob!Tb OAH0Bp8M8HHO 

peanH3Y8MOlt H ycTOlt'IHBOlt, TTpaKTH'l8CK8ll peanesyeMOCTb IlOAOOHOlt CHCT8Mbl 

B03MOlKHa nHWb B TOM cny11ae, ecnH •HanOlKHTb orpaHH'l8HHe Ha rm ( ycTpa­

H8HHe HeycTOlt'IHBOCTH) H Ha Bp8Mll Il8MllTH CHCT8Mhl (ycTpaHeHHe HepeanH­

syeMOCTH),3TH orpaHH'{8HHll npHBOAllT K TOMy, 'ITO COBil8A8HHll <jiopM <!iyHK­

UHH naMllTH H BXOAHOro CHrHana ooecne'IHBSIOTCll nHWb Ha KOH8'1HOM HHTep­

Bane 3H8'18HHlt, TaKoro poAa CHCTeMy•MOlKHO C'IHT8Tb KB83HOilTHManbHolt, 

TSK KSK OTHOW8HH8 CHrHan/wyM HS ee BXOAe.c KSKOlt yroAHO CT8Il8Hbl0 TO'I-

HOCTH, B 38BHCHMOCTH OT Bb!OpaHHoro 3H8'18HHll rm , MOJKHO npHonH3HTb 

K T/ maX • 
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• 3aMeTHM, qTo qacTO aa 8AHHHUbl H3MepeHHSI cpeAH8KBaApaTHqaoro 9KBH­

BaJieHTHoro myMoBoro aapsu:ia, noCTOSIHHbIX BpeMeHH cpHJibTpOB H BpeMeHHbIX na­

paMeTpOB CHrHaJia npHHHMaIOT COOTBeTCTBYIOW:He napaMeTpbl onTHMaJibHOil 

CHCT8Mbl (24), (26): 

Q = q I q~ 
a a o onT 

T. = r /r0 = r I -../ BI A 

TaK qTo Q 1. 
a onT o onT 

3, PacqeT H xapaKTepHCTHKH RC -cjJHJibTpOB H8KOTOpblX 

THnOB 

3aaqeHHSI q , AOCTaToqHo 6JIH3KH8 K q (24), no3BOJISIIOT 
a aonT 

(27) 

(28) 

nonyqHTb RC -cpHJibTpb/1-5,8/, OTJIHqa10w:HeCSI K TOMY lKe npoCTOTOil peaJIH-

aauHH, HHlKe paCCMaTpHBaIOTCSI cpHJibTpbI, COCTOSIW:He H3 nocJieAOBaTeJibHOCTH 

H3OJIHpOBaHHblX m -AHcpcpepeHUHPYIOW:HX H n -HHTerpHpyIOW:HX 

o6oaaaqaeMhie a 1:taJibHelimeM m - n , 

RC -ueneil, 

CxeMa pacqeTa cpHJibTpOB H306palKeHa Ha pnc.1. Pacqe:r npOBOAHJICSI 

AJISI cpHJibTpoa: 1-2, 1-4, 2-2 H 2-1, npH 9TOM nonaraJIOCb, qTo a nepBblX 

TpeX CJiyqagx rat =ra2 ,e rt rut=,.,=run =r2 , a B nOCJI8AH8M -rat= rut 

= r O "' rt ; r a2 ,,,r2 (ra - nocTOSIHHaSI apeMeHH AHcpcpepeaunpy10w:eil uenn, 

r u - HHTerpnpy10w:eli). 

Ha onpeAeJieHHOM aTane BBOAHTCSI OTHOCHT8JibHOe 6eapaaMepHoe BpeMSI 

x = t /rt , B peayJibTaTe a Toro cpyHKUHSI v2 oKaabrnaeTcn aaBHCHMoil 

TOJlbKO OT ABYX nepeMeHHbIX, qTo npHBOAHT K pe3KOMy ynpow:eHHIO BbipalKe­

HHil. KpoMe aToro, BB8A8HH8 OTHOCHT8JlbHOro apeMeHH ycTpaHSieT SIBHYIO aa­

BHCHMOCTb BblXOAHOro cnrHaJia OT rt , qTo noaaOJISieT MHHHMH3HpOBaTb 

oTHomeHHe myM/cnraan nor t nyTeM MHHHMH3aUHH myMa, TTpH 9TOM OT-

na1:iaeT Heo6XOAHMOCTb B npOB8A8HHH CJIOlKHOll onepaUHH MHHHMH3aUHH OT-

HOill8HHSI a I v m no ABYM nepeMeHHbIM, 
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nepe.n nocTpoemrnM rpacp11KoB ace paccMaTp11aaeMb1e aen11'll!Hh1, KpoMeVm , 

HOpM11py10TCSI cornacHO ( 27) II ( 28) II B e.n11n11uax OilTl!ManbHOfi Cl!CT8Mbl 

( q , r O ) o6o3Ha'!alOTcSI cne.ny10IUHM o6pa3oM: 
a OilT 

Q a - SKBl!BaneHT-

Hhlfi myMoBo!l 3apsi.n np11 r 1 = r /l = T /l ,j B I A , T /l - Ml!Hl!Mll3llpy10-

1Uee Q 
8 

3H8'l8Hll8 IlOCTOSIHHOfi BpeMeHll cp11nbTpa, Tm - BpeMSI MaKCHMy-

Ma Bb!XOAHOro c11rnana, T c(ill0O) - .nn11TenbHOCTb CllrHana Ha ypoBHe 

(1/100) Vm 

HmKe np11ae.neHbl COOTHOll18HllS!, 11cnonb3yeMbie Ilpll pacqeTe cp11nbTpOB 

no cxeMe p11c, 1. 

¢11nbTp 1 - 2, 
2 

H ( p) = p r 1 I ( 1 + p r_1 ) ( 1 + p r 2 ) 

1) v 2 ( x) = [ e -x - ( 1 + ( 1 -v ) x Iv ) e -xiv ] I ( 1 -v ) 2 , 

2) YpaBH8Hll8 .nnsi H8XO)l(,U8HIIS! x 

e (v-l)xlv = 1 + ( 1 -v ) x Iv 2 

x m = x m (v) 

3) a 2 =[Blr1v +A(2+v)r1] /.8(1+v)2. 

4) rm=rolv(2+v)v 

1) 

2) 

ct>11nbTp 1 - 4, H ( p) pri/ (1 +v.r 1 ) (1+pr 2 )
4 

1 -x --e + 
2 2 3 I 

_1 _ [x3+~x+ ~ +-2.!:- J e-x v V 
2 

( X) -

(1 -v ) 4 6 (v-1)v3 1-v (1-v) 2 (1-v) 3 

YpaBHeHHe .nnsi H8XO)l(,U8HIISI X = xm = xm (v)·: 

V e-x = _1_ [ ( X 2 + ~X + _ _l~ _) -
(v-1) 3 

1 
3v 

( x3 

2v2 

3vx 2 
+ -·~- + 

1-v 

1-v 

6v 2 x 
+ 

( 1 -v) 2 
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3) a 2 = 
(1 -112 ) 3 ( 1 +11) II 

Art II ( 1 +11) { ( 1 -II) 2 ( 11-511 2) + 8 ] - 16 , 
-~ 

4) 
5-1111 +411 2 +.411 3 -11 4 -11 5 

cll11nbTp 2 - 1, PaccMaTpl!BaeTCSI Bnl!HHl!e Ha Beml'll!Hy Q 9 II xa-

paKTepHCTIIKII c11rHana BTopoll: A11#epeHimpy10mell: CR -ueno'IKH ( ra2 "' r 2 

B cny'lae ra1 =rut =T
O 

eer 1 Q 9 (r 1 ) = Q sm/n = 1,355), 

2) YpaBHeHHe Ann HaXOJKAeHHn X = X m = X m (11) ': 

( 11- 1) x / 11 - In 11 = In (2 - 11 + ( 11 - 1) x ) • 

3) a 2 = 11/4 (1+11 ). 

Hao6paJKeHHhle Ha p!!C, 2,3 rpacp!!KII noaBonn10T pewaTb Bonpoc Bh16opa 

OilTl!ManbHbl X napaMeTpOB !pl!nbTpa, ycTaHaBn11BaTb AOilyCTl!Mbie npeAenbI !IX 

1!3MeHeHHn II T,A, KpHBan V m = V m (11) , B '!aCTHOCTII, AaeT B03MOJKHOCTb 

paccMaTp!!B8Tb BOilpOC O AOilYCTl!MbIX npeAenax yBenH'leHHn K09!p!plllll!eHTa 

nepeAa'll! !pllnbTpa, T, e. BOllpOc 06 ynpomeHl!II KaCKaAOB Mar11cTpanbHOro 

yc11n11Tenn. CneAyeT OTMeTl!Tb, 'ITO peaynbTaTbl Ann cp!!nbTpa 1-2 COBilaAaIOT 

c ony6n11KoBaHHhIMH B pa6oTe /2/, a Ann cp11nbTpa 2-2 - B pa6oTe Ill, 
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1.JacTo c uenb10 ynpo111e111rn cncTeMbI CBllab MelK.Qy ycn:nnTeneM n npe­

o6paaoaaTeneM aaanor-umj>pa BbinonHl!eTcl! a Bn.cte npocToii .ctn<i><l>epeaunpy10-

111ei1 RC -uenn. rpaq>nKn napaMeTpoB <!>nnbTpa 2-1 nocTpoeHbI npnMeanTenb-

ao K aTOMY, B8CbM8 B8lKHOMy .ctnll npaKTHKH cny,ra10 H MoryT .6b!Tb ncnonb-

30B8Hbl .ctml onTHMHaaunn Bb!6opa nocTbl!HHOll: BpeMeHH AH<pq>epeaunpy10111eii 

uenoqKn cBl!an. TaK, aanpnMep, B cneKTpoMeTpnqecKoM TpaKTe co cTaonnn­

aauneii nonoJKeHHll naMepnTenbHoit xapaKTepncTHKH paunoaanbHO HMeTb aaa­

qeanll 'a2 ''.::. 250 r o , COOTB8TCTBy10111ne npn A8HHoit CTpyKType q>HnbTpa 

MHHHM8nbHOit .ctnnTenbHOCTH Bb!XOAHOI'O cnraana H MHHHM8nbHOMy aaaqeHHIO 

aKBHBaneHTHOI'O lliYMOBOI'O 38pll.ct8. 

fipnnoJKeHne 

I1MnynbCH8ll xapaKTepHCTHKa H q>yHKUHll naMl!TH CHCT8Mbl 

11MnynbCHbiii cnraan c KaKoii yronao cTeneab10 ToqaocTn MOlKHo npen­

cTaBHTb B BH.cte cyMMbi CM8lKHb!X npl!MOyronbHblX HMnynbCOB C / nnnTenb-

aocTbIO 6. t I n aMnnnTyAoii v1 ( t i ) (pnc, 5a): 

Vt (t') =I c, 

r.cte v 1 ( t ; ) - aaaqeane cnraana v 1 ( t ') a MoMeHT apeMeHn: t 1 
Ecnn V 1 (t ') nocTynaeT Ha BXOA nnaeiiaott CHCT8Mbl, TO Bb!XOAHOH 

cnraan V2 (t) MOlKHO npencTaBHTb B Bl!Ae CyMMbl peaKuHii Ha nei!CTBlle 

COBOKynHoCTH HMnynbCOB CI • 3a Mepy .cteitCTBHl! K8lKAOI'O Ha C / ec­

TeCTBeHHO npHHl!Tb ero nnomaAb - v 1 (t; ) 6. t 1 , Torna peaKun10 cnc­

TeMbI Ha ennHnuy nnomann aToro HMnynbca MOlKHo npencTaBHTb KaK 

h(t-t'
1

) = [ V 2 (t) ] / / V .1 ( t '
1

) {),. t; 
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a BbIXOnHoll CHrHan KaK 

B npenene npH /:J,. ti ➔ 0 Jim C 1 = vi(t') o (t 1 -t) dt' , 

T,e, npenen C; eCTb nHHel!Hb!l! HMnynbC n ( t' ) .f pHC, 56) 1 cymeCTByIO-,­

lllHfi ( OTnH'IHblll OT Hym1) nHWb B onHoll TO'!Ke BpeMeHHoll OCH, IT pH 3TOM 

q>yHKUHll h t - t, ) ynoBneTBOplleT onpeneneHIIIO HMnynbCHoll xa-

paKTepHCTHKH, T,e, np1106peTaeT CMbICn peaKUHII CHCTeMbl Ha HMnynbc B BHne 

nenbTa-<pyHKUHH, oTHeceHHoll K ero B03nellcTBHIO (nnomanH), Bb1xonHoll cur­

Han npencTaBnlleTCll B 3TOM cny'lae Bb1palKeH11eM, Ha3bIBaeMbIM HHTerpanoM 

cynepIT03HUHH(p11c,6B) 161 : V2(t) =fh(t-t'Jv1(t')dt'. 

ITp11 HHTerpHpoBaHHH BpeMll-Bb!XOnHoro CllrHana -napaMeTp, a BpeMll -

-BxonHoro t' -BpeMll HHTerp11poBaHHH, B q>yHKUHH JKe h (t - t' ) , Ha-

o6opoT, t' -napaMeTp, a -TeKymee BpeMll, noaToMy HMnynbcHan xa-

paKTepHCTHKa onpenengeT BKnan cocTaBnlIIOlllell BxonHoro cHrHana n ( t' ) 

B COBDKYITHOCTb 3Ha'lelmll Bb!XOnHoro. Illlll peanH3yeMoll CHCTeMbl "."' TOnbKO 

B Ty COBOKyITHOCTb 3Ha'leHHll, KOTOpb1e pacnonaraIOTCll Ha HHTepBane t > t ' 1 

1160 peaKUHll He MOJKeT B03HHKHyTb paHbwe BxonHoro Bosnel!CTBHll ( h (t-t'.)= 

0 ITpH t - t' < 0 ) • 3aMeTHM, 'ITO nnn ycTOll'IHBOll CHCTeMbl h(t-tJ ➔ 

➔ 0 npH t ➔ oo 

EcnH C'IHTaTb B h ( t - t ' ) -napaMeTpOM, a t, - TeKY.lllHM 

BpeMeHeM, TO aTa q>yHKUllll 6yneT onpenenl!Tb BKnan COCTaBnlIIOWHX BxonHo-

ro cHrHana n t' ) , pacnonoJKeHHhIX Ha HHTepaane oT - oo no t B 

MrHoBeHHoe 3Ha'leH.lie BblXOnHoro CHrHana B MOMeHT BpeMeHH (puc, 4r,n). 

B aToM cny'lae h ( t - t ') y'laCTByeT B onepauHH nony'leHHll BbixonHoro 

CllrHana KaK q>yHKUllll naM!ITII CIICTeMbl, Ecn11 XOTlIT non'lepKHyTb, 'ITO 

h ( t- t) cnenyeT paccMaTpHBaTb KaK q>yHKUHIO naMHTII, TO BBOnlIT HOBOe 06os­

Ha'1eH11e - m 1 113MeHllll, np11 3TOM 06b!'IHO 3HaK y apryMeHTa m ~ - t + 

+ t' h ( t - t ' ) , nocnenHee nosaonlleT npencTaBl!Tb Bb1xonHoll 

CllrHan KaK q>yHKUIIIO B3al!MHOll KOppennu1111 Vt H m (p11c, 5n). 
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B pean113yeMoil CIICTeMe B MOMeHT Ha6moneHH.II BblX0/1HOro CllrHana cpyHK-

UIIII naMS!TII cTaHeT paBHOll: Hymo, T.e. m ( t ' - t) = 0 np11 t ' - t > 0 , 

HHbIMI! cnoaaMl! 1 pean113yeMa11 c11cTeMa "noMHl!T" npornnoe, HD He "noMHl!T" 

6ynymero. 

Mol!<HO 3aMeTIITb, '!TO cpyHKUIIII naMl!TI! COBnanaeT no cpopMe C 3epKanb­

HblM OT06pai1<emieM IIMnynbCHOll xapll.KTepl!CTIIKII ( p11c, 5 B,r). 

ITp11nolKeH11e 2 

XapaKTepllCTl!KII rnyMa, CllrHanoB II CHCTeM 

XapaKTepl!CTl!KI! lllyMa, cHrHanoB I! Cl!cTeM l!306palKeHbl Ha n11arpaMMe 

(p11c. 6), 

/. Cny'!all:Hbiil rayccoBCKl!il npouecc (rnyM) B cnyqae ero apron11'!HDCTI! 

MOlKeT 6b!Tb oxapaKTep1!30BaH: 

1) n a ( t ) - peann3au11eil ( Bb16opKoil), T.e. apeMeHHoil cpyHKu11eil 

rnyMa 38 nocTaTD'IHO 6onblllOe BpeM.11 paccM0TpeH1111. ITpll'!eM na ( t ) MO-

lKeT npencTaBn.11Tb: v lll ( t ) - rnyMoaoe Hanp11lKeH11e, J . ( t) - lllYMOBDil 
m 

TOK, Q W ( t ) -uiyMOBOil 3ap.11n I! T.n. 

2) ¢nn(r) =(1/T) Jn(t)n(t-r) dt 

cpyHK·u11ell:1 onpenen.llIOIUell: xapaKTep noaenemrn 

- aBTOKOppenl!Ul!OHHOil 

n ( t ) 1 T,e. CTeneHb CB83I! 

MelKny MrHolieHHbIMII 3Ha'!eH11.11M11 rnyMoBoro npouecca. 3Ha'!eHHe ¢nn (0) na-

eT cpenanu KBanpaT (n11cnepc11IO) rnyMa -

3aMeTl!M1 '!TO ecn11 

Ho Harpy3KI!, T,e, ecn11 

V 
lll 

V = V 
lll lll 

] Hnl! 
Ill 
;,;T 

<p (0) = n2 ( t) = a 2 
nn 

Q lll HOpMHpOBBHbl OTHOCl!Tenb-

J = J' vR 
UI lll 

1 Q · = Q ' I C ,jR, To <pnn ·(r) 6yneT coneplKaTb HHcpopMaUIIIO 06 aaep-lll lll . 

reTH'!eCKIIX xapaKTep11cT11Ka~ IICTO'IHIIK8 rnyMa, Hanp11Mep, 3H8'leH11e <p (0) nn 

B 3TOM cny'!ae paBHO cpenHeil MOIUHOCTII IICTO'IHIIKa rnyMa. O'1eB11nao, '!TO 

nono6Hb1ll: cnoco6 npencTaaneH11.11 n ( t ) nMeeT p11n npe11MywecTB II noaToMy 

lllllpOKO 11cnonb3yeTCI!, 

3) ct, (w) =+Po,.,_ (r J[Jwr dr - npeo6pa30Baa11eM 4>ypbe aBToKoppe-
nn J 't' nn , 

-00 

nl!UIIDHHOfi cpyHKUHII. cI>nn ( W ) - aeceT IIHcpopMBUIIIO O nnoTHOCTH pacnpene-

neHll.11 n 2 ( t) ( v 2lll 1 ] 
2 Ill llnll Q 2 Ill ) no cneKTPY 'IBCTDT. HaTer-

pan (1/2TT) r,t,nn(w)dw 

n11cnepcHIO lllyMa. 

n2 ( t) TaK lKe, KaK 11 ¢ nn (0 ) , npencTaBnl!eT 
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Ecnll n(t) H0pM!!p0BaHa 0THOCl!TenhH0 aarpy3Kll, TO ¢ nn ( CLl) np11-

o6peTaeT CMbICn cneKTpanhH0fi nnoTH0CTll MOllll!OCTll myMa, IT0K83h!B8IO!llefi 

pacnpeuenea11e M0!lll!0CTll llCToqa11Ka wyMa no rapM0Hl!qecK!IM COCTaBnHIOlllllM 
+oo 

exp (jru r), 1160 ¢nn (r) = (1/2rr) J ¢nn (ru) exp (jrur) dru • 

3aMeTllM, qTo myM co cneKTpanhH0fi nnoTH0CTblO ¢ nn ( ru J = Const= 'No/ 2 

1!83bIBaeTCH 6 en bl M, TaK KaK Cl>nn ( (LI ) - uefiCTBl!TenbHag qeTaag cpyHKUllR 

¢ n n ((LI) = ¢n n (-ru). TO npll nepexoue OT UBYXCTOpOHHero K 0UH0CT0p0HHe­

My npeo6pa30BBl!IIIO cneKTpanbHag nn0THOCTb uomirna 6b1Tb YUB0eHa, T,e. 

Cl>nn (f )=2¢nn (ru)=N 0 npll f ~ O. 

/l. C11r11an M0lKHO oxapaKTep11soBaTh: 

1. V ( t )- BpeMeHH0fi cpyHKUl!el!, llnll nnoTH0CTblO pacnpeuene1111g BO 

BpeMe1111, v(t')o (t-t') dt' • K0Topyro M0lKH0 paccMaTpl!BaTb KaK 

l!MnynhC B Bl!Ue. uenbTa-cpyHKUllll, yMHOlKeHHOfi na 11opM11py10m11fi Mll0lKl!Tenb 

v ( t ') d t ' • QqeBl!UHO, qTo v (t) = J v ( t ') o ( t ' - t ) d t ' 

2. V (jru) = J00 

v(t) exp (-jru t) dt - npeo6pa30BaH11eM <Pyphe Bpe-
_..,. 

Me1111oli cpyHKUIIII CllrHana, l!MeIO!llllM CMhICn nnoTH0CTlt pacnpeueneHl!S! aMnn11-

Tyu ero rapM011nqecKnx cocTaBnSIIO!lll!X no qacToTe, O6paTaoe npeo6pasoBa-
+oo 

11ne <Pyphe onpeuenSieTcSI BblpalKeaneM v(t) = 1/2rr l V(jru) exp (jru t) dru, 

cneuoBaTenhno, ( 1 I 2rr) V (jrua) dru exp(jruat ) - 9neMeHTapaaSI rapMOH!lqecKaSI 

cocTaBnSiro!llaSI cnrnana c qacToToli ru a , ( 1 I 2rr ) V ( j ru ) d ru 

aMnnnTyua 9TOli cocTaBnSiro!lleli, V ( j ru ) - nnoTHOCTb aMnn11Tyu Ha na-

TepBane qacToT ru a 

3. ,fr ·(r) = J v ( t) v * ( t -T ) dt - aBTOKOppenRUllOl!HOfi cpyHKUllefi 
+oo 

n ee cpyphe-npeo6pasoBaHneM q, ( ru) = l¢ (r) exp (- jru r ) d r , onpeuenSiro-

!llllMII xapaKTep ll CTeneHb CBH3ll MelKUY Mr'HOBeHHhlMll s11aqe11m1Mll V ( t ) 

11 11ecym11M11 11acpopMau1110 o pacnpeuenea11n 911epr1111 c11raana no BpeMeHHhIM 

ll qaCTOTl!hlM COCTaBnSIIOlllllM, Ecnll \'· ( t ) - HOpMllpoBaHHaH OTHOCl!TenhHO 

narpy3Kll cpyHKUllS! ( n2-1 ) , TO s11aqea11g ,fr (0) 11 (1/2TT) -r_q, (ru) d ru 

paBHhI nonnofi 911epr1111 c11raana E = ,fr ( 0) = J I v ( t.) 12 di= (1/2rr )
00 

fq, (ru) dru, 

3aMeTHM, qTo q,. ( ru) = I V ( j ru J I 2 , IT09TOMY .q, ( ru ) MolKeT 

6b!Tb nonyqeaa ABYMS! nyTSIMll! v ( t) ➔ ,fr ( r) ➔ 'I' ( ru ) Hnll v ( t) ➔ V ( jru ) ➔ 

➔ I V ( jru ) I 2 = 'l' ( ru) • 
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'JI[. CncTeMy MOlKHO oxapaKT8pH3OB8Tb: 

l. h( t) - HMrrynbCHbllt xapaKTepHCTHKOA nnn q>yHKllH8lt IT8MHTH. 

2. H ( jfJJ) = V2 (jfJJ) I V1 ( jru )- nepenaTO'IHOlt q>yHK!lHelt, HMeromelt 

CMbICn OTHOIII8HHH KO_MnneKCHbIX aMnnHTYll cnrnanoB npn rapMOHH'I8CKOM 

cnrHane Ha Bxone, 

'H ( j fJJ ) HBnHeTCll ipypbe-npeo6pa30B8HH8M HMnynbCHOlt xapaKTepHCTHKH. 

3. ,f, hh (r )_ = J h(t) h* (t-r ) dt - aBTOKOppenH!lHOHHolt ipyHK!lHelt 

HMnynbCHOlt xapaKTepHCTHKH Hee ipypbe~npeo6pa30B8HH8M 

_'I' hh (fJJ) = f'Phh (r) exp (-jfJJr) dr 

3aMeTHM, _'ITO oripeneneane HMrrynbCHOlt xapaKTepHCTHKH (IT.I) no-

3BOnHeT paccMaTpHB8Tb ee npoCTO KSK Bp8M8HHylO q>yHKllHIO cnraana, noa­

TOMY K Helt H K ee npo_H3BOl1HblM H (j fJJ) , 'Phh (r), 'l,:hh ( fJJ) npHM8HHMO 

Bee CKaaaaaoe B ( IT~2 - II ) • 

CBH3b MelKlly BXOllHbIMH II BbIXOllHbIMH xapaKT8pHCTHK8MH 

(pnc, 6) 

CBH3b M8lKllY BXOllHbIMH H BbIXOllHbIMH xapaKTepJICTHKSMH BO BpeMeH­

HOlt o6nacTH MOlK8T 6b!Tb ycTSHOBneaa nyTeM npHM8H8HHll onepau1111 CBepTKH 

ipyHKUHlt, aanpHMep, v2 = V /0 h , 'P22 = 'P 11 @ 'P hh , rf,•22 = ¢ 11 ~'Phh , HnH 

npHM8H8HHll onepauHH Bb!'IHCneHHll B38HMHOlt KoppenH!lHOHHOlt IPYHKUHH, Han­

pnMep, v2 = v 1 [ K ] m • 

B '!8CTOTHOlt o6naCTH CBll3b M8lKllY BXOllHbIMH H BbIXDllHbIMH xapaKTe­

pHCTHKSMH MOlK8T 6bITb ycTaHOBneaa npHM8H8HH8M onepaUHH YMHO>K8HHH 

nn11 neneHHH, Hanp11Mep, V2 = V1 H 

= clJ 11 I H 12 , V1 = V2 I H • 

nnTepaTypa 

'1'22 = 'I' 11 'I' hh t ¢22 =ff>11 'Phh• 

I. A.A. Bopo6beB, B.A. KoponeB, r.E. ConHKHH, rrr3, _g, 95 ( 1959). 

2. M.Tsukuda. Nucl.Instr. and Meth., 14, 241 (1961). 

3, E,B, <l>eipnnoB, flpenpnHT OHHH, 13-310 I, Lly6aa, 1967, 

4. A.M. 3y6apeBa, r.r. Cy66oTHHa, B.r. Cy660THH, flpenpnHT OHHH, 
13-4458, Lly6aa, 1969, 
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5. IO.K. AKRMoB, A.H. KanRHHH, B.4>. Kywunpyx:, X. 10ur11:naycceu. nony­
npoBoAHRKOBbl& A8T8KT0pf1I smepHblX '18CTHU H RX npHM8H8HHe. ATOMU3-, 
AST, MocKBa, 1987.. ' . 

6. C. Maj:3oa,' r. UHMMepMaH. 3neKTpOHHble uenn, cnrsanh1 n cncTeMbl. 
HuocipaHHaH nHTepaTypa, MocK11a, 1963. 

7. H.t. roHopo11cKHA. PaAHOT8XHH'l8CKR8 uenH H CHraanbl. Co11eTCK08 
p8AH0, MocKBa, 1971 .. 

8~ n.t. ropH, B,B. MaT11ees, B.H. Xaaaaos, A.B. lllHljlpHH, aneMeHTbl ¢x~M 
s.ciepHoro npu6opocTpoeHHH.· AToMR3AaT, MocKna, 1970; 

9. V.Radeka. Int.Syrop.on Nucl.Electr~, Versailles, 1968,: 
.,!, 46. 

PyKOllHCb nocTynHna 11 H3A8TenbCKBA OTiten 
29 anpens 1972 rona. 
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UJo6paJ1<eHue nepegammHaw CneKmp nl/OIT1HOCmU 
6xogH020 cu2Hana {{lljHKUUR cucmeMbl fJX09H020 WIJMO 

V,(pi=t/p H:ii=(PT,t//t•pr,)m/t•pT,/" tP.(1,J_.'=8•/1/1,J' 

l l 
. U3o5paJl<eHue fJ01xagH020 CUZHQIIQ Cne1<mp nnomHocmu fJblxDgHOzo 

V,rp;=/1/p'H,p} UIIJMO ~,(1,JJ=(B•l1P/IHU1,JJI' 

BpeMeHHQR (pljHKUUR 6blX09HOW CpegHuu 1<6a9pam 6blXDgHOZD 
CUZHQIIQ lf,{t,T, T,/ WIJMO 6'=6'(1/,8,T,,T,) 

86egeHue amHOCU/Tlellbl/020 
6e;!p<JJMepHOZD {tleMeHU 

X=t/T, V=T,/T, 

npegcmafJneHUe 6btxogHoza cu2Ha -
na ti {{JIJHtrl.4W napaMempaO 

npegcmafJneHue cpegHeza 1<6a9-
pama &,xogH020 WIJMD 8 cplJHKUUU 

X U V 11",{X,V) napaMempod v. r, 6'=6'(T,v) 

OnpegeneHl.1£! 0peMe- OnpegeneHue JI/Ol./eHuu 
HU MQKCUMljMQ fJbt- r,/v,1='1µ coom&!mcm-

XDQHOZD CU2HDIID f;ylOUIUX MUHUMIJMIJ 
Xm{V} 6' (V,, T, (V,)) •(!.,, 

OnpegeneHue JafJUCUMOCmu 
OnpegeneHue 306ucuMacmu QMnnumygbl &ixogHDZO CUZHDIIQ 

Dm V llilXm!llil•v;,/v} 
IJ'_.(v), 

flocmpaeHue Ja&icuMocmeu 
a •. 1:,, T.,, 1fm U T.1,;,oo/ Ofl1 V. 

Onper;e11eHue a,=G,m;n, V..,m. "(;,(v ..... ) , T.,(v..,../, 
T.w,...' U ll;,iV...m/ 

Pnc. I •. CxeMa pac'leTa qmnhTpa, 
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a, 1 l Tc(,;mo) 
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Pl!c. 2. 'PllnbTp 1-2. Q 3 , 1µ. 1 Tm, Tc(I/I00.)
1
Vm P. q>yHKUllll OTHO-

rneHl!lI rrocTOHHHhIX BpeMeHII q>l!nhTpa v = r 2 I r 1 = r u I •a. IlapaMeTphI 

q>llnhTpa ll c11raana rrpll Q 3 = Oamirrl,215: 1µ. = 0,59, v = 0,95, 
Tm = 1, 15, ·yc(I/100) = 5,63, · V m = 0,28. 



Tm 

U9 

J. Tc(,;100) 

G.1 

l,J QJ 

qg q2 
~ ~.7m ·lrm 

a, ,,s 2. Tc{,;IOO} 

f t ,7;. 
t qs 0.1 t , 

f.(J 0 
( 2 

0 ., J/. ---v 

PRC. 30 4>HnbTp 1-4. Q a• ·r JI, 1 ·rm 1 ·7 c (1/100), V m B cjlyHKllHH OTHO-
W8HHH nocTOHHHbIX apeMeHH cjlnn&Tpa v = r2. Ir 1 =.r u I r a • IlapaMeT-
pbI cjlnn&Tpa H cHraana npH Q 8 -= O_;i min = 1, 164.: T µ. = 0,38, 

V '" 11 ·rm = 1,51, ·rc(l/100:f' 5,1, Vm = 0,195. 
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5/ 
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P11c. 5. Paanll'!Hb_Ie cnocoobI npencTaBneHIISI BXO)lHOI'O II BbIXO)lHOI'O CIII'HanoB 

a) - np11onmKeHaoe npencTaBneane Bxonaoro cnraana B Bnne·. cyMMbI npSIMo­

yronbHbIX CM0lKHbIX llMnynbCOBj o) - npencTaBneHHe BXOJlHOI'O Cll!'Hana B 

BH)le oeCKOH0'IHOli cyMMbl n11HetiHblX HMnynbCOBj B) - peaKUIIS! CIICT0Mbl Ha 

nnaetiHblti IIMnynbc ( llMnynbCHaSI xapaKTepllCTIIKa CIICT0Mbi), npencTaBneHne 

BbIXOJlHOI'O CIII'Hana B Bll)le IIHTerpana cynepnoanu11n; I') - <pyHKUHST h ( t / -
- t, ) KaK <pyHKUllS! naMstTll CllCT0Mblj n) - BbIXOJlHOti CHI'Han KaK <pyHKUIIST 

B38HMHOli KoppenstUlllI Me)l{)ly V 1 II m , 
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I u;(t) --- ¢(r) I i -r-~ :I ~(t) --- f/Jzztr} I 
, I Cl.leHOn I ''----+------'-X,_1.f. /___ · / cu2Han I · 
I V,(if.J)- - - - -/-.,yr.JJ!(JJ11(r.JJ I J h(t)~ m -t </JhJ!.r} 1· . I "tgf.J)- - - -l~g&.iz~~) I 
L'...'_=: I I 11 I -= 
I n,{t) --- YJfl I ! Hyr.J) - - - - -!Hyt.J)/!f/Jhh(r.J) j I nz(t) --- 50zz{l1 I 
, UJYM j' 0 • UIIJM I· 
L ¢, v,1 [I<} </J.--'"' I 

flr,uJ ~- Xu/ zzr"'I 
---- ---- ·-~---

8xod CucmeMa &wxJ 

P11c. 6. XapaKTepllCTIIKII CllrHana, wyMa, CIICTeMbl II CBSl311 MelKlly HIIMII. 
f -rrpHMoe II o6paTHoe rrpeo6paaoaaH11e cf>ypbe V (ju,) = -r v( t) e -ju,I dt 

~ . I ~ 
v(t) = (1/211) f V(ju,) e 1 u, du,. 

- - BbI'IIICJieHlle aBTol!:oppenSIUIIOHHOrr q>yHKUIIII i/1 (r) =JV ( t) V * ( t-r) dt • 
--- - BbPmcneH11e KaaapaTa Moayng crreKTpa qi ( eµ) = I V (ju, ) I 2 

• 
Q - yMHOlKeH11e anre6pb! caepTKII CBepTKa V2 (t) = f v l (t') h(t-t') dt' = VJ h. 
~- Bb1q11cneH11e q>yHKUIIII B3811MHOfi KOppenSIUIIII V2(t) =f v1(t') m(t'-t)dt' • 
,I',.., - yMHOlKeH11e II aeneHHe a qacTOTHOrr o6nacTII 

Vi (ju,J = v1 (ju,J x H(ju, J, v1 (ju,J = v2 (j~J/H(ju, J. 


