3. [IOCTPOEHME JIOTAPUOMHUUYECKNX AMIUIMTYJJHOU U ®A30BOU
YACTOTHBIX XAPAKTEPUCTUK CAY

3.1. KpaTtkue cBe/ieHUs1 N3 TEOPUH

JluHamudeckue cBoricTBa 000k JmHEHHON CAY MOXKHO ITOJTHOCTBIO OIHCATh
C MOMOIIBI0 mepeaarounoit pyHkmwu W(S) MM 4aCTOTHOM IMepeIaToIHON (YHKIHH
W(i®w). Moaynb yacToTHOU niepenarounor GyHkuuu A(w) Ha3bIBACTCS aMILTUTYIHOM
4acTOTHOM XxapakTepucTukoi (AUX), apryMeHT 4acTOTHOM mepenatouyHoi (hyHKIMU
Ha3bIBaeTCs (pa3oBo yacTOTHOM XapakTepuctukon (OUX).

Jns ananuza cBoilcTB cucteMbl AUX uCHONb3yeTcsl peIKO BBUAY €€ 3HA4U-
TEJIbHOW HEJMHEWHOCTH, ITOATOMY HaMHOTO Yallle IPOBOJSAT PacyeT U UCCIEIOBAHUE
JTOTapU(PMUUYECKUX YACTOTHBIX XapaKTEPUCTUK CUCTEMbl. X 0COOEHHOCTHIO SIBIISICT-
Csl TO, YTO YacCTOTa ® MO OCHU apTyMEHTOB OTKJIAAbIBAETCS B JIOrapu(pMUUYECKOM Mac-
mrade. Jlorapupmuueckas aMIIuTyaHas yactoTHas xapakrepuctuka (JIAUX) uzme-

psiercs B nenumoenax (n1b) u HenocpeacteHHO ¢ AUX cBsi3aHa COOTHOIIICHUEM:
L(w) =201g A(w). (81)

[TepenaTtounyro (hYHKIIHIO JIFOOOM CHCTEMBI MOXHO MPEJCTaBUTH B BUJE OT-
HOIIICHUSI JABYX MOJMHOMOB, KaXXJbIi W3 KOTOPBIX IO M3BECTHHIM 3HAYECHHUSIM €ro
KOpHEH MOKET OBITh pasliokeH Ha MHOXUTelr. CiaeaoBaTeabHO, JO0YIO0 CIOKHYIO
CAY MOXHO NpeACTaBUTh KaK MOCIEA0BATEIIbHOE COEIUHEHUE TUTIOBBIX 3BEHBEB:

t
Ts+1  Ts+1

W(s)=K-s"-(t;s+1)-...- (1,5 +1)- (82)

N3BecTHO, UTO MpU MOCIEI0BATEILHOM COEIMHEHUH JorapupMUUEcKre Xapak-
TEpUCTUKU CKIanbiBatoTCsA. JlocronnctBoM JIAUX sBnsieTcsi €€ «3HAYWTENbHAS JIU-
HEHHOCTBY», T. €. BO3MOXXHOCTb 3aMEHUTh TOUYHYIO (POPMYITy PEAIbHON XapaKTepUCTH-
KU MPUOIMKEHHON KyCOYHO-JTMHEMHON 3aBHUCHUMOCTBIO C HECYIIECTBEHHOW MOTrpell-
HOCTHIO. B koHeuHOM mtore mpubmmkennas JIAUX, npeacraBienHas B BUJE KyCOYHO-
JTMHEHHON ammpoOKCUMAIUH, OYJET COCTOSTh U3 OTPE3KOB MPSMBIX JIMHUH, PACIOio-
’KEHHBIX MEX/y COCETHUMHU YacTOTaMH COIPSDKEHUS, a Takke OyAeT coepkaTh pe3o-
HaHCHBIE TTMKH Ha YacTOTaX COIPSKEHUS 3BEHbEB BTOpPOTO mnopsaka. CymmapHas Jo-
rapupmuueckas GUX cucrembl B CBOIO OYEPE/b SBISIETCS HETMHEWHON XapaKTepUCTH-

KOI M HEe MOXKET OBITh 3aMEHEHA JINHECHHBIMU OTPEC3KaMH — OHa CTPOUTCA 11O TOUKaM.
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3.2. [Ipumep perieHus 3a1a4u

Ilpumep 4. lunamudeckue coiictea CAY 3ananbl nepegaTouyHoil GpyHKIMEH B
BU/IE MOCTIEA0BATEIBHOIO COCITUHEHUS TUITOBBIX 3BEHBER:

K(T7s® +2ET,s +1)(T,s +1)

W(s) = 2
s(T,s+1)(T,s+1)

(83)

rne K=40;£=0,05,T,=0,005¢; T,=3¢; T3=0,08c; T,=40c.

TpeOyeTcss MOCTPOUTH JIOTapu(PMHUCCKHUE YaCTOTHBIC XapaKTCPHCTHKU (aM-
IUIMTYIHYIO U (Pa30ByI0) paccMaTpuBaeMoOi cucTeMbl. JlorapuMUYECKyO0 aMILIH-
TYAHYIO XapaKTEPHUCTHKY CJIEAYeT MPEJCTaBUTh B aCUMITOTHYECKOM BHJIE C Pe30-
HAHCHBIMH O0JIACTSAMU TPH WX HAJTUIHH.

Pemenmue.

Wcronp3ysl 3HAaYEHUS TIOCTOSIHHBIX BPEMEHU PEATbHBIX THUIIOBBIX 3BCHBEB,
BXOoIAMIHX B clokuyo CAY, onpenenum o Gopmyie (38) u3z padorsl [3] Bce yacto-
TBI conpspKeHns: ¢ = 200 ¢ 3 0 = 0,3(3) ¢ b 0wz = 12,5 ¢ 0y = 0,025 ¢ — m
PacIoJIOKUM IepeaaTOUHbIe (PYHKIMK peaabHbIX TUIIOBBIX 3BeHbEB B (hopmysie (83)

B IIOPSIIKE BO3PACTaHHS UX COOCTBEHHBIX YaCTOT COMPSHKEHHS (W4 < Wep < We3 < Mc1):

1 1

- (84)
T,s+1 T,s+1

W -K-L(1 1) | (s sazmsng) 2

1

B dopmynsr (83) u (84) Bxoaut mepenatouHas (yHKIUS THIIOBOTO 3BEHA B
KBajpaTe (C MOCTOSIHHON BPEMEHHU T,) — 3TO 03HAYACT MOCIIE0BATEIHLHOES COCTUHE-
HUE JIByX OJMHAKOBBIX 3BEHbEB (KyO M Oosiee BbICOKasl CTETEHb 110 aHAJIOTHHU YKa3bl-
BaIOT Ha OOJIBIIIEE YUCIIO MTOJOOHBIX 3BEHBEB).

[Toctpoum acumnrornueckyro JIAUX CAY, nonb3ysck CBOWCTBOM MOCIENO-
BaTEIbHOTO COCIMHEHUSI THUIOBBIX 3BEHBEB, YTBEPIKAAIOIINM, YTO B JAHHOM CIIydae
JIAUX 3BeHbeB (cM. B Ta0u1. 7 padoTsl [3]) cKkitaapIBaroOTCs:

L(w) = L () + Ly () + L (@) +[ Ly (@) + L (@) [+ Ly(w) + Ly (o), (85)

rae L, (w)=20lgK — JIAUX nponopririoHaaIbHOTO 3BEHA,;
L, () =—-20lg® — JTAUX mnaeanpHOro HHTETPUPYIOIIETO 3BEHA;

L, (o) :—20|g«/T12032 +1 — JIAUX ameproaudecKkoro 3BeHa ¢ MOCTOSHHOW Bpe-

MEHH T4
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L,(w) =-201g4/T,/®* +1 — JIAUX anepuoMyeckoro 3BeHa ¢ MOCTOSHHOM Bpe-

MeHHu T, (Ux ABa);

L, (o) =+20lg \/(1—T32c02 )2 +4ETw” — JIAUX dopcupyromiero 3seHa 2-ro 1o-
pAnKa;

L, (w) =+201g/T 0’ +1 — JJAUX dopcupyromero 38eHa.

B mosicaenusix k gopmyne (85) mpuBenensr Tounsie Gopmynbl JIAUX guHa-
MHUYECKHX 3BEHBEB. Hac ke MHTepecyloT MpUOIMKCHHBIE XapaKTePUCTUKH — aCHM-
NTOTUYECKUE, KOTOPhIE aKTyalbHBI TOJBKO JJISi PEaTbHBIX 3BEHBEB (C TMOCTOSHHOMN
BPEMEHHU) U UMEIOT BUJI KYCOUHO-TUHEHHBIX ()YHKIIHIA:

JUTS allepHOINIeCKHX 3BeHbeB (1 =1, 2) —

0, 0<o,;; 0, O<O,;;
L (w) = i L (o) = (86)
-20gT.o, o>o, —201gT. -20lgw, o> w_;;
1151 (GOPCUPYIONIETO 3BEHA —
0, O<0y; 0, O<O,;
L, (w) = wi L, (o) = (87)
+201gT,0, ®=w,, +2019T, + 20lg®, ®=w,,;

JUTst (DOPCUPYIOMIETO 3B€HA 2-TO MOPSIKA JIOMOJHUTEIFHO HA YAaCTOTE COMpS-
KEHUsI HEOOXOMMO BBIYECTh IMOMPABOYHYIO XapaKTepUCTUKy L (w), mOoCKombKy Ha
ATOM YacTOTE MOTPEUIHOCTh ACUMITOTUYECKON XapaKTEPUCTUKU MOXKET B 3aBUCHUMO-
CTU OT KO3 PuIMeHTa 3aTyxaHus & 3HAYUTEIBHO MPEBBINIATH JOMYCTUMYIO MOTPEII-

HOCTH B 6 Ab 11714 3B€Ha 2-TO MOpsI/IKa:

"~ L (w;&=0,05). 88
+40IgT, +40lge, 0> o, 5= 00) (88)

0, O< Mg,

g@b{

[ToncTaBuM MoJiydeHHbIE BhIpakeHUs sl acuMnrotuueckux JIAUX B ucxon-
Hy10 Gopmyny (85):

0,0w<w, 0wz,
L(w)=20lgK —20lgw + +2- +
+2019T, + 20lgw, 0 > o, —-2019T, -20lgw, 0 > », (89)
0, o<mg 0,0<my,
+ —L, (»;0,05) |+ :
+401gT, +40lgo, ©> o, —-20IgT, -20lg®, 0 > o,
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Takum o6pazom, JIAUX CAY npexacrasiser co00l CyMMy KYyCOYHO-
TuHENHBIX QyHKIUNA. C y4eTOM KOMMYTATUBHOTO M aCCOLIMATHUBHOTO 3aKOHOB CJIO-
KEHUS TIOMPABOYHYIO XapakTepucTUKy L,(®; 0,05) Berutem u3 oO1ieit cyMMbl B OC-
JIEAHIO OYepe/b (3TO BHIUMTAHUE UMEET 3HaYEHUE TOJBKO B OKPECTHOCTU YaCTOTHI
conpspKeHus (PopCUpyromero 38eHa 2-ro MOPSIKa):

Ow<m, {O,mﬁmcz

L(w)=|20lgK —20lgm + + +
+2019T, + 20lgm,0 > ©,, —-201gT, - 20lgo,0 > o,,

(90)
{O, 0 <0, {0, 0 <0y,

+4019T, +40lge, =20, |-20I1gT,-20lgw,0> 0,

N3BeCTHO, UTO KyCOYHO-JTMHENHbIE (DYHKIIMK MOKHO CJIOKHUTh Ha KaXXIOM HH-
TepBaje apryMeHTa (B HAaIllEM ClIy4ae — 4acTOThl ®), I/ BbIpakeHHe i Bcex (!)
CYMMHPYEMBIX (DYHKIIMI OcTaeTcs MOCTOSHHBIM. | paHMIaMU TaKMX UHTEPBAJIOB SIB-
JIFOTCSL 4YacTOThI CONPSKEHUs. B 3a7a4de onpeaese sl YeThIpe YaCTOThI CONPSIKEHUS,
CJIEIOBATENIbHO, PACCMAaTPUBAEMbBIX MHTEPBAJIOB OyneT msiTh. OTMETUM elie pa3, YTo
JIAYX njeanpHbIX 3BEHBEB IIOCTOSIHHBI HA BCEX OTIEJIBHO PACCMATPUBAEMBIX HHTEP-
Bajlax. 3HaueHue Kaxaod JIAUX Ha KOHKPETHOM HHTEPBAJE 3aBUCHUT OT YCIIOBH,
yKa3aHHOTro mnociie (hopMyJibl B KaxA0W CTpoke (UTypHOU CKOOKHU. BbIMmonaHUM clio-
xeHne acuMnToTuaeckux JIAYX TUMOBBIX 3BEHBEB HA BCEX YACTOTHBIX IHANA30HAX

(TTOTIPaBOYHYIO XapaKTEPUCTUKY TTOKA HE paCCMaTPHUBAEM):
1) 0<w<aw,: () =20lgK -20lgo+0+0+0+0=20lgK —20lgw; (91)

[To cBoiicTBY norapudma rnpeodpazyem L(l)(oa) CJIeAYIOIUM 00pa3oMm:

L9 () = 20Ig K. (92)
()]

2) 0, <0<y, L?(0)=(20lgK -20lgw)+(201gT, +20lgw)+0+ ©3)

+0+0=L?(w)+(20IgT, +20lge) = 20IgK + 201gT,;
L? () = 201g KT,. (94)

3o, <o<o,: Lw0)=(20lgK -20lge)+(20IgT, + 20lgw) +

+(~401gT, - 40lg ) + 0+ 0 = L? () - 40Ig T, — 40lg o = (95)

= 20IgK +20IgT, — 401gT, — 40lg e = 20lg *frT; _40lg o;

2
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KT, . B KT, KT,

L® (w) = 201g T24_ ~20lgw” =20lg Taz (96)
2 2 2
Noz<oso,: LY(w)=(20lgK-20lgw)+(201gT, +20lge)+
+(—401gT, - 40Ig®) + (40IgT, +40Ig®) + 0 =
= L% (w) + 40IgT, +40lg o = 20Ig KT; —40lgo+ (97)
2
T4
T/ ’
2
() =20lg "1s , 2.201gT, = 201g KIT , (98)
2 2
5) oy <o<w: L (w)=(20IgK —20lgw)+(201gT, + 20lg®) +
+(—401gT, —40lg®) +(401g T, + 40lg®) +(—201gT, - 20lg®) =
” KT,T2 99
= L“(w) - 20IgT, - 20lgw = 201g —=2- = —20IgT, - 20lgo = (99)
2
2
=20lg——= KT, T3 —20lg w;
T2T1
2 2
L) (@) = 201 41~ 20190 = 201g ?TTT (100)

21 21

Beipaxkenus (91) — (100) mpencTaBisioT coOOW OTPE3KH MPSAMBIX JIMHUHA TPU

YCJI0BHH, YTO 9aCTOTa 3a4aCTCs B HOFapI/I(i)MI/ILIeCKOM Maciirtaoe. I[J'Iﬂ HarjsitaiHOCTHU

AJTOPUTM U PE3yJIbTaThl MMPOBEICHHBIX PacueTOB MOXKHO 3aHecTH B Tabi. 1. Berumc-

JIMUM Ha BCCX 4YAaCTOTaX COIPAKCHUA 3HAUYCHUSA ACUMIITOTHYCCKHUX XAPAKTCPHUCTHUK HJIA

Ka)XJIOTO 3BEHA M CYMMAapHYIO, a 3aTEM TOJIyICHHBIC 3HAYCHHUSI OTMETHM B Ta0JI. 2:

UIealIbHOE HHTETPUPYIOIIEE 3BEHO —
L (@) = Ly (0,) = Ly (0g) = L () = 2019 K;
L (0y) = L (0,) = Ly (03) = Ly (0,) =201g40 = 32 1b;

UJI€aJIbHOE UHTETPUPYIOIIEE 3BEHO —

L, (o) =-20lgm,, = —ZOIQ% =20I9T,; L,(»,)=201lg0,005~ —46 nb;

1

Ly (@,) =201gT,; Ly(w,)=20193~9,5xb;
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L, () =2019T;; Ly(o,)=201g0,08 ~ —21,9 1b;
L, (®.,) =201g9T,; L,(».,)=201g40~321b;

dbopcupyroniee 3BeHO —

T 40
L,(»,)=20IgT, + 20lg®, = ZOlg?‘l‘; L,(».,)=20lg 0.005 ~ 78,11b;
L, (o) = ZOIQ%; L,(o,)= 20Ig4—?? ~ 22,515,
2
L, (0s) = ZOlg%; L, (0g) = 20|g4—30 ~ 54 1b;
3
T4 .
L,(o,) = ZOlgT—, L,(o,)=201lgl=0nb;
4
arepuoOMUECKOE 3BEHO —
T? 0,005)"
L2 ((Dcl) = _40|gT2 —-40 Ig W,y = 20|g_|_—12, LZ((DCl) = 20'9%
2
TZ
L, (,,) = 20|g_|_—22; L, (®,,) =201g1~01b;
2
T2 0,08)"
L, (e,) = 20'9.'._32; L, (o) =20lg ( 32 ) ~—631b;
2
L, (o,,) =01b, Tak Kak mes < Ocp;
dbopcupyroIee 3BeHO 2-T0 MopsIKa —
TS (0,08)

w,) =40IgT, +40lgw,, =20lg-2; L (o) =20l ~ 48,2 11B;
L;(eg,) 9T, ofoM =5, L(oy,) 90005)2

T ,

L,(®,,) =0ab, Tak Kak 0, < O3;

2
L (0) =2019:75; L (o) =201g1= 0B

3

L,(®,.,) =01ab, Tak KaK M4 < O3;

aricpuogNICCKOC 3BCHO —

2
L, (o) = ZOlg% =201lgl~0xnb;

1

L (o,) =L (05) = L (®,,) 0B, Tak Kak 0 < 0 < 0cz < Oc1.
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Tabnuna 2
Cnoxenue 3HaueHuM JIAYX Ha 4acToTax CONMpsIKEHUS

Yacrora, ¢t
JIAYX Mcq 2 Mc3 M1
0,025 0,03(3) 12,5 200
L (o) 20lgK 20IgK 20lgK 20lgK
L, (o) 201gT, 201gT, 201gT, 201gT,
L, () 0 20lg 1« 20IgT—4 20lg 1«
T2 3 Tl
T 2 T 2
L, (o) 0 0 20 Ig 201g TLZ
2 2
T 2
L, (®) 0 0 0 201g T%
1
L, (w) 0 0 0 0
2 2
L(©)=) L (o) 201g KT, 201g KT, 20lg % 201y Kl“ZT E
2 2

Bpruucinyum 3HaueHHS MO CMEXHBIM aCHMMIITOTaM Ha 4acToTax COIIPAKCHMA.

JUist mpenpIAynield acuMITOThl Ha BBIOPAHHOW YacTOTe COMPSKEHUS OYIET MOIyYeHO
3HA4YEHUE CIIPaBa, a s MOCIEAYIOUIEN ITO K€ 3HaueHue — cieBa. [Ipu aTom kpaitHue
acumntoThl (HYA u BYA) He umeroT oAHOro U3 3HAYeHUU (ClieBa U CIipaBa COOT-
BETCTBEHHO):

we4: cripaBa LP (o) = 20|g£ = ZOIQ% =20Ig KT,

c4 4

= 201g40- 40 ~ 64,11B;

cnea L?(w,,) =201g KT, ~64,11b;
®cp: CIIpaBa L® (o,,) =20lg KT, ~ 64,11b;

cesa L (o) =201g KT, _ ZOlgL2 =201gKT, ~ 64,11b;
TZ (’002 T2 (]/Tz)
’ 40-40-(0,08)°
oes: cnpasa L (o) =201g——=%- KT, _ =20lg—22- KT, T =20lg g ) ~1,1n1b;
) s 3
2
ciesa L (o) =20lg KT, T ~1,1nb;

2

35



2
we1: cipaa L (o) = 201g K$ o3 ~1,1nb;

2

2 2 2
cesa L® (o, ) = 201g —=22- KT, T3 =20lg 2KT—4T3 =20lg KT, T3 ~1,11b.
T2 Tlo‘)cl TZ Tl (]/Tl) TZ

OTOT K€ pe3yNbTaT JUIsl BCEH XapaKTePUCTHKU MOKHO MOJYyYUTh, CJIOKUB 3HA-
yerust JIJAUX kakaoro TUIIOBOTO 3BEHA HA JIIOOOH M3 9aCTOT COMPSHKEHUS 0 00pas-
iy Tabu. 2. Hampumep, 17151 4aCTOTHI .1 MOJIYYUM BBIpaKEHUE:

L(0y) = Ly (0g) + Ly (o) + Li(0y) + Ly (0y) + Ly(oy) + Ly (oy);
L(w,)=32-46+0-111,1+48,2+78,1=1,21b;

Kak BuiHO no BeuuciaeHHBIM 3HaueHusIM JIAUX Ha gacToTax CONpspKEHHs 110
CMEKHBIM aCHUMIITOTaM, KOTOpBIE OKa3aJMCh paBHbIMHU, acumnrotudeckas JIAUX
BCEM CUCTEMBI HE UMEET Pa3PhIBOB.

B o0uiem Buie onpenenuTh BbIpaXKEHHUE 11 CYMMApHOM XapaKTepUCTUKH Ha
BCEX YACTOTAX CONPSDKEHMSI MOKHO TaKXKe, PEICTaBUB €€ B BuAe cymMmsl JIAUX Tu-

ITIOBBIX 3BCHLCB, B3ATBIX N3 TalJI. 2, HC IIOACTAaBJIASA KOHKPCTHBIC YHCJIOBBIC 3HAUCHU !

wes: L(oy,) =20lgK +20IgT, +0+0+0+0=20IgKT,
KT,T,

0e: L(oy,)=201gK +20IgT, + 20Ig%+0+0+0 =20Ig =201 KT,;

2 2

2 2
o L(og)=20lgK +20IgT, +20Ig:|r_—+20lg +0+0= 20|gKTT

3 2 2

2 2 2
®qa: L(m,,)=20lgK +20IgT, +20IgT—+20Ig—+20Ig—+O 20IgKTT .

1 2 1 2

Tabnuiry, Moxoxyr Ha Taba. 1, MOXXKHO COCTaBUTh U Il HAKJIOHOB aCUMITOT
JIAYX (1. e. ckopoctn uzmeHenust JIAUYX no gacrore B iorapuMrU4ecKoM MacuiTa-
6¢). Jlis 3Toro HeoOXOAMMO M3 KaKIOW SYCHKHM TaOy. 1 BBIMUCATh TOJBKO MHOXH-
TeNb, CTOSAIIMIA Mepes] BeipakeHreM Ig @, ¢ cooTBeTCTBYIOMM 3HaKOM. Tabu. 3 mo
CYTH SIBJISIETCSI BCTIOMOTATEIILHOM M MOET OBITh MCIOJb30BaHa ISl POBEPKHU Ipa-
BHJIBHOCTH MOCTPOEHUs XapakTepucTuku L(w). Hanmomuum, uto y JIAUX peasbHbIX
IUHAMHYECKUX 3BEHBEB JBE aCUMMTOTHI M HAKJIOH ATHX JIAUX MeHseTcs Ha COOT-

BCTCTBy}OH_Ieﬁ HacTOTEC COIIPAKCHUS.
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Jlanabie 0 HakiIoHax acuMmiTot JIAUX, nb/nex

Tabnuna 3

IJ{I%O}? 0<w<o, 04<O<O,| 0, SO0, | O;,<0OS0, | 04 <mM<0
L, () 0 0 0 0 0
L, (o) 20 20 20 20 20
L, () +20 +20 +20 +20
L, () 0 2:(=20)= 40 | 2:(-20)= 40 | 2:(~20)= —40
L, (o) 0 0 +40 +40
L, () 0 0 0 20
L= L) | —20 0 40 0 20

Tak Kak JIMHUIO MOKHO TTOCTPOUTH IO ABYM TOUYKaM, HEOOXOJIUMO OTNPEIECTUTh
eule o ogHomy 3HaueHuto JIAUX s kpaitHux acuMnToT. OCTaabHBIE K€ ACUMIITO-
Thl B MHTEpPBaJaX OT MEPBOM 10 MOCIETHENH YACTOTHI CONPSHKEHUS MOTYT OBITH IO-
CTPOCHBI 110 3HAUYCHUSAM, ONPEICIICHHBIM HA IPaHUIlaX YaCTOTHBIX JAUANA30HOB (T. €.
10 YaCTOTaM COMPSKCHUS).

o -1

Wtak, 3amagum r00yr0 4acToTy o < My, Hanpumep, ® = owp = 0,01 ¢, Torna

K 40

= ZOIQW ~(21b — oTMeTHM 5TO 3HAaYEHHE KaK TOYKYy A

HYA LY(w,)=20lg—
Wy ,

(puc. 16); Temepsb 3amamuM YacTOTy ® > M (IycTh ® = o = 1000 ¢ 1), Torma BUA

2 40-40-(0,08)’
L (0, ) = ZOngZ-I_—“-I_3 =201g - (0,08) ~-12,91b (touka F).
To, 32.0,005-1000

PaccuntaeM [MOMOJHUTEIHLHO 3HAYEHHWE HHU3KOYACTOTHOM (caMOW IepBO)
ACHUMIITOTBI L(l)((o) Ha gacToTe 1 ¢ *, KOTOpOe IS JIF0GOI CHCTEMbI JOTKHO PAaBHSTh-
cs Bennunne 20 IgK. B Hame#t 3amade 3HaueHre 3TOW BEJMYMHBI cocTaBisiet 32 nb.
Nmenno depes »Ty Touky G Bcerna AomKHa MPOXOAUTh HU3KOYACTOTHAS AaCUMIITOTA
WU €€ MPOJ0JDKEHHE, KaK MOKa3aHo Ha puc. 16 myHKTUpOM. BhITONTHEHHOE NEHCT-
BH€ TO3BOJISIET €IIe Pa3 MPOBEPUTH MPABUIBHOCTh MTOCTPOCHUS BCETO rpaduka.

3aHeceM OCHOBHBIC TOJYYEHHbBIC pe3yibTaThbl B Ta0d. 4, KoTOpas SBISICTCS
HauOosiee ya00HON W MHPOPMATUBHOM, TaK KaK COACPKUT BCE JAaHHBIC, HEOOXOIH-

Mble 11 moctpoeHus acumnTorrdeckoi JIAUX CAY, u uckitodaer W30BITOYHBIC.
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Takum o6pa3om, B Ta0i. 4 BeIOpaHbl OCHOBHBIC JaHHBIE, XapakTepusyromme JIAUX

Ha pas3JIMYHbIX YaCTOTHBIX JHUAIla30HaAX.

Jannsie gy noctpoenus JIAUX

Tabnuna 4

3HaueHue Hakiion O603Ha-
YpaBHeHue ot- 3HaueHue cieBa
wnana- CJEBa Tou-| xapak- . YEeHUE Tou-
pe3Kka IpsMoit
3o dopmyina | nb Ka | repues (acummnTOTHI) acuv= dopmyna | b Ka
TUKU TITOTHI
O<o<w, | -* |72 A | —20 | 20lgKk-20lgo | L®(w@) | 20lgKT, | 64,1 | B
0 <0<o,| 20lgKT, 64,1 B | +0 201g KT, L@(w) | 20IgKT, | 64,1 | C
KT KT,T}
o <0<0, 20IgKT, (641 C | —40 | 20lg=5*-40lgo L¥(w) |20lg9—| 1,1 | D
2 2
2 2 2
0 <O, 20IgKI+T3 1,1l D | +0 201g KT42T3 LD (w) 20IgKI+T3 11 | E
2 2 2
2 2
0, SO0 ZOIg% 1,1 E | —20 ZOIg%—ZOIgm L%w) | -* |-12,9] F
2 271

* _ nna HYA u BUA paccunransl 3HaueHns L% (0,01) = 7215 (Touka A) u
L® (1000) = —12,9 1B (Touka F) cooTBeTCTBEHHO.

S

+90°

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ow)"
Puc. 16. I'paduxu norapudmudeckux xapakrepuctuk (JIAUX u JIOUX)
JUTSI pacCMaTPUBAaEMON CUCTEMBI
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Janee ompenenuM BbIpakeHUe 1 pacuera (a3zoBoit xapaktepuctuku CAY,
KoTopas Takxe sBisiercss cyMmMmon JIOUX TUMOBBIX IMHAMUYECKUX 3BEHBEB, COCIU-
HEHHBIX TOCJIEA0BATENIbHO. 3anuiieM cymmapHyro JIOUX s KaxIoro TUIMOBOTO

3BeHa (cM. Tabu. 7 padotsr [3]):
P(w) = Oy () + @y () + P, (@) +2- P, (®) + @5 () + ¢y (), (101)
rae ¢, (o) =0 —JI®YX nponoproHanbHOTO 3BEHA,
@, (®) =—90° — JI®YX naeansHOro HHTErPUPYIOIIETO 3BEHA;
¢,(®) =-arctg T, — JIGUX aneproauueckoro 3BeHa ¢ MOCTOSIHHOM BpeMeHH T1;

¢, (o) =—-arctg T, — JIOUX aneprnoauyeckoro 3BeHa ¢ MOCTOSHHON BpeMEHH T,

(ux n1Ba);

¢,(w) =+arctg ZLZQT% — JI®UYX dhopcupyroiero 3BeHa 2-ro mopsijika,
NG

¢, (m) =+arctg T, — JIOYX ¢popcupyromiero 38eHa.

Torna pesynbrupytomas JIOUYX Bcelr cuctembl OyAeT UMETh BUA (MCKIHOYas

HYJCBBIC CJIaraCMbIC U YYHUTBIBAA OJMHAKOBBIC SBGHBH)Z

o(w) = Z(pi (@) =—90° +arctg T, — 2arctg T,m + arctg %L;@z —arctgT,o. (102)
1-T, o

JIOUYX B otnnune ot JIAUX He sBisieTcs JTUHEWHOW XapaKTEPUCTUKON U HE
MMEET SIBHO BBIPQKCHHBIX JINHEWHBIX YYACTKOB, TOATOMY €€ HEOOXOIMMO CTPOUTH TIO
TOYKaM, 3a/1aBasi 3HAUCHUsI YaCTOThHI B KAUECTBE apryMeHTa (PYHKITUN U PACCUUTHIBAS
10 HUM cooTBeTCcTBYIomMe 3HaueHus JIOUX. Yem Oombiie Touek OyAET MOITYUYEHO,
TeM TOYHEE OYJeT MOCTPOEH IpauK XapakTepUCTUKU. M3 Bcex BO3MOXKHBIX 3HAue-
HUN B Iuana3zoHe 4acTtoT oT 0 10 o0 peKOMEHIyeTCs 3a/1aBaTh BCE YACTOThI COMPSIAKeE-
HUsl (Ha KaXXJ0W M3 HUX OJIHO W3 ClIaraeMbIX UMeEET 3HaueHue + 45° s 3BeHa 1-ro
nopsiaka win £ 90° nis 38eHa 2-To MOpsJKa), a TAKXKE MO0 HECKOJIBKO 3HAUEHUN MExX-
1y HUMU (TpHU — NATh 3HAYEHUI) B 3aBUCUMOCTH OT MPOTSHKEHHOCTH JUaIa3oHa MEex-
1y COCETHUMU 4aCTOTaMU COMPSIKEHUS.

[Ipouecc Bbruncnenus JIOUX yno6HO opopMuth B BUaE Tabi. 5, B KOTOPOil
pacueT Ha JII000M 3aJlaBaeMOM 4acTOTE BEIETCS ISl KaXKJIO0Tr0 CIaraéMoro OTJIeNbHO,

a pe3yJbTaT CyMMUPYETCS B MOCIEAHEN CTPOKE TaOJIULIBI.
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Bb16upath MOXKHO MO HECKOJIBKO 3HAYEHHMM B Pa3HbIX JEKaJlaX, KPaTHBIX JPYr
IpyTy, HanpuMep 2 U 5 B 0JIHOM Jekaje, a Takxke 20 u 50 — B cnenyroueit. Ecinu BbI-
OupaeMoe 3HaYEHUE YAaCTOThHI OyAET CIUIIKOM OJM3KO K OJHOW M3 YacTOT COMpsDKe-
Hust (HapuMep, e = 0,025 ¢ u 3Hadenue 0,02 ¢ 1), TO CIEAYET OCTABUTH TOJIBKO
YKa3aHHYI0 4YacTOTy CONpsDKEHMs. ['paHMYHBIMU 3HAYEHUSIMU pPAacCMaTpUBAEMOrO
nuanasoHa sSBJstoTcs 0 u oo, [[ns MuHUManbHO-(Ga30BbIX 3B€HBEB Npu ® = () 3HaYe-
Hue ux JIOUX Taxxe paBHO HyINIO, a IpU ® = oo cocTaBiseT + 90° ms 3BeHa 1-ro
nopsiaka uin = 180° i 3BeHa 2-T0 Nopska.

Teneps npuctynum K noctpoeHuro rpadukos (cm. puc. 16). Jlns Havana pas-
METHUM 00J1acTh MOCTpOoeHUs: HapucyeM ocu koopauHaT (s JIAYX u JIOUX coot-
BETCTBEHHO BBEPX WM BHM3), 33JlaJUM JIOTapU(PMUYECKYIO LIKAIy MO OCH YacTOT U
IIKAJIy Ha BEPTUKAJIBHOW OcH crpasa, KpatHyro 20 nb, misa JIAUX u cneBa — kpar-
Hy10 90° — s JIOUX. Kpome 3Toro, uist pa3rpaHUYeHNs YaCTOTHBIX THANAa30HOB, B
KOTOPBIX CBOMCTBa KycOuHO-nMHernHOM JIAUX pasnnyaroTcs, mpoBeneM Ha BBIYMC-
JIEHHBIX YaCTOTAX COMPSKEHUS BEPTUKAIbHBIC ITYHKTUPHBIEC JIMHUU.

OO6usacth ompezeneHuss HEOOXOJIMMO BBIOMPATh TaKUM O0pa3oM, 4YTOOBI B
KpallHUX Jekajax (ChpaBa M clieBa) HE pacrioyiarajuch 4acTOThl conpsbkeHus. B Ha-
oIeM ClIy4yae MUHHMMaJIbHAs U MaKCHMalbHas 4acTOThl conpspkeHus paBHbl 0,025 u
200 ¢ COOTBETCTBEHHO M pacmoiararores B aekanax [0,01; 0,1] u [100; 1000], cie-
JI0OBaTENIbHO, 00JACTh MOCTPOCHUS AOJKHA OBITh B mpenaenax ot 0,001 go 10000 ¢t
Bwmecre ¢ TeM camu kpaliHHE OTMETKH 4acTOT Ha IIKaJie MOXKHO HE 0003HaudaTh. Ta-
KOW JMamna3oH 4acTOT HEOOXOUM, YTOOBI peasibHas XapaKTEPUCTHKA yCIieBaia Mpu-
OJIM3UTHCSA K ACUMIITOTHYECKOM, TTOCKOJIbKY BOJIU3M YaCTOT COIPSIKEHUS MX OTKIIO-
HEHUE APYT OT APYra JOCTATOYHO BEJIHMKO.

Jns moctpoenus rpaduka acumnrorudyeckod JIAUX moctaTouHO OTMETUTH
TOYKH CO 3HAYCHUSIMU, BEIYMCIICHHBIMU HA YaCTOTaX COMpPsKEHUs (T. €. Ha MyHKTUP-
HBIX JIMHUSX Ha HY>XHOM ypoBHe 1o mkaine JIAYX), a Takke 1Be JOMOJTHUTEIbHbIC
toukn A u B ans kpailHuX acMMIOTOT, a 3aT€M COEIUHUTHh UX OTPE3KaMH JIOMaHOMN
muauu. Kpome Toro, kpaifHMe acMMOTOTHI HEOOXOIMMO MPOJJIUThH, YTOOBI Tpaduk
JIAYX nHaumHancs jeBee TOYKM A M 3aKaHUMBAJICA IMpaBee TOUKU B (3kenarenbHO,
4yT0OBI rpaduK ObUT H300pakeH HaJl BCE OChIO YacCTOT).

[Tocne mocTpoeHHs] aCUMITOTHYECKON XapaKTEPUCTUKH HEOOXOAMMO YYECTh
MOMPaBOYHYIO XapakTepuctuky L (w; 0,05) nis ¢popcupyroiiero 3seHa 2-1o mopsiaka.
Jlns aroro Ha puc. 9 padoTsl [3] BbIOEpEM JIMHHIO, COOTBETCTBYIOIIYIO 3HAYCHHUIO
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§ = 0,05 u, yuutsiBas MaciTad, nepeHeceM ee Ha yxe nocTpoeHHbIl rpaduk. [locto-
SHHAsl BpEMEHU JaHHOTO 3Be€Ha 0003HauYeHa Kak |3, CIe10BaTeIbHO, CTPOUTD MOIpa-
BOYHYIO XapaKTEPUCTUKY HEOOXOAMMO Ha 4acToTe ®.3. st hopcupyroiero 38eHa 2-
ro Mopsiika clieyeT BbIYUTaTh 3aBUCUMOCTh Ly(®; 0,05), mostomy pesynbratr Oyaer
OTKJIOHSTBCS OT ACUMIITOTHYECKOW XAPAKTEPUCTUKU B OTPULATEIBHYIO CTOPOHY U
st 3HaveHus & = 0,05 okoHyaTenbHbIN rpaduK, HAIPUMEP, Ha YaCTOTE CONPSKEHUS
0. Oyner npoxoauth Ha 20 Ab HMXKE aCUMOTOTHYECKON JIMHUU (3TO MaKCUMAaJIbHO
BO3MOXHOE OTKJIOHEHHWE JIJIsi JaHHBIX MapaMeTpoB cucTeMbl). OTMETHM, YTO IMOIMpa-
BOYHAs XapaKTePUCTUKA NMPUBEJICHA JJIsI HOPMUPOBAHHON (OTHOCUTEIBHOM) YaCTOTHI,
T. €. IMK BCeX JIMHUI Ha puc. 9 padotsl [3] HaxomuTcs B o0iactu /o . = 1. D10 03-
HayaeT, YTO €CJIM Ha puc. 9 BHIOpaHBI TPU TOUKH HaA Oe3pa3MEpHON OTHOCUTEIBHOM
yacrore 0,8; 1 u 1,2, TO n1s1 paccMaTpuBaeMoro 3B€Ha OTMEYEHHBIC 3HAYEHUS I10-
MIPaBOYHOM XapaKTEPUCTUKU HEOOXOAMMO BBIUMTATh COOTBETCTBEHHO Ha yactote 10;
12,5 1 15 ¢ . O4eBHAHO, STH 3HAYCHHS HAXOIATCS B TOI JKe IIPOIIOPLIUH, YTO U TPHU
paHee yKa3aHHBIX 3HayeHUs Oe3pa3MepHOM YacTOThl, MPUYEM BTOpOE 3HadYeHHE |
6e3pa3MepHOil YaCTOTHI COOTBETCTBYET YaCTOTE COMPSIKEHUS ® i3 = 12,5 ¢ .

Jns moctpoerust JIOUYX HeoOX0MMO OTMETUTh 3HAUCHHS, OTIPEICIICHHBIC JJIs
K101 BHIOpaHHOW YacTOTHI U MPUBEACHHBIC B Ta0J. 5, a 3aTeM COEAUHUTH BCE OT-
MeueHHbIe TOUKU OT A 10 T mmaBHOU nuHuen. Pa3oBasi XapaKTEPUCTUKA HE JOJKHA
uMeTh u3inoMoB. Kpome toro, mpu Mambix (@ — 0) u 60apmmux (0 — 00) yacToTax
rpaduk JIOUYX nomkeH aCUMITOTHYECKH CTPEMUTHCSA K JIMHUSM, MPOBEICHHBIM Ha
ypOBHE 3HaueHu#, kpaTHbiXx 90°, mpu 3ToMm camu Toukd A u T Ha rpaduke OTMETUTH
HEBO3MOXKHO, YTO M MOKAa3aHO Ha pUC. 5 cTpesikaMu. 3HaUYeHUs B Ta0J. 5, BbIJIEICH-
HbIE KYpCHUBOM, HE TPeOYIOT pacyeToB, TaK Kak OHU OyAyT paBHbI KpalHUM 3HAUCHU-

aMm (TIpU 4acToTe, paBHOU 0 1K 0).
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