TEMA Nel. Teopernueckue OCHOBBI IOCTPOECHUSI CUCTEM BOOPYKEHHUS 3€HUTHBIX
PAKETHBIX BOWCK
SAHATUE Ne 10 3oHAMpPYIOMIME CUTHAJIBL, HWCIOJIB3YyEMbIE B CHUCTEMAaX

BoOpyxeHust 3PB

VYy4eOHbIe BONPOCHI

1. Buasl 30HAMPYIOMIMX CUTHAIOB, UCIIOIB3YEMBIX B CHCTEMAaX BOOPY KCHHS
3PB.

2. OCHOBHBIE XapaKTEPUCTUKU 30HAUPYIONINX CHTHAJIOB, HCIIONB3yEMBIX B

cucreMax BoopyxkeHus 3PB.

1. BUABI 30HANPYIOIINX CUT'HAJIOB, UCITIOJIb3YEMbBIX B
CUCTEMAX BOOPYXXEHUA 3PB.

WN3nyyaemblii  aktuBHOM PJIC curHam wurpaer poyib  HHCTPYMEHTa
MCCJIeI0BAaHUS MPOCTPAHCTBA PAJAMOIOKAIMOHHOTO HAOMIOACHUS M Ha3bIBaeTCs
soHupytonuMm (3C).

Ecnu Ha paHHUX 3Tamax pa3BUTHUS PaJUOJIOKAllMd BOIPOC O BbIOOpE
Hamnyymnx 3C ObLT HE OYEHb OCTPHIM, TO B HACTOSIIEE BPEMsl C Pa3BUTHEM
AIIEMEHTHON 0a3bl PaAMOTEXHUYECKUX YCTPOMCTB CUTyalusi B KOPHE U3MEHUIIACh.
B cospemennsix PJIC BwiOop 3C pAMKTyeTcss HE CTOJBKO TEXHHUYECKHUMU
BO3MOXHOCTSIMU HMX HCIIOIB30BaHUS, CKOJIBKO HEOOXOJUMOCTBIO HAWIyUYlIUM
oOpa3oM pemiats 3a1auu, crosauue nepex PJIC.

PaccMoTpuM paanosiOKallMOHHBIE 30HAUPYIOLIUE CUTHAJIbI, UCIIOIb3YEMbIE
B usywyaemoit 3PC (puc. 1), uUX MOXKHO pa3ieauTh Ha UMIYJIbCHBIE U

HCIIPCPBIBHLIC.



SOHANPYIOIINE CUT'HAJIbI

A 4 A 4

NMITYJIbCHBIE HEITPEPBIBHBIE
A\ 4 A\ 4 A\ 4 A\ 4
OJIMHOYHBIE ITOCJIE, IMI. HM JIUM
» [[POCTBIE PU > KIITTIPU
»  JIYM PU » IMI 1L 3AITPOCA
Puc. 1.

NmnynbcHBIE CUTHAJIBI  MCMOJB3YIOTCS, Kak MpaBwio, [Js o03opa
IIPOCTPAHCTBA M  IOAPA3ACIAIOTCA B  CBOK  OYepeab Ha  OJWHOYHBIC
paanoumnyibscebl (PM) u mociemoBatenbHOCTH UMIYyNbcoB. B 3aBucumoctH OT
BHYTPUUMITYJIbCHOM MOAYJALMUA oauHO4yHble PU nensdrcs Ha mpocTeie, TO €CTh
Hemonynuposanuble u JIUM PU, TO ecTh ¢ BHYTPUUMIYJIBCHOW JIMHEHHOU
YaCTOTHOM MOAYJISIIUEN.

JIns conmpoBOXIECHUS LEIEH W PAKET HCIIOJIb3YIOTCS OrPaHUYECHHBIE BO
BPEMEHU  IIOCJIEIOBATEIbHOCTH HUMIIYJIBCOB, KOTOpbIE IIPUHATO Ha3bIBaTh
«MavyKaMmu» UMITYJIbCOB. J{Jist pabOThI 1O LEIIM NIPUMEHSIOTCS KOT€PEHTHBIE MaYyKH
npsiMoyroJibHbIX paguoumnyibcoB (KIIITPH), a mo pakeram — mayku 3ampocHBIX
UMITYJIbCOB, KOTE€PEHTHOCTh KOTOPBIX TMpu 00pabOTKe HE YUUTHIBAETCA.
(KorepenTHO# Ha3bIBAIOT MOCIEA0BATEILHOCTh PAAUOUMITYIBCOB C OJIMHAKOBBIMU
WM U3MEHSIOIKUMHUCS 10 W3BECTHOMY 3aKOHY HayanbHbiMH (azamu.) KIITIPU

JIIUTCIIBHOCTD KOTOpOﬁ MHOTI'0 OOJIbIIIE BPCMCHHU 3alla3bIBaAHWA CUTHAJIA, a4 IICPHUO]



MMOBTOPEHUS UMITYJIbCOB B IAYKe MHOTO MEHBIIEC 3TOTO BPEMEHH, - IMPUHATO
Ha3bIBaTh KBA3MHETIPEPHIBHBIM CHTHAJIOM.

Jlnist oOHapy>KeHus LeJei Ha MaJIbIX M TPEeNIbHO MaJbIX BhIcOTax (MeHee |
KHJIOMETPA) B YCIOBUSAX WHTECHCHUBHBIX OTPAXCHUH OT MECTHBIX IMPEAMETOB M
MOJICTHJIAIONIEH TOBEPXHOCTH I1eIecOo00pa3HO MCIONb30BaTh HempepbiBHbIE 3C,
TaK KaK OHM 00eCMeYNBAIOT MAKCUMATbHYIO MMOTCHIUATBHYIO 3amuiieHHocTs PJIC
OoT 3TuUX BUAOB momex. Kak m B ciydae ¢ omuHouHbIMH PU, wncmonb3yembie
HETPEPBIBHBIC CUTHAIBI MOTYT OBITh HeMoAyaupoBaHHbIMH (HM) wiu nuHelHO
4acTOTHO MOJyJIupoBaHHbIMU (JIUM).

Jlist manbHEUIero pacCMOTPEHUSI CBOMCTB M MTApaMETPOB, NIEPEUUCICHHBIX
3C, HE0OX0AMMO KPAaTKO PACCMOTPETH CIOCOOBI UX MAaTEMaTUUECKOTO OMUCAHUS U
OCHOBHBIE XapaKTEPUCTHKH, PACCMOTPEHHBIE B KypCe PaaruOIOKAIIH.

N3BectHpl gBe Haumbosnee oOmue (GopMbl 3amucu  paJHOCHUTHAJIA:
BEIIICCTBCHHAS U KOMIUICKCHAsI.

[Ipu nepsoit popme 3C umeeT BUA

Ss(t) = UnU(t)cos[27tfot + @(t)], (1)
rne:  Up — aMmiuTyaa u3aydaeMblX KoJeOaHui;
fo— Hecymas yactora CBY konebanwui;
U(t) — 3aK0H aMIUTUTYAHOM MOy IsIUU (Orubaroias CUrHaia);
¢(t) — 3axoH ¢azoroit moxyssinuu 3C.

Kowmmnekcnast popma 3anucu 3C umeeT BUA
$,(1)=U,U(t)e”™! 2)
e U(t)=U() e . KOMIUICKCHBIH  3aKOH moayisinun - 3C
(komIIIEKCHast orubaroIas CUrHana).
OuyeBuyHO, uTO BemlecTBeHHass ¢opma 3anmucu 3C  coBmajgaer cC
JNEUCTBUTEIILHOM YacThIO €€ KOMIUJIEKCHOU (hOPMBI.

Kommnekcnass ¢opma 3amucu Oonee yaoOHa TpH MaTeMaTHYECKOM

OIIMCaHUM IIPOUCCCOB, YCM BCHICCTBCHHAA, OIHAKO HCO6XOI[I/IMO IIOMHHUTB, 4YTO
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¢u3nyeckre IMpolecchl B PaJUOTEXHUYECKHX MensX (TOKM U HampsHKEHHs)
OIMCBHIBAIOTCS BEIIECTBEHHBIMU (yHKIUAMHU BUaA (1).

Jnsa onucanus u  a”Hanu3a 3C  UCHONB3YIOTCA MX MapameTpsl U
XAPAKTEPUCTUKU: DHEPreTUUYECKHE, BpPEMEHHBIE, YAaCTOTHBIE W  YacCTOTHO-
BPEMEHHBIE.

OcHoBHBIE SHEpreTruueckue napameTpsl 3C:

P, — uMInynbCHass MOILIHOCTB;

Pep = Pu/Qc— cpennss MomHOCTh (Qc =T/Ty- CKBaXKHOCTh CUTHAJIA);

D¢ — DHEPrUs CUTHAJIA:

JUISL OMMHOYHOTO UMITYJIbCa D = Dy = Py Ty;
JUISL TAYKK UMITYyJIbcoB .= M O, (M — KOJUYEeCTBO UMITYJILCOB B
ravke);

HEIIPEPBIBHBIN CUTHAII UMEET OJUH SHEPTeTHUECKHUM mapaMeTp - Pep.

K BpeMEeHHBIM IMapaMeTpaM OTHOCATCS:

Ty — JJIUTEIBHOCTD UMITYJIbCA;

T, — neproa NOBTOPEHMUS;

T, = MT, — quTenbHOCTh CUTHANA (JIJIs1 TTaY€K UMITYJIHCOB).

IIpn BpeMEHHOM ONMCAaHMU HENPEPHIBHOIO CUTHANIA MOYKHO PACCMATPUBAThH
€ro Kak OECKOHEYHYIO IOCJIEI0BATEIbHOCTh MPUMBIKAIOIIUX JPYyr K JApPYry
pamuouMIyinbCcoB (T, = Tn; Qe = 1).

YactorHsiMu napameTpaMu 3C sBIsETCS:

fo — Hecymras yacrora;

Af. — mmpHHa criekTpa cUrHana;

F, = 1/T, — yacToTa MOBTOpPEHHUSI UMIYJIbCOB B MayKe JJII UMITYJIbCHBIX
MIOCJEA0BATENBHOCTEN.

Baxueimein yactotHor xapakrepuctukoi 3C SBISETCS €ro 4acTOTHBIM
CIIEKTp,  XAPaKTEPU3YIOIIUN  paclnpeleseHue  KOMIUIEKCHBIX  aMIUIATY[

FapMOHUYECKUX COCTABJISIIONIUX CHUTHAJIa MO 4acTOoTHOW ocu. CurHan (2) u ero

CIIEKTp S3(f ) CBsI3aHbI MEX]ly c000i1 mpeobpazoBannem Dypre:



S, (t)= TSS(f)ejznﬂdf,
” (3)
S,(0)= [8,(e *™dt.

—0o0

CJICI[yeT IIOMHHTB, YTO CIICKTP KOMIIICKCHOI'O CHI'HaJIa CaM SABJIACTCA
KOMIIJIEKCHOM Q)YHKI_II/ICI\/'I M 3aIIMChIBACTCA B BHJIC:

S,(F)=[3, ()l s> O, (4)

Tac

S, (f )‘ - ammuryaHo-yactotHbii  cnektp  (AYC)  3C,

XapakTepU3YIOLIMKA pacCIpelelICcHue aMIUIUTYl TapMOHUYECKHUX COCTABIISIOIINX
€ro CIEeKTpa;
arg S3(f ) - ¢azo-yactoTHb criekTp (PUC) 3C, xapakTepu3yromu
pacnpeneneHne HadalbHbIX (a3 TapMOHMYECKHX COCTAaBISIOIIUX MOJIHOTO
CIIEKTpa.
Jpyroii Ba)XHENIIEH, C TOUKU 3PEHUS paanuoJIOKaluu, Xapakrepuctukon 3C
ABJIIETCS HOPMHpOBaHHAs JByMepHas aBToKoppessiuuoHHas ¢GyHkuus (AKD)

3dKOHAa MOJAYJIAIIUHN:

TU(t)U*(t — 7)el? Mt

p(t,F) ="—"—— : (5)
[lu[

—0

rae U*(t) — komruiekcHo comnpsikenHas GyHkius k U(t).

BMecto TepMHMHAa «HOpPMHpOBaHHAs JBYMEpHas aBTOKOPPEISIMOHHAS
GYHKIMS»  WCMONB3YeTCs  TakkKe  TEPMUH  «HOPMHPOBAHHAS  (DYHKIIHS
HEOIPEeIEHHOCTH CUTHana». dusndeckuil cMbica (5) 3aKiroyaeTcs B TOM, UTO
OHa XapaKTepHu3yeT CTeneHb cBs3M (Koppensauuio) 3C ¢ ero Konue cMemeHHo! Mo
BPEMEHH M 4YacToTe. B MpsIMOYroiapbHOW CHCTEME KOOpAWHAT (yHKIUS

p(t, F) mpencrasnser coboii MOBEPXHOCTh TEIa HEONIPEAECIIEHHOCTH CUTHANIA.



6
Baxnocts ¢GyHkiuu (5) 3akmodarcss B TOM, 4YTO OHa OIMCHIBAET
KOMIUJIEKCHYIO OTrMOaronlyl0 CUTHajla Ha BBIXOJAE JII0OOOTO ONTHUMAIBHOTO
paauoOIOKAIMOHHOTO mnpueMHuka. (OHa  omnpenenseT Takue  BaKHEHIINE
xapaktepuctuk PJIC kak xayecTBO OOHapy>KEHHs, pa3peniatonulyro CrocoOHOCTh
no pambHoctd J[ w ckopoctu V, TOYHOCTh M3MEPEHUS] KOOpJAUHAT W
MMOMEXO03alIUIIEHHOCTh CTAHIMH.

OcHoBHbIE cBolicTBa AKD.

[lepBoe CBOMCTBO COCTOMT B TOM, YTO p(t.F) MPUHUMAET MaKCHUMaJlbHOE
3HayeHue, paBHoe 1, mpu t=F = 0.

Btopoe CBOICTBO COCTOMT B CHUMMETPUHM 3TOM (PYHKIIMM OTHOCHTEIBbHO
aprymenTos: P (v.F) = p(=1,-F)

[Ipu orcyrcTBUM uvacToTHOTO paccornacoBanus (F = 0), Beipaxenue (5)
XapaKTepu3yeT CBA3b 3aKOHA MOMYJSIIUU C €ro KOIMUEW, OTIUYAroIIecs Wb

BPCMCHHBIM CIABUTOM

TU(t)U*(t — 7)dt

p(1) =p(1,0) =—=— : (6)
[lof

—00

B cnydae ecnu curHanm M ero Komusl coBmagaroT mo BpemeHu (T = 0)

BbIpakeHue (5) npuoOpeTaeT BUA

T\U(t)\zeﬂ“ﬂdt
p(F)=p(0,F) =—— (7)
[Jue)”at

—0o0

U XapaktepusyeT HopmupoBaHHbI AUC kBajpaTa MOy oru0arolei curHana.
Kak mpaBuno, nns ananuza cBoiicTB 3C HeT HEOOXOAUMOCTU CTPOUTH
paccMaTpuBaTh BCE TEJIO HEONPENEIEHHOCTH, TOCTATOYHO OCTPOUTH €r0 CEYEHUS

mockocTsiMHu F = 0, T = 0 ¥ mpoeKuio NOCTOSSHHOTO YPOBHS, Hanpumep, p = 0,5.
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[locTpoenue mnpoekuuii 3aJaHHBIX YPOBHEH HCMOIB3YyeTCs B Tomorpaduu s

oToOpakeHus peiabeda MECTHOCTH.

2. OCHOBHBLIE XAPAKTEPUCTHUKHU 30HANPVYIOLINX CUT'HAJIOB,
NCIIOJIB3YEMbIX B CUCTEMAX BOOPYKEHUA 3PB

2.1. OCHOBHBIE XapaKTEPUCTUKH HEMPEPHIBHBIX 30HANPYIOLINX CUTHATIOB

B coorBercTBUM C BbIpaxkeHHEeM (2) HEMOIyJIMPOBAHHBIM HENMpPepbIBHBIN
CUTHAJI €IMHUYHON aMIUTUTY/bl B KOMIUIEKCHOM (hopMe MOXKET ObITh MpeACTaBICH

B BUJC
- _ J2n(fyt+o)
S,()=e" 7" (8)
rac ¢ - HE 3aBUcC:ANIasA OT BpCMCHH HaYdaJlbHAA (1)333 CHUT'HAJIa.

JBymepnast HopmupoBanHasi AK® Takoro curHaisa Ha ocHOBaHuUHU (5) paBHa

1| jompe 1
p(TaF) =—1|¢! dt|= _‘S(F) > (9)
2 I 9,

C|—o0

o0
rne O, = j ‘Uz(t)‘dt - DHEpIusl CUTHAJa;

—0o0

o npux=0
d(x) = - nenbta - Gpyukus dupaka.
0 mpux=#0

VYuuteiBas, YTO HENPEPBIBHBIA CUTHAN, HWMEIOIHUA  OECKOHEUHYIO
JUIUTENLHOCTh, O0JajaeT OECKOHEUHOW sHepruei I, BbIpakeHue (9) MOXKHO

MNpcaACTaBUTh B BUAC

I mpuF=0
p(t,F) = :
O npuF #0
Ilocnennee  BblpakeHne  o3Hayaer, uyro AK®  HenpepbIBHOro

HCMOAYJIUPOBAHHOI'O CUT'HAJIA ABJISICTCA (1)YHKI.IPICI>1, HC BaBI/ICSIH_Ieﬁ OT BPCMCHHOT' O

CABUTa T U oOpaliaronuiics B HyJb BCIoAy, kKpome 1iockoctu F = 0.



8

Bpems koppensiiuu u nHTepBaji pa3pelieHus no JaJlbHOCTH TaKOrO CUrHaja
OECKOHEYHO BEJIMKHM, YTO B MPHUHILMUIE HE TIO3BOJSET HCIOJb30BaTh €ro JJs
u3MepeHus naanbHOocTH. OJHAKO TEOpEeTUYECKW TaKOW CHTHajd IMO3BOJSET
MPOBOJUTh HW3MEPEHHUS W paspeumiaTh LEdd 10 pagualibHOW CKOPOCTH C
0ECKOHEYHON TOYHOCTBIO.

Ha npaktuke orpaHuyeHuss Ha TOYHOCTh M3MEPEHUS HAKIIAJbIBACT
orpaHu4eHHoe Bpemsi HaxoxzaeHus uenu B jyde PJIC - tos. Ilpu sTom mmpuna
cnektpa takoro curnana Af = 1/ tys,. Hanpumep, npu KpyroBoM ckaHUpOBaHUM IO
a3uMyTy Jyda mupuHou 1° ¢ yactoroit BpamieHus 20 000pOTOB B MUHYTY BpeMs
00JTy4eHHUsl HECIOKHO PACCUUTATh, OHO COCTABIAET tosy ~ 8,3 MC, COOTBETCTBEHHO
mupuna crektpa Af = 120 T'm.

OcHoBHOI1 00J1aCThIO MTpUMEHeHUs1 Takoro curtana B 3PC sBisercs ciy4ait
OoOHapy>KeHHUs CJIa0bIX MOJIE3HBIX CUTHAIOB OT MaJIOPAa3MEPHBIX 1IeJIei Ha MaJIbIX U
MpeesIbHO MaJIbIX BBICOTAX Ha (POHE MHTEHCUBHBIX OTPAKEHUN OT MOJICTUIAIOLIEH
MOBEPXHOCTH, MECTHBIX ITPEAMETOB U MeTe000pa3oBanuil. [lockonbky paguanbHas
CKOpPOCTb LeJIell CYIIECTBEHHO BBIIE CKOPOCTEM MAaJIONOJABMXKHBIX — WIIH
HEMOJABI)KHBIX ~ HMCTOYHMKOB  MEIIAIOMIMX  OTPKEHWH,  HCHOJIb30BAaHUE
HenpepbiBHOTO 3C 1MO3BOJIIET € BBICOKOM 3()PEKTUBHOCTHIO OCYIIECTBISITH
celiekuio (pa3nuyeHue) mnoisie3HblX curHanoB. HempepsiBubiii 3C mo3BOdsET
3 PeKkTUBHO peliaTh 3a7a4d OOHApPYKEHUS U CONMPOBOXKICHHS Iiejed Ha ¢oHe
MEUIAIOLIUX OTPaKeHUH, IPEBBIIIAIONINX 10 MHTEHCUBHOCTH MOJIE3HBINA CUTHAJ Ha

60-80 J16.

2.2. OCHOBHEIC XAPAKTCPUCTHKH HUMITYJIbCHBIX 30HIUPYIOINUX CUTHAIIOB

PaccMoTpuM  mpocTOM  IPSIMOYIOJIBHBIM — PaJUOMMIIYJIBC C  HYJIEBOU
HavyajabHOU (ha30il u orudaroieit Buga
I, 0<t<rt,,

Ut)=U@1)=1(t) - 1(t—1) = 0 <0 ton (10)

rae  1(t) — equHUYHAsS QyHKIUS.
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PaJII/IOI/IMHy.HBC eI[HHHqHOﬁ AMINIUTYAbI MOXKCET OBITD MMpCaACTaBJICH B BUIC
: _ j27f,t
S, (t) = U(t)ed2™ot
HopmupoBannast jgBymepHas AK® Takoro curiajga OIHCHIBACTCS

N
3aBHCHMOCTBIO (1, F) = |s1n nk(t, 1“')|
‘ kTt

n

, Tpu MSTH. (11)

Bun tena HeompemeleHHOCTH, 3ajaHHOTrO BhipaxkeHueM (11), mpeacrtaBieH
Ha pUCyHKe 1.

TouHOE MOCTpOEHHE TeNla HEONPEAECIECHHOCTH MPUBOJMUT K CYIIECTBEHHBIM
BBIYMCIIUTEIBHBIM CIIOKHOCTSIM, a KOJTUYECTBEHHBIN aHaIU3 XapakTepucTtuk 3C 1o
HEMYy MPOBOAMUTH HEyN00HO. JlocTaTouHylo JUIsl aHaM3a HWHPOPMALUIO MOKHO
MOJIyYUTh, BOCIIOJb30BaBIINCh ceueHUsIMH AK® miiockoctsimu F = const, T = const

Y MPOEKIUAMU MOCTOSHHOI'O YPOBHS P = const.

’l.
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Puc. 1. Teno HCOMPCACIICHHOCTHU IIPOCTOTO MPAMOYTOJIBHOT'O paaAnONUMITYJIIbCA.

I[JISI HUCCIICAOBAHNA BPCMCHHBIX CBOICTB paccMaTpuBacMoro CurhHaljia, €ro

AK® — p(t), MOXXHO MONY4YUTh, NOACTaBUB BhipaxkeHue (10) B (6) u mpousBeas

HECJI0KHBIC BBIUUCIICHHMS, Harpumep, ripu F = 0
— M IIIs M <7
9 —= Yy
p(T) = Ty (12)
0, mus M >T,.

p(1)

F2 = /\

F;>F

v

-TH 0 TI/I T

Puc. 2. AK® npoctoro npssmMoyrojibHOro paauouMITyJibca
AHaNIOrnYHBIM 00Pa30M MOKHO MOJYYUTh CEUECHHUS TeJla HEONPEeIeIeHHOCTH
st MoObIX pukcupoBaHHbIX F. XapakTepHbie ciiyyan moka3aHbl Ha pUCYHKE 2.
Kak cnemyer u3 puc. 2, BpeMs KOPpESIUU Ti IPOCTOrO0 PaJuOUMIIYJIbCA
COBIIAACT C JUIMTEIBHOCTBIO UMITYJIbCA.
Koumponvuuvuii eonpoc: Yxascume ycnosue paspeuienus 08yx yenei no

OAIbHOCMU.
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‘rul — ruz‘ >CT,. (13)
JInsi  pacCMOTpEeHHs] YaCTOTHBIX CBOMCTB IMPOCTOrO MPSAMOYTOJBHOTO
pagIuoUMIyJibCa CIEAYET UCIOJb30BaTh HOpMUpOoBaHHBIM AYUC kBagpaTa MoayJis
orubaromieit curnana p(F) — 1o ectb ceuenne neymepHoit AK® mimockocthio T = 0

smnFT,
nkt

n

p(F) = (14)

HOHY‘IGHHO@ BBIPAKCHHUC COBIAAACT C BBIPAKCHUCM JJII SHCPICTHYCCKOTO

CIICKTpPa CUI'HaJla, IICPCHCCCHHOI'O HA HYJICBYIO YaCTOTY.

t p(F)
‘C1—O
)
. //\\
-1/, 0 1/, F

Puc. 3. Hopmupoaunnbsiit AYC kBagpaTa Moaysi orudaronieii curnana
Xapakrep usmenenusi p(F) nmpu BbiOOpe paznuyHbIX T = const BUAEH U3

puc.2.

Mupuna ¢ynknuun p(F) mo ypoBuio 0,5 sBisieTcss Mepoil paspernieHus

CUTHAJIA 10 YaCTOTE U COCTABJISET BEIUUYMHY, OOPATHYIO JJIUTEIbHOCTH UMITYJIbCa



Konmponvnwiii 6onpoc: Yrkasicume ycnosue paspeuwienuss 08yx yeneu no

yacmome.

|[Fo,, — Fo,,| = AF .

[loxazaHHble ceyeHUs] PYHKIUU HEONPEAEICHHOCTH HE BCEr/Aa IMO3BOJSIOT
ee MpOoaHaTM3UpPOBaTh. Bo-MepBbIX, 3TH CEUEHHUS HEJAOCTATOYHO XapaKTEPU3YIOT
AK® B TOukKax BO3HUKHOBEHHUsI €€ OOKOBBIX NMHUKOB (puc.l, BUIIHEBas 00JIaCcTh).
Bo-BTOpbIX, yKa3aHHblEe CEYEHHs HE MO3BOJISIOT OLEeHUTh noBeneHne AK®D mpu
OJIHOBPEMEHHOM paccorjiacoBanuu 1o F u 1. [{ns pemenus ykazaHHOU poOieMbl

4acTO MPUMEHSIOT MPOEKIUU MOCTOSHHBIX YPOBHEH, MpUBEICHHbIE HA pUC. 4

m0,8-1
00,6-0,8
00,4-0,6
m0,2-04
00-0,2

T
Puc. 4. [Ipoexuun mocTosHHBIX ypoBHEH p(T,F)
N3 npuenennbix cootHomenuit (10-14) u pucynkos 1-4 cienyer, 4to s

MPSIMOYTOJILHOTO PaJMOMMITYJIbca 0€3 BHYTPUUMITYJIBCHON MOJIYISILIUM pa3Mepbl
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AIIEMEHTOB Pa3pelleHus] M0 BPEMEHU M YaCTOTE KECTKO CBSA3aHBI MEXAY COOOM.
VYmenpumienue anurensHocTd 3C T, BEAET K YBEIMYEHHUIO pasperiaroniei
CIOCOOHOCTH TO JalbHOCTH, OJHAKO, IMPU 3TOM CHIDKAETCA pa3pelaroas
CIOCOOHOCThH M0 4YacToTe (pajualibHOM CKOpPOCTH) U HAa0O0poT. Takum 0bOpazom,
JUIsL  paccMaTpUBAaeMOr0 CHUTHajla HEBO3MOXKHO OJHOBPEMEHHOE TOBBIIICHUE
paspeniaronieii cnocoOHOCTH MO0 00EUM KOOPIUHATAM.

[IpssMOYTOJIBHBIA PaMOUMITYJIBC OTHOCUTCS K MPOCTBIM CHUTHAjaM, IS
KOTOpBhIX 0a3a CUTHajla n, paBHas MPOU3BEICHUIO NJIUTEIBHOCTH CHTHaja T, Ha
mupuHy ero crekrpa AF - n = 1, AF, npunumaer 3Hauenue 1.

Jlist moBblieHUst pazpernaronieit cnocoonoctu 3C Mo AByM KOOpJHMHATaM
OJIHOBPEMEHHO HEOO0XOJMMO YBEJIMYMBATh 3HaueHHE Oas3bl n. (s 3TOro MOXHO
au00 yBEIMYMBATH HIMPHUHY CIEKTpa CUTHAjla NpPU COXPAHEHUH JIUTENBHOCTH
UMITyJIbCA IYTEM BBEICHUS BHYTPUUMITYJIBCHOW MOAYJISUUU, JHOO, COXpPaHUB
napameTpbl HUMITYJbCa, OOBEIMHUTH HMX IMOCIEI0BATEIBHOCTh B KOTEPEHTHYIO
MayKy.

PaccmoTpuM mepBbIil crioco0 pacimupeHus 0as3bl CHTHaja Ha MpUMeEpe
MPSIMOYTOJIBHOTO PaJIMOMMITYJIbCA C JINHEWHON YacToTHOW Monynsauueit (JIYM).

JIUM paguoummyisc (puc. 5) mpeacTaBisieT cOOOM CUTHaN, Y KOTOPOTO B
TE€YEHHUE JJTUTEITbHOCTH UMITYJIbCA Ty YACTOTA U3MEHSAETCS 10 JIMHEHHOMY 3aKOHY

—f Aft

py=tx =t g op 2t (15)

Ty Ty

Tac Afﬂ — AC€BHUallUA 4aCTOTHI.

fA

(—Fv

Tu

Puc. 5. 3akon n3menenus yactorsl JIYM paguonmiynsca
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daza Takoro curHaiga U3MeHIETCS O KBaApaTUIYHOMY 3daKOHY OT BpECMCHU
@(t)=2nf t+ bt* + @,

a KOMIIJICKCHas1 0rn6a}0ma${ MOJKET OBIThH NpcaAcTaBjCcHa B BUJC

j(bt* +¢q)
e vt<T,

U(t) =
0,t>rt,

2 .
rie b =mn/t; - napametp $pa30BOM MOAYISILIMH;
n= t,Af, - 0asa curnana.

Ouepreruueckue napamerpel  JIYM  curnama  (P,, O
NPSIMOYTOJIGHOM Orubaromeid He 3aBUCAT OT 3aKOHa BHYTPUUMITYJIBCHOM
MOIYJISALMA W COBMAJaeT C MapaMeTpamMu MPOCTOrO MPSIMOYTOIHHOTO
paIuouMITyJIbCa.

AYC npsmoyronsHoro JIYM paguonmnyinbca 1t n > 50 uzoOpaxeH

Ha puc. 6.

Af, = Af,

Puc. 6. AYC npsimoyronsHoro JIYM umnynsca

v

W3 pucynka BuAHO, 4TO ¢opMa orubamiel crekTpa MNpUOIMKaeTcs K
MPSIMOYTOJIbHOM, & IIMPUHA ONPENEIIETCS AEBUALIMEN YaCTOThl CUTHAJA.
HopmupoBannas  aBymepHas  AK®  paccmarpuBaemMoro  curiaia

ONIPCACIIAACTCA BBIPAKCHUCM
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sin| T F+Afﬂi (r—‘rn‘)
il npu [1<t,
p(r.F) = T F+Afﬂi T,
TI/I
0, pu M>1:H.

Penbed aToit dyHkiuu npuBeneH Ha pucyHke 7. Kak BUIHO U3 pHCYHKa
TeJNOo HeompeneneHHoctu JIUM pagmomMmiynbca OTIIMYAETCA OT AHAJIOTMYHOTO
TeJla HEMOJYJHWPOBAHHOTO CHUTHAJIA T€M, YTO OHO MOBEPHYTO BOKPYI OCHM P Ha
HEKOTOPBIM yroj, BEJIMYMHA KOTOPOTO MPOMOPIIMOHATIbHA YACTOTHOW JEBUAIIUM.
IloBopoT Tena MO YAacCOBOW CTPEJIIKE COOTBETCTBYET CIIy4alr) pPOCTAa YacTOTHI,
MIPOTUB YaCOBOU CTPEJIKU — €€ YOBIBAHUIO.

Bpems koppensiiuy CUrHajla Tx XapakTEpU3YETCs IIUPUHOW CEUYECHHUs Tena

HCOMPCACICHHOCTHU IINIOCKOCTBIO F=0mo YPOBHIO p = 0,5 1 COCTAaBJIACT

To ectp Bpemsa koppemsiuuun JIUM wumnynsca B n pa3  MEHBIIE
COOTBETCTBYIOIIETO BPEMEHHU IIPOCTOrO MPSIMOYTOJIBHOTO HMITYJIbCA TOW KE
anmurensHocTH. CnenoBatenbHo, JIUYM curnan cnocobeH obecneuuTh B N pa3
JYUYIIyl0  paspemiaroniyr0  CrIocoOHOCTh MO  JaJbHOCTH, Ye€M  MPOCTOU

PaIuOUMITYJIbC.
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1]
] Hﬁ;—“
] _E'.E.'T-!__.;
I ";'ailr'."h

Puc. 7. Isymepuas AK® JIYM paguoumnyibca
Cedenusa Tella HEOMPEAEIECHHOCTH IUIOCKOCTIMH F = const, T = const u
MIPOEKIIUU TTOCTOSTHHOTO YPOBHSI P = const MPpUBEICHBI HA pUCYHKE 8 a, O, B.

4 P(7)

Fi=0 — | A~
F.>Fi 7[ \(‘\
o ——A\\

/\,%:'f;:{\ \\> >

UAf, 0 1/Af, T

a) Ceuenne AK® mnockoctsamu F = const



* p(F)

1
s R
el \NA e

-1/7, 0

u

0) Ceuenne AK® miockocTsmMu T = const

o B0
SEESARS 00,6-0,8
00406
80204
00-0,2

F
B) [Ipoekunu nocTossHHBIX ypoBHel AKD
Puc. 8. Ceuenus AK® JIUM panuoummyiibca
Kak BuaHO W3 puCyHKa 8 a 4YacToTHas paccTpoiika MPUBOAUT K
yMeHblIeHno aMmutyasl AK® u cmenieHuto ee BpPEMEHHOIO IMOJIOKEHUS.

YMeHblIeHuEe aMIUTUTYIbl IPOUCXOIUT MO TPEYroJIbHOMY 3aKOHY, & BPEMEHHOE

T, |F
M. CMelleHre BPEMEHHOIO
pi

CMCIHICHHUC IIO a0COJIFOTHOM BEJIIMYMHE COCTAaBIISICT

nonoxxenns AK® npu YacTOTHOM pacCTpoMKe XapaKTEpU3yeT CKOPOCTHYIO
OMOKY TMpU H3MEpPEeHUH BpeMEHM 3ama3fpiBaHus. OHAa MOXET OKa3aTbCs

CymeCTBGHHOﬁ, CCJIIM MAKCHUMAJbHOC 3HAYCHHUC B HMHTCPBAJIC BO3MOXKHBIX
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JOINIEPOBCKHUX YaCTOT ‘Fﬂ.MaKC

CYIIECTBEHHO MPEBOCXOAUT BenuuuHy 1/t, JIUM

CUTrHaJia, 94TO XapaKTCPHO IJIA UMITYJIbCOB CPABHUTCIBHO 0010 JIUTCIIBHOCTH.

Ha pucynke 8 0 mokazana 3aBucuMocTh P(F) nmns paznuunbix 3HaueHM

BpCMCHHOﬁ paCCTpOﬁKH. Ka)KI[aSI N3 9TUX KPUBLIX, dHAJIOTHYHO CJIy4aro IIpoCToro
paanuonuMIlyJjibCa COOTBCTCTBYCT CIICKTPY OFH6310].HCI>1 HUMIIYJIbCa MJIUTCIBbHOCTBIO

T, — T, HO B OTJIIMYHUC OT IIPOCTOI0 MMIIYJIbCa 3TOT CIICKTP CMCIICH Ha BCIUYNHY

T .
Af, —. ®opma cnekTpa orubarolleldl M MIMPUHA €0 OCHOBHOIO JIETIECTKA

TI/I
MOJTHOCTBHIO COBIAJIACT C AHAJIOTHYHBIMHU TapaMeTpaMH IJisg cliydas MpOCTOro
paauouMItyibca. BeaeacTBue aToro paspeniaronias CiocoOOHOCTb 10 CKOPOCTH TSt
JIUM curHana TMOJHOCTBIO COBIAJAET C COOTBETCTBYIOIIEH pa3pelaroen

CIIOCOOHOCTBIO IMPOCTOT0 PAAUOUMITYJIBCA TOH K€ JIJIIMTCIIBHOCTH.
2.3. OcHOBHEIC XAPAKTCPUCTHUKH KBA3WHCIIPCPBIBHBIX 30HIANPYIOMINX CUTHAJIOB

KBasunenpepsiBHple 3C paccMOTpUM Ha MpUMEpPE KOTEPEHTHOM IMauyKu
MPOCTBIX MPSAMOYTOJIBHBIX PAJUOUMITYJIbCOB. BBISICHUM XapakTep HOPMUPOBAHHOU
AK® Takoro cursnana.

[loctpoenue Tena HeonpeneneHHoct peansHoit KIIIIPU (M>500)
BBI3BIBAET ONPEJICIICHHBIE BBIUYNCIUTEIbHBIE TPYIHOCTH, MIOATOMY I aHAJIN3a €€
AK® nenecoobpa3HO BOCMOIB30BATHCS  CEUECHUSAMH  aBTOKOPPEISALIMOHHOMN
¢byHkuuu mwockoctsiMu F = const, T = const ¥ MPOEKIUSAMHU MOCTOSTHHOTO YPOBHSI.

Ha pucynke 9 uzo0paskeHbl orumbaronue HEeCMEIEHHON M CMEIEHHOH IO
BpEMEHU Ha BEJIMYMHY T Mayek W3 yeThipex umnyiabcoB (M = 4). Ilockonbky
MOJIHAs UINTENbHOCTh CUTHaja paBHa MT,, a KpuHA €ro CreKTpa ONnpeaesieTcs
BenuuuHou AF = 1/1, 6a3a takoro curHana pasHa n = MT,AF = MT,/t, >> 1, a

CaM CHUTHaJI CICAYCT MPU3HATH CJIOKHBIM HINPOKOIIOJIOCHBIM CUT'HAJIOM.
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SORIETIR

7] »n!
[l |

U(t-t) 4 Ty '

v

ot
'T

Puc. 9. Orubaroiyue uMITyJIbCOB MMaYyeK HECMEIIEHHOTO U CMEIIEHHOTO CUTHAJIOB
N3 pucynka BuaHo, uto eciau curdaibl U(t) u U(t-1) B3auMHO CIIBUHYTHI Ha
Benuuuny kT, + 1, < 1] < (k+ DTy - tw, m1sg k = 0 + (M-1), AKD obparaercs B
0. To e camoe MPOMCXOAUT, €CIM BPEMEHHOW CIIBUT MPEBBIIIACT ATUTEIBHOCTD
nauky | t| > MT,.
IIpu F = 0 pynkuust p(t) npeacrabiseT coboil mocienoBaTebHOCTE AKD
OJIMHOYHBIX TPSIMOYTOJIBHBIX PaIUOUMITYJIBCOB, TO €CTh KaXIbld MUK P(T) U

oru0arorias BcexX MMKOB UMEIOT TpeyroyibHyto hopmy (puc. 10).
A

) R()

Puc. 10. ®ynkuus p(t) nis KIITIPU

Hanuune Oonbiioro uwucina n0UKOB GYHKUMHA P(T) MPUBOAUT K
HEOJHO3HAYHOCTU B OMNPEACICHUH NalbHOCTH JO IeJId, €CIU BbIIOJHIETCS

YCIIOBHUC t > Tn' HCOIIHOSH&"IHOCTB B UBMCPCHUU HNAJTBbHOCTH IIPOABJIAACTCA B

3.MaKcC
TOM, YTO HU3MCPCHHOC BPCMA 3aJICPKKHU t 3 ysy MOXKET OTJIHMYATBCI OT UCTHUHHOI'O

t 3 yuer HA LEJIOE YU CIIO MMCPHUOJ0B ITIOBTOPCHUA
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t3I/ICT=t3I/I3M:|:mTH) (16)
rae m = 0 + M anpuopHO HEU3BECTHOE 1I€JIO0€ YUCIIO.

Jlnst ycTpaHeHusl yKa3aHHOW HEOJHO3HAYHOCTH MOJKET OBITh HCIOJb30BaH
METOJI HOHUYCHBIX YacTOT, MOApa3yMeBarolnil mcnosib3oBanue aAByx KIIIIPH,
OTJIMYAOIINXCSI TIEPUOIaMU TIOBTOPEHUS HUMITYJIbCOB B maudke. [logpoOHO 3TOT
MeTOJ OyJIeT paCCMOTPEH Ha MOCIEAYIONIUX 3aHATHSIX.

Paccmotpum nosenenue ¢ynkuuu p(t,F) npu t = 0. B atom ciyuae p(F)
OMHUCHIBAET aAMILUTUTYAHO-YaCTOTHBIA CIIEKTP OTrHOAlome KOTEPEHTHOW IauKu
PaIMOUMITYJILCOB, KOTOPBIHA, KaK M3BECTHO, SIBJISICTCS TpeOeHYaThIM, TO €CTh
COCTOUT W3 LEJOTO psifla MUKOB HA YAaCTOTaX KPATHBIX YACTOTE MOBTOPEHHUS

uMityscoB B nauke F, = 1/T,. Bug cniektpa npuBeaeH Ha pucynke 11.

ot M b

2/Te »—ia—

-
\ 4

2/ty

Puc. 11. AMmmuTynHO-4acTOTHBIHN criekTp orubatomeit KITTIPU

dopma mnHUKOB, Kak U ¢opma orudamwiiei MNUKOB, ONpeaeseTcs

COOTHOIIIEHUEM BHA |sinX/X , U4TO cienayeT u3 Belpaxkenus (14). Onnako, ecinu
IIUpUHA TMHKa OMNpeaeNseTcs IMTEIbHOCThI0 curHama t. = MT,, To mupuHa
oru0aroIIeil TUKOB ONpPeesAeTCs JIUTSIbHOCTHIO UMITYJIbCA Ty.

N3 paccmorpenHoro ciuenyet, uro (pyHkuus Heompenenennoctu KIITTPU
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COCTOHUT U3 PSIAOB CPABHUTEIBHO Y3KUX ITMKOB, PACIPEIEICHHBIX KaK IO OCH T, TAK
u 1o ocu F. Ee penbed ¢ moMOUIpI0 MPOEKIUN NOCTOSHHBIX YPOBHEH H300paxeH

Ha pucyHke 12.

@ ¢ O
0
v

@ ¢ O

am» mm P = 0,4-1

Puc. 12. Ilpoeknuun nocrosiHubix ypoBHe AK® KIIITPU

CpaBHCHI/IC q)YHKHHﬁ HCONPCACICHHOCTU OIWHOYHBLIX H IIAYCUHBIX
CUTHAJIOB IIpH OHHHaKOBOﬁ MJINTCIIBHOCTH MMITYJIbCA IMOKA3bIBACT, YTO IMAYCYHBIC
CHT'HAJIBI 00€CIIEYHBAOT CYIICCTBCHHO 60.]]]':»]11}7}0 pa3pcuiarouryro CIIOCOOHOCTH MO

gacToTe (paauagbHON CKOPOCTH):

N3 pucyskoB 11 wm 12 BuOHO, 4YTO KBAa3WHENPEPHIBHOMY CHUTHAIY
CBOMCTBEHHBI HE TOJILKO HEOJHO3HAYHOCTh B OmpeneseHnu AanbHoctu (16), HO U

HCOOHO3HAYHOCTDH B OIIPCACICHUN CKOPOCTHU!
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F, o =F 0, £kF. (17)

J.UCT .13

rae  F, ., - ICTUHHOE 3HAYEHHE PaMAIIbHOM CKOPOCTH,
Fusv - H3MEPEHHOE 3HAYECHUE PAMAILHON CKOPOCTH.

ITpu 3TOM 30Ha OJJHO3HAYHOT'O OIpPEEIEHUS 00EUX KOOpAUHAT OrpaHUYEHa
onHOW BenuuuHOM T,, NTO3TOMY YCTpaHEHHME HEOJHO3HAYHOCTH II0 OJHOM
KOOpJAMHATE, MPUBOJNUT K YCWJIEHUIO HEOJHO3HAYHOCTH MO Jpyrou. Hampumep,
MOKHO OO€CHeYUTh OJHO3HAYHOE H3MEpPEHUE paJuaIbHOM CKOpPOCTH, 3aJaB
4acToTy noBTOpeHuss mnpuMmepHo 100 kuiorepu, OAHAKO MpPU 3TOM JHANA30H

OJHO3HAYHOT'O UBMCPCHUA NAJTbHOCTH HC IIPEBBICUT CAWMHUIL] KHJIOMCTPOB.

BbiBoA: B COBpPEeMEHHBIX paJMOJIOKAIIMOHHBIX CHCTEMaxX BBIOOp BHIA
30HAMPYIOILEIO CUTHAJA ONpEAENAeTCs, NpPEkKIE BCEro, HEOOXOIUMOCTHIO
HaWIy4yliuM o0pa3oM pemlaTh 3a/ayu, crosuiue nepea HUMu. [Ipu 3ToM 10MKHO
ObITh 00ECIEeYeHO JOCTHXKEHHE TpeOyeMOro ypOBHA KaK TaKTUYECKHX, TaK M
TEXHUYECKUX  XAPAaKTEPUCTUK, 3amaBaeMblx g PJIC:  paspemaromeit
CIOCOOHOCTH TIO PAa3IMYHBIM  KOOpPAMHATaM; TpPaHUIl 30HBI BUIUMOCTH;
MIOMEX03alNIIEHHOCTH; HAIE)KHOCTH U CTOMMOCTH anmnapaTyphbl.

Wuorpa TpebGoBaHus OBIBAIOT CTOJb NPOTUBOPEUMBBIMHU, YTO B OJHOM
PaguOIIOKAalIMOHHON CTaHLIMM NPUXOAUTCS UCIOJNb30BATh HECKOJIBKO BHIOB

30HAUPYIOUIMX CUTHAJIOB.

SAIIAHUE HA CAMOCTOATEJIbBHYIO PABOTY:

IIo BTOPUTH MAaTCpUAJ JICKIINUN.



