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1. CneKTpbl AeTepMUHUPOBAHHbLIX CUTHANOB

Cnexmpom nepuoduueckozo cucnana s,,,(t) ¢ nepuonom T ss-

Jst0TCsl KO3 PUIUEHTHI Ck ero pasnoxeHus B psa Oypsbe:

) 1 T/2 —ioykt
Cr=— | Snep(1)e dt, (1.1)
I' 1)

rne o =27 /T —4vacrora curHana. Jns HaxoXIeHHs CIIEKTpa J10CTa-
TOYHO OIIMCATh CUIHAJI B IIPEJENaxX OJHOrO IMEPHOJIA.

Cnexmpom nenepuoouueckoz2o cuznana s(t) sBISAETICS €0 CIIEK-
TpajbHas IUIOTHOCTH S (w). Hemepuoanyeckuii curHai packiaabiBa-
ercs B uHTerpai dypee:

S(w) = Ts(z)e‘l'”fdz. (1.2)

—0

CrekTpbl HENEepUOJIUYECKOro CUTHaja S(f) W COBMAAAIOIIETO C
HUM Ha [EPHOAC OCCKOHEYHOro MEePHOIAMYCCKOTO CUTHAIA S, (f)

CBsiA3aHBI COOTHOIIICHUCM .
=L S(kan)

T. €. CIIEKTP MEePHUOJMYECKOTO CUTHAJIa — 3TO OTCYETHI CIEKTpa COOT-
BETCTBYIOIIETO €My HEMEepHOINIECKOTO.

CHexTpsl UMEIOT CJIEAYIONINE CBOMCTBA (Ha MPUMEPE CIIEKTPaIIb-
HOM TIJIOTHOCTH, JJISI CHEKTPaJbHBIX KO3(P(HUIIMEHTOB BHJI aHAJIOTH-
YeH).

Teopema nuneunocmu: ecma  s(t) =kysy(t) L krsH(t), TO

S(@) = kS| (@) + kr Sy ().



Teopema 3anazovléanun: eCJIt sy(t)=s1(t—t,)> TO
- —iwt, ¢
$y(@) =7 S (@)

Teopema wacmommnozo cosuza: €ciu Sl(a)) — CHEKTp CUTHaJIa

51(£) T0 $3(@) = S (@+ Q) — CreKTp CHrHANa s, (1) = 51 (1)e
Teopema 00 wusmenenuu macwmabda 6épemenu:  €Clu
0=500 10§ (@)=L, [Qj |
b \b
Teopema o ceepmke: curHan s(t)=si(t)s,(f) WMEET CIIEKTp

o0

S'(a))zﬂ [ Sj(@-0Q)S,(Q)dQ.

Oopamnas meopema o0 ceepmke: CIEKTP G(a)): Sl(a))Sz ()

0.0)
umeet curHant s(7) = [ s1(t)sy(z —t)dt.
—00
ds (1)
Teopema Ougppepenyuposanua: ecmu  s,(t) = 5 TO
t

S5 () = imS) (w)
Teopema  unmezpuposanus:  €Ciu  s,(t) = j s;(t)dt, 1O
Si()

Sy (@) = + 78(0)S;(0).

CneKmpbl npocmeﬁmux CUCHA/108:
a) O-yHKIN 5(1) = 5(t —1)) Ss(w)=e "0

. e—ia)fo
6) o-bynxunn s(1) = o(t—ty) Sy(@)= :

lw

B) KocuHyca s(t) = Acos(wyt + @)
S(w) =1 A[eN 5 (0 - wy) + e P50+ my)]
r) cunyca s(t) = Asin(wyt + @)

T
—]—

S(w)=rde 2[eNS(w—wy)—e NS(w+ay)].

1) octosiHHoro curiana: (1) =C Sy (o) = 2745 (w) -

>
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B 3agavax o cnekTpax He0OX0UMO:

1) HailTK BbIpa)KEHUE JJIs1 KOMIUIEKCHOTO CIIEKTpa;

2) HAaWTW aMIUTUTYIHBIN CIIEKTD;

3) HaitiTu (pa30BBIN CHIEKTD;

4) HaliTU 3HAYEHHUE MOCTOSTHHOW COCTAaBJISIONICH;

5) HaWTU HYJIM CHEKTPAJIbHON TJIOTHOCTU WJIM OTUOAONICH CTEK-
Tpa;

6) cxeMaTU4YEeCKU U300pa3uTh aMILUIUTYIHBIA U (PA30BBIN CIIEKTPHI
Ha CIIEKTPaJIbHOU AuarpaMmme.

Hpumep II.1.1.

A S(t)

Jlana nepuoguueckas
A IOCJICA0BATCIBHOCTD
MPSIMOYTOJIbHBIX HUM-
yJibcoB. [TapameTrpsl

[1OCJIEIOBATEILHOCTH
T T t T
-r - - 0 - = T t  (puc. 1.1): ammumTy-
2 2 2 2
ma A, UIMTENb-
Puc. 1.1

HOCTb 7, mnepuon 1.
NMnynibChl LIEHTPUPOBAHBI OTHOCHUTEJIBHO MOMEHTa BpemeHu ¢ =0.
OnucaTth CUTHAJI U HANTHU €ro CIEKTP.

Peluenue.

JlocTaTo4HO onucaTh CUTHAJI Ha OJTHOM MEPUOJIC:

A, —1/2L<t<71/2
s(t) = (1.3)

0, uHaue.
Tak Kkak CUTHAJI MEPUOJUYECKUM, TO €TO CIEKTPOM SIBIISIFOTCS KO-

. 2
sppunuenter C, u3 (1.1), toe o, :?n — YaCcTOTa CJEIOBAaHUS HM-

MyJIbCOB.
IToncraBum onmcanue curiana (1.3) B (1.1) u naligem:



¢ =L sty AL i
T—T/2 T_l(()lk —7/2

T T
—iok—  iok— ' kt/?2
__ AL T —éisinﬁa)lk ) Aism(w1 - )
T iok T ok T wkr/2

3aech ObLTa UCTIOIb30BaHa 0/iHa U3 hopMyI Diliepa:

elx . e—lx ' elx 4 e—lx
=SInx — =COSX

2i

Kak mr000€ KOMIUIEKCHOE YHUCIIO, CIIEKTPaIbHbIE KOI(DOUITMEHTHI
UMEIOT MOJYJIM U apTyMEHTHI, T. €. JIOMyCKalT 3KCIMOHCHIIMAIBHOE

npencrabnenne: C; = ‘Ck ‘ &% .

Moaynu crekTpalbHbIX KOA()(PUIIMEHTOB 00pa3yroT aMILTUTY-
HBIN CIIEKTP:

z
T

sin(@ykz /2)

C, =
|G| wkt /2

(1.4)

HariieM noCcTosHHYI0 COCTaBJIAIONIYO0 CUTHAJIA!

in(wkz /2
fim SM@KT2)| T
T T

k—0 wkt/2

- T
Cole AL -
|1 Co | 7

A
q

3nmeck ¢ =1 /7 — CKBOXHOCTH IOCJICIOBATEIHHOCTH MUMITYJIHCOB.

CHCKTpaHBHHC COCTAaBKOIIUEC pacrojiararorCda Ha 4acToTax, KparT-
HBIX 9aCTOTC CJICIOBAHUA UMITYJIbCOB ;.



A .
Ci
. At
-4
] =] :2_72.
T
Al T -
67 4z 27 27 4 6
e 0 — — — o
T T T T T T
a
A
Ok
3z b 4 ¢
27

v

Puc. 1.2

Haiimem 49acToTBl, Ha KOTOPBIX CHEKTpaJbHbIC KOA(OHUITMEHTHI
oOpamjarorcst B HyJb (HyJM Orudaronien CrexkrTpa) ‘Ck‘ =0. Jrto npo-
ucxomgut npu sin(wkr /2)=0, T.e. npu wkr/2=zm, m#0 — Ha
4acToTax @ = wk =2xm/ 7, m==xL,12,....

2
5 k) =—
[TepBsiit HONB (m =1) npugeTcs Ha 4acToTy T ,a3To COo-
2 T
CTaBIISIOIIA HOMEp k| =——=—=¢q
T T



3Hasi MOCTOSIHHYIO COCTaBJISIONLYI0, (OpMY M HYJIHM OTrhOarouie,
MOXHO MOCTPOUTH AMIUIUTYAHYIO CHEKTPaJIbHYIO JuarpamMmy B 00-
uieM ciyyvae (puc. 1.2, a).

N3 puc. 1.2, a BUHO, YTO ITMPHHA TJIABHOTO JIETIECTKa (MHTEPBaJ
4acTOT MEXAY NEPBBIMH HYJISIMM OTMOAIOIIECH CIEKTpa) COCTaBISET
4n/t paa/c, a BCEX OCTAJIbHBIX JICTIECTKOB — B JIBa pa3a MEHBIIIE:
2n/t pag/c. B mpeaenax  TJIaBHOrO  JICMIECTKAa  HAXOJATCS
2k =1=2T/7—-1=2g—1 HEHYJEBBIX CHEKTPAIbHBIX COCTaBIIAIO-

UX.
[Tonyunm ¢azoBselil ciekTp. BoipaxkeHue st CeKTpaibHbIX KO3 du-
MEHTOB JIJI1 JAHHOTI'O MPUMEpPA O0Ka3ajoCh BEUIECTBEHHBIM, HO B 3a-
BUCHUMOCTH OT YacTOTbl WJIM HOMepa KO3((PUIIMEHTOB OHU MOTYT
MPUHUMATh OTPULIATEIbHBIC 3HAUCHUS, T. €. UX MOXHO MPEJICTABUTH B

BHJIC: Ck ‘Ck‘ -1 s 4€THBIX JIENECTKOB U Ck ‘Ck‘ (—1) nnsa He-

4ETHBIX. Ha KOMIUJIEKCHOM TWIOCKOCTH 4yuciay "1" cOOTBETCTBYyET ap-
TYMEHT 27 p, aunciay "-1"— aprymeHT n+2mp, MO3TOMY @ =7 p,

r7e p — HOMep JienecTka (IJ1aBHbINA JIeMecToK — HyseBol). [loctpoum
CHEKTpalibHYI0 Pa3oByr0 auarpammy (puc. 1.2, 0).

4 5 Hpumep I1.1.2. /Jan curHai, coCTOSAIMUN
W3 OJWHOYHOIO MPSIMOYTOJIBHOIO HMITYJIbCA
4 JUIATEIIBHOCTH 7 W aMIUIUTYIbl A. Mmynbe
LHEHTPUPOBAH OTHOCHUTEIBHO MOMEHTA BpE-
MeHu t=0 (puc.1.3). Onucarb curHai u
HAUTHU €0 CIIEKTP.

v

T
=3 0 5 t Pemenue.
CurHajq MOXXHO OIIKMCATh CIETYIONAM
Pue. 1.3 o6pazoM:
A, |t|1£1/2,
s(t) = | | (1.5)
0, wunaue.

Tak Kak CHUTHaJN HENMEPUOAUYECKHM, TO €ro CIIEKTPOM SIBJISETCS
HemnpepbiBHas 1o yactoTe ¢yHkius (1.2). [loncraBum onucanue cur-
Hana (1.5) B (1.2) u Haiinem:



S(a)) _ 7}2 Lot gy ie—ia)z 7/2 _ i[e—ia)r/Z _ eia)r/2i| _
/2 —iw -2 —i@
24 iot/2 _ —iwt/2 24 sin(wr /2

@ 2 @ ot /2

Monaynb CeKTpaJbHOM TIJIOTHOCTH MPEACTABIISIET COOOM aMILIU-
TYJIHBIA CIIEKTP:

sin(wz/2)
wr/2 |

S(e)| = 4z

ITocTosiHHAsS coCTaBpromasa CUriajia paBHa

: . sin(w7/2)
S(0)| = 4z lim = Ar.
w—0 ot/2

Hynu cniexkTpainbHOM MIIOTHOCTH COBMAAAIOT C HYJISIMA YUCIIUTENS
S(a)), T.¢. sin(wr/2)=0, wr/2=7mm, m#0, B UTOre TOIyIUM
@, =27m/rm==x1,12,.... IlepBplii U BTOPOM HYyJIH HAXOIATCS HA
4acToTax @y =27/7t, w, =47 /7, KaKk U B Clly4ac NEPUOAUYECKON

MOCJIEI0BATEIbHOCTH NPSIMOYTOJIBHBIX UMITYJIbCOB.
@Da30BbIM CIEKTP HAXOAUTCS AHAJOTMYHO CIyYar MEPUOIAUYE-
CKOM MMOCIIeIOBaTeILHOCTH: ¢(®) =27 p, Te p — HOMEP JICTISCTKA.

Bua ammiutyiHOro u (pa30BOro CHEKTPOB COBHAAAET C Orudaro-
men criekrpa u3 11.1.1, HO 3HaYeHus aMIUIMTYJHOTO CIIEKTpa MEPHO-
IAYECKOro curHaia B 71 pa3 mensblue. [llnpuHa riaBHOrO JenecTka
20 =4r /7.

Hpumep I1.1.3. Halitu crnexkrp CUMMETPUYHOTO TPEYTOJbHOTO
UMITYJIbCa aMIUTUTYIbl A, JIUTEIBHOCTH T, TOJb3YSICh CBOWCTBAMHU
CIIEKTPOB.

Pemenue.

Curnan (puc. 1.4, a) onuceIBaeTcCs CAeayOMKUM 00pa3oM:



A A
u S(f) Zl (t) — dSl (Z)
—% 0 %t —% —% 0 ¢
A
s1(?)
A d t
6 A4 2 (f) = 52(1)
N dt
/ - 24/ t
_f 0 Z t . -~
2 + 2 T r
s (2) 0 e Z ¢
g 4 4 2
_E () Z t
2 2
Puc. 1.4
( 0, t<—-1/2,
A+2At/ 7, —1t/2<t<0,
s(t) =-

A-2At/7, 0<t<t/2,
0, t>1/2.

Ero MoXHO mpeacTaBuTh B BUAE CYMMBI JIBYX CUTHAJIOB s(f) U
$>(¢) (puc. 1.4 6 u B). 3aMeTHM, YTO IIPOU3BOAHBIMU OT HUX SIBISIOT-
Csl IPSIMOYTOJIbHBIE UMITYJbCHI (puc. 1.4 T 1 1) zy(¢) U z,(¢). Curnan
z1(t) — IPAMOYTOJIBHBIM UMIYJIbC C aMIUIUTYJOU 2A4 /7, IIUTENbHO-
cTu 7/2, CABUHYTHIM 1O BpeMeHU Ha {3 = —7 /4. Hcnons3ys BeIpa-

KEHUE JUI1 CHEKTPAJbHOW IUIOTHOCTH IPSAMOYIOJBHOIO MMITYJIbCA,
noiydeHHoe B npumepe 11.1.2, u Teopemy 3anazasiBanusi, chopmMupy-
€M BBIpa)KEHHE IS CIIEKTpa z(f):

10



24 7 sin(wr / 4) LioT/4

Zi(w) =
(@) T 2 wrl4

Curnan z,(¢f) — UOPAMOYIOJBHBI HMIIYJIbC C AMIUIATYAOU
—2A/ 7, INIATENPHOCTH 7/2, CABUHYTBHIM IO BPEMEHH Ha t3 =7 /4.
Ero cnekrp:

24 7 sin(wz/4) -ioT/4
T 2 wrl4 '

Zy(w)=—

3uas £1(@) Z2(a)), BOCITIOJIb3YEMCSI TEOPEMON HHTETPUPOBA-

HUS, YTOOBI ITOJIYYUTh BRIPAKCHUS IS S1(@) y $2(@).

Z(w)

$i(@) = 219D | 57,0y = ALSNOTD ot/ sy a,
i wrtl/4
$o(@) = 22D | 15(0)7,(0) =~ ASNOTID) iwria _ s g
0] o wrtl/4

Tak kKak UCXOJHBIA TPEYTOILHBIN UMITYJILC Mbl pa30OWId Ha JBa:
s;(t) m s,(¢f), TO, B COOTBETCTBUH C TEOPEMOM JIMHENHOCTH, €I0

CIICKTP CKIaAbIBACTCA N3 UX CIICKTPOB!

$(@) = S (@) + S5 (@) = A sin(wz/4) SioT/4 _ A sin(wz/4) iT/4 _
] ot /4 o wrl/4
24| &9 _ 7O Nsin(wr /4)  2A( sin(wz / 4) 2
@ 2i wt /4 @ wt /4 '

11



3adayu ons1 peweHuUs

1.1. Haitn cnektp mayku wn3 N OJWHAKOBBIX MNPSIMOYTOJBHBIX
YHUIOJISIPHBIX UMITYJIbCOB aMIUIUTYNbl A, JIUTEIBHOCTH T, OTCTOS-
IUX JIPyT OT Jipyra Ha WHTEpBai 1, MEPBBI UMIYJILC IIEHTPUPOBAH
OTHOCUTENbHO MoMeHTa ¢ =(. OmnpenenuTs OruOaroIIyl0 CIEKTpa.
CoIoCTaBUTh CO CIEKTPOM OJMHOYHOI'O UMITYJIbCA.

1.2. Haiftu ciektp OUIOIsipHON OECKOHEUHOU MOCIEI0BATEIHHO-
CTH (3HAYEHUsI CUTHaja OT -A/2 10 A/2) IPAMOYTOJbHBIX UMITYJIbCOB
JUTUTENBHOCTH 7 ¢ TiepuoaoM 7. CpaBHUTH €ro CO CIIEKTPOM IMOCIHEN0-
BaTeapbHOCTHU U3 nipumepa I1.1.1.

1.3. HaiiTu CiekTp 3amep>KaHHOIO Ha ¢, =1 MC IPAMOYTOJIBHOTO

uMinyJibca aMmnTyasl A =1 B, nqoutensHocty 7 =2 Mc. MoXHO JH
M0 aMIUTUTYJHOMY CHEKTPY MPHUHITOTO CUTHaNa OMPEAEIUTh, KaKylO
3JICP’KKY TIPH TIepeiaue OH MpeTepriesn?

1.4. Halitu criekTp c>kaTod B 3 pasza IMOCIEAOBATEIBHOCTH IPs-
MOYTOJIBHBIX WMITYJIbCOB aMIUIUTY]Ibl A, IJIWATEIBHOCTU T C MHEPHUO-
noM 7. Kak cka3bIBaeTCsi YMEHBIICHUE JJTUTEIbHOCTH WMITYJILCOB Ha
00paboTKe ux 1ensaMu? byeT 1u oHa kauecTBeHHee?

1.5. Onpenenure MIMPHUHY CHEKTPA TPEYTOJbHBIX WMIYJIHCOB IO
MIEPBBIM HYJISIM.

1.6. Kak W3MEHUTCS MIMUPUHA CIIEKTPA NPSAMOYTOJIBHOTO HMITYJIb-
ca, €CJIM: a) JJIMTEIbHOCTh UMITYyJIbCa BO3pacTaeT B 2 pasa; 0) aMIuIu-
TyJa nmagaer B 2 pa3a?

1.7. HalitTu criekTp cursaia, u300paxxeHHoro Ha puc. 1.5.

1.8. HaiiTu criekTp curHajna, n300pakeHHOTo Ha puc. 1.6.

A S(t) “S(l‘)
C4 24 —
i i ApP—  —
— C I | |
Puc. 1.5 Puc. 1.6

12



1.9. HaliTu ciekTp rapMOHUYECKOr0 CUTHAJIa aMILUIUTYbl A, Jac-
TOTHI @y U (a3bl ¢, BKIIOYCHHOIO B MOMEHT . Kak orpanuuenue

10 BpeMeHU (BKJIIOUEHHUE, BBHIKJIIOUEHHUE) BIUSET HA CIIEKTpP cUrHasna’?
1.10. HaiiTu CHEKTp MOCTOSIHHOTO HAIPSDKEHUS, IOJJaHHOTO B
MOMEHT BpeMeHH ¢ =10 ¢ Ha BXOJlI HEKOTOPOM IIENH Yepe3 KITI0Y.
1.11. IIpu reTepoaAMHUPOBAHUU C TIOBBIIMIEHHUEM YaCTOThl BECH
CHEKTP MPSIMOYTOJBHOTO YHHUIOJISIPHOTO HUMITYJIbCAa aMIUTUTYAbl A,

JUINTENBHOCTU 7 IepeHecnu B obmacte BY Ha f) = 10° T Kakomy

CUTHATY COOTBETCTBYET MOTYyUEHHBINH CIIEKTP?
1.12. Curnan mpexacrasisier coboi 2 ummynbca o 1 B Oecko-
HEYHO MAaJIOW AJIUTEIBHOCTH, 3a()MKCUPOBAHHBIE B MOMEHTHI #;, U 1.

KakoB cniektp 3TOTO0 curnana?

1.13. Pagroumnyinbc ¢ NpSAMOYTOJIbLHOM OruOarouen JIUTEIbHO-
cti 1 mc u amMmmutyabl 1 B UMeeT rapMOHHUYECKYIO0 HECYIIYHO YacTO-
Tel | MI'. Kakue 4acToThl NOJKHA MPOIYCKATh II€IMb, Ha3HAYCHUE
KOTOPOH — YCWJIMTh 3TOT CUTHAJ 0€3 UCKAXKEHUN?

1.14. TIpenoxxute Crocod ompeaesIeHUs PAacCTOSHUS 0 HEIO/I-
BIDKHOTO TOYEYHOTO OOBEKTA IO CHEKTPY MOCIAHHOTO B €TI0 CTOPOHY
Y OTPAKEHHOI'O UM CHUTHAJIA.

2. NapamMeTpbl AeTEPMUHUPOBAHHbLIX CUTHANoB

[TapaMeTpsl CUTHAJIOB ONPEAEISAIOTCS B 3aBUCUMOCTH OT TOTO,
KOHEUYHasl Uik 0€CKOHEYHas Y HUX SHEPTUsl:

E= [ podt= | sz(t)dt:K(O):%T‘S(a))‘z do. (2.1
—0 0

—Q0

Ecnu sHeprus koHeuHa, TO JJ1sl CUTHaIa OMPEIEIISIIOT:
a) asmoxoppenauyuonunyr yuxkuyuro (AK®D):

K(r)= Of s(t—1)s(t)dt. (2.2)

—0

0) cnekmpanvuyro naomuocms Inepeuu (CII3):
13



G(@) =[S .

Ecnu sHeprust curnanga O€CKOHEYHa, TO OMPEACIAIOT CICAYIOIIUe
napaMeTphl:
a) CPeOHI0I0 HA nepuooe MOUHOCHb.

T/2

1
P,=— [ s*(t)dt. (2.3)
I 12
0) AK® no mownocmu.
1 e}
K,(7)= - [ s(t—7)s(t)dt. (2.4)

B) cnekmpaibhyto naiomuocms mouwnocmu (CIIM):

CIID u AK®, CIIM u AK® no MOIHOCTHA MOIMAPHO CBS3aHbI
npeoOpazoBanusimMu dypre:

G(w) = of K(t)e " "dr,  K(7) =2i Of G(w)e®dw, (2.5)
T —o

—00

W(w) = Ojo K,(0)e"dr, K,(r) :i ojo W(w)e dow. (2.6)

—00

YtoOkl onucaTh CUTHAN B YI0OOHOM JIJIS €TI0 CTHIKOBKH C KaHAJIOM
nepeaavy BUE, UCIOJIb3YIOT 3(OPEKTUBHBIE TapaMETPHI.
¢ PekTUBHAA MOJIOCA YACTOT Qaqbqb OIPENEIACTCI MO O-MY

ypoBHIO (& =0,9...0,99) oT moiHO# 3HEpruu curHana £ u3 yciaoBuUs:
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. AS(Z) 6 AS(t)

A
Tu Ty T T
-4 0 . t -_u _ — L
) ) 5 T 0 T t
ZAS(t) A
s —4A - S
i i 4
ug ey o . By
2 2 2 2
Puc. 2.1
Qaggh 0
1 . 2 a . 2
— [ S| do=aE==[|S(0) do. (2.7)
T 0 0

MoxHO 1ONB30BaThCA OUEHKOH €),p, M3  COOTHOIICHHUA
: = <
Qs Togpgp = const < 1.
AHaJIOTNYHO, U3 ycaoBusa E, = o £ MOXHO HaWTH U dPPeKTHB-
HYIO0 JUIUTEJIbHOCTD!

o /2 .
[ s*(di=aE=a [ s*(t)dt. (2.8)

Hpumep I1.2.1. Halinem AK® npsMoyrosibHOro CAMMETPUYHOTO
OTHOCHUTEJIBHO MOMEHTA { = ( uMIyJibca aMIUIUTYbl A U JJIUTEIbHO-
cru 7, (puc. 2.1, a).

Penienmue.
Tak Kak 3TO CUTHAJI KOHEYHOM JAJIUTEIIbHOCTH, OTPAaHUYEHHBIN 110
BEJIMYMHE, TO €ro sHeprus koHeudHa. [loatomy AK® onpepensiercs

o (2.2).
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Haiinem mHTEepBan BpeMeHH, HA KOTOPOM TOJBIHTEIPATLHOE BBI-
paXXeHHe OTIUYHO OT HYJIS — 3TO MHTEPBaJ, /i€ UCXOIHBIN UMITYJIHC
s(¢) uero casunytas komnus s(f—r7) (puc.2.1, 6) mepeKprIBalOTCS.

Haxomum, 4dro te[-7,/2;-7+17,/2]. 3HaYEHUE NOABIHTEIPAIBHOIO

BBIPAXKCHHSI PABHO HA HEM A2 (puc. 2.1, B). Iloacrasisiem €ro B BbI-
paxenue mist AK® u nonydaem:

—7+7,/2
K(r)= [ A*dt=A*(z,-7).
—7,/2

Ecan oOpa3oBaTh omepekaronrylo Ha T KONHIO curHaja s(f+7)

(puc. 2.1, t), To AK® BciieicTBue paBeHCTBA IUIOMIAACH MEPEKPHITHS
OCTAETCS TOM KE — OHA HE 3aBUCUT OT TOr'0, C ONEPEKEHUEM UJIU C OT-
CTaBaHUEM OEpyTCsl aHAJU3UPYEMbIE OTCUETHI, T. €. ABIISIETCS YETHON
byHKIMEH.

[lepekpbITE UCXOJHOTO U CABHUHYTOI'O UMITYJIbCOB UCUE3AET, KO-
rna 7 =r,, IOITOMY 3a npeznenamu uHrepBana |7|< 7, AKD paBna

Hy1t0. B ntore AK® onuceiBaeTcs BoIpaKEHUEM:

2
A~ (z,=|7]), [7ls7,,

0, 71<7,.

K(r)=

Hpumep I1.2.2. Haiitu CIID oguHOYHOTO NPSIMOYTOJIBHOTO MUM-
IIyJIbCA AMIUIUTYIbI A U JJIUTENBHOCTH 7, .

Pemenume.
Tak kak CIID cBsA3aHa CO CHEKTPAIBLHOM IUJIOTHOCTHIO CHUTHAaja

. 2
COOTHOIIICHUEM G(a))z‘S(w)‘ , TO MOYXHO BOCIIOJIb30BaThCs IOJY-

yeHHoit B mpumepe II.1.1 dopmymoit mis crekTpa HMITyJIbCa:
. i 2

. Torga
ot/ ?2



C apyroii croponsl, nockosbky CIID — 3To npeodpazoBanue Dy-
ppe 0T AK®D, To MOXHO OBLJIO OBl TTOYYUTh TOT K€ PE3yJbTaT, B3SIB
[1® ot HaitnenHnou B npumepe [1.2.1 AKD.

Ipumep I1.2.3. HailTu sHEpruo u CpeaHIO MOIITHOCTh OECKO-
HEYHOW MOCIEI0BATEILHOCTH MPSAMOYTOJIBHBIX UMITYJbCOB JIJIUTEIIb-
HOCTH 7, aMIUTUTY bl A ¢ IeprojioM 7.

Pemenue.

[To ompeneneHuto, SHEPrUsi CUTHajIa — CyMMa €ro KBaJpaToB BO
BCE MOMEHTHI BPEMEHHU €ro cyiecTtBoBaHus (2.1), a Tak Kak cUTHaJ
OCCKOHEUHBIN BO BPEMEHH, TO M DHEPTUS €ro OECKOHEUHA.

CpeiHsisi MOIITHOCTB 3a OJIMH MEPHO]T paBHA B COOTBETCTBUU € (2.3):

1 T/
P, j A*dr = 4
T—r/2 T

T

3adayu Ons1 peweHusi

2.1. Haittu AK®, CIIM, 3HEpruto u CpeaHIO MOIIIHOCTh FapMO-
HUYECKOro curHaina s(t) = Acos(awyt + ¢g) .

2.2. llokaxwure, yto nmpoucxoauT ¢ AK®D Henepuoauueckoro Cur-
HaJla IIPU: &) €ro 3aJep’KKe Ha BpeMs 7, ; 0) CXKaTUU B a pa3 IO BpeMe-

HU; B) YCUJICHUU B k pas; I') CABUTE CIIEKTpa BBEPX Ha Q pa/c.
2.3. [lokaxkute, 4TO MPOUCXOIUT C SHEPrUEH HENEPUOIUIECKOTO
CUTHAJla IIPU: a) €ro 3aJep)KKe Ha BpeMs f,; 0) cxKaTWM B a pa3 Io

BPEMEHH; B) YCWJICHHUU B k pa3; I') CABUTE CIIEKTpa BBEPX Ha ) pajy/c.

2.4. Haiinute AK®, CIID, sHEpruto u CpeaHI0I0 MOIIHOCTh OJIH-
HOYHOTO TPEYTroJbHOTO WMMIYJIbCa aMIUTUTYJI0H A W JJIUTEIbHO-
CTBIO 7,

2.5. Hannmute AK®, CII3, sHEpruto u CpeaHIO MOIIHOCTH Ie-
PUOANYECKOUN MOCIIEI0BATEILHOCTH TPEYTOJIBHBIX UMITYJIbCOB AMILIH-
Tylbl A ¥ IIUTENBHOCTH 7,, C IEpUOIOM 7.

2.6. [Tonyuure 3aBUCUMOCTb A(DPEKTUBHOMN IITUTEILHOCTH OT JO-
JY 3HEPrUU 0, NPUHATOM 32 3KBUBAJIEHT IIOJIHOMW, JJISI OJUHOYHOTO
OPAMOYTOJILHOIO UMITYJIbCa aMILIUTY bl A ¥ IIIUTEIBLHOCTH T, .

17



2.7. Onpenenute «, npu KOTOpoM 3(P(HEeKTUBHAS IIUPUHA CIIEK-
Tpa paBHA MIMPHUHE CIIEKTPa MO MEPBBIM HYJISIM JIJI MPSIMOYTOJIBHOTO
UMITYJIbCA JIUTEIBHOCTH 7, .

2.8. Halimute »(pdekTuBHYIO IIUTEIbHOCTh JUISi OJMHOYHOTO
TPEYTOJIbHOIO MMITYJIbCA aMIUIMTYAOU A U IIMTEIbHOCTBIO 7, . Ka-

KOBa JIOJKHA OBITh MUHHMMAJIbHAs MOJIOCA MPONMYCKaHUs KaHaja JJis
nepeadyn TaKuX UMIYJIbCOB?

3. CnyyanHble npouecchl

Opnomepnsiii  ciywailinbii  niporiecc  (CII) xapakrtepusyercs
¢yukuyueit nnomuocmu eeposmuocmu (®IIB) w(x,t) u unme-
epanvhoul ynxyueii pacnpeoenenus (1OP) F(x,t), cCBI3aHHBIMU
COOTHOILICHUSIMMU:

w(x,t):%, F(x,t)= [ w(&E )dE. (3.1)

—00

[Tonnast BeposiTHOCTH Beex 3HaueHuil CII (miomaae moj KpuBoi
IJIOTHOCTH BEPOATHOCTH) PABHA €JIMHHUIIE.

CityyaliHbII TIpOLECC SABISETCS cmayuonaphvim, eciu ero OIIB,
N®P, mar. oxxuianue U AUCIEPCHs HE 3aBUCAT OT BpeMeHH, a AKD
sABJsieTCA (PyHKIMEH TOJIBKO MHTEPBAIa MEXKy OTCUETAMU 7 =1 — 1.

Xapaxkrepuctuku crauuonapuoro CII:
a) MamemamuuecKkoe 0)icuoanue:

m= Of xw(x)dx, (3.2)
0) oucnepcusn:
D=c’= T [x — m]2 w(x)dx, (3.3)

18



B) AK®:

K(z)= of [x(0)x(t — 7)w(x)dx . (3.4)

—00

Craumonapusiii CII gBnsieTcs apeoduueckum, €Civ CTaTUCTHYE-
CKHE€ CPEIHHE, TTOJIyYEHHBIE YCPEAHECHUEM 110 aHCAMOJTIO peaTnu3aluii,
JUIS HETO MOKHO 3aMEHUTh CPEIHUMHM, MOJYYEHHBIMHU O OOJIBIIOMY
UHTEpBaTy HaOmoaeHust 7' — 00 OJJHOM peanu3aluu.

Xapaxrepuctuku 3proguueckux CII:

a) AK®:
1 T/2
K(7)=lim — f x(t)x(t—r7)dt. (3.5)
T—wod _T/2

0) CIIM (cBsa3ana ¢ AK® npeobpazoBanusimu Oypre):

o0 o0
. . 1 . .
W)= [ K(r)e'“"dr, K(r)=— [ W(w)e'“"dw. (3.6)
o 2r
Hpumep I1.3.1. Haiitu ®IIB, UOP, mar. oxxuganue, 1ucriepcuto
CII, npencraBistomero co0oi reHepaluio CIy4ailHOTO HaIpsKEeHHS,
€CJIM U3BECTHO, YTO BCE €r0 3HAUCHMS, JIeJKAIIUEe B UHTEpPBAJIE OT @ JI0
b, paBHoBeposTHbI (a,b > 0). Onpenenuts, ctarmonapen jau CI1?

Pemenue.

A Bo-nepBeix, onumem @IIB CII. Ilo

w (u) YCJIOBHUIO, MPOIIECC HMEET PAaBHOMEPHYIO

®I1IB B untepBane a <u < b. 3o0pa3um ee

i (puc. 3.1).

| Tak kax uuTerpan ot ®IIB — 310 mwiIO-

clz b ; ajb Mol KpUBOM W(u), TO ILIOIIAaL 00pa-
Puc. 3.1 30BaBIIETOCA HA puUC. 3.1 MPAMOYTOJIbHUKA

paBHa 1. Tak Kak €ro OCHOBaHWE PaBHO
(b —a), To BBIcOTA onpenenset 3HaueHue PIIB, To ecTh

19



uela,bl,

wu)=<b-a
0, wugla,b].
Hainnem UDP:
u u -
F)= ] wixde= | ——dx =%
o ,b—a b—a

CneBa ot a u cnpara ot b ®IIB Tox1ecTBEeHHO paBHA HYJIIO, T1O-
DTOMY IUIOLIAAbL ITOA w(u), paBHast F(u), HA DTUX y4acTKaxX HE U3Me-
HJAETCA U paBHAa MUHUMYMY, T. €. HYJIO, CJIEBA OT d, U MakKCUMyMY,
T. €. 1, cipaBa ot b. Utak,

0, u<a
F(u):<u_a, a<u<b,
b—a
1, u>b.

.

Tak xkak ®IIB u UDP He 3aBucar ot Bpemenu, To CII crarmona-
PEH, MOJIb3YEMCS B JAJIBHEUIIIEM BBIPAKECHHUSIMH ISl CTAIMOHAPHBIX

CIL.
Mar. o)xugaHue COBIANAET C CEPEANHON NHTEPBAJIa 3HAUCHUN:

o0 b 2 2
m= Iuw(u)du=ju : du=b ¢ =b+a.
o o b—a 2(b—a) 2
Jlucriepcus:
b 2 N3 733 N2
D:I(u_lﬂ—aj 1 du = 1 (b—a)” (a—-b) :(b a).
g 2 b—a 3(b—a) 8 8 12
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Hpumep I1.3.2. Haiittu AK® u CIIM ayis rapMOHUYECKOTO CHTI-
Hama x(1) = Acos(wgt + @) co caydallHON HavyaIbHOH (a3oi, paBHO-
BEPOSITHOM Ha WMHTEpBale [—7,7]. AMILINTYa U 4acTOTa — 3aJaHEL.
[Ipouecc sBAsETCS IPTOIUUECKUAM.

Pemienmne.

Tak kxak CII sprogmdeckuii, To onpenensem AK® mo dopmyne
(3.5):

T/2
K(t)=1lim = [ Acos(ayt +$)Acos(wyt — w7 + o)dt =
Tt _T/2
2 2
= lim —cos(wy7)T =—cos(wy7).
T'—o0 2

AK® 0T ¢ HE 3aBHUCUT, TOATOMY IO HEW HEBO3MOKHO BOCCTAHO-
BUTH (azy ucxognoro curnana x(¢). Kpome toro, AK® oxazamnach
IEPUOIUIECKOM C TOM K€ YACTOTON @)y, YTO U UCXOJHBIM CUTHAJL.

CIIM sBasiercs npeodpazoanueM Dypbe o1 AKD. 3Has criekTp
KOCHHYCOHU/IbI, MOKHO Cpa3y 3alucaTh:

W)= | - cos(wgr)e ' “Tdr = — [6(w—ay) +5(0+ ay)).

CrexTp sBJISIETCS YUCTO BEIIECTBEHHBIM U, Kak 1 AK®D, undop-
Maluu o (paze He Hecer.

3adayu Onsi peweHusi

3.1. Ilena nenenus BosbT™MeTpa — 1 MB. Onpenenure OIIB, UOP
OLIMOKY U3MEPEHUs, IPeAnoaras, 4YTo OHa UMEET paBHOMEPHOE pac-
npeJeeHue.

3.2. llena genenus BojgbTMETpa — 1 MB. Omnpenenure cpeaHiO0
MOTPEUIHOCTh U3MEPEHMUS, TUCTIEPCUIO OIIUOKH, CPETHIOI0 MOIIHOCTD
OIMOKY U3MEPEHUS KaK CIIy4yaiHOTro Ipoiiecca.

3.3. llena nenenusi BosbTMETpa A =1 MB. IlorpemHocts u3me-
pEHHs HMMEET paBHOMEpHOE pacnpeneineHue. OnpeaenuTe BEPOST-
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HOCTh TOTO, 4YTO OIIMOKAa W3MEPEHUsI HAXOIUTCA B Mpenesnax:
a) [-A/2;A/2];0) [-A/4;,A/4];B) [-A/2;-A/4]; 1) [-A/2;0].

3.4. llena nenenust BoapT™MeTpa A =1 MB. Ilorpemnocts usme-
pEHHsI UMEET paBHOMEpHOE pachpenaeneHue. OnpeaenauTe BEPOsT-
HOCTh TOTO, YTO OIMMOKA M3MEPEHUS: a) He mpeBbImaeT A /8 1mo mMo-
yJto; 0) HEOTPHULIATENIbHA; B) paBHA HYJIIO.

3.5. Kak uamenstca mat. oxunanue u nucrnepeus CII npu ycue-
HUM €ro B 3 paza?

3.6. Haitnute AK® Genoro mryma.

3.7. KBa3ubensbiit yMm MMEET  PABHOMEPHYIO CIIM
Ny =1 MxB1/T'y B nonoce gacror no 10 kI'n. a) Onpenenure u cxe-

Matudecku n3zoopasure AK® takoro myma. 0) YKaxure, KakuM MO-
XKET OBITh MHTEPBAJ IUCKPETU3AINH JJIsl TAKOTO MpoIlecca.

3.8. KBa3uOenblil y3KOMOJIOCHBIA IIIyM HMEET PaBHOMEPHYIO
CIIM B nonoce vactoT ot 9,9 no 10,1 MI'n. a) Haitnure AK® takoro
curaja. 0) ConoctaBpre AK® ¢ AK® aHanorm4HOro HM3KOYACTOT-
HOTO IIIyMa.

3.9. Mucnepcus HopmanbHoro CII paBna 1 mxBTt. KakoBo cooT-
Homienue (B Ab) curnan-nomexa B cMecu 3toro CII ¢ nerepmunupo-
BaHHBIM CUTHAJIOM MoIHOocTH 1 BT?

3.10. okaxwure, uyro, eciim Ha Bbixoae cuctembl CII nmeer pas-
HomepHyto CIIM Bo BceM auanazoHe 4acToT, TO 3TO cUcTeMa 0e3 mna-
MSTH, T. €. TCHEPUPYEMOE €10 TMOCEAYIONIee 3HAaUeHUE HUKAK HE OIl-
penenseTcs: NpeabLayIIIM.

4. AHann3 pe3anCTUBHbIX Lenen
B nuHerHOM 1enu AEUCTBYIOT CIEAYIOIINE 3aKOHBI.
1) 3akon Oma:

M
O — ¢y + 2—1Em

K
> Ry
k=1 , (4.1)

I =
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M
rne Y. E, — anreOpandeckas cymMMa BKJIIOYEHHBIX Ha JAHHOM y4Ya-
m=1

K
CTKE IeNu 3.1.C., ), R — CONPOTHBICHUE Y4acTKa LEnH, ¢; U ¢, —
k=1
NOTEHIMAJIbI €r0 TOJIFOCOB.
2) I-oe npasuno Kupxzogha — anrebpandeckass cyMmMa TOKOB B

y3JIe paBHA HYJIIO:
N
S 1, =0. (4.2)
n=1

3) 2-0e npaeuno Kupxzogha — anreOpanyeckas cymMma TaJeHUIN
HaNnpsHDKEHUA Ha BCEX DJIEMEHTaX KOHTypa paBHA ailreOpanmveckoi
CyMME€ BKJIFOYEHHBIX B HEM 3.]1.C.:

K M
Z IkRk = Z Em . (43)
k=1 m=1

[TocnenoBarenbHas pe3UCTUBHAS 1I€Nb MPEACTABISIET COOOU Oe-

K
JIUmens HANPA}CeHUs C BXOMHBIM CONPOTUBIEHHEM R, = > R; .

k=1
Kosgppuyuenm oenenusn nanpasicenua npu CHATHU €10 € R,

Kﬂ — 6blX _ n _ Rn ) (44)

Fu & n
k=1

[TapanienbHast pe3UCTUBHAS LIETIb MPEJCTABIAET COOOW ACIUTEIb

1 £ 1
TOKa C BXOJHBIM CONPOTHUBJICHHEM: —— = > —. Koagpgpuuuenm

Rex k=1 Rk
OefleHus moKa NPYU CHATUM €r0 C R, :
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Kﬂ _ 6blx _ 76X (4.5)

[lenn co CMEIIaHHBIM COCIMHEHUEM DJIEMEHTOB aHAJM3UPYIOT Ha
MOCTOSIHHOM CHUTHAaJI€ MHOXKE€CTBOM METOJIOB. B ux uwucie — meron
ypaBHeHui Kupxroda u MeTo1 KOHTYpHBIX TOKOB.

Memoo ypaenenuii Kupxzogha exnrwuaem cnedyrouwjue smanoi.

1) 3agaTh HampaBieHUs] 00X0/1a KOHTYPOB U HAMpaBJICHUS TOKOB
B BETBSIX (IMMPOW3BOJILHO).

2) OnpenenuTs 4UCIO YPAaBHEHUM, COCTABISEMBIX IO 1-My (7)) 1

1o 2-my (n, ) npasuinam Kupxroga:
nlzNy—l, nZZNB_NT_Ny+19

rae N, — 4ucio y3noB, Ny — 9HCIO MCTOYHHKOB TOKa, Np — 4HCIIO

BETBEU B LICTIN.

3) CocraButh cucremy (n;+n,) ypaBHeHuil. 3HaK B BETBU TOKa
Opatp "+", ecau ero HarpaBJICHUE COBMAAET C HAIpaBJICHUEM 00X0/1a
KOHTypa, U "-" mHaue. 3HaK 3.1.c. Opars "+", eciu ee HampaBieHUE
COBIAJAET C HAIMpaBJIEHUEM 00X0/1a KOHTYpa, I/I€ UCTOYHUK BKIIIOYECH,

nn

u "-" nHaue.
4) PemnTh €€ OTHOCUTEIILHO TOKOB B BETBSIX.
5) Ilo 3akony OMa HalTH HANPsDKEHUE Ha KaXKJIOM JJIEMEHTE Iie-
y.
Memoo KoHmypHbIX MOKOE BKITIOUACT CICAYIOITUE dTAIbI.
1) BeioenuTs 7, HE3aBUCHMBIX KOHTYPOB M ONPENEIMTH B HHUX
HAIpaBJIEHUE KOHTYPHBIX TOKOB /;;, i =1,...,n,.
2) CocraButb 1o 2-my npasuiny Kupxroga cucremy n, ypaBHe-
HUM.
Ry +Ryplyp +o+ Ry, 1y = By,
T rreeeee e e rree e e e e e (4.6)
\Rl’lz 1111 + an 2122 +...t Rl’lzl’lz In2n2 = E”lzi’lz 4
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rae R;; — CONPOTHUBJICHUE BCEX DJIEMEHTOB [-I'0 KOHTYpa, E;; — cymMa
BKJIFOUEHHBIX B HEM 3.1.C., Rij — COINPOTHUBIICHUE BETBU, OOIIEH s

KOHTYPOB I 1 j (OepeTcs co 3HaKoM "+'", eCliu KOHTYpHbBIE TOKH 4epe3
3Ty BETBb COHAIpaBlieHbl, U "-" WHaue). 3HAKKM TOKOB U 3.1.C. TAKHUE
&Ke, Kak B MeTojie ypaBHeHuid Kupxroda.

3) PemnTh €€ OTHOCHUTEIBHO KOHTYPHBIX TOKOB.

4) Ionb3ysick 1-m mpaBunom Kupxroda, HaliTH peanbHbIE TOKHU B
BETBSIX UYepe3 KOHTYPHBIE.

5) 1o 3akony OMa HalTH HANPSKEHUE HA KaXKJIOM 3JIEMEHTE Ie-
Y.

[IpaBWJIBHOCTh pacueTa MOYKHO IPOBEPUTH, PACCUUTAB OalaHC
MowiHocmeni B cxeme. MOIIHOCTh, OTAaBacéMas HWCTOYHHKAMH:

N M
= Z IiEi + z J]U
i=1 j=1
UCTOYHMK 3.14.c. E;, U j — HaIpsKEHME Ha KIeMMax J-TO UCTOYHHKA

Bm j» rhe I; — TOK, MPOTEKAIOMMUI Yepes3 i-bIid

TOKa ¢ TokoM J;. MomiHocTs, noTpeossieMasl IpUeMHUKaMHU, paBHA

K
B,=21 l%Rk- Banauc cxonures, ecmu B, = B,
k=1

Ipumep I1.4.1. Haiitu BXxoaHOE CONPOTHBICHUE, KOI(PDUIIHEHT
AeJIEHNs] IPU CHATUU C R, W BBIXOJHOE HAIPSIKEHUE B CXEMeE, U30-

OpaxxenHol Ha puc. 4.1, eciu £ =10 B, R =1 kOm, R, =4 kOm.

Pemenne.
BXOIHBIM CONPOTHUBICHUEM JICJIUTENS HANPSKEHUS SIBIIIETCS CO-
MIPOTUBIICHUE STOW MOCJIECI0BATEIBHOM LICTIN:

R, =R +Ry =(1+4) kOm =5 xOm.

1

R KoadpunuenT nenenus npu CHATHA ¢ R, paBeH
E 0 Ky, =Ry/Ry=4/5=0,8.
R 2
Q—T—o BbIxo/IHOE HampsKEHUE OIpenesnsieTcs 4depe3 Ko-

Puc. 4.1 3¢ dUIUEHT ICICHUS:
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U

8bIX —

U

68X

K, =10 B-0,8 =8 B.

2

Ipumep I1.4.2. [locTpouTs neaUTENL TOKA HA PE3UCTOPAX R| U

R, co BxoaHbIM conpotusieHueM 10 kOM u xo3ddunuentom nene-

HMS [IPU CHATHUM C R|, paBHBIM 2/3.

Pemenne.

Jlenurenb TOKa CTPOUTCS Kak MapauiebHOE
COCIUHECHHE PE3UCTOPOB Ry U R, (puc. 4.2). Pac-

CUUTATh CXEMY O3HA4aeT HaWTU HOMHHAJBI ITHX
pe3uctopoB. i 3TOro mojab3yeMcs 3aJlaHHbIMU
YCJIOBUSIMU MO BXOJIHOMY CONPOTHUBJICHUIO U KO-
3 PUIUCHTY ICIICHUS.

Koaddumment neneHus Toka MpU CHATHH C
R

R, umeert Bua: K Tp = ng , OTKy/a
1

1

R = _10KOM 15 om
Kp. 273

Ry

BXOI[HOG COIIPOTHUBJICHUC ACIIUTCIIA TOKA HAXOAUTCS KaK:

OTKyJa

n03TOMYy R, =30 kKOm.

Htak, cxema npeacTaBisieT co0ol napamieibHOe COeIMHEHHUE pe-

3UCTOPOB ¢ HOMUHAIaMH 15 u 30 kOm.
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Mpumep 11.4.3. Haiitu
Rl U 1 ]3 R3 BCE€ TOKM U HAIpPsHKECHUS B

»

El—l—} l I, L E, ©Xeme  puc. 4.3 mMeToIOM
ypaBHeHuit Kupxroda, eciau
OEEDIAEDOR &1 iy o
? Ri=Ry=10m, R, =2 Om.

Pemienue.

TOomoJIOTUYECKHM B ATOU
CXeME MOXHO BbIACIUTh Np =3 BeTBU, N y = 2 y3na, 0 KICTOYHUKOB

Puc. 4.3

TOKa, 71y =N, =Ny —Np + 1=3-2+1=2 He3aBUCHUMBIX KOHTYpA.

1. BeiOupaem nBa KOHTypa (JIEBBIM U MPaBblii) U OTMEUAeM Ha-
npaBieHua ux obxoda (MO 4acoOBOM CTpeJiKe). 3ajaeM HampaBJICHUS
TOKOB [{,/,,/3 B BETBSX.

2. OnperniensieM 4ucio ypaBuenuit: m =N, — Ny -1=2-0-1=1,
ny, =2.

3. PaccmoTpuM BepxXHHM y3€i. 3anulleM JJid HEero 1-oe mpaBuiio
Kupxroda:

Il :]2 +I3.

O06x0/151 KOHTYPHI IO YaCOBOM CTpEJIKE, 3aIUIleM 2 ypaBHEHUS TI0
2-my npaBuiy Kupxroda. J{s neBoro koHTypa:

LRy +1,R, = E.
g mpaBoro:
I3Ry — IH Ry = —F,.
4. IToacTaBisgseM 3HAYECHUS M PEIIAEM IOJYYEHHYIO CHCTEMY 3-X

ypaBHEHUM J1I0ObIM MeToAoM, B ToM uucie B MathCad. Tlonyuaem
I1=1A, I,=2 A, I=-1 A. 3nak "-" 03Ha4aer, 4TO PEANBHBIA TOK

TEUeT B HAIIPABJICHUH, IPOTUBOIIOJ0KHOM BHIOPAHHOMY.
5. Ilo 3akony OMa HaXO0AUM HANPSKCHUE HA DJIEMEHTAX LICTIN:
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Up =R =10m-14=1 B,
Uy =Ryl =20m-24=4 B,
U3 =R3]3 ZIOM'(—I)AZ—z B.

IIpumep I1.4.4. HaiiTu Bce TOKM M HaANIpsOKEHUS B cxeme puc. 4.3
1o yciaoBusiM npumepa 11.4.3 MeTo10M KOHTYPHBIX TOKOB.

Pemrenne.

1. BeinensgeM n, = 2 HE3aBUCUMBIX KOHTYypa (JIEBBIM Y MPaBbIii) U

BBOJMM KOHTYPHBIC TOKHU [ =1}, Iyy =I5.
2. CocraBisieM CUCTEMY U3 2-X YPABHEHUU:

R+ Riplyy = Epy,
Ry1l11 + Ryplppy = Eyp.

rZle COIIPOTUBIICHUE IIEPBOrO (JIEBOr0) KOHTYpa R = R + R,, BTOPO-
ro (mpaBoro) R,, = R, + R;. OOmel 111 KOHTYpOB SBISETCS BETBb
C R,. Tak Kak KOHTYpHBIE TOKH [{; U [,, Y€pPE3 DTOT PE3UCTOP IIPO-
TUBOIIOJIO’KHO HAIPAaBJIEHbI, TO Ry = Ry = —R,. DJC, BKIIOYECHHAA B
IIEPBOM KOHTYpE, Ej = E|, BO BToOpoM E,, = —FE,. Iloacrasnsgem 5tu
BEJIMYUHBI B CUCTEMY

Ri+Ry Ry (I £
Ry Ry+R3)\Ipn) \-E)
3. [loacraBuB 3HAYCHUS B CUCTEMY, PEIIaeM €€ JIFOOBIM METOIOM.
KontypHsble Toku paBubl [1; =1 A, 1), =-1 A.

4. BelpaxxacM peallbHbIC TOKU 4epe3 KOHTypHbIe: [} =11 =1 A,
I3 =15, =—1 A. Ilo 1-my npaBuny Kupxroda st BepxHero ysia B
cxeMe: [y =1, +13,01kyna I, =1} - I3 =2 A.

5. Hanpspkenust HaxoasTesa 1o 3akoHy Oma. OTBeThI COBIAAAIOT C
oTBeTaMu npumepa 11.4.3.
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Ipumep I1.4.5. IlpoBeputh OanaHC MOIIHOCTEM B 3agayax
[1.4.3-11.4.4.

Pemenmne.

Yepes UCTOYHUK 3.1.C. E; IMPOTEKAET TOK /|, a Yepe3 UCTOYHUK
E, —TOK I5.

CocrtaBuM JJi ya00CTBa pacIMPEHHYIO TaOJIuIly OTBETOB B Clle-
nytoment popme (Tadm. 4.1).

Tabnuia 4.1
DJIEMEHT Ry R R; E; E,
Tox 1A 2A -1A 1A -1A
Hanpsoxkenue 1B 4B -2B 5B 5B

MouHoCTh, OT/IaBacMasi ICTOYHUKAMM, PABHA:
Byem =|EtLy|+|EyI3|=5-1+15-(-1) |= 10 Br.
MomHoOCTh, pacxoayemasi B IPUEMHUKAX, PABHA:
Py, =I{R +I5Ry + 3Ry =1-1+2% -2 +(~1)* -1=10 Br.

Tak xak P

uem = Fpp =10 BT, TO bananc comencs.

3adayu ons peweHus

4.1. HaiiTu BXOQHOE COINPOTUBJICHHUE NICJIUTENS HAMNPSKCHUS Ha

Ry

pe3ucropax Ry y KO3 PUIIMEHT ACNCHUS MPU CHATUH C Ry , €C-

i Yeox =2 B, Ri—3 kOm, Ry =7 xOm.

4.2. Haiitn xo>(pduUmMeHT ACIeHUS TOKa MPH CHATHHA C
Ry -

R

BXOOHOC COIIPOTUBJICHUC NCIUTCIIA Ha PC3UCTOpPAX Rz, €CJIn

Ioe =6 A Ri—4 xOm, ®2=3 xOm.
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R R
4.3. [locTpouTth ACNHUTENb HANIPSKEHUS HA pe3ucTopax "1 u 2,

Ry

oOecrieunBaromuii KOAQPUIIUESHT AeNeHUS TIPU CHATHH C ~ 2, paBHBIN
1/5, mpu BxoaHoM corpoTuBieHur 10 kOm.
4.4. ITocTponuTh JEIHUTENHh TOKA HA PE3UCTOPAX Ry Ry , obecrre-

YUBAIOIMINN KOIDDUITUEHT AEICHUS MPU CHATHH C Rl, paBHbIN 3/4,

IIPU BXOJIHOM COMpOTUBJIeHUHU 3/4 KOM.

4.5. IlocTpouTth JENUTENb HAMPSHKEHUS HAa PE3UCTOpPAX Rl, R2,

R ¢ MEePEKITIOYAOITUMCS KOd(PhUIIMEHTOM JelieHHs, 00eCIIeunBaro-

Ui Ko3(PGULIMEHT ACNCHUs MPU CHATHUH C Rl, paBHbI 1/2, pu cHs-

THUM C R3, paBHblii 1/4, co BxoansiM conpotuiienremM 10 kOm. Hailitu
BCE OCTaJIbHBIE KOAPDUIIMEHTHI JEJICHUS B CXEME.

4.6. ITocTpouTh MPOCTEUIINNA EIUTENb HANPSHKEHUS C IUIABHOU
peryinpoBkoi koddduimenta aenenus ot 0 go 1.

4.7. HaliTu Bce TOKM U HAINpPSDKEHUSI B CXEME, M300paKEHHOUW Ha
puc. 4.4, MeTo0M KOHTYPHBIX TOKOB. IIpoBepuTh OanaHC MOIITHO-

creit, =Ry =Ry =4y R3=Rs=2 oy p_10B,

E %
E R;
LS
R, I I R{ R, R,
T —¢
R, = Rs
. Lo
Puc. 4.4 Puc. 4.5 Puc. 4.6

4.8. HaiiTu Bce TOKM M HalpsbKEHHST B cxeme W3 3aaauu 4.7
(puc. 4.4) metonoM ypaBHennii Kupxroda. [IpoBeputs 0ananc momui-

HOCTEH.
4.9. HaiiTu Bce TOKHM M HaIpsSKEHUS B cXxeMe, U300paKeHHOW Ha

puc. 4.5, 000UMH METOHAMH. Ry =1 OMm, Ry=R3=R4=2 Om,
El :E3 =2 B, E2 =6 B
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4.10. HaiiTu Bce TOKM M HalpsDKEHHS B CXeMe, N300paKeHHON Ha

puc. 4.6. Ri=Ry=2 gy, B3=R4=Rs=6 oy F=6B. ITpoBepuTh
OaJlaHC MOIIHOCTEH.

4.11. HaifTu BXOJHOE CONPOTHUBJIICHUWE W OOIIMI TOK B LENH Ha
puc. 4.4.

4.12. HaliTu BXOJHOE COMPOTHUBIICHHE W OOLIMK TOK B IEMU HA
puc. 4.6.

5. Llenn npu rapmMoHu4YecKkom Bo3aeNCTBUN

["apMOHMYECKHE CUTHAJIBI MOYKHO OIUCATh HECKOJIBKHMH CITOCO-
Ooamu:

— aHATUTHYECKH BO BpeMeHu: s(f) = Acos(wt + ) ;

— DKBUBAJICHTHBIM €My ITOCTOSHHBIM CHTHAJIOM C JEHCTBYIOIIUM

(OpdexruHpivM)  HanpspkeHuem Uy =U/ V2 wm Ttoxom

Ip=1/2;

— COOTBETCTBYIOIIM eEMY AHAJIMTUYECCKUM CUTHAJIOM
Oy ei(a)t+¢) — 4 eia)t;

— DKBHUBAJIEHTHBIM aHAJTUTUYECKOMY KOMIUIEKCHBIM IMOCTOSHHBIM
CUTHAJIOM C KOMILIIEKCHBIM JIEUCTBYIOLIAM 3HAYCHUEM

Ay =A/N2=4" /2.

AHaJIUTUYECKUE CUTHAJIBI N300paKat0T BEKTOPaMU Ha KOMILIEKC-
HOU IUIOCKOCTH.

JIns TapMOHAYECKUX BO3JACUCTBUM CIIPABEIIMBBI 3AKOHBI B KOM-

IJIEKCHOU (popMe ()i KOMIUIEKCHBIX aMIUIMTY]l CUTHAJIOB) — 3aKOH
OmMma

. U
I = 51
> (5.1)
u nipaBwia Kupxroda
N | K . M .
Z]n:()a Zlka: ZEm, (5.2)
n=l1 k=1 m=l
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rae Z — UMIIeIaHC LETH.
HNmrie jaHChI IPOCTEUIINX JTUHEUHBIX JJIEMEHTOB:

Zp=R Zp =ioL Zc=.1c- (5.3)
lw

Hpumep I1.5.1. Ha BXxone HEKOTOPOU LIENU JIEMCTBYIOT JIBA CUT-

aana: 40 =Ujcos(ar+¢) U (1) =Upcos(@f +$)  Hasitir ammmi-

TyAy, KOMIUIEKCHYIO aMIUIMTYy M JIEHCTBYIOIIECE HANpPSKEHHUE ITOJI-
HOrO BXOJHOT'O CUTHAJa, ECIH Uy =1 B, Up=2 B, ¢ =30 IpaLycoB,

¢y =—60 Ipasycos.

Peienue.

HalizeM aHaJIMTHYECKHE CHMIHAJBI, COOTBETCTBYIOLIME JTHM Be-
IECTBEHHEIM:

MX KOMIIJIEKCHBIC AMIUINTY bl PABHBI:

- V3

- . . 1
U, :Ulel¢1 =U;cosgy +iU;sing :l-cos(ﬂ/6)+1-ism(7r/6):7+i5.

U, =U1ei¢1 =U, cos¢ +ilU, sing, =2-cos(r/3)—2-isin(r/3)=1-i/3

Tak Kak CUTHaJIBI OJHOM YaCTOTHI, TO BEKTOPHI, IPEACTABISAIOIINE
Ha KOMIUIEKCHOM IJIOCKOCTH aHAJUTHYECKHE CUTHAJIbI, OyIyT Bpa-
IIaTbCA CO BPEMEHEM IIPOTUB YAaCOBOM CTPENIKH (B CTOPOHY pocTa ¢a-
3bl) C OJHOM CKOPOCTBIO, TaK YTO 3THU BEKTOPA MOXHO CKJIAJbIBaTh,
KaK eciyd Obl KapTHUHA OblUIa HEMOABUXHOM (BEKTOpPHI HE JBUKYTCS
OTHOCUTENIBHO JPYT Jpyra). IOTO COOTBETCTBYET alre0OpandecKoMy
CJIO’KEHHUIO KOMIUIEKCHBIX aMIUTATY:

B.

B l—ix/_=2+2\/§+i1_2\/§

U=U1+U2 =—+i—+
2 2 2
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AMIUTATY1a CUTHAJIA — 3TO MOAYJIb KOMITJIEKCHOW aMIUIUTYIbI:

2
U -JU] - (“ﬂ {#Jz:ﬁ B

2

daza curHaza— 23TO apryMEHT KOMIUIGKCHON aMILIUTY b
(puc. 5.1):

AIm \‘\Ul‘ Im(U) t 1— 2\/§

= arct —=arc ~—0,584 pao,
p=arcig ReU)  © 2443

» Re

oo T. €. 33,44 rpanyca.
‘U pe3‘ KominekcHass aMmiauTyna pes3yJib-
) TUPYIOLIETO CUTHAJIA:

Puc. 5.1 U =+/5¢710-8% B,

JlelicTBYyIOIIIEE HAIPSHKEHUE BXOJHOIO CUTHAJIA!

U s

Uy=—==-==42,5B.

NN

Nrak, Ha nens 1eMCcTByeT CUTHA
U pes (1) = \/gcos(a)t —0,584) B.

MoXHO TIpOBEPUTH CE0sl, BEKTOPHO CJIOXKUB KOMIUIEKCHBIE aM-
IJTUTYBI.
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R Ipumep I1.5.2. [Toctpouth BeEK-
TOPHYIO JuarpaMMy TOKOB U Hamps-

o] -——o0 xeHuil B RC nenu (HanpsbkeHue CHU-

C MaeTcsl ¢ KOHJAeHcaTopa, puc. 5.2) npu
e(?) — Ugpx (f ) BXOIHOM CUTHAJIE
e(t) = Ecos(oyt + o).
O e O Pemenue.
Puc. 5.2 YToOBI MTOCTPOUTH BEKTOPHYIO

IyarpamMmy, HaJ0 HAUTH KOMILJICKCHBIE
aAMIUIMTYIbl BCEX TOKOB M HAMPSI)KECHUM.
Caayana HaiigeM BXOQHOW MMIEIAHC lIeNu. Tak Kak OHa MocJie-
JIOBaTeJIbHAsL, TO

. : . 1 I
Loy =ZLp+Ze=R+——=R|1- .
6x — TR TC ioC { a)RC}

Ero monyins 1 apryMeHr:

1
(wRC)?’

Im(Z 1
b, =arctg Im(Zy) S ) = —arctg (—j .
Re(Z,,) wRC

2| =R (Zy) + T (Z,) = R [1+

X

BxonHoMy curHany e(f) COOTBETCTBYET aHAJIUTHYECKOE Hamps-

. (Wt + S lopt <
skenne é(f) = Ee (@0 %0) = £l Tax xak nenb numeiina, To oHa He
MOPO’KIAET HOBBIX YAaCTOT B CHEKTPE CUTHaNa, U TOK B Iienu OyJeT
TrapMOHUYECKUM TOHM K€ YacTOThI: i(?) =/ cos(wyt+ ¢;). EMy coot-
BETCTBYET aHAIUTHUYECKHI TOK 1(f) = Je' ™"

KommiekcHy1o aMIIUTy Ty TOKa B IIEMH HAWIeM 13 KOMILJICKCHOM
dbopmebl 3akoHa Oma:
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ik ‘E‘ (itbs=:) _ il b
Zee |2

6X

[ToacraBisgeM HaWIEHHBIE MOTYJIb M APTYMEHT UMIICIAHCA:

E EaoC

R 1+ 1 :\/1+(CORC)2
(wRC)?

m: , Oy =0g +arctg($j.

KommniekcHas AMIUIMTY A4 BBIXOJHOI'O HAIIPAKCHUA:

L iU o
Up=iZ¢ =—— 1 ¢/ 0r=712)

ioC  oC
KomrmiekcHast aMIuinTy1a HalpspKeHHS Ha pe3UCTope:

Ug =1iZg = IR =|i|Re"".

N300pa3num Bce BEKTOPHI Ha BEKTOPHOM auarpamme (puc. 5.3).
Tok omepexkaeT BXOAHOE HAIPSIKCHHEC

no ¢aze Ha |(|)Z , C HUM CHUH(a3HO HaIpsxke-

HUE Ha pe3uctope. Hampsikenne Ha KOHIEH-

caTope OTCTaeT OT TOKa Ha 7 /2 mo ¢a3e.
Tor ¢axT, 4TO BXOAHOE HAMPSIKEHUE

e(t) nenuTcs MEXIy PE3UCTOPOM M KOH-

JNEHCATOPOM, OTPAXKEH Ha BEKTOPHOW Juva-
rpaMMe: BEKTOP KOMIUIEKCHOM aMIUINATYIbI

BO3IeUCTBUA E — cymMMma BeKTOpoB Up U
Puc. 5.3 U C-

Tak xak nenb auHeWHas, To e(t), i(),

up(t) U uc(t) CUHXPOHHBL, T. €. €CJIM BpallaTh IUIOCKOCTh PUC. 5.3 C

YacTOTON @ NMPOTHUB YACOBOM CTPEJIKH, TO YEPTEK BBIMTIAAUT HEIOJI-

BHKHBIM.
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3adayu Ons1 peweHusi

5.1. [locTpoeHrEM BEKTOPHOW IUATPAMMBI JOKAXKHUTE, YTO TOK
yepe3 KOHAEHCATOP ONEepekaeT HaIpsHKEHUE HA HEM Ha /2, a 4yepes
KaTYIIKy — OTCTaeT no (ase Ha 7 /2.

5.2. Ilpu nomadye Ha BXOJ JUHEHHOMN LEIU HANPSDKEHUS uy(f) Ha

BBIXOJIE TOK COCTaBJISIET cos(102t+7z/4) MA, IIpU NOAA4Ye u,(t) —

Scos(1 0%t—r/ 4) MA. Haiinure ammiuryny, ¢asy, IAEHCTBYIOIIEE
3HaY€HUE TOKA IIPU OJHOBPEMEHHOM BO3JIEUCTBUHU u;(f) U u, (). Ilo-
CTPOUTE BEKTOPHYIO IMArPaAMMYy.

5.3. JIuHeiiHas Uenb COCTOUT U3 MOCIEA0BATEIBHO COCTMHEHHBIX

JJIEMEHTOB, HAIIPSDKEHUS HAa KOTOPBIX uy(t) = 2cos? 1 0*t+m/ 4) n

Uy (t)=-2 sin? ! 0* t). Haittu BXOHOE HamnpshKeHUE.

5.4. HaiTu BXOJHOW MMIENAHC U TOCTPOWUTH BEKTOPHYIO JHUa-
rpaMMy TOKOB M HanpsbkeHun it LR-uenu.

5.5. IlocTpouTh BEKTOPHYIO AHarpaMMy TOKOB U HAIIPSKEHUM B
MIOCJIEIOBATEIILHOM KOJIE0ATEIIbBHOM KOHTYPE.

cC C ¢ R
R
4 o— HF1 B
C
R
Puc. 54

5.6. Haiftu umnienanc menu, n300pakeHHo# Ha puc. 5.4, OTHOCH-
TeJIbHO KiieMM AB.

5.7. HalTu pOa0IKUTEIBHOCTD MEPEXOIHOTO MPOILIECCA B PE3U-
CTUBHO-€MKOCTHBIX Hemsix, eciiu R =1 kOm, C =1 MkD, B pe3UCTUB-
HO-MHAYKTUBHBIX Lemnsax, ecim R =1 kOm, L =100 Mkl H.

5.8. KakoB BHJI BBIXOJTHOTO MPOIIECCA B MOCEI0BATEIBHOM KOJIE-
oarenpHoM KoHType ¢ C =100 n®d, L =100 mxI'" pu: a) R =10 Owm;
0) 1 kOm? KakoBbl XapaKTEPUCTHUYECKOE COMPOTHUBJIICHUE KOHTYpA,
pe3onancHas yacrtora? KakoBa 70OpOTHOCTh KOHTYypa B 000UX Ciyya-
sax? UeMy paBHa B 000HMX CiIydasix 1MoJjioca NpoINyCcKaHusi KOHTypa?
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6. MeToabl aHanu3a NUHEUHbIX Leneun

JIuHerHas nenp XapakTepu3yercs CIEeAYOLIUMU TapaMeTPaMU.
Yacmommnuwiii Ko3hhuyuenm nepedavu 1Mo HAPSHKEHUIO:

Ky (o) =%@L((w“;). (6.1)

Amnaumyono-uacmomnan xapakmepucmuxka (A4X)— Moayib
KII ‘K (w)|, gpazo-uacmomnasa xapakxmepucmuxa — apryment KII

(@) = arg K ().
Hmnynscnan xapakmepucmuka (M1X) h(t) — peakuus menu Ha
o-pyHkumio, nepexoonas xapaxmepucmuka (I11X) g(¢t) — peakunus

e Ha o-QyHKITHIO.
NX u KII cBs3anbl npeodpazoBanusimu Oypwe:

K(w) = of e " de, k() =2i Of K(w)edw. (6.2)
7[—00

—00
NX u [IX cBA3aHbI Tak *e, KaK 0-QyHKIUSA U 0-PyHKIHS:

sty=2 Zt(’), h(t) = di—f). (6.3)

Onepamophnas nepedoamounas (ynkyus — oTHomeHue L-oOpa-
30B OTKJIUKA W BO3JICMCTBUS:

H(p)=%L((pp))-

Ona cesizana ¢ KII cienyroumm o6pasom: K(@)=H(p =iw).
[Tostoca mpomyCKaHus LMK OIPEaeSaeTCs U3 YCIOBHS
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KUmax

‘KU(wep)‘ = \/E

[TogoOHo Tomy, kak KII u UX cBsizansl npeobpazoBanusimu Dy-
pwe, oneparopHas nepeaarouHas GyHkius u MX cBszanbl npeodpa-
3oBaHusAMHM Jlariaca.

L-o0pa3bl UMITeTaHCOB POCTEUIIIUX AIIEMEHTOB TCTICH:

Ze(p)=R, Z,(»)=pL, Ze(p)=—. 6.4)
pC

Hpumep I1.6.1. Haiitu KII no nanpsbkenuro, AUX n ®UX RC-
LICIIH.

Pemenue.

Ilenp sBISIETCA MOCIEIOBATEIBHOM, ITIOATOMY B HEW TEYET OJIUH
ToK 1 KII (6.1) MOXHO TIpeICTaBUTh B BUJIE:

1

Z..e;bzx(a)) — Z.C. _ oC _ 1 '
Zo(@) Ze+Zp 1 p 1+ioRC
oC

Ky (w) =

O6o3naunm 7=RC. AUX mnpencrasisier codborr moayib KII:

: 1 _
‘KU(C‘))‘:ﬁ- Ha nyneBoii wactote 3Hauenne AUX Makcu-

1+ w’r?
MaJIbHO PaBHO 1, C POCTOM YacTOTHI (DYHKIIMSI MOHOTOHHO yOBIBACT.
®YX menu — apryment KII:  ¢(w)=arctg(—wr) =—arctg(wr).
Ha nynesoit wactore ¢(0)=0.

Havinem rpannyHyro 4acTory:

1

e e 2

max
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Otcrona =1/7. Ilomoca mnpomyckaHus IENU COCTAaBJISIET

wel0,1/7].

Ipumep I1.6.2. Haiitn nepegaToyHyr0 U UMMYJILCHYIO XapaKTe-
puctuku RC-nienm.

Pemrenne.

llepeviti cnoco6. CocraBum auddepeHimaibHoe  ypaBHEHUE,
OMUCHIBAIOIIEE 1IeTb. TaKk KaKk OHA MOCJeAoBaTeNbHAs, TO BO3ICHCT-
BUE JICTTUTCSA MEXK]Iy HAIMPSKEHUEM Ha KOHACHCATOPE U Ha PE3UCTOPE:

a)ep

e(t)=ur(®)+uc(@)=i(H)R+uc(t).

BrIlpasuMm npaByt0 4acTh B TEPMHUHAX BBIXOJHOI'O HANPSKEHHS

Ug,, (1) =uc(¢). TOK yepe3 KOHAEHCATOP ABIAETCS OOLIUM B LIEIIH:

i) = ¢ i ®) _ (0
dt dt

VYurs, 4to up(t) =i(t)R u obo3HauuB 7= RC, noiayyaeMm ypaBHe-
HUE

ReBoon® ) y=ery, e D =),
dt dt

[TockonbKy HAc MHTEpECYET Mepexo/iHas XapaKTepUCTUKA — pe-
aKIMs LeNU Ha o-QYHKIUIO, TO UILEM perieHue auddepeHnaibHOro
YPaBHEHHUSI C MPAaBOM 4YacThlO B BUIE o-(pyHkuuu. Ilockonbky memns
UHTETPUPYET CUTHAJI MHEPLUHUOHHO, TO B HAaYaJbHbII MOMEHT Hamps-
KEHUE HA KOHJEHCATOpPE PAaBHO HYJIIO, T. €. HaYaJIbHbIC YCIOBHS AJIS
ypaBuenus: u(0)=0.

[Tosrygaem nepexoIHyI0 XapaKTEPUCTHKY LIETIH:

g(t)=1- e 1T
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B nyne g(0)=1-1=0, ¢ TeyeHueM BpEeMEHM II€Mb CTPEMHUTCS
MOBTOPUTH BO3JAeicTBUE: g(00)=1, a 7 MOKa3bIBa€T CKOPOCTh Hapac-

TaHUS BBIXOJHOTO HAIPSKEHUS.
Tak Kak UMITYJIbCHAasA XapaKTEPUCTHUKA — ITO MpOou3BoHasA OT 11X,
TO

h(ty=Le 7.
T

Bmopoii cnoco6. Tak kak umnynbcHas xapakrtepuctuka u KII
cBsa3aHbl npeoOpazoBanueM dDypwe, To UX MOxkHO HaliTH, B3SB 00-
paTHOe TipeoOpazoBanue Pyphe oT HaigeHHoro B mpumepe 11.6.1 KII

Ky (w)=

P IlepexonHas XapakTepUCTUKA HAXOAUTCS HUHTETPH-
+iot

pOBaHHEM HMITYJbCHOU M 3agaHueM ycioBus u(0)=0, ciaemyromiero
13 (PU3UYECKOTO YCTPOMCTBA IIEIIH.

Ipumep I1.6.3. CocTaBuTh ONEepaTopHOE YPABHEHUE, HAUTH OIlE-
paTopHyto nepeaarounyio gynkuuto, KIT u UX RC-nienu.

Peienue.

3anmceiBacM i 1ienu 2-oe npaBuiio Kupxroda B omepaTopHOit

dbopme:
E(p)=Ugp(p)+Uc(p)=1(p)Zr(p)+Ugzux(p).

Bripasum L-006pa3 Toka uepe3 L-00pa3 BEIXOHOTO HANPSKEHHUS:

Uc(p) _U CI(P) = pCU 4 (P).

Zc(p) L
pC

Ic(p)=1(p)=

[Tomyyaem

E(p)= pRCU 4, (p)+ Upgux(P), 7=RC

OTKyJa
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_U6blx(p)_ 1
Hip)= E(p) _1+p2'.

[lepenaTounyro yHKIIHMIO MOKHO M Cpa3y 3allucaTh KaK OTHOIIIE-
HUE ONEPATOPHBIX CONMPOTUBICHUMN, TaK KaK IEb MOCIEeA0BaTENbHA:

1

_ Zé’blx(p) _ pC _ 1
Zee(p) po L l+pr
pC

H(p)

Koaddurment nepenaun mojgydaercsi U3 onepaTopHol PyHKIIMH
IIOJICTAHOBKON:

1

K(a))zl—[(p:ia)):1+iwz_.

NX — at0 oO6paTHOE TIpeoOpa3zoBanue Jlamraca oT mepeaaTodHOM
(byHKINN:

h(t)=L"'[H(p)]= %e_t/ 7

3adayu Onsi peweHusi

6.1. Haitu KII, AUX, ®UX u nonocy nponyckanuns CR-nenu
(HampsKEHUE CHUMAETCSI CO BTOPOTO AJIEMEHTA — C PE3UCTOPA).

6.2. Haiitu KII, AUX, @YX u nonocy npomyckanus LR-uenwn
(HampsKeHUE CHUMAETCS CO BTOPOTO 3JIEMEHTA — C PE3UCTOPA).

6.3. Haiitu KII, AUX, ®UYX u nosnocy npomyckanus RL-unenu
(HampsKEHUE CHUMAETCSI CO BTOPOTO AJIEMEHTA — C KATYIIKH).

6.4. CoctaBpTe auddepeHImaIbHOe YpaBHEHHE, OIHCHIBAIOIICE
CR-1tem, u Haiinure ee 11X u UX.

6.5. CoctaBbTe nuddepeHIuaIbHOe YpaBHEHHUE, OIKCHIBAIOIICE
LR-niens, 1 Hanaute ee I1X u NUX.
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6.6. CoctaBbTe auddepeHImaibHOe ypaBHEHUE, ONUCHIBAOIEE
RL-niens, 1 Hanaute ee 11X u NX.

6.7. CoctaBbT€ ONEPATOPHOE ypPaBHEHUE, HANAUTE ONEPATOPHYIO
nepeaatounyto ¢pynkuuto, KIT u X CR-uenmu.

6.8. CocTaBpTE OINEPATOPHOE YPABHEHUE, HAUJIUTE ONEPATOPHYIO
nepeaaTounyto gynkuuto, KIT u UX LR-nemnmu.

6.9. CoctaBbTe ONEPATOPHOE ypPaBHEHUE, HAMAUTE ONEPATOPHYIO
nepeaaTounyto ¢yaknuro, KIT u UX RL-emnmn.

6.10. CocTtaBbTe ONEPATOPHOE YpPAaBHEHUE, HAUIAUTE OIEpaTop-
Hyto nepenarounyro (ynkuuio u KII mocnepoBaTtensHOro koseoda-
TEJHOTO KOHTYpa.

7. HennHenHble 3N1eMeHTbI

Henunerinbie pe3ucTop, KOHACHCATOP, KATYIIKA, OIKUCHIBAEMbBIE
bynkmmamu  i(u) = fr(u) =1y +06i(1), qu)= fc(u)=0+5q(1),
D(@) = f7 (i) =Dy + HD(¢), UMEIOT CENYIOLIUE TaPAMETPEI.

CTaTHUYECKHue JHUHAMHAYCCKHUC
_Yo__ Yo die) T [dfp) T
Ry=—"= _ _| YR
"1y 1z ) ”ﬁ“‘)‘[ du } { du }
C, = go _ fc((]Uo) Cru) = dZJ(u) _ dfg(ﬂ)
0 0 u u
Dy f1p) L dD@)  dfi ()
A b ==47=74;

JI1s1 pe3UCTUBHBIX HEIUMHEUHBIX 35eMeHToB (HD) wacTo ucnomns-
3YIOT TOJIMHOMHUAIIBHYIO alpOKCUMAIHUIO:

i(u)= fru)=1Iy+au+ a2u2 + a3u3 +..t+au”,

1 . df
rae KodQpQuuUuenTsl a, =———|,_y. , IPHYEM a; =—— HMEET CMBICII
n!du 0 du

KpyTusHel BAX.
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YToObl HANTH CHEKTP TOKa, MpoTekaroiiero yepe3 HD ¢ monuHo-
MuainbHOU BAX, Hy»KHO MOJICTABUTH BBIPAKEHHUE JJISI TPUITOKECHHOTO
HanpspbkeHus B BAX.

Otknuk HD Ha Bo3nelcTBHE UIIETCd JIMOO aHAJIUTHYECKH, JTHOO
rpauyecKy METOIOM MPOCKIIH.

[Ipu nociienoBaTEIbHOM COEAUHEHHUH JBYX 3JIEMEHTOB (HEBAXHO,
JUHEUHBIX WM HET) paclpeeiieHue HanpsiKEeHU MEKy HUMH MOXK-
HO HAWTU METOJAOM ONPOKUHYTON XapaKTEPUCTHUKHU.

Hpumep I1.7.1. BAX HD umeer Bug i(u)=1+u +2u” MA pu

u>0. HaliTu nuamna3oH 3Ha4Y€HUU TOKa, MPOTEKAIOIIETO 4Yepe3 dJie-
MEHT, W JWAana3oH 3HAYCHUW JUHAMUYECKOTO COIPOTHUBIICHUS MpPHU
HANPSOKEHMHM ~ HA  DJIEMEHTE,  M3MCHAIOMIEMCA 1O 3aKOHY

u(t) =2cos(10%1) B’

Pemrenne.

3aMeTuM, YTO BXOJIHOE HAMPSHKEHUE OUTOJISIPHOE, HO BJIEMEHT C
nanHo BAX noibKeH OTcekaTh OTPUIATENIBHBIC TOJTYNEPUOIbI, 3HA-
YUT, MUHUMAJIbHBIM 3HAaYCHUEM TOKa OyJeT HyJIeBOE.

MakcrumanbHOE 3HAYEHHUE HAWJEM MPSIMOM IMOJCTAHOBKOW (TaK
kak BAX MOHOTOHHO Bo3pactaroiias (yHKIMs, TO MaKCUMyMy Ha-
NpsKEHUST OyI€T COOTBETCTBOBATh MAKCUMYM TOKA):

i = () = i(2B)=1+2+2.2% =11 MA.

[Tonmyyaem quana3oH 3HaYeHui Toka i € [0;11] MA.

JlnHaMu4ecKoe COMPOTUBIICHUE, IO OIIPEACICHUIO, 00OpaTHO MPO-
n3BoaHorM ot BAX. Bripazum TOk B amIiiepax ¥ HaWJeM JUHAMUYE-
CKO€ COMPOTHUBJICHHUE:

TS

= Om.
1+ 4u

d ( 107341034 +2-1073u 2)}
u

’”ﬂ(“) L,

IIpyu MakCHManbHOM HaNpsHKeHUU 77 (2B)=————=1/9 kOM —
+4.2

MWHHUMAJIBHO. I[J'I}I HYJICBOT'O HaIIPsAKCHUA moj1ydyacm

43



rn (0B) =1 kOm — makcumanbHOoe. IToro aquana3oH 3Ha4Y€HUW JTWHA-

MHUYECKOT0 COMPOTUBICHUs cocTaBuI 7y €[1/9;1] kKOMm.
Hpumep I1.7.2. Haiitu cnektp TOKa, mpoTtekaromero yepe3 HO
c BAX i(u)=u+ u? npy u(t) = Ecos(wyt) .

Pemenue.
IToncraBum u(t) 8 BAX:

> E* E?
i(u) = E cos(ayt) + (Ecos(ayt))” = E cos(wyt) + -t 7cos(2a)0t) .

ChoekTp COCTOMT M3 TpeX COCTaBJIAIOIIMX: ITOCTOSHHOM

Iy=E 2 /2, OCHOBHOTO TOHA (Ha gacrore @) I; = E u BTOpOil rap-

MOHUKH (Ha yactore 2a) I, = E 2/2.

3adayu ons peweHus

7.1. BAX nsnemenTta umeet Buj i(u) —2+3u+u® MA it u>0.

Haunnre nuana3oH 3Ha4€HUM TOKA, COMPOTUBIICHUE TI0 ITOCTOSTHHOMY
CUTHAJIy Y JUAIA30H 3HAYCHUM JTMHAMMWYECKOTO COIPOTUBJICHUS MPHU

HaIpsHKEHUU Ha yieMeHTe u(t) =1+ 2cos(104t +7/4) B.

7.2. MetonoM nipoekiuii mosyuute popmy Toka uepe3 HO u3 3a-
naun 7.1.

7.3. JIB€ mamIibl HAKAIMBAHUA BKJIIOYEHBI MTAPAILICIBHO APYT APY-
ry U 4depe3 pesuctop conporuBieHueM 100 OM MOAKIIFOYEHBI K HC-

touHuky »3.1.c. 0,5 B. BAX namm: 30 I, MA

1, =0.05U; +10°UZ, — >
3 /] U, B

I, =0.02U, +0.5-10 U5 . Haiiti ToK [ 5

U HaIpsDKEHUE B JIaMIIax.

7.4. OnHa U3 cxeMm cTaOMIM3aluu
HaIpsDKEHUST Ha HarpysKe IpeJIcTaB-
JS€T COOOH IOCIIeNOBATEIHLHO BKIIIO-
YEHHBIC PE3UCTOP COIMPOTUBICHUEM
1 kOM u crabunutpon ¢ BAX, u3zo- Puc. 7.1
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OpaxkeHHOM Ha puc. 7.1. MeTogoM ONMPOKHWHYTOW XapaKTEPUCTUKHU
HAaWTU ¥ TOCTPOUTH 3aBUCHUMOCTbH HAIPSDHKEHUS] Ha CTAOMIUTPOHE OT
BXOZHOTO B nuanas3one ot 0 1o 5 B.

7.5. Bapukan OINMCHIBAETCS BOJBT-KYJOHHOW XapaKTEPUCTUKOMN

q(u)=2CydxJ1+u/ g Ki, rne Cy=1 nd, ¢, =1 B. Haitnure nu-
HAMUYECKYI0  €MKOCTb,  JWamna30oH €€  3HA4Y€HUW,  €CliH
u(t) =0.5cos(100¢) B.

7.6. Haitpute cnektp Toka, mporekarouiero yepes HO ¢ BAX
i(w)=u® -1 MA, ecri u(f) =2 +cos(10°¢) B.

7.7. Ilokaxute, kako HD HY»KHO B34Th, YTOOBI MOJYYUTh YMHO-
YKEHHE YaCTOThl BXOJHOro curHaia B 4 pasza. Kak 3aBucut ot Hamps-
YKEHUST TMHAMUYECKOE COMPOTUBJIEHUE TAKOTO 3jieMeHTa? UTO MOXKHO
CKa3aTh O PUIbTPaxX, HECOOXOAUMBIX B CXEME YMHOXKUTEJISA, TOCTPOCH-

HOro Ha TakoM HO?
7.8.B cmnektpe Toka uyepe3 HD npum  Bo3mencTBuu

e(t) = 1000s(104t) B 00HapyXmIHCh: TOCTOSHHAs COCTaBIISIONIAS
25 MA, ocHoBHOH ToH (10% pam/c) 9 MA, Bropas rapMOHHKA
(2- 10% pan/c) 25 MA. Bocctanosute BAX HO.

7.9.HD umeer BAX ¢ S=10"" Cwm, E, =2 B. Kakyto 0atapero
Uy HYKHO BKJIFOUUTH OJTHOBPEMEHHO C CUTHAJIOM

u(t)=10cos(2r1 0’ t) B, 9T00BI UMITYJIBCHI TOKA OTCEKAINCH TIPU (aze
60 rpagycoB? Haitgute MOCTOSHHYIO COCTABISIONIYIO B CIEKTPE TOKA.

-1
7.10. DnemeHT ¢ kakuM HadaimoM xapaktepuctuku S =10 " Cwm
HY>KHO UCII0JIb30BAaTh, YTOOBI HUMITYJIbChI TOKa npu

u(t) :2+2cos(27z104t) B otcekamuce mpu daze 45 rpagycon? Haii-

JIUTE MEPBYIO0 TAPMOHUKY B CIIEKTPE TOKA.
7.11. Dnement ¢ kakou kpyrusHou BAX pu E, =3,5 B 1 Kaky1o

Oatapero U, HyKHO o0Oecme4uTb, YTOOBI IIPU  CUTHAJE

u(t):IOcos(27r105 t) B wummynabchl TOKa OTCEeKaluch mnpu ¢aze

30 rpaaycoB, a IOCTOSIHHAS COCTABJISIONIAS B CIIEKTPE TOKA PaBHSIACH
26 MA?
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7.12. HD umeer BAX ¢ §=5-107° Cwm, E, =2 B, Uy =1 B. Ka-

Kas aMIUIMTy1a curHana Ha gactoTe 100 k' obecieyuT yroa orced-
KU TOKa 45 rpangycoB? Haigure nnepByr0 rapMOHUKY B CIIEKTPE TOKA.

7.13. Henmueiinsiii snement nmeer BAX ¢ S =1072 Cwm, E, =3 B.

Haitnqute ciektp Toka nipu u(z) =Scos(2x1 0% t)+10cos(2x1 061,‘) B.

8. Llenu c pacnpeneneHHbIMU NapamMmeTpamm

[lenb cuuTaeTCs UEnvr) C paAcnpedeeHHbIMU napamempamu,
CCIIM €€ JUIMHA CpaBHHMMA C JIJTMHOM BOJIHBI WJIM pa3HUIAa a3 TOKa B
HayaJie [eny U B KOHIIE COCTaBIISIET OoJiee, 4em /8.

Bpemsa npoxoscoenus cuznana BIONb TUHUW JuHON [ t =1/,
IJie ¢ — CKOPOCTh CBETa B BaKyyMe.

Jlunusa xapakTepu3yeTcsl XapaKkmepucmuuecKum conpomuee-
HUeMm:

Zy=+L/C, (8.1)

rac L u C — moroHHbIe HHAYKTUBHOCTb U CMKOCTb JIMHUH, T. €. MTHAYK-

THUBHOCTb U CMKOCTb OJHOT'O MCTpPa AJIHNHLI.

27
Ilocmosannasa pacnpocmpanenus 601H y =—, rie A, — J1JIMHA
/1 6

6
BOJIHBI B JIMHUM (BOJTHOBOJE WJIU Kabelie).
Hanpsascenue u mok na 6xooe nunuu JJIVHbI [ ¢ HATPY3KOM:

U, =U,cosyl—il,sinyl, (8.2)

S U, .

I, =1, cos;/l+zZ—sm7/l. (8.3)
0

Koygppuyuenm ompasicenusn 6011 B TUHUN:

o s
omp Ul ZH+ZO’

(8.4)
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rne U, — KOMIIEKCHAs aMIUIMTyJa OTPakKEHHOM OT Harpy3ku (oOpar-

HOW) BOJIHBI HanpspkeHus, U; — KOMIUICKCHAs aMIUIMTYAA NPsSMOM

(cienyrolieil OT reHepaTopa) BOJIHbI HAMPSKEHUS.
KauecTBO pabouero pexvMa B JUHUU MOKA3BIBAIOT KoIhpuuu-

enm cmoauen eoanvt (KCB) u koagppuyuenm oezywieit eonnwi
(KBB):

2

E 1+|K
KCB? =| —max =M, KBB=— . (8.5)
Epn ) 1- ‘ K omp KCB

OHU T0KHBI OBITH MAKCUMAIBHO OJIU3KHU K 1.
Conpomuenenue ompe3Ka JuHUU IPU PA3TUYHBIX PEKUMAX:

— 11U KOPOTKOM 3ambikanuu (Z, =0) Z,. = —iZotg(27l/ A),
— nipu xonocToM xone (Z, =)  Z,. =—-iZyctg (27l / A),
— TIpH cOTNacoBaHHO ¢ munueit Harpyske (Z, = Zy) | Z,, |= Zo.

Ipumep I1.8.1. PazomkHyTast muHUsT 0€3 MOTEPH JJIMHON S M C
XapakTepucTuueckum comnpotusieHueM 500 OM murtaeTcs Hampsixke-
HueM 100 B Ha wactore 10 MI't ot reneparopa. Halitu peaktuBHOE
BXOJTHOE€ COMPOTHUBIICHUE, TOK, MOCTYIAIOIINN B JINHUKO OT T€HEPATO-
pa, HanpsHKEHUE MEXAY KOHIIAMU JIMHUU.

Pemrenne.
Tak Kak JTHHUS PA3OMKHYTa, T0 Z,, = —iZyclg (271/ 2).
¢ 3108
JliHa BOJIHBI B IUHUUA A = — = 7= 30 m. [HosTomy
10

7 =—i500ctg (275 /30) = —i500ctg (7 / 3) = —i5004/3 = —i289 Om.

Tak kak peakTHBHOE CONPOTHBJICHHUE JUHHH H3MEHSICTCS IO 3a-
KOHY KOTaHTeHCa, T. €. oOpalaeTcss B HOJIb B CiIydae pe3oHaHca (oc-
TaBJIsIsl JIMHUUA YUCTO aKTUBHOE CONMPOTHUBIICHHE), KaK B K0JieOATEIb-
HOM KOHType, HacTynaromero npu [ =(2n+1)A/4, To xapakrep co-

MPOTUBJICHUSI MOKHO OMNPEACIUTh MO aHAJOTHH C KOJIeOaTeIbHbIM
KOHTYpOM. Ha dacTtoTrax HMKE PE30HAHCHOM OHO €MKOCTHOE, BBIIIE —
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WHIYKTUBHOE, T. €. JUIsSI JUHUU 1pH [ < A /4 peakKTUBHOE CONPOTHUBJIC-
HUE €MKOCTHOE€ (oTpuIarenbHoe), ipu [ > A /4 — uHaykTuBHOE (I10-
JIOKUTEIIBHOE).

CpaBHUM JIJTMHY JIMHUK 5 M C JyIMHOW BOJIHBI 30 M.

[ 5 1 1
—_—_— e < — 5
A 30 6 4
3HAYUT, XapaKTep CONPOTUBIICHUS JMHUM €MKOCTHBIN. [IpeneOperas
AKTUBHBIM COMPOTHUBJIEHUEM, TaeM OTBET: X =289 Owm.
Tok, mocrynaromuii U3 reHepaTopa, onpeaessieM 1o 3akony Oma:

U, 1008

XX 2890m

6X

~ 0,35 A.

HarmnpsixeHne Ha BXOJIe TMHUW UMEET BUJ:
U, =U,cosyl—il, simyl.
Taxk xax jimHKUA pasoMKHyTa, TO [, =0 U

U, = ng = ng :1002200B.
" cos(27zl/l) cos(7z/3) 1/2

Hpumep I1.8.2. K muHUM ¢ XapaKTEPUCTUUECKUM COITPOTHUBIICHH-
em 50 OMm noakmrouena Harpyska 70 Om. Haiitu koadduumeHT orpa-
xenusa, KCB u norepu MOIHOCTH B JINHUH.

Pemenne.

ITo onpenenenuto,

Z,~-Zy 70-50 20
omP 7z +Zy 70+50 120

1
6
KCB naiigem u3 ero cBsa3u ¢ KoO3QPUIUEHTOM OTPaKeHUS:
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1+‘[:<omp‘ 167,
1—‘K 1-1/6 5

omp ‘

KCB? =

9 9

otkyna KCB =4/1,4 = 1,2, 4T0 sIBNSI€TCSA HEIUIOXUM 3HAYEHUEM C TOY-

KM 3pEHUA COTJIACOBAHUS JINHUU C HArPYy3KOM.

KoadgdurmeHnt oTpaxkeHrs mMoKa3bIBA€T COOTHOIIEHUE MEXKTY aM-
TUTUTYIaMH 00paTHOW U TIpsSMOM BOJH. Tak Kak IMOJE3HOW SIBIISIETCS
TOJIBKO MpsiMasi, JOCTABJISIONIAS] SHEPTUIO K Harpy3Ke, TO MOIIHOCTb,
NIEPEHOCHUMAs €10, BJISIETCS MOJIE3HOM.

2
Iy U 1
2 2 omp 2| 2 -
Bionesn ~ U1 9P0mp~U2a P = U —Komp—£~2,78 %.
nojesu 1
Tak Kak I1IOJHAasT  MOIHOCTh, OTJaHHas  T€HEPATOPOM,
Foon = Bionesn + Pomp , TO
Pomp _ Pomp _ 1 _ 1 ~2.7 %
Foow  Bionesn * Pomp 1+ 21 1+36
Komp

3adayu Ons peweHus

8.1. Jlunusa umeet nnuny 30 M. Haiitu pazHocTh (a3 Ha BXOJiEe U
BbIxOJ1e Wit yactot 30 I'n u 3 MI'. Onpenenuts, SBAAETCA JIU JTAHUS
Ha 3THUX YaCTOTax LEMbIO C paclpeIeICHHBIMU MapaMeTPaMH.

8.2. JIunusg MMeeT MOTOHHYI MHIYKTHUBHOCTH 1 MKI'H/M, mOTOH-
Hy10 eMKOCTh | nd/M. HailTu ee XapakTepuCTUYECKOE CONMPOTHUBIIE-
Hue. Kakas Harpyska OyJeT corjlacOBaHHOM C TaKOU JIMHUEH?

8.3. Pabouasg gactora kademst 100 x['m. Haiitu 3HadYeHUA UTMHBI
kalessd, IpU KOTOPBIX €ro compoTuBieHHe paBHO: a)0; 0) Oecko-
HEYHOCTH; B) XapaKTE€PUCTUYECKOMY.

8.4. Onpenenuth NOTEPU MOILIHOCTH B HArPy3KE HM3-3a paccoriia-
coBanus mpu KCB 3.
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8.5. InuHa pa3oMKHYTOH JTHUHUU | M, XapaKTEPUCTHUYECKOE CO-
npotusieHre 50 Om. Jlunus nuraercs HanpsokeHuem 10 B Ha wacro-
te 1 MI'm or reneparopa. Haitu BXOIHOE CONPOTHBIIECHUE JIMHWH,
TOK, MOCTYHNAIOIINI B JIMHHUIO OT TE€HEpPATopa, HaNpSHKEHUE MEXKIY
KOHI[AMU JIMHHH.

8.6. CorytacoBath Harpysky compoTtuBieHuemM 50 OM ¢ JuHHEH,
XapaKTEPUCTUUECKOE COMPOTUBJIEHNE KOTOPOH 75 Om, Ha JJIMHE BOJ-
HbI 4 CM, T. €. HAUTU CONMPOTHUBIICHUE JIOTOJHUTEIBHOTO y4acTKa JIH-
HUU, UTPAIOIIETO poJib TpaHchopMaTtopa CONPOTUBICHUN, U PACCUU-
TaTh €ro COMPOTUBJICHUE U JJIUHY.

9. NMNepenava n npnem nHcpopmauumn

JIuHeWHbIC aHTEHHBI JJI CBS3U JOJDKHBI HMETh MPUMEPHO TIOJTY-
BOJIHOBBIN pazmep (/ =0,51).

HanpsiskeHHOCTh 1M0JIf1, CO3/1aBAEMOr0 HA PACCTOSHUM R B 1aiib-
HEW 30H€ UCTOYHUKOM MOIIHOCTH P ¢ K03h(PUIIMeHTOM yCUJICHUS aH-
TeHHbI G (HampaBJICHHbIC CBOMCTBA aHTEHH OIYIIEHBI), paBHA

V30PG

R

E= (9.1)

Iumponua ucmouHUKA pagHOBEPOAMHBIX COObImuUIl ¢ andaBu-
TOM U3 M CUMBOJIOB paBHa

H =log, m Our/cuMBoIL. (9.2)

Konuuecmeo ungpopmayuu B COOONEHUM JIJIMHBI 7 CUMBOJIOB
HMCTOYHHKA C PABHOBEPOSITHHIMU CUMBOJIAMH

I = Hn=nlog, m Owur. (9.3)

YToObI JUCKPETU3UPOBAHHBIN € IIaroM Af CUTHaJ BHOCIEICTBUU
MOXHO OBLJIO BOCCTAHOBUTH 0€3 norepu uHpopmaiuu, Af OepyT He
oonee nntepBana HaiikBucra

50



At < % (9.4)
6

roe F ¢ — BEPXHIA 4aCTOTa B CIICKTPC UCXOAHOI'O0 HCIIPCPBIBHOT'O CHUT-

HaJla.
Konuuecmeo ungopmauuu 6 menpepvienom coodueHuu c
BEPXHEW YaCTOTON B CIIEKTPE F,, IUIMTEIBLHOCTBIO 1, MPEICTaBIIAIO-

IIEr0 CMECh CUTHaja U mryma (OmmOOK HM3MEpEeHHs), XapaKTepu3ye-

MYIO OTHOIICHHUEM MOIIMHOCTHU CHUI'HAaJIa K MOIIHOCTH H_IYMa PC P )
paBHO:
[=2F.Tlog,|1+45¢/ | 6ur 9.5)
8 g2 P[[I . .

Ycnosue neuckaxrcennoit nepedauu cucnana ¢ vHGOpMaIoH-
HBIM 00BEMOM V- TI0 KaHaly ¢ HUHPOPMAIMOHHBIM 00BbEMOM Vg :

Hlupuna cnexmpa npu 4acCMOmMHOU MOOYIAUUU
Aogy =(2m+1)27F,. (9.7)

Hnoekc amnaumyOonoi mooyaayuu MOXHO HAWUTH U3 OCLUHILUIO-
IpaMMbl HAPSDKEHUS 10 hopMyJie:

m= Umax ~Umin . (9.8)
Umax + Umin

Hpumep I1.9.1. OnpenenuTs JaTbHOCTh CBSA3U MPU MEPEIATUUKE
MotHocThio 10 BT ¢ xoadduimeHToM ycuiaeHus aHTEHHBI 3, eciu

YYBCTBUTEJIbHOCTh NPUEMHUKA 107> B/m.
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Pemenue.
HanpskeHHOCTh AJIEKTPUYECKOTO MOJISE B TOUYKE MPUEMA OIUCHI-
BaeTcs BbipaxeHueM (9.1). UyBCTBUTEIBLHOCTh MPUEMHHUKA ONPEIEIIS-
€T MUHHAMAJIbHYIO BEJIIMYMHY HANPSHKEHHOCTH 3JIEKTPUYECKOrO IMOJIS,
KOTOPYIO OH €IlI€ MOXET OTIMYUTh OT Hyns. Ero m ompepensercs
JTaJIbHOCTh CBA3U. BbIpakaeM pacCTOSIHUE U3 yCIOBUS E =

V30PG  +/30-10-3

E npeo 1 0_3

npeo -

R = =30 &m.

IIpumep I1.9.2. Haiitu xonuuectBo MH(GOpPMALMA B HEMPEPHIB-
HOM CHUTHaJ€e, MEPEIABaEMOM B TEUEHHE | MHHYTBHI, C OTHOLICHHEM
curHasi-myMm 10, ¢ BepxHeit yactoror B cniektpe 100 k' u cpaBHUTH
€ro ¢ KOJMYECTBOM HH(pOpMAIUU, KOTOPOE 3a ITO KE BPEMSI MOMKHO
nepeaaTtb OT HCTOYHMKA ¢ 68 pPaBHOBEPOATHBIMM CHMBOJIAMH IIPU
JUTUTENBHOCTH MOCBIIKH 1 Mc.

Pemrenne.

KonnuectBo mHpopmManuu B HENPEPHIBHOM COOOIIEHUH OIMUCHI-
BaeTCs BeIpakeHueM (9.5).

OTHOIIEHUE CUTHAJI-ITYM MPECTABIAET COOOW OTHOLIEHUE MOII-
HocTel curHaina u myma. [loacraBnsem naHHbie B (OpMYITy U MOTY-
qaeM:

[=2-100-10°-60log, (1+10)=12-10° 3,459 = 45513 Gur.

I[J'II/ITGJ'II)HOCTI) IMOCBIIIKH — 9TO BPEM:, OTBCACHHOC IIPpU IICPCHAAIC
Ha OJWUH CHUMBOJI. HpI/I JIUTEIBHOCTH IIOCBUJIKU T =1 Mc 3a BpCMs TIC-

4
penaun T =60 cexyH MoxxHO niepenatb n=1/7=6-10" cuMBOIIOB.

DHTpONHUS JUCKPETHOIO MCTOYHHKA PAaBHOBEPOSTHBIX CHMBOJIOB
¢ andaBuToM m =68 paBHa B COOTBETCTBUHU C (9.2):

H =log, m =log, 68 =log, 2° = 6 Gur/cumBo.

[Ipu nepemade noCIe0BATENBHOCTH U3 /1 CHMBOJIOB KOJIMYECTBO
nepeaaHHoi nH(OpMaIUU COCTABUT:
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I=H n=6-6-10* =36-10* = 360000 Gur.

Ipumep I1.9.3. Curnan e(t) = cos(100¢) B mogynupyet Hecymuii

u, (t):IOcos(IO5 t) B. Ilpu 3ToM cxeMa MoayisiTopa oOecIieurBaeT

UHIIEKC MOIYJISIIIAT 0,7. Hantn CIIEKTP aMIUIUTY THO-
MOJIyJIMpOBaHHOr0 curHajnga. KakoBa JoikHast ObITh IOJIOCA KaHalla
IIpU TIEpEeave B peajJbHOM BPEMEHHU C COXPAHECHUEM JTUHAMHUYECKOTO
nuamna3ona’?

Pemenue.

3ammmeM moneisr AM-curHaa:

S () =U,[1+mcosQt]coswyt .
Paznoxum ee B psijl 110 TApMOHUYECKHUM CUTHAJIAM:

U,m U,m

Sam @) =U, cosawyt + cos(wy — Q) + cos(ay +Q)t.

[ToncraBiasieM HalM JaHHBIE: @) ~10° pan/c, Q=100 pan/c,
U, =10 B, m=0,7. Ilony4aem, 4TO CHEKTP COIEPKUT B cebe TpH

KOMITOHCHTHI:
a) BEPXHIOI0 OOKOBYI0 Ha 4acToTe @y +Q =100100 pan/c amruin-
Ty 10H Uym _10-0.7 =3,5 B;

0) HIKHIOKO OOKOBYIO Ha 4dacToTe @y —Q =90900 pan/c ammuiu-

L U,m 10-0,7

TYJIOU =3,5 B;

B) HECYLIYIO HA 4aCTOTE @) = 10° ammrynou U, =10 B.

[IlupuHa criekTpa Takoro curuana coctasiser 202 =200 pana/c.

YtoOBl mepesaTh CUTHAI 0€3 MCKaKCHHH, HY)KHO COOIIOCTH yC-
aoBue (9.6). Ilpu nepenade B peaibHOM BpeMEHU CUTHAN HE YOBICTpSI-
€TCI U He 3aMesaeTcs, T. €. I =Tk . Ecau coxpaHuTh JHMHAMHYE-

CKUU JMAaIa30H HEU3MEHEHHBIM, T. €. D = Dy, TO yCIOBHE OrpaHu-
YCHUS HAKJIAJbIBACTCSA TOJIBKO Ha IIMPHHY CICKTpa CHUTHAJa:
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AF- < AFg. To ectb, TpeOyemas mojoca KaHala COCTABIIIET HE Me-

HEC IMUPHUHBbI CIICKTpa CHUTI'HaJIa, T. €.
AFy > AR =22 2004y
27 2

3adayu Onsi peweHusi

9.1. Onpenenute MOIIHOCTh TNEpPEJATYMKA, OO0ECHEYMBAIOLIETO

mpueM 5-107> B/M Ha paccrosHuu 1 kM mpu KodddHIIeHTe yCHTe-
HUSI aHTCHHHI 4.

9.2. HailTu »HTpONHUIO MCTOYHUKA CIEAYIOIIET0 cOooOmeHus: «5
U3y4ar OCHOBBbI paanoduiuku!». Haiitu konudyecTtBo nHopmManuu B
TOM COOOIIeHUH B OuTax. B «ayndaBuT» MCTOUYHHUKA CIEAYET BKIIIO-
YUTh CUMBOJIBI IPOOEJia U 3HAKU MIPEUHAHUS.

9.3.Ilo cetu mepemaercss CUTHAJI C OTHOIICHHUEM CHUTHAJ/IIyM,
paBHbM 100. /JnurensHOCTh NIepeaaun 1 munyta. Kakyro momocy yac-
TOT CIEAYET MPEIOCTaBUTh MOJi KaHAI C MPOMYCKHOM CIIOCOOHOCTHIO
128 out/cex?

9.4. C xakuM MHTEPBAJIOM CJEAyEeT OpaTh OTCUETHl U3 CUTHAJIA C
3 PeKTUBHON NIIUTENBHOCTHIO 1 MC?

9.5. KakoB nmoimkeH ObITh AWHAMHUYECKWI HAIa30H CUrHaja
nuTenbHOCThI0 10 Mc ¢ monocor 150 ' qyist HEMCKaKeHHOM YCKO-
PEHHOM Tepeaayu M0 KaHAIy ¢ IMHAMUYECKHMM auarna3zoHoMm 10 ¢ mo-
sjocout 1 kI'11 B reuenue 1 mc?

9.6. Ha ocuummnorpamme npuHuMaeMoe AM-HanpsH>KeHHE UMEET
MAaKCUMAJIbHOE 1 MUHUMAIIbHOE 3HAYEHUSI COOTBETCTBEHHO 10 n 5 B.
Havnnre nHIeKC MOy AN,

9.7. Curnan ¢ BepxHel 4acToTou B criekTpe 4 kI’ nepegaercs c
MTOMOIIBI0 YaCTOTHOM MOIYJSILMU ¢ MHIAeKcoM monayJiinuu 500. Ka-
KOW HIMPUHBI KaHaJl TpeOyeTcs s nepeaayu’?

9.8. B cniektpe nmpunsitoro AM-koyiebaHusl COJEPKATCS KOMIIO-

weuts: 10 B wa wacrore 10° I'u, 1,5B Ha 9.-10°T u 1,5B Ha

11-10° I'u. Haiimure HU3KYI0 YacTOTY, YaCTOTY HECYILUEU, AMILIUTY LY
HECYIIEH U UHAEKC MOTYJISALIUU.
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