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AHHOTAIUS

Kypc «O01mas Teopust CBs3M» M3ydyaeTcs cTyaeHTaMmu cneruranbHoctu 11.02.03
(MHbOKOMMYHUKALIMOHHBIE TEXHOJOTHU M CUCTEMBI CBSI3M) BCEX HaIpaBJIECHUUN
NOATOTOBKU. YUeOHbIM IUJIaH MpeAycCMaTpUBAeT NPOBEJACHUE MPAKTUYECKUX
3aHATUN B KojmdecTBe 306 4acoB JJIA CTYACHTOB OYHOM ¢dopmbl 0O0ydeHUs U 8
YacoB JJIs CTYJIEHTOB OUYHO-3a0YHON U 3a04HOU (hOpMBI O0yUEHHUSI.

IIpoBeneHnEe NPAKTUYECKUX 3aHATUHA CTaBUT CBOEH 3aa4€ HCIIOJIb30BAHHE
TEOPETUYECKUX  3HAHWW, TOJNYYEHHBIX B JIEKIMOHHOM Kypce U IIpH
CaMOCTOATENbHON paldoTe, A pelIeHus] MPUKIATHBIX TEIEKOMMYHHKAIIMOHHBIX
3agad. [locoOume BKIOWaeT B ceOs BOCEMb pa3lelioB, B KaXIOM pasfene
NPUBEICHbl 3aJaud C PEUICHUSIMH U HECKOJIbKO 3aJad TaKOro K€ TUma MAJis
CaMOCTOSITENIbHOTO pelieHusi. B cOOpHUK BKIIOYEHBI TAKXe 3a7a4d ¢ MHIEKCOM
"u", KOTOpble MpejuiaralTcs CTyACHTaM Uil PelieHUs N0 WHAUBUIYaTbHBIM
MCXOJIHBIM JIAaHHBIM.



I. PA3JIOJKEHME CUT'HAJIOB B PA/I ®YPBE U B PA/]
KOTEJIbHHUKOBA.

3agauya 1.1. PaccuutaTh CHEKTp MNEPUOAMYECKON TMOCIEA0BATEIHHOCTH
MPSMOYTOJILHBIX HUMITYJILCOB C aMIUIMTYAOW A, JJIUTEIBHOCTHIO T U MEPHOJIOM

cnenoBanus T = 21. OnpenenauTs MUPUHY CIIEKTPa CUTHAJA.
ITocTpouTh BpEMEHHYIO U CIIEKTPAJIBHYIO JUarpaMMBbl 3aJaHHOI'O CUTHAJIA.

Pewenue
BpeMennas nuarpamma curdaia npeacraBieHa Ha puc. 1.1.
f =it

A

—{© -1
Puc. 1.1. BpeMennas nuarpamma cursasia
JI71s1 moJTydeHus CIIeKTpa CUrHajia, He00X0IMMO Pa3iiokKuTh ero B psia dypre.

a - .
x(t) = ?O + > (a, coskayt + b, sinkat),

k=1
Omnpenenum K03 GUIHESHTHI pa3iiokeHus B psig Dypwe a, u b,

2 T

2 ; 2
a, :EjAcos ket _2A sinkajt | _ _AA sin Ko,z
T, T ko, = KaoT 2
- :

e L

2 :
b, = ? Asinkejtdt =0 , TAK KaK TOJBIHTErpaibHas (QyHKINSA — YETHAS.

N |

Psn ®@ypbe 3anuimeM A1 3aJaHHOTO CUTHAJIA B BUJIC:

X(t)=0,5a ¢ +a; cosant +a, cos2ant + as cos3ant + a, cosdmt +........

rie @ =274/T-  4acToTa NepBOM TAPMOHUKH.

B o0meM ciydae mepuoIWYECKU CHUTHAI COICPKUT HE3aBUCAIIYIO OT
BPEMEHH TOCTOSIHHYIO COCTAaBJISIONIYI0 U OCCKOHEUHBIM HAOOp TrapMOHUYECKHX
KoleOaHul, WIM TapMOHHMK, C YacTOTaMH, KpaTHBIMH OCHOBHOH YacToTe
MOCIIEI0BATEIHLHOCTH.

Tak kak T = 27, ToO K03 PUITUEHTHI Ay PaBHBI:

ao =4, ax=24 (sinkad2)/kz,opuk >0.

[Tocne Beruncienus kodpdunnentos psag Oypbe OyneT UMETh BHI:

X()=0,54 + 24/ 7 cosant + 24/3x cos3ant + 24/57 cosSbant +.......
(x03(pPUIMEHTHI YETHBIX TAPMOHUK OyIyT paBHBEI 0)



['padnueckoe n3zobpaxkenue xko3pPuireHToB psga Oypbe A1 KOHKPETHOTO
CHTHajla Ha3bIBACTCS CHEKTpaIbHOM auarpamMmoil.  CHEKTp NepuoIHyYecKoi
TIOCJIEI0BATEIIbHOCTH HMITYJIBCOB OyIeT UMeTh BH (puc.1.2).

&

2bdw
A2

2B 3w
2815w

0 wy 2ow; 3wy oy Swy 6wy
Puc. 1.2. CriekTp nepruoandeckom nociie10BaTeIbHOCTH UMITYJIBCOB
[lupuHa cHekTpa MNEepUOJAUYECKON MOCIEeI0BATENbHOCTH MNPSIMOYTOJbHBIX
HUMITYJILCOB OIpeensieTcs no Gopmyne
I1=2n-x.
[Tocne pacuera nmoay4yum I1=2w,.

3agaya 1.2. Paccunmrarth CHEKTp TNEPUOAMYECKON MOCIEAOBATEIHLHOCTH
NPSIMOYTOJILHBIX UMITYJIbCOB C aMruiutyaor A = 1B, mourensHocThio 7 = 1lMmc u
nepuogom cienoBanusi 7 = 4mc. [locTpouTh BpeMEHHYIO nuarpammy M CIEKTP
MEPUOINYECKON TTOCIICIOBATEIFHOCTH UMITYJILCOB. ONpenenuTh MUPUHY CIIEKTpa
CUTHaJA.
OTBET:a;=0,5B; ax=2(sinkad4)/kz, npuk >0;
o, =0,5 7710° p/e, IT=2710°p/c.

3agaya 1.3. Paccumrarth CHEKTp TNEPUOAMYECKON MOCIEAOBATEILHOCTH
MPSIMOYTOJILHBIX UMIYJIbCOB C aMIIuTyaou A = 2B, naurenbHOCThIO 7= 2 MKC U
nepuosom ciefoBanusi 7 = 4 mxc. [locTpouTh BpeMEHHYIO JUarpaMMmy M CIIEKTP
MEPUOINYECKON TTOCIICIOBATEIFHOCTH UMITYJILCOB. ONpeneuTh MUPUHY CIIEKTpa
CUTHaJA.
OTBET:a;=2B; ayx=4(sinkd2)/kz, npuk >0;
@, =0,5 710% p/e, IT= = 10° p/c.

3agaya 1.3u. Paccuurarh CHEKTp NEPUOIUYECKON MOCIEN0BATEIBHOCTH
IPSMOYTOJIBHBIX UMITyJILCOB C amMrumuTyaod A = (N + 1) BOJBT, UIUTEIBHOCTHIO
7= (m + 5)Mkc wu nepuogom ciemoBanus I = (M + 5)(n + 2)mke. IToctpouts
BPEMEHHYIO JHMarpaMMy MW CHEKTp [EpPUOJUYECKONW MOCIEA0BATEIbHOCTH
UMITYJIbCOB. OnpeenuTh MIUPUHY ClieKTpa curHana. (M — npeanocneanss mudpa,
N — mocneaHss U pa HoMepa CTYJEHYECKOro Omiera).



3agaua 1.4. OnpenenuTe UHTEpPBAI M YacTOTy JUCKPETU3ALMH B
COOTBETCTBUU ¢ TeopeMoil KoTeabHUKOBA JIJIs1 HEMPEPHIBHOTO CUTHAJA, OTIMYHOTO
OT HYJIS TOJBKO JUIsl MOJIOKUTENbHBIX 3HAaUeHUH {:

X(t) = exp(-at) mpu t >0,

€CIM CpelHEeKBajAparhueckas mnorpemHocts auckperuzanuu (CKIT) ne
JIOJKHA TIPEBBIILIATE &.

Pewienue
CpenHexkBagpaTHyecKasi  MOTPEIIHOCTh  JUCKPETH3AIMH  OTpeNessieTcs
SHEpPIUed CHEKTPaJbHBIX COCTABIIOUIMX CHUTHAjJa, JEXKalMX 3a MpeaeIamu
9acTOTHI, KOTOPYIO MBI BEIOpAJTU B KQUeCTBE BEpXHEH (IPaHUYHOI) YaCTOTHI.
OnpexenuM  CIEKTp 3aJaHHOTO  CUTHAJa, WCHOJb3ysS HMHTErPAIbHOE
npeobpaszoBanue Oyphbe:

S(jow)= J'x(t)-e*"“"dt = J'e*”‘t el gt =
0 0
Harinem kBaapaT Moy criekTpa

1
a+ jo’

NT 1
S(j) =TT
BriOupaeM BEPXHIO IPAHUYHYIO YACTOTY B CIIEKTPE CUTHANIA (M.
Torga mHTepBan AMCKpeTH3aluu paBeH At = mlw,. Cnegyer ydecTb, 4To
BEPXHIOI0 4aCTOTY CJIeAyeT BHIOpaTh Tak, uroOsl CKII He mpeBblliana 3a1aHHyo

BenuuuHy €g . CKII onpenensercs Tak:

2

T|S(Ja))| dCOS&‘O; E= T% da):larctg w0 B :l_larctg @, .
a w

a ale 20 o a

@, ¢

YacTtora AMCKpETH3allud JODKHA OBITh B 2 pa3a OOJbINe, YeM BEpXHSIA
4acToTa, T.C. @ 4= 2@ .

3agaya 1.5. OnpenenuTe UHTEpPBA1 M YacTOTy JUCKPETU3ALMH B
COOTBETCTBUU C TeopeMoi KoTenbHUKOBA ISl HEPEPBIBHOTO CUTHAA, OTJIIMYHOTO
OT HYJIsl TOJIBKO JJIs1 IOJIOKUTENbHBIX 3HAUECHUH

X(t) = exp(-2t) mpu t>0,
€CJIN CPEAHEKBAaJPATUYECKasl IOIPEHIHOCTh JUCKPETH3alMU HE JIOJDKHA
npesbimath 0,1.
OTBET: w, >10p/c, wy =220 p/c, At< 0,314c.

3agaya 1.6. OmnpenenuTe UHTEpPBAI M YacTOTy JUCKPETU3ALMH B
COOTBETCTBUU C TeopeMoi KoTenbHUKOBA 151 HEPEPBIBHOTO CUTHAA, OTJIIMYHOTO
OT HYJIsl TOJIBKO JJIs1 OJIOKUTEIbHBIX 3HAUECHUH

X(t) = exp(-4t) mpu t >0,
€ClIi  CpPEIHEKBaJApaTHYECKas MOrPELIHOCTh TUCKPETH3AlMM HE JIOJDKHA
npesbimath 0,1.



OTBET:  , 29,6 p/c, ® , >19,2p/c, At <0,327 c.

3agaya 1.6um. OnpenenuTs HMHTEPBAI W YacTOTy JUCKPETU3aLMH B
COOTBETCTBHUH C TeopeMoil KoTenbHHUKOBa 11 HEMIPEPHIBHOTO CUTHANA, OTITUYHOTO
OT HYJISl TOJIBKO JJIsl TIOJIOKUTENBbHBIX 3HaYeHU

x(t)=exp[- (m+ n+ )t] mpu t> O,

€CIM CPEIHEKBAApPATUYECKasi MOTPEIIHOCTh JWCKPETH3aluu HE JIOJDKHA
npessimiate 0,5/ (n + 1). (M — npeanocnenuss uudpa, N — nocneanss udpa
HOMEpa CTyICHYECKOTro OUseTa).

3agauva 1.7. Curnan U(t), 1ucKpeTH3MPOBAaHHBIN B COOTBETCTBHH C TEOPEMOM
KorenpHNKOBA, UMEET TPU HEHYJEBBIX OTCUETA, MOKa3aHHbIX HA puc. 1.3. I1o atum
oTcyeTaM TpedyeTcs ONpeICHTh:

a) sHauenue U(t) mpu t; = 1,5 mkc;

0) monnyro sHepruto curnana U(t);

B) IIOCTPOUTH NPUMEPHYIO BpEMEHHYIO auarpammy curnama U(t).

Uit B

20
15

£, MG

-10
Puc. 1.3. luarpamma quckpeTHBIX oTcueToB curHaia U(t)

Pewenue
[To muarpamme omnpeensieM HHTEPBaJ TUCKPETU3AIIMHU JJAHHOTO CHTHAIA
At=1wmkc=10%¢;
HaxonuM BepxHIOI0 TPAaHUYIHYIO YaCTOTY w, = wAt = 7-10% pag/c.
3anuckiBaeM psig KoTenpHUKOBA A1 JAHHOTO CUTHAJA

S t ' t— [ — ' —
Uft)= 2082t inw, 1Osm(a)3 7r)+osm(a)gt 27z)+15sm(a)3t 37)
w,t ot—rm ot—2rx ot—-37r
Haxonnwm 3nauenue curnana npu t; = 1,5 mMxc
U(t)= 205N L57 sinl5z ,,sin057 +153|n(—1,57r):_13’8]3_
1,57 0,57 -157 :

OmnpenensieM MOJHYIO YHEPTHIO CUTHAJIA
E=At-(Up? + U2+ Usd) =10° - (20% + 10% + 15%) = 0,825-10° B?-c.
[TocTponm npumMepHsbIi BpeMeHHoi rpaduk curnanra U(t) (puc. 1.4).



Uit B
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Puc. 1.4. IIpumepHslit BpeMeHHOH rpaduk curaana U(t)

3agaya 1.7u. Curnman U(t), IHCKpETH3UPOBAHHBII B COOTBETCTBUH C
Teopemoii KoTenbHUKOBA, UMEET TPH HEHYJIEBBIX OTCYETa, MMOKAa3aHHBIX HA PUC.
1.5. 3nauenmns orcuetoB Ug = m B, Uy = -n B, U; = (m + n) B. (m -

npeanociaeansis mudpa, N — mociaearss mudpa HoMepa CTyIeHIYECKOro OujeTa)
[To aTuM oTcueTam TpeOyeTCst ONPEIETUTh:

a) 3sHauenue U(t) mpu t; = 2,5 mkc;

0) monnyro suepruto curnana U(t);

B) MIOCTPOUTH MPUMEPHYIO BpEMEHHYIO Tuarpammy curaana U(t).
i) B

UI:I UE

£, NG
3 4

L

Puc. 1.5. luarpamma JucKpeTHBIX oTcueToB curHaia U(t)



I1. CIIEKTPAJIBHOE ITPEACTABJIEHUE CUT'HAJIOB

CnekTpaibHbli aHAIU3 OTKJIMKA HEJIMHEWMHOW  LENU MpHU
JETEPMUHUPOBAHHOM BO3JICUCTBUHU.

3agaua 2.1. BAX HeIMHEHHOro »3JIEMEHTA amnmpoOKCUMHUPOBAHA JBYMS
OTpe3KaMU MPSMBIX :
1=30(u-0,3) MA, mpu u > 0,3 B;
I =0 ™A, mpu u<0,3 B;
rae Eyg = 0,3 B - HanpsiKeHHe OTCEUKH,
S =30 mA/B - kpyru3Ha HakioHa BAX.
K HenuHenHoOMy 3JIEMEHTY NPUIOKEHO HAIIPSIKEHUE:
u(t) = 0,4 + 0,5 cos2 - 10°- t,
rae E = 0,4 B - HanipsbKeHue CMENeHus,
Un = 0,5 B - ammuTyna rapMOHHYECKOTO CUTHAA.
[Toctpoute BAX HEIMHEMHOro »3JIEMEHTA, pacCUUTaTh aAMIUIATY/IbI
rapmoHuk Ttoka |y (k = 0,1,2,3) , mpoTekaromiero 4epe3 HEJIMHCHHBIN 3JIEMEHT,
onpeneanuTh Ko3hOUIIMEHT HETUHEWHBIX UCKaKEHUH, ITOCTPOUTD CIIEKTP TOKA.

Pewienue
[Toctpoum BAX HenuHueiiHoro 3nementa (puc. 2.1)
i, MA

10

i, B

0 01 02 03 04 05 06

Puc. 2.1. BAX HenuHEHHOTO0 3JIeMEeHTa
Pacuer ammiuTyn rapMoHUK TOKa |y BBITOTHUM METOJOM "yrjia OTCEUYKH'.
Haxonum yron orceuku 0:

E,~E_03-04_
. 0,5 ’

0= arccos (-0,2) = 101,5°.
AMIUIUTYBI TADMOHHMK TOKA HAXOUM 110 (hopMyJIe:

le=S-Un" [% (9,
rne (6)- koaddunrenTsl, 3Ha4eHNsT KOTOPBIX HAXOIUM I10 puc.2.2.

cos® =



7 ()

1,0 P——
0,8 = /
7 /
0,6 7
0.4
1,
0.2 [ —
_ﬂnﬂég N o°
0 20 40 60 80 60 180

1007 140

Puc. 2.2. I'paduxu ko3hHULMEHTOB )k

[TocrostaHas cocrarisromas umeet yactory f =0, ammmryna:

lo=SUn (6) =300,5 v, (101,5) = 6,33 MA;
[TepBas rapmonuka umeet yactoty fo = 1 k'l 1 ammmuTyy:

| 1=SUpn 7 (6) =30 0,5 5 (101,5) = 9,33 MA;
Bropas rapmonnka umeet yactoty 2fy = 2 x['1 u amrmmtyny:

l,=SUn 72 (6) =30°0,5 », (101,5) = 3,02 MA,
Tpetbs rapmonunka umeet yactory 3fo =3 k[’ 1 ammuuTyy:

I3=SUp 73 () =30°'0,5 55 (101,5) = 0,575 MA.

Koadduiment HemuHEHHBIX NCKaXKEHUN PaBeH:

—M:ogg

1
CrnekTp BBIXOJIHOTO TOKa uMeeT Buj (puc. 2.3):

HU

I, MA
i I,
8..
G61lo
_'I_.
_ I,
;J'_.
' s J KT
0 1 2 3

Puc. 2,3. CriekTp BBIXOJHOTO TOKa

3amaya 2.2. BAX HEIMHEHMHOTO »3JIEMEHTA AaNIpPOKCUMMHUPOBAHA JBYMS
OTpE3KaMHU MPSMBIX:

10



1 =20(u-0,1) MA, mpu u >0,1 B;
I=0mpuu<0,1B
rae Eg = 0,1 B - Hanpsi>KeHHe OTCEUKH,
S =20 mA/B - kpytu3Ha HakioHa BAX.
K HEenMHENHOMY 3JIEMEHTY NPUIIOKEHO HAIIPSIKEHUE :
u(t) = 0,2 cos2 710" t,
rae £ =0 - HanpsikeHue CMENIeHHs,
Un = 0,2B - ammmuTya rapMOHUYECKOTO CHUTHAJIA.
I[Toctpouts BAX HeIMHEHHOro J3JIEMEHTA, PAaCCUUTATh AMIUIUTYIBI
rapmonuk Toka |y (k = 0,1,2,3) , mpoTekaroiiero 4epe3 HEJIMHEHHBIN 3JEMEHT,

onpeAeuTh KO3PPUITUSHT HETMHEHHBIX HCKaKEHUH, ITOCTPOUTH CIIEKTP TOKa.
Orser: f =017, o = 0.44MA,

fo=10* ', I, = 0.76 MA,
2f,=2-10° T,  1,=0.54 MA,
3f, =3-10° T,  13=0.24 MA, K,, =0.78.

3agaya 2.3. BAX HEJIMHEWHOrO »3JIEMEHTA AaNMpPOKCUMHPOBAHA JIBYMS
OTpEe3KaMU MPSIMBIX:
1 =40(u - 0,2) MA, mpu u>0,2B
I=0mpu u<0,2B
rae Ey = 0,2 B - HanpsiKeHHEe OTCEUKH,
S =40 mA/B - kpyTtu3Ha HakjioHa BAX.
K HenmuHelHOMY 3JIEMEHTY TMPUIIOKEHO HANPsHKEHHE:
u(t) = - 0,8 + 2 cos610° t,
rae £ = - 0,8 B - HanpsbkeHHe CMEelIeHusl,
U = 2B - ammiuTy1a rapMOHUYECKOTO CUTHAIA.

[Toctpoute BAX HEIMHEHMHOrO0 3JIEMEHTA, pPacCUYUTaTh AMILUIATYAbI
rapmoruk Toka Iy (K = 0,1,2,3) , mporekaroiero 4epe3 HEJIMHEHHBIN JJEMEHT,
onpeneanuTh Ko3GOUIIMEHT HEMTUHENHBIX UCKaXKEHUH, TOCTPOUTD CIIEKTP TOKA.

Otger: f =0T, I, = 8.8 MA,
f0=3-10Tw, l; = 15.4 MA,
2fo=6-10°Ty, 1,=108mA, K, =0.7.

3agauya 2.3u. BAX HeIMHEWHOTO »3JIEMEHTa AaNnpOKCUMUPOBAHA JABYMS

OTpE3KaMHU MPSMBIX:
I=(m+2)(u-n) MA, tpu U > n;
I=0mpuu<n,.
K HEnMHENHOMY 2JIEMEHTY NPHWIOKEHO HAIIPSIKEHUE:
u(t) = m + cos2210 t,
(m — mpenmocnennsis mudpa, N — mocnenHss nUppa HOMEpa CTYACHYECKOTO
ounera).
[Toctpoute BAX HEIMHEMHOro »3JIEMEHTA, pacCUYUTaTh aAMIUIATYIbI

rapmoHuk Ttoka |y (k = 0,1,2,3) , mporekaromiero 4epe3 HEJIMHCHHBIN 3JIEMEHT,
onpeAenuTh KO3PPUIMEHT HETMHEHHBIX UCKAXKEHUH, IIOCTPOUTH CIIEKTP TOKA.
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3axaua 2.4. BAX HelIMHENHOrO dJIEeMEHTA 33/1aHa CBOMMU 3HAUEHUAMU
il =3 MA, ig = 2MA, i3 = IMA,
U, = 1B, U2=ZB, U3=3B.
[Toctpouts BAX HEIMHENHOTrO »3JIEMEHTA, pPACCYUTATh METOJOM TPEX
OpJIMHAT aMIUIUTYJbl U YacCTOThl TAPMOHHMK TOKAa M BBIYUCIUTH KOADPUIIUEHT

HEJIMHEWHBIX UCKAXKEHUH, €CIIM BXOJAHOM TAPMOHUYECKUN CUTHAJl MMEET YacCTOTYy
fo = ImI'. [TocTpouTh criekTp TOKA.

Pewenue

BAX HenuHeiiHOro snemMeHTa noctpouM no toukam. BAX mpencraBieHa Ha
puc. 2.4.

I, MA

i, B

1

1

J

1 1
! !
I\ I\
2

[FEN o

0 1

Puc. 2.4. BAX HenMHEHHOTO 3JIeMEeHTa
MeTO,Z[ TPCX OpAHNHAT ITO3BOJIACT BBIYUCIUTD TOJIBKO aMIIIIMTY/IbI MMOCTOSTHHOM
COCTABIISIIOIIEH U TIEPBBIX ABYX T'APMOHHMK:
|0 =0,25 (i1+2i2+i3) = 2MA, f= 0; |1 =05 (|1 - |3) = lMA, fl = Ml
|2 = 0,25 (i]_- 2|2 +i3) = 0, f2 = 2MFH,

_Alatl

HU
Il
CnekTp TOoKa NMpeACTaBlIeH Ha puc. 2.5.

i, MA

[ o]

Lo

I, J, Ml

Puc. 2.5. Cniektp TOKa
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3axauva 2.5. BAX HennHENHOro dJIeMEHTA 3a/1aHa CBOMMHU 3HAYCHUSIMU:
il =4 MA, ig = I,SMA, i3 = O,
U1=OB, UZ:ZB, U3=4B.

[Toctpouts BAX HEIMHENHOTrO »3JIEMEHTA, pPACCYUTATh METOJOM TPEX
OpJIMHAT aMIUIUTYJbl U YacCTOThl TAPMOHHMK TOKAa M BBIYUCIUTH KOADPUIIUEHT
HEJIMHEWHBIX UCKAXKEHUH, €CIIM BXOJHOM TAPMOHUYECKUN CUTHAJl MMEET YacCTOTY
fo =100 I'. [TocTpouTh CHIEKTP TOKA.

Otser: f =0 I'1, o =1.375 MA;
fo =100 I, I, =2 MA;
2f, =200TIw, I,=0.25mMA; K,,=0,125.

3axaua 2.6. BAX HelnHENHOro dJIeMEHTA 3a/1aHa CBOMMU 3HAUEHUSAMU

i1: IOMA,ig =4MA, i3:2MA,
up=10B, u,=20B, u3=30B.

[Toctpouts BAX HEIMHENMHOro »3JIEMEHTA, pAacCYUTAThb METOJOM TPEX
OpJIMHAT AMIUIATYAbBl M YacTOThl TQPMOHUK TOKAa M BBIYUCIUTH KOI(POUIIHEHT
HEJIMHEWHBIX UCKAKECHUM, €CIM BXOJHOM TapPMOHUYECKUN CUTHAJ UMEET YacCTOTY
fo =200 I't. ITocTpoUTh CHEKTpP TOKA.

Otser: f =01, lp =4 MA;
fo =200 I, I, =4 MA;
2f0 = 400 I'm, |2: 1 MA; K, = 0,25

3agaua 2.6u. BAX HernHENHOTO0 dJIEMEHTA 3aJlaHa CBOMMMU 3HAYCHUSIMHU:
1 =mwuMA, i, =(M+5)MA, i3=(m+2) MA,
u; =n B, ng(n+3)B, U3=(n+1)B.

(m — mpeanocnenusas nudpa, N — nociaeanss udbpa HoMepa CTYACHYECKOro
ounera).

[Toctpouts BAX HEIMHEMHOrOo 3JIEMEHTA, pPACCUUTATh METOJOM TPEX
OpJIMHAT aMIUIUTYJbl U YacCTOThl TAPMOHHMK TOKAa M BBIYUCIUTH KOADPHUIUEHT
HEJIMHEWMHBIX UCKAKECHUM, €CIIM BXOJHOM TapPMOHUYECKUN CUTHAJI UMEET YacCTOTY
fo=(n+8) kI'11, MOCTPOUTH CIIEKTP TOKA.

3agaua 2.7. BAX HeaIuHEHHOro JIEMEHTA 3aJ1aHa IOJTUHOMOM:
i =ay+aju+ a,u’ + asu’,
re ao= 32 MA, a; = 4 MA/B, a, = 0,125 MA/B?, a3 = 1 MA/B®.
BxoaHoe HanpskeHue paBHO:
u(t) = Uy, cos2zfot, tme Uy =5 B, fy = 10°Tm.
PaccunTaTh M MOCTPOUTH CIEKTP BBIXOJHOTO TOKAa M HAWTH KOA(DPUIIUEHT
HCEJIMHEMHBIX MCKAXKCHMU.

Pewenue
BAX HenmuHEHOro 3JieMeHTa B JAHHOM ClTy4ae IPUHUMAET BUJ:
i =32+ 4u+0.1250° + u®, a Bxommoe Hampsuxerue U(t) = 5 cos2710° t.
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HOI[CT&BJ'I?I?I BXOJHOC HaHpH)KeHI/Ie B TIIOJIMHOM, H BLIpa)Kaﬂ CTCIICHU
KOCHMHYCOB 4€PEC3 KOCMHYChI KPAaTHBIX apIr'YMCHTOB, IMOJIYy4YacM:
i =32 + 45 cos2710% + 250.5 0,125(1 + cos4710%) +
+1250,25 (3cos2710°% + cos6710%).
[IpuBons mOAOOHBIC YJICHBI, MOJyYaeM CICIYIOIIUE 3HAYCHUS aMILUIUTY]

rapMoHHK Toka (puc. 2.6):

l, = ag + 0.5a,U,,° = 33,6 MA.

fo =10° 'y, 1, =a,;U, + 0.75 a;U,,° = 113,75 MA.

2f, =2-10° 'y, 1, =0.5a,U,° = 1,56 MA.

3f, =3-10° I'y, 15 =0.25a;U,,° = 31,25 mA. K,, =0,28.
I, MA
1201 I,
1001

601

—IDID :[3

I}

20 ;[2 5 KT
0 1 2

Puc. 2.6. Criektp TOKa

3anaua 2.8. BAX HelnHeHHOro dJIEMEHTA 3a/jaHa ITOJIMHOMOM:
i=ap+ a;u+ a,u’+asl’,
rae ap= 20 MA, a; =4 MA/B, a,=0, az= -0,1 MA/B?.
BxonHoe HamnpskeHue paBHO:
u(t) = Uy, cos2zfot,

rme Un=6B, fy=210° '

PaccunTaTh CHeKTp BBIXOJHOTO TOKAa M HAWTH KOA(PPUIMEHT HEITMHEHHBIX
HCKa)XKEHUM, TTOCTPOUTH CIIEKTP TOKA.

Orser: f=0Tum, lo=20MA, fo=210° 'y, |, = 7.8 MA, 2f, = 4-10° I,
l,= 0MA, 3fp =6-10° Ty, I3 =54mMA, K, =0,69.

3agaua 2.9. BAX HeIUHENHOTO dJIEMEHTA 3a1aHa [TOJIUHOMOM:
i =ap+au+ a,u’ + asu’,
e 3o = 28 MA, a,= 10 MA/B, a,=1 mA/B%
BxonHoe HamnpskeHue paBHO:
u(t) = Uy, cos2zfot,
rme U, =2 B, f, =510" I'.
PaccunTaTh CHeKTp BBIXOJHOTO TOKAa M HAWUTH KOA(PPUIMEHT HEITMHEHHBIX
HCKaKEHUH, IOCTPOUTH CIIEKTP TOKA.

Otser: f =0 I, lp, =30 MA,

fo =510* I'y, I, = 20 MA,

2f, =10-10° 'y, 1, =2MA, K, =0.1.
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3agaya 2.9u. BAX HeIMHENHOr0 dJIEMEHTA 3a]aHa TOJIUHOMOM:
i=m+nu+(m+1)u’+ (n+ 1)U’

(m — mpeanocnenusas nudpa, N — nociaeanss udbpa HoMepa CTYACHYECKOro
ounerta).

BxonHoe HanpsikeHue paBHO:

u(t) = U, cos2rfot.

roe Uy = 2m B, o = (n +2)10° I'n.

PaccunTaTh CHeKTp BBIXOJHOTO TOKAa M HAWUTH KOAI(PPUIMEHT HEITMHEHHBIX
HCKaXEHUH, TTOCTPOUTH CIIEKTP TOKA.
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1. MOAYJIMPOBAHHBIE CUT'HAJIbI

3amaya 3.1.Curnan AM 3anucad B CIEAYIOIIEM BUJIE:
u(t) = 10 cos2 710" + 5 cos2710° ' cos2710%,
Onpenenuth KOIPPHUIMEHT TIyOMHBI aMIUIMTYAHOH Moayisiuu (AM),

MOAYJIMPYIOIIYIO U HECYIIYIO YaCTOThI, IIUPUHY criekTpa AM, MOCTpOUTH CIIEKTP
AM.

Pewenue
IIpuBenem Beipaxkenue 11t AM curHana K CTaHaapTHOMY BUAY:
u(t) = 10 (1+ 0,5 cos2710°%) - cos2 z10%.

U3 oToii (opMysIBI ClieAyeT, 4TO Hecymas uyactoTa paBHa fo = 10 I'm,
MOIyHpYoIIas yactora paBHa F = 10° ', koo (HUHEHT ITy6HHBI MOLYIISLIAH
paBen M, = 0,5, mmpuHa cnekrpa curHaiza AM paBHa YIABOCHHOU
Moaynupytoiei yacrore /1 =2F = 2'10° o

Cnektp AM curHana npuBeaeH Ha puc. 3.1 W COOEPKUT TPU YACTOTHI:
necymyio fo = 10* 't ¢ ammmrynoit Uy, = 10 B, HIDKHIOI0 GOKOBYIO H BEPXHIO0
0okoByt0 yactothl ¢ ammutyaamu 0,5My, Uy = 2.5 B 1 yactoramu 9 xI'n u 11
kl 1.

10B
2.5B 2.5B

f.xTo
9 10 11 -

Puc. 3.1. Cnektp AM - curnana

3agaua 3.2. Curnan AM 3amnucaH B CJIEAYIOIIEM BUJIE:
u(t) = 8 cos2710° + 2 cos2(10° + 10"t + 2 cos27(10° - 10%)t.
Onpenenuts kKodbduimeHT rayorHsl AM, MOAYIUPYIONIYI0O M HECYIIYIO
4acTOThI, IIMPUHY criekTpa AM, mocTpouTh criekTp AM.
OTBET: M, =05, U, =8B, f,=10°T'u, F=10* 'y, /7=2F =210 I'u.

3amaya 3.3.Curnan AM 3anucad B CIEAYIOIIEM BUJIE:
u(t) = 16 cos2710°t + 2 cos2(10° + 109t + 2 cos27(10° - 104t +
+ c0s27(10° + 210"t + cos24(10° - 2 10M)t.
Omnpenenuts kod3hduument rnyounsl AM i KaxIol U3 MOAYIHPYIOIIHUX
4acTOT, MOAYJIUPYIOIINE U HECYIIYIO YacTOThI, IIUPUHY criekTpa AM, MocTpouTh
cnektp AM.
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OTBET: Moaympytomux uactoT - gse: F; = 10* T, M', = 0,25,
F, = 2:10* I'm, M",=0,125, ammmuryna Hecymern U, =16 B, fo= 10° I'm,
IT = 2F, = 410" Tu. ChekTp COAEPKHT HECYIIYI0 YACTOTY, .IBE HIDKHHE
OOKOBBIC U JIBE BEPXHUE OOKOBBIC YaCTOTHI.

3agaua 3.3u. Curnan AM 3anucad B CIEIYIOIIEM BUE:
u(t) = (n + 8) cos2710°t + 2 cos210° + (m + 1)10°]t +
+2 c0s2210° - (m + 1)10°]t.
(M — mpennocnennss uudpa, N — nocieaHss nudpa HoMepa CTYJCHYECKOTO
ounera).
Onpenenuts ko3pPuiment rinyounsl AM, MOIYTUPYIOLIYI0 W HECYIIYIO
4acTOTHI, IIUPUHY criekTpa AM, noctpouts criektp AM.

3apaya 3.4. Ocmwuorpamma AM-curHana MMeeT MAaKCUMAaJIbHBIM pa3Max
konebannit Uy = 6 B, a Muammanbabiii Uy, = 2 B; mepuo BBICOKOYaCTOTHOTO
samonuenns 107 c, nepuoj, TMOBTOPEHUS Orudaromieit 10° c, ONPENECIIUTD
napameTpel AM-curHana: Hecymyw uactory fo, Momymupyromryro dactory F,
cpenHioro amruutyny AM-curnana Up, rnyOouny monynsauuu M,. [loctpouth
CHEKTp CUTHAJIA.

Pewenue
Yacrora Hecyuieil oOpaTHO MPOIMOPIMOHATIBHA MEPUOAY BBICOKOYACTOTHOTO
3anonHennst 107 ¢:
fo = 1/10" = 10" I'n
Yactora MOIYNMHMPYIOMIETO CUTHAJIA OOpaTHO MPOMOPIIMOHAIEHA TEPHOIY
MOBTOPEHMSI OrHOarOIIEH:
F=1/10°=10°Tu.
Cpenusis ammutyaa AM-curnana:
Un = (Umax + Unin)/2 = 4 B.
['myOuHa MOy IALIMHN:
Ma = (Umax - Umin)/ (Umax + Umin) = 0!5
Cnektp AM-curnana npeacTaBieH Ha pUc. 3.2 U COJEPKUT TPU YaCTOTHI:
HECYIIyIo YyacToty fog = 10T ¢ amrutyaou U, = 4 B;
HIDKHIOIO0 00KOBYIO yacToty 9 k' ¢ ammmutygot 0.5 My U, = 1B;

BepxHIot0 00koBYIO yactoty 11 k' ¢ ammumurygoit 0.5 M,- U, = 1B.
4B

1B 1B

0 10 11
Puc. 3.2. Cnexktp AM - curnana
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3apava 3.5. Ocumiorpamma AM - curHana MMEET MaKCUMAalbHBIM pa3Max
kojiebaHuit Upe = 10 B, a Muaumanshbiii Up,n = 0; mepuoa BHICOKOYACTOTHOTO
samonHeHns 5107 C, TepUoj TOBTOPEHHUs orudaromiei 210 C, ONpEACHUTh
napaMmeTpsl AM-curHana: Hecyinyro uactory fo, Momymmpyromnyo dacrory F,
cpeanioro ammntyny AM-curnana Uy, riyouny monymsiuu M,. Tloctpouts
CIIEKTp CUTHAJIA.

OTBET: fo=2xIy; F=500Tw; U,=5B; M, =1.

3agaya 3.6. Ocumiorpamma AM-curHajia UMEET MaKCHUMAJIbHBIA pa3Max
konebannit Uy = 8 B, a Muammanbsbiii Uy, = 4 B; mepuo BBICOKOYaCTOTHOTO
samonuenns 10° c, MEePUOJT TOBTOPEHHSI OTUOAIOMIEH 10* «, ONPENECITIUTD
napameTpel AM-curnama: Hecymyo uacrory fp, mMomymmpyromryro udacrory F,
cpenuio0 amruiutyny AM-curnana Up, rayouny monynsuuu M,. Iloctpouts

CIIEKTp CHTHAJIA.
OTBET: fo=1MI; F=10I';; U,=6B; M, =0.3.

3agauva 3.6u. Ocumwuiorpamma AM-CUrHaiia UMEEeT MaKCHMallbHBIA pa3Max
konebanuii.  Upa = (M + 12) B, a munumameHbii Upi, = N B; mnepuon
BBICOKOYACTOTHOTO 3amonHerust (N + 1)10° ¢, meprox moBropenus ormGaromeii
(m + 1)10” ¢, ompemenuTh mapamerpsl AM-CHrHaNA: HECYIIyl0 4acTOTy fo,
Moayiupytomyto dactory F, cpemntoro ammiutyny AM-curnama Uy, ToyounHy
monayisiiima M. TloctponTs cniektp curHama. (M — mpeamnocienusas mudpa, N —
nocneansis nudpa HoMepa CTyIeHYECKOTo OnseTa).

3apayva 3.7. YactoTHO-MOAynMpoBaHHbIi (UM) cUrHaI 3aMucaH B BUJE:

u(t)= cos (1500t + 2,5 sin10t).

Onpenenutey ammuutyny YM  curnana Uy, MakCUMalbHYI) (max U
MUHHUMAJIBHYIO  Wnin gyactoTel YM cuWrHama, HeCyulyrd 4YacToTy @y,
MOJYJIUPYIOIIYIO YacTOTy {2, ONpeneuTb WHJEKC YacTOTHOW Mopxynsiuu M.,
JIEBUALMIO YaCTOThI @, MpuHy criekrpa YM curnana /7, .

Pewenue
Avmmityna UM curnana paBHa Uy =1 B, wacrorta Hecymied paBHa
@y = 1500 p/c, momynupytromas yactora paBHa (2 = 10 p/c, unnexkc UM paBeH
M, = 2,5, neBuanys 4acTOThl paBHa MPOU3BEJICHUIO MHJEKCA HA MOIYIUPYIONIYIO
gactory o, = OM, = 25p/c, makcumanbHas dactota pasHa (1500 + 25) p/c,
MUHUMaNbHas yactota paBHa (1500 — 25) p/c, mmpuHa criekTpa paBHa
I1,,=20QM,+1)=70p/.

3anayva 3.8. YactoTrHO-MOAyMpoBaHHbIi (UM) cUTrHAI 3allMCaH B BUJE:
u(t) = 2,5 cos (3000t + 0,1 sin100t).
Onpenenute ammuutyny YM  curHana Up, MakCUMaIbHYI) (@max U
MUHUMAJIBHYIO  @nin gactoTel YM curhama, HeCylIyl0 4YacToTy @y,
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MOJYJIUPYIOIIYIO YacTOTy {2, ONpeNeNuTh WHIEKC YacTOTHOW Mopaynsiuu M.,
JIEBUALMIO YAaCTOThI @, MpuHy crekrpa YM curnana /7, .

OTBET: U, =25B, @ =3000p/c, 2=100 p/c, M,=0,1, w, = 10 p/c,
Wmax = 3010 p/c, @nmin = 2990 p/c.

3apayva 3.9. YactorHO-MOAyMpoBaHHbIi (HM) cUTrHAI 3alliCcaH B BUJIE:
u(t) = 6 cos (9800t + 10 sin200t).

Onpenenutey ammuutyny YUYM  curnana Up, MakCUMaIbHYI0 (pax U
MUHUMAIBHYIO  Wnin yactorel UM curHama, HECYIIYyKO 4YacTOTy @y,
MOZYJIUPYIOIIYIO YacTOTy {2, ONpENeNnTh WHIAEKC YacTOTHOM Moxyisauuu M.,
JIEBUALIMIO YaCTOThI @, , IIMpUHY criektpa UM curnana /7, .

OTBET: U, =6 B, @y = 9800 p/c, £2=200 p/c, M, =10, w,= 2000 p/c,
®max = 11800 p/c, @nmin = 7800 p/c.

3apava 3.9u. YactotHo-MoaympoBaHHblil (UM) curuan 3anucas B BUJIE:
u(t) = (n + 2) cos [(m + 1)10°t + (m + n + 0,1) sin1000t].
Onpenenuts ammuutyny UM  curnHana Up, MakCUMaIbHYI0 (pax U
MUHUMAIBHYIO  Wnin yactorel UM curHama, HECYIIYyKO 4YacTOTy @y,
MOZYJIUPYIOIYIO YacTOTy {2, ONpENeNUTh WHIAEKC YacTOTHOM Monxyisauuu M.,
JIeBUAIINIO YacTOTHI ®,, mupuHy criekrpa UM curnana I1,,, . (M — npeamocieausis
nudpa, N — nocneauss mudpa HoMepa CTyACHYECKOro OueTa).

3apaya 3.10. YactotHo-MonynupoBanHbii (UM) curnan 3anvcas B BUJE:

u(t)= 10 cos (62800t + 2 sin6280t).

Omnpenenuth Hecymryro yactoty fo , Mogymupyromryto yactory F, onpenenutsb
WHJIEKC 4YacTOTHOW woxayJssaiuu M,, mupuny cnekrpa YM curnama [7,,,
paccuuTaTh aMIUIMTYy M 4YacTOTy Hecylieil u OOKOBBIX 4acTOT B cmektpe UM
curHaia. [loctpouts cnekp.

Pewenue

Nunexc UM paBen M, = 2, Mmoaynupyromas yactota F = 1 k['n, mmpuna
cnektpa UM  cwrnama pasuva I1,, =2F (M, + 1) = 6 k['u, Hecymas dacrora
fo = 10 xI'.

Tak kak M, + 1 = 3, TO HEOOXOJIUMO YUYECTh B CIEKTPE HECYIYIO U 10 TPH
OOKOBBIX YaCTOThI CBEPXY U CHU3Y.

Paznoxus UM curnan B pssg Oypbe, NOTyIUM:

U(t) = Uy Jo(2)cosapt - Uy, J1(2)cos(ap - )t + Uy, J1(2)cos(ag + Ot +
+ U Jo(2)cos(ap - 209t + Uy, Jo(2)cos(amy + 29t - U, J3(2)cos(ap - 3t +
+ U J3(2)cos(amp + 3t + ...
rne J, (M,) - byakuu beccens k-ro mopsiaka (puc.3.3).
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Puc. 3.3. ®yukuuu beccens

N3 dbopmynsl cienyer, uto crektp UM curHama - OCCKOHEUYHBIH, HO, B
JaHHOM CJIydae, JOCTaTOYHO YYECTh TOJBKO HECYIIYIO U IO TPU OOKOBBIX CBEPXY
U CHH3Y.

[Tocne pacueToB, oJydYaeMm:

Hecyimas yactora fo = 10 k't umeer ammuryny Upg = 10J0(2) = 2,9;

OOKOBBIE YaCTOTHI UMEIOT COOTBETCTBEHHO:

fo- F = 9xI'n ammmutyny Upg =10 J1(2) =5,8;

fo+ F = 11k['n ammmatyny Up; = 10J4(2) =5,8;

fo - 2F = 8xI'u ammmuryny Up, =10 J,(2) = 3,5;

fo + 2F = 12xI'y ammmutyny U, =10 J,(2) = 3,5;

fo - 3F = 7xl'u ammmuryny Ups = 10J5(2) = 1,5;

fo + 3F = 13"y ammutyny Uz =10 J3(2) = 1,5;

Cnextp UM - curHana npeacTaBiieH Ha puc. 3.4.

5.8 5.8

3.5 3.5
2.9

1,5 1,5

f, kT
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Puc. 3.4. Cnextp UM - curnana
3apaua 3.11. YactoTHO-MOomynupoBanHbiii (UM) curnan 3anucas B BUJE:
u(t) = 5cos(1600t + 4sin100t).

OnpenenuTe HECYLIYIO YacTOTY @y , MOIYJIHUPYIOUIYHO 4YacToTy {2,
ONPENEIINTh MHAEKC 4aCTOTHOW moxayisumu M,, mupuny cnekrpa UM curnana
11, paccuuTaTh aMIUIUTYAY M 4YacTOTy HECYIIeW M OOKOBBIX YacCTOT B CIIEKTpPE
UM curnana.

OTBET:

@ = 1600p/c; 2=100p/c; M,=4; I1,,, = 1000p/c; Une = 2;

BokoBbIe 4acTOTHI aAMILTATYIBI
1500p/c 0,4
1700p/c 0,4
1400p/c 2
1800p/c 2
1300p/c 2,25
1900p/c 2,25
1200p/c 1,5
2000p/c 1,5
1100p/c 0,7
2100p/c 0,7

3anayva 3.12. YactotHo-MonynupoBanHbiil (UM) curnan 3anvcas B BUJE:
u(t) = 3cos(9000t + sin800t).

Onpenenute HECYUIYHO YacTOTy @y , MOAYJIHMPYIOIIYI0 4YacToTry (2,
ONPEIEIUTh UHACKC YaCTOTHOW Mopxysiuuu M,, mupuHy crnekrtpa UM curnana
11, paccunuTaTh aMIUIMTYAY M 4YacTOTy HECYIIEW M OOKOBBIX YaCTOT B CIIEKTpPE
UM curnana.

OTBET:
@y =9000p/c; 2=800p/c; M,=1; Il, =3200p/c; Uy =24
OOKOBBIE€ YaCTOTEI aAMTUTUTY BT
8200p/c 1,35
9800p/c 1,35
7400p/c 0,3
10600p/c 0,3

3anaua 3.12u. YacrorHo-MoaynupoBanHblid (HM) curnain 3anucad B BUJE:
u(t) = (m + 1)cos[(n + 2)1000t + m sin100t].

(m — npeanocnenHss mudpa, N — mocieanss uudpa HoMepa CTYACHYECKOTO
oumnera).

Onpenenute HECYHIYIO YacTOTy @y , MOAYJIHMPYIOIIYI0 4YacToTry (2,
OIPENEIUTh MHAEKC YaCTOTHOW MoayJisiuuu M, mmupuny cnekrpa UM curnana /1,
, paccuuTaTh aMILUIUTYAY M YacTOTY HECyllled M OOKOBBIX 4acTOT B crekrpe UM
CUTHAaJA.
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IV. P OPMNPOBAHUE N AETEKTUPOBAHUE MO/IYJIMPOBAHHBIX
CUT'HAJIOB

3apaua 4.1. BoabsT-amnepnas xapakrtepuctuka (BAX) HemuHeWHOro
JJeMEHTa aMIUIMTYJHOTO  MOAYJSATOpa anmnpoOKCUMUPOBAHA  CTENEHHBIM
nosmuHoMoM. Ha kakom ydactke BAX u B Kkakux mpenenax cieayeT BbIOpaTh
pabodyr0 TOYKY Ui TOJYYEHHMsS] HEUCKAKEHHOM aMIUTUTYJHOM MOMYJSIINH?
Paccunrars k03¢ HULMEHT rITyOuHbI aMIUTUTYIHON MOIYJISILIUU TI0 TOKY.

Pewenue.
BAX HenuHeWHOro 35ieMeHTa Mpu CTENEHHOW aniIpOKCUMAIIMU UMEET BUI:

i s p— . . 2 . 3
I=p(U)=a,+a,-U+a,-U"+a,-u’+..
HOILCT&BJ’I}I}I B OTOT IIOJJMHOM HAIIPs’KCHUC, PAaBHOC CYMMC HAIIPSHKCHUA
CMCIHICHUA W HANPAKCHUA TapMOHHUYCCKOI'O BBICOKOYACTOTHOIO IICPCHOCYHKA

(necymeit) U(t) = E+U_ -COS@yt, naxomum cratmueckyro MomymsimonHy:o
xapaktepucTuky (CMX) aMImnTy 1HOTO MOy siTopa 1o hopmyIie:
l,=w,,(E)=a-U_ +2a,-E-U_+3a,-U_-(E*+0.25-U2) +...
HNannass CMX siBasieTcst HeMMHEHHON (hyHKITMEH OT HaNPSYKEHUsI CMEICHUS.
[lo ompeneneHni0 HEUCKAKEHHBIM pPEXUM  PabOThI MOZYJIATOpa
cooTBeTcTBYeT JuHeHOM CMX. OT0 gocTUraeTcs Mpu BeIOOpE paboyeit TOUKH Ha
KBaJpaTUYHOM y4dacTke BAX, T.e. mpu yClIOBUM, YTO ; U d; OTIMYHBI OT HYJIS,

a Bce a; mpu | > 2 paBHH Hymo. CienoBaTenbHO, HEHMCKAKEHHBIN PEXUM
COOTBETCTBYET TaKOMY BbIOOPY paboueit Touku Eg , utoOst CMX nmena Bunu:
L, =yv,,(E)=2a-U,+2a,-E-U,,

Tak xak aMIUIMTyAa MEepBOM rapMOHUKM |, HeOTpuIATENbHA, TO MPEIEIbI
U3MEHEHHUSl HaIPSHKCHHUS CMEIEHUS MpPH HEUCKaXeHHOW AM COOTBETCTBYIOT
CJIEAYIOLIEMY HEPaBEHCTBY

E>-——1
2a,

[Ipy MOHOTaPMOHUYECKOM CUTHAJIC HAMNpSHKEHUE CMEIEHUS M3MEHSETCS IO
3aKOHY:

E(t) = E,+U,-cosQt

rne Eo - Hanpsbkenune cmemienus B pabdoueii Touke, Uy , (2 - ammutyna u
4acTOTa MOJYJIUPYIOIIEro CUrHaja, a aMIUIUTY/1a TepBOM TapMOHUKH U3MEHSIETCS
10 3aKOHY

I, t)=aU, +2aU_E,+2aU U,cosQt,
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Onpenensis makcumanbHoe (L&A = 0) u MuHumanbHoe (LX = m) 3HAYECHUS
aMIUTUTY/bl TIEPBOM FAPMOHMUKHU, HAXOIUM KOA(DPUIIMEHT TITyOUHBI aMILTUTYIHON
MOy AT

I1,ma1x - I1,min 2a2U
M, = =
I + 1

o1y b0y gy, oA
1, min al al 2a2

1, max

3agaua 4.2. Ha Bxoa aMImumTygHOrO MOIYJISITOpa Ha OWMOJIIPHOM
TPaH3UCTOPE C 06HII/IM OMUTTCPOM IMOABOJUTCA HAIIPAKCHHUC <<633a-3MI/ITTCp>>Z
Ugy (t) =E+ Um Cosat BonpT-amnepHas xapakTepUCTHUKA Tpa”H3ucTOpa
AIMmpOKCUMHPOBaHa CTCIICHHBIM ITIOJIMHOMOM:
: 2 3
I=pu)=05+2-u+08-u“+0,2-u
HOJ’IY‘{I/ITL BBIPAXKCHUC JJIA CTaTHUECKOM MO,Z[yH}IHHOHHOﬁ XapaKTCPUCTUKHU
MOZIYJIATOpa MCHOJIB3YSI METOJ KPaTHBIX OYT.

OTBET: I, =U_(2+0,15U’ +1,6E +0,6E?) .

3amaua 4.3. Ha Bxo1 aMIUIMTYTHOTO MOJIYJISITOpPA HA MOJIEBOM TPAH3UCTOPE C
0OIIIMM UCTOKOM TIOJIBOJTUTCSI HATIPSHKECHUE «3aTBOP-UCTOKY:

U,,(t) =E+U_cosm,t,
Bonbr-amnepHas = XapakTepuCTHKA TpaH3UCTOpa  aNMIpPOKCHUMHpPOBAHA
OTPC3KaMU IIPSAMBIX:

S(U3H _Eo)’ U3H 2 EO’

i = u =
¢ = @(Us,) 0, u,, <E,

rae S - kpytuzHa BAX, Ey - HanpsHKEHUE OTCEUKH.
[TonyunTh BbIpaK€HUE ISl CTATUYECKONM MOIYJSIHUOHHOM XapaKTEpUCTUKU
MOZYJIATOPA MCIOJIb3Ys METOJI YIJIa OTCEUKH.

S-U,

OTBET: = (0 —sin@-cosd), 6= arCCOS(EOU—_E) ,Tae 6 — yrom

m
OTCCUKH.

3anaua 4.4. J{ng ycnoBuit 3agaum 4.3. HANTHU TaKUE€ BEIUYMHBI HANPSHKEHUS
cmeneHus: E' m ammnuTynpl nepBoit rapMOHHMKM B padodeil TOuke, MpHU KOTOPBIX
CMX aMIIUTYyIHOTO MOIYJISITOpa HMMEET MAKCUMAaJbHYIO KPYTHU3HY. 3a/laHbl
napametpel: S =10wmA/B, U, =4B, Eq =-4B.

OTBET: E'=-4B; 1|, =20 MA.

3amaua 4.4u. Ha BX0oja aMIIMTyAHOTO MOAYJATOpA HAa TPAH3HUCTOPE

[TOIBOJUTCS HaMpsKCHHE: Ug,y t)=E+U n COSa,t . Bonbr-amnepHast
XapaKTEPHCTHKA TPAH3UCTOpa alllIPOKCHMUPOBAHA CTEIICHHBIM IIOJIMHOMOM:
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izpW=m+(N+1D)-u+(M+2)-u>+01(M+n+1)-u’.
(M — mpeanocnenusas mudpa, N — MocHeaHss Udppa HOMEpa CTYIESHIECKOTO
ounera).
[TomyunTh BBIpaKEHUE AJII CTATUYECKOW MOMYISIIIMOHHOW XapaKTePUCTUKU
MOJYJIATOPa HMCHOJB3YsI METO KPATHBIX JIYT.

3agaya 4.5. YacToTHBIE MOIyIsATOp  CcOOpaH IO CXeMe, CoepKallle
WHIYKTUBHO-€MKOCTHOM aBTOreHeparop, k eMkoctd Cy  KOHTypa KOTOpPOIO
napajuiebHO — TMOACOEAMHEH  BapuKall €  HW3BECTHOM  BOJBT-(hapaaoBoi
xapakrepuctukon C,(U). HaiiTu cTaTH4ecKyro MOIYIISIIMOHHYIO XapaKTePUCTUKY
Y4aCTOTHOTO MOAYJIATOPA.

Pewenue
[Tog CMX 4acTOTHOro MOAYJIATOPA OHUMAKOT 3aBUCUMOCTh 3KBUBAJICHTHON
gacToThl LC-kOHTypa OT HampspKeHHsI CMEIEHHUS Ha BapuKare Mpu HyJIeBOH
aMIUTUTYJI€ UCXOJHOTO COOOILIEHHUS.
Pe3onancnas uvactora LC-konTypa (06€3 MOIKIIOYEHHUS  BapuKara)

ompenensiercs ¢opmynon bapkrayzena: @, =1/{LC, . Tak xax BapUKarl
NOJAKJIIOYEH MapauiebHO €MKOCTH KOHTypa, TO SKBUBaJleHTHas eMKocTh LC-
KOHTypa paBHa: CQ(U)ZCK +Cy(u). [Ipy STOM »SKBUBAJIEHTHAas 4YacToTa
LC-koHTypa onpenensieTcss COOTHOUICHUEM:

o,(u) =1//L,C,(u) =1/ /L [C, + C,(u)] .

BbiHocs 3a 3Hak cyMMbl BenmuuuHy Cy , M 3aMEHsIsl MTHOBEHHOE HaIlPsHKEHUE
Ha BapUKalle HalpsDKEHUEM CMelleHus, T.e. U = E, OKOHYaTeNbHO MOJIy4aeM
BbipakeHue 111 CMX UM Ha Bapukare:

a)a(E) =

3agaya 4.6. B yacToTHOM MOAYJATOPE, COIEPHKALMIEM HWHIYKTHBHO-
C€MKOCTHOM aBTOT'€HEpaTOp, HACTPOCHHBIM Ha Pe30HAHCHYIO yacToty fp=5 M,
napaienbHo eMkoctH KoHTypa Cy = 10 m®d moacoennHeH BapuKam C BOJIBT-
dapamoBoii xapaxrepuctukoii C,(U) = 10/(1+u’) nd. PaccuntaTs U MOCTPOUTS
CTaTUYECKYI0 MOIYJISILIMOHHYIO XapPAKTEPUCTUKY MOAYJisiTopa. HalTu HanpsiokeHue
CMEIIEHUS, YaCTOTy MEePeHOCUMKa U JICBUAIIMIO YaCTOTHI B pabouell TOuke, eciu

aMIUTUTyAa MOAYJIUPYIOLIEr0 HAPSKEHUS Ha BapuKarne paBHa | B.
1+u?

TBET: f,= E)="f,\[—:

0] 5 =Wy (E) P2 2

0,515 MI'n.

Eo =1B; fo =4.08 MI 11 f() =
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3agaya 4.6u. B yacTOoTHOM MOAYJIATOpPE, COJEpKAILEM HWHIYKTUBHO-
CeMKOCTHOW  aBTOTEHEPATOp, HACTPOCHHBIA  Ha PC30HAHCHYIO  YacTOTy
fp =(n + 2) MI'u, mapamnensHo emkocTH KoHTypa Cy = (M + 8) nd nmoacoeanHeH
BapHKaIl ¢ BOIBT-(PapaoBoii xapakrepuctakoii c,(u) = 10/(1 + u?) nd.

(m — npeanocnenHss nudpa, N — mocieanss uudpa HoMepa CTYACHYSCKOTO
ounerta).

PaccuntaTh ¥ TOCTPOUTH CTATUYECCKYIO MOAYJISIMOHHYIO XapaKTePHCTUKY
MojynsaTopa. HaiiTu HampsbkeHue CMEIICHUs], YaCTOTy ePEHOCUMKA U JICBHAIIUIO
4acTOTHl B pabouell TOYKe, €CIM aMIUIUTYyJa MOJIYJUPYIOIIEro HAMpsDKECHUS Ha
Bapukarie paBHa 1 B.

3amaua 4.7. Bonbsr-amnepnas xapakrepuctuka (BAX) HenuHelHOro
JJIEMEHTAa HEKOIEPEHTHOIO  JETEKTOpa alIpoOKCUMHUPOBAaHA  CTEIEHHBIM
nonuHoMoM. Iloka3ate, uro mnpum Takoi BAX HEBO3MOKHO HEHCKaKEHHOE
nerektupoBanue curHana AM. Beraumcauth  K03(QQOUUMEHT HETWHEHWHBIX
VCKaXEHUN JETEKTOpa, €CIU HAIPSHKEHWE CMEIICHUS PAaBHO HYJIIO, a4 HA €r0 BXOJ
nojgad AM curhai Bujga:

S, ) =U_([1+M, cosQt)cosw,t

Pewienue
IToxcrasiisas B CTENEHHON NOJIMHOM
_ _ 2 3
i=p()=a,+a,-u+a,-u"+a,-u’+..
BBICOKOYACTOTHBIM TAPMOHMYECKUN IEPEHOCUUK
u(t) =U_ -cosao,t
HaxOJUM BBIPAXEHUE I TOKA, MPOTEKAIOIIET0 Yepe3 HEJIMHEUHBIM 3JIEMEHT

ALl
n n
i(t)=> au“{t)=> aU,cos o, i;=a,
k=0 k=0

Bbiaensiss NOCTOSHHYIO COCTaBIISIIOILYI0 TOKa W Y4YUThIBas, 4YTO 3Ta
KOMITOHEHTAa OIpPEAENIAECTCS TOJBKO YETHBIMH CTENEHSMH IOJIMHOMA, HAaXOIUM
CTaTUYECKYIO XapaKTepUCTUKY AeTekTupoBanus (CX/]) aMIIMTy JHOTO AETEKTOpa

o1 3 "1 (2K
ly =w,,,(Up) =g =1y = Eazuri +§a4U:1 t = ZF "
k=1
N3 paHHOrO CcOOTHOUIEHMS clienyer, 4yTo cocraBiswomend CXJI, 1uHelnHO
3aBUCAIICH OT aMIUTUTYAbl nepeHocunka Uy Hetr. [loaToMy He MOXeT ObITh U
HEUCKAKEHHOI'O JIETEKTUPOBAHUSL.
IToncrasnsas B CX /] 3aKOH U3MEHEHUS aMIUIUTYbl curHajia AM

Uu,t)=U_,@1+m,, cosQt)

HaxO0JWM 3aKOH U3MCHCHUA TOKAa ACTCKTUPOBAHUA

2k
a2kUm .
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n 2k
(1) = Zz—i( ) JaZKUrik (1+m,, cosQt)™

k=1

Jist pacuera kodPUIMEHTa HEIMHEUHBIX HCKAKEHUU JETEKTHUPOBAHMUS
y4TE€M TOJIBKO MEPBBIM UJIEH 3TOM CYMMBbI, KOTOPBIM BHOCUT B HE€ HAMOOJIBIINIMA
BEC:

2
I, (t) ~ a2L2Jm 1+m,,, cosQt)’ = I, + I, cosQt + 1,,C0S2Qt
aU? —m? a,Um,,)°
rae lo = 22 1+ ;M)1 Lo =aUom,,, |y = { 4AM)

Orcrona  UCKOMBIM  KOXGQUIIMEHT  HEIMHEHWHBIX  HUCKaxeHu A/
ONPENETACTCS TaK

3amaya 4.8. [lokazarb, 4TO CTaTHYECKass XAPAKTEPUCTUKA JIE€TEKTUPOBAHUS
(CX]I1) HEKOTepEHTHOTO ACTEKTOPa, HETMHEHHBIN JIEMEHT KOTOPOTO UMEET BOJIBT-

- 2
aMIIEPHYI0  XapaKTEPUCTHUKY: i=¢p()=a,+au+au",  omuceBaercs

2
BBIpAKEHUEM: l,=wU,)=05aU_ " rne U, - aMILTUTY1a BBICOKOYACTOTHOTO
NepeHOCYHKA.

3agaua 4.9. Ha BXOJ HEKOrE€pPEHTHOrO AETEKTOpa BO3JCHCTBYET CymMMa
MOCTOSTHHOT'O HampsbkeHus: U AM curHain Buja:

u(t) = -4+ 2(1+0,5sin 2710°t) sin 2710t .

Paccuurtath CIICKTp TOKa ACTCKTUPOBAHUA, €ClIn BOJIbT-aMIICpHasd
XapaKTCPHUCTHUKA HEJIMHEHHOIO 3JIEMEHTa ACTCKTOpPA OIIMCBIBACTCA BBIPAKCHUCM:

: 2 .
I =¢@(u) =16+10u +1,5u npu U >-4 u |1 =0mnpu U< -4 OueHurs
KO3(PULIMEHT HETMHENHBIX UCKAKECHUN JETEKTUPOBAHUSL.

OTBET: I()o — 27/8, I()]_ — 3, Iaz — 3/8, kHI/I =1/8.

3amauya 4.9u. Ha BX01 HEKOTEpEHTHOTO AETEKTOpa BO3JACHCTBYET CyMMa
MOCTOSTHHOTO HaIpsHKEHUS u AM CUTHAJ BHJIA:

u(t) =—m+2(1+0,5sin 27[103t) sin 2710%t . Paccuutath cmektp  TOKa

ACTCKTUPOBAHMSA, CCJIM BOJIbT-aMIICpHAA XapPaKTCPUCTHUKA HEJIMHEHMHOI'0 3JI€MEHTAa

. 2
JETCKTOpa ONKCHIBAeTCs BbIpakeHWeM: | = §0(U) =n+(mM+u+(n+u”,
OneHuth KOIPOUIIMCHT HEIWHEHHBIX WCKAKEHUH JeTeKkTupoBaHus. (M —
npeanociaeaHss nudpa, N — mocieaHss udppa HoMepa CTYASHYECKOro OuiIera).

3apaua 4.10. CtpykTypHas cxema korepeHTHoro aerekropa (KJI) cocrout us
MEPEMHOKUTEN JBYX CUTHaIOB U (uibTpa HuWxkHUX yactoT (PHY). Hailitu
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OTKJIMK JICTEKTOpA IPH YCIOBHH, YTO HA €ro IePBBI (OCHOBHOM) BXOJ IOJAETCS
curnan  S(t) =U cos(w,t +¢,), ma Bropoil (cuHxpoHM3MpYOmWMI) BXOJ

nogsoaures curnan  Uc (1) =U cos(ot+¢.), a AMILTUTYAHO-4aCTOTHAS

xapakrepuctrka (AUX) ®HY pasna: Kp(a)) =K,/ \/1+ (w! a)rp)Zp . 3necy Ko —

nocrosgHHas, P — nopsaok ®HY, @;p - ero rpannyHas 4acTora.

Pewenue
BHauasie Hax01MM CUTHAJI HAa BBIXOJI€ IEPEMHOKUTENS
U, (t) =s(t)-uc (t) =U,U. cos(agt + ¢,) - cos(ect + o).

Hcnonb3yst popmMyny pa3ioxKeHHs MPOU3BEACHNUS KOCUHYCOB, IPUBEAEM ATOT
CUTHAJ K BULY

u, (t) =0,5U U {cos[(w, — &)t + (¢, — ¢ )]+ cos[(@, + @ )t + (¢, + @)1}

JIaHHBIH CHUTHAJI COJCPIKUT JBE COCTABJISIONINC: HU3KOYACTOTHYIO Ugyy(t,L2)
Ha pa3HOCTHOW 4YacTtoTe {2 = @y -®c W BBICOKOYACTOTHYIO Upy(t,®w) Ha
CYMMapHOM 4acTOTe @ = @y + @c.

Ecau rpannunyto yactory ®HY BeiOpats u3 ycnopust: 2 << @rp << @y , TO
BBICOKOYACTOTHAsI KOMITOHEHTa curHana Up(t) Oyzaer momaBieHa GHUIBTPOM, a Ha
€ro BbIXOJe OyZeT HaOMI0MaThCs CUTHATI MPOMOPIHMOHATIBHBIM HU3KOYaCTOTHOMN
kommoHeHTe. [loatomy oTkink KJI onpenensiercs cieayommuM COOTHOLIEHUEM

Uy () = K, (Q) Uy (t,02) = eInUc COSIA + <<io Y
2 1+(Q]
a)I"P

3apaua 4.11. B cxeme xorepentHoro nerektopa: Ko=1, Uc =2, &y = ac,
®o = @c. [lonyunTh BBIpaXKEHHE JJIsl HANPsHKEHUS HA BBIXOJE JIETEKTOpa MpH
rmoJiade Ha ero BxoJ curHaia AM.

OTBET: Uy, (1) =U [L+ M -at)], rne a(t)=a(t)/amex — HOpMHpOBaHHOE
COOOIIIEHHUE.

y Q:COO—CUC'

3anaua 4.12. B cxeme korepentHoro aerekrtopa: Ko=1, Uc=2, Uy =1,
@ = ¢c, frp =2 xl'm, fo = 100 k['u. PaccunraTh ¥ NOCTPOUTH AMILIUTYIHO-

4acTOTHYIO XapakTepucTuky (AUX) nerekropa, ecnu nopsgok ®HY pasen 2.
1

J1+(05- f, —50)°

OTBET: Ky (fc) = , rne fc B kI

3agaua 4.12u. B cxeme korepentHoro nmerekropa: Ko=1, Uc=(n+4), ap
= wc, Qo= @c. llonyunTs BBIpaKCHHME [JIS HAMPSOKEHHS Ha BBIXOZE JETEKTOpa
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npu Tmojade Ha ero Bxox curHaia AM. (N — mocnemssisi 1udpa HOMepa
CTyJICHYECKOTr0 OmIIeTa).

3agaua 4.13. [lokazaTh, 4TO CTaTHYECKas XapaKTEPUCTUKA JECTCKTUPOBAHUS
HEKOTEPEHTHOTO JETEKTOpPa, HEJIMHEWHBIA HJIEMEHT KOTOPOr0 HWMEET BOJIBbT-

S(U-E,), U=E,,

AMIIEPHYIO XapaKTEpHCTUKY: | = p(u) = { 0 OMKCHIBACTCS

u<E,.

BBIPAKEHUEM: I, = wU,_ )=SU_(sind—-6cosb)/x , tne U, — ammiuryna
BBICOKOYACTOTHOI'O IIEPEHOCYMKA, @ - YrOJl OTCEUKH.

3anaua 4.14. /Ins ycnosuii 3aiauu 4.13 paccuuTaTh ¥ HOCTPOUTH CIEKTP TOKA
JNETEKTUPOBAHUS,  €CIM  BXOAHOE  HANpsDKEHHE  JIETEKTOpa  paBHO:

u(t) = £, + 1+0,8cos2710°t)sin2710°, a S = 7z Yemy pasen

K03 (PHUIMEHT HEMTMHEHHBIX UCKAKEHHUH 1ETEKTUPOBAHMS?
OTBET: 1, =1, 1,,=0.8; kHH =0.

3apaua 4.15. AMIUIMTYIHBIA MOIYJATOp CcoOpaH Ha TPaH3HUCTOPE,
paboTaroiieM B pexuMe ¢ OTCeUKoi Toka. PaccuuTaiite u mocTpoiTe cTaTHYECKyIO
MOAYISAUMOHHYIO XapakTepucTtuky (CMX) mpH clleIyrolnux HCXOIHbBIX TaHHBIX:

- HanpspbkeHue otceuku U, = 0,6 B;

- kpytu3Ha BAX tpanzucropa S = 12 MA/B;

- HauaJbHOE cMelleHre Ha 6a3y Tpansuctopa Uy = 0,6 B;

- amruutyaa Hecymero BU — konebannst Uy, = 0,4 B;

- ammunTyna moaynupyromero HY — konedanus Upo = 0,1 B.

I[To pmamabiMm  pacueta CMX onpeaenuTh BeIMYMHY KoddduiueHTa
AMIUTUTYIHOU Moxymauuu (M,) M CyMMapHyl0 CpEeIHIOI MOIIHOCTE (P,)
MOZYJINPOBAHHOT'O CUTHAJA.

Pewenue
OnpenenseM BEIWYMHY CMEIICHHWs Ha 0a3e TpaH3WCTOpa B JIMHEHWHOM
pexUMeE:
UOmax = Uo + Umn = 0,6 + O,l = 0,7 B,
UOmin = Uo - Umg = 0,6 - 0,1 = 0,5 B.

HaXOI[I/IM 3HAYCHUA YIJIOB OTCCYKH IIPU ITUX JTaHHbIX:

0. = arccosU”L_JM = arccos[— lLJJ”‘Q ) = arccos(—0,25) =105 .

mn mn

Onin = ?JWCCOSM = arccos Lljm" = arccos(0,25) = 75°
mn mn
[To HaliicHHBIM YIJIaM OTCEYKH HAXOJWM 3HaueHUs koddduimentoB bepra
(o tabmnure 4.1):
'Yl(emax) = 09662> Yl(emin) = 0,337
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Haxonum 3Ha4ueHus Toka koyuekropa l,q mo ¢popmye:
I = S'Umn"Yl(e)-
[ToxcraBmsist 3HAYCHHS, TTOJTydaEM:
Lamax = S-Umn 71(0max) = 12:10°-0,4-0,662 = 3,18 MA;
Lamin = S-Umn 71(Omin) = 12:10°-0,4-0,337 = 1,62 MA.
Ta6mmmna 4.1. Koapbunmuentsr bepra

0] Yo Y1 Y2 10y 10y,

5 0.0001 0.0001 0.0001 0.0014 0.0014
10 0.0006 0.0011 0.0011 0.0109 0.0107
15 0.0019 0.0037 0.0037 0.0355 0.0388
20 0.0045 0.0088 0.0085 0.0798 0.0730
25 0.0086 0.0170 0.0160 0.1452 0.1259
30 0.0148 0.0288 0.0265 0.2297 0.1857
35 0.0233 0.0655 0.0400 0.3280 0.2423
40 0.0344 0.0449 0.0563 0.4317 0.2841
45 0.0483 0.0908 0.0750 0.5305 0.3001
50 0.0653 0.1210 0.0954 0.6132 0.2822
55 0.0855 0.1560 0.1166 0.6690 0.2272
60 0.1040 0.1955 0.1378 0.6892 0.1378
65 0.1358 0.2392 0.1580 0.6676 0.0226
70 0.1661 0.2865 0.1761 0.6022 -0.1050
75 0.1996 0.3371 0.1912 0.4950 -0.2288
80 0.2363 0.3900 0.2027 0.3519 -0.3320
85 0.2759 0.4446 0.2098 0.1828 -0.4005
90 0.3183 0.5000 0.2122 0.0000 -0.4244
95 0.3631 0.5554 0.2098 -0.1828 -0.4005
100 0.4099 0.6099 0.2027 -0.3519 -0.3320
105 0.4584 0.6620 0.1912 -0.4950 -0.2288
110 0.5081 0.7134 0.1761 -0.6022 -0.1050
115 0.5585 0.7508 0.1580 -0.6876 0.0226
120 0.6089 0.8045 0.1378 -0.6892 0.1378
125 0.6591 0.8440 0.1166 -0.6690 0.2272
130 0.7082 0.8789 0.0954 -0.6132 0.2822
135 0.7554 0.9091 0.0750 -0.5305 0.3001
140 0.8004 0.9345 0.0563 -0.4317 0.2841
145 0.8425 0.9551 0.0400 -0.3280 0.2423
150 0.8808 0.9712 0.0265 -0.2297 0.1857
155 0.9149 0.9830 0.0160 -0.1452 0.1258
160 0.9441 0.9912 0.0085 -0.0793 0.0730
165 0.9678 0.9962 0.0037 -0.0355 0.0338
170 0.9854 0.9989 0.0011 -0.0109 0.0107
175 0.9963 0.9999 0.0001 -0.0014 0.0014
180 1.0000 1.0000 0.0000 0.0000 0.0000
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Crpoum nuHelHbIl yyacTok CMX (puc. 4.1):

IKI,I-.-H':";

Puc. 4.1. JIunennbiii yaacrok CMX tpan3uctopa
Bri6upaem pabouyro Touky (A) — Ha ceperHe JIMHEWHOTO y4acTKa.
Benmnuuny ko3@duuueHta aMIUIMTYJHOM MOAYJSLMH ONpPENeTuM IO

bopmyie:

MA _ lemax - Ixlmin _ 1’56
I + 1 4.8

CyMMapHy0 CpeaHIOI MOIIHOCTh MOIYJUPOBAHHOTO CUTHAJIA OMPEACIIUM TI0
bopmyie:

2 2 2 2 2
P =P 1+MA _Ym 1+MA _047 1+ 0,32 =0,084
cp H 2 2 T.

=0,32.

xlmax x1lmin

2 2 2

3agaya 4.16. AmmuMTyaHbIE MoAynsTOp coOpaH Ha  TPaH3UCTOPE,
paboTaroIleM B peKUME C OTCEUKOM ToKa. PaccunTaiiTe U MOCTPONUTE CTATUYECKYIO
MOJYJIALIMOHHYIO XapakTepucTuky (CMX) npu ciaeayronmx HCXOAHbIX JaHHBIX:
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- HanpspkeHnue otceuku U, = 0,9 B;

- kpytu3na BAX tpansucropa S = 15 MA/B;

- HauaJbHOE cMellleHre Ha 06a3y Tpansuctopa Uy = 0,9 B;

- ammunTyna Hecymero BY — kone6anus Un, = 0,3 B;

- ammuinTyna moaynupyromero HY — konedanus Upo = 0,1 B.

I[To pmamabiMm  pacueta CMX onpeaenuth BeIMYMHY KoddduimeHta
aMIUTUTYIHOH Moy (M,) M CyMMapHyl0 CpEeIHIOI MOIIHOCTh (P,)
MOIYJIMPOBAHHOTO CUTHAJA.

3agaya 4.17. AmumdTynHbIl  MonynsTOp coOpaH Ha  TPaH3UCTOPE,
paboTaromieM B pexuMe ¢ OTCeUKoi Toka. PaccuuTaiite U mocTpoiite craTHYECKyIo
MOAYISUMOHHYIO XapakTepucTuky (CMX) mpu clieIyrolux HCXOIHbIX TaHHBIX:

- HanipspkeHue otceuku U, = 0,8 B;

- kpytu3na BAX tpansucropa S = 15 MA/B;

- HauaJbHOE cMellleHre Ha 06a3y Tpansuctopa Uy = 0,8 B;

- ammunTya Hecymero BY — konedanus Un, = 0,4 B;

- ammunTyna moaynupyromero HY — konedanus U, = 0,1 B.

I[To pmanabiM  pacueta CMX onpeaenuth BeIMYMHY KOd(DQUIIUEHTA
AMIUTUTYIHOH Momymauuu (M,) M CyMMapHyl0 CpeIHIOI0 MOIIHOCTE (P,)
MOJAYJIMPOBAHHOTO CUTHAJA.

3agaya 4.18. AwmmumTynHbli  MonynsTOp coOpaH Ha  TPaH3UCTOPE,
paboTaromieM B pexuMe ¢ OTCeuKkoi Toka. PaccuuTaiite u mocTpoiite craTH4ECKyIo
MOAYISAUMOHHYIO XapakTepucTtuky (CMX) mpu clieIyroluX HCXOIHbBIX TaHHBIX:

- HanipspbkeHue orceuku U, = 0,5 B;

- kpytu3Ha BAX tpansucropa S = 14 MA/B;

- HayaJbHOE cMellleHre Ha 06a3y Tpansuctopa Uy = 0,5 B;

- ammuinTya Hecyimero BY — kone6anus Un, = 0,4 B;

- ammuinTyna moaynupyromero HY — konedanus Upo = 0,2 B.

I[To pmanabiM  pacueta CMX onpeaenuth BeIMYMHY KOd(DQUIIUEHTA
aMIUTUTYIHOH Momymauuu (M,) M CyMMapHyl0 CpeIHIOI MOIIHOCTh (P,)
MOJAYJIMPOBAHHOIO CUTHAJA.

3agaua 4.19. AMmiuTyaHbBI MOAYISATOp coOpan Ha Tpansucrope KT301,
paboTaromieM B pexuMe ¢ 0TCeukoi Toka. PaccuuTaiite u mocTpoiite cTaTH4ECKyIo
MOAYISAUMOHHYIO XapakrepucTuky (CMX) mpH clieIyrolnux HCXOIHbBIX TaHHBIX:

- HanipspkeHue orceuku U, = 0,6 B;

- kpytu3Ha BAX tpanzucropa S = 12 MA/B;

- HauaJbHOE cMelleHre Ha 6a3y Tpansuctopa Uy = 0,6 B;

- ammuinTya Hecymero BY — kone6anus Un, = 0,4 B;

- ammuinTyna moaynupytromero HY — konedanus Uy, = 0,1 B.

I[To pmanaeiM  pacueta CMX onpeaenuth BeIMYMHY KOd(DQUIIHMEHTA
aMILTATYIHOM Moaysiiuu (M ).
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3agaua 4.20. AwmmiuTynHbI MonynsTOp coOpaH Ha  TPaH3UCTOPE,
paboTaroieM B pexuMe ¢ OTCEUKOM Toka. PaccunTtaiite M mOCTPOUTE CTATUHYECKYIO
MOAYJISIMOHHYIO0 XapakTepucTuky (CMX) mpu clieIyroluX UCXOIHbIX TAHHBIX:

- HanpspkeHue otceuku U, = 0,4 B;

- kpytu3na BAX tpansucropa S = 14 MA/B;

- Ha4aJIbHOE cMelieHue Ha 0a3y Tpanizuctopa Ug = 0,4 B;

- ammunTyna Hecyimero BY — kone6anus Un, = 0,3 B;

- amruutyaa moaynupytomero HU — xonebanus Uy, = 0,1 B.

[lo pmamueiM pacyera CMX ompenenuTh BenMuuHy Kod(dduumeHnrta
AMIUTMTYIHOU Monaynauuu (M,) M CyMMapHyl0 CpEeIHIOI MOMIHOCTh (P,)
MOJAYJIMPOBAHHOI'O CUTHAJIA.

3agaya 4.21. AwmmuuTynHbli  MonynsTop coOpaH Ha  TPaH3UCTOPE,
paboTaroiiemM B pexxuMe ¢ 0TCEUKoM Toka. PaccunTtaiiTe M mOCTPOUTE CTATUYECKYIO
MOAYISAIMOHHYIO0 XapakTepucTuky (CMX) mpu clieIyroluX UCXOIHbIX TaHHbIX:

- HanpspkeHue otceuku U, = 0,7 B;

- kpytu3Ha BAX tpansucropa S = 12 MA/B;

- Ha4aJIbHOE cMeleHue Ha 0a3y Tpanzuctopa Ug = 0,7 B;

- ammuinTyna Hecymero BY — kone6anus Un, = 0,4 B;

- ammuinTyna moaynupyromero HY — konedanus U, = 0,1 B.

[lo pmamweiM pacyera CMX ompenenuTh BenUYuMHY Kod(dduumeHnrta
AMIUTMTYIHOU Moxayaauuu (M,) M CyMMapHyl0 CpeIHIOI MOMIHOCTb (P,)
MOJAYJIMPOBAHHOI'O CUTHAJIA.

3agaua 4.22. AMIuMTyIHBIE  MoAynsTOp coOpaH Ha  TPaH3UCTOPE,
paboTaromieM B pexuMe ¢ OTCeukoi Toka. PaccuuTaiite U mocTpoiiTe cTaTHYECKyIO
MOAYJISIMOHHYIO0 XapakTepucTuky (CMX) mpu clieIyroluX UCXOIHbBIX TAHHBIX:

- HanpspkeHue otceuku U, = 0,8 B;

- kpytu3Ha BAX tpansucropa S = 10 MA/B;

- Ha4aJIbHOE cMeleHue Ha 0asy Tpanzuctopa Ug = 0,8 B;

- ammunTyna Hecyimero BY — konedanus Un, = 0,6 B;

- ammuinTyna moaynupyromero HY — konedanus Upo = 0,2 B.

I[To pmanaeiM  pacueta CMX onpeaenuth BeIMYMHY KO3 QUIIUEHTA
AMIUTMTYIHOU Moayaauuu (M,) M CyMMapHyl0 CpEeIHIOI MOMIHOCTh (P,)
MOJAYJIMPOBAHHOI'O CUTHAIA.

3apaua 4.23. PaccuuraiitTe W TOCTPOMTE XapaKTEPUCTHKY TUOIHOTO
neTekropa AM — curHasia mpu CJIeIYIOIINX UCXOIHBIX TAHHBIX:

- kod(ppuruent nerextuposanus K, = 0,87;

- k03 durueHT aMruTyAHoN Moayssuuu M, =0,63;

- ammuinTyna Hecyiero BY — curnana Uy, = 20 B.

ITo uCXOMHBIM JTaHHBIM OMPENCIUTE BEIUYUHY COMPOTUBJICHUS HArpy3ku R,
JIeTeKTOpa MpH 3aaHHOM 3HauYeHuHu KpyTu3Hel BAX nuona S = 10 MA/B.

Pewenue
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OnpenensieM mnpenensl HW3MEHEHUS aMIUTUTYIbl BXOJHOIO  HAINPSKEHUS

JETEKTOpa:
(Umex)max = Umn- (1 + M) = 20-(1 + 0,63) = 32,6 B;
(Umex)min = Umn-(1 - M) =20-(1 - 0,63) = 7,4 B;

[lo HailileHHBIM 3HAYEHUSM BXOJHOIO HANPSKEHUS ONPEAEIUM Ipereibl

MU3MEHEHUS BBIXOJHOTO HAPSKEHUS
U'sor = Ko (Unmg)max = 0,87-32.6 = 28,36 B;
U" g = Ko*(Umee)min = 0,87-7,4 = 6,44 B;
CtpouM XapaKTepUCTUKY AETEKTUPOBAHUS (JIMHEUHBINA y4acCTOK):

| 3[:] +=
T—TBI:IX

2[]..

"1[:]..
IJ—BI:IX
v UmexB
ol 10 20 30Umax

Ulynin

Puc. 4.2 XapakrepucTtuka 1eTeKTUPOBAHUS IHO/1a
Haxonum BenuuuHy yriia OTCEUKH Mo popMmyie
® = arccos K, = arccos 0,87 = 29°.
OmnpenenseM BEIMYUHY COMTPOTHUBIICHHS HATPY3KH JIETEKTOpa 1Mo hopmyrie:

T
g0 -0 =
: S-R,’

H

OTCH04a HaXOJUM

R - T B 314
" S5-(tg9-0) 10-(tg0,5-0,5)

(yros ® B paanaHax).

[ xOm

3apaua 4.24. PaccuurtaiiTe W TOCTPOMTE XapaKTEPUCTHKY TUOIJHOTO
nerektopa AM — curHasna npu ciaeayronmX UCXOIHbIX JaHHBIX:

- ko3¢ dunuent nerekruposanus K, = 0,8;

- K03 uLreHT aMIuTy 1HoM Moaysiiuu M4 =0,72;

- ammuinTyna Hecyiero BY — curnana Uy, = 10 B.

ITo UCXOMHBIM JTaHHBIM OMPECIUTE BEIUYUHY COMPOTUBJICHUS HArpy3ku R,
JIETeKTOpa MpH 3aJaHHOM 3HauYeHUU KpyTu3Hbel BAX nuona S = 12 MA/B.

3agaua 4.25. PaccuutaiiTe M TMOCTPONTE XapaKTEPUCTUKY JHOJHOTO
neTekropa AM — curHalia IpH CJICTYIOIINX UCXOTHBIX JTAHHBIX:
- k03¢ duruent gerektuponanus K, = 0,9;
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- K03 duLreHT aMIuTy 1HoM Moaysiuuu M4 =0,72;

- ammunTyna Hecyiero BY — curnana Uy, = 20 B.

ITo uCXOMHBIM JTaHHBIM OMPEEIUTE BEIUYUHY COMPOTUBJICHUS HArpy3ku R,
JIETeKTOpa MpH 3ajaHHOM 3HauYeHUU KpyTu3Hel BAX nuona S = 15 MA/B.

3amaua 4.26. PaccuuraiiTe U TMOCTPONTE XapaKTEPUCTUKY JHOJHOTO
neTekropa AM — curHalia IpH CJICTYFOIINX UCXOTHBIX JTAHHBIX:

- ko3¢ dunueHT nerekrupoanus K, = 0,93;

- ko purment ammuTygHON Moy s M, =0,8;

- ammuinTya Hecymero BY — curnana Uy, = 15 B.

[To MCXOMHBIM JAaHHBIM OTPECIUTE BEITUYNHY CONMPOTHBIICHHS HArpy3ku R,
JETeKTOpa MpH 3aJJaHHOM 3HaueHUH KpyTu3Hel BAX nuona S = 19 MA/B.

3amaua 4.27. PaccuuTaiiTe M TOCTPONTE XapaKTEPUCTUKY JHOJHOTO
nerektopa AM — curHana rnpu ciaeayrouX UCXOIHBIX TaHHBIX:

- k03 duruent gerektupopanus K, = 0,93,

- k03 durueHT aMMTyAHoN Moayssuuu M, =0,63;

- ammuinTyna Hecyiero BY — curnana Uy, = 15 B.

ITo uCXOMHBIM JTaHHBIM OMPECIUTE BEIUYUHY COMPOTUBJICHUS HArpy3ku R,
JIeTeKTOpa MpH 3aaHHOM 3HauYeHUU KpyTu3Hel BAX nuona S = 14 MA/B.

3apaua 4.28. PaccuurtaiiTe M TOCTPOMTE XapaKTEPUCTHKY TUOIJHOTO
netekropa AM — curHasia mpH CJICIYIOIINX UCXOIHBIX TAHHBIX:

- koa¢pdunueHT nerekrupoanus K, = 0,96;

- K03 duLmeHT aMIuTy 1HoM Moaysiuuu M4 =0,72;

- ammuutyaa Hecymero BU — curnana Uy, = 18 B.

[To MCXOAHBIM JaHHBIM OTPEIEIUTE BEIUYMHY COMPOTHBIICHUS Harpy3ku R,
JIeTeKTOpa MpH 3aJjaHHOM 3HauYeHUH KpyTu3Hbel BAX nuona S = 18 MA/B.

3agaua 4.29. PaccuuraiiTe U TMOCTPONTE XapaKTEPUCTUKY JHOJHOTO
netexktTopa AM — curHana npu ciIeAayonuX NCXOTHBIX TaHHBIX:

- ko3(ppunuent nerexkrtuposanus K, = 0,93;

- k03 duIueHT aMIMTyAHoN Moayssiuuu M, =0,67;

- ammuutyaa Hecymero BU — curnama Uy, = 20 B.

[To MCXOMHBIM JAHHBIM OTPEEIUTE BETUYNHY CONMPOTHBIICHHS HArpy3ku R,
JETeKTOopa MpH 3aJaHHOM 3HaueHuH kpyTu3Hel BAX nuona S = 14 MA/B.
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V. ®YHKIMAU TUIOTHOCTHU BEPOATHOCTHU (PIIB), ®YHKINU
PACIIPEAEJIEHVA BEPOATHOCTH (®PB), YUCJIOBBIE
XAPAKTEPUCTHUKU CIIYHAUHBIX ITPOLIECCOB

3agaua 5.1 Cnyualinsiii nporecc xapakrepusyercs OIIB Buaa:
W(x) =Ax npu 0 <x <B.
Haiitn B3anmocBsA3p Mexay uuciamu 4 U B, paccuuTarh MEPBBIM U BTOPOU
HayaJbHbIE MOMEHTBI PACIPEAEICHUS, ONIPEACIUTD JUCIIEPCHUIO MPOLIECCa.

Pewenue
3anuieM yciaoBus HOpMupoBku OI1B:

o0 B 2 2
[w (xydx =, ijdx:A—X|§ AR
J ) 2 2

ITO COOTHOIIIEHUE CBI3bIBAcT A U B.
HauanpHbIe MOMEHTHI paclpeesieHHsI CTy4aifHOTO MPOIlecca PaBHBbI:

ABrH—Z
n+?2

m, = Tx"\N(x)dx = Tx”Axdx =
0 0

Orcrona mosjydaeMm, 4YTO MOMEHT TEpPBOTO TOPsIAKA, T.€. CPeAHEE 3HAUCHUE
paBHsieTcss My = 2B/3, MOMeHT BToporo mopsiika m, = B%/2.
Jlucrniepcus CiiydaiHOro npolecca paBHa:
o?=m,-m,*=B%2 - 4B°/9 = B’/18.

3agaua 5.2. Cnyyalinsiii nporecc xapakrepuzyerca OIIB Buna:
W(x) =2x mpu 0 <x<B.
Onpenenuts B, paccudTarh MEpBbII W BTOPOM HayaldbHbIE MOMEHTHI
pacrpeesieHus, ONpeIeTUuTh JUCIIEPCUIO MPOIEcca.
OTBET: B=1; m;=2/3; m,=1/2; &*=1/18.

3amaua 5.3. Cnyuaitnsiil npouecc xapakrepusyerca OIIB Buaa:
W(X) =h mpu 0<x<2.
Onpenenuth  h, paccuuTaTh TEPBBIA M BTOPOW HAaYalbHBIC MOMCHTBI
pacrpeesieHus, ONpeIeTUTh AUCIIEPCUIO MPOIEcca.
OTBET: h=05; m;=1; m,=4/3; c” = 1/3.

3amaua 5.3u. Cinyualinslii nponecc xapakrepusyercss OIIB Buna:
W(X)=(x+m+1) mpu 0 <x<B.
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Onpenenute B, paccuuTaTh IEpPBBIA M BTOPOM HayajdbHbIE MOMEHTHI
pacnpeneseHus, OnpeeInTh TUCIIEPCUIo Ipouecca, paccuntate OPB mpounecca.
(m — mpeamocnenmuss uudpa, N — mocienHss mudpa HOMepa CTYACHYECKOTO
ownerta).

3apaua 5.4. B cucreme cBsA3u nepenaercs ABOMUHbINA curHait: 1 v 0.

Ha Bxon nmpueMHHKA MOCTYNAaeT CUTHAM, MOPAXKEHHBIA HOPMAIbHBIM ITYMOM.
HopMmanbeubiii mymMm umeer cpenHee 3HaueHue paBHoe 0 mpu nepenaue 0 u
cpeaHee 3HaueHue pasHoe 1B npu nepenaue 1.

[IpueMHUK TpUHUMAET peuieHue, 4yto nepeaasaics 0, eciau mnpouecc Ha
BxoAe mnpueMHuka Menbie 0,5B; npueMHHK TNpPUHUMAET PEIICHUE, YTO
nepejaBaiach 1, ecau mpoiiecc Ha Bxojie npuemMHuka oombiie 0,58,

OnpenenuTh CPEIHIOI BEPOATHOCTh OIIMOKH, €CJIM BEPOSTHOCTh nepeaaun 1
pasHa p(1)=0,6; a mucrmepcus uryma pasta o2 =0,25 B,

Pewenue
[Tycts nepenasancs 0, Torna ®OIIB npomecca z(t) Ha BXoJe MPUEMHUKA €CTh
HOPMAJIBHOE, T'ayCCOBCKOE PACIPEIAECICHUE C HYJIEBBIM CPEIHHM M 3aJaHHOU
JTACTIEPCUEH:

1 51 5
W(z) = e 20’ = e 09
(2) 0'\/% 0,5\/§7z
1 i 05
0L/0)= [——e % dz=1-F(2)=1-F(1)
0'[:,0,5\/272’ o)

BepositHocTs npuema 1 npu nepenaye 0 ectb BEpOSTHOCTB TOTrO, uTo Z > 0,5:

rae F(z) - tabynupoBanHas QyHKIMS, HHTETPall BEPOSTHOCTH.

3nauenue QyHkimu F(z) HaxomuTcs ¢ ucnojib3oBaHMEeM TaOiMIel 5.1 O
bopmyne F(z) = @(z) +0,5.

[lycts mepenmaBanmu 1, Torma mpoiecc Z Ha BXOJ€ MPUEMHHUKA HMEET
HOpMaJIbHOE paclipesieJieHHe CO CPEeIHUM 3HaueHneM paBHbIM 1B:

(z-1)°
1 - 2 1
W(z)=——e * =——¢
oA 27 0,5\/§7z
BepositHocTh nipuema 0 npu 1iepenade 1 ecTb BEpOSITHOCTH TOTO, UTO Z JJIS
paccMmaTpuBaeMoro citydast Menblie 0,5:

_(z1)?
0,5

05 _(z1)? _
p(0/1) = J. L 05 dZ:F(M):F(_l)Zl—F(l).
o

—F¢€
20527
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rne F(-1)=1- F(1) = 1-0,84 = 0,16.
Cpennsisi BEpOSITHOCTh OLIMOKY paBHA:

p=p(0)-p(L/0) + p(1)-p(0/1) = p(0)-[1- F(L] + p(1)-[1- F() ] =
= 0,40,16 +0,60,16 = 0,16.

Tabnuua 5.1. 3nauenus unrerpanbHoi GhyHkimu Jlamnaca

z Dfz) z Dlz] z diz)

0,0 0,00000 14 0415924 2.8 049744
0.1 003983 1.5 045318 2.3 049813
0.2 07926 1.6 044520 3.0 049865
0.3 011791 1.7 045543 3.1 049303
0.4 015542 1,8 046407 3.2 049931
0.5 0,13146 1.3 047128 3.3 049952
0.6 022575 2,0 047725 34 049966
0.7 025604 2.1 045214 3.5 049577
0,8 028814 2,2 045610 3.6 049554
0.9 0,31554 2,3 045328 3.7 049959
1,0 0,34134 24 049180 3.8 049953
1,1 0,36433 2,5 045373 3.9 049955
1.2 0,55493 2.6 0, 45534 4.0 0,4359368
1.3 040320 2.7 049653 4.5 04359355

3anpayva 5.5. B cucreMme cBs3u nepenaercs AIBOMYHbIA curHai: 1 wim 0.

Ha BXox nmpueMHUKA MOCTYNAET CUTHAJ, OPAXKEHHBI HOPMAJIBHBIM IIIyMOM.
HopmanbHblll mym umeeT cpeaHee 3HadeHue paBHoe 0 mpu mepemade 0 u
cpeanee 3HaueHue pasHoe 0,5B npu nepenaue 1.

[IpueMHUK TpUHUMAET pelieHre, 4to nepenasaics 0, ecau mpoiecc Ha
BXxoje npueMHuka wmeHbmie 0,25B; NpueMHUK NPUHUMAET pEeLIeHHEe, YTO
nepeaaBaiach 1, ecau mpoiiecc Ha Bxojie npuemHuka oonbie 0,25 B,

OnpenenuTh CPEIHIOI BEPOSATHOCTh OIIMOKH, €CJIM BEPOSTHOCTD mnepeaaun 1
pasma p(1) = 0,5; a aucnepens myma pasra o> = 0,0625 B,

OTBET: p =0,16.

3apaya 5.5u. B cucreme cBsizu nepegaercs ABOMUYHbIN curHai: 1 uimm 0.

Ha BXoj npuemMHHMKa MOCTYNAET CUTHAJ, IOPAKEHHBIH HOPMAJIBHBIM IIIYMOM.
HopMmanbHblil mIyM nMMeeT cpenHee 3HaueHue paBHoe 0 mnpu mepenade 0 u
cpeaHee 3HaueHue pasHoe (N + 1) mpu nepenaye 1.

[IpueMHMK TpUHMMAET perieHue, yto mepepaBaicsa 0, eciam mpolecc Ha
BXOJI€ TMpUeMHUKa MeHblie (N + 1)/2; mpueMHUK NOpPUHUMAET pELIEHUE, 4YTO
nepeaaBaiach 1, ecim mpolecc Ha BXoje NmpueMHuka Oombime (N + 1)/2. (m —
npeanociennss nudpa, N — nocuaeauss mudpa HoMepa CTyACHIECKOro OUieTa).

Onpenenuts CpeaHIOI0 BEPOSTHOCTh OMIMOKH, €CITM BEPOSITHOCTh Nepeaaun 1
pasra p(1) = 0,5; a aucmepcus myma pasHa o> = 4.
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3agavya 5.6. Dproauveckuii ciaydalHbI NpOLECC MPUHUMAET 3HAYEHUE a C
BeposTHOCThIO P(a) = 0,6 u 3Hauenue b ¢ BepostHocThio p(b) =0,4.
Onpenenute u noctpoiite GIIB 1 ®PB sToro mponecca, HApUCyUTE OAHY U3
BO3MOKHBIX PEAIM3aLMI 3TOr0 Ipoliecca.

Pewenue
3alaHHbINA CIyYaiHBIN MPOICCC MPUHUMAET TOJBKO JBa 3HAUYCHHUS a H b.
Marematnuecku PIIB Takoro mporecca MOXKHO BBIPa3UThb C ITOMOLIBIO
nenbTa-(PyHKITU:
W(x) =0,6 6(x - @), W(x) =0,43 (x-b), W(x) =0, mpu x #a, x =b.
Ha puc.5.1. nokazana ®@IIB 3amanHoro nporecca.

Wi(x)

0.60(x-a) A
0.40(x-b)

X

a 0 b
Puc. 5.1. I'paduk ¢yHKIIMY TIIIOTHOCTH BEPOSITHOCTH
O®OPB ectp nnrerpan or GIIB B npenenax or -0 10 x. Ecnu x MeHsp1Ie a, TO, B
cootBeTcTBUM ¢ pucyHKoM, PIIB paBHa 0 u ®PB Toxe paBna 0.
B touke x = a ®IIB conepxut neiabra-pyHknuio, T.e. 0,60 (X - a) .
BrirocuMm 0,6 3a 3HaK MHTETpasa, a MHTErpaji OT AeibTa - PYHKIIUU paBeH 1.
T.o. uaTerpan or 0,60 (X - a) maer Ham 0,6, T.e. B Touke x = a ®PB ckaukom
u3Mensiercs ot 0 10 0,6 U coxXpaHseT 3TO 3HaYCHHUE J10 X = b,
B Touke x = b ®PB ckaukom Bo3pactaer ot 0,6 10 1 (cM. puc.5.2).

F(x)

e 0 b
Puc. 5.2. I'paduk GpyHKUIMHU pacnpeneseHusi BEpOSITHOCTU
OJHa 13 BO3MOXKHBIX peIM3alui 3aJaHHOr0 IIpolecca moka3ana Ha puc.S.3:

()

047 |T t
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Puc. 5.3. BapuanTt peanuzaruu ciaydaitHoro mporuecca X(t)

3agaua 5.7. Dproguyeckuid Clly4yalHbIM MPOLECC MPUHUMAET JABA 3HAUYCHUS:
a = -2B ¢ BepostHocThIO P(@) = 0,2 1 3HaueHue b = 4B ¢ BepositHocThiO P(b) = 0,8.
Onpenenute u noctpoiite GIIB u ®PB sToro nponecca, HapuCyuTe OAHY U3
BO3MOYKHBIX pealii3allfii 3TOTO Mpoliecca.
OTBET: W(x) = 0,28(x + 2); W(x) =0,84x -4); W(X) =0, mpu x = -2, x # 4.

3agaua 5.8. Dproauueckuil CaydyaHbli IMPOLECC TPUHUMAET TPU 3HAYCHUS:
a = -1 ¢ BepostHocThiO p(a) = 0,2, 3Hauenue ¢ = 0 ¢ BeposTHOCTHIO P(c) = 0,3 1
sHauenue b = 2 ¢ Bepostaocthio p(b) =0,5.
Onpenenute u noctpoiite GIIB u ®PB sToro nponecca, HapuCyruTe OAHY U3
BO3MOXHBIX pean3aluil 3TOro nporecca.
OTBET: W(x) =0,28x + 1); W(x) = 0,3X);
W(x) =0,5dx-2); W(X)=0,nmpu x#-1,x#0,x#2.

3agaua 5.8u. Dproauveckuil CiydyaHbIi NPOLECC TPUHUMAET TPU 3HAUCHUS:
a = (n - 1) ¢ BeposTHOCTRIO P(a) = 0,2, 3HadeHune ¢ = (N + 1) ¢ BEpOATHOCTHIO
pP(c)\=\0,1 u 3navenue b = n. (M — npennocnenusis uudpa, N — mocIHeAHsSI UPpa
HOMEpA CTYACHYECKOr0 OMIIETA).

Omnpenenure u nocrpoiire GIIB u ®PB sToro nponecca, Hapucyre oaHy U3
BO3MOKHBIX peaau3alui 3TOoro npouecca.

3agaua 5.9. HenpepoiBHas ciydvaiiHas BeJIMYMHA 3a/aHa (yHKIHUEH
pacnpeeseHus:
0, X< 0,
Flxy= <x2, 0sx=1,
1. x=1.

TpeOyeTcs onpenenurb:

a) [TnotHOCTh BepositHocT - W(X);

0) CpeaHee 3HaUCHUE U JUCIICPCHIO;

B) BeposiTHoCTh TOmamaHus JAaHHOW CIydyalHOW BEJIMYUHBI B WHTEPBAI

[0,25, 0,75].

Pewenue
HaxoauM QyHKIIMIO IIOTHOCTH BEPOSITHOCTH:
0. X< 0,
W (x) = %ﬂ — 2y, 0<xr<l.
0, x=1.

Ctpoum rpaduku HatnenHsx Gynkuit F(X) u W(X) (Puc. 5.4):
Jlns HaiineHHo#l Gyukuuu W(X) mpoBepsieM yCIIOBHE HOPMUPOBKH:
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o1

_].;W (x)dx = J:Zde = 2X7 =1.

0
Haxonum cpegHee 3HaueHue (MaTEMaTHYECKOE OXKUIAHUE):

T : X[ 2
m, = fo(x)dx:jx-Zxdx:Z— ==,
- ) 3|, 3
F(x)
L
|
|
|
l X
0 fi
W (x) |
l _________
I
0 1

Puc. 5.4. I'paduxu pyHKIMU pacrpeaeneHus BEPOITHOCTH U QYHKIIMU
IJIOTHOCTH BEPOSTHOCTH CIyYalHOW BEJIUYUHBI X

Jlanee Hax0AUM MOMEHT BTOPOTO MOPSAKA!
1

1

, 2

IIo HaﬁI[CHHBIM 3HAYCHUAM M1 U M) HAXOAUM OMUCIICPCHIO:

, , 1 (2)2 1

oc-=m,-m ==—|=| =—;

2 3 18

OnpenensieM BEpOATHOCTh MOMAJAHUS CIIy4YalHOW BEJIWYMHBI B 3aJIaHHBIN
WHTEPBAJ:
2 2
Lol e(B) (L) Z(3) (1) L
4 4 4 4 4 4 2

3apaya 5.10. HenpepsiBHas ciydaiiHas BenquunHa X 3anaHa (QyHKIHMEH
pacrpeneneHus:

© 1 4
m, = j XW (X )dx = !xz . 2xdx = ZXT

0. x<-1,
Flx)= %x+} -1£I£%~
1, x}%.
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Tpebyetcs onpenenuTb:
a) [TnotHoCcTh BepositHocTH - W(X);
0) CpengHee 3HaUCHUE U AUCIIEPCUIO TAHHOM CIIydallHON BEJIMYUHBI;

B) BeposiTHOCTh TOmajaHus JaHHOW ClIydalHOM BEJIWYMHBI B HHTEPBAI

[0, 1/3].
3agaua 5.11. HenpepriBHas ciyyaiiHas BennuuHa X 3agaHa (QyHKuuen
pacnpeeseHus:
0, Xzl
Fx)= <3 2<x<4,
1 X=4.

TpeOyeTcs onpenenurb:
a) [TnotHOoCTh BepositHocTh - W(X);
0) CpenHee 3HaUCHUE U AUCTIEPCHUIO TAHHOW CITy4alHOUN BETMYUHBI;

B) BepoATHOCT mnomajgaHus AAaHHOW CIIy4ailHOW BEJIWYHMHBI B HWHTEpBal

[3, 4].
3apgaua 5.12. HenpepeiBHasg ciydaiiHas BenuunHa X 3ajaHa (QyHKUuen
pacrpeeneHus:
0, X1,
Fx)= ~5(x2-2, 1<x<2.
1. Xz2.

Tpebyercs onpenenuTs:
a) [TnotHocTh BepostHocTth - W(X);
0) CpenHee 3HaUCHUE U JUCTIEPCUIO JAHHOW CIIy4alHOUN BEIMYUHBI;

B) BeposiTHOCT, momagaHus AaHHOM CIy4allHOW BEJIWYMHBI B HHTEPBAI

[3/2, 2].
3agaua 5.13. HenpepsiBHas ciyvaiiHas BenuuuHa X 3afaHa (yHKUuEH
pacrpeeneHus:
0, X0,
F(x)= <3r2+2z, 0<x<l,
1, xzl.

TpeOyeTcs onpenenurb:
a) [TnotHOoCTh BepostHocTH - W(X);
0) CpengHee 3HaUCHHUE U AUCTIEPCUIO TAHHOM CITy4ailHON BEJTUYUHBI;

B) BeposiTHOCT, momagaHus AaHHOM CIy4yallHOW BEJIWYMHBI B HHTEPBAI

[1/6, 1/3].
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VI. ©YHKIUA KOPPEJIALIMN 1 SHEPTETUYECKUI CITEKTP
CJIYHAMHOI'O ITPOLECCA

3amaua 6.1. Peanuzanuu ciyyallHOro mpolecca UMEIT BUJ:
u(t) = Uncos(ept + ¢),
r7ie @ - caydaifHas (a3a, paBHOMEPHO pachpeiesieHHass Ha HHTepBaJie OT -7 10 7.
OnpenenuTh (QYHKIHIO KOPPEISAIUA W DHEPTETUUYECKHM CIEKTP JaHHOTO
npoiiecca.

Pewenue
B namHoM ciydae yaoOHO omnpeaeiauTh (QPYHKIHUIO KOpPEIsalUd TyTeM
YCPEIHEHUS 110 BPEMEHM OJIHOM peanu3aluu

.
B(r) = Iiml U2 cos(w,t + @) cos[m, (t +7) + @ldr =

T—)ooT

;
= lim %Urﬁj[coswor +CoSw, (2t + 7 +2¢)]dr ==05-U’ cosw,r
0

Bropoii muTerpan papen 0, T.K. MHTErpaj OT KOCHHYycCa JaeT CHHYC, (T.e.
byHknuo o Moayiaro He Oonbiie 1). [emenue takoi ¢ynkuwm Ha T, mpu T
CTpeMmsIieMcsi K 06CKOHEYHOCTH, JAET HOJIb.

DHEpPreTUUecKuil  CIEeKTp  Tpolecca MOXKET ObITh  HaWJIeH TyTeM
npeodpazoBanus Bunepa-XuH4unHa:

G(a))zi B(r)cosa)rdrzi 0,5U 2 cos w,r coswr dr =
27y, 2r v, " °

1 0]
=0,5U%2 —| cosw,r coswr dr ==0,5U2 5(w — w,)
m 2 0 m 0
7T 0
Nuterpan  oT  mpou3BeACHUS  KOCHHYCOB  €CTh  JI€JIbTa-(PyHKIIMS.
CrnemoBarebHO, PHEPIETUYECCKUN CIIEKTP B JaHHOM ciydae paBeH 0 s Bcex

YacTOT 3a HCKIIOYEHHEM YacTOThI . T1.0. CHEKTP COAEPKUT TOJBKO OJHY
9acToTy .

3amava 6.2. Peanuzanuu ciyyailHOro mpolecca UMEIT BUJ:
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u(t) = 0,6.cos(2000t + o),
rZie @ - ciiydaiiHas pa3a, paBHOMEPHO paclpeieieHHas Ha HHTepBaJie OT -77 10 7.
Onpenenuts (GYHKIUIO KOPPENALMU W HHEPreTHUECKUU CHEKTP AAHHOTO
npoiiecca.
OTBET: B(7) =0,18c0s20007, G(w) =0,184 @ - 2000).

3amaua 6.3. Peanuzanuu ciyyailHOro mpoiecca UMEIT BUJ:
u(t) = 1,2.cos(2z210% + ¢),
rZie @ - cuy4aiiHas (a3a, paBHOMEPHO pacmpezesieHHas Ha HHTepBaJIe OT -77 10 7.
OnpenenuTh (QYHKIHMIO KOPPEISAIUA W JHEPTETUUYECKHUM CIEKTP JaHHOTO
mporiecca.
OTBET: B(7) =0,72c0s2710%7, G(w) =0,72& e - 2 210°).

3agaua 6.3u. Peanuzanuu cirydailHOTO Mpolecca UMEOT BU/L:
u(t) = (m + 4)cos(n'10% + ¢),
rae ¢ \- ciaydJaitHas (asza, paBHOMEPHO pacipe/ieicHHas Ha HHTepPBaje OT -7 10 TT.
(m — mpeanocnenusas uudpa, N — nociaeaHss udppa HoMepa CTYAECHYECKOro
ounera).
Onpenenuts (YHKIUMIO KOPPEISAIUU UM SHEPreTUYECKUH CHEKTp JAaHHOTO
npoiiecca.

3agaya 6.4. Peanuzamum AM curHamsa, MOJIYJUPOBAHHOTO CIy4YailHBIM
IIPOLIECCOM, UMEIOT BUL:
u(t) = x(t)cos wpt,
rae x(t) - caydaiHbli mpolece ¢ 3aJaHHON KOPPEISIMOHHON (YHKIUCH
b(7), paBHoIA:
b(7) = 8-exp(-27).
Onpenenuth  QyHKIHIO Koppessiiuu mporecca U(t), ero sHepreTHyYecKHii
CIIEKTp U IIUPUHY SHEPrETUYECKOTO CIEKTPA.

Pewenue
B cootBerctBHEM C ompeneneHueM — (QYHKIUH KOPPESAIUUA BBITOTHUM
yCpPeIHEHUE IO MHOXECTBY peanu3anuii  mpomecca U(t) it onpeaencHus
GyHKIMH KOppessinuu mporecca U(t):

B(7) = x(t)Xx(t + 7) cos w,t cos w, (t + 7) = b(r) cosw,t cosw, (t + 7) =
= 8exp(—27) cos w,t cos o, (t + 7) = 4exp(—27)[cos w,7 + COS @, (2t + 7]
Uepra cBepxy O3HAuYaeT yCpeIHEHHE MO0 MHOXKECTBY pealu3alui mpolecca
x(t). Ml BuguM, 4TO (GYHKIHS KOPPEISAIUH 3aBUCHT OT BPEMEHHU, MOITOMY
HEOOXOJIMMO YCPEIHUTh BbIpaKeHHE s (yHKIMH Koppensuuu B(zt) 1o
BpeMeHu. [locne ycpeaqHeHus: Mo BpEMEHU OCTAHETCA TOJIBKO MEPBOE CIAaraéMoe B
CyMMe, T.K. CpEJJHEE 3HaYEHUE BTOPOIO ciaaraemMoro paBHo 0:
B(7) = 4exp(-27) cOSay .

43



DHepreTuYecKuil CHEKTp 3aJlaHHOr0 Mpollecca HaxOAUM, HCIOIb3ys
npeodpazoBanue Bunepa-XuHunHa:

G(w) = ZLJ. B(r) coswr dr = iJ.4exp(—27) COS w,7 COS w7 d7 =
70 IG((O G

_iw _ =3 :=27rpa02lc. :
- ! exp(=27) cosy 7 aTTAE T p——mT

a

2

npumeyanue j e coswrdr = >
a“+o

0
[IIupuHy criekTpa npouecca HauIeM B COOTBETCTBUM C BBIPAKECHUEM:

3agaya 6.5. Peanmuzanmum AM curHamza, MOIYJIMPOBAHHOTO CIy4YalHBIM
MIPOLIECCOM UMEIOT BH/I:
u(t) = x(t)-cosant,
rae x(t) - caywaitHbIid mporece ¢ 3aJaHHON KOPPESIIMOHHON (yHKITUCH
b(7), paBHO¥:
b(7) = dexp(-47).
Onpenenuth  QYHKIUIO Koppelsiiuu mporecca U(t), ero sHepreTWdecKuii
CIIEKTP U LMIUPHUHY SHEPTETUUECKOTO CIEKTPA.
OTBET: B(7) = 2exp(-47)cosamy 7, G(w) = 116 - (w- awp)?], I1, = 4z pan/c.

3agauya 6.5m. Peanmuzaumu AM curhanga, MOIyJIMpPOBAaHHBIE CIIy4allHBIM

MIPOLIECCOM UMEIOT BU/L:
u(t) = x(t)cos mpt,
rae x(t) - caydaiHbId Mpolece ¢ 3aJaHHON KOPPEISIMOHHON (YHKIUCH
b(7), paBHoIA:
b(7) = (m + 5)exp(-n7).

(m — npeanocnenHss nudpa, N — mocieAnss uudpa HoMepa CTYACHYECKOTO
ounerta).

Onpenenuth  QyHKIHIO Koppessiiuu mporecca U(t), ero sHepreTHyYecKHii
CIIEKTP U IIHUPHUHY SHEPrETUYECKOTO CIEKTPA.
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VII. IPEOBPA3OBAHUE CJ}V‘IAPIHBIX ITPOLIECCOB
B JIMHEWHDBIX 1 HEJIMHEMHBIX HEITAX

3agaya 7.1. Ha Bxoje JIMHEHHOro MOJIOCOBOTO (UIBTPA C AMILTUTYIHO-

9YaCTOTHOM xapakrepuctukoit K(®) paBHOIA:
Klw)=Ko ipu -1l < o< awg+11
Klw)=0 npu wg-1l >w; o >a+ll,

JNENUCTBYET HOPMAJIbHBIN (TayccoB) O€sbIii IIyM CO CIEKTPabHON MIOTHOCTHIO
Go = 2B*T'm. Onpengenuts (GyHKIHIO KOPPEIAMMHA BBIXOMHOTO Iporecca  Z,
3anucath BbipakeHue s DIIB BeixomHoro mnporecca, eciu  [I1 = 3,14'103
pan/c, wy = 10° pan/c, Ko =0,1.

Pewenue

DHEpPreTUYecKu CHEeKTp Ipolecca Ha BbIXOJE (UIbTpa paBeH
IIPOU3BEJCHUIO YPHEPIETUUECKOTO CIIEKTpa Mpoliecca Ha BXojae GuibTpa (B JAHHOM
ciydae 3TO criekTp Oernoro myma) Ha kBaapat AUX mojgocoBoro puibtpa:

G @) = G @) K* (0) =Go Ko  mpu o -I1< o< awy + IT;

Gon(®)=0 mpu ag-11 > w npu w > wy + 1T,

B cooTtBercTBUU C npeoOpa3zoBanremM BuHepa-XuHUMHA HaiaeM (QyHKIIHUIO
KOPpEJISILIUU Tpoliecca Ha BbIXoie puiibTpa:
wg+11 wg+11

B(z),, = 1 jG(co)m cos wrdm = — J‘GOKO2 coswdw =
27{ wo—11 272- wy—11

2 .
= iGOKOZZSin It oS w,T == Ko 211G, sin 177 w,T;
2rt 2w ik,
H .1N3
B(r),,.=20 sin 3.14 130 L cos10°z.
3.1410°7

Tak xak, GpuiabTp - JMHEWHas 1enb, a Oenblii I1IyM Ha BXoje QuibTpa -
HOPMAJIbHBIN, TO TpOLECC Y Ha BbIX0JA€ QUIbTpa - Tak ke HOpMajbHbIM. Takum
obpazom, OB BEIXOIHOTO TIpOIIeCcCa UMEET BU/I:

Z2 zz

(e .

e_ 20°?

21 40z

W(z) =
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3agauya 7.2. Ha Bxoxg mosocoBoro ¢uiabTpa NPUEMHHKA MOCTYIAOT
HOPMAaJIbHBIN O€NbI IIyM CO CHEKTPaJbHON TUIOTHOCTHIO 2,5 BT u yM OT
BXOJHOTO YCHWJIUTEJISA, TAKXXE SBIISIOMICTOCS OelbIM HOPMaJbHBIM IIYyMOM CO
CIIEKTPAJIBHOM MJIOTHOCTHIO 1,5 BZ/FH.

Onpenenuts (QYHKIUIO KOPPEISIUU mporiecca Y Ha BbIxojAe (UILTpAa,
3anucath BbIpakeHue s PIIB BeixogHOro mporecca, ecid  KodhuieHt
nepeaayu nojgocororo guiabtpa Ko = 0,05 B mosioce vactot ot 98 kl'm mo 102
Kl 'm.

OTBET:

. . 103
B, (r) = 4012071077 o6 58 105
12,56 - 10°¢

yZ

l _
W) =—=e® o°=8,,(0)=405"

3agauya 7.3. Ha Bxojn uaeanbHOro ¢uiabTpa HXKHUX YacToOT, KO3 dUrueHT
nepenaun koroporo paseH 0,3 B moioce wactor or 0 mo 3 k[ mnocrynaer
HOPMAaJIbHBIN OEJBIN IITyM CO CHEKTPaIbHOM MJIOTHOCTHIO 0,5 B’/T'w.

Onpenenuts (QYHKIMIO KOPPEISLMUA BBIXOJHOTO IIpolecca Y, 3amucarb
BbIpaxkeHue 111 GIIB BeIXOAHOTO Iporecca.

OTBET:
sin6zr - 10°7 1 .
B(T)eblx :135 67[ . 1032. ’ W(y) - We 270; O-z - ngzx (O) :13582

3agauva 7.3u. Ha Bxon uaeansHOoro (puibTpa HKHUX YacTOT, KO3(pPUIHEeHT
nepenaun kotoporo paBeH (N + 0,3) B momoce yactor oT 0 g0 (M + 2) k'
MOCTYIAaeT HOPMAJIbHBIA OENBIN IIyM CO CIIEKTPAIbHOHN IIOTHOCTBIO (M + N + 1)

B*/T'w. (m — mnpeamocnenmusas 1wmdpa, N — ToCHeAHSS nHdPpa HOMepa
CTYJEHYECKOro Omiera).
Omnpenenuth (QYHKIMIO KOPPENSALMK BBIXOIHOTO Ipoliecca Yy,  3amucaTh

BbIpakeHue 111 PIIB BIXogHOrO Tporecca.

3agaua 7.4. Ha nuHeiHy0 LIENb C UMITYJILCHOM pEaKIUEH:
o{t} = A-exp(-bt) mpu t>0,
MOCTYIIAET MPOoILIecC
u(t) = x(t) + E,

rJe: X(t) - Oemplii mIyM ¢ HYJIEBBIM CPEIHHM M CIEKTPAJIbHOM
m1oTHoCcThI0 AHepruu 0,01 BZ/FI_[,
E=06B.

Omnpenenuth cpennee 3HadueHue otkiauka Y(t) mpu t = 100 ¢, HalTh
DYHKIHMIO KOppeNsnuH OTKIMKA B CTAalMOHAapHOM pexmme, ecan A = 107

b=10%
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Pewienue
Hampskenne Ha BbIXOE IMHEWHOM LIETIM PABHO:

t
y(t) = Ju()g(t-7)dx.
0
CpenHee 3HaY€HUE ATOT0 OTKJIMKA PABHO:
t t t
y(t) = [U(r)g(t—7)dr = [[X(z) + E] g(t - 7) d7 = E[ Aexp(-bt +br) dr =
0 0 0

t
= AEe™ [ exp(br) dr =48 (1-e™)=0,6 (L-e ™).
0

YuteHo, uto cpernHee 3Hauenue U(t) paBHo E, Tak kak cpepHee 3HaueHHE
oenoro myma x(t) pasao 0.

B momenT Bpemenu t = 100c mosydaem, uto cpeaHee 3HaueHHe oTKIMKa Y(t)
pasHo 0,6(1 - ¢*) = 0,378 B.

B cramnuoHapHOM pexuMe, TO €CTh MpH t — oo cpejHee 3HAYEHHE OTKIIMKA
pasHo 0,6 B.

DOyHKIUSA KOPPEALMHA OTKIIMKA IICTH B CTAIIMOHAPHOM PEXXHMME PaBHA:

B(t, ~t,) = [ 9W)[ 9(@)x(t, ~WIX(, - 2)dveiz

rae depra Haj (GopMysioi O03HAYaeT yCpeIHEHHE MHTErpajia Mo MHOXKECTBY,
T.€. HeOOX0IUMO ycpeauuTh npousseacHue  x(tp - v)-X(t;- 2).

CpenHee 3HaUYCHUE ATOTO MPOU3BEACHUS €CTh (DYHKIMS KOPPEISIUH OeI0ro
mryma paBaast Go At, — v - t; + 2).

T.o. nonyunm:

Bt —t,) = [9() [9(2) G, 6(t, ~v—t, + 2)dveiz = Gy g(2)(t, ~t, + 2)lv =

GO A2 e—b(tz —t;)

=G, I A? exp(—bz —bt, + bt, —bz)dz = G,A* e ‘tl)jexp(—sz)dz = o0
0 0

Oo6o3Haunm (1, - t;) =

Tak kak (QyHKIMS KOPPEISAIUH CTAllMOHAPHOTO TMpolecca - 4YeTHass, TO
OKOHYATEJIbHO TMOJay4YaeM, 4TO (YHKIMS KOPPEISALMH Ipolecca Ha BBIXOE
JIMHEMHOW LIETIU PaBHAa!

B(7) =5107-exp(-1074)).

3amauya 7.5. Ha nuHeiinyto 1enb ¢ UMIYJIbCHON peakIuei:
g{t} =A-exp(-4¢r) mpm t >0
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IMOCTYIIACT IMPOUECCC
u(t) = x(t) +E,

rIe. X(t) - Oenplii IIyM C HYJICBBIM CPEAHMM W CICKTPAIbHOM
IJIOTHOCTHIO dHEpruut 10 BZ/FH,
E=2B.

Onpenenuth cpeaHee 3Hadenue oTkimka Y(1) mpu t = 1000 ¢, HaiiTH

QYHKIHMIO KOPPEISIHE OTKIIMKA B CTAIIMOHAPHOM pexumMe, ecitn A = 107,
OTBET:

y(t) =1,264 B,
B(r) =5-107 exp(-107 | 7 |).

3agaua 7.6. Ha nuHeiiHyto Lenb ¢ UMITYJILCHOM pEaKIUEH:
g{t} = A-[exp(-41)]-cos apt mpu t >0
noctynaet mporecc  X(t) - Oenblid IIyM ¢ HYJEBBIM CPEIHUM W CICKTPATLHOU
IUIOTHOCTBIO SHepruu 5 B%/T'w.
Onpenenuth cpenHee 3HadyeHUe OoTKIMKa Y(t), HAWTH QYHKIUIO KOPPEISIUH

OTKJIHKA B CTALMOHAPHOM pexume, ecian A = 107, @y = 100paz/c.
OTBET:

y(t) =1264 B; B(r)=5-10"2 exp(-1072 |z |);
y(t) =0, B(z) = 0,125 e *""! c0s1007.

3agaua 7.6u. Ha nunelinyro nens ¢ MMIYJIbLCHOW PEAKIMEN:
g{t} = A-[exp(-47)]- cos apt mpu t >0
nocrymaer nporecc  X(t) - Oenblif mym ¢ HYJIEBBIM CPEIHUM U CHEKTPATHHON
IUIOTHOCTBIO SHepruu (M + 5) BY/T'w.

Onpenenuth cpenHee 3HadeHUe OTKIMKA Y(t), HAWTH QYHKIUIO KOPPEISIUH
OTKIMKAa B cramuoHapHoM pexume, ecan A = (n+ 2)10%, @ = 100 pax/c.
(m — mpenmocnennsis mudpa, N — mocienHss nUppa HOMEpa CTYACHYECKOTO
ounera).

3apaua 7.7. Ha HenmuHelHyI0 1enb C XapakTEpPUCTHKOW Y = a X mpu x < 0,
y=p0x nmpu x>0 (a,> 0) Bo3meicTByeT Cay4ailHbINA MMPOLECC, MTHOBEHHBIC
3HAYCHUS KOTOPOrO0 PABHOMEPHO pachpeiesiecHbl B HWHTEpBajie OT a 10 D
(a<0, b>0). Onpenenute OIIB BBIXOAHOTO TIpOIIECCa.

Pewenue
@IIB BXOAHOrO mpolecca paBHa:
W(X)=(a-b)* mpu a<x<b;
W(x) =0 npu X<a,X>h.
Hiust x<0, Y= aX, cnegoBaTelbHO:
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dx
W(y)=W(X) —=—"— aa 0.
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Hna x>0, y= [X, cienoBaTenbHO:

W (y) :W(X)%:; npu0<y<bp.
y

(b-a)p

3agauya 7.8. Ha Henmuelinylo 1enb ¢ XapakTepuCTHKOM Y = o X mpu x < 0,
y=px npu x>0 (> 0) Bo3aelicTByeT HOpMaJIbHBIN CIIydalHBIH ITPOIECC C
HYJIEBBIM CPEAHUM U JUCIIEPCUEN . Omnpenenute OIIB BeIX0IHOTO MpoLEcca.

OTBET:

y2

e 29" ppu y<0,

2

1
W(y)=——
) Qo2

T =

W - -
(y) Go2n

3agaua 7.9. Ha HenmuHeiHYIO IIeIb ¢ XapaKTEPUCTUKON Y = |X| BO3aeHCTBYyeT
HOPMAaJbHbIN CIy4allHbI MPOLECC C HYJEBBIM CPEAHUM U JHUCHEPCHUEN
Onpenenute OIIB BbIX0HOTO MpoLEcca.

OTBET:

npu Yy >0.

2
W =—— @2 npu >0
(y) oy pu Y

3agaya 7.9u. Ha HenmHelHyIO 1eMb ¢ XapakTepucTukon Y = mX mpu x < 0,
y=(M+2)X npu x > 0 BO3ACKCTBYET HOPMAJIbHBIN CIydYalHBIA IPOIECC C
HYJIEBBIM CPEIHHUM U JUCHEPCUEH . Onpenenute GIIB BbIXOAHOrO Mpolecca.
(m — mpenmocnennss uudpa, N — mocienHss nuppa HOMEpa CTYACHYECKOTO
ounera).

3agaua 7.10. DOprogwdeckmii  ciydaiiHeii  mporecc  X(t) ¢ DIIB
w(x) = exp(-2|x|) moctymaer Ha IOpPOTOBOE  YCTPOWCTBO, (OpPMUpYIOIICE
BBIXOJTHOW TIpollecC Y B BHUJE TMOJOKUTEIBHBIX MPSIMOYTOJIBHBIX HMITYJIHCOB,
JUTATEIIbHOCTh KOTOPBIX paBHA BPEMEHHW MpeBbIlIeHust nporieccom x(t) mopora
v = -0,5B. Ompenenutb MOIIHOCTh TMEPEMEHHOM COCTABJISIONMIECH WMITYJIBCHOU

MOCJIEI0BATEIbHOCTH, €CJIM BbICOTA UMITYJILCOB 4 B.
Pewenue

[ToporoBoe yCTpPOWCTBO - ATO HEJIMHENHBIN MTpeoOpa3oBaTeah HEMPEPHIBHOTO
npoiiecca B AMCKpeTHBIA. [lpoliecc Ha BbIXOAE OrpaHUYMTENsE MPUHUMAET JBa
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3HaueHus Yo = 0, ecmm X(t) < -0,5 m y; = 4, ecmm X(t) > -0,5. BeposTHOCTB TIEpBOTO
COOBITHS p, BEPOSATHOCTH BTOpOro coOwITus (1 - p). HalineM BeposTHOCTS p:
0,5

p= j W (x)dx = j exp(— | 2x [)dx = 0,5exp(~1) ~ 0,184

Cpennee 3HaYeHUE UMITYJIBCHON TTOCIIEIOBATEILHOCTH:
m=0-p+4-(1-p)=4-0,816 = 3,264 B.
MouHOCT,  MEPEMEHHOM  COCTaBISIIOLIEH  (qucrepcusl))  UMITYJIbCHOM
MOCJIEIOBATEILHOCTH PaBHA:
o = (Yo - m)?p + (y1 - M*(1-p) = (0 - 3,264)?.0,184 + (4 - 3,264)? -0,816 ~
~2,4 B

3agaua 7.11. HopmanbHblil ciydaitabiii mpomecc X(t) ¢ HyJIeBBIM CpeIHUM U
mucnepcuedt D moctynmaeT Ha moOporoBoe ycTpoucTBO, (HOPMUPYIOIIEE BHIXOTHON
npoiecc Y B BUJAE MOJOKUTEIbHBIX MPSIMOYTOJbHBIX HUMITYJIBCOB, IIUTEIBHOCTh
KOTOPBIX paBHa BpPEMEHHM IpeBbIlieHUs1 nporeccom x(t) mopora v = 0 B.
Onpenenuthb MOIIIHOCTh ~ TNEPEMEHHOM  COCTABJISIOIICH  MMITYJIBCHOMU
MOCJIEIOBATEIBLHOCTH, €CIIM BBICOTA UMITYJILCOB A.

OTBET: o = 4%

3agaua 7.12. Ciyqaiiaeiii nporecc x(t) , 3HaYCHHS KOTOPOTO PaBHOMEPHO
pactipenenensl  oT -1,5 B go 1,5 B moctymaer Ha BXOJ HEJIMHEWHOTO
npeoOpasoBareis ¢ XxapakTepucTukoi Y(X):
y(x) =1,ecrm = x>0,5,
y(x) =0, ectm -0,5<x<0,5,
y(x) =-1,ecm x <-0,5.
Onpenenuth AUCHEPCHIO TIpoLiecca Y.
OTBET: o = 0,666 B.

3agauya 7.12u. HopmanbHeii ciywaiinenii mporecc X(t) co cpemHuM
3HAYCHHWEM, paBHBIM M, W gucrnepcueid (N + 4), TOCTymaeT Ha MOPOrOBOE
YCTPOMCTBO, (OPMHUPYIOUIEE BBIXOAHOM MpoIecC Y B BHUAEC MOJOXKUTEIbHBIX
OPSIMOYTOJIBHBIX ~ MUMIIYJbCOB, JJIUTENBHOCTh  KOTOPBIX paBHAa  BpPEMEHU
npeBbiicHuss mporeccoM x(t) mopora V. = 0B. Onpenenuts  MOIIHOCTD
MIEPEMEHHON COCTABIISIIOIIEA HMITYJIbCHOM IIOCJIENOBATEIBHOCTH, €CIIA BBICOTA
umnyiascoB A. (M — mpenmociennss mudpa, N — mociennss nudpa HoMmepa
CTYJIEHYECKOro Oujera).
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VIIl. XAPAKTEPUCTUKU HUPPOBLIX CUT'HAJIOB 1 ®NJIbTPOB

3agaua 8.1 3amaH AUCKPETHBIN CUTHAN Xj:
Xi= 0, mpu i <0,
Xi =15 nmpn i1=1,2,3,
Xi = 0, mpum i>3.
OrnpenenuTs ero Z - mpeoopa3oBaHUE.

Pewienue
Hcnons3zyem GopMyITy OpsIMOTO Z - IPe0Opa3OBAHUSL:
X@2)=%0Z" + X427 +%X27% +X327° +......
Tax Kak, 1o ycioBuio Xg = 0, umeem
X(2) =15t +z77%+77%) =

72 +z7+1

Z3

=15

3anaua 8.2. 3anaH AMCKPETHBINA CUTHA X;:

Xi= 0, 1<0;
Xi = 1, i>0.
Omnpenenuts ero Z - mpeoOpaszoBanme. ([Ipum pemeHnn WMCHOIB30BATH
dbopMyiTy CyMMBI YOBIBAIOIIEH T€OMETPUIECKON TIPOTPECCHH )
OTBET:
z
X(z) = —1

3agaua 8.3. 3amaH AMCKPETHBIN CUTHAM X;:
Xi= 0, 1<0;
Xi = a , i>0
Onpenenuth ero zZ - mpeooOpazoBanue. . ([Ipum pemeHnn MCHOIB30BAThH
dbopMyiTy CyMMBI YOBIBAIOIIEH T€OMETPUICCKOM TPOTPECCUH ).
OTBET:

z

X (2) = .

3agaua 8.3u. 3amaH IMCKPETHBIN CUTHAI X'

Xi= 0, 1<0;
Xi= (n+1)'", i>0.
Onpenenute ero Z - mpeoOpaszoBanme. ([Ipm pemieHnr WMCHOIB30BAThH
dbopmymy CyMMBI  yOBIBafOIIIEH T€OMETpHYECKOW  mporpeccun). (M —

npeanociennss nudpa, N — nocaeaHss udpa HoMepa CTyAeHYECKOro OueTa).
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3anaua 8.4. PazHoctHOe ypaBHeHHE 1uppoBoro ¢puiasTpa (L[D)
Yi= 4x;— 2,5%; 1+ 0,8%;.»
OmnpenenuTs ero UMIYJIbCHYIO PEaKIUIO J; , IEPEXOAHYIO Nj XapaKTepUCTHKY,
nepeaaTounyro Gyukmuio K(z) u yactorunyro xapaktepuctuky K(j ).

Pewenue

Omnpenenenune g;. B atom cnygae Xj = 1 mpu i =0; X; =0 mpu i = 0.

Tak kak 3aman HepekypcuBHbIM [[dD, TO ynciao oTcyeToB {; 0053aTEIBHO
KOHeuHoe. Ompenenum ux:

npu | =0; Yo =00 =4Xo —2,5X1 + 0,8x, =4

(13 ycroBus PU3MUECKON PeaT3yeMOoCTd X.; = X, = 0),

mpu i =1;y; =01 =4X; —2,5%0 +0,8x 1 =-2.5

(X1 = 0 o ycoBHIO 3a1a4H),

npu | = 2; Y, =0, = 4X, — 2,5x; +0,8%9 = 0.8.

gi=4,;-2,5;0,8.

Onpenencaue mnepexoaHod ¢yHkumu h;. HWmnynbcHas peakuus (¢ H
nepexoaHas QyHKIHsS N CBSI3aHbI COOTHOLICHUEM:

=0, ho:%:4,

=1, hlqu+qlz4-2.5=1.5,

=2, hgqu+ql+qZ:4-2.5 +0.8=2.3,

i=3,h3=QO+Q1+QZ +Q3=2,3 U T.1O.

Ilepexonnas xapakrepucTtuka HepekypcuBHoro LID Bcerma crtpemutcs K
HEKOTOPOU MOCTOSIHHOU BEJIMYHHE.

Onpenenue nepeaarounoit pynkmu K(z)

[lepenatounass GyHKIMS TUCKPETHOM CHUCTEMBI €CTh Z - TMpeoOpa3oBaHHE
UMITYJIbCHOW XapaKTEepPUCTUKUA U UMEET BU/I:

bz’ +bz+b, 4z°-25z+08
2’ —a,z-a, z? '
Jlnst ompenenenns dactotHoi xapaktepuctukn K(jow) mpomssesem 3ameHy
nepemMenHoii z = e 7,

K(z) =

K@) =K(jo)=4-25e77+0,8e 7,
yunThiBas, 9t0 €T = cos T + j sin «T.
K(jw)=4-25cos ol +0,8cos2wT - j(2,55in ol —0,8sin 2wT).

3agaua 8.5 Onpenenuthb UMIYJIbCHYIO PpEaKIUI0, TMEPEXOJHYI0 U
nepeaarouHyro QyHkuu pexypcuBHoro LD, pasHOCTHOE ypaBHEHHE KOTOPOIO
UMEET BUJI;

Yi =Xi + ¥i1—0,5Yi2.

OTBET:

2 2
byz° +bz+b, z

K(z) = =
@) 2’ -az-a, 2°-2+05
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3apaya 8.6. Omnpenenuth mnepenarounyro QyHkuuio pekypcuBHoro LD,
PA3HOCTHOE YpaBHEHHUE KOTOPOIro UMEET BU/L:
Yi = Yii—0,4yin+ 1,2 X+ 0,9 Xi1 + 3Xi2
OTBET:

bz* +bz+b, 12z*+09z+3
2’ —az-a, 2°—~2+0/4

K(z) =

3agaya 8.6u. PasnoctHoe ypaBHeHue mudposoro ¢puibtpa (D)
Yi =nX; - (M + 2)X;1 + (M + N)Xi.
(M — npeanocnenHss nudpa, N — mocieanss nudpa HoOMepa CTYACHYECKOTO
ounerta).
OmnpenenuTh ero UMIYJIbCHYIO PEaKIUIo J; , IEPEXOAHYIO Nj XapaKTepUCTHKY,
nepenaTounyo Gyukmuio K(z) u yactoruyro xapaktepuctuky K(j ).

3agaua 8.7. OnpenenuTs, ycTOMYMB JU (QUIbTP, HepedaTodHas (QyHKIUS
KOTOpPOTO UMEET BUJI:

1
72-08z+0,9

K(z) ==

Pewienue
Jlis onpeniesiennst yCTOMYMBOCTU (PUIbTPAa HEOOXOUMO BBIYMCIUTH MOJIOCHI
nepeJaTouyHoN (PyHKIUH, T.€. ONIPEAEIUTh KOPHU 3HAMEHATEIIs
22~ 0,82+0,9=0,
Z,1 =0,4+)0,86,
z, =0,4-]0,86.
L® ycToiiuuB, T.K MOAYJIH KOpHEW MEHbLIE 1.

3agaya 8.8. Omnpegenuts, ycToMuMB U (QUIBTP, HepeAaTodHas (yHKIUS
KOTOPOTO UMEET BUJI:

2

i
K(z) = -~
(2) z22-72+05

OTBET: ycroiiuus.

3apaua 8.9. Onpenenuth, yCTOWUYMB i (GUIBTP, MepenaTodHass (yHKIIHS
KOTOPOTO UMEET BU/I;

Z
K(z) == ——
( 2

OTBET: Heycroiiuus.
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3agaya 8.9u. OmnpenenuTb, YCTOMUMB JIn QUIBTP, mepeaaTodyHas (QyHKIUS
KOTOpPOT0 UMEET BUJL:

z
22 —(n+1)z-(Mm+2)

K(z) ==

3apaya 8.10. 3agaHo BXoHOE BO3AEUCTBUE, KOTOPOE HE paBHO 0 TOJNBKO JIs
CJIETYIOIIUX MOMEHTOB BPEMEHHU:
Xi =1, ecmi=0ui=1;
HNmnynbcHas XapakTepucTUKa (i IUCKPETHOW cucTeMbl oTiauuHa oT 0 ams
TPEeX MOMEHTOB BPEMEHHU:
gi=2,ecmmi=0,1,2.
OmnpenenuTb OTKIIUK Y TUCKPETHON CUCTEMBI.

Pewenue
Bocnonpzyemcs aroputMom AUCKPETHOM CBEPTKHU

Yi = Z Xk Gi_k
K =0

Yo=Xogo=12=2,
Y1=Xo01+X100=12+12=4,
Y2=Xo02+ X191 =12+ 12 =4,
Y3=X102=12=2.

OTBET: i =(2,4,4,2).

3agaua 8.11. 3amano BxojHoe BoszueuctBue Xj = (0.5, 1, 1.5, 1) nua
nocJieIoBaTebHbIX 3HaueHud | =0, 1, 2, 3, 1 umnynascHas xapakrepuctuka LD
gi = (1, 1, 1, 1) g mocienoBarenbHbIx 3HadeHwid 1 = 0, 1, 2, 3. Onpenenuts

OTKJIVK Y; JMCKPETHON CUCTEMBI.

OTBET: y; =(0,5; 1,5; 3; 4; 3,5; 2,5; 1).

3agaua 8.11m. 3agaHo BxoaHoe Bo3uercTBue Xj = [N, (N + 1), (n + 2), n] nmns
nociie0BaTeIbHbIX 3HaueHui 1 = 0, 1, 2, 3, 1 umnyiabcHas xapakTtepuctuka LD
gi = (1, 1, 1, 1) nna mocienoBarenbHbIx 3HadeHuit 1 = 0, 1, 2, 3. Onpeaenuts
OTKJIMK Y TUCKPETHON CUCTEMBI.

3agauya 8.12. Cunre3upoBaTh HepeKypCUBHBIN HU(POBON PUIBTP, MTOTOOHBIN
aHaJIOTOBOM LIETIM C UMITYJIbCHOM XapaKTEPUCTUKOU

git)y=0, t<O0;
g(t) = exp(-t/7), t>0.
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Pewenue
Annpoxcumupyem  g(t) orcuetamu. HWHTEpBan Mexay orcyetamu 1
BbIOMpaeM, ucxoid u3 reopembl KotenbHukoBa:
T<1/2F,,
rae F, - BepxXHss 4yacTOTa B 4aCTOTHOW XapaKTEPUCTUKE aHAIOTOBOM ENu
C 3aJaHHOM HMITYJIBCHOM XapakTepUCTUKOM (dTa dacToTa BbIOMpaeTcs U3
cooOpakeHU JIOITYCTUMOM CpPEIHEKBAAPATUYECKON MOTPEIIHOCTH
anImpoKCUMAIUN ).
[TomyuyuM HMMITyJIBCHYHO XapaKTEPUCTHKY IAUCKPETHOW LENU JJII MOMEHTOB
Bpemenu 0, T, 27, 37, 47T,....nT, t.e. qus 3navennit 1=0,1,2, 3,4,.....n:
gi =1, exp(-T/7), exp(-2T/7), exp(-3T/7), ......... , exp(-nT/7).
[P ¢ Takon HMITYJIBCHOW XapaKTEPUCTUKON OIMMUCHIBACTCS PA3HOCTHBIM
YPaBHEHUEM:
Vi =X; + exp(-T/ )X + exp(-2T/D)Xip +..... + exp(-nT/2)Xi..
Oo6o3nauum: by =1, by =exp(-T/7), b, =exp(-2T/7), .... b, = exp(-nT/7).
Takum oOpa3zoMm, ToOJIydeHHbIE KOIPQPUIMEHTH TOJHOCTHIO OINPEACISIOT
cxeMy 1udpoBoro GpuasTpa.

3agauya 8.13. Cunre3upoBaTh HEPEKYPCUBHBINA LU(PPOBON PHUIBTp, MOAOOHBIN
aHaAJIOTOBOM LIETIM C UMITYJIbCHOM XapaKTEPUCTUKOU
g)=0, t<0;
g(t) = exp(-t/2)*, t>0.
OTBET: b, =exp(-«xT/72)®, mnpux=0,1,2,3,....n

3agaya 8.14u. Cunre3upoBaTh HEpPEKypCUBHBIH 1UGPOBON  (UIBTP,
110/T0OHBII aHaJOTOBOM LENH C UMITYJIbCHON XapaKTEepUCTUKON
gt)=0, t<0;
g(t) = sin[(n+2)t/7], t>0.
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