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AHHOTALIMSA

3aaHusg ¥ METOJMYECKUE YKa3aHUs Ha KOHTPOJbHYIO padoTyNe 2 1o AUCIUILUIMHE
«Teopust snexrpuueckux nenei» (TOL]) mpegHazHaueHsl Uil CTYIEHTOB 2 Kypca
3a04HOr0 (paKynbTeTa pa3iuyHbIX  MOpOrpaMM  OOy4YeHUS 1O  HaIpaBJICHUIO
noarotoBku 11.03.02 - «MH(POKOMMYHUKAIIMOHHBIE TEXHOJOTMH U CUCTEMBI CBI3U»

BceX npoduiei.

OcHoBHas nciib KOHTpOJ'IBHOﬁ pa6OTBI - CHUCTCMATHU3alus, 3aKPCIUICHUC U
yTJIY6JIeHI/IC TCOPCTUUCCKUX 3H3HPII>1, a TaKXKC HpI/IO6peTeHI/Ie MPAKTUICCKUX HABBIKOB
AHAJIUTHYICCKOT'O paCcuCTa OCHOBHLIX XaPAKTCPUCTHUK YCTBIPCXITOIIOCHUKOB (qH)

B MCTOANYCCKUX YKA3aHUAX PACCMOTPCHBI 3Tallbl BBINIOJHCHUA KOHTpOJII:HOﬁ

paboThl, U3JI0KEHO COJECpPNKAHUE TMOSICHUTEIBHON 3alMUCKU U rpaduyecKodl YacTH,



1. 3AJAHUE HA KOHTPOJIBHYIO PABOTY

3aaHusl Ha kouTponbHyopaboTy coctaBiieHbl B 50 BapuaHTax. BwiOop Bapuanta
3alaHus ISl K&KJOTO CTYJEHTa PACCMOTPEH BBILIE U MPEAYCMATPUBAET BHIOOP CXEMBI
LEMU U3 CXEeM, MPUBEJEHHBIX HAa pUCYHKaX | — 7, W YKCIEHHBIX 3HAYEHUU ee

rnapameTpoB, IPUBEJIEHHBIX B Ta0uIe 1.
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Pucynok 1- BapuanTel cxem ucciaegoBaHus
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Pucynok 2- BapuaHTbl cxeM UCCIeA0BaHUS
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Pucynok 3- BapuaHTbl cxem ucciaeq0oBaHUs
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Pucynok 4- BapuaHTbl cxem UcCCIeA0BaHUS
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PucyHok 5- BapuaHTbl cXeM HCCe10BaHUsA
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PucyHnok 6- BapuaHTbl cxem ucciaeq0BaHUs
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Pucynok 7- BapuaHTsl cxem ucciie10BaHUS

Tabnuma 1 - BapuanTs! 4iCIeHHBIX 3HAYSHUI TAPAMETPOB YETHIPEXIIOIIOCHUKOB

Howmep L,Tu C,® R,, Om R,, Om T, c
BapHaHTa
1 3,0 2.3 1 2 10,0
2 2.8 2.1 2 1 8,0
3 2,5 1,9 1 3 6,0
4 2,1 1,5 3 1 4,0
5 1,8 1,2 1 2 2,0
6 1,4 1,0 2 1 1,9
7 1,0 0,8 1 2 1,5
8 0,8 0,5 1 1 1,3
9 0,5 0,3 2 1 1,2
10 0,25 0,1 1 1 1,0
11 0,21 0,1 1 2 0,9
12 0,18 0,09 2 1 0,7
13 0,13 0,06 1 1 0,5
14 0,08 0,03 2 1 0,3
15 0,05 0,001 1 2 0,1
16 0,03 0,001 2 2 0,09
17 0,018 0,009 1 1 0,07
18 0,013 0,006 1 2 0,05




19 0,008 0,003 2 1 0,03
20 0,005 0,001 1 1 0,01
21 0,0021 0,001 2 2 0,009
22 0,0018 0,0009 1 2 0,007
23 0,0013 0,0006 2 1 0,005
24 0,0008 0,0003 1 1 0,003
25 0,0005 0,0001 2 2 0,001
26 3,0 2,5 1 2 10,0
27 2,8 2,3 2 1 9,0
28 2,6 2,1 1 2 8,0
29 2,4 1,9 3 1 7,0
30 2,2 1,7 1 2 6,0
31 2,0 1,5 2 1 5,0
32 1,8 1,3 1 2 4,0
33 1,6 1,1 1 1 3,0
34 1,4 0,9 2 1 2,0
35 1,2 0,7 1 1 1,0
36 1,0 0,5 1 2 0,9
37 0,8 0,4 2 1 0,8
38 0,6 0,3 1 1 0,7
39 0,4 0,2 2 1 0,6
40 0,2 0,18 1 2 0,5
41 0,1 0,16 2 2 0,4
42 0,08 0,12 1 1 0,3
43 0,06 0,1 1 1 0,2
44 0,04 0,08 1 2 0,1
45 0,02 0,04 2 1 0,08
46 0,01 0,02 1 2 0,06
47 0,008 0,01 2 1 0,04
48 0,004 0,008 1 1 0,02
49 0,002 0,006 1 2 0,01
50 0,001 0,004 2 2 0,005

B xonTponbHoit pabote TpeOyeTCs:

1. BeiBecTr B onepatopHoit (popme BbIpake€HUE MepeaToOuHON (QYyHKIIUHU LIEMHU 110
HaNpsDKEHUI0, IpuMeHss 3akoHbl Oma u Kupxroda.
2. BriBecTu B omepaTtopHoil (hopMe BBIpAKEHUE TOU Ke MepenaToyHou (pyHKuuUu

HENH M0 HANPSHKEHUIO, UCTIONb3YS MapaMeTphI-KO3(PPHUIIMEHTHI YeTHIPEXIOMIOCHUKA B



¢opme [A] u mpencTaBUB HUCXOAHYIO CXEMY B BUJE SKBUBAJICHTHOIO KacKaHOIO
COEIMHEHU IBYX Uiu Oonee aneMeHTapHbix Ull.

3. PaccuuTaTh U MOCTPOUTH IpadUKH CIETYIOMINX YACTOTHBIX XapakTepucTuk Il
10 HANPSKEHUIO:

- aMIUTUTYAHO-4acToTHOM (AYX);

- pazouactotHoit (OUX);

- XapaKTEepUCTHUECKOI0 OCIabIeHus;

- XapaKTePUCTUIECKOM (ha30BOI MOCTOSTHHOM;

- BPEMEHH 33JEPKUBAHUS.

4. PaccuutaTh M TOCTPOUTH TrpaduKud BpeMeHHbIX xapaktepuctuk YII mo
HaIPSKEHUIO:

- IEPEXOTHOMH;

- UIMITYJIbCHOM.

5. Paccuurtarh ¥ NOCTpOUTh I'paMKU BPEMEHHBIX M YACTOTHBIX XapaKTEPUCTHUK

BXOJHOI'O M BBIXOJHOI'O  CHUIHAJIOB, €CJIM Ha BXOA HCCICAYEMOI'O YII mogacTcs

504+n
, NN
20

. _ -t
nepuoandeckuii curnan U, (1) = e ¢ nepuomom cienosanus T, rae a =

HOMep BapuaHTa. ['paduku BpeMEHHBIX XapaKTEPUCTUK CTPOUTH IS ByX U Oosee
nepuooB. CHEeKTpsl YaCTOTHBIX XapaKTEPUCTHUK BXOJHOTO M BBIXOJHOI'O CHTHAJIOB

CTPOUTDH AJIA ICPBBIX CEMHU F'AaPMOHHUK.



2. IIPUMEP BBITIOJTHEHU ST KOHTPOJILHOM PABOTBI

2.1 3agaHue Ha KOHTPOJBHYIO padOTy

1. BeiBecTu B omepatopHoil hopMe BeIpakeHue nepenarounoit pynkuuu YII mo
HaNpsDKEHUIo, TpuMeHss 3akonbl Oma u Kupxroda.

2. BeiBecTu B omepaTopHoil ¢opMe BbIpakeHue nepenarounoit ¢pynkiuu YII mo
HaIpPSHKEHUIO, MCIOJb3ysl mapaMmeTpbl-kodPdunuentsl B ¢opme [A] W mnpencraBuB
UCXOJHYIO CXEMY B BHJI€ 3KBHUBAJCHTHOTO KacCKaJHOTO COECTUHEHHs IBYX WK Oosee
aneMmeHTapHbix Yl

3. Paccunrath u mocTtpouth TpaduKH 4YaCTOTHBIX xapakrepuctuk YII mo
HaIPSKEHUIO:

- aMIUTUTyAHO-4acToTHOM (AYX));

- pazouactrorHoit (OUX);

- XapaKTEepPUCTHUYECKOTO OCIabiieHus;

- XapaKTEePUCTUYECKOU (Pa30BOI MOCTOSHHOM;

- BPEMEHH 3aCPKUBAHUS.

4. PaccuutaTh M mNOCTPOUTHh Tpaduku BpeMeHHBIX Xapakrepuctuk YII mno
HaIPSKEHUIO:

- IEPEXOAHOM;

- UMITYJIbCHOM.

5. Paccuutath ¥ mOCTpOUTH TpaduKd BPEMEHHBIX M YACTOTHBIX XapaKTEPUCTUK

BXOJHOI'O M BBIXOAHOI'O CHI'HAJIOB, €CJIM Ha BXO/[ YII nogacTcs HCpI/IO,Z[I/I‘{CCKI/Iﬁ

_ -at 50+n
curnan Ug(t) = e ¢ nepuomoMm cienosanumss T, T1HE @ =—o= Tle n —

npeanocieanss mudpa HoMepa CTYyAEHUECKUMX TOKYMEHTOB. I'paduku BpeMEHHbBIX
XapaKTePUCTUK MOCTPOUTH JJIsl IBYX MEPUOIOB.

Jlnst BbIMoJIHEHUS KypcoBoW pabotel BbiOepem 00 BapuanT 3amanus. Cxema
ucciaenyemoro YII mpencraBieHa Ha pucyHke 8, mapaMmeTpbl IIENU NPUBEIACHBI B

tabmuiie 2.
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Pucynok 8 - Cxema uccnegyemoro Yl

Tabnuna 2 - UucnenHsie 3HaYeHUs mapameTpoB uccieayemoro YI1

Homep L, TH C,® R;, Om R,, Om T,c
BapHaHTa
00 1,5 0,5 1 2 0,5

2.2 Onpenenenue nepexarounoi pynkuuu Il ¢ nomombro
3akoHoB OMa u Kupxroga
CoctaBum cxemy 3amenienust uccienyemoro YII B omeparophoit  ¢opme

(pucyHok 9):

Ul(p)

Pucynox 9 - Cxema 3amemenus ucciemyemoro UII B oneparopHoii popme

[lepenarounas pyukius Ul B onepaTopHoil popme 3amuchiBacTCsl B BUJIE:

U
Hp) = 32 ()



Ymopoctum  cxemy  UII, 3amMeHMB  CONpPOTHMBIEHUS  NapauICIbHO
COEIMHEHHBIX BETBEU CXEMbl 3KBUBAJIEHTHBIMH COINPOTHBICHHUSIMU (PUCYHOK
10):

Z1(p)

Ul(p) Z2(p) [U2(p)

Pucynok 10 — YnpouienHas s5kBUBajieHTHas cxema 3amenieHus Ul

3anumem BBIPAXKCHUA SKBHBAJICHTHBIX COHpOTHBHeHHﬁI

1

RZ._

C Rz

Z =—b = .
_2(p) R2+p_1C R,pC+1

Ry'pL |
Ri+pL’

Z,(p) =

Torz:a BXOAHOC COIIPOTUBJICHUE LCIIN 3AlINIICTCA B BUIC!

_ _ R{'pL R, _ RleszC+R1pL+R2pL+R1R2
Z(p) = Z:(p) + 2:(p) = Ry+pL + R,pC+1 (R1+pL)-(RpC+1) (2)
ITo 3akony Oma onpeenrM BXOJHOM TOK B LIEIH:

Z(P) ~ RyRap2LC+RypL+R,pL+R1R,

a 3aTeM 3alMIlIeM BhIPAKEHHE BHIXOAHOTO HANPSDKEHUS B olepaTopHO (hopme:

U1(p) *(Ry +pL) - (R;pC + 1) ) R, _
R{R,p%LC + RypL + R,pL + R,R, R,pC+1

U,(p) =1(p) - Z,(p) =

RleszC‘I'(Rl +R2)pL+R1R2

Torna BbIpakeHue mnepenatouHor ¢yukiun YII B omepatopHoit dopme (1)

3alIMIICTCA B BUJC:



_ Uy (p)(Ry+PL)R, _ (R1+pL)'R,
H(p)_(R1R2p2LC+(R1+Rz)pL+R1Rz)-Ul(p) " (RqR2p2LC+(Ry+R,)PL+R1Ry) )

HOI[CTaBI/IM B (5) YMUCJICHHBIC 3HAYCHHUA MCXOJHBIX JdHHBIX W IIOJYYHUM

BBIPAXKCHUEC HCpCI[&TO‘IHOI‘/JI (I)YHKHI/II/I OCIM B YMCIICHHOM BHUJIC:!

H(p) =

(1+1,5p)-2 _ 3p+2
1-2:1,5:0,5p2+(1+2)'1,5p+12  1,5p2+4,5p+2

Takum 006pazom, nepegaTouHas (PyHKIUS LENU IO HAMPSHKEHUIO UMEET BUI:

H(p) =

3p+2
1,5p2+4,5p+2

(6)
2.3  Omnpeneaenune nepenarounou pynkuuu YII ¢ nomousro
napaMeTrpoB-k03(ppuuneHToB B popme [A]
Jlns onpenenenusi BelpakeHus nepenarouHoi ¢pynakuuu YII mo HampsokeHHuro
yepes3 napameTpol-koddhunireHTsl B popme [A], mpeacTaBUM UCXOIHYIO CXEMY B BUC
HKBUBAJICHTHOIO KaCKaJHOTO COCIWHEHHUs ABYX JJIEMEHTAPHBIX YETBIPEXIOJIOCHUKOB

(pucynoxk 11):
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Pucynok 11 - DxkBUBasieHTHas cXeMa 3aMEIleHUS 1eTH B BUJIE KaCKaIHOTO

COEMHEHNS IBYX AnemMeHTapHbIX YUll

3anumieM B o01ieM Bujae ypaBHeHus nepenauu Yl B hopme [A]:



Ur=4,-U,+4, 1>

9
I=A4,-Ustdy-1> (7)
Martpuny [A] napametpoB UII MOXHO onpenennTh, UCHOJIBb3YsI METOJ XOJIOCTOIO
X0J1a ¥ KOPOTKOT'O 3aMbIKaHHs HA BBIXOJI€ YETHIPEXIIOIIOCHHKA.
Paccmotpum nepBbiii 3iemMeHTapHblid yeTbipexnontocHuk YII1, mpuBeneHHbIl Ha
pucyske 12:

11(p) Zl(p)il(l))
AN | e
— }—

Ul(p) U2(p)

11 :é|

Pucynok 12 - Cxema nepBoro 3JieMEHTapHOTo yeTbipexnonatocHuka UII1.

[Tpu xonoctoMm xone Ha Beixoae YIIl (puc. 12) Toku U HanpsKEHUs HA BXOJE U
BBIXOJIE IIEIHU OYIyT UMeTh cleaytonue 3Hauenus: ,= 0, [;=0, U; = U,, a ypaBHeHHS
Ul = All ¢ U2 .
nepenauun UII1 (7) Oyayt umeTs BU: )

L =4,-U: )

W3 ypaBHenuii (8) mosrydyaem: A = % =1; Ay = IIJ—I =009
2 2

[Tpu xopoTkoM 3amblkaHuu 3akuMOB Ha Bbixoge YIIl cxema mpuoOperaer Buf

(pucynoxk 13):



-21 -

11(p) 71 (p)2(P)
— — 2

e

UL(p) U2(p)

Pucynok 13 - Cxema UII1 B pexxriMe KOPOTKOTO 3aMbIKAaHMSI HAa BBIXO/IE
B srom pexume nanpsokenue U,= 0, Ttoxu [1= I> u ypaBHeHus mepemaun

UIll nmpuoOpeTaroT BU:

U 2412'12,
fr=dn b (10)
o . _ﬂ_il'll_ . _1_1_1_1_
N3 ypaBuenuii (10) nomyuaem: A, = == Zi; Ay =T === 1(11)
2 1 2 1

[ToncraBum 3nHauenue Z, B (9) u (11), momygaem marpuny [ 4 ;] mapamerpoB

YIll:
= RapL, (12)

A =1, A, =2, =
A1 ; L2 =4 T o

Ay =0; Ay =1,

a 3aTeM 3aluIleM BhIpaxkeHre 00001menHon Mmarpurpl [ 4 (] YUIIl:

(13)

PaccmoTpum BTOpOM 3jIeMEHTapHBIN 4YeThIpexnoatocHuK YlI2, mpeacTraBiaeHHbBIM

Ha pUCYyHKe 14:



L.ll(]J) Z2(p) T:Tl(]))

2 3'

Pucynox 14 - CxemMa BTOpOro 37€MEHTAPHOT'O YETHIPEXTIOIIOCHUKA

TIpu XomocToM Xoje Ha Beixofe (puc. 14) [,= 0, U; = U,, u ypaBHeHus nepenaun

YII2 mpuoOpeTaroT BHULI:

Ul:An'Uz,
I=4,-Us (14)
. _ 0. L _1
N3 (14) nonyuyaem: A = o= 1; Ay = =3 (15)
2 2 L2

[Tpu KOPOTKOM 3aMbIKaHUHU 3a)KMMOB Ha BbIXxoze cxema UII2 umeer Bua (PUCYHOK
15):

e 2p)
2—> — 3

ue| | |oe | [020

? 3
Pucynok 15 - Cxema UII2 B pexxrme KOPOTKOIO 3aMbIKaHUS HA BBIXOJIE

B osrom pexmme U,=0,U;=0, Ii=l2 u ypaBHeHHs mepenayu

npUOOPETaIOT BU:

Ui 2412'12.
L=A4y-1> (16)



-23 -

N3 (16) nonyyaem: Ap = % = 0; A,y = ;—1 = j—l = 1.
2 2 1

[loxcrasus 3nauenne Z, B (15), onpenenum marpuny [ 4 ,] mapamerpos UII2 u

3aruIIeM BeIpakeHue 0000meHHoN MaTpuibl | A 2] YII2:

A =1; A, =0;

_ i _ RzpC+1. 4.
421 - Z — R, ’ AZZ - 1'
1 0
[4,] = |RepCH1 1 (17)
R

ManI/IHa [A] napaMeTpoB HCXOAHOI'0 YCTBIPCXIIOIIOCHHKA HAXOAUTCA KaK

MPOU3BEICHUE MaTpull | Al] u | AZ] 3JIEMEHTAPHBIX  KAaCKaJHO-COEIUHEHHBIX

YETBIPEXITOJIOCHUKOB!
Ry'pL 1 0
[Al =[4,]-[4,] = Ri+pL| - RepC+1 4 | =
0 1 R,
Ri'pL R,pC+1 Ry 'pL R1R;+RypL+R1Ryp*LC+RypL Rq'pL
Ri+pL R, Ry+pL| _ Rz*(R1+pL) Ri+pL
R,pC+1 1 - — |R;pC+1 1 .
RZ RZ

HpI/I PAa3OMKHYTBIX BBbIXOJHBIX 3aXUMaX HCXOJHOI'O YCTBIPCXIIOIIOCHHKA €TI0

nepeaaToyHast QyHKIUS UMEET BU/I;

1 Ry (R1+DpL)
H(p) - éll - (RlRZpZLC+(R1+R2)pL+R1R2) (18)

HOI[CT&BI/IM YHUCJIICHHBIC 3HAUCHHA HCXOAHBIX MOAHHBIX, ITIOJIYYHUM BLIPpAXKCHHC

nepenaTouHoit pynkuuu YI1 B uncieHHOM BUIE:

H( ) _ (1+1,5p)-2 _ 3p+2 (19)
p 1:2:1,5:0,5p%2+(1+2)1,5p+1:2 1,5p2+4,5p+2

Hatinennoe Beipaxkenue nepemaarounont pyukuu UIT (19) umeer Takoit xe Bum,

KaK ¥ BBIpa)KEHUE €ro ONepaTopHO nepeaaTouyHo pyHkiuu (6), mosydyeHHoe B 1. 1:



3p+2

H(p) - 1,5p2+4,5p+2°

JIisi monydeHusi KOMIUIEKCHOM TepenaToyHO (PYHKIMU YeTHIPEXIOIIOCHUKA B

BbIpaxkeHuu (19) 3amenum p Ha jo:

. 3jw+2 2+j3w
H(jw) = = 20
(] ) 1,5(jw)%+4,5jw+2 (2-1,5w2)+j4,5w ( )

AmMmuntynHo-yactoTHas xapakrepuctuka (AYX) YIl onpenensercs kKak MOAYJIb

BeIpaxkeHus (20):

H(w) = \/ 22+ (Bw)” 1)

(2-1,5w2)2+(4,5w)?

s pacyera 3HadeHMit M mocTtpoeHus rpaduka AUX ucnonpzyem mporpammy
Excel (M0o’)XHO MCIONIB30BaTh U JPYTYIO MpOrpamMmy). 3HaYEHUs] 4acTOThl @ 3a/1a€M B
npenenax ot 0 1o 36 pag/c ¢ marom usmenenus 4 pan/c. 3nauenuss AUX paccuntaem

C MIOMOIIBIO BBIPAKCHU:

—Kkopenb((272+3°2*A2/2)/((2-1, 5*A2/2)"2+4,5°2%A2"2)) (22)

[Tocne otkpeiTusa nporpammsl Excel B stueiiky Al, 3anuceiBaeTcst 0003HaueHUE
YacTOTHI @ U €IMHULIA €€ U3MEPEHHUS], a B IUCHKY, PACIIOJIOKEHHYIO I10]] HEH,
3amuchiBaeTCs 0003HaUYeHUE nepeaTouHon pyHkunn H(w).

Jlanee B siueiiky ¢ HomepoM A2 3anucbIiBaeTCsa HadyajabHOE 3HAaUEHUE @, paBHoe 0,
a B CIEAYIOIIYI0 OT HEe Mo CTpoKe sueiiky A3 3amuchiBaeTcsa Gopmyiia pacuera B Hell
3HAYEHMSI , PABHOTO 3HAYEHUIO B MpeAbIayIen sueiike (A2) TUIoc mar u3MeHeHUs
4acTOThl ), paBHbIA 4. Jlamee coaepKMMO€ ATOW SYEHKH KOMHUPYETCS C MOMOILIBIO
Kypcopa IO CTpOKEe /O suYelKH, B KOTOpPOW 3HaueHue @, OydeT paBHBIM 36.
CopnepKuMoe Bcex SUEeK, COAEpKAIMX 3HAYEHUsI (), Cpa3y XKe BBIBOJUTCS HA SKPaH.

Jlanee B siueiiky, pacroJIOKEHHYIO NOJ siYeiKoi A3, 3amUChIBAETCS BBIPAXKEHUE

(22) m comepkuMoe ATOM SYEHKM C MOMOIIBIO Kypcopa KONMUPYETCS MO CTPOKE 0



SYCUKHU, PACTIONIOKEHHON MO/ SYEeHKOM cO 3HauYeHHeM w, OyaeT paBHoe 36. Bo Bcex
s4erKax, B KOTOpPbIE KONHPOBAJIOCh BbIpakeHue (22), OyayT coaepkKaThbCs
paccuuTaHHble 3HaUeHUs H(w), 1 OHU cpa3y ke BBIBOJATCS HA PKPaH B BUJIE CTPOKU
tabaunpl. Jlanee BbIOMpaeM KOJWMYECTBO 3Hayammx LUdp T1ocie 3amsaTod u
pacmedyaTpiBaéM TOJYYCHHYIO TaOiWily, TpHUBEACHHYIO Hmke (Tabmmma 3).

Pacnieuarannas tabnuia 3 BKJIaIbIBa€TCA B KypCOBYIO PaboTy.

Tabnuna 3 - Jlannsie Ay nocrpoenus AUX

o, pag/c| O 4 8 12 16 20 24 28 32 36
H (®) 10,4279 10,2392 | 0,1633 | 0,1235 | 0,0992 | 0,0829 | 0,0711 | 0,0623 | 0,055

Hanee B nporpamme Excel npousBonutcst BbIOOp BHa rpaduka, KOTOPBI MOXKET
OBITh MIOCTPOCH MO JaHHBIM TaOMMIBI 3, U MPOM3BOAMUTCA €ro pacredaTka. I 'padpuk

AUX YII, mocTpoeHHbIH 110 JaHHBIM TaOIMIILI 3, TPEACTaBIEeH Ha pUCYHKe 16:

1,2

0,8 \
H(w) 0,6
0,2 \

, paa/c

Pucynoxk 16 - I'papux AUX UIT
dazo-yacTtoTHas xapaktepuctuka (DPUX) wuccrmenyemoit nenu (puUCyHOK &)
OTIPEIETISETCS BEIPAKCHUEM

4,5w
2—1,5w?2

p(w) = arctg 370) — arctg (23)



Jlnsa pacuera u nmoctpoenus rpapuka ®UX Taxxe ucnoabzyem mporpammy Excel.
Bce pelicTBus aHalOTMYHBI TEM, KOTOPbHIE BBITIOJHSINCH MIPHU PacyeTe U MOCTPOCHHUH
rpajpuka AUX. OTiauune 3akitoyaeTcsl TOJIBKO B TOM, 4TO mporpamma Excel moxer
paccuuThiBaTh (POPMYINy TOIBKO C OAHOW (YHKIMEH, U MO3ITOMY IpPHU BBIUMCICHUU
dUX 1o (23) HeoOX0AUMO JIBaXKIbl BBIUUCIATH GYHKIMIO atan. Pe3ynbTaThl pacyeToB
OYX npencrasieHsl B Tabsmile 4, a rpadpuk ®YUX n3obpakeH Ha pucyHke 17:

Tabnuma 4 - [{lannsie qist noctpoerust GUX

®, pan/c 0 4 8 12 16 20 24 28 32 36
atan(3w/2) 0| 1,405 | 1,487 | 1,515| 1,529 | 1,537 | 1,543 | 1,546 | 1,549 | 1,552
atan(4,50)/(2—1,5c02)) 0| -0,685 | -0,365 | -0,247 | -0,186 | -0,149 | -0,124 | -0,106 | -0,093 | -0,083
o(®), pax 0| 2,091 | 1,853 | 1,762 | 1,715| 1,686 | 1,667 | 1,653 | 1,643 | 1,635

2,5

, / T\

\\

1,5
9(®), pan

1

0,5

0

0 5 10 15 20 25 30 35 40
o, paa/c

Pucynok 17 - I'padpux @YX YII

Pacuer xapakrepuctnueckon nocrosHHou nepenaun YII /' mpomsBomutes mpu
COTJIJaCOBAaHHOM BKJIFOUEHHH B MECTaX COEAMHEHUs ''TeHEepaTOp-4eThIPEXIOIIOCHUK' U
"YeTBIPEXIOMIOCHUK-HArpy3Kka" W IOTEpU JJIEKTPUUYECKOW HDHEPIHHM B HTOM Cllydae

OyIyT MPOUCXOAUTH TOIBKO B CAMOM YETHIPEXITOTIOCHUKE.



Xapaxkrepuctuueckas (coOcTBeHHasi) nocrosiHHas nepenaun Y1 I mpeacrasinser
coboit Mepy nepenaun 3Hepruu yepe3 Ul B ycaoBHUsSX €ro coraacoBaHHOTO BKIIFOUEHHUS

U OTIpeeNsieTCs C MOMOUIBI0 [A] mapaMeTpoB MO BbIPAXKEHUIO:

I'= ln(\/én Ay + \/A12 '421) = A+ jB, (24)

rie:

- A - xapakrepuctudeckoe (cobctBeHHoe) ocnabnenne UII, uzmMepsemoe B
Henepax (wim aenubenax), MOKa3bIBAeT, HACKOJIBKO YMEHbBIINJIACh MOIIHOCTH Ha
BBIXO/I€ YETHIPEXIIOIOCHUKA M0 CPABHEHUIO C MOIIHOCTBIO HA €0 BXOJIE IIPU Mepeaaye
sHepruu uyepes3 UII npu KoHKpeTHOM YacToTe;

- B - xapaktepuctudeckas (cooctBeHHas ) pazoBas mocrosiuHas YIl, uzmepsemas
B paauaHax (Tpagycax), MOKa3bIBaeT M3MEHEHNE HayalbHbIX (pa3 HAMpPSHKEHUH U TOKOB
pu nepenade 3Heprun yepes Ull mpu KOHKPETHOM 4acToTe.

bykBeHHbIE BhIpakeHUs1 [A]— mapaMeTpoB ObLIM MOJyYEHbI paHee

RiR;+R,pL+R{R;p*LC+R pL R, DL
Ry'(Ry+pL) Ri+pL
[A] = | R,pc+1 1 (25)
Ry

[loacraBum B (25) yucieHHbIE 3HAYEHUS M TOJYYUM YHCJICHHOE BBIPAXKEHUE

000011eHHON MaTpulibl paccmaTpuBaemoro YII:

1-242-1,5p+1-2:1,5:0,5p*+1-1,5p 1-1,5p
2:(1+1,5p) 1+1,5p
[A] = | 205p+1 =
— —_— 1
2
1,5p%+4,5p+2 1,5p
3p+2 1,5p+1
= | p+1 (26)
— 1

[logcTaBuM 4HCIIEHHBIE 3HAYEHUsI 3JIeMEHTOB Matpuubl [A] (26) B (24) u

npeo0dpa3yem 3TO BhIPAKEHUE:

1,5p2+4,5p+2 1,5p p+1
[=In( [AEp0pt2 4 4 [ L% .pH)
3p+2 1,5p+1 2

2 2
—In \/1,5p +4,5p+2 +\/1,5p +1,5p 27)

3p+2 3p+2



J171s1 moJiydeHusi KOMIUIEKCHOTO BbIpakeHus (27) 3aMEHUM OIepaTop p Ha jo:

2—-1,5w2+4,5jw -1,5w2+1,5jw
I'=1In PO / 2] (28)
— 24+3jw 2+3jw

I'paduk xapakTeprucTUuecKoro (COOCTBEHHOTO) OCIA0ICHUS YETHIPEXITOIIOCHUKA

A (®w) nmoctpoum c¢ momotipio mporpaMmbl MathCAD (MOXXHO CTpouTh Tpaduk C
nomotipio nmporpammbel Excel, mu6o BpydHyto 1o Toukam). JlJiss 3TOTO Hag0 OTKPHITH

mporpamMmy U Ha pabodyem moJie Habpath Gopmyiry:

2— 15W° + 45-Wli 15w + 15Whi |
A(w) == [In +
\

24+ 3-Whi 24+ 3-Wh

/

[locne »Toro Ha mnaHenu ympaBieHus BbIOpaTh «JloO6aBuTh — ['paduxu — X—

Y rpaduky». Ha paGouem mone mossBuTCs madiaoH rpaduka (pucyHok 18)

ll-l

MeTxa-3anonHUTEND
byHKIHH

l'-l

I.l.l i l-.-l

/

MeTka-3anonHHUTEND
NEPEMEHHOH

MeTKH-3aIONHUTENH NPpEOENoE
H3MEHEHHA NepeMEHHOR

Pucynoxk 18 - [Ila6mon rpadguka
[IIa6yioH Tpaduka JOHKEH pa3Menarbest HIke GOpMyIibl. 3alMChiIBaeéM B METKY-

3aMOJIHUTENb MEPEMEHHOM — ®, B METKHU 3anosHuTenu mpeaenoB - 0 u 40 (3tu xe



npeneabl MCIONb30BAIMCh Mpu mocTpoeHun rpadpukoB AUX u OUX), B MeTKy
3anonHuTenb ¢GyHkiuu — A(w®). [IporpamMma aBromMaTHuecku B paMKax 1abioHa
nzo0pazut rpapuxk A(w). ITOT rpaduk HEOOXOAMMO CKONMUPOBATH U BCTAaBUTh B
KypcoByto padoty. s 6osee HarmsgHoro oopmiieHus rpaduka ero cHayaia MOYKHO
BCcTaBUTh B Paint, rne Ha ocsSX JIOpUCOBaTh CTPEIKH, NEPEMECTUTh apryMeHT U
(YHKIUIO K CTpeJIKaM, yKa3aTh pa3MepHOCTH. [locie 3Toro rpauk pacnedarsiBaeTcs U
nepeHocurcs B paboty. B manrom npumepe rpadux A(w) mocie opopmiieHus B Paint
MpEJCTABJIEH Ha pUCYHKE 19.

Jis  moctpoeHus rpaduka XapakTepucThueckoil (coOcTBeHHOM) (ha30BOM

noctosiuHoi UII Ha paGoyem nose Habepem dopmyiy:

/ N\

2— 15W° + 45-Wli 15w + 15-Whi | |

B(w) = arg‘ h1| +
L\ 2+ 3-Wli 2+3Wi /)

3ateM ctpouM rpadux B (o). [Topsgok moctpoeHus: rpaduka TOT K€, 4TO U TS
A(®). B maraom npumepe rpadux B (w) mocne opopmnenus B Paint mpeacrasien Ha

pucyske 20:

f“k A(w), HO

w, paglc

E;El 10 20 30 40

Pucynox 19 - I'paduk xapakrepuctudeckoro (co0ctBeHHOr0) ocnadnerus UIT



B(w), pax

02

07

0.6

05

04

w, paglc

S—
035 10 20 30 o 7

Pucynok 20 - I'paduk xapakrepuctuueckoil (coocTBeHHOI) moctossHHOM (azpl YII.

Bpems 3anepkuBaHus 4YETHIPEXIONIOCHUKA CBsA3aHO ¢ ero DUX crenyromum

do(w
COOTHOIIIEHUEM: T(w) = | o)

B nannom mpumepe ®UX YII yke Oblna onpeneneHa paHbliie 1 UMEET BU:

¢(w) = arctg— — arct l
Bo3bMEM TpOU3BOIHYIO OT @(®):
. 3 1 4,5:(2-1,50w?)-4,5w(-3w)| _ 43
T( ) 5 2’ 212 - 2y
1+(_)2 2 1+( 450 ) (2-1,5w?) (4+9w?)-2
2-1,5w2
(2-1,5w%)% 9+6.75w?

. | 6 9+6.75w? |

(2-1,5w%)2+(4,5w)2 (2—-1,5w?2)2 44+9w?2  2,25w*+14,25w2+4l"

946.75w?
449w? 2,25w4-+14,25w2+4'

Takum obpazom, T(w) = |



s moctpoenust rpaduka t(w) Bocmodbdyemcs mporpammoit MathCAD. [lns

ATOTrO HAJ0 OTKPHITH MPOTpamMMy U Ha paboyeMm moje Habpath hopmyy:

6 6.75-&)2 +9

o) = -
44900 2250 +14250° + 4

3aTeM TakuM e, KaK U paHbliie crnocooom, ctpouM rpaduk 7(w) (pucyHok 21):

T(w), C

—

06

04

02

w, pagic

0 2 4 6 8 10
Pucynok 21- I'padguk BpemeHu 3aaepkuBaHusi rapMoHuK B YT

2.4 Pacuyer u nocrpoenue rpagukoB BpeMeHHbIX XxapakTepuctuk YII
K BpeMeHHBIM XapaKTepHUCTUKAM YETHIPEXIIONIOCHUKA OTHOCSTCS MEepexoaHas U
UMIIYJIbCHAs! XapaKTEPUCTUKH.
Ilepexoonas xapaxmepucmuxa h(t) — 3T0 peakiys YeTHIPEXIIONIOCHUKA Ha MoJauy
Ha €ro BXOJ CHUTHaja B BHUJE €AMHUYHOW cryrneHudarod ¢ynkuuu 1(¢2). 'padux
eIMHUYHOU CTyneH4yatod ¢yHKIuM 1(2) mpenctaBieH Ha pucyHKe 22 (BepXHUU
rpaduk), a ee wuzoOpaxenue umeer BUA - 1/p. CnemoBarenbHO, H300paKeHHE

NEePEXOAHON XapaKTEPUCTUKU OYJET UMETh BUJI:

h(p) = Hp) -~



1 3p+2 1 3p+2
P 1,5p2+4,5p+2 p  p-(1,5p2+4,5p+2)

H(p) -

JUisi HaxOXKJEHUsT OpUTHMHANa TIEPEXOJHOW XapaKTePUCTUKHU A(1) TpPUMEHUM

TEOpPEMY Pa3TIOKCHHUS:

h(f) = S F1(Pr) | pit
(0= L=t 71 €7

I71€ Py - KOPEHb XapaKTePUCTUYECKOIO YPABHEHUS, N — YUCIIO KOPHEH,

Fi1(p) — 3p+2
F,() p(1,5p2+4,5p+2)

Haiinem KOpHU XapaKTepUCTUYECKOTO YPaBHEHUS:

p-(1,5p% +4,5p +2) = 0;

~4,57/20,25-12 _ —4,572,87
3 o 3

P1= O, P23 = , P2 = -2,457, pP3 = -0,543

3aTem ONpeAes MM MPOU3BOJHYIO0 3HAMEHATEJIS:

F;(p) = 4,5p* +9p + 2,

U HalJeM OpUTHHaJ MEPEXOTHON XapaKTePUCTUKU /h(t):

3:0+2 3:(-2,457)+2 _

h(t) — g0t 2457t 4
4,5:024+9:0+2 4,5:(—2,457)2+49-(-2,457)+2

3:(—0,543)+2

e 033t =1 -0,7615- e~ >*57t — (,2385 - e 053¢,
4,5:(—0,543)2+9:(—0,543)+2

OxoHuaTenbHOE BeIpakeHue h(t) uMeeT BU:

h(t) =1—0,7615- e~ 2*>7t — 0,2385 - ¢ ~0>43

Jlns moctpoenus rpaduka /A(¢z) BocmonbzyeMcs mnporpammorr MathCAD. [lns

ATOr0 HAJI0 OTKPBITH IPOrpamMMy U Ha paboyeM moJie Habpath Gpopmyiy:

-24571 - 05431
h{t) == 1 —07615-¢ - 02385-¢



3atem cTpouM Tpaduk nepexoaHon xapaktepuctuku /(?). [lopsaok moctpoeHus
rpajpuka B MathCAD Obu1 ommcan pasbiie. Ha pucynke 22 mpenctaBieH rpaduk

NepPEXO0IHON XapaKTepUCTHKH Jj1s1 paccMarpuBaemoro Yl (HwkHuM rpaduk).

1(t)

Pucynok 22 - I'paduku eTMHUYHON CTYIIEeHYAaTON (PYHKIIUU U MTEPEXOTHOM

XapaKTEPUCTHUKHU.

Hmnynocuas xapakmepucmuxa hsg(t) - 5TO peakiys 4YETBIPEXIOIIOCHUKA Ha
Mmojady Ha €ro BXOJ CWTHaja B BuAe nenbTa - (QyHkmuu (pyskmuu Jupaka) O(2).
I'paduk nenbra - dhyHKIMU O() npencrapieH Ha pucyHke 23 (BepxHuil rpaduk), a ee
nzobpaxenne wumeer BuA: O(p)=1. CnegoBarenbHO, H300pAKEHUE HMITYIBCHOM

XapaKTEPUCTUKHU OYJET UMETh BUJL:

hs(p) = H(p) -1 = H(p).

Jlns paccmatpuBaemoro Yl nzo0paxenne UMIyJIbCHOM XapaKTEPUCTUKH

3aIIMCBhIBACTCA B BUAC:



. 3p+2
H(p) = 1,5p2+4,5p+2

JUist HaXOXKIEHUsl OpUTHHAJIA UMITYJIBCHON XapaKTEPUCTUKUA MPUMEHUM TEOPEMY

pa3IoKeHUsI:

F,(pk)
he(®) = Zier 7y €7

I71€ pj - KOPEHb XapaKTEePUCTUUECKOTO YPaBHEHHUS, N — YUCIIO KOPHEH,

F1(p) — 3p+2
F(p)  (1,5p2+4,5p+2)

Haiinem KkopHU XapakTEpUCTUUECKOTO YPABHEHHUS:
1,5p% + 4,5p + 2 = 0;

—4,5F+/20,25-12  —4,5%2,87
p1,2 = 3 = 3 » P1 :'294579 P2 —- 05543

Brerauciaum IMPONU3BOAHYHO 3HAMCHATCJIA:

F,(p) =3p +4,5.
OnpenenuM BbIpaXeHUE UMITYJIbCHON XapakTepucTuku uccienyemoro Yll Z4(2):
3-(-=2457)+2 _,,... 3:(=0543)+2

3-(—2,457) + 4,5 © 3-(—0,543) + 4,5
= 1,87 - e 2457t 4+ 0,13 - e 0543¢,

~0,543t _

hs(t) =

OxoHyateabHOE BBIPAXKCHUEC HMHYHBCHOﬁ XapaKTCPUCTUKU UMCCT BU:

hs(t) = 1,87 - 72457t 4+ 0,13 - 70543t

I'paduk hs(t) ctpoum c momotpio nporpammbl MathCAD. Ilocne oTkpbITHS
nporpaMMbl M Ha pabouyeMm Tmosie HyXHO HaOpath ¢opmyny hs?). B MathCAD
UMITyJIbCHYIO XapaKTepUCTUKY O0O0O03HauuM g(#), T.K. B HEH HeNIb3s] NPUMEHSIThH

o603HaYeHre PYHKIIUU C UHJIEKCOM:

- 24571 - 05431
g(t) = 187e +0.13e



5(t)

I'paduk hs(t) cTpouM TO aHAIOTMM C NPEABIAYIIMMU TpadukaMd U 7S

uccinenyemoro YII on nmpuBeaeH Ha pucyHke 23 (HIKHUM rpapuk).

0.5

T
=B

Pucynok 23 - I'paduku genbra - QyHKINNA U UMITYJIBCHON XapaKTEPUCTUKU
uccnenyemoro Ul

2.5 Pacuer u nocrpoenue rpaguKoB BPpeMEHHbIX H YaCTOTHBIX

XapPaKTEePUCTUK CUTHAJIOB HA BXojAe U Bbixoae YUIl
. _-o

Un(t) = e

ITo YCIOBUAM 3adaHusl Ha BXOJA YCTBIPCXIIOIIOCHHUKA ITOJACTCA HAIIPSAKCHHC

¢ nepuojaom cienoBanus 7= 0,5 c. Berunuciaum 3HaueHue a =

20

5040
. -25¢
= 2,5 u Toraa BXoaHoe HanpsokeHue Oyaer uMeth BuL: Uy, (i l‘) =e , B. I[Toctpoum
rpadMK 3aBUCUMOCTH BXOJHOTO HAMPSDKEHUS OT BPEMEHU Il JBYX TIEPHOJIOB C



ucnonp3oBanueM nporpammel MathCAD. [lns storo 3amuiiemM Ha paboueM moJje

CJICAYOHICC BbIPAKCHUC!
uw = o 2t Fo<i<ns

20 sy

Jl71s1 3amucu 3TOoro BeIpakeHus ucnodib3yroTes GyHkuuu «Add Line» u «if» u3
okHa «[IporpammupoBanuey. [locime 3Toro crpoum rpaduk 3aBUCUMOCTH BXOTHOTO

HaIPSDKEHUS. OT BPEMEHH (PUCYHOK 24) 110 alnropuTMmy, IpUBEAEHHOMY BBILIE:

n Upx(®), B

02

06

04

02

% 02 04 06 08 1

Pucynok 24 - I'paduk 3aBucuMocTH HanpsikeHust Ha Bxoqe UIT ot Bpemenu.

o o - 25t
AMmaTyHbii 1 pasoBblii criekTpsl BxogHoro curHana U,(1) = e
nepuonom caeaoanus 1 = 0,5 ¢ Oyayt nuckpeTHbIMUA. COCTABIISIOIINE ATUX CIIEKTPOB
OTpeNeIuM C TOMOIIBI0 OJHOW W3 TPUTOHOMETPUYECKUX (POpMYyNT pa3IoKeHUS

nepuoandeckor Gpynkiuu B psaa Oypre:

UBX(t) = % + ZI;.O=1 Ck - Sil’l(k TWq t+ l/)k)a

2T o
rac: wq = ? - 4aCcTOoTa IN€pBOU rAapMOHHKH,



a o o
?0 - aMIUIMTyda IOCTOAHHON COCTABJIAIOIICH,

k - HOMep rapMOHMKH,

Cj - aMIUTUTyJa k — Oif TApMOHHUKH,

Y, - HauanmbHas daza k — ol TapMOHUKH.

st ucnosib3yemMoi (popMyJibl pas3sioKeHHUs] aMIUTUTYIbl U (pa3bl CHEKTpaIbHBIX

COCTABJAIOIIHNX OIMPCACIIAIOTCS 110 CICAYIOINUM BbIPAKCHHUAM:

4%

2

T

2a

(1—e™T);

_ 2@

Cr = 5
T- |a?+k2w?

Yy = arctg

k'(l)l
P

C nomomnipio nporpammbl Excel mnpousBeneM pacyeT 3HAUEHUN CHEKTPaIbHBIX

coctapysitonux amrmmutynaoro AUYC (tabnuma 5) u dazoBoro ®UC (tabnuma 6)

criekTpoB. [lo 3amannio I KaXIO0TO CIEKTPa JODKHO OBITh pacCUMTaHO HE MeHee 7

3HAYEHUU.
Taomuna 5 - 3uauenus cocrasirtronmx AUC BXOIHOTO CUTHAIA
,
0 12,56 25,12 37,68 50,24 62,8 75,36 87,92
pan/c
S 0,07135 | 0,225448 | 0,113389 | 0,075676 | 0,056779 | 0,045431 | 0,037863 | 0,032456
Tadomuma 6 — 3uauenus cocrapisommx OYC BXOAHOTO curuaia
,
0 12,56 25,12 37,68 50,24 62,8 75,36 87,92
pan/c
0, pag, 0 1,37432 | 1,471601 | 1,504545 | 1,521076 | 1,531008 | 1,537634 | 1,542369

C nomoursto nporpamMm Excel u Paint ctpoum rpaduku cCnekTpoB BXOIHOTO

HanpsokeHusi. B mporpamme Excel BHawanme cTpouM TodeuHyrO Auarpammy, 3aTeM

IEpeHoOCUM €€ B Paint u A0 TOYEK JOPHUCOBBIBAEM BCPTHUKAJIBHBIC JIMHUHU

(cnektpanbHble coctaBisitomue). Ha pucynke 25 mokazan AYC, Ha pucynke 26

nokazad ®UC BXxogHOTro curHaia.




‘\ng(cn)

0,2

01

0,05

I o paalc

0 10 20 30 40 50 60 70 80 90 100

PucyHok 25 — AMIIMTYJHO-4aCTOTHBIN CIIEKTP BXOJHOIO CUTHAa

/P@)ex(ﬁo), pan

1,8
I

16

14 - 3

1,2 1

14

0,8

06

04 -

0,2

0 T T T T T T T T T T }

0 10 20 30 40 50 60 70 80 90 100

Pucynox 26 - ®a304acTOTHBIN CIIEKTP BXOJHOIO CUTHANA



coctapsitonied AYC BXOAHOTO CUTHAJIa yMHOXKUTH Ha 3HaueHne AUX YII Ha sToi xe
gactore. g pacuera u moctpoeHuss AYC BBIXOZHOrO HANPSIKEHUS HCIOIb3YyEM
nporpamMmmy Excel. Jlanubie Tabmuiel 5 mepeHocuM B Tabmuiy 7. B TpeTbio cTpoky
3anucbiBaeM ¢opmynbl s pacuera AUX UII, a B uerBepTyro — (Qopmymsl s

onpeneneHus: cocrapimsaommx AYC BeixomHoro cur”Hana. [lo maHHBIM TaOIMIBL 7

J1J1st onipeieNieHnst CIIEKTPOB BBIXOTHOTO CUTHAJIA UCTIONB3YyeM (hOPMYJIbI:

SBbIX(w)
QBbIX ((1))

= SBX(w) ) H((U);
= O (@) + @(w).

s onpenenennss AUC BBIXOAHOTO CHUTHAlIa HEOOXOIUMO aMILIUTYIy KaKIION

ctpouM rpadpuk AUC BBIXOJHOTO cUrHaja (pUcyHoOK 27).

Tabnuma 7 — Pesynbrarsl pacuera AYC BBIXOJHOTO CUTHAJIA

0] 0 12,56 25,12 37,68 50,24 62,8 75,36 87,92
S 0,07135 | 0,225448 | 0,113389 | 0,075676 | 0,056779 | 0,045431 | 0,037863 | 0,032456
H 110,156347 | 0,079249 | 0,052969 | 0,039763 | 0,031823 | 0,026526 | 0,022739
S*H 0,07135 | 0,035248 | 0,008986 | 0,004008 | 0,002258 | 0,001446 | 0,001004 | 0,000738
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PucyHok 27 — AMIIUTYJHO-4aCTOTHBIN CIIEKTP BBIXOJHOTO CUTHAJIA.




@Pa304aCTOTHBIM CIEKTP BBIXOJHOIO CHUTHAJIA CTPOMM aHaJIOTW4yHO. JlaHHBIE
Tabnuipl 6 nepeHocuM B Tabiuiy 8, BbiuuciasgeMm 3Hadenus OUX YII na vactorax
paccMaTpuBaEeMbIX T'apMOHHUK (TPEThsl CTpOKa TaOJIMIIbI), 3aTE€M CKJIa/JbIBA€M 3HAUECHMUSI
@UC BxogHOro curHaiga ¢ coorBercTByromuMy 3HaueHussMu OUX UYII (uerBepras
cTpoka Tabmuupl 8). [lo sTum ganHbIM Tabnuuel 8 crpoum rpapuk GUC BbIXOJHOTO

curHasia (pucyHok 28).

Ta6nuna 8 — Pe3ynbrathl pacuera @YC BBIXOAHOTO CUTHAIA

o, 0 12,56 25,12 37,68 50,24 62,8 75,36 87,92
pan/c
0, paa 0 1,37432 | 1,471601 | 1,504545 | 1,521076 | 1,531008 | 1,537634 | 1,542369
(p(O)) 0 1,799164 | 1,686904 | 1,648447 | 1,629099 | 1,617463 | 1,609696 | 1,604144
0+ @ 0 3,173484 | 3,158505 | 3,152992 | 3,150175 | 3,148471 | 3,14733 | 3,146513
O gux(®), pan
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PucyHnok 28 - ®a3049acTOTHBII CHEKTP BBIXOJAHOI'O CUTHAIA.
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Peakuuro YII Ha BXOJHOE HAIPSKEHHUE ng(t) = e HaunoboJee yn00HO

ONPENENATh ONEPATOPHLIM METOAOM. M300paxkenue BxoaHoro Hanpsokenus Uy (1) =

} 1
e” mno Jlaracy uMeeT BHJ - e B stoM cnywyae m3o0paxeHHe BBIXOIHOTO

HAIPSHKEHUS 3aMUIIETCS CISAYIOMNUM 00pa3oM:

_ . . 1 . 3p+2
UBbIX(p) - UBX(p) H(p) - p+2,5 1,5p2+4,5p+2°

I[J'I?I HaxXOXACHUA OPpUTHHAJIA BbBIXOJHOT'O HAIPSAKCHUA HCIOJIB3YCM TCOPEMY

PA3I0KCHUA:

F1(pk)
UBbIX(t) = ;cl=1 F:’(pk) ' epkt,

IZI€ Py - KOPEHb XapaKTEPUCTUUECKOTO YPaBHEHHUS, N — YKCIIO KOPHEH,

Fi(p) — 3p+2
F,(p)  (p+2,5):(1,5p?+4,5p+2)

Haiinem KOopHUM XapakTeprUCTUUECKOTO YPABHEHHUS:
(p +2,5) - (1,5p% + 4,5p + 2) = 0;
1,5p> +45p+2=0

pis = —4,5$\/230,25—12 — —4,5-3T-2,87, D= _2,457, Py = _0,543

p+25=0;
P3 = _2,5.

OnpezenuM NPOU3BOAHYIO OT 3HAMEHATEJIS:
(p +2,5) - (1,5p% + 4,5p + 2) = 1,5p3 + 8,25p%? + 13,25p + 5 = 0;

F,(p) = 4,5p* + 16,5p + 13,25.

ITo M300pakeHHIO BHIXOJHOTO HANPsDKEHUS Haiaém opurunan Uy, (t):



UBbIX(t) =

3:(—2,457)+2 o 2457t | 3:(-0,543)+2 e —0:543t 4
4,5(-2,457)%2+16,5(-2,457)+13,25 4,5(—0,543)2+16,5(—0,543)+13,25
3:(—=2,5)+2

e—2,5t — 43,94 . e—2,457t + 0,06 . 8—0,543t — 44 - e—2,5t.
4,5(-2,5)2+16,5(-2,5)+13,25

OxonuaTenbHO Beipaxkenue Uy, (t) uMeer BU:

U () = 43,94 - 72457 10,06 - 70543 — 44 . ¢=25,

Jlnst moctpoenus rpaduka Uy, (t) Bocnoas3yemcs: mporpammoit MathCAD. s

9TOro 3alunicM Ha pa6oqu ITOJIC CIICAYIOIICC BBIPAKCHUC!

uw = |4394e 2P 006 PP o P rocicos

=2457.(t-0.5) -0543.(t-05) _ e 2.5.(1=0.5)

4394-¢ + 006-¢ f 05<t<1

J71s1 3amucu 3TOro BhIpakeHus ucnofib3yroTes GyHkunu «Add Line» u «if» u3
okHa «IIporpammupoBanue». ['paduk BEIXOIHOTO HAMIPSHKEHUS PACCUUTAH 10

aNropuTMY, IPUBEACHHOMY BBIIIIE, U MIPEACTABJICH HA pUCYHKE 29.



Upexx (1), B

Pucynok 29 - I'paduk 3aBucumMocTu HarpsikeHus Ha Bbixojie Yl ot Bpemenu



3. BOITPOCHI JIsA CAMOITPOBEPKH
1. Kakas snextpuueckas 1enb HazbiBaeTcss YI17?
Kaxoit UII Ha3pIBaeTCd CHMMETPUYHBIM?
Kaxoit Yl HazpiBaeTcst 00paTuMbIM?
Jaiite onpenenenue ypasHenus nepenaun UIl

CKOJIBKO BHJIOB YPaBHEHUH MEpelayu CyLIECTBYET?

AN

3anummTe ypaBHeHud nepegauu Yll B A-napametpax, Z-napamerpax, Y-
napamMerpax, H-napamerpax.

7. 3anumurte ypaBHeHus nepegaun Yl B maTpuuHoiil popme.

8. Kakue Buzasbl coenunenus UlI cymectByror?

9. Cnoco0sl onpezeneHus napameTpos-koddppunmenTon Yll

10. Kak niepeiitu oT ypaBHeHu# niepenaun UII, 3anvcanHbIX 1J1s OJJHUX MapamMeTpOB-
K03 (PHUIMEHTOB, K YPAaBHCHUSIM TepeIaduu, 3aITMCAHHBIM JIJIS1 APYTHX MTapaMeTPOB-
K03 purneHToR?

11. Kakoe coequnenuit YI1 nHa3piBaeTcst KaCKaJHbBIM U i€ OHO HauboJiee MUPOKO
UCIIOJIb3YeTCs?

12. Yto Takoe mapameTpsl XOJIOCTOIO X0Aa U KOPOTKOTO 3aMbIKAHHUS?

13. Kakue YUII Ha3pIBalOTCS SKBUBAJICHTHBIMU?

14. Kakue napametpsl UI1 Ha3bIBatOTCS XapaKTEPUCTUYECKUMH U CKOJIBKO UX?
15. 3anumure ypaBHeHue nepenaun cummerpuyHoro YlII, cocraBineHHoe ¢
VCIIOJIb30BAaHUEM XaPAKTEPUCTUYECKHUX [TAPAMETPOB

16. [laitite onpeaeneHne BXoOAHOTro conpotunieHus Yl

17. JlaiiTe onpeaeneHue XxapakTepUCTUUECKON MOCTOSITHHOM niepenaun Y11

18. TIpu xakom pexxkume padotsl Ul onpenensieTcs ero xapakTepucThHIecKast
MOCTOSIHHAS Mepenadn’?

19. JTaitte onpenenenue padbodeit mocrossHHOM nepenayun UI1

20. Yem otinuaercs padbouas nocrosiHaas nepeaaun Yl ot xapakTepucTuyeckoi
MIOCTOSTHHOM Tiepenayun?

21. YcnoBHs HEMCKaXEHHOM nepeaayu curaainos uepes Ul



22.

YeM oTandaroTcs BPEMCHHBIC XapPaKTCPUCTHUKH IICPHUOIAUICCKOIO U

HCTICPUOANYCCKOTI'O CUT'HAJIOB?

23.
24.

Kakue yacToTHbIC XapaKTCPHUCTUKU CUTHAJIOB CYIHCCTBYIOT?

YeM 0oTIIM4arTCs 4aCTOTHBIC XapaKTCPUCTHUKHU IIEPUOJUICCKOTO U

HEMEPUOINYECKOTO CUTHAIOB?

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

Kak onpenensitoTcss 4aCTOTHBIE XapaKTEPUCTUKH CUTHAJIOB?

Yro Takoe cnekTp curuana?

Kakue cnekTpel curHasna CynecTByT?

Kak paccunTbIBaloTCs U Kak M300pakaroTCsl CIIEKTPhI?

Kakue Bpemennbie xapakrepuctuku UlI cymectByror?

Kakue yactotHeie xapakrepuctuku Ull cymectByroT?

JlaitTe onpeneneHue nepexoqHon xapakrepuctuku Yl

JlaiiTe onpeneneHre UMITyJIbCHOM XapakTepucTuky Y11

Kakune MeTo1bl NCITOIB3YIOTCS JJIsl ONPEIEIICHNS] BDEMEHHBIX XapakTtepuctuk UII?
JlaitTe onpeneneHue noCTOSHHON BPEMEHHU SJIEKTPUYECKOH LIETTH

Kak onpenenuts IIUTENBHOCTD EPEXOIHOTO MPOLECCa B ANEKTPUUECKON LenH?
[aiite onpeneneHne 3aKOHOB KOMMYTAIIUU

UTto Takoe HaYaJIbHbIE YCIOBUSA?

YeM OTaMYaroTCsl HE3aBUCUMBbIE HAYaJIbHBIE YCIOBHS OT 3aBUCUMBIX?

CYH_IHOCTI) KIIaCCHUYCCKOI'0O METOJia aHalIn3a IICPCXOAHBIX IMTPOICCCOB B

QJICKTPUICCKHUX LCIIAX.

40.

OCHOBHBI€ TIOJIOKCHUS OIICpPaTOpHOIro MECTOJAa aHaJIn3a MEPEXOJHBIX IIPOLECCCOB B

QJICKTPHUYICCKHX LCIIAX.

41.
42.
43.
44,
45.
46.

Urto Takoe opuruHai u u300pakeHue GyHKITAN?

Kak onpenensiercs n300pakeHue 1Mo N3BeCTHOMY OpUTHHAITY?

Kak onpenensieTcst OpuruHaI 10 H3BECTHOMY H300paKeHUI0?

Yro Takoe omepaTopHasi cxeMa 3aMeeHHs ?

Kak cocTaBmisiercs onepaTopHasi cxema 3aMeIIeHHS dJIEKTPUIECKON TeTH?

OcoOGeHHOCTH COCTaBJICHHSI ONEPATOPHOI CXEMBbI 3aMEILIEHUS 1IeTIH, COJIepKalIei

PCAKTHUBHBIC 3JICMCHTHLI ITPHU HCHYJICBBIX HAYAJIbHBIX YCJIOBHAX



47. Jlns yero UCcnoJib3yeTcsl TEopemMa pa3ioKeHUsl U YCIOBUS €€ IPUMEHEHUSA?

48. UTo Takoe BO3JEHCTBHE HA JIEKTPUUECKYIO 1ETIh?

49. Yo Takoe peakuus LENU U KaK OHa onpenensercs?

50. Kakue yactorHsie xapakrepuctuku YII cymecTBytor?

51. Yo Takoe nepenarounas ¢pynkuus Yl u ckonbko ee BUmIOB?

52. Kak nepeBecTr KOMIUIEKCHYIO TIEPeIaTOYHYI0 (PYHKITHIO B oriepaTopHyto hopmy?
53. JlaliTe onpeaesieHUe aMITUTYIHO-4aCTOTHOM U (Da309aCTOTHOM XapaKTEPUCTUKH
nepenatouHoit pynkuum YI1

54. CriekTpalibHbII METOJ] aHAJIN3A JIMHEHHBIX AJIEKTPUUYECKUX IETEH

55. Kakas cBs3b MEXy YACTOTHBIMU U BPEMEHHBIMH Xapakrepuctukamu YUI1?

56. Uto noHMMaeTcs MoJ aHAIU30M 3JIEKTPUUYECKOM Henu?

57. UTo moHUMAETCs MOJi CUHTE30M 3JIEKTPUUYECKOM 1enn?

58. JlaliTe onpeenieHNe YCTOMUUBOCTH JICKTPUUECKOMN 1IETIH
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