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Jlaboparopnast pabora Ne 12

HcciienoBaHue 4aCTOTHBIX XapPAKTEPHUCTHK

JIMHEHHBIX JJIEKTPUYECKUX Lemnei

Ilenb paOoThl:  OCBOEHME METOAMKM pacyeTa U SKCIEPUMEHTAIBHOIO

ONPENENICHNUs]  YaCTOTHBIX  XapaKTEPUCTUK  JIMHEMHOM JIIEKTPUYECKOM LEIH,

HpeﬂCTaBHHeMOﬁ B BHJC YCTBIPCXITIOJIOCHHUKA.
1. OCHOBHBIE TEOPETUYECKUE CBEACHHUS WU MPUMEPHI

YacToTHBIE  XapaKTEPUCTHKHU  SIBIISIIOTCS. ~ KOMIIOHEHTAMU  KOMIUIEKCHBIX
GyHKIUN dneKTpudeckord 1emnu. B gaHHONW paboTe paccMaTpuBaeTCs OIWH THII

TakuxX (QyHKUUA — KomniaekchHaa @yukuyusa nepedoauu nanpaxycenus (KOIIH):
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(1)

I Um suix ((0) =Upm soix ((D) exp [J VBrix (m)] - Um sx ((’)) =Upm x ((’)) exp [] Vax ((’))]

KOMIUICKCHBIC aMIUIMNTYAbl BbIXOOHOI'O MW BXOJHOI'O TapMOHHYCCKHUX HaHpH}KGHI/Iﬁ

OAWHAKOBOM 4YaCTOThl @ ;
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Vex (@) 1 Vex(®) - yauanpmme (asbl STHX HaNpsKEHHUIA.
[Tostomy K®ITH MO0XHO mNpencTtaBuTh B BHUJIE

Um srix ((D)
(0)) =— [ 5 & { [ BBIX (0))_ BX (O) ]
Hy U, BX((D) PV A4 ) } | (2)

N3 (1) u (2) cinenyet, uro KOIIH coctouT u3 IByX KOMIIOHEHT:
" AMRAUMYOHO-YACMOMHOU Xapakxmepucmuxu uenu (AUX),
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Um BBIX (O))

Um BX (0)) . (3)
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EHIG ABC YACTOTHBIC XAPAKTCPUCTUKHM MOXKHO BBCCTH, CCIIM IIPCACTABUTH
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Pewenue. HonaraeM, YTO Ha BXOJ OeIu IIOJaHO TapMOHHNYCCKOC HaIps>KCHUEC

U \t)=U cos(or + . _
o ()= U cos(of + ) IPOM3BONBHON  YACTOTHI ®=2%f ,  CcrexosatenbHo,
_ jv
Umex =Umpxe’ "™ .
Tockonbky 1eTb JNHHeiHas,
BBIXOZHOE HaNpsKEHNe 3aUCHIBaEM aHAJIOTUYHO:
u t)=U cos|of +
BbIX ( ) m BBIX ( \VBLIX ) u, CJ'ICJIOBaTeJII)HO,

.i \VBBIX

Umesix = Um snixe
- Bce BemuuyuHbl, BXOOAIIHME B

Puc.
Mn.3

BBIpa)KCHHEC Upbix (t) II0Ka HEW3BeCTHbl. JlIs1 omnpeneneHus
UX  MCIOJb3yeM METOJ KOMIUIEKCHBIX aMIUINTYH (KOMIUIEKCHbI Meron). M3oOpaxkaem cxemy
3aMelieHuss uenu st KomruiekcoB (puc. I11.2). Beimensem B 3Toil cxeme JBa KOMILIEKCHBIX

1

Z(f) =Ry +- _
COTPOTUBJICHHS: MPOIONBHOE JoC 4 nonepeunoe VR (cm. puc. I11.3).

quTBIBaH, 4TO IOCJICAOBATCIIbHAA MCIMOYKa H3 [OBYX COHpOTI/IBJ'IeHI/Iﬁ ABIACTCA ACIUTCIICEM

BXOOHOT'O HAIIPSKCHUA, ONPCACIICM KOMIUICKCHYHO aMIUIMTYAY HAIIPSAXKCHUA HaA BBIXOAC LICIIH

Z(f),
m BX
Z(f )1 +Z(f )2 . 3areM HaxomuM BeIpaxkeHue a1 KOITH

Um BLIx(f) Z(f)z

Hu ) ==5——= 207, + 207,

U srix (f ) =

UucneHHslii pacyer M rpaduueckue MOCTPOCHUS YACTOTHBIX XapaKTEPUCTHK BBIMOJIHSAEM

B nporpammHoM KoMmiuiekte MathCAD (cM. Hke ¢aiin pacueta).
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Paccmorpum apyroit mpumep
[pumep 2. Onpenenuts KOIIH s snexTpudeckol Ienmu ¢ KojeOaTeNbHBIM KOHTYPOM

Tperbero Buaa (puc. I12.1). Paccuntarh ¥ MOCTPOUTH YACTOTHBIE XapaKTEPUCTHKHU LIEIH.
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Pewenue. VcnonpdyeM Ty XKe METOAMKY, 4YTO B IpeablaymieM npumepe. Ha
puc. I12.2  npuBegeHa  SKBUBaJEHTHas  CXemMa  JUIl  KOMIUIEKCOB  IIOCIE
npeoOpazoBaHusi (CBOpPAYMBAHMUSA).

YucneHHslld pacyeTr ¥ TpadUuecKHe MOCTPOCHUS YaCTOTHBIX XapaKTEPUCTHK
BBIMONHsIEM B mporpamMMHoM KoMmiuiekte MathCAD (cm. Huke (aiin pacueta).
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YacToTHBIE XapaKTEPUCTHUKU BCEX THUIIOB MOXKHO TOJYYUTh, HUCIONB3YS MJIs
MOJICIMPOBAHUSI TMPOLECCOB B DJIEKTPUUECKUX IEMSIX MPOTPaMMHBIE CHCTEMBI
MicroCAP wnu Electronics Workbench. Ha puc. 112.7 npuBenensl cxema Lenu,
pacCMOTpPEHHOM B  TpuUMepe 2, U Pe3yJbTaThl MOJEIUPOBAHUS B  CHUCTEME
MicroCAP. Amiudtyna MCTOYHMKA TapMOHMYEcKoro HampsbkeHus V1 paBHa 1 B,
4acToTa M3MEHSJIACh B 3aJJaHHOM JUamna3oHe.
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2. Hcxonnele maHHBIE JJI1 HCCIEAOBAHUM
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Kaxnas 6p1/1ra11a CTYACHTOB IIOJIY4a€T OT Np€rnoaaBaTciid MHAWBUAYAJIIBHOC 3aJaHHUC — OOHY

us3

CXEM JHUHEUHBIX

uenei, n300pakeHHbIX

Ha pucyHkax 1+34. Ilapamerpsl

OJICMCHTOB

npuBeneHbl B TabOm. 1. BapmaHT 3amaHus COCTOMT W3 HOMEpa CXEMBI, MPEAHA3HAYCHHON IS

HCCJIEIOBAHUI, U HOMEpa BapuaHTa 3HAYEHUI MapamMeTpoB 3JEMEHTOB, Hampumep, 5-2.

[TapameTpbl 351€MEHTOB

Tabmuma 1
PDiaementsl [R1,OM [R2, Om | R3, Om | R4, OM [R5, Om [Cl,5® | C2,ud (L1, mI'H
B )i 150 300 350 300 60 150 50 30
a 2 200 200 300 200 90 60 100 45
p 3 250 450 1200 450 110 250 150 35
u 4 450 350 500 350 1250 45 20 25
a 5 650 70 30 100 150 300 100 50
H 6 550 560 600 800 80 70 100 60
T 7 500 680 600 1700 200 180 80 40
bl
WunykruBHocTh L2 =0.6-L1
Homepa cxem 1 nmapameTpoB 371€MEHTOB Tabnuua 2
Ne
B CITUCKE 1 2 3 4 5 6 7 8 9 110 11 | 12|13 | 14
TPYNIIBI
Cxema 26 \ 23 14 | 1518 2 | 25|19 10} 11|12 1 3
[Mapamerpsr | 1 2 3 4 5 1 2 3 4 513 5 3
Ne
sermeke | 15 116 | 17 | 18 119 |1 20 1 21 |22 |23 124 | 25|26 27| 28
I'pYyINbI
Cxema 16| 6 |17 5 7120211221324 &8 9127128
Hapamerpst | 5 | 4 | 3 | 2 | 1 | 3| 5| 2|4 )|5]|3]|5]| 2] 3
Ne
sermeke | 29 | 30 | 31 132133134 135136 37]138]39]40] 41| 42
T'pYyIIbI
Cxema 30|34 |14 |31 | 32|33 13| 7 |27 | 24| 8 19|21 4
[apamerpst | 6 71 4] 2 7 | 1 514|131 2)|61]6 7135

3. ConepxaHue HUCCIeI0BaHUN
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3.1.

3.2

3.3.

T

I_'III:‘ i Bl E-:"

Pacuer xommekcHoit (QyHkumum nepepaun  HanpsbkeHus (KOIIH) 3aganHoit  memnu:
MOJTYYCHNE AHATUTHYECKUX BBIPAKEHUH, MOCTPOEHTE TPapUKOB YaCTOTHBIX XapaKTEPHUCTUK
npu ucnons3zoBanuu [IK  MathCAD. Crynenram mnpeanaraeTcsi  B3STb 332 OCHOBY
KakoH-nb0o (aiim ¢ npuMepoM U BBINOJIHUTH WHAWBUIYAIbHOE 33JaHUE, PEAAKTUPYS
cozepkanue (paiina.

[Tonydyenune rpauKoB YACTOTHBIX XapaKTEPUCTHK LEMU IOCPEACTBOM  MOJECIHUPOBAHMS
nponeccoB ¢ nomoinpto TIK Micro-CAP 12.

ComnocraBneHue pe3yabTaToB pacyeToB U MoxaenupoBaHus. OdopmieHue oruera.

. Puc.
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HOﬂCHHM OCOGGHHOCTI/I BBITTOJTHCHUA UCCIICIOBAHUA YaCTOTHBIX CBOI>'ICTB BHCKTqueCKOﬁ IICIIN B
cpene IIK Micro-CAP 12.

BrzeiBaem 1K Micro-Cap 12 u co3naem unctoe pabouee 1mosie sl BBOa HaBOH CXEMBI.

S nonararo, uro Bbl yxkxe ymeere nenarb 3To. B HmpoTHBHOM cilydae M MpU BCEX APYTUX
3aTpyAHEHUSIX o0palaiTech K MOEMy MOCOOUIO:
«CXeMOTEXHHUECKOE MOJICIMPOBAHNUE JJIEKTPOHHBIX M JJIEKTPUYECKUX YCTPOMCTB B cpene
nporpaMMmHoro komiuiekta Micro-CAP 11». [Toco6ue HaxoauTes 31ech xe.

Ha noBoM paboueMm mone cosmaem cxemy 3afJaHHOro Bam derkipexmomtocHuka. HaumHath
cienyeT ¢ ucrounuka. Ha manenu myst ObicTporo BBoaa BeiOupaem «Voltage Sourcey», momemniaeM Ha
MoJie, IMIETKAeM «MBIIIKOW» U B OTKPBIBIIEMCSI OKHE yCTAHABIMBAEM BHJ HANPSOKEHUS MCTOYHHKA —
SIN (cM. puc. 35). Hukakux n3MEeHEHHI B OKOIIKaX HE JiejaeM (3To crenuduka aHaim3a B YaCTOTHOM
obmactu). He 3a0b1BaeM, 4TO HY)KHO YMEHBIIATh pa3Mep mpudTa 10 8+9, Kak aenanu B mMpeablIyiien
paboTe Mpu BBOJIE OCTAIBHBIX KOMITIOHCHTOB CXEMBI.

[Tocne BBOA APYyTUX KOMIOHEHTOB MOJIy4aeM CXEeMy LU JJI1 UCIIBITaHul (puc. 36)

16
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ByneM ucrnonp30BaTh pexXuM aHaau3a, KOTOPBINA HAa3bIBACTCS:
«AHanu3 1o nepeMeHHoMy ToKy Ipu MaiioM curtaine AC Analysis (Alt+2)».

B pexume AC Analysis MCTOUYHMK, BBEIACHHBIA B CXEMY, TOJIBKO 3aJ1a€T MECTO MOJKIFOUCHUS
rapMOHUYECKOTO BO3MYILIEHHSI C IEPEMEHHON YaCTOTOM.

[Ipu pacuere YACTOTHBIX XapPAaKTEPUCTUK KOMIUIEKCHAs aMIUIUTylAa OSTOTO CHUTHaJIa
aBTOMaTW4ecKu mnosaraercs paBHoil 1 B, HauanbHas ¢aza HyneBas (HE3aBUCHMO OT TOTO, KaK 3aJaHbl
3HAYEHUS TTapaMeTPOB MOJICIM CHTHAJIA), a YaCTOTa MEHSETCS B Ipeesiax, 3a/1aBaeMbIX B MEHIO OKHA
AC Analysis Limits.

Ecnu umeercs OWH MCTOYHUK CHUI'HAJId, TO BBIXOJHBIC HAITPAKCHUA 6y,Z[yT COoBIIaaaThb C
YaCTOTHBIMH XapPAKTCPHUCTUKAMU YCTpOﬁCTBa.

[locne naxarus knaBuil Alt+2 u nepexomga B pexxuM AC Analysis 1IK MC 11 nposepsier
MPAaBUWJIBHOCTh COCTaBIIEHUSI cXeMbl. [Ipu OTCYTCTBHMU OIIMOOK B CXeMe MporpamMma COCTAaBIISIET ee
TOIIOJIOTHYECKOE OMUCAHME, BHITIONHSACT MOJATOTOBKY K YHCICHHOMY PEIICHHIO CUCTEMbI HETMHEHHBIX
anreOpanvecKux ypaBHEHHUI U OTKpbIBaeT OKHO (puc. 37) 3agaHus nmapameTpoB moaenupoBanusi AC
Analysis Limits. B mpoTUBHOM cTy4dae BBIJAETCS COOOIIEHNE O HAIMYUH OMIHOOK.

O cTpyKType OKHa 3aJlaHus TapaMeTPOB MOJIETIUPOBAHUS CMOTPUTE B TocoOuu (ctTp. 28).

Jlns mepBOro mporoHa CTaBUM IMUPOKHE nuana3oH 4actoT: or 10 I'm mo 1 MI'm (okomiko
«Frequency Range») u norapudpmuueckuii Macmrad 1mo 0cH 4acToT.

[Tocne 3amycka MojenupoBaHus moiydaeM Tpu rpaduka (puc. 37):

AUX B nemmGenax 2018 Hu (f) = db(V (Out)) :

AYX B «pazax» Hy (f) =V (Out) ;

dUX oy (f)
.DumLmh == @
Rt Add Exparn B Er i tate e a | W
Frequency fange |Log | Sun Opsors J— -
Haarbssr af Ponds Srate e = -
Temperanre Lirear = |
Masmrmum Charge %
Haise Input Vi - o bt s S
Hida Ohilpat 4 Ao date Pl
I Ignore Expresson Errors Bage P n Fupr emman T £ wpr ey N Sange | T Range
a“jl:- ﬁEll a® e L " TR ] Laed, b0, INO00 (1.2, -48,0.2
ShElBER .- 2 (o) — T TR
& [ E N EE .- v ) Le =5, 10, 199998 [30,-7.5.7.5
O |D= 1| - [
Defines the EHprESEiﬂn for the Y-axis. Click the Flght mouse button for a variable ment

Puc. 37. Buo okHa AC Analysis Limits nocne
peaakTupoBaHuA

[Tocne 3amycka MoaenupoBaHus moiydaeM Tpu rpaduka (puc.38):
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AUX B nemGenax 2018 Hu (f) = db(V (Out)) :
AUX B «pazax» Hy (f)=V(Out) :

dUX oy (f)
VYBenuuuBaeM TONIIUHY JTUHUHI rpadUKoB.

Mror-Cap 77 Foslae deruer
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Puc. 38. YacToTHbIe XxapakTepPUCTUKKW 3a4aHHOro
YeTbIpexXnoncHWKA

OtmeuaeM, 4TO BBIOpaHHBIN nuana3oH BenukoBar. Haxumaem FO. IlosisieTcst okHO 3aiaHus
napamMeTpoB MOJENHpOBaHus. Penaktupyem rpanuilsl quanazona (puc. 39).

Frequencyfange [log =] [E5.E2 Sun Opeors. Parma =

Hhmbstr of Paints [ 2001 State Garabies e -

Temperaire  [lrear =] [T

Mamimam Charge %% |-, =

Moise Input T _ﬂ W o Sose Ssrges

Maise Ouitput 4 7 Srcumses Som

I Ignore Expresson Errers rage | P |  Expresman | ¥ Enprassian | xmange | vRage | =]
& [ = I | .| I F fBt-in)) [iooooa, 10a, 19 [1.2, 4.8,1.2
Islﬁli. mlﬁ;“ 3 [ty [100000, 100, 158 [1.1.0.6,0.8
[ [0 = I T .| [ PF prtvtoan [100000, 300, 19 [3,-7.5,7.5
& |0 & I [ [ [ I
Runs the analysis.

Puc. 39. OkHo nocne
penakTMpoBaHWA
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[TomyuaeM xapakTepucTUKU B OKOHYaTenbHOM Buje (puc. 40). CpaBHUBaeM UX C XapaKTEPUCTUKAMU,
[IOJIy4YCHHBIMU B pe3ysibTare pacuera. JlenaeM BbIBOBI.

i —

/H

|||||

Puc. 40. AMnnuTygHo-4acToTHblE U Pa304aCTOTHLIE
XapakTepUCTHUKW 3aAaHHOMO YEThIPEeXNonKCHWKA

CamumM pazobparbces ¢ mocTpoeHueM rojporpada B Micro-Cap (rmoco6ue)
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