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OnucaHa MeTOAMKa CUHTE3a aHAJIOTOBBIX YCTPOMCTB C MCITOJIb30BaHNEM 3JIeMEHTapHBIX 3BEHbEB JIEKTPO-
HUKM, TaKUX KaK MHTeTpupyloliee, auddepeHuupyollee, cIoKeH!s! (BBIUYMTaHUS), YMHOXEHUs (j1eie-
HUST), MYJBTUILIEKCUPOBaHUS (AeMyIbTUILIeKcupoBaHus). [IpemioxkeHHas MeToIMKa CUHTe3a 000CHOBa -
Ha TEOPETUYECKU, a UCTIOIb3yeMble JIeMEHTapHbIE 3BEHbsI HA3bIBAIOTCS MpeiaraeMoil dJieMeHTHOI 6a-
3001 aHAJIOTOBOM JIEKTPOHUKHU. [IpUBOAUTCSA OomMUcaHMe TEOpUH, a TakkKe MpUMep pa3paboTKU MoIeIu
aHaJIoroBoro GpwibTpa HU3KHUX YaCcTOT C MCITOJIb30BaHUEM IpeIaraeMoii METOTUKH.
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BBEJEHUWE

PasBuBaemast B HacTosiee BpeMs uaes 3aMEHBI
CTaHAAPTHOM 3JIEMEHTHOI1 6a3bl PagINO3JIEKTPOHUKNI
(pe3ucTopbl, KOHIEHCATOPbl, UHAYKTUBHOCTH, TNUO-
JIbI, TPAH3UCTOPHI 1 T.A. 40 OECKOHEYHOCTH) Ha 3JIe-
MEHTHYIO 0a3y, COCTOSIIIYIO BCETO M3 IISITH 3JIeMEH-
TOB, OpUTMHAJIbHA T€M, UTO CO3[IaeT peaJibHbIe ITPe-
MOCBhUIKU JIJISI MOSIBJICHUSI IIepenporpaMMUPYEMBbIX
aHaJIOTOBBIX MHTETPAJIbHBIX CXeM 1 MAaTPUYHBIX aHA-
JIOTOBBIX OOJIBIIMX MHTETPAJIbHBIX cxeM. JlaHHas pa-
06oTa SBISETCS JOIMYECKUM MPOIOJLKEHUEM U pa3-
BUTHEM OCHOBHBIX MACH, IIPEIIOXKEeHHBIX B paboTax
[1, 2]. B cooTBeTcTBUM C [1, 2] MOA CMHTE30M aHAJIO-
TOBOM CHUCTEMbl MOHUMAIOT METObI, TTO3BOJISIIOIINE
IIPY HEKOTOPBIX II€PBOHAYATILHO 3aaHHBIX HapaMeT-
pax CUCTEMbI, XapaKTEPUCTUKAX BO3ACUCTBUIA, OTPAHU -
YEHUSIX W B3aMMOCBSI3SIX OIPEACIUTh CTPYKTYPHYIO
CXeMY M MaTeMaTUYECKYIO MOJIE/Ib B BUIE IIepeaaToyd-
HOM XapaKTEepPUCTUKHU, MO KOTOPBIM B JaJIbHEHIIEM
onpeneanTh QYHKIMOHATBHO-CTPYKTYPHYIO (ITPUH-
LUITMAJIbHYIO) CXeMY I OCHOBHEIE ITapaMeTPhI pa3pa-
OatbpiBaeMoro ycrpoiictBa. Takum ob6pa3zoM, 3agaya
CUHTE3a yCTPOMCTBA pa3aesicHa Ha IBE 3aa4U: MOy~
YeHUEe MepesaTouHoil (hyHKUMU MO 3aJaHHbIM Iapa-
MeTpaM U CUHTe3 (DyHKIIMOHAIBLHO-CTPYKTYPHOI CXe-
MBI MO TIepeIaTOYHON (DYHKLIUU.

HecMmoTpst Ha mMpokoe npuMeHeHue [UPpPoBoit
TEXHUKHW, aHAJIOTOBasI 9JICKTPOHUKA COXpaHSIET CBOU
MO3ULIMU, K IIPUMEPY, B 00J1aCTU HU3KOYaCTOTHOTO
Iuana3oHa Uil BOCIIPOU3BEACHUSI MY3bIKaJbHBIX
3BYKOB. B 3TOM ciiydae oGecrieunBaeTcs Jydilee Ka-
YeCTBO 3By4YaHUs, YeM Ha IM@PPOBBIX dJIeMEHTaX. A

TaK>Ke B 00J1aCTH BLICOKOYACTOTHOTO JAuaria3oHa, 4To
ITO3BOJIACT MPOCKTUPOBATH aHAJIOI'OBbIC le/l60pbl Ha
qyacToTax, HCAOCTYIIHBIX OJIA L[H(l)pOBOﬁ TEXHUKU.

BriepBbie 3aga4yy cuHTE3a JIMHEHHBIX JUHAMU-
YEeCKUX CHUCTEM MPEMIOXKUI COBETCKUI y4eHBI
A.A. Jlaanas B pa6ore [4], m TaM 3Xe yKa3ajl Ha HeIIpe-
OJ0JIMMbIE TPYAHOCTU Ha MYTHU €€ pellieHus1. A TIepBble
Hay4HbIe pabOThl Y TEOPETUUECKOE OOOCHOBAHUE HO-
BOI MeTOIMKM TTosgBrMch B Havyase 2000 ronos [1, 2].

Jas1 nuHeHO TMHAMWYECKOM CUCTEMBI MPOolie-
Jypa aHaJIM3—CUHTE3 MOXKET OBITh OIpeIeIcHa TOIb-
KO B TOM CJIy4yae, €CJIv oIpe/esieHa 2JleMeHTHas1 0a3a
[3, 4]. Tak, ecau U3BECTHO MHOXECTBO 3JIeMEHTap-
HBIX 3B€HbEB, 13 KOTOPHIX OYIET CTPOUTHCS CHUCTEMA
B IIpoIlecce CUHTEe3a U Ha KOTOpble OyNeT paciiaaaTh-
cs CUCTeMa B IIpOLECCe aHaM3a, TO Ipolieaypa aHa-
JIN3—CUHTE3 MOXET OBITh CTpOro onpenenaeHa. I1o-
CKOJIBKY JUISI KJTACCUYECKOM 3JIEKTPOHUKY JIEMEHTHAsI
0aza 10 cux Iop He oIpeecHa HECKOILKIMU PaIro-
ayieMeHTaMu [ 1], cnmemoBaTebHO, OXXKMIaTh 0OOCHOBA-
HUS TIPOLICIYP aHAJIM3—CUHTE3 HE UMEET CMbICJIA.

Llenb naHHOIT pabOTBHI COCTOUT B 0O0CHOBAHUM BO3-
MOKHOCTHM CHMHTE3a aHAJIOTOBBIX YCTPOMCTB HAa OCHOBE
KCITOJIb30BAHUS MPeIIaracMoii 3JIEMEHTHOM Ga3kbl.

1. TEOPETUHECKOE OBOCHOBAHHWE
MMPEAJIATAEMOW METOAMKUN CUHTE3A

Kaxk yxe Ob110 cCKa3aHO, OCHOBHAas ues Iepexona
Ha HeCTaHIApPTHYIO SJIEMEHTHYIO 0a3y IIpeArioiaract
KCIIOJIb30BaHUE MSATU 3JIEMEHTAPHbBIX 3BEHbEB, KOTO-
pbI€ SIBJISIOTCS 9JIEMEHTaMU TEOPUU aBTOMATHUYECKO-
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PABPABOTKA M CUHTE3 AHAJIOTOBBIX YCTPOMCTB

Puc. 1. T-o0pa3HbIii GHIBTP HIKHUX YaCTOT.

ro yIpaBJieHMs, BKIIOYAIOIIMMU B C€0sl MHTETPUPY-
IollMe 3BeHO, AuddepeHIUpyIolIe 3BEHO, 3BEHO
CJIOXKEHUSI, WA BBIYUTAHMS, 3B€HO YMHOXCHMS, TN
JIeJICHUST 1 3B€HO MYJIBTUILIEKCUPOBaHUS (COeaMHE-
HUS WK pa3zbearHeHus ). OCHOBHas 3ajavya npeaa-
raeMoii METOOUKM CUHTE3a aHAJIOTOBOT'O YCTPOMCTBA
COCTOMT B TOJIyYEHUU (HYHKUMOHAIBbHO-CTPYKTYPHOIA
Monesu (MIPUHLUITMATIBHOM CXeMBbl) MO U3BECTHOI Ie-
pemaroyHoil pyHKumK. JJIsi 3TOro HEOOXOOMMO pac-
CMOTPETH CiIydaii, KOorma IepeaaroaHast (hyHKIIMsI 3a0a-
€TC DJIEKTPUYECKOUN TIPUHIIMIIUAIIBHOM CXEMOM, CO-
CTOSIIIEH U3 CTaHOAPTHOI 3JIeMeHTHOM 0a3kl [2, 5].

ITockonbKy faHHast MeTOAMKa CUHTe3a He TaK Mpo-
CTa JUJIsI BOCIIPUSITHUS, TO LIEJECO00Pa3HO M5 JIyUIlIEeTo
MOHUMAaHU MPOLIECcCa PACCMOTPETh PUMEDP peATU-
3allMM KakKoro-iMbo YCTpOMCTBA U3 3JIEMEHTApHbIX
3BEHBEB 2JIEKTPOHUKHU. B KauecTBe mpumMepa, UCTIONb-
3yeM aHaJIOroBblii T-00pa3HbIii (PUIBTP HIDKHUX Ya-

e RH, RM — COIIPOTUBJIICHUE HArpy3kmu M1 UICTOYHUKA
TOKa COOTBETCTBCHHO.

B neBoif YyacTH CHCTEMBI paclojioXKeHa MaTpuila
ITPOBOIMMOCTE, YMHOXEHHAss Ha CTOJOEIl Y3TOBBIX
MOTEHIIMAJIOB, YTO B pe3yJIbTaTe JaeT CTOJIOEI TOKOB,
pacnosoXeHHbIX B MpaBoii yactu cucreMsl (G;U; = I).
Kaxnas ctpoka MaTpuIlbl OTHOCUTCS K OTHOMY M3
y3510B (CM. puc. 2): iepsomy (1), BTopomy (2), Tpe-
TheMy (3) u HyJeBoMy (4) cooTBeTCTBEHHO [1, 2].

ITockonbKy y3en 4 Ha cxeme puc. 2 3a3eMJIeH, TO
HaIpstKeHUe Ha HeM OyneT paBHAThbes 0. Micrionb3yst
MnpaBWwia YMHOXEHUNM MaTpHII, BBMMEPKUBAEM I10-
CJIEMHWI CTOJNIOEIl M TIOCJIETHIOI CTPOKY CHCTEMBI,
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Puc. 2. Mogens T-o6pa3Horo (puibTpa HUSKHUX YaCTOT.

crot (PDHY), anekTpruueckasi TpUHUIUIIUATIbHAS CXe-
Ma (Mozelib), KOTOpOro IpeacTaBiaeHa Ha puc. 1. Ha
3aKJIIOYUTEIBHOM 3Tarie OblIa TOoJydeHa MOoJelb
¢GuIbTpa U3 IeMEHTAPHbBIX 3BEHBEB, MPUHIIUIT Pa0OThI
KOTOPOIi Takoli Xe, Kak y T-obpaznoro ®HY. [1anee,
TSI TIPAKTUYECKOTO 0OOCHOBAHUSI METOIUKH C ITOJTY-
YEHHOI MOJIEJIbIO ObLT IMTPOBEAECH SKCIIEPUMEHT.

st obecnieyeHrs1 BO3MOXHOCTU MOJyYEHUST CU-
CTeMBbl YpaBHEHMIA B y3JIOBBIX ITOTECHIIMAIAX, IIpeodpa-
3yeM CXeMy, IIpeACTaBJIeHHYIO Ha puc. 1, 3aMEeHUB HUC-
TOYHUK HaNpspKeHUsT V' Ha MCTOYHUK ToKa I B COOTBET-
CTBUMU C TIpeoOpa3zoBaHUsIMU TeBeHMHa—HopToHa [5].
PesynbpTaT mpeo6pa3zoBaHUsI MOKa3aH Ha puUc. 2.

st nonyyeHust moaenu T-obpazHoro ®HY B Bu-
JIe CUCTEMBI YpaBHEHUI C Y3IOBBIMU MOTESHIIMAJIAMU
COCTaBUM MaTpUIly IPpOBOAUMOCTHU (1) cxeMbl (hujib-
Tpa, U300paxkeHHOoi1 Ha puc. 2:

_1 |
Ry
c vl 1
st u,| |o
= ) (D

_1 U] |0

RH U4 _I
L. + sC,
Ry u J

nockosbky 3HaueHue U, = 0. Beipaxxenue (1) ynpo-
IIaeTcs ¥ IpruooOpeTaeT CASAYIONINA BU:

G, +-— -L 0
SLI SLI Ul I
Lo Ly +L - L =0l @
sl sL sL, s, U 0
3
0 _L GH+L
i st SL, |

rme G,, G, — MPOBOAUMOCTb NCTOYHUKA TOKA M Ha-
IPY3KU COOTBETCTBEHHO.
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Puc. 3. CrpykrypHas cxema T-o6pa3Horo (puiabTpa HUXKHUX YacTOT.

INocne crangapTHOro MIpeobGpa3oBaHUsT MaTPU-
bl (2), IepexoauM K CUCTeMe ypaBHEHU

o Ish U _IshL+U,
YUsG L +1 sG L +1  GsL+1’
_U{G, + (i/sh)} + U, {G, + (1/sL,)}

U, : 1 3)
sk sL,
U. - SCLU, _ U,
T SG,L+1 GsL +1

KoTopasd OoIIpeacsi€T 3BHA4YCHM A Y3JIOBbIX ITOTCHLIMAJIOB

Hcxons u3 MeToguku, U3JI0XKEeHHOI B [1, 2], cu-
creMy ypaBHeHU# (3) BO3MOXHO IIPEICTaBUTh KaK
o0mok-cxemy (puc. 3), KoTopas OyneT SIBJSTbCS
CTPYKTYPHOI cxeMoil (puiabTpa.

IIpencraBaeHHast Ha pyc. 3 CTPYKTYpHas cxeMa,
MMO3BOJIIET yTBEPXKIaThb, YTO paccMaTpUBaeMbli
GUNBTp UMEET TPETUIA TTOPSIIOK U TIPEACTABIISICT M-
HEMHYIO0 CUCTEMY C IBYMsI II€PEKPECTHBIMU OOpaT-
HBIMU OTPULIATEJIbHBIMU CBSI3SIMU. MaTeMaTuiecKue
BbIpaXXEHUSI B MPSIMOYTOJIbHUKAX SIBJISIFOTCS TIepea-
TOYHBIMU (PYHKLIUSIMU 000COOJIEHHBIX 3BeHbeB. OHU
OTIpENEIISTIOT TIepeaaTouHyo GyHKIIMIO T-00pa3Horo
®HY, kotopast MOXeT ObITb BBIYMCJICHA IO TPaBU-
J1aM, cOpPMYJIMPOBAHHBIM B TEOPUM aBTOMaTHU4YE-
CKOTO yIipaByieHus [5, 6].

IlepenatouHbie (byHKIIMU 3JIEMEHTOB CTPYKTYp-
HOM cxeMbl (prIbTpa, pa3MelleHHBIX B IPSIMOYTOJIb-
HUKAaXx pUc. 3, TO/KHBI ObITH Pe00Pa30BaHbI M COCTAB-
JIEHBI M3 DJIEMEHTAPHBIX 3BeHbeB. /1151 3TOr0 nmpeoodpa-

3yeM Kaxaylo nepenarouyHyo dyHkuuwo Wi, ..., Ws.
PaccmoTpum nepenarounyto dyHkumio W
W= @
sG, L +1

IIpencraBieHHOe BBINIE 3BEHO C IIePEeNaTOYHOMN
dbyukumeit W, He aBIsieTcsT 3JIeMeHTapHBIM 3BEHOM,
HO MOXKET OBITh ITOJTydeHO coenmHeHneM nuddepeH-
IIMPYIOIIETO 3BEHA C MOTOJTHUTETLHO BBEACHHOI TTe-

penatoyHoil pyHkuuein W = s, 1 NONOJTHUTENb-

HOTO IIPOTOPIIMOHATIBEHOTO 3BeHa W, = G, TI0 cxeMme
OTpHULIATEIILHOM 00paTHOM CBI3H

— Wik __ sk
L+ WisWia  sLG, +1

Takum oOpa3om, 3BE€HO ¢ IepenaTouYHON PYHKIIUEH
W, MOXeT ObITb MOJIYYEHO COENUHEHUEM JBYX BJie-
MEHTapHBIX 3BEHbEB C MepeaaTOYHbIMU (DYHKIIUSIMU
Wig uWis.

Jamee mpeoOpasyemM ciien nmepeaaTouyHyo (pyHK-
uuto W

1

G, +(1/sL)
€ +sC, + L
sk sL,

W, = (5)

[NoygeHHOE BBIIIIE 3BEHO C TIEPeIaTOYHOMN (HYHKITN-
el W, MoxeT OBITh TEeKOMIIO3MPOBAHO IO 3JIEMEH-

TapHBIX 3BEHbEB CJICAYIOIINM 00pa3oM:
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INepenaTouHas GyHKuUMsS (6) MOXET OBITH MOJIy4YeHa
napayieIbHbIM COCIUHEHUEM 3BEHBEB C JTOMOJTHU-
TeJIbHO BBEIEHHBIMU IMEePeJaTOYHBIMU (PYHKIIUSIMU
I/1/2.1 u I/1/2.29 e

Ll
n
L+
(l + 5%, i}
L+1L,
Jlasg namsHeHIIeTo IIpeoopa3oBaHMs BBeIeM 0003Ha-
YCHU 4

Wy, =

ko =G, bl g - Ll
L+ 1, L+ 1L
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—>®—> Wiis = kgis —’®—> W8 = kgLs
L’[ Wis = sl 8 U, L Wiia = kcrs U, T— Wioa = kers U
Wia= G g

L Wiic=1/s L Wirc=1/s
Wiip = ki Wiap = ki
Wi3ia = kcrs Wion=kcrs

Wsp=sL, Weap = sL, j—'

Wip = G, Wea = Gy

Puc. 4. CtpykrypHO-(yHKIIMOHATBbHas cxeMa T-00pa3Horo hwibTpa HUDKHUX YaCTOT U3 JIEMEHTAPHBIX 3BEHBEB.
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U TIOJIyYMM BbIpaxkeHue IJIsl TIepBOil MepenaTouyHoi
GYHKIIMN
kgs
5
1+ ks
Boeipaxxenue (7) siBisieTcss mepenaTOdyHO (pyHKIIMen
I hepeHINPYIOLIETO MHEPIIMOHHOTO 3BeHa, KOoTopast

MOKET OBITh TTOJIydeHa cCoeIMHEHEeM IByX TP depeH-
LIMPYIOIINX 3BEHbEB IO CXeMe C 00paTHOI OTpUILIATE]b-

W= @

HOI1 cBsi3bIO W) 1 = (GM ﬁjs, W, a = Cs (m10-
L+ 1L
npoOHee cM. [1]).
Hanee npeobpasyeM BTOPYIO YacTh BhIpaxkeHUs (6)
W, », KOTOpO€ MPENCTaBICHO HUXE

1+5°C, _LL
L+ L
Jlis1 nanpHeiiiero npeoopa3oBaHus BBeeM 0003Ha-
YEeHUS

ky = L, k,, = _L
L+1 L+1,
TakKe TIOJIyYAM BBIpAKEHUE IS BTOPOI 4aCTH:
Wy, =t @®)
1+ keys

Ilepenatounast pyHKIMs (8) MOXET ObITh MOJyYeHa
COEMMHEHWEM TpPEX BJIEMEHTAPHBIX 3BEHBLEB: IBYX
InddepeHIMPYIOIINX 3BEHbEB 10 CXeMe C OTpulia-
TEJILHOM O0OpaTHOI CBSI3BIO, a 3aTeM IIPUCOECIUHE-
HUEM TIOCJIENOBATEIBHOTO UWHTETPUPYIOUIETO 3BE-
HaW,, = 1/ s. Takum obpasoM, nepenaroyHas pyHK-
uusi W, MoxeMm OBbITh TOJIydeHa COOTBETCTBYIOIIUM
COCIMHEHUEM IISITU DJIEMEHTAPHBIX 3BCHbBEB.

Ne 5
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IIpeoGpasyeM nepenarouHyto GyHkiuw Wj

_ 1
3 - .
sG, L, +1
DTO BBIpaXKCHUE MOXKHO MPEICTaBUTh B BHUAEC IBYX
2JIEMEHTAapHBIX 3B€HbEB: IIPOMNOPLOHATBHOIO C IIe-
penaTouHoit pyHkuueit W(s) = kg = 1 u nudbdepeH-
uupytoero Wy, = kg S, COEIMHEHHBIM T10 CXEME C
OTpMIIaTe/IbHOI 0OpaTHOI CBS3bIO.

Ilepenatounas dyukuus W,, mnpencrabiieHHas
HIKE

G, +1/s
W= Getlsh
1/sL, + sC, +1/sL,
OTJIMYaeTCs OT INepeaaToyHoil ¢pyHkumuu W, TOIbKO
3HaueHUsiIMU koabduunreHToB G, u L, B UUcIuTese,

3TO HE MU3MEHSET XOIa BBIUMCIEHUI U ITI03BOJISIET
M0J1b30BaThCsl pe3yabTaTaMU BBIBOJOB IS Ilepena-

TOYHOU pyHKUMU W,.
IMepenarounas GpyHKIMS

_ 1
sG,L, +1

HE OTJINYaeTcs OT NepeaaToyHoi pyHkumu Wi.

I1peobpazoBanme TepenaToYHbIX (PYHKIINI CTPYK-
TYPHOM cXeMbl (DUITBTPa, N300paKEHHOTO Ha puUC. 3, 10
2JIEMEHTAPHBIX 3BEHBEB IT03BOJISIET CUHTE3UPOBATh
M3 HUX CTPYKTYPHO-(DYHKIIMOHATBHYIO CXeMY, KOTOpast
npeacranpieHa Ha puc. 4. Ha naHHOiT cxemMe moKa3aHbl
JIOTIOJIHUTEILHO BBEIEHHBIC IIepenaToyHble (DYHKIIUN
¢ maaekcamu A, b, B, C. IIpuHumn paboTel JaHHOMN
CXeMbl aHAJIOTUYEH DJIEKTPUUYECKOI cxeme, OCHOBaH-
HOI1 Ha BJIeMeHTax KJIaCCUYECKOit 2JIeMEHTHOM 0a3hbl.

Bei1o MpoBeneHO MoAEIMPOBAHUE BJIEKTpUYe-
CKOI MPUHILIMITHATBLHOMN CXeMBbI (DUIBTpa, IPeacTaB-
JICHHOTO Ha puC. 1 B MporpaMMe CXeMOTEXHUIECKIX

Ws
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Puc. 5. AMIUIMTYTHO-9aCTOTHAasI XapaKTepucTuka T-o00-
pa3Horo GWIbTpa HUXKHUX YaCTOT.

pacuetoB PSpice. Pe3yabraTel MomenMpoBaHUsl MO~
JIy4YEHBI [IPU CJIEAYIOIINX UCXONHBIX TaHHbIX: [} = 1 MA,
R,=1000wm, L, =40 wmIH, L,=5mIH, R,= 100 KOMm,

C, = 2.5 MxD, 1 TIpeacTaBIeHbl HAa PUC. 5 B BUIE aM-
IUIUTYIHO-YaCTOTHOM XapakTepucTuku (AYX).

2. BOBMOXHOCTbB I[TPAKTUYECKOTI'O
IMPUMEHEHHWA N BBIBOIbI

CrpyKTypHO-(QYHKIIMOHAJIbHASI cXeMa, II0Iy-
YeHHasl B pe3yJbTaTe CUHTe3a, TpeOyeT IKCIIepu-
MEHTAJIbHOTO TTOATBEPXKACHUSI PabOTOCIIOCOOHOCTU U
cpaBHEHMSI e¢ (PYHKIIMOHMPOBAHUSI C MPUHILIUITNAIb-
HOM 3JIEKTPUYECKOM CxeMoii (puIbTpa, CIIPOEKTUPO-
BaHHOTO Ha TPAIUIIMOHHON 3JIEeMEHTHOI Oa3ze.

B cBsI3u ¢ OTCYyTCTBUEM COOTBETCTBYIOLIEH 2je-
MEHTHOM 0a3bl IS MPAKTUYECKON peaiu3aluu dJie-
MEHTapHbIX 3BEHbEB aHAJIOTOBOM 3JIEKTPOHUKU OblLiIa
BhIOpaHa IIporpaMMupyeMasl JJormdeckasli MHTErpajib-
Has cxeMa (ITNIMC) monenu Altera. Ha atoit Mukpo-
cxeMe ObUTM MPOTpaMMHO peaju30BaHbl dJIeMeHTap-
HbI€ 3BE€HbSI, U3 KOTOPBIX CUHTE3MPOBAIaCh CTPYK-
TypHO-(pYHKIIMOHaIbHAas cxeMa ¢punbTpa. s aToro
ObUI CO3aH 9KCITEPUMEHTAIbHBIN MakeT (puc. 6).

Puc. 6. ®ororpadus sKCIepuMeHTaIbHOIO MaKeTa.

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

TOM 68 Ne 5 2023



PABPABOTKA M CUHTE3 AHAJIOTOBBIX YCTPOMCTB

443

Kommbrotep
LPT-nopt
[Iporpammarop
0...15 0...12
ALTI / TUINC / HAIT

Bxon crennma

Brixon crenna

Brixon,
(reHepaTop)

HNszmeputenp AYX

Puc. 7. CxeMa 3KciepyMMeHTa.

OchHoBoii MakeTa siBiisiercst [TJIMC, Ha koTopoii T1e-
pernporpaMMUpPOBaId HAaIMCAHHBIN Ha SI3bIKE IIPO-
rpammupoBaHus Verilog kon. B pesynbrare nonyganoch
YCTPOMCTBO, KOTOPOE CIIOCOOHO paboTaTh MO IMPOTOTH -
my T-o6pa3Horo ananorosoro @HY, a ato onpenensiio
TOTOBHOCTb 3KCIIEPMMEHTAJIbHOIO CTEHIA K IPYyTUM
HWCCIEIOBAHUSIM C DJIEMEHTApHBIMU 3BEHbSIMMU [2, 7].

st mporpammHoii peanuzanuu Ha [TJIMC 6puta
BbIOpaHa OCTYIMHAsl CUCTeMa aBTOMAaTU3UPOBAHHO-
ro nmpoektupoBaHus — Altera MAX+PLUS II.

Cxema 3KCIlepMMeHTa ¢ UCITOJIb30BaHUEM pa3pa-
OoTaHHOrO MakeTa M3oOpaxkeHa Ha puc. 7. Ha Hell
MOKAa3aHbI TOJIbKO OCHOBHBIE Y3JIbl: aHAJIOTO-LIU(PO-
Boii npeodpaszosarenb (ALIT), uudpo-aHanoroselit
npeo6pazoBatenb (LIAIT) u ITJIMC. OcHOBHas 4acTh
SKCITEpUMEHTa MPOU3BOAMIACH TSI TIPEABAPUTETb-
Hoi1 onileHKHM pe3ynbraTta. Ha Bxom ALIIT ¢ BeIxoma reHe-
paropa TofaBaJiCsl Hy>KHbII aHAJIOTOBBI CUTHA. Yke
ouundpoBanHblii curHan B ITJIMC npeobpa3oBeiBajicsa
B 3aBUCHUMOCTHU OT TOTO, KAKOi1 ITPOrPaMMHO Peain30-
BaHHbII (OUIIBTP 3arpy>keH B Hero. Jlajiee Ha BbIXO/E U3
IIVNIMC tudpoBoii CUrHAJI MOCTyHajd Ha BBIXOITHBIE
ycuJmMTeIbHBIe Kackansl, 3aTeM Ha LIAI, a nanee yke
Ha LU@poBoii ocuwiorpad, Ha KOTOpoM HabOIoIa-
JIOCh M300paXkeHWe BLIXOMHOIO CUTHAaja. Takxke uMme-
JIaCh BO3MOXXHOCTD IMTOIKITIOUEHUS n3MepuTenss AUX.

IMpu mpoBeaeHNM SKCIIEPUMEHTA HA BXOJ, DKCIe-
PUMEHTAILHOTO CTeHIa ¢ BhIXoga uaMeputenass AUX
MOAABAJICSI CUTHAJI ONpeNeJICHHOM aMIUIUTYIbI, CH-
HYCOMIAIbHOM (hOPMBI Ha Pa3IMYHBIX YaCTOTaX, OT
100 Ty mo 250 kI11, ¢ 3agaHHBIM IITaTOM, a Ha BBIXOJIE

PAJIUOTEXHUKA U BJIEKTPOHUKA

TOM 68 Ne 5

PETUCTPUPOBAIM aAMITIUTYAY TTOJYYEHHOIO CHUTHAaJAa.
Ha ocHoBanum 3tnx maHHbeIX cTponnack AUX ycTpoii-
crBa. JIlmana3zoH pabo4yMx 4acTOT YCTPOMCTBA Oorpa-
HHMYEH I10 BepxHeit yactore no 250 kIi1 B cBsI3U ¢ uc-
nonb3oBaHueM AL, KoTophslit o61agaeT HU3KOM
MaKcUMaJbHOI CKOPOCTbhIO ObICTpoaelicTBuUsI. Pe-
3yAbTaT WCCJIEAOBAHUSI MPOTOTUIIA aHAJIOTOBOTO
GUABTpa HIGKHUX YaCcTOT Ha 3JIeMEHTApPHBIX 3BEHBIX
npeacTaBicH Ha puc. 8 B Buae AUX.

A, B
0.30
0.25
0.20
0.15
0.10
0.05

0

Puc. 8. YactorHble xapaktepuctuku T-o6paznoro @HY:
1 — skcriepuMeHT, 2 — pacyeT B mporpamme PSpice.
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444 MAPTBAHOB

B mpoiiecce aHanm3a ObUIO YCTAaHOBJICHO, YTO Ya-
CTOTHBIC XapaKTEePUCTUKU, TTIOJTydeHHBIE B pe3yJibTa-
Te 3KCIIEpMMEHTa U MOJEIUPOBAHUS B IpOrpaMme
PSpice, omnuarorcst Apyr ot apyra B AOIYCTUMBbIX Ipe-
Jefax. OTo CBUAETEILCTBYET O BO3MOXHOCTH MPaKTU-
yeckoii peanuzauuu T-oo6pazHoro @HY, BbINMOIHEH-
HOTO Ha MpeIaracMou 2JIEMEHTHOM 6ase.

SAKJIIOYEHHME

Takum oOpa3om, mo pes3yjbTaTaM HPOBEICHHOI
paboThl MOXKXHO CAEaTh CASAYIOIINE BHIBOIBI.

JlokazaHa BO3BMOXXHOCTb IPaKTUUECKOI peann3a-
U1 pUIbTpa HUKHUX YaCTOT, CIIPOEKTUPOBAHHOTO
Ha TIpemiaraeMoi 3JIeMeHTHOM 0a3e;

IpencrapneH mpolecc MaKeTUPOBAHMS SJIeMEHTap-
HBIX 3B€HbEB aHAJIOTOBOIT MUKPORJIEKTPOHUKH B Cpelie
TJINC, nonyuenst AYX ucciemyemoro (puabTpa, 4to
TTONTBEPXIaeT pabOTOCITOCOOHOCTh METOUKY;

IMpennoxeHHass MeTOOVKA SBIISIETCS ONHUM W3
11IarOB Ha MyTU peau3allii MaTPUYHbBIX aHAJIOTOBBIX

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

GOJIBIIMX UHTETPAIbHBIX CXEM U MepelporpaMMupy-
€MBIX MUHTETPaJIbHBIX CXEM.

CITMCOK JIMTEPATYPbBI

1. Muwun I'T. CoBpeMeHHasI aHAJIOTOBasI MUKPOIJIEK-
TpoHuka. M.: Panuorexnuka, 2007.

2. Muwun I'T. EcTrecTBEeHHO-Hay4YHble OCHOBaHMSI aHa-
JIOTOBOM 3J1eKTpOoHUKU. M.: MUBOM, 2003.

3. Jlbm I AHanoroBsie 1 lincpoBbie GUILTPLl. M.: Mup,
1982.

4. Jlanns A.A. ONTUMAJILHBIIT CUHTE3 JIMHEMHBIX 2JIeK-
TPpOHHBIX cxeM. M.: CBs3b, 1978.

5. Caxaposa T.M. PacyeT 4aCTOTHBIX XapaKTepPUCTUK pa-
Oouero 3aTyXxaHMs 2JEKTPUYECKUX (UIBTPOB. M.:
CBs13b, 1968.

6. Baax H., Cunexan K. MalimHHble METOIBI aHAIM3a U
MPOEKTUPOBAHMSI 3JEKTPOHHBIX cxeM. M.: Paguo u
CBsI3b, 1988.

7. Mapmusnoes I1.C. // PD. 2018. T. 63. Ne 11. C. 1197.

TOM 68 Ne 5 2023



