MukpokoHTponnepbl

MpeobpasoBaHne MHpopmauumn B ycTpoicTBax BBoga / BbiBOAA

B ycTpolicTBax BBoAa / BbiBOAA HabaoaaoTcA LnMppOoBbIE U aHANOTOBbIE CUTHAbI.

AHaNoroBbIN CUrHAN - 3TO CUTHA, ONUCbIBAEMbI HEKOTOPOW HenpepbiBHOM PyHKUMen X(t),
npuyem cama GyHKUMA X U aprymeHT t MoryT NpuHMMaTh Ntobble 3HaUYeHUA.

CaMbIM pacnpoCTPaHEHHbIM NPMMEPOM aHANIOrOBOrO CUTHA A ABAAETCA pe3y/bTaT
N3MepeHNA HEKOTOPOTO TEXHONOMMYECKOro NapameTpa (TemnepaTypbl, 4aBNAEHUA, pacxoaa,
NJAOTHOCTU U T. A4.) NN HENPEPbLIBHOIO YNPABAOLLErO BO34eMCTBUA HA MCNONHUTE/IbHbIN
MEXaHU3M.



Mpeo6pa3oBaHue curHanos

CyLWHOCTb aHaN0roBoro CUrHasa, HenpepbiBHOE CYLWEeCTBOBaHWE BO BPEMEHMU, N NPUHLMUN

AencTemna ntobon uMppoBOM CUCTEMbI, KBAHTOBaHME MO BPEMEHW M MO YPOBHIO, BCTYNAOT B
npoTUBOpPEYMeE.

PelleHune 3TOro NnpoTMBOpeUmnA — ABUKEHME aHAaN0roBOro CUrHasa B HanpaB/eHUN LI,M(I)pOBOﬁ
CUCTEMDI.

MpeobpaszoBaHWe aHANOrOBbIX CUrHAM0B B UMPpOBbIE B LUPOBLIX CUCTEMAX BbINOAHAOT
aHanoro-uudposblie npeobpasosatenu (ALM).
ObpaTHOe npeobpasoBaHMe - uLMPpOo-aHanorosblie npeobpasosatenn (LLAN).

lNokasaTenu, xapaKkrtepusytouwme npouecc npeobpasosanHma nHeopmaumm B ALIM n LIAT:
- TOYHOCTb (MOrpeLHoCTb);

- bbicTpoaencTeue.

MorpellHoCTb Npeobpa3oBaTens BKAOYAET B cebA:

- MeToAMuecKylo (NorpelHoCTb MeToAa U NAEeun 3a/103KeHHOM B NpeobpasoBaHue);
- WHCTPYMEHTANbHYIO (NOrpelHOCTb UCNOJ/Ib3YEMOro MHCTPYMEHTA).



Mpeo6pa3oBaHue curHanos

MeToauueckas norpewHocTb AK 06yc/10BNE€Ha NOrpeLHOCTbI0 KBaHTOBaHWA aHAI0roBOM
BE/IMYNHbBI A MO YPOBHIO
Ak =A—N*h,
rae N —4MCNOBOM 3KBUBAJIEHT NPeobpasyemoit BeIMYNHbI;
h — war KBaHToBaHMA.
B ntobom cnyyae makcumanbHasa MeToauyeckan NorpewHocTb byaeT MeHblle UK paBHa
NoJIOBUHE eAuHULbI MaaaLero paspsaga MP
| 4] <0,5MP
Mnaawuin paspag MP B obuiem cnydae paseH h. M3 aToro cneayet, 4To A8 NOBbIWEHUA
TOYHOCTM Npeobpas3oBaHUs HEOOXOAUMO YMEHbLLATb h, YTO AOCTUTAETCA YBEUYEHUEM PA3PAAHOCTH
npeobpasosaTens.



Mpeo6pa3oBaHue curHanos

MHCTpyMmeHTanbHaA NorpewwHocTb npeobpasoBaTensa BKAKOYAET:
- NOrPELWHOCTb HACTPOMKY;

- MOrPELHOCTb, CBA3AHHYIO C BPEMEHHOM HeCTabunbHOCTbIO;

- TeMnepaTypHYO NOTrPeLIHOCTb.

Boictpoaenctame LLAT n ALLIMN orpaHnymMBaeTca AMHAMUUYECKMMMU NOTPELUHOCTAMM,
BO3HMKAOLMMWN NPU KBAHTOBAHWM aHA/IOTOBOM BE/IMYNHbBI MO BPEMEHMW (NepexoaHble NpoLecchl,
Bpems 3aTyxaHua u T. 4.).

AnHammnyeckan norpewwHoCcTb onpeaenset Bpema npeobpasosanHua T,

Bpema npeobpasosaHua T, ana LAl 3To Bpema ¢ MOMeHTa nocTynaeHunsa undposoro Koga Ha
BXoA, npeobpa3oBaTens A0 YCTAHOBAEHUA BbIXOAHOM BE/IMYMHbBI C 3a4aHHOW TOYHOCTbIO.

Ons ALN Bpems npeobpa3oBaHuMA 3TO BpemMs OT Nycka npeobpasoBaTtenia 40 MOMEHTA NOJyYeHusa
KOZa Ha ero BbixoAe.

Ana AL Ba)KHbIM NapameTpom ABAAETCA anepTypHoe Bpemsa T, - Bpema HeonpeaeneHHOCTH
BbIXO4HOW BENUYMHbI B MOMEHT npeobpasoBaHuA (B obwem cnyyae T, = T ).

[pyrum napameTpom, onpeaenaowmm bbicTpogencTene npeobpasosaTtens, ABAAETCA Nepuos,
KBaHTOBaHWA, MHTEPBA/ MeXAay ABYMA NocaenoBaTe/ibHbiMM NpeobpasoBaHUAMM.



MukpokoHTponnepbl

Lndpo-aHanorosble npeobpasoBaTtenu

B ocHoBy undpo-aHanorosbix npeobpasoBaTenert NOAOKEH NPUHLUN CYMMUPOBAHMUSA
aHANOroBbIX BE/IMYNH, MPOMNOPLMOHANbHbBIX BECaM Pa3pAL0B BXOAHOTO LMdpPOoBOro Koaa,
pa3pagHble KO3POULMEHTbI KOTOPOro PaBHbl «1».

Mpumep.

MycTb BXOAHOM UMIPOBOM KOA YETbIPEXPA3PALAHBIN.

MycTb HyneBoMy (Mnaawemy) pa3paay COOTBETCTBYET aHAN0roBasa BesinymHa 1 B, nepsomy
pa3pagy — 2 B, sTopomy — 4 B, TpeTbemy — 8 B.

[Jonyctum, 4yto BXoaHOM Kopa, 1011, Toraa pe3ynbraT Nnpeobpa3oBaHMA COracCHO onpeaeneHmnto
bynet paseH 11 B (8 + 2 + 1=11).

Hu)ke npeacrasneHa KpaTtkasa kKnaccudpumrauma LA

Upndb poananorosekle
npeobpazoeaTeny

KoceenHoe < MpaAmoe
npeobpazosanue npefipasoBanne

MapannentHoe M
Pa— » OCMENoBaTensHoe
npeobpazoBaHie npebpa3 osaHKe




MukpokoHTponnepbl

MapannenbHbie unudppo-aHanorosbie npeobpasoBartenu

BonbwmHCcTBO UMPpPO-aHanoroebix NpeobpasoBaTenei, BbiNyCKaeMbIX B HACTOALLEE BPeEMSA
napannenbHoro tuna. MpuHumn gencrema stux LLAIM ocHOBaH Ha CyMMMPOBAHMM 3TaJIOHHbIX
TOKOB (HanpAXeHW) COOTBETCTBYOLWMX Becam pa3paaos. O6bIYHO CYyMMUPOBAHME TOKOB
(Hanpa*KeHU) NPon3BOANTCA C NOMOLLbIO onepaunoHHoro ycunmutena QY, HanpsaXKeHue, Ha
BbIXOAE KOTOPOro, MponopuMoHanbHo Kogy N

Uebzx = Rochl

roe R,.— conpoTuBneHune oTpuuatenbHon obpaTtHon ceasu OY;

N —4ncnoBom aKBMBANEHT Npeobpasyemoro umMppoBOro Koaa;

|, — 3TanOHHbIN TOK NepBOro paspaaa.

Cpeau npeobpasoBaTteneit napannenbHOro Tuna Hambonee pacnpPoCTpaHEHHbIMM ABNAIOTCA
umdpo-aHanorosbie NnpeobpasoBaTenn Ha 6ase pe3ncTUBHbIX MaTpuL, R- 2R. PeanctneHasn
maTpuua R- 2R ABnsaetcA, BO-nepsbiX, BbICOKO TEXHONOTMYHOM U3-3a2 OFPaHMYEHHOrO Yncna
HOMMHANOB (BCero ABa) Pe3ncTopos, a BO-BTOPbIX — NAEANbHbIM AeNUTENIEM HAaNPAXKEHUA.
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1,2, 3,..., (m-1), m’ —y3noBble TOUYKY;
1, 2, 3,..., (m-1), m — pa3psgHble BXoAbl
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OCHOBHbIe CBOMUCTBA pe3MCTMBHOﬁ MaTtpuubl

MukpokoHTponnepbl

- CsowctBo 1. Conpotusnenune ot ntobon yanosoim Toukn (1, 2/, 3°,..., (m-1), m’) Bo Bcex

HanpasaeHnAx pasHo 2R.

— CsoictBo 2. KoadPpuumeHT nepenaum oT y3/0BOM TOUYKM K y3/10BOMN paseH 1/2.
- CowctBo 3. KoaddpumumeHT nepegaun ot paspagHoro Bxoaga (1, 2, 3,..., (m-1), m) K

cooTBeTcTByloLWel emy y3nosoi Touke (1, 2/, 3/,..., (m-1), m’) paseH 1/3.

MepBoe CBOMCTBO NIETKO A0Ka3bIBAETCA, €C/IN NPEANON0XKMUTb, YTO NOTEHLMANbI BO BCEX Pas-
pagHbIx Bxogax (1, 2, 3,..., (m-1), m), a TakxKe Bxogax A n B ognHakoBble. ITO NpeanonoKeHue
no3sonAeT Ham 06bEeANHUTL 3TU BXOAbI.
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MukpokoHTponnepbl

donyctnm, uto umdpposomn Koa, ynpasnatowmm kntodamum, numeet smg 00...001. 1o o3HayaeT,
4YTO TO/IbKO MAAALWKUN pa3pagHbii Bxod byaet nogKNoUYeH K OMOPHOMY UCTOYHUKY HaNpPAXKeHMUA

Uon. PaccmoTpum pacnpeaeneHue noTeHUManoB B y310Bbix TouKax 1’, 2/, 3/,..., (m-1), m’.

B y3noBo# TouKke 1’ cornacHo csoncTBy 3 noteHuunan Ul’ 6yaet paBeH
U1 =1/3*U, |

U, =1/3*1/2*U,,

2

B y3noBoW TouKe 2’ cornacHo cBoncTBy 2 noTeHuuan U2’ 6yaet paBeH

B y3noBoi TouKe 3’ cornacHo ceoncTBy 2 noteHuuan U3’ 6yaert paBeH U, =1/3*1/2*1/2*U,,

' m-1
B y3noBoi Touke m’ cornacHo cBOMCTBY 2 noTeHuunan Um’ byaet pUaBeH Ul =1/3*(1/2)""U,,

>
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MukpokoHTponnepbl

Ecnuv ynpaBnaTb Npon3BOIbHbIM LMPPOBbIM KOAOM, TO BbIXOAHOE HAMNPAMXKEHNE
npeobpa3oBaTens, paBHOE HaNPAXEHUIO B Y3/10BOM TOUKe m’ ByaeT paBHO:

1,.U_ i=m i
U6blx:U =% Ol’ll zaiZm':AUN
m 3 2M=ix
roe
1. U
AU =§*ﬁ BE/IMYMHA ANCKPETHOCTM BbIXOAHOIO HANpPAXKeHUA.
M-
o = 1— paspsaonwiti _6xo0 _nooxnwouen _x _U
P =

0 — paspsaonwiii _6x00 _ne _nooxmiouen _k_U

N - yncnoBoW 3KBMBaNEHT Npeobpasyemoro umMdppoBoro Koaa.



MukpokoHTponnepbl

PYHKUMOHANbHAA cxema MUKpocxembl K5721MA1
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MukpokoHTponnepbl

NocnepoBartenbHblie uudpo-aHanorosblie npeobpasoBatenu

B 3agauax aBToMaTM3aLMmM YACTO BCTPEYAOTCA 3a4a4mM nepeaaym oundpoBaHHOM
NHPOPMALIMM Ha 3HAYUTE/IbHbIE PACCTOAHUA C NocaeayowmMm npeobpasoBaHNeEM 3TOM
MHPOPMaALLMM B aHA/IOTOBbIN CUTHAA. B TakmMx cuctemax obbl4HO MCNO/b3YHOTCA ABYXNPOBOAHbIE
JIMHNK CBA3M, a BCe LMPpOoBble KoAbl COOTBETCTBEHHO NepeaatoTca B Nocae0BaTeNIbHOM BMAeE.
[na npeobpa3oBaHMA NOCNen0BaTE/IbHOMO KOAA B aHA/I0TOBbIN CUTHA/ MOTyT bbITb
MCNONIb30BaHbl Pa3/INYHble CNOCObbI.

MepBblt OCHOBAH Ha Y*Ke M3BECTHbIX cnocobax npeobpasoBaHMA NOC/e0BaTENbHOIO Koga B
napannenbHbin (Hanpumep, ¢ nomouwbio K555MP8 — BocbMmnpaspsaHOro cABMroBoro peructpa ¢
nocneaoBaTe/ibHbIM BXOAOM M NapanneNbHbIMW BbIXOAAaMKU) N Nocneayrowmm npeobpasoBaHnem
B @aHA/I0rOBbI CUTHAN N3BECTHbIM CNOCOBOM.

BTopoi cnocob ocHoBaH Ha UCNONb30BaHMKM NocneaoBaTenbHbix LLAM.

O4HMM 13 pacnpocTpaHeHHbIx nocnegosaTenbHbix UAIN asnatotca LA, BbINO/IHEHHbIE HA
OCHOBE YCTPOMCTB BbIOOPKK N XpaHeHUA. PaccmoTpmm nogobHbIi npeobpa3osBaTenb



MukpokoHTponnepbl

NocnepoBatenbHblie uudpo-aHanorosbie npeobpasosatenu

B cxemy BXoAAT ABa YCTPOMCTBA BbIDOPKM U XpaHeHUs: BxogHoe YBX1 u BbixogHoe YBX2, kntoum
S1 -S4 n cxema ynpaBaeHUA KAtoYamu.

MpeobpasoBaHne nocieaoBaTeIbHOr0 Koga NPOM3BOAMTCA 3@ N-TAKTOB, IA4E N — YMUC/I0 Pa3psaL0B
nocnepoBaTenbHOro Koga. MocneaosatenbHbIN KOA, ABUXKETCA MAAALWMM Pa3pAaOM BNepés,

B nepsom nosnynepunoge nepsoro Takta cymmupyetca c U, ., U genutca Ha 2. B KoHue nepsoro
noaynepunoga Ha sbixoae YBX1 noasnsaerca HanpaxkeHue

8bIx

Uy Z%*( ond +U2(i—1))

roe
U,;- HanpAaxeHue Ha Bbixoae YBX1 Ha TeKylwem Lare;
U,.1)- HanpsaXeHue Ha Bbixoae YBX2 Ha npeaplayuiem ware.

Uon S1 A — E—
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MUKpOKOHTpOANEpPDI

NocnepoBartenbHble undpo-aHanorosbie npeobpasoBatenu

HanpsaxeHune U,; 3anomuHaeTca Ha KoHageHcaTope C1 YBX1 (B pexnme xpaHeHuUaA Koy S2
Pa30OMKHYT).

Bo BTOpOM nonynepunoge nepBoro TakTa KAtod S3 3aMbIKaeTcA 1 HanpAaXeHue ¢ Bbixoga YBX1
noaaértca Ha Bxoa YBX2. Takum ob6pa3om, B KOHLE NEPBOro TaKTa HanpAXeHue Ha Bbixoae YBX2
PaBHO HanpAXeHuto Ha Bbixoge YBX1 (U= U,;). CTouT oTMeTuTb, 4TO B MEepBOM Nosaynepuosae
nepBoro TakTa U, ;=0.

Ha cnepytowem (i+1) Takte npouecc nostopaetcs. C KaxKAblM TAKTOM HanpsaXXeHune Ha
KoHAeHcaTope C2 nameHAeTCA B 3aBUCUMOCTM OT TOro, YeMy PaBHANCA pa3pAs Ha TeKyLlem TaKkTe. B
KOH-Ue N-ro TakTa KoHaeHcaTop C2 3apAaamTca A0 HanpAXKeHuA

U,,=Uon * N,

rae N - YuCNoBOM 3KBUBANEHT Npeobpasyemoro undpoBoro Koaa.

B KOHLLe n-ro Takta oTKpbIBaeTca KAto4d S4 1 HanpaxeHue ¢ U,, Bbixoga YBX2 noctynaeTt Ha BbIX0oz,
npeobpasoBaTens.

To4yHOCTb M BbICTPOAENCTBME TaKUX Npeobpa3oBaTesien NPAaKTUYECKN NOJIHOCTbIO OnpeaenaeTca
KayecTBOM Mcnonb3yembix YBX.
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MUKpOKOHTpOANEpPDI

AHanoro-uudposbie npeobpasosatenu
Mpeobpa3oBaHne aHaNOrOBOM Be/IMUUHbBI B LMPOBOI KOA, BbINOJIHAOT aHaNoro-undposble

npeobpasosaTenu (ALM). Mpouecc npeobpasoBaHUsa ABNAETCA, B 06LLEM CNyYyae, USMEPUTE/IbHbIM
npoueccom. NpeobpasoBaHMe NPOMUCXOAUT NYTEM CpaBHEHMA Npeobpasyemoit BEAUUYNHbI C
HabopPOM 3TaNIOHHbIX BEIMUYNH, UMEIOLLIUX OANHAKOBYIO Npupoay ¢ npeobpasyemoil.

Mo cnocoby npeobpazoBaHmna ALLIN MOXKHO pa3aenunTb Ha:
- nocnepoBaTesibHble;

- NapannenbHble;

- nocnepoBaTeNbHO-NapansenbHble;

- C MPOMEKYTOYHbIM Npeobpa3oBaHUEM.



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHbie AL
Hanbonblee pacnpocTpaHeHne No pagy NpPMYMH Noayunam nocnegosatenoHble ALLM ¢ LLAM B

uenun obpaTHOM CBA3M.
®PyHKUMOHANbHAA cxeMa nocaenoBaTenbHOro npeobpasosaTens.

UCC
u., Lndppo- 31 _ O603HayeHUs Ha PUCyHKe:
» aHnoroBbIi A ! .
npeo6pazosarenb l — + oY Km - KOMMNapaTop,
QY - onepaunOHHbIN yCUNUTEND.
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHbie AL U, | e 3: A

B ocHoBY paboTbl npeobpa3osBaTtena NONOKEH NPUHLMN reeospasoearems [T+ 0
CpaBHeHMA BbIxogHOro curHana LIAM (Bbixoa onepaunMoOHHOro
yeunutensa OY1), KoTopbli U3MEHSIETCA NO 3aKOHY, ;umﬁﬁﬁm
onpeaenéHHoOMy BUAOM IOTMYEeCcKoro ycTpomncTea. MNpu paBeHcTBe  + ’ ]

HanpAXeHUi: BxogHoro (Nnpeobpasyemoro), nogaBaemoro Ha Ayex Nonneectoe
NOJIOKUTE/IbHbIM BXOA, KOMNapaTopa W HanpsaXKeHns obpaTHom

cBA3U (BbixogHOro HanpsxkeHus LLAM), nogasaemoro Ha
oTpuLaTeNbHbIN BXOA, Komnapatop GOpMUPYET CUTHanN, U,
OCTaHaB/ANBAIOLLNM NPOLLECC YPaBHOBELIMBAHMA. B MOMEHT

OoCTaHOBa Ha Bbixoge AL 6yaet chpopmmnposaH Koa N,
COOTBETCTBYIOLNIA BXOAHOMY HaNpPAXKEHUIO

ng :UOI’IN / NO
rae N - UNCNOBOW 3KBMBANEHT KOAQ;
N, = 2m - makcumanbHoe Yncno.

CTaTnyecKkana NOrpeLwHoOCTb TakMx NpeobpasoBaTenen onpeaenaeTca NOrpeLHoOCTbo
Komnapatopa u LAM. PaccmoTtpum noapobHee npuHUMUN AENCTBUA OTAE/bHbIX 3/IEMEHTOB
npeobpasoBaTens, 3a uckaoudeHnem LLAT, KoTopbi paccmaTpuBanca B NpeablayLinx pasgenax.



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

KomnapaTtop

CornacHo c/i0Bapto MO eCTeCTBEHHbIM HayKam KOMMNapaTop 3TO CpeacTBO CPAaBHEHMA,
npeAHa3HayeHHoe ANA CAMYEHNA Mep OAHOPOAHbIX BENNYNH.

B Hallem KOHTeKCTe KOMNapaTop - aHaN0roBoe YCTPONCTBO, NpeAHa3HaYeHHoe ANS CPaBHEHUS
HenpepbIBHO N3MEHSIIOLWMXCA BXOAHbIX CUTHAN0B. Ha npaKkTUKe B Ka4ecTBe KoMnapaTopa MoXeT
BbICTyNaTb MO0 cneunann3npoBaHHOE YyCTPONCTBO, N1MHO BbICTPOAENCTBYOLLNMN
AnddepeHUmanbHbli yeManTeNb NOCTOAHHOIO TOKa € 60/1bluM KoabduUMeHTOM yeunenus K, ¢
ManbiM Aperndom N CMELLEHNEM HYNIA U NOTUYECKUM BbIXOAOM. BxoaHOM Kackag KomnapaTtopa
AonKeH 06/1a4aTb CNOCOOHOCTLIO BblAEPKMBATb OonblUne CMHPa3Hble U AudPpepeHumranbHble
CUFHaNbl Ha BXOAAX, HE HACbILWLAACH, T.€. HE NOMNaAas B PEXUMbI, U3 KOTOPbIX KOMMapaTop byaeT
[ONro BbIXOAUTb. B HEKOTOPbIX MOAENAX KOMMApPaToOpPOB A5 NOBbIWeEHMA Ko3adPUUMEHTa
YCUNEHUS NCNONb3YIOT HEFNYDOOKYHO MNOMI0XKUTENIbHYO 0OPaTHYIO CBA3b.

c




MuUKpOKOHTpONNepbl
AHanoro-umndposbie npeobpasoBartenu
NMocnepoBaTtenbHblie AL

KomnapaTtop
BbixogHOM cMrHan KomnapaTtopa

Uebzx :Ky(Ul_UZ)

BBMAY 601bLIOro KO3GPULMNEHTA YCUNEHUA, AOCTUTAIOLENO HECKO/IbKMX ThICAY, MPAaKTUYECKMU
BCEraa orpaHnYeH BeIMYMHAMM UCTOYHUKOB NMUTAHUA KOMMNApaTopa M NOSTOMY MOMKET CUMTATbCA
JIOTMYECKMUM CUTHANOM. [10 3TOM NPUYMHE KOMMAPATOP YaCTO UCMNONb3YIOT KaK 3/IEMEHT nepexoga oT
aHANOoroBbIX K LMGPOBbLIM CUTHANIAM.

CornacoBaHMe Mo yPOBHHO BbINOAHAETCA NOAOOPOM COOTBETCTBYHOLLMX UCTOYHUKOB
3NEeKTpoNUTaHuMA, Hanpumep, ecam +Un=5B, -Un=0 (ogHononapHoe nutaHue), TO TaKON KOMNapaTop
JIErKO COr/lacyeT aHa/IoOroBYHO YacTb KAaKOro-mbo ycTpomncTBa ¢ LMdpoBbIM YCTPOMUCTBOM,
BbIMO/HEHHbIM HA MUKpOcxemax cepun TTJ1 uam aHanormyHbIX. MHoraa KomnapaTop Ha3bIBalOT
O4HOBUTHbIM aHanoro-uMppoBbIM NpeobpasoBaTenem.



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

KomnapaTtop

OpHaKo He cTonT 3abbiBaTb O TOM, YTO NPU KHYNEBOM» PA3HOCTH
BXOAHbIX CUFHA/I0B PeasibHblA KOMNAPATOP, UMEHLLNIA OYEHb
60ONbLLON, HO BCE }Ke KOHEYHbIN KO3dPUUMeHT ycuneHus, pabotaer
B YCUNIUTE/IbHOM PEXMME, YTO ABNAETCA MCTOYHMKOM MOTPELLIHOCTU
B ALl npeobpa3oBartensx

MpuHUKMN paboTbl KOMNapaTopa

[Ona Toro 4tobbl YYyBCTBUTENBHOCTbL Obl/1a BbICOKOM, KOMMNapaTop,
AO/IKeH NMeTb 6eCKOHEeYHO 6onbloN KO3IPIULIMEHT ycunenms. B
3TOM C/ly4ae NPOLLECC NEPEKNOYEHMA MOXKHO CYNTATb PENENHBIM

OCHOBHas NOrpeLwHoOCTb, BHOCMMAA KOMNapaTopom B paboTty
AL — amHamuyeckana norpewHoOCTb KoMmnapartopa.

[JMHammMyeckas norpewHoOCTb KOMNapaTopa XapaKTepmnsyeTca
BpemeHeMm NnepektoyeHna t,. 3TO MPOMENKYTOK BPeMEHU OT Havyana
CpPaBHEHMA 40 MOMEHTA, KOraa BbIXOAHOE HanpAXeHue
KOMMapaTopa AOCTUTraeT NPOTMBOMO/IOKHOIO JIOTMYECKOro YPOBHA.
Mpouecc cMeHbl TOrMYECKOro YPoBHA CONPOBOXKAAETCA
nepexoaHbiM NPOLECCOM, KOTOPbIYM B OCHOBHOM ONnpeaensaet Bpems
nepekntoveHua t,.

BbIX




MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

Jlornyeckume ycTpoimcrBea

B 3aBMcMmocCTM oT cnocoba NoCcTpoeHMs Norm4yeckoro yctponctea (ot cnocoba ypaBHOBELINBAHMUSA)
MCKOMOM BENIMYMHbBI pa3nunyatoT cneayowme suabl ALIM:

— AU pa3sepTbiBatOWEro ypaBHOBELWMNBAHUA;

- AU cnepAawero ypasHOBeLWMBaAHUA

- AUT nopa3pagHoro ypaBHOBeLWMNBaHUA



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHbie AL

AL pa3sepTbiBaOLWEro ypasHoBelwWMBaHUA

MpeobpasoBatenm JaHHOroO TMNA B AMTEPAType 4YacTo
BCTpeyatoTca nog HassaHmem AL nocneposBaTtenbHOro cYETa.

RomneHcupytolee HanpaxeHue U, c sbixoaa LIATI
NOAAETCA Ha OTPMLATE/IbHbIN BXOA KOMMApaTopa M PACcTET OT
ncxogHoro 3HaveHus U, , (B obwem cnyyvae U,,=0) ao
3HaveHua U, = U,,. PocT HanpaxeHuna U, , nponcxogut B
KaXXA0M TaKTe paboTbl npeobpasosaTena Ha BennunHy A U,,
COOTBETCTBYIOLLYIO MAallemy paspaay umdpoBoro Koga

— UOH

roe AU, = on-1

U,,— onopHoe HanpaxeHue umMdppo-aHanorosoro
npeobpasoBaTens;

n — pa3paaHocTb undpo-aHanorosoro npeobpasosartens.

B momeHT U, = U,, npouecc npeobpa3oBaHua
3aKaH4YmMBaeTcA.

B nanbHenwem AL moxkeT paboTtaTb Mbo B cnegauem
pexmme, NMbo BHOBb NOBTOPUTb NPOLLECC YPaBHOBELUMBAHUSA,
HaunHasa c U,,.

U!I! UK
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

AL pa3sepTbiBaOLWEro ypasHoBelwWMBaHUA

Cxema NormyecKkoro yCTpomcTBa MOXKeT bbITb NpeacTaB/ieHa A4BONYHbIM CYETYMKOM MMMYNbCOB, Ha
BXO[, KOTOPOTO Yepes cxemy COBMafeHUA NOCTYNAT MMNY/bCbI f, OT TAKTOBOro reHepaTopa G.

Mpouecc npeobpa3oBaHMA HAYMHAETCA NOoAAYEN KPATKOBPEMEHHOIO MMMyabca «IycK», KOTOPbIN
0bHyNAEeT ABOUYHbIN CYETYUK, U, COOTBETCTBEHHO, KOMMEHCUPYIOLLLEE HaNpPAXKEHME NPUHUMAET
HyneBoe 3HayeHue. [Jo Tex nop, NOKa KoMNeHcupytowee HanpaxkeHue ¢ Bbixoga LAI HUXKe, yem

BXOAHOE, Ha BbIXOA4Ee KOMMapPaTopa Km ctout

«eaMHNLA», KoTopas paspeLuaeT N Uon
NPOXOXAEHMIO TAKTOBbIX MMMYNbCOB OT g
reHepaTopa K ABOMYHOMY CYETUUKY. cn| 2
N3meHeHne KoaoBbliX KOMOUHaLUMM Ha Bbixoae 3 - ) i g
s LIAM

CYeTUYMKa BeAET K NOBbILLEHUIO
KOMMNEHCUPYIOLWEro HanpPs»KeHUsa U B MOMEHT [ R
BpemeHu, koraa U,, = U, komnapaTop
cpabaTbiBaeT. Ha BbIxoge — NOrMYECKUIN HYNb,
KoJ0BanA KOMBMHALUMA Ha ero Bbixoae
bUKCUPYETCA U 3aNNCbIBAETCA Ha BbIXO/,
bydepHoro permctpa RG.

RG

Lndhpo ol kag

N e LD e
N e M=

3
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

AL pa3sepTbiBaOLWEro ypasHoBelwWMBaHUA

YacTtoTa MMmnynbcoB BbibUpaeTcsa Takomn, YToObl B KaXKA0M TaKTe BbIxogHOe HanpaxeHue LA
YCTaHaB/INBANOCh C 3a4aHHOM TOYHOCTbIO M MPOUCXOANNIO NOAHOE cpabaTbiBaHME KOMNapaTopa
(yumTbiBaNacb AMHAMMYECKAs NOrPEeLIHOCTb YCTPOICTBA).

MakcumanbHoe Bpema npeobpa3oBanuma T, =N,/ f+

nmax

Bpema npeobpasosaHua T, B ALLIM pa3sepTbiBaloLLErO YPaBHOBELLIMBAHUA ABNAETCA BE/IMYNHOM

ﬂGpEMeHHOﬁ M AOCTUTaeT CcBOEro MakCMMmaJibHOro 3Had4yeHunAa Npm MmakCMmasJibHOmM BXO4HOM CUTHAJIE,
paBHOM BEJIUHNHE Uon'



MUKpPOKOHTpOANEPDI

AHanoro-umudposbie npeobpasosatenu

NMocnepoBaTtenbHbie AL

AUN cnepgAawero ypaBHoBeLWNUBaHUA

Ha nepBom atane AL cnepgauwero ypasHoBelnBaHUA paboTtaetT aHanormyHo ALLTM
nocnenoBaTesibHOro cyeta. lNpu AOCTUXKEHNM 3HAYEHNA KOMNEHCUPYIOLWETO HAaNPAXEHMNA BENNYUHDI
U, = U, npeobpa3sosaTe/ib HAYMHAET «CAeAUTb» 33 BXOAHbIM CUTHANIOM.

H-I‘.IUI
‘H"*-n._
U, Crnenaumi /
~——l_ pERUM /
Pexum
Ha4anbHOM
U, — cyeTta
Pexum
HavyarkHoro
cyeTa
[
0 t
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

AU chepawero ypaBHOBeLWWMBAHUA

Nornyeckoe yctponcteo B AL chepAawero ypaBHOBELIMBAHMA MOXKET ObITb peasin3oBaHoO Ha base
PEeBEePCUBHOIO ABOUYHOIO CYETYMKA MMMYNbCOB, KOTOPbIM BbINOJIHAET CYMMUPOBAHUE U BblYUTaHME
MMMNY/bCOB B 3aBUCUMOCTM OT COCTOAHNA KomnapaTtopa. Ecam U, >U,, TO uMnynbCbl CymmU- pyLoTea W1,
cooTBeTcTBEeHHO, UK yBennumsaetca, u Haoboport U,, < U,, TO umnynbCebl Bbluntatotea n U,
yMeHbLUlaeTcA.

B 3aBMcumocTHM OT cKopocTn nsmeHenua U,, B ALIN chepAawlero ypasHoBelWMBaHUA MOXHO
HabAAATb CegAlMn PEXNM NN PEXMM HaYyalbHOTO CYETA.

Ecnun ckopocTb nsmeHeHua BxogHoro curHana U,, He npeBbllaeT CKOPOCTU U3MEHEHUA
KOmMneHcupytowero curHana U,, To B 110601 MOMeEHT BpemeHn BxoaHon curHan U,, byaet otanyatbea
OT KoMneHcupytowero U,, Ha BEIMYMHY, COOTBETCTBYIOLLYIO MaadLwemy paspagy undpoBoro koga
(wara KBaHTOBaAHMSA) U

— (01}

K 2n—1

AU

Bpemsa npeobpa3oBaHMA B AaHHOM C/ly4ae paBHO BPEMEHW Clef0BaHNA TaKTOBbIX MMMNY/bCOB f,.
B perkume HayanbHoOro cyéta pabota AL cnepaulero ypaBHOBeLMBAHNA aHanormyHa AN
nocnenoBaTeNIbHOro cyeTa.



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL
AU chepawero ypaBHOBeLWWMBAHUA
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL

AL nopa3paaHoro ypasHoBelwwnBaHUA

Mpouecc ypaBHOBELWMBAHUA MPOU3BOAUTCA B HAaNPaBAEHMU OT CTapLUMX PAa3pAL0B K ML LWNM.
KomneHcupytowee HanpAaxXeHne U3MeHAETCA No 3aKOHY

n i
UK :U0n Z ai2
i=1

rae

n —d4uncno paspagos ALI;

a; — COCTOAHWE j-ro pa3paaa.

Mpw Nnopa3pafHOM ypaBHOBELIMBAHWM B NEPBOM TaKTe BK/OYAETCA CTapLlunii paspag ¢ secom 21,
3aTem NPoMCXoaMT cpaBHeHne BxogHoro Hanpaxkeuma U, c 2 U, . B chyyae, ecin U, > 72 U,
paspagHomy Ko3dPUUMEHTY a; NPUCBanBaeTca «1», B NPOTMBHOM cay4ae «0O».

Ha BTOopom TaKTe BKAKOYAETCA BTOPOWA paspag, ¢ Becom 272,

O6LwW M1 anropuTm BbIYUCIEHNA KOMMEHCUPYIOLLETO HaNPAXKEHNA Ha NocneayoLLem Lare, Kpome
nepsoro, cneayowmin:

— €eC/I1 Ha npeAblayLiem Lware Be/it4nHa paspagHoro KospdpuumeHTa pasHa «1», To HanpaKeHue

COOTBETCTBYIOLLEE TeKyLleMy pa3paay npubasaneTca K HanpAXXeHUIo npeablayLero wara.

— €eC/I1 Ha npeAblAyLiem Lware Be/idnHa paspagHoro KoapouumeHTa pasHa «0», To HanpaKeHue

COOTBETCTBYIOLLEE TEKYLLEMY pa3pady Bbl4MTAETCA N3 HaNpAXKeHUA npeaplayLiero wara.



MUKpPOKOHTpOANEPDI

AHanoro-umudposbie npeobpasosatenu

NMocnepoBaTtenbHbie AL

AL nopa3spagHoro ypasHoBelwwnBaHUA

B pe3synbTaTe BXogHOE HanpsakeHue byaet
YPaBHOBELWEHO KOMMNEHCUPYIOWMM HanpAXKeHUemM

n s
Uex :UK :Uon 2 ai2 ! :UonN
i=1
roe
N — undppoBOIN IKBUBANEHT ABOUYHOIO KOAa.

ANNTeNbHOCTb LMK B TaKUX
npeobpasoBaTenax He 3aBUCUT OT BE/INYUHDI
BXOAHOMO HaNPSAXKEHUS, a onpeaenserTca To/bKo
pa3pAAHOCTbIO Npeobpa3oBaTens n U 4YacToTom
TAKTOBOrO reHepaTopa.

U

BX?

U,

1

0Oo001O0O0O0H1

0 0O0 1

00O
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

NMocnepoBaTtenbHblie AL
AL nopa3paaHoro ypasHoBewwnBaHUA
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MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

MapannenbHblie AL

B napannenbHbix ALLIN meToa npeobpa3zoBaHUA 3aKNtO4aeTCA B OA4HOBPEMEHHOM CPaBHEHUM
BXOAHOM aHaN0oroson BennynHol U,, ¢ (2"-1) onopHbIMKU HanpaxeHUAMM ¢ nomolybto (2"-1)
KomnapaTopoB. Koa, o6pasyembliii Ha BbIXOA4ax KOMMNapaTopoB, NpeacTaBAseT coboi HOpMaAbHbIN
eANHUYHbIN Koga,

JlecATHUHOE YHCIIO EIHHUYHEIT HOPMATBHEIA KO
0 0000000

0000001

0000011

0000111

0001111

0011111

0111111

1111111

2| =

b

GO | 1| S| |




MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu
l'Jl}l'l

MapannenbHblie AL . f] ﬁ ﬁ ﬁ
(1R (2-2)R 2R R

OnopHble HanpAXeHnA B
Konunyectse (2"-1) popmmpytoTcsa ¢ >— s[T 0
MOMOLLbIO PE3NUCTUBHOIO AENUTENS. N 1R —
DTU HAaNpPAXeHMA NoJAETCA BMecCTe / S| T 1 ,
C BXOAHbIM HanpsKeHmnem Ha (2"-1) N TR 21_2”35’ —
komnapaTopos. Ha Bbixoge T N
KOMMapaTopos, y Kotopbix U, > U, ; S | = .
popmupyeTca curHan, 1T
COOTBETCTBYIOWMI «1%», B R[‘] QR[J (zn'z)R[‘J (21'“R[J e
NPOTUBHOM cydae «0». T # e # COpoC

CurHanbi ¢ Bbixoaa (2"-1) komnapaTtopoB Yyepe3s (2"-1) PUKCUPYHOLLNX TPUITEPOB NOAAETCS
npeobpasoBaTenb HOPMaJIbHOrO eA4MHUYHOTO KoAa B ABOWNYHbIN. Hanbonee npocTbiMm pelieHnem 3aaaum
npeobpa3oBaHNA KOAOB ABMAETCA MCNOb30BaHME NOCTOAHHbIX 3anOMUHatoWmx yctponcTs (M3Y). Mpu
3TOM HOPMa/ibHbIM €ANHUYHbIN KOA BbICTYNAEeT B KauecTBe aapeca 411 NoJy4aemMoro B Kayectse
npeobpa3oBaHUA 4BONYHOIO Koaa.

JOCTONHCTBO - BbiICOKOE bbicTpoaencTemne. Bpema npeobpasosaHua Tn gocturaet 10+100 Hc.

HepnocTaToK - BbICOKME annapaTypHble 3aTpaThl

Mo aTon npuunHe napannenvHbie ALLM BbinycKatoT manopaspagHbimu (4+5 pa3pagos), a 3aTem
06begMHAIOT ANA NonyyYeHns Tpebyemon paspaaHOCTH



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

UHTterpupyrowme AL

NHTerpupytowme ALMN oTHocATCA K Knaccy npeobpa3oBaTtesier C NPOMEXYTOYHbIM
npeobpasoBaHuem. Mo cnocoby npeobpaszoBaHuma nHTerpupyrowmne ALLIN asnatoTcs
pa3sHoBmnaHoCTbio AL nocnepoBaTenibHOroO CHETA M XapPaKTEPU3YIOTCA NOBbILWEHHOM TOYHOCTbIO.

CyLWHOCTb MeToAa, MCNONb3yeMoro B AaHHbIx AL, 3akntovaeTca B npeobpa3oBaHMKN NYTEM
MHTErPUPOBaHMA BXOLHOIO CUrHaAa BO BPEMEHHOW MHTEPBA, @ 3aTeEM U3MeEPEHNA BPEMEHHOTO
MHTEpPBA/a TaKXe METOA0M UHTErpupoBaHMA. UMeHHO NO3TOMY AaHHbIM METOA, Ha3blBaeTCA
METOA0M ABONHOIO MHTErPUPOBAHMUA.

BbiIxogHoe HanpaXeHue nHTerpatopa

1
U =——1U, (t)dt
6blX T-[ ex()

I
roe T— NOCTOAHHAA BpemMeHU nHterpuposaHuna T=RC; |
3HaK «-» O3HA4YaeT oTpuuUaTeNbHYO 0OpaTHYIO CBA3b. R
B cnyuae, ecnm bbicTpoaencTeme npeobpasoBaTtenss MHOro — 41 - U

6onblle, YeEM CKOPOCTb N3MEHEHMA BXOAHOTO CUIHaNa, TO Ha _|_Oy

Bpems npeobpa3oBaHMA BXOAHOM CUTHA/T MOXHO CYUTATb

nocroaHHbIM (U,, — const) n, cneposaTenbHo,

:_luext
T

BEIX

U

6blX

roe t — Bpema MHTErpupoBaHms.



MUKpOKOHTpOANEpPDI

AHanoro-uudposblie npeobpasoBatenu

UHTterpupyrowme AL

OcHoBHasA uaen

Ha oTpe3ke T1 BXOA4HOM CUFHAN
nHTEerpupyetca (3apag KoHaeHcatopa). Yem
MEHbLLIE MO BE/INYMHE 3TOT CUTHAN, TEM MeHbLUE
Yro/1 HaK/I0Ha NPAMOW.

Ob6paTHbI Npouecc (npouecc pa3psaaa)
BCEraa MAET NOCTOAHHbIM MO BE/IMYMHE
(onopHbIM) 3HayeHnem B TeyeHue T2.

MoaobHble cxembl (MAEU) WNPOKO
MCNONb3YIOTCA AN1A NPeobpa3oBaHNA YPOBHS
HanpAXeHua B AINTENbHOCTb UMMNYbCa U 06
3TOM Mbl eLLE NOrOBOPUM.

Myck 1
J /I\MK
1
;
i H hN
t, t, 7 t
) T1 ‘I‘ T2 R
[ T

MmMnynbebl cueTa
MMnynbc nepenonHeHuA

AT (T




MUKpOKOHTpOANEpPDI

AHanoro-umndposbie npeobpasoBartenu

UHTterpupyrowme AL

Mpouecc npeobpazoBaHmsa HaunmHaeTcs no curHany «MYCK». Tpurrep T1 B3BOAUTCA M NOAKAKOYAET
BXOAHOe HanpAaxeHue yepes KoY K1 K uHterpatopy UH.

Mpun U, >U, co cxembl coBnageHna CC Ha Bxoa, S T3 nogaérca «1», Tpurrep B3BOAUTCA U paspeLlaeT
NPOXOXXAEHME UMMYNbCOB YaCTOTOM f OT reHepaTopa G Yepes cxemy coBnageHua M K 4BonYHOMY
cyeTymKky. C NprUxoa0om KaxKaoro MMnynbca BbIXOAHAA KOAOBAsA KOMOUHALUMA CYETYMKA
yBeNn4nBaeTcA.

B MOMEHT, Korga cyeTymK nepernoHAETCA U Ha BbIXOAe YCNaB/IMBAKOTCA BCE HY/M, a C BbIXO4a
(2"+1) curHan nepenonHeHuna noctynaet Ha T1 n T2. T1 cbpacbiBaeTca u oTkatovaeT U, ot UH. T2
B3BOoAUTCA M noaKntovaeT U, K UH yepes K2. U, npotuBononoxHoe no 3Haky U,,. Koraa
HanpaXkeHue Ha Bbixoae WH pasHo U, CC cbpocnT T2. K2 pasoMKHETCA 1 oTKAoumnT U, oT UH.

K1 Cr2|1 }——
Uex 2 — g
# -~ Uw cc S|t3 2 +1 3 g
4 F—3
1 [ R 5 2
K2 €
:Jon P> Uo =
G A —
T_ 2+1
Myck
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R
S|IT2—
I— R




MUKpOKOHTpOANEpPDI

AHanoro-uudposble npeobpasoBaTtenu
UHTterpupyrowme AL

K 3ToMy MOMEHTY Ha BbIXOAEe CYETYMKA OyAeT 3anncaH Koa, SBaatowmmnca umpposbim

9KBMBA/NEHTOM BXOAHOIO0 aHaa0roBoro CUrHana.

Mokaxem 3710

LUndpoBon Koa Ha BbIXxoAe CYETYMKA B MOMEHT
BpemeHu t3

rae

T, —Bpema uHterpuposaHua U,

T — nepuos TaKTOBOW YacTOTbl reHepaTopa.

Hangém cBasb mexay BpeMeHHbIM
nHTepsanom T, v HanpaxeHnem U,,.

B mOMeHT BpemeHHu t,, Koraa MHTerpuposaHune
BXOAHOro HanpaxeHua U,, 3akaHumBaeTca Ha
BbIXOA4Ee MHTerpaTopa yCcTaHaB/IMBaeTCA
HanpaxeHune U, ., paBHoe

1

U :_?UGXT].

8blX

roe T,- Bpema nHterpuposaHuna U,,.
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MUKpOKOHTpOANEpPDI

AHanoro-uudposble npeobpasoBaTtenu
UHTterpupyrowme AL

C Apyron CTOpPOHbI

U 1

=—-u,T
T0n2

6blX

Myck

roe T,- Bpema nHterpmuposanma U,,.
N3 yero cneayer

U exTZ

e | ——

TZZU—.

on
T1 T2

A
b
y

\
— .

X
%

CnepoBaTenbHO Kof, CPOPMUPOBaAHHBIN Ha K
BbIXOAe

N :T_2:U6xT1 :U6x 2”
r U, U

on
roe

n —4YnUCNo pPaspAaaoB B CHETUUKE.
HNoctounHcTtea AL ¢ ABOMHbIM

npeo6pasoBaHmeM OTHOCAT AO0CTATOYHO
Mmnynbcel cueTa
BbICOKYHO TO4YHOCTb 3a CHET UCIMOJ/1b30BaHUA iMny b ¢ nep enonHexna

OAHUNX U TEX e Yy3/10B Npn NHTETPUPOBAHUN, UTO "HHM"HI‘_“IIHII“ HMHMM”HI‘MHHM
Nno3BOJIAET KOMMNEHCNPOBATb OLNOKMN.

HepocTaTok ...



MUKpPOKOHTpOANEPDI

MpeobpasoBaTtenb HanpAXeHMUe - YacToTa
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