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BBeneHue

B HacTosimiee BpeMs MOJaBIsONIee OOJBIIMHCTBO COBPEMEHHBIX CHCTEM
yIPABJICHUS SBISIIOTCS IUGPOBBIMH SJICKTPOHHBIMU CHUCTEMaMHU, OJIHAKO Ha BXOJIE
TaKUX CHCTEM YacTO MPUCYTCTBYET AaHAJOTOBBIA CHUTHAJI C Pa3IMYHBIX JaTYUKOB
¢busnyeckux BenuuuH. [[ns mpeoOpa3zoBaHMs A3TOr0 CurHajia B HUGPOBON BHJ
UCIIOJIB3YIOTCSl  CTICIIMANIbHBIE YCTPONCTBA — aHANOTO-IMGPOBBIC Mpeodpa3oBaTenu
(ALIT). Ilpu »stom mig makcuManbHO dS(dexkTuBHON pabdoTsl ALl BxomgHOIM
aHAJIOTOBBIM CUTHAJI JIOJDKEH COOTBETCTBOBATH OIPEACIEHHBIM TPEOOBAHUSM: Yalle
BCETO OH JOJKEH ObITh 3HAKOIMOCTOSHHBIM M MaKCUMAaJbHO TOJHO YKJIaJbIBATHCS B
nuana3oH oT 0 B no onopnoro nanpspkenust ALIL. Curnan ¢ JaTyukoB Kak MPaBUIIO
MMEET 3HAKOTNEPEeMEHHYI0 (GopMy ¢ HEOONBIION aMIUTMTYJOM M YacTo 3alryMJEH.
[TosToMy akTyanbHOU SIBISETCS 3ajaya pa3paOOTKH aHAJOTOBBIX CXEM YCHIIMTEJCH-
npeoOpa3oBareseii, KOTOphIe MOArOTABIMBAIOT aHAJIOTOBBIN CUTHAM IS TTOCJICTYIOIIEH

nepenaun Ha Bxoa ALLIL.



1. Pa3pa60TKa ycuauTe IA-peo6pa3oBaTesis HA ONePalUOHHBIX YCUIUTEIAX
(0Y)

1.1. O61mMe MoJI0KEHUs

[IpumMep HMCXOIHBIX NAHHBIX AJIA MPOEKTUPOBAHMS YCHIUTEISA-IPEOOpa3oBaTEIIs

(mayee ycTpoiicTBa) mpecTaBiieH B Tabuiie 1:

Tabnuya 1.

Iapametp O0o3Hau. Beanunna En. u3m.
Awmmuatyaa BxoaHoro curaana (U ) U 0,2|B
HwxHsas rpanuiia 4acTOTHl BXOJJHOTO CHTHANa J; 0,02| xI'g
BepxHsisa rpaHHIa 4aCTOTHI BXOJHOT'O CHrHAlla hA 1| xI'y
Jlnana3oH BBIXOJHOI'O CUTHAJIa IIpeodpazoBaTeis AU 0..5/|B
XapakTtep nomex BoicokodacToTHbie OMexH SkI'11 1 BeIIe
OnepalMOHHBIN YCHIIHTEb K140Y18b

33,[[3‘13 p33pa6aTI>IBa€MOFO YCTpOﬁCTBa 3aKJII04YacTCsaA B HpGO6p330BaHI/II/I

HCXOOHOTO ABYXIIOJIIPHOTO CHI'HAJIA aMHHHTyHOﬁ u, B YHI/IHOJIHpHBIfl CHUTHaJI B

auanasoHe AU ¢ y4eToM MoMex, T.€. pean3aliy CICeAYIoeH (QyHKIHH:

~ ~ U
u €CSk,u GoA

861X \4 6x !

rae U, € — BXomHoit curna;

U | S BBIXOJTHOM CUTHAJ,

B8blX

U , — BEepXHsis IpaHMIa Jrana3oHa AU ;

u
K, = ﬁ — KO3 PUIMCHT yCHIICHUS.

8x

Pa3zpabateiBaeMoe ycTpoicTBO (DYHKIITMOHATIBLHO MOXKHO Pa3[eauTh Ha TPU YaCTH
(puc. 1):
1) unpTp — ynanser u3 curHajia noMexy
2) yCUITUTENb — YCHUJIMBAET CUTHAJI TaKUM 00pa3oM, YTOOBI OH MMEJ aMILIUTYTy
U, U,

oT — —> 1o —;
2 2



3) cMeleHne — CABUT YCHUJIEHHOTO CUTHaa B iuana3on ot 0 jo U , .

acne O

—— ] dunbTp ——— Ycunuten (————»| CmelleHne ——»
Xon BbIXO[,

Puc. 1. ®yHkumoHanbpHasi cXeMa yCTpOMCTBa.

PaccmoTpum moapoOHee (yHKIHMOHAJIbHBIE YAacCTH YCTPOMCTBA HAa NHpPHUMEpE C

WCXOIHBIMH JaHHBIMH B TaOJI. 1.

1.2. ®uabTp

Tun ¢punapTpa BIOUpaeTCs B 3aBUCUMOCTH OT XapaKTepa MOMEXHU.

C TOYKM 3peHHUs YACTOTHBIX CBOMCTB MOKHO BBIJEJIUTH YEThIPE OCHOBHBIX BHJA
(UIBTPOB:

1) ¢uibTp HWKHHUX YacCTOT — YCTPOWCTBO, AS(PPEKTUBHO MPOITyCKaroliee
YaCTOTHBIM CHEKTp CHUTHaJIa HM)KE HEKOTOPOM YacToThl (4acTOTBI Cpe3a) u
MOAABJISIFOUIMI YaCTOThI CUTHAJA BBIILIE STOW YaCTOTHI.

2) (uabTp BEpPXHHUX YACTOT — YCTPOMCTBO, 3P(GEKTUBHO MPOIYCKAIOIIEe
YaCTOTHBIM CHEKTp CHUTHaja BBIIIE HEKOTOPOM 4YacTOThl (YacTOThl cpe3a) W
MOJIABJIAIOIIMN YaCTOTHI CUTHAJIA HUYKE 3TOM YaCTOTHI.

3) monocHbI PUIBTP — YCTPOUCTBO, d(HPEKTUBHO MPOMyCKAIONee YaCTOTHBIN
CHEKTp CUTHaja B ONpeNeIEHHOMN MOJIOCE YacTOT, MO0 B OKPECTHOCTAX OMPECIEHHOM
YacTOTBHI.

4) pPEXEKTOPHBIN (3arpaguTebHBIN) YacTOT — YCTPOHCTBO, 3(deKTHBHO
MPOMYCKAOIIEE BECh YACTOTHBIN CIIEKTP KPOME CUTHAJIA ONIPEICIIEHHON YaCTOTHI.

bonee moapoOHO peanuzanusi 3TUX TUHOB (QUIBTPOB Ha 0a3e oONepaluOHHBIX

ycunurenei onucana B Ilpuinoxenun 2.



[Tpu pacuere mapameTpoB ¢GuibTpa Kod(QPUIMEHT yCUJICHHS CIEAyeT 3a/l1aBaThb
paBHbIM 1. ITpu 3TOM BCe pe3HCTOPHI JKENATENBHO YCTaHABIMBATh B MHTEpBasie OT 10
OmM 1o 100 xOwm, a émxoctu — oT 1 HD 10 100 MKD.

Jlnst ynaneHust momexu u3 mpumepa B Tabmuie 1 1enecoodpa3Ho UCIOIh30BaTh
(GUIBTP HIXKHUX YACTOT € 4acTOTOM cpe3a 2 kI 1.

Paccuuraem Takoit puibTp.

R1 R1  1+—

B A2

UI::: T . |
1 Im 4 ™

3aI[a,Z[I/IM JJIs1 Hadajia €MKOCTH KOHICHCATOPOB paBHBIMH 1 HD:
C,=C, = 1ud

Orcroma HaitaéM R2 ncxoms U3 yacToThl cpe3a B 2 KI'II:

2000 ~
27R,C,
Otkyna:
R, = 79577 Owm

T.x. comporuBiieHHEe R, COOTBETCTBYET pEaJbHOMY pPE3UCTOPY, HEOOXOAMMO
npuBecTy ero K pany E24. bamxkaitiiee 3Hauenne 82 kOm, ero u OyieM HUCHOIb30BaTh B
JNaTbHENIINX pacyeTax.

Comnporusiienne R; Haiiném ucxons w3 ycloBUsA, 4TO KOADPUIIMEHT nepeaayuu
¢bunsTpa paBeH 1 o MOyIHO:

CnenoBaTeLHO:
R, = 82000 Ow
ConpoTHBIEHHE PE3UCTOPOB B CXEME R, /2 = 41000 O , uian u3 psaga E24
COOTBETCTBYIOIIME PE3UCTOPHI BRIOUpPaeM conpoTuBIieHHEM 43 KOM.
OOpature BHUMaHUE, YTO BhIOpaHHAash HaMH cxema (uiIbTpa MHBEPTHUPYHOLIAs,

IIO3TOMY IIOCJIC HETO H€O6XOI[I/IMO CHIé pa3 MHBCPTUPOBATL CUTHAJ, T.C. YMHOXHTL €TI0
6



Ha «—1». I[JIH 9TOro BOCIIOJIB3YEMCA HHBCPTOPOM — CTAHAAPTHBIM HHBCPTHUPYIOIIHUM

BKioueHreM OV ¢ koaduimenTom ycunaeHus 1 mo Moaysto.
Cmopnenupyem paboTy pa3paboTaHHOTO (UIBTPAa B COOBTETBUHM COC CXEMOW Ha

PUCYHKE 2:

1nF

_{

82 k Chm

100 k Chm

100 k Ohm

43 k Ohm 43 k Ohm
T 4
IW nF

Puc. 2. Cxema monenvupoBanus GuiabTpa.

ITo 3aJaHUI0 M3 IIpUMCEpa BXOI[HOﬁ CUTHAJI ¥ HAC JIC)KUT B JUAIIA30HC OT 0 a0
1 KFI_[, a BBICOKOYACTOTHBLIC IIOMEXM HAYMHAIOTCS HA 4YacToTe J KFH, IIOTOMY HJIA

MPOBEPKH pabOThI MoAaauM Ha puibTp curnansl yactotod 100 I'u, 1 xI'np u 10 k'

hid 7
[+ __ o
T B, 8688 = T2 22,7545 ms T2-T1 22,7848 ms
it 114 5758 mW W2 194 . 1932 mV W2 AP E1LF74 mW
WB1 128 .86657 ml WHE 186 4432 mV WBE-WB1 &5 . 73978 ml
— Time base Trigger Channel A Channel B
2.00ms/ div B Bige =l [100 i D B | [100 mwiDiw [5] | Reduse |
¥ position | 0.00 H‘ Lewel 0.oo H‘ ¥ pasition | 0.00 H‘ ¥ pasition | 0.00 H‘ Reverse
T NI ETEN & | B| Ea AC| 0| EE AC| 0| EE fave | (a)




ld
i |
T B 8888 = T 7.15845 ms T2-T1 7.18458 ms
"] Z.8@e12 mV Wi 1868 . 9538 mW R Rt | 172 . 1524 mW
W1 2¢. 1658 pb WBI £5.19688 mV WBI-WEL 2E. 1428 ml
— Time base Trigger Channel A Channel B
Edge Bl | [100 miv/Div ] | [100 my/Div B | Feduce |
Hposition | 0.00 IEJ Lewvel 0.00 |E|Y Y position | 0.00 I;J‘ ¥ position | 0.00 E Rewerse
Kl e | p =N ~ 8| Ba AC| 0| [EE AC | 0| EE Save |
hid
)
T B.o@aa = T2 718 . 6113 p= T2-T1 218 . 6113 p=
WAl &.7388 mV AR 121.77865 mV Rt | 174 .9797 mV
WH1 194 . 82768 nV WHZ -19.1838 mW WHZ-WE1 —19. 1848 mWY
—Time base Trigger Channel & Channel B
Edge B =/ (100 miviDiv Bl | oo mviniw [ | Fedue |
Hpostion [0.00  [5]| Level [00o0 [ | ¥postion [o00 [ | ¥postion (o005 | Rewerse
NI b | a0 BTN 8| Ex ac|o|EE ac| o |EE save

(6)

(8)

Puc. 3. MonenupoBanue paboThl PriIbTpa IPH CUTHATIAX
100 I'g (), 1 xI'11 (6) m 10 xI'1x (B).

Kak BugHO Ha rpadwukax TMOJE3HBI CHTHaN mepenaéTcs NpakTUYecKu Oe3
WCKOKEHUW, B TO BpeMs KaK Ha 4YacToTax BBIIIE YAaCTOThI Cpe3a MPOUCXOIUT

CymeCTBCHHOC ocja0JIcHUEe CUTHAJIA.

1.3. Ycuiurte b
3amaueit yCUIIUTENs SBIISIETCA YCUJICHHS CUTHAJA ¢ KO3 (OUIIMEHTOM TIepeIayu:



Peanu3oBath MaHHOE CBOMCTBO MOKHO Pa3jIMYHBIMU CIIOCOOAMH, HAIMpUMED,
UCII0JIb30BaB MOCJIEI0BATEIHHO JIBa Kackaja MHBEPTUPYIOILIEro BKItoueHus (puc. 4). 3a
CYeT JBOMHOTO WHBEPTUPOBAHUS 3HAK CUTHAJIA HE M3MEHUTHCA, a KOd(PPuImeHT
ycuiieHus OyIeT paBeH MPOU3BECHUIO0 KOI(PPUIIMEHTOB YCUIIEHUS KaCKaJ0B.

R2 R4
| I I:l

R1 R3

UsBx o— ,—l:|—<
——0 UBBbIX

Puc. 4. BapuaHT cXeMbl yCUIIUTENS U3 ABYX HHBEPTUPYIOIIUX BKIFOUEHUN.

Jlns cxempl Ha pUCYHKE 4:

_ ) _|_ Ry || Ry
Ky =Ky, Ky, ~ - -
Ry Rs

B namem npumepe tpedyeMbiit KodhOUIIMEHT yCUICHUS paBeH:

K o=—> =155
Y'o2002 '

Pacnipenenum ero mo Kackazam CISayIOIIM 00pa3oM:

Ky, =Ky, K,,= €25:€5_
Ilpumeuanue. Ilpu pacnpedenenuu Kodghpuyuenmos ycunenuss no Kackaoam,
JIcenamenbHo He YCMAaHasIusams Koaguyuenm ycuienus 00Ho20 kackaoa ooavue 50.
B3siB pesuctoper R2 u R4 B obOpatnbix cBsazsix paBHbiMEH 100 kOM MOXHO

pacCUruTaThb COIIPOTUBIICHUA R1 n R3 .
R, = 40000 Owm H R, = 20000 Om

C yuetom psina E24 conpoTUBIEHUS PE3UCTOPOB:
R1 =43 xOm u R2 = 20 xOm
CMozenupyeM paboTy YCUIIUTENS:



100k Ofim 100 k Ohm

43k Ohm 90 k Ohm

Puc. 5. Cxema MozenMpoBaHus yCUIIUTES.

PesynbraThl cuMmymsiiud (puc. 6) MOKa3bIBAIOT MOJHYH PadOTOCIIOCOOHOCTH
YCHITUTEIS:

WiRERY/

| 1 |
T1 P2 . 4750 m= T2 117 4249 ms T2-T1 24 .951%9 ms
Wit 198 7922 mWY W2 |-198 . 2742 mVY WA |-297 8444 mW
WwB1 2.311% W WBI -e-1-1-11 \ "WB2-B1 -4 .a178 \
—Time base Trigger Charnel A~ Channel B
. 00ms/ div B | edge x| [z00 v/ D H |[1 viow ] | Reduce |
A position | 0.00 H Lewrel | 0.00 H ¥ position | 0.00 |;_|‘ f position | 0.00 |;_|‘ Rewerse
R 4 | O 45| sc|0EE 4c[0 | save

Puc. 6. Pe3ynbrarsl cuMynsiuu paboThl yCUIIATETIS.

1.4. CMemieHue
[Tocneqnee mpeoOpazoBaHuEe, KOTOPOE HEOOXOIWMO BBHITIOJHUTH C CHUTHAJIOM,

3aKJII0YacTCA B CMCIICHUHN YCUJICHHOI'O U OT(l)I/IJ'IBTPOBaHHOI‘O CHUTI'HaJIa HaXOoAIICToCsAa B

U A U A
Auana3oHe oT ~ —% g0 —

U A
Ha HamnpsbkeHue paBHoe ——B BBepx. T.e. Ham
2 2

HCO6XO)II/IMO BBIIIOJTHUTBH CJIIOKCHHUE BXOJHOI'0O CUrHalla C IMOCTOSAHHBIM HAIIPAKCHUCM

U
—AB:
2

10



v Gu GYa

B8blX
2

rae U | € — curnan nocine GUIBTPa U YCUIHTEIIS.

Takoe cMmemienue yaoOHO BBIMOJHUTH C MOMOIIBIO aHAJIOTOBOIO CyMMaropa ¢
MHBEPTOPOM (pHc. 7):

R2 R3 R5
Uy o—  F+—"1 F— L |
R1 R4

U, o—{ |—|:|—<
——0 UBBbIX

Puc.7. Cxema cMmenienus curdasia.

PaboTy cymMmaTOpa MOKHO ONMCATh CIAEAYIOIINUM BbIPa)KEHUEM:
U _[Eul " Euzj
R1 R2

Kak BuauTe, cyMMaTOp BBINOJIHEH MO MHBEPTHPYIOLIEH cXeMe, O3TOMY Iocie
HETo B cxeMy J100aBjeH el OMH UHBEPTOP, aHATIOTUYHBII TOMY, YTO Mbl CTaBUJIM Ha
BBIXO/JIE (DUITBTpA.

B JaHHOM ciTydae U, — 3To cobcTBeHHO BXoxHoi curaan U | € mocie punprpa u
YCWJIMTEJISA, JOTOJHUTENBHO YCUIIMBATh €ro He TpedyeTcs, mostomy pesuctop R1 Oyner
paBeH R3 =100 kOwm.

YroObl NOIY4YUTH HAIpPSDKEHUE TpeOyeMoe CMEIIEHUS BO3bMEM B KadecTBe
HanpsDKeHUs U, TOJIOKUTEIbHOE HANpsHKEHUE MUTaHMS OINEPalMOHHOTO YCHIIUTEINS

U, (s OOJBIIMHCTBA ONEPAlMOHHBIX yCUIuTeNnen — 310 +15 B, HO TouHOE 3HaueHue

HE0OXOJMMO CMOTPETh B IOKYMEHTAIIUN).
Takum o6pazom, pesuctop R2 paccuuThiBaeTCs, MCXOS U3 BHIPAKCHHUS:

R3 U
—u " =_A
R2 2
Jl1s paccMaTpUBAEMOrO IIPUMEPA:
100000 5 _
— 15 = —, OTKyJa R2 = 600000 Om
R2 2

C yuerom psga E24 conporusnenne R2 = 620 kOwm.
Cmopnenupyem paboTy CXEMbI CMEIIICHHUS

11



18y
‘ ‘l 620 k Ohm 100 k Shm 100 k Ok
o 5 ! }—{ }—\/\/\:—1

100 k Chm | i 100 k Ohm i

Puc. 8. Monaenb cxeMbl CMEILIEHUS.

hld =
| ]
Ti B. 8088 = T2 28 . 7588 m=s T2-T1 28.7588 ms
il 19,4348 mV Rro -1.7z89 W R -1.7&58% W
“WE1 2.4398 W B2 838 . 5685 ml WBE-WH1 -1.7E85 W
— Time base Trigger Channel A Channel B
2. 00me i [ | Big= A % [= viow B | [z viow | Reduce |
X pasition Lewel 0.00 |1|‘ ¥ position | 0.00 |2|‘ ¥ position | 0.00 |Z|‘ Rewverse
Wil 5 B ~[5/ec] | Ac|o)EE a0 |EE save

Puc. 9. Pe3ynbrarsl cuMynsSiuu paboThl CXeMbl CMEIIEHUS.

N3 pucyHnka 9 BUJIHO, YTO 11€JIb JOCTUTHYTA U CUTHAJ CMECTHIICS 0€3 MCKaKeHUM
B nuama3oH 0..5 B.

1.5. O61as cxeMa yCTpOMCTBa
Teneps cobepém MoJIeNb BCElt CXEMBI B IIEJIOM U MPOBEPHUM €€ padoTy:

100k Ohm

15v
i

100 k Ohm

100 kOhm 850k Ohm 100k Ohm

100 kOhm 100 k Ohm

43k 0Ohm 43 kOhm

43k Ohm 20 k Ohm

Puc. 10. Moaens ycuurens-peoOpa3oBarTers.
12



ANV/AVANV/AVAVA

VIR VIR VIR VIR VIR VIRV

KN |
T B. 8068 = T2 A1.8484 ms T2-T1 A1.8484 ms
Wil & . 3727 mW W2 18@.8128 mV - 174 .4488 mV
“B1 2.42824 Y B2 4. Z2ESE \ WHI-wB1 1.9211 W
— Time base Trigger Chanrel & Channel B
Eoomsrdiv | Blge M %) 200 mv/Div B v ] || Reduce_|
¥ position Lewel 0.00 B | ¥ pesitien [ 0.00 2] | ¥ positien [0.00 ]| Reverse
Kl e | e BN ~[5/ec] | Ac|o/EE £c| o |EE save

Puc. 11. Pe3ynpTar MosienupoBanusi pabOThl YCTPONCTBA B IIEJIOM.

N3 pucynka 11 BuIHO, 4TO pa3pabOTaHHOE YCTPONCTBO BBHITIOJHAET 3aJaHHBIC

GyHKIMH.

[IpencraBneHHas cxema SBISETCS MPABUIBHOM, HO HE ONTHUMAJbHOM, M TEXKE

(GyHKIMM MOXHO  pEain30BaTh,

YCUJIUTENEN.

HCIIOJIB3YS

MCHBIICC

qucCIo

OIICPAIMOHHBIX

13



2. Pa3pa6oTKa AOKYyMeHTauuu

B cooTrBercTBMM ¢ 3amaHWeM BaM HEOOXOJMMO TMOATOTOBUTH KOMIUICKT
KOHCTPYKTOPCKOM JTOKYMEHTAIIMH Ha pa3pab0TaHHOE YCTPOMCTBO, BKIIOYAIOIITHIA:

- 3JIEKTPUYECKYIO MPUHIIUITUATILHYIO CXEMY;

- IepeYeHb DJIEMEHTOB;

- YepTE)K MEYATHOM IUIATHI.

VYKa3zaHHbIE TOKYMEHTHI JIOJDKHBI OBITh BBIMIOJHEHBI B COOTBETCTBUM ¢ EnunHoi
cucteMoit koHcTpykTopckoi gokymentanuu (ECK/), T.e. B coorBercTBUM ¢ 'OCTamu.
Takke B BHJI€ TMOSCHUTEIBHOTO PUCYHKA (MOKET OBITh BBINOJHEH B IMPOU3BOJIBHOM
dbopme) noibKHA ObITH MPENICTABICHA CXEMa PACMOJIOKEHUS DJIEMEHTOB Ha MEYaTHOU
JiaTe.

OCHOBHOM  cTaHJapT, KOTOPBIM BaM MOTpeOyeTcs NIl BBINOJIHEHUS
AJICKTPUYECKON MPUHIIMIHAIBLHON cXeMbl U rnepeuns siaementoB — 'OCT 2.702-2011
«IIpaBusa BBITIOTHEHUS SJIEKTPUUYECKUX CXEM», TAKIKE MOTYT HPUTOJUTHCS:

—T'OCT 2.701-2008 «Cxemsbl. Buapl 1 Tumbel. O01ue TpedoBaHus K
BBITIOJTHEHUIOY;

—T'OCT 2.728-74 «Ob03HaueHHs1 yCIOBHBIE rpaduyeckue B cxemax. Pesuctopsl,
KOHJICHCATOPhI»;

—T'OCT 2.759-82 «O603HaueHMs1 yCIOBHBIE rpaduIecKre B CXeMax. DJIEMEHThI
AHAJIOTOBOW TEXHUKW.

Ueprexx medaTHOM IUIAThl JOJKEH OBITh BBIIOJHEH B COOTBETCTBHH CO
CTaHJapTaMH:

—T'OCT 2.417-91 «IInatel nedatHsie. [IpaBuiia BEIMOTHEHHS YepTEKEN,

—T'OCT P 53429-2009 «IInatel neuatasie. OCHOBHBIE TapaMETPHI
KOHCTPYKITUN Y,

—T'OCT P 51040-97 «Ilnater nevarnsie. [llarum koopaAMHATHON CETKI.

KOHCTpYKTOPCKYIO JTOKYMEHTAIMIO yJIOOHO TOTOBHUTH B AJICKTPOHHOM BHJIE C
HCIIOJIb30BaHUEM CIEeLMATU3UPOBAHHBIX CUCTEM aBTOMATH3UPOBAHHOTO
npoektupoBanus (CAIIP) sinekTpoHHBIX YCTpO#CTB, Takux kak: Altium Designer, Eagle
CAD, OrCAD, P-CAD, Delta Design, KiCad, DipTrace u ap.

OTaenbHO 3JIEKTPUUYECKHE CXEeMbl MOXKHO BBINOMHUTH B KOMITAC-DnekTpuk,
AutoCAD Electrical, sPlan wu np. BekTopHBIX pemaktopax. IleyatHyro IIaTy
HE3aBMCHMO MOYKHO BBITIOJIHUTH B porpamme Sprint-Layout.

Takke [OIMyCKaeTCsi BBIIIOJHEHHWE BCEX 4YEPTEXKEH U B PYUYHOM pPEXKUME C
COOJTI0/IEHNEM BCEX CTaHIapTOB.

JI71st Toro 9TOOBI TPABUIILHO BBITIOJHUTH CXEMY U MEYATHYIO TUIATy, HEOOXOAMMO
U3YYHUTh TOKYMEHTAIUIO Ha 3aaHHbIil OY.
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B nmpumepe ucnonb3yercs onepanronsbii ycunutenbs K140V 86, BHemHuil Bua

Y CX€Ma Ha3HAuYCHMS BBIBOJOB KOTOPOIro MOKa3aHbl Ha puc. 12 u 13.

Kopnyc DIP-8
Puc. 12. Kopnyc oneparmonnoro ycunurtens K140V J18b.
KP140¥08

2 1 |p |6

Puc. 13. Haznauenue BoiBoj10B K140V /185 B kopmyce DIP8
1,5 — GalaHcUpOBKa; 2 — BXOJ] MHBEPTUPYIOIIUI; 3 — BXOJ HEMHBEPTUPYIOITUH;
4 — «MUHYCY» HANPSHKCHUS] TUTAHUS; 6 — BBIXOJ; 7 — «IUTIOCY HAIPSKEHUS TUTAHUS.

B cooTBeTcTBMH ¢ 3TMM MOXKHO COCTaBHTh QJICKTPHUYCCKYIO IMPHUHIOUIINAJIBbHYIO

CXEMY, COOTBETCTBYIOIIYIO pa3padOTaHHOM cxeme ycTpoiicTBa Ha puc. 10:

R20

Rk R17

ol A= P
KP1409186 KP1409186 IS
X3
=
1 [+15B
]

Puc. 14. Dnextpuyeckas NpuHIMIIMAIBHAS CXeMa pa3pabOTaHHOTO YCTPOCTBa
(6omee neTanbHO cXema MpeACcTaBieHa B MPUIIOKEHUH )

OOpature BHUMaHWE HAa TOJICTPOYHBIE PE3UCTOPHI, OHU TPEOYIOTCS IO

nokymenTaruu Ha OY K140V I8b nns 6amancupoBKH, T.€. KOMIICHCAIIMHA HATIPSIKCHUS

cMmeleHust vyns. He y ecex OY amo neobxooumo.
15



PaccmarpuBaemas B mpumepe mukpocxema K140V]I8b BxmtouaeT B ceOs oauH
OV, HO BcTpedaroTcsi MHKpocXeMbl ¢ OonpiiuMm uuciom OY (2, 4, 8 u 1.1.). B
NOJOOHBIX CiIy4asX Ha cxeMax YJOoOHO M300pa)kaTh TaKUE SJIEMEHTHI MO CEKILIUSIM.
Hanpumep, mukpocxema K1460Y 12 takxke xak u K140V 186 nocrasnsercsa B kopmyce
DIP8, Ho nMeeT B CBOEM COCTaBE J1Ba OTMIEPAIIMOHHBIX yeuuTels (puc. 15).

Beixog 1 | 1 \J g | HHBepTHpYIO I Hii

BXoJ |

Iaoc HanpsXeHus | o 7 | HEMHBEPTHPYIO Ui
NHTaHHUA Bxon 1

Beixon 2 | 3 6 |HeHHBepTHPYIO W Hit
BXOXO 2

Munyc HanpsKeH 4 5 | HHBepTHpYIO UL HI
nutanus (0OmKii BEIBON)

BXOJ 2

Puc. 15. Haznauenue Bb1BOJI0B Mukpocxembl K1460Y [12.

Ha pucynke 16 mnokazaHa dYacThb CXE€Mbl YCHJIMTEIS Ha 0a3e MHUKPOCXEMBI
K1460Y /12, B koTopyto Bxoaut 2 OVY.

R1 R2 R4
1 ]
L > ] L ]
100k 5k1 100k
DA1.1 R3 DA1.2
‘Bé > 1 ] 5 A o> 3
7 bk 6
wlz K1460Y[12
-y -
K1460Y02

Puc. 16. [Ipumep yactu cxembl ¢ MHOTOKaHAJIbHON MuUKpocxemoii OVY.

Ha pucynke 16 BugHO, 4TO JBa Kackaja YCWJIEHHUS TIOCTPOEHBI Ha JABYX
oneparmoHHbIX ycwutessix DALl u DAL.2, Bxoasimux B cOCTaB OAHON MHKPOCXEMBI
DAI1. BunHo, 4TO JIMHUM MUTAHUSI HAPUCOBAHBI TOJBKO y OJHOM CEKIUHU, T.K. TUTAHUE Y
BCEX CEKIMIl MHKPOCXEMBI o0IIee, a BOT BXOAbI-BbIX0AbI OV y KaKI0W CEKIIMU CBOW,
YTO BHUJHO IO HMX HOMepaM. B mepeuHe sJeMEHTOB Takas MHKpocxema OyneT
¢burypupoBath noj Homepom DAIL.

[Tocne cocraBiieHHs CXEMbI MOXHO INOJATOTOBHTH K HEMl NEPEYEHb 3JIEMEHTOB.
Jlist 3TOr0 HEoOXOAMMO BBHIOPATh OCTABIIMECS KOMIIOHEHTBI CXEMbl M3 pealbHBIX
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CEMEICTB 3JIEMEHTOB, HANpUMEp PE3UCTOPBl MOXKHO moaoOpats B cepuu C2-33H, a
KoHeHcaTopbl — B cepun K10-47M.

OTH JaHHBIE TaKXe TOHAMOOSATCS JJIA MPOSKTHPOBAHMS MEYATHOW IJIAThI, TPU
BBIOOpE MTOCATOUYHBIX MECT COOTBETCTBYIONINX JJIEMEHTOB.

[lewatnas mmata (anri. printed circuit board, PCB, wm printed wiring board,
PWB) —  wu3zmenue, cocToslmiee HW3 OJHOTO WM JIBYX IPOBOJSAIIMX PHCYHKOB,
pacroJOKEHHBIX Ha TMOBEPXHOCTH OCHOBAaHHWSA, WJIA U3 CHUCTEMBI MPOBOISIINX
PUCYHKOB, PaclojOXEHHBIX B 00beME M Ha MOBEPXHOCTH OCHOBAHUS, COCTUHEHHBIX
MeXIy co00il B COOTBETCTBHH C JJIEKTPUYECKON CXEMOHU y37a, MpeaHa3HAYCHHOE IS
AIIEKTPUIECKOTO COSAMHECHUS U MEXaHMUYECKOTO KPETICHUS YCTaHABIIMBAEMbIX Ha HEM
U3JIeNTUN DJIEKTPOHHOW TEXHUKH, KBAHTOBOW OJJIGKTPOHUKH M DJIEKTPOTEXHUYECKUX
HU3ICINM.

Puc. 17. [Ipumepsl neyaTHBIX TIIAT.

OcCHOBaHME MEYATHOW ILIATBI — JJIEMEHT KOHCTPYKLIHM II€YaTHOM IUIaThl, Ha
MOBEPXHOCTU WJIM HAa MOBEPXHOCTH U B 00BEME KOTOPOTO PACMOJIOKEH MPOBOISLINN
PUCYHOK WJIA CHCTEMA IPOBOSIIMX PUCYHKOB IIEYATHOM TUIATHI.

PucyHok newatHo# miaTtel — KOHGUrypauus, oOpa3oBaHHas MPOBOJAHUKOBBIM U
(M) TUANEKTPUYECKUM MaTepuaioM Ha IeyaTHOM IuiaTe.

[IpoBonsiMii PUCYHOK II€YAaTHOM IUIATBI — PUCYHOK II€YaTHOM IJIATHI,
00pa30BaHHbI NPOBOJHUKOBBIM MaTEpHAJIOM Ha OCHOBAaHUU WM B OO0BEME.
[IpoBoasiuMii pUCYHOK COCTOWUT M3 IMEYATHBIX IMPOBOJHUKOB, KOHTAKTHBIX IUIOIIAIOK,
DKPAaHOB, METAJUIM3UPOBAHHBIX OTBEPCTHM, TEIUIOOTBOASAUIMX W JPYTUX MEYATHBIX
KOMIIOHEHTOB.

HenpoBonsmuii pHUCYHOK II€YaTHOM IUIATBI — PUCYHOK II€YaTHOM ILIATHI,
00pa30BaHHbBIN IUAIEKTPUUECKUM MaTepUaioM OCHOBAHUS MI€YaTHOM IJIaThl.

[TIT MoXxHO KIaccUPUIMPOBATh Pa3IMUYHBIMH CIIOCOOAMH B COOTBETCTBHH C HX
paznuyHbiMK  aTpuOytamMu. OpHa W3 OCHOBHBIX KOHCTPYKUMWA TME€YaTHOW IJIaThl,
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SBJISTFOITICHCS. JUTsl BCEX OOIIEH, — pa3BOAKA AIEKTPUYECKOTO MPOBOIHUKA, KOTOPHIU
COEJIMHSET BCE YCTAaHABIMBAEMbIC HA HEH KOMIIOHEHTHI MEXIY COOOM.

Jlnst popMUpoOBaHUs TPOBOJKH CYIIECTBYET JIBA OCHOBHBIX CIIOCO0A:

1. CyOtpakTuBHBIN. B CcyOTpakTUBHOM Ipollecceé HEHY)KHas 4YacTb MEIHOM
dompbru  Ha TMOAJOXKKE yJANseTcs, OCTaBJssl HYXHBI pPHUCYHOK CXEMHBIX
MEKCOEIMHEHUN Ha CBOEM MECTE.

2. ApnutuBHbll. B agautuBHOM mporecce (HOpMHUPOBAaHHE PHCYHKAa CXEMBbI
MEXCOCMHEHUI BBIMOJIHACTCS N00aBICHHEM Meau Ha roiyio (6e3 mMemaHoi (oibru)
NOJIOKKY HY’KHOTO PUCYHKA M B HY?)KHOM MECTE. DTO MOKHO CAENaTh TAJIbBAHUYECKUM
MOKPBITUEM Me€JIbl0, TpadapeTHbIM HaHECEHHUEM MPOBOJAIICH MACThl WU YKIAJKOU
[pOBOJIa C M30JLIMMEW Ha IIOMJIOKKY B  IPEABAPUTEIIBHO  ONPEAECICHHBIX
TOKOIIPOBOJAIINX AOPOKKAX.

Oonocmoponnue naramot (Ol unu SSB) umeroT cxemy TOJIBKO Ha OJHOM
CTOPOHE M MX YaCTO HAa3bIBAIOT OTIIEYATAHHOW M MPOTPABICHHOMW IUIATOM, TIOTOMY YTO
CTOMKHMI K TPaBJICHUIO 3aIUTHBIA CJIOW OOBIYHO MEYATAETCS C MOMOIIBI TEXHOJIOTUU
TpadapeTHOM TMe4yaTH, a PHUCYHOK MPOBOJAKH 3aTeM (QOpMUPYETCS TpaBICHUEM
HE3alUIIEHHON U HEHY>KHON MeTHOU (osibra. DTOT METO/ U3rOTOBJICHUS AT OOBIYHO
UCIIOJIb3YyeTCs JUIS HEJIOPOTHUX, KPYITHOCEPUNHBIX u OTHOCHUTEIIBHO
HU3KO(DYHKIIMOHAJBHBIX IJIAT.

B HekoTOphIX ciydasx noBepxHOCTh npoBogHuka [III m3ommpyercs, ocrasmiss
OTKPBITBIMU TOJIBKO KOHTAKTHBIE IUIOMIAJAKH, & 3aT€M IPOBOJAILIAS TACTa HAHOCHUTCS
TpadapeTHOI nevaTbio 711 OPMUPOBAHUS TONMOJIHUTEIbHBIX TPOBOAHUKOB Ha TOM e
caMoO#l CTOpOHE TUIaThl, TeM CaMbiM (DOpMUPYS Tapy MPOBOISIIMX CJIOEB Ha OJHOM
CTOpOHE. DBOJIBIMIMHCTBO MEYaTHBIX IUIAT C  METAUIMYECKOM  CEPALECBUHOM,
MpEeAHA3HAYEHHBIX JJIs IMPOKOTO TOTPEOJIeHUs, W3TOTAaBaIOTCS C AJTIOMHUHUEBOU
MOJJIOKKOW, KOTOPas MOCTYNAaeT B BUJIE MaTepuaia ¢ 3JIEKTpoocaxaeHHOW meapto. [111,
M3TOTOBJICHHBIE W3 TAKOTO MaTepuaia, HE JOJDKHBI UMETh CKBO3HBIX OTBEPCTHM, a BCE
KOMITOHEHTbI OOBIYHO KPEMATCS Ha HUX C MOMOUIBI0 MOBEPXHOCTHOTO MOHTa)Xa. DTH
CXEMBI 4acTO (POPMUPYIOTCS B TPEXMEPHBIE CTPYKTYPHI.

Jeycmoponnue nnamer (Al win DB) uMeoT nOpoBOAAIIMIA PUCYHOK,
PaCIOJIOKEHHBIN C IBYX CTOPOH MEUYATHBIX MiaT. X MOXHO KiaccupuuupoBaTh Ha JABE
KaTEeropuu:

1) 6e3 CKBO3HOI MeTaTM3aIui OTBEPCTHUI;

2) cO CKBO3HOW MeTayuIM3aluend OTBEPCTH.

[leuaTHas maTa JJjIsi yCTPOMCTBA M3 MpUMEpPA, CXeMa KOTOPOTO M300pakeHa Ha
puc. 18, npencraBneHa Ha puc.
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151
Puc. 18. IleuaTHas miara pa3paboTaHHOTO YCTPOHCTBA.

PacnionoskeHue 31€eMEeHTOB Ha TaKOM ILIATeE:

Puc. 19. Cxema pacmoyioxKeHHS JIEMEHTOB Ha TjIaTe pa3pab0oTaHHOTO
YCTPOMCTBA.

OOpatute BHMUMaHHWE, YTO Te4YaTHas IUlaTa OJHOCTOPOHHSS, W MPOBOJSIIUIN
pucyHok 18 pacnoniosxeH Ha 0OpaTHOM CTOPOHE OT AJIEMEHTOB, IOATOMY Ha PUCYHKE OH
M300paKeH B 3€pKAIbHOM BHUJEC, KaKUM U JOJDKEH OBbITh Ha uyepTexke. Ecnu
pa3paboTaHHasi TiaTa OyJeT JBYCTOpPOHHEH, TO Ha YepTexe IIaThl HEOOXOIUMO
0TAeJbHO U300pa3uTh 00a ciosl.

19



3. [IpuMep peasu3anyy yCUJINTEIS-IPe0o6pa3oBaTeis

Ecnu M3roToBUTH MEUYaTHYIO IUJIATy, NPEACTABICHHYIO Ha PUCYHKE 18, TO MOKHO

coOpaTh pa3paboTaHHBIA YCHUIUTEIb-PE0OPa30BaATEb:

Puc.20. BHenrHuit BU1 COOpaHHOTO yCTPOKCTRA.

N3yuum paboTy ycTpoiCTBa, MOJAIUM C T€HEpaTopa TECTOBBIM CHUTHAI Ha €ro
BXOJl W TOCMOTPUM C TIOMOIIBIO oOcIuuiorpada CUTHAJIBI Ha BBIXOJAX KaKJI0TO

Kackaja:

Puc.21. lllyn na BeiBosie OY mepBoro kackaaa
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0.000ns

M:5.0ms S 9z0mv

2 EIE I Jepth: 10K .

. .C.\[E]I[EHHS OCH CHTHANA
» [0 BepTHEATE

Va:192. 0mv Vi -33. 6 1my A1‘En 5 OTHOCHTEIEHO [EHTDA

Puc.21. BXogHO# 1 BRIXOIHOM CUTHAJIBI ITOCJIE TIEPBOTO Kackasa

Ha mepBoMm kackage ¢uiabTp Ha HHU3KHUX 4YacToTax O€3 W3MEHEHHs Tepenaet
CUTHAJ, a Ha BBICOKUX YaCTOTax OOECIEYMBACT 3aTyXaHUE OTHOCHUTEIHHOTO BXOJHOTO

CHUTHAaJIA.

Puc.22. lllyn Ha BeiBosie OV BTOpOTro Kackaaa
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M:5. Ons
eSS

Ha BTOPOM KaCKaJC IIPOHU3O0HIIIO HHBCPTHUPOBAHHUC BBIXOJHOI'O CHI'HAJIA,
BCJICACTBHUC «COBIIAJACHUC) CT'O CO BXOAHBIM.

Puc. 24. lllyn Ha BeiBose OY TpeThero kackanaa.

0.000ns

@zo0mv-  0.20div

@"-e' )ukts i
Puc. 25. BxogHO¥ 1 BBIXOHOW CUTHAJIBI TIOCJIE TPETHETO KacKaaa.
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Kak BugHo 1o ocouiiorpaMme, TIIOCJIC IICPBOro YCHWIMTCIBHOI'O KacCKajla
BBIXOJIHOM CUTHAJI B 2,5 pai3a OoJbIIIe BXOAHOI'O, YTO U JOJIXKHO OBLIIO IMOJTYYHUTHCA.

Puc. 26. Illyn Ha BeiBoge OY 4eTBepTOro Kackaja.

0.000ns

M:5. Oms /[ 920mv

(2} Omy 2] 5.6 9my
Puc. 27. BxogHOW ¥ BBIXOHOM CUTHAJIBI ITOCIIE YETBEPTOTO Kackaa.

Kak MoxHO H8.6J'IIOJI8,TB, IOoCJIC BTOPOro YyCHIMTCIBHOI'O KacCKaja BBIXOI[HOﬁ
CUTHAJ YBCIIMYMWIICA CHIC B IISATh Pas.

Puc. 28. lllyn Ha BeiBoge OY mnsiToro kackaaa
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M:5. Oms

@:200my- 0.20div
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Puc. 29. BXxoaHOM ¥ BBIXOIHOW CUTHAJIBI ITOCJIE IATOrO KacKaga
ITocne msTOro Kackaaa MPOM3OILIO CMEIIEHHE CUTHajda Ha HeoOxoaumble 2,5B

(CTOI/IT 3aMCTHUTb, 4YTO HU3MCHHIIACH IICHA ACJICHHA B CHCTCMC KOOPAHMHAT BBIXOIHOI'O
CUIr'HaJIa, II0OTOMY OH «YMCHBIIWJICS) 110 aMHJ'II/ITy,Z[e).

i 4 -

Tt

Puc. 30. II{yn Ha BeBosie OV miecToro Kackasa.
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M:5.0ms
@200mv- 0.20div

@va:192. 0mv Dv:-3 J
Puc. 31. BXoaHOM ¥ BBEIXOAHOM CUTHAJIBI ITOCJIE [IECTOrO KacKazaa.

Ha mectoMm kackajie npou301uI0 UHBEPTUPOBAHUE, U B pe3yibTaTe ObLI MOIy4YEH
CUTHAJI, KOTOpbIi B ~12,5 pa3 Oobllie BXOJAHOTO CUTHAja U CMeIlleH Ha 2,5B.

OTMmeTnM, YTO B TMpoIecce TMPOBEPKH pabOThl YCTPOHCTBA MPOBOIMIACH
OaslaHCHpOBKAa  OajaHCUPOBKA I  KOMIIEHCAI[MU/KOPPEKTUPOBKU  HANPSHKCHUS
cmemienuss OV, Koropas TMPOBOAUTHCS HA KaXJAOM Kackale C IOMOIIbIO
0alaHCUPOBOYHBIX IOCTPOEYHBIX pe3ucTopoB. Ha mepBbIX dYeTbIpex Kackajaax
HaIpsDKEHUE CMENIeHHE JOJDKHO ObITh paBHO Hymo. Ha msTom, mecToM MOXHO
MOJAKOPPEKTUPOBATH YK€ UMEtoLIeecs cmenieHue 2,5B.

Jlanee mpuBeneH HATTATHBIA TPUMEP 3aBUCHMOCTH W3MEHEHHS BEJIHMYMHBI
CMEUIEHUS] CUTHAJIAa OT MOACTPOECYHOTO PE3UCTOPA.

Puc. 32. Pe3uctop, CONpOTUBICHHE KOTOPOTO U3MEHSEM.
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¥

Puc. 33. Curnan ¢ HyJI€BbIM CMEIICHHUEM

Puc. 34. Curxan co cMeneHrneM, OTIUYHBIM OT HYJIS, IPU Pa3IUYHbIX

MMOJIOKCHHAX ITOABHIKHOI'O KOHTAKTa IMOACTPOCHYHOI'O pE3UCTOPA.
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IIpunoxenue 1

Pan E24
HOMUHanN A0NYCKHOMWHAN A0NYCK JHOMUHAN| 0NYCK | HOMWHEN | 40NYCK HOMWUHAN A0NYCK | HOMWHEN [ 0NYCK| HOMWHaN [A0NYCK
00m| 5% | 100m| 1% [1000m| 5% | 1«kOm| 5% |10«kOm| 1% [100kOm| 5% | 1 MOm| 5%
10m| 5% | 11.0m| 5% |1100m| 5% | 1.1 kOm| 5% |11 kOm| 5% 110 kOm| 1% | 1.1 MOm| 5%
110M| 5% | 120m| 5% |1200m| 5% | 1.2 «kOm| 5% |12 kOm| 5% |120kOm| 5% |12 MOm| 5%
120m| 5% | 130m| 5% |1300m| 5% | 13 kOm| 1% |13 kOm| 5% |130 kOm| 5% | 1.3 MOm| 5%
130m| 1% | 150m| 5% |1500m| 5% | 15«kOm| 5% |15 kOm| 5% |150 kOm| 1% | 15 MOm| 5%
150m| 1% | 16.0m| 5% |1600m| 5% | 16 kOm| 5% |16 «kOm| 5% |160kOm| 1% | 16 MOm| 5%
16 OM| 1% | 18.0m| 5% |1800m| 5% | 18 «kOm| 1% |18 «kOm| 5% |180 «kOm| 5% | 1.5 MOm| 5%
180M| 5% | 200m| 5% |2000m| 5% | 2«kOm| 5% |20kOm| 5% |200kOm| 5% | 2 MOm| 5%
20m| 5% | 220m| 5% |2200m| 5% |22 «kOm| 5% |22 kOm| 5% |220kOm| 1% |22 MOm| 5%
220m| 5% | 240m| 5% |2400m| 5% |24 kOm| 5% |24 kOm| 5% |240 kOm| 5% | 2.4 MOm| 5%
240m| 5% | 27 Om| 5% |2700m| 1% |27 kOm| 1% |27 kOm| 5% |270 kOm| 5% | 27 MOm| 5%
270m| 5% | 300m| 5% |3000m| 5% | 3 kOm| 5% |30 kOm| 1% |300kOm| 5% | 3 MOm| 5%
30M| 5% | 330m| 5% |3300m| 1% |33 kOm| 5% |33 «kOm| 5% |330 kOm| 5% | 3.3 MOm| 5%
330m| 5% | 3B 0Om| 5% |30 0m| 5% |36 kOM| 5% |36 kOm| 1% |360 kOm| 5% | 36 MOm| 5%
360M| 5% | 39 0m| 5% |3900m| 5% |39 «kOm| 5% |39 «Om| 5% |390 «Om| 5% |39 MOm| 5%
330m| 5% | 430m| 5% |4300m| 5% |43 kOm| 5% |43kOm| 1% |430kOm| 1% | 43 MOm| 5%
430m| 1% | 47.0m| 5% |470 0m| 5% |47 kOm| 5% |47 kOm| 5% |470 kOm| 1% | 47 MOm| 5%
47 0m| 5% | 510m| 5% |5100m| 5% |51 kOm| 5% |51 kOm| 5% |510 kOm| 1% | 51 MOm| 5%
510m| 5% | 56.0m| 1% |560 Om| 5% |56 kOM| 5% |56 kOm| 5% |560 kOm| 1% |56 MOm| 1%
560mM| 5% | 620m| 5% |6200m| 5% |B2kOM| 5% |62 kOm| 1% |620 kOm| 5% |62 MOm| 5%
E20m| 5% | 68 0m| 5% |60 Om| 5% |68 kOM| 5% |66 kOm| 5% |660 kOm| 5% |68 MOmM| 1%
63 0mM| 5% | 75 0m| 5% |7500m| 5% |75 kOm| 5% |75 «Om| 5% |750 kOm| 1% | 7.5 MOm| 5%
750m| 5% | 820m| 5% |8200m| 5% |82kOm| 1% |82 kOm| 5% |820kOm| 1% |82 MOm| 5%
820m| 5% | 91 0m| 5% |9100m| 5% | 9.1 kOm| 5% |91 kOm| 5% |910kOm| 5% | 9,1 MOm| 5%
910m| 5% 10 MOm| 5%
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IIpuioxxenue 2

AKTHBHBbIE PUIBTPBI

AKTHUBHBI QUIBTP MPEACTABISIET COOOM YETHIPEXTOIIOCTHHUK, COJEp KallIuid
naccuBHble RC-11eny U aKTUBHBIE 3JIEMEHTHI, Yallle BCETO OMNEpPallMOHHBIE YCUIIUTEH.
AKTHUBHBIE (GUIBTPBI OOBIYHO HE COJEPXKAT KaTylIeK WHIAYKTUBHOCTU. CTpemieHue
UCKJIIOUEH KATYIIKU MHIYKTUBHOCTU U3 (PUIIbTPA BBI3BAHO PSAOM MPUUMH: 1) KaTyIIKU
MMEIOT OOJIbIIINE radapuThl U MaccCy; 2) MOTEPU B KATYIIKAX MPUBOIAT K OTKIOHEHUIO
pPacyYeTHBIX XapaKTePUCTUK (UIBTPAa OT peaJbHBIX 3HAYCHHWHA, 3) B KaTyIlKa
paccenBaeTcs OoOJibIlIasi MOIIHOCTh; 4) B KaTyIIKax C CEPACYHUKOM IPOSIBISETCS
HEJTMHEHHBIN 9P PEeKT, CBI3aHHBIN C HACHIIIICHUEM CEPJICUHUKA.

[laccuBHBIE YaCTOTHBIE (QWIBTPHI, OOBIYHO paccMaTpUBaEMble B Kypce
ANEKTPOTEXHUKH, BbIMONHAIOTCS Ha LC- wim wHa RC-memsix 6e3 mnpumeHeHUs
YCUWJIUTENBHBIX AaKTUBHBIX dJeMeHTOB. Takue ¢GuiabTpsl HE TpeOyIOT HCTOYHHKOB
MATAaHUS U UMEIOT MPOCTOE HCIOJIHEHUE, OJHAKO OHMU HE O0ECIeUMBAIOT XOPOIIETO
pa3/ielieHus MOJIOCHl MPOMYCKAHUSI OT MOJIOCHI 3aTyXaHUs; B 00JIACTH MPOMYCKaHUS U
3aTyXaHusi MOTYT HaOMIOJaThCsl  OOJbIIME  HEPABHOMEPHOCTH  IEpeIaTOYHOM
XapaKTEPUCTUKHU; OYECHb CJIOKHO BBIMOJIHUTH YCIOBHE COTJacoBaHWe (UIbTpa C
Harpy3Komu.

B ornauume OT TAacCHUBHBIX, AaKTUBHbIE (QUIBTPHI oOecnedynBaroT OoJiee
KaueCTBEHHOE DAa3JICJICHHE I0JIOC MPOIyCKaHWsI W 3aTyXaHus. B HHUX CpaBHUTEIBHO
MPOCTO PEryJIUpPOBaTH HEPABHOMEPHOCTH YACTOTHOM XapaKTepUCTHUKH B OO0JACTU
MPOMYCKAHUS W 3aTyXaHUsl, HE MPEIbIBISIETCS KECTKUX TPEOOBAaHUN K COTJIACOBAHUIO
Harpy3u ¢ GuibTpoM. Bce 3T mpeuMyIiecTBa akTUBHBIX (DUIBTPOB OOECICUUIIA UM
caMoe€ IHUPOKOE MPUMEHEHHE.

AKTHUBHBIE (UIBTPHI MOKHO Pa3/eIUTh U TPYMMBI 1O PA3IUYHBIM MPU3HAKAM:
HA3HAYCHUIO, TI0JIOCE MPOITYCKAEMbBIX YacTOT, TUITY YCHJIMTEIbHBIX JJIEMEHTOB, BHUIY
oOpaTtHbIX cBsizeit, U np. [lo momoce mpomyckaemas 4acToT (UIBTPHI NETSATCS Ha
YEThIPE OCHOBHBIC TPYMIbI: HIWKHUX YacTOT, BEPXHHUX YaCTOT, IIOJIOCOBBIC U
3arpaxaaronye. OUIbTPbl HIKHUX YacTOT MPOMYCKAIT CHUTHAI OT MOCTOSHHOTO
HaMpsOKEHUST 10 HEKOTOPOM TMpeeabHOM 4YacTOThl, Ha3blBAEMOW 4YacTOTOM  cpesa
¢bunbrpa. DOUIBTPHI BEPXHUX YACTOT, HAOOOPOT, MPOMYCKAIOT CHUTHAJI HAUMHAs C
4acTOThl cpe3a U Bbimie. [1070coBbIE (MUIBTPHI MPOMYCKAIOT CUTHAIBI B HEKOTOPOU
MoJIOC€  YacToT, a  3arpaxaammmue  (QUIbTPhl  UMEIOT  XapaKTEepPUCTHKY,
MIPOTUBOIMOJIOKHYIO MOJIOCOBBIM, U MPOMYCKAIOT CUTHAIbl C YACTOTOM HUMXKE U BBIIIE
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onpeaenéHHon yacToThl. Kak mosocoBble, Tak U 3arpaxxkaaronie GuibTpbl MOTYT HMETh
rpe0eHYaTOl0 YacTOTHYIO XapaKTEpUCTHKY, B KOTOpOH OyJIeT HECKOIbKO IIOJI0C
IPOITYCKAaHUS U 3aTyXaHU.

[To Ha3zHayeHHIO (QUIBTPBI JIEIATCS Ha CIVIAKUMBAKOLIME (PUIBTPHl MCTOUYHHUKOB
NUTaHM, 3arpaxaaronue GUiIbTpbl MOMeX, (UIBTPHI ISl CEJIEKTHBHBIX YCHUIHTENCH
HHU3KOM WJIY BBICOKOM YaCTOTHI U JIP.

Bce paccmotpenHble (GUIBTPBI MOTYT UMETh OJHY II€Mb OOpPaTHON CBS3M WU
HECKOJIbKO. B cCBs3M ¢ 3TUM pasznuyaoT QUIBTPEl C OJAHOKOHTYPHOW H C
MHOTOKOHTYPHOH 00paTHOM cBs3pl0. KpoMe 3TOro, pasnmuyaroT (QUIbTpPhl MO YHUCIY
IOJIIOCOB HA YaCTOTHOW XapaKTEPUCTUKE — (UIBTPHI MEPBOTO MOPSAJKA, BTOPOrO U
0osee BBICOKMX NOPAAKOB. DUIBTPhI BBICOKMX MOPSAIKOB HMEIOT 0oJjiee KpYThIe
IPaHULIBl MOJIOC MPOMYCKaHUS M 3aTyxaHusi M 0oyiee IUJIOCKYIO XapaKTEpUCTHUKY B
oOnactu mojockl nponyckanusa. K takum ¢unstpam otHOcsaTCsS QuiabTpbl UeObliesa,
barrepBopra, beccens u ap.

PaccMOTpUM TUINOBBIE CXEMBI AKTUBHBIX (DUIIBTPOB.

AKmugHbILl PUILMP HUNCHUX YACMOM 8MOPO20 NOPAOKA

Ysx  Tc1 u
Lo

KoadduimenT ycunenns QuibTpa HUKHUX 4aCTOT BTOPOrO MOPSAKA TAKOM Ke,
KaKk y (QuibTpa MepBOro MOps/iKa, B CBA3M C TEM UYTO CYMMapHOE CONPOTUBIICHUE
PE3UCTOPOB B LIEMU UHBEPCHOTO BXOJA BBIPAXKAETCs 3HAUCHUEM R;:

['pannynas yactoTa npu BeinojHeHuu ycinoBus R;C; = 4R,C, Takxke BbIpakaeTcs
pexXHer popMyIioi:

JIAYX ¢unbrpa:
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AxmusHvlll purbmp 6epxXHUX YACMOM 8MOPO20 NOPAOKA

C1 R2

C1
Ugx R1
_L Usbix
KoaddummenT ycunenust puiapTpa BEpXHUX YaCTOT BTOPOTO MOPSJIKA TAKOM Ke,

Kak y (uiapTpa MEepBOro MOpsJiKa, B CBSI3U C TEM, YTO CyYMMapHO€ CONpPOTHBIICHUE
PE3UCTOPOB B LIETIH MHBEPCHOI'O BXO/1a, BhIpaXkaeTcs 3HaYeHUEM R;:

['pannunas 4yactora mpu BeimojsHeHWH YyciaoBus R;C; = R,C, Beipaxaercs
hopMyIIoii:
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R2

R1 3 nb

fU f

Axmusnblii no10co8otl puibmp

Jlnst  paccMaTpuBaeMoro IoJIocoBoro (GWiIbTpa dYacTtoTa KBasupe3oHaHca fy
OTIpeIeNISIeTCs SIIEMEHTAaMU [IeTTH 0OPaTHOM CBSI3U:

_ 1
f =

0
27 . |R,C,R,C,

MakcumanbHbli  KO3(QGUUIMEHT YCUJIIEHUSI Ha 4YacToTe KBa3MpPE30HAHCA

OKa3bIBACTC PaBHBIM:
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AKmueHblil pexceKmopHbill (3a2paoumeibHbiii) uibmp

—

Ugx R3 Uguix

1

[Ipu BBITOTHEHNH YCIOBUI

— — :R
=R, =R, Ry ;C

Ry

aMIUTUTYTHO-4aCTOTHAs! XapaKTePUCTUKA aKTUBHOTO (DUIIbTPA, MMEIOIIEr0 BO BXOJIHOM
1enu ABoitHoM T-hunbTp, COAEPKUT KBA3UPE30HAHC, YACTOTAa KOTOPOTO OMPEEsSeTCs
bopmyIoii:
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