MHNHOBPHAYKHN POCCHUA

denepanabHOE TOCYJAPCTBEHHOE OIOIKETHOE
o0pa3oBaTeIbHOE YUPEKIECHUE BBICIIET0 00pa3oBaHus
«TynbCKHM TOCYJapCTBEHHBI YHUBEPCUTET»

HNuctutyT BeICOKOTOUHBIX cucTeM uM. B.IL. I'pszeBa
Kadenpa «CrucreMpl aBTOMaTHUECKOTO YIIPABICHUSD)

VTBep:KIE€HO Ha 3aceJaHHH Kadeapbl
«CHCTEMBI aBTOMATHYECKOTO YIIPABICHHA)
«09» nexabpsa 2022 r., mpoTokoa Ne 5

3aBenyrouuii gddbeapoii

O.B.I'opsiueB

METOINYECKHUE MATEPHUAJIBI

K KYPCOBOMY NNPOCKTUPOBAHUIO IO TUCHUIIIMHE
«AHaJIOTOBBIE U l.[l/l(l)pOBble JIEMEHTBI CUCTEM YIIPABJICHU

OCHOBHOM Mpo(eCcCHOHAIbHON 00pa30BaTeIbHON MPOrPaMMBbl
BBICIIIETO 00pa30BaHus — IPOTPAMMBI CIICIIUATUTETa

10 HAIIPABJIEHUIO MOJITOTOBKU
24.05.06 CucreMbl ynpaBjieHus JieTaTe/IbHBIMHI aNliapaTaMu

C HapPaBJICHHOCTHIO (TPOPHUIIEM)
Cucrtembl ynpasJieHUsl IBHKEHHEM JIeTATeIbHbIX aNlapaToB

dopma 00ydeHUS: OUHAs

Nnentuduxanmonasiii HOMEp 00pa3oBaTesbHON TTporpammsr: 240506-02-23

Tyna 2022 ron



Conepxanue

|23 23S0 (535 0% (ST 3
1. PazpaboTka ycunurens-peoOpazoBaressi Ha onepaluoHHbIX yermurelsax (OVY)....... 4
RO 1031807 (ST (0 X (0Y; (X151 5: (TR 4
L (2 11 43 PSR PRRPRPTI 5
L B 03 0 17§ N1 YT OO TP P PP PR PP OPP 8
| B @Y (<) 11 (< 5 1 (< TR 10
1.5. OOIIAST CXEMA YCTPOMCTBA ..vvvveeiuriiesisrrressireeesssseesssssesssssseesssssessssssessssesssssesssnsnees 12
2. Pa3palOTKA TOKYMEHTAITHH .. vvveesvrresssreesssssessanssesssssssssnssssssssesssnssssssnssssssnsssssssesssnsees 14
3. Ilpumep peanu3aiuy YCUITUTEIA-TIPEOOPABOBATECIIS ....uvvveerrrreeessrrreesssressssseeesssseessssnees 20
() 507 (670) 117 U] 0121 4 o) FE TSRO 27
00701 (0753 2 17 (< TR 28
00701 (0753 2 17 (< TR 29



BBegeHue

B Hacrosmiee BpeMs IOJaBJAONMICe OOJBIIMHCTBO COBPEMEHHBIX CHCTEM
VOPABJICHUS SIBISIOTCS IU(DPOBBIMU SJICKTPOHHBIMA CHCTEMaMHM, OJIHAKO Ha BXOJIE
TaKMX CHCTEM 4YacTO IPUCYTCTBYET AaHAJIOTOBBIM CHUTHA C Pa3IUYHBIX JaTYHKOB
dusnuecknx BenmuuuH. JIIs mpeoOpa3oBaHUS OSTOTO CHUTHalIa B IU(POBON BHU
WCIIOJIB3YIOTCSL  CTICIIMANIbHBIE YCTPONCTBA — aHAJIOTO-IUGPOBBIC Mpeodpa3oBaTenn
(ALIT). IIpum »tomM mng wmakcuMainbHO dddekTuBHON pabdoTer ALl BxomHOMU
AQHAJIOTOBBIM CUTHAJI JTOJDKEH COOTBETCTBOBATH OIPEACICHHBIM TPEOOBAHUSAM: dHaIle
BCETO OH JOJDKEH OBITh 3HAKOTIOCTOSHHBIM M MaKCHMAJIBHO ITOJHO YKIJIaJIbIBATHCS B
nuariazod oT 0 B mo omoproro Hanpspkerust ALl CurHan ¢ JaTYMKOB Kak MPaBUIIO
MMEeT 3HAKOTEPEeMEHHYI0 (GopMy ¢ HEOONBIION aMIUTMTYJOM W YacTo 3alryMJEH.
[TosToMy akTyanpbHON SBISETCS 3ajaya pa3paOOTKH aHAJOTOBBIX CXEM YCHIIMTEJCH-
npeobOpaszoBaTesieii, KOTOphIe MOJrOTaBINBAIOT aHAJIOTOBBIM CUTHAI ISl MOCTEyIOIIeH

nepenayun Ha Bxoxa ALIIL



1. Pa3pa60TKa ycuauTe IA-Ipeo6pa3oBaTe s HA ONePalUOHHBIX YCUIUTEIAX
(0Y)

1.1. O61mMe MoJI0KEHUs

[IpumMep HMCXOIHBIX NAHHBIX AJIA MPOEKTUPOBAHMS YCHIUTEISA-IPEOOpa3oBaTEIIs

(manee ycTpoiicTBa) npecTaBiieH B Tabyumie 1:

Tabnuya 1.

Iapametp Oo6o3Hau. Beanunna En. u3m.
Ammutyna Bxoauoro curnana (£U ) U, 0,2[B
Huxuss rpanuna 4acToTel BXOJHOI'O CUTHANA 1 0,02 kI'n
BepxHsis rpaHHIIa 4aCTOTHI BXOJHOI'O CUrHAJIA /, 1| xI'y
Jlnana3oH BBIXOJHOI'O CUTHAJIA Ipeodpa3oBaTess AU 0..5|B
Xapaxrep nomex BricokoyacToTHbeie momMexu Skl 1 Beie
OnepauoHHBIH YCUITHTENb K140Y/18b

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

HCXOOHOTI0 ABYXIIOJAAPHOTO CHIHAJIa aMHHHTyHOﬁ U e B yHI/IHOJIHpHBIﬁ CHUTHaJI B

nuanaszoHe AU ¢ ydeToM nomex, T.€. peanu3aluu clIeayomel GyHKINN:

U@blx(t): Ky U&x(t)—i_U_ZA’

rae U, (t) — BxomHoit curnar;

U

cbix (t) — BBIXOJIHOU CHTHAII,

U 5, — BepxHsis rpaHuna auanasona AU ;

Ky = ZUTA — KOO PUIMEHT YCUIECHHUS.

[c29

Pa3zpabateiBaeMoe ycTpoicTBO (DYHKIITMOHATIBLHO MOXKHO Pa3[eauTh Ha TPU YaCTH

(puc. 1):

1) unpTp — ynanser u3 curHajia noMexy

2) yCUJIMTEIb — YCUJIMBAET CUTHAI TaKUM 00pa3oM, 4TOObl OH UMEJ aMILUIUTYAY

Ua Ua.
oT 5 bi (o) 5



3) cMmeleHne — CABUT YCWIIEHHOTO CUrHaia B quana3oH ot 0 mo U 4.

5 g o — 5
) . B .
s 3 ) 3
2 z 2 2
: : : /\ I /\ /\
o o 0
. 2 2 2
Y
.

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

Puc. 1. ®yHkumoHanbpHasi cXeMa yCTpOMCTBa.

PaccmoTpum moapoOHee (yHKIHMOHAJIbHBIE YAacCTH YCTPOMCTBA HAa NHpPHUMEpE C

HMCXOIHBIMA JaHHBIMH B TA0II. 1.

1.2. ®uabTp

Tun ¢punapTpa BIOUpaeTCs B 3aBUCUMOCTH OT XapaKTepa MOMEXHU.

C TOYKM 3peHHUS YaCTOTHBIX CBOMCTB MOXKHO BBIJICJIUTHh YETHIPE OCHOBHBIX BHJA
bUIBTPOB:

1) ¢uibTp HWKHHUX YacCTOT — YCTPOWCTBO, AS(PPEKTUBHO MPOITyCKaroliee
YaCTOTHBIA CHEKTp CHUTHaJa HIKE HEKOTOPOM YacTOThl (YacTOThl cCpe3a) U
MOJIABJISIFOIIMN YaCTOThI CUTHAJIA BBIIIE 3TOW YaCTOTHI.

2) (uabTp BEpPXHHUX YACTOT — YCTPOMCTBO, 3P(GEKTUBHO MPOIYCKAIOIIEe
YaCTOTHBIM CHEKTp CHUTHAJIAa BBIIIE HEKOTOPOM YacTOThl (YacTOTBHl cpe3a) W
ITOJIABJISFOIIMN YaCTOThI CUTHAJIA HUKE 3TOU YaCTOTHI.

3) monocHbI PUIBTP — YCTPOUCTBO, d(HPEKTUBHO MPOMyCKAIONee YaCTOTHBIN
CIEKTp CUTHaJa B OMPEEIEHHON MOJI0CE YaCTOT, JIMOO B OKPECTHOCTSAX OIMpPEACIEHHON
YaCTOTHI.

4) pPEXEKTOPHBIN (3arpaguTebHBIN) YacTOT — YCTPOHCTBO, 3(deKTHBHO
MIPOIMYCKAIOIIEe BECh YaCTOTHBIN CIIEKTP KPOME CUTHAJIa ONPeIeIEHHON YaCTOTHI.

bonee moapoOHO peanuzanusi 3TUX TUNOB (QUIBTPOB Ha 0a3e onepalOHHBIX

ycunurenei onucana B [lpuioxenun 2.



[Tpu pacuere mapameTpoB ¢GuibTpa Kod(QPUIMEHT yCUJICHHS CIEAyeT 3a/l1aBaThb
paBubiM 1. [Ipu 3TOM Bce pe3ncTOpHI JKenaTelbHO yCTaHABIMBATh B MHTEpBaie 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 HUKHUX YaCTOT C YacToTou cpesa 2 kI .

Paccuuraem Takoit puiabTp.

3agaauMm U Hayajga EMKOCTH KOHJEHCATOPOB paBHbIMU | HOD:

C=C,=1n®
Orcroma HaitaéM R2 ncxoms U3 yacToThl cpe3a B 2 KI'II:
2000 = 1
2nR,C,
Otkyna:
R, =79577 Om

T.x. comportuBieHue R; cOOTBETCTBYEeT peaJbHOMY pPE3UCTOPY, HEOOXOIUMO
npuBecTy ero K pany E24. bawxkaiiiee 3Hauenne 82 kOm, ero u OyneM HCHOJIb30BaTh B
JNAJbHEUIIINX pacyeTax.

Comnportusnienne R; Haiiném ucxons w3 ycloBUsA, 4TO KOADPUIMEHT nepeaayuu
¢buapTpa paBeH 1 mo MoayIIIO:

R
K=——2=-1
R1
CnenoBaTeLHO:
R, =82000 Om

ComnportuBieHue pe3uctopoB B cxeme R;/2=410000m, wim u3 psga E24

COOTBETCTBYIOIIME PE3UCTOPHI BRIOMpPaeM conpoTuBiieHHEM 43 KOM.
OOpature BHUMaHUE, YTO BhIOpaHHAasi HaMH cxema (UIbTpa MUHBEPTHUPYHOLIAs,
M03TOMY TOCJIE€ HEr0 HEOOXOUMO elI¢ pa3 UHBEPTUPOBATh CUTHAII, T.€. YMHOXKHUTh €r0
6



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

BKioueHreM OV ¢ ko3 dunmenTom ycunaeHus 1 mo Moaysio.
Cmopnenupyem paboTy pa3paboTaHHOTO (UIBTPAa B COOBTETBUHM COC CXEMOW Ha

PUCYHKE 2:

1nF

_{

82 k Chm

100 k Chm

43 k GOhm 43 k Ohm 100 k Ohrm

——
I

Puc. 2. Cxema monenvupoBanus GuiabTpa.

[To 3agaHuio M3 IpUMeEpa BXOJHOM CUTHAN Y HAC JIEKUT B auanaso”e or 0 1o
1 x['1, a BpICOKOYACTOTHBIE NMOMEXH Ha4yMHAIOTCS Ha yactoTe S5 kl'1, mostomy s
MIPOBEPKHU pabOThI MoAaauM Ha puibTp curHaibl yactotor 100 I'u, 1 xI'npu 10 k'

hld r
g —| =
T B.egag = T2 S2.7545 ms T2-T1 S2.7545 ms
wal | 116.5758 mu WAE | 1941932 my AAZAA 77.6174 my
“B1 128, 4457 ml WBZ 126 .4422 ml WHZ-VB1 &5 . 73975 ml
—Time basze Trigger Channel & Channel B
Z.00ms/ div E| Bdge M =] [100 mvsDiu ] [ [1 00 rehs D ] | Feduce |
¥ position [ 0.00 B Lewel [oooo B | f pesition [ 0.00 B |  position [ 0.00 ]| Rewerse
[ YAET BN 255 ] | c|oER 220 | HE save (2)




- -
|« |
T B.AB86 = T2 7.1845 ms Ti-T1 7.1845 ms
Wit J.8a12 my Rt 188 .9538 mY WP 172,152 mW
1 2d . 1458 i WH2 85 . 19668 mY WHZ-WET 85 .1438 mW
—Time base Trigger Channel A Chanriel B
0.50rm=/ divs E| Bdge B =l [100 miv/Diw ] | [100 miviOis ]| Reduce |
X position Lewel 0,00 H‘ Y position | 0.00 H‘ ¥ pazition | 0.00 H‘ m
W e A BN <l6 =] | acio/EE 220 ER save ©)
hid W
K o
Tl . BEEA s T2 A18.6113 p= T2-Ti 218 6113 ps
Wil &.72988 mV R 121.72785 mV AR 174.9797 md
“WE1 194 .8768 nl B2 -19.16838 m\V Whz-WE1 -19.16848 mV
—Time base Trigger Channel & Channel B
Edge Bl | [100 miviDiv B [[100 rviDi [ | Reduce |
¥ position [ 0,00 Bl | Lewel [nD.o0 = W position [ 0,00 H‘ Y position [ 0,00 H‘ m
B 5 BN A[sjec] | Acio|EE 2|0 EE save
(8)

Puc. 3. MoaenupoBanue paboThl GUiIbTpa MpU CUTHATAX
100 I'u (), 1 xI'g (0) m 10 xI'1x (B).

Kak BugHO Ha rpadwukax TMOJE3HBI CHTHaN mepenaéTcs NpakTUYecKu Oe3
HCKXEHUW, B TO BpEeMS KaK HA 4YacToTax BBIIIE YACTOTHI Cpe3a MPOUCXOIAUT

CyYIICCTBCHHOC ocja0JjieHHuEe CUTHAJIA.

1.3. Ycuauresb
3amauell yCUIIUTENS SIBISETCA YCUIICHHS CUTHAJIA ¢ KO3 (DUIIMEHTOM TepeIayu:

UA
2.U,,

\4



Peanu3oBaTth [1aHHOE CBOICTBO MOXHO PAa3IUYHBIMU CIIOCOOAMH, HampuMmep,
UCIIOJIb30BAB MOCJIEI0BATENIHHO JIBa Kackaja MHBEPTUPYIOIIEro BKItoueHus (puc. 4). 3a
CYeT JBOMHOTO WHBEPTUPOBAHUS 3HAK CUTHAJA HE H3MEHUTHCHA, a KOdDPUIMEHT
ycuiieHus OyIeT paBeH MPOU3BEICHUIO KOA(P(HUIIUEHTOB YCUIICHUS KACKaJIOB.

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:

R R
Ky =Ky Ky, :(__ZJ.(_AJ
Ry Ry

B HameMm nmpumepe TpeOyeMblii KO3 OHUIIMEHT YCUICHUS PaBCH:
5
Ky =——=125
2-0,2
Pacnipenenum ero mo Kackaaam CiIeayIOM 00pa3oM:
Ky =Ky Ky, = (_ 2’5)' (_ 5)

Ilpumeuanue. Ilpu pacnpedenenuu Kodghpuyuenmos ycunenuss no Kackaoam,
JcenamenvpHo He YCMAaHAsIusams Koaguyuenm ycuienus 00Ho20 kackaoa ooavue 50.

B3siB pesuctoper R2 u R4 B obOpatnbix cBsa3six paBHbiMH 100 kOM MOXKHO

paccuuTaTh CONPOTUBIEHUS Ry 1 Ry
R, =40000 Om n Ry = 20000 Om
C yuetom psina E24 conpoTUBIEHUS PE3UCTOPOB:

R1 =43 xOMm u R2 =20 kOm
CMonenupyem paboTy YCUITHTEIIS:



[ o 100k Ohm

43 k Chm 90k Ohm

Puc. 5. Cxema MoenupoBaHus yCUIIUTES.

PesynbraThl cuMmymsiiud (puc. 6) MOKa3bIBAIOT MOJHYH PadOTOCIIOCOOHOCTH

YCHIINTCIIA:

iRV

| ] ]

T1 92,6758 ms Tz 117 . 6269 ms T2-T1 24.9519 m=
i 198 79322 mV WA |-198 . 2742 mW WAL | -397 . 8dd4d4 mW
A1 2.3115 W “WHZ —2.3855 W “WH2-WE1 -4 .a178 I\

— Time base Trigger Channel & ————— Channel B

2.00ms/ div E Bige mE 2| [200 miv/Div B[4 wroi [ | [Reduse |

¥ position [0.00 5 | Lewel [0.00 B | ¥ position [ 0.00 ]|  position [ 0.00 El Reverse |

N s | s BN Al6jea] | sc)oEH 2c/0|HR save

Puc. 6. Pe3ynbrarel cumynsiiuu padoThl YCUITUTENS.

1.4. CMemieHue
[Tocneqnee mpeoOpazoBaHHe, KOTOPOE HEOOXOIMMO BBHITIOJHHUTH C CHTHAJIOM,
3aKJIF0YAETCS B CMEIIEHUHM YCUJICHHOTO U OT(OUIBTPOBAHHOTO CUTHAJIA HAXOSIIETOCS B

Ua Ua A
IAANa3oHe OT By 0 —— Ha HaOpsHKEHUE pPaBHOE 7B BBepx. T.e. Ham
HEOOXOJIUMO BBITIOJTHUT CJIOKEHHE BXOJIHOTO CHUTHAJIa C MOCTOSHHBIM HamNpsHKEHUEM
U A B:
2

10



Uy )= (0)+ 2.

rae U/ (t) — curnan nocie GpuibTpa U yCUITUTENSL,

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.

Pa60Ty CyMMaTopa MOXKHO OIIMCAaTh CJIICAYIOIIHUM BBIPAKCHUCM:

U@bzx = _(Eul + EUZJ
R1 R2

Kak BuguTe, CyMMaTop BBINOJHEH 1O MHBEPTUPYIOLIEH CXeMe, MOITOMY IOCIe
HEro B CXeMy /100aBJieH eIé OJNH UHBEPTOP, AHAJIOTUYHBIN TOMY, YTO MbI CTABIJIA HA
BbIXOJIe QUIIBTPA.

B nannoM crydae U, — 3To cobeTBenHo BXoxHoi curaan U, (t) mocre dunsrpa u
YCUJIUTENS, TOTIOJIHUTEIBHO YCUIIUBATh €0 He TpedyeTcs, modTomy pesuctop R1 Oyaer
paBeH R3 =100 kOwm.

Uto0bl MOMY4YUTHh HANpsDKEHUE TpeOyeMoe CMEIIEHUsT BO3bMEM B KauyecTBE
HanpsbkeHus U, TMON0XKHUTENbHOE HaNpsHKEHHE MUTaHMUS OINEPallMOHHOTO YCHIIUTEINS

U;; (mns G0JBIIMHCTBA ONEPALMOHHBIX ycuiauTenaed — 31o +15 B, Ho TouHoe 3HaueHue

HEO0OXOIUMO CMOTPEThH B IOKYMEHTAIIUN).
Taxum 06pazom, pesuctop R2 paccunThiBaeTCs, UICXOS U3 BHIPAKCHHUS:
R3 U
U, =—-A
R2 " 2
Jlyst paccMaTpuBaeMoro npuMmepa:
1
100000 15= > , oTkyna R2 =600000 Om
R2 2
C yuerom psga E24 conporusnenne R2 = 620 kOwm.

Cmopnenupyem paboTy CXEMbI CMEIIICHHUS

11



18

| ‘l 520k Ohm 100 k Ghm R
T | }—{ }—\/\f\r—i
100k Chm | 100 k Ohm “

Puc. 8. Monaenb cxeMbl CMEILIEHUS.

hld |
R =

T B. 8686 = T2 28 . 7888 ms T2-T1 28 .7588 ms

il 19.4348 mW Rr -1.7389 W -t -1.7&585 W

“WB1 2.45%8 Y WBI 488 . 5EAB5 ml “WBE-WH1 -1.7E85 W

— Time base Trigger Channel A Channel B
oomera || B ERml  |[2viow 5|2 viow | Redee |
% position Lewel 000 5 | fpesiion [0.00 [ | pestion [000 5] | Reverse
M o2 | A0 B Ao ce] | Ac|oEH P 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. O61asa cxema yCTpOMCTBA
Tenepb coOepéM MOzEb BCEl CXEMBI B 1I€JIOM U IPOBEPHUM €€ padoTy:

100 k Ohm 00k o

15%
M

100 kOhm

650k Ohm 100k Ohm L0k o

100 k Ohm

43 kOhm

43k Ohm
20k Ohm

43 k0hm

Puc. 10. Moaens ycuurens-peoOpa3oBarTers.
12



ANV/AVANWVAVAVA
VIR VIR VIR VIR VIR VIRV,

TN I o}

T B.8888 = T F1.8484 ms T2-Ti 71.8484 ms
WA &. 83727 mW WAE | 128 .3128 mV AT 174 . 4488 my
“E1 2.4234 W WHZ 4.3595 W WBI-VET 1.9211 W

—Time base Trigger Channel A Channel B

Eige M % [Z00 D B [z wiw [ | Reduce |

X position Lewel 0.00 |;_|‘ ¥ position [ 0.00 & | ¥ position [0.00 2] | Feverse

M o2 | 200 EEN [s/Bx| | ac|o|EH ac|o|EE save

Puc. 11. Pe3ynpTar MosienupoBanusi pabOThl YCTPONCTBA B IIEJIOM.

N3 pucynka 11 BuIHO, 4TO pa3pabOTaHHOE YCTPONCTBO BBHITIOJHAET 3aJaHHBIC
GyHKIIUU.
[IpencraBnenHass cxema SIBISICTCS NPABWIBHOW, HO HE ONTHUMAIBHOM, M TEXe

GYHKIIMM ~ MOXHO  peaau3oBaTh, MCIOJB3YS MEHBIIIEE YHUCIO ONEPaAMOHHBIX
YCUJIUTENEHN.

13



2. Pa3pa6oTKa AOKYyMeHTauuu

B cooTrBercTBMM ¢ 3amaHWeM BaM HEOOXOJMMO TMOATOTOBUTH KOMIUICKT
KOHCTPYKTOPCKOM JIOKYMEHTAIIMH Ha pa3pad0TaHHOE YCTPOMCTBO, BKIIOYAIOIIIHIA:

- 3JIEKTPUYECKYIO MPUHIIUITUATILHYIO CXEMY;

- IepeYeHb DJIEMEHTOB;

- YepTE)K MEYATHOM IUIATHI.

VYKa3zaHHbIE TOKYMEHTHI JIOJDKHBI OBITh BBIMIOJHEHBI B COOTBETCTBUM ¢ EnunHoi
cucteMoil koHcTpykTopckoi gokymenTanuu (ECK/), .e. B coorBercTBUM ¢ 'OCTamu.
Takxe B BHJIE MOSCHUTEIBHOTO PUCYHKA (MOKET OBITh BBIMOJHEH B MPOU3BOJIBHOM
dbopme) AoiKHa OBITH MPECTaBICHA CXEMa PACIOJIOKEHUS AJIEMEHTOB Ha IeYaTHOU
nJiare.

OCHOBHOM  cTaHJapT, KOTOPBIM BaM MOTpeOyeTcs NIl BBINOJIHEHUS
AJICKTPUYECKON MPUHIIMIHAIBHON cXeMbl U nepeuns siaeMmentoB — 'OCT 2.702-2011
«IIpaBuia BBITIOJIHEHUS SJIEKTPUUECKUX CXEM», TAKIKE MOTYT HPUTOJUTHCS:

—T'OCT 2.701-2008 «Cxemsbl. Buapl 1 Tumbl. O01mue tTpedoBaHus K
BBITIOJTHEHUIOY;

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

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

Ueprexx medaTHOM IUIAThl JOJKEH OBITh BBIIOJHEH B COOTBETCTBHH CO
CTaHJapTaMH:

—T'OCT 2.417-91 «IInatsl 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 TOKYMEHTAIMIO yIOOHO TOTOBHUTH B AJIEKTPOHHOM BHJIE C
HCIIOJIb30BaHUEM CIELMATU3UPOBAHHBIX CUCTEM aBTOMATH3UPOBAHHOTO
npoektupoBanus (CAIIP) s1ekTpoHHBIX 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 penmakTopax. [leyatHyro 1Iaty
HE3aBHCHMO MOYKHO BBITIOJHUTH B Mporpamme Sprint-Layout.

Takke [OIMyCKaeTCsi BBIIIOJHEHHWE BCEX 4YEPTEXKEH U B PYUYHOM pPEXKUME C
cOOJTI0/IEHNEM BCEX CTaHIapTOB.

Jlyst Toro 9TOOBI TPABUIILHO BBITIONHUTE CXEMY U MEYATHYIO TUIATy, HEOOXOAMMO
U3YYHUTh TOKYMEHTALUIO Ha 3aaHHbIi OY.
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B nmpumepe ucnonb3yercs onepanronsbii ycunutenbs K140V 86, BHemHuil Bua
¥ CX€Ma Ha3HAYEHMS BBIBOJIOB KOTOPOTO MOKa3aHbl HA puc. 12 u 13.

Kopnyc DIP-8
Puc. 12. Kopnyc oneparmonnoro ycunurtens K140V J18b.

KP140¥48
2 | [ &
3
1 7

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

B cooTBeTcTBUM € 3TUM MOXHO COCTaBHUTh AJIEKTPUUYECKYIO MPUHLIHMIHAIBHYIO
CXEMY, COOTBETCTBYIOIIYIO pa3pabOTaHHOM cxeMme ycTpoicTBa Ha puc. 10:

KP1L0Y] KP1L0Y086

KP140YN18B

Puc. 14. Dnextpuyeckas NpuHIMIIMAIBHAS CXeMa pa3pabOTaHHOTO YCTPOCTBa

(6omee neTanbHO cXema MpeACcTaBieHa B MPUIIOKEHUH )

OOpatuTe BHUMaHHE Ha TOJCTPOYHBIE PE3UCTOPbI, OHHU TPEOYIOTCA IO
nokymenTaiuu Ha OY K140V A8b s 6anaHCUpOBKH, T.€. KOMIIEHCALIUU HAMPSKCHHUS
cMmelenust vyns. He y ecex OY amo neobxooumo.
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PaccmarpuBaemas B nmpumepe mukpocxema K140V]I8b BxmtouaeT B ceOs oauH
OV, HO BcTpedaroTcsi MHKpocXeMbl ¢ OonbpimuMm uuciom OV (2, 4, 8 u 1.1.). B
NOJOOHBIX CiIydasX Ha cxeMax YJOoOHO M300pa)kaTh TaKU€ SJIEMEHTHI MO CEKIIUSIM.
Hanpumep, mukpocxema K1460Y 12 takxke xak u K140V 186 nocrasnsercsa B kopmyce
DIP8, Ho nMeeT B CBOEM COCTaBE J1Ba OTMIEPAIIMOHHBIX yeuuTels (puc. 15).

Brixog 1l | 1 ~— § | HHBEPTUPYIO WK
Bxox 1
[Matoc nanpsxenus | o 7 | HeuHBepTHpPYIO LK
NUTAHUSA sxon 1
Brixon2 | 3 6 |HenHBEpPTHPYIO MK
BXOJ 2
MuHYC HanpsXeHHA 4 5 | nuseprupyromuii
nuTaHusA (00mwuii BeIBOXT)

BXOM 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 OV.

R1 R2 R4
] 1
] ]
100k 5k1 100k
. DA1.2
DA1.1 R3 j)
8 l > 1 ] 5 > 3
7 Bk 6
4 K1460Y[2
-y -
K1460Y[02

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

Ha pucynke 16 BumgHO, 4YTO JBa Kackaja YCWJICHHUS TIOCTPOCHBI Ha JBYX
oneparmoHHbIX ycumutessix DALl u DAL.2, Bxoasmux B cOCTaB OAHON MHUKPOCXEMBI
DAIl. BuaHo, 4To TMHUY MUTAHUST HAPUCOBAHBI TOJIBKO Y OJTHOM CEKIIUH, T.K. TUTAHUE Y
BCEX CEKIIMM MUKPOCXEMBI 00111ee, a BOT BXOABI-BBIXOAbI OY y KaXXJI0H CEKIIMU CBOW,
YTO BUJIHO IO HMX HOMepaMm. B mepedyHe »JIeMEHTOB Takas MHKpocxema OyJleT
dburypuposats mog Homepom DAL,

ITocne cocrtaBieHUs] CX€Mbl MOXKHO TMOATOTOBUTH K HEM IMEpeueHb DJIEMEHTOB.
JIist 3TOro HEOOXOAMMO BBIOPATh OCTABIIHMECS KOMIIOHEHTBHI CXEMBI M3 PEATbHBIX
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CEMEICTB 3JIEMEHTOB, HANpUMEp PE3UCTOPBl MOXKHO moAoOpats B cepuu C2-33H, a
KOHieHcaTophl — B cepun K10-47M.

OTH JaHHBIE TaKXe TOHAMOOSATCS JJIA MPOSKTHPOBAHMS MEYATHOW IJIAThI, TPU
BBIOOPE MTOCATOUYHBIX MECT COOTBETCTBYIOIIUX DJIEMEHTOB.

[lewatnas mmata (anri. printed circuit board, PCB, wm printed wiring board,
PWB) —  wm3zmenue, cocToslmiee HW3 OJHOTO WM JIBYX IPOBOJAIIMX PHCYHKOB,
pacroJIOKEHHBIX Ha TMOBEPXHOCTH OCHOBAaHHWSA, WJIA U3 CHUCTEMBbI MPOBOISIINX
PUCYHKOB, PacloJjOXEHHBIX B 00beME U Ha MOBEPXHOCTH OCHOBAHUS, COCTUHEHHBIX
MEXTy COOOW B COOTBETCTBUHU C DJIICKTPHUECKON CXEMOH y3ia, MpeJHa3HAYCHHOE IS
AIEKTPUIECKOTO COSAMHECHUS U MEXAaHMUYECKOTO KPETUICHUS YCTaHABIIMBAaEMbIX Ha HEM
U3JIeNTUN DJIEKTPOHHOW TEXHUKH, KBAHTOBOWM OJJIGKTPOHUKH M DJIEKTPOTEXHUUYECKUX
HU3CINM.

Puc. 17. [Ipumepsl neyaTHBIX TIIAT.

OcHOBaHME MEYaTHOW IUIAThl — 3JIEMEHT KOHCTPYKLIMHM TEYAaTHOW IUIAThI, Ha
MMOBEPXHOCTU WJIM Ha TOBEPXHOCTH M B O0BEME KOTOPOTO PACIOJIONKEH MPOBOISIIIHIMA
PUCYHOK WJIA CUCTEMA MPOBOASIIMX PUCYHKOB IMEYATHOM IJIATHI.

Pucynok mewatHoli 1uiatel — KoH(Urypamus, oopa3oBaHHasi MPOBOAHUKOBLIM U
(MK) TUAIEKTPUUECKUM MaTEpHAIOM Ha MEYAaTHOMU ILIaTe.

[IpoBonsiMii PUCYHOK II€YAaTHOM IUIATBI — PUCYHOK II€YaTHOM IJIATHI,
00pa3oBaHHBI TPOBOJHUKOBBIM MaTEpPHAJIOM Ha OCHOBAaHUM WM B OO0BEME.
[IpoBoasiuii PUCYHOK COCTOUT M3 IMEUYATHBIX MPOBOJHUKOB, KOHTAKTHBIX IUIOIIAA0K,
SKPaHOB, METAJUIM3UPOBAHHBIX OTBEPCTUH, TEIUIOOTBOJAIIMX M JIPYTUX TMEYATHBIX
KOMITOHEHTOB.

HempoBoasmnii pUCYHOK MEYAaTHOM TIJIAThl — PHUCYHOK TME€YaTHOM IJIATHI,
00pa30BaHHBIN AUAIIEKTPUUECKUM MATEPUATIOM OCHOBAHUS MTEYATHOM IJIATHI.

[T MoxHO KIaccUUIMPOBATH PA3NTMUYHBIMU CIIOCOOAMHU B COOTBETCTBUU C MX
pasnmuyHbiMH  aTpuOyTamMu. OjHAa W3 OCHOBHBIX KOHCTPYKIIMHA T€YaTHOW TIIATHI,
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ABIISIOIIEHCS UIA BCeX OOwIeil, — pa3BojAKa 3JIEKTPUUYECKOr0 MPOBOAHHUKA, KOTOPBIH
COEJIMHSIET BCE YCTAaHABIMBAEMbIC HA HEH KOMIIOHEHTHI MEXKIY COOOH.

Jlnst popMUpoOBaHUs TPOBOJKH CYIIECTBYET JIBA OCHOBHBIX CIIOCO0A:

1. CyOtpakTuBHBIN. B CcyOTpakTUBHOM Ipollecceé HEHY)KHas 4YacTb MEIHOM
donpru  Ha TOMJOXKKE YHAIAETCA, OCTAaBISAS HYXHBIH PUCYHOK CXEMHBIX
MEKCOEIMHEHUN Ha CBOEM MECTE.

2. ApnutuBHbll. B agautuBHOM mporecce (HOpMHUPOBAaHHE PHCYHKAa CXEMBbI
MEXCOEMHEHUI BBIMIOJIHACTCS M00aBICHHEM Menu Ha roiyio (0e3 memHoil (Goybru)
MOJIOKKY HY’KHOTO PUCYHKA U B HY?>KHOM MECTE. DTO MOKHO CAENaTh TAJIbBAHUYECKUM
MOKPBITUEM MeJIbl0, TpadapeTHbIM HaHECEHHUEM MPOBOJSALICH MACThl WU YKIaJKOU
IpoBOJA C M30JSIMEM Ha IIOJJIOKKY B IIPEJABAPUTEIBHO  OIPEACIICHHBIX
TOKOIIPOBOASALINX TOPOKKAX.

Oonocmoponnue naramot (Ol unu SSB) umeroT cxemy TOJIBKO Ha OJHOM
CTOPOHE M MX YaCTO HAa3bIBAIOT OTIIEYATAHHOW M MPOTPABICHHOW IUIATOM, ITIOTOMY YTO
CTOMKHI K TPaBJICHUIO 3aIUTHBIA CJIIOW OOBIYHO MEYATAETCS C MOMOIIBI TEXHOJIOTHUU
TpadapeTHOW meyaTd, a PUCYHOK NPOBOAKH 3areM (GOpMUPYETCS TpaBICHUEM
HE3alUILEHHOW U HEHYKHOM MeHOM (osbra. DTOT METOJ U3TOTOBJICHHUS IJIAT OOBIYHO
UCIIOJIb3YETCs TUIS HEJI0OPOruX, KPYITHOCEPUUHBIX 51 OTHOCHUTEJIBHO
HU3KO(QYHKIMOHAIBHBIX IIAT.

B HekoTOphIX ciydasx noBepxHOCTh npoBogHuka [III m3ommpyercs, ocrasmiss
OTKPBITBIMU TOJIBKO KOHTAKTHBIE IUIOMIAJKH, & 3aT€M IPOBOJAILIAS TaCTa HAHOCHUTCS
TpadapeTHOW NevaTbio s POpMUPOBAHUS TONOJIHUTEIBHBIX TPOBOAHUKOB Ha TOM ke
camMOil CTOpOHE IUIaThl, TEM CaMbIM (POPMHUPYS Mapy MPOBOJALIMX CIOEB Ha OJHOU
CTOpOHE. DBOJIBIIMHCTBO MEYaTHBIX IJIAT C  METAUIMYECKOW  CEPALECBUHOM,
NpeJHa3HAYeHHBIX JJI I[IHPOKOro MOTPeOJIeHMs, H3rOTaBalOTCS C aJOMUHHUEBOU
IIOVI0’KKOW, KOTOpast MOCTYIAET B BUJIE MaTepuaia ¢ 3JIEKTpoocaxaeHHOU menpto. [111,
M3TOTOBJICHHBIE U3 TAKOTO MaTepuaia, HE JOJDKHBI UMETh CKBO3HBIX OTBEPCTHH, a BCE
KOMITOHEHTbI OOBIYHO KPEMATCS Ha HUX C MOMOUIBI0 MOBEPXHOCTHOTO MOHTa)a. DTH
CXEMBI YacTO (POPMUPYIOTCS B TPEXMEPHBIE CTPYKTYPHI.

Jeycmoponnue nnamer (Al win DB) uMeoT nOpoBOAAIIMIA PUCYHOK,
PacroJIOKEHHBIN ¢ ABYX CTOPOH MEYaTHbIX Mmiat. X MOXHO KiaccuuuupoBaTh Ha JBeE
KaTErOpUH:

1) 6e3 CKBO3HOU METAITU3AIMHA OTBEPCTHUH;

2) cO CKBO3HOW MeTayuIM3aluend OTBEPCTH.

[leuaTHas maTa JJjIsi yCTPOMCTBA M3 MpUMEpPA, CXeMa KOTOPOTO M300pakeHa Ha
puc. 18, npencrasneHa Ha puc.
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36

151
Puc. 18. IleuaTHas miara pa3paboTaHHOTO YCTPOHCTBA.

Pacnosio’keHue 3JIEMEHTOB Ha TaKOM ILIaTe:

Puc. 19. Cxema pacnoiokeHHs 2JIEMEHTOB Ha IlaTe pa3paboTaHHOTO
YCTPOMCTBA.

OOpatuTe BHMUMaHHWE, 4YTO TeYaTHas IUlaTa OJHOCTOPOHHSS, W TPOBOJSIIUI
pucyHok 18 pacmosoxeH Ha 00paTHOM CTOPOHE OT AIEMEHTOB, IIOATOMY Ha PUCYHKE OH
M300paKeH B 3€pKAJIbHOM BHUJE, KaKUM U JOJDKEH OBbITh Ha uyepTexke. Ecnu
pa3paboTaHHasi TiaTa OyJeT JBYCTOpPOHHEH, TO Ha YepTeXe IIaThl HEOOXOIUMO
0T/eJIbHO N300pa3uTh 00a CIosl.
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3. [IpuMep peasu3anyy yCUJINTEIS-IPe0o6pa3oBaTeis

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

coOpaTh pa3paboTaHHBIA YCHUIUTEIb-PE0OpPa30BaTEIb:

Puc.20. BHenrHuit BU1 COOpaHHOTO yCTPOKCTRA.

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

Kackaja:

Puc.21. Illyn na BeiBoge OY nepBoro kackajaa
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0.000ns

M:5. 0ms S 9z20mv

- Criemenns OCH CHIHATA
= N0 BEpPTHEATE
M3 oTHOCHTEIEHO TEHTDA
.

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

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

CHUTHAaJIA.

Puc.22. lllyn Ha BeiBosie OV BTOpOTro Kackaaa
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0.000ns

M:5.0ms
eSS

A 0
Puc. 23. BXoaHOM 1 BEIXOHOW CHTHAJIBI TTOCJIE BTOPOTO KacKajia

Ha BTOPOM KaCKaJC IIPOHU3O0HIIIO HHBCPTHUPOBAHHUC BBIXOJHOI'O CHI'HAJIA,
BCJICACTBHC «COBIIaACHHUC) CI'0O CO BXOJHBIM.

Puc. 24. lllyn Ha BeiBose OY TpeThero kackanaa.

0.000ns

@200mV-  0.20div

(2 mv v
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. lllyn Ha BeIBoie OY 4eTBEpTOro Kackasa.

0.000ns

M:5. 0us

V:-35.69mv

Puc. 27. BxogHOW ¥ BBIXOHOM CUTHAJIBI ITOCIIE YETBEPTOTO Kackaa.

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

Puc. 28. lllyn Ha BeiBoge OY mnsiToro kackaaa
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0.000ns

M:5. 0ms
@z 00mv- 0.20div

@ Va:112. Omv @ V:-35.15mv

Puc. 29. BXxoaHOM ¥ BBIXOIHOW CUTHAJIBI ITOCJIE IATOrO KacKaga

Ilocne msToro KaCKala IIpOHu301IlI0 CMCIHICHUC CHUI'HAJIa Ha H€O6XOILI/IMBI€ 2,5B
(CTOI/IT 3aMCTHUTb, 4YTO HU3MCHHJIACH IICHA ACJICHHA B CHCTCMC KOOPAHMHAT BBIXOIHOI'O
CUIr'HaJIa, II0O9TOMY OH «YMCHBIIWUJIIC:) 110 aMHJ'II/ITy,Z[e).

Puc. 30. II{yn Ha BeBosie OV miecToro Kackasa.
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0.000ns

M:5.0ms
@200mv - 0.20div

@ia:192. Omv ).
Puc. 31. BXoaHOM ¥ BBEIXOAHOM CUTHAJIBI ITOCJIE [IECTOrO KacKazaa.

Ha mectoMm kackajie npou301uI0 UHBEPTUPOBAHUE, U B pe3yibTaTe ObLI MOIy4YEH
CUTHAJI, KOTOpbIi B ~12,5 pa3 Oosbllie BXOJAHOIO CUTHAJa U CMEIlleH Ha 2,5B.

OTMmeTnM, YTO B TMpoIecce TMPOBEPKH pabOThl YCTPOHCTBA MPOBOIMIACH
OaslaHCHpOBKAa  OajaHCUPOBKA I  KOMIIEHCAI[MU/KOPPEKTUPOBKU  HANPSHKCHUS
cvemienuss OV, Koropas TMPOBOAUTBHCS HA KaXJAOM Kackale C IOMOIIbIO
0aaHCUPOBOYHBIX IOCTPOEYHBIX pe3ucTopoB. Ha mepBbIX dYeTbIpex Kackajaax
HanpsOKEHUE CMEIleHUE JODKHO ObITh paBHO Hymo. Ha msToM, mectoM MOKHO
NOJAKOPPEKTUPOBATH YKE UMeronieecs cMmenieHue 2,5B.

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

Puc. 32. Pe3uctop, CONpOTUBICHHE KOTOPOTO U3MEHSEM.
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Puc. 33. Curnan ¢ HyJI€BbIM CMEIICHHUEM

0.000ns

Puc. 34. Curxan co cMeneHrneM, OTIUYHBIM OT HYJIS, IPU Pa3IUYHbIX
MOJIOKEHUSIX MOJIBU)KHOTO KOHTAKTa MOACTPOECYHOIO PE3UCTOPA.
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IIpunoxenue 1

Pan E24
HOMUHanN| A0NYCKHOMWHaN A0NYCK JHOMUHAN| [0NYCK | HOMKWHEN ADHYCKIHOMHH&H A0NYCK| HOMWHAnN [A0NYCK] HOMWHanN |40NyCK
00m| 5% | 100m| 1% |[1000m| 5% | 1kOm| 5% |10 kOm| 1% |100kOm| 5% | 1 MOm| 5%
10m| 5% | 11.0m| 5% |1100m| 5% | 1.1 kOm| 5% |11 kOm| 5% |110kOm| 1% | 1.1 MOm| 5%
110m| 5% | 120m| 5% |1200m]| 5% | 12«kOm| 5% |12 «kOm| 5% |120kOm| 5% |12 MOm| 5%
120m| 5% | 130m| 5% |1300m| 5% | 1.3«k0Om| 1% |13 kOm| 5% |130 kOm| 5% | 1,3 MOm| 5%
130m| 1% | 150m| 5% |150 Om| 5% | 15kOm| 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% | 1.8 MOm| 5%
180M| 5% | 200m| 5% |2000m| 5% | 2«kOm| 5% |20«Om| 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% | 24 0m| 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%
27 0m| 5% | 30 0m| 5% |3000m| 5% | 3kOm| 5% |30«Om| 1% |300«Om| 5% | 3 MOm| 5%
30mM| 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% | 390m| 5% |3900m| 5% |39 kOm| 5% |39 kOm| 5% |390 kOm| 5% | 3.9 MOm| 5%
330m| 5% | 430m| 5% |4300m| 5% |43 kOm| 5% |43 kOm| 1% |430kOm| 1% | 43 MOm| 5%
430m| 1% | 47.0m| 5% |4700m| 5% |47 kOm| 5% |47 kOm| 5% |470kOm| 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% |62kOm| 1% |620kOm| 5% |62 MOm| 5%
E20m| 5% | 68 0m| 5% |6600Om| 5% |6 kOM| 5% |66 kOm| 5% |660 kOM| 5% |68 MOm| 1%
BSOmM| 5% | 750m| 5% |750 0m| 5% | 75kOM| 5% |75 kOm| 5% |750 kOm| 1% | 7.5 MOm| 5%
750M| 5% | 820m| 5% |6200m| 5% |B82«kOm| 1% |62 «kOm| 5% |B20«Om| 1% |82 MOm| 5%
820m| 5% | 91 0m| 5% |9100m| 5% |91 kOm| 5% |91 kOm| 5% |910kOm| 5% | 9,1 MOm| 5%
910m| 5% 10 MOm| 5%

28



IIpuioxxenue 2

AKTHBHBbIE PUIBTPBI

AKTHUBHBI QUIBTP MPEACTABISIET COOOM YETHIPEXTOIIOCTHHUK, COJEp KallIuid
naccuBHble RC-11eny U aKTUBHBIE 3JIEMEHTHI, Yallle BCETO OMEpPAlMOHHBIE YCUIIUTEH.
AKTHBHBIE (GUIBTPBI OOBIYHO HE COJIEPXKAT KaTyIIeK WHIAYKTUBHOCTU. CTpemieHue
UCKJIIOUEH KaTYIIKU WHIYKTUBHOCTU U3 (PUIIbTPA BBI3BAHO PSAOM MPUUMH: 1) KaTYIIKU
MMEIOT OOJIbIIIKE radapuThl U MaccCy; 2) MOTEPU B KATYyIIKaX MPUBOIAT K OTKIOHEHHUIO
pacyeTHBIX XapaKTEPUCTUK (UIABTpAa OT peadbHBIX 3HAYCHHWHA,; 3) B KaTyIlIKa
paccenBaeTcs OOJIbIlIasi MOIIHOCTh; 4) B KaTyIIKaXx C CEPACYHUKOM IPOSIBISETCS
HETMHEHHBIN (D (EKT, CBA3aHHBIN ¢ HACHIIIIEHUEM CEpJICUHHKA.

[laccuBHBIE YaCTOTHBIE (QWIBTPHI, OOBIYHO paccMaTpUBaEMble B Kypce
ANEKTPOTEXHUKH, BbIMONHAIOTCS Ha LC- wim Ha RC-memsix 6e3 mnpumeHeHUs
YCWJIUTENbHBIX AaKTUBHBIX dJeMeHTOB. Takue ¢GuiabTpsl HE TpeOYIOT HCTOYHHKOB
MATAaHUS U UMEIOT MPOCTOE HCIOJIHEHUE, OJHAKO OHMU HE O0ECIeUMBAIOT XOPOUIETO
pa3/ielieHus MOJIOCHI MPOMYCKAHUSI OT MOJIOCHI 3aTyXaHUs; B 00JIACTH MPOMYCKAHUS U
3aTyXaHusi MOTYT HaOMOJaThCsl  OOJbIIME HEPABHOMEPHOCTH  IEpeIaTOYHOM
XapaKTEPUCTUKHU; OYECHb CJOKHO BBIMOJIHUTH YCIOBHE COTJacoBaHWe (HUIbTpa C
Harpy3Kkomu.

B ornauume OT TAacCHUBHBIX, AaKTUBHbIE (QUIBTPHI oOecnedynBaroT OoJiee
KaueCTBEHHOE pa3/IeJICHUE MOJIOC MPOMYCKaHWs W 3aTyXaHus. B HUX CpaBHUTEIHHO
MPOCTO PEryJIUpOBaTh HEPABHOMEPHOCTH YACTOTHOM XapaKTepUCTHUKH B 00JaCTU
MPOMYCKaHUS W 3aTyXaHUsl, HE MPEIBbIBISIETCS KECTKUX TPEOOBAaHUN K COTJIACOBAHUIO
Harpy3u ¢ GuibTpoM. Bce 3T mpeuMyIecTBa akTUBHBIX (DUIBTPOB OOECICUUIIA UM
caMoe IHUPOKOE MPUMEHEHHE.

AKTHUBHBIE (UIBTPHI MOKHO Pa3/eIUTh U TPYMMBI 1O PA3IUYHBIM MPU3HAKAM:
HA3HAYCHUIO, TI0JIOCE MPOIYCKAEMbIX YacTOT, TUITY YCHWJIMTEIbHBIX JJIEMEHTOB, BHUIY
oOpaTtHbIX cBsizeit, U np. [lo momoce mpomyckaemass 4acToT (UIBTPHI NETSATCS Ha
YEThIPE OCHOBHBIC TPYMIbI: HIWKHUX YacTOT, BEPXHHUX YaCTOT, IIOJIOCOBBIC U
3arpaxaaronire. OUIbTPbl HIKHUX YacTOT MPOMYCKAIT CHUTHAI OT MOCTOSHHOTO
HaIpPsDKEHUST 10 HEKOTOPOW MpeAeibHOM YacTOThI, Ha3bIBAEMOM YacCTOTOM  cpesa
bunprpa. OUIBTPHI BEPXHUX YacCTOT, HAOOOPOT, MPOIYCKAIOT CUTHAJ HauMHAs C
4acTOThl cpe3a u BbImIe. [1070CcOBbIE (UIBTPHI MPOMYCKAIOT CUTHAIBI B HEKOTOPOU
MoJIOC€  YacToT, a  3arpaxpamomme  QUIbTphl  HMEIOT  XapaKTepPUCTHKY,
MIPOTUBOIOJIOKHYIO MOJIOCOBBIM, U MPOMYCKAIOT CUTHAIbl C YACTOTOM HUMXE U BBIIIE
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onpeaenéHHoi yacToThl. Kak mosocoBble, Tak U 3arpaxkaaroniiue GuibTpbl MOTYT HMETh
rpe0EHYaTO0 YacCTOTHYIO XapaKTEpUCTHKY, B KOTOpOH OyJIeT HECKOIbKO II0JI0C
IPOITYCKAHMS U 3aTyXaHUS.

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

Bce paccmotpenHble (GUIBTPBI MOTYT UMETh OJHY II€Mb OOpPaTHON CBS3M WU
HECKOJBKO. B CBsI3u ¢ 3TUM pa3nuyaroT (QUIBTPEl C OJAHOKOHTYPHOU M C
MHOTOKOHTYPHOH 00paTHOM cBsi3pl0. KpoMe 3TOro, pasnuyaroT (QUIbTphl MO YHUCIY
IOJIIOCOB HAa YaCTOTHOW XapaKTEPUCTUKE — (UIBTPHI MEPBOrO MOPSAJKA, BTOPOrO U
0ojee BBICOKMX NOPAAKOB. DUIBTPHI BBICOKUX MOPSAIKOB HMEIOT 0o0Jjiee KpYThie
IPaHULIBl MOJIOC MPOMYCKaHUS M 3aTyXaHusi M 0oJiee TUIOCKYI0 XapaKTEpUCTHUKY B
obOnactu mojockl nponyckanusa. K takum ¢unbTpam otHOcsATCS QuiabTpbl UeOblliena,
barrepBopra, beccens u ap.

PaccMOTpUM TUINOBBIE CXEMBI AKTUBHBIX (DUIIBTPOB.

AKmugHbILl PUILMP HUNCHUX YACMOM 8MOPO20 NOPAOKA

Usx To1 U
Lo e

KoadduimenT ycunenns QuibTpa HUKHUX 4aCTOT BTOPOrO MOPSAKA TAKOM Ke,
Kak y (uibTpa mepBOro mopsiaka, B CBSI3M C TEM YTO CYMMApHOE COINPOTHBIICHHE
PE3UCTOPOB B 1€MW UHBEPCHOTO BXOJa BhIPAXKAETCs 3HaUeHUEM Ri:

K=_Fe
R,
['pannynas yactoTa npu BeinoJHeHUU ycinoBus R1Cq = 4R,C; Takxke BbIpakaeTcs
npexxHe popmyIion:

1

foo
27'CR2C2

JIAYX ¢unbrpa:
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3 pb

= -
fg 1

AxmusHvlll purbmp 6epxXHUX YACMOM 8MOPO20 NOPAOKA

C1 R2

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

Kak y (uiapTpa MEepBOro MOpsJiKa, B CBSI3U C TEM, YTO CyYMMapHO€ CONpPOTHBIICHUE
PE3UCTOPOB B LIEMH HHBEPCHOTO BXOJA, BhIpakaeTcsl 3HaueHUuEM Rj:

K= ——RZ
R,
['pannynass yacrota npu BbimonHeHun ycnoBus RiCi= RyC, Beipaxkaercs
dbopmyoi:

1

fo=_ ~
27R,C,
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R2

R1 3 nb

fU f

Axmusnblii no10co8otl puibmp

Jlns  paccMaTpyBaeMOro IoJIOCOBOTro (MIbTpa dYacToTa KBasupesoHaHca fo
OMpeaeNsieTcs JIEMEHTAMHU LIETH 0OpaTHOM CBSA3M:

1

f.=
° 27 /RCR,C,

MakcumanbHbli  KO3(QGUUIMEHT YCUJIIEHUSI Ha 4YacToTe KBa3MpPE30HAHCA

OKa3bIBACTCs paBHBIM:
_ R,C,
RC,

K=
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R2 C2

R1 C1 N L 06
A

—
for To fo2  f

AKmueHblil pexceKmopHbill (3a2paoumeibHbiii) uibmp

—

Ugx R3 Ugbix

1

[Ipu BBITOTHEHNH YCIOBUI

R
Ri=R,=R,Ry=",C=C,=RuC;=2C

aMIUTUTYTHO-4aCTOTHAs! XapaKTePUCTUKA aKTUBHOTO (DHIIbTpPa, MMEIOIIETO BO BXOJIHOM
1enu ABoitHoM T-hunbTp, COAEPKUT KBA3UPE30HAHC, YACTOTAa KOTOPOTO OMPEEISETCS
dbopmyoii:
fo=—"-
27RC
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