3agaueit JomalwHero 3a4aHuA No Kypcy INEKTPOHMKA ABAAETCA co34aHue
reHepaTopa NepmoamMYeCcKoro CMrHana CioXKHoM GopMbl, BUA KOTOPOIM CXEMATUYHO
n306paxKeH Ha puc.l.

U

BbIX

Puc. 1. BbIxogHOM cuUrHan reHepaTopa

McxoAHbIMM A@aHHBIMM A1 NPOEKTUPOBaHUA ABAAIOTCA:
T,, T, — AAnTEeNbHOCTM «NONYNEPMUOAO0B» CUTHANS;

T, T, — AJIMTENBHOCTU NNHENHbIX NePexXoAHbIX NPOLECCOB OT NepBOro «noJsyne-

puoaa» Ko BTOPOMY U OT BTOPOTO K MEPBOMY;
U,, U, — 3HaYeHnss NOCTOAHHbIX YPOBHEN «MONYNEepMoa0B» CUTHaNa;
1 2

R, — conpoTuBieHne Harpy3Kkun reHepatopa.

Mpeanaraetca pa3pabotaTb reHepaTop, cornacHo 6aoK-cxeme, NnpuBeaEH-
HOM Ha puc. 2. PaspeLuatoTca gpyrne TeEXHUYECKME pelleHmns, peannsytowme 3aaaH-
Hble MapameTpbl.

MynbsTH- HnTe- Orpa- JIByXTaKTHBIHN
BHOPATOP TOp TeJIb MOIITHOCTH

1

Puc. 2. bnoKk-cxema reHepaTopa

Pa3paboTaHHbIN NPOEKT cneayeT peannsoBatb B cucteme Proteus ¢ ncnonb-
30BaHMEM MOJe el TONIbKO PeabHbIX 3N1eKTPOHHbIX KOMMNOHEHTOB.



Pa3paboTKy npoekTta Py
pekomeHAayeTca HayaTb C +E
ABYXTAaKTHOroO  ycunmtens
MOLLHOCTU. Ero moHo pea-
NM30BaTb MO cxeme, npea-

CTaB/JieHHOM Ha puc. 3. & +\
Mapku TpaH3ucTopoB U
onepaumMoHHOro ycuauTens _
(OY), BxopAawmx B ero co- /
cTaB, cnepyet BbibpaTh, UC- R
Xo4Aa wm3 3agaHunA. Makcu-
MaJibHbIl  KONNEKTOPHbIN
TOK TPaH3UCTOPOB A0J/IKeH -k . —_—
6bITb HEe MeHblle MaKcu-

MaNbHO BO3MOXHOIO TOKa

yepes Harpysky

. HanpsaxeHune nutanma OY f0MKHO BbITb HE MEHbLLE MAaKCMMANbHOrO HaNpA-

Puc. 3 BYXTaKTHbIA YCUAUTEND MOLLHOCTH

KEHMA Ha Harpyske, a ero MakCMMa/bHbIM BbIXOAHOM TOK — HEe MEHbLUe, Yem
IHmaX/B, roe B — cTatMyecknini KOaPPUUNEHT yCUNEeHNA TPAH3UCTOPOB MO TOKY.

Hmax

Ecnn TOK yepes Harpysky MMeeT HacToNbKo 6o/blioe 3HaYeHUe, YTO He yaaéTca
nogobpaTtb noaxoaawmn OY n TpaH3UCTOPLI, cneayeT UCNoAb30BaTb COCTaBHblE
TpaH3ucTopsl (puc. 3a).

° Mocne cbHopku
+E ? ycuAnTena MoLHOCTU
cnepyet ybeputbcA B
ero ajeKkBaTHOW pa-
6oTe. [lnAa aToro Heob-
\ XOAMMO Ha BXOf, YCU-
+ nTens  nopatb  UM-
NYAbCHbIA CUFHAA, Co-
_ OTBETCTBYIOW MM 3a4a-
/ HUtO, N ybeanTbCs, 4To
yCUAnTENb MOLLHOCTU
NOBTOPSIET 3TOT CUr-
Han KaK 6e3 Harpysku,
—E . —l— TaK U C HOMMHANbHOWM

Harpyskon. Mmnynbc-
Puc. 3a. Ycnnmtenb MOLWHOCTM C COCTaBHbIMUM TPAH3UCTOPaMM HbII cUrHan ¢ Tpebye-

MbIMW MapameT-

pamu Nerko nonyyYnTb B cucteme Proteus ¢ MOMOLLbIO BCTPOEHHOro reHepaTopa
MMMYNbCOB, YCTaHABINBAA TpebyemMble 3HaYeHUA ero napameTtpos — Initial Voltage,
Pulsed Voltage, Pulse Width, Period, Rise Time u Fall Time.



,D,OI'IyCKaeTCFI MHOE CXeMHOE peweHne ycmantena MmoLwHOCTH. OpHaKo oTKa3
OT NnpumeHeHnA onepaumnoHHOro ycmantena Bobl3biBaeT 3Ha4YNUTE/IbHOE pacxoxKae-
HUe mexay BXoaHbliM U BbIXOOAHbIM CUTHA/1aMU, a TaKXKe 60NblINe CNOKHOCTU C
YCTPaHEHMEM NEPEXOOHDbIX NCKaXKeHUMN.

CobpaB ycnanTesb MOLLHOCTM U yoeaMBLLIMCL B MPaBUIbHOCTU ero paboTsl,
cnefnyeT peann3oBaTb Kackag, Npeobpasyowmini NpAMOYrosibHOe HanpsxKeHue ¢
«nonynepuogamu» T, +1, n T, +1T,, N C KaK MOXXHO Bonee KpyTbiIMn GPOHTOM U
cnagom, B UMNy/sibCHoe HanpaxeHue Tpebyemon popmel. Mpegnaraetca paspabo-
TaTb €ro Ha OCHOBE KNAaCCUYECKOM CXeMbl MHTerpaTopa Ha QY (puc. 4).

+F BbixogHOM curHan wuH-
| Terpatopa onpeaenaeTca Bbl-
parkeHnem

t
UB]:IX :UO - Rlc: J‘UBxdt'
0

cnenosaTesibHo, CKOpPOCTb

C— d /| ero U3MeHeHMA paBHa

R dUBLIX J— UBX
—k dt RC
Puc. 4. \HTerpaTtop Ha onepaunoHHOM ycuamtene MOCKONbKY y4aCTKM n-

HeMHOro 3MeHeHuA CUrHana puc. 1 MMetoT CKOPOCTb HapacTaHMA (Ul—UZ)/rl "
cnaga (U, —U, )/, , BO3HMKaET BO3MOKHOCTb NOAABaTL Ha BXOZ UHTerpaTopa re-
PUOANYECKMI CUTHAN C «NOAYNepruogamm» AnuTenbHoctblo T, + 1, n T, 4+ T,, B KaX-
[IOM 13 KOTOPbIX CUTHaN MMeeT NocToAaHHoe 3HaveHne U n —U  cooTBeTCTBEHHO,

a pasHYH CKOPOCTb HapacTaHMA BbIXOAHOrO CUrHana UHTerpatopa obecneymsaTb
Pa3HbIM 3HAYEHNEM NOCTOAHHOM BpemeHn RC, KaK 3To M306pakeHo Ha puc. 5.

U
BX — _|_E
. 1<
1, +1 |
[
l]BbIX } l]Hac } : Rl
T ]
|
AN AR R ”
| 1
~Ulsac |

Puc. 5. dopmupoBaTtenb npoobpasa curHana pmc. 1



Npu 3Tom yao6HO Ana pasHbIX «NOAYNEPUOA0B» UCNONb30BaTh pasHble Be-
. T,U U
JIMYMHbI CONPOTUBAEHMI pe3ncTopoB R = ——12— n R, =——*2__ 3Have-
C(U,-U,) c(U,-U,)
HUSA COMPOTMBAEHUIA R 1 R,, KOHEUHO, ONPEAENAIOTCA MAaKCHMAbHBIM BbIXOA-
HbIM Tokom OY: R=U,/I

MA.

KOTOPbIN1, KaK NPaBuUIo, UMeeT 3HayeHue He bonee 5

max

Al'IbTepHaTVIBHbIM peweHnem MOoXXeT ABUTbCA NCMNOJZIb30OBaHME OOHOIO pe3un-
CTOpa M NPAMOYTOJIbHOIo HanpAXeHuMA C pa3HbiM 3HAYEHUAMNU NOCTOAHHbIX YPOB-

Heit U, =R—C(U1 -U,)nu_, =£(U2 —U, ), KaK 3T0 NokKasaHo Ha pwuc. 6.
1 Tz
[]BX e +E
[]Bxl | I
]I—FTI ”
4
Vo |BH%
U, —
— ®

Puc. 6. AnbTepHaTUBHbIN cnocob dopmmpoBaHms curHana puc. 1

B aTom cnyyae npamoyronbHbIvi curHan cyposHamm U n U, nerko moxet

Bx1

ObITb NONYYEH U3 CUMMETPUYHOTO MPAMOYTONIbHOIO CUrHana ¢ yposHamu U, u
-U, (puc. 7).

U, - U,y +L
Uy -
]1 + Tl R
1 0 +\
U | —
- | \ | & | —
U o
U il o
| -
1, +7T
174 t Ry R,
_(éé E+T2 Rl Uval R 2 UBXZ

Ro.R,R,<R  R+R, U, R#R, U

Puc. 7. DopmunpoBaHmMa NOCTOSIHHbIX YPOBHENM puc. 6

Cvrnan puc. 5 asnaeTca Tonbko npoobpasom Tpebyemoro curHana puc.1, no-
TOoMy yTo BMecTo ypoBHen U, n U, oH umeetyposHn U n -U_ .



MNocne cbopku n otnagkm ¢pop-
MupoBaTens npoobpasa curHana cne-
ayetr obecneunTb ero ABYCTOPOHHee
orpaHunyenune yposHamu U, n U, . 310

_[H_
_4

>

MOXHO obecrneynTb O4HUM U3 Bapu-
aHTOB puc. 8. MOXHO TaKXe MCNnob-
30BaTb NUTAHME OMNEPALMOHHOrO yCu-
nnTensa Ha puc. 5 — 7 cobcTBeHHbIMM &
NUCTOYHMKAMWN MUTAHUA, BblOAKOLWMMM
HanpAXXeHue, OT/IMYHOE OT HanpsaXxe-
HUI obuiero NnuTaHma =E . BennuunHebl
HanpAXeHua cTabuamsaymm cTabu-
JIMTPOHOB A0/IKHbl ObITb pPaBHbl 3a-
AaHHbIM HanpsaeHnam U, n U, . MNpwn

R

HeobxoaMmocTM (ANA TOYHOM yCTa- +
HOBKM YPOBHEN OrpaHMUYEHMA) MOXKHO —_—
BK/OYNTb NOCNeA0BaTeIbHO CO CTabu- o | | —
JIMTPOHOM MMNYNbCHbIA Anog, (B npa-
MOM Hanpas/ieHUU), NaJeHne Hanps-
KEeHMA Ha KOTOPOM  cocTaBadeT —
0,6...0,7 B. 6)

Kak 370 cneayert us puc. 5-7, Ha Puc. 8. BapnaHTbl ABYCTOPOHHETO
Bxog ¢opmuposatesa  MMNyNbCOB OrpaHUYeHna CUrHana cxem puc. 5-7
HeobxoaMMOo nNoaaTb NPSAMOYTONbHbIN

CUTHAAN C ANUTENbHOCTAMM «nonynepuogos» T, + 1, U T, + T,. Cambim NPOCTbIM pe-
LeHnem 3Toi npobiembl ABNAETCA UCMONb30BaHUE My/ibTUBMOpPaTOpa Ha onepa-
LIMOHHOM YCUIUTENE, CXEMA KOTOPOTO NpuseaeHa Ha puc. 9. MynbTuenbpaTop Bbi-
AAET CMrHaN NPAMOYTroNibHOM GopMbI € «Nonynepnoaamm»

U, (R +2R,) U, (R +2R,)
UHac+(Rl+R2)+UHac—R2 UHac—(Rl+R2)+U R2 ’
KoTopble B cnyyae R =R,, U =-U__ npuHumatot 3Hauenus: T, =T, =RCIn3.

Hac— Hac+

T,=RCIn m T,=RClIn

Hac+

[06UTbcA pasHbix 3HaveHu T, n T, B 3TOM cnyyvae moxKHO, obecneyms 3apas,

N paspag KOHAEHcATopa Yepes pa3Hble COMPOTUBAEHMUA, KaK 3TO M30OparkeHo Ha
puc. 10.



R

"BBIX

R, +E R,

Vi

R,

R,

4

’]]‘ ;E]KIC :,

U 15

‘Hac 2

7, = R,CIn3 75 =R,CIn3
Puc. 9. MynbTnsmnbpaTtop Ha ocHoBe Puc. 10. MynbTnBmMbpaTop € pasnnMyHbIMK
onepaunoHHOro yeuauntens ONVTENBbHOCTAMM «NOJYNEePUOL0B»

MopAapokK pa3paboTku ycTpoiicTaa.

1. MonyunTb Tpebyembie napameTpbl BbIXOAHOFO CUTHANA YCTPOMCTBA:
T,, T, — AAnTEeNbHOCTM «NONYNEepnoaoB» CUTHANS;

T, T, — AJIMTENBHOCTU NNHENHbIX NEePeXoAHbIX NPOLECCOB OT NepBOro «noJsyne-

puoaa» Ko BTOPOMY U OT BTOPOTO K MEPBOMY;
U,, U, — 3HaYeHns NOCTOAHHbIX YPOBHEN «MONYNEepMoa0B» CUTHANA;
1 2

R, — conpoTuBieHne Harpy3Kkun reHepatopa.
(Cm. puc. 1)

2. Ncxopa n3 nonyvyeHHbIX 3HAYEHUIM NapamMeTpoB, BbIOpaTb MapKu onepa-
LUMOHHbBIX YCUIUTENEN U TPaH3UCTOPOB, BXOAALLMX B COCTaB MPOEKTUPYEMOTO
YCTPOICTBA — ONEPaLMOHHbINA YCUNUTEND A0MKEH PaboTaTb NPU HaNPAXKEHUN UC-
TOYHMKOB NUTaHUA, He MeHbluem, Yem yposHu U, n U, , TpaHsucTopsbl yeunutens
MOLLHOCTW A0MKHbI PaboTaTb NPU HANPAXKEHUN KONNEKTOP-IMUTTEP, HE MEHDbLLEM

U, U
U, —U,| 1 Tokax, He meHbwmx |, = max u, S| :
RH RH

3. Cobpatb B cucteme Proteus ABYXTAKTHbIN YCUAUTEIb MOLLHOCTM NO CXEME
puc. 3 nam puc. 3., paboTatoWwmnin Ha HOMUHANbHYIO HArpy3Ky conpoTueneHnem R,
. YbeanTbca B agekBaTHoM paboTe ycunmTena Ha Harpysky c conpoTtmsaeHnem R,

CO BXOAHbIM CUrHaNoOM puc. 1 ¢ 3aaaHHbIMK NnapameTpamu. CUrHan MOXKHO nony-
YNTb, NCNONb3YA BCTPOEHHbIM reHepaTop MMMY/AbCOB cUcTeMbl Proteus.



4. Cobpatb B cucteme Proteus nHTerpaTop no cxeme puc. 5. PekomeHayetcs
MCNO/1Ib30BaTb OMNEPALMOHHbBIN YCUANTENIb TOFO e TUMA, KakK U B Npeaplaylem
NyHKTe. Pe3nctop uHTerpaTopa cneayet BblbpaTb TakMm, YTOObI BbIXOAHOM TOK
OMNepauLMoOHHOro yCMAUTEeNA He NPEBOCXOAN MAKCMMANbHO A0MNYCTMMOE 3Hade-

ne: —‘Ul_u2‘<

H < lgxmac, @ COMPOTUBAEHUA PE3UCTOPOB, COrnacHo dopmynam

H
U, _ .U,
—10 R =—0
C(Ul—Lh) C(Ul—LQ)
JlonyckaeTtca cobpaTb MHTErpaTop B COOTBETCTBUM C puc. 6 1 puc. 7.
y6EﬂIMTbCH B aAeKBaTHOﬁ pa6OTe MHTErpaTopa, NnogaB Ha €ro Bxo4 npAmo-
YrosibHoe HanpAa>xXeHume (OT BCTPOEHHOIO reHepaTopa MMNys1ibCoB CUCTEMbI PrOtEUS)
c «nonynepuogamm» T, + 1, u T, +1,, U y6eAMBLUKCb, YTO €ro BbIXOAHOE Hanps-

R, =

)KeHMe MmeeT ckopocTb Hapactanua (U, —U,)/t, n (U, -U,)/t,.

5. lononHUTb cxemy MHTerpaTopa ABYCTOPOHHMM OrpaHUYnTENEeM, COrNaCHO
cxemam puc. 8a, puc. 86 n puc. 88. HanpaxkeHna ctabuamnsaumm ctabmantpoHos
BblOpaTb COrNacHO 3agaHHbIM 3HauyeHuem. Mpn 3TOM 3anpeLLeHO MCNO/b30BaThb
ctabununtpoH GENERIC c 3apaBaembiMn napameTpamu Uan peaakTMpoBaTb Napa-
meTpbl anemeHToB PROTEUS. Ecnm aTo Heobxoammo, HanpaxeHne ctabnnmsaumnm
CTabUINTPOHA MOXHO HECKONbKO YBENINYUTD, BKIOYMB NOCNEL0BATENIbHO C HUM
aunoga, npamoe nageHue HanpAaxXeHnA Ha KoTopom coctasadaeT npumepHo 0,6...0,7
B.

Ybeantbca B aAeKBaTHON paboTe MHTerpaTtopa C OrpaHMyYMTENIEM, NOAAB Ha
ero BxoJ, NPAMOYronbHOe HanpsaxeHue (0T BCTPOEHHOro reHepaTopa MMNY/1bCOB
cuctemsbl Proteus) ¢ «nonynepmogamm» T, +t, n T, +1,, n ybeamsmnch, 4To ero

BbIXOAHOE HanpAXeHue coBnaaaeT c Tpebyembim.

MogaTb CUIHAA C BbIXOZa MHTErpaTopa C OrpaHUYUTENEM HA BXOA YCUAUTENSA
MOLLHOCTK, paboTarowero Ha HOMUHaNbHYIO Harpysky, ybeanTbca B afeKBAaTHOM
paboTte cuctemol. B cnyyae 3HaUMTENIBHONO PACXOXKAEHWA NAapameTpoB dopmupye-
MOT0 1 Tpebyemoro CUrHanoB OCYLLECTBUTb HEOOXOANMYIO KOPPEKLMIO 3HAYEHUI
COMPOTMBNEHUIN U EMKOCTEMN.

5. CobpaTb B cucteme Proteus mynbTMBMbpaTop Ha onepauMoHHOM YCUU-
Tene no cxeme puc. 10. enatenbHO MCNO/Ib30BaTb ONEPALNOHHbINA YCUAUTEND TOM
e MapKu, YTo 1 B npeablaymnx ysnax. [ipm aTom conpoTMBaeHUA Pe3nUCTOPOB Bbl-
T+ U R — T,+7,
Cln3 > ClIn3
NMPUHNUMATDb I'II-O6OE 3Ha4vyeHune, Npn 3TOM MakKCMMaJsibHOE 3Ha4vYeHune BbIXOp,HOVI TOKa

2E 2E
onepaunoHHOro ycmantena max| —,—— | Hé JO/I}KHO npeBbilaTb 5 mA.

2

6upaTb cornacHo popmynam R, = , rae émkoctb C moxet



JonycTuma gpyraa KOHCTPYKUMA MynbTuBMbBpaTopa.

Ybeautbcs B agekBaTHou paboTte mynbTnuBubpartopa.

MoaaTb CMrHanN C BbIXoAa My/bTUBMOpaTOpa Ha BXO4, MHTErpaTopa C OrpaHu-
yutenem, NoAKIYEHHOIO K YCUNUTENO MOLHOCTH, paboTatowero Ha HOMUHa/  b-
HYIO HarpysKy, u ybeauTbcs B aileKBaTHOM paboTe cUCTEMbI B LLEE/IOM.

YacTto BO3HMKatower npobnemont (Kak npaBuno, Hepaspewnmon gnsa cry-
AEHTA) ABNAETCA NOUCK CTabUNUTPOHA OYEeHb Ma/Ioro HanpAXKeHua. 3Ty npobaemy
MOXKHO pelwmnTb AByma cnocobamm:

1. Ucnonb3osaTb Anopa (nnm 2-3 nocnenosateNibHO COeAUMHEHHbIX AMoAa) B
NPAMOM BKAOYEHUN.

2. MocTpouTb YCTPOMCTBO C MapameTpamu BbIXOAHOFO CUrHana, «yaob-
HbIMW» ANA NPOEKTUPOBAHUA, @ 3aTEeM MUCMNOIb30BaATb AENNUTEIb HANPAXKEHUA, KaK
3TO M30bparkeHo Ha puc. 11.

MynsTuBHOpaTop |

HHrerparop

Y ceunnuTenn
MOIITHOCTH

OrpaHuuuTeIh l

Puc. 11. cnonb3oBaHue aenntena HanpaxKeHmsa
ANna obneryeHnA NPOeKTUPOBAHUA YCTPOMCTBA

MOKHO fa)Ke MCMONb30BaTb Pa3Hble AENUTENN HANPAXKEHMA ANA NONOXKMU-
TENbHbIX U OTPULLATENbHbIX YacTel curHana (puc. 12).

¢
MyabsTuBHOpaTOp _T VY CHIIHTEID
HuTerparop MOIHOCTH
OrpaHu4uresib l l

Puc. 11. cnonb3oBaHWe pasHbIX AeNUTENEN HANPAXKEHUA
ANA NONOXKUTENbHOM U OTPUL,ATENIBHOW YacTeln curHana



CopeprkaHue OT4YéTa.
OTYET No AOMaLUHeMY 3aaHUI0 0/IKEH CoAepKaThb:
1. UcxogHble AaHHble ANA NPOeKTUPOBaHUA.

2. OcHoBaHMA gnA BbIbOpa HanNpPAXEHUM UCTOYHUKOB NMUTAHUA, MapKKU one-
PaLMOHHOIO YCUAUTENA U MAaPOK UCNO/Ib30BaHHbIX TPAH3UCTOPOB.

3. Cxemy ycuanTena MOLWHOCTM U ANarpaMmbl HaNpAXKeHUN, UNTOCTPUPYHO-
wme ero pabory.

4. Cxemy WHTerpatopa € ABYCTOPOHHUM OrpaHUYMUTENIEM C pacYETOM napa-
METPOB €ro 3/1IeMEHTOB U AMarpPammbl HaNPAXKEHWUIN, UANOCTPUPYIOLLME ero pa-

6oTy.

5. Cxemy mynbTMBMbpaTopa c pacyETOM NapamMeTpPOoB ero 31eMeHTOB U Ana-
rPaMMbl HaNpPAXXEHUN, MANOCTPUpPYLOLWMeE ero pabory.

6. Cxemy yCTPOMCTBA B L,EJIOM U AMArpammy ero BbIXOAHOIrO HaNpAXeHUs.

7. Mopaenb pa3paboTaHHOro ycTponcTea B cucteme Proteus.



