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BBEJAEHHUE

JlaGopaTopHBId IMPAKTUKYM COCTaBJIE€H B COOTBETCTBUH C Yy4EOHOM
MpOrpamMMon 11(0) JTUCLUILINHE "JJEeKTpOHHbIC 10(S005 51
MHUKPOCXEMOTEXHHKA". JIMCUMIIIIMHA OTHOCHUTCA K LUKy CIEHHAIBHBIX
TUCUUIUIMH ['oCcyZ1apCTBEHHOTO 00pa30BATENIBLHOIO CTaH/IAPTA BBICIIETO
npodecCHOHAIBLHOTO  00pa30oBaHMA IO  HAMpPaBJICHUIO  TMOJATOTOBKHU
OakanmaBpoB 210100 "DnexkTpoHMKa W MHKPODJEKTpOHHUKA", TIO
HAMNpPaBJICHUIO TMOJTOTOBKH JUIUIOMUPOBAHHBIX CHENUAAIUCTOB 654100
(210100) "OnexTtpoHuka u MUKpoO3NIEKTpoHUKA" crnenuansHocTr 200400
(200106) "ITpombliieHHAs SIEKTPOHUKA".

[lenpr0  JaHHOW  AUCHMIUIMHBI  SIBJISICTCS.  M3YYEHUE  OCHOB
CXEMOTEXHUKM M METOJ0B aHAIM3a THUIOBBIX JJIEKTPOHHBIX CXEM.
JlabopaTopHbBIli MPAKTUKYM TO3BOJISET MPUOOPECTH HABBIKA H3YyUCHHS
pabOThl AJIEKTPOHHBIX YCTPOWCTB, CHSATHUS OCHOBHBIX XapaKTEPUCTHUK C
HCIIOJIb30BAHUEM COBPEMEHHBIX AIMAPATHBIX U AlNapaTHO-IPOrPaMMHBIX
(KOMITBIOTEPHBIX ) U3MEPUTEIIBHBIX MPUOOPOB U CUCTEM.



JIABOPATOPHAS PABOTA Ne 1
HEJUHEWHBIE YCTPOUCTBA
HA ONEPAIIMOHHBIX YCUJIUTEJISIX

1. Ieanb padoThI

HSY‘IGHI/Ie CXCEMOTCXHHNKHU 51 HCCIICAOBAaHUC XAPAKTCPUCTHK
Pa3JINYHBIX HEJIMHEHHBIX YCTpOﬁCTB Ha OCHOBC HHTCTPAJIbHBIX
OIICPAITMOHHBIX YCI/IJ'II/ITGJ'ICI\/JI.

2. 3ana4u padoTHI

OCHOBHBIMH 3a71a4aMH paOOTHI SIBISIOTCS:

2.1. H3yueHue TEOPETUYECKUX  OCHOB  CXEMOTEXHUKH U
npuoOpeTeHne  ombiTa  pabOTBl C  COBPEMEHHBIM  TEXHHYECKUM
000pyI0BaHUEM U KOMITBIOTEPHBIMU U3MEPHUTEIHHBIMU MPUCTABKAMHU.

2.2. [lonyueHue HaBBIKOB PabOTHI C SJIEKTPOHHBIM 000pyI0BaHUE HA
0a3e HHTErpPATbHBIX MUKPOCXEM U OTIEPAITMOHHBIX YCUITUTEIICH.

2.3. UccnenoBanne XapakTEpUCTUK OTPAHUUYUTENEH, ETEKTOPOB U
HWHTErPaTopOB.

3. Onucanue JJadbOPaTOPHOI YCTAHOBKH

OO0opynoBaHue, UCIOJIB3YEMOE JIJIS1 BBITIOJIHEHUS paOOThI, BKIIOYAET:
NEePCOHATLHBIA KOMITBIOTEP, OCHMILIOrPadUUECKYI0 IPUCTABKY, TEHEPATOP
CUTHAQJIOB HU3KHUX YacTOT YHHMBEPCAIbHBIN, JabopaTopHbiii cTeHa. CXema
71a00paTOPHOM YCTAHOBKHM COCTOUT M3 HECKOJIBKUX OJIOKOB.

biok orpanuuutens ¢ aU0A0M B OOpaTHOM CBSI3U MPEACTABIISIET
c000M YCHIINTENb C U3BMEHAEMBIM KO3 duimentom ycuienus (puc. 1.1).

I[Ipy  nmocTwxeHUU BXOJHBIM HaIpsHKEHUEM 3HAYEHUS,
OMpeNIeNIIEMOr0 TMapaMeTpaMu CXeMbl, KOA(DPUIMEHT YCHIICHHS PE3KO
YMEHBIIIAETCSI, BBI3bIBAIO OrPAaHUUYEHHUE YPOBHS BBIXOJHOTO CUTHAJIA.



A n3
4.7k
) S
10k
e o1
- ~
Exon rl il B4
o AE R 1k Bn;x ox
b=
H nz
1k
L]
~15%

Puc. 1.1 — ITpuHuunuansHas cxeMa 0JI0Ka OTPaHUYUTEIIS C IUOJIOM B
ey 00paTHOM CBA3U

biiok orpaHuuuTeNns ¢ TPAH3UCTOPOM B LIEMU OOpaTHOM CBsI3M (puC.
1.2) umeeT npuHIMNI PaOdOTHI, AHATOTUYHBIN MPEABIAYIIEMY OJOKY, HO C
YIIYUYIICHHBIMU XapaKTePUCTUKAMU U 00Jiee BHIPAKCHHBIM OTPAHUYCHUEM.
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Puc. 1.2 — [IpunnunuanbHas cxema 0JI0Ka OTpaHUIUTENS C
TPAH3UCTOPOM B 1€ OOPATHOU CBA3U

binokx nerekropa (puc 1.3) mpeacraBiseT coOOM MMPEU3UOHHBIN
JIETEKTOP CPEAHEBBIMPSIMICHHOTO 3HAYEHUS CUTHAJIA, OCYIIECTBIISIONTUI
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KaK OJHOINOJIYIIEPUOAHOE, TaK M JBYXIIOIYIEPHUOIHOE

BBIIIPAMIICHUC
BXOJHOI'O CUT'HAJIA.
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Puc. 1.3. IlpuHnunuansHas cxema 0JI0Ka JIETEKTOpa
bnok wHTErparopa IMO3BOJAET HCCIEHOBATH KAaK MPOCTEHIIUN

MHTETPATOP, TaK U UHTErPaTop ¢ GYHKIUEH OBICTPOro cOpoca BBIXOIHOTO
HanpspkeHusd (puc. 1.4).

biiok ncTouHMKa OMOPHOro (BXOJHOTO) HANPSIKEHHS MPEIHA3HAUYCH
st GOPMUPOBAHUS MPOU3BOJBHOTO 3HAYEHUS MMOCTOSIHHOTO HAIPSKESHUS

B JMAalla30HE MHUTAIOLIMX HAMpPSKEHUW, KOTOPOE 3aTEM MOXKET OBITh
MOJIAaHO Ha BXOJ JIIDOOTO YCTPONCTBA MPH €ro uccienoBanuu (puc 1.5).
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Puc 1.5. biok ¢popmMupoBaHusi BXOAHOTO HANPSAKEHUS

4. KpaTkue TeopeTn4eckue CBeIeHUs

AMRIUMYOHbIMU  O2paHUYUMENAMU VI TPOCTO OrPAHUYHUTEIISIMU
HA3bIBAIOTCS (DYHKIIMOHAIBHBIE MPEOOpa30BaTeIn, Y KOTOPHIX BBIXOJHOE
HanpspkeHue 1o  (opMe COBNAJAEeT C BXOJHBIM JIO OIPEACIICHHOTO
3HAYCHMS, HA3bIBAEMOI'0 YPOBHEM OrpPaHUYCHUS, a MO JOCTUKECHUHU €ro
OCTaeTrcsi HEU3MEHHbIM. OTrpaHUYUTENN [MHUPOKO TMPUMEHSIOTCA IS
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3aIIUTHl DJIEKTPOHHBIX LIETIEN W MpPHU MPeoOpa3oBaAHUIX H3MEPUTEIbHBIX
CUTHAJIOB.

PaznuyaloT orpaHuYeHHE 110 MAaKCUMYyMY («CBEPXY»), IO MUHUMYMY
(«cHU3Y») U ABycTopoHHee (puc. 1.6, a — 8).

ok Ugpix b

Yo
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Puc. 1.6. BonpT-amrnepHble XapaKTEpPUCTUKN OTPAHUYUTENEH:

a - OrPaHUYEHUE 10 MAKCUMYMY; O — OTpaHUYEHHE IO MUHUMYMY; B
— IIBYCTOPOHHEE OIPaHUYCHHE

OCHOBHBIMU TPEOOBaHUSIMU, TPEABSIBISIEMBIMA K OTPAaHUUYUTEISM,
SBIIAIOTCS CTAOMJIBHOCTh TIOJIOXKEHHUSI TOYKM H3JIOMa MepeaaToyHOM
XapaKTepUCTUKH, CTAOWUJIBHOCTh YPOBHEH OrpaHUYCHHS WU MaJible
YaCTOTHBIE MCKaXKCHHS.

PaznuyaroT orpaHMYMTENM HA MMACCUBHBIX KOMIIOHEHTAaX W YCWIM-
TEJIN-OIPAaHUYUTEIIN.

Ozpanuyumenu Ha NACCUBHLIX KOMNOHEHMAX BBIIOJIHAIOT C HC-
MOJIb30BAHUEM JTMOJOB U CTaOMIUTPOHOB. [IpocTeime orpaHuYnTeNn Ha
IUOAAaX UMEIOT PsJI CYIIECTBEHHBIX HETOCTATKOB, KOTOPBIE OTPAHUYHMBAIOT
00J1aCTh UX MPUMEHEHUS B TOUYHBIX YCTPONUCTBAX U3MEPUTEIBLHON TEXHUKU
Y aBTOMATHUKH.

K HuM oTHOCSATCS:

- TeMmIepaTypHass HECTaOWJIbHOCTb YpPOBHSI OTPAaHUYCHHUS U3-32
VW3MEHEHUS KOHTAKTHOM Pa3HOCTHU NOTEHIHUAIIOB Y P-N-Tiepexoaa A1oaa;

- TPYOHOCTH OTPAaHMYECHUS YPOBHEU MAaIlbIX WM COU3MEPHUMBIX C
KOHTAaKTHOM Pa3HOCTBIO OTEHIIMAJIOB IU0/1a CUTHAJIOB;

- pa3HbIC YPOBHU OTPAHUYCHUS Y OTPAHUYMTENEH HA JUOLAX OJHOIO
Y TOTO K€ THUIIA;

- KoJiebaHUs YpOBHS OrpaHUYEHUS B 3aBUCUMOCTH OT BXOJHOTO
CUTHaJla M3-3a KOHEYHOTO 3HAYCHUS MPSIMOTO CONPOTHUBIIEHHUS IUOAA,
KOTOPOE€ K TOMY € OIpPENENSeTCs TOKOM, NPOTEKAIOIIUM 4Yepe3 HETO.

IIpyumeHenre yCUIMTENIEH, B YACTHOCTH ONEPALIMOHHBIX YCUIUTEIIEH
(OY), mo3BoJIIET CYHIECTBEHHO YIYYIINTh OCHOBHBEIC XapaKTEPUCTHKHU
OTPaHUYUTENBHBIX YCTPOKCTB.

Hcnonp3yercd 3HAYMTENBHOE  KOJHUYECTBO  PA3JIMYHBIX  CXEM
BitoueHuss OY. OmgHako BCe OHM OCHOBAaHbI Ha €IMHOM NIPUHLMIE —

11



BBEJACHUHU HEJIWHEWHBIX O3JIEMEHTOB (IMOJAOB, TPAH3UCTOPOB HIIH
CTaOWJIMTPOHOB) B IeNb o0OpaTHOM cBsA3U. PaccMoTpuM HECKOJBKO
BAPUAHTOB CXEM IOCTpPOEHHUsI orpanuuurenci Ha OV.

Ha puc. 1.1 noka3aH OrpaHHYHUTENb C PE3UCTUBHBIM JICIIUTEIEM B
e 00paTHOM CBS3U, B KOTOPOM HEJTMHEHWHBIM 3JIEMEHT (IMO0J]) BKIIOYCH
B IIEMlb OTPUIIATEILHOW OOpAaTHOM CBSI3U. DTOT AMOJ OTKPHIBAETCS B TOM
Cly4yae, €ClId HalpsyKEHUE Ha HEM NPEBBICUT KOHTAKTHYIO Pa3HOCTb
noteHianoB Uy, Iloka nmumon 3akpeiT, Kod(PPUIHMEHT mepenayu
OTPAHUYUTENS ONPEACISAIOT U3 YPaBHEHUS

_R3
RI

[Tocne ornupanus guoga kKodhPUIMEHT Tepeladyd CTaHOBUTCS
pPaBHBIM

1

_ R3R4
> (R3+R4)RI

npuuem Ko<Kj.

Haiinem BbIXOgHOE HamnpsbkeHue Ug,,;, TpH  KOTOPOM JUOJ
oTkpoeTrcs. Eciu cuutaTh KOHTAaKTHYHO Pa3HOCTh IOTEHIMATIOB JUOja
nocTosiHHOM U paBHOM Uy, a koadduuuent ycunenus OY — 10cTaTtouyHo
BBICOKHM, TaK 4TO Pa3HOCTb MOTEHIIMAJIOB MEXJYy €ro BXojJamMu OJin3Ka K
HYJIFO, TO BBIXOJHO€ HAINpsOKEHUE, MPU  KOTOPOM  JIHMOJI  OTKpOETCH,
HaXOJUTCS W3 YpaBHEHHUS

U ooy U +UDRY

£ e R4+R5
OTKYyJ1a
U,.=U, R4+U,{R4+l)
R5 R5 ’

rac UGblx] = - stl R3/R1

W3meHss 3HaueHne nocTosiHHOro Hanpsbkenus UL, 3amaioT ypoBeHb
OTpaHUYECHUS.

XapakTepucTHKa JAHHOTO OTpaHUYUTENs MoKa3aHa Ha puc. 1.7. U3
HEE BUJHO, YTO BBIXOJHOE HAINPSIKEHHE IMPOJOJHKAET U3MEHATHCS IIPU
YBEIUYEHUHU  BXOJIHOTO, TOJIBKO ~ CKOPOCTh  3TOTO HU3MEHEHUS
CYLIECTBEHHO  yMeHblnaercd. Jg  yJaydlleHHs — XapaKTEepUCTUKHU
OTPaHUYUTENS CleAyeT OoO0ecrneuuTh BbINOJIHEHHE YclioBUs R3<<R,. B
3TOM ciiydae K03 (DUIIMEHT NepeIaun, XapakTepu3yeMblid yTiIOM HaKJIOHA

XapaKTCPUCTHUKHU OI'PAHHUYUTCIILA, I10 JOCTHUKCHHUU BbIXOJHBIM
12



HalnpspKeHueM 3HadeHust U, CTpeMUTCA K HYJII0O M XapaKTepUCTUKA Ha

9TOM Y4YACTKC HUACT TI'OPHU3O0HTAJIBHO.
kL)

2.1%&

N\
N

-2.11
__1__1__4|||||||||||||||||||\|

-4.78 —-3.47 -z.1& -241lm 47Em 1.78 3.1
Bef=Ground X=1_31,/Div Y=voltage 1Z7%

-4.86

Puc. 1.7. XapakTepucThka OrpaHUYMUTENS C JAUOJOM B ILIENHU
oOpaTHOM CBA3U

Takum oOpa3om, ycloBHUE YIOBIECTBOPUTEIBHOM pabOTHl oOrpa-
HUYUTEINSI MOXKHO 3alucaTh B BHUE

R3»Romk + R4,

rae Romk — conpoTuBieHue auofa B OTKPBHITOM COCTOSIHUMU.

Bxirouass BMeCTO Juoja OMIOJISIPHBIA TPAaH3UCTOP, CYIIECTBEHHO
YIYUIIAIOT XapaKTEPUCTUKY OTPAHUYUTENS U 00ECIIeUNBAIOT HEM3MEHHBIN
YPOBEHb BBIXOJHOTO HANPSIKEHUS MPU OOJBIINX HU3MEHEHHSX BXOIHOIO
curaana (puc. 1.2). IIpenMyImiecTBO TakoW 3aMEHBI 3aKITIOYACTCS B TOM,
YTO TPH ATOM IPOMCXOJMT yMEHBINCHHE (MPUOIM3UTEIbHO B hyi, pas)
TOKa, MPOTEKAIOIIETO Yepe3 pe3ucTop Rz, U COOTBETCTBEHHO YMEHbIIIEHUE
M3MEHEHUSI BBIXOJHOTO HANPSIKEHUS, KOTOPOE O0ECIEYMBAET ITOT TOK.
JleficTBUTENbHO, TpU BKItOUeHHH B 11enb OC OUIIOJISIPHOTO TPAH3UCTOPA,
y KOTOpOro rmepexoj; 0a3a-sMHUTTEp MOJHOCThIO WACHTUYEH JUOAY,
npupanieHue Toka smutrepa Al, = (1 +hy9) Al6. Otcronma cienyer, 4to
TOK pe3ucTopa yMmeHbImmics B I+h, 3 pa3 u mOpu  OAMHAKOBBIX
OpUpPAIICHUSIX BXOJHOTO CHUTHAJIAa BBIXOJIHOE HANPSIKEHHE U3MEHSETCS B
1+hy15 pa3 meHbIie, yeM B orpanuwuutenie Ha puc. 1.1. Paccyxnenus
MOATBEPKIAIOTCS COOTBETCTBYIOIIUM BUJIOM XapaKTePUCTUKHU
orpannunTens (puc.1.8).

13
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Puc. 1.8. XapakrepucTuka OrpaHUYUTEIS C TPAH3UCTOPOM B IICTIH
00paTHOM CBSI3M.

JleTekTopaMu Ha3bIBAIOTCS YCTPOWCTBA, C IMOMOINBIO KOTOPBIX M3
AIIEKTPUUYECKUX CUTHAJIOB BBIACISIECTCS MHPOPMAIIMOHHAS COCTABJISIFOIIIAS.

B 3aBucumoctu 0T mpeoOpazyeMoro mnapamerpa, KOTOPBIM MeceT
UHpOpMAINIO, MX MOAPA3JCNSAIOT HAa  amMuIumyousle,  ¢haszosvle,
yacmomuvle. OTACTBHYIO TPYIIY COCTAaBISIIOT CUHXPOHHbIE OEmeKmOopbl,
4acTO BBIMOJHAOMME (QYHKIUU H30MpaTenbHbIX ycTpoiicTB. Cpenu
AMIUTUTYJHBIX,  KOTOpPhIE  YacTO  HA3bIBAIOT  BBINPSIMUTEISIMH,
AMIUTUTYIHBIMH JTUCKPUMHHATOPAMU WJIM TIPEeoOpa3oBaTeNISIMU TeX HIH
WHBIX 3HAYEHUU, TPUHATO paznyaTh JAETEKTOPHI CPEIHEBBINPSIMIICHHOTO,
MUKOBOTO U JeUCcTByOMIET0 (3¢ ()EKTUBHOTO) 3HAUCHUIA.

Ha3Banue pgetexkTopa xapakTepu3yeT MapaMmeTrp IMpeodpa3yemMoro
CUTHaJIa, KOTOPOMY MPOMOPIIMOHAILHO BIXOAHOE HAMPSKEHUE (TOK).

[Ipn HEBBICOKOW TOYHOCTH MPeOoOpa3oBaHUS M OOJIBIIMX YPOBHSIX
BXOHOTO curHana |Ugym| » |Uy| mpuMeHSIOT MaccuBHBIC TIpeoOpa3oBaTeu
Henocrarku Takoro gerekropa:

- 3HAUUTEIbHAS HEJTMHEHHOCTD MPU MaJIBIX BXOJHBIX CUTHAJIAX,

- HU3Kasi TOYHOCTh U CTAOMIILHOCT,

- I3MEHEHHUE XapaKTePUCTUK MpeoOpa3oBaHus MPU CMEHE TUOJIOB.

3HAUNTENBHO JIYYIIME XapPAKTEPUCTHKU MPeoOpa3oBaHUsS MOXKHO
MOJyYUTh TPU HUCIOJB30BAHUU JCTEKTOPOB CPEAHEBBINPSIMICHHOTO
3HAYEHUs C AKTUBHBIMM KOMIIOHEHTaMU. B HUX BBIIPSIMHUTENbHBIC Y3JIbI
OOBIYHO BKJIIOYAIOTCA B I1enb orpunareabHod OC, 4To MO3BOJISET

14



CYIIECTBEHHO YMEHBIIUTh BXOJHOE HAIpPsKEHUE, MPU KOTOPOM IHOJIbI
OTKpbIBatoTCsl. COOTBETCTBEHHO YMEHBIIIAIOTCS BIUSHUS HECTAOMIHLHOCTH
MOPOTOBOT0 HANPSIKEHUS U pa3dopoca MPSIMBIX COMPOTUBJICHUNA JHUOJOB.

B kadectBe NPEUU3WOHHBIX OJHOMOJYIEPHUOJHBIX JETEKTOPOB
CPEIHEBBIMPSIMICHHOTO 3HAYEHHUS OOBIYHO MCIOJIB3YIOT OrpaHUYUTETU
(kackam DA3, puc. 1.3), umeromue XOpOIIME XapaKTEPUCTHUKH IPeoo-
pa3oBaHusa B Auana3oHe 4actor a0 10 kl'm.

Ha ocHOBe »9TOH CXEMBbl CO3JAIOT H JBYXIIOJIYIEPUOIHBIE
BeinipsiMuTenu (puc. 1.3). B TakoMm neTrexkTope CpeaHEBBIIPSIMICHHOTO
3HaueHus HanpsokeHus: OY DA3 u DA4 BeIpAMIISIIOT pa3HbIe MOTYBOJIHbI
BXOJHOTO CHIHAJIa, KOTOPbIE CYMMHPYIOTCA C MPOTUBOMNOJIOKHBIMU
3Hakamu B OY DADS. KoaddurmeHT ycusneHus: Kaxaou MOJTyBOTHBI

K =-R22/R21 =-R19/R18,

OpUYEM NPEABSIBISIIOTCS JKECTKHE TpeOOBaHUS K PaBEHCTBY CO-
npotuBiienuit  pesuctopoB R19, R22 u R18, R21. IIpeumyiiecTtBa
JAHHOW CXEMbl — B HUJICHTUYHOCTH Y3JI0B, BBIIPSMIISIIOIIUX Pa3HbIC MO-
JTYBOJIHBI.

bnarogapss 3Tomy pasnHuiia B koddduiimeHTax mpeoOpa3zoBaHUs
HaIpSHKEHUS KaXKJI0r0 U3 MOJYIEPHOJIOB UMEET MUHUMAIIbHOE 3HAUYCHUE.
Opnako mapaMmeTpbl MpeoOpa3oBaHMs 3aBUCAT OT OOJBIIOTO YHCTA
CONPOTHUBJIEHUM, 4TO TpeOyeT uX TIIaTeJbHOro oToopa. Kpome Toro,
MOTPEIIHOCTH BHOCUT HampsikeHue cmemieHus Hyinass OY DAS wu  ero
npend.

JInst criakuBaHUsS MYJIbCAIlMA BBIXOJHOTO HAMPSDKEHUS K BBIXOIY
JIETEKTOPOB CPEIHEBBINMPSIMIEHHOTO 3HAYEHUS MOAKIOYAOT (UIBTPHI
HU3KUX 4YacTOT, BBINIOJHEHHbIE HA TMACCUBHBIX WJIM  AKTHUBHBIX
KOMIOHEHTaxX, TMpUYEeM CMEIICHUS HYyJd AaKTUBHBIX KOMIIOHEHTOB
JOTIOJIHUTEIBHO YBEIWYUBAIOT MOTPEIIHOCTh ITpeoOpa3zoBanusa. HecmoTps
Ha 3TU HEJOCTaTKH, Ha OCHOBE PACCMOTPEHHBIX CXEM MOYKHO CO3/1aTh
JETEKTOPBI, TMOTPEIIHOCTH KOTOPBIX HE MPEBBIMIAIOT ACCATHIE — COTHIE
J0JI TIPOLICHTA.

[Iupokoe pUMEeHEHHUE B DJIEKTPOHUKE HAXOAAT TaKXKe YCTPOMNCTBA,
U KOTOPBIX HCHOJB3YIOTCI OY ¢ peakTUBHBIMH JJIEMEHTAaMU B IIEMH
obpatHoit cBs3u. Ha puc. 1.9.a npuBegeHa cxema NIPOCTEHIIETO
uHTerparopa. UYrtoObl TOHATH, IMOYEMYy Takas cXemMa CHocoOHa
WHTETPUPOBATh, 3aAIMIIEM BBIPAXKECHHE JIsI TOKA, MPOTEKAIOIIEro uepe3
KOHJIEHCATOP:
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dU
[ =C==
dt
Ecou OV Omuzok k uaeanbHOoMy ¢ TokoM |, = 0 m 3HaueHmem K
HACTOJBKO OOJIBIIMM, YTO MOTCHIHAT HHBEPTHPYIOIIETO BXOJa MOXHO

CUUTaTh paBHbBIM HyJIO, TO lg = -lc .Tak xak U= -U,,,, TO MOXHO
3aImmcaTh
dU, .
[, =—C—=U_IR=1,
dt

Paspeirast 310 Belpaxkenue otHocutenbHo dU,,,,, Haxoaum
du,,.. = (-1/RC)-U,, dt,

a UHTETPUPYS €r0, MOTy4aeM

1 t
U == 22 ! U, dt

IIpenenamyu UHTETPUPOBAHUS 31IECH SABJSAIOTCI MOMEHTBI BPEMEHHU,
COOTBETCTBYIOIIME HAYaly M KOHIy MHTEpBaJa BPEMEHH HAOIIOACHUS
curHana. Jlns ckauka BxogHoro curHaina U, UHTErpan sBiseTcs
JUHEWHOUN (QyHKIMEeW BpEMEHHU:

U, =U =——2U 4
RC
OTUM  CBOMCTBOM  MHTErparopa IIHUPOKO TMOJB3YIOTCA IIpHU
MPOEKTUPOBAHUN TMPEIU3UOHHBIX T€HEPATOPOB JUHEHNHO U3MEHSIONMIETOCS
HANPSIKCHUS.

C UBx
5B

UBbIX

Ur R

D > 1.25B

Uenix | AN
i N V“V \

R1 -1.25B}

a) -5B

6)

Puc. 1.9. [Ipumenenue OV 1151 ”HTErPUPOBAHKS BXOIHOTO CUTHAJIA:
a — unrerpatop Ha OY Ha OY; 6 — BXOJHOHN CUTHAJl HHTErpaTopa; B —
BBIXOJIHOM CUTHAJI HHTETpaTopa

JIto00i1 wmHTErpaTop, MNpPEIHA3HAYEHHBIM /i1 WHTETPUPOBAHUS B
TE€YEHUE JJIUTEIILHOTO BPEMEHHU, HEOOXO0IMMO MEPUOANYECKH COpachIBaTh
B HEKOTOPOE 3aJlaHHOE€ HAYaJlbHOE COCTOSIHUE (Hampumep, HYJEBOE).
Kpome TOro, xenareapHO HMETHh BO3MOYKHOCTH OCTAaHABIMBATH Ha
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HEKOTOpPOE BpeMs M3MCHCHHE BBIXOAHOTO HANpPsDKCHHS  (PEKUM
¢ukcauu); 95TO JaeT BO3MOXHOCTh TMOCIEJOBATEILHO CUYUTHIBATH
HECKOJIbKO  3HAQYCHUH  BBIXOJHOTO  HANpPSOHKEHUS W TapaHTUPYET
HEM3MEHHOCTh BBIXOJHOTO HAMpSKEHUA B  TEUYCHUE BPEMEHH,
HEOOXOJUMOI0 MJii TAKOTO CUMUTHIBAHUS. TpPEXpEeKUMHBIM HHTErPaTOp
(puc. 1.10) obecrieunBaeT BO3MOKHOCTh MPOU3BOJAUTH MHTETPUPOBAHUE,
(uKCUPOBaTh BBIXOIHOM CUTHA U MIEPUOIUYECKH COpachIBaTh HHTErPATOP
B MCXOJIHOE cocTosiHUEe. CXemMa UMEeT CIEAYIOIIUE PEKUMBI:
- pabouuii — cCOOCTBEHHO UHTETPUPOBAHUE;

- (ukcamuu (cpaBHEHHS) — B TEUCHHE OIPEICICHHOTO HHTEpBaJia
BPEMEHHU BBIXOJHOM CUTHAJ HE MEHSETCS,
- YCTaHOBKAa HayaJbHBIX YyCJIOBUU (Wau cOpoC) — HHTErpaTop

BO3BPAIIAETCS B UCXOJHOE COCTOSIHUE.

B pabGouem pexumMe HHTETPUPOBAHHE MPOU3BOIUTCS OOBIYHBIM
obpazoM. IIpu GoJbIION JIUTEILHOCTH MHTETPUPOBAHUS HAKATIIMBACTCS
OompIiasi omMoOKa 3a CUET MHTETPUPOBAHUS BXOJIHOTO TOKA, HAIMPSIKCHUS
CMEILIEHUSI U TOKa YTEYKH KOHJEeHcaTopa. MaKCUMallbHOE BpeMsi
HEMPEepPBIBHOM  pabOThl ~ MHTErpaTopa  OMPENCTsAeTCS  BEJIMYUMHOMN
CYMMAapHOW OIIMOKH, JOMYCTUMOM B TAHHOM KOHKPETHOM MPUMEHECHUHU.

B pexume Boeiaepxku (xpanenusi) (K1, K2 pazoMkHyTbI) BxoaHOE
CONPOTUBJIEHUE OTCOEIUHSIETCA OT MHTerparopa. Ilpu 3TomM HampsikeHue
Ha KOHJICHCATOpPE OCTAETCSl MPAKTUYECKU MOCTOSTHHBIM, TaK KaK BXOJHOE
conporuBienne OV Benuko. OIHAKO, 3TO HaNpsHDKEHUE HE OyaeT
yACPKUBAThCA Ha KOHJEHCATOpPE OECKOHEYHO J0JIr0, MOTOMY 4YTO HU
BXOJHOE COINPOTUBIICHUE YCHIIUTENS, HU CONPOTUBJICHHUE YTEUYKH
KOHJICHCaTopa  He OeckoHeuHbl. Eciaum TOK yTeYkH KOHAEHcaTtopa
JOCTATOYHO MaJj, TO HampsHKEHUE Ha KOHJEHCATOpe OYyJIeT YMEHBIAThCS
T10 SKCIIOHEHIIMAJIbHOMY 3aKOHY C IIOCTOSHHOM BpeMeHU T = CRy;y .

|

«— |- L
U2 R2 . Roc
K2—0TI I—o
R1 X
— 1+ D> UBbIX
Ul K1 >
L

—

Puc. 1.10. TpexpeKuMHBII UHTETPATOP
B pexume cOpoca KOHIAEHCATOP BBIHYXACH 3apsSauTbCi WA
pa3pAIUTHCS 10 HAIpPSKEHUS, ONpEAEasieMOr LEenblo 00paTHOW CBs3U R,
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u R,. UtoObl cOpoc MPOUCXOAMT JOCTATOYHO OBICTPO, PE3UCTOPHI
BBIOMPAIOTCA HACTOJIbKO MaJIOW BEJMYMHBI, HACKOJBKO TO3BOJISET
ycuiauTenb. B kadecTBe Kioueld OOBIYHO TMPUMEHSAIOT KJIIOYM Ha
OUMOJISIPHBIX WJIM MOJIEBBIX TPAH3UCTOPAX.

5. IIporpaMmma BbINOJIHEHHSI PadOThHI

5.1. TlomkmrouWTh BBIXOJ TIE€HEpaTopa K BXOAYy IEPBOIO
OTpaHUYUTENS (BBIXOJHOW CUTHAJ F'€HEpAaTOpa — TPEYTOJIbHbINA, YACTOTa —
okoio 1 xI'm). M3MeHsis aMIUTUTYly BBIXOJHOI'O CUTHaja reHepaTtopa U
pe3uctop R3 noOUThCs cuTyanuu, Ipu KOTOpoi U3MEeHeHue pe3uctopa RS
MPUBOJUT K TOSBJICHUIO W NPONAJAaHUIO OrpPaHWYEHHs] CHUTHaia (Tpu
OTPAaHMYCHUU Ha BBIXOJIC 3aMETEH U3JIOM TPEYTroJIbHOTO CUTHAJIA)

5.2. VcranoButh pesuctop R5 B TmonokeHue, Mpu KOTOPOM
OrpaHUYE€HUE CHUTHaia OTcyTcTByeT. [logkmtounth BbIxod  OJioka
dbopMUPOBaHUS OMIOPHOTO HAMPSIKEHUS K BXOAY IMEPBOTO OTPAHUYMTENS.
CHSTh 3aBUCUMOCTb BBIXOJHOTO HANIPSIKEHHSI OTPAHUYUTENSL OT BXOIHOTO.
[TocTpouTh aMIIUTYAHYIO XapAKTEPUCTUKY YCTPOUCTRBA.

5.3. H3meHuB 3HayeHue pe3uctopa RO, CHITH 3aBUCUMOCTH
BBIXOJIHOTO HAIpSKEHUST OrPAHUYUTENS OT BXOAHOTO MPH HAIUYUU
orpanndeHus. [locTpoUTh aMIIUTYTHYIO XaaKTEPUCTHUKY.

5.4. TlogaTh Ha BXOJl OTPAHUYMUTENS CHHYCOWJAJIbHBIM CHUTHAN C
reHeparopa. Mcrnone3yss aHanu3zaTop CHEKTpa, MNOA00paTh 3HAYECHUE
pesucropa R4 (R6 — B cpemHeM TOJIOKCHHH), TaKUM OOpa3OM, YTOOBI
OTpaHUYCHUE MTPOUCXOIUIIO MPU aMIIUTYIe BXOJIHOTO curHaia oosee 3 B.
KputepueM Hauana OrpaHMyeHUsi CUYUTATh [MOSABJICHUE 3aMETHBIX
rapMOHUK B AUX BBIXOZHOTO CUTHAIA. MI3MEpUTh MOIy4EHHOE 3HAYCHUE
HaIpPsDKEHUS Ha BXOJI€ M BBIXOJIE CXEMBbI. ITOT IMTYHKT MOYXHO BBITIOJHATH U
MIPU TPEYTOJIBHOM CUTHAJIE T€HEPATOpa — MOSIBIICHUE OIPAHUYEHUE B ITOM
ciaydae HaOJMIOAaeTcsi Kak HW3J0M TPEYrojbHOH (OPMBI BBIXOJIHOTO
CUTHAJIA.

5.5. IlpousBecTu pacuer 3HaueHusi pesucropa RS mo pesynbraram
BBITIOJTHEHUS TyHKTa 5.4,

5.6. BeIMoHUTEL OelcTBUS, OMUCaHHBIE B mil. 5.1 — 5.5 a1d cxeMbl
OTPAHUYUTEINS C TPAH3UCTOPOM B 1IN OOPATHOM CBA3HU.

5.7. TlogknouuTh TEHEpPATOp TApPMOHUYECKOTO CUTHAJIa (4acToTa
npumepHo 100 ', ammutyna BeixogHoro curhana 1B — 5B) k Bxoay
Oyioka pgerekTopa. 3adukcupoBaTh (OpPMY BBIXOJHOTO CHUTHAlla Ha
KOHTPOJIBHBIX TOUKaX OJIOKa.
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5.8. M3MeHss aMIUTUTYAy BBIXOJHOIO CHUTHajla T€HepaTtopa, CHATh
AMIUTATYJIHbIE XapPaKTEPUCTUKU OJIHO- U JIBYXMHOJIYIEPHUOJHBIX CXEM.
OnpenenuTh auara3oH JUHEHHOM pabOThl YCTPOMCTBA.

5.9. Cuarp AYX o0AHO- W JABYXIOJYNEPUOIHBIX JIETEKTOPOB.
O060CHOBaTh MOJYYEHHBIE PE3YJIHTATHI.

5.10. IToakIIO4YUTh TEHEPATOP MPSMOYTOJIbHBIX UMITYJILCOB K BXOOY
unterparopa. IlomoOpath mMmapaMeTpbl CUTHajda TeHepaTopa TaKUM
o0pa3oM, 4ToOBI TpH pa3zoMkKHyTOM Kiaode SALl (orcyrcTBHE cOpoca)
MOJYYUTh  OCHWJUIOTPAMMbI ~ BXOJHOTO W BBIXOJHOTO  CHUTHAaa,
COOTBETCTBYIOIIKE 110 hopme puc. 1.9.

5.11. UccnenoBarh BIMSHHE MEPEMEHHOTO pe3UCTOpa Ha paboTy
HHTErparopa.

5.12. MeHsss aMIuMTyay, 4YacTOTy UM CKBAXKHOCTh CHUTHala
reHeparopa, 3apUKCUpOBaTh H3MEHEHHS (OPMBI BBIXOJHOTO CHUTHaja
ycTpoiictBa. OO0OCHOBATH MOJYYEHHBIC PE3YJIbTATHI.

5.13. 3amMKkHYTHh KIIOY (BKJIIOYUTH cxemy coOpoca). [loakmrouuts K
BXOJIy MHTETpaTopa co cOPOoCcoM BBIXOJ OJ0Ka (OPMHPOBAHUS OMOPHOTO
curHana. Ha Bxoa ympaBieHus mnojAaTh MNPSAMOYTOJbHBIE WMIYJbCHI C
BbIXOJla TreHeparopa. 3adUKCUPOBaTh OCHUIIOTPAMMBI  BBIXOJHOTO
curHana. MI3MeHsis 4acToTy ¥ aMIUIUTYAY BBIXOJHOTO CHUTHAJIA T€HEpaTopa
TOOUTHCS BBIXOJIHOTO CUTHAJIA TPEYToJIbHOM (DOPMBI C TMHEMHBIM 3apsioM
1 OBICTPBIM COPOCOM KOHJEHCATOPA.

5.14. IloBropute m. S5.11. CpaBHUTH NOTYYEHHBIE PE3YJIBTATHI.
Cnenatb BEIBOJBI.

5.15. UccnenoBaTh BIMSHUE YaCTOThI U aMIUIUTY/Ibl YIIPABJISIOLIECTO
CUTHaja Ha paboTy uHTerparopa. Caenatb BHIBOBI.

6. Tpe6oBaHUA K 0()OPMIIEHUIO U COAEPKAHUIO 0TUETA

OTuer NOJKEH CONEPKaTh:

6.1. Uccinenyemyro cxemy yCTpOMCTBA MO KaKIOMY MYHKTY.

6.2. XapaKTepUCTUKN UCCIICIYEMOTO yCcTpolcTBa (OCIUILIOTPaMMBbI
CUTHAJIOB B XapaKTEPHBIX TOYKAX, OCHOBHBIE IMAPAMETPbI BBIXOJHOTO
CUTHAJIa).

6.3. I'paduku pe3yabTaToB HCCIENOBaHWNM, B COOTBETCTBUHU C
3aIaHUEM.

6.4. BeIBOIbI 110 pe3yibTaTaM padoThl.
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/. Kputepun pe3yibTATUBHOCTH BBHINOJHEHUSA PA0OTHI

Pesynbratsl 71a00paToOpHOM paboThI CUUTAIOTCS
YAOBJIETBOPUTEIIBHBIMU, €CIIN CTYJAEHTBHI:

7/.1. BpimonHunu B TMOAHOM oO0BEME mporpamMmy pabOThl U
NPEACTABWIM  OTYET, COACpKAIUMK  pPE3yJbTaTbl U3MEPEHUHM U
MPOBEJICHHOTO0 MOJICTTUPOBAHHSL.

7.2. Cymenu oObSICHUTH MIPEACTABICHHBIE B OTYETE PE3yJIbTATHI.

7.3. ITpuoOpenu HaBbIKK PabOTHI ¢ MOJECTUPYIOIIEH MporpaMMoi Ha
npuMepax cXeM ycuiuTese 6e3 u ¢ 00paTHBIMU CBSI3SIMHU.

7.4. OTBETUIIM HA BCE KOHTPOJbHBIE BOIIPOCHL.

8. KoHTpoJIbHBIE BONIPOCHI

8.1. Onpenenenre U MPUHIMI PaOOTHI MPOCTEUIIIETO OTPAHUIHUTEIIS.
8.2. Ilpunrun pabotsl orpannuutens Ha OY.

8.3. Onpenenenne nerexkropa. Pa3HOBUIHOCTH JETEKTOPOB.

8.4. [IpeumymiectBa neTekTopoB Ha OV.

8.5. [IpunIun paboThl HHTErpATOPA.

8.6. [IpunIun paboThl HHTErPATOPa CO COPOCOM.
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[MTPMJIOXXEHUE A

NucTpykuus mo padore ¢ ocuMJLIOrpadpuuecKoil MpUCTABKOMN U
reiepatopom GFG-8219A

Ocuwuiorpaduueckas NMpUCTaBKa HE HMEET HApPY>KHBIX OpPraHoOB
HACTPOMKM W TpeACTaBiIsieT CcoOOW aBTOMATHUYECKOE MPOrpPaMMHO
YIIPaBISIEMOE YCTPOUCTBO.

Ha nepennein mnaHenu TIPUCTAaBKA UMEIOTCA  Pa3beMbl A
MOJACOCIUHEHUST  ocuuWuiorpaduyeckux  IMIHYpoB — JBa  BXOJa
U3MEPUTENIbHBIX KaHaloOB (clieBa M CIOpaBa) M BXOJ BHEIIHEH
CUHXpOHHU3alMu (B CEepeAuHE), a TakKXKe CBETOAMOJ HWHIUKAINU
BKJTIOUCHMUSI.

3amyck mporpaMMHOr0 oOecreueHus ocHmuiorpada mpou3BOIUTCS
ukonkoii Pc_ Lab2000se Ha pabodem ctose kommnbiotepa (puc. A.l).

5]
i g ‘ PCLAB 2000sE
EaNlleiem .-
' gy 31“1 !'F'(l;gf_.
~USB - Devices ~LPT - Devices
|Pcsutonn | | Pcsio | ~| | Pcssoo | | Pcain |
| sz | | None | | Pesio | | kems |
| keo3t | | None |
[T USE Device Detected  o<g> [ Disable LPT Plug-and-Play (#indows XP only) Help
Puc. A.l

Ha mnosBuBImeMcss OKHE TMPOTpaMMbl TPOBEPUTH COOTBETCTBHE
napaMeTpoB MPHUBEICHHOMY BBIIIE PUCYHKY U KIMKHYTh MBIIIKON Ha
kHomke OK.

Uepe3 HECKONBKO CEKYHJ JOJKHO TOSIBUThCS pabouee OKHO,
UMUTHpPYIOIIEe JBYyXJydeBod I1mdpoBoit ocummiorpad (puc. A.2).
[ToncoenuuuB BXoaHbIe MHYPHI (1 Wiau 2, Mo HEOOXOAMMOCTH, KaHala) K
UCCIIETyEMOU CXeMe, HY>KHO BKJIIOUMTH OcHuuiorpad HaxaThueM KHOIKHU
RUN. ITpu pabote B 0JHOTy4YE€BOM PEKUME, BTOPOU JIyd MOMKHO MOTaCUTh,
ornyctuB kHomku ON Hajg OJOKOM  BEpPTUKAIBHOM  pa3BepTKHU
COOTBETCTBYIOIIETO Jiyya (HUXKHSS YacTh MaHEIU yIPaBJICHUS — MEPBBIN
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ay4 (3eneHbli) — cieBa, BTOpOM (KenTeld) — cmopasa). Jlenurensb
HampsOKEHUS ~ —  KHOINOYHBIM, — Ha)kartas  KHOMKA  IMOKa3bIBaeT
YyBCTBUTEIHLHOCTh B BOJIbTAX Ha JCJCHHE (0/JHA KJIETKA Ha DKpaHe).

~\ gscilloscope ~10Of x|
File Edit Options “ew Math Help
Oscilloscope SpedrumAna\yzerl TraﬂswemRecurderl FuncliDnGE:neratUrl Circuit Analyzer |
~TimefDiv.————————————
100ms| 50ms| 20ms WDmsl
Bms 2ms Iims DEmsl
02ms| O1ms| BOus EDusl
10us Bus 2us lus |
05us| 02us| 0.1us S!Ll
1GS/s
D2us| Dlus EIE'
Run | Single
] — ol ‘Triggernﬁ
r¥olts/Div. Trigger
I ON AUTOSET | rErsisT | | ON AUTOSET f © onfor ONH_OFF >'<|
15\/|| By 15% | 05 15\/|| L 15% | 05Y z z
: © Source| CH1  CHZ E><T|
u.wsvl 50my| 15my|  Bmy u.wsvl 5O0my| 15my| Bmv | - -
Coupling Coupling = = Edge| & .
I Posiion _AC || DC  GND ac | [oc | GND| Position : - Level
Puc. A.2

IIpenen u3MepeHHUss TaKXKE YKa3blBACTCS B BEPXHEU JIEBOW YacTU
AKpaHa COOTBETCTBYIOIIUM IBETOM. [Ipy HEOOXOAMMOCTH MOMXHO TaKkKe
U3MEHUTh PEKUM PabOThI BXOJa ociuuiorpada HaKaTueM OJTHOW U3 TpeX
KHOTIOK (O0TKpBITHIH BXxoa — DC, 3akpsiThit — AC, 3a3emiiennbrii — GND).

Jlenutenb TOpU30HTAIHPHOM pa3BEPTKH HAXOJUTCS CIIpaBa CBEPXy Ha
naHenu ocrusiorpada, TrOpU30HTAJIbHAS YyBCTBUTEIBHOCTh
(BpeMs/enieHne) Takke UHAMIMPYETCA Ha 3KpaHe ocuuiuiorpada (cropana
cBepxy). B HmxkHel mnpaBoi 4dacTh ocHuiorpada — MaHENIb peXHUMa
cuaxpoHu3zanuu (BkimoueHue/ Beikaoueaue — ON/OFF, BpIOOp MCTOYHMKA
cuaxpoHu3anuu — BXon 1/Bxon 2/BHemHsst — CH1/CH2/EXT, BwiOop
(GbpoHTa yPOBHSI CHHXPOHU3ALINHN ).

IIpu pabote c ocumwuiorpadoM OOBIYHO HEOOXOIUMO BBIOPATH
pPa3BEPTKY TaKUM 00pa3oM, YTOOBI paCTIHYTh H300paKeHUE HE MEHEE, YeM
Ha 1/2 s3KkpaHa Mo BepTUKaIM U OOeCHeYUTh HAOIIOAEHUE 2-3 TEpUOJOB
ucciemxyeMoro curuaia (puc. A.3).
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BETES

Fle Edt Options Yew Math Help

Oscilloscope SpeclrumAnalyzerl TranswentRecDrderl Fuﬂd\UnGeﬂeratUrl Circuit Analyzer |
rTime/Div.—————————
100ms| &0ms | 20ms| 10ms
Bms | 2ms || 1ms 05ms
02ms| O0.1ms| S0us | 20us
10us Bus 2us Tus
0.5us| 0.2us| D.us =
1GS/s
0.2us| D.lus EIM
| Run Single
| | 2
[ Yolts/Div. Trigger
: oN AUTosET | PERsIST | oN AUTOSET : " owor I—ON ol [
154 By 1BV 05 18y BY 15V | 0BV
: I © Sowce| CH1  CHZ | EXT
- 015v| 50mY| 1Bm%| BmY 0.18%| B0m%| 16mWv| BmY - -
Coupling Coupling Edge| T
2 Position AC DC | GND AC DC  _GND|  Paosition Z Level
Puc. A.3

Kpome pexunma ocuusiiorpada MOKHO BbIOpaTh PEKUM aHAIM3aTOPA
CIIeKTpa HaxxaTHeM KHomku Spectrum  Analyzer Hanm sSkpaHoM
ocuuiuiorpada. IIpu 3ToMm Ha 3kpaHe OTOOpa)kaeTcsi HE caM CUTHAll, a €ro
criekTp (puc.b.4), BpeMeHHOM AeNUTEh MOKA3hIBACT AUANIa30H U3MEPEHUS
(3 k['11 Ha BCIO MIMPUHY KpaHa B MPUMEPE, T.€ YACTOTA BXOJHOIO CUTHAJIA
—yyTh 0osiee 300 I'1).

[Ipu mpoBemeHUM HU3MEPEHUN HET HEOOXOIUMOCTH OTCUUTHIBATH
BEJIMYMHBl CHUTHAJIOB MO 3KpaHy. Jia wu3MepeHuss HeoO0X0AUMO
aktuBupoBaTh MeHiO View/Markers(DSO), ycranoButh Mapkepsl (1aBa
BEPTUKAJIBHBIX M JIBA TOPU3OHTAIBHBIX) W CHATh PE3yJIbTaThl,
oToOpakaemble B HIbKHEN dacTu 3kpana. (Ha puc. A.4 nokazan npumep —
IBOWHOM pa3max curHana — 20,78 B, aMmimTyaa BEpXHEUW MOJYBOJHBI —

10,47 B, mmwxnet — 10,31 B, mepuon curnana — 2,98 mC, yacrora —
335,57T ).
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Oscilloscope | Spectrum Analyzer Transientﬁe:nrderl Fum:tmnGeneratnrl Circuit Analyzer;

Frequency Range

EO0Hz 1.2kHz 3kHz

EkHz 12kHz 30kHz

ElkHz 120kHz 300kHz

0.6MHz 1.2MHz 3MHz

EtiHz 12hiHz 28hHz

Freg. scale
Lin = _Log
Z00M

b el e |

Run Single

: 5

rVYolts/Div. CH2 Trigger

; [ on || aumesen | | PersisT | ot | [aumoseT | - : e I
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ZPosiion | AC oc | GhD ac || oo GND|  Postion : - Level
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Puc. A4

Jliis ynporeHuss paboTel MOXHO BbI3BaTh MeHI0 View/Waveform
Parameters u B mnosBuUBILIEICS TaONWile BBIOPATh HYKHBIE MapaMeTpPbl
curHana (puc. A.5).

~\ weveform Parameters - |EI |i|

de: v cH1 | [T |

DC Mean

Max

Min

Peak-to-Peak

High 102v

Low -98v

Amplil 200V

AC BMS

AC dBY

AC dBEm

AC+DC BMS

AC+DC dBY

AC+DC dBm

Timing:

[ Duty Cycle
Positive Width
Hegative Width
Rize Time
Fall Time

[ Period

[v Frequency 0.337 kHz

Phasze
Cloze I Help I

[I<lsIfs]

Puc. A5
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B aTom ciyyae HEOOXOAMMO YUHTHIBATh, YTO B TAOJIHUIIE MOSBIISIOTCS
HE mapameTpbl (U3UYECKOr0 CUTHaja, a pPe3ysibTaThl MaTeMAaTHYECKON
00pabOTKH M300pakeHMS Ha dKpaHe ocuuuiorpada, T.€. OHM MEHSIOTCS
Py U3MEHEHHUM TPEACTABICHUS CUTHaIA Ha dKpaHe, HalpuMep, €ClIM Ha
SKpaHe OTOOpaKeH HE TOJHBIA Mepuoj CUTHaIA, TO U PE3yJbTaThl
WU3MEPEHUS YaCTOThI OyIyT HEKOPPEKTHHI.

[lokazanust ocmwuiorpaga MOTYT OBITh COXpaHEHbl B BHJIE
rpadpuyeckux QaitioB — wmenio File/Save Image B cnenmansHO
BBIZICIICHHYIO TAIKYy JIJIs UCIIOJIb30BaHUS WX TPH O(POPMIICHHH OTYETa I10
pabote. [Tanky Hy>XHO cHaJdaja co3/aTh, YTOOBI HE BBI3BATh OECTIOPSIKA B
dainoBoii cucreme KommbioTepa. I[lo okoHYaHUM pabOTBI MOXKHO
CKOIIUPOBATH IMAINKy Ha (IIen-KapTy Wik JuckeTy cpeacramu Windows.

Onucanne reneparopa (puc. A.6)

['eneparop Bkimtouyaercs kHomkod POWER. Jlns paboter Hambosee
YacTO HYKHBI CIEAYIOIINE PETYIUPOBKHU:

Jlnamna3oH 4acTOTHI (BEPXHUM PsiJl KHOIOK).

Yacrora curnana (;ieBasi, camast 0ombinas pyuka) FREQUENCY.

AMmunTyaa BbIXogHOro curHana (mpaBas pyuka) AMPL. Ecnu
PYUKY CJIeTKa BBIIBUHYTh Ha ce0s (0€3 ycuinus, 10 MeadKa), TO BEIXOIHOU
CUTHAJI yMEHbIaeTcs mpuMepHo B 10 pas.

23995 5=
ﬁ DD bl?}F({—?Zl% reHe[:/Ja'
T T '
ar-:;. 3 '-" e-)
________ e

Puc. A.6

dopMa BBIXOJHOTO CHUTHaJAa (TpH KHONKH B HIDKHEM pSIIy —
IPSMOYTOJIbHBIC HMITYJIbCBI, TPEYTONbHBI CHTHAJI, TapMOHHYCCKUM
CUTHAII).
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BHUMAHHUE! Ilpu exnwoueHuu 2eHepamop  as8momamuyecku
YCMAaHABIUBAET PENCUM MPeY2OTIbHO20 CUSHAIA.

ATTEHI0ATOp — MPH HAKATUW CAMOW IIPaBOM KHOMKHU B HWKHEM PSITY
CUTHaJI YMEHBIIIAECTCS €IIe B JIECATh pas.

BHUMAHHUE! Ilepeo nauanom pabomwi, umobvl obecneuums
besonacHocms U 015 2eHepamopa u 0 Cxemvl, KHONK)Y HYHCHO HAXCAMDb,
a PpYuKy pe2yIupoKuU GblOBUHYMb, M.e. VCMAHOBUMb CAMbIUL MAJbllL
YPOBeHb BbIXOOH020 CUSHAA.

BHUMAHUE! IIpu pabome nedonycmumo oadice KpamKko8pemMeHHOe
3ambiKaHue 6uIXOOHOU yenu e2enepamopa. Illpu uzmenenuu cxemvl
2eHepamop peKomMeHoyemcs. OmKuo4ams!
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