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BBEJIIEHUE

OCHOBOM HACTOSIICTO MOCOOMS SIBJSIOTCS KyPChI JeKmui «O0mmas
3JEKTPOTEXHHUKA U JJICKTPOHHKA» H «DICKTPOTEXHUKA U 3JICKTPOHUKAY,
YUTACMbIC aBTOPOM B HMHCTUTYTE X004a M OMOTEXHOJAOrMd (CaHKT-
[TeTepOyprckoro HAaUMOHATBHOTO HCCIEAOBATECIBCKOTO YHUBCPCUTETA
UH(POPMALMOHHBIX TCXHOJIOTHH, MEXAHUKU U ONTHKHU, 4 TAKKC BUPTYaJb-
HBIC UCCIICAOBAHUS YCTPOUCTB AICKTPOHUKU HA TMEPCOHATBHBIX KOMITBIO-
TEpax.

Hacrosmee mocoOue COCTaBICHO B COOTBETCTBUH C TPECOOBAHUAMHU
®I'OC Bbicmero mpo(eCCHOHATEHOTO 00PA30BAHUA 1O HEIJICKTPOTCXHH-
YECKUM HAMPABJICHUAM TOATOTOBKH OAaKaTaBPOB M JTUILIOMHPOBAHHBIX
crenuaucToB. OHO OXBATBHIBACT KPYT OCHOBHBIX BOIPOCOB MO 3JCKTPO-
HHUKE, U3YYAEMBIX CTYACHTAMH HEAICKTPHUCCKUX CHCIUATBHOCTEH
MO0 AUCHUIUTHHAM «DNICKTPOTECXHUKA U 3JICKTPOHUKA» U «O0Imas 31eKTPo-
TEXHHUKA U 3JICKTPOHUKA.

OrpaHm4cHHOCTD Kypca Mo 00bEMY JICKUMOHHBIX 3AHSATHU BbIIBUIA-
€T Ha MEPeAHUH IUIAH 3aJa4M SKCIEPUMEHTATBLHOTO HMCCJICIOBAHUS H3Y-
YACMBIX 3JICKTPOHHBIX YCTPOMCTB M CXEM. DKCIICPUMCHTAIBHBIC UCCICI0-
BAHMS MOTYT MPOBOIUTHCA B (popMe (PU3UUECKOTO HJIH BUPTYAJTIbHOTO MO-
JCTUPOBAHUSL.

OuU3HICCKOE MOACTHPOBAHNUE CBA3AHO CO 3HAYUTCIBHBIMU MATEPHU-
ATBbHBIMH 3aTPAaTAMU M 3aHUMACT MPOJOJLKHTCIBHOE Bpems. s mpoBe-
JCHUS (PU3HUYECKOTO MOJCITMPOBAHUS HEOOXOAMMO HM3TOTOBUTH Jabopa-
TOPHBI MAKET CHPOCKTHPOBAHHOTO YCTPOMCTBA, pa3padOTaTh HCIbBITA-
TEJIbHBIM CTCHI M OCHACTHTH €r0 HCOOXOIMMOM H3MCPUTCIHPHOM ammapa-
TYPOH.

J1a mpoBEACHHS BUPTYANIbHOTO MOJCIHUPOBAHUA HEOOXOIUM
TOJIBKO TICPCOHATbHBIA KOMITBEFOTCP W COOTBCTCTBYIOIICE MPOrPAMMHOC
o0ecIeyeHUE.

B wHacrosmiee Bpemst pa3pabOTAHO AOCTAaTOYHO MHOTO MAKCTOB
IporpaMM MOJCTUPOBAHUS 3JCKTPOHHBIX CXEM M YCTPOWCTB HA 3KPAHE
MOHHUTOpPA KOMITBIOTEPA. OAHUM U3 MPOCTHIX U ACHIEBBIX A MOJIb30BATE-
JeH SIBIACTCS MPOrPAMMHBIN nakeT Electronics Workbench v 5.12. On no-
3BOJIACT CO3JaTh HA 3KPAHE MOHHUTOPA AHAIOTOBYIO MU LHU()POBYIO JJICK-
TPOHHYKO CXEMY, MOAKIFOYUTH K HEH PA3TUYHBIC BUPTYAIbHBIC TCHEPATO-
Pbl U H3MCPHUTCIBHBIC MPHOOPHI M MPOBECTH MOACTbHBIA 3KCTICPUMCHT.



PesyabTaT MOACIBHOTO 3KCIICPUMCHTA MOKCT OBITh MPCACTABICH B BUAC
IU(PPOBBIX JAHHBIX HA W300PAKCHUIX U3MEPUTCIBHBIX TPUOOPOB, B BUIC
OCUHUIIIOTpaMM, rpaukoB.

VYuebHoe MOcoOUE COCTOUT M3 BOCBMH PA3JCIOB, B KOTOPBIX pac-
CMOTPCHBI CICAYFOIIUEC YCTPOUCTBA AICKTPOHUKH:

— MOJyITPOBOJHUKOBBIC  BBIIPSIMUTEIbHBIE IHOABI M CTAOWIM-
TPOHBI,

— OUIOIPHBIC TPAH3UCTOPHI,

— MOy TPOBOIHUKOBBIC BBIMPSAMUTEIH,

— MHOTOKACKATHbIC YCUITUTEIN IIEPEMEHHOTO TOKA;

— QHAJIOTOBBIC YCTPOUCTBA HA ONCPALIMOHHBIX VCUIIUTCIIAX,

— IU(PPOBBIC CXEMBI HA JIOTHYCCKUX IJIEMEHTAX;

— TPUTTCPBI;

— IBOWYHBIC CUCTUUKH.

Kaxapii pa3aen 3aBepruacTcsi OMUCAHUEM U METOAUKOU BBITIOJTHE-
HUA BHUPTYAJIbHOTO SKCIICPUMEHTA HA TMEPCOHATBHOM KOMIIBKOTEPE, UTO
CIMOCOOCTBYCT Ny4IICMYy YCBOCHHIO Marcpuanga. OOBCKTOM MOICIHPOBA-
HUA BBICTYNAKOT M3Y4YaCMBbIE 3JICKTPOHHBIC CXEMBbI M YCTpOUCTBA. Bupry-
ATbHBIC MCCIICAOBAHUS BBITIOHSOTCSA MPH MOMOIIM MAKETa MOICITUPYIO-
X nporpamm Electronics Workbench v.5.12". HeTpe60oBaTEIHOCTE 3TO-
ro MakeTa MpOorpaMM K ammapaTHBIM PECypcaM KOMIIBIOTEpA JCIACT BO3-
MO>KHBIM IMPOBEICHHUC BUPTYAIBHOTO 3KCIEPUMCHTA HE TOJIBKO B YYCOHOU
JabopaTopuH, HO W J0MAa NPH HAMYUU KOMIIBIOTEPA C OMECPALMOHHOU
cucreMout Windows 2000, Windows XP wma Windows 7.

[TporpaMMa CXEMOTEXHHYECKOTO MOJCITUPOBAHUSL Flectronics
Workbench Ha CEeTOHS ABISACTCA OJHOU U3 MCPCTICKTUBHBIX. Meromuecs
B IporpaMme OHOTHOTEKH BKIIOYAKOT B C€Os1 OOMBIION HAOOP ITUPOKO
PACIIPOCTPAHCHHBIX 3JCKTPOHHBIX KOMIOHCHTOB. MACCHUBHBIC J3JICMCHTBI,
TPAH3UCTOPbI, HCTOUYHUKHA TOCTOSHHOTO M TEPEMEHHOTO TOKOB, KITFOYH,
THOPUIHBIC ICMCHTBI, HHAUKATOPBI, LH(DPOBBIC U AHAJTIOTOBBIC JICMCHTHI,
A CTIICLHMANBHBIX CXeM. ECTh BO3MOKHOCTh MOAKTIOUCHHA W CO3TAHUS
HOBBIX OHOIMOTEK KOMIIOHCHTOB.

[TapaMeTpbl KOMIIOHEHTOB MOKHO H3MEHSTH B IMTUPOKOM IHANA30-
HC 3HAYCHUH HCTIOCPCACTBCHHO C KJIABHATYPBL

* HccleoBaHls MOMKHO IIPOBOJMTL M B 06GoJouke GoJiee MO3HHX BEpCHH IIpo-
rpaMMel Electronics Workbench, nanipumep, Electronics Workbench MultiSIM v. 9



B mporpamme umeeTcst O0IbIIOH HAOOP BHICOKOTOYHBIX MPHOOPOB
JJTS1 IPOBEACHUS U3MEPEHUHN: HU(PPOBBIE aMIIEPMETP U BOJIBTMETP, JABYX-
JAY4YEBOU ocumLnorpad, My bTHMETP, rpa)ONOCTPOUTEL YACTOTHBIX Xa-
PAKTEPUCTHK, (PYHKIIHOHATBHBIA T€HEPATOP, TEHEPATOP CJIOB, TOTHUCCKUI
AQHATM3ATOP U JIOTMYECKUH TPE0OPA30BATENb.

I'pauueckue BO3MOKHOCTU Flectronics Workbench mMO3BOISIOT
JKCIIOPTUPOBATL PE3YIbTATHI HCCICAOBAHHH B TCKCTOBBIC JOKYMCHTBI
B BHJIC TaOJIHII, PUCYHKOB, (PaiiioB. TO CYyIIECTBEHHO YMEHBINACT BPEMS,
HCOOXOIUMOC ISl BBIMOJTHCHUSA JKCTICPHMCHTOB U CO3JACT YCIOBUS IS
MOATOTOBKHM KAUYECTBEHHBIX OTUCTOB.

B yucOHOM MOCOOMH UMECTCS ABA MPUIIOKCHUSL.

B npunoxenuun 1 ¢ ueapr0 YCTAHOBKH COOTBETCTBUS MPUBOIATCS
VCIOBHBIC TrpapuyccKue OOO03HAUCHHSA 3JICMCHTOB MO OTCUYCCTBCHHBIM
CTaHZApPTaM W CTAHAAPTaAM, HCIOJb3YEMBIX B Mporpamme FKlectronics
Workbench v.5.12.

[IpunoxkeHue 2 TMOCBAMIEHO KPAaTKOMY OIMCAHUKD IPOTPAMMBI
FElectronics Workbench v.5.12, 0CHOBHBIM MpUEMaM COCTABJICHUSA BUPTY -
ATbHBIX YCTPOUCTB U HHTEPIPETALIMH PE3YIBTAaTOB.

IIpn padoTe Hag MOCOOHMEM aBTOP CTPEMMIIICA HCIOJIb30BATH OIBIT
MPENOIABAHUA AUCIHUILINHBI, HAKOIICHHBIN HA Ka(eape 3MCKTPOTCXHUKH
U nekTpoHukn HHCTHTYTA X002 M OMOTEXHOJOIHH, BO3IIABIACMOU
JoKkTopoM (pm3.-mat. Hayk, npod. JLII. Bymatom. ABTOp IpH3HATEICH
BCCM COTPYAHUKAM 3TOW Ka(eapwl, MPUHSIBIIUM YYaCTHC B OOCYKICHHH
METOANKH, CTPYKTYPBI U COACPKUMOTO MOCOOHS.

ABTOp OMAaroJapuT KOJUICKTUB Ka(eapsl OE30MaCHOCTH KUZHEAC-
teabHOCTH CITOIOTY «JIOTH» um. B.X. Ymeauosa (JIcHuHA) u 3aB. Ka-
(empoit kaHaumara TexH. Hayk, goiu. B.H.I[1aBioBa, a Takke peUCH3CHTOB
JOKTOpa TexH. Hayk, mpod. B.H. bopoHuna, 1okTOpa TEXH. HAYK, IPO(.
I'. T. Makaposa, gokropa TexH. Hayk, nmpod. A.I'. MukepoBa, kKaHauaAaTa
TexH. Hayk, mpod. FO.E. babuucBa u xaHaumat TexH. Hayk, mpod. 3.B.
Ky3HenoBa 3a p4a HEHHBIX 3aMEYaHUH, CACTAHHBIX UMH TPU 0OCY KICHHH
U PCUCH3UPOBAHUH PYKOIHCH.



1. NONYNMPOBOAOHWKOBBIE
BbINPAMUTEJIbBHBIE OUOObl N CTABUINUTPOHbI

TeopeTuyeckue ceeaeHuUsA

IToyIpOBOAHUKOBBIMU ~ JUOJAMU  HA3BIBAKOT JIBYXJJICKTPOIHBIC
OPHOOPHI C OJHUM 3JICKTPOHHO-IBIPOYHBIM MEPEXOAOM ( p71- HEPEXOAOM).

[Tepexoa oOpasyeTcs 3a CUET ABYX CJIOEB MOJIYMPOBOIHHUKA C PA3TAUHBIMU
THUIIAMH TPOBOAMMOCTHU — JBIPOYHOU ( p-CJOU) U 3JACKTPOHHOU (77-CJION)
(puc. 1.1, a). YcnoBHoe rpauueckoe 0003HAYCHHUE TIOTYTPOBOIHUKOBOTO
auoda mpuBeacHO Ha puc 1.1, 6. BriBoa p-Cliosi HA3BIBACTCA AHOIOM,
a 1-CJ0s — KaTOJI0M.

a 0
AHoj Karox

AHoOJ Karox
—1p nlb— _bl_

Puc. 1.1. IlonynpoBOTHUKOBBIH JTHO:
a — CTPYKTypa Auoja; 6 — yciaoBHoe rpaduueckoe obo3HaUCHHE AHOIa

OCHOBHOU XAPAKTCPUCTHKOU AMOJA SBIACTCS €r0 BOJBTAMIICPHAS
XapaKkTePUCTHKA — 3aBUCUMOCTD TOKA [, 4Yepe3 AMOA OT HampspkeHus U

HAa HCM:
Li=fUy.

Hal'[p}DKeHI/IC Ha JUOAC MOXKHO IPCACTABUTBH KAK PA3HOCTh IOTCH-
LHAJIOB Cr0 aHOJA (P, M KATOAA Py, T.C. Uy =@, —@y.

WneanpHblii MOJYIPOBOJIHUKOBBIA JTHUOJ IIPOBOAUT TOK TOJBKO
B OJJHOM HANIPABICHUH, KOTAA MOTCHIHUAJI €r0 aHOAA ¢, OOJBIIC MOTCH-
IIMAJIa KaToAA ¢, T.C. KOTJa BRINOJIHSICTCS yCIoBHE U =@, —¢, >0. ['o-

BOPSAT, YTO B 3TOM CJIy4ac WO BKIIFOUCH B IMPSAMOM HampapicHuH. [Ipu
BKJIFOYCHUM JHOAA B 00paTHOM HamnpasicHuu (U, = ¢, — ¢, <0) uacans-

HBIU MO TOK HE MPOBOAUT. OH 3aKPBIT.
BosbprammepHas XapakTepuUCTHKA HACATBHOTO AMOJA HUMECT BHJI
JOMAHOU JHUM (CM. puc. 1.2). B mepBOM KBaApAHTE HAXOIUTCS €€ Mps-



Masi BETBb (COBMAAACT C OCBKO OPAMHAT), 4 B TPEThEM — 0OpaTHas (COBMA-
JIACT C OCHIO aOCIHCC).

v [069

Puc. 1.2. BoibpraMniepHble XapaKTE€pUCTUKH [10JIYIIPOBOJHUKOBOIO AHO/A:
a — HJieallbHOrO; 6 — peaJlbLHOro

B OTKPBITOM COCTOSIHHH CTATHUYCCKOC 7

¢ 1 JHHAMHYCCKOC VI[ CcO-

IMPOTUBJICHUA UACATTbHOI'O JHOJA4 PABHBI HY JTKO.

U AU
r,=—2=0; S =0
Iy AL

B 3aKpBITOM COCTOSHHH M CTAaTHYCCKOC R, W JUHAMHYCCKOC R
CONPOTHUBIICHUSA HACAIBHOTO JU0JA OCCKOHCYHO BCJIUKH:

Uy AU,
R, =—=—>o, R = —> 0.
A A




B peansHOM nuoae mpsimas U 0OpaTHAS BETBH OTIUYAIOTCS OT HIC-
aTbHBIX (CPAaBHUTE KpUBBIC a U O Ha puc. 1.2).

Hammune 00bEMHBIX COMPOTHBJICHUU p W 1 00JACTCH AUOJA BbI-
3BIBACT CMCIICHHUE BIPABO MPSMOU BETBH BOJIBTAMIICPHOU XapPAKTCPHUCTH-
KH. [ OTKPBITHS KPEMHHUEBBIX JHOJOB HEOOXOAMMO MPUIOKUTh MEKIY
AQHOJOM M KATOJOM HAMPSOKCHUC, MPEBBIMIAKOLICE MOPOrOBOC 3HAYCHHE:
Uy UHOp ~0,5...0,8 B. [I1s1 OTKpPBITHA T€PMAHUECBBIX IHOI0B HAIPAKE-

HHUC OTKPBITHA CYIMCCTBCHHO MCHBIIC HW COCTABLICT BCIHYHHY
Uy 2 Upep #0.1..0,3 B.

[Tpu obpatHOM BKIHOUEHHU U, = (¢, — P, ) <O Uy pEaNbHBIX THO-
0B MOSBILICTCS OOPATHBIH TOK /5, . Y BCEX AHOIOB, KPOME CTAOHIUTPO-

HOB, BEIMYMHA JTOrO0 TOKA 4Ype3BbMaiHO Mama. Kak mnpasuio,
o5, <0,0017,,;. BenmauHa 0OpaTHOTO TOKA AMOZAA 3aBHCHT OT BEIMYHHBI

obOpartHoro HampspkeHud. CHavana HabmoaaeTCs HEOOIBIIOW POCT 00paT-
HOTO TOKA (Y4acTok 1-2). 310 00BACHACTCS ACPCKTAMHU KPUCTATLTHUCCKON
PEIICTKH W HATWYHEM TOKOB YTEUKH. [Ipm 0OpaTHOM HANMPsSHKCHUH
Uosp,,, HAUAHACTCS BMCKTPHUCCKHMI MPOOOi AHOJA U Cro OOPATHBINH TOK

pe3ko Bo3pacTtacT (ydactok 2-3). JlambHEHINCE YBEIMYCHUE OOPATHOTO
HAMpPSDKEHUA MPUBOIUT K TEILIOBOMY MPOOOK0 (Y4acTOK 3—4) U BBIXOAY
JAMONA W3 CTPOS HM3-3a NMEPErpeBa. 3aMCTHM, YTO CCIH JICKTPHYCCKUU
mpoOoH 00paTUM, TO TCILIOBOH — HEOOPATHM.

ITo (pyHKIIHOHATLHOMY HA3HAYCHHEO TOJTYMPOBOJHUKOBBIC THOIbI
JEIATCA HA BBITPSMUTEIBHBIC, UMITY TbCHBIC, CTAOUITUTPOHBI, (POTOTHUOIBI,
CBCTOAUOABI U .

BrmpavurenbHble OBl MPEAHAZHAYCHBI 1 MPEOOpPA30OBAHUA
MCPEMECHHOTO TOKA B MOCTOSTHHBIM. OHH SBJISFOTCS OCHOBHOM COCTABHOM
YACTHIO BBIIPAMUTEIICH. FIX OCHOBHBIMU ITapaMETPAMHU SBJIFOTCS ITOPOTO-
BO€ HAIPSDKEHUE Ump; JOIYCTUMBIA MPAMOU TOK ]Hp U COOTBETCTBYHO-
Lee eMy IPSMOC MAJCHHUC HAMPSDKCHUS HA OTKPBITOM auozae Uy, | momyc-
THMOC 0OpaTHOe HampskeHue Usg, — ~0,7Uqg, M COOTBETCTBYIOIIMMH
€My OOpaTHBIi TOK logp, . » AOMYyCTHMAs MOINHOCTb  PACCEAHHA
Pron = LupUyp (HArpeBactT Auox).

I TpOMBIIICHHOCTBEO BBIITY CKAFOTCS MOy IPOBOAHUKOBBIC JUOJIBI,
pACCUUTAHHBIE HA TOKHU OT JECATKOB MUJUIMAMIIEP OO THICAY aMIIEp.



CTaOUIUTPOHBI OTIHMYAKOTCA OT BBIMPAMHUTCIBHBIX JHOIOB TCM,
YTO UX OOpaTHAs BETBb BOJIBTAMIICPHOM XapaKTCPHCTHKH HUMEET IMPOTSI-
JKCHHBIN y4acTOK 2—3 3eKTpuyecKkoro mpoodost (puc. 1.3). Ha stom yyacr-
KC TOK H3MCHACTCS B OOJBINUX MPEACTIaX, a HANPSKCHHE H3MCHSICTCS
B MAJbIX. JTO SABJICHHC M HCHOJB3YIOT A CTAaOMIM3ALUN HANPSDKCHUA
MOCTOSIHHOTO TOKa. CTaOMIMTPOHBI BKIIFOYAKOTCSI BCETAa B OOpaTHOM Ha-
npaBiicHUU. [IpaMasi BETBb CTAOMIUTPOHOB TAKas JKC, KAK U Y BBIMPIMU-
TCIBHBIX JTHOJOB.

CT

A\ 4

CcT

Puc. 1.3. BonbramriepHas XapakTepHUCTHKA MOJTYTIPOBOIHUKOBOTO
cTabUIIMTPOHA U €ro YCIOBHOE I'padudeckoe 0003HaAUCHHE

OCHOBHBIMH TAPAMCTPAMHU CTAOWUJIUTPOHOB SIBJISIFOTCS MUHHMAJTb-
HOC HaNpsDKeHHE cTabmmsaumu Uy, ; MAKCHMATbHOC HANPSUKCHHE CTa-

Oomwmmsauuu U, | MEHMMAJbHBIM /., = W MAaKCHMAQJIbHBIA [,  TOKH
max min max

CTAOUITM3AUUH U THHAMUYCCKOC COMPOTHUBJICHUC CTAOMITUTPOHA



max

I —1

obp CTpax CTmin

R _AUo6p _UCT
pI Al o

UeM MCHBIIC BCIWYHMHA JHHAMHYCCKOTO CONPOTHUBJICHHA, TCM
MCHBIIC U3MCHACTCA HAIIPAXKCHUC HA CTa6I/IJ'II/ITpOH€ npu U3MCHCHHH TOKA
UCPC3 HCTO, TCM JIYYIIIC.

BupTyanbHbI 3KCNEePUMEHT

Llenb paboTbl

1. U3yunTh mpUHIUN ACHCTBUS M XAPAKTCPUCTHKU COBPEMCHHBIX
JTHOJIOB M CTAOMTUTPOHOB.

2. IIprnoOpecTH MPAKTHYCCKUE HABBIKH MO JKCMCPHMEHTAIBHOMY
OTPEACICHUIO XAPAKTCPUCTUK M MAPAMETPOB BBIIPSIMHUTEIBHBIX THOJOB
U CTAOUJIUTPOHOB.

3. OKCHEpUMEHTAIBHO MOATBEPAUTH TECOPETHUYECKUE 3HAHUS, TO-
JYUYCHHBIC HA JICKIHOHHBIX 3AHATHAX IO IMOJYMPOBOIHUKOBBIM IHOJAM
U CTAOUIUTPOHAM.

Mporpamma paboTsl

1. O3HAaKOMHTBCS C HHCTPYKUHUEH MO HCTIOIb30BAHUIO MPOTPAMMBI
Flectronics Workbench.

2.B cpeae mporpammsl Flectronics Workbench cMoaemupoBaTh
CXEMY YCTAHOBKH JUISI HCCICAOBAHUS CHAYANIA IPSIMOM, 4 3aTEM OOPATHOU
BETBEH BOJBTAMIICPHOU XAPAKTCPUCTHUKU BBIIPIMUTEIBHOIO AWOAA. TuIll
UCCICIYEMOro AUOAA BBIOUPACTCA MO AAHHBIM TaOn. 1.1 B OMOMHOTEKE
generall.

3. DKCHEPUMCHTAIBHO HUCCJECAOBATh MPAMYK0 M OOPATHYH) BCTBU
BOJIbTAMIIEPHOU XaPAKTEPUCTUKU BBIIPSIMUTEIBHOTO JUOAA.

4. Ha OCHOBAaHUM 3KCICPUMCHTAIBHBIX JAHHBIX PACCUUTATh JUHA-
MHYECKOE CONMPOTUBICHUE TUOAA TPU MPSIMOM U OOPATHOM BKJIFOUCHHH.

5.B cpene mporpammel Flectronics Workbench cMoaenupoBaThb
CXEMY YCTAaHOBKH JISI HCCICAOBAHUS CHAYANIA IPSIMOM, a 3aTEM OOPATHOU
BCTBCH BOJBTAMIICPHOU XAPAKTCPUCTHKHU MOy MPOBOIHHUKOBOTO CTAOUITH-
TpoHa. Tunm mccaexyeMoro CTabWIUTPOHA 3aBUCUT OT HOMEpA OpHUTabl
U BBIOUPACTCS MO JAHHBIM TalJL. 1.2. B OubamnoTeke mofor 1n.
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6. JKCHepHMeHTAIILHO HCCIIeOBaTh NMPSAMYH H OOparHyIo BeTBH
EOJILTAaMIepHOH XapakTepHCTHKH cTabHIHTpoHA.

7. Ha oCcHOBaHHH 3KCIepHMeHTANLHLIX JaHHBEIX pacciHTalh JIHHA-
MHYeCcKOe CONPOTHRJIeHHe CcTaDHIHTIPOHA MNpPH TNPIMOM H O0DparHoM
BKJIIOYEeHHH.

Tabmaua 1.1
e bpu- Y ’ : : j
rafgbl
g:g,ua DIMN3611GP | DIN3612GF | DIN3613GP | DIN3s814GF | D1N3957GP
Me bpu- . . : : e
rafbl
T;:;na DIN4001GP | DIWN4002GE | D1N4003GE | D1N4004GE | D 114005 GEP

BupTyanbHasa ycTaHOBKa

J1s1 HeclleIoB aHHS TTOJTY IPOR OJTHHKOBOTO JJHOA BHPTYabHAas yc-
TAHOBKA BKIOYAET B ce0d HAeanbHBIH HCTOYHHK MOCTOSHHOTO HAaIpsIKe-
Husi F, mudporoli BoIbIMeTp FV7 ¢ BHYTPEHHHM COIOPOTHBIIEHHEM
10 MOwm;, mudpopoit amnepmerp F4 ¢ BHYIPEHHHM CONPOTHEICHHEM
1 MOM H 00BeKT HCCIIEOR aHHH — BLINPSAMHTENLHBIH AHOA D) H3 OHOIHO-
TeKH generell. Tun guoma Ans pasHeix OpHraa ykasad B Tadm 1.1,

Hccnenoranne OpsMoOH BeTEH BOJLTaMIepHOH XapaKTepHCTHKH
EBIIPAMHTELHOTO JHOAA MPOBOAHTCA Mo cxXeme pHe. 1.4, a oOparHoll —
0 cxXeMe pHe.1.5.

P&

— E
—qv VD V]| Py

Fuc 1.4, Cxema Ong HoccnefoBaHHA NPpAMOHA BETEH BOMBT anIIepHOH
XAPAKTEPH CTHEH BEIIP AMHTEIEHOTO I o4
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Puc. 1.5, Cxema Ona HcclenoBaHua obpaTHoR EeTEH BONbTAMIIEpHOR
KApAKTEPH CTHEH BEINPpAMHTENEHOTC NHOOA

JIma HecnedoBaHHS MONMYNPOBOAHHKOBOTO CTaDHIHTPOHA BHPTY-
anMbHAas YCTAHOBKA BKIIIOYAET B c¢e0s: HOealbHBIH HCTOYHHK HOCTOSHHOT O
ToKa £ UHQPOROH BOMLTMeTp FI7 ¢ BHYTPEHHHM CONPOTHEICHHEM
10 MOw; mudpopoii amnepmerp A4 ¢ BHYTPEeHHHM CONPOTHEJIEHHEM
1 MOM H 0ObeKT HCCIeQOBaHHH — CcTaOHMHTpOH D H3 OHONMHOTEKH
motorl. THI cTabIMHTpOHA AT pasHbIX OpHrax ykasal e tabm 1.2.

Tabmaa 1.2
M2 bpurage! 1 7 3 1 5
I;:HSEEHM_ IN47284 1N47294 1NV4730A4 1N47314 147324
Mg bpurager ) 7 3 3 e
I;:H:aﬁnm_ 147334 | 1047344 | 1M47354 | 1047364 | 1047374

Hccnenopanne npsAMoH BeTBH BOJLTaMIepHOH XapaKTepHCTHKH
cTabHMHTPOHA IPOBOIHTCA MO cxXeMe puc. 1.6, a odpaTHOH — Mo CXeMe
puc.1.7.

nDpFI,EI,DI{ BbINOTHEHWNA paf)DTI:-I npu LccnegoeaHnn
BbINMPAMUTENBHOMO auoia

1. O3HAKOMHTBCSA € AMeKTPHIECKHMH CXeMaMH I CHATHS MPSMOH
i o0parHoii BeTBell BOMLTAMIEPHOH XapakTepHCTHKH JHOAA BXOSII] HMH
B HHX mpHOopaMH H snemeHTamu (puc. 1.4 u 1.5).

2. OTBeTHTh Ha KOHTPOIL Hble BOMPOCHI H PACIHCATLCH B JKypHAe
nmo TexHHKe DezonmacHocTH. ITomyduTh paspellieHHe Ha BLITOTHeHHE JTabo-
patopHOii paboTbL
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Fuc. 1.6 Cxema Omdg HCCNENoBAHHA TP AMOH BEETEH
EONBTAMIIEPH Off Xap aKTepUCTHEM CTabMIMTD OHA

FA
| Al P
(T)D rln& o V| Py
@

Puc. 1.7 CxeMa HeoleOoBaHHA obpaTH O BeTEH
BONbTaMIIepH OH XapaKTepHCTHEH cTabHIHTpOHA

3. BKIoYHT, KOMIOBIOTEP H 3alyCTHTh NOporpammy Flectromics
Waorkbench (Pabounii cron Windows —2 mamka « YueOHBIH mpolecc» —2

= Electronics Waorkbench).
4. "Beiramute” Ha pabodee mone mporpaMmbl Flectronics

Workhench Bce HeoDXOIHMBIE I CXeMbI SJIeMeHThI H IpHOOpBL Jlns
STOr0 HAKATh HA MAHEIH IPyOn OHOMHOTEKH KOMIIOHEHTOE KJIARHIIY
Sowrces. 3aTeM H3 BLINAJAIONIET0 MEHIO BLIOpaTh MHKTOTpaMmy Battery
(HCTOYHHK MOCTOSHHOIO HANPSDKEHHS) H MepeTallHTh Ha palodee moe.
[THKTOrpaMMa NpeBparTHICcs B ycliopHOe rpadideckoe H300paKeHHe HC-

TOYHHKA HaNpsTKeHHSL.
5. PackpbITh HIeJMKOM MBIIIH [0 KIapHIme [Diodes Tpynmy aHon-

HbIX KOMIIOHEHTOR OHOMHOTEKH H H3 BIIOXKEHHOTO MeHK0 MMepeTallHThb
IHKTOTPaMMY BRIMPSIMHTEILHOT 0 qHoAa { Diode ) Ha paboiee moe.
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6. BeiOpate knasumy /ndicators (HaxaTs), 3aTEM U3 BbIIAAAOIICTO
MECHIO TIOCJICI0OBATEIILHO MEPETAMTh HA padoyee mosie BoabT™MeTp (Volt-
meler) U aMOEPMETp (Ammeler).

7. Cobpats cxemMy Hu3 padoOyux »3JIEMECHTOB, B COOTBETCTBHH
¢ puc. 1.4. CoeAMHCHUE 3IECMCHTOB MPOU3BOIUTCS C TTIOMOTIBEO MBIIIIH.

8. 3a1aTh 3HAUCHUA MAPAMETPOB IJICMEHTOB, BXOIIINUX B COCTAB
HUCCICAY EMOU DIICKTPUUCCKOU CXEMBL.

8.1. lmsa 3amaHust TpeOyeMoro 3HAYCHUS HAMPSIKCHHUS JBOWHBIM
IICTYKOM JICBOM KHOMKHU MBIIIH MO W300PAKCHUIO HCTOYHHUKA MOCTOSHHO-
r0 HAMpPsDKEHUSA BBI3BATH AMAJIOTOBOE OKHO CBOMCTB 3lieMeHTa (Battery
Properties) u yCTAaHOBHTb B CTPOKE Value BEIWYMHY HANPSIKCHUSA U €TO
pa3mMepHoCTb. [Tocie yero HaxxaTs kiasumy OK.

8.2. Insa 3agaHus mMApaMeTPOB AMOAA ABOWHBIM IICTYKOM JICBOM
KJIABUIIM MBI MO0 H300pAXEHUIO AWOJA BbI3BATH MEHKO Diodes
Properties, BoiOpaTb OMOMUOTEKY generall m B HEHW BbIOpaTh THI AWOJA,
yKazaHHbId B Ta0. 1.1. Haxkate kmasumy OK.

8.3. [Insa 3amaHusi mapaMeTPOB HM3MCPHUTCIBHBIX MPUOOPOB JIBOM-
HBIM IIETYKOM MBIIIH MO U300PAKCHUIO BOJIBTMETPA OTKPBITH KOHTCKCT-
HOC MEHIO Voltmeter Properties u yCTaHOBUTH B onuuu AMode pon u3me-
psiemoro Toka — DC (TIOCTOSIHHBIN), a B ONMIUU Resistance (R) — BEIUUUHY
BHYTPCHHETO COMPOTHUBJICHUSI BobTMETpa —10 MOwM. HaxaTe ki1aBuiry
OK. AHaJOTHYHBIM 00PA30M 33/1aTh MAPAMETPHI AMIICPMETPA: PO TOKA —
MOCTOSIHHBIN, BHYTPEHHEE COMPOTHBJICHUE amniepmeTpa — 1 MOm.

9. BeicTaBuTh Ha4YanbHOES 3HAUYEHHE HANpsHKEHUA O B, BKIFOUUTH
COOpAaHHYIO CXCMY W MPOHM3BCCTH U3MCPCHHS TOKA M HAMPsDKCHUA. Brutro-
YCHHUE MPOU3BOIUTCS YKA3ATEJIEM MBIIIM YCTAaHOBKOM KHOINKHU C H300pa-
JKCHUEM BBIKITFOYATENA B MOJOKCHHE «1». KHOMKa-BBIKIKOYATEIH HAXO-
JHUTCS B BEPXHEM MPABOM YTIIy OKHA IporpamMmel Flectronics Workbench.

10. OcTaHOBUTH MPOLECCC MOACTUPOBAHHS IICTYKOM MBIIH TIO
KHOTIKE-BBIKITFOYATETIO (TIEPEBECTH €0 B COCTOSHUE «0»).

11. U3MeHAA 3HAYCHUE MAPAMETPOB UCTOYHHKA HANMPsOHKCHUA OT 0
10 0,85 B u peructpupys NOKasaHWsi aMIepMeTpa U BOJIBTMETPA, UCCJIE-
JIOBATh MPSIMYKO BETBb BOJIBTAMIICPHOM XaPAKTCPUCTHKU JUOAA.

Pesynbrarsl u3mMepenmii 3anectu Tadm. 1.3.
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Ta6muma 1.3

U B 0 0,2 0.4 0,6 0,65 0,7 0,75 0,8 0,85

I, MA

7, OM

12. Tlo 3KCHECPUMCHTABHBIM JAHHBIM PACCUUTATh H 3QHECTH
B TA0J. 1.3 3HAUCHUS MPSIMOTO JUHAMHYCCKOTO COMPOTHBIICHUS THOIA

rae Aly,, AUy, — IPHPAINEHHS TOKA M HANPSHKCHMS, ONPEICICHHBIC II0
BOJIbTAMIICPHOU XaPAKTCPUCTHKE.

13. UccnenoBaTh 0OpaTHYH BETBH BOJIBTAMIICPHOW XapaKTCPUCTH-
KM JU0Ja mo cxeMe Ha puc. 1.5. CxeMy MOKHO coOpaTh Ha YUCTOM pado-
YeM I0JIE, 3 MOKHO OTPEIAKTUPOBATH MPEABIIYIIYEO0 CXEMY.

14. U3MeHsAA 3HAYCHUE MAPAMETPOB UCTOYHHKA HANMPsOHKeHUA OT 0
110 300 B u peructpupysi NOKa3aHus aMIepMeTpa U BOJIBTMETPA, UCCIIEN0-
BAaTh OOPATHYK BCTBb BOJBTAMIICPHON XapAKTEPUCTUKH AWOa. Pesynbra-
THI U3BMEPEHHUS 3aHECTH B Ta0. 1.4.

Ta6numa 1.4

Ussp. B 0 10 20 50 100 200 300

I o6p> MKA

15. lna 3HaueHua oOpatHOro HampspkeHHA Uy, = 200 B paccun-
TaTh 3HAYCHUE CTATHYECKOTO OOPATHOTO COMPOTUBIICHUS

(]o6p

R, =—2%

166p
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16. IlocTpouts mpsAMyr0 U OOpPATHYK) BCTBH BOJBTAMIICPHOM Xa-
pakrepuctuku auoaa /= f(U). [Ipsmyro BETBb aMMPOKCUMHUPOBATH JABYMsI
OTPE3KAMHU U ONPEIACIUTH BEIUYMHY TOPOTOBOTO HAMPSLKEHUSA Uy, AUOAA.

17. Tlocne OKOHYAHUA MOJACIBHOTO JSKCIIEPUMEHTA 3aKPBITH CO3-
JaHHBIH (paitn 6€3 COXPAHCHUS BHCCCHHBIX H3MCHCHUH.

Mopanok BeinonHeHUa paboTbl Npu nccnegoBaHum
cTabunuTpoHa

1. Cobpate cxemy puc.1.6 ama HCCACAOBAHUS MPSIMOH BETBU
BOJITAMIICPHOM XapaKTEPUCTHKHN CTAOUIUTPOHA.

2. 3a1aTh 3HAUCHUSA MAPAMETPOB 3JIEMEHTOB MOJACTHPYECMOU CXEMBI
CICAYOIIUM 00Pa3oM:

2.1. JIBOMHBIM MICTYKOM JICBOW KHOMKH MBIIIH MO H300PAKCHUIO
CTAOMIIUTPOHA BBI3BATH AUAJIOTOBOC OKHO €ro CBOUCTB (Zener Diode
Properties), BolOpaTb OUOMNOTEKY mofor 1n U B HEH COOTBETCTBYHOIIUU
T1aba. 1.2 Tun crabumurpona. Haxxars knasumy OK.

2.2. YCTaHOBUTH CICAYIOIIUC MAPAMETPBI U3MCPHUTCIBHBIX MPUOO-
POB: poa TOKa — NMOCTOAHHBINA (DC), BHYyTPEHHEE CONMPOTUBICHUE aMIICp-
metpa — 1 MOM, BoteT™MeTpa — 10 MOM.

3. UccnemoBath MpAMYH0 BETBb BOJBTAMIICPHON XAPAKTEPUCTUKH
CTAOWJIMTPOHA, U3MCHSISA 3HAYCHUS UCTOYHUKA HanpshkeHus ot 0 1o 1,2 B.
PesyabsraTel u3mMepeHuit 3anectu B a0 1.5.

Ta6muma 1.5

Unp. B 0 0,2 04 ] 055 0,6 0,7 0.8 0.9 1.0 1.2

I, MA

Fip, OM

4. CoOpaTh CXeMy O HCCICIOBAHHA OOpPATHOW BCTBU BOJIbTAM-
MIEPHOU XapaKTePUCTHKHU CTaOUIUTpOoHa (puc. 1.7).

5. UccaenoBaTe OOPATHYIO BETBb BOJBTAMIICPHON XapaKTCPUCTUKH
CTAOMIIUTPOHA, U3MCHSS 3HAUCHUA MCTOYHHMKA Toka oT 0 mo 100 MA. Pe-
3yIBTATHI H3MCPCHUH 3aHECTH B Ta0M. 2.2.

6. [TocTpouts rpaduk BOIBTAMIEPHON XAPaKTCPUCTUKHU CTAOHIIH-
TPOHA (MPAMYO U OOPAaTHYIO BETBH).
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Ta6numa 1.6

Losp MA 0 0,5 1 2 5 10 20 40 80 100

U06pa B

7.1lo oOpaTHOM BETBH BOJBTAMIICPHOW XAPAKTCPUCTUKU OMPEAC-

JUTH!
— MHHUMAJIbHBIH [, M MAKCUMAJbHbIH [,  TOKH CTAOMIH3A-
IHH,
— MHHEMANbHOS Uy, M MakCHMambHOE U,  HANPDKEHHA CTa-
OMIH3ALMH.

8. Paccuurars:
— CpEeaHEE 3HAYCHUE TOKA CTAOMITH3ANH

— TMHAMAYICCKOE COMPOTUBIICHHE CTAOMIUTPOHA B CEPEIUHE y4a-
CTKa CTAa0MIH3AIHT

R:%
Al

>

obp

rae AU g, B Al 5, — IPUPALICHIS HANPSDKCHIS H TOKA B CCPEIUHE Pado-

YEro y4acTKa CTAaOMJIUTPOHA.

9.110 3KCHEPUMEHTAJIBHBIM JAHHBIM PACCYUTATH U 3AHECTH
B Ta0J. 1.6 3HAYCHHUA NMPAMOTrO AMHAMHYCCKOTO COMPOTUBICHUS CTAOUIIH-
TpOHA
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AU,
Yo = ,
ALy,

rae Alyp, AUnp, — IpHpAIIEHUS TOKA M HAIPSDKEHUSA, OTIPEACIICHHBIE TI0
BOJIbTAMIICPHOU XaPAKTCPUCTHKE.

10. Tlocne okOHYAHUA MOJAECIBHOTO JSKCIIEPUMEHTA 3AKPBITH CO3-
JaHHBI (pain 0e3 COXpAaHEHUSA BHCCCHHBIX U3MCHCHHMH U 3aKpBITh MPO-
rpammy FElectronics Workbench.

CopepxaHue oTyeTa

1. Lleas u mporpamMmma pabOTHI.

2. CXeMbl BHPTYaJIbHBIX YCTAHOBOK, BBIMOJTHCHHBIC MO OTCYCCT-
BCHHBIM CTAHIAPTAM.

3. TabHiBl U BOJBTAMIICPHBIC XapPAKTCPUCTHKH JHOAA U CTAOUITH-
TPOHA, MOCTPOCHHBIC TI0 PE3YIbTATaAM IKCIICPUMEHTOB.

4. PacueT OCHOBHBIX APAMCTPOB AMOA U CTAOMIIUTPOHA.

5. Kparkue BbIBOABI IO PadOTE.

KOHTpOsbHbIe BONPOCHI

IIpu oonycke Kk supmyaibHbIM UCCIIEOOBAHUAM:

1. KakoBsI 1ie1s u mporpaMma padoTsi?

2. Kakue BbI 3HAETE MOy MPOBOAHUKOBBIC MATCPUAITBI?

3. UeM OTAMYArOTCS MOy MPOBOIHUKH 71- H p-THIIOB?

4. YTO ABIAETCA OCHOBHBIMH HOCUTEJIIMU B TIOJIYIIPOBOJHUKAX
n-THmna’?

5. Yto ABAAETCA OCHOBHBIMU HOCUTEILIMU B MOJIYIIPOBOHUKAX
p-tuna?

6. UTO ABIAETCA HEOCHOBHBIMU HOCHUTE/SIMU B I10JIy POBOIHUKAX
n-THmna’?

7. UTO ABJIAETCA HEOCHOBHBIMU HOCHUTCJISIMH B IIOJIYITPOBOIHUKAX
p-tuna?

8. Uro mpeacraBiseT coboit pn-nepexon?

9. I3 kakux noaynpoBOJHHUKOB COCTOAT AUOAbI M CTAOMIUTPOHBI?

10. KakoBbl Ha3HAYCHHE W OOJACTH MPUMECHCHHS TOIYTPOBOIHU-
KOBBIX BBIITPSMUTCIBHBIX JUOAOB?

11. KakoBbl Ha3HAUCHHE W OOJACTH MPUMECHCHUS TOIYTPOBOIHU-
KOBBIX CTAOMJIMTPOHOB?

18



12. YUro Takoe BOJbTAMIICPHASA XAPAKTEPUCTUKA MOJIY MPOBOIHUKO-
BOTO A10a (CTAOMIUTPOHA)?

13. Kak 0003HAYAIOTCS MOJIYMPOBOAHUKOBBIC JUOMBI U CTAOWIIH-
TPOHBI HA MPUHLIUITHAIBHBIX JICKTPHUCCKUX CXEMaX?

14. Kakas BETBb BOJBTAMIICPHOM XAPAKTCPUCTUKHU ABJSICTCA pado-
YyeH A1 CTAOWITUTPOHA, A KAKad AJIS BBITPSIMUTEIBHOTO HO0a7?

Ipu 3awgume pe3ynomamos pabomel He0OXOOUMO 3HAMb OMEEMbl
Ha 6ce @vlulenepeducientvle GONpPoOCkl U, KpoMme mo2o, HeobXooUMo
YMemb.!

1. OOBACHUTH YCTPOUCTBO W MPHHIMI ACHCTBHS TOJYTPOBOIHH-
KOBOTO JMOJAa U CTAOUIMTPOHA.

2. OOBACHUTH MOBCACHUE BOJIBTAMIICPHOM XAPAKTEPUCTUKH MOJTy-
MIPOBOIHUKOBOTO JAMOJA U CTAOWIUTPOHA.

3. HapucoBaTh NMPUHLIUMUATILHBIC 3JICKTPHUCCKUE CXEMBbI YCTaHO-
BOK JJISI CHATHSI BOJIBTAMIICPHBIX XapPAKTCPHUCTHUK TUOA B CTAOMIUTPOHA.

4. OnmpeacIuTh W3 BOJBTAMIICPHBIX XAPAKTCPUCTHK JHOJA W CTa-
OWJIMTPOHA UX OCHOBHBIC MTAPAMETPHI.
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2. BUNONAPHbBIE TPAH3NCTOPDI

TeopeTuyeckue ceeaeHus

bunonaspHeIME TPAH3UCTOPAMH HA3BIBAKOTCS MOJTy TPOBOAHUKOBBIC
MPpUOOPHI, MMCIOIIHUE TPEXCIOWHYIO CTPYKTYpYy (cM. puc.2.1,a, 0) npn
WU pnp TUIA.

a 5

SMHTWB' 17} p n hKonneKTop SMHITEQ' p n p hKOJ‘U‘[CKTOp
TSasa T5a3a

Puc. 2.1. CTpyKTypbl OUIIOJISIPHBIX TPAH3UCTOPOB
npn-tuna (a) u pup-tuna (0)

Jlms mpou3BOACTBA OMMOIAPHBIX TPAH3UCTOPOB B HACTOSIICC BPC-
MsI B OCHOBHOM HCTOJIB3YKOTCSI MOHOKPUCTAJLTBI KDEMHUS, KOTOPBIC JIETH-
pyrorca dnemMcHTaMH 111 rpynmbl XUMUYECKUX 3JICMCHTOB JJIA TOJTYy4YCHHA
MOy MPOBOIHUKOB p-THIA U 3JICMEHTAMH V TPYMIBI A1 TOJIYYEHHS TO-
JYTPOBOAHUKOB 77-THNA. B MOIynmpOBOAHMKAX 77-TUMA OCHOBHBIMH HOCH-
TEJSIMU SIBJTFOTCSI OTPULATEIBHO 3aPSYKCHHBIE JJIEKTPOHBI, a B MOJIYIPO-
BOJHHUKAX p-THUIMA OCHOBHBIMH HOCHUTCJISIMH SIBIITFOTCS TOJIOMKUTCIBHO 3a-
PSYKCHHBIE TBIPKH.

B COOTBETCTBUU CO CTPYKTYPOU PaA3IHMUYAOT OUTIOIAPHBIC TPAH3HU-
cTOpsl 17pn- U pnp-tunoB. Cpeansaa oOIacTh Yy HUX HA3BIBACTCA 0a30il, a
KpaWHHC — 3MHUTTCPOM U KOJUICKTOPOM. B 3MHTTEpE KOHUCHTpALMA OC-
HOBHBIX HOCHTEIICH B COTHH pa3 Ooiblue, YeM B KOJUICKTOpe. B ycumm-
TCIIBHOM PCOKHME 0a30-3MUTTCPHBIM pr-TICPEXOJ BCCTAQ BKIFOYAKOT
B MPSIMOM HAMPABIICHHUH, a 0230-KOJUICKTOPHBIN pn-TIEPEX01 — B 0OPATHOM
(em. puc. 2.2). Ko BceM TpeMm 00JaCTAM TPAH3HCTOpPA MPHCOCIUHCHBI
3NEKTPOAbI (BBIBOABI), KOTOPBIE UMEKOT AHAJOTHYHOE COOTBETCTBYIOLIEH
00IaCTH HA3BAHUC.

[TpuHomn paboThl TPAH3UCTOPOB OOOMX THUIOB OAWHAKOB. Pa3mm-
YUE COCTOUT JIMIIb B TOM, YTO B TPAH3UCTOPE /1pyn-TUNA YePe3 0a3y K KOJI-
JEKTOPY ABHUTAKOTCSA 3JEKTPOHBI H3 DMHUTTEPA, a B TPAH3UCTOPE prp-TUTIA —
aeipku. Konnekrop u 6a3a TpaH3UCTOpa 7pn-THINA MOAKIIOYAKOTCS K TMO-
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JIO’KUTCITHHBIM TOTFOCAM UCTOYHHKOB IMUTAHKS, a KOJUICKTOP U 0a3a TpaH-
3UCTOpa pnp-THNA — K OTPULATEIBbHBIM. B yCIOBHBIX rpa)uyeckux 000-
3HAUCHUAX TPAH3UCTOPOB 3MHUTTCP U300PAXKACTCS B BHAC CTPCIIKH, KOTO-
pas YKa3bIBAET MPSAMOE HANPABICHUE TOKA 3IMUTTEPHOTO MEPEXOAA.

K K
Iy + Iy N
Iy VTl I VT2
b i > U KD B_ > Ukn
Ugy
ED
. &) ]9 _ n 9 ]9 +
npn pnp

Puc. 2.2. YcnoBHble rpaduueckie o003HaueHUS OUTTOISPHBIX TPAaH3UCTOPOR
U TIOJISIPHOCTH HaIIPsDKEHUH MEXKTy UX BBIBOJIAMHU
(OKpY>KHOCTH B OOO3HAUECHUSIX TPAH3UCTOPOB MOKET OTCYTCTBOBATD)

B 3aBHCHUMOCTH OT TOr0, KAKOU U3 BBIBOJIOB TPAH3UCTOPA SBJACTCA
OOmMM 11 BXOJHOW W BBIXOJHOW LCTICH CUTHAJA, CYMICCTBYIOT TPH OC-
HOBHBIC CXEMBI BKJIFOUCHHS TPaH3UCTOpa (puC. 2.3): ¢ OOMUM SMHUTTEPOM
(03), ¢ obmmm xomnekropom (OK), ¢ odmei 6a3zou (OB). DMUTTCPHBIH
MEPEXO0/I BKIIFOYACTCS BO BCEX CXEMaX B MPAMOM HAMPABICHHUH, A KOJLICK-
TOPHBIA — B 0OPAaTHOM.

K D
e + 4 M2k Inn prs —
Is VTl Iy 'K I
0w T s 2
Uss Usg I. Us @
— D Iy _ + By b B % +

Puc. 2.3. Tpu cxembl BKIIOUEHH S TpaH3UCTOpA!
VT1 — ¢ obumM smurtepom; V72 — ¢ obuielt 6a3ol; V73 — ¢ o6IIUM KOJIEKTOPOM

BunoypHBI TPAH3HCTOP ABIACTCA YCWIMTCICM TOKa. B cxeme
¢ O3 (puc. 2.3 Tpansucrtop J71) BXOAHBIM ABIIETCS TOK 0a3bl /i, a BbI-

XOJHBIM — TOK KOJUIEKTOpa /[ . TpaH3uCTOp YCUIMBACT B IECATKH pa3 Oa-
30BBI TOK. OTHOIICHHUE BBIXOJHOTO, KOJJICKTOPHOIO TOKA K TOKY 0a3bl
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HA3bIBACTCS CTATHUCCKUM KO3(PPUIMCHTOM [3 yCHICHUA TOKA 0a3bl B CXC-
me ¢ O9:

B=1K ~30. 500,
]B

TOK KOIIEKTOpa 00pa3yeTcsi 3a CYET MEPEHOCA JJICKTPOHOB W3
AMUTTEpPA Yepe3 0asy B komiekTop. [lomaBmme B 0asy 3iekTpoHs! aud-
(QYyHAMPYIOT K KOJJICKTOPY MPH 3TOM YacTh U3 HUX PEKOMOMHHUPYET (00B-
COUHACTCA) C OCHOBHBIMH HOCHTEJISIMH Oa3bl — AbIpkamu. B pesynbrarte
PEKOMOHHALIMHU O00pA3YHOTCAd HCUTPATBHBIC ATOMBI U BOSHUKACT OA30BBIN
TOK /. M3-3a Manou TOMMHBI 0a3bl B HCH PCKOMOHMHHUPYCET TOJIBKO Maas

YaCTh JJICKTPOHOB (CIMHUIIBI MPOLIECHTOB), a OOIbINAsA 4YaCTh JOCTUTACT
IPaHULBI KOJJICKTOPHOM 001aCTH.

[ToMOXUTETPHOE HAMPSKCHUE KOJUICKTOPA OKA3BIBAET BTATHUBAKO-
mee ACUCTBHE HA JJICKTPOHBI, mpomeamue 0asy. OHU momagaroT B KO-
JEKTOP M 0Opa3yrOT KOJUICKTOPHBIA TOK [y . Kosnekropa mocturaer oc-
HOBHAS YaCTh JJICKTPOHOB (0osee 95 %), mo3roMy TOK 0Oa3bl MOTyYaeTCs,
HAMHOTO MCHBIIE TOKA KOJJICKTOPA. B TpaH3UCTOpPE BCEraa BBIOIHACTCS
ycaoBue /[ = [ +1.

HmeeTca, kK COXKANCHUIO, €IIC W MAPA3UTHAS COCTABIIAKOINAA KOJI-
JCKTOPHOTO TOKA, MOJYYMBINAA HA3BAHHC OOpPATHOrO TOKA /g, KOJIICK-

TOPHO-0230BOTO MEPEX01a. ITOT TOK 00pa3yeTCA 3a CUCT ABMXKCHUS KOJI-
JCKTOPHBIX HCOCHOBHBIX HOCHTEIICH (ABIPOK) B 0a3y, a 0A30BBIX HCOCHOB-
HBIX HOCHUTENEH (DIEKTPOHOB) — B KOIIEKTOP. TOK /iy IIPU KOMHATHOU

TEMIEPAType YPE3BBMAWHO Maj, OJHAKO OH PE3KO (10 3KCIOHCHIUAIb-
HOMY 3aKOHY) BO3PACTacT C YBCIUUCHUCM TEMIICPATY PbL
C yueToM 00paTHOTO TOKA KOJUIEKTOPHOTO MIEPEX0Ja HMEEM

O4eBHOHO, YTO TOBOPHTH OO0 YCHIIMTCIBHBIX CBOMCTBAX TPAH3H-
CTOpa MMEET CMBICT MOKA TMOJIE3HAS COCTABILIIOIIAS TOKA KOJUICKTOpa Cy-
HICCTBEHHO OOMBIIC MAPA3UTHOM COCTABIAOWICH [/ >> [y .

OCHOBHBIMH BOJBTAMIICPHBIMU XAPAKTEPUCTUKAMH TPAH3HCTOPA
ABIIFOTCS CTATMYECKHE BXOJHASA M BBIXOJHAA XapAaKTCPUCTUKHU. 3aBHCH-
MOCTh [ = f(Ugy)pu Uy = const HA3bIBAKOT BXOAHOM, a 3aBUCUMOCTh
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Iy = f(Ugn) mpu /g =const — BBIXOJHOW CTaTU4ECKOU BOJBTAMIIEPHOU

xapakrepuctukoi (BAX).
BAX cHUMArOT npu pa3JIudYHBIX MOCTOSHHBIX 3HAYCHUAX HAMPSIKE-
HUS MEKIY KOJUICKTOPOM M SMUTTEPOM Uy | TOKax 0assl /. [Ipu 3TOM

MOJTy4ArOTCS CEMEHCTBA CTATHUCCKUX BXOJHBIX U BBIXOJHBIX XapaKTCPH-
CTHK, KOTOpBIC MPEACTABICHBI HA puc. 2.4 a, 0, B.
ITpu Ug, =0 oba mepexona TPAH3UCTOPA BKIKOYCHBI B MPAMOM

HanpasiIcHUM U BXoaHAat BAX moaoOHa 0OBMHOM XapAaKTEPHUCTUKE MOJTY-
IIPOBOJHUKOBOTO JHMOJA, CMENICHHOrO B MPAMOM HampasieHud. [Ipu mo-
JA4e MOJOXKUTEIBHOTO KOJUICKTOPHOTO HanpspkeHus (Uypr >0) xapakre-

PUCTHKA CMEINACTCS BIIPABO, TAaK KAK OCHOBHASA YaCTh 3MUTTECPHOIO TOKA
UJCT B KOJUICKTOP M TOK 0a3bl CTAHOBUTCA CYIICCTBCHHO MCHbIIE. B 6a3o-
KOJJICKTOPHOM LIETU IOSABIACTCA TOK —/y(, HAIPABJICHHBIM HABCTPEUY

TOKY /. J7s KOMIIEHCAMK 3TOr0 TOKA B LEMU 0a3bl HY)KHO CO3JaTh TOK
Iy = Iy, IPHIOKUB COOTBETCTBYIOLIECE HANMPDKCHUE Uy . ITO MPHUBOIUT

K CMCIICHHUIO BXOJHOW XapaKTEPUCTHKU BIPABO U HEMHOTO BHU3.
Ha Oonpmielf yacTH BBIXOJHBIX XAPAKTEPUCTHK TOK KOJUIEKTOpA
MOYTH HE 3aBUCUT OT HAMPSDKCHUS Uyry. ITO OOBACHACTCS TEM, YTO 3JICK-

TPHYCCKOC TOJIC, CO3AaBACMOC HAMPSHKCHUEM Uy, TIPAKTHYUCCKH MOJTHO-

CTBIO TPHUKIAABIBACTCA K KOJUICKTOPHOMY TCPEXOAY, KAK K YYACTKY,
UMEIOIIEMY HauOOJIbIIee COMPOTUBICHUE. B 3T0# cuTyaruu noje BHE me-
PEXOJ0B OTCYTCTBYCT U 3JICKTPOHBI, CO3JAIOIIUC TOK KOJIJICKTOpA, ABHUra-
FOTCS Yyepe3 0a3y UCKIIIOUMTEIILHO B pe3ybTare Ju(@y3um, CKOPOCTh KO-
Topod mocTostHHA. Craa KOJUICKTOPHOTO TOKA MPH MAJbIX HAMPSKCHUAX
Ugn <1...1,2 B 00ycn0BiIcH OOpaTHOM HMHKCKIUCH JICKTPOHOB U3 KO-

JCKTOpa B 043y, T.€. MEPEXOAO0M TPAHZUCTOPA B PEHKUM HACHILLCHHUS.

Ha cemeiicTBe BhIXOaHBIX BAX MOKHO BBIACIUTH UETHIPE 00IaCTH
(cMm. puc. 2.4, B): | — HaceimeHus, 11 — orceuku; Il — muHEeHOTO yCHIe-
HuA, [V — 3anpeesibHbIX PpEKUMOB.
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Puic. 2.4. CTaTidecke XapaKTepUCTHKH OUITOJSIPHOIO TpaH3KrcTopa B cxeme O3
a — BXOJIHbIE R JIMHEHHOM MacmTabe; 6 — BXOJIHBIE B ITOYJIOTapH GMHYECKOM MacIiTale; B — BLIXOHHEIE,
1 — obnacts HacklmeHus; 11 — o6nacTh orceurds; 111 — ob6macTs MMHeNHOTO yeuneHust; IV — oGnacTs 3aTipeIeNbHBIX P EXKMMOR



ITpu pacyerax yCHIMTEIBHBIX KACKAI0B B PEKUME MAJIOT0 CUTHAJIA
IMUPOKO HCTOJIB3YETCS MOACTh TPAH3UCTOPA, KAK AKTHBHOTO YETBIPEXIIO-
JFOCHHKA C /-mapaMeTpaMu. TPaH3uCTOP, BKIFOUCHHBIA MO CXEME C 00-
UM 3MUTTEPOM, IIPEACTABIIAOT B BU/IC YETHIPEXIIOJIKOCHUKA PUC. 2.5.

Al Al
AXKTUBHBIN YeThIpeX-

l A U159 [IOJIIOCHUK l A UK3
2 2

Puc. 2.5. Tpanzucrop, BKJIFOUEHHbIH 110 cXeMe ¢ OOIIUM SMUTTEPOM,
KaK aKTHBHBIH 4EeThIPEXIIOJIIOCHUK

Cea3p  Mexkay BXogHbIMH  (AUg,, Alp) H  BBIXOAHBIMHU
(A, AUyn) mpUpamCHUAMH HATIPSODKCHUN U TOKOB YCTBIPCXIIOIFOCHUKA

VCTAHABIIMBACTCA CUCTEMOM ABYX YpaBHCHHUH C KO3 (PHIIUCHTAMH, KOTO-
pbIC HA3BIBAKOT /- TAPAMETPAMH TPAH3UCTOPA, BKIFOUCHHOTO MO CXEME
C OOIIUM SMHUTTEPOM:

AUgy = Iy, Al + By AUy
Jdns cxembl ¢ OO A-mapaMeTpsl UMCIOT CICAYIOMMNA (DPU3HUCCKUN
CMBICT

Al y
h219 :FK npu Uyr =const — audpdepeHumanbasii kKo3Pppunu-

B
CHT YCHUIICHHS TOKa 0a3bl;
AUy,
1, = npu Uy, =const — BxogHoe au(pdepeHumaaTpHoe
3
COTPOTHUBJICHUC TPAH3UCTOPA;
Aly
22, :F npu /g =const — BeIXOAHASA Au(epeHINATbHAL
KD

MPOBOIUMOCTb,
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_ AUgs
124 =
AUy
BHYTPEHHEH 0OpaTHON CBS3H IO HAMPSKSHHIO.
Hna cxeMel ¢ OD BXOZHOE CONPOTHBJICHHE COCTABIET

npu Ig=const — GespazMepHbIH KOd(UIIHECHT

oT 1 10 10 kOM, a BBIXOJIHAS IPOBOJAUMOCTb — OT 1074 10 107 Cwm.

B paGoueit Touke A Ah-mapameTpbl TpaH3MCTOpa MOKHO OTIpejie-
JUTH rpaduUecKuM Iy TEM.

[TapameTtpsl Ay 1, HAXOJIT IO BXOJTHOM XapaKTepHUCTHKe puc. 2.6.

A
Iy
Ag ~
A 0
P
Al‘ \ 4
. | AUgs
0 Ugs g

Puc. 2.6. IlocTpoeHus Jyis onpeaeaecHus hl I

Ha BXonHOM XapakTepucTUKe BhIOUpatOT BOIM3U pabouel Touku A
JIBE€ BCIIOMoOratesibHble TOUKA A U A, (IpUOIM3UTEIIBHO Ha OJIMHAKOBOM
pPacCTOSHUM), HAXOAT NPUPAIICHUS HANPSKEHUS U TOKa 6Ga3bl U paccuu-
TBIBAIOT BXOJIHOE TP depeHIIHaTbHOE COTIPOTUBIICHHE Iy -

[TapameTprl h223 5 h213 OMPEACIIAIOTCS U3 CEMEHCTBA BHIXOIHBIX
XapaKTepUCTHK TpaH3UcTOpa puc. 2.7
Al _ Tyy Iy .
7
Alg Iy, 1y

hy, =B =
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Puc. 2.7. Iloctpoenus aiis onpeesieHus h229 u h213

BupTtyanbHbI 3KCNepUMeHT

Llenb paboTbl

1. U3yunuTh MpUHLOMN JCHCTBUSA U XAPAKTCPUCTHUKH OHIOISPHBIX
TPAH3UCTOPOB.

2. IIpuoOpecTH MPAKTUYECKUE HABBIKU MO JSKCIICPUMCHTATLHOMY
ONMPCACICHUIO XAPAKTCPUCTUK U NMAPAMETPOB OUITOIAPHBIX TPAH3UCTOPOB,
BKJIFOUCHHBIX O cxeMme oOmui sMurrep (O3) ¢ MOMOIIBIO MAKETa IMpo-
rpamm Flectronics Workbench.

3. DKCMEPUMEHTAIBLHO TOATBEPAUTh TCOPETHUECKHE 3HAHUA, TMO-
JYYCHHBIC HA JCKUUAX W CAMOCTOSTCIABHBIX 3AHATHAX MO OUMOISAPHBIM
TPAH3UCTOPAM.

Mporpamma paboTsl

1. O3HAKOMHTBCH C TCOPCTHUCCKUMH CBCACHUAMH H WHCTPYKIUCH
M0 MCTIOJIb30BAHUIO poTpaMmsl Flectronics Workbench v.5.12.
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2. M3yuuTh CXeMy BHPTYaJdbHOH YCTAHOBKH /1A HUCCIEeNOBaAHUA
CTATHYECKHX XapaKTePHCTHK GHITOMAPHOTO TPaH3HCTOpPA.

3. Ha pabGouem none nporpammbl Electronics Workbench v.5.12
co0paTh CXeMY H IIPOH3BECTH BHPTYAIbHBIH 3KCIIEPUMEHT.

4. O6paboTaTh pe3yabTaTbl IKCIEPHMEHTANBHBIX HCCIEOBAaHUHA,
HMOCTPOHTD CeMEeHCTBA BXOHBIX H BRIXOIHBIX BAX TpaH3HCTOpPA.

5. Paccunrath A-napameTpbl TpansucTopa (A, My, Aoy ).

BupTyanbHas ycTaHoBKa

BHpTyanbHBINA 3KCTIEPHMEHT BBITIOIHACTCA B MAKETE MOACIHPYIO-
mux nporpamm Electronics Workbench v.5.12, paboTalolnux B cpeje ore-
pauHoHHOH cuctembl Windows XP unu Windows 7.

ITyTb 3anmycka nporpammbl Electronics Workbench: «paGounii cton

AN
Windows» = nanka «YueGHbIi poueccy = APIbIK m
BupTryanbHad ycTaHOBKA JJ1A HccledoBaHUA OUIIOIAPHOTO TpPaH3u-
CTOpa BKIIOYAET B cel:
— WpeanpHplit HCTOMHUK NOCTOSAHHOrO HanpsxeHua £. [TyTb Boibo-

pa: rpyrnna KOMIOHEHTOB HCTOYHHKOB T| Sources = E‘ Battery (uc-
TOUHHEK HaIpAKeHHA).
—HMpeanbHplii MCTOMHUK nocToaHHoro tToka [fg. ITyte BhIOOpa:

IPyIna KOMIIOHEHTOB HCTOYHHKOB '3_| Sources = DC Currvent Source

(MCTOUHHK TOKA) %l @ .

— JBa uudposbx BonbTMeTpa PV1 u PV2 ¢ BHYTPEHHHMH COIpO-
THBJIeHUAMH 100 MOM, pabGoTaloluX B peKHMe H3MePeHHs MOCTOAHHOrO
Toka (pexum DC). ITytp BeiOOpa: rpynna KOMIOHEHTOB HHAMKATOPHBIX

[
npHbopoB Indicators - Voltmeter.

— JIpa unppoBbix amnepmerpa PAl n PA2 ¢ BHYTPEHHHM COIpO-
THBIeHHeM 1 MKOM. [IyTh BbIOOpA: IPyNa KOMIIOHEHTOB HHAHKATOPHBIX

npuGopor @ Indicators = @Ammerer.

— Bunonapueiil apn-tuna Tpansuctop V171 uz 6ubnuorexu 2a. Tun
TPaH3UCTOPA AJ KA oM Opurajbl CTYAEHTOB yKas3aH B Tadn. 2.1.

ITyTb BpIOOpa TpaH3HCTOpa: IPYNNa KOMIOHEHTOB TPAH3HCTOPOB

g Transistors — ﬁ NPN Transistor. Mopaenb TpaH3HCTOpa BhIOHpaeT-
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cs1 uz OHONMHOTekH 2 BO BRIAAKe Models cpoficTe TpanszHcTOpa (NP
Transistor Properties).

Hccnenopande OHIOIBSIPHOIO TPaH2HCTOpa NPOBOAHTCS MO CXeMe
puc. 2.8.

Tabma 2.1
M2 bpHrage! 1 2 3 4 5
I ATE DN218 SN2222 DNI2DIA 2 3904 217401
SHCTOpA
M2 bpurage! & 7 g 2 10
TunTpar-1 - 5amoig 2N2222 N2 2 3904 2N4401
SHCTOpA

Mopaaok npoeeAgHNA paboTel

1. Hecnegoranue exoaHoi BAX Gunomsipaoro TpalsHCTOpA.

1.1. Cobpark Ha paboueM mosie mporpaMmbl Flectronics Workbench
v.5./ 2 ¢cXeMy, IPHEE/ICHHYIO Ha pHC. 2.8,

1.2. 3apnate MOAe/L TpaH2HCTOPA E COOTBEETCTBHH C [JAHHLIMH
tadbm 2.1 us OubnnoTeKH general BO BRIAMKe Afodels CBOHCTE TPaH3HCTO-
pa (NPN Transistor Properties).

PA2
| Dooop A
PA »
| o.ooop Al e —
l K 2MN2218 e Y
CD 6 [ -oo0op V]| Pv2
U | n.000p V| Py »—
® ® ® =

Puc 2.8 Cxena Ond McolegoBaHua BAZ DUNOMApHOTO TPaHsSUCTOpA

1.3. Bo exmaake Value CBOHCIE BOILTIMeTpPOR (Volbmeter
Froperties) yCTAaHOBHTL  PEXKHM  H3MepeHHSI IMOCTOSHHOTO TOKa
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(Mode: DC) wm 3amaTh BHYTPCHHEC COMPOTHBICHHC BOJBTMCETPA
(Resistance) (R) = 100 MOwm.

1.4.Bo Brmaake Value CBOWCTB aMmepMeTpoB (Ammeter
Properties) yCTAHOBUTH PEXUM H3MEPECHUS MOCTOSHHOTO ToKa (Mode:
DC) wm 3amate BHYTPEHHEE COMPOTHUBICHUE ammepMmeTpa (Resistance)
(R) = ImxOwm.

1.5. IIpenbsaBUTh BUPTYAJIBHYO YCTAHOBKY IJIA IPOBCPKH MHKCHC-
Py ¥ NOIYYMUTH PA3PELICHUE NPENOAABATEI HA MIPOBEACHUE SKCIIEPHUMEH-
Ta.

1.6. BKrounTh BUPTYAJIBHYHO VCTAHOBKY W, U3MECHAA BEIIMYUHY TO-
ka ucrouynuka [ or 1 go 1000 MKA B COOTBETCTBHH C JAHHBIMH

TaOJ. 2.2, U3MCPHUTh HANPIKCHUC MCEXKAY Oa3od u 3mMurrepoMm Ugn mpu

ABYX 3HAQUCHHUAX HAIPOKCHUA MCXKIY KOJUICKTOPOM W OMHUTTCPOM
(Ug» =0 B u Ugn =5 B). Pesyastarsl n3MepeHUM 3aHECTH B TadI. 2.2.

1.7. Uctioas3ys madsioH (puc. 2.9), moCTpoOUTh B MOJIyJIorapudpmu-
YECKOM MacHITade CeMEHCTBO BXOAHBIX BAX.
1.8. Paccuurarps mpu Toke 0a3bl /g =50 MKA 1151 ABYX 3HAYCHHUU

KOJUICKTOPHOTO HANMPsKCHHA BXOOHOC COITPOTHBICHHUC RBXOQ TPAH3UCTO-

pa Ipy BKIFOUCHHUH €10 10 cxeMe ¢ O, KOTOPOS PaBHO /1y, .

AU
Ry, (U =0B) =11, (U =0 B) = _A]B9 ;
b
AU
Ry, (Ug =5 B) = Iy, (U =5 By =—22.
b
Ta6numa 2.2
I,
VKA 0 1 3 10 30 100 300 1000
UBC—): MB
pu
UK3:0 B
UEB: MB
npu
UK:-):S B
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10°

1]
107 5

E

0,6 0,7 0,8 Ugn, B

FPuc. 2.9, latmoH g4 D0 CcTPOoeHHA BEXOHER DA
E [IOJYII0a0 H M e CEO M MacIITabe

2. MconmenoBaHde CTATHYeCEM® BEXKOMHBIE BAX OUNOMApHOTO
TP AHSHCTOP &,

B nmpouecce »KCIepHMEeHTA CHMMAROTCA UeThIp e BETEBM CeMeHCTEA
BEIXOOHBEE BAS npu Tokax Dasel Ip =0, 50; 1001 150 necd . Fleoneno-
BAHHA BEbIICIHAKTCA HA TOH e BUPTYANBHOH YCTAHCOBKE M IIPH TEX e
napaMeTpax H3MepHTeNbHBIE NpHoopoE, YTO H B NpefbllyIlenM SKCIepH-
WMEHTE.

2.1, ¥ CcTaHOEHMTH BENMHUMHY TOKA HCTOUHHMEA TOKA [p =0 H, Hi3Me-
HASA BENMHUMHY HAIpTHeHHA HCTOUHHKA B B COOTEET CTEMH © JaHHBIH
Tabm 2.3, cHATE 3aBUCMMOCTE [y = f(Lie) npu Ip =0, PesymbTaTe! Hs-
Mep eHHH 3aHecTH B Tabm 2.3

2.2 IIoBTOpHTE MaMepeHHd Mo 1. 2.1 IpH OpVIHE TOKaX Dasbl (CM
OaHHEIE Tabm 2.3)

a1



Ta6muna 2.3

Iy, MKA U, B I, MA

10

15

50

100

DB (N | =] | Wn

10

15

150

10

15

2.3. I'lo pe3ynbraTaM U3MEPEHUU MOCTPOUTHh CEMEHCTBO BBIXOIHBIX
BAX Tpan3ucropa npu BKroucHuu ¢ O3
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2.4. PaccunTaTh 3HAYCHUC BBIXOAHOTO COMPOTHBICHUS TPAH3HUCTO-
pa npu BKIroueHuH 1o cxeme ¢ OO npu [ =100 MkA u Uy, =5 B

AUKS — UK2 _UKI

re=(hy ) '=
D A[K

Iz = Ixa

2.5. PaccuyuTarp 3Ha4eHUE KOI(D(PHULIUCHTA YCUICHHS TIO TOKY TPaH-
3MCTOpA NMPH BKIOUCHHUHU 110 cxeme ¢ OO mpu Uy = 5B u I; =100 MxA
Aly _ Iyo —1Ixy .
Al Igy —1Ig

Brhyy, =

2.6. BRIKIIOYUTh IUTAHUE BUPTYAJIbHOW YCTAHOBKH U 3aKPBITH
(pait 6¢3 COXPAHCHHS BHCCCHHBIX W3MCHCHHUH (B BBINAIAIOMICM MCHIO File
BBIOpATh Revert o Saved... 1 B BO3HUKIIEM OKHE AUAJIOra ICIKHYTH IO
kaapuie OK).

2.7. 3akpsITh Iporpammy Flectronics Workbench.

2.8. [Ipoananu3upoBaTh MOJYYCHHBIC PE3YIbTATHI W CACIATH BbI-
BOJIBI.

CopepxaHue oTyeTa

1. Lleas paboThI.

2. TTporpamMma paboThL

3. IlepeueHb UCTIOIB3YEMBIX MPUOOPOB U 0OOPY AOBAHUS.

4. DNCKTPUUCCKUE CXCMBI TSI UCCIICAOBAHUS TAPAMETPOB U XapaK-
TEPUCTHUK TPAH3UCTOPOB MPH BKIFOUYCHUH O cxeme ¢ O3,

5. Tabmuupl ¥ rpauku C Pe3yIbTaTaMU IKCIICPUMCHTAITBHBIX UC-
CIICTOBAHUM U PACYETOB.

6. KpaTtkue BbIBOABI 10 padboTe.

KOHTpOsbHbIe BONPOCHI

IIpu oonycke K 8upimyaibHbIM UCCTEO0BAHUIM.

1. Kak Ha 3MCKTPUYCCKUX MPUHIIATHATBHBIX CXCMaxX 0003HAYAFOT-
Cs OUTIOIAPHBIC TPAHZUCTOPHI PABTUIHOTO THUIIA TPOBOIUMOCTH ?

2. Kax Ha3bIBAKOTCS BBIBOLI OUTIOISIPHOTO TPAH3UCTOPA?

3. Kak npoTeKar0T TOKH B OUIOISIPHBIX TPAH3UCTOPAX?
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4. Kak B3aMMOCBs3aHbI TOKH KOJUICKTOPA, 3MHUTTEPA U 0a3bl B OH-
MOJISIPHOM TPAH3UCTOPE?

5. Kak COOTHOCATCS TOKH B OHMIOSIPHOM TPAH3UCTOPE (KaKoH
OoJIbIIIE, A KAKOUW MCHBIIIC)?

6. Kak CBfI3aH TOK KOJUICKTOpAa C TOKOM 0a3bl, €CIH MpeHeOpeUb
0OpaTHBIM TOKOM MEPEX0I0B?

7.4Yto Takoe ctaTH4CCKUM KO3()(PUIMEHT nepeaadu Toka 0assl 3

B cxeme 09?

8. UTo Ha3BIBACTCA BXOAHOM BOJIBTAMIIEPHOU XAPAKTEPUCTUKOU
OHUTIOJISIPHOTO TPAH3UCTOPA (B CXEMC C OOIIUM IMUTTCPOM)?

9. UTo Ha3BIBACTCA BBIXOJAHOM BOJIBTAMIIEPHOU XAPAKTEPUCTUKOU
OHUTIOJISIPHOTO TPAH3UCTOPA (B CXEMC C OOIIUM IMUTTCPOM)?

10. YUto gaBIICTCSI OCHOBHBIMH HOCHTCIIMH, a UTO SIBJISICTCS HEOC-
HOBHBIMH HOCUTCIISIMH B TIOJTY MPOBOJHUKE p-TUTIA?

11. Yro aBIIETCSI OCHOBHBIMH HOCHTCIAMH, a UTO SIBJISICTCS HEOC-
HOBHBIMH HOCUTCIISIMH B TIOJTY MPOBOJHUKE #1-TUTIA?

Ipu 3awume pe3ynemamos pabomsl HeobXO0OUMO yMemb Omee-
MUmMsb Ha 8ce 80NPOChL OONYCKA U, KPOMe MO20.

1. Kak CBfI3aH TOK 3MHUTTEPA C TOKOM 0a3bl, €CTU MPECHEOPEUYL 00-
PaTHBIM TOKOM MEPEXOA0B?

2. O0bsICHUTH METOA HW3MEpPCHHS BXOAHOM BAX OumoaspHOro
TPaH3HCTOPA C TIOMOIILI0 AMIICPMETPA U BOJIBTMETPA.

3. OOBACHUTD MCTOJ M3MCPCHHS BBIXOAHBIX BAX OHIOISAPHOTO
TPaH3HCTOPA C TIOMOIILI0 AMIICPMETPA U BOJIBTMETPA.

4. Kak mo CEMEUCTBY BBIXOAHBIX XAPAKTECPUCTHK OWIOJSIPHOTO
TPaH3UCTOPA, BKIFOUEHHOTO MO cxeMe ¢ o0muM 3MurtepoM (03), ompe-
JICTUTh BEJTMYUHY BBIXOJHOTO COIPOTHUBJICHUS ¥, 7

5. Kak Ha CEMCHUCTBE BBIXOAHBIX BOJBTAMIICPHBIX XAPAKTCPUCTUK
ONpeaeauTh 00JACTH OTCEYKH, HACBHIICHHUS U TUHEHHOro pekuMa OuIo-
JSIPHOTO TPAH3HCTOPA, BKIFOYEHHOIO MO CXEME C OOMMM 3MHTTECPOM
(03)?

6. Kak M3MCHSIOTCA BBIXOJHBIC BOJBTAMIICPHBIC XAPAKTCPUCTUKH
OUTIOISIPHBIX TPAH3UCTOPOB C YBETUUCHUEM TEMIICPATYPhI?

7. Kak HW3MCHSACTCS OOpPATHBI TOK OHWIOISPHOrO TPAH3UCTOPA
C YBEJIMUCHUEM TEMIICPATY PhI?
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8. UeMy paBCH TOK KOJUICKTOPA MPH OOOPBAHHOM 3MHTTCPC OHUIO-
JSIPHOTO TPAH3UCTOPA?

9. UeMy paBeH TOK KOJUICKTOpA Mpu OOOPBAHHOM 0Oa3e OMMOIAPHO-
ro TpaH3HuCTOpa?

10. Kak CBA3aH TOK KOJJICKTOPA C TOKOM 0a3bl M OOPATHBIM TOKOM
KOJIJICKTOPHO-0a30BOTO Mepexoaa OUTOISAPHOTO TPaH3UCTOPA?

11. 3-3a yero orpaHMyuCHA MAKCHUMAajbHAs padodas TeMmeparypa
OHUITOIIPHOTO TPaH3UCTOPa?

12. Kak mo BxoguemMm BAX ompenciuts BXOJHOC COMPOTUBIICHUC
Ry, OMIOJAPHOTO TPAH3UCTOPA, BKIFOUCHHOIO MO cxeme ¢ 03?

13. Kak mo CEMEUCTBY BBIXOAHBIX XAPAKTCPUCTHK OHIOISAPHOTO
TpaH3ucTopa mo cxeme ¢ O ompeaenuth au@epeHIUATBHBIN KO3PPu-
LMCHT YCHIICHUS TOKA 03kl /1, ?

14. TTepeuncnuTs CTATUYECKUC /-MIAPAMETPHI TPAH3UCTOPA U 00B-
SICHUTb UX (PUBHYCCKUN CMBICIL
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3. MNoNynrPoOBOAHNKOBbIE BbINMPAMUTEINN

TeopeTuyeckue ceeageHus
O6Lme NnonoXxeHus

BrimpsamuTensaMu Ha3bIBAKOT YCTPOMCTBA, OOCCICYUBAKOIIUE IPE-
00pa30BAHUEC TIEPEMEHHOTO TOKA B MOCTOSHHBIN. BhImpsaMuTe M OBIBAIOT
VIIPABILICMBIMU M HECYIPAB/LICMBIMH. B yCTpOMCTBAX MEPBOro THIIA MMC-
€TCA BO3MOYKHOCTh M3MCHCHHA BBIXOJHOTO HANPSDKEHUSA, 4 B yCTPOUCTBAX
BTOPOTO THIIA TAKOW BO3MOYKHOCTH HET.

B o0meM ciayyac HEyNMpaBISEMBIH BBIIPSIMHUTEIb MOXKET COACP-
JKATh!

— oaHO(pa3HbIi WM Tpex(azHbii TpaHCHopMaTOp A MOTYUCHHUA
TpcOyECMOU BEIMYMHBI HATIPSHKCHUS HA HATPY3KE BBIMPAMUTES (MIIH TPC-
OyeMOi BeITMYMHBI TOKA B HATPY3KE);

— JUOAHYIO (BCHTUJIBHYH)) TPYIILY 3JEMEHTOB, OCYIUCCTBIAFOIIUX
COOCTBEHHO BBINIPSIMIICHUE IEPEMEHHOTO TOKA,

— CIVIAYKUBAKOIIMN (DUIIBTP A YIAYYIICHUSA KAYECTBA BBIPSIMIICH-
HOro HanpsokeHus. K BbIxoay (pUIbTpa MOAKIIOYACTCS HATPY3KAa.

OT HCTOUHMKA Cruaxu- K narpyske
TpaHc- «| Juomnas |
rd > o
TepeMeHHOTO ~ > bopmatop rpyrma BAFOIUH >
TOKa buasTp

Puc. 3.1. CrpykrypHas cxema HeyIIpaBJsieMOro BbIIPSIMUTELS

HanpssxkeHue Ha HArpy3ke MOKHO NPEACTABUTH B BUIEC IMOCTOSH-
HOW cocTaBironie U/, BBIIPSAMIICHHOTO HANPSDKEHUSI HA HATpy3Kke (Io-

JIC3HASI COCTABJISIFOIAS) U CYMMBbI TAPMOHUK C YACTOTAMH, KPATHBIMH YaC-
TOTE CETH f, (IMyJbCAUUH BBIIPAMICHHOTO HANPSKCHHUS — BPEIHAS CO-

CTaBIIAIOMIAN):
u,(H=U,+ ZUmt_sin(27tfci +¢,),
=1

rae U, —aMmmmuryza, a ¢; — $asa i-i TapMOHHUKH.
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Haubonee TpyaHo moamactcst (pUIbTpaLMH NMECPBAsi TAPMOHHUKA, TO-
3TOMY IO €€ YVPOBHIO MPHHATO OICHUBATh HA IMPAKTHKE KAYECTBO BbI-
MNPSIMJIICHHOTO HANPSDKCHUS. B KAUCCTBE YUCICHHOM OLICHKH HCIOIB3YIOT
KO3((PUITUCHT MMy ThCatuit

H H

Ilynpcaumu HANpPsOKCHUSA HA HArPY3KE MOYKHO CYIICCTBCHHO
VMCHBIINTD, €CIIH HCTOIB30BATh Criaxkuparomue Gpuastpsel C-, L-, LC-
u RC-tunos. [1pu Tokax Harpy3ku 10 30...50 A UCHOJIB3YIOT B OCHOBHOM
C-(pumbTpel. IIpu TOKaxX Harpysku Oosee 50 A OTHAKOT MPEATIOUTCHHUE
L-puastpam. LC-(uasTpsl NPUMCHSIOT MPH HAMPSDKCHUSAX HA HATPY3KE
oosee 50 B u tokax Harpy3ku g0 10...20 A. MaccorabaputHsie TOKa3a-
TEIU (PUIBTPOB IMPH TAKOM MOAXOAC MOy HYAOTCS MUHUMATBHBIMU.

KauecTBo (uabTpauuu TPUHATO OLECHUBATH KO3(PPUIIUECHTOM
CTJIA’KUBAHUS

BX
— Kl'[

a BBIX
Kl'[

S

CII

>

e K.°, K2 — x03()MUMEHTBI MyJIbCAUMHA HA BXOJE W HA BBIXOJC

CTIIAKUBAOIIETO (DPHUIBTPA, COOTBETCTBEHHO.

OnaHodasHbI 0AHOMONYNEPUOAHBIN BbINPAMUTENb

CxemMa ogHO(aA3HOTO OJHOMOIYNCPUOAHOTO BBIMPSAMHUTEN TMPHBE-
JICHA HA puC. 3.2, a BPECMCHHBIC AUArPAMMBbI, TOSICHSKOIMKUE €ro padoTy,
Ha puc. 3.3.

Be3 crnaxusaromero ¢uiasrpa (Cy =0) pabota BeIpsMHUTENS 3a-

KJIFOYAETCS B CJICTY FOLIEM.
[Ipu MOJOKUTCILHOU MOJTYBOJIHEC BXOJHOTO HANPSDKCHUA 4, JUON

VDI OTKpBIBACTCA, TAK KAaK HA €ro0 QHOJAC MOJIYYaCTCH IOJIOKUTCIBHOC
OTHOCUTEIIBHO KAaTOJa MTHOBCHHOE 3HAYECHUE HAmpsokeHuA. Hampsokenue
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Ha HarpysKe #, IOBTOpgeT (popMYy BXOIHOIO HallpA:keHUd #,. Uepes Ha-

Tpy3Ky fX; TIIpoTekaeT IOIokKUTelbHad IIOIyBOJHA TOKA.

VDI

A SB1
@ > - ~
+
C
R 1~
0 B
) _
@

Puc. 3.2. Cxema oHO(DAZHOTO OJHOMONYIIEPHOAHOTO BEINIPAMHTEILT

Puc. 3.3. BpeMeHHbIe JHATPAMMEL B 0JHO(MAZHOM OJHOTIONYIIEPHO THOM
BEIIPAMATENE: 24, H i, — MTHOBEHHbBIE 3HAYEHHS HAITPSCKEHHI Ha BXOE

H Ha HATPY3Ke; {7, H U, — CPEJHHE SHAYEHHA HAIPSIKEHHT
Ha HATPY3Ke TIPH ) =0 HTIPH ) > 0, COOTBETCTBEHHO

IIpn orpunatensHOH IONYBOIHEe HallpskeHUd u, nuon VDI 3a-
KPBIBASTCS, TOK Uepes HAarpy3Ky He MpoTeKaeT U HAMpKeHUe Ha HarpysKe
paBHO HyIO (24, =0).

Janee Bce TIPOIECCH TIEPHOMMUECKN TTOBTOPIIOTCA W B UTOTE HA
Harpyzke (OPMUPYETCH IIyIbCUPYIOIIee HATIPIKESHIE ¢ TaCTOTOH IIybca-
I
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Jn=

[lpu noaxmoueHun C-(PuibTpa HA HUHTEPBAJIAX BPEMCH
f—1, =1y, Is—1lg U T.A. TMPOUCXOJUT OBICTPBIM 3apsAd KOHICHCATOPA

Cq)-(l)I/IJ]];Tpa yepes Masioe COMPOTHUBIICHUE OTKPBITOTO Auoaa VDI (myTh
3apsaga; ¢aza a — OTKpBITBIA auon VDI - C(b — HYJICBOM IIPOBOJ 7).
B xoHIle yKa3aHHBIX UHTEPBAJIOB, T.€. B MOMEHTHI /5, I, [, U T.1., MTHO-
BCHHOC 3HAYCHHE BXOJHOTO HAMPSHKCHUA 1, CTAHOBUTCA MCHBILIC, YEM

HANPSDKCHHE HA KOHACHCATOpe W auox 3akpsBactcs. Konnencarop C,

HAUWHAET JOCTAaTOYHO MEIJICHHO Pa3psUKaThCs Yepe3 Harpy3ky R, (myTh
paspsma: Cy — Ry). Uem Oonblic MOCTOSAHHAS BPECMCHH LCTH Paspsiaa

T, = CyRy, TEM MCHBIIC MAJACT HATPSDKCHHC HA KOHACHCATOPE B HHTCP-

BaJlaX BPEMEH [, — I3, I, —I5 U T.0. B HTOre yMEHBIIAKOTCS IMyIbCALUU BbI-
XOJHOI'O HANPSDKCHHUA U YBEIMYUBACTCA CPEIHEEC 3HAYCHHE HAIPSDKCHHA
Ha Harpy3ke (U,, >U,, ). YeM OoJbIIe BEIMYUHA KOHACHCATOPA (hUIbTpa,
TEM OO0JIBIIC BBIUIPHIII IPU NOCTOSHHOM COPOTUBICHUU HATPY3KH R, .

Pabory C-puabTpa MOXKHO OOBACHHUTH M ApyruM oOpaszom. [lpu
noakmroucHun C-(PUIbTpa OCHOBHAS 4YaCTh NMEPEMEHHOM COCTABIIAFOIICH
BBIXOJJHOTO TOKA MPOTCKACT 4CPe3 KOHACHCATOP Cy, KOTOPBIH HMCCT 3Ha-

YUTEIILHO MEHBINEE CONMPOTHUBICHHE, YeM R, . [locTOsSHHAS COCTaBIArOIIAN

TOKA MPOTEKAET TOJBKO Yepe3 R,. B UTOre yMEHBINIAETCA aMILIUTYAa Ic-

PEMEHHON COCTaBJSFOIICH BBIXOJHOTO HAMPSDKCHUS HA HArpy3ke H
VMCHBIIACTCA KOI(P(ULUMCHT Mmyabcauui. Beurpemm tem Oombiue, yem
00 IbIIE BETMYNHA EMKOCTH KOHACHCATOPA (PUIIBTPA.

OpHoasHbIN MOCTOBOW BbINPAMUTESb

Cxema 0AaHO(A3HOTO HEYMPABIACMOr0 MOCTOBOIO BBIPSIMHUTEIS
MPUBEJCHA HA pucC. 3.4, 2 BPEMEHHBIC JUATPAMMBL, MOACHAOIINE €ro pa-
ooty, Ha puc. 3.5.

JUia CcriuakuBaHMs IyJIbCAUMM BBIXOJHOTO HAINPSLKECHHUA Iapai-
JICTIBHO HATPy3Ke R, MOKCT MOAKIIOYATHCS CMKOCTHOH (QuibTp Cy .

39



a Vi1
)+ VD2 SB1
VD3 VD4 iH(I)
uab(r) i uﬂ(f) CtI)
w1

5 —

(1)

Puc. 3.4. Cxema oHOHA3HOTO MOCTOBOT'O BEITPAMITEIA.
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Puc. 3.5. BpeMeHHEIE THArPaMMEL B OJJHO(Pa3HOM MOCTOBOM BEITPAMUTEJIE:
U,y M i, — MTHOBEHHRIE 3HAYCHHA BXOTHOIO THHEHHOT O HAITPAKEHIA

H HATIPSTHEHHA HA HATPY3Ke, [F u CpelHee SHAUEHIE HATTPAKEHHA

Ha Harpy3Ke MpH C, =0 (umdpet 1, 2, 3 1 4 0003HAYAIOT HOMEPa
OTKPRITEIX JHOTOB VDI, VD2, VD3 u VD4)

B omHoasHOM MOCTOBOM BEHIIIpAMUTENE BCerla OTKPEITAa IIapa
ITAOIOB.
[Ipu nomoxuTeNbHON NONYBOIHE HAIIPAXKEHUT #,,(f) (Ha puc. 3.4

rokazaHo 6e3 ckoboK) OTKPHITH Iuonsl V2w VI3, TmockombKy Hamnpd-
sKeHIe Ha UX aHojaxX Oomblile, ueM Ha ux kKaromax. Juomwel VDI u VD4
B 3TO BpPeM4 3aKPBITEl, TaK KaK Hallp4:KeHHEe Ha UX aHONAX MeEHBIIe, deM
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HA UX Karozax. B urore Tox mporexaet no uemu: paza a — VD2 — R, Cy

- VD3 — ¢a3za b.
[1pu oTpHLIATEIBLHON NOJIYBOJIHC HANPSDKCHUA U 4, (f) (HA puc. 3.4

MOKA3aHO B CKOOKAX) OTKPBITHI AUOALI VD /u VD4, MOCKOIBKY HampsiKe-
HHC HA UX aHOAAX O0JIbIIC, YeM HA WX kKatoaax. Jwoasl VD2 u VD3 B 310
BPEMSI 3AKPBITHL, TAK KAK HATIPSDKCHHUE HA MX AHOJAX MEHBIIE, YeM HAa UX
karozxax. B urore Tok mpotexaer mo uenu: pasa b - VD4 — R, Cy — VDI

— (paza a. BaxxHo, YTO HAIpaBJICHUA NMPOTCKAHUSA TOKOB YEpPE3 HATPY3KY
MPU MOJOKUTEIBHOU M OTPULATCIBHOM MOJIy BOJHAX BXOAHOTO HAMPSIKE-
HUS COBIAAAOT. B HUTOrE MOJIyYAETCA YABOCHUE BEIMYMHBI HANIPSHKCHUA
HA HArpy3Ke U YABOCHHEC YACTOTHI MyIbCALUH (II0 CPABHCHHIO C OAHO(A3-
HBIM OHOIIOJIYIEPHOIHBIM BBIIpAMUTEIEM). HacToTa IyJIbCalUU IOJIY-
Y4aeTCs PAaBHOU

Ju = =2/

I 2

Tl'[ TC

BrmroucHue criaxkuaromero C-(pUibTpa YMCHBIIACT aMILIUTYIY
ITyJIBCAIMY U YIY4IIAET KAYECTBO BBIIPAMICHHOTO HATIPSHKCHUA.

TpexdasHbi BbINPAMUTESNb C HYNEBbLIM BbIBOAOM

Cxema Tpex(a3zHOTO HEYNMPABIAEMOTO BBIIPAMHUTEIS C HYJICBBIM
BBIBOJIOM MPHUBEACHA HA pucC. 3.6, a HA puc. 3.7 MPUBCACHBI BPCMCHHBIC
JHArpaMMBbl, TOSICHSIOINUE €ro padoTy. [Io CyTH, OH COCTOHMT U3 TpEX
UICHTUYHBIX OJHO(PA3ZHBIX BBIMPIMHUTCICH, PaOOTAOMIMX HA OOIIYIO Ha-
IPy3Ky R, HO 3TU TpU OJHO(DA3HBIX BRITPAMUTEIA OKA3BIBAIOTCS B3AHUMO-

CBSI3aHHBIMH 32 CYET OOBCAUHCHUS TUOA0B B KATOIHYIO TPYIIITY.

B kxaroaHO# rpynme MOXKET ObITh OTKPBITBIM TOJBKO OJWH JHOM
(poLECCHI MEPEKIHOYCHIS MBI HCKITFOUAEM M3 PACCMOTPEHHS). OTKPBITHIM
OKa3bIBACTCA TOT AUOM, Y KOTOPOTO MIHOBEHHOE 3HAYCHHCE HANPSKCHUSA
HA QHOAC OKA3BIBACTCS IMOJIOKMTCIbHBIM WM HaumOomasmmM. Ha mHTEpBane
BPEMEHH [ — I, HAMOOJBIINM OKA3bIBACTCA HANPSHKEHUE U, a3kl a U OT-

KpbIT guoa }'D /. Ha uHTEpBane BpEMCHHU [, —f; HAMOOIBIINM OKa3bIBACT-
Csi HampspkeHue u; ¢assl b u OTKpeIT auox VD2, B wuHTEpBane
BPEMCHH 3 — [, HAUOOJIBIIUM OKA3BIBACTCS HAMPSDKCHUC U, (pa3bl ¢ U OT-
KpbIT auox VD3,
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Pruc. 3.7. BpeMeHHEIe farpaMMel B TpeXdhasHoM BEIIPAMHATEIE ¢ HYJIEREIM BEIBOJIOM:
4, , i, — MTHOBEHHbIE 3HAUECHHS GAHBIX HATPKEHHI, 14, — MTHAOBEHHOE 3HAUCHHE
HaIllpsOKEeHH s Ha HAarpy3Ke, [/, — Cpe/Hee 3HAYeHHE HalTPsSOKEHHsI Ha HArpy3Ke

(madpm 1, 2, 3 0603HAYATOT HOMEPA OTKPRITEIX MHONOB VDI, VIR u VD3);
AU, — MaKCHMAIBHOE H3MEHEHHE MIHOBEHHOTO HANPIKE AL HA Harpy3Ke

HpI/I CUMMCTPHHA (bas CCTHU BCC JUOAEI HAXOOATCA B PABHOM IIOJIO-
KCHHMHA, IIO3TOMY KAXKTLIA M3 HIIX OKA3RIBACTCS OTKPEITEIM B TCUCHMC O]I-
HOH TPETH IICPHOHA CCTEBOI'O HAITPIAKCHIA

pode 1
OTK 3 3fc3

rne 7. —ueprof, a f. —9acToTa CETH.
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Bnarogapss Tpex(azHOMY HCTOYHHMKY KAYECCTBO BBIMPSMICHHOTO
HAMpPSDKEHUA MOJYYAeTCs TydIne, YeM B oaHo(a3Hbix cxemax. M3 rpadu-
KOB Ha puC. 3.7 BUAHO YMCHBIUCHHUC (B CPABHCHUU C PAHEE PACCMOTPEH-
HBIMU CXEMaMHU BBITPAMUTEICH) KOI((PHULIMECHTA Ty TbCALIHHA

U

_Um  Auy
II
U, 22U,
boubiie B Tpu pa3za 4aCTOTHI CETH OKA3BIBACTCA M YaCTOTA ITyJIbCa-
LM BBIXOJHOTO HATIPSHKCHUS

Ju = =3/e

1 3
TH TC
YyTO 00Jer4acT (PUIBTPALIHIO BBIXOAHOTO HATIPSDKCHUS BHITIPSMUTEIS.

TpexdrasHbin MOCTOBOW BbIMPAMUTENb

Cxema Tpex(a3HOro HEYNPABIICMOI0O MOCTOBOIO BBIIPSIMHUTEIIA
MPUBEICHA HA puC. 3.8, a HA puC. 3.9 MpUBEICHBI BPEMEHHBIC THATPAMMBIL,
MOSICHSFOIINE €r0 padoTy. B BEIIPSAMHUTENE UMEETCS QHOAHAS TPyNIa JUO-
noB VD1.VD3. VD5 u xarogHas — VD2 VD4, VD6 . 3a UCKIHOYCHUEM TIC-
PEXOAHBIX MPOLECCOB B MOCTOBOM TPeX(Pa3HOM BBIPSMHTEIC BCErAA OT-
KpPBIBACTCS IIapa AUOI0B — OJAUH M3 AHOJHOW IPYIIIBL, A APYTOH U3 KATOA-
HOM.

B karomgHO# rpymme OTKPHIT TOT AMOJ, MTHOBCHHOE HAINPSIKECHUE
HA QHOJC KOTOPOrO B JAHHBIM MOMEHT OOJbIIe Apyrux. B aHOaAHOU rpyn-
1€ OTKPBIT IUOJ, MTHOBEHHOE 3HAYCHUE HAMPSHKEHUA HA KATOJAE KOTOPOTO
HanMeHblnee. Hampumep, Ha uHTEepBaje BpPEMEHHU [ —1, HAWOOJBINNM

OKa3bIBACTCS HAIIPSHKCHUC U (l)iBI)I a, 4 HAUMCHBIIINM — HAIIPSDKCHUC U,

(¢a3n1 b. B UTOre OTKPBITBIMU OKA3BIBAKOTCA AUOABI VD2 u VD3 u TOK
npoTekaet no uenu: paza a — VD2 — R, — VD3 — ¢a3a b. Ha untepsane

BPCMCHH [, —/; HAMOOIBIIMM SBJLICTCA HANPsDKCHHC U, (a3bl a, a HAU-
MEHBIINM — HaNpPsDKEHHUE ¥, (Ppa3bl ¢. B pe3yapTaTe OTKPHITHL JUOALIL D2
U VD5 u TOK mpoTekaer no uemu: ¢pasa a — VD2 — R, — VD5 — ¢pasa c.
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Prc. 3.9. BpeMeHHEIE JHATPAMMEL B TpeXhazHOM MOCTOBOM BEITPSIMHTEIE:
Uy i, — MCHOBEHHEIE 3HAUEHHS Ga3HEIX HAMDSKEHH, #, — MIHOBEHHOE

3HA4YeHHe HAaIlpLKEHHI Ha HArPy3KEe, [ q — CPEIHEE HAUCHHE HAIIDAKEHHT Ha

Harpyzke (IUGpH 1, 2... 6 0003HAYAOT HOMEPA OTKPEITHIX JTHOJIOB J;
Au— MAKCHMATBHOE H3MEHEHHE MIHOBEHHOTO HAIPDKECHA T Ha HarPy3Ke

BaxHo, 4T0 B MoOOM cIydyae TOK yepes Harpysky R, mpoTekaer
B OJHOM HaIpPaBICHUH.
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ITpu cummeTpun (pa3 CETH BCE AMOABI HAXOIATCS B PABHOM TOJIO-
JKEHHUH, TTO3TOMY KAMIBIM U3 HUX OTKPBIBACTCS B TEUYEHHUE OJHOM INECTOU
MEPUOJA CETCBOrO HANPSHKCHUS

1 |

[ =—=
OTK 6 6 A

Bosbiie B 6 pasa 4aCTOTHI CETH OKA3BIBACTCSH U YACTOTA My JIbCALUN
BBIXOJHOI'O HATIPSDKCHUSA

Jn = =6/

1 6
Tl'[ TC
BenuuuHa HanpspkeHUsd Ha HArpyske U, B MOCTOBOM TpexdazHoM
BBIIPSAMUTEIIC TOIYYACTCSA B JABa pasza OoJblle, YeM B TpeX(PazHOM BbI-
MPSAMUTEIIC C HY JICBBIM BBIBOJIOM.

bnaromaps Tpex(azHOMY HMCTOUYHHKY KA4YE€CTBO BBIMPSMIICHHOTO
HAMPSKCHUS MOMYYACTCs Ty4IIe, YeM B 0JHO(a3HbIX cxemax. U3 rpadu-
KOB Ha pHC. 3.9 BUIHO YMECHBIICHHE (B CPABHCHUM C PAHEE PACCMOTPEH-

HBIMH CXCMAMHU BBIMPAMUTEICH) KOI(P(PULIUCHTA My ThCALHI
U

_ “ml

Au,
I U N

2U

H H

KoadgurueHt mnynascanmii MOIy4aeTCS JOCTATOYHO  MAJIbIM
(K, =5,7%), 4TO MO3BOIAET BO MHOTHX CIY4asAX HEC MPUMCHATH CIIIAKH-

BAIOIIUC (DUITBTPBHL.

BupTyanbHbIA 3KCNePUMEHT

Llenb paboTbl

1. U3yuuTh CXEMBI U MPUHLHUN ACHCTBUSA OAHO(A3HBIX U Tpex(pas-
HBIX BBIIPAMUTEICH.

2. IlpnoOpecTn MPAKTUYECCKUEC HABBIKU MO HCCICAOBAHUIO B 000-
JouKe mporpammsel Electronics Workbench mpoueccoB B 0AHO(A3HBIX H
Tpex(pa3HBIX BBITPSMUTEISIX C MOMOIIBIO BUPTYATBHOTO JBYXKAHATBHOTO
ocuuiorpada.
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3. Hay4uuTbca SKCIEPHUMEHTAIBHO OMPEACIATh OCHOBHBIC MAPAMET-
PbI 0AHO(DA3HBIX U TPEX(PA3HBIX BRIMTPIMUTEICH.

Mporpamma paboTsl

1. O3HAKOMHTBCS C HHCTPYKUHUEH N0 MCTMOIb30BAHUIO MPOTPAMMBI
Electronics Workbench.

2. W3yuute OpUHLOMN JCUCTBHS BBIIPAMHUTCICH MO CXEMaM HA
puc. 3.2 -3.9.

3. BBINOJHUTE UCCIACAOBAHUA CICAYFOIUX BUPTYAJIBHBIX BBIIPS-
MHUTEJICH:

— 0HO(pAa3HOTO OHOMOIY IEPHOTHOTO;

— 0IHO(pa3HOTO MOCTOBOTO;

— TpeX(pa3HOTO C HYJICBBIM BBIBOJOM,

— Tpex(a3HOTO MOCTOBOTO.

4. DKCNCPHUMECHTAIBHO OMNPEACIHTh BIUSHHC KOHACHCATOPA
(unbTpa HA BETUYHMHY MOCTOSIHHOW COCTABILIIOIIEH BBIIPSIMIICHHOIO HA-
MPSOKCHUS HA HATPY3KEC M HA ()OPMY BBIXOTHOTO HATPSHKCHHUS B OTHO(A3-
HOM OJHOTIOIY IEPHOTHOM M B MOCTOBOM BBIIPSIMUTEISIX.

5. CocTaBUTB OTUCT O BBIMIOJHCHHOU PadoTe.

BupTtyansHas ycraHoBKa

BupryansHas ycTaHOBKA )14 MPOBEACHUSA JKCIIEPUMEHTOB C TOJIY -
MPOBOJHUKOBBIMH BhIIPAMHUTEIIMHE (pHC. 3.10) BKIFOUYAET B ceOI:

— Tpexdazubii uctounuk nutanud ¢ (pazHeiMu BeiBogamu A, B, C
U BBIBOJAOM HEHUTpambHOro mposoda N. Tpexda3zHbld UCTOYHHK MUTAHUA
MOJCIHPYETCSI C MOMOIIBIO TPEX UCTOYHUKOB Xy, Fp, - CHHYCOMAATBHO-
r0 HANPKEHUS C JEUCTBYHOIINMU 3HAYCHUAMU HanpsokeHud 18 B u yac-
torou 50 I'm. Bee Tpu MCTOYHHUKA CHHXPOHU3UPOBAHBI U UMCIOT HAYAJTb-
HbIc (pazer 0°, 120° u 240°, COOTBETCTBCHHO.

— Bempsamurensubie auoast VD1 ... VD6 tuna D1N4004GP.

— ComportuicHue HArpy3ku R = 80 Om.

— EMmxoctHOM C-(UIbTp. 3HAUYCHUS EMKOCTH VCTAHABIMBAKOTCS,
B 3aBUCHUMOCTH OT OmbITa, paBHbIMH () MK®D (EMKOCTb OTKIKOYACTCA),
120 Mk® u 200 MKD.

— JByxuryueBoi ocummnorpad PG.

— Hudpossiec m3MepuTeabHbie TPUOOPH — ammepMmeTp PA u aBa
BOJbTMETPA Pl’= u PV~ BoasT™meTp PJ’= HACTPOECH HA PEIKUM HU3MCPCHHA
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TTOCTOIHHOTO HampskeHnda (pexam DC), a BombTMeTp PV~ HacTpoeH Ha
peFEIM W3MEepeHH TlepeMeHHOoro HanpsxeHnd (pexym AC). BHyTpeHHee
COIIPOTUBJIEHHE aMIlepMeTpa ycTaHaBIMBaeTcd paBHBIM 1 MOM, a BHYT-
peHHee COTIPOTHBIIeHNE BOMbTMeTpoB — 1 MOm.

— Y IpaBigeMblli KIaBUIIeN «+» IepeKIrodaTensb SB.

L Ea Eh @ Ec
VD1 - 18 %750 Hz/0 Dey 18 v¥50 Hz/120 Deg 18750 Hz/240 Deg
D1M4004GP )
N A E o)
VD32
D1M4004GP

4»
P PA

VD3
D1M4004GF

WD4 YD5 WDB
D1N4004GF D1MN4004GP  DI1N4004GF

Prc. 3.10. Bug wactu paGodero momd rporpammst Electronics Workbench
C OTKPBITEIM aitmom Shablon3e.ewb

[NopagoK BeINOMHEHWSA paboThl

1. O3HAKOMHUTHECI ¢ METOMMYECKUMHU YKA3aHUIMH 110 BHITIOTHEHUIO
paboTHL U IIpaBWIaMy TeXHUKH 0e30IacHOCTH. Pacimicatbed B KypHAae 1o
TexXHUKe Oe3ormacHocTH. OTBeTHTH Ha KOHTPOJIbHBIE BOIPOCHL U ITONYTHUTD
paspelreHne HaTaTh PadboTy.

2. BkmomTh KOMIIBIOTEp W 3allyCTHTL mporpammy FElectronics
Workbench (Pabouwnii cton Windows = narka « Y 1eGHBIH TIpoTiece» =2
= Electronics Workbench).

3.3 mporpammbl  Electronics Workbench oTKpuITE  haiin
Shablon3e.ewb ¢ sneMeHTaMM, TTPUTOTOBJIEHHBIMH IS COOPKU MOZIENH-
pyembix cxem (puc. 3.10). Ilyte otkpeiTua daiina: File = Open = B or-
KpeIBIIeMcd okHe Open Circuit File mpoWHBIM ITETUKOM JIEBOH KIABHIIH
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MBIIH OTKPBITH TanKy L.B3e = BuiOpars daiin Shablon3e ewb = HaxaTh
KHOIIKY « OTKPBITHY.

4. CoXpaHuTh OTKPHITBIA (akn 1moJ HMeHeM No KOMIThIoTepa
Shablon3e.ewb B nanke LB3e (File = Save As... = BIeyatarh UMM CO-
xpangemoro (aiima, Hanpumep W2 Shablon3e.ewb —> HaxaTh KHOTKY
«COXpaHUTE» IIPH ITOMOIIHM JIBOM KIIABHIIH MBIIIIH.

5. Cobparh 2IEKTPHYECKYIO CXeMy OJHO(Ma3HOTO OIHOMOTYIIePH-
OJTHOT O BBIIpAMUTEI (puc. 3.11) U NpeabdIBUTE €€ I MPOBEPKH HHKEe-

HEPY.

E N Ea Eh Ec
— + /18 /50 Hz/0 Deg 18 ¥f50 Hz120 Deg 18 vra0 Hz/240 Dey

v s I L

YOG

¥ DiN4004GR
PA =
— I

J [ V]rv

Puc. 3.11. Cxema ogHO(A3HOTO O HO MO VIIEPHOAHOTO BBIIPAMHTESA

6. ITponsBecTr MOATOTOBKY octuiuiorpada K padore:

— JIBOMHBIM TIEITYKOM MBIIIH 10 H300pakeHHIo ocuiriorpada oT-
KPBITh OKHO OCIIHIIIOT pada;

— YBEIMUHTH OKHO OCITWIUIOTpada HaxkaTHeM KHOTIKH Expand,

— YCTAaHOBUTL JIMTEIIEHOCTD PasBepTKU JIyda KaHama A 5 Mc/men
(Time base =5.00 ms/div);

— YCTaHOBUTH YyBCTBUTEIIBHOCTH OTKIIOHEHHA JIy4a 110 BepTHKAM
kaHama A 10 B/nen (Channel A = 10 Vidiv),

— T4 BU3YAM3allHH ITOCTOSHHON COCTaBILOINEH HallpsSKeHU Ha
Harpyske B ceKimu Chanrel A HaxaTh KHONKY DC (TTIOCTOSHHBIN ).
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7. IIpoBECTH HUCCICAOBAHUEC OAHO(ABHOTO OJHOTOIYNCPHOTHOTO
BBITPSIMUTEITA MIPH TPEX 3HAUYCHHUIX EMKOCTH KOHACHCATOpa (PUiIbTpa
(C=0 Mx®, C=120 Mr®, C=200 MK®D).

7.1. BKIHOUUTH TJIaBHBIA TyMOJICp MHUTAHHUS BHUPTYAIbHOM CXEMBI
(B BEpXHEM MpaBOM Yoy padodyero OKHA mporpammel Flectronics
Workbench). U3meputs ipu C=0 Mx®, C=120 Mx®, C=200 Mx®d cpeanue
3HAYCHMA TOKA /[, HATPY3KH (C MOMOIIBIO ammnepmMerpa PA), cpeaHee 3Ha-

YCHHC HANpsDKCHHUA U, HA HArpy3Ke HA HArpy3Ke (C MOMOIIBIO BOIBTMCT-

pa P}’=) u NeUCTByIOLIEE 3HAYCHUEC NIEPEMEHHOU COCTABJIAFOIICH BBIXO/I-
HOro HampspkeHud U, (C MOMOIUBIO BOJIBTMETpA PJ~). Pe3yabTaTel u3me-

peHuit 3aHecTu B Ta0I. 3.1.

7.2. 3apucoBath (auurie cororpaupoBaTh) OCHUIIOrPAMMBI Ha-
npspkeHUA Ha Harpy3ke mpu C=0 Mk®, 120Mx® u 200 MxD.

7.3. C moMOomIbEO OCIUILTOTpad)a H3MEPHUTH:

— MEPUOJ BXOJHOIO (CETEBOI0) HANPSDKEHUA 7 |

— NEpUO Iy abcauuu 7 ;
BuecTu nanabic u3MepeHuit B TadI. 3.1.

7.4. PaccuuTarh 3KBHUBAJICHTHOEC YHMCIIO (A3 BBIMPAMICHHUS U J1aH-
HbIC pacucTa BHECTH B Ta0m. 3.1

Tl'[

8. ITpoBecTu uccaeaA0BaHUE OJHO(DA3HOTO MOCTOBOTO BBIPSIMHUTE-
JIS1 IPH TPEX 3HAYCHUIX EMKOCTH KOHAeHcaropa (puibTpa (C=0 MxD,
(=120 Mx® u C=200 MxD).

8.1. CoOpaTh MEKTPHUCCKYIO CXeMYy OTHO()A3HOTO MOCTOBOTO BbI-
npaMutest (puc. 3.12) u npeabABUTh €€ A1 TPOBEPKHA HHKCHEDY .

8.2. BKIFOUHMTH TJIaBHBIA TyMOJEp NMUTAHUA BUPTYATbHOW CXEMBI.
Nameputs mpu (=0 Mx®, C=120 Mx®, C=200 Mx® CpeAHUC 3HAUCHUA
TOKa [/, Harpy3ku (C MOMOIIBIO0 ammepMerpa PA), cpeaHee 3HAYCHUE Ha-

npspkeHus U, HA Harpyske (C MOMOINBIO BOIBTMETpA P)=) U ACHCTBYIO-
IICEC 3HAYCHHUE NMEPEMEHHON COCTABILIFOIICH BBIXOAHOrO HAMpPKCHUA U,

(c moMompr BoJbTMETpa PJl~). Pe3yabrarsl H3MEPEHUU 3aHCCTH
B Ta0x. 3.1.
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Tabmauma 3.1

0%

U
Ud): TC: ,f(l:x C: IH: UH: U]‘[: Tl‘[: TEOP BKCI —i
Tun BeImpaMuTens B e M | wk® | wa B B o m | K| K} Uy
0 _
Onnodaszmniit
OJTHOTIONYTICPUO]T- 120 —
HBIH
200 -
0
Onnodaszmniit
MOCTOROH 120
200
Tpexdazubiii
C HYJIEBBIM 0
BLIBOJIOM
Tpexdaznnrit 0
MOCTOBOH




l Ea Eb @ Ec
N 18'V/50 Hz/0 Deg 18 V/50 Hz/120 Deg 18 /50 Hz/240 Deg
l A lB lC

vD2
D1N4004GP

VD1
D1N4004GP

vD3 VD4
D1N4004GP| D1N4004GP

p—e—P

V]| Pv-| V]| py-

Puc. 3.12. Cxema ofHO(a3HOT 0 MOCTOBOTO BEIIPAMUTEIIS

8.3. Bapucorats WM choTorpadupoBaTh OCIIIIOTPAMMBI HaIIps-
JKCHHA Ha Harpy3ke 1pu C=0, 120 u 200 MkD.

8.4. C momoIipio ocrpuuiorpada u3MepUTh:

— IIEPHO/] BXOJHOTO (CETEBOTO) HAIIPAKEHUS . ;

— IIEpHOJ, ITyIbcalu 7;

BHecTH qaHHBIE H3MEpPEHUIT B Ta0I. 3.1.

8.5. PaccuMTaTh H BHECTH JJaHHBIE pacucTa B Ta0JI. 3.1:

— 3KBHBAJICHTHOE YHCJIO (pa3 BHITIPIMIICHHUS

— 3KCIIEpPUMEHTANIFHOE 3HaUEHUE KO3 PUIHEHTA Ty IbCAIHI

K;}ccn :ﬁ%;

H
— TEOPETUUECKOE 3HAUECHHE K03 PUIMEHTA Ty Thcali

K ;eop _ 2

m>—1
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8.6. OTKIOUUTH MHTaHKe U pa300parh CXeMy.

9. Tlpoectn HccnemopaHue Tpex(pasHOrO OJHOIOIYIICPHOIHOTO
BBIIPAMHTENS 0e3 eMKOCTHOro GpuibTpa (C=0).

9.1. Cobparb cxemy Tpex(asHOTO BEIIPIMHTEN ¢ HYJIEBLIM BBIBO-
noM (puc. 3.13) U IpeabIBUTE ee I IIPOBEePKH HHKEHEDY.

Eh Ec
— 18 %750 Hsz Deg 18 %80 Hz/120 Deg @18 Wia0 Hz/ 240 Deg

A B 4lc
VD1 W02 h W03
D1N4004GFP D1M4004GP DN4004GR PG

I

5B
R 4]

120 uF

Puc. 3.13. Cxema TpexazHOTO BRITPAMHATEN S C HYIEBEIM BBIBOIOM

0.2. Hcnmomp3yd moclenoBaTeNbHOCTE JEMCTBHH, H3IIOKEHHYIO
BILIL 6, 8.2 — 8.5, IpoBeCTH BUPTYaIbHEIN 3KCIepUMEeHT. [lomyyeHHBIE
Pe3yIbTaTH 3aHecTH B Tadm. 3.1.

9.3. BRIKJIFOUMTE M TaHUE MOJSIUPYEMOH YCTAaHOBKH H pazoldparh
CXeMY.

10. TIpopecTH HccrefoBaHKe TpeX(asHOTO MOCTOBOTQ BBIIIPAMH-
Tend 0e3 emMKocTHOTO (punbTpa (C=0),

10.1. Cobpath U NpeabIBHTH A1 IIPOBEPKH UHIKEHEPY CXeMY MOC-
TOBOTO Tpex(paszHoro BEIIpAMHTENS (puc. 3.14).
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l ) T Ea Eb W Ec
N + ./ 18 /50 Hz/O Deg 18 /50 Hz/120 Deg .t/ 18 VW50 Hz/240 Deg

A4
O 1M4004GF

VD4
D1M4004GF

B ¢

VD3
VD32 W 5 nd004GP
DINADDAGP

VDE
D1N4004 5P

|
4
WDEB
D1N4004GF

Prc. 3.14. Cxema Tpex$hazHOTO MOCTOBOTO BEITPAMHATEI S

10.2. Ucnionmb3y4 ocneqoBaTellbHOCTh JeHCTBHN, H3I0KEHH VIO
B IL.I. 6, 8.2 — 8.5, IpOBeCTH BHPTYaBHBIH DKCIIEPHMEH T, H3MEHHB UyBCT-
BUTEITHHOCTh OTKJIOHEHWd Iyda 10 BepTHKamM KaHama A mo 20 B/nmen
(Channel A = 20 V/div). llonydyeHHBIE pe3yNbTaThHl 3aHeCTH B Tadi. 3.1.

10.3. BBIKIIIOUHTH U TAHHE MOJEIUPYEMOH CXEMBI H 3aKPBITh (pail
Shablon32 ewb 0e3 coxpaHeHHA BHECEHHEBIX M3MEHEHHH (B BEIIANAOINeM
MeHIO [ile BEIOpaTh Revert fo Saved... W B BO3ZHMKIIEM OKHE JHaJOra
IEeTKHYTh 110 Kiasume OK).

11. Saxpreith nporpaMmy Electronics Workbench.

Cope PXaHHUe OTYeTa

1. lems pa®oTsI.

2. CxXeMBI HeCTeMy eMBIX BBITIPAMUTEICH.

3. Tabmuiia ¢ pe3ynbTaTaMi U3MEPEHUN W BEIYHCIICHHI.
4. OCIUILIOTpaMMBl HAIIPSKEHUH Ha HarpysKe.

5. Kparkue BbIBOJIEL ITO padborTe.
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KOHTpOsbHbIe BONPOCHI

IIpu oonycke Kk supmyaibHbIM UCCIIEOOBAHUAM:
1. KakoBsI e u mporpaMma padoTsi?
2. B 4eM 3aKIr04aeTCs HAa3HAYCHUC BBITPSIMUTEIS?
3. I3 KakuX OCHOBHBIX Y3JI0B COCTOUT BBIMPSAMUTCIIb?
4. Ilpu kKakOM HATIPIKEHUU MEKAY AaHOJOM U KaTOIOM JUOJ HAXO-
JUTCS B OTKPBITOM COCTOSTHUH?
5. Ilpu KakOM HATIPSDKEHUHU MEXKIY aHOJAOM M KaTOAOM JAUOJ HAXO-
JUTCS B 3AKPBITOM COCTOSTHUH?
6.UeMy MpUMEPHO PABHO MAJCHUE HATIPSDKEHUA HA OTKPBITOM JUO-
ae?
7. KakOB MPUHLIUIT ICUCTBHUAL
— 0AHO(PA3HOTO OAHOIIOTYIICPUOTHOTO BBITPSMUTEIIS?
— 0AHO(PA3HOTO MOCTOBOTO BBITTPSIMUTEIS?
— TpeX(Pa3HOTO BBIMPSIMHUTEIIA C HYJICBBIM BBIBOIOM ?
— TpeX(a3HOTO MOCTOBOTO BBITPSIMUTEIIS?
8. Kakoe BmusiHMC OKA3bIBACT HA PAOOTY BBIMPSIMUTEIS KOHACHCA-
TOp (prtbTpa?
9. OT 4ero 3aBUCUT CKOPOCTH pa3spsaa KOHACHcCATopa (puabTpa?
10. Kak onpenensgercs cpeaHee 3HAYEHUE BBIIPSAMIICHHOTO HAIPS-
JKCHUS?
11. Yro Takoe KO3PPUIUECHT My TbCALUN?

Ilpu 3awume pesyremamos pabomsl HYKHO YMETh OOBSICHHUTH
MPUHLHUN JCUCTBUA BCEX HMCCIICIOBAHHBIX BBIMPSMHUTEICH U OBITH rOTO-
BBIM K CJICAYHOIIUM BOTIPOCAM:

1. KakoB myTh MPOXOXKACHUA TOKA B CXEME OAHO(DA3HOTO MOCTOBO-
IO BBIMPSAMUTEISA MPH 33JJAHHH MTHOBCHHBIX 3HAYCHUM HATPSHKCHHM Ha
BBIBOJAX OHO(DA3HOTO UCTOUYHHKA HATIPSIKCHUS?

2. KakoB myTh MPOXOXKICHHUS TOKA B CXeME Tpex(ha3HOTO BBIMPSI-
MHUTEIS C HYJCBBIM BBIBOJAOM MPH 33JAHUUM MTHOBCHHBIX 3HAUCHHHA Ha-
MPSOKCHUH HAa BBIBOJAX TPEX(PA3HOTO UCTOUHHMKA HAMPSHKCHUS?

3. KakoB myTh MPOXOKICHUSA TOKA B CXEME TPEeX(a3HOro MOCTOBO-
IO BBIMPSAMUTEISA MPH 33JJAHHH MTHOBCHHBIX 3HAYCHUM HATPSHKCHHM Ha
BBIBOJAX TPEX(Pa3HOrO UCTOYHHUKA HAMPSHKCHUS?
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4. Kak usmeHsaeTcs (popMa HAMPsDKCHUS HA HATPY3KE TPH H3MCHC-
HUU BSJIMYUHBI €MKOCTH (PUIIbTpa?

5. TMoueMy mpu MOAKITFOYCHUU SMKOCTHOTO (DUIBTPA MPOUCXOIUT
VBEJIMUCHUE CPEAHETO 3HAUCHHS BBIXOJHOTO HATIPSDKCHUS BBITIPSIMUTEIS?

8. [Touemy B Tpex(a3HOM MOCTOBOM BBIIPSIMHUTENC KOIP(PULHECHT
MyJIbCAIIMH MEHBIIE, YEM B TPEX(Pa3HOM OTHOTIOTYIEPHOIHOM ?

9. lMouemy B Tpex(a3HOM MOCTOBOM BBITPSMHUTEIIC CPCAHCC 3HAUC-
HHC BBIXOJHOTO HANPSDKCHUA OOJBINE, YeM B TPeX(hasHOM OTHOIOIYTIIC-
PHOTHOM?
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4. ABYXKACKAOHbIN YCUINUTENb
NMEPEMEHHOIO TOKA

TeopeTuyeckue ceeaeHus

ONCKTPOHHBIMH YCHUJIMTCISIMH HA3BIBAIOT YCTPOMCTBA, KOTOPBIC
00ECNEUYHBAKOT YCHICHHE BXOIHBIX JJICKTPHUECKUX CHUTHAIOB MO OJHOMY
THO0 HECKOJIBKHM €TI0 MAPAMETPaM — MO HAMPSHKCHHEO, TI0 MOIHOCTH, TIO
TOKY.

HaubGoapmee pacmpoCTpaHCHHUC B TCXHUKC MOJYYHIH YCUITHTCITH
HanpspxeHus. OJHUM U3 OCHOBHBIX NMAPAMETPOB YCHIIMTEICH 3TOrO THMA
ABIACTCA KO3()(PULHCHT YCUIICHHA O HANPSHKCHUIO

rae Uy, — BbIXoAHOE, a U, — BXOJHOE HAMPSHKCHUS YCUIUTETIS.

KoapduipeHT yCUIeHHA MO HANPSHKCHUIO 3aBHCHT OT YACTOTBL
OrobOpakaemast Ha rpauke 3aBHCUMOCTh KOX(P(ULMCHTA YCUICHHUS OT
YACTOThI HA3BIBACTCA AMILTUTYIHO-HYACTOTHOM XapakTepucTukon (AUX)
VCUIMTEIIL.

Ha puc. 4.1 npuseacHa tunoBas AUX yCUIUTETSI MEPEMCHHOTO
Toka. Y3 He€ BUAHO, UTO YCHIUTEIU NMEPEMEHHOTO TOKAa OOECIICUUBAIOT
VCHJICHUE CUTHAJIOB, HAUMHAS C HIDKHEH IPaHUYHOM 4acToOThl f, 10 Bepx-

HEH IPAaHWYHON YaCTOTHI [, . DTy 001aCTh HA3BIBAKOT OOIACTHIO CPEIHUX

YaCTOT HWJIM TOJIOCOM MPOIMYCKAHHS YCHIHTEIII. HIDKHIOI W BEPXHIOKO
TPAHUYHBIC YACTOTHI OMPECACTSFOT OOBIMHO U3 YCIIOBHUSA:

V2 V2

KU(fH)=7Ko =0,707Ky; Ky (/p) == K0 =0.707k,.

rac Ko BISCTCA CPEAHUM 3HAYCHUECM KOY(P(PUIMCHTA YCUIICHHS B 00JIACTH
CPEIHHX YacCTOT.
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KU N\
Ko LA __ | Ak,
0,707K, ! |

I 1

| |

| 1

! ! S
0 Ja Lo f

Puc. 4.1. AUX ycunurens nepeMeHHOIo ToKa

HepasrnoMmeprHocTh AUX B MOJIOCE MPOIMYCKAHUS Y KOJTHYCCTBECHHO
OLICHHUBAKOT B ACHHOCIAX

AK
=201 Oy
Y g e

BaxHOU XapakTEepUCTUKOU VCHINTEI MIEPEMEHHOTO TOKA ABJICTCS
€ro AMIJIMTYIHASA XAPAKTCPUCTUKA — 3aBUCHUMOCTh BEIUYUHBI BBIXOIHOTO
HANPSDKCHUA YCHJIMTEAS OT BXOJHOTO. AMIUIMTYJHAA XAPAaKTEPUCTHKA
CHMMACTCS NMPHU CHHYCOHMJAJIBHOM BXOJHOM CHUTHAJC 3aJAHHOU YaCTOTHI.
TumoBag  aMIUIMTYJHAA  XapaKTepPUCTUKA  YCUWIMTEIA  IIPUBEICHA
Ha puc. 4.2.

N
7

0 U U Usx

BXmin BXma.x

Puc. 4.2. AMnummryiHas XapakTepUCTUKA YCHIIUTEIIS [IEPEMEHHOIO TOKa

[Tpu orcyrcTBUM BxoaHoro curnana (U, =0) Ha BBIXOJE YCHIHU-
TEISI PETUCTPUPYETCS HEKOTOPOE (POHOBOE HampspreHHe U u3-3a Ha-

BBIX i
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BOJOK OT BHCINHUX UCTOYHHMKOB MOMEX, MYJIbCAUUUA MCTOYHUKA MUTAHHUSA
U BHYTPCHHUX IIYMOB YCHIIHTEJISL.

lpu U, 2U,, . (mpaBee TOUKH 1) MOJC3HBIN CHIHAT HAMMHACT

MPEBBIIATh YPOBEHD (JOHA M BBHIXOJHOC HANPSKEHUE HAPACTACT MPOMOP-
LHHOHAJBLHO BXOJHOMY HAIPSHKCHUIO.

B TOYKE 2 pOCT BBIXOJHOTO HANPSKCHUS CYIIECTBEHHO 3aMEJIACT-
C4, TaK KAK HAYMHACTCA OTPAHMUCHHUC BBIXOAHOTO curHaia. CHavana Ha-
YHHAKOT «CPe3aThCs» BEPXYIIKA OJHOM W3 IOJIYBOJIH CUHYCOUIAIBHOIO
CHUrHANA (TMOJIOKUTCIIBHOW WM OTPHULATCIBHOM), a 3aTEM U 00cHuX (TpH-
MepHO B Touke 3). C KakuX MOJYBOJH HAYXHACTCS MPOIICCC OTPAaHUUCHHUS,
3aBUCHT OT HampspkeHus Uy, mokod tpansucropa. [Ipu Uy, <0,5F, nep-

BBIMH HAQYMHAKOT «CPE3aThCA» BEPXYIIKU OTPULATEILHBIX ITOJIYBOJIH BbI-
XOZHOTO CUHycouaambHOro curHama. Ilpu U, >0,5F, nepBeIMH Ha4H-

HAKOT «CPEe3aThCs BEPXYIIKH MOJIOKUTEIBHBIX MOTYBOJIH.

IIpaBee TOYKH 3 BBIXOJHOM CHHYCOUAAIBHBIM CHUTHAI MIPEBPAILACT-
C4 B MOCIEAOBATEILHOCTD MOYTH MPSMOYTOIBHBIX UMITYJICOB. TakuMm 00-
pa3oM, paboYUM YHACTKOM SIBIIACTCH yHACTOK 1 — 2.

[Ipu ycuneHuH MadbIX CUTHAJIOB MOYKET OKA3aThCSl, YTO OJHOTO
VCHJIMTEIIBHOTO KaCKaga HCAOCTATOYHO AJS MOJYUCHHSI HYKHOTO KO-
(punmeHTa ycuneHus. B 3Tux ciydasx cO3Aar0T MHOTOKACKAIHBIC YCHIIH-
TEJIM IMYTEM MOCIEAOBATCILHOIO BKIIFOYCHUA Kackaaos. Ha puc. 4.3 mpu-
BEJICHA CTPYKTYPHAS CXEMA JBYXKACKQTHOTO YCHIIUTEIIA.

U

|
d

UBbIXl = UBX2

\—1

n 1-i 2-i
A4 Kackal V| KackKan

ner — < Bxl UBLIXZ = UH

7

K Harpy3ske

OT UCTOUHHKA
CHUrHaJia

Puc. 4.3. CtpykrypHas cxema yCHJIUTEINS IIEPEMEHHOI'O TOKa

Kos(ppuuueHt yCHICHHA MHOTOKACKATHOTO VYCUIUTENS PABCH
MPOU3BEACHHUIO KOY(P()UIUEHTOB YCUICHHS BXOAAIINX B HETO KACKAIOB:
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Bx1
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=K;1-K;/5.
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BX2

HCT Bx1

CBs3b MEKIY KACKAZAMH B YCUIUTCISIX NIEPEMCHHOTO TOKA OOBIM-
HO OCYMICCTBILIFOT NP MOMOIIH PA3ACIUTEIBHBIX KOHICHCATOPOB.

CxeMa TpPAH3UCTOPHOrO JBYXKACKAAHOTO YCHIIMTCIISI MPHUBCACHA
HIDKE Ha puc. 4 .4.

D
R7 +F
R3 T
RI c2 R C3
|| — ||
o T 12
: . Brixon
Z— > Vri > VT2
Bxon [} RO
R2 R4 R6 RS
Oo6mumi Oo6muwmii
%, %)

Puc. 4.4. Cxema ABYyXKacKaJHOTO TPAH3UCTOPHOTO YCUIIUTEIS

Ob6a kackaga YCHIIMTEISI BBITIOJIHCHBI MO HMIACHTHYHBIM CXEMaM
C OOIUM 3MHUTTCPOM U PadOTAOT B PSIKUME Kiacca A, T.¢. 6¢3 OTCCUKH
KOJUICKTOPHOTO TOKA.

Pexxuvbl paboThl TpaH3HCTOPOB V7'l 1 VT2 1m0 MOCTOSTHHOMY TOKY
3a1ar0TCS TMPH MOMOINU 0a30BbIX AcauteacH K1, R2 u R5,R6 ., amurTep-
HBIX PE3UCTOPOB R4 M RE W KOMICKTOPHBIX PE3UCTOPOB R3 m R7 . bna-
roJgapsi ACHCTBHUIO OTPULIATCIILHON OOpAaTHOM CBSI3M MO HANPSIKCHUIO (Ue-
pe3 pe3uctop R/ B mMEpBOM KAaCKaAC M PE3UCTOP RS BO BTOPOM) H OTPHU-
IIATCJIBHOM 0OPaTHOM CBSA3HW MO TOKY (3a CUCT BKIFOUCHHS B LICTIH SMHUTTC-
pOB pe3uCTOpOoB R4 u RE) DOCTHracTCs BBICOKASI CTAOUIBHOCTH TOKOB
U HAMPSDKEHUU MOKOSI KOJUIEKTOPOB TPAH3UCTOPOB B KACKAIAX.

JUI9 UCKTFOUCHHSI BIUSIHUS UCTOYHUKA BXOJHOTO CUTHAJA HA TOK
U HATIPSDKECHUS TTOKOS TpaH3ucTopa V7' /| MpUMEHEH pa3acIuTe/IbHbIA KOH-
aeHcarop C/. PazapemurensHbiid KOHACHCATOP C 2 00€CTIEUMBACT PA3BA3KY
MEPBOTO0 M BTOPOTO KACKAIOB YCHIIMTEA MO MOCTOSIHHOMY TOKY. s uc-
KJIFOYCHUS BIWSAHHA HATPY3KH HA TOK M HANPSDKCHHUE MOKOS TPAH3UCTO-
pa VT 2 mpuMEHEH pa3aeaIuTeIbHbIN KoHAeHcaTop C 3.
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Pabora ycumrens 3akmrodaetcs B cneayromeM. Caadbiii CHHYCOU-
JATbHBIA CHTHAN TIOJACTCSA HA BXOJ YCHIUTCIA W YEPEe3 pasacIUTCIIbHBIN
koHacHcaTop C/ moctymaer Ha 0asy Tpansucropa /7 /. Bo3HUkact cuHy-
COMIAITLHBIN TOK 0a3bl, KOTOPHIHA B MEPBOM MPUOTIKECHUHU ITPOTIOPIIHOHA-
JICH BXOJTHOMY HAMNPSDKCHUEO. [TPOTOPIHMOHATEHO U3MCHEHHSIM TOKA Oa3bI
MPOUCXOIAT M3MCHCHHUS TOKA KOJUICKTOPA, MPUYEM 3TH H3MCHCHUS B JcC-
CATKH Pa3 OOJbIIC W3MCHCHHU TOKA 0a3bl (TPAH3UCTOP OCYIICCTBIICT
VCHJICHHE TOKa 0a3bl). MexXay SMHUTTEPOM H KOJUICKTOPOM TPAH3HCTOPA
VT 1 BOBHHKACT MEPEMCHHAS COCTABILIIOIIASA HANTPSHKCHUSA, KOTOPAst 4epe3
pa3aeauTe I HBIN KOHACHCaTop C'2 mocTymaeT Ha 0a3y TpaH3ucropa V7' 2
BTOPOTO KACKazaa.

Curnan Ha BBIXOAC MEPBOTO KACKAAA CYMIECTBEHHO OOJBINE BXOA-

HOTO M CABHHYT OTHOCHTENLHO Hero no (ase Ha 180°. Kackan ¢ OD ycu-
JUBACT U UHBCPTUPYCT BXOAHOU CUTHAIL

BTopo# xackam ycuauTens padoTaeT aHanoruyHo nepsomy. C ero
BbIX0Ja (KomnekTop V7' 2) curHam B HArpy3Ky (CONMpOTHBICHUE R9) mo-
CTYHaeT Yepe3 pa3AcUTEIbHbIN KOHACHCATOp C3. DTOT KACKAa TaK XKe,
KAK M MEPBIM, YCUIMBACT U HHBEPTUPYET CBOM BXOAHOM CUTHAI. B urore
MOJTy4aeTCs, YTO PACCMATPUBACMBIN ABYXKACKATHBIA VCHUIUTEIb SBISICTCS
HCUHBEPTUPY FOLLHM.

BupTtyanbHbI 3KCNepUMeHT

Llens paboThl

1. U3y4uTh YCTPOMCTBO JBYXKACKAAHOIO IIOIYIMPOBOIHHUKOBOIO
YCUIUTEIS HU3KOW YaCTOTHI.

2. ITpuoOpecTH MPAKTUYECCKUE HABBIKM BHPTYAJIbHBIX HCCICAOBA-
HUH YCUJMTENICH MEPEMECHHOTO TOKA B O00O0JOYKE TporpaMMmel Flectronics
Workbench.

3. OKCHEpUMEHTATBHO MOATBEPAUTH TECOPETUUYECKUE 3HAHUS, TO-
JyYCHHBIC HA JCKUMAX IO MOy IPOBOJHHKOBBIM YCUIUTCIAM HU3KOM Yac-
TOTBI.

Mporpamma paboTsl

1. U3yuutrs npuHUMO ACHUCTBUA BUPTYATBHOTO ABYXKACKATHOTO
VCHITUTENA.
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2. IToay4uTh 3KCHCPUMEHTAIBHO JAHHBIC U MOCTPOUTH AMILIUTY/I-
HYIO XapakTepucTuky ycuwmurensa U, . = (U, ) Havacrote f =35 k1,

3. Tloay4nTh >KCHEPUMEHTAIBHBIC JAHHBIC M MOCTPOUTH AMILIU-
TYAHO-YACTOTHYKO  XapakTepuctuku ycwmreas Ky = f(f) mpu

BBIX

Uy =50 MB, wucnome3ys TreHEpaTtop CHHYCOHJAIBHBIX —KOJICOAHMU

U BOJBTMETPBL.

4. CHATH AMIUIMTYJHO-YACTOTHYKO) XAPAKTEPUCTUKY yCHUIMTEI,
ucnow3ys Bode Plotter.

5. CocTtaBuTh OTUYET O BBIIOJHEHHOM padoTe.

BupTtyansHasa yctaHoBKa

BupTtyanpHas yCTaHOBKA JISI HCCIICTYEMOTO IBYXKACKATHOTO YCH-
JUTENS IEPEMEHHOTO TOKA COACPIKUT:

— UCTOYHHWK YCHIIMBAEMOr0 CHUTHAJA B BHIC T'€HEPATOPA CUTHAJIOB
Hu3KOM yacTtorsl PG (Function Generator);,

— Tpu MUJuUmMBOJIbT™METpaA P11, P12, PV3, HACTPOCHHBIE HA PEKUM
U3MEPCHHS IEPEMEHHOTO TOKA (pekuM A C),

— ABYXKaHAIBHBIA ocuumiorpad PG2;

— Tpan3ucTopsl V711, VT2 tuma 2N2222A4 w3 OubmuoTeku 27,

— pe3uctopsl R/...R9 u xoHaeHcatopsl C/, C2 u C3, HOMHHAJIBI
KOTOPBIX YKA3aHbI HA CXeME puc. 4.5.

MopsAnoK BbINOMHEHUSA paboThl

1. OTBeTUTH HA KOHTPOJIBHBIC BOMPOCHI M PACIIHCATHCS B YKy pPHAJIE
0 TCXHHUKC OC30MACHOCTH.

2. O3HAKOMHTBCS C BUPTYAIBHBIMH JJICKTPHYCCKHMH CXEMAMH,
puOOPAMH M 3JICMCHTAMH, UCITOJIB3YCMBIMHU B PadOTE.

3. TloyuyuTh y MPEnoAaBaTesl pa3pelICHUE HA BBIMIOJTHEHUE Pado-
ThI, BKIIOYUTb KOMIIBIOTEp HW 3alyCTUTb Hporpammy Flectronics
Workbench. Tlyte 3amycka: pabouuii cron Windows = manka «Y4eOHBIH
TIPOIICCC» =2 SAPIBIK MpoTpaMmsl Flectronics Workbench.

4. Y3 mnporpammel  Flectronics Workbench  oTkpwITh  (paiin
2usilit 1.ewb ¢ BUPTyaJIbHOM YCTAHOBKOM (CM. pucC. 4.5) a1s uccreaosa-
HUA [BYXKACKAQOHOTO YCHJIHMTEJI NEPEMEHHOro TOKa. [IyTs OTKpbITHA
¢aina: File = Open = B otkpbiBeMcs okHe Open Circuit File TBOWHBIM
IICTYKOM JICBOM KJIABHIINHM MBIITU OTKPBITh manky LR electro = BbIOpaTh
daiin 2usilit 1.ewb = HaXaTh KHONKY «OTKPBITHY.
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5. CoxpanuTh OTKpBITBIM (paitn moa mMmeHeM No KOMIBIOTEpa
2usilit 1.ewb B manike LR electro (File = Save As... = BrnedaraTh uUM4
coxpanseMoro (aina, Hanpumep, W2 2usilit 1.ewbh —> HaXKaTh KHOTKY
«CoXpaHUTDBY.

6. [IpoBeCcTH HMCCICAOBAHUC AMIUIMTYJHOM XAPAKTCPHUCTHKU JBYX-
KACKATHOTO YCHJINTEIII IEPEMEHHOTO TOKA.

6.1. IIpoBeputre mapaMeTpel BOJIBTMETPOB. BBI3BAB 1MAIoroBoc
OKHO Voltmeter Properties, OTKPBITh BKIAAKY Value u B oxomke Mode 3a-
aatb TN BOJBTMETPA — AC (BOJBTMETP MEPEMEHHOrO TOKA). B okomike
Resistance (R) yCTAHOBHUTHh BHYTPEHHEE COIMPOTHUBIICHUE BOJBTMETPA
1 MOwm.

6.2. HacTpouThs (pyHKUHOHANBHBIN TeHepaToOp Function Generator
(PG1) Ha pexuM CHHYCOMAANBHBIX KOJCOAHUHM A YEro HAXKATh KHOIKY
RS VYCTAaHOBHTH HAYAIBHYKO 4acToTy (Frequency) f =5 kl'u, amu-

TEIBHOCTH pabouero 1ukiaa (Duty cycle) 50 %, aMILTUTYIHOE 3HAYCHUC
BbIXOAHOro curHama U, . =0 MB, IMOCTOSHHYO COCTABIAIOIIYIO BbI-

m
X0AHOro curHana reueparopa Offset U_ =0 B.

6.3. BRIFOUUTH BUPTYAJIbHYK) YCTAHOBKY C ITOMOIIBE) BBIKIFOYATE-
751 B MPABOM BECPXHEM YTy SKPAHA U CHATh AMIUTUTY IHYEO XapPaKTCPUCTH-
Ky YCWIMTEI1 Ha 4acToTe f =5 k['1, M3MEHAA aMIUIMTYyIHOE 3HAYCHHE
CHHYCOHMJATHOTO CUTHAJNA HA BXOJE YCUJIUTEIS B COOTBETCTBHH C JAH-
HbIMH Ta0. 4.1. JICUCTBYIOIUC 3HAYCHUSA BXOJHBIX M BBIXOJHBIX HAMPS-
JKCHUM  KACKQAOB  HU3MEPATH NPH  TNOMOIIM  MHLTHBOJBTMETPOB
PV1,PV2,PV3.

7. Uccnenosars (popMy BBIXOAHBIX HampspkeHud Uy u Uy o

ocuuuorpag)oM M OTMECTHTD, MPH KAKOM BXOJHOM HampspukeHuu U, mpo-

HUCXOHUT HCKAXKCHUC (DOPMBI CHHYCOUABL. [[7151 3TOTO:

— JIBOMHBIM INEYKOM JIEBOW KJIABHUINU MBIIIU IO MHKTOTPAMME
ociuriorpaga OTKpsITh ocuuuiorpad.

— YCTaHOBUTH JIUTEIBHOCT pa3BepTku (7ime base) 0.5 mc/nen.

— YCTAaHOBUTh  YyBCTBUTCIBHOCTh  OTKJIOHCHUS KaHaga A
500 mB/nexn, a kanana B — 5 B/nen.

— Ycranosuts pexum DC paboTel kKaHATOB A U B.

— CMecTuTh Oy4 KaHalia A MO BEPTUKAIM BHHU3 HA JBA JCICHUA
BHU3 (Y position = -2).
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— BruounTts 1abopaTopHyro ycraHoBKy M mpu U, =50 MB 3a-

pucosath (v choTtorpaupoBaTh, I CKOMHPOBATH Ucpe3 Oydep mpo-
rpammbl Flectronics Workbench ) (GopMy BBIXOJHOTO HATIPSDKCHUS Y CHITH-

TCIIA.

— YBennmuuBasg aMIUTMTYAy BXOJHOTO CHTHANA 3a(PUKCHpPOBATH HA
JKpaHe ocHuiuIorpada MmosBICHUC UCKAKCHUN BBIXOJHOTO CHIHAJA yCH-
JWTE. 3aMHCaTh 3HAYCHUS BXOJHOTO CHUTHAJA MPH KOTOPOM HACTYMAKOT
UCKAKCHHA M 3apucoBaTh (C(oTorpampoBaTth WIM CKOMUPOBATH Yepe3
oydep mporpammsl Flectronics Workbench ) (popMy BBIXOZHOTO HAMps-

JKCHUSA YCUIUTEIIA.

Tabmuma 4.1

” 0 10 20 80 100 150 200

250 300

BX

8. BeruaucmuTh KO3()()UIHMEHTHI YCUICHUA KAaCKAI0B M YCHIIUTEIS

MO HAMPSYKCHUIO U PE3YJIBTATHI 3aHCCTH B TA0M. 4.1:

UBBIXI .
s 2 — s
U U

BBIX 1

U U

KUI =

BX BX

8.1. Yoemursca, uro K;; = Kyjq - Kpys.
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9. CHATH aMIUTMTY IHO-YACTOTHYO XapakTepucTuky (AUX) ycmm-
TEII ABYMS CIIOCOOAMM:

— WCTIOJTL3YS TCHEPATOP CHHYCOUIAANBHBIX KOJICOAHWH U BOJIBTMCT-
PBL;

— UCHOJIBb3Y Sl H3MCPHUTECITb AMILTUTYITHO-YACTOTHBIX XAPAKTCPUCTHK
(AYX) — Bode Plotter.

9.1. U3mepenne AYX nBYXKACKAAHOTO YCHUIMTCIA MPH MOMOIIHU
reHEepaTopa CHHYCOUAAIBHBIX KOJCOAHUH U BOJTBTMETPOB.

9.1.1. Otkperts (Qain 2usilit l.ewbh ¢ BUPTYaTbHOW YCTAHOBKOM
puc. 4.5 u coXpaHHTh €ro moa uMeHeM Ne koMmbroTepa  2usilit 1.ewb
B manke LR electro, BBIMOMHUB IJII 3TOr0 JACHUCTBHS, NCPCUUCICHHBIC
BILIL. 4 U 5.

9.1.2. Hacrpouts (QyHKUMOHANBHBIN TCHEpaTtop Function
Generator (PG1) Ha peXUM CHHYCOUAATBHBIX KOJICOAHMI, HAKAB KHOIIKY
EE®EE YCTaHOBHTH JIMTCILHOCTH padboucro mukaa (Duty cycle) 50 %,
AMIITUTYAHOC 3HAUCHHC BBIXOJHOrO curHana Uy, ~=70,7 MB, mocTosH-

HYH COCTABJLIIOIIY KO BBIXOAHOTO CUrHajna reueparopa Offset U_ =0 B.
9.1.3. BKIFOYUTBH YCTAHOBKY M CHATh AUX yCHIMTENS, TOAICPKHU-
Bas HCH3MCHHOW BCJIHMMHMHY BXOAHOTrO HanpspkeHus Uy, — ycuiures. Yac-
TOTY CHUIHAJIA, TTOJABACMOI0O HA BXOJ YCHIHUTEIA H3MCHATH B COOTBETCT-
BUU C JaHHBIMH Ta0m. 4.2. JIclicTByrOmue 3Ha4YCHUA BXOAHBIX U, 1 U
U BbIXOAHOrO U, ., HANPKCHHH KACKAJOB H3MEPATH IPH MOMOIIH

BOJILTMETPOB PV 1, PV 2, PV 3, KOTOpPBIC BCE NOJDKHBI PadOTATh B PEIKUME
AC.

9.1.4. Beruucauth KOI()OUIMEHT YCWICHHS A4 PA3HBIX YacTOT
B paszax

U B Ienuoemax

U
Ky, = 201g—5"“‘2

BX

U 3aHCCTHU PC3yIbTAThI B TAOI. 4.2.
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9.2. U3mepenne AUX OBYXKACKAAHOTO YCHUIUTEIS MPH TOMOIIH
Bode Plotter.

Bode Plotter mpeacTaBasecT COO0OU U3MCPHUTCIILHBIN PHOOP, MPEC-
Ha3HAUYCHHBIA 17151 mocTpoeHud AUYX umu (pa304acTOTHON XapaKTEPHUCTH-
ki (OUX) 371eKTpoHHBIX VCTPOUCTB. OH 00BCIUHICT B CCOC TCHEPATOP
CHHYCOMJATbHBIX KOJCOAHUN KAYArOIMEHCA YaCTOThI U SKPAHHBIM BHICO-
perucTparop. 3a BpeMs HAPACTAHHUS YAaCTOTHI OT HAYAJIBHOTO 3HAYUCHUS

Jmin A0 KOHEYHOTO — f... JyY HA JKPAHE BHACOPETHCTPATOPA MPOXOIUT

MyTh OT JICBOM IPaHULBI SKPaHa A0 MPAaBOH. 3aKOH U3MECHECHHS YaCTOTHI BO
BPCMCHHU MOKCT OBITh 331aH JIMHCHHBIM WU JTOTapU(PMHUUCCKUM.

Tabauia 4.2

0,051 0,1 [0,15 0.2 | 05 1 10 {2000 [ 2500 | 3000 | 3500

Ky

pas

Ky,
b

OTKIOHCHHE Jy4ya MO BECPTHUKATH MPOUCXOJHUT B 3aBUCUMOCTH OT
KO3(p(pUUUEHTA YCUIICHUA MO HAMPSDKEHUIO HCCICIyEeMOTO YCTPOMCTBA.
BemmunHa OTKIOHEHHUS Ty4da MOXKET OBbITh MPONOPLHOHAILHOU KOA(PPu-
LUCHTY YCHJICHUS KACKaAAa HA JAHHOW YaCTOTE, 4 MOXKET U3MCHATHCS IO
aorapu(pmMIHeCKON 3aBUCHMOCTH.

JlmueBass maHETb MOJCTUPYEMOro B mporpamme Flectronics
Workbench Bode Plotter moka3zana Ha puc. 4.6. [lo ropusoHTamm >KpaHa
OTOOPA’KAETCSI OCh YACTOT B JUHEHHOM WM B JOTapU(PMUUECCKOM Mac-
mrade. Tun ocu 3amar0T kHONKAMmu Horizontal Log wma Lin. Tun Beptu-
KAIBbHOU OCH MOXKET OBITh YCTAHOBIICH JIMHCHHBIM (HAXKaTa KHOTKA Jerti-
cal Lin) mim nmorapumudeckuM (Hakata xkHomka Vertical Log). B mo-
CICTHEM CITy4ac KOA(PPUIHCHT YCUICHUS MOJIYYaeTCs B ACHUOCIax.

Ha skpaHe mMmeeTcsl mepeMemaeMblii CTPEIKAMH <= U —> 0 OCH
Y4aCTOT OCTYHOK. 3HAYCHHUE TCKYIUETO 3HAYCHUE YACTOTHI H KO3 duipeHra
VCHUIICHUS B MECTE YCTAHOBKHU OCTYHKA OTOOPAXKArOTCS B OKOINKAX JIHIIC-
BOU MAHCIIU.
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9.2.1. Otkpeits (ain 2usilit 2.ewbh ¢ BUPTYaTbHOU YCTAHOBKOM
puc. 4.7 m COXpaHHTh €ro moa uMeHeM Ne koMmbrOTepa  2usilit 2.ewb
B manke LR electro, BBIMOJIHUB A 4YCr0 ACUCTBHS, NCPCUUCICHHBIC
BILIL 4 1 3.

9.2.2. VYcraHoBuTh jnorapupmuyeckuii MacmTad Mo OCH YacTOT
(TI0 TOPUBOHTANM) U MO OCH KO3(P(PUIHMEHTA VCHICHUSA (IO BEPTUKAIH).
[Mpenensr m3mepeHust KO3(PUIMEHTA yCUACHUS (MO BEPTUKAIH) 3a0aTh OT
I=0 gb mo FF =40 gb. [Juama3on 4dacrtor 3azats ot / =100 Ml mo
F =100 MI'L,

9.2.3. BRIFOYUTH BUPTYAJIBHYK) YCTAHOBKY U IOJIYYUTH HA 3KPAHE
AUYX pByxkackagHOTo ycwmred. [lepememas OeryHOk ONpPeIC/IUTD

— KO3()(PUIUCHT YCHJICHUA B O0JACTH CPEOHHUX YaCTOT Ky, (Ha

yacrore 5 k[ 'm);
— HIDKHIOKO f, M BEPXHIOK [, 4YaCTOTBI YCHJIMTENIA, KOrAa Kod3(-
(DMLIMCHT YCUICHUS MO HAMPSDKCHUIO CTAHOBHUTCS HA 3 AD MCHBIIC, YeM

Ky, 1mb].

Pe3ynbratel H3MEpeHMii 3aHECTH B Ta0M. 4.3.
Ta6nuia 4.3

Kosddurment yensienus B o6J1acTH CpeTHUX YaCTOT KUo nb

Koaddunuent ycunenus B ob1acT cpeiHUX 4acTOT KUo , pas

Hukisisi rpanduHas yactoTta f,,, 111

Bepxwusis rpannunas gactora f,, MI'n

10. IToka3aTe MOJYYCHHBIC JAHHBIC MPEMOAABATEIIIO U MOCIIC MOJTY -
YCHHA Pa3pEIICHUs 3aKpbITh nporpammy Flectronics Workbench 6e3 co-
XpaHCHUS (pauma.

CopepxaHue oTyeTa

1. Lleas u mporpamMmma pabOTHI.

2. DNECKTPUYCCKUE CXEMBbI SKCIICPUMEHTATBHBIX Y CTAHOBOK.

3. Tabmuuel U Tpa@UKH AMIUTUTYAHOW M AMILTHTYJHO-4YAaCTOTHOM
XAPAKTCPUCTUK YCHITUTCIIA.

4. OcuuaiorpaMMbl HEMCKAKCHHOTO M MCKAKCHHOTO BBIXOJHOTO
CHUrHaNA yCHINTEIA.

5. BIBOIBL
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KOHTpOsbHbIe BONPOCHI

IIpu oonycke K 8upimyaibHbIM UCCTEO0BAHUIM.

1. Kakyro (pyHKUMIO BBINOJHSIOT YCHUIUTEIbHBIC KACKAAbl U TIC
OHH HAXOJAT MPUMCHCHHE?

2. Yro Ha3wBAEcTCH KOIPPUUHUCHTOM YCHICHHS YCHIMTENS MO HA-
IPSIKCHUIO?

3. KakoBO Ha3HAYCHHC 3JICMEHTOB TPAH3UCTOPHOTO YCUITUTES?

4. YTto HA3BIBACTCA AMIUTMTYAHOM M AMIUIMTYJHO-4aCTOTHOM Xa-
PAKTEPUCTUKAMHU YCUIUTEIS?

5. Yemy paBeH KO3((PULHUCHT YCUIICHUSI MHOTOKACKATHOTO VCHIIU-
Tema?

6. Kakue oprassl ynpaBiaeHuUsI UMEIOTCA y ()Y HKIHOHAIBHOTO TEHE-
paropa (Function Generator)?

7. Uto mpeactaBimseT coboro Bode Plotter v Kakue y HETO OpraHbl
VIIPABJICHUA?

Ipu 3awume pe3ynemamos pabomsl HeobXO0OUMO yMemb Omee-
Mums Ha 8ce vlulenepeducienble 0Npocsl U, Kpome mozo:

1. B yeMm 3akmo4acTcsa padoTa Henu TEMICPATYPHOU CTAOUIU3ALNHT
B yCHUJHTENE?

2. Kak 3a7aeTcs B HCCIEAYEMOM YCHUITUTEIIC PEKUM TIOKOS TPAH3HU-
CTOPORB?

3. Kakyro (pyHKUHFO BBITIOTHSIFOT KOHACHCATOPHI B YCHIIUTEIC?

4. Kakue HEIMHCHHBIC HMCKAKCHUSA HAOMOMAKOTCS HA JKpPaHE OC-
nutorpadga?

5. KakoBbI NpUYHUHBI TOSBICHUSA HCTUHCHHBIX HCKAKCHUN?

6. Kak onpeaenaercs moaoca nponyCKaHus yCUTUTES?

7. Kak mpOUCXOOUT YCUIICHUE CUTHAIA B YCHIIUTEIIE?

8. ITouemy HanOOIBIICE PACTIPOCTPAHCHHUE B CXEMAX YCUIUTEIICH
MOJTY YU KaCKAJA C OOIIHM 3MHUTTEPOM?
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5. AHAJIOIOBbIE YCTPOVCTBA
HA ONMEPALIMOHHDbLIX YCUITUTENAX

TeopeTuyeckue ceeaeHuUsA

Obume nonoxxeHusa

Onepauuonssie ycumurenan (OY) — 3T0 MHOTOKACKATHBIC YCHITUTC-
JIM TIOCTOSIHHOTO TOKA, MMEIOIHUE TU(PPepEeHIHATBHBIA BX0 M HECUMMET-
PUYHBIA BBIXOA W 0Onamaromme 00JbmuM TU(P(HEPSCHUHATBHBIM KO3P(Pu-
I[UEHTOM YCHJICHHUS 110 HATIPSHKEHHIO K f]‘”‘b . CBoe Hazeanue OV moayuuiu
B CBSI3U C peau3alueil Ha X OCHOBE Pa3IMYHBIX alreOpandecKux ornepa-
A (CJIOKCHHUS, BBIMUTAHUSA, TU(PPCPCHIHPOBAHUS | T.1.).

AMIuuTy1HO-yacToTHas  xapakrepuctuka OV  mpusencHa
Ha puc. 5.1. Hwkuasa rpanwmdnas yactora y OY NIPUHUUMNHAIGHO PaBHA
HymoO ( f, =0). HacToTa ¢IMHUYHOTO YCHWJICHUA CHrHAIA ( f;) 3aBUCHT OT

truna OV U 1eKUT B AUANA30HE 3HAYCHUU f; = 10°...10%T,

Kak BuaHO W3 aMImTyAHO-4aCTOTHOU xapakrtepuctuku OV cmo-
COOHBI YCHIIUBATH HE TOJBKO CKOIb YTOJHO MEIICHHO U3MCHSFOIIUECS BO
BpeMeHHU cUrHaisl ( f — (), T. €. MOCTOAHHBIM TOK, HO M CHUTHAJBI IEpe-

MCHHOTI'O TOKA.

A
KU
KO
1
jl
T :
0 —

Puc. 5.1. AMIumryHo-yacToTHas Xapakrepucrtuka OY
Ha ocuHoBe OV 5erko €o034aTh BBICOKOTOYHBIC YCHIIMTEIH TOCTO-

SHHOTO M MIEPEMEHHOTO TOKOB, CYMMATOPBI, HHTETpaTOpsl, Au(pPepeHuna-
TOPBI, JOrapU(PMHUUECKUE YCUIUTEIH U T. A. [lepeuncacHHbIC aHATOTOBBIC

71



YCTPOMCTBA OTJIMHYAKOTCS JIMIIb LCTISIMUA OTPHULIATCIBHOU OOPATHOM CBSI3H,
oxparsBaromuMu OY. be3 odpaTHbIx cBs3eit OY HCMOMB3YHOTCS B OUCHb
PEAKUX CIIy4asx.

Vcnosuble rpadudeckue 00o3HaueHUS OV MO OTCUCCTBCHHBIM H

3apyOCKHBIM CTAHJAPTAM MPUBCACHBI HA pUC. 5.2. TOKM U HAPSDKCHUS B
OV moxka3ansl Ha puc. 5.3.

DAl
Uugeprupyionmii Bxoi  —g W |> OO |m |— Bsixon
HeunBeprupyromuii BXogq — 4 uyb— tEmnl
BbIBOIbI IS ITOKJIFOUEHU S |: —INC —y— —En2 5
2JIEMEHTOB KOppeKIuH Hy1s1 OY — —INC GNp— Ol
+Enl DA3
DA2 "
N
BXOA N Borxon _H_XO'H
HennBepTupyromui | Heungeprupyromuii
BXOJ OBt BXOJ] -

—FEm2

Puc. 5.2. Ycnorubie rpaduueckue oboznauenus OY:
DAl v DA3 — 1o oTeuecTBEHHBIM CTaHJ[apTaM;
DA2 — nio 3apybexxHbIM cTaHjapTam

7 o DAl
B
w|P> o0
]Bxl__ UZ[T
% — - UBBIX
o %
D

Puc. 5.3. Toku u nHanpsbxenus B OY

Hampsoxkenne Ha Beixone OV, He OXBAUCHHOTO OOPATHOM CBA3BEO
(cM. puc. 5.3), MOKHO MPEACTABUTH B CICIYFOIIEM BUJE!
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UBB]X = K(I}H(b (UBX1 B

Up) + U = KU+ U

om0

rae Uy, u U, — HanmpspkeHud Ha Bxogax OV U 1= Usx1 = Upxo — Pa3-
. U U
HOCTh HATIPSDKCHHN MEKmy Bxogamu OV K(’}"‘b — CBBIX _ BEIX _
U):[ UBXI - UBX2

audepenuuanbabii  ko3gpuuueHT ycwicHus OV 10 HanpsKCHHIO,
U " — mapasuTHas1 COCTABILIOIIAS BBIXOAHOTO HANPSDKCHIS, HA3BIBACMAS
HANPSDKCHHEM CMELIEHHS HYJI HA BHIXOJIE.

OY B K pa3 ycHIMBaeT pasHOCT BXOJHBIX CHIHATOB U/ -

JU1a SKBUBANCHTHOTO comocTaBiacHus OY pa3IHyHBIX THIOB HA-
MPSKCHUE CMELIEHUS HYJISI OUEHUBACTCA, KaK MPUBEIACHHOE K BXOAY YCH-
JUTCIIA:

U BBIX

_ cMO
UCMO - K (Z}Hfb .

Ha puc. 5.4 npeacrasiena audepeHInanbHas MepeaIaToyHas Xa-
pakrepuctuka OY — 3aBHCHMOCTb €0 BBIXOTHOTO HATIPSDKEHUA OT Pa3HO-
CTH HANMPSDKCHUM HA BXOJAX.

Ha nepenatoyHoi XapaKTepUCTHKE MOYKHO BBIICIUTH TPH YYaCTKA.
JIBa y4acTka HACBIIUCHUS, 4 TPECTHH (MCKIAY HUMH) — TUHCHHBIA. JIMHCH-
HBIM YYaCTOK OYCHb Y3KUU U COCTABILIET CAUHULIBI-ICCATKH MUJLIIUBOJIBT.
Toxbko B mpeaeiax JIMHCHHOIO y4acTKAa BO3MOKHO YCHJICHHC PAa3HOCTH
BXOJHBIX CUTHAJOB. B 001aCTAX HACHINICHHA YCHWICHHE HEBO3MOXKHO. M3
MECPEAATOYHON XaPAKTCPUCTUKH BHIHO, YTO HANMPSIKCHUC CMCILICHUS HYJIA,
npuBeaeHHOE K BXoay Uy, YMCICHHO PABHO TAKOMY BXOJHOMY Hamps-
keHuro OV, KOTOpoe eMy HAA0 MOAATh HA BXOJ C COOTBETCTBYIOIIMM 3HA-
KOM, YTOOBI MOJIyYHTh BBIXOJHOC HAMPSKEHHUE, PABHOE HY JTEO.

B nacrosamee BpeMa OV BbIMYCKAKOTCS B HHTETPATBHOM HCIIOJTHE-
HUHU B JOCTATOYHO OOJBIIOM aCCOPTUMEHTE.
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[ PP
[P f--
max
g oA
A4 ~
Ve
7 0 UBXI - UBX2 = U;[
cMO)|
pd ~N
.~ rd
_UBBD(
____________ | min

HacspinieHue

N

T~

Hacpmmienue | . YcuieHHe \|
e /l

Puc. 5.4. JluddepeHpaipHag nepeaaTouHas xapakrepuctuka OY

B 3aBUCHMOCTH OT TEeXHHWYECKHX XapaKTepPUCTHUK HHTETpaibHbIC
OV nensatcs Ha CIeAYIOIIHE TPYIIIHI;

— OV o0mero nmpuMeHeHHsI UMEIOT CpeJIHHE 3HAUCHHUS BCeX Iapa-
MeTpoB. OHHU JelIeBbl U MPUMEHSIOTCS HauboJjiee 4acTo;,

— npetizHoHHbIe OY TipejiHa3HAuUeHbI JJIS TOYHOTO BBITIOJIHEHUS
omepalyii HaJ aHAJOTOBBIMHM CUTHAJaMU U HMeIoT JuddepeHImalIbHbIH

KO>hOHUILHEHT YCHIICHHST OKOJI0 WK Gosiee 10° U Majble 3HAUGHHS Apeii-
(hOBBIX MapaMeTpoB. X Ha3bIBAIOT U3MEPHTEIHHBIMH YCHIUTEIISIMH,
— ObicTpojieiicTRYyIOMKUe OY UMeEIoT OOJIBIYI0 CKOPOCTh HapacTa-

B
HUSI BBIXOJIHOTO curHajia V' >100 —— u UCTIOJIb3YIOTCS 1Sl TIOCTPOCHUS
MKC

UMITYJIbCHBIX YCUJIUTEICH;
— MUKpoMoIiiHbie OY MpUMEHSIOTCSI B aBTOHOMHBIX yCTPOMCTBAX
¢ MaJIbIM dHepronorpebiienuem P, . <1 MBr, £, ~3 B;

— nporpammupyeMbie OY HMeOT J0OaBOYHBIN BXOJ, I0JlaBas Ha-
NpsHKeHHE Ha KOTOPBIH MOYKHO YIIpaBJIATh mapaMmeTpamu OY.

Jl1sg pacdyeToB cXeM M YCTPOUCTB Ha ocHoBe OY oueHL 4acTO HC-
MOJIb3YIOT HoHATHEe uieaidbHoro OVY. Ilox uaeanbubiM noHumarT OY co
CJIeYIOIITUMH TTapaMeTpaMHu:
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— mu(ppepeHUHATBHBIA KOP(PULHUCHT YCHICHHUS TO HAMPSDKCHHUIO
Kf}“‘b — o0 H, KaK CJIEICTBHE, PA3HOCTh HANPSUKEHHH HA BXogax U, — 0

— BXOAHBIE TOKH [..,/,.» =0, a BxogHOe mu(pdepeHIMaTEHOE

COMPOTHBIICHHE (Kak CleACTBHE) AP — o0
— BBIXOJHOE CONMPOTUBICHUE R, — 0
— BEPXHSISI TPAHUYHAS YacToTa [, —> ©.

CoBpemcHHBIC HHTCrpandbHbic OY HMCHOT MapaMeTpsl, ONH3KHC
K UACATBHBIM (Tadm. 5.1).

Tabauma 5.1
[TapameTper OY WNneanbnpiii OY Peanbnupie OY

Juddepennmansabiii
KorpUILIMEHT YCHIIeHUS 0 104 10°
TI0 HATIPSHKEHHIO K{}H‘b
Bxonpbie Toku ]Bxl ’ IBX2 > A 0 1 071 2. | 076
Bxoanoe nuddepenimans-
HOE COTMPOTHBIICHHE Rffq) \ o0 10* 102
Owm
BrixosiHoe conpoTuBieHHE 0 3

100...5-10
RBI)IX 2 OM
YacToTa eIMHUYHOTO s .
yeusenus fi,I'n o 107...10

WuBepTupyowmn ycunutens Ha OY

HuBepTHPYOMMN YCHINTETh YCUINBACT H U3MCHSCT 3HAK BXOIHO-
ro curHajna. MuBepTupyromuid ycuwmrenaps peamsyerca Ha OY ¢ momo-
IIBEO Pe3ucTOpa R,. MapaIeIbHOW OTPHLATEIBHON OOPATHOM CBA3HM IO

HANPsOKCHUKO (puc. 5.5). HeuHBEpTUPYHOIMMHA BXOA NPHUCOCAUHACTCS
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K OOIICH MMHE CXeMbl. BXOHOU CUTHAT MOJACTCS Yepes pe3uctop R/ Ha
uHBepTUpY oI Bxoa OV.

Lo Ry
L
oc DAl
IBX RI I BX2
ow|P> 0
‘L U
| vz : | Usfm\{
I Bx1
L 1 L

Puc. 5.5. Cxema unBeptupyromero yecuiaureis Ha OY

KoadpurueHT yCHICHUS HHBESPTUPYIOMIETO YCUIUTEIS IO HAIpsI-
JKCHUIO 3aBUCHT TOJBKO OT COOTHOLICHHSI CONMPOTUBICHUU B LCMHU OTPH-
[IATCJIbHOM OOpPaTHOM CBS3H M BO BXOJHOU IICTTH

oC

KOC — BRIX __ ROC

Uoc R/ ’

BX

BpIxoaHOC HANPSHKECHUE TIPH 3TOM MOy 4ACTCS PABHBIM

oc ROC

UOC — UOCKOC — _U —oc
BX BX R]

BBIX

HeunnsepTtupywowmin ycunutens Ha OY

Heunseprupyromuii yCUIMTENIb CO3AacTCa myTeM oxsara OV mo-
CICAOBATCIIBHOW OTPHULATCILHOU OOPATHOM CBA3BK) MO HATPSIKCHUEO
C IIOMOIIBI0 PE3UCTOPOB R, U R (puc. 5.6). HeMHBEPTHPYOIIUH Y CUIH-

TEJIb HE U3MEHACT 3HAK BBIXOJHOIO CHUTrHAJA OTHOCHUTEIBHO BXOJHOTO.
BxogHOU curHanm moJacTcs HEMOCPCACTBCHHO HA HCUHBCPTUPYOIIUH
Bxoa OV.
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— =1
) Up; ; DAl
L= |2 | >oo
oc__
[Bx;[Bxl T [[I[ UOC
/Ll U l
1

Puc. 5.6. Cxema HeuHBepTHUpYIOIEero yerwinreis Ha OY

Koa(ppuuueHT yCUIECHUA HECHHBEPTUPYIOIIETO YCUIUTEISI MO HAa-
NPSOKCHUIO 3aBHCHT TOJIBKO OT COOTHOIUCHHUA CONPOTHBICHHM R/ MR,

B LICMTK OTPHULATCILHON 0OpaTHOU CB3u OY

KpF = Vs =1 +&.
U Uoc R

BX

BprxoaHOC HANPSHKECHUE TTPH 3TOM MOy 4ACTCS PABHBIM

UOC

BBIX

R
:UocKoc :Uoc 1 4 o<
px U BX( R])

NHuBepTupyowmn cymmaTtop Ha OY

AHAIOTOBBIM CyMMATOpPOM (pHC. 5.7) Ha3bIBACTCA ()yHKIIHOHAIb-
HbIIl TPEcOOPA30BATEIb, OCYIICCTBISIOIUNA CYMMHUPOBAHHUC AHAIOTOBBIX
CHUTHAJIOB C OTIPEACICHHBIMU BECOBBIMH KO3 puumeHTamu. B obmem ciry-
4ac BBIXOIHOC HATIPSHKCHUC CYMMATOPa OTTUCHIBACTCS BHIPAXKCHUCM

UBI)]X - KUIU +KU2UBX2 +...+ KUNUB

Bx1

rae K;q1,Kyp,...Kpy HA3BIBAIOTCA BECOBBIMH WM MACIITAOHBIMH KO3(-

(uueHTaAMU.

BxoaHbIME MOTYT OBITH KAK MOCTOSHHBIC, TAK U MICPEMECHHBIC CHUT-
Haibl. BecoBbie KOA()(PULMECHTBI Y HHBEPTUPYIOIIMX CYMMATOPOB OTPHLIA-
TEIIbHBL, 8 Y HEHHBEPTUPYFOLIUX — IOJIOKUTCIILHBIL.
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BbIX

Py

Puc. 5.7. OynkinonaibHoe 0003HAUCHHE aHAIOTOBOTO CyMMAaTopa

Cxema wuuBepTHpyromero cymmaropa Ha OV mpuBeAcHA HIDKE
Hapuc. 5.8. OHAa OTIWMYACTCA OT CXCMBI HHBEPTHPYIOLICTO YCHUIUTEISA
(cM. puC. 5.5) TOJBKO HAJTUYUEM BXOJIHBIX Pe3UCTOPOB R2, R3,...RN. Huc-
JI0 «MAPAJUICIBbHBIX» BETBCH PE3UCTOPOB HA BXOJAC MHBCPTUPYIOLICTO YCH-
JUTEIS PABHO YUCITy BXOAHBIX CHTHAJIOB.

Rl 1
UBXI_:I—>_
R2 I
Uy = F— Lo Roc
: DAl
: RN Iy |71, [
i o L
pis
UOC
: IBXI ‘L BBIX
—_— —I— .

Puc. 5.8. Cxema unBeptupyomero cymmaropa Ha OY

MoXHO TIOKa3aTh, YTO B MPEANOJOKCHUU HACATbHOCTH OV BHI-
XOJHOC HATIPSDKCHUE CYMMATOPA MOy YACTCA PABHBIM

R R R
U](S):IX = RO; UBXI o RO; UBX2 T _R(Z)\Cf UBXN‘
R R R
Koappummenter ——2=; ——2= . ——5 eCTh HE UTO HHOE, KAK Be-
R1 R2 RN

COBBIC MK MACIITAOHBIC KOA(PPHUITUCHTHI CyMMATOPA.
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Koppekuusa HanpskeHUsi CMELLIEHUSA HYNS

B cxemax, ucnonp3yrommx OV, a1 MUHUMH3AUWU OIMUOOK yCH-

JICHUS TOCTOAHHOM COCTABILAKOLICH BXOJHOTO HANPSDKCHUA MPOU3BOIAT

KOPPEKIIMIO BBIXOTHOTO HANPSUKEHHS CMEIEH s Hy st U™

J14 KOppeKUUMU BO MHOTHX HMHTErpaidbHbIX OY mpeayCcMOTPEHBI
BbIBOABI NC (Null Correction), K KOTOPbIM MPUCOCTUHACTCA MEPEMECHHBIA
pe3ucTop (MOTEHUHOMETP) R, MOJI3YHOK KOTOPOr0 COCAMHAECTCS B OJHOU
u3 muH nutanust OY (cum. puc. 5.9).

DA
—q oo | m
] +U
NC -
R NC GN.

Puc. 5.9. Tunosoe BriltoueHUE MMOTEHIIMOMETPA KOPPEKLUH
HallpsDKeHU s cMelleHus Hysst OY

[Ipouemypa OaTaHCHPOBKH TPOUCXOIUT CICAYIOMMM 00pa30oM.
Bxox cxemsl Ha OV mpucoeaussroT k o0meMy mposogxy GND (U, =0)
U, Bpamas oCh MOTCHIMOMETPA, JOOUBAKOTCI MUHUMATLHOTO HAMPSKCHUS
Ha BeIxoAc OV.

Ecmu BHyTpeHHAS Koppekuus Hy 1 B OY O0TCyTCTBYET, TO KOPPEK-
U0 OCYIICCTBIISIOT MPU MOMOIIM HABCCHBIX 3JICMCHTOB, PCaH3ys CBOC-
o0pazubii cymmaTop Ha OV (cMm. puc. 5.10).

BbeIxogHOU CUTHAT AAHHOM CXCMBI MOYKHO MPEACTABUTH B BHUAC
CYMMBI TPEX COCTABIISFOMIMX

R R
Ut =~Upi 224 UM L B (1422).

[Tpu BeIOOpE BemuumnHbI KoMTicHCaMoHHOU D /IC, paBHOU
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UBBIXR]
EK — _ cM0 ;
R,.+RI

JOCTUTAETCS TECOPETHUYECKH IIOJIHAS KOMIICHCAIUS IIAPA3UTHOM COCTAB-
JIFOINEH BBIXOOHOTO curHama U B;(‘)X
C

]OC ROC
| I
o ORI DAI
BX J)W [>OO
/LL Uoe U,
or
L L L

Puc. 5.10. Cxema koMmieHcallUU HATIPSDKEHU S CMEITICHUS HY IS
IIPYU TIOMOIIIY BHEIIIHETO UCTOUHHKA HAIIPSKSHUS

BupTtyanbHbI 3KCNepUMeHT

Llens paboThl

1. 3y4nTh OCHOBHBIC CXCMBI YCHIIMTCIICH MOCTOAHHOIO TOKA HA
ocHoBe OV:

— UHBEPTUPYIOILUETO YCHIIUTEILA,

— HCMHBEPTUPYIOIIETO VCHIIUTEILA,

— CYMMHPYIOIICTO YCUIUTEA (CyMMaTOpPa).

2. B BUPTYQJIBHOM 3KCIECPUMEHTE IPOBEPUTH CXEMOTECXHHUKY IIO-
CTPOCHHUA YCHIIUTEIICH MOCTOAHHOTO TOKA HA OTICPALMOHHBIX YCHIUTEIAX.

3. V3yuuth cnocoObl KOMIICHCALIMU HATPSDKCHUSI CMEIICHHS HY-
11 U o B YCHIUTCIAX NOCTOIHHOrO TOKa HA OY.

4. ITpuoOpecTn MPaKTHYECKHE HABBIKM [0 MPUMEHCHHIO ONEPAlH-
OHHBIX YCHJIUTEJICH.
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Mporpamma paboThl

1. Msy4uTh TNPHHIMN JAeHCTBHA HHBEePTHPYIONIET0, HEeHHBePTH-
PYIOLIET0 H CYMMHPYIOIIETO YCHITHTeNeH Ha ocHobe OV {CM. cXeMBI Ha
pHc. 5.11 — 5.13).

2. B obonouke nporpammel Electronics Workbench v.5.12. Bbimodn-
HHTh BHPTY &b Hble HCCJIETIOB AHHA:

— HHBEPTHPYIOLU[ETO ¥CHITHTEI,

— HEHHB ePTHPYIOIIET0 YCHITHTEIIS,

— CYMMHPYIOIIET0 YCHITHTEA {cyMMaropa).

3. B BHPTYAIbHOM SKCIIEPHMEHTE OCYIIECTBHTDL CIIOCO0 KOMITEHCAIHH
HAIPSUKEHHsT CMeIlleHHA HylA B HHBePTHPYIOLTEM YCHITHTETe MTOCTOSHHO-

ro TOKAa Ha OCHOBe ONepalHOHHOTO ycumutems LAS1014 uz OubmHOTeKH
fexas OV,
4. CocTapHTb OTHET O BLINOJHeHHOMH paboTe.

BupTyanbHasa ycTaHOBKa

1. B BHpTyalbHOH YCTaHOBKe /1A HCCIEeJOBAHHS OCHOBHBIX CXeM
Ha OY HCOOIB3YIOTCA:
— omepalHOHHbIN yeunuTedb LAL101L4 u3 6ubmHOTEKH fexas,

— HCTOYHHKH IOCTOSIHHOTO HAIpPSCKeHHs | ™= Fg,, F/, EZ B xadect-
B€ HCTOYHHKOR BXOJIHBbIX CHTHAIOR;

— HCTOYHHK MOCTOAHHOIO HAIpsDKEeHHsI 5, U1 KOMIeHCAllHH Ha-
IpsDKEeHHs] CMellleHHs Hy I OllepallHOHHBIX ¥ CHITHT eJIeH;

— nu¢PORble H3MepPHTeNbHbIE MpHOOpPbI — ammepmerp P4 H Apa
BOoTbTMeTpa FV/ u PVZ. AmnepMmerp H 00a BOMbTMeTpa HAaCTPOEHLI Ha
PEKHM H3MEPEHHS MOCTOAHHOTO HanpskeHHA (pexxkum D). BHyTpeHHee
COIPOTHRIIEHHE aMIlepMeTpa YCTaHApJIHRAaeTcsd papHBIM 1 MOM, a BHYT-
peHHEee CONPOTHRJICHHE BOJBTMeTPoBE — 10 MOM.

— Habop pesHCTOPOR;

—MepeKIIYaresb »F5 /, yIpaEseMbIH KIIAB HINeH «.5y.

Mopsaaok BeinonNHeHNA paboTel

1. OTEeTHTL HA KOHTPOJILHEIE BOIPOCHI H PACHHCATLCA B 2Ky pHATe
0 TeXHHKe 0e30MacHOCTH.

2. O3HAKOMHTBCS SJIEKTPHYECKHMH CXeMaMH, NpHOOopaMH H Hle-
MeHTaMH, HCIOJb2Y €MBIMH B BHPTYATLHOM SKCIIEpHMEHTE.
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3. MomyunTs y TperojiaraTellsd pa3pellleHHe HA BBITIOINHEHHE HC-
CITe OBAHIE, BKITIOUHMTE KOMITRIOTED M 3aITyCTHTE TIporpaMmy Electronics
Workbench. Tly1s 3amycka: paboumrii cron Windows —> marka «YueGHbLT
MIPOIIECCy — IPIILIK TIporpaMMel Flectronics Workbench.

4. [IpoBecTH HcelemOBaHIe HHRBEPTHPYIOIIETO YCHIIMTeld Ha OCHO-
Be olepalMoHHoro yeummrenda LAF1014 w3 6ubmioTeku fexas.

4.1. Ha pabouem 11ome TiporpaMMel Electronics Workbench cobpats
CXEMY YCTAaHOBKH, H3oOpaskenHo# Ha puc. 5.11. JIma storo HeoOXomHumMO
BHITIONHHTE CITEeMYIONTHE MetiCTRI:

4.1.1. M3 TpyToIeI aHATOTOBBIX KOMITOHEHTOB OuHbOImHOTEKH Analog
ICs (xHOIMKA ¢ M300parkeHHeM MHKpocxeMBl H ab0pepHarypa ANA) mepe-
MeCTHTE THKTOrpammy 3-7erminal Opamp (ONepallHOHHBIN YCHIHTEE
¢ IBYM:A BXOMAaMH H OTHHM BRIXOM OM) Ha pabouee IIole.

R2
1000 k Chm
AYAYAY
O&1
R LM101A
Uex & % _ LBk
+
—— Eex PV PY2
— 0mv

Purc.5.11. Cxema HHBEP THPY IOLIETO YCHITHTENA
Ha OCHOBE OIMepallHOHHOTO ¥ CHIIHTENA

4.1.2. BoiOpaTs MOENE OITEPAllHOHHOTO VCHITHTEA. g 3Toro
TTOABECTH YKA3aTellh MBOIH K OTEPAIlMOHHOMY VCHITUTRITEO M, TIOCTIe M3-
MeHeHH:A €70 BHAA B M300paskeHHe PYKH, MBOHHBIM IMeTuKoM eBofi Kia-
BHIITH MBITIH BRI3BATH THANOTOBOE MeHIo 3-Terminal Opamp Properties.
B rosBuBIIEMCcT THATIOTOBOM OKHe B OKOINKe Library (OHOmMMoTeKa) BBI-
Opars OmOmMHOTEKY fexas, a B okolnke AModel — MOIelb ONepalFiOHHOTO
yvemnnrelrd LAL1014 . Ilocme 3Tor0 NeRroi KHOIIKOH MBI INEIIKHYTE KJTa-
puiy OK.
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4.1.3. OTkpsiB B OHONMOTCKE KOMOOHCHTOB rpynmy [ndicafors
(KHOTIKA C U300PaKeHUEM JUCILICS C KPACHOH BOCBMEPKOH), IEPEMECTUTD
JICBOM KHOMKOM MBILIHM ABA BOJbTMETPA (Jolfmeler) Ha paboyce none. Yc-
TAHOBHTH MAPaMETPhI BOJLTMETPOB. BBI3BaB AUAIOroBOE OKHO Jolftmeter
Properties, oTkpbITh BKIAAKY Value n B okowIKe Mode 3a1aTh THI BOJIBT-
MeTpa — DC (BOIBTMETP MOCTOSIHHOTO TOKa). B okomike Resistance (R)
YCTAHOBHUTH BHYTPCHHEE COMPOTHBICHUE BOIBTMETPA 10 MOMm.,

4.1.4. B rpynmne Sources OHONHOTEKH KOMIIOHCHTOB HAUTH U TIepe-
TAIUTh HA PAdOUMit CTO HCOOXOAMMOC YHCIO 3a3CMITIONIMX KOHTAKTOB
(Ground) 1 HCTOUYHHK TTOCTOSHHOTO HAMPSKEHUA F,,. YCTaHOBHTH HYyJIC-
BYK) BCIUYUHY HAMPMKCHHUSA HTOT0 UCTOYHHKA, BbI3BAB JBOMHBIM LICTY-
KOM JUATIOTOBOE MEHIO Battery Properties (CBOMCTBA HCTOYHHKA) U yCTa-
HOBHUB BO BKJIAAKE }Va/ue (3HAUCHHE) HYIKHOC A1 MPOBCACHUS OMBITA 3HA-
yeHne (J'oltage). TloarBepauTh CBOM BBHIOOP MICTMKOM JI€BOHM KIABHIIH
MBIIIH HA KJAaBue OK.

4.1.5. OtkpsiB TpynIy Basic OHOTHOTEKH KOMIIOHEHTOB TIEpEeMec-
THTb HCOOXO0IUMOC YUCTIO PC3UCTOPOB (Resistor) HA padoUce moJc,

4.1.6. BpI3BaB ABOWHBIM KJIWKOM MBIIIH JHAJIOTOBOE OKHO PE3H-
cropa (Resistor Properties), yCTAHOBHTBh 3HAYCHHC Cr0 CONPOTHBJICHHA.
CompoTuBICHHE pe3ucTOpa K/ Mg pasHLIX OpHraa ykazaHo B Tadm. 5.2.
3HAYCHUS COMPOTUBICHUA PE3UCTOPA 2 MPH MPOBCACHUH UCCICAOBAHUI
yKa3aHel B TA01. 5.3.

Tabmuua 5.2
Ne Gpurajib 1 2 3 4 5
R1, xOm 1 1,2 1,3 1,4 1,5
Ne Gpurajib 6 7 8 9 10
R1, kOm 1,6 1,7 1,8 1,9 2

4.2. C moMomibi0 BBIKJIFOYATENIS B MPABOM BEPXHEM YTy 3KpaHa
BKJIKOYHTb YCTAHOBKY H, M3MCHsAS HOMHMHAJIbI PE3UCTOPA R2 U 3HAYCHHSA
BXOJHOTO HANPSKEHUS B COOTBETCTBUHU C JAHHBIMH Ta0J. 5.3, BRINOIHHUTH
BHPTY ANIbHBIA 3KCICPUMEHT. Pe3yabTaTel H3MEPEHUHN 3aHECTH B TA0M. 5.3,
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Tadmuna 5.3

UBX; R2 > UBBD(; TSSO IKCIT 8 ]
MB KOM B K% ’ K% %
10
0 100
1000
10
10 100
1000
10
100 100
1000

4.3. BpMHCIHTD TCOPCTHUCCKHUH M 3KCICPUMCHTAJBHBIN KO3 (hu-
OUEHTHl YCUICHHS HHBEPTUPYIOMIETO VCHINTEI N0 HANPSKEHUIO, 4 TaK-
YK€ OTHOCHUTCIIBHY KO MOTPEIIHOCTD YCUICHUS O, Yo

KJGOP - _B;
Rl

KSKCH _ Ugi;
UBX

_ (K;eop _KBKCH)

2

K Teop

U

O 100 %.

Pe3ynbTaThl BBIMHCICHUH 3aHCCTH B TA0L. 5.3.

4.4. IlpeasaBuTh pe3yabTAThl U3MEPEHUH U BBIMHUCICHUN IPEnoaa-
BATCIIFO AJIA MOJIYUCHHS PA3PCIICHUS HA MPOBCACHUC AATBHCHIINUX UCCIIC-
JTOBAHHUIA.

5. TIpoBeCTH UCCACAOBAHUC HCHUHBCPTUPYKOLLCTO YCHIUTEIS HA OC-
HOBE ornepanuoHHoro yeunurena LA/ 1014 u3 Oudnuoreku fexas.

5.1. CoOpatp cxeMy, MOKa3aHHYK HA puc. 3.12. 3aaaTh COMPOTHB-
JCHHE pe3ucTopa R/ B COOTBETCTBHH C Tadd. 5.2 (B 3aBHCHMOCTH OT HO-
Mcpa Opuraasil). 3HAUCHHUS COMPOTHBJICHUSI Pe3ucTOopa K2 mpu MpoBCAC-
HHH HCCJICIOBAHHH YKa3aHbI B Ta0I. 5.4.
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R2
1000 k Chm

R LM101A
_ LBkl
+
e LB
- &
Pv2
" Eex
—— Omv
PV

Puc. 5.12. Cxema HEHHBEPTHPVIOLIETO YCHIIHTEIS HA OCHOBE
OTIEPALIHOHHOTO YCHITHTENSA

5.2. C IOMOIIBI BERIKIFOYATENIA B IMPaBOM BepPXHEM VITIY SKpaHa
BKIFOYMTh YCTAHOBKY H, W3MEHAd HOMHHAIIbI pesucTopa R2 WM 3HaueHHA
BXOIHOTO HANPIAKCHHA B COOTBETCTBHH ¢ JaHHBIMH Tadml. 5.4, BEIIIOTHHTE
BHPTYAIIbHbIA SKCIICPUMEHT. PesyIbTaTel H3MEPEHHH 3aHSCTH B Talm. 5.4.

TaGnuoa 5.4

=

BX» R2> UBBIXB TEop JKCII 89
KOM B Ky K, %

&

10
0 100
1000

10
10 100
1000

10
100 100
1000

5.3. BHUMCIHTE TeOpeTHUYSCKHI M BKCIIepHMeHTATRHBIT K03 hH-
IIUEHTHl YCUIIEHHSA HEHHBEPTHPYIOMIETO YCHIHTEIA IO HaIPOKESHHIO,
a TAKKEe OTHOCHTEIIBHYIO IIOIPEIIHOCTE H3MEPCHHHA
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TCOp ARCIT
greov o K20 powen U 5 K =K ) 100 %,
Rl Bl K

Pe3ymbTaThl BEIUHCIIEHHI 3aHecTH B Tabm. 5.4

5.4. IlpegbABHTE pe3yiIbTaTEl H3MepeH il U BBIUMCIIeHHIT IIperoga-
BATeIO AT TIOTyUeHHs pazpellieHis Ha TTPoRefieHIe JanbHe X uccie-
OB AHIMH.

6. ITpoRecTH HUcCTeMOBaHHe CYMMHPYIONIETO YCIITUTEN (CYMMATO-
Pa) Ha OCHOBE Ha OCHOBE OIEPallHOHHOTO yeHmuTend LAL1014 m3 Oub-
TMHOTEKH fexas.

6.1. Cobpats cxemy, MOKazaHHYIO Ha puc. 3.13. 3amate COMpPOTHB-
neHne pesHcropa K7 B cOOTBeTCTBHMH ¢ Tadm. 5.2 (B 3aBHCHMOCTH OT HO-
mepa Opuraapr). COMPOTHRIEHUS OCTANBHBIX PE3UCTOPOR YCTAHARIHRA-
FOTCA [T KK OTO OIMBITA B COOTBETCTBHH € JaHHBIMH TabIm. 5.5.

Eex1
0y 1 R

1k Ohm 10 k Ohm

— Eex
o 0 my

LIBbnx

PY2

Puc. 5.13. Cxema cYMMHPYIOIIETO YCHIIMTEA Ha OCHOBE
OIMEePaLHOHHOTO ¥ CHITHTENA

5.2. BKIIOYMTH YCTAaHOBKY C TIOMOTIIBIO BBIKITIOUATETSA B ITPABOM
BepPXHeM VIIIY 5SKpaHa M, W3MeHdAd 3HAUeHMI BXOJHEIX HAIIP:AKeHHIL H co-
MTPOTHBIICHHA PE3UCTOPOB B COOTBETCTBHH ¢ JIAHHBIMH TadI. 5.5, mposec-
TH HCCIeLORAHHE CYMMAaTOPA.

5.3. Paccunrarh TeopeTHYECKYIO BeIIMUNHY HAITPAKeHHsI Ha BBEIXO-
e VCUITUTENI U pPe3yNbTaThl BRIUMCITeHHI 2aHecTH B Tabm. 5.5.
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R4 R4
Uit = —EUM ~pg 2

H PACCUMTATh OTHOCUTEIBHYH) OIMMOKY CYyMMHPOBAHHA

5= Yma Um0,

ey
Tabauna 5.5

UBXI > UBX21 R ’ R2 ’ R4J ﬁ E U];r:g{p P Usif];n P 8:
MB MB KOM KOM KOM Rl R2 R B %

0 1 2 10

10 —50 1 2 10

10 50 1 2 20

10 20 7 2 20

5.4. IlpenpAaBUTH pPe3yabTAThl H3MEPEHUH U BEIMUCIICHUN IPEIOa-
BATCIIO A4 TMOJIYUYCHHS PA3PCLICHUS HA MPOBCACHUC AATBHCHIINUX UCCIIC-
JIOBAHHM.

6. YccacnoBath Cmoco0 KOPPCKUUH HATPSDKCHHUS CMCIUCHHUS HY IS

U°°" ¢ MOMOLUBE) HCTOUHHKA HAMPSIKCHHS B HHBEPTHPY FOLUCM YCHIATENE

MOCTOAHHOIO TOKA HA OCHOBE ONEPAUMOHHOrO yeumutead LA1014.,

6.1. CoOpars cxeMy, IOKA3aHHYIO Ha pHC. 5.14 (mepexmovyaTeIb
Switch HaxoaUTCsA B rpynne Basic ONOMHOTCKH KOMIIOHCHTOB).

6.1.1. 3agate compotuBneHue pesmucropa R2=1000 kOmMm, a RI
B COOTBCTCTBHH € TA0J. 5.2 (B 3aBUCHUMOCTH OT HOMEpa Opuraasl). B kaue-
ctBe OV ucnoab3zosatk Moaenb LA1014 u3 0ubmmoreku fexas (IMyTh BbI-
Ooopacm. B 4.1.2.).
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Rz
1000 k Chm
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R1 L1014
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Pv2
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E
0 uy

= <+ = L

—

Puc. 5.14. Cxema O HCCIETORAHMA CIIOCOOA KOMITEHCALTH
HarpA:KeHHA CMELIeHHA Hy I

6.1.2. 3agaTe KITABHINY YITpaBIeHHA TepeKmodareneM. /[ma sToro
ABYM: KITFKaMH MBI BEI3BATE MEHIO Swifch Properties, OTKPBITH BKIIA/I-
Ky Valie 1 B oxonke Key BITeUararth S.

6.1.3. Bonetmerper PV! 1 PV2 yCTaHOBHTE B PEeEHM H3MePEHHA
MMOCTOSHHOTO ToKa (pexam DC). BHyTpeHHee COTTPOTHRIIEHHE BOTBTMET-
poB 3amats 10 MOm.

6.2. BKIIOUUTH TTMTaHUE CXeMBI. Y CTAHOBMTEL TIEPEKITIOUATeNh S5
B TIOJIOKeHHe, KakK ToKa3aHo Ha puc. 5.14 (0TKIIOUNTE HCTOUHHK KOMITeH-
CAlMOHHOTO HampmkeHud). llpm £ =0 cHATH NokazaHuA BOIBTMETpa

PV2 — 3HAUeHHEe HAIPAKEHN CMELIeHH: HYIId Ha BRIXOJE HHBEPTHPYIO-
mero yermTensa Uy . Pesynsrar 3aHectH B Tabi. 3.6.

6.3. PaccuiitaTh ¢ TOYHOCTBIO He MeHee O 3HAKOB HalpdKeHHE
CMEIeHH: HYIIA OIePalHOHHOTO YCIIINTEI, IIPHB eJIEHHOe K BXOAY, H pe-
3yTBTAT 3aHECTH B TA0M. 5.6.

Rl
U o=Usog—.

6.4. [lpn oMot Kiroya S8 MOAKIIIOUHTE KOMIIEHCHPYIOIIIA He-
TOUHHK HATPKSHHA CMEIEHHA K HeHHBePTHPVIOIIEMY BXOAY OIIepaIfH-
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OHHOTO YCHIIMTCIIL H YCTAHOBHUThL F = E,. =0. CHATE MOKa3aHMS

cm0 >
BOJBTMETPOB U PE3YIbTATHI H3MECPCHUH 3aHECTH B Ta0M. 5.0.

Tadnuna 5.6
UBX: EK? UBBD(: f;g( ? UcmO ? R-Teop R-BKCH 8 >
MB MKB B MB MKkB u U %
0 0 — =
0 UCMO ? - -
MKB
10 0 —
10 UCMO ’ o
MKB

6.5. Ilosroputs oneiT O 1. 6.4. ipu /£ =U o ¥ £, =10 MB.

6.6. BEMHCIHTD TCOPCTHUCCKHUH M 3KCIMCPUMCHTAJIBHBIN KO3 (u-
IUCHTHl YCUJICHHS HHBEPTUPYIOWIETO YCHINTEI N0 HANPSKEHUIO, 4 TaK-
K€ OTHOCHTCIBHYIO MOTPEIIHOCTD YCHICHHA O, BOCIOIb30BABIINCH (Op-
MyJdamu B 1. 6.3. Pe3yapTaThl BRIMHCICHUH 3aHECTH B Ta0I. 5.6.

6.7. IIpeapaBUTh JAHHBIC H3MCPCHUM U BBIMUCICHUN MPENOAABATE-
JEO M MOJYYUTh PA3PEIICHUE HA OKOHYAHHE PAOOTHL

10. Tlocne OKOHYAHWA MOACTBHOTO JKCICPUMCHTA 3AKPBITH CO3-
JaHHBIH (paiin Oe3 COoXpaHCHHMS BHECEHHBIX H3MEHEHHH (Revert fo
Saved...). Beliitu u3 nporpammsl Flectronics Workbench.

CopgepxaHue OTYETaA

1. Lle1s paboTHI.

2. TTporpamMma padoOTHL

3. IIpuHUMIHATIBHBIE JJIECKTPHUYCCKUE CXEMbl HHBEPTHPYEIOLIETO,
HCHUHBCPTHPYIOLICTO U CYMMHPYHOLICTO yeunuteaci Ha OV,

4. IlpuHUIMIIHATEHAA JJICKTPHUECKAA CXEMA HEHHBEPTHPYIOIIETO
YCHJIMTCIIS ¢ KOMIICHCAUUCH HATIPSDKCHUS CMCILCHUS HY JISL.
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5. Tabmauel ¢ pe3yabTaTaAMH H3MCPCHHI M BBIMHCIICHUH,
6. Kpatkue BbIBOABI 110 PadoTeE.

KOHTpOnbHbLIE BONPOCHI

IIpu oonycke K UPMYaTbHbIM UCCTEO0BAHUIM HAOO OMEEMNtbL HA
BONPOCHL.

1. KakoBsl 11€;16 ¥ TiporpaMmma padoThI?

2. B xakux o06macTax u A8 4ero npuMeHsTCH OY?

3. Kakue 0CHOBHBIEC BBIBOIBI UMEHOTCA Y OVY?

4. YeM OTIHYAROTCA MHBCPTHPYHOIMUH M HCHHBCPTHPYHOIIUH BXO-
ab1 OY?

5. Kak ompeaensictcs KO3()PUUUCHT YCHICHHS MO HAMPKCHHEQ
HHBEPTHPYIOILIETO YCUIUTEI MOCTOSIHHOTO TOKA Ha ocHOBE OY?

6. Kak ompeacmaercs KO3P(ULUMCHT YCHICHUSA TO HATIPSDKCHUED
HECHHBEPTHPYIOWIETO YCUIUTEIS IIOCTOSHHOTO TOKA HA oCHOBE OVY?

7. Yt0 TaKOC HANPSHKCHUC CMEIICHUS Hy 151 OY?

8. Kakoii onepallMOHHBIN YCHIHTEIb MOYKHO CUHTATh HACATbHBIM?

9. Kakyr (pyHKUMIO BBINOAHACT cymMmmaTop Ha OY?

10. Yro Ha3bIBAKOT MACIITAOHBIMH KO3(DPHITHEHTAMH CyMMAaTOpa?

IHpu 3amume pesynemamos pabomvl He0OX0OUMO OMEEMUmMs Ha
gce ullenepeytciieHHble ONPOChL U, KPOMe Mo20, HA0O YMeNb:

1. OOBACHHTH, HA3HAYCHHE BCEX JIICMCHTOB HA CXCME BKIFOUC-
HEIsL OV

2. OOBACHHTH padOTy HHBEPTHPYIOIIETO, HECHHBEPTHUPYIOIIETO
W CYMMHPYIOLICTO YCUIUTEIIS MOCTOSHHOTO TOKA HA OCHOBE OV,
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6. ULWPPOBbBIE CXEMbI
HA NNOTMYECKUX 3NEMEHTAX

TeopeTnyeckue ceeaeHus

Obuwme NnonoxxeHus

Llndposbic cxeMbl ABILIHOTCSA COCTABHOM 4acThiO Bcex IBM, cuc-
TCM ABTOMATHYCCKOTO YIPABICHHUA M TPCAHAZHAYUCHBI A1 00padoOTKH,
XpaHCHHS H IepeIadd TUCKpeTHOH (mudpopoii) unpopmanuu. B mudpo-
BBIX CXCMAaX BBINMOJHAIOTCS PA3IHYHBIC JOTHUCCKHC OTCPALMH HAZ AHC-
KPETHBIMH CHTHAJIAMH IPH JBOHYHOM CIOC00€ UX mpeacTasiacHus (1; 0).

[{u(ppoBbIc TOrMUECCKUE CXEMBbI ACTATCA HA KOMOMHALMOHHBIC CXC-
MBI U JUCKPETHBIC ABTOMATHI C MAMATHEQ.

K normucckumM KOMOMHAUOHHBIM CXCMAM OTHOCAT TAKHC, BBIXOI-
HOE JIOTHYECKOE COCTOSHME KOTOPBIX OJHO3HAYHO OIMPEACSIETCS KOMOH-
HALKMCH UX BXOJHBIX CUTHAJIOB B JAHHBIM MOMCHT BPEMCHHU. JTO JIOTHYC-
CKHE 3JICMEHTHL, Acmmu(paTopsl, MU(pPaTOphl, IpPeodpaz0BaTeiu KOJ0B H
JAPYTHUC YCTPOUCTBA.

K auckpeTHBIM aBTOMATAM C IAMATBHE) OTHOCAT TAKHE YCTPOMCTBA,
BBIXOJHOC COCTOSHHE KOTOPBIX ONMPEACTACTCA HE TOJIBKO KOMOMHALIMCH
BXOJHBIX CUTHAJTOB B JJAHHBIH MOMEHT BPEMCHH, HO M T€M, KaKHe TMOCe-
JOBATCIBLHOCTH CHUTHAIOB MOCTYNAMH HA UX BXOAbl B MPCALICCTBYHOLIUC
MOMEHTHI BpeMEHH. ABTOMAT MOMHHUT CBOIO IPEIBICTOPHIO U XPAHUT €€ B
HaMATH. JTO PA3HOOOPA3HBIC TPUITEPBI, PETUCTPBI, CHCTUUKH UMY IbCOB

H Op.
Jlornyeckmne anemMeHThbl

[TpeUMyIIIECTBEHHOE PACMPOCTPAHCHHE TMOMYYWIN JOTHUCCKHE
3JICMCHTBI IOTCHUHAIBHOTO THNA. B HUX MCTIOIB3YIOTCH AUCKPCTHBIC CUT-
HAJBI, HYyJICBOMY 3HAYCHHIO «0» KOTOPBIX COOTBETCTBYET VPOBEHb HU3KO-
ro MOTCHUHMAMA, 4 CAHHHUYHOMY 3HAYCHHK «1» — YPOBCHB BBICOKOrO MO-
TEHIMAJIA.

Bcee cxembl uyu(poBOH TCXHUKH BBIMNOJIHAKTCS HA JTOTHYCCKUX WH-
TETPATBHBIX MHKPOCXEeMAaX. 3aK0H ()YHKIHOHHPOBAHUA JOTHUYCCKHX 3IIC-
MCHTOB MO’KHO OIHCATh, MCMOJBL3Ysl anrcOpy moruku (OyieBy amrcOpy)
WU TIPH TIOMOIIH Ta0JIHII, HA3bIBAEMBIX TaOMHIIAMU HCTHHHOCTH.
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Jro60oe mmudpoBoec yCTPOUCTBO MOXKHO CO34ATh, UMEA B PACIoOpsi-
JKCHUH HAOOp JTOTHYCCKHUX 3JIEMEHTOB, BBIMOJTHSIOIIUX CJICTYOMIHE OIc-
pauyu: JIOTHYCCKOC CIOXKCHHE (oruucckoe MIIN), mormdeckoe yMHOXKE-
Hue (moruyeckoe M) u normveckoe orpuuanue (norudeckoe HE). MoxHO
00OMTHUCH U TOJIBKO OJHHUM W3 COCTABHBIX JIOTHUYCCKUX 3jieMcHTOB 21-HE
nm 21 IN-HE.

Jlormuecku#t >memeHT nWUJIN — mMeeT 7 BXOI0B U 0aHH BIXoa. OH
OCYIIECTBIISICT JIOTHUECKOE CIIOKEHHUE (U3 BEOHKIIHIO)

Y=xqvx,v..vx, amY=x+x +..+X,,

rae ¥V — QyHKUHA; X;...X, — QPTYMCHTHI (ICPEMCHHBIC IBOMYHBIC CHTHAJIBI
Ha BXOZE).

VYcnoBHoe rpaguyeckoe odo3HauecHue smeMeHTa 2MJIM mokasano
Ha puc. 6.1, a B Tadn. 6.1 omucaH 3aKOH ()y HKIIMOHUPOBAHUS 3TOTO JIOTH-
YECKOro 3JICMCHTA.

Tabauna 6.1
DDI Jlornueckoe cocrosinue
X, — 1 Y X1 X9 Y
— 0 0 0
2 1 0 1
0 1 1
1 1 1
Y= X{TXs

Puc. 6.1. Ycnornoe rpaduueckoe o603HaueHHE, BRITIONHIeMasT GyHKITAS
U TabauIla UICTUHHOCTH Joruueckoro sinemenra 21MJIN

Jlormueckuin yteMeHT " — uMmeeT » BXOJOB W OauH BhIX0oa. OH
OCYIIECTBIIET JIOTHYECKOE YMHOKEHUE (KOHBIOHKIIHIO):

Y=xiAXynioAx, amA Y =x7-%y .- X,

VYcnosuoe rpauucckoe odo3HaucHue 3neMeHTa 21 mokaszano Ha
puc. 6.2, a B Taba. 6.2 OMUCaH 3aKOH (P)YHKIHOHHUPOBAHUS 3TOTO JOTHYC-
CKOTO 3JICMCHTA.

Jorudeckuit ’nemeHT U sBusercst cxemoit coBmanacHus. CurHan
«1» Ha BBIXOAC MOSBISACTCS TOJIBKO MPH OJHOBPEMCHHOU MOJAYC CTUHUY-
HBIX CUTHAJIOB HA BCE €r0 BXOIBI.
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Ta6numa 6.2

DDI1
x — & |y Jloruueckoe cocrosiHue
A X Xy Y
2] 0 0 0
1 0 0
Y=2x,x, 0 1 0
1 1 1

Puc. 6.2. YcinorHoe rpaduueckoe obo3HaueHUE, BhITIONHsIeMAast QYHKITHS
U TabJiuIla UCTUHHOCTH JIOTUUECKOTro 3jieMeHTa 21

Jloruueckuii 31ementr HE — uMeeT 0IUH BXO UM OIUH BBIXOI. DJje-
McHT HE BBINOTHACT ONMEpaLUr0 OTPULIAHKA (MHBCPCHH), B CBA3H C YCM,
€ro 4YacTO HA3BIBAKOT JJOTHUCCKUM HHBEpTOpoM. MM peamisyercs QpyHKIms

Y =%

Curnany x =0 Ha Bxoae normdeckoro 3nemeHTa HE coorBercTBy-
eT Y =1 Ha ero BeIXOJEC M, HAOOOPOT, CUTHANY X =] HA BXOJIC COOTBETCT-

ByeT V' =0 Ha BbIXOZC.
VYcnoBHOe rpaduieckoe 0003HAYCHUE TOTHYECKOTO HHBEPTOPA 1O~

Ka3aHO HA puc. 6.3, a B TA0I. 6.3 OMKUCAH 3aKOH (DY HKUHOHUPOBAHUS 3TOTO
JOTHYECKOTO 3JIEMEHTA.

DDI Ta6muna 6.3
11Y X Y
S o— V=% 0 1
1 0

Puc. 6.3. YciorHoe rpaduueckoe obo3HaueHHE, BhITIONHsIeMAast QYHKITHS
U TabJmIia ICTUHHOCTH JIOTMUecKoro ajieMeHTa HE

B uudpoBod 3MEKTPOHHKE MIHMPOKO PACTIPOCTPAHCHBI COCTABHBIC
aorudcckue 3aeMeHThl Tuna 2U-HE u 2UJIN-HE.

Jlormueckuit 3nemeHT 2U-HE peam3yer (pyHKIMIO JTOTHUYECKOTO
YMHOXKCHHUA JIBYX NCPECMCHHBIX C TOCJCAYIOIICH MHBECPCHUCH pe3yiabTaTa

JOTM4YECKOr0 YMHOKEHHUA 1 = x; A X, . YCIOBHOE rpaduyeckoe 0003HAYC-
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Hue 3nemeHTa 2M-HE moka3ano Ha puc. 6.4, a B Tadn. 6.4 onucaH 3akoH
()Y HKHIMOHHPOBAHKE 3TOTO JTOTHUECKOTO 3JIEMEHTA.

DD1 Tabnuna 6.4
X, — &|lY Jloruueckoe coctossHue
Xy — 0~ X1 Xy Y
0 0 1
1 0 1
0 1 1

Puc. 6.4. Ycnornoe rpaduueckoe obo3HaueHue, BeITIONHsIeMas QyHKITHS
U TabJadIla UICTUHHOCTH Jorudeckoro sinemenra 2U-HE

Jlormyeckuit 3meMeHT 2M-HE MOXHO NpEeacTaBUTh B BUAC ABYX
MOCJICAOBATCIBHO BKIHOYCHHBIX JOTHUCCKUX AJIEMCHTOB — 3neMeHTa 2H
u ynemeHTa HE (eMm. puc. 6.5).

DDI DD2
y— & 1

Xy

Y
ND—

Puc. 6.5. Cxema 3amelenus jioruueckoro niaeMmenra 21-HE

OTHOCHUTEIBHO IMUPOKO PACTIPOCTPAHCHBI H JTOTHUCCKUC DJICMCHTHI
2UJINA-HE w psa apyrux, ¢ OOIBIIMM YHCIOM BXOAOB. JIOrmueckui 3ie-
MeHT 2UJIM-HE MOXHO mpeacTaBuTh B BUAC ABYX MNOCICAOBATCILHO
BKJIFOUCHHBIX JIOTHUYCCKHX 3JICMEHTOB — 3aeMeHTa 2MJIN u anemenTa HE.
OH pecamu3yeT ()yHKLUHIO JOTHUYCCKOTO CIIOXKCHUS ABYX MEPEMCHHBIX C TIO-

CHCIYFOIICH HHBEPCUCH PE3YIbTATA JIOTHYECKOTO CHOKEHHUA V' = x; v X, .

MynbsTunnekcop

My JIBTHILIEKCOP — 3TO YCTPOMCTBO, KOTOPOE OCYIIECTBISCT Lu(-
POBYHKO KOMMYTALIMIO OJHOTO M3 CBOUX BXOJHBIX CUTHAJIOB HA CBOU CIUH-
CTBCHHBIN BBIXOJ. YIPABJICHUE MYJIBTHILIEKCOPOM OCYILECTBIIAETCA IIa-
PANICIBHBIM ABOMYHBIM KOJAOM, KOTOPBIA HA3BIBAKOT AAPCCHBIM.

B kadectBe mpumepa, Ha puc. 6.6 MPUBEACHO YCJIOBHOE rpadudic-
CKOC OO0O3HAYCHUC MYIBTUILICKCOPA, OCYIICCTBISIOMICIO IMOIKITIFOUCHHUE
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OJHOTO U3 CBOMX BX0J0B X/, X/ k Beixoay Y. Homep kOMMyTHPYEMOTO
BXO0J1a ONPEIEIACTCA YPOBHEM CUTHATA HA AApEeCHOM BXoae A0.

Ta6muna 6.5
— X0 MUX Jloruueckoe
COCTOSTHHE
— X! Y — A0 Y
—140 0 X0
1 X1

Puc. 6.6 . YcaoBHoe rpaduueckoe o603HaueHHE
MyJIbTUILIekcopa 2 B 1 ¥ ero Tabiuiia UCTHHHOCTH

IIpu 40=0 Y =X0. a npu xomouHaumu A0=1, A/=0 Y =X1.
PaspaaHOCTE aapecHOro K04a 3aBUCHT OT YHCJIA BXOJA0B MYJIBTHILICKCOPA.
Jlns mepekOUEHHS ABYX BXOAOB JOCTATOYMHO OJHOTO Pa3psaa agpecHOTO
KOJA, ATl YCTHIPEX — ABYX, A BOCBMHU — TPeX. K BBIXOAY MOAKITHOYACTCS
TOT BXOJ, YeH HOMEP COOTBETCTBYET IBOUMYHOMY KOIY.

ITpocTenmmii My IbTHILICKCOP 2 B 1 MOYKHO Peann30BaTh HA YCThI-
pex normyeckux demMenTtax 2h-HE (cMm. puc. 6.7)

DDI.2
X0 s
IS5y O—— DDIA4
A0 S 0 =] v
L Q DDI1.3 | o—
A0 s
X1 oO—-—

Puc. 6.7. Mynbtunnekcop 2 B 1 na snemenrax 21-HE

RS -TpUrrep ¢ UHBEPCHLIMU BXOAaMU

Tpurrep — 3T0 yCTpOUCTBO, 001aJar0mIee ABY M YCTOMYUBBIMH CO-
CTOSIHHSIMH. Y HETO JBa BbIX0Ja — mpsmou () u mHBepcHBIN (. CocTos-
HUC TPUITEPA OMPEACIHICTCS JOTHYSCKHUMH YPOBHSAMHU CHTHAIOB HA €TO
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BBIX0JaX. [ OBOPAT, UTO TPUITECP HAXOAUTCSA B CAMHUYHOM COCTOSIHHH, €C-
mi O =1,a Q=0 1, COOTBETCTBSHHO, B HyJieBoM, korma O =0,a 0 =1.

B nacrosdmeMm pasaciac usydacTcs padora RS -tpurrepa ¢ wHBepc-
HBIMHU BXoJaMu. Ero ycroBHOE rpaduueckoe 0003HAYEHUE MPUBEACHO HA
puc. 6.8. byksa «7%» Ha OCHOBHOM ITI0JIC O3HAYACT, YTO TPUITCP OTHOTAKT-
HbId. Bxoaer S m R HazpBaroTCcsa MHPOpMAUMOHHBIMH. Bxox S-— 3T0
BXOJ YCTAHOBKH, a BX0A R — cOpoca. Kpy»xku yka3bIBarOT HA HHBEPTUPO-
BAHNE CUTHAJIA, HAIPUMEP, YTOOBI YCTAHOBUTh TPUTTEP B CAUHHYHOE CO-
ctostHue (O =1) HEOOX0AUMO HA BXOJ YCTAHOBKH MOJATh S=0.

Ilepexoa U3 OOHOrO COCTOSIHMA B APYyroe (mpouecc OMpOKHUIbIBA-
HUS TPUITEPA) MPOUCXOIUT JIABUMHOOOPA3HO 34 CYET BHYTPCHHCH IIy0o-
KOU TMOJIOKUTEILHON 00paTHOU CBA3UM. B OTIWYHE OT JIMHEHHBIX KOMOH-
HALIMOHHBIX CXCM JIOTHUCCKOC COCTOSTHHC BBIXOJIHBIX CHTHAJIOB TPHITCPA
3aBUCHUT HE TOJBKO OT KOMOWHAIIMU €T0 BXOJHBIX CHTHAJIOB B TCKYIIHH
MOMCHT BPEMCHH, HO ¥ OT €0 BHYTPCHHCTO UCXOTHOTO COCTOSTHHUS,

RS-Tpurrep Mo>keT paboTaTh B PEKUME 3aMUCH (YCTAHOBKH), Xpa-
HCHHSI U TICPC3ANMUCH JAHHBIX. 3AKOH ()YHKUMOHUPOBAHUS RS-TpuUrrepa

. . —t
ONHCHIBACTCA TAONHICH MCTHHHOCTH (Tabnm. 6.6). B meit uepes O’ m O
0003HAYCHBI BBIXOHBIC JTOTHYCCKUE YPOBHU CUTHAJTOB TPHITEPA A0 yCTa-

t+1 Al
HOBKM KOMOMHALIMU BXOJHBIX CHTHAJOB, a Yyepe3 Q' m () — COCTOSIHHE

TPUTTEPA MOCIC YCTAHOBKH YKA3aHHOW KOMOWHALIMU BXOJHBIX CHTHAJIOB.
B mocneanen CTpoke HA MPAMOM W MHBEPCHOM BBIXO0JAX TPHUITEpA yCTa-
HABJIMBAKOTCA CIMHUYHBIC YPOBHH, YTO HEAOTYCTUMO. s RS-Tpurrepa ¢

WHBCPCHBIMHU BXOJaMH KOMOMHAIMSA R =0, S =0 SBIACTCSH 3aMPCIICHHON.

Ba3oBada cxema normMyeckoro afnemeHTa TPaH3UCTOPHO-
TpaH3uctopHou noruku (TTI)

B Hacrosmee BpeMsi B HH(PPOBON TEXHUKE HUCTIOTB3YIOTCS JOTHUC-
CKHE 3JIEMEHTBI, CO3JAHHBIE HA OCHOBE MOy MPOBOIHUKOBBIX AUOJO0B, OH-
MOJIIPHBIX U MOJICBBIX TPAH3UCTOPOB. KOMIIEKTHI HHTEIpaIbHBIX LU(PPO-
BBIX MHKPOCXEM (CEpHH) COOTBETCTBEHHO MOJYYWUIN HA3BAHUE B 3aBUCH-
MOCTH OT THNA HCHOJB3YCMBIX JJICMCHTOB. Hampumep: amoaHO-
TpansucropHas Joruka (JATJI), TpaH3UCTOPHO-TPAH3UCTOPHAA JIOTH-
ka (TTJI); TpaH3uCTOPHO-TPAH3UCTOPHAS JIOTHKA C UCTIOJIB30BAHUCM JUO-
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0B Hlotku (TTAL); koMmieMEHTapHAA METAILT-OKUCET-TIOTY IPOBOIHHUK
aoruka (KMOII-noruka) u ap.

a 0
DDI.1 DI
s A &ly oo N 0
] o—— 2 dg| T L=
X1.2
R 0
—qR O—
DDI.2
X2.1 &|y,| O
7 oO—-—
X2.2

Puc. 6.8. RS-tpurrep ¢ uHBepcHbIMH BXogamMu Ha snemenTax 2H1-HE:
a — MpUHIMIHAJIbHAS cXeMa; O — yelloBHOe Trpaduieckoe 0003HaUCHUE

Ta6mumna 6.6
Y craHOBHUBIIIEECS JJOTHYECKOE
ITosmaBaemas Jjoruueckasi KOMOUHAIHS
COCTOSIHUE Ha BBIXOJaX Tociie Noiauu
HHQOpMAaIIMOHHBIX CUTHAJIOB
UHGOPMAITMOHHBIX CUTHAJIOB
(MOMEHT BpeMeHH 1)
(MOMEHT BpeMeHHU /+1)

I ) t+1 A1+l
S R 0 0
0 1 | 0
1 0 0 1
1 1 Qt Q t
0 0 | 1

KMOIT u TTJI (TTJIL) cepum ABIAHOTCS HAUOOJEE pacmpocTpa-
HEHHBIMH. ['Ae HEOOX0aUMO Manoe MOTPEONCHHE TOKA, NPUMCHSIOT
KMOII-cepuro MUKPOCXEM, TJE BAXKHEE CKOPOCTh U HE TPEOYETCS IKOHO-
MHS TOTPEOTICMOM MOIMHOCTH TPUMCHSIOT TTJI cepuro MHKpPOCXEM.
Cnadbem mectom KMOIT-MuKpOCXeM ABISAETCS YSI3BHUMOCTh OT CTaTH4E-
CKOTO 3JICKTPHUYCCTBA — JOCTATOYHO KOCHYTBCS PYKOU BBIBOJA MHKPOCXC-
MBI M €€ IIEJIOCTHOCTH V7K€ HE TAPAHTHPYETCSL.
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OCHOBHBIMH TCXHHUYCCKHUMH XAPAKTECPUCTHKAMH LHM(PPOBBIX JIOTH-
YECKUX MUKPOCXEM SIBILTFOTCS:

— OBICTPOACUCTBHE, OTPAXKAIOIICEC BPEMS H3MCHCHHA COCTOSHHS
JOTUYECKOTO 3JIEMEHTA,

— HATPY30YHAS CHOCOOHOCTh WM KO3(PPUUUCHT PA3BCTBICHHUS —
YHUCJIO BXOJOB, KOTOPBIC MOYKHO MOJKTIOYHUTH K OJHOMY BBIXOJY JIOTHYE-
CKOIO 3JICMCHTA;

— MIOMEXOYCTOMYUBOCTh — MAKCHMAJIBHO JOITY CTUMBIH YPOBEHb Ha-
MPSHKCHUS MOMCXU, HE BBI3BIBAOLLUI JIOKHOTO NMECPCKIFOYCHU,

— MOIHOCTb PACCESHUS — MOIIIHOCTH MOTEPH SJHEPTHH B 3JIEMEHTAX.

B HacTosmen BUPTyaabHOM PadOTE MCCICAYHOTCA HU(POBBIC CXe-
Mbl TTJI-TOTHKH, TO3TOMY O3HAKOMHUMCS C PabOTOM 3JIEMEHTOB 3TOU Ce-
puu Ha mpuMepe gorudeckoro iemenTa 2HU-HE. Ero ympoimeHHas cxema
MPUBEICHA Ha puUC. 6.9.

+5B
)
61 VT ]K2
IBX] ( E §>VT2
‘ I BX2 UBBIX
UBX] UB 0 U632
\L O6mmi npoBox,

Puc. 6.9. Ynpoiiennas cxema 6a30Boro
noruueckoro snemenTa 2U-HE TTJI-cepun

BxogHoM kackaa BBIOJTHCH HA ABYXAMHUTTCPHOM TPAH3UCTOPC
VI'1 npn-tuma. BeixogHOH — HA OOBMHOM OMIIOISIPHOM TPaAH3UCTOPE
VT2 npn-tHma. SMHTTEPHI TpaH3ucTOpa V711 ABASIOTCA BXOJAMH JIOTH-
yeckoro aneMmcHra. Kommektop Tpansuctopa V72 ABIACTCSA BBIXOIOM.
O6a TtpaH3ucTOopa padOTAOT B KIFOUEBOM PEKHUME W HAXOIATCS JTHOO
B COCTOSIHUM HACBIICHHS (TPAH3UCTOP MOTHOCTBE) OTKPBIT, TOK KOJUICK-
TOpa MAKCHUMAJICH, a HAMPSKCHUE MEXKAY SMUTTEPOM U KOJIEKTOPOM
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OMM3KO K HYJIFO) TUOO B OTCCYKE (TOK KOJJICKTOPA OMM30K K HYJIK), a Ha-
OPSKCHUE MEXAY SMHUTTEPOM U KOJUIEKTOPOM MaKCHMaibHO). IloTpeod-
JSICMAst TPAH3UCTOPOM MOIIHOCTH U B COCTOSTHUU HACBIIICHUA H B COCTOS-
HHUHM OTCEYKH OYCHb Majia. Hanbo bIIyr0 MOIMHOCTH TPAH3UCTOP MOTPEO-
JACT MPHU MEPEXOAC U3 OJHOTO COCTOSHUSA B IPYTOC.

PaboTa cxeMbl 3aKTF0UACTCA B CIEAYFOIICM.

[Tpu moaxmrOUCHUH THOO OAHOTO, TUOO OOOUX BXOJAOB OJHOBPC-
MCHHO K 00mmemy mpoBoay (U, =0, wmn Uy, =0, wm U, =U,, =0)
OTKPBIBACTCS TPAH3UCTOP V71 WM BXOAUT B COCTOAHUE HAchIUcHHuA. Ha-
NPSDKCHUE HA €r0 KOJJICKTOPE CTAHOBHUTCS MHHUMAJBHBIM U OIU3KHM
K HyHO (U1 =Ug,y =0). Tpansuctop V72 3akphIBac€TCA H BXOJUT B CO-

CTOSHHE OTCCYKH. HampsokeHHE Ha €ro KOJUIEKTOPE CTAHOBHUTCS MAKCH-
MaJIbHBIM U OJIM3KUM K HAMPSDKSHUEO mutanusd U, ~+5 B.

HpH UBXI =U
B COCTOSTHHE OTCCUKHU. HampspkeHUE HA €ro KOJJICKTOPE CTAHOBUTCS MAK-
CHMAJTBHBIM M JOCTATOYHBIM JIJI1 OOCCTICYCHUS PEKIMMA HACBHIIICHHS TPAH-
suctopa V7' 2. HanpspkeHue Ha KOJUIEKTOpE }'7 2 CTAHOBUTCSI MUHUMAJTb-
HbIM 1 O1u3KuM K HY O (U, = 0).

s = T3 B Tpansucrop V7] 3akphIBACTCS U BXOIUT

3HAUEHUSI BBIXOJHOTO HAMPSIKEHUS JIOTHYECKOTO 3JEMEHTA IPH
Pa3IUYHBIX 3HAYCHUAX BXOAHBIX HAMPSHKCHUM MPHUBEACHO B TA0I. 6.7,

Ta6numa 6.7

UBxl UBX2 UBL]X
0 0 5
0 5 5
5 0 5
5 5 0

0
Ecmm npuHATE 32 ypoBEHB JIorH4Yeckoro Hyms Uy, ~0, a 3a ypo-

BEHb JIOTHYECKON €IUHULBI U ;X ~+5 B, TO JIerk0o MEPENTH K JIOTHYECKHM
NEPEMEHHBIM (CM. TaOJ. 6.4) U YOSAUTHCA, YTO CXEMa BBITIOJHSET JIOTHYE-

ckyro onepauuro 2U-HE — Y =x; - x, .
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BupTyanbHbIN 2KCNEePUMEHT

Lenb paboTbl

1. IIpakTHieckH YCBOHTh MPHHIIUIBI MOCTPOSCHHS HMPOBBIX CXeM
Ha 0a30BbIX JIOTHUECKHX 3nemMeHTax 2H-HE U Tem cambIM 3aKpenuTh Teo-
PETHYECKHE 3HAHHS, MONYYEHHBIE Ha JIEKUMIX H CaMOCTOSTENIbHbBIX 3aHi-
THSIX.

2. DKCIIEpPUMEHTANIBHO H3YUHTH BBIMOJHEHHE JIOTHUECKHX Olepa-
[HH YMHOXEHHS (KOHBIOHKIIHH), CIOKEHHS (JJH3bIOHKI[HH) H OTPHIAHHA
{(nHBEpCHH) MH(POBBIMH JTOTHYECKHMH 3JI€MEHTaMH.

3. DKCNepUMEHTAIIBHO H3VUHTh padoTy MyIbTHIUIEKCOopa 2 B |1 Ha
nmoruueckux snemenrax 2M-HE.

4. SKCIIEpUMEHTAIIbHO H3VUHTh padoTy aCHHXPOHHOro RS-
TpUITEpPa Ha moruueckux snementax 2M-HE ¢ nHBepCcHBIMH BXOJaMH.

5. IIpHoOpecTH HABBIKH KOMIIBEOTEPHOI0 MOJEIHPOBAHHS LHPpoO-
BBIX AIEKTPOHHBIX CXeM C IMOMOINBK MakeTa nporpamm Electronics
Workbench.

[Nporpamma paboTbl

1. U3y4uTh cXeMbl BHPTYaIbHbIX VCTAHOB OK.

2. B BUpPTYalbHOM 3KCIEPHMEHTE MPOBEPHTH paboTy JIB YXBXO70-
BOTO JIOTHYECKOro 3nemeHTa 2ZHU-HE.

3. IIpouseectH uccinenoeanue cxem 2HMJIM, HE u 2H, peanuzoran-
HbIX Ha Da30BbIX JTIOTHUECKHX 3nmemMeHTax 2HU-HE.

4. TlpouseecTH HccleloOBaHHE MYJIbTHIUIEKCopa 2 B 1 Ha jorude-
CcKHX snemMeHTax 2M-HE

4. BBINOIHHTL HCCIENOBAHUS aCHHXPOHHOIO RS-TpHITEpa Ha 3Jie-
meHTax 2ZU-HE ¢ HHBepCHBIMH BXOTaMH.

BupTyanbHas ycTaHORBKA

BuprtyanbHasg yCTaHOBKa BKIIKOYAET B cel4:

1. ITudponbie noruueckue snemeHTs 2HM-HE D tHna LS (IyTh
BhIGOpa — rpvnna Logic Gates GHOGIHOTEKH KOMIIOHEHTOB —2 2-Input
NAND Gate - Gubnuotexa 7T = models LS).

2. McTo4YHMK NHTaHHA | <«JIOTHYEcKas eHHHI@» +Vcc, BbIIak-
i HanpsikeHHe +5 B (myTh BeIOOpa — rpyIna KOMIIOHEHTOB Sources =
= +Vee Voltage Source).
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3. YrpapnsgeMble Ha3HaYaeMBIMH KJIABHIIIAMH IICPEKITIOYATEITH
-~ (myTh BEIGOpa — TPYIITIa KOMIIOHEHTOB Basic = Switch).

4. PaccuuTaHHbIC Ha HanpsbkeHue 5 B jjoruyeckue npoOHUKH
O~ (myTh BBIGOpa — rpyIIa KOMIOHEHTOB [ndicators = Red Probe).

Mopagok npoBegeHUA paboTbl

1. O3HAaKOMHTBCS C METOJAHYCCKUMH YKA3aHUSMH TI0 BBITIOTHSHHIO
paGoTHl U IIPaBWJIAMH TEXHHKH O€30MMaCHOCTH.

2. Pacrincatbes B KypHaJe MO TEXHHKE OC30MACHOCTH H TIOTYYHTh
paspelicHHE Ha IPOBEACHHE BUPTYATbHOH paGOTHI.

3. 3amyctuth nporpammy Electronics Workbench mienukoM MBITITH
MO €¢ SPJIBIKY, HAXOAAIeMycsl Ha paGoyeM cTojie KOMOBIOTEpa B MaMKe
«Y4eOHBIH Tmporece».

4. CmonenupoBaTh Ha pabodeMm IMojie TporpaMMbl FElectronics
Workbench yctanoBky (puc. 6.10) g uccieqoBanusi 6a30BOTo JOTHYE-
ckoro snemeHTa 21-HE.

HLA

SB1
+Vcc [Q] HL3
X111 DD1

LS
— Y1
SB2
W] X1.2

| S

HL2

Puc. 6.10. Cxema BUpPTyaTbHOM YCTaHOBKU I Ucclegopanud snemenTa 2V-HE

ITocnenoBaTEIbHOCTD ONIEPAIIHH MOYKET OBITh CIICYIOMICH:

4.1. Ha manenu rpynn GHOIHOTEKH KOMIIOHEHTOB OTKPHITH IPYIIILY
JorHYecKuX nHppoBEIXx MUKpocxeM Logic Gates. IlepeTamuTh Ha pabGoyee
nojie nmukrorpammy snemeHra 2HU-HE (2-Input NAND Gate). JIBoHHBIM
IIETYKOM IO JIEBOM KJIABHIIE MBIIIH BBI3BaTh JHAJIIOTOBOEC OKHO 2-/nput
NAND Gate Properties, B okomike Library Buiaenuts 6ubmuotexy 171,
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a B okowke Models — LS. OTkpbITh BKIAAKy Label u B oxomke Label Bne-
4yaTaTth Oy KBEHHO-IIU(PPOBOE 0003HAUCHUE AIEMEHTA HA cxeme (DD]).

4.2. Vxa3zats HOMEpa Bx0a0B (X/./, X1.2) u Beixoaa (¥Y/) nmoruye-
CKOTO 37eMeHTa. {15 3TOr0 U3 IpyMIbl KOMIOHEHTOB Basic MEPEMECTUTD
TOUKy cocaumHeHusi (Connector) B HY)XHYKO 4HacTb CXCMbL BbI3BaTh €&
auanoroBoe okHo Connector Properties, OTKpbITh BKIAAKy Label u Bme-
4aTaTth B OKOWKE Label HOMEP BXOJa (MM BBIXOJA) B COOTBETCTBHH CO
CXeMOM, H300pakeHHOM Ha puc. 6.10.

4.3. U3 rpynmsl Sources (ACTOUHUKH TMTUTAHUS) OUOTUOTCKH KOM-
MOHEHTOB MEPEMECTUTH HA padoyvee MOJIC UCTOYHUK MUTAHUS «JIOTHYECKAS
caunnuay +Vee Voltage Source, Beiaarommii HanpsbkeHue +5 B, U3 rpyn-
bl 0230BBIX KOMIIOHEHTOB (Basic) MepeTamuTh Ha pabouece Mmoje aBa Ie-
pexmrouarend (Swifch). TlooyepéAHO BBI3BATH UX JUATIOTOBBIC OKHA Swifch
Properties n B okomke Key BKIAAKU Value 3a1aTh yOpaBIsFOIIUE KIABH-
mu Q g nepexmrodarenst S5/ u Woana nepexmouareas SB2. Teneps
KknapumaMu QO u /¥ MOKHO 3aMBIKATh M PA3MBIKATh COOTBETCTBYFOIIUE UM
nepekmodarenu. Janee cineayeT OTKphITh BKIAAKY Label u BneyaTtars Oy-
KBCHHO-IIM()POBOEC 0003HAUCHUE TIepeKroUaTest S8/ st oqHoro u SB2 —
JUISL IPYTOTO.

4.4. Y3 rpynmsl HHAUKATOPHBIX YCTPOUCTB [/ndicators OUOIUOTECKH
KOMIIOHCHTOB MEPETAIMTH HA padoyee moJie 3 TOrmucCKuX nNpooHuKa Red
Probe; mocne10BaTeIbHO OTKPBIBAS I KAXKAOTO MPOOHHUKA IHAIOTOBOE
OKHO Red Probe Properties, B0 BKiIaake Label Bmnedatath OyKBCHHO-
nudporoe o003HaUCHUE UHAUKaropa — [/ 1, HL.2, HL.3, COOTBETCTBEHHO.

4.5. U3 rpynmsl Sources OMOMUOTCKU KOMIIOHCHTOB TMEPEMECTHTh
Ha pabouee noJie mukrorpammy Ground — 3a3€MIICHHE.

4.6. CoeIuHUTD BCE 3JICMCHTHI COTJIACHO cxeMe Ha puc. 6.10. [Tpu
HEOOXOIUMOCTH MOKHO HCIOJIB30BAaTh AOTIOTHUTEIBHBIC TOUKH COCIHHE-
HUSL, KOTOPBIC MOYKHO B34Th B Ipymnnc Basic OUOIUOTECKH KOMIIOHCHTOB.

5. Ilposectu uccieaoBaHue JOrudeckoro saemMenra 2M-HE.

5.1. BKIFOYUTH BUPTYAIBHYIO YCTAHOBKY, UCIIOJIB3YS MEPEKIIFOYA-
TEJIb B MPABOM BCPXHEM VIITy SKPAHA.

5.2. Mauumny mupys nepeximrodatesMu S5/ u SB2, moaaTh YeThIpe
KOMOHMHAIIMY CUTHAJIOB HAa BXOABI X /. / 1 X/.2 TOTHYCCKOTrO DJICMCHTA
21-HE B cOOTBETCTBUM C JaHHBIMH TaOI. 6.8 u 3a()MKCHPOBAHHBIN JIOTH-
YCCKUU YPOBCHb BBIXOJHOIO CHTHAJIA 3JICMCHTA (HA BBIXOAC Y/) 3aHECTH
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B COOTBETCTBYIOMUNU cTondel] Tadn 6.8, KpacHBI I[BET JIOTHYECKOTO
MIPOOHUKA COOTBETCTBYET BHLICOKOMY YPOBHIO HalpsmxeHmud (+5 B — ypo-
BEHb JIOTMUECKOW eNUHUITHI), a Oenbld — Huskomy (0 B — morddeckuid
HOJIb ).

Tabnmia 6.8
Jlornueckoe coCTOSHHE
X1 1 X1.2 Yl
0 0
1 0
0 |
1 |

6. IIpoBecTu ucciegoBaHue JIOrHUecKoro nHeepropa (cxembl HE)
Ha s1emenTe 2H-HE.

6.1.CobpaTh Ja00paTOPHYIO YCTAHOBKY B COOTBETCTBUM CO CXEMOMU
Ha puc. 6.11. Ha cxeme wupHpIM niprudToM obo3HaUeHB! BXOM (X) U BHI-
x0o/]1 (¥) sKBUBaJIEeHTHOIO JIOTUYECKOTO AemeHnTa HE.

HL1
Ve
se1 —)
[Q]
x| X1 DD1
LS
Y1 -
Y=
N X1.2
HL2

Puc. 6.11. CxemMa BUPTYaIbHOH YCTaHOBKH 14 HCCIEAOBAHH A TOTHUECKOTO
uHpepropa (¢xemul HE) Ha snemenre 2HM-HE

6.2. BxmounTh BUPTYATIbHYIO YCTAHOBKY U TP PAIUYHBIX YPOB-
HSX CUTHaia Ha BxoJie X (X1./=X1.2) 3KBUBaJIGHTHOTO JIOTUYECKOTO 3Jie-
meHTa HE 3adUKCHPOBATE YPOREHE JIOTHUECKOTO CHI'HAlIA Ha €TI0 BEIXOJE
Y(Y1). PesynbTaThl M3MepeHUM 3aMcaTh B TAOMUIY UCTUHHOCTU 3JIEMEH-
ta HE (Tabm. 6.9).
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Tabnuua 6.9

JIOTHUECKOE COCTOSIHHE
X1.1=X1.2 Y1
X) (¥)

0

1

7. Tlporectu uccnenopanie norudeckoi cxemsl 2ZUJIM Ha Tpex Jo-
THYecKkux dneMeHTtax 2H-HE.

7.1. CoOparhk BUPTYANIbHYIO YCTAHOBKY B COOTBETCTBHH CO CXEMOM
Ha puc. 6.12. Ha cxeme KUpPHBIM MpHPTOM 0003HAUEHBI BXOABI (X7 1 X2)
1 BBIXO[ (V) 3KBHBAIEHTHOTO JIOTHUeCKOTO »aemMenTa 2HJIN.

HL1 HL3

HLS

'3

Y=XT1+X2

S () HLZ

Puc. 6.12. Cxema BHPTYANEHOHN VCTAHOBKH JANA HCCIIETOBAHHS
cxemsl 2HJIM Ha anemenTax 2H-HE

7.2. BKIIOYHMTE BUPTYANBHYIO YCTAHOBKY H IIPH Pa3/MYHBIX YPOB-
HAX CHTHAMA Ha BXoZax X7 H X2 SKBUBAICHTHOTO JIOTHYSCKOTQ DJIeMeHTa
2WJIN s3aduKcHpOBark YPOBEHB JIOTHYECKOIO CHTHAlla Ha €r0 BBIXOME
Y(¥3). OmHOoBpeMeHHO (PUKCHPOBATh HOTHYECKHE YPOBHH CHTHAJIOB Ha
BbIXoZax Y1 u Y2 snementor DD1 u DD2. Pe3yibTaThl H3MEPEHHH 3aIli-
carhb B TAaOIUIlY HCTHHHOCTH 31emenTa 2HMJIN (Tabdm. 6.10).

Tadnuua 6.10

JIOTHUECKOE COCTOAHHE
X1.1=X1.2 (X1) X2.1=X2.2 (X2) Y1 Y2 Y3 (Y)
0 0
0 1
1 0
1 1
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8. IlpousBectn uccnenopanue cxemul 2M, cobpanHol Ha AByX 3ne-
MeHTax 2ZM-HE.

8.1. CobpaTe BUPTYaIIbHYIO YCTAaHOBKY 110 CXeMe, IPeCTaBICHHOH
Ha puc. 6.13. Ha cxeme XuUpHBIM NIpH(TOM 0003HAUEHEI HMH(QOPMAIHOH -
HBlE BXOOBI X7 1 X2,

D7 y=x14x2

Prc. 6.13. CxemMa BHPTYATBHOH YCTAHOBKH
A HCCIeAOBaHH T cxXeMEl 21 Ha snmemeHTax 2H-HE

8.2. BKIIOYMTL YCTAHOBKY M, YIIpaBIdd Iepexirodareravm SBI
1 SB2 ¢ moMoIupro Kiapuil ) U W, onpedeimTh 3aBHCUMOCTh COCTOSHUS
JOTHYECKOr'0 BEIXOAA Y OT COCTOSHHA JIOTHYECKHX BXOomoB X7 u X2. Pe-
3yIbTaThl MOJEIHPOBAHNA 3aHeCTH B TaliL. 6.11.

Tabmma 6.11
JIOTHUYECKOE COCTOSIHHE
X1.1.(X1) | X1.2(X2) Y2 (Y)
0 0
1 0
0 1
1 1

9. IlpousBecTH Hccle/loBaHle My TbTHILIeKcopa 2 B 1, coOpaHHOTO
Ha 4YeTbIpéx sneMenTax 2HM-HE.

9.1. CobpaTh BUPTYAIBHYIO VCTAHOBKY IO cxXeme puc. 6.14,
Ha cxeme xupHBIM IpH{pTOM 0003HaUEHB! BXOAbl X7 u X2 u BeIxXoA ¥ sK-
BUBAICHTHOT O MYJIbTHILTIEKCOPA.

0.2. BRIOYHTE YCTAHOBKY M, YIPaBIBId Nepexirodareanu SBI,
SB2 u SB3 ¢ nomoinpro Knapuil ), W u 4, onpenenuts 3aBUCHMOCTD CO-
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CTOAHMA JIOTHYECKOT 0 BBIX0Ja ¥ OT COCTOAHMA TOrHYeCKHX BXoaoB X1, X2
1 A0. Pe3ynbTaThl MOIEMHPOBAHNA 3aHeCTH B Tabm. 6.12.

HL1

+4eg SE1

HLS

Puc. 6.14. CxemMa BHPTYAIBHOH YCTAHOBKH 14 HCCIIEJOBAHH T
MyJIbTHIDIEKCOPa 2 B 1 Ha snmemenTax 2H-HE

Tabmma 6.12

JIOTHYECKOE COCTOIHHE

.
b
b
S
L-q

[l = Wl =T I -2 I ]
i [ D D = =S D
—_— === ||

10. BrporomHuTh HcCIeooBaHud acHHXPOHHOrO RS-TpHITEpa ¢ HH-
BEPCHBIMH BXOoZaMH Ha sremeHTax 2H-HE.

10.1. CobpaThs BUPTYaIBHYI0 YCTAHOBKY B COOTBETCTBHH CO CXE-
MOH Ha puc. 6.15. Ha cxeme BBIOEIEHBl KHPHBIM IIPHPTOM MpIMOH

1 HHBEPCHBII () BBIXOABI TPUITEPA, & Takke MH(POPMAIMOHHBIN BXOH S
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VCTAHOBKH TPHITEPA B eIHHHUHOE cocToaHne (O =1, O =0) u undopma-

IHMOHHELT BX0n R c6poca TpurTepa B HyleBoe coctosarme (O =0, O =1).

+h'cg SE DLDS1
@ = Q
S ol 1 rt—®
SB2 oo2
['4]

— }5{3

Puc. 6.15. Cxema BHPTYaIEHOH YCTAaHOEKH JJI1 HCCIIEOB aHH S
ACHHXPOHHOIO A.S-TpHITepa Ha saneMenTax 2I1-HE

10.2. BKIOUMTE BHPTYAIRHYI) VCTAHOBKY H, TIOCIIENOBATENBHO
H3MeHAA TIPH TIOMOIIH Tepekmouareneii SB7 U SB2 KOMOHHAIIMM CUTHA-
JIOB HA BXOMAaX YCTAHOBKH S u cbpoca R, 3a(UKCHPOBAThH U OTMETHTE HA
BPEMEHHEIX JHArpamMmax (pHC. 6.16) YpOBHH JIOTHUYECKHX CHTHAIOB Ha
npsMoM ¢ H HHBEPCHOM () BRIXOIAX RS-TpHITepa.

10.3. IIpoaHarnizHpoORaTe MMOJIYVUEHHEIE TAHHEIC M JaTk OTBETEL HA
CIIEIVIOIIHE BOTIPOCEL:

[IpH KakWuX HOTHUECKHX YPOBHSX CHIHAIOB HA BXOJAX YCTAHOBKH

H cOpoca R RS-TpUITEp YCTAHABIMBAETCA B eIMHMUHOE COCTOSAHHE
=l

Q

[IpH KaKWUX NOTHUECKHX YPOBHAX CHTHAIOB HA BXOAaX YCTAHOBKH
S u copoca R RS-TpHITEp YCTAHABIMBARTCA B HYIIEBOE COCTOAHHE
0g=07?

Kaxagd KOMOMHALMA BXONHBIX CHIHANOB SIBIFIETCA 3aITpPeLleHHOM
I aCHHXPOHHOTO AS-TpHUITEpa?

[IpH KaKMX TOTHUECKHX YPOBHAX BXOHBIX CHTHAIOB AS-TPHITEp
OCYINECTBIFIET COXPAHEHHE CBOETO COCTOAHI O o o' ?

10.4. 3amMOMHHUTE IO PE3VILTATAM SKCIIEPHMEHTA M €ro aHam3a
TAOIMIy MCTHHHOCTH aCHHXPOHHOIO RS-Tpurrepa (tadm. 6.13). Ilpu 3a-
TIOJIHEHHH TA0MHIEl ClelyeT HWMeTh B BHAY, UTO ACHHXPOHHBLIL RS-
TPHUITEP ABIARTCA YCTPOMCTBOM C ITAMSTEEO, ITO3TOMY KOMOWHALMA ET0
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BBIXOJHBIX CUTHATIOB (Qt Tn Qt +1) 3aBUCHUT HE TOJIBKO OT IMOJAHHOU KOM-

OWHALMK CUTHAIOB HA WH()OPMAUMOHHBIE BXOABI S W R, HO W OT TOTO,
B kKakoM cocTosaud (O, O') HAXOAMICA TPUITEp A0 MOJAYH 3THX CHTHA-

JIOB.

v

v

y

v

Puc. 6.16. Bpemennbie quarpaMmbl paboThl aCHHXpOHHOTO RS-Tpurrepa

Tabmuma 6.13

YcTaHOBHUBIIIEECS JIOTHUECKOE
ITosaBaemas Jjoruueckasi KOMOUHAIHS
COCTOSIHME Ha BbIXOJIaX 10cCJIe
BXOJIHBIX CUTHAJIOB
MOJlaul BXOHBIX CUTHAJIOB
(MOMEHT BpeMeHH /)
(MOMEHT BpeMeHHU f+1)
o ~ t+1 A~ 1
S R Q + Q +
0 1
1 0
1 1
0 0

10.5. 3aBepmmrs paboTy, 3aKkpblB mnporpammy FElectronics
Workbench 6¢3 coxpancuus (paiinos (File = Revert to Saved... > OK).
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CopepxaHue oTyeTa

1. Lleas paboThI.

2. TTporpamMma paboThL

3. [IpHHIHMHATBHBIC SJICKTPHUCCKUE CXEMBI UCCICIOBAHHBIX YCT-
POUCTB.

4. Tabmu1bl ¢ SKCICPUMCHTATBHBIMU JAHHBIMH.

5. DKCIECPUMCHTATBHBIC BPEMCHHBIC JUATPAMMBI ACHHXPOHHOTO
RS-Tpurrepa.

6. KpaTtkue BbIBOABI 10 padboTe.

KOHTpOsbHbIe BONPOCHI

IIpu oonycke Kk 8upmyaibHbIM UCCTIEO08AHUAM !

1. KakoBsI 1ie1s u mporpaMma padoTsI?

2. KakoBbl Ha3HAYCHHUEC M 00JACTh MPUMCHCHHS JIOTHYCCKHX 3JIC-
MCHTOB?

3. UTo Takoe JOTHYECKOE CIOKCHHUE, YMHOKCHUE U OTPHUIIAHHC?

4. Kakue ypoBHH HANPSKEHHA COOTBETCTBYIOT JIOTHYECCKOMY HYJIFO
U JJOTHICCKOU eAMHULIEC?

5. Kak yCc10BHO 0003HAYAKOTCA JIOTHYCCKUE 3JICMEHTHI HA 3ICKTPHU-
YECKUX MPUHLIHUIHAIBHBIX, ()Y HKIHOHABHBIX U CTPYKTYPHBIX CXeMax?

6. Uto mpeacTaBmsicT co00# RS-TpUTTEP M KAKHC Y HCTO MMCHOTCS
BXOJbI U BBIXO/IbI?

7. ITouemy uccreayeMbid RS-TPUTTEP HAZBIBACTCS ACHHXPOHHBIM ?

8. Kakyro ()yHKIMIO BBITIOTHICT MY IbTUILICKCOP?

Ipu 3aujume pesyiomamos pabomvl HeOOXOOUMO OMEeMuUms Ha
8ce guvlulenepeyuciieHHble 80NpPOChl U, Kpome mo2o, Heobxo0UMo:

1. YMeTh HAUEPTUTH MPUHIUITHATBHYK CXeMy 0a30BOTO 3JEMEHTA
TTJL

2. YMeTh HAUepTUTh U 00BACHUTH padoty cxem 2, HE, 21JIN,
MYJBTHIUICKCOPA 2 B 1 1 aCHHXPOHHOTO RS-TpUrrepa, COOpPAHHBIX HA 0a3e
anemenToB 21-HE.

3. YMeTh COCTaBUTH TAOMHMLY COCTOSIHUM (MCTHHHOCTH) JJISI BCEX
JOTHUYECKHX CXEM U TPUTTEPA, HCCICAOBAHHBIX B 1a0OpaTopHO# padoTe.
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7. TPUITEPDI

TeopeTuyeckue ceeaeHus

Tpurrep — 310 YCTPOUCTBO, 00IaAar0IICe ABY M YCTOMYUBBIMU CO-
crossHusiMA. OH MMEET aBa BbIxogaa — mpsiMoM () u mHBepcHBIH (. Co-

CTOSIHHE TPUITEPA ONPEACILACTCA JIOTHYECKHUM YPOBHEM CHIHAJNA HA €ro
npsMoM Beixoae (). Ecimu O =1, TO Tpurrep HaxXoauTCsi B € IUHUYHOM CO-

cTogHUH, a ecii O =0, TO, COOTBETCTBEHHO, B HYJICBOM.

Ilepexoa U3 OOHOrO COCTOSIHMA B APYroe (Mmpouecc OMpOKHUIbIBA-
HUS TPUITEPA) MPOUCXOIUT JIABUMHOOOPA3HO 34 CYET BHYTPCHHCH ITy0oO-
KOU TMOJIOKUTEILHON 00paTHOU CBA3UM. B OTIWYHE OT JIMHCHHBIX KOMOH-
HALMOHHBIX CXEM JIOTHYECKOC COCTOSHHMC BBIXOJHBIX CHUTHAJIOB TPHUITEPA
3aBUCHUT HE TOJBKO OT KOMOWHAIIMH BXOAHBIX MH()OPMAUMUOHHBIX CHUTHA-
JIOB, HO U OT €r0 UCXOJHOTO BHYTPEHHETO COCTOSIHUSL

Tpurrepsl MOTyT paboOTaTh B PEKUME 3aMHUCH (YCTAHOBKH), XpaHE-
HUA U ICPE3AMKICH.

[To crmocoOy 3amucu WH@OpPMAIMH TPUTTEPHI ACIATCS HA HECHH-
XPOHH3HPYEMBIC (ACHHXPOHHEBIC) U CHHXPOHU3UPYEMBIC (CHHXPOHHBIE).

VY aCHHXpPOHHBIX TPUTTEPOB U3MCHEHUE UX COCTOSIHUSI MPOUCXOTUT
pu JTHOOOH CMEHE BXOAHBIX CUrHaioB. Ecou mpu (popMupoBaHUHU BXOA-
HBIX CHTHAJOB BO3HUKAKOT KOPOTKHE JIOKHBIC UMITYJIbCBL, TO OHH MOTYT
BBI3BATh JIOXKHBIC CpPaOATBIBAHUSA TPHUITCPA. ITO U SABISCTCS OCHOBHBIM
HEAOCTATKOM ACHHXPOHHBIX TpUITepoB. [IpocTEHIIUM aCHHXPOHHBIM
TPUITEPOM SBJIACTCA RS-TPUITEP C MHBEPCHBIMHU BBIBOJAMH (pHC. 6.8).

VY CHHXPOHHBIX TPUITEPOB U3MEHECHUE MX COCTOSHHUS MPOUCXOIUT
B MOMCHT TMOJAYU CHCIHHATbHBIX CHHXPOUMITYICOB. CHHXPOHUMITY TbChI
MOJAKOTCSI TOCJIE 3aBEPIICHUS NMEPEXOIHBIX MPOUECCOB B LEINIX 3amMyCKa
TPUTTEPOB U MOITOMY MOMEXOYCTONYMBOCTD TPUITEPA BO3PACTACT.

[To cnoco0y CHHXPOHHM3ALMH TPUITEPHI MOAPA3ACISFOTCA HA CHH-
XPOHHBIC TPUITCPBI, YIPABIAECMBIC MOTCHIHAIOM (CTATUYECKHE WM OA-
HOTAKTHBIC TPUTTEPHI) H CHHXPOHHBIC TPUTTEPHI, YIPABISIEMBIC (DPOHTOM,
KOTOPBIC HABBIBAKOTCS TAKKEC TUHAMUYCCKUMH WM JABYXTAKTHBIMHU TPUT-
repaMu.

JIro00¥ AMHAMUWYECKHI TPUITEP COCTOMT M3 JABYX OJHOTAKTHBIX
CHHXPOHHBIX TPUITEPOB — BEAYIUETO (master) U BEAOMOTO (slave). Ycra-
HOBKA COCTOSIHUSI BEAYILCTO TPUITEPA MPOUCXOJUT B MEPBOM TAKTC (HA-

110



MPUMEP, MPHU BBICOKOM YPOBHE CUTHANA HA CUHXpoBXxoae C ). YCTaHOBKA
BEIOMOTO — BO BTOPOM TAKTE, HAIPUMED, MOCJIC U3MEHCHHUS YPOBHS CHUT-
Haja Ha CUHXpOoBXoAe C C BBICOKOrO HA HU3KWiL. B BegoMbIi TpUrrep me-
PE3AMUCHIBACTCS COCTOSIHUE BEAYIETO TPUITEPA.

K uncay auHamuyeckux tpurrepoB oTHocurcs JK -tpurrep. Ero
ycrmoBHOE rpaduueckoe odozHaueHue (YI'O) mpuseneHo Ha puc. 7.1. 3a-
KOH ()yHKUHOHUPOBaHUS JK -Tpurrepa onuceisacrcs Tadom. 7.1,

DDI
0
A Y B S
LGNS
g
iy o=t

Puc. 7.1. Ycaornoe rpadudeckoe oboznauenue JK-Tpurrepa

H3meHeHne mud0 MOATBEP)KICHUE COCTOSIHUS TPUITEpA MPOMCXO-
JAT TPH U3MCHCHHUS CUTHAJA HA CHHXPOBX0Ae C € BBICOKOTO JIOTHYECKO-
ro ypoBHs Ha HU3KuM (1—0) mau, Kak roBOpAT, MO MO CPE3y CHHXPOUM-
IMyJIbCA (3TO MOKA3BIBAET KOCAS yepTa HA CHHXpOoBXoae ).

B JK-Tpurrepe, mo CpaBHCHHIO C CHHXPOHHBIM RS- TpHUITEPOM,
VCTPAHECHA HEOIMPEACICHHOCTh COCTOSHUS MPH MOJA4e HA €ro mH(opMa-
LHUOHHBIC BXOAbI (J 1 K) aKTUBHBIX YPOBHCH CUrHANA. JK -TpUrTEp B 3TOU
CUTYaLIMH HHBEPTUPYET CBOE BBIXOTHOE COCTOSIHHE MO KAKIAOMY (PpOHTY
CUrHaja (B JAHHOM ClIIydac Mo CrmajaromemMy) Ha CuHxposxoae C . Takum
00pa3oM, OH PabOTAET KAK CYCTHBIH 7 - TPUTTED.

JK -TpHUrrep Ha3bIBAKOT YHUBEPCATIBHBIM, MOCKOJBKY ITyTEM KOM-
MYTAIlMU BBIBOJOB €r0 MOYKHO MPEBPATUTH B JFOOOH APYTroil THN TpUITE-
pa: RS, D wm T .

JluHaMuYeCKkui D-TpPUTTep UMEET OJAWH WH()OPMALUOHHBIA BXOJ
D wu omun cunxpoBxox C (puc. 7.2). CpabaTbIBaHHC, MPUBCACHHOTO HA
3TOM PHUCYHKE D-TpUITepa, MPOUCXOIUT IOCIEC U3MEHEHUSA CUTHAJIA HA
cuHxpoBxoac C ¢ HH3KOrO JIOTHYECKOro YpPOBHS HAa BbICOKHU (0 — 1)
UM, KaK TOBOPAT, MO (PPOHTY CHHXPOUMITYIbCA. [Ipu HEU3MEHHOM YVPOB-
HC CHUTHala Ha CUHXpoBxoac C AMHAMHYCCKHN D-TPUITEP CBOECTO CO-
CTOSIHHS HC H3MEHSCT U PAOOTAET B PEIKUME XPAHCHHUSL.
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Tabmuma 7.1

YcraHOBUBLIEECS JIOTUUECKOE
IlonaBaemas nornueckas
COCTOSIHHE Ha BbIXOJIaX MOCJIe
KOMOMHAIINSI BXOJIHBIX CUTHAJIOB
I110/la4M BXOJIHBIX CUI'HAJIOB
(MOMEHT BpeMeHH /)
(MOMEHT BpeMeHH  +1)
C J K Ql‘ +1 Q_t +1
4 i
0 X X 0 0]
1 X X o' o'
t ~1t
1-0 0 0 0 0
1-0 0 | 0 1
-0 1 0 1 0
~t t
1-0 1 | 0 0

3aKk0H (PYHKIIHOHHPOBAHUS JUHAMHYCCKOTO [D-TPUITEPa OMUCHIBA-
CTCS TaOJMIICH HCTHHHOCTH (Tada. 7.2).

DDI
D Q

— | p 1=
C 0
ﬁr C O_

Puc. 7.2. YcnoBHoe rpaduueckoe obo3HaUeHUE JUHAMUYECKOTO D-TpHrrepa

PearupoBanue Ha mepenan cuHxpocurHaia C gocrturaerca Omaro-
Japsi TOMY, YTO JTFOOOW TMHAMHYECKUU [D-TPUTTEP COCTOUT U3 ABYX OJHO-
TAKTHBIX CHHXPOHHBIX TPHUITEPOB — BEAYWIICro (master) W BEAOMOTO
(slave). BegymmM TPUTTEPOM SIBICTCS CHHXPOHHBIN D-TpUrrep, a BEAO-
MBIM — CHHXPOHHBIH RS-TpUITEP. YCTAHOBKA COCTOSHUS BEAYILETO TPUT-
repa MPOMCXOJUT B MEPBOM TAKTE, 4 YCTAHOBKA BCAOMOIO — BO BTOPOM,

T.€. TIOCIIC U3MCHCHUS YPOBHS CHUTHAJIA HA CHHXpoBXoAe C C HM3KOTO HA
BBLICOKHI.
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Ta6mumna 7.2

YcraHoBUBITIEECS JOTHIECKOE
ITonaBaemas norudeckas
COCTOSIHUE Ha BbIXOJ[aX I10CJIe
KOMOMHAITHS BXOJIHBIX CUTHAJIOR
MOJIaud BXOJHBIX CUTHAJIOB
(MOMEHT BpeMEHH f)
(MOMEHT BpeMeHH £ +1)
—t
0 X o' 2]
—t
1 X o' 0
0—1 0 0 1
0—>1 1 | 0

K 4uciry ITMHAMHYECKHUX TPUITEPOB OTHOCATCA M [ -Tpurrepsl. Mx
VCIIOBHOE Trpauieckoe H300paKCHHE NPHUBCACHO HA puc. 7.3. 3aKOH
()yHKLIMOHMPOBAHUS 3TOr0 7 -TpUrrepa AOCTATOYHO MPOCT. Tpurrep us3-
MEHSET CBOE BBIXOJHOE COCTOSTHHE HA MPOTHBOIOJIOKHOE MO (PPOHTY MM-
nmyasca Ha Bxoae 7' (tabn. 7.3). Ilpu mrOOBIX MOCTOSTHHBIX JOTHYCCKHX
VPOBHSX CHTHAJA HA BXOAE 7 - TpUrrep padboOTacT B pEKUME XPAHEHUSL.

DD1
| €
T
—T _
N

Puc. 7.3. YcnoBHoe rpaduueckoe obo3HaueHue 7-Tpurrepa

T'-TpUrrepbl MUPOKO UCTIOTB3YHOTCA KAK JCTUTEIH YaCTOTHI HA 2.
OHH ABIMFOTCS COCTABHOM YACTHIO IU(PPOBBIX CUCTUHKOB. OTHAKO IMPO-
MBIIUICHHOCTBIO B HHTCTPAIbHOM HCTOJTHCHUH [ - TPUITEPBI HE BBIMYCKA-
Tca. X peamn3yroT 0ObMHO HA OCHOBE MHTETPATbHBIX THHAMHUYCCKUX
D-T1purrepoB unu JK -TPUITEPOB.
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Ta6bnuia 7.3

YcTraHOBUBITIEECS JIOTHUECKOE
COCTOSIHHE Ha BbIXOJlaX I10CJIe
MoJlauy BXOJIHOTO CUTHAaJa
(MoMmeHT Bpemenu ¢ + 1)

TlomaBaeMbIi JIOTHUECKUIA
YPOBEHb BXOJIHOI'O CUI'HaJIa
(MOMEHT BpeMeHH 1)

T Qt+1 Qt+1

0 Qt ét

1 0! 0
01 0 o'

BupTyanbHbIA 3KCNePUMEHT

Llens paboThl

1. IIpoBecTH BUPTYaJIbHBIE UCCIEAOBAHUS C IIOMOIIBIO MAKETA IIPO-
rpamm Flectronics Workbench:

1.1. JK-tpurrepa 777 1OTUKH.

1.2. Jlunamuyeckoro D-tpurrepa 777 TOTuKH.

1.3. T-tpurrepa Ha 6a3e nuHAMU4eCKoro D-tpurrepa 771 TOTUKH.

2. 3aKkpenuTh TCOPCTHYCCKHUC 3HAHUSA, MOJTYyYCHHBIC HA JICKUMAX H
CAMOCTOATENbHBIX 3aHATHAX.

Mporpamma paboTsl

1. U3yuuTts cxemsl BRIKOUCHUA JK-, D- U T-TpUITEPOB B BUPTYaIb-
HBIX YCTAHOBKAX.

2. O3HAKOMHTBCS C THMAMH H MOJCIAMH 3JCMEHTOB, IPUMEHSC-
MBIX B BHPTYAJIbHBIX YCTAHOBKAX, VACHUTH MyTH HX BBIOOpA W 3aJaHHS
IapaMeTPoB.

3. Ha pabouem mone mporpammsl FElectronics Workbench v.5.12
coOpaTh CXEMy M MPOM3BECTU UCCICIOBAHUE ACHHXPOHHOTO JK-TpHrrepa.

4. Ha pabouem mone mporpammsbl Flectronics Workbench v.5.12
coOpaTh CXeMy M MPOU3BECTU UCCICAOBAHUE D-TPUITEPA.

5. Ha pabouem mone mporpammsl FElectronics Workbench v.5.12
coOpaTh CXeMy U MPOU3BECTH MCCIECIOBAHMUEC /-TpPHUITepa, COOPAHHOTO HA
OCHOBC D-tpHurrepa.

114




BupTyanbHasa yctaHoBKa

1. I[TakeT ™Moxenupyomux mnporpamm FElectronics Workbench
v.5.12, pabGoTaronmx B cpeae onepairoHHoi cuctemsl Windows XP. I1yTh
3amycka mporpammsl Flectronics Workbench: padounit cton Windows —>

AN
nanka « Y4eOHbIi Mpo1ecce» —> ApJibiK m
2. JK-tpurrep. Ilyts BbIOOpa: rpymnna KOMIOHEHTOB IM(POBBIX

CXeM | Digital - JK Flip-Flop with Active High Asynch Inputs—>
oubauorexa 171 = models LS.
3. D-tpurrep. Ilyte BbIOOpa: rpynmna KOMIOHEHTOB LU(POBBIX

cxem Digital = D Flip-Flop 9 oubnmoreka 17L = models LS.
4. UCTOYHMK MUTAHUA «JIOTHYECKasd €AMHULA» +Vcc, BbIIaloIMA

—_—
—

-

Hanpsbkenue +5B. TlyTh BbiOOpa: rpynna KOMIIOHEHTOB UCTOYHHUKOB %

Sources = E%LFVCC Voltage Source.
5. Tlepexmouateny ——._ SB1...SB4 , ynpapjisiemble Ha3HAYEHHbI-

i~

MU KiaBuinamu. [IyTe BeiOOpa: rpynna 0a30BbIX KOMIIOHEHTOB “v" Basic
- = Switch.

6. Jlornueckue npoOHUKH Q‘ pacCUMTaHHbIC HA WHAWKALIMEO JIO-
TMYECKOTO COCTOSHUS IUPPOBBIX UHTEPATbHBIX MUKPOCXEM 17 -JIOTUKHU.

=]

[TyTe BbIOOpaA: Tpynma KOMIOHEHTOB WHAWKATOPHbIE TIPUOOPHI | ¥
Indicators - Red Probe #.
7. 3azemaenue. [lyTh BbIOOpA: rpynmna KOMIIOHEHTOB MUCTOUYHUKOB

—_——

= | Sources » = Ground.

[Mopsipok nposefeHus paboTbl

1. O3HaKOMUTHCS C METOJIMUECKUMU YKA3aHUSMU 110 BBITIOJTHEHUIO
BUPTYyalbHbIX UccienoBanuii Ha [1K u npaBunamu TeXHUKHA 0€30MaCHOCTH
npu padoTe B BBIYUCIUTENBHOH 1ab0paToOpuu.

2. Pacniucarscs B JKypHaJie MO TEXHUKE 0€30MaCHOCTH U MOJYYHTh
paspeleHne Ha IPOBEJICHUE PA0OTHI.

3. 3anyctuth nporpammy Flectronics Workbench mendkom MblIli
no ee sIPJbIKYy, HAXOAAUIEMYCs Ha paboueM CTOJIe KOMIIbIOTEpPA B Malke
«Y4eOHblii mpoueccey.
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4. IIpoBectn HUccieqoBanue JK-Tpurrepa.

4.1. Ha paGouem mosie mporpammel Flectronics Workbench v.5.12
coOpaTh cxeMy BUPTYaJIbHOW YCTAHOBKM JJIS UccleqoBaHUs JK-TpUrrepa
(puc. 7.4).

HL4

DD1
Q

=V
)

Puc. 7.4. Cxema BUpTyaJIbHOU YCTAaHOBKY JJIA UCCIENOBaHNA JK-TpUrrepa

4.2. 3agaTh YIpaBIAIONIHE KJIABUIIU JJISI YIPABJICHUS KIFOUAMH
SB1, SB2 u SB3. JIja 3Toro moouep&aHo BOUTH B WX JHAJIOTOBBIC OKHA
Switch Properties u B okolike Key BKIAAKu Value 3a7aTh yIpapisioniye
kiapumu J, C, K, COOTBETCTBEHHO.

4.3. BKJIIOYUTH BUPTYAJIbHYIO YCTAHOBKY, HUCIIOJIB3YS IEpEKIIFoYa-
TeJIb B IIPaBOM BepXHEM YTJIy OKHa mporpaMmmul Electronics Workbench.

4.4. 3adukcupoBaTh U OTMETHTH Ha TpadUKax puc. 7.5 Joruueckue

VPOBHH BBIXOJIHBIX CUTHAJIOB, O U () TpUITepa MPH pa3IUIHLIX KOMOWHA-

ITUSIX JIOTHUSCKUX CHTHAJIOB Ha HHPOpMAIMOHHBIX J U K BXOJlaX B CHH-
xpoexojie C. KomOHHAIUK BXOJIHBIX CHUTHAJIOB HabupaTh MpPH TMOMOINHU
kouer SB1, SB2 u SB3 nociieoBaTe/ibHO B COOTBETCTBUU C BPEMEHHBI-
MM JUarpaMMaMu Ha puc. 7.5.
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Y

Y

Y

Qi

Y

Puc. 7.5. BpemeHnHble juarpaMMbl paboThl JK-TpUrrepa

4.5. TIpoaHamu3upoBaTh MOJIYUYCHHBIC JAHHBIC U MOJYYUTH OTBETHI
HA CJIEAYIOIIHUE BOIIPOCHL:

— IPH KAKUX JOTHHYCCKUX YPOBHAX BXOJHBIX CHUTHAJIOB JK-TpUTrTEp
YCTAHABIMBAETCS B €IUHUIHOE COCTOSHHE?

— IPH KAKUX JOTHYCCKHX YPOBHAX BXOJHBIX CHUTHAJIOB JK-TpUrTep
VCTAHABIMBAETCS B HYJICBOE COCTOSHHUE?

— UMCCTCH JIM 3aNPCIICHHAS KOMOWHALMS BXOJHBIX WH(pOpMALU-
OHHBIX CUTHAJIOB A1 JK-TpUrrepa?

— IPH KAKUX JOTHYCCKHX YPOBHAX BXOJHBIX CHUTHAJIOB JK-TpUTTEp
OCYIIECTBIISIET COXPAHEHHUE CBOETO COCTOSHUA?

— IIPH KAaKOM KOMOMHAIMKM CUTHANOB Ha J u K BXxogax JK-Tpurrep
U3MEHAET CBOE COCTOSHUE HA IMPOTHUBOIIOJIOXKHOE II0 CPE3Y CHHXPOCHUTHA-
na?

4.6. C y4yeToM JAHHBIX SKCICPHUMEHTA M OTBETOB HA BOIPOCHI
. 4.5. 3am0THUTH TAaOUIy UCTUHHOCTH JK-TpuUrrepa (tadi. 7.4).

5. Tlposectu uccrneaoBanue D-Tpurrepa.

5.1. Ha pabouem mosie mporpammsel Electronics Workbench v.5.12
coOparh CXeMy JTA0OPATOPHOW YCTAHOBKH I MCCICAOBAHUA [D-TpHUITCPA
(puc. 7.6).

5.2. 3amaTh yNpaBSIOMUC KIABHIIU I Karouc SB/ u SB2. ns
3TOr0 TMOOYCPEAHO BOWTH B HMX JUAJOTOBBIE OKHA Swilch Properties
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U B oKomike Key BKIanaku Value 3anare ynpapistonme kiapunm D u C,
COOTBETCTBEHHO.

Tabmma 7.4
o maBAcMAs oM eCKaT VY CTaHOBHUBIIEECH JIOTHUECKOE
KOM6I/IIfBJ.[I/I51 BXOJHBIX CHTHATIOB COCTOSHHE Ha BBIXOJAX MOCIE
(MOMeIT BpeMerH 1) TTOJIAYN BXOJIHBIX CHTHAJIOB
P (MOMEHT BpeMeHH ¢ +1)
H+1 ~1+1
C J K Q Q
0 X X
1 X X
1-0 0 0
1-0 0 1
1-0 1 0
1-0 1 1
HL1
gy
(+5B) D]
) HL3
—K/ L L
sB2 LS ﬁ
[C]
L
c o a
0
~—— P
Q
HL4

Puc. 7.6. CxeMa BUPTYaIIbHON YCTaHOBKH I UCCIIOBAHUSI D-TpUTTepa

5.3. BKIIIOYHTh BHPTYAJIBHYIO YCTAHOBKY, HCTIONB3YS TIEpEKIIIOUa-
TEJTb B TIPaBOM BEPXHEM VIITy OKHa mporpaMmbl Klectronics Workbench.
5.4. 3acukcHpoBaTh H OTMETUTH Ha rpadukax puc. 7.7 JTOTHUESCKHE

VPOBHHU BBIXOJHBIX CHTHAJIOB, O W () TPHUITEpa MPHU PA3ITHYHBIX KOMOH-

HaI[MIX JJOTHYESCKHUX CHTHAJIOB Ha WH(opMaHoHHOM BXoJie D ¥ CHHXPOB-
xoze C. KoMOHHaIMH BXOAHBIX CHTHAJIOB HAOUPATh TIPH MOMOIIHU KIHOUCH
SB1 u SB2 mnociieioBaTeNbHO B COOTBETCTBHH C BPEMCHHBIMH JHATPaM-
MaMH Ha puc. 7.7.
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Puc. 7.7. Bpemennnie quarpaMmMbl paboTsl D-Tpurrepa

5.6. Ilpoananu3upoBaTh MOJIYYCHHBIC JAHHBIC W JAaTh OTBCTHI HA
CICAYOIME BOIPOCHI:

— PU KAKUX M3MEHEHUAX CUTHAIA HA CHHXPOBXoae C MOIyT Hpo-
UCXOJUTH U3MEHEHHUS COCTOSIHUS JUHAMIYECKOro D-Tpurrepa’?

— IPU KAKOM JIOTHYCCKOM VPOBHC CHTHAjJa HA MH(POPMALMOHHOM
BXOJ¢ D NUHAMUYECKUU D-TPUITEP YCTAHABIUBAECTCA B €IUHUYHOE CO-
CTOSTHHC?

— IIpU KAKOM JIOTMYECKOM YPOBHE CHUTHANA HA BXOJE /D nMHAMUYE-
CKHH D-TpUITEp YCTAHABIUBACTCA B HYJICBOC COCTOSTHUC?

— IPU KAKUX W3MCHCHUSAX CHUTHANIA HA CUHXpOBX0oae C HE MOTYT
MPOUCXOAUTH U3MCHCHUS COCTOSIHUS THHAMUYCCKOTO D-Tpurrepa?

5.7. C y4eroM JAHHBIX JSKCICPUMCHTA U OTBETOB HA BOMPOCHI
m. 5.6. 3anoMHUTH TAOMWLY HUCTHHHOCTH JHHAMUYCCKOro [D-Tpurrepa
(Tadm. 7.5).

6. [IpoBecTu uccaeaoBanus /- Tpurrepa (CY4ETHOTO TPUTTEPA).

6.1. Ha pabouem mose mporpammsl Flectronics Workbench v. 5.12
cobparh cxeMy 7-TpUITEpa, PEaIu30BAHHOTO HA OCHOBE JUHAMUYECCKOTO
D-tpurrepa T7TL-noruxu (cm. puc. 7.8).

N3 cxembl Ha puc. 7.8 BUIHO, YTO 7-TPUITEP NMPEACTABISIET COOOH
JUHAMWYCCKUUA [D-TPUITEP, OXBAUCHHBIA ILEMBIO OOPATHOU CBA3H (BbI-
xox O— Bxox D). DrTa CBA3b 3ama3abIBacT H3-32 KOHEYHOCTH BPEMEHH
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DPACIIPOCTPAHEHNUA CHUTHAJIOB B JIOTHUYECKMX 3JIEMEHTaX. 3allas]lblBaHUE
MIPUHITAITHAITBEHO HEOOXOAUMO JUIA PabOThI CXEMBL.

Tabmia 7.5
YV CTaHOBHBITIEECS TIOTHUECKOE
ITomaBacMaq TOrHUYECKasd KOMOHHAIIHI
COCTOSIHHE Ha BBIXOJIaX TOCIIE
BXOJIHBIX CHTHAIIOB
MOJAYH BXOJHBIX CHTHATIOB
(MOMEHT BPEMEHH )
(MOMEHT BpeMeHH #+1)
C D Q 11 él +1
0 X
1 X
0—1 0
0—1 1
e HL2
(+3B) HLA DD1
SB1 S
[T] D
T D Q Q
L > 0—e 5

O

Puc. 7.8. Cxema BUPTYAIIbHOH YCTAHOBKH A1 HCCIIEAOBAHNA 7 -TPHITEPA
Ha OCHOBE JHHAMHYECKOTO D-TpHTrTepa

6.2. BKIIIOUnTh BUPTYAIBHYIO YCTAHOBKY, HUCIIONB3YA MEpEKITFOUa-
Telb B IIPAaBOM BepXHEM YIJIy OKHa Iporpammel Klectronics Workbench.

6.3. 3acdukcupoBaTh U OTMETUTH Ha Ipadukax puc. 7.9 norudeckue
VPOBHHU BHIXOJHBIX CUTHAJIIOB () U é TPUITEPA IIPUA Pa3IUUHBIX YPOBHAX
CHUTHaNa Ha BXoJe T . YpoBeHb BXOJIHBIX CUTHAJIOB 33/[aBaTh IIPU OMOIIU

Krodya SBl 1ocnenoBaTellbHO B COOTBETCTBHM C BPEMEHHBEIMH JHMarpaMm-
MaMH4 Ha puc. 7.9.
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Puc. 7.9. BpemeHnHbIe iuarpaMMbl paboThl 7-TpUrrepa

6.4. IlpoaHamu3upoOBaTh MOJYUYCHHBIC JAHHBIC U MOJYYUTH OTBETHI
HA CJICAYHOIIHUE BOMPOCHL:

— IPU KAKUX YCIOBHAX /-TPUITEP YCTAHABIMBACTCA B €OIUHUYHOC
COCTOSTHHC?

— IIPU KAKUX YCJIOBUAX /-TPUTTEP YCTAHABIMBACTCS B HYJEBOE CO-
CTOSTHHC?

— IPU KAKUX JOTHYECKUX YPOBHAX BXOJHOTO CHTHANA /-TpPUITEP
OCYILECTBIIACT COXPAHCHUE CBOCTO COCTOSHHUS?

6.5. C y4eToM JAHHBIX SKCIICPUMEHTAa M OTBETOB HA BOIPOCHI
n. 6.4. 3aNOTHUTH TAOIUIY UCTUHHOCTH 7-TpHrrepa (Tadi. 7.6).

Ta6muna 7.6

VYceraHoBuBIlieecs JOrHIecKOe
COCTOSIHHE Ha BBIXOJIaX Moclie
110/1a41 BXOJHOT'O CUT'HAaJIa
(MOMEHT BpeMeHHU £ +1)

IlomaBaeMbIi JIOTHYECKUIA
YPOBEHb BXOJIHOT'O CUTHalla
(MOMEHT BpeMeHH 1)

T Ql‘Jrl §t+l

0

0—1

6.6. 3aBepumTh  paboOTy, 3akpblB  mporpammy  FElectronics
Workbench He coxpanss (paioB C pelyabTaTaMu MoAcTHpoBaHus (File
= Revert to Saved...~> OK).
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CopepxaHue oTyeTa

1. Lemb paboThI.

2. [IporpamMmma paboTHI.

3. IIpyHUMOHATBHBIC JACKTPUYCCKUEC CXCMBI UCCICAOBAHHBIX YCT-
POWCTB.

4. BpeMcHHBIC AUArpaMMbl U TaOTULBI C SKCIICPUMEHTATbHBIMHU
JTAHHBIMH.

5. Kpatkuc BbIBOABI O PadOTE.

KOHTpOsibHbIEe BONPOCHI

IIpu oonycke x 8UpMYaILHLIM UCCTIEOOBAHUAM!

1. Kakas uemp 1 mporpaMma padoTsi?

2. Kakoe Ha3HAYCHUEC M 00JIACTh MPUMCHCHUS TOTHYCCKHUX DJICMCH-
TOB?

3. UT0 TakOEC JOTHYECKOE CIAOKCHUEC, YMHOKCHHUC H OTPULIAHUE ?

4. Kakue ypOBHM HATPSHKEHUA COOTBETCTBYHOT JJOTHMYECKOMY HYJIFO
U JOTUYCCKOU CAMHULC?

5. Kak yc10BHO 0003HAYAKOTCS TOTHUECKUE JIEMEHTHI HA 3ICKTPHU-
YECKUX MPUHLMITHAIBHBIX, ()Y HKIHOHABHBIX U CTPYKTYPHBIX CXeMax?

6. UeM OTIHYAETCS TPUITEP OT KOMOMHALIMOHHON CXEMBI?

7. Kaxo#t Tpurrep Ha3bIBaCTCI AaCHHXPOHHBIM?

8. Kako#i Tpurrep Ha3bIBACTCS CHHXPOHHBIM ?

9. UeM OTIMYAKOTCH CTATUYCCKUE TPUTTEPBI OT JUHAMUYCCKUX?

10. YeM OTAMYAKOTCSA OTHOTAKTHBIC TPUTTEPHI OT JBY XTAKTHBIX ?

I1. Tlpu xakux JOTHHYECKHMX YPOBHAX BXOJHBIX CHTHAIOB JK-
TPUITEP YCTAHABIMBACTCS B €IUHUYHOE COCTOSHHUE?

12. Tlpu xakux JOTMHYCCKHMX YPOBHAX BXOJHBIX CHTHAIOB JK-
TPUITEP YCTAHABIMBACTCS B HYJIEBOE COCTOSIHHC?

13. UmeeTcs U 3ampemicHHAss KOMOWHAUMSA BXOJHBIX CHTHAJIOB
ISl CHHXPOHHOTO JK-Tpurrepa?

14. Kak yc10BHO 0003HAYAKOTCS CTATHYCCKUC M AUHAMUYECCKUC -
U 7-TPUTTEPHI HA SMCKTPUUCCKUX CXEMaX?

15. Tlpu KaKuX JIOTHYECKUX YPOBHAX BXOAHBIX CUTHAJIOB CHHXPOH-
HBIU CTATUYECKUU D-TPUTTEP YCTAHABIMBACTCS B CAUHUIHOE COCTOSTHHE?

16. Ilpu KaKuX JIOTHYECKUX YPOBHAX BXOAHBIX CUTHAJIOB CHHXPOH-
HBIU CTATUYECKUH D-TPUTTEP YCTAHABIUBACTCS B HYJICBOC COCTOSTHUC?
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17. Ilpu KaKuX JIOTHYECKUX YPOBHAX BXOAHBIX CUTHAJIOB CHHXPOH-
HBIU CTATHYECKUU D-TPUTTEP COXPAHSIET CBOE COCTOSTHUE?

18. Ilpu kakux yCIOBUAX JUHAMHYCCKHU [D-TPUTTCP YCTAHABIUBA-
€TCSI B EAMHUYHOE COCTOSIHUE?

19. Tlpu kakux yCIOBUAX JUHAMHYCCKHU [D-TPUTTCP YCTAHABIUBA-
€TCA B HYJICBOE COCTOSIHUC?

20. Tlpu KaKUX JOTHYCCKUX YPOBHAX BXOIHBIX CUTHAJIOB JWHAMH-
YECKUHN D-TPUTTEP COXPAHSIET CBOE COCTOSIHHE?

21. Tlpu kaKkux yCJIOBHAX 7-TPUTITEP YCTAHABIUBACTCA B CIUHUY-
HOE COCTOSIHHE?

22 . 1lpu kakux YCHOBHUAX 7-TPUITEP YCTAHABIMBACTCA B HYJICBOC
COCTOSIHHE?

Ipu 3aujume pesyiomamos pabomvl HeOOXOOUMO OMEeMuUms Ha
8ce gululenepeyuciieHHble 80NPOChL U, Kpome mo2o, HeobXo0UMO'

1. YMETh HAYEPTUTH CXEMBI U OOBICHUTH PAabOTy BCEX HCCIIEIO-
BAHHBIX JK-, D- u T-TpUrTepos.

2. YMETh COCTABUTH TaOJMILy COCTOSIHHM (MCTHHHOCTH) BCEX HC-
CICAOBAaHHBIX JK-, D- 1 T-TpUrTCpoOB.
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8. ABONYHbIE CHETHUKA

TeopeTuyeckue ceeageHus

[TpocTeimmii CyMMUPY O ABOUYHBIN CYETUYHK MOXKET OBITH TO-
CTPOEH MyTEM MNOCIECAOBATCIBHOTO COCAUHEHHSI CUYETHBIX /-TPHUITEPOB.
CUYeTUMKY TAKOTO THIA HABBIBAKOT CUCTUHUKAMH C MOCICAOBATCIIBHBIM TIC-
penocoM. Ha puc. 8.1 npuBeneHa (yHKIMOHAIBHAA CXEMA CYMMUPYFOIIC-
r0 YETBIPEXPA3PAIHOTO ABOMYHOTO CHECTYHKA C MOCICIOBATCIBHBIM TIECPC-
HOCOM, a Ha pHUC. 8.2 — BpEMCHHBIC TUATPAMMBI, TIOSICHSIOIIUE €ro padoTy.

DD1 DD?2 DD3 DD4
T o1 T 02 T o3 T _Q4
L\T - - - T o
021 022 023 024

Puc. 8.1. J/[BonuHbBIi CyMMHUPYIOIHMH CUETUHK € MTOCIEAOBATEIbHBIM IIEPEHOCOM

cr 12 5 6 7 8 9 10 11 12 13
I3
Ql A -
1 0 1 0 p
A -
2
¢ 0 0 1 o |
0 1 1 1 ;
A o
04
0 0 0 ] ;

Puc. 8.2. BpemeHHbIe TuarpaMMbl B JBOUYHOM CYMMHUPVIOINEM CUETUUKE
¢ II0CJIe10BaTeIbHbIM [IE€PEHOCOM

Kaxnaei 7-tpurrep u3MeHSET CBOE COCTOsHHE 1O cpesy (1—0)

CUTHAJIa HA CBOEM 7’ BXoJje. JIOrHyeckue ypoBHU Ha BBIXOAAX TPUITEPOB
COOTBETCTBYIOT IBOMYHBIM YHCJIAM, KOTOPBIC BO3PACTalOT C IPUXOJOM
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Ka)XKA0r0 BXOAHOr0 MMIYJibca. Hampumep, mocie mpuxoaa 7-ro uMiyibca
COCTOSIHUE TpurrepoB OyaeT caeayromum: Ol=1,02=1,03 =1, 04 =0.
Jro asomyHoe umciao (0111) COOTBETCTBYET MAECATUYHOMY UHUCITY
Npp=0-2°+1.22+1.2+1.2° =7,

Otcro1a ¥ Ha3BaHUC "CYyMMUPYFOIIUN TBOWMYHBIA CUCTYHK".
W3 BpeMEHHBIX AUArpaMM CIEIyeT, YTO YacTOTA MMITYJLCOB HA BBIXOJC

KaKa0ro Tpurrcpa B ABa pad3a MCHBIIC YACTOTHI UX BXOAHBIX HUMITYJIbCOB.
HOC-)TOMy ABOHMYHBIC CUHCTYHKH HA3BIBAIOT TAKIKC ACTUTCIAMH Y4dCTOTHI.

O6mmit ko PuIEeHT aenacHus pasen K =2, rae n — KOJMYECTBO IO-
CIEI0BATENIBHO BKIFOYCHHBIX TPUITEPOB.

Ha ocHOBE 7-TpUITEpOB MOYKHO MOCTPOUTH BBIMUTAKOIIUU IBOWY-
HBIN CUETYHMK, ECIIM HA BXOJ MOCICAYIOIIET0 TPUITEPA MOJIABATh CHUTHAIIBI
C MHBEPCHOTO BBIXOJA mpeasiaymiero tpurrepa. Ha puc. 8.3 mpuBeacHa
()YHKIIMOHATbHAA CXEMA BBMYHUTAIONIECTO YETHIPEXPA3PSIIHOTO JBOUYHOIO
CUYCTYMKA C IMOCJICAOBATCJIBHBIM IICPCHOCOM, a HA PHC. 8.4 — BPCMCHHBIC
JHATPAMMBI, TIOSCHSOIIUE €T0 PadoTy .

DDl - DD2 - DD3 DD4
4
€L o 7] €3 7 €
L\ T - T o T o T -
Q1 02 03 04
H— o— O— o—

Puc. 8.3. Beiunraromuii JIBOMYHBIA CYETUHUK C [10CJIE[0BATEIbHBIM [IEPEHOCOM

Jloruyeckue yPpOBHHU HA BBIXOJAX TPUITEPOB (pHC. 8.3) COOTBETCT-
BYIOT JBOMYHBIM YHCJIAM, KOTOPBIC YMEHBINAKOTCA C MPUXOAOM KAXIOTO
BXOJAHOrO0 MMmyJjbca. [0 mogaym BXOAHBIX UMIYJIbCOB C BCE pa3psabl
CYeTYMKA OBUIM YCTAHOBJICHBI B CAWHWUYHOE COCTOSIHHE, T. €.
Ol=1,02=1,03=1, 04 =1. Iro asouunoec uucno (1111) cooTBeTCTBY-

eT aecATHUHOMY uncay Np, =1-2° +1.2% +1.2' +1.2° =15,

[Tocie MOCTYMICHUST BOCBMHU HMITY TbCOB COCTOSIHUC CUCTYHKA CTa-
HoBUTCA Ql=1,02=1,03=1, 04=0. 310 apouynoe uucio 0111 coot-

BETCTBYET ACCATHUYHOMY 4HCIy 7. Takum 0Opa3oM, CUCTUHK BBITTOTHUIT
oncpauuto BerautaHus (15—-8=7). I3 HyneBOro COCTOSHUA CYETYUK TEPe-
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XOOUT B MAKCUMAJBHOC (A1 YETHIPEXPAZPSAAHOTO CHECTYHKA 3TO COOTBCT-
CTBYET ACCATUYHOMY 4HCIy 15).

Hucito BEMUTAEMBIX UMITYJIHCOB (B JECATUYHOM KOJIE)
, -1 -2 -3 4 -5 -6 -7 -8 -9 -10 -11 =12 -13

C 4
I3
A -
1
< 1| 10 1 1 t
A -
02
1 1 1 r
Q3“ -
11 1 0 '
04 A o
1] |1 0 o |

15 14 13 12 11 10 9 8 7 6 5 4 3
CocTostHUEe cUeTHHKa (B JECSITUHIHOM KO/Ie)

Puc. 8.4. BpemeHHble uarpaMMbl B BHIYUTAIOIIEM JJBOUUHOM CUETUHKE
¢ TIoCJIeIOBaTEeILHBIM TIEPEHOCOM

Kak cyMMupyROIINI, TAK U BBIMUTAOIIUN CYUETYUKH MOTYT UMETH
ACUHXPOHHBIC BXO/IbI YCTAHOBKYU BCEX PA3pAA0B B CAUHUYHOC U (UJIH) HY -
JI€BOE COCTOAHHMA. B mocie1HEM CIyyae OHM HA3BIBAKOTCS OOBIMHO BXOAA-
Mu cOpoca. Peamm3anums yCTAHOBKYM B CAUHUYHOC COCTOSIHUE OCY ICCTBJIS-
eTCa 00BEIMHCHUEM BCEX ACUHXPOHHBIX S-BX00B JK-TPUITEPOB, a pea-
JU3aUMs YCTAHOBKH B HYJICBOC COCTOSTHUE OCYIIECCTBISICTCA O0bCIUHCHH-
€M BCEX ACUHXPOHHBIX R-BX00B TPUITEPOB (HA puc. 8.1 u 8.3 He mokasa-
HO). UMEIOTCA CUCTYUKY U C TOPA3PAIHOU YCTAHOBKOU.

AHATH3UPY S CXEMBI TOCICAOBATEIIBHBIX CYyMMHpYFOMETo (puc. 8.1)
U BBMUTAOMIETO (PUC. 8.3) CUCTYHKOB MOYKHO 3aMCTHTh, YTO OHH OTJIU-
YAKOTCS TOJIBKO LEIMB MOAKIFOUYCHUS /-BXOI0B BCEX /-TPUTTEPOB, KPOME
MCPBOro. IJTO MO3BOJISICT PEATM30BATh PEBCPCUBHBIA JBOUYHBIN CUCTUHK
HA 7-Tpurrepax, HUCHOJB3YSd MEXKIY HUMHU VIIPABIAEMBIE KOMMYTATOPHI
(MyIbTHILICKCOPSBI 2 B 1).
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Ha puc. 8.5 mpuBcacHa (PyHKUHMOHAIBHAS CXEMA TPEXPaA3PSIAHOTO
PEBEPCUBHOTO CUCTUYUKA C MOCICA0BATEIBHBIM MEPEHOCOM. JTOT CUETUHK
MOKET Pad0OTATh KAK CYMMHUPYIOIIUU MPH MOJAUC HA YIPABIAKOMMUA BXOJ

U /U HH3KOTO JOrHYECKOTO VPOBHS UJIM KAK BBMMUTAKOIIUNA, CCIH OJAATh
HA YIIPABJLIFOINUNA BXO/ BBICOKHH JIOTHYECKHN YPOBEHb. B cueTyuke mpu-
MEHCHBI MYJIBTHIICKCOPHI ( DD2, DD4), KOMMYTHPYKOINUC OOUH U3 BXO-
0B (X0 wmm X'/) Ha CBOM BBIXOJ B 3aBUCUMOCTH OT JIOTHHYCCKOTO YPOBHSA
CHUTHAJIA HA aAPECHOM BX0J€E A4.

DD1 DD?2 DD3 DD4 DD5

T LA P I r|22 |, ls rr|€3

C g X1 T X1 T B
03
R - 4 R — 4 R O—
01 r 02
JL | C6poc .

Uy Brruutanue/Crnoxenue

Puc. 8.5. PeBepCHBHbIﬁ JBOMUHBINA CUCTUHK C MOCJICIOBATCILHLIM NMepeHOCOM

PaccMmarpuBacMbiil pEBEPCUBHBIA CYETYUK UMEET LEIb ACUHXPOH-
HOI'O COpOCa BCEX TPUITEPOB B HYJICBOC cocTostHUE. [Ipu momaye norude-
CKOM €OUHHULBI HA BXOJA cOpoca pa3psabl CUCTUYHMKA YCTAHABIMBAKOTCS
B cocrosaaue QO1=0, 02=0, 03 =0, HC3aBUCUMO OT YPOBHSI CHTHANIA HA

yrpasJsromem sxoae U /U .

OO0muM HETOCTATKOM BCEX CUCTUYHMKOB C MOCICAOBATCILHBIM MIEPE-
HOCOM (B JIMTEPATYPE UX MHOTIA HABBIBAKOT ACUHXPOHHBIMH CUCTYHKAMU )
SABISFOTCS OONBIIME M HEPABHOMEPHBIC 33JCPKKH PacpPOCTPAHCHUS
BXOJHOTO CHUTHAJA A0 BCEX BBIXOJOB TPHUITCPOB, YTO OTPAHUYMBACT UX
OBICTPOJICHCTBHE U CO3AACT OOJbINMUE MPOOIEMBI B CO3IAHHH MHOTOpa3-
PAIHBIX CYCTYUKOB, OCOOCHHO C MPOU3BOIbHBIM KOA()(PHUIMEHTOM CHETA.

JIJ19 BBIpAaBHUBAHMS BPEMCHHBIX 33JICPKEK BCEX TPUITEPOB MPUME-
HAKOT CYCTYUKH C MAPAUICIbHBIM NEPEHOCOM, KOTOPBIC HA3BIBAKOTCA TaK-
’K€ CHHXPOHHBIMH CHETUYMKAMH. CHHXPOHHBIC CUCTUHKH 00J1adar0T BBICO-
KHUM OBICTPOACHCTBHCM, JETKO JOMYCKAKT HAPAIMUBAHHUC PA3PATHOCTH
U Peau3alliy MPOU3BOJIBHBIX KOA(DPHUIIUCHTOB NIEPECUCTA.
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BupTyanbHbIA 3KCNePUMEHT

Llenb paboTbl

1. TTpuoOpecTH HABBIKH BHPTYATLHOTO HCCICAOBAHUSA C TMOMOIIBE)
nakera nporpamm Flectronics Workbench:

1.1. CyMMHpYIOINET0 CYETYHMKA C MOCICAOBATCIBHBIM MEPECHOCOM
Ha JK-Tpurrepax.

1.2. BeMuUTArOmEro CYECTYUKA ¢ MOCACAOBATEIbHBIM MIEPESHOCOM HA
JK-Tpurrepax.

1.3. PeBepCHBHOrO CYCTYHMKA C IMOCJICAOBATCIbHBIM MEPCHOCOM HA
JK-Tpurrepax.

2. 3aKpENUTh TCOPETUYCCKUC 3HAHUS, TMOJYUYCHHBIC HA JICKIUAX
U CAMOCTOSITEIbHBIX 3AHATHAX.

Mporpamma paboTsl

1. U3yunuts ucciaeayeMble CXEMbl BUPTYAIIBHBIX CYETYHUKOB. [Ipu
3TOM CJICAYCT UMCTh B BH/IY, UTO OTCUCCTBCHHBIC CTAHAAPTHI HA YCIOBHBIC
rpauueckue 0003HAUCHHUS JK-TPUTTEPOB HECKOJIBKO OTIMYAKOTCA OT
o0o3HaucHui nporpammsl Flectronics Workbench v.5.12. Ha puc. 8.6
MPUBCICHBI YCIOBHBIE TPA(PUUICCKHE H300PAKCHHS ITHX TPUTTEPOB B 000-
UX CTAHJAPTAX.

a 0
S|
S—S TTQ J Q
J 7 — — J O —=
[,
K 0 K o)
1t e S e
R|

Puc. 8.6. Ycnopnble rpaduueckue ob6o3HaueHus: JK-Tpurrepon
C aCHHXPOHHBIMHU BXO1aMU yeTaHOBKH () U cOpoca (R):
a — 1o OTeUecTBEHHBIM cTaHAapTaM; 6 — Mo cTaHapTaM MporpaMMbl
Electronics Workbench v. 5.12
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2. O3HAKOMHTBCS ¢ THOAMH H MOJEJIIMH 3JIeMEHTOB, IpHMeHse-
MBIX B CXeMaX CHeTYHKOB, YSCHHTL IYTH HX BRIOOpa H 3aJlaHH mapaMeT-
pOB.

3. Ha pabodem mome mporpammel Flectronics Workbench v, 5.12
cobparb cXeMy H TPOH3BECTH HCCIE/IOBAHHE CYMMHPYIOUIETO CUETYHKA
C MOCIIe0BAT eNbHBIM MepeHoCcOM Ha JJK-TpHITepax.

4. Ha pabodem mone mporpaMmel £lectronics Workbench v. 5.12
cobparb cxeMy H NPOH3BECTH HCCIE/IOBAHHE BBIMHTAIONIETO CYETYHKA
C MOCTIeAOBAT eNbHbIM MepeHoCOM Ha JX-TpHITepax.

5. Ha pabodem mone mporpaMmiel Flectronics Workbench v. 5.12
cobparb cxeMy H IPOHZBECTH HCCIENOBAHHE PEBEPCHBHOIO CHETYHKA
C MOCIIeA0B AT eNbHbIM MepeHoCoM Ha ./ K-TpHITepax.

BupTyanoHas ycTaHOBKa

1. ITakeTr MOAeIHPYIOUIHX mporpaMm FElectronics Workbench
1.5.12, paboTaionux B Ccpelde OmepalHOHHOH cHCTeMbl Windows. IIvThb
3aMycKa NporpamMmel Flectronics Workbench: pabounii cron Windows =2

g
Manka « Y4ueOHbIH Imporneccy —*ApJbIK 5-#

2. Maiin sum ctZik.ewb co cXeMol YCTaHOBKH OIS HCCIEOE aHHS
JeThIpeXpaspAgHOT 0 CYMMHPYIOIIEro JBOHYHOIO CHeTHHKA ¢ IocaeJoBa-
TeNbHBIM MepeHOCOM Ha . X -TpHITepax.

3. @aiin sub ctZit.ewh co cxemoll YCTAaHOBKH IJIST HCCIEOE aHHS
JeThIpeXpaspAOHOT 0 BBIMHTAIOIET0 JABOHYHOIO cHeTHYHKA ¢ IOcieJoBa-
TeNbHBIM IepeHOCOM Ha . X -TpHITepax.

4. @ain revC T2 jhewh co cXeMoH YCTAHOBKH ST HCCIIEOB AHHS
TPeXpaspsaaHoI0 PepepCHBEHOIO JBOHYHOTO CHETHHKA ¢ MOCIeTOBarellh-
HBEIM IepeHOCOM Ha./X-TpHITepax.

5. JE-TpurTepbl ¢ ACHHXPOHHBIMH BXOJAMH YCTAHOBKH 5
u cOpoca F (puc. 8.6, 6). [IyTe peifopa: TpyNNa JIOTHYeCKHX KOMIOHEHTOR

Digital - ‘ JE Flip-Flop with Active High Asynch Inputs =
Library «defaulty 2 models «ideal».

6. JIByXPXOOBkIe JIOTHYeCKHe 3lleMeHTHI 2H-HE :D_ fri-no-

rukd. I1yTe peIDOpA: IpyNna JOTHYeCKHX KOMIOHEHTOR EI Logic Gates
> L 2-Fput NAND Gate = Library «ttl» =2 models «L5» .
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7. McTouHHK NMHTAaHHA <«JI0THYecKas eJHHHIlA» +Foo, BbIIaolHH

—_—
o

Hanpsckenne +3 B. IIyte peibopa: Ipynna KOMIOHEHTOE HCTOYHHKOE ¥ |

oo |
Sources = 1 Voo Voltage Source)
8. [Tepexntodarenn ", yIOpapBJiieMble HazHAYAeMbIMH KJIABHIIA-

i : -
mH. IIyTh BeiDopa: rpynma 0a3oBbIX KOMIIOHEHTOBR ' w Basic —» =
Switch.

9. Jlorudeckne MpoOHHKH O, ITy1b BLIDOpA: TPYNIA KOMIIOHEH-
=
TOE HH/AHKATOPHbIe MPHOOPLI _! Indicators > Red Probe 9.,
10. 3azemnenue . ITyTb BLIDOpA: TPYNNA KOMIIOHEHTOR HCTOYHH-

= E
KOB ¥ |Sﬂumes9 = Ground.

Mopagok npoBegeHua paboTel

1. O3HAKOMHTBLCA ¢ MeTOAHYeCKHMH YKa3aHHSIMH MO BLIMOJIHeHHIO
padoThl H Mpap HIAMH TeXHHKH De30MacHOCTH.

2. PacnHcarbcs B KypHAIeE M0 TeXHHKe 0e30TMacHOCTH H MOJYYHTh
paspelll eHHe Ha IPOBeeHHe BHPTYAIbHBIX HCCIEOB aHHIH.

3. BKIouHTE KOMIOBIOTEP H 3al0yCTHTh NOporpaMmmy Flectromics
Workbench (Pabounii cton Windows — mamka « Y4aeDHBIH mpolijeccs» —

o
—2 SPJIBIK POTPaMMb] Blectronics Workbench @}.

4. IIpoBecTH HCCIEIOBAHHS CYMMHPYION[ETO CUeTHHKA ¢ MOCIIE0-
BATelhHbIM MepeHoCcoM Ha . JX-TPHITepax.

4.1. Ha pabouem mone nporpamMmel Zlectronics Workbench v. 5.12
cobparb CXeMy CYMMHPYION[Er0 CUeTYHKA C MOCIIeI0BaTeNbHBIM MepeHo-
coM Ha JX-Tpurrepax. {puc. 8.7). JIis1 5T0T0 BLIMOJHATE CIIEITY IOI He feli-
CTB HI:

4.1.1. Uz nporpammbl Electronics Workbench oTkpeiTh  daiin
sum_ct2ik.ewh. IIyte oTkpoiTHA dadina: File 2 Cpen 2 B OTKPLIBIIEMCS
okHe (lper Circuit File OpOMHBIM MIETIKOM JI€BOH KIIABHIIH MBIIH OT-
KpbITh manky 2102 — ewibpare daiin sum ci2jkhewh — HaKalb KHONKY
«OTKpPBITE».

4.1.2. CoxpaHHTh OTKpbITBIH daiiin moa HMeHeM Ne KOMIbHOTepa
sum_ct2ik.ewh B nanke 220 (File 2 Save As... 2 BoedaTarb HMA COXpa-
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HAeMOro (aiina, HampamMep W2 sum ci2jkewb — Haxars KHONKy «Co-
XPaHHTE TIPH IIOMOIIH TeBOH KITABHIIH MEITIIH.

L. L i3
sg1 —— HL1 HL2 HL3 HL4
o DD1 DD2 DD3 DD4
[C]  INPUT 5 5 = 5
S0 o 4o 4o
K Q' ko Q' Q' Q'
R R [ R

SB2
[R]J. ® »
L

Puc. 8.7. CxeMa PHPTYANLHOH YCTAHOBKH T HCCIIEIOBAHHS
CYMMHPYIOIIEr0o ABOHTHOT O CYeTYHKA ¢ MOCIe/I0B ar ebHbIM HepeH0CoM
Ha ./ E-TpHITepax

4.1.3. YOe HTECH B COOTBETCTBHH BHPTYAIBHOH YCTAHOBKH CXEMe
HA pHC. 8.7 H B CcITy4ae OTIHUHA BHECTH KOPPEKTHBHL. [lomoxkeHHe mepe-
KIrouarened SAL v SE2 ciueayeT YCTAHABIHBATE ITPH ITOMOIITH KIABHII
u K. Ilocme 3TOro TpeTbaBHTE BHPTYANBHYIO VCTAHOBKY UIS MTPOBEPKH
HHKEHEDY.

4.2. BKIFYATE IMUTaHHE BHPTYATBHOH YCTAHOBKH H, ITPH HeoOXo-
THMOCTH, TOJaYed HAMpPCKeHHS YPOBHH IMOTHUECKOH €JHHHILI YCTAHO-
BHTL TPHTTEPEL B cocTofMHme Ol=0, 02=0, 03=0, 04 =0 (BepxHee Io-
noxeHHe TepeKmtouatend SB2 ). [Tocle 3TOro mepepecTH MEPEKTHUATENh
SA2 B HHXKHee IONOXKEHHE, UTO COOTBETCTBYeT IIONAue HA BXOMBI R
cOpoca TPHITEPOB JTOTHYE CKOTO HYIIA.

4.3, 3aduKCHpPORATL H OTMETHTE Ha Tpadikax pHc. 8.8 TorHUecKHe
VPOBHH BEIXOJHBEIX CHTHAIOB (1.4 TPHITEPOR IIPH IIOCIEeA0OBATEIEHOM
H3MeHeHHH CHITHATA Ha BXome . KpacHED IBeT HHIHKATOPOB COOTBET-
CTBYeT BBICOKOMY VPOBHIO HalpskeHHA (+5B — ypoBeHb IOTHUECKOH
eJTMHHIE ), a Oembii — HU3KoMy (0B — mMOTHUecK i HONB). YpOBEHh CHH-
XPOCHTHANIA H3MEHATE IIPH IIOMOINH KIua SAl mociae oBaTeldbHO B CO-
OTBETCTBHH ¢ BPeMEHHEIMH JHAr paMMaMH Ha pHC. 8.8.
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2 1 2 3 4 5 6 7 8 9 10 11 12 13

A
01

02

04

Puc. 8.8. DkcnieprMeHTalbHbIE BpEMEHHbBIEC JHarpaMMbl B JIBOUYHOM
CYMMHUPYIOILIEM CUETUHKE C I10CJIe10BaTEJIbHBIM IIEPEHOCOM

4.4. Tlo 3KCHEPUMCHTAIBHBIM BPCMCHHBIM JUArpaMMaM OIpeac-
auTh K03 GuureHTs geneHusa K, 4acTOTHI UMITyJIbCOB HA BBIXOJAX /1-TO

pa3psaaa CUCTUHKA B Pe3yJIbTAThI 3aMHCaTh B Ta0d. 8.1

TAC fuc» lwx —HaCTOTa W TEPHOJ CICIOBAHHS HMITYJILCOB HAa BXOJC
MIIQIIET0 pa3psiaa cueTdymka; f,, 7, — 4acToTa M NEPHOJ CJICTOBAHMUS

HUMITY TbCOB HA BBIXOAC /1-TO Pa3pAaa CHCTUUKA.
Tabmura 8.1

Koad duimeHTs! JeieHns 4acTOThI K, K, K; Ky

CyMMHpyIONIUi cCYeTUNK

BrluuTaromuii cyeTuuk

4.5. Tlo pe3yabTaTaM 3KCMCPUMCHTA 3AMOJHUTH Ta0. 8.2 HCTUHHO-
CTH CYMMHPYIOIIETO CUCTYHKA C TOCIEA0BATEIBHBIM MIEPEHOCOM.
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Ta6mumna 8.2

Yucao MOJJaHHbIX UMITYJILCOB Y cTaHOBHUBIIICECS COCTOSHHUC
Ha CHHXpPOBXOJ C pa3spAAOB cueTUrKa

C JlBonuHoe JlecsatuuHoe

Q4030201

0 0000 00

10

11

12

13

14

15

5. IIpoBecTH HCCAEAOBAHUA BBIMUTAIOIICIO CYETYHKA C MOCICA0BA-
TEJIBHBIM IIEPEHOCOM HA JK-TpUrTepax.

5.1. Ha padouem monie mporpammsl Flectronics Workbench v. 5.12
coOpaTh CXEMY BBMHUTAKOIIETO CUETUHKA C TTOCIEI0BATEIBHBIM IEPEHOCOM
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Ha JK-TparTepax. (puc. 8.9). JIIA 3TOr0 BROIONHHUTEL CIEIVIOINTHE AeHCT-
BHA:

5.1.1. U3 mporpammer Electronics Workbench OTKpEITE (haiin
sub c2jk ewb. TIyTh oTKphrTHSA (atina: File 2 Open = B OTKpPBIBIIEMCH
okHe Open Circuil File MTROMHBIM IETUKOM IT€BOH KIABHIIH MEBIIIH OT-
KpEITh Tanky 220 — BeOpars dain sub ci2jkewd — HaxaTh KHOIKY
«OTKPEITEY .

5.1.2. CoxpaHUTh OTKPHITEIH (aill Mo HMeHeM Ne KOMIIBKOTEDA
sub ci2jk ewb B manke 220 (File - Save As... — BIedarars HM{ coXpa-
HAaeMoro daiina, Harpuamep W2 sub ci2jk.ewdb — Haxars KHONKY «Co-
XPaHHTH» TIPH TTOMOTIH T€BOH KITABHIITH MBITIIH .

rrte SB2
[=]

—

HL1 HLZ HL3 HL4
sB1 —  DD1 DD2 DD3 DD4
[C] 2 :
INPUT
) G 5 5 5 S
E koo ' ' kK ot
R R R

j‘-. & &

w

C o

Al o g |W
=
e I
-
v I

Puc. §.9. Cxema BHPTYAILHOH YCTAHOBKH U HCCJIEJOBAHHS
BLIMHTAIOII IO B OHIHOIO CHETYHEA ¢ HOCIIeJ0RaTe b HBIM
NepeHocoM Ha /A -TpHITepax

5.1.3. YOe HTECH B COOTBETCTBHH BHPTYATEHOH VCTAHOBKH CXeMe
Ha pHC. 8.9 H B cIyuae OTIHUHI BHECTH H3MeHeHHS. IlomoxeHHe Iepe-
Knrouarened SB1 w SB2 cneayeT YCTAHABIHBATE IIPH TTOMOIIH KIIABHII

C'u S. [Toce 3TOro MpeIbIBHTH BHPTYATLHYIO YCTAHOBKY IS ITPOBEPKH
HHKeHepY.

5.2. BKIIOUHTE ITHTaHHe BHPTYAIBHOH YCTAHOBKH H, IIPH HeoOXo-
THMOCTH, TOJaueH HAaMpPLOKeHHI YPOBHA IOTHUECKOH eJHHHIEL YCTaHO-
BHTE TPHITEPHL B cocTogHHe (Ol=1 02=1, O3=1, 04=1 (BepxHee IO-
IoXKeHHe Iepekntoyarend SB2 ). [Tocie 3TOro mepepecTH MepeKIoUaATeNb
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SB2 B HIDKHEC TMOJIOKCHHUC, YTO COOTBETCTBYCT MOJAYE HA BXOABI S yCTa-
HOBKH TPUITEPOB JJOTHYECKOTO HY JIAL.

5.3. 3apuxcupoBath U OTMETUTH Ha rpadukax puc. 8.10 mormye-
CKHE YPOBHH BBIXOAHBIX CUTHAIOB (1..(04 TpUITEpOB MpHU MOCICIAOBA-
TEITFHOM HM3MEHEHMH CUTHAIA HA BxoJe C. YpoBeHbs BXOAHOTro currana C
HAOWUpaTh MPH TMOMOIMM KTo4ua SB1 mociaenoBaTCILHO B COOTBETCTBHU
C BPEMEHHBIMH JHarpaMMamMu Ha puc. 8.10.

Yuciio BEIUMTAEMbIX UMITYJIBCOB (B JIECATUYHOM KOJIE)
, -1 -2 -3 -4 -5 -6 -7 -8 -9 —-10-11-12-13

C [

A

Q1

A

Q2

04 1

Puc. 8.10. DkcrieprMeHTallbHbIE BPEMEHHbIE JIMarpaMMbl B JIBOUYHOM
BBIUMTAIOLEM CYETUUKE C I10C/Ie10BaTEIbHBIM [16pEHOCOM

5.4.Tlo 3KCIECPUMCHTATBHBIM BPEMCHHBIM JUArpaMMamM OIpPE/c-
auTh K03 GuureHTs geneHusa K, 4acTOTHI UMITyJIbCOB HA BBIXOJAX /1-TO

pa3psa BBMUTAOMICTO CUCTUYMKA B PE3YIbTaThI 3a1TUCaTh B Ta0. 8.1

TAC fupx» lpx — HYACTOTA U TCPHOJ CIICAOBAHMS HMITYyJIbCOB HA BXOJC
MIIQIIET0 pa3psiia cueTdymka; f,, 7, — 4acToTa WM NEPHOJ CJICTOBAHMUS

HMITY JIbCOB HA BBIXOJC 72-T'0 pa3psaa CUCTUHUKA.
5.5. Tlo pe3yabTataM SKCIECPUMEHTA 3aMOHUTH Ta0I. 8.3 HCTHHHO-
CTH BBMHUTAKOIICTO CYCTUHKA C MOCICAOBATCIBHBIM IICPECHOCOM.
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6. IlpoBecTH HCCIEeqoBaHHA PEBEPCHBHOrO JIBOHYHOTO CUETYHKA
C MOCJeq0BaTEIbHBIM IMEPEHOCOM Ha JK-TpUITEpax.

6.1. Ha pabGouem momne nporpammel Electronics Workbench cobparh
CXEMY PEeBEPCHBHOID TPeXpazpiagHOre ABOHUYHOTO cYEeTHYHKA C T10CIe0Ba-
TENbHBIM IepeHocoM Ha JK-TpHrrepax (puc. 8.11). JI1d 3Toro BBIIOIHHTD
CIIEY H0IHeE ACHCTBHUA:

o o T
FMCE
= DD1 | DD2.1..D02.3 LD4.1..0D4.3
® Bxopg, }J 0
— K o0
HL4 R
5B2

(]
o 0P \_|. . DD2.4

Briutanme SE3

CNOHEHWE

Puc. §.11. CxeMa BHPTYQNLHOH YCTAHOBKH U1 HCCJTE OBaHHA
PEBEPCHEHOIO JBOHYHOTO CYETYHKA C ITOCTIEA0RA TEMLHBIM
[IepeHOCOM Ha JE-TpHITEpPax

6.1.1. M3 nporpammbl  Electronics Workbench oTKpbeITh (aiin
rev_ct2jkewb. TIyTh oTKpbITHA aiina: File = Open = B OTKPbIBIIEMCA
okHe Open Circuit File JBOHHBIM I[eMTUKOM J€BOH KIABHINH MBIIIH OT-
KpbITh marky 220 —> BbiGparb aiin rev ct2jk.ewb - HakaTh KHOIKY
«OTKPBITEY.

6.1.2. CoxXpaHHTh OTKPBITLIH (aiin 1oj HMeHeM Ne KOMITBIOTEpa
_rev _ct2jk.ewb B marke 220 (File = Save As... = BriedaTaTh HMiA COXpa-
HAemoro ¢aiina, Haripumep W2 rev ci2jkewb —> HaxaTh KHONKy «Co-
XpaHHTb TIPH ITOMOIH NeB0OH KNaBHIIH MbIIIH.

6.1.3. YO0enuTbcA B COOTBETCTBHH BHPTY ATbHOH YV CTAaHOBKH CXeMe
Ha pHc. 8.11 H B ciayyae OTINHYHA BHECTH H3MeHeHHs. 11ociie 3Toro rpeab-
ABUTh €€ IS IPOBEPKH HHAKEHEDY.

6.2. BKIIOYHTL MHTAaHHE BHPTYAIBHOH YCTaHOBKH H, NPH Heobxo-
OHMOCTH, TMoAadyeH HarpsoKeHHS YPOBHSA JOTHYECKOH eTHHHLBI cOpOCHTD
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Tpurrepsl B cocrosiuue O1=0, 02 =0, 03 =0 (BepXHEC MOJOKCHHUEC TC-
peximouarenga SE2 ). YCTaHOBUTH NPH MOMOIIM MCPCKIoUATeia SB3 pe-
FKUM CJIOKECHHUA H MOCJE 3TOT0 MEPEBECTH MEPEKIIOUATEND SH32 B HIDKHEE
MOJIOXKCHUC, YTO COOTBCTCTBYCT MOAAYC HA BXOAbI X YCTAHOBKH TPHITC-

POB JIOTHUCCKOTO HY JII.

Tabnuma 8.3

YHeI0 MTOAaHHBIX UMITYIIBCOB
Ha Bxon C

Y¢TaHOBHBIIEECS COCTOSHUE
paspaaoB CUCTUHUKA

C

J[Bouutioe Jlecatnunoe

Q403 Q2 Q1

1111 15

10

11

12

13

14

15
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6.3. B COOTBCTCTBUM ¢ AAHHBIMH Ta0d. 8.4 B PCIKHUME CIIOKCHHS
MOAATh YETHIPE MOJIOKHTEIBHBIX HMITY IbCAa HA BXOJ CUCTUHKA, (DUKCHPYS
MOCJC KAKAON0 UMITYIbCA COCTOAHUC BbIX0A0B (J1..0J3 Tpurrepos. Ypo-

BCHb CHHXPOCHIHAJIA HAOUPATh MpH mOMOLnU Kaoua SB1. J{BOMUHBIA KOJ
COCTOSIHUH 3aHECTH B TaO1. 8.4 M MEPEBECTH €r0 B COOTBETCTBYIOIIMH A¢-
caruuHbii koA, TTocie 3TOro, HE BBIKTHOYAS MUTAHUC CTCHAA, YCTAHOBHUTH
MPU TIOMOIIM TEPEKITFoUaTesl SB3 PeKUM BBIMUTAHHUA M MPOJOJLKHUTH TO-
Ja4y HMMIYJbCOB HA BXOJ CUCTYMKA MPH MOMOIIM MEpeKaroyareast SH1.
3a(pUKCHPOBAHHOE COCTOSIHHE TPHUITEPOB 3aHECTH B Ta0II. 8.4 U MepeBeCTH
B JCCATHYHBIN KO,

Tabauma 8.4
Yucno moaiiLIx HMITYILCOBR Y cTaHOBHBIIIEECA COCTOSHHE
Ha Bxoj C pazpsI0B CUSTUMKA
c JlBoHuHOE Jecaruunoe
030201
Pesxum cnoskenns

0 0

+1

+2

+3

+4

[lepexmouenuie B pesKUM BLIUMTAHUS

-1

-2

-3

4
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6.6. 3aBcpummuTh  padoTy, 3akpeiB  mporpammy  FElectronics
Workbench He coxpassst (pailioB ¢ pe3yabTaTaMH MOACTHpOBaHHS (File
= Revert to Saved....~> OK).

CopgepxaHue oTyeTa

1. Lle1s paboTHI.

2. TTporpamMma padoOTHL

3. [IpHHIMITHAILHBIE 3MCKTPHYCCKHE CXEMbl BCEX BHPTYAIbHBIX
YCTAHOBOK.

4. BpeMeHHbIC AMArpaMMbl H TAOIHMIBI C 3KCHEPHMEHTATbHBIMH
JTAHHBIMH.

5. Kpatkue BbIBOABI 1O PadoTE.

KOHTpPOrnbHbIE BONPOCDI

Ipu donycke K 8UpMYAJIbHbIM UCCIEO0BAHUM:

1. KakoBsl 11e;16 ¥ TiporpaMmma padoTh1?

2. Kak ycnoBHO 0003HAYAKOTCA JIOTHYCCKUC 3JICMCHTBI HA 3JICKTPH-
YECKHUX CXEMax?

3. Kakue ypoOBHH HANPsKCHHA COOTBCTCTBYKOT JOTHUCCKOMY HYy-
JIFO, 4 KAKHE COOTBETCTBYIOT JIOTHYCCKOM ¢THHUIIE?

4. YeM OTIMYAKOTCS CTATHUCCKUC TPUITCPBI OT JTUHAMUYCCKUX?

5.1lpu Kakux JOTHYECKHUX YPOBHAX BXOIHBIX CHUTHAIOB JK-
TPUTTEP YCTAHABIUBACTCS B CAMHHYHOC COCTOSIHUC?

6. [Ipu xkaxkux ycrmoBHAX JK-TPUITEP YCTAHABIMBACTCA B HYJICBOE
COCTOSIHUC?

7. IlpH KakUX U3MEHEHUSIX JIOTHMECKHX YPOBHEH BXOOHBIX CHIHA-
J0B JK-TPUITEP U3MEHACT CBOC COCTOSHHE HA MPOTHBOIOI0KHOE?

8. MIMeeTcsl M 3ampemmeHHas KOMOWHAIMA BXOIHBIX HH(OpPMAIlH-
OHHBIX CUTHANIOB a1 JK-Tpurrepa’?

9. KakoB 3akoH ()Y HKIHOHHPOBaHUA [ -TpHrrepa?

10. Kaxum oOpa3om Ha JK-Tpurrepe peaau3oBars 7-tpurrep?

11. Kakue (pYHKIHMH BBIIOTHACT CYMMHUPVIOIIHH CUETYMK U B Ka-
KOM KOJC MOIY4YACTCA PE3yAbTaT?

12. Kakue (pyHKIIUU BBHIMOTHACT BMHTAIOMIMI CUCTUHK, H B KAKOM
KOAC MOIYYACTCS PC3yIbTaT?
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13. Kakue ()yHKUMH BBIMOIHACT PEBEPCUBHBIN CUCTHHK, H B KAKOM
KO/JIE TIOIy4aeTCsA Pe3yabTaT?

Ilpu sawygume pesynremamos pabomor mpebdyemcs sHaMb ONIGeNbl
Ha 6ce gbltenepeducieHHble GONPOCHL U, KpoMe Ho20, He0bX0OUMO YMentb
caeoyrouyee:

1. CocTaBuTh TAOMIY COCTOSIHHE (ACTHHHOCTH) A1 JK-TPUITCPA.

2. HaueptuTh U OOBIACHUTH padOTy CYMMHPYIOIIETO JBOHYHOTO
CUCTHMKA ¢ MOCACAOBATCILHBIM MEPCHOCOM HA JK-TpUrrepax.

3. Haueptuts ¥ OOBACHHTH PadOTy BBMHUTAIOMIETO ABOUYHOTO
CUCTHHMKA ¢ MOCACAOBATCILHBIM MEPCHOCOM HA JK-TpUrrepax.

4. HaueptuTh M OOBACHUTH PadOTy PEBEPCHBHOTO JIBOHYHOTO
CUCTHMKA ¢ MOCACAOBATCIBHBIM MEPCHOCOM HA JK-TpUrrepax.

5. Onpeaenuts KO3P(PULIHEHT ACICHHUS YACTOTHI JBOMYHOTO CUET-
YHKA.
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[ITpunoxenue 1

YCJIOBHBIE T'PAOUYECKHUE OBO3HAYEHUA JDJEMEHTOB
IO OTEYECTBEHHBIM U 3APYBEXHbBIM CTAHJAAPTAM
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CKoe 0003HAUYCHHE HUE AJIEMEHTA U €ro OYKBEHHO-
Tum bnemenra HJIEMEHTA B MPO- uuppoBoe 0003HAYEHUE TI0 OTEUE-
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[Mpumoxenue 2

OIIMCAHHUE H OCHOBBI PAGOTEI B ITPOI'PAMME
ELECTRONICS WORKBENCH

Ycenoprble Tpaderdeckie 0003HAUEHHA 3JIeMEHTOB B ITPOTpPaMMe
Electronics Workbench v. 5.12 HeCKOIIBKO OTIIHUAIOTCI OT OTEUECTBEHHBIX
CTAHAAPTOR, TIO3TOMY IIPH paboTe ¢ Heil HaJo IONMB30BAThCA TalmIIet
COOTBETCTRUA, TIpHBeeHHOH B [Tprimoskeri 1.

= Electronics Workbench

FI|E Edit Circuit Analsiz Window  Help CTPOKEI, MCHID

D= BE & HaHe.]'[I: HHCTp}’MEHTOBE o |Gy |hoos = ?l =]
E*: %J@r L [ |‘ﬁﬁnnéj'[b rpyrm Gﬁaﬁaﬁéﬁﬂ I{OMI'IIOHEHTOB _KHOH|K2L.EEM|| '
e i"'=i"5uun:f='§""' DTKprroe MeHIO IPYIIEI Souroes | X AL nay%
=[= Dl e (e
ﬂl Slele] Blelclzam
PA
J
—uv DN Py
Pabouyee none nporpammbl
Electronics Workbench
o | [

Pruc. IT2.1. PaGouee okHo rniporpammvbl Electronics Workbenchv.5.12

Pabouee OKHO ITpOTpaMMEIL, KOTOPOe TIOABIIALTCH IIOCIe 3arpy3Ki,
mpencrariieHo Ha puc. [12.1. ITo Kpasm OKHa HAXOMATCH TIOTOCH TIPOKPYT-
K. B ero pepxHeii 4acTH MOKHO BEIIETHTE TPH OCHOBHBIE (DYHKIIHOHATIE-
Hble CTPOKH: CTPOKA MEHI0 KOMAHJ, TAHEeTh WHCTPYMEHTOR M TRAHETh
TPYTIT OHOMHOTEKH HITEKT POHHBIX KOMITOHEHTOR .

Menw File B cTpoke MeHIO KOMaH/ TIPeTHAZHAUEHO JIIIST OTKPBITHI
H CcOXpaHeHHd (aifiioB, IMONMYYeHHA KOIHH BHIOPAHHBIX I TYaTH CO-
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CTABHBIX YACTCH CXCMBI, a TAKXKE AT UMIIOPTA/3KCHopTa (paiiios B (op-
MAarax APYTHX CHCTEM MOJCTHPOBAHIL. B HeM HMEeTcs TOIBKO OJHA
«cneu(puyuccKas KoMaHaa» — Revert fo Saved... (CTUpaHUC BCCX H3MCHC-
HHUM, BHECCHHBIX B TEKYIIEM CEAHCE PEIAKTHPOBAHHUA U BOCCTAHOBICHUE
CXCMbI B ICPBOHAYATIBHOM BHAC). OCTAIBHBIC KOMAHABL OOBIMHBIC,

Menrw Edit no3BOMACT BBINOJHATH KOMAHABI PCAAKTHPOBAHHSL
CXEM Ha JKpaHEe H HX KOMHUPOBAHUA. JTO MEHIO COJCPKUT CICAYIOIIHE
KOMAH/BI.

Cut — BBIPE3aHUE BBIJCICHHONW YaCTH CXEMBI C COXPAHCHHEM €&
B Oy(pcpc oOMcHA. BeiacicHHE OAHOTO KOMIIOHCHTA MPOU3BOAUTCS TICTU-
KOM MBIIIH HA U300pAKCHHH KOMIOHEHTA. 711 BBIACICHHUS YaCTH CXEMBbI
HCOOXOAMMO MOCTABUTbH KYPCOP MBIIIM B JICBBIH Yroa BOOOPa)kKacMOro
MPSAMOYTOJIBHUKA, OXBATBHIBAIOIICTO BBIACISIEMYIO YACTh, HAKATH JICBYEO
KHOTIKY MBIIIH H, HC OTOYCKAs €€, MPOTAHYTh KYPCOP MO AMATOHAIH 3TOTO
MPSAMOYTOJIBHUKA, KOHTYPBI KOTOPOTO MOSBILIFOTCA B HAYANIC ABHKCHHS
MBIIIH, H 3aTEM OTIMYCTHTb KHOTNKY. BBIACICHHBIC KOMIIOHCHTHI OKPALIH-
BAKOTCA B KPACHBIHN I[BET.

Copy — KOMMPOBAHUE BbIACICHHOM YaCTH CXEMbI B Oy (pep 0OMEHa.

Paste — BcTaBka conepsxkumoro Oydep oOMeHa Ha padouee mole
nporpammsl. [Tockonsky B mporpamme Flectronics Workbench ner BO3-
MOKHOCTH TOMEIIATh HMIIOPTHPYEMOE H300pAKEHHE CXEMBI WM €€
(hparMecHTA B TOYHO YKA3aHHOC MECTO, TO HEMOCPECACTBCHHO MOCIC BCTAB-
KH, KOTJIa H300PaKEHUE €IIE ABIICTCA OTMEUCHHBIM (BBIICICHO KPACHBIM)
M MOKCT OKA3aThCHA HAJIOKCHHBIM HA CO3JABACMYI0 CXEMY, €r0 MOYKHO Iic-
PEMECTUTh B HYKHOE MECTO KIABHIIAMH KypPCOpa WIH MBIMBEKD. TakuMm
o0pa3oM, NEPEMELIAKOTCA M NPCABAPUTCIBHO BBIACICHHBIC (PPArMCHTHI
y>K€ UMEIOMICHCS Ha paboyueM MOJIE CXEMBL

Delete — cTupanue BbIACICHHON YACTH CXCMBIL.

Select All — BbIIEICHHE BCEH CXEMBIL

Copy as Bitmap — KONMPOBAHHMC BBIACACHHON 00IACTH 3KpaHa
B Oy(ep oOmeHa. KoMaHIa MpeBpamacT Kypcop B KPECTHK, KOTOPBIM IO
MPABUIY MPAMOYTOJbHHKA MPH NOMOIIY HAXKATOHM JICBOM KJIABHUILH MBIIIH
BBIICILICTCS HYKHASA 4acTh 3KpaHa. [locrie OTMyCKaHHA KIABHIIN BBIAC-
JICHHAA 4aCTh KOMHUPYETCA B Oy(pep 0OMEHA, MOCHIE YET0 €ro COACPIKUMOE
MOKET OBITh HMIIOPTHPOBAHO B JIKO00E MPUIO:KEHHE Windows.

B mporpamme Electronics Workbench Tlanenh WHCTPYMEHTOB TIpeji-
CTaBRIIEHa B BHJIE KHOIIOK C TTUKTOTpaMMaMHU (cM. puc. [12.2).
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O[] % [T|@| «b|a]<]sl] F Q|
| 2 3 4 5 f T A 0 mm 11 1z 1= 14 15

Fuc. I12.2, TTHETOrpaMMEL TaHE D HHCTR VMEHT O
| — oTEpHEITE daiin, d — cospare Gafm, 3 - cOXpaHHTE, 4 - MEYaTartk, 5 — BRIPE-
23Tk, § — KOMHPOBAT B KOMIIOHEHT, 7 — BCTAEHTE He Oydepa, & — ppalare ane-
mMeHT Ha P07, 9 — 2epranbHO 0T pasHTE 3MEMEHT 0 ropHIoHTamt, 1 0 - 2eprane-
HO OTPAsHTE JEMEHT II0 BePTHEATH, 1] — coggaTe nogcxeny, 12 — BEIBEECTH
rpadm, 13 —yCTaHoBHTE MapaMer prl 3JeMeHTa, |4 — YMeHEIIEHH e MaciiTaba;

15 = yeemiyerne Maciuraba

Pabora ¢ cHcremoH SNEKTpOHHOrC MOOENHp cBaHHA SlectroMmics
Woridbericht COCTOHT H2 CNENVIOIHE OCHOEHELT 3 TATIOE!

— COSOAHHE Ha paboden mone BUp TYAnEH O Cf eMEl,

—EBIEOIJ H TMOOEMOYEHHE BHPTYANEHEDD HCOTOYHHECE CHIHAMA
H TOkA,

— BRIGOp M MO YEHHE EHP TYATEHEIN HSMEPHTEMEHER IPpHbOROE
H yCTp oHCTE,

= fJadaHHeE rMapamMeTp ol alKTHEHEDN H IMACCHEHEDL STNEMEHTOE CREMEI]
H HEMEPHTENLHEDL TpHbOp oF;

— AKTHEALHA CHEMEI H [IpOBENEHHE EHPTYAIEH OO SKCTTEPHMEHTA.

Tpebyenkle mna cDOprH CREME] SNEMEHTE! BEIDHparoTca H3 bHE-
THOTEKH KOMITOHEHT OB, pasbuTol Ha rpyrine! (v, puc, [12.1)

[Menymon MBIIH Ha oOHOR HE IHETODD aMM, paclofIoNEHHBI Ha
MaHENH, MOEHS OTEPBITE OOCTYIT K KoMIICHEHTAM, BXOOALHM E TPYIIIY.
Tak, Ha pHc. [I2. 1 oTpeiTa MpyTIna HETOYHHECE (Satrces) Ina nomenie-
HHA STEMEHTA Ha TPYIINED Ha pﬂEO‘IEE rarne HEOEHQ,EHW HaBECTH KYpoop
MBIIIH Ha Ero MHETOrpadMy H, VOEpkKHBad HawkaTol NMeByie KNMaBMiy
MBIIIH, MEpETalllHTE STV MHETOIpaMMy Ha pabouee nmone [IHETOID anmia
MpEEPATHTCA B YOIOBHOE I'p afHYecKoe o0 osHaYEHHE SJIEMEHTA,

[locne PaskIEEHHA SNEMEHT OB Ha FEEO‘IENI TTone HE CNnegyer oo-
EOHHHTE MeExOy cobol B COOTBETCTEHH CO cXemMoH, CogqHHEHHE 9IIEMEH -
TOE CHEMEI BEIIONHASTCA MEIUER. K axmei BEEOCH SIEMEHTA HMEET TPH
Hallp AENIEHHA TIPHCOENHHEHHA, A Y36 CREME] HMEET HETEIDE HANpaENEHHA
MpHcoeqMHEHHA (BEepX, BHHS, BIEEO M BrpaBc). Ina coegHHEeHHA wrie-
MEHTOE Kypcop MNOOBOOHTCA K COOTBETCTEVIOLIEMY BBIEOOY SIEMEHTA
H Ha¥MHMAaeTCA NEEad KMaBHIla 00 MoABRMEHHA 4épHol Towmd. [IpH Hawa-
TOH KIAEHIIE MBEIIIH KYDcop Tep EMEIAETCA K ERIECOY OpYIoro SIEMEHTA,
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KOTOPLIH TpebyeTcs MpHCOeTHHHTD, 10 MOSBIEHHS HA STOM BBIBOJE H&pP-
HOH ToukH. Ilocle oOTHOycKaHHA KIAPHINH HJIeMeHThl COeJHHSIOTCS
CIUTOIIHOH 4épHoH nuHHeH. MoKHO BEEROJ 5NeMeHTa NPHCOEJHHHTL K
yaie paHee cJleJaHHOH COeJHHHTeTbHOH JIHHHH.

JajaHHe mapaMeTpPoOB AKTHBHBLIX H NMAcCHBHBIX 3MeMeHTOB CXeMbI
H H3MEPHTeNbHLIX MPHOOPOR MPOH3BOAHILCSA B JHAIOTOBOM OKHE yCTa-
HOBKH CBEOHCTB 5NeMeHTa (CM., HanpuMep, puc. I12.3). JTnamororoe oKHO
MOJKHO BBI3BATh JIBOHHBIM IETMKOM IO 3JeMeHTY, JTHOO M[eTMKOM IO
kHonke 13 puc. I12.2 mocne PhigeneHHA 3JeMeHTa KPacHBIM IIBETOM.
B kadectBe nmpHMepa, Ha pHC. 112.3 npHReZieHO AHATOrOBOEe OKHO YCTAHOBKH
CBOHCTE HeTouHHKa I C (Battery Properties).

JHaIoropple OKHA HJIEMEHTOR HMEIOT HeCKONMbKO BKiIafok. B 06-
I1eM CJIyHae 3T0:

Label... — mosHIHOHHOe 0DO3HAYEHHE BLIEIEHHOTO KOMIIOHEHTA
(TpedyemMoe 3HAUeHHE BB OJIHTCS MPH MOMOIIH KIIap HATYPhI).

Valie... — HOMHHATIbHOE ZHAYEeHHS Mapamerpa KOMIIOHeHTa (Tpe-
OyeMoe 3HaHeHHe BROJHUTCS IPH MOMOIH KIaBHAaTYPhI).

Model... — BpIDOp MOIeNH KOMMNOHeHTa (HOJYNPOBOIHHKOBOIO
npudopa, oMepallHOHHOTO YCHIHT eI, TpancdopMaropa | Ap. ).

_ 21 x|
Label “alue lFauIt I Display! Analysiz Setupl
“aollage [V I‘I 2 I W ﬁ
Yaltage tolerance: ;GI.:.I:.aI o ¥ Uze global tolerance
Qk, l OrrieHa |

Fuc. I12.3 JHanoroBos cKHO YOTAHOBEM CECHCTE
ucrouHura 3 OC (Battery Properties)
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Faulf — nMuTanus HCUCOPABHOCTH BBIACICHHOTO KOMIOHCHTA MMy-
TEM BBeACHUS: Leakage — COMPOTUBICHUA YTCUKH, SAort — KOPOTKOTO 3a-
MbIKaHus, Open — 00pbIBA; None — HCMCTIPABHOCTb OTCYTCTBYET (BKIFOYC-
HO 110 YMOJTYAHHIO).

ITocne BBI30BA AMANOTOBOTO OKHA CBOMCTB 3JICMCHTA MBIIIBK) Bbl-
OupaeTcs COOTBETCTBYOIIASA BKIagka (Ha puc. [12.3 BeiOpaHa BKIagka
Value), a 3aTeM, ¢ TOMOLILIO KJIABHATYPbI BICUYATBIBACTCS YHUCIOBOC 3HA-
YCHHUE mapaMerpa (B JaHHOM MPUMEpEe BEIMYUHA HanpspkeHud 12). Enu-
HHLIBI H3MCPCHUH MAPAMCTPA (B HALICM NMPUMCPE 3TO BCIMYMHA HATIPSKC-
HHUSI B BOJIBTAX), YCTAHABIHMBACTCA MBIIIBK) B PACKPBIBAKOIIEMCS CIUCKE
eauHuL HampspkeHud (KV wmm V', wmu ml7, wam pl”). Tlocne BeiOOpa ma-

PAMCTPOB HCOOXOAUMO HAXKATH KaaBumy OK.

BupryanbHble HCCICIOBAHUS HAUUHAIOTCS MOCIE BKIKOUYCHHS COO-
PAHHOHW YCTAHOBKH. /(N BKIIOYCHHUA YCTAHOBKH CACAYCT MPH MOMOINHU
yKa3aTelsl MBIIH YCTAHOBHTH IMHUKTOTPAMMY — BBIKIIIOYATENh B MPABOM
BCPXHCM YTIIy 3KpaHa B MOJOKCHHUC «1». TTocne 3T0ro BCC 3MCMCHTHI CXC-
MBI HAa paboyeM MoJje MPOTPAMMBI MOJICIHPOBAHUA MPUXOIAT B AKTHBHOE
COCTOSIHUC M MOYKHO CHHMMATh NMOKA3AHWA C H3MCPHTCIBHBIX NPHOOPOB,
(PUKCHPOBATH COCTOSIHHE HHAMKATOPOB W HAOIIOJATh OCIHJLIOTPAMMBL.

HUmeromuiica B mporpamme [flecironics Workbench nByXxny4deBOH
ocuuorpad) coaep;KUT AOCTATOYHO MHOTO OPraHOB YIPAaBICHUS, ITO3TO-
My paccMOTpuM ¢ro 0ojce moapodHO. B kauccTBe mpuMepa, OMPCIcIuM
MpH MOMOIMH OcHUUIoOrpada MakCUMambHOE Upnx M MHHHMATBHOE Upin
3HAYCHHS HANPSDKCHUH MCPUOAMUCCKOrO CUTHAA, A TAKKE ABOWHOM pas-
MAaxX aMILUTATYABI Iy JIbCAuu (cM. puc. [12.4).

Jist mpOBEACHUS U3MEPCHUM HCOOXOAUMO BBIMOIHUTD CIICAYHOLINC
JEUCTBUAL

Haxxate kHOnKy «Ilay3a» (Pause) B BCPXHCM MPABOM YTy padouc-
TO OKHa mporpaMmsl Flectronics Workbench,

[Tpu MOMOIIM MBIIIM MCPCTAMIMTH BJICBO MO TOPH3OHTAIM TOJ3Y-
HOK ocinuutorpaga B yI00HOE MECTO;,

YCTaHOBUTh MTUHCHKY 1 HA MakCMMyM CHrHanga (Touka A), a -
HEHUKY 2 — HA er0 MHHUMYM (TO4Ka B);

CHATP MOKA3aHMSA B COOTBETCTBYIOIIMX CTpPOKAax cekumi 1
(Section 1), cexuuu 2 (Section 2) u cexumu 3 (Section 3).

B wurore moayyacM, 4YTO MIHOBCHHOC 3HAYCHHC HANPSDKCHHUSA
B TOUKE A, T.e. Uy, paBHO 23,6777 B (VA1=23.6777V), MTrHOBEHHOE
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3HAYeHHe HanpsckeHHA B Todke B, T1.e. i, papHo 16,1970 B
(VA2=16.1970V ), a pasHOCTh MTHOBEHHBLIX 3HAYeHHH HANPSKEHHH CHT-
Hama e Toukax A H B papHa —7,4806 B (VA2Z-VAI=-T7.4806V).

M Oscilloscope

o —

FoTt 5.2354 =| % | 5.2417 = T [ 4.ze00 ns
LAt 23 6772 v [ 16.1978 U -7. 4886

o MRl
W e e | W AIEIEe] | cio/EE

Fuc II2 4 FsmepeHne MIHOBSHHBIX SHadyeHHA HApZ& cHHA
MepHogHYeckoro CHIHAMNA

B meproii cTpoke ceKIHH 3 MOXKHO NPOYHTAlL H 3HAa4eHHe Bpe-
MeHHOTO HHTeppana Mexay TodkamH A H B: T2-T1 = 6.3000 ms
(6,300 mc).

YcTaHOBKA MTHHEHKH B TOYKAaX, COOTBETCTBYIONIHX NepHOy CHIHA-
71a MO3BOJIsIeT H3MEPHTh €TI0 HHCIIeHHOe 3HaYeHHe.
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