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npakTudueckuMm  3aHatusiM. PoctoB-Ha-Jlony: CeBepo-KaBkaszckuii — dunman
MTVYCH, 2019.- 36 c.

B mnocoOum u3noxkeHbl METOAMYECKHE PEKOMEHJIAIMM, COJepKaTelbHbIC
MaTepualibl 1 KOHTPOJIbHBIE 3aJlaHUsl JI MMPOBEACHUS MPAKTUYECKUX 3aHATHU MO
OCBOCHUIO JIOTHYECKUX DJIEMEHTOB M TPUITEPOB U HX MCIOJIb30BAHUIO B
pasnuyHbIX cucteMax. [locobue coaepKUT HEOOXOAMMBIE  CIPABOYHBIC
MaTepUaIbl.

Meroanueckue ykasaHUs TpeIHAa3HAYCHBI JJIA CTYICHTOB, OOYyYaroIIUXCs
no HampapieHusaMm noarotosku 09.03.01 HudopmaTtuka u BbIYHCIUTETbHAS
texHuka U 11.03.02 MHDOKOMMYHUKAIIMOHHBIE TEXHOJOTHU M CHUCTEMBI CBSI3H,
npoduneit MHoOrokaHajibHbIE TEIECKOMMYHHUKAIIMOHHBIE CUCTeMbl, CeTH CBS3U U
CUCTEMbl KOMMYTAllUM, 3allMIICHHbIE CUCTEMbl M CETU CBsI3H, CHUCTEMBI
PaIuOCBS3U U PAANOJIOCTyNa, BhUUCIUTENbHBIE MAITMHBI, KOMIUIEKCHI, CUCTEMBbI
u cetu, [IporpammHuoe o0ecrieueHre U UHTEIUIEKTyalbHbIE CUCTEMBI.

[Tocobue mpenHazHauye€HO MJIS WCIOJIB30BaHUS TPU U3YYEHUU AUCIUILINH
BreruncnurenbHas TexHuka, CXeMOTEXHUKA TEJICKOMMYHUKAIIMOHHBIX YCTPOMCTB,
a TaKke MOXET OBITh HCIOJB30BAaHO MPEMNOJABATENIMU W CTYJEHTAMU IPHU
W3YYEHUU POJCTBEHHBIX TUCIUILINH U B TIPOIECCE CAMOCTOSITEIbHON paOOTHI.

YuebHoe mocodue 06cyx aeHO0 U 0100peHo Ha 3acenanuu kadeapsr UBT
[IpoTtokon Nel ot 26.08.2019

Peuenzent 3aB. kadenpoit UBT na.1.H. npodeccop Coxkoinios C.B.
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1. AHAJIN3 OCHOBHBIX THUITIOB
JIOTHYECKUX 3JIEMEHTOB

Heanb

1. YrnyOouth © 3aKpenuTh TCEOPETHYECKHE 3HAHUS TI0 TPUHIIUIIAM
MOCTPOEHUS U aNropuTMam (GyHKIIMOHUPOBAHUS JIOTHUECKUX 31emMeHToB (JID);

2. IIpuobpecTn MpakTHUEeCKHE HABBIKH IKCIIEPUMEHTATBHOTO HCCIICTOBaAHMUS
TU(POBBIX CXEM C IIOMOIIBIO0 CHCTEM MOCIIUPOBAHUS;

3. CoBeplIeHCTBOBaTh HABBIKM aHAIM3a, OOOOIICHUS W CHCTeMaTH3allud
MOJIYYCHHBIX PE3YJIbTATOB, COCTABJICHHS U O(QOPMIICHHSI OTYETHBIX MATEPHAJIOB,
TOYHOTO W JIAKOHWYHOTO TPEICTABJICHUS TOKJIAIO0B MO BOIMPOCAM TEXHUYECKOTO
Xapakrepa.

Y4eOHbIe BONPOCHI
1.1. OcBoenue moaenupytromeit cucremsl BAPMAHT;
1.2. UccnenoBanue JID OCHOBHBIX CEpUI;

Jluteparypa Il HOATOTOBKH K 3aHATHIO

1. Yrpromos E.II. [ludpoBas Cxemorexnuka: YdyeOHoe mocodue Jjisi By30B.
— CII6.: BXB-Ilerepoypr, 2010. — 816c.

2. boitko B.. u ap. CxemoTexHHMKa 3JIEKTPOHHBIX cucteM. lludpossie
ycTpoiictBa.- CI16.: BXB-IlerepOypr, 2004.-512c.

3. lloremkun N.C. OyHKIIMOHAIBHBIE Y3JIbI HIU(PPOBOM aBTOMATHKU. - M.:
Dneproaromusaart, 1988.-320c.

4. Hedenos A. B. InTerpanbHble MUKPOCXEMBI U UX 3apyOEKHbIE aHAJIOTH.
CnpaBounuk. T. 1-12.— M.: UI1 PaguoCodr, 2000.

5. www://vprl.ru/index/mikroskhemy/

Conep:xanue oTyera

1. Ha3Banue paboThI.

2. Tlo kaxxomMy U3 3aJJaHUM JOJIKHBI OBITH MPECTABICHBI HA3BAHUE 3a/1aHUSI
U T€ KOHKPETHBIC TAHHBIE, KOTOPhIC YKA3aHbI B 3a/IaHUH.

3. Kparkue oTBeThI Ha T€ KOHTPOJBHBIC BOMPOCHI [JISI CaMOMPOBEPKH,
KOTOpBIE eII€ HEe HAIT CBOCTO OTPAKCHUS B OTYETE, HO BBI3BIBAIOT 3aTPYAHCHUS
JUTSI TOHUMAaHHSL.

AKTYaJIbHOCTDH 3aHATHS

CucrteMbl  MOAENMPOBAHUS  SIBJSIIOTCS  MOIIHBIM ~ HHCTPYMEHTOM
UCCJIEI0BAHUS], MPOEKTUPOBAHUS U OTIAAKU HUPPOBBIX ycTpoilcTB. [Ipennaraemas
cuctema BAPUAHT otnuyaercss mpenenbHOW JOCTYMHOCThIO HWHTEpdeiica u
OpUOIMKEHHOCThIO K pPEaJbHBIM KOHCTPYKTOPCKUM JIOKyMEHTaM o ¢opme
IPEJICTaBICHUS MPOEKTa — B BHUJIE CXEMbI AJIEKTPUUECKON (PYHKIIMOHAIBHON. DTO
MO3BOJIAET COCPENOTOYUTHCS HA M3YyYEHUH JIOTUKA paboOThl CXeMbl M He
OTBJICKaTbCS Ha TEXHUKY OOIIeHHs ¢ mporpammoil. Ha HawanbHOW craguu
OCBOEHUS ITU(PPOBOI CXEMOTEXHHUKH 3TO MPEACTABIIACTCS KpailHe Ba>KHBIM.



HarmapHocTte cucTtemMbl M €€ JOCTAaTOYHAS JIOTMYECKAs MOIIHOCTH
MO3BOJISIOT 0€3 OOJNBIIMX MaTEePHABbHBIX 3aTpaT OLIEHUBATh pabOTOCIIOCOOHOCTH
U(POBBIX CHUCTEM PEATBHOTO YPOBHS CJIOKHOCTH, OTJIAXXUBATh WX, BBISABISTH
y3KME€ MeCTa B PAa3JIMYHBIX pEXKHUMaxX OSKCIUTyaTalldd, BIOJHE IPUEMIIEMO
JIOKYMEHTHPOBATh IOJIYYE€HHBIN pe3ynbTaT. Bee ato nemaer cuctemy BAPUAHT
3¢ (HEKTUBHBIM yUE€OHBIM CPEICTBOM ITPOCKTUPOBAHUS LIUPPOBBIX CUCTEM.

Jlornyeckue BJIEMEHTHI SBISIIOTCS 0a30BBIMH  COCTABIISIOUIUMHU  JJIS
MOCTEAYIONUX 3aHATHH U 00pa3yIoT colepKaTeIbHbIA MaTepuai A MOJydeHUs
HABBIKOB Pa0OTHI C CHCTEMOW MOJICIIUPOBAHUS.

Bonpocsl 1J151 NOATOTOBKHU K 3aHATHIO

ChopmynupyiiTe 3Tanbl CHHTE3a KOMOMHAIIMOHHBIX CXEM.

Hapucyiite Tabauibl uctunaoctu snementos 1, MJIN, HE.

Kak BocnpunnmaeTtcsi cB0001HO Bucsmii Bxo B cepunt UMC TTJI?

B ueM 3akirogaeTcsi CBOMCTBO CaMOIBOMCTBEHHOCTH (DYHKIIMMA JTIOTUKH?

B W N —

3amanue 1.1. OcBoenne mogeaupyrouieid cucteMbl BAPUAHT

[IpakTnueckass paboTa B STOM 3aJaHUM 3aKJIIOYAETCS B BBINOJIHEHUU
ONMMCAHHBIX ONepauuid M HAOTIOJEHUH HX PE3YJNbTaTOB C IEJIbI0 OCBOEHUS
TUIIOBBIX TPHUEMOB pabOThl C cUCTEMOM MozenupoBaHus. OTtueroM 00 3TOM
3alaHud OyAYT SBJISITHCS YCTOWYMBBIE HABBIKM BBINOJHEHUS THUIOBBIX IMPHUEMOB
paboThI C MPOrpaMMOI MOJIETUPOBAHMUS.

Ocooennocmu cucmemol

Cucrema mognenupoBanusi 1uppoBeix yctpoiictB BAPUAHT mno3Bosser
pa3pabaThiBaTh CXE€Mbl Ha 0a3e »JJIEeMEHTOB U3 COCTaBa OMOJMOTEKH.
@OopMUPOBAaHUE CXEMBI OCYLIECTBISETCS NPOCTHIM IEPEMEIIEHUEM IO SKpPaHy
rpaduueckux O0003HAYEHHM pa3IMYHBIX JJIEMEHTOB C IIOMOINBIO KJIABHUII
ynpaBJeHUs: KypcopoM. B pexxume moaenupoBanusi obecrieunBaeTcsi 0TOOpakxeHue
COCTOSIHHA y3JI0B CXEMBI ¢ IOMOIIBIO AIIEMEHTOB CBETOBOM MHJAMKALUU, KOTOPbIE
MOTYT OBITh YCTAHOBJIEHBI B JIIOOOM MECTE CXEMbl B HEOOXOAMMOM KOJUYECTBE.
Kpome Toro, mnpemycmorpeHa (Qukcanus MOCIEA0BATEIbHOCTH W3MEHEHHUS
CUTHAJIOB B KOHTPOJIbHBIX TOYKAX C TOMOIIBIO BPEMEHHBIX IUarpamMm, Kak B
uudpoBoM aHanuzaTope. BXoaHbIEe BO3AECUCTBUS 3aJalOTCSl C  KJIAaBUATYPbI
KOMITBIOTEpA AJIEMEHTaMH BBOJA WJIM HMMEIOIIMMHCS reHepatopamu. Lludpossie
Y376l MOJEIUPYIOTCS C YYETOM 3aJIepKEK, COOTHOILIEHUS MEXIYy BeIMYMHAMU
KOTOPBIX OTPAKAIOT COOTHOIIECHUS WX pealbHbIX (DU3NYECKUX 3HAYCHUN B
peanbHBIX 00pa3Iax.

[Iporpamma Hammncana CwmupHoBeiM B.H. nHa s3pike CU s IBM
COBMECTUMBIX KOMITBIOTEPOB.



Pestcumut pabomut

VYrpaBiaenue pexxumamMu padbOThl CUCTEMbI OCYIIECTBISIETCS C MOMOIIBIO
IByX MeHIo. Ha nskpaHe Bcerja NpPUCYTCTBYET KOHTEKCTHOE HH)KHEE MEHIO
(puc.1.1) u BepxHee MEHIO, KOTOPOE MOXXHO BbI3BaTh KjaBuimier F1 (puc.1.2).
Huxuee MEHIO MOXKET M3MEHSIThCA NMPU U3MEHEHUU pekruMa paboThl, HO BCeraa
OHO TMOKa3bIBAET COBOKYNMHOCTh BCEX MHCTPYMEHTOB, KOTOpBIE JOCTYIHBI B
TEKyIIeM peXnMe. B  BepXHeM MEHI0 pEXKHM BBIOMPACTCS CTpPEIKaMH |
Haxxumaercs Enter.

F1-MeHio F2-Mogene F3-3anuck F4-YteHue F5-Bbibop F6-Nuuun F7-Tekct F8/F9- M3Y1/2

Puc.1.1. HuxxHee MeHI0 cUCTeMbl MOJICJIMPOBAHUS B PEXKHUME HA0Opa CXEMBbI

BbIBOP HABOP MO[JEJIb YTEHWE 3AMACH MEYATE NUMHUWN TPA®UK CTEPETb BbIXO[

Puc.1.2. BerHee MCHIO CUCTCMbI MOACIUPOBAHUA

Pexxumbl  Moryr  OBITh  BBI3BaHBl ~ HaKaTHEM  COOTBETCTBYIOIIUX
YOPaBISIONIMX KJIABUII WKW 4Yepe3 MeHw. (CucreMa MO3BOJISIET pPEaln30BaTh
CJICAYIONINE PEXKUMBI paOOTHI:

Pexumbl u3

Ynpasnstonue
BrinonHsembie onepanuu (pexKuMbl) BEPXHETO
KJIABUIIIN MEHIO
PEXXUMBI:
Fl1 Br130B MeHIO
ESC Y6path MeHIO
F2 ITepexon B peXuM MOAEIMPOBAHUS MOIEJIh
F3 CoxpaHeHne HaOpaHHOM CXEMBbI Ha TUCKE 3AITHCH
F4 BBoa paHee coXxpaHEHHOU CXEMBI C JUCKA YTEHHE
F5 Bb130B OMOIMOTEKH 2JIEMEHTOB BbIEOP
F6 BBoxa coenuHUTEIbHBIX JIMHUMN JIHHUH
F7 BBoa Texcra
F8 N3menenune nadopmarmu B [13V 1
F9 N3menenune nadopmarmu B [13Y2
PrtScr Pacrieuarka cxemsbl Ha IpUHTEPE IIEYATH
Shift + F10  OtobpaxxeHue AeTaIbHbIX harpaMmm I'PAOUHK
Ctrl + F10  OtoOpaxeHHue CKaTbIX IUarpamm
Ctrl + Bs Crupanue sKpaHa CTEPETH

CapsLock  BBoj OyKB Kak 3JIEMEHTOB CXEMBbI



Shift neevtit  Ilepexon B naTUHCKUMN andaBuUT

Shift npasvii  Ilepexon B pycckuit andaBut
Habop u penakTupoBaHue CXeMbl HABOP
Brixon u3 cucteMbl MOJIETUPOBAHUS BbIXO/J

Habop u peoakmuposanue cxemol

HabuBaemasi cxema pasmMemniaercs Ha HAOOpPHOM II0Jie, MPEBBHIIIAIOIIEM
pasmep ero BuauMon dactu. OToOpa’kaeMblii Ha SKpaHe Y4acTOK cocTamisieT 1/4
4acTh OT BCEro HAOOPHOIO MOJIsl, UMEIOIIETo pa3Mepsl 160 maros no ropu3oHTAIN
u 64 mara no Beptukanu. Pazmep Buaumon ero yactu - 80 maros no ropu3OHTAIN
u 42 mara no BepTUKaId. IlepBoHayanbHO MNpHU 3aIllyCKE IMPOrPAMMBbI
oToOpakaeMmasl 4acTb HAaOOpHOrO TOJS  HAaxXOJUTCS B JIEBOM BEpPXHEM YIIy
HAaOOPHOTIo MOJIs, KaK MMOKa3aHo Ha puc.l.3.

0 79 159

Omobpaxaemas

qacmb H&ﬁOpHO&O
nosis

31

HabopHoe none

63

Puc.1.3. McxonHoe nosioxeHue oroopaxaeMon 4acTu
Ha0OPHOTO TOJIS MPHU 3aMTyCKE MPOrpaMMBbl

HaGop cxem ocyiiecTBiIsieTCsl NPOCTHIM IEPEMEIICHUEM CTPEIKaMU T10
9KpaHy TrpadudecKux O0O0O03HAYCHUN pa3IUYHBIX AJIIEMEHTOB, BBHIOMPAEMBIX W3
OMOIMOTEKH, C MOCIEAYIOMENH UX YCTAHOBKOW B HEOOXOJUMBIX MECTAX.

Breibop snemeHta B pexumMe HaOopa M pPENAKTUPOBAHUS (TPU3HAKOM
SBJIIETCSI HAJIMYME I[BETHOTO Kypcopa Ha SKpaHE) MOXKET OCYIIECTBISATHCS M3
oubnuorekn (knaBuma F5 unum MeHio Beifop) Wi 1o ropsiduM KiIaBUIIAM C
KJIABUATYPBHI.

AKTHUBHBIN (HOCHMBIN) 3J€MEHT OTOOpa)kaeTcsi Ha HKpaHE B HHBEPCHOM
Buae (4epHbli mo Oenomy). C NOMOIIbIO KIIABMILI YIPaBIEHUS KypcOpOM
HEOOXOJUMO IOABECTH AKTUBHBIM (HOCHUMBIH) SJIEMEHT K MECTY YCTaHOBKH M
Haxarb Kiasuiy FEnter. Ilpu 53ToM u300pa)keHHE HOCHMOIO 3JIEMEHTA



npeBpaTUTCs B Oenblil mpsAMOYroiabHUK. llepemerasi akTUBHBIA 3JIEMEHT IIO
AKpaHy, MOKHO YCTAaHOBUTH HEOOXOAMMOE KOJTUYECTBO FJIEMEHTOB.

Jlist oToOpakeHus COCTOSTHUSL LU(POBBIX CX€M B HEOOXOJIMMBIX MeECTaxX
YCTaHaBJIMBAIOTCS DJIEMEHTBl UHJIMKAIMK, a JJI1 BBOJA MH(MOPMAIUU - SJIEMEHTHI
BBOJIa BXOIHBIX BO3JICHCTBUM.

Eciu ycranoBka snemeHTa OyJIeT NPOU3BOAUTHCS IOBEPX COOPAHHOTO
Y4aCTKa CXEMbI, TO AJIEMEHTHI, HA KOTOPBIE MPOUCXOAUT HAJ0KEHUE AKTUBHOIO
(HOCUMOTO) AJIeMEHTa, XOTsI OBl M YaCTHYHO, OYAYT MOJHOCTHIO YAAJICHBI C SKpaHa.
OTaeNbHBIN 3JIEMEHT MOKHO YJAIUTh, IOABEAS KypCOp K JEBOMY BEPXHEMY YTy
3JIEeMEHTa U Ha)kaB Kiasuiry Del.

[IpocmaTpuBaTh BECh 3KpaH U pabOTaTh C 3JEMEHTAMU MOKHO C MOMOUIBIO
KJIaBUIII, YKa3aHHBIX B TaOJIUIIE:

Pexxumel u3
Ynpasnsroniue
BrimonHsemsbie ornepanuu (peKuMbl) BEPXHETO
KJIQBUIIIHA
MEHIO
ITEPEMEIIEHUE 5KPAHA:
Home CnBur okHa oToOpaxxeHus BieBo Ha 80 maron

End Cnur okHa oToOpakeHus BiipaBo Ha 80 maros
PgUp CnBur okHa oToOpaskeHus BBEpX Ha 32 miara
PgDn CnBur okHa oTOOpaskeHHst BHU3 Ha 32 1iara

Shift u eneeo Cnpur oxHa BieBo Ha 20 1maroB
Shift u enpaso Cnsur okHa BipaBo Ha 20 1maros
Shift u 66epx CaBur okHa BBEpX Ha § II1aroB
Shift u enuz  CaBUT OKHA BHU3 HA § IIaroB
OIIEPALINUA C DJIEMEHTOM:

Ins 3axBaT AJIIEMEHTA C DKpaHa

Del VY nanenue sneMeHTa ¢ SKpaHa
Enter VYcranoBka Ha dKpaHe (3axBaT W3 OMOIMOTEKH)

AJEMEHTa
Cmpenku [Tepemernienne BEIOPAHHOTO 2JIEMEHTA IO dKPaHy

CocraB OuOAMOTEKM TIpeAcTaBieH Ha puc.l.4. DaemMeHT BbIOMpaeTcs
KypCOpPOM C MOMOIIIbIO CTPEJIOK U KiaBuiei Enter ocymiecTBisieTcs: ero 3axsatr U3
Ooubnuotrexku. BrIOpaTh 3M€eMEHT MOXXHO HEMOCPEACTBEHHO Ha CYIIECTBYIOIIEM
JKpaHe ¢ M300pakeHHeM HaOupaeMol cxembl. [[1s 3axBara 3jeMeHTa ¢ dKpaHa
HEOOXOJMMO JIEBBI BEPXHHU yroJl aKTUBHOIO OJJEMEHTa WM Kypcopa
pacmojIoXKUTh Ha HM300paKEHUHM 3aXBaThIBAEMOIO 3JEMEHTa M HaXaThb KJIaBUIILY
Ins. IIpu 5TOM IPOU30UIET CMEHA AKTUBHOT'O 3JIEMEHTA.
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Puc.1.4. bubnuoreka 3memenToB cucreMbl BAPUAHT

Pucosanue coeounumenvHvix 1uHuil

JIuHMM CBA3M MOJKHO KOHCTPYHpPOBaTb M3 JJEMEHTOB COCIMHEHHU
oubnuoreku (cM. puc.l.4), Ho Hanbosee MPOCTO 3TO OCYIIECTBISETCS B PEXKUME
BBOJIa COCIUHUTENbHBIX JUHUN (kiaBuma F6 wiu nyukt JIMHHUH Bepxuero
MeH10). [Ipu 3TOM B HIDKHEW CTpOKe ciieBa, OyAyT MOSBISATHCS COOOIIEHHUS O
JEUCTBYIOLIEM NOJAPEKUME PHCOBAHMS JIMHUW, OYEPEAHOM IIOAPEKUME IOCIIE
CJIIEIYIOLIEr0 Ha)kaTusl KiIaBuUIIM F6 W KiIaBulle BBIXOJA W3 PEXKUMA PUCOBAHMS
muHui. KnaBuma F6 mocnenoBatenbHO MOXET BbIOpaTh BCE TPU JAOMYCTHUMBIX
MOAPEKUMa, IPEACTABIEHHBIX Ha puc.1.5.

MepemelweHne Kypcopa F6-PucoBaHue Esc-Bbixopn
a)

PucoBaHue nuHuin Enter-CoeanHeHue F6-CtupaHne Esc-Brixoa
0)

CtupaHue nuHnn F6-lNMepemeweHne kypcopa Esc-Bbixoa
B)

Puc.1.5. Ilonmento pexxuma JTunuu: a) nepemelieHue Kypcopa, 0)
pUCOBAHUS JUHUU U COCTUHEHUM, B) CTUPAHMSI IMHUN

Jliist pucoBaHus JIMHUM HE0OX0aAUMO B nojipexxume Ilepemeuienue Kypcopa
MOMECTUTh KypCOp K HAauaJbHOM TOYKE MPEIIOaraéMoro COeJAMHEHUS U CHOBA
HaxaTh kjnaBuiy F'6. B cTpoke nojckasku MosiBUTCS HAINMUCh: Pucosanue nunuil
(em. puc.9.5,6). C mnomMouipl0 KJIaBUII YNPABICHUS KYpPCOPOM PHUCYIOTCS
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HEeoOXonuMble JUHUHU. J[s coeqWHEHHWS WX B TOYKAX TMEPECEUCHUN C YKe
MMEIOIIUMHUCS  HUCnoyb3yercss kinaBuwa FEnter. lloncoennHeHne nPOU3OUIET
aBTOMATUYECKH, €CIIU pucyemasi JIMHUsS OyJeT HampaBlieHa Ha TOYKY, B KOTOPOM
M300paKEHO PA3BETBICHUE UM TTOBOPOT MPOBOIHUKA.

Brixon u3 pexuma BBOJA COCIMHUTEIBHBIX JIMHUNW OCYILECTBIIETCS IIOCIIE
Ha)kaTus knasuiu Esc.

Beéoo mexcma

Jlns BBoma OykB TpebOyercss HaxaTh knasuiry CapsLock. Tlocne storo
BMECTO JJEMEHTOB Ha OKpaH OyAyT BBI3BIBATHCA OYKBBI, COOTBETCTBYIOIIHE
KJIaBuIIaM KiaBuaTypsl. C HUIMH BO3MOKHO BBITIONHATEH BCE TE YK€ MAHUITYJIALINY,
9TO M C DJIEMEHTaMH CXeM U3 Oubnmoreku. bonblime TEeKCTOBbIE HAAMKMCU
BBOZATCS B pexkume Habop tekcra (knaBuma F7).

TexcToBbIE HAAIUCH HE BIUSAIOT HA MOJETUPOBAHUE LU(POBBIX AIEMEHTOB,
HO TOBBIIIAIOT MHMOPMATHUBHOCTh 3KpaHa M MOTYT CYIIECTBEHHO HPHOIU3UTH
cxeMy K popMe KOHCTPYKTOPCKOTO TOKYMEHTA.

Mooenuposanue padomut cxemol

[locne cuHTE3a CXEMBI B pekUME HAOOpa MEPEX0/l B PEKUM MOJEITUPOBAHUS
OCYLIECTBJISIETCS Ha)KaTUeM Ha KiaBully F2 wiam BBIOOPOM B BEPXHEM MEHIO
nynkta MO/EJIb. 1lpu 3TOM COCTOSIHHE BBIXOJIOB CXE€M KOHTPOJIMPYETCS IO
MHAUKaTopaMm. Eciii uX HeA0CTaTOYHO Ui 0OHApYKEeHa OIMOKa B HAOOPE CXEMBI,
HEOOXOJMMO BEPHYTHCA B PEKMM HabOpa U OTKOPPEKTUPOBATh cxeMmy. BbIxon B
pexuM HaOOpa OCYIIECTBISAECTCS HAa)KaTUEM Ha JIFOOYI0 YIPABISIIOUIYIO KIaBUIIY
WJIU KJIABUIILY YIIPABJIEHUS KypCOPOM.

BxoaHble curHanel Ha CXeMy BBOJATCS C IOMOIIBIO 3JEMEHTOB BBOJIA
BXOJIHBIX BO3JeUCTBUM. Kaxnoe HakaTue Ha KIIABUILY KJIAaBUATYypbl C HOMEpPOM
AJIEMEHTA BBOJIa BXOAHBIX BO3JIEUCTBUI MPUBOAUT K CMEHE COCTOSIHUSI HA BBIXOJIE
asieMeHTa (eciu OblIa JIoTUYecKasi eIMHUIIA - CTaHET HOJIb, €CITU ObUT JIOTUYECKUN
HOJIb - CTAHET €UHMUIIA).

3anuce u umenue cxemul ¢ OUCKa

Jlns coxpaneHus HaOpaHHOW CXeMbl Ha JHCKE HEOOXOIUMO HaxaTh
kiaBuily F3 wnau BeIOpaTh B BepxHeM MeHI0 NMyHKT 3AITHChH. B nosiBuBeMcs
OKHE clieyeT HaOpaTh ums (aitna ¢ obsi3atenbHBIM pacivpenuem .SX. J[nuHa
UMeHU - He Oosee BocbMU cuMBOJOB. llociie Habopa HEOOXOAUMO HaXaTh
xiasuity Enter.

Ecnu nepen 3tuMm cxema Obuia 3arpy’eHa ¢ AMCKa, TO MPH 3alUCH B OKHE
MOSIBUTCSI UMsI paHee 3arpy>KeHHOro Qaiisa. 3amuch ¢ 3TUM K€ UMEHEM IPUBEJIET K
YHUYTOKEHHUIO CTAPON CXEMBI.
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BbI30B pexuMa 4TeHHUs] OCYIIECTBISECTCS C MOMONILI0 KIaBuiu F4 v u3
BepxHero MeHro BeiOopom nynkta YTEHHE. [1ocne 3Toro Ha SKpaHe MOsBIISICTCS
OKHO C HaJIMKChIo U UMeHeM (aiina *.8X. HaxaTtue knaBuin Enter B 3TOM ciiyyae
BbI30BET cnHUCOK Bcex ¢ainoB karamora VARIANT c pacmmpennem .SX.
[lepemernas Kypcop CTpeJKaMH, HEOOXOJAMMO BHIOpaTh TpeOyembl dain u
Ha)kaTb KnaBuiy Enter.

Ecnu ¢aitn coxpansiics B Ipyrom Kartajore, T€ HEOOXOAMMO MPOIUCATH
NOJHBIA TyTh K TpeOyemomy daitny. PemaktupoBaHue BBOJUMON CTPOKHU
OCYLIECTBIISIETCSI OOBIYHBIM 00pPa30M.

Bv1600 ouazpamm

Pexxum BbIBOAA MUarpaMm MpeaHa3HAyeH IS MOIIAaroBOr0 MPOCIeKUBaAHUS
COCTOSIHUM Y3JIOB M aHaJIKM3a MOBEACHUS ITU(GPOBBIX AJIEMEHTOB. DTO TpedyeTcs B
mpoliecce OTIAAKA HEpabOTAIOMIMX Y3JIOB M CXEM, €CJIM BU3YaJIbHBIM KOHTPOJb
NpaBWIBHOCTH MX (GYHKIUOHUPOBAHUS HE TMPUBOJUT K TMOJIOKUTEIHHOMY
pe3yJbTary.

JIJist peanuszanuu 3TOrO peKMMa MPEIyCMOTPEH TaK Ha3bIBaeMblil Oydep,
KOTOpBIN BbI3bIBaCTCS HaxkatueM kiaBuiu "P" (puc.1.6). Ero pabora mogoOna
paboTe JIOTMYECKOrOo aHaimu3aropa: B mnamaru Oydepa HakariauBaercs
MOCJIEIOBATEIbHOCTh YEPEIOBAHUIN €IMHULL U HYJIEW C MOCIEAYIOUUM IO 3aIpocy
BBIBOJIOM B BHJE BPEMEHHBIX AMATPaMM B KOHTPOJIHPYEMBIX TOYKaX. EMKOCTB
oydepa mo kaxgomy Bxoay coctaBisier 2000 out. Mudopmamms co BXOI0B
3aMUCHIBACTCS] ABTOMATHYECKH Yepe3 HWHTEPBAIBI BPEMEHHU, PaBHbIC 3aJEPIKKe
camoro ObicTporo 3iemeHTa cxembl. [locne 3anonnenus Oydepa Bcs ganbHeuIas
uHpopMalusi, MOCTymaromass Ha €ro BXOJbl, OyJIeT HakJIaJblBaThCAd Ha paHee
3amucanHyto. [lostomy mnociegnwe 2000 Out OyayT Bcerna IOCTYIHBI IS
IPOCMOTpA.

bydep ycranaBnuBaercs Ha HAOOPHOM TI0JIE, U €TO
BXOJbl TMOJKIIOYAIOTCS K  BBIXOJAM  HCCIIETYEMBbIX
aneMeHToB. bydep Moxker  ycTaHaBiMBaThCcsl B
HECKOJIbKMX MECTaxX CXEMbI, TJIe 3TO YA0OHO, HO KaK bl
U3 €ro JECSTH BXOJIOB MOXET OBITh MOJIKJIFOUYEH TOJBKO K
OAHOM KOHTponupyeMou Touke. Ilpm sTOoM  Bee
BOCIIPUHUMAEMbIE CUTHAJbl OTOOpa)KaloTCsl B E€IUHOU
BPEMEHHOM CETKE HE3aBUCUMO OT YMCJIa MCHOJb3YEMbIX
oydepos. [Tocne nepexona B pexum Moodenuposanus n
M0/Ia4yu HEOOXOAMMBIX BXOIHBIX BO3JCUCTBUI Ha CXEMy
Puic.1.6. Bybep uH(pOpMaIUs aBTOMaTHYECKHU 3aMKUChIBaeTcs B Oydep. )

Jns  oToOpaxeHHss Ha JKpaHe  JI€TAIbHON
auarpamMmbl - (¢ OTOOpakKeHHEM BCEX MEPEXOHBIX
IPOLIECCOB, HOMEPOB BXOJOB M KOJMYECTBA 3aIMMCAHHBIX TAaKTOB) HEOOXOAMMO B
BEpXHEM MeHIO0 BbIOpaTh nyHKT I PADHK.

]
| Ta (D CO~I TN fu LINI

aHalIn3aTopa
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Jlist ymo6cTBa paccMOTpEeHHST AUarpaMM Ha HUX HAKJIJIbIBAETCSl yKa3aTellb
TaKTa B BUJIC BEPTUKAJIBbHOU CBeTJIOMN mosockl (puc.1.7) Ero MoxHo nepeMemarsb
10 AUarpaMMe C MOMOIIBIO KJIABUII YIpaBiaeHUs Kypcopom. [lonoxkenue Kypcopa
OyJzeT 0TOOpaKkaThCsl B BEPXHEH CTPOKE DKpaHa.

OrobOpakaemasi auarpaMMa B HEKOTOPBIX MeECTaX MOXKET IEepPeXOJUTh B
MYHKTUPHYIO JTUHHIO, KOTOpasi 03HA4aeT, 4YTO B 3TOM MECTE JuUarpaMmma OCTaeTCA
HEU3MEHHOW Oojiee 4eM B IATH TakTax. I yTOUYHEHHS CBEJCHUN O CXKaTUU
TUarpaMMbl B MECTE HaXOXKICHHSI yKa3aTellsd TaKkTa HEOOXOIUMO HaXKaTh KIaBHUIITY
Enter.

DO5Box 0.74, Cpu speed; 3000 cycles, Frameskip 0, Program: VARIA.. l=ll:|F4_

MoACHEHLFE: HHITITEAA TiKTL

1 e P B

- —

Pucyrnor 1. IMAMPANMA PAGDTE < Bevaasmnam ¥

HHOMSM P A A A
CTPEAKA BBEPXE — nopcHcmeiHe HEadaToAR TakTa pnFasd wa 37,
CTPEAKA BHHI - napemam@HLE YEaSaTeAA TakTa RMeRs Ha 370
CTPEAKA BNPABD =~ nepsrs@edse SEaDsTeEAn TasTa sneano Ha 10
CTPEAKA BAEBD — neopcHcWemEs SEa0aTEAR TaKTa oACRO Ma 10
EHTEER - NMOFKa9alis HOS(EEAUMEHT CEATHA B RO TE Ha>XO0mnmHiids 56 aoaT e am 0
TAR = PACNEYATATE HA NPUHTERE
ESL - BMeEOO-

Puc.1.7. Dxpan ¢ oToOpaxeHueM guarpaMMbl

Jlnst momydeHus: Ckatbix guarpamMm  (06€3 OTOOpakeHUsi TEePEeXOTHBIX
IIPOIIECCOB B CXE€ME) HEOOX0aMMO OJTHOBpeMeHHO HaxkaTh Ctrl+F10. OcoO0eHHOCTH
OTOOPaKEHMSI CKATHIX AWArpaMM HE OTIMYAFOTCS OT aHAJIOTHYHBIX OCOOCHHOCTEH
auarpaMMm JeTanbHbIX. OJHaKO OHHM 0o0Jiee KOMITAKTHBI, JIydine 0003pUMBI, HO U
OoJsiee orpyOJsieHHbIC, (DUKCUPYIOT TOJIBKO KOHEYHBIM pe3ynbrar. MMu ymnoOHO
TI0JIB30BATHLCS TIPH OIIEHKE pabOTOCIIOCOOHOCTH YCTPOMCTBA B IIETIOM.

Ocooennocmu pabomul mooenei yupposvix 31eMeHmos

HesanelictBoBanHble (BUCAIIME B BO3JyXe, HE MOJKIIOUCHHBIC) BXOJbI
AJIEMEHTOB BOCTIPUHUMAIOTCS KaK BXOJbl, C TOJAaHHBIMA Ha HUX YPOBHSIMU
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JIOTUYECKON €IUMHUIBI. Takoe MOBENEHUE SJIEMEHTOB MOJHOCTHIO COOTBETCTBYET
noruke padotsl Mukpocxem TTJI-cepuid.

Jlornyeckue 37€MEHTHI U y3Jbl U3 COCTaBa OUMOIMOTEKH MOJEITUPYIOTCS C
YUETOM 3a/IepKEK, COOTHOUIECHUSI MEKY BEJIMUYMHAMHU KOTOPBIX MPUOIU3UTEIHHO
OTPa)KAIOT COOTHOILICHHS UX PEaJIbHBIX BEJIWYMH. 3a €ANHUILY 3aJCPKKH MPUHSITA
3amepkka Jormdyeckoro siemMeHta W-HE. OnuHakoBble 3JIEMEHTBI  HMEIOT
OJIMHAKOBBIE 3a/IEPKKU U HE UMEIOT pa30poca UX BEITUUHH.

[Ipu 3amblkaHUK BBIXOJIOB CXEM YPOBEHb CHUTHAJIAa HA BCEX TAKUX BBIXOJAX
OyIeT paBeH JOTMYECKOMY HYJIO, €ClIM XOTs Obl Ha OJHOM U3 HHUX €CTh
JIOTUYECKUH HOJIb.

Tunsl norudeckux ssemeHToB cucrembl BAPUAHT npencraBiens B
3amanund 1.2 storo pazaena. Onucanue padOTBl CyMMAaTopoB, A€MIM(pPaTOpPOB,
MYJIBTHILIEKCOPOB, TPUITEPOB, PETUCTPOB, CUETUUKOB, cxeM [13Y mpexncrasieno B
OJIHOMMEHHBIX pa3jienax Mmocoous.

Dnemenmut 6600a 6X00HBIX 6030€CMEUTL

DjeMeHTaM BBOJIa BXOJHBIX BO3JCHCTBUIN (KiItouaM) ¢ Homepamu 0 - 9 | a
takke OykBam A, B, C, D, E, F cooTBeTcTBYIOT KIaBHIIKM Ha kKiaBuarype DBM.
YpoBeHb CHUTHaja Ha BBIXOJIE KJIOYEH MOXKHO  MEHSATh  Ha)XaTHEM
COOTBETCTBYIOIIMX KiaBuil. Kaxk1oe HaxaThe Ha KJIaBHIINY C CMMBOJIOM KIIKOYa
MIPUBOJUT K CMEHE YPOBHSI CUTHAJIA HA €r0 BBIXOJI€ HA MMPOTUBOMOJIOKHBIMN.

HezaBucumMo OT KOJIMYECTBA YCTAHOBJIEHHBIX KIKOYEH C OJMHAKOBBIM
IU(PPOBBIM MHIEKCOM UX TEPEKIIOYCHUE B PEXKUME MOJEIUPOBaHUS Oyner
OCYILIECTBIISITECA OJTHOBPEMEHHO. DTO CBOMCTBO MOXKET OBITH HCIIOJB30BAaHO C
LEJIBI0 COKPAILICHUS JUIMHBI CBSI3€H M SKOHOMHUHU TEM CaMbIM aKTMBHOM IUIOIIAIN
skpana. [Ipumep Takoil SKBUBAJICHTHOW 3aMEHbI ITOKa3aH Ha puc.1.8.

16— & 164 &

2¢ }— 2«
1 T 2ed1

"4 38

Puc.1.8. IIpumep 3aMeHbI IMHAN CBSA3M NapaJUIEIbHO
paboTaIOMUMHK KITIOUYaMHU

I'eneparop G - 3TO reHepaTop ¢ HEperyaupyeMon yactotol. OHa sIBIAETCS
MaKCUMaJbHO BO3MOKHOW B pEXKHUME MOJICTUPOBAHUS MW  3aBHCHT  OT
OBICTPOJICHCTBUSI KOMITBIOTEPA M KOJIMYECTBA MOJIETICH, YCTAHOBJIICHHBIX B CXEME
Ha DKpaHe.

VY renepatopa GF wactota perymmpyeTrcss ¢ TOMOIIBI0 KodhdumueHTa
nenenus no popmye:



14

G
F==
K
rae G - yacToTa HeperyiaupyeMoro reieparopa G B yCIOBHBIX €AMHUIIAX;
K - xoaddunment aeneHus, 3HaYCHUE KOTOPOTO OTOOPAKACTCA B PEKHUME

MOJCJINPOBAHWA B [IPABOM HUKHCM YTITY.

9

KoaduimeHT MOKET U3MEHSTHCS B PEKUME MOICITUPOBAHUS KJIaBUIIIAMHU:
"+" - yBenmmuuBaer K Ha 1;
"-" - ymensbiaer K Ha 1;
- yBenmuuBaet K na 100;
"" - ymenbmaet K na 100.

nmn

Inemenmovl uHouKayuu

B cucreme MmonenupoBaHus peaqrn30BaHO TPH BUAA HHAUKATOPOB (puc.1.9).

< [

a) 6) B)

Puc.1.9. UnaukaTopsl B CHCTEME MOJICIUPOBAHUS:
a) TOPU30HTAJIbHBIN; 0) YETBIPEXYTOJIbHBIN; B) CEMUCETMEHTHBIM

T'opusontanbublii wHAMKATOP (puc.1.9,a). DTOT HMHAMKATOP MOXKET
nepeaaBaTh CUrHal 0e3 3aJep’KKM Ha paclpoCTpPaHEHHWE CHUTHalla M TOJbKO B
TOPU30HTAIBHOM HalpaBJIeHUH. JIOTMYEeCKOW €IVHUIE COOTBETCTBYET KPACHBIN
uBeT. Jlonyckaercs mOABOAUTH JIMHUIO CBSI3U K MHAMKATOPY CBEPXY WIM CHU3Y,
IIPU STOM JAJIBHENIIEHN €ro Mepeladyn Ha Ipyrue dJIEMEHThI HEe IPOUCXOINT.

Yerbipexyrojibubiii  unaukarop (puc.1.9,60). HWuaukatop mn03BOISET
IepeaBaTb ypOBHM CUTHAJIOB B 4YEThIpEX HampasieHusAX. Ha maparuienbHbIX
PSAIOM PACIIOJIOKEHHBIX CBA3AX MX CTABUTh HENb3sl: OHU 3aMKHYT JIMHUU. M3 Taknx
UHAMKAaTOPOB MOXXHO HaOUpaTh HMHAMUKATOPHl OOJIBIIUX Pa3MEPOB HYXKHOU
KoH(Hrypammm.

CemucermenTHblii MHAMKATOP (puc.1.9,8). B Takoil sneMeHT BCTpoeH
nemudparop Uil CEMUCETMEHTHOTO  uHaukatopa. [loaTomy wuHAMKATOp
O0TOOpa)kaeT BXOJHOW ABOMYHBIN KOJ B IIECTHAAUATEPUUHYIO HU(PY B IHUAMA30HE
0 - F. BepxHuli BBIBOJ MHAMKATOPA COOTBETCTBYET MJIAUIEMY pa3psiAy BXOIHOTO
KOJa, HW)KHUM - crapuieMy. MHAUMKATOp MepesaeT COCTOAHUE JIMHUM CBSI3U OT
BXOJIOB K BBIXOJaM 0€3 M3MEHEHUM, HO C 3aJIEP>KKOM, paBHOM OJHOM 3aJepiKKe
anemenTta M-HE.
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3ananme 1.2. UccaenoBanue JID 0CHOBHBIX cepuid

3aJaHue BBIMOJIHICTCS MOCJICIOBATEIBHO IS JIOTMYSCKUX 3JIeMeHTOB MU,
NJIN, HE, mod?2 (unu 1o yka3aHuIo IpernoaaBaTesisi) B 00beMe, He0OXO0IUMOM JIJIst
cocTaBjieHUs oTyeTra. llepeueHb Mozeneill JIOTUYECKUX DSJIEMEHTOB B CHUCTEME
BAPUAHT npencrapiien B Tabauiie. Mojieny JOTMYECKUX AJIEMEHTOB paboTalo0T B

TOYHOM COOTBETCTBHUHU C JUATPAMMaMH COOTBETCTBYIOIIMX 3JIEMEHTOB MHUKPOCXEM
TTJI-cepnit.

BeseiBaromas | Monenupyemast | O6o3HaueHue Cepuu, nmeronue
KJIaBUIIIA NUMC byHKIUH (YHKIIMOHAJIBHBIC AaHAJIOTH

r 155JIE1 2UJIN-HE | 133, 530, 531, 533, 555, 1533,
1554

| 155J1A2 81-HE 133, 530, 531, 533, 555, 1533

E 155J1A3 21-HE 133, 530, 531, 533, 555, 1533,
1554

XK 155JIH1 HE 133, 530, 531, 533, 555, 1533,
1554

3 155J1A4 3U-HE 133, 530, 531, 533, 555, 1533,
1554

JI 155JIE7 SUJIN-HE |531

H 155J111 21 133, 530, 531, 533, 555, 1533,
1554

I1 555JIA1 41-HE | 133, 530, 531, 533, 555, 1533,
1554

P 155J116 41 533, 555, 1533, 1554

X 155J113 31 531, 555, 1533

LI 155JU11 2NJIN 133, 530, 531, 533, 555, 1533,
1554

11| 155JIT15 mod?2 133, 530, 531, 533, 555, 1533,
1554

b 155J1E4 3UJIN-HE |533, 555, 1533, 1554

B otuere npeacTtaBuTh A1l K&XKIOTO JIEMEHTA:

- YI'O norn4eckoro 3JIEMEHTA;

- TaOJIUIY ICTUHHOCTH DJIEMEHTA, €r0 Ha3BaHMUE;

- QaHAJIMTUYECKOE BhIpaxKeHUe JJIs1 (QYHKIIUU JJOTUUECKOTO AJIEMEHTA;

- BBIBOJI O BO3MOXHOCTHM HCIIOJIb30BAHMSI DJIEMEHTAa B KadyeCTBE
KoMIlaparTopa.
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3ananme 1.3. UcciaenoBanue reHepaTopa Ha JIOTHYECKHUX 3JIeMEHTaxX

Jist  aToro HeoOXoauMo HaOpaTh CXeMy TeHeparopa, BbHIOJHUTD
UCCJIEIOBAHUS B TPEJIOKEHHOM 00BbEeME M ClieJaTh BBIBOJBI MO MOCTaBICHHBIM
BOIIPOCAM.

[TocnenoBaTenbHOCTH BHIMIOTHEHUS 3a/1aHUS:

1) Habpath cxemy reneparopa, npejicTaBieHHyo Ha puc.1.10;

1« & 1 1+_

Puc.1.10. Cxema remepaTopa Ha JOTHYECKUX JIEMEHTAaX

2) PacctaBuTh B HEOOXOJMMBIX MECTaX HMHAMKATOPHI MJi1 HAOJIOACHUS
u3MeHeHuil curHanoB. lloakmounts 1udpoBoil Oydep (BBI3BIBACTCS JTATUHCKOU
kinapuiedn "P") s coXpaHeHHMs 3HAUEHHM BBIXOJOB BCEX JJIEMEHTOB U
MOCJEAYIONIET0 HAOMIOICHUS AUArPaMMBbI. 3allyCTUTh CXEMY;

3) HaGmromass reHepanuio BU3YaJbHO M Ha BPEMEHHBIX JHarpaMMmax B
pexume I'PA@®HUK, BbIYepTUTHh WJICATU3UPOBAHHBIC BPEMEHHBIE AUArpaMMbl €ro
paboThl C YYETOM BpPEMEHHOM 3aJepKKH dJeMeHTOB. Iloka3aTh CHTHaIbI Ha
BBIXOJI€ MTEPBOTO, BTOPOT'O M TPETHETO JIEMEHTOB;

4) AnHanmu3upys XapakTep H3MEHCHHMS YacTOThl T€HepaTropa M YCJIOBHS
CYIIECCTBOBAHMSl TEHEpPAIlMU, YBEIMYUTHh YMCIO JIOTUYECKUX DJIEMEHTOB B
reHepaTope CHauaja Ha OJIUH, MOTOM Ha jBa. [locnemyromue cxeMpl HaOUpaTh Ha
TOM K€ 3kpaHe. [Ipu HE0OXOAUMOCTH BBIMOJHUTH YBEIWYEHHE W HA OOJIblee
KOJWYECTBO DJIEMEHTOB;

5) JlonmonHuth (Ha cxeme) auarpaMmbl ISl TPEX JIOTMYECKUX DJIEMEHTOB
elle ABYMSI BDEMEHHBIMHU OCSIMU JIJIsi CXEMBI U3 TSITH JIEMEHTOB;

6) CnenaTh BBIBOJ O XapakTepe HM3MEHEHHUs 4YacTOThl TeHeparopa Ipu
W3MEHCHHUHU KOJIMYECTBA JOTMYECKUX DJIEMEHTOB;

7) ChopMynupoBaTh ycI0BHE BOSHUKHOBEHHUS T€HEPAIIHH;

8) CnenaTh BBIBOJI O YaCTOT€ M3MEHEHMS CUTHAJOB Ha BBIXOJAEC KaXKIOIO
JIOTHYECKOTO 3JIEMEHTa IeHeparopa W B3aUMHOM PACIOJIOKEHUH (POHTOB ITHX
CHUTHAJIOB.

B otuere nmpencraButs:

- (YHKIIMOHAIBHYIO CXEMY T'€HepaTopa;

- BPEMEHHBIC IUarpaMmbl JJIsi TPEX JIOTUYECKUX 3JJIEMEHTOB C Y4YE€TOM
BPEMEHHBIX 3aJE€PKEK DJIIEMEHTOB;

- BBIBOJ O XapakTepe HU3MEHEHUs 4YacTOTbl NpPU YBEIMYEHUU YHUCIA
AJIIEMEHTOB;

- YCIIOBUSI BO3BHUKHOBEHUS T€HEPALUU.
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3ajganus 11 CaMONIPOBEPKU

1. Yro obGo3nauaer Hamanmuch Ha kopryce MMC KI155JIP1, KI155JIA3,
K555JIETL, K176TM2, K155JIH3, K155J111?

2. Hus anemenra W UMW HE,W-UJIN-HE HapucoBath yCiI0BHOE
rpaduyeckoe 0003HaUCHHE , TAOJIUIY UCTUHHOCTH.

5. 3anoaHUTh TaONMIly UCTUHHOCTH A 2-BxonoBoro snementa M-HE npu
3aMbIKaHUM Ha KOPIYC OJTHOTO U3 BXOJIOB.

6. 3an0JHUTH TaOIMIly UCTUHHOCTH A 2-BxonoBoro snementa M-HE npu
0OpBIBE OJTHOTO U3 BXOJIOB.

7. B kakux mpejenax MOKET U3MEHSIThCS 3HAUCHUE HAMNPSDKEHUsS Ha BXOJIax
TTJI cxem 6€3 UCKaXEHUS JIOTUKUA PA0OThI JOTUUECKOTO AJIeMEHTa?

8. CdopmynupyiiTe METOAMKY IMOUCKA HEUCHPABHOCTEH B JIOTHYECKUX
CXEMax.

9. HazoBuTe TUIBI CHEIUANBHBIX JIOTHUECKUX 31eMeHTOB. ChopmyaupyiTe
UX Ha3HadyeHue. B dem 3akiouaroTcst 0COOCHHOCTH KaKI0TO U3 HUX?

10. ChopmynupyiiTe Ha3HaUYEHUE CHUCTEMbI MOJICTUPOBAHMS JJIEKTPOHHBIX
CXEM B IIPOIIECCE MPOECKTUPOBAHMSI.

11. KakoBbI TUIIOBBIE PEKUMBI CUCTEMBI MOJIETTUPOBAHUS?

12. Kakue cymecTByIOT cliocoObI 3aITyCKa UMEIOIIMNXCS B MAKETE PEKUMOB?

13. Kakue cyiecTByroT pueMbl Habopa cxem?

14. CdopmynupyiiTe Ha3HaAYeHUE JUarpaMM TpU  MOJACIUPOBAHUU
AIIEKTPOHHBIX CXEM.

15. KakoB TtumoBoii HaOOp OCHOBHBIX IM(POBBIX Y3JOB B CHCTEMax
MOJETUPOBAHUA?

16. OxapakTepusyiiTe OCOOCHHOCTH (YHKIIMOHAIBHOTO  ITOBEICHHS
MOJEIHUPYEMbIX ITU(GPOBBIX y3510B B cucteme BAPMAHT.

17. KakoBbl 3Tarbl pelieHus 3a1a4i B CACTEME MOJIETUPOBAHUS?

18. Monensto kakoro nmpubopa siisiercs: bydep B cucreme BAPUAHT?

19. Moaenplo Kakux yCTPOWCTB SIBJISIETCSI CEMHCEIMEHTHBIM WHIIUKATOpP B
cucreme BAPUAHT?

20. Kaxkoit toruueckuii 3JIeMEHT MOKET padoTaTh B Ka4eCTBE Kommaparopa?



18

2. AHAJIM3 OCHOBHBbBIX THUITIOB
TPUITEPOB

Heanb

1. BripaboTarh mpakTUUEeCKHE YMEHHsI CHHTE3a U IMPUMEHEHHUS! TPUITEPOB
OCHOBHBIX THIIOB.

2. CoBepIlIEHCTBOBATh MPAKTUYECKHE YMEHUS W HaBBIKU pPabOThl ¢
g poBoi TexHukoi, 9BM 1 cucreMaMu MOJIETMPOBAHHUSL.

3. CoBeplIeHCTBOBaTh HABBIKM aHAIM3a, OOOOIICHUS W CHCTeMaTH3allud
MOJyYEHHBIX PE3YyJbTaTOB, COCTABICHUS U OPOPMIICHUS OTUETHBIX MaTepUasOB,
TOYHOI'O WU JJAKOHUYHOI'O MPEJCTABICHUS JOKJIAJ0B M0 BOIPOCAM TEXHUYECKOTO
Xapaxrepa.

Y4eOHbIe BONPOCHI

2.1. UccnenoBanne RS-tpurrepa us noruueckux snementoB U-HE u NIIN-
HE;

2.2. Uccnenosanne DC-tpurrepa Ha ocHOoBe RS-Tpurrepa;

2.3. UccnenoBanue DC-tpurrepa ¢ CHHXpOHU3aLKEH 110 (POHTY CUTHAJIA;
2.4. Uccnenosanne nuHamuku UMC tpurrepa;

2.5. HccanenoBanre BO3MOKHOCTU peanu3anun T-tpurrepa Ha ocHoBe UMC
KI155TM2.

Jlutepatypa sl NOATOTOBKH K 3aHATHIO

1. Yrpromos E.II. Hudpoas CxemorexHuka: Y4yeOHOe ocoOue sl BY30B.
— CI16.: BXB-IIetrepOypr, 2010. — 816c.

2. boitko B.. u ap. CxemoTexHHMKa 3JIEKTpOHHBIX cucteM. lludpossie
ycrpoiicTsa.- CI16.: BXB-IlerepOypr, 2004.-512c.

3. [lotemkun U.C. ®yHKIIMOHANBHBIC Y3JIbl ITUGPOBOM aBTOMATUKH. - M.:
Oueproaromusnaar, 1988.-320c.

4. Hedenos A. B. InTerpanbHbie MUKPOCXEMBI M UX 3apyOC)KHBIC aHAJIOTH.
CnpaBounuk. T. 1-12.— M.: UIT PaguoCodr, 2000.

5. www://vprl.ru/index/mikroskhemy/

Conepxanue oryera

1. Ha3Banue paboThI.

2. Tlo kaxxmomMy W3 3aaHui JOJKHBI OBITH TIPEICTABIICHBI HA3BAHUE 32/ TaHHSI
U T€ KOHKPETHBIC TAHHBIC, KOTOPHIC YKa3aHbI B 33/ IaHHH.

3. Kparkue oTBEeTBI Ha T€ KOHTPOJBHBIC BOIPOCHI JUISI CaMOIIPOBEPKH,
KOTOpBIE eII€ HEe HAIUT CBOCTO OTPAKCHUS B OTYETE, HO BBI3BIBAIOT 3aTPYAHCHUS
JUUIS IOHUMAaHMUSL.

AKTYaJIbHOCTD 3aHATHUS

Tpurrep siBIs€TCS OCHOBOM U1l XPAHEHHUsI JAHHBIX U CO3JaHUsl YCTPOMCTB C
NaMATBhIO Pa3IMYHOrO Ha3HaueHWs. Hapsay ¢ Jormyeckumu sieMeHTaMu OH
oOpa3zyeT 6a3y 11si CHHTE3a BCeX ITU(GPOBBIX YCTPOMCTB C TAMSTHIO.
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Bomnpocel /151 NOATOTOBKHU K 3aHATHIO

5. CdopmynupyiTe sTanbl CHHTE3a KOMOMHAIMOHHBIX CXEM.

6. Hapucyiite Tabmuiel uctuaHocTH 35ementoB U, NJIN, HE.

7. Kak BocnipuHuMaeTtcs Bucamuii Bxo B cepun UMC TTJI?

8. B yem 3akmrouaercsi CBOMCTBO CaMOJIBOMCTBEHHOCTH?

9. CdopmynupyiiTe OCHOBHBIE 3Tallbl MUHUMHU3AIUKA C TIOMOIIBIO MaTpHIl
Kapno.

10. Ha3oBuTE M3BECTHBIE TUIIBI TPUITEPOB.
11. ChopmynupyiiTe Ha3HAUCHHUE TPUTTEPA.

KpaTKne CBCACHHUA U3 TCOPUH

Tpurrepom Ha3biBaercs nu@poBasi cxema, KOTOpas MOXKET HaXOIUThCA B
OJIHOM M3 JIBYX YCTOMUYMBBIX COCTOSIHUM: €IMHUYHOM M HYJIEBOM. Y CTAHOBJICHHOE
B TPUITEPE COCTOSIHUE COXPAHSETCS U MOCIIE CHATHUS aKTUBHBIX CUTHAIIOB. [1o 3TOM
IPUYUHE COCTOSIHUE M HOCHUT Ha3BaHue ycToluumBoro. I[loaTomy oOCHOBHOE
Ha3HAUYECHUE TPUITEpPa — XPAHUTh OJAMH OUT MH(OpPMALUU B HUPPOBBIX CXEMaXx.
CBOWCTBO XpaHHUTh (WJIM 3allOMUHATH) HHPOPMALUIO 00ECIIEYMBAETCS BBEACHUEM
B CXEME BHYTPEHHEW MOJI0KUTEIBHON 00paTHOM CBA3H.

AKTHUBHBIM CHUTHAJIOM Ha3bIBalOT TOT, KOTOPBI CIOCOOEH IO JaHHOMY
BXOJly IEpPEKIIIoYaTh TpUIrrep. Bee npyrue curHanel Ha3bIBalOT NACCUBHBIMU IS
JAHHOTO BXOJ1a: OHU HE BBI3BIBAIOT NEPEKITOYEHUM.

Tpurrep, kak IpaBWIO, HMMEET JBa BbIXOJA: MNPSIMOM U HWHBEPCHBIM.
CocrostHuEe TpUrrepa OINpeAeNsieTcsl Mo NPSAMOMY BbIXONy. MHBEpCHBIN BBIXOA
TpPUITEpAa MCHOIB3YETCS U1 MOJyuyeHUss OOpaTHOTro Koja Oe3 HCIOJIb30BAHHUS
JOTIOJTHUTENBHBIX JIOTUYECKUX DJIEMEHTOB.

AcunxpoHHbiii RS-Tpurrep

RS—rpurrep sBnsercs npocrerimmnM. Yame ero Ha3pIBalOT MMEHHO Tak,
OITycKasi JUisl IPOCTOThl TepMUH "acUHXpOHHBIN". Ero QyHKIMOHANBHAS cxema U
ycinoBHoe Tpaduueckoe ooo3nauenue (YI'O) nokazansl Ha puc.2.1, a,0.

Bxoasl R n S Tpurrepa 4acto Ha3bIBalOTCSl YCTAHOBOYHBIMH, IOTOMY YTO
0€3 BCAKHUX YCJIOBHI yCTaHABIMBAIOT TPUITEP B 3aBEAOMO M3BECTHOE COCTOSHUE.
Ecnu akTUBHBIN CUTHAI (@ JJIs1 3TOTO TPUTTEpa 3TO JIOTHYecKast 1, 94To moka3aHo Ha
YT'O npocTeIM NpUMBIKAHUEM JIMHMM BXOJa K KOHTYPY TpHUITEpa) MOJaeTcs Ha
BXOJl S, TO TPUITEP YCTAHABIMBAETCA B €IMHMYHOE COCTOSIHHE. 3a eIMHHMYHOE
COCTOSIHME TPUITEpa MPUHATO TAKOE €r0 COCTOSIHUE, P KOTOPOM Ha BbIxone Q
(mpsAMO¥ BBIXOJT) IPUCYTCTBYET €IMHHUIIA (BBICOKUI YpOBEHb curHaiia). Ha Boixone
O (MHBEPCHBIA BBIXO[), COOTBETCTBEHHO, - HylIb. JTOT BXOJ HAa3hIBAETCS BXOAOM
ycraHoBkH (0T Set). [lonaya akTuBHOrO curHana Ha Bxoa R mepeBoaut tpurrep B
HyJIEBOE COCTOAHHME, pu kotopoM Q=0, O=I1. Bxox R HasblBaeTci BXOIOM
copoca wunu ramenus (0T Reset).
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Puc.2.1. Cxema (a), YI'O (6), Tabnuia nepexoqoB (B) U JIuarpamma
paboTsl (r) acuHXpoHHOTO RS-Tpurrepa

JleficTBUTENBHO, MOKa Ha O00OMX BXOJaX TPHUITEpa MPUCYTCTBYIOT HYJIHU
(BXOJIbl HEAKTHUBHBI), OH HAXOJUTCA B OJHOM M3 YCTOMUUBBIX COCTOSHUU. [TyCTh,
HarpuMep, OH HAXOJNTCS B €AMHHYHOM COCTOSHHUHM. IIpH 5TOM Hysb ¢ BBIXOAa O
nocrynaet Ha Bxoj nepsoro snementa MJIN-HE u nopnepxxuBaet Boixon Q B
coctostHun 1 (cMm. puc.2.1,a). C Bbixona ke Q=1 curHam moctymaer Ha BXO[

BTOPOTO JIOTHYECKOTO AJIEMEHTA M yIEpKHUBAaeT Ha BbIXoJe () CUTHAN HYJIEBOTO
YPOBHS.

AHAJIOTUYHBIE PACCYKJICHUSI MOYXHO IMPOBECTH W NpPU APYroM 3HAYEHUU
CUTHAJIOB Ha BBIXOJIE, T.€. HYJIEBOM cOCTOsiHUM Tpurrepa. Ho B oboux ciydasx
MOSIBUBIIIMECS CHUTHAJIbl Ha BBIXOJE TpuUITepa OyIayT, IEHCTBYS Ha BXOJbI
JIOTUYECKUX DJIEMEHTOB, caMu ce0s mojjiepxkuBath. Pexxum RS Tpurrepa mpu
000MX HEAKTUBHBIX BXOJAHBIX CUTHAJIAX HA3bIBACTCS PEKMMOM XPaHEHMS.

Ecnu Tpurrep HaxoauTcs B €QUHUYHOM COCTOSIHUM M Ha BXoA R momaercs
AKTUBHBIM CUTHAJ, a HA BXOJ S MACCHUBHBIN, TO HA BBIXOJI€ MEPBOIO JIOTUYECKOTO
AJIEMEHTA TMOSIBISAECTCS CUTHAJ JIOTMYECKOTO HYJs M OH K€ MOJAeTCs Ha BXOJ

BTOoporo 3nmemenTa MJIM-HE. Oto npuBoaWT K cMeHe curHajia Ha BbIxoge O ¢
HyJs Ha eaquHULly. [locne Bcex MEpEeKIOUeHud COCTOSTHUE TPUITEPA CTAHOBUTCSA

HyneBbM (Q=0, O =1). [Ipu nogavye aKTUBHOTO CHTHAJIAa HAa BXOJ S M MAaCCHBHOIO

Ha BXoJl R Tpurrep mepexitouaercss B eAIMHUYHOE COCTOsIHUE. B 3TOM HeTpynHO
yOemuThCsI, TPOCIEANB MO CXEME BCE M3MEHEHHsS BBIXOJIHBIX CUTHAJIOB. Takum
oOpa3oM, KOMOUHAIIMS ABYX CUTHAJIOB Ha BXxojax RS-Tpurrepa, oluH U3 KOTOPBIX
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aKTUBEH, a JAPYyrod TACCHUBEH, OOECIEeUMBAIOT TEPCKIIOYCHHE TpUITEpa B
COOTBETCTBYIOIIIEE COCTOSIHUE.

[Togaya akTUBHBIX CUTHAJIOB OJJHOBPEMEHHO Ha 00a BX0Jia MPUBOIAUT B 3TOM
TpUITEpE K MOSIBICHUIO HYyJIeM Ha 000MX BbIXOJaX. Takoe COCTOSHHE TpUrrepa
ABJISIETCS HEYCTOWYMBBIM M MOJJIEPKUBAETCS TOJBKO AKTHUBHBIMU CHUTHAJaMH Ha
o0oux Bxonax. Eciu Teneps 0THOBPEMEHHO CHATh AaKTHUBHBIE €AMHUIIBI CO BXOJIOB
R u S, to oba snementa WJIM-HE HaunyT mnepexiodarbcsi B EAUHUYHOE
COCTOSIHUE, CTPEMSICh OJJTHOBPEMEHHO NMEPEKIIFOYUTH NPOTUBOIIOJI0KHBIN 3JIEMEHT B
enquHUIy. Pe3ynbTupyromee cocTossHHME OyaeT 3aBUCETh OT Ko3(PPHUIIMEHTOB
YCUJICHUS, CKOPOCTEN MEPEXOIHBIX MPOUECCOB U IPYTUX MMAPAMETPOB JIOTUYECKUX
AJIEMEHTOB, U MpEJCKa3aTh €ro HeBO3MOXHO. OHO CTAaHOBUTCS HEOIPEICICHHBIM,
a TpUITEp, CJIEAOBATEIIbHO, HEyNpaBiIieMbIM. [l03TOMYy TakKyr BXOIHYIO
KOMOMHAIMIO HA3bIBAIOT 3aMpEIICHHOM, U MOJaBaTh €€ JOMYCKAeTCs TOJIbKO MpH
CTPOTO JETEPMUHHUPOBAHHOM MOCIEAYIOIIEM ITOOYEPEAHOM CHITHUUA CUTHAJIOB Ha
Bxonax. CremyeT Takke OTMETUTb, YTO KOMOMHAIUS U3 JABYX OJMHAKOBBIX
CUTHAJIOB Ha BBIXOJAaX TPUITEPA BBIXOJUT 32 PAMKHU MPUHATHIX KOMOMHAIUHN JUIs
0003HauYEHUsI COCTOSHUM TPUTTEpa, KOTOPHIA XPAaHUT JaHHBIC JBOMYHONU CHUCTEMBI
CUYUCIICHUS.

bonee xommakTHO paboTy TpuUrrepa MOXKHO 3alucaTh B BUJE TaOJIUIIBI
Nepexo0B, Kak Moka3aHo Ha puc.2.1,B, win B popMe BpeMeHHoM auarpammbl. Ha
puc.2.1,r nmpencraBieHa WACATM3UPOBAHHAS BPEMEHHAs JuarpamMma Ui
HMCXOJHOIO €IMHUYHOTO COCTOSIHHSI M JIO CIEAYIOIIEH mojauu curHaina R, 3atem
curHall R cHuMaercs W Janee moAaeTcs CUTHal S C MOCIEAYIOIINM CHSTHEM.
PabGora Tpurrepa mns sToro ciaydasi Obula onucaHa paHee. PeanbHasi nuarpamma
JIOJDKHA YYUTHIBaTh (OpMYy M BpeMs 3aJCpKKH PacCHpOCTpPAHEHUS CUTHAJIOB
TpUrrepa.

[Ipu 3amene B QyHKImoHabHON cxeme Tpurrepa snemerntoB UJIN-HE na
anemeHTel W-HE mnosydyum Ttpurrep, JBOWCTBEHHBIM IO OTHOLIEHUIO K
paccMOTpeHHOMY. B HEM akTMBHBIMU CHUTHaJlaMU OyJyT HU3KWE MOTEHIIUAIIBI, T.€.
jgornyeckue  Hynmu. DyHKIHOHaIbHAs  CXeMa, YCIOBHOE  Tpaduueckoe
o0o3HaueHue, Tabiuila TEpPexXOJ0B M BpPEMEHHas JuarpaMma TpHUITEpa C
WHBEPCHBIMM BXOJaMU TNpeacTaBieHa Ha puc.2.2. O TOM, 4YTO aKTHBHBIMU
CUTHAJaMU SIBJISIIOTCS HYJIM, TOBOPSAT 3HAUYKW WHBEPCUU (KPYKKHM) Ha BXOJaxX
Tpurrepa. MHorga emie v B JICBOM JOMOJHUTEIBHOM I0Jie¢ HaJ 0003HaYeHUEM
BXO/JIOB MPOCTABIISAIOT 3HAYKU UHBEPCHUH.

PaGora Takoro Tpurrepa aHajoruyHa paboTe Tpurrepa ¢ €AUHUYHBIMU
AKTUBHBIMU CHUTHajamMu. OTIMYUE 3aKJIH0YaeTCs TOJIBKO B TOM, YTO AKTHBHBIM
CUTHAJIOM SIBJISIETCSI HYJIb, @ TIPH 3allpelieHHON KOMOMHAIIMU CUTHAJIOB (00a HYJIs
Ha BXOJ[aX) TPUITEP UMEET Ha 000UX BBIX0JIaX €TMHUYHBIC CUTHAJIBI.

RS-Tpurrep wucnonb3yercss mjis CO3/laHHsI CUTHAJA C MOJOKHUTEIbHBIM U
OTpUIIATEIBHBIM (PPOHTAMHU, OTHAEIHHO YIPABISEMBIMH TOCPEICTBOM CTPOOOB,
pa3HecEHHbIX BO BpeMmeHHU. Takke RS-Tpurrepbl 4acto uUCHONB3YIOTCS AJIS
HCKJIIOYEHHUS TaK HA3bIBAEMOTO SIBJICHUS JpeOe3ra KOHTAKTOB.
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Puc.2.2. Cxema (a), YI'O (6), Tabnuua nepexonoB (B) U Auarpamma
paboThI (T) acHHXPOHHOTO RS-Tpurrepa ¢ MHBEPCHBIMU BXOIaAMHU

CunxpoHHbIil RS-Tpurrep co craTu4eckum ynpapjieHUEeM

[IpakTrueckass TOTPEOHOCTh 3aIUTHTh TPUTTEPHl OT HEKEIATEIHHOTO
BIIMSIHUSL TIEPEXOJIHBIX TMPOLIECCOB TMpUBENa K 3ajJade obecredeHus padoThl
TPUITEPOB JUIIb MPU HAIWYMU CHUTHAja paspelieHus (CMHXpOCHUTHaja, cTpooa,
CHUTHaja TaKTUPOBaHWs). DTOTO MOOWMINCH, TOCTAaBUB TEpeN YCTAaHOBOYHBIMU
BXOJIaMHU YIIPABIISIEMbIE CHUTHAJIOM pa3pelIeHUs] KIIOYM Ha OCHOBE JIOTHUECKHUX
anemeHToB W. Tpurrepsl mo3ToMy MOMYy4YWIIM HAa3BaHUE - CHUHXPOHHBIC, T.€.
MEPEKITIOYAIONINECs B COCTOSIHHE, TMPEANUCHIBAEMOE YIPABISIONIMMU BXOJaMH,
JIUIIH TIPU HAJIMYUU cUTHala cuaxponusauu Ha Bxojae C (ot anria. Clock — yachi,
BpeMsi). CHHXpPOCHTHal HE OMNpEAeNsieT COCTOSHUE TpHUITEpPa, OH TOJBKO
OTpeNeNsieT WHTEPBAl BPEMEHH WJIM MOMEHT BpPEMEHH, Korjga OyaeT
MEePEKITIOYEHNE B COOTBETCTBUM C "MH(pOpManuoHHbIMH" curHaimamu. [lpu ero
OTCYTCTBHUU HE3aBHUCHMO OT aKTHBHOCTH JPYTHX YIPABJISIONINX CUTHAIOB TPUTTEP
HAXOJIUTCS B PSKUME XpaHCHUS.

OyHKIMOHANBHAS cxeMa W 0003HAa4eHHe CHHXpOHHOTOo RS-Tpurrepa
noka3anbl Ha puc.2.3,a,06. B ocHOBY paccMaTpuBaeMOro TpUITepa MOJOKEeH RS-
TPUITEP C WHBEPCHBIMH AaKTHUBHBIMH CHUTHaJaMd (HAa OCHOBE JIOTHYECKHX
3JIeMeHTOB 3 W 4), AN KOTOPOTO BXOJHBIE CHTHANBI TEPEJaroTCs depe3 KIIoUH
(a1iemeHTsI 1 u 2).

Jlormka paboOThl paccMaTpPUBAaEMOIrO TPUITEpPA TOSCHAETCA TaOIHIen
nepexonoB Ha puc.2.3,8. Ilpu C=0 Ha BBIXOAAX JIOTUYECKUX 3JIEMEHTOB 1 u 2
MPUCYTCTBYIOT MOCTOSTHHBIC €UHUYHBIC CUTHAJIBI U TPUTTEP Ha JIIOObIE 3HAYCHUS
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Ha BxoAax R u S (370 mokazano B TabuuIle 3Be€310UKaMH) HE pearupyeT (KJIHuu
3aKpBITHl U HA UX BBIXOJ1aX MACCUBHbIE CUTHAIBI A1 Tpurrepa). [lpu C=1 kimroun 1
U 2 OTKPBITH, MPOMYCKAIOT BXOJHBIE CHUTHAJbl W 3Ta 4YacTb TaOJHUIBI
cooTBEeTCTBYET pabdote RS - Tpurrepa ¢ npsimpiMu Bxojamu (cm. puc.2.1,B).
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Puc.2.3. Cxema (a), YI'O (6) 1 Tabauna nepexonoB (B) RS-tpurrepa co
CTaTUYECKUM BXOJIOM CHHXPOHH3AIIUH

HeoG6xonumo momdepkHyTh, 4TO JeiicTBHe curHaita C HOCHT B JaHHOM
CJy4ae CTaTUYECKHUM XapakTep: IMOKA HAa HEM IPUCYTCTBYET AKTUBHBIA YPOBEHb
CUTHaJIa JIOTUYECKOW 1, Tpurrep pearupyer Ha BCE€ H3MEHEHHS CHUTHAJIOB Ha
BxoJaxXx R 1 S m m3MeHsAET B COOTBETCTBUHM C HUMH CBOE COCTOSIHHE.

D-Tpurrep ¢ craTu4ecKkuM ynpasjieHUEM

JIns XpaHeHHs TaHHBIX HEMOCPEACTBEHHO RS -Tpurrepsl HE HCIOJIB3YOTCA.
Onu TpeOyrOT NpeaBapUTEIbHOTO cOpoca M MOCIEAYIOIIEH 3alicH MO BXOay S.
['opazno ynobnee Op110 OB MMETh Beero oauH Bxoa D (ot cimoBa Date — maHHBIC
win Delay - 3ajepikka) 175 3aKMCH JaHHBIX. DTOM LIENU CIyXaT TaKk Ha3blBaeMble
D-tpurrepsl.

JUis ero mOCTPOEHHUsl JTOCTATOYHO C IOMOIIBI0 HHBEPTOpa OAHO(DA3HBIN
BX0J JaHHBIX D (MHOTrja emie Ha3pIBalOT WH(OpPMALMOHHBINA) MpeoOpa3oBaTh B
napadasHpli W TOJAaTh Ha CHHXpOHU3MpyeMble RS-Bxonmpl  Tpurrepa.
@OyHKIIMOHAJIbHASI CXEMa U YCIOBHOE Ipaduueckoe 0003HAUEHHE TAKOTO TPUTTEpa
MoKa3aHbl Ha puc.2.4,a,0.

IIpn nopaye HeakTMBHOrOo curHana C=@ KIHOYM Ha JJIEMEHTax 2 u 3
3aKpbITHI, ¥ HE3aBHUCHMMO OT CHUTHAJIOB Ha BXojAe D cocTosHHMe Tpurrepa Ha
aneMeHTax 4 W 5 He H3MEHsETCA: BXOJAbl €ro mnaccuBHbl. lIpucyTcTBHE XK€
aktTuBHOro curHaina C=1 otkpeiBaeT kmoun 2 W 3 u nojgaya | Ha BXom D

IIEPEKIIIOYAET TPUITEP B COCTOSIHUE €UHULBI, a M0J1a4a & - B HYJIEBOE COCTOSHUE.
Takum 006pa3zom, TPUTTEP CBOUM COCTOSIHUEM MOBTOPSIET CUTHAT Ha BXOJE JTaHHBIX
D. Ynpasnenne no cuHxpoBxoay C HOCHT 3/1€Ch TakK€ CTATHUYECKUH Xapakrep,
TaK Kak cTpykTypa RS- Tpurrepa ocramace nmpexxsei.
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Puc.2.4. Cxema (a), YI'O (0) 1 Tabnuua nepexoioB (B)
D-tpurrepa co craTH4ecKuM yIpaBieHHEM

Crnenyer Nog4epKHYTh, YTO MPU IOCTOSIHHOM aKTUBHOM CHTHAJIE€ Ha BXOJE
C cBOICTBO 3anlOMUHATh MHPOPMALIMIO HUKAK NPOSBIATHCS He Oyner. Tpurrep B
3TOM Cllyyae UIrpaeT poiib O0y(pepHOro yCUIUTENss MOUIHOCTU B TPAKTE Mepeaadu
JNaHHbIX. OH BHOCHT JIMIIb 33JIEPKKY Ha BpeMs nepekirodueHus. [loaromy nHorna
MO>KHO BCTPETUTH ompeneneHue D-tpurrepa kak anemeHTa 3anepxkku. Ho 3to He
OTPa)KAET €r0 OCHOBHYIO CYIITHOCTB KAK AJIEMEHTA XPAHEHUS TaHHBIX.

dopMaIN30BaHHOE ONUCAHUE PAOOTHI TPUITEpPA MPENCTABICHO B TaOIHUIE
IIepeXo10B Ha puc.2.4,B.

[Iprumepamu paccMOTpPEHHBIX TpUTTEPOB MOTYT ciry:kuTh UMC K155TMS,
KI155TM7. Ouu coaepxar mo ABe mnapbl  D-TpurrepoB ¢ 00bEAMHEHHBIMU
CUHXPOBXOJIaMU ISl KaXKI0W Maphbl.

CunxpoHHbIil RS-TpuUrrep ¢ 1MmHAMU4YeCKUM yIpaBJieHHEM

Ha mpakTuke mumpokoe NpUMEHEHHE HAXOAAT TPUITEPBI, TIOCTPOCHHBIE 110
nByxcryneHyaton cxeme. OHa CHHTE3MpyEeTCS W3 JBYX MOCIEAOBATEIBHO
COEMHEHHBIX TPUITEPOB C OOIIEH LEeNnbl0 CUHXpOHU3alUuu. BapuaHT cxembl s
RS -Tpurrepos nokasan Ha puc.2.5.a.

B uncxogHom monoxxeHuu Ha CUHXpoBXOJ C NBYXCTYNEHYAaTOro TpUITEpa
nopaercs 0 u kinroun 1 1 2 neBoro Tpurrepa 3 3aKkpbIThl, YTO 0OECIIEYMBAET EMY
pexuMm xpaHenuss (Ha Bxogax S3 u R3 Boicokuit morenuuman). Tpurrep 3

HaXOIWTCS, HAIPUMEP, B HyJIeBoM cocTostHuH, T.¢. Q3 =0, O3 =1. Tak kakx C=0, To

C TIOMOIIIbI0 MHBEpTOpa 4 oOecreynBacTCs BHICOKHMH TOTeHIMan Ha mmHe C  u
KIIFOUM 5 u 6 mpaBoro tpurrepa 7 OTKphIThL. [1o3TOMY cHurHanel ¢ BeIxogoB Q3 wu

@ Yyepe3 MHBEPTHUPYIOIIKE KItoun 5 U 6 mojaroTcst Ha Bxoasl R7 u S7 mpaBoro
TpUrrepa: S7=@=1 u R7=03=0. [IpaBeiil TpUITEP NMEPEKIIOYAETCS B HYJIEBOE

coctostHue: Q7=0, Q7=1. Taknm obpazom, mpu C=0 neBbIf U MPaBBIN TPUTTEPHI

HAaXOJATCS B OJMHAKOBOM COCTOSIHUM U HE U3MEHSIOT UX MPU CMEHE CUTHAJIOB Ha
Bxogax R m S. DTo ecThb peXuM XpaHEHHUs] JBYXCTYNEHUYATOrOo TpUITEpA.
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OnucanHass KOMOWHAIMS CHUTHAJOB TIIOKa3aHa Ha BPEMEHHOHW, JMarpamme
puc.2.5,B, yuactkom t0- t1.

[Ipu nogaye curHana BEICOKOrO YpoBHA Ha BxoJ C KIIFOYM Ha 3JEMEHTax | u
2 OTKpPBIBAIOTCS U pa3peliaroT padoTy JIEBOIO TpUrrepa 3 MO YCTAaHOBOYHBIM
BxogaM S3 u  R3. Ilpu C=1 u R=0, S=I neBblii Tpurrep B COOTBETCTBHUH C
Tabnuie nepexonoB (cM. puc.2.1,B) NEPEeKITIOYUTCS B COCTOSIHUE €IUHUIIBI, T.€.

BbINIOTHUTCA Q3=1, @ =0. B 210 %e Bpems moka C=1 npaBsiii Tpurrep 7 Oyaet

COXpaHSTh CBOE IIpeXKHEe HyJieBoe cocTosiHue, noromy uro C=0 u kiIoun
MPaBOro TpUITEpPa 5 U 6 3aKPBITHI U HA HMX BBIXOJAX COXPAHSIOTCS BBICOKHE
MOTEHIUAJIBI, KOTOpbIE [JIsi MPaBOro TpuUrrepa 7 MacCUBHbI M OOECIEUHUBAIOT
peXKUM XpaHEHHUsA. DTH U3MEHEHHUs CHUTHAJIOB IOKa3aHbl Ha WUHTepBasie tl — t2
puc.2.5,8. IIlpu C=1 m HOBOM WM3MEHEHUM CHUTHAJIOB Ha BXojgax R m S eIl
Tpurrep OylneT cpazy e H3MEHSTh CBOE COCTOSIHUE B COOTBETCTBHUM C HX
3HAUCHUSAMH, HO TMpaBblii OyJIeT COXpaHATh CBOE TMPEKHEE COCTOSIHUE
HEU3MEHHBIM.

Q Q
'i_& 5 T |— —_— TT |—
LT _ ~Ne -
& Q _
]2 R 7 j)— R (I)_
0)
5 | | | r
R | | | t R S {:!
| | |
] T 0 0 L Q
E | | | t 1 0 | 0
c _1 t 0 1 |10] 1
| | I
1 X X 0 Q
Q I | t X X 1 Q
Q | | ¢
Yy ty I r)

Puc.2.5. Cxema (a), YI'O (6), BpemeHHBIC TUarpaMmbl paboTHI (B) 1
Tabymira nmepexo10B (r) RS-tpurrepa ¢ nmHaMuU4ecKuM yrpaBieHuEeM

Ecnu npousBecTy u3MeHeHne curHana Ha Bxojae C ¢ eIMHHLBI Ha HYJb, TO
JIEBBIM TPUITEP MEPEUIET B PEKUM XPAHEHHUsSI U IEPECTAHET PEarupoBaTh Ha BXObI



26

R u S. On Oyner XpaHuTh TO COCTOSIHUE, KOTOpoe ObLIO 3a7aHo BxoaamMu R u S 1o
3aKphITUS KiIrouei 1 u 2, T.e. 10 MOMEeHTa u3MeHeHus curnaia Ha Bxozae C. Kimoun

5 u 6 curHasom MHBEpTOpa 4 OTKPOIOTCS M BeIXoAbl Q3 m O3 OyayT mogaHsl Ha
YCTaHOBOYHBIE BXO/bI PABOro Tpurrepa 7. OH NEPEKIIIOUNTCSA B TO )KE COCTOSHUE,
KOTOpOE€ HuMeeT cenyac JieBbld Tpurrep 3. Ha wuHTepBase t,-t; BpeMeHHOU
IyarpaMMbl puc.2.5,B, TOKa3aHbl BCE U3MEHEHHS CUTHAJIOB INPU MEPEKIIOYECHUN
Bxona C ¢ enWHHIBI HAa HyJb. B TakoM COCTOSIHMM ABYXCTYHEHYATBIA TPUITEP
OyZeT HaXOAUThCS BCce BpeMs, oKa Ha Bxojie C OyaeT NpucyTcTBOBaTh HYJIb.

Hakonen, ecnu tenepps nojgate Ha BXxoJ C eIWHHUILY, TO KIOYM 5 U 6 BHOBb
3aKpOIOTCsl, MPABbIA TPUITEP 7 MEPEUAECT B PEXKUM XpaHEHUA, a Kimouu | m 2
OTKPOIOTCS, M JIEBBIM TPUITEP BHOBb OYJET MPUHUMATh 3HAUCHUE, OMPEACIIieMOe
BCAKUW pa3 HOBOM KoMOMHaIMeW curHaioB Ha Bxojgax R u S . Takas pabora
TpUITEpa yxKe ObUla pacCMOTPEHA paHee.

O0600111as noBeneHue IByXCTyleH4YaToro Tpurrepa co Bxogamu R, Su C, a

Beixogamu Q7 u Q7, MOXHO cjelaTh BBIBOJ, YTO IIEPEXOJ] €ro B COCTOSHUE,
omnpenenseMoe KOMOMHAIMEl CUTHAJOB Ha YCTAaHOBOYHBIX BXojgax R u S
MPOUCXOJUT TOJBKO B MOMEHT MEPEKIIOUCHMs curHaina Ha Bxoje C 13 eIMHUIIBI B
HyJlb (MO cHagy WM Ccpe3y CHUTHala, MO 3aJaHHOMY (QPOHTY CHUTHAJa, IO
oTpuuareilbHOMy mepenany). Ha BpemenHoll ngumarpamme puc.2.5,B  3TO
COOTBETCTBYET MOMEHTY BpeMeHH t, . Bce octaibHOE BpeMsi TpUrrep HaXOAUTCS B
pexXuMe XpaHeHUs. YIpaBJICHHE, OCYIIECTBIIEMOE IO TIepernaay CcurHania,
Ha3bIBAIOT JMHAMHYECKHUM.

YcaoBHoe rpaduueckoe 0003HAYECHHE TAKOTO TPUITEpPA MPUBEICHO Ha
puc.2.5,6. JIe 6ykBb1 "T" B 0003HaueHUU (PYHKIIUU YKA3bIBAIOT HA HAIMYUE JBYX
CTYIIEHEW B TPUITEPE, XOTA 4acTO BTOPYIO OYKBY B JOKYMEHTaxX HE J0OaBIISIOT.
Bxon C, pearupyromuii He Ha ypOBEHb MOTEHIMAIA, 4 HA €r0 OTPULATEIbHBIN
nepenaj, BbIJEIEH CIEeNHaIbHBIM 3HAYKOM. YTOJI HaKJIOHA 4epTodykd Ha Bxonae C
Kak Obl TpaMUeCKy MOKA3bIBAET, YTO CUTHAJ JIOJDKEH M3MEHHUTHCS C BRICOKOTO Ha
HU3KUM ypoBeHb. Jlpyrue pomycTumbie OO0O3HAUCHHS IUHAMUYECKUX BXOJOB
noka3aHbl Ha puc.2.6 [24] ans nepeaHero ¢gponrta (a) u 3agHero ¢ponta (0)
COOTBETCTBEHHO. Jlerko BUIETh, YTO JUIsi TOTO YTOOBI Ha OCHOBE MpPEXHEH
CTPYKTYpbl ~ TOJYYUTh  TPUITEP,  yOpaBIseMbId  MEpeaHUM  (DPOHTOM
CUHXPOCHUTHAJIA, TOCTATOYHO Ha BX0jie C BKIIOUUTH JOMOJHUTEILHO HHBEPTOP.

Tabmumna nepexomoB mius RS-Ttpurrepa ¢ JuHaMUYECKUM  YIpPaBICHUEM
npeacraBieHa Ha puc.2.5,r. HoBbIM CHMBOJIOM B TaOJUIE SBISETCS CHMBOJI
dbponTa cuHxpoumityibca. Hambornee dacTto wmcmonb3yeMble 0003HAUEHHUS TOTO,
YTO MEPEKITIOYAIOIINM CHTHAJIIOM SIBIISIETCSI HE YPOBEHb, a MEpenaja ypOBHS C
CIMHUIIBI B HOJIb, IPUBEICHBI B Pa3HBIX CTPOYKAX ATOU TAOJHIIBI.



27

bbb o Hp

a)

Puc.2.6. O603Ha4eHUs] AMHAMUYECKUX BXOJOB: PSIMBIX WM C
nepeHuM GpoHTOM (a) U 0OpaTHBIX U C 3aJHUM GHpOHTOM (O)

CunxpoHnblii D-Tpurrep ¢ AmHAMHYeCKUM yIIPaBJIeHHEM

D-Tpurrep ¢ IuHAMUYECKUM YIIPABICHUEM CTPOMUTCS IO JABYXCTyNEHYATOU
cxeme u3 D-TpurrepoB ¢ o01Iel 1enblo CHHXpOHU3aluK Kak u y RS- tpurrepa c
TuHAMUYecKuM yrpasieHuem. Ha puc.2.7 npuBeneHsl ero (yHKIHMOHAIbHAsS
cXema, yCJIOBHOE Tpaduueckoe 0003HaUCHHE U Ta0IHIla MePEX0/I0B.

2 ___Ip[T o[ T 2 Jo[T7 |18 5l c | o
cl1 Q a 0 r 0
}Cz'f'czx‘f_ ¢ T [ 1 [ 1
7 X 0 Q
i+ 6) X 1 | Q

a) 5)

Puc.2.7. Cxema (a), YI'O (0) 1 Tabnuna nepexo1oB (B) CMHHXpOHHOTO D-
TPUITEPA C TUHAMUYECKUM YIPaBICHUEM

PabGoTa Tpurrepa MoxkeT OBITb PACCMOTPEHA AHAJOTUYHO MPEAbIAYLIEMY
TPUITEPY, HO HEOOXOJMMO YYECTh, YTO Ha BXOJI€ CTOUT MHBepTOop | M mpuem
uHdopmaruu 1o Bxoay D Oyner mpoucxoauTs 1o nepeaneMy pponty curnana C.
DTO CBOMCTBO OTOOpPaXEHO HA YCIOBHOM oOo03HaueHuu (cM. puc.2.7,0) u B
Tabnuile nmepexo1oB (cM. puc.2.7,B) COOTBETCTBYIOIUMH 3HAYKAMHU.

Tpurrepsl ¢ TakuM NOBEIEHUEM IIMPOKO MPEACTABIEHBI B MHTErPaTbHBIX
cepusix. [Ipumepamu moryt ciyxkutb K155TM2, K155TMS, K155TMO9.

Kaxnas  Mukpocxema HMMeeT  JONOJHUTENIbHbIE  BO3MOXHOCTH U
OCOOCHHOCTH B LEMAX YNPaBICHHs, YTO paclupser (PyHKIHOHAIbHbIC
BO3MOKHOCTH CXEMBI.

JK — Tpurrep

OyukuoHabHasg cxema JK—tpurrepa mnpenacraBieHa Ha puc.2.8,a. Ot
cxeMmbl RS-Tpurrepa oHa oTiaM4aeTcsi HHBEPTHPYIOITUMU OOpPATHBIMH CBS3SIMHU C
BBIXOJ/IOB Ha BXOJAHBIE KiIroud. [Ipu 3TOM 0003HaueHHe BX0J0B S U R 3ameHsercs
Ha J (oT anra. Jump — npeikok) U K (ot anrn. Kill — ybuts, pa3pymurs)
COOTBETCTBEHHO.
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ITpu J=K=0 cunxpocurnan C He MOXET OTKPbITh BXOJHbIE KJII0YU 1 U 2, U
TPUITEP HAXOJUTCS B pPEXUME XpaHeHus. Eciu Tpurrep HaxoIuTcCs B HYJIEBOM

cocrosinuu (Q5=0, @=1) u J=1, K=0, to cunxpocurnaiiom C OTKpbIBa€TCs

TOJIBKO KJIt0U | 1 Tpurrep 3 nepekatounTcs B enuHuiy. Ecnu e Tpurrep Obut yxe
B €IMHUIIE, TO B equHUIle ocTaHeTcs. [Ipu cHATUM cuHXpocUrHaNa HHPOPMAIIHS C
JIEBOTO TPUITEPA 3 MEPENMUIIETCS HA IIPABbIM 5 U OAHOBPEMEHHO 3aKPOETCS KIII0Y
1. Takum oOpa3om, BXOJ J BBITIOJNHSIET, KaK W BXOJ S B CHHXPOHHOM TPHUTTEpE
(GYHKIUIO YCTAaHOBKU B €AMHMUILY C YIIPABIEHUEM TI0 33 {HEMY (DPOHTY.

Herpyano yGeautbcs, uro K-Bxox ananmormuno R-Bxomy mnepeBoaut
TpUITEP B HyJIeBoe cocTosiHue. ClieqoBaTeNbHO, TP PA3HOMMEHHBIX YPOBHSX Ha
Bxonax J u K JK—rpurrep Benet ceds anamornyno RS—tpurrepy ¢ aunamuueckum
YIIPaBICHUEM.

[Ipu nomaue J=K=1 (a Takas xomOuHaius niasi RS—tpurrepoB ¢ mpsMbIMu
BXOJlaMU 3alpelieHa) Ipu J00M COCTOSTHUM TPUITEpa CUTHAIbl OOpaTHOM CBSI3U
OTKPBIBAIOT JUIl CHHXPOBXOJAa HMEHHO TOT BXOJHOM KIIOY, IPOMIA 4epe3
KOTOPBIM, CHUHXPOCUTHAJI IEPEBEACT TPUITEP B IPOTUBOIIOIOKHOE COCTOSTHUE.
TakuMm o6paszom, no kaxzaomy 3anHeMy (ponty C—curnana JK—rpurrep menser
CBOE COCTOSTHHE HA IPOTUBOIIOJIO0KHOE. TakoM pesKuM Ha3bIBAETCS CUETHBIM. Mmes
HECKOJIbKO BaApMaHTOB padoThl, JK-Tpurrep noiayuun Ha3BaHue — "yHUBEpCAIbHBIN
Tpurrep".

L] —J TT_Q
J—&t S| T T Q
1 —LC a
c [ —_—
& —
K o—OR 3? R 5? < K (I)_

a) J K | C Q Peskum
0 0 X Q XpaHeHne
0 1 L 0 Chpoc
1 0 L 1 YeTtaHoBka
B) 1T [ 1 L | 5 [Cuerrom

Puc.2.8. Cxema (a), YI'O (06) u Tabnuna nepexoios (B) JK -tpurrepa

VYcnosHoe rpaduueckoe obOo3HadeHue JK- Tpurrepa mnpuBeaeHo Ha

puc.2.8,6. Ha puc.2.8,B mokasana ero tadiuna nepexonoB. CumBoia ( B CUETHOM
pexumMe 0003Ha4aeT M3MEHEHHE COCTOSHUS TPUTTEepa Ha MPOTHUBOIOJIONKHOE IO
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OTHOILIIEHUIO K COCTOSHUIO (Q, 3aHECEHHOMY B BEpPXHIOIO CTPOKY TaOJMIBI H
XapaKTEePU3YIOIIEMY COCTOSIHME TPUITEpa 0 MOJauH YIPaBIAIOLIEH KOMOUHAIUY.

HeoOxomumMo mNOQUEpKHYTh, YTO OXBaT TpUITepa OOpaTHON CBSI3bIO
BO3MOXXEH JIMUIb IpHU yNpaBieHUH (POHTOM cHUrHaia. Ecinu oOpaTHyr0 CB3b
3a1ath 1 RS—Tpurrepa co ctaTUCTHYECKUM yIpaBieHUEM, TO pu C=1 BbIXox
TPUITEpAa  4Yepe3  BpeMs  3aJCpXKKU  MEPEKIOYEHHSs  M3MEHUTCS  Ha
IIPOTHUBOIIOJNOXKHBIM M T. A. CXema MNpeBpaliaeTcs B TI'EHEpaTop MeaHapa ¢
YaCTOTOM, ONPEAENSIEMO BPEMEHHBIMU NTapaMETPAMH TPUITEPA.

[Tpumepom JK-tpurrepa moryt ciayxutb K155TB1, K155TB6, K155TB9,
K155TB10.

T-Tpurrep

T-Tpurrepom Ha3bpIBa€TCS TPUITEP, UCIIOIB3YEMBIM B CHETHOM pexxkume. Ero
COCTOSIHE M3MEHSETCS HAa MPOTUBOIIOJIOKHOE C MPUXOI0M aKTUBHOTO CHUTHAJIA Ha
Bxo4 T. Bxoa T coOTBETCTBEHHO Ha3bIBAETCS CUETHBIM BX0OJI0M (0T aHri1. Toggle -
nepeKsoyaTenb). Tako TpUrrep MokHO noiryuuth u3 JK—tpurrepa, eciu Ha J u
K—Bxozbl mOJaTh TMOCTOSIHHBIC BBICOKME YpPOBHHU. YCIOBHOE Trpaduyeckoe
o0o3HaueHue, Tabiuia Mepexo0B U BpeMeHHas Auarpamma T- Tpurrepa rnokasaHa
Ha puc.2.9.

Q
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Puc.2.9. VI'O (a), Tabnuma nepexo1oB (0) 1 BpeMEHHBIC
nuarpaMmsl (B) T-tpurrepa

N3 nuarpamMMebl JIeTKO YBUJIETh, YTO B paMKax nepuoja (ot MmomeHTa t1 mpu
T=0, Q=0 nmo cnenytomero MomeHnta t2 T=0, Q=0) Ha KaXXable JBa BXOIHBIX
curHazia (3aaHux (poHTA) Ha BBHIXOJIC TPUITEPA MOJYYaETCs OJUH CUTHAN (3aaHUI
GbpoHT). DTO HaA3BIBACTCSl MEPECUETOM BXOJHBIX CUTHAJIOB Ha JIBa WU JCJICHUEM
4acTOThl Ha JaBa. MHorma Ha cuUeTHBI Tpurrep ymaoOHO IMOCMOTPETh Kak Ha
CyMMAaTOp IO MOJYJ0 2 BXOJIHOTO curHajga T U CBOETO COOCTBEHHOTO COCTOSTHHUS,
B KOTOPOM OH HaXOJUTHCA K MOMEHTY MPUX0JIa aKTUBHOTO (ppoHTa curHaia Ha T-
Bx0JI. Pe3ynbTaT cioxenus Oy1eT mpeICcTaBlIeH HOBBIM COCTOSIHUEM TPUTTEpa.

T-TpuUrrepsl KCHOJIB3YIOTCS I IOCTPOEHUSI CUETYUKOB.

B3anmHoe npeodpa3oBaHne TPUITEPOB

Ha npakTuke o4eHb 4acTo B IJIaHE pEUICHUS 3a/1a4d MepeBO/ia FJIEMEHTOB B
TpeOyeMbIii 0a3uc MPUXOIUTHCA MPEeOOpPa30BBIBATH CXEMbl OJAHUX TPUITEPOB B
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npyrue. Tak, Ha puc.2.10 nmokazaHa BO3MOXXHOCTb nojrydeHust T-Tpurrepa u3z RS-,
D- u JK- cOOTBETCTBEHHO.

R[TTHS LT e T8

TN ¢ _ _ e _

|_5 Tﬁ- T ¢ (I)..E K Tﬂ
) 6) B)

Puc.2.10. Cxemsbl nosyuenus T-tpurrepa uz RS-tpurrepa (a),
D-tpurrepa (6), JK-tpurrepa (B)

Puc.2.11 nmmoctpupyeT BO3MOXKHOCTh noiydeHusi D-tpurrepa u3 JK- u
CUHXpOHHOrO RS-Tpurrepa. Ilpudyem B oTiiMUKME OT OCTaJdbHBIX cxeM D-Tpurrep
Ha puc.2.11,6 Oyzaet paboTocrnocoOeH U P CTATUYECKOM YIIPABJICHUH.

T L8 D st 12
2 S - 28 SN P -
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Puc.2.11. Cxemsbl nonyuenust D-tpurrepa uz JK-tpurrepa (a) u
cuaxponHoro RS-tpurrepa (0)

Hakownen, Ha puc.2.12 nokazaHa BO3MOXHOCTb nosyyeHust JK-tpurrepa u3
RS-Tpurrepa ¢ auHaMuuecKkuM yrpaBiC€HUEM.

IIpuBeneHHbIE TpPUMEPBI HE SBISAIOTCS 3aMKHYTBIM MHOYKECTBOM W,
€CTECTBEHHO, BO3MOKHbBI U HEKOTOPBIE JIpyrue mpeoopa3zoBaHusl.
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Puc.2.12. Cxemsl nonyuyenus JK-tpurrepa

— |




31

st pacmmpeHusi (PyHKITMOHAIBHBIX BO3MOXHOCTEH TPUTTEPOB B HHUX
BBOJISIT JIOTMOJHUTENIbHBIE BXOJbl. Yaile UM mpuaaoT (QyHKIUU pa3pelieHus u
(unn) ycranoBku. Y D-tpurrepa Ha puc.2.13,a napamienbHo C-BXoly Ha BXOJIHbBIE
KIIFOUM ToJaeTca eui€é oAuH paspemaronui curHan E. /[onmoJIHUTENbHBIE CBS3H
MOKa3aHbl HA PUCYHKE MyHKTUPOM. [Ipu 3TOM, ecTeCTBEHHO, npueM MHpOpMaIuu
CTAHOBUTHCS BO3MOXKHBIM IIpU Mojaye cuHXpocurHasa C, HO MNpU HaJIUIUU
aKTUBHOIO YpOBHS Ha BXxoje paspemieHuss E. B Takoil cxeme cO CTaTM4eCKUM
ynpaBieHueMm Bxoabl E u C JOruyecku SKBUBAJICHTHBI M MOXHO TOBOPUTH O
pa3pelleHnH NpU HATMYUKA KOHBIOHKIIMK curHaiioB Ha C u E-Bxopgax.

Q

c el [T
E---+1-12 |-3 —E
[ a4t Rl
E L __12 JI_ 4
a) 0)
Puc.2.13. Cxema (a) u YI'O (0) D-tpurrepa co BXoaom
paspenieHus

Ha »To0ii e cxeMe MyHKTHPOM IOKa3aH JIOMOJHUTENbHBIN BX0J cOpoca B

HyJb - R. Ho cOpoc ocymiecTBisieTcss TOIbKO MPU OTCYTCTBHU PEXHMa 3aIHCH
enuHulbl. B mpoTuBHOM ciydae Ha Tpurrep OyaeT IMoAaHa 3alpeleHHas
KOMOMHALIUA U JaJIbHEHIIIee ero COCTOSTHUE MOYKET OKa3aThbCsl HEOIpelIeICHHbBIM.
YcnoBHoe rpaduyeckoe 0003HaUCHNE TPUITEPA C TAKUMHU BXOJIaMU MIPUBEACHO Ha
puc.2.13,6.

EcTecTBEHHO, YTO MOSBIEHUE KAKUX-IMOO OrpaHMYEHUN HAa KOMOMHALIMH
BXOJIHBIX CHUTHAQJIOB YCJIOXHSAET MNpOEKTUpoBaHUE cucteM. [loaTomy OOBIYHO
oOecrieynBaeTcs NPUOPUTET OJHHUX BXOJOB HajJ Apyrumu. MiniocTpanuel Takux
CBOMCTB MOJKET CIIy>)KMTbh pucC.2.14, rae noka3an D-tpurrep ¢ ynpasieHHEM IO
nepeanemy ¢ponry C-Bxona. InemenTsl (6) u (7) o6pa3yroT neBbiid Tpurrep, (10)
u (11)- npasiii. [lyHKTHPOM NOKa3aHbI CBSI3U OT JAOIOJIHHUTENBHBIX BXOJ0B cOpoca

R w ycranoBku S. Ecim, Hanpumep, nogano S=0, R =1, To k104 4 3aKpbIT, a
neBblid 6-7 u npaBbiid 10-11 Tpurrepsl nepexo4atoTcss B €IMHUYHOE COCTOSIHUE.
Tenepp, ecniu gaxe Ha Bxoge D Oyaer mpucyrctBoBaTh 0 M mpou3oiiner
nepekioyeHue curiasia Ha C-BxoJe ¢ HyJis Ha €IUHMUILY, JIEBbIA Tpurrep 6-7 He
3aMuIeT HOJb ¢ MH(POPMAIMOHHOTO BXOJa, TaK KaK KU 4 3amvcu Hyss Oyner

3aKPBIT HYJICBBIM CUT'HAJIOM CO BXOJa S . Takum 06pa30M, YCTAaHOBOYHBIC BXObI

R, S mnpeobnanator Hag Bxogamu D u C (MMEIOT IPUOPUTET) ¥ NP CO3JTaHUU Ha
HUX YHOPABISIIONIEH KOMOWHALIUU, TPUTTEP MEPEKIIOUUTCS B COOTBETCTBUM C HE

He3aBucuMO oT curHaioB D u C. HOC—)TOMy TaKuEC BXOIBI Ru S wnaseBaror
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ACHHXPOHHBIMMU. IIo oxoHuyaHuM ACMHXPOHHOI'0 CHIHaJIa YCTAHOBJIICHHOC HM
COCTOAHHC COXPAHACTCA BILUIOTH A0 OYUCPCAHOT'O aKTHUBHOI'O q)pOHTa C-curnaia.
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Puc.2.14. Cxema (a), YI'O (0) u auarpamMmmsl paboThI (B) TpUTTEpA C
npuopuTeTHBIMU RS-BXx0omamu

Takyto noruky paboTbl (HO He CTpyKTypy) umeer Tpurrep KI155TM2.
IToaromy ycnoBHOe rpaduyeckoe 0OO3HAYEHHE pacCMaTpUBAEMOIO TPUITEPA U
K155TM2 coBnanator. OHO npencrasiieHo Ha puc.2.14,0. Ha nuarpamme paboTsl

Takoro tpurrepa (cMm. puc.2.14,B) uHTEpBaNI t; - t, XapakTepeH Halu4YueM Ha R u

S -BX0/ax curHajga YyCTAaHOBKM B E€IUHUIy W HE3aBUCHMO OT KOMOWHAaIIUU
curHainoB Ha D- u C-Bxomax Tpurrep yJaep:KMBaeTCsl B COCTOSIHUM eauHUIlbl. Ha

uHTEepBaNe t)-t; R, S -BXOIbI HEAKTUBHBI, HeaKTUBHBI U D-, C-Bxonsl. Tpurrep
HaxoAuTca B pekuMe xpaHeHus. [losBiaenue axTuBHBIX (poHTOB Ha C-BXone
HaOJI0JaeTCsl Ha WHTEpBalie t; - t; MPU COXpPAaHEHHM IMACCUBHBIX CUTHAJIOB Ha
YCTaHOBOYHBIX Bxoaax. [IoaTomy 31ech TpUrrep nepekiatoyaeTcss CHa4yauia B HYJIb,
IIOTOM B €UHHULLY.

bonpmmmHCcTBO BBIMycKaemMbix UMC TpUITE€pOB MMEIOT JONOJHUTEIBHBIC
BXOJbl. Yame mpuUOpUTET HUMEIOT BXOAbl YCTaHOBKU. [IpM BO3HHKHOBEHUHU
COMHEHMH HE0OXOAMMO 0053aTelIbHO  pa3peliuTh WX, OOpaTHUBUIMCH K
CIIPaBOYHUKAM WJIA BOCIIOJIb30BABIIUCH DKCIIEPUMEHTOM.
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Tpurrepsl B HHTerpajbHBIX CepPUAX

WNHTerpasbHble CEpUM HMMEIOT B CBOEM COCTaB€ OOJBIIOE KOJUYECTBO
TPUITEPOB pPA3NUYHBIX TUMOB. Hampumep, Tum Tpurrepa, NpeaCcTaBICHHBIM Ha
puc.2.14,6 MOXHO HAWTH B pa3NUYHBIX BapuaHTax B cepusax133, 155, 531, 555,
1533, 1554.

Ha puc.2.15 npencrasnen tpurrep, MOJI€NIb KOTOPOTO COOTBETCTBYET JIOTUKE
pabotel Mukpocxembl 555TBY n aHamornuHeiX MHKpocxeM u3 cepuid 155, 531,
1533, 1554. Bxoamsl J u K cuHxpoHuszupoBansl BXxoAoM C U COOTBETCTBYIOT
MOBEJCHUIO TPUITEpa, MOKAa3aHHOTO Ha puc.2.8,0. OgHAaKO B peaJbHOW cXeMme
n00aBJIEHbl MHBEPCHBIE YCTAHOBOUYHBIE BXOABI RS, KOTOpblE MMEIOT MPUOPUTET
HaJ[ IPYTMMHU BXOJaMH. DTO TUIIOBAs CXe€Ma YHUBEPCAILHOTO TPUTTEPA.

Hekoropoii monudukanueld yHHUBEPCATbHOTO TpUITEpa SBISETCS CXema
155TB1 (puc.2.16). Otnuuue 3akiodaercs B ToM, yTo BxojaoB J u K B sTom
TpUITEpPE HECKOJIbKO. B cBoeil rpymme Tpu Bxoja pabotator mo cxeme "HN" wu
CIIOCOOHBI OOECTICUUTh pEATU3AMNI0 BXOJHOW JIOTUKH 0O€3 JOMOJHUTEIbHBIX
MHUKpPOCXEM. OTO CYIIECTBEHHO paclupseT (YHKIHOHAIbHBIE BO3MOXXHOCTHU
MUKPOCXEMBbI, U TPUITEP IMOATOMY HA3BIBAIOT YHUBEPCAIBHBIM MHOTOIEIEBBIM
TpurrepoM. B ocTaJbHOM JIoTMKa €ro pab0oTbl COOTBETCTBYET JIOTHKE
YHUBEpCalbHOTo Tpurrepa (puc.2.15).
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Puc.2.15. Tpurrep _ﬁj

555TB9
Puc.2.16. Tpurrep

155TB1

3aganme 2.1. UccaenoBanue RS-tpurrepa u3 jsornyeckux nemMeHToB M-
HE u HJIU-HE

J1ist BBITIONTHEHWS 3aJaHUs] HEOOXOMMO TIOCTIEI0BATEIbHO CUHTE3UPOBATh U
uccinenoBatb cxemy RS-tpurrepa u3z noruueckux snementoB "M" u "WJIN",
BBISIBUTh Ha3HAYEHUE BXOJIOB ATUX CXEM, THUI aKTUBHOT'O CUTHAJIA.

Cnenyer ydecTb, YTO THUI AKTUBHOIO CHTHAJI MOKHO ONPEAEIHUTH TpHU
YCTAHOBKE OJIMHAKOBBIX BBIXOJHBIX CHUTHAJOB Ha BBIXOJAX TpuUITEpa C
YCTAaHOBOYHBIMHU BXOJIaMH. DTa CUTYyalldsi COOTBETCTBYET 3alpelIeHHONW BXOJIHOU
KOMOMHAIIMK, U CUTHAJbl Ha BXO/aX, €CTECTBEHHO, SBJSIOTCS B JIAHHBIA MOMEHT
aAKTUBHBIMHU.
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B otuere npeacTaBuTh AJisl KaK0TO U3 ABYX TPUTTEPOB:
- pyHK1moHaNbHYIO cxeMy U YI'O Tpurrepa ¢ 0603HaueHHEeM Ha3HAYEHUS
BXOJIOB U BBIXOJIOB;
- TUIT aKTUBHOTO CUTHAJIA;
- TaOJUILy MEPEX0JI0B TPUITEPA;
- BBIBOJI O pab0TOCIIOCOOHOCTH TpUTTEpA.

3ananme 2.2. UccaenoBanue DC-Tpurrepa Ha ocHoBe RS-Tpurrepa

JIns BBINIOJHEHUS 3aJaHusi HEOOXOJUMO CHHTE3UpPOBAaTh M HUCCIEI0BATH
cxeMy D-tpurrepa Ha ocHoBe RS-Tpurrepa, BbISIBUTH HAa3HAYEHUE BXOJOB H
BBIXOJIOB, TUIl aKTUBHOTO CHUTHAJIA.

CuHTe3 cxeMbl yrpaBjieHHUs BXojgaMu RS-Tpurrepa BBIIOJIHHUTH MO OOIIUM
IpaBujIaM CUHTE3a KOMOMHAIIMOHHBIX CXEM.

B oTtuere npeacTaBuTh:
- TaOJUILy UCTUHHOCTH JJI CXEMBI YIIPaBJICHUS BXOJIAMU;
- pyHkImoHaNbHYIO cxeMy U YI'O Tpurrepa ¢ 0603HaueHHEM Ha3HAYCHUS
BXOJIOB U BBIXOJIOB;
- THIT aKTUBHOTO CUTHAJIA;
- TabJIHIly TIEPEX00B TPUTTEPA;
- BBIBOJ] O pabOTOCIIOCOOHOCTH TPUTTEPA.

3aganue 2.3. HcciaegxoBanme DC-Tpurrepa ¢ CHHXPOHHM3aLMEHd 10
(¢ponTy curnana

JIJist BBIMIOJTHEHUST 3a/laHusi HEOOXOJUMO CHHTE3UPOBATh U HCCIEAOBATh
cxemy D-Tpurrepa ¢ cuHXpoHM3aIen no PpoHTy curHasa, BHIIBUTh HA3HAYCHUE
BXOJIOB U BBIXOJIOB, TUIT aKTUBHBIX CUTHAJIOB.

B otuere nmpencraButs:
- pyHkuoHanbHyt0 cxeMy u YI'O Tpurrepa ¢ 0603HaueHHEM Ha3HAYEHUS
BXOJIOB U BBIXOJIOB;
- TUIl aKTUBHOTO CUTHAJIA;
- TaOJUILy NEPEX0JI0B TPUITEPA;
- BBIBOJ] O pabOTOCIIOCOOHOCTH TPUTTEPA.

3ananue 2.4. Uccnienopanue nunamukn UMC Tpurrepa
HeobOxomumo BeiOpath Tpurrep MMC KI55TM2 (unm mo ykazaHUIO

npenoaasarenss - S555TB9 wnum  gpyroil) u3 OuOIMOTEKH MOZENUPYIOLIEH
nporpaMMbl, HaOpaTh cxeMy, OOECIEUYHBAIOIIYI0 YIpPaBICHHE BCEMH BXOJaMHU
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TPpUITCpa U Ha6J'IIOI[eHI/Ie 3a CMTI'HaJlaMH Ha €ro BXOJdaX H BbIXOJaX. I/ICCJ'IeI[OBaTB
MMOBCACHUC TpPUITCPA HU CACITATL BBIBOJLI I10 C(i)OpMy.III/IpOBaHHBIM HHWKC
BOIIpOCaM, O(l)OpMJ'ISISI IIOCJICAOBATCIILHO OTUYCT O BBIIIOJIHCHUHM 3a1aHH.

[TocnenoBaTenbHOCTD BBINOIHEHMS 3a/1aHUS:

1. Ha HOBOM 3KpaHe HaOpaTh cxemy, 00ECIIEUMBAIOIIYIO YIIPABICHUE BCEMU
BXOJlaMU TPUITEpa M HAOJIIOJICHUE 3a CUTHAJIAMU Ha €ro BXxoJjax u Bbixojax. YI'O
TpUITEpa 3aHECTU B OTYET;

2. 3apmaBas pa3iauuHble KOMOHWHAIIMM BXOJHBIX CHUTHAJIOB, BBISBUTH
Ha3Ha4YeHHE BXOJI0B Tpurrepa. Haznauenue Bxom0B chopMynrpoBaTh B OTUETE;

3. CocraBuTh B OTHeTe TaOMUIly pEKUMOB Tpurrepa. l[lpumep Takoi
TaOIMIIBI TPUBEAECH Ha puc.2.8,B;

4. CaenaTh BBIBOJ O TUIIE TPUITEpa, HA3HAYCHUH BXOJOB M MPABUIHLHOCTH
ero (yHKIIMOHUPOBAHUS;

5. Cnenatp BbIBOJ O (DPOHTE CUTHAJIA, 10 KOTOPOMY CpabaThIBAaET TPUITED;

6. Cnenatp BbIBOJI O IPUOPUTETE BXOJOB 110 OTHOIIEHUIO APYT K IPYTY.

3ananue 2.5. UccienoBanue BO3MOKHOCTH peanu3anuu T-Tpurrepa Ha
ocHoe UMC K155TM2

[locnenoBaTenbHOCTH BBIMOJIHEHUS 33/1aHUSA:

1. [IpogymaTs BO3MOKHOCTh Opranu3auuu T-sxona y tpurrepa 155TM?2 co
BxoA0M D. [losydeHHy10 cXeMy 3aHECTH B OTYET;

2. 3anmaBas paziMuHble KOMOWHAIIUM BXOJHBIX CHUTHAJIOB, BBISBUTH
Ha3HA4YeHUE BXOJIOB Tpurrepa. HasHauenue BX0J10B cHOpPMYIUPOBATH B OTYETE.
YT'O HOBOrO TpUTrTepa 3aHECTH B OTYET;

3. CocraBuTh B OT4YeTe TaONMIy pPEKUMOB Tpurrepa. [lpumep Ttakoit
TaOIMIIBI TPUBECH Ha puc.2.8,B;

4. Cnenatb BBIBOJ O THIE TPUITEpPA, HA3HAYCHUH BXOJOB U MPABUIBHOCTU
ero (yHKIIMOHUPOBAHHS;

5. Cnenatb BbIBOJ O GPOHTE CUTHAIA, IO KOTOPOMY CpabaThIBaeT TPUTTED;

6. CaenaTh BBIBOJ O MPUOPUTETE BXOAOB MO OTHOLIECHUIO APYT K APYTY.

3apanus 11 caMONPOBEPKH

1. Hnsa  tpurrepa RS, D, T, JK HapucoBath ycioBHOE Trpaduyeckoe
0003HaueHue, TabJIMIly MepeX0I0B.

2. B uem oTiamumne AMHAMUYECKOTO U CTATUYECKOTO BXOJOB TpUrrepa?

3. B kakux mnpenenax MOKET U3MEHSATHCS 3HAUEHUE HANPSKEHUS Ha
Bxogax TTJI cxeM 6e3 MCKa)KEHHS JIOTUKH paOOThI JIOTHYECKOTO dJIeMEeHTA?

4. ChopmynupyiiTe METOIUKY TTOMCKA HEUCIIPABHOCTEHN B TPUTTEPAX.

3. Kakoii Tpurrep y100HO UCIIOIB30BATH I COXPAHEHUS JAHHBIX ?

6. Kakoii Tpurrep uCnoiab3yroT IJsl yCTpaHeHUs Jpe0de3ra KOHTaKTOB?
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7. [loyeMy B MHTErpaJIbHBIX CEPUSAX OTCYTCTBYIOT TpuUrrepel ¢ T-
BX0J0M?

8. [lepeuncnure cnocoObl B3aUMHOTO MTPe0Opa30BaHUs TPUTTEPOB.

9. JIns kakux 1enend ucnoib3yrT T-Tpurrep?

10. [l KakuXx 1ejied UCIOJIb3yIT MPUOPUTET BXOJ0B?



