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Mpeoucnosre

LudpoBast 2JIEeKTPOHMKA SIBJSIETCSI UHTEPECHEHIIE, CTPEMUTENBHO Pa3BUBAIO-
uieiics B IOCJieMHUE Toabl O0JIACTBIO COBPEMEHHOM 3MeKTpOHMKM. He Tosnbko
UHXXEHEPbI-3JIEKTPOHIINUKH, HO M CIMEIUAIUCTH IPYTUX TUCUMIUIUH CTPEMSITCS
paclIUpUTh MO3HAHUSA B 3TOH HOBOII 00JACTH TeXHHKU. B «DnekTpoHmke 3»*
ObUIO M3JIOKEHO KpaTKoe BBedeHMe B Kypc LMGppoBoil 3yeKTpoHUKU. JlaHHas
KHUra, «djekTpoHuka 4» (B pycckoMm mepeBone «LlucdpoBas sneKkTpoHMKa» —
MPUM. pel.), ITO3BOJISIET MPUOOPECTU OOLIMPHBIE 3HAHUS. B 3TOM OOJIacTH.

IIpeamonaraeTcs, 4TO YUTATETH 3HAKOM C OCHOBAMM 3JIEKTPOTEXHUKHU M JIEK-
TPOHHMKHU, KOTOpble HEOOXOMUMBI JUISI TIOHUMAHMS HEKOTOPBIX IJIaB 3TON KHHIH.
BoJNBLIMHCTBO pa3aesioB JOCTYITHO 03 CielUaIbHBIX MPeIBapUTEIbHBIX 3HAHUIM.
YuraTeio MpUAETCS MPUBBIKHYTh K MTPUHSTOMY B JaHHOW 00JIaCTH 3JIEKTPOHM -
KU «UIMPPOBOMY MBIIUIEHHUIO».

Oco60e BHUMaHUE YOEISIETCS SICHOMY M MCUEPIIbIBAIOLIEMY U3JIOXKEHUIO Ma-
tepuaia. [TocnemoBaTeIbHO pacKpbIBacTCI MUP LHU(MPOBOI SJIEKTPOHUKH, €€ B3a-
HMOCBSI3b C IPYTMMHU OOJIaCTSIMM TeXHUKH. IIpM 3TOM MCIIOJIb30BaH OMBIT UTH-
TEJIbHOU TPEIogaBaTeIbCKON AeSITEMbHOCTA aBTOpa yYeOHUKA.

KHura MoxeTr UCIOJb30BaThCSI KaK B KAa4ECTBE OCHOBHOIO y4eOHHUKaA ISt
KYPCOB 10 CITELIMAIIBHOCTH, TaK U TSI CAMOCTOSITEIbHOTO 00ydeHusi. KOHTpOJIbHbBIE
TECThI C BOMMPOCAMHU M 3aJayaMU B KOHLE KaXXIOi IJIaBbl IMO3BOJISIIOT MTPOBEPUTH
MOHMMAaHHMe TPOoaIeHHOro Marepuaa. PenieHus npuBeaeHbl B KOHIIE yyeOHUKA.

KHura npegHasHayeHa IS CTYJEHTOB 3JIEKTPOTEXHUYECKMX M MAUIMHOCTPO-
UTEJBHBIX CITELMAJIBHOCTEN, MHXEHEPOB-IPAKTUKOB, TEXHUKOB, a TaKXKe BCeX,
KTO MHTEpecyeTcsi COBpeMeHHON LHUudPOBO TEXHUKOI.

BceM, KTO MpUHSUT yyacTHe B paGoTe Hal KHUTOM, BRIPAXalo CBOIO cepley-
HYIO IIpU3HaTeJIbHOCTb. OTaebHas O1aronapHocTh u3nareabcTBy Vogel Buchverlag.
Bcerna pan oT3siBaM yMTaTesieil U NMPEIUIOXKEHUSIM 10 YIYYIIEHHUIO TEKCTa.

Banbsakupx/bpaiisray

Kaayc boiim

* Elektronik 3.Grundschaltungen von Beuth, Klaus/Schmusch, Wolfgang. Vogel Buchverlag,
2003. Ha pycckuit a3bIKk He nepesomwiack. — [1pum. pes.



FNMABA 1

OCHOBHbIE NMOHATUA

1.1. AHanorosoe u undpoBoe npeacTasieHmne BennyuH

TToHATHSA «aHAJIOTOBBII» M «IIU(PPOBOIT» IPHUIIIA U3 BHYMCIUTEIBHON TEXHUKHI
U CTaIU OOLIECTIPUHATHIMH IS BCeil 3JIEKTPOTEXHMKH, BKIIIOYAsl pa3ielibl H3Me-
PUTENIbHOM TEeXHUKU (METPOJIOTUM).

1.1.1. AHanoroBoe npencrasfeHne BenNn4nH

st ipeicTaBeHKs BEJIMYMHBI B aHAJIOroBoi opMe TpebyeTcs anaroeuunas, To
€CThb «COOTBETCTBYIOIIas» u3myecKas BeJIMYMHA. JIJIg aHAJIOrOBBIX BBIYMCIIU-
TEJIbHBIX MAIIMH TaKOM aHAJOTUYHON BEJIUYMHOM SBJISETCA DJIEKTPUYECKOE Ha-
npsckeHue. Tak, HapUMep, YUCIO MOXHO IHPeICTABUTh CIEIYIOIIMM 0Opa3oM:

Yucny 1 cCOOTBETCTBYET 3Ha4YeHUe HanpsxeHus 8 1 BonbT (B).

1£1B

(& 03HaYaeT «COOTBETCTBYET»).

Janee 2 BojbTa COOTBETCTBYIOT 4mMciay 2 M 3,6 Bojbra — wmeiy 3,6. s
npencrapieHus yucia 4,365, TakuM o6pa3oM, HeOOXOTUMO HampsokeHue 4,365 B.
Yr1o6bl paboTaTh ¢ COJBIIMMHU YMCIaMM, HYXXHO BBIOpaTh APYroi MopsimokK, T. €.
apyroi MaciuTta6, Hanpumep 1 £ 1 MB. MHade Mbl GyneM MMETH €0 CO CIIMLI-
KOM BBICOKHM HANpPSKEHHUEM.

AHAnNOroeble BeANYMHbLI — 3TO 3HAYEHUA COOTBETCTRYIOWUX GNINYECKUX BENM-
HY1H, KOTOPbLIE MOTYT NPpUHUMaTh noboe 3HayeHne B npegenax aonyctmMoro gna-
nasoHa.

TOYHOCTb TpeAcTaBiIeHUS aHAJOTOBBIX BEJIMYMH 3aBHUCHUT OT TOYHOCTH, C
KOTOpPOII MOryT OBITh MU3MEPEHH COOTBETCTBYIOLIWE MM BEIMYUHBI. 3I€Ch MBI
OGBICTPO CTAJIKMBaeMcsi ¢ pusHYecCKMMU orpaHudeHussMHU. HarpsokeHue Moxer
OBbITh U3MEPEHO 0€3 MPUMEHEHMS CITEINATIbHBIX PElIEHUIT ¢ TOYHOCThIO 10 + 1 %,
¢ mpuMeHeHueM Oojiee gAoporux pemeHuii — mo * 0,1 %o. Ilpu manbHeiem
YBEJIMYEHNH TOYHOCTH PE3KO BO3PACTAET CTOMMOCTD u3MepeHuii. pyroi ¢puszu-
YeCKOil IpaHMIIeN SBJISeTCS 3aBUCUMOCTD OT TeMIIEPaTyphl.

AHAnNOroBbie BeSIHNHBbL MOTYT 06bI4HO ObITb npeacTtassieHbl C TOYHOCTLIO 110
TPETbEro AeCATUYHOro 3Haka.

IIpocToii aHaIOrOBOI BHIYUCIUTEIHHON MaIlIMHON SBJISIETCS NJaBHO U3BECT-
Has JiorapudMuueckas JIMHelika. B kauecTBe COOTBETCTBYIOMIEH BETUYUHBI MC-
MONb3yeTcs IMHA. J[1Ha COOTBETCTBYET YMCIEHHBIM 3HAUYeHUSIM B Jiorapud-



1.1. Ananozoeoe u yugpoeoe npedcmaenenue eauun ID

NG

AHanorosas BeNUuMHa
<o

Puc. 1.1. AranoroBsoe npeacraBlieHUEe U3MePsi-
€MOI BEJIUYUHBI. Puc. 1.2. AHanorossie 4achl.

MUYecKoM Maciitabe. TakuM o6pa3oM, 3aBHCHMOCTh MEXIY aHAJIOrOBOM BEJIM-
YUHOM M COOTBETCTBYIONIMMH €il BeIMYMHAMHU TaKXe€ HOJDKHA OBITh HEJIMHEH-
Hoit. TouHocTh lorapudMUYECKOU JIUHEWUKHA 3aBUCUT OT BO3MOXHOCTH TOYHO
pPaccMOTpeTh €€ IOKa3aHHUS.

B usMepureNibHO# TEXHUKE aHAJIOTOBOE IPEACTABIICHUE BEJIMUMH UMEET 0CO-
OeHHO OosblIoe 3HaYeHue. CTpeJIoOYHBIE U3MEPUTEIbHBIE TPUOOPHI IIPEACTABIIS-
IOT U3MepsieMble BEJIMYMHBI B aHAJIOTOBOM Buje (puc. 1.1). AHajoroBasi BeJIM4H-
Ha — 3TO yTOJI, KOTOPBIif CTpesiKa oOpa3yer co CBOEi HyJIEBOM IUHUEH WA COOT-
BETCTBYIOIIUI ydacToK ImKajibl. CTpesnka mpubopa MOXET IMOKa3aTh JII006oe
3Ha4YeHHE B Mpeaeax IIKaJIbl.

CrpestouHble Yachl Ha pHC. 1.2 NMOKa3bIBalOT BpeMsl B aHAJOroBoii ¢opMe.
AHaJIOTOBOI BEJIUYMHOMN SBJISETCSI YToJ WiIX ayra. JJOoIyCTUMBIM QUAria30HOM B
JIaHHOM cirydae GymyT 360 rpamycos, T. €. IOJHBIA 0G0OPOT CTPENIKH.

JuarpaMMel Ha puc. 1.3 TakKe SBISIOTCS aHAJIOTOBBIMHU IIPeICTaBICHUSIMU
BEJIMYMH. AHAJIOTOBOIl BEJIMYWHOI B TAHHOM CJIydae SIBJISIETCSI BRICOTA CTOJIOMKA.

OcmwuiorpaMMa MepeMEeHHOT0 HaIpsDKeHUsT Ha puc. 1.4 Takke SIBIISIETCS
aHAJIOTOBOM BeJIMYMHOIM. HanpsokeHre MoXeT IMpUHUMATh JIIOObie 3HAY€HUsI BHYT-
pH IOMyCTUMOTO JWara3oHa.

ITpu aHaIOrOoBOM IpPEeACTaBJICHUH BEJIMYUH MOXHO J€J1aTh BHIBOIBI O TPEHAE
(TeHIEeHIIMM Pa3BUTUS) Mpoilecca.

w| <
-

"V

Puc. 1.3. Ananoropoe npeacraBjieHue, Hanpu- Puc. 1.4. AHanorosoe npeacTaBieHne Hanps-
Mep, 3apaboTHas IUIaTa Pa3JUYHbIX npodeccuii. XEeHHS.

5~V
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1.1.2. UnodppoBoe npeacraBneHne BeanyuH

IIpu nudpoBoM npeacTaBIeHUM MPUMEHSIOT 3JIEMEHTHI, KOTOPBIE MOXHO CO-
cuutath. [loHaTne «umdpoBoit» MPOMCXOAUT OT JIATHHCKOTO ciioBa digitus (ma-
nerr). Yucjio MOXHO IpeICTaBUTh, HAITPUMEP, KOJTUYSCTBOM TaibIiieB. IIpocThiM
HHGPOBHIM CUETIYUKOM SIBJISIIOTCS. BCEM M3BECTHBIE cUeThl (puc. 1.5). Yucio npen-
CTaBJIIETCSI KOJIMYECTBOM KOCTSIIIIEK.

U,I/ldeOBble BE€NMNYNHbI COCTOAT U3 3JIEMEHTOB, KOTOPbIE MOXHO COCHYMTaTb,

ITpeumyniecTBO MUPPOBOTO IMPEACTABICHUS OYeBUIAHO. TOYHOCTD MpeICcTaB-
JICHUS HE OTpaHMIUBaIOT pusndeckue 3pdekThl. Ecin yBeIMIUTh YUCIO KOCTSI-
IeK Ha CYeTax, YBEJIUIUTCSI U TOYHOCTD.

Lindpoebie BeNUYMHBI MOXHO NPEACTABASATE C OO0 TOYHOCTHLIO.

B 2/1eKTpOHHBIX KaJbKYJIATOPaX BMECTO KOCTSIIEK IPUMEHSIOT 3JIEKTpHUYe-
CKHe UMITYJIbCHL. YHCo 3 MOXHO MPEeACTaBUTh TPEMs MMITYIIbCaMU, a YUCIIO 37 —
cooTBeTcTBeHHO 37. OmHaKO TaKoe MpeAcTaBlIeHUue HeEpallMOHAIBHO U He IMpH-
mensiercsa. Benap mia gumciaa 100 000 6p10 GBI HEOOXOXMMO MCIIOJIb30BaTh
100 000 uMITYyIBCOB, a OTO IOYTH HEpealbHO.

s mpencTaBieHus Yucesl B I(PPOBOM BUII€ MPUMMEHSIOT TaK Ha3bIBaeMbIe
xonpl. Ha puc. 1.6 nokaszana guarpamMmMa mucdpoBoro curHaia.

)
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Puc. 1.5. CueTsl KaK npumep npoctoro uud- Puc. 1.6. Bpemennas nuarpamma 1udpoBoro
POBOro CYETYMKA. CUTHaa.

Tak xax 1udpoBbie BEJIMYMHBI COCTOSAT U3 3JIEMEHTOB, KOTOPHIE MOXHO CO-
CYMTATh, TO JJISI HAIIIAHOCTH IIPUMEHSIOT IIPENCTaBICHHE BEJIMIUH B BUIE YHCE]L.

OTtobpaxeHne nHbopmMaumm ¢ NMOMOLWbLID UNGP Ha3biBaeTCa LNbPOBON nHAN-
Kauuemn.

MsMmepurenbHble TPUOOPH ¢ M poBOii MHAMKaueil Ha3pBalOTCs nudpo-
BbiME npudopamu (puc. 1.7). Yacsl ¢ uudpoBoil MHAUKALMENH Ha3bIBAIOTCS HAg-
POBBIMH YACAMH.

Lindposble MHOUKATOPLI OQHO3HA4HBbI.

P

BAese.

Puc. 1.7. lludposas nuauKalysa U3MEPUTENBHOrO Npubopa.
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1.2. BUHapHbIe 1 NorMyeckne CoCcTosHUSA

IIudpoBas BeIMIMHA COCTOUT, KaK OBUIO YCTAHOBJICHO B NpEIbIIyIIeM pa3ee,
M3 3JIEMEHTOB, KOTOPBIE MOXHO COCYMTAaTb. DTHU 3JIEMEHTH MOTYT MMETHh JBa,
TpU WM OGoinblre coctostHuii. Ha puc. 1.8 u3obpaxeH curHai ¢ TpeMsi BO3MOX-
HbIMHU cocTogHusaMu: 10 B, 5 B u 0 B.

A
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Puc. 1.8. [TudpoBoii curHan ¢ TpeMsa BOSMOXHBIMHA COCTOSTHUSMH.

Lindposbie curHanel Moryt uMeTb ABa, TpU uny Bonblie 3Ha4YeHuit, T. e. ABa,
TPU UnnM 60nblie GUKCUMPOBAHHBIX COCTOSIHWIA.

OmHako B UGPOBOM 3JIEKTPOHUKE JIEMEHTHI MOYTH BCErIa UMEIOT TOJIBKO
JIBa COCTOSTHMSA. TpaH3MCTOp MOXET OBITh JIMOO 3aKPHIT, JIMOO HACHIIIEH. DJIEKT-
pyYecKUii MMITYJIBC WIM CYWIECTBYET, WX HeT. ECTh TOJNIBKO JIBA BO3MOXHBIX
coctrosiHus 1mdpoBoro 3jeMeHTa. HanpsokeHne MMeeT cCOrjiacOBaHHOE BepxHee
3HaYeHHe WIM COIIACOBAaHHOE HYDKHEE 3HaYeHMe (C ONpeAeIeHHBIM JOIIYCKOM).

OO6bluHbIE UMPPOBLIE BNEMEHTHI SBASIOTCH «ABY3HAYHBIMU», T. €. UMEIOT ABa
BO3MOXHbIX COCTOSIHUS.

CBOMCTBO JBY3HaYHOCTH 3JIEMEHTOB BBHIPaXXalOT TEPMUHOM «OMHAPHOCTH» (OT
JIaTUHCKOro cioBa bin — naBaxabl). IIpuMeHseMbie B 1UMPOBOI DIIEKTPOHUKE
SJIEMEHTHI SIBJISIIOTCS OMHApPHBIMU JIEMEHTAMU.

Tak kak undpoBas dNEeKTPOHUKA UCNONb3YET TOJIbKO BUHAPHbLIE 3NeMeHTbl, 60-
nee TOYHO ee cnefoBano Okl HazbiBaTh «GUHApPHAS UMDPOBaR SNEKTPOHNKA».

CooTBeTcTBEHHO AJisi HU(MPOBBIX MUKPOCXEM TakKe JOJIKHO ObUIO OBl MC-
MOJIb30BaThCsl 0003HaUYeHUE «OMHapHBIe MU(pPOBEIe MUKpOocxeMbl». Ho Tak Kak
B HacTosilliee BpeMs He UMeeTCs — 110 KpaliHeil Mepe B TEXHUYECKON 00JIacT —
HUKaKON Ipyroi 1mudpoBOil TEXHUKH, TO JOTMOJHUTEIBHOE CIIOBO «OWMHApHas»
MOXHO He€ Mcroab30BaTh. COBCEM HEHABHO Y3HAJIM, YTO CYIIECTBYET YETHIPEX-
3HayHas «1¢ppoBas TEXHUKa» B MUPE KUBBIX CylliecTB. OHa UCITOIB3yeTCs MpexkIIe
BCEro Ui KOOUPOBAHUSI, COXpaHEHMs, BHIOOPKM M IIepelady HacJeICTBEHHOMN
uHpopmaLmu. Pe3ynbTaThl JATbHEWINUX UCCIEHOBAHUM MOKAXYT, IIPEBOCXOIUT
Jm urdpoBas TeXHUKA MPUPOABI MPUAYMAaHHYIO JIIOAbMU.
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BunapHbie COCTOSAHUSI B IM(PPOBOIl TEXHUKE TaKXKe HA3bIBAIOT HU(POBLIMH.
ITpuMepsl GUHAPHBIX COCTOSTHMIA:

IlepBoe OGuHapHOE cocTOMMHE BTopoe 6unapHoe cocTosmue
Koy pasoMKHYT HWwmnynsc ecth
TpaH3UCTOP OTKPHIT Jluon OTKpHIT
HanpsixeHune BhICOKOE Toxk GonbiIoit
Matepuan MarHUTHBIN Koy 3aMKHYT
HMnynbca HeT TpaH3uCTOp 3aKPHIT
Jluon 3aKpheIT HanpsaxeHnue Hu3K0e
Toxk Mansrit Marepuan HeMarHUTHBINH

Tak xak B 1incppoBoii 3JIEKTPOHUKE paboTalIOT C MUKPOCXEMaMH, TO MpexXe
BCEro OMHapHBIMHU SIBJISIOTCS YPOBHH HarpspkeHus . [Ipon3BoauTeNM yKa3bIBaloT
U1 POBBIX MUKPOCXEM OHMHApHBIE COCTOSIHUSI HAIIPSDKCHUSI B MHCTPYKITHSIX
1O 3KCIUTyaTanyuu. TUIIMIHbBIE OMHAPHBIE COCTOSIHUS HAIPSDKCHUS:

+2 B 0 B (3azemuieHuE)
+5B 0 B (3azemuieHue)
+5B —5B
+12 B 0B
0B —12 B

19 OMHApHBIX COCTOSIHMIM HAIPSCKSHUS MMEIOTCS OIpeleieHHbIE TOIMyCKH
(puc. 1.9). Hanpumep, HalpsoKeHHe MOXET MMETh OMHO OMHApHOE COCTOSIHME B
npenenax ot 4 go 5,5 B. HanpsokeHue Apyroro 6MHApHOIO COCTOSIHUSI MOXET
66T Mexay 0 B u +0,8 B. HU3KW ypoBeHb HanpsoKeHUST 0003HAYAETCS CUM-
BosioM L (oT aHDmiickoro low — Huskuit), BBICOKMY ypoBeHp HanpsoKeHHS
cuMmBojsioM H (ot anmmiickoro high — BBICOKMIA).

l L = Low = HU3KUWN yposeHs. |

YpoBeHb, CTpeMSIIUiicsI K MUHYC 6ECKOHEYHOCTH (— oo).

L = High = BLICOKMW yposeHb. |

VYpoBeHb, CTpeMSIIUICS K IDIIOC GECKOHEYHOCTH (+ o).

BunapHbie cOCTOSIHUSI caMM IO cebe HUYero He BhipaxaioT. IM MOJIKHBI
OBITh ITOCTABJIEHBI B COOTBETCTBHE TaK Ha3bIBaeMbI€ JIOTUYECKHE COCTOSHMUS.

Jlornyeckoe cocrosinue 1 B ajredpe JJOTMKU HAa3bIBAIOT «BEPHO» MJIHM «HC-
TUHHO». Jlormyeckoe cocTrosHue (0 3HAYUT «HEBEPHO» MIJIM COOTBETCTBEHHO
«JIOXKHO».



Konmpoavnoiii mecm 15 )

L (BLICOKMIA)

H (HU3KNIy

Puc. 1.9. Jonycky 6MHAPHBIX YPOBHEI HANPSKECHUS.

[NpucsaueaHue GMHapHOFO COCTOSAHUS NOTrM4eCcKoMy npon3BoanTCs NPOnN3BONIbLHO.

IIpuHsATOE COOTBETCTBHE OMHAPHBIX M JIOTMYECKHX COCTOSIHHI TOJDKHO CO-
OmiogaThCS IUISE BCEro IpoeKTa. TUIIMYHBIN IpuMep:

0 £ L = 0 B (3azemneHue)

14 H=45B

WUIM elle TAaKO# BapHaHT:
02 H=+5B
1 2 L = 0 B (3azeMueHue).

B cycremax, B KOTOPBIX JIOTHIECKHE COCTOSIHUS 9KBUBAJICHTHBI KAKUM-JTG0
CHTHaJaM Wi (U3NIECKUM BeJIMYMHAM, HallpUMep IOJIOXUTEIBHBIM WIHA OT-
pMIIaTeIbHBIM MMIIYJIbCaM, HAJIUYMIO WIH OTCYTCTBHIO MMIIYJIBCOB, ABYM pa3-
JIMYHBIM YacTOTaM M T. O. — JUIS NPEICTaBICHUS 3TUX CUTHAJIOB U BETUIUH
MOXHO mpuMeHsTh TepMubl BBICOKHWM yposens (cumBon H) u HU3KWUN
ypoBeHb (cumBoa L). IIpu 3Tom TpebGyercs: cobiogarh OXHO3HAYHOCTb MpU-
CBOCHUS.

He cnexyer mytath MeXny co00i IIOHATHS OMHAPHBIX COCTOSIHUI (HarpuMep
BBICOKUM nu HU3KUU yposHM) 1 Jormyeckux coctostHuii. Jlormyeckue co-
CTOSIHUS B ajireOpe JIOTMKY Ha3bIBalOT Takxe BeaumunHamu. [TogpoOHee o pasHu-
Il B 3TUX MOHATHSIX MOXHO npountars B DIN 40900, yacts 12 (OGo3HaueHUS
yCJIOBHBIE TpaduIecKye Ha 3JIEKTPUUECKHUX CXeMaXx).

KOHTPONbHBLIA TECT

1. YeM oTimmyaercst uudpoBasi BeIMYMHA OT aHAJIOTOBOI?

2. HazoBuTe mpeuMyliecTBa M HEIOCTATKH aHAJIOTOBOTrO IMPEICTaBICHUS
JaHHBIX.

3. Yto moHuUMaIoT 1o OMHapHOI BeTUYNHON?
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4. Kakast TOYHOCTh BO3MOXHa NpHU LIUGPPOBOM IpPeCTaBICHUH TaHHBIX?

5. B uHCTpYKIMAX npousBomuTe Iy HUGPOBBIX CXeM 4acTO YKa3bIBalOT 060-
3HayeHusa L u H. Uto o3HAYaIoT 3T CUMBOJIBI?

6. Uto Takoe JTOrMYeCKNe COCTOSTHUS M KaKUMH CHUMBOJIaMU OHHM 00O3Haya-
orcst?

7. Kak mnpeacTaBisiioTcsl JaHHBIE

a) aHAJTOTOBBIM M3MEPUTEIBHBIM ITPUOOPOM;

0) M poBBIM U3MEPUTEIIBHBIM ITPHUOOpOM?



FNABA 2

JIOTMYECKUE 3JIEMEHTHI

2.1. OCHOBHbI€ 3aKOHbl U 9NEeMEHTbl anredpbl 1OrMKu

2.1.1. Jlornyeckuii anemeHT U
M onepauust NOrM4ecKoro YMHOXeHus (KOHbIOHKLUNK)

ITpemnoxenne «Ecnu 3aBTpa Oymer xopolmas Ioroga M OparT NpHeNeT, TO MBI
noiigeM Ha pHIOATIKY» COIEPXKUT B ceOe omepaIiuio JOIM4ecKoro ymroxcenus .
YcaoBue A (xopomias moroma) M ycjioBue B (Opar mpuener) JOKHBI OTHOBpE-
MEHHO BBIIIOJIHUTHCS, YTOOBI AeiictBue X (ppiOajika) cBepinmioch. CKazaHHOE
wunoctpupyet tabnuua uctuHHoctd (puc. 2.1). CocrosiHue 1 3HAYUT «BEPHO»
win «uctuHa». CocrossHue 0 3HAYUT «HEBEPHO» WIH «JIOXb». BO3MOXHBI YEThIpe
koMmOuHaumu. ITocienoBareIbHOCTh KOMOMHAIIMIT B IIPUHITHIIE HE MMEET 3Haye-
HUSI, OOHAKO, KaK OyIeT IoKa3aHO IT03Xe, OHa JOJLKHA COOTBETCTBOBATH OIpe-
IEJICHHOM CXeMe.

DNeKTPOHHYIO cXeMy, B KOTOPOil cUI'HaJ 1 Ha BBIXOHE ITOSIBJISIETCSI TOJIBKO
TOrma, Korma Ha Bxone A M Bxone B coBmagalT curHaibl 1, Ha3pIBaeTCs Joruye-
ckuM 3nemeHToM U (M-BeHTHIIB).

l'IpOCTemgnﬁ M-BeHTWIb HAa IOCJIENOBATEIbHO BKIIOYEHHBIX KOHTAKTOpaXx
MOXeT OBITh peaM30BaH 1o cxeMe Ha puc. 2.2. Ho B HacTosiiee BpeMsI OYTH
BCerga IPUMEHSIIOTCS MHTErpUpPOBaHHBIE IOJYIPOBOTHUKOBBIE MUKPOCXEMBI
(cM. pasgen «CeMeiicTBa CXeM»).

NioGas cxema, yaoenetTsopsowas Tabinmue UCTUHHOCTH JIOrMYECKOro YMHOXE-
HUS, ABASIETCA NOMMYECKUM 3neMeHToM W,

st o6o3HayeHus onepanuu Y B anredpe JIOTMKHM MCIIOIb3YeTCSI CHUMBOII A.

X=AAB

B nuteparype BcTpevyaloTcs Apyrmue CUMBOJIBI IS 0003HAYEHUSI JIOTHYECKOro
YMHOXEHUS, Touyka (- ) wm &:

X=A-B;X=A&B.

Coorsetcraue:
0 £ 0 B (semna)

- E_I 14 458B
Puc. 2.1. Tabauua UCTUHHOCTH JIOTMYECKOrO

ymHoxeHus u M-anemenra. Puc. 2.2. U-snemeHT.

Scan Bookingolz
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cTaHgapt (CLUA)

Puc. 2.3. VcnoBubie 0603Hayenns M-31€eMEHTOB C AByMs BXOAAMH.

VYciaoBHOE 0603HaYeHHE JIOTHYECKOTO 3eMeHTa Yl ¢ AByMs BXogaMu MokKasa-
HO Ha puc. 2.3. OGo3HaYeHHS BXOIOB M BBIXOJIOB MOTYT OBITh JMI0ObIMHU. YacTo
BXoAsl 0603HavaloT A 1 B, a Beixon — X wm Q.

Ha BrIxone normyeckoro ajeMeHnTa M cursan 1 mossBUTCS TOJIBKO TOIa, KOT-
Jla Ha BCeX BXOJaX COBMAIYT CUTHAIHI 1.

2.1.2. NNornyeckunii anement UJ1N
1 onepauust NOrn4eckoro cnoxeHust (AN3bIOHKLUN)

IIpemnoxenue «Ecny s1 mojydy HacjieICTBO WIM BHIUTPAIO B JIOTEPEIO, TO MOEXy
B KPYTrOCBETHOE ITyTEIIECTBHE» COIEPXKUT B ceOe orepaIuio JOTUYeCKOro c10xce-
nus NJIIN. TlyTemecTBUEe CTaHOBUTCSI BO3MOXHBIM IIPYM MCTHUHHOCTU YCJIOBHUS A
(HacneaCcTBO) WM YCIOBUSA B (JioTepesi), Wi IIpyM BHIIOJIHEHUM O0O0MX YCJIOBUIA
ogHoBpeMeHHO. CKa3aHHOe WUIIOCTPHpYET TabjauIia MCTMHHOCTM Ha puc. 2.4
(cocTroguue 1 3HAYUT «MCTHHA», COCTOSTHNE 0 3HAYUT «WIOXHO»).

S +58B

CootBetcreue:

A 0 £ 0 B (semns)
M—@_ 12458

Puc. 2.4. Tabauua MCTMHHOCTH JIOTHYECKOro
caoxeuusa u UM -anemenra. Puc. 2.5. UJIN-31eMeHT.

DeKTpoHHasI cXxeMa, Ha BbIxoae X KOTOpOil MOSIBISAETCS CUTHAI 1, eciu Ha
BXxone A wiu Bxoae B wiv Ha o60MX BXOHax IPUCYTCTBYET CUTHAJ 1, Ha3bpIBaeTCs
snorunyeckuM antemeHToM UJINA. Dnement NJIN MoxeT OBITh peaIu30BaH IO CXe-
Me Ha puc. 2.5.

Peneitnas cxema mpuBeneHa mis HarisimHoctd. CeromHs sneMeHTsl WMJIN
TMOYTH BCErna MCIIONB3YIOTCS B BUJE MHTETPHUPOBAHHBIX ITOJIYIIPOBOIHUKOBBIX
MUKPOCXEM.

MobBan cxema, yaoosneTBopsiiowas tabnmue MCTUHHOCTU NOFMYECKOro Choxe-
HWUA, ABNAETCA Norn4yeckum anemeHtTom UJNA.

Hns o6o3nayenus onepaun MU B anreGpe JIOrMKA MCHOJB3YETCSI CUMBOJI V.

X=AvB

Taxxke B JINTEpATypEe BCTPEUYACTCA 3HAK + 11 0603HaYeHMs JIOTUYECKOTO
CJIOKCHMSA.

X=A+B
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21 X A — A
X X
B B — B

craHgapT (CLUA)
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Puc. 2.6. Ycnosubie o6o3naueHus WUIU-aneMeHTOB ¢ AByMs BXOAaMH.

YcnoBHoe ob6o3HaueHHUE Jiornyeckoro aneMmeHTa UJIW ¢ nByMs BXogaMu Io-
Ka3aHo Ha puc. 2.6. CuMBoJ > 1 o3HagaeT, YTO XOTsA OB HA OMHOM M3 BXOIOB
JOJDKEH OBITh CUTHAI 1 IS ITOSIBJICHUSI €IMHHIIBI HA BBIXOIE.

Ha Bwixopne norudeckoro anementa WIN curnan 1 noasuTca TONLKO TOraa, Kor-
na xota 6bl HA OQ4HOM U3 ero BXOA0B NPUCYTCTBYET curHan 1.

2.1.3. Jlornuyeckunin anemeHT HE
n onepauus MHBEPCUN (OTPULLAHUS)

IIpennoxenue «Eciau mpueaeT 6par, TO s HE MOMAY CErogHsI Be4epoM B TeaTp»
o3HavaeT ompuyanue. Ecin BbICKasbiBaHue A (mpuesn OpaTa) BEpHO, TO Jeii-
ctBUe X (mocelieHne TeaTrpa) He mpousoiiner. Ecin HeBepHO BBICKa3bIBaHME A,
TO BBICKa3bIBaHUE X OylneT BEpHBIM, U S uxy B Tearp. COOTBETCTBYIONIAs Tabiu-
11a UICTUHHOCTHU (puc 2.7) UMeET TOJIHKO JBa BO3MOXHBIX BapHaHTa.

ONEKTPOHHYIO CXeMy, COCTOsIHME Ha Bbixoae X KOTOPOM Bceraa npoTUBOMNOA0XHO
COCTOSIHMIO Ha BxoAe A, Ha3bIBAOT NOrMYeCcknM anemeHTom HE unm nHeeptTopom.

Ha puc. 2.8 mpuBemeHa cxema Jyioruyeckoro aneMenra HE. Kak u panee
pacCMOTpEeHHBIE JIOTHYeCKre 3JIeMeHThl, BeHTwIn HE mouTtu Bcerma MCIOnb3y-
IOTCS B BHJI€ HHTETPUPOBAHHLIX IOIYIIPOBOTHUKOBBIX MHUKPOCXEM.

Jobas cxema, yaoeneTsopsiowasn Tabnmue CTUHHOCTU NIOrMYecKoro MHBEPTH-
poBaHUsA, ABNSETCA NOrMYeckum anemeHTom HE.

+5B Cootsercraue:
Bap Al X A 0 2 0 B (semns)
o1 L 12458
1|0 X
Puc. 2.7. Tabauua UCTHHHOCTY JIOTHYECKOIO

orpuuanua 1 HE-anemenra. Puc. 2.8. HE-anemeHT.

st o6o3navyeHus onepanuu HE B anreGpe JJIOrMKH MCIIONb3yeTCd YepTa Hajl
CHMBOJIOM WJIH amnocTpod:

X=A

YcnoBHoe o6o3HaueHue noruyeckoro aneMeHra HE mokasano Ha puc. 2.9.

CocTosiHne Boixoga norudeckoro anemeHta HE Bcerma npoTuBOMNOAOXHO CO-
CTOSIHUIO BXOAA.

A__DD_X A‘I}x s — o x

cTaHaapT
Puc. 2.9. Ycaoeusie o6o3nayenuss HE-anementos (USA).
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2.1.4. OCHOBHbIe nornyeckue 3neMeHTbl

Jlornueckue snementsl U, UJIWU u HE nipennasHavyeHsb! 111 BBHINOJIHEHUST TpeX
OCHOBHBIX ofepanuii 1udpoBoil JOTUKYM HaJl AUCKPETHHIMU curHajamMu. C 1o-
MOIIBIO 3THX 3JIEMEHTOB MOXHO PeajIn30BaTh JIOTMIECKIE OIIEPALIHU JIIOOO0M CII0XK-
HocTtu. IToaTOMy 3TH 3/I€eMEHTH Ha3biBalOTCsI OCHOBHbIMM (puc. 2.10). K ocHOB-
HBIM JIOTMYECKUM 3JIEMEHTaM OTHOCHUTCH Takxke Oydep (puc. 2.10a). Ecnu Ha
Bxoge Oydepa 1, To 1 Ha Bbixone 1, nnaue 0.

1= I -k -

[1\%

" unm HE
Puc. 2.10. CranaaptusoBaHHbie yeioBHbIE rpadu-  Puc. 2.10a. Yceunurens ypoBHs 6e3 orpuua-
yeckue 0003HAUCHHs 1EMEHTOB. Hus (6ydep).

2.2. KOMBUHMPOBAHHbLIE 31EMEHTbI
2.2.1. Jlornyeckwuii anemeHT N-HE

Ecnu coemuHuth mociemosarebHo 3yeMeHTl 1 u HE cormacHo cxeMme Ha
puc. 2.11, To Bexom X jorudeckoro syeMenTa M mHBEpTUpYETCS COMIACHO Tab-
Jie uCTUHHOCTH (puc 2.12). B xonoHke X mpuBelieH BHIXOTHOM CUTHAJ 3JI€e-
MeHTa M. X paBeH 1 Tonpko eciim A = 1 u B = 1 (BapuaHT 4). B cBOIO 04epens X
SBJISIETCS BXOJIOM Ui mHBepTopa. Eciau Ha Bxome X anementa HE normyeckad 1,
to BoIxox Z = 0. Eciiu Ha Bxone X anemeHTa HE normueckuii 0, To Beixon Z = 1.

Ao X
o D 4
Bo

Puc. 2.11. O6pasosanue coegunennsa U-HE. Puc. 2.12. Tabnuia MICTUHHOCTH CXeMBI puc. 2.11.

B xononke Z npuBeneH MHBEPTUPOBaHHBIN Bhixoa X snemenTta U.

B aHM0sA3BIYHOM JTUTEpPATYpE TaKOM KOMOMHMPOBAHHBIM 3JIEMEHT 0003Hava-
ercsa Kak NAND (cokp. or NOT + AND).

Bentuiu -HE ucnons3yiorcs oyeHpb 4acto. s HUX IpuayMaiu cOOCTBEH-
HOe yCJIoBHOe ob6o3HaueHue (puc. 2.13). OHO moiy4yaercst U3 CUMBOJIa BEHTUJIS
M ¢ KpyXKOM Ha BBIXOJE. DTOT KPYXOK O3HavYaeT WHBEPTHUPOBAaHUE BHIXOJA.

Hna normyeckoro snemenTa U-HE neiicTBUTENBHO Cleayloliee YTBEPKACHME:

Ha Bbixoge norudeckoro anemerta M-HE noruyeckas 1 6ynert TOSLKO B TOM
cnyyae, eCnm He Ha BCex BxoAax HacTynaeT cocTosaHue 1.

A A A
O V4 V4 V4
B B B

craigapTt (CLIA)

Puc. 2.13. YcnosHbie o6o3HaueHus M-HE-3neMeHTOB ¢ AByMs BXOJaMH.



2.2. Kombunuposeannwvie 31emeHmol

Jlormueckass dbyukuus sneMmeHta M-HE orBevaeT Bap.
BBIPAXEHUIO:

- = O Ol
- O = O|>
O = = =N

N =

Z=AAB.

Jlnunuast yepra Hax A A B ykasbiBaer, 4To uHBepTH- PHC- 2.14. Tabmaua neruy-
Hoctu M-HE-3nemenTa.
pyercst Bce BhipaxeHue. TaGiuia HCTUHHOCTH 3JIeMeH-
ta U-HE npuseneHa Ha puc. 2.14.

2.2.2. Nornyeckuin anement WIN-HE

Ta6nuiia KICTUHHOCTHA COEIWHEHHBIX IMocienoBaresibHO 3yeMenToB JIUM u HE
COIIACHO cxeMe Ha puc. 2.15 nmpuBeaeHa Ha puc 2.16. CHavayia BXOIHbIE CUTHA-
e A 1 B moctynalor Ha BeHTwiI» UJIU:

X=Av B.

X sBnsiercss ogHoBpeMeHHO BxomoM 3yeMeHTa HE. Bee cocrossuust X uHBepTH-
poBaHHl B cToyione Z (u3 X = 0 6ymer Z= 1, u3 X = 1 6yner Z = 0).

Ao >1] X
= o o o Z
Bo

Puc. 2.15. O6pasosanue snementa UJIN-HE. Puc. 2.16. Tabnuiia MICTHHHOCTH CXeMBI puc. 2.15.

Brixon Z asnsietcs BerxomoM aneMeHTa UJIM-HE. B aHrios3sIdHOM TUTe-
paType Takoii KOMOMHUPOBaHHBIN 351eMeHT o6o3HavyaeTcss Kak NOR (cokp. ot
NOT + OR).

Jlornueckue snementsl UJIM-HE ucnonb3yloTcsa Tak Xe 4acTo, Kak 4 3Jie-
MmeHTel M-HE. [t HUX Tak Xe CO3J1aHO COOCTBEHHOE YCJIOBHOE OOO3HAuE€HUE
(puc. 2.17). OHo nony4yaercs u3 cumBojia BeHTwist MJIU ¢ kpyXKoM Ha BBIXOJeE.
DTOT KPYKOK O3HayaeT MHBEPTUPOBAHUE BHIXOIA.

g normyeckoro aneMmeHTa UJIM-HE neiicTBUTeNnbHO cliemylolliee yTrBepX-
JIEHUeE:

Ha Bbixone norudeckoro anementa UN-HE noruyeckasa 1 6yaer TONBKO B TOM
cnyyae, ecnm HU Ha OOQHOM U3 BXOLAOB HET COCTOsHMSA 1.

Jlormyeckas dynkuust snementa UJIVM-HE orBeyaer BhIpaxkeHHIO:
Z =Av B.

A 21 A — A
o V4 V4 z
B B8 —— B

craHpapTt (CLlA)

Puc. 2.17. Ycnosueie o603Hauenus UJIN-HE-31eMeHTOB ¢ AByMsl BXOLAMU.
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2.2.3. Jlornyeckunii anemMeHT 3KBUBaNIEHTHOCTN

YacTo Bo3HMKaeT HEOOXOIUMOCTh B CXeMax, B KOTOPHIX Ha BBIXOJE BCEraa JIOTH-
geckas 1, Kkorma Ha o0a BXoma IIOHAHBI OAWHAKOBBHIE JIOTMYECKHUE CHUTHAIBI —
160 o6a 0, 6o oba 1. Takass cxeMa Ha3bIBACTCS JIOTHYECKUM 3JIEMEHTOM 3K-
BUBAJICHTHOCTH (9KBUBAJIEHTHOCTh — PaBHOILIEHHOCTb). OHa CTPOUTCS M3 OC-
HOBHBIX JIOTUYECKHUX IJIEMEHTOB COOTBETCTBEHHO (puc. 2.18).

Pa3GepeM mogpoGHO TaGIMIYy HCTUHHOCTU SKBUBAJIEHTHOTO 3j1eMeHTa. CHa-
Yajia IjIs YeThIpeX BO3MOXHBIX KOMOMHAIIMIA 3aIMCBHIBAIOTCS JIOTUYECKHUE COCTO-
sSHUS BxonoB A u B (puc. 2.19, cron6usr ® u @). 3aTeM OHM MHBEPTUPYIOTCS

snementoM HE, npespawasice B A u B. Eciiu A = 0, To coorBercTBeHHO A = 1.
Ecnn, xak B cinyyae 4, A = 1, To coorBerctBeHHO A = 0. Takoe Xe mpaBwiIo Iei-

crByer ¥ Uik B u B. Tak MOJNy4aloT coaepxumoe cToiouoB @ u @ Ha puc. 2.19.
CocrosiHue BbIxona Q mojydaeTcsi M3 OIepaliuy JIOTHIECKOro yMHOXeHusI A u B.
B ciyyae 1 A = 0, B = 0, cnemoBareibHO, () NOJKEeH OBITH TakXe paBeH 0
(cronbGen ®). B cayvasx 2 u 3 Q paBeH Takxke (0, Tak Kak 06a BXxoaa He SIBJISIOTCS
norudeckoii 1. Tonpko B ciiyvae 4, tne A = 1u B =1, Q Takxke paBeH 1.

Q=AAB
o|Q|3|® 6 ® @
Bap.|B|A|B|A|Q=AAB|S=AAB|Z=QVvS
1 Jofof1]1 0 1 1
2 |loj1]1]o0 0 0 0
3 [1|ofo]|1 0 0 0
4 [1{1]o]o0 1 0 1
Puc. 2.18. O6pa3zoBaHue 371€MEHTa SKBUBAJICHT- Puc. 2.19. O6pa3oBanue TabiULBI HCTUHHOC-
HOCTH U3 OCHOBHBIX 3J1EMEHTOB. TH [J1s1 3/IEMEHTA SKBUBAJICHTHOCTH.

CumMBoJIoM S B KOJIOHKe 6 0003HAYaeTCs1 pe3ybTaT JIOTHYECKOro YMHOXe-
Hust A 1 B. A u B ssiaiorcs BxogaMu Jiorugeckoro snemenra UIY ¢ BeixomoM S

(puc. 2.18). B nepsoM ciayyae A = 1 u B = 1. CiegoBareibHO, IS IIEPBOTO
caygasg S = 1. B ciaywasax 2 u 3 TaGnumbl uctuHHOCTH S = (0, TaK KaK TOJIBKO
OIMH U3 BXOIOB MMeeT cocTosiHue 1. B ciydae 4 06a Bxoma paBHBI ) 1 COOTBET-
ctBeHHO S = 0.

S u Q ABIAIOTCS BRIXOJaMU 000OUX 3jIeMeHTOB I M OmMHOBpEeMEHHO BXOXaMM
anementa UJIN. Jlormyeckuii snement UJIV nmpousBoguT omeparuio Jorudyec-
Koro cioxeHus cocrogHuii Su Q. B cayyae 1 Q=0 u S = 1. CienosarenbHo, Ha
BoIxozie Z (cronben @) takxke 1. B ciydasx 2 u 3 06a Bxoma 0, m TaKuM oGpas3oMm,
Ha Bbixome Takxe 0. B ciaydyae 4 Q = 1 u § = 0, 94T0o npu onepamuy CIOXEHUS
JlaeT pe3yibrar 1.

Jns 271eMeHTOB 3KBUBAJIEHTHOCTH TaKXKe CO3JaHO COOCTBEHHOE YCJIOBHOE
o6o3HayeHue. YCI0OBHOe O0O3HaYeHHe M TabyiMia MCTUHHOCTH IIPUBEIEHB HA
puc. 2.20.

Ha BbixOAe aneMeHTa 9KBUBAJIEHTHOCTN COCToAHME 1 6y1:¢e'r TONLKO TOrAa, KOr-
Aa BXoAbl UMEIOT PaBHOE COCTOodAHUE.




Jlormueckasi QyHKIIUS 37IeMEHTa SKBUBa-  Bap.|B|A|Z A—= 5
JIEHTHOCTH OTBEYAeT BHIPAKEHHUIO: oo B
2 (1) ; g cTanzapT
Z=(AAB)V(A/\B) 4 [1{1]1 a A i
Taxk kxak B HameM npuMepe Q = A A Bu & :

S = A A B, MoxHo Takxe 3armicars Z= Qv S, THe. 2.20. Venosroe

- A
DIIeMEHT SKBUBAICHTHOCTH MOXHO IIOCTpo-  0003HaueHue ane- 4 :)DO— z
MEHTA 3KBUBAJICHT-

UTb U U3 IPYTUX OCHOBHBIX JIOTUYECKHUX M€~ yocTy u Tabnuua ()
MEHTOB (CM. 3aJJaHUSI B KOHIIE TJI. 2). HCTHHHOCTH.

2.2.4. NNornveckunin anement UCKJTIOYAIOLLEE UJTN (XOR)

Ecnu BbIXOJ 3j1€eMEHTa SKBUBAJIEHTHOCTH MHBEPTUPYETCS IOCPEACTBOM IIOCIIe-
JoBaTeIbHOTO nonkimoyeHus ainemMeHTa HE, To Bo3HMKaeT aj1eMeHT, KOTOPhIii Ha
BBIXOJIe BCerya MMeeT 1, eciiu ero BXOABI pasiaudHbl (puc. 2.21).

Taxkoi1 aneMent HaspiBaeTcA s5eMeHToM MCKITIOYAIOIIIEE UIN. Peus unet
npu 3roM 06 snemenTe UJIV, B KOTOpOM HCKIIIOYEH CIIy4ail, KOra Ha BBIXOJE
Haxomurcs 1, ecnu o6a Bxoma uMmeroT 1 (ciry4aii 4). B aHIIOSI3BIYHOM JTUTEpaType
Takoii ajeMeHT obo3Hayaercss kKak XOR (cokp. or EXCLUSIVE + OR).

Jlormaeckue anemenTsl UCKITIOYAIOIIEE NJIH ucnons3yroTcst ZOCTaTOYHO
YacTo. YCJIOBHOEe 0003HAaYeHNE U TaOIMIla MICTUHHOCTH NMPUBEASHBI Ha puc. 2.22.

Ha Bbixone anemenTa MCKJMIOYAIOLLLEE UK cocTosHue 1 BygeT TonbKo Toraa,
korpa oba BxoAa UMEloT pasnuyHoe COCTOsHME.

Jloruueckass GyHKIMS 3JIeMEHTa 3KBUBAaJCHTHOCTH MOXET OBITH ITOIy4YeHA
U3 cxeMbl Ha puc. 2.21:

X =(ArB)v(AAB).

Torma normueckyio ¢pynkuuio snemMenTa UCKITIOYAIOINEE UJIU MoxHO
MPEeNCTaBUTh KaK MHBEPCUIO JIOTUYECKOI (PYHKIIUHU DJIEMEHTa SKBUBAJICHTHOCTH

Z=(ArB)v(AAB)

DTO BBHIpAXEHUE MOXHO IIPeoOpa3oBaTh C IMTOMOIIBIO MPaBUJI aAJIreOphl JIOTHKH:

Z=(A/\E)V(Z/\B)

IIpaBuna npeoOpa3zoBaHusi IOAPOOHO pacCMaTPUBAIOTCS B III. 4.

Ao—d =] X

B o—

craHaapt

Puc. 2.22. YcaoBHOE
obosnauenne XOR-3ne- A
Puc. 2.21. O6paszosanue XOR-31eMeHTa U ero MEHTa ¥ ero Tabnuua uc- &
Tab1MIa UCTUHHOCTH. THHHOCTH. (CLLA)
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2.2.5. KomBuHauum anemMeHToB C AByMs BXOAAaMU

TTocne paccmorpenus snementoB Y1, U, HE, NJIN-HE, NU-HE, DKBUBA-
JJEHTHOCTH u UCKIIIOYAIOHIEI'O MJIN mocMOTpUM BapHaHTHI HaIbHE~
IIMX BO3MOXHBIX KOMOMHAIIMI U COOTBETCTBYIONIHE UM 3JIeMeHTHI. CyIlecTByeT
€llle MHOTO BapUaHTOB COEIUHEHHUSI, HO OHU HEe UMEIOT OOJIBIIOro IMPaKTHIECKO-
ro 3HAYECHMUS.

Hiist a;eMeHTOB ¢ AByMsI BxogaMu (Hampumep A M B) BO3MOXHBI 4 pas3imud-
HBIX BapuaHTa (KOMOMHaIMT) BXOIOB, KaK MBI BHEIH B pACCMOTPEHHBIX 0 CHX
mop Tabaunax KCTHHHOCTH (cM. puc. 2.22). JIna 3Tux 4 BapuaHTOB BO3MOXHBI
4 BO3MOXHBIX BapHaHTa Ha BBIXOIe, HalIpuMep BoIxon Z Ha puc. 2.23. B kaxmom
M3 CepBIX KBAaAPaTHUKOB MOXET OBITh BBIXOTHOE cocTosguue 0 wiu 1.

Puc. 2.23. Ta6anna HCTUHHOCTH 1,14 /1EMEH-
TOB ¢ aByMs Bxonamu. Cepble KBaaparhl AJ1s
BO3MOXHEIX COCTOSHUI BHIXOJOB.

MoXHO cOoCTaBUTh 16 pasmMYHBIX KOMOMHAIIWIT BBIXOAHBIX COCTOSHMIL. OHI
06o3Ha4eHbl Ha puc. 2.24 or Z no Z . V3 pucyHka cpasy CTaHOBUTCS SICHO, 4YTO
HEKOTOpPBIE U3 BO3MOXHBIX KOMOMHAIINI HE UMEIOT 0cO00ro 3HaYeHusI. g «KOH-
cTtaHThl 0» U «KOHCTAHTHI 1» He HY>KHO BBOAUTh HUKAKUX 3J1eMeHTOB. «KoHcTan-
ta 0» O3HAYaeT, YTO BBIXOJ Bcerga paseH 0, aGCONIOTHO HE3aBMCHMO OT TOTO,
KaKye COCTOSIHMSI Ha Bxomax. IIpm «koHcraHTe 1» Ha BbIXOHmE Bcerma 1, Takxke
HE3aBHCHMO OT COCTOSIHMSI Ha BXOJaX.

Bap. [B|A|Z,|Z, | Z5 | Z4 | Zs | Zs | Z7 | Zs | Zo | Z10 | Z11 | Z12 | Z1s | Zia | Zas | Zae
1 Jojofo[1|ofi]ofl1|o[1jo[T[of[1[O0[1][O0]1
2 |loj1lofjof1|1]ofoj1|1]ojo]1|1]o0 1
3 |1{ojojolofjo|1|{1]1]1jojojo|o|1]1]|1]|1
4 (1]1jo]ojo|ofofjofoof 1|1 |11 |[1|1]1]n
2 gl< Q
=) ") < g’ E o @ o | -
glw|®le|T)e|E I|E|E81£)|E ]
ElIT e |s|e|SI|E |w Elo |3 || TF|s|E
s|s|8|8|8|8fe|EF|s|e|E&|S(e|S[E|8
sleleclolc|o|§|s FRRY s o s|s15
Ils|8|o|s|a |8 S|o| 85| g g
5 CRERGRERE 219|513 ¢& ]
X s S 815252 ¥
Z & | F =
Puc. 2.24. O6was tabnauua pjis 16 BOSMOXHBIX COCTOSIHMIA BBIXOJOB 3JIEMEHTOB C ABYMS
BXOJAMHU.
«AHBepcust A» n «<MHBEpCcHUs B> COOTBETCTBEHHO peau3y-

Puc. 2.25. Yenop- 1oTcs jtormyeckuMm aneMeHToM HE. Jlist «TOXHIECTBEHHO A> M
Hoe 06osHauenue <TOXIECTBEHHO B> MOXHO UCIIONb30BaTh HEMHBEPTHPYIOIUIA

HEMHBEPTHPYIOLIE-  YCUJIUTEND (puUc. 2.25).
ro yCuauTens.

Ha BbiIxoae HEMHBEPTUPYIOLWErO yeunuTess TONbKo Toraa norudeckasa 1, korga
Ha BXOA noAaHa norvyeckas 1.

Ycwimrenan Takoro pola npeaHa3sHayeHbl I YCHICHUS CIa0bIX CUTHAJIOB.



2.3. Jloeuueckue snemenmol ¢ mpems u b6onee 6xooamu J

3anpeleHue sBiIseTcs 0c000il pa3HOBUIHOCTHIO 3ieMeHTa M. CocrosiHue
BXoJla MHBepTUpYyeTca nepen aneMeHToM WM. Ecnu mHBepTHpyeTcs Bxon A, TO
2JIeMeHT Ha3bIBaeTcs cxema 3anpera A (puc. 2.26). Eciu unBepTHpyercs Bxon B,
TO 2JIEMEHT Ha3biBaeTcsl cxema 3ampera B (puc. 2.27).

A D Aj 4: .
B n 1 B n
z B O 9
B

YcnosHoe o6o3HaveHne YcnoeHoe 0603HaueHne
Puc. 2.26. O6pa3oBaHue 3/1€MEHTa «3anpet A» Puc. 2.27. O6pa3oBaHue 3/1€MEHTA «3anpet B>
U €ro yCJIOBHOE 0003HAYEHUE. M €0 yCJOBHOE OOO3HAYECHUE.

NMiummkanms sisisieTcst 0co6oii pasHoBugHOCcThIO 35eMenTa UJIN. Cocrosi-
HHe BXoJa MHBepTHpyeTcs niepen aneMeHToM WJIN. Eciiu mHBepTHUPYETCS BXO A,
TO 3JIEMEHT Ha3bIBaeTcs uMiumkaTop A (puc. 2.28). Eciu unBepTupyercs Bxon B,

TO 3JIEMEHT Ha3bIBacTCSI MMILIMKATOp B (puc. 2.29).
V4
A >1
V4
;

A d=1
z
ZB

YcnosHoe oboaHadenne YcnoeHoe o6o3HaveHne
Puc. 2.28. O6pa3oBaHue 31€MEHTAa «UMILIM- Puc. 2.29. O6pa3opaHue 3N€MEHTa «UMILIU-
Kauys A» 1 ero yCaioBHOe 0003HaYECHUE. Kauus B» U ero yci0BHOE 00O3HAYEHUE.

Jlornyeckue 3j€MeHTHI 3alpeiCcHUs 1 UMIUIMKAIITMU MMCIOT OrpaHUYCHHOC
MNIPAKTUYCCKOC 3HAUYCHUNEC U ITOYTH HE IPOMU3BOIATCA. B cJy4yae HeoOXOIMMOCTH
X MOXHO CO6paTI> N3 OCHOBHBIX JIOTHYCCKHUX IJICMECHTOB.

2.3. Jlornyeckue anemeHTbl ¢ Tpems u bonee Bxogamu

Eciu HeoOXOOMMBI TPM BXOJa MJIM OOJIBIIE, TO MOXHO BKJIIOUUTBH ITOCJIEIOBA-
TEJIbHO HECKOJIBKO JBYXBXOMOBEIX 3JieMeHTOB (puc. 2.30).

Kaxnplii 3JIEMEHT ¢ JBYMs BXOJAaMM MMeEET, KaK M3BeCTHO, 4 BO3MOXHBIX
KOMOMHALIMIL BXOJOB-BBIXOHOB. [l BXomoB A 1 B uMeeT CHIly OOBIKHOBEHHAas
Tabmmua uctuHHocTh. Eciam mobGamnsercd ele oxuH Bxon, Hanpumep C, To OH
MOXeT ObITh 1100 0, Mubo 1.

Bap.|C|B|A|| Z
1 ]ojfo]o)fo
2 (offol1i)o
3|ofi1]ofjlo
410100
A z 5 (1(fo]o0}jj0
6 |1[l0[1]]|0
B ——— z 7 11{1]0}ji0
c — 8 |1V ||Vl

Puc. 2.30. Coeaunenue asyx M-anemMeHTOB C
IByMs Bxojgamu B oguH U-aneMmeHT C Tpems Puc. 2.31. Tabnuna uctuaHoctu M-cxeMbl u
BXOAaMH. H-31emeHTa C TpeMsl BXOLAMHU.
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& Puc. 2.32. U-snemeHt Puc. 2.33. TaGauma Bap.|D|C|B|A]
g C YETBIPbMS BXOJAMHU. ucTuHHOCTH HM-31€- 1]olfolo]o
] 1 MEHTa C YeThIPbM3 20|00}
¢ BXOJaMH. 3]0j0|11|0
b — 4|0j0]1]1
5]0[1]0]0
6 |o0j1]o[1
ITpexnue 4 KoMOuHaLMK OT A U B KOMOMHUPYIOTCS OIUH g 8 L: } ?
pa3 ¢ C = 0 u Bropoii pas ¢ C =1 (puc. 2.31). Takum obpa- s 1loTolo
30M IToJyqaloTcsl 8 komOuHauuii. Eciu Temeps K TpeM Bxo- 10 | 1]i0|0 |1
nam, Hanpumep A4, B, C noGasisior yeTBeprsiii Bxox, Hampu- 1) | 1 (10 9
Mep D (puc. 2.32), To npexuue 8 xomounammit ot 4, Bu C 37 oo
KOMOMHUpYIOTCS ofuH pas3 ¢ D = 0 m Bropoii paz3c D=1 wu [1]1|01
(puc. 2.33). YneH c 4 BxogaMu MMeeT, TaKUM o6pa3oM, 16 Bo3- :2 } : : ?

MOXHBIX KoMOMHanmii (puc. 2.33).

C noBasneHnem Kaxaoro HOBOFO BXo4a YACNO KoMOUHauMii (BapuaHTOB BXOL—
BbIXOA) Tabnuubl UCTUHHOCTU yaBauBaeTcs.

ITpu oByx BXxomax — 4 KOMOMHAIIMH, IIPH TPEX BXomax — 8 KOMOWHAaIMii,
IPU YeThIpeX Bxomax — 16 KoMOMHALIMIA U TIPH IISTH BXOJaX IMOJy4aroTcs 32 KOM-
Oounamun. Ilpu popmMupoBaHUM TaGIMI UICTUHHOCTH ITOCJIEIOBATEILHOCTh KOM-
OuHanuii BHIOMpaeTcs mpou3BoiibHO. HyXXHO yYuTHIBaTh BCE BApMAHTHI K HE IO~
IycKarb MOBTOPOB. YTOOHI IpoIile 6bUI0 COCTABIATh TAOIUIILI HCTHHHOCTH, HpeI-
JlaraeM CJIEIYIONIIYIO CXeMy.

ITepBerit Bxon (Hampumep A) MEHsIET COCTOSIHHE KaXblii pa3. Bropoiit Bxox
(Hanmpumep B) MeHsieT cocTostHUE Yyepe3 pas. Tperwuii Bxox (Hanpumep C) MeH-
€T COCTOsIHHe 4epe3 4 BapuaHTa. ECiu ImpomomkaTh 10 3TOM CXeMe, YeTBEPTHI
BxoJ, (HannpuMep D) MeHsieT COCTOSIHAE COOTBETCTBEHHO IOCIe 8 KOMOMHALIWIA,
M TaK Jajee. Bra cxeMa oIpaBiaja ce0s Ha IpaKTHKe. YKa3aHHBIE B JaHHOM
KHHTe TaOIMIBI MICTUHHOCTH COCTaBJIEHBI COIIACHO 3TOM CXeMe.

Briryckaembie B Hactostiee BpeMs BeHTn U u NN umeror B OCHOBHOM
ot 2 no 4 BxomoB. To xe camoe otHocurca K BentwismM M-HE u WIW-HE.
M3penka BCTpevaroTcss BEHTWIH ¢ 8 M 00jiee BXOTaMH.

KOHTpONbHLIN TECT

1. N306pa3ure ycinoBHoe obo3Hayenue i Beutwiein U, NJIU, HE, U-HE
u WJIN-HE. Bce sneMenrtsl, Bkitoyass HE, mo/DKHBL MUMETH IBa BXOIa.

2. ITocrpoiite Tabnuny uctTuHHOCTH BeHTWIA MJIN ¢ Tpema Bxomamu. Bxomer
uMerT obosHayenuss A, B, C. Beixon umeer o60o3HayeHue Z.

3. Ilpemnoxure BapuaHT ITocTpoeHuss BeHTwiss V-HE u3 ocHOBHBIX Jioru-
YECKHUX 3JIEMEHTOB.

4. N3o06pa3ure Tabmuiyy uctuHHocTH 35emenTa HE ¢ BxomoM A u BeixogoMm Y.

5. s snemenra UCKITIOYAIOIIEE UJIU BepHO ypaBHEHME

Z = (A/\E)V(ZAB).
Cunresupyiite ero u3 nornueckux anemenros U, NJIN u HE u Hapucyiite cxemy.
6. Onuumre cnoamMu GyHKIMYU Jorumdeckux snemedTos U u UIN.

7. CKOJIbKO BO3MOXHBIX KOMOMHALIMIA UMEET TaOIuIla UICTUHHOCTH 3JIEMEH-
ta UJIIN ¢ mecthio BxomaMu?
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8. UYto moHumaroT moxa norudeckuMm sjieMedTrom MCKITIOYA-
IOIIEE NJIN? NU306pa3uTe I 5TOrO 3JeMeHTa TaOaIuIly UCTHUH-
HOCTH.

9. Kak HaspiBaeTcCsl JIOTUYECKHI1 3JIEMEHT, KOTOPOMY COOTBET-
CTBYET TaOJMIa MCTHHHOCTH, M300pakeHHas: Ha puc. 2.34? Puc. 2.34.

10. Kakyro ¢pyuxumro ermonuser ayeMeHT SATIPEIIIEHUE? Kak  Tagnuma uc-
€r0 MOXHO IOCTPOUTH M3 OCHOBHBIX JIOTMYecKUX 3jeMeHToB? Ha- tuHHOCTH.
pucyiiTe BO3BMOXHYIO CXEMY.

11. BpeMeHHbIe nuarpaMMbl BXOIOB A U B mpeicraBiedHbl Ha puc. 2.35.
M306pa3ute BpeMEeHHYIO JinarpaMMy Beixona Z, ecii A 1 B BXOIbI

a) BedTwia U,

6) BenTwia UIIN.

Awm—bg
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1
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? Z=?
z 4 T Puc. 2.35. CBa3p ABYX BXOAHBIX
t curHajgoB A u B.

12. KakyIo JOrM4ecKyIo Olepaluio IIPOU3BCIAT 2JIEMEHTHI Ha cxeMe puc. 2.36?

Puc. 2.36. KoMOuHanus J1OrMYecKux
3JIEMEHTOB.

13. U306pasute Tabmuiy uctuHHocTH 3neMeHTa HE ¢ risarhio Bxomamu. Bxo-
npl o6o3Haunth Kak E, E,, E,, E, n E,. Beixon 0603HaYUTh KaK X.

14. Ha puc. 2.37 npeactaBieHbl BXOIHBIE CUTHANBI A M1 B ¥ BBIXOOHOMN CHUT-
HaJl Z HEU3BECTHOTO 3jleMeHTa. KaKylo JIOrm4ecKylo ornepaluio Mponu3BOAUT 3TOT
yieH?

g

i
Puc. 2.37. BpeMeHHbIe quarpam- I F —
MBI BXOJOB M BBIXOZA.




NNABA 3

AHAJIN3 CXEM

Jlornueckue 3jeMEHTHI, TaKXe Ha3blBa€Mble BEHTWISIMU, PEIKO IIPUMEHSIOTCS
OTAEIBHO.

B momapisionieM GONBITHHCTBE Clly4aeB cxema B HUGPOBOI 3JIEKTPOHUKE
COCTOMT M3 JOCTATOYHO OOJIBIIOrO KOJUYECTBA MOCIEA0BATEIFHO COeTUHEHHBIX
JIOTMYECKHUX 3JIEMEHTOB, KOTOPBIE COBMECTHO PEAIM3YIOT XEJIAEMYIO JIOTHYECKYIO
dyukmio. JIasg mpakTUYecKoil paboThl OY€Hb BaXHO YMETh aHAJIU3UPOBATh
CTPYKTYPHI COeIMHEHMIA JIOTHIECKUX 3JIeMeHTOB. HBIMH CJTOBaMU, HYXXHO YMETh
OIpeAeNIATh, KaKhe JIOTMIECKHE OIepaliuy IPOU3BOIUT KaXIbIil JIOrMYeCKUit
3JIEMEHT B OTHEJIBHOCTU M KaKylo (PYHKIIMIO BBHIIIOJIHSET CTPYKTYypa 3JI€MEHTOB
cxeMbl B 1iejioM. IIporiecc onpeneneHus 3TUX onepauuil 1 GyHKIM Ha3pIBaeTCs
aHAJIM3 CXEMBI.

IToHsaTHe «IMdpoBast cxemMa» B JaHHOM IJIaBe ClIeIyeT IIOHMMATh KaK CTPYK-
Typy, HaOop 1M@pOBHIX 3jIeMEHTOB 6e3 BpeMeHHOI 3aBucuMocTH. I[udpoBbie
MHMKPOCXEMBI C BPEMEHHOM 3aBHCHUMOCTBIO OyIyT pacCMOTPEHBI B CIIEAYIOIIMX
pasmenax.

3.1. Tabnnua NCTUHHOCTU N undpoBasa cxema

B paszgene 2.2 ¢ moMoOIIbI0 TaOINI UICTUHHOCTU OBUIH OTIpeleNIeHbl JIOTUIECKIE
¢GYHKIIUU CXEM, COCTABJIEHHBIX M3 HECKOJIBKUX OCHOBHBIX JIOTMYECKHX DJIe-
MeHTOB. M Tak Xe, KaK IS HECKOJIBKUX ITOC/IEA0BaTEIbHO BKIIOUEHHBIX 3JIe-
MEHTOB MOXHO OIpPeAesIUTh TaOIUIly HICTUHHOCTH, €€ MOXHO OINpPeNeINTh IS
mo6oil mudpoBOil cxeMbl, COCTOAIIEH M3 OONBIIOr0 YMCIIa JIOTHYECKUX dJie-
MEHTOB.

Onsa no6oli umbpoBoit cxembl CyLlecTByeT Tabnuua UCTUHHOCTU.

3.1.1. Tabnmua NCTUHHOCTU LMPPOBOI CXeMbl C ABYMS BXOAaMu

CocraBuM TaONMIy UCTUHHOCTHU I udpoBoii cxembl Ha puc. 3.1. Tabmuia
WCTUHHOCTH TO3BOJISIET ONPENENUTh, KaKue JIOTHYECKUE OIEPaLli BHIITOTHSIET
JlaHHasI cxeMa.

Tak kak cxema uMmeer nBa Bxoma (A, B), BO3MOXHBI TOJIbKO 4 BapHaHTa.
HomMepa BapuaHTOB 1 KOMOMHAIMM COCTOSIHUI BXOAOB IS A ¥ B 3anIMCHIBAIOTCA
[0 paHee OIMCaHHOM cxeMe (puc. 3.2).

A P=AAB Z=P

Puc. 3.1. [Tudposas cxema.
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Bap. |B|A|A|P-AnB|Z-P
1 (o]of1 0 1
2 [of1]o0 0 1
3 (@0 © ]
4 |1|1]o 0 1
Puc. 3.2. [1epBbiit mIar npyu COCTaB/IEHUH Ta0- Puc. 3.3. Caenyiouye mward npy COCTaB/ICHUU
JIVILIBI UCTUHHOCTH. TabAMLbl ICTUHHOCTH.

ITepsuriii smeMeHT aBnsaercs aneMenToM HE. Eciu coctostHue ero Bxoma 060-
3HAYNUTH KaK A, TO Ha BBIXoIe GyIeT MHBEPTUPOBAaHHOE 3HaueHHe A. YeTBepThiit
cro6er TaGIMIBI ICTHHHOCTH COIEPXUT MHBEPTHPOBaHHbIE 3HaYeHus1 A (060-
3Ha4YeHO cepbIM Ha puc. 3.3). Eciu B Bapuante 4 = 0, T0 4 = 1. DTO BapHaHTHI
1 u 3. Ecim B Bapuante 4 = 1, To A = 0. D10 BapHaHTH 2 U 4.

Bxon anemenTta U (BToporo sjieMeHTa) MMeeT 0603HaYeHue A, Ipyroil BXOM

0603HaYeH Kak B. Jlormueckoe yMHOXEHHE IPOUCXOIUT MEXIY COCTOSIHHSIMU A
¥ B. CoOTBETCTBYIONIME CTOJOIIBI B TAOIUIIE ICTUHHOCTH (puc. 3.3) MOTYEPKHYTHI
cepbiM. Beixox sneMeHTa M 0603HavyeH Kak P, AJist KOTOPOTO BEPHO PABEHCTBO:

P=AAB.

P paBHo 1 TonpKo Tornma, Korma Kak 4 = 1, Tak 1 B = 1. DT0 BepHO TOJIBKO s
BapuanTa 3. 3Hauutr P = 1 TOJIBKO B TpeTheM ciiydae, a s Bcex apyrux P = 0
(puc. 3.3).

Ha Bxonme tperbero sneMmenta (HE) Haxomurcsti cocrosinue P, BbIxom 000-
3HaYuM Kak Z. Tak Kak 3TOT JIOTUYECKHI1 2JIEeMEHT UHBEPTUPYET COCTOsIHUE P,
to Z= P. Y3 0 B P-cTon6ue 6ynetr 1 B Z-cronbue. Z-cTonbel aBasercs cToj6-
LIOM pe3yibTaTa. B HeM HaxomuTCs pe3yJbTaT JJoruyecKoil pyHKimu nudpoBoii
CXEMBI.

s Z MOXHO 3amucarh CIeayole YpaBHeHU:

Z =P
Z=AAB (TaKKaKP=ZAB).

DTH ypaBHEHUS ONMUCHIBAIOT IMPUHIUII JSHCTBUS CXEMBbI WU, IPYTUMU CJIO-
BaMH, JIOTHYECKYIO (DYHKIIMIO, KOTOPYIO OHA peajin3yer.

3.1.2. Tabnuua NCTUHHOCTU LNPPOBOI CXEeMbl
C Tpems Bxogamu

CocTaBuM Temneph TaOIUILy HCTUHHOCTHU IS I POBOIt CXeMBI C TpeMs BXOIaMu
(o puc. 3.4).

IudpoBas MuKpocxeMa ¢ TpeMs BxogaMu umeet 8 BapuaHtoB. HoMepa Ba-
PHAHTOB M KOMOMHAIIMU COCTOSTHMIT BXxomoB Wi A, B u C 3amuchIBAIOTCS 110

paHee ONUCaHHOI B pa3n. 2.3 cxeMe (puc. 3.5). st 4 u B nmpeaycMOTpeHs 1Ba
crobLa.
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Puc. 3.4. Iludposas cxema.

Y=BAC Bap.|C|B|A|A|B|X~=AvBvC|Y=BAC|Y|Z=XAY
z 1 |ofofof1]1 1 0 1 1
2 [o]jo|1]of1 1 0 1 1
c Y V = BaC 3 |of1]|of1]o 1 0 1 1
v \ 4 |o]|t1]|1]o]o ] 0 1 0
5 |[1]0(0f1][1 1 0 1 1
6 |1]o|1]o]1 1 0 1 1
7 |1|1]oft1]o 1 1 0 0
8 |1|1{1]0o]0 1 1 0 0
‘+__72777777 7

Puc. 3.5. Tabnuua ICTUHHOCTH CXEMBI puc. 3.4.

B cronbue A HaxomATCS COCTOSTHUS, MHBEpCHBIE cocTostHMIO A (13 0 Gymer
1, uz 1 6yner 0).

Bxozpl anemenTta MU o6o3Hauensl 4, B, C. ComepXIMoe 3THX TPeX CTOJ6-
LIOB JIOTMYeCKM cKiambiBaeTcss. Ha BbIxome X MOSIBISAETCS COCTOSTHUE JIOTHYE-
ckoii 1 B TOM ciIydae, eCJId IO MEHbIIIEH Mepe COCTOSTHUE OHOTO BXOJla paBHO 1.

Tpu paccMaTpuBaeMBIX CTOJNOIIA MOMYEPKHYTH Ha puc. 3.5 cepsIMU 1o0Ca-
mu. Jst cygast 1 X=1, Tak kak A = 1 1 B = 1. Taxke X = 1 B ciayyae 2, Tak
Kak 3nech B = 1. Ilpoiins Bce BapuMaHTHI, MBI YCTAHABJIMBAaeM, 4TO TOJBKO B
cayqae 4 X umeer cocrostHue 0. Bo Bcex mpyrux ciydasx X = 1.

Crnenyiomuii croja6el] B TabauIle ICTHHHOCTY NpeaHa3HavyeH Wit Y. Y saBns-
eTcs pe3yJIbTaToM JIormdeckoro yMHoxeHust Bu C. Teneppb paccMaTpuBaeM TOJIBKO
cron6upl Bu C. Ha puc 3.5 oHH mogYepKHYTH YepHBIM. Y OyaeT paBeH 1 TOJIBKO
B CJIyYasiX, B KOTOPHIX KaK B, Tak U C uMmeloT cocrosinue 1. 9to BapuaHTsl 7 1 8.

Y B cBOIO ouepenp SBISIETCS BXOIOM 3JIEMEHTa V, M 9TOT 3JIEMEHT SIBJISIETCS
BentwieM HE. CocrogHue Y HOJDKHO MHBEPTUPOBAThCS. Bhixonm snemMeHTta V

0603HaynM Kak Y. [Ing Y npexycMoTpeH cBoii cTonGel B Tabiuie HCTUHHOCTH,
3aIIOJIHEHHBII COOTBETCTBYIOIIUMU COCTOSTHUSIMU.

Dnement VI sensercs BeutwieM U ¢ Bxomamu X u Y. To ecth cocrostHusT X

u Y mojBepraioTcsl orepanuy JOrM4eckoro yMHoxeHus1. COOTBETCTBYIOIIUE KO-
JIOHKHM Ha puc. 3.5 0003HaueHbI 3alITPUXOBAaHHBIMU MojiocaMu. Beixon Z = 1,

tonpko ecit X =11 ¥ = 1. Dro npoucxonur B ciayyasax 1, 2, 3, S u 6.
s Z MoXHO 3aImicaTh ypaBHEHHE ajreOpbl JIOTMKHA, KOTOpOoe o0pa3yeTcs U3:

Z=XA17, X=ZvaC;
Y =BAC (tak xak Y = BAC);

Z=(ZVEVC)/\B/\C. .

D10 ypaBHEeHHE OTpaxaeT JOTHMYECKYIO (PYHKIIUIO CXEMBI.
PexoMeHayeTcsi MOTPEHUPOBAThCS B COCTaBJICEHUM TaOJIU1] UICTHHHOCTH MO
3aJaHUAMHU U3 pasn. 3.4.
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3.2. Jlornyeckmne dyHKUMU N undpoBbIE CXEMDbI
3.2.1. Onpepgenexuve nornyeckon GyHKUUn UNdpPoBO Cxemsbl

Jlormyeckas ¢pyHKIUSA HUGPOBOI CXeMbl MOXET OBITh 3alIMCaHa B BUAE TAOJIMLIbI
UCTUHHOCTU. OTOENbHBIC HIaTH MIPY COCTaBJIEHNH TaOIMIIBI MCTUHHOCTH BEAYT K
WTOTOBOMY YPaBHEHHIO JUISI BHIXOJA BCEil CXEMBI, B KOTOPOM IIPUCYTCTBYIOT TOJIHKO
COCTOSIHMSI BXOIOB WJIM MX MHBEPTUPOBAHHBIE COCTOSIHUS (CM. mojapasn. 2.1.2).
Takoe ypaBHeHHe BbipaxaeT QYHKIIHIO Bceil cxeMbl. [IoaToMy OHO Ha3bIBaeTCs
Jiormyeckoii dpynxnmeii nugpoBoii cxeMbl.

Ana kaxaon umdpoBOi Cxembl CyLECTBYET norndeckas GyHKUns.

YpaBHeHUne GYyHKIIMM MOXET OBITh HalileHO M3 aHamM3a HHGPOBOM CXEMBI.
st ero cocraBjieHUsI He TpeOyeTcs BOCCTaHABIMBATh TAOIUILy HCTUHHOCTH.
Iudposas cxema (puc. 3.6) coctout u3 3ymeMeHToB ¢ I 1o V. Eciin 0603Ha-

YUTH BXOJ, eMeHTa ] KaK A, To Ha BBIXOJe MOMyduTcsi A. Bxonsl anemenra I1
0603HaunM 4 u C. Beixon 0603HaYuM Kak M:

M=AAC.

Bxomamu snemenra I17 ssistiorcss A, Bu C. Boixon 0603HauuM Kak Ko

K=AABAC.
M u K aensiorcs BxomaMHu 3neMeHTa IV, Ham KOTOPHIMM IIPOM3BOIMUTCS JIO~
ruyeckoe cioxeHue. Beixon snmemeHnrta IV o6o3naunm X:

X=Kv M.
B 3710 ypaBHeHHE MOTYT OBITH ITOICTABJICHBI YK€ M3BeCTHHIE BhIpaxXeHus st K u M.
X= K v M

X =(AABAC)v(AAC).
X sBisieTcs Takke BXOJoM aneMeHTa V. Tak Kak aneMeHT V MHBepTHpYeET
cocrositHue X, TO

Z=X
Hu

Z=(Z/\BAC)V(A/\C)

Tax KaKX=(ZABAC)v(AAC).

Puc. 3.6. Iludposas cxema.
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11A =
A ! F & |AAAVD)

z=aradl. Bt

1] Puc. 3.7. Iudposasa cxema.

VpaBHeHue 1 Z SBJsieTCS UCKOMOM JIOTMYeCcKoi MyHKIMEl CXeMEI.

Eciu npoiiTu ele pas Mo 1LeNoYKe pacCyXKIeHUii, TO MOXHO He yIIOTpeOIaTh
o6o3HavyeHust K, M u X B paccMoTpeHHOM npuMepe. Bxoasl MOXHO Takxe 000-
3HayaTh, HarrpuMep Kak (A A C), TO eCThb B BU/IE JIOTUYECKOTO BHIPAKEHMS.

HaiineM ypaBHeHMe JOrmyeckoii GyHKIuM it cxeMbl puc. 3.7.

Ha BrIxome 31€eMeHTOB 3alMCHIBAIOTCS JIOTUYECKHWE BBHIPAXEHMS, TO €CTh Ha

BBIXOE eMeHTa [ — A, Ha BBIXone neMeHTa I — AV Bu T. 1. DTH BBIpaxe-
HUS SBISIOTCS OMHOBPEMEHHO BXOIAMU CJIEAYIONIUX 3JIEMEHTOB. DieMeHT IV

nMeeT Bxoabl C u B. Ha BeIXoJie mociie oIepaiyy JOrHYecKoro CIoXeHus OKa-
3piBaeTcs coctostHue B A C. Tak kax anemeHt IV aensiercst BentwieM U-HE, To

BCe BBIpAXEHHeE ellle pa3 MHBEPTUPYETCsI, TAaK YTO HA BBIXOzIe moxydaercst B A C.
Ha BbIXone smeMeHTa V 6ymeT coctosiHue A A (A v B), Tak Kak ero BXOJaMu

apisiores A u AV B.

BrIpaxeHus1, OTHOCSIIIMECS IPYT K APYTY, TOJDKHBI BCErIa CTAaBUThCSI B CKOO-
Ku. B 1. 4 («Anre6pa JIOTMKH») TOBOPUTCS, YTO COIVIAaCHO IMpaBUJIaM OIlepanus
Jiornyeckoro yMmHoxeHuss M mMeeT Gosiee BHICOKMI IPUOPUTET, YeM OIEeparys
normyeckoro cioxenuss UJIU, To ects BeimonHsAeTcs nepBoii. [loaTroMy Ha Bcsi-
KM cJly4ail Hy>KHO BCerJa CTaBUTh CKOOKM — IO KpaiiHeil Mepe mepBoe BpeMsi.
JIvHug MHBEpCUM pacCMaTpHUBaeTCs M JEeHCTBYeT TaK Xe, KaK CKOOKU.

Bxox snementa VI o603HayeH BhipaxeHneM A A (4 V B). DTo BhIpaxeHue
JOJIKHO OBITH 3aKJII0UEHO B CKOOKM. Bropoii Bxon anemeHTa VI 0603HAY€H BBI-

paxenueM B A C. 3mech CKOOKM He TpeOYIOTCS, TaK Kak oOlas yepTra OTpuiia-
HUS UX 3aMEHSIET.
Ing Z nomy4daercs cienylolliee YpaBHEHHE:

Z =[AA(AvB)]vBAC.

DTO ypaBHeHMe SIBJISIETCS MCKOMOM Jlormieckoi pyHkiueit nudpoBoil cXeMbl.

IIpennonoxum, uyro snemeHToM VI Ha puc. 3.7 6ymer snement UJIW-HE.
Kak G6ymer Torma BBIIISIETH Jiormveckast ¢byHkuust cxembl? HalinenHnas misa Z
¢byHKIIUS BCsl TOABepraeTcsl MHBepcuU (OTPUIIAHUIO). DTO yKa3hIBaeTCs YePTOMl
OTPUILIAHUSI HaJ BCEM BBIPaXKCHUEM:

Z=[ZA(AVB)]vm.

ITonyuyusineecss ypaBHEHNE BHIIJISAUT CIIOXHEE, YEM SBJISIETCS B NEUCTBUTENIb-
HOCTH.
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3.2.2. CnHTE3 cxeMbl Mo 3a4aHHOW NIOrn4yeckon pyHKUum

Ha npakTuke 4acto GbIBaeT, 4TO JIorndecKass GyHKIIMS MOIydaeTCs B pe3yJibTa-

Te BBHIYMCJIEHMI M TpeOyeTcs CHMHTE3MpPOBAaTh CXEMY, PEATM3YIONIYI0 HAaHHYIO
byHKIIHIO.
st ypaBHeHHS

Z=AvBvCv(4vC)
TpeOyeTcsl CHHTE3UpOBaTh HUPPOBYIO CXeMy.
CHavajia HyXXHO ONIpeIeIUTh U3 YpaBHEHUS YHUCJIO BXOTOB. BXxomaMu SIBJISTIOT-

ca A, Bu C. ]l nonyyenust B u C Heo6xomumel nBa snementa HE (puc. 3.8).

Beipaxenne 4 v Bv C noiy4aoor npy nomoiinu snemenTa UJIHN ¢ tpems Bxoma-
mu. K aToMy a51eMeHTy mociegoBaTeIbHO moakinodaercs anemeHT HE.

Jns (A v C) tpebyercst anemenT UJIU ¢ aByms1 BxogaMu. BBIXOBI ¢ COCTO-

saussMA A v B v C u (4 v C) moctynaior Ha BxoJ aneMenta UJIN.

Bmecro snementa UJIW ¢ tpeMs BxomamMu u nociaemyiomumM BeHntwieM HE
MOXHO ucroJib3oBaTh 3yeMeHT UJIU-HE c tpems Bxomamu (puc. 3.9).

Puc. 3.8. Cxema ans 3anaH- AvBvG | 1 | AvBVC
HOIO ypaBHEHMs.

1\%

Z = AvBvC v (AvC)

(9]
nvl

Puc. 3.9. Cxema a5 3a1aHHOIO YPaBHEHUs C IPUMEHEHUEM
anemenra UJIN-HE.

3.3. Tpebyemasa pyHKUMA 1 peanbHas QyHKUMS

ITon Tpedyemoii pynkumeii TOHUMAIOT JIOTUYECKYIO (PYHKIIUIO, KOTOPYIO JOJIKHA
peann30BBIBaTh CXeMa Ha OCHOBE CBOEi CTPYKTYphl. Peanbnoil dynxkumeii siBis-

ercst PyHKIIMSA, KOTOPYIO Ha CaMOM JieJie peajin3yeT cxeMa B pe3yJbrare CBoeH
paboTHI.

Mpn 6e3ynpeyHo GyHKUMOHMpPYIOLWEen cxeMme Tpebyemas GyHKUUa n peanbHas
GYHKUMSA [0NXKHBI COBNAaaaTh.

Eciu TpeGyemast GyHKIMSA U peanbHast GyHKIUS HEOXMHAKOBBI, TO CXeMa
CONEPXUT ONHY WM HECKOJIBKO OLIMOOK, KOTOpHI€ IXOJDKHBI OBITh HAMIEHBI M
yCTpaHEeHHI.

2—2114
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3.3.1. Kak onpegenutb peasnbHyl0 NOrniyeckyto GpyHKUuto

TpeOyemast noruueckast GyHKIIMSA ONpeesaeTcss U3 3alaHHOM IS CXeMBI Ta0JIu -
Il UICTUHHOCTHU. PeanbHas jiormyeckast GyHKIHMA OIPEAEIISIETCS IyTeM TECTO-
BBIX U3MEPEHUM.

Mepen HavyanoM N3MEpPEeHNn HYXXHO YCTAHOBUTb COOTBETCTBMUE YPOBHEN Hanps-
XKEeHUA normyeckum coctosHusm 0 u 1.

s onpeneneHUs JIOTUYECKOTO COCTOSIHUSA, WJIM YPOBHS HAIPSDKEHUS, UTO
SIBJIIETCSI OMHMM M TeM Xe, TpeOyeTcsl TaK Ha3bIBaeMBIii JIOrmuecKuii rectep. OH
MpEACTAaBIsAeT CO00H MAJIEHbKHII TPAaH3UCTOPHBINA YCIWINTEIb M ONMH WJIH IBa
IHoaa JUIst WHANKAIMU TTOKa3aHMIA.

IIpubop ¢ oAHMM UHAMKATOPHBIM AUOAOM ITOKA3bIBAaeT TOJNHKO JIOTHUECKHIA
ypoBenb 1, wuit BBICOKHMH yposens (1y1s1 zanHoro npuMepa +5 B). Eciu auox
He CBETUTCS, 3HAYMT, JIOTHIECKUi1 ypoBeHb paBeH (. Takoii mpuGop He IO3BOJIS-
eT 00HapyXuTh OOpHIB NMpoBoaa ¢ JiormdeckuM coctossHueM 0. CocrosHue 0 B
OGOJIBIIMHCTBE CJIy9aeB COOTBETCTBYET LG POBOIil 3eMile, a HE HEMOIKIIOYEHHO-
My IPOBOIHUKY.

JIyynie mpuMeHSATh NPUOOPHL ¢ ABYMS cBeTomvonaMu. KpacHBIi amon mo-
Ka3bIBaeT, HAPUMeEp, JIOTHYECKOE COCTOSTHUE 1, a 3eJIeHBIil — JIOTHIECKOE COCTO-
ssHue 0. Eciiu He TopuT HU OOWH AUOI, 3HAYUT B JIMHUHU OOpHIB. Takoii oruye-
CKMII TeCTep Ha MaJICHBKOM TPaH3UCTOPE MOXHO coOpaTh caMoMy. Bxon momxeu
OBITh KaK MOXHO 00Jiee BHICOKOOMHBIM.

Hapsimy ¢ MaJIbIM¥ JIOTMIE€CKUMU TECTEPAMH B IIPOIaXe MMEIOTCS Gojiee CIIoX-
HBI€ MPUOGOPHI, ITO3BOJISIONINE OMHOBPEMEHHO UCIIBITHIBATH BCE BXOABI U BBIXOIHI.
BcnencTBue 3TOro 3HaAYUTENIPHO YMEHBIIAETCS BpeMsI TECTUPOBaHMS cxeMbl. IToc-
JIEAHUM 3BEHOM SBOJIIOHHU TECTEPOB CTAIM KOMIIBIOTEPU3HPOBAHHBIE TECTOBBIC
CTEHJIbI, KOTOpbIe aBTOMAaTUYECKH TECTHPYIOT BCIO CXeMY M YKa3bIBAIOT Je(EKTHI.

ITokaxxeM Ha IIpuMepe, KaK ONpelelIsieTcsl peajbHasl JJoruyecKast QyHKITHS.

IIpenmoaoxuM, 4TO UMeETCSI B HAJIMYMHM cxeMa, u300paxeHHas Ha puc. 3.10.
M y Hac ecThb IPOCTOM JIOTMYECKUIA TecTep, OoIpenessionuii cocrossaus 1 u 0
wm coorBerctBeHHo BPICOKUM 1 HU3KUMN ypoBHu.

ITpucBOMM JIOTUYECKUM COCTOSIHH-
sIM YPOBHU HaIPSDKEHUS:

0 £ 0 B (umdposaa 3emns)
12 +5B

ITIporokon u3MepeHuii nMpeacTaBuUM
B Bune Tabmuusl (puc. 3.11).
Caavasa usmepsercst BapuasT 1. Bce Tpu
BXO/Ia 3a3€MJISIIOTCS] M ITOJIyJaloT COCTO-
sHue 0.

3areM TeCTUPYIOTCS BHIXOABI OTHEb-

HBIX 25eMeHToB — C, B, 4, U, V, W,
X, Z — u 3a”HOCATCS B Tabnuuy (oGo-

Puc. 3.10. [lugposas cxema. 3HA4Y€HO cepbIM Ha puc. 3.11).



3.3. Tpebyemas ynxyus u pearvHas QyHxyus

Puc. 3.11. Ta6auua uc-

Bap.|C |B|A|C|B|A|U=AABAC|V=AABAC|W=AABAC|X=ArBAC|Z
TUHHOCTH. 1 [ofofof 1] 1] 0 0 0 0 0

2 |ofof1j1]1]0 o] 0 0 1 1

3 [of1]o0

4 (o1

5 [1]o]o

6 [1]0]1

7 {1|1]o0

8 |1]1]1

ITocne nepBoro BapuanTa usMepsiercst Bapuant 2. Ha Bxon A nogaercsa 1, Bu C
ocratotcs 0.

CHOBa U3MEPSIOTCS BBIXOIBI OTIEIBbHBIX JIEMEHTOB, U UX COCTOSHHUS 3aHO-
CATCS B TaONMILY.

DT0 U3MepeHne NMPONU3BOIUTCS UL BCEX 8 BO3MOXHBIX BapUAHTOB.

MonyueHHas tabnuua oTpaxaeT peanbHY NOrMYeckyio MYHKUNIO, peaniaye-
MYIO CXEMOM.

Ecau nipeanonaraercsi, 4To cxeMa UCIIpaBHA, TO MOXHO OTPAaHUYUTBCS OIIpe-
JieJIeHHUEM COCTOsIHUS Bbixona Z. Ecnu cocTossHue Z oTnmyaercs oT TpebyeMoro,
TO IIPOBOIUTCSI TECT BCEX BJIEMEHTOB.

3.3.2. MNouck gedekra cxembl

Nmeq 3aJaHHYIO Ta6J'[I/I]_[y UCTUHHOCTU U Ta6JII/II_Iy IIPpOTOKOJIa M3MepeHHﬁ, MOX-
HO IIO0 UX PpAaCXOXICHUIO OIIPCACIIUTD oum61<y B CXCME.

OnpeneneHne ownbkn NPoONCXoaMT NyTemM cpasBHeHus Tpebyemoii nornyeckom
bYyHKUMK 1 peanbHONR.

Ecnu tpebyemas norudyeckass GYHKIIUS U peajbHasi COBIIAAAIOT, TO CXeMa He
comepxurt omrbok. CHavajia CpaBHMBAIOT COCTOSTHUS BBIXOJIOB BCelt cxeMbl. Eciu
OHH COBIAJAIOT, JajJbHelllllee cpaBHEHME He TpeOyeTcsa. CxeMa B mopsnke. Ecimn
COCTOSIHUSI BBIXOJIOB Pa3/INYaloTCsi, TO IPOBOJUTCS IOINAroBBIi TECT BCEX 3Je-
MEHTOB, HaUMHasl OT BXOIHBIX.

Ha puc. 3.12 uzobpaxeHa Tabauia KICTUHHOCTH cxeMbl 1o puc. 3.10 u Tab-
JIVa U3MEPEHUI.

Kaxkwue nmormyeckue 3jeMeHTbl paboTalOT HeIpaBWIbHO?

Ecnu npoBepsTh CTONOLBI CIeBa HAMIPaBo, TO IIPU B 06HapyXuBaeTcsd olumbKa.

D10 anemeHT HE, KOTOpBHIiT MOIKEH MHBEPTUPOBATh COCTOSIHUE Bxona B (ore-
meHt I1), Bcerna nmeer jgormyeckoe cocrostaue 1. Utak, on He paGoTaer.

Omm6ka aneMenTa 1 meiicTByer Ha BIXoA V' 1 X, Tak Kak TOJIBKO 3TU 3JIEeMEH-

THl MICTIONB3YIOT cUTHAN B. JIna V u X normdeckye onepalyyl BBIOJIHEHBI BEPHO

TpM YCJIOBMH, YTO B Bcerna paseH 1. DiemeHTH VU X, ceqoBaTeIbHO, UCTIPABHBIL.
Crenyrouias omnbka ooHapyXyuBaeTcs Ha ajieMeHTe W. CnenoBaTesbHO, e~
MmeHT W HencnpaBeH. OnIMOKy Ipy BBIITOJTHEHNH JIOTUYECKOM OTlepalliy HeJlb3s

crmmcaTh Ha cuer aeMeHTa I, Tak Kak W= A A B A C He BKIIOuaeT B cebs B.
B pesynbrare mMpoBEepKH BBISICHHJIOCH, YTO 3aMeHe ITOIeXaT JIOTUYeCKue
sneMmeHTHl Il u W.



@ Trasa 3. Anaaus cxem

Bap.|C|B|A|C|B|A|U=AABAC|V=AABAC|W=AABAC|X=AABAC|Z
1 Jojojof1f1]1 0 0 0 0 0
2 |ojojt1f1[{1]0 0 0 0 1 1
3 |oft1jofj1{0]1 1 0 0 0 1
4 |o|1|t1f1]0]0O 0 0 0 0 0
5 [1|0]0jOf1}1 0 0 0 0 0
6 |1]0]1j0f1]0 0 1 0 0 1
7 |1{1]0f0}0]1 0 0 0 0 0
8 J1]1]1j0f0]0 0 0 1 0 1

Tabnuua UCTUHHOCTU

Bap. |C |B|A| C|B|A|U=AABAC|V=AABAC|W=AABAC|X=AABAC|Z
1 [(ofofof 1|11 0 0 0 0 0
2 [ojof1) 1]1]0 0 0 0 1 1
3 |of1]o] 1 E] 1 1 0o 0 0 1
4 (o1 (1) 1|[i|0 [} 0 E] E] EI
5 |[1|{o]offof1]1 [} 0 0 0 0
6 |1]o]|1foj1}{0 0 1 0 0 1
7 [1}11]0)0 [ﬂ 1 0 0 0 0 0
8 |1]|1]|1] 0[]0 0 [l 1 0 1

Mpotokon namepeHwii

Puc. 3.12. Tabnuua UCTUHHOCTH ¥ MPOTOKOJI U3MEPEHUN LUPPOBOIL CXEMBI.

KOHTPObHbIA TECT

1. CocTaBbTe TaONMIy MCTUHHOCTH JUJISS CXeMBI Ha puc. 3.13.

Puc. 3.13. ITudposasa cxema.

2. CocraBbTe TAOMUIy MCTUHHOCTH UISI cXeMBl puc. 3.14.

A o—

€ o—— Puc. 3.14. Iludpopas cxema.

3. B cxeme Ha puc. 3.14 snemenrt II nedexteH. Ha ero BoIxojie IeTeKTUPYETCS
Bcerga Jjoruyeckoe coctossaue 1. Kakyio normdeckyio GyHKITHIO BBIITOJTHSIET CXeMa
BeieacTBue 3toro nedekra? M3obOpasure peanbHylo GYHKIIMIO CXeMBI B BHIE
TaOMUIIBI UICTUHHOCTH.

4. Onpenenute st cxeMbl Ha puc. 3.15 nornyeckyio ¢hyHKIUIO 1 M300pa3uTe
TaOMIUITy MCTUHHOCTH.

5. ITocTpoiite cxeMy, OTBEYAIOIIYIO CIIEAYIONIEHi JOTHIECKOM YHKIINHU:

Z=AABAAABAC.



Konmponvnoiii mecm @

Puc. 3.15. ITudposas cxema.

o >
o
O

6. IlocTpoiiTe cxeMy ¥ TaGIUIy UCTUHHOCTH, OTBEYAIOIIYIO CJIEAYIONIEi JI0-
ruyeckoii byHKIuu:

Z=AvBvCAAvBACADvVAAD.
7. Cxema Ha puc. 3.16 paGoraeT ¢ ommGKamu. Tabiauia pe3yjabTaToB Tec-
THPOBaHUsS (IIPOTOKOJI M3MepeHHii) m3o0paxeHa Ha puc. 3.17. Onpenenure ae-
(exTHBIE JIOTMYECKIE 3JIEMEHTHI.

Bap.|C|B|AJA|C|X|Y|K|Q
1 [ofojof1] 1| [1[1]1
2 |lojo|1{o|1|1]|1]1}|0
3 jojt1]of1|1[1]|1]1]1
4 |of1|1]of1]1]o]1]0O
5 [1[ofof1[of1[1[1]1
6 [1|o]1]olol1]o]1]0O
7 |1|1]of1|ojof1]1}]1
8 |1]1]1]olololojojo

Puc. 3.17. IIporokon uame-
Puc. 3.16. IIudposas cxema, paboTalomas ¢ OIIMOKaMH. peHuii.



FN1ABA 4

AJITEBPA JTOITMKA

Eciu ¢ moMonibio HpoBBIX CXEM XOTT JOOUTHCSI BHIITOJTHEHHUS OIpeeIeHHbBIX
3aKOHOB YIIPaBJIEHMS WIM BBIYUCIICHUI, TO HEOOXOMUMO HAUTH CXEMBI, KOTOphIE
«MOTYT» peaJIi30BaTh 3agyMaHHoe. CXeMBI IUIST IIPOCTHIX 3aaHMii MOXHO HAaMTH
myTeM nomoopa (cM. 1. 5). OgHako 4YeM BhIllIe TPEOOBaHMS K CXeMe, TEM MEHb-
1lle BEPOSITHOCTh €€ HaXOXIEeHUS METOIOM ITog0opa.

Haxe ecnu mocyie IIUTEIbHBIX CTapaHUU ylaeTcsl HalTH MOOXOMMIIYIO CXe-
My, OHa OOBIYHO OKa3bIBaeTcsl H30BITOYHO (YHKIIMOHAIBHOM, ¥ €€ IPUMEHEHUE
SKOHOMMYECKH HellenecoobpasHo. HalitTu mpocTyio, HO ueaIbHO MOAXOASIIYIO
CcXeMy METOIOM NoabGopa HEBO3MOXHO.

Huist aHanu3a U cHMHTe3a LUMGPOBBIX CXEM CIIYXUT pa3paboTaHHbIA aHTIIHIi-
ckuM MaremarnkoM Bynem (1815—1864) mareMaTruyecKMii ammapar, KOTOPBIA
HM3y4YaeTcs B cpemHeil mkoye B Kypce «Teopust MHOXecTB». CrelHaJIbHBIM pa3-
JleJioM OyJieBOil anreOphl SIBJIsIETCS auredpa JIOTUKH.

4.1. lNepeMeHHbie U NOCTOSHHbIE BEJINYNHDI
(KOHCTaHTbI)

B anrebOpe joruku, Kak U B OOBIYHON ajre6pe, €CTb INOHSTHUSL NepeMeHHbIX W
nocmosanHbix BeJIMINH (KoHCcTaHT). Ho B areGpe TOrMKy KOHCTaHTHI MOTYT MMETH
TOJIBKO JBa 3HaYeHUs, a uMeHHo 0 wiu 1. JIio6as nmepeMeHHas1 B ajnre6pe JOTUKHU
paBHa au60 0, muGo 1.

B anretpe norvikm ecTs TONbKO [BE KOHCTaHTel: O 1 1.

DTHU KOHCTAaHThl COOTBETCTBYIOT JIOTHYECKUM cocTosiHUsAM 0 u 1.

Kaxnas BeimunHa, KOoTopasi MOXeT IpHMHUMAaTh 3HayeHue 0 uiay 3HadyeHue 1,
MIpeacTaBiIsieT co00li IMepeMEeHHYIO BeJIMYMHY. BXOmHbIe BETMYMHBI CXEMBI, Ha-
npumep A, B, C, IBISAIOTCS IepeMEHHBIMU BEIUYMHAMM, TaK KaKk OHU MOTYT
uMeTh Jjormyeckue coctossHusa 1 wmm 0. Taxkxke BBIXOAHBIE BEJIUYUHBI CXEMBI
SIBJISIIOTCSl TIEpEeMEHHBIMU BeJdnynHaMu. Boipaxenus suma (A A B), cocrosimue
M3 IBYX MEpPEeMEHHBIX BEJIUYHMH, TaKXKe SIBJISIOTCS BeIUYMHAMM IEpPEeMEHHBIMU,
TaK KaK MOTYT GBITh TOX€E paBHBI TOJbKO 0 mmm 1.

ﬂepemeHHuMM anre@pbl JIOTUKN ABNAIOTCA BEJINMYUHBI, KOTOPbIE MOTIyT METb
coctosHus O unn 1.

CrenoBarejIbHO, IIEpEMEHHas areOphl JIOTUKHU SIBJISIETCS OMHApHOI BeJIMYM-
Hoil. Ee MOXHO HamIsIMHO M300pasuTh B BUAE BHIKIIouarelns (puc. 4.1). Ycio-
BUMCSI, 4TO

Pa3oMKHYTOMY KJIOMY COOTBETCTBYET norudeckoe cocrtosaHune 0.
3amMKHYTOMY KJIIO4Y COOTBETCTBYET JIOMMYECKOEe COoCcTosHMe 1,




4.2. 3akonws anzeGpvi nozuxu 3\9\)

| |

Puc. 4.1. [IpeacrapieHue BO3MOXHBIX COCTO-
SIHUI IEpEMEHHOM A. Puc. 4.2. [Ipeacrapnenne koHcrauT 0 u 1.

DTO CXeMOTEXHUYECKOEe IIPE/ICTaBJIeHUE IIEPEMEHHBIX BEJIMYUH OYEHb IIPO-
CTO JUIS TIOHMMAaHUA. MOXHO JIM TaK Xe MPOCTO U300pa3uTh rpaduIecKu ImocTo-
SIHHBbIC BEIMYMHBI? MOXHO IMOHUMAaTh MOCTOSIHHBIE BEJIMYMHBI KaK «(DUKCHPO-
BaHHBIE MepeKinovarenu». Ecin nepexioyaTesb SIBIIeTcss PUKCUPOBaHHBIM B
Pa30MKHYTOM COCTOSIHUM, TO OH HUKOTJa HE CMOXET 3aMKHYThCSI ¥ BCETIa MMe-
eT 3HayeHue 0. Ecnu mepexmoyarens siBiisieTcsli GUKCUPOBAHHBIM B 3aMKHYTOM
COCTOSIHUM, TO OH HUKOTIa HE CMOXET Pa30MKHYThCS M BCETIa MMeET 3HaueHue 1.

ITocTosIHHO Pa3sOMKHYTHIA IEPEKII0YaTeIb MOXHO pacCMaTpMBaTh KaK pa3-
pbIB B TUHUM. [TOCTOSSHHO 3aMKHYTHIHA IT€peKIII0YaTelb MOXHO paccCMaTpuBaTh
KaK OOBIYHBIN MpoBox (puc. 4.2).

O6pbiB NUHUNK: 0
HepaspbisHoe coenuHeHue: 1

4.2. 3akoHbl anrebpbl NOrnku

OCHOBHBIE 3aKOHHI aJ'lI‘e6p]>I JIOTUKHU ABJIAIOTCA IIpaBUIaMH, TaKXKE Ha3bIBACMbI-
MH €1I€ aKCMOMaMH, I[eﬁCTBYIOH[PIMI/I JUISA JIOTUYECKUX onepaunﬁ Haa IMOoCTOSAH-
HBIMH BCIIMYUHAMM.

lo [—1——1
0,0=0 I > %o 0 000
0 | i
f
b 1_1_
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Puc. 4.3. [IpaBuio normyeckoro yMHOXeHus Y. Puc. 4.4. INpasuio noruyeckoro cioxerus WIH.



@ Thaea 4. Anzebpa nozuxu

3axkoH Ui onepaluu Jorudeckoro yMHoxeHust M moka-
i=0 3aH Ha puc. 4.3. CxeMaTH4HO JIOTUYecKoe yMHOoxXeHne Y Mox-
HO M300pa3uTh B BUAE ITOCIEAOBATEIFHOIO COSTUHEHMS KITIO-
yeit. Jlormyeckasi eIMHMIIA Ha BhIXoHe OyIeT TOJBKO B TOM
o -1 Ciydae, eciia o0a KiIo4a OTHOBPEMEHHO 3aMKHYTHI (puc. 4.3).
MHuade pe3ynbTaT yMHOXEHUS paBeH HYIIO.
3akoH Juis oneparuu jormdeckoro cioxernus: I n3o06-
Puc. 4.5. Ilpasuno  ,owey ya puc. 4.4. IS JIOTUYECKOTO CIIOXEHUS KIIOYU B
JIOrM4YE€CKOro oTpuua-
wnsa (neepemn) HE.  €XeMe puc. 4.4 BKoYeHbl napavrenbHo. Ha Bbixoxe Gyxer
Jjjorndeckasi 1 Torma, Kkoraa XoTs Obl OTUH KITI0Y HaXOIUTCS B
cocTosiHUM 1.
B noruueckom snemenre HE equnuiia Ha Bxone npespaiaercs B 0 Ha BBIXO-
ne, a 1 Ha Bxoge — B 0 Ha BeIxoze (puc. 4.5).

4.3. AKCUOMbI 1 ToXaecTea anredpbl NOrMkn
4.3.1. AKCUOMBI

IIpaBuia WISt TOTMYECKON oIepalii epeMeHHOI BETMYMHBI C KOHCTAHTOM WIIN
NepeMEeHHOM BEJIUYMHBI C CaMoii co00il WIN ee MHBEPTUPOBAaHHBIM 3HaUYCHHEM
Ha3bIBAIOTCS AKCHOMAMH.

O0603HaYMM HEKOTOPYIO TIEpeMEHHYIO BeJIMYNHY Kak A. Bce, 4ro BepHO i A,
BEPHO M JUIS JII000i1 Apyroii mepeMeHnHoi BenuduHb. Ha puc. 4.6 nzob6paxeHsl
YeThipe BO3MOXHBIE aKCHOMBI JIOTUYECKOTO YMHOXeHUs. s mpeacTaBiIeHUs

HHBEpCHN A IPUMEHEH HOPMAaJIbHO-3aMKHYTBIiI KOHTAKT. OH 3aMKHYT, €CJIA
IJIaBHBII BBIKJIIOUATETh pa3oMKHYT. M pasMbIKaeTcsl IIpU 3aMBIKAHUM TJIABHOI'O

BBIKITIOYaTeNId. TakuM oGpazoM, mpu A A A OOMH M3 IOCJIEIOBATEIbHO BKIIIO-
YeHHBIX KJII0YEi BCErga pa3OMKHYT M B JIHHUM MMeeT MecTo pasphiB (0).
IIpencrasieHye akCMOM areOphI JIOTUKU B BHJAE IMPOCTHIX CXeM OYeHb HaIJIsII-
Ho. Taxke akCMOMBI MOXHO M300pa3uTh B BUe TaOIUI MICTUHHOCTH (puc. 4.7).
AKcHOMBI JUIs1 Jlormyeckoi omepaumu cioxeHusas UM ciaemyior u3 puc. 4.8.
Omneparmio NI MoxXHO M306pa3suTh B BUIE MapajUIeIbHOIO BKIIIOYEHHUS KOHTAKTOB.
Eciu mepeMeHHAass HHBEPTUPYETCS M 3aTeM ellle pa3 HHBEPTUPYETCs, TO OHA
MpUHUMAaET MepBOHAYaIbHOe 3HaueHue (puc. 4.9). JIBa mrpuxa MHBEPCUHM Ha
TepeMEHHOM He MEHSIOT €€ COCTOSTHHS.
HeBars akcuoM npoHyMmepoBaHs! oT 1 go 9. ITox s3TMMM HOMepaMu OHH Ha-
Jiee IIPUBOIATCS B COOpHUKE HOPMYII.

4.3.2. 3aKOHbl KOMMYTaTUBHOCTWU 1 acCOUNaTUBHOCTU

3aKOH KOMMYTATMBHOCTH €llleé Ha3bIBalOT NMEpPEeMEeCTHTENbHbIM 3aKoHoM. OH
IIPUMEHSIETCS IS JIOTUYECKOTO CIIOXEHUS M YMHOXEHHUSI U WHTYUTUBHO ITOHS-
TeH u3 cxeM Ha puc. 4.10 u 4.11.

PesynbTat onepauum norm4eckoro yMHoxeHus M He 3aBucuT oT nopsaka obpa-
60TKN NEePEMEHHDIX.

PeaynbTar onepaunu norndeckoro cnoxerHuns UM He 3asucuTt OT nopsaka o6-
paboTKN NEepPeMeHHbIX.




4.3. Axcuombr u moxcdecmea aneebpuvl K02UKU L)
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Puc. 4.6. AKCHOMBI JIOTHYECKOro yMHOXeHus Y.
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Puc. 4.8. AKCMOMBI JIOTHYECKOrO YMHOXEHHS
nJINA.
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Bap.|A|0[|Z=AA0=0 A o
110 On 0
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Puc. 4.7. Tabauupl MICTUHHOCTH A/l aKCHOM
Jloruyeckoro ymHoxenus H.
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Puc. 4.9. AKCHOMBI JIOTMYECKO-

3
0
! ro orpunianusa HE.

®[Z=AABAC=CArAArB]|

Puc. 4.10. [lepemectn-
TEJBHBIM 3aKOH )11 one-
ALy JIOTMYECKOro YMHO-
xeHnus U.

TN oy
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@[Z=AvBvC=CVvAVE]

{A 8 /fc @ ic /a /B
Puc. 4.11. [IepemecTUTENBHEII 3aKOH AJ15 One-
pauuu gorumdeckoro caoxenus UIN.




Ihaea 4. Ancebpa rozuxu

A H , A (A,\g) @[Z=Ar(BAC)=(ArB)AC]

B B
n (BAC) i z Pne. 4.12. CoyeraTensHbIil 3aKOH AJ11
onepauMy JIOrH4ecKkoro yMmHoxxeHus M.

®[z=Av(BvCO=(AvB) v C]

Puc. 4.13. CouetarenbHBIil 3aKOH A/
onepanyu Jiornyeckoro cioxenunsa UIN.

3aKOH acCOIIMaTUBHOCTH €llle Ha3hIBAalOT COYETATEIbHBIM 3aK0HOM. OH IIpH-
MEHSIETCSI IS JIOTHYeCKoro yMHoxeHus (puc. 4.12) u cnoxenus (puc. 4.13).

Pesynbtar onepauuu norm4eckoro ymHoxeHus M He 3aBucuT oT nopsiaka obpa-
BOTKM NepemMeHHbIX.

PesynbTar onepauuu nornyeckoro cnoxexduns MM He s3aesucuT OT nopsgka
06paboTKn NepemMeHHbIX.

4.3.3. OncTpnbyTmBHLIN 3aKOH

JducTpnOyTUBHBIN 3aKOH TakKKe Ha3bIBAIOT pacnpeneIuTebHbIM 3aKOHOM. Pac-
MpeaeuTeNIbHbIN 3aKOH JIOTMYECKOTO0 YMHOXEHUS IO OTHOLIEHMIO K CJIOXe-
HUIO urpaetr GOJIbIIYIO POJIb HAa IpPAaKTUKE MpPU NpeoOpa3soBaHUM JIOTUYECKUX
BBIpaXXE€HUM.

PasznuyaioT KOHBIOHKTUBHEIN pacrpeneTuTeNIbHbIN 3aKOH U AU3BIOHKTUBHBIH
pacrnpeaeuTeIbHbIN 3aKOH. KOHBIOHKTUBHBIN pacIpene/INTeIbHbINH 3aKOH 3a-
MUCBhIBaeTCS KakK

@ Z=A/\(BVC)=(A/\B)V(AAC).

IlepeMeHHaa A B onepauuu Joruyeckoro ymuoxenus M «pacnpenesnsiercs»
1o nepeMedHsIM B 1 C. CxeMa Ha puc. 4.14 mokasbIBaeT IPaBWILHOCTh 3TOTO
ToXIecTBa. Tak Kak 06a KOHTakTa A MOryT KOMMYTHPOBAThCS TOJIBKO OTHOBpE-
MEHHO, y3JIbl 1 ¥ 2 MOXHO COCAWHUTH Ge3 U3MEHEHUS NEeUCTBUS CXEMBI.

Yro06H! ellle JIydiile MOSICHUTh 3TOT 3aKOH, TOXIECTBO IIPOBEPSIETCS TabIULIei
ucTuHHOCTH (puc. 4.15). CocTOosSIHUS TepeMEeHHBIX B KOJIOHKaX X U Y omuHaKko-
BBl. 3HAYUT, KOHBIOHKTHBHBIN pacripeleTUTeTbHbII 3aKOH BEpeH.

JIN3BIOHKTUBHBIN paclpeneuTeNIbHbIi 3aKOH 3aIlUChIBACTCS KaK

® ‘ Z=Av(BAC)=(AvB)A(AvC).

ITepeMmenHas A B ornepaiuu jiorudeckoro ciaoxenus MJIW «pacnpenenser-
cs» mo nepeMeHHBIM B u C. Cxema Ha puc. 4.16 mokassiBaeT IPaBUIbHOCTD
3TOTO TOXAeCTBa. Tak Kak o6a KOHTaKTa A MOTYT KOMMYTHPOBAaThCs TOJBKO
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® ®
’——l——‘ | Bap.|C|B|A|AAB|AAC|(AAB)V(AAC)|BvVC|AA(BVC)
A i [o[o|o] o 0 0 0 0
A A 2 [ojof1] o | o () 0 0
3 |o|1fo] o 0 0 1 0
Dm0 = 4 {o|1]|1] 1 0 1 1 1
5 |[1]0]0] O 0 0 1 0
& c & ¢ 6 [1]o|1] o | 1 1 1 1
7 |1]1]o| o 0 0 1 0
8 |1i1[1] 1 1 1 1 1
(AAB)VAAC)=AA(BAC)
(ArB)v(AAC)=AA(BVC)
Puc. 4.14. KOHBIOHKTHBHEII pacnpeae- Puc. 4.15. [Iposepka npaBwibHOCTH KOHBIOHKTUB-
JIATEBHBINA 3aKOH. HOIO pacnpee/IuTe/IbHOroO 3aKOHa IIPY IIOMOILIM Tab-

JIMIIBI UICTUHHOCTH.

OTHOBPEMEHHO, CXeMy MOXHO IIpeo0pa3oBaTh, Kak
3T0 M300paxeHo Ha puc. 4.16, 6e3 U3MeHeHUs Ieii- r—L‘| _x—\
CTBHUSL CXEMBI. B B
CoBeTyeM caMOCTOSITEILHO IPOBEPUTH ITOCJIEIHEE
TOXIIECTBO TaOIUIIE MCTMHHOCTU aHAJOTHYHO Tab- = A
Jguue Ha puc. 4.15.
IMokaxeM mpUMeHEeHUE TU3BIOHKTUBHOTO pacIipe- ¢
JeJINTEILHOIO 3aKOHAa Ha NMpuMepe. YIIPOCTUM BhIpa-
XeHUe
(AvBYA{(AvC)=AvVv(BAC)

A
A

Z=(KvM)r(KvM).
Puc. 4.16. Ju3bIOHKTUBHBIA
CoriacHo IU3BIOHKTUBHOMY PacCHpPEACIUTCIbHO- pacnpeaenuTeNbHBIA 32K0OH.

MY 3aKOHY OHO IIpeoOpa3yeTcs:
(Av By A(Av C) =Av (B A C)
N
Z=(KvM)A(KvM)=Kv(MAM).
Bpra)KCHI/le M /\M ABIACTCA JIOTMYECKUM CIIOKCHUEM ﬂepCMCHHOﬁ H €¢

WHBEePTUPOBaHHOTO 3HavYeHus. I1o akcuome 4 Ha puc. 4.6 3TO BhIpaXeHUE JAET
pesynprat 0:

ArA=0
N
MAM=0

Torma nna Z:
Z=KV(M/\M)
Z=Kv0

T 7
AvO0=A.

CoracHo akcuome S (puc. 4.8) BepaxeHue (nepemernHast v 0) paBHO repeMeHHOI
Z =K.
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4.3.4. Teopembl ge MopraHa

AHmiickuii MaTeMaTuk 1e MopraH (1806—1871) KONMOJHIWI aKCHOMBI aJIreOphI
JIOTMKU TeopeMaMM, Ha3BaHHBIMHM B ero 4decth. TeopeMmbl ne Moprana umeor
OoJblIIOe IIPAKTHYECKOEe 3HAYeHHE IIPHU YIPOINCHWH HHBEPTUPYEMBIX BhIpaXe-
HUi 11 torudeckux onepanuii ¢ anemenramu U-HE u UJIM-HE. CymectByior
IBe TeopeMbl ae MopraHa.

IlepBast Teopema ne Moprana:

® Z=AAB=AVB.

DTa TeopeMa JOKa3LIBAE€TCS C IMOMOIIBIO TAOIHUIIBI UICTUHHOCTH (puc. 4.17).
Bropas teopema ne Moprana:

@ Z=AvB=AAB.

CoryiacHO TeopeMaM B3aMHO MeHsieTcs1 THII Jjorimdeckoii orteparmu (M u MJIN).
Bropas TeopeMa JOKa3BIBAETCSI C ITOMOIIBIO TAOIHIIBI UICTUHHOCTH (pHc. 4.18).

Bap.|B|A|ArB|A~B|A|B|AVvE]| Bap.|B|A|AvB|AVB| A|B|AAEB|
1 [o|o] o K 1 |o]o] o EIEE

2 |o|1| o ofj1| 1 2 of1] 1 of1| o

3 |1]o] o 1]of 1 3 [1{o] 1 1{of o

4 {11 1 olo| o 4 1111 1 oflof o

ArB=AvEB AVB=AAB

Puc. 4.17. Tabauna UCTUHHOCTH AJid AOKAa3a- Puc. 4.18. Tabauna HCTUHHOCTH )15 A0KA3a-
TebCTBA MEPBOM TeopeMsl MopraHa. TEALCTBA BTOPOIl TeopeMbl MopraHa.

IToxaxeM BaxXHOCTh TeopeM e Moprana Ha nmpuMepe. C X IIOMOIIBIO MOX-
HO 3HA4YUTEJIbHO YIIPOCTHUTHh BHIpaXXEHUE:

P=RASVRAS.

IlepBas yacth ypaBHeHHMS R A S COIJIaCHO IepBOil TeopeMe mpeoGpasyercsi B

R v S. Bropas yacTb ypaBHEHUs R A S cornacHo Toit Xe TeopeMe TpeoGpasyercst
B Rv S. R comnacHo akcuome 9 paBHO R.

P=E7§vi?@

P=Rv§vﬁvi

P=RvSVvRvVS.

TocaenoBaTeIbHOCTh MEPEMEHHBIX U3MeHeHa. IIpoBeneM mpeoGpa3oBaHUS
o akcuoMaM 8, 7 u 6:

P= RVvR v SvS

) N ———

o | AvAa=1]| o|AvA=A
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P=1vS

o [A=1]
P=1

TeopeMsl e MopraHa IeiCTBYIOT TaKXe M ISt JIOTUYECKUX OIIeparuii ¢ 60Jb-
LIMM KOJIMYECTBOM TE€PEMEHHBIX:

(]|
9]
<
Ol
<

Z=AABACADA..=AvBv

@I
9]
>
O
>

Z=AvBvCvDv..=An

A

3apaHue

CocraBbTe Ta6JII/II_Iy HWCTUHHOCTHU M ITPOBEPHTE UCTUHHOCTH TCOPEMEI 1€ Mopra—
Ha 1 TPpEX NCPEMECHHBIX.

4.3.5. MpuopuTeTbl TIOrM4eckux onepauni

Jlormueckast onepanust U u MU ¢ HeCKONBKUMU IEPpEMEHHBIMU MOXET IIPUBEC-
TH K HEOMHO3HAYHOCTH. YpaBHEHUE

Z=AvBAC
MOXeET OBITh PeIIeHO IBYMS criocobamMu. MOXHO CHayajia CJIOXUTh ITepeMeHHbIe
A u B, 3atreM yMHOXUTH pe3ynbraT Ha C. COoOTBETCTBYIOIIAs cXeMa M Tabiuna
MCTUHHOCTHU M300paxeHsl Ha puc. 4.19.

C Ipyroii cTOpoHBI, MOXHO CHadaJia IIEpeMHOXUTh IlepeMeHHble B u C, a
pe3yabTar cioXuTh ¢ A. COOTBETCTBYIONIAs CXeMa U TabIMa MICTUHHOCTH U300-
paxeHBI Ha puc. 4.20. Z B 3TUX ABYX BapHaHTaX SIBJISIETCS pe3yJIbTaTOM a0COJIIOT-
HO pa3HbIX JIOTMYECKHX omepanuii. HeomHO3HaYHOCTh MOXHO YCTPAHHUTh C IO-
MouIplo cKoOoK. B mmepBoM ciryyae HyxHo nucath Z = (A v B) A C. Bo BropoM
coyqae — Z=Av (B A O).

A AvB Bap.|C|B|A|AvB|Z

1 ]0jo]|0] 0 |O

2 lo|o|1] 1 |o

3 |lol1jo) 1 |o

Bo (AVB)AC 4 lof1|1] 1 |o

5 |[1]/0]|0] 0 |0

Puc. 4.19. Cxema u tabnu- e l1lol1] 1 |1
112 MICTUHHOCTH A1 PyHK- 7 |1]1]o} 1 |1
mu Z=(Av B) A C. Co—m | 8 (1f1]+] 1 |1
Bap.|C|B|A|BAC]|Z

A o— 1 |ojojo] o |o

Z=Av(BAC) 2 lolof1! o |1

3 |o|1]o] o |o

B 4 |oft|1] o |1

5 |[1]/o]|o] 0 [0

Puc. 4.20. CxeMa u Tabuu- 6 frjof1y o0 1
[]a ICTMHHOCTH Ans GyHK-  ©° ; : : ? : :

mm Z=AA(Bv C).
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Ot cK0OOK MOXHO OTKa3aThCsl, €CJIN BBECTH NPUOPUTETHI JIOTHYECKUX OIe-
paumuii.

Jlornyeckas onepaius ¢ 60jee BHICOKUM IIPUOPUTETOM BBITIOHSIETCS TEpes
JIPYTUMM JIOTUYECKUMH oliepanusiMu. [Ipuopurer cylmecTByeT M B OOBIYHOM ai-
reOpe. YMHOXeHNe U JejieHHue MMEIOT TaM Oosiee BHICOKHIT NMPUOPUTET IEepe
CIIOXE€HUEM M BHIYMTaHHEM.

B anre6pe toruku 60siee BBICOKHIT IIPUOPUTET UMEET OIepaIiysI JIOTUIECKOTO
yMHOXeHus: U.

Onepaums norm4yeckoro YMHoXxeHus W BouINONHAETCS nepen NOornmv4eckum Cno-
xennem VN,

Z=AvBAC=Av (BA Q).

Tenepb PpacCMOTPCHHOC BBIIIC YPABHCHHUEC CTAHOBUTCSA OMHO3HAYHBIM.

Ecnu B BBIpAXCHUUN aJ'[I‘erbI JIOTMKH IIPUCYTCTBYIOT OII€palli JIOTUYCCKOIoO
YMHOXCHHUSA U CIIOXCHUA, TO IICPECMCHHBIC, CBSI3aHHBIC JIOTUYCCKUM YMHOXXCHU -
€M, JOJDKHBI YNTAThCS TaK, KaK 6y,I[T0 B3SITHl B CKOOKH.

4.4. dyHkumn U-HE n UNN-HE

AureGpa JIOTUKY IIOCTPO€HA Ha TpeX OCHOBHBIX JIOTMYECKMX omepanusax — U,
HJIN u HE. Ha sneMeHTaX, BHIIIOJHSIONIMX 3TH ONEpalliy, MOXHO peain30BaTh
mo0yio jormyeckyio pyHkmo. ITosromy anementsl U, UJIN u HE HaspiBaloTca
OCHOBHBIMH.

M3 nepBoii TeopeMsl 1e MopraHa cieayeT, YTO 3JIeMEHT JIOTHYECKOTO YMHO-
XEHMS BCeria MoXeT ObITh 3aMeHeH 3yieMeHToM WJIUW U HeCKONBKUMM 3JIeMEH-
tamu HE:

A A B = Av B — nepsas Teopema ne MopraHa

AAB=Av B;
AAB=AvB.

D10 03Hayaer, 4To 6e3 3eMeHTOB M1 MOXHO 060iiTHCh. OTCIONA ClIeIyeT MPaBIJIO:

JioBaa nornyeckan QyHKLUMsi MOXET ObiTb peann3oBaHa TOMbKO Ha 3NEeMeHTax
WU v HE.

Bentwmm UJIN u HE mMoxxo peann3oBats Ha a5ieMeHTax LI -HE (puc. 4.21).
Ecnu coegunuth Bxonpl snmementa WJIV-HE BMecTe, TO MOJMYyYHUTCS DJIEMEHT
HE. Bnement UJIU nony4yaercsa nmyreM uHBeprupoBauus Beixoga UJIW-HE. Tna
aroro K Beixoay anementa MJIN-HE nocienoBaTebHO MOAKITIOYAETCS €11E OMUH
anement MJIN-HE, xotopsiit aeiictByeT Kak snementr HE (puc. 4.21).

Bentune 1 MoxeTt ObITh 0Opa3oBaH COIIACHO YpaBHEHMIO, CIEAYIOLIEMY U3

' mepBoii TeopeMbl e MopraHa:

AAB=Av B.
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Puc. 4.21. Bentwiu WIN u HE, pea- i >1] 4
JIN30BAHHBIE HA JIOTMYECKMX DJIEMEH- HE A =D A l D
tax AJIN-HE.
A > 1]AvB A >1 >1] AVB =
7 > D . 0O
B B
ArB

Puc. 4.22. Beutuns U, peanunso-
BaHHBIA HA JIOTHYECKUX 3JIEMEH-
Tax WJIN-HE.

Jng momysenuss A v B npumenstior nsa snementa WIW-HE. s norude-
CKOM OIlepaliuM CI0XEeHUA UCItonb3yercs erle onuH anemeHT UJIN-HE (puc. 4.22).

Hrak, ecau ocHoBHBIe Joruyeckue anemeHTl NN, HE, 1 MoXHO peanu-
30BaTh TOJNbKO Ha sneMeHTax UJIM-HE, T0o 310 3HaYMT, 4TO JIOOYIO BO3MOX-
HYIO JIOTMYECKYI0 (DYHKIIMIO TaKXXKe MOXHO peaJii30BaTh TOJHKO Ha 3JIeMEHTaX
NIIA-HE.

Jlio6as nornueckasa GyHKUMA MOXET ObiTh peann3osaHa TOIbKO Ha 3NneMeHTax
nin-HEe.

Bnementst MJIM-HE MoXHO HMCHONB30BaTh KaK YHUBEpPCAJIbHBIE JIOTHYE-
CKU€ 3JIEMEHTHI.

W3 BTOpOI TeopeMbl 1e MopraHa cienyer, 4YTo JJorndeckuii anement NJIN
MOXET OBITh 3aMEHEH JIOTHYECKUM 3JIeMeHTOM M M HeCKOJIBbKUMU 3JIEeMEHTa-
mu HE:

Av B = A A B — Bropas Teopema ge Moprana

AvB=AAB;

Av B=AAB.
D10 o03Hauaer, yro 6e3 anemeHTOB MJIM MoxHO obGoiituch. Otrcioga ciemyer
MpaBUJIO:

Jio6as noruveckas ¢GyHKUMA MOXET ObiTb peanna3oBaHa TONbKO Ha 3fieMeHTax
N un HE.

Beurwis HE mMoxHO peanusoBaTh Ha snemeHTax M-HE. Ecim coemuHuTh
Bxonsl aneMeHTa U-HE BMmecte, To momyuurcs snemeHT HE. Bnement U mony-
yaeTcsl IMyTeM MocienoBareyibHoro BKiaodyeHust aneMeHTa U-HE u eme omsoro
anemenTa U-HE, koropwiit meiictByet Kak aneMmenT HE (puc. 4.23).

Bentunu NJIN Takxe MOXHO peanu3oBarh Ha aneMeHTax M-HE. U3 Bropoit
TeopeMsl ie MopraHa ciemyer:

AvB=AAB.
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2 by Puc. 4.23. Beutuwiu HE u U, pea-
HE A = A l P JIM30BaHHBIE HA JIOTUYECKUX 2JIEMEH-

tax U-HE.
- A AAB A l ANB=AAB
4] (=== 0 D
B B
AAB

. B
VI
B
Puc. 4.24. Beutuns WU, peanu-

30BaHHBIM HA JOTMYECKHUX D1EMEH- B —E
Tax U-HE.

Jnsa peanmuszanun BeHTnsa VJIM tpeGylorcs aBa snemenra M-HE, BKiIo4eH-
Hele Kak sneMeHThl HE. Eine oqun mociemoBaTebHO BKIIIOYEHHBIHN 31eMeHT -
HE ucnonp3yercs Wist JOTHYECKOTO YMHOXEHUSI ¢ MHBepcuei (puc. 4.24).

Hrak, ecniu ocHOBHBIE Jormdyeckue aneMeHTH NI, HE, 1 MoxHO peanu-
30BaTh TOJBKO Ha 3neMeHTax M-HE, To 1100yi0 BO3MOXHYIO JIOTHUECKYI0 (DYHK-
IIMI0O TaKXX€ MOXHO peajin30BaTh TOJHKO Ha sneMeHTax M-HE.

Jhiob6as noruyeckas GyHKUMS MOXeT ObiTb peasn3oBaHa TOJIbKO Ha 3NEeMEHTax
N-HE.

Onementsl U-HE, Tak xe Kak u anemeHTH MJIM-HE, MoXHO MCITOJIb30BaTh
KaK YHUBEPCAJIbHbBIE JIOTHYECKIE BJIEMEHTHI.

st cunTe3a mugpoBeIX cxeM ToidbKo Ha 3nemeHTax M-HE wm UJIW-HE
9acTo TpeOyeTcss MHOrOILIAroBoe Ipeodpa3oBaHue YpaBHEHUI ajareOphbl JIOTHUKM.
Takue nmpeobpa3oBaHUsI MOTYT OBITh IIPOM3BENEHHBI Pa3HBIMH criocobamu. IlyTs,
OOBIYHO BEIYIIWI K IeIH KpaTJyaiileil Joporoii, HAYMHAETCS C OIlepallui JBOM-
HOro orpulianus. [[BoitHoe oTpHIlaHHEe HE MEHSET pe3y/IbTaT BBIpaXKeHMUs.

Mpumep

TITpeo6pa3yiite ypaBHeHue Z = (Z ABA C) v (A ABA 5) TaK, YTOOBI COOTBETCTBY-
olIass cxeMa coaepxaia Toabko amemeHTsl M-HE.

Z=(Z/\B—AC)V(AAEA5);

Z=(ZAEAC)/\(A/\.§A6).

CuHTE3UpOBaHHAsI HA OCHOBE NMPe0oGPa30BaHHOIO YPaBHEHHUSI CXeMa IoKasa-
Ha Ha puc. 4.25.

Mpumep

IIpeobpa3yiite ypaBHeHuE Z = (Z ABA C) v (A ABA 5) TaK, 9T00BI COOTBETCTBY-
onas cxeMa comepxaia Tojibko 3neMmeHTsl MJIV-HE.

Z=(Z/\EAC)V(AA‘E/\6);
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Puc. 4.25. Cxema Tosbko Ha asnemeHTax U-HE.

Z=(j/\§/\é)v(2/\§/\5)’

bl

Z=(AABAC)v(AABAC).

CuHTe3upOBaHHAsI Ha OCHOBE IPeoOpa3sOBaHHOIO YpaBHEHUS cXeMa IToKa3a-
Ha Ha puc. 4.26.

Ha npaktuke 4acTo BO3HMKAIOT TPYAHOCTH MPH IpeoOpa3oBaHUU alre6pau-
yeckux ypaBHeHuit B norudeckue onepamuun MU-HE u UJIN-HE. Ectb crioco6
n30eXaTh 3TUX IIpeoOpa3oBaHuii. B cxeMe, MOCTPOEHHOM U3 OCHOBHBIX 3JIEMEH-
TOB, OTJEJIbHbIE OCHOBHBIE 3JIEMEHTHI MOXHO 3aMeHUTh 3jeMeHTaMu MI-HE u
NIIN-HE, xak yka3aHo Ha puc. 4.21, 4.22, 4.23 u 4.24.

IIpu 3TOM momydyaroTcsi Gojiee CIIOXHBIE CXeMBI, KOTOphle, TeM He MeHee,
JIeTKo ympoiarb. Tak, HampuMep, 4acTo BCTPEYalOTCs JBa CJICAYIONIMX APYT 3a APY-
roM BeHTWIsI HE. BTH BEHTWIN MOXHO BHIYEPKHYTb, TaK KaK MX JEHCTBUS B3aMMHO
KOMITEHCHPYIOTCS (IBOMHOE WHHBEPTHPOBaHUE TTepeMEHHOI He MeHseT ee). Been-
CTBHE 3TOr0 CXeMa 3HAYMTEJILHO YIPOILIAETCH.

ITpuMep Takoro yrpolneHus nmokasaH Ha puc. 4.27. B BepxHeii 4acTu pyCyHKa

NpeACTaBlIeHa CXéMa, COOTBETCTBYIOIIast PYHKIMHU Z = (Z ABA C) v (A ABA C_')

M COCTOSINAsA U3 OCHOBHEIX 3JieMeHTOB. IIpeobpasyeM 3Ty cxeMy B CXeMy, COCTO-
g1yo Tojabko u3 3neMeHToB M-HE. JIns 3TOr0 KaXnplii OCHOBHOM 3JIEMEHT

A B C
? ?

[ ]

v I
»| =

AvBvC

v
-

v
-
[\
-

v
-

AvBvC

Puc. 4.26. Cxema Toapko Ha anementax UJIM-HE.
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A B c Puc. 4.27. CxemMa ¢ OCHOBHBIMH 3Ji€-
MEHTAMM, 3aMEHEHHBIMM COOTBET-

crBytomnmu snementamu U-HE.

Z = (AABAC) v (AABAC)

0
Y

CXeMBI 3aMeHsIeTCSI COOTBETCTBYIoIINM eMy yemenToM M-HE. IlocienoBarensHO
BKIIIoYeHHbIe 37eMeHTHl HE MOXHO BBIYEpPKHYTh. B pesynbpraTe moiydaercs cxe-
Ma, GYHKITHIO KOTOPOif MBI paHee OIpeNeNIVUIA pacYeTHLIM ImyTeM (cM. puc. 4.25).
DTOT crmocob Bcerna paboTaeT Ha IIPaKTHKE, OMHAKO TpeOyeT HEMHOIo OOJIbIIe
BpEMEHH.

4.5. Npumepsbl
AKCMOMbI 1 TEOPEMBbI anrebpbl NOrMkn
Axcuomot
® AA0=0; ® Av0-=4;
@ AAl=4; ® Avl=]
® AAA=A4 @ Av A= A4
@ AnA=0; AvA=1
©@ A=4

Ilepemecrmumeansnotii 3axon
D AABAC=CAAAB;

@ 4vBvC=CvAvB.
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Couemameanvnotii 3aK0n

@ AA(BAC)=(A/\B)AC;

@ Av(BvC)=(AvB)v
Pacnpedeaumenvnuotii 3aKon
AA(BvC)=(AAB)v(AAC); An(Av B)= 4;
® Av(BAC)=(AvB)A(4VC); Av(AAB)=A.
Teopemot de Mopzana
AAB=Av B; AABACADA..=AvBvCvDv..;
@ AvB=AAB; AvBvCvDv..=AABACADA....

VYpaBueHus 14a m 15a geisgiorcs apyroii ¢GopMoii 3alMCH pacipeneTuTeNhb-
HOro 3aKoHa. OHM HOJYYalOTCs CIeAYIONIUM 00pa3oM:

Ar(AVvB)=(AvO)A(AvB)=Av(0AB)=Av0=A4

T d
A=Av0 0AB=0
AV(AAB)=(AAD)V(AAB)=AA(vB)=AAr1=A4
T d
A=AAn1 1vB=1

YpaBHeHus 16a u 17a gBiIAI0TCA paclIMpeHIeEM TeopeM Ie MopraHa Ha Jio-
60€ YHCIIO TTepeMEeHHBIX.

B npenpinmyimmmux ypaBHeHHsSX nepeMeHHbie A, B, C m D moapa3yMeBaloT,
YTO HAa UX MeCTe MOXeT OBITh Ji00as mepeMeHHass. B KadyecTBe mepeMeHHBIX
MOTYT TaKXe 3allMChIBaThCS BHIPaXeHUS B CKOOKaxX M (YHKIIMUA MHOTHX Iepe-
MEHHBIX.

Mpumepobl
Z=RA0=0; (akc. 1)
Z=SAK=SvKk; (ypasH. 16)
Z=(XAY)=XAY =1 (akc. 8)

B nocnenneM ypaBHeHUU peus unet o6 omepauuu UJIN Hax nepeMeHHOI U
€e MHBEPTUPOBaHHBIM 3HaueHUeM. IlepeMeHHoIl siBsieTcst BoipaxeHue (X A Y).

CornacHo ypaBHEHUIO 8 (A vA= 1) Z paBHO 1.
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Mpumepsbl pacyeToB

YnpotiueHune BbipaxeHuin

Mpumep 1

Z=AvBvBvC,

BvB-=1 (akc. 8)
Z=Av1vC;
Z=(AvC)vl

Jlormueckoe cnoxenne MJIWU B pesynbrare maer 1 (akc. 1). BeipaxeHue B

CKOOKax (A v C) paccMaTpuBaeTcs KaK OIHAa IIepeMeHHas

Z=1

Mpumep 2
X=(MAN)v(MANAM);
X=(MAN)v(MAMAN);

MAM=0; (axc. 4)

X=(MA]V)V(OAN); '

OAN =0; (akc. 1)
X:(MA]V)VO.

CorjacHO akCHMOMeE 5 JIOTMYeCKOe CIOXEHHE IepeMEHHON C HyjeM JaeT B
pe3yJibTare caMy MepeMeHHYIO:

X =(MAN). (akc. 5)

Mpumep 3
Z=Bv(AABAC)VvB.
ITopsmoK ciiaraeMbIX IIPH JIOTUYECKOM CJIOXKEHMHM He MMeEET 3HayeHus. BbI-
paxeHue Bv B cormacHo akcyioMe 8 pasHo 1:
Z =BVFV(ZABAC)=IV(ZABAC).
Bripaxenue B cCKOOKax paccMaTrpuBaeTcs Kak ofHa repeMeHHas. Jlormye-

CKO€ CJIOXEHHe MEPEeMEHHOM C eIMHUIIEN TaeT B pe3y/IbTaTe eAMHUILY (aKkc. 6):

Z =1



4.5. IIpumepuot !'i)

Mpumep 4
Z=XA(XvS).
CortacHO pacnpeIeMTeIbHOMY 3aKOHY (ypaBH. 14), ero MOXHO «PacKphITh»:
AA(BvC)=(AAB)v(4ArC);
Z=XAXVvSE)=XAX)Vv(X AS).
Beipaxenue X A X pasro 0 (akc. 4):
Z=0v(XAS).
Beipaxenue B ckob6kax (X AS) paccmarpuBaercsi KaK OfHa IepeMEHHasl.

Jlormyeckoe cloXeHHe IEPeMEHHOM C HyJIEeM JaeT B pe3yJibraTe MepeMEeHHYIO
(akc. 5):

Z=XArS.

C roMomibIo TabJIMIIBl KICTHHHOCTYA MOXHO IIPOBEPUTH MMPABUIBHOCTh pacye-
OB (puc. 4.28).

Bap.|C|B|B|BvC|Zz=BAa(BvC)|BnC
1 Jofof1]| 1 0 0
2 |o|1]o]| o (] 0
3 |1]of1] 1 0 0
Puc. 4.28. Tabnuna MCTHHHOCTH a l1lalol . ;
sl IPOBEPKH PE3y/bTaTa.
M1 MPOBEPKM PESY.

Mpumep 5

Z=AvBAAvBvC.
CHavana yoepeM IUIMHHYIO HHBEPTUPYIOIIYIO YePTy COIIACHO BTOPOMY 3aKO-
Hy Je Moprana:

).

il
o

A

Z=Av(l_?/\2/\

>
9]

Z=Av (I_J AAABA
IToMeHsieM nepeMeHHble MeCTaMU:
. Z=AV(EABAZAZ);
BAB=0; (akc. 4)
Z=4v(0AAAC).

Beipaxenue A AC paccMaTpuBaeTcs Kak OgHa IepeMeHHas. Jlormuyeckoe
YMHOXEHHE TIEPEMEHHOM C HyJIeM [aeT B pe3yjibrare HOJb:

Z=Av0;
Z=A (akc. 5)
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Mpumep 6
CHavana ciexyer pa3OUTh JUVIMHHYIO BEPXHIOIO YEpTYy OTPULIAHUS Ha OTPE3KH
cortacHo ypaBHeHHIO 17. JIBOMHbIE YepThl OTPULIAHUSA PABHOM JUIMHBI B3aHMHO
COKpAIlaloTCSI U MOTYT OBITh BHIYEPKHYTHI (aKc. 9). UepThl oTpulIaHUs Ham He-
CKOJIBKMMH TIepeMEHHBIMI PaBHOCHIBHB CKOOKaM:

Y=AAXVAABAXVBAX.
Ecnu oHu yOouparoTcsi, He0OOXOOMMO IMPOBEPUTh, HE HAIO JIM BMECTO HUX ITOCTa-
BUTh CKOOKH. B 3TOM npuMepe CKOOKM HEOOXOTHUMBL:

Y=AAXVvAABAXvVBAX;
Y=@AXVZABAXy§AX.

Tenepr MOXHO pa3OUTh KOPOTKHE YePTHl OTPUILIAHHMS M COPTHUPOBAThH Iepe-
MEHHBIE:

Y=@ XvAvEBv X)E X;
Y=(AvAvXvXvB)aBa
AvA=1 : (akc. 8)
XvX=X; (akc. 7)
Y=(IVXVF)A§AX,
lv(z\_’vﬁ)=l; (akc. 6)
Y=1ABAX;
Y=BArX

MpeobpasoBaHne ypaBHEHUA

Mpumep 7

ITpeo6pasyiite ciemyiomyio GyHKIMIO TaK, YTOOB peaJM3yIoliast ee CXeMa Co-
crosuia ToJbko u3 3jeMeuroB U-HE.

Z=|:CV(N/\P/\S)]/\(ZVB);

=[Cv(N/\P/\S)]A(ZvB_);

Z=§AN/\PASAEAE;

Z=CANAPASAAAB,;

Z=CANAPASAAAB.



Konmpoansneii mecm 5\5\)

Mpumep 8

IIpeoGpasyiite ciaeayioinyio GyHKIHMIO TaK, YTOOBI peaIM3yIoNIasi ee CXeMa COo-
crosuia ToabKko n3 asmemeHnTtos VJIM-HE.

X=AvCvBvRvVS;

X=AvCvBvRVS.

KOHTpPOJIbHbLIN TECT

1. HazoBuTe KOJIMYECTBO BO3MOXHBIX IIOCTOSTHHBIX BEJIMYMH B ajredpe Jio-
TMKH.
2. Kak mpencrapisieTcsl IepeMeHHasl BeJIMYuHa B ajreope soruku? Kaxme
JIOTMYECKME OIEPAllMi MOXHO IMPOU3BOIUTH C IIEPEMEHHBIMHU?
3. Yro Takoe rnepeMecTUTEILHBIN 3aKOH?
4. Kakoe 3HaYeHHE MMeEET pacIpeaeINTeIbHbINA 3aKOH?
5. IToyeMy Bce BO3MOXHBIE JIOTHYECKHE OIIEPAIITA MOXHO PEAIN30BaTh TOJIHKO
Ha sneMeHTax U-HE?
6. Kakag w3 ABYyX JIOTUYECKMX ONepalii uMeeT Gojiee BBICOKMI MTPUOPUTET:
N wm WIN?
7. Chopmynupyiite TeopeMsl 1e MopraHa.
8. Bnementsr U, NJIN wnu HE MoxHO peanu3oBaTh TOJHKO Ha
a) seutwax U-HE,
6) BenTwisix UJIN-HE.
Hapucyiite COOTBETCTBYIOIIHE CXEMBI.
9. MakcHUMaJbHO YIIPOCTUTE CAEAYIOIINE BhIPAXKCHMUS:

a) Z=AABAAANAABAC;
6) Y=AABvAvCvAABAC;
B) X =(AABAC)v(AABAC);

r) Q=ZVEVEV(ZAE/\E)V(AAB)V(ZAC—);

II)S=A/\BVE/\CV(A/\B).
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10. ITpeoGpa3syiite cnemyronue GYHKIMU TaK, YTOOBI peajn3ylonias ux cxe-
Ma cocTosuIa
1) Tonpko u3 snementoB V-HE;
2) tonbko u3 3nementoB MJIN-HE:

a) Z=(ArSAR)v(QAC A B);
6) Y=AvBACvD;
B) X =(AvBVvC)A(M v NvP)A(RVS);

r) Q=(AAB)vCvDASVE;

1) Q=AABACADVPAQAS.



NNMABA 5

CUHTE3 CXEM

5.1. CuHTE3 cxemM Ha Nornyeckmux anemMeHTax
rno 3agaHHbIM YCNOBUSAM

IlndpoBbie 3JIEKTPOHHBIE CXEMBI Ha JIOTHUECKHMX DJIEMEHTaX INPUMEHSIOTCS B
KavyecTBE CXEM YIIPaBJIeHUs IS CaMbIX Pa3IMIHbBIX 3a/1a4 KOHTPOJIS U PeryIupo-
BaHUSI TEXHOJIOTMYECKNX 00beKTOB. [1o1 CHHTE30M CXeMBI IIOHUMAIOT €€ TIPOeK-
THpOBaHMe (pa3paboTKYy).

ITepen HaYaJioM CHMHTE3a CXE€MBI IOJIKHA OBITh YETKO M OMHO3HAYHO chopMy-
JMpoBaHa 3aaya, KOTOPYIO JOJLKHA pelarh cxeMa. CiioBecHbIE (DOPMYITUPOBKI
YacTO MOXHO TPaKTOBaTh HEOMHO3HAYHO. ITo3TOMy TeXHHYECKOMY 3aJaHMIO Ha
pa3paboTKy cxeMBl TpeOyeTcsl yIeJInTh 0co00e BHUMAaHME.

B mepByio oyepenb HyXXHO Ha3HaYUTh BXOAHBIE IepeMeHHble. B kauecTBe
CHMBOJIOB IIPUMEHSIOT 3aryiaBHbIe OyKBHI ajipaBuTa, HAUMHAs C IEPBOii, C UH-
JIeKcoM wiu 6e3.

BxonHble nepemenHble, Hanpumep: A, B, C, D, E, F, G, E,, E,, E,.

3aTeM Ha3Ha4alOT BLIXOJHEIE IlepeMeHHbIe. B KauecTBe CUMBOJIOB JIJISI BbI-
XOIHBIX CUTHAJIOB IIPUMEHSIOT 3arjiaBHbIe OYKBB ajiaBUTa, HAYMHAS C IOC-
JTegHen:

BuixogHble nepemeHHsie, Hanpumep: Z, Y, X, V,, V,, V.

3areM HeOOXOIMMO OrOBOPUTH, IIPU KaKMX YCIIOBUSIX IlepeMeHHbIe paBHHI 1 1 0.

ITocne 3TOro MOXHO IPUCTYIIATh K COCTABICHMIO TaOIUIIHI ICTUHHOCTH. Cpazy
CTaHeT SICHO, SIBJISUIOCH JIX CJIOBECHOE OITMCaHue OTHO3HAaYHBIM. Eciu B mporiec-
ce COCTaBJICHHS TaOJIUIIBI BCTpeUYaeTcsl HeSICHOCTD, €€ HaJo Cpa3y YCTPaHATh ITy-
TeM OOCYXIEHUS C OCTAILHBIMU pa3paboTYMKaMU U 3aKa3YMKaMH.

Tabnuua NCTUHHOCTY OAHO3HAYHO onpenensieT, kak Oyaet paboTaTb NPOEKTN-
pyemas cxema.

ITocie mocTpoeHNsa TabANIIBI UICTUHHOCTH MOAOMPAIOT JIOTUYECKHE 3JIEMEH-
THI, Ha KOTOPHIX €€ MOXHO peanu3oBaTh. CxeMa JOJIKHA OBITh KaK MOXHO IpO-
IIE ¥ COCTOSITh M3 JIEMEHTOB, UMEIOIINXCS B HAJIMYUU.

Cienyer IMONBITaTHCS MAaKCHMAJIbHO YIIPOCTUTh HalimeHHylo cxeMy. Ecim B
HAJIMYUM MMEIOTCS, HallpuMep, ToJbKo 3yieMeHThl I-HE, cxemy Hamo nmpeobpa-
30BaTh TaK, YTOOBI OHA COCTOsUIA TOJBKO U3 3neMeHTOoB U-HE.

Hrak, nig cuHTe3a CXEMbI MOXHO BBIIEJINTh ISTh IIaroB:

1. Onucanue GyHKIMHM TpeOyeMOi CXEMBI.

2. HazHayeHue BXOMHBIX U BBIXOJHBIX IIEPEMEHHBIX BEJIUYUH U IMPUCBOCHUE
3HayeHwuit 0 u 1.

3. CocraBieHue TaOJMIBI KICTUHHOCTH.
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4. OnpeaeneHne HEOOXOMUMBIX JIOTUYECKHUX OTEPALIHIA.
5. ¥Ynponienue W Ipu HEOOXOMUMOCTH NpeoGpa3oBaHUe CXEMBI.
PaccMOTpUM 3TOT MOLIATOBBIil CHHTE3 HA KOHKPETHOM TIpUMeEpe.

Mpumep

TpeOyeTcs CHHTE3UPOBATh CXEMY, IIPEIOTBPAIIAIOIIYIO IyCK JIN(Ta IIPHU oIpeae-
JICHHBIX YCJIOBHSIX.

Illaz 1. Onucanue pynxuyuu mpebdyemoii cxemoi

JIucdT He MOXeT TpOraThCs IIPU OTKPHITOM ABepHu. OH TaKKe He MOXET TPO-
rathCcs Npu meperpyske. s mycka HeoOXOOAMMO HaXaTh KHOIKY.

Illae 2. Ha3nauenue 6x00HbIX U GbIXOOHHIX NEPEMEHHbIX

BxonHast nepeMeHHast A Ha3HAYaeTCs UIST ABEPHOTO KOHTaKTa. A = 1 3Ha4ur,
YTO ABEPHOU KOHTAKT 3aMKHYT, A = () 3HaAYMT, YTO ABEPHOI KOHTAKT Pa30MKHYT.

BxonmHast nepeMeHHass B HazHauyaeTcs Ui meperpy3ku (B = 1: meperpyska,
B = 0: HeT meperpys3Ku).

Bxomnas mepeMennas C HasHadaeTcd it KHOIKM (C = 1: KHOIIKa Haxara,
C = 0: He HaxarTa).

BeixonHoi niepeMeHHOMN BeMunHOM Oynet Z. Z = 1 3Ha4MT, 9T0 T MOXET
exarb. Z = 0 3HauuT, 4TO NPT eXaThb HE MOXKET.

IlIaz 3. Cocmaeaenue mabauyst ucmunnocmu

Mbsl uMeeM TpU IepeMeHHBIX BeJIMYUHBL. ClemoBaTebHO, TaOMMIIa UCTUH-
HOCTH HUMeeT 8 BO3MOXHBIX BapuaHTOB (puc. 5.1). JIudbr moxer exarr Torma,
Kornaa aBepb 3akpbuita (4 = 1), Het neperpy3ku (B = 0) u kHomnka Haxara (C = 1).

Bce 31 yctoBUsSI BHITIONHSIIOTCSI OMHOBPEMEHHO TOJIBKO B BapHaHTe 6 TaOIMITbI
ucTrHHOCTH (puc. 5.1). s sroro BapuanTa Z = 1. Bo Beex ocTambHbIX cydasx Z = 0.

Illaz 4. Onpedeaenue neob6xo0umbix 102u4ecKux onepayuii

Tlocne cocrapieHusa TaGNIMIBI UICTHHHOCTA MOXHO paccuuTarh cxemy. Ilpa-
BWIa pacuera OymyT maHbl mo3xe. J[is Takoif IpoCTOil 3amayd MOXKHO TaKXe
MPUMEHSITh METOJT IToAdopa.

Z paBHO 1 ToJyibKO Toraa, korna A =1, B=0u C = 1. Eciu nonars Bxox B
Ha u"Beprop HE, To Ha BbIxone 3Toro sjnemeHnrta o6ymer cocrostiue 1. Ilpu A =1,

B =1mu C=1 umeeMm Tpu l-coctosgsHuss. OHM [ajiee IOCTYIAIOT HAa BXOJ

A o—rx]
B Norunueckas z
Bap.|C|B|A|Z c cxema
PR
1 [o]ofofo
2 (o]of1]o
1
3 |oj1|o]o0 A
4 lof1|1]o0 }
5 [1]0[0]o0 0 e 1
6 |]ol1] 1] B ] Z
7 |1|1]ojo
8 [1f1]1]o0 cd -
|Z=A/\BACI
Puc. 5.1. Tabnuia HCTHHHOCTY A/151 CXEMBI Oe- Puc. 5.2. [udposas cxema 6e30MacHOCTH

30MacHOCTH Judra. nudra.



5.2. Hopmanvhoie popmbl 3anucu

TpexBxomoBoro anemeHTa U (puc. 5.2). Ha Beixone snemenTa M Toiapko TOorma
neiictByer 1, korma A= 1, B=0u C = 1. O1oT BHXOJ sABIsAeTC Z-BBIx0omoM. Ha
puc. 5.2 uzo6paxeHa Tpebyemasi cxema 6e3onacHoCcTH. Z = 1 o3Hayaer, Halpu-
Mep, YTO K BBIXOAY Z NPUWJIOXEHO HalpsckeHue +5 B. Bro HanpsckeHue MOXeTr
KOMMYTHPOBAaTh pejie 3amycka Judra.

Cnoco6 HaxoXIEeHUsI CXEMbI METOIOM ITOA00pPa MOXHO ONMUcaTh KakK

BO3MOXHOCTb NoaobpaTe BapUaHT CXEMbl, BBIMONHSAIOWER Tpedyembie noru-
Yyeckre onepaumnn YMHOXEHUA UK CIIOXKEHNS BXOLHBIX NEPEMEHHbIX U UX UHBEPTU-
POBAHHBLIX 3HAYEHU.

Illaz 5. Ynpowenue u npu neobxodumocmu npeobpaszoeanue cxemol

CxeMy Ha puc. 5.2 ynpocturh Henab3sd. OmHaKO ee MOXHO IpeoOpa3oBarth.
IIpenmosoxXumM, 4YTo y Hac ecTh Ion pykoil Tonbko anemeHTsl MJIV-HE. Torma

dyakumio Z = A A B A C MOXHO IIpeo6pa3oBarh:

Z=AABAC=AABAC=AvBvC.
CxeMa, noctpoerHas Ha aneMentax MUJIM-HE, nzobpaxeHa Ha puc. 5.3.

Puc. 5.3. Cxema 6esonacHoctu audra
Ha anementax UJIU-HE.

5.2. HopmManbHble PpoOpMbI 3anmcu

CranpapTizoBaHHbie (OPMBI 3allICH BhIpaXXeHMil Ha3bIBAIOTCSI B MaTeMaTHKe
HopMaJibHbIME dopMamu. [N ompene/ieHHBIX Iiejieil HeOOXOMMMO JIOTHYECKHE
(bYHKIIMM OPUBOIUTH B HOPMAIbHYIO dopmy.

5.2.1. HopmanbHasa ¢opma
onepauuu norndeckoro cnoxexuna WA

Hopmambnaa dopma 3amicu Jormdeckoro caoxenms WIN, takke HasplBaeMasi HOp-
MaJIbHOI MTU3BIOHKTUBHOM (hopMoOii 3aruc (OT TU3BIOHKIMSA — CJIOKEHUE), SBIIIET-
¢ opMoii 3amrcu ypaBHEHHSI ajireOphl JIOTUKH, B KOTOPOM TaK Ha3biBa€MbIE IOJI-
Hble KOHBIOHKIIMHU CBSI3aHBI APYT C IPYTOM OIl€paliMeil JIOTMYECKOIO CJIOKCHUS.

Mon NOMHOW KOHBIOHKLMENR MOHMMAIOT Onepaunio NOrn4YecKoro YMHOXeHUs, B
KOTOPOWM y4aCTBYIOT BCE MMEIOLMECH NEPEMEHHLIE WU NX UHBEPTUPOBAHHbLIE 3HA-
YeHUS (OT KOHBIOHKLIWA — YMHOXEHUE).

Eciu mnMmelorcsa IIEPEMECHHBIC An B, TO ITOJIYYAIOTCA 4YE€ThIPE BO3MOXHBIE
IMOJIHBIC KOHBIOHKIIMU!

AAB AAB AAB AAB
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HopmanbHas ¢opma UJTU coOCTONT N3 HECKONBKUX MOMHbBIX KOHBIOHKUNI, KOTO-
pble noruyeckn cknageiaiotca onepaumen U, OHa MOXeT COCTOATb Takke u3
O[HOW-eANHCTBEHHOM NOMIHOW KOHBIOHKLMN,

Bce Bo3aMoXHBIe Jorudeckue (YHKIIUM MOTYT OBITh 3aIlCaHbl B BHIE HOP-
manbHOli dopmer TN

Kaxnas HopmanbHasa ¢opma MU mMeeT TeCHYIO CBSI3b C TabnuIileit UCTUH-
HocTh. [TokaxeM 3TO Ha HECKONBKUX IPUMEpPAX.

Hajinem tabmuuy ucrunsoctd Z, = (A A B)v (4 A B). Oua npencrasnena Ha

puc. 5.4. BunHo, 4ro Z MMeeT 1Ba 1-COCTOSHMSA, a UMEHHO B ciIy4asx 1 u 4.

p |

Bap|B|A||E|7a|AAB| AB |z1 (AAB)v(AAB)
1 o|0 11 o | 1 1
2 (o]1{1]{0]| O ] 0
3 [1]|ojo|1]| o 0 0
4 [1]|1]0]o| 1 0 1
=(AAB)v(AAB) Puc. 5.4. Tabnauna uctTueHOCTH 11s Z,.

Tenepb paccMOTPUM Tabmuuy uctiHHOCTH i1 Z, = (A A B) v (Z A B) v (Z A E)
Ha puc. 5.5. Z, umeeT Tpu 1-cOCTOSAHUA.

A

Bap.|B|A|B|A| Z3=AAB Bap|B|Al|§[71|AAB| ~B|ArB|Z,=(ArB)v(ArB)v(AnB)
1 [o|of1]1 1 AnB olol1l1| o 0 1 ]
2 [o|1)1]0 0
3 l1lolol1 0 o[1|{1fo]| o 0 0 0
4 111]olo 1 3 1(0[0]|1 0 1 0 1
Z,=AnB 4 {1({1|o|o]| 1 0 0 1
[z2=(A~B)v(ArB)v(ArB)
Puc. 5.6. Tabiuua MCTMHHO-
cTu ana Z,. Puc. 5.5. Tabnuua MCTMHHOCTH 115 Z,.

Tabnuiia UICTUHHOCTH Ui Z, = (Z A 1_2) n3obpaxeHa Ha puc. 5.6. Z, umeer
omHOo 1-cocrosHue. VI3 3T0ro MOXHO clieNaTh BBIBOJ:

KonunyectBo 1-cocTosiHMiA B BLIXOAHOM cTON6Le Tabnuubl MICTUHHOCTU (B AaH-
HOM ciy4ae Z-cTon6eL) paBHO KOJIMYECTBY MOJIHbIX KOHBIOHKUWIA HOpManbHoOWn ¢ op-
Mbl TN,

Hrak, BeposiTHO, KaXmoil 1 B Z-cTo0Ile COOTBETCTBYET MOJIHAA KOHBIOHK-
ums. Puc. 5.8 moarBepxmaer 3To yrBepXiaeHue. Mbl IMeeM YeThIpe BO3MOXHBIX
1-cocTOSIHUS M YeThIpe MOJHBIX KOHBIOHKIIMU. KakKasl IojIHast KOHBIOHKITHS OT-
HOCHUTCSI K KaKOMYy 1-COCTOSTHHIO?

1-cocTrostHUe TOTHOM KOHBIOHKIIMU A A B moiy4aetcst u3 TaGuIIbI Ha puc. 5.6.
Tabnuna NICTUHHOCTH ITOJIHOI KOHBIOHKINU A A B moka3aHa Ha puc. 5.7. Mox-
HO cenaTh BHIBO/:

Ecnv B paccMOTpPEHHOM BapuaHTe Tabnnubl UCTUHHOCTM NEPEMEHHas NPUHUMA-
€T 3HadeHue 0, TO B COOTBETCTBYIOWEN MONHOW KOHBIOHKUMM OHA UHBEPTUPYETCS.
Ecnu B paccmoTtpeHHoM BapuaHTe Tabnuubl UCTUHHOCTU NepeMeHHas NpuHUMaeT
3HayeHne 1, TO B COOTBETCTBYIOLLEN MOSIHON KOHBIOHKLMW OHA HE UHBEPTUPYETCS.




5.2. HopmanvHble gpopmbl 3anucu 6\!\)

=AAB

Puc. 5.7. Tabauia UICTUHHOCTH NOJHOMN KOHB- Puc. 5.8. CooTBeTCcTBHE NMOMHBIX KOHBIOHKIIMIA
1oHKIUM A A B. BO3MOXHBIM 1-COCTOSIHUSM.

CooTBeTCTBHE ITOJHBIX KOHBIOHKIINIM BO3MOXHBIM 1-COCTOSIHUSIM ITOKa3aHO
Ha puc. 5.8.

Kaxgomy 1-coCTOaHUIO B BbIXOAHOM cTonbuUe (Z-ctonbue) Tabnuubl MCTUHHOC-
TU COOTBETCTBYET MOJIHAA KOHbBIOHKLNA.

[Mpun HEeCKONLKMX MOMHBIX KOHBIOHKUMSAX HOpManbHas dopma UJTU nonydaeTtcsa
NnoOCPEencTBOM NOrMyeckoro crnoxeHust U nosHbIX KOHBbIOHKLUNIA.

IIpu 3TOM CTaHOBUTCS SICHOUM B3aMMOCBSI3b MEXAY TaONuIieil ICTUHHOCTH U
HopManbHOM dopmoit I, u nns mo60ii TaGauIibl UICTUHHOCTH MBI MOXEM
3aIlMCaTh COOTBETCTBYIOIYI0 HopMalibHyIo ¢opmy MIIN.

HopmaneHas ¢opma UKW npencraesnsieT nHpopmMaumMoHHoe coaepxaHve Tab-
Nnlbl UICTUHHOCTU B BUAE YPaBHEHUS anrebpbl Orvku.

Mpumep

JaHa TaGnmuiia MCTUHHOCTH Ha puc. 5.8a. Omnpenenauth Bap.
COOTBETCTBYIONIYI0O HOopMabHyI0O dopmy MIIHN. Kaxnoe
1-cocTrosiHMe B Z-CTONOIIE COOTBETCTBYET IOJHOW KOHBb-
IOHKLUHU. (0-COCTOSIHUSL B Z-CTOJNOIIE MOXHO He paccMar-
pHBaTh.

PaccmorpuM BapmaHT 2 Ha puc. 5.8a. Ilepemennas A
paBHa 1. IToaToMy OHa HE HHBEPTHPYETCS B IIOJTHOM KOHb-
oHkuuu. Ilepemennslie BeaumyuHbsl B u C paBHbl 0. OHHN
WHBEPTUPYIOTCS B TIOJTHOM KOHBIOHKIIMK. TaKuM 06pa3oMm,
TOJTHast KOHBIOHKIMSA JIUIsl BapHaHTa 2 paBHa:

AABAC.
COOTBETCTBEHHO IUISI BapHaHTAa 5 IOJHAst KOHBIOHKIMSI A A BAC, a mis

BapuaHTa 8 moyiHast KOHBIOHKIIMS A A B A C.
HopmansHasa dopma NN saenseTcss cyMMOi BCceX MOJHBIX KOHBIOHKLIMIA:

Z=(AAE/\E)V(ZAEAC)V(AABAC).

Ota HopManbHast popma NI npeacTapisieT copepxkaHue TaOIMIIBI HICTUHHO-
cTH, 1300paxXeHHoi Ha puc. 5.8a. Kak u jmob6oe npyroe ypaBHeHHE ajireOpbl JIOTH-
KU, HOPMaJIbHYI0 (OopMy MOXHO IpeoOpa3oBaTh B TaOJUIYy MCTUHHOCTU. JLJist
BBIBEICHHON HOPMAaJIbHOI (pOpMBI MmoTydaeTcst Tabyimiia UICTUHHOCTU (pHUcC. 5.8a).
DTO0 MOXHO NpoBepuTh. Pe3ynbrar mokasaH Ha puc. 5.9.

C nomoinpio HopMaiibHOM Gopmbel I Bo3MoXHO Wit 1000 3aJaHHOM
WIA COCTaBJIEHHOW IO OMUCAHMIO MPOOGIeMBI TaOIUIBI HCTUHHOCTH 3aITMCaTh
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- = a alo0 0 00
-~ 4« 0 0|2 = 0 0O|lWm
- O = O|= 0 = o>

0 N0 GOd N =

1=AABAC

Puc. 5.8a. Tabnuua mc-
THHHOCTH.
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Bap. |C|B|A|B|A|ArBAC|AnBaC|ArBac|z Pue.5.9. O6paTHOE NpeobpasosaHue HOPMAIBHOM
1 [ofofof1]1 0 0 0 o dopmer MJIU B Tabnuily HCTUHHOCTH.

2 [(ojoj1y1]0 1 0 0 1

o Do B S o o |s CcOOTBETCTByIOLlee ypaBHEHHME AIreGpPHl
5 [1]ofof1]1] o 7 o 17 Joruku. Merox moxbopa yxe He HyXeEH.
6 [1fof1)1]0] O 0 0 |o Temepp MOXHO 6€3 OCOOBIX TPYTHOCTEM
IR ‘1’ ol g g ® | ocyulecTBIATh CHHTE3 OCTATOYHO CIIOXK-

HBIX JIOTUYECKUX CXEM.

5.2.2. HopmanbHaga ¢popma onepauunmn
Nlornyeckoro ymHoxenumsa U

Hopmanbnas dopma 3amicn Jormueckoro yMuoxkenmnsa U, Takoke HazbIBaeMasi HOpMayib-
HOI1 KOHBIOHKTHBHOIT (hopMoii 3armucu (0T KOHBIOHKIIUSI — YMHOXEHME), SIBIISIETCSI
dbopMoii 3armucy ypaBHEHHSI areOphI JIOTMKU, B KOTOPOM TaK Ha3bIBaeMbIe TTOJTHBIE
JIU3BIOHKIINH CBSI3aHBI IPYT C IPYTOM ONlepaliueil JOTHMIECKOr0 YMHOXEHMSI.

Moa nonHOW AM3LIOHKUMEN MOHMMAIOT Onepaumnio NOrM4yeckoro CIIOXeHus, B
KOTOPOW YyHaCTBYIOT BCE MMEIWMECHA NEPEMEHHbBIE UK UX MHBEPTUPOBAHHbLIE 3HA-
yeHus (0T AM3BIOHKUWA — CNOXeHue).

Ecnu uMelotTcs nBe nmepeMeHHbie, HarIlpuMep A U B, To monxy4aloTcs 4eThipe
BO3MOXHBIE€ TOJIHbIE TU3BIOHKIINHU:

AnB AAB AAB AAB

Hopwmanbrasa ¢opma U coCTONT U3 HECKOMbKUX NOMHbIX AN3BIOHKUMIA, KOTOPbIE
norn4ecku rnepemHoxatoTca onepauuen M. OHa MOXeET COCTOATE TakxkKe U3 O4HON-
€OWNHCTBEHHOW NOSIHOW AN3BIOHKLMN,

Eciu pa6ora ¢ HopManbHO# dopmoii I He BBI3BIBaeT 3aTpyAHEHMS, TO
HopManbHas ¢popma U yxxe He ocobeHHO HyxHa. HopmansHyio ¢popmy M MoxHO
JIerKo mpeoGpa3oBaTh B HopMaibHy1o popmy UJIH.

MNpunmep

IlepeBenute HopManbHYIO hopmy U Z = (A A l_?) v (Z A B) B HOpMaJIbHYI0 op-
my UJIN:




5.3. Ynpowenue u npeoGpazoearue nHopmanvhoii ghopmor H/IH ¢ nomowgpro aneelput aoeuxu 6\\3:)

5.3. YnpouieHue n npeobpasoBaHme HoOpManbLHOM
dopmbl TN ¢ nomouublo anrebpbl I0rMkn

5.3.1. YnpouweHne HopmansHon ¢opmbel NN

HopMmanbHast dopma NJIA BOCIIPOM3BOAUT COIEPXKAHUE TaOIMIIBI KICTHHHOCTH B
BUJIE JIOTHYECKOro ypaBHeHus. [1o 3TOMy ypaBHEHHIO MOXET OBITh CHHTE3UPO-
BaHa HyXHas CXeMa.

Mo HopmaneHoOW dopme UITN MOXHO CUHTE3MPOBATL CXeMy, YAOBNETBOPSIOLLYIO
COOTBETCTBYIOLWEH Tabnnue NCTUHHOCTU.

Yacro 3Ta cxeMma He SBISETCSI CaMbIM IIPOCTHIM BapMaHTOM M3 BO3MOXHBIX.
Bo MHorux ciy4asx HopMaubHbie opMbl IV MoOXHO yIpocTUTh. DTO YIIpO-
IeHHe MOXET OBITh BBHIIIOJIHEHO C MOMOIHBIO aITeOphl JIOTHUKH.

Mpumep 1

Ynpocture HopmanbHyio dopmy WU Z = (A A B) v (A A E). Tax Kax o6e 1mo-

HBIC KOHBIOHKIITUU COICPXKAT IICPCMCHHYIO A, TO OHAa C MOMOHIBIO paCIIpCICIIN-
TEJIbHOTO 3aKOHA MOXET OBITh BHIHECEHA 32 CKOOKU:

Z =(AAB)v(AnB);
Z =An(BvB).
Boipaxenue B v B Bcerna paBHo 1 (cM. 1. 4).

Z=AA1.

Jlormyeckoe cioXeHUe MepeMeHHOM ¢ 1 JaeT B UTOTe IIepeMeHHYI0. Pe3yb-
TaT ynpoieHus HopManbHoit dopmbr UJIH:

Z=A

Mpumep 2
Ynpoctute cnenymolnyo HopMaibHyio dopmy WIN:

Z=(ZABAC)V(ZABA5)V(ZAEAC)V(Z/\EAE).
0] @ ® @

CHayaJia yIpouIaloT TOJIHbIE KOHBIOHKIMU @ U @. A A B paccMaTtpuBaetcs
KaK OJfHa MepeMeHHasl ¥ BHIHOCUTCS 33 CKOOKMU:

(A4~ B)AC)v((42B)AC)=(AAB)A(CvC)=(A4nB)Al=(44 B).

Taxoke MOXHO YIPOCTUTD IOJTHEIE KOHBIOHKIMU @ U @. 4 A B paccMaTp-
BaeTCsl KaK OfHA IepeMeHHast M BBIHOCUTCS 3a CKOOKM:

(A7 B)nC)v((AnB)C)=(AnB)(CvT)=(AnB)al= (4B
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Ina Z rorna:
Z=(ZAB)V(ZA§).

B s3TOM ypaBHeHMH A MOXET GbITh BHIHECEHA 32 CKOGKM KaK COBMECTHAs Iiepe-
MeHHas:

Z=ZA(BVB);

Z=AAl;

Z=A

HocraTo4Ho cinoxHass HopMaibHas opma UIIM cuiIbHO ynipocTUiiach B 9TOM
npuMepe. Takoe CIWIBHOE YIIPOILIeHUEe BO MHOTHX CIIy4yasx HeBo3MOXHo. Cyuie-
cTByeT MHOTO HOpMaJibHBIX popM MJIH, KoTopsle He ypoIaloTcs.

Mpumep 3
Yupoctute cienyiomyio HopMaibHylo dopmy UIIN:

Z=(AABA6)V(ZAE/\E).

Tak xak 06e nosHble KOHBIOHKIIMH coaepxar NnepeMEHHYI0O, TO OHa C IIOMO-
IIBIO pacHpeacanTCIIbBHOIO 3aKOHaA MOXET OBITh BBIHECEHA 32 CKOOKM:

Z=6A((AAB)V(ZAE)).

Moxuso TIOCTIOPUTD, SABJLICTCSA JIM BBIHCCCHUEC 3a CKO6Ky C—' YIIPpOIICHUEM HC-
XOITHOI'O BBIPAXXCHUS. OrtBer GYIICT OYCBUIICH TOJIBKO IIpH c6opKe CXEMBbI Ha peajib-
HBIX 3JICMCHTAaXx. CYIIICCTBGHHOI‘O npeuMyliecTBa B JmoooM CJIy4a€ HE NOJIYYUTCH.

5.3.2. MNpeobpasoBaHne HopmMmanbHOW ¢opmbl NJTU

CxeMa, KoTopasi CTpOMTCSI comlacHO HopManbHoM ¢dopme UJIU, nomxHa 6a3u-
POBaThCS Ha OCHOBHBIX JIOTMYECKUX 3JIeMEeHTaX. Bo MHOTHX CIIy4assX MOXHO ¥C-
IOJIb30BaTh Apyrue 3meMeHThI, HanipuMep M-HE wnu UM -HE. HopmanbHas
dopma WJIN B 3THX CiIydasx JOJDKHA OBITH IIpeoOpa3oBaHa.

ITepeBect HopMmanbHyo dopmy MU Ha snementst U-HE ouyeHps mpocro.
Hopmasnbnas ¢dopma NI cHavana monBepraercsi IBOMHOMY OTpullaHUIO. JIBOIi-
HO€ OTpHIIaHNe, KaK N3BECTHO, He MEHSET ColepXKaHue YpaBHEHHS. 3aTeM HILK-
HSI YepTa MHBEPCUH paslesisaeTcsl COrIaCHO BTOPoii TeopeMe ne MopraHa.

Mpumep 1




5.4. Memood kapm Kapno 6\\)

Puc. 5.10. Cxema Tonbko ¢ anemenramu U-HE. A B c
[ 1
3 [&] |[&]
A B ¢ -
TMonyyaromasicas U3 ypaBHEHUS CXe- 3 | ZBAC
Ma IpencTaBjieHa Ha puc. 5.10.
Ecnu TpeGyercst mpeoGpa3oBaTh HOP- & 2

ManbHy10 dopmy MIIM Tak, 4ToOBI CXe-
Ma COCTOSIJIa TOJIBKO M3 3JIEMEHTOB -
WIH-HE, To peKOMEHAyeTCs ABAXIbI AnBAC
HMHBEPTUPOBATh KaXIyIO MOJTHYI0 KOHb-
IOHKLMIO ¥ Ka&XIYI0 HIXKHIOIO YepTy WH-
BEPCHUU TpeoOpa3oBaTh B COOTBETCTBHM C MepPBOil TeopeMoii e MopraHa. 3ateM
BCE BBIpaXeHHeE ellle pa3 ITOABEpPraeTcs ABOMHOMY OTPHUIIAHHIO.

Mpumep 2

Z=(§/\B/\C_)V(A/\§/\C);

Z=(/—1ABA5)V(AA§AC);

Z=AvBvCvAvBvC;

Z=AvBvCvAvBvC.

Cxema K 3TOMY YpaBHEHMIO U300paxeHa Ha puc. 5.11.

A B C

[
21 EN ER

2 1| AABAC

1\
1\%
-

1\
-

AABAC

Puc. 5.11. CxeMa TONBKO C 3/1€MEHTAMM
WIN-HE.

5.4. Metog kapTt KapHo

Meton kapt KapHo CiIyXXWT ISl HarJISMIHOTO MPeACTaBIeHUS U YIIPOIIEHUS HOp-
ManpHOi popmb MJIW. On ObU1 npuaymMaH MateMarukoMm KapHo, u ero eine
Ha3bIBAIOT MeTOMOM auarpamMm KapHo.

5.4.1. Kapta KapHo ans asyx nepemMeHHbIX

Kaptet KapHO MOryT GHITH MpeacTaBlieHbl B BUOE TaOIUL] UICTHHHOCTH VIS TIOJI-
HBIX KOHBIOHKIIMIA.

3—2114
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KapTtbl KapHo BCeraa niMeloT KONMYeCcTBO NOJIEN, PAaBHOE KONWMYECTBY BO3MOX-
HbIX MOJIHLIX KOHBIOHKLUNNA.

IIpu nByX mepeMEeHHBIX BO3MOXHH 4 MOJIHbie KOHBIOHKIMU. Takum oGpa-
30M, KapTa KapHo Juid IByX epeMeHHBIX XOJDKHA UMeTh 4 1mojid (CM. puc. 5.12).
ITo xpassM KapThl 3alMCHIBAIOTCS IepeMeHHble. KaXnas repeMeHHast BeJIMImHa
JTOJDKHA OBITH IIpecTaBjieHa B UHBEPTUPOBAaHHOM U B HEMHBEPTUPOBaHHOM dopme
(puc. 5.12).

ITepeMeHHBIE IO KpasiM SIBJISIIOTCSI KOOPAMHATHOU ceTKoii. OHU ompenes-
IOT, KaKasl II0JIHasi KOHBIOHKITMS KakoMy Itojiio nmpuHamiexur. Ha puc. 5.13 no
CBOMM ITOJISIM PAacIUCaHbl 4 TMOJHBIX KOHBIOHKITHAM.

A A A A
B Puc. 5.13. Kapra Kapuo nia  B|AAB|Ax B
ABYX nepeMeHHsIX (A4, B), 3a-
B Punc. 5.12. Kapra Kapno mnns MOJHEHHAs MOJHBIMU KOHb- B |AAB|AAB
[BYX nepeMeHHsBIX (A4, B). IOHKIUSMH.

ITone monHoOii KOHBIOHKIMU A A B 0603HayeHO KoopauHataMu A u B
(puc. 5.13). COOTBETCTBEHHO ITOJIe MOJHOI KOHBIOHKIMA A A B HAaXOOUTCS ITO

KoopruHataM A u B. Tak KaK IOJHbIE KOHBIOHKIIMH OTPENESIOTCS KOOPAUHATA-
MH, TO HET HEOOXOIMMOCTH 3aIlMChIBaTh UX B IOJHON ¢opme, KaK Ha puc. 5.13.
Hanuyue moiHoi KOHBIOHKIIMHA MOXeT 0003HaYaThCsl 1 B COOTBETCTBYIOIIEM ITOJIE.

1 B none kapTbl KapHO 03HaYaeT Hanuyme NMoNHON KOHBIOHKLUU.

Ha kapre KapHo (puc. 5.14) oTMedeHbI NoJIHble KOHBIOHKIMA A A B 1 A A B.
Kapra KapHo oTpaxaer cienyioluyio HopMaiabHyo ¢dopmy UIIN:

Z =(ArB)v(AAB).

CuMBoJ1 Z B BepxHeM JIEBOM YIJIy KapThl Ha pUc. 5.14 moka3pIBaeT, 4YToO IOJI-
Hble KOHBIOHKIIUM OTHOCATCS K Z.

OTCyTCTBYIONIYE MOJHBIE KOHBIOHKIIMM O0O3HAYEHBI HYJIEM B COOTBETCTBY-
IoIEM T10JIe, WIH II0JIe He 3alOJIHIETCS.

MpuceanBaHne nepemMeHHbIX KoopanHaTam KapTbl KapHO npou3BogmTcst Nnpons-
BOJIbHBIM 06pasom.

Takxe BO3MOXHO MeHSITh MecTaMu A U B Ha kapre (puc. 5.15). PasymeeTtcs,
nepeMeHHbIe MOIYT UMETh COBEPIIEHHO Jpyrue 0003HayeHus1, Harpumep E u
E,. IIpamMoe ¥ MHBEPCHOE 3HAYEHUsl MEPEMEHHOM JOJDKHBI 0043aTe/IbHO Haxo-
JIUTHCSI Ha OAHON CTOPOHE KapThl.

Jpyroe pacnpeneieHue KOOPAMHATHEIX IIEPEMEHHBIX BEIET, ECTECTBEHHO, K
JIPYroMy pacipeiesIeHUIO MOJHBIX KOHPIOHKIUI 110 MOJISIM KapThl.

KenatelbHO TIPUAEPXKUBATLCS OINpPENESIEHHOM CXeMbI paclpeiesieHus nepe-
MEHHBIX U HE MEHSTH ee 6e3 mpuuuHEbL. 51 o6neryeHust paboThl peKOMEHyeTCs
NEPBYIO IEPEMEHHYIO, HallpUMeEp A, U €€ MHBEPCHIO BCe BpeMsI CTaBUTh Ha BepX-
HIOIO YacTh KapThl. Bropyio nepeMeHHy10 (HaripuMmep B) U ee MHBEPCUIO CTAaBUTh
Ha JIEBYIO YacTb KapThl.



5.4. Memood xapm Kapho @)

’7 A 2 Puc. 5.14. Kapra Kap- B B E, E,
HO /151 HOPMAaJbHOM
Bl o Y dopmer NJ1A A E,
Z=(AAB)v(AAB) _ _
B| 1 1 A E,

Puc. 5.15. Kapra Kapso ¢ u3me-
HEHHBIMH KOOPAUHATaMH.

IToxaxeM Ha mpuMepe 3aroHeHne KapThl KapHo HopManbHoit dopmoit MU
M BoccTaHoBJIeHMe HopMaiabHOM ¢popmbl MJIM nmo kapre Kapho.

Mpumep 1
3anecute B Kapty KapHo HopManbHyI0 dopmy NIIN:
Z =(AAB)v(AAB)v(AAB).

CHayajia Hy>XKHO HapucoBaTh Kapty KapHo ¢ TaHHBIMU KOOpAMHATaMH. 3a-
TEM HalTU NOJISI C NOJHBIMM KOHBIOHKITUSMM, IIPUCYTCTBYIOIIMMU B HOpMaJIb-
Hoil dopMe u 0603HaYuTh MX 1. Pe3ynbTaT mmokasau Ha puc. 5.16.

[z] o 4 [w] » A

gl 1 1 B 1
Puc. 5.16. Kapra Kap- Puc. 5.17. Kapra Kap-

B 1 HO /151 HOPMaJbHOM HO [/11 HOPMAaJlbHOM Bl 1
dopmer NJIH. dopmer NJ1H.

Mpumep 2

3anuumute HopMmaibHylO Gopmy HUIIM, npeacraBieHHylo Ha kKapre KapHo
(puc. 5.17).

HopmanbHas dopma UJIU comepXuT 2 MONHbIe KOHBIOHKIUY: o0HA A A B,
Bropasi A A B. CiemoBaTelbHO, HOpMaJIbHas (opMa:
W =(AAB)v(AnB).

ITpencraBnenHnas Ha kKapre KapHo HopMmanbHasa ¢opma WJIM Moxer GBITH
YIIpOIeHa MPH HAJTUYUM OIPeNeSICHHBIX YCIIOBHIA.

«CocenHue» NoNHbIE KOHBIOHKUMY MOXHO 00beanHATL B «Fpynnbi»,

CocegHUMHU CYUTAIOTCS IIOJIHbIE KOHBIOHKIIUM, KJIIETKU KOTOPHIX MMEIOT 00-
wue cropoHbl (puc. 5.18). Eciu KJIeTKM ¢ IOJHBIMU KOHBIOHKIMUSIMUA MMEIOT
TOJIBKO OOLUMIA YToJi, TO OHU HE SIBJISIIOTCS COCETHUMHU.

A A A A A A A A
ARG _—1) B m B 1 Bl 1
B B U B 1 B 1

CoceaHne NONHbIE KOHBIOHKUUU HecocenHune nonHbie KOHbIOHKUNY

Puc. 5.18. Coceanune u HECOCEAHUE NOJHBIE KOHBIOHKIUH.
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G

B ogHoli rpynne mMoryT ObiTe 00beanHeHbl 2 unn 4 cocefHNE NOJSHbIE KOHb-
IOHKLNN,

Kaxnas rpymma uMeer ornpeneieHHble KOOpIUHATHL. 'pyIia ciieBa HaBepXy Ha
kapre KapHo (puc. 5.18) umeer mo omHoil CTOpOHE KOOpAMHATY B, IO Ipyroi —

KoopauHaTy A U A.

CopepxaHue rpynrbl xapaktepusyeTtcs ee koopauHatamu. NepemeHHble, Ybu
KOOPAMHATLI MPUCYTCTBYIOT B MPAMO 1 NHBEPCHOM hOpPME OOHOBPEMEHHO, UCKIHO-

HarwTc4.

IpencrasieHHass Ha puc. 5.19 rpynma umeer KoopauHathl A, B u B. Ilepe-
MeHHasi B MeeT Kak NpsMylo, Tak U MHBepCcHYI0 ¢opMel. CliegoBaTeIbHO, OHA
ucKioyaercs. 3HayeHue rpynmsl oymer A. HopmansHas ¢popma U

Y =(AAB)v (A4 B)
yIpocTiiach a0 Y = A.
Y =(AAB)v(AnB);
Y=AAh (B v F),
Y=AAx]
Y=A
DTO0 YIIPOUIEHHE MOXET OBITh IIPOBEPEHO C MOMOIIBIO AJIreOphl JTOTUKH.
[v] 4 4 [z] » &
0 IGE
B U Puc. 5.19. O6pasosa- Puc. 5.20. Kapra Kap- B h T‘ij

HHME TPynnbl B Kapre HO C rpynnoii us ve- -
Y=A KapHo. THIpEX NOJIEH. Q=1

OcoOpI1ii ciTyyaii IpeAcTaBiIseT Ipymia u3 4 mMoIHbIX KOHBIOHKIIMHI (pHc. 5.20).

OHa uMeeT KoopauMHatsl A, A, B, B. 3HauuT, nepeMeHHbIe A ¥ B UCKITIOYAIOTCSI.
3HaveHue rpymmsl paBHo 1. CripaBeJIMBOCTh 3TOr0 MOXHO JOKa3aTh C TIOMOIIBIO
TaGNMULBI UICTUHHOCTH. AJIreOpa JIOTMKU TakKe IMPUBEAET K 3TOMY pe3y/IbTaTy:

Z =(ArB)v(ArB)v(ArB)v(AAB);

Z = [AABVB

(A
[ BvB]
(A n1);

A;

Iv
Al)v
Z=Av

N

k.
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[z] «+ & [z] 4 &

B| (1) sl (1 1) 8
s/(1J] 1) Puc. 5.21. Kapra Kap- Puc.5.22. KapraKap- 5| (1 1 B
HO C HECKOJbKUMH HO C ABYMs pynnamMu

A B rpynnamm. U3 ABYX MO,

Ha omHoit kKapTe MOXHO 00Opa3oBaTh HECKOJIBKO Ipymm (puc. 5.21). Omna
MOJTHasi KOHBIOHKIIMSA MOXeT IPUCYTCTBOBaTh B HECKOJBKMX IPYIHIax.

Mpu HaAMYUKN HECKOJIbKUX FPYMM YNPOWEHHOe ypaBHEeHWE MOJIy4aeTcs B pe-
3yNbTaTe NOrMYECKOro CROXEHUS! 3HAYEHMI OTAESNbHBLIX rpynm.

Jna xapTel (puc. 5.21) 3HaYeHUSI TPYII MOJIyJaloTcsd PaBHBIMU A U B.
VipoieHHOe YpaBHEHHE:

Z=AvB.
Ha xapre Kapno (puc. 5.20) MOXHO 06pa3oBaTh TaKXKe IBe IPYIIILI M3 IBYX

nojieif. Torma MoJyduTCs YIIpOIIEHHOE ypaBHEHHE, HO HE B CaMOM IIPOCTOM
puge. ITokaxem 310. Ha puc. 5.22 nokasana xkapra KapHo ¢ Takoil rpynmupos-

Koit. 3HaueHMs IPYyI paBHBI B U B. YHpolueHHOE ypaBHEHHE, CIIENOBATEIbHO:

Z=BvB.
CioxeHue riepeMeHHOI BeIMYMHBI C €€ MHBEPCUEH JaeT B UTOre 110 NpaBu-

JaM anreopsl joruku 1. IToaromMy caMoii nipocToii ¢hopMoii ypaBHEHMS SIBJISIETCS
Z=1.

Ins makcumanbHOro ynpoLeHns ypaBHeHns Heo6xoanmo o6pas3oBbiBaTb rpyn-
Nnbl Kak MOXHO OOnbLUEro pasmepa.

YT10OBI 3aKPENUTh MOJyYeHHbIE 3HAHUSI, PEIIUM CIICIYIOIIUIl IIpUMED.

Mpumep 3
MaxkcuMaJIbHO YIIPOCTHUTE IIPH oMol KapThl KapHo HopManbHyo dhopmy UIIN.
3anuiIurTe yIpoIleHHOe ypaBHEHHE:

X =(AAB)v(AAB)v(ArB).

CHauajia IToJIHble KOHBIOHKIIMM 3aHOCSITCS B Kapty (puc. 5.23).

[x] a a
31/_1\]——71

st G 0| =

Puc. 5.23. Kapra KapHo k npumepy 3.

3areM o6pa3yloTcs ABe TPYIIILI O ABa Ioyist. OHM MMeIoT 3HaYeHust A u B.
VipolieHHOe ypaBHEHUE:

X=ArB.
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5.4.2. Kapta KapHo gns Tpex nepeMeHHbIX

s Tpex mepeMeHHBIX BO3MOXHBI 8 pa3IMYHBIX ITOJTHBIX KOHBIOHKIMIA (puc. 5.24).
CnenoBarenpHo, KapTra KapHo 151 Tpex nmepeMeHHbIX JOJDKHA UMETh 8 KIIETOK.

Pacripenenenue nepeMeHHBIX 110 KOOPIMHATAM MOXET IIPOMCXOIUTh, KaK U B
Kapre Ui ABYX IEPEMEHHBIX JI0OBIM 00pa3zoM. OmHaKo 1ieJieco00pa3Ho IepBhie
IepEMEHHBIE MOMECTUTh Ha BEPXHIOIO CTOPOHY JMarpaMMbl, a BTOpPbIEe BEJIUYM-
HBI — Ha JIEBYIO CTOPOHY AWarpaMMbl. TpeThbsi IlepeMeHHas BeJIMYrMHa pa3Menia-
eTCd Ha HWXKHe#ll cropoHe nuarpaMmbl. [[ns mepemensbix BennmanmH A, B u C
kapra KapHo n3o6paxeHa Ha puc. 5.25.

Bap.|C|B|A||Z )
1 10|00 1=2AABAC /\l A
2 |0]|0|1f1=A+BAC
3 |0l1]|0j1=5AABAC B
4 |0|1]|111=2A-BAC
5 1{0[0] 1=ArBAC B
6 [1]|0]1l1=ArBrC
7 |1{1]|0]1=AABAC [ —
8 [1l1]{1}1=3AABrC ¢ c c
Puc. 5.24. Bo3MOXHEbI€ NOJHBIE KOHBIOHKIIH Puc. 5.25. Kapra KapHo a5 Tpex nepeMeHHbIX.

A1 TPEX NEPEMEHHBIX.

Tperbst nepemenHass C moimkHa OBITh pa3MellieHa, KaK yKa3aHo Ha puc. 5.25.

Ecnu 0603Ra4uTh 06€ JIeBble CTOPOHBI KJIeTKH Kak C, a 06e npasbie Kak C, TO ISt
HEKOTOPBIX ITOJIHBIX KOHBIOHKIMI OyIeT IBOMHOE MECTO, a IUIST HEKOTOPBIX — HU
onHoro. Ha puc. 5.26 ronsbie KOHBIOHKITUM PACTIMCaHbI 10 STYeiKaM.

Hns xapt KapHo ¢ TpeMs mepeMeHHBIMU AeMCTBYIOT IPaBWia, YCTAHOBJIEH-
Hble U1t KapT KapHo ¢ AByMS mepeMeHHBIMHU, CO CIAEAYIOIIMMHU JTONMOJHEHUSIMU:

B ogHow rpynne moryT 6biTe 06begnHersl 2, 4 v 8 CoCenHUX NOMHbIX KOHb-
IOHKLUMIA.

Ecnu 6biTb COBCEM TOUHBIMU, KapTa KapHO ANS TPex NepemMeHHbIX MMeeT Lu-
nnuapuyeckyio ¢opmy (puc. 5.27). Mostomy kneTky, Haxogawmecs B NPOTUBOMNO-
JIOXHbBIX KOHLAX O4HOW CTPOKU, SBAAIOTCS COCEAHVUMU.

A A
A

B AABAC|AABAC|AABAC|AABAC B8

O1
o4
O

Puc. 5.26. Kapra KapHo 415 Tpex nepeMeHHBIX Puc. 5.27. Kapra KapHo /s Tpex nepemMeH-
C 3aHECEHHBIMHU IOJHBIMU KOHBIOHKIUSAMH. HBIX B BUAE LUWIVHAPA.
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Puc. 5.28. I'pynnupoBka no npyHIMIY PaCUIMPEHHOIO COCEACTBA.

Kapry KapHo c/1oXHO TpeacTaBIsITh B BUie mwiuHapa. [TosatomMy npenmo-
yuTaloT ¢GopMy Ha puc. 5.25, cobmonas MPUHIUII PaCUIMPEHHOTO COCEACTBA.
Ha puc. 5.28 nipesicraBiieHbl cOceIHUE TOJTHbIE KOHBIOHKIIMY U MX I'PYIIIMPOBKH.

I'pymnma u3 AByX KJIETOK Ha BepXHeil JuarpaMMe UMeeT B uTore 3HaueHue Bu C.

I'pymnma u3 YeThIpeX KIETOK Ha HIDKHeH auarpaMme uMeet 3HaueHue C. Ipyn-
ma JOJDXHA OBITh MPSIMOYTOJIBHOM MM KBaapaTHoii. I'pymnna, nusobpaxeHHas Ha
puc. 5.28a, HemorycTUMA.

\
X
7

— Puc. 5.28a. Heponyctumas rpynna
c c & kaptel KapHo.

PaccMOTpMM HECKOJIBKO IIPUMEPOB PaboTHl ¢ KapTamMu KapHo mist Tpex me-
peMEHHBIX.

Mpumep 1
3amonuute KapTy KapHo IMOJHBIMM KOHBIOHKIIUSIMM CJIEAYIOIIEr0 YPaBHEHUS:

Y=(ZAEAC—)V(AAEAE)V(ZAEAE)V(AAB/\C).

CHayajia HaJio MPaBWIbHO Pa3MECTUTh IIOJHBbIE KOHBIOHKIUM IO sYeilkaM
(puc. 5.29). 3amuch Jyyile IpoOU3BOAUTH B ajireOpandyeckoii opMe, Torma Mox-
HO JIETKO KOHTPOJMPOBATh IPAaBWILHOCTH BHIOOpa SYEHKU.

Kaxmyio moiHyio KoHbloHKIHNI0 0603HaYuM 1 (puc. 5.30). Ilpu orcyrcTBUM
3aTpyIHEHN MOXHO Cpa3y Xe pHcoBaTh OOBIYHYIO KapTy KapHo.

A A
A A
B AABAC AABAC B 1 1
Bl 1 1
B |AABAC AABAC ———
c c c
y
c c c
Puc. 5.29. Kapra KapHo ¢ 3aHeCEeHHBIMY 01~ Puc. 5.30. Kapra Kapno k npumepy 1.

HBIMHA KOHBIOHKUUAMHM K npumepy 1.
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Mpumep 2
3aHecure gaHHyI0 HopMmanbsHyio ¢dopmy WUJIM B kaprty KapHo M MakcHUMaibHO
YIIPOCTHTE:

Z=(ZABAC%%ZABA6%4ZAEAG%4AAEA6)

HMelommuecst mojIHbIe KOHPIOHKLIMU 0003HavaoTes 1 (puc. 5.31). 3arem mipo-
HM3BOIUTCS TPYNIIIUPOBKa. ['pymimy U3 4eThipex 3JIEMEHTOB 00pa3oBaTh HEBO3MOX-
HO. 3aT0 MOXHO oOpa3oBarh 3 rpynmbl M3 JIBYX KieToK. OmgHako BblIeJIEHHas
IMYHKTUPOM IPYyIIIa SIBJISETCSE N30BITOYHOM, TaK KaK IBYMS OCHOBHBIMHU CEPBHIMU
rpyrnmamu Bece 1 yxe oxBayeHbl. Eciu Gbl MBI BRIOpaIM ITyHKTHPHYIO T'PYIIITY B
KayecTBe OCHOBHOI, HalilleHHOE YpaBHEHNE He ObUIO OB MAKCUMAJIBHO ITPOCTHIM.

L~ A ]
8 E;@I/
D Gl

c c c

Puc. 5.31. Kapra KapHo x npumepy 2.

BepxHsisi cepast rpymma (puc. 5.31) uMmeer 3HaueHue 4 A B. 3HaueHUe HUX-

Heil cepoii rpynnbl — B A C. (IlepeMeHHas1 A BBIAJaeT, Tak KaK BCTpedaeTcs B
KOOpAMHATAaX 3TOM IPYIIILI KaK B MPSAMOI, TaK U B MHBepCHOM ¢dopmax.) 3Haue-

HUSA TPYIII JIOTUYCCKH CKIIAAbIBAIOTCA. HpI/I 3TOM IOoJIydacTCda YIIPOIECHHOC ypaB-
HCHUE!:

Z =(ArB)v(BAC).

Mpumep 3
3anumuTte HopMaibHy10 hopmy NIIN, 3akmouennyio B Kapre KapHo (puc. 5.32).
[7 A A
B (1] 1 | [1H—-
_ ¢
B |V L g
Puc. 5.32. Kapra Kapno x npumepy 3. o} c c

MakcuMaJIbHO yIpocTUTe HOpMaibHyIo opmy WUIIN.
HopmansHas ¢dopma UJIN no xapre Kapho:

Z=(AABAC)v(AABAC)V(AABAC)v(AABAC)v(AABAC)vArBAC.
Moryt ObITh OOpa30BaHBI 2 IPYIIIH U3 YeThIpeX KieTok. OgHa uMeeT 3Haue-
Hue B, npyras C. YIpolieHHOe ypaBHEHMe:

Z=BvC.
Tak xak BO3MOXHO 00Opa3oBaHue IBYX OOJBIIHUX TPy U3 YETBIPEX KIIETOK,
TO TIOJIy4aeTCsl 3HAYUTEJIbHOE YIIPOIeHNe HOPMAIBHOU (hOPMEL.
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5.4.3. Kapta KapHO onsa 4yetbipex nepemMeHHbIX

Kapra KapHo mis ueThipex IepeMeHHBIX HOJDKHA MMETh 16 KJIETOK, TaK KakK
BO3MOXHBI 16 pa3IU4YHBIX MOJHBIX KOHBbIOHKIM (puc. 5.33). Kapra KapHo mis
JeThIpeX MepEMEHHBIX U300paxeHa Ha puc. 5.34.

z

1=AABACAD

1=ArBACAD A A
1= AABACAD
1=>AABACAD
1=AABACAD
1=2AABACAD
1= AABACAD
1=AABACAD D
1=AABACAD

1= AABACAD 5
1= AABACAD

1=AABACAD

1=>AABACAD D
1=AABACAD ¢ ¢ ¢
1=5AABACAD

1= AABACAD

Bap.
1

lw]}

0N Od OWN

9
10
1"
12
13
14
15
16

o

D
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

A - a4 4000 O aa w000 00
- - O O|= =2 O O|= =+ OO0« 200l
—_- O w Ol= O = Ol=m O = Ofl=s O =« O

Puc. 5.33. Bo3MOXHEIE NOHBIE KOHBIOHKIIH Puc. 5.34. Kapra KapHo a4 yeTsIpex nepe-
U1l YETHIPEX MEPEMEHHBIX. MEHHBIX.

ITepemenHbie 0603HaYeHBI, KaK ¥ paHblne, A, Bu C. Ilmoc no6apieHa mepe-
MeHHas BennauHa D. Pazymeercs, mepeMeHHbIE MOTYT OBITh 0003HAYE€HHI MHAYE,
Hanpumep E, E,, E,, E,. 16 monHbBIX KOHBIOHKLIMI MMOKa3aHbl Ha puc. 5.35.

Huns xapr KapHo ¢ yeThIpbMsI NepeMeHHBIMU JEWCTBYIOT MpaBWia, paHee
ycTaHoBJIEeHHBIE ist KapT KapHo, co cieayolmMy T0OTHEHUSIMU:

> i

A
A

AABACAD|AABACAD|AABACAD|AABACAD D

B < <

AABACAD|AABACAD |AABACAD|AABACAD

AABACAD|AABACAD|AABACAD|AABACAD

B < J

AABACAD|AABACAD|AABACAD|AABACAD D

03

Puc. 5.35. Kapra KapHo a1s yeThipex nepeMeHHBIX C 3aHECEHHBIMM NOJIHBIMU KOHBIOHKUVSIMA.
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B ogHoi rpynne moryT 6bite 06beauHerbl 2, 4, 8 unn 16 coceaHux MnoOHbIX
KOHBIOHKLNA,

Kapta KapHo gns yetbipex nepemMeHHbix mmeet ¢popmy wapa. [oatomy knetku,
HaxXOOALLMECH B NPOTUBOMOJOXHBLIX KOHLAX OAHOM CTPOKK unn ctonbua, SBnaioTcs
cocefHUMN.

Pa3zpsicHUM noapoOGHee NMPHMHIIUI pacIIMPEHHOro coceactsa. PaccMorpum
puc. 5.36. Kapra (a) nokaspIBaeT, YTO IPYIIITbI U3 ABYX KJIETOK MOXHO 00pa30BaTh
HE TOJIbKO M3 TOJHBIX KOHBIOHKITHIA, KOTOphIe HAXOOATCS Ha KOHIIAX OTHOM CTpO-
K, HO ¥ M3 HOJIHBIX KOHBIOHKIIMI, HAXOAAIIUXCS Ha KOHIIaX OMHOIO CTOJMOLA.

AACAD [_C A D
A A A A
1 b I 1 1 b
N H | U E—
B _ B
1) G BAC»D t !
D { ‘'p
| |
B — B —
1 D ' 1 1 b
{
¢ c c c c c
6
\ A A ) Puc. 5.36. 'pynnupoBka no NpUHIUNY
N - —1 &
N O/ CAD PpaCIIMPEHHOro CoceacTna.
1 1 D
B \
| Juarpamma (6) mmoxkaspiBaeT oOpa3oBaHUe
i b IPYNITBI U3 YETHIpEX KJIETOK.
_ ; HuarpamMma () Takxe IOKa3bIBaeT oOpa-
B o
0 Q 5 30BaHMeE CYETBEPEHHOM IPYNITbl. ENMHMIIBI 1O
A N yIjlaM SIBJISIIOTCSI COCEIHMMHM, TaK KakK Mpu
e e N
c c c dopme 1Iapa mosis MpUIETraloT APYr K APYry
B CMEXHBIMU CTOPOHAaMU.

Hpyroe neno xapta Ha puc. 5.37. Tonbko
JIB€ €OUHUIIBI 10 YIJIaM He MOTYT 00pa30oBaTh CABOCHHYIO IpYIINy, TaK KaK OHU
He SIBIAIOTCS CMEXHBIMM — KakK II0Ka3saHO Ha BHIe CHU3y. PaccMoTpum psn
MpUMEPOB ¢ KapTaMu KapHO I YyeThIpeX TepeMeHHbIX.

A A

; 1 D B(g.ncrlusy

’ ans $opmsbl wapa —_
: N

E — —

| 0 R
o L _|_ |
]

i 1 D

Puc. 5.37. Kapra KapHo 19 HECOCEJHUX NOJHBIX KOHB-
o] c ¢ IOHKLIMH.
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Mpumep 1
CocraBere Kapty KapHo no cineayiouteit HopMmanbHo#i popme NIIN:

Y=(A/\BA@AE)V(AABA@AD)V(AABAC/\D)V
® @ ©)
V(ZAB/\CAD)V(ZABAE/\D).
) ®
}IJIH OoJpLIEH HarrsifHOCTHU IIOJIHBIC KOHBIOHKIIMH OTMCYCHBI CEPhIMU HO-

Mepamu. OHU 0003HayalT cooTBeTcTByIOIMe Kierku. Ha puc. 5.38 moka3ana
nCcKOMas JuarpaMma.
[_Y— A A

e7]
(o]
O

Puc. 5.38. Kapra KapHo x npumepy 1.

Mpumep 2

Hdns 3agay ynpasneHusi Tpedyercs cxema, yIOBJIeTBOPSIoNas TabIuie HCTUHHO-
¢t (puc. 5.39). Bra cxema KOJLKHA GBHITh MAKCUMAJIBHO MPOCTOM.

Bap. D|C|BJ|A|Z

1 olo[{o0[0[1=A~ABACAD

2 0|0|0|1|1=AABACAD

3 0/0{1|0[|1=AABACAD

4 0|0|1|1}1=AABACAD

5 of[1]{ofofo

6 of1]|of1]o0

7 ofl1|1]o]o0

8 oft1|t1|1]0

9 1]of{ofofo

10 1[(0[{0|1|1=2AABACAD

11 1]|o|1]ofo

12 1|0|1|1]|1=AABACAD

13 1[1[o]o0]0

14 1|1{o]|1]0

15 1f{1|1]|0f0 Puc. 5.39. Ta6auia UICTUHHOCTH
16 1]1]1]140 K npumepy 2.

M3 Tabnuiiel ICTUHHOCTH MOXET OBITh OIpenesieHa HopMaibHast popma NN

Z=(ZAEA@A.Z_))V(A/\EA@AE)V(ZAB/\E/\D)V
@) ®

O]
V(AAB/\é/\.l_))V(A/\EAéAD)V(A/\B/\EAD).
o) ® @

Howmepa nosHBIX KOHBIOHKIIMI COBIANAIOT C HOMEpaMK BapUaHTOB TaGJIMIIBI
UCTUHHOCTHU. [ToHbIE KOHBIOHKIIMY Jajiee 3aHOCATCS B auarpaMmy (puc. 5.40).
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Puc. 5.40. Kapra KapHo x npumepy 2. Puc. 5.41. Cxema K npumepy 2.

CrenyoluM IIaroM SIBJISIETCS ynpouieHue HopMansHou dopmbei MU ¢ mo-
MOIIIBIO TPYIIIMPOBKU COCEIHMX ITOJHBIX KOHBIOHKIM. BO3MOXHO 0Gpa3oBa-

HUe ABYX Ipymil u3 4 KieTok co sHadyeHusiMu C A D u A A C. YiiponieHHOe ypaB-
HEHHE BBINISIAUT TaK:

Z =(6/\B)V(AA6).
ITepemenHasi C MOXeT OBITh BHIHECEHA 32 CKOOKY:
Z:(EAD)V(AA5)=5A(AVE).

ITonyuuBiascs cxema IpeJcTaBiieHa Ha puc. 5.41.

5.4.4. Kapta KapHO ona natu nepeMeHHbIX

Jna maT¥ nepeMeHHBIX BO3MOXHBI 32 pa3jIMYHbIe MOJHbIE KOHBbIOHKIMU. Clie-
JIoBaTebHO, KapTa KapHo IS NATH IIepeMeHHbBIX TOoJDKHAa uMeThb 32 moist. Ho
Ha OI[HOM YpOBHE B IHarpaMmy JUISI YeThIpeX IepeMEHHBIX HOBbIE IepeMEeHHbIe
yXe H00aBUTh He ITOIYIUTCS.

Junarpamme Hamgo HoOaBUTBH BTOpPOil ypoBeHb. Ha puc. 5.42 mokasaHo, 4TO
umeercs B Buny. IlepeMeHHBIe BeJIMIMHEI OYIyT, KaK paHbllle, 0003HaYeHBbI A, B,
C u D. K nuM gobGasnsieTcs nepeMeHHas E.

K HmXHeMy ypoOBHIO THarpaMMBbl IIPUCOEIUHSETCS KoopauHata F, K Bepx-

HeMy — KoopauHara E. HapucoBaTh TaKylo IBYXyPOBHEBYIO KapTy CJIOXHO,
II03TOMY YPOBHHU PHCYIOT PSIIOM.

HunarpamMMa i IISATH MEPEMEHHBIX COCTOUT
M3 IBYX TaOJIMII, PACMOJIOXEHHBIX OMHA Hal Ipy-
roii (puc. 5.42a). Takas muarpamma umeeT 32
AYEHKU 111 32 TOJTHBIX KOHBIOHKIIUIA.

Jlnsa kapt KapHO ¢ IThIO IIepeMeHHBIMU e~
CTBYIOT IIpaBWJIa, paHee YCTAHOBJIEHHBIE IJIsI KapT
KapHo, co cleayonmMn TOTOJTHEHUSIMU:

Puc. 5.42. Kapra KapHo 114 natu NepeMeHHbIX.



5.4. Memod kapm Kapno 7\7\)

A A A A
B4 B
!
} D D
B B
L D b
¢ ) Y T c _E_I c ~_-_«.E_.~-- - ¢ il

Puc. 5.42a. Kapra KapHo 115 na9TH NE€pPEMEHHBIX, COCTOsALUAs U3 ABYX TaOJIHUII.

B ogHoi rpynne moryT 6biTh 06beamHeHbl 2, 4, 8, 16 unu 32 cocegHnx nonHbIX
KOHBIOHKLIMIA.

CrpynnupoBaHsl MOryT 6bITb TAKXE Te MOJHLIE KOHBIOHKLWY, YbW NONA HAX0OaT-
cs gpyr nop, apyrom B Tabnuuax (puc. 5.42).

PaccMoTpuM 3TH NpaBWiIa Ha IpUMepax.

Mpumep 1
3anecure gaHHyi0 HopMaiabHyI0 dopmy MJIN B kapry KapHo U MaKCHUMaJIbHO
VIIPOCTUTE:

Z=(ZAB/\CAI—)/\E)V(ZABACADAE)V(ZABACADAE)V

0) @ ®
V(ZABACADAE)V(ZAFACADAE)V(ZAEACA]._)AE_').
©) ® ®

JIng Gospliei HAarIIAHOCTH MOJIHBIE KOHBIOHKIITMY OTMEUYEHBI CEPHIMHM HO-
MepamMu. OHH 0003HAYalOT COOTBETCTBYIOIIHUE KJIETKU HuarpamMmbi. Bo3-
MOXHO o0Opa3oBaHMe ABYX rpynm u3 4 xjerok. Cepas rpyrmniia Ha IpaBoii Ta6-

A A A A
[z]. L z

I _
Jol ] °

B ] I ; I B
| L9 5

B B
D
é c ¢ LE]

Puc. 5.43. Kapra Kapno x npumepy 1.
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e umeet 3HadeHne A AC A E. Tlepemennsie B u D B 3TOil TpyIIIie HCKIIIO-

YajoTcsl.

BriesieHHast IMyHKTHPOM TpyIina U3 4 KJIETOK IPOXOAUT CKBO3b 06a YPOBHSI.
g 3Toro ciemyer MBICJIEHHO ITOJIOXWTH APYr Ha Apyra ypoBHHU (puc. 5.43).
3uayenue 31oii rpynimbsl A A B A C. Tak Kak Ipyrniia IpoXOIHT CKBO3b B YPOB-
Hs1, nepeMeHHas E Boinanaer. [lepemennasn D takke Boimaxaet. B utore mojyda-
€TCsl YIIPOIIeHHOe YpaBHEHHE:

Z=(/_1/\B/\C)V(ZACAE).

Mpumep 2
B amarpammMe Ha puc. 5.44 3amaHa HopMmaiabHas ¢opma WMJIW. MakcumanbHO
YIIPOCTHUTE €e€.

Dhtrr . o [
1) G| N 1) (1//15
B ~ ‘ BJ‘ ~
(1 1) BADAE ; [
‘D H D
\(1 1 1 1)
B — B[
1) (T\D 'l 1) (T\D
e N e N

Puc. 5.44. Kapra KapHo x npumepy 2.

Emunauie! o yriaaM o6oux ypoBHEN 06pa3yioT BOCBMEPHYIO IpyIly (rpyrira

M3 BOChMH sTYeeK). DTa rpyIiia Impoxoaut 4epes apa ypoBHs. Ee sHauyenue C A D.
Jlanee MOXHO chopMUpOBaTh IPyHIILl U3 2 U 4 KieToK. I'pynna u3 4 KieTok

umeer 3HayeHHe B A D A E. 3HadeHme caBoeHHoi rpymnsl B A C A D A E.
ITomy4yaeTcs ynmpoleHHOe ypaBHEHUe:

Y=(6/\B)V(§AD/\E)V(BAC/\D/\E).

VipolueHue 3HaYUTEIHLHO. DTO BUIHO, €CJIN 3aIIMCaTh COMEPXKAIIYIOCS B TH-
arpamme Ha puc. 5.44 HopmanbHy0 hopmy NIIH.

Mpumep 3
3anuiuTe coaepXaliyiocsl B iuarpaMme Ha puc. 5.44 HopmanbsHyio dopmy NIIN.

JleBas TaGnuia IMarpaMMbI COTEPKHUT 6 IMOTHBIX KOHBIOHKITWIMA, IIpaBasi Tab-
syia — 8. Takum o6pasoM, mosydyaercst HopmanbHas ¢dopma MU c 14 moaHbI-
MM KOHBIOHKIHSIMU:

Y=(AABA@ABAE)V(ZABAC_Al_)AE)v(AAB/\C/\DAE)v

V(AABACADAE)YV(AANBACADAE)YV(AABACADAE)vV
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5.4.5. Kapta KapHo gna 6onee 4yem natv nepemMeHHbIX

Ha npaktmke HopMmanbHble ¢opMmbl UIIU c
GoJiee YeM IISTHIO IEPEMEHHBIMU BCTPEYAIOT-
cs penko. IToaroMy peiko BO3HMKAaeT HEOOXO-
IMMOCTh M B nuarpammax KapHo mist Gonee
yeM ISTH TepeMeHHbIX. OIHAKO TaKue auar-
paMMBI peaibHbI. JlMarpaMMBbl IS IIECTH ITe-
PEMEHHBIX ellle MOXHO HaIJISTHO IIPEICTABUTb.
IIpu cemMu u Gojiee MepeMEHHBIX HAIISTHOE
TIpecTaBJIeHUe THarpaMMBbl 3aTPYIHHUTEIBHO.
s mecTd IIepeMeHHBIX BOSMOXHBI 64 pa3- ¢
JIMYHEIE ITOJTHBIe KOHBIOHKIIMK. ClieioBaTesib- %
HO, KapTa KapHo 11 1mrectu mepeMeHHbIX 101~ —— b
XHa uMmeTh 64 mons. Eciu B KauecTBe MCXOMI- ¢ ¢ ¢
HOi1 OpaThb AMarpaMMBbl JJis IISITU epeMeHHbIx  Puc. 5.45. Kapra Kapno ans wectu

/D D

BEJIMYMH, TO K Heil Hamo mo6aBuTH elle Tpe- NCPEMCHHBIX.
TUI YU YeTBEPTHI YPOBHU-3Taxu (puc. 5.45).
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Puc. 5.46. Kapta KapHo a1 mecTu nepeMeHHBIX, pa3BepPHYTasi Ha OAHOM IL1IOCKOCTH.
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YeTrhipe YPOBHSI MOXHO PAcIIOJIOXHTh B OMHOM IUTOCKOCTH (puC. 5.46). I1pu
IPYINHPOBKE HYXHO ITOCTOSTHHO MTOMHHUTD, KaK PeaIbHO PacIIOI0XEeHbI YPOBHH
OTHOCHUTEJILHO JIPYT JIpyTa.

Hns HopMmanwsHO# dopmsel NJIU ¢ mecTsio u 6ojiee mepeMeHHBIMH LIeJIECO-
00pa3HO 3aMEHSTh JBE WU TPU IePEMEHHBIX HOBOM IepeMEeHHOM. YIIPOIIeH)e
MOXET IPOUCXOIUTh B HECKONBKO 3TAIIOB:

Z=(A/\E/\C/\D/\E/\F)V(A/\EAC;ADAEAF)V

V(A/\B/\CAI—)/\EAF)V(A/\B/\C/\DAE/\F).

Mpumep
Bcee YETHIPE IMOJIHBIC KOHBIOHKIIUHU COAepXKaT IICPEMCHHDBIC Au EsB OIUHAKOBOM,

B JJAaHHOM CJIydyae, HEMHBepTUpyeMoM Bume. byneM paccmarpuBath A A F Kak
OIHY II€PEMEHHYIO.

AAE=P

IIpu takoMm ycnoBuu IoiydaeTcss HopMaibHast dopma MJIM TOMBKO ¢ HATHIO
rnepeMeHHbIMMU:

Z=(P/\EAC/\DAF)V(PAEAEAD/\F)V
V(PA.B/\CAI-)/\F)V(P/\B/\C/\D/\F).

ITocne ynpoiueHust cHoBa 3aMeHUM P Ha A A E.

5.5. PacyeTt nornyeckmnx cxem
5.5.1. O6wume ykazaHus

g cuHTe3a cxeM B pasa. 5.1 onmucaHbI CleAyIOlIUe IIaru:

1. Onucanue GpyHKIIMKU TPpeOyeMOM CXEMBI.

2. HazHayeHure BXOMHBIX M BHIXOXHBIX MEPEMEHHBIX BEJIMYMH M MPUCBOCHUE
3HaueHuit 0 u 1.

3. CocraBieHue TabIUITBI UCTUHHOCTH.

4. OnpeneneHne HEOOXOMUMBIX JIOTUYECKUX OTIEPAIlHii.

5. VpolieHue U mpu HEOOXOTHMMOCTH IIpeoOpa3oBaHUe CXEMEL.

Ecnu usBecTHa TabiMlla ICTUHHOCTH, TO Teleph liejiecooopasHo 4-ii atam
HaYMHAaTh C cocTaBieHUs HopMaiabHOU opmbl UJIN. OHa Gymer MakKCUMaIBHO
yrIpolleHa ¢ moMoubio guarpamMmbel KapHo. B koHIie mara 4 mosixy4yaercst ympo-
IeHHas Jjoruyeckast GyHKIIHS, 10 KOTOPOi MOXHO COOHMPATh JIOTMYECKYIO 1ud-
POBYIO CXEMY.

B mrare 5 nmpoBepsieTcsi, sIBJISIETCSI JIU TaJIbHEiIIee YIIPOolIeHNe HalIeHHOM ¢
MOMOIIBIO AJIreOpHI JIOTUKY (PYHKIMM BO3MOXHBIM M palMoOHAIbHBIM. Eciu na,
TO YIpOLIEHUE HEOOXOIUMMO IIPOBECTH.

Teneps Hamo y3HaTh, KaKHe JIOTUYECKUE DJIEMEHTHl UMEIOTCSI B HATMYUH.

Jlornyeckyio GyHKIMIO HYXXHO IpeoOpa3oBaTh TakK, YTOOBI OHAa comaepxkKaja
TOJIBKO MMEIOLINECS JIOTUIECKHe 3JIEMEHThI. 3aTeM MOXHO COOMpaTh CXeMy.



5.5. Pacuem nozuueckux cxem \)

5.5.2. LUndposaa cxema BKNIOHEHUS N BbIKAIOYEHUS
N3 HEeCKOJIbKUX MECT

C OMOIUBIO JIOTUYECKHX 3JIEMEHTOB TPeOyeTC CMHTE3UPOBAaTh CXeMY, KOTOpast
bYyHKITMOHHUPYET KaK cXeMa BKIIIOYEHHS M BBHIKIIOYECHUS M3 HECKOJIbKUX MECT.
BrixomHOe cOCTOsSIHME TOJDKHO MEHSIThCSA TOJIBKO B CJIydae, €CJI MEHsSIETCS CO-
CTOSIHKME OIHOro M3 BXomoB. Ecii 00a Bxola MEHSIOT CBO€ COCTOSTHHE, TO BbI-
XOIHO€ COCTOSTHHE U3MEHUTHCSI He JOJDKHO. CxeMa IoJKHA OBITh IOCTPOECHA Ha
snemenrtax NJIN-HE.

HMckoMast cxeMa MMeeT JBa BXOAa M OIMH BBIXOA. BXOnHEBIE rnepeMeHHBIE
Ha3pIBaloTCst A M B. BeixomHast nepeMeHHast o6o3Havaercst Z (puc. 5.47).

Ta6nuiia HICTHHHOCTU CXEMBI C JIBYMsI BXOTHBIMH TIepeMEHHBIMUA UMeeT 4 Ba-
puanra (puc. 5.48). McxomHoe coctrosiHue Z IJjis IE€PBOrO BapHaHTa MOXET
yCTaHaBJIMBaThCS JIOOBIM 06pa3oM. Beibpano Z = 0.

ITpu mepexome ot BapumaHTa 1 K BapuaHTy 2 mepeMeHHass A MEHSIET CBOe
cocrostime. [lepeMeHHast B coctostHue He MeHsieT. EcJIM TOJIbKO OJIMH U3 BXONIOB
MEHSIET COCTOSIHHE, TO COINIACHO ITOCTaBJIEHHOMY 3allaHUIO BBIXOH Z TOJLKEH
TMIOMEHSTh CBOE COCTOSIHME. Z NOJLKEH OBITHh paBeH 1.

ITpu nmepexone oT BapuaHTa 2 K BapHaHTY 3 mepeMeHHble A 1 B MEHSIIOT CBOM
cocTostHUsA. Z He MOJDKHO u3MeHUThes. [Ipu mepexone oT BapuaHTa 3 K BapuaHTy 4
nepeMenHass A MeHsieT cBoe coctostiue ¢ 0 Ha 1. B octaercst paBHou 1. Takum
o6pa3oM, Z IOJDKHO MOMEHATh cocTosiHue ¢ 1 Ha 0. TaGiauita MICTHHHOCTHA TOTO-
Ba. OHa Moria GBI BEITJIANETh UHAYE, €CIM OBl MBI B BapuaHTe 1 BeiOpanu Z = 1.

Jtst TabauIibl ICTUHHOCTH (pHC. 5.48) HYXHO 3amucaTh HOPpMAaJIbHYIO popMy
MJIA. OHa BBHITJSIAUT TaK:

Z =(ArB)v(AAB).

Ecim 3anectu HopMaiibHylo ¢dopmy WUJIM B muarpammy KapHo, To BHAHO,
YTO JaJbHelIee YIpoIleHHe HeBO3MOXHO (puc. 5.49).

Taxk kak cxeMa JoJiXKHa ObITh ocTpoeHa Ha 3neMeHTax UJIIMA-HE, Tpebyetcsa
npeoGpa3oBaTh YpaBHEHUS:

Z = (A B)v (A B);

A A
Ao—— Cxema B 1
BKNMIOYEHUA NL_o V4
B | BbIKNIOYEHUA é 1
Puc. 5.48. Tabnuia HCTUHHO- Puc. 5.49. Kapra KapHo cxe-
Puc. 5.47. Birok-cxema cxemsl CTH CXEMBI BKJIIOUYEHHUS H MBI BKJIIOYEHMSA U BBIKJIIO-

BKJ/IIOYCHUA U BBIK/IIOYCHMUS . BBIK/IIOUYCHMUS. YEHU.
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A"

B
B

Puc. 5.50. lHudposas cxema.

CxeMa, IOCTPOEHHAsI COIJIACHO IIPeoOpa3soOBaHHOMY YpaBHEHMIO, ITOKa3aHa

Ha puc. 5.50.

5.5.8. MepeknioyaTtenb «aBa N3 Tpex»

ABapuiiHblii
AaT4nk
1

ABapuiiHbi B Cxema nepe-
AaTtynk Knoyarena p———o 7
2 c «2 13 3»

AsapuiiHbiit
AaTYnK
3

Puc. 5.51. ABapuiiHple JaTYMKU U CXE-
Ma MePeKIoYaTesis «1Ba U3 Tpex».

CucreMbi, CBSI3aHHBIE C TIOBHIIIEHHBIM PUCKOM,
HanmpyuMep aTOMHasl JIEKTPOCTAHIUSI, JOJDKHBI
ObITh B Cllydyae aBapUM cCpa3y OCTaHOBJICHBI.
OTKIIOYEeHHE TIPOMCXOMUT ABTOMATHYECKH, C
nomoIibio mudpoBoii cxeMbl. B aBapHMitHBIX qaT-
YHMKaX, OTBETCTBEHHBIX 33 OTKJIIOYEHUE, MOIYT
MPOUCXOAUTH JIOXHBIE cpabaTbiBanusa. I1loaTo-
MYy B KaXJIOM KPUTUYECKOM MECTE CTaBAT TPU
OMVHAKOBBIX aBapMIHBIX HaTymka (puc. 5.51).

OTKIII0YeHUE TOJIKHO IIPOMCXOIUTD TOIBKO
TOTJa, Koraa cpaboTaiy 1o MeHbIIeil Mepe IBa
aBapHMIfHBIX maTYMKa M3 TpeXx. Takoil momxon
MpeAOTBpaNiaeT HEHYXHbI€ OTKIIIOYEHUS CHUC-
TEMBI, KOTOpPHIE IIPUHOCAT (PUHAHCOBBIE TOTE-
pu. ABapuilHble NaTYMKU TPU CpabaThIBaHUU
uMeloT cocrosinue 1. OTKII0YeHUE CUCTEMBI
IOJDKHO IPOMCXOIUTH, €CJIM Ha BBIXOMIE CXEMBI
IeHCTByeT cocTosiHue 1.

Hrak, Tpebyercsi cxeMa, BBHIXO KOTOPO MMeeT cocTosiHhe 1 Torma, Korma,
10 MeHbIIIei Mepe 2 u3 3 BxomoB uMeloT cocrosiHue 1. Takas cxema HasbIBaeTCs

MepexIoyaTelbh «ABa U3 TPeX».

BxomHbie mepeMeHHBIe Moay4daloT uMeHa A, B u C. BeixogHas nepeMeH-
Hasg — Z. CocTtaBUM TaOJUIy UICTUHHOCTH II0 CJIOBECHO-

My OIMCAaHUIO MPUHIUIIA IeHCTBUSA cXeMbl. Beerna, Korna g,

C|B|A|Z
IIB€ BXOAHBIX NepeMeHHBIX paBHB 1, Z = 1. Ecau Bce 1 [0]0]of0
TPU BXOJHBIX TIEPEMEHHBIX paBHHI 1, Z Takxe momkna 2 [2|9]0)°
ObITh paBHa 1. Takas TaGiMIla UCTHHHOCTH NMTOKA3aHA HA 4 |o|1| 1] 1m4rB840
puc. 5.52. 5 [1]|00]0 )
Jlanee 1Mo cOCTaBJIEHHOM TaGiuMlle MCTMHHOCTU 3amu-  © |!|0[1] 1=AnEAC
7 110l 1==AABAC
chiBaeTcsa HopMasibHas ¢dopma NIIN: 8 |111l1]1=AarBncC
Z=(AAB/\C)V(A/\B/\C)V Puc. 5.52. Ta6auua uc-

TUHHOCTU NEpeKIoya-

V(ZABAC)V(AABAC). TeNs «1Ba U3 TPEX».



B & | BAC —g , 5 )
c c c
c &lanc AAC
L
Puc. 5.53. Kapra KapHo nepexiouarens «isa
Puc. 5.54. Cxema nepexsiodaTesis «18a U3 TPEx». U3 Tpex».

Hopmanbhasa dopma WUIIN ynpoinaercs ¢ moMoilbio puarpaMMbl KapHo
(puc. 5.53). MoxHo oOpa30oBBIBaTh TPU JBOIHBIX I'PYIIIBI. YIIPOLIEHHOE yNaB-
HeHHe MMEeeT BUI:

Z=(AAB)V(B/\C)V(AAC).

ITo 3TOMy ypaBHEHHMIO MOXHO CTPOMTH
cxeMmy (puc. 5.54).

YacTo moa pykoil MMEIOTCS TOJIBKO 3jie- A & | axB
meHTHl UJI-HE. YToGBI mOCTPOMTH CXeMy
TonbKo Ha aneMeHnTrax UJIN-HE, npeo6pasy- ]——
€M ypaBHEHUE: 8 3 Be s ,
Z =(AAB)V(BAC)V(AAC); l_ ]
C ¢ & | AAC
Z=(AAB)v(BAC)Vv(AAC)

Puc. 5.55. Cxema nepekiioyarens «asa
Z=AABABACAAAC. U3 Tpex» Ha snemenrax WIW-HE.

CooTBeTcTByOIIIasA cxeMa IMOKa3aHa Ha
puc. 5.55.

5.5.4. Cxema KOHTPONS YEeTHOCTU

s o6HapyXeHus: ommMOOK B Komax (cM. pasm. 8.7 m 8.8), a takke I 3agay
KOHTPOJISI M HaOMIOOEHUSI 4yacTo TpeOyeTrcs cxema, B KOTOpPOIf BHIXOH paBeH 1
TOINa, KOTIa YETHOE YMCJIO BXOIOB UMEIOT cocTosiHue 1.

Takas cxeMa Ha3bIBaeTCSI CXEMOIl KOHTPOJISI YETHOCTH.

TpeGyercs CHHTE3MPOBATh CXEMY C YETHIPbMSA BxoAaMu. BXomHble nepeMeH-
Hble — A, B, C u D. BoixonHast nepeMeHHast — Y.

CHayajia Hy>)XHO COCTaBUTh TaOJIMIly MCTUHHOCTHU. Y Bceraa OymeT paBeH 1,
eciau 0, 2 wiu 4 BXOmHBIE epeMeHHBIe paBHBI 1 (puc. 5.56).

M3 Tabnuubl MICTHHHOCTH ToJIy4aeTcsl HopManbHas dopma UJIU:

Y=(Z/\EAC/\E)V(AAB/\EAD)V(AAEAC/\E)V(ZABAC/\D)V
0) ® ® )

V(AABACAD)V(AABACAD)V(AABACAD)V(AABACAD).
® @ ® ®
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Bap. D|C|B|A|Y
1 0[0|0]0[1=AABACAD
2 o|o|o|1]|0
3 of|o|1]|o0]|0
4 0|0|1]|1|1=>AABACAD
5 o|t1|lo]ofo
6 0|1|0|1|1=AABACAD
7 O0|1[1[0|1=AABACAD
8 o0f|1]|1]|1]|0
9 1|olofjo]o
10 1|0|0|1|1=2AABACAD
11 1[(0|1]|0]|1=2AABACAD
12 1|0|1{1]|0
13 1{1][0]|0]1=2AABACAD
14 1|1|0]|1]0
15 1|1{1]0(0
16 1]1]1|1|1=AABACAD

Puc. 5.56. TaGnmiia HCTUHHOCTY AJil CXEMBI KOHTPOJI YETHOCTHU.

A A
1 1 D
@ @

1 1

® @)

D

1 1
® ®

1 1 D

® ®
ol c ¢

Puc. 5.57. Kapra KapHo cXeMbl KOHTPOJ151 YETHOCTH.

OrtnenpHbIe MOJTHBIE KOHBIOHKIIMY MPOHyMepoBaHHL. ITormpoOyeM yrpocTuTh
HopMaibHyo dopmy WJIM ¢ momounsio kaptel KapHo (puc. 5.57). 3gech Mb
CTOJIKHYJIMCh C PEIKHMM CJIy4aeM, KOrga oOpa3oBaHHe IpyIill HEBO3MOXHO. 3Ha-
yuT, JaHHasg HopManbHast ¢popma UJIM He ympoiaeTcs, U ee cxeMa IMpUBEAEHA
Ha puc. 5.58.
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Puc. 5.58. Cxema KOHTPOJIsl YETHOCTH.
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1=>AABACADAE
1=5AABACADAE
1=AABACADAE

Puc. 5.59. Tabauua MCTUHHOCTH
MOPOroBOM JIOrMYE€CKOU CXEMBI.
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5.5.5. ToporoBas nornyeckasi cxema

IToporoBoii jJorHyeckoii cxemoii Ha3bIBaeTCsSI CXeMa, B KOTOpPOil oIpelejieHHOe
MHHHMAJIbHOE KOJIMYECTBO BXOMHBIX IMePEeMEHHBIX HOJDKHO UMETh COCTOsIHUE 1,
YTOOBI Ha BBIXOJIE€ IOSIBIIIACH JIoTHYecKas 1.

HanpuMep, HyXXHO paccUMTaThb CXeMY C IISITBIO BXOXHBIMU TepEeMEHHBIMU.
Ha Beixone moiokHa ObITh 1 TOJBKO TOTMA, KOTJa M0 MeHblei Mepe Ha 4 BXxonax
npUcyTcTByeT 1.

BxomHeie nepeMeHHBIe UMEIOT uMeHa A, B, C, D u E. BrixogHass nmepeMeH-
Hasg — Z. CHavajla HyXXHO OIIpeAeIUTh TaOiuIy UCTUHHOCTHU. [Ipu naTu mepe-
MEHHBIX BeJIMYMHAX BO3MOXHH 32 BapuaHTa (puc. 5.59):

Z=(A/\BACAD/\E)V(A/\B/\C/\D/\E)V(AABA@AD/\E)V
V(A/\E/\C/\D/\E)V(Z/\B/\C/\D/\E)V(AAB/\C/\.D/\E).

HopmanwsHas ¢dopma UJIN cocToUT U3 HIECTH MOJHBIX KOHBIOHKIIUIA.

Hopwmanbuaa dopma UIIU ympomaercss ¢ moMolnbio numarpamMMmbl KapHo
(puc. 5.60). MoxHo oGpasoBaTh 5 ABOIHBIX rpymi. [Tonydaercs ciemyiomast
yIpoIleHHasl JIorudecKasi (QyHKIIHS:

Z=(AABACAE)V(AABADAE)Vv(AABACAD)v
V(ANCADAE)v(BACADAE).

[A~nBArCcrE]l [BaCADAE]
53 5 5
B B

(0T 1) (1;

B B
Puc. 5.60. Kapra / b / b
KapHo noporosoii

CXEMBI. /C Cc C E C [ C E
[ABrDAE| [A-CADAE
A
B
c
D
E
Le | e Jle e ]e]

AABADAE|ANCADAE|BACADAE|AABACAE|AABACAD

[\

Puc. 5.61. IToporopas jornyeckas cxema. z
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C
Cxema [y1sl yripoleHHOM GyHKINY IpeacTaBieHa Ha puc. 5.61. [lanuoe ypas-
HEHHUE MOXHO eIlle YIIPOCTUTH C IMTOMOIIBIO aiTeOphl JIOTUKU. 1 mepBhIX Tpex
TIOJTHBIX KOHBIOHKITUIA MOXHO BBIHECTH 3a CKOOKU (4 A B), IUIsl IBYX NOCIETHUX —
(C A D). IlonygaeTcsa GyHKIHS:

Z =[(AAB)A((CAE)v(DAE)ACAD)|v[(CAD)A((ArE)v(BAE))]

Bce-Taku CyllleCTBEHHOTO YIIPOUICHUSI JOOUTHCS HE YHAJIOCh.

5.5.6. Cxema cpaBHeHus (komnapaTtop)

B undpoBoii TeXHUKE YaCTO HYXKHO CPaBHUTDH ITM(PPOBBIE HaHHBIE APYT C JpY-
roM. CaMasi mpocTasi CxeMa CpaBHEHMSsI, TaK Ha3bIBa€MbIil KOMIIAPATOP, CPABHU-
BaeT COCTOSIHUE ABYX IEPEeMEHHBIX APYT C APYTOM.

ITycts nepemeHHble 0603HaYeHbl A 1 B. A 1 B MOTyT OBITH paBHBI. A MOXET
OBITH OoJbllle, yeM B u HaoGopoT. KoMItapaTop MMeeT It 3TUX TPeX BO3MOX-
HBIX BapMaHTOB TpM Bhixoga. OHU oGo3Havaiorcst X, Y M Z M UX COCTOIHHUSA
MPUCBaMBAIOTCS CIEAYIOIIMM 00pa3oM:

A=B= X=1,
A>B=Y=1,
A<B=Z=1.

HMrak, He0OX0IMMO CUHTE3UPOBATh CXEMY C JHBYMSI BXOMHBIMHU IepeMeHHBI-
MH A 1 B ¥ ¢ BBIXOTHBIMH ITEpeMEHHBIMU X, Y 1 Z.

IIpu dbopmupoBaHUM TaOIULBI UICTUHHOCTH ClIeAyeT COOMIONATh IIpaBMIIA:
A 6onplie, yeM B, ecin A =1 u B = 0. CooTBeTcTBEHHO B G0oJbllle, YeM A, ecinu
B=1wu A= 0. Tabiauiia ICTHHHOCTH IMOKa3aHa Ha puc. 5.62.

M3 TaGmuubl HCTUHHOCTH ITOJTYyYalOTCS JIOTHYECKUE (DYHKIINM:

X=(Z/\E)V(Z/\B);
Y=A/\E; A B

Z=AnAB.
DTH ypaBHEHMs Jajiee He YIpPOLIAIOTCS. _ E%l
HckoMas cxeMa IoKa3aHa Ha puc. 5.63. A °

=] [ =] =]
7]

o
S
T

5]

B|A<B
5 |

0|0
0
1
1

A WON =

- 00O =

00 = o|x v

o =+ o OfN
p°|

1
0
1

Puc. 5.62. Tabauua UCTUHHOCTH KOMIapaTopa. Puc. 5.63. Cxema Komnaparopa.
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5.5.7. Cxema coOpTUPOBKU TPAH3UCTOPOB

IIepen oTmpaBKoii ¢ 3aBofa TPAH3MCTOPHI IIPOBEPSIOTCS Ha COOTBETCTBHUE YEThI-
pex BaXHBIX NapaMeTpoB A, B, C u D nuana3oHy HOIYCTUMEBIX 3HadeHuii. s
U3MEpEeHUs1 MPUMEHSIIOT YeThipe HU@POBHIX daruyumka. Jlaruyuk Belmaer 1, eciu
u3MepsieMasi BeJIMYMHAa HaXOMMTCS B TIpeleliaX Juara3oHa MOIyCTUMBIX 3Hade-
Huit. Ecniu u3MepsieMasi BeJIM4MHAa HaXOMUTCS BHE THANa30HA JOITyCTUMBIX 3HA-
YeHHUi, TO JaTyuK Bbimaet 0.

CopTHupoBKa TPaH3UCTOPOB IPOMCXOIUT C IIOMOIIBIO UG poBoii cxeMbl. Eciu
BCE YeThIpe BeJUYHMHBl HAXONSATCS B Mpeneiiax Juamna3oHa JOIyCTHMBIX 3Hade-
HWIii, Ha BBIXOoAe NepeMeHHast M moiydaer cocrosuue 1. Ecim Tonmpko B Haxo-
IUTCS BHE MUarnia3oHa IOMyCTUMBIX 3HAYeHMI, TO BBIXOIHAS NepeMeHHass N I1o-
sy4qaet cocrossaue 1. Ecnu Tonpko By D HaxogATCcs BHE MHAIla30HAa JOIYCTUMBIX
3HaYeHUI, TO BhIXOAHas nepeMeHHas U momydaer coctosiHue 1. Bo Bcex mpyrmx
ciiyyasix BeIXod Z = 1, 4TO O3Ha4aeT, YTO TPAH3UCTOP SIBJIsIETCSI OpaKOBaHHBIM.

TpeGyercst paccunTaTh CXeMy M IIOCTPOUTh €€ TOJIbKO Ha 3jeMeHTax M-HE
(takxe roBopsar «B 6aszuce U-HE»).

Ha Bxox nmocrynaiot yetsipe nepeMeHHbie A, B, C
u D. BRIXOTHHIMY ITepeMEHHBIMU ABJIAI0TCI M, N, Un
Z. M craHoBuTcsi paBHoit 1, eciu A=1,B=1, C=1
u D= 1. Bro Bapuanr 16 B Tabauiie MCTUHHOCTH (PHC.
5.64). Noyner ,ecu A=1,B=0,C=1uD=1
(Bapuanrt 14). UOyner paBHa l,ecimu A= 1, B=0,
C=1u D=0 (BapuaHT 6). Bo Bcex oOCTaJILHBIX CIy4a-
X, KpoMe 6, 14 u 16, Z= 1.
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Puc. 5.64. Tabnuua UCTUHHOCTH AJ1si CXEMBI COPTHPOBKH TPAH3UC- 14
TOpOoB. Jl)1g Gonblueil HAMISAHOCTY HY/IU A/ BHIXOAHOM MepeMeH- 15
HOW HE 3aNMCaHBbI. 16
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B pesynbrare nonyvaoTcs clienyomme Jorudeckue QyHKINu:
M=AABACAD;
N=AABACAD;
U=AABACAD.

®yskiusa Z cogepXur 13 MojaHBIX KOHBIOHKIMIA. Z Bcerga Toraa 1, eciau Hu
M, uu N, su U He paBHsorcs 1. JIyuune 3amucarh HopMasibHyo dopmy WUIIU

g Z (cM. puc. 5.64):
Z=(AAB/\CAD)V(AAEACAD)V(AAEACAE);

Z=MvNvU.

Torma mia npsimoro 3HayeHus Z:

Z=MvNvU.
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A B c D Puc. 5.65. Cxema COPTMPOBKH TPAH3UCTOPOB.

Haiinennrsie dyuximu mig M, N u U ynipocTurb Helb3ss. OHHU JOJIXHBI OBITh
IepecYUTaHbl BMeCTe ¢ ypaBHeHHeM misa Z Ha 6a3uc U-HE:

M=4ABACAD;
N=AABACAD;
U=AABACAD;
Z=MvNvU=MnNAT;
Z=MANAU.
W3 31X ypaBHEHMI ITOTy4YaeTcsl cXxeMa, IpeacTaBieHHass Ha puc. 5.65.

ITocpenctBoM BeIxOomoB M, N, U m Z MOXeT yIpaBJISITbCA MEXaHHYECKOe
YCTPOMCTBO, KOTOpPO€E paclipefesieT TPAaH3UCTOPHI B 4 pa3IMYHbIe KOHTeiTHepa.

5.6. 3apaHusa No CXxeMOTEXHNYECKOMY MPOEKTUPOBAHUIO

5.6.1. Cxema ynpasneHus Bap.

TpeOyeTcsl COCTaBUTh CXeMy YIIpaBJIEHUs], YIOBJIETBOPS-
IOIIYIO TA0aMIle MICTUHHOCTH (pHUcC. 5.66). 3anuiuute HOp-
MaibHyIo dopmy UJIN mns X, Y v Z 1 MakCUMAaJbHO YII-
pocTuTe ee ¢ rmoMoubio guarpammbl Kapuo. HaiineHHbie
ypaBHeHUs i X, Y u Z HyXHO nepecuuTarb B Oasuce
MNIJIN-HE. HapucyiiTe COOTBETCTBYIOLIYIO CXEMY.
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Puc. 5.66. Tabauma UCTUHHOCTU CXEMBI YIIPaBAEHHA.



5.6. 3adanus no cxemomexnuueckomy npoeKmupo8anuio

5.6.2. Cxema KOHTPOSi HEYEeTHOCTU

Cxemoii KOHTPOJII HEYETHOCTH HAa3bIBaeTCsl cXeMa, B KOTOpOil BHIXON paBeH 1
TOINa, KOrJa HEYETHOE YMCJIO BXOAOB UMEIOT cocTosiHMe 1. Cxema JoJDKHa UMETh
3 Bxoma. TpebyeTcs: CHHTE3MPOBaTh MAaKCHUMAJILHO ITPOCTYIO cxeMy B 6aszuce MI-HE.

5.6.3. MaxopuTtapHaa cxema

Ha BrIxoae MaXXOpUTapHOM CXeMBI COCTOSIHME 1 Torma, Koraa 60JIbIIMHCTBO BXO-
IIOB UMEIOT COoCTOsTHUE 1.

CocraBbTe TaONMIy HCTUHHOCTH JIJISI MAXXOPUTAPHOM CXEMBI C IISITHIO BXOJa-
Mu. 3anuimure HopMaibHylo ¢opmy HUJIM cormacHo TaGiuile MCTHHHOCTH U
nonpoOyiiTe MaKCUMaJILHO €€ YIPOCTUTh. M300pa3uTe Kak MOXHO Gojiee mpo-
CTYI0 CXeMy Ha OCHOBHBIX 3JIEeMEHTaX.

Jlia peanuzanuy cxeMbl B HUIMYUHU MMeloTcs Tonbko 3neMenTsl MM -HE.
HaiineHHble ypaBHEHUSI HY:KHO IIpeoOpa3oBaTh TaK, YTOOBI CXeMy MOXHO OBLIO
noctpouth ToJibKO Ha sneMenTrax UJIMN-HE (8 6asuce UJIM-HE).

5.6.4. Cxema 6n10KMPOBKU

ABTOMAT II0 BBIIABIMBAHUIO IUIACTMACCHI MOXET OBITh BKJIIOYEH B IIPOU3BOJ-
CTBEHHBIM ITUKJI TOJIBKO HPU YCJIOBHMH, YTO PEXHM BBIHABJIMBAaHHUS BKIIOYCH,
AaTYUK YPOBHS ITOKA3bIBAET JIOCTATOYHOE KOJIMYECTBO IIACTMACCHI B 0aKe, aBa-
pUiiHBIE TaTYUKM HE IMOKA3bIBAIOT COCTOSHME aBapuM, JAaTYMKU TeMIIEpaTyphl
MOKAa3bIBAIOT TEMIIEPATYPY IUIABJICHUSI IUIACTMACCHI M YTO TaK Ha3bIBa€MBbIil UK
OYMCTKU HE 3aITyIleH.

J1s1 3amycka IMKJIa OYMCTKM HEOOXOMHUMO, YTOOBI pPeXUM IIMKJIAa OYMCTKU
ObUT BKJIIOYEH, HaTYMK YPOBHS ITOKA3bIBaJl OTCYTCTBUE IIACTMAcCHl B 6ake, aBa-
puiiHbIe JATYMKU MOKA3BIBAIM OTCYTCTBHE COCTOSIHUS aBapUM M PEXKUM BbIIaB-
JNIMBaHMs He BKNIoYeH. Temmeparypa ¢GopMbl MOXET OBITh JTI00asl.

ITpoBepka Ha3BaHHBIX YCJIOBHIl JOJIKHA IPOUCXOMUTH C IIOMOINBIO JIOTHYE-
ckoit cxeMbl. OroBopuM ISl IepeMEHHBIX BeTUYMH cocTostHus 0 1 1:

PexxuMm BBIIABIMBAHUSA BK/IIOUEH A=1

JaTyuK ypoOBHsl OKa3bIBAET JOCTATOYHOE KOJNYECTBO ILJ1aCTMACChI F=1

ABapus L=0
JaTduku TeMnepatyphl OKa3bIBalOT HEOOXOAUMYIO TEMIIEPATYPy B=1
PexuM OYHMCTKM BKIIOYEH c=1
ABTOMAT MOXXET paboTaTh B PEXVMME BbiIaBAWBAHMS Z=1
ABTOMAT MOXET PaboTaTh B PEXMME OYNCTKH R=1

Hckomast cxeMa uMeeT BXomHble nepemeHHbie A, F, L, B, C u BBIXOTHbBIE
nepeMeHHsle Z u R (puc. 5.67).

Omna paboTaeT Kak Tak Ha3biBaeMasi cxeMa OJIOKMPOBKH, T. €. ONPeeIEHHbIE
pabouyne pexXUMBl CTAaHOBSITCSA JOIMYCTUMBIMU IIPU BBINOJIHEHUU OMNpENeSIEHHBIX
YCJIOBMIA.
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Ao—— Puc. 5.67. Bxoap! u BeIXOABI MCKOMO# Ludpo-
B o——— BOY CXEMBI.
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Cxema
6n0KMPOBKN

Tpebyercst CHHTE3UPOBaTh MAKCUMAJIBHO IIPOCTYIO CXEMY, YIOBJIETBOPSIOIIYIO
OIMMCAaHHOMY BBIIIIE TEXHHYECKOMY 3amaHuio. CxeMa ToJDKHA OBITh peaJin3oBaHa
B 6asuce U-HE.

5.6.5. AHannsaTop nokasaHuii pagapos

YeToipe pagapa nepenaioT B UG poByIo cxeMy JIOTHYeCKHe CUTHANIEL A, B, Cu D,
KOTOpBIe MOTYT OBITh paBHH 1 i 0.

CurHain A nepBoro pajgapa MMeeT cCocTossHue 1, eci oH (huKCHpyeT caMOJIeT.
Bropoit pagap Bhimaer B = 1, ecim caMoJIeT JIETHT TI0 HaIIpaBJIICHHIO K pajgapaM
Ha BbicoTe He MeHee 2000 M. Tpetuit pamap dpuxkcupyeT uaMeHeHue Kypca. OH
BeigaeT C = 0, eciiu Kypc caMoJjieTa MEHsIETCSl B TeY€HUE MHTEepBaJIa BpEMEHH Af.
Ecnu ogHOBpeMEHHO ellie OAWH CaMOJIeT BJIeTacT B BO3AYNIHOE IPOCTPAHCTBO,
yeTBepTHI# panap Bbymaer D = 1.

CxeMa moJKHa pabGorarh cieayloliuM obpa3oM. Ha Beixome Z mosiBiseTcs
curgan 1, eciu 3adUMKCHUpPOBaH CaMOJIET, KOTOPHIN JIETUT K pagapaM Ha BBICOTE
10 2000 M ¢ HEeM3MEHHBIM KypCOM M B 30HE IEICTBUSA paaapoB He HabIogaercs
OIHOBPEMEHHO €llle OaMH camolneT. My pamap puxcupyer caMoJjer, JeTSIuii
Ha Beicote Goyee 2000 M, ¢ HEU3MEHHBIM B T€Y€HHE BpeMEHHU Af KypCOM, HO B
30He NEeUCTBUS pamapoB 3aPUKCHPOBAH ellle OIUH CaMOJIET.

TpeOyercst CHHTE3UPOBATh MAKCUMAJIBHO IIPOCTYIO CXEMY, YIOBJIETBOPSIONIYIO
OIIMCAaHHOMY BBIIIIE TEXHMYeCKOMY 3amaHuio. CxeMa NOJKHA OBITh peajn30oBaHa
B 6asuce MJIN-HE.

KOHTPONbHbLIAN TECT

1. Yto Takoe mojiHasi KOHBIOHKITHS?

2. Kak oGpa3yrorcsi HopManbsHbie ¢dopmbl UJIN? IIpuBeaure mpumep.

3. YeMm ornuyaercss HopMayibHast ¢oopma U oT HopMaibHOit dopmbr NITA?

4. Tabnuiia ICTUHHOCTH JUISI HEKOTOPOM cXeMBbl M300paxeHa Ha puc. 5.68.
3anummure HopMaiabHy10 dopmy UJIH, cooTBETCTBYIONIYIO 3TOM TaONMIIE MICTUH-
HOCTH.

Bap.|C|B|A| Z
1 [o]ofofo
2 (o|of1]1
3 |o|1{0jo0
4 |of1]1]1
5 [1]ofof 1
6 [1|0[1]0
Puc. 5.68. Tabauna 7 |1]1|0]1
HCTUHHOCTHU. 8 [1j1]1 O

5. Nzo6pasute xapry KapHo mia nepemenusix K, M, S u R.
6. Kakue mpaBmia coceacTa IeiCTBYIOT Ui KapT KapHO ¢ Y4eThiphMs Iepe-
MEHHBIMH?



Koumpoavuwii mecm 9\1)

i

Cc C C

Puc. 5.69. Kapra KapHo ¢ 3aHeCeHHOI HOP- Puc. 5.70. Kapra Kapso.
manbHOI popmoit UJIN.

7. YIIpocTuTE C TIOMOIIBIO aIreOphl JIOTMKM CIEAYIONIYI0 HOpMaJibHyI0 ¢op-
My WJIHW u npoBephTe IMOJYYEeHHOE YIPOIIEeHUe ¢ ITOMOIbIo KapThl KapHo:

Z=(A/\B/\C)V(A/\EAC)V(ZAEAC)V(ZAE/\E).

8. Ha xapre KapHo (puc. 5.69) mpencrasiena HopMmanbHass dopma WIIN.
MaxcuMaJIbHO YIIPOCTUTE €€ M 3aIUIIMTE YIIPOIIEHHYIO JIOTUYECKYIO (PYHKIIHIO.
9. 3aHecuTte B Kapty KapHo ¢dynkuuio (puc. 5.70):

ZZ(ZAB/\C_AB)V(AAE)V(Z/\E).

BripaxeHus (A A 5) " (Z A 1_3) MpeAcTaBbTe KakK IPYIIIHI.
10. Kak opranuszoBaHa kapTa KapHo 1s l1ecTd nepeMeHHBbIX?



rN1ABA 6

CEMENCTBA CXEM

6.1. O6wume cBepeHud

Jlormdeckue 3j1€MEHTHI, Ha3bIBacMbI€ TaKXKe BEHTHIISIMH, CTPOSITCSI ITOUYTH BCeTAa
Ha TOJYIIPOBOTHUKOBOM 6ase. IlpencraBieHune JOrMYECKUX 3JIEMEHTOB B BUIE
nepexioyareseii-peyie, NpUMEHEHHOE B pasjelie 2, CIIYKUT TOJBKO JUIS JIy4IIero
IMIOHMMAHMA ¥ Ha MPakTHKe UMeeT HeOOobIoe 3HaueHne. B Hallle BpeMs JIoTH-
yecKHe 3JIEMEHTHI B BHJIE peJie MCIIOJIb3YIOTCS B OCHOBHOM JUISL CXEM YIIpaBJie-
HYS KOHTAaKTOpaMM B CIJIOBBIX IIeNsIX ¢ OonblIUMU ToKamMu. KoHTakTOp — 3TO
MOIIHOE peJie IS KOMMYTAIIMU B ceTsax ¢ HamnpsckeHueM 220 B u Bbiie.

Hrak, coBpeMeHHbIe JIOTHYECKHE 3JIEMEHTBHI COCTOST M3 IOJIYIIPOBOAHUKOB.
M3BecTHO, YTO TPAH3MCTOP MOXET paGoTaTh B Ka4eCcTBe OECKOHTAKTHOIO mepe-
xiovyarensd. Takoif 6eCKOHTaKTHBII ITepeKIioYaresib MOXET OBITh IIOCTPOEH Kak
Ha OMITOISIPHBIX, TaK M Ha IT0JIeBBIX TpaH3ucropax WJIMA Ha mmonynpoBOIHUKO-
BBIX auojax. TakuMm oGpa3oM, CYIIeCTBYeT MHOTO BapHaHTOB U3TOTOBJIECHUS JIO-
THYECKHX BJIEMEHTOB U3 TOJYIIPOBOTHUKOB.

JSloruyeckne anemeHTbl, NOCTPOEHHbIE NO OAHOMY OMpeaeneHHOMY NPUHLUNY,
06pasyioT CEMECTBO CXEM.

Jlormyeckuie 31eMEeHTBI OJHOTO CeMeliCTBa COBMECTUMEI APYT C APYTroM M 6e3
npo6ieM cobuparoTcs B cxeMbl. [{Jis1 coopku 1udpoBoii CXeMbl IPUMEHSAIOT HYX-
HBbI€ DJIEMEHTHI OJHOro ceMeiicTBa. Y TaKHUX 3JIEMEHTOB YHUGUIIMPOBAHHI Ha-
MPSCKEHUS IIMTaHUS U OMMHAKOBBIE YPOBHH CUTHAJIOB. BpeMeHa nepeximoyeHus
OTHEJIBHBIX 3JIEMEHTOB PaBHBI ¢ HEKOTOPHIM JOITYCKOM.

Jlormyeckue 3J€MEHTHI M3 Pa3IMYHBIX CEMECTB KOMOMHHMPYIOTCS IPYT C
JPYTOM TOJIBKO IIpM OIpPEIESICHHBIX YCIOBHSX. YacTo IJIA MX COBMECTHMOCTU
MPUXOTHUTCS IIPUMEHSTh CIIeIHAJIBHBIE MPOMEXYTOYHbIE 3JIEMEHTHI.

ITepBhie MONYIIPOBOTHUKOBBIE JIOTUYECKUE DJIEMEHTH CTPOWIMCH Ha JHC-
KPETHBIX HOJIyIPOBOJTHUKOBHIX 3JieMeHTaX. I1o1 AMCKpeTHBIM 3J1eMeHTOM II0-
HUMAOT eINHUYHYIO IeTallb B KOPIyce C BHIBOJAMH, TO €CTh OOBIKHOBEHHEIE
IHOIBI, TPAH3UCTOPH M APYrue KoMIUIeKTyoolnue usnenus. He muckpeTHsie
3JIEMEHTBHl — 3TO IOJYNPOBOTHUKU, COOpaHHbIE BMECTE€ B UHTETPAIbHBIX MUK~
pocxeMax, — KOMOMHAIIMU U3 MHOTHX TPaH3UCTOPOB WM IMOHOB.

3HayeHHe CeMeCTBa CXeM, IIOCTPOEHHBIX Ha JUCKPETHBIX 3JIEMEHTax, B
MocCJIeTHee BpeMsi CHJIbHO YMEHbBIIWIOCh. Takue cxeMbl MMEIOT OTHOCHTENBHO
Gonpinye rabapurhl, U UX IMPOU3BOIACTBO OOXOIUTCSI HOPOXKE, YeM IIPOU3BOICTBO
HHTETpaJIbHBIX MUKpocxeM. VX emMHCTBEHHBIM MPEeUMYIIIECTBOM SIBJISIETCS JIer-
KOCTh CaMOCTOSITEJIbHOI COOpPKU.

CxeMbl ceMeiicTBa peneitHo-Tpan3uctopHoi jgoruku (PTJI) cocrost u3 co-
MPOTUBJICHUH U GUITOJIIPHBIX TPaH3UCTOPOB (puc. 6.1). Eiie oxHUM «IUCKpeT-
HBIM» ceMmeiicTBoM cxeM siBiseTcss cucremMa DCTL (Direct Coupled Transistor
Logic), cocTosias U3 mocjaeaoBaTeIbHO BKIIOYEHHbBIX OUIIONISAPHBIX TPAH3UCTO-



6.2. Bunapuuie ypoenu HanpaxiceHus
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Puc. 6.1. Cxema PTJ1. Puc. 6.2. Cxema DCTL (Direct Coupled Transistor
Logic).

poB (puc. 6.2). Ob6a 3THX ceMeliCTBa yCTaped M B HACTOSIIee BpeMsI IIpaKTHYe-
CKM He IIPUMEHSIOTCSI.

bonbiee sHauenue ceromust umeer cucrema JITJI. JITJI cokpaieHHO 03Ha-
YaeT AUOIHO-TPAH3UCTOPHAS JIOTHKA. DTOMY CEMEUCTBY MOCBSIIEH pasi. 6.5.

Ouenp G6ospinoe 3HayeHHe mMelor cxeMbl cemeiictBa TTJI. TTJI cokpa-
IIEHHO O3HAaYaeT TPAaH3UCTOPHO-TPAH3UCTOPHAS JIOTHMKA. DJIEMEHTHI 3THX CXEM
IMMOCTPOEHBI Ha MHTErpaJbHBIX MHUKpPOCXeMaxX K3 OMIIONSIPHBIX TPaH3UCTOPOB
(pasm. 6.6).

Crnenyromee BaxHoe ceMeiicTBo HasbiBaercst DCJI. DCJI cokpallleHHO 03Ha-
yaeT 3MUTTEPHO-CBA3aHHasA Joruka (pasnm. 6.7). TpaH3ucTOpHI MMEIOT oOlee
3MUTTEPHOE CONpPOTHBIIeHHEe. CXeMBl 3TOr0 CeMeMCTBAa TaKXKe IMOCTPOeHBl Ha
MHTErPAJIbHBIX MUKPOCXeMaX U3 OHITOISIPHBIX TPAH3UCTOPOB.

B cxemax cemeiicta MOII tpansucropHoit joruku (MOIT — meramn, ok-
CHJI, IPOBOTHUK) (pa3d. 6.8) NpUMEHSIOTCA UHTETPaIbHbIe MEKPOCXEMbI M3 110~
JIEBBIX TPAaH3UCTOPOB ¢ KaHajamMu N win P tuma (cM. boiiT, DieKTpoHHKa, 4. 2).
Eciu B onHOM 3JieMeHTe NpucyTcTBYIoT MOII-TpansucTopsl ¢ KaHatamu N u P
THIIA, TO TOBOPAT O KoMIuieMeHTapHoii MOII-TexHonoruu. Takoe ceMeicTBO
HasbiBaeTcs KMOII noruka (mompasa. 6.8.4).

6.2. BuHapHbie YPOBHU HanpsiXXeHus

Jlorm4yeckue 3JIeMEHTHI IIPOU3BOASTCS B BHIE 3JIEKTPOHHBIX cxeM. Ho anekT-
POHHBIE CXEMBI «HE MOHMMAIOT» HUKaKOH 1mdpoBoii joruku. OHU pearupyioT
Ha HalpsDKeHNe Ha BXOJIe, HA COOTBETCTBYIOIIME TOKHM U MMEIOT Ha BBIXOJE OIpe-
JIeJICHHbIE HaNpsoKeHMs. To eCTh OHM pPaboTaloT «3JIEKTPUYECKH». DTa MBICITH
JIEXUT B OCHOBE WJIeH OOBSCHUTH NMPUHIUI MEHCTBUS BceX LMGpPOBBHIX CXeM
9JIEKTPUYECKH — HE3aBUCUMO OT KaKMX-JIMOO JIOTMYECKUX B3aMMOCBSI3EH.

MOXHO COCTaBUTH TAOIUILy, aHAJIOTMYHYIO TAOJIMIle UCTUHHOCTU, M B ITY
TaGIMITY 3alMcarh HalpsokeHusa. PaccMorpuM cxeMy Ha puc. 6.3. Ecau ko Bxomy
A npunoxeHo HanpsokeHue +5 B, To muox D, HaYHET MPOBOAWTL B IIPIMOM
Hanpasienun. Ha nuonme mamaer Hampstxenue 0,7 B (Si-mmonm). Ha Bbixome Z
nosinsercs HanpsokeHue 4,3 B. Hanpsokenue 4,3 B takxke Oymer Ha BbIXOE,
eciau Ha B wiau Ha 06a BXoma mojath Hanpsokenue +5 B (puc. 6.4).
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A o—Dt— Bap.| B | A | Z
4 z 1 |oB|oB]| 0B
2 | 0B |+5B|+438B
5 o—Hi 3 |+5B| 0B |+438B
b, 4 |+5B|+5B|+4,3B
Puc. 6.3. Jloruueckas nudposas cxema. Puc. 6.4. Pabouas Tabnuiia ¢ HAaNPSXKSHUSAMH.

IIpencraBienHast Ha puc. 6.4 Tabimiia Ha3bBaeTcs padoyeii cormacHo DIN 40700,
gacth 14. OHa He MOXET Ha3bIBaThbCsA TaOaUIleil UICTUHHOCTU, TaK KaK OHA He
JlaeT HUKaKoil nHpopMally O JIOTMYECKUX OTepaIlysix.

Cxema Ha puc. 6.3 MoXeT OBITh TaKKe 3aIlMTaHa IPYTMM HalpsoKeHHEM, Ha-
npumep 4 B win 8 B. Torma ciemyeT BOCIONIB30BaThCI pabOYMMHU TaGIULIAMH
(puc. 6.5). 3agaHue 3HaYeHMI HAIPSOKEHUs B paGoYyuX TaGIuLax SBIAETCS U3-
JIMIIHE I'POMO3IKNM. Takke 4acTo He Bceraa TOYHO oIpeesieH0, KaKUM Harpsi-
XE€HMEM ITUTaTh cxeMy. MOXHO BHIOpATh JII000€ HaNpsDKEHME B Mpeaesiax JoImy-
cTuMoro auamnasoHa. IloaTomy 1enecoobpa3Ho B paboyux TaGiuiax pasjiddyaTh
Tonbko nuis BBICOKMM u HU3KWH yposuu Hanpspkenusi. BBICOKUWU ypo-
BEHb HalpsDkeHMsl obo3Havaercss cuMmBoyioM H (ot anrn. «High» — BBICOKMIA),
HU3KHWMH ypoBeHb HanpsokeHUs1 0603HauaeTcs: cuMBosioM L (oT aHr1. «Low» —
HU3kuii). H u L ABISIOTCS YPOBHIMU HAIIPSDKEHUS.

L = Low = HU3KM# YPOBEHbL HAMNpPHKEHUs,

1
2
3 |8B|0B|738B Puc. 6.5. Pa6ouyas Tabauna ¢ Ha-
4 |sBlss|738 NPSDKEHUAMU.

VYpoBeHb, CTpeMSIIINICA K MUHYC OECKOHEYHOCTH (— o).

H = High = BbiCOKUI YPOBEHb HarnpsiKeHus.

YpoBeHb, cTpeMIIIuiics K IUIIOC 6€CKOHEYHOCTH (+ ).

Insa cxembl Ha puc. 6.3 1onydaercs npen-
cTaBjIeHHas1 Ha puc. 6.6 paboyas Tabnuna ¢ yka-
3aHueM ypoBHeil. lludpoBbsie cxeMbl MOTYT pa-
60TaTh ¢ pa3HBIMU HaNpsDKeHUSIMEU. Bo3MOXHbBIE
YPOBHH HaIpsSCKEHUI IMOKa3aHbl Ha puc. 6.7.

H-ypoBeHb MOXeT KoJIeOaThCs B Ipenesax
OIpeIeJICHHOTO TUana3oHa HalpsDKeHUs CoTIac-
HO JaHHBIM ITPOM3BOAUTENSA cXeMbl. Takke U L-ypoBeHb MOXET KOjie0aThCs B
npenenax HEKOTOPOIro AMana3oHa. DTH JUana3oHbl HAa3bIBAIOTCSA AUAria30HaMM
HaIpsDKEHUS BBICOKOTO M HU3KOTO YpoBHel (puc. 6.8).

Puc. 6.6. Pabouas
Tab1M1a C yPOBHIAMH.

L v H He SIBRAI0TCS NOrMYECKUMU COCTOSIHUAMMW, 3TO BUHAPHBLIE YPOBHU HANPSI-
XeHust. OHW SBNSIIOTCS YaCTbi0 TEXHUYECKUX OAaHHbIX CXEMbI.




6.3. Iloaoxcumenvhas u ompuyamenvHas A02uKa

Puc. 6.7. Bo3aMOXHBIE AMana30Hbl HANPSKESHUI LI YPOB-
Heit L u H.
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Puc. 6.8. [lnana3oHbl HaNpsCKSHMI /151 YPOB-
Helt L u H.

OnpenennuTh, KaKylo JIOTHYECKYIO OIEPaIIMIO BHIITOTHSIET CXeMa, MOXHO TOIBKO
rnocJie npuBeaeHus ypoBHe L 1 H B COOTBETCTBME C JIOTHYECKUMU COCTOSTHUSI-
mu 0 um 1.

6.3. MonoxutenbHasa U oTpuuaTenbHas noruka

BBICOKUM u HU3KUMU yposau L m H MOIyT COOTBETCTBOBATh JIOTMYECKMM
coctostHUSIM O 1 1 IByMs pa3jIMYHBIMU CIIOcOOaMu:

L£0 L2
H2 H20
(ToJIOXUTENbHASI JIOTUKA) (oTpuIaTebHAas JIOTUKA)

Ecnu coctosHne 1 onpeaenset BbICOKUM yposetb, a cocTosHne 0 onpepens-
eT HN3KNW yporeHb, TO Takas Noruka Ha3blBAETCSI NOSOXNTENbHOM.

B coBpeMeHnHO# MPpOBOI TeXHUKE pabOTAIOT IMPEUMYIIECTBEHHO C II0JIO-
XUTEJIbHOM JIOrukoi. Ecii K cxemMe HeT COOTBETCTBYIOLIEro NpUMedaHUsi, CYM-
TAeTCsI, YTO OHA MCIIOIB3YET MOJIOXHUTEIBHYIO JIOTUKY.

Ecnu cocTosiue 1 onpegenset HU3KWWM yposerb, a coctosiHue 0 onpegenser
BbICOKWW ypoBeHb, TO Takas norvka HasbiBaeTCsa OTpuLiatesibHON.

OTpunarenbHas JIOTMKa HMeja OOoJIbIIOe 3HAaYEHUE BO BpPEMEHa Cylle-
CTBOBaHUS TOJbKO ogHUX PNP-Tpan3ucropos. IIpu orpunareibHOM Hamps-
xeHuu U, Ha BHIXOJE TPaH3UCTOPHOIO KacKaia IOJy4YaJoCh OTpHUATENb-
HOe HanpsXeHue.
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Mpumep
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OTpunaTenbHast JJOTHKA UCIIOIb3YeTCS CETOXHS TOJIBKO B CITEIIUAIBHBIX CXe-
Max M3 COOOpaXeHHil ITOMEXOYCTONIUBOCTH.

Kaxkwue jjormueckue orepaiy IpoU3BOIUT cXeMa Ha puc. 6.3 MpU MOJIOXH-
TEJIbHOM JIOTHKE, a KaKie — IPH OTPUIIATEeIbHOMI?

CxeMa ¥ COOTBETCTBYIOIIasA paGoyas Tabiuia mpeacTapieHsl Ha puc. 6.9. U3
paGoueit TaGmuIbI ompeaelisiercs Tabimua ucTuHHOCTU. [Ipu monoxurenbHOR
soruke BRBICOKHWH yposens H onpeneinsier Jorudeckoe coctostaue 1, a HU3-
KHWMU yposens L — nornueckoe cocrostaue 0 (puc. 6.10). IIpu monoxureabHoOM
JIOTHKE cXeMa IIpOU3BOAMT Jiorndyeckoe ciioxenue UIIN.

TIlpu orpunarensHoii oruke BBICOKMIH yposens H onpenessieT IOTHIECKOE
cocrostaue 0, a HU3KUMW yposen» I — normyeckoe cocrostaue 1 (puc. 6.11).
CxeMa IMpPOM3BOIMT JIOTHYeCKoe yMHOXeHHe VM. B Tabmuile ICTUHHOCTH MEHSI-
€TCs JIMIIb TOCJIET0BATEeIbHOCTh BAPHAHTOB.

Mpu nepexone OT NONOXUTENLHOM AOTUKM K OTPULLATENBHOK U HACBOPOT MEHS-
eTCsl TUMN JIOrMYEecKon onepaumn.

A o——Ppb—— Bap.
4 z 3 XN
pomept ] 2
3 H%0
4 |
Puc. 6.10. Tabnuua uc- Puc. 6.11. TaGnuua uc-
Puc. 6.9. Cxema c TUHHOCTH NPHU MOOXHU- TUHHOCTH NPHU OTpMIIA-
paboueit TabnuLeii. TEJbHO JIOTUKe. TEIBHOH JIOTHKE.

Jlornyeckuii anemeHT HE Bcerma paGoTaer Kak HHBEPTOP — U IPU IMOJIOXKM-
TEJIbHOM, ¥ TIPH OTPULIATEJIbHOM JIoruke (puc. 6.12).

Mpumep

Cxema paboTaeT IpH MOJIOXHUTENIbHOM Jioruke Kak anemeHT M-HE. Kakyro
JIOTHYECKYIO OIEepalMIO IPOM3BOIUT CXeMa TP OTpUIATEeNIbHOM JIoTHKe?

Ta6nuna uctuaHoctu seMenta -HE mpencrasieHa Ha puc. 6.13. 13 Hee
MOXHO OIpeIeIUTh pabouyio Tabuuiry ¢ ypoBHsSMH H u L. Tlpu monoXureabHOU
noruke BBICOKHWH yposens H ompenenser normdeckoe coctosuue 1, a HU3-
KHW ypoeens L — normueckoe cocrostaue 0 (puc. 6.14).

PaGora cxeMBI IIpH OTPUIIATENILHOM JIOTUKE ITOKAa3aHa B TaOJuIle UCTUHHOC-
TH Ha puc. 6.15. OHa moayuunach U3 paboueit TaGIMIBI, B KOTOpOii Tenieps BhI-
COKMMU yposenn H ompenensier normdeckoe cocrostaue 0, a HU3KUM ypo-
BeHb [ — Jioruyeckoe cocrosiHue 1.

ITomywaercs nmoruyeckast oneparust UJIV-HE.

Cxema, KoTopas npu nofoxXuTenbHOM normke BeinonHaeT onepauuio N-HE, npu
oTpULATENLHOW Nnornke BbinonHaeT onepaunio UIN-HE.
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1 Bap | A Z Bap.|B|A| Z
A + .‘ ° Z 1 [o] 1 1 Joof1 n'
2 [1fo 2 |of1]1
3 |10 1 Pnc.6.13. Tabauua HCTUHHOCTH
MonoxuiensHan normka OTpuuaTenLHas Noruka 4 |1]1]0  noruyeckoro snementa -HE.
0xL 02H
121 120 Bap.|B|A|Z
1 |L|L|H D
Bap |A|| Z Bap.| A| Z o liluly
“H'T’ T |HL 3 |H|L|H
2 |H|L 2 |L|H a |lulate
Puc. 6.12. Pa6ora 10ruyeckoro 3aeMeHTa Puc. 6.15. Tabnuia ucTuH-
HE npu noaoxurensHoi ¥ OTPULIATENBHOM Puc. 6.14. Pa- HOCTH JIOTMYECKOIO dJjie-
JIOTHKE. 6oyas Tabaua. menTa UJIU-HE.

6.4. CBolCcTBa CxeM

CxeMBbl KaXxIoro ceMeicTBa MMeIoT o01Ie THIIMYHbIE cBoiicTBa. Ha ocHOBe aTHX
CBOMCTB I pellleHNs OIpPeIeJICHHBIX 3a/1ad BRIOMPAIOTCS CXEMBI OIIpeIesIEHHO-
ro ceMeucTBa.

BaxHpIMU CBOHCTBaMHU, HapuMep, SIBISIOTCS OBICTPOHEMCTBHE M TIOMEXO-
YCTOMYMBOCTb. )11 cxeMBbl ynpaBiieHus TMGTOM HEeBaXHO, CpabaThIBaeT cXxeMa B
teyeHue 0,1 Mxc win 0,5 Mkc. BaxHo, 4ToGH He IIPOMCXOIMIIO JIOXKHOIO cpaba-
ThiBaHUA. [IosaTOMY 1E/Ieco00pa3HO BHIOpaTh B JAaHHOM CJIyyae MeIJIeHHYI0, HO
GoJiee TOMEXOYCTONIUBYIO cxeMy. JIJIsT KOMIIBIOTEpa XeJIaTeIbHBI CXEMBbI OTHO-
BPEMEHHO U OBICTPOAEIHCTBYIONINE, M IIOMEXOyCTOoMYMBBIe. /IBa 3THX KadyecTBa
SIBJISIIOTCSI B3aMMOUCKITIOUAIOIIMMM, IIO3TOMY HIIETCSI KOMIIPOMUCC MEXAY CKO-
POCTBIO M TIOMEXOYCTOMYMBOCTBIO.

6.4.1. NoTtpebnaemas MOLLHOCTb

Bonbiue uudpoBsie cXeMbl IIOTPEOIAIOT MHOTO 3Hepruu. Eciu oTaenbHbIi J10-
TUYEeCKUi 31eMeHT notpebusieT Bcero 10 MBt, To cxema n3 100 000 sneMeHTOB —
yxke 1 kBr. Komnbiorepam xe ¢ ux 10° sjreMeHTaMi B TAKOM Cliy4dae TpeOyercs
10 kBT — 06 akKKyMynsTOpHBIX Garapesx IpUIETCS 3a0BITh.

Ecnu orpaHMYUTh MOITHOCTh IUTAHUS OTHENBHBIX JIOTUYECKUX 3JIEMEHTOB,
TO 3TO CKaXETCS Ha CKOPOCTH pabOThI CXeMBI U €€ TIOMEXOYCTOMYMBOCTH. Bpems
MepeKIIoYeHUsT OyaeT OGoJbliie, M BCJCACTBHE BBIHYXJICHHOTO MCITOIb30BaHUS
OoJiee HU3KUX YPOBHEM HaNPSDKEHUS CHU3UTCS IIOMEXOYCTOMYMBOCTb.

DJIeMEHTBl Pa3IUYHBIX CEMENCTB CYJIBHO Pa3jiMdaloTcs IO CBOEMY SHEpro-
norpebienuto. Ilpu o6cyxaeHun ceMeilcTB B pasieniax 6.5—6.8 MbI ele Bep-
HEMCS K 3TOMY BOIIpOCY.

6.4.2. lnana3oH YpPOBHEN U NepeaaToyHast xapakTepucTuka

Hns Majoro 3HepromnoTpetIeHUsT JOJIKHO ObITh HU3KOE HaINpSDKEHHE IMUTAHUS.
Hanpsoxenue nuranus onpenenser BBICOKWUN yposens H. HU3KUM ypo-
BeHb L ompenensercs maieHUeM HaIpPsDKEHUsI Ha OTKPBITHIX THOIAX M TPaH3MC-
TOpax.
4—2114
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Puc. 6.16. Jlornyeckue ypoBHHU AJis HaNpPsKe-
HMSA nuTaHus cxeMbl 3 B. Puc. 6.17. [lepeaatoyHas XxapaKTepUCTHKA.

Eciu BHIOpaTh HanpsDKeHue MUTaHus cxeMsl 3 B, o BRICOKUM yposens H
paBeH npumepHo 3 B. Tlpu moaxkioueHHH Harpy3Ku Ha BBIXOI CXEMBI H IIPOTE-
KaHMM ToKa mo snemeHTaM BBICOKUWMU yposenp H magaer. MoOXHO Makcu-
MaJIbHO JONYCTUTH NageHue no 1,5 B, npu panpHeiueM mageHUM HaNpsoKeHUS
3a3op Mexny BBICOKHMM u HU3KHWM ypoBHSIMH CTaHET HEXOIMYCTHMO MaJl
(puc. 6.16). O6nacts HU3KOI'O ypoBHsa L omnpenensercd mageHueM HaIlpsDKe-
HMS Ha OTKPBITHIX THUOJAX M TPaH3UCTOpax W HaxomuTcs B mpemenax or 0 B mo
+0,7 B.

J5s9 OCHOBHBIX CEMEHCTB THIIOBBIM SIBJISICTCSI HAIpsDKeHUWe IUTaHusa 5 B u
BeilIe. [l cxeM yKa3bIBaeTCsl TaK Ha3bIBaeMasl IepeIaTodHasi XapaKTepUCTHKA,
n3o0paxeHHass Ha puc. 6.17. Ha BepTUKaJIbHOUM OCH OTJIOXEHO BBIXOAHOE Ha-
npspkenre U,, Ha rOpM30OHTaNbHOM OCH — BXOAHOE HanpspkeHue U,.

Mo nepenaTo4HOM XapakTepUCTUKE MOXHO onpegennTs H- n L-yposHu,

HU3KHWM ypoBeHs L cONIaCHO XapaKTepuCTUKe pUcC. 6.17 Mor Gbl 3aHUMATh
auarnasoH ot 0 B 1o 1,5 B (rouxa P), a BBICOKUM yposens H- ot 1,5 B 10 5 B,
ecu 651 He HEOOXOAMMOCTD B 3a30pe ITOMEX0YCTOMIUBOCTH. JIJIs JTydieii mome-
XOYCTOMYMBOCTH 3TOT 3a30p MOJDKEH OBITh KaK MOXHO GoybinuM. Be3 3asopa
TOMeX! B BHAE MMITYJIbCOB HANPSDKEHUSI MOIJIM OBl BHI3BIBATh CaMOIIPOM3BOJIb-
HbIE NepeKIioueHnst ypoBHell ¢ H Ha L u Hao6opoT. KpoMe Toro, nmepegaTouHas
XapaKTepUCTHKa 3aBHCHUT OT TeMIIepaTyphl M TOKa Harpy3ku. Touka P MoxeTr
nepeMeniaTbcsi. OGBIYHO B Ka4eCTBE IIMPHUHBI 3a30pa IIOMEXOYCTOMYMBOCTH BhI-
Oupaercsl JUIMHA yJacTKa nageHust U, XxapaKTepucTu-
ku. Takum oGpasoM, JoImycTUMBIl guana3oH HM3-
KOT'O yposns# L pasen ot 0 B 1o 0,8 B, a BBICOKO-
I'O H — ot 2 B o 5 B (puc. 6.18). Ilpoussonurenu
OOBIYHO HEMHOTO YMEHBIIAIOT JOIyCTUMBIE THAIIa30-

H—wet nepesoda  HBI YPOBHEH HaIpPSDKEHU C 1EJIbIO MOBBIICHUS IO-
MEXOYCTOMYNBOCTH.

o o|C

L — Het nepesosa Puc. 6.18. [lnana3oHs! ypoBHeil 118 epeAaTOYHOM XapaKTePUCTH -
Ku puc. 6.17.
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6.4.3. Bpemsi nepeknioveHus

CKOpocTh paGOTHl CXEMBI OMPENEISIETCS BPEMEHEM IIEPEKIIIOUEHHS €€ JIOTMYe-
CKHX 3JIEMEHTOB. Pa3inyalor MoHATUS 6bicmpodeticmeus JIOTHIECKOIO SJIEMEHTA,
T. €. BpeMs peakIlMM 3]IeMEHTa Ha M3MEHEHME CUTHala Ha BXOJax !, ¥ Bpems
HApaCTaHUsl CHTHAJNA — 7,

BuicTpoaeiicTBIE t,,,, XapakTepuayeT BPEMS 3a[lePXK1 BbIXOAHOrO CUrHana rno
OTHOLUEHUIO K BXOAHOMY MPY U3MEHEHUM COCTOSHWUA Bbixoda ¢ L Ha H.

COOTBETCTBEHHO 1,,, XapakTepu3yeT BPeMs 3alepPXKHM BBIXOJIHOIO CHMIHaja

MO OTHOIIEHUIO K BXOIHOMY IIpH M3MEHEHUM COCTOSTHUS Bbixona ¢ H Ha L.
s usMepeHus OBICTPOAEICTBYS MCITONB3YIOT OTHOCUTENIbHBIN ypoBeHb 1,5 B.

Puc. 6.19 nmokasbiBaeT, 4T0 GHICTPONEHCTBHE 1, ,, XapaKTEPU3YET BpeMsl, 3a KOTO-

poe Ha BBIXOJIe TIOSIBIIsIeTCA HamnpsDkeHue Bxona 1,5 B. Xapakrepuctuka md 7,
npencrasieHa Ha puc. 6.20. CpenHee GBICTpOAEHCTBUE 7, ONpENENAeTCsl CAemy-

IOIIM 00pa3oM:

1. = tPLH + tPHL
F 2
BMecto TepMuHa «BBICTPOAEIICTBUE» TakXKe IPUMEHSIETCS TEPMUH <«BpeMs
3aJIEPXKHM CUTHAJIa».
ITepexomHoe BpeMs CUrHajla OTHOCHTCS TOJIBKO K BhIXOmy 3jeMeHTa. OHO

XapaKTepu3yeT KpPyTU3HY (GPOHTOB BBIXOXHOIO HAIPSIKEHUS.

Bpems HapacTaHus curHana t, , xapakrepuayeT Bpemsi, Heobxoanumoe Ans Bo3-
pactaHus BbIXOAHOro Hanpsekerna ¢ 10 % no 90 % pasHnubl mexay L v H.

] S— /R S S
10 20 L Z 10 20

- tl’m

t
HC o e He
tl‘“‘(L

Puc. 6.19. brictponeiicTsue 1, . Puc. 6.20. BrictpoaeiicTbue f,,,.
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Puc. 6.21. IlepexoaHoe BpeMsa curHana f,; ,. Puc. 6.22. [lepexonHoe Bpemsi CUTHAJIA ¢, .

Bpewms ¢, , mokaszaHo Ha puc. 6.21. Bpems HapacTaHusI CUTHAJIA ., XapaKTe-
pu3yeT BpeMsi, HeOOXOMUMOe [UUIsI YMEHbIIIEHUST BEIXOMHOTO HaIpsokeHus ¢ 90 mo
10 % pasuuns Mmexny L u H (puc. 6.22).

6.4.4. Harpy3ouHasa cnoco6HoOCTb

g ynpaBiaeHUst TOTHYECKMMH 3JIeMEHTaMH TpeOyIOTCsl onpeneNeHHble Harpsi-
XeHus ¥ TOKH. K BEIXOdy 2JIeMeHTa MOXET IIPUCOESTUMHSITECS TOJIBKO OIpeIeIeH-
HO€ KOJIMYECTBO BXOHOB. EC/IM MOIKITIOUUTH GOJIbIIIE BXOMOB, TO BEIXOIHOM YpO-
BE€Hb HEHOIYCTMMO CHU3UTCS. DJIeMeHThl OyAyT NeperpyXeHhl, a cxemMa pado-
TaTh He OyHer.

Paznuyajor ABa Harpy304HbIX K03 dHUIIMeHTa: BXOTHON Harpy304HbIil KO3(-
unreHT U K03 IUIIMEHT pa3sBeTBICHU MO Bbixomy. It KaXmoro ceMeicTna
CXeM oIpeJie/ieHa HOMUHAJIbHask BXOTHAsi TOKOBast Harpyska ajiemeHToB. Juisa TTJI-
3JIEMEHTOB:

Vposens L Ha Bxoge 0,4 B — 1,6 MA
Yposens H Ha Bxone 2,4 B — 40 MKA.

BxonHoM Harpy3ou4Hblii KOIDDPUUMEHT NOrMYECKOro 3/IEMEHTa PaBeH efnHuLe
(F, = 1), ecnu Bxoa anemeHTa noTpebnaeT HOMUHANBHYIO MOLLHOCTb,

CrieimaibHbIe BXOIbl MOTYT ITOTPEGIATH ABOMHYIO WIN TPOMHYI0O HOMUHAJIb-
HYIO MOIITHOCTh. Toraa mx Harpy3o4HbIil KO3(PHUIIMEHT paBeH ABYM M COOTBET-
CTBEHHO TpeM. Takue Harpy3o4Hble KO3MDDUIMEHTHI BCTPEYAIOTCS IPEeX/Ie BCEro
B MHTErPAJIbHBIX CXeMaX C BBICOKOM IUIOTHOCTBHIO 3JIEMEHTOB.

MNoa KoadpPUUMEHTOM PABETBIGHUSA NOTMYECKOro dN1eMeHTa Mo Beixoay F, no-
HUMAIOT KONMMYECTBO HOPMalibHbIX BXOAOB APYIrMX 9NEMEHTOB, KOTOPOE MOXET ObiTh
NnoAKMIOYEHO K €ro BbIXoay.

HopManpHBIM I CTaHIAPTHHIX JIOTUYECKUX 3JIEMEHTOB CUUTAETCS KO3(-
dunmenT passerBienust He MeHee 10. CHUIOBBIE JIOTHYECKHE 3JIEMEHTHI MMEIOT
Ko3ddunmeHT pa3BeTBiieHus He MeHee 30.

Mpumep

Dnement U-HE Ha puc. 6.23 uMeer Ko3DUIIMEHT pa3BeTBIEHUA, paBHbI 10.
CKOJIbKO 3JIEMEHTOB JOITOTHUTEIHFHO MOXHO MOIKIIOUHUTH K €r0 BBIXOMXY?
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Puc. 6.23. Onpenenenue xoa3dbduuuenra passer-

BJICHMsI IOTUYECKOTO 3/1EMEHTA. ——E o

[\
-

| - |

Bepxunii snementr UJIN-HE umeer :::::j%
IBa OObeAMHEHHBIX Bxoma. KaXmblil BXOJ
UMeeT eMHWYHBINA Harpy304HbIii Ko3ddu-
HMEeHT. 3HAYUT, 3TOT 3JIEMEHT HarpyxaeT —
BBIXOJI CEPOT0 AJIEMEHTAa ABOMHON HOMMU-
HaJIPHOUI Harpy3Koii. AHaJIOTUYHBIE pac-
CYXHEHUS MOXHO NMPUMEHUTb K HUXHE- ———
My aneMeHty M. CymMMapHO K BBIXOIY
asnemenTa -HE noaximodeHo 1mecth oau-
HApHBIX BXOIOB U oauH Bxox ¢ F, = 3. To
€CThb IE€BATh HOMUHAJIBHBIX BXOIHBIX Ha- i — e
TPY30K.

MoOXHO NMPUCOEANHUTD €IIe OTUH BXOJ
cF,=1

L =]

l

6.4.5. NMomMexoyCcTonYMBOCTb

IToMexu B BuIe MMITYJIbCOB HAIPSDKEHHUSI MOTYT BHI3BIBAaTh CaMOIIPOM3BOJILHBIE
JIOXHBIE TEPEKITIOYeHHUS BBIXOIOB JIOTHYECKHX 3JieMeHTOB ¢ H Ha L u HaoGopoT
¢ L Ha H. YToGHI 3T0 HE MPOMCXOAMWIO, HEOOXOIMM 3a30p MEXIY JOIYCTUMbBIMHU
muanazoHamMu BBICOKOI'O u HU3KOTI'O ypogHeii. Yem Goiblle 3a3op, TeM
BBIILIE IOMEXOYCTOMYMBOCTh CXEMBI.

Paznu4alor cTaTUYeCKyIo M THHAMUYECKYIO (MMITYJIbCHYIO) IIOMEX0YCTOMYH -
BOCTb.

CraruyecKkasi IOMEX0yCTOMYMBOCTh 3JIEMEHTAa OTHOCHUTCSI K MMITYJIbCaM Ha-
NpsDKeHNs, AEHUCTBYIOIIMM IOJbIIE CPeIHel ITUTEILHOCTH IEePEeXOMHBIX IpO-
ueccoB B cxeMe 7, K craTuyeckuM nomMexam Takxke OTHOCATCS MEUIEHHO BO3pa-
CTAIOIIHE MMITYJIbCHI HaIIPSDKEHHS.

Cratnuyeckas nOMexoyCTONYNBOCTb xapakrepundyeTtr MmakCumanbHO onycrtuMmoe
M3MEHEHUE HanpsaXxXeHnda Ha BXoA4ax 3sieMeHTa, npu KOTopom He nponcxoamTt name-
HeHne COCTOsAHUA BbiXOAad.

Ona ykassIBaeTcsl IUIsi HOMUHAJIBHOTO peXxyuMa paboTsl M AJII caMoii HeOJa-
TONPHUSITHOM KOMOMHAUMHU BIMSIOIIMX HAa IOMEXOYCTONYUBOCTH (pakropoB. Ha-
NpUMep, IPY HEyJaYHOM COOTHOIICHUHU HAIIPSDKEHUH YIIPaBISIOIIUX U YIIPaBJIsi-
€MBIX JIOTUYECKHX 3JIEMEHTOB, HEOIArOIPUSTHOM COYETAHUM BXOMHBIX CUTHAJIOB,
NP HEHOMUHAJIBHOM TeMIlepaType OKpYXalollieil cpelbl W IpU 3aJeiicTBOBaH-
HOM MaKCHMaJbHOM K03 duimeHTe pa3BeTBIeHUs. TaKylo KOMOMHALIMIO Ha3bI-
BaIOT CJIy4aeM XyAllei IMOMeXOyCTOMYMBOCTH.

JdnHaMuueckass MOMeXOyCTOMYMBOCTh 3JIEMEHTAa OTHOCHUTCS K HMITYJIbCaM
HaINpsDKeHUS, UITIIUMCS MEHbIIE CpeHeN ITUTEIbHOCTH IMEPEXOIHBIX IIPOIeC-
COB B CX€M€ 7.

CooTtBeTcTBYIOIIasE MMITYJIbCaM SHEPIus, XapakrepuzyeMmasl aMIUIMTYIOH M
JUTATENIBHOCTHIO UMITYJIbCa, He JOJDKHA IPEeBBIIIATh OIPEACIEHHOE MpeneabHOe
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Puc. 6.24. Kpusbie JuHaMUYECKOM NIOMEXOYCTONYNBOCTH.
3HAYCHUC. I[I/IHaMI/I'-IeCKaﬂ HOMCXOYCTOﬁ‘{PIBOCTB 3aBUCUT B OCHOBHOM OT 4yB-

CTBUTEIBLHOCTH BXOJa JIOTMYECKOIo 3neMeHTa. OHA OIMCHIBAETCS TPaHUIHOM
KpuBoii (puc. 6.24).

JvHamuyeckas noMexoyCTOMHMBOCTE XapakTepuayeTt 4NnTENIbHOCTb NoMexu rno
HaNPSXXEHUIO ONPEeaeNeHHON BENMYMHbLI Ha BXOLAaX 3/1IeMEHTa, Npy KOTOPO He npo-
NCXOANT U3MEHEHUE COCTOSHUS BbIXOAA.

Tounble JaHHBIE IS JOITYCTUMOM aMIUTMTYIbI HAPSDKEHMST ITIOMEXH U JOITy-
CTUMOE BpeMs ee JeiCTBHS IOJIyYaloT U3 aHaIN3a XapaKTepuCTHK (puc. 6.24).

IIpu aTOoM cyiecTBYIOT KpuBbie mist H-ypoBHs u L-ypoBHs. Eciu Ha BXonme
IeicTByeT cocTosuue H, To ciiemyeT mojp3oBarbcsi KpuBoil g H-yposus. Co-
OTBETCTBEHHO €CJIM Ha BXOJIe IEMCTBYET COCTOSIHHME L, TO ClIemyeT MOJIb30BaThCs
KpuBoit mnst L-ypoBHsI. H-ypoBHM 0oJjiee IIOMEXOYCTOMYMBHI, IIO3TOMY KpUBas
711 H-ypOBHSI IIPOXOIMT BBIIIIE.

6.4.6. NpoBoAHbLIE NOrMyeckue onepauumn

Ecnu BBIXOOBI IBYX 3JIEMEHTOB CBS3aHBI TaJIbBAHUYECKH, T. €. IIPOCTO COEIUHE-
HBI IIPOBOIHMKOM, TO 0Opa3yercs JIoTudecKasi CBA3b, KOTOpasi B 3aBUCHMOCTH OT
BHYTPEHHETO CTPOEHHUS CXEMBI IpeacTaBisgeT u3 ceds omeparuu U wm UIIN.
Eciu BBIXOH OMHOTO 3jIEMEHTa MMeET cocTosiHue H, a Opyroii BHIXOH — CO-
croguue L (puc. 6.25), To cocrossHue Touku Q He omnpeneneHo. Kakoe cocrosi-
HHE MPUMET 3Ta TOYKA — 3aBUCHUT OT TEXHUYECKHUX JAHHBIX CXEMBI.
HormycruM, 9ro ypoBeHb L cooTBeTcTByeT 3a3zemiieHuto, 0 B, a ypoBeHb H-Ha-
NpsoKeHWIo nuTtaHus (Hanpumep +5 B).
Eciau BbIXOH, Ha KOTOPOM HEMCTBYET COCTOSTHUE
L, iMeeT Majioe COMPOTHUBJICHHE OTHOCHUTEIBHO 3€M-
a=» JH, T. e. 0 B, To H-cocrosiHMe Apyroro Beixona Oyner
3a3emMJieHO M Touka Q mpumeT cocrossHue L. I'oBopsT,
MPU 3TUX DJIEMEHTaX JOMHHHUPYET YPOBEeHb L.
E— B sTroM caydae Q moxer uMeTh coctossHue H Tob-
Puc. 6.25. Famspammyeckag KO TOTHA, KOIia o6a BBIXOJAa MMEIOT cocTosiHue H.
CBAI3b BHIXOLOB ABYX 3emen- 1AKO€ COEIMHEHMe HasbiBaeTCsl mposoaHoe W (mpu
tos U-HE. TOJIOXKUTEILHOM JIOTHKE).

—— s




6.4. Ceoiicmea cxem I0\3\)

Ecnu B cxemMe [OMUHUPYET YPOBEHb L, TO Mpu NPOBOAHOM CBSI3WM HA BLIXOAE
BbIMOJIHAETCA NIOMMHYECKOE YMHOXEHUE M — Npu yCnoBumn rnonoxXuTensHOM NOrMKu.

IIpoBomHoe M m3obpaxeHo Ha cxemax (puc. 6.26). Iina ero o6o3HaYeHHS
BO3MOXHBI B BApHAHTAa Ha BHIOOD.

Ecnu BBIXOJ, HA KOTOPOM JIECTBYeT cocTOsTHME H, MMeeT Majioe COIPOTHB-
JIeHHEe OTHOCUTEIFHO UCTOYHHMKA ITUTAHMUS, TO L-COCTOsTHIE JAPYroro Bhxoaa Gymer
nogHATO A0 H-ypoBHs 1 Touka Q (cM. puc. 6.25) npumer cocrossaue H. B atoM
CJIy4yae TOBOPSAT, 4TO IPH 3THX JIEMEHTaX TOMUHUPYET ypoBeHb H.

Takoe coequHenue HaspiBaeTcs: nposoanoe UIN (ripu mMoJOXUTENIBHOM JIO-
THKE).

Ecnu B cxeme goMuHuUpyeT ypoBeHb H, TO nNpu NpoOBOAHON CBA3WM HA BbLIXOAE
BLINOMHAETCA nornyeckoe cnoxenue UM — npu ycnosuu noaoXUTENLHOW NOMMKN.

JIBa BapuaHTa o6o3HayeHus npopogHoro MJIU npexncrasiaeHs! Ha puc. 6.27.
Touka Q MOXeT IPUHMMATh IIPH OIpPEHEICHHONM CTPYKTYpPEe CXEMbI YPOBEHb,
HaxomsIIuiica MexXnay auamnazoHamMu H-ypoBHs u L-ypoBHsA. B Takux cxemax
MPOBOJIHAS CBSI3b BBIXOIOB IPUMEHSThCS He MoxeT. IIpoBomnoe WJIW u mpo-
BogHOoe M B TakMX cxeMax 3aIlpelleHHbl.

IIpu CHIXKEHUM BBIXOXHOTO YpoBHS ¢ H Ha L Ha BBIXOAE C IpeIbLIyIIUM
cocrostHHeM H MoXeT Tedb HeHOIYCTMMO BBICOKMWIA TOK. Takxe Ipu HOBHIIIE-
HHH BBIXOJHOTO YpPOBHS ¢ L Ha H Ha BhIXoIe C IPeABITYIIUM COCTOSIHMEM L
MOXET Te4b HeHOITyCTUMO BBICOKMII TOK. JIormyecKue 3JIeMEHTHI BCIEICTBUE 3TOTO
OyIyT meperpyXeHnl Mo TOKY.

MposogHble coeavHeHna Bbixoaos, ob6pasylowme nposoaHsie M 1 npoBoaHbIE
WA, MOoryT npom3BoauTbCa TONMBKO NPU paspeLleHny Npon3soguTenst.

B kakux Ciydyasax paspeumaroTcda IPOBOIHBIC JIOTUYCCKUE COCIMHECHUA, YKa-
3bIBACTCS B TCXHUYCCKUX OITMCAHMAX. HpOBOIIHbIC JIOTHYECCKHUE OII€palliyl BEAYT
K YIIPOHICHUIO CXC€MBbI, K YMCHBIICHNIO BPEMEHHU KOMMYTAIlU U K COKPAIICHUIO
IIPOMU3BOACTBCHHBIX pPAacXod0B.
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Puc. 6.26. YcnosHoe 0603HaYeHUE IPOBOAHO- Puc. 6.27. YciaoHoe 0603HaYeHKE POBOJHOIO

ro U cornacuao DIN 40900, yacts 12. WJIA cornacao DIN 40900, yacte 12.
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6.5. ATN-cxembl
6.5.1. BeBepeHue

ATJI-cxeMBbl peaIM3yIOTCSI HAa IMOAaxX M TpaH3ucTopax. KoHEeYHO, TOMOJIHUTENb-
HO MpUMeHSIOTCA U conporusinennsa. TepmuH I TJI mpousonies or aHIIIMICKOTO
«Diode Transistor Logic» 1 mepeBoIUTCS KaK «IUOTHO-TPAH3UCTOPHAS JIOTHKa».
CxeMBI 3TOro ceMeiicTBa CHayaJia CTPOWINCH Ha OTHEIbHBIX 3JIEMEHTaX, a 3aTeM
B BHJI€ TOHKOIUTEHOYHBIX U TOJICTOILIEHOYHBIX (MHTETPaJIbHBIX) MUKPOCXeM (CM.
Boiit, DnekTpoHuka, 9acTh 2). B HacTosiee BpeMsi OHM TIPOM3BOISTCS IIOYTH
HMCKJTIOYUTENIFHO B BHUIE MOHOJIMTHHIX MHUKPOCXEM.

6.5.2. OcHoBHble ATJ1-cxembl

OnHa u3 Tpex oCHOBHBIX cxeM ceMeiicTtBa JTJI mokasaHa Ha puc. 6.28. C aroit
CXeMOii MBI yXe ITO3HaKOMIINCH B pa3i. 6.2. Eciii xoTs OBl Ha OTHOM M3 BXOJIOB
npucyrcreyer BBICOKMM ypoBenp H (BHICOKMIA TOJOXHUTEIBHBIN MOTEHIMA,
oT aura. High — BBHICOKUI), TO OH OyIeT AelicTBOBaTh U Ha Bbixode. IIpu moino-
XUTEJILHOM JIOTMKe cxeMa paboraeT Kak jorudeckuit sanement UJIN.

AO—B*—
oo

Puc. 6.28. NTJI-cxema (UJ1U-3ne-
MEHT [1PM T10JI0XKUTE/ILHOM JIOTUKeE).

B cxeme, m3o6paxeHnHoii Ha puc. 6.29, BBICOKWUW ypoBeHs Ha BBIXOZIE
BEHTWJIA cPOpMHUPYETCs TOJIBKO B TOM CiIy4ae, eCJii OH OyJeT IPUCYTCTBOBATh
Ha oGoux Bxozmax. Ecim Ha kakoM-1mm60 ero Bxozxe 6yner HU3KHWMU yposens L
(HampuMep HyJIeBOM MOTEHIMAJ, 3a3eMJIEHHUE, OT aHMI. Low — HU3KUIii), TO OH
OymeT IeiicTBOBaTh M Ha BBIXOJE.

+U,

R = 6 kOm

R
Puc. 6.29. ATJl-cxema (HU-3nemeHT 4 z

[PY [ONOXHUTENBHOM JIOTHKE). B o—fjG—

Pa36epeM mmoapoGHee cxeMy Ha puc. 6.29. JlomycTuM, YTO HaIIpsDKeHHE TTH-
tanus Ug paBHo 6 B. Hanpsxenue +6 B otHocurca x 3one BBICOKHX ypos-
Heil. 3oHa HU3KMX ypoBHeit (L-30Ha) Haxomutcs okoyio 0 B (3azemieHue).
Ecnu Ha o6oux Bxonax mpucyrctsyer BRICOKHWU yposens H, To IMoabI 3arep-
ThHI, CJIEJOBaTe]bHO, Ha BBIXO#E Z Takoke Gymer mpucyrcTBoBath BBICOKHMN
ypoBeHs (o1 +Ugdepes R). .

Ecmu teneps Ha Bxon B nogmars HU3KHWMU ypoBens (= 0 B), nuon B BeTBu B
orkpoercs. Tok or ucrouyHuka +U, moreyer yepes pesucTop R u 1101 K HyJIEBO-
My MOTeHIIMay (3a3eMJICHHUIO). BelnunHa ImageHus: HanpsokKeHUsl Ha OUOMAE CO-
craBut +0,7 BonbTa (IS KpEMHHEBOTO nmoaa). Takoe xe HamnpsckeHue OyaeT
MPWIOXEHO K BBHIXOAY Z. DTO 3Ha4CHME HaNpsDKeHMsI OTHocutcs K 30He HU3-



6.5. AT/A-cxemvt

Puc. 6.30. ATJI-cxema (HE-3n1emeHT). +Us
R =1 kOm
Bap.|A|Z
1 |L|H
z
2 IH|L R =5kOM
ro— "+

KHNX curnanos. Takum o6paszom, Beixon Z umeer HU3KHMMU yposens Torna,
Koraa HI/I3KI/II71 YPOBEHD JEHCTBYET Ha OTHOM M3 BXOHOB. TOJBKO €CJIM Ha
o6oux Bxoxax npucyrcrsyer BBICOKWM yposens, Ha Boixone Z 6yner BBICO-
KHWH ypoBenb. TakuM 06pa3oM, NpH IOJIOXUTEIBHOM JIOTUKE CXeMa paboraeT
KakK JIOTHYEeCKHUil 2jieMeHT U.

CxeMma Ha puc. 6.30 paGoTtaeT KaK MHBEPTOP, TO €CTh JIOTMMECKHUI JIEMEHT
HE. Eciu Ha Bxone A neiictByer BBICOKHWH ypoBeHb, TO TPaH3UCTOP OTKPHIT.
K BeIxomy Z npuxnansiBaercs HanpsokeHue 0,2—0,3 B, KoTropoe cOOTBETCTBYET
HU3KOMY yposnio. Eciu Ha Bxoze A neiicrByer HU3KHWH ypoBens, To TpaH-
3ucrop 3anupaercs. ConpoTUBIEHHE SMUTTEP-KOJUIEKTOPa BHICOKOOMHO (Hampu-
Mep, 10 MOM) u ITOYTH BCe HaNpsDKeHME ITUTaHUSA MIPUKIAAbiBaeTCA K BBIXOMY,
uMeromeMy TakuM obpaszom BBICOKUU ypoBeHs. CooTBeTCTBYIOIIAs TabaMIIa
MCTUHHOCTH IIpeJicTaBlieHa Ha puc. 6.30.

Kak Bezer ce6st BXoz, K KOTopoMy He mpwioxeH Hu BBICOKHMU (= +6 B),
an HU3KHWMH (= 0 B, 3a3emieHune) ypoBeHs?

Ha cxeme (puc. 6.28) Takoi OTKPBHITHIN BXOJ A€HCTBYET KaK HU3KUHU ypo-
BeHb. IIpu 3ToM Ha BbIxome MoxeT 6hiThb BRICOKUM ypoBeHB TONBKO TOIZa,
xorma BBICOKHWM ypoBeHb IeiiCTBYyeT Ha OJHOM U3 BXOIOB.

Ecnu BXox MHBEPTOpPa, M306paxkeHHOro Ha cxeMe 6.30, OTKPHIT, TO 3TO 9KBHU-
BaJIeHTHO mnpuiaansiBanuio Ha Bxon HU3KOI'O ypoBHs. Benb TpaH3HCTop He
MOXET IMPOBOIUTH C HEIOAKIIOUEHHO 6a30id.

Ecnu OoTKpHITBIM OCTaeTcs BXOJX CXeMbI Ha puc. 6.29, To 3T0 COOTBETCTBYET
npmwioxeHuio Ko Bxoxy BBICOKOI'O ypoBHs. IIpu OTKpPBITOM BXOJI€ BBIXOI HE
moxer npunsats HU3KUMU yposenb. Eciu Bxom A ocTaeTcs OTKPHITBIM, a Ha
Bxone B neiictByer BBICOKUMU ypoBeHs, To Ha BBIXOI€e Takxe AeiicTByer BBI-
COKWUM yposens H. JTormueckue sneMentsl MU (cM. puc. 6.28) u U (cM. puc.
6.29) ABISIOTCA MPU IOJOXUTEIbHOM JIOTMKE IMAaCCUBHBIMHU 3JIEMEHTaMH, T. €.
OHM He cojepXkar B cebe akTHBHOro 3jeMeHTa (ycwiuresns). Ecnu mocnemoBa-
TEJIbHO COEIUHUTh HECKOJIBKO IACCHMBHBIX JIOTMYECKUX 3JIEMEHTOB, TO CYyIIe-
CTBYET ONACHOCTb, YTO YPOBHU HAIPSDKEHMS BBIAIYT U3 TOMYCTUMBIX O0IacTeld.
TIpexne Bcero, MoxeT HexomycTuMo yracts BBICOKUMH yposens. UTo6BI H3-
Gexarh 3TOi ONACHOCTH, IIPMMEHSIIOT TaK Ha3bIBa€Mbl€ aKTUBHBIE 3JIEMEHTHI, TO
€CTh 3JIEMEHTHI C YCHJIUTEISIMU.

Ha puc. 6.31 n3006paxeH aKTUBHBIN JIOTHYECKUI 3JIEMEHT, KOTOPHI paboTa-
€T B KayeCcTBe BEHTWIA W mpH MOJOXUTENIbHOM Jiornke. B Touke X HaxomuTtcs
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Puc. 6.31. ATJ1-cxema (akTuBHBI M-3/1€MEHT NPH NOJOXUTENBHON JIOTUKE).

H-cymmarop. 3areM HOIKIIOYEH WHBEPTOP C BBIXOJOM Y, 3a KOTOPBIM CJIELYET
ellle ONMH MHBEPTOP € BoIXxonoM Z. Oba nociaeaoBaTeiIbHO BKIIOYEHHBIX NHBEP-
TOpa KOMIIEHCUDYIOT JIeHiCTBHE JIPYT IpyTa, TaK YTO HA BBIXoIe Z CHOBa OKa3bi-
BaeTcsl curHai cymmaropa M. Tabnuia MCTMHHOCTH IS JTAHHOM CXEMBI IIpH
TOJIOXUTEJIbHOIA JIOTHKE MpUBeIeHa Ha puc. 6.32.

Bap.|C|B|A|X|Y|Z

1 (L|C]L|L[H]|L

2 |LiL|H|L|H]|L

3 [LIH|LjL|H]|L

4 |L{H|H|L|H|L

5 [H|L|L|L[H[L

6 |H|L|H|L|H|L

7 |H{H|LIL|H|L Puc. 6.32. Pa6ouas Ta6ivna
8 |HIHIHIHILIH K cxeme puc. 6.31.

3anaveii mona D, ABA€TCs HENONyLIEHUE OTIMPaHMs TpaH3ucTopa 7, IpH
OTKPHBITHIX auopax BxomHoit nenu win npu HU3KOM ypoBHe Ha HMX BXOHax,
KOrjaa K ToYke X IPIWIOXEHO MOPOroBoe MajcHue HaIPSDKEHUS Ha BXOTHBIX M-
omax (= 0,7 B). B orcyrcTBue nuona 3TO HampsDKeHHE MOIVIO OBl MPUBECTH K
OTNIMPaHMIO TpaH3ucTopa 7. DTOT 1O/ Ha3hIBAIOT CABHrAIONMMM YPOBEHb (CIBHU-
roBbie auonbl). IIpu ero BBeIleHMH IJIST OTKPBITHS TPAH3UCTOPa HEOOXOTUMO UMETh
B TOYKe X MUHUMAaJIbHOE HamnpsoKeHue nmpuMepHo 1,4 BonsTa (= 0,7 B moporoBoe
najieHue HanpsokeHus Ha muone D, m = 0,7 B moporosoe HanpspkeHue 6asa-
3MUTTEpP TpaH3ucTopa T)).

Ecnu B cxeme Ha puc. 6.31 yopaTh OOWH W3 MHBEPTOPOB, TO NPU IIOJIOXKM-
TEJIbHOM JIoTMKe Itoiydaercs Jormyeckuii sneMeHT M-HE. MHTepecHast cxema
noruveckoro 3nementa U-HE ITJI uzo6paxena Ha puc. 6.33. Tpansucrop 7,
paGoTaeT KaK SMHUTTEP, TO €CTh YCWINUTE)b 0€3 HHBEPTUPOBAHUA. 3a YCUINUTEIEM
noaximoyeH uuBeprop. Takasg I TJI-cxema (puc. 6.33) mpumeHseTcss 0COGEHHO
4acTo.

g 0630pa uMeromuxcs B HacTosee BpeMs B mpomaxe JTJI-cxeM ciemyer
oOparuthcs K Karajoram ¢pupMm-tnipousogureseit. I TJI-cxeMbl npemiaralorcs: B
CTaHIApTHOM HCIIOJTHEHUH C HAIPSDKEHWSMM ITUTaHHUA OT 5 1o 6 B (Hanpumep
oT Valvo).

Cxemnl cemeiictBa JITJI oTau4yaoTCsi OTHOCUTENILHO BHICOKUM OBICTpOIEii-
cTBHEM. BricTponeiicTBUe XapaKTepu3yeT BpeMs peaKIMU JIOTMYECKOTO 3JIeMEeH-
Ta Ha U3MEHEHUe CUTHAIOB Ha Bxonax U cocrasisier 1 I TJI-ameMeHTOB Ipu-
MepHO 30 He (107 ¢). OgHako smemenTsl TTJI-cemeiicTBa (cM. pa3n. 6.6) pa6o-
TalOT B TpU pa3a OvicTpee. VIX OpicTponeiicTBue cocramisier okoio 10 He. Bro
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Puc. 6.33. ATJ1-cxema (M-HE-31eMeHT NpHU NONOXUTENBHOM JOTUKE).

3HayuT, 910 JITJI-3/1eMEeHTHI Yallie BCero IPUMEHSIOT TaM, TIe He TPeIbsIBIISIOT-
cg 0c00eHHO BBICOKHE TpeboBauus K ObicTponeiicTeuio. ITpenmymmecrBom A TJI-
cxeM mtepen TTJI-cxemaMu sIBIseTCsI MX O0Jiee BBICOKAsI ITOMEXOYCTOMYUBOCTD.

Huxe npuBeneHb THMMMYHBIE XapaKTepucTuku st [ TJI-cxemMbl, n300paxeH-
HOM pHc. 6.33:

HanpsxeHnue nutaHus 6B
INotpebieHre MOITHOCTH Ha KaXIbIi 9 MBr
JOTMYECKUM 371€MEHT

BricTponeiicTBIe 30 HC
Cratuyeckas noMeEX0yCTOMYHMBOCTD 1,2B
TemnepatypHbIii 1uana3oH or 0 no +75°C
Koadduimenr Harpy3ku Ha BXOAE 1
Koadbduiment Harpy3ku Ha BBIXO/E 8
Bxonunoe nanpsixenune BBICOKOI'O yposHs 36B
(HMXHss1 TPAaHUIA) ’
Bxonnoe nanpsixenue HU3KOI'O ypoHs 14 B
(BepxHsisl FPaHMIIA) ’
Bexognoe Hanpsixxeane BBICOKOI'O ypoBHs 40B
(HICKHsIs TPaHUIIA) >
Bexognoe nHanpsixxenue HU3KOI'O ypoHs 0.5B

(BEepXHsisA rpaHUIIA)

6.5.3. MIJ1-cxembl

C nosisnenueM A TJI-cxeM craya pa3sBUBaThCS TaK Ha3biBaeMasl «MeJIeHHast, HO-
MEXOYCTOMYMBas JOTHKa», cokpamenno MITJI. CapuroBsie Iuoab! Ha puc. 6.31 u
6.33 3aMeHAIOTCH JIaBUHHBIMU Z-muonaMu (muon 3eHepa) (puc. 6.34). Munu-
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Puc. 6.34. ATJI-cxema ¢ Z-auoaom (M-HE-3/1€eMEeHT npu 1no/10XKUTENBHOIM JIOTHKE).

MaJIbHO HeoGxommMsIii BxogHoii BBICOKUWUM ypoBeHb TakuM 0Gpa3oM MOBHI-
1IaeTcs 10 HanpsDkeHus cpabaTeiBaHus Z-nuona. Hamuuue Z-nuona yBemyuBa-
€T BpeMs 3aJIepXKH IPOXOXICHUSI CUTHaJa yepe3 Jiornyeckmii aynement. TJI-
cxeMbl ¢ nuonaMm 3eHepa Takke HaswiBaloTcs ITJI3 cxemamm.

C MOBBILIEHUEM HANPSDKEHHWS IMUTAaHUS MOXHO CYIIECTBEHHO YBEJIUYHUTH
BBICOKHMI ypoBeHb BXOTHOTO HAINPSDKEHWS, TAKMM 0Opa30oM, YBEJIUYUB «3a-
3op» Mmexny BBICOKHMM u HU3KHWM ypoBHAMHU, 0becrieunBasi G0JIBIIYIO CTa-
THYECKYIO TIOMEXOYCTOMYMBOCTh. Takke Bo3pacTaeT M NMHaAMHYeCKask IIOMeX0y-
CTOMYMBOCTH OJjiarogapsi yBeJIMYEHHOMY BpPEMEHU 33IepPKKH.

MIJI-35meMeHTH MPOU3BOISTCS UISI HampsokeHwid muranusa 12 u 15 B. Ha
puc. 6.35 npencraBinena cxema TunmudHoro MIIJI-anementa. BxonHoit BBICO-.
KHM yposens cocrasisier ot 7,5 mo 15 B, BeixogHoit HU3KMM yposens — or
0 mo 4,5 B (puc. 6.36).

Tunuyunsiit BBICOKHWH yposens cocrasisier 14,3 B, Tummunsit HU3KWUN
ypoBenb — 1,0 B. Uro6sl npespatuts HU3KUM yposens B BRBICOKWUH win
noum3uts BBICOKUM mo yposuss HU3KOTO, TpeGyioTcsi 3HAUUTEIbHbIE TT0-

+U,
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Puc. 6.35. Cxema MI1J1-anemenrta (FZH 125, Siemens).
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Puc. 6.36. Juana3ous! yposHeii cxemsl FZH 125.

Mexu. TakuM oOpa3oM, cxeMa HMMeeT BBICOKYIO IOMEXOYCTOMYMBOCTH. Bpems
3aJIepKKH TIPOXOXIECHUS CUTHaJIa cocTaBisieT ImpuMepHo 200 Hc, YTO CyIIECTBEHHO
GoJblle, yeM v oOBIYHBIX JTJI-351eMEeHTOB.

HMurerpansHas MmukpocxemMa FZH 125 comepXuT aBa JIOTMYECKUX 3JIEMEHTA
W-HE (1ipu IOJIOXUTEIBHOM JIOTUKE), KaX/Iblii ¢ 5 Bxomamu. CxeMa IoaKiIoye-
HUsA 16-MOTIOCHOM CABOEHHO MHKPOCXEMBI M300paxeHa Ha puc. 6.37.

CxeMa, TIpeAcTaBIeHHas Ha puc. 6.35, uMeeT Tak Ha3bIBaeMBblil HArpy30YHbBII
Beixon. Eciu Tpansucrop T, 3amept, To Tpansucrop 7, ornupaerca. Ilpu 3amep-
TOM TpaH3ucrope T Ha Bblxo,ue Q neiicTByeT BbICOKI/II7I YPOBEHb, IIPUMEPHO
14,3 B. Onsa ynpaBJleHm{ IOCJIEAYIOIIMMHU 3JIEMEHTAaMM OT MCToYHMKa U yepes
compotusieHue 390 OM u T, Te4eT OTHOCUTENBHO GOJIBINOM TOK. TaKPIM o6pa-
30M, CXeMa MOXET oGecneanb BBICOKHMMH ypoBeHb Ha GOJNBLIOM KOJTHYECTBE
MOIKIIOYAaeMbIX Jajiee 3JIEMEHTOB.

Ecmu 3anept tpansucrop T,, To ornupaercsi Tpansuctop 7,. Ha Beixome Q
gyepes OUOMN M Tepexo KOUIEKTOP-3MHUTTEp TpaH3ucTopa 1, MOXeT IPOTEKaTh
OTHOCHMTEILHO GOJBINOI TOK O3 IOBBIIEHUS HaIpsDKeHUsS. Takum obOpa3owm,
cxeMa MOXET IUTaTh HECKOJIBKO ITOIKITIOYaeMBbIX Jajiee JIOTHYECKUX DJIEMEHTOB
HanpsokeaneM HU3KOI'O ypoBHs.

K ocHOBHBIM ITapaMeTpaM IIOJOGHBIX CXeM OTHOCATCS K03 dHUIIMeHTH Ha-
rpy3ku Ha Boixoge 1o BBICOKOMY u HU3KOMY yposhio. Ilox koadduim-
eHToM Harpy3ku Ha Beixoae o BBICOKOMY ypoBHIO TOHMMAIOT BO3MOXHOE
KOJIMYECTBO BXOJOB ITONK/IIOYEHHBIX JIOTHYECKUX 3JIeMeHTOB ¢ nomadeit BBICO-
KOT'O ypoBHs Ha Bxon. Ilox koadduimeHToM Harpy3ku Ha Bbixome nmo HMU3-

US
15 14 11 10 9
I—'Tl—"'ll'—ll—ll_"ll——lrlm

r Bua csepxy

LJLJtL J ot JL Tt J0L J0L 7
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Puc. 6.37. lloxoneska cxembr FZH 125.
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KOMY YPOBHIO IOHMUMAIOT BO3MOXHO€ KOJHMYECCTBO BXOJOB, INOAKIIOUYCHHBIX

Jiormaeckux 3jeMeHToB ¢ momadeit HU3KOI'O ypoBHS Ha BXom.

Texnumueckue nanubie st cxembl FZH 125 npeacrasnens Ha puc. 6.38. Kpo-
Me UHPOpMaLIMHU O HAIPSDKEHUH U IIOMEX0yCTOMYUBOCTH, B TAOJIHMIIE €CTh JaHHBIE
o BxogHOM Toke Ha BBICOKOM u HU3KOM yposHsx. ITo aTuM XxapakTeprucTH-
KaM MOXHO OIpeeIUTh paHee pacCMOTpeHHOe B pasi. 6.4.4 moTpebieHue ToKa:

HU3KUU yposens Ha Bxoxe — I, = 1 MA
BBICOKMMH ypoBeHb Ha BXone I, = 1MKA

CraTtuveckne napameTpbl ana ananasoHa 15 B
B8 TeMnepaTypHbIX 30Hax 1 n 5

THL

Hux- Bepx- Ean-
1:010°Cpno+70°C o TectoBas HWIA HUMA
5: o1 -25°C 0o +85°C Ycnosusa ucnbitannii cxema | npegen Tvn npenen HUUA n3-
MepeHus
B A
Hanpsxenne u 135 | 150 | 17,0 B
nuTaHusa s
BxogHoe Hanpsixe- _
Hue H-ypoBHS Us Us = Usg 1 7.5 B
BxopHoe Hanpsxe- _
He L-ypoBHs U, Us=Ugn U, 2 4,5 B
BeixogHoe Hanpsixe- U,=UgnUg U, =458,
Hue H-ypoBHs Yan =l,, =0,1MA 2 12,0 143 B
BbIxOAHOE Hanpsixe- Us=Ug, U, =758
hve L-ypoena | o Iy = 18 mA ! e R
CraTuyeckasi NnOMexoycTon4mBoCTb
H-curHan Uss 4,6 8,0 B
L-curHan Ugs 2,8 5,0 B
H-BX0AHOW TOK _ _
Ha KaHan I Us = U U = Uy, 3 1,0 MKA
L _ _ =
Ha KaHan | Us=Ug U, =178 4 1,0 1,8 MA
Tok KOpPOTKOro
3amblkaHna Ha kaHan| —/, U=Ug,, U=0B 5 15,0 37,0 60,0 MA
BbIXOAa
H-noTtpebnsembiit _ _
TOK Ha BNEMeHT ls,, U =U,, U=08B 6 1,2 2,1 MA
L-notpe6nsiembiii _ _
TOK Ha 3NEMEHT s, Us = Us, U = Uy, 7 2,3 4,0 MA
MoTpebnexue mowy- Us = Uy,
HOCTU HA dNEMEHT P CkBaxHOCTb 1: 1 27 52 MBT
Bpems nepekniodeHns npu U,= 15 B, F,=1,T, =25"C
Bpewmsi npoxoxaenus| t, 195 HC
curHana C,=10n®dnpn 4,58
(6bicTpopeiictaue) | t,, 06 140 HC
MepexonHoe Bpems | fnn C =10 nd 410 HC
curHana t L 75 He

Puc. 6.38. Ta6bnuna aanusix cxembl FZH 125 (Siemens).



6.6. TT/I-cxembt IID

B tabGnuiie TakKe NMpUBENEH BBIXOTHOI TOK KOPOTKOTO 3aMBIKaHHS, OYE€Hb
GOJIBIION IIPM OTHOCUTEIBHO BBHICOKUX HANPSDKEHMSIX, IIO3TOMY MaKCHMaJIbHOE
BpeMsI KOPOTKOTO 3aMBIKaHHsI cocTapiisieT 1 cexynmy. IIpu npeBBbIlIEeHUH 3TOTO
BpeMeHH MHKpOcXeMa OymeT BeIBeleHa U3 CTPOS.

3aMeTHM, YTO IOTPEeOIIeMBIil KaXIbIM OTAEIbHBIM JIOTUYECKUM 3JIEMEHTOM
ToK Tipy BBICOKOM cocTosHMH BbIXOIa MMEET APYroe 3HAYCHHUE, YeM IpH
HU3KOM cocrosauu Bbixoma. TUIWYHBINA moTpebiisiemblii Tok nmpu BbBICO-
KOM cocroganu Beixona — 1,2 MA, ipu HU3KOM — 2,3 MA. CregoBarebHO,
norpeo6IisieMast MOIHOCTD 3aBUCUT OT COOTHOIICHHS BpeMeH HaXO0XIIeHHUS BBIXO-
ga B BBICOKOM u HU3KOM cocTosaHusiX. DTO COOTHONIEHUE Ha3bIBaeTCs
uvnyiscHbIM. TToTpebnsieMas KaXIbIM JIOTUYECKUM 3JIEMEHTOM MOIIHOCTH YKa-
3BIBAETCS MPU MMITYJIbCHOM COOTHOIeHuu 1 : 1.

JITJI-cxeMBbl ceMeMCTBA MEJIEHHON IIOMEXOYCTOMYMBOM JIOTUKU IIPUMEHSIOT-
¢4 TIpeXJie BCero IS YIIpaBlIeHUsI JBUTATENISIMU, TaK KaK B IIOMEIIEHNH C IIPUBOJI-
HBIMH JIBUTATEJISIMU ITIOMEXOYCTOMYMBOCTD CXEM YIpaBIeHUS 0COOEHHO BaxHa. B
MaIlIMHHBIX 3ajIaX YaCTO HaBOMATCS CHIHLHBIE IIOMEXH 0 HAINPSDKEHUIO.

6.6. TTJ1-cxembil
6.6.1. CtpoeHue v npuHumn pgenctensg TTJ1-anemMeHToB

Cokpamenne TTJI o603HavYaeT TpaH3UCTOPHO-TPAH3UCTOPHASA JIOTUKA. Jlormie-
CKME 3JIEMEHTBI CXeM 3TOTO CeMeMCTBa CTPOSITCS MCKIIOUUTEIbHO Ha OMIOISIp-
HBIX TpaH3UCTOpax. TONBKO ISl COABUTA YPOBHSI M OTBOAA HAIIPSDKCHMS IIPUME-
HSI0TCS Huonabl. COIPOTUBIIEHUS CIIyXaT B Ka4eCTBe ACJIMTEJNICH HaNpsDKeHUs 1
OrpaHUYHUTENIEH TOKA.

TTL-3nemMeHTbl NPON3BOAATCH UCKIIOYUTENBHO B BUOE WHTErpanbHbiX MUKPO-
CXeM.

HoBbIM 371eMeHTOM SIBJISIETCS TaK Ha3bl-
BaeMbIil MYJbTUSMMTTEPHBIN TPaH3UCTOP.
CTpyKTypa TakOro TpPaH3MCTOpa II0Ka3aHa I
Ha puc. 6.39. C oOuieit 6a30ii rpaHUYAT TPU

ST
E, n
SMUTTEPHBIX 30HBI. TakuM obpa3oM, oOpa-
3YIOTCSI TpU pasmeneHHbX PN-mepexona EQ—EP n
Mexay 6azoif u smurrepamMu. Ot PN-1ie-
E _.r
E, E,E, c )

PeXoabl MOXXHO paccMaTpuBaTh KakK JUOMIHI.
K 6a3ze mpuioXeHO HaIpsDKEHHE YYTh

Boimie 0,7 B orHocuTenbHO 3eMin. [Ipu 3a-  Puc. 6.39. MynsTuoMuTIEPHBIA TPAH3UCTOP.

MBIKAaHUH 3MHUTTEpa Ha 3eMJII0 HaYMHAET

Te4yhb 6a30BbIil TOK. BeuunHa Ga30BOro TOKa oIpeaessaeTcs 3HaYeHHeM 6a30Bo-

ro conporupienus R u Hanpsoxenus nutanus Ug (puc. 6.40).

BennunHa 6a30BOro Toka BbIOMPAETCH Takoh, 4TOOLI MyNbTUBMUTTEPHbIA TPaH-
3UCTOP HAAEXHO YNPaBANCS B PEXUME HACHILLEHMWS,

PexuM HachlleHUS SBJISIETCS BBICOKOBEPOSITHOCTHBIM PEXMMOM (CM. BiTek-
TpoHuKa 3, Cxembl Ha TpaHsucropax). Hampsokenue xosutektop-amurrep U,
HajaeT Mpy 3TOM 10 3HaYeHuss Hacwienus U, .. OHo paBHO npuMepHo 0,2 B.
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U,=+58B
|I] R, = 3,3 xOm
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Puc. 6.40. CxeMa Ha MYJBTUIMUTTEPHOM TPAH3UCTOPE.

Comporusnenre R, Ha puc. 6.40 nojkHO GBITH paBHO IpuMepHO 3,3 KOM.
Tok I, 6yner Torna HeGombuM. Tok asmutrepa [, paBeH NPUOTM3UTENBHO TOKY 1,
OGBITHO TOKH SMUTTEPOB BHIOMpaIOTCS MeXmy 1 MA u 1,6 MA.

Eciu nBa wiu Bce TpU SMUTTEPA B cXeMe Ha puc. 6.40 3a3eMJIEHBI, TO HAIIPSA-
XeHMe B ToyKe X TpakTUYecKH He MeHseTcs. X OcTaeTcsl Ha ypOBHE IIPUMMEPHO
0,2 B. Yro usmenurcs, ecnu smurrep E, 3azeMnuth, a Ha amMutTTepsl E u E,
nojxars HanpsoxeHue nuranus +5 B? PN-nepexonsr Mexny smurrepamu E , E, n
6a3oii 6ymyT 3akphITHl (IUIIOC Ha n-30He). PN-nepexon E, K 6ase ocraeTcs OT-
KPHITBIM. TpaH3UCTOp MPOIOJIKAET OCTaBaThCS B COCTOSSHMU HachimmeHus. Ha-
MpsDKeHHE B TOYKe X He MeHSeTCs.

Ecnm ypoBHIO L OCTaBUTH B COOTBeTCTBUE HanpsokeHue oT 0 B mo 0,4 B, 1o
MPpY TIPIIOXKEHHUM XOTS Obl K OMHOMY M3 SMHUTTEPOB CXEMBI Ha pucC. 6.40 ypoBH
L Ha Beixozne X OymeT TakKe meiicTBOBaTh HU3KUil YpoBeHD L.

CoBepieHHO MHade paboraer cxeMa (puc. 6.41), eciim Ha Bce SMUTTEPHI
nonats HanpsckeHue muranns (BBICOKUWMU yposens H). K sMUTTEpHBIM 30HaM
NpUIOXeH moreHnman +5 B. B Trouxe X 6naromaps nenureinio HarpsokeHus R,/ R,
Oyner HamnpspkeHue nmpuMmepHo 0,45 B, To ecTh HampsDKeHUe, KOTOPOE COOTBET-
CTBYeT YpOBHIO L.

K xosutekTopy npmioxeHo Harpsokenue npuMepHo 0,45 B, k amurrepy — +5 B.
Ternepb MyIbTUIMUTTEPHBIA TPAaH3UCTOP pabOTaeT B MHBEPCHOM peXUME, T. €.
3MUTTEP U KOJUIEKTOP OOMEHSUTUCH yHKUMAMU. DMUTTEPH PaboTaIOT KaK KOJ-
JIEKTOPBI, KOJUIEKTOP paboTaeT KaK SMUTTEP.

U,=+5B

l Iy =1MA []R2=3,3KOM

Iy + 1o, = 1MA+ 0,12 MA
[ X

Ry=1xOm

Puc. 6.41. CxeMa Ha My/IBTUIMUTTEPHOM TPAH3MCTOPE B MHBEPCHOM PEXMME.
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Ecnu ko BCem aMmntTEpam npunoXxeH BbiCOKUA H-ypoBeHb, TO MYALTUIMUTTED-
HbIlA TPaH3NCTOP paboTaeT B UHEEPCHOM pPEXUME.

ba3oBhIii TOK T€YeT OT MCTOYHMKA NMHUTaHMA 4Yepe3 R, M R, Ha 3eMio (cM.
puc. 6.41). TunuuHoe 3HaYeHHe 6a30BOro Toka paBHO 1 MA. OMHAKO TOKH KOJI-
nekropa I, I, u I, or sMurTepHbIX BxonoB E,, E, u E;, OTHOCUTEILHO MaJIBI.
Kaxnprit ToK KojuiekTopa He npeBbiiaer 40 MKA. biaromapsi cienmaabHOM Tex-
HOJIOTMH JOOWINCH, YTO TaK Ha3blBaeMOe WHBEPCHOE YCUJIEHHME TOKa MYJIbTH-
3MUTTEPHOIrO TPaH3MCTOpa 0OYeHb Majio. ClenoBaTe/IbHO, YIIpaBisieMble SJIeMeH-

THI ITOTPEOIISIOT OTHOCUTENIBHO HEGOJBIION TOK.

MHBEPCHOE YyCUEHUE MO TOKY MYAbTUSMUTTEPHOrO TPAH3NCTOPA MHOMO MEHb-
e eauHNLb.

Ha Beixonme X npeacraBiieHHOM Ha puc. 6.41 cxeMbl HanpsoKeHNE MTOTHUMET-
cqa ¢ 1 mo nmpumepHo 2 B. DToro HanpsokeHUSI HEIOCTAaTOYHO JUISI JOCTKEHUS
BBICOKOTO YpOoBHS H. OHO CIHUIIKOM HHU3K0e. OTHAKO 3TUM HaIpPsDKEHHUEM MOX-
HO YIIPaBIATH ITOCIEIYIOIIMM TPaH3MCTOPOM, KaK IoKa3aHo Ha puc. 6.42. Co-
NPOTHUBIICHUSI NENNUTEN HanpskeHus R, 1 R, MOXHO TOIJa He MCIOJIb30BaTh.
®Oynkumio pesuctopa R, 6eper Ha cebs1 y9acTok 6asa-smurrep T,. BeicokoomHoe
conporusieHue R, 3ameHsieTcss R, u yyacTkoM 6a3a-KoJUIeKTOp TpaHsucropa T,
Cxema nmeer Bxoasl A, B, C u BeIxon Z.

Ecim Ha Bxonax A, Bu C nelictByer ypoBeHb H, To T, paGoraeT B ”HBEPCHOM
pexume. Tpansucrop T, BoiimeT B pexuM HachieHus. Ha Bbixone Z Gyner Ha-
npsokerue npuMepHo 0,2 B. Takoe HampsoKeHHe OTHOCUTCS K YPOBHIO L.

Ecnu mo MeHbIeil Mepe Ha OIHOM U3 BXOJIOB JEHCTBYeT ypoBeHb L, TO
MyJIbTUIMUTTEPHBIA TpaH3ucTop 7, paboTaeT HOPMAJIbHO B PEXHME HaChILe-
Hus1. HanpsokeHue Ha ero xojureKTope najgaer npuMepHo Ha 0,2 B. T, sanupaer-
csa. Ha Beixome Z neiictByeT ypoBeHb H. PaGouast TaGmuia cxemsl puc. 6.42
npeacrapiieHa Ha puc. 6.43. TIpyu IMONOXUTENBHOM JIOTHKE MOJTYyYaeTCsl JIOruye-
ckuit anement U-HE.

Kak Gymer paGoTaTh cxeMa IpHu OTKPHITOM Bxone? ITom OTKpPHITHIM BXOIOM
TMOHUMAIOT BXOJ, KOTOPBIil He MOIKIIIOYEH HU K ypoBHIO L, HU K ypoBHIO H. To
€CTh KO BXOIY HUYEro He IOIKJIIOYeHO, M OH BUCUT B Bo3ayxe. Takoii BXox He B
COCTOSIHMM IIOHU3UTH HAIpssKEeHMe B Touke X cxeMbl Ha puc. 6.42 mo 0,2 B. To
€CTh OH HE MOXET 3aCTaBHUTh MYJIBTUAMUTTEPHBII TPaH3UCTOP IPOBOIUTH TOK.

U,=+58

Bap.
[‘] R, = 4 kOM R, = 1,6 kOM ap
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Puc. 6.42. IIpocroit TTJI-anement (M-HE npu nonoxurensHoit Puc. 6.43. PaGouas Tabnu-
JIOTHKE). 1a K cxeme Ha puc. 6.42.
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Ecnu Ha OByX BXomax cxeMbI puc. 6.42 neiicTByeT ypoBeHb H, a TpeTuil BXOJ
OTKPBIT, TO MYJIBTUSMUTTEPHBII TPaH3UCTOP OyneT paboTaTh B MHBEPCHOM pe-
XNMe — TaK Xe, KaK ecJii Obl Ha BCce TpU BXojAa aelicTBoBai H-ypoBeHb.

[ns TTJ1-cxem OTKPLITBIA BXOA, NPUP2BHUBAETCH KO BXOAY C BbICOKUM H-yPOBHEM.

TTocMoTpuM BHHMMAaTelIbHee Ha cxemy (puc. 6.42). 3aMeTHO, YTO MYJIbTH-
SMUTTEPHHIN TPaH3MCTOp HMKorma He 3amept. OH Bcerma MpoOBOAUT — JHUOO B
MpSIMOM, JIHOO B MHBEPCHOM peXuMe. ba3oBbHIif TOK e€CTh Bcerga. B mpsiMmom
pexXuMe OH TedeT K BXOJaM, KOTOphIE JexXaT Ha ypoBHe L. B mHBepcHOM OH
TeyeT K Gaze TpaHsucTopa 7T,. 3HAYMT, HOCHUTENHM 3apsaoB 06a30BOii 30HBI NP
TIEPEKIIOYEHUM PEXUMOB He JOJIKHBI paccachlBaThCsl, U MEPEKITIOYeHNE U3 OfI-
HOTO COCTOSTHMSI B JIPYTO€ MPOUCXOMUT OYEHBb OBICTPO.

MyAbTUBMUTTEPHBIA TPAH3UCTOP O4YeHb OLICTPO MEPEKNYaABTCAa U3 NPAMOro
pexuMa B MHBEPCHbIN 1 HA0BOPOT, Tak Kak HocUTeNsM 3apanos B 6ase npu nepe-
KJTIOYEHUM HE HYXHO PacCachiBaTbCH.

Bpems nepeximoyeHus aia TpansucTopa T, monydyaercsa takxe MaibiM. Ho-
cutenu 3apsna 6asel T, Xak pa3 yCIEBalOT paccocaThCd 3a BpeMs Iepexona
MYJIBTU3MHUTTEPHOTO TPAH3UCTOPAa 1, U3 COCTOSHMSA HACHILIEHHUS B 3aIepToe
COCTOSTHHE.

IIpencrasnensas Ha puc. 6.42 TTJI-cxeMa He OYE€Hb XOPOIIO MOIXOMUT JIJIsk
yIpaBJIeHHS MOCIeA0BaTeIbHO nmoakimodyeHHBMU TTJI-anmementamu. Beixon Z B
COCTOSIHUM L JIOJDKEH IPUHHMATh OT KaXIOro IMPHUCOEXMHEHHOTO BXOAa TOK
npuMepHo 1,6 MA (puc. 6.44). Ilpu gecaru npucoeTMHEHHBIX BXomax (koahdu-
IIMeHT pasBeTBieHus 10) 310 yXe 16 MA. DT 16 MA MOIYT MOIACTh Ha 3€MIIIO
Jepe3 MpoBoNAIIMiA Tpansucrop T,

Bonee cmoxublii ciayvyaii, ecnm Beixod Z uMeeT H-COCTOSIHME U JOJIKEH
VIIPaBJISITh AECSATHIO MIPUCOENMHEHHBIMH 3JIeMeHTaMM. BeiTeKalonuii u3 Beixona Z
TOK BBI3bIBA€T MajJeHUe HanpsokeHud Ha R.. Ha 3HayeHMe 3TOro HanpspKeHUs
YMEHBIIAETCSI BBIXOAHON ypOBeHb Z. DTO HeyHOOHO. YMEHBIIIEHHE BBIXOIHOTO
YPOBHSI MOXHO IIPE€AOTBPATUTDb, UCIIONb3YsI CXeMY Ha HOIOJHUTEILHOM TPaH3U-
CTOp€, TaK Ha3bIBa€MBIi JBYXTaKTHBIM BBIXOMHON Kackana. Takoi Kackaj Ipen-
cTaBJieH Ha puc. 6.45.

+U,

R, = 130 xOm

Puc. 6.44. Yrpasnenue TTJ1-aneMeHTaMu Ipu
COCTOSIHMM BbIxoaa L. Puc. 6.45. [1ByxTaKTHBIM BBIXOAHOM KAaCKAa/.
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Onun u3 tpaHsucropoB 71, u T, momxeH OBITh 3amepT, APYroi IPOBOIUTD.
Ecnu sanepr T, u nposoaur T,, To Ha Beixone Z aeicteyer yposeHb L. ITocty-
NAOMUA Ha BBIXOX Z TOK TedeT yepes T, Ha 3eMITio.

Ecnu 3anepr T, u nposoaut T, To Ha Bbixoze Z neHcTBYeT ypoBeHb H. Tok
YIIPaBJIEHUs1, HEOOXOMUMBIH JUIs1 CIIENYIOIUX SJIEMEHTOB, TeyeT oT + U, uepes R,,
T,, maon D, — K Beixomy Z. Eciu BBIXOI Z HarpyXaeTcsi CWIbHee, T. €. Yepe3
BBIXOII Z TeYeT CWIbHBIIA TOK, TO BBIXOTHOM YPOBEHb IaJ[aeT TOJIPKO Ha 3HaYEeHHE
NajieHusl HalpsDKeHus: Ha pesrcrope R,. Ha T, u D, npu Bo3pacTaHMM TOKa He
BO3HMKAET NOIIOJHUTEIHPHOIO ITafeHUs HATIPSDKEHMS.

JByxTakTHasa cxema MOXET BblAaBatb U NMPUHUMATL OTHOCUTESNBHO OonbLUNE TOKN.

ITpu nepexI0YeHUM BHIXOMHBIX COCTOSIHMIA 06a TpaH3ucropa T, u T, MoryT
KPaTKOBPEMEHHO IPOBOAUTh. ConpoTHBIIEHUE R, B 3TOM Cjlydae OrpaHNYUBa-
€T TOK.

Huon D, cayXuT 1JIsi CO3JaHusl HyXXHOroO YPOBHS HampspkeHus. Kak oH mo-
HIXaeT HaIpsDKeHue, HaISIHO [I0Ka3aHo Ha cxeMe Ha puc. 6.46.

Ecnu tpansucrop T, IpOBOAMT, TO K TOYKE B, IPUIOXEHO HANPSIKEHUE IIPU-
mepHo 0,7 B (Hanpsxenue 6aza-amurrep T,). Tpansucrop 7, Gyaer moJHOCTHIO
oTkpHT. K Touke Z mpunoxeno Hampspkenme mpuMepHo 10,2 B. K T, toxe
NPUWIOXKEHO HalpsDkeHHe KoyiekTop-3murTep 0,2 B, TaK 4To B TOYKE B, moTeH-
1Maa OTHOCHTENFHO 3eMiin nony4aerca 0,9 B. bes nuona D, Ha tpansucrop T,
nofaBajoch Obl HanpspkeHue 6asuc-amurrep Uy, = 0,7 B (amurrep +0,2 B, 6a3a
+0,9 B). Tpansucrop T, Takxe OTKPbUICS GBI

Tak xak Ha muone D, mafeHue HanpsDKeHUs cocTapisger npumepHo 0,7 B, To
HOTeHIMa)l SMUTTepa T, mogHUMaeTcs 1o yposHs npumepHo 0,9 B. Ilpu atom U,
tpansucropa T, 6ymer paBHo npuMmepHo 0 B, u T, HaleXHO 3aKpBIBAETCS.

IIpu nepexmouennu or TTJI-a1eMEeHTOB Ha BBIXOAE ITOIYYAIOTCS JOBOJIBHO
KpyThie MMITYJIbCHI HampspkeHus1. IlepexomHoe Bpemst curHana (cM. pasm. 6.4.3)
JOCTAaTOYHO MAJI0O U COCTAaBJISIeT MPUMEPHO 5 HC. BeiencrBue 3TOro MOryr BO3-
HUKHYTb TaK Ha3bIBaeMbl€ «KOJIeOaHS HalpsokeHus». IlepexoaHbiil mpoiecc npu
nepexmoyeHnn Bxoga TTJI-anemenra ¢ H Ha L uzobpaxeH Ha puc. 6.47. Hamnpsi-
XEHHME Ha BXOJIE MOXET JIOXOIUTh KpaTKoBpeMeHHO 10 —2 B. luonst D,, D, u D,
B cXeMe Ha puc. 6.46 MOJDKHBI MOJABJIATh KOJIeGaHMS HANPSDKEHUs] U IPUHNMATh
Ha cebsl oTpUIIaTeIbHOe HallpspkeHre. OHM Ha3bIBAIOTCS OTBOAHLIMM AHOAAMM.

+U, Ug “

B

SZS%
-

D2 DG
Puc. 6.47. Kone6anus BXoAHOro
Puc. 6.46. Tunosoit TTJ1-31€MeHT C ABYXTAKTHBIM BBIXO/- HanpsiXeHus npu nepexoae ¢ H
HBIM KacCKajoM. Ha L.
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Puc. 6.49. CoBmecTHOE noakioYe-
Puc. 6.48. TTJl-anement U-HE c OTKpHITBIM KOJ1- Hue TTJI-31eMEHTOB C OTKPBITHIM
JIEKTOPOM. KOJLIEKTOPOM.

B TTJI-cxeMax UMeIOTCS 3JIEMEHTHI C TaK Ha3bIBAEMbIM «OTKPHITHIM KOJUIEK-
TOpoM». B 3THX 3JeMeHTaX OTCYTCTBYeT COIPOTHMBIECHHE KOJUIEKTOpa. BeIBOX
KOJUIEKTOpa MOIKIIOYEeH K BHIBOAY Ha Kopiyce ajieMeHTa (puc. 6.48).

IIpu cuHTE3€e cXeM cieayeT MPaBUIIBHO IOAOUPATh CONPOTUBJIEHHE KOJUIEK-
TOpa. DJIEMEHTHl C OTKPHITHIM KOJUIEKTOPOM IIpeIHa3HAYECHBI IS IPOBOMHBIX
orepalui.

MoOXHO COeTUHHUTH OTKPHITHIE KOJUIEKTOPHl HECKOJNIBKUX 3JIEMEHTOB BMECTE
M 3aTeM OOIIYI0 TOYKY COETMHUTHL C MCTOYHMKOM IMTaHmuA (puc. 6.49). Benmuyun-
Ha COBMECTHOI'O COIIPOTHBIIEHHS] BHIOMpAETCsl COIIACHO PEKOMEHIAIUSIM IIpO-
usBogutens. Ilpu aToM GoJiplioe 3HAYEHHE MMEET YMCIO COBMECTHO ITOIKIIIO-
YEHHBIX DJIEMEHTOB.

IIpencraBnenHas Ha puc. 6.49 cxeMa gpisiercs cxeMoii mposogHoro Y mpu
MOJIOXKUTENIbHOM JIoruKe. Eciu BbIxoa uMeeT ypoBeHb L, T. €. BBIXOTHOM TpaH3u-
CTOp OTKPHIT, TO 00mIast Toyka Q Oymer Bcerma Ha ypoBHe L. ToibKo eciu Bce
BBIXOJHbIE TPAH3MCTOPHI 3aIlePThl, WIH BCEe BHIXOIBI UMeloT H-ypoBeHb, oOIIas
TOYKa uMeeT H-ypoBEHb.

TTJI-ceMeiicTBO menuTcsl Ha psn Gojiee MENKUX IoaceMeiictB. CxeMBl OT-
JIEeNbHBIX TMOJCEMENCTB pa3IMJaloTcss MeXIy coboii Ipexe BCero ImorpedieHu-
€M MOIIHOCTH U OBICTPOIEMCTBHEM, a TAKXKE ITOMEXOYCTOMYMBOCTHIO.

6.6.2. CtaHpapTHblie TTJI-cxembl

4 xOM ﬁ 1,6 kOM

u, IToncemeiictBo «crannaptusie TTJI» urpa-

€T GOJIBIIYIO POJIb B CXeMOTeXHUKe. Tummy-
Hasa cxeMa U3 craHmaptHbix TTJI mokasana
Ha puc. 6.50. DjieMeHT NMPOU3BOIUT INPH
MOJIOXUTEJIbHOM JIOTMKE JIOTUYECKYIO OIle-
pamuio U-HE.

Puc. 6.50. Cranpaptueiii TTJI-anement cxemnt FLH
0B 101-7400 (U-HE npu non0XUTENbHOMN JIOTUKE).




6.6. TT/I-cxemvt IID

6.6.2.1. Cxembi

IMourn Bce TTJI-37eMEeHTH BBITYCKAIOTCS B BUAE MHTETPATBHBIX MUKPOCXEM.
Cxema FLH 101-7400 comepxwut, HanmpuMep, YeThipe 5eMenTa U-HE, uto cine-
IyeT U3 cxeMbl Ha puc. 6.51.

Puc. 6.51. Cxema noakio- i | l | Bua ceepxy

YEeHUs MHTErpaibHON MUK- 1 2 3 2 5 5 7
pocxemsr FLH 101-7400. 0

B ocuoBraoM TTJI-a5emeHTHl BBIMyckaoTcss B DIP-kopnycax (puc. 6.52).

‘ep———

0,45 x 0,25

Puc. 6.52. Kopnyc DIP
, Z (C IBYXCTOPOHHUM pac-
19,2-0,3 0JIOXKEHHEM BBIBO/IOB).

Jig npoBomubIXx Y MCIIONB3YIOTCS 3JIEMEHTHI C OTKPBITBIM KOJUIeKTopoM. Cxe-
Ma s5ieMeHTa HE ¢ OTKpHITBIM KOJUIEKTOPOM ITOKa3aHa Ha puc. 6.53. MiHterpanb-
Hag cxema FLH 271-7405 comepxur 1ecTh Takux aymeMeHToB HE (puc. 6.54).

U,

s

Puc. 6.53. Cxema snementa HE ¢ oTkpsbI-
THIM KOJU1IeKTOpOM (Siemens).

-]

U,
1: 13 11 9
[ 1 1 1 1 1 ° Y

l Bua ceepxy Puc. 6.54. Cxema noaxkuoyeHus

MHTErpajbHONM MUKPOCXEMBI
FLH 271-7405 (Siemens).

[
on[
o[
[
o[
[
all
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Onementsl U-HE or ABYX IO BOCBMHU BXOIOB UMEIOTCS B Pa3IMIHBIX MCITOJ-
HEHMSIX: C JBYXTaKTHON CXEeMOil, C OTKPBITHIM KOJUIEKTOPOM WJIH C CHJIOBBIM
BeixogoM. Cxema M-HE-aneMeHTa ¢ nsiThlo BXOJaM IpeACcTaBlieHa Ha puc. 6.55.
Muxkpocxema FLH 331-4931 comepXuT nBa Takux 3JIEeMEHTA.

U,

s

0

Puc. 6.55. TT/1-anement U-HE ¢ nareio Bxonamm u cxema coeauHenmii cxemsl FLH 331-4931.
U

s
14 13 12 11 10 9 8
1 31 3 -1 1 1 1
n Puc. 6.56. TTJ1-anemenr U ¢ or-
KPBITBIM KOJLJIEKTOPOM M CX€Ma
-J coeaunenumii cxemol FLH 391-7409.
&
J [ C B
na ceepxy
1 2 3 4 5 6 7
A B c D E Q 0
Us U, A B @
14 13 12 11 10 9 8
4 kOm 2 KOm 1,6 KOM 1 T l_"l '_'I f_|| III
. &
&
A o—t Q ri:h
B J T J TJ L] J
1 2 3 4 5 6 7
N N 800 Om 1 kOm 0
0 Bug ceepxy

DnemeHTsl Y1 npuMeHsIoTcst pexxe. MIX MOXHO JIETKO cHeJiaTh M3 3JIEMEHTOB
N-HE crpykrypupoBanusi. [ MpocThIx cxeM uctonb3yercs cxema FLH 391-7409.
OHa CcOCTOUT U3 YeThIpeX 3MeMeHTOB U ¢ OTKPHITHIM KOJUIEKTOpoM (puc. 6.56) u
MpeTHa3HaYeHa I IPOBOAHBIX M -coemmHeHMiA.

6.6.2.2. MpepgenbHbie 3HaA4YEHUs U rnapameTpPbl CXem

IIpenenbHbIMH Ha3bIBAIOTCSI BEJIMYMHBI, KOTOPHIE HA B KOEM CJIydyae He JOJIKHBI
OBITH IpeBbIIEHBI. ECiIM 3T0 MpOU30iiIeT, TO 3JIeMEHT OyIeT BHIBEIEH M3 CTPOSL.
HOns cranmaptabix TTJI-cxeM OeMCTBYIOT cliemyiomue obIMe NMpeaejbHbie 3Ha-
YeHMS:



6.6.

TT/I-cxemot O

Hyxuuit npenen Bepxuwuit npesen

Hanpsixenue nutanna Uy -0,5B 7,0 B
Bxoanoe nanpsxenune U, -1,5B 55B
PasHoCTh HanpsxeHus Mexay Bxogamu U, 55B
Boixonnoe nanpsixenne U, -0,8 B 5,5B
Pa6oyas remneparypa T,

3oHa 1 0°C 70°C

3o0Ha 5 -25°C 85°C
Temnepa'rypé xpaHenus T —65°C 150°C

K OCHOBHBIM mapaMeTpaM OTHOCSTCSI CTaTHYECKMeE XapaKTePUCTUKH, OBICT-
poleiicTBUe W JIOTUYeCKHe NaHHble. OMHUM ¥3 IJIaBHBIX IapaMeTPOB SIBJISETCS
HanpsckeHue nutanus. OHo MOXeT BapbupoBathes Mexay 4,75 B u 5,25 B. Tu-

NMYHBIM 3HaYeHUEM siBiisieTcst 5 B.

st Bcex 3JIEMEHTOB YyKa3bIBaeTCS
HIDKHSIS TPaHMIIA BXOJHOI'O HANPSDKEHUS
H-ypoBHs. OHa cocTaBiseT oobvHO 2 B.
IIpu camMmoM MajoM HaIpSCKEHUM YPOB-
usa H U,, pasHoM 2 B, BhIXogHOE Ha-
npsikenue U, He MOXET MpeBHIIATh
0,4 B, naxe Koraa BBIXOZHOM TOK JOCTH-
raeT MakKCHMMaJbHOIo 3HadeHMsT 16 MA.
J1si poBepKu COOJIIOEHHUSI 3TOr0 yC-
JIOBUSI CYHIECTBYET TeCTOBasI cxema 1 Ha
puc. 6.57. YcioBusa MCIIBITaAHUI TIpUBe-
IeHBl B Tabnuie Ha puc. 6.58.

U, = +4,75 B

@

u,=28B

H

Puc. 6.57. TectoBag cxema 1.

TecTo- Hmf' Bepi‘ - | Eannw-
o HUI HUA | ua us-
CraTnyeckue napametpbl | YcnoBus ucnbitaHuii | Bas Tun
cxema | PeAen npegnen| mepe-
B A HUA
BxoaHoe
HanpsxxeHue u, Us=475B 1 2,0 B
BbICOKOro yposHa H
BbixoaHoe Us;=4,75B
HanpsxeHne Uy u,=28B 1 0,22 0,4 B
HU3KOro ypoBHsa L I, =16 MA
BxonHoe
HanpsixeHve u, U;=4758B 2 0,8 B
HU3KOro ypoBHa L
BbixoaHoe U,=4,758B
HanpsxeHne Ugy U, =088 2 2,4 3,3 B
BbICOKOro ypoBHa H =lgy = 16 MKA

Puc. 6.58. Brinepxka U3 NpOTOKO/A MCIBITAHUIA.
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Us=+4758 IIpu caMoOM BBICOKOM HAaIIpSIXECHUU

©) yposusi L U,,, paHoM 0,8 B, BeXonHOE Ha-

TIpSDKEHUE UQH He MOXeT ObITh HinKe 2,4 B.

) = 400 3HayeHMs1 U1 BepXHel rpaHuusl U, ¥ HuX-

Ma] —> HE# TpaHULIBI UQH OIIPpENeIAITCSa C IMO-

MOIIIBIO TECTOBOM CXeMBI 2 Ha puc. 6.59.

Bce ocTanpHBIE HETECTUPYEMBIE BXOJIBI

BKJIIOYAIOTCsI Ha H-ypoBeHb, TaK KaK 3TO

COOTBETCTBYET CAaMOMY HeOJIarOIpUATHOMY
L BapUaHTy pabOTHI CXEMEI.

BxogHble TOKHM pa3iuvaloTcs B 3aBH-
CHMOCTH OT YPOBHSI Ha Bxoje. H-BXOIHOM
TOK [, ABJISETCA TOKOM BXOHa, KOTOPBIH
nporexkaet npu H-yposHe 2,4 B. OH MoxeT OBITh paBeH MaKCMMaIbHO 40 MKA.
OH u3MepseTcsl MpPU YCJIOBHAX TaGIUIBI Ha puc. 6.60 1o TecToBOii cxeme 3
(puc. 6.61). Ipu MakxcUMaIbHO JOIMYCTMMOM HarpsDkeHuu Bxona U, paBHoM 5,5 B,
BXOTHOM TOK MOXET OBITh paBeH MakKCHUMaJIbHO 1 MA.

s onpenenenuss L-BXOTHOTO TOKa NMPUMEHSIOT TecToBYyIO cxeMy 4. Ilpu U,
paBHOM 0,4 B BXOmHOI1 TOK MOXET OBITh paBeH MakcUMaibHO 1,6 MA (puc. 6.62).

UQM
U,=08B <248

Puc. 6.59. TectoBas cxema 2.

Hux- Bepx- | Eanun-
TecTo- o o
. HUM HU | ua ns-
Cratudeckue napameTtpsl | Ycnosus ncneitaHnii | Bas Tun
npegen npeaen| mepe-
cxeMa
B A HUS
BxoaHo# Tok l U,=248B 3 40 MKA
BbICOKOMO YPOBHS U=-558
Ha kaxaom sxoge H 1, U _ 5 '25 B 3 1 MA
s )
BxoaHoMm Tok - Us;=5,25B
HWU3KOrO YPOBHS L I, U,=048B 4 1,6 MA

ToK KOpPOTKOro
3aMblKaHUA Ha ) U,=5,258B 5 18 55 MA

KaXaom BbiIXxoae

U, =5,25
Tok nuTanma H Iy, S;J/ -0B 6 4 8 MA
U,=5258B
Tok nuTanus L Iy, SU, - 5B 6 12 22 MA
Puc. 6.60. Brinepxka U3 NpOTOKO/1a UCMBITAHUM.
U,=+5258

@ ———° U, = +5,25 B

1,y < 40 MKA
— Q a Q
-1, <1, A & o
l 8}—47 OTKPbITHIN ’L__ET__ }—q OTKPBITLIN
UIH

2,4B U,
0,4B
oB oB

Puc. 6.61. TecroBasa cxema 3. Puc. 6.62. TectoBas cxema 4.
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[}

° U, = +5,25 B -

* (&) —(——u,=+5258

& Q
=1, > 18 MA OTKPbLITLI
< 55 MA
UI
‘—0 0B
oB

Puc. 6.63. TectoBasa cxema 5. Puc. 6.64. TectoBas cxeMa 6.

CrnenyomuM BaXHBIM ITapaMeTPOM SIBISIETCS TOK KOPOTKOTO 3aMBIKaHHS.
OH ormpenesieTcss ¢ MOMONIBIO TeCTOBOM cxeMbl 5. Ero HUXHWMIT nmpenen pa-
BeH 18 MA, BepxHuii paBeH 55 MA (puc. 6.63). Bce Bxoasl JOJKHBI UMETh L-
ypoBeHb. 10 BO3MOXHOCTH ClieqyeT M3Gerarb KOPOTKO3aMKHYTHIX BBIXOJIOB.
JIst HEKOTOPHIX 3JIEMEHTOB KOPOTKOE 3aMBbIKaHHME BHIXOJIOB IPHUBOIMT K IIO-
JIOMKE.

IToTpeGasieMblil JIOTMYECKUM 3JI€MEHTOM TOK OIpeAeNsieTcs IPH IOMOIIH
cxeMHbl 6 (puc. 6.64). OH uMeeT pa3IUYHOE 3HAYEHUE B 3aBUCHMOCTH OT YPOBHS
Ha Bxolie. MakcUMaJIbHO JIOIyCTUMOE HarpsckeHue IMMUTaHusA djieMeHnTa — 5,25 B.
B maHHBIX Ha MHUKPOCXEMBI BCErla yKa3biBaeTcs oOlllee HalpsoKeHHe IMUTAHUS
MHKPOCXEMBI, 2 He KaXIOIr0 3JIEMEHTa B OTAEJIbHOCTH.

Cnenyiomeil XxapakKTepuCTUKOM SIBJIIETCSI CTaTUYECKask IIOMEXOYCTOMIUBOCTD.
IToMexoycTOIYUBOCTD yxXe Obllla mojapoOHee paccMoTpeHa B pasn. 6.4.5. s
crangaptHbix TTJI-a7eMeHTOB craTmyeckKas TOMEXOYyCTONYUBOCTh COCTABJISIET
o6bryHO 1 B, mpu HeGIaronpuATHBIX yCIOBUSIX — MuHuMyM 0,4 B.

BricTponeiicTBue yxe obcyxnmanochk B pasa. 6.4.3. OHO yka3aHO B IIOJHOM
TabJIMIe TaHHBIX Ha puc. 6.65.

K smormueckum mapameTrpaM OoTHOCSATCS K03GhGHUITMEHT pa3BeTBICHMS 110 BbI-
xony F o X KoaddunmeHT o6beHeHMd 110 Bxoxy F,. OHu nmoapo6Hee pas3obpa-
HBl B pasznene 6.4.4. Takxe K JIOTHYECKUM IapaMeTpaM OTHOCHUTCS JIOTHYecKast
dyukmus. Ilox norudeckoii byHKIMElH MTOHUMAIOT ypaBHEHUE JIOTHYECKOI ore-
palyu, KOTOPYIO BBHIIIOJHSIET 3JIEMEHT IPHU IOJOXUTEIBHOM JIOTHKE.

Ha puc. 6.66 nmpuBeneHa nojxas Tabiuia JaHHbIX HHTETPAIbHONR MUKPOCXE-
mbl FLH 201-7401. Bra cxeMma comepxur 4yetbipe 3yeMenTa M-HE ¢ oTKpeITEIM
KoJUIeKTOopoM. B TaGnulie mpuBeneHbl YpaBHEHUSI 11 BHIYMCIIEHUS COIPOTUBIIE-
HMS KOJUIEKTOpa U TalJIUIla CONPOTUBIICHUIA.

6.6.2.3. XapaktepuncTtumkm

HOns TTL-3neMeHTOB CyIIECTBYIOT HECKOJIBKO XapaKTepPUCTHK, KOTOPBIE HAIOT
TpeACTaBJIeHUEe 0 paboTe JJoruyeckoro sneMeHTa. OcoGeHHO BaXHa IepenaToy-
Has XapaKTepuCTHKa. TUIMYHbIE NIepeAaTOYHbIe XapaKTePUCTUKY VISl CTaHAapT-
Hbix TTJI-251eMeHTOB MpencTaBieHBl Ha puc. 6.67.

I'Iepep,aTquaﬂ XapaKTepncTuka oTpaxaeT 3aBMCUMOCTb BbiIXOAHOIO Hanpsxe-
HUA OT BXOA4HOIO.

W3 nepexaToyHoii XapaKTePUCTUKU MOTYT OBITh OIIPENEICHBI 30HAa BXOIHBIX
HaIPSDKEHWI BBICOKOTO YPOBHSI, 30HA BXOMHBIX HAIPSDKEHUM HU3KOTO YPOBHS,
30HA BHIXOIHBIX HAIIPSDKEHU BHICOKOTO YPOBHS M 30HA BHIXOAHBIX HAIIPSDKEHUI
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YeTbipe ABYXBXOAOBbIX anemeHTa U-HE

Cxema | Hwux- Bepx- | EanHn-
Cratnyeckue napameTpbl .| Aana HUIA HUIA ua us-
B 30He Temneparyp 11 5 yenosus ucnbiranui ucnel- | Npegen Tun npepen| mepe-
TaHusa B A HUA
Hanpsxenne u 475 | 50 | 525 B
nuTaHma s
BxonHoe Hanpsixe- _
HUe H-ypoBHS u, U,=4758B 1 2,0 B
BxonHoe Hanpsixe- U U.=4758 2 08 B
Hue L-ypoBHs L s
BxopHoe Hanpsixe- -U U;,=475B 15 B
HUE Ha KiieMmMax ! -, =12 MA
BbixogHoe U;=4,75B
HanpsxxeHue Uy u,=088B 2 2,4 3,4 B
H-ypoBHsi =l = 400 MKA
BbixogHoe U;=4,758B
HanpsxeHve U, u,=28B 1 0,2 0,4 B
L-ypoBHS lo, = 16 MA
Craquef:Kaﬂ U, 0.4 1 B
MOMEXOYCTOMYMBOCTb
BxoaHon Tok 1, u,=248B 3 40 MKA
BbICOKOr0 YpoBHA H U;,=525B
Ha KaXaoMm BXoae I, U=55B 3 1 MA
BxoaHoM TOK _
HU3KOro ypoBHa L -, ‘ils "_562:’: 4 1,6 MA
Ha Kaxaom Bxoae w

Tok KOpOTKOro
3amblkaHua Ha =l Us;=5,25B 5 18 55 MA
KaxnoM Bbixoae

U,=5258B
Tok nutaHna H Iy, U =08 6 4 8
U,=5,25B
. Tok nuTaHns L Iy, SU, =58 6 12 22 MA
Bpems nepeknioyeHna npu
U;=5B,T,=25°C
BuicTpoAeiicTBMe ton €, =15n® 22 ! 15 He
ton R, =400 Om 11 22 HC
Jlornueckne napameTpbl
KoadppuumeHT
pas3BeTBReHusa F, 10
o BbIXOAY
KoagpduuymeHt
o6beanHeHus F, 1
no Bxoay
JNornyeckasn

byHKLMA Q=AAB
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U U, A B Q
14
4 kOm | |1,6 kOm| } 130 Om — 41—3| |£| ! rlql r"g"'l r§'1
B
A o
B Q
CIT T T J 0T 0LJ LJ
1 2 3 4 5 6 7
ViGN
1 kOm %
Cxema BKIIOYEHURA

0, (0AvH anemeHT) Llokoneska, BuA CBEPXY

Puc. 6.65. INoanas Tabauna gaHHBIX MHTErpanbHO Mukpocxemsl FLH 101-7400 (no pax-
HBIM Siemens).

FLH 201-7401 FLH 205-8401
FLH 201 S-7401 S1 FLH 205 S-8401 S1
FLH 201 T-7401 S3 FLH 205 T-8401 S3

YeTbipe ABYXBX0OAO0BbIX 3nemMmeHTa U-HE ¢ oTKpbITbIM KONNEKTOPpOM
OnemenTbl FLH 201/205 npepHasHavyeHbl ons coegnHenHnin tuna nposogHoro U

Cxema | Hux- Bepx- | EanHu-
Cratnyeckue napameTpbl T —— T L HW Tun HUIA ua uns-
B 30He Temnepatyp 1mn 5 ucnoel- | Nnpeaen npepen| mepe-
TaHus B A HUs
HanpsxeHue U 4,75 5.0 5.25 B
nuTaHus s
BxopHoe Hanpsixe- _
Ve H-ypoBHS u, U;,=4,75B 1 2,0 B
BxopHoe Hanpsxe- _
HUE L -ypOBHS U, U;=4758B 14 0,8 B
BxogHoe Hanpsxe- Y U;=4758B 15 B
HUE Ha Knemmax ! =, =12 MA ’
BbixogHoe U;=4,75B
HanpsxeHue U, u,=2B 1 0,2 0,4 B
L -ypOBHSA Iy, = 16 MA
Cratuyeckasn Uss 0.4 1.0 B
NOMEXOYCTONYMBOCTb I, 3 40 MKA
BxopHoi Tok U,=248B
BbICOKOro ypoBHa H I U=558B 3 1 MA
Ha Kaxaom Bxoae U;=5,25B
BxoaHon Tok
HW3KOro ypoBHa L -1, Us ‘_56245 BB 4 1,6 MA
Ha KaxaoMm Bxoae U,=0
BbixogHoe Hanpsxe- U;=4758B
Hue H-ypoBHs Lo U, =558B 14 250 MKA
Ha Kaxaom Bxoae U,=0,8mMA
U,=5,25B
Tok nutanna H / s ’ 6 4 8 MA
SH Uu=08B
U,=5,25B
Tok nuTannsa L 1 s 6 12 22 MA
SL Uu=58B
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Cxema | Hwx- Bepx- | EavHu-
Cratuueckue napameTpbl .| ans HWIA HUA | ua us-
B 30He Temnepartyp 1un 5 Yenosus ucnbiranui uenel- | npeaen Tun npeaen| mepe-
TaHus B A HUS
Bpems nepeknioueHns npun
U;=5B,T,=25°C
to R, = 400 Om 8 15 HC
BeicTpopeiicTBne R, = 4 kOm 22
foun C,=15n® 35 45 HC
Jlornyeckue napameTpbl
KoadppuumeHt
pasBeTBneHus Fa 10
no BbIXoAy
KoadppuuueHT
o6bennHeHns F, 1
no BxoAay
JNoruyeckas
dyHKUMS Q=AAB

FLH 201 S, FLH 205 S: kak FLH 201/205 Tonbko Bbixon 15 B/250 mkA
FLH 201 T, FLH 205 T: kak FLH 201/205 Tonbko Bbixog 5,5 B/50 MkA

PacuyeTt conpotueneHus konnekropa R,

PacueT nposoanTtca nNo cneayowmm popmynam:
H-ypoBeHb L-ypOBEHb

U,-2,4B ‘

_ Uy, ~0,4B
“ n250 MkA + N40 MKA 16 MA — N1,6 MA

roe: U — HanpsixeHue nutaHus; n — konndectso FLH 201 B nornyeckom cno-
XeHun U (YucneHHole 3HaveHusn; cM. Tabnuuy); N — KOnnM4ecTso npucoenu-
HEHHbIX BXOJ0B.

Mpu Ug = 5 B 1 padnuyHbix N n N nony4aloTcs HUxecneayowme npeneb-
Hble 3Ha4YeHus R,. HomMnHan NPUMEHAEeMOoro B CxemMe COMPOTUBAEHUS OOJSIXEH
HaxXoANTLCA MeXAy 3TUMU NpenenbHbIMU 3HAYEHUAMU,

(MOm); R, =

(xOm),

s 4 xOm 1,6 kxOm
14 13 12 11 10 8

1 kOm

Llokoneska kopnyca, Bug cBepxy Cxema BKNIOYEHUSA (OAUH BNEMEHT)

Puc. 6.66. [Tonnas Tabnuua gaHHBIX MHTErpaibHOM Mukpocxembl FLH 201-7401 (no aau-
HbBIM Siemens).
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Puc. 6.67. [lepenarounsie xapaktepuctuxu (npu U; = 5 B, F, = 10, Siemens).

HHM3KOTO ypOBHs. ISl pa3IMYHBIX pabOYMX TEMIIEPATYp MOIYYAIOTCS PasIMIHbIe
mepeaaToYHbie XapaKTePUCTUKM.

Crenyomeil BaXXHOM XapaKTepUCTUKOM SIBJISIETCS BXOIHASI XapaKTepUCTUKA
(puc. 6.68).

BxopgHasn XapakTepuctuka oTpaxaeT CBA3b MeXAy BXOAHbIM TOKOM I BXOAHbIM
Hanps>XeHnem.
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N Puc. 6.68. BxogHas xapakTepucTHKA
mA (npu Ug = 5 B, Siemens) npu 25 °C.
2 -
1. KsaapaHt
1 L
-2 A n/ 2 3 4 5 ; 6 u,'
L § | B
3. KeagpaHT I | I 4. KsagpaHt ;
| { |
b . i '
| |
| H |

008 20 55

Ecim nanpspkenue Bxona U, npumepHo 1,5 B, To 0HO MOXeT GbITh paccMOTpe-
HO Kak HaIlpsDKeHHe BHICOKOTO H-ypoBHs. BXOomHOI TOK paBeH IpuMepHO 40 MKA.
OOIIETPUHATO, YTO BXOIHOE HAIPSLKEHHE MOXHO paccMaTpuBaTh KakK Harlpsi-
XKeHHe BhicOKoro H-ypoBHSI TOJILKO HauuHasg ¢ 2 B.

Ecnu Hanpsckenue Medee 1,4 B, Tok BHITeKaeT M3 Bxona. Ero 3HaueHue B
o6nactu BXOIHBIX HanpsokeHnuii L-ypoBHs (0—0,8 B) nocturaer nmpumepHo 1 MA.
MakcuManbHO JOIyCTUMOE 3HadeHue Toka 1,6 MA. BxomHoe HanpsokeHue Tak-
e MOXeT ObITh HEMHOI'O OTpUIATeIbHBIM, 10 —1,5 B. 3Hauenue —1,5 B aBnser-
cs HIDKHUM 1ipezenioM st U, Bxonnas xapakTepucTka Ha puc. 6.68 npuseneHa
JUTS TeMItepaTyphl okpyxaloleit cpenst 25 °C. Ilpu npyrux reMmneparypax xapak-
TEPUCTUKA HEMHOTO CIBUIaeTCs.

5
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-55°C
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\\
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N\
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\\
: N\
0 5 10 15 20 25

lon — g
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Puc. 6.69. Brixoanas xapakrepuctuxa ana H-yposus npu U= 5 B u U, = 0,4 B (Siemens).
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Puc. 6.70. BeixogHas xapakrepuctvka ana L-yposua npu U= 5B, U, = 2,4 B.

3aBHCHMOCTh MEXIY BBIXOJHBIM TOKOM M BBIXOIHBIM HAIpsDKEHUEM Mpe-
CTaBJIsIETCS IBYMSI BHIAMM XapakTepucTUK. OmuH Bum — Ui coctossHus H Ha
BBIXOJIE, APYTOil — ISt cocTosHMsA L Ha Bhixoge. Puc. 6.69 moka3pIiBaeT BEIXOIHBIC
XapakTepUCTHKU Uit H-ypOBHS NpU pa3nnyHbIX Temmneparypax. Hanpspkenue U,
He JOJDKHO MpPEeBBIIIATh I'PaHMUIIBI BHICOKOTO ypoBHS (2,4 B). IIpu TemMmeparype
okpyxaromieil cpeabl 25 °C ¢ BBIX0Ja MOXHO ITOTPEOISITh MAKCHMAJIBHO 8 MA.

Ha puc. 6.70 n300pakeHbI BEIXOIHBIE XapaKTEPHUCTUKHI TSI HU3KOrO YPOBHS L.
Tok I, Teder BHYTPH Bxoza. [Ipu TemiepaType oKpyxaloiei cpeibl 25 °C mak-
CHUMAaJIbHO JOITYCTHMBII BTeKaloluii TOK paBeH 34 MA. Eciii TOK IIPEBBICHUT 3TO
3HayeHue, T0 U, BBUAET 3a mpeesibl 06/1aCT! BBIXOXHOTO HANPSDKEHUS L-ypOBHS
(Bepxusasa rpanuna 0,4 B).

6.6.2.4. SHepronoTpebsieHne

CranpaptHble uHTerpaibHbie TTJI-MuKpocxeMbl OTIMYAIOTCSI CPaBHUTEIBHO
BBICOKHM 3HepromnorpeonenueM. Hanmpumep, cxema FLH 101-7400 motpebiser
NPU HaIpsKEHWM NUTaHuA 5,25 B Tok mopsika 8 MA, 4TO COOTBETCTBYET ITO-
TpebasaeMoil MomHocTH 42 MBT. Cxema comepxut yerbipe 3ymemeHra M-HE.
3HauuT, Kaxaslii BeHTwIs» -HE norpe6nser nmpumepHo 10 MmBr. B o6mem, aro
He oYeHb Oosblast BeruuynHa. OmHako Mukpocxema ¢ 10000 ormyecKuMHu 3jie-
MeHTaMu OyaeT moTpeonars yxe 100 Br. Jns mutaHus TaKo MUKPOCXEMBI yXe
He MOJIyYUTCSI MCIIOJIb30BaTh OaTapeiiKu.

ITosroMy cTtanmapTHble MHTerpaibHbie TTJI-MHUKpocXeMbl paboTaIoT IperuMy-
IHECTBEHHO OT CTAI[MOHAPHBIX CTaOWIM3MPOBAHHBIX UCTOYHUKOB ITMUTAHMS.
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6.6.3. TTJ1 ¢ NnOHWXEeHHbIM 3HepronoTpebneHnem
(Low-Power-TTL, LTTL)

Low Power ¢ aHTJIMiICKOrO epeBOAUTCS KaK MOHIKEHHOE SHEPromoTpebieHueE.
TTJI-aneMeHTH ¢ MOHUXEHHBIM 3HEPronorpednenneM norpebisior 1/10 momr-
HOCTH, TTOTpeOnsseMoit cranaapTHeIMK TTJI-3neMeHTaMi. YMEHBIICHHS SHEPTO-
MOTPeOJIEHUsS] MOXHO NOOUTHCS, YBEJIMYMBasA COIPOTHBIICHUS BHYTPM MHMKpPO-
cxembl. Tunmyneii smeMeHT TTJI ¢ MOHIKEHHBIM SHEPronoTpedIeHueM M30-
OpaxeH Ha puc. 6.71. BunHo, yro crpykryph cranmgaptHoit TTJI-cxemsl u TTJI ¢
MOHMXXEHHBIM HEPronoTpedIeHUeM MPaKTHIECKH MICHTUYHBI. OXHAKO pa3iiu-
Yye CTAaHOBUTCS SICHBIM NPU BHUMATEJIbHOM PAacCCMOTPEHHHU COIIPOTUBIICHMIA.
Homunane! conporusnenuii crangaptHbsix TTJI ykazaHs! cepbIM HIPUPTOM B CKOG-
kax. Homunans! conporusnennii TTJI ¢ mMOHMXeHHBIM 3HEPronoTpebieHueM B
JlecsITh-IBEHaIIIaTh pa3 GoJIbIIIE.

o +U,

Homunans:
Ans CTaHaapTHuIx TTS

40 xkOm
(4 kOwm)

500 Om
(130 Om)

20 kOm
(1,6 kOM)

12 kOm
(1,0 kOm)

© 0B

Puc. 6.71. Tunosoit TTJ1-aneMeHT ¢ noHWXEHHBIM 3Hepronotpebaenuem (U-HE npu no-
JIOXWTENBHOM JIOTHKE).

Onun normyeckuii 3neMeHT MI-HE cxembl TTJI ¢ mOHMXXEHHBIM 3HEProIo-
TpebeHueM IOTpedIsieT MOIIHOCTh nopsnka 1 MBr. BeicTponeiicTBue 3y1eMeH-
TOB B OCHOBHOM OIIpeIeNisieTCs BpeMeHaMU 3apsina-paspsiia eMKOCTeil TpaH3uC-
TopoB. IIpu yBelmyeHNU CONPOTHBIICHUI BpeMs 3apsiia-pa3psiia Bo3pacTaeT H,
cienoBarenibHo, GbicTponeiictBue TTJI ¢ MOHMXEHHBIM SHEProIoTpedIeHHEM
HUXe, yeM y ctaHaaptHbix TTJI.

TTJ1 ¢ NOHWXEHHbIM 3HepronoTpedneHnem notpebnsawT 1/10 mowHoCTH, No-
Tpebnaemoit ctangapTHeiMu TTJ1, 3ato GeicTpopeicTeme TTJT ¢ NOHUXKEHHBIM 3HEp-
ronoTpebneHnemM NpPUMEpHoO B TPM pasa HUXe, YeM y cTaHaapTHbIX TTJ1.

CpenHee Bpems 3allepXKHU [, ONpeIessionlee BPeMs BHIMOJHEHUS OXHOM
Jiornyeckou onepaunu, cocrasiseT i TTJI ¢ moHMXeHHBIM 3HepromoTpeotie-
HUEM NnpumMepHo 33 Hc.

6.6.4. BoicokockopocTHbelie TTJ1 (High-Speed-TTL, HTTL)

BricokockopoctHbie TTJI xapakTepHu3yloTcst pexXae BCEro BBICOKUM GBICTPOIEii-
cTBUEM. BHYTpeHHSIA CTPYKTypa 3TOro MOoACeMENCTBA JIOTMYECKUX SJIEMEHTOB, KaK
u B ciaydyae TTJI ¢ moHMKEHHBIM SHEPromnoTpedieHueM, He OTIMYAETCS OT CTaH-
maptHeix TTJI. CompoTuBieHHSI 3TOro IoaceMeiicTBa YMeHbIIeHb! (puc. 6.72).
Brnaronmapsi sToMy IIpoliecchl 3apsima-pa3psiia eMKOCTeil TPaH3MCTOPOB IIpOTeKa-
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HomuHans
Ans craHgaprabix TTA

2,8 xOm
{4 kOwm)

0,76 kOm
{1,6 xOm)

58 Om
(130 Om)

0,47 kOm
{1,0kOm)

oB

Puc. 6.72. Tunosoii Beicokockopocthoit TT/1-anement (M-HE npu nonoxure/ibHOM JIOTHKE).

10T OBIcTpee, M OBICTPONMEICTBHE CYlIECTBEHHO Bo3pactaer. CpemHee BpeMs 3a-
HEPXKHU [, COCTABJIsAET IIPUMEPHO 5 HC.

3a ObIcTpomeiicTBUEe MPUXOMAUTCS IUIATUTH MOBBIIICHHBIM 3Hepromorpeotie-
HueM. OHO GoJiee yeM B JIBa pa3a Bbillle, yeM 1iad ctaHmaptHbix TTJI. Opun
peHTwib VI-HE, uzobpaxeHHbIl Ha puc. 6.72, moTpebiseT npuMepHo 23 MBT.

BoicTpopeicTerne BhICOKOCKOPOCTHLIX TTJ/1-21EeMEHTOR B [iBa pa3a BbilLE, YEM Y
ctanaapTHbiX TTJ1. OgHako oHM NoTPebnsaoT 3Hepri HBonee Yem B ABa pasa Gonblue.

Kommnplorep, mocTpoeHHbiii Ha BhHICOKOCKOpocTHBIX TTJI, paGoraer B nBa
pa3a OpicTpee, yeM KOoMITbIoTep Ha craHmapTHhIX TTJI. OH BBINMOJHMUT 33 TO Xe
BpeMs IBOIMHYIO paboTy. DTO 0Ye€Hb XOPOUIO. XyXKe, YTO JJISI 9TOI'0 €My IOTpedy-
eTCs OOJIbIIIE DHEPTUH.

6.6.5. WoTtkn-TTJ1 (TTALL)

IIpu co3maHuy OMHOBPEMEHHO OBICTPBIX M 3KOHOMMYHBIX MHKPOCXEM HCIIOJIb-
3yeTcsl CBOMCTBO TPAH3MCTOPOB OBICTPO MEPEKIIIOYATHCS B HEHACBHIIIEHHOM CO-
crostiuu (cMm. boitt/IIIMyin, Dnekrponuka, 4. 3). Ilpu moaximodeHun JUoaa Mo
puc. 6.73 mpemorBpalllaeTcs HacChllleHHe TpaH3ucTopa. uon MoJKeH MMeTh
BeIcOKOe ObicTponeiicTBue. IloatoMmy mpuMmensiior muonasl Illorku (cMm. boiir,
DeKTpoHuKa, 4. 2). JIuons! IIoTky oTIMYaloTCS BBICOKMM OBICTPOIECMCTBHEM U
noporoBeiM Hanpsokenuem 0,35 B.

Tpansucrop Ha puc. 6.73 MOXeT MPOBOAUTH TOJIBKO [0 TeX IIop, noka U, He
ymager 1o 0,4 B. 3arem muon Ilorku npemoTBpaliaer gajbHeiilliee HaX0XIeHUE
TPaH3KUCTOPa B OTKPBITOM COCTOSTHMU. OH caM IIPOBOIUT B TIPSIMOM HaIlpaBJICHUM.
Or 6a3bl TOK TeYeT Yepe3 AUOI M ITepeXo KOJUIEKTOP-3MUTTEP K 3eMJie. DTOT TOK
yXe He TeueT yepe3 06a3y TPaH3UCTOpa M He CIIYXXUT JUIS €r0 YIpaBIeHHUs.

Havayio HachllleHWs TpaH3MCTOpa HaYMHaeTcA Toraa, Korma U, mamaer mo
sHavenus Uy, 1. e. mpu U, = 0,4 B TpaH3KCTOp yXe HaXOAUTCSA B HACHILIEHWUH,
HO He B I'TyOOKOM.

Huon IloTrku Ha puc. 6.73 Ha3bIBAETCS «aHTUHACHILIAIONIWMA TUON». TpaH3u-
crop ¢ nuonoM IlloTku HaswiBaercs Tpan3ucropoM Illotku. Ero yciosHoe 060-
3HayeHue IT0Ka3aHo Ha puc. 6.74. [luon npu 3TOM noapasymMeBaeTcs o yMoIya-
HUMIO, U €70 MOXHO He 0003Ha4yaThb Ha CXeMe.

IMpuHuunuansHasa cxemMa tunudHoro anemeHra TTJIII u3zobpaxeHa Ha
puc. 6.75. 910 sanement VI-HE B nonoXuTenbHO JOTHKE.

5—2114
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Puc. 6.73. TpaH3uCTOpHBIN KAaCKaa Ha AMOAE Puc. 6.74. YcnosHoe 0603HaYeHUE TPaH3UC-
MoTku. topa IloTku.

CpenHee BpeMs 3aIepXKH f, COCTaBIseT OT 2,5 10 3 HC, WIM IPUMEPHO
BIBOE MEHBIIE, YeM IS 3JIEMEHTOB IoaceMeiicTBa BHICOKOCKOPOCTHBIX TTJI.

Taxk xak Tpausucropsl IIloTku mpoBoasT cinabo, BEIXOAHON ypoBeHb L y HUX
BhIIIe, yeM y craHnapTHeix TTJI-snmemenToB. BeiencTBue 3Toro paspbiB MEXIy
ypoBHsiMu L u H MeHbllIe, YTO O3HAyYaeT yXyAUIEHHE CTaTUYECKOH MOMEXO-
YCTOMYMBOCTHU.

Jlornueckune anemeHTtbl nogcemencrea TTJILL xapaktepu3yioTcs O4eHb BbICO-
KM BbICTPOAENCTBMEM, MIOXOM NOMEXOYCTOMYMBOCTBLIO U BbICOKUM 3HEpronoTpet-
neHuemMm.

Onemenr U-HE (puc. 6.75) nmorpednsier mouraocth 20 MBT — BaBoe Gojib-
me, yeM anemeHT M-HE nmoncemeiictBa cranmaptabix TTJI.

Uy =+5B

|25 com |] 56
2,8 kOm 900 Om

oB

Puc. 6.75. Onement TTJII 74 S 00 (Texas Instruments).

6.6.6. TTJILLU ¢ noHuXeHHbIM 3HepronoTpebneHnem
(Low-Power TTJ1LL)

Onementsl noacemeiictea TTJII moTpeGisIOT MEHbIIIE SHEPTUM MPU YBEIMYEHUU
CONPOTHUBIIEHUI B TOKOBBIX KOHTYpax. MbI yxke orMedasu 10T 3¢ deKT mpu pac-
cMotpeHnu noxaceMeiictsa TTJI ¢ MOHDKEHHBIM SHepronoTpedneHueM (pasm. 6.6.3).
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Puc. 6.76. Dnement TTJIII 74 LS 00 (Texas Instruments).

IIpu yBenuueHUM COMPOTUBIIEHUI BpeMs 3apsaa-pa3psaaa eMKOCTEN TPaH3UCTO-
pa Bo3pacTaer u, cliegoBaTenbHo, ObicTpoaciicTeue TTIII ¢ moHMXEeHHBIM SHEp-
ronoTpebIeHNEM MOHMXKXAETCH.

Crpyxrypa TTJII ¢ moHMXeHHBIM SHEPIoNnoTpedIeHNEM COBITANAET CO CTPYK-
typoit o6bryHbIX TTJIII. Tonbpko conporusienus 6epyrcst 6onbine. Ha puc. 6.76
u3obpaxena cxema turmmuHoro TTJIII ¢ MOHMKEHHBIM 3HEPronoTpeGIeHueM.
Cpennee BpeMst 3aIEpXKHU f, cocTaBigeT 9,5 Hc, aHepronorpebaenue — 2 MBT.

Boictponencraue TT/IL ¢ noHwxeHHbIM 3HepronoTpebnernem v obbiunbix TT/ILL
npakTu4yeckn oanHakosbl. Npu aToM OHU noTpebnsioT ToNeko 1/5 sHeprun obbiy-
HbiX TTILL.

Henmoctarkom o6oux moacemeiicts TTJII, oGhIYHOro M ¢ NMOHUXEHHBIM
SHEProInoTpedIeHNEM, SBJISIETCS HMU3Kasd IOMEXOYCTOMYMBOCTD IO CPAaBHEHMIO
co craugaptHbiMu TTJI.

6.6.7. CpaBHuTenbHas oLeHKa JIOrM4ecknx 3/1eMeHTOB

WneaibHblil JTOrMYECKUA 3JIEMEHT JOJ/DKEH 00JIaJaTh OY€Hb BBHICOKUM OBICTPO-
JeiCTBMEM, IPYTUMU CJIOBaMU, CpelHee BpeMs 3aIepKKU JOJDKHO CTPEMUTHCS K
Hymo. Takke OH JIOJDKEH MOTPE0IATh MaJIO SHEPTUH M 00J1a1aTh BHICOKOM ITOMe-
XOYCTONYMBOCTBIO. DTH TPU CBOMCTBA SIBJISIOTCS B3aMMOMCKIIoYaomumMu. Ecim
CTPEMUTHCS K BBICOKOMY OBICTPOAEICTBUIO, TO IIPOUTPHIBAEIIIL B SHEPIOMIOTPES-
JICHMU U ITOMEXOYCTOMYMBOCTU. ECIM CTpeMUThCA K MaJOMy SHeprororpeoiie-
HHIO, TO MMPOUTPHIBACIIb B GBICTPONECTBUM.

IIpu BBIGOpEe MeXay OBICTPOAEICTBUEM, SHEPronoTpeGIeHUEM M ITOMEXO-
YCTOMYMBOCTHIO IIPUXOMUTCS UCKATh KoMIIpoMucc. CBOI KOMIIPOMMCC JIUISE KaX-
JIOTO KOHKPETHOTI'O CJIydYasi.

Ana kaxpgoro noacemeiictea TTJ1 6bin HallgeH KOMAPOMUCC MexXxay ObICTPOo-
OencTBMeM, aHepronoTpebneHemM n NnoMexoyCTOMYMBOCTbIO.

CxemorexHuka TTJI moCTOSSHHO COBEpPIIEHCTBYETCH. ITOSIBIASIOTCS HOBBIE
YIyYIIEHHBIE CXEMbI, B KOTOPBIX yHAeTCs €llle¢ HEMHOIO YMEHbIIUTh SHEPTOIO-
TpeGieHNe W YBEJIMYUTh OBICTPOJEHCTBUE MPU COXPAHEHHM BBICOKOM MOMEXO-
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6.7. OmummepHro-ceszannas nozuxa (DCJ)

YCTOWYHBOCTH. DTO CTAHOBUTCSI BO3MOXHBIM GJIarofapsi Iporpeccy B IIpoU3BoO/I-
CTBE MHTETPAIbHBIX MUKpOCXeM. B mociieqHee BpeMsl MOSIBUWINCH HOBBIE ITOJICE-
meiictBa TTJI: ynyumenusie TTJIII (Adwanced-Schottky-TTL) u yiay4dineHHbie
TTJIII ¢ noHmXeHHBIM 3HepromnoTpetienueM (Adwanced-Low-Power-Schottky-
TTL). HauGonee BaXHbIC ITapaMeTPhl IMOACEMENCTB MHTETPAIBHBIX MHUKPOCXEM
MPUBEIECHBI B CIIeAyIolieil Tabulie.

6.7. OMuUTTEepHO-cBA3aHHasa norunka (3CJ)

CxeMBI ceMeiicTBa SMUTTEPHO-CBSI3aHHOM JIOTMKM CO3IAIOTCsI Ha 6a3e GUITONAp-
HBIX TpaH3ucTOpoB. IIpu co3maHMM 3TOr0 CeMEMCTBa MpecIenoBalach Iiejb I0-
CTHXEHHS MAaKCHMMAaJbHO BO3MOXHOIro ObICTpoaeiicTBus. boibloe GricTpomeii-
CTBHE€ BO3MOXHO TOJIBKO IIPH MEPEKITIOUYEHUM TPAH3UCTOPa IO TOTr0, KaK OH BO¥i-
Ier B pexuM HacbimeHus (cM. boiir/IlIMyin, DiaekTpoHuka, 4. 3, pasm. 5.3).

Kaxercsi, HanGoJiee MpOCThIM pellleHHeM ObUIO OBl IIOCTPOUTD CXEMBI Ha Oase
NMPOCTHIX YCHIMTENE. B TakuX yCHJIMTENSIX TPAaH3UCTOPHl HUKOTAA He 3allepThl
IOJIHOCTHIO ¥ HUKOTA He IPOBOJSAT IIOJTHOCTHIO. IlepexinioueHue MexXmy cocTo-
STHUSIMM OTKPHBIT—3aKPHIT IIPOMCXOAUT Ype3BbIYaifHO OBICTPO. OTHAKO Y YCHIIH-
TeJeil Ha TPaH3HUCTOpax MHOTO IPOGJIeM C MOMEX0YCTONYMBOCTHIO. PazHu1a MeXIy
ypoBHaMHu L u H Majna, M cocTossHHE BBIXOa HecTaOwiabHO. [axe n3MeHeHUE
TeMIIepaTypbl MOXET ITOBJIMSATh HA BBIXOAHOI YPOBEHB, T. €. BHI3BaTh CaMOIIPO-
U3BOJIbHBIE nepexonsl ¢ L Ha H u Hao6oporT.

B muddepennmansaoM ycwmurene (cMm. boiit/IIIMym, DnekTtpoHuka, 4. 3,
pa3n. 3.7.2) BO3MOXHO 3ameperb OOAMH TPAH3UCTOP W VIpPaBIATh apyrum. s
YIPaBJIsIEMOrO TPAH3UCTOpa MMEET MECTO CHMJIbHas oOparHas CBA3b IO TOKY.
BcenencTBue 3Toro Majisie M3MEHEHHUSI TOKa 0a3bl YNpaBiIsgeMOro TpaH3MCTOpa
He BJIMAIOT Ha TOK KOJUIEKTOpa. BBIXOMHOM YpOBEHb OCTaeTCsi CTabMIeH, XOTA
VIIpaBJISIEMbI TPAH3UCTOP HE HAXOMMTCS B HACBHIIIEHHOM COCTOSTHUH.

PaccmotrpuM cxeMy Ha puc. 6.77. Ha Heit n3o0paxeHa IpUHITUITHAIbHAS
cxema muddeperimanbHoro ycuwauresns. K 6ase tpansucropa 7, MOCTOSAHHO NpH-
JIOXEHO HampspkeHue, Hanpumep +2,7 B. Jlomyctum, K 6ase 7, ToXe NPUIOXKEHO
HanpstxkeHue +2,7 B. O6a TpaH3uCTOpa OTKPHITHI, M II0 3SMUTTEPHOMY COIIPOTHUB-
JieHUIo R, TeyeT oGIIMIA SMUTTEPHBIA TOK MIPUMEPHO 2 MA.

o U, =+5B

+2,7B

(3aKpbiT)

0B

Puc. 6.77. IuddepeHunanbHbiii yCHANTEb.
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Ecnu Hanpsbkenue Ha 6ase T, craHOBHMTCA Bbilie yeM +2,7 B, To cocrapisg-
Iolas Toka smMurrepa or T, yBenmuuuBaercd. Ha R, yBennuuBaercs najgeHue Ha-
NPSDKEHMs], M TPAaH3UCTOP T, MOJDKEH 3aKPHIThCA.

Eciu x Gase T, mpwioxeHOo Hampspkenue 3,7 B, ToO TOK aMuUTTepa paBeH
npuMepHO 3 MA. ConpoTHBIeHHE R | TOJKHO GBITH TAKUM, YTOOBI HAIIPSDKEHUE
KojuieKTopa T, He ynajio CJIMIIKOM CAJBHO. T, MOXET IPOBOAUTD TOJIBKO 10 TeX
T1op, TI0Ka He NMPUONU3UTCA K HachleHuo. Tpausucrop T, sanupaercs, ¥ eMy
He HYXeH SMHUTTEPHBIN TOK.

K Brixonmy Z, 3ameproro Tpansucropa T, mpukiaasiBaerca +5 B. O1o Hanps-
XeHue BBICOKOro ypoBHs. K BeIXomy Z, 3a1epToro TpaH3MCTOpa NMPUIOKEHO Ha-
NpsDKeHMeE, TOMy4eHHOE B pe3yyibTaTe MaJeHMs HanpsoKeHWs Ha R, U Hampsike-
Hua U, mpoBoasuiero rpansucropa. OHo paBHO puMepHo 3,5 B u oTHOCHUTCS K
HUXXHEMY YPOBHIO.

Ecnn nanpsokenue 6a3pl 7, HEMHOIO NajaeT WIM HEMHOTO pacTeT (HaIpu-
Mep B quanasoHe 10,1 B), To ypoBHH Z, M Z, IpaKTUYECKU He MEHAIOTCA. OHM
ocraloTca crabunbHbiMM. Ecnu Hanpsoxenue Gasel 1, nagaer Huxe 2,7 B, 1o
MPOUCXOIUT «ONPOKUIBIBaHME». TpansucTop 7, HaYMHAET NPOBOAUTH U BBIHYX-
naeT TpaH3ucTop 7, 3aKpHIThbCA. BBIXON Z, CTAHOBMTCH BBICOKUM YPOBHEM, a
BeIXON Z, — Hu3KuM. KojuiekTopHoe compoTusieHue R ., TODKHO GBITh MOAO-
6paHo Tak, 4roObl T, HE BXOAM/ B COCTOSHUE HACHIIIEHU.

IMapannensHo ¢ TpaH3UCTOPOM 7, MOXHO BKJIIOYaTh APYTHMe€ TPaH3UCTOPHI
(puc. 6.78). Takoe mapajUieIbHOE COEAUHEHUE SIBIISIETCS SKBUBAJICHTOM IIPOBOJI-
Horo MJIN. I1pu nonoXuTeIbHOM JIOTMKE Ha BBIXOME Z, BBIITOJIHSAETCS ONepalus
WJIN-HE. Tak kak BbIxol Z, paboTaeT MHBEPCHO IO OTHOLIEHMIO K Z, TO Ha
HeM BbInoTHsieTcs: onepanust UJIN.

VpoBuu Hu L BbIXONOB Z, U Z, HE TOIATCA Ul YIIPABIEHUS MOC/IEA0BATE b~
HO BKJIIOYEHHBIMU JIOTMYECKUMMU djieMeHTaMU. [103TOMYy K KaxkIoMy U3 BBIXOIOB
MOJKIIOYAIOT SMUTTEPHBIN MOBTOPUTENb. 32 CYET STOTO IMPOMCXOIUT CMEIeHHUE
YPOBHS ¥ CTAHOBUTCSI BO3MOXHBIM YIIpaBjIeHUE OOJIbIINM KOJTHMYECTBOM IOCIIE-
JIOBaTeJIbHO BKJIIOYEHHBIX 3JIEMEHTOB.

TumnoBoe 3HaueHue KoaddureHTa pa3BeTBICHUS 10 BBIXOMY HAaXOOUTCS B
muanasode or 20 mo 30. Ha puc. 6.79 npencraBieHa NPUHUIMIIMAIbHAS CXeMa
anemenTa DCJI ¢ SMUTTEPHBIMM MOBTOPUTEISIMHM Ha BBIXOHAX.

PuKcUpOBaHHOE MOCTOSIHHOE OMOPHOE HalpsiXeHue Ui TpaHsucrtopa 7,
Ha cxeMe (puc. 6.77) MOXeT OBITh IOJIy4YEHO C IIOMOIIBIO NEJIUTENA HarpsKe-

Hug. B cxeme FYH 124 (puc. 6.80) ucmosib3yercss TOIMOTHUTEIBHBIM TpaH3UC-

o +U,
. ) R [T]R
Z|=AvaCf] ! ° !

o
Zy,=AvBvC
A B cb-t%

o 0B

Puc. 6.78. Cxema DCJl-anemeHTa. L
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[l] lj f‘] D Puc. 6.80. 9CJl-anemenr FYH 124
A B C D U;=-58B (Siemens).

TOP, KOTOPBI obecreynBaeT CTaOWIBHOCTh OMOPHOIrO HampsokeHusi. OmopHoe
HaIIpsDKeHUE OoIpenesisieT TaK Ha3bIBaeMblil MOPOr NMEePEKII0YSHUS.

H3srorosurenu DCJII-cxeM HCIIONB3YIOT Yallle BCEro OTpULATeIbHOE Hampsi-
xenue nuranusa —5,0 B. TTomoxurenpHBII MOMIOC MCTOYHUKA IMTMTAaHUS 3a3€MJIISI-
ercsa. na H- u L-ypoBHEN MONYYalOTCsS OTpHIATEIbHbIE 3HAYCHMS - HaIpsDKe-
Hudg. Iuanasonsl ypoBHeit cxemMbl FYH 124 mokasansl Ha puc. 6.81. Orpuna-
TeJbHOE HANpPSLKEHNE MUTAHUS YIIyYIIaeT IOMeX0yCTOMIMBOCTh. PasHULIa MeXTY
HanpsckeHusiMu L- u H-ypoBHeii cocranisieT Bcero okoiio 0,4 B. ITomexoycroii-
YUBOCTH BCJIEACTBHME 3TOro Majia. MI3roTOBUTEIM YKa3bIBAIOT B TAOIMIIAX JAHHBIX
cTaTuvecKylo momexoycroitunBocth 0,3 B. Bompoc momMexoycTONYMBOCTH pac-
CMOTpeH moApobHee B pasd. 6.4.5.

Oco6pM nipeumymiectBoM cxeM DCJI gBisiercst Xxopolee OBICTPOHEHCTBHE.
CpenHee BpeMsi 3aiepXKH 7, COCTABJISIET 2 HC. YIIy4yllleHHbIE TEXHOJIOTHM II03BO-
JIAI0T YMEHBLIUTb £, 10 1 HC. B HacTosAIIEee BpeMs pa3pabaThIBaeTCs TAKOE CyIep-
o6ricTponericTBylomee DCJI-mmogcemMeiicTBo.

Norvnueckne anemenTb! nogcemeictaea 3CJ1 Arna0TCA caMmbiMy BeICTPOAENCTBY -
IOWWMK NTIOFMYECKNMU SNIEMEHTaMN B HACTOSILLIEE BPEMS.




@6 Tnaea 6. Cemeiicmea cxem
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Puc. 6.81. YpoBuu HanpskeHus
9CJl-anementa FYH 124.

OyeHpb BBICOKHE CKOPOCTH MEPEKITIOYEHUS BBI3BIBAIOT IPOOJIEMBI C TIPOBOI-
Hukamu. IIpu ckopocTi 2 HC MBI 3aXOIMM B BEPXHIOIO MerarepiieByio 00J1acTh
(okono 250 MTI'LI). ITpoBoga aKTMBHO M3JIy4alOT B BHICOKOYACTOTHOM MIMAIa3o-
He, 4YTO NPUBOAUT K B3aMMHOMY BIIMSTHUIO PSIIOM IIPOJIOKEHHBIX IIPOBOHUKOB,
TO €CTh 3JICKTPOMAarHUuTHAsI SHEPTUsSl U3JTy4aeTCsl OT OTHOrO IIPOBOJHUKA K JIpy-
TOMY X Ha000poT. BpeMs nepekioye HusI JIOTHYECKOTo 9JIEMEHTA COITIOCTABUMO C
BpeMEHEM IPOXOXKIECHUS CUTHAJIA 110 TTPOBOAHUKY. Bo3HHUKaeT mmpobieMa 3JieK-
TPOMArHUTHOM COBMECTHMMOCTH U B COCIMHEHUSIX MEXIY OTHEIbHBIMU JIOTHYE-
CKMMHM 3jieMeHTaMu. IIpu pasBojiKe cxeM ClIedyeT TakKKe YUYUThIBaTh BOJIHOBBIE
CONPOTHUBIICHUS MPOBOIHMKOB (IOPOXEK Ha IUIaTe).

|
-4 |
|

Cxembl ¢ 3CJ1-anemeHTaMmn O0MKHBI PACCMAaTPUBATLCH KaK BbICOKOHACTOTHbLIE
CXEMBbI.

HeobxonuMo IpuUMeHATh 3KpaHupoBaHue. Eciu HeoOXOmUMO NMpPUMEHSITh
JUIMHHBIE TIPOBOJA, TO OHU TOJIXKHBI OBITh KOoakKCHaIbHBIMU. LlenecoobpasHo
IPUMEHATH TIPH MOHTaXe CXeMbl BBICOKOUHTETPAIbHBIE MUKPOCXEMBI C BBICO-
KOl IVIOTHOCTBIO 3JIeMeHTOB. JIOpOXKHU Ha TuIaTax MeXIy MUKPOCXeMaMHM JTOJIX-
HBI GBITh KaK MOXHO KOpoOYe.

B mo6om paboueM pexxume B DCJI-a1eMeHTax Bceraa OTKPHITHI MHOTO TPaH-
3MCTOPOB, MOTPEOJISIONINX COOTBETCTBYIOLME TOKH.

AnemeHTol 3CJ1-nogcemMencTea OTANMYAIOTCS BBICOKUM 3HepronoTpelbneHmnem.

Kaxnaplit aneMeHT rmorpeoister mpuMepso 60 MBT. Do B 11ecTh pa3 Goblile,
yeM y cTaHgaptHbix TTJI-aneMmeHTOB. B ciemyroleit Tabiauile MpUBeIeHbl BaX-
Helue napameTpbl DCJI-371eMeHTOB:

Cxewmsl noacemeiictea DCJ1

Hanpsixenue nuTaHus —5B
DHepronotpebieHue (Ha BEHTIIb) 60 MBT
BricTpoaeiicTBue 0,5 HC
Makxkc. yacToTa nepeKioyeHus 1ITx
TunugHeIA 3a30p MEXAY YPOBHIMU 0,3B

BCJI-a51eMeHTHI MTPUMEHSIIOTCS B TAKMX CXEMaXx, Ilie BhICOKast paboyasi CKOpoCTh
MMeeT aGCONIOTHRINM MpuopuTeT. Hapsmy ¢ HEMHOTUMM MPUKJIATHBIMU OOJIACTIMU
MPOMBINUIEHHBIX CUCTEM YIIPABIIEHHUS 3TO IPEXIe BCETO BOCHHBIE TEXHOJIOTUM.
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6.8. Jlornyeckne anemeHTbl Ha MOT1-TpaH3ncTopax

CeMeiicTBO JTormyeckux 3jeMeHToB Ha MOII-Tpan3ucTopax cocTOUT U3 moJje-
Boix MOII-Tpan3ucropoB. Ilonessie MOII-TpaH3UCTOPHI MOYTH HE HYXKIAIOT-
cs B TOKe ynpaBiieHHss. OHH UMEIOT MaJibie TaOapUTHI ¥ OTHOCUTENIHLHO IIPOCTHI
B M3rOTOBJICHHMH. BO3MOXHO MPOU3BOJACTBO B BUAE MHTEIPAIBHBIX MUKPOCXEM
¢ BBICOKOI 1toTHOCTHIO. K HegocTarkaM MOII-TpaH3UCTOPOB OTHOCUTCS O0JIb-
1oe BpeMs TEPEKIIOYeHHs H3-3a OOJIBIIMX BXOIHBIX €MKOCTEH TpaH3MCTOpa
(3aTBOP-HMCTOK).

6.8.1. OnacHOCTb CTaTM4ECKOro 3J1IeKTPUYECTBa

ITonesbie MOII-TpaH3MCTOPHl BOCIPUMMYMBEL K CTaTHYECKHM pa3psiiaM (CM.
boiit, DnekTpoHuka 4. 2, pasa. 8.2). OnmacHOCTh BHIXOJIa U3 CTPOSI O IpUIUHE
pas3psaIa CTaTMYECKOTo 3JIeKTPUUYECTBa CYIIECTBYET BOOOIIE ISt BCeX MHTEeTpallb-
HBIX MHKPOCXEM.

Mpu pabote ¢ MOM-MUKPOCXEMaMK HYXHO NPUHMMATbL 0COOEHHbIE Mepbl Npe-
OOCTOPOXHOCTY NPOTUE CTAaTUYECKMX PaspPAnoB.

K MepaM mnpeaocTOpOXHOCTH OTHOCHUTCS 3JIEKTPOIPOBOISIIEE HANOJbHOE
TMOKPHITHE B IIOMEIIEHUSX, TAe paboTaloT ¢ MuUKpocxeMaMu. Kaxnpiii pabounii
CTOJI IOJDKEH OBITH 00OpPYIOBaH 3a3eMJICHHOM TuTacTUHOM. [lepcoHal He NoKeH
HOCHTh OJEXKIy W3 CHHTETHKM, Hampumep HeiyloHa. llemecooGpa3Ho HocuTh
DJIEKTPUYECKM IIPOBOISIINYIO, 3a3eMJIICHHYIO Uepe3 THOKUIl IIPOBOI MaHXETY.

CrnenyiollM OITACHBIM 3BEHOM sIBJIsIeTCS maiika. IlepexomHoe cOnmpoTHUBIe-
HHUE NMasuIbHUKA MEXIY XXKaJOM M HarpeBaTeJIbHBIM 3JIEMEHTOM COCTaBJISIET IIPH-
MepHO 100 KOM. DTO CONPOTUBIEHHUE KAXETCS HOCTATOYHO OOJBIIUM, OTHAKO
OHO OYEHb MAJIO IO CPaBHEHMHIO C COIIPOTUBJICHUSIMUA MEXIY YIIPABJISIIOLIUM 3JIeK-
TPOIOM U IomIoxkKoi rmojieBoro MOII-Tpan3ucTopa. B massibHUKe MOXeET Ha-
KaIIMBaThCsl 3apsiyi, KOTOphie criocobeH nmoBpeautb MOII-Mukpocxemy.

Lina mMoHTaxa v aemoHTaxa MOTT-mukpocxem cnefyeT UCNoNbL30BaTk 0COBeH-
Hble 6e30nacHbie NasIbHUKA 1 NasAbHbIE BaHHbI.

MOII-MUKpocXeMBbI, KOTOpbI€ IMOABEPIJIMCH BO3AEHCTBUIO BBICOKUX HaIpPsi-
KEHMIA, HO MPOAOJIKAIOT Ha MEPBBIN B3MJISIA HOPMaJIbHO paboTaTh, ¢ OOJBIION
BEPOSITHOCTHI0O MMEIOT BHYTPEHHHE TOBpeXIeHMs. Takoil BHUA MOBPEXIECHUIMA
Ha3bIBAIOT «CTPECC IOJIYNPOBOIHUKA». BCieICTBHE TAKOrO CTpecca CHIDKAETCS
CPOK CJIYXOBI TOJIYTIPOBOJTHUKOBBIX 3JIEMEHTOB M ITOBHILIACTCS WHTEHCUBHOCTH
0TKa30B. UTO mpou30MIeT MpU CTpecce MNOJIYIPOBOIHUKA BHYTPH KpHCTaJLIa
MUKPOCXEMBI — Ipeacka3arb HEBO3MOXHO.

6.8.2. Jlornyeckne aneMeHTbl Ha p-KaHasbHbIX
MOIr-TpaH3ucTtopax (pMOIM)

Jlornueckmue amemeHTHl pMOII-nogceMeiicTBa CTposiTCS Ha 6ase camoszamupa-
ommxcsa p-kaHabHbIX MOII-Tpan3ucropoB. Cxema nmpocroro pMOII-3nemenTa
mokKa3aHa Ha puc. 6.82. Ha Brixome Z npucCyTCTByeT ypoBeHb L, €CiI IT0 KpaitHeit
Mepe OIWH M3 TPaH3UCTOPOB 3amnepT. Ha Beixoge Z npucyTcTByeT ypoBeHb H, eciu
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Puc. 6.83. Pa- — P
Puc. 6.82. IIpocroit pMOII-2se- 6oyas Tabau- F—
meHt (W/IU-HE npu nonoxu- 11a K CXeMe Ha B T
TE/IbHO JIOTUKE). puc. 6.82. 3

Ha Bxomax A u B neiicTByeT ypoBeHb L, T. €. 00a TpaH- Puc. 6.84. Tunosas cxema
3ucTOpa OTKPHITH. COOTBETCTBYIOIIAsE paGodast Tab- pMOIl-anementa (WIN-HE
JIML@A TIpeJcTaBlIeHa Ha puc. 6.83. B IIO3UTHBHOI Jlo- MPY NOJOXUTENLHON JIOTHKe).
ruKe gaHHas cxema npeacrasisieT anemeHT NI -HE.

H3roroBiieHye COIMPOTUBIEHNS R B KpHCTAJUIE MOIYIIPOBOTHUKA TPEOYeT TOMOJI-
HUTEJIbHBIX yermuii. [TosToMy conporuriieHre R 3aMEHSTIOT ITOJIEBHIM TPAaH3UCTOPOM
¢ ocoObMU cBoiicTBamMu. TumnuyHast cxema pMOII-a5meMenTa rmokasaHa Ha puc. 6.84.

Paccmorpum TpaHsucTop 7, KOTOpPBIM 3aMEHSET Harpy304HOE CONPOTUBIIE-
Hue R. Ero 3aTBop (YNpaBisSIONIMI 3JIEKTPOI) NMPUCOEANHEH K UCTOYHUKY Ha-
npspxeHus nutanud. Ecim o6a xmova-tpansucropa 7, U T, OTKPBITHI, HalpsDKe-
Hue Ha ctoke T, U, cieoBaTe/ibHO, Ha Beixofe Z — npuMepHo —1 B. Tpansuc-
Top T, Taxxe oTkphIT (U, .= —11 B). Bo3HUKaeT OITaCHOCTh IPOTEKAHUS CIIUIIIKOM
GOJIBIIIOrO TOKA, M BCJICMCTBHE 3TOTO YpE3MEPHO BHICOKOE HAIIPSDKEHME BhIXOna Z.
YT06BI 3TO0 HE MPOUCXOMWIIO, TPAH3UCTOP T, MPOU3BOIMTCH TAKUM 00Opa3oM, YTo-
GBI COIPOTUBIICHIE KaHajla B IIPOBOASIIEM COCTOSIHUM He nagano Hke 100 kOm.
Tpansucropsl T, u T, IMEIOT CONMPOTHUBIIEHNU KaHajla OT nmpuMepHo 1 mo 2 kOm
B OTKPBITOM COCTOSIHUM. B 3aKpBITOM COCTOSHMH CONpPOTHBIEHHME KaHana T,
MeHbLIe conpoTuBieHuit kaHanos T, u T,. B tpansucrope 7, OHO paBHO NpH-
MepHo 1 MOwMm, B T, u T, — npumepno 10 MOM. Eciu tpansucropsl 7, u T,
3aIepThl, WM XOTsI Obl OOUH M3 HUX 3aIlepT, Ha BBIXOAE Z MEeNCTBYET HaIlpsKe-
Hue npuMepHo —11 B, T. e. HanpsokeHue L-ypoBHS.

PMOII-3nemeHnT Ha puc. 6.85 MPOM3BOINT NMPU IOJIOXMUTEIHHOI JIOTHUKE OIle-
pamuo U-HE. Ecin Ha Bxone A unu B neiictByet ypoBeHb L (Hanpumep —11 B),
TO BhIXOH Z Oynetr umerh H-ypoBeHsb (—1 B). To xe camoe mpoucXoouT, eciiyu Ha
o6oux Bxoaax neiicTByeT ypoBeHb L. ToJIbKO eciiu Ha 000X BXOAAX MPUCYTCTBY-
er H-ypoBeHb, U, CJIEI0OBATENbHO, HM OOUH U3 TpaH3ucTopoB T, u T, He IPOBO-
our, Z ocraeTcs Ha ypoHe L (puc. 6.86).

Ha puc. 6.87 npencrasnena cxema pMOII-anemenra HE. Tpausucrop 7,
3aMeHsieT Harpy3o4yHoe comporusieHue. Tpansuctop 7, paGoraeT B KauyecTBe
KJII0Ya. YpOBeHb BBIXO/a BCETIa IPOTUBOIIOJIOXEH YPOBHIO BXOIa.

Cxemnl Ha pMOII-35eMeHTax OTPeOIISIIoT Majio SHepruu. Hanpsokenue mu-
TaHUS MOXET Kojiebarbcss B OonblloM auanasoHe (or —9 B mo —20 B). Yem
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Puc. 6.85. Tunosas cxema pMOIl-3nemenTa Puc. 6.86. PaGouas Tabnvua K cxeme Ha puc. 6.85.
(-HE npu nonoxXuTeabHOM JOTUKE).

BBIIII€ BBIOMpaeTCsl HANpsDKEHUE IMUTaHus, TeM OoJiblie OyIeT cTaTM4ecKasl Io-
MeXOyCTOMYUBOCTb, TaK KaK C PaCTyIIM HAIPSDKCHUEM ITUTaHUS HHTEPBAJI MEXITY
L- u H-ypoBHAMHM yBequmuyuBaeTcs. JIuamasoHbl ypOBHS IS HAIPSDKEHUS TIUTa-
HusA —12 B uzobGpaxeHsl Ha puc. 6.88.

I'paHuYHBIE 3HAYE€HUSI ¥ OCHOBHBIE ITApaMeTPHI IIPUBOIATCS B TaOIMIAX IIPO-
u3BoauTeleil. TeXHOJIOTMM M3rOTOBJICHUS IOCTOSIHHO coBepuieHCTBYIOTCS. Co-
OTBETCTBEHHO OOHOBJISIIOTCSI Ml TTapaMeTPBhI.

B cnenyrormeii TaGnuile NpUBeNeHB BaxHeiilnue xapakrepuctuku pMOII-
3JIEMEHTOB:

Cxemsl noacemeiictea pMOIT

Hanpsixexnue nutaHus —12 B (ot —9 no —20 B)

Duepronorpebienue (Ha BeHTUAL) 6 MBT (Iipu BeIXOAHOM ypoBHE H)
0 MBt (npu BeIXOAHOM ypOBHE L)

BricTponeiicTBue 40 HC
MakcuMaibHas 4acToTa 10 MI'g
NnepeK1IoYeHIs
TUnUYHBIA 3a30p MEXAY 5B
YPOBHSIMU
U,=-128B ui BxoaHoii BbixoaHo#
B YPOBEHb YpPOBEHb
s +0.3 B
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Puc. 6.88. [Inanasons! Hanpsoxkenuit pMOI1-
Puc. 6.87. Cxema pMOII-anementa HE. anementos (U, = —12 B).
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PMOT-anemeHTbl paboTalnT MeaneHHo, HO yocTonuneo. OHU HYXA3ITCS B A0-
cTato4yHo HonbLIOM HanpaxeHnm nuTaHng.

PMOITI-351eMeHTH MPUMEHSIIOTCSI B TAKUX CXeMaX, Ie BHICOKasA paboyast CKo-
poCTh He HyXHa. VIHTerpajibHble MHKPOCXeMbl MOTYT BBIIOJHSTHCSA C OONBINOI
IDIOTHOCTBIO. Briarogapst mpocToil TEXHOJIOTHH U3TOTOBJICHHST BO3MOXKHO IIPOMBIIII-
JIEHHOE IPOM3BOJCTBO HEGOJBIIMX MAPTHI IOI KOHKPETHRIE 3a1a4yy MO 3aKasy.

6.8.3. Jlornyeckune anemMeHTbl Ha N-KaHasnbHbIX
MOM-TpaH3uncTopax (NMOIM)

Jloruueckue snementsr pMOII-niogcemeiicTBa crpositcst Ha Gaze caMo3anupa-
ouxcs n-KaHaTbHBIX MOII-Tpan3ucTopoB. IIpuMeHSIOT APYryi0 TEXHOJIOTHUIO
HM3TOTOBJIEHMS, KOTOpasi ITO3BOJISIET JOOUTHCS ellle OoJIblIeil IIOTHOCTH YIIaKOB-
K4, yeM y pMOII-351eMeHTOB. DTO CTAHOBUTCSI BO3MOXHBIM Ojlarogapsi 3Hauu-
TEJbHO MEHBIINM CONPOTHBJICHUSM KaHaloB. VX 3HauyeHUE COCTaBISeT IpU-
MEpHO TPeTh OT 3HaYeHMil conpoTuBieHuil KaHaioB pMOII-aneMeHTOB. MeHb-
11ee CONPOTUBJICHHE KAaHAJIOB M MEHBIIINE BXOMHBIE EMKOCTH B MUKPOCTPYKTYpe
TPaH3UCTOPOB MPHUBOMST K ITOBHIIECHUIO OBICTPOINEICTBUS.

NMOM-anemeHTs padoTalnT NPUMEPHO Tak Xe BLICTPO, Kak cTaHpapTHee TTJ1-
anemeHThl. Ux BoicTpoaeincTene coctasnaeT nopsiaka 10 He.

Memnblliee CONMPOTUBRIICHUE KAHAJIOB ITO3BOJISIET CHU3UTDH HAIIpsDKEHUE ITUTa-
HUs 0o 5 B. Pro menaer BO3BMOXHBIM COBMECTHOE Mcrogb3oBanue nMOII-ane-
MeHTOB U TTJI-351eMenTOB. Ha TexXHUYeCKOM sI3bIKE T'OBOPSIT, YTO OHM COBMEC-
THUMEBI.

NMOM-anemMmeHTHl coBMecTuMbl ¢ TTJ1-anemeHTamn.

Cxembl nMOII-371eMEHTOB aHAJTOTHYHH 110 CTPyKType cxemMaM pMOII-3ne-
MEHTOB, TOJbKO IpUMeHsIoTcs n-KaHaibHble MOII noneBble TpaHsuctopel. Ha
puc. 6.89 npuBeneHs! ABe TUMMMYHBIE cxeMBI. JleBasi cxeMa MPOU3BOAMT NPHU IO-
JoxuTesbHo noruke onepanmio -HE, npaBast — oneparuio UJIM-HE. Coot-
BETCTBYIOLIME AUAIIa30Hbl YPOBHEN NMOKa3aHbI Ha puc. 6.90.

B cnenyiomieii TaGnune npuBeaeHbl BaxHeimme mapamerpsl nMOII-sme-
MEHTOB:

CxeMmsbl noacemeiicrea nMOII

HanpsxeHue nutaHus +5B

Buepronorpednenue (Ha BeHTWIb) 2 MBT (npu BerxonHOM ypoBHe L )
0 MBT (npu BEIXOAHOM ypOoBHE H)

BricTpoaeiicTBye 5 HC
MakcuMasibHast 4acToTa 80 MTI'nr
NepeKII0YCHU

TUNUYHEIA 3a30p MEXLY =2 B

YPOBHAMU
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Puc. 6.89. NMOI1-31eMeHTHI.

BxoaHoit BuixoaHoi
YPOBEHb YPOBEHL
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2 2,28

OT/enbHbIE TOTHYECKUE DJIEMEHTHI B BUIE MHTETPATBHBIX MUKPOCXEM CETO/I-
HS IPAKTUYECKU HE IMPOM3BOIATCA B n-KaHanbHOit MOII-texHonoruu. B Bune
WHTErPAJIBHBIX MUKPOCXEM IPOM3BOMIAT II€JIble BRIYUCIIUTEIbHbIE CUCTEMBI, Ha-
MpUMep YMHOXHWTENIM, KOAMPOBIIMKMA, cUeTYuKHU. IIpousBoacTBO Gojiee KpyIl-
HBIX UHTETPAIbHBIX MUKPOCXEM SIBJISIETCS OCOOEHHO BHITOAHO C 3KOHOMUYECKOM
TOYKHU 3pEHUS.

Puc. 6.90. /luana3oHbl HanpsxXeHus
nMOIl-3nemenTOB prc. 6.89.

6.8.4. Jlornyeckue anemeHTtbl Ha KMOTI1-TpaH3ucTopax

Cokpanienne KMOII o3Hnavaer «komruieMeHTapHbiii MOII-tpan3uctop». Tak-
Xe MHorma ucmojb3yercsa cokpamenne COSMOS, kxoTtopoe 0603HaYaeT «KOMII-
JeMeHTapHass cumMeTpuuyHas MOII-cTpykrypa». Jlormdeckue 3JI€MEHTHl 3TOTO
TojiceMeiicTBa CTPOSATCS KaK Ha n-KaHajabHbIXx MOII-moneBBIX TpaH3UCTOpax,
TaK ¥ Ha p-KaHajabHBIX MOII-1oneBbix TpaH3ucTopax. CXxeMbl 3TOro noaceMen-
CTBa XapaKTepU3ylOTCsS APKO BBIpaXXeHHOU cuMmmerpueii. IIpu paspaboTke cxeM
NPUMEHSIOT TOJIBKO camo3anupampiiuecss MOTI-Tpan3uctopsl (cM. boiit, Dnek-
TPOHMKA, 4. 2, pa3d. 8.2, MOII-ntojeBbIe TPAaH3UCTOPHI).

CHMMETPUYHOCTh CXeM BHMJIHA 0COO€HHO Xopolno B cxeMe 3nemMeHTa HE
(puc. 6.91). Eciu Ha Bxone A neiictByer H-ypoBeHb, HanpuMmep +5 B, To TpaH-
sucrop T, ornupaercsi. Ha ero ucroke u nomnoxke 0 B. HanpsoxeHue 3atBop-
ucrok U, cocrapnsier +5 B. K uCTOKY u momioxke TpaH3ucTopa 1, MpUIOKEHBI
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Puc. 6.91. Cxema KMOII HE-3nemenra. Puc. 6.92. [lpuuuun aeiicreus KMOI1 HE-

3JIEMECHTA.

+5 B. Ecnu x ympasisgiomeMy 3JIEKTpPOIy TakKxXe IpUKiIagbiBalorcs: +5 B, To
HanpsoxkeHue 3aTBop-ucToK U, = 0 B. Tpansucrop 7, 3anepr. Ecnu 7, 3anepr, a
T, OTKpHIT, TO BBIXOM 3JIEMEeHTa Z UMeeT ypoBeHb L (puc. 6.92).

Ecnu na Bxoze A neiictByer L-yposeHs 0 B, To Tpansuctop 7, 3anmpaercsd u
HanpspkeHue 3arBop-ucToK U, coctapisier 0 B. HanpsbkeHue 3aTBOp-MCTOK TpaH-
sucropa T, U, = —5 B, TaKk Kak HamnpsokeHue ucroka +5 B, a sarBopa 0 B.
Tpansucrop T, otnupaerca. Eciu T, oTKpHIT, a T, 3amepT, BHIXO 3JIEeMEHTa Z

uMeeT ypoBeHb H.

B KMOIN-HE-anemeHTe BCeraa oaMH TPaH3UCTOP OTKPLIT, a ApYyron 3anepT.

Ecnu Ha Beixome aneMmeHta HE nmeiicTtByeT ypoBeHb 0, TO 3JIeMEHT MpaKTH-
4eCKM He IOTpebNsdeT TOK, Tak Kak T, samepr. Eciu Ha Beixome anementa HE
JIEeUCTBYeT ypoBeHb H, TO 3JIeMEHT TaKKe IMPaKTUIeCKH He IOTpeOIsieT TOK, TaK
Kak tenepb 7T, 3aneprt. [ ynpapiaeHus: Mocaeq0BareIbHO BKIIOYEHHBIMU 3Jie-
MEHTaMH TaKxXe He TpeOyeTcs TOK, TaK KaK ITOJIeBbIe TPAH3UCTOPHI IIPAKTHYECKU
He ITOTPEOJISAIOT MOIMHOCTh. TOJNBKO BO BpeMsS IIEPEKIIOYEHUSI OT MCTOYHMKA
MMUTaHUs TOTpeOsAeTcss HeOOJBINOM TOK, TaK KaK 00a TpaH3HUCTOpa OJTHOBpE-
MEHHO, HO HeJIOJIT0 OTKPHIThl. OMUH M3 TPAH3UCTOPOB MEPEXOIUT U3 OTKPHITOTO
COCTOSIHMISL B 3aIIepTO€ M €llle He IIOJTHOCTHIO 3allepT, a NPYyrol — M3 3alepToro B
OTKPBITOE U €Ille He ITOJTHOCThIO OTKPHIT. Takke MOJDKHBI Tepe3apsiIUuThCsl TPaH-
3UCTOPHBIE €MKOCTH.

Bce KMOII-351eMeHTH YCTPOEHHI TaK, YTO B TOKOBOM BETBH OIWH TPaH3MC-
TOP 3aKpHIT, a IPYTOi OTKPHIT. DHepromnorpedienne KMOII-aneMeHTOB KpaitHe
HU3K0. OHO 3aBUCUT B OCHOBHOM OT KOJIMYECTBA NEPEKITIOUCHUN B CEKYHIY WIU
YaCTOTHI MEePEKITIOYEHUS.

KMOT-3neMeHTbl OTIMYAI0TCA MansiM 3HepronoTpebneHrem.

Ha puc. 6.93 uso6paxena ciemywomas tumuayHass KMOII-cxema. Eciu Ha
06oux BXojax AEHCTBYET YpOBEHb L, TO TpaH3ucTOphl 1, U T, OGyayT OTKPBITHI,
tpansuctopsl T, u T, saneptel. T, u T, nipu 0 B Ha A u Bumeror U= — 5B, a
T, n T, umeror U, = 0 B. Ha Brixone Z neiicTByer ypoBeHb H.

Ecnu Ha Bxone A neiicrByer ypoBeHb H (+5 B), a Ha Bxone B-yposeHns L (0 B),
to T,3aKkpbiBaercs, a T, orkpbiBaeTcsl. IIyTh OT MCTOYHUKA NMUTAHMS K BHIXOLY Z
GJIOKMPOBaH 3alepPTHIM TPAH3UCTOPOM. OTHOBPEMEHHO OTIMPAETCs TPAaH3KUCTOP T,
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Puc. 6.93. Cxema KMOII UJIU- +Ug
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Puc. 6.94. Pabouas Tabnuua cxeMsl puc. 6.93.

u Ha Bhixone Z aevictByer npuMepHo 0 B, To ects yposens L. T, 3anepr. Z Bce-
ria uMeeT ypoBeHb L, eciiM mo KpaiHeli Mepe Ha OJXHOM BXoje IelCTBYeT
ypoBenb H. CoortBercTByolas cxeMme (puc. 6.93) paGouasg taGiuua npen-
cTaBjieHa Ha puc. 6.94. CxemMa MpOU3BOIUT IIPH I10JIOXUTEIBHOM JIOTUKE OIle-
pauuio MJIN-HE.

Kakyro jjorudeckyio oIepanuio IIpoM3BOIMT cxeMa Ha puc. 6.95? Ilpexie Bce-
ro U1 CXeMbI JOJIXKHA OBITh COCTaBJieHa paboyas Tabnauia. Ecian Ha o6oux Bxomax
neiictByioT L-yposHu (0 B), To Tpansucropsr T, n T, otkpeiBaiorcs (U, = —5 B).
Tpansucropst T, u T, 3akpeiBalores (U, = 0 B). Ha Beixome H-ypoBeHb.

Ecin na obounx Bxonax neiicrByior H-yposHu (+5 B), To Tpansucrops T, u
T, otkpbiBalorcs, a Tpansucropsl T, m T, 3akpeiBarorcsa. Ha Beixone Z Gymer
neiicTBOBaTh L-ypOBEHb.

Ecnu Ha onuH BXxox npwioxeH H-ypoBeHb, a Ha apyroit — L-ypoBeHb, TO
OIMH U3 BEPXHMX TPAH3UCTOPOB Ha puc. 6.95 (T, wmu T,) orkpriBaercs. Onun
u3 HuxHux (T, wnu T,) 3anupaercsa. Yepes OTKPBIThIE TPAH3MCTOPBI K BBIXOMY
Oynet mpukianbiBarbcst H-ypoenn. Ha puc. 6.96 npeacraBieHa COOTBETCTBY-
onas Tabiuia UICTUHHOCTH. CxeMa BBITIOJIHAET MPU TMOJIOKUTEIBHOU JIOTUKe
dbyukumo U-HE.

+U Puc. 6.95. Cxema KMOI1 U-HE-
3jeMeHTa (NpPU NOJOXUTEJbHON

P _l P JIOTHKE).

Puc. 6.96. PaGouyas tabauia cxeMsl Ha puc. 6.95.
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Puc. 6.97. [IpunnunuansHas cxema nepeaa- Puc. 6.98. Pa6oyas Tabauna nepesaTtoyHoOro
TOYHOIO JIOTUYECKOrO 3J1EMEHTA. JIOrMYECKOTIO 3/1EMEHTA.

KMOIM-anemMeHTbl Npou3BOASTCH B OCHOBHOM B BUAe anemeHToB U-HE v WITN-HE.

Oco6riM 31eMenToM mojceMeiictBa KMOII saBigercs mepenarodHblii 3Jie-
MeHT. OH COCTOMT M3 IIapaJUIeIbHOTO BKIIIOYEHHBIX n-KaHaibHOro MOII-Tpan-
3ucropa U p-kKaHajabHoro MOII-tpan3ucropa (puc. 6.97).

MepepaTtouHblit anemeHT paboTaeT Kak nepexksoyaTeb.

Ecnu x G, 6yner npuwioxeH yposeHs H (Hanpumep +5 B) u K G, — yposens L
(0 B), To o6a TpaH3ucropa 3amuparTcs. B p-xaHagpHoM MOII-Tpan3ucTope
MEXIY YIPaBIISIONIMM 3JIEKTPOIOM U IOMIOXKKOM NMPIIoXeHo HanpsekeHue 0 B.
OO0pa3zoBaHue ITPOBOISAIIETO KaHajla MEXIY MCTOKOM M CTOKOM CTAaHOBHUTCSI He-
BO3MOXHBIM. Takxe U B n-KaHaibHOM MOII-Tpan3ucTope MexXITy YIIpaBIsSiOIuM
9JIEKTPOJIOM U MOUTOXKOM npuitoxeHo HanpsokeHue 0 B. 3nech Takke HE MOXET
BO3HHUKHYTH HPOBOAALINI KaHai. COIIPOTHBIEHUE MEXIY TOUYKaMH A U Z IOCTH-
raeT HeCKOJbKNX coTeH MOM.

Eciu Ha G, neiictByet ypoBeHs L (0 B), a Ha G, — yposens H (+5 B), To
HaIpsDKeHHe 3aTBopa p-KaHaibHOro MOII-TpaH3uCcTOpa OTHOCUTENBHO MOJI-
noxku oymer —5 B. Hanpstxenue 3aTtBopa n-KaHajgbHoro MOII-TpaH3ucTopa
oTHOCUTEJIbHO momIoXKu +5 B. TIpu sTux HanpspkeHUsIX o6pas3yloTcs MpoBo-
Jsyie KaHaJIbl MeXIy UCTOKOM M cToKoM. KaHan mexny A u Z OymaeT HU3KO-
oMHBIM (ripumMepHO oT 200 OM mo 400 OMm). PaGoyas TaGiauiia npeacraBjieHa Ha
puc. 6.98.

Yposuu Ha Bxogax G, u G, Bcerjia IpUKJIaabIBalOTCs B IpotuBodase. Yrpas-
JIeHHe MOXeT MPOUCXOIMUTh ¢ momolbio aneMenTa HE (puc. 6.99). ITonydaercs
JByHAITpaBJICHHBIA KJII0Y. Y IMOJIEBBIX TPAaH3HCTOPOB IIE€PEIAaTOYHOIO 3JIEMEHTA
HCTOK M CTOK MOTYT B3aUMHO MEHSTh CBOM GyHKIM. I[To3TOMY BHIBOJ 3aTBOpa
0003HaYaeTcsA B CepeArHe ero yCiaoBHOM umHuu (puc. 6.99).

HMurerpupoBanasie KMOII-MuKpocxeMbl Bcerga coiepXar MHOXECTBO JIO-
TMYECKUX 3JIEMEHTOB, KOTOPbIE MOTYT OBITh UCTIOJIb30BAaHBI IO OTAEIBHOCTU WIIH
KaK eInHas CiIoXHas Jjornyeckass ¢dyHkuusa. Ha puc. 6.100 mokazaHa cTpyKTypa
cxeMbl CD 4000 A. Dta cxema comepxur asa aneMenta UJIM-HE ¢ tpems Bxo-
mamu Kaxnblii 1 ajeMeHT HE. Cxema CD 4012 A (puc. 6.101) comepXuT 1Ba
anemenTa M-HE ¢ 4eThIpbMs BXOJAMM KaXKIbIii.

WurerpanbHble cxeMbl apuhMeTHYeCKUX JIOTHYECKHX YCTPOMCTB comepXkar
ouyeHp MHOro KMOII-3nemenroB. Ha puc. 6.102 npuBegena cxema 4-GUTHOTrO
CIOBUTAIOLIETO PErucTpa. Dra cXxeMa pacCMOTpeHa IMOAPOOHO B II. 8.
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Puc. 6.99. [lepesaTouHsrii noruye- Puc. 6.100. KMOII-muxpocxema
CKHIA 3JIEMEHT C YIPaB/IAIOLIMM 3Jie- CD 4000 A (RCA).
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Puc. 6.101. KMOII-mukpocxema CD 4012 A (RCA).
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Puc. 6.102. Cxema KMOII-4-6utHoro casurosoro peructpa CD 4015 A (RCA).

Muxkpocxema CD 4008 A sBnsercst 4-OMTHBIM IOJTHBIM cyMMartopoM. ITon-
HbIE CYMMAaTOpPhl paccMaTpuBaoTcs ImoapobHo B r1. 10. Cxema npuBeneHa 31€Ch
kak npuMep KMOII-cxemorexuuku (puc. 6.103).

WHTerpanbHblie Mukpocxembl B KMOIM-ucnonHeHnn MoryT npousBoanTbCs C OYEHb
6ONbLUOK MIOTHOCTBIO SEMEHTOB.

MoxHo CXEMY LICJIOr0 KaJIbKYyJiATOpa YMECCTUTD B OJTHOM MUKPOCXEME. Z[aJII:-
Helinee COBEPIICHCTBOBAHUEC TEXHOJIOTUI BeJeT K ITOBBIIIEHUIO BO3MOXHOM
INIOTHOCTH KOMITOHOBKH.

HanpsibxkeHne nutanmns KMOIM-aneMmeHToB MOXeT KonebaTbCs B LUMPOKOM aua-
nasoHe.

JInsa cepuu CD-4000-A (puc. 6.100—6.103) dupma-npoussogurens RCA
yKa3blBaeT Auana3oH HanpsikeHuit mutanus ot 3 B mo 15 B. TunuyHpie nepe-
JlaTOYHBbIE XapaKTePUCTUKHU TP pSANe HANpPsKEHUI NHUTaHWs [MOKa3aHBI Ha
puc. 6.104.

Yacro ucrnonb3yloTcsl HanpspkeHus nmutanus +5 B m +10 B. Ina stux Ha-
NPSDKEHUA MUTaHug Ha puc. 6.105 u 6.106 moxasaHsl fuarpaMMbl ypoBHeil. Jlisa
GOJIBIINX HAPSDKEHUH MUTAHUS XapaKTepHa JIydIlasi IIOMeX0yCTOMIUBOCTb.

PazHocTe mexay ypoHaMu L n H, oTeevyaiowas 3a noMexoyCToOn4YnBOCTb, ANA
KMOTMM-cxem coctasnaeT npumMepHo oT 30 % 00 40 % HanpaxeHus NUTaHus.

B cnenyromeit Tabnuie mpuBeneHbl BaxHeiilne mapamerphl KMOII-aie-
MEHTOB:
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Cxemsl noacemeiictea nMOIT

Hanpsixxenue nutanus
DHepronoTpebaeHune (Ha BEHTUID)

Hanpumep +5 B
ot 5 no 10 HBT (B 3aBUCUMOCTH

OT YaCTOTHI MEPEKTIOUEHHUS)

BricTpoaeiicTBHe 8 He
MakcuMajibHasi 4acToTa NepeKII0YeHus 50 MI'u
TUNUYHBINA 3a30p MeX1y YPOBHAMM 2B
BxonHoe conpoTtupieHue 102 Om
BrixonHoe conpoTuBieHUE

INpu H-ypoBHe 500 Om
Ilpu L-ypoBHe 200 Om
KoadduuueHt passeTsieHus > 50

BxonHoit Tok

&

U, — BXOAHOE HanpsxeHue
B Ua — BbIXOQHOE HanpsiXxeHue

BxogHoit
YpOBEeHb

10 nA (MakcuMajibHO)

BuixoaHoi
YpOBEHL

u

v ,
Puc. 6.104. INepenatounnie xapakrepuctuku KMOII- B '3;3’;:2:
9JIEMEHTA 411 HECKOJIbKHNX Haﬂpﬂ)KCHHﬁ NnUTaHus.

10|--

H
Bxoasl coBpeMeHHBXx KMOII-Mukpocxem ’
L — 78

3aIIUIIEHB] OT BO3IEHCTBUSI CTATUYECKUX pa3psi-
IoB. B xavecTBe 3alIMTHI MCIOJNB3YIOT TUOMHBIE ‘
cxeMbl comiacHo puc. 6.107. Ecnu Hanpsokenue 5| ’
BXO[Ia TIPEBBIIIACT HAIpsDKEHUE IMUTAaHUS Ha Be-

JuuuHy nipumepHo 0,7 B (HampsckeHue OTKpHI-
TS AMOna), Auond D, OTKpoercs M JIMIIHUIA TOK
yifeT K MICTOYHHUKY ITuTaHus. B cxeme Ha puc. 6.107 L
3TO IMPOMCXOAUT IPU BXOAHBIX HAIPSKEHUSIX

Puc. 6.105. Inarpamma ypos-
Helt nna Ug= 5 B.

BbixoaHoit
ypOBEHb

H TP 999 8B

L]

0,01 B

Boimre +5,7 B. Ilpu oTpMIIaTeTbHBIX BXOIHBIX
HanpsoKeHusax, HauuHas ¢ —0,7 B, oTkpbiBaeTcs

nuon D,. ans Ug= 10 B.

Puc. 6.106. Quarpamma ypoBHeit



KoHIlleHTpaliusi OCHOBHBIX HOCHTEJIEH 3apsina
B TIOJIYIIPOBOTHMKOBBIX 30HAX JUOHOB OYeHb MaJia,
MO3TOMY OHH 00JIafaloT OOJIBIIMM TMHAMHYECKUM
COIIPOTHUBIIEHUEM.

BciiencTBrue 3TOro OYeHb BBICOKOE BXOIHOE
conporuBieane KMOII-31eMeHTOB TOJIBKO He-
3HAYUTEJIPHO YMEHbBINAETCS MPU T00aBJICHUN I~
onoB. Kpome Toro, Majoe JHHaAMHYECKOE COIPO-
THBJICHHE AUOMOB NPH OIMMOOYHOM IONSIPHOCTH
MUTaHUS IPUBEJIO OBl K MX MTHOBEHHOMY BBIXOLY
CXEMBI U3 CTPOs, TaK Kak depe3 D, u D, motex Gbl
TOK KOPOTKOI'O 3aMbIKaHMSI.

Ecnu Ha BXon 3jeMeHTa Ioaaercsi OOJIbIIO
CTaTUYECKUI 3apsil, TO COOTBETCTBYIONIMIA ITOJIE-

Konmponavnoii mecm | 4\:)

U=+5B

oB

Puc. 6.107. 3ammrTHaa cxema npo-
THB CTaTUYECKOIO paspaia.

BOIi TPaH3MCTOP MOXET BBIMTU U3 CTPOSA, HECMOTPSI Ha TUOMHYIO 3amuTy. M3-3a
OONPIINX IUHAMUYECKUX COIPOTUBIICHUI 3apsil MOXET HE YCIeTh JOCTaTOYHO
OBICTPO paccocaThesl, TaK YTO MOXET BOZHUMKHYTh ONaCHOE BBICOKOE HampsiKe-
aue. IIpu pabore ¢ MOII-cxemaMmu ciienyeT IpUHUMaTh OOBIYHBIE MEPHI IIPENO-
CTOPOXHOCTH IIPOTUB CTaTUYECKOIO DJICKTPUYECTBA.

KMOII-cxeMbl MMEIOT IIMPOKYIO 00JIacTh NMpuMeHeHMsA. OHU JTOCTATOYHO
OBICTPBI ISl pelIEHUSI MHOTHMX TEXHWYECKHUX 3a1a4 M OTJIMYAIOTCS MAJIBIM 3HEp-
rororpebyeHueM. JJaxe MUKPOCXeMBl BBICOKOW CTEIIEHH HHTErpallii OYeHb
BBITOHHI TIPY TIPOU3BOACTBE B OOJIBLIMX KOJIMYECTBAX.

KOHTPONbHbIN TECT

N AN B WN =

JIOXUTEJIbHON U MPHM OTPpUIIATEIbHOM JIoTuKe?

. YTo MOHMMAIOT IIOJ cXeMaM¥ OIHOro ceMeiicTaa?

. Ha30BuTE OCHOBHBIE CEMEMCTBA JIOTHYECKUX CXEM.

. Uro Takoe GMHApHBIE YPOBHU HAIIPSDKECHUSA?

. YTO MOHMMAIOT MO MOJIOKUTEIBHOM JIOTUKOM, MO OTPHIIATEIbHOM?

. YeM ommuyaeTrcs pabodasg Tabiauna oT TabJIULB HCTUHHOCTH?

. CoctaBpTe UIsT cXeMbI Ha puc. 6.108 pabouyio TaGIMILy.

. Kaky1o joruyeckyio onepauuio MpoU3BOIUT cxeMa Ha puc. 6.108 npu ro-

8. Ha puc. 6.109 mokasaHsl aBa guanasoHa ypoBHs. Kakoii asiaserca H-

JIara3oHOM M Kakoii L-muana3zoHom?

U=+58B

o o—ta—]

Puc. 6.108. Jloruyeckuii 31€MeHT.

wic

-6
-8
-10

Puc. 6.109. [Inana3oHs! ypOBHEN.
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9. Yro moHMMAIOT IOJ NepedaTOYHOM xapakTepuctukoi? Hapucyiite npu-

MEPHYIO IIepeIaTOYHYIO0 XapaKTEPUCTUKY.

10. PazpsicHUTE MOHATHA «OBICTPOIEHCTBUE U «BpEMS HapaCTaHUSI CUTHAJIa».

11. Yro Takoe BXOAHOI Harpy304HbIi KoadduiimeHT?

12. B TabGnuite maHHBIX Ha 3JIEMEHT yKa3aHo: K03 UIMEHT pa3BeTBICHUS
F, = 10. Yto 3t0 3Ha4YUT?

13. Kak ycrpoensl ATJI-amemeHTHI?

14. Hapucyiire cxemy tumnosoro TTJI-aemeHTa ¢ TpeMsl BXOAaMHU M IBYXTaKT-
HBIM BBIXOIOM.

15. Kakyro oneparniuio IIpoM3BOAUT cXeMa Ha puc. 6.110 mpu moaoXuTeaIbHOM
Jioruke?

4 kOm 2 kOm

YN 800 Om [l]1 KOM

Puc. 6.110.

© 0,

s

16. YacTo MOXHO YCJIBIILATh ITOHSATHUSI «HACBHIIIEHHBIN 3JIEMEHT> U «HEHACHI-
IIEHHBIA 2j1eMeHT». YTO 3HAYAT 3TU MOHATHA?

17. Kakue npeumMyliecTBa U HeJoCTaTKu uMeet ropceMeiictBo TTJI-cxem c
MOHMXE€HHBIM 3HEePronoTpedieHUEM M0 OTHOILIEHUIO K cTanaapTHbeIM TTJI-351e-
MeHTaMm?

18. Kak ycrpoenst nMOII-snemeHTHI?

19. Ynopsimouure n3BecTHble BaM ceMeiicTBa JIOTMYECKUX JIEMEHTOB

a) Mo 3HepromnoTpedIeHUIO,

6) mo GHICTPOIEIICTBUIO.

20. Hapucyiite cxemy KMOII-31eMeHTa ¢ AByMSI BXOJIaMH, KOTOpast IIPOM3-
BOIUT MpY MoyiokuTeIbHO Jjtoruke omnepaumio NJIIN-HE, u o6bsicHuTe MpHH-
LMII JEWCTBUS ITOM CXEMBI.



FABA 7

BEVHAPHBIE CXEMb
C BPEMEHHOW
3ABVICUMOCTbIO

7.1. BBepneHune

TpurrepaMu Ha3bIBAIOT OMCTAOWIBHBIE sTdeiiky. OHM 00J1afaloT CBOMCTBOM MaMSITH.
YceTpoiicTBO OMCTaOHIIBHOM STYEMKH paCCMOTPEHO B «DJIEKTPOHMKE», 4. 3, DI 7.

Tpurrepbl NPOU3BOAATCSA NPEMMYLLECTBEHHO B BUAE UHTErPasibHbIX MUKPOCXEM.

VYcnoBHoe rpaduveckoe 0603HaYeHUE MPOCTOTO TPUTITEPA IIPUBEIEHO Ha
puc. 7.1. CooTHOIIIEHHE CTOPOH MPSIMOYTOJTbHHKA MOXET OBITh BHIOPaHO JIIOOBIM
(puc. 7.2).

3To rpaduyeckoe mnpeacTtapieHue Tpurrepa coorserctsyer DIN 40900, 4. 12.
I'maBHBIM BBIXOAOM SBIISIETCA BBIXOA A, KOTOPBIH, PasyMeeTCsA, MOXET Hasbl-
BaThCs KaK YrogHo. Beixon A,, M”HBEPCHBIN 110 OTHOILEHUIO K A, 0603HaYaeTcA
KpyroM uHBepcuu. Takxke JO CHUX IOp JOITYCTHM TPaIWITMOHHBIA CIIOCOO Ipem-
CTaBJIEHHMSI TPUITEPOB B BUJE NMPSIMOYTOJIBLHUKA CO CpeaHei JumHuei (puc. 7.2a),
comtacHo DIN 40700, yacts 14.

JleiicTBYIOT ciienyrolue IpaBuia;

1. BEIBOIBI IS TTOOKITIOYEHMS HAIIPSDKEHUS] TTIMTAaHUSI He 0003HAYaroTCs.

2. Ha o6oux BhIXOmax TpUITEpa OOBIYHO MECTBYIOT NPOTUBOIIOJIOXHBIE CO-
CTOSTHUSI.

3. [ onvicaHUs MPWHITAIIA JEMCTBUS TPUITEPA MCIIOIb3YIOTCS JIOTHYECKUE
coctostHus 0 1 1. Takke MOXHO oIlepupoBaTh NOHATUSIMU ypoBHeil L u H. Ecnu
HET OCOOBIX YKa3aHMIf, TO 10 YMOJIYAHUIO BCE JIOTMYECKHE OIepaliuy IPOU3BO-
ISTCS TIPY MOJIoXUTeNbHOM Jjoruke (H = 1, L = 0).

4. IIpu momaye Ha BXox Tpurrepa E, jiormyeckoii 1, BbIxon A, MEpEXoauT B
cocrosgHue A, = 1. DTOT MpolEeCC HA3BIBAIOT PEKMUMOM YCTAHOBKM Tpurrepa. Eciu
TPUITEP yXe MMeeT cocrogHMe A, = 1, To momaya 1 Ha Bxome E, Huyero He
MeHsieT. IlepexiiioyeHus: TpuITepa He MTPOUCXOIUT.

£ — — A, £, — — 4,
E, — D— 4, ___ £, — L— A,
— D—
Puc. 7.2a. YcinoBHoe rpa-
Puc. 7.1. YcnosHoe rpadu-  Puc. 7.2. YcnopHoe rpaduueckoe 060-  puyeckoe obo3zHayeHUe
yeckoe 0003HAYeHUe MPO-  3HAYEHUE TPUITEPa C PasHBIMU COOT-  MPOCTOrO TPUITEPa CO Cpea-

CTOrO TPUIrepa. HOILIEHUSIMY CTOPOH MPSMOYrONbHUKA.  HE JUHUE.
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E, d | 4, Puc.7.3. VenosHoe rpa- Puc.74. VenosHoe rpa- g | L4,
duyeckoe 0003HaYECHHE duyeckoe 0603HaYECHNE I=0

E—(q O— A; Tpurrepa C yrnpasieHH- Tpurrepa ¢ pukcupoBan- £ — p— 4,
eM 0-COoCTOSHUAMM. Ho#t yctaHoBKoi# I = 0.

5. Cocrosinue 1 Ha E, mepeBOOMT BBIXON Tpurrepa B A4, = 1. BroT mpoiiecc
Ha3bIBAIOT PeXXMMOM cOpoca Tpurrepa. Ecim Tpurrep yxe umeer cocrosnHue 4, = 1,
To 1 Ha Bxonme E, HUYEro He MEHsIET.

6. Coctostnust 0 Ha BXOomax He BHI3BIBAIOT HUKAKOTO BO3AEHCTBUS Ha BHIXOM.

7. CocTosinue A, XapaKTepu3yeT COCTOsHHe NnamATu Tpurrepa. Ecou 4, = 1,
TO TPUITEP 3arucaji 3HaueHue 1.

PasymeeTcs1, MOXHO CIIeJIaTh TPUITEPHI, KOTOpPHIE yIpaBJisiiorcs: 0-cocTosTHU-
SIMH. DTH TPUITEPHI UMEIOT 0COOEHHBIE, 0003HaYeHHBIE KPYTOM OTPUIIAHUS BXO-
el (puc. 7.3) ¥ IPUMEHSIIOTCS JOCTaTOYHO PEAKO.

YacTo IpUMEHSIIOT TPUITEPHI ¢ GUKCHUPOBaHHOM YCTAaHOBKOI. YCIIOBHOE 060-
3HayeHMe TAaKOro TpHUITepa IoKa3aHo Ha puc. 7.4. ITociie momadyu HarpssKeHUs
IUTaHUSA 3TOT TPUITEP BCErNa yCTaHABIMBAeTCA B coctostHme A = 0, 4, = 1. D10
COCTOSTHIE Ha3bIBaeTCs COCTOAHME MOKOS WIM cocTosume cOpoca. Brixon, xoro-
phIii UMeeT B COCTOSIHMHU TIOKOSI 3HaueHue 1, paHblle 0003Ha4aucs TOJICTOM Mo~
JIOCOM.

YcnosHoe 0603Ha4YeHne GUKCUPOBAHHOM YCTAHOBKM MOXHO ONYCTUTL, ECNKX HE
BO3HMKAET HEOAHO3HAYHOCTU.

Cocrosnme A, = 1, A, = 0 HaspiBaeTCs pabouyuM COCTOSIHHEM WJIM PEXUMOM
YCTaHOBKHM Tpurrepa. MOXHO TaK CKOHCTPYUPOBaTh TPUITEP, YTOOBI OH MOCJIE
TIO/Ia4M HANpPsDKEHUWS BXOOWI B paboyee cocrosHue (4, = 1, 4, = 0). Takoii
Tpurrep obo3HayaeTcss cuMBojioM I = 1 (puc. 7.5).

B Hacrosiiiee BpeMsI NOSIBIJIUCH TPUITEPHI, KOTOPHIE MOCTe MoAa4Yy HampsoKe-
HUSI MUTAaHUS MMEIOT COCTOSIHME, KOTOPOEe OHM MMENM MPU BHIKJIIOYEHUU Harpsi-
xeHus. OHM He TePSIOT XpaHuMYyIo nHbopMaLuio Ipu norepe nmuranus. Ha Ttpur-
repax 3Toii pasHOBHIHOCTH cTOUT cuMBOJI NV (non volatile, nullspannungsgesichert).
Takoii TpUrrep mokasaH Ha puc. 7.6.

Pasnuualor MeXIy CTaTHYECKMMH U JWHAMHYeCKMMM Bxomamu. PaccMmort-
PEeHHBIE IO CUX TOP BXOIBI SIBJISTIOTCSI CTATUYECKUMU.

Cratuyeckne BXoLbl pearnpyioT Ha COCTOAHUS BXOOOB.

AduHamunueckne BXoObl pearnpyloT Ha MSMEHEHUsSt COCTOSIHUS Ha BXOoAax.

CylecTBYIOT IB€ pa3sHOBUIHOCTH TUHaMU4Yeckux BxonoB. IlepBast pearupyet
Ha U3MeHEeHHe BXomHoro coctosiHus ¢ 0 Ha 1. Takoit Bxon Ha3pIBaeTCs] IMHAMHU-
YeCKUM BXOHOM I IIpssMOro (ppoHTa mMImyibca (puc. 7.7). JuHaMudecKuii BXO
BTOPO# pa3HOBUIHOCTH pearupyeT Ha U3MEeHEHHe BXOAHOro coctosiHus ¢ 1 Ha 0.

Puc. 7.5. YcnoBHoe rpa-

duyeckoe 0603HAYCHUE Puc. 7.6. YcnosHoe rpa-
& — . — A Tpurrepa, KOTOPBIA BXO- drueckoe o6osnaverme 5 T A
E, — > 4, AuT B paboyee COCTOSI- TpUIrepa C 3anoMuHa- g | b— 4,
HUE MOCAe Mojayy Ha- HUEM COCTOSIHUS nepen,

NPSCKCHUA. BBIK/IIOYCHHEM.



7.1. Beedenue |5i>>

EA
E £ ———>
E 1
Yy
] 0 >
t t
0 E > ‘
t t t, — MOMEHT
* nepekniYyeHna
t, — MOMEHT (Crapoe
nepekMoYeHns o60o3HaueHue)
Puc. 7.7. M306paxenne AMHAMHUYECKOroO BXO- Puc. 7.8. M306paxeHne [MHAMHYECKOIO BXO-
na nns npsamoro ¢ponra (0 — 1). aa ana obparHoro dponra (1 — 0).

Taxkoii Bxonm HasbiBaeTCs NMHAMWYECKHUM BXOIOM IUISI OOparHOro ()poHTa MUM-
mynbca (puc. 7.8).

Tpmrrepbl MOIYyT MUMETb HECKOJIbKO B3aMOCBA3AHHbBIX BXOL40B.

Tpurrep Ha puc. 7.9 umeer Bxonsl E, u E;, KOTOpbi€ CBS3aHBI onepaiuei
Jiormyeckoro ymMmHoxeHus Y. Eciin BXoasl CBsi3aHbI oliepaliieil IOTHIeCKOro CJio-
xeunsa MU, To nzobpaxaercss CUMBOJI JIOTHYeCcKoro cioxenus (puc. 7.10).

E. E
. & 1 > ——

E, __I E, -

E, b E, o S

E.AE, E,VE,
Puc. 7.9. YcnoBHoe rpaduyeckoe o603HaUe- Puc. 7.10. YcnoeHoe rpaduyeckoe 0603Haue-
HHE TPUITEDPA, Y KoTOoporo sxoasl E u E, cpa- HYe TpUITepa, y Kotoporo sxoasl E, u E, cBs-
3aHbI JJOrMYECKUM yMHOXeHreM U. 3aHBI JormyeckuM cioxenuem MJIN.

DyHKIIUY BXOTOB TPUITEPOB U JIOTUYECKHE OIEPallMU YCIOBHO 0003HAYAIOT-
Cs C TIOMOUIBIO CIIEAYIONIUX 3HAKOB:

G = Jlornueckoe U
V = Jloruueckoe UJIIN
C = VYnpapnsoluii BXon
S = Bxon ycTaHOBKH
R = Bxopg cbpoca

CBs3aHHBIE BXOIbl 0003HAYAIOTCS OYKBaMM C JOITOJIHUTEIBHBIMHU HUMPOBHI-
MU MHAEKCAMMH.

Ons ynpaensiowmx BXOA0B MHAEKC CTABUTCA rnocne Oyks.

Ons ynpasnsieMbix BXOAOB MHAEKC CTaBUTCa nepen Gyksamu.

IMosiciuM Ha npuMepe. Tpurrep uMmeeT Bxonsl S U R, CBSI3aHHBIE C TPETHUM
BXOJIOM OTlepalyeif JIorHieckoro ymHoxeHus: M, xak nzo6paxeHo Ha puc. 7.12,
H-31eMeHTBl MOI'YT OBITh M300paXKeHsI Iepel TPUITEPOM WM 3aHECEHBl HEemo-
CPeICTBEHHO B MPSIMOYTOJIbHUK TpUrTepa. Takoe n3obpaxeHne JIOrm4ecKux B3a-
HMOCBSI3eil IIPUHATO IO CHX IIOP.
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S

l— A K

1

A, 1 b— 4,
p— 4, & 2 R

-
1)

Puc. 7.11. [IpuHsaToe 0003HAYECHHUE JJOMMYECKOM CBA3U MEXAY BXOJAMH.

S LR S Puc. 7.12. OG03HAYEHHME JOTHIECKON
G G1 B CBA3SH MEXAY BXOAaMH C MOMOLIBIO
R 1R z YCJIOBHOIO 3HAKa.

C oMOIIBI0 YCJIOBHBIX 3HAKOB M300paXeHHe 3HAYMTEIbHO YIPOIIAETCS.
TpeTuit BXoa Ha3bIBaeTCs M3-3a yMHOXeHUs1 M1 BxogoM G. OH sBIsieTcs yIpaB-
JISTIONIMM BXOJOM, TaK KaK CBSI3aH C OOOMMM JAPYTMMM BXOJAMHU.

On 1nonyyaeT uHAEKC 1 mociae 6ykBel. Takoil Xe UHAEKC — B JaHHOM CJIy-
yae 1 — momy4alor Bxoasl S ¥ R (puc. 7.13). OH nmuinercs nepen OyKBaMM.

S sIBJIgeTCS BXOIOM curHaia ycraHoBku. Cocrosguue 1 Ha S cocTtoguue 1 Ha G
yCTaHABJIMBAIOT TPUITEP B paboyee cocTostHUe. R sABisieTcs BxogoM copoca. Cocro-
aure 1 Ha R 1 cocTosuue 1 Ha G yCTaHaBIMBAIOT TPUITEP B COCTOSTHHE cOpoca.

Kak mosenmer ceGs1 Tpurrep, eciu Ha Bcex Bxomax S, R u G ofHOBpeMEHHO
OymeT cocrossHue Jormyeckoit 1? B GonMbIIMHCTBE TPUTTEPOB ITO 3alpelieHHast
KOMOMHAIIUsI, KOTOpasi IPUBOIUT K HEOIIpeIeJIEeHHOMY COCTOSTHUIO BBIXOIOB. TeM
He MeHee €CTh TPUITEPHI, Y KOTOPHIX JIU0O S-BXoxa MO0 R-BXOJ SBJISIOTCS JOMU-
HUPYIOIIUMU.

Ha puc. 7.13a n3o6paxeH TpUITEp C JOMUHUPYIOLIAM S-BXOIAOM. YIIpaBsi-
omero M-Bxoma HeT n G-Bxox orcyrcTByeT. IIpu S = 1 u R = 1 Tpurrep Oyaet
ycranoBieH. MHmexc 1 oTpaxaer Tak Ha3bIBaeMylo S-3aBUCUMOCTh. BMecTo MH-
Jekca 1 Morio OBl CTOSITh 2 WUIM JIpyroe 4ucio, eciad 1 ObU1 OBl yXXe 3aHST IS
KakKoi-11u00 Ipyroi 3aBUCUMOCTH.

Ha puc. 7.136 npexncrasies Tpurrep ¢ AoMmuHupyiomuM R-pxomom. Ilpu S =1
u R = 1 tpurrep cb6paceiBaercsi. Munekc 1 mpu R 1 Ha BBIXOIAaX OTpaxaeT Tak
Ha3bIBaeMylo R-3aBMCHMOCTb.

S—st 1p—A Puc. 7.13a. Tpurrep Puc. 7.136. Tpurrep s s 1 A
R—{R 1b—a4 C JOMHMHHPYIOLUM ¢ AOMMHHUPYIOLIUM R—Rl 1P 4,
S-Bxoa0M. R-BxogoMm.

C-3aBMCUMOCTD SIBJISIETCSI TaK Ha3bIBaeMOU YIPaBJISIOLIEH 3aBHCHMOCTHIO.
OHa npuMeHseTcsl, B YaCTHOCTH, MPU TaKTOBOM yIIpaBJieHUU Tpurrepamu. Iloxa-
poOHee 3TOT BOIIPOC pacCMOTPeH B pasn. 7.5.2.

7.2. Knaccudpukaumsa Tpurrepos

MoxHo clenarb O4YeHb GOJbIIOE KOJMYECTBO PAa3HOOOPA3HBIX TPUITEPOB. XOTS
OHM OymyT o0jajaTh OAHUM OOIIUM CBOMCTBOM: BCE OHU MMEIOT JIBa CTAOMJIb-
HBIX COCTOSIHUSI. YCJIOBUSI, TIPU KOTOPHIX TPUITEPHI NEPEXOIST U3 OTHOTO CTa-
OWJIBHOI'O COCTOSIHMSI B APYroe M oopaTHO, o4eHb pa3zHoo6pa3Hbl. K HacTosie-
My BpE€MEHM MOSIBUWIOCh TaK MHOTI'O Pa3HOBUIHOCTEM TPUITEPOB, YTO BO3HUKIIA
HEOOXOAUMOCTDh B MX KilaccudbuKalmu.
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IIpexne Bcero, TpUITepbl MOXHO Pa3OUTh Ha ABe Oomnbinue rpynmbl. [lepBas
TPYIIIIa OXBAaThIBA€T BCE TPUITEPHI, HE YIIpaBIsieMble TAKTOBBIMHM HMITYJIbCAMH
CUHXpOHM3alMU. Bce TakTMpyeMble MMITyJIbCaMU TPUITEPH TPUHAIIEXKAT KO
BTOpO# rpymnme. YTo MOHUMAIOT IO YIpaBjieHWEM TAKTOBBIMHU HMITYJIbCAMHU
cunxponusanyu? Paccmorpum puc. 7.14. Cocroanue 1 Ha E, MeHsIeT COCTOSTHME
BBIXO/Ia TOJBKO IIPM YCIIOBMH, YTO OIHOBPEMEHHO Ha Bxole I NeiCTBYyeT COCTO-
sHue 1. D10 MocTUraercsi MOCPEICTBOM JIOrMYECKOT0 YMHOXEHUS COCTOSTHUI
BxofioB E u T. AnajnornyHo coctossHue 1 Ha E, BO3NEHCTBYET Ha COCTOSAHME
BBIXOJIa TOJIBKO TOTIa, KOTIa OMHOBPEMEHHO Ha Bxoje 1 meiicTByeT cocTostHUE 1.
T sBisieTcsl TAaKTOBBIM HMMITY/JIbCOM (MMITYJIbCOM CUHXPOHU3ALIMU, CHUHXPONM-
MyJIbCOM).

Puc. 7.14. Tpurrep, E =1 ————-E

Q E=1——m38& I
' >
YNpaBiaseMblil ypOB- c -1 _{ c _{
HEM TaKTOBOIO UM- &

L ——— Q. - Q,
ny/bca. E=0 : E=0 & :

Tpurrep, cornacHo puc. 7.14, MOXeT OBITh YCTAaHOBJIEH WIM COpPOLIEH B MO-
MEHT I0Jayy CUrHaja CHHXpoHu3aumu. Bxonsl E, u E, TakXe Ha3plBalOT BXOJAA-
MU HayalbHOH ycTaHOBKU Tpurrepa. CocrosHue 1 Ha E| MOAroTaBIMBaeT ycTa-
HOBKY. OZIHaKO yCTaHOBKa IMPOMUCXOMUT TOJIBKO B MOMEHT MOJaYM CUTHaJIa CUH-
xpoHuszauuu 7. MOXHO COETUHUTH OOJIBIIOE YHCIIO TPUTTEPOB U IIPUOIU3UTETTLHO
OJHOBPEMEHHO BKJIIOYUTb MX COBMECTHBIM TaKTOBBIM CHUIHAJIOM CHHXPOHH3a-
UK. DTOT ciocob yIIpaBjieHUsT Ha3bIBalOT TAKTOBBIM yIIpaBieHUeM. BXxoap! Tak-
TOBBIX CUHXPOMMITYJIbCOB SIBJISIIOTCS CTAaTUYECKMMHU BXONAaMU.

Tpurrep Ha puc. 7.15 uMmeeT nBa IMHAMAYECKUX TAaKTOBBIX BXOa, MOIKIIIO-
YeHHBIX K Bxoay C. DTH IMHaAMHYeCKWe BXOAbl pearupylor Ha nepeaHuil GpoHT
curHana cunxponusauuu. Cocrosnue 1 Ha E, BO3IEACTBYET HA COCTOSIHUE BbI-
xona Toyibko eciu curdan Ha C nepexoaut u3 0 B 1. To ke oTHOCUTCS K COCTO-
snuio 1 Ha E,. TakToBble BXOIBI, BIUAIOLINE HA HECKOJIBKO IPYTUX BXOIOB, OOBIMHO
PUCYIOTCSI MEXIY YIpaBISeMbIMU UMM Bxoaamu (puc. 7.16). 3HaK JIOTMYECKOro
YMHOXEHHUS TOrma MOXHO He u3o6paxarh. TakTupyeMsie o GpoOHTY TPUITEDPHI,
MOXHO MepeKIIovYaTh OMTHOBPEMEHHO ¢ OOJIBIIOI TOYHOCTHIO.

c

Puc. 7.15. Tpurrep, Puc. 7.16. Tpurrep, I
ynpap/sieMblii nepes- ynpasiaseMmbiii ¢poH- —>
T HUM GPOHTOM HUM- TOM TAaKTOBOLO HM- R h—
0 nyasca (0 — 1). nyasca (0 — 1).

t, — MOMEHT
nepexknioyeHns

TakTupyeMpie 110 PPOHTY TPUITEPHI MOTYT CTPOUTHCS 110 OXHOCTYIIEHYATOU 1
JIBYXCTyIIeH4YaToi cxemaM. HemoctaTkoM OZHOCTYTIEHYATBIX TPUITEPOB SIBJISIETCS
BO3MOXHOCTh «IIPOCKAaKHBaHUsI» CUTHAJIOB, HATIPUMEP JIOTHYECKUX E€IMHMII.

Paccmotpnm puc. 7.17. Ha E| mneiictByer noruyeckad 1. Ecnu mocrynaer cur-
HaJI CMHXPOHM3AIMK COTJIacHO puc. 7.18, To Tpurrep / BKIIOYaeTcss B MOMEHT
BpeMeHH ;. CIycTd HECKOJNIBKO HAaHOCEKYHI Ha BbIXONE A MOSBJISETCS COCTOSI-
Hue 1, HanpuMep B MOMEHT BPEMEHH f,. BozpacTanue TakKTUPYIOIETO CUTHAA,
OJIHAKO, ellle He 3akoH4yeHo. Tpurrep /I raxxke ycraHaBnmuBaercs (B = 1). Oro He
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Puc. 7.17. [IocnenoBaTensHO BKIIOYEHHBIE OAHOCTY-

NEeHYaThie TPUITEePHI.

P
t

o~
e

Puc. 7.18. CuUHXpOHU3UPYIOLINI TaK~
TOBBIil CHCHAJI C OTHOCUTE/IBHO ILIAB-
HBIM NepeaJHUM (PPOHTOM.

X
E, -0 —Q,
E, D— Q,
Puc. 7.19. Cxema ABYXCTyneHYaToro
c TpHITEepa.
Hetaktupyemoie TakTupyembie
TpUrrepsl TpUrrepsl
v +
Tpurreps, Tpurrepu,
ynpasnsemble ypoBHEM ynpasnsembie GpOHTOM
CcuHXpoumMmnynbca CcuHXpoumMnynbca
\ 4 L 4 * +
Tpurrepsl, Tpurrepsbi,
ynpasnsembie ynpasnsemsie
no oaHoMmy GpoHTY no AsyM ¢ppoHTam
4 } 4
— -
AsyxctyneHuyarsie
ACUHXPOHHbIN | OpHocTyneHuaThie Tpurreps
RS-Tpurrep ; TpUrreps! C NPOMEXYTO4HOW
H ANHAMUYECKON
NamaTLIo
P | 4 4
AByxcTynenuartbie
Tpurrep TpUrrepb
3axsara (BEAOMbIi—
Beaywin)

Puc. 7.20. O630p TUIIOB TPUITEPOB.




7.3. Hemaxmupyemoie mpueeepbol

JIOJDKHO IPOMCXOANTh. YTOOH! NMPEeIOTBPAaTUTh TaKOe IIPOCKAIb3BIBAHUE, HYXHO
MCIIOJIb30BATh 1 OMHOCTYIIEHYATHIX TPUITEPOB CUTHAIB CHHXPOHHU3AIMHU C OY€Hb
KPYThIMU (PPOHTAMH UMITYJIbCA.

JIByXcTyIlIeH4aThle TPUITEPHI COCTOSIT B NMPUHIIUIE M3 IBYX STY€EK MaMSTH.
CylecTBYIOT IBYXCTYIIEHYATBIE TPUITEPBI, KOTOPHIE COCTOSIT U3 COOCTBEHHO TPUT-
repa ¥ TMHAMU4YECKOU IIPOMEXYTOUYHOM sTaeiiKu maMsiTi. OHM YIIpaBJISIIOTCS TOJIb-
KO OTHUM (POHTOM TAKTOBOTO CUHXPOUMITYJIbCa M MPUHAIEXKAT K KJIacCy TPUT-
repoB, YIPABISAEMBIX IT0 OMHOMY (bpOHTY.

Jlpyras rpynima JIByXCTyII€HYAaThIX TPMITEPOB COCTOMT M3 ABYX IIOCJIE€IOBa-
TeJbHO BKJIIOYEHHBIX TpUrrepoB (puc. 7.19). Tpurrep I uMeeTr TaKToOBBIi BXOX,
KOTOPBII pearupyer Ha mepemnHuii (PpOHT MMIIYJIbCA CUTHAJA CUHXPOHU3AIHUH.
Bxon Tpurrepa II pearupyet Ha 3agHUii PPOHT UMITYJIbCAa CUTHAJIAa CHHXPOHM3a-
uu. Tpurrepsl 3TOro THIIA MPUHAIIEXKAT K KJIACCy TPUTTEPOB, YIIPABISIEMBIX I1O
obouM ¢pporTaM. OHU peaTU3YIOTCH IO CXEME «BEMyIIU-BEIOMBIIA».

Yaime Bcero Ha IpakTHKe IPMMEHSIOT OMHOCTYIIEHYAThle W JIBYXCTyIeHYa-
Teie Tpurrepbl. Ha puc. 7.20 mokaszaH cxeMaTnyecKuii 0030p pa3IMYHBIX TUIIOB
TPUITEPOB.

7.3. HeTtakTupyemsbie Tpurrepsbl

7.3.1. Tpurrep Ha anemeHtax WIN-HE

ITpocToii HEeTaKTHPYEMBIil TPUITEP MOXET OBITh IIOCTPOEH Ha IBYX JIOTHYECKHUX
anemenrax UJIN-HE (puc. 7.21). Beixon snementa NI -HE Haxomurcs B Hy-
JIEBOM COCTOSIHMH, €CJIH IO MEHBIIIEH Mepe Ha OTHOM M3 BXOIOB IIPUCYTCTBYeET 1
(puc. 7.22). Ecnu x E, npuxiansiBaerca 1, To 4, nepexonur B 0. Ha Bxozne E,
nmoyokeH obITh 0. Torma Ha oboux Bxomax snemeHta UJIW-HE I1 nmpucyrctsyer 0.
Boixon A, nepeiiner B 1 cocTosinue (Bap. 2 TaGIUIBI MCTUHHOCTH Ha puUC. 7.21).

B cmydae 3 tabnunnl uctuHocta (E, = 0, E, = 1) Ha A, ycraHoBurcd 0, a 4,
nepexomur B 0.

Ecnu Ha o6oux Bxomax geicTByeT 0, TO COCTOSTHME BHIXOJIOB TPUITEPA OCTa-
eTcsl HeM3MEHHBIM. MOXHO mnepeiiTi OT BapMaHTa 2 K BapuaHTy 1 WiIu OT Bapu-
aHTa 3 K BapuaHTy 1. COCTOSTHIS CUTHAJIOB BapHaHTa 2 M300paXeHbl CEphIM Ha
puc. 7.21. Eciu E, ycranapnuBaercs B 0, TO BHIXOABI HE MEHSIOT CBOUX COCTOS-
Huil. Takoil peXyM Ha3bIBaeTCS «PEeXUM XpPaHEHMS».

Ecnm Ha o6oux BXxomax HeMcTByeT 1, To 06a BBIXOHA JOJDKHBI mepedT B 0.
Tenepp BBIXOOBI HE HMEIOT IIPOTHBOIIOJIOXHBIX COCTOSIHUIL. PeXuM, cooTBeT-

A
21y >
B

A Bap.|B|A|AvB|Z=
X xpaHeHnue 0 0

1
0

0 sanpeuweHHas
1} komBuHaums

vB

o

A ON =
o o o =|»

0
1
1

- O =
- -

Puc. 7.21. Tpurrep Ha nByx anementrax WIHN-HE c tabnu- Puc. 7.22. Tabauna UCTHH-
e UCTUHHOCTH. Hoctu 3nementa MJIH-HE.
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Puc. 7.23. RS-tpur-
rep Ha ABYX 3JeMeH-
Tax UJIN-HE.

cTByIolmii curHajiaMm E = 1, E, = 1 ABiAsgeTCSA TaK Ha3hlBAEMbIM 3alPelleHHBIM
pexxuMmoM. OH HUKOIIA HE MCHOJb3YyeTCs.

CornacHo npaBwiaM st Tpurrepos 1 Ha E| noikHa ycranapnusarth B 1 npo-
THBOIIOJIOXHBIA BbIXOA. To ecTh 1 Ha E, B TaHHOM CIly4ae JOJDXHA YCTAaHOBUTH B
1 HIOKHWI BBIXOA. DTO HOCTUTAETCS ITyTeM IIEPECTAHOBKH BBIXOJOB COINIACHO
puc. 7.23. Tak KaK A, OTHOCUTCS K BEPXHEMY, a A, — K HUXHEMY BBIXOIaM, TO
BBIXOJIBI TIEPECTABIISIIOTCS] MECTaAMU:

4,=0;4=0
Bxon E, sBisieTcst BXOOOoM ycTaHOBKU. OH 0603HayaeTca cumBosioM S. Bxon R

sapsiercsa copocoM. OH o6o3HavaeTcsi cuMBoJioM R. Tpurrep Ha puc. 7.23 Ha3bI-
BaeTcss RS-tpurrep.

7.3.2. Tpurrep Ha anemeHTax U-HE

Ecnu coemuuuth nBa snementa M-HE nociemoBareibHO, Kak 3TO U300paxeHO
Ha puc. 7.24, To ToxXe noiayyurcs Tpurrep. IlocMoTpuM, Kak oH paboraeT. Jlig
yaoOcTBa Ha puc. 7.25 mpencrapieHa Tabnuua UCTUHHOCTH 3yemMeHTa M-HE.
Ecnu o MmeHplIeit Mepe Ha omHOM Bxoae anemeHTa MI-HE GyneT HyneBoi cur-
HaJl, TO Ha BBIXOJIE BOBHUKHET Jioruyeckas 1.

Ilpn E, = 0 u E, = 1 Ha Bbixone Tpurrepa ycraHosarca A, = 1 u A, = 0. Bro
pexum ycraHoBku. IIpu E = 1 u E, = 0 Ha BeIXOIE TpUITEPa ycTaHOBATCA A, = 0
u A, = 1. Dro pexum cbpoca. Eciu Ha oba Bxona momana 1, To cocTosiHue
BBIXOJIOB OCTaHETCSI TAKMM X€, KaK U Ipeablaylliee, TO €CTh He U3MEHUTCSI. DTO
PEXUM XpaHEeHUs. '

Pexuma, mpu Koropom o6a Bxona E, u E, paBHbI HyJI0, ciienyeT u3berars. B
3TOM peXuMe 00a BBIXOHa JOJIKHBI YCTAHOBUTHCS B 1. Tpurrep u3 nByx ajaeMeH-

\

Bap |B|A|ArB|Z=AXNB

Bap. | Ep a 1 |ofo ’1 0 1
1 zanpeweHHan KoMOnHauua I
2 1 c6poc 2 |0 | o !
3 0 ycramoska 3 |1|{0] O 1
4 X xpaHeHue 4 |11 1 0
Puc. 7.24. Tpurrep Ha aByx anemeHtax M-HE Puc. 7.25. Tabauua MCTUHHOCTHU 3JIEMEHTA

¢ TabauLel UCTUHHOCTH. HU-HE.
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1

E, —( A,

_Q‘

1
=
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Puc. 7.26. YcnopHOe 0603HaYEHHE TPUrrepa Ha
nByx anementax U-HE.

S = S P—Q,
820 [A[S| G | QG |
R—R Q.
1 [0]|0{@{m=-1)|Qy{m- 1)|xpanenne 2
2 |01 1 4] yCTaHOBKa
3 (1{0 0 1 c6poc Puc. 7.27. RS-tpurrep.
4 (11 1 1 3anpetieHHas KoMOuHauus

Puc. 7.28. Tabnuua uctuHHOCTH RS-TpuUrrepa
(puc. 7.27).

toB U-HE mnepexmouaercst 0-curHamamu. CkazaHHOE IPOJACMOHCTPUPOBAHO
YCIIOBHBIM 0003HaueHMEM TpurTepa Ha puc. 7.26. Eciu mmepen KaXIbIM BXOIOM
BKioynTh 35eMeHT HE, momyaurcss RS-tpurrep (puc. 7.27). CooTBeTCTBYIOIIAs
TabJIMIIa MICTUHHOCTH M300paxeHa Ha puc. 7.28. OHa pacuipeHa 1o CpaBHEHMIO
C paHee NpeICTAaBJICHHBIMU TaOJIMIIaMUA HUCTMHHOCTU. B mepBoM BapmaHTe —
peXxumMe XpaHeHUsT — JOOABIIIHCH Ql(m _p ¥ Qz(m_ . Hunekc m — 1 o603Havyaer
npealecTBylolee cocrosiHue Bbixoxos. Ecnrm Q= @, _, 1 Q, = 0, _,,
3HAYUT, COCTOSIHMS BBIXONOB B TeKylMiA MoMeHT Bpemenu (Q, , 0, ) PaBHBI
NpEeIIIeCTBYIOIMNM cocTossHUSIM (Q 1 @om —1))- Tak onHO3HAYHO 0GO3HAYA-
eTCs PeXUM XpaHCHHUS.

Tpurreps! Ha puc. 7.21 u puc. 7.24 IBISAIOTCS CaMBIMH IIPOCTBIMHM TPHUITEpa-
Mu. OHH ITO3TOMY Ha3BIBAIOTCS elle 0a30BLIMH TPUITEPAMH.

1(m —

7.4. TakTupyemblie Tpurrepbl

CocTosiHHE HETAaKTUPYEMBIX TPUITEPOB MEHSETCS Yepe3 HECKOJIbKO HAHOCEKYHI
rocjie I3MEHEHUSI COCTOSTHUS UX BXOHOB. DTO HeXeJaTeJIbHO BO MHOTHX CJIy4a-
s1x. YToOBl M3MEHSATH COCTOSIHUS BBIXOJIOB IO OCO0OOM KOMaHIe, pa3padoraiu
TAKTHPYEMbIE TPUITEPDI, YIIPABJISIEMBIE TAKTOBBIM CHHXPOHU3UPYIOIIUM HUMITYJIb~
COM. DTH TPUITEPHI Ha3bIBAIOTCS TaKXKe TPUITEPaMM 3axBaTa, TaK KaK OHU IIpe-
MMYIIECTBEHHO MCIOJB3YIOTCA UIsE cOopa MHGOpMaIuu.

7.4.1. RS-Tpurrepsl

Ecnu x xaxmomy Bxomy RS-Tpurrepa moakiaoouuth 3jieMeHT W, To monyumrcs
TPUITEP, YIIPABISIEMBI TAKTOBBIM CHHXPOHU3UPYIOIIUM UMITYJILCOM (puc. 7.29).
Tpurrep pearupyer Ha curHan E, = 1 TonbKO TOrzaa, KOria Ha yIpapisioleM
Bxome T taxxe pedicrByer curHan 1. Ilpu E, = 1 Tpurrep roros mepeitu B
peXuM ycTaHOBKM. OTHAKO YCTaHOBKA MPOMCXOIUT TOJIBKO IIPU IMOIa4ye TaKTO-
BOro curdaja 7. AHaJIOTMYHBIHM IOAXOA UMEET MECTO JJIS peXuMa copoca TpUr-
repa.

VYcnoBHBIE 0603HAYEHMS TAKTUPYEMBIX RS-TpUITEepoB yKa3aHhl Ha puc. 7.30.
BepxHee ycnoBHOe 00O3HaYeHHE HCIIONb3yeTcsl yalle. M-2JieMeHTB cXeMbI Ha
puc. 7.29 MHTErpupoBaHbl B IIPSIMOYTOJIBHMK TPUITEpA.
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& RS-Ttpurrep.
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Huxuee ycinoBHoe o603HaueHHE OOpa30OBBIBAETCSI C
IOMOIIBIO 3aIMCH 3aBUCUMOCTH (cM. pasmen 7.1.1). Byk-
Ba G o6o3Havaer jorndyeckoe ymMHoxenne M. Muaexkc 1  Puc. 7.30. YcnosHere 060-
yKa3bIBaeT, KAaK1e BXOIbI CBSI3aHBI IPYT C APYIOM Ollepa- SHAUCHUA TaKTUPYeMOro
nyei Jiormyeckoro yMHoxenus: U. RS-Tpurrepa.

Taxktupyemsiii RS-tpurrep (puc. 7.29) MoxeT crpouthcs Ha yethipex U-HE
a)eMeHTax. RS-Tpurrep mocTpoeH coriacHo puc. 7.24 Ha nByx sneMmeHrax U-HE
¢ IpeABapUTEIbHO MOAKIIOYeHHBIMU MHBepTopamu HE (puc. 7.27). O6a ane-
Menra HE u o6a aneMenTta Y 11 BO3MOXHOCTH TaKTOBOT'O YIIPaBJIeHUSI O0beaU-
HeHbl B aneMeHTe U-HE (puc. 7.31).

gl

T~ »

Puc. 7.31. Cxema RS-tpurrepa Ha uyetbipex U-HE snemenTax.

Bo3MmoxHass TaGauila MCTUHHOCTU TaK-
THPYyeMBbIX RS-TpUITEepoB H300paxeHa Ha

Bap. |T |R|SQ]Q

AT B puc. 7.32. B cayyasax or 1 1o 5 cocrosiHue
2 |ofo]1 TpUITEpA HE U3MEHSETCS. DTO pexXUMBI Xpa-
3 lolilo COCTOsIHWE TpUurrepa B

Sells ve wamensercs, xpanenve  HEHUSL. B Bapuanrtax ¢ 1 mo 4 curHai cUH-
=TiToTo xpouusanuu 0. IToaTroMy cocrossHue TpUrre-
6 (10|11 0 yoranosxa pa He MeHseTcs. B ciyqae 5 S=0u R = 0.
TV 1|09 ¥ eopoo HecMoTpst Ha TO, 4YTO TAKTOBBIA CHUTHaJI pa-
8 [111]1] = | = sanpeweHHas koMBuHaums

BEH 1, TpUrrep He MOXET HU YCTaHOBUTHCH,

Puc. 7.32. BosmoxHas Tabauua MCTUH- HH COPOCHTLCH. w

HOCTH TAKTUPYeMOro RS-TpUrrepa. BapuaHT 6 siBIsieTcSI YCTAaHOBKOM, BapH-
aHT 7 — copocoM. BapuaHT 8 3ampelieH u He
JIOJDKEH BCTpedaThCs.

Tabiuita MICTUHHOCTH CTPOMTCS 4allle Bcero 0e3 CUrHaja CUHXPOHU3ALUU.
BMmecTo Hero BBOIAT JBa BPEMEHHBIX COCTOSIHUSA. Bpems ¢, ABiiseTcs BpeMeHeM
Hocjie n-TO CUHXPOHU3UPYIOLIEro UMIlyldbca. Bpemsa ¢ | sABIseTCS BpeMeHeM
MocJie CIeyIOLIeT0 CHHXPOHU3HPYIOIEero UMITyJibca. Ecji paccMaTpuBarh olpe-
JIEJEHHBIA CUHXPOHU3UPYIOLUUIA UMITYJIbC, TO MOXHO CKa3aTh:

t ABNAETCA MOMEHTOM BPEMEHW nepen OnpeaeneHHbIM CUHXPOHUSVPYIOLMM
UMMYNLCOM, t, | SBNAETCH MOMEHTOM BPEMEH Nocne OnpeaeneHHoro CUHXPOHN-

3MPYIOWEro UMNynbLCa.




7.4. Taxmupyembie mpuzzepol lé\l\)

TaGnuua UICTMHHOCTH pasfieNsaeTcs Ha obnactu £, u ¢, , | (puc. 7.33). CronGen
w0, MOXHO He 3allOJIHATh, TaK KaK (), BCeria MMeeT IPOTHBOIIOJIOXHOE CO-
crosgHue orHocuTenbHO Q. Takast popma TaGIMIBI HCTUHHOCTH SABJIAETCSA 06-
HICIPUHSTOMN.

s Beruvicnenuii B anrebpe JOrMKH HeoOXoamMa TaGiIuIla MCTUHHOCTH,
nawoupasi npeacrapieHue o pakTudeckom cocrosHuu Q, . M3 rabauusl uctuH-
HOCTHM Ha puc. 7.33 MBI BUAMM TOJBKO, YTO B IIEPBOM BapMaHTE COCTOSHHE
Bhixoaa Q, ocraercsa Heu3MeHHBIM. Ho kakum oHo 6bU10? OHO MOIJIO GHITH 1
win 0. B nonpo6GHo# Tabiuite MCTUHHOCTH (), YKasbIBaeTCsA B BUJIE NEPEMEH-
HOM BeJIMYUHBI (pUC. 7.34). Haekc n mpu Q, MOXET He yKa3blBaThCsl, TaK KaK
!, IOKa3bIBaeT NMPUHALIEXHOCTh (, K n-My MOMEHTY BPEMEHH.

ty et
Bap. |R| S| Q ()]
t, thet 1 (0|0} O 0 | cocrosuue Tpurrepa
Bap_ R S 01 2 0|0 1 1 HC N3MEHSCTCH, XpaHeHue
1T (0|0 Q 3 [o[1] o | 1
2 lo| 1] 1 4 {of1]| 1 | 1 [YoTanoska
3 /1]o] o 5 [1fof oo .
al1l1] = 6 |[1]o| 1] 0 [°P
7 1 1 o = 3anpetHas KOMGMHaNMH
8 [1[1] 1] =
Puc. 7.33. Tunosas Ta6aMa MICTUHHOCTH TaK- Puc. 7.34. [lonHasa 1abauna KICTUHHOCTY TaK-
TUpyemoro RS-tpurrepa. THpyeMoro RS-tpurrepa.

B cnyyae 1 Q, umen nepen paccMaTpuBaeMbIM TakToM coctogHue 0. ITocme
TaKTa COCTOSIHME HE U3MEHMWIIOCH. B ciiyuae 2 Q, uMen nepes paccMaTpUBaeMbIM
takToM cocrossHue 1. ITocie TakTa COCTOSIHME BBIXOHA TaKXKe HE M3MEHIIOCH.
Ciydau 1 u 2 IBISIOTCS IPUMepPaMy pexXuMa XpaHeHUs.

B ciiyyae 3 Q, umen nepen paccMaTpuBaeMbIM TakToM coctogHue 0. IToce
TaKTa COCTOSAHME U3MEHWIOCH Ha 1. B ciyyae 4 Q, 6bUI 10 TakTa paBeH 1 u mocie
takTa octayics paBeH 1. Cinyyau 3 u 4 ABISIOTCS MPUMEPaMU peXMMa YCTAHOBKH.
Kakoe 6b1 cocTosiHue HH MMeN Q) IO TakTa, IOCIE TaKTa CUHXPOHM3aUUU OH
paBeH Bcerma l.

Cnyyau 5 u 6 aBisioTcs npuMepamMu pexuma copoca. Eciu Q, mMen cocro-
siHue 0, To OH coXpaHseT ero u nocie Takra. Ecnmu Q) uMen cocroguue 1, To oH
copachiBaerca Ha 0. Kakoe Obl cocrogHue HM uMmen Q, IO Takra, IIOCI€ TaKTa
CUMHXpOHHU3aLMU OH paBeH 0.

3anpenieHHbIe KOMOMHAIMK 7 ¥ 8 MBI He OyeM paccMmaTpuBaTh. OHM HeIo-
MYCTUMBI B 3TOil pa3HOBUIHOCTU TPUTITEPOB, TaK KaK BO3HHKAET HEOIpeIeIeH-
HOCTb, B KAKOM COCTOSIHMU OKaXYTCsI BBHIXOIbI TPUITEPA.

7.4.2. RS-Tpurrepbl ¢ JOMUHUPYIOWUM R-BXOLOM

Hanuyue 3anpenieHHBIX KOMOWHAIWIA UIST TAKTUPYEMBIX RS-TpUITEpOB BHI3BAIO
UJIEI0 TIOCTPOECHHUSI TPUITEPA, KOTOPHIM NMPHHYAUTENbHO ycTaHaBnuBaer Q, B 0
npu $=1wu R= 1, npu momavye CUHXPOUMITYJIbca. BTO CTAHOBUTCS BO3MOXHBIM
Gnarogapsi 0COOEHHOMY IOIKIIOYEHHUIO BXOMIOB.

Ha puc. 7.35 nmoka3zaHo takoe coequHeHune BxojaoB. [Ipu S=1u R=1,
1-curHaj He MOXeT BO3AEMCTBOBAaTh Ha TPUITEP, TAK KaK Ha BBHIXOAE 3JIEMEHTa
HE peiictByet 0. -anemenT 3anupaercsd. 1-curaan Ha R paspemnaer copoc. Pe-
6—2114
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Pt e et
7 E]m1 Q

R &R p—-Q, R 2
Puc. 7.35. Taktupyemsiit RS-Tpurrep ¢ foMu- Puc. 7.36. YcnoBHOe 0603HaYEHUE TAKTUPYEMOIO
HUPYIOIUM R-BXOAOM. RS-Tpurrepa ¢ AOMUHHMPYIOIMM R-BXOLOM.

tn tn+1
Bap.|R | S Q
10 |0 | o
> lol1 1 1 Puc. 7.37. Tabnuua nCTUHHOCTH
3 l1]lo| o TakTUpyemMoro RS-tpurrepa c ao-
4 |11 0 MUHMPYIOLIMM R-BXOA0OM.

XUM ycTaHoBKY nipu S = 1 m R = 0 ocraercss BO3MOXEH, TaK KaK Telleph Ha
Beixoze anemeHTa HE pmeiictByerT 1 m M-3meMeHT uMeeT Ha Beixode 1. Taxkoii
TPUTITEP Ha3bIBacTCsl RS-TpUITEpOM C JOMHHMpYIONMM R-BXomom, wiu R-tpurre-
pom. IIpaBuiio ero paGoTHI CIeAyeT U3 YCIOBHOro 0003HadyeHus Ha puc. 7.36 (cM.
takxke pasg. 7.1). OHo riacuT: ecny o6a Bxoma Tpurrepa .S, R u Bxon 1 uMeior
YPOBEHb 1, TO pu curHane cuaxponusauuu 1 Q, ycranasnusaercs Ha 0, a Q, —
Ha 1.

Tabnmuia HCTHHHOCTH TaKTHpyeMoro RS-Tpurrepa ¢ JOMMHUPYIOIIUM R-BXO-
IIOM TIpeACTaBjeHa Ha puc. 7.37. PazymeeTcs, cylecTByeT Takxke TaKTHPYEMBbIii
RS-Tpurrep ¢ TOMUHUPYIOIIUM S-BXOIOM (CM. KOHTPOJIBHBIA TECT).

7.4.3. E-Tpurrep

Pexe ucnonp3yeMoil pasHOBHAHOCTBIO TPHUITEPOB SIBJISIETCS TaK Ha3bIBa€MBIil
TaKkTUpyeMblit E-tpurrep. Tabimiia MICTHHHOCTH JJIsI 9TOTO TPUITEpa IpHUBeAcHA
Ha puc. 7.38. Ilpu E, = 1 u E, = 1 E-Tpurrep nepexoauT B PeXUM XpaHeHHs. E-
TPUITEP MOXET OBITh 0Opa3oBaH U3 RS-TpUITEpa MyTeM BBEICHUS TOIOIHUTEIb-
HBIX 2JIEMEHTOB Ha Bxone. B pesynbrare npu £, = 1 u E, = 1 Ha BXonsl S 1 R
JIOJDKHBI MOCTYTaTh CUrHaIH 0. OmHAKO pexXuMbl YCTAHOBKHU (BapHaHT 2) U cOpoca
(BapuaHT 3) He JOJIXKHBI OBITH U3MEHEHBI.

RS-Tpurrep ¢ HeOGXOAUMBIMHU IOIIOJHUTEIILHBIMU 3JIEMEHTAMHU IIpEICTaB-
ned Ha puc. 7.39. Ilpu E, = 1 u E, = 1 06a M-aneMeHTa 3an1MpaloTcs, TakK Kak Ha
Boixonax HE-anemenros neiicreyer 0. [Ipu E, = 1 u E, = 0 Ha S-BXox 1oCTynaeT
curHan 1. YcimoBust Wil mepexoia TpUITEpPa B PEXXUM YCTAHOBKH COOJIIONEHBI.
Ilpu E = 0 n E, = 1 Ha R-BXoA mocTymnaeT curHan 1. YcioBus [ nepexona
TpUITEpPA B peXXUM cOpoca Takxke COOIONEeHDI.

tn 1 tn+l
Bap. |Ep | E1] & — Q,
110 | 01 QxpaHenve
2 0 1 1 ycraHoska
3 1 0 0 cbpoc Q,
4 1 1 Q xpanenve
Puc. 7.38. Tabauua MCTHHHOCTH TaK- Puc. 7.39. O6pa3zosanue TakTMpyemMoro E-Tpurrepa

THPYEMOIO E—'rpurrepa. BBEACHHUEM NOMNOJHUTE/IBHBIX 3JIEMCHTOB Ha BXO4E.



7.4. Taxmupyemvie mpuzzepel

7.4.4. D-Tpurrep

D-Tpurrep npumMeHsieTcs yaiie, YeM E-tpurrep. Taktupyembiii D-Tpurrep Tak-
Xe MOXeT OBITh IIOCTpOeH Ha 6a3e RS-tpurrepa. IlomaBaemslii Ha S-BXoHd CHUT-
Hai noxomutcs yepe3 aneMeHT HE k R-Bxony (puc. 7.40). R-Bxon GoJibliie He
yIpaBisieTcsi BHEITHUMM CUTHAJIAMH.

D I
3]s q,

Puc. 7.40. O6pa3oBaHye TaKTHpYye- LE

MOro D-TPUITepa BBEACHUEM AONO/- o ) sl b—oa,

HUTECJIBHBIX 3J1IEMECHTOB HA BXOAC.

tn i tn-v-l D 1D e Q‘
Bap. (D | @ T 1G1
1 ol o Q,
2 1] 1
Puc. 7.41. Tabauua MCTUHHOCTH TaAKTUPYEMO- Puc. 7.42. YcnopHoe rpaduyeckoe obo3Haye-
ro D-tpurrepa. HHE TaKTHUpyemoro D-tpurrepa.

D-tpurrep Ha3bIBaeT TakKKe TPUTTEPOM 3a1€PKKH, TaK KaK B HEM 3alepXKuBa-
€TCsl MPOXOXAEHNEe BXOAHOTO CUTHAJIa Ha BBIXOJ HO MOSIBJICHUS TaKTUPYIOUIETO
CUHXpOMMITyJIbca. 1-curHan Ha D-Bxone ycraHaBnuBaeT O, B 1. O-curnan Ha D-
Bxosie ycranasnuBaer Q, B 0. Tabnuua uctuHHOCTH D-TpMITEpa MpHBEIeHA Ha
puc. 7.41. Tak Kak B HAUTHYMUM UMeETCS TOJbKO OJMH BXOJ, TA0IMIIa ICTUHHOCTHU
COIEePXKUT TOJBKO JIBe KOMOMHALIHM.

VYcnoBHoe 0603HaYeHUe TaKTUpyeMoro D-Tpurrepa mokasaHo Ha puc. 7.42.
bykBa G ykaspiBaeT Ha jormdeckoe ymHoxeHue WM. lludpoit 1 orMedeHB! CBS-
3aHHBIE JIOTUYECKUM YMHOXEHUEM BXOJIbI.

7.4.5. Tabnuubl gaHHbIX

ITpousBoauTeny TPUITEPOB U3MAIOT IMOAPOOHBIE TaGIUIIBI JAHHBIX, B KOTOPBIX
TIpUBEAEHBI Bce HEOOXOMUMBIE MMapaMeTpbl MUKPOCXeMBI. B paMKax 3Toil KHUTH
B KayecTBe MPUMEPOB MpPEICTaBICHb HECKOJIBKO TaOJIMIT JaHHBIX.

Cpenu TaKTHpyeMbIX TPUITEPOB B HACTOSIIIIEe BPeMSI B OCHOBHOM TTPUMEHSIOTCS
D-tpurreper. Muxpocxema FLJ 151-7475 asnaerca TTJI-cxemoit (cM. pasmd. 6.6).
Ona conmepxut yeTbipe D-Tpurrepa (puc. 7.43). IlokoseBka, cCTpykTypa u Tabiu-
11a UICTUHHOCTY NPUBEAECHBI Ha puc. 7.44.

Tabmuna ganHbIx (puc. 7.43) coaepXUT TUMOBBIE CTaTUYECKUE NapaMeTPhl
TTJI-cxem, paccMoTpeHHble B moapasa. 6.6.2.2. [To BpeMeHHN NepeKIIoYeHust
MOXHO ONpeAeTUTh ObIcTpoaeiicTBue cxeMbl (pa3a. 6.4.3). HanpsoxkeHue mura-
Hus 5 B.

ITox 7, noHMMAIOT TaK Ha3bIBaEMOE BPeMs IOATOTOBKY K paGore Ha Bxoze D.
D10 BpeMs, B TeYeHHE KOTOPOIrO CHUTHAJI JOJKEH HaXOMWTHCS Ha BXOHe Mepen
NMpUOBITHEM TakTa cuHXpoHM3auuu. OHo cocrasnsger 20 He. Ecau curHan npu-
cyrcTByeT Ha Bxoge D meHee 20 Hc, TO 3allMCh B NIaMsATh HE TapaHTUPOBaHa.

CHUHXPOHM3HMPYIOIIMIA UMIY/IbC MOJKEH TaKXKe JJIUThCS M0 MEHbIIeH Mepe
20 HC. D10 BpeMsa obo3Hayaercs f,,. BpeMeHa NepeKIoYeHUs] OTHOCUTENHHO
KOpoTKM. Tpurrepsl paéoraioT ObICTPO.
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4 D-tpurrepa FLJ 151-7475 FLG 155-8475

Tpurrepul FLJ 151 unn FLJ 155 umeloT aBa cT1abunbHbIX COCTOAHUS, YNPaBASEMbIX CUHXPO-
nMmnynbcom. Moka fencTayeT CUHXPOHN3NPYIOWNA UMNYNbLC, MHopmaums ¢ D-Bxoaa NepeHoCcuT-
cs Ha Q-Bbixo4. OHA COXpaHsieTCs Ha BbIXOAE U NOCHe NPEeKPaLEHNs NoAaYn CUHXPOHU3UPYIOLLE-
ro umnynsca. Mudopmauusa ctupaeTcs, eCnm CUHXPOHU3UPYIOLWMIA UMNYNLC NOBTOPAETCS.

TecTo- Hux- Bepx- | Eau-
CraTtuyeckme napameTpbl B T ———— aas HWiA Tun HWiA HUUa
TemnepatypHbix 3oHax 1 u 5 cxema npepen npeaen| name-
B A pexus
HanpsxeHue
nuTaHua Us 475 | 50 | 525 B
BxoaHoe Hanpsxe-
Hue H-ypoBHS Un 36 2.0 B
U,=4758B
BxoaHoe Hanpsxe- U 37 0.8 B
HUe L-ypoBHA ’L
BxoaHoe Hanpsixe- Y Us =475 B, 15 B
HUE Ha Kiiemmax ! -1, =12 mA ’
Buixoawoe Hanpa- | -, S, =400 MA | « |3637| 24 | 34 B
XeHvne H-ypoBHs QH o N ’ ’ ’
<
BbixogHoe Hanpa- _ 1l
KEHNe L-ypoBHs U, I, = 16 MA - 36,37 0,2 0,4 B
Cratuyeckas nome-
XOYCTON4MBOCTb Uss 0.4 1.0 e
BxoaHon Tok Ha | U=558 ag 1 MA
KaHan ! !
H-BXOAHOM TOK o
Ha D Ly U,=248B ]Q 38 80 | mMKA
wa T I U=558 0 38 160 | MKA
2]
L -BXOAHOW TOK S
Ha D -1, u,=048B 38 3,2 MA
Ha T -1, U,=048B 38 6,4 MA
TOK KOPOTKOro
3aMblkaHus Ha kaHan| -/, Us;=5258B 39 18 57 MA
BbiIXoAa
Tok nuTaHus Ig Us,=5,258B 40 32 53 MA
Bpems
nepekoueHns, Npu
U;,=5B,T,=25°C
JNoruyeckue napameTpbl
AnntensHocTb
CUHXpoumMnynbca bor 20 HC
Bpemsa noarotoBku
Ha D t, 20 HC




7.4. Takmupyembie mpuzzepsl I\)

TecTo- Hux- Bepx- | Epun-
Cratnyeckue napamMeTphl B . HUIA HUIA HALA
TemnepaTtypHbix 3oHax 11 5 Yenosus ucnbianui c:ea»:a npepen Tun npepen| wame-
B A peHns
Bpems npoxoxae- to 14 25 HC
HUS curHana C, =15 no,
(6bicTpoaeiicTBue) R, = 400 Om
oTDKQ Lo 16 30 HC
tow 7 15 HC
otDk Q@
to 24 40 HC
Lo 7 15 HC
otlkQ
torn 16 30 HC
_ [ 7 15 HC
otrTk Q
toy 16 30 HC
Koadppuumnenr
pasBeTBneHus rno F, 10
BbIXOAY Ha KaHan
BxoaHoii Harpy3ou-
HbIA KO PULUNEHT F, 2
Ha D
BxoaHoit Harpysou-
HbIA KO3DPUUNEHT F, 4
Ha T

Puc. 7.43. Tabnuna nanasix Mmukpocxemsl FLJ 151-7475 (Siemens).

@ o Q 71, D, Q
16 15 14 13 12 11
A rri

—
Liokoneska kopnyca
1 BUA CBEpPXY

] D — Bxon
Q, Q@ — Buixoau
G1 1DJ{ 1D G1 G1 1DJ|1D G1 T — BXOA TaKTMPYIOLLLEr0 CUHXPOMMNYNbCA

Crpyktypa
D-Tpurrepa

[\

T D
<
1
t, — MOMEHT BpPEMeHN A0 CUHXPOUMMYNLCA ><
t ., — MOMEHT BPEMEHM MOCNE CUHXPOMMMNYNLCA

n

Puc. 7.44. IlpunoxeHue K Tabavie JAHHBIX A1 UHTErpaabHOi Mukpocxemsl FLY 151-7475
(Siemens).
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Copepxut 4 D-Tpurrepa
Mopayns FZJ 131/135 copepxuT yeTbipe TakTupyeMbix D-Tpurrepa. MHdopmauus nocTtynaert ¢
Bxoaa D Ha Bbixoa Q npu T = H. D-Bxopn 3anept npn T = L.
TunoBoe npumMmeHeHne: 4-6UTOBLIV NPOMEXYTOUYHbIN Bydep namaTu.

Hux- Bepx- Eaon-
CraTnyeckue napameTpsl npu 12 B Y ———— HUIA Tun HURA HUUa
B TeMnepaTtypHbIX 30Hax 1nbd npeaen npeaen uname-
B A peHus
HanpsxeHnvwe nutaHns U, 11,4 12 13,5 B
BxopHoe HanpsXxeHue _
H-ypoBHs u, Ug=Ug, 7,5 B
BxogHoe HanpsxkeHue _
L-ypoBHS u, Uy = Ug n U, 4.5 B
BbixogHOE HanpsixeHne Us = Uggy —lgy = 0,1 MA
H -ypoBHst Uon u,=758B 10,0 13 B
BbiIxogHOE HanpsXxeHne Ug = Ug I, = 15 MA
L -ypoBHs Ya |u'=458"U,-758 0.9 | 17 B
CraTtnyeckas Ysar 25 5 B
NMOMEXOYCTONYNBOCTb U 28 5 B
ssL ’
BxopHoM TOK Ha kaHan _ _
H-BxogHoit Tok Ha D l U= Upa Us = Us, 1 MKA
L-BXOAHOW TOK Ha D =1, Us=Ug,, U, =178 3 MA
L-BxoaHOW TOK Ha T =1, Us=U,, U, =178 6 MA
TOK KOPOTKOro 3ambika- - U.=U.. U=U.=0B 9 15 o5 MA
HUS Ha KaHan Bbixoaa Q s sa* =i Q
Tok nuTaHus g Us=Ug,, U=0B 22 32 MA
OHepronoTpebneHue P U =Ug,, U=08B 264 432 mMBT
Bpems nepeknioyeHus,
npu U, =5B, T,=25°C
MakcumanbHas .
TaKTOBAS 4ACTOTA f, CkBaxHocTb 1: 1 0,5 My
AnntensHocTb
CUHXpouMMynLca br 05 MKC
Bpems nogrotoeku Ha D
H -curnan ts 300 HC
L -curHan s Yepes zemnio 4,5 B 500 HC
Bpemsa npomexyTo4HOro
XpaHeHua Ha D
H-curHan t, 150 HC
L -curHan t, 50 HC




7.5. Tpuzeepoi, ynpaeasemvie no poHmMy CUHXPOUMRYALCA

Hunx- Bepx- Enu-
Cratnyeckue napameTpsl npu 12 B o HUI HUIA HUUa
B TemrnepatypHbix 3oHax 1 n 5 YCnoBms ncrbraHmii npenen Tun npenen | wuame-
B A pexHusa
Bpems npoxoxaeHus curHana
(GbicTpopecTBne)
oy 90 175 310 HC
oTDkQ
b 30 70 150 HC
t 30 70 150 HC
oTDk Q il
Lo C =10 nd 70 130 290 HC
L
t, npu 4,5 B 4epes 3emnio 90 160 310 HC
orTkQ
Lo 70 120 210 HC
_ ton 90 150 310 HC
oTTK Q
tou 70 120 210 HC
Bpems HapacTtaHus bty C =10 nd 50 20 170 He
curtana t, ' 15 | 35 | 60 | He

Puc. 7.45. Tabnuua gauasix MukpocxeMbl FZJ 131 (Siemens).

Mukpocxema FZJ 131 comepXuT TakxXe 4eTbipe TaKTUpyeMbIX D-TpuUrrepa.
Dra mukpocxeMa sisisiercsa [ TJI-cxemoit moacemMeiicTBa «MeIJIeHHON MOMEXO-
YCTOMYUBOM JIoruku». M3 TaGMUILBI TaHHBIX HAa pUC. 7.45 MOXHO YBUIAETH, YTO
BpeMs NEePEKIIIOUEHH 3HAYUTEIBHO JoJblie, yeM B cxeMe FLJ 151-7475. Cra-
TUYecKasi IIOMEX0yCTOMYMBOCTh O4eHb OoJblnass. HeoGxonuMoe HampspkeHUe
mutanusa 12 B. Ctpykrypa D-tpurrepoB (puc. 7.46) sBisieTCsl TUIIMYIHOMN I
ATII-cxem.

7.5. Tpurrepsl, ynpasasieMbie 1no GPOHTY CUHXPOUMNYNbCa

bnaromapsa ynpapieHuio mo dpoHty (GpoHTAIBHOMY VIIPABJICHUIO) JTOCTUIAIOT
OYeHb TOYHOTO OTHOBPEMEHHOTO ITEPEKIIOYEHSI HECKOIbKUX TPUTTepoB. [Jaxe
Mpy OONBIINX HAOIYyCKaX MPY M3rOTOBJICHUH ITOYTH HE MPOUCXOIUT OTKIOHEHUS
OT 33IaHHBIX MOMEHTOB TE€PEKITIOYEHUSI.

Mpu GPOHTANBLHOM YNPABNEHUW TRUITEPbI NEPEKITIOHAIOTCH CUHXPOHHO.

Eiie ogHuM TMpeuMyliecTBoM (QPOHTAIBHOIO YIpaBJIeHUsl SIBJISETCS TTOHHU-
XeHHasl IIoABePXEHHOCTh IToMexaM. [ToMexa Ha BXOJax MOXET IMOCIYXUTh IPHU-
YUHOM COOSI TOJIBKO B TOM CJIydae, €CJIM OHa JIEUCTBYET B TeUeHUE OYEHb KOPOT-
KOro Tepuojia BpeMeHHU MepeKIouyeHuss Tpurrepa. Jlo U mocjie 3Toro mnepuona
Mapa3suTHbIE CUTHAIBI HE OKa3bIBAIOT BO3ICHCTBHUS Ha paboOTy TpUITepa.

Mpu dpoHTanbHOM ynpaeneHun Tpurrepsl 06nananT O6onbLUeid NOMexoyCTon-
YNBOCTHIO.
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1-2 2

u @ a@ DO, T,, D, Q, @ Puc. 7.46. INpunoxenwue x 1ab-
16 15 14 13 12 11 10 9 JIALE AAHHBIX 1151 MHTErpaib-
o rarrr HOit Mmkpocxemul FZJ 131

m (Siemens).

Liokoneska kopnyca
B8UA CBEPXY

o Q, Q — BbixoAbl
L—-l ‘—l [__l u L_TI_I I_l L_l T-—BXOA TaKTUpylowero cuHxponmnynsca
i 2 3 4 5 6 7 8
g o D, T, D, Q & O

MpuHuMnNuanbHaa cxema (oguH Tpurrep)

. u,
f]10k I:]wx C]‘OK LI]15K [I]10K h10x DWK

2k
A 2 K
LA

300

J
|

>——H—~~H— N °a

] ]

K Creaylowemy Tpurrepy

7
7.5.1. UMnynbCHbIE 3NEMEHTHI

g GpoHTAILHOrO yNpaBieHUSI HEOOXOMMMBI MMITYJIbCHBIE 3JIEeMEHThl. OHU
HMEIOT CTaTUYECKMiT ¥ TMHAMMYECKM BXOAbl M paboTaloT Kak sjeMeHTh W.
VIMnynbecHBIN 3j1eMeHT Ha puic. 7.47 BhlIaeT Ha BBIXOJE OTPULIATEIBHBIA UM-
MyJIbC TOJIBKO Torma, Korma A = 1, a T-curHan mamaeT ¢ 1 B 0 (oOpaTHBIHI
dpoHnT).

Bo3MoxHast CTpyKTypa MMITYJIbCHOTO 3jieMeHTa (puc. 7.47) npencrasieHa Ha
puc. 7 48. Ha Bxone A noikeH meiictBoBarh curHai 1. B Touke X Torma neicTBy-
er curai 0, yro coorBeTcTByeT norenmuany 0 B. Ha 7-Bxome Takke HOJLKEH
6b1Th curnan 1 (£ +5 B). Konngencarop C 3apstxaercst 1o 5 B. Ecnu curnan T'
CTaHOBHUTCS CHOBa paBHbBIM ( B, To oTpuuaTenbHbIH MOJNIOC KOHIEHCATOPA B
NMepBBIii MOMEHT BpeMeHHU OyaeT mMeTh moTeHuuan —5 B. Jluox oTkpoercs.
K BeIXOmy Z mocie yMEHbIIEHUS Ha BEJIWYUHY NPSIMOTO HAMNPSDKEHWS IHONA

NpWIOXeHo HanpsokeHne —4,3 B. B1o HamnpspkeHUe MmagaeT mocie pa3psiia KOH-
neHcaropa jio 0.



7.5. Tpuezepwt, ynpaeasembie no ppoHmy CUHXPOUMNYAbCA I@)

z Haa auarpamMma UMIyJbCHOro 3JIEMCHTa i
BapMaHTa ¢ OTPULATC/IbHBIM BBIXOOHBIM M-

A MyJIbCOM.
1T I 1
0 . A X 2
T 1 0 oB

g Puc. 7.47. YcnosHoe 0603HaYEHNE Y BpEMEH-
>

~

Puc. 7.48. Ctpykrypa HMIy15CHOIO
9/IEMEHTA.

N
—>
Y

A ———f &
z
r——>|

Puc. 7.49. YcioBHOe 0603HaYEHUE U BpEMEH-
Has JuarpaMma MMITyJIbCHOIO 3/ieMEHTa [J1s
BapUaHTa C MOJIOXUTENBHBIM BBIXOAHBIM M-
My/1bCOM.

HWmitynecHBIE 3JIEMEHTHI BTOPOTO BHAA BBITAIOT IOJIOXUTEIbHBIE BBIXOTHBIE
UMIYIbCchl. UMIynbCHBIN 21eMeHT Ha puc. 7.49 BhITaeT IOJIOXUTEIbHBIA MM-
MyJIbC TOJILKO TOTNA, KOIa Ha Bxone A neiicTByer curHai 1 u cmHxpoumiynse T’
nepexonut ¢ 0 Ha 1.

7.5.2. RS-Tpurrepsl, ynpasnsemMboie No 0gHOMY PPOHTY

Heraktupyemsiii RS-tpurrep (cMm. puc. 7.27)
MpeBpalaeTcss ¢ MOMOIIbI0 AByX M -3J1eMEeHTOB, s—s — o,
MOAKJIIOYEHHBIX JO TPUITEpPAa B COOTBETCTBUU C
puc. 7.29, B taktupyemsbiit RS-tpurrep. Eciu ob6a

HetakTypyembiit (aCUHXPOHHbII)
9TUX IJIEMEHTA 3aMECHUTh UMITYJIbCHBIMHU 3JIEMEH- RS-Tpurrep
TaMH, TO IOJYYalOT TAKTUPYEeMbIil GpOHTAIBLHO

R—{R b— Q.

yrpasisieMbiit RS-tpurrep (puc. 7.50). Tpurrep me- S o
peKIioyaeTcs MpH Iepexofie CUTHaJIa CHHXpOHU3a- T
mau ¢ 0 Ha 1, T. e. ¢ nepeqHUM PPOHTOM MMITYJIb- i @

&
ca. YcioBHOe 0603HauYeHHe 3TOro TPHUITEpa IpU-

TakTupyemblii N0 YPOBHIO
BefieHO Ha puc. 7.51. JIna obGo3HayeHUs Bxoaa S puiren

CUHXPOHU3AIMK (TAKTUPYIOUIErO BXO/a) MCIIOJb-
3yercst 6ykBa C (ot aHri. clock — wach). C-Bxon
BO3MIEICTBYET Ha oba BXOIa TpUITEpPa U IOITOMY
u300paxaercs B cepeauHe.

——C

o—Q,

TakTupyembiit no GpoHTy
Puc. 7.50. O6pazoBaHue TakTupyeMoro no ¢ppoHTy RS-Tpurrepa. RS-Tpurrep
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s—s — 0,

C —> — Q, S——Ss — Q,

R—R p—Q, C—a>
b— Q, R | R b— 0,

Puc. 7.51. YcnoHoe o603Ha-
YEeHHe YNPaB/sieMoro no Gppox-
Ty RS-Tpurrepa, nepex/iioyaio- Puc. 7.52. CxemMa u yciOBHOE OGO3HAYEHME TAKTHPYEMOIO
merocs nepesHuM ¢GpoOHTOM ynpapiseMoro no ¢dbpoHry RS-Tpurrepa, nepexiioyaroumero-
CHUHXPOMMIY/1bCA. csl 3a0HUM GPOHTOM CHMHXPOMMILYJIbCA.

Ecnu ucnonp3yloT MMIYJIBCHBIE 3JI€MEHTHl IPYyroro BUa, TO MOJYYalOT
RS-Tpurrep, KOTOpHIii NepeKiIioyaercsa 3aAHUM (PPOHTOM uMITyJbca (puc. 7.52).
TpeOyrorca nBa momonHUTENbHBIX 3neMeHTa HE mnm eme MOXHO IpUMEHUTH
Tpurrep Ha anemeHrax V-HE, nokaszanHbiii Ha puc. 7.26.

CxeMbl, IIpUMEHsieMble B 00JIACTH MHTETPaJIbHBIX MUKPOCXEM, SIBJISIOTCS B
OCHOBHOM 0o0Jjiee CJIOXHBIMU. Pa3paboTumMKyM CTpeMSTCS IOJYyYUTh OOJBIIYIO
IIOMEX0YCTOMYUBOCTh MPH BO3MOXKHO OoJjiee BBHICOKOI paboueii ckopocTu. Ho-
MOJTHUTEJIbHBIE YCIIOKHEHUS B CXeMe JIUIIb HEMHOTO ITOBBIIIAIOT U3AEPXKKH TP
MPOU3BOMICTBE MUKpOcxeM. JIJIsT moTpeOuTe st BHYTPEHHSISI CTPYKTypa CXeMBI He
MMeeT 3HaYeHUS. BaxKHBI TN XOPOIITHe MapaMeTpsl M Ka4eCTBO MpeiaraeMbIxX
TPUITEPOB.

PaccMoTpeHHBIT TakTUpPYyeMBIil 10 GpoHTY RS-TpuUrrep HasbIBaeTcs TaKkKe
ynpasjisieMbiM 0 oanomy ¢ponTy RS-TpurrepoM. Takoe Ha3BaHUE IOMOTAaeT OT-
JIMYaTh MX OT paccMaTpuBaeMBIX Haljiee yIpaBiisieMbiX o IByM (poHTam RS-
TPUTTEPOB.

Tabnnna MCTUHHOCTU IS YIIPABISIEMbBIX IT0 OTHOMY MPOHTY RS-TpUITEpOB
TakKasd Xe, Kak IS TaKTHUPYEMBIX 110 YPOBHIO CUT'HajIa RS-TpUrrepos, Tak Kak B
TabJIMIe UCTUHHOCTM He TIPUBOAUTCS CIIOCOO TaKTOBOTO yrpabiieHus. Tabnuua
HCTUHHOCTH (puc. 7.53) meiicTBUTeNbHA KaK UIST RS-TpUITEPOB, YNpaBiIsieMbIX
nepeaHuM GpPOHTOM UMITYJIbCa, TaK M I RS-TpUTITEPOB, YIIPABISEMBbIX 3aJHUM
dponToM umITysIbca. MOXKXHO KCIIOJIB30BaTh YCIOBHBIE 0003HAYEHUS C YKA3aHU-
eM 3aBUCHMMOCTH WiIu Oe3 ykazauus (puc. 7.53).
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Bap.|[R | S | Q Puc. 7.53. YcaosHoe 060-
T [0]0} an 3HAYEeHUEe TAKTHUPYEMOTro
s s — Q, s —1s — o 2 (o1} 1 YIPaB/isieMOrO 110 OAHOMY
! i
¢ g c—q> c1 3 (1}0; 0 ¢poHTy RS-TpuUrrepa u
A—A PO R—IA 2 4 (111 = €ro TabauIa UCTUHHOCTH.

Yane Bcero He TpeGyeTcss 0603HaYaTh OCHOBHOE TOJIOXKEHNEe RS-TpUTTEpOB.
YrpapisieMble 110 ogHOMY (POHTY RS-TpUITEPHI TPON3BOASITCS TPEUMYILECTBEHHO
¢ (PUKCUPOBAHHBIM OCHOBHBIM MoyioxeHueM. Oro Q, = 0, Q, = 1. Ecimn HyxHO
0003HAYUTh OCHOBHOE ITOJIOXXEHHUE, TO CIIOCO0 €ro YCJIOBHOIro 0003HaYeHMsI 00-
cyxnaicsa B pasgene 7.1 (puc. 7.54).

Jlma MHOTHX Lelleil Hy>KHBl RS-TpUTTepbl, KOTOPbIE MOTYT OBITh JOTIOJIHU-
TEJIbHO YCTAHOBJIEHBI U COPOIIEHB! HE3aBUCUMO OT TAaKTHPYIOIINX CUTHANIOB. JJist
3TOro TPeOYIOTCS JOTOIHUTEbHbIE BXOOH. Tpurrep Ha puc. 7.55 nMeeT He3aBU-
CHUMBIIl OT CUMHXPOCHUIHAJIa BXOJ CUTHAJIA YCTAHOBKU B eMHMLY S* U He3aBUCH-
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Puc. 7.54. YcioBHoe 0603HaYeHUE yrpaBis- Puc. 7.55. YcnopHoe 0603HaueHME ynipaBise-
€MOro no ogHoMy GpoHTy RS-TpUrrepa ¢ 06o- MOro no ogHoMmy GpoHTy RS-Tpurrepa c He-
3HAYEHHWEM OCHOBHOro nogoxenusa Q, = 0, 3aBUCHUMBIMH OT TaKTHPYIOLIEro CUrHaNIa BXO-
0,=1 aMM yCTaHOBKM S* u cbpoca R*.

MBIl OT CMHXpOcHUTHaja Bxonm copoca R*. Kosbla orpuiiaHus rnepen BXogaMu
YKa3bIBaIOT, YTO YIIpaBJieHUE MpoucxoauT 0-curHajamu, 1-curHaabl HeIeicTBY -
TenbHBl. CurHan 0 B R * Bo3BpalljaeT TpUITEp B OCHOBHOE ITojioXeHue. Takro-
BBIIT curHain He TpeGyercst. CoorBeTCTBEHHO 0-CUrHaNI B S* ycTaHaBIMBaeT TPUT-
rep B paGoyee nonoxenue (Q, = 1, Q, = 0).

JInst 0603HaYeHUsT YIpaBIsIEMBIX BXOHOB TpeOyeTcsl 3aluiCh 3aBUCUMOCTHU.
DpoHTAIBHO YIIpaBJIsiEMbIe BXOIBI 0003HAYEHBI ITOMUMO S U R ellle MHIEKCOM,
OIUHAKOBHIM ¢ yrpasistiomiuM BxogoM C. Ha puc. 7.55 unnekc paseH 1. HezaBu-
CHMBIE€ OT TAaKTHPYIOIEro CUTHAJIa BXOIbl 0003HAaYEHHI TOJIBKO Kak S u R.

Bce RS-Tpurrepnsl MMEIOT CYIIeCTBEHHBIM HemoctaToK. ClemyeT u30erarb
KoMOuHauuu BxomHoro curHaia S = 1 u R = 1. OHa NpuBOOMUT B OTAEIHHBIX
cxeMax K HeOIpeIeIeHHOCTH COCTOSTHUIT Ha BBIXOJAX M IMOITOMY 3allpelleHa.

s —1s 2}—aq,
Puc. 7.56. YcinoBHoe 0003HAYEHME YNPaBasieMOro o ogHoMy GpoHTY g ?R‘;' 2b—a
RS-Tpurrepa ¢ JOMUMHUPYIOIXM R-BXOAOM. :

Bapuant cxeMpl RS-TpUITEpP ¢ JOMHHHUPYIOIIUM R-BXOIOM yXe 00CyXIaucs
Cpeny TaKTUPYeMbIX TpUITepoB. Takoit RS-Tpurrep MoxeT OBITh IIOCTPOEH TaK-
Xe€ C ynpaBjieHHueM o ogHoMY PpoHTy. COOTBETCTBYIOIIEEe YCIIOBHOE 0003HaYe-
HUe IpeacTaBlieHo Ha puc. 7.56. [Ina o6o3HayeHUs R-3aBUCHMMOCTH HCIIONB30-
BaJICS MHIIEKC 2.

7.5.3. T-Tpurrepsl, ynpasnsemblie nNo ogHOMy PpPOHTY

YacTo HyXeH TpUITep, KOTOPHIi MEHSET CBOE COCTOSIHHE TIPU KaXIOM TaKTe
CHHXpOMMITYJIbca. B KauecTBe ynpasismonero gponra 6epercs nepeaHuit GpoHT
TakToBOro ummyneca (0 — 1). Ecau tpurrep ycraHosieH, Hanpumep, B O, = 1,
TO IPU HapacTaiolleM PPOHTE CMHXPOMMIIYJIbCA OH JOJIKEH MEePEKIIIOYNUTHCS B
0, = 0, npu crenyomem nepenHeM ¢bpoure B @, = 1 u 1. a. Takoit Tpurrep
HaspiBaeTcsi T-TpurrepoM. OH MOXeT OBITh ITOCTPOEH Ha 6a3e yIpaBisieMoro Io
ogHoMy poHTY RS-TpMITEpa.

Paccmorpum RS-tpurrep Ha puc. 7.57. OH ycraHosnieH B Q, = 0, @, = 1n
JIOJKEH TIEPeKITIOUYUTRCS TIPH ClIeyIoleM nepexHeM (ppoHTe CUHXPOUMIIYJIbCA.
DTO BO3MOXHO TOJIBKO B CJIydae, €CJIU Ha Bxofe S aeiicTByeT 1-curHai. 1-curHan
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il 1 Puc. 7.57. Ynpasasemsiit no onHoMy HpoHTY RS-TpUrrep ¢ 40noJ-
- ——J 0 HMTEAbHBIMU COEAUHEHUSAMH.
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MOXeT ObITh B3AT co BXona O, (YepHas munus). [Ipu pactymem pponTe MMITyIb-
ca CUTrHajla CHHXpPOHU3AIIUU TPUITEP TEeIleph MEHSET CBOE COCTOSTHHE.

Tenepy RS-tpurrep ycranosied B O, = 1, O, = 0 (cepbiM Ha puc. 7.57).
Tpurrep ycraHOBJeH M HaxXOAUTCs B paboueMm mojioxkeHuu. Ilpm ciemyonem
nepenHeM (GpoHTE CHHXPOMMITYJIbCA TPUITEP BEPHETCS B MCXOTHOE COCTOSTHHE
0, =0, Q,= 1. lna sroro Heo6xonuM 1-curnan Ha R. DTOT CUrHaJI MOXET OHITh
B34T co Bxona O, (cepas muHus1). Teneps TpUITEP MOXET BEPHYThCS B HCXOIHOE
cocrosinue. Ilpu atoM Q, = 1 u Ha S-Bxoze AercrByer 1-curnan. Ilpu crexyro-
1IeM nepeaHeM PpoHTe CHHXPOMMITYJIbCa TPUITEDP CHOBA IIEPEXOIUT B pabouee
cocrosiHre. VITak, MBI MMeeM XeJlaeMblii T-Tpurrep.

YciaoBHoe o6Go3HayeHWe T-Tpurrepa, YIpaBiIsieMOTO NepeaTHuM (poHTOM
CUHXPOUMITYJIbCa, H300paxeHo Ha puc. 7.58. Bropas pa3HOBUTHOCTb T-TpHITE-
POB yIIpaBJisieTcsi 3aHUM (PPOHTOM CHHXpoMMITyJibca. X ycioBHOe 0003Haye-
HHUe TT0Ka3aHo Ha puc. 7.59. Tabmuua MCTMHHOCTU ISt T-TpUITEpOB IpOCTas,
TaK KaK y HUX MUMeeTCS TOJIbKO ofuH Bxox (puc. 7.60).

HMHorma HyXXHB TPUITEPHI, KOTOPbIe MOTYT OBITH 3aIIePThI MJIM OTKPBITHI CHUT-
HaJIOM C JIONIOJHUTEJIbHOrO BXoma. Takoif Tpurrep MoxeT ObITh 00pa3oBaH U3
yIIpaBJIsieMoro 1o omHoMy ¢GpoHTy RS-Tpurrepa. RS-Tpurrep J0JDKeH UMETh TOTAa
IBa S-BxoIa M JBa R-BXoma, KOTOpbI€ CBS3aHbI JIOTMYECKUM YMHOXeHueM U
(puc. 7.61).

— Q.

Q,

Puc. 7.58. YciaoBHoe 0603HAYEHUE ynpag/isie-
MOIO 110 OfHOMY PpoHTY T-TpuUrrepa, ynpasis-
eMOoro nepeaHuM (GpOHTOM CHHXPOMMITYJIbCA.
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Puc. 7.59. YcaoBHoe 0b003HaYeHHE yrpaBse-
Moro no ogHomy ¢bpoHTy T-TpUrrepa, ynpas-
J1€MOro 3aAHKM GPOHTOM CHHXPOMMIIY/IbCA.
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Puc. 7.60. Tabauua uctuHHOCTU T-TPULTEPOB
Ha puc. 7.59 u 7.60.

Puc. 7.61. YcioBHoe 0003HayeHue yrpapise-
Moro no ogHomy dpourty T-Tpurrepa ¢ mno-
MapHO CBA3AHHBIMHU JIOTMYECKNM YMHOXEHM -
eM S- u R-Bxopamu.

S- 1 R-Bxoxpl 6ynyT cBsizaHbl ¢ BeixogamMu Q, u Q,, Kak Ha puc. 7.57. Cso-
GOIHBIN S-BXOX ¥ CBOOGOIHBIN R-BXOI CBSI3BIBAIOTCS NpYyr ¢ ApyroM. OHu obpa-
3y10T HOBBII T-Bxox (puc. 7.62). TakTupyromuii Bxon roayyaer o6osHayeHue C.
DT 0603HaYEeHHUS ABJISIIOTCS TUIIOBBIMM ISt 1-Tpurrepa. 7-TpuUrTep Iepexiio-
yaercs tenepb o C-curHaiy (mo nepegHeMy GpoHTy C-CUHXpOUMITYJIbCA), €CIIU
Ha T peiicteyer curdan 1. [Ipu T = O Tpurrep 3abnokupoBaH. COCTOSHUS BBIXO-
OB TPUITEpA TOIAA HEe U3MEHSIOTCS He3aBUCUMO oT C-CUrHaia.

Ha puc. 7.63 moka3zaHo yclIOBHOe 00O3HAaY€HUE TaKOro 7-Tpurrepa U €ro
tabnuua uctuHHocTu. Ipu 7= 0 cocTosanue Bhixoaa @, IOC/IE TEKYLIErO TaKTa
paBHO cocTosiHMIO Q| TIepe/l TEKYIUUM TakToM, T. €. O, . Ilpu T = 1 coctosHue
BBIXOJa Q, MOCJIE TEKYIIETO TaKTa NPOTUBOIOJIOXHO COCTOSHUIO O, TIepe] TeKy-

UM TaKTOM, T. €. paBHO Q,,.
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Puc. 7.62. O6paszopanue T-tpurrepa ¢ T- u Puc. 7.63. YcnosHoe o6o3HayeHune T-Tpurrepa
C-Bxonamy u3 RS-Tpurrepa. ¢ T- u C-BXO#aMH U ero Tabjuia UICTUHHOCTH.

7.5.4. JK-Tpurrepsbl, ynpasngemsie no ogHoOMy ppPOHTY

B nouckax MakcMMaJbHO YHHMBEPCAIILHOTO TPUITEPA 32 OCHOBY OBUI B3ST YIIPaB-
JISIEMBIH 10 omHOMY (pOHTY RS-TpUITEp. YHMBEPCAILHBIM TPUTTED TOJLKEH UMETh
PEXMMBI XpaHEHUSI, yCTAHOBKM U cOpoca RS-Tpurrepa (cM. TaGIMITy MCTHHHOC-
T Ha puc. 7.53). B cnyyae 3anpemenHoi koMOuHammu 4 ¢ S=1u R =1
TPUITEP AOJLKEH IePEeKITIoYaThCs KaK T-Tpurrep.
Takoit yHuBepcanbHbIi TPUITEP MBI YK€ HAIIUTH, OH
u300paxeH Ha cxeMe (puc. 7.63). Hano Toipko cHOBa
BOCCTAaHOBUTH CBsI3b S-BXoga M R-Bxoma ¢ T-BxomoMm J —an aQ
(puc. 7.64). HoBbie Bxoasl HasbiBalorcd J u K. cC—Fct
IIpu xomOuHanyu J = 0 u K = 0 tpurrep pa6oraet K ___Elm .
B pexuMe xpaHeHnus. Ilpu J = 1 oH ycraHaBJIMBaeTcs,
eciu Q, = 0u Q, = 1. Copoc nmpoucxomut npu K = 1,
korna Q, = 1 u Q, = 0, BCce Mepexonpl, pasyMeeTcs, Puc. 7.64. O6pasosarue JK-
¢poHTanbHO-ympasisgeMmble. IIpu J=1u K= 1 Tpurrep Tpurrepa us RS-tpurrepa.
BedeT cebs KaKk T-Tpurrep.
O6o3HaueHus J u K B3SITHI MPOM3BOJIBHO M3 ai)aBUTa M He SIBISIOTCS Ka-

KUM-JIN0O COKpallleHHEM. YCJIIOBHOEe O0O3HaYeHME YIPaBISIEMOro IO (POHTY
JK-Tpurrepa BMecTe ¢ TaGIMIIEe UCTUHHOCTH IpUBEIEHHBI Ha puc. 7.65.
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Puc. 7.65. YcaoBHoe 0603HaueHre U TabaULIa HCTUHHOCTH YIpPaB/isieMOro s 11118,

no opHomy dpouty JK-Tpurrepa (ynpasiaeHue no nepeaHeMy GppoHrty).

KoneuHo, cymiecTByoT Takxe JK-TpUrrepsl, ymnpapliisieMble 3aQHUM (HpPOH-
TOM uMIyabca. BonbIIMHCTBO JK-TpUITEPOB UMEIOT HECKOJIBKO BXOJOB M He-
CKOJIbKO BBIXOJIOB, KOTOPBIE CBSI3aHBI JIOTUYECKMM YMHOXeHneM H.

Taxcke yacTo Ha TpUITEpax UCIONL3YIOTCS HETAKTUPYEMBbIE BXOABI YCTAHOBKH
u c6poca. Ha puc. 7.66 mokaszaHo ycjioBHOe 0003HaYeHNe Takoro JK-tpurrepa.
HeraxTupyeMmble BXOABI YCTAaHOBKU U cOpoca mepekiovaroTcs 0-curHajiamu,

MMO3TOMY OHHM OGo3Havawrcsa S u R.
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Puc. 7.66. YcioBHOe 0003HAYEHUE YIPABAAEMOro MO OAHOMY
dponty JK-tpurrepa ¢ 3 J- u 3 K-BXOoaamu, HETaKTUPYEMbIM
BXOJIOM YCTaHOBKY M HETAKTUPYEMBIM BXOAOM cOpoca.
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AnemeHT FLJ 101/105 aBnaeTca ynpasnsemMbiM no ¢GppoHTy

BbIXO4Yy Ha KaHan

Hunx- Bepx- Ean-
Cratuyeckue napameTpsl B VCNOBUS NCHLITAHMIA HUWA Tun HUM HUUa
B TemnepartypHbIx 3oHax 1u 5 npeaen npegen | wname-
B A peHna
HanpsixeHue nutaHus U, 4,75 5,0 5,25 B
BxogHoe HanpsxeHne _
H-ypoBHs U, U;=4,75B 2,0 B
BxogHoe HanpsxeHne _
L-ypoBHs U, Us;=4,75B 0,8 B
BxogHoe HanpsxeHue Yy Us = 4,75 B, 15 B
Ha Knemmax ! =, =12 MA ’
BbixogHOe HanpsxeHue U,=4,75B, —1,, =400 McA
H-ypoBHs Usw |0, =088 0,=208]| 2% | 34 B
BbIxogHOE HanpsxXxeHue U;=4,75B, I, = 16 mA
L-ypoBHsi Ya u,=08B,U,=208B 0.2 0.4 B
CTaTM‘ief)Ka‘il U 0.4 1,0 B
NOMEXOYCTOMYMBOCTb ss
BxoaHo TOK Ha kaHan /, U;=525B,U,=558B 1 MA
H-BXx0AHO Tok Ha R nnuS 1, 80 MKA
U,=5258B,U,=248B
HaT,Juwm K 1, 40 MKA
L-BxopHoit Tok Ha RuamnS| -1, 3,2 MA
U,=525B,U,=048B
Ha T, JuwmK -1, 1,6 MA
TOK KOPOTKOro 3ambika- -l U.=5258 18 57 MA
HUS Ha KaHan Bbixoaa Q s
Tok nnTanusa =g U;,=5258B 13 26 MA
Bpems nepeknioueHus,
npuU;=5B, T,=25°C
Bpems npomexy- ¢ 5 He
TOYHOrO XpPaHEeHUs H
TakToBas 4acTota f, 15 20 My
Bpems npoxoxpeHus
curHana _ tou _ 50 HC
(6bicTpOAEiicTBME) OT R RCL_' 41050 ré)q:,,
— L
wim S kQ ton 50 HC
Bpems npoxoxaeHus
curHana t, 10 18 50 HC
(6bicTpOAeicTBUE)
orTk Q tos 10 27 50 HC
JNornyeckue napameTpbl
KoadppuuneHt
pasBeTBAEHUS MO F, 10

Puc. 7.67. Tabnuua ganusix mukpocxemsl FLJ 101-7470 (no panubpM ¢upmel Siemens).
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Ha puc. 7.67 npuBeneHa tabauna qaHHbIX MuKpocxeMsl FLJ 101-7470. Bra
MuKpocxeMa coaepXur JK-rpurrep ¢ 3 J- u 3 K-BxogaMu, HETaKTUPYEMBIM BXO-
IIOM YCTaHOBKH M HETAKTHPYeMBIM BXomoM cGpoca. ITo 1mokosieBke Ha puc. 7.68
BUIHO, 4TO BXOAbl K, u J, ynpasisiorca 0-curaajnamu.
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Puc. 7.68. Loxoneska mukpocxemsl FLJ 101-7470.

Mukpocxema FLJ 101-7470 npunamnexur Kk TTJI-cemeiicrBy. D10 cemeii-
CTBO MHKPOCXEM PacCMOTpPEHO B mojapasa. 6.6.2.2. B zaHHOM pasiese JONOJHM-
TEJIbHO BBOIMTCS TaK Ha3bIBa€MOE BpeMsA MPOMEKYTOYHOro xpanenus. ITocie mo-
Jla4yil BRICOKOT'O YPOBHSI CHHXPOUMITYJIbca (TUnMUYHoe 3HayeHue 1,5 B mra TTII-
CX€M) BXOJHBI€ CHUTHAJIBl MOJXHBI COXPAHSATh CBOE COCTOSIHHE B TEeYeHUE
OMNpENEICHHOIO BpeMEHU. DTO BpeMs Ha3bIBaeTCS BpEMEHEM IIPOMEXKYTOYHOIO
xpaHeHus. ITo ucTedyeHUH BpeMEHHM NPOMEXYTOUYHOTO XpaHeHUs (OGBIYHO 5 HC)
U3MEHEHUS BXOJHOTO CUTHajla He MMEIOT 3HadYeHus. ITlapa3suTHble CUTHAJIBI MO-
IYT TIOBJIUSITh Ha TPUTTEP TOJIBKO B TEYEHUE BPEMEHHU IPOMEXYTOYHOIO XpaHe-
Hus. CrnenoBaTeIbHO, YeM MeHbIlle BpeMsI IIPOMEKYTOYHOTO XpaHeHUsI, TeM 6o-
Jiee TIOMEXOYCTOMYMBOM SIBISAETCS CXEMa.

Kak momonHeHue K Tabiuile JaHHBIX MPUBOAATCS OJIOK-cXeMa M TabJjiMIla
ypoBHeii (puc. 7.69). B tabnuie ypoBHIo L coorBeTcTBYeT 0-CUrHaN U ypoBHIO H
1-curnan. HeTaktupyeMmbie BXOIB YCTAHOBKM M cOpoca oGo3Hayaorcst S u R.
DTO 3HAYUT, YTO STH BXOHBI YIPABJISIOTCS 0-CUTHAJIAMM.

VYrpasisgeMmbie 110 ogHOMY PpOHTY JK-TpHUITEPH YaCTO MMEIOT TaK Ha3biBa-
eMyI0 TMHAMUYecKy10 maMsaTh. OHa yBeJIMYMUBAET BpeMsl PaclpOCTPaHEHUs CUT-
HaJla U IIpeJOTBpallaeT YCTAHOBKY BBIXOJOB B XKe€JlaeMO€ COCTOSTHUE elle BO Bpe-
M niepeaHero ¢GpoHTa UMITYJIbCa CUTHAJIa CHUHXPOHU3AIMKU WA B TeYeHUE Bpe-
MEHM NPOMEXYTOYHOI'0 XpaHEHUS. DTO MOIJIO Obl IPUBECTU K JIOXKHOMY
cpabarsiBaHvo. PaccMoTpuM yripaBaseMblii o ogHoMy (dpoHTy JK-Tpurrep,
KOTOPBIN ynpaBasieTCs NpsIMbIM (poHTOM cuHXpouMmmnyysca. [Ipu J=1u K=1
3TOT TPUITEP OyHeT MepPeKITIoYaThbCs, eClIi CUHXPOUMITYJILC JOCTUTHET, HaIlpy-
Mep, MOporoBoro 3HauyeHus: HanpsokeHusa (+1,5 B). Ecinu xxenaeMbie BBIXOIHBIE
cocrognuda (Q, = 1 u @, = 0) oueHb GHICTPO YCTAHOBATCS HA BHIXOME, TO MOXET
IpoM30MTH MOBTOPHOE cpabareiBanue (Q, = 0 u Q, = 1). luHamudecKas namMarhb
COCTOUT U3 OJHOU WJIM HECKOJbKUX HEOOJBIIUX eMKOCTeil, KOTOphIe mepe3apsi-
XKaTcsa. B xauecTBe 3TUX eMKOCTe!l MOTYT CJIIYXKUTb €MKOCTH 3aIllepThiX pr-Te-
pexonoB. Takue Tpurrepsl MpaBUIbHO CJIeAyeT Ha3bIBaTh TPUITEPAMH C JABOMHOIA
HaAMATDHIO.
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MpuHyunuansHas
cxema

Noruyeckue onepauwn t, [ J=JyAdp Ady
J | K Q K=KynKy AKs
T 1L Q t, — MOMEHT BPEMEHN nepes CUHXPOUMITYNLCOM
Ll w L” t,,, — MOMEHT BPEMEHN NOCNE CUHXPOUMIYNLCA
H| L H
H|H]|Q,

L-noTeHuman Ha R yctaHasnuBaet Ha Q L-ypoBeHb
L-noteHuuan Ha S ycraHasnusaeT Ha Q H-ypoBeHb
R wn S ne 3asucsat ot T

Puc. 7.69. I[Ipunoxenue K Tabauie gaHHbx MukpocxeMmsl FLJ 101-7470 (Siemens).

7.5.5. D-Tpurrepsl, ynpaBngemble 1no ogHoMy PpoHTY

VYupasnsgemsbiit 1o ¢poHTy D-TpUITEp IO CTPYKTYpe OYE€Hb ITOXOX Ha TaKTHUPY-
€MBIii IT0 YPOBHIO D-Tpurrep. DTH pasHOBUIHOCTU TPUITEPa OTIIMYAIOTCS TOJIHKO
yIIpaBJieHHeM. YIIpaBjisgeMble 110 OqHOMY (PpOHTY D-TpUITepHl OeJisITCS Ha TPUT-
repsl, yIpaBjisieMble IIPSIMBIM (POHTOM U OOpaTHBIM (PPOHTOM MMITYJIbCA CUTHA-
J1a cuHxpoHu3anum (puc. 7.70). Tabnuiia uCTUHHOCTU M300paxeHa Ha puc. 7.71.

D 1D — o, D 1D —Q, ty | et
c——aP c1 C > C1 Bap.|D| Q
P— o P— Puc. 7.71. Tabmma 1 0] ©
HCTUHHOCTH YIpaB- 2 jof 1
Puc. 7.70. YcnosHoe 0603HaYEHNE YIPABAIEMOro 1o JII€EMOrO MO OJHOMY
opHOMYy ¢poHTy D-TpuUrrepa. ¢ponTy D-TpUrrepa.

Ilocne mopaun ynpapisioniero ¢gpoHTa CHHXPOUMITYJIBCA CUTHANI Ha D-BXxoze
TIEPEXOIUT Ha BBIXOJ TPUITEPA U JEHCTBYET Ha BhIXoae (, B NPSAMOM M Ha BBIXO-
ae Q, B MHBEPCHOI# ¢dopMe.

VYnpasisiembie 110 oqgHOMY GPOHTY D-TpUTTEpHI UCIIONB3YIOTCS IIpeXe BCero
IUIS. CIIBUTOBBIX perucTpoB (cM. pasn. 12). Ha puc. 7.72 npencrapieHa Tabnuma
maHHbIx MukpocxeMbl FLJ 141-7474. Bra MuxkpocxemMa COIepKUT IBa YIpaBJisi-
eMBIX MPSIMBIM (poHTOM D-TpuUrrepa.
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CaBoeHHbI D-Tpurrep

Tpurrepsi FLJ 141 1 FLJ 145 nMeloT HeTakTupyemble BXxoabl ycTaHOBKU U cbpoca. MNepegava
nHdopmauumn co Bxoga D Ha Bbixog Q NPOMCXOAUT BO BPeMsl NMPSMOro GopoHTa CUHXPOUM-
rnynsca, cpasy rnocne oTKpbITUS BXOQHOIo TpaH3auctopa. MNocne atoro D-Bxog cHOBa 3anupa-
eTcs.

Hux- Bepx- | Ean-
Cratnueckue napamerpbl Tecto- HUA HWIA HUUa
Ycnosus ucnbitaHuin Bas Tun
B TemMnepaTypHbiX 30Hax 1 5 npegen npegen| uame-
cxema
B A pexus
Hanpsxerie U, 475 | 50 | 525 B
NUTaHUA s
BxopHoe Hanpsixe- 31 20 B
Hue H-yposHs U,
U;,=4758B
BxopHoe Hanpsixe- U 0.8
Hue L-ypoBHs " !
BxoaHoe Hanpsixe- —uU U, =475 B, 15
HUEe Ha Knemmax ! -1, =12 mA ’
BbixogHoe Hanpsixe- o m
Hine H-ypoBHS U,, 1, = 400 MKA E_ 31 2,4 3,4 B
<
BbixogHoe Hanpsaxe- _ I
HE L-YPOBHS Uy, I, =16 MA - 31 0,2 0,4
CTaTW-lef)Kaﬂ U 0.4 1,0
NOMEXQYCTONYNBOCTb ss
BxoaHoi Tok Ha I U=55B8 32 1 MA
KaHan / m
[T}
H-BxopHoit Tok HaD| 1, Uu,=248B s 32 40 | MKA
Ha S nwm T I U=248B ;,,, 32 80 | mxA
Ha R 1, U,=248B 32 120 | mkA
L -BXOAHOK TOK
Ha D wm S -, | U,=04B,U;,=525B | 33 1,6 | mMA
Ha R wm T -, | U,=04B,U;=5258B 33 32 | mA
TOK KOPOTKOro
3amblkaHus Ha KaHan| -/, U;=5,25B 34 18 57 MA
BbIXOAA
Tok nuTaHus s U=58B 32 17 30 MA
Bpems nepeknioyeHus,
npmUs;=5B, T,=25°C
AnutenbHoCTb ¢ 30 He
CUHXpOUMNyNbLCa o7
AnnTensHOCTb ¢ 30 He
MMNyNbCa YCTAHOBKU pS
AnntensHoCTb t 30 HC
nMmnynbca cbpoca PR
MakcumanbHast C,=15n®
TaKkToBasi 4acroTa fz R, = 400 Om 30a 15 25 My
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T Hunx- Bepx- | Eou-
CraTtnyeckue napameTpbi €cro- HUNA HUIA HUUa
Ycnosusi ucneiraHnii Bas Tun
B TEMnepaTypHbix 30Hax 1un 5 npeaen npeaen| name-
cxema
B A peHna
MuHUManbHbie
Bpems nogrotoBku
curHana t, 30a 15 20 HC
C, =15n®
MwuHumansHoe Bpe- R, = 400 Om
MS NPOMEXYTOYHOIrO t,
XpaHeHus
Bpemsa npoxoxaeHus
curHana
(6bicTpOAENCTBME)
to 30 10 20 40 HC
ot TkQ o
t 30a 10 14 25 HC
PLH C,=15n®
_ tor R, =400 Om 30 40 | He
oT R unin Tk Q
ton 30a 25 HC
JNoruyeckne napameTpbi
KoadpPpnuneHt
pasBeTBNEHUS MO F, 10
BbIXOAY Ha KaHan
BxoaHOM Harpy304HbIA
KO3 PULMEHT
Ha D F, 1
Ha S wn T F, 2
Ha R F, 3

Puc. 7.72. Tabnuua nanusix Mmukpocxemsl FLJ 141-7474 (no nanasiM dupMbl Siemens).

IHokoneBKa u NMPUHLUMITHAIBHAS CXeMa OTHOTO M3 IBYX D-TpUITEpOB IT0Ka3a-
Ha Ha puc. 7.73.

uu R b T § Q@ Q@
14 13 12 11 10 9 10 -
e e o T e e O s O | So

S S |
1D 1D

J S C1 > C1

R R R o~

bl

S I [ Y O
1 2 3 4 5 6 7
R D Q o

T S Q s
T
Llokoneeka kopnyca

8uf cBEpXy
D — vndopmaunoHHblit BXOA
Q, @ — Buixoas!
R — Bxop cbpoca &
S — BXOA YCTaHOBKM > - S—— NpuHuvnnanbHas cxema
T — BXO[ TAKTUPYIOLWIEr0 CUHXPOUMMYNbCA (oAvH Tpurrep)

Puc. 7.73. Lokoneska u npuHuunuanpHas cxema FLJ 141-7474 (Siemens).
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7.5.6. RS-Tpurrepsl, ynpaensembie No 060MmMm ppoHTam

CurHajl Ha BXOfe IOCTYIIaeT B YIPABJISIEMbIil MO ABYM (poHTaM TPUITEP BO
BpeMs npsiMoro ¢hpoHTa cuHXpouMITyiibca. OH He MPOXOAUT cpa3y Ha BBIXOJ, a
BpPEMEHHO coxpaHseTcsi. TonpKo nmpu oOpaTHOM (PpOHTE CHHXPOUMITYJIBCA BBI-
XOJIbl TPUTTEPA yCTAHABJIMBAIOTCS.

st aTOoro mpolecca HEOOXOMMMBI IBe STYCHKM MaMSTH, TO €CTh ABa MOCJe-
JIOBaTEJIbHO BKIIIOYEHHBIX TpUTTepa. Tpurrep, KOTophiii mpuHuMaeT uHdopma-
IIMIO CHApYX¥, Ha3bIBACTCS BeAYIIMM TPHITEPOM WJIM MACTEPOM (master, aHIJI. —
rocroauH). Bropoiil Tpurrep, KOoTopsiii IIpuHUMaeT WHGpOpMAaIIUIO OT MacTepa,
HaspIBaeT BeoMbIM MU slave (slave, anri. — pab6) (puc. 7.74). Benymuii Tpurrep
IepeKIIIoYaeTCs Ipyu MpsAMoM (PpoHTe CUMHXPOMMITY/IbCA. Bemomslit — 1ipu 006-
patHOM. Tpurrepsl 3TOro BUAa Ha3bIBaIOTCS TPHITEPAMH «BeAYIHiA-BeAOMbIii» MM
MS-Tpurrepamu.

MS-Tpurrepsl paboTaloT 0YeHb CTaOMIbHO. TpUITEp yCTaHABINBAETCS TOJIb-
KO IIOCJIe BO3BpallleH!sI CHHXPOCHUTHAJIa B HcxoaHoe cocrostuue. Ha puc. 7.75
u300paxeHo yciioBHOe rpadpuyeckoe o6o3HayeHne RS-MASTER-SLAVE-tpur-
repa. [Tonnucanubiit C-Bxon siBisieTcst C-BXOIOM Beayllero Tpurrepa (ymnpas-
JIeHUE IIPIMBIM (PPOHTOM CHMHXpOMMIIyJibca). C-BXOA BeIOMOIrO TPHUITEpa He
noanuceiBaercss. YToO6s 0603HAYUTD, YTO JaHHBIE ITOCTYITAIOT Ha BBIXOIBI TOJIb-
KO Tmocjie 3amHero ¢ppoHTa CHHXPOMMIYJIbCA, Iepe] BHIXOJaMU CTaBATCS JBa
yroJiKa.

Master Slave
s 1S 18 — o, 15 A—
c > C1 —d> C1 —t>C1
R 1R 1R Q, T
Puc. 7.74. Ctpyxrypa RS-Tpurrepa tuna «pe- Puc. 7.75. YcnosHoe rpadpuueckoe obo3znaye-
Aywnii-BeaoMslit» (MS-Tpurrepa), ynpasJse- HUe RS-Tpurrepa TMna «BeayLLUii-BeJOMbBIii».

MOro no AByM GpOHTaM.

Ha npssmoM dbpoHTe CMHXpOMMITYJIbCa, KaK X Ha 0OpaTHOM (pOHTE, eCcTh ABe
TOYKM BKIIOUeHHUs (puc. 7.76). B 3THX TOYKaxX MPOUCXOMUT CIieAylolnee:
t: BEIOMBIl TPUITEP OTHEINSIETCS OT BEAYNIEro TPUITEPa.
t,: uHGopManus Co BXO/Ia COXPAHSETCS B BEIYIEM TPUITEDE.
. BXoZIbI ' M R 3anmpalorcs.

—

t
t,; uadopMalusd U3 BeAyllero TPUITepa IEPEXOIUT B BEAOMBIM TPUITEp U

)

najnee — Ha BbIXOasl Q u O,

Puc. 7.76. MoMeHTH NEPEeKIIOYEHHS YIpaB-
Jsiemoro no asym ¢pontam RS-Tpurrepa Tuna
«BeaylIUii-BeAOMblit». [Ipn Hanuyum GIO0KMU-
POBOYHOM CXEMBI BXOABI MOLYT 3alUpaThCs B
MOMEHT BPEMEHH ;.
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Mexnay ToYkaMu f, ¥ f, BeAyIIHUi TPUITEP TMOABEPXKEH BIMSHUIO MAPASUTHBIX
CHTHAJIOB ¥ MOXET MX 3allOMHHTh. Tora oHM nepeaanyTcs B BEIOMBIil TPUITED.
Ilepuon Mexny #, M f, MOJDKEH OBITh KaK MOXHO KOpOYe, YTOOBI YMEHBIUWUTDH
BJIMSIHUAE TIAPA3UTHBIX CUTHAJIOB.

C 1I0MONIBIO CIIENMAIBHOM CXeMBI MOXHO JXOOUTHCS, YTOOBI 3alIUpaHyie BXO-
IoB S M R mpoucXonwio B MOMEHT BpeMeHHM % (cM. puc. 7.76). DT0T MOMEHT
BpPEeMEHM HaXOAUTCsI HPUMEPHO Ha 5 HC mo3aHee f,. MS-TpUITephl, BXOIBI KOTO-
PHIX IOCPOYHO 3alIMPAIOTCS B MOMEHT BPEMEHH %, Ha3bIBalOTCA MS-Tpurrepamu
¢ OJIOKMpPOBaHHEM BXOJa.

Jlia yrpapiaseMsIX o AByM (GpoHTaM RS-TpUrTepoB MMeeT CWJIy TaKasl Xe
TabJINIa UCTUHHOCTH, KaK U JUIS YIIpaBJIsieMbIX 110 OTHOMY MpOHTY RS-Tpurre-
poB (cM. puc. 7.54).

7.5.7. JK-Tpurrepsbl, ynpasnsembie no o060num ppoHTam

Yrpasnsiembie Mo OByM dpoHTaM JK-Tpurrepbi, Kak U yIpaBiIsgeMBbI€ IO IBYM
dponTaM RS-TpUTTEpHI, SABASIOTCS TPUITEPAMH THUIIA «BeXylUii-BeAoMbIi». Be-
OYIIUHA TPUITEP HOJLKEH ObITh JK-TpUITEpOM, TaK KaK OH JOJDKEH IEPEKII0YaTh-
cs1 ipu komOuHanuu J = 1 1 K= 1. B KayecTBe BeJIOMOT0O TpUITEPA JOCTATOYHO
B34Th RS-Tpurrep (puc. 7.77), mockojbpKy 06a Bbixoma JK-Tpurrepa omxHOBpe-
MEHHO He MOIYT OBITh paBHHI 1. YciioBHoe o6o3HaueHue 3toro JK-MASTER-
SLAVE-Tpurrepa nzobpaxeHo Ha puc. 7.78. OHO oTin4aeTcs OT yCJIOBHOIO 060-
3HAYEeHHS YIIPaBJISIeMOro 1o ogHoMy (GpoHTY JK-Tpurrepa TojabKO YIOJIKaMHU rnepen
Beixomamu. TaOGauIla MCTUHHOCTH SBJISIETCS TaKOM Xe, KakK JUISI YIIPaBJisieMOTO
1o ogHoMy ¢poury JK-tpurrepa (cM. puc. 7.65). CyliecTBYIOT TaKxke YIIpaBJIs-
eMble TI0 ABYM (POHTAM TPUITEPHI, KOTOPHIE YIIPABJISIOT BEAYLIMM TPUITEPOM
1Mo oopaTHOMY MPPOHTY CMHXPOUMITYIbca. Torma BemoOMBIil TpUITEp MepeKioya-
ercd 1o npssMoMmy GpoHTYy cuHXpouMItyibca (puc. 7.79).

B ycnosHomMm 0603Ha4YeHMN yrpaensieMoro no nesym $poHTam Tpurrepa (tmna
«BeAYLLUA-BEAOMBIN») BCEraa ykasbiBaeTCa PPOHT CUHXPOUMMYNLCA, MO KOTOPOMY
npuHumMaeTcs nidopmauna. MNepepava nHdopmaLnm Ha BeIXOA NPOUCXOOUT NO Apy-
romy $ppoHTy cnHxpoumnynsca (DIN 40900, yacte 12).

Ha puc. 7.80 npexncrasieHa tabnuna JaHHbIx MuKpocxeMbl FLJ 131-7476.
Dra Mukpocxema comepxut nBa JK-MASTER-SLAVE-Tpurrepa ¢ HeTakTupy-

Master Slave
J 1 1S Q, _1 1 Tp—
c c1 —> C1 —_? > C1
K 1K D- 1R b—— 0, —_—Kk  Ip— —1k 7
Puc. 7.77. Crpykrypa JK-Tpurrepa Tuna Be- Puc. 7.78. YcnosHoe rpaduyeckoe 0603Haye-
AYIIMI -BEeJOMBIH. Hue JK-Tpurrepa Tumna <«BeAyLUHii-BeIOMBIi».
Master Slave Puc. 7.79. Ctpykrypa u ycioB-
J —1y 1s I B P S HOe rpadmyecKoe 0603HaYeHNE
c > C1 —> C1 —q>c1 JK-Tpurrepa TUNa «BeAyILIMii-
K 1K P 1R P— Q. —k  p— BEIOMBIif», NepeJaloniero nH-

YenosHoe dopmanuio no obparHOMY
o6oaHauenne $POHTY CHHXPOUMITY/1bCA.
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CaBoeHHbin JK-TpUrrep ¢ Bxoaamu yctaHoBku v cbpoca

Tecto- Hux- Bepx- | Eou-
Cratuuyeckue napamerpsl B Y —— Bas HUM Tun HUW HUua
B TemnepaTypHbix 3oHax 11u 5 npeaen npeaen| name-
cxeMa
B A peHus
Hanpsxexne
UTaHNa U, U;=475B 4,75 5,0 5,25 B
BxoaHoe Hanpsxe-
HUne H-ypoBHS U G 2,0 B
U;=475B
BxoaHoe Hanpsixe-
HUEe L-ypoBHA U, 08 B
BxoaHoe Hanpsixe- -u, Us =4,75 B, 15 B
HMe Ha Knemmax =, =12 MA
BbixogHOE Hanpsixe- U ~| = 400 MKA m o4 24 34 B
Hue H-ypoBHS o oH = M 2 ' >
<f
BbixogHoe Hanpsaxe- _ 1l
HUe L-ypoBHS Ua lq =16 MA < 24 02 | 04 B
CTaTmef:Kaﬂ U 0.4 1.0 B
NoOMexoyCTON4YNBOCTb ss
BxonHon Tok 1, U,=248B 25 40 MKA
Ha J wim K I, U=558B 25 1 MA
H-BxonHoW TOK 1, Uu,=248B 25 80 MKA
HaR ST I, U=558B o 25 1 MA
T}
L -BXOAHOW TOK _ N
Ha J, K -1, U, =048B I.Ifl') 26 1,6 MA
[ — 2]
HaR,S v T -1, U,=048B > 26 3,2 MA
Tok KOPOTKOro
3amblkaHua Ha kaHan| -/, Us;=5,258B 27 18 57 MA
BbIxoga
Tok NUTaHus I U =508 25 20 40 MA
Bpema nepeknioveHns,
npu U; =58, T,=25°C
AnnTenbHOCTb
CUHXpoumMnynbca tP’ 20 He
AnnTenbHOCTL ¢ o5 HC
nMnynbca yCTaHOBKMN pS
AnutenbHoCTb
umnynsca cépoca ton % HC
Bpems noarotosku t, 29 t,
Bpewmsi
NPOMEXYTOYHOrO t, 0
XpaHeHus
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Tecto- Hux- Bepx- | Epu-
Cratuyeckme napametpbl B v o HUI HUA HMUA
'CNOBUA UCNbITaHW Bas Tun
B TeMnepaTtypHbix 30Hax 1 1 5 npepen npeanen| name-
cxema
B A peHus
MakcumanbHasn
TaKToBaq 4actora f, 2 15 20 My
Bpemsa npoxoxaenus
curHana tou 29 10 25 40 HC
6bicTpOAENCTBUNE
(BricTROA ) C, = 15 n®d
orTk Q ton R, = 400 Om 29 10 16 25 HC
Bpemsa npoxoxaeHns
curHana tou 30 25 40 HC
(6bicTpOAencTaue)
ofRumS «x Q ton 30 16 25 HC
Jlornyeckue napameTpbl
Koadppuunent
pas3BeTBneHus no Fy 10
BbIXOAY Ha KaHan
BxogHOM Harpy304HbIi
KO3 PUumeHT
Ha J nwam J F, 1
HaR, Swvwm T F, 2

Puc. 7.80. Tabnuna aanueix muxkpocxemsl FLJ 131-7476 (Siemens).

eMBbIMH BXOJaMM YCTaHOBKH M cOpoca. OHa mpuHamiexut K TTJI-cemeiicTBy.
IToxoneBKa M NpUHIUIIHAIbLHASA CXeMa TpPUITepa Moka3aHa Ha puc. 7.81.

Muxkpocxema FLJ 341-74110 conepxur JK-MASTER-SLAVE-Tpurrep c 6:510-
KupoBaHueM Bxoga (puc. 7.82). OyHKIUS GIOKMPOBAaHUS BXOaa IJIsS YIIPaBJIsi-
e€MBIX 1o ABYM dpoHTaM RS-TpurrepoB Oblia paccMoTpeHa Boime. OHa obecrie-
YHBaeT 3alMpaHiie BXOJIOB Yepe3 onpeieieHHOe BpeMsl OCje 3aBepLIeHUS TIpsi-
MOro (ppoHTa CHHXPOUMITY)Ibca. DTO TaK Ha3bIBaeMoOe BpeMsl IPOMEXYTOUHOIO
XpaHeHud coctaBnsger 1 cxeMbl FLJ 341-74110 Tonbko 5 He. CUTHAIBI TOMEXH
MOTYT NPUBECTH K JIOXXHOMY CpabaThIBAaHUIO TOJIBKO B TeYEHHE 3TOIO0 KOPOTKOTO
BpeMeHH. [ToaToMy Tpurrep oueHb IMOMEXOYCTOMYMB.

Tpu cBsI3aHHBIE IOTMYECKUM YMHOXEHHEM J-BXONla ¥ TPU TaKXKe CBSI3aHHbIE
JIOTHYECKUM YMHOXeHUeM K-BXoa MO3BOJISIIOT 9KOHOMMYECKH BBITOTHO ITPOU3-
BOIUTh CUHXPOHHBIE CYETYUKH (CM. 1. 11).

7.5.8. JononHUTENbHbLIE TPUITEPHLIE CXEMBbI

Yucio BO3MOXHBIX TPUTTEPHBIX CXeM Ype3BBIYAllHO OOJIbIIOE. YKe 0OCYXIeH-
Hble D-Tpurrepbl U T-TpUTITephl TaKKe MPOU3BOASATCS Kak MS-Tpurrephl, Wwiu
KakK yIpaBjisieMble 110 IBYM (poHTaM Tpurrepbl. Ix MOXHO TakXe IOCTPOUTh Ha
6aze JK-MASTER-SLAVE-tpurrepos.

K Bxomam JK-MASTER-SLAVE-Tpurrepa Ha puc. 7.83 npukiaabiBaeTCs
1-ypoBeHb, T. €. HanpsDKeHUEe MUTaHus. Tpurrep OyaeT MepeKkIoyaTbcs Ha Kax-
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Llokoneska kopnyca CUHXpOUMNYNLC
BUA CBEPXY
K @ Q@ o kK a Q J ® ®
16 15 14 13 12 11 10 9
r r r [
:] S 1J A11 KR S1 J?\11 KR (@ Benombiit TpUrrep OTAENNETCS OT BEAYWero Tpurrepa
L } r L i ¥ @ vHdopmauus co Bxoaos J 1 K coxpaHseTcs B Beay-

uem Tpurrepe

l 1 Ll @) sxoaw J v K 3anupatotes
—J
8
R

@ vndopmaums 13 Beaylwero TpUrrepa NepexoauT B
BEAOMbLIN TPUITEP U Aanee Ha BLIXOAb!

B
Qo—4—+t—da >< sb—1d o5
>
>
A
AL

MpuHuunuanbHas cxema
(oanH Tpurrep)

Q — Bbixoask!
— Bxoa c6poca

— BXOA YCTAHOBKU
— BX0[ TaKTUpylowero cuHxponmnynbca

R T

Puc. 7.81. llokoneska, BpeMeHHas AMarpamMma M npuHuunuaibHas cxema FLJ 131-7476
(Siemens).

moMm Takrte. Takas cxema HaswiBaercd T-MASTER-SLAVE-tpurrep u sasisiercs
HWIEeIBHON ISl TIOCTPOCHMS aCUHXPOHHBIX CYeTYUKOB (1. 11).

D-MASTER-SLAVE-Tpurrep o4eHs JieTko noctpouts Ha 6aze JK-MASTER-
SLAVE-tpurrepa (puc. 7.84).

CreayolluM HHTEPECHBIM TpUTrepoM siBisiercss DV-tpurrep. Tabnuua uc-
TUHHOCTH It DV-Tpurrepa npuBeaeHa Ha puc. 7.85. Tpurrep padotaer Kak
D-tpurrep, eciim Ha MOATOTOBHUTENIbHOM Bxome V neiicrByer 1-curnan. OH 3a-
MepT, T. €. COCTOSTHUS BBIXOOB HE MEHSIOTCS, €CJIM Ha MOATOTOBUTEIBHOM BXO-
ne V meiictByer 0-curHan.

VcnoBHoe o6o3naueHue DV-Tpurrepa mokasaHo Ha puc. 7.86. DV-tpurrep
MOXHO TIPMOOPECTU B BUIE YIPaBISIEMOro 1Mo OJHOMY (PPOHTY TpUITepa WIN B
BUIE yIpaBiasieMoro 1o aByM ¢dpoHtam MS-tpurrepa. OH MOXeT OBITH JIETKO
npeobpaszoBaH B T-Tpurrep (puc. 7.87).
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Beaywwin JK-Tpurrep ¢ 6nokuposaHuem sxoga

Moaynb FLJ 341/345 vmeeT Bpemsi NPOMEXYTOYHOIO XpaHeHust BCero 5 HC OTHOCUTENLHO nepes-
Hero GpoHTa CUHXpOUMNYbCca. DTO 3HAUYUT, 4TO JK-CUrHasnbl MOTYT MEHATLCA YXe BO BPEMSI CUH-
XPOHU3MPYIOLEero umnynbca 6e3 Bbi3biBaHUs NOXHOro cpabatuiBaHus. FLJ 341/345 Bsaumosame-
Haem ¢ FLJ 111/115.

Hux- Bepx- Enu-
Cratnyeckvne napameTpbl B VCNOBUS MCHbITAHMI ] Tun HUA HAUa
B TeMnepaTtypHbix 3oHax 1 u 5 npepen npegen | uame-
B A penust
HanpsixeHne nutaHua U 4,75 5,0 5,25 B
BxogHoe HanpsxeHue
H-ypoBHa Un Us;=4758B 2.0 8
BxonHoe HanpsixeHue U 0.8 B
L-ypoBHs I
BxoaHoe HanpsixeHne -u, Us =475 B, 15 B
Ha Knemmax =, =12 MA
BuixogHoe HanpsxkeHne U;=4,758B, U, =208,
H-ypoBHs Uon =l = 800 MKA 24 3.4 B
BeixoaHoe HanpsxeHue Us;=4,75B, U, =0,8 B,
L-ypoBHS Vo I, = 16 MA 0.2 04 B
BxogHOM TOK Ha KaHan 5 U;=526B,U,=558B 1 MA
H-BXOQHOM TOK
/ 40 MKA
Ha J, Kuan T " |u,=525B,U,=248B
HaRumS 1, 160 MKA
L -BXOAHOM TOK
1,6 MA
Ha J, Kuu T “h | u,=525B,U,=048B
HaR wwm S -, 3,2 MA
TOK KOPOTKOro 3aMbika- -1, U,=5258B 18 57 MA
HUA Ha KaHan Bbixoaa
Tok nuTaHus I Us;=5,258B 20 34 MA
Bpems nepexknioyeHus,
npn U; =568, T,=25°C
AnvTenbHOCTb ¢ o5 He
CUHXpOMMNYJbCa pT
AnnTtensHoCTb ¢ o5 He
MMMyNbCa YCTAHOBKU PS
AnntensHocTb ¢ o5 He
uMmnynsca c6poca PR
Bpems noaroToBku t, 20 HC
Bpemsa npomexy- t, 5 He
TOYHOrO XpaHeHus
MakcumanbHas f, 20 o5 o
TakToBas YacTtota
Bpems npoxoxaeHus C,=15n®
curvana ton R, = 400 Om 12 20 HC
(6bicTpOAEiiCTBME)
oTRum Sk Q tow 18 25 HC




7.5. Tpuezepoi, ynpaeasemoie no goponmy cunxpoumnyavca Isi))

Hux- Bepx- Egn-
CraTtnyeckve napamerpsbl o HUIA HWIA HUua
B TemnepatypHbix 30Hax 1 n 5 Ycnosus CriTaHui npeaen Tun npepen | name-
peHus
Bpems npoxoxaeHus
curHana Loy 10 20 30 HC
(6bicTPOAECTBUE)
oT Tk Q Lo 6 13 20 HC
Jlornyeckne napameTpsbi
KoadpdpuumeHt passeteneHus
no H-Bbixony Ha KaHan Fou 20
no L-BbIXOAy Ha KaHan Fo 10
BxoaHoih Harpy3soyHbIn
KoapduumeHT
Ha J i K F,
waRusS F,
Ha T :
u, § T K, K K Q
W 1312 118 9 s Hoxaneaxa xopnyca
D crarr ITI —/
| AR J, K — vnHdopmaumoHHbie BXoabl
L E“(-' Q, Q@ — sbixoaut
] S-C1- R  — Bexoa cBpoca
= &} /11 5 — exon ycraHoskun
e S T — BXOA4 TaKTUPYIOWEro CUHxpoumnynnca
| SN N NS R A [ AN [ VRN RN A
12 3 4 5 6 7 Puc. 7.82. Tabauua JaHHBIX MHKPOCXEMBI
R J, d, Jdy Q0 FLJ 341-74110 (Siemens).
1
D = v fb—aq DbD—1D "}—aq,
1] ~>ct —> C1
v b—Q, aA—o Q -
T = C1 T—tT ' K p—o. P
1K Ip—aq, ] A
* c

Puc. 7.83. O6pasosanue T-Master-Slave-
Tpurrepa u3 JK-Master-Slave-tpurrepa.

) et
Bap.|D | V (e}
1 |10 |0} Qp xpaHenue
2 |0 1 0 ycraHoska
3 |1 |0, Q xpaHenne
4 1 11 1 cbpoc

Puc. 7.85. Tabauua uCTMHHOC-
™1 DV-Tpurrepa.

Puc. 7.86. YcioBHbie 0003HA-
yenus DV-tpurrepa.

Puc. 7.84. O6pazosanue D-Master-Slave-Tpur-
repa u3 JK-Master-Slave-Tpurrepa.

—ip L ]
—a>c1 b— 1D o
v T —pct '

I—1V Q,
—1D
—4>s 1 1
—1v o—

— Q.

—{ip p— T > 7
—>c1 P—Q,
— 1V ﬂo_

Puc. 7.87. IIpeoGpasopauue
DV-tpurrepa B T-tpurrep.
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7.6. BpemeHHble anarpamMmmbl

Bpemennble quarpaMmbl, TaKkKe Ha3blBacMble HMIYJIbCHBIMA AMArpaMMamHu, siBJis-
JOTCS BCIIOMOTaTeJIbHBIM CPEICTBOM IS JIyYIIero IOHUMaHUs paboThl TPUITEPA
M BCEU CXEMBI B 1ICJIOM.

BxogHble curHansi BPEMEHHbIX AMarpaMm 3addHbl 3apaHee Wi MoryT BbIGU-
parbCs no6bIMK. BhixoaHble CUrHASBI 32BUCAT OT BXOOHbIX CUIHANOB.

ITosscuM ckasaHHOe Ha mpocToM npuMepe. Ha puc. 7.88 uzobpaxeH HeTak-
THpYyeMbIii RS-Tpurrep, Tak Ha3bIBaeMblii RS-TpUITEp XpaHEHUSI C TaOIuIei
MCTHHHOCTH ¥ BpEMEHHBIMU JUarpaMMamu. TaGmia MCTUHHOCTH AeHiCTBUTEIbHA
IS MOMEHTa BPEMEHH 7 .

o}
I O p—]n o,

e

Q Q
Qim-1) | Q2(m-1)

Hh N _._p
- 2 0 o|ln

- O = OWw

7 Puc. 7.88. RS-Tpurrep xpaHeHus ¢ Tad/am-
- el MICTHHHOCTH [11 MOMEHTa BPEMEHHU £,
t ¥ BPEMEHHOM AMArPaMMOM.

B MOMEHT BpeMeHHM #, TPUITEp yCTaHaBIMBAETCs, TaK KaK Ha S JeiicTByeT
1-curnan. B MoMeHT BpeMeHH £, Tpurrep copackiBaerca. Ha Boixone R curnan 1.
B MOMEHT BpeMEHHU #, TPUITEP CHOBA YCTaHABJIMBAETCS.

Ocob6enHo uHTEpECEH MOMEHT f,. C 3TOr0o MOMEHTa BpPEMEHU Ha 060MX BXO-
Jax IeicTByeT curHaji 1. DTa KoMOMHaus 3amnpelneHa. O6a BhIX0/a Iepexioya-
1orca B 1. Eciiu B MOMEHT BpeMeHM £, Ha R-Bxon monars 0, To O, TakKXe yCTaHO-
BuTcs B 0.

B Touke # S-curnan paseH 0. Tpurrep ocraercst ycraHoBIeHHbIM. COpoc BO3-
MOX€EH TOJIBKO Npu R = 1. B Touke ¢, Tpurrep Mor 66l OGbITH CHOBA YCTaHOBJIEH.
OnHako OH elile He ycTaHOBJIeH. I103ToMy BBIXOMHBIE COCTOSIHUS HE U3MEHSIIOTCS.

B Touke #, R-curHan craHOBUTCs paBHBIM 1. OnHako Ha S ocraercsa 1. CHoBa
BO3HMKAeT HEKOppeKTHasd KoMOuHauusa Q, = 1 u O, = 1. OcobeHHO KpUTHYE-
CKHM SIBJISIETCA MOMEHT £, B KOTOPOM S ¥ R CUrHaJIbl OTHOBPEMEHHO CHUXAIOT-
cs1 7o 0. CTaHOBUTCS HESICHO, B KAaKO€ COCTOSTHHE YCTaHOBUTCS Tpurrep. Komou-
Haiusa S = R = 1 sABisteTcs 3aNpelieHHOM U ee ClieyeT U30erarh.

Paccmorpum puc. 7.89. JlaHBI BXOAHBIE CUTHAIBI S U R ¥ CUTHAJI CHHXPOHU-
saiuu 1. B MomeHT Bpemenu #, S = 1, ongHako K T ewme noaseaeH 0-curxan.
Tpurrep He MOXeT ycTaHOBUTLCSA. TOJNBKO K MOMEHTY BPEMEHMU £, TPUITEP yCTa-
HOBUTCA. B TouKe #, OH cOpocHTCA.

B Touke #, § craHOBUTCS paBHBIM 1, a B Touke 7, R = 1.



7.6. Bpemennvie duazpammol

A
1
s—fs o o,
T t, t, t, t
r —&|R1 1 D—a. s A
t, ot t, ot . t
tn i R A .
Bap.|R | S | @ | @ :
S HE N —— n r M,
2 (o |1 1 0
3 (1]o0o1] o 1 t, t t, t, t
4 |1 1 0 1 Q, A
| (1 o
t, t, t, t, t
kv QZ
Puc. 7.89. Taktupyemslit RS-Tpurrep c A
JNOMUHUPYIOIINM R-BXOA0M, TabauLei "‘“‘”'“] 1 l !—
WCTUHHOCTU Y BPEMEHHOM AxarpaMMoOi.

Tak kKak TaKTUPYIOUINI CUTHAT HE BKIIIOYEH, TO 3T CUTHAJIbI HE OKa3hIBAIOT
BIUsAHMA Ha Tpurrep. TonbKo B TOYKe f, OHM AEHCTBYIOT Ha Tpurrep. Temepn
TPUITEP HOJIXKEeH ObLI ObI cOpocuThbesl. OMHAKO OH yXKe COpOIlieH U, ClIea0oBaTel b~
HO, COCTOSTHUE BBIXOHOB HE M3MEHSETCS.

B Touxe #, Tpurrep ycranasnupaercs. B Touke £, mpoucxoauT cOpoc, TaK Kak
HECMOTPST Ha €IUHMYHBIE COCTOAHHUSA S U R BXOHOB, R-BXOI MMeEET IPUOPHUTET.
Cocrosinue Bbixoga (), HaXOIUTCA BCETa B MPOTMBO(Ma3e K COCTOAHUIO Bbixoaa Q.

Kakas BpeMenHas nuarpamMma, cooTBeTcTByeT Q, M Q,, ecm Obl RS-Tpurrep ¢
JOMMHUPYIOIIUM R-BXOIOM YIIPaBJIsUICs ITO NepeaHeMy (pOHTY CUHXPOUMITYJIb-
ca? CooTBeTCTBYIOIAsl BpEMEHHas1 IrarpamMma mnpejacrabieHa Ha puc. 7.90. Tpurrep
MOXHO I€PEKIIoYaTh TOJILKO B MOMEHTBI BpEMEHH 1, 1,, f,. B Touke 7 Tpurrep

R——1R2 2p— Q,

|
t t t
R | ' n n+1
A | ; Bap.|R | S [e) Q,
! 1[0 [0 | Qy | Qn
] | I | 2 10 | 1 1 0
[—l L 31|01 o0 1
Q A t a1l o
1
|
i I I
0 ‘ 1 r Puc. 7.90. Ynpasasemblit o 04HO-
Q, . 1 My dponHty RS-1purrep (no nepen-
HeMy (pOHTY cuHXpoMMMy/ibca, C
‘——1 [————-———l NOMHWHUPYIOILMM R-BXOIOM) C Tab-
- JMLEA UCTUHHOCTH U BPEMEHHOM

~

JAMarpaMMou.
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c A Puc. 7.91. YnpasiaseMsiit 10 OZHOMY
dpoury JK-tpurrep (no obpatHomy

l ! | ! I ] I l I l l l GPOHTY CHHXpOUMIy/Ibca) ¢ Tabnuueit

HMCTMHHOCTM M BPEMEHHOM AHarpaMMoi.

J—1 o
1
c—g>ct

T i
a i
1 A : i i :
; I______ —
} ln tn+1
0 T L Bap.|[K [J | @ | &
Q, ; ) t 110 [0 | @ | Oon
| , ! ! 2 (o |1 ] 1 0
! , ' | l 3|1]of o 1
4 |1 |1 |G| Gy

Oyner ycTaHOBJIEH, Tak Kak S = 1. B Touke #, Tpurrep copaceiBaercs, TaK Kak §
= R = 1. B Touke #, Tpurrep cHoBa ycraHapnupaercd (S = 1). na Q, u Q,
IOJIyYaeTcs COBEpPIICHHO Apyras AuarpamMma, 4yeM Ha puc. 7.89.

st ynpasiisieMoro mo ogHoMy GpoHTy JK-Tpurrepa Ha puc. 7.91 nonydaer-
cd cliefyloliasi BpeMeHHas auarpamMma. Tpurrep MoxXeT IepeKIIouaThCsl TOJIBKO
B MOMEHTHI BPEMEHH 1, L, L, t,, t, U t,. TOIbKO B 3T MOMEHTBI BPEMEHHM IOa-
10TCs 3agHue GpoHTH C-CHUTHaJIA.

B Touke ¢, Tpurrep ycraHoBurcs, Tak Kak J = 1. B Touke ¢, Tpurrep c6pocur-
s, TaK Kak K = 1. B MOMEHT BpeMeHM #, TpUITEP HOJLKEH OBbUI OBl COPOCHTHCH,
OIHAKO TaK KakK OH yXe COpOIlI€eH, TO COCTOSIHUSA BbixofoB Q, 1 O, HE U3MEHS-
I0TCS.

B Touxe #, /= 1 u K= 1. Tpurrep nepekmoyaercs. Tak Kak nepesx MOMEHTOM
BpeMeHH #, Q, 6bu1 paBeH 0, To mocine #, O, = 1. B Toukax # u f TpUITEp Hepe-
KITI0YaeTcsi B IPOTHBOIONIOXKHOE cocTossHue. CocrosiHue Bbixoga (), Bcerna Ha-
XOOUTCA B MPOTHBO(da3e K COCTOSHMIO BhIxona Q.

B kauecTBe ciiemyouliero mpuMepa pacCMOTPHUM BpEMEHHBIE HHArpaMMBI
ynpasJjisieMoro 1o aBymM ¢bpoHram JK-tpurrepa (puc. 7.92). B Touke #, BXOAHOH
curdan J = 1 nocrymnaer B Bexyummii Tpurrep. M ToJIbK0 B MOMEHT BPEMEHH £,
(c o6paTHBIM (PPOHTOM CHUHXPOMMITYJIbCA) Ha BBIXOHAX TOSIBJISIIOTCS CUTHAJIBI,
COOTBETCTBYIOIIUE pexXuMy ycTaHoBku Q, = 1u Q, = 0.

B MomenT Bpemenu £, J = 0 u K = 0. Oro pexum xpanenus. Ilostomy B
TOYKE f, COCTOSIHUS BBIXOIOB HE MEHSIOTCS.

B Touke # BXonHo# curHan K = 1 nocrynaer B Beaymumi tpurrep. Ho numn
B MOMEHT BPEMEHH #, Ha BBIXOJIaX IOSIBIIAIOTCS CUTHAJIBI, COOTBETCTBYIOLIME Pe-
xumy cbpoca O, =0m Q, = 1.

B moment Bpemenu £, J = 1 u K = 1. IIpu Takoit KOMOMHAIMM BXOXHBIX
CHUTHAJIOB TPUITEP MEPEKIIOYUT BHIXOIBI B COCTOSIHMSI, IIPOTUBOIOJIOXHbBIE TEKY-
MM, HO TOJIbKO B MOMEHT BPEMEHH ;.

B rouke #, K craHOBUTCS paBHBIM 1. COPOC BBIXOMHBIX CUTHAJIOB IPOUCXOIUT
B TOYKE /.
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Puc. 7.92. Ynpasagemerit no AsyM GpoH- c
TaM JK-tpurrep (MS-tpurrep) ¢ tabnuueii
HCTUHHOCTH U BDEMEHHOW AMAarpaMMoOii.
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7.7. Xapakrepuctuyeckme ypaBHeHUs

IIpunHiun eHCTBUSA TPUITEPOB YK€ ObUI OIMCaH CJIOBECHO, TabJuuiaMy MCTHUH-
HOCTH ¥ BpeMEHHBIMHU AuarpaMMmamMu. CxeMbl, BKJIIOYAIOIHE B ceOsl TPUITEPHI,
JTOJDKHBI OBITh YIOOHBI B pacuerax. 2KeaaTeJIbHO, YTOOBI TPUITEPAMM MOXHO OBLIO
onepyupoBaTh C MOMOIIBIO AJIreOpHI JIOTHKU. Tak Kak TaGIUIlbl MICTHHHOCTH TPUT-
TepOB M3BECTHHI, TO M3 HUX MOXHO BHIBECTH YPaBHEHMS areOpbl JIOTUKUA. DTU
YpPaBHEHHS HA3bIBAIOTCS XAPAKTEPHUCTHIECKUMH YPABHEHHSAMM.

XapakrepucrTnieckoe ypaBHeHUe onuckiBaeT paboTy Tpurrepa B BUAE ypaBHe-
HUs anrebpbl NOrnKNn.

s KaXIoro BHIa TPUITEPOB MOXHO BBIBECTH COOTBETCTBYIOIIEE XapaKTe-
pucTudeckoe ypaBHeHue. OHO CONEPXUT HaApSLy C BXOMHBIMM M BBIXOXHBIMHU
IepeMEHHBIMM BeJIMYMHAMU yKa3aHue Ha IBa MOMEHTa BpEMEHM — [ M [, .

! — MOMEHT BPEMEHH IIepell pacCMaTpUBaeMbIM TaKTOM.

{, ., — MOMEHT BPEMEHM IIOCJIE PACCMATPUBAEMOTIO TaKTa.

g Hayajia BHIBEIEM XapaKTEPHUCTHUIECKOE YpaBHEHHE YIIPABJISIEMOrO IO OfI-
Homy ¢poHTy JK-Tpurrepa. Ero Tabiuiia ICTHHHOCTH M300paxeHa Ha puc. 7.93.

DTy TabIUIy HICTHHHOCTH HYXHO IIpeo0pa3oBaTh B IIOJHYIO TaOJIMIy UCTHH-
HocTu. IToHbIe TaOMMIIBI HCTUHHOCTU PacCMaTPHUBAIKCH IOApoOHee B pasm. 7.4.
Onu cozmepxar BeMuuHy Q, B MOMEeHT BpeMeHM Z. Ilonyvaiorcst BoceMb BO3-
MOXHBIX ciiygaeB (puc. 7.94), KoTopble MBI paCCMOTPHM.

B cayqae 1 (/= 0, K= 0) Q, mepex takroM paseH 0. ITocne Takra Q, cHOBa
paseH 0. B ciyyae 2 (J = 0, K = 0) Q, mepen TakToM paBeH 1 U mocie Takra
takxke paBeH 1. B ciayyasx 1 u 2 Tpurrep paGoTtaeT B pexXuMe xpaHeHHs. Beixon-
HbI€ COCTOSTHHSI HE M3MEHSIOTCH.

tn tn+1
Bap.|K | J Q
1 ]0]0] Qn J—fw —
Puc. 7.93. YcnoBHoe o603HaYeHMEe M Tab- 2 (o |1 1 c—pCt
JIIIA UCTUHHOCTH YNPaB/IsAeMOro 1o OAHO- 3 (1fo} o K—] 1K b—a,
My ¢pouty JK-Tpurrepa. 4 11110 Gy
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Copoc

th L] Puc. 7.94. [1onnas Tabayua MCTUHHOCTH yIIpapJisie-
Bap K | J | Qi Oy Moro no oaHoMy ¢bpouTty JK-Tpurrepa.

0 0 0 0 XpaHenue

0 0 1 = QA JAK

g : ? Yeranoska = QaJdAK

TTo 1o = AJdAK

1101

1110

111

0 N[O O WIN =
O =0 O|= —|=

NHsepcus = O AdAK

B cnyqae 3 (J= 1, K= 0) po takta Q, = 0. YnpasisiomuM CUHXPOUMILYJIb-
coM oH Oyner ycranosieH B 1. ITocne takra Q, = 1. Benyyae 4 (J=1, K= 0) Q,
nepen taktoM 1. Utak, Tpurrep yxe npeayCcTaHOBJIEH. YTPaBJISIONUAN CUHXPO-
MMITYJIbC HE BBI3bIBACT HUKAKMX M3MeHeHUi. O, ocraerca Ha 1. B ciyyasx 3 u 4
Tpurrep pa6oraeT B pexume ycraHoBku. Kakoe Obl cocTosiHue HM uMmen Q, me-
pell TakToM, Iocyie TakTa Bcerna Q, = 1. Tpurrep ycraHaBnMBaeTcs.

B cnyyae 5 (/= 0, K = 1) no takra Q, = 0. Tpurrep nosmxeH cOpocUThCS.
OnHako Tak Kak OH yXe cOpoIleH, TO COCTOsIHME BhixoAa (), ¢ MPUXOAOM TaKTa
CHHXPOMMIIyJIbca He u3MeHuTcss. B ciydae 6 (J = 0, K = 1) mo takra Q, = 0.
Tpurrep ycTaHOBJIEH Ieped TAKTOM. YIIPaBIISIIOIMM CHHXPOMMITYJILCOM OH Oy-
net copouren B Q, = 0. B ciyyadax 5 u 6 Tpurrep paGoraer B pexume copoca.
Kakoe 6bI cocrosiHue HU uMen Q, Mepex TakToM, Tocie Takra Beerga Q, = 0.
Tpurrep cobpacseiBaercs.

B cnyqae 7 (/= 1, K = 1) no Takra Q, = 0. C IpuxoIOM YIIPaBJIAIOLIETO
CHMHXPOMMITYJIECA BBIXOJI JOJIKEH MEePEKTIOUNTHCS B IIPOTUBOIIOIOXHOE COCTOS -
Hue. CnemosarenbHo, nmocie Takta Q, = 1. B cayyae 8 (/= 1, K= 1) no takra
Q, = 1. C npuxo10oM yNpaBIsIOUIEr0 CHHXPOUMITYJIbCA BBIXO/ NEPEKITIOYAETCS B
TIPOTHBOINONIOXHOE cocTosiHue. CrenoBarenbHo, nocie Takra O, = 0. B ciayyasx
7 u 8 Tpurrep paboraer B peXXuMe WHBEPCUH.

M3 mojHo#i Tabmuibl MCTUHHOCTU IOJIyyaeTcsl HopMaibHas ¢opma MIINU
(cMm. pasn. 5.2.1). B ciyvasix 2, 3, 4 u 7 K MOMeHTy Bpemenu ¢ ., QO = 1.
ITomyyaioTcst yeThipe MOJHbIE KOHBIOHKIMU (cM. puc. 7.94). HopmanbHas dop-
ma UJIU:

Q) =[(Ql /\.TA,[?)V(Q /\J/\I?)V(Ql/\J/\]?)V(Q—l /\J/\K):].

IMepemennsie K, Ju Q, nepea paccMarpuBaeMbIM TaKTOM ITOJTy4aloT MHAEKC A.
IlepemeHHas Q) mociie pacCMaTPMBAaEMOro TakTa Iojy4aeT WHAeKC n + 1. OHa
samuceiBaetcst Q, , -

Haiinennast HopmanpHast dopMa MU Moxer ObITh yIIpPOIEHA C MOMOIIbIO
anreOphl Jormku Miam guarpamMvmbl Kapao (cM. pasm. 5.4). CoorBeTcTBYyIOLIAS
nuarpamMa KapHo nokasana Ha puc. 7.95. VI3 guarpaMMbl MOXHO OIIpENENINTh
YIIPOLIIEHHOE ypaBHEHUE:

Q1(n~1) = I:(J A 01) v (R A 01)], (JK-Tpurrep)

DTO ypaBHEHHE SIBISIETCS XapaKTEPUCTUYECKUM YpaBHEHUEM YIIPABJISIEMOTO
mo ¢pouty JK-tpurrepa. [isi ypaBHEHUSI He MMeeT 3HAYEHMSI, MEPEeIHUN WIK
3aHuii GPOHT CHHXPOMMITYJIbCA MEPEKITIOYAeT TPUITEP. XapaKTepUCTUIECKOE
ypaBHEHHE MMEeT CUJIY Uit O0OMX BHIOB YIPAaBASIEMBIX MO OXHOMY GPOHTY
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Puc. 7.95. Juarpamma KapHo HOpMaibHOM Puc. 7.96. YcnoeHoe o603HayeHne U TabauUa
dopmer UJIU ynpaensemoro no ¢dponry JK- MCTUHHOCTH yrpasiseMoro no ¢poHry RS-
TPHUITEDA. TPUITepa.

JK-tpurrepoB. OHO MMeeT CHIIy TaKXe JUISL YIpaBiseMbIX MO ABYM (ppoHTaMm
TPUITEPOB, TaK KaK BpeMd f, U f , SBJISETCS MOMEHTOM BPEMEHHM JIO U IIOCHIE
TakTa, a He ¢poHTAa.

Termepp BHIBEIEM XapaKTepUCTUIECKOE YpaBHEHUE YIIPABISIEMOTO 110 PpOH-
Ty RS-Tpurrepa. Tabnuiia MICTHUHHOCTH B OOBIKHOBEHHO# (popMe moka3zaHa Ha
puc. 7.96. Tabnuiia MCTHHHOCTH TIpeoOpa3yeTcsl B MOJHYIO TaGJUIy UCTHH-
HoctH (puc. 7.97).

M3 nosHo# TaGauIlbl HICTUHHOCTH ToXyJaeTcst HopMaiabHass dopma UJIN:

Ql(n+l) =[(Q1/\§/\R)V(Q_l /\S/\R)V(Q] /\S/\E):I

Hopmanshast popma UJIM ympoimaercs ¢ moMmombio guarpaMMbel KapnHo
(puc. 7.98). IMoxy4yaercs ciiemyloliee XapaKTepUCTUIECKOE ypaBHEHME:

Qe = [(S AR)v(Q A R)]

n

b
n

Qupen, = [ﬁ A(SA 01)] (RS-Tpurrep)

n

MBI npoIyCTHIM 3alpelleHHble ciiydau 7 U 8 Ha puc. 7.97 npu BbIBOIE
XapaKTepUCTUYECKOTO yYpaBHEHMS. DTHU CJIy4al MOXHO Y4YeCcTh B IHarpaMme
Kapso.

B ciayvasx 7 u 8 @, , ) MOXeT NPUHUMATh 3HaYeHHs Kaxk 0, Tak u 1.

B xinierkax koMOuHanuit 7 1 8§ BMECTO COOTBETCTBYIOIIUX ITOJTHBIX KOHBIOHK-
L1 BcTaBieHBl KpecTuku (puc. 7.99). B cinyyae 7 monHas KOHBIOHKIUS ObUIa

661 O, A S A R. BMecTO Hee cTouT kpecT. ITonHast KOHBIOHKIUSA B ciTy4yae 8 Obuta
661 O, A S A R. U1 Ha ee MecTe CTOMUT KpecT.

th | thet Q Q
Q 1 1
Bap R[S |Q | Q I A s ~
1 [ofofof o }XDaHeme P "@ C1 j/ SAR
2 |0j0j1 )1 = @, ASAR A —
3 g : (1) : } YcTaHoska = Q;ASAR s 1
5 [1[0[0]0 |, > Q;ASAR ~ 2 —
6 |1{o|1] 0 [P R R R
7 (110 = &
g |1l111] = }38”[381118!%1691 KOMBUHaUNS ARGy

Puc. 7.98. Juarpamma KapHo HOpMasib-
Puc. 7.97. I[lonnas Tabnuua HCTUHHOCTH yIPABIs- How popmsr UJIU ynpasnsemoro no ppoH-
emoro 1no GppoHty RS-Tpurrepa. Ty RS-Tpurrepa.
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Q, Q s Puc. 7.99. Juarpamma Kapuo nopmansHoii ¢dopmer UJIH yn-
2 b — paBasemoro no ¢GpoHTy RS-Tpurrepa ¢ 0603HaYeHHEM NOEH,
s Xsl X7 15 KOTOpbI€ MOIYT NPUHUMATH 1O Xeauuio 3Hayenne 0 uam 1.

Knetku B amnarpamme KapHo, KoTopble 0603Ha4eHbl KPECTOM, MOTyT ObiTb MO
XENAHWIO PaccMOoTpeHbl kak 0 unn 1,

N3 s1aeex ¢ KpecTaMi MOXHO 00pa3oBbIBaTh IpynItbl. biaromapsi stoMy ypas-
HeHus yrpomalorcd. Ina quarpamMsel Kapao Ha puc. 7.79 nony4aercst Xxapakre-
pUCTHYECKOE ypaBHEHUE:

QW" T I:S A (ﬁ \Y Q1>]n (RS-Tpmrrep)

Kax BHIIISIIUT XapaKTepUCTUYECKOE YpaBHEHHE VIIpaBisgeMoro 1o ¢ppoHTY
T-tpurrepa ¢ T u C Bxomamu? Ha puc. 7.100 ykazaHpl TaGiIuIla MICTUHHOCTH U
ycJIoBHOe 06o3HauyeHue. ITo TaGiuile HICTHHHOCTH MOXHO NOCTPOUTDH HOJHYIO
tabnuny uctuHaoct (puc. 7.101). Hopmansnas dpopma NIIN:

Q](n+l) = I:(Ql A T) v (Ql A T):I

n

.t.’lﬂ t thet

1T b
2—-—-> o |0 Tl Bap. [T O | @
Q, 0 9‘” 1.(01]0 0 l)(paHeHme _
2 1] G, s lo |1 [ = AT
3 [1[o] 1 ~
4 11 |1 0 }Mnaepcm =0T
Puc. 7.100. YciosHoe 0603HaYeHUE U TabIu-
11a MICTUHHOCTH yinpapiseMoro no ¢poury 7- Puc. 7.101. [lonHas Tabimua MCTMHHOCTHU
Tpurrepa ¢ 7-xoaoM u C-BXOAOM. ynpasiseMoro no ¢GpoHty T-tpurrepa.

Kapra Kapno Ha puc. 7.102 mmoxka3sIBaeT, YTO JaJbHelIIee YIIpolIeHue Hop-
manbHOU bopmbl NIV HeBo3MOXKHO. XapaKTepUCTUYECKOE YpaBHEHHME YIIpaB-
nsieMoro 1o ¢poHTy T-TpHITEpa:

O“”*‘) = |:(Q1 A f) v (61 A T)] (T-Tpurrep)

n

s TPUITEpOB, YIIpaBIsIEMBIX IIO YPOBHIO CHTHaJIa TakXe MOXHO OIpene-
JINTh XapaKTepUCTUYECKHE YpaBHEHNA. XapaKTepUCTHYECKOe YpaBHEHHE YIIPaB-
JisieMoro o GpoHTy RS-Tpurrepa CoBIaaaeT ¢ XapaKTepUCTUYECKUM YpaBHEHU -

Quu ] @ 61

T 1

Puc. 7.102. Ouarpamma KapuHo
T HopmaibHO# dopmel UJIU ynpas-
nsiemoro no ¢pouty T-Tpurrepa.
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€M YIIpaBJIIeMOro IO YPOBHIO TAKTOBOTO cUTHaja RS-tpurrepa. Tak monydaer-
Cs, TIOTOMY 4TO MOMEHTHI BPEMEHHM f, M [, , | ABISAIOTCS MOMEHTaMM JIO U TNOCTIe
paccMaTpUBaeMoOro TakTa cuHxpoHu3anuu. Co6CTBEHHO caM MOMEHT II€PEKITIO-
YeHUsI, KOTOPBIf BUIEH Ha BPEMEHHOM IMarpaMMe, XapaKTepUCTHIECKOE ypaB-

HCHHUEC HEC pacCMaTpHBacT.

Mony4eHHble XapakTepUCTUYECKNE YPABHEHNS YNPABISEMOro No 0gHOMY GppoHTY
TpUrrepa AeNCTBUTENbHbI [ TpUrrepa, TakTUPYeMoro rno ypoBHIO curHana Toro
Xe Buaa.

ITpuHIMAIT HeHCTBUSI HETAKTUPYEMBIX TPUITEPOB MOXHO OIIMCATh XapaKTepH-
CTUYECKUM ypaBHeHUEM. TONbKO BpeMEHHbIE TOYKU HYXKHO OIpeAeNIuTh WHaYe.
MoMeHT BpeMeHH ¢, ABIISIETCS PaCCMaTPUBAaEMbIM MOMEHTOM BPEMEHH, B KOTO-
PHIii Ha BXOAAaX M BBIXOJlaX NEMCTBYIOT 3aMMCaHHbIEe B Ta0IUle UCTHHHOCTH CHUT-
Hanel. MOMEHT BpeMeHM [ _ | SBJISETCS NPENbIIYLIMM MOMEHTOM BPEMEHM C
JPYTUMM BXOJHBIMM CUTHAaJIaMU.

YcnoBHoe 0603HaYeHMe U TablIUIia MICTHHHOCTH IS TPUITEpAa U3 IBYX 3Jie-
meHTOoB VI-HE npusenens! Ha puc. 7.103. ITonHas Tabmiia ICTUHHOCTU M THAAr-
pamMa KapHo moka3sansl Ha puc. 7.104. Ilonygaercs ciemyioliee XxapaKTepHuCTH-
YyecKoe ypaBHEHUE:

A, = [E1 v (A1 A Ez):]

m 1’

tm
Bap. |E; | Ei| Am E. —( — A,
1 oo 1
2 {01 0 E, —Q E,
Puc. 7.103. YcnoBHoe 0603HayeHue U Tabauna 3 {1]0 1
WCTHUHHOCTU HetakTupyemoro U-HE-tpurrepa. 4 1 Ay
Bap. |E; Ey Al Am | _
1 ofofo{1 A A, Ay
HeonpeneneHHOCTL N,
2 jofo|1 1 f .
E
SR Jowe M
5 [1]ofo|1 ! 810 \Y[ 1] DI-
Ycranoska f =
6 [1]of1 |1 | 5 - &
7 |1 [1]o]o : | B
8 1 'BERE I/Xpanenme A ~E,

Puc. 7.104. IlonHas tabauua uctuHHocTH M anarpamma Kapuo neraxtupyemoro M-HE-
TpHUrrepa.

C noMouIbio XapakKTepUCTUYECKNX YPaBHEHUIT MOXHO PAaCCYUTHIBATh CXEMBI,
colepxalliye TPUITEPHI M JIOTUYecKHe 3jeMeHTH (cM. 1. 11).

7.8. MoHocTabunbHble A4einku

MoHocTabWIbHBIE TYEMKH MMEIOT ABa COCTOSIHMSI. OMHO W3 HUX Ha3bIBAE€TCH
CTa0MJIbLHBIM COCTOSIHHEM. ’

B ctabunbHOM COCTOsIHUM HA OCHOBHOM Bhixoge @ pencrteyeT 0-curnan.

7—2114
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CraOWiIbHOE COCTOSTHHE YCTaHABJIMBACTCH ITOCIIC ITOJAYH HAIIPSDKCHUS ITUTA-
Hus. OHO COXpaHsEeTCs 00 TEX MOp, II0Ka AYehKa He r[epeﬁ,ueT TIPH IMOCTYIUICHUH
YIIpaBJIIOLIECIr0 CUrHajyia Ha BXOO B HECTaOWIbHOE COCTOSTHHE.

B HecTabusbHOM COCTOSIHMM Ha OCHOBHOM Bbixoae Q aercTteyeT 1-curHan.

JMUTeIbBHOCTh HaXOXIEHUS B HECTaOWIBHOM COCTOSIHUM OIPENEsISIeTCsS] BHEII -
HYMH 2JIeMEHTaMH. B 0CHOBHOM 3T0 KOoHueHcaTopsl (C)) u conporusieHus (R,).
BpeMs HaxOXIEHHUS B HECTAOWIBHOM COCTOSIHUM OIpPeNelisieTcsl ypaBHEHHEM:

t, =0,69-R, -C,

!, — BpeMs1 HaXOXJCHNs B HECTAOMIBHOM COCTOSTHHU.

CTpyKTypa GMCTaOWIBHBIX STY€EK paCCMOTPEHa B KHUTE «DJIEKTPOHUKA», 4. 3
(boitt/IIMymn), pa3n. 7.2. buctabuiabHble STYEHKUA IMPOU3BOASTCS B OOJIBIIIOM
KOJINYECTBE B BHIIE€ MHTErpPaIbHBIX MHKpocXeM, B ocHOBHOM TTJI-cemeiicTBa.
Ha puc. 7.105 nmoka3aHo ycjioBHOe 0003HaYeHHUE U BpeMeHHasl JuarpaMma Mo-
HOCTaOMIIbHOM sT9eiKu. B MOMEHT BpeMEHH 7, Ha BXOI€E MOSABIAETCA 1-CUTHAIL.
Slueiika nepeximoyaercs B 0 = 1. I1o McTeYeHNN BpeMeHM 7, OHa CaMOCTOSITeIIb-
HO BO3BpaIaercsi 00paTHO B CTAOWJILHOE COCTOSTHME.

HN3MeHeHUe BXOTHOrO CUTHaJla B T€YCHME BPEMEHHM HaXOXIEHHsS B HecTa-
GIJIPHOM COCTOSIHHMH [, HE OKa3bIBaeT BIMSIHHS Ha COCTOSIHIE MOHOCTaGHIbHOM
STYEHKH.

Ecinu B TeueHne BPEMEHU !, BXOMHON CUTHAJI U3MEHSIeT CBOe cocTosiHue ¢ 0
Ha 1, TO BpeMsI HaXOXJIECHMS B HECTaOMJIBHOM COCTOSIHUM HE YBEJIMYMBAETCH.

MoHocTabWIbHBIE TYEHKH YIIPABISIOTCS GPOHTAIBHO-TAKTOBBIM CIIOCOOOM.
OHM MEHSIOT COCTOSIHHME JIMOO IO IlepeaHeMy, JIUOOo 1o 3agHeMy (pPOHTY HM-
MMyJIbCa BXOJHOI'O CUTHAaJa.

Ha puc. 7.106 mpencraBiieHH YCIOBHOE O0O3HAYe€HHWE M BpeMEHHasl Huar-
paMMa MOHOCTaOMJIBHOM sTYeHKM, KOTOpasl HePeKITIoUaeTcsl nepeqHuM GpoHTOM
UMIIyJIbCa BXOJHOIO CHMTHaja. Slyeiika nepekaoyaeTcs B MOMEHT BPEMEHHU 7.
B Teyenue BpeMeHU #, OHA HAXONUTCS B HECTaGIIBHOM COCTOSTHUM. VI3sMeHenust
BXOJTHOT'O CHTHaJIa B 3TO BpeMsl He BJIHMSIOT Ha COCTOSIHME BbIxoma. BosBpar B

1 11

E — — 0 E—1> — @

- t |
e t L— t —e t,—> t

t, =0,69-R. -C,
Puc. 7.106. YcaoBHOe 0603HAYEHUE M BPEMEH-

Puc. 7.105. YcinosHoe o603HaYeHHE U Ta6- Has Auarpamma ynpasjaseMoii no GpoHry mMo-
JIMLIA UICTUHHOCTH MOHOCTAOMIBHON s4eiiku HOCTaOWIBHOM A4YeiKu (ynpaBjieHuUe Mo nepes-
(ynpapieHue COCTOSHUEM). HeMy pOHTY).
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Puc. 7.107. YcnoBHOe 0603HaYEHHME U BPEMEH -
Has JuarpaMmma ynpasisgeMoit no GpoHTty Mo-
HOCTaOWIBbHOM AYEHKM (yNpaBieHUe 10 00par- Puc. 7.108. Ycnopubie 0603HaYeHUs Pa3IMy-
HOMY (POHTY). HBIX TUIIOB MOHOCTAOWIBHBIX SY€eK.

CcTaOMJIbHOE COCTOSIHME NMPOMCXOAUT M TOTHA, KOraa Ha BXole IPHCYTCTBYET
1-curHan. MoHocTaGuibHas sST9eiiKa MEPEKIIOYAETCs ONATh B TOYKE f,,.

Ha puc. 7.107 moka3aHbl YCJIOBHOe 000O3HAYeHHE M BpeMEHHas aHarpaMma
YIIpaBJIsgeMOil M0 PPOHTY MOHOCTAOMJIBHOM STYCHKM, MEpPEeKIIOYaeMoi 3aTHIM
¢poHTOM HMITYIIBCA.

MoHOCTaOWIbHBIE STYEHKM MOTYT UMETh HECKOJIBKO BBIXOHOB. OHM 0003Ha-
YaloTcs, KaK MmokasaHo Ha puc. 7.108. Hapsamy ¢ ocHOBHBIM BBIXooM (Q MMeeTCs

BBIXoZ Q, COCTOSTHME KOTOPOTO BCETNa MPOTUBOIOJIOXHO COCTOSIHUIO Bhixoma Q.
Takxe BO3MOXHBI HECKOJIBKO BXOIOB. DTU BXOIHI CBSI3aHBI APYT C APYTOM JIOTH-
yeckuM cinoxenueMm MJIU, eciu Her ykasaHUS Ha KaKylo-JIM0OO IPYTYIO CBS3b.
IIpu normyeckoM yMHOXEHUM K-BXOObl OOBEIMHSIIOTCS 3HAKOM JIOTMYECKOTO
YMHOXEHHUS, KaK IMoKa3aHo Ha puc. 7.108.

BpeMs HaxoXAeHMsI B HECTAOMJIBHOM COCTOSIHUM !, MOXET YKa3bIBaThCsl Ha
YCIIOBHOM 0003HaYeHUU MOHOCTabmiIbHOII syeiiku. CorimacHo DIN 40700, 4. 14,
MOTYT HCIIOJIb30BaThCS 3arjIaBHBIE OYKBBI IUISI €MUHUII BpEMEHH, TO €CTb S Ui
cekyHn, MS mig MmwumMceKyHa u NS mis HaHocekyHn (puc. 7.109).

Bpewmst 1, onpeziensiercst B OCHOBHOM BHELIHMMM dJIeMeHTaMH. Bxomsr Muk-
pocXeMBl, K KOTOPBIM MOIKJIIOYAIOTCSI 3T BHEINHHE 3JIEMEHTHI, 0003HAYaIOTCS
KpectamMu. Puc. 7.110 moxasbIBaeT yCJIOBHOe O0O3HaueHHE MOHOCTaOMJIBHOM
sSTYeKM C ympapisiomuM BxomoM E, Bxomom cO6poca R u Bxogmamu A u B, X
KOTOPBHIM IOJKITIOYAIOTCS BHEITHUE 3JieMeHTHI. 0-CUTHAJI Ha R BO3BpallaeT TIeiiky
B O = 0 (Bo3Bpar B CTaOMJILHOE COCTOSIHME). YTIpaBJI€HHE IPOMCXOIUT Iepe-
HUM (POHTOM CHHXPOHUMITYJIbCa. MOHOCTAOWIbHbBIE STYEMKM MOTYT OBITH ITOCTPO-
€HBl TaK, 4TOOBI cpabaThiBaTh C 3amepXKoil. s Takux sigeex MCIOJNIb3yeTcs
yciaoBHOe obo3HaueHue (puc. 7.111). Bpems 3amepXKu MOXET YKa3hbIBaTbCs B

E— 1l }—o
1L 1L g
—4 25 }— —d>200MS |—o R —dR
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Puc. 7.109. YcinoBHoe 0603HaYEHE MOHOCTA- Puc. 7.110. YcaoBHOe 0603HaYEHHE MOHOCTA-
OWIbHOM sAYEHKHM C yKa3aHUEM BpEMEHH Ha- 6ubHOI sueiiku ¢ BxogaMu A U B u Bxonom

XOXIEHHUS B HECTAOWIBHOM COCTOSIHUM ty, cbpoca R.
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Puc. 7.111. YcnoBHOe 0603HaYEHNE U BDEMEH -

Has AyarpaMma MOHOCTAOMJIBHOMN siYeiiku C Puc. 7.112. YcnoBHOe 0603HAYEHME M BPEMEH-
BpPEMEHEM 3aepXKu f, = 0,2 CeKyHABI U Bpe- Has JuarpaMMa MOHOCTaOWIBHOI SYEHKHU C
MEHEM HaxOXACHMA B HECTAOMIBHOM COCTOS - TaKTUPYEMBIM , (YIPaBiCHHUE O NepefHeMY
HuM 1, = 1,2 c. ¢poHTy).

yciioBHOM 06o3HayeHun. Ha puc. 7.111 oHo cocrasnsiet 7, = 0,2 c. Hapsany c
PacCMOTPEHHOI MOHOCTAOWJIBHOM SIYEKOil CyIeCTByeT KaK YacTHBIN Ciydaii
MOHOCTaOMJIbHAs sTYeiiKa ¢ TAKTUPYEMBIM BpeMEHEM HaxOXIEHHS B HECTaOWIb-
HOM COCTOSTHHH.

B MOHOCTabunbHbIX AYEliKax C TaKTMPyeMbIM BPEMEHEM Hax0oXAeHus B HecTa-
OGUBHOM COCTOSIHWK t, PEryIMpyeTcs n MoXeT BbiTb YyBENU4YEHO NOCPenCcTBOM yr-
PaBnAnLWNX UMNYNbLCOB.

ITocne nepexioYeHUs TAKOH STYCHKHU B HECTAOWIBHOE COCTOSTHHE HAaYMHAET-
csi oTcyer ¢, Eciyu B Te4eHHe 5TOro BpeMEeHM [OCTYNaeT HOBBIH YIIPaBIsIOLIMA
MMIIYJIBC, TO OTCYET BPEMEHHU f, HauMHaercs cHadana. Clefyloluii ynpasis-
IOLIMIA UMITYJIbC CHOBA HAYMHAET OTCYET !, CHaJaJla M Tak Jajee. Ha puc. 7.112
MpeCTaB/ieHa BpeMEeHHas JuarpaMMa MOHOCTAOMIBHOM STYEHKH C TAKTHPYEMBIM
BpeMEHEM HaXOXIECHHS B HECTAaOMJIBHOM COCTOSIHUM.

YcinoBHOE 0003HAYCHHE ST MOHOCTAOWIIBHOM STYEMKU C TAKTUPYEMBIM Bpe-
MEHEM HaxOXJIEeHHUs B HeCTaOMJILHOM cocTossHuM BBeleHO B DIN 40900, 4. 12.
OHO COBITaIaeT C YCJOBHHIM 00O3HAYeHHEM JUISI OOBIYHOI MOHOCTAOMIBHOM
STYeHKM, TONBKO 1 mepe 3HaKOM UMITy/Ibca youpaetcs (puc. 7.112). Panee yror-
pe6nsiemass 6ykBa N GoJibllle HE HMUIIETCS.

ITpousBoguTe MHTETPATBHBIX MUKPOCXEM

R, Cr MpeAJIaraloT pasInyHble MOHOCTaOWIbHEIE sT9eii-
u, G KU. B KayecTBe mpuMepa MpuBeIeM TOJILKO OIHY
M/ BB g 9 8 cxemy. UnrerpanbHas mukpocxema FLK 101-74
— 121 moctpoeHa cornacHo puc. 7.113. OHa co-
= &L IR nepxut smemeHT WJIM ¢ uHBepCcHBIMM BXona-
1| > mu. Yepes antement M ympapisiercss MOHOCTa-
Dl OwibHas sTyeiika, KOTopasi mepekiiodaeTcs Ine-
[ 1 1
J J - J L — J T
1 2 3 4 5 6 7
Q A A Q a o

Puc. 7.113. ITokonerka mukpocxembl FLK 101-74121.
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penHuM GpPOHTOM CHHXpouMITyJibca. Bxon B ssisiercst Bxogom tpurrepa [lImurra.
Yepes 3TOT BXOI MOXHO paboTaTh C MeYIEHHO BO3PacTAOIIMMHU CUTHAIaMH (TIpH-
MepHo a0 1 B/c).

Ecnu Ha omHOM U3 A-BXOHOB cUTHAN MeHsiercsi ¢ 1 Ha 0, TO BBIXOMHOM CHTI-
Hai snementa UJIH nepexomur ¢ 0 Ha 1. Ecniu Xo Bxomy B nipwioxXeH curHan 1,
TO BBIXOMHOM curHaix sneMeHTa M nepexkimodaercst ¢ 0 Ha 1. MoHocTabWiIbHas
siyeiiKka MepexoauT B HecTabwibHOe cocTostnue. Eciu B = 1, TO MOHOCTaOMIIb-
Has sTdeiika yrpasisieTcs 3aHUM (PpOHTOM MMITyJibca Ha Bxonax A. Eciim B =0,
TO U3MEHEHHsI CUTHaJIa Ha A-BXOIaxX He OKa3bIBAIOT BO3ACIICTBUSI.

Ecnu ynpaBneHue ocyiecTBisieTcsl C B-Bxona, TO Ha OJJHOM M3 BXOJIOB A
IOJIXKeH ObITh HyJeBoi curHan. Ha Beixome snementra UJIN toraa meiicrByer 1.
HauyunHaeMm MemieHHO yBeIUMYUBaTh CUTHaI Ha Bxome B. Korma ero BenumyuHa
OymeT GoOJibIlle MOPOrOBOro 3HadYeHHUsi Tpurrepa llIMuTTa, BHIXOMHOMH CHTHAJ
Tpurrepa nsMeHurtcs ¢ 0 Ha 1. Torma BEIXOTHOM curHaj aneMenra M m3sMeHuT-
ca c 0 Ha 1, 1 MOHOCTAaOMIbHAs sAYeiiKa MEPEKIIOYUTCS B HECTaOMIBbHOE CO-
CTOSTHUE.

DyieMeHTaMH, OIIPeaeIISIOIIMMU BpeMsl HaXOXICHHUS B HECTAOWILHOM COCTO-
SIHUM 1,, IBISTIOTCS conpotusieHne R, u konpeHcarop C. Konpencarop moxn-
KiIo4eH K BeiBomaM 10 u 11 (momoxwutenbHbIA moioc Ha 11). ConpoTusieHue
MOAKIII0YeHO K BbIBomaM 11 u 14 (puc. 7.113). BosMoxHa pa6ora u 6€3 BHEITHUX
35ieMeHTOB. ECJIM MOIKIIIOYNTh BHYTPEHHEE CONPOTUBIICHHE MUKPOCXeMBI 2 KOM
(Beixod 9) k BeIxoay 14 M ocTaBUTh HENMOAKIIOYEHHBIMH BbIBOAH 10 u 11, To
TIOJyYUTCS BPEMsl HAXOXIEHHsI B HECTAOWIBHOM COCTOSIHUM £, = 30 Hc.

Miukpocxema FLK 101-74121 npunamiexut Kk cxeMaMm TTJI-cemeiicrBa. OHa
MpeaHa3HavYeHa IS HAIpsDKeHWs: TUTaHus 5 B 1 uMeeT mapaMeTpsl, TUITHYHBIE
JJISI CXeM 3TOro CeMECTBa, KOTOphie IMPUBOISTCS B KaTajiorax (GupM-Ipou3Bo-
IHATEJIe.

7.9. dnemeHTbl 3a8epXKu

Jlornyeckue 3JIeMEHTHI 3aiepXKH, KaK CliemyeT U3 Ha3Ba-
HUS, 33JepXUBAIOT IIPOXOXAeHUe curHana. Eciau Ha Bxome g —| I
3JIEMEHTA 3aePXKH MPOMCXOTUT nepexon curHaia ¢ 0 Ha 1,
TO Yepe3 onpeacicHHOe BpeMsl BBIXOJI 2JIEMEHTAa MEHSIET CO-
crossHue ¢ 0 Ha 1. UsmeneHue curHaina ¢ 1 Ha 0 Ha Bxone .t
BBI3BIBAaET Yepe3 BpeMs /, U3MeHeHHMe curHana ¢ 1 Ha 0 Ha £
BBIXOJIe. YCJIOBHOE 0003HAYEHHE DJIEMEHTA 3aepXKKU IpH-
Be/ICHO Ha puc. 7.114. BepxHee ycI0BHOE 0003HAYEHUE IIPH-  pye. 7.114. VcnosHOE
MEHSIETCS TSI BCeX 3JIEMEHTOB 3aJiepXKH BooOIne. HikHee o6osnauenue snemeH-
YCJIOBHOE 0603HaYEHUE CONECPXUT BpEMEHa £, U f,. BMecTo 7,  Ta 3anepxxu.

U , MOTYT CTOATh (HaKTHYECKHE BPEMEHA 3a€PXKKH.

Bpems 3anepxku t, nokasbiBaeT, Ha KaKoe BPeMsi 3a4epXUBAIOTCA BXOAHbIE
curdanbl 0 = 1.

Bpems 3anepxku f, nokasbiBaeT, Ha Kakoe BPEMSA 3a4epXWMBAIOTCA BXOAHLIE
curdansl 1 = 0.
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E t,=2
A £=ame 2Mc 4 me [A%ere, |
1 |- E — — Q
0 \
t
|
Q |
A |
l Puc. 7.115. BpemeHHas
t’ AuarpamMma dJIeMEHTa Puc. 7.116. DneMeHT 3a0epXKHI
ot e ,2_—| 3a0EPKKU. ¢ 3apepxKoii f, = f, = 100 He.

DyIeMeHT 3aJiepXKU Ha puc. 7.115 uMeeT BpeMs 3aIepXKH ¢, = 2 MC ¥ BpeMs
3afepXku £, = 4 Mc. COOTBETCTBYIOIIME BPEMEHHbIE AMArPaMMbl II0Ka3bIBaIOT
3anasgbiBaHKMe curHainoB. Eciiu BpeMeHa ¢, ¥ ¢, OMMHAKOBBI, TO B YCIIOBHOM 060-
3HaYEHUHY MOXHO IIOCTaBUTh TOJIBKO OOHO Bpems (puc. 7.116).

YacTro HEOOXOMUMBI TaK Ha3bIBaeMble 3JIEMEHTHI 3aIepXKH Ha BKIIIOYCHUE.
DTHU 371EMEHTHI 33/IEPXKUBAIOT Ha OINpeeJIeHHOe BpeMs f, epeaHuii GppoHT cur-
Hasa. O6parHbIii GpOHT NMpoxoauT 6e3 3amasaepiBanus £, = 0 (puc. 7.117).

Kpome 31eMeHTOB 3aIepKKHM Ha BKIIOYEHHE UMEIOTCSI TaKXKe DJIEMEHTHI 3a-
AEpXKHU Ha BeIKIIOYeHHe. OHM 3a/IepXXMBAIOT Ha OIIPE/IEIEHHOE BpeMs £, obpar-

Hblli pponT curHana. Ilepennuit GpoHT mpoxonur 6e3 3amasngwviBanusa ! = 0
(puc. 7.118).

2mc O 0 3mc
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Puc. 7.117. Jlornyeckuii 3aeMeHT 3a4€PXKKHU Puc. 7.118. JlormyecKkuii 371€MEHT 3aJEPXKKHU
Ha BK/IIOYEHHE ¥ ero BpeMeHHas Auarpamma. Ha BBIK/IIOYEHME ¥ er0 BPEMEHHas Juarpamma.

Taxxe MPOU3BOMATCS JIEMEHTHI 3aME€PXKKH C HECKOJIBKMMHU Pa3IMYHBIMU
BpeMeHaMM 3a7epXKU. Takue 3JeMeHTHl Ha3bIBaIOTCS OTBONHBIMH 3JIEMEHTAMM
3aaepxku. Ha puc. 7.119 nmokasaHa CTpyKTypa M YCJIOBHOE€ O00O3HaYeHME TaKOro
3JIeMeHTa 3aepXKu. OTBOTHOM 2JIEMEHT 3aJepXKH ITOCTPOEH Ha HECKOJbKHUX
MPOCTHIX dJIEMEHTAaX 3aIePXKKH.

Q,
a —
0 50Hc 0 50Hc 0 50HC —|——- Q, E — 122 we——Q,
K . ' A ) A wel—aq.
E— 150 He Q.

Puc. 7.119. OTBOAHOI 3/1€MEHT 3aJ€PXKKH HAa BHIKJIIOYECHUE.
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Puc. 7.121. CtpyKTypa 371€MeHTa 3a4ePKKU Ha
BKJLIOYEHHE.

Puc. 7.23. DneMeHT 3a1epXKKH Ha BK/IOYEHHE—
BBIKJIIOYEHHE.
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Puc. 7.122. CtpyKTypa 371eMEHTa 33ACPXKHU Ha Rl T r-— f,
BBIK/IIOYEHHE.
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@0 Ihaea 7. Bunapnoie cxemol ¢ 6peMeHHOU 3a8UCUMOCHIbIO

DjieMeHTHI 3aepXKY NMPOU3BOIATCS B BUIIE MHTETPATBHBIX MUKpOcxeM. OHM
TaKke MOTYT CTPOUTHCS Ha MOHOCTAaOWIBbHBIX sTYeiKaX M CBS3YIOIIMX JIOTHYeE-
ckux sneMeHTax. Ha puc. 7.120 mokasaHa CTpPYKTypa dJIeMEHTa 3aIepXXKH Ha
BKJIIOYEHNE U er0 BpeMeHHas Auarpamma. [Ipoxoqut onpeaesieHHOE, O4eHb KO-
potkoe BpeMs (mpumepHo 10 HC), mpexiae 4eM BKIIOUYMTCS MOHOCTAGMIIbHAS

syeiika. CurHan X eine paBeH 1, Korjia IOCTyIaeT MepeaHuil GpoHT UMITYJIhCa
BXOITHOTO cuTHaJIa. M3-3a 3TOro BO3HKMKAeT HeXeaTeIbHBIA MMITYJIEC Ha BBIXOIE
Q. ODroro ummysbca MOXHO M30eXaTh, €CJIM BKIIOYUTH IOCJEIOBaTeIbHO ABa
sneMeHTa HE cornmacHo puc. 7.121. Kaxasiii anemenT HE umeer Bpems mpo-
XOXIeHUs curHajia nmpuMepHo 10 He, Tak YTO nepeaHuii GpoHT UMITYJIbCa BXOJI-
HOro CHTHaJIa MOSIBUTCSI Ha Bxoje 3jieMeHTa 1 Ha 20 HC nmosmHee.

DneMeHT 3aiepXKM Ha BBIKIIIOYEHME IIOCTPOEH comtacHo puc. 7.122. 3pech
TaKkXe HeoOXommMbl aBa 3ieMeHTa HE s 3amepXKu BpeMeHM pacnpocTpaHe-
HMS CUTHAJa.

Eciau HeoGxomuMa 3aiepXKa Ha BKIIOYEHME U BBIKIIOYEHHE, TO MOXHO CO-
€IUHHUTH I0CJIeT0BaTEIbHO 3JIEMEHTHI 3aePKKM Ha BKIIOYEHHE U BBIKIIOUECHHE
(puc. 7.123). XKenaeMbIXx BpeMeH 3aJepXKH MOXHO JOCTUTHYTh NpUMEHEHHEM
MOHOCTAOMJIBHBIX STY€EK C BHEITHUMM MAaCCUBHBIMHU 3JIeMeHTaMM (CM. pa3h. 7.8).

KOHTPOSbHLIN TECT

1. Yto o3HavaeT ycioBHOe Ipadmdeckoe o603HaYeHHe HA puc. 7.124?

E, ——S1 1

Puc. 7.124. YcinosHoe rpaguueckoe
obo3HaYeHUe.

2. YeM oTM4aeTCsI TPUITEP, YIIPABISAEMBIi 10 YPOBHIO CUTHaJIA OT YIIpaBJis-
eMoro 1o GpoHTy Tpurrepa?

3. Hapucyiite cxeMmy npeobOpa3oBaHusi RS-Tpurrepa, yrpapisieMoro 1no o6-
patHoMy (¢poHTY, B JK-TpUITEp, yIIpaBjsseMbli o nepeaHeMy ¢hpoHTy. MOoXHO
MPUMEHSITH JIIOObIE TOIIOTHUTEIbHbBIE JIOTHYECKHE DIEMEHTHI.

4. Kak paGotaeT TakKTHpyeMBIii RS-TpUITEp C JOMHHMPYIOIIMM S-BXogom?
H306pa3ure Tabavily MICTUHHOCTH 1 YCJIOBHOE rpaduyeckoe 0003HavYeHHE.

5. OOBsACHUTE NPUHLMI AEHCTBUS MOHOCTAOMIBHOM STYEHKU.

6. Hapucyiite BpeMEHHYIO OUarpaMMy MOHOCTaOGMJIBHOI sueiiku, KoTopas
TepeKiTiovyaeTcst OOpaTHHIM (PPOHTOM YIIPABJSIOLIEr0 CUTHAJIa U MMeEET BpeMs
HaXOXJIEeHUsI B HECTAaOMJIBbHOM COCTOSIHUM 4 MC.

7. Uto o3HavaeT ciieayollee ypaBHEHHeE:

Oy = [(J ~Q)v(KrQ )]n ?

8. Ha puc. 7.125 uzoOpaxeHa Tabnuiia MCTUHHOCTH Tpurrepa. CocraBbTe
ITOJIHYIO TaOJINLy UICTUHHOCTHU ¥ XapaKTepUCTUIECKOe YPaBHEHHUE JUISI STOTO TPUT-
repa. Kak Ha3piBaeTcsl Takoii Tpurrep?

9. Kak paGoTaeT TpUITep THUIIA «BeXylIuii-BeaoMblil» (MS-Tpurrep)?

10. OOGBsicHUTEe Ha3HAYEeHWE BXOAOB M TPUHIIUI JEUCTBUSI M300paKEHHOIO
Ha puc. 7.126 Tpurrepa.



Konmponvnwiii mecm ZD

ty | tast Puc. 7.125. Tabauua Puc. 7.126. YcaoBHoe —s
B?p. l:;z l:‘; 31 MCTUHHOCTHU TPUITEpa. rpaduyeckoe 0603Ha- —a] v T—
o YeHHUe TpUrrepa. -
2 o 1], R i
310} o —J&jik  p—
a [1] 1] 1 R

11. M306pa3ute TaGaUIly ICTUHHOCTY YIIPaBJISIEMOTO II0 OAHOMY (PpOHTY
D-tpurrepa.

12. Hapucyiite cxemy T-MASTER-SLAVE-tpurrepa Ha 6a3e nByx JK-Tpur-
repoB, IEPEKIIIOYAIONIUXCS MEPeTHUM (GPOHTOM MMITYJIbCA.

13. Hapucyiite BoIXOAHbBIE CUTHabl O, UIA BPEMEHHBIX AMAarpaMM Ha puc.
7.127, ecnu:

a) TpUITEp IePEeKITIoYaeTCs IMepeIHUM (PPOHTOM CHUHXPOMMIIYJIbCA,

0) TpUITEp NMEPEKITIoUaeTCs 3aTHUM (PPOHTOM CHHXPOMMIIYJIbCA.

tnonon,

J t
0 B =T
1 - J—J — q, —| 3s
K t c—> -
S s M R G
T
Q, t
? Puc. 7.127. Bpemen- Puc. 7.128. YcinoBHoe rpa-
! T Hasi Auarpamma. duyeckoe 0603HAYEHUE.

14. Kakasi cxeMa mpejicTaBlieHa YCIOBHBIM 0OO3HaueHHeM Ha puc. 7.128?
Kaxk paboraer ata cxema? Hapucyiite BpeMeHHbIe TUarpaMMBbl JUISI 3TOM CXEMBI.

15. PaspaboraiiTe cxeMy yIIpaBIsSIeMOro 1o YpOBHIO cUTHaJIa RS-Tpurrepa Ha
6ase snemenroB U-HE.

16. YTo mMOHMMAIOT IOI 3alMChI0 3aBUCUMOCTH IUIS CXeM Ha TpuITepax?
ITpuBenure npumep.

17. Kaxue curHajisl Q, TOMYYalOTCs MPU BXOIHBIX CHTHAJIAX COMIACHO PHUC.
7.129 mns tpurrepoB I u I1? M306pa3ure BpeMeHHBIE THAarpaMMBI.

18. DneMeHT 3amepxku Ha puc. 7.130 momkeH OBITH TOCTPOEH Ha 6ase 11060t
KOMOMHAIIMM MOHOCTAOWIBHBIX SYEEK, MepeK/IoYaeMbIX MepeaHUM (PPOHTOM.
H306pa3ure Bo3MOXHYI0O cxeMy. Kakoe BpeMsi HaxoXAeHUS B HeCTaOMWJIBHOM
COCTOSTHUM JIOJDKHBI UMETh STYeHKH?

c | i
J—t  |—a, J—1 }—0q,
C —i

[>1C c—q>1c

JT t K—1k p—aq, k—{1k p—aq,

Puc. 7.129. BpeMeHHas auarpaMma.

Q t 0,2¢c
! f — Puc. 7.130. Ycnosnoe rpadu-
0.6 ¢ yeckoe 06O3HAYEHME dJe-
MEHTA 3aJePXKKIH.




FN1ABA 8

OBOUYHBIE KO4bI
N CUCTEMbI CHNCJIEHUA

8.1. BBepeHue

C noMoInpio u@pPOBBIX CXeM IMPOU3BOASITCS pa3IndHbIe BHIYucieHus1. I1oaTroMy
HEoOXOAMMO IIPEICTABNISTh BCE NECATUYHBIE ITUPPHI U BCe HEOOXOMUMBIE YHCIIA
B Buze koMOuHaru 0 u 1. IIpeacraBneHue 4ucia TOMBKO ABYMS 3HaKaM# Ha3bl-
BaeTcsl OMHAPHBIM NPECTABJICHHEM.

Kogb!, KOTOpbiE MCNOSL3YIOT TONMBKO ABa 3HaKa, HAa3bIBAIOT GUHAPHLIMYU (ABOUY-
HbIMW) KOOAMMU,

Cy1iecTByeT MHOXECTBO OMHApHBIX KOA0B. Ho Ha IpakThKe HPUMEHSIOTCS
TOJIKO HEKOTOpHIe U3 HUX. BUHapHBIEe KOIb UMEIOT perIaMeHTUPOBAHHYIO pa3-
psoHOCTh. Kaxmas necstuunas mucdpa B onpenesieHHOM KOJe IPeICTaBIISIeTCS
omnpeneleHHBIM KOJIMYECTBOM TaK Ha3bIBaeMbIX OMHAPHBIX pa3psinoB. buHapHbIi
pas3psio MoXeT IMpuHUMaTh 3Hayenue 0 wiu 1. buHapHbii paspsim, wiu 6a3oBas
€IWHUIIA TaHHBIX Ha3bIBaeTcsk OUT (OT aHIL.: binary digit — nBowyHas nudpa).

BuT 03HavaeT oguH GuHapHbid paspsa. OH MoXeT ObiTh paseH 0 nan 1.

B nBoumyHOM Koje MPEACTABIISIIOTCS IPeXJe Bcero JecaTudHbie yncna. Om-
HAKO 0Ka3aJIoCh IeJIECO00Pa3sHBIM MCIIONIb30BaTh TAKKE NPYTHE CUCTEMBI CUKC-
snenusa. OcobeHHoe 3HaYeHNEe MMeeT IIeCTHAAaTepuYHas CUCTeMa CUMCIICHUS.
Hapsimy ¢ 3TUM 4acTo MCIIOJIb3YeTCsI BOCbMEpUYHas cucreMa cuuciaeHus. Oco-
OGeHHOe 3HaYeHHE MMEET IBOUYHAsI CUCTeMa CuuciieHus. JIBomyHas cucreMa cumuc-
JIEHUSI OMHOBPEMEHHO SIBJISIETCS] OMHAPHBIM KOJIOM, TaK KaK COCTOUT TOJIbKO M3
mudp 0 u 1.

8.2. [lBoM4Haa cucrtema CHUcneHus
8.2.1. CTpyKkTypa ABONYHON CUCTEMbI CHMUCIIEHUS

Bce ucmonp3yeMble CUCTEMBI CUMCIIEHUS SIBJISTIOTCS TaK HAa3hIBAEMBIMU ITO3UIIM-
OHHBIMHM CHCTEMaMM CUYHMCJIEHHS. B MOSHITMOHHOM CHCTEMe CYMCIIEHUS TTO3UITUS
mudpHl OTHO3HAYHO CBSI3aHA CO 3HAYCHHEM 4YKCJIa IOCPeICTBOM ocoboro ¢ak-
TOpa yBeJIMYEHHSI B BUIE CTCIIEHHOTO YHCIa.

B necaruyHoil cucTeMe CUMCIEHHUS KaXAblil paspsii 4ucjia YMHOXaeTcs Ha
10 B coorBercTByIONIEl cTeneHu (puc. 8.1). Uto6sl mocymTaTh OT HyJNS IO 9,
HYXeH HOJIb 1 AeBITh (P B KOJIOHKE enMHULL. YuCI0 necars 3anuiercs Kax 1
B KOJIOHKE JeCSTKOB M () B KOJIOHKE €IUHMUII.

Ecnu B pacnopsokeHUMH MMeIOTCS TOJNIBKO UMpHl 0 1 1, TO KaXablil pa3psn
Yicia YMHOXAaeTCs Ha cTeneHb yncna asa (puc. 8.2). B nepsoM cTonbue cripaBa



8.2. /leouunasn cucmema cuucnenus 2(2)

Puc. 8.1. Crpykrypa A€CATHYHON CHC-

Teicaun CotHu Decstkun EavHuus
TEMBI CYUCJICHUSL.
-10¢ <102 -10! -10°
2 3 7 1
2.10°% + 3-10° 7-10" + 1-10°
2000 + 308 70 + 1
+
<16 -8 -4 -2 1 AsouuHoe uucno
JDecatnuxoe T6lelal 21
24 .23 .02 .91 .0 4yUucno
0 0
1 1 1 0 1 1
2 110
{ d l \ S N
4 11010
116 + 0.8 + 1.4 + 1.2 + 02 5 oyt
16 + 0 + 4 + 2 + 0 6 e
7 1111
Puc. 8.2. CtpykTypa ABOMYHOMN CHCTEMBI CUMC/ICHUS. Z : g g ?
10 110(1])0
Puc. 8.3. JlecsaTuuHbIE YKCIa U COOT- 11 110} 141
BETCTBYIOILIME UM ABOUYHBIC YMCJIA. 12 1f1]o0f0
13 111101
14 1111110
15 11111
MOTYT OBITh 3allMCaHBbl TOJbKO yucia ot 0 go 1. lns 3a- 16 1{ofo g 0
17 1100 1
THCHU YHUCJIa HEOOXOIUMO HMCITOJIb30BaTh 2 CTOJIOLA CIIpa- 18 ilolollo
Ba. Yucno 2 nonyvaercst myrem 3amucu ) B IepBOM CTOJ - 19 1]o]of1]1
O6ue crpaBa 1 1 Bo BropoM croJbie cmpasa (puc. 8.3). 20 1Tjoj1jojo
21 11011041
Hna npencraBneHus gucia 7 TpeOyercst 3anmcarb 111. 2 s lolalyls
IIepBas 1 cnpaBa npencrasiser 3HaueHue 1, Bropas 1 — 23 1 o] 1]1]1
3HauyeHue 2, u TpeThsl 1 — 3HaueHue 4. B urore moiyya- 24 I1lt1lololo]

erca4+2+1=17.

8.2.2. NepeBoa ABONYHbLIX Yucen
B OECATUYHYIO CUCTEMY CHUCNEHUSA

IlepeBecTy ABOMYHOE YHMCIIO B IECATUIHOE OYEHD MPOCTO. JIJIsi 3TOr0 MUCIONb3Y-
10T TabnuIy coracHo puc. 8.4. Dra Tabiuia MOXeT OBITh IO XeJIaHHUIO IPOIOJ-
XeHa BJIEBO.

JdBouyHOe 4ucio 3aHocUTca B Tabmuuy (puc. 8.4). CTonbibl, B KOTOPHIX
IOJIKHBI OBITh 0, HE NPEeICTaBIAIOT UHTepeca. BaxXHBIMU SIBJISIOTCS CTONOLIBI,
B KOoTOpHIX cTOUT 1. IlepBoe mBonyHOE ynClIo HA puc. 8.4 uMeeT 1 B cTosbIIEe 25.
Ota 1 npexacrasnser 3HaueHue 32. Cneayomas 1 crout B cronbue 22, Dra 1
npencrasisger 3HayeHne 4. O6Iee 3HaYeHHEe TBOMIHOIO YHCJIAa COCTABIAET
32 + 4 = 36.

Bropoe nBouyHoe yuciio umeer 1 B cronbue 2’. Dra 1 npencrasiser 3Haye-
Hue 128. Cienyromas 1 crout B cTronbue 2°. Ora 1 npencrasiser 3HayeHue 32.
O6Ge cnemyomye eMUHUALLI MPEACTABISIOT 3HaueHUs 4 U 2. O6luee 3HaYeHUE
JIBOMYHOrO yucjia B urore 128 + 32 + 4 + 2 = 166.
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Becsa- JAsounuHoe uncno
vl BP0 > » 2 > > 2 » 2 o 20
1024 512 256 128 64 32 16 8 4 2 1
36 ¢ 1 0 0 1 0 0
1 1
32 4
166 ¢ 1 0 1 1 0
?e¢=1| 1] 0| 0| 1] 1 0
? < 1 10 1 1] 1 0 0

Puc. 8.4. Tabauua aaa nepeBoja JBOMYHBIX YKCEN B AECATHYHBIE YKCJIA.

OmnpeneyiuM 3HaYeHUSI TPETHETO M YETBEPTOIO JBOMYHBIX YMCeJl Ha puc. 8.4.
JIns1 TpeThero ABOMYHOTO YMCIIA TOJDKHO MONYyYMTECS 3HayeHune 1633. YeTBepToe
JBOMYHOE YMCJIO MMEET 3HaYeHue 752.

8.2.3. MNepeBoa pecaTUyHbIX Ynucen
B [BOVYHYIO CUCTEMY CHUCNEHUNS

IIpeobpa3oBaHue MECATUYHBIX YKCENI B JBOMYHBIE MOXET TaKKe OBITh IpoBeae-
HO TIpH MOMOIIM Tabauibl. TabGmuIa ToJDKHA UMETh TOCTATOYHO O0JIbIIOE KOJIHU-
YecTBO cTOJIONOB. IIpu nmpeobpa3oBaHUM ONPEHENISIOT MPEXIE BCEr0 €AUHUILY C
HauOOJIPIIUM 3HAYEHUEM, 3aTeM €IUHHIIBI C MEHbIIMMM 3HaYeHusIMU. OO1iee
3HaYeHUE TECITUIHOIO YHMCIIa pasmeiseTcs Ha cTojonel. PaccMoTrpuMm mpuMep.

IlepeBenem necstugnoe yncino 900 B nBomyHoe yuciao. 1 co 3nadenuem 1024
He MOAXOIHT, TaK KaK JeCATUYHOE YHCIO MMeeT 3HadeHHe Tojibko 900. Ham-
Gonplliast eqMHUNA IIsA 9Toro npuMepa 2°. OHna umeer 3HayeHue 512. Mtak, MBI

ABouyHoe wmcno

BDecatuiHoe
4ncno 21 20 28 27 28 25 2¢ - 22 2 20
1024 512 256 128 64 32 16 8 4

11 11 14| o | o | o | o | 1| o | o
1800 =1 | o | 1| o | o[ o 1] o | 1] o] o

1877 1 1 1 0 1 0 1 0 1 0 1
900 1300 1877 85
-512 1024  -1024 -64
“388 276 853 21
-256 -276  -512 -16
132 T 20 341 5
- 128 -16  -256 -4
T4 T a2 " 8 B
-4 -4 -1
) D) Puc. 8.5. Tabnuua s nepeBoaa AeCATIYHBIX YHCE

N o
n O‘

B JBOUYHBIC.
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sanerictBoBau 512 u3 900. Ocraercs euie 388. Crnenyromias 1 B cronoue 28 ume-
eT 3HaueHue 256. Temeppb OCTaTOK cOCTaBisieT TOJbKO 388 — 256 = 132. 1 B
crojione 27 mMmeer 3HayeHHe 128, tak uro octaetrcsd 4. Ocratok 4 maer 1 B cToOJI-
6ue 22. B apyrue cronOibl 3amuceiBaercsa 0. B urore necsaruuHoe uucio 900
npeo6pazoBano B ABomyHoe yucyio 1110000100. Teneps monpodyem npeobpaszo-
BaTh JBOMYHOE YKCJIO B AECITUIHOE.

ITpeoGpa3syitte gecsaruanbie yncna 1300 u 1877 B nBouunbie. [Tomyyaror cie-
IYIOIIYE Pe3YJIbTAaThI:

1300 = 10100010100;
1877 = 11101010101.

8.2.4. BelwecTBeHHble ABOUYHbIE Yucna
(npaBunbHbIE APOOK)

JBonyHbIe YKCIa OBIBAIOT, KaK M IECATUYHBIE, ¢ TUdpamMu nocie 3amnsaroil. Ilep-
BOMY paspsiiy CIIpaBa OT 3aIsSaToil CTaBUTCS B COOTBeTCTBME 2-'. BropoMy pa3ps-
Iy crpaBa oT 3ansToii — 2-2. Ha puc. 8.6 moka3aHo pacipelnesieHHe CTeIleHei
qyucia 2 1Mo paspsiiaM CIipaBa OT 3aIlsITOM.

AsonyHoe ynucno
AecatnyHoe
usucno 22 22 2! 2° I 27 272 27 2™
8 4 2 1 I 0,5 0,25 0,125 0,0625
4,25 1 0|01 0 1
11,5625 1 0 1 1, : 1 0 0 1

Puc. 8.6. Pasnoxenue BelIECTBEHHOrO ABOMYHOIO YKC/a 10 Pa3psiaM.

JIBOMYHEBIE YHCIIa C 3aIITOM (APOGHBIE) IEPECUNTHIBAIOTCS B IECSITHYHBIC YMCIIa
TaKMM Xe€ CII0CO00M, KaK M TBOMYHBIE Yuca 6e3 3ansaToii. COOTBETCTBEHHO MOX-
HO U IpOOHBIC AECATUYHBIE YHMCIIA IIEPEBECTH B JBOMYHYIO CUCTEMY.

MNpumep
JecsatuyHoe 25 24 23 22 2! 20 2-1 272 2-3 24
4ucio 32 16 8 4 2 1 0.5 | 0.25 | 0,125 |0,0625
22,6875 1 0 1 1 0 1 0 1 1
22,6875 0,6875
MoxeT TaK CIYYUThCS, YTO JECATUIHOE YHC- 0.5
JIO C 3amnsiToil He MoXeT OBITh IpeoOpa3oBaHO B 16 _
JBOUYHOE Yucio 6e3 ocTarka. Torma HyXHO pe- 6,6875 0,1875
IIMTh, HA CKOJIBKO Pa3psiioB IIOCJIe 3alsToil cie- _ 4 - 0,125
OyeT MPOM3BOIMTH IMMpeoOpa3oBaHue U IO AOCTH- 363875 T 0.0625
XEHUU 5TOM pa3pSIOIHOCTH 3aKOHYUTH MEPecyeT. ’ ’
- 2 - 0,0625

st oGJieryeHMs MepecyeTa MOXHO MCIIOIb30BaTh
Tabnuiy Ha puc. 8.7. 0,6875 0,0
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20 = 1

ol = 2 2! = 05

2 = 4 22 - 025

23 = 8 2% - 0125

24 = 16 24 - 0,0625

25 = 32 25 - 0,03125

26 = 64 26 - 0015625

o7 = 128 27 = 0,0078125

o8 = 256 28 - 0,00390625

29 = 512 29 = 0,001953125
210 = 1024 2710 - 0,0009765625

ol = 2048 2-11 _ 0,00048828125
212 = 4096 2712 - 0,000244140625
o138 = 8192 2-13 - 0,0001220703125
o4 = 16384 2714 _ 0,00006103515625
o5 = 32768 275 - 0,000030517578125
216 = 65536
o7 = 131072
218 262144
219 = 524288
220 = 1048576
221 = 2097152
222 = 4194304
223 = 8388608
224 = 16777216
225 = 33554432

Puc. 8.7. Tabauua creneHei yucna 2.

8.2.5. CnoxeHne OBOUYHbLIX Yucen

I[BOI/I‘IHBIC YHuCjia CKIIaAbIBAIOTCA TaK K€, KaK U JCCATUYHBIC YUCJIa. l'[pn CJIOXKE-
HHUH l[eﬁCTBYIOT CIeaymume rnmpaBuia.

0+ 0 =0
0 +1 =1
1 + 0 = 1
1 + 1 =10
1 + 1 + 1 =11

3a OgHO IEHCTBHME CKJIAMBIBAIOTCS BCETAa TOJBKO JBa umcia. Eciau HyXHO
CJIOXWTh CYMMY HECKOJIBKUX YHCEJI, TO CHavajla CKJIAAbIBAIOT IIEPBOE U BTOPOE
yucao. 3areM K pesysibTary IpubaBiisieTcsa TpeThe yucio. Jlaiee K HallieHHOMY
pe3yNbTaTy MpudaBisieTcsl YeTBEPTOe YHMCIIO U TaK Jajee, Ioka He OyayT ciioxe-
Hbl Bce uncia. CiloxeHne B CTOJIOMK cpa3y HECKOJIBKMX YMUCeJI, KaK ISl Jecs-
TUYHBIX YHUCEJI, B JBOUYHOM CYUCIEHUHN HE MPUHSTO. [I[pUHIIUIIIAIBHO 3TO BO3-
MOXHO, OTHAKO B MPOIIECCe BHIYMCIICHUSI BOSHUKAIOT CIOXHOCTU C MEePeHOCOM
CTaplIuX pa3psmoB.

O6a cxinagpBaeMbIX YMCJIa MUNIYTCS IOPa3psyTHO APYT Haa OpyroMm. 3arteM
CKJIaBIBAIOTCS IBe LIM(PHI cTONIOIA C HAaMMEHBIITUM pa3psimoM. B ciyyae mepe-
HOCa eIMHUIIA 3alIMCHIBACTCS B CIIEAYIOUIMIA CTONOEIl U YYUTBHIBAETCS IPU €ro
cioxeHuu. To ecTh B cilyyae mepeHoca HyXHO CKJIaJbIBaTh TPU JBOMYHBIX YHC-
na. ITo TakoMy aIropuT™My CKJIAIbIBAIOTCS CTOJIOEI 3a CTOJIOIOM CIIpaBa HAJIEBO,
Mmoka He OyIayT CJIOXeHBI Bce LudpHI.
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MNpumep
24022 22 20 20
16 8 4 2 1
1 1 ITepenoc
1 0 1 1. Yucno
0 0 1 |1 2. Yucno
1 1.1 0

Ecnu npeoGpasoBaTb JABOUYHBIC YHCJIa B NECATUYHBIC, MOXKHO JICTKO IIPOBEC-
PUTH NIPABUIBHOCTh HIPOBCACHHOIO CIIOXKCHUS.

101 1,=11,
100 1 1,=19,
1111 0,30

(10)

MajsieHbkoe 2 B CKOOKax BHHU3Y 0003HaYaeT IBOMYHOe yuciio. Yucno ¢ 10 B
CKOOKaxX BHU3Y SIBJISIETCS NE€CITUIHBIM YUCJIOM. DTa MACHTUUKAIIMA IPUMEH~
€TCSl TOJILKO B CJIydyae BO3MOXHBIX HeTOpa3yMeHMUId.

8.2.6. BbluntaHmne ABOUYHbIX Yucen

8.2.6.1. HenocpencTseHHoe BblYUTaHne

JIBOMYHOE YHCIIO MOXET, KaK U B IECATUYHOM CUCTEME, BHIUUTATHCSA U3 IPYTOro
IBOMYHOro 4ucia. Takoe BHIYMTAHHME HA3bIBAETCS HOPMadbHbIM. J[Is Hero meii-
CTBYIOT CJIEAyIOINUE IIPaBIIa.

IIpaBuina:
0-0=0
1-0=1
1-1=0

Brruuranue 0 — 1 mpUBOOUT K OTPHULIATEILHOMY Pe3yIbTaTy. 3/1eCh BO3HMKA-
€T HECKOJIBKO TPYIHOCTEIL.

Ilpu HemocpeaCTBEHHOM BBIYMTAHHHU BBIYMTAEMOE YHMCJIO IULIETCS MPSMO
MO YUCJIOM, OT KOTOPOr0O OHO OTHHUMAeTCs1 (YMEHBIIAeMbIM).

MNpumep

1l  Ymennmaemoe
1| Bwrauraemoe
0 PasHocrtp

BrryutaHye HAYMHAIOT CO CTOJIOIA C HAMMEHBIIIEH CTENEeHbIO, C CaMOro Ipa-
Boro. Iludpa BerauraeMoro BerautaeTcs u3 mudpbl yMeHbinaemoro (1 — 1 =08
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npuMepe). 3aTeM IIPOUCXOIUT BHIYUTAHME BO BTOPOM cTosbiie crpasa (1 — 0 = 1),
3aTeM B 3 CTOJOIIe CIlpaBa M T. JI. DTOT IMPUMEP He MPEICTaBJisieT HUKaKOI
TPYIHOCTH, TaK KaK He Bo3HHMKaeT cuTyaruu 0 — 1. B ciemyiomem mpumepe
uHaye.

Mpumep
10
f.
1 D 1 1 27
- 1 1 -7
10100 20

YT10o06BI MPOBECTH BHIYMTAHHME B TPETHEM CTOJIOLIE CIIpaBa, «OIOIXUM» 1 u3
4-ro cron6ia. Ilomygaercs: 10 — 1 = 1. EnuHunia B cepoM Kpyre, TaKuM oopa-
30M, cTaHoBHUTCS 0.

8.2.6.2. BbiuutaHmne B AOMNOJHUTE/ILHOM KO4E

B xoMmplOTEpHOI TeXHUKE BBIYUTAHNE MPOU3BOAUTCS NMPEUMYNIECTBEHHO IO-
6aBJICHUEM JOIOJIHEHUS K BBIYUTAEMOMY YHCIY.

BerupTaHue ¢ JOIOJTHEHMEM TAakKKe BO3MOXHO B JAecSTUIHONM cucrteme. Ilpen-
TOJIOXHM, YTO IISITUPA3PSIHBINA CITUIOMETP MalIMHBI IokasbiBaeT 95 000 (puc. 8.8).
Ecnu mammHa npoepet eie 15000 kM, To cimaoMeTtp rmokaxert 10 000. Takoe xe
yucyio moyryuurcs, eciad or 95 000 otuate 85 000. Yucio 15 000 HasmiBaeTcst
JononHenneM K yuciay 85 000. KoHeuHo, 3TOT crioco6 (GpyHKIMOHUPYET TOJBKO
TP BBHITIOJIHEHUM YCJIOBHS, YTO MPH NPUOABJICHUM TOIOJTHEHUS pe3yJIbTaT He
oToOpaxaercss B LIECTOM pa3psiie. To ecTh cmuaoMeTp Ha puc. 8.8 He MoXeTr
OBITh IIECTUPA3PSAHBIM. B KOMIIBIOTEpHOII TEXHMKE MOXHO IPOCTO OCYIIECT-
BJISITH 3aIIPET MEPEHOCOB.

IIpu naTupaspsATHOM MpeACTaBICHNH B IECATUYHON CUCTEME TOMOTHEHNE U
BBIYMTaeMoe B cymMe naiot yuciio 100000, T. e. 105. ITpu mmectupaspsmHOM IIpen-
CTaBJIeHUH B HECATHYHON CHCTeMe MOIMOJIHEHHE M BHIYMTAaEMOE B CyMMeE IAlOT
10%. OOLIMit IPUHIIUI TJIACUT:

B NecAaTWYHOW CUCTEME [OMNOJIHEHWE M BbIYMTAEMOE HUCHIO HOTNONHAT Apyr
Apyra npy n-paspsaHom npezactasnequn no 10°.

HaiinenHoe monojiHeHUe Ha3bIBACTCS B-TOMOJHEHUEM.
B nBoumyHOIi cucTeMe BBIYUTAaHUE B IOIOJIHUTEIBHOM KOIE IIPOU3BOAUTCSA
AHAJIOTUYHBIM 06pa30M.

Cnupometp

[9]5]0[0]0]
et v+ 15000 -swe
[1]o[o]o[0]

Puc. 8.8. BeiuuraHue B JOMOJMHUTENBHOM KOAE.
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Mpumep
1 1T I 1 Ilepenoc
1111 15 1111 1111
- 111 -7 + [ 1 +]lto I
1000 8 1000 [1 0 0 0]

B npuBegeHHOM mpuMepe HYXXHO BbIYecTh M3 yuciaa 15 gucno 7. Pesynbrar Oy-
nmer 8. Kakoe yMciIo HJOMXHO OBITH MPUOABIEHO K 15(10) = 1111 @? YTOOHI B pe-
3yJIbTaTe IOJIyYMIOCH 8(10) = 1000(2) MpH YCJIOBUM, YTO IIEpeHOC B 5 paspsiie
sanpeieH? Meroxom noxg6opa HaxoxuM yucio 1001, =9 . Dro yucno sBisi-
eTcst JomnojineHueM K 111 @ = 7(10).

ITpu yeThIpex3HAYHOM MPENCTABIIEHUH JOIOJHAIOT BHIYUTAEMOE YHUCIIO J0
16 = 24 Ilpu naTu3HavYHOM IIpelcTaBiieHMH — g0 2° = 32. B ciuenyromem
npuMepe IMoKa3aHo, Kak JomnojiHeHue (25) u BerautaeMoe (7) TOMOTHSIOT OPYT
JIpyra go 32.

(10)

Mpumep

10111 =23 10111
- 111 =7+112001=25
10000 =16 10000

HTtak, MOXHO chOpMyIMPOBaTh CIeAyIOIIee MPaBUIo.

B ABOMYHON CUCTEME AOMNONHEHUE U BbINUTAEMOE YMCAO0 AONONHSIIOT ApYr ApYy-
ra npv n-paspagHom npeacrasnexum go 2"

Ecnu tpebyercsa HaiTH JOMOJHEHME BBIYMTAEMOIO YMCIa, TO IPeXIe BCETO
HYXHO 3HaTh, C KAKUM KOJIMYECTBOM Pa3psIOB IMPEICTOUT paboTaTh. B KOMITbIO-
TEPHOM TEXHMKE DPa3psIHOCTh M3BECTHA 3apaHee. JJId HAIIMX TPUMEPOB MBI
MpUHUMAEM Pas3psATHOCTD 6. Ec/iu BEIYMTaeMoOe YUCIIO UMEET MEeHbIIIe 3HAYAIINX
uucdp, yeM 6, TO OHO pacIIMPSIETCS BEAYIIMMHU HYJISIMU 10 JOCTUXEHUS 3aHaH-
Horo 6-paspsigHoro dopmara.

Mpumep

000 111
Pacumpenue

IIpu 6 paspsimax cymMMa JOIOJTHEHHS ¥ BHIYMTAeMOIO HOJDKHA OBITh paBHA
26 = 64. Eciiu BEIYUTAEMOE YMCJIO 7, TO MOMOJHEHHE TOJKHO OBITH 57.

Eciau Teneps NMpOMHBEPTHPOBATh PACUIMPEHHOE YUCIO, T. €. BMecTo Bcex 0
3anucaTh 1 1 BMecTo Beex 1 3amucarh 0, TO IMOMYYUTCST YMCIIO, KOTOPOE TOJIBKO
Ha 1 MeHbIlle KICKOMOro aomnojaHeHus. ITomyyaercs uucio 56.
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Mpumep
3216 8 4 2 1
0O 0 0111 =7
R
1 1 10 0 0 = 56

D10 He CiIy4ailHOCTh, a 3aKOHOMEPHOCTh, KOTOPYIO MOXHO IPOBEPUTHh Ha
CJIeIyIOIMX IIpUMepax.

Mocne MHBEPTUPOBAHMSA BLIYMMTAEMOro YMCAa, PACLLUMPEHHOro A0 NOAHOro hop-
MaTa, nosIly4aeTcsl YUCIOo Ha 1 MeHbLUe AOMOMHEHUS K BbIYUTAEMOMY.

Ecmu x NIOJXYYCHHOMY KOOy J100aBUTH 1, TO ITOJIY4aCTCA UCKOMOEC NOIIOJIHCHHC.

Ansa nonyyeHus AONONHEHUS B ABOWMYHOW CUCTEME criefyeT BOCMOSMb30BaThCA
cneaylowmnum anropuTMom:

1. PacwuupuTb BbIMMTAEMOE YMCA0 40 NonHopaspsanHoro dpopmarta gobasneHn-
€M BeayLiunx Hynei

2. HBepTUpoOBaThL BLIMUTAEMOE.

3. K unBepcuun nobasuts yncno 1.

Cl’[paBCJIJII/IBOCTb 9TOro MeToaa aokKkasaHa Ha CICAYIOIUX IIpuUMEpax.

Mpumep (6-paspsgHoe npencrasneHne)

101111 = 47
- 11011 = 27
?

011011 YMeHBbIIIaeMOe YUCIIO
\’ Ll 44
100100 VHBepTHPOBAaHHOE YMEHBIIAEMOE YHCIIO

+ 1
1 001 01 Jlomonuenue
ITepenoc X 1 1 11

10111 1]|=47

Honomuenne + |1 0 0 01
Pesymbrar: 01010 0= 20

Mpumep (8-pazpsgHoe npeacTasneHue)

101111 = 47

- 11011 =27
?




8.2. Nleouunas cucmema cuucienus ZID

00011011 YMeHbIIIaeMoe YKCIIo

N N U A

11100100 W HBEPTUPOBAHHOE YMEHBIIAEMOE YHMCIIO
+ 1

11100101 JlononueHue

Ilepenoc X 11 I 1 11
00101111

Jomomwenrme + |1 1 1 0 0 1 0 1

Pesynbrar: 0001O010O0O0(= 20

8.2.7. OTpuuatesnbHbie ABOUYHbIE YUCna

Yro mesiaTh, €CJIM BHIYMTAEMOE YHCJIO 0OJIbllle, YeM YMeHbIlIaemoe? B peaynbrare
MOJIyJaeTcsl OTPUIIATEIbHOE YHUCIIO.

Mpumep
27 11011
- 47 -1 01111
-20
O6pazoBanue gonomHenus:: 1 0 1 1 1 1
A
6 paspsiIoB 01 00O0O0
+ 1
01 00 0 1 [onomHeune x 47
1 11
01 1 01 1 Yucmo, U3 KOTOPOrO BHIYUTAETCSH
+ 01 0 0 0 1 [dononueHnue
D 1 01 1 0 0 Pesynprar
I

HET IepeHoca B 7-i1 pa3psn

Pesynprar sSIBAS€TCS OTPULIATEIBHBIM YKMCJIOM. DTO ClIeyeT U3 OTCYTCTBUS
rmepeHoca B 7-it pa3psi.

Ecnu npu go6asneHny QOMNONHEHUS B N-pPaspaaHOM NPeLCcTaBneHnn OTCYTCTRY-
eT nepeHoc B 1 + 1 paspsg, To pesynbTar ABASIeTCHA OTPULATENIbHBIM HUCTOM.
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Y1006HI y3HATH BEIUIMHY OTPUIIATEIHHOIO YKCJIA, HYXHO IOJYYMTh €r0 I0-
ITOJIHEHHE B TBOMYHOM KOJIE:

Mpumep
1 01 1 0 0 Pesynsrar
il il
010011
+ 1
001 01 0 0 [lononHeHue pe3yibrara

JlonmonHeHue pesynbrara paBHo 20.

MoxHo OTHATH ompeaeieHHoe ynucio ot yuciaa 0. B pesynbrare mosydaercs
OTPMLIATENIBHOE BBIYMTAEMOE YMCJIIO.

Mpumep
0 00 00O
-9 -01 001
Z9 2
O6pasoBanue gononuedus: 0 1 0 0 1
L 441!
1 01 1 0
+ 1
1 01 1 1 [domomHeHwue K 9

(5-paspsaaublit hpopmar)

Yucno 10111 paBHo —9. Ecnim o6pa3oBBIBaTh AOIOJIHEHME OT 3TOr0 YHCIA,
TO IIOJIyYaeTcs Yucio 9:

1 0111
I VNS
01000
+ 1
01 001 =9

JononHeHue ABOMYHOMO YUCa PABHO €ro OTPULATENIbHOMY 3HAYEHMUIO.

C nomouipio 06pa3oBaHus JOIIOJTHEHHUSI MOXHO HPeoOpa3oBhIBaTh MOJIOXH-
TeJIbHbIE IBOMYHBIE YHCIIa B OTpUIaTeIbHbie. OTpUIaTeIbHBIE YHUCIa Cpa3y pac-
no3Harb TpyaHo. Haitnennoe unciao —9 = 10111 MoxeT Takke BOCHPUHUMATHCS
KaK IOJOXUTeNabHOe Yyucio 23. HyXkHO Mpou3BOIUTh paclo3HaBaHUE YHCJIa.

Bo3MoxHEI cITOcO6 pacrio3HaBaHUs YUCJIa IToKa3aH Ha puc. 8.9. bpocaerca
B IJIa3a, YTO CTOJOEL C pa3psaoM 2¢ mpu MOJOXUTENIFHBIX YHCIaX BCeraa coaep-
xut 0, a Ipy OTpULIATEILHBIX YMCIaX Bceraa comepxur 1.
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DecaTuynas (2“) 28|22 |2t |20 Decstnanas || 23 | 22 | 21| 20
uibpa |(16)| 8 | 4|2 1 wippa |84 ]2]|2
+9 0 |1]olo[1] & o ojojojo
+8 of1lo|o]jo| & ! ojojol1
+7 olof|1|1]1] g 2 6jo|1fo
+6 ofo|1f{1]|o] 2 3 O R R
+5 olo|1|lo|1]| Z 4 0j1j0j0) §
+4 o|ofl1|o]o]| 3 5 of1fof1} 5
+3 o |ofo|1]1 § 6 of1{1}0
+2 o|ofo|1]|o| 8 7 opriia
+ olojofol1]| & 8 110100
0 0 |o0[o0|0]|O 9 1]0j0]1
-1 T |1[1|1] 3 tiojptiol s
-2 1l1]1]|1]o] & o) g
-3 1 11]1}0]|1]| & 1i1jo0jo0} ¢
-4 1{1]1]0|0] = tl1jof1| &
-5 1t l1|of1]|1] 2 11110} g
-6 1l1|of1|0]| 2 IEEEERNES
-7 1{1]0]o|1| &
-8 1t {1]{0]0}|O f._
-9 1 lol1l1[1] 6

Puc. 8.9. PacnosHapaHue NOJOXHUTENBHBIX U Puc. 8.10. [1BoMYHO-AECATUYHBIN KOA.

OTPUMIATEC/IbHBIX ABOUYHBIX YMCEJI.

Y oTtpuuatenbHbiX Yyucen Haubonblwnid paspsa sBcerna pased 1.

HauGonpimii pa3psii MOXHO Ha3BaTh 3HAKOBBHIM Pa3psiioM.

KpanHunii neeoil paspsag Cnesa y noaoxXuTenbHbiX ABOUYHBLIX yncen paseH 0, y
oTpuuatenbHbiX ABOVMYHLIX YNCEN OH paseH 1.

KoMmnpioTepsl paGoTaloT BCerna ¢ yCTAaHOBJIEHHOM pa3psIHOCTbIO, HAIIPUMED
c 6, 8,16 wim 32 paspsagamu. Tak 4yTO HaMOOJNBUINIA pa3ps Bcerna U3BECTEH U
MOXET paccMaTrpuBaTbcsl 6€301IMO0YHO KaK 3HAKOBEIA paspsil.

8.3. [1Bon4HO-gecaTuyHbii kog, (BCD-4ucna)

JIBOMYHO-I(€CATHYHBIN KO TECHO CBSI3aH C TBOMYHOM cucTeMoi cuucienus. Co-
Kpaineaue BCD mpoucxomuT oT aHDImiickoro obo3HayeHust «Binary Coded
Decimals».

8.3.1. MNpeacTaBneHue Yymucen B ABOMYHO-OECATUHHOM KoAae

B IBOMYHO-IECATMIHOM KOJIE KaXI0€ NECSTIHYHOE YHCIIO TIPEICTABICHO YeThIPEMS
OMHapHBIMU paspsiaaMu, Wik 4 outaMu. COBOKYITHOCTDb YeThIpeX OMTOB Ha3bIBa-
eTCsl TeTPaaoil (IMO-IPeYecKH «TPYIIa U3 YETHIPEX»).

JIBOMYHO-IECATUYHBINA KO npeacTaBiieH Ha puc. 8.10. Kaxmasa gecsatuuHas
uudpa npeacTaBieHa IBOMYHBIM YUCIOM. M3 16 BOBMOXHBIX TE€Tpaj UCIOJIb3Y-
orcsa Toapko 10. Iects TeTpax MoOryr ObITh HE 3aeliCTBOBAaHBI B JTBOMYHO-
necaTuyHOM Koae. OHM Ha3bIBalOTCS ncesaoTeTpannl. s kaxaoi udpsl gecs-
THUYHOTO YKCJIa UCIIONIb3YeTCs OJHA TeTpaja.

N-paspsgrHoe gecaTuyHoe YnUcno nNpeacTasnaeTcsd B ABOUYHO-OECATUHHOM Koae
n-retpagamMmn.
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Mpumep 5 3 9
l | I
fo o1 0of{oo011|{100 1]
1. 2. 3.
Tetpan Terpan Terpan
Mpumep

4 3 9 6 2 9
01 00/0 0111 00 1/0110/0 0101 0O0 1

8.3.2. CnoxeHue B BCD-¢dopmaTte

CloxeHne MPOMCXOHUT II0 TOMY Xe NPUHLMITY, KaK W Ui JBOMYHBIX YHCE.
OHO He mpeacTaBisieT NMpobJeM IO TeX IOp, IOKa pe3ysibTaT He IIoNamaeT B
00J1aCTh TICEBIOTETPAN.

Mpumep
11
0011 3
+ 0110 + 6
1 0 01 9

Eciu npu ciioXeHuM BO3HHMKAET IICEBHOTETpana, 3HAYMT, CyMMa GOJIbIle,
yeM 9 M JOJDKHA IIPEACTABIISTHCSA OBYMsI TeTpaaaMu. B aToM ciiydae ciemyer
IIPUMEHNUTh KOppeKTUpylollee ciioxeHnue. K mcepmorerpane cieayer mMpuOaBUTh

YHUCJIO 6“0) = 0110 ,,. Torga moiy4aioT 1Be TETPabI.
Mpumep
11
1 0 01 9
+ 0 011 + 3
1100 12
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Mpumep T 11
0111 7
1 0 01 +9
1000 16
+ =6
Q 00
1

B oOmieM, geiicTByeT IMpaBWIO:

Ecnuv npu cnoxenun agyx BCD-4mncen nonyv4aeTcs pesynbrar, paBHblil unmn 60nb-
wwuin 10 TO AN KOPPEKUMU K pe3ynbTaTty HYXHO npubaeuTts yucno 01 10(2).

(10)?

Cnoxenue BCD-4ucesn, KOTOPhIE COCTOSIT M3 HECKOJIBKUX TETpal, MPOUCX0-
T TOTETPAJIHO CIIpaBa HajeBO. ECIM IpH CIOXEHHWHM IOBYX TeTpal BO3HUKAeT
Iepexon B 5-0M paspsilie, TO OH IepefaeTcs K HaMMeHBIIEMY pa3psiay CIeXyIo-
mei Terpaanl. IIpubapnenue koppexkuun 0110 HyXHO HpeanpUHUMATh BCErna,
€CJI Pe3y/IbTaT CIOXEHUS ABYX TeTpal paBeH wiu 6oibuie 10.

lpumep 1110 < [
011 1 1000 78
0110 + 1001 +69
T 110 000 1 147
111
1110 0001
01 1 0(+0 1 1 0
ooo;'ploq 01 11
1 4 7

Ecnu npu no6asnenuu koppexkiuu 0110 K nceBgoreTpane MpoOUCXOAUT Iiepe-
XOII B 5-0M pa3psifie, TO OH TaKxkKe N00aBJIsIeTCsl K HAMMEHbLIEMY pa3psity Clexy-
IOLEHA TeTpagbl.

Mpumep

11 1 [1
010 1 0111
001 1 1000
100 1 11 1
l
11
011 1 57
o110 + 38
1001 010 1 95
9 5
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8.3.3. Bbiuutanme 8 BCD-dopmaTte

Breruuranue B JIBOUYHO-IECATUIHOM KONIE IIPOU3BOOUTCHA HpHﬁaBJIeHI/IeM JOIoJa-
HCHUA.

Paznuyalor HOIOJIHEHWE OO0 AEBATHA M AOIOJIHEHUE IO OECSTH.

Jonontenvie Ao pesatn K g, BCD-TeTpanbl ABNAETCA [ONONHEHWEM TETpaas A0
1001, =9
(2)

(10)*

Mpumep
HaiineM nononuenue go aessaru or 0010.
1 0 01 9
-0 010 -2
0111 7

JloronHeHNEM OO NEBATHU K(9) K 2(10) oyner 7(10) = 0111(2).

HononHenne o gecatn K. BCD-teTpagbl SBNFETCSA OOMOJHEHMEM TeTpaabl
(10)
1o 1010Q)= 10

(10)"

IIOHOJIHCHI/IC 1o jecsaTty Ha 1 60)15]116, 9YEeM OOIIOJIHCHUEC A0 OCBATH.

Mpumep
Haitnem nomonmHenue no necsaru ot 0010.
1 010 10
-0010 - 2
1 000 8

HononxeHuem fo necsaru K, K 2, 6yaer 8, = 1000 ,.

Ecau or BCD-tetpanst A Hago otHATh BCD-terpany B, To ciemyer o6pa3oBaTh
JornonHenue no gecatu BCD-tetpanpl B u nmpu6aButh ero K BCD-terpane A.

BbluMTaHue B ABOUYHO-OECATUHHOM KOAE CBOAUTCS K CIIOXEHUIO AOMNOAHEHUs
00 Aecdat Bbi4UTaeMoOro C yMmeHbLaemMbiM YUCIIOM.

Ecnu monygaercs IceBIoTeTpana, TO MPOU3BOMUTCS KOPPEKIUs IpuGaBie-
HueM 0110. ITepenoc B 5-oM paspsae yKasbIBaeT Ha TO, YTO PE3Y/IbTAT SIBJISIETCS

HOJIOXKUTEBHBIM YKCIIOM. TIepeHOC pu olpeaeneHUM 3HaYeHUsI Pe3yJIbTaTa He
YYUTHIBAETCS.

Mpumep

w >
_—O
-0
—
N O

d

?

K, o1 7, = 0111, paBeH 3

@ = 0011,

(10)
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11

1 0 01

+0 0 1 1

1 1 0 0 (IIceBnorerpama)
1 1

Koppexuus '1 1 0 0
o1 1 0

Pesynbrar: 1 (0 0 1 O

2

Orpuriarenbable BCD-4uciia DOJKHBI OBITH pacIio3HaBaeMBbl KaK OTpUILIATEb-
Hble. Eciy Ipy BBIYMTAHUM IOJTy4aeTCsl OTPULIATEIbHOE YUCIIO, TO TOJKHO OBITh
cpasy noHsiTHO. HyxXeH ocoOGeHHBIi NMpU3HaK.

Ecnu npn cnoxeHun To4HOro AononHeHnsa oo gecat ¢ BCD-teTpanoi He obpa-
3yeTcs nepeHoca B 5- paspsg, TO PesynLTaT ABASETCH OTPULLATENbHBIM YNCIOM.

Mpumep

A 0111
B -1001 -9
)

f)

JloronHeHeM a0 AeCaTH K(m) K 9(10)

0111 B
+0 0 0 1 K,
1 0 0 0 OtpuuarenbHOe YMCIIO

Gyzer 1, = 0001 ,.

(10)

Her nepeHoca B 5-ii paspsia.

Pesynsrar 1000 sBisieTcsl OTpMLIATEIbHBIM YUCIOM. UYTOOB! HAlTH 3HAYECHHUE
3TOro OTPHMHLATEIPHOTO YMCia, TpebyeTcs oOpaTHOE NOMOHEHNE. 3HaYeHUe OT-
PUIIATEJILHOIO YMCJIa SBJISIETCS €ro JOIOJIHEHUEM O HecsITU. 3HA4YMUT, Hado uc-
Karh gomnojiHeHue no pecstu K 1000.

JlomoyiHeHeM A0 AECATH KUO) x 1000, = 8, Oyzmer 0010, =2 .

ITonyvaercs yucio 2. CiaeroBaTeIbHO, Pe3yJbTaTOM BHIYMTAHUS SBIISET-
ca —2.

8.4. [pyrve TeTpagHble CUCTEMbl CHUCNEHUS

M3 MHOXecTBa TETPAIHBIX CUCTEM CYUCJICHUS, CYIIECTBYIOIIUX HAPSIy C ABOUY-
HO-IECATUYHBIM KOJIOM, PaCCMOTPHUM TOJIBKO TPU CaMBIX BaXHBIX. JIpyrue TeT-
pagHblE CHCTEMBI UTPAIOT BTOPOCTENEHHYIO POJIb M IPUMEHSIOTCS TOJIBKO LIS
cHelMaJbHBIX 3aJlaHMM.
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8.4.1. Kog ¢ n3bbitkom Tpu

Decatninas B xozme ¢ u36BITKOM 3 He HCIONB3YIOTCH MEpP-
undpa lg g /g : BBl U mocjegHue TpU M3 16 BO3MOXHBIX TET-
olo]o|1|! neesaorerpana PO DTU wecTb TeTpaja SIBASIOTCS IICEBIOTET-
olo|1]|o pamamu (puc. 8.11).
‘1’ g ? ; ; Ecnu paccmarpuBath TeTpaabl KOJa ¢ U30BIT-
) olilols KOM 3 B BUII€ IBOMYHBIX YHCEJI, TO BUIHO, YTO MX
3 o|1]1]0 3HA4YEHUs BCce BpeMsI Ha TPU OOJIbIlle, YeM 3Haye-
; (1’ ; (1) ; “lll cummerons ~ HUE COOTBETCTBYIOIIEH AecATHYHON UPpHI. [le-
6 lololy caTUYHOE 4yucio 4 npencrapisgercsd Kak 0111, To
7 1|o]1]0 €CTb ABOMYHBIM YUCIIOM ceMb. ITomygaeTca cum-
g o1 METPUYHBIN Ko (cM. puc. 8.11).
1]1({0]0
oS Kak ¥ B ZBOMYHO-IECATHYHOM KOIE KaxX-
111]1]|0 }ﬂcemmemana nasi geCsATUYHas und)pa npeacTaBiIsieTCsL TET-
11111 paﬂoﬁ.
Puc. 8.11. Koa ¢ u36buitkoMm 3.
Mpumep
8 2 0

I | ]
1011 (o101 o011

ITpeumyiiecTBoM Koma ¢ M3OBITKOM 3 sIBiIieTCs OTCyTcTBUE TeTpamsl 0000.
Tak xak yacto npuHMMalTCsi cooTHomeHust 0 £ 0 Bu 1 £ U, To Terpaga 0000
II0JIy4YaeTcs PU UCYE3HOBEHUM HanpsokeHus. Eine oqHUM nMpeuMyIlecTBOM SiB-
JIsieTcsl IIpocToe oOpa3oBaHUE AOIOJHEHUS 110 9.

JononHexune Ao 9 B koae ¢ n3bbiTKOM 3 NoNy4yaeTcs NPOCTEIM MHBEPTUPOBAHUEM.

Mpumep

Haiitu momonuenue 1o 9 x 0111 = 4(10).
0111
VAN HuBepcust
1 000 5

(10)

Ecnu nmpuGaBUTh K TOMOJTHEHUIO OO 9 eNMHMILY, TO IOJTy4aeTCsl JOIOJIHEHNE
o necsatu. s cinoxeHus B Kofie ¢ M30BITKOM 3 meCTBYIOT CJIEAYIOIIHE IPaBH-
Jla KOpPEKIUM.

Ecnu npu cnoxenun gByx TeTpan He BO3HUKAET nepeHoca B 5-11 paspsa, To oT
pesynbTaTta cnegyet oTHATL yicno 0011,

Ecnu npu cnoxeHun aByx TeTpaz BO3HWKAET NepeHoc B 5-i paspan, To K Kax-
nol TeTpane pesynbrara cnenyet npubdaeutb ymucno 0011,
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Mpumep
1
01 0 1
0110 + 3
1 010 4
1010
-0 011
111 =4
MNpumep
1
1 001 6
1100 + 9
1 0 0 1 15
111
1 {0101
001110011
0100[]1000
1 5

Koppekiins ocyliecTBIsIETCS TOCPENCTBOM IepeHoca B 5-ii paspsii. Dra one-
palus JIErKO OCYIIeCTBUMAa B COBpeMEHHOU M(pPOBOii TEXHUKE.

8.4.2. Kopg, AinkeHa

B xone AiikeHa MCHOJB3YIOTCS IEpBBIE U IOCIEIHUE NATh U3 16 BO3MOXHBIX
terpad. IlceBmorerpamsi HaxomsTcss B cepenuHe (puc. 8.12). Ilomy4yaercs cum-
METPHMYHBIIA KO, B KOTOPOM JIETKO TOJIYYUTh IOMOJHEHME 10 9.

Jononnenne no 9 K nonyyaetcs B koae Alike-

9 Decatnynas
HA NPOCTHIM UHBEPTUPOBAHNEM. - (g (23 g) (/?
. 0 o|o[o0|0]=
,[[J'lﬂ OTACJIBHBIX ITO3UIIMU B IIpEHAcaX TeTpalabl 1 ololo] 1]«
,I[ef;ICTBYIOT CJICOYIONEC COOTHOIUCHMA: 2 0j0f1(0
3 0l0]1]1|«
DIC|Bl|A 4 0[1{0]|0|=
ERE
2 (421 [ of1]1]of [l &
lcesnoverpana olt1]1]1 g
Kaxnast necsrruanast gpa BhIpaKaeTcsi TETpanon. 1jolojo z
1{o|1]0
5 1{of[1]{1]«
Mpumep 6 1/1{0]|0 |«
7 1{1(0]1
1 9 0 1 8 1{1]1]0
9 11(1]1

| ] | ]
000 ll ll 11 II '1 11 OI IO 001 Puc. 8.12. Koa AiikeHa.
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ITpu croxeHUU KOPpeKIUs TpeOyeTcsi TOJIBKO TOTAa, KOraa oopa3yercs IceB-
noreTpana. JIeMcTBYIOT ciielylolue MpaBuia.

Ecnu npu cnoxeHun aByx TeTpan B Koge AlkeHa BO3HMKAET ncesaoTeTpaga ¢
nepeHocoMm B 5-ii paspsg, TO OT pe3ynbTarta cnegyet oTHATL umucno 0110.

Ecnn npuy CnoXeHun AByxX TEeTpan B Koae AlikeHa BO3HUKaeT ncesaoTeTpana
6e3 nepeHoca B 5-i1 pa3paa, To K pesynbtaTy cnegyet npudaeutb umucno 0110.

Mpumep
1
0100 4
+1 1 1 1 + 9
0001/0 011 13
1 3 Pesynbrar

Tak Kak He oOpa3yeTcsl IICEeBIOTETPana, TO KOPPEeKIINs He HyXKHa.

Mpumep
0100 4
+0 011 + 3
0111 7
IIceBmoreTpana: (6e3 mepeHoca B 5-0oM paspse)
0111
Koppexkuus + 0110
1 1 0 1 =7 (Pesymsrar)
Mpumep
111
1 011 5
+1 1 0 1 + 7
1 000 12
IIceBnoreTpanma: (c IepeHOCOM B 5-0M paspsie)
1 000
-0110
00 0 0 010

i ) " (Pesyibrar)
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8.4.3. Kop INpes

Kon I'pest He pa3pabarsiBajICsI C TOYKM 3peHMs YIOOCTBa ik KomuposaHus. Ero
O0COOEHHOCTHIO SIBJISIETCS TO, YTO IPHU I€pexolie OT TETPaabl K TeTpaje Bceraa
TONBKO OfuH pa3psy MeHsiercss ¢ 0 Ha 1 wm or 1 Ha 0. To ectb u3MeHsercs
BCerlia TOJIbKO OOWH OUT TeTpansl (puc. 8.13).

Konkl, B KOTOPbLIX MPYU Nepexone OT O4HON TeTpadbl K Cneayioulein Bceraa MeHs-
eTCs TOJIbKO oauH 6UT, Ha3biBalDTCA oaHowarossiMu. Ko Mpest aBnaeTcs ogHowa-
roBbiM KOAOM.

OnHouaroBsie KOIbl TAKXE Ha3bIBAIOT MPOTrpeCCUBHBIMH Komamu. BCD-xon,
KOI ¢ U30BITKOM 3 M KOI AifKeHa SIBJISIIOTCSI, HalIPOTHUB, MHOT'OIIIATOBHIMM KOJIa-
Mu. B MHoromaroBoM Kojae IpH Iepexoie OT OMHOM TeTpambl K CJIeXyIoIIei
MOXET MOSBUTHCS OIIMOKA, €CIIH BCe OUTHI, KOTOPHIE OJDKHB M3MEHUTHCS, U3-
MEHSIOTCSI He ogHOBpeMeHHO. Eciu, Hanmpumep, U3MEHWICS ONUH OUT, a IBa
JIpyTHUX OUTa elne HeT, TO BIUIOTh JO U3MEHEHUs IPYTuX OMTOB B HAIMYMHU MMe-
eTCcsl OIIIMO0YHAasI TeTpaja.

Kon I'pess ucnonn3yeTcst mpexe BCero Ui 3amad YIPaBJICHUS U OCOOEHHO
YacTO — MPH CYUTHIBAHUM KOXMPYIOUTUX TUCKOB. IIpM TaKOM CUUTHIBAHUM HEJIb3ST
00ecTeYynTh, YTOOH M3MEHEHHE CUTHajIa MPOMCXOIWIO OMHOBPEMEHHO IO BCEM
OutaM. MHoromaroBble KoJbl IJIsl pellieHHs MMOAOOHBIX 3aHay MpobieMaTHYHEI.

IIpencraBnennsiit Ha puc. 8.13 xkom I'pest HMeeT HeTOCTATOK: MPH MEPEXOIe
oT 9(10) = 1101k 0,0, = 0000 moJKHBI H3MEHSATHCSI TPY GUHAPHBIX pa3psina. ['oBo-
pAT, Ko I'pest He SIBNSIETCS] IUKITHIECKUM.

Konm I'pest MOXeT pacurdpsaTbca Ha Bce 16 BO3MOXHBIX TeTpan (puc. 8.14).
IIpu pacimupeHHOM Kome I'pest oTnenbHBIe TETPaIbl CIEAYIOT B TaKOM MOCeno-
BaTEJIbHOCTH, YTO IIpH 1epexone oT 15 Ha 0 Takke U3MEHSIETCSI TOJIbKO OTUH OUT.
PacurupeHHslii koa I'pest aBisieTcs MMKIMYECKHAM.

Jecatnunas
umdpa G|R|A|Y
0 0jojo|o
1 olofo]|1
2 olo|1]1
3 olo|1]o
4 ol1{1}o

lecaTN4Han

numbpa G|R|A|Y 5 o111
0 0lojo|o 6 o|/1fo|1
1 ojofo|1 7 olli{o]|o
2 olo|1|1 8 1{1]o]o
3 olo|1]o 9 1]1]o/1
4 ofl1{1]o 10 1111
5 o111 11 1{1{1]o
6 o|1]|o|1 12 1lo|1j0
7 o|1|o|o 13 10|11
8 1{1]o]o0 14 1lo]o|1
9 1[1]0]1 15 1lolojo

Puc. 8.14. Pacuupenssiit koa ['pesa (uyxiu-
Puc. 8.13. Koa 'pes (He LUKIMYECKUIT). YECKUIA).
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© =~ o - Puc. 8.15. [10BOPOTHBI! KOAMPYIOWIMIT JUCK CO CYH-
| I / / » ° THIBAHUEM PAaCIIMPEHHBIM KoaoM ['pes.
o © &l 3} ;/ . / /4’0 A
] VS @ . > IIpuxnagHoit 0671acThI0O MPUMEHEHMS
- i KBS kona I'pes siBisieTcsl KOONMpOBaHHUE yIJia.
= ® u°/ O Kaxmoit BelMyMHe yrjia CTaBUTCS B COOT-
IR © o -~ A BETCTBHE OIpeNeieHHas TeTpaga Kona I'pest.
O] KT 66°/ 2 Yaine Bcero MCHONb3YETCSI pacIIUpPEeHHBIH
=) 12 xox I'pes.
E= 180 Ha puc. 8.15 u3obpaxeH MOBOPOTHBII
== — _sa°—14  gomupyrommit auck. IllecTHamuaTh TeTpaj
= 90°—15 pacummpeHHoro koxaa I'pest mogeneHs Ha 90°.

CerMeHTHl BhIIAIOT 1-CUTHAII.
Komupyromuii IUCK CUUTHIBAETCS JIEKTPUUESCKU YETHIPhMS 1eTKaMu. JJuck
MPUKpPEIUIEH K Bajly M BpaluaeTcs noa ¢uKCUpoBaHHHIMH mieTkamu. IIpumMepHo
Kaxable 6° Ha yeThIpeX IIETKaX OKa3hbIBaeTcs Cleaylolnas Terpaaa. boiee ToHKoe
paspellleHre MOIYyYaloT, ecii 16 TeTpagaM CTaBUTCSA B COOTBETCTBHE 16 3HAKO-
BBIX rpamgycoB. OmHO3HAaYHOE KOTUPOBaHME BO3MOXHO B 3TOM CJIy4yae TOJBKO B
yIiioBoM mauamna3oHe ot 0 mo 15°.

8.5. WecTHaauaTepuyHaa cuctema CYMCNeHus
(Hexadecimal)

8.5.1. CTpykTypa WecTHaguaTepu4HoOin CUCTEMbI CHUCNEHUS

IJ_IeCTHanuaTepquaﬂ cUCTeMa SIBJISIETCS IMO3UIIMOHHON CUCTEMOM CUMCIICHMS.
B xauecTBe ocHOBaHMS HCITOJIB3YIOTCA CTCIICHM 4YHUCJia 16.

Kaxgomy paspsgy WwecTHaauaTepuyHoro Yynucna nocraBneHa B COOTBETCTBME
cTeneHb uicna 16.

CTpyKTypa lIeCTHaAIIaTepUYHOM CUCTEMBI CYMCIICHUS IToKa3aHa Ha puc. 8.16.
B pa3psine, koTopoMy MOCTaBjieHa B COOTBeTCTBHE 16° = 1, MOXHO cumTath J10 15.
Tonpko HauMHas ¢ 16 MOXHO 3axeiicTBOBaTh BTOpOii paspsin. Mrtak, BMecre C
HyJIEM B KaXIOM paspsae 3aaeiicTBoBaHbl 16 mudp.

B wecTtHaguatepuyHon cuctemMe CHUCNeHns 3aaencTeoBanbl 16 unodp.

Ipexne Bcero NpuMeHSIOTCS U3BecTHBIE 10 HUPP AeCATHIHON CUCTEMBI OT
0 mo 9.

LI.IecrHap.uaTepwmoe 4yucno
JecsatepnyHas
undpa 16¢ 16° 162 16' 16°
65536 4096 256 16 1
{ { l
2.256 + 0-16 + 8-1 Puc. 8.16. Ctpykry-
| | pa IIecTHaauaTe-

PUYHOI CHUCTEMBI.
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Puc. 8.17. IllectHaauarepuyHas uudpa. Hecatunas | LlectHaauatepuuHas
ungpa undpa

[=]

st mudp ot 10 1o 15 MoXHO GbUIO OB PUIYMATh
Kakue-HUOynb HoBble udpsl. Ho ux He 6bUTO OBI Ha
MUIIYIMX MalIMHKax ¥ B Tumnorpadusax. [lostomy BMe-
CTO HIECTHAAIIATEPUYHBIX (PP HUCIOIB3YIOT OYKBH A,
B, C, D, Eu F (puc. 8.17). ABoiiHass ¢pyHKIMS OYKBBI 1
mudpsl He MPUBOUT K IyTaHuire. I3 KOHTeKCTa MOX-
HO IIOHSITh, OOBIYHAsI JIM 3TO OyKBa WM OyKBa, BHIIIOJ-
Hsaomasa dyHkuuio mudpsl. YToOH MpeaoTBpaTUTD ITy-
TaHUILy, MOXHO IMCcaTh OYKBBI BBEPX HOTaMH, €CJIA OHU
BBITIOJIHAIOT PYHKUMIO ITHUPPHI.

0O NOOO_ WON =

©

-
(=]

(v)
@
)
@
[&)]
(=)

-
WM =

M MO OWmB»MNO®~NOOOD WN = O

—
o

8.5.2. MNepeBoA WecTHagUATEPUUHbIX YUcen
B AECHATUYHYIO CUCTEMY CHUCNEHUS

IIpeoGpa3oBaHue IIeCTHAMATEPUIHBIX YHCENI B AECITUYHYIO CHCTEMY CYMCIIE-
HUS IPOMCXOMMUT IT0 M3BECTHOMY ajroputMmy. LlenrecooGpa3sHo cocTaBuTh TabIM-
1y comtacHo puc. 8.17a. KonudecTBO CTOIOHOB 3TOM TaGIUIIBI OIIpeesisieT Hau-
0GoJIbIlIee BO3MOXHOE IECTHAAATePUYHOE YHCIIO.

LIJecmaAuaTepwmoe yucno
HDecatepnyHoe
4uncno 16° 164 16° 162 16" 16°
1048576 | 65536 4096 256 16 1
41551 ¢ A 2 4 F
Puc. 8.17a. Tabauua 10-4096 + 2.256 + 4-16 + 15.1
nepecyera WeCTHAA-
HarepuyHoro uucaa | 68 651 « 1 0 C 2 B
B AECATUYHOE.

ITepecueT mecTHammaTepuyHoro umcia A24F B mecsiTMMHOE MPOU3BOIUTCS
CIIeIYIOIIMM OOpa3oM:

A = 10 - 4096 = 40960
2 = 2 - 256 = 512
4 = 4 . 16 = 64
F = 15 - 1 = 15

41551

s 10 CZB(m) MOJIy4aeTCs:

1 = 1 - 65536 = 65536
0 = 0 - 409 = 0
cC => 12 - 256 = 3072
2 = 2 - 16 = 32
B = 11 - 1 = 11

68651

KapMaHHBIN KaJIBKYJISITOP OYEHb 00JIerdyaeTr mepecyer.
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8.5.3. MNepeBog, AeCATUYHBIX YUCEeN
B LWECTHAALATEPUYHYIO CUCTEMY CHMUCNEHUS

IIpu nipeoGpa3oBaHUM ASCATHAIHBIX YHCEN B IIIECTHANLIATEPUYHBIE BOSHUKAIOT He-
6onpinye cnoxHoctu. Ilpemraraercss ucronbs3oBarh Tabumiy Ha puc. 8.17a. Co-
JIEpXUMO€ CTOJIOIIOB M3BECTHO, M CONEPXKUMOE KaXIOIO CTOJIOIIa MOXET OBITh
paBHo ot 0 mo 15. HyxHo 3amucars B Tabmuiy 1mudpsr or 0 no F. CocraBum
CIIPABOYHYIO TaOJIMILy, B KOTOPOil CONEPXKMMOE BCEX STUeeK YMHOXEHO Ha COOTBET-
CTBYIOIIYIO cTeneHb yncia 16. Takag tabauna a0 164 mpeacrasneHa Ha puc. 8.18.

BosBeaexwne B CTeneHo
Decsitnunas || LLiectHaguatepuatas |  16* 16° | 162 | 16'
undpa undpa 65536 | 4096 | 256 | 16
1 65536 | 4096 | 256 | 16
131072 | 8192 | 512 | 32
196608 | 12288 | 768 | 48
262144 | 16384 | 1024 | 64
327680 | 20480 | 1280 | 80
393216 | 24576 | 1536 | 96
458752 | 28672 | 1792 | 112
524288 | 32768 | 2048 | 128
589824 | 36864 | 2304 | 144
655360 | 40960 | 2560 | 160 | 10
720896 | 45056 | 2816 | 176 | 11
786432 | 49152 | 3072 [ 192 | 12
851968 | 53248 | 3328 | 208 | 13
917504 | 57344 | 3584 | 224 | 14 Puc. 8.18. Tabnuua a1 nepecuera gecs-
983040 | 61440 [ 3840 [ 240 | 15 TAYHBIX YHUCEJ B LIECTHAALATEPUYHEBIE.

py
2

o N Os 0N
O N OD WN = -

9
10
1
12
13
14
15

8

TMYOO W ©oo N oD N -

Ecim HyXHO IpelcTaBUTh AeCATUYHOE Yucio 1982 Kak ImecTHammaTepuyHoe,
TO CJEOYeT COCTABUTH TaOyMIYy cortacHo puc. 8.19. CroiGel 16° He TpebOyercs.
Temnepp B TabGnu1e Ha puc. 8.18 uiiercst camoe 60JIbIIIOE YMCIIO, PABHOE YUIM MEHb-
e 1982. D10 yuncno 1792 = 7-256 = 7-162. B cronGen 16?3anmuckiBaercs mudpa 7.
Yucno 1792 yxe 3ageiictBoBaHo. OcTaercs enie ocrartok 190:

1982
- 1792
190
Tenepp uieTcss HAaMOOJIBIIIEE YMCIIO U3 TabauIIbl Ha puc. 8.18, KoTopoe paB-

Ho wiu MeHbIne 190. D1o yucio 176 = 11-16'. B cronben 16! 3anocurca uudpa B.
Ocraercst octaTok 14:

OcraTok oT 14 — 310 14 = 14-16°. B cTonGen 16° 3anmuceiBaeTcst nudpa E.
M ocraTok M3pacxomoBaH:

HMckomMoe 1ecTHaaaTepudyHoe yucio: 7BE.



8.5. lllecmnadyamepuunas cucmema cuucaenus (Hexadecimal) 22\5\)

OecatnuHoe uJecmaAuaTepmHoe yucno
uvcno 168 162 16' 160
50860 ——C 6 A C

Puc. 8.19. [1Ipeo6Gpa3oBanue AECATUYHBIX YHUCE/ B LIECTHAALIATEPUYHBIE.

B xayecTBe cieayoonero npuMepa rnpeobpasyeM aecsarudHoe yuciio 50 860 B
mecTHanmarepuaHoe. CaMoe 6oJbIlIOe YUCIIO B Tabnuie Ha puc. 8.18, KkoTopoe
paBHO win MeHbIe, yeM 50 860 — 310 49 152 = 12 - 4096 = 12 - 16°. Utak, B
cronGerr 16° 3aHOCHTCS IIeCTHagUAaTepUyYHasd Hudpa ABeHaIaTh, T0 ecTh C.

B cronGernr 16? 3aHocuTtcs 1ecTHaauarepuyHas mudpa 6, Tak kak 6 - 162 = 6. 256,
win 1536 (ta6i. Ha puc. 8.18). Ocraercs ocraTok ot 1708 — 1536 = 172. B cron-
Gewr 16! 3amuceiBaeTcs IecTHaAIaTepuyHas udpa A, Tak kak 10- 16 = 160.
Octaercst octatok 12. B cronGerr 16° 3aHocuTcs miecTHaauarepuyHas nudpa
12 = C. Iecaruynoe yucio 50860 npeobGpa3oBaHO B IIECTHAAIATEPUIHOE YUC-
o C6AC.

IIpaBunbHOCTH NMPeoOpa30BaHMsI IIPOBEPSIETCS OOpPaTHHIM IIpeoOpa3oBaHUEM
LIECTHANIIATEPUYHOTO YHMCJIA B TE€CSITHYHOE.

IIpoBepka:
C = 12 - 4096 = 49152
2 = 6 - 256 = 1536
A = 10 . 16 = 160
C = 12 . 1 = 12
50860

8.5.4. MNepeBoa ABOUYHLIX Yncen
B LWECTHaAuUaTepuyHylo CUCTEMY CHMUCNEHNUS

Ecny HyxXHO npeoOpa3oBaTh IBOUMYHOE YHCIIO B IHECTHATLIATEPUYHOE, TO CHAYa-
Jia OHO TIEPEBOJUTCS B IECITUYHYIO CUCTEMY CUMCICHUS. 3aTeM AeCATHIHOE YHCIIO
npeoOpa3oBhIBAETCS B IIECTHAALIATEPUYHOE TaK, KaK OMKUCcaHo B pa3n. 8.5.3. Bror
MeTOH HaJeXeH, OJHaKO TpyJoeMoK. MiMeeTcst 3HaYUTeIbHO GoJiee MPOCTOii CIT0-
co0 mpeobpa3oBaHHUsI.

Mexnay MBOMYHOM M LIECTHAAIATCPUYHON CHUCTEMaMM CUMCIICHUS MIMeeTCs
TecHast CBsA3b. Bce 4mcia ¢ ocHoBaHMEeM 16 MOryT Takxke OBITh 3aITHCaHBI KaK
yuciia ¢ ocHoBanueM 2 (16° = 2°, 16! = 24, 16> = 28 u 1. 1.). Eciu cocTaBUTH yXe
HU3BECTHYIO TaOJIMILy Iepecyera ISt JBOMYHBIX YMCEJI, TO OKaXEeTCS, YTO COIep-
XKMMO€ KaXIOro 4YeTBEpTOro CTOJIOIAa B ABOMYHOI CHCTEME COOTBETCTBYET IIO
BEJIMYUHE CONEPXKMMOMY CTOJIOLA IeCTHAaaTepuYHoi cucteMsl (puc. 8.20).

Jioboe veTbipexpaspagHoe ABONYHOE YNCIO MOXeT ObiTh NpeacTasneHo 1 we-
CTHaAUATEPUHHBIM YUCTIOM.

8—2114



@6 Tnaea 8. Jleouunvie kodvr u cucmemot cuucaenus

161 16°
128 64 32 16 8 4 2 1
27 26 25 24 2 3 22 2 1 20

—_
iy
-
o
o

Puc. 8.20. Ta6iuua nepecuera.

Puc. 8.21. HlectHanguarepuyunbie P, BHIPAXEHHBIE Y€THIPEX-
Pa3psAHBIMU ABOUYHBIMH YHMC/1aMH.

WectHapuatepuunasn | 28 |22 | 21 | 2°
undpa 8421
0 o(ofo|oO

1 0|00 1
2 ojo0f{1]|o0
3 0|01} 1

4 o|(1{0}o0
5 o|1f{o0]|1t
6 o(1f{1]0

7 o1 (1]1
8 1{0|0}0

9 110|101

A 11010
B 11011

(o] 1(1(0]0
D 1 1101

E 1|1]1]0
F 1 11111

C omHMM YeThIpeXpa3psIHbIM JBOUIHBIM YHUCIIOM
MOXHO BecTH cyeT oT 0 mo 15, 3Ha4yuT, BCcero cye-
cTByIOT 16 TeTpan. Kaxmas rerpaga cOOTBETCTBYET Iiie-
cTHaxarepuyHoii mugpe (puc. 8.21).

JIBOMYHBIE YKCJIA C Pa3PSIAHOCTHIO OOJIbIIIE YETHI-
pex NPeICTaBIISIIOTCS HECKOJIBKMMM IIeCTHAIIIaTepUd -
HBIMHU 1dpaMu, Kaxaass U3 KOTOPBIX MpeICTaBIsIeT
YyeThipe NIBOMYHBIX pa3psana. Eciu mociemHss rpymnmna
cJIeBa COMEPXUT MEHbIIIE, YeM YEThIpe pa3psana, TO ee
HYXHO JOMOJIHUTb HYJISIMH IO YEThIpeX pa3psiIoB.

HUCno.

Mpynna mn3 YeThIpex BOMYHbLIX UudpP NpeacTasnsieT OAHO WeCcTHaAUaTepu4Hoe

Mpumep

JIBOMYHOE YHCIIO

= 100110111010 1|

IIecTHaguarepuyHoOe YUCIO = 3 7 5

1101110101, = 375

(16)

ITocpencTBoM TabmuIl mepecyera (puc. 8.22) MOXHO IPOBEPUTH Pe3YJIbTAT.
Pesynbrar BepeH.

B BeniecTBEHHBIX ABOMYHBIX YUCJIAX C 3aIISITON HYXKHO 0Opa30oBHIBaTh TETpa-
JIbl CIIpaBa M CJIEBA OT 3aIlSITOM.

Mpumep

0110|1111 [1010]1000 |

U
6

| U 4
F A 8

1011111,10101, =6F , A4 8



8.5. lecmnadyamepuunas cucmema cuucaenus (Hexadecimal)

JsBonyHoe 4ucno
Jecsatnuxoe

Yucno 210 2° 28 27 28 25 24 23 22 2' 20
1024 512 256 128 64 32 16 8 4 2 1

885 0 1 1,0 1 1 1| 0 110 1

~— — — . ~—
——— e

3('6) 7(16) 5(‘6)
512
LllecTHapuaTepuyHoe + 256
JAecatuuHoe meno + 64
Hmeno 162 16 16° + 32
256 16 1 3 . 256 = 768 + 16
7 - 16 = 112 + 4
885 3| 7 5 5. 1=_5 1
88510, 88510
Puc. 8.22. [Iposepka pesyspraTta.
JlBonyHoe uncno
DHecatniHoe
4Yucno 26 25 24 23 22 21 20 | 2-1 2-2 2-3 2-4 25 2-6
64 32 16 8 4 2 1 | 0.5 0.25 | 0,125( 0,0625(0,031250,015624
I
111,65625| 1 1 0 1 1 1 1, | 1 0 1 0 1
64
LLlecTHapuaTepuyHOE 4MCNO + 32
BAecsatnyHoe + 8
sucno 166 16! 16° I 167! 162 + 4
256 16 1 | 00625 [0.00390625 1
I + 1
111,65625 6 F, | A 8 + 05
+ 0,125
+ 003125
6 - 16 = 9% 1116562510
15 . 1 = 15
10 - 00625 = 0625
8 - 000390625 = 0,03125
111,656251,

Puc. 8.23. Ilposepka pesyabrarta.

IIpoBepka ¢ moMomiblo TabGaMIl IlepecyeTra Ha pHC. 8.23 IMOKa3BIBaeT, YTO
HaWJICHHBIA pe3yJbTaT BEpPEH.

LecTHapuarepmyHasa cuctemMa CHUCIEHUA 4acTo ucnonbayercs, 4Tobwl 6onee
HarnsggHoO NPenCcTaBUTb AJIMHHOE OBOMYHOE YMUCAO.

Hanpumep, 32-paspsigHoe JBOUYHOE YHCIO0 MOXHO 3aMKCcaTh BOCEMbIO 1ECT-
HaalaTepuIHbIMU IIMbpaMu.

Mpumep
| 1001 | 0110 | 1110 | 1111 | 0001 | 1111 | 0100 | O111 l(z) =96EF1F47

U U U U U U U U
9 6 E F 1 F 4 7

(16)



@8 Thaea 8. Jleouunvie k0ObL U cucmembl CHUCAEHUA
8.5.5. MepeBopn wWecTHaguaTepuYHbIX Yncen
B ABOWUYHYIO CUCTEMY CHUCNEHUS

Tak KaK HaM yXe 3HaKOMO NpeoOpa3oBaHKWe JBOMYHBIX YKCEJ B IIECTHAIIATE-
pUYHbIe, TO 0OpaTHOE IMpeoGpa3oBaHue He IPeICTABIISET TPYIHOCTH.

Kaxknas wecTtHaauatepuyHas uudpa npeactasnaercs 4 4BOUYHLIMU Pa3psgamu.

ITpu oMoy TaGauibl Ha puc. 8.21 mpeoGpa3oBaHue LIECTHAALATEPUYHBIX
yuceJ B IBOWYHBIE MPOM3BOMMUTCSA O4eHb ObicTpo. g kaxmoil mecTHaauare-
pUYHOI MG PH MUNIYT COOTBETCTBYIONINE €ii YeThIipe IBOMYHBIX pa3psa.

lMpumep

E 6 0 5
I | I I
11110(0110]0000]0101]

8.6. BocbmepuyHasa cuctema cuucneHus (Octal)

8.6.1. CTpyKTypa BOCbMEPUYHOM CUCTEMbI CHUCNEHUS

BoceMepuyHas cucreMa CYMCIIEHHS, KaK M IIECTHAAIIaTepUdHas, SIBJISETCS MO-
3UIIAOHHON CHUCTEMOM CYMCIICHMS.

Kaxnapin pa3pan BOCbMEepU4YHOro 4Yucna asnsaertcda MHOXuTtesnemMm cteneHu 8.

CTpykTypa BOCBMEPUYHOMN CHUCTEMBI CUMCIICHUS ITOKa3aHa Ha puc. 8.24.
B paspsane, xkoTophrii ymMmHoXxaercss Ha 8° = 1, MoxHO cuyutarh no 7. Tonbko
HayMHasi ¢ 8 MOXHO MCITOJIb30BaTh BTOPOM pa3psan. 3HAYUT, BMECTE C HyJIEM
HyXHbI 8 ndp. B BocbMepuyHOIi cHCTEeMe CYMCIIEHUS UCHONIb3YIOTCS UbpHI,
HU3BECTHBIE U3 JECITUYHOU CUCTEMBI.

B BOCbMEPUYHOW CUCTEME CHUCHEHUS MCNONb3YIOT 8 undp.

Ha puc. 8.25 moka3saHO COOTBETCTBHE BOCHMEPUYHBIX LMPP HAECATUIHBIM
gucaaM oT 0 g0 7. YToosl n36exXarh MyTaHUIIbl MEXITY AECATUYHBIMUA U BOCHME-
PUYHBIMHM YHCJIAMH, 3aITMCHIBAIOT MHIEKC B cKobOkax. MHpekc 8 oGo3HavaeT
BOCBMEPHYHYIO CUCTEMY CUMCJICHHA, HHIEKC 10 — IEeCATUYHYIO CHCTEMY.

BocbMepuyHasn ungppa
BecatnyHoe

4ucno 85 8¢ 83 82 81 8o
32768 4096 512 64 8 1
2583 « 5 0 2 7

5-512 + 0.64 + 2.8 + 7-1

Puc. 8.24. Ctpyxrypa BOCbMEPHUYHOM CUCTEMBI CUHUCACHHUSA.




8.6. Bocvmepuunas cucmema cuucaenus (Octal) 22\9)

Puc. 8.25. BoceMepuuHbIe UUDPBI.  Bochmepuunas | Aecatuutoe

undpa yucno
1 1
2 2
3 3
4 4
Mpumep 5 5
6 6

= 7
2583“0) 5027(8) & “70 ;

8.6.2. lNpeobpa3zoBaHMe BOCbMEPUYHLIX YUCEN

IIpeoGpa3oBaHe BOCBMEPUYHBIX YHCEJI B NECATUYHBIE IIPOUCXOIUT IO TOMY XK€
MPUHIMITY, KaK ¥ IIpeoOpa3oBaHMe IIECTHAMUATEPUYHBIX YHCEN B HECATHYHBIC
(pa3n. 8.5.2).

AJITOPUTM IIpeoOpa3oBaHUs AECITHYHOIO YKMCIIa B BOCBMEPUYHOE AHAJIOTH-
YyeH pacCMOTpeHHOMY B pasi. 8.5.3. TonbKo OCHOBaHHE CTEIIEHU IPYroe.

Mpumep
Hecaruanoe umcio 1983 HyxXHO nmpeo6pa3oBeIBaTh B BOCbMepUYHOe yucio. [Ipen-
JIaraeTcs MCIIOJIb30BaTh TaOIHUIly corjiacHo puc. 8.26. B cronbue 8° Moxer cro-
ATh BocbMepnuHas mudpa 3, Tak Kak 3- 512 paBHo 1536. BocbMmepuyHas mudpa 3
B cronbue 8° nmMeer 3HayeHue 1536. OcraeTcs eine ocTaTok 447.

BocbMepuyHoe Y1cno
Decatnunoe

uucno 8° 82 8 8¢ 3 512 = 1536
512 64 8 1 6 64 = 384

7 8 = 56

1983 3 6 7 7 7 1= 7
1983

Puc. 8.26. [1peobpazoBaHue AECATUYHBIX YMCEJ B BOCBMEPHYHEIE.

B crosnbiie 82 MoxeT cTosATh BochMepu4Has uudpa 6, Tak Kax 6 - 64 pasHo 384.
Takoe 3HaYeHHe MMeET BoCbMepH4YHad 1udpa 6 B 3roM cronoie. Ocraercs eiie 63:

1983
-1536= 3 . 512
447
—~384= 6 . 64
63

Ina cron6ia 8' monydaercs BocbMepudHast nudpa 7. OHa npencTapisier 3Ha-
yeHue 7 -8 = 56. Boruurast u3 63 yucio 56, momyyaem ocrarok 7. B crom6ery 8°
3alMCHIBae€TCS BOCbMepHUYHas 1udpa 7, Tak Kak 7 - 1 paBHo 7:

|

olw 2R
] 1]
< <
— 0



@0 Thaea 8. Jleouunvie KoObl U cucmemsvt cyucreHUs

Pesynbrar npeobpa3oBaHus:
1983, = 3677,

Kak u g mecTHaaaTrepuyHoOil CUCTEMBI, MEXIY IBOMYHOM U BOCEMEPHUY-
HOM CHCTEMaMHU CUMCJIEHUSI UMeeTCsI TeCHasA CBsI3b. Bce umcia ¢ ocHoBaHMeM 8
TaKXe MOTYT OBITh 3alTMCAaHBI KaK YKciia C OCHOBaHmeM 2 (8° = 20, 81 = 23 82 = 26
U T. 1.). Ecim coctaBuTh yXe HM3BECTHYIO TaONMIy mepecdera ISt JBOMYHBIX
YHCeJl, TO OKaXEeTCsI, YTO COAEPXKMMOe KaXJAOT0 TPEThero CTOJI0IA B IBOMYHOM
CHCTeMe COOTBETCTBYET IO BEJIMYUHE CONEPXKUMOMY CTOJIOIa BOCBMEPHUYHOM
cucreMnl (puc. 8.27).

Jio6oe TpexpaspsaaHoe ABOWYHOE HUCAO MOXET ObiTh NPefcTaBneHo OAHUM
BOCBMEPUYHBLIM YMUCIIOM.

Deca- 8% 8°
TUYHaR s . s A
Ludpa 2 2 2 2

256 128 32 16

| —— | ——

Puc. 8.27. Tabnuua nepecyera.

C ogHUM TpexpaspsiIHbIM YMCJIOM MOXHO BecTH cueT oT 0 mo 7, 3HAYMT,
BCETO CYLIECTBYIOT 8 TpHMala (Tpoek OGMHApHBIX pa3psimoB). Kaxmass Tpuaga cooT-
BETCTBYeT BocbMepuyHOii 1mucdpe (puc. 8.28).

BocbMepuuHoe ABonuHoe 4ncno
yucno 22 ot 20
4 2 1
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1 Puc. 8.28. IllectHaguarepuyHbie Ludpol,
6 1 1 0 BBIDaXXEHHBIE C [OMOILbBIO 3-pa3psiaHbIX
7 0 1 1 JBOMYHBIX YMCEJ.

Z[BOI/I'-IHBIC quciia ¢ paspaaHOCTBIO OoJibllie yeMm TPHU NPEACTABIIAIOTCA HE-
CKOJBbKMMH BOCBMCPUYHBIMH I.[I/I(bpaMI/I, KaXxzaasa U3 KOTOPBIX NMPEACTABIACT TPU
JBOMWYHBIX pa3psaaa. Ecmm mocnemusist Ipyniia cji€Ba COOCPXKUT MCHBIIIC, YEM TPU
pa3psga, TO €€ Hy>KHO TOIIOJIHUTH HYJISIMH 1O TPEX pa3psanoB.

Mpynna na Tpex ABONYHLIX Undp NPeacTasnsetT 04HO BOCbMEPUYHOE YUCTIO.

Mpumep
JIBOMYHOE YKCIIO = | 001 ] 101 ] 110 | 101 |

BocbMmepuyHoe yncio = 1 5 6 5



8.7. Koowet, pacnosnarouue owubru ZD

Hrak, npeoGpa3oBbIBaTh JBOMYHBIE YKCIIa B BOCBMEPUYHEIE OYEHD JIETKO.

Eciii HyXHO npeoGpa3oBaTh TBOUMYHOE YHCIIO B BOCBMEPUYHOE, TO IS KaX-
0¥l BOCBMEPHUYHOM IH(PHI 3aIIUCHIBAIOT COOTBETCTBYIOIUE TPY IBOMYHBIX pa3-
psza.

Kaxpas BocbMepuyHas uudpa npeacTaBnseTcs TpemMst ABOMYHbIMI paspaaamu.

MNpumep

3 6 7 7
I [
1111(110(111|111]

3677, =11110111111, =1983

(10)

CornacHo puc. 8.26 sBnsiercs 3677, = 1983

Ecnu HyXHO npeobpa3oBaTh BOCBMEPUYHOE YHCJIO B IIIECTHAILIATEPUIHOE, TO
3TO O4YeHb yAOOHO cienaTh Yepe3 JBOMYHYIO CUCTeMY cuMciieHus. BocbkMepuyHoe
YHCJIO PAaCIUCHIBAECTCSA KaK IBOMYHOE, TPYIIIIUPYETCS 10 TeTpajaM, U 3aTeM Kax-
JIasl TETpaJa 3aMEeHSIETCSI COOTBETCTBYIONIEH IIeCTHAMIIATEpUYHOM 1T POIi.

MNpumep
3677(8,=0111| 1011 | 1111
7 B F

3677, = 7BF,,

8.7. Koapbl, pacnosHaiowme owmnobkm
8.7.1. NoHaTue n3bbITO4HOCTU

Pacno3HaBaHMe OIIMOOK BO3MOXHO TOJIPKO MPU HATMYHHU JOTOJHUTEIBHON U3-
OBITOYHON MH(MOPMAILIMU, TO €CTh NepeaaBaeMasi HHGOPMaIIUS TPEBHIIIAET He-
o6xonuMblit MUHUMYM. Eciii opaTop 04eHb KPaTKO O 4YeM-TO PacCKa3bIBaeT, TO
YacToO IO €ro peydu HeJb3s OLEHHUTh NPaBWIBHOCTH BBICKa3biBaHUs. Eciu xe
opaTop BO BpeMsI BBICTYIUIEHUS JaeT NOTIOJHUTEIbHbIE CBENEHMS, TO BO3MOXHA
MPOBepPKa MPaBWIbHOCTU CKa3aHHOTO. Takasi TOTOIHHUTeNIbHast HGOpMaLus Ha-
3pIBaeTcs U30bITOYHOI (redundans, jaT. — B U300WINH).

Hanr si3pIK ¥4 MMCBMEHHOCTD COIepXaT JOBOJIBHO OOJIBIIYIO M36BITOYHOCTD.
Tonbko Gnarogapsi “30EITOYHOCTH MOXHO uAeHTUGUIMPOBaTh opdorpaduyec-
K{€ OLIMOKHU U OIeYaTKU. DTO CTAHOBUTCS SICHO, €CJIM MBI PACCMOTPUM IIpHMeED
uHpopmanum 6e3 uzbnsirouHoctu. Iludpa 7 npencrapisiercss B ABOUYHO-IECS-
TUYHOM Koze kak 0111. Ecnu B nponecce nepegaym qaHHbIX 1 omim6o4HO 1mepe-
nmacrest kKak 0, To momyaurcs 0101. Bro yxe mudpa 5. be3s gomomHUTENBHON
uHpopMaIUi MBI HE y3HaeM, 4YTO MoJydeHHas 5 ommboYHa.



@2 Thasa 8. Jleouunvie koobL u cucmemsvt cuucreHus

Ecmu umdpa 7 Gymer mepenaBaThcsi B CIOBECHOI (opMe KaK «CeEMb» U B
npoiecce rnepenayu OyaeT U3MeHeHa ofHa OykBa, TO OoIIMOKa OymeT cpa3y ode-
BHAHA (HampuMep, «CeMB» BMECTO «CeMb»). CioBecHass opMa COIEpPXKUT JI0-
MOJIHUTENbHYI0 MH(pOpMaIUIO, U30BITOYHOCTD.

M36bITOYHOCTL CYWECTBYET BCEraa B TOM C/y4Yae, eC/iu KpOMe COBCTBEHHO MH-
dbopMaumy NepesalnTcs AONONHUTENLHEIE CBEAEHNS, KOTOPHIE NOMOraloT NpK y3Ha-
BaHUN UM UCMPABACHUN OLWNGKM.

Y100kl OnpeaennTh HATNYNE ONIMOKH, BO MHOTMX CJIyJasiX XBaTacT HE3HAUH -
TeIbHOU U30KITOYHOCTH. Ecu o1mbKa Jo/KHa OBITh HE TOJIBKO MACHTU(MUIIN-
poBaHa, HO M MCHpaBJjieHa, TpeOyeTcs: OOoJibllie JOIOIHUTEIbHBIX CBEIEHHI —
OoJbIasg N30BITOYHOCTD.

Lna ncnpaenenna ownbok HeobBxoamma Gonbuiasi U3bbITOHHOCTL, YeM TOJBKO
oS ux uaeHTudukaumm,

HOTpC6HOCTb B I/[IleHTI/III)I/IKaIIHPI OIIMOOK M HX HUCIIPpABJICHUHM IIpUBEJIa K
IOSABJICHUIO CIICIIMAJIM3VPOBAHHBIX KO/IOB.

8.7.2. JononHuTeNnbHbIN ABOUYHBINA KOA,

JIlyqmimM mpuMepoM H30BITOYHOTO KOTWPOBAHMS JUIS IIEPBOr0 3HAKOMCTBA SIB-
JisleTcsl paciiMpeHHbI ABoMYHbIN Koa. Ha puc. 8.29 moka3aH yXe paccMOTpeH-
HBII TBOMYHO-IECATUYHBIN Kof. OH COmepXUT JOMOJHUTENbHBIN pa3psm, Ho-
MOJTHUTEbHBIN 5-i1 6uT. CTonbelr 5-ro 6uta 0603HaYeH Ha puc. 8.29 kak F.

5-pIM GHUTOM IBOUYHO-ITECATUYHBII KON TOTMOJHSIETCS Ha «4eTHOCTh». DTO
3HAYUT, YTO OH JOIIOJTHSIETCS TAKUM 00pa3oM, YTOOBI KOJIMYECTBO OMTOB, UMEIO-
WX 3HaYeHue 1, ObUIO YETHHIM.

s necarmyHoil uudpsl 0 fonoaHeHue He Tpedyerca. Hecarmynas mudpa 1
sanuceiBaeTcs Kak 0001. KonuyecTBo 6MTOB, KOTOphie MMEIOT 3HaYeHue 1, paB-
Ho 1, T. e. HeyeTHO. TakuM o6pa3oM, 5-i1 OuT rmoiy4yaer 3HaueHue 1. B mecarmny-
Hoii ngpe 2 (0010) Takke TOIBKO oguH 6uT paBeH 1. CnenoBarenbHo, F mony-
yaeT 3HauyeHue 1. B mecarmunoit uudpe 3 (0011) nBa Gura mMeroT 3HayeHue 1.
KonuyecTtBo 6UTOB, paBHBIX 1, sABIdeTCs YeTHBIM. F monyyaer sHauenme 0 u T. 1.

,Elecsrrmnaﬁi 2|22 |2"|2° 22 22 20 20 E
wpa |8|al2|1 |E [1Jo|o|o|1lé8“m
0 olojo|o |O
1 olofofo |1
2 olof1]o |1
3 jojo|11 [0
4 ' ol1lolo |1 KoHTponep 4yetHoCTU
5 Jol1]|oj1 |0
6 E ol1{1|o |0 zl~ .
7 joft|r] 1 B
8 J1lojojo |1 Z =0 — owmbku Her
9 1 1lolo]1 O Z = 1 — owwubka
Puc. 8.29. O6pasopanue ABOMYHOrO AOMOMHHU- Puc. 8.30. Pacno3naBaHue ommbxu npu no-

TeJbHOro koaa u3 BCD-xopna. MOILUM KOHTPOJ1 YETHOCTH.



8.7. Kooet, pacnosnaiowjue owubxu 2:2)

Kaxnas mecarnuHas uudpa mnpeacrapisieTcsl S-GUTOBOM KOIOBOM KOMOMHA-
Huei. 5-i GUT ABNAEeTCSA MONMOJHUTEIbHON MHOOpMaIiueil, T. €. U3OBITOYHBIM.
OH Ha3bIBaeTCS KOHTPOJIbHBIM Pa3psiioM WK OUTOM.

Kaxmas 5-6utoBas KomoBasi KOMOWMHALIMS MIPOBEPSIETCS] OCOOEHHOM CXEMOM,
TaK Ha3bIBaeMbIM KOHTPOJIEPOM YETHOCTH, Ha YeTHOCTH exuHULL (puc. 8.30). Eciu
KoMOuHanua yetHas, To Z = 0. Ecim HeuetrHas, To Z= 1. IIpu Z = 1 nogsnsiercsa
coob1ieHne 06 omuodke.

Ecinu npu nepenade JaHHBIX omin6o4yHo BMecTo 0 mepemad 1 wim BMecTto 1
nepegaH 0, TO BHIBOTUTCS cOOOIeHHe 006 ommoke. Onpenensiercsi TOJIBKO TO,
YTO mepegaHHas gecatudyHas nudpa ommbouyHa. HenssecTHo, Kakass OHa AOJIXK-
Ha OBITH Ha caMOM Jiejie. 3HaYUT, OHa He MOXeT OBITh MCIIpaBJieHa.

Eciii B 5-6MTOBOIT KOJOBOI KOMOMHAIIMHK IBA OMTa OIIMOOYHBI, TO COODIIIE-
HHe 00 omMOKe He BHIAAETCH, TaK KaK YHCJIO eMMHUYHBIX OMTOB CHOBA YETHOE.
Taxkue ommMOKy He pacoO3HAIOTCS B PaCIIUPEHHOM TBOMYHOM KOJE.

BeposaTHOCTh BOSHUKHOBEHMS TaKO# OIMOKU oueHb Masia. Eciiu oHa Bce Xxe
BO3HHKHET, TO CKOpee BCETO B JAHHOM CE€aHCE CBSA3H MMEIOT MECTO MHOTO pac-
TI03HaBaeMbIX OINMMOOK C OJHHUM HEBEPHBIM OMTOM, M OyIeT BHIBEIEHO cOOOIIIe-
HUe 00 oImuOKe B Iiepegade JaHHBIX.

8.7.3. Koa «2 ns 5»

KpoMe paciimupeHHOro IBOMYHOIro Koia CyIeCTBYeT MHOXECTBO 5-OUTOBBIX KO-
JIOB, U3 KOTOPBIX TaK Ha3bIBaeMBbI€ KOMBI «2 U3 5» UMEIOT 0OCOOEHHOE 3HAYeHHeE.
B sTOM KOf€e pacrio3HaBaHHe ONIMOKHU IPOMCXOMUT TaK XK€, KaK U P JBOMYHOM
paCHIMPEHHOM KOJI€e, IIPU TMOMOIIN IPOBEPKHU YETHOCTH.

Ha puc. 8.31 moka3aHbl KOTUPOBOYHBIE TAOIMIIBI IS JIEKCUKOTpahUIecKoro
Kona, koga Boikunra, xoma 7-4-2-1-0 u xona 8-4-2-1-0.

Jlekcukorpaduqeckmii Koz BonkuHra 7-4-2-1-0- 8-4-2-0-1-
KOA A Ko Kog,

Homep 6uta sJTafs]a2]1sJafs]2] 1]s]afs]2]1]s5]a]s]2]1

Bec Her Hey 7 a 2
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Puc. 8.31. KoaupoBouHsie TabaMIBI BaXXHEHIINX KOAOB 2 U3 5.

Jlexcukorpaduyeckuit Kox ¥ Kox BoJKWHra He pasjM4aloT «BeC» TBOMYHBIX
pa3psanoB. B 7-4-2-1-0-xoae IBOMYHBIM pa3psiiaM MpucBoeHsl Beca 7, 4,2, 1 u 0.
Bec He uMeeT 3HaYeHUS IS JecaTUIHON nugps 0, T. €. IS IepBOH CTPOKH
TaOJIULIBI KOJIA.

B 8-4-2-1-0-kone TBOMYHBIM pa3psifiaM HPpUCBOeHHBI Beca 8, 4, 2, 1 u 0. Bro
pasiauyre OelCTByeT OrpaHMYeHHO, T. €. HeAeHCTBHUTEIBHO I IECATHYHBIX
mudp 0 u 7.
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Jlexcukorpaguueckuii Ko BonkuHra 7-4-2-1-0- 8-4-2-0-1-
koA KoA, Koz,
Homep Guta 5|4|3t2l1 5|4!3!2I1 5 4 3 2 1 51 4 3 2 1
Bec Het Her 7 4 2 4] 8 4 2 0

Jecsatnunan 4 5
undpa

Puc. 8.32. Tabauup! nepesosa BaXHEHIINX KOAOB 2 U3 5.

Kpome komoBbix Tabiui kona ¢ 0 u 1 Takxe pacmpocTpaHeHbI TaK Ha3blBae-
MbIe TaOJIUIH NMepeBona. B TabGiauiax nmepesona Kaxnas 1 o6o3HavyeHa 3amITpu-
XOBaHHBIM TOJIeM, a KaxXablii 0 — mycThiM (puc. 8.32). Bro npencrapieHue O4eHb
HaIISITHO.

8.7.4. Kop, «3 n3a 5»

W3 5-6uTOBBIX KOMOMHAIIMII TakKkKe MOXHO mocTpouTh ko 3 u3 5. Kaxnas 5-
GuToBasg KOMOMHAIMS COAEPXUT Tpu coctosgHusA 1 u aBa 0. YacTo ncnons3yercs
xox JlopeHua u mudpoBaibHbI Kox HoMep 3. Tabnuiiel nepeBona npencrasie-
HBI Ha puc. 8.33.

Jliia pacrmosHaBaHusI OIIMOKY IMPOBOIMTCS ITPOBEPKA HA HEYETHOCTD. S-OUTOBast
KOMOMHaLus1 6e30100YHAa TOJNBKO IIPH YCIIOBUH, YTO TPU €€ 6UTa UMEIOT COCTOSI-

Koa Jloperua LndposansHbit ko Ne 3 Puc. 8.33. Tabaunel nepesoja Bax-
Homepoura | 5| 4| 3| 2| 1] 5 l 4 l 3| 2 | 1 HeImX K008 3 u3 5.

Rec 4 3 ? 1 3 Hoet

5 4 3 2 1 Homep 6uta

LI T 1]

5-6utosas
kombuHauma

JecatnuHas
undpa

Kontponep
YETHOCTH

[}
P4

Puc. 8.34. Pacno3HaBanue OnIubKu
[PH [IOMOIIM KOHTPOJIsi HEYETHOCTH.
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Hue 1 u nBa 6ura cocrosuue 0. Eciiu 3TO He Tak, TO KOHTPOJIEP HEYETHOCTH Ha
BBIXOZE ITOKa3hIBaeT COCTOSIHME 1 M BhIIaeT coobieHne 06 ommbke (puc. 8.34).

Konmsl «3 13 5» MCIONB3YIOTCA IMpeXIIe BCero ISl rapaHTUPOBAaHHOM Iepea-
YH Yucesl Ha OOJIbIIHUE PACCTOSHMS.

8.7.5. Kog, «2 na 7»

Konpl «2 u3 7» cocTosar U3 7-OMTOBBIX KOMOWHAUMi. 7-OMTOBBIE KOMOMHALIMU
TaKX€e Ha3bIBAIOTCS 7-OMTOBBIM CJIOBOM. Kaxmas mecsitTuyHast mugpa mpencraB-
sstercst 7 ouramu. ITonyyaemast mpu 3TOM U30BITOYHOCTH O0JIbIIIE, YEM IIPU MPE-
cTaBJieHNH UGPHI TOJNBKO 5 OUTaMH.

W3 7 6uros 2 6urta Bcerga uMeloT cocrosgHue 1 u 5 6utoB cocrossaue 0. [IBa
4acTo NMpUMEHAEMEBIE Koia «2 u3 7» mokKa3aHbl Ha puc. 8.35. 1o ABOMYHO-IIATE-
PUYHBIA KOJ M OTPaXEHHBIN JBOMYHO-IISATEPUYHBIA KOX. BuThl 6 1 7 oGpasyior
kxon «1 u3 2». burel HoMep 5, 4, 3, 2 u 0 o6pasyltor kox 1 u3 5. Takast cTpykTypa
KOJIa IO3BOJISIET OTHOCHUTEIBHO IIPOCTYI0 00paGoTKy 7-6muroBoro cioBa. Otpa-
XEHHBII JBOMYHO-IATEPUYHEBINA KO ITOJXYy4YaeTcsi IPOCTHIM 0Opa3oBaHHUEM HO-
nondeHus. JomonHeHne ob6pasyerca myreM 3aMeHBI 1 Ha 0 B 6GuTax HoMep 6 U 7.

FABOVHHO-NATEPUHHBIA OTpaxeHHbI
koA ABOUYHO-NATEPUYHBIA KOA

2]

Homep Buta 7 6 5 4 3 2 1 7 I 6 ! 5 4

13ec 5 G 4 3 7 N 0 He.

Puc. 8.35. Ta6nuua 6
nepesoja JBOUYHO-
NSTEPUYHOIO KOAA U
OTPaXEeHHOro ABO- 8
UYHO-MATEPUYHOIO
Koaa.

8.8. Koapl, ncnpasnsaiowme owndku
8.8.1. MpuHuMn pgencrTeua

ITpexne yeM ommOKa MOXET ObITh MCIIpaBjiceHa, OHA JOJDKHA OBITH OOHapyXeHa.

Kog, ncnpaensiowmin olmnbKkn, Takxke SBASeTCH KOLOM, Pacro3HaliowmmM owmbku,

ITo cpaBHEHHIO C KOAOM, PACIIO3HAIOIIMM OIIMOKM, KOI C HMCIpaBIeHHEM
oIIHOOK o0amaeT GoJblieil M30BITOYHOCTHIO. JIJIsl mepenayu OQHOTO 3HaKa Tpe-
OyeTcs Ha HECKOJIbKO OuT Oonbliue. HecarmuHasa mudpa npeacTaBisieTcs, Hanpu-
Mep, 7 6utaMu, a He Kak B KOAE, pacliO3HAIOUIMM OIIMOKM, 5 Outamu.
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Bosnbmast U36HITOYHOCTD ITO3BOJISIET BHISIBUTH OIIMOOYHBI OuT. Eciin n3Bec-
T€H OLIMOOYHBIA OUT, TO CaMOCTOSITEJIbHASI KOPPEKLMS OTHOCUTEJILHO IPOCTa.
Ecnu ommubounbiit 6UT comepxut 1, To ripaBuibHOe 3HaYeHune 0. Ecimu ommboy-
HBIA 6uT comepxur 0, To nmpaBuiIbHOe 3HayeHHe 1. To ecTb omMOOYHBIN OUT
JIOJDKE€H OBITh MHBEPTHPOBAH.

Kog ¢ ncnpasneHnem owmnboK Npou3soanT CaMOCTOATENLHYKD KOPPEKLMIO OLLIN-
604HOro 6uTa.

CoobGiieHre 06 ommbOKe MOXeT BBIIAaBaThCS HE3aBHCUMO OT CaMOKOPpEK-
. Bo MHOrMX cirygasix xejaTejibHa perucTpalys BHISBIIEHHON OIIMOKM.

B 0CHOBHOM KOIIbI C MCIIPABJICHUEM OIIMOOK MOI'YT HCIIPABJISITH TOJBKO OIHY
oluoKy B ciioBe. Eciiu B cjioBe onIMG0OYHEI IBa OUTA, TO B OOJILIIMHCTBE CIIy4a-
€B BBIIAETCA COOOIIeHHe TOJIBKO 00 omHOM ommbke. To ecTh caMOCTOSITENIbHOE
HCIIpaBJIeHUEe OIMMOKM He Ipou3oiineT. BeposSTHOCTh TOro, 4ro B CIOBE OymyT
OIHOBPEMEHHO OIIMOOYHEI IBa OMTa, Ype3BHYaiiHO Mayta. Eciii, TeM He MeHee,
TaKasi OIIMOKa BCTPETIIACh, TO MOCJIe COODIIeHUsT 00 OIMbKe HYyXKHO OCTaHO-
BUTH Nepenavyy JaHHBIX U YCTPAHUTh ee IIPUIUHY.

B HacTosee BpeMs1 pa3paGoTaHBI KOMbI, KOTOPBIE MOTYT MCIIPaBJISITh OBa 1
6ospiie 6uTOB B cyioBe. Ho MM HYXXHO enie 00sblie OUTOB I IIepeaayr OXHOIo
CJIOBA, Y OHHU TaK CJIOXHO YCTPOEHBI, 4YTO X NMPUMEHEHUE SKOHOMUYECKHU Helle-
JiecooOpasHo.

8.8.2. Koo XeMMuHra

Cpeny KOIOB, PacIiO3HAIONIMX OINMOKM, Yallle BCEro MCIOJb3yeTCsl KO XeM-
MMHIa, TaKXe Ha3bIBaeMbiii XeMMMWHI-TONMOIHEHHBM TBOMYHO-AECATUYHBIM
KkonoM. i mepenayu OgHOM AecATUYHOM ITUdpHl B Kote XeMMUHra Heo0Xoau-
MbI 7 6uT (puc. 8.36).

ITo cxeme KomupoBaHNs XEeMMHHIa ITOCI€ KaXIbIX YEThIpeX OUT HaHHBIX
J0GABJISIOTCSI TP KOHTPOJIBHBIX OUTa.

Kog Xemmunra Homep 6uta 1 2 3 4 5 6 7

HomepGura | 7 | 6| 5|4 | 3| 2| 1 Bec S K2 K 2722
0 0 0 0 C 0 0 0

Bec K K 28 | K, | 28} 2] 2° 1 1 i 0 1 0 0 1

2 G 1 0 1 0 1 0

0 3 1 0 0 8] 0 1 1

1 Hecsamas 4| 1] ol ol 1] 1]o]o

undpa 5 0 1 0 Q 1 0 1

2 6|1l 1]olol 1] 1]o

e 7lelolol ] 1] 1]

8 1 1 1 g 0 0 0

Decatuanasn 9jojojrj1jojoj1

undpa

Puc. 8.36. Koag Xemmunra.
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Kaxpasi KOHTPOsIbHARA rpynna koga XeMMuHra CoCTOUT U3 Tpex MHMOPMAaLMOH-
HbIX U OOHOr0 KOHTPOJNLHOrO GuTa.

C nmoMo1pIo KOHTPOJIBHOTO 6UTa TP MHGOPMAIIMOHHBIX OMTa KOHTPOJIBHOM
IPYIIIBI JOTIONHSIOTCS O YETHOI'O YMcia 1-COCTOSTHHIA.

CrpykTypa KOHTPOJIbHOM rpynmnb K, nokasana Ha puc. 8.37. Mndopmanu-
OHHBIE OUTH — HOMeEp 5, HoMep 6 u HoMep 7. KoHTpoibHbI GUT — HOMED 4.
IIpu n3obpaxennu necarudHoi uudpsl 0 MHPOpMaMOHHBIE OUTHI HE UMEIOT
1-cocrossumii. ITo3TOMY KOHTPOJIBHBINM OUT TakkKe HE IOJy4aeT 1-COCTOSHUS.

IIpu nepemaue nmecsarmuHoil 1mdpsl 1 mHPOPMAITMOHHBIE OMTHI COHEpXAT
onHo 1-cocrosinue. KOHTpONbHEBIN OMT IPUHUMAET B 3TOM CiIydae 1-cocTosHue.
Torma xoauyecTBO 1-COCTOSTHMIT KOHTPOJIBHOM I'PYIIIIBI CTaHeT YeTHHIM. Takas
X€ CUTyaIusi IMeeT MeCTO IS MpeACcTaBIeHus ecaTuaHoii iudpst 2. ITpu n306-
paxeHun aecaTudHoM 1udpsl 3 MHGoOpMaIMOHHBIE OUTHI colepXaT aBa 1-co-
crostHUA. Yucino 1-cocrossamii 4yeTHO. KOHTpOJNBHBIN OUT MPHUHUMAET B 3TOM
ciayuae 0-coctostHue. s IecITUIHBIX HUPP OT 4 10 9 KOHTPOIBHEBI OUT Beeraa
paBeH 1, eciu Tpu MHPOPMAITMOHHBIX OUTa coepXaT HedeTHOe Yucio 1-cocro-
sHuii. KoHnTponbHbIii 6UT Bcerma paBed 0, ecnu Tpu MHAOPMAIMOHHEBIX OHUTa
cojepXar 4YeTHOE YMCIO 1-COCTOSTHMIA.

CrpykTypa KOHTPOJIBHOM Ipynnsl K, cocTouT 3 MHGOPMAIMOHHBIX GUTOB
HoMep 3, HoMep 6 1 HOMep 7 U KOHTpoabHOro 6ura 2 (puc. 8.38). C noMoupio
KOHTPOJILHOTO 6uTa K, Tpu MH(POPMAMOHHBIX 6MTa KOHTPOJIBHOM IPYIIIBI J0-
MOJIHAIOTCS IO YeTHOTo yuciia 1-cocTostHMii. AJITOPUTM — KakK Yy KOHTPOJIBHOM
rpynmnsl K.

Homep 6uTta 1 2 3 4 5 6 7 Homep Buta 1 3 4 5 6 7
Bec Ko 2% 2| 2° Bec K, | 23 271 2°
0 S 0 0 0 0 0 0 0
1 H 0 0 1 1 0 0 1
2 1 0 1 0 2 1 0 1 0
3 ¢ 0 1 1 3 a 0 1 1
Decatuunan 4 i 1100 Lecatuunan 4 010 00
undpa 5 ] 1 0 1 undpa 5 0 0 1
6 S 1 1 0 6 0 1 0
7 1 | 1 1 7 0 0 1 1
8 C 0 0 0 8 ‘ 1 0 0
9 1 0 0 1 9 4] 1 0 1
L —— D et D
KoHTponbHast B e
rpynna K. KoxrponbHas
rpynna K|
Puc. 8.37. CrpykTypa KOHTPOABHOM rpynnsi K. Puc. 8.38. Ctpykrypa KOHTPOIBHOM rpynmsl K.

Tperbs KOHTpONIBHAA rpymmia — K. OHa cocTOUT U3 MHGOPMAIMOHHBIX GUTOB
HoMep 3, Homep 5 u HoMep 7. KoHTposbHeii 6ur K nmeer HoMmep 1 (puc. 8.39).

C 1moMollbI0 KOHTPOJIBHOTO OUTa TPU HHGPOPMALIMOHHBIX OMTa KOHTPOJIBHOM
TPYIIBL JOMOJIHAIOTCA 10 YETHOrO Yucia 1-cocrosanuii. K Bcerna paseH 1, eciu
TpU UHGPOPMALIMOHHBIX OMTa CONEepXKAaT HEYETHOE YUCIIO 1-COCTOSTHUIA.

YcraHOBIEHHE OIUMOKY IIPOUCXOIUT MOCPENCTBOM IIPOBEPKU YETHOCTU KOH-
TPOJIBHBIX TPYIIIL.

B koge XeMMUHra Kkaxaas KoHTpOsibHAa rpynna npoBepsieTCa Ha YeTHOCTb.
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Homep 6uta 1|l 2]3]4]s 7 Puc. 8.39. CrpykTypa KOHTPO/IbHOIA rpynnbl K.
Bec K 23 22 2°
0 ¢l 0 0 0
1 1 0 0 1
2 o 0 0 0
3 1 0 0 1
Hecatuunas 4 | 1 0 1 0
undpa 5 0 0 1 1
6 ' 0 1 0 1 3 4 5 6 7 Homep 6uta
7o 0 1 1 | | l I l J 7-6utoBan
8 1 1 0 0 _ KOMBuHaumus
9 1

—

KonTtponsHas rpynna K

7

\,
~
M)
i
i

Kontponep
YEeTHOCTHN

KoHTponep
Y4EeTHOCTU

KoHTponep
YEeTHOCTU

K, K K,

1 0

Puc. 8.40. [TogxnioueHne KOHTPOIEPOB
YETHOCTH.

Jnst mpoBepKH 7-O0UTOBOII KOMOMHAIIUM TPEOYIOTCS TPM KOHTpOJIepa YeTHO-
cti. OHU noakimoyaioTcss cornacHo puc. 8.40. Ilpu HeYeTHOCTH KOHTPOJIBHOM
IPYIIBI Ha BHIXOJE COOTBETCTBYIOLIEIO0 KOHTpoOJiepa ITOSIBIIsIETCS 1-cOoCTOsTHME.
D10 1-cocTOosIHHE O3HAYaeT OIIMOKY.

7-6uTtoBas KOMOUHaLMSA Koaa XeMMUHra CYMTaeTca coaepxawien owmnbky, ecnm
no KpaliHeln Mepe oauH KoHTponep Y4eTHocTn coobwaeT 06 owunbke.

Hrak, pacmo3dHaBaHue OIIMOKM NMpoucxomaut 6e3 nmpoodsieM. Kak nmpoucxomur
ee ucnpanienne? Ecim ommbKa BcTpedaeTcsi B 6uTe HOMep 1, TO KOHTpoJep
4eTHOCTH rpynnsl K| coobiaer 06 ommbke. Boixon Z, npuHuMaer cocrosiue 1.
Oummbxa B 6uTe HOMep 2 BBI3BIBaeT COODIEeHUE 00 OLIMOKe KOHTPOIepa YETHO-
cru rpynnsl K, (Z, = 1). B ciyyae ommnbku B 6ure HoMep 3 OIUMOKY BBIIAIOT
KoHTposepsl 4eTHocTH K| v K. Ha puc. 8.41 nmokazaHo, Kakue KOHTPOJIEPHI
YETHOCTH BBIIAIOT COOOIIeHne 06 omMbKe, ¥ COCTOAHUSA BHIXOIOB Z,, Z, n Z . B
ciy4yae olIMOOK B OTHOENbHBIX OUTaX.

Owwnbka B Coobuwenue 06 owmnbke K BHxOAHHiCOCTOﬂ"m i
HOMepe 6urta OT KOHTpONEepa YeTHOCT! 2 1 0
z zl z
1 K, 0 0 1
2 K, 0 1 0

8 Kon K, 0 ! ! Puc. 8.41. Coor-

4 K, ! 0 0 BETCTBHUE COODIIE-

5 Kon K, ! 0 ! HHUil 06 omu6kax

6 Kimk, ! ! 0 BBIXOAHBIM COCTOS -

! Ky Ky n Ky ! ! ! HUSIM KOHTPOJIEPOB

2 2! 2 YETHOCTH.
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ITpu paccMorpenun puc. 8.41 sICHO, YTO BHIXOMHBIE COCTOSHMA Z,, Z, U Z_
00pa3yloT JBOMYHOE YMCIIO, KOTOPOE COOTBETCTBYET HOMEPY OIIMOOYHOro OuTa.
Boxon Z, coorBeTcTBYeT 2°, BHIXOM Z, COOTBETCTBYET 2!, BBIXOI Z, COOTBETCTBYET 22,

BbixoaHble COCTOSIHUS KOHTPONIEPOB YETHOCTU B KOAE XEMMWHra ykasbiBaloT
HOMeEpP ownbouHoro 6uTa.

TaxkuMm o6pa3omM, OTHO3HAYHO HMAECHTUIUIMPYETCS ONIMOOYHBIN OUT. Tenepb
€ro MOXHO MCIpaBIsATh. KOppeKinsa IIpouCcXoIuT CaMOCTOSITENIBHO C TIOMOIIBIO
uPpoBOif MUKPOCXEMBI, KOTOpasi MHBEPTHPYeT OMT, ITOMEYEHHBIII KaK OIIH-
GouHkIi. Bosble genaTh HUYEro He HaJO, TaK KaK €CJIM OIMMOOYHBIM OMT paBeH 1,
To ero uctuHHOe 3HaueHue 0. Eciu ommbo4YHbIil 6uT paBeH 0, TO €r0 NICTUHHOE
3HayeHue 1.

B cxeMax, koTophie paGoTaloT ¢ KogoM XeMMHMHTa, Kaxnaas 7-0uToBass KOM-
OMHAIIMS MPOBePSIETCS B ONpeIeICHHBIX TOYKAX CXEMBI U B CJIyyae HEOOXOIUMO-
CTH HMcIpaBiisieTcsl. Takast mpoBepKa ¥ KOPPeKIys IieJiecoo0pa3Ha IMpexie BCero
rocJie repeaadyy MHGopMaluy Yepe3 IIMHHBIE JOPOXKY Ha IUIaTe, TaK KakK JUTHH-
HbI€ TOPOXKM OOJIbIlIe ITOIBEPXKEHB BO3NECIICTBUIO TIOMEX.

KOHTPOJIbHbIW TECT

1. YeM oTimyaloTcss MOHATUSA OMHAPHBIA M TBOMYHBINH?
2. IIpeoGpa3yiiTe TBOMYHBIE YKCIa TaOMUIBL 8.42 B JeCITUYHBIE.

2|2 2" 210 29 23 27 26 25 2‘ 23 22 2‘ 20

JAecsatuyHas
undpa 40906 | 2048 | 1024 | 512 | 256 | 128 | 64 32 16 8 a 2 1
1 1 0 0 1 0
1 1 0 1 0 1 1 1
1 0 1 0 1 1 0 0
1 0 1 0 1 1 0 0 0 0
1 1 1 0 0 0 1 1 0 1
1 1 1 0 0 0 1 1 1 0 0
1 1 0 0 1 1 0 0 1 1 0 0

|

1 0 0 1 0 1 1 1 0 1 1 1
1 0 1 1 1 1 0 1 0 0 1 0 0
1 1 0 0 0 1 1 1 0 1 1 0 1
1 0 1 0 1 1 0 0 0 0 1 1 1
1 1 1 1 0 0 0 1 1 0 1 0 0

Puc. 8.42. [IpeobpasoBanre ABOMYHBIX YUCE/ B AECATUYHBIE.

3. IIpeoGpa3syiiTe cienyioniue AeCATUYHBIE YUCIA B IBOUYHBIE:
58
512
1298
1983
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20000
17750
2730
9990
11000
32000.
4. TIpeoOpa3syiiTe ciemayrolnye BellleCTBeHHbIE JBOMYHBIEC YHCIIA B IECATHYHbIE:
a) 110110,101;
6) 100101,1101;
B) 1010,11101;
r) 0,10101;
o) 0,011101.
5. CioxeHue B IBOMYHOU CUCTEME CUMCIIeHUS. Pelnmire ciemyionye mpuMeph:

a) 1101 6) 111101 B) 11011 r) 110001
+100; + 1001; +100100; + 11101;
? ? ? ?

1) 111100 e) 110011 x) 1000,11 3) 1100,11
+1100111; +1010100;  + 111,11;  + 111,01.
? ? ? ?

HpOBCprC pe3yibTar NEPEBOAOM B ACCATUIYHYIO CUCTEMY CUUCIICHUA.

6. BoluuraHue B JBOMYHOI cucTeMe cumciieHus. Permure caeaymonmue 1nmpu-
MEPBI B JOIMOJIHUTECJIIBHOM KOIE:

a) 1101 6) 111101 B) 11011 r) 1001100
-100; - 1001; - 1111; - 101 010;
? ? ? ?

o) 100111 e) 110011 x) 111000 3) 1101
-10111; - 11010; -10011; - 10100.
? ? ? ?

7. IIpeoGpasyiiTe ciieAyiolMe AeCATHYHbIE YUCIIA B JBOMYHO-IECATHYHBIA KO/
a) 10941;

6) 3890;

B) 7 863;

r) 98 001;

o) 7989.

8. CnoxeHue B IBOMYHO-IECATUIHOM KOJIE:

a) 0100 6) 1000 B) 0111 1) 0011

+ 0011; + 0110; + 1001; + 110;
? ? ? ?

) 1001 e) 1001 %) 0110 3) 1001

+ 1000; + 0001; + 0110; + 0110.
? ? ? ?




Koumponvnoiii mecm 2111:)

9. CnoxeHue B IBOMYHO-IECITUIHOM KOJIE:

a) 1000 6) 1001 B) O111 1) 1001
~ 0111; - _1000; - 0110; - 0111;
? ? ? ?

n) 0111 e) 0111 %) 1000 3) 0011

- 0011; - 1001; ~ 0011; - 1000.
? ? ? ?

10. ITepeBenuTte miecTHAAIIATEPUIHBIE YHCIIA B IECATUYHBIC U TBOMYHbIE

a) ABI1;

0) 87 F2;

B) F605;

r) BCD4;

o) 12B31;

e) BAlA4;

x) 31 459;

3) 141B.

11. ITepeBemuTre mecATUYHBIC YKCJIA B IIECTHAAIIATEPUYHBIC U TBOMYHbIC

a) 100;

6) 259;

B) 1020;

r) 1983;

) 10 000;

e) 126;

x) 18 020;

3) 999.

12. Tlepexomupyiite yucja B Tabmuie Ha puc. 8.43. B xaxmoM cBOOOTHOM
oJjie HyXXHO 3aImMcarh pe3yiabrar. Jdecarnunoe yuciao 2560, HarmpuMep, TOJIKHO
Mpeo6pa3oBaThCsl B JBOMYHOE YMCIIO, B IIECTHAAIIATEPUYHOE YKCIIO, B BOChMeE-
pu4HOe YyKuciIo U B BCD-uucio.

DecatnyHoe AesounyHoe LLlectHapuaTepuiHoe BocbmepuuHoe BCD-uucno
wicno sucno ynucno uucno
2560
10011110110
AF36

1772

11 | 1001 | 0111 | 0001 | 1000

1A2BC

Puc. 8.43. 3anava Ha KoaupoBaHue.

13. OGBsicHUTE CTPYKTYpPY Kola ¢ U30BITKOM 3.

14. Yto mOHMMAIOT MOJ U30BITOYHOCTHIO?

15. Kak mocTpoeH omgHoIIaroBhIit Kom?

16. HazoBure Tpu KOjJa ¢ paco3HaBaHUEM OLIMOKK ¥ OOBSICHUTE Ha MpUMe-
pe, KaK TIPOU3BOAUTCS paciiO3HaBaHUE OIIMOKU.
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17. Yro Takoe mpoBepKa YETHOCTU?

18. O6bBsicHUTE, KaK IPEACTaBISAIOTCS OTPHLATEIbHbIE YHMCIa B JTBOUYHOI
CHCTEME CUYMCIICHUS.

19. YeM pa3nuyaioTcs KOJ C paclio3HaBaHUEM OLIMOKU U KOJ C MCIIPaBIeHU-
eM omuoku?

20. Kak ycTpoeH ko XeMMUHTa U KaK IIPOUCXOIUT UCIIpaBJICHUE OUTUOOK?



rNABA 9

NMPEOBPA3OBATEJIN
KOOOB N YPOBHEN

9.1. NMpeobpasoBaTenu KOAOB

IIpeoOpa3oBaresin KOIOB CIyXaT IJIS1 IIpeoOopa3oBaHusl HHOOPMAIIMHA U3 OIHOTO
KOJlla B IPYTOM.

9.1.1. Pacuet npeobpasosatenein koga

KonugectBo BXOHOB IpeoOpa3oBaresisi KOJa BCErlla COOTBETCTBYET KOJIMYECTBY
6uToB nmpeobpasyemoro koaa. s 4-6utoBoro Kona (TeTpagHOro Kojaa) HeoO0xo-
IUMH 4 Bxoma. KonmnyecTBO BHIXOIOB COOTBETCTBYET KOJIUYECTBY OMTOB KOJa, B
KOTOPBI HYyXHO ImpeoOpa3oBarh. EciiM Mpou3BoauTcs rpeoOpa3oBaHue U3 Koaa
AlikeHa B KoJ XeMMHHTIa, TO HeOOXOmuMBI 4 Bxoma 1 7 BeIxomoB (puc. 9.1).

Mpeobpasosarenu KOLOB PACCHUTHLIBAIOTCS MO MNPaBUiIaM CUHTE3a CXEeM.

Bxoawbt Boixoast

l—o

MNpeo6pasosatens koaa o

——0o0

Wudopmaurs O— Undopmauus
r—::{) —o0 .:——-_____-———:{)
B kope AlikeHa O B KOAe XemMmunra
%=1 Kon Koa —o
A — a

Puc. 9.1. IIpeo6pasoBarens u3 Koga AiikeHa B Ko XeMMUHTa.

XKenaembiii mpeoGpa3zoBaresib KoIa HY>KHO IPEACTaBUTh B BUIE TAOIMIIHI UC-
TuHHOCTH. ITo TaGnuie KICTHHHOCTH CJIEIyeT 3alucaTh 1T KaXIOro BhIXoAa HOp-
manbuyio popmy NJIN. 3ateM ee cieayeT MaKCHMMaJbHO yIpocTuth. ITo ympo-
IIEHHBIM YPAaBHEHHUSIM CHHTE3HUPYIOT CXEMY.

Mpumep
ITocTpoiiTe nmpeobGpa3oBarenb U3 Koaa AilKkeHa B JBOUYHO-AECATUYHBINA KO,
Hyxhna cxema ¢ 4 BXxogaMu 4 4 BBIXOJaMH cOIJIacHO puc. 9.2. Omepaumuu,
KOTOpPHIE JOJIKHA IIPOU3BOAUTH 3TAa CXeMa, NMPeACTaBJICHbI B TaGIMIIe NCTUHHOC-
TH Ha puc. 9.3.
Hns Beixonos Q,, Q,, O, n Q, NOJNyYaIoTCA CleAyIolre HOpMalbHble HOPMBI
NIIN:

(0} =(A/\E/\E/\D)V(A/\B/\EAE)V(A/\B/\C_/\D)V
v(A/\E/\C/\D)v(A/\B/\CAD);
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Bxoab! Buixoabt

Kop, Aiiketia A o— ﬂpeoﬁzz:&;aa‘renb o Q, BCD-xon Kon Aitkenal BCD-xon
) B o—j N -—-°02r:____::) D|C|B|A|Q, |0 | Q] &
Co—won = BcD- [ °% ojo[ofofofo[o]o| O
D o——1 ajikena won [°0Q 1lojojof1jo|o]o| 1
2lofol1|ofjo|o]|1]| 0
Pu . 3lofof1|1]o]o|1] 1
c. 9.2. [IpeobpasoBarens U3 Koga AlikeHa B BCD-xop alolilololol 1ol o
(1BOMYHO-JECATUYHBII).  EICIEIERCREE e
6j1|{1{olofjo|1]|1]| 0
Puc. 9.3. Tabnyua HCTUHHOCTH Npe- 7i1{1]{of1jo |1 |11
obpasoBarens U3 Koaa AiKeHa B gl1/tf1joj1 (0|0 O
BCD-xopn (ABOMYHO-AECATUYHEIN). ol1j1f1f1j1jofof 1

Q3=(ZABAC/\I_))V(AAB/\E/\D)V(ZAEAC/\D)V AABACAD

0, =(ZABAé/\ﬁ)v(AAB/\6/\D)V(Z/\E/\CAD)V(AAEACAD);
( );
0, =(Z/\BAC/\D)V(A/\B/\C/\D).

Hopmansabie dopmbi MJIM ympoimaoTcss ¢ momonnpio guarpamm Kapxo
(puc. 9.4).

(0} =(AAB/\E)V(AAC/\D)V(AAE/\I_));
0, =(BA6A1—))\/(E/\C/\D);

Q3=(ZAE/\C)V(E/\C/\D)V(AABACAD);

0, =BACAD.
Io, 1 _ I Q, =
A A A A
B 1o (lo| 5
B -8 . B
ArBAC @ @ BACAD
D D
1 -~ AACAD 1011
5| No s|_{(elW
- @ b BACAD B b
ArCAD — — — =
C Cc C C Cc C
Q,=(ArBAC)v(AACAD)V(AACAD) @, =(BACAD)v(BACAD)
loa A A ‘ Q A A
D D
B B
) @ G® ]@ - |- BacaD
N D D
| |de]19) _
Bl TTF=-- AaBaC B
Q@) D b
BrCaD = — = p
Cc (o} C Cc c C
Q3 =(AABAC)v(BACAD)V(AABACAD) Q, =BACAD

Puc. 9.4. Ynpomenue HopmansHoi dopmer UIA.
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ITo ynpoleHHBIM ypaBHEHHMSM MOXHO CTPOUTH cxeMmy. Eciu B Haauuuu
umeloTcss ToibKo 3yieMeHTsl -HE, To ypaBHeHUsS HYXHO COOTBETCTBYIOIIHM
obpasoM mepecuntath. Ha puc. 9.5 moka3ana cxema B 6a3uce -HE.

Q =AABACAAACADAAANC A D;

Q2=BA6/\1—)AE/\C/\D;

Q3=ZA§ACA§ACADAAAB/\5AD;
0, =BACAD.

ITo sToMy anropuTMy MOIYT PacCYMTHIBATHCS MpeoOpa3oBaTel KOIOB IS
Jmo6oro TuIta npeodpasoBanus. s npeobpa3oBaHUII MeXITy 4acToO IIpUMEHsIe-
MBIMHU KOJaMHU B PacCHOpPSDKEHNH MUMEIOTCS TOTOBBIE MHUKPOCXEMEI.

9.1.2. NpeobpazoBaTtenu gecaTM4HOro koga B BCD-koa

Bo MHOrmx mmdpoBBIX cxeMax — Ipex[ie BCero B BBIYMCIUTENSIX — BBOISATCS
necarudHbie mmgpel. Tpebyercs npeobpa3oBaHue U3 HECITUYHOIO KOJIA B JBO-
WYHBIA WM B JBOMYHO-IECSITUIHBINA KO,

A B c D
o o T T
1 [ | 1
L&J 11 [1 1
] AABAC
&
:ACD
! & plrtn & °Q,
] A~E~D
& P
BACAD

&
_ D——0 Q,
& BACAD
L
ArBAC jl
& ikl & o Q,
B

° Q,

Puc. 9.5. [Ipeo6pasosarens u3 koaa Aiikena B BCD-xoa (1BOMYHO-AECATUYHBIN).
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MpeobpazoBaTenn us AeCATUHHOIO Koga B BCD-kopn BuINONHSOT Npeobpasosa-
HUE NECATUYHBLIX UMDP B ABOVNYHLIE YnCna.

Hecaruunsiit kox sipisiercst KogoM 1 u3 10. Ilpeo6pasoBarenu KomoB, IIpeod-
pasylolnue aecaruaHbie udpsl B BCD-xon, 1oJKHBI UMeTh 10 BXOIOB M 4 BHI-
xoga. Tak kak gecsatuyHas uudpa 0 B BCD-kome Beipaxaercs kak 0000, To
BXoA i necatudHoi mudpel 0 He HyxXeH. MUTak, HEOGXOMMMBI TOJILKO 9 BXO-
noB (puc. 9.6).

Jecarnunbiic xog

| S——

mMmmmmmmmm

Puc. 9.6. [1peo6pa3zosareip U3 aecaTuyHoro kogaa B BCD-xon (1BOMYHO-AECATUYHBIN).

CxeMa MOXeT ObITh pacCYMTaHa II0 airopuT™My pasa. 9.1.1. OgHako ee MoOX-
HO CHUHTE3UPOBATh MCXOAS U3 MPOCTHIX paccyxaeHuii. TaGiuia MCTUHHOCTH
npeobpa3oBaTea KOIOB, IpeoOpasyiomero aecaTudHblie IUdpul B BCD-Kox,
npeacTapieHa Ha puc. 9.7. Kaxnelii 1-curHaa Ha OXHOM M3 BXOIOB HOJLKEH
BBI3BIBAaTh 1-CHTHaJI Ha OIpeNeNeHHbIX BhIXOHAX.

BxonHo#l curHan AOJXKEH pacHpelesiTbCsi Ha COOTBETCTBYIOIIME BBIXOIBI.
s 3Toil 3amaym MOXHO NMPUMEHUTh MATPUYHBIIA NepekimodaTeab (puc. 9.8).
Kaxnprit Berxon cHabxaercst 1-curHasioMm 4epe3s snement WJIN.

IIpeoGpa3oBaTenu KoaoB, mpeodpasymolue aecaTudHbe mudpsl B BCD-kox,
npousBoasTcs B Buae MukpocxeM. B TTJI-ucnonHenuu 3To, HampuMmep, MUKpPO-
cxeMbl 74147 u 84147.

Bxogb! Boixoabt
Aecatnunas [EecaTUuHbIA Ko BCD-xog
wibpa (xon 1 n3 10) 8|02 | ot | o0
E | B || Ey | Es| Eo | Er] Es | B |Qb | Oc | Qs | Qa
1 1{o|lo|ofololo|lojofo]o|o]| 1
2 of1|o|lofolo]jo|lofjojolo]|1]o
3 ofo|1|lofo]|o]jolo]jojo|o|1]|1
a ojlofo|l1]|ofofofololo|l1]o]fo
5 ofojoflo|1]o|ofjofjofo|T1]o |1
6 oflojo|loflo|T1]ojoflojo|T1T]1|o
7 ofo|ofloflo|o|T|o]ofo| 1|11
8 ololololololol1lol1lo]lo] o Puc. 9.7. Tabnuua HCTUHHOCTH MPEO6-
pasoBaTesa U3 JECATHYHOrO KOAa B
9 olofololofololol1l1lolol 1

BCD-xoa (1BONYHO-AECCATUYHBIH).
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Puc. 9.8. Cxema npeobpa3oBarensa E, E iz 54 E, is E, E E
M3 AecATHYHOro koaa B BCD-xon T $@ @ T fo e T Jo To
(ABOMYHO-AECCATHYHBIH).
21
©°Q,
(2%
21
Q,
29"
21
Q
(27 °
>1
Q
)"

9.1.3. Npeobpazosatenu BCD-koga
B OECATUYHbIN KOpA,

Jna mpeo6pazoBanHuss BCD-yucenl B OeCATUYHbIE HYXHBI IIpeoOpa3oBaTei U3
BCD-xona B gecarmunbiii. Takoii mpeobpa3oBaresib Koga JOJDKEH UMETh 4 BXoaa
s nipueMa BCD-umdp. st Kaxnoi necaTuaHoi uudpsl TpedyeTcs: CBOM BbI-
xon. EAVHWYHBIA CUTHAJ Ha BBIXOMIE NECATUYHON u@phl 3 03HAYAeT, YTO JOJIK-
Ha OBITH oTOOpaxeHa Hudpa 3. Takoii Bua n3odbpaxeHus mudposoit nHbopMa-
LMY TIpUMeHsteTcsl B UG POBHIX yKa3aTeJIbHBIX TpyOKax (cMm. boiit, DnekrpoHu-
Ka, 4. 2). OmgHakKo KOHOMHYECKHU I1IeJIeCOOOpa3HbIM SIBJISIETCS BU3yaluU3alysl
uHGOpPMaIK Ha 7-CEerMEHTHBIX MHAUKaTopax (cM. pasad. 9.1.9).

Mpeobpasoeatenn 13 BCD-kopa B necatuyHblii npeobpasytoT BCD-uncna B
OEeCATUYHbIE,

Pacyer npeoGpazoBarenss u3 BCD-kona B OEeCATHMYHBIN KOJ O4Y€Hb IIPOCT.
Kak cnenyer u3 TaGauiibl MICTHHHOCTH Ha puc. 9.9, U1 KaXaoro BhIXOJa IMOJIy-
YaeTcs TOJBbKO OIHA IOJNHAasE KOHbIOHKIUA.

Bxoabt Bbixoab
BCD-kop AECATNYHBLIN KOI
DecatnuHas 2% 22| 2t |20 (kon 113 10)

undpa D|C|B|A|Zy|2Z1|22|2Z3| 24| 25| 26|27 |25 | Zo

0 oloflofo|1]o|o|lolofo]oflo|o]| o

1 o|lofof1io|1|ofloloflo]o|lo]|o]| o

2 olof1|ojo]o|1fo|o|lo]ofo]jo]| o

3 olo|1|1]|of1]of[1]0o]o|lo]ofo]o

a4 of1|lo|lojo|o|o|lo|1|o]o|o]o] o

5 o|1|lo|1jo|o|ofo|o|1]o|o|o] o

6 o|1|[1|o|o|o|lofo|o]lo|1|o]o]| o

7 o|1{1|1]o|o|oflo|o|lo]o|1]o]| 0o

Puc. 9.9. Tabanua UICTUHHOCTH IIpe- 8 1lololololololololololol1] o
obpasoBarens u3 BCD-xona B aecs-

9 1lolofl1lolololololofololo]1

TUYHBIN.
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Puc. 9.10. [IpunuyunuansHas cxema npeobpasopartens us BCD-koaa B AECATUYHBII.

Jlornyeckne napameTpbl

Bua csepxy

Lloko.

yposHeii MukpocxeMbl FLH281-7442A (Siemens).
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FLH281-7442A

9.1. IIpeobpazoeamenu kodos 2@)
FLH285-8442A

Mopynb FLH281/285 npeobpasyet BCD-koa. Bxoabl MOXHO HanpsiMyio NoAakaloyaTh K BbIXOAAM
BCEX AeCATUYHbIX CYETHVKOB, Npu aTom A coeantsaetcac Q,, Bc Q,, Cc Q. nmDc Q,.

Hux- Bepx- Epn-
Cratuuyeckue napameTpb! T ——— HUIA Tun HUWA Huua
B TeMnepaTypHbiX 30Hax 1 n 5 npeaen npenen | uame-
B A pexvs
HanpsxeHue nutanus U, 4,75 5,0 5,25 B
BxonHoe HanpsixeHue _
H-ypoehsi u, Us;=4,75B 2,0 B
BxopHoe HanpsixeHue
L-ypoBHs Uy 08 B
BxogHoe HanpsaxeHnvie _ _ o
Ha KNeMMax U | U;,=4758B, -, =12 MA 1,5 B
BbixogHO€ HanpsxeHune U,=4,758B,U,=2B,
H-ypoHs Yan |y, =088, -1, =800mea| 24 | 34 B
BbixogHoe HanpsXxeHne U;,=4,75B,U,=2B8B,
L -ypoBHa Ya | U°=08B, 1, =16 mA 02 | 04 | B
BxopaHoih Tok Ha kaHan l, U;=525B,U,=558B 1 MA
H-BxogHol TOK Ha KaHan l, U,=525B,U,=248B 18 55 MA
L-BXOLQHOWM TOK Ha KaHan =1, U,=048B,U,=5258B 40 MKA
TOK KOPOTKOro 3ambika- _ _
HUA Ha KaHan BbiIxoaa lo Us=5258 1.6 MA
Tok NuTaHus [ U;,=5258B 28 56 MA
Bpemsa nepexnioveHns,
npu U; =5B, T, =25°C
Bpems npoxoxaeHus curHana
(6biCcTPOAENCTBUE)
K Bbixogy O Lo 14 25 B
K Bbixofnam ot 1 o 9 t R = 400 Om 17 30 MKA
L
K Bbixogy 0 b C, =15n® 10 25 MA
K Bbixogam ot 1 go 9 Loy 17 30 MA
Jlornyeckune napameTpbl MA
KoaddpurumneHT pa3setsneHuns MA
rno BbIXOAY Ha KaHan
H-curnan Fou 20
L-curHan Fo 10
BxopHOWM Harpy304HbIi F 1
KO3 PUUMEHT Ha KaHan !
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Bxonmnbie niepeMmernble A, B, C u D mOXHBI OBITh JOCTYIIHBI B IIPSIMOIT M MH-
BepcHO# ¢opmax. g peaym3alvu ITOJMHBIX KOHBIOHKIMA HeoOxomumbl 10 sie-
MeHTOB U, KaXnplii ¢ 4eThIpbMs BxomaMu (puc. 9.10):

Z,=AABACAD; Z,=AABACAD;
Z, =AABACAD; Z,=AABACAD;
Z,=AABACAD; Z,=AABACAD;
Z,=AABAC A D Z,=AArBAC AD;
Z,=AABAC A D; Z,=AABACAD.

Cxema Ha puc. 9.10 MoxeTr OBITH MOJIydeHa IyTeM JIOTUYECKOTO pacCyxXme-
Hus. Kaxnoit 4-6uroBoit komOuHanuu BCD-koma HOJIXEH OTHO3HAYHO COOT-
BETCTBOBaThb OJAUH BBIXOA. TakKoe COOTBETCTBHE MOXHO ITOJIyYHTb, NMPOU3BOHSA
Hajx 6utamu onepauyu WU win HE.

IIpeoGpasoBarenu KouoB, Ipeodpasyoinue BCD-Kon B fecATUYHEBIE ITAPPHI,
npousBoasTcs B Bunge MukpocxeM. B TTJI-ucnoHEHNH 3T0, HAIIpUMEP, MUKPO-
cxema FLH281-7442A.

Ha puc. 9.11 uzob6paxkeHa 1I0KOJIeBKa MUKPOCXEMBI BMECTE C €€ ITapaMeTpaMu
u Tabnurteit ypoHeit. I1lpu Hamuyum gecITUYHOM MGbpPHl HA BRIXOJE HA HEM Heii-
CcTByeT L-ypoBeHb. DTO LieJiecoo0pa3Ho, ecii HUPPOBble MHIMKATOPH! YIIPaBJIs-
I0TCS Yepe3 JIpaiiBepHI.

Eciu Ha Bxogsr A, B, C u D cxempl FLH281-7442A nopaiorcst 4-OMTOBBIE
KOMOHMHAIIUHM, KOTOphle HE MpHHAIIEXaT K TBOMYHO-TECITHIHOMY Komy (Tak
Ha3bIBaeMbI€ TICEBAOTETPANbI), TO TaKhMe KOMOMHAIIMM HE NMPHUBOASAT K BHIBOIY
mucdpe. Tabnuna ypoBHeit Ha puc. 9.11 moxassiBaeT, YTO IICEBIOTETPAABI HE
BBIBOJISITCSI.

9.1.4. Npeob6pa3oBaTenu AecATUHHOro Koaa
B KOA, ¢ n3bbiTkom 3

Mpeob6pa3zoBareny OECATUYHOrO KoAa B Ko ¢ n3bbiTkom 3 koga npeobpasyior
necatnyHbie undpsl B 4-6UTOBbLIE KOMOMHAUMK KOAa ¢ U3BbITKOM 3.

IIpeoGpa3oBarenb Koga MOXeT OBITh pacCYdTaH II0 MeTomuke pasm. 9.1.1.
OpHako Ipoile pacCYUTaTh €ro Mo IMPUHLMUIY MAaTPUYHOTO MepeKIoYaTes.
1-cocTosIHMST Ha JECATUYHBIX BXOJAX «PacHpele/IsIIOTCsS» Ha BBHIXOIBI C U30bIT-
KoM 3 mocpencrBoM aniemeHToB UJIU (puc. 9.12).

9.1.5. Npeobpa3oBarenn koga ¢ U3bbITKOM 3
B AECATUYHbIN KOA,

MNpeobpasoearenn koga ¢ n3bbITKOM 3 B AECATUYHLIN KoA npeobpasyoT 4-6uTo-
Bble KOMOUHaUMUN KoAa ¢ U3BLITKOM 3 B AeCATUYHBIE LMbPbI.
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A0 | Hecatnunaa
A, o widpa | Qp [Qc Qs (4
ﬂeci’g‘;”b“" A, o—ril 0 ojo|1]1
A, o—r!] Lo Q
e — A, o———| Mpeotpaso- -—oQ: 1 0 } 0 :
A, Barenb koaa 0Q, 2 0 0
A, O 0, 3 o|1(1]o
A, o— [ — 4 o|1]1]1
Ay © Koa 5 1{ofo]o
Ay 00— C nabnitkom 3 6 11o0lol1
7 1{of1]o0
AO A| A2 Aa A4 AS AG A7 AB AS 8 1 0 1 1
? ? ‘I ? T 9 i1i1lolo
21 Q,
21 Q,
21 ° Q,
>
21 °Q, Puc. 9.12. [Ipeo6pasosarenu Ae-
CATHUYHOIO X044 B KOA4 C M30BIT-
KoM 3.

PacueT npeoGpa3oBareist koga He TpeOyeTcss. OH MOXeET OBITh ITOCTPOEH KakK
npeobpazoBatens BCD-Kona B NECATUYHBIN — C COOTBETCTBYIOIIEH [T KOmIa C
u30BITKOM 3 pasBoakoil. HeoGxomuMbl BXOTHBIE TIepeMEeHHbIE B IIPSIMOIl M MH-
BepCHBIX hopmax. 4-OMTOBBIE KOMOMHAIIMKA KOAA C M3OBITKOM 3 IIPUBONATCS B
COOTBETCTBUE AECATUUYHOMY KOIy IOCpenacTBoM ajieMeHTOB U (puc. 9.13).

9.1.6. MNpeobpasoBaTenn OeCATUYHOrO Koaa
B 7-CErMeHTHbIN

HecstuuHbie 11U pPHI IPEICTABISIOTCS B OCHOBHOM IOCPEICTBOM 7-CEIrMEHTHBIX
WHAMKATOPOB. DTU UHAMKATOPHI TOCTPOEHBI HA CBETOAUOMHBIX WIN XUIKOKPH-
CTAJUIMYECKUX cerMeHTax (cMm. boiiT, DiekrpoHuKa, 4. 2).

Hnsa ynpaBineHus: 7-CeIMEHTHBIMH MHIUKATOpaMM HYXEH OCOOEHHBINH KO,
KOTOPBI Ha3bIBaeTCs 7-CerMeHTHbI KOA. DTOT KOJ YKa3bIBaeT, KaKue CETMEHTHI
JIOJDKHBI MCTIOJIB30BaThCS I M300paxXeHuUs OTIENIbHBIX AecATUYHbIX Iudp. Ha-
npuMep, Ui U300pakeHUsA AeCATUYHOM udpHI 3 JOJDKHBI UCIIONB30BaThCS CeT-
MEHTHI a, b, ¢, d u g (puc. 9.14). [Ins oroOpaxeHus necarnyHoit uudpsl 8§ He0O-
XOIUMBI Bce cerMeHThl. Ha puc. 9.15 npencraBiieH 7-CerMeHTHBIN KO,

lNMpeobpazoBareny AECATUHYHOIO KOAA B CEMUCErMEHTHbIN NpeobpasyioT aecs-
TUYHbBIA KOO B CEMUCErMEHTHbIN,
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E; E, E, Puc. 9.13. [Ipeo6pa3oBarens Kojaa ¢ U3OBITKOM 3 B ae-
1 { j CATUYHBIN KOJA.

[EpEzpy==] [an

———— A, (0)

, (M

. (2) e

3__——q A:’ (3)

] Puc. 9.14. 7-cerMeHTHBII MH-
& oA ) JHMKATOP.
& ———o A, (5)
L DecatnuHas | 7-cermMeHTHuI koA
] udpa |alblcl|d]|e|f
&4 © 0 1111111 o
— 1 o|1{1|ofofo|o
& ———oA, (V) 2 11|o|1[1[o |1
— 3 1{1{1{1|ofo |1
& ————o A, (8) 4 o|[1]|1jofo{1{1
_— 5 1fo|1{1jo (1|1
6 olo|1|1{1|1|1
:_ A @ 7 1[1|{1]ofolo |0
8 111111
9 1 1{tlolo(1]1

Puc. 9.15. 7-cerMeHTHBIN KOA.

IIpeoGpa3oBarenu JECATUYHOIO KOJa HET HEOOXOMUMOCTH pPacCYMTHIBaTh. OHM
MOIYT OBITh IIOCTPOEHHI 10 MPUHIIAIY MAaTPUYHOTO IepeKiodareisa. 1-cocTos-
HUS Ha JECATHYHBIX BXOHAX «pacHpeesissioTCs» Ha 7-CerMeHTHbIE BBIXOIbI ITO-
cpenctsoM aneMmenToB UJIU (puc. 9.16).

9.1.7. MNpeobpasosarenn BCD-koga B CEMUCErMeHTHbIN

BCD-xon (IBOMYHO-AECATAYHBIN KOI) MPUMEHSETCS OY€Hb YacTo. Tak Xe 9acTo
3aKOMMPOBAaHHAS B JBOMYHO-IECCSITUYHOM Kome MH(pOpMaUus IOKHA oToOpa-
Xarbcd Ha 7-cerMeHTHOM auciuiee. I1o3ToMy KoOnbl, OCYIIECTBISIIOIINE IIPeos-
pa3oBaHUE NTBOUYHO-AECATUYHOIO KOIa B 7-CETMEHTHBIN KO, MMEIOT GOJIBIIoe
3HaYECHUE.

Mpeob6pasosareny ABOUYHO-AECATUHHONO KOAA B 7-CEermMeHTHbI npeobpasyoT
ABOWYHO-AECATUYHbBIN KOA B 7-CErMEeHTHbIN,

Taxkoil n1peoGpa3zoBaTesib KOJa MOXHO pealn30BaTh JABYMsI BHIaMM U3 pac-
CMOTPEHHBIX 10 CHX MOp npeoGpasopareneit koga. Eciu coenunuts BCD-pecs-
TUYHBIA-IPpeoOpa3oBarelib KoIa M IeCATHIHO-7-CerMEHTHBIN MpeoGpa3oBaTeiiu
KOJIa BMECTe, TO IOJIyYUTCS ITpeoOpa3oBaresib KOAa, KOTOPHIi Ipeobpa3yeT ABO-
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Puc. 9.16. [Ipeobpasoparenu A, — a
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npeobpasoBartee

g f e d c b a Koaa.
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Aecatnynan|  BCD-xon | 7-cermenTiiniii kog Puc. 9.18. Tabauua ucrunHoctu BCD-7-cerMeHTHOro
wgpa | DIC|B|Ajalbic|d|e|f|g npeo6paszoBaTens.
0 olojolo]1{1[1{1]|1|1]|0o
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Pnc. 9.19. Vnpomenne HopMmansHoi ¢popmbl WIU BeIxoaos a, b, ¢, d, e, fu g T-cerMeHTHO-

ro npeobdpasoparelis.
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WYHO-IECITUYHHII KO B 7-CerMeHTHHIM Koa. CxeMa nmogo6Horo npeodbpa3oBa-
TeJlsl Koja ImoKa3aHa Ha puc. 9.17.

Pacuer BCD-7-cerMeHTHOro npeodpa3oBareiisi KoAa IIPUBOIUT, TEM HE Me-
Hee, K GoJiee pocToit cxeme. TabuIla HCTHHHOCTH UCKOMOTO IIpeoOpa3oBaTesid
KOJa Moka3aHa Ha puc. 9.18. JIyig Kaxmoro u3 BEIXOIOB 4, b, ¢, d, e, f 1 g MOXHO
coctaBuTh HopManbHylo dopmy NJIN. Hopmanbheie popmser NN ynpoiarorcs
¢ nomoiikio Kapt KapHo (puc. 9.19).

BCD-1iceBnoTeTpanbl y4acTBOBaTh B pacyere He XOXKHBL. [Io3TOMY sTyeiiku
C IICEBIOTETPaIaMM IIOMEYAIOTCS KPpeCTUKaMU Ha [uarpammax (kaprax) KapHo.
DTH J4eHKN MOTYT pacCMaTpUBaThCs KakK comepxamue 0, Tak ¢ 1, o XeJIaHUIo
paspaboryuka. OGpa3oBaHHe I'PYMII IO 3TOM MPUYMHE CTAHOBUTCA GoJee jer-
KHM.

B cooTBeTCTBUM C HaiiIeHHBIMH JUISI BXOJIOB 4, b, ¢, d, e, f V1 g ypaBHEHUSIMU
(puc. 9.19) MoxeT crpouthesi cxema. OHa mpeacTasieHa Ha puc. 9.20.

BCD-7-cerMeHTHBIE IPpeoOpa3oBaTelIM KOAA BBIITYCKAIOTCS B BUAE UHTErPaIb-
HBIX MUKpocxeM. PacnipoctpaHeHHast MukpocxeMa TTL-ceMelicTBa Ha3bIBaeTCs
FLHS551-7448. Ta6nuua napamMeTpoB, IIOKOJIEBKa M TaOJMMUIIa ypOBHEH 3TOU cXxe-
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Puc. 9.20. Cxema npeobpasosarens BCD-xona B 7-CerMEHTHBIH.
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BCD-7-cermeHTHObI NpeobpasoBaTtent FLH551-7448, FLH555-8448

Mogynb FLH 551/555 npuHumaeTt 4-6utoBbie koMOMHauuu, aekoampyeT Ux B 3aBUCMMOCTU OT
cocToaHua Bxonos. (B/, RBI, LT) v BbiIBOAUT Ha BbiXoAbl &, b, ¢, d, e, f, g 7-cerMeHTHbI Kop,
(TTJ1-ypoBeHb, OA4HOTAKTOBbIE BbIXOAbl C KOMNEKTOPHbLIM COMPOTUBAEHNEM).

Bxopn nopasneHus Hyne KRBl akTUBHLIM HU3KUM YPOBHEM racuT BbiCBEYEHHblE HyNWU. na MHO-
rO3Ha4YHbIX YUCEN NYTEM COEAVHEHNS C BLIXOAOM noaasneHus Hynei RBQ (BHyTpeHHe coeau-
HEHHbIM C BXxOAOM Bl) BO3MOXHO aBTOMaTU4eCKOe rallleHue Hyna B HECKONbKUX Aekapax. Hepes
BXOp, raweHusa Bl npovcxoauTt obliiee rawieHme CErMeHToB, Yepes3 BXog KOHTPOns cBedeHus LT
NPON3BOANTCA KOHTPOJIb CBETOBLIX CEMTMEHTOB (CBEYEHNE BCEX CEerMeHTOB nHankartopa).

Hux- Bepx- Enu-
Cratnyeckue napameTpbl VCNOBMS MCHLITAHWN HWiA Tun HUA HUua
B TemnepatypHbix 3oHax 11 5 npepen npeaen name-
B A penus
HanpsixeHnne nutaHus U 4,75 5,0 5,25 B
BX°“:°_3:::E:"‘G””G U, Uy = 4,75 B 2,0 B
on,u.HLo_?/ pug:‘:):xenue u, 0.8 B
on’l::i::m’::e””e -U, | U,=4758, -I,= 12 MA 1,5 B
BoixofiHOE HanpsxeHue B
H-ypoBHs
otapog U,, | Us;=525B, -1,,=400McA | 2,4 4,2 B
Ha BI/RBQ U,, |Us;=5,25B, —I,,=200MkA 2,4 3,7 B
BbixogHoe HanpsixeHne
L-ypoBHS
otTapog o | Us=4758B, 1, =6,4MA 0,27 0,4 B
Ha BI/RBQ U, U,=4758B,1, =8 mMA 0,27 0,4 B
H-BXxOpHOWM TOK Ha KaHan I U;=5,25B,U,=5,58B 1 MA
MNpoune kaHans
kpome BI/RBQ 1, U;=525B,U,=248B 40 MKA
L-BXOAHOWM TOK Ha KaHan
Ha BI/RBQ 1, U;=525B,U,=048B 4 MKA
Mpouune kaHanbl I, 1,6 MKA
TOK KOPOTKOro 32MbIKaHUs
Ha BI/RBQ =lq Us;=5,25B 4 MA
Tok nMTaHus I Us;=5,258B 53 90 MA
Bup cBepxy 53 90 MA
Bpems nepeknioyeHns,
npm U;=5B, T,=25°C
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Hux- Bepx- Ean-
CraTtnyeckne napamMeTpbl YCNOBUS UCHLITAHNIA HUK Tun HUWKN Huua
B TemnepartypHbix 3oHax 1 n 5 npepen npeaen | name-
peHns
Bpems npoxoxaeHus curHana B
(6bicTpOAnEiiCcTBUE)
K 8bixogy O Lo 100 HC
K Bbixogam ot 1 no 9 tu C, = 15 n® 100 HC
K Bbixogy 0 ty R, =1«Om 100 HC
K BbixoAam ot 1 10 9 Lo 100 HC
Jlornyeckme napameTpbi
KoaddurumneHt passeTBneHua
no BbIXoAy
Ha BI/RBQ 2 5
H-curhan ot a no g Fon 10
L-curHan Fo 4
BXxoaHOW Harpy304HbIi
KO3 PULUMNEHT
Ha BI/RBQ , 2,6
npoyne KaHanol : 1
Jlornyeckue COOTHOWEHUS LlokoneBka
Bun ceepxy
®yukuma | LT |RBI|D|C|B|A|BI/RBQ|a|b|c|d|e|f|g
1 U f g a b ¢ d e
0 H|H|LIL|L|L H HI|H|H|H|H|H|L 16 15 14 13 12 11 10 9
1 H| X |L|L|L|H| H |L|H|H|L|L|L|L A racrars
2 H|{ X |L|L|H|L| H |H|H|L|H|H|L|H I] III_'
3 H| x |L|L|H|H| H |H|H|H|H|L|L|H
4 H| X |L|H|L|L| H |L|H|H|L|L|H|H ]
5 H| X |L|H|L|H| H |H|L|H|H|L|H|H
6 H| X |L|{H|H|L| H |L|L|H|H|H|H|H |,—||]l|!
7 Hl x |tlH|IHIH] H [HIH|H|LIL|L]L LI O C IO C JC JC JC J0J
1 2 3 4 5 6 7 8
8 H| X |H|L|{L|L| H |H|H|H|H|H|H|H B C LT RBI D A O
o |H|x|H|t|t|H| H |H|H|{H|L|L|H|H BI/RBQ °
10 H| X |H|LIH|L| H |L|L|LIH|H|L|H  Ogosnadenus
11 H| X |H|L|H|H| H |L|L|H|H|L|L|H CermeHTos
12 |H| X |H{H|L|[L| H |L|H|L|L|L|H|H a || R [
13 H| X |H|HIL|H| H [H|L|L|H|L|H|H (O
f b =1 Tl e P
14 H| X |H|H|H|L| H |L|L|{L|H|H|H|H 0 0 1 2 3 45 6 7
15 H| X [H|H|H|H| H |L|L|Lfcie|e]tL — —
B | x| x |x|x|x|x| ¢ Jelclefcfefe]|e eI s 1° l_lll:a__l_lll_l_
RPE|H| L |||t ¢ fe|efLjefe|e]t I} |_..| i
tr* e | x IxIxi{xix| H |H|H|H|H|H|H|H 8 B 1011 1213 1415

MpeacraBnexHne ovoGpaxaemon

3ameyaHus: PbyHKUUN

X £ H moxet 6biTb n H- n L-curnanom

' Mpu uhAvKaunK Hyns Ha Bxoae RBI! aomkeH GbiTb BLICOKUI YPOBEHS.

2 Ecnv KO BXOAY Bl NpunoXeH HU3KU YpOBEHb, TO HA CErMEHTHbIe BbIXOAL! MOCTYNAET TAKKe CUrHAN HU3KOFO YPOBHS,
HE3aBMCUMO OT COCTOSIHUSI BXOAOB.

3 Ecnn ko Bxoay RBI nNpunoxeH HU3KWI ypoBeHb, TO HA CErMeHTHbIe BbIXOAbl U BbIXOA RBQ NOCTYNAIOT TakKKe CUrHanbi
HWU3KOr0 YPOBHA NPWU YCNOBWM, 4TO KO Bxoaam A, B, C, D NpunoxeH HU3Kui ypoBEHb.

4 Ecnn ko BxoAy LT npunoxeH HWU3kuii L-ypoBeHb, TO HAa CErMeHTHbIe BbiXOAbI NOCTYNAeT CUrHanm BbICOKOro H-ypoBHS
(Apkoe cBeueHne) npu ycnoBun, 4To Ha BI/RBQ peicteyeT H-curdan, He3aBuCUMO OT COCTOsiHUS BXxoRoB A, B, C, D, RBI.

Puc. 9.21. Tabnuua napameTpos, LOKoJieBka U Tabnuua yposHeit cxembl FLHS551-7448
(Siemens).

9—2114
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Puc. 9.22. [Tatu3zHayHbIi 7-CErMEHT-
HBII MHAYKATOP C FalliCcHUEM Hy/Ieil.
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MoraweHHbie HyNU

MBI BOCIIpOM3BeIeHB Ha puc. 9.21. CxeMa nmpeaocTaBIsIeT BO3MOXHOCTD ITOAaB-
JIEHUS HyJIeil ¥ KOHTPOJIb CBeYeHHsI. JIJIsi MHOTOITO3MIIMOHHBIX MHIMKATOPOB BCE
HyJIM CJieBa OT 3Hayamiux mudp MoryT ObITh BHIKITIOYEHH! (puc. 9.22). Hexena-
TeJIbHBbIE 1Pl MOIYT OBITh 3aTEMHEHHI.

9.2. NpeobpazoBaTenn ypoBHEN

9.2.1. BeBepeHue

DJIeXTPOHHBIE MUKPOCXEMBI Pa3IMYHBIX CEMENCTB MOTYT paboTaTh C pa3IMYHbI-
MM YPOBHSIMHU HanpsoKeHUS. ECIM Hy>)KHO COETMHUTD CXEMBI Pa3IMIHBIX CEMENCTB
JIPYT C IPYT'OM, TO INpEXIe BCEro CJeAyeT IMPOBEPUTHh UX COBMECTHUMOCTb. Iloxn
COBMECTHMOCTBIO ITOHMMAETCSI BO3MOXHOCTh COEIMHEHHUSI BHIXOLOB MHUKPOCXEMBI
OTHOrO CeMeCTBa CO BXOIOM MHUKPOCXEMBI JIPYroro ceMeiicTaa.

Mexmy MHOTHUMH CEMEMCTBaMU JIeiiCTByeT
OrpaHMYeHHass COBMECTHUMOCTb. BBIXOIbI
KMOII-35neMeHTOB MOT'YT, HalipuMep, OBbITh

U

eA | 508 | TTJI-coBMecTHUMEI, @ BXOOB — HET. 3HAYHUT,

Gl ity (S—— s08  KMOII-MukpocxeMa ¢ HalpsLKeHUEM ITHTa-
4958 Husa +5 B moxer ynpasiars TTJI-amemeH-

H ToM. JIormyeckue ypoBHM MOAXOMST APYT ApY-

Iy, T. €. oryctuMble H-ypoan KMOII-Muk-

H POCXeMBI IIONMANAIOT B 06JaCTh JOIYCTUMBIX

%1 H-yposneit TTJI-cxemsl. Takxe qommycTUMBIE
L-ypoan KMOII-MukpocxeMsl IOManaoT B

2 e e 208 obOmacth momyctuMbix L-ypoBHeit TTJI-cxe-

|
|
|
|
TR L osB
0,05 B L
L d

KMOM-BbixoaHbIe
YPOBHU

TT/-BxogHbIE
YPOBHU

Puc. 9.23. [IlnarpaMma ypoBHEIA.

MBI (puc. 9.23). KMOII-BoIXonpl HOJIXHBI
BBIJIABATh M IPMHUMATh TOKH, HOMUHAJIbHBIE
i TTJI-cxembl. TIpH BBIIOJHEHUM 3THX
yesoBuii Berxoasl KMOII-cxeMbl cCOBMeCTH -
mbl ¢ TTJI-cxeMoii.

Ecnu cxeMBbl pa3IMIHBIX ceMeiicTB HECO-
BMECTHUMBI WIH OTPAaHUYEHHO COBMECTHMBI,
TO OHM MOIYT CBA3BIBATHCA APYT C OPYIOM
TOJIBKO Yepe3 Mmpeospa3oBaTesil YPOBHSI.

MNpeobpasoBaTeny ypoBHS NpenHasHaveHbl afis npeobpasoBaHus ypoBHEH Ha-
MPAXEHUS N TOKA CXEeM OAHOr0 CEeMENCTBA B YPOBHU HAMPSXEHUst U TOKA CXeM
APpYyroro cemencraa.

IIpeoGpa3oBaTenu YpOBHS IO APYTOMY Ha3bIBAIOTCA MHTEPPEHCHBIMU CXe-
Mamu (uHTepdeiic, aHII. — CBA3b).
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9.2.2. CTpykTypa npeobpasoBaTenei ypoBHs

ITpeoGpa3oBarenun ypoBHsI MOTYT OBITh IIOCTPOEHBI Ha 3JIEMEHTax Pa3IMYHbIX
cemeiictB. Ocobenno noaxonaat 3memeHTHl HE u M-HE. IIpousBonuTenn MHUK-
pocxeM [aloT oIlpe/ie/ieHHbie pekoMeHaanuu. PaccMoTpuM cTpykTypy npeobpa-
3oBatensa yposHs TTL na CMOS. '

Ha TTJI-cropone ucnonssyercss U-HE-aiieMeHT. DTOT 371eMEHT JOJKEH YII-
paBinare KMOII-anemenrom HE (puc. 9.24). ¥ TTJ-cxemb 1 KMOII-cxemb
CJIeAyIOIe IapaMeTphl:

TTJ1-anemeHT MOII-anemeHT
U;,=5B+0,5B (Hanpaxenue U,=5B (Hanpsxenue
Upp max = 0,4 B MUTAHMS1) U)o = 1,3 B MUTAHWA)
(MakCHMaJIbHBII (MaxkcuManbHBIN
BBIXOAHOM BXOQHOM
L -ypoBeHb) L-ypoBeHb)

Uptgmin = 2,4 B (MaxkcuMajbHbIN Uy = 3,5B (MakcHMabHBIH
BBIXOJTHOM BXOAHOM
H-ypoBeHb) H-ypoBeHb)

Lo ax = 16 MA (MakcuMaabHBIH I, = 10 nA (BxoaHoii TOK
BBIXOJHOM TOK L-ypoBHs1)
L -ypoBH#)

Iy = 100 MA  (MuHMMATBHBIN I,= 10 nA (BxonHOIT TOK
BBIXOAHOM H-ypoBHS#)
OCTATOYHBIN TOK)

IIpu L-cocrosinuu Bhixona -HE-3neMeHTa camoe 6osbliioe BIXOTHOE Hampsi-
xenue 0,4 B. Dro Huxe MakcuManabHOro BxomHoro L-ypoBHsi KMOII-anemenTa
1,5 B. IIpeoGpa3zoBarenb YpOBHSI B JAHHOM ciiydae He Tpebyercst (puc. 9.25).

TTH-snemenTt Hyxnaercsa B L-BxonHoMm Toke. KMOII-31eMeHT Takoif TOK
He BbiaeT. I103TOMy K MCTOYHMKY HaNpsKEHMS TOAKIIOYAIOT pe3uctop R,
(cM. puc. 9.24).

Eciu U-HE-anemenT umeer H-BHIXONHOH YpOBEHb, TO TpaH3ucTop T, 3a-
nept (cM. puc. 9.24). Yepes R, Ha BHIXOA IojaeTcs npubausurenbHo +5 B.

+5B T+SB T+SB

————t—

Puc. 9.24. IlpeobpasoBarenp ypoB-
H#, nocTpoeHHslit Ha TTJ1-31eMeH- L
1e U-HE nu KMOII-anemente HE. TT/-anement U-HE KMOTM-anemenT HE
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% A Puc. 9.25. Nuarpamma ypossei TTJ1-KMOII.

-7 S — 50B ———— 50 B
ol H H BBIXOMHOM ypOBEHb HE MOXET, KaK OOBIY-
. HO nomyctumo B TTJI-cxemax, ymacTe 1o
____________ S8 2,4 B. YpoBens 2,4 B HenomycTtuM mist H-

|
§ BxoxHoro ypoBHsa KMOII-cxeMbl, Tak KaK
_______ 248 ! ee MUHUMAJIbHBIIH H-BXOIHOI YpOBEHb pa-
; BeH 3,5 B.

A 168 IIpu BHIMMCIIEHUH HOMMHAsA R, nyxHo
; YYUTHIBATh BBHIIIOJTHEHME YCIIOBUI ITIOMEXOY-
L L CTOMYUBOCTU. R, He NOIXKEH GBITH OYEHB
- ”“—- 048 GOJIBIIUM MJIM OYeHb MaJIBIM. M3BeCTHBIM
npousBoautesib KMOII-cxem RCA npuso-

TTN-BbixOAHBIE KMON-BxoaHbie

YPOBHU YPOBHU JAT CIICAYIOIIUE YPAaBHCHUSA:

U Uy

R _ S max max |,

X min — 2
i IQLmax

R _ Us — Ulein
X max ~ I .
CEX max
lIJ[SI PacCMOTPCHHOI'O IIpuMeEpa npeoGpa3OBaTeJm YPOBHSA IIOJY4YalOTCA CJIe-
AYIOIINE 3HAYCHUS:

55B-0,4B
=222 — —-319 Om:
R, ... T 319 Om;
5B-35B _
‘RXmax = —WM——— =15 xOm.

Camoe Majioe 3HayeHue OT R, 0becnieynBaeT camMyio GOJIBIIYIO IOMEXOYCTOM -
YUBOCTb, HO CJIUIIKOM CHJIBHO HAarpyXaeT MCTOYHUK HanpsckeHusi. PaimoHanb-
HO BBIOpaTh 3HaUeHHE B HECKOJIBbKO KOM. [1yisi paccMoTpeHHOro Ipeobpa3oBare-
JISL YPOBHSI BBHIOpaHO:

R, = 4,7 xOm.

9.2.3. NHTerpanbHble NnpeobpasoBaTenu ypoBHS

YacTo npuMeHsieMble MpeoOpa3oBaTeId YPOBHS BHITYCKAIOTCS B BUIE MUKPOCXEM.
B umdpoBoii TexHUKe yrpaBieHMs B OOJIBIIOM OO0beMe IPUMEHSIETCSI CeMeCTBO
MITJI-MenneHHOM nmoMexo3aluineHHoI Joruku. TTJI-3eMeHThl YacTO JOJDKHBI
coeaunsaTbesa ¢ MILI-anemenramu. Dnementsl MITJI-ceMeiicTBa MCTIONB3YIOT Ha-
npsckenue muranusa 12 B u 15 B ¢ coorBercTBytommmu ypoBHsiMu L u H.
IIpeo6pasoBarens ypoBHss FZH181 nepesomur TTJI-ypoBens Ha MILJI-ypo-
BeHb. [IpyHIUIIMANBHAsT cxeMa, TabauIla mapaMeTpoB M LIOKOJIEBKa MUKPOCXe-
Mbl FZH181 npencraBnena Ha puc. 9.26. Cxema sinsercsa B npuniune M-HE-
3JIEMEHTOM C OTKPBITHIM KOJUIeKTOpoM. PaGodyee compoTUBIIEHHE KOJUIEKTOpa
MPUCOEAUHSIETCS K MCTOYHUKY HampsckeHust nutaHus MIIDJI-snemenra (12 B
wiu 15 B). BeIxomHoIt TpaH3UCTOpP pacCYMTAH Ha IPUKIAJABIBAEMYIO Harpy3Ky.
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Mpeo6pasoBatens yposua TTJ1-MIMJ1
FZH 181
FZH 185

Mukpocxembl FZH 181 u FZH 185 copepxat 4 TTJ1-MINJ1 npeobpa3oBatenst ypoBHs, KOTOpble
moryT pabortartb, kak nposogHoe WU. ina BbluncneHns obuero paboyero KoANeKToOpHOro conpo-
TUBNEHUS NPUMEHSIOTCA NpUBeAeHHble Huxe ¢opMynbl. JlonyCTUMMOE HanpsikxeHre Ha Bbixoae Q
cocTaenseT makcumansHo 18 B, Tok — MakcumansHo 50 MA.

T Hux- Bepx- | Ean-
Cratuyeckue napameTpbl o ecto- HUA HUA HUUa
Ycnosus ucnbitaHuii Bas Tun
B TemnepaTypHbix 30Hax 1u 5 cxema npeaen npeaen| name-
B A peHus
HanpsixeHne nutaHus U, 475 | 50 | 525 B
BxonHoe HanpsixeHue _
H-ypoBHs u, U;=4758B 1 2,0 B
BxoaHoe HanpsxeHue U U.=4758B 8 0,8 B
L-ypoBHSA 3 s
BbixoaHoe HanpsxeHne Us;=4,758B, U, =0,8 B,
H-ypoBHs Uon U, =188B 8 250 | mKkA
U, Us = 4,75_!3, u,=208, 1 0.4 B
BbixoaHOE HanpsxeHue lo = 16 MA
L-yposHs Us=4,75B,U, =208
S ’ ’ H ’ H
Ua I, = 50 MA 1 1,0 B
CTaTW-Ief:Kaﬂ U, 0.4 1,0 B
MOMEXOYCTONYUBOCTb
BxoaHow ToK Ha kaHan ], s =5,25B,U,=5,58B 1,0 MA
H-BxopHoii Tok Ha kaHan | 1, | U;=5,268B,U,=2,48B 80 | mkA
L-exonHot Tok Ha kaHan | -/, | U;=5,25B,U, =0,4B 4 1,6 MA
MNotpebnsaemblii Tok _ _
VPOBHA H Ha KaHan Igy, U, =5B,U,=08B 6 1,0 2,0 MA
MoTtpebnsembiit Tok | U.=5B U=5B 7 12 MA
YPOBHA L Ha kaHan st s !
MNotpebnsemasn p Us = U, . 24 37 | mBT
MOLLHOCTb Ha KaHan CkBaxHoCTb 1: 1
Bpemsa nepeknioveHusn,
npn Uy, =5B, T,=25°C
Bpemsa npoxoxaeHus t R, = 760 Owm, 29 130 | 300 HC
curHana i C, =15 no,
(6uicTpOnelicTaue) Lo Uy, =12B 29 20 60 HC
Jlornyeckue napamMmeTpbl
Ha KaHan
Koadpduument
passeTssieHns no Bbixoay| Fg, 10
YPOBHS
BxopHOWM Harpy3ouHbii F 1
KO3 PUUMEHT Ha KaHan /
Jlornyeckan PpyHKUuns Q=AAB
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Lokoneska MpuHuunuanbHas cxema
Bua ceepxy (oavH anemeHT)
US
14 1 1 1 1
— — l—“l

A o

CIJ L J L J T J 0L J0Ld
1 2 3 4 5 6
A B Q

SN

s

PacueT pabo4ero KoNIeKTOpHOro conpoTuaieHus R,

ConpoTtuenexune R, pacCYUTLIBAETCH MO HEOOXOAMMOMY CMELLEHMIO HAaNpsi-
XEeHWUsi N NO BXOAHLIM U BbIXOAHbIM TOKaM CfieAyloLmnM o6pasom:

R = USK _UQH [B] _ USK _UOL (Bl
“ Nl + Nl [MKA] e Iy, + NI, [MKA] '

roe U, = HanpsxeHvue nutaHus paboyero CoOnpoTUBNEHUNA; N = YNCNO COeaun-
HeHnin N; N = yncno noakaio4YeHHbIX BXOO0B.

MpumeHaemMoe B Cxeme CONpOoTUBIEHNE AOMXKHO ObiThb B AnanasoHe Mexay
BEPXHUM A U HUXHUM B rpaHuyYHbIMU 3HAYEHUSMN.

B cnyyae npuMeHeHus B KayecTBe rnpeobpasoBatenst YpoBHA O/l CXEM

FZX 181/185 TTN1-MIMJ1 12 B:

___12-10[B] R - 12-1,0[B] .
4 n250 + N1 [MKA] “® 50+ N1,5 [MKA]’
FZX 181/185 TT/-MIJ1 15 B:
15-12 [B] 15-1,0 [B]
KA = RKB = ’
n250 + N1 [MKkA] 50 + N1,8 [MKA]

roe n, =4 pna N, = 25.

Puc. 9.26. [1pyHumnuanbHas cxema, Tabamua napaMeTpos U LoKosieBKa Mukpocxembl FZH 181
(Siemens).

KOHTPObHbIN TeCT

1. Hapucyiite cxemy npeobpa3oBareiisi JecATHIHOro koxa B BCD-kon (nBo-
WYHO-AECATUYHDIIT).

2. Kak paccuurath npeobpa3zoBareiib Koja IS JTIOOBIX KOIOB?

3. Hapucyiite cxemy npeobpasoBareiis HJeCITUYHOTO Koia B Ko AlKeHa.

4. Paccuuraiite mpeo6paszoBareinb koaa I'pes (puc. 8.13) B BCD-xon (mBou4-
HO-JECATHYIHBIN).

5. Jlyist 9ero HyXeH Ipeobpa3oBaTelb YPOBHEM?

6. KMOII-cxema nuraercst OT MCTOYHHKA Hampspkenus 3 B. Insa BeiBoma
JaHHBIX €€ HYXKHO 3aMeHHMTb Ha MUKpocxeMy craHgaptHoit TTJI, yToGs1 ympas-
JISITh 7-CETMEHTHIM MHIUKATOPOM CO CBETOBHIMH cerMeHTamMu. Kakue nmpo6ieMsl
BO3HUKAIOT IIpH IIpeoOpa3zoBaHUM?
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CHETHUKA
N OEJIUTEJIN HACTOTDI

10.1. CyeT 1 pa3HOBUOAHOCTMN CYETHYUKOB

CueToM — WIM TOYHEE CKa3aTh CYETOM HA YBEJIMYEHHE — SIBJISIETCS HETPEPBIBHOE
npubasieHue 1 K mpeapiayemy yncay. K HayaibHOMY 3Ha4eHHUIO, KOTOPOe Ya-
CTO paBHO HYJIO, CHOBAa M CHOBa mpuOaBiseTcss 1 o 3aBeplieHUs Mpollecca
cyera.

CueToM Ha yMeHbIIEHHE SIBJISICTCSI HEMpepbIBHOE BeruutaHue 1. Cyer Ha yMEHb-
IIeHNEe HAaYMHAETCS C HAYaJbHOrO 3HAYCHHS U IPOHOJDKAECTCS O KOHEYHOTO.
DTO0 KOHEYHOE 3HaYeHHE MOXET ObITh HyJIeM, HO He 00s3aTeJIbHO.

CuyeT JaBHO U3BECTEH B JCCATHYHON CHCTEME CUMCICHUS M SIBJISICTCS IIPH-
BBIYHOU omnepanueii. Ho u mio6ast fpyras cucreMa CYMCIEHUS TakKKe NMPHUTOoIHa
U1 cyera. HanmpuMep, cUMTaTh MOXHO B IBOMYHBIX YUCJIAX WIH B LIECTHAAIIATe-
PpUYHOI cucTteMe cyMclIeHus. Takke MOXHO CYUTATh BO BCEBO3MOXHBIX KOJIaX.

Jlist moOBIX 3aMa4, CBSI3aHHBIX CO CYETOM, MOTYT OBITh CHHTE3UPOBAHBI DJICK-
TpOHHBIE cYeTYUKU. OCOOeHHOE 3HaYeHUEe UMEIOT OMHApPHBIE CUETYMKM, TaKXKe
Ha3bIBacMble JBOMYHBIMH CYETYHKAMH.

JBouyHbie cueTunkn 06padaTbiBaOT TOALKO cuUrHanst O v 1.

ITourn Bce mpuMeHsieMble B HacToOsiIee BpeMsl DJIEKTPOHHBIE CUETYMKHU SB-
JIIIOTCS TBOUYHBIMU. CYeTYmKu, paboTalomue ¢ TpeMs, YeThIpbMsI WIN OONb-
IIMM KOJUYECTBOM DaA3JIMYHBIX BXOOHBIX CUTHAJIOB, HE UMEIOT IIPAKTUYECKOro
3HayeHHsl. [1oaTOMy IBOMYHBIN CYETYUK MOXHO Ha3bIBaTh IIPOCTO «CUETUYUK».

CyeTyuKr MOTYT paboTaTh C pPa3IMYHBIMU KOJAaMM WIH CUCTEMaMU CUYHUCIIe-
Husi. CUCTEMBI CYHUCJIEHUS paCCMATPHBAIOTCSI KaK 0COOCHHBIH Ko B 3aBucuMoO-
CTH OT ITOCTABJIEHHOM 3a1a4¥ HyXXeH JIN00 CyMMUPYIOIIUI CYETYUK, JTNOO BHIYM -
TalOLINii, TMO0 peBEePCUBHBIN.

CueTumkM pasnnualnTes no obpabarbiBaeMoMy KOy U MO HaMpPasBAeHUIo cyeTa.

CYeTYUKHM CTPOSITCSI Ha OMHAPHBIX 3JIeMeHTax. CTaHIapTHHIMU JIEMEHTaMH
SBJISIIOTCS OMCTAaOMIbHBIE STYEHKK, TAK Ha3biBaeMble TPUITEPHL. TpUITepHl mepe-
KJIIOYAIOTCS B OIpeie;ICHHbIE MOMEHTHI BpeMeHHU. EC/IN Bce TPUITEPHI MEPEKITIO-
YaloTCsl OMHOBPEMEHHO, TO 3TO CMHXPOHHBIM peXuM padoTel. B acHHXpoHHOM
peXuMe TPUITEPHI MEePEKII0YaloTCsI B pa3Hble MOMEHTH BpeMeHU. CUYeTYMKU,
KOTOpHBIe paboTaloT B CHHXPOHHOM peXHMe, Ha3bIBAalOTCSI CHHXPOHHBIMM CYETIH-
Kamu. CyeTyrKH, KOTOpble paboTaloT B aCHHXPOHHOM peXUMe, Ha3bIBaIOTCSI ACHH-
XPOHHBIMH CYETYNKAMH.

CueTtunkm pPasnenArnTCd Ha CUHXPOHHbIE N aCUHXPOHHbIE.
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CueTuukn
(ABOUYHBIE CHETYUKN)

AsoutHein Koa
Asondro-
AECATUNHBIA KOO
Koa Alikexa —— —| Cymmupyioume
e CHETYUKN

—
//
HApyrue konni

ABonuHbit koA
JNBowuHo- -

T pecATMuHBIA koA TN
Kon Aiikena e Boiuutawowme

Cymmupyloume
CHETYUKU

BuiunTaiowue
CHeTYNKHU

e - CHeTUnKn

~ Koa ¢ n3bbitkom 3

N N A Apyrne koabt
N

ABoununniii koa
L DBOuHO- ‘
.~ BECATUMHBIN KOA
PesepcusHbie — Kon Altkena ha
CHeTUMKn e Kog ¢ nabeitkom 3 -~

N g
R AT
O T
\\ N o
\ Jpyrue kogwt /

Puc. 10.1. O630p BUAOB CYETYUKOB.

PeBepcuBHbie
CYeTYNKN

CyuiecTByeT MHOXECTBO BO3MOXHBIX BUIOB cueTynkoB. Ha puc. 10.1 mpu-
BelieH 0030p pa3HOBUITHOCTEM CYETIMKOB.

10.2. ACMHXPOHHbIE CHETYUKU

B aCHMHXpOHHbBIX CHETUMKAX TPUITEPDI nepeknoyanTca OBLWMM TAKTOBLIM CUIHA-
NOM He OZHOBPEeMEHHO.

10.2.1. ACUHXPOHHbIE ABOUYHbIE CHETHUKN

ACHHXPOHHbIE JTBONYHBIE CYETUYUKH PAOOTAIOT B IBOMYHOM CUCTEME CUMCICHMS.
OHH MOTYT CTPOMTHCA Ha Pa3IMYHBIX Pa3HOBMAHOCTAX TpurrepoB. Camas mpo-
cTasi CTPYKTypa Iojy4yaercss Ha T-tpurrepax. JK- m RS-Tpurrepsl MOTYT COEIM-
HATHCSA TaKUM 00pa3oM, YTO OHHU pabortaioT Kak 7-tpurrephn (puc. 10.2).

10.2.1. 1. [ABONYHbIE CYMMUPYIOLUNE CHETYNKN

Ha cxeme (puc. 10.3) mokazaH MBOWYHBI CYMMMpPYIOIIMIA CYETYMK, MOCTPOEH-
HBII1 Ha Tpex T-Tpurrepax. Takoif cyeTduK HaspiBaeTcst 3-OUTOBBIM, WM 3-pa3-
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Puc. 10.2. JK-tpurrep u RS-tpurrep, 1
BKJIIOYCHHBIE KaK T-Tpurrep.

i) }——o0
T = C1

————o0
To——m>T
Es . /
T o—= C1
r— 1R - 7o)
Q, Q, Q,
1 ' n ! mn L
Eo—O>T =~ T > T
o o o Puc. 10.3. [1Boy4HbIi CyMMUPYIOLIUI
Q Qu Qu CYETYHUK.

PSITHBIM TBOMYHBIM CYMMUPYIONIMM cueTduKoM. Kaxabiii Tpurrep umeeT oobeM
MaMSITH B OXMH OMT M OTBeYaeT 3a OMWH OWHApHBIN pa3psia. ITomygaemplit Ha
BBIXOHE PE3yJIbTaT — JBOMYHOE YMCJIIO — HMEET CTOJIbKO Pas3psiioB, CKOJBKO
TPUITEPOB MMEETCSI B CYETUMKE.

T-Tpurrepsi cxeMbl Ha puc. 10.3 nepekiodaloTcsl Mpy nepexone curHaia c 1
Ha 0, To ecTb 06paTHBIM GpoHTOM curHaia. IlepexomHbie MPOLIECCH M BpeMeH-
HbIE IyarpaMMBbl IpeacTaBiieHbl Ha puc. 10.4.

E

|
|T I 2 | | s|{[4] [s ]6 I 71| [8
0 -—- + ' i t t -
| 1 i | | | t
| | |
. |
| : : | |
A I %
Q | | | 1 |
| ! ! |
1 - -
0 - © © -
! = | r
Qn = : |
1 |
| -
o © © -
| t
Qm |
| J—
@ @ 22
0-—-
t
Mocne MNocne
3 umnynsca 7 wmnynbca

Puc. 10.4. BpemenHble aarpaMMbl IBOUYHOIO cYeTYnKa Ha puc. 10.3.
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E Puc. 10.5. BpemensHnie quarpam-
MBI C YYETOM BPEMEHM MPOXOXK-

| J—
1[ !2' |3| |4 !5' lsl |7| lal [€HUs CHrHaja (MepPHOA BXOJHO-
0- ! -
1 bt
I
|

ro curHana 200 Hc, BpeMsa npo-
xoxaeHus curHana 30 He).

!
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1
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i Lot
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Qu :': EH
1-= i +H
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BpemenHble nuarpaMMel uaeanusuposatbl. Eciu curnan ot Q) nepexonuT ¢
1 Ha 0, To mpoiineT HEKOTOPOe BpeMsl, NMoKa curHan Ha Q nepeiger ¢ 0 Ha 1.
D10 BpeMsl Ha3bIBaeTCSl BPEMEHEM IMPOXOXKAECHMS CHTHAJA, WIM ObICTpoaeiicTBHEM.
OHo cocrasisiet i tpurrepoB TTJI-cemeiicta ot 30 go 50 He. s HU3KOYACTOT-
HBIX BXOIHBIX CUTHAJIOB BpEMEHEM PaclpOCTPaHEHMsI CUTHAJIA MOXHO IpeHeOpeyb.
Ecnu nepuon BxogHoro curHaia Ha puc. 10.4 cocrasusger 0,2 mkc = 200 HC
(5 MTI'll), To BpeMs MMPOXOX/IE€HHs CUTHANA CienyeT yuuThiBate. [ Q, O, u Q,,
MOJIY4aIOTCs CIBUHYTBIE OTHOCUTEIBHO APYT Apyra UMITYJIbCHI comiacHo puc. 10.5.
CMenieHre MMITYJIbCOB SIBJISIETCSI HEIOCTAaTKOM aCUHXPOHHOro Merona. OHO nmpu-
BOIUT K YMEHBIICHNIO MaKCUMaJIbHO BO3MOXHOM YaCTOTH paboOThI.

Ecnu cymMmmupyionuii c4eTYMK IMOCTPOEeH Ha T-Tpurrepax, InepeKiodaeMbIX
MPSIMBIM (PPOHTOM MMITYJIBCA, TO IS MIEPEKITIOYECHUS CIIEAYIOIEro TpUrrepa mpu-

MeHsieTCsl HHBEPCHBIA Bbixox O (puc. 10.6). 4-6UTHBII JBOMYHBIA CIETIUK MO-
XeT cyuTarh 0o 15.

ABounyHbIE CyMMUMPYIoLMEe CHETHUKM CHUTAIOT OT HyNa A0 MaKCMManbHOro 3Ha-
HYeHU4d, 3aTeM nepexkni4aloTca OﬁpaTHO Ha HYNb U HA4YNMHAIOT CHEeT CHavana.

JK-MASTER-SLAVE-1purrep ucrnoib3yercsi Kak YHUBEePCaJIbHBIA TPUITEP.
MukpocxeMbl U3 HECKOJIBKHUX TaKMX TPUITEPOB CTOAT Hegoporo. Cxema FLJ131-
7476 (cm. puc. 7.80) comepxur nBa JK-MASTER-SLAVE-tpurrepa. Ha nByx
TaKMX MHKPOCXEMaX MOXHO IOCTPOUTH 4-OUTHBIII TBOMYHBINA CYMMUPYIOIIHIA
cueTyuK. Kak BHIIJIAOUT cxeMa 3TOro cYeTYnKa?

JK-Tpurrepst 1oJKHbI padboTtarh Kak 7-tpurrepsl. Ha Bce J- 1 K-BXOIBI HYyX-
HO MOJaTh COCTOSIHUE 1, T. €. COENMHUTH C HaIpsoKeHueM ImTaHus. Kak mepe-
KmovaroTtcst Tpurrepsl? C npssMbIM Wi 06paTHEIM (poHTOM? OTKpPHITasl CTpEJ-
Ka B YCIOBHOM 0003HaYeHMH YKa3bIBaeT IepeKIIioueHIe Beayliero Tpurrepa. OH
nepexioyaercs ¢ nepegHuM (GpoHToM. Bemomelil Tpurrep NepekiIioyaercs C
o6parabM ppoHTOM. Ilepenaya curHaia B CIeRYIOIIMIA TPUTTEP MPOUCXOIUT C
06paTHHIM (GPOHTOM — KaK B TPUITEPE C KPYKKOM OTPHLIAHMSA Iepe]l CTPENIKOM
B ycoBHOM oGo3HaueHuH. IToaTomy (-BBIXOI TpUITEpa HYXHO COEIHHSTH C
C-BxomoM cienymolnero Tpurrepa. Cxema mpencrasieHa Ha puc. 10.7.
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Puc. 10.6. BpemeHHble AparpaMmsbl 4-6UTOBOrO ABOMYHOIO CyMMUPYIOLUErO CYETIUKA.
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Puc. 10.7. Cxema 4-6UTOBOro JBOMYHOIO CYMMMPYIOIIETO CYETYUKA.
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. Brok ynpasncnms Puc. 10.8. Coopnas cxema 4-GUTOBOrO JBOMYHOIO CYyMMUM-
I pylomero cuetynka Ha Master-Slave-Tpurrepax, COraacHo
Yripasnacmbiit 610K DIN 40900, yacts 12, CTR 16 o3Havaer 16 cyeTHBIX pa3ps-
- / (Master-Slave-rourrep) o (CTR — Counter, aHII. CYETYHK).
+1—Qq,
“’_': — % JK-TpUITephl UMEIOT HETAKTUPYEMBIE€ BXOIBI
*_‘ 33 cbpoca 1 ycTaHOBKH. BXonbl ycTaHOBKM 0603Ha-
+ 10,

YeHBI CUMBOJIOM S, BXOABI cOpoca — R. DTH BXO-
bl HE UCIIOJIb3YIOTCS.

CYeTynKM 3TOro THIa MPUMEHSIOTCS OYeHb YacTo. [103TOMYy OHM BHIIyCKa-
I0TCSI B BUZIE MUKPOCXEM, UX COOTBETCTBYIOIIEE YCIOBHOE 0003HAYEHUE TTOKa3a-
Ho Ha puc. 10.8. K ogHOMy ympaBnsiomeMy GJIOKy MOIKIIOUYEHO 4eThipe JK-
MASTER-SLAVE-tpurrepa. OHU COeMHEHBI TaK, YTOOBI MOJIyYHJICSI CYMMUPY-
IOIIMI cYeTYUK. 3HaK IUTIOC 0603HAYaeT CYMMUPYIOLIHiI cueTunK. O603HaYeHNE
«CTR» sBnsiercsi cokpaumienueMm or Counter, oT aHIJIMHACKOIO CJIOBa CYETYHK.
Yucno yka3piBaeT KOJIMYECTBO BO3MOXHBIX CYETHBIX 1IAroB.

4-6uTHBIE TBOMYHBIE CYMMHUPYIOINE CIETYUKH MOXKHO YCOBEPIIEHCTBOBATD.
Bo3MOXHO yCTaHaBJIUBaTh CYETYMK Ha JII000€ HaYaJIbHOE 3HAYeHUE. YCTaHOBKA
MPOUCXOAUT Yepe3 HeTaKTUpyeMbie BXombl S. Kpyr orpuiianusa mepen BXomaMu
CUTHAJIa YCTAHOBKHM B eIMHUILY YKa3bIBAeT, YTO ISl yCTAHOBKU TpeOyercs 0-cUrHai.
Yto6Bl ycTaHaBIMBAaTh 1-CHUTHAJIaMH, HAIO Iepel BXOAaMH YCTAHOBKHU BKJIIIO-
quth 3emMeHTe HE.

Bxonmsl cO6poca R MOryT MCHOJIb30BaThCA MJISI OOIIEro cOpoca cueTYMmKa.
R-Bxompl cBA3BIBAIOTCS APYT C ApyroM. 0-curnan E, HE3aBMCHMO OT TaKTa BO3-
BpalllaeT CYeTYUK Ha HyJb. Cxema 4-OGUTOBOro IBOMYHOIO CYMMUPYIONIETO CYET-
YHMKa ¢ BO3MOXHOCTBHIO YCTAHOBKHU M cOpoca rmokasaHa Ha puc. 10.9. Takoii cuer-
YUK Ha3bIBAE€TCSI IBOMYHBIM CYMMHUPYIOUIUM CYETIMKOM C BO3ZMOXHOCTBIO IIpe/-
BapUTEJIbHOM YCTaHOBKM.

Pa3spsimiHOCTD IBOMYHOTO CYMMUPYIOLIETO CYEeTYMKA TOBOPUT O BO3MOXHOC-
TH c4eTa. 4-OUTHbIE TBOMYHBIC CYMMUPYIOIIHE CYETYMKHA MOTYT CIUTATh 1o 15,
5-OMTHBIE IBOMYHBIE CYMMUPYIOIME CYETUMKUA — 10 31, 6-OUTHBIE TBOMYHBIE
CYMMHUPpYIOIIIME CUETYUKH — IO 63 u T. 1.
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£ o : ]
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Puc. 10.9. 4-61TOBBIi ABOMYHBI CYMMUPYIOLIMI CYETYUK C HETAKTUPYEMBIMH BXOAaMu copoca
U YCTAHOBKH.
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KonnyecTBo TpuUrrepon MaxkcuMalbHBIN CYeT
(n) 10 (K)

2 3

3 7

4 15

5 31

6 63 K=2"—-1
7 127

8 255

9 511

10 1023

ACHHXPOHHBIE CUETUYMKH BBINYCKAIOTCS B BHUIAE MHTETPAIbHBIX MUKPOCXEM.
Mukpocxema FLJ 181-7493 A yctpoeHa mpocTo U sicHO. CxeMa M IIOKOJIEBKa
npenctapieHbl Ha puc. 10.10. YroObl caenath MUKPOCXeMY YHUBEPCAILHOM ISt
Pa3sIMYHbIX NMPWIOKEHMI, BBIXOA (), BHYTPEHHE HE COeIUHEH C BXonoM B. Cxe-
Ma MOXET ObITh IpMMEHEHa, HAaIlpUMep B KadecTBe 3-OMTOBOTO IBOMYHOTO
CYMMMPYIOIIIETO CYETYNKa, €CJIM BXOMHOM CUTHaJ mojgaercss Ha Bxon B. Ecimm
COEIMHUTD BBIXOA (), ¢ KJIEMMOIi B, To nonyJaercs 4-OUTOBbIN JBOMYHBINA CyM-
MUPYIOIIMH cCYeTYHK (BBIIEJIEHO cepbiM Ha puc. 10.11).

Liokoneska Q, Q, Q, Q,
Bun ceepxy W w 1
A Q Q, O Q, Q
14 13 12 11 10 9 8
| s T e N s S s SO s SN s SO s
[T TTTJ] . | | |
1] FLJ 181-7493 A o—Ce>T —Cp>=T Lo T e
l— —‘ 3 R R 0 R - R
1 1 I 5
T O T O T . J J
1 2 3 4 5 6 7 :
B HO! Roz US
A, B — cuyeTHbie Bxogbl
RO‘, R,, — BbiXxoAabl
°© 0 Q — Bxoaw cbpoca
RO‘ RO?
Puc. 10.10. Cxema 1 110K0/1€BKa 4-GHTOBOrO JBOUYHOIO CYMMHUPYIOLIETO CYETYMKA.
QA OB QC oD QA OB OC OD

A B 1 B A
ot—=0t> T —~=T Lo T Lo T _Lo—c>r = Lo T =T
R R o R 9 R d R R 9 R R
B B
i ‘

Rm Roz Rl)l Roz

Puc. 10.11. 8-6uTOBBI ABOMYHBIM CYMMUPYIOIIUIA CYETYUK, COOPAHHBINA HA ABYX MHUKPOCXE-
max FLJ 181-7493 A.
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Mukpocxema FLJ 181-7493 A comepXuT HeTaKTUpyeMbie BXOJIbI cOpoca, Ko-
TOpBIe yrpaBiIsaoTcs yepe3 ajieMeHTsl M-HE. Cuerdyuk cOpachiBaeTcs Ha HyJIb,
ecnu Ha obomx Bxomax R u R, neicTByeT 1-cMrHai.

3apaHne

Ha nByx mukpocxemax FLJ 181-7493 A mocTpouthb 8-OMTOBBIII ABOMYHBII CyM-
MUpYIoLMii cyeTynK. CYeTINK TOJDKeH cOpachiBaThCsi B HYJIeBO€ 3HaYEHMeE IPU
nojaye l-curHana Ha obmmii Bxon cOpoca R. M300pasure cxeMy cyeTYuMKa M
COeMMHEHMSI MeXIy WHTerpaIbHBIMUA MHUKPOCXEMaMH.

MukpocxeMsl cleayeT COeMUHUTb TAKUM 00pa3oM, 4To6bl BeIxon Q) nepBoi
MMKPOCXEMHI YIIPaBJIsUl BXoIoM A BTopoii. B 06enx MUKpocxeMax ciieryeT o0be-
IMHUTD BXousl O, u B.

Bxonpi copoca R, u R, 0Genx cxeM MOAKIIOYAIOTCS K 001eMy Bxomy copoca R
(puc. 10.11). CoenuneHue cxeM MmokazaHo Ha puc. 10.12.
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Puc. 10.12. [T1an cxeMsl 8-6UTOBOro JBOMYHOrO CYMMHUPYIOLIEro cyeTyrka Ha puc. 10.11.

10.2.1.2. [IBOn4HbIE BbIYNTAIOLLUNE CHETYUKUN

JBONYHLIE BbIYMTAIOLIME CHETYMKM CHUTAIDT OT MAKCUManbHOro 3HaYeHus o
HYNIA, 3aTeM NepeknioyalnTcs 00PaTHO Ha MakCUMaNbHOE 3HAYEeHWEe W Ha4yuHaloT
obpaTHbliA cueT cHa4vana.

ITpencrapmennsiii Ha puc. 10.3 3-6MTOBBII TBOUYHBIN CyMMUPYIOIIMI CUET-
YUK MOXET OBITh JIETKO NMpeoOpa3oBaH B 3-OMTOBBIN JIBOMYHBIA BBIYUTAIOLIUIL
cyeTyuK. JJIst 3TOro clieayeT OTKIIOYUTH OT TAKTOBBIX 7-BXOHOB TPUITEPOB BHI-

xombl Q ¥ MOMKIIIOUUTs T-BXomBl K BhixomaM Q (puc. 10.13). BpemeHHbIe auar-
paMMBI Ui 3-GUTOBOTO BHIYMTAIOIIETO0 CYETYMKA IMpUBeIeHbI Ha puc. 10.14.

Ecnu cyeTyuk cTpouTCsS: HAa TPUITEPAX, MEPEKITIOYAIONIUXCS ¢ TepefHuM GbpoH-
ToM (mepexon ¢ 0 Ha 1), To I yIpaBiIeHUS CIEOYIOIIUM TPUITEPOM CIIEXYET
ucnons3oBaTh Q-Bhixoasl. Ha puc. 10.15 mokasaHa cxeMma 4-OMTOBOrO JBOMYHO-
IO BHIYMTAIOLIETO CYETYMKA, KOTOPHIM IIOCTPOSH Ha TaKMX TPUITEPax, 1 COOTBET-
CTBYIOIIIYE BPEMEHHbIE THarpaMMBl.
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Puc. 10.13. IIpeoGpa3zosanue 3-6MTOBOro ABOMYHOrO CYMMHPYIOIIETO CYETYMKA B 3-O6UTO-
BBIW JBOMYHBIN BBIYUTAIONIUI CYCTIUK.
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Puc. 10.14. BpemeHHble qJuarpaMMbl Q ! t
3-OMTOBOrO ABOMYHOIO BEIYMTAIOILIE~ '"T }l

ro cyeTyrka Ha puc. 10.13.

-
t

3apanne

IToctpouts Ha JK-MASTER-SLAVE-Tpurrepax mukpocxembl FLJ 131-7476
6-OMTOBBIA TBOWYHBIA BHIYMTAIONIMIT cueTynK. HapucoBaTh cXeMy 3TOro cyeT-
YUKa ¥ €ro ycJIoBHOe obo3HayeHue corsacio DIN 40700, 4. 14.

Kaxneiit JK-MASTER-SLAVE-tpurrep cxemsr FLJ 131-7474 coenuHeH 1o
cxemMe T-Tpurrepa, TO €cTh IIepeKioYaeTcs (MeHsIeT COCTOSTHHE BBIXOIOB Ha
WHBEpCHbIE) Ha KaxnoM TakTe. Ha Bxomax J u K neiicTByeT eAMHIYHOE COCTOSI-
Hue. [lepegaya curHajia Ha BBIXOJ IIPOMCXOMMUT C OOpaTHBIM (PPOHTOM CUTHAJIA,
Kak B T-tpurrepe, T-BXxom KOTOpOro o603HaueH Kpy>XKoM uHBepcuu (puc. 10.16).

Kak ciemyer coemuHsTh TpUTTepsl Opyr ¢ ApyroM? Kakoif BEIXOAHOM CUTHAJ
JIIOJDKEH MCIIONB30BAaThCS IS YIIpaBJIeHUs ciieayiomuM tpurrepoM? YTobwl 1mo-
JIyYATH JBOMYHBIA CYMMMPYIOIIMI CUETYUK, HY>KHO OBUIO OBl COEAMHUTH (J-BbI-
XOIHOW CUTHAJ C TAKTOBBIM BXOJOM CJieAylolllero Tpurrepa. Tak Kaxk TpeOyercs
MOJYyYUTHh BBHIYMTAIOIIMIA CYETUYUK, IJIST YIIPABJIEHUS CJIEAyeT MCIOJIb30BaTh WH-

BepcHBIe (-BBHIXONHBIE cUTHaIB. CXeMa npezcTapieHa Ha puc. 10.17.
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Puc. 10.15. 4-6uTOBBIi ABOMYHBINA BEIYUTAIOWIMI CYETYMK M €0 BpEMEHHAas AuarpaMma.
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T > C1 C:> T—O=>T Puc. 10.16. JK-Master-Slave-tpurrep, Ko-
K po— o— TOPBI MEHSET CBOE COCTOSSHME Ha UHBEPC-
9q-r Q Q HOE Ha KaXAOM TakTe Kak T-Tpurrep.
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Puc. 10.17. 6-61TOBBIA ABOUYHBIN BHIYATAIOIIMIA CUSTYUK.
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Puc. 10.18. YcnosHoe 0603HaueHrE 6-6MTOBOrO ABOMYHOIO BHIYUTAIOIIIE-

CTR 64
ro cyeruyuka Ha puc. 10.17, 64 cyeTHBIX pa3psaaa.

T et o

YcnoBHOe 0603HaYeHHE 6-OMTOBOTO TBOMYHOIO BBIYM-
Tajomrero cyeruynka comtacHo DIN 40700, yacts 14 moka3sa-
Ho Ha puc. 10.18. K ynpasnsionieMy 6JIOKY MOAKIIOYEHBI
6 ynpasnsieMbix QYHKITMOHAIBHBIX OJIOKOB.

JIBoMYHBIe BBIYMTAIONIME CYETYMKH IPAKTHYECKH HE
MPOM3BOJSATCSA B BUAE MHKPOCXeM. DTOMY €CTh OOBSICHE-
Hue. [Ies0 B TOM, YTO BBIYUTAIONIHI CYETYUK JIETKO MOXHO
cobpars M3 cyMMuUpylomero. MoXHO WHBEPTUPOBaTh CUTHAJIB BCEX BHIXOIOB
WIM UCIOJIb30BaTh MHBEPCHBIE BHIXOIBI TPUITEPOB. B MHTErpaIbHBIX MUKPOCXE-
MaX MHBEPCHBIE BBIXOABI YacTO He BhIBeleHBbI. OMHAKO MHBEPTUPOBAHUE ..DSA-
MBIX BBIXOJIOB HE IIPEICTaBIsIeT HUKAKUX TPYTHOCTEIA.

10.2.1.3. PeBepcuBHbI€ ABONYHBIE CHETHNKMN

Hal'[panICHI/IC CYyeTa IBOMYHOIO CYCTYMKA 3aBUCUT OT CUTHAJIOB, YIIPABJIAIOLINX

TpurrepaMu. MOXHO YIIpaBIATh NpPSIMbIMHM BhIXoAaMu Q WJIM MHBEPCHBIMU (.
HanpapiieHne cyera 3aBUCHUT H OT TUIIA MCIIOJIb3YEMBIX TPUITEPOB, B YaCTHOCTH
OT TOTO, HNEPEKIII0YAIOTCS 3TU TPUTITEPHI C MPSMBIM WIN OOpaTHHIM (pOHTOM
VIIPABJISIONIETO CUTHAJA.

Ecnu cyetumk nocrpoeH Ha T-TpUrrepax, cpabarbhIBaloMX MO 0OpaTHOMY
¢poHTy, TO yrnpapieHHe (-CHUTHajJlaMH O0Opa3yeT CyMMUPYIOIIHIA CYeTYUK (CM.

noapasn. 10.2.1.1). YnpasneHue Q—cnmanaMn o0Opa3zyeT BbIYMTAIOLINIA CYUETINK

(cM. mompasnm. 10.2.1.2).
3Has 3TO, JIETKO IIOCTPOUTh PEBEPCUBHBIA CUECTUUK.

B [BOVYHOM CHETYMKE HAMPAaBNEHUE CYETA MEHSETCA NepeKioHeHneM CUrHa-
noe ynpaeneHus Q u Q.

Ha puc. 10.19 nmoka3aHa cTpykrypa 4-OUTOBOrO pPeBEpPCUBHOrO IBOMYHOIO
CYETYHKA.

IMepexmioyeHne IPOMCXOOUT MPU MOMOIIM Kiova. [lepexkimoyeHne KIo4YoM
MMeeT 3HaYMTeNbHble HeqocTaTki. Ha mpakTuke KIoYM 3aMEeHSIOTCS JIOTM4ec-
kumu dnementamu. Ha puc. 10.20 nusobpaxeHa cxema 4-6MTOBOTO peBEPCUBHOIO
JnBouyHOro cueryuka. Ecim Ha ympasnsiomuii Bxon U nomaH 1-curHai, TO cyeT-
YuK paboTaeT KaK CyMMUPYIOLIMii, eciiu 0-CUrHaj, TO KaK BBIYMTAIOLIMA.

JIBOMYHBIE peBEPCUBHBIE CYETYMKHU IPOMU3BOISITCS B BHUAE MHTErpaIbHbBIX
mukpocxeM. TTJI-cepusi 4-GUTOBBIX peBEPCUBHBIX ABOMYHBIX CUETYMKOB Ha3bl-
Baercda FLJ211-74191. CxeMbl 3TOi cepuM UMEIOT MPEABAPUTEIBHYIO YCTAHOBKY
HaYaJIbHOI'O 3HAYECHUS, T. €. HaYaJIbHOE 3HAaYeHUe YCTaHaBIMBAETCS IIOCPEICTBOM
YyeThipeX NHGOPMAIMOHHBIX BXOJIOB.

JIBOUYHBIE peBEepCUBHbBIE CUECTUYUKHU MpeacTaBisiorcs: cornmacHo DIN 40700,
yacTh 14 yCIIOBHBIM 0003HaYeHMEM, M300paxeHHbIM Ha puc. 10.21.

Ha pucynke uzobpaxeH 8-OMTOBBII peBepCUBHBIN IBOUYHBINA cueTYnK. Eciu
Ha ynpasisiomuii Bxox U nomad 0-curHai, To C4eTYMK paboTaeT KaKk CyMMMpY-
IO, ecyiN 1-CUrHaj, TO KaK BBIYUTAIOLIUIA.
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Q, Q, Q Q Puc. 10.19. Opranusauus
4-6UTOBOrO ABOMYHOIO pe-
BECPCHUBHOIMNO CHETYMKA.
Eo—C>T > T > T T
4-6UTOBLIN ABOWYHBIN CYMMUPYIOUMIA CHETUUK
JOA J Q, Q. Q,
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4-6UTOBLIN ABOUHHBIA BLIYUTAIOWNIA CHETYMNK
lOA JQB QC op
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4-6UTOBbLIN ABOVNYHLIN PEBEPCUBHbIN CHETHMK
(NpuHUUNUanbHaa cxema)
OA 03 QC OD
U
s
E
o—t—>T
u=1 CYMMUPYIOWNIA CHETUNK
Uu=0 BLIYUTAIOWNN CHETUMK U T
E—F
CTR 256 rj
)
+-—Q,
+=-—Q,
+——Q,
+=~1—Q,
PasHo3HauHas cxema +-—Qq
HosHaNAR Gxen Puc. 10.21. Vcnosmoe 060- T ol— o
3HayeHue 8-6uroBoro aso- o oF
Puc. 10.20. 4-6uToBEI ABOMYHBIH WYHOIO BHIYMTAIOLIETO CYeT- 3 e
PEBEPCHBHBIN CUETYHK. YyuKa, 256 CYETHBIX pa3psAAOB. = Qu
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10.2.2. ACHXPOHHbIE BCD-cHeT4yukun
(B ABOMYHO-0ECATUYHOM KOAe)

BCD-c4eTunkn B OCHOBHOM €ABASAIOTCA 4-6MTOBbIMW. Ha MX BbLIXOAAX AOJDKHbI
6bITE CUTHANBI ABONYHO-ASCATUYHOIO KOAA.

JIBOMYHO-AECATHYHBIA KOM BhIpaXaeT JecaTudHble mudpsl ot 0 10 9 B BuIe
JBOMYHBIX YHCEJI, TAKUM OOpa3oM, OH SIBJIIETCS NECATHUYHBIM KomoM. Tak Kak
BCD-cyeTyrdKyl CYMTAIOT 3aKOMMPOBAaHHBIE AECITHYHBIC HU(PHI, UX YaCTO Ha3bI-
BaIOT ACCATHYHBIMH CUETYMKAMHU. DT0 0003HaYE€HNE IIPUBOINT K HeOpasyMeHU-
aM. Bo3aMoOXHa IyTaHUIIA CO CUYeTYNKaMHU, KOTophie padboraior ¢ kKoxom 1-u3-10.

BCD-cyeryrku OBIBAIOT CYMMHUPYIOIIMMU, BHIMUTAIOIIMM U PEeBEPCUBHBIMH.

10.2.2.1. BCD-cymmupyiome cHeTymkm

BCD-cymmupyiomye C4eTYIMKA MOXHO ITOCTPOUTDH Ha 4-OMTOBBIX IBOMYHBIX CyM-
MHUPYIOIIMX cYeTyukKax. IIpMMeHsieMble TPUITEPHl HOJKHBI UMETh HETaKTH-
pyeMbie Bxogbl copoca. CUeTYHK JOJKEH CUYMTATh TOJBKO JO JBOMYHOTO YMCa
1001, To ecTh IO mecATHYHOI MUDPHI 9, a 3aTeM cOpachBaThCs B Hylb. COpoc
JIOJDKEH TPOYCXOAUTh B MOMEHT mepexioyeHus: cueryrka ¢ 1001 #a 1010.

CxeMma 4-OGMTOBOIO JBOMYHOIO CyMMUPYIOIIEro CUeTYMKa MpeACTaBlIeHa Ha
puc. 10.22. T-Tpurrepsl UMeIOT HeTaKTUPyeMbie BXoabI copoca R. Kakue momosn-
HUTEJIbHBIE MOAKIIOYEHUS TPEOYIOTCS, YTOOBI clejiaTh U3 4-OUTOBOrO TBOMYHO-
Tro cyMMHUpYIolero cuerynka BCD-cymmupyomuii cyeTduk?

s copoca cyeTYHMKa B HYJIb TpeOyeTcs roaarh 1-CUrHajisl Ha R-BXOIbI TPUT-
repoB. Tak Kak Bce TPHITEPHI JOJDKHBI COpachIBaThCSI OMHOBPEMEHHO, 11€JIECO00-
pa3sHO COeaUHUTH BCe R-BXONBI APYT C OIPYroOM.

Copoc JoJDKeH IPOUCXOIUTH IIPH TEpeXoie CYETIMKA C TeCITUIHOM Tudph 9
Ha necsaTudHylo uudpy 10. To ects Ha Bhixonax Q, ¥ O, NOJIXEH OHITH 1-CUrHaIL.
Boixonst Q, u Q, cBaspiBaiorcs yepes M-anement. Boixon M-sneMenra coenu-
HEH C BXOZIOM cOopoca R. DTo IONOITHUTEIbHOE COeTMHEHNE BBIIEJIEHO CEPhIM Ha
puc. 10.22.

Taxkoit cueTynk Oe3yrpedHo paboTaeT NMpM HEBHICOKOU 4aCTOTE CUHXPOUM-
nyJiscoB. IIpou3BOJIBHBIIA COPOC B HAYAIBHOE ITOJIOXEHUE HE MOXET IIPOMCXO-

20 21 22 23
Q, Q, Q, % Q,

@ o]

*h

Eo—C>T P T = =T

Puc. 10.22. [Ipeo6paszosanue 4-6UTOBOro ABOMYHOIO CyMMUPYIOIIEro cueTynka B BCD-cymmu-
pYIOIWMiA CYETYUK.
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BCD-xon

Decsitnunan | 2% | 22 | 21 | 20
undpa  |Qp [Qc |Qp | Q4
0 ofofof(oO

1 0oj]0]|O 1

2 0}o0 1 0

3 o}o0 1 1

4 0 1 0|0

5 0 1 0 1

6 0 1 1 0

7 0 1 1 1

8 1 ofo¢|o0

9 1 ol0 1

Puc. 10.23. BCD-xon.

IUThb A0 noctmxeHus 10, Tak KaK TOJIBKO TOTJa Ha BBIXO-
nax Q, u Q, nosengercsa 1-curnan (puc. 10.23). Ilpu
BCeX APYTrMX KOMOWMHAIMSIX BBIXOXHOTO CUTHAJIa — JJIS
yucen oT 0 7o 9 — HUKoOraa He MOJIY4YaeTcss OTHOBpe-
MeHHo Q,=1u Q)= 1.

HenmocraTkoM Takoro cyeT4Mka sSIBISIETCS KPAaTKOBpe-
MEHHO€ IIPUCYTCTBUE CUTHaIa necsaTmaHoi mudps 10. To
€CTh cYeTYuK cuuTaer 10 10 BKIIOYUTENBHO U 3aTeEM yjia-
nster cocrosiHue 10. s TTJI-cxem cocrosiuue 10 mep-
KMUTCSI Ha BHIXOHax IMpuMepHO 50 Hc. DTO O0YeHb KOPOT-
Koe BpeMsi. OmHAKoO IS psiAa 3aJad 3TOT CUTHAJI MOXET
MOCTYXXUTh MPUYMHON TTOMEX.

HenmocraTok XpaTrkoBpeMeHHOTO MPUCYTCTBUSA AecaTHYHoro uyucia 10 ycrpa-
HeH B cxeMme Ha puc. 10.24. DTOT cYeTYNK IFOCTPOEH Ha YIPaBIAEMEBIX 10 OJHO-
My dponty JK-tpurrepax. CoermHeHHe TIPOU3BOAUTCH MOCIIENOBATENBHO C I10-
MOII[bIO BPEMEHHOI THarpaMMBbl.

Puc. 10.24. Acunxponnsiit BCD-cymMupyio-
LM CYETYUK M €r0 BpEMEHHEBIE AMarpaMMBbl.

9 Q, °Q, 0 Q,

x

> C1
1K

- 8
I 1J
= C1

1

@
_@

- —-

Y

Y
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Tpurrep A pa6oraer kak 7-tpurrep. Tpurrep B paGoTaeT Tak Xe, Kak 7-Tpur-
rep, HO TOJIbKO JI0 TeX IIOp, MOKa Tpurrep D HaXOOWTCS B COCTOSTHUM ITOKOSI
(4To6n1 JK-Tpurrep pabdoran Kak T-tpurrep, Ha ero Bxonax J ¥ K IOJIXHBI OBITh
1-curnaner). Ummynbesl Q, cieayioT Kak oObi4HO. ITopsanok ciemnoBaHuss UM-
nyascoB 0, Hapylaercsl, Kak ToJIbKO Tpurrep D mepexiioyaercd B pabodee co-
crosiuue. Ecnu 1-curHan Ha J, mpomamaer, To Tpurrep B moikeH ocrarkcs B
COCTOSTHMY TIOKOSI.

Tpurrep C paGoraeT cHOBa Kak T-TpHMITEp M YIpaBiseTcs ummyibcamu (.
PaccMorpum curnan J)):

Jp, =0, A0,.

Curnain J,, BelIe/IeH Ha BpeMeHHO# nuarpamme (puc. 10.24). B MmomeHT Bpe-
Menu ¢, J, = 1. Teneps Tpurrep D MOXET NEPEKIIOUUThCS B paboyee COCTOSHME,
HO TOJIPKO TOIZA, KOIJa CUIHajl CHHXpoHM3auuu @, nepexomut ¢ 1 Ha 0. D10
NPOMCXOOUT B Touke f,. O, = 1. Bckope mocnie aroro J, cHoBa paseH 0, u
Tpurrep D n0oJKeH IepeKIIIoYUTHCS ¢ 00paTHBIM (PPOHTOM CBOEro CUrHajia CUH-
XpoHM3auuu @, B COCTOSIHUE IOKOS, a8 MMEHHO B MOMEHT BpeMeHH f,. Ilocie
10-ro o6paTHOro ppoHTa UMITYJIECA BXOTHOTO CUrHaia F Ha BBIXOIZAX CUeTYHKa
o6yner nmpucyrcrBoBarh KomOuHaums 0000. BCD-cyeTYuK BBICTaBJIEH Ha HYJIb U
HaynHaeT cyeT cHoBa. BCD-cymmupyommuii cuetyuk (puc. 10.24) ¢ He3Hauu-
TeJBHBIMU JOIIOJIHEHUSIMHM BBHIITyCKAeTCsA Kak MuKpocxema HJ 161-7490 A.

CTR 10
E—g=>+
BCD
L

+}—0aq,
Puc. 10.25. VcnopHoe o6o3Hayenue BCD-CyMMUPYIOLIErO CYETYUKA, +H—Q
cpabaTteiBawonero ¢ oopatusiM ¢pourom. CTR 10 o3nayaer 10 cyer- +—Q,
HBIX pa3psaioB. + Q,

Becy BCD-cueT4rK MOXHO M300pa3UTh YCIOBHBIM 0603HaYeHHeM. OHO co-
CTOMT M3 OIHOTIO YIIpaBJsIiollero 0Jioka M 4 ymnpaBisieMbIX (PYHKIIMOHAJIBHBIX
0JIOKOB, COOTBETCTBYIOIIMX YeThipeM TpurrepaM. IInmioc o3HayaeT CyMMHpOBa-
Hue. Kom, ¢ KoTopsIM paGoTaeTr CYeTYMK, HY>KHO YKa3bIBaTh B YIPaBJISIONIEM
6moke (puc. 10.25).

10.2.2.2. BCD-BbiYnTaOWmni cH4eTYnK

BCD-BprynTalomme CYeTINKN TAKXKEe MOXHO IIOCTPOUTh Ha 6a3e JBOMYHOIO BhI-
yurapnero cueryuka (puc. 10.26). Borauraroiue IBOMYHBIE CYETIUKU C TIOMO-
10bIO JOTIOIHUTENbHBIX COCAUHEHNIT MOXHO IPEBPAaTUTh B CYETYMK C OOpaTHHIM
CUYETOM, HauyMHas C JECATUYHOrO yucia 9, To ectb ¢ ABoumyHoro yucia 1001. bes
JIOTIOJIHUTENbHBIX COeTUHEHUIT OH OylIeT HaYMHaTh CYET C JeCATUYHOro yucia 15
WIM IBOMYHOTO ymcia 1111.

KparkoBpemeHHO (0koj0 50 HC) Ha BBIXOAAX HAXOMWUTCS IBOUYHOE YHCIIO
1111. C atum cursanom tpurrepsl B u C (puc. 10.26) 10KHBI OBITH COPOIIEHBI
B cocrosinne nokost (Q, = 0, Q.= 0). Dror cOpoC NPOU3BOAAT YE€PE3 HETAKTUPY-
eMble BXxoanl cOpoca. Bce yeThIipe BBIXOOHBIX CHUTHAJIa MOXHO ObUIO OBl IOAATH
Ha U-snement. Ho B 3ToM HeT HeobxomuMocTH. JocTaToyHO MOJaTh CUTHAJIBI
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Puc. 10.26. [Ipeo6pasoBanue 4-6UTOBOrO ABOMYHOrO BBHIYHUTAIOMIEro cyeTyuka B BCD-BhHI-

YUTAIOIIMH CUETYHK.
%j

.

_]—C>T =T I-c>T

1R Dl l'—n 1 M- 1R
Qa

3 Qg Qc &

Puc. 10.27. [IBOMYHBIN BBIYUTAIOWIMNIA CUSTIUK.

AecatnunHas JHecatnyHoe
uwippa Q| Qc |Qs| Qa|Gp|Oc | Qs | Qs 4ncno
0 ofo0|o0}|O 1 1 1 1 15
1 ofjo|o 1 1 1 1 0 14
2 0|0 1 0 1 1 ol 1 13
3 0O 1 1 1 1 0] 0 12
4 0 1 0| o0 1 4] 1 1 1
5 o] 1 0 1 1 0 1 0 10
6 0 1 1 0 1 0o]]o0 1 9
7 0 1 1 1 1 o(o|oO 8
8 11]010]0}0 1 1 1 7
9 1jojJojl1joj1]1]0 6 Puc. 10.28. Kogosas Tabauna.

Q, u Q, Ha M-31eMeHT, TaK KaK B JHANa3oHe NeCATUYHBIX 4yucen or 9 mo 0
HHKOIZIa OTHOBpPeMEHHO He mosBisiiorcst Q, = 1 m Q) = 1. (Bo3MOXHO Takxe
ucnonbp30BaTh curHansl Q. u Q,.) Heo6xoauMbie 1OMOIHUTENbHbBIE COETUHEHUS
ITOKa3aHbI cepbiM Ha puc. 10.26.

N3 BCD-cyMMUpYIOILIETO CYETYMKA MOXKHO CAejiaTh AOCTATOYHO IIPOCTOM
JBOMYHBIM BhIYMTAIOMMA cyeTYMK. HyXHO TONBKO MHBEPTUPOBATH BBIXOIHBIE

curHansl BCD-cyMMUpYIOIIETo CYeTYNKA MWIIH UCIIONIb30BaTh (Q-BHIXOIbI TPUITE-
pOB KakK BbIXOAH cyeTyuka (cM. puc. 10.27). CrpaBemIMBOCTh CKa3aHHOTO IO~
TBEpXIaeT KonoBad Tabnuna Ha puc. 10.28.

10.2.2.3. BCD-peBepCuBHbIVi CHETYMK

BCD-peBepCUBHBII CYETYMK MOXKHO ITOCTPOUTH Ha 6a3e 4-OGMTOBOTO peBEPCUB-
Horo aBomyHoro cueryuka (cM. puc. 10.20). OcoGeHHOe BHUMaHUEe HYKHO 00-
paTUTh Ha BKJIIOYEHHE BXOIOB cOpoca.

Cuyeryuk Ha puc. 10.29 noctpoeH Ha T-Tpurrepax, nepeKIOvalolmMxcs ¢ 00-
patHbeIM (bpoHTOM. BXOABI cOpOCa 3TUX TPUTTEPOB YIIpaBisoTcs 0-cUrHajiaMu.
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U = 1 [Z> cnoxenne
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Puc. 10.29. BCD-peBepCUBHBII CHETYHK.

B pexxume cymmupytoiero cueryuka Ha Bxone U TomKeH AeiiCTBOBaTh CUrHai 1.
IIpu curHane 0 Ha U cueTyuk paboTaer B peXXUME BHIYUTAHMS.

BCD-BbIYUTAIOINKA CYETYMK JOJIKEH TIEpel HayaJoM cuyeTa Ha BBIYUTAHUE
OBITh YCTAaHOBJIEH Ha AECSITHYHOE YKUCHO0 9 uiu Ha nBondHoe uucio 1001. Tpur-
repbl Bu C noykHbl 66ITh ycraHosieHbl Ha 0. Ilpu Q, = 1 1 Q) = 1 K BBIXOOY
HN-HE-3nemenTa nnpunoxeH 0. C 3TuM curHaioMm cobpaceiBalorcst Tpurrepsl Bu C.
Tpurrep D He Oyner cOpollleH, TaK KaK Ha ero Bxojae cOpoca meiicTByeT 1 yepes
anemeHT UJIN.

Ecnu cyeTynk paboTaeT B peXnMe CIOXEHUSI, TO OH JOJIKEeH cOpachiBaTh-
cs Ha Hynb, ecim O, = 1 u Q) = 1. Ha Boixone M-HE-snemeHTa nossngercs
O-curHan. C 3TMM cuUTHalIoM cOGpacbeiBalotcsti Tpurrepsl B, C u D. Tpurrep D
TeTepb Takke cOpachiBaeTCsl, TaK KaK Ha HIDKHE JIMHUM YIIPaBJICHUS JEACTBYET
0-curnan. Copoc Tpurrepa A He SIBJISIETCSI HEOOXOOMMBIM, TaK KaK OH M 6€3 Toro
crout Ha Hyjae (Q, = 0).

3apaHue
IMocTpouts m HapucoBaTh cxeMy BCD-cuetumka (puc. 10.29) Ha 6ase MUKpPO-
cxem FLJ 131-7476 u FLH101-7400.

Muxkpocxema FLJ131-7476 conepxur nBa JK-MASTER-SLAVE-Tpurrepa.
CrnenoBarenbHO, HEOOXOMUMEI IBe MHUKpocxeMbl. Mukpocxema FLH101-7400
(cM. puc. 6.65) comepxutr uerbipe M-HE-anmeMenTa. [Ins cBI3M MeXIy ABYMS

7Q, P Q Q. T Q,
© -
Ii_ & &
s
E Y119 1 s 15‘:1 B
I & &
o c > c1
Ko 1K
9r & 9 R i &

Puc. 10.30. BCD-pesepcusHblii cuetuuk (2 x FLI131-7476, 3 x FLH101-7400).
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TpurrepaMu ucnonssytorcss Tpu U-HE-3neMeHTa, [UIsi TpeX TPUITEPOB HYXKHBI
9 takux snemeHToB. Eme ogun M-HE-smeMeHT TpeGyeTcs WISl MOyYeHU CHUT-
Hanma copoca. [nsa 3amenst UM -snemenra tpedyiorcss tpu U-HE-ameMenra.
Bcero 13 U-HE-snemenTtoB. To ecTh HEOOX0MUMBI YeThbIpe Mukpocxembl FLH101-
7400 ¢ 16 -HE-smementamu. Eciiu caxkonomurs onud M-HE-35meMeHT, TO He-
o6xomuMbl TojbKo 3 mukpocxembl FLH101-7400.

Ha puc. 10.30 noka3ana cxema. OquH U-HE-351eMeHT MOXHO C3KOHOMMUTh,

ecnu BMecTo curHana U s yopaBiieHus cOpocoM Tpurrepa D HCIONb30BaTh
curHan U.

10.2.3. ACMHXPOHHbLIN AeKaJHbIA CYeTYUK

10.2.3.1. BCD-gekanHbIii cHeTynk

P, BCD-cymmupytoniye C4eTIMKH cYuTaioT ot 0 1o 9.
Eo— e Ecinu Heo6XonMMo cyMTarh Jajplie, HyXeH BTO-
BCD poit BCD-cymmupymonmii cueTduk. C IByMsI cYeT-
YUKaMHM 3TOT0 BUA MOXHO CYHTATh 10 99. Kax-
OB CYETYHK CUMTAET ONHY JeKany. Tpu cueTym-
Ka CYMTAIOT 10 999.
o HexamHbie CYETIMKY Jallle BCET0 CTPOATCS Ha
T ° IBYX Wid 6GonpiieM uucie BCD-CyMMUpYIOLMX
S cyeTYnKoB. KaXmbril CYETINK MMeeT YeThIPE BhI-
| XO/la, Ha KOTOPBIX JEHCTBYeT ABOMYHOE YHUCIIO,

-]

EanHuib

+l+l{+l+ N
)

o w

| CTR 10 COOTBETCTBYIOIIEe AecaTuyHoll mudpe. Coennne-
—G=+ HHE CYETYMKOB IoKa3aHo Ha puc. 10.31.

Ecnu BepxHMi cueTyuK cOpachiBaeTcs Ha
Hynb, curHan Q, usMmensercsa ¢ 1 ma 0. O6par-
HBII (DPOHT YIIpABIISIET HYXKHUM c4eTYNKoM. Hirk-
HU CYETYMK IepeKITIoYaeTCs, €CJIM BEPXHUIA CYeT-
YUK cOpachIiBaeTCs B Hyllb. OH OTBeYaeT 3a Iepe-
3 X0 BO BTOPYIO JEKaIy.

E;;A}l‘;ilyx Bﬁ;’])(;fm“”'“ cuer- B meKaZHBIX CYETYUKAX YHUCIEHHbIA Pe3yib-
TaT MOXET JIETKO TPENCTaBJISAThCS HECATHIHBIM

Aecatku

+|+]+1+N
0

’&
e |
i
J

Puc. 10.32. Tpexcrynenyartsiii BCD-pnexagubiit
cyeTyuk ¢ BCD-7-cerMeHTHHIM INpeobpa3oBa-
TEJEM KOJa M 7-CerMEHTHBIM MHAUKATOPOM.

BCD-7-cermeHTHblit BCD-7-cerMeHTHbIN BCD-7-cermeHTHbii
npeobpasosatens koaa npeo6pasosarens koaa npeobpasosatens koaa
WaT+[+]+ Wael+]+]+ He{+[+]+
E—C>+ > 4+ > +
BCD BCD BCD
I Im '
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yycioM. BeIxogHbie CMTHaJIBI Kaxaoro BCD-cueTtuynka nopgawporcsa Ha BCD-7-cer-
MEHTHBII IIpeobpa3oBarelib Koja. JdecarmyHas mudpa BelgaeTcss Ha 7-CerMeHT-
HbIit yHOuKarop (puc. 10.32).

10.2.3.2. [pyrve Buabl AekagHbIXx CHETYNKOB

JexagHble CYETIYMKHA MOTYT CTPOMTHCS TAKKE M3 CYETIYMKOB, pabOTAIONINX B KOJIE
AliKkeHa, B Kojie ¢ M30BITKOM 3 1M ApyroMm koae. Ho Takue cYeTYHKU MCITOJIb3Y-
I0TCs penko. JecaTnyHble CYETYNKU STHX BUIIOB CTPOSITCS 110 TOMY XK€ IIPUHIIH-
ny, 4To U BCD-pmexagHble CYETIUKH.

10.2.4. ACUHXPOHHbIE CHETYUKU NO MOAYAIO N
10.2.4.1. NMpuHUMN OERCTBUSA CYETYNKOB MO MOAYIIO N

JUis1 pa3IMyHOro poJa CYETHBIX 3aJay B CHCTeMax yIpaBlieHUsI, 00pabOTKM HUH-
dopmManiu M M3MepeHUsT BpeMEHU HEOOXONMMBI CYETYMKH, BEOyIHe CYET HO
KeJJaeMoro Yuciia, 3aTeM cOpachIBaIOIINECS B MCXOTHOE MOJOXEHNE U CYUTAIO-
IMe CHavaja, Wi OCTaHAaBIMBAIOIINECS B OXUIAHUN HOBOM KOMaHJIbl Ha CYeT.
Yucio, 10 KOTOPOro BemeTCsI CYET, MOXET ObITh JII00o0e.

Takue cueTYMKM Ha3BIBAIOTCSI ACHHXPOHHBIMH CYETIMKAMH MO MOAYJIIO n. Byk-
Ba n O3HayaeT KOJUYECTBO BO3MOXHBIX COCTOSHMI cyerdyuka. BCD-cyeTdyuk,
HaIlpuMep, MOXHO Ha3BaTh CYETIYMKOM 1o Moayio 10. OH cuuTaer TOJIBKO A0 9.
OnHako ¢ HyJIeM BKJIIOYMTEIbHO OH MMeeT 10 BO3MOXHBIX COCTOSTHUM CYETYMKA.

10.2.4.2. Cyet4yukun no moaymo 5

CyeTyuKky IO MOAYJIIO 5 HOJDKHBI CYMUTATh OO 4 U Ha 5-OM UMIIyJIbCce cOpachi-
BaTbCs B HYJIb. Kak BBIIJISANT CXeMa TaKOro cYeTYHKa?

JJ1st MpoCTOTHI NPUMEHUM 7 -TPUTITEPHI, XOTS C TEM XK€ YCIIEXOM MOXHO OBLIO
OBl B3SITh U YHUBepcalibHble JK-Tpurrepbl. I3 JK-Tpurrepa, Kak U3B€CTHO, MOX-
HO caenarb T-tpurrep, ecid Ha Bxonel J u K momare 1-curHan. JIist cxeMsl
HeoOxoauMbl Tpu Tpurrepa (puc. 10.33). Cuetyuk Moxer cumrtarhb a0 7. Ilpu
nepexojne oT 4 K 5 CYETUYMK IOJDKEH COPOCUTHCS Ha HYJIb.

Bo3sBpar B HCXOHOE ITOJIOXEHUE MOXKET OCYILIECTBIISIThCS TaK Xe, Kak B BCD-
cuetyrke. Ecim Q, = 11 Q.= 1, To c4eTYnK IOJIKEH cOpachBaThes. B kayecTBe
curHaja copoca HeooxoaguM 0-curHai.

Boixoner Q, m Q. casanmbl sneMenToM M. Beixon U-HE-anemenTa Bhimaer
curHan c6poca B 0, eciu Q, u Q. BBHIAIOT 1-CUrHAIL

YcnoBHOe 0603HaYeHNE CYETYMKA IO MOMYJIIO 5 MoKa3aHo Ha puc. 10.34.

Q, Q, ?Q,
CTR 10
& E +
-

H +—aq,

Eo—qg>T = > T ! il gt
R Do R bo AR Do +—a,

Qa Qg Qc
_ | Puc. 10.34. [IpyHuunuaneHas

CXeMa CYEeTYMKa 110 MOAYJIIO 5,
Puc. 10.33. [IpuHimnuansHas cxemMa CYETYMKA 110 MOAYJLIO 5. 5 cuetHbix pa3psnos (CTR 5).
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Sap.aH mne JDecstnanas Jecatnunas
undpa Q|laglasla] @l @ undpa
Kak Gymer paGoTaTh CUeTYMK II0 MOIYIIO 5 0 ot otol it 17
(puc. 10.33), ecym 1151 BEIBOAA pe3yJIbTaTra BMe- 1 ofo|1]1]1]o0 6
= 2 ol1j01]0]| 1 5
cT0 (-BBIXOIOB MCIIONIB30BaTh Q-BHIXOIBI? 3 ol 1l1lilolo B
Jlna pellieHMsT 3TOro 3aJaHUs HYXHO 4 1]olofo|1]1 3
COIIOCTaBUTh COCTOSSHMS CUETYMKA B TaOJIH- Copoc [ 1] O[1jofrjo0

ue (puc. 10.35). Tabnuia MOKa3bIBAaET, YTO Puc. 10.35. ConocTasaeHHe COCTOAHMI
CYETYHK CYUTAET OT 7 10 3 U NpH MOSIBJIE- CYeTIHKa.

HUHU 2 copachiBaeTcsi. OH paboTaeT KaK BHIUMTAIONIUNA CIETIMK M UMEET TaKKe
5 BO3MOXHBIX COCTOSIHMII cyeTynKa. CYeTYNK HAYMHAET CYMTATh C MAKCUMAJILHO

BO3MOZHOI0O YMCJIa UIsI UMCIOLICTOCs KOJINYECTBA TPUITCPOB (BHCCB 7

ap = 111,).

10.2.4.3. C4er4nkn no moaynio 60

CdyeTynKH 10 MOAYIIO 60 TpeOyIoTCSI, HAIpUMED, IS JIEKTPOHHHIX yacoB. Ce-
KyHIBI cyutarorcsa oT 0 mo 60. CKOJIBKO TPUITEPOB TPeOYeTCsI I TAKOIO CUeT-
ypka? C ImaThio TPUITEpAMU MOXHO c4MTaTh J0 31, ¢ 6 TpurrepamMu — go 63.
CnenoBarenbHO, HEOOXOIUMO IECTh TpUrrepos (puc. 10.36).

Q,
20
1

Q,
21
2

OC
22
4

7?9, T Q; Q.
23 24 2'.'7
8 16 32

&

> T Ll—‘C>T LLO>T

)

| )

ik

CTR 10
E —O>

++|+l+ N

CTR 10

BCD-7-
CermMeHT-
HblA Npe-
ob6pasoBa-
Tenb Koaa

+|+|+h

BCD-7-
CerMeHT-
Hbili Npe-

ob6pasoBa-
Tenb Kofa

L

L5

Puc. 10.36. Cyerynk no moay.uo 60.

IIpu mosBeHun yuciaa 60 cyeTynk
JIOJIXKeH OBITh cOpoleH Ha Hyab. Ha
Beixomax Q., Q,, O, u Q, TOJIDKHBI Hek-
cTBoBarh l-curHanel. Y13 3TMX curHa-
JIOB Toy4yaercsi curHan copoca. Cuer-
YUK TOOUTCS JUIS CYeTa CEKYHI, €CIIM
OHM He JOJIKHBI OTOOpaXaThCsl B BUIIE
NEeCATUIHBIX YKCEI.

Ecnu cexyHabl HOJXHBI OTOOpa-
XaThCsl B BUAE HECSTUYHBIX YHCEN, TO
1eJJeCO00pa3HO €IUHULBI U HAECATKU
CYMTaTh pasfenbHo. s equHMIl Hy-
XeH cyeTyuk mo moxpymio 10, mnsa ge-

Puc. 10.37. CoBMecTHOE BKIIOYEHHE CYETYHKA MO
monyo 10 u cyeTymka no moaysio 6 ¢ npeodpa-
30BaTe/1eM KOAA M 7-CErMEHTHHIM HHANKATOPOM.
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CATKOB — CYeTYHK 110 MoayJtio 6 (puc. 10.37). BeixomHble CUTHAJIBI MOTYT OBITH
nomaHsl yepe3 BCD-7-cerMeHTHHIN IIpeoOpa3oBaTeb Koaa Ha 7-CerMEeHTHBII
MHINKATOP.

10.2.4.4. Cyer4ukun no mogymo 13 ¢ oxupaHnem KkomaHabl cbpoca

PaccMOTpHUM CYETYMKU IO MOAYJIIIO 1, KOTOPHiE OCTAHABIMBAIOT CYET MPH JOCTH -
XKEHHUHU JeCATUYHOro 4Yucia 12 u BeIIAIOT Ha BhIXoH 1-curHaj. CyeTYuK JOJDKEH
cOpachIBaThCS P HAXATUM KJIAaBMIIM M HaYMHATh CYET C Hayaja.

Q, Qs Q. 7@
20 2 22 2

[0 (o] o

P

Puc. 10.38. Cuetyuk no moayno 13, octaHasnuBalolmii cyet Ha yucie 12.

Jnsa cyeTunka HeobxomuMsl 4 Tpurrepa. Bxon E mojrkeH objiamaTh BO3MOX-
HOCTBIO 3amupaHud yepes sjieMeHT M. B KayecTBe 3ampeliaioniero CurHaia uc-
nosbdyercs 0-curHaj. 3anpenamluii CUTHAJ IOJIYYaeTCsI U3 BHIXOIHBIX CUTHA-
noB Q. u Q, 4epe3 U-HE-anemenr (puc. 10.38). IIpn 10CTHXEHUN TECATUIHOTO
gnucna 12 (Q. = 1, Q, = 1) na Beixone X M-HE-snemenra neiicreyer 0-curxan.
Bxopn 3anepr. CueTunK ocTaHaBIMBaeT cueT. OMHOBPEMEHHO Ha BHIXONE Z MOSIB-
nstercst 1-curHan. HaxarwmeM KiIaBMIIM CYETYMK cOpachiBaeTcs. BXom OTKpBIT,
Tak Kak tenepb Q. u Q) nmeior 0-curHanbl. CYeTYNK HAYMHAET CYET CHAYaa.
Taxk xax Bo3MOXHHI 13 COCTOSTHMIA cYeTYMKa, BKIIIO4asi HYJIb, TO CYETUYUK SIBJISI-
eTcd CYETYMKOM I10 Moayio 13.

10.2.5. ACUHXPOHHbIE CHETYUKN
C Npoun3BoNbHBIM KO3 PULUMEHTOM nepecyeTa

ACHHXpOHHbIE CYETYHKH ¢ MPOHU3BOJIHbHBIM K03(dUIMEeHTOM nepecyera — 3TO CYET-
YUKM, KOTOPBIE CYUTAIOT IO ONPENEIEHHOIO MpeIBapUTEIbHO BEHIOPAHHOTIO YHC-
Jla ¥ 3aTeM OCTaHABJIUBAIOTCS WM HAYMHAIOT cyeT cHayaja. CyeT4uKu MOIyT
OBITh KaK BBHIYMTAIONIMMM TaK U CyMMHUpYOIIMMU. Yuca0, 1O KOTOPOTO HYXHO
CYMTAaTh, YCTAHABJIIMBAETCSI OOBIYHO BPYYHYIO IIOCPENCTBOM Nepekinoyarenein. OHO
MOXET 3a/1aBaThCsl TAKXKE BTOPBIM CYETYMKOM. Takue CYETYMKU TaKKe Ha3blBa-
I0TCSI TIPOrPaMMUPYEMBIMH.
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Puc. 10.39. ACHHXPOHHBIA CYETYNK C MPOM3BOIBHBIM KO3 duim- % z
€HTOM nepecyera.

ACHHXPOHHBII CYETYMK C MIPOU3BOJIBHBIM KO3 (dUIIMEHTOM IlepecyeTa IoKa3aH
Ha puc. 10.39. Yucno, 10 KOTOPOro JOJLKEH CYATATh CYCTYUK, YCTAHABIIMBACTCA IIPU
MOMOIIY KJIaBHATyphl IIpeaBapHUTeIbHON ycTaHOBKHM. HanpyMep, Hafio yCTaHOBUTH
yycno 9. Yucno 9 B Bujie IBOMYHOTO YMCIIO 3a/iaeTcsa Ha Beixomax X, X, X, X,

Broixonueie curansl X,, X, X, X, CPaBHUBAIOTCS C BBIXOMHBIMHU CUTHAJIAMU
cuerynka Q,, Q,, Q. Q, Ha Brixonax 31eMEHTOB 3KBMBAJIEHTHOCTH 1-CHIrHaI
Oyzer TOJNBKO TOTAA, Korxa o6a BXonHbIX curHaina pasHel. IIpu X, = 0, X, = Q,,
X.= Q.u X, = Q, Bce BBIXOJbI 3JIEMEHTOB 3KBUBAJICHTHOCTH paBHHI 1. Torna Ha
Beixoge M-HE-31emenTta 0-curuain.

0-curxai Ha Beixoge W U-HE-aneMeHTa 1IoKa3bIBaeT, YTO YUCIIO, 10 KOTOPO-
ro JOCYHUTAI CYETYMK, M IIPEAYCTAHOBJIEHHOE YMCIO paBHBI. 0-CHUTHAJ 3amupaeT
pxonx. Cueruymk mpekpamaer cuer. Ha BbIxonme Z HeiCTByeT 1-CHUrHaji, KOTOPBIH
MOXET MCIIOJIb30BaThCs IS Pa3IMYHBIX 33/1a4 yIIPaBICHUS.

KinaBuarypa mpenBapUTeNbHOM YCTAHOBKHM MOXET 3aMEHSTHCS CUETYHMKOM,
KOTOPBIil ycTaHaBIMBaeTCsI COOCTBEHHOI CHMCTEMOM YIIpaBIECHUS.

ACHHXPOHHBIE CYETYMKHU C IIPOU3BOJIBHBIM K03 dHUIIMEHTOM ITepecyeTa IpH-
MEHSIOTCSI, HalIpUMep, B COBPEMEHHBIX KOIMUPOBAJIBbHBIX aBTOMaTax. JKejaemoe
YHCJIO KOIMHIA yCTaHaBJIUBaeTcsl BPYYHy0. CUYeTUYUK CYUTAET KOMUMU U OCTAHAB-
JINBaeT KOIIMPOBAaHME, €CIM ClIeIaHHOE YMCJIO KOIUI COBITAaeT C IpeaBapu-
TEJIbHO 33JaHHBIM YHCJIOM.

10.2.6. ACMHXPOHHbIE CHETYUKN ANng Koaa AikeHa

ACHHXPOHHBIM CYETYMK, KOTOPHBIi CUMTaeT B Koje AliKeHa, IMpeacTaBlieH Ha
puc. 10.40. ITono6HyI0 cXeMy JOCTaTOYHO TPYIHO paccyuTarh. OMHAKO €€ MOX-
HO CHHTE3MPOBATh C MOMOIIBIO BpeMEHHBIX AuarpaMMm (cM. puc. 10.24).

10.2.7. ACMHXPOHHbIE CYETYUKN ANS Koaa C U30biTKoM 3

Kon ¢ u3dbiTkoM 3 mpuMeHserca 9acto. OQHAKO CYETYMKM, CYMTAIOIIVE B 5TOM
KoJie, BCTPEYaloTCs B BUIle MHTErpaibHBIX MUKpocxeM HaMHoro pexe. Ha puc. 10.41
MoKa3aHa CTPYKTypa CUEeTYMKa JJISI 3TOro Koma.
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Puc. 10.40. [IpunnunuanbHas cxeMa aCHHXPOHHOIO CYETYUKA B Koje AiKeHa.
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Puc. 10.41. [IpyHiMnuanbHas cxeMa aCHHXPOHHOIO CYETYHKA B KOJAE C M3OBITKOM 3.

10.3. CUHXPOHHbIE CYETUYMKUN
10.3.1. MpuHumnn geicTeuna

B paccMOTpeHHBIX IO CHX TOp TaK HAa3bIBAEMBIX aCMHXPOHHBIX CYETYMKAX BBIXO
MEPBOTO TPUITEPA YIpPaBIIIET BXOJOM BTOPOIO TPUITEPA, BHIXOX BTOPOTO TpUITEpa —
BXOIOM 3 TpuITepa M Tak jajiee. TpUIrepbl MepeKIovyaloTcss He OMHOBPEMEHHO, a
no oyepenau. 3anepxkKa CHUIHAJIa OIlpexelisieTcsi ObICTPONEeICTBUEM TPUITEPOB.
s tpurrepoB TTJI-cemeiicTBa BpeMsl pacIpoCTpaHeHUs] CUTHaJIa COCTAaBJISIET
ot 30 Hc o 50 Hc. Ha 310 BpeMs 3ama3npiBaloT CUTHAJIBI HA BBIXOAE TPUITEPOB
OTHOCHTEJILHO JIPYT JpyTra. 3ana3ablBaHUe YBEJIUYUBAECTCS OT TPUITEpA K TPUITE-
py. g 12-GMTOBOro aCMHXPOHHOIO CYETYMKA BHIXOJ IOCIETHErO TPUITEpA 3a-
Ma3IbIBaeT 10 OTHOIIEHHUIO K BXOMY IIEPBOT0O TPUITEpa IpuMepHO Ha 600 Hc. Ha
BBICOKHX YaCTOTaX 3TO MPUBOAUT K OIIUOKaM.

Ecnu cueTymk HokeH paboraTh C BBHICOKON 4YacTOTOM, TO 3ala3ibiBaHUE
CHTHaJIa OT TPUITEPA K TPUITEPY HEAOIYCTUMO. DTOTO MOXHO JOCTUTHYTH TOJb-
KO B TOM CJIy4ae, €CJI4 BCe TPUTTEPHI, KOTOPhIe TOJDKHBI EPEeKITIOYUTHCS, CleNa-
IOT 3TO OMHOBPEMEHHO, TO €CTh OYAYT YIPaBJISITHCS COBMECTHBIM CUTHAJIOM CUH-
xpoHu3zauuu. CyeTYuKku, paboTaolue Mo 3TOMy MPUHLMITY, Ha3bIBaIOTCSI CHH-
XPOHHBIMH CYETYHKAMM.
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B CUHXPOHHbBIX CUETYMKAX TPUITEPbl NEPEeKIIoHaloTCs OLHOBPEMEHHO O6LMM
CUTHAMIOM CUHXPOHU3aLUMU,

HMHbopMmalst 0 TOM, TOJDKEH TPUITEP MEPEKIIOYaThbCs WM HET, HOJDKHA
TOAAaBaThCsl Ha TPUITEPHI IO CUTHaJa CHHXpoHM3aluu. IloaToMy KpoMe TakTH-
pYyIOlIETO BXOAa HEOOXOIUMBI HOIIOTHUTENIbHbIE BXoabl. CiieqoBaTeIbHO, CHHX-
POHHBIE CYETYMKHN HE MOTYT CTPOUTHCS Ha 6a3ze T-TpUITEpOB.

CUHXPOHHBIE CHETYMKM Yalle BCcero cTpoatcs Ha 6aze JK-TpurrepoeB.

Ocob6enno HagexHbl JK-MASTER-SLAVE-Tpurreps (cMm. pasm. 7.5.7).
RS-Tpurrepsl TakxXe MOTYT MCIIOJb30BaThcsl. OMHAKO cXeMa ¢ HUMH ITOJIydaeTcst
Oosee ClIOXHas.

10.3.2. CMHXPOHHbLIE ABONYHbIE CHETYUKUN

CHHXpOHHBIE TBOMYHBbIE CUETYUKM CUYHUTAIOT B JBOMYHOM CHCTEME CUMCIIEHM.
OHM OBIBAIOT CYMMMPYIOIIMMH, BEIYUTAIONIMIMHU U PEBEPCUBHBIMU.

10.3.2.1 [lBOnYHbIE CYMMUPYIOLUNE CHETHUKMN

CxeMy CMHXpPOHHOTO JBOMYHOI'O CYMMMPYIONIETO CYETYHMKAa MOXHO PacCYUTaTh
(pa3n. 10.3.3). Ee Takke MOXHO CHMHTE3MPOBATh IyTEM JIOTHYECKOIO PacCyXie-
Hus. Ha puc. 10.42 uzo6paxensl 4 JK-tpurrepa. Bce oHun o6bequHeHBI OOIITUM
TaKTOM CHHXPOHH3ALIMH.

J n K-BXombl HOJKHBI OBITh CO€OIMHEHBI TaKMM OOpa3oM, YTOOBI CUETYMK
CUMTAJI Ha yBeJIMYEHHE B JIBOMYHOM CHCTEME CUYHCIeHHUs. Kak BBRIDISOUT 3TO
coenuHeHue? JIJIst oTBeTa Ha 3TOT BOIIPOC PAaCCMOTPUM BpeMEHHEIE THarpaMMbl
JIBOMYHOTO CYMMMPpYIOIIEro cueTyruka Ha puc. 10.43. Tpurrep 4 momxeH mepe-
KJTIOYAThCSA € KaXIBIM 0OpaTHBIM (ppoHTOM cuHxpoumityibca. Ha Bxoner J, u K,
cliemyeT moaarh 1-CUTHAJIBI.

Tpurrep B MOXeT MepPEeKIIIOYaThCS TAKTOM TOJIBKO B TOM CJIydae, eCJId TPHUT-
rep A ycraHoslieH, To ectb O, = 1. Boixon Q, nomxeH coeauHsiTbest ¢ J, 1 K,
(ceppiM Ha puc. 10.42).

?a, 7, Q,
1
&

J, J J

1 A 1y B <1y D

C— = C1 = C1 = C1

1K 1K 1K

Kxi KIJ KC

Puc. 10.42. Ctpykrypa 4-6UTOBOrO ABOMYHOrO CHHXPOHHOIO CYMMHUPYIOLIETO CUETYHKA.
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Puc. 10.43. BpemenHas auarpamMma 4-6UTOBOro ABOMYHOIO CyMMHUPYIOIIErO CYETYHKA.

IIpu xakux yciaoBusix nepekimoyaercss tpurrep C? U3 puc. 10.43 cnemyer,
YTO TPUITEP MOXET IIePEKITIOYaThCs TOJIBKO TOTHA, KOTa YCTAHOBJIEHBI TPUITED
A u tpurrep B, to ecte Q, =1 u Q, =1. Boixonst Q, =1 u Q, =1 noxatorcsa Ha
anemeHT U u coenuusiores ¢ J, u K, (cepsiM Ha puc. 10.42).

VcnoBus, IpU KOTOPHIX MepeKiiioyaeTcs: Tpurrep D, MOXHO Takke y3HaTh U3
BpeMeHHO# quarpaMMbl Ha puc. 10.43. Tpurrep D MoXeT NepeKIII0YaThCs TOIb-
Ko Torma, korna Q, = 1, Q,= 1u Q.= 1. Bexonst Q,, O, u Q. o6beqMHAIOTCA
anemenToM M. Berxon M-anemenra caswiBaercs ¢ J, u K (cepbiM Ha puc. 10.42).
MoxHo 6bUT0 GBI MCTIONB30BaTh 0ObeAMHEHME Q, U O, epBbIM U-3eMeHTOM,
TOT/Ia MONYYusIoch 661 o6benunenne O, A O, A Q. onuum aemenToM U ¢ nByms
BXOIaMH.

Ecnu HeoOXomuM CHMHXPOHHBIM IBOMYHBIN CYMMHUPYIOIIUNA CYETUYUK C YHUC-
JIOM 6uUTOB GoJjiee 4, TO €ro MOXHO IMOCTPOUTH IO IMPUHIUITY, U300paXKECHHOMY
Ha puc. 10.42. Ins JK-TpurrepoB AeMCTBYIOT CJIeAyIOINe IIpaBUJa:

B CYMHXPOHHOM ABOUHYHOM CYMMUPYIOLLEM cHETUMKe J 1 K BXOAbl KaXaoro Tpur-
repa HY>XHO COEAUHATL APYr C APYroMm.

B nepsom Tpurrepe Ha Bxoabt nogaercs 1-curHan. Kaxawbiii cnegytowmn tpurrep
nony4aeTt BXOAHOW CUrHan B BuAe pesynbraTta NorMdyeckoro yMHoxeHns M Q-sbixo-
[OB BCEX Npeabiaymx TpUrrepos.

3apaHue

CuHTE3upoBaTh CXeMy 5-OHMTOBOIO CMHXPOHHOI'O IBOMYHOTO CYMMHUPYIOLIETO
cueTyuka. Cyerynk moixeH ctpoutrbcss Ha JK-MASTER-SLAVE-tpurrepax,
KOTOpBI€ IIPUHUMAIOT CUTHAJIBI C IIepeTHUM (PPOHTOM U IepeaaloT Ha BHIXOMbI C
obparueiM. HapucoBaTh BpeMeHHbBIE JUArPaMMBI.

1 CHHXPOHHBIX CYETYMKOB CIIOCOO yIIpaBieHusI PPOHTaMM UMITYJIbCa MMEeT
BTOpOCTeNeHHOe 3HaYeHUs1. CTpyKTypa cYyeTydKa OIMHAKOBa, MEePEeKII0YaloTCs
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Puc. 10.44. Ctpykrypa 5-OMTOBOro ABOMYHOrO CMHXPOHHOIO CYMMHUPYIOLIEro CYETYUKA U
€ro BpeMeHHbIE AarpaMMBl.

JIA TPUITEPHI C IEPEeTHUM WM Oo6paTHBIM (GPOHTOM uUMITyJibca. B 3aBUcUMoOCTH
OT Ilepekyioyanlnero GpoHTa CMEIIAIOTCS TOJIBKO BPEMEHHBIE JUAarpaMMBl, TaK
KaK MeHsieTcs Touka IepekiiodyeHuss. Eciu ucnonb3yiorca JK-Trpurrepsl, KOTo-
pble IIPUHKMMAIOT CUTHAJIBI C MepeIHUM (PPOHTOM M IepeaaloT Ha BBIXOABI ¢ 00-
pPaTHBIM, TO ITOJyYaeTCsI TaKasl XK€ BpeMeHHas JuarpaMma, Kak U B CIIydae TPUT-
repoB, KOTOphIE MEePEKITIoYaloTcss ¢ oOopaTHbIM ppoHTOM. McKOoMas cxema U co-
OTBETCTBYIOIIME BpeMEHHBIE TUArpaMMBI IpeacTaBieHbl Ha puc. 10.44.

10.3.2.2. [IBOnYHbIE BbIYNTAIOLNE CHETYUKU

JIBOMYHEINM BHIYUTAIOUIMIT CYETYUK MOXHO ITOCTPOUTDH Ha 6a3e IBOMYHOIO CyM-
Mupyoniero cueryuka (cM. puc. 10.26). BMecTto Q-BBIXOIOB IUIs1 MOTKITIOYEHUS

J- 1 K-BXO/IOB UCIIONB3YIOTCH (Q-BBIXOIBL. B OCTaIbHOM CTPYKTYpHI CY4ETIMKOB
onuHakoBbl. Ha Bxomsl J u K mepBoro tpurrepa momaercs l-curHan. Cxema

CHHXPOHHOTO 4-0MTOBOro IBOMYHOI'O BHIYUTAIONIETO CYETYMKA IIOKa3aHA Ha
puc. 10.45.
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Puc. 10.45. Crpykrypa 4-6UTOBOrO ABOMYHOIO CUHXPOHHOIO BBIYMTAIOIIErO CYETIMKA.

AecarnuHoe JDecatnuHoe
wicno  [Qp| Qe |Qs| Qs |G | Qe | G5 | Q4 uncno

0 0ojojo|o 1 1 1 1 15

1 o|j0]|oO 1 1 1 1 0 14
2 ofojt1jojt1r|t1jo]f1 13
3 o| o 1 1 1 1 o o0 12
4 oft1jojoj1jof 1|1 11

5 of1]0]1|t1t]0O0}]1}]O0 10
6 oft1tjt1jojt1{o]of1 9

7 0 1 1 1 1 ofo] o0 8

8 1 ofojof|oO 1 1 1 7

9 1tfojojt1fjof{1t1|1|o0 6
10 1 0 1 0o 1 0 1 5
1 1{fol1]j1j0]t1]|]0]O 4
12 1{1]0jOofojJoO} 1|1 3
13 1 1 0 1 o]0 1 0 2
14 1 1 1 ojojo]oO 1 1
15 1 1 1 1 ojojojo 0

Puc. 10.46. ConocrapieHue BHIXOMHBIX CUTHA/I0B P NPUMEHEHN O-BBIXOAOB U Q -BBIXOIOB.

Her HeobOxomuMocTH pa3paGaTblBaTb OTACJIBbHYIO CXEMY MJisi CUHXPOHHOTO
JBOMYHOIO BhIYMTAIONIETO cyeTymnKa. M3 mo6oro CYMMHMPYIOIICIO CYCTYMKA JICT-
KO MOXHO ITOJIYYUTh BHIYUTAIOILUMA.

HyXHO IIIb 11 BEIBOJA Pe3y/bTaTa MCIONb30BaTh UHBEPCHbIE (J-BHIXOMIBI.
Ecnu Q-BBIXOIbI, KaK 3TO OBIBAET B MHTETPATbHBIX MUKPOCXEMAX, HEIOCTYITHB,
HaJ0 MPOCTO MHBEPTUPOBATh MpsiMble O-BBIXOABI. BBHIXOMHBIE CUTHAIBI IIPY TIPH-
MeHeHMH Q-BBIXONOB M (-BBIXOMOB B KAaUeCTBE Pe3y/IbTUPYIONIMX COIOCTaBIIE-
HHI Ha puc. 10.46.

Cuyerynk Ha puc. 10.45 MOMOXET IIOCTPOUTH CHHXPOHHBIN peBepCHUBHBIM
CYETYHK.

10.3.2.83. [lBouyHbie PpeBEPCUBHbBIE CHETYUKN

CUHXpOHHBIE PEBEPCUBHbBIEC ABOMYHBIE CUETYUMKH MOXKHO IIOCTPOUTH KaK U3 CUH-
XPOHHBIX IBOMYHBIX CYMMUPYIOIIMX CYETYMKOB (cM. puc. 10.42), Tak 1 U3 CUH-
XPOHHBIX JBOMYHBIX BBIYUTAIOUIUX CYETYMKOB. B mepBoM ciydae J- u K-BXombl

TOIKITIOYAIOTCS Yepe3 (-BBIXOMBI, BO BTOPOM — Y€pe3 MHBEPCHbIE (Q-BHIXOMBI.

s peBepca HeOGXOOMMO IEpeKIO4aTh Mexny O- u Q—BmxonaMn. Bos-
MOXHasl cxeMma IpeAcTaBieHa Ha puc. 10.47.
10—2114
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Puc. 10.47. Crpykrypa 4-0MTOBOrO ABOMYHOIO CHHXPOHHOIO PEBEPCUBHOIO CYETYMKA.

10.3.3. Pac4yeT CUHXPOHHbLIX CHETYUKOB

10.3.3. 1. Metoguku pacyera

Jlng pacyeTa CMHXPOHHBIX CYETYHMKOB CYIIECTBYIOT pa3IMyHbie MeTonmbl. IIpe-
MMYHIECTBO MPeICTAaBIEHHOIO HIDKEe METONA B €ro HaMISITHOCTH. Bce 1raru Mox-
HO JIETKO OOBSICHUTD.

Pacyer CHHXpOHHOIO CYETYMKA MPOMCXOMUT B 5 HIATOB:

1. CocraBnenue TaGIMLIBI MCTUHHOCTH, U3 KOTOPOM ClieyeT xXejlaeMast PyHK-
IIUSI CYETYMKA.

2. CocraBjieHHEe M YIIPOIIEHUE YPAaBHEHMUA CUETUYMKA.

3. OnpeneneHue XapaKTEPUCTUIECKUX YPABHEHHMM IPUMEHSIEMBIX TPUITEPOB.

4. OnpexneneHue JOrMYECKUX CBsI3ell cpaBHeHHEM K03hhHUIIMEeHTOB.

5. CocraBjieHre CXeMBI 110 HaMIEHHBIM JIOTHYECKUM CBS3SIM.

N3 1abnuubl ICTUHHOCTH HOJIXKEH OBITh SCEH IOPSAOK CIEIOBAHUSA BHI-
XOAHBIX CUTHAJIOB CY€TYUKA. ¥ 4-6UTOBOrO cyeTdnKa Boixonsl Q,, Q,, O, Q,.
B MoMeHT Bpemenu ¢, (riepen Tekyium taktom) Q, =0, 0, =0, 0. =0u Q,= 0.
IMocne Texymiero TakTa B MOMEHT BPEMEHM f . 9acCThb BBIXOJIOB MEHSIET CBOE
cocrostHue. Kakoe nuaMeHeHHe BHIXOMHOTO CUTHaA XeaTreibHo? Kakoit BeIxoa-
HOM CHUTHAJI MOJDKEH BBIIABaTh cYeTYMK? B IBOMYHOM CyMMUpYIOIEM CUETYHKE
Tenepb MOJKHO ObITh: @, = 1, @, =0, Q.= 0 u Q) = 0. Tabnua UCTHUHHOCTU
JOJDKHA MMETh CTONONb Kak st Q,, Q,, O, 1 0, B MOMEHT BPEMEHH £, TaK U
cronbust st Q,, Q,, O, U 0, B MOMEHT BpEMEHHU [, .

YpaBHEHUs IS MOCTaBICHHOM 3aMa4y MOJIYYalOTCsS U3 HOPMaIbHOl (GOpMBI
WNIIN nnsa QA(H 1 QB(n+ 1 Qo + 1 QD(n+ 1y HopMmanshyio ¢dopmy UIIH ciaenyer
YIPOCTHTH ¢ IoMolupio auarpamMMm Kapno. JIns KaXmoro Tpurrepa Iojydaercs
CcBoe ypaBHeHHe. Bce ypaBHEHHMSI BMeCTe BOCIPOHU3BOIAT B (popMe ajireGphl J10-
TMKHU cofepXaHue TaOIUITbl HICTHHHOCTH.

XapakTepuCTUYECKOe YpaBHEHHUE OIMCHIBACT IMIPUHIIMIT JEMUCTBUS TPUITEPA B
dopme anre6psl toruxku. Ecnu, HarpuMep, KCIONB3YIOTCH JK-TpUITEPHI, TO HY:KHO
3amycarh XapakTepucTuieckoe ypaBHeHue s JK-tpurrepoB (cM. pasn. 7.7).

XapakTepucTHYeCKHE YpaBHEHUS TPUITEPOB U YIIPOIEHHBIE YpaBHEHUS
IIOCTaBJICHHOM 3aMay¥ CPaBHUBAIOT ApPYr ¢ apyroM. Jug 4 TpUrrepoB 3TO
CpaBHEHME NMPOBOIST YeTHIPEXIbI, TaK KaK Kaxmaoe U3 4 ypaBHEHHUI ITOCTaB-
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JICHHOM 3aladyM JOJIXXHO CPAaBHUBATHCS C XapaKTePUCTHIECKUM YPaBHEHHUEM.
B pesynbraTte cpaBHEHHUS IOJYYalOT JIOTHYECKHE CBSI3M I 4 J-BXOMOB M IJis
4 K-BXOHmOB.

NMmes ypaBHEHHUs JIOTUYECKHMX CBSI3ei, MOXHO HM300pa3uth cxeMy. CHHTE3
CXEMBI MOCJIC HAXOXACHUS] YPAaBHEHMI CBSI3€i HE MpPEICTaBJISIeT HUKAKUX TPy-
HOCTEN.

10.3.3.2. Npumep pacveta

ITosscHuM MeTOIUKY pacdeTa Ha mpuMepe. PaccuuraeM 4-OMTOBBII CHHXPOHHBIM
CYMMHUPYIOIIMIA cYeTIMK Ha 6a3ze JK-Tpurrepos.

1. Iar:

CocraBieHue TabJIMIbl MICTUHHOCTH.

s 4-6utoBoro cyerymka HyxXHO 4 Tpurrepa. O603HaYMM BBIXOOBI ITHUX
TpurrepoB Q,, Q,, O, u Q,. JInsd KaXnoro U3 3TUX BBIXONOB IPEIyCMOTPEH CTOJI-
Gen ¢, u cronben ¢, , (puc. 10.48).

HavansHoe 3HaYeHME TAKTOBOIO CYETYMKA B MOMEHT BpeMeHH £, paBHo 0000,
4yTo cooTBeTcTBYeT AecatuuyHoMy 0. ITocie momaum UMITyJIbca B MOMEHT BpeMe-
HU !, , | CYETYUK JIOJDKEH YBEJIMYHUTh CBOE 3HaYeHMe Ha 1. OH JO/KEH MOKa3bl-
BaTh gecsaTuuHylio 1. CoorBeTcTByIOIIee nBondHoe yucio 0001. DTo comepxanue
1-#1 cTpoku TaGnaUIlbl HICTUHHOCTU Ha puc.10.48.

PaccMoTpuMm 2-10 CTPOKY TaGIMIbI MCTUHHOCTU. B MOMEHT BpeMeHH £, CUeT-
YMK TIOKa3biBaeT ABoMyHoe 4mcio 0001. B MoMeHT BpeMeHH f, . OH JOJKEH
MOKa3aTh JBOMYHOE YUCJIO MOCJIe OYepeTHOro Takra. Dto aBonyHoe yucio 0010.

B 3-ii cTpoke TabmuIBl ICTUHHOCTH B MOMEHT BPEMEHM #, CYETYMK IOKa-
ssiBaet 0010,,. [Tocie cienyiowero Takra CYeTIMK AODKEH nokasbiarh 001 1,
(B MomeHT BpemeHHu ¢, ). Tax cTpoka 3a CTpOKO 3aI10IHAETCS TabnuLia MCTHH-
HOCTH, 10 3Ha4YeHus cyeryuka 1111,. Tlocne ciaeqyiomero Takra OH IOJDKEH

tn tn +1
Decaruaroe |20 |22 [ 2T [20 25 [22 T 27 [ 2° | mecstuuroe
4ncno Qp |Qc | Qs [Qa |Qp |Qc | Qs | Qa 4nucno

0 oloflofofo|o]|o]|1 1

1 olo|lo|l1Jofo|1]o 2

2 olo|1flofofo]| 1|1 3

3 olo|l1]1]ol1]|o]o 4
4 ol1|loflofo|1]o]1 5
5 of1|of1Jof{1|1]o0 6
6 of1|1]lofo|1|1]1 7
7 ol1]1]|1|1]oo]o 8
8 1lololof1]o]o|1 9
9 1{oflo|1]1T]ol1]o0 10
10 1{ofl1{of|T]o|1]1 1
1 1lol1|1i1]1|o]o 12
12 1l1]lofjo 1| 1|01 13
13 1l1]o|1 1| 1{1]o0 14
14 IR ERERERER 15
15 1l1l1]l1jojlololo 0

Puc. 10.48. Tabavua MCTUHHOCTH 4-GMTOBOrO JABOMYHOILO CHMHXPOHHOIO CYMMUPYIOILErO
CYeTYMKa.
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IoKa3aTh 0000(2) M HayaTh c4eT cHavaaa. Mtak, TaGinuila MCTUHHOCTHU 3arojHe-
Ha. OHa OMHO3HAYHO OITMCHIBAET XejaeMylo (PYHKLMIO CYETYMKA.

2. Iar:

CocTaBieHue U YIIPOIeHNEe YPaBHEHUI CYETYMKA.
IIpexne Bcero, HYXHO cOCTaBUTh HopManbHYI0 dopmy WIN Q. (nonpcv)ﬁ-
Hee cM. DI. 5). HopMmanbHast dopma MJIM cocTouT u3 8 MONTHBIX KOHBIOHKIIUIA:

QA(,,+1)=I:(A/\EAE/\I_))V(Z/\BAEAE)V(ZAEAC/\B)V
@ ®

Aln + 1)

O]

V(ZAB/\C/\E)V(ZAEAE/\D)V(ZAB/\EAD)V
®

O]
V(Z/\EAC/\D)V(ZAB/\C/\D)]
@

on

[~]]

OAII 6‘"
] -
o] 1)@
o] 1o
@
GIAYE
60!) le // 60’!

Q

An

Puc. 10.49. Kapra KapHo Hopmaib-

Hoit dopmer 1IN

QA(n +1)°

®
n
Orta HopMasibHast dopma UJIU ympoiraercs
¢ nomMomsio nuarpamMmbl KapHo. CooTBeTcTBY-
follasi IuarpaMMa nokasaHa Ha puc. 10.49.
IMTonyuaercst rpymma u3 8 3JieMeHTOB. YIIpo-
menHasg ¢popma NIIN:

QA(n - 1) = QAn

DTO nepBOe YpaBHEHUE CUETUYHKA.

Janee HyxxHO 00pa3oBaTh HOPMAJIIBLHYIO (op-
my WIN Qg , , ,, OHa Takxe COCTOMT U3 8 moi-
HBIX KOHBIOHKIIWII M MOXeT ObITh 3aHeCeHa B
kapry Kapno (puc. 10.50). ITepemennsie Q, , O, ,
0., 0Q,, 3anmuceBawrca kak Q,, Q,, 0., 0,
VipolileHHas 3alUCh HE BHOCUT ITyTAHMITHL.

W3 kaptel KapHo 3ammchIBaeTcs ypaBHEHHE:

Qoin i1y = (QA AGB)V(O_A /\QB)

3DTO BTOpOE YpaBHEHUE CUETYMKA.

QB(n +1)

o,

Q

A

NN GG
Wiy =
NaD
Lt o,
éc \\‘Qc éc
Q A0

Q, ~Q, AQ, B
' Q, AQ,
Qo vy | Q, Q,
e
0, QBLU 1
QD
S
NG
OB
LW J

o

Puc. 10.50. Kapra KapHo HOpMaibHO#M dop-

mer WIN Qm .y HMunexcel npu n aas npo-

CTOTHI yOpaHBI.

Puc. 10.51. Kapra KapHo HopManbHOit ¢dop-
met WK Q.
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YpaBHeHMe 1ToCTaBIeHHOM 3ata4u st O, , ,, HAXOAUTCSI aHAJIOTHYHBIM CIIO-
coooM. Hopmanshast popma MJIM takke cOCTOUT U3 8 MOJHBIX KOHBIOHKIIMI 1
MoXeT ObITh 3aHeceHa B Kapty KapHo (puc. 10.51). YpaBHeHHe MpoeKTa:

Qcin =(QAAQBAQC)V(QAAQC)V(Q-BAQC)'

Ero MOXHO yIpOCTHUTB:

Ocininy = (QA A Qy AQ_C)VI:QC /‘(Q_A VQ—B)];

Qi = (QA ~ Qg AGC)V(QA A Qg /‘Qc)'

Hopmanenast ¢opma WIN mis Q,,, B
HO€ BBIpAXEHUE:

Qoir + 1) =(QAAQBAQCAQD)V(Q—AAQD)V(Q—B AQD)V(QCAQD)'

HepeMeHHYIO QD MOXHO BBIHECTH 32 CKOOKMU:

Qpnsy = (QA ANQy A Q. AQD)V[(QD A(QA VQB VQC)]'

nmokasaHa Ha puc. 10.52. YnpomeH-

QD(n-U :(OAAOBAOCAéD)V(QAAQBAQCAQD)

D10 mocienHee U3 YETHIPEX YPABHEHMI CYETUNKA.

3. Illar:

OrnpezeieHre XapaKTePUCTHISCKUX YPAaBHEHUH I TIPUMEHEHHBIX TPUITEPOB.

Kak BBIBOOUTCSI XapaKTepHCTHYECKOE YpaBHEHUE TPHUITEPa OINpPeAeSIEHHOIO
THIIA, IOAPOOHO onucaHo B pa3n. 7.7. Jnst JK-TpurrepoB corjlacCHO 0603HaYeHM -
M Ha puc. 10.53 xapakTepucTUYecKoe ypaBHEHHE:

Q.1 =[(7A0)v (K ~0Q)]
B npaBoii yacTH ypaBHEHMS JIST YIIPOINEHUS OIYLIeH UHACKC H.

Q.. =(JAQ)V(I?/\Q).

n

6‘ A QD
Q, — /
D(n + 1) Q‘ ) O‘ /
Q : ak;
Ty N
D)
_ \
Q- -
/ N a, J—{ —— a
Q o | @ T —0>1C
. c c c ] _
5. 10, 8, ~a, K —] 1K p— &

Puc. 10.52. Kapra KapHo HOpManbHO# ¢op-
met WK Q,,, . Puc. 10.53. JK-Tpurrep.
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st 4 TpurrepoB nonydaeM 4 XxapaKTepUCTUYECKUX YPaBHECHMUS:

4. Iar:

OmnpeneneHue JIOTHIECKHX CBS3eil cpaBHEHHEM KO3(DOUIIMEHTOBR.
TTonyyeHnsie B 11. 2 ypaBHEHUS 10 OYepeI CPABHUBAIOTCS C XapaKTEePUCTHU-
YECKMMH YpaBHEHUSIMM:

Qun s 1) (J A QA) ( A QA) XapakTepuCTHYECKOE YPAaBHEHNE TPHUITEPA;
Qunsny =94 VpaBHEHHE CUETYMKA.

Kakoe snauenue noyxeH umerh J,, 4TO6B U3 ypaBHEHMs BbIIENUTDL Q,?
J, momxeH 6bITh paBeH 1.

Kakoe 3HauyeHue TOJDKHO UMeTh K ,, YTOGBI U3 yIAIUTh U3 YPABHEHHS CKOG-
Ky, coaepxanyio K ,? K . IOJDXEH ObITh paBeH 0.

Qins (J AQ A) (1? Y A) XapakTepuCcTUUECKOe YpaBHEHHE TpUITepa;

Qun s 1y (1 A QA) v(0AQ,)  VYpaBHeHue cueTymKa.

Hnsa J, v K, monydyarorcs ciefyiomue ypaBHEHMS:

K,=0

DT0 1epBHIe ABa YPaBHEHMS JIOTMIeCKOM CBSI3U. OHM MOJy4eHB! IS IEPBOTO
Tpurrepa A.

Hna Tpurrepa B moiyqaioTcs cleaylolie YpaBHEHUS:

Qsin s 1y (J A QB) (K 3 A QB) XapakTepuCTHYEeCKOe YpaBHEHNE TPUTTEPA;

Osin + 1y (QA A QB) (Q_B A QB) VpaBHeHME CUETYMKA.

KB=QA
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AHAJIOTMYHO TOJIyYaloT ypaBHeHUs Uis Tpurrepa C:

Qi = (JC A QC) v (I?C A QC) XapaKkTepHUCTHYECKOE YpaBHEHUE
TPHUITEPA;
e,

Qciniy =(Qn0; A0 )V(Q,AQ, AQ;) VpaBHEHHE CUETYHKA.

K-c =0, "0,

Jo=Q, A0y Ke=Q,AQq

W pns tpurrepa D:

Opiuny = (JD A QD) v (I?D A QD) XapakTepucTHYECKOE
& Ny ypaBHEHHE TPUITEPa;

| ———

OQpiny =(Q, A0, AQ- 7A0,)v(Q, A0, AO. AQ,) VpaBHeHHUe CueTIHKA.

Kp =QA /\QB /\Qc;

Jp =Q, AQ; AQ, K, =Q,AnQs AQ,

Wrak, HaiimeHbl BCe YpaBHEHMS JIOTUYECKHUX CBSI3€Ii.

5. IHar:

HapucoBaTh cxeMy IO HaiiIEeHHBIM yPaBHEHUSIM.
HaiimeHHbIe YpaBHEHUsI 3alMCHIBAIOTCS BMeCTe:

JAZI, KA=1;
JB=Q,43 K3=QA;
Jc =QA /\Qm Kc =QAAQB;

Ip =0, A0 A, K,=0,r0Q; AQ..

21
? QA (I 05 ov QD

rao‘Ao” Py

L 1C . 1C o= 1C L 1C
1K Lo 1Kk Lo 1K 1K
K-\ Kﬁ KC KD
E

Puc. 10.54. Cxema cyeTynka, NOCTPOEHHas 10 Pe3y/lbTaTaM pacyeTa.
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VYpaBHeHus 1 J- 1 K-Bxona KaxXIoro Tpurrepa oguHakoBbl. IToaToMy Bxo-
6l J 1 K MOTYT ynIpaBisiTbCS COBMECTHO.

Cxema, KOTopasi IOJIy4aeTcsl COITIaCHO YpaBHEHUSIM, MpeAcTapieHa Ha puc. 10.54.
B pesynbraTe pacyeTa MBI IIOJYYWIN TaKylo Xe CXeMy, KOTOPYIO IOCTPOWIM B
pe3yJbTrare aHaiau3a BpeMeHHBIX auarpamm (puc. 10.43).

10.3.4. CnHxpoHHble BCD-cYeT4nkn

10.3.4.1. Pacy4eTr CuHXpOHHOro cymmupyiowero BCD-cyeTymka

CornacHo MeTonuke pacyera (rmogpasa. 10.3.3) MOXHO paccyuTaTh CHHXPOHHBIHI
cymmupyromuii BCD-cueTyuk.

1. IIlar:

CocrapiieHHe TaOJIMLIbI KCTUHHOCTH.

IIceBmorerpanpl MOXHO He 3amKUChIBaTh. MIX siueiiky Ha kapre KapHo MOXHO
o6o3HayaTh cuMBosioM X. IIpu o6pazoBaHuM rpyniibl X MOXET pacCMaTpUBaThCS
kaK 0, Tak u 1 Ha BEIOOp pa3paborTymKa.

t, LA |
Decstnuvan | 2° | 22 [ 2T [22 127 [22 [ 27 [ 2° | mecatnunas
wibpa  [Qp |G | Qs |G| Qo | O | Qs |Gy | umdpa

0 oloflo|lojo|o|o|1 1

1 olojlo|1]olo|1]o 2

2 olo|l1|ofolol|1]1 3

3 olo|1|1fjol1]o]o 4

4 ol1|lo|ojo|1]|o]f1 5

5 ol1flol1fol|1|1]o 6

6 of1|1lofol|T]1]1 7

7 ol1|1|l1]1T]o|o]|o 8

8 1lofloflof1|lofo]1 9

9 1loflo|l1fofolo]o 0
(10) 1o 1]0] x| x| x]x

(1 1) 1 0 1 1 . s < >
(12) ! PLOTO X [ McesnoteTpans
(13) L I O B I P I P I Puc. 10.55. Tabauila UICTUHHOCTH CHH-
(14) L R IV N B N I [ XPOHHOro cymmupymcuero BCD-cyer-
(15) 1111 x| x| x| x YUKa.

2. Iar:

CocraBjieHHe U YIIPOIlleHUe YPaBHEHUI CUETYMKA.

Hopwmanenabie dopmsr UJIU ot O i+ 19 Q%H 1 QC(" 1y QDM + 1) 3aIIMCHIBAIOT-
csa B kapty Kapno u ynpomaiorest (puc. 10.56). YopolueHHbIe YpaBHEHMSI CYET-
YHKa:

Qun 1y = 045

[ (N A M (NN /T

Ocinvy = (04 Q) V(0y A Q) Vv (Qs A Qy A 0:);
R (NN M (PN N NS
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_C)A lf\ Q,
Quaosy Q, Q, ;

o T 1)@ o Ak
x| x|x|x] . x| x|\x|x .
. XIIx{1|~ . X|X ’
’ | Vg D) a,
al a, a, . al\ a a, ~
a, v Q,
Q, A0, A8,
GAAQF QA/\QS‘Y/\OC/\ED
Qo) Q, i Q, | Qoo v 1y Q, // Q,
Q, rﬁ (M % a, @ _1%
QA/\QU/\E’C L& X X X Q, x x (X—-—% Q,
o|_|XX o L AIXX[ 0 g
1 (U Q, a,
a, o' 1@ a, Q, a,

Puc. 10.56. Kapra KapHo a1 onpeeneHns ypaBHEHUH CYETYUKA.

Paccmorpum xapry Kapuo wis Q. b BuaHo, 4ro mojiHasg KOHBIOHKIIMS
O, AQp A0 A QD He YIIpolIaeTcsl IpyIIUpPOBKOi. BcieacTBue rpyniuMpoBKYU
BbINajia Gbl nepeMeHHass (), KOTOpas HyXHa Julsd CpaBHEHUS KO3(p(PHULMEHTOB.

O61ee npaswio: B kapre Kapro st @, , |, He MOXET BBINAaTh IlepeMeH-
Hast BenmyuHa Q,. B xapre Kapno st @y, , | He MOXeT BbllIajaTh NepeMeHHast
BenmanHa Q,. B xapre Kapno mia QC(,, + 1) HE MOXeT BBINAJaTh IePEMEHHAs
BemyuHa Q.. B kapre Kapno misa QD(n + 1) HE MOXeT BBINAfaTh IepeMeHHast
BeJMynHa Q).

IIpu o6pa3oBaHMHU TPYNI CledyeT YYUTHIBATh I'PAHUILIBI, ITOKa3aHHBIE Ha
puc. 10.56 xupHbiMU JTUHUAMU. IIpu 06pa3oBaHuM IPYIII XUPHbHIE JIMHUU HeE
OJDXHBI Iepecekarbcsa. TakuM oOpa3oM liejieHalpaBJIeHHO IMPOMCXOMUT OTKAa3
OT MaKCHMAJIbHOTO YIIPOIIEHMSI.

3. Ilar:

OrmnpeneneHue XapakTepUCTUUECKUX YPAaBHEHHUH JUIST TIPUMEHSEMBIX TPUITE-
pOB.

IIpumensiiorcsa JK-Tpurrepsl. XapakrepucTuieckoe ypaBHeHue st JK-tpur-
repoB, OIycKasi MHAEKC A, BBINISIIUT TaK:

Q(n+l) =(J/\Q)V(I?AQ)-
HOns 4 tpurrepoB A, B, C u D xapaKTepuCTHYECKHE YPaBHEHUS:
Quniny = (']A A Q-A)V(EA /\QA);
QB(n ) = (JB AQ_B)V(EB /\QB)§
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iy = (J AQC)V(I?CAQC);
o+ 1y =( DAQD)V(‘ED AQD)'

4. Iar:

OnpeneneHne JOTHYECKNX CBSI3eil CpaBHEHUEM KO3(PULIMEHTOB.
Tpuzeep A

QA(,. 1) (J A QA) (I? AQ A); XapakTepUCTHYECKOE YpaBHEHME TPUITEPA,
Qe = Q,,; YpaBHeHUEe CUETUYHKA.

Qunn =742 0,) Vv (K, ~0Q,);

Qunsn =(120,)v (04 0Q,);

KA =0;
J, =1 K,=1
Tpuzzep B
Opin vty = (I3 7 05) v (Ky 7 Qy) XapakTepHCTHYeCKOe ypaBHEHUE
o TPULTEPA;
Osin 1y = (04 A Qy) v (04 A Oy A QD) VpaBHeHHe CYeTYUKA.

ITepen cpaBHeHMEM K03(MDGIUIMEHTOB IEpENMIIEM YpaBHEHHME CYETYMKA B
JIPYyTOM BUIE:

Qsiry = (0, A0, A Q) V(D AQp) XapakTepUCTHYECKOE YpaBHEHME
I J’“ TpUITEpA;
Osnary = (J A QB) (I? . A QB); VpaBHEHHE CUETYUKA.
KB = QAa
Jp =Q, A Qo K, =Q,
Tpuzeep C
Qeniny = (J c A Qc) v (K~ Q) XapakTepuCTHYECKOE ypaB-

_ _ HeHMe TPMITepa;
Opin + 1y (QA A Qc) (QB A Qc) v (Q,, AQp A QC) VpaBHEHME CYETYUKA.

IMepen cpaBHeHueM K03(h(PHUIMEHTOB NepeNnuileM YpaBHEHHE CYETYMKA B
JIPYroM BHIE:

Qctnny = (QA A Qy ’\QC)VQC (QA VQB)Q



10.3. Cunxponnvie cuemuuxu 29\9\)

QC(n+l) =(QAAQBAQC)V(QA Ay AQ)

N 7
Qetnany = (JCAQC)V(KCAQC);

Kc = QA A an
Jo=Q, A Gy Ke=Q,rQ
Tpuezep D
~ 2 XapakTepucTUIECKOE ABHECHHEC
QD(n+l)=(JDAQD)V(KD /\QD); P p yp

TpUITEPA;

Opnsny = (QA A QD) v (QA AQ, AQ A QD) VpaBHEHHE CYESTIHKA.

ITepen cpaBHeHMeM K03G(PUIMEHTOB NEpenuIneM ypaBHEHHE CYeTYMKa B
JIPyTOM BHIIE:
D(n + 1) =(QA /\QB /\Qc AQD)V(%AQD)

o1y = (JDAQD)V(KD /\QD);

J

Jp=Q, AnQ; AQ, K,=Q,

YPaBHCHI/IH JIOTUYECKMX CBS3el OIIPpCACIICHDI.

5. Illar:
ITocTpoeHne cxeMpl mocjie omnpeneeHUs YpaBHEHMIT JIOTHYECKUX CBA3Ei.

Q. Q,
T Q AQ,AQ, I
&
1
J, Jp L
E 1 ] 7 Lo2 11y T
o = 1C ’—-‘>1C
L-o—-— 1K | o—o F._H__ 1K oo
K, Q, : Q,

Puc. 10.57. Cunxponssiii cymmupyoumwmit BCD-cueTuuk.
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3anuiieM BMecTe HaileHHEBIe YPaBHEHUS JIOTUYECKUX CBS3ECH:

J,=1 K, =1
JB=QAAQD7 KB=QA;

JC =QAAQB, KC =QA /\QB;
Jp=0,r0 A Q, K, =0,

Tpurrepst A, B, C u D COeTUHSIIOTCS. B COOTBETCTBUM C YPAaBHEHHUSIMU CBSI3U.
CxeMa pacCYNTAaHHOI'O cYeTYMKa M300paxkeHa Ha puc. 10.57.

Takt T

Bxoa ycTaHOBKU o-EF

v
Q

1Cc

i

1 a,

L=

1c

™
z
ale [V [ =]

Buixoabt

L=]

UHdopMaumnoHHbie Bxoabl

v
P

o [V] =
)

™
g

ale [ V] e]
3

Bxoa c6poca

FE, o E
Pa3peweHune
FE,

2

MepeHoc
o

L]

Puc. 10.58. CTpyKTypa 1 LIOKOJIEBKA UHTErpaibHOi Mukpocxembl FLJ401-74160 (cuHxpoH-
HBlI cymmupylowuii BCD-cyeTyuK).
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10.3.4.2. UHTerpasnbHblie CUHXPOHHbLIE cyMmmupyowme BCD-cueTunkn

CunxpoHHble cymMmmupyomue BCD-cYeTYNKU MPUMEHSIOTCS B OOJIBIIIOM KOJIH-
YecTBe ¥ MO3TOMY BBHIITYCKAIOTCS B BHAE MHTETPAJIbHBIX MUKpOocxeM. MuKpocxe-
MBI MOXHO YCJIOXHSATH 0€3 3HAaYUTEJIbHOTO yIopoXaHusa usnenus. MHTerpaib-
Hble BCD-cYeTYMKM YacTO MMEIOT TaKTHpyeMble WIH HETAKTHUPYEMBbIE BXOIBI
copoca. Takxke yacto BCD-CYeTYMKHM UMEIOT BO3MOXHOCTDb IpPeIBapUTEIHHOTO
MPOTrpaMMHPOBaHUs, T. €. Yepe3 CIelHaIbHbie BXOIbI MOXHO YCTAHOBUTH CYET-
YUK Ha HaYaJlbHOE 3HayeHHe, C KOTOPOro OH HAYMHAET CUMUTATh.

TunuyHo¥t MHTErpanbHONl MUKpocxeMmoii siBisiercst cxema TTJI-cemeiictBa
FLJ401-74160. CtpyxTypa MHKpPOCXeMHI NpeacranieHa Ha puc. 10.58.

Bxon c6poca R He3aBHCHMM OT TaKTOBOTO CHTHaia. 0-CHTHAI Ha BXofe copo-
ca cOpachIBaeT CYETYMK.

Bxox ycranoBku S paGotaer ¢ BxomamMum A, B, C u D. IlpensapurenbHas
YCTaHOBKa cueTYMKa 4depe3 MHGOPMAIIMOHHBIE BXOABI BO3MOXHA TOJBKO NpPH
YCJIOBMH, YTO Ha BXOJ€ YCTaHOBKU jAeicTByeT O-curHai. Tpurrep A MoXeT ObITh
YCTaHOBJIEH 1-curHajoM Ha Bxoge A u copoien 0-curHaiaoM Ha Bxoje A. Takxe
u tpurrepbl B, Cu D MOryT OBITh YCTAHOBJIEHBI U COPOIIICHBI YePE3 COOTBETCTBY-
IolIe BXOABl. YCTaHOBKA M COPOC MPOMCXOMUT CMHXPOHHO C IIepeIHUM (PpOH-
TOM CUHXPOMMIIYJIbCA.

Apyrumu crioBamMu, IIpU HAJIWUYUM CUTHAJIa YCTAHOBKYW CHTHaJIBI Ha WHQOp-
MallMOHHBIX Bxomax A, B, C u D mepexomiT B CYETIUK.

OcoGennyio ponb urpatot Bxons! paspemienuss FE u FE,. Eciu Ha oHOM U3
BXOJIOB pa3pelieHHus AelicTByeT 0-CHTHaJI, TO CYETYMK MOXKET OBITH IIperycra-
HOBJIEH, HO HE MOXeT cumTaTb. CYeT IMPOMU3BOAMTCS, €CIM Ha O0OMX BXomax
paspemenusi FE u FE, neiictyer 1-curnan. Ecnm Ha onHoM Bxone FE, neiicTBy-
eT |-curHaj, To paspelleH TOJIbKO IEPEHOC.

Cuerynk FLJ-74160 siBnstercst yHuBepcanbHbIM. Ecin Kakue-nmub6o uU3 ero
BO3MOXXHOCTeI He BOCTpeOOBaHbI, TO MOXHO HE MOIKIII0OYAaTh COOTBETCTBYIOIIE
BBIXOJIBI.

10.3.5. CHXPOHHBIN CYHETUYMK aNns Kkopa ¢ ns3dbitkom 3

CuHTe3UpyeM CXeMy CUMHXPOHHOTO CYMMUPYIOLIETO CYETYH -
Ka, paboTaroniero B Koge ¢ u36bTkoM 3 Ha G6a3e JK-Tpurre-
POB, IIEPEKITIOYAIOLINXCS C 00paTHBIM porTOM (pric. 10.59).
CxeMa IOJKHA OBITh paccYMTaHa 0 aJITOPUTMY, PaCCMOT-
peHHOoMy B moapasna. 10.3.3.

1. Iar:

CocrasieHue TabaMLbl MCTUHHOCTH.

Ha puc. 10.60 uzo6paxeH xoxa ¢ u36biTkoM 3. ITociie KaXa0oro TakTa CYeTYuK
JOJDKEH OBITh BHICTaBJIEH Ha 1uar Brepen. Ha ocHOBaHUM 3TOro ycjaoBUS IOJTy4a-
eTcs Tabnuiia ucTuHHOCTH (puc. 10.61). ITlecTh HEMCIIONB3YEMBIX TETPAL SABJISIOT-
cs1 nicepnorerpamamu (puc. 10.62). OHu MOryT OBITh He 3aIeMCTBOBAHbI B KOIE C
U30BITKOM 3 U TIpoIylleHH B Tabiuile MCTUHHOCTU. X stueiiku B Kapre KapHo
ob6o3navyawTcss cuMBoJioM X. CornacHo puc. 10.62 MCIONB3YIOTCS CUMBOJIBL OT X
no X. Ilpu rpynnupoBke X MoXeT Ha BHIGOP CYMTAaThCsl KaK 1w xax 0.

1J —
> 1C
1K o—

[ L]

Puc. 10.59. JK-tpurrep.
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BAecatnynas HAecatnunas t [ BDecatuynan
wppa |D|C|B|A undpa  [Qp [ Qc [Qp [Qa|Qp |Qc | Qs [Qa | umdpa
0 ofo|1]1 0 ofo|[1[1]o[1]o]o0 1
1 o|1{ofo 1 of1|ofofjo|1]o]1 2
2 o|1]0]1 2 ol 1fof1]o]i]1]o0 3
3 o[1[1]o0 3 oft1|1fofo|1]1]1 4
4 o|1]1]1 4 of1]|1|1]1]o]o]o 5
5 1jo]o[o 5 1lofofjo[1]o]o]1 6
6 1(o]|of1 6 1{ofol1|1]0]1]0 7
7 1/o|1]0 7 1fo|1fof1|of1]1 8
8 1]o]1]1 8 1foj1f1f1|[1|{ofo 9
9 1/1]o0]o 9 1|{1|ofjofjo]o]| 1] 0
Puc. 10.60. Kon ¢ n36s1TKOM 3. Puc. 10.61. Tabiuua MCTMHHOCTH CHHXPOHHOIO
CYMMMPYIOIETO CYETYHKA B KOAE C U3OBITKOM 3.
Q |Qc |5 |Qa 2. IMar:
00|00 ]x,
oflo|o|1]x CocraBjieHHEe M YIIPONIEHUE YpaBHEHUI CUETYHUKA.
? ? ; ‘: ;(d Hopmamstsie gpopmst WIW ot O, . 11s Cp s 10 Qoo+ 10 DS'H)
1 11]1]0]x 3anmceBatorcs B Kapty KapHo u ynpomasorcst (puc. 10.63).
1111 ]x HOJIY‘I&IOTCH HHIXCCIICAYIOINIUC YIIPOLICHHBIC U npe06pa-

Puc. 10.62. I1ces-

30BaHHbIE ypaBHEeHUs cyeTynKa. IIpeobpasoBaHus 1ejIeCO06-
Ppa3HbI I o0JIeryeHUs JajabHelinero cpaBHeHnsa kKo3dduim-

JOTETPasbL.
€HTOB C XapaKTCPUCTHYCCKUMHU YPaBHCHUSIMHU TPUITCPOB.
a A
| QA(II +1) QA _A ‘ QB(" +1) Q‘ _A //
(< | j (< | N
11X ]s, 11Xx]|a
Oﬂ OB
XX | 1 k% X x| 1
f s f
d aQ, —— NS S Q,
]
oI x 1] 1 QK
OB QB
Q - Q
X | X% oy CARI RIEAE
a, Q, a, a, Q, \ a,
65 AQ, AQ,
GAAOC\GD QA/\QH/\QC/\GD
I’“— \ _ r‘_—— AN
Qc(n +1) Q, I\\ | A QD(n +1) QA QA
o (ﬂ w Xc % o 1 Xc %
B — 3%_
A JJ X.| X 1 x| x |1
Q, ~Q, ~nQ, Q, Q,
X 1) X 1
_ d ~ d
a, —a, e SRS
Q Q
x, [ 1) |- X, X, |o
a, / a; 'l o a, Q. a,
éH AQ. AQ Q. ~Q

c ] ¢ o

Puc. 10.63. Kapra KapHo a5 onpeaeneHus ynpolUeHHbIX YPaBHEHUM CYETUHKA.
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YPaBHeHI/IH CYCTUYHKA:

QA(n+l)=QA’
Qunry =(120,) V(01 0Q,) ®

Qpn 1y (QB AQc AQD) (QA AQB)V(QA /\QB),
Qa4 1y =[ s N ((Qc AQD)V QA)]V(QA /\QB),
QB(n+l) =[[(QCAQD)VQA:|AQB]V(QA /\QB); @

Qi = (QAAQBAQC)V(A Qc/\QD) (QB/\QC/\QD),

Quir = (i A Qo A 0:)V[[(C4 A Do) v (@5 £ Do) ]2 Q.

Oy =(Cu A Qs A C)v[[(Cr A QA Ca) ] 0 ®

QD(n 1) (QA AQyAQ: A QD) (Qc /\QD)- ®
3. Iar:

XapakTepucTUIECKHE YpaBHEHUS.

TpebyeTcsl onpeaenuTh XapaKTepUCTUIECKAE YPaBHEHUS IS TIPUMEHSIEMBIX
TpurrepoB. icnnonb3oBaHbl JK-Tpurrepbl. XapakTepUCTHYECKOE YpaBHEHUE IS
JK-TpUITEpOB, OITyCKasi UHAEKC A:

Q.= (J/\Q) (K/\Q).

151 N3roToBJIEHUS CYETYNKA HYXXKHBI 4 TpUTTepa, 0003HaYeHHbIE CUMBOJIaMH
A, B, Cu D. OHM uMeIoT cleAyollne XapakKTepuCTUYeCKe ypaBHEeHMSI:

QA(n+l)=( Q)V(_ AQA) ®

QB(n+1)=(JB Q)V(_ /\QB) ®

QC(n+1)=(Jc Q)V( ) @

QD(n+1)=(JD Q)V(I? )
4. Illar:

OmnpenelieHrie ypaBHEHUI JIOTHYECKHX CBS3Ei.
VpaBHEHHS CUETYMKA M XapaKTePUCTUUECKUE YPABHEHUS YXe€ OINpeesieHbI.
CpaBHeHUEM UX KO3(DOUIIMEHTOB OMPEEISIIOTCS YPAaBHEHUS CBSI3HU.
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Tpuzzep A
Qunv1y = (JAAQA) v (‘EAAQA)
} U
QA(n+l) = (IAQ_A) v (OAQA)
J, =1 J, =1
K, =0, K, =1
Tpuezep B
Opin vy = (JB AQB) v (I?B /\QB)
U U
Opn sy = [(Qc AQD)V QA]AaB (QA A QB)
Jp =Q, V(Oc /\OD)
I?B =QA Ks =Q,
Tpuzeep C
Qi = (JCAQC) v (I?CAQC)

U !

Qctnany = ((QA AQB)AQC) v H(QD ~ (0, VQB)]AQ0:|

'Jc:QA/\OB

Kc =ép A(QA VQ_B)

K. =QDA(QAVQB)=QDVQAVQB
K. =QDV(QA VQB)

K¢ :(OA AQB)VQD
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Tpuzeep D
Qouyy = (JD A Q_D) v (I?D A QD)
U U
Qpiny = | QaAQp A0 A Q—D v (Q—c A QD) ®
Jp =QuAQs A Q
KD = QC Ky =Qc

Eciiu M3BECTHBI YPaBHEHHS CBSI3M, TO MOXHO CTPOUTH CYETYMK. TpHrrephl
HYKHO COEIMHSTHh COOTBETCTBEHHO YpaBHEHUSIM CBsI3U. I 0TOBast cxeMa cueTyu-
Ka IpeacTapiieHa Ha puc. 10.64. C4eTYMK MOXeT HAYMHATh CYET C JII0OOro 4uc-
na. Ecii OH OJDKeH CYUTATh C HyJisl, TO HEOOXOIMMa JOTOMHUTENIbHAsT cCXeMa.

e

Q
Q. ~AQ, I
=

Q, Q, Q
[

o

1 Q,vQ AQ
"II‘ Q, AQ, Py A 8 c
J, Q J, l—l J, J,
Sy _— A — 7114 o1y
E > 1C o> 1C o 1C o> 1C
1K 0o 1K O—o =1 1K O—o0 1K
KA KB KC KD

Puc. 10.64. CuHXpOHHBI CYMMUPYIOILIMIA CYETYMK B KOAE C U3OBITKOM 3.

HMHorma cyiecTByeT BO3MOXHOCTh IPYIIIMpoBaTh KapTy KapHo MHave mpu
OIMHAKOBOM YPOBHE YIpollieHHUs. B HallleM IpuMepe KapThl 3TO MMEET MECTO
st Q. 1, I1pH Apyroit IpynmmpoBKe MOJMYYAlOTCs APYTHE YPABHEHUS CYETYH -
Ka M Jpyrie ypaBHEHMsSI JIOTMMECKUX CBSI3€il, IpeACTABJIAIONINE PaBHOIEHHOE
pelIeHe 3aJaHus.

10.4. Jenvtenn 4acToTbl

Aenurenn 4acToTbl — 3TO CXEMb!, MOHUXAIOLUME YACTOTY NPAMOYIObHBIX CUT-
HaNOB C onpeeneHHbiM Ko3dpPUUMEHTOM nepecyeTa.

OnuH TPUITEp IIPOU3BOAUT JeJeHWEe YacTOTHl B oTHoueHuu 2 : 1. Ha nByx
TpUITEpax MOXHO IMOCTPOUTH JAEJIUTENh YaCTOTHI ¢ OTHOleHueM 4 : 1. Jlenurenu
YacTOThl OBIBAIOT ABYX BUIOB: HEIUTENU ¢ (UKCUPOBAHHBIM KO3(h(UIIMEHTOM
nepecyera W JACIUTEIM YaCTOTHI C PeryJupyeMbIM Ko3hdUIIMEHTOM IepecyeTa.
ITocnenHue HA3BIBAIOTCS TAKKe MPOrpaMMMPYEMBIMU JCIUTEISIMUA YaCTOTHI.
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10.4.1. ACMHXPOHHbIE AENUTENN YACTOTbl
C pukcuposaHHbiM KO3 PUUMeHTOM nepecyeta K

B xauecTtBe menuTeneil 4acTOTHI MOTYT MCIIOJIB30BAThCs YK€ U3BCCTHBIC CXCMBI.

Ji0601h aCMHXPOHHLIN ABOUYHLIN CHETHUK MOXET ObiTb MCMNOL30BAH KaK Aenn-
Tenb 4acTOThl C PUKCUPOBAHHBIM KO3(PPULMEHTOM nepecyeTa.

PaccMoTpuM cxeMy M BpeMEHHYIO AUarpaMMmy 3-O0MTOBOTO JBOMYHOIO CyM-
Mupylolero cyerdynka Ha puc. 10.65. IlepBbiif TpUITEpP CYETYMKA JEIUT Ha JBa
YacTOTy BXOAHOIo curHana E. Bropoii Tpurrep AeJWT ITOTIOJIaM YXe pa3lelieH-
HYIO 4acTOTy enie pa3. TpeTbUM TPUITEPOM YacTOTa IEJIMTCH ellle pa3 Ha IBa.
3-OUTOBBIN IBOMYHBIN CYMMUPYIOIIUA CYETIMK paboTaeT KakK JAeIUTEIb YaCTOThHI
C YaCTOTHBIM COOTHOIIEeHueM 8 : 1.

JIBov4YHBIE BHIYUTAIOIINE CYETYMKHM TAKXKE MOTYT ObITh IPUMEHEHH! B Kaye-
cTBe Jgenurelieii yactorel (puc. 10.66). PasneseHHbIE CUTHAIB MMEIOT JIMIIb UHYIO
a3y, yeM B ABOMYHBIX CYMMUPYIOIIMX CYETIMKAX.

YerHbie K03QOULIMEHTHI epecyeTa JIerko MojiyduTb. Kaxnaplil Tpurrep jae-
JIMT 9acTOTy ¢ Ko3dduimmeHTom 2:

rae f, — BXOIHas 4acToTa; [, — pa3fejeHHas 4acTOTa; n — KOJNYECTBO TPUT-
repoB.

Q, Q, Q.
Eo——O=>T > T > T
E -
f
T L
H t
0, i
)
— f
T 2
t
QB
T f
- T
t -
Q.
T f
| B
t |

Puc. 10.65. AcuHXpOHHBIHA 3-GUTOBBIN CYMMUPYIOLIUI CYETYMK B KAUECTBE AC/IUTENS YACTO-
ThI ¢ K03dduimeHToM nepecyera 8: 1.
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Q, Q, Q.
E o—O=>T J> T DO__—J-——O> T
2 > Po
Ga s @
E
1 ! - ! 'y
| | | 1 |
Q
) | | P I
! 1} ]

~Y

t

Puc. 10.66. ACUHXPOHHBII 3-OGUTOBBIN BHIYUTAIOIIMI CYETYNK B KAYECTBE JEANTE/A YACTOTHI
¢ koadduumenTom nepecyera 8 : 1.

QB
o

JL i
:

R

=

[}‘
-

i

ki o

Puc. 10.67. enutens 4yacToTsl ¢ KoadduureHTom nepecyera 3 : 1 ¥ BpeMeHHas quarpaMma.
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cf

o

—0 O
Qo

~Y

g
-

-
t

N

S
t
Puc. 10.68. lenurens yacToTs ¢ k0adduureHToM nepecyera 6 : 1 1 BpeMeHHas AnarpaMmma.

Kaxk MOXHO MOJIy4uTh HeyeTHbie K03 GuLmeHTH mepecyera? YToOb momy-
YUTh HeYeTHbie K03 IUIMEHTH MepecyeTa, UCIONb3yeMble B CXeME TPUTITEePHI
JOJDKHBI UMETH BXOIBI cOpoca. Jlenureib 4acToThl ¢ K03 UILMEHTOM ITepecyeTa
3:1 npencrasieH Ha puc. 10.67.

BoixomHoi curdan Q, MMeeT Ipyroe MMIYJIbCHO-()a3oBoe COOTHOIIEHHE, YEM
BXOIHOM curHan F. JIjns MHOTMX MPpaKTUYECKMX 3a1a4 310 HeynooHo. Ecinu mpu-
COEIUHUTD CIIEAYIONIUII TPUITEP, TO CHOBA MOJYYUTCS MMITYJIbCHO-(a30BO€E CO-
orHomrenue 1:1 (puc. 10.68).

3apaHue

ITocTpouth cxemy HenUTElNIsI 4acTOTHl ¢ Ko3dduiimenroM nepecyera 10 : 1.
HmMityibcHO-(}ha30Boe COOTHOIIEHHUE BBIXOJHOTO CUTHAJIA TOIKHO OBITH 1: 1.
CHayajia ciegyeT pa3paboTarhb cXeMy HeNluTesass dyacToTel S5 : 1. 3arem K

3TOM cXeMe IOAKJIIOUMTD JeJIUTEIb YacTOTh 2 : 1, TO ecTh elie OMMH TPUITEP
(puc. 10.69).

10.4.2. CUHXPOHHbIE AENUTENN YaCTOThbI
¢ duKcmpoBaHHbIM KO3dpPnumeHTom nepecyeta K

Bce BhILIECKa3aHHOE IJIsI CHHXPOHHBIX IBOWYHBIX CYCTYUKOB ,HeﬂCTByeT n s
ACMHXPOHHBIX TBOUYHBIX CYCTYUKOB.

JII060N CUHXPOHHbLIA ABOWUYHLIA CHETYMK MOXET Takke OblTb MCNONb30BaH Kak
LennTenb 4acToThl C GUKCUPOBAHHBIM KO3DPUUMEHTOM nepecyeTa.
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r i

o

b T

.

-
t

3l

Puc. 10.69. Jenurens yacToThl ¢ Koaddummenrom nepecuera 10: 1 1 BpeMeHHas fuarpamma.

DTO0 IPaBWIO pabOTAET TOJIBKO IS YeTHBIX K03GGUILIMEHTOB IepecyeTa, T. €.
2:1,4:1,8:1, 16: 1 u 1. n. Jyist apyrux Ko3pPHUILMEeHTOB Iepecyera, 0COOEHHO
IS HEYETHBIX, HYXXHO M3MEHUTh CXeMY BKJIIOYEHUSI BXOIOB TPUITEPOB.

Ha puc. 10.70 uzobpaxeHa cxeMa M BpeMEHHas IyarpaMMa CHUHXPOHHOIO

JIeJINTENIS YacTOTHl ¢ KoadduimeHToM nepecyera 3 : 1.

1 .

Q, Q, .
Tem
— 1J 1 z a,
Eo = 1C 3= 1C T
L 1k - 1K p—o
QA QB

|
t

S

1

R

L
t

Puc. 10.70. CUHXPOHHBIH AEUTE/b YaCTOTH ¢ K03dduLueHToM nepecyera 3: 1 u BpeMeH-

Haga auarpamMma.
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10.4.3. JenuTtenb 4acToTbl C perynupyemMbiM KoadPpuumneHTom
nepecyerta

Jenurenu 4acTOTH C peryimpyeMbM KO3 ULIMEHTOM IepecyeTa sBISIIOTCS B
MIPUHIIKITE MEPEKTIOYAeMBIMU ACTTUTENIMHU YacTOThl. OHU IPOBOIAT HECKOJIBKO
JeeHui 9acToThl. CHTHAI C XeJJaeMOi YaCTOTOM MOJAETCsI Yepe3 CXeMy BHIOOp-
KUY Ha BeIxoJ. Jdenutenp yacToThl Ha puc. 10.71 xeaut 4acToTy BXOMHOI'O CUTHAJIA
B cootHomtenuu 2:1, 4:1, 8:1 u 16: 1. Curnanamu Ha A U B BeIOUpaercd
HYXHBII CUTHaJI Ha BhIxone Z.

Koadp puuunenr
A nepecyera
0 2:1
1
0
1

4:1
8:1 Puc. 10.71. JleauTtens 4acTOThl C PEryJUPYEMBIM KO3(-
16:1 ¢bULMEHTOM nepecyeTa.

- = O Ol

CxeMa Jenureiist 4aCTOThl MOXET U3MEHSIThCS TIOCPEICTBOM IEPEKIIIOYEHUH,
TaK 4TO MOXHO TaKXe IOJIy4aTh HeUeTHbie KO3 UITUMEHTH IepecyeTa.

Baxuoil XapaKTepHCTHKOM NeJIUTENS YaCTOTHI IBISETCS MaKCUMaslbHas 4ac-
TOTa, KOTOpPYI0 OH MoxeT pazuesintb. B DCJI-rexnuke (cMm. cemeiictso BCJI B
pa3f. 6.7) MOXHO CTPOUTH JEJIUTENIH YacTOThl Iig yacToT 1o 900 MI'Ll. Perynu-
PYEMBIii JeIUTENb YacTOTHI IIst yacToThl Ao 500 MI'L] BeirTycKaeTcsi B BUIE MUK-
pocxeMnl ¢ Ha3BaHueM S 89. CxeMa 3TOro cueTYyMKa C LIOKOJEBKOM NMpHUBEICHA
Ha puc. 10.72. Boamoxubie KoaddunueHTs: nepecyera 50:1, 51:1, 100:1, 101:1,
102:1,200:1 1 202:1.

HyxHbiit k03P dUIMEHT NepecyeTa YCTaHABIMBAETCS BXONAaMM YIIPaBICHHA
A, Bu ENA.

Ta6ymi1ia KOMaHI ¥ OCHOBHBIE NTapaMeTpbl MUKPOCXEMBI TTpUBeAeHbI Ha puc. 10.73.

KOHTpPOJIbHBIA TECT

1. Yem pa3nuyaroTcsd CHHXPOHHbBIE U aCUHXPOHHbIE CYETYUKU?
2. U306pa3ute cxeMy aCUMHXPOHHOIO 8-OUTOBOTO CYMMUPYIOIIErO CYETYMKA
Ha 6a3e JK-TpUITEPOB, YIIPABIIIEMbIX NPSIMBIM (PPOHTOM.
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Puc. 10.72. CxemMa ¥ 1I0KO/IEBKa nporpammupyemMoro cuetunka S 89 (Siemens).
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Hux- Bepx- Epu-
HWUIA HUA Huua
Ycnosus ncnbitaHnin npenen Tun npeaen | name-
peHns
HanpsxeHue nuTtaHus U, 4,75 5,25 B
o Bxogapl, BbIxoAb!
MNotpebnsiembilii TOK Ig OTKPLITL 55 85 MA
BxonHoe HanpsixeHve U 1 B
L -ypoBHsa Ha EHA ENAL
BxogHoe HanpsxeHue = 20
H-ypoBHs Ha EHA Uena Ty 80°C 3.2 B
BxoaHoe HanpsixeHue _ B
H-ypoBHsa Ha EHA Ueva T,=25°C 3.0 B
BxopHoe HanpsixeHue — an e
H-ypoBHs Ha EHA Uena T,=80°C 28 B
Motpebnsemblii TOk _ _
H-ypoBHs Ha EHA lena Ugna = Uga i = AT,) 0,17 0,3 MA
MoTtpebnaeMbiii TOK _
H-yposHs Ha EHA levan Upa =9 B 1.7 3 MA
BxogHoe HanpsxeHue
L-ypoBHS Ha A unn B Use . 1.5 B
BxoaHoe HanpsixeHne _
H-ypoBHs Ha A unn B Uen Us-0.1 Us +0.1 B
Motpebnsaembiii Tok _
H-ypoBHs Ha A unn B lae Uis = Us 05 1 MA
Moporosoe HanpsaXxeHue U U =58 3,7 B
cpabatbiBaHua Ha T T s
YBenuyeHue Hanpsxe-
HUS NEPEKMIOYEHNS
Ha T cTtaTtnyeckoe Urss 250 1600 mB
(T n Ref coeanHeHbl)
YBenuyeHune Hanpsaxe-
HUA NEpPEKNoYeHNs _
Ha T npn 500 M U, g U;=5B 250 400 mB
(T n Ref coegnHeHbl)
BbixoaHoe HanpsixeHue _
Ha Q, Uy, l,,=382MA 0,4 B
R mexay Q, n Q, R,, 1,8 2,5 3,2 Om
MapameTpbl
HanpsixxeHne nutaHus U 4,5 55 B
Rl f. | npns0s51,100/101 | 2500 My
MakcumanbHas npw 100/102, "
BXOQHas yacroTa r max 200/202 500 Mru
MuHumansHas
BXOAHas YacToTa fromin nﬁgos/g/oT 20" My
CuHycouaanbHas
MuHumansHag
npu 100/102,
BXOAHasa YacToTa frmm 200/202 40" My
CUHycoupansHas

" Amnnutyaa (SS) Ha T: 250 MB < U, , < 400 MB; Ug: 4,75 < U; < 5,5 B.



Konmpoavnwiii mecm 3\)

Puc. 10.73. Tabnuia KoMaH/, C napaMeTpaMH NIPOrpaMMHIPYEMOro Tabnvua komaHa
cyerymuka S 89.

A|B|ENA | % /fy
H{H| H | 200
H{H| L | 202
H{L| H | 100
H{L| L |102
LIH| H | 100
LI{H| L 101
LiL| H 50
f, — BXoAHas 4acTota
[ 51

f, — BbIxOAHas YacToTa

3. Kak MOXHO M3 aCMHXPOHHOTO 4-OGUTOBOTO CYMMMPYIOHIETO CUETYMKA Ha
6a3ze T-tpurrepoB cueyiatb BCD-cymMmMupyIOIMii c4eTIUK? T-TPUTTEPH HOJKHBI
MEePEKITIOYAThCS ¢ OOpaTHBIM (PPOHTOM CHMHXPOUMITYJIECA M UMETh HETaKTHpYe-
MBIif BXOJ cOpoca, KOTOpHIi cOpachiBaeT Tpurrep 0-CUTHaJIOM.

4. YTo MOHMMAIOT MOJ CYETYMKOM IO MOIYIIO hn?

5. U3obpa3ure cxeMmy cdeTdymka mo Monymio 19 (cymmupylomero) Ha Gase
TPUITEPOB M3 Bompoca 3.

6. MaMenure cxeMy cuyeTyuKa o Moaymo 19 u3 Borpoca 5 TakuM oGpa3oMm,
yTOOB OH HauuHaJ cyeT ¢ 18 u cuutan Ha ymeHbleHue ao 0.

7. Kak paboraer cxeMa, IpeJcTaBjieHHas Ha puc. 10.74?

Q, Q,

0

X o
Puc. 10.74.

8. YeM OTIMYAIOTCS CUYETYMKU C MPeIBapUTETbHON YCTAaHOBKOI OT Iporpam-
MUPYEMEBIX CYETYNKOB?

9. amenuTe cxeMy 4-OMTOBOTO CYMMMpYIONIEro cyeTynka Ha puc. 10.7 ta-
KUM 00pa3oM, YTOOHB! MOJIYYWICS ITPOrpaMMUPYEMbIil CUETUUK.

10. U306pasure cxeMy CUHXPOHHOIO 5-OMTOBOTO CyMMMPYIOIIErO CYETUYUKA
Ha 6a3e JK-TpUITepoOB, yIIpaBIsseMBIX OOpaTHbIM (PPOHTOM.

11. OnuiurTe METOAUKY pacyeTa CMHXPOHHBIX CYETYMKOB.

12. Kak MOXHO M3 CHHXPOHHOIO 4-OMTOBOI'O CyMMHUPYIOIIEro CYEeTYMKa C
MWHUMJIBHBIMH U3MEHEHHUSMHU B CXeMe cIejlaTh CHMHXPOHHBIN 4-OUTOBBIN BBI-
YUTAIOIIMNHA CUETINK?

13. 4-GUTOBBIII CHHXPOHHBIN CYMMHUPYIOIINA CYETIMK TOJDKEH paboTaTh Kak
JIeTIUTeNb 4acToThl ¢ Koadduimentom nepecuera 8 : 1. Kak usmenurcst cxema?

14. TpeGyercst HapuCOBaTh CXeMy JEIUTENIS YaCTOTHI ¢ KO3 puimeHToM re-
pecyeta 14 : 1 Ha 6Ga3e TpurrepoB u3 Bompoca 3. ViMny/abcHO-(da3oBoe COOTHO-
HIEHWE BBIXOJHOI'O CUTHaJIa HOJKHO ObITH 1: 1.



rNABA 11

LUNDPPOBbBIE CXEMbI
BbIBOPKU U CBA3U

11.1. Undpposon kommyTaTop,
MYNbTUMAEKCOP U OEMYbTUMNAEKCOP

LindppoBble KOMMYTATOPbLI BbIGUPAIOT U3 MHOXECTBA BO3MOXHbLIX BXOAHBLIX AaH-
HbIX HYXHbIE 1 NepPenatdT MX Ha BbIXOAbI.

BxopHble curHaJIbI MOCTYIAIOT C pa3ieieHneM 1o BpemeHn. Cxema, KoTopast
MOCJIEAOBATENIbHO MePEeNaeT ONpeesieHHbIE BXOAHbIE CUTHAIBI Ha BHIXOIBI, Ha-
3BIBaeTCS MyJbTHILIEKCOP (puic. 11.1).

MynbTunnekcop — 310 undpPOBON KOMMYTATOP C PA3ACIEHNEM MO BPEMEHN.

AHAJIOTUYHO MOXHO nepeaaBaTbh BXOOAHBIC CUTHAJIBI C PAa3aCJICHUEM IIO Bpe-
MCHH Ha OOMH M3 BHIXOIOB.

Cxema, nepegaluian BxogHbie CurHassbt C pasgeneHmemM no BpemMeHn Ha oaunH
M3 BbIXOANOB, HAa3bliBAETCA REMYNbTUIJIEKCOP.

E, # A,

E E Lindposoi E A E E Uundposoin * A,

E =>= KOMMyTaTop KOMMYyTaTop E A E E —E — sxonu

3 3 » Sy 4
A, A —A, — Bbixoabl
E, E =9= A, S, S‘ —‘anpecuue B8XxoAb!
0 1
S| sﬂ S| SO

Puc. 11.1. ITudpopoii KOMMYTaTOP-MYABTUILIEKCOD, AEMYIbTUILIEKCOD.
11.1.1. MynbTunnekcop «4 B 1»

PaccMoTpuM nmpuHIMI IeHCTBUS MYJbTHILIEKCOpPA
Ha mpocToii cxeme. MynbTuiuiekcop «4 B 1» umeer
Ae— ) yeThlpe Bxoma. KaxXAplii M3 3TH 4YeThIpeX BXOIOB
g Kli."l.ﬁsf:ffp oz JOJIXEH UMETh BO3MOXHOCTb MOIKIIOYEHUS K BBI-

g:‘ 481 xony (puc. 11.1a).
MyneTUIUIEKCOp padoTaeT KakK IepeKiioyareiib ¢
4 nonmoxeHussMu. B monoxenun 1 A coequHeH ¢ Z.
l 1 B nmonoxenuu 2 B coenuuen ¢ Z U T. I.
s, s, IlepexmoueHre MPOUCXOTUT ITOCPEICTBOM YIIpaB-

Puc. 11.1a. Mynstunnexcop ~ JUTOILMX BXOTOB. JUist yripaBiieHus: 4 pasiM4HbIMU T10JI0-
4p1. XeHUsIMU TpeOyrores 2 ynpasisioniux Bxona. C 2 6ura-
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Monoxewve | S, | S, | Z = S, 8 S5
1 ofo| A Ao
2 ol1] 8 &
3 1{ofcC
4 101] D
B o
Puc. 11.2. Tabnuna
MCTUHHOCTH MY/b- Puc. 11.3. CxeMsl MyJib-
THIUIEKCOpa «4 B 1». TUILIEKCOPOB «4 B 1».

MM MOXHO 00pa30BaTh Y€ThIpe KOMOMHALMU, b o
KOTOPbI€ YCTAHABJIMBAIOT YEThIPE IOJIOXEHUS

(puc. 11.2). @
CxeMy MyJIbTUILIEKCOpa «4 B 1» JIETKO pa3- !
paborars. Ilepemennsle S, 1 .S, TOJKHBI IIPHU- 3‘ s,

CYTCTBOBAaTh B IIPSIMOIf ¥ MHBEpPCHOIT popme.
Bxonbl BeIOMpaloTCs MocpeacTBoM V-3jieMeHTOB MpH yCJIOBUU ITOAAYU Ha YII-
paBJIsgIoOLINe BXOABI COOTBETCTBYIONIEH KoMOuHaiuu (puc. 11.3).

11.1.2. LUudposoii cenektop «2 x 4 B 4»

Iudposoii cenekTop «2 X 4 B 4> uMeeT aBa BXxoaa 1o 4 6uta u 4-OUTOBBIIA BBIXO,
(puc. 11.4). Ha Boixon Z nmomaiorcs au6o yeThipe A-Bxona, 1ubo yersipe B-Bxona.
Tak Kak BO3MOXHBI TOJBKO JBa MOJIOXEHUS, B HAUIUYNUA UMEETCS TOJIKO OIMH
angpecHblil Bxon S (puc. 11.4). Cxema sToro iudpoBoro KoMMyTaTopa npeacraB-
JneHa Ha puc. 11.5.

A, 0~
A, 00— ‘ A2 o—
A Azo_ A|—4 i
1—4
A0 \[ A, o-
A, o—— 02, “
Uuwdposoin o0 2‘& (A, o-
KOMMyTaTop ? 2
@x4pdr [ |
B, o———vp o7 | ;
! ZA/' 21—4
B B,
14
B, 01 B, o
B
B, o
l) B, ]
S ' Ba O
MNonoxexne | S| Z,_, = B, o
1 0l A,
2 1] By,

o

S

Puc. 11.5. [IpusuunyuansHas cxemMa ceaeKropa
Puc. 11.4. Cenexrop «2 x 4 B 4». «2 x4 B 4».
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11.1.3. Undposon cenektop «4 x 8 B 8»

DTOT CeIEKTOP MMEET OONBIIOE 3HAYEHUE B MUK-

porpoueccopHoil TexHuke (puc. 11.6). 8-6uto-

BbI€ CJIOBa BHIOOPOYHO I€pelaloTcss Ha 8-0uTo-

Bbi¢ BBIXOAB. BO3MOXHBI 4YeThIpe IOJIOXEHUS

komMmyTtaropa. [lepemaya curHajga yrpaBieHUS
| MPOU3BOIMUTCS C IOMOIIBIO ABYX aIPECHBIX BXO-
0B S, ¥ S, (2-6UTOBBIE KOMAH/IBI).

Komanna S, = 0, S, = 0 nepeximodaeT BO-
ceMb A-BXOIOB Ha BOCEMb Z-BBIXONOB (Z, = A,
Z,=A,7Z =A, Z,= A ur. 1.). Eciu Ha BeIXOI
JIOJDKHBI OBITh IepefaHbl B-BXOIbI, JOJDKHA OBITH
Komanga S, = 1, S, = 0. Jlna xommyrauuu C- u
l l D-pxonos coorBercTBeHHO S, = 0, S, = 1 u §=1,
S, =1

LUvndposoit
KOMMYTaTop
«4x 88 8»

Jl

-8 8

T

Sl so

Puc. 11.6. Tudpopoii cenexrop
«4x 8B 8.

11.1.4. Undposon cenekrop-mynbTunnekcop 16 B 1

IlndpoBsoii ceekTop-MyJIbTUILIEKCOP «16 B 1» uMe-

o E, o—
eT 16 BXOHOB, KaXIblif M3 KOTOPBIX MOXET OBITh ITe- o——]
penad Ha Bbixod. To ecTh B Haimyuu uMeiorcs 16 o—
BO3MOXHBIX MOjIoXeHuil. Tak Kak Kaxmoe IOJoXe- o—| .
o . O———1 Uundposoii
HHE BbIOMpAETCsl OTACNIbHONM KOMAHIOW, HEOOXOTMBI =1 «ommyratop ——o0 Q@
16 xomann. g ¢popmupoBanus 16 KoMaHa HEOOXO- o—ro ex1e?
IuMbl 4 6uta. CxeMa JOJDKHA UMETh 4 YIIpaBIsTIOLINX P
Bxoma (puc. 11.7). pa—
LndpoBoii CeIEKTOP-MYIBTUIDIEKCOP «16 B 1» BoI-  ©*° i
MycKaeTcsl B BUIE MUKPOcXeMbl ¢ obo3HayeHueM FLY 1 l 1 l
111-74150. Cxema M LIOKOJIEBKA ITOKa3aHbI Ha puc. 11.8. pess
ITocrymaromue Ha BXOOBI CUTHAJIBI WHBEPTUPYIOTCS AqpecHie Bxomm
Ha BBIXOJC. Puc. 11.7. MyasTuniekcop
Ha puc. 11.9 npencrapiieHa Tabnuiia JaHHBIX MYJIb- «16 B 1».

tuiuiekcopa FLY 111-74150.

IIndpoBsoii cenexrop «16 B 1» pabGoraer KaK MyJIbTHUILUIEKCOD, eciu 16 BO3-
MOXHBbIe 4-OUTOBBIE YNPABIAIONINE KOMAHABI 10 OYepeaH MOCTYIIAIOT B YIIpaB-
nsromye Bxonsl. Kaxmass KoMaHIa IUTCSI, HAIpUMeEpP, B TeYeHUE MHJUIMCEKYH-
Ibl, 3aTeM CJIeqyeT cienaylomasi KoManma. CyeT HauMHaeTcsi, KaK IPaBWIO, C
0000 u mpomoxaercs mo 1111. 3areM LUK HAYMHAETCSI CHOBA.

11.1.5. Aemynbtunnekcop «1 B 4»

HeMynpTuILIeKCOp paGoTaeTr HaOGOPOT MO CPaBHEHUIO C MYJIbTUIUIEKCOPOM.
ITomaHHBIN Ha BXOH CUTHaJ OymeT BHIOOPOYHO IepedaH Ha OXWH M3 BHIXOIOB.
VipasneHue MPOU3BOMUTCS YIPABJISIIOIIMMH OUTaMU.



11.1. Lugposoli kommymamop, MysbmuUnIeKcop U 0emMyabmunieKcop 3@

Ctpo6 © {1F

WHdopmaunoHHbie Bxoab!

E, o
5
[
E7c —> 1
Buixoa Q
Ea
&
[ | [—
E, o Py
-
E‘Oc &I
EI| &
- |
E‘Z(\ &
—
E!J &I
E o
E|5F &
Llokoneska
EE — Bua ceepxy
A US E! Es Em E‘l 1 EIZ EIG EH EIS A B C
24 23 22 21 20 19 18 17 16 15 14 13
g: A A raacracaararacar—
2l . [ T T T T T T 11
g
g _@-@—- ] FLY 111-74150
=
o
o C
g IJ I I A I I I O
> T JC I IJ I JL JL JL JL J L JLJLJ
1 2 3 4 5 6 7 8 9 10 13 12
E, E, E E E E E E

Pac. 11.8. MpuHunnnaibHas CXeMa H HOKOoAesKa Myastrniexcopa 16 B 1 FLY 111-74150
(Siemens).
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16-61TOBbLIN MyNbTUMNEKCOP
FLY 111-74150 FLY 115-84150

Mwukpocxema FLY 111/115 umeet 16 Bxonos ot E; no E,,, Ha HAX OQHOBPEMEHHO NOAAIoTCH
MHDOPMaALMOHHbIE CUrHanbl H- nnu L-ypoBHeit, BXoAbl BbIGUPAOTCS B 3aBUCMMOCTU OT GuHapHOn
KoMBuHaLMKM COCTOSHUIA ynpasnsiowmx BxodoB A, B, C, D n nocnenoBaTenbHO B UHBEPCHOW ¢op-
Me nepepaiotcs Ha Bbixog Q. H-curHanom Ha Bxoge Strobe Bbixoa Q Gnokupyetcs (H-curHan)
HE3aBMCUMO OT COCTOSIHUS BXOAO0B.

3TN MUKPOCXEeMbl HaxoAST NPUMEHEHWE NPU NocnepoBaTeNibHOW Nepeaaye AaHHbIX MO MHUK
B KOMOGMHauuu ¢ Mukpocxemoi FLY 141/145,

Hux- Bepx- Enu-
Cratudeckue napameTpsbl VCIOBUS UCHbITAHI HUA Tun HWiA HUuua
B TEeMNepaTypHbIx 30Hax 11 5 npenen npegen | wname-
peHns
HanpsxeHvne nutaHus U, 4,75 5,0 5,25 B
onp.zoe HanpsxeHue u, U =4758 2.0 B
-YPOBHS
BxopnHoe HanpsxeHne U, 0.8 B
L-ypoBHS
BxogHoe HanpsaxeHue U Us = 4,75 B, 15 B
Ha Knemmax ! -1, =12 MA
BbixogHoe HanpsixeHue s = 4,75 B,
H-ypoBHs Yan =1,, = 400 MKA 2.4 3.4 B
BbixoaHoe HanpsixXeHue U; =4,75B,
L-ypoBHsa Ya, I, = 16 MA 0.2 0.4 B
BxoaHOM TOK Ha kaHan , U;,=5,25B, U,=5,5B 1 MA
H -BXOA4HOW TOK Ha KaHan 1, Us;=5,25B, U,=2,4B 40 MKA
L-BXOAHOW TOK HA KaHan -1, U;=5,25B, U,=0,4B 1,6 MA
TOK KOPOTKOrO -I, Ug,=5,25B, U, =0B 18 55 MA
3aMblKaHus
MoTpebnsaemblit TOK Ig U;=5,25B, U, =4,5B 40 68 MA
Bpemsa nepeknioueHus,
npu U, =5B, T,=25°C
Bpemsa npoxoxapeHus curHana
(6bicTpOAECTBUE)
OTA B, C DkQ to 22 33 HC
L. 23 35 HC
Ot Strobe k Q Lo 21 30 HC
toy 15,5 24 HC
OTE, noE, kQ t R, =400 Om 8,5 14 HC
0 A9 Eis i C, = 15 n®
toy 13 20 HC
JNorunyeckne napameTpbl
H -koadPpuumeHT pas-
BETBNEHUA MO BbIXORY Fou 20
Ha KaHan
L-koadPpuuneHT pas-
BETBNEHMS NO BLIXOAY Fao 10
Ha KaHan
BxopHOM Harpy3o4HbIn F 1
KO3 PULMEHT Ha KaHan !

Puc. 11.9. Tabnuua pausbix ungposoro cenaexropa FLY 111-74150.



11.2. Jlewuppamopwi @

Nonoxenve | S; | S, | E = S, S S S
°Q, 1 olola,
Lindposoit |—o Q, 2 0 1] Qg
E o= xommyTaTop 3 1{0] Q Q
184 [—oQ 4 111l a .

s! SO

Puc. 11.10. JemyapTn-
iekcop «1 B 4».

—o Q, ﬂ_—g
T — i
=

i

Puc. 11.11. Cxema EE] !

AEMYJbTUILICKCOPpA
«1 B 4». ) S

Hemynpruiuiekcop «1 B 4> uMeeT oIMH BXOX M YeThipex Bbixoma (puc. 11.10).
HeoGxomuMBbl YeThIpe ITOJOXEHMS U, CJIEHOBATEIbHO, YETHIPE BOZMOXHBIE KOMOM-
Hauuu. Jis yeTplpex KOMOMHaIMIA TpeOyloTcs ABa yNpaB/IomuX Bxoza (S, 4 S)).

Cxema neMynbTHILIEKCOpa «1 B 4» mpeacTaBineHa Ha puc. 11.11. Chopmupo-
BaHHBII YIIPaBJISIOIMIMMY CUTHAJIaMH BXOJAHOM CUTHAJI ocTyraeT Ha M-35eMeHT.

11.2. Jewndpatopbl

s yripaBiIeHUS pa3IMIHBIMA MOIYJISIMU TPEOYIOTCS TaK Ha3biBaeMble anpeca. B
HHUPPOBOII TEXHUKE MO aApecoM MOHMMAIOT ITociienoBaTeabHOCTh 1-0 ompene-
JICHHOM JUIMHBI, T. €. OMHApHOE CJIOBO C YCTAaHOBJIEHHBIM KOJIMYECTBOM OHTOB.
CyuiecTByIOT, HallpuMep, 2-6UTOBBIE agpeca, 4-OUTOBBIE afgpeca M T. [.

Dewundparop SBAFETCH CXEMON C ONPeAeNEHHbIM KONYECTBOM BbIXOA0B. Ha
BbIXOAbl, BoiOpaHHbIE Yepes3 afapecHbie BXoAsl, nogaertcsa 1-curHasn.

11.2.1. 2-6utoBble gewmndpaTopsbl

Ecnu y pemudparopa IeThIpe BHIXOAA, TO TPEOYIOTCS JIBa apecHbIX Bxona, Ta-
Kol nemmmdparop yupasisercs 2-6uToBbIM ampecoM. C 2 GMTaMH MOXHO ITOJIy-
YUTH pa3nuyHbie aapeca (puc. 11.12). Cxema 2-6uroBoro aeiudparopa mokasa-
Ha Ha puc. 11.13.

11.2.2. 4-6uToBble gewmdpaTopsl

3-OUTOBBEIM aJpecoM MOTYT ObITh BHIOpaHBI 8 BBHIXOIOB. 4-OGHTOBHIE alapeca IIO-
3BOJISIIOT BBIOpaTh 16 BbIX0mOB. MOXHO 3armucarh 3aBUCHMOCTD:

n =2

rie # — YHUCJIO BBHIXOIOB; K — YHCJIO aApEeCHBIX BXOIOB.

Ha puc. 11.14 u3o6paxeH 4-6uToBbIi memudpaTop ¢ TaGIMIEH NCTHHHOC-
TA. BO3MOXHBI 16 pa3snuyYHBIX aapecoB, U MOTYT OBITh BHIOpaHbl 16 pasIMyYHbIX
BBIXOZIOB.



@0 Thaea 11. [fuppossie cxemor evibopku u ceasu
=~

A, o
Q, !
Anpectbie fA‘ 2-6UTOBLIN Q, 1Buxonu A, o—
BXOAbl 1 AZC .qeu.mv.bparop Qc a] E
—oQ,
e
& °
] QB
Anpec | A, | A Q| Qs |Qc | Qp
(Homep) |
1 |ofo } 1{ofo]o E}—woc
2 oj1]o0 Tlo]o
3 1lolo|o|1]o &
\| &
4 1{1lololo]|1
Puc. 11.12. 2-GuroBbrii AemmdpaTop M ero Pnc. 11.13. Cxema 2-6urtoBoro aeumdparopa.
TabaMLa HCTUHHOCTH.
A [ A A |A Qo | || Qs | Q0 | Qs | Qs |Gy | Qs | Qo | Qo | Qi | Qrz [Qus | Qua | Dis
olojolo|1|o|o|lo|o|o|o|o|ofolo|o|o|o|o]|oO
olofo|l1jo|1|o|o|o|o|lo|o|o|lo]o|o|lo|o|o]|o
olo|1|ojo|lo|T|o|o|o|o|o|o|lo|lo|o|o|o0o|0O]O
olo|1|1|o]o]lo|1|o|lolo]lo|jo|lo|o|o|o|o|o]|o
o[1]|0]o0 1
o|l1]o]1 1
ol1[1]o0 1
0 1 1 1 1 Hynu HEe BNUCaHbI
ana ayswero
110j0]0 1 0630pa TabnMubl
11001 1
1]o]1]o0 1
1{of1]1 1
111]0]o0 1
111]0}1 1
1{1(1]o0 1
11011 1
——Q,
/A‘o___‘ —
AapecHbie A0 4-6uToBBIN  |——— Beixoas
Bxoasl | A, o— Aewundpatop [
lA‘o—— S
Puc. 11.14. 4-6urossrit aetmdparop u ero Q.
TabnuLa KICTUHHOCTH.
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11.3. Uudposblie komnapatopsbl

Undposbim KOMNapaTopoM Ha3biBAETCH CXEMa, KOTOpas CpaBHUBaeT APYr C
apyrom asa GumHapHbIX BeipaxeHus A u B u coobuaet, asnsetca nin A > B, A=B
i A < B.

PaBeHCTBO nByX OMHapHBIX BBIpaXKe€HWIl JIETKO BBISIBUTH. Bce OUTBHI 06oux
BbIpaXXe€HUI1 TOJKHBI COBNafaTh, NHAY€ OHU HE PaBHHBI.

Onpeneauts, 9YTo0 A 6oJbliie, YeM B Wi HaoO6opoT, ciloXHee. 30ech HYyKHO
3HaTh MpUMEHsIeEMBIiT Koll. CpaBHeHHE BO3MOXHO TOJIBKO MPH YCIOBUU, YTO KOM-
mapaTop CIpPOEKTUPOBAH ST pabOThI C KOAOM, B KOTOPOM 3aKOIMPOBaHHI BhIpa-
XeHuss A u B.

OOBIYHO KOMIIApaTOpPhl CIIPOEKTUPOBAHBI [JIsI IBOUMYHON CHUCTEMBI CUHUCIIE-
HMS, B YaCTHOCTH JJIST paGOTHl B JBOMYHO-ASCATHYHOM KOIE.

11.3.1. 1-6UTOBbLIA KOMMapaTop

ITpocreiiliuM KoMIaparopoM saBisgercs 1-0uToBbiit KommnapaTop. OH cpaBHUBa-
€T ABa OMHApHBIX CJI0Ba IMHOIO B 1 6ut. CxeMa uMeeT TpH Bbixona (puc. 11.15).
Ha Brixoge X mogBnsiercsa 1, ecmu A > B. Ecmu A= B, 0o Y= 1. Ecitu A< B, 10
Z=1

Cxema KoMIlapaTopa, IpuBeleHHas1 Ha puc. 11.15, MoxeT ObITh CUHTE3UPO-
BaHa Ha 6a3e cXeMbl HepaBHO3HAYHOCTH. OIHAKO €€ MOXHO PacCUMTaTh TaKXe C
nomousio HopMmansHoi ¢popmel UM (puc. 11.16).

X =AAB;
Z =AAB;
Y=(A/\B)V(A/\B),
Y =(4AB)v(AnB)
Bxogbt BoixoAw
—o X X=1 ecom A>B
A O]
1-6uToBbIN B
KoMnapatop oY Y=1ecmA=B
B oy
o2z Z=1,ecru A< B

Puc. 11.15. 1-6utoBbIii KOMNapaTop 1 ero Tadbauiia UICTUHHOCTU.

Puc. 11.16. Cxema 1-6utoBoro
KOMIIaparopa.

11—2114




@2 Thaea 11. Iugpposvie cxemuvt vibopku u cea3u

11.3.2. 3-6uToBbIi KOMNapatop ans BCD-koaa
(ABOMYHO-OECATUHHOIO KOaa)

3-6uTOBBIII KOMITApaTOp CpaBHUBAET IPYT C IpyroM jABa 3-OMTOBBIX cioBa. Ha
puc. 11.17 uzobpaxeH 3-6MTOBBIN KOMIaparop Uil IBOUYHO-AECATHAYHOIO KOJIA
¥ ero Tabyuua UcTUHHOCTH. TaGNuIa MCTUHHOCTH COKpalieHa. Y IOJIHOi Ta6-
JIMIIBI ICTHHHOCTH JUTS IIEeCTH ITepEMEHHBIX BO3MOXHBI 64 KOMOMHAIIMM.

Bp| @ | @ | @ |a>B|a=B|a<s o X (458
A, By | A, B, | A, B | X Y z Mepsoe A .
1 3-6utosoe uncno | 4* 3-GuToBuiit
1 0 0 ) KoMnapaTtop Y 4=8)
2 o | o | 1 | B, —o _ AM
Bropoe B — ] BCD-xopna
3 1 0 0 3-6utosoe umcno | BZ ‘ Z (a<B)
4 0 0 1
5 1 0 0
6 0 0 1 .,
1 Puc. 11.17. 3-6uroBslit komnaparop ana BCD-koaa
7 0 0 M ero TabaMua UICTUHHOCTH.

CHavasia IOJIXHBI CPaBHMBAThCS HamboJiee 3HaYMMBbIe OUTHI, T. €. 4, ¢ B,.
Eciu A4, > B,, T0 A > B. Ecnu 4, < B,, T0 A< B. Ecnu A, = B, , To epexoaum
Ha CIIENYIOIUIA IT0 3HaYMMOCTH paspsan. Eciu A, > B,, 0 A> B. Eciu 4, < B,,
T0 A< B.

Eciu A, = B, , TO nepexonuM Ha CJIEIYIOIINIA 110 3HaYMMOCTH pa3psia. Ecnu
A > B, 10 A> B. Ecnu A < B, 70 A < B. Ecniu Bce Tpu 6ura paBHbI, T0 A = B.

IIpu nmpoeKTUPOBAHUM CXeMBI 3-OUTOBOrO KOMIIapaToOpa BOCIIONIb3YEMCS CXe-
Moii 1-O6utoBoro xommaparopa (puc. 11.15 u puc. 11.16 coorBercTBeHHO). B
cXeMe JIOJDKEH MPUCYTCTBOBaTh Bxox 3ampera (puc. 11.18).

: X A —~
1-6uToBbIN 1-6uTOBbIN

E | KoMnaparop Y':i> Eo KoMnaparop oY

Bo I o Z B o—

Puc. 11.18. 1-6uTOBBIi KOMIIAPAaTOP CO CXEMOI 3anpeTa.

Tpu 1-6MTOBBIX KOMIIapaTOpa CO CXEMOM 3ampeTa HOJLKHBI OBITh BKITIOYEHBI
TaKUM 00pa3oM, YTOOBI COOTBETCTBOBATH TaOIMIEe HCTUHHOCTH (puc. 11.17). O6-
njas cxeMa Iokas3aHa Ha puc. 11.17.

Crnyyaii 1:
A >B X, =1=X=1=>A4>B
Tak xak Y, = 0, To BXoapl 1-6uroBbiX KoMnaparopos I u II 6ymyT 3anmeprsl.
Cnyyaii 2:
A<B Z =1=27Z=1=A<B

Tak kak ¥, = 0, To Bxonsl 1-6uToBBIX KOMnapaTopos 1 u II 6ynyr 3aneprsr.



11.3. Hugposwie komnapamope: 32\3\)

3 X:I

A, a
A2

1-6uTOBbLI
A, Komnaparop

X
1-6uToBbIN
KoMnaparop s
B, 1-6uTOBLIN
3 KoMnapaTop

B?
B, H

Puc. 11.19. Cxema 3-6urosoro xomnaparopa aia BCD-kona.

Cnyuaii 3:
A, =B A, > B,
Teneps Y, = 1. Bxon 1-6urosoro komnaparopa II orkpeiBaerca. Tak Kak

A, > B,, 0 Y, = 0. Bxoasl 1-6uroBoro kommnaparopa I ocraiorcs 3a6;10KkupoBaH-
HbIMU. X, OyzmeT paBeH 1 u, ciemosarenbHo, X = 1.

Cnyuaii 4:
A, = B, A, < B,
To xe, yto u B ciy4ae 3, Tonbko Z, = | u, cienoparesibHo, Z = 1.
Coyyaii 5:
A, =B

3 3

A, = B,
Brixon Y, = 1. Iloatomy oTkphiBaeTcs Bxox 1-6urosoro kommaparopa I. Tak kak
A, > B, T0o X, = 1 u, cnenoparensHo, X = 1.
Ciyyaii 6:
A, = B, A, = B,
To xe, yro u B ciyyae 5. Tak kak 4 < B, T0 Z = 1 U, ciemosaresbHo, Z = 1.
Cuyyaii 7:
A3 = B3 2
Y, = 1 u, cneposarensHo, ¥ = 1.
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11.3.3. 4-6uTOBbLI KOMNAPATOP 419 ABOUYHOrO Koaa

CrpykTypa 4-0MTOBOrO KOMITapaTopa II0X0Xa Ha CTPYKTYpy 3-OUTOBOIo KOMIia-
paTopa, TOJIbKO HYXXHO JOOABUTH e1lle OOUH 1-OMTOBBIM KOMIIapaTop C 3aluparo-
IIAMUCS BXOTXAMHU.

4-6UTOBBIE KOMIIAPaTOPHI JUISI IBOUYHOTO KOJA BBITYCKAIOTCSI B BUAE UHTET-
panbHbIX MUKpocxeM. Ha puc. 11.20 npencraBieHa LIOKOJIEBKAa M Tabu1la MC-
tuaHocTH cxeMbl FLH 431-7485. Cxema npunamiexut K TTJI-cemeiicTsy. I1oi-
Hasl TaObJIMia JaHHBIX IIpuBeneHa Ha puc. 11.21.

FLH 431-7485
FLH 435-8485

Jlormyeckue COOTHOLUEHUNA

WHdpopmaumnoHHbie Bxoabl Bxoaw nepeHoca Buixoab
Ay By | A B, | A B, | A, B, |A>B|A<B[A=B|A>B[A<B[A=8B
A>B,| X X X X | x | x | H L L Liokoneska
A>B| X X X x | x | x L H L Bua caepxy
A=B | A>B | X X X X X H L L U, A, B, A, A B, A B,
A =By | A>B | X X X X X L H L 16 15 14 13 12 11 10 9
A =By |A>B, |A>B]| X X X X H L L [ arirr
A=B|A>B|A>B| X x | x| x| ¢ |nu]|t | I
A =B, | A>B, |A>B | A=8B| X X X H L L
A =By | A>B, |A>B | A=B| X X X L H L ]
Ay =By | A >B, |A>B | A=8B| H L L H L L l_
A=By | A>B | A>B|A=8| L H L L H L T T 1 T 1
Ay=By | A >B | A>B | A =8| L L H L L H LI I I I JU I I
A =By | A, >B,|A>B | A=B| X X H L L H ; 2A284A§BGAZBB
Ay =By | A >B, |A>B|A =8| H H L L L L S A<B A>B  A=B 0,
A =B, | A>B, |A>B|A =8| L L L H H L
X & L (X cooTBetcTByeT L- unu H-curxany) n:;:r?c::a Buxonn

Puc. 11.20. IToxoneBka u cokpauieHHas Tabaua uctuaHoctd cxemsl FLH 431-7485 (Siemens).

4-6UTOBbI KOMNapaTop
FLH 431-7485
FLH 435-8485

Moayne FLH 431/435 cpaBHuBaeT aBa ABOUYHbLIX 4-6UTOBLIX cnoBa (CnoBo A U cnoBso B) un
paanuyaeT Tpu cocTtoaHus: A > B, A=B, A< B.

3TOT MOAYNb MOXET pacLMpAaTLCA 6e3 AONOMHUTENBHON IOrMKU TPEMS BXO4aMu nepeHoca ans
CpasHeHus AByx cnoB oot AnuHbl. MNpy aTom Ans kaxaoro cneaylouwero 4-6MToBOro cnosa yse-
NINYNBAETCA BpeMs 3a1epXXKu Ha BpeMs 3a4epXKu ByX BeHTunen. Hanpumep, npyu cpaBHeHun AByX
8-6MTOBLIX CNOB 3agepXxka aocturaeT 38 HC. TunuyHaa 3agepxka NpoxoxaeHus ans 4-6uTosbix
cnos — 24 Hc.

Hux- Bepx- Epun-
Cratuyeckne napameTpbl VCAOBUS MCALITAHMIA HUA Tvn HWiA HUua
B TemnepaTtypHbIX 30Hax 1 un 5 c npepen npepen | wuame-
B A peHusa
HanpsixeHue nutaHus U, 4,75 5,0 5,25 B
BxoaHoe HanpsaxeHne _
H-ypoBHsa u, U;,=475B 2,0 B
BxoaHoe HanpsaxeHne ) 08 B
L-ypoBHS i
BxoagHoe HanpsxeHue _ _ o
Ha KNeMMax U, U,=4,75B, -I,=12mA 1,5 B
BbixoaHoe HanpsixeHue U,=4,75B, ~/,,,=400MKA
H-ypoBHs Yan u,=2B,U,=0,88B 24 34 B
BbixogHoe HanpsixeHue U,=4,75B,1, = 16 MA
L-ypoetis Ya |y =28 U =088 02 | 04 B
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Hux- Bepx- Epn-
Cratuyeckune napameTpsbl o HWUA HWUA HUua
B TEMMepaTypHbiX 30Hax 11 5 YCNOBMA MCTLTAHMIA npenen Tun npepen | uame-
peHus
H-BXOAHOW TOK Ha KaHasn 1, U =248 120 MKA
kpoMe A< BuA>B 1, r_55m 1,0 MA
H-BXOAHOW TOK Ha KaHan 1, Usl= 5,258 40 MKA
kpome A<BuA>B 1, 1,0 MA
L-BxopHoi Tok
Ha KaHan, -1, U,=5,25B, U, =0,4B 4,8 MA
kpome A< BuA>B
L-BxoaHOM TOK
Ha KaHan, -, u,=048B 1,6 MA
kpome A< BuA>B
Tok KOPOTKOro _ _
3aMbIKAHUS I, U,=5,25B 18 55 MA
MNotpebnsemblit TOK Ig U;=5,25B 56 88 MA
Bpemsa nepekniodeHus,
npnU,=5B,7,=25C
Bpemsa npoxoxaeHua curHana
(6bIcTpOAECTBUE)
Bxon oT Ak B ton 17 26 HC
Boixog A< BuwwmA>B to 20 30 HC
Bxon oTAk B ., 23 35 HC
Bbixop A = B t, 20 30 HC
Bxogp oTAKBwwm A =B Loy R, = 400 Om, 7 11 HC
Buixon A > B t, C, =15 n® 11 17 HC
Bxop A =B ty 13 20 HC
Bbixop A = B Loy 1 17 HC
BxonoTA>BuwwmA =8B L 7 11 HC
Bbixon A > B Lo 1 17 HC
Koadpduument
pasBeTBNeHus nNo Fq 10
BbIXOAY Ha KaHan
BxoaHoM Harpy304HbIii
KO3 PUUUEHT HA KaHan F, 1
Ha kKaHan A< Bunn A>B
BxonHoi Harpy304HbIA
K03 PULUEHT Ha F, 3
nobom Apyrom kaHane

Puc. 11.21. Ta6auna aanueix cxemsl FLH 431-7485 (Siemens).

11.4. lUnHbl faHHbIX

11.4.1. CTtpyKTypa v NpuHUMN OENCTBUSA

MNog wWUHOW nNoHMMAIOT CUCTEMY ONG pacnpeneneHvs u nepeaayn GuHapHon
nHpopmMalmn.,

CioBo HIMHA IPOUCXOAUT OT JIATUHCKOro cjioBa omnibus (mis Bcex). Bcee
9JIEMEHTH CHCTEMBI, Iepefalole WIM MpUHUMAalolMe OHMHapHyI0o MH$opMa-
LI1IO, CBA3AHBI APYT C APYIrOM LUMHOM.
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N

|

MNMepenatunk ADpan- Jurvn
AaHHBIX Bep AaHHbIX

&L s,

8., §, — nunum ynpasnexns
Mpuemunk L1 MNpuemuux MNpuemMuuk L] Mpuemnuk
AQHHBIX AaHHbIX AaHHBIX AAHHbIX
1 2 3 4
Bap.| S, | S, Homep
npueMHnKa AaHHbIX
1 ofo0 1
2 |0}1 2
3 |1]o 3 Puc. 11.22. IlocneaoparenbHas OQHOHANPABJACHHAs IIIHMHA C
4 111 4 nepeaaTymkoM M NpuMeMHUKOM JaHHBIX.

Ecnu mumHa npenHasHavyeHa Ui Iepedayd MHAOPMAIMM TOJIHBKO B OJHOM
HalpaBJieHWM, TO OHAa Ha3bIBaeTCsl OFHOHAIpaBieHHoil. Eciu maHHble MoryT
nepenaBaThcs B 000MX HAmpaBJeHHUSX, TO TaKasl IIMHA Ha3biBaeTCs IBYHaIIpaB-
JICHHOM.

ITepenaya maHHBIX HO IMMHE MOXET OBITh HMapajUIeIbHOM WM IOCJIeHOBa-
TenbHOM. CUCTEMBI IIMH pasAeIaIOTCS Ha IapajUlelibHble M IOCeqoBaTeIbHbIE.
B mapaynenbHBIX CHCTEMAaX JUIST KaXA0ro OUTa rnepeaaBaeMoro OMHapHOro cJjio-
Ba BhIIEJIEH OTAENbHBIN nmpoBo. s nepegayu 8-6MTOBOIO CJI0Ba HEOOXOIUMO
8 npoBomoB. DT 8 MPOBOJOB HA3BIBAIOTCS JIMHUSIMM JaHHBIX. ISt yIipaBiisiio-
LIAX CUTHAJIOB HEOOXOMUMBI JOMOJHUTEIbHBIE THHUHU (puc. 11.22).

B nociemoBareIbHBIX IMMHAX IS Iepeaavy JaHHBIX JOCTaTOYHO ONHOI JIM-
Hun. OTHelbHBIe OUTHI IIEPEJAIOTCS 0 OYepeay U OObEIUHSIOTCS B MECTE IIPU-
eMa B IepBOHavyajabHOe OMHapHoe cioBo (puc. 11.23).

IIIuHb TMOceqoBaTeIbHOM IIepenadyud JaHHBIX paboTaloT MeMJIeHHee, YeM
CHCTeMBI IapajuleIbHOro ooMeHa. s mociiemoBaTeIbHOM Nepegayu HeoOXomm-
MBI JOPOTHE CXeMBI IapajUIeIbHO-IIOC/IeIOBATEIbHBIX U MOCJIEA0BATEIbHO-TIa-
paJUTeIbHBIX Mpeobpa3oBareneil. IloaTroMy IIMHBI MOCIENOBaTebHOIO OOMEHa

Napan-
nenbHo-

MNepenatunk nocneaosa-

il

AaHHBIX TenbHBIN
npeobpa-
3oBatenb
CepLIM  ANHUKM YNPABNEHNUS
Mocneao- Mocneno- MNocneno- Mocnepno-
BaTeNbHO- BaTefNbHO- BaTeNbHO- BaTeNbHO-
1ap HbIiA nap bl 1ap b inap. HbIiA
npeo6paso- npeo6paso- npeo6paso- npeobpaso-
Barens Bartenb Baren Barenb
WL T [T 1
T | i
MpuemMHnk Mpuemunk Mpuemnnk MNpuemHuk
Puc. 11.23. [1apanenpHast 0OqHO- AaHHbIX AaHHbIX DaHHbIX AaHHbIX
1 2 3 4
HanpapJ/ICeHHas1 IIMHa C nepeaar-

YHUKOM M NPUEMHUKOM AAHHBIX.
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HMCIIOJNB3YIOTCSI TONBKO TaM, INie NOIOJHUTENbHBIE JIMHUM CTOSAT OYeHb IOPOTo,
HaIlpuMep, NMpH GOJBIINX PACCTOSTHUAX MEXIY MepelaTIukoM U MPUEeMHHUKOM
JTaHHBIX.

B GoypIIMHCTBE CiIy4aeB PacCTOSTHHE MEXIY IepeIaTINKOM 1 IIPUEMHHUKOM
HE3HAaYUTEJIbHO, TaK 4YTO IMapajUlejibHas HIMHHAA CUCTeMa SIBJISIETCSI XOPOIIUM
pelleHUEM.

Kaxmas mmHa 1oJoKHa yMeTh BBIOpaTh HYXKHBIM MPUEMHUK JaHHBIX. BeIGOp-
Ka MPOUCXOAUT C TIOMOIIBIO YIPaBJISIONIUX BXomaoB. IIpocToii mpuMep ImoKa3aH
Ha puc. 11.22. Yepes nBe JMHUM YIIPABJICHUS MOTYT 3aJlaBaThC YEThIPE pa3jinyg-
HBIX KoMaHabl. Kaxmasg KoMaHaa BKIIOYAeT OOUH M3 IIPMEMHUKOB JAaHHBIX Ha
MpHEM.

Ecyin npreMHUKM JaHHBIX He paboTaloT Ha MpueM, TO UX nHGOPMaIlMOHHbBIE
BXOABI JOJIKHBI OBITh BBICOKOOMHBIMH. IIpeMHUK JaHHBIX HE NOJLKEH BIMATH
Ha CUTHaJIbl, HaXoAsIIuecsa Ha JUHUIX IHBL. B cxemax MOII-ceMeiicTBa BXO-
Il BCeria BHICOKOOMHBIE. 3/iech HE BO3HHMKAeT GoJbIIMX mMpoOneM. B cxemax
TTJI-cemeiicTBa Hapsimy ¢ IByMst OOBIYHBIMM L 1 H-COCTOSITHUSIMU JOJKHO OBITh
TpeThe BHICOKOOMHOE COCTOSIHME Ha BxoJzie. BBICOKOOMHOE COCTOsIHHE obecrie-
YUBaeTCs CIEUAIBHBIMU JonojdHeHussMu B cxeMe. TTJI-cxeMmbl, BXOIbI KOTO-
PBIX (M BBIXOIBI) UMEIOT BHICOKOOMHOe cocTostHHue, HaspiBaloTcss TRI-STATE-
TTI-cxemsi. (TRI-STATE — Tpu BO3MOXHBIX COCTOSTHMSA).

K 1mmHe Takke MOIYT IPUCOEIUMHATHCSI HECKOJIBKO IEPENATYNKOB JAHHBIX.
Camo coboii pa3ymeeTcs, YTO JOJKHA 00eCIeYrnBaThCsl HEBO3MOXHOCTH IIepe/ia-
Y4 JAHHBIX JABYMS MepegaTYMKaMU ogHOBpeMeHHO. HeakKTMBHBIN IepegaTynK
JaHHBIX He JOJDKEH BIMATH Ha HaXONALIMecs Ha JIMHUSX IIMHB CUTHAIBL. BhIXo-
JIBI JOJDKHBI OBITH BBICOKOOMHBIMH.

DeMeHTH IIMHBI MOTYT pa0oTaTh BpeMsI OT BpeMEHHU M KaK IepeIaTYUKH
JaHHBIX, ¥ KaK IpUEMHUKH. B Takoii cucreMe BHICOKME TPeOOBaHUSA MpPeIbsIB-
JITIOTCS K yupaBigionuM curHajgaMm. [llusa paGoraetr B AByHAIpaBJIeHHOM pe-
XHUMe.

IIImHHBIe cCTEMBI MEepeady JaHHBIX UCIOJB3YIOTCS B 00JIaCTsIX, IIe He0O-
XOIMMa Iepenaya JaHHBIX PasIMYHBIM IPHEMHHKAM C BO3MOXHOCTBIO MX BHI-
60opku. B 0oCHOBHOM 3TO MHKpOTIpOIleCCOpHasi TeXHUKa (CM. M. 15) U cucreMsl
1udpoBoii 06pabOTKH TaHHBIX.

11.4.2. CtaHpapTbl WWH

[IIuHHBIE CUCTEMBI TTepeIaYy JaHHBIX MOTYT OBITh OPraHM30BaHBl B MHOXECTBE
BapHaHTOB. MOXHO KOHOUTYpUPOBaTh IIUHBI, HAYMHAsI C YHCJIA IUHUI TaHHBIX
U 3aKaHYMBasl JIMHUSAMU YIIPABICHUA.

Kaxnas MUKpoIipolieccopHasi cUCTeMa UMeeT COOCTBEHHYIO HIMHHYIO CHIC-
TeMy. OGBIYHO 5Ta CUCTEMa COCTOMUT U3 8-OMTOBOI IIMHBI JaHHBIX, §8-OUTOBOW
LUMHBI KOMaHA U 16-6uTOBOI IMHH aapeca. ITo mMHe axpeca mepenaioTcs aj-
peca mamstu (cM. 1. 15). Becero B muHe 32 quHUM.

TeHgeHUUs pa3BUTUS INMHHBIX CUCTEM CKJIAIbIBAETCS] B CTOPOHY 16-GUTHBIX
JIOKJIBHBIX IIWH JaHHBIX, 24-OMTOBBIX JIOKAJIBHBIX aJPECHBIX IMH U 16-6uto-
BBIX JIOKQJIBHBIX IIIHH KOMaH/, T. €. OOIIHUX 56-GUTOBBIX ITUH. YTOOH! 3JIEMEHTHI
Pa3IMYHBIX TPOU3BOIUTENEH MOTJIU pabGoTaTh JPYT € IPYroM B IIMHHOM CHCTe-
Me, BO3HUKJIa HEOOXOOUMOCTh B CTAaHAAPTU3ALIMU IIMH.
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Hexkoropbie cTaHOApThl I IIUH yXe CHPOPMUPOBAUIMCH. DTO, HampuMep,
cuctema S100 unu Altair. Dra muHHAas cucreMma ucnoip3yer 100 nuHMiL, T. e.
CTaHIAPT C 3aracoM IS pacUIMpeHus.

Eme omuH cTraHmapt Ui NIMHHBIX CHUCTEM Ilepemadyd JaHHbIX — 310 IEC-
muHa, Takke HaseiBaeMass IEEE-488-mmnoit (IEEE — Institute of Electronic
and Electrical Engineers). DTOT cTaHIapT UCIIOJIb3YeTCs MpeXIe BCEro B KOMITb-
IOTEPHOU TEXHHUKE.

KOHTpPONbHLIN TECT

1. Kak paboraer nudpoBoii cenexkrop?
2. OOBSICHUTE pa3IUYUe MEXIY MYJBTUILUIEKCOPOM M A€MYJIbTUILIEKCOPOM.
3. Pa3paboraiiTe cxeMy MyJnbTUIUIEKCOpa «8 B I».
4. Kak noctpoeH cejieKTop «3 X 4 B 4»? CKOJIBKO HEOGXOAUMO YIPAaBIIIO-
mux BxogoB? Hapucyiite 6JI0K-cxeMy aHajJioTM4HO puc. 11.4.
5. Pa3paboraiite cxeMy HeMyJIbTUILIEKCOpaA «2 X 2 B 2».
6. Kak paboraer memmdparop aapeca?
7. Hapucyiite cxemy 3-6urtoBoro memmudparopa.
8. OOBsICHUTE MMPUHIIMII OeicTBUs 1 poBoro 1-6UTOBOro KoMmaparopa.
9. Yto MOHMMAIOT MO IIMHHOW CHCTEMOIT?
10. Kakue nmpenMyIniecTBa UMEIOT CTAaHIAPTU30BaHHbBIEC INMHHbBIE CUCTEMBI?



NNMABA 12

PEMMCTPbI
N SATNTOMUHAIOLLIE
YCTPOWCTBA

12.1. CaBuraowye perucTpsl

Cpeuraiowme perucTpbl SBMAIDTCA CXeMaMu, KOTOPLIE MNPUHUMAIOT UHDOP-
MaLMIo NocenosarensHO BO BpeMeHn, 6UT 3a B1UTOM, COXPaHSIOT B Te4eHue onpe-
AENeHHOTo BpeMeHn 1 nepenaoT Aanblue.

71 MOoCTpOeHUsI CABUTAIONIUX PETHCTPOB MCIOIB3YIOTCS TPUTTEPHI. XOpO-
IO TTOAXONST yIpaBiisieMble 0 MPOHTY UMIyibca D-Tpurrepbl, RS-TpuUrrepsl
u JK-TpUTITEPHI.

BricOKOKayecTBEHHBIE CIBHUTAIOLINE PETHCTPHI CTPOSTCH YacTo Ha JK-
MASTER-SLAVE-Tpurrepax. PaznuyHbie OMyJISIpHbIE CIBUTAIOLINE PETUCTPHI
MPOU3BOMSTCS B BUIE UHTETPATHHBIX MUKPOCXEM.

12.1.1. Casuraiowme nocnegoBaTesfibHbIe PEerucTpbl

ITpocToii 4-pa3psimHbIi CABUTAIONIMIT peTUCTp MoKa3aH Ha puc. 12.1. OH cocTo-
WT U3 YeThbIpex D-TpUITepOB, KOTOPHIE MEPEKIIOYaloTCs IpsIMbIM ppoHToM. TIpuH-
U1 gevicrBusa D-TpurrepoB oObsICHEH B pasnd. 7.7.7.

Ecnu Ha Bxone F meiicTByer 1-CUTrHaJI ¥ CUTHAJI CHHXPOHM3AIINMH U3MEHSIETCS
¢ 0 na 1, To Tpurrep 4 ycranasnusaercs. Ha ero Beixone Q, mosisngercd 1. Ecniu
Ha BxoJ mocrtynaetr 0-CUTrHajl, TO CO 2-M NepeaTHUM GPOHTOM CHHXPOUMITYJIbCA
Tpurrep A cobpocurcs u ycraHoButcs Tpurrep B. Curnan 1 nosiButcs Ha Bbixone Q.
C 3-Mm nepenHuM ¢GpOHTOM CHHXPOUMIIYJIbca Tpurrep B cOpocuTcs u ycraHo-
Butcsa tpurrep C. Q. 6ymer 1. C 4-m mepenHuM (PPOHTOM CHHXPOUMIIYJIbCA
tpurrep C c6pocurcst u ycraHosurcst tpurrep D (Q) = 1).

Haﬂpaﬂl\eHl’le cnBura

+ C1 = C1 = C1 = Ci1
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Puc. 12.1. 4-paspsaHblii CABUTOBBI PETUCTP AJS [OC/AEA0BATENBHOIO BBOAA-BHIBOAA.



@0 Thasa 12. Pecucmpuol u 3anomunaioujue ycmpoiicmea

Puc. 12.2. ®dyuximonaib-
Hag Tabauna 4-6uroBoro
CABWIalolIero perucrpa.
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Puc. 12.3. BpemenHasa auarpamma 4-6uToBOro [_—‘
CABUIAIOLIEro pervcTpa. Lol
t

1-curHai, KOTOpBIii B Hauajie ObUI MpUIOXeH Ko Bxony E, mocienoBaTesibHO
MePEXOIHT OT TpUrrepa K tpurrepy. Ceifuac oH JeiCTBYeT Ha BBHIXOME CABHUIAIO-
mero peructpa. C nepegHuM GpoHTOM 5-T0O TaKkTa TpuUrrep D Takxe copachiBa-
ercs. [oBOpST, caBUTAIOMIMIT perucTp «imyctoit». OH He COAEpPXUT OOJIbIle HU-
Kakoii mHpopMaIuu.

Ha puc. 12.2 B pyHKUMOHAIbHOI TabyMIe NMpeacTaBIeHbl IIOLIArOBbie CIBU-
ru. Ha puc. 12.3 nsobpaxeHa BpeMeHHas JuarpaMma.

Kakass BpeMeHHas1 [uarpaMma IoJjlyduTcs, €Cjid nepen 3-M TakKToM K Bxony F
CHOBa OymeT IMpUIOXeH 1-CUrHaJl, M 3TOT 1-curHay OyAeT AeiicCTBOBATh U ITOC]IE
3-ro takra?

Ecau nepen 3-M TakToM K Bxomy E cHOBa OymeT MpWIoXeH l1-curHau, To
Tpurrep A ycTaHOBUTCS ¢ niepeaHUM ¢poHTOM 3-ro TakTa. C nepeaHuM GpOHTOM
4-ro takta Tpurrep A cépocurcsi, a tpurrep B yctaHoBurcs. C nnepegHuM GhpoH-
TOM 5-TO TakTa copocurcs Tpurrep B u yctaHoBurcs tpurrep C — M Tak najee.
BpeMmenHas nuarpamMMma u3obpaxeHa Ha puc. 12.4.

IlonaBaembie Ha BxoA 1- U O-CUrHaJbl MPUHUMAIOTCS B CABUTAIONIUIT pe-
THCTP C BPEMEHHBIM CABHUIOM WJIM MO odepenu (IOciedoBaTeIbHbIII BBOA JIaH-
HbIx). ITociie mpueMa nHGOPMAIIUM CUTHAIBI CUHXPOHHU3AIIMKM MOTYT OOJIbIlIE HE
nonaparbes. MHpopMalmsa coxpaHsieTcs 10 TeX Iop, oKa CHOBa He OymyT Itoaa-
BaThbCsl CUTHAIBI CHUHXpoHU3auuu. Ilociie momayu CUTHaJOB CUHXPOHU3ALMU
nHbopMaima 6ur 3a 6uToM Oyner rmomaBaThbcs Ha Bbixod Q (mociemoBaTeNIbHbII
BBIBOJI TAaHHBIX).

Mpumep

JBouynoe yucno 0101 moskHO OBITH 3alIMCAaHO B CABUTAIOIIUN PETUCTP
(puc. 12.1). Ina sToro Heob6xomuMo yeThipe TakTa. Ilepen 1-M TakToM comepxka-
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Puc. 12.4. BpemenHas auarpamMma.
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CocTtosHus nocne
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Puc. 12.5. ®yukumo-
HajbHasA Tabaua.

t

HHUe TepBoro 6ura (3HaueHUe 2°) HOJKHO AeiicTBoBaTh Ha Bxoxe E (1-curHan).
ITepen 2-M TakTOM coiepxXaHue BTOporo 6ura (3HaueHue 2') JODKHO HeiicTBO-
Bath Ha Bxoge E. Oro B nanHoMm npuMmepe 0-curHai. Ilepen 3-Mm TakToM comep-
XaHWe TpeThero oura (3HaYeHue 2%) JOJIKHO JeiicTBOBaTh Ha Bxojae F (1-curHan).
Ilepen 4-mM TakTOM CcomepxXaHHe YeTBepTOro Omura (3HayeHHe 2°) HOIKHO Heii-
ctBOoBaTh Ha Bxonxe F (0-curnan). Ilocie 4-ro TakTa BBEJACHO JBOUYHOE YHCIIO
0101. BpeMeHHas1 fuarpaMma Irpoiiecca n3obpaxeHa Ha puc. 12.4.

Tenepb CUTHAJIBI CHHXPOHU3ALMKH MOXHO GoJjibllie He moaaBaTh. MHdopma-
yst 6ygeT coXpaHeHa B PerMCTpe B TeYCHHE JIUTETHHOIO BPEMEHH.

st TpaHCHAUIMU JaHHBIX Yepe3 Bbixom ( Tpebyiorcs eine 4 Taxra. [lepBhlid
OuT OKa3bIBaeTCs Ha BbIxoje ( mepen 5-M TaKToM, 2 OUT — IIOCJe 5-TO TakTa.
3-i1 6ur mocie 