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Annomayua — CaMOCHHXPOHHBIE (CO) cXeMbl
00,1a1aI0T PS/IOM CBOICTB, BBIAEJISIIONIUX HX M3 001Iero
pana uugposbix ycrpoiictB. OHH ''ecTecTBEHHO HajexKHbIe',
MOCKO/IbKY XapaKTepu3yloTcsi 0ecTecTOBOi CaMOIMATHOCTUKOIA,
CaMoONPOBEPsIEMOCTBI0 H COXPAHEHHeM PadoToCIoCOOHOCTH
NPH W3MeHeHHH YCJIOBHi OKpy:Kaoulel cpeabl B NMpeleIbHO
IIHPOKOM AHana3oHe, U 6ojiee ObICTPOAelicTBYIOLIME.

PaccmatpuBaercs 6udiamorexka CC-3jieMeHTOB B Da3mce
TexHoJorun BMK (0a30BbIX MaTpPMYHBIX KPHCTAJLIOB),
npuHIunbl  peamm3anun  CC-21eMeHTOB, ONMUCHIBAeTCs
cOoCTaB OudbIHOTEKH 3JIEMEHTOB, o0ecneynBaOIINX
3¢ pexTnBHOe mnpoextupoBanue CC-cxeM Ppa3IHYHBIX
KJIaccOB Ha 0a3e oreuecTBeHHbIX cepuii BMK 5503 u 5508.

1. BBEJIEHUE

B mocnemnee  BpeMss  BO30OHOBWIICS — HMHTEpEC
3apyOexkHBIX creruanuctoB k. CC-cxemaM m3-3a HUX
YCTOHYMBOCTH K OIIHOKaM, MaJIOi MOIIHOCTH TTOTPEOICHUS
u Xopoirei npomsBogurenpHOCTH [1]. s poccuiickoit
3JIEKTPOHHON TEXHUKH 3TO OCOOEHHO AKTYyalbHO.

HoBast caMocHHXpOHHas! 37IeMEHTHas1 6a3a, METOOIOTHS
MIPOSKTHPOBAHUST KOTOpOH paspaborana B WIIM PAH,
XapaKTepU3yeTcsl CIEAYIOIUMHI ITapaMeTpaMu:

- YCTOHYHMBOCTBIO PabOTBI K pa3dpocy mMmapaMeTpoB
3JIEMEHTOB W3-3a CTapeHMs MaTepualoB, H3MEHCHHUS
TEMIIEPaTypPhl U MUTAIOIIET0 HAIPSHKEHHUS;

- 0€30TaCHOCTHIO (hyHKIIMOHMUPOBAHUS u
JIOCTOBEPHOCTBIO  00paboTkn mH(popManmm  (100%-Hoi
CaMOIIPOBEPSEMOCTBI0  OTHOCHTENIBHO  KOHCTAHTHBIX
HEHCIIPaBHOCTEN);

- OTKa30yCTOHYNBOCTHIO (BoccTaHOBIEHHEM
(hyHKIIMOHHPOBAHUS 32 CYET CAMOPEMOHTA).

OTH mapaMmeTpsl OTBEYAIOT TPEOOBAHUSAM ITOCTPOCHUS
BBICOKOHAJIE)KHBIX OTKa30yCTOMYUBBIX cpeacTB BT.

[IpasmasHast padora ctporo camocuuxpoHHBIX (CCC)

CXeM HEe 3aBHCHT OT 3alepKEK COCTABILIONINX
3JIEMEHTOB. Koopaunanus COOBITHIA B HUX
OCYIIECTBIIETCSI Ha  0a3ze  (UKcaul  PeaJbHOTO

OKOHYaHHS JOOOr0 HMHHLUHPOBAHHOIO IEPEXOAHOTO
npornecca 0e3 MCHOJIB30BaHUSI CHHXPOCUTHAJIOB M JIMHUH
3a7epXKeK, YTO 00eCIIeUnBaeT:

- IPOCTOTY CHHXPOHU3ALIUH
HepecTpanBaeMbIX KOHBEHEePHBIX
3¢ HeKTUBHOCTD NX TOCTPOCHHUS;

- Oonee BBICOKOE OBICTPOJECHCTBHE W aJalITHPYEMOCTh
K BUIY 00pabaTbiBaeMoii HH(OpMAITHH.

THapaLIENBHBIX
CTPYKTYpP n
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II. TTPUYMHBI PA3PABOTKU BUBJIMOTEKU CCC-
3JIEMEHTOB

W3 teopum anreOpbl TOTUKK U3BECTHO [2], uTO nrobas
(GYHKIMS MOXKET OBITh NPEACTABICHA CYNEPIIO3UINCH
¢yHKUMH, 00pa3yrommx MHHAMANBHBIA Oasuc. Jlroboe
oUppOBOE YCTPOMCTBO MOXKET OBITh TIOCTPOCHO C
MOMOIIBI0O  OAHOTO THMNA JIOTHYECKOTO  3JIEMEHTa,
Hanpumep, I-HE. Ognrako 3T0 monoXeHne CrpaBeIInBo
TOJIBKO Ui CHHXPOHHOM cXeMOTeXHHKH. OcoOEHHOCTH
CCC-cxeM TpaKTHYIECKH TPEAOTPENeIsIeT HCIOIb30BaHHE
6azuca N-NJIN-HE B kadecTBEe MUHUMAIBHOTO.

CCC-cxema yCIIOBHO pa3OMBaeTcs Ha JIBE YacTH —
¢yskunonanpayto  (PY), BEIMONHSAIONIYIO 00pabOTKY
BXOJIHBIX JIaHHBIX, ¥ HHAUKaTopHYyto (UY), pukcupyromryio
OKOHYaHHE MEPEXOJHBIX MPOLECCOB B OTAEIBHBIX YaCTIX
@Y u CCC-cxemsl B menoM. it co3gaHus MPOCTOTO U
3¢ GeKTHBHOTO criocoda (UKCAMU OKOHYAHUS TEePeXOo/-
HeIXx TporeccoB CCC-cxeMbl OMKHBI HCIONB30BaTh
CaMOCHHXPOHHOE KOJHMpPOBaHHE MH(pOpPMANUN U IByX(haz-
HYIO JMCLMIUIMHY CMEHBI BXOIHBIX HAaOOpOB: 3a KaKJOH
(a3zoif 06paboTky MHPOPMAIUH clieayeT Hepabodas ¢asza
(ramenme wim creiicep). [Ipu 3TOM BpeMeHa HAXOXKICHUS
CCC-cxemsl B paboueii (haze u B crelicepe MOTYT OBITh
CKOJIb YTOJHO OONIBIIMMH, HO KOHEYHBIMH. HambGomee
mpocTeiM W yHuBepcanmbHBIM  CC-komgoM s
MH()OPMAIMOHHBIX CUTHAJIOB SBISIETCS TapadasHbIil KO
co cmeiicepoM, Korga OJHOpa3psagHOMYy (yHapHOMY,
nH(pa3HOMY) CHTHaIy CTaBUTCA B  COOTBETCTBHE
IBYXpa3psaHbIi (mapadasHselii co creiicepom). Ha puc. 1
CHUTHAJI W3 COCTOSHHUS HyleBoro creiicepa (1) moxer
MEepeTH B OJHO M3 JBYX BO3MOXKHBIX  paboumx
cocrostanit — (2) wim (3). Ilepexox uz omHOrO padodero
cocrostaus (3) B apyroe (5 )BO3MOXEH TONBKO dYepes
cneiicep (4). bomee mompobHo co cmemudukoir CCC-
CXEM MOXHO ITO3HAaKOMUTKCH B [3]).

[ T -

00 <--i  Hynmepoit |
2;/\3
YN v o4 v
01 10 00 —»01 —»00 —»01

A @A A

Puc. 1. IByx¢a3Hoctb 1 napagazHoe KOIMpOBaHUE



BzaumoneiictBue BHemHeit cpeast ¢ CCC-cxemoit
XapaKkTepuzyercst  JByMs — NapaMmeTpamH:  3arpoc-
OTBETHBHIM  MeXaHM3MOM oOMeHa W  AByX(a3HOI
JUCUUILIMHOW paboThl. [Ipu 3TOM BpeMeHa HaxOoXIeHUs
CCC-cxembl B paboueii ¢aze u B creiicepe MOTyT OBITh
CKOJIb YTOJHO OOJIBIIMMH, HO KOHEUHBIMH.

Otmetum uetbipe ocobenHoctn CCC-cxem (mepBast —
¢yHnameHTanpHas —  cleAyeT M3  TOJBKO  4TO
CKa3aHHOT0).

1) Hesasucumocms om 3adepoicek Ha COCTaBJISIOLUIMX
JJIEMEHTaX M COCAMHUTENBHBIX IPOBOJAX, MpeJrosara-
I01Iasi OTCYTCTBHUE CTaH/AapPTHON CHHXPOHHU3AIINH.

2) Unouyupyemocmo 6cex QyHKYUOHATLHBIX IEMEHMOB.
JIro00#t MHUITMMPOBAHHBIM NEPEXOIHBIH MPOLIECC B KAXKIOM
U3 DJEMEHTOB [OJDKEH OBbITh 3aBeplueH, a (akT
3aBepuIeHUs — 3a(UKCHPOBaH (MHIULIUPOBAH ).

Dromy TpeOOBaHUIO HE YJOBICTBOPSET OOJIbINAS YaCTh
CTaHIAPTHBIX OMOIMOTEYHBIX 1eMeHTOB BMK.

3) Oonokackaonas peanuzayust UHOUKAMOPO8, KOTOPBIE,
MO CYLIECTBY, SIBJISIOTCS CPEACTBOM CHHXPOHHU3ALUH
npoueccoB B CCC-cxemax. [IpakTuyecku g0Ka3zaHO, YTO
KOPPEKTHBIE  WHAMKATOPHBIE  OJJIEMEHTHl  HEJb3s
MoCTPOuTh Ha ynpouieHHoM 6azuce U-HE wiu UJIN-HE;
HyxeH 6azuc U-UJIN-HE.

B 6ot CCC-cxeme HeoOXomumo (HOpMHUPOBaHHUE
o0r1ero (r1o0agbHOI0) CHUrHajla OKOHYAHHS TIEPEXOIHBIX
MPOLIECCOB  IIyTeM COOPKH  OTIEIBHBIX  (JIOKAJIbHBIX)
curHajioB uHaukaimu. Ha puc. 2 mpuBezeHa BO3MOXKHas
peanu3auysi MHIMKaTopa Uil JBYX JIOKAJIbHBIX CHIHAJIOB
WHJIMKAIUK — T.H. TUCTepe3ucHoro tpurrepa (GI2).
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Puc. 2. ®opmsbl peanu3anuu HHANKATOPHBIX G-
TPUITEPOB /15 IBYX HH(AZHBIX CHTHAJIOB:
a) KOPPEKTHOH (OXHOKACKaHON) B CBOEH
OCHOBHOW JIOTHYECKOHN YacTH,
0) HEKOPPEKTHOH (IBYXKACKaIHOMH).
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Ecin Bxonubie Hadops! 10 u 11 (00 u 11) dukcupyrorcs
Ha JJIUTEIbHOE BpeMs, 3a KOTOpOE  YCIEBaOT
3aKOHYHMTBCSI BCE TEPEXOJHbIE Ipoliecchl, 00a BapuaHTra
peanu3anu cBOOOJHBI OT cocTsizaHuid. OJHaKoO eciu B
cXeMe puc. 2a M3MEHEHHUE BBIXOJa SBIISETCS MPU3HAKOM
OKOHYAaHHS BCEX MEPEXOTHBIX IPOLECCOB, TO B CXEMe
puc. 20 mocie W3MEHEHWs BBIXOAAa IEPEXOIHbIC
IpoIecchl B 3JIE€MEHTaX IepBOr0 Kackaga MOTYT
MIPOAOIKATHCA.

G-Tpurrep JODKEH MHIUIMPOBATh OKOHYAHHE NEPEXOTHBIX
MIPOIIECCOB HE TOJBKO B CXEMax, MOJKIIOYEHHBIX K €ro
BXO/1aM, HO U B cebe camoMm. [Ipu aTom mpennonaraercs,
YTO JIOTWUYECKHE COCTSA3aHUS Ha YPOBHE OJHOTO
OJIHOKACKaIHOTO 3JIEMEHTa HEBO3MOJXKHBI, T.K. BPEMsI €ro
MEPEKIIIOYEHUsT ONpeNessieTcs, B OCHOBHOM, BpPEMEHEM
nepesapsiia ero BEIXOJHOW €eMKOCTH.

PaccMOTpyM BO3MOXKHBIE COCTS3aHHMSA B CX€Me pHC. 2.
Ucxonnoe coctosiuue — [0=I1=0, mpu kotopoM Ha
BBIXOZIaX BCEX AJIEMEHTOB IIEPBOTO SIpyCa CUTHAIIBI PABHBI
1, a Q=0. M3amenenue Boixoga (Q=1) mpowusoiinetr nociue
TOTro0, Kak BeImosHuTCA ycnosue 10=I1=1. IIpennonoxum,
YTO 3aJIePXKKU IJIEMEHTOB IEPBOIO spyca, OXBAauECHHBIE
00paTHOW CBSI3bIO, TaK BEIIMKH, YTO CHTHAJIBI Ha HX
BBIXOZaX (MJM Ha BBIXOJE XOTS OBl OJHOTO DJIEMEHTA)
OCTaJIMCh PAaBHBIMHU 1, B TO BpeMs KaK OJWH U3 BXOIOB —
10 nnu I1 — nepemen B ucxoanoe cocrostaue 0. Ilpu aTom
BbIxox 3iemenTa 10*11 craner paBHeiM 1. Torma BeIXOX
Q moxer nepedty u3 1 B 0, HE MOXKUIASICH OKOHYAHHS
MEPEXOHBIX MPOIECCOB B APYTUX AJIEMEHTaX IEpBOro
sipyca, T.e. BbimonHeHus: ycnoBus 10=I1=0, u cxema He
BBIMIOJIHUT ~ (QYHKIUIO wWHAMKaTopa. OTMeTHM, 4YTO
peanu3ays OJTHOKACKaTHOTO CaMOCHUHXPOHHOTO
Tpurrepa GI2 Tpebyer 12, a aByxkackamHas (¢
HapylIeHUEeM CAaMOCHHXPOHHOCTH) — 18 TpaH3MCTOPOB.

B pa6ote [4] npuBenena peanusanus tpurrepa GI2, ve
ucnojip3ytomas 0asuc W-UJIU-HE, Ho TtpeOyromas
onnoBpemenHo U-HE u WJIU-HE. Opnako ona He
MIPEJCTABISET MPAKTUYECKOr0 HHTEpeca, IOCKOJBKY ee
peanuzanust Tpedyer 28 TpaH3HCTOPOB.

AHaNM3 CTaHAAPTHBIX OMONMHMOTEK OoTeuecTBeHHBIX BMK
nokaseiBaeT, uro CC-peanusanus Jake 3I€MEHTapHOTOo
I'-Tpurrepa Ha 1Ba BXO/a HEBO3MO)KHA: HET OJTHOKACKaJTHOM
peamuzarnuu snementa 21U-2U-21-3UJIN-HE.

Peanuzaius Oosee CIOXKHBIX MHAWKATOPHBIX 3JIEMEHTOB
n 3(GQEeKTUBHBIX 10 OBICTPOAEHCTBUIO M aIllapaTHbIM
3atpataM Oojee CIOXHBIX (QyHKIHOHaNBbHBIX CC-
9JIEMEHTOB Tpedyer Oouee pa3Hoo0pa3HbIX
OJTHOKACKaHbIX 35ieMeHTOB B Oazuce U-MJIN-HE.

®dopmynupoBKa MTOHSATHUS OJTHOKACKaTHOCTH
JOrM4yeckoro anemeHta (JID) ¢ MO3MIMM  THIOTE3BI
Mannepa, nexxarniei B ocHose noctpoerus CCC-cxeM [5]:

a) JID umMeer omuMH WM HECKOJIBKO BXOJOB M OJIUH
BBIXOJI;

0) BCce BXOABI M BBIXOJBI MOTYT IPHUHHMATH TOJIBKO
3HAYCHHS JJorHYeckux koHcrant "0" u "1";



B) 3ajiep)KKa 3JEMEHTa (IUIUTEILHOCTh BO30YXKICHUS)
IMMPUBCJICHA K €T0 BBIXOAY.

Hanomuum, uro Bo30Oyxaenwem JID mo Mamiepy
HA3bIBACTCA  MHUOMALMA  BHYTPEHHEro  Ipolecca,
HAYMHAIOIIErocss C W3MEHEHMs OJHOT0 M3 BXOIOB U
MMPUBOAAIICTO K UBMEHCHHIO BBIXO/J1a.

AHanu3 runote3sl Majuiepa MO3BOJSET ONPEAETUTH
cTpykTypy 6asoBoro CCC-anementa (puc. 3). Ecmm
¢ynkuronanpHas vactb (DY) Oyzer BBINOJIHEHA Kak
cXeMa C OJHHMM KacKaJoM II0 KaXIOMy BXOZYy, TO
3ajieprkka 0a30BOTo AeMeHTa (MHepIHOHHAs yacTh, 1Y)
Oyzner cocpenoTodeHa Ha ero BbIXoae F, U TpeTrbe
yclioBHe THIIOTe3bI Maiepa OyneT coOr0IeHO.
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Puc. 3. CCC-6a30Bblii 2JieMeHT ¢ oqHOKacKagHoi DY:
a) ctpykrypa CCC-6a30BOro 31eMeHTa;
6) npuHunnuaneHas cxema G-tpurrepa (GI2),
COOTBETCTBYIOLIAsI 3TOM CTPYKTYpE.
@Y - onnokackagHas GpyHKIMOHAIEHAS YacTh;
4 -
NITY — yacts, conepxalias IPOU3BOJILHOE YUCIIO IOCIIe-

HWHEPHUUOHHAsA 4acCThb,

J0BaTCJIbHO BKIIIOYECHHBIX HTHBEPTOPOB U HOBTOpPITeJ'IefI

Otciona  TpeOOBaHME  OJHOKACKaAHOCTH  MOXHO
c(hOopMyJIHPOBATH TAKMM 00Pa30M.

Js mroboro Bxona X; (i =1, ..., n) AODKHO BBITIOIHATHCS
ycioBue: eciu X; B030YXIaeT 3JIEMEHT, TO BeChb TOK
NEePEKIIIOYEHHS, ONPEACISAIONMNA H3MEHeHNE MOTeHIala
TOYKM [, JOKEH TNPOXOAUTh 4Yepe3 TPaH3UCTop,
YIPaBISIOIINHA 3JIEKTPOJ] KOTOPOI'O COEIUHEH C BXOJOM
X;. Tlocme opHOKackamHOW (YHKIMOHAIBHOW YacTH
MOTYT CJI€J0BaTh TOJBKO MHBEPTOPHI MJIM [TOBTOPHUTEIH.
IIpu 3TOM, KOHTpPOJMpYS BBIXOZA Y, MBI KOHTPOIUPYEM
OKOH4YaHue nepexoHoro npouecca B CCC-anemeHre.

4) 6aszuc peanuzayus komouHannouueix CCC-y3IoB.

CraHJapTHBIM U JOCTaTOYHO 3()(HEKTHBHBIM CHIOCOOOM
opranusaiun koMOuHAMOHHBIX CCC-cxeMm  sBIsSeTCS
JIByXKaHaJIbHas1 mapadastas peamsaius [4]. [penmonoxum,
yro  TpeOyemass  QyHkums Y  peanuzoBaHa B
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JMU3BIOHKTHBHO HOpManbHOU ¢opme (JJHD) B OGasuce
OJHOKACKaHBIX 3JIEMEHTOB N-UJIN-HE. Torna
JIByXKaHaJIbHas peanu3anus napadasHoil (YHKIUH CO
cneiicepoM YY”, B KOTOpOH MHpsMOil KaHall peanu3yer
¢byukuuto Y, npexacrarienunyo B JJH®, a unBepcHbIit
KaHall Y”, mnpencTaBleHHY0 B KOHBIOHKTHBHO-
HopMmanbHOU (opme, obOecreunt CC-peanusanuio B
JIM3BIOHKTUBHO-KOHBIOHKTHBHOW (opme. Ha puc. 4 B
CKOOKaxX TIOKa3aHbl 3HAYEHWS] BXOJIHBIX W BBIXOAHBIX
CUTHAJIOB B COCTOSIHMM crelcepa. DyHKIMA WHIMKATOpa
OKOHYAHHUS TEPEXONHBIX IPOLECCOB B KOMOWHAIMOHHOW
cxeme Y Y/ MoxkeT ObITh pearm3oBana snemertom 2UJIN-HE.
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Puc. 4. Cnoco opranuzanuu caMOCHHXPOHHBIX
KOMOMHAIMOHHBIX Y3J10B

Anamm3 OuOmmorek psga BMK mossosser cmenath
BbIBOJ, 4YTO OHH, B OCHOBHOM, OPUCHTUPOBAHBLI Ha
peanuszaiuo QyHKiui mocpenctsom JIH®-31emMeHTOB.
Peanu3zanusi e KOHBIOHKTUBHOW (OPMBI Ha JIU3BIOHK-
TUBHOM 0a3uce NPUBOAUT K YBEIUUYCHHOMY pacXony
obopynoBanusi. [lostomy »sddextuBHas peanusanms
komOuHanmoHHbx CC-cxem B BMK TpeOyer BBeneHus B e
COCTaB OJJHOKACKaJHbIX OHOJMOTEYHBIX JJIEMEHTOB HeE
tonbko B Oazuce U-WUJIU-HE, no u B 6asuce MJIN-U-HE.

Awnanuz paccmoTpeHHbIX ocodenHocteit CCC-cxeM mno-
3BOJISIET CHEJIaTh BBIBOJ O NPAKTHYECKOH HENPHUTOJHOCTH
I[UINC B xayectBe Oasuca Juisl POCKTUPOBAHUS CMPO20O
CaMOCHHXPOHHBIX cxeM (Oosee moapodHo cM. B [6]). Kax
CIIPaBENIMBO YKa3aHO B [7], Bce COBpEMEHHbIE KOMMEp-
yeckue FPGA (Field Programmable Gate Array) paspa-
6OTaHI)I JJI1 pean3daliluid CHUHXPOHHBIX CHUCTEM. Oun
MOryT 6]:.IT]) HCIOJIb30BaHbl 11 KBAa3MCAMOCHHXPOHHBIX
CXeM, TJe KOHTPOJb JEHCTBUTEIHHOO OKOHYaHHS IIepe-
XOJHBIX MPOLIECCOB MOXET OBITh OPraHU30BaH B JIOKAJb-
HOW oOmactu. Jlns cuHxponusarmu Beex uvacted [IJIMC
UCTIONIB3YIOTCSI  CHHXPOCHTHAJBI  WJIM  DJIEMEHTHI
3aJIePIKKH.

III. AHAJIN3 BUBJIMOTEKU DJIEMEHTOB BMK 5503

TpeboBanuio paszpabotku  oxHOKpuctambHoro CC-
BBIUMCIIUTENBHOTO  ycTpoiictBa  [1] C  YHCIOM
HCHOJb3yeMbIX BeHTHIeW He MeHee 50000 TeIc. B



coorBerctBu ¢ OCT B 11 0998 (mpuemka “57)
oTBeyaroT Todbko naBe cepun BMK: 1592 XM (AO
"Anrcrpem") u 5508/5509 (I'Y HIIK "Texunomoruveckuit
uentp" MUDT). B kauectBe 0a3bl [y pa3pabOTKH
camocuHxponHoro Bapuanta BMK Beiopanst BMK cepwii
5503/5508/5509 ¢ yuerom myuiedl COBOKYITHOCTH HX
napameTpoB.

BaxHoe 3HaueHMe wuMeNna M 3aUHTEPECOBAHHOCTD
pykoBojactea I'Y HIIK “Texnonormueckuii nientp” MUDT
BO BBEJICHHH B COCTaB OMOJMOTEYHBIX 3eMeHTOB BMK
HOBOTO  KJacca CCC-311eMeHTOB, KOTOpbIe TpHU
peammzanuun  CCC-cxeM 00€CeYMBalOT MHUHHUMH3AIUIO
anmapaTHbIX 3arpaT (P MakCHMAalbHO BO3MOXKHOM
ObICTpOJCHCTBUM).

AHanu3 THIOBBIX 3eMeHTOB Oubmuoreku BMK 5503
[T0Ka3aJl, 4To He Bce 0a30BbI€ M OMOIHOTEUHEIE DIIEMEHTEI
MOTYT OBbITh McHONB30BaHbl pu noctpoeHnn CCC-cxem.
OCHOBHBIE IPUYHMHBI O0TKa3a OT OOJIBIIUHCTBA 3JIEMEHTOB
OMONIMOTEKH — MHOTOKACKaIHOCTh X (DYHKYUOHAIbHOU
YacTH UM HaIWM4YKMEe BBICOKOTO MMIIEAAHCA. DIIEMEHT JIt00oit
(HhYHKIIMOHATIBHOHN CJIOKHOCTH MOKET OBITh HCIIOJIB30BaH B
CCC-cxemax, ecnd OH Y/OBJIETBOpSET TpeOOBaHHIO

OJTHOKacKagHOCTH. B  pspme cinyuaeB Moryt  ObITh
HCIIOJIB30BAHbI U MHOT'OKACKAaJIHbIC 3JICMCHTHI.
N3 350 oOubmuoreunsix osmneMeHToB BMK 5503

TPeOOBAHUIO OOHOKACKAOHOCMU YIOBJICTBOPSIOT TOJBKO
14 osnemenroB: A210I, A220I, A310I, INV, INV2,
INV3, INV4, NAN2, NAN3; NOR2, NOR3, O21AI ,
022A1 u O31AL

K BBIXOIy OJHOKACKaJHOTO 3JIEMEHTa MOXET OBITh
NOJKIIIOYEHO  Jro0oe  YHMCIo  TOCIeNoBaTesbHO/
napajuieNbHO BKItOUeHHBIX aneMeHToB HE (cm. puc. 3a).
[Tostomy TpeboBanussm k CCC-0a30BbIM 3J€MEHTaM
YIOBJIETBOPSIOT W cinenytomme 10 muozoxkackaduwix
anemenToB: AND2, AND3, A210, A220, A310, O21A,
022A, O31A, OR2, OR3.

Yucno ucnonb3yeMbix OuOnmoreuHbIx aneMeHToB (b3)
BMK 5503 B CCC-cXeMOTEXHHKE MOXET OBITh YBEIIH-
9YeHO (IPUBEACHHBIA CIHCOK PACUIMPEH) IPU HE3HA4U-
TEJIbHOM MO}II/I(l)I/lKaI_ll/ll/I nux SJICKTPUUCCKUX CXEM.
Hanpumep, nocTynnHOCTh BHYTPEHHUX TOYEK JBYXKACKAIHBIX
B2 ans ananusa 3aBepiiieHus] B HUX MEPEXOHBIX MPOIECC-
cOB MorJia Obl yBeNIn4uTh 4nucino b, ynoBieTBOpsonmnx
tpedoBanuto CCC-cxemorexHuku, ¢ 10 1o 17 %.

IV. BUbJIMOTEKA CC-3JIEMEHTOB BMK 5503

Beenenue B cocraB Oubnmoreku snemenra GI2 — G-
TpUrrepa i JByX HMH(A3HBIX CUTHAIOB (CM. paszmen 2),
HapsIy ¢ UMCIONUMHKCS B COCTaBe OHOIMOTEKH JBYMS
anementamu 2U-2U-2NJIN (A220) u 21UJIN-2NJIN-2U
(0220), OTKpBIBaET TEOPETHUUECKYI0 BO3MOXKHOCTb
noctpoenust uuauKaTopHoit yactu CCC-cxembl A BCeX
TUIIOB ¥ JIIOOOTO YHWCIa HMHAWLIMPYEMBIX CHUTHAJOB C
UCIIOJIb30BaHUEM NPHUHIIMIIA KACKAAUPOBAHUSL.
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Ha puc. 5a mpusemenst nea mmagmmx (RO un R1)
paspsiia perucrpa, MoCTPOSHHOro Ha 0a3e OJHOTAaKTHBIX
RS-TpurrepoB, MH(pOpPMalMOHHBIE BXOIbl KOTOPBIX —
niapagasHble CHTHIBI C HYJIEBBIM crieiicepoM (MpH XpaHEHUH
uadopmamn - Ri=Si=0). Ha Beixome snementa 2U-2U-
2NJIN-HE, BBIMOMHSIOMIEr0 poJib MHIUKATOPa AN JIBYX
6ucdaznpix curHanoB (SiQi u RiQiB), dopmupyercs
WH(A3HBIH CUTHAJ, KOTOPBIH MOXET ObITh O0OBEJUHEH C
JIPYTUM MH(A3HBIM CUTHAJIOM TIPH 1oMoly sementa GI2.

Ha pwuc.50 mnpuBeneH mnpuMep HHAMKAUUKA JIBYX
napadas3HbIX CHTHAJIOB C HYJIEBBIM cIrielicepoM Ha 0a3ze
anemenToB 2UJIM-HE u G-tpurrepa GI2.

R a)
S0 0
O 1l QOB
i
10(1)
&[0 L "Or5 e
RTi(1) | & 11(1)
RO{(0) 0
Sty QIB
RT: RI—
R Q
1 1
PO | 1 10
POB D> Mg 2
PL_I OJ
PIB 5

Puc. 5. Bapuantsl ucnosib3oBanus GI2:

a) 00beIMHEHHE BBIXOJ0B, HHIUILHPYIOIINX OKOHYaHUE
TIePEXOIHBIX TporieccoB B RS-tpurrepe (BxoaHbIe
cUrHaib! —tapadassele co crneticepom 0);

B) MHVIKAIWS ABYX Mapaa3HbIX CUTHAIOB O crieticepoM 0.

OtmertuM, uTO IpH paspaboTke 3nemeHToB BMK 5503
UCIIONB3YETCs He 0osiee mpex TIOCIeIOBaTelIbHO BKITFOYEHHBIX
TPaH3UCTOPOB B IIEMHM TIepe3apsiia BBIXOJHOW EMKOCTH.
VIMeHHO 3TO oOecreynBaeT ONTUMYM B CHHXPOHHBIX BO:
JIOCTHXKEHUE MaKCUMyMa BO3MOXXHOTO OBICTPOIEHUCTBHS
NpU MUHMMYME 4YHCJIa HCIOJNB3YEMBIX TPaH3HCTOPOB.
Kak yxe ormevarnocs Bbie, st CCC-cxeM 4eM Oorblie
YHCIIO KacKaloB (DYHKIMOHAIGHOHW YacTH CXEMbl, TeM
OoJIbIIIe YHCIIO TOYEK, KOTOpBhIe HEOOXOANMO WHIMIMPO-
BaTh, M, CJIEOBAaTeNbHO, OOJNbINE WHIMKATOPHAs YacTh
CCC-cxeMbl W HHXE OBICTPOAEHCTBHE BCEU CXEMBI.
OKCHeprUMEHTaIbHBIM TYTEM YCTaHOBIIEHO, YTO JJIS
CCC-cxeM ONTHMYM [OCTUTaeTCsl NMpH HCIOJIb30BaHUU
He Ooliee yembipex TOCIEIOBATEIBHBIX TPaH3HCTOPOB,;
NpU 3TOM O0eCHeuYnBaeTCsi HEeoOXOauMasi MOMEXOYCTO-



yrBocTh KMOII-cxem. IIpu paspadborke CCC-3r1eMeHTOB
HeO6XO[ll/IMO YUYHUTBIBATH 3TO IMOJIOKCHUE.

4.1. 'UICTEPE3UCHBIE TPUITEPHI

F—Tpnrrep - JJICMCHT, l/ICHOJ'l])3}’€M])Iﬁ U1 UHAUKAIIuU
OKOHYAHMSI HECKOJBKHX MapajulelIbHO IPOTEKAIOUINX
mpoIieccoB Kak B QyHkimoHanbHOW yactu CCC-cxembl,
TaKk ¥ COOCTBEHHO B MHIMKAaTope. 3ajaya OIpeelieHus
MOMEHTOB 3aBEpUICHHs] IEPEeXOJHBIX IPOLECCOB —
nentpanbHasi B CC-cXeMOTEXHUKE, MO3TOMY HalluiHe B
OubMoTeKe IIMPOKOM HOMEHKIATYphl I-Tpurrepos -
Heobxoaumoe ycioBue 3ddexkruBHoctu CCC-perieHuid.
Ha puc. 2 u 3 npencrasnena peanuszanus ogHoro u3 I-
TpPUITEPOB Uil ABYX WH(]a3HbIX curHaioB. Bcero B
6ubmiorexy CC-anemeHTOB BBeneHO 24 I'-Tpurrepa, u3
KOTOpbIX 17 — yHuUBepcalbHbIE AJIEMEHTHI IIMPOKOIO
MNpUMCHCHUA, a 7 - CIICHHUAJIU3UPOBAHHBIC JJIEMCHTHI,
Bxoasiue B coctaB CCC-Makpo3IeMEHTOB.

VYuutsiBasg 3Ha4UMOCTb ['-TpUITEpOB, IOCMOTPUM, KaK
uX pa3HooOpas3ue OTpaxkaeTcsi B 00pa30BaHMM UX UMEHH
(cwm. puc. 6).

GO B2 2I2R B M

Tun snementa
H crieficepa

IHDI/ISH&K MOZ[I/ICbI/IKaHI/II/I

ITpu3Hak HHBEpCHU

[pu3Hak 1 kKonu4yecTBO OHfhazHpIX M o THKATOPHOTO BHIXOJA

Cursais! cOpoca/yCcTaHOBKU

INpusHak 1 konuyecTBo IIpU3HAK U KOIMYECTBO
napaasHbIX CUrHaIoB  MH(A3HBIX CUTHAIOB

Puc. 6. O6pazoBanue umenu I'-Tpurrepon

O06o3HaueHus crercepa:

e () — HyneBoii crelicep;

® | — eIMHUYHBIN criercep.

Tun UHAMIUPYEMBIX CUTHAJIOB:

e | — yHMKaTopHble HH(a3HbIe (HEMapHbIe);

e P — napadasnele (mapHsie) co crelicepoM (Tpu
YCTOWYHBBIX COCTOSTHHMSA);

e B — Oudaznsie (mapHsie) Oe3 crelicepa (nBa
YCTOWYMBBIX COCTOSTHHSA).

THM cCUrHaJIOB YCTaHOBKH (MOTYT OTCYTCTBOBATh):

® R — curHai acHHXpOHHOTO cOpoca;

® S — curHaj aCHHXPOHHOM MPEyCTaHOBKH.

[Tpy3HaK MHBEPCHH YKa3bIBaeT MHBEPCUIO MHIIMKATOPHO-
ro curHana. [IpuzHakom MoaupuKanuu MOXeT ObITh OyK-
Ba M unu nudpa. T NpU3HAKU MOTYT OTCYTCTBOBATb.

[Tpumep: snement GOPI2 — ructepesucHbIil TpUrrep ¢
HYJIeBBIM  COCTOSIHMEM  creiicepa Uit OJHOTO
napadasnoro curHaia (P) m JByX MH(a3HBIX CHIHAJIOB
(I2) 1 IpAMBIM BBIXOJIOM.

4.2. JJOTUYECKHUE DJIEMEHTHI C [TPOCTOM OYHKIUEA

VM JTOrMYecKOoro 2JIeMEHTA, BBIIOIHSIIOLIET0 IPOCTYIO
(hyHKIHIO, COOTBETCTBYET TpeOOBaHMAM [6] W BKITIOYAET
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B ceOs1 Ha3BaHuE (DyHKIMH, 00Iee KOJIMYESCTBO BXOIOB,
NPU3HAK WHBEPCHU BBIXOAAa M HOMep Mojudukanuu.
DOtoT KIacc mpexacraBieH 39 OJHOKACKaJIHBIMHU
9JIEMEHTaMU KOMOMHAIIMOHHOTO THIIA C OJHUM BBIXOJIOM,
B ©Oasuce U-WUJIM-HE wmu WJIN-U-HE. Hampuwmep,
anement O2AOI Bemonuser ¢ynkuuto 21MJIU-21-
21JIN-HE.

4.3. JIOTUYECKHME 3JIEMEHTHI CO CJIOXKHOM OYHKIIUEN

3neck 00beauHeHsl KomOuHannoHHble CCC-371eMeHTHI,
K&XIbI U3 KOTOPBIX BBIMOJHACT CIOKHYIO (YHKIHIO. B
pamkax Oubnmorexku 5503 BMK oHuM BXOJST B pa3HbIe
KJIacChl; OJHAKO B CHIYy MX MAaJOYHCICHHOCTH
MIPEACTaBIIECHBI kiaccom. Croma  B30omAT
MYJIbTUILIEKCOPBI, KOMITapaTopsl, Ma)KOpHUTapHbIE
QJIEMEHTBI, JJIEMEHTHl (OPMHUPOBAHMSI YCKOPEHHOT'O
IepeHoca U oJHopa3psAHbIe CyMMAaTophl (13 ajemMeHTOoB).

B kaugecTBe mpumepa paccMoTpuM (PYHKITHOHUPOBAHKE
oanopaszpsanoro CCC-cymmaropa (cM. puc. 7), KOTOPbIi
BKJIIOUaeT B CeOs: a) 2JIEMEHT, (OPMUPYIOUIUHA CHUTHaJ
CyMMBI “S” I TpeX BXOTHBIX MapadazHbIX CHTHAJIOB U
MMEIOIINH OJUH BBIXOMHOU Tapadasubiii curdan (AD1P3);
0) snemeHT, (GOPMHUPYIOLIMI CHTHAJ MEPEeHOca IS TPex
napada3HbIX BXOJHBIX CHUTHAIOB M HMMEIOIIUH OJWH

OJTHUM

BEIXOmHOW  mapadaszueiii  curHan  (MAJP); B)
WHIIUKATOPHBIHA JJIEMEHT.
A A0 A0
AB AOB S
B BO % s (50—
BB BOB [ bl sopondB
c k]
CB % CIB a)
10
10B |i08| 22| O
1 — _
1
1B |5 )QB
12
2
I2B |12B 0)
& 10
B)
& 11

S0 = AB*BB*CB+AB*B*C+A*BB*C+A*B*CB
SOB = A*B*C+AB*BB*C+AB*B*CB+A*BB*CB
O = AB*BB+AB*CB+BB*CB
OB = A*B+A*C+B*C

Puc. 7. Oanopaspsigupiii CCC-cymmaTop
¢ eIMHUYHBIM BXOJHBIM creiicepomM



B sTOM Ki1acce aneMeHTOB MpecTaBleHbl Tpurrepsl D- u
RS-tuna (opHOTakTHBIE H JIByXTAaKTHBIE), pa3psabl
PETUCTPOB  CIOBUTAa U  paspsiibl  MOCIEN0BATEIbHBIX
CYeTHBIX TpUrrepoB (20 31eMeHTOB). DTO MOIHOIEHHBIE
CCC-aneMeHTsl, KOTOpbIE YyIAoCh pean30BaTh B BHJIE
6a3oBbix. [Ipumep: R1RE20 — nByxTaktHbIit RS-Tpurrep c
€JIMHUYHBIM ~ CIIEiCepOM, CHHXPOHHBIM COpocoM W
CUTHAJIOM pa3pelieHus. B KaxaoMm u3 3THX 3JIEMEHTOB
€CTh UHAWKATOpP OKOHYAHUS NMEPEXOTHBIX MTPOIECCOB.

4.5. MAKPO- U CITELIDJIEMEHTBI

B stom kiacce coOpaHBl (YHKIIMOHAIBEHO CIIOKHBIE
3JIEMEHTBI, KOTOPbIE MPEAINOIarajJoch HCIOIb30BATh
JOCTaTOYHO HIMPOKO M HEBO3MOXKHO OBLIO pEann3oBaTh
TOIOJIOTHIECKUMH CPEICTBAMHU KaK 0Oa30BBbIE 3JIEMEHTHI.
KomOunamnmst B3, BemonHAOMAs CI0XKHYI0 (YHKIUIO, H
YEeTHIPHAALATH MOy (HadpHKaToOB (TPUTTEPOB IO YPOBHIO)
o0OpasyeT 14 MakpodTIEMEHTOB, B KOTOPOM OTpaHHYECHHOE
YHCIO BHYTPEHHHX CBS3eHd peanu3yeTcs Ha oOmem
TPacCUpPOBOYHOM  INpOCTpaHcTBe Kpuctaiuia BMK.
Hcnonp30BaHne MakKpO3JIEMEHTOB I03BOJISIET IOBBICHTH
3¢ dexTUBHOCTH MpoekTupoBanus Ha BMK.

CrenpiieMeHTsl  NIPEeAHA3HAYeHbl I KOMMYTaluu
OTKa3aBIIEro 0OOPYJOBAHMS M OPTraHU3alMH CAMOPEMOHTA
B OTKa30yCTOMUYMBBIX NpuMeHEHHAX. Crola OTHECEHbI
nepudepuitHple  3JIEMEHTHI, MpPEAHA3HAYCHHBIC IS
OpPTaHM3AIMHM CTHIKA MEXIy CHHXPOHHBIM BHELIHUM
OKpYyXeHHeM U BHyTpukpuctanbHoii CCC-ammapaTypoi.

AcuaxpoHHBIH apouTtp ARB( mpenocTaBisieT TOCTYII K
obmemMy pecypcy, a anementsl /BUI u IBUO obecrieanBaroT
opraruzaiuio CCC-muHb BHYTpH Wwin BHe ot BMK.

V. 3BAKJIIOYEHUE

K HacTosiieMy BpeMEHM CO3/1aHHUE TEOPETUUYECKOM
6a3sl moctpoenust CCC-cxeM, OCHOBaHHOM Ha THITOTE3ax
0 XapakTepe 3aJepKeK B JIOTHUECKHX 3JIEMEHTax |
COEIMHUTENIFHBIX IPOBO/IAX, MOXKHO CUATATh B OCHOBHOM
3aBEPIIEHHOM. OmHako METO/IONIOTNYECKHE u
CXEMOTEXHHNYECKIE BOIPOCHI TPOCKTHPOBAHUS HAILIH
OTpaXXEGHHE B JIMTEpaType B MEHBIIEH CTENEeHH, UTO
O3HaJaeT MEHBIITYIO 0TpaboOTaHHOCTH CCC-
CXEeMOTEeXHHKU. [Jlo Tex mop, moka mu3nenus Ha Oasze
CaMOCHHXPDOHHOW CXEMOTEXHMKHM Ha TIPAKTHKE HE
JIOKaXXYT CBOIO 3(h(hEeKTUBHOCTH, TPYIHO HANEATHCA HA €€
CKOJIbKO-HHOYIh MIMPOKOE HCIOJIBh30BaHHE. Pa3zpaboTky
CaMOCHHXPOHHOH OoubmoTeKn BMK ClIeyeT
paccMaTpuBaTh Kak IEPBBIA CEPHE3HBIM NPAKTHUECKOH
IIar B 3TOM HaIlPaBJICHHH.

Pe3ynpraTel aHamM3a OTEYECTBEHHOW JJIEMEHTHOW 0a3bl
s ucnonHeHuss  CC-ammaparypbl,  YYWUTHIBAIOIIHE
TpeOOBaHUSA CO CTOPOHBI KPUTHYECKHX OOJacTei
npuMeHeHus U crieruuky CC-ipOeKTUPOBAHIS, TOKA3AIIH,
YTO Hauboiee MONHO 3TUM TPEeOOBAaHUAM OTBEYAIOT
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nony3akasHsle BMK, B yacTHOCTH — cOBMeCTHUMBIE cepus
BMK 5503, 5507 u 5508 (no 50000 BeHTHIEH U pabouas
yactora 1o 100 MI'n). [Tocne ampobarmy CCC-0nbnmoreku B
pamkax BMK 5503 wu ycnemHbIX —pe3yibTaTOB
ucnbiTanuii  TecroBoro  CCC-kpucramia OuOimoreka
MoOXeT ObITh peain3oBana B cepusix BMK 5507 u 5508.

Jus addexruBroit peanmzanmun CC-ammnapatypbl Ha
BMK paspaboran MuHHMMalbHBIA coctaB (96) 0a30BBIX,
TunoBbiX U nepudepuriapix CCC-37eMEHTOB. DIIEMEHTHI
BBeqeHb! B coctaB CAIIP BMK “Koguer”.

Takum o00Opa3oM, BHEpBbIE B OTCYECTBEHHOW U
3apyOeXHOW TpaKkTHKe B paMKax mojy3akasHeix HC
co3nana  Oubimoreka  CCC-ameMeHTOB,  KOTopas
MIO3BOJIUT pa3pabaTbIBaTh yCTpOHCTBa c
PpaboTOCIOCOOHOCTRIO, delicmeumenbHo He 3aBUCAIICH OT
ObICTpOJEHCTBUSL MX DJEeMEHTOB. Takas OuOimoreka
OTBEYaeT KPUTEPUIO TIOCTPOEHHUSI CCC-cxem,
ONTUMAJIBHBIX JId p€aIn3allii Ha UX OCHOBC HAACKHBIX
0TKa30ycTon4uBbIX cpeacts BT.
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