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BBEJIEHUE

OnementHyro  0azy  1umdpoBbsix  ycrpoiictB  (IIY)  cocraBusoT
unterpaibHbie cxeMbl (MC). Co Bpemenu ux uzooperenus (1956 rox, CIIA) UC
MOCTOSIHHO COBEPIIEHCTBYIOTCS U YCIOXKHSIOTCS. XapakKTepucTukon cioxknoctu MC
SBIIIETCS YPOBEHb HMHTErPAllMM, OLEHUBAEMbIH JIMOO YKUCIOM O0a30BBIX JIOTMYECKHX
AJIIEMEHTOB, JIMOO YHCIOM TPaH3UCTOPOB, KOTOPbIE MOTLYT OBITh pPEaJnU30BAHbI B
KpHUCTAJLJIE.

C poctom ypoBHs unterpanuu MC B npoeKTUpOBaHUU BCE OObIIE YCUITUBACTCS
aCrleKT, KOTOpPbIH MOXXHO Ha3BaTh HHTEPHEHUCHBIM MPOCKTUPOBAHUEM. 3ajadyeid
pa3zpabotrku C cTtaHOBUTCS cocTaBieHUE OJIOKOB M3 CYOOJIOKOB CTaHAAPTHOTO BHUJA
nyTEM MPAaBUIBHOTO UX COCIUHEHUS. Y CIIEIIHOE MPOEKTUPOBaHUE TPEOyeT XOPOIIETro
3HaHUS HOMEHKJIATYpbl M IapaMeTpPOB 3JIEMEHTOB, Y3JIOB M YCTPONCTB LHU(PPOBOM
anmnapaTypbl U MPUBIEUEHUS] aBTOMaTu3MpoBaHHOro mnpoektupoBanHus (CAIIP) nus
CO3aHMS CIIOKHBIX CXEM.

NC mmpokoro npuMeHeHus: nu3roraBiaupatorcs no trexunoaorun KMOII, TTJILI,
OCJI u np.

Onementel KMOII o00nagaioT psgoM  YHUKQJIbHBIX —[apaMeTpoB (Mmasnas
norpedssiemMasl MOIIHOCTb, BBICOKAsl MOMEXOYCTOMYMBOCTb, IIMPOKHE JOMYCKH Ha
BEJIMYMHY MUTAIOIMIMX HANPSKEHUN, BBICOKOE OBICTPOJEHCTBHE MNpU HEOONBIIUX
€MKOCTHBIX Harpy3kax). OTH 3JIEMEHTbI JJOMHUHHUPYIOT B CXEMaX BHYTPEHHHUX O0sacTeit
BUC/CBUC.

Onementsl TTJIII B OCHOBHOM MNPUMEHSAIOTCS B 00JIacTU NepUPEpUITHBIX
YCTPOMCTB, T1e TpedyeTcs nepeaadya CUrHAJIOB MO BHEIIHUM LEMSM, UCIBITHIBAIOLIUM
3HAYUTENBHYIO EMKOCTHYIO Harpy3Ky.

Onementsl JCJI obecrieuynBalOT MaKCHMajlbHOE OBICTPOAEWUCTBUE, HO ILIEHOMN
HOBBIIIEHUSI TOTPEOJIAEMON MOIIHOCTH, YTO CHI)KAE€T JOCTHKUMBIM ypOBEHb
UHTErpaluu.

B nanHoO#l KOHTpoOmbHON pabore OYIyT pacCMOTPEHBI OCHOBBI CHHTE3a
U(GPOBBIX KOMOMHAIITMOHHBIX CXEM.



1. JO'MYECKHUE OCHOBbBI CUHTE3A HIU®POBbBIX

YCTPOMCTB
1.1 OCHOBHBIE ITIOHATHUSA U OIIPEAEJIEHUS AJITEBPBI JIOI'HKHA

OcHoBHBIE JOrHYeckue omnepamuv. B 1muQpOBBIX YCTpPOWCTBaX HIMPOKO
OPUMEHSIOTCS  3JEMEHThI, KOTOpPbIE BBINOJHSAIOT  OINpPEAENICHHbIE JIOTHYECKUE
orepanuu. Takue 37eMEeHThI Ha3bIBaloTCA Jorndeckumu (J19).

JIns onvcaHus JIOTMYECKUX ONEpalvid UCIIOIb3YyEeTCsl MaTEMAaTUYECKUH arapar,
NOJYYUBIINM Ha3BaHHe aureOpbl JOTMKW WM OylneBod anreOpsl (B 4YecTh ee
pa3paboTunka — wupJaHAcKoro marematuka Jxopmxa byns). AnreOpa Joruku
U3Yy4aeT B3aMMOCBS3b MEXY MPOCTBIMU BBICKa3bIBAHUAMH, OOPA3YIOUIUMU CIOKHBIE
BbICKa3biBaHUs. C TOYKM 3peHMs] anreOpbl JOIMKH IPOCTOE BBICKA3bIBAHUE MOXKET
UMETh TOJBKO JIBa 3HAYEHHMS] — HUCTUHHOE WM JIo)kHOe. OIHO M3 3THX 3HAYEHUI
npuHuMaercs 3a 1, Bropoe — 3a 0. CiienoBaTenbHO, MPOCTOE BHICKA3bIBAHUE SABIISIETCS
JBOMYHOU NIEPEMEHHOM.

OCHOBHBIMM JIOTHYECKUMU ONEPALUSIMHU SIBIISIFOTCS

Onepayus noeuweckoeo ompuyanus HE (unsepcus) mpeobpasyer HCTHHHOE
BBICKA3bIBAaHUE B JIOXKHOE WJIM Hao00poT. CHUMBOIMYECKH ONEpalus JIOTMYeCKOro
OTpHIaHKMs O00O3HAYAaeTCs B BHUJAE 4YEPTOYKM HAJ apryMeHTOM: y=x. Takoe
BbIpaKEeHUE yuTaeTcs: «y paBeH HE x».

Omnepanys JIOrMYECKOr0 OTPULAHHMS HMMEET JBa MCXOAAa B 3aBUCUMOCTH OT
3HaueHus aprymenra: a) eciu x=0, To y=1 u 0) ecnu x=1, To y=0.

Onepayusi nocuueckozo cnodxcenuss WJIIN (Ouswvronkyust) WCHONb3yeTcs ISt
o0pa3oBaHUsI CIIO)KHOTO BBICKa3bIBaHWs M3 MpOCThIX. [lpu 3TOM  cioxkHOE
BbICKa3bIBaHUE OylE€T HWCTUHHBIM, €CJIM HCTUHHO XOTS Obl OAHO W3 MPOCTHIX
BBICKA3bIBaHUI, U JIOXKHBIM, €CJIH JIOXKHBI BCE MPOCThIE BhICKa3biBaHUA. CUMBOJIMYECKH
onepauus MJIN obo3Hauaercs BbIpaKeHUSIMU:

y=X,+X,+X;+... HJIL y=X, VX, VX; V...

Yuraercsi: «y paBeH X; WIH X, WIH X3...»

PesynbraTel norudeckor onepaunu MJIM nis BceX BO3MOMKHBIX KOMOHWHAITUN
JIBYX apryMeHTOB IIpUBeAEHbI B Ta0. 1.1.

Onepayus noeuueckozo ymuodicenus W (koHwvionKyus) TOXKE UCTIONB3YETCS IS
0o0pa30BaHUsI CJIOKHOTO BBICKa3bIBaHUS M3 TMPOCTBIX, HO TMPU OSTOM CIOXKHOE
BBICKQ3bIBAHUE CUYUTAETCS UCTUHHBIM TOTJA U TOJBKO TOTrJa, KOrJa WCTHUHHBI BCE
IIPOCTBIE BBICKA3BIBAHUS.

CumBonunyecku onepauus 1 o003HayaeTcst BbIpaKEHUAMMU:

V=X0X, Xy HIIA Y =X, AXy) AX3 AL,
Huraercs: «y paBeH X; U Xp U X3...»

PesynbraTel moruueckoit onepauuu M s AByX apryMeHTOB Tak)Ke MPUBEICHBI
B Tabm. 1.1.

Onepayus ompuyanus no2uyeckozo caoxcenusi UJIN — HE, Ha3zpiBaeMas Takxe
«ctpenkoit [Tupca», o0paszyeT CioxkHOE BbICKa3bIBAHUE U3 TIPOCTHIX B COOTBETCTBUU CO
cienyromuM mpaBuiaoM (Tabia. 1.1): cliokHOE BBICKa3bIBAHWE WCTUHHO JIMIIb B TOM
cily4ae, KOrja JIOXHbI BCE 00pa3yrolIle ero MpocThie BHICKA3bIBAHUS, U JIOXKHO, €CITU
WCTUHHO XOTs OBl OJTHO U3 MPOCTHIX BHICKA3BIBAHUIA.



CumBonuyecku onepanus MJIM — HE o6o3Havaercst BhIpaKEHUSIMU:

y=X,+X, WK y=X, ¥ X, WK y=X, VX,

Onepayus ompuyanus noeuvecko2o ymuoxcenuss I — HE, u3BecTHas Takxke
noj HazBanueM «utpux lleddepay, odpazyer cioxHOE BHICKa3bIBAHUE U3 MPOCTHIX
COTJIaCHO MPaBUITY: CJIO)KHOE BBICKA3bIBAHWE UCTUHHO, €CJIU JIOXKHO XOTsI Obl OJHO U3
IPOCTBIX BBICKA3bIBAHUM, M JIOXKHO, €CJIM BCE MPOCTHIE BHICKA3bIBAHUS HUCTUHHBI (CM.
Tabm. 5.1).

CumBonunyecku onepauus 1 — HE o603HavyaeTcst BbIpaKeHUAMU:

y=X,'X, WIN y=X,/X, WIH y =X, AX,

Onepayus 3AITIPET npeacTaBiiseT cloXHOE BbICKa3bIBaHUE, KOTOPOE HCTUHHO
TOJIBKO TOTZia, KOrJa IEpPBOE U3 JBYX BBICKA3bIBAHWW MCTHUHHO, & BTOPOE — JIOXKHO.
CumBonunuecku onepauust 3AIIPET o6o3HavyaeTcsi BbIpaKEHUSAMU:

yle';z Win 'y = X, /\;2
Pesynbrarte! norndeckoit onepauuu 3AIIPET npusenens: B Tadm. 1.1.

Tabmuma 1.1 Pesynbratel noruueckux omnepauuit WJIWA, WU, WJIN-HE, U-HE wu
3AITIPET

X X, Y
NJIN n NJIN-HE HN-HE 3AIIPET
0 0 0 0 1 1 0
0 1 1 0 0 1 0
1 0 1 0 0 1 1
1 1 1 1 0 0 0

Onucanue padoTbl HUGPOBBIX YCTPOHCTB. )15 onricaHus aarOpuTMOB PaOOTHI
U(POBBIX YCTPONUCTB MPUMEHSETCS COOTBETCTBYIOLIMN MaTeMaTUYECKHUM ammapar —
OyneBa anredpa win anredpa JIOruKH.

PaccmoTpuM HEKOTOpOE YCTPOMCTBO, Ha BXOAE KOTOPOTO MPUCYTCTBYET nh-
pa3psAHbIA JIBOUYHBIN KON Zy1Zy5. - .. Z1Zg, @ HA BBIXOJI€ COOTBETCTBEHHO M-Pa3psiAHbIN
JBOMYHBIA KOJ W {Wp.o...WiWq. JJIS TOro 94To0Bl OIUCaTh IMOBEICHUE ITOH CXEMHEI,
HEOOXOUMO OIPEAEIUTh 3aBUCUMOCTh KaXXJ0M M3 M BBIXOJHBIX MEPEMEHHBIX W; OT
BXOJHOT'O IBOMYHOI'O KOJA Zy.1Zy2- ... Z1Zp.

3aBUCHMOCTh BBIXOJHBIX IEPEMEHHBIX W;, BBIpOKEHHAs 4Yepe3 COBOKYITHOCTh
BXOJTHBIX TTEPEMEHHBIX Z.1Zy5.... Z1Zg C TIOMOIILIO ONEPAIMi aareOphl JOTUKH, HOCUT
Ha3BaHUe @yuxkyuu anreeopwvi rocuxu (OAJ).

CymiecTByIOT cienyromue crocoos! 3anucu GAJL: B Buae TaOauIbl HICTUHHOCTH,
B BHJIC aITe0pandecKoro BhIPaKEHUS.

Tabnuuia WMCTUHHOCTH COJEPXKUT BCE BO3MOXKHbIE KOMOWHALIMU BXOJHBIX
MEPEMEHHBIX Z37;Z1Z) W COOTBETCTBYIOIIME MM 3HAYCHUSI BBIXOJHBIX MEPEMEHHBIX
wi. [lpu ommcanum OAJl anreGpandyeckuM BBIPAKEHHEM HCIOJIB3YIOTCS JBE
cTaHjapTHbie (QopMbl €€ TpPEACTaBICHUS. J[U3LIOHKMUBHOU HOPMANbHOU GOPMOL
(JIH®) na3piBaercs Joruyeckas CyMMa 3JIEMEHTapHbIX JTOTUYECKUX MPOU3BEIICHUI, B
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KaXJ0€ U3 KOTOPBIM apryMEHT WJIM €ro MHBepcus BXOoAuT oauH pa3. [lomyuena JTHD
MOKET OBITh U3 TA0IUILI HCTUHHOCTH C UCIIOJIB30BAaHUEM CIIECIYIOIIET0 aJIrOPUTMA!

a) Ui KaxJI0ro HaOopa mnepeMeHHbIX, Ha kKortopoMm DAJl paBHa enuHHIIE,
3aMUCBHIBAIOT JJIEMEHTApPHBIE JIOTUUECKUE TPOU3BEACHUS BXOAHBIX IEPEMEHHBIX,
npu4éM MEpeMEHHbIE, paBHbIC HYNIO, 3alHuChIBalOT ¢ UHBepcuen. [lomydeHHsbie
NIPOU3BEACHUS HAa3bIBAIOT KOHCTUTYEHTAMU €IUHUIIBI;

0) JOrMYECKU CYMMUPYIOT BCE€ KOHCTUTYEHTBI €AMHUIIBI.

JIM3bIOHKTUBHYI0O ~ HOPMalbHYIO  (OpMy, TOIYYEHHYI0O CYMMHPOBaHUEM
KOHCTUTYEHT €IMHUIIbI, Ha3bIBatOT coBepiieHHol (CAHD).

Konvionkmusnoti  nopmanvrnoii  ¢opmoti (KH®) HazpBaeTcss JI0oruyeckoe
MIPOU3BEICHUE DIIEMEHTAPHBIX JIOTHYECKUX CYMM, B KaXKJ10€ U3 KOTOPOU apryMeHT Uu
ero uHBepcus BXxoauT oauH pa3. [lomysena KH® wmoxxer ObITh M3 TaOMUILIBI
UCTUHHOCTH C UCTIOJIB30BAHUEM CIICYIOIIETO aJITOPUTMA:

a) A Kaxzaoro HaOopa mnepeMeHHbIX, Ha KkoropoM ®OAJI paBHa HyIHO,
3aMUCHIBAIOT AJIEMEHTApHbIE JIOTMYECKHE CYMMBbI BXOAHBIX IMEPEMEHHBIX, NPUYEM
NepeMEeHHbIe, PaBHBIE EIWHUIIE, 3alMCHIBAIOT ¢ HWHBepcuel. [lomydeHHBIE CYMMBI
Ha3bIBAIOT KOHCTUTYCHTAMHU HYJIS;

6) JIOTUYCCKH IICPCMHOKAIOT BCC ITOJIYUYCHHBIC KOHCTUTYCHTHI HYJIA.

KOHBIOHKTHBHYIO  HOpMaJIbHYI0  (OpMy, TOJYYEHHYIO  IEPEMHOKEHHEM
KOHCTUTYEHT HYJIsl, Ha3biBatoT coBepiieHHon (CKHD).

3anucaB @AJl B Buae anreOpanyeckoro BBIPAXKEHUS ISl BbIXOA YCTPOMCTBA,
MO’KHO Haubosee OBICTPO pearn30BaTh JJOTHUYECKYIO cXxeMy ycTpoiictBa. Ho npu stom
yCTpOHMCTBO Oyner o00nagaTh H30BITOUHOCTBIO JJIEMEHTOB M HMETh HEBBICOKHE
TEXHUYECKUE XapaKTEPUCTUKH (moTpedssieMass MOIIHOCTb, OBICTPOJEHCTBHUE).
[ToaTomy ncxoaubie DAJI He0OXOAUMO MUHUMHU3UPOBATH.

OcHoBHbIEe JIOTHMYecKHMe 3JJeMeHThl. Jlormueckue saeMeHThl paboTalT ¢
JBOMYHBIM KOAUPOBAHUEM MH(MOPMAIU, KOTOPOE XapaKTepU3yeTcs ABYMsI YPOBHIMU
HaMpsDKEHUS. IBOMYHON TMepeMeHHOW, oOo3HauaeMbiMu Iuppamu 1 (Bbicokuii) u 0
(HM3KMIl ypoBeHb). B 3aBUCHMMOCTH OT YpOBHA HANPSDKEHUS, TPU KOTOPOM
BOCIIPMHUMAETCSl WJIM BbIpadaThiBaeTcsi MHGOpMALMS, pa3IMyaloT MpsSMblE U
MHBEPCHbIE BXOAbl U BBIXOABI JID. [Ipsamuiyv cunTaeTcss Takol BXOA (WM BBIXOX), Ha
KOTOpPOM JBOWYHAs MEPEMEHHAas UMEET 3HaueHHE |, KOrja ypOBEHb HANPSIKEHUS Ha
3TOM BXOJi€ (BBIXOZE) COOTBETCTBYET COCTOSIHHIO, IpUHATOMY 3a 1. Eciu nBonuHas
nepeMeHHasi Ha BXojie (BbIXOJI€) UMEET 3HaueHue | Mpu ypoBHE HANPSIKEHUS HA HEM,
COOTBETCTBYIOILIEM COCTOSIHHIO, MPUHATOMY 3a 0, TO Takoil BXOA (BbIXOJ) HAa3bIBAETCS
UHBEPCHBIM.

Jlornueckue »dneMeHThl O0bIMHO BbINONHAIOTCS Ha WIMC, B KOTOpBIX
UCIIOJIb3YETCS IOJIOKUTENIbHAS (ITO3UTHMBHASI) JIOTMKA, KOTJa JIOTHYECKOW EIVHUIIE
COOTBETCTBYET BBICOKMI NMOTEHIMAIBHBIN YPOBEHb, @ JOTHUYECKOMY HYJII0 — HU3KUU
MOTCHIMAJIbHBIA ypOBEHb. ECIM JOrMY4eCKOM EAWHHIE COOTBETCTBYET HU3KUU
IIOTCHIUAJIBHBIA yPOBEHb, a JIOTUYECKOMY HYJIIO — BBICOKHM, TaKyl JIOTHKY
Ha3bIBAIOT OTPULATEIBHOW, WM HEraTMBHOM. OYEBHJIHO, YTO BXOJABI WU BBIXOMBI,
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SBIIAIONIMECS] TPSMBIMA B TOJIOKHUTEIBHOW JIOTHKE, OYIyT WHBEPCHBIMU B
OTpPULIATENBHOM JIOTUKE, 1 HA00OPOT.

Ha npunnunuanbaeix cxemax JID m3o0paxkaroTcs B BUAE NPSAMOYTOIbHUKA
(trabmuna 1.2). B BepxHell yacTu mpsSMOYTrojibHUKa yKa3bIBaeTcs CUMBOJ (QyHKimu: 1
— nnst norudeckux dyaknuii HE u MW u & — s morudeckoit pynknuu Y. Bxoasr
U BBIXO/bl M300paXKAIOTCS JIMHUSIMU, NMPOBEACHHBIMU MEPHEHAUKYISPHO K OOKOBBIM
CTOpOHAM MPSIMOYTOJIbHUKA (BXOJIbl — C JIEBOM CTOPOHBI, BBIXOJIbI — C MpaBoii). Eciu
BXOJI WJIM BBIXOJ] SIBJISIETCSI HHBEPCHBIM, TO B MECTE MEPECEUCHHs U300paxaromieii ero
JIMHUU CO CTOPOHOM MPSIMOYTOJIbHUKA CTAaBUTCS KpyxkoK. B Tabnuie 1.2. npuBeneHsbl
OykBeHHBIE M Tpaduyeckue 0003HAYECHHUS OCHOBHBIX JIOTHYECKHX JJIEMEHTOB, HX
TaOIUIIBl MICTUHHOCTH U MPUMEPHI TEXHUUECKOH peatn3alum.

Tabnuna 1.2 [Ipocreiiive 10rn4ecKue JeMEHTHI.

Tun O06o03HaueHne 3JIEMEHTA Tabnuia [Ipumep TexHUUECKON peanu3anuu
onepauuii | OykBeHHOe | rpaduveckoe HUCTUHHOCTHU
- Tn 5_|
X Y
1 0 Fn
HE JIH X —} ¥ 0 1 v
b o YT
+C' T_Tng—|
Xl |X2|Y % VT, % VT,
n L, 1 0 |1 .
WIN T X — 01 ]1 ©
11 ] Fn
0] 010
Un5—|
Xl | X2]Y
2 1 1|1 9| L
Ty ]
u u 2 1 0 1]0 X, VT
0 1 |0 ¥
0 0 |0
En
5 Un5—|
Xl | X2]Y ﬂ;
b4} —}Y 1 1 |0 o
WJIN-HE JIE X — 1 0 10 %) VI, % Ty
0 [1]0 l; ?
0 o]l -+
3 UnE)—'
Xl [ X2]Y ﬂ;
% _EY 1 1 |0 oY
U-HE JA 2 — 1 0 |1 % VT
0o [ 111 1 :
0 0 |1 o VTy




Ha BXomax u BbIXOJJaX MOrYT JEWCTBOBATh HMITYJIbCHBIC WJIM ITOCTOSIHHBIC
HaIpsHKEHUs,, COOTBETCTBYIOIIME JIornueckuM 3HaueHusM 0 u 1. B cBs3u ¢ 3tum
Pa3INYaAIOT UMNYIbCHbLE U NOMEeHYUanbHble J13.

[Ipu mpoeKTUPOBAHNUN CXEM Ha JUCKPETHBIX KOMIIOHEHTAaX B KaueCTBE 0A30BBIX
AJIEMEHTOB ABJSIIUCH Jorndyeckue cxemol U, NJIU, HE Ha paznuyHoe 4ucio BXOmOB

(puc. 1.1).

n NJIN HE
2) ) )
%] & x) 1 1
*2 2
: ¥ : ¥ e ¥
Xn xn
Y=XX,X, Y=X +X,+X, Y=X

Puc. 1.1. YcnoBubie o003HaueHus asorudyeckux snemenToB U (a); MJIN (6); HE (B)

OYHKIIMOHAJIbHOW MOJHOTOW 00JagatoT U Apyrue HaOOpbl JIOTHYECKUX
dbynkmii. Hanpumep, X, - X, -...- X, - bdynkinus U-HE, Hocsmas nazpanue GyHKIUU
Medpdepa, wmmm X, +X,+..+X, - ¢yuxuus WIIM-HE, Ha3piBaemas Taxxe

dbyukiueit [Mupca (puc. 1.2).
Jnst ynoOcTBa MOCTPOECHMS CIOXKHBIX JIOTUYECKHX CXEM HMEIOTCS 0a30BbIe

OJICMCHTLI, BBIITOJIHAIOIINC U 0oJ1ee CI0KHBIC JIOTHYCCKHE (1)yHKI_[I/II/I

HN-HE NJIN-HE N-NJIN-HE
al £ E]
i 1 l & !
}{1 xl x2 —_
Ky —
x2 ¥ }{2 ¥ }{4 ¥
xg g Ey —— &
g —
X? _
Y =X X,X, Y=X, +X,+X, Y=XX,+X, X, + X. XX,

Puc. 1.2. YcnoBHbie 0o003HaueHus gorunueckux snementoB U-HE (a);
WNJIN-HE (6); U-NJIN-HE (B)

Hanpumep, Jiorudeckre CXeMbl PaCUIMPEHHON JOTHKU PEAM3YIOT (PYHKLHIO THIA
XX, + X X, + XXX, .




1.2 MUHUMMU3ALIUA JJOT MYECKUX ® YHKIIU

[{enpt0 MUHUMU3ALUK JTOTUYECKONW (PYHKIIUU SIBIISIETCS YMEHBIIEHUE CTOMMOCTH
€€ TEXHUYECKOMN peanu3anuu. Ciaenyer OTMETUTD, YTO CaM KPUTEPUH, B COOTBETCTBUU
C KOTOpPBbIM BbINIONHsEeTCH MuHUMU3anusa OAJL, ganeko He OJJHO3HAYEH U 3aBUCHUT Kak
OT THUIA pPElIaeMol 3a/auu, TaK U YPOBHS Pa3BUTHUS Te€XHOJOruu. Tak, B T€ BpeMeHa,
Korjga nu(poBbie YCTPOWCTBA CTPOMIMCH HA JAUCKPETHBIX JIEMEHTaX, MUHUMU3AIIHS
Yyyclia J3THUX DJIEMEHTOB M 4YHCIAa TOCTPOCHHBIX HA HMX OCHOBE 3JIEMEHTapHBIX
JIOTUYECKUX Y3JIOB OJHO3HAYHO ONPEAEISUIA U YMEHBIIEHUE CTOUMOCTH TEXHUYECKOU
peanuzanmu. C nosiBieHueM bUC u CBUC, cTOoMMOCTh KOTOPBIX OMNPEACISIETCS B
OCHOBHOM IUIOIIA/IbIO0 CXEMBI HA KPUCTAJIE U MAJIO 3aBUCHT OT YUCJa BXOMSIINX B HEE
TPAH3UCTOPOB M JIPYTMX 3JEMEHTOB, Kputepun MuHuMmuzauuu DAJl nperepnenu
CyllleCTBEHHbIEe H3MeHeHus. Ha mepBoe mecto mnpu npoektupoBanun camux HC
BBIJIBUTAETCSI TPEOOBAHUE PETYISIPHOCTH UX BHYTPEHHEH CTPYKTYpbl 1 MUHUMU3ALIMS
yycjia BHENIHUX COCIWHEHUN Ja)ke 3a CYET YBEIMYEHHUs YHuCiIa DJIEMEHTOB U
BHYTPEHHUX COEAMHEHUH. DTH TpeOOBaHUS JUKTYIOTCS TPEOOBAHHUSIMU IOBBIILICHHUS
HAJEKHOCTHU IEKTPOHHBIX CPEACTB.

OnHako mpu mnpoekTupoBaHuu amnmaparypel ¢ npumeHennem BUC u CBUC
TpeOoBaHHE yMEHbIIEHHs yucia KoprnycoB MC u nx Me)xcoenuHEHUH MO-IPEeKHEMY
OCTaETCs BECbMa BaKHBIM.

TpeboBaHue yMeHbIIEHHS 4Wcla 3JIeMEHTapHeiX JID, Bxoadmux B
pa3zpabaThiBaeMO€ YCTPOWCTBO, B HACTOAIIEEC BpeMs TaKKe HE TMOTEpSJIO CBOEH
akTyallbHOCTU. OOBsICHSETCS 3TO Bce 0OoJee MIHMPOKUM HCIIOJIb30BAHUEM IIPH
IPOEKTUPOBAHUH AJIEKTPOHHBIX CPEACTB MNporpamMMmupyemsix Jiorndeckux CBUC
HIMpOKOro npuMeHenuss u nonyszakasHeix CBUMC Ha ocHOBe 0a30BBIX MaTPUUHBIX
kpuctaioB. Otu  CBUC wu BUC, kak mnpaBuio, CcoAepKaT OTHAEIbHbIC
HECKOMMYTHUPOBaHHbIE MEXAy coboii snementapusie JID, Hanpumep 2M—HE wunu
2UJIN— HE, unu npocTto HA0Opbl TPAH3UCTOPOB, PE3UCTOPOB U JAHOJIOB, KOTOPHIE
MOTYT OBITH COEIMHEHBI MEXAY COOOM B COOTBETCTBHM C 3aJaHHBIM aJITOPUTMOM
00paboTKK Joruyeckux curHanoB. llockonbky umcno snemeHToB B ofgHoMl CBUC
3aJlaH0 U3 TEXHOJIOTMYECKUX cooOpakeHHil, To MuHHMH3auus PAJl mo Kpurepuro
YMEHBIICHUSI YHCIIA HCIIOJNb3YEMBIX 3JIEMEHTOB IIO3BOJISIET HA OJHOM KpPHUCTaJlIe
pemiaTh 0oJiee CIIOXKHBIE 3a7a4M JIOTUYECKOM 00paOOTKM CUTHAJIOB, T. €. B KOHEUHOM
cyere yMmeHbInaTh unciao Tpedyembix MC u cBsizelt MeXIy HUMH. DTO CHUXKAET
CTOMMOCTB U MTOBBIIAET HAJEKHOCTD JIEKTPOHHOM almapaTypshl.

Paccmorpum meron Mmunmmusanuu PAJl ¢ ucnosab3oBanueM kaprt Beitua-
Kapno, nozposnsronuii nposectd MUHUMH3anni0 PAJl 1m0 KpUTEpHUIO YMEHBIIEHUS
yucia 3JeMeHTapHbix JI0O.

JlanHbIit MeToa Oazupyercs Ha TabnuyHoOM Bujae npeactaBieHus OAJI. OH mupoko
UCIIONB3YyeTCd MpU PydHOM, O0e3 mpumeHeHus DBM, munummzanum DPAJl, gucio
NEPEMEHHBIX B KOTOPOM OOBIYHO HE MPEBBIIIAET MSATH.

Kapra KapHo — 3T0 npsiMoyronbHast TabauIa, YUCIIO KIETOK B KoTopoit 1t DAJI n-
IIEPEMEHHBIX paBHO 2", KaXIOM M3 KJIETOK IOCTaBJIEH B COOTBETCTBHE HEKOTOPHIM
HA0Op BXOJHBIX TMEPEMEHHBIX, MPUYEM PSIJOM  PACIOJIOKEHHBIM  KJIeTKaM
COOTBETCTBYIOT COCEIHHE HAOOPHI BXOIHBIX TIEPEMEHHBIX (KOJOB), a B CAMHUX KJIIETKaxX
3amucaHbl 3HaUYeHUs QYHKIIUHU, OTIPEICIICHHBIC JIJIsl STUX KOJIOB.



Paccmorpum moctpoenne kapt KapHo nnst dyHKIMA Tpex NEepeMEHHBIX (puc.
2.1). OHa coaepXxuT BoOceMb KiE€TOK. HaOopbsl BXOJHBIX MEPEMEHHBIX, COOT-
BETCTBYIOIIME KpallHUM JIEBOMY M NPaBOMYy CTOJIOIaM, SIBISIOTCA COCEIHUMM.
[ToaToMy naHHYIO KapTy yAOOHO MpPENCTaBUTh KaK MOBEPXHOCTh IWJIMHJIpA U OHA, B
OTJIUTHE OT KapThl IBYX IIEPEMEHHBIX, ABISETCS 00bEMHON (QUTYPOH.
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Puc. 2.1. Kapra Kapno nis GyHKUMNA TpeX nepeMeHHbIX

Munumu3anus moaHocTbI0 onpeaegeHHo ®AJIL. [Ipu munnmmzannn DPAJI
UCIIONIB3YIOT MO0 €€ HyJneBble, JUO0 eauHWYHBbIE 3HaudeHus. B oboux ciywasx
MOJIYYarOT PAaBHOCUJIBHBIE BBIPAKEHUS, KOTOPBIE, OJTHAKO, MOTYT OTJIMYATHCS 110 YUCILY
YJICHOB (T. €. LIEHE) U BBIIOJHAEMbBIM JOTHYECKUM ONEPALHSIM.

Anroputm muauMu3zauuu OAJI cBOAUTCS K CIETYIOLIEMY.

1. Ha kapre Kapno ®AJI n-nepeMeHHBIX BBIAEISAIOT OPSIMOYIOJIbHbBIE 00JIACTH,
oOBbeauHstONIMEe BIOpaHHble 3HaUeHUs QyHKimu (Jor. 0 wim sor. 1). Kaxnas o6nactsb
JOTKHA coziepkaTh 2 KIeTOK, T/ie k — Iemoe 4rcio. BhiaeaeHHbie 06IacTH MOTyT
nepecekaTbes, T. €. OJHAa WM HECKOJBKO KJIETOK MOTYT BKIIIOUAThCS B pa3iIMyHbIE 00-
JACTH.

2. Kaxpas  u3 BbIACICHHBIX OOJACTE MPENCTABISETCS CaAMOCTOSTEIbHBIM
JIOTUYECKUM MPOU3BEACHUEM NIEPEMEHHBIX, 3HAYEHUS KOTOPBIX B PAMKAX BBIIECICHHOU
0o0JacTU  OCTaloTCAd MNOCTOSHHbIMU. Kaxgoe mnpousBeneHue coaepkur n—k
MIEPEMEHHBIX U HOCUT Ha3BaHUE UMNIAUKAHMDL.

3. U3 noiy4eHHOro MHOKECTBa BBIOMPAIOT MUHUMAJIbHOE YHCIO MAKCHMAJIBHO
OonpIHx 00JacTel, BKIIIOYAIOIINX BCe BRIOpaHHbIe 3HaueHus DAJL

4. Jloru4yeckd CYMMHPYIOT HWMILUTMKAHTBI, COOTBETCTBYIOIIME BBIOPAHHBIM
obnactsaMm. Ilomydyennas cymma oOpazyer MIH®, 1. e. aBisercs nokpbituem PAJL
MUHHMAaJIbHON CTOMMOCTH (TIOKphITHEM KBaiiHa).

[Ipu oObeqMHEHNH KIIETOK ¢ equHUYHbIMU 3HaueHussMU PAJI nonydaror MJIIHD
camoil (GyHKIHMH, a TP OOBETUHEHUU KJIETOK C HYJIEBBIMH 3HauYeHUsIMH DAJI—
MJIH® ¢yukuuu, naBepcHoi 3agannoil. [locneanee nerko oObICHIETCS IPU MOMOIIH
OJIHOM U3 MPUBEJEHHBIX PaHEE TEOPEM AIreOpbl JOTUKH, COTJIACHO KOTOPOH X + X =1.

O4eBUAHO, YTO €CIU NOJHOCThIO onpeaeneHHas PAJl n-nepeMeHHbIX TPUHUMAET
3HayeHrne | Ha m Habopax MEepEeMEHHBIX, TO Ha OCTAIBHBIX 2'—M BXOIHBIX Habopax
ee 3HaueHue paBHO Hymto. CrenoBaTenbHO, OoObenuHeHHe () 3HAYEHUI COTJIACHO
npaswiam 3anucu JIH® npusener k noinyyeHuto PyHKIIUN, THBEPCHOM 3aJaHHOM!.

[IpumeHsis K NOJYy4eHHOM HWHBEPCHOM MHUHHUMalIbHOM (opme TeopeMmbl /[le-

Moprana X, v X, =X, -X,, noiy4aeM MUHUMaJIbHYIO (DYHKIIMIO, 3a[IUCAHHYIO B BUJIE

KHO.
MuHuMH3aUsA He MOJHOCTHI0 ompeaeeHHor PAJL. B HEKOTOpBIX ciydasx
HEMoJIHOTa onpeneneHuss QyHkui (WM onHON (DYHKIMH) MPEACTaBISET TOMOJIHU-
10



TEJIbHbIE BO3MOXXHOCTH JJISI UX MUHUMH3AUHMHU. ba3upyroTcs 3T BO3MOXXHOCTH Ha
cienyromux coodpaxxkeHusx. [lockonabky M30bITOUHBIE HAOOPHI HUKOTJA HE MOSBATCS
Ha BXOJI€ YCTPOMCTBA, TO M COOTBETCTBYIOIINE UM 3HAUCHHS (DYHKIIMI TaK:Ke HUKOTa
HE MOSBATCS Ha BBIXOJIe 3TOro ycrpoiictBa. CieqoBaTeabHO, B TaOJIUIE UCTUHHOCTH
U30BITOYHBIM HAOOPOM MOXKHO YCIIOBHO TOCTaBUTh B COOTBETCTBHE JTFO00C 3HAUCHHE
uctuHHOCTH QyHKUUU (0 unu 1), MOCKONBKY 3TO HHMKAK HE IMOBIUSAET Ha paboTy
ycTpoiictBa. ['oBOpsIT, 4TO B 3TOM ciydae (QYHKIUU Odoonpedensiiomcs. Bo3HUKaeT
BIIOJIHE €CTECTBEHHAsl MBICJIb JOOMNpPEAeaaTh (YHKIUM He OecCHUCTeMHO, a
1eJIeHANPaBICHHO, TaK, 4TOOBl (popMyna ToompenceieHHON (PYyHKIHMH YIpOCTUIach B
MaKCUMAaJIbHOW CTENEHU C MOMOIIbI0 CTAHAAPTHBIX MUHUMHU3ALMOHHBIX MPOUEAYP.
[Ipy 5TOM MOXXHO PEKOMEHIIOBATh CJIECAYIOIIMK MOPSAIOK IEHCTBAM IS KaXIOW W3
b yHKITHIA:

1) Tpou3BeCTH 3amKuCh 3HAYCHUN QPYHKIUH (KaK €UHUI, TaK U HYJIEH) JJIs BCEX
HEn30bITOYHBIX HAOOPOB apryMeHTOB B KapTy KapHo;

2) nmoompenenanuTh GYHKIUIO 0 AUarpaMMme J00 eIUHHUIIAMU, TH00 HYJISIMH Tak,
yTOOBl OTMEYEHHBIE KJIETKM COCTABJSUIM MO BO3MOXHOCTH HauOoJiee KpYIIHbIC
COBOKYITHOCTH TMPSIMOYTOJIBHONW KOH(UTYpaIH 1O 2*-knerox. HeoGX0aMMO CIIeIHTh,
4TOOBl B OTMEUEHHbIE KOH(DUrypamuu o0053aTeIbHO BXOAWIA XOTs Obl OfHa
peanuzanus (YHKIMU, COOTBETCTBYIOIIAss HEU3OBITOUHOMY HaOoOpy (B MPOTUBHOM
ciydae B (YHKIIUU MOSBSITCS JIMITHUE YJICHBI);

3) nmo kapre KapHo mpousBogautcst 3anuchk mMuHuManbHOM JIH® (mmm KHO)
JooTpeieIeHHON (DYHKIIMH OOBIYHBIMH CTIOCOOAMH.
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2. PABPABOTKA ITPEOBPA3OBATEJIA KOJA

2.1 BBIMUCJEHUE AHAJIMTUYECKOK MOJEJIU
ITPEOBPA3OBATEJIA

[To 3amanni0 yCTPONCTBO MMEET YeThIPEXpa3psAaHblii NHGOPMAIIMOHHBINA BXOA U
HIECTUPa3PsAIHbIA WH)OPMAIIMOHHBIM BBIXOA U TpEAHA3HAUYEHO JIsl IpeoOpa3oBaHUs
koja Barrca B craprcronHbii pactpenenurensibid koa. DOAJI npencraBiieHsl B BUAE
MOCJIEOBATENBHOCTEN ABOMYHBIX YUCET.

Tabmuiia WCTUHHOCTH COJEPKUT BCE BO3MOXKHBIC KOMOWHAIIMHA BXOJHBIX
MIEPEMEHHBIX X3X,X1X9 M COOTBETCTBYIOIIME UM 3HAYEHUS BBIXOJHBIX EPEMEHHBIX i,
Ha3bIBaeTCs  TaOMUIEM  WCTUHHOCTA  WJIM  KOMOMHAIIMOHHOW  TaOJUIIEH.
[IpenBaputrensHo coctaBuM Tabnuiy wucTuHHOCTH uisi DAJl mpoexktupyemoro
ycTpoiictBa (Tabnuma 2.1).

Ta6numa 2.1. Tabauia UCTUHHOCTH YCTPOMCTBA

N X4 X3 X2 X] Y6 Ys V4 Y3 Y2 Yi
1 0 0 0 0 1 1 0 0 0 0
2 0 0 0 1 1 0 0 1 1 0
3 0 0 1 1 1 0 1 0 1 0
4 0 0 1 0 1 0 1 1 0 0
5 0 1 1 0 1 1 0 0 1 0
6 1 1 1 0 1 1 0 1 0 0
7 1 0 1 0 1 1 1 0 0 0
8 1 0 1 1 1 0 0 0 1 0
9 1 0 0 1 1 0 0 1 0 0
10 1 0 0 0 1 0 1 0 0 0

Jlornyeckoe ycTpoiCTBO, onuchiBaeMoe Tabiuiei 2.1, uMeer yeThlpe BBIXOJA.
[ToBenenne »aTOro ycrpoucTBa omnuceiBaercs cucremod u3 mectu DAJL. B
COOTBETCTBHH C U3J10:KeHHBIM B 11. 1.1, CJIH® umeroT BU:

Y6cz[H<1>(Xi) =1

ySCHHQ(xi) =X, XX, X, VXXX, X VX XXX, VX XX, X )

Yacmuo (Xi) = X X3XoX, VX XX, X VX XX XV X X3 X)X

o (D

Yicnmo (Xi) =X XXX VX XX, X VXXX X, VX XXX

yzcﬂm(xi) =X, XXX, VX XXX, VX XX, X, VX, XXX

Y1cm-1q>(xi) =0.
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2.2 MUHUMM3AIIUSA AHAJIUTUIECKOU MOJIEJIA

MuyHMMHU3AaIUI0 CTPYKTYpPhl TAaKOTO YCTPOWCTBA MOXEM  BBIIIOJIHUTH C
ucnosib3oBanueM kapt KapHo npu pazgenbHoit MunuMusanuu kaxaon ®AJL. Ognako
C TOYKM 3PEHHS BCEro YCTPOWCTBA Takas CTPYKTypa, Kak IIpaBWIO, HE Oyaer
ONTUMAJIbHOM.

C TOYKM 3peHHs MUHUMHU3ALUU BCEH CTPYKTYpbl HEOOXOAMMO, YTOOBI LEMb
(opMUpPOBAaHKA KaKAOTO BBIXOAHOIO CHIHaJIa yj Oblja BBIIIOJHEHA HE MUHHMAJILHBIM,
a HEKOTOPBIM OINTUMAJIBHBIM CIIOCOOOM, OOECIEYMBAIOIIUM B KOHEYHOM CYETE
MUHUMAJIBHOCTh OOILIEH CTPYKTYpbl yCTpOWCTBA. MMHHMMH3AaLMS B 3TOM Cllydae
oOecneunBaeTcs 3a CYET MCMOIB30BAaHUS OOLIMX Lerneld (GOpMUPOBAHUS CUTHANA IS
NOJIyYEHUs] HECKOJBbKUX BBIXOAHBIX (yHKUMH. [locnennee nocrturaercst BblieICHUEM
Ha KapTax KapHo pa3nuuHbIX BBIXOAHBIX (YHKLIMNA OJIMHAKOBBIX 00J1acTEN.

CoctaBuM kapThl KapHo GyHKIUM YETHIPEX MEPEMEHHBIX (X3X,X1X() JUIS IIECTH
BBIXOZIOB Vs, Vs, Y4, V3, Y2 U y; (pucyHok 2.1). ®AJL, npencraBieHHas B BUA€ TaOIULIbI
2.1, onpenenena He MOMHOCTHIO. Joonpenennm nanayro GyHKIHUIO Ha Kaprax KapHo
HYJSIMHU U €IUHULIAMH TaKUM 00pa3oM, 4TOOBI BBIJIETSIEMbIE MIPSIMOYTOJIbHBIE 001aCTH
MMEJIM MaKCUMAaJIbHBINA pa3Mep.

Ha «kaprax KapHo BbII€IMM TOPSIMOYTOJIbHBIE OOJACTH, OOBEAUHSIIONINE
eIMHUYHBIC 3HaUYCHUS QYHKITUH.

Brixon yg
X7 X
00 01 11 10
X4 X3
00 R 1 1 1 -
01 1
11 1
10 ] 1 1 L.
Brixon ys
X2 X
00 01 11 10
X4 X3
00 1 0 0 0
01 =
1 o L
10 0 0 0 | ‘. 1.
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Brixon vy,

X7 X1
00 01 11 10
X4 X3
00 0 o | 1 1
01 0
11 0
Brixopn y;
X2 X1
00 01 11 10
X4 X3
00 o |1l o0 |1
01 0
11 1
10 0 |1 .| 0 0
Brixon y,
X2 X1
00 01 11 10
X4 X3
00 0 | | 0
11 0
10 0 0 1 5 0
Brixon y;
X7 X1
00 01 11 10
X4 X3
00 0 0 0 0
01 0
11 0
10 0 0 0 0

Puc. 2.1. Kaptet KapHo 1151 BBIXOJHBIX (DYHKIIMH Y;

Ha ocHoBanuu pucynka 2.1 3anumem ®AJI aj1s1 BCeX BBIXOJIOB.
Jlornuecku MPOCYMMHpPYEM MMIUIMKAHTBI, COOTBETCTBYIOIINE BbHIOPAHHBIM
obnactsaM. [Tomyanm
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Y6M11Hc1>(xi) =1

y5MJJH<D(Xi) =X VXXX VXX XS

Yo (X)) = X XX, V X, X5 X5

Yammo (Xi) = X4X3 VXX, VX XX Xy

yZM,[[HtD(Xi) =X X3 VXX VXX

y]M[[Hcp(Xi) =0.

Benencreue  ¢dynkuumoHanbHOM moiaHOTH  QyHkiumi  Illeddepa u Ilupca,
peannzyromue ux snementsl UI-HE win WJIN-HE Moryr npeacraBisThs 100yro
oyneBy omnepanuto M, UJIN, HE u Takum o6Gpa3zom camocToATENrHO 00pa3oBaTh
0a3uc, B KOTOPOM peain3yeTcs Jtobas jorudeckas PyHKIys. Iro 1enecoo0pasHo ¢
JBYX TOYEK 3peHHUs. Bo-mepBbIX, IPU MPOEKTUPOBAHUM JIOTUYECKUX CXEM MOXKHO
OOOMTHCh OJHUM EIUHCTBEHHBIM THUIIOM BEHTHJIS, YTO IO3BOJSET MPEICIbHO
YHUPHUIHPOBATh ATOT mpouecc. Bo-BTopeix, ans OonpmuHcTBa cepuid TTJI- u
KMOII-noruk »aemenr W-HE, kak u WJIM-HE, saBnsgerca O0a3ucHBIM U
NPEANOYTUTENIEH BO MHOTMX OTHOLICHMSIX. BcieacTtBue 3Toro peanusauus
nornueckux cxem B Oasucax W-HE wu WJIM-HE nonyuuna wmpokoe
pPacIpOCTPAHEHUE B MPAKTHUKE.

Jnsa peanuzaunu Qynkumii B 6a3uce M-HE 3anumem Han HUMHU CHUMBOJ JIBOWHOM
WHBEPCUU U OJHY U3 OOLIMX MHBepcuil mpeodpasyem no dopmyne e-Moprana.
Torma

Y omppo (Xi) =1

ySM}l]—Itb(Xi): X3 VXX X VXXX =X VXXX VXXX = X3 X X X - XX, X,

Yo (X1) = X X3X) VX XX = X, XX, VX XX = XXX X, X3X

2)

Y3M,[[H®(Xi) = XX VX X VX XXy X = XXy VXGX VXXX, Xy = XXy - XX Xy XX, X5

Yoo (Xi) = XyX5 VXX VXX = XX5 VXX VXX = XX5 0 XX XX

YIM)ZLHCD(Xi) =0.
[To BeIpaxkeHusAM (2) MOCTPOMM (PYHKIMOHAIBHYIO CXEMY pa3padaThIBa€MOro
yCcTpoiicTBa (PUCYHOK 2.2).
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3. CUHTE3 IPEOBPA3OBATEJIA KOJA
B BYJIEBOM BA3UCE

3.1 OB30P DJIEMEHTHOM BA3bI

Jlornyeckue 31€MEHThl LIUPOKO MPEACTABICHbl B PA3IMYHBIX TUIAX JIOTHMKH
uHTerpanbHeix Mukpocxem (MMC) — tpansucropHo-Tpanszuctopuor (TTJI), Ha
KOMIUTUMEHTapHbIX nosieBbix TpaHzuctopax (KMUII), smuttepHo-cBsazannoit (DCJI).
Bei6op toro wim mHoro tuma MMC 3aBUCHUT OT Ha3Ha4yeHUs, OOJACTH U YCJIOBHI
NpUMEHEHUs] pa3padaThIBAEMOr0 YCTPONCTBA M OMNPENENSETCS ONTUMHU3ZUPYEMBIM
napamerpoM. Hawmbonee wacTo B KayecTBe TaKOBOTO pPacCMaTpPHUBAECTCS OJUH U3
CJIEIYIOIUX:

OBICTPO/ICICTBUE;

noTpebisieMast MOIITHOCTb;

CTOUMOCTb;

HaJIEKHOCTD.

HHTerpanbHble CXE€Mbl TPaH3UCTOPHO-TPAH3UCTOPHOW JIOTMKM B HACTOSIIEE
BpeMsl SBJISIOTCS HanboJiee pacnpoCTpaHEHHBIMA MUKpOCXeMaMHu. JImuTensHoe BpeMs
mukpocxembl TTJI cocraBmsiiu snementHyro 6azy OBM. Bce mmkpocxembr TTJI
MO>KHO Pa3JeUTh Ha TPU TPYIIIIbI:

CTaHJIapTHHIE;

co crpykrypamu [Ilotku (TTJILL):

ycoBepiienctBoBanubie TTJIL (6osee skoHOMUYHBIE U OBICTPOACHCTBYIOLIHE).

[Tupoxoe pacupocTpaHeHue TTJI ncC o0ycIoBieHa BBICOKUM
OBICTPOJICHCTBUEM MUKPOCXEM 3TOrO THIIA IIPH BIIOJIHE YAOBJIETBOPUTENBHBIX JPYTrUX
HKCIUTYaTAlIMOHHBIX XapaKTEPUCTUKAX.

B kauectBe ocHOBHBIX ITpeumyniects KM/IIT MC cnenyer Ha3zBaTs:

HU3KYI0 CTATUYECKYIO0 MOIIHOCTh, OTPEOJISIEMYIO OT HCTOYHHUKA TUTAHUS;

BBICOKYIO pabOTOCIIOCOOHOCTh B IIMPOKOM JHMANA30HE MUTAIOIIMX HATPSHKEHUI
(3—-15B);

BBICOKYIO TIOMEX03aIUIIEHHOCTD;

BBICOKYIO HATPY30YHYIO CIIOCOOHOCTB;

YIPOILIEHHOE CONPSDKEHWE CO  CIA00TOYHBIMM  HMCTOYHHKAMHU  BXOJHOTO

HaIPSKECHUS;
BBICOKAsl TEXHOJIOTUYHOCTh U3TOTOBJICHUSL.
[Ipu »srom KMJUIII HMC cyliecTBEHHO MPOUTPHIBAIOT MUKpPOCXEMaM

TPAH3UCTOPHO-TPAH3UCTOPHON U SMUTTEPHO-CBSA3AHHOM JIOTUKH MO OBICTPOJICUCTBUIO.
[Toatomy KMJII MC npumeHsitoTcss TaM, TIIe DHEPreTHUYECKU (PaKToOp SBISETCS
pELIAoINM MPU BHIOOPE AIEMEHTHON Oa3bl.

HHTerpanpHple MHMKpPOCXEMBI Ha OCHOBE JMUTTEPHO-CBA3AHHOW JIOTMKH
NOJyYWSIM  IIUPOKOE  PacCIHpoCTpaHEHHWE B KauecTBE  DJIIEMEHTHOW  0a3bl
OBICTPOJICHCTBYIOLIEH  BBIYMCIHUTEIBHOM W PaJMOAIEKTPOHHOM  ammapaTyphl.
HoctonnctBamu mukpocxeM DCJI sBistitoTes:

Xopoliasgs  CXeMHO-TEXHHYecKass  OTpabOTaHHOCTh W, Kak  CIIEACTBUE,
CPaBHUTEIILHO HEBBICOKAsA CTOMMOCTb U3TOTOBJICHUS;
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BBICOKOE OBICTPOJCHCTBUE MPU CpeIHEeH MOTPeOIsIeMOl MOITHOCTH WIIU
CBEPXBBICOKOE OBICTPOJICUCTBUE MTPU OOJIBIION MOTPEOIISIEMOI MOIIIHOCTH;

MaJjasi SHEPrusl MepeKIIOYEHUS;

BBICOKAasl OTHOCHUTEJIbHAS TOMEX0YCTOMYHNBOCT;

BBICOKAsl CTaOUJILHOCTh MapaMeTpPOB MPH U3MEHEHHH paboueld TeMmieparypbl U
HANPsHKEHUS TUTaHUS;

OoJblIas HArpy304Hask ClIOCOOHOCTH;

HE3aBUCUMOCTh TOKA MOTPEOJICHUS OT YaCTOTHI MEPEKITIOYCHUS;

yA00CTBO NMPUMEHEHUSI B YCJIOBHUSX TMOBBIIICHHOW IJIOTHOCTH KOMIIOHOBKH C
UCII0JIb30BaHUEM MHOTOCJIOMHOT O IEYaTHOTO MOHTaXka.

OnpIT MPOEKTUPOBAHUS anmaparypsl mnokassiBaet, yto DCJI UC onTUManbHbI
JUIS. TIOCTPOEHUSI OBICTPOACHCTBYIONIMX PAAUOSIECKTPOHHBIX YCTPOMCTB M MEHEE
3¢hdeKTUBHBI TIPU Pa3pabOTKe pajluOdJIEKTPOHHBIX YCTPOWCTB MAJOr0 M CPEIHEro
OBICTpOACHCTBUS.

Hcxonss W3 TNPUBENEHHBIX  pacCyKICHMM Hauboyiee I1eaecoo0pa3HbIM
NpENCTaBIIeTCS MCMOJIb30BaTh Il pa3paboTku 3agaHHoro peructpa HWMC
TPAH3UCTOPHO-TPAH3UCTOPHON JIOTUKHU.

3.2 CHUHTE3 CXEMbI 10 BBIBPAHHOMY KPUTEPHUIO

Kpurepuem BbiOOpa MUKpOCXEM ompenenum OpicTpoaeiicTBue. U3 cipaBouHrKa
[2] BuaHO, yTO Haubosee ObICTpoAecTBYIOUME MUKpocxeMbl TTJI-noruku u3 cepuu
1533.

Ha ocHoBanuu BbIpakeHuit (2) pucyHka (2.2), nias peanuszanuu  (QyHKIHA
BO30Y)KJIEHHUS TPUITEPOB HEOOXOAUMO HCIOJIb30BaTh MHUKPOCXEMBI, 3JIEMEHTHI
koTopeix BeIMONHAKOT (pynkumu 2U-HE, 3U-HE, 4U-HE. Takumu MmukpocxemamMu
apisitorest 1533JIA3, 1533J1A4, 1533JIA1, ycnoBHble rpaduueckue 0O0O3HAUYEHUSI U
TEXHUYECKUE XAPAKTEPUCTUKU KOTOPBIX NMPUBENCHBI HIXKE.

YcnoBHoe rpaduueckoe obo3HaueHue u mokosnéBka MMC 1533J1A4 moka3aHbl
Ha puc. 3.1, OCHOBHBIE XapaKTEPUCTUKH MHUKPOCXEMBbI MpHUBENEHb B Tabmuie 3.1.
Muxkpocxema coaepxut Tpu snementa 3M-HE.

T sy
_2| Lz
_13
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2
]y
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_1

Puc. 3.1 Ycnosnoe rpaduueckoe obo3HaueHue u mokonéska UMC 1533J1A4
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Tabnuna 3.1 OcHoBHbie mapamerpsl UMC 1533J1A4

Hanpsoxenue OCHOBHBIE MTAPAMETPHI
HUCTOYHHUKA 0 1 1,0 0,1 1 0
IUTAHUS B U BBIX B U BBbIX B t 34.p.» HC t 34.p.» HC I 10T MA I 10T MA
5 0,4 2,5 14 21 0.6 2.2

Mukpocxema 1533JIA3 conepxut uerbipe Jsormdyeckux siementa 2U-HE.
YcnoBHoe rpaduueckoe obozHaueHue u 1okoiaéBka MMC mokazanbl Ha puc. 3.2,
OCHOBHBIC XapaKTEPUCTUKU MUKPOCXEMBI IPUBEACHBI B Ta0IHIIE 3.2.

&

o3

&

o

— [—
Moo o o [ ke =
Qo

1 511

L

Puc. 3.2. VYcnosHoe rpaduueckoe o6o3HaueHue u rokonéska MUMC 1533J1A3

Tabnuna 3.2. OcuoBHbie mapamerpsl UMC 1533J1IA3
Hanpsoxenne OCHOBHbIE MTAPAMETPHI

NCTOYHHKA 0 1 ! 0.1 ! 0
IIUTaHuA, B U BBIX> B U BBIX> B t” 31.p.> HC |t 31.p.> HC I 1oT» MA I 1oT» MA

[«

5 0,4 2,5 14 14 0,85 3,0

Muxkpocxema 1533JIA1 copepxut aBa Jiorndeckux osnemeHta 4U1-HE.
YcnoBHoe rpaduueckoe obozHaueHue u 1okoiaéBka MMC mnokazanbl Ha puc. 3.3,
OCHOBHBIE XapaKTEPUCTUKU MUKPOCXEMBI IPUBEACHBI B Ta0IMIE 3.3.
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Puc. 3.3. VYcnoBHoe rpaduyeckoe o6o3Hauenue u mokosnéska MMC 1533J1IA1
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Tabsuua 3.3. OcHoBHble mapamerpsl UMC 1533JIA 1

Hanpsokenue OCHOBHBIE TAPAMETPHI
HNCTOYHHKA 0 1 10 ol 1 0
I TaHus, B U BBIX B U BBIX > B t” 314.p.s HC |t 31.p.s HC I TOT> MA I oT» MA
5 0,4 2,5 28 14 0,4 1,5

Ucxons u3 GyHKIIMOHAIBHON CXEMbl HA PUCYHKE 2.2, HEOOXOIUMO CIIEAYIOIIee
KoInm4yecTBO paccMoTpeHHbIX TunoB UMC: 1533JIA1 — 1 wr., 1533JIA4 — 2 .,

1533JIA3 — 2 miT.

N3 BeiOpannbix MUMC Ha ocHOBaHWM (YHKIIMOHAJIBHOM CXEMBI COCTaBUM
OPUHIMIHAIBHYIO CXeMy ycTpoiicTBa. JlaHHas cxema M300pakeHa B MPUIOKEHUU 1.
Ha nanHOI cxeMe MpUMEHEHBI CIIEAYIOMINE 0003HAYEHUS

DDI1, DD4, DD6 — UMC 1533JIA3;

DD2, DD3 — UMC 1533J1A4,

DDS5 — UMC 1533J1A1.

[IepeyeHp 271EMEHTOB IPUBEAEH B MPUIIOKEHUU 2.
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3.3 OHEHKA PA3PABOTKMH 11O SQHEPT'OITIOTPEBJIEHUIO,
BBICTPOJIEHCTBUIO U PASMEPAM

[TpousBenem pacuer ObICTpOACHCTBUSA pa3paboTaHHOTO mpeobpaszoBatens. s
ATOr0 MPOCYMMHPYEM CPENHEE BPEMS 3aJE€PKKH PACIPOCTPAHEHUSI CUTHAIA BO BCEX
y3J1aX yCTPOMCTBA, KOTOpPbIe padOTAIOT MOCIEA0BATEIBHO.

N3 npuHUMOUAIBbHOM CXEMbl BHJIHO, 4YTO MMEETCS HECKOJBKO IIYyTEW
NPOXOXkKAEHUsI CUrHalioB. M3 aHanuza OBICTPOACHCTBHUS MUKPOCXEM, MaKCHUMaJbHYIO
3aIepKKy UMEET CUTrHal, npoxoasimuii mo mytu DDI1-DDS5-DD3 (curnan ys).

CymMmmapHas 3a/iepKKa CUrHajia y, paBHa
14 +28 _ 14421 _s55 (Hc)

2 2
Torpa MakcuMalibHasi 4acTOTa pabOThI YCTPOUCTBA ONMPEEAETCS BEIPAXKEHUEM
1 1

F o=t 1 1905 (Mru).
T 525.10° (MTx)

by =thas Tl T lgas = 14 +

[IpousBeneM pacyeT cpemHel MOTPeOIIEMO MOIIHOCTA MPeoOpa3oBaTels
kozxa. Jlyist 3Toro HeoOXOUMO MPOCYMMHPOBATH CPEIHIOI0 MOTPEOISIEMYIO MOILITHOCTh
JUISL BCEX MHUKPOCXEM, BXOSIIUX B YCTPOHCTBO. Tak Kak cpeaHss norpediisiemas
MOIIIHOCTh MHMKPOCXEMOM 3aBHCUT OT BEJIMYMHBI HAIPSIKEHUS MUTaHUSA, TO €€
3HaYeHue NPUOIU3ZUTENBHO ONpeensercs no Gpopmyie

P =U_ I

cp matr Ocp
3nauennsd Uy M I, yKasaHbl B TEXHHUYECKHMX XapaKTEPUCTHKAX Ha
MUKpocxeMy. Pe3ynbprarhel pacueToB s KaK0r0 TUIIAa MUKPOCXEM CBEJIEM B TaOIUILY
3.4.
Tabmuua 3.4. Pacuer notpeOisieMol MOIIHOCTH YCTPOHUCTBOM

Tun MUKpoCXeMbl P, oqnoro xopmyca, Komuuectso | Cymmapnas P,
(a;1emMeHTa) MBT KOPITYCOB MBT
1533JIA1 4.75 1 4.75
1533JIA3 9.6 3 28.8
1533J1A4 7.0 2 14.0
CyMMmapHasi MOITHOCTb: 47.55

[IpousBeném oreHKy pa3MepoB pa3zpaboTaHHOro ycTpoicTBa. bynem momarats,
YTO MUKPOCXEMBI paclojlaraloTcsi Ha OHOW CTOpOHE TIaThl (puc. 3.4).

[Tpumem xorddurnent mromanu UMC paBasim K =2. Toraa miomanp miaTel
paBHa

S, =N-S,-K_,
rme  So=1.8 cM” — IIOmAs OXHON MUKPOCXEMEL,
N - ofmee KOTM4ecTBO MHUKpPOCXeM (OKpYTJIEHHOE 10 OOJBIIEero
4ETHOTO0).

Paccuntaem II0maab IJIaThl paBHA
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S, =N-S,-K, =6-1.8:2=21.6 (cm’)

=
= EE |
= E

Puc. 3.5. PacnonoxxeHne MUKpOCXEM Ha I1J1aTe
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SAK/TIOYEHHUE

B pesynbrare BBINMOIHEHHON KOHTPOJIBHON paboOThl OBUIO pa3pabOTaHO YCTPOWCTBO
npeoOpa3oBaHus kKoja Barrca B cTapTCTONHBIA pacnpenenuTenbHblid. [Ipu cunrese
YCTPOMCTBA MPOBOIMIACH MUHUMHU3AIMS C UCIIONIb30BaHUEM KapT KapHo.

[lo ¢yskumonanbHOW cxeme ObLIa pa3paboTaHa NPUHLMIHMAIBHAS CXeMa
YCTPOMCTBA.

DneMeHTHO# 0a30i ABJISAIOTCS UHTErpalibHbie MUKpocxembl T TJILLL.

B cocrtaB yctpolicTBa BXoasT 6 Mukpocxem cepuu 1533.

YcTpoincTBo npeoopa3oBaHus MMEET CJIECIYIOLIHNE TEXHUYECKUE
XapaKTEPUCTUKHU:

HanpsKeHue nutanus — S B;

cpenssis nmorpedisemas MoHocTh — 47.55 MBT;

MaKcUMallbHas yactoTa npeodpazoanus — 19.05 Ml ',

pa3Mmep matel — 21.6 M.
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[Mpuioxenue 2

IlepeyeHb 3J1eMEHTOB

3o-| Ilos. HanmenoBanue Kon.| IIpumeuanue
Ha| 00O3H.
Muxkpocxemsl

DD1,

DD4,

DD6 1533JIA3 3

DD2,

DD3 1533JIA4 2

DD5 1533JIA1 1

Jlur. Macca | Macmrad

VM| Jincr | Ne noxym. | Tloxm. | Jlara | Y CTpoOMCTBO MpeoOpa3zoBaHus
Paspa0. KoIa
IIpos. IlepeueHb DIIEMEHTOB
T. xoHTp. Jluct Jluctos
H. xontp.

Vr1B.




