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1. AewncppaTtopbl. OnpegeneHne, HaaHayeHUe, OCHOBHbIe
napameTpbl. JIuHenHbin gewndpatop. MHoroctyneH4yaTtble
Aewndpatopbl. MnpammaanbHblie gewndgppaTopbl.
BpemeHHble gnarpammbl. CTpobmpoBaHue B aewundpaTtopax.
NMpumeHeHne ctpodbuposaHusa. ewndcdpartop-
AemynbTunnekcop. HapawwmBaHue gewmndpaTtopos.
Peanusauuna ®AJl1 Ha gewmncppaTtopax.

Hewudppamop — O®Y xoMOMHAIMOHHOTO THIIA, IPEOOPA3YIOUIMK KaXK/bI HAOOP JBOMYHBIX
BXOJ/IHBIX CHUTHAJIOB B aKTHBHBIM CHTHAJI Ha BBIXOZE (TOJBKO OJMH) COOTBETCTBYIOIIMN 3TOMY
JTBOWYHOMY Habopy. UMCI0 BBIXOJOB PaBHO pa3pelIeHHOMY KOJMYECTBY BXOJIHBIX HaOOpoB. B
nemmdparope ¢ N Bxogamu U N Beixomamu: N <2". Eciu N = 2" - nemmdparop moaHblii, eciu
N < 2" - HeTOMHBIHA.

B obmem cnyuae o6oznauenue DC n-N. Cxemsl mnocrpoenuss DC: nuneiinsle,
MHOT'OCTYIEHYAThIC H TUPAMUIATbHBIC.

OyYHKIIMOHUPOBAHUE N-BXOJOBOTO Jemmdparopa omnpeaensercs TaOnuueld HMCTUHHOCTH.
HNudopmarmonHbie BXObI 4aCTO HA3bIBAIOTCS apeCHBIMH 1 00o3HavaroTcs ALA2,...

Bxonnl Brixonsr
EN | An1 | Ano | Az | ... A Ag Fo F F, - Fno | P
0 x x X X X 0 0 0 0 0
1 0 0 0 0 0 1 0 0 0 0
1 0 0 0 0 1 0 1 0 0 0
1 0 0 0 1 0 0 0 1 0 0
1 1 1 1 1 0 0 0 0 1 0
1 1 1 1 0 1 0 0 0 0 1

F, =EN Ana-Anz o A A Ao,
FL=EN-Ans-Anz--A-Ac- A,
Fua=BEN-AL A ACAC A, (1)
rnie A(i=0,n— 1) JIBOMYHBIE CHTHATBI Ha BXozax femmdparopa, F;(j=1 N —1)- Bexonnsre

curHainsl (pynkuun) gemmdparopa, EN- curnan paspemienus pa6OTBI nemmdparopa (EN=0 —
BC€ BBIXOJIHbIE CUTHANIBI HeakTuBHBIC, EN=1 — DC BBINONHSET CBOIO () YHKIIUIO)
[Tpumensist 3akoH e Moprana, moJy4iuM COBOKYITHOCTh JIOTHUECKUX () YHKIIMIA:

F :ﬁvAn_lvAn_zv...vAlvAo,
F =ENv An_lvAn_Zv...\/AlvE,

FN_lzﬁVanl\/Rn72 V\/Z\l\/ﬂo (2)
Kaxnas ¢yskuma nma Fj B (1) m (2) mpexncraBiager coOOW KOHCTHTYEHTY €IUHHUIBI HIIA

UHBEPCHYIO KOHCTMTYEHThl HYJS C COOTBETCTBYIOILMMH HoMmepamu. llosTomy moruueckue
¢bynakuuu (1) 1 (2) MOKHO 3anucarh B BUE:




F,=EN-m,=ENvM,, j=(0,N-1), (3)
rae Mju Mj— KOHCTUTYEHTBI €IMHHIBI U HYJISl COOTBETCTBEHHO, j- HOMep Habopa, Ha KOTOPOM
mj paBHa €AUHUILIC, 4 Mj- HYIIIO.

lpumeHeHue:
1) IIlupoko MPUMEHSIOTCS B 3aIOMHHAIOIINX YCTPOMCTBAX MpH MpeodpasoBanun No sueiiku
MaMATH B YIPABJISIOMIAN CUTHAM JIJIs1 OOpAIeHUs K TOW SYCUKH TaMsITH
2) B apudmernyeckux ycTpoicTBax Ui npeoOpazoBaHus Ne KOMaH[bI B YIIPABJISIFOIIUE
CUTHAJIBI, HECOOXOIUMBIE JIJIS BBIMOTHEHUS ITHX KOMaH/T
3) Cuer BpeMeHH (B CYCTUMKAX U UHIUKATOPAX)
4) Jns pacumdpoBku Ne ycTpoicTBa K KOTOPOMY 0OpariaroTes U T.11.
Jemmdparop MOKET NPUMEHSTHCS:
- B KauecTBe COOCTBEHHO jaemmdparopa,
- KaK JEeMYJbTUILIEKCOP MPU HATMYUU BXOJa pa3pelICHHUS,
- g popmupoBaHus G YHKIHN alreOpbl JIOTHKA MTPH TTOCTPOCHUH KOMOMHAITMOHHBIX Y3JIOB.
Bxonel pazpenieHus ciyxar:
- 17151 Bp€MEHHOI'O BbIJIETeHHs (CTpOOMPOBaHMS) TOM YaCTH BBIXOJHOTO CHUTHANa, KOTOpas He
HMMEET UCKaXCHUH, BBI3BIBAEMbIX TOHKAMHU BXOJIHBIX CUTHAJIOB;
- J1715 BBIIIOJIHEHUS (QYHKIIUU 1EMYJIbTUILIICKCUPOBAHUS;
- 7S HapallMBaHUS pa3psaHOCTH Aemmdparopa, T.e.yBEIHUCHUS YUCIa aIPECHBIX BXOAOB U
COOTBETCTBEHHO BBIXOJIOB.
Mapamempbi dewughpamopa. K ocHOBHBIM IapaMeTpam Aeimmdparopa OTHOCATCS:
- KOJIMYECTBO BXOJIOB, ONPEAEIIIEMOE Pa3psIHOCTHIO IPE0OPa3yeMoro JTBOMYHOIO CIIOBA,
- KOJMYECTBO BBIXOJIOB,
- CTaTUYECKHE IMapaMeTphl, TAKHUE KaK BXOJHBIC U BBIXOIHBIC TOKH U HAMPSHKEHUS JIOTHIECKUX

0 1
“0” m “l”, HanmpsDKeHUsI JOMYCTHMBIX cTatmdeckux momex U, Uy, , Koapdumuent

pa3BeTBIIEHUS 110 BBIXOAY Ko U Ap., KOTOPBIE ONPEEAI0TCS aHAIOTHYHBIMU MTapaMETPAMH
JIOTHYECKHX 3JIEMEHTOB, Ha KOTOPBIX OH CTPOUTCS,
- motpebisiemMast MOITHOCTb Pjo; (WITH TOK |yyr),

- JIUMHaMUYECKHE NapaMeTphbl: BpEMEHa 3aJIEPKKHA PACIPOCTPOHEHMS CUTHANIA IIPU BKIFOYEHUHN

01

t0 u t%
U BbIKIIOYeHUH U, 1 U],

BrictpozeiicTBue u morpebiaseMas MOUTHOCTD 3aBUCAT KaK OT MCIIOJIb3YeMOH 3JIeMEHTHOM 0a3bl,
TaK U OT QYHKIIMOHATBHOW CXEMBI e (paropa, onpeaeseMol Cnoco00M ero OCTPOSHUS U
KOJIMYECTBOM BBIXOJIOB.

XapakTepHu3yrolme ObICTPOACICTBIE emm(paropa.

JluHeliHbIll Gewugpamop cTpouTCs B COOTBETCTBUU ¢ cucTeMoi (yrkimeit (1) wmm (2) u
npencrapiser coboii 2" koHblokTOpoB mmum JID WIM-HE ¢ N-BXogamu IIpU OTCYTCTBHMH
crpobupoBanus U ¢ (N+1) Bxomamu - mpu ero Hanuuuu. JluneiHsii neumdparop DC 2-4
paboTaeT B COOTBETCTBUU C TaOIMIIEH HCTUHHOCTH U PEAIM3YeT JIOTUYECKHUE ()YHKIIHH:

F,=EN-A-Ac=ENVAVA, FR=EN-A-A =ENVA VA,
F,=EN-A-A=ENVAVA, FF=EN-A-A =ENv AV A,(4)
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Henocrarok: mpu yBeTMYeHUH YU CIIa BXOJIOB YBEIIMYUBACTCS YHCIIO BXOIOB KOHBIOHKTOPA.

MupamudanbHbili dewugpamop. Henocrarok — CHUXKAETCS OBICTPOAEHCTBHE KacKaja,
nocrourctBo — Ttpedyrores JID W, U-HE, HE ¢ 2 Bxomamu. CTpouTcsi Ha OCHOBE
MOCIieIOBaTeNbHOM (KacKalHOM) peanu3aluu BbIXOAHBIX (GyHKIM. CHauama pearusyroTcs

30.p.HE 30.p.JID

¢byHKuK 1ByX nepeMeHHBIX A U Ag: Ai1Ao; AiAg; A Ao AA,. TID «», dopmupyronme 3tH
KOHBIOHKIHNH, 00pa3ytor DC 2-4.

Ha BTOpOoM »3Tame peanu3yroT BCe KOHBIOHKIMH TPEeX NEPEeMEHHBIX IYTEM JIOTHYECKOTO
YMHO)KCHHS KQKI0W paHee NONy4eHHOH KOHBIOHKIUH JBYX IEPEMEHHBIX Ha IepeMeHHyI0 A, U

Az A2 AL Ao, Ao AdA), A2A Ao, A2A A, A Al Ao, A AA, AAA, AJAA0.

JID «W», hopMupyrOIIHME KOHBIOHKIMH, TI0Jy4EHHBIE Ha IEPBOM U BTOPOM 3Talax 00pasyroT
DC3-8.

Ha crnenytomiem sTare Kakayro U3 TOTy4eHHBIX KOHBIOHKIUI TPeX MepeMEHHBIX YMHOXKAIOT Ha
A, u As u 1.1 TakuM 006pa3oM Ha KakKIOM CIEMYIOIIEM STale IONYydaroT BIBOE OOJbIIE
KOH'BIOHKul/Iﬁ, YCM Ha MpEAbIAYHICM STallc. Kax BUJHO ITOCTPOCHUC ,Z[eIJ_II/I(I)paTOpa HaA4YMNHACTCA C
JIBYX BXOJIOB, T.K. OJTHOT'O JPECHOT0 CHTHAJIa SBJISCTCS BBIPOXKICHHBIM M TIPEICTABISICT COOOM
IOBTOPUTECJIb U UHBEPTOP 3TOTO aAPECHOT'O CUT'HAJIA.
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MHorocrynen4yarsie Aemn¢paropsl.
JeumdpaTtop, KOTOPHIA pearr3yeTcs M0 BRIPAKEHHIO fi =((x3x2) xlxo)) , Ha3bIBaeTCA
JBYXCTYyIEeHYaThIM. Pa30rBaeM Bce KOHBIOHKLMY MTOMAPHO: IO 2 IEPEMEHHBIE B I'PYIIIIHL.

Otnenbrao ctpoum DC 2-4 ny1st mepeMeHHBIX IBYX TPYII U 00BEAUHSIEM WX BBIBOJIBI IIOMTAPHO BO
BCEBO3MOXHBIX KoMOnHaumsIX. t, - =1, .04+, 5

3

1 cryneH: 2 CTYOeHE 3 CcTyneH:
iy
S S — S a—11 0 Ul
jsled — Fo —] Fa Fs — F 1 I
L el [ iy i & 21z
2o 1 o & 21—z z 16
AL z 1 T— T— r— r— Eni 3 '
s .
EN —EN , 3 E— E— [ —
— ¢ |Fie— |F5 +—— s |Ef s [E22 DC .
AR .
RSN N . . y
e 23—z 2 : Ma L
ENz 3 15 e
Ar—di1 D — o [P [T, [metr— |m |k :
A1 2 1 B
: RN '
EN ——EN = bl * * 0
z - - R — D .
+— ¢ |F: ¢— . |F7 +— o |Frt— g [Fus Ad——1 i o ?_ .
T_ F_ r_ r_ a1z % 16 ;
ENZ 3 55
DC

Al—2

Z

[lepBas crymens aemmdparopa COACpKHUT 4eThipe nemmdparopa 2-4, BTOpas CTYIEHb- JIBa
MarpuuHbIX aemmmdparopa (M 16), npencraisitonmx 16 JID «» kaxnaplii, TpeThst CTyNEHb-

S
MarpryHblii gemmpparop (ML 256), conepxammii marpuiy us 256 JI9 «M». t,, pc = Ztm pi
i=1
rae ti — BpeMs 3a1epKKH B i-0i CTYNEHH, S — YUCIIO CTYIEHEH.



CrpoOupoBanne B Jemm@paropax.

Curnan EN Bo3zmelicTByeT HEOCPEICTBEHHO Ha Bee AU (PUPYIOIIHE JTOTHYECKHE HIEMEHTHI 1
OCYIIECTBIISIET CTPOOMPOBAHKE 110 BBIXOLY. DTOT BapuaHT pealn3aluu cTpOoOUpOBaHUS TpeOyeT
YBEJIMYCHHUS Ha €JMHHUILY YMCIIAa BXOAOB EIN(PPUPYIONIIHX 3JIEMEHTOB.

CrpoOupoBaHHE MOXKHO pealM30BaTh JPYTUM CIIOCOOOM, a HMEHHO IO BXOAY IIyTEM
pa3peleHns BceX ACMH(PPUPYIONINX IEMEHTOB MPSIMBIM U HHBEPCHBIM 3HAUYCHHUSIMH OJTHOTO M3
aJipecHbIX curHaioB. CTpoOupoBaHUE MO BXOAY 3KOHOMUYHO MO 00OPYAOBAaHUIO, HO HECKOJIBKO
YBEJIMYMBACT 33ACPXKKY JeIdparopa.

Al & EN-A1
B Ko Bxomam JID
i < Ei DemrdpaTopa
]
EN——

IIpumeHeHnune cTpOOMPOBAHUS.

B DC 3-8 mepemenHas X2 HCIONBb30BaHA B KauyeCTBE CTPOOMPYIOMIETO BXOJla, B PE3y/IbTare
nemmdparop nocrpoer u3 nByx DC 2-4. . HetpynHo BHIETH, 9TO Tak e JETKO peamu3yercs
nemmmdparop DC 4-16 Ha msatu crpobupyembix nemmdpparopax DC 2-4, mpudyeMm onuH U3 HUX
Oyner nemmppupoBaTh HAOOpBI, MPEACTaBICHHBIC JBYMS CTapUIMMH IEPEMEHHBIMH, U
CTpOOMpOBaTh OCTaJbHBIE YeThIpe. Bxong v 3toro gemmdparopa OymeT SBIATHCS
CTPOOUPYIOIIMM BXO0/10M U1 Beero neumdparopa DC 4-16.
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Hewugpamop-demynbmunnekcop.  JleMyabTHIUIEKCOP-  (DYHKIMOHATIBHBIA  y3el,
UMeroIi MH(GOPMAIIMOHHBIN BXO/, aJpecHbIE BXOJbl U BBIXOBL, U MEPEKITIOYAIONINN CUTHAI,
MOJAHHBIM Ha WH(GOPMALMOHHBIM BXOJ, Ha TOT BBIXOJ, HOMEP KOTOPOIO 3agaeTcsi HabopoM
BXOJIHBIX a/IPECHBIX CUTHAJIOB. Jlemmdparop, UMEIOMIMNA BX0J pa3pelIeHHs, MOXKET BBITOJIHATh
(GYHKLIHIO AEMYJIbTHHIIEKCOPA, €CIIM Ha 3TOT BXOJ 110/1aBaTh WH(OpMALMOHHBIN curHan D, a Ha
aJpecHbIC BXOIbl - KOABl aIpecoB BBIXOMOB. EciaM IeMynbTHUIIEKCOpP MMEET JBa BXOJa
paszpemienuss EN1 u EN2, oObequHEHHbIE KOHBIOKTUBHO, TO Ha OJMH W3 HHUX I[OAaeTCs
uHpopManmoHHbI  curHan D, @ Ha  Apyrol = cuUrHam  paspellieHus,  T.e.:

Fj=EN, -EN, -m; =EN,-D-m; j=02""

HGMYHBTI/IHHCKCOPBI HpI/IMCHHIOTCH JUUIA pacnpeneneHHﬁ JAaHHBIX, HepeﬂaBaeMHx 110
MYJIBTHIICKCHPOBAHHOM MarucTpaid, B TOCIEAOBATCIbHBIE MOMEHTHI BPEMEHH, IO CBOUM
IIPUEMHUKAM. JleMyJIbTUILIEKCOp MOXET MPUMEHATHCS I peodpazoBaHus
MOCIEIOBATENILHOrO KOJIa yKcia, mojaasaeMoro Ha Bxoa EN, B napauensubiid. [Ipu a3Tom HOMED
pa3psia mpeodpazyemMoro 4rcia MmocTynaeT B JeMYJIBTUILIEKCOP B KaUeCTBE aJipeca, HalmpuMmep,
CO CYETYMKA, a BBIXO TOJDKEH (PUKCUPOBATHCS B PETUCTE.

Peammsanusa ®AJI Ha nemm¢pparopax.

CIH®: Y=14+2+4+7 (a), y=1-2-4-7 (6)
CKH®: Y=0-3-5-6 (), y=6+§+§+6 (r)

(m) — DC ¢ OK (monTaxnas onepanuu «M»), (¢) — DC ¢ OD (MonTaxHas oneparuu «JI»)

DC oY 1 DC | ¥ & oC | Y &
Xy 4 0 Xy A 0 Xy 4 0
x— 1 x— 1 x— 1
21y 2 Il 2 s 2
P sl Y5, 3 LY &, 3 Y
4 4 4
5r 5 5
6 6 6
7 — 7 7
r) m) o, e
DC oY 1 DC & DcC [T
x 0 — x 0 x 0
B . 22 0y . B . Y
i i ! R 2|
1 2 L — 2 2 —2 2
ol 3 | ¥ I Jo—e fo |y 3L
41 4 4 DR
3 5 r ¥ 5
6 6 6 -
7H 7 T— -U_
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2. WndpaTopbl. OnpeageneHme, HasaHayeHUe, OCHOBHbIE
napameTpsbl. NMpnoputeTHble wndpatopbl. HapawmBaHue
wudpaTopos.

Ulu¢gppamop - noruyeckoe  YCTPOWCTBO,  BBIMOJHSIOIIEE  MPeoOpa3oBaHUE
MO3UIIMOHHOTO KOJa B N-pa3psAHbIA OBOMYHBIN Koa. Takum oOpaszom, mmdparop - 3TO
KOMOWHAIIMOHHOE YCTPOMCTBO, peanu3ymoliee oOpatHyro nemmdparopy dbyakuuto. [udparop
(coder) BemomHseT (YHKIUIO NpeoOpa3oBaHUs YHApHOro Koja B nBoMuHBIA. Ilpu momaue
CUTH&JIa HAa OJWH W3 BXOJOB (00s3aTelbHO Ha OAWH, HE Oojiee) Ha BBIXOAC TMOSIBISETCS
JIBOMYHBIA KO HOMEpa aKTUBHOT'O BXOJIa.

UcAOEHOE OEOIHAUEHHE TagAWuUA COCTOAHWH WHOpATOpA. CTPpYKTYpHAA cXena
uMppaTopa. I a2 Al A wuHgpaTopa.
0 0] CD Io 11 12 13 14 IS I6 I
Ii 1 i 3]0] ID 1} n o
12 2 Ii o o 1 1
13 13 Al I2 0 1 0 an
14 4 I3 o 1 1
15 5 4 A2 I4 1 0 o
16 6 IS 1 o 1
17 7 I6 1 1 0
I? 1 1 1 1
TpHopHTeTHERT ni
nmdpaTop

A2

El — pazpemenue Bxona. EO — pa3pemenue Beixoga. GS — rpymnmoBoi curHai.

lMpuopumemHsbili  wugpamop  oriuyaetrcs OT  mmMdparopa  HATAYHEM
JIONOJITHUTEITbHON JIOTUYECKOM CXEMBbl BBIJICJICHUS AKTUBHOTO YPOBHSI CTaplIero BXoAa IS
obecrnieueHus YCIOBUsI paboTOCmOCOOHOCTH ImdpaTropa (TOIBKO OJWH YpPOBEHb Ha BXOJE
aKTHBHBIM). YPOBHM CHTHQJIOB Ha OCTAIBHBIX BXOJaX CXeMoil UrHopupyroTcsa. Cxema
BBIICTICHUSI CTPOUTCS Ha KOHBIOHKTOpPAX U MHBEPTOpaxX TakKUM o00pazoMm, 4TOOBI TH000E YHCIO
CTapIIMXx HyJeH, 00pa3oBbIBasl MOCIIE WHBEPTOPOB JIOTHYECKUE €TUHUIIBI, HE BIUSJIO Ha PaboTy
KOHBIOHKTOPOB B LIEMM MJIAAMIUX BX0J0B. JIrobas camasi crapinas equHuIa (mocjae WHBepTopa -
JIOTMYECKUI HOJIb) 3aupaeT KOHbIOHKTOPHI MJIAIIINX BXO/IOB.

Ocobennocthio mupparopos K555MB1 (MB3) Cena 4-# paspagHoro wHgpaTopa Ha nMkpocienas KRGREHI.
SIBJISIFOTCSI THBEPCHBIE BXOJbI M BBIXO/BI. E_ﬂ_ g . Eg _ﬁ 1]
K555UB1 (155UB1, 5331B1) — 1] iy | _
peoOpa3oBHIBACT YHAPHBIA KO/ B E_li_ 3 i 1 & G5
TpeXpa3psIHbIA TBOUYHBIN C POopMUpOBAHUEM 57 |5 B
TPYIIIOBBIX CUTHAJIOB /ISl HAPAIINBAHHSI %g_i_ g Y
paspsaHocTH. El — BX0 pa3penieHus. — 4| 18 N _
K555UB3 — npeo6pa3oBbIBacT yHAPHBI KO B e | — & L A
IBONYHO-IECITUYHBII. ” |

HapammBanue paspsaHoctu mudparopos _ J _
OCHOBaHO Ha TOM OOCTOSITENILCTBE , UTO BCE %g—ﬂ— g o Eg T & fil
1 dpel, HAYWHASA ¢ BOCbMH , UMetoT "1" B g1 e HEt
crapieM paspsae . CinenoBarenbHo, Beixoa GS ﬁlg:ii: 3 1] 1
nmdparopa , obpazyromiero sxoast 18 - 115, IVERFI _
MOJKET OBITh UCIOB30BaH J1Jisi 00pa3oBaHUs Eg—ﬁ— g et ot
crapiiero paspsiaa A3. — 4 _1'5__|

FI_ & |fI [}
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Metoauka HapamuBanus <no KupkoBy>:
1. Bxoasl pazouBarotcs no rpymnmnam. [IpuoputeTsl Ha3HAYaAIOTCSA M BXOJaM U TPYIIIaM.
2. Kaxnas rpymnma BXo10B o0pa3yercsi CBOUM MIU(PATOPOM.
3. Beixon EO mmdparopa crapmeii rpynmnel o0benuHsiercs co Bxoxom El mmdparopa

CIEeYIOIIEH MJIAAIIEeH TPYIIIBL.

4. Hasxox El mmdparopa crapieit rpynisl mogaeTcsi CHTHaJ pa3pemieHus padoThI.
OnHoMMEHHBIE apecHble BX0/bl 00beauHstoTcs no MJIN.
Ha Beixomax cxem WMJIN dopmupyercss ABOMYHBIN KOJI aKTHBHOTO KOJa B JAHHOH TpyIIIE.
Ecnu He akTUBEH HU OIMH U3 BXO/10B, TO Ha BeIxoze cxeM WJIN dpopmupyercs curnan «0».
5. Crapume paspsasl DC onpenestorcst curHaiamu GS.
AxTtuBHBIN curHan GS ogHoro U3 mwMdpaTopoB onpeaessieT aKTHBU3UPOBAHHYIO IPYIIY, T.€.

cTapIime pa3psabl KOJIO0B.
[Ipumeuanue: mudparop ¢ Tpems COCTOSHUSMH MO3BOJISIET HMCKIIOUHUTH HCIOIb30BAHUE
WJIN ipu 00beqMHEHU BBIXOIOB.
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3. NMpeobpaszoBaTenu KOAOB.

3.1 npsimo2o koda e o6pamHbIlU u GonosTHUMesIbHbIU U Haobopom

OOpaTHblii W JONOJHUTEIBHBIA KOABI NPUMEHSIOTCA A 3aMEHbl OINEpaluy BBIYMTAHUSA
CIIO)KEHHMEM B 3THX Kojax. CieayeT paznuyarh MHBEPTUPOBAHUE M MPEeoOpazoBaHUE MPSIMOTo
KoJla B oOpaTHbIi. MHBepTHpOBaHHE — oOmepanus JONOJHEHUS, BBIIOJIHIETCS HaJ BCEMHU
paspsiiamy, B T.4. U 3HaKOBbIMH. B IBOMYHOI cUCTeMe CUMCIIEHUs HHBEPTUPOBAHKUE COBIAAAET C
npeoOpa3oBanue np. koxa B o0p. Kon AilikeHa, kof ¢ M30BITKOM 3 — CaMOOMOJIHSIOIINECS
KOJIBL.

IIpeoOpa3oBanne np. Koaa B 00p. — nopaspsiiHas onepanus. 3Hak He MEHSETCsl.

[X]1,, =X, X, X, 1. X,

x:m XiV’P Xio Xiu :x_jl-[xinp + qu Xinp = XBH @ Xinp

0 0 0 X, x, JlBa n300paskeHUs HYJIIS:

o |1 |1 “ [+0]” =0.00...0 [+0]’ =0.00...0
1 [0 |1 | ==

1 1 0 - [-0]” =1.00..0 [-0]"=1.11.1

O6parHoe npeoOpazoBaHMe M3 OOPAaTHOTO KOJa B MPSIMOM COBEPIIACTCS TOYHO MO TaKOM Ke
dhopmyse u cxeme.

IIpeoGpa3oBanue np. Koaa B 10M. — opa3psaHas oneparws (3To HeJJOCTaToK).

B mom. kozie HOJIb UMEET OTHO M300pakeHUE.

Xg,, X;p Xlnp Xgp Y3H X; de Xg B Ta6JII/ILIe BBI[[CJIG'HBI 1/1306pa>1<eH1/151 HYJIsA, T.K. OOIHO
uzoopaxenue Hyas: 0000 maBeptupyercs, 1111 +1,
0 0 0 0o O 0 0 0 noygaercst 0000.
0 0 0 1 O O 0O 1
0 0 1 O O 0O 1 0 HaH, %2 WaH, X2
o o 1 N0 O 1 1 xi,»x0 0001 11 10 Ysw ¥1,¥D) 00 01 11 10 Xia
0 1 0 O O 1 0 O oo o 0o
of 1 o 1 o 1 o 1 01 'aI 01 CHED)
0 1 1 o O 1 1 0 11 T 1 r'1__1“
0 1 1 1 0 1 1 1 10 |LL1 1] 10 l'l 1) ﬁ__'lj
1 0 0 O O O O O
1 0 0 1 1 1 1 1 HaH, H2 #aH, X2
1 0 1 o 1 41 1 o ®.,¥0 00 01 11 10 ¥2n  ¥1,¥0 00 01 11 10 X0g
r‘!‘
11 o 11 1 1 1 o 1 ool (11D 00
1 1 0 o 1 1 0 0 071 1 F it [ 11 [N
1 4 o 4 1 o 1 1 al I ol lald)
1 1 1 o 1 0o 1 0 10 L1 () 10
1 1 1 1 1 of o 1 .
X > NG Ilocmegomar. pendpas.
0o = Mo Xsa—|Do | RG Xm
v Xn —D1| = 0
de = XxHX1+x3H(Xl®XO) ! 1
0o _ v —Dn .
x2 :xsux2+x3u(x2@(xl+x0)) X1 —L n =1 | [X]a
Y, =X, (X, + X, +X,) CHTC Ls TT
Jliist N-paspsgHoro . ;
Xf =X, X, + X, (X, ®(X _+..+X,)) Ver. 70" Ra

Camo npeoOpa3oBaHue Mp. — AOM. KOJ CIOXKHOE, yA0o0OHee B MalliHAX HUCIOJIB30BaTh 00p. KO/I.
OO6parnblit Koz 60s1ee MPUCITOCOOIICH TSl YUCeTT B TTOCIISIOBATEILHOM BHUJIE.
IIpeoOp. np. Koaa B 1011. B YCTPOICTBAX MOCJIEI0BATEIbHOTO 1eHCTBUSA
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[X]” =1.01101100, [X]’ =1.10010100 . ITpomyckaeM Bce HyIH OO NEPBOil EAMHUILI M ITY
enuHuUIly. Mcnosp3ys ee MHBEPTHPYEM BCe OCTalbHbIC pa3psabl. (cM. puc. [locien. mpeodp.)

3.2 odHozo K e dpyzou AOAK

wd, w3 ¥4, %3
D.D.K 8421 D..D.K 8421 +3 ,u,D.K AlZKeHa ®2, %1 oooo1 11 1o A 206 oo o1 1110 73
xa [ x3[xex1|valvalvelvi|za]zza]z2 | z1 A EaEaE T
dololoflo]olo|l1]1lo]o]lo0o]o llafe e 1 H
10 EES 10 1 i
1ololo[1lol1]ololo] ool
X4, %3 ¥4 %3
2 0 O 1 O 0 1 O 1 0 O 1 0 w2, 7 oo ot 11 10 Z2 w2, w1 om0 74
Jofol1[1]ol1[1]oflolo|1]1 0 9K o [ [0
I _|
4qoffofofolaltfalol1]olol "5k e
s5ol1]ol1]1]ololol 1o 1]1 o T o T
fol1]1]of1]oJof1[1[1]ofo0] z=Xx,
Aol 1171 1lol1]ol1]1]0]1 —
d 1 Tololol 1 o111 1] 1] 0] Z=XatXeXetX XX,
o 1lofol 11l 1lolol 11T 1T 1] z,=X,+X,X,+X,X,
Z, = X, + XX, + X, X,
-] "" Z4
i [ ot
X4 —q | ’ .
X3 -11 ! J.F——

e i e~ ey g

1o ;
'—E}'-**""

AHaIOrnyHo 11 KoAa ¢ H30BITKOM 3.
Y, =f,(X,, X5, X,,X,),i=L4.
Crposrcs kaptsl KapHo, onpenenstorcs GyHKIIUN BO30YKICHHUSI, COCTABISETCS CXeMa.
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3.3 44K e K (mamemamu4yeckasi ocCHoga, 3/ieMeHmapHbIU
npeobpasoeamersnb, MHO20Pa3pPsAOHbIl npeobpa3zoeamersib Yesnbix
qucern)

A=a 2" +.+38,-2" = ((.(a_-2+a _,)-2+..)-2+a)-2+4,

T'opnepa
JleneHre Ha OCHOBaHHWE CHUCTEMbI CUMCIEHHUS MOXHO OCYILECTBIISATH CIBUIOM UYMCIIA BIIPABO HA
paspsan. Ho t.x. JJIK, a ve JIK, To ecTh 0cOOEHHOCTH.
[Ipumep uncno 576. [Ipeacrasum B JJJIK 8421.
McxogHoe uncno| 0101 0111 0110 Koppexknust TpeGyeTcs, Korja euHuIa epeceKaeT
0010{ 1011 1011 rpaHully pa3psaoB — OTHUMAEM OT 3TOH TETpajbl
koppekuusi (-3) | 0010] 1000| 1000| O 288  TpOMKY.
0001| 0100] 0100| O 144  ]lns BBINOJHEHUS MepeBoja TpeOyroTCs ornepanuu

0000{ 1010 0010 JCJIEHUST CBOOMMBIE K CIOBUTY, OIPEACIICHUS
Koppekums (-3) 0000| 0111 0010| 0 72 OCTaTKa, KOTOPBIM SBJSETCS MIIAAIIAN paspsag

0000] 0011} 1001 CIABUTAaEMOT O qucia u KOPPEKIIUA.
koppekuua (-3) | 0000] 0011 0110] O 36 Koppexrupyercs TETpana, B KOTOpYIO

0000, 0001] 1011 MEPEHOCUTCS €IMHMIIA U3 CTapIieii TeTpaasl. OTa 1

0000; 0001] 1000| 0 18 npuoOperaeT Bec 8, a JODKHA HMETh BeC 3,
koppekumsi (-3) | 0000] 0000| 1100 HOATOMY BBIYUTAEM M3 3TOM TETpabl 3.

0000 0000] 1001| 0 9 & — K1S5TIPS

0000 0000| 0100 1 4 1“’{3; I o e Y TG

0000| 0000| 0010 0 2 2 1 ] I - B ey

R L { . I o 4 I 11—

0000[ 0000| 0000 1 O YooK omoii Tepast) 0 9 1t o 10

Tabnmia HICTHHHOCTH AJIEMEHTAPHOT O TPe00pazoBaTes

xa[x3[x2|x1]v4ly3[y2]y1 y { X, ecmu X, =0 wm 0< X <4
010[010[010[0101 ¥ ={x 3 pury ¥, =1 um 8 x <12
olol1lololol1 0| Hencmonssyemeie HabOpBbIL:
olo[1]1]o]o1]1] 0101

o/1/o0]ofo|1][o]0] 0110

1]o]ofofo[1]0]1] 0111

1]olo[1]o]1[1]0] 1101

1]0]1]olo|1]1]1] 1110

1]o0l1][1]1]0]o|0] 1111

1]1]0]o[1]o]0]1

B nHTerpansHOM UCIOJHEHUH HET IpeoOpa3-ieil ¢ 4 Bxonamu U 4 Beixoaamu, ectb K15511P6.
X,ecmu 0< X <4
X =3,eciu 8< X <12
X —6,ecu 16 < X <20
X —=9ecmu 24< X <28

Peanu3zanus Takoro npeodpazoBarens Ha ocHoe [13Y.

[13V: 32x8 — 32 BocbMupa3psiHbIX cioBa. T.e. 3amuceiBaeTcs 32 Oaiita.

CHauana cTpouM cxemy Ha 4-X BXOJOBBIX INpeoOpa3oBaTelsix, a 3aTeM 3aMEHseM Iapy MX Ha
nsatuBxonossii [1P6.

K155I1P6 M.6. ucrionb30BaH i MpeoOpa3oBaHus MPaBUIBHON IpoOM U3 JTBOUYHON CHCTEMBI B
JIBOUYHO JECATUUYHYIO.

Y =
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3.4 K e 44K (Mamemamu4eckasi OCHog8a, 3/ieMeHmapHbIU
npeobpasoeamersib, MHO20pPa3pPsAOHbIlU npeobpa3zosamersib UesbiX
qucern)

no cxeme
A=a 2" +.+38,-2" = ((.(a_-2+a _,)-2+..)-2+a)-2+4,

Topuepa
JlBe omepanuu: yMHOXKEHUE Ha 2 U nmpubaBiieHUEe JBOMYHOrO yucia, T.e. 0 nmm 1. YMHOXeHue
Ha 2 — 3TO CIBWI BIeBO Ha oauH pazpsan. Camo mpeoOpa3zoBaHHE BBHINOIHSAETCS B JIBOUYHO-
JECATUYHOM pa3psAIHON CeTKe MOKACKaIHO (OAMH KAaCKa/l BBIMOIHSAET TOJIBKO OAHY ONEPAIHIO).
[Ipu cnBure uucna, eciad NPOMCXOAUT Mpeaada «l» W3 Miaamed TeTpaabl B CTapIlyio,
TpeOyeTCst KOPPEKIHsI.
[IpeobpazoBanne [IK B JIJIK cBOmuTCs K BBEACHHIO JBOWYHOTO YHCIA B JBOMYHO-ACCATHY.
CETKYy, HauMHas CO CBOMX CTapIIMX pa3psAoB. A BBEAECHHE JBOMYHOIO YHCJIA IPOUCXOAUT CO
CTOPOHBI MJIQ/IIIUX Pa3psAI0B JBOMUHO-IECATUYHOIO YHCIA.

Hpumep: 34,5 =110110,,

x10M x10"0 «1» JIOJDKHA
8 | 4| 2 1 8 | 4] 2 1 npuobperars Bec 16, a

0|0 0 0 0] 0| O 1 | 100110- mpuoOperaet Bec 10.
<-u+1| 0 | O 0 0 0|0 1 1 | 00110 Koppekuuss +6 K TOH
<-ut0l 0 | O 0 0 0| 1 1 0 110--- Terpame, B KOTOPOHU
<-u+1 0 | O 0 0 1 1 0 1 10---- TOABIIAETCA €IMHMIA B
13>10 - ncespoteTpana crapiieM paspsue, u
TeTpaje, BEJIMYMHA
koppekumsi +6| 0 | O | O | 1 0] 0| 1 |1 0----- KOTOPBIX JIGKHT OT 5
<su+1. 0 | O 1 0 1 1 1 0 o 7: 0101, 0110, 0111
ncespoTeTpana — MPU UX CIBHUTE TOXKE
MIOSIBJISIFOTCS

koppexunsi+6| 0 | 1 | o [ 1] [o[ 1] o] o] IICEBIOTETPAIbL.

ABammTH4eckoe BBIPpAXKCHUSA IJIA HpeO6pa3OBaHI/IHZ

X,ecmu 0< X <4 3 6
= , a He +6, T.K. KOPPEKIM Ha IPEIbIAYIIEM IIIare.
X +3,eciu 5 X <9 PP P Y

IIpeobpasosarens K155T1P7:

X,ecmu 0< X <4
Xl lixiv]l—¥1 X1 1 |xy |z . X +3,ecnu 5< X <9
X2 Ly|1H2| |2f—12 X141 } :;} X +6,ecu 10 < X <14
b B G Y O B T o T 4y Y= X+9ecm15<x <19
:i:; 1:; :_S r‘_;: ‘:‘i ?6 N X +12,ecu 20< X <24
o 8 5 - 1‘; N 10 —15 X +15,eciu 25< X <28
J: 20 —Y6 X +18,ecru 29< X <31

[TP6 MoxeT OBITH MCIIOJIB30BaH IS peoOpazoBanus 1enbix yrces u3 /1K B JIK 1 mpaBuibHBIX
npo6eit u3z 1K B IJIK. A I1P7 npennasznaueH ais npeodpasoBanus 1einsix yncen u3 JAK B IJIK
Y MOKET OBITh MCIOJIb30BaH JIJIsi TpeoOpa3oBanms mpaBwiIbHBIX npodeit u3 JJ/IK B JIK.
IIpumeyanue:

Korga rosopum o JIK, To mmeeM B BUIYy TOJBKO OAMH — ¢ Becamu 8421, T.k. oH HauOosee
yao0eH 1t mpeoOpa3oBaHusl.



3.5 npocmozo dsou4HO20 K0Oa 8 K00 I'pesi u Hao6opom

Hec. | IIpocToi nBOMYHBIN KO Kon I'pest

gucno | x4 | x3| x2| x1({g4|9g3|02|gl
0 0 0 0 0] 0] 0] O] O

1 0 0 0 11 0/ 0] 0] 1

2 0 0 1 0] 0] O] 1| 1

3 0 0 1 11 0/ 0] 1| O

4 0 1 0 0] 0] 1| 1| 0

5 0 1 0 1] 0 1] 1| 1

6 0 1 1 0] 0] 1] 0 1

Il 0 1 1 11 0/ 1] 0] O

8 1 0 0 0] 1] 1] 0] 0

9 1 0 0 111 1] 0] 1

10 1 0 1 0] 1] 1] 1|1
11 1 0 1 1) 1) 1] 1] 0
12 1 1 0 0] 1] 0] 1| 0
13 1 1 0 171 0] 1] 1
14 1 1 1 0] 1] 0] 0| 1
15 1 1 1 111, 0] 0] O

[Ipsimoe npeobpazoBanue:
U, =%, 03 =X DX, 0,=X%DX,, §=XOX

x4,x3
x2,x1 \J00/01|11]10400,01]1110§00011110;
00 1 1 1 1
01 1 1 1 1 1111
11 1 11 1
10 1 11 1m11 11
gi:Xi+1®Xi' iin’ gn:Xn' t

OobpatHoe peobpa3oBaHue:
=0, %=0,90;, X,=0,909,90,, Xx=0,99,90,90,

x4,x3

x2,x1

00/01

)

10J0001

00

01

11

11

1 1

10

JEIE (UK ) (I N [N

N =N

1 1

1

1

n-1®

Xi = Z gJ ! I # n’ Xn = gn’ tsd.p.np. = (n_l)t3d.p../73
j=i

- I
y 1,
¥ S (fr
.a—].
Ay El_“ Jr

30.p.np. = tsd.p.ﬂS

e

i —
I

e e

r_;fi__.q_.‘ Xl i —
Erf.**:‘-—T—"*’f

L.__!r: ‘__A’;

16
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4. CxeMbl paBHO3Ha4YHoCcTU. KomnapaTtopbl (CxeMbl
cpaBHeHus). CuHTe3. HapawmBaHne KomnapaTtopoB
(nocnegoBaTenbHaa n nupamuaanbHas cXemMbl)

Xy =XpeeXpeeXy o Yy =YYV

1 X = = ]__
@®ynknus paBHo3HayHocTH cIoB. (X )Y )=  CCMU Xy =Vp,s P =41
0 unaue
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X
I
T

1) £(X,.Y,) =via(X, @Y,) Rz oy,

g A
:——.—r
d ;%,_z?%fa) ’

xﬁ-l_ ‘_:?L___
4
S e

- ==/

2) F(X,,Y,)=A" % @Y, Hr—

p=1

LT

L

Ecnu ncrone30Bars 3II€MEHTHI C OTKPBIThIM
KOJJICKTOPOM:

. 1, ecnu ycnosue vin —cs
CxeMmbl cpaBHeHHsI uncel. 5 ¢-nit: >, >, = <,<. (X, ycrosue Y,) =

0 unaue
Ho nocrarouno 2 ¢pyHKIUH, T.K. OCTaJIbHBIE MOKHO BBIPA3UTh YE€pPE3 HUX.
BoszeMmem cnenyromme GyHKINM:
£ =F(X,,Y,)=F(X, <Y ):{O’X“ S RV = E(X :Y):{O’x” *
n n’'n n n 1,Xn£Yn ! n n''n n n l,Xn :Yn

Mspl Oyaem aHanM3MpoBaTh 4YHCIAa C MIIQIUIMX pPa3psAoB, T.K. 3TO JOMYCKaeT MPOCTOE
HapalliBaHue.

1) X1:X1' Y1:y1

X,y e f1=Zyl+X1@yl
0, 0] 1| 1

=X @ 1
o 1 1 0 P =X DY, (1)
11 0| 0] O
11| 1] 1
2) x2 = X2X1 ) YZ = yZyl
flo | X% | Y. | fL|o flo | XY, | fL|e
0y 0| 0] 0| O O X #Y, 11 0 0| O] 1| O X #Y,
0| 0, O 1] 1] O 11 0| 0| 1| 1| O <
ol o] 1] o] o] o] * |1 o[ 1] o] o] o *°"
0, 0| 1| 1y 0| O 11 0} 1| 1| 1| O
0| 1| 0] 0| x| x| Hecosm 1} 1| 0| O 1| 1 X =Y,
0] 1] 0] 1] x| X| x=y 1| 1} 0 1| 1| O X, <y
0| 1| 1| 0] x| x 1 1] 1] o] o] o *™ ™

X > Y

0| 1| 1| 1| x| x 1 1} 1 1| 1| 1

f, ®,

X, ¥ Njoo 01 M1 |10 oo o1 P11 jo
00 * 1 1 * 1

01 1 * 1 1 i

10 * *|




fo=XYot Yo + Yo = 0= @06 Y, +%,Y,) = )
=X,Y,+f,- X, DY, =0, % DY,
3) =Xy + %@y, , =0, %Y, (3)
H) f=xy,+ %@y, . 0, =0,x Y, (4)
n) fn:x_nyn+fn71-xn®yn , P=0, X DY, (5)
L=xy,+f-Xx®Y . g=0-%®Y, (6)

f,=0u ¢, =1 - HauanbHBIe ycIOBHA JUI GOPMUPOBAHUS YHKIMH CPABHEHHUSL.
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I/ICHOJ'H:?»y}I (5) nojrygdacM IMocCJIeJOBaTCIIbHOC COCAUHCHHC. B HHTCFp&J’ILHOfI CXCMOTCXHHUKC

HCIOJIB3YIOTCA CXEMbI 4-pa3pHIIHI)IX YUCCII.

- gfi x\'
erlih,

H0:

¥ CoMP

Ce
=
=

i
=
[

g
‘QQ

3

=
[ L

2 —4 _5“'/: £ (P (Ao £

1 E}? "F!: = ﬁ "1?0 = lé H'ﬁa

it

 Z $y
7

Henocrarok mocienoBaTeNnbHOrO0 BKIIOYEHHUSA:  o0LIas 3aJepiKKa paclpOCTPaHEHUs
CyMMe 3aJIep’KEeK BCEX CXEM CPaBHEHMSL.
Ecmu moncrasuts B (4) popmynst (3),(2),(1):

fy =Xy XY X @Y, +X,Y, X @Yy X, DY, +

XPC_ByP

4
p=L

(04 = (00 '/\?lexp ® yp (7)

+Zy1'x2®y2'x3®y3'x4®y4+fo'/\

[Ipu peanuzannu B cCOOTBETCTBUH C (7) BpeMsl 33 P’KKH paCIPOCTPAHEHUS YMEHBIIACTCSI.

K561H1112:
9,=E(f,+¢,) = E[F(X4 <Y,)+ fop-F(X, =Y4)], E — pazpemienue paboTshl.

JlokazaTenbCcTBO:

paBHa



?:r Ve - E?J}W%FZ; _:_gé);y/;gf,ga; _,J;) -
2 AL a7

= Y)Y T T =)

= B )AL LV R ] -

= SN ) F = 8 ) V0 <) =
= Fﬂ’ré?;) Vﬁﬁ[ﬁ@>yr/y5@%}}
- F//f’w%/ VI F/@:;;/};ZE;%;%)‘
= A2 ) VA o Flty = %)

®yukunn f,,@,, 9, peanmnsoans B K56 1 WI12.

F(X,<Y,) npuf, =0
F(X,<Y,) npuf, =1
_— Onpu ¢, =0
=F(X,=Y,) =0y AlX DYy, = °
2 (X, =Y,) =9, NpaXp @Y, {F(X4=Y4)le/1(00=l
F(X,2Y,), f, +¢,=0,E=1
0, =E(f,+0) =E[ F(X, <Y)+ Top,- F(X, =Y,) | =1 F(X,>Y,), fy+ ¢, =LE =1
0,E=0

OJIydeHHBIC (HPOPMYJIIBI MOKHO 0000IIHUTH JJIs N (3aMeHUB 4 Ha N).

f,=F(X,<Y,)=F(X,<Y,)+ f,F(X, :Y4):{

04 (7 f,

—h
o
S

X, <Y,

X, <Y,

X, <Y,

o O] O ©
>
~
I
=<

X, =Y, | X, <Y,

X, >V, 0] x, <V,

X, >Y, 0] x,<v,

O k| O k| O] k| O

X, >Y, | X, =Y, | X, <Y,

I1
E
0
0
0
0
1
1
1
1

1) 1] x,>Y, | X, =Y, | X, <Y,

HapaH_[I/IBaHI/IC PaspAAHOCTU CXEM CPABHCHUA.
G- %1
= <) VR F =)
AL AR
% - &';f_i 5EY
B (0 )VAE (4 2))
Jo = ELFO SRV T L =13)]
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¥ Ay & 4
(e T’"' Lffffkﬁf ke ‘-TE yEEINZ
»‘E- LOMP .f: foM P
Y > Elg >
"o\ A
Ty %
£ > < ?‘T_ —> < —jé
7 = =
& ¢ 7 g
K561HMNZ e kavecTBe npeobpazoBarTens pazpAgHOCTH
£=1 ¥ by A Vy=Fe Ko
=y Al 3 hg A3 g
Vel de o @=7=0 | —
E_I o X{fﬂ-’ﬂ Lﬁ
f SOk Ag _‘zﬁ
PN o2 y 2
I & & Kk =
Sl b
Yy y e
s e 7 f—p
4 — < &_E}

K555CII1 — cxema cpaBHEHUs ISl YETHIpEXpa3psAAHBIX 4YMCENl, CHMMETPUYHA OTHOCHTEIBHO
¢ynkuuii =, >, <. MOXeT HCHOJB30BaTbCs B KaYEeCTBE S-pa3psiHOM CXeMBbl MU Kak
peo0pa3oBaTeIb Pa3psAHOCTH.

S e FIW WV Fha k) [4)

- = =0
Y F( bV 8 F(Hety) [ 2) r}-r X[f,, @
97 EQVy L) VR G Fy=1)7 . P
by EGHy = E[F RV BRSO 0) ] e —= SR
- ¥

%= % Fyeh,)
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5. KoHTponb no 4eTHOCTU/HEYETHOCTU, KOHTPOJSIbL NO Koay
XeMMUHra.

KoHTponb — BbIsBIEHHWE HEUCHPABHOCTH WM NIpaBuibHOCTH paboTsl DBM. CymectByior 2
HalpaBJIeHUs KOHTPOJI: MPOrpaMMHBIA (HYXKHO BpeMs + namsaTh), anmaparHbii. [lepenaua
uHpopmanuu — Hanbosee nomysipHas onepauus IBM.
OnuHoyHbIE OMMOKU (B OAHOM pa3psizie) — Haubosee BeposiTHbIE. J[BouuHble pexe. OcHOBHas
3aja4a — O0OHAPYKEHHE OJIMHOYHBIX OITHOOK.
Pesynprarom npoBepku M.0.:

1. obHapyxeHHe OJUHOYHBIX OLIMOOK

2. oOHapyXeHHE W UCIPABIICHUE OMHOYHBIX OIIHMOOK

3. oOHapyxeHHe U HCIPABJICHUE OJMHOYHBIX OIMOOK U OMIMOOK OOMbIIeH KPAaTHOCTH
KonTpoJb no HeueTHOCTH
Jlns KOHTpoONIsL Tepenaud HMHQOpPMAIMM TepeaBaeMoe CIOBO Ha Tepeiaiolieil CTOpOHE
JIONOJIHSIETCS. KOHTPOJIbHBIM pa3psiioM. B Hero 3anuceiBaercs 0 wim 1 Tak, 4TOOBI YUCIIO €MHHULL
B KOJTOBOM CJIOBE OBLIIO HEYETHBIM (MIIM YETHBIM TSI KOHTPOJIS 10 YETHOCTH).

Hudpopmannonnoe cioso D,D,D,D,D,D,D,D,, konTponbHslii pazpsn o .

Kognosoe cnoso D,D;D,D,D,D,D,D,cx .

KoHTponh 10 HEUETHOCTH HCIONIB3YETCs Yalle, T.K. IPU KOHTPOJIE 1O YETHOCTH HEBO3MOXKHO
OTJIMYMTH BEPHYIO Tepeiady OT OTCYTCTBHS Nepeadn (Hanpumep, mpu paspsise Juann): 0000 —
YETHOE YHCIIO eIUHUII.

Ha mnpueMHON CTOpOHE KOIOBOE CIIOBO TIPOBEPSETCS Ha YETHOCTH/HEYETHOCTh. Jlis
OIpEIeIIEHUs] YeTHOCTH/HEYETHOCTH B pa3psAlax CIoBa CIYKaT Y3Jbl, KOTOpPBhIE Ha3bIBAIOTCS
y3JlaMU CBEPTKH.

3HaueHHe ¢ IpU KOHTpoJe 1o HeueTHoctu o =k, rne K, - dynkuus yernocru (K, =1, eciu
YHCIO €AMHUI] B pa3psaax MHPOPMAIMOHHOIO CJIOBa 4eTHO). lIpy KOHTpoJie MO YEeTHOCTH
a=F, rne F - ¢ynkous HewetHoctu. Jlns ompemenenHuss K MCHONB3yIOT CloXKeHHE IO

voaymo 2: F=D,®D,&D,®D,®D,®D,®D, ®D,, F, = El CnoxxeHue 1o MOAYIO 2 He
MHUHHUMH3HPYETCS.

F=({((((D,®D;)®D,)®D,)®D,)®D,)®D,)® D, - nocnenosarenbHas peaan3anus.
Bpemst  3ajmepKu  pacrpocTpaHEHHUs CBEPTKHU
3aBHCUT OT BPEMEHU 3aJICPIKKH PACIIPOCTPAHCHUS
B JID CIIOKEHUS o MOAYJIIO 2:

=(n-1t M, e N — KONMYECTBO

D7
D&
Ds
D4

D3
D2
D1
Do

30.p.cn —
n=8

pa3pa10B HH(OPMALMOHHOTO CIIOBA.

JUis TOBBIIEHHUS] OBICTPOAECHCTBHUS HCHONB3YIOT HE NapalieJbHOE, a IO0CJIeA0BaTENbHOE
BKJIFOUEHUE DJIEMEHTOB.

F=(D,®D,))®((D,@®D,)®(D,®D,)® (D, ®D,)) - nupamuaanbHas cxema.

TOCT 2.743-82 TOCT 2.743-91

tsd.p.az

D7

De KI55HI12 KS55HITS
— TIP15331015
Ds tzd.p.cs - (IOQZ n)tsb.p.m —3t30.p.c,1
D4 s DI | ni2 pI| 2
—0 =10 |(2k+l)
D3 —! —1!
D2 e PO }— —2 PO f—
Dl = 1 TE
Do — £ OE

OOGo3HaueHNE CXeM CBEPTKHU
0O-odd, E-even, E-enable. OE — paspenienune neuernoctu, EE — uetnoctn.
PO — paritet odd (Beixox HeueTHOCTH), PE — paritet even (BbIxo 4eTHOCTH).
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,
Beixoasl B3auMuo oproroHansiel. PO=0E® DI0® DI1®...® DI 7 =0E @Z*Dli .

i=0
Bxox OE wucnmonme3yercss JUisi yIOpaBlICHHS MHKPOCXEMOHW U TEpeBoJa €€ B PEXKUM
YETHOCTH/HEUYETHOCTH U HAPAIINBAHMS CXEMBI.

7 7
OE=0: PO = Z:*DIi - ¢pyukius neuernoctu. OE=1: PO = Z:*DIi - (hyHKIHSI YETHOCTH.
i=0 i=0
[Tpu OE=0 3Ha4eHMs BBIXOJOB COBMAIAIOT CO CMBICTIOBBIMU HA3BAHHUSIMHU.
OyHKIMOHANTBHAS cXeMa KOHTPOJIS 10 HEYETHOCTH.
Kaxnprii OallT cHaOkaeTcs KOHTPOJIBHBIM pa3psiioM, IS KOTOPOro Hamgo chOpMUPOBATH
KOHTPOJIbHOE 3HaUCHUE OuTa.
DI0..D17 — uadopmarimonHoe clioBo.

HE‘]]E',E[HI-OI[[HH CTOpOHA Hl]I-]I-]I-]I\rIfIIOII'.[Z'IH CTOpOHA N,
DI7..0] a — JIOTIOJTHUTENHBIN pa3psijl.
DI0..DI7a — komoBoe ci1oBO.
o T g R e Ecnu na mpuHuMaronieit cropose
0 . E p1pr.o] |0 PO=1 — mnepemaua BepHas MpU JONYIICHUU
PO : PO| omMHOYHOI OUMOKH (IBOMHBIC HE JIOBHUT)

7 E . l? PO=0 — mepenaua HEBepHas, TOTrIa HEBEPHOE

1 — OF OF CJI0BO MOKET HUCKIII0UAThCS U3 00paboTKH, 1160

3ampamnMBaeTcsl IOBTOPHAs Mepesaya.
CxeMa KOHTPOJISI O KOAY XIMMHHIa
[To3Bosisier O0OHAPYXUTh W HUCIPABUTH OJWHOYHBIC OMIMOKH, a TaKKe OOHAPYKUTh OIIMOKHU
0O0JIBIIIE KPATHOCTH (C TTOMOIIBI0 MOIU(PHIIMPOBAHHOTO KOJ1a XOMMHUHTA).
JonyctuMm, 4dYto HH(OPMAMOHHOE CJIOBO COACPXKHUT N  paspsmoB. Tpedyercs dYHCIO
KOHTPOJIBHBIX pa3psaaoB. M=nN+K — komoBoe cioBo. IludpoBoii kKox HAa MPUEMHOI CTOPOHE U3
KOHTPOJIBHBIX Pa3psiioB 00pa3yeT CIOBO, Ha3bIBAEMOE CHHAPOMOM (ormo3HaBareneM). Ilpu sTom
CHHJApPOM YKa3bIBaeT Ha HOMEp paspsia, B KOTOpoM Bo3HuKkIa ommbOka. [Ipu mepemaue m-
pa3psHOrO  KOAOBOI'O  CIOBa  BO3MOXHO  mosBieHue  (m+1)  coObitms — =>
k>log,(m+1) =log,(n+k+1).

KonupoBanue 1o XsMMHuHry:
1. OnpenpensieTcss KOJIMYECTBO KOHTPOJBbHBIX paspsgoB K. Hampumep, n=11, k=4,
m=n+k=15.
2. ®opmupyeTrcs KOJOBOE CIOBO M €ro pa3psaHas ceTka. Hymepamus pa3psaoB HaunHASTCS
cl.
3. KoHTponbsHBIC pa3psabl 3aHUMAIOT no3unuu 1,2,4,8 u T.11., T.€. CTETICHH JIBOWKHU.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

a B |d1 [ |d2 [d3 |d4 [0 |d5 [d6 |d7 [d8 |d9 [d10|d11

0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Pa3psiapl KogoBOro Cl10Ba HyMEPYIOTCS JBOMYHBIMH YHCIIAMHU.

KonoBoe cnoBo pa3OuBaercs Ha rpynnbl. KomnuecTBo rpynm paBHO KOJIUYECTBY

KOHTPOJIBHBIX pa3psnoB. B 1 rpymnmy BkirouaroTcs pa3psaabl KOJOBOIO CJIOBA, B MIIAJIIECH

NO3UIMM HOMEPOB KOTOPBIX cojepkutces 1. Bo 2 rpynny — pa3psabl, Bo 2-0i MO3ULIUU

JIBOMYHBIX HOMEPOB KOTOPBIX coepkutces 1 u T.1. KOHTpOIbHBIN pa3psin BCerga BXOAUT

B OJHY TIpyIIy, a WHQOPMALMOHHBIE MOTYT BXOAHUTH Cpa3y B HECKOJbKO Ipymnn (1o

KpaiiHeil Mepe B JBe).

6. s kaxmoi rpynimsl onpenenseTcs GyHKIUS YeTHOCTH, IIOATOMY TIPU Tiepeade KaxIou
TPYIIIBI OCYIIECTBISAETCS KOHTPOJIb 110 HEYETHOCTH.

Jexonupyroiiee ycTponcTBO

Kaxnas rpynmna pa3psioB clioBa MpoBepsieTcss Ha HEYETHOCTb. B pe3ynbrare GpopMupyercs

CHUH/IPOM OMIMOKH (KOA — OMO3HaBaTesb pa3psAna, B KOTOPOM IPOM3OILIA OIIMOKA, €CIIH OH

ok
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HYJIeBOHM, 3HauuT, OmMOOK He Obuto). CuHApOM OmMMOKH pacmudpPOBBIBACTCS
IemudpaTopoM, KOTOPHIA TEHEPUPYET YHPABISIONIMNA CHTHAN, KOTOPBIA HWHBEPTUPYET

COOTBETCTBYIOLIUI pa3psl.
. ’

e oy cBaitie
W & ddyd deds Gy dud)] — tcoieqy - e Gcotd

Kéj@&f oAt

v ISCAPARAL,PLEPEA
c"f’nm{f reprog £ fagdiccreeto pon Yoprdr sec
?M;‘rcd; Lescotiite B _
T tdgmnig & thnni A Lhgnni I tasnna
5"1"?(?!:*{ LW i [ﬁg{ \ | ]_f%:
A2 A A2 A2

P2 P A

ﬂ"ﬁ“&”’z;ﬁf,dm’zrﬂwﬁ
{41400 1110 f 11
[T B JFdid & i 4 & dy o)
T v i 7o _?L o
G, B, fd T
AR 2R R ZAR L
z‘rfTﬂ n]}: K314 #vl@

)

MonupuuupoBaHHbIH KO X3MMHUHIa
Komosoe cinoBo popmupyercs Takxke. [IoTom mosrydeHHOE KOTOBOE CIIOBO JOTMOHSIIETCS eIIe
OJTHUM KOHTPOJBHBIM paspsaoM P Ui KOHTpoNs mepeaadyd BCEro KOIOBOTO CJIOBA IO
YETHOCTH.
m=n+k
n+k+1
P — MONOTHUTENBHBIN KOHTPOIBHBIN pa3psia, K — cuHApOoM [i1st M-pa3psaaHOro cloBa
OOHapyXuBaeT Tak)Ke TPYIIOBBIE OMHMOKH
1. P=0, K=0 — ommbxa oTcyrcTBYeET
2. P#0, K#0 - oguHouHas onmbka
3. P=0, K# 0 — gerHas ommOKa, yeTHas rpyIIoBas ommoKa
4. P#0, K=0 - HeueTHas rpynmoBas onmoka
K555BXK1 — pannas MC  chaykuT i KOAUPOBAHMS U TPOBEPKH  16-pa3psiiHOrO
nHpopMarmoHHOro cyioBa. MC BbIZIae€T CUTHAIBI OJITMHOYHON M MHOT'OKPATHOW OIIMOKH.
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6. CxemMbl CBEpPTKM.

Jlist oripeieieHrst YeTHOCTH/HEUETHOCTH B pa3psiiax ClIOBa CIYKaT Y3JIbl, KOTOPbIe HAa3bIBAIOTCS
y3JlaMU CBEPTKH.
3HayeHue KOHTPOJILHOIO paspsia ¢ IIpU KOHTpoJe 1o HeyeTHoctu o =k, rae F; - dynknusa

gyetHocTH (K, =1, ecan uymcno eamHun B paspagax MHQoOpManuoHHOro cioBa 4eTHo). Ilpu

KOHTpoJle 1o d4etHocTH o =F, rne F - dynkums svederocrn. [lis onpenenenus K
UCIIOJB3YIOT ciaokeHue no monymo 2: F=D,®D,®D,®D,®D,®D,®D,®D,, F, = El
CrnoxxeHue o MOAYIMO 2 He MUHUMU3UPYETCS.

F =({(((D,®D;)®D,)®D,)®D,)®D,)®D,)® D, - nocnenosarenbHas peaan3anusi.
Bpemst 3amepXKu pacnpocTpaHEHHUs CBEPTKU
3aBUCHT OT BPEMEHH 3a[I€PIKKH PACIIPOCTPaHEHUS
B JID CIIOKEHHSI 10  MOAYIIO 2:
=(n-Dt —7t N — KOJMYECTBO

30.p.ci — " “30.p.cn !
n=8
paspaaoB I/IH(I)OpMaL[I/IOHHOFO CJIOBaA.
,Z[Hﬂ ITOBHIIIICHU I 6I)ICTp0,I[eI>'ICTBI/If{ HCIIOJIB3YIOT HE IMapalICJIIBHOC, a IIO0CICA0BATCIIBHOC
BKIIFOUCHHUEC JICMCHTOB.

F=(D,®D,)®(D,®D,))®((D,®D,)®(D,®D,)) - nupamuaisHas cxema.

TOCT 2.743-82 TOCT 2.743-91

D7
D6
D5
D4

D3
D2
D1
Do

t3().p.ce

D7

Do KI155H112 KS55HIIS

— TIP1533HIIS
Ds t;ﬂ).p.cs - (IOgZ n)ts’t).p.m :3t3<).p.c,7
D4 n=8 DI | M2 DI Ik

-0 —o (2k+1)

D3 o —1
m e PO f— 2 PO
DL — ﬁ’ rEl— —7 | FE |—
Do e OF

O003HaYeHNE CXEM CBEPTKHU
O-odd, E-even, E-enable. OE — pasperiienue HeuetHocTH, EE — uetnocTn.
PO — paritet odd (Bbixox HeuetHoctu), PE — paritet even (Beixon 4eTHOCTH).

,
Brixoasl B3aumuO opToroHainsHel. PO =0E® DI0® DI1©...® DI 7 =0E C—BZ*DIi )

i=0
Bxonq OE wucnonw3yercs s yIOpaBJICHHS MHKPOCXEMOM U TIEpeBOJla €€ B PEKUM
YETHOCTH/HEUYETHOCTH U HapaI[MBAHKS CXEMBI.

7 7
OE=0: PO = Z*DIi - ¢pyukus neuetnoctu. OE=1: PO = Z:*DIi - (hyHKIIHSI YETHOCTH.
i=0 i=0
ITpu OE=0 3naueHus BBIXOAOB COBIIAAAIOT CO CMBICIIOBBIMU Ha3BAaHHSIMU.
OyHKIIMOHANTBHAS CXeMa KOHTPOJIS 10 HEYETHOCTH.
Kaxnpni OaiT cHaOxaeTcs KOHTPOJBHBIM paspsioM, Uil KOTOPOro Haao chopMHpOBATh
KOHTPOJILHOE 3HaYCHUE OuTa.
DI0..DI7 — uadopmarmonHoe ciioBo.

Tlepegarman cTopona Tpimomaareigan cropona "
DI7..0] a — JONOJIHUTENbHBIN pa3psi.
D10..DI7a — xogoBoe cioBo.

T g oI o0 Ecnu na npuHuMaronieit cropoxe

0 . E pIp7.0] |0 PO=1 — mnepemaya BepHasg NpuU AOMYLUICHUU

PO : PO| OIMHOYHONM OMIMOKH (JBOMHBIE HE JIOBHT)

7 E . |7 PO=0 — mepenmaua HeBepHas, TOTJa HEBEPHOE
] et OF OF CIIOBO MOYKET UCKJIIOUATHCA U3 00paboTKH, TUO0

3arpamuBacTCd MMOBTOPpHAA Iepeaada.
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7. OgHocpa3Hana cucteMa CUHXPOHU3aUuMn. OCHOBHbIE
napamMmeTpbl U COOTHOLLUEHMUA.
Ky, =1. T'maBHbM npenMymecTsoM OAHO(A3HON CHHXPOHM3AUMHM SBISETCS MPOCTOTA

KOHCTPYKI_II/II/I " BBICOKOC 6BICTpO,Z[eI>’ICTBHe.
Ty, o

[ e =

Q7 a7 _ _—:?aﬁ? 20

/
£ AR MR N

Tpurrepsr:
1) CHHXpOHHBIE OAHOCTYIIEHYAThIE CTATUYECKUE
t, >t t 3t t <t +t

1 san.mp.max ! “zan.mp. "~ P 30.pJI3 0 “u 3an.mp.min 30. p.KL].min
+t,

t >t

n 30.p.KL]
I[Hf[ 60HI)IHOFO KOJIMYECTBA OJICMCHTOB TakKasd oOpraHus3ainus IMPaKTUYCCKU HEpCaAIn3lyema,
CJICAOBATCIIbHO, X HC ITPUMCHSAIOT B OI[HO(I)aBHOﬁ CHUHXPOHMU3AIUH.

2) CUHXPOHHBIC OJHOCTYIICHYATHIC C AMHAMHWYCCKUM YIIPABJIICHHUEM 3aIllMChIO

+t

IUHULL _ CBA3U

tu 2 tzan.mp.max ! tsan.mp. ~ 3t3¢).p../73 '| ]t ny
t, 20,k +t,,t, =5+6HC g —1
n 30.p. UHUIL _ C6s13U ny ! n |
t, =t 0_:_ - BpeMs BI)I,ILeijKI/Iy(hOM) -
] 2 1
t3an.mp.min +t30.p.K[[.min = thmax '-""J_H_

iith

3) CHHXpOHHBIE C IBYXCTYIICHYAThIM 3alIOMUHAHUEM HH(GOpMaLUuH

XapakTepHOU uepToil TakuXx cxeM (IIpU IIPaBUIIbHOM I10J00pE MapaMeTPOB) SIBISIETCA
OTCYTCTBUE BPEMEHHBIX cocTsA3aHui. OJHaKO Takas cXxema IPUBOAUT K CHUKEHHIO
ObICTpOICCTBUSA (HEOOXOAUMO JOMOIHUTEIHLHOE BpEeMS JIJIsl TEPEKIIIOYCHHST BBIXOJHBIX
cTymneHen).

t, >t

t, >t

san.mp.l _cm

+t

UHULL _ C6A3U ny

+t +t

3an.mp Il _cm 30.p. K[|
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8. AByxdraszHaa cuctema cuMHxpoHusauun. OCHOBHbIe
napameTpbl U COOTHOLLUEHMUS.

B nannom cnydae ucnomab3yrorces aBe nocienoparenbHoctd CU, cABUHYTBIE IpYyr OTHOCUTEIIBHO
npyra. CoceiHuE KacKabl OJIy4alOT pazHoMMEHHBIE cepun CU.

MoryTt npuMeHSATbCS CUHXPOHHBIE OJHOCTYIIEHYAThIE TPUITEPhl CO CTATUUYECKUM YIIPABICHUEM
3armucH (MOXHO | JIpyrue, HO 3TO OyAeT H30BITOYHOCTD).

- 7 -
rws

zf — — Q’LB_ 9 _E,,.“?’? | 20
Y 2.l of

. 7
- _ 3 R
(2744 CH 1 CH2

RLAFITY

ul = “san.mp.
tnl 2 tsO.p.KL[l + tﬂunuﬁ_c@}wu_l + tny
u2 = “san.mp.

t

n2 2 t30.p.KL[2 + t.zuuuﬂ_c@;wu_Z + tny
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9. Cuctema cuHxpoHusauumn. OCHOBHbIE NapameTpbl.
CTpykKTypa.

CrpobOupoBaHue — BBIICJICHHE W3 IOJIE3HOTO CUTHAJA TOM €ro 4acTH, KOTopas CBOOOJHA OT
MOMEX, BBI3BAHHBIX TOHKaMU CUTHAIOB. CTpOOMpOBaHME BCET]a OPTOrOHAIILHO CUTHAITY TTIOMEX,
T.€. 00eCIIeYBaeTCsl HE3aBHCUMOCTh CUTHAJIA OT ITOMEX.

[Iporiecc crpoOupoBaHUsSI TEPUOAMYECKUMH CHTHATAMA Ha BXOJaX OJJIEMEHTOB IMaMATU
(TpUTTEpOB) Ha3BIBACTCS CHHXPOHHU3AIMEH. A CaMU CHTHAJIBI CTPOOMPOBAaHUS HA3BIBAIOTCS
CHHXPOHU3UPYIOIIUMH.

CymiectByroT 2 BUa cXeM 00padOTKH WH(OPMAITUN: CHHXPOHHBIE U ACHHXPOHHBIC.

B acuHXpOHHBIX CXeMax BCE MPOIECChl MpeodpazoBaHUss WHGOPMAIMH BBITOIHSIOTCS MO
neiicTBueM WH(GOPMAIMOHHBIX CUTHAJIOB, a 3aJIepikka B TaKUX CXEMaxX OIpeIeseTcs
€CTECTBEHHBIM 00Pa30M (KaKk CUTHAJ MPOXOAUT YEPEe3 CXeMY).

B cuHXpOHHBIX cXemax Tpolecchl 00padoTku WH(OpPMAIIUKM CHUHXPOHH3UPYIOTCS, T.C.
BBITTOJTHSFOTCS MO ICHCTBUEM CHHXpOCHUTHaIA. [leprnom AeCTBUS CHHXPOCHTHAIA BHIOMPACTCS
TaK, YTOOBI BO BPEMs €r0 JIEHCTBHS TEPEXOIHBIC MPOIECCHI ObLIH 3aKOHYCHBI.

CUHXpOHHBIE CXEeMBl O0JaJal0T MEHBIIMM  OBICTPONEWCTBHEM, YeM aCHHXPOHHBIE.
ACHHXPOHHBIC TPUMEHSIOTCS TIHPE.

Bcee nudpossie ycrpoiictBa aenstcs Ha komOuHauonHsle nenu (KL[) u aBToMarsl ¢ nmaMsaThio
(AIT). Beixonnas nepemenHas KI[ 3aBucuT iMiIb OT AEMCTBYIOLIMX Ha BXOAAX TEKYLIMX
3HAYEHUN BXOJHBIX IIepeMEHHBIX. Bbixomnass nepemenHas All ompenensercs He TOJIBKO
JNEHCTBYIOIIMMU Ha BXOJlaX 3HAUEHUSMHU IEPEMEHHBIX, HO U COCTOSHUEM Yy3Jla B MOMEHT
IpUXo/a BXOJAHBIX nepeMeHHbIX. All coctosr u3 aAByx uacreit: snemeHTsl namsatu (OI1) u K1
JUId  yIOpaBJCHUS TMaMATbIO U BbBIpaOOTKHM BbIXOAHBIX mnepeMeHHbIX. K KL orHOCAT
npeoOpa3oBaTeny KoJ0B, MUdpaTopsl, AemndpaTopsl, KoMnaparopsl 1 cymmaropsl. AIl — ato
TPUITEPBL, PETUCTPbI, CAETUUKH U T.JI.

B AIl u3-3a 3ajmepKeK CUTHAIOB MOTYT HaOJMIOAaTbCs TOHKU (COCTSI3aHMsI) CUTHAIOB, IpU
KOTOpBIX IOCIEAYIOIIEe COCTOSIHME Yy3Jla ONpeleNsieTcss He BceM HalopoM BXOJHBIX
IIEPEMEHHBIX, a JIMIIb CaMbIM OBICTPBIM CUTHaIOM. Eciu B pe3ysbrare HapylaeTcs HopMallbHas
padota All, TO FOHKU SIBJISIOTCS] KPUTUYECKUMU.

Camblii pacnpocTpaHEHHBI MeXaHW3M TOHOK TakoB. CocrosHue All n3meHsiercs curnanami,
3apucsammMu ot coctosiHusa OIl. M3-3a 3amepxku curHanoB ycraHoBka Ol He mpoumcxomut
OJHOBPEMEHHO, ¥ ofHM u3 Ol u3MeHAT cocrosHue panbpuie Apyrux. Ilpu 3ToM OHU BIMAIOT Ha
ycTaHoBKY Apyrux Ol unm naxe nepeBoasT uX B HEMPEAYCMOTPEHHOE COCTOSIHUE.

¢CH1 ¢CH2
\\\ =1 \\\ <y

Biog EIT EL] —

OCHOBHBIE TapaMETPbI CXEMbI CUHXPOHU3ALUU:

1) t, - AIMTENBHOCTh UMITyJbca. 3a JIMTEIBHOCTh MUMITYJIbca MH(GOpMAIUS 3alChIBACTCS B
Ho t ~t

~
3an.mp.

Tpurrepe, T.e. t, >t 3HayuT [ >t Ecimu snements! K1 u OI1

3an.mp.max * 30.p.mp. 30.p.mp.

Oe3uHepoHHbIe (3aaepxkka = (), TO CHHXpOHHU3AIMS HEBO3MOKHA.
+t

UHULL _C6AA3U ny max

2) t, - renbHOCTH maysel. =1, o+t

3) T =t +t - mepuox TakTOBOro reHepaTopa.
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4) ¢azHOCTh — OINpeeNIeTCs KOJMUYECTBOM CEPHIl UMITYJIBCOB, (JOPMHUPYEMBIX B TEUCHUE OJHOTO
HIepHO/Ia CUCTEMON CHHXPOHHU3ALINH.

CTpyKTypa CXeM CHHXPOHHU3AIINH.

€y

I'TH

Choc

CPC

r CH1

C

]

I'TU — reneparop TaKTOBBIX UMITYJILCOB.
CPOC — cxema (popMUpOBaHUS OMOPHBIX CHHXPOCUTHAJIOB.
CPC — cxema pa3MHOXEHUS CHHXpocuTHana. Jlis oOecredeHuss TpeOyeMoW Harpy30qHOM

CIIOCOOHOCTH.

BK — OydepHbie kackasbl.
Ho MoxeT nuaru BpeMEHHOE PacCoriaCOBaHUE 3TUX CEPU.

3adacTyro HEOOXOIUMO 00ECIEUNTh TAKTOBBIMH HUMITYJbcaMHu Oosbiroe yucio D1, mmynbes
IOJDKHEI 3amaBarbest onHuM I'TH, a umcnoap3oBarhbed Thicsyamu D1l Mcmonn30BaTh MOIIHBIN
reHepaTop Helb3s U3-3a momex. Haunydiiee penieHne — pa3MHOKEHUE TaKTOBBIX MUMIYJIbCOB C
IIOMOIIBIO Pa3BETBIIOIIECHCS MTMPAMUAIATIBHON CXEMBI.

S ey B O
a2 —I L

—_
—_

EK

I'TH

f, - onopnas uacrora, f, ;- pabouas yacrora.

EK

|+ CHN

1
|

R

3

f="fQx5f), rne of = Af—f, Af - abcomorHOe m3MeHeHue, O f - oTHocHTENBEHOE.

f

pab.max

= f,(L+5f), f

0

pa6.min

=f,(1-5f), 20 f - moreps yacrorsL
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10. PerucTpsbl. Knaccucdpukaums. Napametpsol. NapannensHbie
peructpbl. Pernctpbl caBura. YHUMBepcanbHble peructpbil.

CuHTES.

Peaucmp — »5TO OIEpalMOHHBIA y3€J, BBIIONHSIIONMNA (QYHKIWU 3allUCH, XPaHCHHS,
CUMTHIBaHUS WHGPOpPMAIMHU, a TakkKe NpeoOpa3oBaHUsl TOCIEIOBATEIBHOIO KOJa CJOBa B
MapajulesIbHbI U 00paTHO, U BBITOJHSIOIIUIN OPa3psSAHbIE JOIMUECKUE ONepauu (JOruueckoe
CII0KEHHE, YMHOXKEHHE, UCKITFOYAIOIIIEE WIN, MHBEPCHIO).
Peructp npezacrapnsier cob6oii HaOOp JIEMEHTOB MaMATH (TPUTTEPOB), YHCIO KOTOPBIX PaBHO
WJIM KPaTHO YHCITY Pa3psAa0B Mpeo0pa3yeMoro clioBa, 1 KOMOMHAIIMOHHBIX CXEM.
Peructpel uMmeroT He3aBUCHMBbIE HWH(OPMAIMOHHBIE BXOJBI JUISI KaXIOro paspsiia U olurue
BXOJIbI YITPABIICHUSI.
OCHOBHO# TpU3HaK KiaccH(UKAIUHU: crtocod BBOIa/BBIBOIA:
1) TlapamnenbHblil. Bee pa3psubl cIoBa nepearoTcs OMHOBPEMEHHO, 3a 1 TakT T (IpocThiM
nm napagasHbeIM KOZOM: X; -IIPOCTOH, X, X; -mapad)azHbIii).
2) TlocnenoBarenbHbIl. Bee paspsimbl ciioBa mepeaaroTcs MOCIeI0BATEIbHO BO BPEMEHH,
Kaxabid 3a 1 Takt T. Bpems nepenauu nT.
3) IMapamrenbHO-TIOCHEIOBATENIBHBIN croc00. CJI0BO pa3dMBacTCs Ha TPYIIbI Pa3psIoB.
['pynnsl nepenatoTcs napanienbHO, pa3psaasl B TpyIax MOCIe10BaTENbHO.
B 3aBucuMocCTH OT BBINOMHIEMBIX (PYHKIINIA U cT0co0a BBOAA/BBIBOBI:
1) peructpsl namsTH (napauieabHbIE)
2) perucTphl ciBUTa (TTOCIICIOBATEIHHBIC)
3) B UHTErpaJibHOM CXEMOTEXHHMKE HMEIOTCS YHUBEpCAIbHBIE PErUCTpbl (BBOJ, XpaHEHHE,
cnBur). OHU MOTYT OBITH TPOTPAMMHO YIIPABIISIEMBI.
B perucrpax ucnonesytorcs D, DV, RS tpurrepst (JK He mpumensiercs, T.K. ero (yHKIHS
n30BITOUHA AJis peructpa). Yame Beero D.
Peructpel MOryT UMeTh CIOXKHOCTHU LeNeil BBOJa M BBIBOZAA: HA BXOJI€ MOKET OCYIIECTBISATHCS
MYJIBTUIIEKCUPOBaHNE. BBIBOI MOKET BBIMOIHSITHCS MPOCTHIM/00paTHBIM/Mapada3HbIM KOJIOM.
Brixom MOXKET UIMETh HJIA TPU COCTOSIHUS HJTH OTKPBITHIA KOJIJICKTOP.
Peaucmpbl namsmu (napasnnesnibHble pea2ucmpbl). 3anuch, XpaHEHHE, Bblgada
nHdopmaruu. [ BpeMEHHOTO XpaHCHUSI HHPOPMAIMKA B TCUCHUH | WM HECKOJIBKUX ITUKIIOB
pabotsl ycrpoiicTBa. Yame Bcero ¢ onHodasHbIM BBOAOM Ha ocHoBe D-tpurrepor (kak co
CTaTUYECKUM, TaK U C JUHAMHYECKUM YIIPaBJICHUEM 3alHChIO).
Co cratnyecKkuM BXOAOM — Mpo3padHbiid Tpurrep. OObMHO 4X UK 8MU pa3psiIHbIC.

X1 Q1 l |
— [T | g’ RG (()2 T c
—c 1 o LT L T x
| — 2 2 — |
L
C IR | tsp.p.1p
L{load) Estﬂs;;ng [PO3pPa4YHOCTh [—

C nMHaMHYECKUM YIpaBJICHHUEM 3alMChio. JlaHHbIe TpUTTepa Henpo3payHbl. Bxon R ycranoBku
B Ha4aJIbHOE HYJIEBOE COCTOSIHUE — ACHHXPOHHBIN. JTO pacIupsAeT BO3MOKHOCTH PETUCTPA —
BO3MO)KHA OUYHUCTKA PETUCTPA.
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C TPETbHM COCTOAHHEM

Qi o D [RG]| Q f S
1 1 BBIX —
1DTT v =" 0 v = ¢
& —1 0 Xi R
~HC|i —2 1=
EO —3 2 |
pazpelilieHHe —{C | 3 —
BLEIXOTA —EO
D | RG D | RG
HapauyBanne: — CeKUMM NapaUIebHBIX PETUCTPOB Py 69%1) Dao (532%‘5'
sanapaiesuBaoT no C, mo ymHumM copoca B 0, u mo DI} ; % D6 ) 3
D3 D7
—3 3 — 3 3 —
JAPYTUM YIPABJIAIOIIMM CUTHAJIAM. 2 3
EN EN|
Pezucmpbl cdgu2a. ctpositcs, Kak IPaBHIIO, WX HA = =
TpUITEpaX € JUHAMUYECKMM YIIPABIECHHEM 3allMChIO
(omHOCTynEHYaThle), MIM  Ha  TPUITEpax ¢

JBYXCTYIIEHYaTbIM  3allOMMHAHUEM  HMH(pOpMAaIMH.

Peructpbl ciBura COCTOAT W3 3JEMEHTOB NaMITH U KOMOMHAIMOHHBIX cXeM (A mepenayu
nHpopmanuu U3 paspsaa B paspsn). Kak mpaBuio, cxema OZHOpPOAHAs, KpOME IEPBOro U
MIOCJIEAHETO Pa3psIiOB.

Peructpel caBura oObruHO cTposrcs Ha D-tpurrepax. Cnur uHpOpManuu OCYHIECTBIISETCS
TaKTOBBIMM CHUTHAJIaMH, ITOCTYMAOIMMH Ha BX0/1bI C BCEX TPUITEPOB PErHCTpA.

Tabnuia mepexooB i-ro paspsja.

M Qi—l Qi Qi+l Qi*
M (Mode) — yrpaBJisiFoIuii CurHa, 3aJaeT PeXXUM CABUTA
010 X | X 0
M=0 — caBur BrpaBo
0 |1 X | X 1 M=1
11X X 10 0 =1 — cIBUT BJIEBO
1 | X X |1 1
Di :Qi* =M 'Qi—l+ M 'Qi+1
Co BxogoM M = B 00€ CTOpPOHBI. BpemeHHas nuarpamma Jijisi CIBUTA BIIPABO.
T ] ]
Dy &1 D &[1 D &1 D C.H. L 1 1
l__; 7% l_.; 7% ﬁg 7% Dy ) 1 | i T L
oL a__ [ Y
C.H. —_— ! ! =
Q1 @ . | ) ( E—
Q3 X Kl [
o1 Q2 Q3

bricTponelicTBue nmanaer u3-3a uCnoiib3oBanus siaementos U-NJIH:

tsz).p.RG =
HapamuBanue:

t3().p.mp + tsz).p."H—H./IH"
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D3 |5 3
DR IR
DL
— MO
—aH M1
—4C
R

YHuBepcaibHbIe PErHCTPBI.
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o | Mukpoonepanus
XpaHeHune

CnBur BpaBo
CnaBur BJIEBO
3arpy3ka Had. CJIOBa

I—‘OI—‘OZ

I—‘I—‘OOZ

OcHOBHBIE MUKpOOIIEpauu: 1) cABUT BJIEBO, 2) CABUT BIPABO, 3) 3arpy3Ka HauaabHOTO CIIOBA,
4) xpaneHue, 5) ycTaHOBKa HAYaJIbHOT'O COCTOSIHMSL.

Uto0sl 3a1aTh MUKPOOIIEPAIMIO HAZA0 BBECTH YIPABIISIONIEE CIOBO. DTO MPOrpaMMUPYEMBbIi
peructp M(mode). /Isa Bxoma M1, Mg — ympaBisiorniue ciioBa.

M1 MO |Dex |Qi-1 |Qi |Qi+1|Qi*
0 Ojx X (0))' 0
0 Ojx X 1|x 1
0 1|x (0)' X 0
0 1|x 11x X 1
1 Ojx X X 0 0
1 Ojx X X 1 1
1 1 0O|x X X 0
1 1 1x X X 1

DI :Qi

Bcee MUKPOOIICpAIMU BBIIOJHAOTCA TAaKTOB. CHUTHAJIOM
C

Tabmuia mepexofoB YHHUBEPCAIBHOTO PETHCTpa CABHIa
(i-it pa3psin)

M1,MO,Dpx Q =MM,Q +M,M,
Qi-1,Qi,Qitl Junu 001 | 011|010/ 110] 111/ 101 1nu|

@D, = WM_OQu +M1M Qi+ MlM_OQi+1 +MM Dy
(2D, =M MQ +MMDp +M;MQ,; + MM Dy
@)D, =M;MQ +MMQ,_; +M;M;D, +M;M;D,;, (1).(2).(3) - yHKIHH

ACMYJIIbTUIIIICKCUPOBAHU A

YcranoBka B ) MOKET OBITh BBIOJIHEHA aCHHXPOHHO (uepe3 R).
Bxonbl Dr 1 D| ucnionb3yroTes Uit HapamuBaHus Pa3psIHOCTH.
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11. CUHXpPOHHbIe cyeTYUKN. OCHOBHbIE NapamMeTpbl.
MeToauka cuHTe3a. CUHTe3 CyYMMMUPYHOLLMNX, BbIYUTAIOLWUX U
peBepCUBHbIX cYeTYMKOB. HapawmBaHue pa3pagHoCcTm
CYETUYMKOB MO nocrieaoBaTesibHOU U «ObICTPOU» CXemMaMm.

Cuetunk — @V, BHINONHAIOMNNA MUKPOOIIEpAllMM CYETA U XPAHEHMs B OINPEAEIICHHOW CHUCTEME
CUHCTICHHUS 4YHUCIa COOBITUH (MMIYIbCOB) B KakKOW-IMOO TOYKe MHU(PPOBOrO yCTPOUCTBA.
PaznuyaroT cueTyuku M UX pa3HOBUJHOCTb — IEPECUETHBIE YCTPOMCTBA. B cuerynke BakeH He
TOJIBKO IPOLIECC CYETa, HO M IPEICTaBICHHE YUCIA B ONPEACIEHHOM Kone. B mepecueTHoM
yCTpOMCTBE C€HOcO0 MpEeJCTaBlieHUs HE TaK BaKEH, OHO BBIJACT CUTHAJT Ha BBIXOJ IPHU
HACTYIUICHUH OIpe/ieJIeHHOro uncna coobThii. CocTosHUE CYeTYMKAa — KOHKPETHOE 3HaYeHHE
uudpoBoro Koza, Koropoe GopMUpYeTCsi Ha BBIXOaX TPUTTEPOB (pa3psinoB) cueTyuka. OmHO U3
COCTOSIHUI NPHUHUMAETCS 32 HauyalbHOE, 4acTO HYJEBOE.

OcHoBHbIE TapaMeTPbI CYETYMKOB:

. o . 0 1 0 1
| ) Cratudeckue: Takue ke Kak y ero snemeHtHoit 6ass: U, U, U, U, U_ P, .,

JIOTUYECKUI Tepenajl v Mpoyue..

I1) Tunamuyeckue:

1) wuacrora cyeTa MakcuMaibHas U padodas (1/10 max)

2) 3aiepXKKH pACIpOCTPAHEHHs CHTHAIOB OT BX. J0 BBIX. [0 pa3IMYHBIM TpPaKTam

t, .t t

30.p 1 *30.p.C—0" “30.p.R—Q
3) BpeMms MpeayCTaHOBKH
4) Bpems yaepaHus HH(GOPMAIIMOHHOTO CUTHAIA Ha ONPEACICHHBIX BX0aX 10 OTHOMICHHUIO K
YIPaBJISIONIEMY CUTHAITY
5) MuHUMabHAS JUTUTEILHOCTH BXOIHBIX CHTHAJIOB MO Pa3IMYHBIM TPAKTaM

11 ) Coemmduueckne: Monyns cuera M u emkocts cuetunka E. M ompenensercs uuciom
HCIIOJIb3YEMBIX COCTOSHUH(YMCIIOM WUMITYJIHCOB, KOTOPOE BO3BpallaeT CYCTYUK B HAYAILHOC
COCTOSIHHE).

M =q", (g- ocHOBaHuE cUCTEMBI CYeTa, N- KOJIUYECTBO Pa3psiioB).

E =M —1 - konuuecTBO COOBITHI, KOTOPOE MOXKET OBITh 3a(DUKCHPOBAHO B CUCTUHKE.
Knaccudukanms:

| ) mo Moaymio cuera:

1) nBOMYHBIC

2) TBOMYHO-KOJIUPOBAHHEIC

3) ¢ TpOU3BOIBHBIM MOYJIEM

4) nporpaMMupyeMble

11 ) mo BeIMOJHSAEMON (hYHKIIMH

1) cymmupyromme CT:=CT+1 (count — cueTyuk)

2) Beuptarpomue CT:=CT-1

3) peBepcHBHBIE (M TO, M JPYroe, MO yIPaBIAIONIEMY CHTHATY): C OJMHUM CYETHBIM BXOJIOM, C
JBYMsI CHETHBIMU BXOJIaMH.

1) mo cnoco0y opranu3anuy MepeHOCoB .

1) cmocnenoBareabHBIM

2) €O CKBO3HBIM

3) ¢ mapamieabHbIM

4) ¢ rpymnmnoBbM

V) 110 cnoco0y nepekIrYeHMs CUeTYNKA

1) acuuxponHble. [TepeKFOYarOTCs WM BXOJAHBIMH CHTHAJIAMH, WA BBIXOJHBIMH CHTHATAMHU
IPYTUX pa3psaoB, UM UX KOMOUHAIIMEH (CaMble POCTHIE).
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2) cuHxpoHHbIe. [lepexrouaroTcsi BXOJHBIMU CUTHAIAMH, T.€. TPUITEPhI (Pa3psabl CUCTUHKA)
NEpeKNIIoYaloTcss B OJMH MOMEHT BpEMEHM BXOJIHBIMH CHUTHaJlaMH cyeTa (caMble

OwIcTponeicTByromme) t. t

50.p

V) 110 nopsAAKy M3MEHEHUs COCTOSHUM!
1) ¢ ecTeCTBEHHBIM MOPSAKOM U3MEHEHHUSI COCTOSIHUIA; 2) C TPOU3BOJILHBIM MOPSIKOM
MeToauKa CHHTE3A CYUETYNKOB
[Ipu cunTe3e cueTurka 3aaar0Tcs: 1) MOaYyb cdyeTa; 2) MOXKET ObITh 3a/1aH MOPSI0K U3MEHEHUS
COCTOsIHUS; 3) MOXKeT OBITh 3amaH Tl Tpurrepa. Ecim 2) He 3amaeTcst TO MO YCMOTPEHUIO
paszpaboTunka (ecrecTBeHHBIH). TpedyeTcs MOCTPOUTD CXEMY.
OCHOBHBIE TTOJ0KEHUS METOIUKH:

1. OnpenensieTcst KOIMYECTBO TPUTTEPOB N.

30.p.Imp—pa

n= ]Iog2 M [ , Tie M — HanGonbIMii HOMEP COCTOSHUS.

2. CocrasinsieTcs TabIHMIa IEPEX0A0B U (HYHKIUSA BO3OYKICHU .
CuHTe3 peBepCHBHOIO cueTYnKa no Moayiaw 5 va JK u na D Tpurrepax: (new, ntous 2007,
clesiaJl ero, H00 OH CJI0KHee CyMM. M BBIYMT. — I HHUX Oepere 4yacTh TalOJuIl, rae
coorBeTcTBeHHO M=0 1 M=1)

n= ]Iog2 5[ =3. M=0 — cymmupyrommii cueTyuk. M=1 — BEIMUTAIOIINI CUCTIHUK.

IM Q2 |Q1 |Q0 |Q2* |Q1* [Q0* Y2 [K2 Y1 [K1 |JO [KO |b2 (D1 |DO
0 0 0 0 0 0 1 0 a 0 a 1 3 0 0 1
0 0 0 1 0 1 0 0 a 1 a a 1 0 1 0
0 0 1 0 0 1 1 0 a a 0 1 3 0 1 1
0 0 1 1 1 0 0 1 a a 1 al 1 1 0 0
0 1 0 0 0 0 0 a 1 0 a 0 a 0 0 0
1 1 0 0 0 1 1 a 1 1 a 1 3 0 1 1
1 0 1 1 0 1 0 0 a a 0 a 1 0 1 0
1 0 1 0 0 0 1 0 a a 1 1 3 0 0 1
1 0 0 1 0 0 0 0 a 0 a a 1 0 0 0
1 0 0 0 1 0 0 1 a 0 a 0 a 1 0 0
Ko=1, J,=M®Q,+MQ,, K =M&Q,, J, =MQ,+MQ,, K;=1,J,=MQ,Q +MQ,Q,
Q2,Q1
M,Q0 o0 |01 |11 |10 Joo 01 |11 |10 joo o1 1 10 Joo 01 11 10
00 1 1 b 0 a 0 b a o a b 0 0 0 b a
01 a a b b a 1 b b 1 a b b 0 1 b b
11 a a b b a 0 b b 0 a b b 0 0 b b
10, 0 1 b 1 a 1 b a o0 a b 1 1 0 b a
Dz = MQ0Q1 +M Q0Q1Q2 ' D1 =M (Qo 6_)Ql)'i' MQle + MQle ) Do =M Qon +Q0Q1 + MQz
Q2,Q1
Q0 00 |01 |11 |10 Joo 01 |11 |10 Joo 01 |11 |10
00 0 0 b 0 0 1 b 0 1 1 b 0
01 0 1 b b 1 0 b b 0 0 b b
11 0 0 b b 0 1 b b 0 0 b b
10 1 0 b 0 0 0 b 1 0 1 b 1
Hanee Tyno crpouis cxeMy Ha JK-tpurrepax u Ha D-tpurrepax. @ - ciioxxeHue no Moayimo 2.

[TapameTpsl ObICTpOaECICTBHS:
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+t +t

CUHTLIBAHHE KOJa T = t

30.p.mp. 30.p.K.C. n.y.
i
| SRS t, =t t, >t
I, 71 tn.y. - MpeyCTaHORKa u 30.p.mp. u 30.p.mp.
tr‘l = t3().p.K.C. +tn.y.
OO6br4HO 1, B cpaBOYHBIX AaHHBIX. U, -, =1,
HapamHBaHHe mo HOCﬂeHOBaTeJIBHOﬁ cxeMme:
Bx C CTRDIV16 L C CTRDIV16 |— C CTRDIV16 |— C CTRDIV16
ECT —— ECT P4 ECT P4 ECT P4 ECT P4

eThIPexpazpATHadL
CeKLHA
VYMeHbIIIeHne JUIMTCJIIBHOCTHU CUT'HAJIa Por CCKIIMU K CEKIINU

QB I'1]1 | 0 1pUBOAMT K OrpaHMYEHHUIO MO PA3PsIHOCTH

P4 |
T’ ]

PS

P12 |

P16 I

HapaLuueaHue CUHXPOHHbIX cHem4UuKoe no cxemMe 8bICOKOCKOPOCMHO20 c4Yema.
[TocTpouth cucTemy M3 HECKOJIBKUX Pa3psaoB, 00IaJa0IIyI0 TaKoi ke padoueil 4acToToH, Kak
n otaenbHbI caeTunk. EN=0 — cuer 3anpemnien. EN=1 — cueT u mepeHoc pa3penieH.

Bpemennas nuarpamma asonuHo-gecstuunoro cuetunka. CP, = ECP-Q, - Q,

Q13:0] Ql7:4] Q[11:8] Q[15:12]
D[3:0] D[7:4] D[11:8] D[15:12]
1D
| [ IR LD CTR | [p CIR | [p CIR
Bx. cu. IC“D . Q- IC“D R Q- IC“D 3 Q= IC‘D 4 Q
’ ! y < CPs8 ’ ‘P12 . CP16
EN E ECT CP cEd ECT P —l — EC'T P CPl2 7 ECT cpk=t?
ECP R 1— ECP R ECP R ECP R
O 0 T

—0

\_.’CT r!{}r!
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10

BX M1 LI LI I L L

cpg —— amremsHOCTE 10T (Am4 ABOHUHOTO 16T)

cP12 — |
CP16 |

Q1

Q2

Frr

23
CP4

I

12. Cepun UMC TTJI(1II), ocHOBHBIE MapaMeTPbl, 0COOEHHOCTH IPUMEHEHUS.

3apyOexnbie | OTe4eCTBEHHbIC
cepun UMC | Cepuu UMC
SN54 133 OO611ero mpuMeHEHUS
SN74 K155 CrieruanbHOT0 MPUMEHECHHS
SN54L 136,158 C IOHMKEHHBIM
SN74L K134 OoTpe0ICHNEM MOIITHOCTH
SN54H 130 C nOBBILLIEHHBIM OBICTPOACICTBHEM,
SN74H K131 HO MOBBIIIEHHBIM MOTP. MOIIIH.
SN54S 530 [HoTTKM
SN74S K531 Schottky
SN54LS 533
SN74LS K555
SNS4ALS 1533 Y coBepIICHCTBOBAHHBIE
SN74ALS KP1533 Advance
SN54F 1531
SN74F KP1531

Ocobennoctp npumenenus: Ecinu B cxeme He McHoiib3yeTcsl Kakoi-nmbo JID, To oH nomkeH
OBITh TIepeBelieH B pekuM HauMmeHblned momHocTu. B TTJI(II) ecth BBIXOAHOW Kackaj, B

KOTOPOM B T€YEHUE KOPOTKOI'0 BPEMEHH IPOTEKAET CKBO3HOI TOK, T.e. mosbimaercs P, . Ona

onpeaensercs P, ., - Henocrarok. B TTJI(IL) ¢ OK HeT cKBO3HBIX TOKOB.

Junamuueckue mapamerpsl UMC (ycpeaHeHHEBIE).

t3¢).p‘ ,Hc | P, MBt | A, nJlx
K155 10 10 100
K134 33 1 33
K131 6 22 132
K531 3 19 57
K555 9.5 2 19
KP1533 4 3 12
KP1531 2 4 8




[Tapamerpsr 6a3oBoro JID «M-HE» cepuu TTJI(1)

K155 | K134 | K131 | K531 | K555 | KP1533 | KP1531
ngaMAa He Golee -161|-0.18| -23| -20| -04 -0.2 -0.6
|:x , MKA, He Goee 40 12 70 50 20 20 20
Ufm,B, He OoJjiee 0.4 0.3] 0.35 0.5 0.4 0.5 05
Uglblx, B, He MeHee 2.4 2.5 2.7 25 2.4 2.5 25
K. 10| 10| 10| 10| 20 20 20

bp = §3 =648

W\ rerereyemo u(fwms
a2 —— ———-—————.m’m
2017 y// /// Uel
g8 g _4 zz,,,
gy ———~—— — — —~ ~
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13. Cepun UMC KMOI, ocHOBHbIe napamMmeTpbl, 0COOEHHOCTHN

NMPUMEHEeHUA.
3apyoexubie | OTedeCTBEHHBIC KMOII (kommieMeHTapHast JIOTHKa
cepun UMC Cepun UMC | Ha TpaH3HMCTOpaX METAJI-OKCU-TIOIYIIPOBOIHHK)
CD4000 164, K176

CD4000A 564, K561 A-Advance

CD4000B KP1561 B-Oydepurbie
CD4000UB -

54/74 HC 1564 C-CMOS, KMOIT

54/74 AC KP1554 Advanced CMOS

54/74 ACT 1544 T-coBmectumeie ¢ TTJI cepusimu

+ iy
\vTe

Hhey

71—
?V?‘g Iﬁ

Ul
. =K (Um _UHOP)UCI/I -

Y |

2
Uy <<1B = I.=K(Uy, —U,10 ) Uy
r Yo _ 1
K
IC K(U3I/I UHOP)
1
U U, = R, =
33U 7 K K(UH_UHOP)

Momnoctb, notpebiasiemas Ha KMOII — manenbkast, moaromy KMOIT mupoko mpuMeHstoTcs.
OOBIMHO TPUMEHSIOTCA TPAH3UCTOPHI C HM30JIMPOBAHHBIM HMCTOKOM, CJIEJOBATEIHHO BXOIHBIC
TOKH MaJlbl U omnpezensercss (akTUYECKU TOKOM yTeUKHU:

L, =1, <1MKA

PHOTP = PCTATM'{ + Pﬂ[/IHAM; PCT ~0 (HeCK. MKBT)
Pumr = Py + Pz s T Py -MOUIHOCTS  CKBO3HOrO TOKA MM MepeximodeHud, P, -

n
MOIITHOCTh Ha Harpy3ke (ee Hajo nepesapsokars), C,, = ZC s T Cop v Cop - CBS3H.
i=1

t

UR(t):UH'e_? ) IR(t):U?H'e
2t
T

&
2 L, PO=Us®) 1= e
sl
A
4

—| -

P ==

0

. Tu;eitdtzuf,l U? RC, U’C,
R 2 R 2 2

o B=U ,27C 5, — JUJIs OZJHOTO Ileproia
f

o T
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P =U%.C,-f , Pum, =U 2.C,, - f, Cpp - CHPaBOYHBIA MapaMeTp, YKa3bIBAeTCA A
kaxnoit MC
2
F)17 = PCT + Pﬂl/IHl + PﬂMHZ = PCT +U17 : (CH +CPD)'f
OcobeHHocTH:

1) Cxembr KMOII uMmeroT 1ienu 3aimThl OT CTAaTUUECKOT0 HAMPSHKEHUS (MHAUYE MOXKET
MIPOU30UTH MPOOOH TPAH3UCTOPOB)

_ | *im
vis m [ | __I Vs
I
ey i [ WTY i
.T.__]w I,ql} [

VD1, VD2, VD3 paboraroT Kak OrpaHuIuTelq.
Ecm U, >U,;,to U, =U,+U ,azacuer VD1u VD2 U, >-U  (ecim U, orpunarensHo)

-U,<U, <U,+U,
Ananornano VD4 u VD5 na Beixone: U, <U, . <U, +U,

[Ipu mnaitke cxem KMOII mnasyibHUK AOMKEH HMMETh 3a3eMJIEHHOE Kaylo. J{omKHBI OBITH
MPETyCMOTPEHBI MEPHI 3alIUTHI YEIOBEKA.

2)

X —

rrz A &‘}_:y
A"’j_._, .

Y =XXX;, €CM X; HC HYXKEH, TO Y = XX, .

B norunueckux cxemax U, M-HE na HezageiicTBoBaHHBIN BXO4 HEOOXOIUMO MMOJaBaTh «1», a Ha
WJIN, NJIN-HE — «0» (w1 00beTMHATH C 3aICHCTBOBAHHBIMHU BXOJIaMH ).

3) Anst cxem KMOII xapakTepHO Takoe sSIBIEHUS KakK «3allleJKuBaHue». Eciau Tpan3uctopsl p-Nn-
p ¥ N-p-N OIHOBPEMEHHO OTKPHITHI, TO B MC TedeT oueHb 00mbIoi Tok, © MC MOXET BBIUTH U3
CTpoOst

4) Ocobennoctu KMOII — nosiieHne mapasuTHBIX TPAaH3UCTOPOB

5) Ha KMOII cxembl HY>)KHO CHavaJia 1mojaBarh MUTAHUE, U JIUIIb 3aTE€M BXOHBIC CUTHAIIBI

6) Cxembl KMOII ouenb «6osTCs» 00paTHOr0 HANPsKEHUS, Cpa3y BBIXOIAT U3 CTPOs

B KMOII ectp BBIXOIHOW Kackall, B KOTOPOM B TE€YEHHUE KOPOTKOIO BPEMEHU MPOTEKAET
CKBO3HOM TOK, T.€. IOBBIIIAETCS MOTPEOIIsIeMast MOIIHOCTb.
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14. Tunbl TpUrrepoB (ogQHOCTYyNeHYaTble, ABYXCTyNeH4YaTble,
CO CTaTUYECKUM U ANHAMMUYECKUM yrnpaBrieHUeM 3anuchbio) u
X NMPUMEHeHne B permcTpax U cueT4YMKax.

CHHXPOHHBIH TPUITEP CO CTATHYECKHUM YNPABJIEHHEM 3aIIUChI0 (OHOCTYNEeHYATbIil)
IMpu C=0 Tpurrep HaxoaUTCsA B pekuMe XpaHeHus nHopmaruu, npu C=1 nepexioyaercs: Kak
ACHHXPOHHBIA TPUITEP COOTBETCTBYIOIIETO THIIA.

D HEBEPTOD MOXKHO Yopats: o VTO:
& } — & } + - Q
S —D|T=
/ x H 2
L , R
. & - ' L

CHHXPOHHBIN TPUITEP C ABYXCTYNEHYATHIM 3alIOMMHAHUEM HH(pOPMALHUHU

B nByxcTyneHuaTsIx TpUrrepax BXOAHas U BBIXOAHAs CTYIIEHH TAKTUPYIOTCSI «QHTUCHHXPOHHOY,
npreM HHGpOpMALMK pa3peniaeTcs B HUX MOOYEpeHO. BenencrBue 3Toro OTCyTCTBYET pekUM
MPO3paYHOCTH TPUITEpa MPH JIOOOM YpPOBHE CHHXPOCHTHANA, YTO IO3BOJSET PEaTn30BaTh
M00bIe TUIIBI TPUITEPOB, CBOOOAHBIE OT PEXKUMOB I€HEPALMH, U AAET BO3MOXKHOCTh ITOCTPOCHUS
CHUHXPOHHBIX aBTOMATOB 0€3 OIMACHBIX BPEMEHHBIX cocTs3aHui. OnmHako, UX CcXeMbl Ooiee
CIIO)KHBIE, YeM ¢ JIUHAMUYECKHMM BXOJOM, a OBICTpOAECHCTBUE HECKOJIBKO HHUXKE.
JIByXcTyneH4arble TPHUITEPhl CTPOSATCS HECKOJIBKHUMM CIIOCOOaMU: C HHBEPTOPOM, C
Pa3sHONOJISIPHBIM YIIPABJICHUEM CTYHNEHSIMH, C 3alIPEILAIOIINMU CBSI3IMHU.

C HHEERTOROM © HHEEPTOROM O606LT.[EHH&F[ EpEMEHHEAA THATpAMMa

D
C

TIY D

Ban
e
2]

13

2]
[
2]

s

D—

1
o[t S| T
c c —c| [o
R
Q,
Lo Q
M s
Q
D— o[t
p o p ! 0 yTO!
d . - © SANpEIAOMIHME CEASAMA
1 )

ke
X 1 52
c paaH;nonﬁpHuM YHpaBnsHHEM salEpXEA BHYTPH
B 0 HITH TPHITEPE
D—D|T S| T= Q
C C C [ —-J]=
B —CL SABHCHME R BHOREL

ENHAOLH R

Ra

[Tpu C=0 nepenuchy nHMopMauu U3 NEPBOM CTYIIEHU BO BTOPYIO U MEPEBOJI MEPBOIi CTYNIEHU B
pexxuM xpaneHus. [Ipu C=1 paspemieHa 3anuch B IEPBYIO CTYIIEHb M 3alpelieHa MEepenuch 13
NepBO CTYIIEHU BO BTOPYIO.

CHHXPOHHBIH TPUITEP ¢ AUHAMUYECKUM YIIPaBJICHHEM 3aIUChIO

CrposTcs Kak 0 OJHOCTYIIEHYAThIM, TaK U MO ABYXCTYNEHYaThIM cxemaM. [IpuHuum paboThl —
nepexmoyarorca nepenagomM curHana C. YyBCTBUTENBHOCTh K HW3MEHEHHUIO COCTOSHUS

coxpansercst B Tedenuu t,, ;. Bpems mpeaycTaHOBKH — BpeMs, B TEUYCHHE KOTOPOrO Mepen

IMCPCKIOUYCHHUECM, TPUITECP JOJDKCH OBITD NpeaAyCTaHOBJICH.
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Cl o

<l

tagpap.
lpumeHeHuUe mpuzzepos:

1) OpHocTyleHYaThle CTATUYECKUE - B PETHUCTPaxX MaMsTH, B PErHCTpax CIBUTA, TOJIBKO
€ClIM UCIoJb3yeTcs 2-X (a3Has cucTeMa CHHXPOHHU3AIUMU (9TO 3HAYUT 4YTO HE |
CHHXPOCHUTHAI, a 2)

2) OpHOCTyNeHUaThle MUHAMUYECKHE - B PETUCTpax CIBHra ¢ OAHO(A3HOW CHUCTEMOM
CHHXPOHMU3ALIUH, B PETUCTPAX MMaMSTH, B CUETUMKAX

3) JIByxcTyleHYarble CTaTUYECKHE - BO BCEX PErMCTPax U CUETUMKAX.
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15. MynbTnnekcopsbl. OnpegeneHme, HasHadyeHue,
OCHOBHbIe napamMeTpbl. Peanusauna matemaTn4yeckunx
dyHKUMN HA mynbTUNNekcopax. HapawmnBaHue

MynbTUNINEKCOPOB.
Mynbmunnekcop - 510 (QYHKIMOHAIBHBIA y3€J, HMEIOMIMKA N, aIpecHbIXx WU M = 2°n
UH(GOPMAIIMOHHBIX BXOJOB M BBINOJHSBIIMKA KOMMYTAllMIO CUTHAJa Ha BBIXOA C TOTO
WH(OPMAITMOHHOTO BXO/1a, apec KOTOPOro YCTAHOBJICH HA aPECHBIX BXOaX.

2" 1
Myubrrmsekcop peanusyer jgorudeckyro Gpynkuno y=viy DK (A A ... A A), Tae A —
aJipecHble BXOJbl U curHaisbl, | = 0,1,...,2"n-1 , K — koHCTUTY?HTa A, T.e. KOHBIOHKIIUS BCEX
apryMeHTOB, HOMEP KOTOPOWM paBeH 4YHCIy, 00pa30BaHHOMY JIBOMYHBIM KOJIOM CHTHAJIOB Ha
a/IPECHBIX BXOaX.

D0 1 .
| ,,& —|an|Mms
D, " — A4
:Da E . —4D4 [
] —n2
- —D3
Dy 18| ' —
s Sl = I
u' Ca) %

¢
MynbpTUIIIEKCOP COCTOMT W3 JAemu(paropa, KaxkIblii KOHBIOHKTOP KOTOPOrO HMeEeT
JOTIOTHUTENFHBIA BXOJ JUIsi COOTBETCTBYIOMIEro wH(poOpMannoHHoro curHaia D. Berxosmsr
KOHBIOHKTOPOB 00BequHstoTcss - mo omneparuu WJIM nusbroHKTOpoM. Bpewmst 3amepxku
pacnpocTpaHeHUs] CHTHAJla B MYJbTUIUIEKCOPE OMPENEIseTCs 3aJep)KKOW IEenu TOCIen0-
BaTeNIbHO coeMMHEeHHEBIX dnieMenToB HE, 1, MJIN.
MynbTHIIEKCOPHI IMMPOKO MPUMEHSIOTCS JIJIS1 TOCTPOSHUS: KOMMYTaTOPOB-CEJIEKTOPOB
U (POBBIX CUTHAIOB; TOCTOSHHBIX 3aTIOMUHAIOIIUX YCTPOICTB; KOMOMHAIIMOHHBIX CXEM,
peanu3yromux JJorndaeckue GyHKIUH; mpeodpa3oBaresieli KoJ0B (Hampumep, apajieIbHOro
KOJZIa B MOCJICJIOBATENBHBINA WM KOJA C OTHUMH BECaMU Pa3psIOB B KOJI C IPYTHMH BecaMu
Pa3psIOB) M IPYTUX Y3JIOB.
HapamuBanue My 1bTHIJIEKCOPOB.

AD AD| MS | ! LAG MS

A .

Al 5 L M| i
Do—p0| 4 D4D0 el |y
N PR Y BT 1
2 n2| - Dé_dn

R—fipc| 4 c| 2




== CTapmMe
pazpagbl

B

Peamuzauusa pyHkumii.
frxgx, Va5, VX, X, X, VX, X, X, =
L EX KV X K, VK XX VXXX,

Ajzxs’ A1:X2, A2:X1
o o Jo |o 1 1 0 0o |.o0 0
0 0 |0’} 1 I -1 0 0 1 0
o jo .1 o |1 1 (o0 |1 0 1
o {o |I1.l1 |o 1 (o |1 |1 0
o |1 Jo fo |z |2 |1 |0 o |1
o.l1 [o |1 |o 1 | 1.0 |1 1
o |l1T 1T |o 0 1 1 1 0 1
0 |1 J i 11 0 1 1 1 | 1

f (X, %, %, %) =My +M; + M, + Mg + My + M,

g F
p%%o f 3

coC{ D =¥ VX
colo O oA
oo\ 4 |

o lo o ¢ Xy
Ccqyol 0 D =0 3
o{ 0 0 / X
4Ll 0 . Xa
A, { Ao =X
{oo 1 A D = X, A R A
10, ¢ O 2 A= Xy
{Q i 1 (2]

101 0 Dyz X% X

IR q

o

i_.

AD
Al
AZ

10
D4

13
| D4
D¢

D2y

w7
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Ora cxema He yHuBepcanbHa. Ecth npyras peamusanus. [lomaem wa D0,D1,D3,D08,09,D15

€IMHUIIBI, a Ha OCTaJIbHBIE — HYIH, Toraa X4,X3,X2,X1 6ynyr A3,A2,A1,A0 cOOTBETCTBEHHO.
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16. CDYHKLIMOHa.HbeIe y3ibl N 3NNI€EMEHTbI ynpaBlieHNs
3HAaKOMHANKAaTOPaMMW.

IlIkana cBeTOMHANKAIMH:

F7 7 [ |11
F6 6 | | 110
F5 5| | 101
F4 4| | 100
F3 3| |om
F2 2| |010
F1 1| | oot
FOo o | | 000

T

QF
i?ﬁ&;

Vop. corman

R=

CApPABOIHEIe TAHHEIe

u, U} U.)
——
U ypoeens jor. "0

MosxHo ucronb3oBarh U JID co cTaHapTHBIMU BBIXOJJaMH, HO YTOOBI OHU MOTJIM BbI1aBaTh
BbIX0/IHOM TOK mopsiaka 10MA (KMOII Takue TOKHM BbIIaBaTh HE MOT'YT, TOJIBKO HEKOTOPHIE C
OoTKpBITEIM cTokoM, TTJIL onpenensercs 1ysi KOHKPETHOTO CiIydas).

Tpu BapraHTa peann3anuy WHIMKAUU U YIPABICHUS IIKAJION:

D2|D1|DO|FO|F1|F2|F3|F4|F5|F6|F7]FO|F1|F2|F3|F4|F5|F6|F 7JFO|F 1|F2|F 3|F4|F5|F6|F7
0|0(0|1 1 1
0|01 1 11 11
0(1(0 1 101 111]1
0|11 1 1)1 101]1]1
1/0]0 1 11 1[1]1]1]1
1(0(1 1 111 1T(1]11]11]1]1
1110 1 11 1T(111]11]1]1]1
11111 1 111|111 1]1]1]1
1) DC3-8 2)
\ Ell [ ] —_—
i I T o R pc| o
Do 1 2 ii : F =D,(D,®D,) 1
D] —2 3 ‘ - E :ED D=1 2
D2 —4 4 ],P:: ] __ D12 3
z =] R-D.DD,+D.DD, py. {4 4
l F7 = FA:DZ 1 5
— F,=D,(D,®D,) ¢
3)
pc| o
1
Do-1 2
D142 3
D24 4
5
[

o -

—y
e

CrpouTcs Tabauiia MCTUHHOCTH, KapThl
Kapno, onpenenstorcs 10ruuaeckue
(GYHKIUH, CTPOUTCS JIOTUYECKas CXEMa.
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17. Npeobpa3oBaTenu ypoBHEMN.

Hasznauenue: s obecrieueHnsi COBMECTHOM pabOThI yCTPOICTB Ha Pa3IMYHBIX DJIEMEHTAX.
[pumep: npeodpazosarenu TTII-DCII (K50011Y124), 9CJI-TTJI (K500ITY 125).

[pu TOM NpeodpazoBaTeny He TOJKHBI CHIXKATh TIOMEXO0YCT-CTh U OBICTPOACHCTBUE CXEM.
TTJI(1L)-KMOII, KMOII-TTJI(11I)

77A AHOT
&
y 4 7] S
L VI yy i Uen yﬁ: > Uy -G08
', ; et b= — , i
48 4”.- / ___l’:’il‘mﬂt- ___-:'}_g ;QM _ Hr f/{m < ‘fﬁ/tg
pEEE T o Wy mak R o
Y G B iy Qe
g8l 7777 /’a?ﬂ:’./f,r'//f 5 LEr praw = G50
eg I i = -
L. Uy =Y pkvon =5B
a)
+ i _ KenarenpHo R Oparb
2 ) Tl JIOCTaTOYHO MAJbIM, YTOOBI
/ & ! # FA MO0 B mpouecce 3apsga C He
> cIMiKoM 3amemsiics. Ho
E . 2 yeM MeHblIe R, TeM Goiblue
. noTpedIisieMas MOIIHOCTb.
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KMOII - TTJI : TTJI He MOryT IpUHSTH TaKU€ OOJIbIINE BXOJHBIE TOKH.
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18.CymmaTopbl.Knaccudpumkaumusa .OgHopaspsaaHbIn
cymmaTtop. MHoropaspsigHble CymmMaTopbl €
nocnenoBaTesibHbIM U NapannesnibHbIM nepeHocamun. OueHka
ObiCcTpOAEeNCTBUSA.

CymMartop — NOrM4eckuil onepaLunoHHbIi y3en, BbiMOMHSAWMA apudMeTUyecKoe CriokeHre KoaoB
AByx uncen. Mpu apupMeTMYEeCcKoM CroXXEeHUN BbIMOMNHATCS U ApYyrvMe OONONHUTENbHbIE onepauui:
YYET 3HaKOB YKMCer, BbipaBHMBAHMWE NMOPSAKOB criaraeMblx U TOMy nogobHoe. YkasaHHble onepaumm
BbINOHATCA B apudMeTnyecko-normdecknx yctponctaax (AJTY) nnm npoLeccopHbiX anemMeHTax, Sapom
KOTOPbIX ABMSAOTCA CYMMaTOpPbI.

CymmaTopbl KNaccuuUUUpYHT Mo pasnnyHbIM NpU3HaKaM.
B 3aBMUCMMOCTM OT CUCTEMbI CUMCIIEHUSA Pa3NNYaloT:

e  [1BOWYHbIE;

e  [BOUYHO-AECATUYHbIE (B OBLLEM Cryvyae BOUYHO-KOAUPOBAHHbLIE);
e  [ECATUYHbIE,;

e Mpoyue (Hanpumep, amninTygHbIe).

Mo Konun4yecTtBy ogqHOBpeMeHHO O6p663TblBaeM bIX pa3pAAaoB CKNnaabiBaeMbIX YUcenn:
e OAHOopa3pdgHble,
L] MHOropaspsagHble.

Mo Yyncny BXoaoB M BbIXoA4oB OAHOpPa3pAAHbIX ABOUYHbIX CYMMAaTOpPOB:

e YeTBEepPTbCYMMATOpPbIl (3NEeMeHTbI “cymMa no moaynto 2°; anemeHTbl “nuckniovatowtee ANAY),
XapakTepusyloLmecs Hanuyvem AByX BXOA0B, Ha KOTOpble NOAaTCA ABa OAHOPa3psAHbIX YMcna,
1 OOHVM BbIXOJOM, Ha KOTOPOM peanusyeTcst ux apudmeTnyeckas Cymma;

e [OMyCyMMaTopbl, XapakTepum3yloLmnecs Hannminem AByx BXOAOB, HA KOTOpblE NOAaTCS
OOHOMMEHHbIE pa3psabl ABYX YWCEr, U ABYX BbIXOAOB: HAa OAHOM peanusyetcs apudmeTmyeckas
CyMMa B JaHHOM paspsiae, a Ha ApyroMm — nepeHoc B criegytowmi (bonee ctapwmi paspsa);

® MOfHble 0O4HOPa3pPSAAHbIE ABONYHbIE CYMMAaTOPbI, XapakTepusyoLLmMecs Hanmimem Tpéx BXodoB, Ha
KOTOpble NogalTCa OOHOMMEHHbIE pa3psabl ABYX CKMadblBaeMblX YMCEN U NEPEHOC 13
npeabigyLiero (bonee mnaglwero) paspsaa, U AByMs BbIXO4aMu: Ha O4HOM peanuayeTcs
apvdmMeTnyeckas cymma B JaHHOM paspsige, a Ha Apyrom — rnepeHoc B criegytowuii (bonee
cTapLumin paspsa).

Mo cnoco6y npeacTaBneHns U 06paboTku cknagbiBaeMbIX YMcen MHOropaspsigHble CymMmaTopbl
nogpasgensioTcs Ha:

e nocrnegoBaTerbHble, B KOTOPbIX 06paboTka uncen BegéTca NnoovepEénHo, paspsa 3a paspsaom Ha
OOHOM U TOM e obopyaoBaHuu;

e napannenbHble, B KOTOPbIX CrnaraemMble CKnaablBaloTCs OAHOBPEMEHHO MO BCEM paspsaam, v Ans
Kaxxgoro paspsiaa umeeTcsa cBoé obopyaoBaHme.

MapannenbHbI cymmaTtop B MPOCTELEM cryyYae npeacTtaBnsaet cobo N ogHopaspsaaHbIX
CyMMaTOpOB, NnocrneaoBaTternbHO (0T MAagLwnx paspsaoB K CTapluMM) COEAMHEHHbIX LIENSIMKU NepeHoca.
OpHako Takasi cxema CymMmaTopa XapaKkTepusyeTcsi CPaBHUTENbHO HEBLICOKUM BbiCTpoaencTBMEM, Tak
Kak (hopMUpPOBaHNE CUTHAMNOB CyMMbl U NEpeHOCca B KaXKAoM i-OM paspsie Npou3BOAMTCS NULLL Nnocne
TOro, Kak NoCTynuT curHan nepeHoca c (i-1)-ro paspsga.Takum obpa3om, ObicTpoaencTeue
cymmaropa onpefenseTcs BpeMeHeM pacnpocTpaHeHUA CUrHana no uenu nepeHoca.
YMeHbLUeHue 3Toro BpeMeHn — OCHOBHasd 3aga4va npu NnoCTpoeHn napannefnbHbIX CyMMaToOpPoOB.

[nsa ymeHbLUeHUst BpeMeHU pacrnpoCcTpaHeHusi curHana nepeHoca NpUMeHsIoT: KOHCTPYKTUBHbIE
pelueHus, Korga UCnonb3ytoT B Lenu nepeHoca Hanbonee BbICTpoAENCTBYIOLLME SNIEMEHTDI; TLaTenbHO
BbIMOSHAIOT MOHTaX 6€3 ANMHHbLIX NPOBOAHUKOB M Mapa3snTHbIX EMKOCTHBIX COCTaBMSIOLNX HArpysku u
(Hanbonee 4acTo) CTPYKTYPHblE METOAbI YCKOPEHUS MPOXOXKOEHNS CUrHana nepeHoca.

Mo cnoco6y opraHusaunmn mexpaspsagHbIX NepeHoCoB NapasnnesibHble CyMMaTophbl,
peanusyloLlme CTPYKTYPHbIe MeToAbl, AENAT HA CYMMaTopbl;
e CnocnegoBaTeribHbIM NEPEHOCOM;
e C napannernbHbIM NePeEHOCOM;
e  CrpynnoBON CTPYKTYPOW;
e  CO creunanbHOW opraHmsaument Lenen nepeHoca.

Tpu nepBbIX CTPYKTYPbI ByayT NoapobHO paccMOTPEHbI B MocreayLmx crateax. Cpeam
CYyMMaToOpOB CO cneuuanbHOM opraHu3auuen Lenen nepeHoca MOXHO yKa3aTb:
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e  CyMMaTOpbl CO CKBO3HbIM NEPEHOCOM, B KOTOPbIX MeXAy BXOLOM U BbIXO4OM NepeHoca
O[HOPa3psOHOro cymmMmartopa oKasblBaeTCA HaMMEHbLLEE YUCITO JTOTMYECKUX YpoBHEN [1];

e CymMaToOpbl C ABYXNPOBOAHOW nepeaayen curHanos nepeHoca [1, 2J;

e CyMMaTOpbl C YCNOBHbLIM NEPEHOCOM (BapuaHT CyMmmaTopa C rpynnoBoM CTPYKTYPOW, NO3BONSAOLLMIA
YMEHbLUUTb BPEMSI CYMMMPOBaHUA B 2 pa3a npu yBennyeHun obopyaosaHus B 1,5 pasa) [3];

®  ACUHXPOHHbIE CyMMaTOphbl, BolpabaTbiBatoLLme NPU3HaK 3aBepLUEHMS onepaumm CyMMUPOBaHNS,
npu 3TOM cpefHee BpeMS CYMMUPOBaAHUSA YMEHbLLAETCH, MOCKOMbKY OHO CYLLECTBEHHO MEHbLLE
MaKCUMarnbHOro.

CyMMaTOpr, KOTOpble UMEIOT NOCTOAHHOE BpemMsd, oTBoOAUMOE ANA CYMMUPOBaHUA, HeE3aBUCMMoe OT
3Ha4YeHu cnaraemMblx, HasblBaoT CUHXPOHHbLIMMWU.

Mo cnoco6y BLINOMHEHNA onepauum CIIoXXeHUA U BO3MOXHOCTU COXpPaHeHUs pe3ynbTaTa
CNOXEHUA MOXHO BbIAENUTb TPU OCHOBHbIX BUAa CyMMaTOpOB:
e KOMOVHAUMOHHBIW, BbINOMHAWOLWMA MUKpoonepaumio “S = A nntoc B”, B koTopom pesynbTat

BblgaéTcsa no mepe ero obpasoBaHus (3T0 KOMOUHALMOHHAsA cxemMa B OOLLENPUHATOM CMbICIe
cnosa);

e CcymMMmaTop C coxpaHeHueMm pesynbTaTa ‘S = A nntoc B”;
e  HaKanmnMBawLLWA, BbINOMHSOWMIA MUKpoonepauutio “S = S nntoc B”.
MocnenHue aBe CTPYKTYpbl CTPOATCSA NIMOO Ha CHETHLIX TpUrrepax (cernvac NnpakTU4eckn He

NCrnonb3ylTcs), MO0 No CTPYKType “KOMOMHALMOHHbBIA CyMMaTOp — PErucTp xpaHeHus” (cenyac
Hanbonee ynotpebnsiemas cxema).

BaxHeALW MMM NnapameTpaMy CYyMMaTOpPOB ABNSAIOTCS:
e  paspsiAHOCTL;

e cTaTudeckue napameTpbl: UBx, UBX, IBX 1 Tak Aanee, To eCTb 0ObIYHbIE NapamMeTpbl UHTErparbHbIX
CXeM;

e [OuHamMm4eckue napameTpbl. CyMMaTopbl XapakTepuayloTcst YeTbIpbMs 3aepikkamu
pacnpocTpaHeHus:

e  OT NOAAaYM BXOOHOro NepeHoca A0 YCTAaHOBMEHNA BCEX BbIXOA0B CYMMbI NMPY MOCTOAHHOM YpOBHEe
Ha BCEX BXOAax criaraembix;

e OT Oﬂ,HOBpeMeHHOVI nogavun Bcex crnaraemMbiX 40 YCTaHOBJ1€HNA BCEX BbIXO40B CyMMbI MNMpU
NOCTOAHHOM YPOBHE Ha BXo4e NepeHoCa;

e OT nogayn BXO4HOro nepeHoca A0 yCTaHOBI1EHUA BbIXOOAHOIo nepeHoca npu noCToAHHOM ypOBHE
Ha BXoA4aXx craraeMblixX;

L] OT Nnogayn Bcex cnaraemMbiX 40 YCTaHOBIIEHNA BbIXOAHOIo nepeHoca npm noCTtoAHHOM ypoBHE Ha
BXOoOax cnaraemblX.

NMonHbIM ogHOpa3psAaHbIA ABOUYHBLIA CyMMaTOpP

OH (puc. 4) nmeet Tpu BXxoaa: a, b — ans AByx cnaraemblx U p — ANs nepeHoca u3s
npeablaywiero (bonee mnaglwero) paspsga v asa Bbixoga: S — cymma, P — nepeHoc B
cnepyowmn (bonee ctapwmin) paspsag. O6o3HadYeHneM NOAHOMo 4BOMYHOIO CymmaTopa
cnyxat 6ykBbl SM. PaboTy ero otpaxaet Tabnuua nctmHHoctn 3 (tabn. 3).

Tabnuvua 3

NenHab.ab p P 'S
00000
00101
01001
01110
1
0
0

|
o | ®

Puc. 4 1000

1011
1101

O 0 WINIFL O
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7 11111

OtmeTum aBa MomeHTa. MNMepBbIN: B Tabn. 2 n 3 BbIxoAaHble curHanbsl P n S He
CINy4anHO PacnosioXeHbl MMEHHO B TaKOM NocrefoBaTensHOCTU. OTO NogYepKMBaeT,
4yT0 PS paccmaTpuBaeTcs Kak AByXpa3psiaHOe OBOMYHOE Yncho, Hanpumep, 1+ 1 =249
=10,, ToectbP=1,aS=0unm1+1+1=3,0=11,,Toectb P=1,aS=1.
BTopom: BbixogHble curHansl P 'S nonHOro 4BoMYHOro cymmaTopa OTHOCATCS K
Krflaccy CaMOABOWCTBEHHbIX (PYHKUUIW anrebpbl fiornki. CamoaBOUCTBEHHbIMU
Ha3bIBaOT (PYHKLMK, MHBEPTMPYIOLLME CBOE 3HAYEHME NP NHBEPTUPOBAHNN BCEX
NepeMEHHbIX, OT KOTOPbIX OHM 3aBucAT. ObpaTute BHUMaHKE, YTo P n S an4a
YyeTBEpPTbCYMMATOpPa 1 NONycyMMaTopa He ABNAITCA CaMOABONCTBEHHbIMMU
dyHKuunamu! MNpenmylecTsa, BblTEKaoLMe U3 3TOro CBOMCTBA NOSTHOro ABOUYHOIO
cymmaTtopa, 0yayT paccMoTpeHbl Npu aHanunae BoamoxHocten NC tuna 1551MMA1.

YpaBHeHMs, onucbiBatoLme paboTy NOMHOro 4BOMYHOro cymmaTtopa,
NpeAcTaBneHHble B COBEPLLUEHHON OM3bIOHKTUBHON HOpMaribHown popme (COH®P),
nveT BUA:

S=abp+abp+abp+abp
P=abp+abp+abp+abp

YpaBHeHUe 4ns nepeHoca MoXeT O6biTb MUHUMN3MPOBAHO:

(6)

P=ab+ap+bp. (7)

Mpn NpakTM4ECKOM NPOEKTUPOBAHMMM CyMMaTopa ypaBHeHUs (6) n (7) MoryT 6biTb
npeobpasoBaHbl K BUAY, yaobHOMY Ans peanusaunmn Ha 3agaHHbIX FOrMYEeCKUX
3M1eMEeHTax C HEKOTOPbIMWN OrpaHNYeHUaMHM (MO YUCITY NTOrMYECKMUX BXOOO0B U Ap.) U
YAOBMNETBOPSAIOLEMY NpeabaBNAeMbIM K CyMMaTopy TpeboBaHmsiM No
ObICTPOOENCTBUIO.

Hanpumep, npeobpasyem ypaBHeHus (6) cnegyowwmm obpasom:

S=(ab+ab)p+(ab+ab)p=S’p+S’p
P=ab+abp+abp=ab+S’p=P’+P".

M3 BbipaxxeHui (8) crnieayeT, YTO NOSHbIN ABOWYHLIN CyMMaTOpP MOXET ObiTb
peann3oBaH Ha ABYyX NonycymmaTtopax u ogHOM ABYXBX040BoM anemeHTte UJIN.
CooTBeTCTBYIOLWAs cxema npmeegeHa Ha puc. 5.

a_[ THS[PIE 15
b_lo| |siSIo[ASTP

&
b

(8)

Puc. 5
M3 BbipaxeHua (8) ana S Takke crneayer:

S=aEbEp. (9
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K HacTosdLwwemy BpemeHun pa3paboTaHo 60MbLLOE YNCNO CXEM CyMMaTOpPOB. [loka3zaHo
(HaWwKMM OoTeYeCTBEHHbIM Yy4eHbIM BaHLWITENHOM), YTO NPU UCNOSIb30BAHUKN TOSBbKO
OLHOro MHBEPTOpPA Herb3s peann3oBaTb MOSHbIN 4BOUYHbBIN CYMMAaTOP CO CITOXHOCTLHO
Pw < 16, a npn aByx nueeptopax — Py < 14, rae P — Bec no KeainHy, ncnosnb3yembiin
KaK oLleHKa CINOoXHOCTU NoObIX KOMOMHALMOHHBIX cXeM. PKkB — 3T0 obLLee 4ncno Bcex
BXO40B BCEX JIOrMYECKNX ANIEMEHTOB CXEMbl 6€3 y4éTa MHBEPTOPOB.

s._ P

e

® o=
AR L=1E.]
al=x|=

== |

[=]

Puc. 6

MokaxkeM, ncnonb3ys ABa MeToAa, Kak bbiria nonyyeHa paunoHansHas (c
NCMNONb30BaHMEM TOJSIbKO OQHOro MHBEPTOpPA) CXemMa NOIHOro ABOUYHOIro cymmMaropa,
siBMBLUasica ocHoBoun cxem VIC cymmaTtopos tuna 7480, 1551MM1 v ap.

MepBbIN MeTOA4 OCHOBAH Ha MCMNOJb30BAHUN 3HAYEHUS BbIXOAHOroO nepeHoca P kak
BCOMOraTenbHOW NepemMeHHOM Npu onpegeneHnm BelXogHON cyMmmbl S (Tabn. 4). B
Tabn. 4 npu Habopax NnepeMeHHbIX, ABASOLWNXCS HepeanbHbIMU (Hanpumep,
€0MHNYHOE 3HaYEeHNe NepeHoca Npu HyNeBbIX 3HAYEHNSIX BCEX BXOAHbIX NEPEMEHHbIX),
nocTaBrieHbl 6e3pasnuyHble 3Ha4YeHNsa (KPeCTUK) ansa PyHKUMM S, KOTOpbIE MOXHO
aoonpeaensite NPOn3BOoSibHbIM 06pa3oMm.

Nenab.abp P S

0 00000 Ha puc. 8a. B naHHoM cxeme

1 0001 x NCMonb3yTCH MHOTOBXOL4OBbIE
norundeckue anemeHTtbl I n N, Ecnn

2 001071 MCMONb30BaTh TONMBKO ABYXBXOAOBbIE

3 0011 x 3IEMEHTHI, TO MONYYaTCS CXEMBI,

4 01001 I;I}pVIBe,D,eHHbIe Ha puc. 86,B.

5 010 1Kx §

6 01 10K

7 01110

8 10001

9 1 001X

10 1010 x

11 10110

12 1100 x

13 11010

14 1110 x

15 11111

M3 kapTbl KapHo ona yHkumm S
(puc. 6) cnepnyert:
S=abp+Pa+Pb+Pp==abp+P(a+
b + p). (10)

Cxema cymmaropa, peanv3oBaHHOro
no ypaBHeHuaMm (7) n (10), npuBeneHa
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19. HKpemMeHTOpbI U AEKPEMEHTOPbI.
Ilycts Ha BXox mocrtymaeT nBa l-paspsanbix uncia A u B. Cymma 3Tux 4yucen

OyaeT mpencTaBieHa 2-pa3psAHbBIM KOJOM (CM. Tabll. UCTUHHOCTH).

A |B |[CR|S
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
Mnagmmii pa3psan cymmbl — S (0T aHria. SUm — cymma).
Crapumii paspsg— CR (ot anrm. Carry — mepeHoc).
A . -1 [To Tabi. MCTUHHOCTH JIETKO MOCTPOUTH cxemy (puc. 56).
L S=A® B
5 _S CR=AB
& [lony4yennass cxema Ha3. MOJYCYMMATOPOM.

CR Beenem crnenyromme ob6o3HaueHus. A u Bi—
cro _{CR|SM| S [ S 3HAUeHHWE I-TO pa3psiia MHOTOPa3pSAHBIX 4Yucenl A |
Ao | A CR CRy B. Sj— 3nauenwe Ii-ro paspsma CyMMbl, CIj — BXOJ

_‘ neperoca u3 (i-1)-ro paspsga B i-il. CR; — BbIXOJ

nepeHoca u3 I-ro paspsga. [lpu stom:

cry LCR SM|S | S Si= A ®©B;®cr

A A CR CR; N3 sT0ii Qopmynsl SCHO, UTO MOITYCyMMAarop

_‘ HEeJb3s MCIOJIb30BaTh [UIsl IMOCTPOCHHSI CymMMaropa
m000i pa3psAaHOCTH, T. K. B HEM OTCYTCTBYET BXOJ
‘ ....................... N

o |_ Rlsmls L s Cxema MoJIycyMMaropa uMeeT u
CaMOCTOATENIbHOE 3HaueHue (puc. 57).

A, _| A CR |_CR,

Puc. 57

Ecmu 3amenuts B nHa Bxonm mepenoca CRj, To

Ha CXEMY MOKHO TOJaTh N-pa3psIHbI Kom A.

Ecm crp=0, To Sj= Aj u cxema SBISETCS MOBTOPUTEIEM BXOJHOTO YHCIa A.

Ecmu cro=1, To BbIXomHOH Kom S=A+ 1 u cxema Ha3pIBaeTCI HHKPEMEHTOPOM.
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20. MaTpnyiHble MHOXUTESbHbIE YCTPOUCTBA.
MHoOXUTeNbHbIE U MHOXUTENbHO-CYMMUpPYHOLLIME ONOKW.
HapawuBaHue ymMHOXUTENEN

YMHOXUTETN

YMHO)K€EHUE B IBONYHOM BU/JIE MPOU3BOJIUTCS MOJOOHO YMHOKEHUIO B JAECATHUUHOM cucTeMe
cuncieHus. Kak Mbl 3TO IOMHHMM U3 IKOJIBHOTO KypCa, JIErYe BCETO OCYIIECTBIATh YMHOKEHNE
B cTonOuK. [Ipr 3TOM moTpedyeTcst mepeMHONKUTh KKl pa3psii MHOXKHMOI'O Ha
COOTBETCTBYIOLIMM pa3psii MHOXKHUTEJI.

PaccmoTpuM B KauecTBe puMepa yMHOKEHHE JBYX YEThIPEXPA3PAIHBIX IBOUUHBIX YUCEIL.
[Myctb Tpedyercss yMHOKUTH yrcino 1011, (1150) Ha uncno 1101, (1310). Mbl B pe3ysbrare
YMHOXEHHUS OKuIaeM moiayauth yuciao 10001111, (14310). BeimosaHuM onepaiuo YMHOKEHHS B
CTOJIOMK, KakK 3TO IMOKa3aHO Ha pUCyHKe 1.

1101
><

1011
1101
+

1101
0000
+
1101
10001111

Pucynok 1. BrimonHeHue onepanuy yMHOKEHUS B CTOJIOUK.

Jst popMupoBaHus pou3BeIeHUs TPEOYETCs BBIYUCIUTD YETHIPE YACTUUHBIX TTPOU3BEICHUS.
OOpatuTe BHUMaHKE, YTO B IBONYHON apudmeTrke TpeOyeTcs BHIIOIHATh YMHOKEHHUE TOJIBKO
Hayucna 0 u 1. D10 03HAYAET, YTO HYXKHO JIMOO CYMMHUPOBATh MHOKHMOE K CyMME OCTaJIbHBIX
YaCTUYHBIX MpoU3BeeHU, MO0 HeT. Takum o6pazom, A GOpMUPOBAHHS YACTHIHOTO
MPOU3BEICHUSI MOXKHO BOCIIOJIB30BATHCS JIOTHUYECKUMU djieMeHTamu ‘2117,

Jnist popMHUpOBaHUS YACTHYHOTO TTPOM3BEACHHUS, KPOME OIEepaliid yMHOKEHHS Ha OJUH pa3ps,
TpeOyeTCsl OCYIIECTBIISITh €r0 CABUT BIEBO Ha YHCIIO Pa3ps0B, COOTBETCTBYIOIIEE BECy pa3psia
MHOkuUTENA. CIBUT MOXKHO OCYIIECTBUTH IPOCTHIM COEAMHEHUEM COOTBETCTBYIOIINX Pa3psAa0B
YaCTUYHBIX POU3BE/IEHUI K HEOOXOIMMBIM pa3psaaM JBOUYHOI'O CyMMAaTopa.

Ji1s TOro yToOB! MPUHIMIKATIBHAS CXeMa YMHOXKUTEN ObLIa TOX0%ka Ha aJIlTOPUTM JIBOMYHOTO
YMHOXKEHUS, TPUBEIEHHBIN Ha pUCYHKE |, HCIIOJIb3YeM YCIOBHO-TpapHUecKue N300pakeHus
MHUKPOCXEM, I'IE BXOJBI PACIOJIOKEHBI CBEPXY, a BBIXOJbI CHU3Y. B IMOJHOM COOTBETCTBHH C
ITOPUTMOM YMHOXKEHUS B CTOJIOMK HaM MOTPEOYIOTCS TPU YETHIPEXPA3PAIHBIX CyMMaTOpa.

[IpuHuMNUanbHas cXeMa YMHOKUTEIIS, PeAlTU3YIOIast allrOPUTM ABOMYHOTO YMHOXKEHUS B
CTOJIOWK, TIpUBE/IeHa Ha pUCyHKe 2. DopMUpOBaHNE YACTHYHBIX POU3BEICHHH B 3TON CXeMe
ocy1ecTBIA0T Mukpocxemel D1, D3, D5, D7. B 3tux Mukpocxemax COAEp:KUTCS Cpa3y YeThIpe
JIOTMYECKHUX 3IeMeHTa “21”.

Cymmarop, BBIIOJIHEHHBIH Ha MUKpocxeme D6, cymmupyeT repBoe U BTOpOe YacTHbIE
npousseeHus. [Ipu 5ToM Miaammii paspsi IepBoro 4aCTHOrO IPOU3BEICHUS HE HYK JAaCTCS B
CyMMHUpOBaHHUH (cM. pucyHok 1). [ToaTomy oH momaércs Ha BBIXOJ YMHOXKHUTEIS
HerocpeacTBeHHo (pa3psin M0). Bropoe yacTHoe npousBeieHHE JOKHO OBITh CABUHYTO Ha
OJIUH pa3psa. DTO OCYIIECTBIISETCS TEM, YTO MIIAAIINN pa3psil BHIXOAHOIO YKcia cymmaropa D6
COEZIMHSETCS CO BTOPBIM pa3psiioM npoussenenus (M1). Ho Torna nepsoe uactHoe
MIpOM3BeIeHNEe HE00X0AMMO CIBUHYThH Ha OAMH pa3psij [0 OTHOIIEHUIO KO BTOPOMY YaCTHOMY
MIPOU3BENEHNIO! JTO BBIIOJIHAETCS TEM, YTO MIIAAIINNA pa3psii TPYNIbI BXOAO0B A COEIUHSAETCS C
IIEPBBIM PA3PSIIOM YaCTHOTO MPOU3BEAEHUS, IEPBBIA pa3psi IPYIIbI BXOAOB A COEIMHSETCS CO
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BTOPBIM Pa3psI0M YaCTHOTO Mpou3BeieHus], U T.1. OJHAKO CTapIIMii pa3ps/l IPYHIbl BXOJ0B A
HE ¢ 4YeM coeUHAThH! BcmoMHMM, 4TO eciu J00aBUTh K YHCITY ClIeBa HOJb, TO 3HAUYEHUE Yncia
HE U3MEHUTCSI, TO3TOMY MBI MOKEM 3TOT pa3psiji COCTUHUTH C OOIIUM ITPOBOJIOM CXEMEI.

TouHO TakuM ke 00Pa30M OCYILIECTBISETCS CYMMHPOBAHHE TPETHET0 U YETBEPTOTO YACTHOT'O
MPOU3BEJICHUS. ITO CYMMHUPOBAHUE BBITOIHAIOT MUKpOcXeMbl D4 1 D2 cOOTBETCTBEHHO.
OTnnuune 3aKI04YaeTCs TOJIBKO B TOM, YTO 3/1€Ch HE HYKHO 33JyMbIBaThCsl O CTApIIEM pa3psijie
MpeabIyIIel CyMMBbI, Be/lb ITPebIIYIIas MUKpOCXeMa CyMMaTopa GopMUpYyeT CUTHAI
IepeHoca.
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Pucynok 2. CxeMa MaTpuyHOT0 YMHOXKHUTENS 4*4.

Ecnu BHUMaTENbHO MOCMOTPETH HA CXEMY YMHOXHUTEIIS, TO MOKHO YBUIETH, YTO OHA 00pa3yer
MaTpuiy, copMUPOBAHHYIO POBOJHUKAMU, 10 KOTOPBIM MI€PEAIOTCS pa3psiibl uucia A u
yucia B. B Toukax nepecedeHust 3TUX MPOBOJIHUKOB HAXOAATCS JJOTUYECKUE dTIEMEHTHI “211”.
NMeHHO 1o 3TOM MpUYMHE YMHOXKHUTEIHU, pEAIM30BAHHBIE 110 TAHHOW CXEeME, MOIYYHITN
Ha3BaHUE MAaTPUYHBIX YMHOXKUTEIICH.

CkopocTb paboThl CXEMBI, TPUBEACHHON Ha PUCYHKE 2 ONpeaesieTcss MaKCUMaIbHBIM BpEMEHEM
pacnpoctpanenus curaaia. Jto uens D7, D6, D4, D2. Bpems paboThl cXeMbl MOKHO
COKpaTHUTh, €CJIM CyMMaTOPbI pacriojiararb He MOCIEe10BaTENIbHO APYT 32 IPYroM, KaK 3TO
npeanojgaracTcda ajropuTMom, NpuBCACHHBIM Ha pUC. 1, a CYMMHUPOBATh YaCTUYHBIC
MPOU3BEECHUS TONAPHO, 3aT€M CYMMHUPOBATh apbl YaCTUYHBIX IPOU3BEAEHUN U T.11. B s3TOM
CJ1ydac BPEMA BBIITOJTHCHHAA OINCpalilii YMHOXCHUSA 3HAYUTCIIBHO COKPATUTCA.

Oco0eHHO 3aMeTeH BBIMTPHIII B OBICTPOJICHCTBUY TPU TTOCTPOCHUH MHOTOPA3PSTHBIX
YMHOXHUTENIEH, OAHAKO HUYEero He ObiBaeT OecmiaTHO. B 0OMeH Ha ObicTponelicTBrue TpuaETcs
3aIIaTUTh YBEITMYECHUEM Pa3psIIHOCTH CYMMAaTOPOB, & 3HAYUT CIOKHOCTBIO cxeMbl. Ecin
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CyMMAaTOpBbI YaCTHBIX IIPOU3BEACHUN OCTAHYTCS TOU KE PA3PSAHOCTH, YTO U PaHee, TO
Pa3psaIHOCTh CyMMATOPOB ap YaCTUYHBIX MPOU3BEAECHUH JODKHA ObITh yBEIMUYEHA HA CIUHUILY.
Pa3psagHOCTE CyMMaTOPOB 4ETBEPOK YACTUUYHBIX IPOU3BEACHNUN OYyAET Ha ABa paspsaa OoJiblie
Pa3psAIHOCTH CyMMaTOpPOB YAaCTUYHBIX IPOU3BENCHUN U T.J
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