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K Bb1ReneHI110 3K8118aneHTHOCTI1 oooco6neHHbiX no3114110HHbiX Ko,qoe 
/OnK/ WI1H cyfia,qpeco8 11 KOMaH,q C08peMeHHbiX peri1CTPI1PYIIlUI11X CI1C
TeM /PC/ 8biXO,QHbiM C!JYHK411RM ,QBOI14HO-,qecRTI14HbiX ,QeW11(j)paTOpOB, 
nepe,qaeaeMbiM no 3T11M >Ke WI1HaM, np11een11 pe3yilbTaTbl pa6oT I 1,2/, 

AJ1R npaKT114eCKOrO 11CnOilb308aHI1R 3TOH YH11KailbHOH OCOOeHHOCTI1 
OnK 8 pafioTe /2/ fibiilO npe,QilO>KeHO npi1CB011Tb n03114110HHble KO,Qbl 

WeCTI1 WI1H KOMaH,q I!JYHK4110HailbHO nOilHOH rpynne Cile,qyiOIJII1X KOMaH,q: 
4TeHI1e ,qaHHblx, cfipoc ,qaHHblx, 3anl1cb ,qaHHblx, npo8epKa TPI1rre-
pa L, c6poc Tpl1rrepa L 11 11HKPeMeHT /,qo6aeneHI1e e,qi1H114bl/. B pe-
3YilbTaTe 3aKpenneHI1R n03114110HHbiX KO,QOB WI1H KOMaH,q 3a nepe411C
IleHHbiMI1 KOMaH,QaMI1 11 n03114110HHbiX KO,Q08 WI1H Cyfia,qpeCOB 3a 411~
POBbiM11 6IlOKaMI1 C orpaH114eHHbiM ,QO 411Cila WI1H 411CI10M cy6a,qpeCOB 
aBTOMaT114eCKI1 C03,QalllTCR YCI10811R AJ1R BblnOI1HeHI1R IlOrl14eCKI1X CXeM 
4111!JpoebiX finoKo8 /Uii/, YA08IleTBOPRIOIJII-1X 3TI1M YCil0811RM, 6e3 11c
nonb308aHI1R ABOI14Ho-,qecRTI14HbiX ,qew11ropaTopo9 cy6a,qpeco8 11 
KOMaH,q. np11 3Tm1 COXpaHRIOTCR KaK OCH08bl, TaK 11 WI-1POKI1e <!JYHK-
4110HailbHble 803MO>KHOCTI1 CYIJieCTBYIOIJII1X peri1CTPI1PY~UI11X CI1CTeM, 
KOTOPble np11 HeOOXO,QI1MOCTI1 MOryT ObiTb 11CnOilb30BaHbl 8 ,qpyr11x 
6noKax. 

B C8R311 C TeM, 4TO Tpe6o8aHI1e npi1HaAJ1emHOCTI1 KOMaH,q 411I!Jpo-
8biX 6IlOKOB K I!JYHK4110HailbHO nOilHOH rpynne 113 6 KOMaH,q /~nfK/ 
HaKila,Qbl8aeT orpaHI14eHI1R Ha 3(j)~eKT11BHOCTb 11CnOilb308aHI1R OnK B 
411<bp08biX 6noKax PC' 8 pafioTe /a/ fibiilO YCTaH08IleHo, 4TO onK MO
ryT npi1C8al18aTbCR He TOilbKO KOMaH,qaM 113 mnfK,HO 11 IliOfibiM ,qpy-
ri1M KOMaH,qaM - Il11Wb 6bl 11x KOI1114eCT80 np11 cy6a,qpecax 411<!lpo8oro 
6noKa He npe8b1Wano 411Cila WI1H KOMaH,q e PC. B 3TOH >Ke pa6oTe 
6blno noKa3aHo, 4TO 3TI1M ycil0811RM YA08IleT80PRIOT npi1MepHo 89,B% 
4111!lP08biX 6noKo8 peri-1CTPI1PYIOIII11X CI1CTeM I 4, 5,6/, 411CilO KOMaH,q e Ko
TOpblx He npe8biWaeT 6, 4TO 8 4111!JpOBbiX OilOKaX 3TI1X CI1CTeM 8 cpe,q
HeM 11CnOilb3yeTcR TOilb Ko no ,qea cy6a,qpeca 11 no 4eTblpe KOMaH,qbl, 
a TaK>Ke 4TO C 11CnOilb308aH11eM OnK ce6eCTOI1MOCTb Ka>K,qoro 411<!lpo-
80ro 6noKa yKa3aHHblx BbiWe PC MO>KeT fibiTb e cpe,qHeM CHI1>KeHa npi1-
MepHo Ha 50 PYOileH. 3T11MI1 ,QaHHbiMI1 YCTaHaBill18aeTCR 4eileC006pa3-
HOCTb 11cnonb308aHI1' ynK 8 coepeMeHHblx PC caMoro pa3Il114Horo Ha-
3Ha4eHI1R. B pa6oTe 3 6blno, KPOMe Toro,noKa3aHo, 4TO 803MO>K
HOCTb OOOCOOileHHOrO npi1C80eHI1R n03114110HHbiX KO,QOB I.UI1H KOMa)'J,q 
Ill06biM KOMaH,qaM PC ,ecn11 411CilO nocne,qHI1X MeHbWe 411Cila WI1H KJ>MaH,q 
111111 pa8Ho eMy,o6ecne4118aeTcR 11H.Q11811.QYailbHbiMI1 a,qpecaMI1 /napaMeT
paMI1/ Nt Bb16opa 4111tlP08biX 6noK08 11 11HA11811.QyanbHbiMI1 napaMeTpaMI1 
A j cy6a,qpeC08, 1lBilRIOL!I11MI1CR MHO>K11TeilRMI1 CI>YHK4111':i 
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<I> a = N i • A j • Fk' 

onHCbJBaiOt1~1-1X panoTy norH4eCKHX cxeM U6. MHO)I(HTellH N j 1-1 A j H Hx 
npOH3BeAeHHR, KaK HeTPYAHO BHAeTb, MO)I(HO paccMaTpl-1BaTb KaK na
paMeTp~ o60COOJleHHR COOTBeTCTBeHHO npOI-13BeAeHH~ Aj.Fk H MHO
)I(HTeJleH Fk, KOTOPble B CHJlY :nora 1-1 110380JlRI'lT npHCBaHBaTb o6o
C00JlReM~M HMH COCTaBJlRI'l~HM npaKTH4eCKH npOH3BOJlbHO AOnyCTHM~e 

AilR AaHH~X PC KOAbl cyfiaApecoe H KOMaHA. Ha caMOM Aene, noKa 

B LIHc'lpOBOM OilOKe 1-1 ero cy6aApece He 6YAYT B036Y)I(AeHbl npHHaA
Jle}l(aJl.IHe HM N j H A j, 8 HeM 6YAYT He4yBCTBHTeilbH~MH K BHeWHHM 

B03Ae~CT8HRM JlOrH4eCKHe CXeMbl, 8 KOTOP~X peailH308aHbl npOH3ee
AeHHR A j • 'F k H MHO)I(HTenH Fk , H Hao6opoT, c eo36Y)I(AeHHeM 3a
AaHH~x Ni H A j C03AaJOTCR ycnoBHR eblnonHeHHR Taro COAep)l(aHHR 

3THX npOH3BeAeHH~ H MHO)I(HTeJle~, KOTOpOe B HHX 6yAeT 3aJlO)I(eHO 

CXeMHO. 3TO OOCTORTeJlbCT80 coeepWeHHO 04eBHAHO, HO OHO oco6o 
aKL.IeHTHpyeTCR 3AeCb B CBR3H C TeM, 4TO n03BOJlReT OOOCHOBaTb 
B03MO)i(HOCTb He TOJlbKO npHCBOeHHR OAHHM H TeM )l(e n03HL.11'10HHbiM 

KOAaM pa3IlH4H~X KOMaHA, HO H B03MO)I(HOCTb COBMe~eHHR B pai:ioTe 

LIH<!JPOBbiX 6JlOKOB, B~nOilHReMbiX no pa3JlH4HbiM CnHCKaM KOMaHA, Ko
TOp~e MO)I(HO COCTaBilRTb AilR ynpaBJlRIO~HX WHH CHCTeM,8 4aCTHOCTH, 

3TO o6CTORTeJlbCTBO 1103BOI1ReT nOHRTb 0 4TO HCnOilb30BaHHe OnK,Ha

npHMep,B cTaHAapTax BEKTOP HilH KAMAK He npHBeAeT K KaKHM-nH6o 
H3MeHeHHRM HX CTaHAapTHbiX OCHOB 3a HCKill'l4eHHeM llOPRAKa KOMaHA 

e HHX, HO no3BOI1HT e npeo6naAaiOJl.leM 6onbWHHCTBe HX LI~'~CI>POBbiX 

6nOKOB ycTpaHHTb ABOH4HO-AeCRTH4Hble AeWH$PaTOP~ cy6aApecoe 

1-1 KOMaHA, 
11 Ha KOHell, B nocneAHee epeMR 6b1Jl0 nOHRTO, 4TO OnK MO>KHO 

npHMeHHTb AilR ycTpaHeHHR AeWH<!JpaTOpOB KOMaHA He TOilbKO np~-1 

4HCile flOCileAHHX, orpaHH4eHHOM KOilH4eCTBOM WHH KOMaHA, HO H 
npH 3Ha4HTeJlbHO 6onbweM. 3Ta B03MO)I(HOCTb 3aJlO)I(eHa e HailH4HH 

npaKTH4eCKH e Ka}:<AOM LIHropoeoM 6noKe cyt•~eCTBYIOJl.IHX PC peanbHO 
He HCI10Jlb3yeMbiX 1-1111'1 OnK,HJlH BbiXOAOB AeWHCI>paTOpOB cy6aApeCOB, 
3TO o6CTORTeJlbCTBO HeCKOJlbKO H3MeHReT YCJlOBHR 8bi00pa 4HCJla 
WHH KOMaHA PC, KOTOpble 6bJilH paCCMOTpeHbl 8 pafioTe/2/, OCTa8JlRR 

3TOT eonpoc no cy~eCT8Y OTKpbiTbiM, XOTR, OAHaKO, H3-3a L.leile

C006pa3HOCTI-1 3aKpenneHHR OnK 3' CI>YHKL.II'IOHaJlbHO llOilHO~ rpynnoi1 
KOMaHA, npH8eAeHHbiX 8 pa60TaX 1.2/, >KeJlaTeJlbHO HMeTb WeCTb 

WHH KOMaHA. Tenepb 3TY 3aAa4y npH orpaHH4eHHOM 4HCJle cyfiaApe
COB MO~HO peWHTb 3a C4eT 1'1CilOJlb30BaHHR peaep8HbiX cj>yHKLIH~ WHH 
cy6aApeco8. 8 Ka4eCT8e npHMepa peanH3al.IHH 803MO)I(HOCTH y8enH-

4eHHR 4HCJla KOMaHA C OnK 3a C4eT HC110Ilb308aHHR peaep8HbiX /He 
HCnOJlb308aHHbiX/ c)lyHKLII-1~ WHH cy6aApeCOB 3AeCb npH8eAeHa CXeMa 
BbiAelleHHR 10 KOMaHA OAHOperHCTP080ro LIH¢P080rO OJlOKa C nOMOJl.lbn 
onK Al 1'1 A2 WHH cy6aApecoe. no aHanorHH c 3TO~ cxeMO~ MO>KHO 
COCTa8JlRTb pa3Jli-14Hble 8apHaHTbl BbiAeJleHHR KOMaHA, HCI10Jlb3YR HilH 
4eTblpe KOAa OnK, HilH 16 8~XOA08 AeWHcj>paTOp08 WHH cy6aApeC08, 
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JlorHtiecKaH cxeMa BbJAeJieHHH I 0 KOMaHA 3a ctieT yMHOlKeHHH 

5 OTIK lliHH KOMaHA Ha OTIK A 
1 

11 A
2 

DIHH cy6a)J;pecoB B O)J;Ho

perHCTpOBOM UH¢poBOM 6JioKeo 

TaKHM o6pa3oM, peanbHO He HcnoJlb308aHHble CI>YHKLIHH cyf5aApeco8 
MO)I(HO llPHMeHHTb npaKTH4eCKI-1 AJlR n04TH llOJlHOrO HCKJ1104eHHR B 

LIHCI>P08biX 6noKax co8peMeHHbiX PC AeWH<!>paTopo8 KOMaHA H npH 4Hc
ne llOCJleAHHX, 3Ha4HTeJlbHO npe8b1WaiO~eM 4HCJ10 WHH KOMaHA. TaKOe 
HCI10Jlb308aHHe WHH cy6aApeC08 pacWHpReT HX cj>yHKLIHH, npaKTH4eCKH 
npeAOCTaBJlRR HM pOJlb He TOilbKO 8bJ6opa cy6aApeC08, HO H y4aCTHR 
B cj>OpMHPOBaHHH KOMaHA, BblnOJlHReMbiX 8 L.1H!fJp08biX 6noKaX, 

Tenepb nocMOTpHM, coxpaHRIOTCR 111-1 npH 3TOM 803MO)I(HOCTH Hc

nonb308aHHR cy~ecTBYIOI!.Iero nporpaMMHoro o6ecne4eHHR e coepeMeH

HbiX PC. 
Ha 3TOT eonpoc cy~eCT8yeT OAH03Ha4HbiH llOilO>KHTeilbHbiH OT8eT, 

T.K, HCnOJlb308aHHe OnK npH80AHT K pa3JlH4HbiM KOM6HHaLIHRM ynpa8-

Ilf!IO~HX KOA08 WHH PC, npH 3TOM e~>opMa aanHcH CI>YHKLIH~ e HHX co

xpaHReTCR, 
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Ha caMOM Aene, B CHCTeMe $YHK~H~, K KOTOPO~ npHBOAHT Hc
nonb30BaH~tte OnK, 

<110 ,. N .• A .• Fk , 
I J 

<Ill = Ni • A j • F KII . 

<112= Ni. Ajll' FK. 

<113 = N i • A jn' F Kll • 

ofiocofineHHble MHO>K~t~Ten~tt C n03H~HOHHbiMH KOAaMH WHH cyfiaApeCOB 
A jll H KOMaHA F KII , He Tpe6yiO~qHe Anfl ceoero BbiAeneHHfl AeWH$pa

TOpOB, BXOAflT B MHOlKHTenH COOTBeTCTBYIOII\HX HM niOfibiX ABOH4HbiX 
KOAOB Aj H FK, Tpe6yiO~HX Anfl CBoero B~AeneHHfl ABOH4HO-AeCflTH4-
H~X Aew~tt~paTopoe "" np~t~HflT~x a cy~qecTBYIOII\HX PC. B c~ttny 3Toro 
>Ke tl>YHK~HH cl> 1 , $ 2 "" $ 3 . BKnl04aiQ~q~tte a ce6fl oooco6nfleMble MHo
>KHTen~tt Ajn , FKn H HX npOH3BeAeHHfl, B CBOIO 04epeAb, np~t~HaAne
>KaT MHO>KecTey ci>YHK~~ttl:l dl0 , TaK>Ke xapaKTepH~x Anfl coapeMeHHbiX PC. 
TaK, Hanp~t~Mep, a cTaHAapTe KAMAK o6~qee 4~ttcno ¢yHK~H~ $ 0 np~tt 

Ni =1 paBHO 16•32 = 512, a KOnH4eCTBa BXOAflLqHX B HHX $YHK~H~ 
$1, ¢2 H tl>3 COOTBeTCTBeHHO paBHU 16•5 = 80, 4•32 = 128 H 
4·~ = 20. B CBfl3H c TeM, 4TO np~tt 3TOM "" $opMa 3an~ttc~tt $YHK~~t~R 
C OnK OCTaeTCfl npe>KHe~, TO MO>KHO C4HTaTb, 4TO H ycnOBHfl HX 
3an~t~CH B nporpaMMaX Anfl cy~qeCTBYIOLqHX CHCTeM TaK>Ke He H3MeHflT
Cfl, a cneAoeaTenbHO, coxpaHflTCfl H ycnoe~ttfl ~ttcnonb3oeaH~ttfl cy~qecT

BYIOII\ero nporpaMMHoro o6ecne4eHHfl coepeMeHH~x PC. 
HCHO, 4TO Anfl 6onee YA06Horo ~ttcnonb30BaHHfl onK ~enecoo6pa3-

HO cn~ttcK~tt KOMaHA cy~qeCTBYIOII\HX PC cocTaBnflTb c y4eToM ~ttx oco-
6eHHocfe~. 0AHaKO B np~t~H~Hne Ha npaKTHKe AOCTaT04HO K cy~qecT
BYIOII\HM CnHCKaM KOMaHA AOfiaBHTb npae~ttna npaKTH4eCKOrO npoeKTH
pOBaHHfl ~H$pOB~X finOKOB B COOTBeTCTBHH C $yHK~HflMH $1, ¢2 H $3, 
np~t~BeAeHHbiMH Bblwe, H AOnonHHTb HX cxeMol:i Anfl aeToMaT~tt4ecKoro 

CKaHHpOBaHHfl cyfiaApeco~3~He06XOAHMO~ Anfl pafioT~ CHCTeM B ae
TOHOMH~X ycnOBHflX, 

0AHaKO COCTaBneHHfl HOB~X CnHCKOB KOMaHA fiOflTbCfl He cneAYeT, 
T.K. np~tt 3TOM B CHCTeMe COXpaHfliOTCfl ycnOBHfl Anfl COBMeCTHO~ 
pafiOTbl ~H$pOBbiX 6nOKOB, pa3pafioTaHHbiX H pa3pafiaTbiBaeMbiX niOfibiMH 
$HpMaMH no n106~M CnHCKaM KOMaHA nyTeM Han~ttcaHHfl nporpaMM HX 
pa60Tbl no TeM cn~ttcKaM, no KOTOpbiM npo~tt3BOA~ttnacb ~ttx pa3pa6oTKa, 
KaK 3TO H cneAYC l t~3 BbiWeH3nO)!(eHHOrO. 

MO>KeT noKa3aTbCfl, 4TO ~H$POBble finOKH, B KOTOpbiX HCnOnb3y
IOTCfl onK, fiYAYT 4YBCTBHTenbHbl K noMexaM OT APYr~ttx V.OAOB. OA
HaKo H3BeCTHO, 4TO nofleneH~tte TaKitiX 110W~tt604HbiX 11 KOAOB npH He
OfiXOAHMOCTH nerKO MO>KHO HCKnl041t!Tb nyTeM HCnOnb30BaH~ttfl ~eHTpa
nH30BaHHbiX HecnO>KHbiX no CXeMe nor~tt4eCKI-1X 3neMeHTOB 11HCKnl04aiQ
Lqee HnH", XOTfl flCHO, 4TO 6onee COCTOflTenbHO 3TOT BOnpoc pewaeT
CR ~ttcKnl04eH~tteM ow~tt6oK np~tt HanaAKe nporpaMM pa6oT~ PC. 
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CneAYeT TaK>Ke OTMeTHTb, 4TO npHCBOeHHe onK $YHK~HflM ~H$po
B~X finOKOB, B KOTOp~x B03MO>KHO HX np~t~MeHeH~tte, fionee npeAn04TH
TenbH0,4eM ~ttcnonb30BaHHe Anfl AeKOAHPOBaHHfl OnK MOAyne~ T~ttna 
HA3, HA4 "" EPROM, T. K. KaKHMii! 6bl coeepweHHbiMH nocneAHHe HH 
fi~n~tt, OHH, C OAHOM CTOpOHbl, OKa>KyTCfl B npeofinaAaiOLqeM fionbWHH
CTBe ~~tt¢pOBbiX 6nOKOB H36biT04HbiMH, yeenH4HBaiOWHMH BCneACTBHe 
3Toro HeHaAe)!(HOCTb pa6oTbl PC a ~enoM ""• c APYrol:l cTopoH~,oH~tt 
AOPOrH H Ae$~tt~HTHbl, a OnK B cpaeHeHHH C HHMH HH4ero He CTOflT, 
cxeMHoro a~nonHeH~ttfl He Tpe6yiOT, ~t~CKnl04aiOT a 6onbWHHCTBe U6 
~ttcnonb30BaH~tte MOAyne~ HA3, 11A4, EPROM "" TeM caMbiM no3aonfliOT 
noebiCHTb He TOnbKo 3KOHOMH4HOCTb coapeMeHHbiX PC, HO H H2Ae>K
HOCTb ~X pafiOTbl. np~tt 3TOM flCHO, 4TO H nor~tt4eCKHe CXeM~ B~Aene
HHfl $yHK~HM C HCnOnb30BaH~tteM OnK, KaK 3TO HeTPYAHO BHAeTb 1-13 
pacCMOTpeHHOI:i B~We CXeM~, TaK>Ke MOryT fi~Tb B~nonHeH~ B BHAe 
MOAyneR, HO 6onee npocTbiX no cxeMe, HeAopor~ttx H HaAe>KHbiX a pa-
6oTe. 0AHaKO HCnOnb30BaHHe OnK He HCKnl04aeT H HCnOnb30BaHHfl 
np~tt Heo6xOAHMOCTH MOAyne~ HA3, HA4 "" EPROM. TaKafl Heo6XOAH
MOCTb, Hanp~t~Mep, MO>KeT B03HHKHYTb a U6 KAMAK np~tt 4~ttcne cy6-
aApecoe B HHX, 6n~tt3KOM HnH paBHOM 16, H np~tt 4HCne KOMaHA npH 
Ka>KAOM 1-13 HHX, fionbWeM 4HCna WHH KOMaHAo 

TaK~t~M o6pa3oM, npaKTH4eCKH HeT H~t~KaKHX np~t~H~~ttn~ttanbH~x npe
nflTCTBH~ K np~t~MeHeHHIO onK B ~H$POB~X 6noKax coepeMeHH~X PC 
eMecTo AeW~tt$paTopoe ynpaeneH~ttfl a ycnoBHflX, paccMoTpeHH~X a~we. 

$aKTH4eCKH OnK COBMeCTHO C APYrHMH ABOH4H~MH KOAaMH HH$Op-
1Ma~HH WHH ynpaaneHHfl PC no3eonfliOT o6beAHHHTb cao~cTea 3KOHO
MH4HOCTH paHee cy~qecTBYIOII\HX PC c W~t~HaMH ynpaaneH~ttfl, HH$OpMa~~ttfl 

Ka>KAO~ 1-13 KOTOp~X HMeeT AHCKpeTHOe 3Ha4eHHe, C WHPOKHMH $YHK
~HOHanbHbiMH B03MO>KHOCTflMH coapeMeHHbiX PC c W~t~HaM~tt ynpaeneH~ttfl, 

HH$OpMa~Hfl B KOTOpbiX 3aAaeTCfl B ABOH4HbiX KOAaX 6e3 B~AeneH~ttfl 
onK. 
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