Tema 8
KongeiiepHasi opranu3anusi 1 NPUHIUILI KOHBeHEePHOH 00padoTKHU

OcHOBHBIE BONIPOCHI:

8.1. Ilpocreiimuii KOHBEWep KOMaH]I U OIIEHKH €T0 3 (PEKTUBHOCTH

8.2. YpoBHU KOHBEWEpHU3aINH

8.3. [lonaTue KOH(INKTOB B KOHBEWEPE U MyTH UX YCTPAHEHUS: CTPYKTYpPHBIC
KOH(JIMKTHI, KOH(PIUKTHI IO JAHHBIM U MO YIPABJICHUIO

8.4. Peanuzanust TOUHOTO MpepbIBaHUs B KOHBEMepe

8.5. JlnuHHbIE KOHBEHEPHI

Pa3paboTtunku apXUTEKTypbl KOMITBIOTEPOB W3JaBHA MpHOETAHM K METoiam
MIPOCKTUPOBAHUS, U3BECTHBIM TOJI OOIIUM Ha3BaHHUEM 'coemeuyenue onepayuit', npu
KOTOPOM arlnaparypa KOMITbIOTEPA B JIFOOOH MOMEHT BPEMEHH BHITIOJHIET OJTHOBPEMEHHO
Oosee ogHON 6a30BOI OTEpAIIHH.

OTOT OOHIMIT METO BKIIOYAET JIBA MOHATUS: RAPALIEAUIM U KOHEEUEPUIAUUID.
OTH TEPMHUHBI OTPAXAIOT JABAa COBEPUICHHO pa3lWyHbIX noaxona. Ilpu napannenuszme
COBMEIIEHNE OIEepalMi JOCTUTAeTCA IIyTEM BOCIPOU3BEICHUS B HECKOJBKUX KOIHIX
anrmapaTtHoM CTPYKTYpbl. BpiCOkasgs NPOU3BOAUTENBHOCTH JIOCTUTAETCA 3a CUET
OJIHOBPEMEHHOW palbOThl BCEX OJJIIEMEHTOB CTPYKTYp, OCYIICCTBISIOMIUX pPEIICHUE
Pa3JIMYHBIX YACTEU 3a1auu.

Koneeiiepuszayusa (unu koHseiiepHas o0paboTka) B oOIIeM ciydae OCHOBaHa Ha
pas3zeneHny Mo yIeKalield NCTIOHEHUIO GYHKIIMKA Ha 00JIee MENIKHe YacTH, Ha3bIBaeMbIe
CTYNEHSAIMM, ¥ BBIJICJICHUU I KaXJIOHW W3 HUX OTACIBHOTO Oyioka ammapatypbl. Tak
00paboTKy 000N MAIMHHOW KOMaHJbl MOXKHO pa3JIeiUTh Ha HECKOJBKO JTaloB
(HEeCKOJIBKO CTYIICHEH ), OpraHu30BaB Mepeaavy JaHHBIX OT OJHOTO 3Tara K CJICAYIOIEMY.
[Tpu sTOM KOHBeEHepHYI0 00pabOTKY MOXKHO HCIIOJIh30BaTh JJII COBMEIICHHS JTAIlloB
BBITIOJIHCHUST Pa3HBIX KOMaHJ. [IpOM3BOIUTENLHOCTh MPH 3TOM BO3pacTaeT OJyiarojaps
TOMY, YTO OJJHOBPEMECHHO Ha Pa3JIMYHbIX CTYICHIX KOHBEHepa BHIMOIHIIOTCS HECKOIBKO
komaHj. KonBeliepHass o0paboTka Takoro pojaa IMUPOKO TPUMEHSETCS BO BCEX
COBPEMEHHBIX OBICTPOJICHCTBYIOMIUX MPOIIECCOpax.

8.1. [Ipocreiimmuii KOHBeiiep KOMAaH/ U OLleHKH ero 3(PpPeKTUBHOCTH

JUIs WJUTIOCTpAallMd OCHOBHBIX INPUHLHMIIOB IOCTPOEHMSI MPOLECCOPOB Oyaem
UCIOJIb30BaTh IMPOCTEHUIYIO apXUTEKTYPY, COAEPXKALIYIO 32 IEOUYUCIEHHBIX PErucTpa
obmero HazHauenus (RO,...,R31), 32 peructpa mnaparomieit Touku (FO,...,F31) u cueTunk
koman PC. bynem cuntarh, 4T0 HaOOp KOMaH]I HAallIeTo MPOIECCOpPa BKIIOYAET TUITHYHBIC
apu(MeTH4ecKre U JIOTUYECKHE ONepaliy, ONepaluy ¢ IIaBaromell TOYKOW, onepanun
NEPECHUIKU JAHHBIX, ONIEPAIIMH YIIPABJICHUS TOTOKOM KOMAaH]l U CUCTEMHbIE onepauuu. B
apupMeTHUEeCKMX KOMaH/1aX UCIIOJIb3yeTcsl TpexaapecHblit popmat, Tunuanblil i RISC-
NPOLECcCOPOB, a sl 00paIIeHus K MaMsITH UCIIOJIb3YIOTCS OTIEpallii 3arpy3KU U 3alHiCH
COJIEP)KMMOI0 PETUCTPOB B MaMSTh.

BrinonaHenne THMIMYHON KOMaH Ibl MOKHO Pa3/IeuTh Ha CICAYIOIINE ITAlbl:
e BoIOOpKa KoMmaHabl — IF (o agpecy, 3amaHHOMY CUETYMKOM KOMAaH], U3
MaMsTH U3BJICKACTCSl KOMaH/IA);

® JIEKOAMPOBaHUE KOMaH/bI / BEIOOPKA OmepaHa0B u3 peructpos — I1D;



e BBHINOJHEHUE Olepanuu / BeYUCIEeHUE 3(PPEeKTHBHOTO aapeca MaMaTd —
EX;

e oOpamenue k namsata — MEM;

e 3anoMuHaHue pesyaprata — WB.

UYroObl KOHBEWEPH30BaTh BBIOJHEHHE KOMaHJ MOXHO IPOCTO pa30OHUTh
BBITNIOJIHEHUE KaXKJI0M KOMaHJbl Ha YKa3aHHBIC BBILIE 3Tallbl, OTBEISA JJI BBIIOJHEHUS
KQKJIOTO dTarna OJUH TAKT CUHXPOHU3AIMU, U HAYMHATh B KaXJOM TaKTE BBIIIOJIHEHUE
HOBOM KOMaHIbl. [l XpaHEHHs MNPOMEKYTOUHBIX pe3yJbTaTOB KaXXJOro JTala
HEOOXO/JMMO HCIIONIb30BaTh pecucmposyro cmanyuro (namarb). [IpoMexyTouHsie
pPErucTpoOBBIE CTAHIMM OOECIEeUrBAIOT Mepeaady JaHHBIX M YIPABISIIOIIMX CUTHAJIOB C
OJTHOW CTYNEHU KOHBEHepa Ha CIENyIoIyr. XOoTs o0miee BpeMs BBIOJHEHHUS OTHOU
KOMaH/Ibl B TAKOM KOHBEIepe OyJeT COCTaBIATh MSTh TAKTOB, B K&KIOM TaKT€ ammaparypa
OyZAeT BBIMIOJIHATH B COBMEILIEHHOM PEXHUME MATh Pa3IMYHbIX KOMaH/.

Paboty xoHBeliepa MOKHO YCJIOBHO IPEJICTABUTh B BUAC CABUHYTHIX BO BPEMCHHU
cxem mporeccopa (puc. 8.1). DTOT pUCYHOK XOPOIIO OTpaKaeT COBMEIICHUE BO BPEMEHHU
BBITIOJTHEHUSI PA3NIMYHBIX dTanoB koMaHn. OJHAKO Hamie JUisl MpeACTaBlIeHUs paOOThI
KOHBEIepa HCIOIb3YIOTCS BPEMEHHBIE auarpammbl (puc. 8.2), Ha KOTOPHIX OOBIYHO
M300paXKar0TCs BHITIOJIHAEMbIE KOMaH/Ibl, HOMEpa TAKTOB U STAaIbl BHITIOJIHEHUS KOMaH]I.

Konpeliepuzanuss  yBelnWMYMBAET  TMPOIMYCKHYK  CIOCOOHOCTH  Iporieccopa
(KoIMUYecTBO KOMaHJ, 3aBEPIIAIOIINXCS B €IMHUILYy BPEMEHH), HO OHA He cOKpauiaem
eépems G6bINOJIHEHUA OMOEIbHOU KOMAHObl. B NENCTBUTEIBRHOCTH, J1a)K€ HECKOJIBKO
YBEJIMUYMBACTCS BpPEMsI BBIMOJHEHUS] KaXXKJA0M KOMaHAbl M3-32 HAKJIAJIHBIX PacXoJOB,
CBSI3aHHBIX C YIPABJICHUEM PETUCTPOBBIMHU CTaHIUAMU. OJTHAKO YBEIMYEHUE TPOMYCKHOM
CIOCOOHOCTH 03HAYAET, YTO MporpamMma OyJIET BBIMOIHATHCS ObICTpEE MO CPaBHEHUIO C
MPOCTON HE KOHBEMEPHOM CXEMOI.

Tor ¢akr, yTo Bpems BBIIIOJHEHUS KaXIOW KOMaHAbl B KOHBeWepe He
YMEHBIIAETCS, HAKJIAAbIBAET HEKOTOPHIE OrPAHUYEHUS HA MPAKTHUYECKYIO JJIMHY
KoHBerepa. Kpome orpannyeHunii, CBA3aHHBIX C 3aJEPKKOM KOHBEMEpA, UMEIOTCS TaKKE
OTpaHUYEHUs, BO3HUKAIOIINE B pe3yJIbTaTe HecOaIaHCUPOBAHHOCTH 3aJIEPKKH Ha KaX10H
€ro CTYIIEHH U M3-3a HAKJIaIHbIX PACX0J0B Ha KOHBeepHu3alno. YacToTa CHHXpOHU3ALUN
HE MOJKET OBITh BBIIIIE, a, CICIOBATEIHHO, TAKT CHHXPOHU3AINHA HE MOXKET ObITh MEHBIIIE,
4yeM BpeMs, HeoOxoaumoe it paboThl HanboJiee MEAJIEHHOM CTyIeHU KOHBeepa.

HaxanHble pacxo/bl Ha OpraHU3alUI0 KOHBEHepa BOSHUKAIOT U3-34:
* 3aJIep>KKU CUTHAJIOB B KOHBEHEPHBIX perucTpax (3alenkax) u
*  H3-3a [IEPEKOCOB CUTHAJIOB CUHXPOHU3ALUN.

KongeiiepHbie perucTpsl K JAIUTEILHOCTH TaKTa JA00ABJISIOT BPEMs YCTAHOBKH H
3aJIEPIKKy PACTIPOCTPAHEHHUs CUTHAIOB. B mpenenbHOM ciiydae IJIMTENBHOCTh TaKTa
MOXHO yMEHBIIIUTH JI0 CYMMBI HaKJIQJHBIX pacXOJOB M TIEPEeKOoca CUTHAJIOB
CUHXPOHM3AIIMH, OJHAKO MPU TOM B TAaKT€ HE OCTAHETCS BPEMCHHU ]IS BBITIOJHCHUS
MOJIE3HOM pabOTHI MO MTpeodpa3oBaHUI0 UHPOPMAITIH.
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Puc. 8.1. Cxemsl mporieccopa, peanu3yromue KoHBeiep KOMaH 1
Homep xoMaH b1 | Homep Takra |
1 2 3 4 5 6 7 8 9
Komanpa i IF [ ID| EX | MEM WB
Komanpa i+1 IF | ID EX MEM WB
Komanma i+2 IF ID EX MEM | WB
Komanpa i+3 IF ID EX MEM | WB
Komanna i+4 IF ID EX MEM | WB

Puc. 8.2. [Ipeacrasnenue o pabote KoHBeliepa B (hopMe BpeMEHHOM 1HarpaMmbl

B kauecTBe mpumepa pacCMOTPUM HE KOHBEUEPHYIO MAIMHY C MATHIO 3TaraMu
BBITIOJIHEHUST OTIEpalldii, KOTOpbIE, HAIPUMEDP, UMEIOT mutenbHocTh 50, 50, 60, 50 u 50
HC cOOTBeTCTBEHHO (puc. 8.3). [lycTh HakIaiHBIC pacX0 bl HA OpraHU3AIUI0 KOHBEHEPHOH
o0paboTku coctaBisitoT 5 HC. Torma cpeaHee BpeMs BBIIIOJIHCHHS KOMAaHIBI B HE
KOHBeiepHOW MamuHe Oyner paBHO 260 Hc. Ecnmm ke ucmonb3yeTcsi KOHBeHepHas
opraHu3aIys, JJIUTeIbHOCTh TakTa OyIeT paBHa JJIUTEILHOCTH CAMOTO MEJJICHHOTO dTara
00paboTKHU TUTIOC HAKJIAJHBIE PACXObl, T.€. 65 HC. DTO BpeMsl COOTBETCTBYET CpEIHEMY



BPEMEHHU BBINIOJIHEHHS] KOMaH/Ibl B KOHBelepe. Takum 00pa3oM, yCKOpPEHHUE, MOITYYEHHOE
B pe3yibTaTe KOHBeepu3auu, OyaeT paBHO OTHOIIeHHUIO 260/65=4:

Cpennee BpeMs BHIIIOJIHEHUSI KOMaH bl B HE KOHBeiepHOM pexkume = 260

Cpennee BpeMs BBIIIOJIHEHNSI KOMaH/Ibl B KOHBEMEPHOM pexume = 6

Cpeonee 6pems 8bin. KOMAHObL 8 HEKOHBEUEPHOM pPedcUMe

Ycxopenue om xoneetiepusayuu kKomanowl = -
Cpeonee 8pemst 8bIN. KOMAHObL 8 KOHBEUEPHOM pedcuMe

Yckopenue oT koHBerepu3anuu = 260/65=4.

| 260 He 260 =C 260 He

0050 [ a0 [ 50 | 50| 50 30 [ &0 [ 30 ) S0 ) 50 50 | &0 | 50| 50

Foagarioe [ Foaarda 2 Foaserecier 3

HexonseHepnoe BEOT0IME HHE

| 65 | 65 | 65| 65 | 65
I

Fomerioa I a0 | 60 | 60 | 60 | 60

Foaerioey 2 a0 | 60 | a0 | a0 | &0

Foaeraoe 3 ald | a0 | a0 | an fal

5 5 5 5 5

KonpeiiepHoe BLIN0IOHEHHE

Puc. 8.3. DddexT oT KoHBelepr3aluy IpH BBIOJIHEHUH 3-X KOMaH] — YETHIPEXKpPATHOE
YCKOpEHHUE

O6mas dopmyna ycKopeHHsS Il apu(METHYECKOTO KOHBEHEpa MOXKET OBITh
HoJy4yeHa Ha MPUMEpe CIOXKCHUs JIBYX BEKTOPOB JUIMHBI N C IJIABAMOIICH 3arsiTOd B
KOHBEHEPHOM PEIKUME M UMEET BHI:

n#*k

(n+k)
riae K — ducio cTyneHeil KoHBeiepa, a N — JIJIMHa OJHOM MOCIIeI0BATEIbHOCTH UCXOIHBIX
JIAaHHBIX.

BaxxHOol  XapakTepuUCTHKOM KOHBEHEpHOW o0oO0pabOTKM SBISETCS  CpEaHee
xosimdectBo TakToB (CPI) 1y1s BBITIOSIHEHUS KOMaH bl B KOHBEHepe:

CPI xounBetiepa = CPI uneanbHOro KoHBelepa +
[IprocTaHOBKH M3-3a CTPYKTYPHBIX KOH(IUKTOB +
[TprocTanoBku n3-3a KOHGIUKTOB THITAa RAW +



[TpuoctanoBku n3-3a KOHGIUKTOB THITAa WAR +
[TpuocTanoBku n3-3a KOHGIUKTOB TUITa WAW +
[TprocTanoBKM M3-32 KOH(GIMKTOB MO YIIPABICHHUIO

CPI uoeanvnozo Koneeﬁepa €Cmb He Umo UHO0é, KAK MAKCUMAIbHAA RPONYCKHAA
Cﬂ0€06l-l0€mb, oocmudcumas npu peaiuszauuu.

YMeHbIlasi Kak/10€ U3 CIIaraéMbIX B IPaBOl YacTU BBIPAKECHHS, MUHUMHU3UPYEM
ooumit CPI koHBeliepa M TakuM 0OOpa3oM YBEIMYMBAEM IPOIYCKHYIO CIIOCOOHOCTH
KOMaHJZl. OTO BBIP@XKEHHE IO3BOJISIET TAKXKE OXapaKTepU30BaTh Pa3JIMYHBIE METOJbI
cokparienust CPI, mo Tomy kommoneHty o61iero CPI, KoTOpsIii COOTBETCTBYIOIINI METOT
YMEHBIIAET (CM. HUXKE).

8.2. YpoBHM KOHBeiliepu3aunu

e MakpokoHBeMEp — KOHBENEPHU3ALKsI HA YPOBHE MTPOLECCOPOB

* KoHBeliep KOMaH]1 — KOHBEWEpHU3alusl KOMaH/I IpoLeccopa

* Kouseilep apudmernyeckuii - KOHBelepHu3alusg Ha YPOBHE BBIMOIHEHUS
KOMaH/JI ITpo1eccopa

8.3. IlonsiTHe KOH(IUKTOB B KOHBelepe U MyTH UX YCTPAHEHUS:
CTPYKTYPHBbIE KOH(IUKTHI, KOHQIUKTHI 10 JAHHBIM H 10 YIIPABJICHUIO

Kongeilepuzanus 3¢ ¢pexkTuBHa TOIBKO TOTa, KOT/Aa 3arpy3ka KoHBelepa O1u3Ka K
IIOJIHOW, a CKOPOCTh IOJIaYX HOBBIX KOMAaHJ M ONIEPaHAOB COOTBETCTBYET MAKCUMAIILHON
IIPOU3BOJIUTENBHOCTU KOHBeMepa. Eciu npou3oiiner 3ajaepkka, TO napajulesbHO Oyner
BBITIOJIHATHCS MEHBIIE ONEPALMNA, U CyMMapHasi IIPOU3BOJUTEIBHOCTh CHU3UTCS. Takue
3aJIep’KKU MOTYT BO3HUKATh B PE3yJIbTaTe BO3SHUKHOBEHUSI KOHQIMKTHBIX CUTYaIHil.

[Ipu peanusanuu KOHBEHEpHOH OOPaOOTKH BO3HHMKAIOT CHUTYallH, KOTOPBIE
NPENSATCTBYIOT  BBIIOJHEHUIO  OYEPEIHOM KOMaHAbl W3 I[OTOKa KOMaHJI B
IIPEIHAa3HAYCHHOM I Hee TakTe. Takue CUTyalluH Ha3bIBAKOTCS KOHauKmamu.
KoH(IUKTBI CHIKAIOT peabHYI0 MPOU3BOJUTENBFHOCTh KOHBEWEpa, KOTopas Moria Obl
OBITh TOCTUTHYTA B UJCAIILHOM CITy4ae.

PaccMoTpuM pasznuuHble TUIBI KOH(JIMKTOB, BO3HUKAIOIIME IPHU BBHIIOJHEHUU
KOMaH]| B KOHBelepe, U CocoObl UX pa3pelieHus.

Cy1ecTByIOT TpH Ki1acca KOH(IUKTOB:

1. CrpykTypHBble KOH(IHMKTBI, KOTOPbIE BO3HUKAIOT H3-32 KOH(JIUKTOB IO
pecypcam, KOrja anmnapaTHbIE CPEACTBA HE MOTYT IOAJIEPKUBATH BCE BO3MOYKHBIE
KOMOWHAIIUN KOMaH/ B p&KHME OJJHOBPEMEHHOT'O BBITIOJIHEHUS C COBMEIIEHUEM.

2. KonpauKTHl M0 JaHHBIM, BO3HUKAIOIIME B CIIy4ae, KOIJa BBINOJIHEHUE
OJIHOW KOMaHJbl 3aBUCHT OT PE3yJIbTAaTa BBIIOJHECHUS NPEAbIAYIIEH KOMaHIbI.

3. KoH(IHMKTBI N0 yNIpaBJeHHI0, KOTOPbIE BO3HUKAIOT IPHU KOHBEHEpHU3aINU
KOMaHJ| NepexoJ0B M IPYIMX KOMaH]I, KOTOPbIE M3MEHSAIOT 3HAa4Y€HHME CUYETUMKa
KOMaHJ,.

KoH(pmukTHI B KOHBEWepe MPUBOIIT K HEOOXOIMMOCTH IMTPUOCTAHOBKH BHITIOJTHEHUS
komaHj (pipeline stall). OObI4HO B mpocTeHIIUX KOHBEHEpax, eciau MPUOCTaHABIUBACTCS
Kakas-1u00 KOMaH[a, TO BCE CICIYIOIINE 32 Hel KOMaH/Ibl TaK)Ke TPUOCTaHABIMBAOTCS.
Komannel, npeowecmeyrowjue TpUOCTAHOBICHHON, MOTYT HPOOOJIAHCAMb BbINOIHAMbBCA,
HO BO BpeMsI IPUOCTAHOBKU He 8b10Upaemcsi HU 0OHA HOBASl KOMAHOA.
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Puc. 8.4. Ilpumep cTpyKTypHOTO KOH(MIMKTA MPH peaIN3alUy TaMsITH ¢ OJHIUM ITOPTOM

CoBMeIlleHHBI pEeXHUM BBIIIOJHEHUs] KOMaHa B oOmieM ciiydae TpeOyer
KOHBelepu3aun (QyHKIUOHAIBHBIX YCTPOMCTB W JIyOJIMpOBaHMSL pPECYpCOB IJis
pa3penieHns BCceX BO3MOXKHBIX KOMOWHAIMK KOMaHH B KoHBelepe. Eciau xakas-HuOynb
KOMOUWHAITUS KOMaH 1 HE MO>KET OBITh MPUHSTA M3-3a KOH(IIUKTA I10 pecypcaM, TO TOBOPSIT,
YTO B MAIIMHE UMEETCS] CTPYKTYPHBIN KOH(DIIUKT.

BosnukaeT Bompoc: nouemy pa3pabOTUUKH JOMYCKAIOT HAIUYUe CHPYKMYPHBHIX
Kon@hnukmog? J1Jist 5T0ro UMEIOTCs IBE MPUUUHBL: CHUKEHUE CTOMMOCTH U YMEHBIIIEHUE
3anepkku ycrpoiictBa. KonBeiepuzanusi BceX (PyHKIMOHAIBHBIX YCTPOMCTB MOXKET
OKa3aThCs CIMILIKOM JOpOTod. MaluHbl, JOMyCKarolue aBa oOpalleHus K MaMsATH B
OJIHOM TaKTe, TOJDKHBI UMETh YABOEHHYIO MIPOMYCKHYIO CIOCOOHOCTD MaMsITH, HAIPUMED,
NyTEM OPraHU3alUN Pa30eabHbIX KIwiell O0aA KOMAHO U OAHHbIX. AHAJIOTUYHO,
MOJIHOCThIO KOHBEHEepHOE YyCTPOICTBO AeNIeHUs C IJIaBarolleil TOUKoi TpeOyeT OrpOMHOTO
KOJM4ecTBa BeHTWIeH. Eciu cTpykTypHble KOHMIUKTH HE OyAyT BO3HUKATH CIUIIKOM
4acTo, TO MOXET OBITh U HE CTOMT ILUIATUTH 3a TO, YTOOBI UX OOOMTH.



Kak mnpaBuno, MOXHO pa3paboTaTb HE KOHBEHEPHOE, WM HE IOJIHOCTHIO
KOHBEHepHOE YCTPOICTBO, MMEIOIIEE MEHBIIYIO OOIIYI0 3aJEpP)KKy, YEM IOJHOCTBIO
KOHBEHUEPHOE.

Komanna Howmep TakTa
112 3 4 5 6 7 8 9 | 10
Komanpa 3arpy3ku | IF | ID | EX | MEM | WB
Komanna 1 IF | ID EX |MEM | WB
Komanna 2 IF ID EX | MEM | WB
Komanma 3 stall IF ID EX | MEM | WB
Komanna 4 IF ID EX | WB
Komanna 5 IF ID | EX | WB
Komanna 6 IF ID | EX

Puc. 8.5. lnarpamma paboTsl KOHBEIepa Mpu CTPYKTYPHOM KOH(IIUKTE

OmauM w3  (akTOpOB, KOTOPBHIM OKa3bIBa€T CYIIECTBEHHOE BIIMSHUE Ha
IPOU3BOUTENBHOCTh KOHBEHEPHBIX CHUCTEM, SIBISIOTCA MEHCKOMAHOHbIE I02UYEeCcKUe
3aeucumocmu - KOH@AuKmovl no O0annvim. Takue 3aBUCUMOCTH B OOJBIIONW CTENEHU
OTPaHUYMBAIOT MOTEHUUAIBHBIN MapajuIeIn3M CMEXHBIX Olepaluii, o0ecreunBaeMbIi
COOTBETCTBYIOLIMMH amMapaTHIMK cpeacTBaMu 00paboTku. CTemneHb BIUSHUSA ATHX
3aBUCUMOCTEN ONpeessieTcs] Kak apXUTEKTYpou mpoiieccopa (B OCHOBHOM, CTPYKTYpOU
yIpaBJieHHUs KOHBEHEpOM KOMaHJ U MapaMeTpaMu (yHKIIMOHAIBHBIX YCTPONCTB), TaK H
XapaKTEPUCTUKAMHU IIPOTPaMM.

Kongnauxkmer no oOannbim BO3HHMKAIOT B TOM CJy4ae, KOrJga NPUMEHEHUE
KOHBeHepHOU 00pabOoTKH MOKET U3MEHUTH MOPSA0K 0OpaIlieH i 3a orepaH/iaMu Tak, 4YTO
TOT TOPSAAOK OyAeT OTIWYaThCcsl OT TMOpsSAKa, KOTOPBIA HaOmomaeTcss mpu
MOCJIEIOBATEIbHOM BBITIOJHEHUM KOMAaHJl Ha HE KOHBEHEpHOM MamunHe. PaccMoTpum
KOHBEEPHOE BBIMOJIHEHKE MTOCIIEA0BATEIbHOCTH KOMaH I Ha puc. 8.6 u puc. 8.8.

ADD | R1,R2,R3 IF | ID | EX | MEM | WB
SUB | R4,R4,R5 IF | ID | EX |MEM | WB
AND | R6,R1, R7 IF ID EX |MEM | WB
OR R8, R1, R9 IF ID EX |MEM | WB
OR | R10,R1, R11 IF ID EX |[MEM| WB

Puc. 8.6. [locnenoBatensHOCTh KOMaH]] B KOHBEHEpE U YCKOPEHHAS MEPEChUIKA JaHHBIX



B sTom mpumepe Bce komaH bl crneayronme 3a komanaon ADD, ucnonb3yroT pe3yabrat
ee BoinosiHeHUsA. Komanna ADD 3anuceiBaer pesynbTaT B peructp R1, a komanga SUB
YUTAET 3TO 3HaUeHue. Eciu He mpeAnpuHSATh Mep [T TPEeIOTBPAIICHHS 3TOT0 KOH(IIUKTA,
To KoMaHja SUB nmpounTtaet HenpaBUWIbHOE 3HAYEHUE U MTOMBITAETCS €r0 UCIOIb30BAaTh.

ADD | R1,R2,R3 | IF | ID | EX | MEM | WB
R W
SUB | R4,R4,R5 IF | ID | EX |MEM| WB
R W
AND | RG6, R1, R7 IF ID EX |MEM| WB
R W
OR R8, R1, R9 IF ID EX |[MEM | WB
R W
OR R10, R1, IF ID EX | MEM | WB
R11
R W

Puc. 8.8. COBMGH_IGHI/IG UTCHUA U 3allUCHU PECTUCTPOB B OJJHOM TAKTC

Hp06neMa, IMOCTAaBJICHHAA B 9TOM IIPUMECPEC, MOKCT OBITH pa3pcicHa C ITOMOUIIbIO

JIOCTaTOYHO TPOCTOM armapaTHOW TEXHWKH, KOTOpasi HAa3bIBACTCS MeEPechblIKOU WIIN
npoosusxcenuem oOannvix (data forwarding), ob6bxomom (data bypassing), wuHOTrIa
3aKOpoTKOii (short-circuiting).

Ota anmaparypa padoTaeT cIeayouM 00pa3om:

e pesynbTar omnepauuu AJIY ¢ ero BBIXOZHOIO PpErucTpa Bcerja CHOBa
nojaaeTcs Hazaza Ha BXoael AJIY.

e cciM ammaparypa OOHapyXuBaeT, uTO npeablaymas omepauus AJIY
3alUCHIBAET PE3YJIbTAT B PETUCTP, COOTBETCTBYIOIINI HCTOYHUKY OIl€paHaa JUis
cnenyromieit oneparuu AJIY, TO TOTHYECKUE CXEMbl YIIPaBJICHHs BHIOMPAIOT B
KauecTBe Bxoaa ans AJIY pesynbTar, moctynaromuii mo nenu "odxoma", a He
3HAYEHHUE, IPOYUTAHHOE U3 PErUCTpoBOro Qaiina (cM. puc. 8.8).
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Puc. 8.8. AJIY ¢ nensamu 00xo0/1a 1 YCKOPEHHOH NEPEChUTKH

Ota TexHHKa "00X0moB" MOKET OBITH 0000IIE€Ha A TOro, 4ToObI BKIIOYHTH
nepenavdy pesyiabTaTa IpsMo B TO (yHKIIMOHAILHOE ycTpoicTBo (DY), KoTOpOoEe B HEM
HY)KJIaeTCsl: pe3yJIbTaT C BBIX0JIa OJTHOTO YCTPOMCTBA "MepechlaaeTcs" Ha BXO APYroro, a
HE C BBIX0JIa HEKOTOPOTO YCTPONCTBA TOIBKO Ha €ro BXOJ.

Kongpnuxmor no oOanneim TpUHATO KiIaccU(PUUIMPOBATh Ha CIEAYIOIIUE TPHU
TPYIIBI B 3aBUCHMOCTH OT MOPsIIKA ONICpAIMid YTCHHS U 3aIHCH:
e RAW (read after write) — yrenue mocne 3anucu;
e WAR (write after read) — 3anuch nocse uyTeHus;
o WAW (write after write) — 3anuce mocie 3amnucu.

Kongaukmer no ynpaenenuro MOTyT BBI3BIBaTh JaKe OOJbIINE TOTEPH
MIPOU3BOIUTEILHOCTH KOHBEMepa, yeM KOH(IMKTHI MO JaHHBbIM. Korjga BEITIONHSIETCS
KOMaH/[a yCJIOBHOTO MEPEX0/ia, OHa MOXKET JIN00 U3MEHUTH, JINOO HE U3MEHUThH 3HAUYCHUE
CYETUYMKA KOMaH/.

Ecnu KOMaH/1a YCIIOBHOTO ITE€PEX0ga 3aMCHACT CUCTUMK KOMaH/l 3BHAYCHUEM aapcca,
BBIYHCIJIICHHOI'O B KOMAaHAEL, TO nepexod HA3bIBACTCA 6bINOJIHAEMBIM; B IIDOTHUBHOM ClIydac,
OH Ha3bIBACTCS HEBbINOIHAEMDBIM .

[Ipocreiimmit  mMeTon pabOThl €  YCIOBHBIMHM TMEPEXOJaMU  3aKJIIOYAeTCS B
IPUOCTAaHOBKE KOHBEHEpa, Kak TOJIbKO OOHapyeHa KOMaH/1a YCJIOBHOTO NIEPEeXo0/1a 10 TeX
1IOp, TIOKa OHA HE JIOCTUTHET CTYIEHHW KOHBEMepa, KOTOpas BBIYUCISAET HOBOE 3HAUEHUE
cdyeTynka Komaus (cm. puc. 8.9).



Komau sl IF|{ID| EX | ME | WB
nepexojaa M
Crnenyromas IF | stall | stall IF ID | EX | ME | WB
KOMaH/a M
Crenyrommas stall | stall |stall | IF ID EX ME | WB
Komanga +1 M
Crenyrormas stall | stall | stall | IF ID EX ME
KomaHga +2 M
Crnenyromas stall | stall | stall | IF ID EX
KOMaHaa +3
Crenyrommas stall | stall | stall IF ID
KoMaHza +4
Crenyrommas stall | stall | stall IF
KOMaHa +5

Puc. 8.9. IIpuocranoBka KOHBe¥epa MpU BHIIIOJHEHUN KOMaHbl YCJIOBHOTO IEPEX01a

Ecnmu kouBeliep OyIeT NPUOCTAHOBIEH HAa TPU TaKTa HAa KaXJA0H KOMaHe
YCIIOBHOTO IEPEX0/1a, TO 3TO MOXKET CYHIECTBEHHO OTPA3UThCS HA IIPOU3BOAUTEIBHOCTH
MamuHbl. HarpuMep, npu 4actore KOMaHJ YCIOBHOTO IIEPEX0/a B IIPOrpamMMax, paBHON
30% wu uneansHoMm CPI (cpenHee 4mc/0 TaKTOB Ha BbIAAa4y KOMAaHAbI), PaBHBIM 1,
MallgHa C NPUOCTAHOBKAMM YCJIOBHBIX II€PEXOJOB JOCTUTAET NPHUMEPHO TOJBKO
IIOJIOBUHBI YCKOPEHMsI, IOJIYy4aeMOro 3a CYEeT KOHBEHMEpPHOW opraHu3anuu. Takum
0o0pa3oM, CHIKEHHE TMOTE€Ph OT YCIOBHBIX TIIE€PEXOJOB CTAHOBUTCS KPUTHUECKUM
BOIIPOCOM.

Nmeercst HECKOJBKO  METOJOB  COKpallleHUsT TMPUOCTAHOBOK  KOHBeHepa,
BO3HUKAIOIIMX M3-32 33/IEPHKEK BBIMOIHEHHUS YCIOBHBIX IIEPEX0JIOB:
® METOJ BBIKUJAHUS;
® METOJl BO3BpaTa;
® POTrHO3UPOBAHUE MEPEX0/Ia KAK BHITIOJIHIEMOTO;
e 3a/ep KaHHbIC IEPEXO/IbI.

8.4. Peanuzanmsi TO4HOTr0 NpepbIBaHNs B KOHBeliepe

OO0paboTka nmpeprIBaHUi B KOHBEHEPHOW MaIlIMHE JOCTATOYHO CJIOKHA M3-3a TOTO,
YTO COBMELICHHOE BBINOJHEHUE KOMAaHJ 3aTPYJIHSIET OIPEICICHUE BO3MOKHOCTHU
0€30MacHOro U3MEHEHHS COCTOSIHHUS MallTiHbI TPOU3BOJILHON KOMaH10i. B KoHBeliepHOI
MaIllMHE KOMAaHJia BBIMOJHSETCS IO ATalaMm, U €€ 3aBEpPUICHUE OCYIIECTBISECTCS 4epes
HECKOJIbKO TAKTOB I1OCJIE BBIJIaYM JJIs BBIIIOJHEHUA. KpoMe TOro, B MpoLecce BhIIMOJIHEHUS
OTACJBHBIX CTYNEHEW KOMaHAa MOXXET M3MEHHUTh COCTOSHHE MalluHbl. TemM BpeMeHeM
BO3HUKIIIEE MNPEPHIBAHUE MOXET BBIHYJIWTHh MAIIMHY IPEpBaTh BHIIOJHECHUE €IIIE HE
3aBEPIICHHBIX KOMAaH]I.

Korz[a INPpOUCXOAUT IIPCPBIBAHUC, TSI KOPPCKTHOIO COXPAaHCHHA COCTOAHUA
MalllMHbI HGO6XOJ]I/IMO BBIIIOJTHUTH CIICAYIOINWC IIaru:



1. B mocnenoBarenbHOCTh KOMaHJ, MOCTYIMAIONIMX Ha 00pabOTKy B KOHBeiep,
MPUHYIUTEIBHO BCTABUTh KOMaH/y Iepexoja Ha MpepbiBaHUE.

2. Iloka BBIMONHSETCS KOMaHJA TEepexojla Ha TMpepbIBaHHWE, IIOTaCUTh BCE
TpeOOBaHUs 3aIMCH, BEICTaBICHHBIE KOMaH 10!, BbI3BABILICH IPEPHIBAHKE, a TAKKE
BCEMHU CIIEAYIOIIMMU 3a Hell B KOHBelepe KoMaHAaMU. DTH JIEUCTBHSI TTO3BOJIAIOT
MPEeIOTBPATUTh BCE M3MEHEHHS] COCTOSHUS MAIllMHbI KOMaHAaMH, KOTOpbIE He
3aBEPIIMINCH K MOMEHTY Hauajaa 00pabOTKH pephIBaHUSI.

3. Ilocne mepemaum ympaBieHuss noANporpamMme 0OpabOTKHM MpepbIBaHUMN
ONEepallMOHHON CHCTEMbI, OHAa HEMEJIEHHO JIOJIKHA COXPAaHUTh 3HAUEHHUE aJipeca
koMauel (PC), BbI3BaBIICH NpephIBaHUEe. DTO 3HAYCHHE Oy/IET MCIOJIb30BATHCS
MI03KE /I OpraHU3allMy BO3BpaTa U3 NpEephIBaHUS.

Ecan KOHBGfIGp MOKET OBITb OCTAHOBJIEH TaK, 4YTO KOMaHAbI, HCTIOCPCACTBCHHO
MnNpeaAICCTBOBABIINC BBI3BaBIIICH MPEPLIBAHNEC KOMAHAC, 3aBCPIIAIOTCSA, a CJICAOBABIINC 34
HEH MOI'yT OBITH 3aHOBO 3alIYIICHbI JIA BBIIIOJHCHHA, TO TI'OBOPAT, 4YTO Kormeﬁep
obecneuusaem mouHoe npepsieanue.

[Toanep:kka TOYHBIX MPEPHIBAHUNA BO MHOTHUX CHUCTEMAaXx SIBJISIETCS 00s3aTebHBIM
TpeOoBaHMEM, a B HEKOTOPBIX cHCTeMax Obliia Obl BEChbMa KeEJNaTeIbHOM, TOCKOJIbKY OHa
yrnpomiaer uHTepdenc omnepanuoHHOW cuctembl. Kak MHUHMMyM B MalldHax co
CTPaHUYHOM OpraHu3anuedl mnaMaTu cpeicTBa OOpabOTKH NpephIBaHUN  JOJKHBI
o0ecreunBaTh TOYHOE MPEPHIBAHUE JIUOO UETUKOM C ROMOWbIO annapamypel, 1160 c
HEKOMOPOIl NOOOEPHCKOIU CO CIOPOHBL RPOZPAMMHBIX CPEOCHE.

HeoOxonuMocTe peanu3anud B MAalIMHE TOYHBIX IpPEpbIBAHUM  MHOTAA
OCIApUBAETCA M3-32 HEKOTOPBIX MPOOJIEM, KOTOPBIE OCIOKHSAIOT MOBTOPHBIA 3aIlyCK
koMaH[. IIOBTOpHBIN 3amycK CIIOXKEH H3-3a TOr0, 4YTO KOMAaHAbl MOTI'YT HW3MEHUThb
COCTOSIHME MaIlIMHBI €11€ J0 TOT0, KAK OHU I'APaHTUPOBAHO 3aBEPLIAIOT CBOE BHIIIOJHEHUE
(MHOr1a rapaHTUPOBAHHOE 3aBEpUICHHE KOMaH/Ibl Ha3bIBaeTCs (PUKcalMel KOMaHAbl UIIU
¢ukcanuel pe3ylbTaTOB BBIMOJIHEHUS KOMaHbl). IlockoiibKy KOMaHIbpl B KOHBelepe
MOTYyT OBbITh B3aMMO3aBUCUMBIMHU, OJIOKMPOBKA W3MEHEHUS! COCTOSHUS MAIIUHBI MOXET
OKa3aThCsl HEMPAKTHYHOW, €c KOHBeWep mpojosrkaeT pabortars. Takum obpa3zom, mo
Mepe YBEIMYEHHUS CTENIEHU KOHBEHEpHU3allii MalllMHbl BO3HUKAET HEOOXOJUMOCTh OTKaTa
JAr000r0 M3MEHEHUs! COCTOSIHUS, BBIMOJIHEHHOTO A0 (ukcanuu komanasl. K cuacteio, B
IPOCTBIX KOHBeWepax, MOJ0OHBIX PaCCMOTPEHHOMY, 3TH MpoOaeMbl He BO3HMKaIOT. Ha
puc. 8.10 mokaszaHbl CTyHmeHH PAacCMOTPEHHOTO KOHBEHepa W MPUYMHBI NPEpHIBAHUM,
KOTOpBIE MOT'YT BOZHUKHYTh Ha COOTBETCTBYIOLIUX CTYNEHIX IIPU BBIIOJIHEHUN KOMAHI.

Crynenb
. [IpuunHa npeprIBaHUs
KOHBelepa
IE Ommbka npu oOpalieHnn K CTpaHUIlE TaMSITH MPU BEIOOPKE KOMaH/IBL;
HE BBIPOBHEHHOE OOpallleHUE K aMsITH; HapylIeHUE 3alIUThl MTaMsITH

ID Heonpenenennpiil iy 3anpelieHHbIA KO ONepauun

EX ApudmeTtndeckoe mpepriBaHUE

MEM Omubka npu oOpalleHny K CTpaHUIlE NaMsITH MPU BEIOOPKE JaHHBIX; HE

BBIPOBHCHHOC 06pameHI/Ie K IIaMATH; HApYIICHUC 3alIUTHI ITaMATHU

WB OtcyTcTBYET

Puc. 8.10. [Ipuunnas! npepeiBaHuid B TIPOCTEHUIIIEM KOHBEHEpE



8.5. lnnuHHbIe KOHBelepbl

B paccmoTperHOM HamMm KOHBeWepe cTagaus BbimojgHeHHs KomaHabl (EX)
COCTaBJIsUIa BCErO0 OJAUH TAKT, YTO BIIOJHE IPUEMIIEMO JUIS LIEJIOYMCICHHBIX ONEpalni.
Opnako st OOJIBIIMHCTBA OTEpAIMi TUIABAIOIICH TOYKH TpeOyeTcs OOJbIIee YHCIIO
TaKTOB. JTO MpPHUBEIO Obl K CYIIECTBEHHOMY YBEIMYEHHUIO TaKTa CHUHXPOHHU3ALUU
KOHBelepa, 00 K CBEpXMEPHOMY YBEJIMUYEHHIO KOJIHYecTBa 00OpyAoBaHus (00bema
JIOTUYECKUX CXEM) U1 peallM3allMi yCTpOMCTB miaBaromed Touyku. IIpomie Bcero
MPEJCTaBUTh, YTO KOMAaH/bI IJIABAOIIEH TOYKH UCIIOJIB3YIOT TOT 7K€ CAMBIN KOHBEUED, UTO
Y LIEJIOYUCIICHHBIE KOMAH/Ibl, HO C IBYMSI BA)KHBIMU MU3MEHECHUSIMMU:

e BO-IEPBBIX, TakT EX MOXET NOBTOPATHCS MHOIOKPATHO CTOJIBKO pas,
CKOJIBKO HEOOXOAMMO JUISI BHITIOJIHEHUS OTIEPAIIHH;

® BO-BTOPBIX, B IPOILIECCOPE MOKET OBITh HECKOJIBKO (YHKIIMOHAIBHBIX
YCTPOWCTB, peaau3yoIINX ONepanuu miasatomen Touku. [Ipu stom moryt
BO3HUKATh NPHUOCTAHOBKM KOHBEWEpa, €Ciau BbAAHHAS JUIsl BBIIIOJHEHUS
KOMaH/ia, TUOO BBI3BIBAET CTPYKTYpPHBIM KOH(PIUKT mo DY, xoTopoe oHa
UCIIOJIb3YET, INOO CYHIECTBYET KOH(MIUKT MO JaHHBIM.

Kongeliep ¢ Takumu JONIOJTHEHUSIMU HA3BIBAECTCS OSIUHHBIM KOHGEUEPOM.
PaccMoTpuM noHsTHE IIMHHOTO KOHBEWEpPA HA TPUMEPE.

JlormycTuM, 4TO B HalllEH peajv3aluy MPOLeccopa UMEKTCA YEThIPE OTIEIIbHBIX
(GYHKIIMOHAIIBHBIX YCTpoKcTBa (cM. puc. 8.11):
1. OcHOBHOE LIETOYHCICHHOE YCTPOUCTRBO.
2. YCTpOWCTBO YMHOXEHHUS IIEJIOYUCIICHHBIX OIEPAHIOB W OIEPaHIOB C
IJIaBAOIIEe TOUKOI.
YCTpOMCTBO CI0XKEHUS C MJIABAOIIEH TOYKOM.
4. VYCTpOWCTBO Jel€HUs 1EJIOYMUCICHHBIX OIEpPaHJ0B M OINEpPaHI0B C
IJIaBAOIIE TOUYKOM.
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Puc. 8.11. Kongeiiep ¢ 1ONOTHATEIBHBIMU (PYHKIIMOHAIBHBIMU YCTPOHCTBAMHU




[lenouucnennoe ycTpoiicTBO oOpabaThIBaeT BCE KOMAHJBI 3arpy3KH U 3alHCH B
namsITh NMpH padboTe ¢ IByMs HaOopaMH PErucTpoB (IIEIIOYMCIICHHBIX U C IUIABAIONICH
TOYKOW), BCE IEJIOYUCIICHHBIE OTNepanuy (3a HCKIIOYEHWEM KOMaH][ YMHOXEHUS U
JICJICHUSI) U BCE KOMaH/IbI TIEPEXO/IOB.

Ecnm npeanonoxurth, 4TO CTaAUM BBINOJHEHUS ApYyrux @Y HEKOHBEUEPHBIE, TO
puc. 8.11 moka3siBaeT CTpYKTypy Takoro koHmewepa. [lockonbky cramus EX sBhsercs
HEKOHBEHEPHOW, HUKaKas KOMaHa, ucrnoib3ytomas @Y, He MoxkeT ObITh BbIIAHA IS
BBIIIOJIHEHUS 10 TeX IIOp, MOKa Mpeablaylias KoMaHaa He NMoKuHeT crtyneHb EX. boiee
TOTO, €CJIM KOMaHJa HE MOXKET NOCTYNHTh Ha cTyneHb EX, Bechb KOHBeHep 3a ITOU
KOMaH oW OyJIeT IPUOCTaHOBIICH.

B neiicTBUTENBHOCTH TPOMEKYTOUYHBIE PE3YIIBTATHI, BO3MOKHO, HE UCIIOJIb3YIOTCS
nuKiIudyecku cryneHpto EX, kak 310 mokaszano Ha puc. 8.11, m crynmenr EX umeer
3aJIepP>KKH JUIUTEIbHOCTHIO OoJiee 0AHOT0 TakTa. MokHO 0000IINUTh CTPYKTYpY KOHBelepa
IJIABAIOIIEW TOYKH, JOMYCTUB KOHBEMEPU3ALUIO0 HEKOTOPBIX CTYIEHEW M MapajulesIbHOE
BBITIOJIHEHUE HECKOJBKUX omnepanuii. YToObl omucaTe pabOTy Takoro KOHBelepa,
HEOOXOJIMMO OMNPENEIUTh 3aJePKKH (DYHKIIMOHAIBHBIX YCTPOMCTB, a TaKke CKOPOCThb
WHULIMALMI WA CKOPOCTh MOBTOPEHUS onepanuii (CKOpoCTh, C KOTOPOM HOBBIE ONEpaluu
JTAHHOT'O THIIa MOTYT MOCTynath B OY).

Hanmpumep, mnpenmonokmM, dYTO HMEKOT MECTO  CICAYIOIIUE  3aIEpiKKU
(YHKIMOHAIBHBIX YCTPONCTB M CKOPOCTH MOBTOPEHUSI ONIEPALIMIA:

@OyHKIIMOHATIBHOE YCTPOHCTBO 3anepxka CKOPOCTh TTOBTOPEHUS
Lemouncnennoe AJIY 1 1

Cnoxenue c IIT 4 2

YMmuoxenue ¢ [1T (u nenouncnennoe) 6 3

Henenue c [T (u menouucieHHoe) 15 15

Ha puc. 8.12. nmpencraBieHa cTpykTypa mofoOHOro kKoHseiliepa. Ee peammzarus
TpeOyeT BBeAeHHMS KOHBeHepHO# peructpoBoit ctanumu EX1/EX2 u mommduxarnmm
cszert mexkay peructpamu ID/EX u EX/MEM.
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Puc. 8.12. KonBeiiep ¢ MHOTOCTyNeHYaTHIMH (DYHKIMOHATBHBIMU yCTPOHCTBAMH

B 3akmoueHre 0TMETUM HECKOJIBKO Pa3INYHBIX aCIEKTOB 00pab0TKa KOH(IUKTOB
Y OPTaHM3aLUU YCKOPEHHBIX NEPECHUIOK B JUIMHHBIX KOHBEHEpax:

1. IlockoabKy yCTpOWCTBA HE SIBJISIFOTCS IMOJTHOCTBIO KOHBEHEPHBIMHU, B IAaHHOHN CXeMe
BO3MOXHBI CTPYKTYPHBIE KOH(PIUKTBI. DTU CUTYallUH HEOOXOAUMO OOHAPYKUBATh
Y IPUOCTaHABIMBATh BbIIayy KOMaH/I.

2. TlockombKy YCTpOMCTBAa HMMEIOT pa3Hble BpEMEHa BBIMOJHEHUS, KOJIWYECTBO
3anMcel B perucTpoBbii (paiisl B KaXA0M TaKT€ MOXKET ObITh OoJibiie 1.

3. Bo3moxubl koH@uukThl THIA WAW, MOCKOJIBKY KOMaHbl OOJIbIIE HE MOCTYIAIOT
Ha ctyneHb WB B nopsinike ux Belgauu 1Sl BBIIOJIHEHUS.
3ametum, uTo KOHGIMKTH THIIa VWAR HEBO3MOKHBI, TOCKOJIBKY YTCHUE PETUCTPOB
BCer/a ocyuiecTisercs Ha crynenu |1D.

4. KomaHJbl MOTYT 3aBeplIaThCS HE B TOM MOPSJIKE, B KOTOPOM OHU OBLIN BbIJIAaHbI
ISl BBITIOJIHEHUS, YTO BBI3bIBAET MPOOJIEMBI C peanu3aluei mpepbiBaHui.

MHOroTaKkTHbIE ONEpaIuy IJIaBaIOLIEed TOYKH CO3JAI0T TaK)Ke HOBBIE MPOOJIEMBI
JUIS. MEXaHU3Ma MTPEPHIBAHUSL.

P.S. Cm. npe3eHTayuu no Teme 13 nanku «JonosHUTENbHbIE MaTepuaabl»



