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1. TIEPEYEHb IIVIAHUPYEMBIX  PE3YJIbTATOB OBYYEHHA  IIO
AACHUIIIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMH PE3YJbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Buj nesiTeJIbHOCTH BBINTYCKHUKA

JucuuninHa 0XBaThIBAeT KPYr BOIIPOCOB, OTHOCSIIMXCS K HAyYHO-UCCIIE10BATEIbCKOMY BUIY
HpO(I)eCCHOHaHbHOﬁ ACATCIIbHOCTH BBIITYCKHUKA B COOTBCTCTBUH C KOMIICTCHIWAMU U BUJAAMHU OCA-
TEIbHOCTH, YKa3aHHBIMU B Y4eOHOM IJIaHE.

Meanb AMCHUNIMHBI

[TproOpereHne yMeHUN U HaABBIKOB MCCJEIOBaHUS MPOOJEeM B CBOEH IpeIMeTHOH 00iacTH,
BBIOOpAa METOJIOB M CPEJCTB UX DPEIICHMS, aHAJIM3a PE3yJbTaTOB TEOPETUUECKUX U SKCIEPUMEH-
TaJbHBIX HUCCIICTOBAHUH.

3agaum QM CUMILTHHBI
dopmupoBaHue CIIOCOOHOCTEH aHanu3a pPe3yabTaTOB HCCIEAOBAHUN, BHIOOpA METOJOB M CPEICTB
pelIeHus mpodieM B CBOSH MPEMETHON 00JIaCTH.

Kon Conep:xanue IIepeyenb nIaHMpPyeMbIX Pe3yJbTATOB
KOMIIeTEeHIIUH KOMIIeTeHIUii 00yueHusl MO TUCIHUILJINHE
1 2 3
I1K-6 CIIOCOOHOCTH TPOU3BOUTH | 3HATh:
pacyeTbl U MPOCKTUPOBA- | — COCTAB U CPEJICTBA MUKPOIIPOLECCOPHBIX CUCTEM,;

HUE OTAEIbHBIX OJIOKOB U | —crocoObl YIpaBICHUS MHUKPOIPOLIECCOPHBIMU
YCTpOﬁCTB CHUCTCM aBTOMa- | cuCTeMaMHu,

THU3alluu W YIIPABJICHUA U yYMeTh:

BBIOUpATS CTaHIapTHBIC | - BRIOUPATh METO/IBI U CPEJICTBA YIIPABICHUS MUK-
CpeacTBa aBTOMATHUKH, W3- | pOMPOLIECCOPHBIMU CUCTEMAMU,

MEPHUTENIBHOM U BBIYHCIH- | - BHIGMPATh METOIBI YIIPABJIEHHSI MUKPOIIPOLIEC-
TEJIbHON TEXHUKU AJig TIpo- COPHBIMH CUCTEMaMU

EKTHPOBAaHMs CUCTEM aB- | BjiajeTh:

TOMaTu3alMu W yIpaBJIe- | -HaBbIKAMU IIPOTPAaMMUPOBAHUSA U YIIPABICHHUS

HHA B COOTBCTCTBUM C TEX- | MUKPONPOIECCOPHBIMU CHCTEMAMH
HHYECKUM 33JJaHHEM

2. MECTO JUCIHMILIUHBI B CTPYKTYPE OBPA3OBATEJIIbHOM IMPOTPAMMBI

Juctummuaa b1.B.J1B.9.2 MuKpOKOHTpOIUIEPBl 1 MUKPOTIPOIIECCOPHI B CHCTEMax yIpaBJie-
HUSI OTHOCHUTCA K JUCLUIUIMNHAM I10 BBIOODY.

Jlucrmuimaa MUKPOKOHTPOJIIEPEl . MUKPOTIPOLIECCOPHI B CUCTEMAax YIpaBIICHUS 0a3upy-
eTcs Ha 3HaHMAX, MOJy4eHHBIX Mo aucuuminHe b1.5.13 BeruncnurenbHble MalIMHbBI, CUCTEMBI U
CeTH.

MHUKPOKOHTPOJIIEPHI 1 MUKPOIIPOLIECCOPHI B CHCTEMaX YIpPaBJICHUS MPEJCTABISET OCHOBY
JUTS. HAyYHO-HMCCIIeIOBATEIhCKONW PabOThI M TIOATOTOBKU K TOCYApPCTBEHHON UTOTOBOM aTTECTAINH.
Takoe cuUCTEeMHOE MEXIMCUUIUIMHAPHOE H3Y4YCHHE HANpPaBICHO Ha JOCTHXKEHHE TpeOyemMoro
OI'OC ypoBHS MOATOTOBKHU IO KBATH(PHUKAIUN OaKaiaBp.



3. PACIIPEJEJIEHUE OFBEMA JUCIHUIIJIMHBI

3.1. Pacnipenesienue od0bemMa JUCUMILJIMHBI IO (popMaM 00ydeHu st

Tpyooemkocmb OucyuniuHsl 6 uacax
Kypcosasn
2 g & . 3 paboma Buo
- S S, S 2 -
3 3 S 2 S (npoexkm), npome
Dopma 2 : § 3 S KOH- HCYmMOUHOU
o0yuenusn S 2 S 2 E mpoyvbHas | ammecma-
Q >
§~ S § s § § < § s | Ppaboma, uuu
o | S S S g Sz | 3| 85| pegepam,
S8 3 2| 8|85 R 8 prp
<O | A < = 5SS [ R |03
1 2 3 4 5 6 7 8 9 10 11
Ounasn 3 | 6 | 144 54 36 18 - 63 - 9K3aMeH
3aounas - - - - - - - - - -
3aouHasn (ycko- 3 - | 144 14 6 8 - 121 - JK3aMeH
peHHoe o0yue-
HUE)
Ou4Ho-3204Hasn - - - - - - - - - -

3.2. Pacnpenesnienne o0beMa JMCUMIIMHBI IO BUJAM YUeOHbIX 3aHATHII U TPYA0EMKOCTH

6 m.«. 6 unme- Pacnpeoenenue
Tpyoo- PakmueHou, ak- | pg cemecmpam, uac
Buo yueonuix 3anamuii eMKOCMb | MUGHOI, UHHO6A-
(uac.) UUUOHHOUL Pop- 6
max,(uac.)
1 2 3 4
|. KontakTHas padoTa o0y4arommxcs ¢ npe-
nojaBareyeM (Bcero) 54 12 54
Jlexmm (JIk) 36 - 36
JIaboparopusie pabotsr (JIP) 18 12 18
I1.CamocTosiTe/ibHAsA padoTa 00y4aIOIIMXCS 63 ) 63
(CP)
IToAroToBKa K MPAKTHYECKHM 3aHSITHSIM 40 - 40
[ToAroToBKa K 9K3aMEHY B TCUCHHHU CEMECTpa 23 - 23
I11. IIpomMexyTOUHASI aTTECTALUS SK3aMEH 27 27
OO6murast TpyT0EMKOCTh JUCIUIUIMHEL ~ 9ac. 144 - 144
3a4. e[. 4 - 4




4. COAEP)KAHUE JUCIUITJINHBI

4.1. Pacnipenesienre pa3ie/ioB TUCUUIJIMHBI IO BUJAM YUeOHBIX 3aHATHI
- 1J1sl OYHO# (pOpMBI 00YUCHHS:

Buowt yueonwvix 3anamuii, 6Kirouan
camocmoamensvHylo padomy 00y-

M yaruwuxca u mpyooemkocme; (uac.)
pas- Haumenosanue Tpyooem- VueOHbIE 3aHAMUA camocmon
dena u pasoena u Kocmb, menbHas
memol mema OucCyunIuHbsl (uac.) nabopamop- padoma
JreKuun 3a::;:uﬂ oﬁylmlo;
wuxcsa
1 2 3 4 6 7
1 Beenenue. McTopusi pa3BUTHSI MUK- 6 2 - 4
PONpOIIECCOPOB.
1.1 [lepBoe nokosnenne IBM. XapakrepHbie 15 0,5 - 1
YepTHI.
1.2. Bropoe nokonenne SBM. 15 0,5 - 1
1.3. Tperse nokonenne DBM. 15 0,5 - 1
1.4 YerBepToe nokosenrue IBM. 15 0,5 1
2. BHyTpeHHSsIsI CTPYKTYpa MUKPONPO- 6 2 - 4
neccopoB. Ilpunuune! ¢pon Heiimana.
2.1. Omnpe/ieieHne MEKPOIPOIIEcCopa. 1,5 0,5 - 1
2.2. | Ucropus pa3BUTHSI MUKPOIPOIIECCOPOB. 1,5 0,5 - 1
2.3. | Apxurekrypa dhon Heiimana. 15 0,5 - 1
2.4. [Mpunnunet Gon HelimaHa. 15 0,5 - 1

3 Kaaccudukanusi MUKpPONpoeccopoB. 8 2 - 6

3.1. Krnaccuduxkaruss MUKpOIIpo1ieccopoB 1Mo 1,4 0,4 - 1
YyKcy O0JIBIINX HHTETPAIBHBIX CXEM.

3.2. Krnaccudukarss MUKpOIPOLIECCOPOB 10 1,4 0,4 - 1
Ha3HAYEHHIO.

3.3. Krnaccuduxkaruss MUKpOIIpo1ieccopoB 1Mo 1,4 0,4 - 1
BU1y 00pabaThIBaEMbIX CHUTHAJIOB.

3.4. Krnaccudukaruss MUKpOIPOLIECCOPOB 10 14 0,4 - 1
XapakTepy BPEMEHHOI OpraHu3alyy.

3.5. Knaccuduxkaruss MUKpOTIpo1ieccopoB 1Mo 1,2 0,2 - 1
OpraHu3ally CTPYKTYPBHIL.

3.6. Knaccudukaryss MUKpOIPOIIECCOPOB 110 1,2 0,2 - 1
KOJIMYECTBY BBIIIOJIHIEMBIX IPOTPaMM.

4 BHyTpeHHsIsI CTPYKTYypa MHKPONPO- 6 2 - 4

meccopoB. ApupMeTHKO-JIOrHYeCcKH i
0JI0K.

4.1. ApudMeTHKO-JTIOTHUECKUH OJIOK. 2,7 0,7 - 2

4.2. OCHOBHBIE XapaKTEPUCTHKH MHUKPOIIPO- 1,6 0,6 - 1
eccopa.

4.3. CTpyKTypa THIIOBOTO MHKPOIIPOIIECCO- 1,7 0,7 - 1
pa.

5 YCTpOCTBO ynpaBjieHU. 10 2 4 4
5.1 [TpuHIMI yIIpaBIeHNSI. 15 0,5 - 1
5.2. Opranu3zaius yCTpoiCTB yIpaBIeHHsL. 1,5 0,5 - 1
5.3. YCTpoiicTBO  ympaBiIeHUsT MHUKpPOIIPO- 1,5 0,5 - 1

eccopa.
5.4. Oco0eHHOCTH TTPOTPAMMHOT0 U MUKPO- 55 0,5 4 1
IPOrPaMMHOT'O YIIPABICHUSL.

6 CucremMa KOMaHJ MHKpONpoIeccopa. 9 2 3 4
6.1. OnTuMalbHas cucTeMa KOMaHI. 2,7 0,7 - 2
6.2. dopmaT KOMaH/IbI. 4,6 0,6 3 1




6.3. Kiaccudukaius koman/. 1,7 0,7 1
7 Pe:xxnMbl paboThl MEKpONIpOLIECCOpPa. 6 2 4
7.1. Pexxumbl  pabOTBI  MHKPOIPOIIECCOPA. 3 1 2
3amMImeHHBIN peXUM. PeallbHBIH pe-
JKHUM.
7.2. Pexxum cucremuoro ynpasienus. Ilepe- 3 1 2
KITFOYEHUE MEXY PEKHMaMH.

8 I punuunsl GopMUPOBAHUS AAPECHO- 4 2 2

r0 MPOCTPAHCTBA.

8.1. Cpena BbINOTHEHMS 3ajadyd. ApPXHUTEK- 4 2 2

TYpHBIE PEIICHHUs MUKPOTIPOIIECCOPOB.

9 Cucrema ajpecanmu. 10 2 4
9.1. Pexxumel aapecanuu. 6,7 0,7 2
9.2. Crioco0blI afipecariym. 1,6 0,6 1
9.3. Pexxumbl agpecariuu onepaHioB. Bos- 1,7 0,7 1

MOYKHOCTH MHKPOIIPOIIECCOPOB IO a-
pecaium.

10 IamaTh Kak (PYHKIMOHAJBHBIH y3eJ1. 6 2 4
10.1. | BuyTpeHHss NaMATh KOMIBIOTEPA. 2,7 0,7 2
10.2. | TexHoyioTHUsS TMPOW3BOACTBA HHTETPalb- 1,6 0,6 1

HBIX CXEM.
10.3. | OcHOBHBIE XapaKTEPUCTHKH TTOIYIPO- 1,7 0,7 1
BOJIHUKOBOH IIaMSTH.

11 IIpuHIUNBI OPraHM3aluK MAMATH. 6 2 4

11.1. | Opranuzanus GU3NIECKON TAMSITH. 3 1 2
O3V, I13VY u FLASH — mamsrs.

11.2. | Jloruueckass CTpyKTypa OCHOBHOW Ia- 3 1 2
MSITH.
12 BupTtyajibHasi NaMsTh. 8 2 6
12.1. | Moguenu nmaMsTH. 2,4 0,4 2
12.2. | [loHsiTe O CErMEHTHUPOBAHHON MOJCIIH 1,4 0,4 1
MaMsITH.

12.3. | [lonsiTHe O CTpaHWMYHOW MOJEIH TaMs- 14 0,4 1
TH.

12.4. | CerMeHTHO-CTpaHHYHAsT MOJECJb IaMsi- 1,4 0,4 1
TH.

12.5. | ITimockast MoA€eb NaMATH. 14 0,4 1
13 IpepbiBanus. 9 2 3
13.1. | [lonsTue npepsIBaHUS. 1 0,5 0,5
13.2. | Knaccudukanus npepbIBaHUH. 1 0,5 0,5
13.3. | Bueuinue npepriBaHusl. 15 0,5 1
13.4. | Cucrema npepbIBaHHIA. 55 0,5 1
14 Moanep:xkka MHOT0321a4HOCTH. 5 2 3
14.1. | MHoOro3a1a4HOCTh — OIIPEIEIICHUE, HC- 1 0,5 0,5

TOPUS PA3BUTHSL.
14.2. | PexxyuMbl MHOI03aJa4HOCTH. 1 0,5 0,5
14.3. | HeBpITecHsIOIAsA MHOT03aa9HOCTb. 15 0,5 1
14.4. | MHOro3aa4HoCTh B 3aIUIICHHOM pe- 15 0,5 1
KUME.
15 IIporpaMMbI-0TJIaIYMKH. 4 2 2
15.1 Mertoapl u cpelicTBa OTIAIKH. 4 2 2
Otnazaka Ha npuMepe nporeccopa 486.
16 I puHIUNBI TIPOrPAMMHUPOBAHUS 9 3 3
MHKPOTNPOIIECCOPOB.
16.1. | IIporpamMmupoBaHHE MHKPOIIPOLIECCOPA. 5 1 1
MaIHHO-OpUEHTUPOBAHHBIE S3bIKU.
16.2. | SI3bIKM BBICOKOI'O YPOBHSI. 4 2 2




Crennani3upoBaHHBIC S3bIKH.
17 Komanas! a3bika AccemOiep 5 3 - 2
17.1. | OcHOBHBIE IPYIIIBI ONEPALIHH. 5 3 - 2
MueMoKo/I6I KOMaH porneccopa Pen-
tium.
117 36 18 63
- 1JIs1 YCKOPEeHHOI (hopMbl 00yUeHNsI:
Buowt yueonwvix 3anamuii, 6kirouan
Ao camocmosmenvHylo pabomy ooy-
- yaruuxca u mpyooemkocmu; (uac.)
pas- Haumenosanue Tpyooem- yuetHbIe 3anAmus camocmon
dena u pasoena u Kocmb, menbHas
memol mema OucCyunIuHbsl (uac.) nabopamop- padoma
JreKuun 3a:;:,;;uﬂ oﬂyualo;
wuxca
1 2 3 4 6 7
1 BBenenue. UcTopusi pa3BUTHS MUK- 7,4 0,4 - 7
poONpo1eccOpoB.
1.1 IlepBoe nokosnenne O9BM. XapakrepHbie 2,1 0,1 - 2
YepTHL
1.2. Bropoe nokonenne OBM. 2,1 0,1 - 2
1.3. Tperse nokonenne OBM. 2,1 0,1 - 2
1.4 UeTBeproe nokosenne DBM. 11 0,1 1
2. BHyTpeHHSsIsI CTPYKTYpa MUKPOIIPO- 7,4 0,4 - 7
neccopoB. Ilpunnune! ¢pon Heilimana.
2.1. Onpenenenne MEKpOIpOIEccopa. 2,1 0,1 - 2
2.2. HcTopus pa3BUTHS MUKPOIIPOIIECCOPOB. 2,1 0,1 - 2
2.3. Apxurektypa pon Heiimana. 2,1 0,1 - 2
24. [Tpuanumer Gon Heiimana. 1,1 0,1 - 1

3 Kaaccudukanuss MUKpONpoeccopos. 7,6 0,6 - 7

3.1. Knaccuduxkaruss MUKpOTIpo1ieccopoB 1Mo 1,1 0,1 - 1
YyKcy O0JIBIINX HHTETPAIBHBIX CXEM.

3.2. Knaccudukaruss MUKpOIPOLIECCOPOB 10 1,1 0,1 - 1
Ha3HAYEHHIO.

3.3. Krnaccuduxkaruss MUKpOIIpo1ieccopoB 1mo 1,1 0,1 - 1
BUIy 00pabaThIBaEMbIX CUTHAJIOB.

3.4. Krnaccuduxkaruss MUKpOIIpo1ieccopoB 1Mo 1,1 0,1 - 1
XapakTepy BpeMEHHOH OpraHu3alHH.

3.5. Kiaccudukaiuss MEKpOIIPOILIECCOPOB 10 1,1 0,1 - 1
OpraHu3alfy CTPYKTYPBHIL.

3.6. Knaccugukamnust MUKpOpoLeccopoB 1o 2,1 0,1 - 2
KOJINYECTBY BBINOJIHIEMBIX IPOIPaMM.

4 BHyTpeHHsisI CTPYKTYpa MUKpPONPO- 7,3 0,3 - 7

1meccopoB. ApupMeTHKO-JIOrHYeCcKH i
0JI0K.

4.1. ApudMeTHKO-JTIOTHUECKUH OJIOK. 2,1 0,1 - 2

4.2. OcCHOBHBIE XapaKTEPUCTUKH MHUKPOIIPO- 2,1 0,1 - 2
eccopa.

4.3. CTpyKTypa THIIOBOTO MHKPOIIPOLIECCO- 3,1 0,1 - 3
pa.

5 YCTpoiicTBO ynpaBjieHuUsl. 9,4 0,4 2 7
51 [IpuHIMI yIIpaBICHU. 2,1 0,1 - 2
5.2. Oprasu3zaius yCTpOHCTB yIpaBICHHSL. 2,1 0,1 - 2
5.3. YCTpoicTBO  yIpaBl€HUS MHUKpPOIIPO- 2,1 0,1 - 2

eccopa.




54. Oco0eHHOCTH MPOrPaMMHOTO U MUKPO- 3,1 0,1 1
MPOrPaMMHOT0 yIIPABJICHUSI.
6 CucremMa KOMaHJI MUKPONPoIleccopa. 9,3 0,3 7
6.1. OnTuMaibHas cucTeMa KOMaH/I. 2,1 0,1 2
6.2. dopmaT KOMaH/IbI. 41 0,1 2
6.3. Krnaccuduxkarust koMmau, 3,1 0,1 3
7 Pe:kumpbl padoTHl MUKpONpoOLIECCOPA. 7,3 0,3 7
7.1. Pexxumpl  pabOTBI  MHKPOIPOIIECCOPA. 3,2 0,2 3
3amuMineHHbI pexxum. PeanbHblit pe-
KHM.

7.2. Pexum cucremHoro ynpasienus. [epe- 41 0,1 4
KITFOUEHUE MEXTY PE)KHMaMH.

8 MpuHuuns! GpopMUpoOBaAHUS AAPECHO- 7,3 0,3 7

r0 MPOCTPAHCTBA.

8.1. Cpena BBIIOIHCHHS 3a4adyd. APXUTEK- 7,3 0,3 7

TYpHBIE PEIICHHUS MUKPOTIPOIIECCOPOB.

9 Cucrema aapecanum. 9,3 0,3 7
9.1. PexxuMebl agpecarym. 4.1 0,1 2
9.2. Crioco0BI aipecaluy. 4.1 0,1 2
9.3. Pexxumbr agpecarum omepaHaoB. Bos- 3,1 0,1 3

MOXXHOCTH MHKPOIIPOIECCOPOB IO aj-
pecarum.

10 IamaTh Kak (PYHKIMOHAJBHBIH y3eJ1. 7,3 0,3 7
10.1. | BuyTpeHHss NaMATh KOMIBIOTEPA. 2,1 0,1 2
10.2. | TexHoyioTHUs MPOW3BOACTBA HHTETPalb- 2,1 0,1 2

HEIX CXEM.
10.3. | OcHOBHBIE XapaKTEPUCTHKH TTOIYIPO- 3,1 0,1 3
BOJIHUKOBOH ITaMSITH.

11 [ pUHIUANIBI OPraHU3aIAH TAMATH. 7,3 0,3 7

11.1. | Opranuzauust GU3MUECKON MAMSTH. 3,1 0,1 3
O3V, I13Y u FLASH — mamsTs.

11.2. | Jloruueckass CTpyKTypa OCHOBHOW Ta- 4,2 0,2 4
MSITH.
12 BupTtyajibHasi NaMsTh. 7,5 0,5 7
12.1. | Moguenu nmaMsTH. 1,1 0,1 1
12.2. | [loHsiTe O CErMEHTHUPOBAHHON MOJCIU 1,1 0,1 1
ITaMSITH.

12.3. | [lonsitue 0 CTPaHUYHOW MOJCIM IMaMs- 1,1 0,1 1
TH.

12.4. | CerMeHTHO-CTpaHHYHAs MOJEIb IaMsi- 2,1 0,1 2
TH.

12.5. | ITnockasg MozeNb TaMsTH. 2,1 0,1 2

13 IpeprbiBaHus. 9,4 0,4 9
13.1. | Ilonsitue npepbIBaHUsL. 3,1 0,1 3
13.2. | Knaccudukanus npepbIBaHHH. 2,1 0,1 2
13.3. | Bueninue npepsiBaHusl. 2,1 0,1 2
13.4. | Cucrema npepbIBaHUH. 2,1 0,1 1

14 Ioanepskka MHOT03aJa4YHOCTH. 7.4 0,4 7
14.1. | MHoOro3a1a4HOCTh — OIIPEJIEIICHUE, HC- 2,1 0,1 2

TOPHS PA3BUTHSL.
14.2. | PeXxuMBI MHOT03aJa4YHOCTH. 2,1 0,1 2
14.3. | HeBsITecH IOIas MHOT03a0a9HOCTb. 2,1 0,1 2
14.4. | MHOro3a1a4HoCTh B 3aIUIIICHHOM pe- 11 0,1 1
JKHME.

15 IIporpaMMbI-oTJIaIYMKH. 7,3 0,3 7

15.1 Mertoapl u cpeicTBa OTIAIKH. 7,3 0,3 7

Ortnaaka Ha mpuMepe mporieccopa 486.




16 I puHIUNBI TPOrPAMMHMPOBAHUS 9,3 0,3 1 8
MHKPONPOIECCOPOB.
16.1. | [IporpaMMupOBaHHE MUKPOIPOIIECCOPA. 51 0,1 1 4
MalmHHO-OpPUEHTHPOBAHHBIC S3bIKH.
16.2. | fI3BIKM BBICOKOTO YPOBHSI. 4,2 0,2 - 4
Crieruaan3upoBaHHEBIE SI3BIKH.
17 Komanap! s3bika AcceMoiep 7,2 0,2 - 7
17.1. | OcHOBHBIE TPYIIIBI ONIEpAIUH. 7,2 0,2 - 7
MHeMOKO/ 6l KOMaH T Tiporieccopa Pen-
tium.
135 6 8 121

4.2. Cogepxxanme JTUCUMILIMHBI, CTPYKTYPHPOBAHHOE 110 pa3/iejiaM U TeMam

Tema 1. BBenenune. UcTopusi pa3BUTHS MEUKPOIIPOIECCOPOB

1.1. IlepBoe noxoJienne

[TosiBneHUE 3MEKTPOHHO-BAaKyyMHOMH JIaMIIBI [TO3BOJIMIIO YUEHBIM IIPETBOPUTH B JKU3HB UCI0 CO3AAaHUS BBIYKC-
nuTenpHOM MammHbl. OHa nosiBunack B 1946 rony B CLIA nns pemenus 3agad u nonaydumia Hazpanue OHHAK
(ENIAC - Electronic Numerical Integrator and Calculator, B nmepeBozie "31€KTpOHHBIN YHUCICHHBIA HHTETPATOP U KaJb-
Kymsitop). OT He€ Havajcst OTCYET IMyTH, MO0 KOTOPOMY TOIIIO pa3BuTiHe DBM.

OnemeHTHas 6a3a: 3JEKTPOHHO-BAKyyMHBIE JIAMITBI, PE3UCTOPHI, KOHAEHCATOphl. CoeIMHEHNE 3JIEMEHTOB - Ha-
BECHOM MOHTa IIPOBOJAMHU.

I'aGaputs: DBM BbINONHEHA B BUJE TPOMO3IKHX HIKa(OB M 3aHUMAET CIIeHUAbHBIA MATHHHBIHN 3aJ1.

BricrponeiictBue: 10-20 ThIc. om/c.

OKcIUTyaTalus CIUIIKOM CI0XHA U3-3a YacTOro BbIxoJa u3 cTpos. CyliecTByeT onacHOCTh neperpesa 9BM.
[IporpammupoBaHue: TPYAOEMKHIA IPOIECC B MAIIMHHBIX KoAax. [Ipu 3TOM HEOOXOAMMO 3HATh BCE KOMAH/IbI MAIIIHHBI,
WX IBOMYHOE MPEJCTABICHUE, a TAKXKE pa3InYHbIE CTPYKTYphl DBM.

1.2. Bropoe nokoJjieHue

Bropoe mokoieHue MpHILIOCH Ha TIepuo ] oT koHna 50-x mo koHna 60-x romoB. Beutr nu300peTéH TpaH3HUCTOD,
KOTOPBIH MPUIIET Ha CMEHY 3JEKTPOHHBIM JIaMIIaM. JTO T03BOJIMIIO H3MEHUTH 3JIEMEHTHYI0 6a3y DBM.

OnemeHTHast 0a3a: MOJIYNPOBOAHUKOBBIE 371eMEHThI. CoOelMHEHNE AJIEMEHTOB - MEYaTHbIC MJIAThl U HABECHOMN
MOHTaX.

I'abaputsr: ODBM BBINIONTHEHA B BUJE OAHOTUITHBIX CTOEK, YYTh BBIIIE YEJIOBEYECKOr0 pocTa. st ux pazmerie-
HUS TpeOyeTcs CTelaabHO 000PYAOBAaHHBIN MAIIMHHBIN 3al.

ITpousBoauTeNsHOCTH: A0 1 MIIH. oII/C.

OKCITyaTanyst: ynpoctuiach. [10SBIIIMCH BEIMUCIUTENBHBIE LIEHTPHI ¢ OOJIBIIMM IITATOM OOCITY>KHBAIOIIETO
nepcoHara.

[TporpammupoBaHue: CyIIECTBEHHO M3MEHMJIOCh, TaK KAaK BEJIOCH IPEHMYIIECTBEHHO Ha aJTOPUTMUYECKHX
a3bIkax. [IporpaMmucThI y)xke He paboTany B 3alie, a OTIaBaJll CBOM NPOrpaMMBbI Ha nep(oKapTax WM MarHUTHBIX JICH-
Tax CIEIHAILHO OOYYCHHBIM OIIEpaToOpaM.

1.3. TpeTbe noxoJieHue

JroT nepuon uiuics ¢ konua 60-x 1o konua 70-x ronos. [losiBneHre UHTErpaIbHBIX CXEM 03HAMEHOBAJIO HO-
BBII 9Tall B pa3BUTHH BHIYUCIUTEIBHON TEXHUKU.

[1epBoii DBM, BEINOIHEHHOH HA HHTETpalIbHBIX cxeMax, Obuta IBM-360 ¢upmsr IBM.

DneMeHTHast 0a3a: HHTETPaJbHBIC CXEMBI, KOTOPBIC BCTABIIIOTCS B CIICIMAIbHBIC THE3/IA HA TICUYATHOH IIaTe.

[abGapuThl: 118 UX pa3MEIICHHS TaKKe TPeOYyeTCsS MAITUHHBIH 3a71.

[Ipou3BOAUTENTHFHOCTD: COTHHU THICSY - MUJUTHOHBI OI1/C.

Okcmtyaranus: 00see ornepaTUBHO MPOU3BOIUTCS PEMOHT CTaHAAPTHBIX HEHCIPABHOCTEH, HO M3-3a OOJBIION
CJIOXXHOCTH CHCTEMHOW OpraHm3aiiy TpeOyeTcs ITAT BBICOKOKBATHU(HUIIMPOBAHHBIX CIEIUANTHCTOB. HeszameHnMyto
POJIb UTPAET CUCTEMHBIN MPOrPaMMHUCT. [10SBUITUCH TUCTUIEH U TPadOTIOCTPOUTEIH.

[TporpammupoBaHue: BO MHOTUX BBIUUCIUTEIBHBIX IEHTPAX MOSBUIIMCH AUCIICHHBIE 3alTbl, TJe KaXABIH MIPO-
TPaMMUCT B OMpeAeNIEHHOE BpeMsi MOT TOJCOSTUHUThCS K DBM B pexxume pazneneHust BpeMenu. Kak u npexe, oc-
HOBHBIM OCTaBaJICSl PEKUM TaKETHOU 00pabOTKHM 3a1ad.

1.4. YeTrBépTOE MoKoJIeHHE

9TOT Iepuoa okKasajiCsad CaMbIM MNJIMHHBIM - OT KOHIA 70-X roI0B IO HACTOAMIEEC BPEMH. HoBrle TexHoiorun
CO3[]aHUSI MHTETPAIBHBIX CXEM MO3BOJMIM pa3paborar DBM deTBepTOro mokosieHus Ha OOJBIINX HHTErPalbHBIX
cxemax (BUC), creneHp HHTErpalui KOTOPBIX COCTABIISET JECATKH U COTHH THICSY 3JIEMEHTOB Ha OJIHOM KpHUCTAIlIe

OnemeHTHas 6a3a: MUKpormporeccopsl. [lepBriii Mukponporieccop 01 co3aan ¢pupmoii Intel 8 1971 rony. Ha
OJIHOM KpHCTaJUIe YAAJIOCh COPMHUPOBATH MHUHUMAIBHBIN 10 COCTaBY amnmaparypbl mpolieccop, coaepxamuii 2250
TPaH3UCTOPOB.

I"abapuThl: IepCOHATBHBIC KOMITBIOTEPHI, Pa3MEIIAIOIIUECS Ha CTOJIC MMOJIb30BATEIIS.
IIpon3BOAUTENEHOCTD: IECSITKH - COTHH MUJTHOHOB OI1/C.




31<crmyaTau1/15{: COBMCCTUMOCTD IIPOTPAMMHOI0 obecreueHus CHU3Y BBCPX U MPUHIUIT OTKpLITOﬁ APXUTCKTY-
pHL, Hpe,HYCManI/IBaIOHII/Iﬁ BO3MOXKXHOCTb AOMNOJIHCHUSA MMCIOIINXCA alllapaTHbIX CPEACTB 0e3 CMEHBI CTapbIX WJIN UX
MOHI/I(lJI/IKaHI/II/I 0e3 3aMeHBI BCEro KOMIIBIOTEPA.

Tema 2. BHyTpeHHsisi cTPYKTypa MukponponeccopoB. [Ipunuuns pon Heiimana.

2.1. Onpenesienne MUKpoOIpoIeccopa.

Muxkponpomeccop (MII) - 3To mporpaMMHO-yIIpaBiIsieMoe 3JIEKTPOHHOE IH(PPOBOE YCTPOICTBO, MpeNHa3HAYeHHOE IS
00paboTku 1HdpoBoit MHPOPMAIIMN W YIIPABICHUS IIPOLECCOM 3TOI 00pabOTKH, BBHIIIOJHEHHOC HAa ONHOW WIH He-
CKOJIBKUX HHTETPANBHBIX CXEMaX C BEICOKOIl CTENICHBIO HHTETPAIlHU IICKTPOHHBIX JIEMEHTOB.

2.2. UcTopusi pa3BUTHSI MUKPOIIpoIeccOpa.

B 1970 rony Mapuman DaBapa Xodd u3 ¢pupmer Intel ckoOHCTpyHpOBaI HHTETPATBHYIO CXEMY, aHAJTOTHIHYIO IO CBO-
UM (QYHKIMSIM [EHTpalbHOMY mporeccopy Oomemoit 9BM - mepssiit Mukporporneccop Intel-4004, koTopsrit yxe B
1971 romy OBUT BEIITYIIEH B MIPOIAXKY.

15 HOs10pst 1971 1. MOKHO CUMTATh HAYAJIOM HOBOW APHI B AIEKTPOHUKE. B 3TOT IeHP KOMIIaHUS NPUCTYIIUIA K TIOCTaB-
KaM TIepBOro B MHpe MHKporporeccopa Intel 4004.

Oro 6bUT HacTosIHUI TPopsiB, KO0 MII Intel-4004 pasmepom MeHee 3 ¢M ObLIT MPOU3BOAUTEIILHEE THTAHTCKON MaITUHBI
ENIAC. IlpaBaa, paboTtan oH ropa3ao MeIJCHHEE ¥ MOT 00pabaThiBaTh OJHOBPEMEHHO TOJIBKO 4 Outa mMH(pOpManuu
(mponeccopsl Oonbumx 9BM obpadarsiBanu 16 wiau 32 6ura 0AHOBPEMEHHO), HO M cTom nepBbiid MII B necsiTku ThI-
cs14 pas3 JeIeBe.

Kpucrann mpencraBisin coboit 4-pa3psaHBIA MPoIeccop ¢ KIacCHUecko apxuTekTypoit 9BM rapeapackoro Tuma u
M3roTaBIMBAJCS MO nepenoBoil p-xkaHanbHOM MOII TexHoMOrMM ¢ NpoekTHBIMU HOopMaMu 10 MKM. DiekTpuuyeckas
cxeMma mpubopa HacuuthiBasna 2300 Tpamsucropos. MII pabortanm Ha TakToBO dactore 750 kK[l mpH AIUTETHHOCTH
mukora komauna 10,8 mxc. Ynm 14004 uMen anpecHBIN cTek (CYSTYNK KOMaHI u TpH peructpa creka tuma LIFO), 6mok
POHog (peructpsl cBepXomepaTuBHONW MaMSTH I PETUCTPOBHIN (aiin - PD), 4-paspsanoe mapamnensHoe AJIY, ak-
KyMYJISITOp, PETHUCTP KOMaH/I C e (paTopoM KOMaH U CXEMOH yIIPaBICHHS, a TAK)KE CXEMY CBSA3H C BHEITHUMH YCT-
potictBamu. Bee 3TH QyHKIIMOHATIBHBIC Y3IIbI 00BEIHHINCH MEKIY coboit 4-paspsaanoit 111J]. [TamaTh KOMaH[ HOCTH-
raia 4 Koaiit (nis cpaBHenus: 00beM 3Y muHnOBM B Hauane 70-x ronoB peako npessian 16 Koaiit), a PO L1 na-
cuuThIBaN 16 4-pa3psaHbIX PETUCTPOB, KOTOPHIE MOKHO OBIJIO UCTIONIB30BaTh U Kak 8 8-paspsnHbix. Takas opraHuzamnus
POHoB coxpanena u B nocneayrouwmx MIT ¢pupmsr Intel. Tpu peructpa creka obecrieunuBanu TPU YPOBHS BIIOXKECHUS
nozanporpamm. MIT 14004 MOHTHpOBAJICS B IJIACTMACCOBBIN MM MeTamiokepamudeckuii koprnyc tuna DIP (Dual In-
line Package) Bcero ¢ 16 BbIBOJaMHu.

B cucreMy ero koMaH BXOAMIO BCero 46 MHCTPYKLIMMA.

BwMmecte ¢ TeM KpucTat pacriosiarall BECbMa OrpaHHYEHHBIMH CPEJCTBAMH BBO/A/BBIBOJIA, @ B CHCTEME KOMaHJI OTCYT-
CTBOBAaJIM OTepaIiu Joruaeckoi oopadotku nanueix (U, NI, UCKIIIOYAIOIIEE WUJIN), B cBs3K ¢ 9eM HX IMPUXO-
JIMJIOCh PEaM30BbIBATH C IMOMOINBIO CHENHANbHBIX moAmnporpaMM. Moayns 14004 He mmen BO3MOXKHOCTH OCTaHOBa
(xomanmer HALT) u 06paboTku nipepbIBaHAL.

[{uxur KoMaHZBI poLeccopa COCTOSUT U3 8 TAaKTOB 3ajaloliero reneparopa. beuia mynsTuiuiekcupoBannas LA (mmna
aznpeca)/l11J] (mmHa naHHbIX), aapec 12-pa3psiiHblii nepenasasics 1o 4-paspsja.

1 ampens 1972 r. ¢pupma Intel Hauana mocTaBKU MEPBOro B OTpaciu 8-paspsgHoro mpudopa i8008. Kpucramt usroras-
nuBaics o p-kaHanbHOM MOII-TexHonorNN ¢ MpoekTHhIMU HOpMamu 10 MxM u comeprkan 3500 tpansuctopos. IIpo-
neccop pabotan Ha yactote 500 k[’ mpu muTenpbHOCTH MamuHAOTO 1KkiIa 20 Mxc (10 mepuoaoB 3aaar01Iero reHepa-
TOpA).

B otnmume ot cBoux mpemmectBeHHHKOB MII uMmen apxutektypy OBM NpHHCTOHCKOrO THIA, a B KA4ECTBE IaMSTH
JIoycKai npuMenenne komounanuu [13Y u O3Y.

Io cpaBuenuro ¢ 14004 uncio POH ymensmmiocs ¢ 16 1o 8, mpudem Ba peructpa UCIOIb30BAIUCH ISl XpaHEHUS
ajipeca NMpH KOCBEHHOW a/ipecalliyl namsitu (orpaHudeHue texHosoruu - 610k POH ananormuno xpucramiam 4004 n
4040 B MIT 8008 ObLT peann3oBaH B BHIC AMHAMIYCCKOW mamMsATH). [louTH BABOE COKpaTHIACH JUIMTEIEHOCTH MAIIIH H-
Horo nukia (c 8 mo 5 cocrosHuid). sl cCMHXpOHM3AMK PaObOTHI ¢ MEUIEHHBIMH yCTPOWCTBaMH OBLI BBEJEH CHTHAI
rorosHocTH READY.

Cucrtema KOMaH[ HacuuThBaia 65 mHCTpyKimii. MII mMor agpecoBats mamsate oobsemoM 16 Koaiit. Ero mpoussonu-
TEJIHHOCTH MO CPABHEHUIO ¢ YeThIipexpaspsaaabiMu MIT Bo3pocna B 2,3 pasza. B cpeaHem nist conpsikeHus mpoleccopa ¢
MaMsTBIO U YyCTPOUCTBAMHU BBOJA/BBIBOA TpeOOBaIoCh okoJio 20 cXeM cpeHel CTeTIeHH NHTETPalliy.

Bo3Mo)xHOCTH p-KaHAJIBFHOW TEXHOJIOTHH JUISI CO3IaHMS CIOKHBIX BBICOKOITPOM3BOANTENbHBIX MIT OblH mmouTH BCUep-
MIaHbI, TO3TOMY ""HaIllpaBlieHHUE TJIABHOTO yAapa' nepeHecin Ha n-kaHansHy0 MOII TexHOIOTHIO.

1 anpesnst 1974 MII Intel 8080 ObL1 npeicTaBIeH BHUMAHMIO BCEX 3aMHTEPECOBAHHBIX JIML. biiaronaps ncrnoss3oBanuio
texHosoruu n-MOII ¢ npoekTHeIMU HOpMaMu 6 MKM, Ha KpUCTaJlJIe YAAI0Ch Pa3MECTUTh 6 ThIC. TPAaH3UCTOPOB. TakTo-
Bas yacTora npoueccopa Obuia noBeneHa 10 2 MI'1, a JUIMTENbHOCTD LKA KOMaH 1 cocTaBmia yxke 2 Mxc. O0beM ma-
MSITH, aApecyeMol mporeccopoM, Obu1 yBenudeH 1o 64 Koaiir. 3a cuer ucnonbs3oBanus 40-BEIBOAHOIO KopIryca yaa-
noce paspenuts A u 1], obmee unciio MUKpocxeM, TpeOOBaBIINXCS AJIsL TIOCTPOCHUSI CUCTEMBI B MUHUMAaJIbHOM
KOH(UTypanuu cokpaTuiocs 10 6 (puc. 1).
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Puc. 1. Muxponpoyeccop Intel 8§080.
B P® 6bu1 BBEZCHBI yKa3aTeslb CTEKa, aKTUBHO HCIIONBb3YEMBIi TpH 00paboTKe MPEephIBaHUM, a TAKXKE J[Ba IPOrpaMM-
HOHEJIOCTYIHBIX PErucTpa Juis BHYTPEeHHUX nepecbutok. biiok POHoB Obl1 peann3oBaH Ha MUKPOCXEMax CTaTHYECKOM
namsTu. Mckimodenue akkymyisatopa u3 P® u Beenenue ero B coctas AJIY ympocTuno cxemy ynpaBIeHHS BHYTPEH-
HeH IHUHOM.
Hogsoe B apxutektype MII - ncnosp30BaHue MHOTOYPOBHEBOM CUCTEMBI IIPEPBIBAHUN 110 BEKTOpPY. Takoe TeXHUYeCKOoe
peleHre MO3BOJIIIIO JOBECTH OOIIee YUCI0 UCTOYHUKOB NpephIBaHui 10 256 (10 nosienus BUC koHTposuiepoB mpe-
pbIBaHUil cxema (popMHpOBaHKSI BEKTOPOB NpephIBaHK TpeOoBasia NpuMeHeHus 10 10 JOMONHUTENBHBIX YUIIOB Cpe /-
Helt mHTerparun). B 18080 mosBmiics mexanmsMm mpsimoro noctyma B mamsate (II/IIT) (kax paHee B yHHUBEpCAIBHBIX
OBM IBM System 360 u ap.).
IIJIT oTKpbUI 3€NEHYI0 YAULY AJI1 MPUMEHEHHUS. B MUKPOOBM Takux CIOXHBIX YCTPOKCTB, KAK HAKOMUTENIM HAa Mar-
HUTHBIX JUCKaxX U JeHTax auciuien Ha DJIT, koTtopsle U mpeBpaTHan MUKPOOBM B MOJHOLUEHHYIO BBIYMCIUTENBHYIO
CUCTEMY.
Tpanuuueil KoMIaHuM, HAYMHAas C IEPBOrO KpUCTallIa, CTall BbIMYCK He otAenbHoro uuna LII, a cemeiictea BUC, pac-
CYUTaHHBIX HA COBMECTHOE HCIIOJIb30BaHMUE.

2.3. Apxurektypa ¢pon Heiimana.

[Mpuanuns! pon Helimana — o01e TPHHIMIIEL, TTIOJIOKEHHBIC B OCHOBY COBPEMEHHBIX KOMITBIOTEPOB.
®on Heliman ¢ coaBropaMu BBIIBHUHYJIM OCHOBHBIE NMPUHIMIBI JOIMYECKOTO ycTpoicTBa OBM u mpennoxunu ee
CTPYKTYPY, KOTOpast HOJTHOCTBIO BOCIIPOM3BOAMIIACH B TEUCHHUE MEPBBIX ABYX IOKOJIeHNH DBM:

YcrpolicTBa
BBOJIA

7y

[TamsTh [Tpoueccop BHewmnss namste
— +—

(03Y,T13Y)  |<----- (AJTY, YY) J—---- ;

i
'
¥

YcTpolcTBa BbI-
BOJIa

—

- HampaBJICHHE JBWKEHHs MH(OopMaLuen
---->
- yIpaByieHue Bo3aencTeus Y.

Puc. 2. Apxumexmypa ¢on Hetimana.
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2.4. llpunuuns! pon Heitmana.

Kpome apxurextypst 9BM HeliMaH nipeyioKuI 0OCHOBOTIOIATAIONIUE TIPUHITUIIBI JIOTHYECKOT0 yeTpoiicTBa OBM.

1. Ipuanmn nporpaMmHoro ympasieHus. OH oOecriednBaeT aBTOMATH3AIUIO IPOIECCOB BEIUUCIICHH HA DBM.
CornacHO 3TOMY MPHHIUITY IPOTPaMMa COCTOHT U3 HabOpa KOMaHA, KOTOPHIE BBIIIOJIHAIOTCS MPOIECCOPOM aBTOMATH-
YEeCKH JPYT 3a IPYTOM B OTPEACICHHON MOCIEeI0BATEIEHOCTH.

Kak ato Beimonusierca? Beenem 2 onpeneneHus.

Peructp — cnenmanu3upoBaHHas JOMONHUTEIbHAS SUYCHKA MaMATH B Tpolieccope. Peructp BeImomHICT QYHKIMIO KpaT-
KOBPEMEHHOT'O XpPaHEHUS YHCIIa UITH KOMaHIbI.

CueT4uk KOMaHa — perucTp Y'Y, coAepKuMoe KOTOPOro COOTBETCTBYET aJpecy OUYEPeTHON BHIMIOJHSIEMON KOMaH/BI,
OH CJIY’KHT JIJI1 aBTOMATU4ECKOHN BRIOOPKH ITPOrPaMMEI M3 MOCICAOBATECIBHBIX TYCCK NaMATH. TO €CTh, C €ro IOMOIIBI0
OCYILIECTBIIIECTCS BHIOOPKA MPOTPAMMbI M3 MaMATH. JTOT PETHCTP IOCICIAOBATCIBHO YBEIUYMBACT XPAaHUMBIA B HEM
azipec ouepesHOi KOMaH/IBl Ha UTHHY KOMaH/IbL.

A Tak Kak, KOMaHZABI IPOTPaMMBI PACIIOIOKEHBI B TAMSTH JIPYT 3a IPYTOM, TO TEM CaMbIM OCYIIECTBIISIETCS BEIOOpKa
[ETIOYKH KOMaH[I U3 ITOCIIEIOBATEIbHO PACTIONOKEHHBIX TYeeK MaMsITH.

Ecnu ke HyXKHO IOCJie BBINOJHEHNS KOMaHbI IEPENTH HE K CIACAYIOLIEH, a K KAKOH — TO APYroi, UCHOJb3YIOTCS KO-
MaH/Ibl YCIIOBHOTO HMIIM 0€3yCIIOBHOTO IepeXxonoB. TakuM 00pa3om, Mporeccop UCIOMHIET MPOTpaMMy aBTOMAaTHIECKH,
0e3 BMeIaTeIbCTBa YeJIOBEKa.

2. [IpuHIMI 0THOPOIHOCTH HaMSITU. [IporpaMMBbl U TaHHBIC XPAHATCS B OJHOW U TO¥ e mamMATH. [[03ToMy KOMIBIOTEP
HE Pa3NyaeT, YTO XPAHUTHCA B IAHHOU sUeiiKe MaMsITH — YKCIO, TEKCT WK KoMaHaa. Hajx koMaHgaMu MOXKHO BBITIOJ-
HSTh TaKue K€ JCHCTBUS, KaK U HaJl JaHHBIMHU.

WNHorna 3TOT NPUHIKI HA3BIBAIOT «IIPUHIUI XPAaHUMOW KOMaHbl». M 9TO OTCYyTCTBUE MPUHIIUIHAIBLHON pa3HHIIBI Me-
Ky TMPOrpaMMOi M JaHHBIMHU JTAJI0 BO3MOKHOCTh DBM camoii ¢popmupoBath i ceOsi IPOrpaMMy B COOTBETCTBUH C
Pe3yIbTaTOM BEIYUCIICHHH.

3. punnmn agpecHoctn. CTPYKTYPHO OCHOBHAS ITaMATh COCTOUT M3 IPOHYMEPOBAHHBIX SYEEK; MPOLECCOPY B TPOH3-
BOJIEHBIT MOMEHT BPEMEHH JOCTYITHA JIt00ast siueifka. DTo mo3BoisieT oOpamaThesi K MPOU3BOIBHON sUelike (azpecy)
0e3 mpocMoTpa MPEBIAYIINX.

KomnproTepsl, MoCTpoeHHBIE HA 3TUX MPUHIIAIAX, OTHOCAT K THITY ()OH - HEHMaHCKUX.

Ha cerogaamuamii 1eHh 3TO MOAABIAIOMNE OOJIBITHHCTBO KOMITBIOTEPOB, B ToM uncie u IBM PS — comectumeie. Ho
€CTh ¥ KOMITBIOTEPHBIE CUCTEMBI C HHON apXUTEKTYPOM — HAIPUMEP CUCTEMBI JUISl TapauIeTbHBIX BEIUMCICHHUN.

Tema 3. Kinaccupukanusi MUKpOnpoueccopos.
CYH.[CCTBYCT MHOKECTBO pa3JIMYHbIX KHaCCI/I(I)I/IKaIII/Iﬁ MUKPOIIPOHECCOPOB. OcTaHOBHMCS Ha OCHOBHEBIX.

3.1. Knaccupukanusi MUKpPONPOLECCOPOB MO YUCJIY 00bIIHX HHTETPAJIbHBIX CXEM.

[To gmciry Gompmmx mHTErpanbHeIX cxeM (BMC) B MHKpOnpoIecCOpHOM KOMIUIEKTE pa3jindaroT MHKPOIPO-
LIECCOPBI OTHOKPHUCTAIbHBIE, MHOTOKPUCTAIEHBIE 1 MHOTOKPHCTAJIbHBIE CEKIIHOHHBIE.

IMpoueccops! gaxe cambIx MpocThix OBM MMEIOT c10XkHYI0 (QYHKIHOHAIBHYIO CTPYKTYPY, COmepar Oouib-
[I0€ KOJINYECTBO 3JIEKTPOHHBIX AJIEMEHTOB M MHOXECTBO Pa3BETBICHHBIX CBS3ei. VI3MEHATH CTPYKTYpy Ipoleccopa
HEO0OX0/MMO TaK, YTOOBI TOJIHASI NPUHLIMIIMAIBHAS CXEeMa WM €€ YacTH UMEJU KOJMYECTBO JJIEMEHTOB M CBS3eil, CO-
BMecTHMoOe ¢ Bo3MokHOcTsiME BUC. TIpu 3ToM MHKpoOTIpoIiecCOpbl MPHOOPETAIOT BHYTPEHHIOI MAarHCTPAIbHYIO apXH-
TEKTYpY, T. €. B HUX K €IMHOI BHYTpeHHEH MH(OPMALMOHHON MarucTpajiy MOAKIIOYAIOTCS BCE OCHOBHBIE (DYHKIHO-
HaJIbHbIE OJIOKHU (apU(METUKO-JIOTHYECKHH, pa00YHX PETHCTPOB, CTEKA, PEphIBaHMM, HHTepdelica, yIpaBIeHHs U CUH-
XPOHU3ALWH U JIp.).

Jnst obocHOBaHMS KiIaccupUKauy MUKporpolieccopos no unciy BUC Hamo pacnpenenurs Bce ammapaTHbe
6JI0KHM TIpoIieccopa MEX/y OCHOBHBIMU TpeMs (PyHKIHMOHAJIBHBIMU YacTSIMH: ONEPallMOHHOM, YIPaBISIOIEeH U HHTEP-
(eticHOH. CI0)XKHOCTD OTIEPAIMOHHON M YIIPABIISIOIIEH YacTel mpolieccopa OnpeessieTcst UX pa3psiiHOCThIO, CHCTEMON
KOMaHJl ¥ TpeOOBaHHUSAMH K CHCTEME NPEPHIBAHUI; CII0KHOCTD MHTEP(EHCHON YacTH pa3psiTHOCTHIO M BO3MOXHOCTSIMU
MOAKIIIOUEHHS APYTUX ycTpoicTB OBM (maMsiTH, BHEIIHUX YCTPOMCTB, TaTYMKOB M HUCIIOJHHUTEILHBIX MEXaHH3MOB U
np.). UaTepdetic mporeccopa coaepKUT HECKOIBKO AecATKOB HH(popMarroHHbix mwH qaHHbX (L), anpecos (ILIA) u
ynpasnenus (LI1Y).

OIHOKpHCTAIFHBIE MUKPOIIPOIIECCOPHI MOTYYAIOTCs IPU pean3allii BCEX allapaTHBIX CPEJCTB MpoIeccopa
B Buae ogHoit BUC mmm CBUC (cBepxOonbiioil mHTErpassHON cxeMbl). I1o Mepe yBenWdeHHs CTeNeHH MHTErpanuu
AIIEMEHTOB B KPHUCTAJUIE W YHCIIa BBIBOJOB KOPITyCa MapaMeTphl OJHOKPHCTAIBHBIX MUKPOIIPOIIECCOPOB YITy4IIArOTCS.
OpmHaKo BO3MOXXHOCTH OJITHOKPHCTAJIBHBIX MHKPOIPOIIECCOPOB OTPAHWYCHBI alMapaTHBIMH PECypcaMH KpHUCTaia U
Kopmyca. [l mojry4eHuss MHOTOKPHCTaIbHOTO MUKPOIPOIIECCOpa HEOOXO0ANMO IIPOBECTH pa30MEHUE ero JIOTHYECKOH
CTPYKTYpbI Ha ()YHKIIMOHAIBEHO 3aKOHYEHHbIE YacTH U peann3oBath ux B Buae bBUIC (CBUC). dyHknroHaIbHAS 3aKOH-
yeHHOCTh BYIC MHOrOKpUCTAIBHOIO MUKPOIIPOLIECCOPA 03HAYAET, YTO €r0 YacTH BBINOJHSIOT 3apaHee ONpe/e/ICHHbIC
(yHKIIMM ¥ MOTYT pab0OTaTh aBTOHOMHO.

Ha puc. 3,a nokazano ¢pyHKIMOHaIbHOE pa3OMEeHUE CTPYKTYPHI IIpolieccopa MpH CO3JaHuH TPEXKPHUCTAIBHOTO
MHKpoIIpoueccopa (ITyHKTHpHbIe uHUK), conepkamero BHC onepanmonnoro (OIT), BUC ynpasnstomero (YII) n
BUC unrepdeticaoro (MIT) mpomeccopos.
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Puc. 3. Qynxyuonansnas cmpyxmypa npoyeccopa (a) u ee pazbuenue 0 peanusayuu NPoyeccopa 8 euoe
xomniexma cexyuonnvix bUC (6).

st co3maHust BRICOKOIPOU3BOIUTEIBHBIX MHOTOPA3PIIHBIX MHKPOIPOIIECCOPOB TpeOyeTcss CTOIb MHOTO afl-
MapaTHBIX CPEJICTB, HE pean3yeMbIX B JocTynHBIX BUC, 94T0 MOXXeT BO3ZHUKHYTh HEOOXOAUMOCTH emle U B (DYHKIIHO-
HAJILHOM Pa30MEeHHUN CTPYKTYPBI MHKPOIIpPOIlecCOpa TOPU3OHTANBHBIMA TUTOCKOCTSIMHA. B pe3ynbTate paccCMOTPEHHOTO
(hYHKIIMOHATIFHOTO pa3eNIeHUs] CTPYKTYpBI MHUKPOIIpoIleccopa Ha (YHKIIMOHANEHO M KOHCTPYKTHBHO 3aKOHUCHHBIE
YacTH CO3/A0TCS YCIOBHS peanu3anuu Kaxaoi n3 Hux B Buge bUIC. Bee onn 00pa3yroT koMImiekT cekinoHHbIX BC
MIT.

3.2. Kinaccupukanusi MUKPONPOIECCOPOB MO HA3HAYEHH 0.
[lo Ha3HaUEHUIO pa3IMYaAIOT YHUBEPCAIBHBIE U CIIEHUATU3UPOBAHHBIE MUKPOIPOLIECCOPHI.

YHuIBepcanpHbIE MUKPOIPOIIECCOPBI MOTYT OBITH MIPUMEHEHHI JJIs PEIICHHS MIUPOKOTO KpyTra Pa3sHOOOpa3HbIX
3amad. [Ipu 3Tom ux 3 hekTHBHAS MPOU3BOAUTEIHFHOCTE CIA00 3aBUCHT OT MPOOIEMHOH CIIeIU(UKHN pelIaeMBIX 3a/1a4.
Crrermmanmuzanus MII, T.e. ero mpoGiieMHast OpHEeHTAUs Ha YCKOPEHHOE BHIITOIHEHHUE ONPEACTICHHBIX (DYHKIMNA TO3BO-
JSIET PE3KO YBENNYUTH d3PPEKTUBHYIO MPOU3BOAUTEIBHOCTD ITPU PEILICHUH TOJBKO OIpeeIeHHbIX 3a/1a4.

Cpenu crnenuanu3upOBaHHBIX MHUKPOIPOIIECCOPOB MOXHO BBIICNUTh PAa3IN4YHble MUKPOKOHTPOJLIEPH!, OPHUEH-
TUPOBAHHbIE Ha BBINOJIHEHUE CIIOXKHBIX MOCJIEI0BATEIbHOCTEN JIOTHYECKUX onepauuid, mateMaruueckue MII, nmpegna-
3HAYCHHBIC JIJIS TTOBBIIICHUS TPOU3BOIUTCIBHOCTH MIPU BBHIMTOJHCHUU apr(PMETHUCCKUX OMEPaLUil 32 CUeT, HAPUMED,
MaTPUYHBIX METOJIOB WX BhIMOIHEeHHs, MIT 1 06paboTky TaHHBIX B pa3UYHBIX 00JacTAX mMpuMeHeHui u T. 1. C mo-
MOUIBIO crenuan3upoBanHbiXx MIT M0oXHO 3((eKkTHBHO pelaTh HOBbIE CIIOXKHBIC 33Jadll MapajjieibHol 00paboTku
JAaHHBIX. HampuMep, KOHBOJIOIMS ITO3BOJISET OCYIIECTBUTH OOJiee CIIOKHYIO MaTeMaTHYEeCKyI0 00pa0OTKy CHTHAJIOB,
YeM LIUPOKO UCIOJIb3yeMble METOIbl Koppensaunu. [locneHue B OCHOBHOM CBOJASITCS K CPAaBHEHHUIO BCETO JIBYX CEpUid
JAHHBIX: BXOJHBIX, IepelaBaeMbIX (OpPMOH CHUTHaNA, M (UKCHPOBAHHBIX OMOPHBIX U K OINpPEICICHUIO HX ITOMO0US.
KonBomromnust 1aeT BO3MOXXHOCTh B PeabHOM MacmTade BpeMEHH HaXOTUTh COOTBETCTBHE U CUTHAJIOB M3MEHSIO-
miericst JOpPMEI IyTeM CPaBHEHHS UX C Pa3IMYHBIMH STAJIOHHBIMH CHTHAJIAMH, YTO, HaI[PUMEP, MOXKET IMO3BOJHTH 3 (-
(heKTUBHO BBIJCIUTH MTOJIC3HBIA CUTHAT HA (JOHE IIIyMa.

Pa3paboTaHHBIE OTHOKPHUCTAIBHBIE KOHBOJIBBEPHI HCIOIB3YIOTCA B YCTPOMCTBAX OMO3HABaHUSA 00Pa3oB B TEX
CiIyJasiX, KOTJIa BO3MOXKHOCTH cOOpa TaHHBIX MPEBOCXOAAT CIIOCOOHOCTU CUCTEMBI 00padaThIBaTh ATH JIaHHBIE.

3.3 Kaaccudukanus MEKPONpoLeccopoB 1o BUY 00padaTbiBaeMbIX CHTHAJIOB.

[o Bumy 00pabaThiBaeMbIX BXOJHBIX CHTHAJIOB pa3IMYaroT MU(POBEIC M aHAJOTOBBIE MUKpoIporeccopsl. Ca-
MH MHKPOIIPOLIECCOPbl LU(POBbIE YCTPOHCTBA, OJHAKO MOTYT HMETh BCTPOECHHBIC aHAJIOro-IudpoBsle u LUdpo-
aHajioroBble npeoOpazosarenu. [103TOMy BXOJIHBIE aHAIOTOBbIE CUTHANBI niepeaatotcst B MIT uepe3 npeoOpaszoBareib B
1 poBoi popme, 00padaTHIBAIOTCS U MOCIIE 0OpAaTHOTO MPeoOPa30BaHMS B AaHATIOTOBYIO (JOPMY MOCTYIAIOT HA BHIXO/I.
C apXHUTEeKTypHOH TOYKH 3PEHHUS TaKHE MHUKPOIIPOIIECCOPHI MPEACTABISIOT CO00I aHANIOTOBBIE (PYHKIIMOHAIBHBIE TIpe-
o0pa3oBaTeny CHTHAJIOB M HA3BIBAIOTCS aHAIOTOBBIMU MHKpoOIponeccopamMu. OHU BBITOMHAIOT (GyHKINH JF000H aHa-
JIOTOBOM CXeMBbI (HampuMep, IPOU3BOISIT IeHEPANHIO KoIeOaHnH, MOIYIIALNIO, CMEIIeHNE, IIIBTPAINIO, KOAUPOBAaHUE
U JICKOJIMPOBaHUE CHTHAJIOB B PEAbHOM MacuiTabe BPEMEHH U T.lI., 3aMEHsIsl CIIOKHBIE CXEMBbI, COCTOSIIIHE U3 OTiepa-
IIMOHHBIX YCHJIMTEJNEH, KaTylleK HHAYKTHBHOCTH, KOHAEHCATOPOB U T.1.). I[Ipy 5TOM nprMeHeHHe aHaJI0T0BOTO MUKPO-
npoleccopa 3HAUYUTENBHO TOBBIIIAET TOYHOCTh 0OPa0OTKH aHAJIOTOBBIX CUTHAJIOB M MX BOCIIPOM3BOANMOCTD, a TAKXKe
pacmpseT GyHKIIMOHAIbHBIE BO3MOXHOCTH 32 CUET NMPOrpaMMHOM "HacTpoiiku" 1udpoBoi yacTH MHUKpOIIponeccopa
Ha Pa3JIMYHbIE allTOPUTMBI 00pabOTKH CUTHAJIOB.

OOBIYHO B COCTaBEe OJHOKPHCTAILHBIX aHAJIOroBBIX MII MMeeTcss HECKOIBKO KaHAJIOB aHAJIOro-Iuu(ppoBOTro 1
dpo-ananorosoro npeodpa3oBaHus. B aHaIoroBoM MHUKpOIpoOIieccope pa3psaHOCTh 00pabaThIBaeMbIX JaHHBIX JI0C-
turaet 24 6ut u Gosee, OONBIIOE 3HAUCHUE YICIACTCS YBEIUNICHUIO CKOPOCTH BBITIOTHEHHS apu(PMETHIESCKUX OIepa-
LIUH.

OTnnuuTenbHas 9epTa aHAIOTOBBIX MHUKPOIIPOIIECCOPOB CITOCOOHOCTH K IMepepaboTke 00JbIIoro o0beMa du-
CJIOBBIX TaHHBIX, T. €. K BHITIOJHEHUIO OTIEPAIA CIIOKEHUS M YMHOXEHHUS C OONBIION CKOPOCTHIO IPH HEOOXOIUMOCTH
JTaXKe 32 CUeT OTKa3a OT OIepaIuili mpepbhIBaHUN U TIEPEeX0J0B. AHAJIOTOBBI CUTHAJ, MpeoOpa3oBaHHBIN B IIUPPOBYIO
dhopmy, oOpabaTeiBaeTcs B peadTbHOM MaciiTabe BpeMEHU U TiepelacTcs Ha BBIXOJ OOBIYHO B aHAJIOTOBOH opMme depes
1 po-ananorosslii npeodpasosarens. [Ipu aTom cornacHo Teopeme KorenpHIKOBa 4acTOTa KBAHTOBAHUS aHAJIOTOBO-
r'O CUT'HAJA JIOJDKHA BABOE MPEBBIIATH BEPXHIOIO YaCTOTY CHTHAJA.
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3.4. Knaccudukanusi MUKPONPOIECCOPOB 10 XapaKTepy BPeMEHHOii opraHu3amuu.

ITo xapakTepy BpeMEHHOW OpraHu3anii paboThl MEKPOIIPOIIECCOPHI IENIAT Ha CHHXPOHHBIC U aCHHXPOHHBIE.

CHHXpOHHBIE MHKPOIPOIECCOPBI - MUKPOIIPOIIECCOPHI, B KOTOPHIX HAYAIO M KOHEI BBHITIOJTHEHHS OTIepaIlfit
3a/1al0TCS YCTPOUCTBOM YIIPABIICHUS (BPEMs BEIIIOTHEHUS ONEPAIIHidi B 3TOM CIy4ae He 3aBHUCHT OT BHJA BBHITTOTHICMBIX
KOMaH/J 1 BCIIMYHUH Ol'IepaHI[OB).

ACHHXpOHHBIE MUKPOIIPOLIECCOPHI MTO3BOJIAIOT HAYAIO BHINOJHEHUS KaXXIOW CIEAYIOLIEN omepanuu omnpene-
JIMTh IO CUTHATTY (baKTI/I’{eCKOFO OKOHYaHUuA BBINIOJTHCHUA r[pe)lbmymeﬁ Oorcpanunu. [[J'IH Goitee S(b(beKTI/IBHOFO UCIIOJIb-
30BaHHUs KaXXJ0I0 yCTpOfICTBa MHKpOHpOHeCCOpHOﬁ CUCTEMBI B COCTAaB ACMHXPOHHO pa60Ta}01u1/Ix yCTpOﬁCTB BBOJAT
JJIEKTPOHHBIE LIeNH, 00eCHeyrBaloIie aBTOHOMHOE (YHKIIMOHUPOBAHUE YCTPOMCTB. 3aKOHYMB pabOTy HaJl KaKow-
1160 onepauneﬁ, yCTpOfICTBO BI)Ipa6aTI>IBaeT CUrHaJ 3arpoca, 03HaanOHlHﬁ €Tr0 T'OTOBHOCTH K BBIIIOJIHCHUIO CJICAYIO-
meﬁ Oorcpanunu. HpI/I 9TOM DPOJIb €CTECTBCHHOI'O PACIIPCACIUTECIIA pa60T MPUHUMACT Ha cebs namMsTb, KOTOpas B COOT-
BCTCTBUU C 3apaHEC YCTAHOBJICHHBIM MNPHUOPUTCTOM BBIMOJJHACT 3alIPpOChl OCTAJIbHBIX yCTpOﬁCTB 0 00ECIEUYEHHUIO HX
KOMaHTHOH HH(OpMAaIel 1 JaHHBIMH.

3.5. Knaccupukanusi MUKpPOIIPOLECCOPOB 10 OPraHU3ALMH CTPYKTYPbI.

Ilo opraHuzanuu CTPYKTypbl MHUKPOIPOLIECCOPHBIX CUCTEM pa3iIndaroT MUKpoOBM o1HO- M MHOrOMarucr-
paJbHEIE.

B onnomaructpanbHbIx MUKpOOBM Bce ycTpoicTBa HMEIOT OAMHAKOBBINA MHTEP(ENC U MOIKIIOYCHBI K €11~
HOM MH(POPMAIIMOHHON MarucTpaiy, 10 KOTOPOH IepeatoTcsl KOJIbI IaHHBIX, aIpECOB U YIPABJISIOIIMX CUTHAJIOB.

B mMHOroMaructpanbpHeix MUKpOOBM ycTpoiicTBa rpynnaMy MoaKIIOYaOTCs K CBOSH MH(POPMAIMOHHON Ma-
THCTPaJIU. DTO MO3BOJISIET OCYIIECTBUTH OJJHOBPEMEHHYIO Tiepeady HH()OPMALMOHHBIX CUTHAJIOB 110 HECKOIBKHUM (WX
BCEM) MaructpaisiM. Takas OpraHu3aIys CUCTEM YCIOXKHIET X KOHCTPYKIHMIO, OHAKO yYBEIWIHBACT MPOU3BOIAUTEINb-
HOCTb.

3.6. KJ'[ﬁCCI/I(l)I/IKaIII/Iﬂ MHUKPOIIPOUECCOPOB M0 KOJINIECTBY BbINMOJHAECMBIX IIPOrpaMMm.

[To xonu4ecTBY BBIMOIHAEMBIX IPOrPaMM Pa3Nu4aoT OJHO- U MHOTOIIPOTpaMMHBIE MUKPOIIPOLIECCOPHI.

B oaHOmporpaMMHBIX MUKPOIIPOIIECCOpPaX BBIMOJIHACTCS TOJIBKO OJHA Mporpamma. Ilepexon K BBIIOJIHEHUIO
JpYyTOi MPOTpaMMBbl IPOMCXOANT MOCIIE 3aBEPIICHUS TEKYIIEH TPOTPaMMBbI.

B MHOro- MM MyJIBTHIPOTPAaMMHBIX MHKPOIIPOIIECCOPAX OTHOBPEMEHHO BBITIONHAECTCS HECKOJIBKO (OOBIYHO
HECKOJIBKO JIECATKOB) mporpamMM. OpraHuzanysi MyJIbTHIIPOTPAMMHOM pabOThl MHKPONPOLECCOPHBIX YIMPABIISIOMINX
CHCTEM I03BOJISIET OCYIIECTBUTH KOHTPOJIb 32 COCTOSHUEM M YIIPABICHUEM OOJIBIINM YHCIOM HCTOYHUKOB HIIH TIPHEM-
HHUKOB MH(OPMAIHH.

Tema 4. BHyTpeHHsIsI CTPYKTypa MHKPOINpoLeccopa. Apu(pMeTHKO-10THIecKHil 0JI0K.

4.1. Apudpmernko-nornueckuii 0J10K.

ApndmMeTHKO-JIIOTHYECKNH OJIOK BBITIOJHACT apu(pMETHIECKHE U JIOTHYECKHE ONEPALIMH I10]] BO3JCHCTBHEM yCTpOiicTBa
ynpasineHuss MII BUC. On Bkirodaet B ce0s 8-paspsgnoe AJIY, cxemy necstudaHoit koppekuuu JIK, moctpoenHoil Ha
6aze [13Y, 5-Tu pa3psaHblii perucTp NpU3HAKOB, akKymyiartop A, Oydep akkymyisitopa BOA u 6ydepHsiii peructp
BOPr. ApudpmMeTHko-norudeckuii 6JI0K Mo3BOJISET OCYHIECTBUTh apU(METHUECKUE ONEPAIH CIIOKEHUSI, BHIYUTAHUS, &
TakXe OCHOBHBIE Jornyeckue oneparuu (U, MJIN, wuckmogaromee MJIN) u caur. Ilpu mpoBeneHUH onepanuy OJHO
gucio Beeraa Oepercs u3 Oydepa akkymynaropa, a apyroe - uz OydepHoro peructpa. [lo pe3ynbraTy BBITOITHEHHS
apudmeTHKo-norndeckux omnepanuii AJIb yctanaBimBaeT B perucrpe NpHU3HAKOB ISTHh 3HAKOB.

[Ipu3nak nepenoca (Carry - C) ycTaHaBIMBaeTCs B €JUHUILY, €CJIM IPH BBHITIOIHEHUH KOMAH]| TOSBIISICTCS SIMHHIA
HepeHoca M3 CTaplIero pas3psja.

JononaurensHblil npu3Hak nepeHoca (Auxiliary carry - AC) ycTaHaBIMBaeTCs B €IUHHUILY, €CIH IPH BBHIIOJIHEHHH
KOMaHJ{ BO3HMKAET eIMHMIA NIEPeHoca U3 TPEThero paspsaa uuciaa. CocTosHHuE pas3psiia MOXKET OBbITh IMPOAHATH3UPO-
BaHO JIMIIb KOMaHJI0H A€CATHYHON KOPPEKLUHU YUCIA.

IIpm3nak 3Haka (Sign - S) B MAIIMHHOM CIIOBE MOXHO TPEJICTaBUTh YUCIOM OT -128 mo 127. B sTOM ciryuae cenb-
MO (CTapIImnii) pa3ps 9rcia - ero 3HaK. EMuHWMIA B ceAbMOM pa3psie MpH TaKoH 3amucH OyJeT yKas3bIBaTh HAa OTPH-
[aTeJIHbHOE YHUCIIO, @ HOJIb- Ha TIOJ0KUTENBHOE.

B pa3psn vyneBoro npusHaka (Zero -Z) 3amUCHIBAeTCS €IMHMIA, €CJIM TP BHITOJTHEHNH KOMAaHIBl pe3yabTaT PaBeH
HYJIIO.

B pa3psx npusHaka yetHoctu (Parity - P) 3anmmceiBaetcs equHMIA, €CIH TPH BHIITOJHEHUH KOMaH]IBI KOJHYECTBO €1H-
HHII B pa3psiiax pe3yiabTara Oy/leT YeTHBIM.

8-6utHoe AJIY MOKeT BBINOJHATH apu(pMETHUECKHE OIIEPALMH CI0XKEHUS, BEIYNTAHHS, YMHOXEHUS U JICIEHUS; JIOTH-
yeckue onepauuu 1, UJIN, uckmrouaromee MJIN, a Takxe onepamnuy OUKINYECKOTO CABUTa, cOpoca, MHBEPTUPOBAHUS
u T.1. B AJIY umerorcs nporpaMmHoO HenocTynHsle peructpsl T1 u T2, npennazHaueHHbIE 1J11 BpEMEHHOIO XpaHEHHUS
OIIEpaHJIOB, CXeMa JIECATUYHOIN KOPPEKIUH U cxeMa (POPMHUPOBaHUS ITPU3HAKOB.

IIpocreiimas onepamus cnoxxeHus: ucnonb3yercd B AJIY 111 HHKpEMEHTUPOBAHUSI COAEPKUMOTO PETUCTPOB, IPOIBH-
JKeHHsI perucTpa-ykas3aTessl JaHHbIX M aBTOMaTHYECKOTO BhrunciieHus cieayromero aapeca PIIII. IIpocreiimas onepa-
LUs BBIYATaHKA UCTIONb3yeTca B AJIY 171 NeKpeMEeHTHPOBaHUs PETUCTPOB U CPABHEHHUS IIEPEMEHHBIX.

IIpocreiimue onepamnyy aBTOMaTHIECKH 00pa3yroT "TaHaeMbl" T BRITTOTHEHUS B AJIY Takux omnepanuid, Kak, Hanmpu-
Mep, HHKpEeMEHTHpOBaHUe 16-OUTHBIX perucTpoBhiX map. B AJIY peannsyercs MeXaHW3M KacKaJHOTO BBITIOJTHEHHUS
MPOCTEUIINX OMEpaIUil AJI peaju3aly CJIOXKHBIX KOMaHA. Tak, HampuMep, MPHU BBITIOJHEHUH OJTHOM M3 KOMaHJ yC-
JIOBHOW Iepefauu MpaBiIeHUs 10 pe3yabTaTy cpaBHeHHA B AJIY Tpuxasl unkpementupyercss CK, aBaxabl npousBo-
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qurcst ytenue u3 PI1J], BeimonHsiercst apudmeTnueckoe cpaBHEHHE JABYX IIEPEMEHHBIX, (hopmupyeTcst 16-OuTHBIH aapec
nepexojia U MPUHUMAETCS PELICHHE O TOM, AeJaTh MM He JelaTh IIepexo o nporpamme. Bee nepeunciieHHbIe onepa-
MU BEITOJHSIOTCS B AJIY Bcero nuimib 3a 2 MKC.

BaxmHoii ocobenHocThI0 AJIY sIBIISIETCS €ro criocoOHOCTh ONEPUPOBATH HE TOJIBKO Oaiiramu, HO U OuTamu. OTHENbHBIE
MPOTrPaMMHO-/I0CTYITHBIE OUTBHI MOTYT OBITH YCTaHOBJICHBI, COPOILICHBI, HHBEPTUPOBAHBI, IIEPEIAaHbI, IPOBEPEHBI U HC-
MIOJTB30BAHBI B JIOTHYECKUX OMNepanuax. JT1a cmocodbHocTs AJIY, onepupoBaTh OuTaMu, CTOIb Ba)KHA, YTO BO MHOTHX
omucannsx Intel87C51FB rosoputcst 0 Haymunu B HeM "GysieBckoro mporieccopa”. st yrpaBieHUsT 00bEKTaMU YacTo
MPUMEHSIOTCS ITOPUTMBI, COAEPXKAIINE OTEPALH HaJ BXOAHBIMH M BBIXOIHBIMH OyJIEBCKHMH MEPEMEHHBIMHU (HMCTH-
Ha/JI0XKb), pean3alisi KOTOPBIX CPEICTBAMH OOBIYHBIX MHKPOIIPOIIECCOPOB CONPSKEHA C ONPEACICHHBIMU TPYIHOCT -
M.

Takum oOpaszom, AJIY MOXeT onepupoBaTh YETHIPHMS TUIIAMH HH(QOPMAIHUOHHBIX 00BEKTOB: OymeBckumu (1 OwmT),
dpossiME (4 Outa), 6aiiTHEIMU (8 6uT) M aapecHbME (16 6ut). B AJIY BhInosHsercs 51 pa3nuyHas onepanus nepe-
CBUIKH WJIM IPeo0pa3oBaHus 3TUX AaHHbIX. Tak Kak ucrnoib3yercs 11 pexxumoB axpecaunu (7 Uit JaHHBIX ¥ 4 1718 aj-
pECcoB), TO MyTeM KOMOWHUpPOBaHHUs "onepanus/ pexxuM aapecanuu’ 06a3oBoe uucio komana 111 pacmupsercs go 255
n3 256 BO3MOXKHBIX IIPH OJTHOOAHTHOM KOJI€ OTIepalHy.

4.2. OCHOBHbBIE XapaKTEePUCTUKH MUKPOIPOLecCopa.

Mukporponeccop XapaKTepHu3yeTcs:

1) TakTOBOM YaCTOTOMU, ONpPEACIIAIONICH MAKCHMAIBHOE BpeMsI BEITIOJTHESHHS MIEPEKITIOUCHUS 3JIeMeHTOB B OBM;

2) pa3psaHOCTBIO, T.€. MAKCHMAJIBHBIM YHCJIOM OJJHOBPEMEHHO 00pa0aThIBaEMbIX JIBOMYHBIX Pa3psIoB.

Paspsanoctts MIT 0003HauaeTcss m/n/k/ u BKIrOYaET: m - pa3psAHOCTh BHYTPSHHUX PETHUCTPOB, OMPEACIISCT MPUHAI-
JISKHOCTh K TOMY WJIM MHOMY KJIacCy IIPOIIECCOPOB; N - Pa3psIHOCTH IIMHBI JaHHBIX, OIpPEeNseT CKOPOCTh Nepeaadn
uHpopmanuy;

K - paspsaHOCTh MIMHBI apeca, OMpeaessieT pa3Mep aapecHoro npocrpanctsa. Hanpumep, MIT 18088 xapakrepusyercst
3HaveHmIMH M/n/k=16/8/20; 3) apxutexrypoii. [IoHATHE apXUTEKTYpHl MHKPOIPOILIECCOPa BKIIFOYAET B ceOS CUCTEMY
KOMaHJI ¥ CTIOCOOBI aIpecalii, BO3MOXXHOCTh COBMEIIECHHS BBITOJHEHNS! KOMaH]l BO BPEMEHH, HAJIMYHE JOTOIHUTEb-
HBIX YCTPOMCTB B COCTaBE MHUKPOIIPOLIECCOPa, MPUHIIMIIBI U PEXKUMBI €T0 pabOoThl. BBIACIAIOT NOHATHS MUKPOAPXHUTEK-
TYPBI 1 MAaKPOapXUTEKTYPHI.

MHUKpOapXHUTeKTypa MHUKPOIIPOLIECCOpa - 3TO allllapaTHas OpraHU3alys M JIOTHYECKas CTPYKTYpa MHKpPOIPOIECCOpa,
PETHCTPBI, YIPABISAIOMINE CXEMBI, apU(METHKO-JIOTHIECKHE YCTPOICTBA, 3aIIOMUHAIOIINE YCTPOHCTBA M CBA3BIBAOIINE
uX UH(POPMAIOHHBIE MarHCTPaIIH.

MakpoapXuTeKTypa - 3TO CHCTeMa KOMaH/, TUIbl 00padaThIBaEMbIX IaHHBIX, PEXKHUMBI aJpecalliy U MPUHIMITBI paOOThI
MHKpPOIIPOIIECCOopa.

B ob6mem ciryuae noz apxurektypoir OBM noHmMaeTcst abcTpakTHOE NMPECTaBIeHUE MAIIMHBI B TEPMUHAX OCHOBHBIX
(hyHKIIMOHATIBHBIX MOJYJEH, si3pika DBM, CTPYKTYpHI JaHHBIX.

4.3. CTpyKTypa THIIOBOr0 MHKPOIIPOIeccopa

ApXUTEKTypa THITUIHOW HEOONBIION BEIYUCIUTEIHHON CUCTEMBI Ha OCHOBE MUKpoOBM moka3ana Ha puc. 4.1. Takas
MUKPOIBM comepkuT Bce 5 OCHOBHBIX OJIOKOB U(POBOIl MAIIMHBI: YCTPOWCTBO BBOJA MHGOPMAIIUH, YIIPABJISIOIICE
yctpoiictBo (YY), apudmeTuro-nmorundeckoe yctpoictBo (AJIY) (Bxomsime B COCTaB MHUKPOMpOIECCOpa), 3aloMHU-
Harouiue ycrpoiictsa (3Y) U ycTpoiicTBO BbIBOAA HH(DOPMALIUH.
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Puc. 4.1. Apxumexmypa munogozo Mukponpoyeccopa.
Mukpomporieccop KOOPAUHUPYET padoTy BCeX YCTPOUCTB MU(GPOBON CHCTEMBI ¢ TIOMOIIBIO MIMHBI yrpasienus (IIIY).
ITomumo ITY mmeercst 16-paspsanas aapecHas muHa (I11A), koTopast CIy»XUT Ui BEIOOpa ONpeaeNeHHON siTueHKH Ta-
MSATH, TIOPTa BBOJIA WJIM TIOPTa BeIBoJA. [1o 8-paspsaHoii nHbopMannoHHOH miHe uiy mmHe qaHHbx (1)) ocymiecTs-
JsieTCs ABYHAIpaBICHHAs TIEPEChUTKA JaHHBIX K MEKPOIIPOIIECCOPY B OT MUKpoIIporieccopa. BaxkHo ormeTnts, uto MIIT
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MOXET II0ChUIaTh HH(OpPMALHUIO B TaMATh MUKPOOBM it kK 0ZJHOMY M3 TOPTOB BBIBOJA, @ TAKXKE MOJIy4aTh HHPOpMa-
LU0 U3 MaMSTH WIX OT OJHOTO U3 IOPTOB BBOJA.

IMocrostarOE 3anmoMuHaroinee ycrporctBo (I13Y) B Mukpo3BM comepxuT HEKOTOPYIO mporpammy (Ha MpakTHUKE MPo-
rpammy uHHUIManmm3auu 9BM). [IporpaMmsl MOTYT OBITH 3arpy’KEHBI B 3aIIOMUHAIOIIEE YCTPOWCTBO ¢ MPOHU3BOJILHOM
BeIOOpKO#t (3YIIB) 1 13 BHemHero 3anoMuHaromiero ycrpoiicrsa (B3Y). 31o nporpaMmsl mojp30Baress.

Tema 5. YcTpoiicTBO ynpaBjieHUsl.

5.1. IlpuHuMn ynpasjeHHUs.

[pUHIMIT MEKPOIIPOTPAMMHOTO yIpaBieHus ObuT npeanoker M. YuikcoMm B 1951 T 1 ¢ TOro BpeMeHH NPaKTHICCKH
He IpeTepliesl HUKaKkuX u3MeHeHui. CoriacHo eMy J1r000e 3JeKTPOHHOE YCTPOUCTBO (HaUUHAs OT CaMOT'0 COBPEMEHHO-
r0 MHKpOIIPOLECCOPa U 3aKAHYUBAs HJIEKTPOHHBIMU YacaMHU) MOXKET OBITh HPEICTaBICHO B BHUAE Hapbl: YCTPOHUCTBO
yIpaBJICHUs] — OIEPAllMOHHOE YCTPOUCTBO, IIe Ha JOJIO YIPABIAIOIIEr0 YCTPOHCTBA IPUXOJUTCS IOIHBIA KOHTPOJIb
PaboThl OIEPAllMOHHOIO YCTPOUCTBA (CIOIa BXOIUT aHAIM3 TEKYIIEro COCTOSHUS yCTPOICTBA, KOHTPOJIb NapaMeTpoB,
NpHUHATHE pelleHuil u T.4.). Ha qomnto onepaluoHHOro ycTpoicTBa NpUXOAUTCA BCs "Tpsi3Has paboTa": HEoCpeICTBEH-
HO OCYLIECCTBJICHHE MOJIyYeHHBIX KOMaHJ M NpeoOpa3oBaHHE KOHTPOJIMPYEMBIX BEIMYUH (B TOM YHCIIE U CBOETO CO-
CTOSIHMS) B YHOOHBIM JUI YIpaBISIOMIEro ycrpoiicTBa BHA. [1oABOIHEIN KaMeHb KpOETCS B ONHMCAHUM IIOBEICHUS
VIPaBIIAIONIETO YCTPOWCTBA, COOCTBEHHO MMEHHO 3TO M IIPEACTABIICT HAMOOJIBIIYIO CIOXKHOCTh (M HamOoNbIIKe 3a-
TpPaTHl Ha Pa3paboTKy U pealn3anuio), 0 CPABHEHUIO ¢ KOTOPOH JIt000€ CKOJIb YTOIHO CII0KHOE KOHTPOJIUPYEMOe yCT-
poifcTBO GiienHeeT; U MMEHHO pa3paboTKa MPOCTHIX M 3()(EKTUBHBIX YCTPONCTB YIpaBICHHS IOXKaMyil SBISETCS OcC-
HOBHBIM HAIIPaBJICHHEM CXCMOTEXHHUKH.

5.2. Opranu3anus ycTpOiCTB yNpaBJIeHHS.

UYro X, mepeiiieM HETOCPEICTBCHHO K PACCMOTPEHUIO CaMHUX METOJOB OpPraHM3allMy YCTPOHCTB ympasieHHs. CaMbIM
CTapbIM, HO KaK HU CTPAHHO JIO0 CHX TIOpP aKTYyaJIbHBIM, SIBIISICTCS] OPTaHHU3AIMS YIPABIISIOIETO yCTPOUCTBA B BUJE KO-
HEYHOTO aBTOMarTa, T.€. B BHJE YCTPOICTBa 00JaNaloNIEero MaMsAThio, U PE3YJIbTaT PabOThl KOTOPOTO 3aBHCHUT OT €ro
TEKYIIEro COCTOSIHUSA. YV (T.€. YNpaBIsIoNee YCTPOHCTBO) MOTydaeT CUTHAIBI O TEKYIIEM COCTOSHUNA — BEKTOp X, U
BBIJIaCT YIPABJISIONINE CUTHAIIBI — BEKTOP Y, MEpexo U3 OJHOTO COCTOSHUS B IPYroe MPOUCXOAUT MO TAaKTOBBIM HUM-
nyiabcaM — Clock (T. . cxema sIBIIIeTCS CHHXPOHHOM, YTO B 00IEM-TO HeoOs13aTeabHO). OnepanuoHHbIN Ke aBTOMAT
KOHTPOJIMPYET TOBEJICHHUE Yero-TO, a MOKET OBITh TOJNBKO ce0sl C BhIJayeil pe3ysIbTaToB paboOThl, HA OCHOBE MOJYYEH-
HBIX CUTHAJIOB.

Ha texymuii MOMEHT MOXHO BBLAEIUTH TPU TPYIIIBI YIPABIIOMIUX aBTOMATOB:

. ABTOMATHI C KECTKOI Jorukoi, Hanpumep Munu(Mealy) u Mypa(Moor);

. aBTOMATHI C IIPOTPAMMHPYEMOM JIOTUKOH (Ha CETOTHSIIHMIN JICHb U3KMIN ce0s KaK KJ1acC U MOTYT paccMaTpHu-
BaThCS JIMIIb B HCTOPHYECKOM KOHTEKCTE): aBTOMAThl ¢ NMPUHYAWTEIBHONW aapecalyeil, eCTeCTBeHHON ajpecaneid u
COOTBETCTBEHHO KOMOMHUPOBAHHOI1;

. KOMITO3MIIOHHBIE YCTPOMCTBA YNPaBJICHUS — OOBEIMHAIOT NPEUMYIIECTBA JIBYX HPEABIAYIIUX THIIOB yCT-
POMCTB, OTHAKO OHM, HA MOM B3IJISIL, TAK )K€ YK€ HE aKTyalbHbl Ha CETOHSIIHUH AEHb.

ITycTs MX MpUMeHEHHE He Bcera Iesiecoodpa3Ho, 0THAKO MOXKHO C YBEPEHHOCTBIO CKa3aTh, YTO 3JIEMEHT YIPaBICHUSI
BBITIOJIHEHHBIH B BHJIE KOHEUHOTO aBTOMara OyneT Haubosee OBICTPBIM W HanOoJiee IKOHOMHYHBIM (ECITH, KOHEYHO He
MPUAETCS BBOJIUTH I HETO HOBYIO MUKPOCXEMY) PELICHHEM.

5.3. YerpoiicTBo ynpasjieHusi MUKPOIpoLeccopa.

IToroBopuMm 0 APYrux pacnpOCTPaHEHHBIX YCTPOHCTBAX YMPaBJIEHUS — MHKPOIPOIECCOPaXx M MHUKPOKOHTpOIJIepax,
MepBbIE UCTIONB3YIOTCS B CTAIIMOHAPHBIX PEMICHUSX M TaM Ije TpeOyercs 0oJbInasi BRIYHCIUTENbHAS MOIIHOCTh, BTO-
pBIE XK€ MCIOJIB3YIOTCS B MOPTATHBHBIX MAJIOMOIIHBIX (KaK MO MHTAHHUIO TaK ¥ 10 BEIYUCIUTEIHHON MOIITHOCTH) pelIe-
HUSX; TTPUYEM IIOCIIeJHHE 00J1aJaioT JAOTOJHUTENbHBIM crienuduieckuM HabopoM (QyHKIMH (B 3aBHCHMOCTH OT CIie-
UaTU3aHH.

IIT — co6ctBenno nponeccopslit anement; HIA, HIJ], IIIY — muHb agpeca, JaHHBIX, YIPaBJICHUS COOTBETCTBEHHO;
O3V — rtekyniast namsaTh (OOBIYHO HCIIONB3YETCs Ul XpaHEHHs pe3yinbTaToB padotsl); [13Y — o0br4HO comepkuT
Habop komaHx onpexenstomux padory LIT; B/B 1 ... B/B N — ycrpoiicTBa Bosa BbIBoAa. [Ipu 4eM Juisi MUKPOKOH-
TpoJuIepa, 3Ta cxema OyJeT HECKOJIBKO OTJIMYAThCS: TaK HAIPUMEpP MaMsITh HaXoauTcs Ha ogHoM Kpuctamie ¢ LT (a
TaK K€ BCEe MPOYNE HETOKa3aHHBIE YCTPOMCTBA — KOHTPOJUIEP MaMsATH, IOPTOB BBOJA/BBIBOAA, MPEPHIBAHUMN H T.1.)
YCTPOHCTBA MOIKIIOYEHHBIE K IIOPTaM BBOA/BBIBOJA HE MOTYT CAMOCTOSATENBHO YIPABIATH IUHON H T.II.

CoOCcTBEHHO TPOTrpaMMHpPOBaHME IOBEICHHUS MHKpoIporeccopa (B mampHedmeM MII)/MukpokoHTposuiepa (B Aalb-
HetimieM MK) BeITosHsIeTCS 3anmuchio Heobxoaumoit nadopmaruu B I13Y co crapToBoro ajgpeca. CoOCTBEHHO B 3TOM U
3akntoyaercs ewe oaHo ornuure MK n MIT — nosenenne MK npakTHU€CKH MOTHOCTBIO OLPEAEISETCS CONEPKUMBIM
ero [13VY (B OONBIIMHCTBE CBOEM OHM B COCTOSHMU BBIIOJIHSATH KOMAaHJIBI TOJIBKO M3 aJpecHoro npocrpancrsa [13Y);
MII e MOTryT M3MEHATh CBOE MOBEACHHE 3arpyasi pasnuunsie nporpamMmsl B O3V, uTto snenaet ux Oosiee THOKMMHU.
OpHaKo 3TO HeNb3s MOCTaBUTH B HegocTaTok MK, T.K. OHU IO ONpeeNIeHHIO ABISIOTCS KOMIAKTHBIMY YCTPOHCTBAMU U
He MOT'yT UMeTh 00Jb1Ioi 00beM namstu. MK n MII BeiryckatoTcst B 00JIBIIOM KOJIMYECTBE U Pa3HOOOpa3nu Ui Bee-
BO3MOJKHBIX 33/1a4, 4TO JieJIaeT BO3MOXKHBIM MOJ00paTh YCTPOHCTBO HanboJjee MOAXOAsIIee 0 MapameTpaM M COOT-
BETCTBEHHO OOJIETYUTh KHU3Hb Pa3pabOTUHKY.

K nonoxxurtenbapiM ctoporam MK 1 MIT MOKHO OTHECTH CPaBHUTEILHYIO TIPOCTOTY Pa3pabOTKU pElIeHu Ha ux 0a3e
— HaJIu4ue OOJBIIOrO YHCIIa CTAHJAPTHBIX CXEM CONPOBOXKICHUS, IPOCTOTY NPOrPAaMMHUPOBAHHSA, HAJTMYHS CIICIIHAIH-
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3UPOBAHHBIX NMPOrPAMMHBIX IPOIYKTOB [UISl HUX, CTAaHIAPTHOCTh OOJIBIIMHCTBA PEIICHUH (JUIs MPOEKTUPOBaHUs 00Jb-
IIOT0 YHCJIA IIPOSKTOB YIPABJISIOIAS YacTh HE OHECET HUKAKUX M3MeHeHui). K HepoctaTkaM MOXKHO OTHECTH TO, YTO
Jlake TIpH pa3padOTKe MUHUMAJIBHON CXEMbl HEOOXOAMMO OyJeT Bech HEOOXOJUMBIH MUHUMYM MHKPOCXEM — caTell-
JuT (pa3IMYHbIE KOHTPOJIIEPHI U T.11.).

Eme oHa cucteMa ynpapiieHUs! MOSIBUBIIASICSL CPAaBHUTENLHO HEAaBHO — YIPaBIICHUE € MOMOIIbI0 DBM.

Konp! onepanuy KOMaHA IPOrpaMMBbl, BOCHPHHIMaEMBbIe YIPABILIOICH YacThI0 MUKPOIIPOLIECCOpa, paciIn(ppoBaHHBIE
U peoOpa3oBaHHBIE B HEll, af0T HHYOPMALIHIO O TOM, KaKHe OIlepaliy Ha 0 BEIOJIHUTE, I B TAMATH PacOJIOKEHBI
JaHHbIE, KyJa HaJ0 HAaIlPaBUTh PE3yJIbTAT H II¢ PAcOoNOkKeHa CIeAyIomas 3a BEIIOIHIEMOH KoMaHa.

VYupasisiionee yCTpoiCTBO HMEET JOCTaTOYHO CPEACTB IS TOTO, YTOOBI IOCIJIe BOCIIPUATHS U HHTEpIpETany HHOP-
MaIiH, TOJTy4aeMol B KOMaH/ie, 00ecIIeunTh NepekiIroueHie (cpadaTpiBanne) BceX TpeOyeMbpIX (hYHKIIMOHAIBHBIX Yac-
Tell MAIllUHBI, & TaKXKe IS TOr0, YTOOBI MOABECTH K HUM IaHHBIC M BOCIPHHATH IIOJNYYSHHBIC Pe3yibTaThl. FIMeHHO
cpabaTbIBaHUE, T. €. U3MECHEHHE COCTOSIHUSI JBOMYHBIX JIOTHUECKHX JJIEMEHTOB Ha IPOTHBOIIOJIOKHOE, TO3BOJISIET I10-
CPEACTBOM KOMMYTAIIUM BEHTHJIEH BBIIOJIHSITH JIEMEHTapHbIC JIOTHYECKUE U apuMeTHIeCKUe JAEHCTBUS, a TaKXKe Ie-
penaBath TpeOyeMble onepanbl B (yHKIMOHAIbHBIE YaCTH MUKpoOBM.

YCTpOoHCTBO yIpaBiIeHHs: B CTPOTOH IOCIENOBATEIbHOCTH B PaAMKaX TaKTOBBIX M IIMKJIOBBIX BPEMEHHBIX WHTEPBAJIOB
paboThl MUKpoOHpolLieccopa (TakT - MUHUMaJIbHBIA paO0uuii HHTEPBaJ, B TEUEHHE KOTOPOT'O COBEPIIAETCS OJTHO 3JIEMEH-
TapHOE JIeCTBHE; IIUKII - HHTEPBaJ BPEMEHH, B TEYEHHE KOTOPOTO BHIIIOJIHSACTCS OJJHAa MalllMHHAs ONEpalys) OCYIIeCT-
BIISICT: BEIOOPKY KOMAH/IbI; HHTEPIIPETALMIO €€ ¢ LEJbl0 aHain3a Gpopmara, CiIy)KeOHBIX MPU3HAKOB U BBIYUCIICHHS a]-
peca orepania (OIepaHIOB); YCTAHOBICHUES HOMEHKIATYPBI M BPEMEHHOH MOCIENOBATEIBHOCTH BCEX (YHKLIHOHAIb-
HBIX YIPABISIONIMX CUTHAJIOB; TCHEPALHMIO YIPABIISIONIMX UMITYJIbCOB H IIepeiady MX Ha YINPAaBIISIONINE IIUHBI QYHK-
[MOHANBHBIX YacTeil MUKpOOBM U BEHTUIIH MKy HUMHU; aHAIN3 Pe3y/IbTaTa ONepali U H3MEHEHUE CBOETO COCTO -
HHS TaK, 4YTOOBI OIPENETIHTh MECTOPACTIONIOKEHHE (apec) CIeaAyoIei KOMaHIBL.

5.4. Oco0eHHOCTH IPOrPAMMHOI0 1 MUKPONPOrPAMMHOI0 YIIPABJICHHS.

B Mmkponporieccopax HCIONIB3YIOT BA METOJA BBIPAOOTKH COBOKYNHOCTH (PYHKIHMOHAJIBHBIX YNPABISIONIMX CHI'HA-
JIOB: IPOTPAMMHBIN 1 MUKPOIIPOTPAMMHBIH.

BrimonHenue onepanyii B MallMHE CBOJUTCS K 3JIEMEHTApHBIM NpeoOpazoBaHusaM HH(popmanuu (epenada naboOpMa-
IIMH MEXTy y3/1aMH B OJIOKax, CABUT MH(OpManny B y3/1aX, JJOTHUECKHE TOPA3PSIIHBIE OTIEPALliH, IPOBEPKA yCIOBUN 1
T.JI.) B JIOTHYECKHX IIEMEHTAX, y3Jax u OJIOKaxX Mo BO3/AeHCTBHEM (DYHKIIMOHAIBHBIX YIPABILIONINX CUTHAJIOB OJIOKOB
(yctpoiicTB) ynpaBieHus. DIeMeHTapHbIe TPeoOpa30BaHus, HEPA3IOKHMbIE Ha 00Jiee TPOCTHIE, BHIIIOJIHIIOTCS B TeUe-
HHE OJIHOTO TaKTa CUTHAJIOB CHHXPOHHU3AIUH U HAa3bIBAIOTCSI MUKPOOTIEPALUAMHU.

B anmapaTHBIX (CXEMHBIX) YCTPONUCTBAX yNpaBJIeHHUs KaXkJ0H OoIepaluu COOTBETCTBYET CBOM HaOOp JOTMYECKHUX CXEM,
BbIpabaTHIBAIONINX OIpee/IeHHbIe (YHKIMOHAIBHBIE CUTHAJBI JUIS BBITIOJHEHHS MHKpPOOIIEPAIii B OIpeeeHHbIE
MOMEHTHI BpeMeHH. [Ipu 3ToM crocobe mocTpoeHus yCTpOHCTBa yIIpaBICHHS pealn3aliisl MUKPOOIepaIiii TOCTUTaeT-
CS 3a CUET OJHAXIbl COCIMHEHHBIX MEXIy COO0OM JOTMYECKHX cXeM, mo3Tomy OBM c ammapaTHBIM yCTpoOCTBOM
yIpaBieHus Ha3bIBaloT OBM c jkeCTKOH JIOTMKOl yIpaBieHHs. JTO MOHATHE OTHOCUTCSA K (UKCALMU CHCTEMBI KOMaH
B CTpPYKType cBszeli OBM u o3Ha49aeT NMpakTHYECKyI0 HEBO3MOXXHOCTh KaKMX-THMOO M3MEHEHHWH B CHCTEME KOMaH[
OBM nocne ee H3roToBIEHHUS.

IIpu MuKpoIporpaMMHON peanu3aly yCTPONCTBA YIPABIECHUS B COCTaB MOCIEIHErO BBOAUTCA 3Y, KaXAbIH paspsn
BBIXO/THOTO KOJIa KOTOPOTO ONPEAEIET MOSIBJICHNE ONPEJIENICHHOT0 (hYHKIIMOHAJIBHOTO CUTHAJa yrpasieHus. [loatomy
Ka)XJJOH MHUKPOOIIEpalliy CTaBUTCS B COOTBETCTBHE CBOM MH(OPMAIMOHHBIN KOJ - MUKpoKoMaHia. Habop Mukpoxo-
MaH]| ¥ TI0CJIe/I0BATENLHOCTh UX pEaIM3alli 00ECIeYNBaIOT BBHIIIOJIHEHHE 000 CII0KHOM ornepaunu. Habop Mukpo-
orepanuii Ha3pIBalOT MUKpornporpamMmmaMu. Crioco0 ynpaBieHUs ONepanusIMHU IIyTeM ITOCIEA0BATEIFHOIO CYUTHIBAHUS
Y UHTEpIpeTau MUKpokoMan ] u3 3Y (Haubosee 9acTo B BHUJIE MUKPOIPOTpaMMHOTO 3Y HCTONB3YIOT OBICTPOAEHCT-
BYIOIIIME NPOrpaMMHPyEMBbIE JIOTHYECKHE MATPHIBI), a TaK)Ke MCHOIb30BAHUSI KOJOB MUKPOKOMAHJ I T€HEpaluu
(hyHKIIMOHATBHBIX YIPABISIONINX CUTHAIOB Ha3BIBAIOT MUKPOIPOTPAMMHBIM, a8 MEKpOOBM ¢ Takum cioco6oM ympas-
JICHHS - MUKPOIPOTPAMMHBIMH FJTH C XpPaHUMOM (THOKOMN) JIOTHKOHN YIpaBICHHUS.

K mMukponporpammam mpeabsBisSioT TpeOOBaHHS (YHKIMOHAIBHOM MOJHOTH M MUHUMaJIbHOCTH. [lepBoe TpeGoBaHue
HeoOxoanuMo i1l obecredeHns] BO3MOXKHOCTH Pa3padOTKH MUKPOIPOTpaMM JIFOOBIX MaIIMHHBIX OIlepanuii, a BTopoe
CBSI3aHO C JKEJaHHEM YMEHBIINTh O00BEM HCIIOJIB3yeMOro 00OpyJIOBaHMS. Y4eT (akropa OBICTPOJNECHCTBHS BElET K
pacIIMpEeHUI0 MUKPOIIPOrpaMM, OCKOJIbKY YCI0KHEHHUE MOCIEIHUX MO3BOMISIET COKPATUTh BPEMs BBINOJIHEHHSI KOMaH |
HIpPOTPaMMBI.

[IpeoOpazoBanre MHPOPMAIMHU BBHIOJHACTCS B YHHBEPCAILHOM apH(pPMETHKO-JIOTHYeCKOM OJIOKE MHKpPOIPOIECCOopa.
OH 00BIYHO CTPOUTCS HA OCHOBE KOMOWHAIIMOHHBIX JIOTHIECKUX CXEM.

s yckopeHHs BBIIOJTHEHUS OTPEACICHHBIX ONEepannii BBOAATCS ITOTOJHUTEIHHO CIEIHATIbHBIC OTIEPAMOHHBIC Y3JIbI
(mammpuMmep, nuKIHYecKHe casuratenu). Kpome toro, B coctaB mukponpoueccopaoro kommuiekra (MIIK) BUC BBogsat-
Csl CTICIIMATN3NPOBAHHBIEC OTIEPaTUBHBIE OJIOKH apu(METHIECKUX PACIIHPHUTEICH.

OneparoHHbIe BO3MOKHOCTH MHKPOIIPOIIECCOpPa MOXKHO PACIIMPHUTH 3a CUYET yBEIHMUYEHHs YuClia perucTpoB. Eciam B
peructpoBoM Oydepe 3akpeniieHrne (GpyHKIHH perucTpoB OTCYTCTBYET, TO UX MOXKHO HCIIOJIB30BATh KaK [T XPaHEHUS
JIAHHBIX, TaK ¥ JJIs XpaHeHus azxpecos. [logoOHbIe perncTpsl MUKPOIIPOLIECCOpa HAa3bIBAIOTCS PErUCTPaMH OOIIEro Ha-
3HaueHus (POH). Ilo Mepe pa3BUTHS TEXHOJOTUH PEAIbHO OCYIIECTBIEHO U3TOTOBJIEHHE B MUKpoInpoueccope 16, 32 u
0oJiee perucTpoB.

B nenom ke, npuHIMI MUKporporpamMmmuoro ynpasienus (IIMY) Bkirouaer cienyromue no3unuu: 1) arobast onepa-
IHsl, pean3yemMast yCTpOMCTBOM, SIBIISIETCS! TIOCIIEI0BATEILHOCTBIO 3JIEMEHTAPHBIX JICHCTBHI - MUKpOOIIEpaLyii; 2) s
YIPaBICHUS] MOPSIIKOM CIIEAOBAHMSI MHUKPOOIEPALNH HCHOIB3YIOTCS JIOTHYECKHE YCJIOBHS; 3) MPOLECC BBHINOIHECHUS
orepanyii B yCTPOWCTBE OMMUCHIBAECTCS B ()OPME aNropuTMa, IPEICTABIIEMOTO B TEPMUHAX MUKPOOIIEPALIUH U JOTHYe-
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CKUX YCIIOBUH, Ha3bIBAEMOIO MHKpPOIPOrpaMMoi; 4) MHKpOIpOrpaMma HCHOJIb3YyeTcsl Kak (opMa IpeCcTaBICHHS
(yHKIIMM yCTPOHCTBA, HA OCHOBE KOTOPOW ONPEACISIOTCS CTPYKTYpa U MOPsIOK (PyHKIMOHMPOBAHMS YCTPOHCTBA BO
BpPEMEHU.

[IMY obecnieunBaeT riOKOCTH MUKPOIIPOLIECCOPHON CHCTEMBI M MO3BOJISIET OCYILECTBIATH IPOOJIEMHYIO OPUEHTALIUIO
MUKpPO- U MUHEOBM.

Tema 6. CucTema KOMaH1 MHKPONpoIeccopa.

6.1. OnTuMaJbLHAas CHCTEMa KOMAaH/I.

IIpoexTupoBaHue CHCTEMBI KOMaH/ OKa3bIBaeT BIUSHHE Ha CTpyKTypy OBM. OntumansHyro cucreMy KOMaHA MHOTa
OTIPEIETAIOT KaK COBOKYITHOCTh KOMaHJI, KOTOpasi yJOBJIETBOPSET TPeOOBAaHHUSAM NPOOJIEMHO-OPHEHTHPOBAHHBIX MPH-
MEHEHHH TaKuM 00pa30M, YTO M30BITOYHOCTD aNNapaTHHIX U alllapaTHO-IPOrPaMMHBIX CPEJICTB Ha PEaIH3alUi0 PEIKO
UCIIONIb3YEMBIX KOMaH][ OKa3bIBaeTCs MHUHHMMAaNbHOH. B pasmuuHeix mporpammax OBM uacTtoTa mosBieHHS KOMaH[
pasznuuHa; Harpumep, o nanHeM upMbl DEC B mporpammax st O9BM cemelictBa PDP-11 Hanbonee yacto BcTpeya-
ercst komanaa nepenaun MOV(B), Ha ee momo mpuxogurcs npuOam3uTensHo 32% BceX KOMaHA B THUIMYHBIX IPO-
rpamMax. CrucreMy KOMaHZ CIEoyeT BBIOMpaTh TaKUM 0Opa3oM, YTOOBI 3aTpaThl HA PEAKO HCIIOIb3YeMbIe KOMaHIbI
0BT MUHUMAaJIbHBIMU.

[Ipu HaMTMYWU CTATUCTHYECKUX MAaHHBIX MOXKHO paszpabortats (BeIOpaTh) OBM c sdhdextuBHOM cucremoir komana. Ox-
HHMM U3 ITOJIXOJIOB K JIOCTIDKCHHIO TAHHOW LENH ABJISIEeTCS pa3padOTKa KOMaHA AJIHMHON B OJHO CIIOBO M KOJUPOBAHHE UX
TaKUM 00pa3oM, 4TOOBI pa3psAabl TAKUX KOPOTKHX KOMaH[ HCIOIb30BaTh ONTHMAIIBHO, YTO TIO3BOJIHUT COKPATHTh BPEMS
peanu3anyuy IporpaMMBbl U ee JUTHHY.

JpyruM moaxomoM K ONTHMM3ALUU CUCTEMBl KOMaHJ SIBISETCA HCIIONB30BaHME MHUKPOMHCTPYKIMH. B 3ToM ciydae
OTJeNIbHBIC OUTHI WM TPYMIBI OUT KOMaH/bl UCTIONB3YIOTCS I KOAMPOBAHUS HECKOJIBKUX 3JIEMEHTapHBIX ONepalui,
KOTOpPBIE BBITMOJIHAIOTCS B OJTHOM KOMaHJTHOM LIMKJIE. DTHU 3JIEeMEHTapHBIE ONlepaliy He TPeOYIOT 00paleH s K aMsTH,
a TOCJIeA0BATEIbHOCTh UX PeaM3aluy OINpe/esieTCs allapaTHON JOTUKOiL.

CokpareHne BpeMEHH BBITIOJHEHNUS IIPOTPaMM M €MKOCTH MaMSITH JOCTUTAeTCs 32 CUET YBEINYEHHS CI0KHOCTH JIOTH-
KU YIPaBIICHHS.

6.2. ®opMaT KOMaH/IbI.

BakHOol XapakTepHCTHUKONH KOMaHIbI sIBJIETCS ee (opMaT, ONPENeISIOIUi CTPYKTYpHBIE JIEMEHTHl KOMaH/IbI, Kaxk-
JIBI M3 KOTOPBIX MHTEPIPETHPYETCs OIpeaesieHHble 00pa3oM MpH ee BhIOJHeHHH. Cpein TakuxX 3JIeMEHTOB (TIoeit)
KOMAaHJbl BBIJEIIAIOT CIEAYIOIINE: KOJ ONepaIiy, ONpPEEIIONINi BINOIHAEMOE IEHCTBHE; afipec SYCHKH MaMsTH,
perucTpa mporeccopa, BHELUTHETO YCTPOWCTBA; PEKUM aJpecalliy; ONepaH IPH HCIOIb30BaHUM HETOCPEACTBEHHOM
aJipecanyy; KoJ aHaIN3UPyEeMbIX IPU3HAKOB JUII KOMaH/[ YCJIOBHOTO ITEPEXo0/a.

6.3. Kimaccudukanus KoMmaH.

Knaccugukarust KoMaH 10 OCHOBHBIM IPH3HAaKaM IpeAcTaBieHa Ha puc. 7.1. BaxHeHIINM CTPYKTYpHBIM 3JI€MEHTOM
(dhopmara mo6oii komaHb! sBIsieTcs: ko onepaiuu (KOIT), onpenensromeit nedcTBUE, KOTOPOE AOKHO OBITH BBITIOJ-
HeHo. boxpmoe uncio KOII B nporieccope oueHb BayKHO, TaK KaK anmapaTHas peaju3anus KOMaH]] 3KOHOMUT MaMsATh U
BpeMs. Ho npu Bei6ope DBM HE0OX0aMMO KOHIIEHTPHUPOBATh BHUMAHHE HA MTOJHOTE ONepanuii ¢ KOHKPETHBIMH THIIa-
MU JIaHHBIX, @ HEe TOJBKO Ha YHCJIe KOMAaHJ, Ha JOCTYIHBIX pexuMax agpecaruu. Yucno 6ur, orBogumoe noa KOII,
ABJIsIeTCs (DYHKIMEH ITOJTHOTO Habopa peain3yeMbIX KOMaH]I.

Homanmer
ITo oy HELHOHATE- o yHemyr o crocofy Mo momHe o crocaofy
HOMY HasHaMeHHE ampec ol EOTH] OF aHHA EOMaHITED amp e alEmE
EOMAHTT
Mepegaya Besamp ecHEIR T ITFHOA B 0fTH
— = C dHECHNOEAH — =
& CHEIR
TAHHET [(HyTE anp A1 Bt CT0EN (AaiT)
KEOII
|| O6pafoTka || JIIHHOH B OEa
T AHHEL OfHoaapecHele || cmoEa (AafTa)
C P acIIHpTE -
L npEmcd momem
Mepemaya FoIl JImHHOH B TpH
- L | s £ CHEIR - o
TP ABTIE HHA Asyranp CII0EA (AaHTa)
[T O TTOTIHIL T TIE -
— HEIE

Puc. 6.1. Knaccugpuxayus komano.
IIpu ucnonw3zoBanuu ¢ukcupoBanHoro gyucia out nox KOII mist koaupoBanus BceX m KOMaHA HE0OXOIUMO B TIOJIE
KOII BiaenuTs ABOMYHBIX pa3psAnoB. OIHAKO, YUUTHIBAs OTPAaHWYCHHYIO JIMHY CJI0Ba MUHU- U MUKpOoOBM, pa3nny-
HOe (QYHKIIMOHAIFHOE Ha3HAUCHHE KOMAaH[l, ICTOYHHKU U MPUEMHHUKH PE3yNIbTaTOB OIEpanni, a TakXKe TO, 9YTO HE BCE
KOMaH/bl COJIEpKaT aipeCHYI0 4acTh JIJIs OOpalleHus K MaMiITH U nepudepuitHpIM ycTpoiicTBaM, B Masibix OBM s
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KOJIMPOBaHMsI KOMaH] IIMPOKO UCIIOIb3YeTCsl MPUHINI KOJUPOBAHUS C epeMEeHHBIM unciioM out mox nose KOIT mis
Pa3IMYHBIX TPYII KOMaHI.

B HEeKOTOpBIX KOMaHAaX HEOOXOANM TOJBKO OAMH ONEPaH] M OHM HA3bIBAIOTCS OJHOONEPAHIAHBIMHU (MM OJHOAIpEC-
HBIMH) KOMaH/AaMH B OTJIMYUE OT JBYXONEPaHIHBIX (MM ABYXaJIpecHbBIX), B KOTOPHIX TpeOyroTcs Ba omnepania. [Ipu
HaJIMYMHK JIBYX ONEPaH/IOB KOMaHA0H OOBIYHO M3MEHSIETCS TOJIBKO OJUH M3 HUX. Tak Kak MH(opMaLus OepeTcsi TOJIBKO
13 OJHOM SYEHKH, 3Ty SUEHKY Ha3bIBAIOTCSI HCTOUHUKOM; slUEHKa, CONEP)KUMOE KOTOPOU U3MEHSETCS, Ha3bIBAETCS MIPU-
E€MHHUKOM.

Hwmxe npuBeneH ¢popmart AByXaapecHO! (IByXOIMepaHIHOM) KOMaHIB! mporeccopoB CM.

a |15 11|10 Bl & a | b {15 1110 a

EOM [ Metounne | TpHemHKE EOM | Mpuemaug

Puc. 6.2. @opmam xomano npoyeccopoe CM:
a) 08yXaopecHast KOManoa,
0) oOHOaOpecHass KOMAanOd.

Tema 7. PeskuMbl pad0ThI MUKPOIIPOIIECCOPA.

7.1. Pexxumbl padoThl MUKpPoOINpoIeccopa. 3alMIleHHbIH pexxuM. PeanbHblil pesxum.

BriepBbie 0 pa3in4HBIX pexxuMax paboThI MPOLIECCOPOB CTAJIHM T'OBOPUTH € MOsiBIeHHEM Ipoueccopa 80286. DTo Obu1
MEepBBII NPE/ICTABUTENb JAHHOTO CeMEICTBa MPOLIECCOPOB, B KOTOPOM OBUTH pealn30BaHbl MHOT03a/Ia4uHOCTD M 3alllH-
IICHHAs apXUTeKTypa. UToOBl 00ECeYnTh COBMECTHMOCTH C MPEABIAYLIIMMH HPEICTABHTEISIMH 3TOTO CEMEHCTBa
(8086/88, 80186/188) B mpormeccope 80286 OBUIO peanm30BaHO ABa peknMa (DYHKIIMOHHPOBAHUS: PEKUM SMYILIIIUN
8086 (pexxuM pealbHOro anpeca) U 3alMIIeHHBIA PeXKUM, B KOTOPOM HCIOJIB3YIOTCS BCe BOBMOXKHOCTH Iporeccopa. B
HOCTICAYIONIMX ITOKOJICHUSX IMPOLECCOPOB 3TOr0 CEMEWCTBA 3AINMIICHHBIH PEXKUM CTAHOBHTCS OCHOBHBIM PEXUMOM
paboTEI.

B HOBBIX moOKOJNEHHSX TporeccopoB Intel MosBHIICS eme OAWH PEXUM PaOOTHI - PEKUM CHCTEMHOTO YIPABICHHS.
Bruepsrie oH ObuT1 peanm3oBal B mporeccopax 80386SL u i486SL. Haunnas ¢ pacmupeHHBIX Moneneid Intel486, stor
PEXHMM CTall 00s3aTENILHBIM 3JIEMEHTOM apxXHUTeKTyphl [A-32. C ero momoIpio npo3pavyHo Aaxe Ui ONepalMOHHON
cucteMsl Ha ypoBHe BIOS peamusyrores ¢pyHKIMN 3HEprocOepekeHus.

OCHOBHBIM PEXHMOM paboThl MHUKPOIIpOIleccopa SBISETCS 3allUIIEHHBIN pexuM. KiltodeBBIMH OCOOCHHOCTSAMH 3a-
IIMIIEHHOTO PEeKUMA SBISIFOTCS: BUPTYyaJIbHOE a[peCHOE MPOCTPAHCTRO, 3aIlIUTa U MHOT033/Ia4YHOCTb.

B 3amuiieHHOM pexuMe IporpaMmma ornepupyeT apecaMu, KOTOpble MOTYT OTHOCHUTBCS K (PU3MYECKH OTCYTCTBYIOLIMM
s4elikaM MaMsITH, TI03TOMY TaKoe aJ[peCHOe NMPOCTPAHCTBO HA3BIBAETCSl BUPTYAIbHBIM. PasMep BUPTYalbHOTO aJpecHO-
TO MPOCTPAHCTBA MPOTPAMMBbI MOXKET MPEBBIIATH EMKOCTh (PM3MUECKOHN MaMsITH U AocTurats 64T6aitr. g agpecaryu
BUPTYQJILHOTO aJJpECHOTO MTPOCTPAHCTBA UCIIOIB3YEeTCsl CETMEHTUPOBAHHAS MOJIEIb, B KOTOPOH aJpec COCTOUT M3 JIBYX
JJIEMEHTOB: CEJIEKTOpa CErMEHTa M CMEIIEHHs BHYTpU cerMeHTa. C KaXIbIM CEIMEHTOM CBs3aHa ocobasi CTpyKTypa,
Xpassmas nHGopManuio o HeM, - Jeckpunrtop. Kpome "BupTyanuzanuu” mamsTH Ha YpPOBHE CEIMEHTOB CYIIECTBYET
BO3MOJXKHOCTD "BHPTyaIHM3allK" MaMsTH TPHU ITOMOIM CTPAHHMI] - cTpaHW4HAas TpaHcusuus. CTpaHUYHAS TPaHCIIALUS
MpeIocTaBIsieT yI00HbIE CPECTBa ISl peaju3alii B ONEPalMOHHOM cucreMe (QyHKIMH MOAKAYKH, a KpOME TOrO B
npoueccopax P6+ obecrnieunBaer 36-6utHyt0 prznueckyro axpecanuto namst (641°0aiir).

Berpoennble cpencTBa mepexiItodeHns 3aad 00ecTIedBal0T MHOT03a/Ia9HOCTh B 3alIUIIeHHOM pexknme. Cpena 3agadn
COCTOHWT U3 cofepkuMoro peructpo MII u Bcero koja ¢ JaHHBIMH B TPOCTPAHCTBE MaMATH. MHUKPOIIPOIIECCOp CIIOCO-
OeH OBICTPO MEPEKII0YAThCS U3 OJHOW CPEbl BBIOJHEHHUS B APYTIYIO, HMUTHPYS MapalljIeibHy0 paboTy HECKOJIBKUX
3a1a4. J[71s HEKOTOPBIX 3a/1a4 MOKET dMYJIUPOBATHCS YIpaBlIeHUEe MaMAThIO Kak y mporieccopa 8086. Takoe cocrosiHue
3a/a4n Ha3bIBaeTcs pexknMoM BupTyanbHoro 8086 (Virtual 8086 Mode). O mpeOrIBaHNM 3a]1a9i B TAKOM COCTOSTHUH
curHaauzupyet 6ur VM B peructpe ¢uaros. [Ipu stom 3agaun BuptyansHoro MIT 8086 n3omupoBaHbl U 3aIIMIIEHbI,
Kak OT YT JIpyra, TaK U OT OOBIYHBIX 337124 3aIUIIEHHOTO PEeXUMA.

3amuTa 331a4 obecneynBaeTcs CIeIYIOMNUMH CPEACTBAMU: KOHTPOJIb TPEJIeIOB CEIMEHTOB, KOHTPOJb THIIOB CETMEH-
TOB, KOHTPOJIb NPUBMIICIHH, IPUBUJICTUPOBAHHBIC MHCTPYKINY U 3alllUTa Ha ypoBHE cTpaHull. KOHTpOIb Npenenos u
THUIIOB CETMEHTOB 00ECIIEUnBAET LIEJIOCTHOCTh CETMEHTOB KOJia M AaHHbIX. [IporpaMMa He MMeeT mpaBa oOpamaThes K
BUPTYQJILHOIM NaMSTH, BBIXOJIICH 3a Ipesiesl TOro WM MHOTO cerMenra. IIporpamMa He MMeeT mpaBa oOpaarsesi K
CEerMEHTY JaHHBIX KaK K KOy M HAa00OpOT. APXUTEKTypa 3aIluThl MUKPOIIpoIleccopa o0ecTieunBaeT 4 HepapxXuaeckKux
YPOBHS NPUBMJIETHH, YTO MO3BOJSIET OTPAaHUYIHTH 33a4e JOCTYI K OTACIBHBIM CETMEHTAM B 3aBHCHMOCTH OT €€ TEKYy-
mux npuBmieruil. Kpome Toro, TeKymmii ypoBeHb NPUBHICTHI 3a/1a4X BIMACT HA BO3MOKHOCTD BBIITOJHEHHS TEX WIN
MHBIX CHEeOU(HUIECKNX KOMaH[ (TPUBHUIECTHPOBAHHBIX HHCTPYKLMH). DyHKIMHM CTPaHUYHON TpPaHCIALUH, BIIEPBBIC
nosisuBIrecs: B MIT Intel386, o6ecnieunBarOT JOTIOTHUTEIHHBIC MEXaHU3MBI 3alTUTH HA YPOBHE CTPAHUIL.
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B peansHOM pexxrMe MUKpoInpoleccop paboTaeT Kak o4eHb ObICTpBIi 8086 ¢ BO3MOXHOCTBIO HCIOIB30BaHUs 32-
OMTHBIX paclIMpeHu. MexaHu3M aJpecanuy, pa3Mepsl MaMsITH 1 00paboTKa NpephIBaHUi (C X MOCIIEA0BATEILHBIMH
orpannuenusiMu) MII Intel386 B peasibHOM peXXHUME MOTHOCTBHIO COBNAAAIOT ¢ aHAIOTHYHBIMU QyHKImsiMu MIT 8086. B
otriaruue oT 8086 Mukponpoueccops! 286+ B ONpeEICHHBIX CUTyallUsIX TeHEPUPYIOT UCKIIIOUEHUS, HallpuMep, pu
TIPEBBINIICHHH TIPe/eNia CErMEHTA, KOTOPBIH ISl BCEX CETMEHTOB B peambHoM pexnme - OFFFFh.

Nmeercs aBe GUKCHpOBaHHBIE 00IACTH B MAMSITH, KOTOPBIC PE3EPBUPYIOTCS B PEKIME PEabHOM afpecariin:

. 00J1aCTh MHUIAATU3AINN CHCTEMBI

. 001acTh TaOMUIIBEI TPEPHIBAHAN

Sueiiku ot 00000h o 003FFH pe3epBupyrotcs st BEKTOPOB IpepriBaHmil. Kaxmoe u3 256 BO3MOXKHBIX MTPEepPHIBAHIHA
HUMeeT 3ape3epBUpPOBaHHBIN 4-0aiiToBEIi afpec nepexona. Aueiiku ot FFFFFFFOH nmo FFFFFFFFH pesepsupyrorcs
JUISl MTHUIMQJIN3AIIU CUCTEMBI.

7.2. Pexkum cucremuoro ynpasiienus (System Management Mode). Ilepexiiiouenue MeKIy

PEeKUMaMHu

PexuM cucTeMHOro ympaBieHUs NPEAHA3HAUEH JUIs BBINOJHEHUS HEKOTOPBIX JEHCTBUI ¢ BO3MOKHOCTBIO MX MOJHOMN
M30JSIIMK OT NPUKJIAJHOTO IMPOTPAaMMHOTIO OOECIeueHHs] M Jake ONepaloHHOW cucTeMbl. [lepexon B 3TOT pexum
BO3MOYKEH TOJIbKO anmapatHo. Korja npoueccop Haxoaurces B pexxume SMM, oH BeictaBister curian SMIACT#. Otot
CUTHAJI MOXKET CIIY>KUTh IUISl BKIIFOUCHUS BBIICTICHHOM oOnactu pm3myeckoit mamsatu (System Management RAM), Tak
yto namsate SMRAM MOXXHO cenath JOCTYHNHOM TOJIBKO AJis 3Toro pexkuma. Ilpu Bxone B pexxum SMM nporeccop
coxpanseT cBoil KOHTeKCT B SMRAM (KoHTEKCT comporieccopa He coxpasseTcs) mo agpecy SMM Base u mepenmaet
yIpaBJIeHHE TPOLeAype, Ha3pIBaeMoit oOpaboTunkoM System Management Interrupt, mo agpecy SMM Base+8000h (o
ymomganuro SMM Base cogepxkut 3Hauerune 30000h). CoctossHEE mporeccopa B 3TOT MOMEHT TOYHO OIPEACICHO:
EFLAGS o0nyneH (kpoMe 3ape3epBUPOBAaHHBIX OWTOB), CETMEHTHBIC PETUCTPHI comepxar ceiekrop 0000, 6a3br cer-
MeHTOB ycTaHoBjeHsl B 00000000, npenens - OFFFFFFFFh,

Crenyer OTMETHTB, 4TO B pexkume SMM He mpeaycMoTpeHa paboTa ¢ NPEephIBaHUSIMH M OCOOBIMHU CIIyYasiMH: TPEpbI-
Bauus o IRQ n SMI# 3amackupoBaHbI, OIIArOBbIE JOBYIIKH U TOUYKHA OCTaHOBA OTKJIIOYEHBI, 00paboTKa IpephIBaHUs
no NMI otkiansiBaercst 10 Bbixoja u3 pexxuma SMM. Ecnu HeoOxoanmo obecrniednth paboTy ¢ MpephIBAaHUSAME WU
0coOBIMH CiTydasiMM, TO Hajqo umHunMaiausupoBath IDT u paspemmTs npepbiBanus, BoicTaBuB (uar IF B perucrpe
EFLAGS. TlpepsiBanus mo NMI GyayT pa30iiokupoBaHbl aBTOMAaTHYECKH TIOCiie nepBoi sxe komanasl IRET.

IIpu Bo3Bpare m3 SMM (1o nuHCTpYKIMKU RSM) npotieccop BoccTanaBimBaeT cBoil KOHTEKCT n3 SMRAM. O6paboTunk
MOXeET NMPOTPaMMHO BHECTH U3MEHEHHsI B 00pa3 KOHTEKCTa Mpolieccopa, TOTAa IPOLEcCop MepeHieT He B TO COCTOS-
HHe, B KoTopoMm mpousonuro SMI. Ecin SMI 6110 morydeHo Bo BpeMs BEIOHeHMsI nHCTpYKnud HLT, To nanpHei-
mue JercTBUs npu Beixonae u3 SMM onpeaenstorcs 3Hayenuem nous "Auto HALT Restart": npoueccop MoxxeT cHoBa
BEPHYTbCA K MHCTPYKLUU OCTAHOBA WM NEPEHTH K BBITOJIHEHHUIO cleayromen komanasl. Ecin SMI npousomno npu
BBINTOJTHEHUH WHCTPYKIMU BBOJA-BBIBOJA, TO B 3aBUCHMOCTH OT 3HadeHus moiis "I/O Instruction Restart" Bo3moxen
pecTapT HHCTPYKIIUH BBOJA BBIBOJIA.

OTH 0COOEHHOCTH PEXKUMa CUCTEMHOT'O YIIPABIICHHUS TO3BOJISIOT MCIIOJIB30BATh €0 IS peasli3allii CHCTEMBbI YIIpaB-
JICHUsI SHEProcOepekeHNeM KOMIbIOTEpa WK (QYHKIMHA 0€30MaCHOCTH U KOHTPOJISL AOCTYIA.

Real- Address

Bode .
RESE T
W PE=1
FE=D wald Svstem
Ivlan agemn ent
S Dode
Task 1 Task 2 Tazk 3
=1 REM
Protecteid MMode
Task . Task ... Task M
V=1 lul=1

Puc. 7. Cxema nepexniouenus mexncoy pescumami.

TMociie MHUIMANU3AIMH TTPOLIECCOP HAXOAMUTCS B pealibHOM pexuMe. [Ipoiieccop MOXKeT ObITh epeBe/icH B 3alllUILEH-
HBIA peskuM ycTaHoBkoi o6urta 0 (Protect Enable) B peructpe CRO:

MOV EAX,00000001h MOV AX,0001h

MOV CRO,EAX I Msw AX

20


http://dims.karelia.ru/x86/emul_1.shtml

Bropoii BapuanT "nocrancs B HacineAcTBO" OT 16-pa3psaaHoil apxutektypsl 80286, 111 COBMECTUMOCTHU C KOTOPOIi ee
peructp MSW (Machine Status Word) oroOpaxaercs Ha miajuee cioBo peructpa CRO.

BepuyThcst B pexxuM peanbHoro agpeca npoueccop Moxer 1o curdainy RESET wnu (B oiinune ot 80286) cOpocus Our
PE:

MOV EAX,00000000h

MOV CRO,EAX

Jus coBmectumoctu ¢ 80286 nnctpykuns LMSW 6ut PE wHe cOpaceiBaer.

PexuM cucTeMHOTO yIpaBiIeHHs H30MPOBaH OT IPYTUX pekUMOB. [Iponeccop mepexoauT B 3TOT PEKHM TOJIBKO aria-
paTHO: 10 HU3KOMY ypOBHIO Ha KoHTakTe SMI# min mo komanze ¢ muHsl APIC (Pentium+). Hukakoit mporpaMMHBIiH
CIoco0 He IPeIyCMOTPEH IS Tepexo/ia B 3TOT pexuM. IIporieccop Bo3BpaImaeTcs U3 pexkuMa CHCTEMHOTO YIPaBICHUSA
B TOT PEXXUM, IPH paboTe B KOTOpoM ObLT oxydeH curHan SMI#. Bo3spar nponcxoaut mo komanae RSM. Jrta komaH-
Jla paboTaeT TOIBKO B PEKUME CUCTEMHOTO YIIPABJICHUS U B IPYTHX PeXUMax HE Paclo3HaETCs, FTEHEPUPYIO UCKIIIOYE-
HHe #6 (HeAeUCTBUTEIbHBIN KO ONepanun).

Tema 8. IIlpyHuMnbI OPMUPOBAHUSA AJAPECHOTO0 MPOCTPAHCTBA.

8.1. Cpena BbInoJIHeHHs 3a1a49U. APXUTEKTYPHbIe pellleHHs] MUKPOIIPOLecCOPOB.

JIro6as 3anada, 3amylieHHas Ha MUKpoInpoleccope 1A-32, onepupyer onpeaeneHHbIM HAOOPOM PecypcoB Ul MCIIOJI-
HEHMs MHCTPYKUUIL, COXpaHEHUS JaHHBIX M COCTOSHHMSA 3aJadd. DTOT HabOp PecypcoB Ha3bIBAETCS CPENOH BBHINOJIHE-
HUA. OyHKIMOHNPOBAHUE HEKOTOPBIX JIEMEHTOB CPeJIbl BHIIOJIHEHHS MUKPOIPOIIECCOpa 3aBUCUT OT peskuMa paboThI
MHKporponeccopa. K cpenie BBIOTHEHUS 3a0a4H OTHOCSIT:

J aJipeCHOE MPOCTPAHCTBO (pa3Mep aApecHOro MPOCTPAHCTBA M CIIOCOOBI €ro ajIpecalldy 3aBHCAT OT PeXHuMa
paboTh);

0 perucTpsl (8 perucTpoB o0IIEro Ha3HAYCHHS, 6 CETMEHTHBIX PETHCTPOB, PETHCTP (DJIaroB M yKasaTelb KOMaH-
ITBI);

. perucTpsl conponeccopa (BoceMb 80-OMTOBBIX PETHCTPOB AAaHHBIX, PETHCTP YIPaBICHUS, PETHCTp CTaryca,
yKa3arellb KOMaH[bl, yKa3aTellb OllepaHia, CJI0BO TITOB);

. CTeK (JUIsl peali3alluy BIOKEHHBIX MOJIPOrPaMM M IepeJaull MapaMeTpOB MEXKI1y HUMH).

KpoMme nepeuncieHHbIX pecypcoB, cpesia BBIIOTHEHUSI MUKPOIIPOIIECCopa COAEPKUT TaK Ha3bIBaeMbIe CHCTEMHBIE pe-
CypCBI, IpeJHa3HAYCHHBIC IS OIEPHKKU ONEePAI[HOHHBIX CUCTEM M CHCTEMHOI'0 IIPOTPAMMHOI0 00eCTIed eHUSL:
MPOCTPAHCTBO MOPTOB BBOZA-BbIBOJIA (00ECHIEYMBAET B3aUMOACHCTBHUE C epU(EPUITHBIMU YCTPOICTBAMN);
YIIPABISIFOIIME PETUCTPHI (OIIPEACIISIOT PEKUM PabOThI POLIECCOpa M COCTOSIHUE 3a/1a4N);

PETHCTPHI YIIPABJICHHUS MAMATHIO U JECKPUIITOPHBIE TAOIMIIBI (MCIIOJIB3YIOTCS B 3AIUIICHHOM PEXHUME);
PETUCTPBI OTIAKH;

npoune peructpsl (MTRRs, MSRs u np.)

AHanu3upys aJpecHsle IPOCTPAHCTBA IPOrPaMM U JIaHHBIX, ONIPEEIISIOT:

. MII ¢ apxutektypoii ¢pon HeiiMana (maMsaTh nOporpaMM M MamsTh JAaHHBIX HAXOMASATCS B €AMHOM
MPOCTPAHCTBE U HET HUKAKHUX NMPU3HAKOB, YKa3bIBAIOIIMX HA TUI HH(OpPMAIIMY B sUeiiKe MamsITh)

"

. MII ¢ apxurekTypoit I'apBapackoii maboparopun (IamMsITh NPOrpaMM U MaMATh JaHHBIX pa3ziese-
HBI, IMEIOT CBOM aJIpEeCHBIE IIPOCTPAHCTBA U CIIOCOOBI IOCTYTA K HIM).

Msl paccMoTpuM 6osiee TOAPOOHO OCHOBHBIE THITBI apXUTEKTYPHBIX PEILICHUH, BBIIENAS CBSI3b CO CIIOCOOaMU aapeca-
LUH NaMSTH.

1. PerucrpoBas apxXMTeKTypa ONpeessieTcs] HATMIHEM JI0CTaTOYHO OobIIoro peructposoro ¢aina sayTpu MII. Ko-
MaH/Ibl MOJY4al0T BO3MOXKHOCTh OOpaTUThCS K ONEpaH/aM, PAcIIOJIOKEHHBIM B OZHOW M3 JBYX 3allOMHUHAIONIMX CPE:
OIepaTHBHOM NMaMATH WK peructpax. Pasmep perucrpa oObI4HO (PUKCHPOBAH U COBIAAAET C pa3MEPOM CIIOBa, (pHU3HUE-
CKH PEaJIM30BAaHHOTO B ONEpaTHBHON maMATH. K 000My perucTpy MOKHO 0OpaTHTHCSI HETIOCPEACTBEHHO, ITOCKOIIBKY
PETUCTPHI MPENCTaBICHB B BUIE MACCHBA 3alIOMHUHAIOIINX JIEMEHTOB - PETHUCTPOBOTO (haiia. TUIHIHBIM SABISETCS
BBINTOJIHEHNE apU(METHYECKIX OIEpaIiii TOIBKO B PETUCTPE, PU 3TOM KOMaHJa COACPXKUT JBa omepaHna (oba orme-
paHIa B PETUCTPE WK OJUH OTIEPaH]] B PETUCTPE, a BTOPOH B ONIEPATHBHON MaMSTH).

K nmanHOMY THIy apXHTEKTyphl OTHOCHTCS MHUKpompoueccop ¢upmsr Zilog. IIporeccop Z80 - merume ¢pupmsr Zilog
MOMHMO PACHIMPEHHOW CHCTEMBI KOMAaH[, OJHOTO HOMHKHAJIA IIUTAaHUS W CIIOCOOHOCTH HCIIOJIHATH NMPOrPaMMBI, HAallH-
cansble 11 18080, mMen apXUTEKTYpHBIE "M3IOMUHKH".

B nononnenue k ocHoBHoMy Habopy POH, B kpucraiuie ObU1 peain30BaH BTOPOH KOMILIEKT aHAJIOTHYHBIX PETUCTPOB.
3TO 3HAYUTENBHO YNPOIIAJIO paboTy NPH BBI30BE MOAIIPOTPaMM HIIH HMPOLEyp 00CTy)KMBaHUS IPEPBIBAHUH, TOCKOIIb-
Ky IPOrpaMMHCT MOT' HCIOJIb30BaTh ISl HUX aJlbTEPHATHBHBIN HA0Op PEerHcTpoB, 30erast COXpaHEHUs B CTEKE COJEp-
sxumoro POHoB ju1s1 ocHOBHO# nporpaMms! ¢ momoinsto onepanuii PUSH. Kpome toro, B cucteMy KomMaH ObUT BKITIO-
YeH psiJ] CIIeUAIBHBIX HHCTPYKIMH, OPUEHTUPOBAHHBIX HA 00pa0OTKY OTAENBHBIX OMTOB, a JJISI ITOJUIEPKKH pereHepa-
IIMM AMHAMUYECKOH MaMsITH B CXeMY Ipolieccopa BBEJICHBI COOTBETCTBYIOIIME annapaTHele cpeactsa. Z80 mpumensuics
B mammHax Sinclair ZX, Sinclair Spectrum, Tandy TRS80.

IIpenensHBIM BapHaHT - ApXUTEKTYypa ¢ ajpecanneii IoCpeICTBOM aKKyMYJISATOPOB (MEHBITUI HA0Op KOMAaH).

MIT ¢upmsr Motorola umen psin CymiecTBEHHBIX npeumymiecTs. [Ipexne Bcero, kpuctamt MC6800 tpeGoBar aist pa-
60TbI OHOTO HOMUHAJIA TUTAHKS, @ CHCTEMa KOMaH]| 0Ka3aJ1ach BECbMa IIPO3PAYHON AJIsl TPOTPaMMHUCTA. APXUTEKTypa
MIT Takxe uMena psisi 0COOCHHOCTEH.
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Puc. 8.1. Muxponpoyeccop Z80 ¢upmer Zilog.
Muxponporeccop MC 6800 comeprxan qBa akKyMyJsaTopa, M pe3ynbrat orneparun AJIY Mor ObITh OMEIIeH B 1000
u3 HuX. Ho caMbiM ieHHBIM KadecTBoM cTpyKTypsl MC 6800 ObUIO aBTOMATHYECKOE COXpAaHCHHE B CTEKE COICPIKIMO-
TO BCEX PETHCTPOB Mpolieccopa Mpu 00padoTke mpepriBaHui (Z80 TpeboBanock st 3Toro Heckoybko komang PUSH).
[Ipouenypa BoccranoBnernss POH u3 cTeka To)xe BHINOIHSIIACE aNlapaTHO.
2. CrekoBas apXUTEKTypa JaeT BO3MOXKHOCTh CO3/ATh MOJIE MaMSTH C YIOPAAOUYCHHON MOCIIE0BATEIbHOCTHIO 3aITHCH
1 BbIOOpKK MH(opManuu.B oOliem ciydae KoMaH/Ibl HESIBHO aJIpeCyIOTCS K 9JIEMEHTY CTeKa, PAcIOIOKEHHOMY Ha ero
BEpIINHE, WU K BYM BEPXHHUM JJIEMEHTaM CTeKa.
3. Apxurekrypa MII, OpHEHTUPOBAHHAS HA ONEPATHBHYIO HaMATh (THIA "MaMATh-MAMATH"), 00ECIICUUBACT BBICOKYIO
CKOPOCTh PabOTHI U OOJBIIYI0O HHYOPMAITHOHHYIO eMKOCTh pab0odnX PETUCTPOB M CTEKA IIPH MX OPTaHU3aIMU B OIepa-
TUBHOW MaMATH. APXUTEKTypa 3TOTO THIA HE MPEATNOoJaraeT sIBHOTO ONpeAeTICHNs aKKyMyJIATOpa, PerucTPOB O0IIero
Ha3HAYCHUS WM CTEKa; BCE ONEpaHAbl KOMaH/ apecyroTcs K 00JacTH OCHOBHOM MaMsTH.
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Puc8.2. Muxponpoyeccop MC6800 ¢upmer Motorola.

Tema 9. Cucrema agpecanuu.

9.1. Pexxumbl aapecanuu.

Jyist B3aMMOJICHCTBHS C pa3IMYHBIMU MOAYJISIMA B DBM HOJKHEI OBITh CpEACTBA UACHTU(DHUKAIIMY STYCCK BHEIHCH ma-
MSTH, SY€EK BHYTPEHHEW mamsTH, peructpoB MII u perucrpoB ycrpoiicts BBoaa/BeiBosa. IloaToMy kakaoi n3 3aro-
MUHAKOMIUX A4YCCK MPUCBAUMBACTCA aApCcC, T.C. OAHO3HaYHas KOMGI/IHaHI/Iﬂ 6ur. KomauuectBo OUT OIMpPCACIACT YUCIO
nuneHTuuIMpyemMsix stueek. O0baHO DBM HMMeeT pasiauuHbIe aJpecHble POCTPAHCTBA mamsty u peructpos MII, a
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MHOT/A - OT/JEJIbHBIC aJipecHbIC IIPOCTPAHCTBA PETUCTPOB YCTPOMCTB BBOJA/BBIBOAA U BHYyTpeHHEH nmaMsti. Kpome To-
O, MaMsITh XPaHUT KaK JAaHHbIE, TaK U KoMaHbl. [loaTomy mmst OBM pa3paboTaHo MHOXKECTBO CIIOCOOOB OOpaILEHHUs K
NaMsITH, Ha3bIBAEMbBIX PE)KUMAMH aJpecariy.

PexuM anpecanyy nmamsTH - 3TO NMPOLEAypa WIKM cXeMa IpeoOpa3oBaHus afapecHol MH(GOpMaLK 00 OnepaHie B €ro
UCTIOJIHUTENIBbHBIN asipec.

9.2. Cnoco0bI afpecanum.

Bce croco0b! agpecanuy maMaTH MOXKHO pa3fielIuTh Ha: 1) IpsAMoOi, KOrJa UCIIONHUTEIbHBIN agpec OepeTcs Hemocpe -
CTBEHHO U3 KOMaH/Ibl WM BBIYUCISIETCS C UCIOIB30BAHNEM 3HAUCHUS, YKa3aHHOTO B KOMAH/IE, U COAEPIKUMOT0 KaKoro-
60 peructpa (mpsmas aapecanus, perucTpoBas, 6a3oBast, ”HIEKCHAs U T.1.); 2) KOCBEHHBIH, KOTOPBII MpeIoiaraer,
4TO B KOMaHJIE COACPIKUTCS 3HAUE€HHE KOCBEHHOI'0 ajipeca, T.e. ajpeca siueiiku naMsTu, B KOTOpOil HaXOJuTCs OKOHYa-
TeJIbHBIA UCTIOJIHUTEBHBIN afpec (KOCBEHHAs aJipecariis).

B xaxmoit MukpoOBM peann3oBaHbI TOIEKO HEKOTOPHIE PEXKUMBI apeCcallii, HCIOIh30BAHNE KOTOPBIX, KaK IIPABHIIO,
onpezensercs apxutekrypoit MIL.

WHCTpyKIMS MEKPOIIPOLIECCOPA MOXKET COEPIKATH CIEAYIOIIIE TIOJIS:

HETIOCPEACTBEHHBIN
onepasj

0/1 6amit 1/2 6aiita 0/1 Gaiir  0/1 Oair 0/1/2/4 Gaiita 0/1/2/4 Gatita

npedpukc KOII Mod R/M SIB CMelIeHe

[peduxc - HeoOs3aTENbHAS YaCTh HHCTPYKIMH, TI03BOJISET U3MEHUTh HEKOTOPbIe 0COOEHHOCTH €€ BBINOJIHEHH. B Ko-
MaHJIe MOXET OBITh UCIIOJIb30BAHO CPa3y HECKOJIBKO MPE(hUKCOB pa3HOro Tuma. Tursl npedukcos:

. KOMaH/IHbIe ITpepHUKChI (IpedUKCH TTOBTOPEHNU)
. npedukc 6mokupoBku mmHE LOCK;

. npeduKCH pa3mepa (CM. Janee);

0 npedUKCH 3aMEHbI CErMEHTA.

Baiit "Mod R/M" ompenenseT peKuM aapecaniy, a TAakKe WHOTA TOTIOHUTEIBHBIN Ko orepanui. HeoOXomuMocTh
Oaiita "Mod R/M" 3aBHCHT OT THIIa HHCTPYKIIHH.

Baiit SIB (Scale-Index-Base) ompenernsiet cioco6 aapecanni npu oOpamieHny K maMsatu B 32-6utaoM pexume. Heo6-
XoauMOCTh OaiiTa SIB 3aBUCHT OT pexiMa aapecaiiu, 3aaasaemoro mojem "Mod R/M".

Kpome Toro, MHCTpYKIHSI MOXKET COJiepKaTh HEIOCPEICTBEHHBI ONEepaH] W/WIM CMEIleHHEe ONepaHia B CErMEHTE
JTaHHBIX.

Ha pa3mep MHCTpYKLIMHM HaKJIaApIBaeTCs orpaHudeHue B 15 Oaiir. MHCTpyKIus OoJbIIero pasMepa MOKET MOIYyUUThCS
MPU HEKOPPEKTHOM HCIIOIb30BaHUHU OOJIBLIOTO KOJIMUECTBA MPE(HUKCOB.

9.3. PeskuMbI ajipecallum ornepaHaoB. Bo3mo:xHoCTH MHUKPOIIPOUECCOPOB 110 aJipecalivu.
Ecnu nHCTpYyKLUsI MUKpOIIpoIieccopa TpeOyeT onepaH/ibl, TO OHU MOTYT 33[aBaThCs CJIEIYIOLUIMMHU CIOCOOaMU:

. HETIOCPEACTBEHHO B KOJIE MHCTPYKIMHU (TOJIBKO ONEpPaH/-UCTOUYHHUK);
. B OJTHOM H3 PETUCTPOB;

. gyepe3 IOpT BBOJIA-BBIBOJIA;

. B TTaMSTH.

Jist coBMecTIMOCTH ¢ 16-OMTHBIMHE TIpOLIeCCOpaMu apXuTekTypa [A-32 ucmonp3yeT OAHMHAKOBBIE KOIBI TSI HHCTPYK-
U, OTIEpUPYIONINX Kak ¢ 16-OuTHBIMU, Tak 1 32-OuTHBIMU omepaHnaMu. HoBast apxuTekTypa npenrycMaTpuBaeT Tak-
K€ HOBBIE BO3MOKHOCTH IIPU yKa3aHUM ajpeca JUIi onepanaa B mamsaTH. Kak mporeccop Oyaer cuuTarh onepaHa Win
€ro ajpec, 3aBUCUT OT 3(PEKTUBHOTO pa3Mepa onepanaa 1 3pPpEeKTUBHOro pa3Mepa ajxpeca Uil JaHHOW KOMaH/bl. DTH
3HAYCHHS OMPEAEIAIOTCS Ha OCHOBE pexmMa paboTel, 6uta D meckpumTopa MCIOB3yeMOrO CerMEHTa M HAJINYHS B
MHCTPYKIIUHU ONPEAETICHHBIX MPEPHUKCOB.

HenocpencTBeHHBIN peXXUM aipecanny oApa3yMeBaeT BKIIFOUSHNE ONlepaH/Ia-UCTOYHMKA B KOJ HHCTPYKIH. Onepany
MOJET OBITh 8-OUTHBIM HITH 16-OMTHBIM, eciy 3HadeHHE >PPEKTUBHOTO pa3Mmepa omnepanaa - 16. OnepaHn MOXeT OBITh
8-OutHBIM MM 32-OWTHBIM, eciii 3HaYeHue 3 dexTHBHOrO pazmepa onepanza - 32. OObIYHO HEMOCPEICTBEHHBIE OTIe-
PaHIIBI UCTIONB3YIOTCS B apU()METHIECKUX HHCTPYKIIUSX.

PerucrpoBelii pexxuM agpecaly ONpefesaT ONepaH -UCTOYHUK WIKA ONEpaHA-NPUEMHHK B OJHOM U3 CIEAYIOIIUX pe-
THCTPOB:

. peructpel obmero nasHauenusi (EAX/AX, EBX/BX, ECX/CX, EDX/DX, ESI/SI, ESP/SP, EBP/BP - 16-
OuTHBIN peructp, eciau 3 dexTHBHBIN pa3Mep ornepanaa - 16, nnm 32-OUTHBIN PErHCTp B MPOTUBHOM Cilydae) WIN HX
miragmue 6aittel (AH, AL, BH, BL, CH, CL, DH, DL);

. cermentHbie peructpsl (CS, DS, SS, ES, FS, GS);

. peructp ¢uaroB (EFLAGS nns 32-6utHbix onepannoB wim FLAGS s 16-0uTHBIX);

. ynpasisttome peructpbl (CRO/MSW, CR2, CR3, CR4) u peructpsl cuctemusix Tabmur (GDTR, LDTR,
IDTR, TR);

. peructpsl omaaku (DRO-DR7);

. MalIMHHO-3aBUCHUMBIe perucTpsl (MSRs);

. peructpsl conporneccopa, MMX u XMM.

B HexoTopbIx ciydasx (Hanpumep, B uHcTpykumsax DIV u MUL) moryt ucnosib3oBatbest nmapbl 32-0uTHbIX (mm 16-
6utHbIX) peructpoB (Hanpumep, EDX:EAX), o6pa3ys 64-0utHblii (32-OUTHBII) onepaH.
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Azpecanys 4yepe3 IOPT BBOJA-BbIBOJIA OAPAa3yMEBAET IOJIyYEHHE OIepaHAa WM COXpaHEHHE OllepaHja 4epe3 Ipo-
CTPAHCTBO IIOPTOB BBOJIa-BbIBOJIa. AJJpeC IMOpPTa BBOJA-BbIBOAA JINOO HENOCPEACTBEHHO BKJIIOYAETCS B KOA MHCTPYK-
1, 0o Oepercs u3 peructpa DX.

OueHpb pacipoCTpaHEHHBIH CII0CO0 ajipecalny ornepan/a - aapecays Yepes naMsarhb. TakuM 00pa3oM MOXKET ObITh yKa-
3aH ONEpaHA-UCTOYHHMK WIIM omepaHa-pueMHHUK. CleayeT OTMETHTh, YTO IPOLIECCOp HE MO3BOJISET OZHOBPEMEHHO
3amaBaTh 00a onepana yepes NaMsTh (3a UCKIIOYEHHEM HEKOTOPBIX LEMOYSYHBIX KOMAHN).

Jnst moydeHust onepaHia U3 MaMsATH [IPOLeccopy HeOOXOAUMO 3HATh CEJICKTOpP CEIMEHTa M CMELICHHE B cerMeHTe. B
HEKOTOPBIX KOMaHIaX CEJIEKTOP MOXET ObITh yKa3aH HEMOCPEICTBEHHO B KOAE MHCTPYKUMH. B npyrux ciydasx mpo-
[IeCCOpP MOJKET SIBHO WJIM HESBHO HCIIOJb30BAaTh 3HAUCHUE OJJHOTO M3 CETMEHTHBIX perHcTpoB. [0 HEsIBHBIM HCTIONB30-
BaHHUEM CEIMEHTHBIX PETHCTPOB MOAPA3yMEBAETCs TO, YTO B 3aBUCHMOCTH OT IIPEIHA3HAUYCHUs OINepaHia IPOLEeccop
WCIIONB3YET ONpPEeAETICHHBI CerMEHTHBIN perucTp A oopamenus K namatu: CS - s BRIOOPKH HHCTPYKIHIA; SS - s
paboTHI CO CTEKOM WM obparieHus K namst uepe3 peructpbl ESP nnn EBP; ES - st nony4yenus azgpeca onepasja-
NpUEMHUKA B LIETIOYEYHBIX KoMaHax; DS - mpu Bcex ocTanbHBIX 00palieHusX K NaMsATH. SIBHOE MCIONIb30BaHUE CET-
MEHTHBIX PETHCTPOB BO3MOXKHO, €CJIM B KOJ MHCTPYKIMU BKJIFOYAaeTCs MpeuKC CMEHBI CerMEeHTa. YKa3zaHue npedukrca
CMEHBI CErMEHTa JIOMYCTHMO HE JUI BCEX KOMaH/: HEllb3s MEHSATh CEIMEHT AJIsl KOMaHJ paboThl cO CTEKOM (Bcerja
ucronb3yercss SS), Uil LENOYEeYHBIX KOMaHJ MOXKHO MEHSTh CErMEHT TOJBKO ONepaHa-UCTOYHHMKA (OoIepaHs-
MPUEMHHUK Bceraa aapecyercs uepes3 ES).

OpHol U3 BaKHEHIINX apXUTEKTYPHBIX XapakTepucTuk MII sBisieTcs mepedeHb BOZMOXKHBIX CIIOCOO0B 0OpalieHus K
naMsATH WM BUAOB anpecanuu. Bo3moxxunoctu MII no axpecariuu cyniecTBEHHBI C JBYX TOUEK 3PCHHUS.

Bo-nepBbiX, 60Jb110# 00beM MamMsaTH TpeOyeT OOJNBIION [UIMHBI ajapeca, Tak KaKk N-pa3psHbIH agpec MO3BOJIIET 00-
paiaThes K IaMsaTH €eMKOCThIO 2n ¢iioB. Tumobie 8-paspsianbie cioBa MII 1at0T BO3MOKHOCTh HETOCPEACTBEHHO 00-
pamaTbes TOJIBKO K 256 sueiikaM maMsTH, 9TO SIBHO HeAocTaTouHo. Eciu yuecTs, 4To oOpalieHne K MaMsATH SBISETCS
HanOosee 4acTo BCTpedaroleiicss onepanueid, To 04eBUAHO, 9TO 3((HEKTUBHOCTE Hcnonb3oBanus MII Bo MHOTOM or1-
penernsieTcsi Cnoco0amMu afpecaryy K namMsTu 0oap1Ioro oobeMa npu Masoi paspsaaaocta MIT.

Bo-BTOpEIX, U1 yI00CTBa MPOrpaMMHPOBAHUS KEIaTeIbHO UMETh IIPOCTYIO CHCTEMY (hOPMHUPOBAHHS alpecOB JaHHBIX
npu paboTe ¢ MacCHBaMH, TAOJIMIAMH M yKa3aTelsaMH. PaccMoTpuM criocoOb! penieHus 3THX MpooiIeM.

Ecnm anpecHoe mosie B KOMaHJE SBJISCTCS OTPaHMYCHHBIM M HEJIOCTATOYHBIM JUISl HETIOCPEICTBEHHOTO OOpaIieHus K
000 sUeiiKe MamsTH, TO MaMsTh B TaKWX CIy4asX pa3OMBAarOT Ha CTPAHWIBI, TJE CTPAHMIEH CUMTACTCA 2n sSUeeK
MaMSTH.

Jlyis coriacoBaHusl aApECHOTO TOJS KOMAaHIbI Majod Pa3psAHOCTH C MaMSThIO OONBIIOro o0beMa (sl pelreHus
“cTparnyHOI’” Mpobsemsl) B MII npuMeHSI0TCS pa3nuvHbIe BUIBI aJIpECaIiH:

IIpsimas agpecanus K Tekvuieii crpanune. ITpu Takoit agpecariuy NporpaMMHBIN CYETYHK pa3OUBaeTCs Ha B MOJIS;
cTapluue pas3psibl yKa3blBalOT HOMEP CTPaHULbl, @ MIIAJIINE - aApec SUCUKHU Ha cTpaHulle. B agpecHOM noje KOMaH bl
pa3meraercs ajpec SYeHKH Ha CTPaHUIe, a aJpec CTPAHHUIIBI JOJDKEH OBITh YCTAHOBJIEH KAKMM-TO APYI'HM CIOCOOOM,
HalpUMep C NOMOILBIO CIIENUAIBHON KOMAH/IbI.

IIpsimasi agpecanus ¢ MCNOJb30BAHHEM CTPAHUYHOIO perucrpa. B MII nomken ObITH MpeaycMOTpEH NMPOrpaMMHO
JOCTYIHBIH CTPAaHWYHBIA PETHCTP, 3arpy’kKaeMblii CIIENHAIBHON KOMaHIOH. DTOT perucTp n00aBIsieT K aJ[peCHOMY
TIOJTI0 KOMaH/Ibl HECKOJIBKO pa3psoB, HEOOXOMMMBIX JUIS aJipecaliiyl KO BCEeH IMaMSTH.

Ipsamas aapecanus ¢ MCNOJAb30BAHUEM JIBOMHBIX €10B. [l yBEIUYEHHs AJIUHBI aJPECHOrO IOJs KOMaHABI MO
a/Ipec OTBOAUTCS JOTIOJHUTEIIFHOE CIIOBO (2 €CIU HY>KHO, TO U J[Ba).

Apecalusi OTHOCHTEIbHO NMPOIPAMMHOIO cYeTYMKa. ApecHOe Ioje KOMaHAbl paccMaTpUBaeTCs Kak IIeJI0e CO
3HaKOM, KOTOpOE€ CKJIAIBIBAETCS C COJEPKUMBIM IPOTPAMMHOTO CYETYHMKa i (HOPMUPOBAHUS UCIIOIHUTEIHHOTO
aapeca. Takoi cmoco6 OTHOCHTENBHOHN aApecaldy CO3/aeT IUTABAONIYI0 CTPAHHUIYY M YIIPOINAET HepeMelieHue Mpo-
TpaMM B ITaMSATH.

Apecaiusi OTHOCUTEJbLHO HHAEKCHOT0 perucrpa. McrnomHuTenpHBIN agpec 0Opa3yeTcst CyYMMHPOBAHHUEM COJEPIKH-
MOT0 UHJIEKCHOTO PErucTpa U afpecHOro IMoJisi KOMaHAbI, PaccMaTpHBAEMOro Kak IeJloe co 3HaKoM. MHAeKCHBIN pe-
THCTp 3arpy>kaeTcs CrelMaabHbIMU KOMaHJaMH.

Kocsennas agpecanms. [Ipu kocBeHHOH ajpecanuu B aJpecCHOM MOJIe KOMaHJbl YKa3bIBae€TCs aJpec Ha TeKyllel
CTpaHUIle, 110 KOTOPOMY XPaHHUTCSl UCIIOJHUTEINBHBIN aapec. B mone koMaHabl Ipu 3TOM TpeOyeTcst 1OMOTHNTEIbHBINA
pas3psia - IpU3HAK KOCBEHHOMU ajpecanuu. MCoMHUTENbHBIN agpec MOXKET XpPaHUTLCS HE B SUEHKe MaMsITH, a B PErUCT-
pe o01iero Ha3HaueHHs. B 3ToM ciryuae kocBeHHas ajpecanusi Ha3bIBaeTCsl pETUCTPOBOM.

Tema 10. [TamaTh Kak PYHKIHNOHAJIBHBIN y3ell.

10.1 BHyTpeHHsisl IaMATH KOMIIbIOTEPA.

g xpanerns nHGOPMAIM B MUKPOIIPOIIECCOPHBIX CHCTEMAaX MCIIONIB3YIOTCS 3alIOMHUHAIOIINE YCTPOIICTBa HA OCHOBE
MOTYTIPOBOJHUKOBBIX MaTE€PHANIOB, a TAK)KE MarHUTHBIC M ONTHYECKUE BHEIIHUE HOCUTENN. BHYTpEeHHSSI maMsITh KOM-
MBIOTEpa TPENCTaBICHA B BHJE OTACILHBIX HHTErpaibHBIX MUKpocxeM (MMC) coOCTBEHHO MaMATH W DJIEMEHTOB,
BKJIFOUCHHBIX B cocTaB Apyrux VIMC, He BBINMOIHAIOMNX HETIOCPEACTBEHHO (DYHKIIMIO XPAaHEHUS IPOTPAMM M JaHHBIX -
9TO U BHYTPEHHSAS MaMsITh LIEHTPAIbHOIO IPOLIECCOPA, U BUAEONAMSITh, U KOHTPOJUIEPHI Pa3InYHbIX YCTPOUCTB.

Jnist co3panus 3JIEMEHTOB 3allOMHUHAIOLIMX YCTPOICTB, B ocHOBHOM, npuMmenstoT CBUC co crpykrypoit M (MeTam-
JIMDJIEKTPUK-TIONYIPOBOAHUK) HA OCHOBE KPEMHHUS (B CBSI3M C TEM, YTO B KA4ECTBE JUJIEKTPUKA Yalle BCETO MCIOJIb-
3y1oT ero okeus Si0,, To nX 00b1YHO HazbiBaoT MOII (MeTaymuI-OKCHI-TI0JIyIIPOBOAHUK) CTPYKTYPAMH).
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Jis GyHKIMOHUPOBAHKS KOMIIBIOTEPHON CHUCTEMBbI HEOOXOJMMO HAIMYKE KaK OMEPATHBHOTO 3alIOMHHAIOIICTO yCT-
poiictBa (O3VY), Tak ¥ mocrossHHOTO 3anomuHatomero ycrpoicrsa (I13Y), obecrieunBaromiero coxpanenue HHpopMa-
UM [PH BBIKIOYeHUH mUTaHus. O3Y MoKeT ObITh CTATUYECKMM U ITUHaMHYecKuM, a [13Y OZHOKpaTHO WM MHOIO-
KPaTHO MPOTrPaMMHUPYEMbIM.

CreneHp MHTETPANUH, OBICTPOICHCTBHIE, INEKTPHUCCKUE TTapaMeTphl 3Y MPH 3alKCH U XPAaHCHUU WHPOPMALINH, TIOMe-
XOYCTOMYMBOCTh, IOJNTOBPEMEHHAs! CTAOMIBHOCTH, CTAOMJIBHOCTh K BHEIIHHM HEOJIarompHATHBIM (QakTopaM IIpH
(hYHKIMOHUPOBAHUM U T.[. 3aBUCAT OT (YU3WUECKUX HPUHIUIIOB PaOOTHI MPHOOPOB, IPUMEHSAEMBIX MATEPHAIOB IIPH
npomsBoacTee IMC 1 mapaMeTpoB TEXHOIOTHUECKUX POIECCOB MPH UX U3TOTOBJICHUN.

10.2. TexHoJ10rusi MPOU3BOJACTBA HHTErPAJBLHBIX CXEM.

Ha pa3Butne MUKpONpPOLIECCOPHON TEXHUKH pELIarollee 3HAUEHUE OKAa3bIBAET TEXHOJIOTHS NMPOU3BOJCTBA MHTErpallb-
HBIX CXEM.

[omynpoBOAHMKOBBIE MHTETPABHBIE MUKPOCXEMBI monpaszaeistiorcs Ha oumonspasie UMC n MOII cxeMsl, mpraem
nepBble - Oojiee OBICTPONECHCTBYIOINE, @ BTOPHIE UMEIOT OOJBLIYIO CTENEHb MHTETPALUH, MEHBIIYIO MOTPEOIIIeMYIO
MOIIHOCTh U MEHBIIYI0 CTOMMOCTh. LludpoBbIE MUKPOCXEMBI MOTYT IO HJIICOJIOTHH, KOHCTPYKTOPCKOMY PELICHUIO,
TEXHOJIOTUH OTHOCHUTCS K PAa3HBIM CEMEHNCTBAM, HO BBINOJIHSITH OJJMHAKOBYIO (DYHKIHUIO, T.€. OBITh HHBEPTOPOM, TPUITE-
pom mim npouieccopom. Hanbonee momynspHbIME ceMeiicTBaMHU MOKHO Ha3Barh y Ounossipasix UMC: TTJI (Tpan3u-
cropHo-TpanzuctopHas yoruka), TTJII (¢ auogamu [llotTkn), DCJI (sMUTTEpHO-CBsA3aHHAs Joruka); y M/IT: n-MOII
n KMOIL

BazoBemM Marepuanom i m3rotoBieHus UMC sBrsieTcs kpeMHui. HecMoTps Ha TO, 4TO OH HE 00JIaaeT BBICOKOM
MOJBIDKHOCTBIO HOCHTENeH 3apama (mn=1500 CMz/BC), a 3HA4YMT, IPUOOPHI HA €r0 OCHOBE TEOPETUIECCKH OYAYT yCTY-
narth Mo OBICTPOJCUCTBHIO IPUOOpaM Ha OCHOBE apcenuaa rawus GaAs, ogHako cucrema Si-SiO; cymecTBeHHO Ooee
TexHonmorngHa. C Ipyroil CTOpOHBI, IPHUOOPHI Ha KPEeMHHEBOW OCHOBE (KPEMHHUII-OKCHI KPEMHUS) OONamIaroT COBEp-
HICHHO# rpaHuieil pasaeina Si-SiO,, XUMHYECKOH CTONKOCTBIO, 3JEKTPUUECKON MPOYHOCTHIO U APYTUMH YHUKAIbHBIMU
CBOMCTBAMU.

TexHonornueckud Uk npoussoacTBa UMC BritouaeT: - 3MUTAKCHAIBLHOE HapallMBaHHUE CJIOS Ha MOATOTOBICHHYIO
MOJUIOKKY;

- HapaumBaHue ciosi SiO, Ha SMUTAaKCHAJBHBINH CIIOM; - HaHeceHHe (oTope3ucTa, MACKUPOBAHHE M BBHITPABIMBAHUC
OKOH B CJIO€; - JIETHPOBaHUE MPUMECHI0 yTeM AuG(y3ud WM UMIUIaHTAIKel; - aHAJIOTMYHO MOBTOPEHUE Oleparui
JUISl HOATOTOBKU APYTHX JISTUPOBAHHBIX 00JIACTEH; - TOBTOPEHUE ONEpaLuii Ul CO3/IaHUsl OKOH I10JI KOHTaKTHBIE TUIO0-
LIaJIKY;

- METaJUIM3alLMI0 BCEH MOBEPXHOCTH aIFOMUHHUEM HJIM MOJMKPEMHHUEM; - IOBTOPEHHUE ONEpaLUil AJIsl CO3/IaHUSI MEKCO-
CIMHCHU,

- yIAJIeHUE U3JTHIIKOB AIIFOMUHIS WM MMOTUKPEMHUS; - KOHTPOIb (PYHKIIMOHMPOBAHUS; - IIOMEIICHAE B KOPITYC; - BBI-
XOJIHOM KOHTPOJIb.

Hauboee KpUTHYHBIM [T YBETHMUYSHHS CTEIICHH WHTETPAIIH SBISIETCS MPOIece JIUTOrpadu, T.€. MpoIece mepeHoca
reOMETPUUYECKOTO PUCYHKA IIa0JI0OHa Ha MOBEPXHOCTh KPEMHHEBOM M1acTHHBL. C IMOMOIBIO ATOTO pHUCYyHKa (hOpMHUPY-
IOT TaKHe JIEMEHTHI CXEMBI, KaK 3JIEKTPO/IbI 3aTBOPA, KOHTAKTHBIE OKHA, METAIIIMYECKIE MEXKOMIIOHEHTHBIE COeINHE-
Hus U 1.1 Ha nepBoit cragun nsrorosnerns MMC nocie 3aBepuieHHs HCTIBITAHUN CXEMBI MM MOJICIUPOBAHUS C T10-
MoIbi0 O9BM hopMuPYIOT T€OMETPUIECKUN PUCYHOK TOTIONOTHH cXeMbl. C TOMOIIBIO AJEKTPOHHO-TTy4€BOTO YCTPOHi-
CTBa WJIM 3aCBETKH APYT'HM CIIOCOOOM TOMOJOTMYECKHHA PUCYHOK CXEMBI IIOCIIEJ0BATEIEHO, YPOBEHB 32 YPOBHEM MOJXK-
HO IEPEHOCUTH HETIOCPEICTBEHHO Ha IMOBEPXHOCTH KPEMHHEBOW IUIACTHHBI, HO Yamle Ha (OTOUYBCTBUTEIBHBIC CTCK-
JISTHHBIC TUTACTUHEI, Ha3bIBaeMble (hoTomadmoHaMu. Mexay IepeHOCOM TOMOJIOTHYECKOTO PUCYHKA C IBYX IAOJIOHOB
MOTYT OBITh MPOBEICHBI ONEPAIUN NOHHOW WMIUIAHTAIINH, 3aTOHKH, OKUCICHUS W MeTaumm3anun. [locine 3KCTIoHUpo-
BaHU IUTACTUHBI IOMEMIAIOT B PACTBOP, KOTOPHIA MPOSBIACT H300pakeHUe B ()OTOUYBCTBUTEILHOM Marepuaie - Go-
TOPE3UCTE.

YBenuunBas 4acTOTy KoJieOaHUN CBETOBOI BOJHBI, MOKHO YMCHBIINTh IIUPUHY JIMHUH PUCYHKA, T. €. COKPATUTh Pa3-
MepbI HHTETPAIBHBIX cXeM. HO BO3MO)KHOCTH 3TOH TEXHOJIOTUH OTpaHMYEHBI, TOCKOIBKY PEHTT€HOBCKHE JIYIH TPYIHO
chokycupoBaTh. OUH U3 BapUAHTOB - MCIIOJIB30BATh CaM CBET B KadecTBe MIabioHa (Tak Ha3bIBaeMOE MO3UITUOHHUPO-
BaHUE aTOMOB (POKYCHPOBAHHBIM JIA3€PHBIM JIy9OM). DTHM CIIOCOOOM, OCBETHB JIBYMS B3aUMHO IEPIICHANKYJISPHBIMU
Ja3epHBIMU IIyYKaMH, MO>KHO M3TOTOBHUTH PEIISTKY HAa KPEMHHEBOH MJIACTHHE M3 XPOMHUPOBAHHBIX TOYEK pazmepom 80
HM. CKaHHpYS Ta3epOM HOBEPXHOCTH JJIsl CO3JaHMS MPOU3BOIBHOTO PUCYHKA HHTETPAIBHBIX HAHOCXEM, TEOPETHUECKH
MOJKHO CO3/1aBaTh CXEMBI C IIUPHUHON JIMHUH pHCYHKa B 10 pa3 MeHbIei, yem cerognanrare. Bropoe orpannienue npu
nuTorpaduu HaKIaabIBaeT OpraHuYecKas mpupona doropesucta. [IyTh ee pelleHHs - IPUMEHEHUE HEOPTaHHMYCCKIX
MaTepHajoB, HAIIPUMEDP, OKCUJIOB BaHAAUS.

Ou3HYeCcKUe MPOLECCHI, MPOTEKAIOIINE B U3CITUIX MUKPOIICKTPOHHUKH (M B MUKPOCXEMaX IMaMsATH TOXE), TEXHOJIOTHUS
W3TOTOBJICHHS U KOHCTPYKTUBHBIC 0coOeHHOCTH IMC BBICOKOW CTEIIEHU HHTETPAIMU MOTYT BIIUATh HA apXUTEKTYpPY H
MeToAbl npoekTupoBanus O9BM u cucteMm. EcTecTBeHHO, yMEHbIlIEHHE N'€OMETPUYECKUX Pa3MEPOB TPAH3UCTOPOB MPHU-
BOJIUT K YBEJIMYEHHIO JIEKTPUUECKUX HOJIEH, 0COOCHHO B paiiOHEe CTOKA. DTO MOXKET NPHUBECTU K Pa3BUTHIO JABUHHOTO
mpo0os |, Kak CIeNCTBUE, K m3MeHeHH0 BhixoaHoi BAX MOII tpaH3ucTopa: - BKIIOUYESHHUIO MAPA3UTHOTO OHITOJISIPHO-
TO TpaH3HCTOpa (MCTOK-TIOUI0KKA-CTOK); - HEPaBHOMEPHOMY 3apsDKEHHUIO AMAICKTPUKA y CTOKA; - ACTPagaldi MPHIIO-
BEPXHOCTHON 00JIaCTH TOTYIIPOBOTHUKA; - MPOoOOT0 AUIJIEKTPHUKA.

TTosToMy HeoOXxonuMo yMeHbIeHue Hanpspkenns nutanus CBUC no 3.6, 3.3, 3 B u T.11., ipu 3TOM U3BECTHO, YTO OJIOK
MTUTaHMs KOMITbIOTepa odecrieunBaeT oObIYHO Hanpshkenus +5B, +12B, -12B.
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OnHaKo MHXKEKIMS M 3apsDKCHHE JMAJICKTPUKAa HE BCerja IpolLecC OTPHLATEIbHBIA WIIM NMapasuTHBIN. YMEHbIICHHE
HaIpsOKEHUS 3a1icy HHGOPMaMOHHOTO 3apsiaa B penporpaMMupyemsix 3Y Hike 12 B mo3BossieT UxX nporpaMMupo-
BaTh BHYTPH MHUKPOIIPOLIECCOPHON CHUCTEMBI, a HE CIICIHMAIBHBIM yCTpoHcTBOM (porpamMmaropom). Toraa st paspa-
00TUYMKa OTKPHIBAIOTCS OOJIBLIME BO3MOXHOCTH JUIsl TIPOrPAaMMHUPOBAHHS HE TOJIBKO aJpeca MHUKPOCXEM KOHTpoJuiepa
WM afanTepa B MPOCTPAHCTBE YCTPOWCTB BBOJA/BBIBO/IA MJIM HOMEpa MpPEPbIBaHKS, HO U TBOPUTh HEOOXOIUMOE yCT-
potictBo camomy (ecnu umets Takyro IMC). OgHako 0TMETHM, 9TO KpoMe "X035iHA" 3TO MOYKET CHIENaTh U KOMIIbO-
TEPHBIN BUPYC, KOTOPBIH OYAET, €CTECTBEHHO, Pa3pyLIaTh, a HE CO3MIATH YTO-JIHOO.

10.3. OcHOBHbBIE XapaKTEPUCTHKH MOJTYNPOBOAHUKOBOI MaMSATH.

[NomynpoBoHUKOBAs MaMATh UMEET OOJBIIOE YUCIO XapAKTEPUCTUK U ITAPaMETPOB, KOTOPBIE HEOOXOANMO YIUTHIBATH
IPH IIPOEKTUPOBAHUH CHCTEM:!

1. EMKOCTh maMsTH OmpeneseTcs YUCIOM OUT XpaHHUMOW MHopManuu. EMKOCTh KpHcTamia OOBIYHO BBIpasKacTCs
Takke B Outax u cocraBmsier 1024 6ura, 4 Kour, 16 Kour, 64 Kout u T.11. BaxxHOo# XapakTepuCTHKON KpHCTalIa sBIIS-
eTcsl MHpOpMaIMOHHAas opraHu3aius kpuctamia namstd MxN, rae M - gucno cnos, N - pa3psaHocTs cioBa. Hampu-
Mep, KpUCTaJUT eMKOCThIo 16 KOuT MokeT mMmeTs paziauynyro opranuzanuto: 16 Kx1, 4 Kx2 Kx8. IIpu ognHakoBoM
BpPEMEHHU 00palleHust MaMATh ¢ OOJIbILEH IUPUHOM BEIOOPKH 00J1a1aeT Oombiel HHGOPMALMOHHOW €MKOCTBIO.

2. BpemeHHBIE XapaKTePUCTUKU MAMSATH.

Bpems noctyna - BpeMEHHOI MHTEpPBAJl, ONPEIEIAEMbII OT MOMEHTA, KOrJa LEHTPaIbHbIN IPOLIECCOP BHICTABUII Ha
HIMHY ajpeca ajxpec TpedyeMoil ssUeiKy MmaMsaTH U 1ociajl 1Mo MIMHE yNpaBiIeHHs NpUKa3 Ha YTCHUE WM 3alliCh JaH-
HBIX, 0 MOMEHTA OCYIIECTBIICHHS CBSI3H aipecyeMOil SIeHKH ¢ IMUHOM TaHHBIX.

Bpems BoccTaHOBIICHHS - 3TO BpeMs, HEOOXOANMOE ISl IPUBEICHHS NMAaMATH B MCXOIHOE COCTOSHHE ITOCTIE TOTO, KaK
III cusin ¢ LA - anpec, ¢ IIY - curnan "urenue" nim "3anuce” u ¢ H1J1 - nanxsle.

3. YnenbHast CTOMMOCTD 3a[IOMHHAIOMIETO YCTPOUCTBA OIPEAEIIAETCA OTHOIECHHEM €r0 CTOMMOCTH K HH(OPMAIIIOHHON
€MKOCTH, T.€. OIPEEIIACTCS CTONMOCTBI0 ONTa XpaHUMOH HH(popManuH.

4. Tlotpebnsiemast sHeprus (WM pacceuBaeMasi MOITHOCTB) TIPHUBOAUTCS JUISl ABYX PEKUMOB pabOThI KpUCTAILIA: PEXKU-
Ma MacCUBHOTO XpaHEeHUsI HH(POPMAIMU ¥ aKTHBHOTO PEXHMMa, KOTJa ONepaliiy 3aliCH U CUUTHIBAHUS BBITOIHSIIOTCS C
HOMHHAJIBHBIM ObIcTponeiicTBreM. Kpuctamisl auHamMudeckoid MOII-niamsiTi B pe3epBHOM pexHMe MOTPEOISIOT MpH-
MEpHO B JIECATh Pa3 MEHBIIIE SHEPTHH, YeM B aKTUBHOM pexxuMme. Hanboubiee nmorpediaeHne SHEpriy, He 3aBHUCSIIEE OT
pexxnuma paboThl, XapaKTepHO AT KPUCTAIUIOB OUIOISIPHOMN MaMATH.

5. II70THOCTh YHMaKOBKH OIpPENeNIIeTCs IUIONMAbI0 3alIOMHHAIONIETO AJIEMEHTa U 3aBHCUT OT YHCIA TPAaH3UCTOPOB B
CXeMe IEMEHTa U MCI0JIb3yeMoil TexHonmoruu. Hanbobias mIoTHOCTh YIAKOBKH JIOCTUTHYTA B KPUCTAJUIaX ANHAMMH-
yeckoit MOII-namsaTu.

6. HomyctuMasi TeMrneparypa OKpysKaromel cpeabl 0ObIMHO YKa3bIBAaeTCSl OTAEIBHO JUIS aKTHBHOM paboThHI, Ui mac-
CHBHOTO XpaHEeHUs] MHYOPMALH | JUII HEpaObOUero COCTOSIHUS C OTKIIOUCHHBIM MUTAaHUEM. Y Ka3bIBaeTCs TUI KOPITY-
ca, €CIIM OH CTaH/JAPTHBIH, WM YePTEX KOpIyca ¢ yKa3aHHEM BCEX Pa3MepoB, MapKUPOBKOM U HyMepalneil KOHTaKTOB,
eclii Kopiyc HOBBIH. [IpuBOAATCS Takke yCIIOBMS 3KCIUTyaTalluu: pabodee MOJIOKEHHE, MEXaHWIEeCKHe BO3/IEHCTBUS,
JIOITyCTUMast BIAXKHOCTh U JPyTHE.

Tema 11. IlpuHIUNBI OPraHU3aluy NAMSTH.
11.1. Opranmu3aunus ¢pusudeckoii namsatu. O3Y, M3Y u FLASH — namsTs.

Duznyeckast NaMsATh, K KOTOPOH MHKPOIPOLECCOB UMEET AOCTYII 110 IIUHE aJ[peca, Ha3bIBACTCs ONEPAmMUEHON NAMA-
moro (WK OTIEPaTUBHBIM 3aIIOMHUHAIOIINM yCcTpoiicTBoM - O3Y).

OII oprann3oBaHa Kak MOCJIE0BaTeILHOCTD OaiToB. KakoMy 0aiiTy COOTBETCTBYET yHUKAJIBHBIH anpec (ero HOMep),
KOTOPBI HA3BIBACTCS PUIUUECKUM AOPECOM.

JlnanazoH 3HaueHHUH aJpecoB 3aBUCHUT OT Pa3psAHOCTH IIUHEI a/Ipeca MUKPOIIPOIeccopa.
st 1486 u Pentium on maxoaurcs B auama3zone ot 0 qo 2*%*32-1 --- 4 I'Gaiit (32-paspsiiHast [IKHA agpeca).
MexaHu3M ynpaBiieHHs] MaMSThIO MMOJIHOCTBIO alMapaTHBIH, T.e. MporpaMma cama He MOXKeT C(OpMHUpOBATh pu3ne-
CKHH ajipec MaMsTH Ha aJIpECHOH II1HE.
OmnepaTHBHOE 3aIIOMUHAIOIIEE YCTPOHCTBO MpeIHa3HAYSHO IS XpaHEeHUs nHpopManuu (IporpaMM M JTaHHBIX), HETo-
CPEICTBEHHO y4YacTBYIOIIEH B BRIYHCIUTEIFHOM MpOIlecce Ha TeKymieM dTarne ¢pyHkunonnpoBanms [1K.
O3Y - sHeprozaBucuMasi MamsITh: P OTKIFOYSHUU HANPSDKEHHS MUTAHHUS WHOpMALUs, XpaHsIIAscs B HEH, TepsieTcs.
OcuoBy O3V cocTaBisoT O0JIBIINE HHTETPAIBHBIE CXEMBI, COJIEPXKAIINE MATPHUIIBI TOJIYTIPOBOJHUKOBBIX 3alIOMHHAI0-
IIMX 3JIEMEHTOB (TPHUITEPOB). 3aIIOMHMHAOLINE JJIEMEHTHI PAcIiONIOXKEHbl Ha MePecedeHUH BEPTUKAIBHBIX U TOPU30H-
TaJIbHBIX IIWH MAaTPHIBL; 3aIKCh M CYUTHIBAHWE MH(GOPMAIMH OCYIIECTBISIIOTCS MOAa4el IEKTPUYECKUX HMITYIbCOB
0 TEM LIMHAM MaTpHIIbl, KOTOPbIE COCIMHEHBI C 3JIEMEHTaMH, IPUHAUIC)KAIINMH BEIOpPAaHHOH sTYCHKe MaMsITH.
KOHCTPYKTHBHO 3JIEMEHTBI OTIEPATUBHOM MaMsITH BBIMONHIIOTCS B BUAE OTACIbHBIX MUKpocxeM Tuma DIP (Dual In-line
Package - nByXpsiiHOE pacmoIOKEHHE BBIBOJOB) MM B Buae moxyseil mamsaru tuma SIP (Single In-line Package - ox-
HOPSTHOE PaCcIONIOKEHUE BBIBOIOB), Wi, 4To Yaime, SIMM (Single In line Memory Module - Moays mamMsTH ¢ OJTHO-
Pa3psAIHBIM pacIoiokeHneM BeIBOA0B). Momymn SIMM umerot emkocth 256K6aiT, 1, 4, 8, 16 nim 32 Mobaiita, ¢ KOH-
TpoJieM U 0€3 KOHTPOJIS YETHOCTH XPaHUMBIX OUTOB; MOTyT uMeTh 30- ("koporkue") n 72-("maMHHbIE") KOHTAKTHBIE
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pa3beMbl, COOTBETCTBYIOILINE Pa3beMaM Ha MaTEPHUHCKOI miiaTe KoMmnblotepa. Ha MaTepuHCKYIO M1aTy MOXHO YCTaHO-
BUTh HECKOJILKO (4eThIpe U Ooiee) Momyneit SIMM.

ITocrostHHOE 3amOMMHAIOIIEE YCTPOMCTBO TAKXKE CTPOUTCSA HA OCHOBE YCTAHOBJIEHHBIX HA MAaTEPUHCKOM MaTe MOAynen
(xaccer) n ucmoNb3yeTcs JUIA XpaHEHUs] HeM3MeHsieMol HH(OPMAIMK: 3arPy304YHbIX MIPOTPaMM OIEPALIMOHHON CUCTe-
MBI, IPOTPAaMM TECTHPOBAHUsSI YCTPOWCTB KOMIIBIOTEpAa M HEKOTODHIX JApaiiBepoB 0a30BOM CHCTEMBbI BBOZAA-BHIBOJA
(BIOS - Base Input-Output System) u mp. V3 TI3Y MOKHO TOJNBKO CUHTHIBATH HH(OPMAIIHIO, 3aMTUCh MHPOPMAIUH B
[13VY Bemonasercs BHe DBM B mabopaTopHbIX ycnoBuax. Moxynu u kacceTsl [I3Y MMer0T eMKOCTh, Kak MpaBmWio, HEe
TIPEBBIMIAIONIYI0 HECKOIBKUX cOT Knito0aiT. [13VY - sHeproHe3aBUCHMOE 3aIIOMHHAIOIIEE YCTPOHCTBO.

[Ipumeuanne. B nmocnenane roxsr B HekoTopbix [1K cTamm Mcrnonap30BaThCs MOMYIIOCTOSHHBIE. IEPETIPOrPAMMHUPYEMBbIE
3aromuHaromue ycrpoictsa - FLASH-mamsats. Moaymu nnn kaptel FLASH-mamsiTit MOTYT yCTaHABIMBATHCS TPSMO B
pa3beMbl MATEPUHCKOH IIIATHl M UMEIOT CIIETYIONINe MmapaMeTprl: eMKocTs oT 32 Koaifr o 4 Mo6aiit, Bpems qocTyma
no cuntbiBanuio 0.06 Mkc, Bpemst 3anucu ogHoro Oaiita npumepro 10 mxc: FLASH-namsaTs - sHepronesaBucumoe 3a-
MMOMHHAIOIIIEE YCTPOUCTBO.

s nepezanucu nHGopManuy HeoOX0IMMO NoAaTh Ha cnennanbHblid Bxox FLASH-naMsTi HampsbkeHue nmporpaMMu-
poBanus (12B), 4To ucKiIIOYaeT BOZMOXKHOCTh ClIy4ailHOTo ctipanus nHpopmanuu. [lepenporpammupoBanne FLASH-
MaMsTH MOXKET BBINOJHATHCS HEMOCPEACTBEHHO C JTUCKETH WM ¢ KinaBuarypsl [IK npu Hannuny; cnenuasbHOrO KOH-
TpoJutepa 00 ¢ BHEITHETO IporpaMMaTopa, noakitouaemoro k I1K.

FLASH-maMsTh MOeT OBITh TOJE3HOHM Kak IS CO3/TaHUS BeCbMa OBICTPOACHUCTBYIONINX KOMITAKTHBIX, allbTCPHATHB-
Heix HKM/I 3anoMHHaOMUX YCTPOUCTB - "TBEpAOTEIbHBIX AUCKOB", Tak U 11t 3aMeHbl 113V, XpaHsiiero nporpaMmmsl
BIOS, no3Bossast "psMo ¢ AUCKETH" 0OHOBJIATH W 3aMEHATH 3TH MPOTPaMMEI Ha OoJiee HOBBIE BEPCHH IIPH MOJICPHU3A-
muu TTK.

CTpyKTypHO OCHOBHASI MaMSTh COCTOUT M3 MIJIJIMOHOB OTJEIBHBIX SMEEK MaMATH eMKOCThI0 | OalT kaxkmas. OOmas
E€MKOCTh OCHOBHOH mamsitu coBpeMeHHbIX [IK 00b14HO siexut B mpeaenax ot 1 o 32 Mo6aiit. Emxocts O3Y Ha oauH-
JiBa mopsijka npepbiiraet eMkocTh [13Y: T13Y 3anumaet 128 (pexe 256) Koaiit, octanbpHoit 00beM - 310 O3Y.

11.2. Jlornyeckasi CTPYKTypa OCHOBHOI MaMsTH.

Kaxnas sdelika maMsaTH UMEET CBOM YHMKAJIbHBIN (OTJIMYHBIN OT BeexX ApPYrux) aapec. OCHOBHAS MaMATh MUMEET I
O3V u 13V enuHoe aapecHoe MPOCTPAHCTBO.

AnpecHOe TPOCTPAHCTBO OMNpEEsIeT MAKCHMAIbHO BO3MOXKHOE KOJMUYECTBO HETIOCPEICTBEHHO aJPEeCyeMBbIX SUeeK
OCHOBHOI1 IaMSATH.

AJpecHOe IPOCTPAHCTBO 3aBUCUT OT Pa3psAHOCTH aJPECHBIX LIMH, MO0 MaKCUMaJbHOE KOJMYECTBO Pa3HBIX a/IpeCOB
oTpenieNnseTcs: pa3sHooO0pa3ueM JBOUYHBIX YHCENI, KOTOPhIE MOXHO OTOOpasuTh B N pa3psaax, T.e. aIpecHOe MPOCTpaH-
cTBO paBHO 2", re N - pa3psAAHOCTD aapeca.

Just TIK xapakTepHO cTaHAApTHOE pacipelesieHre HEMOCPEACTBeHHO anapecyemont mamsatu mexay O3V, T13Y u ¢pyHk-
[IMOHAIILHO OPUEHTHPOBAHHOM uHpopMmarueit (puc. 11.1).

OcHOBHasl NaMATh B COOTBETCTBHH C METOJaMH JIOCTYIIa M aJIpecaliiyl ACINUTCS Ha OTAENbHbIE, HHOT/IA YaCTHYHO WM
MOJIHOCTBIO TIEPEKPHIBAIOIINE APYT JIpyra o0JIacTH, UMEoNIe OOIIETPHHATEHIE Ha3BaHHU. B 4acTHOCTH, YKpYITHEHHO
Jormyeckas cTpykrypa ocHoBHOH mamstu [1K oOmiei emxocThio, Hampumep, 16 MoOaiT npencrasieHa Ha puc.11.2.

CrangapTHad navaTte 640 Kbair B epxuaz navars 384 K bair
64 K Battra 576 Kbaitr 256 Kbaitr 128 Kbaitr
O bmacts cnyxebHBD O BmacTe mporpanma O BimacTe BMZEOIAMATH O fmacte nporpanms
nporpavm ¥ Zasser OC | M ZaHHBPIX IIOIB30E 4T eI AUCITIEA ¥ CIy e DHBIX HavyanmbHoH 3arpysku OC
I} OTR AN M Ap.
03¥ II3Y
Puc. 11.1. Pacnpeoenenue 1-Mbatimnou ooracmu OI1
HemocpegcTEeHHO aapecyenan IIanATh Pacnmp eHHaA DaMATE
CrangapTHad (00prmEa) B epxraz manars ( BrIcok ad manars
manmTs (CMA ) Boroxm UMA) (HMA)
640 Kbarr 384 Kbarra 64 Khattra
640 Kbagr 1024 Kbaifra 1088 Kbattra 16 Mbasr

Puc. 11.2. Jloezuueckas cmpykmypa 0CHOGHOU RAMAMU

IIpexxae Bcero OCHOBHAS MaMATh KOMIIBIOTEPA JEMUTCS Ha JIBE JOTMYECKHE 00JIacTH: HETIOCPEACTBEHHO aIpecyeMyro
namsiTh, 3aHUMaroIyo nepssie 1024 Ko6aiita sueek ¢ anpecamu ot 0 1o 1024 Ko6aiir-1, pacmmpeHHyo namsTh, 10CTyI
K si9eiKaM KOTOPOIl BO3MOKEH MIPU UCIIOJIb30BaHUH CIELUANBHBIX IPOrpaMM-IpaiBepoB.

Crangaptroii mamsateio (CMA - Conventional Memory Area) Ha3bIBaeTCS HENOCPEACTBEHHO ajpecyeMasi MaMsTh B
nuranasone ot 0 1o 640 Koaiir.

HenocpenctBeHHo agpecyemasi maMsaTh B quama3oHe aapecoB oT 640 mo 1024 KOalT Ha3pIBacTCsS BEpXHEH MaMATHIO
(UMA - Upper Memory Area). BepxHsis maMsiTh 3ape3epBUpOBaHa [Jisl MAMATH AUCIUICS (BUACOMAMSTH) U MOCTOSIHHO-
T'0 3aTIOMUHAIONIETO ycTpokicTBa. OHAKO OOBIYHO B HEH OCTAIOTCS CBOOOHBIC YUACTKHU - "OKHA", KOTOPBIE MOTYT OBITH
WCIIOJIB30BaHBI IIPH IIOMOIIH JHCIIETIepa MaMATH B Ka4eCTBE ONIEPATUBHON MaMATH O0IIero Ha3HAYCHHS.

PacmupenHas mamsTh - 3To maMATh ¢ aapecamu 1024 Kobaiita u BbIme.

HenocpencTBeHHBIN HOCTYT K 3TOH MaMATH BO3MOKEH TOJIFKO B 3alIHIICHHOM PEXUME paboThl MUKPOIIpOIeccopa.

B peansHOM pexuMe HMEIOTCS [1Ba CII0c00a JOCTyIa K 3TOH MaMsATH, HO TOJBKO MPHU MCIIOJIE30BaHUN APABEPOB:
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no cnenudukanun XMS (3Ty namaTe HasbsiBaroT Toraa XMA - eXtended Memory Area);

no cnenudukanun EMS (mamsate Hassiaror EM -Expanded Memory).

Creuuduxanus EMS (Expanded Memory Specification) sisisiercst 6omee panueit. CoracHo 3To# crienudpuKanum 10c-
TYIl peajM3yeTcs myTeM OTOOpakeHHs 0 Mepe HeoOXOoIMMOCTH OTHeNnbHbIX nosei Expanded Memory B onpezneneH-
Hyl0 oOnacTh BepxHed mamstu. IIpu sToM XpaHuTcs He oOpabarbiBaeMmasi MHGpOpMAIMs, a JHIIb ajpeca, 00ecredn-
BalOIIME JOCTYN K 3T0i mHpopMmanuu. [lamsate, opranmsyemas mo crnenudukanun EMS, HocuT Ha3zBaHue oToOpaxkae-
Moii, mosTomy u coderanue cioB Expanded Memory (EM) gacTo mepeBoasT Kak oTobpakaeMmast maMsTh. J{jist opranu-
3anuu  oToOpakaeMoil TaMATH HeoOXomuMo Bocmonb3oBatecs apaiiBepoMm EMM386.EXE (Expanded Memory
Manager) nim nakeToM yrnpasieHus mamsateio QEMM.

PacmmpenHast naMsaTh MOXKET OBITH MCIOJIB30BaHa TJIABHBIM 00pa3oM AJIsI XpaHEHMS JaT M HEKOTOphIX mporpamm OC.
YacTo pacmmpeHHy0 aMATh HCIIOJIB3YIOT Al OPTaHU3AIMH BUPTYaIbHBIX (3IEKTPOHHBIX) TUCKOB.

Hckmouenue cocraiser Hebonbinas 64-KoaiitHast oOnacts namsitu ¢ agpecamu ot 1024 no 1088 Koaiit (Tak Ha3bl-
BaeMasi BBICOKasl aMsITh, HHOT/IA ee Ha3bIBaroT cTapmas: HMA - High Memory Area), koTopast MOXET aJipecoBaThCs U
HETOCPEICTBEHHO IpU Hcmoib3oBanuu apaiisepa HIMEM.SYS (High Memory Manager) B cCOOTBETCTBUH CO CHELIH-
¢uxanmeit XMS. HMA 00bI1YHO HCHOIB3YeTCs ISl XpaHEHUS! IPOTrPaMM U JIAaHHBIX ONEPAIIMOHHON CHCTEMBI.

Tema 12. BupryajbHasi NamMsTh.
12.1. Moaeaun namMsiTH.

MHKponpoueccop armapaTHo MOAACPIKUBACT HECKOJIBKO MOJICNICH UCITOIB30BaHMS OICPATHBHOM ITAMSTH:

L4 CCTMCHTUPOBAHHAA MOJCIIb
L4 CTpaHUYHas MOJACIIb
L4 CCIMCHTHO-CTPAHUYHAsA MOACIIb

12.2. IloHsiTHE O CErMEHTHPOBAHHOI MO/IeJIM MAMATH.

[MamsATh [T IPOTPaMMBI JCTTUTCS Ha HENPEPBIBHBIC 00JIACTH TIAMATH, HA3bIBACMBIC Ce2MEeHmaMu.
CerMeHTHI - 3TO JIOTHIECKHE SJIEMEHTHI IPOTPAMMEL.
Cama mporpamma MOKET 00paImaTbest TONBKO K TaHHBIM, KOTOPBIE HAXOAATCS B 3TUX CETMEHTaX.
CermeHT mpeacTaBiseT cOO0H He3aBUCUMBIHN, ITOIJICPKIBACMEIA Ha alllapaTHOM YPOBHE OJIOK MaMATH.
CerMeHTalus - MEXaHU3M ajipecaliii, 00eCIeYHBaIOIINil CyIECTBOBaHHE HECKOJIBKUX HE3aBUCHMBIX aJJPECHBIX MPO-
CTPAHCTB KakK B IIpeJieiax OJHOM 3a/lauyl, TaK U B CUCTEME B LIEJIOM JIJIsl 3aIIMThI 33]]a4 OT B3aUMHOTO BIIUSIHUSI.
3ameuanue. [IporpamMmmucT MoOXeT MO0 CaMOCTOATENBHO pa3duBaTh MporpamMmy Ha (parMeHTHI (CETMEHTHI), JTHOO
ABTOMATH3MPOBATh ATOT IPOLECC M BO3JIOKUTH €ro Ha CUCTEMY IPOrPaMMHPOBAHHSI.
Jst mukpomporieccopos Intel mpuHsT 0coOBIi MOAX0M K yIpaBIeHHIO TaMsaThio. Kaxxnas nporpamma B obmieM ciydae
MOJKET COCTOSTh U3 JIOOOTO KOIMYECTBA CETMEHTOB, HO HETIOCPEACTBEHHBIH JOCTYII OHa UMEET TOJIBKO K 3 OCHOBHBIM
CerMEeHTaM: KOJ1a, TAaHHBIX ¥ CTeKa U K JOTIOTHHUTEIFHBIM CETMEHTAM JTAaHHBIX (Bcero 3).
OmnepanmoHHas cucTeMa (a He caMa ImporpaMMa) pa3MeliaeT cerMeHTh mporpaMmsel B OI1 mo ompeneneHHbIM (u3nde-
CKHM aJjpecaM, a 3HAa4CHHUS STHUX aJ[pecOB 3alUCHIBACT B OIPEICIICHHBIC MECTa, B 3aBHCUMOCTH OT peXHMa pabOTHI
MHUKpOTIpoIIeccopa:
. B PEaJbHOM PEXHMME ajipeca MOMEIIAI0TCs HEMOCPEACTBEHHO B CEIMEHTHBIE perucTpsl (CS, ds, SS, es,
gs, fs);
. B 3alIMIEHHOM PEXUME - B CIEIUATBLHYIO CUCTEMHYIO JECKPUNITOPHYIO Tabnuily (DJIeMEHTOM JeCK-
PUNTOPHOHN TaOIHUIBI ABISIETCS JECKPUITOP cerMeHTa. Kakplit CerMeHT MMeeT AECKPUNTOp cerMeHTa -8 Oaitt. Cyre-
CTBYET TPH JACCKPUIITOPHBIE TAOIHIBI. AJIpec KaA0# TaOJIUIIbI 3aITUCHIBAETCS B CIICIIMAIBHBI CUCTEMHBIN PETUCTD).
Jnst focTyna K TaHHBIM BHYTPH CETMEHTa oOpallleHHe MPOU3BOJMTCS OTHOCUTENLHO Havaja CerMeHTa JIMHEWHO, T.e.
HaunHas ¢ 0 ¥ 3aKaHYMBAs aJPECOM, PABHBIM pa3Mepy cerMeHTa. JTOT afapec Ha3biBaeTcst cmeuenuem (offset).
Takum obpaszom, st oOparieHus: K KOHKpeTHOMY (usnueckomy anpecy OIl HeoOXonuMo omnpenenuTs ajapec Hadaja
CerMeHTa U CMEIl[CHUE BHYTPH CEIrMEHTa.
duznyeckuii azpec NPUHATO 3aMUChIBATH NAPOH 3TUX 3HAYCHUH, pa3eiIeHHbIX IBOCTOYHEM

segment : offset
Hanpumep, 0040:001Ch; 0000:041Ch; 0020:021Ch; 0041:000Ch.
Kaxnplii cerMeHT onuChIBaeTCS JAECKPUTITOPOM CETMEHTA.
OC cTpouT AJsl KQXKIO0r0 UCIIOIHIEMOI0 MPOIecca COOTBETCTBYIOLIYIO TAONIHUILy JECKPUIITOPOB CETMEHTOB U MPU pa3-
MEIIeHUH Kax0ro u3 cermenToB B OIl min BHEIIHE# MaMsaTH B IECKPUNITOPE OTMEYAET ero TEKYIee MECTOIOI0KEHHE
(6but mpucyTcTBUSA).
JleckpunTOp COAEpKUT IOJIe ajapeca, ¢ KOTOPOTOo CETMEHT HadyWHAeTCs W TOoJe ITMHBI cerMeHTa. biaromaps stomy
MOJKHO OCYIIECTBISTh KOHTPOJIb
1) pa3MeleHus CErMEHTOB 0e3 HATOKEHUs APYT Ha Apyra
2)  obparaercst i1 KO MCTIOMHSIOIICHCS 3a/1a9H 32 MPEIeIIbl TEKYILIETO CErMEeHTA.
B nmeckpunrope comepskarcsi Takke JaHHBIC O NMpaBax JOCTYIa K CETMEHTY (3alpeT Ha MOAM(HKALNIO, MOXKHO JIH €ro
MPEIOCTABIATh IPYTOH 3aqaue) = 3allnTa.
JlocTonHcTBa:
1)  o6uii 06beM BUPTYATbHOMN MaMSITH MPEBOCXOAUT 00bEM (PU3UUECKON MaMSITH
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2)  BO3MOJKHOCTH pa3MeIIaTh B MaMAITH KaK MOXKHO OOJbIIE 32124 (10 ONPEICICHHOTO Ipeea) = yBeIUIUBAaCT 3a-
Ipy3Ky cUCTEMBI 1 Ooliee 3P PEKTUBHO UCIIONIB3YIOTCSI PECYPCHI CUCTEMBI

Henocrarku:

1) yBenuuuBaeTCs BpeMs Ha JOCTYI K HCKOMOWH siueike MamsiT, T.K. JOJDKHBI BHAYaje MPOYUTAThH ACCKPHIITOP CET-
MEHTa, a IOTOM YK€, UCIIOJIb3Ysl €r0 JaHHbIC, MOXKHO BBIYMCINTH (PU3NUECKUN ajpec (JUI1 YMEHBIIEHHUS 3TUX IOTEPh
UCIIONIb3YETCsl KIIMPOBAHUE - JICCKPUITOPHI, C KOTOPHIMH paboTa MIEeT B AaHHBIH MOMEHT pa3MelIaloTcsi B CBEpXOIie-
PaTUBHOM NaMsTH - B CIIEHAIBHBIX PETHCTPax MpolLeccopa);

2)  ¢parmeHTanms;

3) moTepu mamsATH Ha pa3MeLICHNUE AECKPUIITOPHBIX TaOIHUIl

4)  moTepH MpOIECCOPHOTO BPEMEHH Ha 00pabOTKY TECKPUITOPHBIX TaOIHIL.

CerMeHTHpOBaHHAs MOJENb NMaMATH MOICPKUBACTCS M B PEabHOM, U B 3aIUIICHHOM PEXHUMax paboThl MUKPOIIPO-
neccopa.

12.3. IloHsiTHE O CTPAHUYHON MO/IEJIN MAMSITH.

970 HaACTPOWKa HaJl CETMEHTHON MOJIETBIO.

OII menwurcs Ha Onoku puKcHpoBaHHOTO pasMepa 4 K6 (1omkHO OBITH UHCIIO, KpaTHOE CTENCHH JBOWKH, YTOOBI Omepa-
MM CJIOKEHUSI MOXHO OBUIO OBl 3AMEHHTH Ha OTIEPAI[MH KOHKATCHAIINH).

Kaxxaprit Takoii OJIOK Ha3BIBACTCS CIPAHUNEI.

Wx gncno 1.048.576 = 4 I'6 agpecyemoi maMATH.

OCHOBHOE IPUMEHEHHUE 3TOH MOJIESH CBA3aHO C OpTraHu3aIiell BUPTYAJIbHON NaMSTH.

st Toro, 4ToOBl MCHOJIB30BATH ISl PabOTHI MPOTPaMM MPOCTPAHCTBO MaMsATH OoJjbliee, 4eM 00beM (pu3ndeckoi ma-
MSATH UCTIOJNB3YETCS] MEXaHU3M BUPTYATbHOM MaMSITH.
CyTb ero 3akJ04aercs B TOM, YTO Y MHUKPOIIPOIlECCOpa CYIIECTBYET BO3MOXKHOCTh 110 0OMEHY CTpaHUIIAMM IaMSTHU C
JKECTKHM AHCKOM. B cirydae, ecinm mporpamma TpeOyeT mamsTa 0odplie, 4eM 00beM (U3NIEeCKOl MaMsITH, PEIKO HC-
MOJIb3yEeMBIC CTPAHUIIBI TAMSTH 3aIMCHIBAIOTCS Ha JKECTKHH IWCK B CIICIMANBbHBIN (aiin BUpTyamsHOU maMatu (Qain
oOMeHa, WK CTpaHUYHBINA (aiin, mwim (ain moaKayky, Jare SWap-QpaiioM, ToJ9epKIBasi, YTO CTPAHUIIEI 3TOTO (aiiia
3amentaroT Apyr npyra B OIT).
3ameuanue. B HekoTopeix OC BRITPY)KEHHBIE CTPAHHUIIBI PACIIONAraloTcs He B (paiije, a B CCIHAIBHOM pa3zelie INUCKa,
Hanpumep, B OC UNIX ecTh cienuansHbINA pa3nes, HO MOTYT HCIIONB30BAThCA U (paliibl, €ClTM He JOCTaTOYHO 00heMa
paszzena.
B Hacrosiee BpeMs (aill moJKauKe MOXKET AMHAMHYCCKH M3MEHSTh CBOM pa3Mep B 3aBUCHMOCTH OT MOTPeOHOCTEH
CHUCTEMBI.
st 1486 u Pentium pa3mep BO3MOXXHOM BHPTYaIBHON TAMSATH MOXeT nocTurath 4 TO (Tepabaiir).
OOpariM BHUMaHKE Ha TO, YTO IpOrpaMMa Takxke pa3orBaeTcs Ha GpparMeHThl - CTpaHuIbl. Bee dparMeHTs! iporpam-
MBI OJJUHAKOBOM JJIMHBI, KPOME IIOCJIEIHEN CTPaHULIBL.
T'oBopsT, 9TO MaMATH pa3douBaeTcs Ha PUIUIECKUE CTPAHHUIIBI, a IPOTPAMMAa - Ha BUPTYAIBHBIC CTPAHUIIB.

Tpancisimus (oToOpakeHHe) BUPTYAITBHOTO aIpeCHOTO MPOCTPAHCTBA 334a4l Ha (PU3UIECKYIO MAMSTh OCYIICCTBIISACT-
Cs1 C TIOMOIIBIO TAOJIUIBI CTPAHHII.
J1st kaxx1oM TekyIiel 3a1aum co3iaeTcs TadJuua CTPaHML.
JucreTdep maMsATH IS KaXIOW CTpaHUIBI (OPMUPYET COOTBETCTBYIOMIMN AECKPUITOP. [IeCKpUITOP CONEPIKUT TaK
Ha3bIBaeMBbIi OUT npucyTcTBus. Ecni oH = 1, To maHHas cTpanuna ceityac pasmerieHa B OIl. Ecim or = 0, To cTpanu-
11a pacroJioKeHa BO BHEILITHEN MaMsITH.

3amuTa CTpaHMYHOH MaMSATH OCHOBaHA Ha KOHTPOJIE YPOBHS IOCTYyIA K KaXKI0W CTpaHHIIE.
Kaxnas crpanuma cHabkaeTcss KOJOM YPOBHS JOCTyNa (TOJIBKO YTEHHE; YTEHUE U 3aIUCh; TOJBKO BBIMOIHEHUE). [Tpn
pabote co cTpaHHMIE CpaBHHBAETCS 3HAYCHHE KOJa Pa3pelIeHHOTO YPOBHS JOCTyMa ¢ (akTudecku TpedyeMbiM. 1lpu
HECOBIaICHUH paboTa IPOTrPaMMBI IPEPHIBACTCS.

CrpaHu4HAs MOJIEIb TAMSITH TOJIEPKUBACTCS TOJIBKO B 3aIMIIIEHHOM peKHMMe paboThl MHUKpPOIpoOLieccopa.

OCHOBHOE JIOCTOMHCTBO CTPAaHUYHOTO CIIOCO0a pacrpeiesieHns amMsITH -
MUHUMATILHO 603MOXCHAA (hpazmenmanusn (Iphexmuenoe pacnpedenenue namamu).
Henocrarku:
1) morepu HaMsTH Ha pa3MelIeHHE TaOJHL CTPAHHIL
2) TOTepH MPOLECCOPHOTO BPEMEHU Ha 00pabOTKY TabJIUL CTPAHHUIL (JUCIIETYEep MaMITH).
3) Ilporpammbl pa3OHBArOTCS HAa CTPAHULBI CIYYaiiHO, 6€3 y4eTa JOTHYSCKHX B3aUMOCBS3CH, HMEIOLIMXCS B KOJie =
MEKCTPaHUUHBIE MEPEXOAbl OCYILECTBIISIOTCS Yallle, YeM MEKCETMEHTHble + TPYIHOCTH B OPTaHU3ALUM pa3[elCHUs
MIPOTPAMMHBIX MOJYJIEH MEX/Ty BBITIOTHSIONINMH HPOIIECCaMU

Uto06s! n306ekaTh HegocTaTka Ne3, ObUT IPEJI0KEH CeTMEHTHO-CTPAHUIHBIN CIIOCO0 pacTpeesieHUs TTaMsITH.

12.4. CermeHTHO-CTPAaHUYHAS MO/Je/]b NAMATH.

[Iporpamma pa3OuBacTCs Ha CErMEHTHI, KOTOPBIC PAa30MBAIOTCS HA CTPAHMUIIBL.
Anpec, o-TIpexXHEMY, COCTOUT U3 JBYX YacTEH - CETMEHT + CMEIICHHE.
Ho cMmermmene oTHOCHTENEHO Hadajla CETMEHTa MOYKET COCTOSITh U3 IBYX HOJEH: BUPTYaIbHOH CTPaHUIIB M HHACKCA.
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Juis noctyna x mamsTi Heo0X0IUMO:

1) BBIYMCIUTH aAPEC JECKPUNTOPA CETMEHTA M IIPUYUTATH €ro;

2)  BBIYMCIHUTH aJpec 3IEMEHTa TaONHUIIbl CTPAHUI] ATOI0 CErMEHTA M M3BICYb M3 MaMSTH HEOOXOMUMBIH JICMEHT;
3) x HOMepy (anpecy) GpU3MUYECKON CTPAHULBI IPUIHCATH HOMED (aJpec) SUYCHKU B CTpaHHUIIE.

= 3azepKKka B IOCTyTIe K TaMATH (B TPX pasa OoJIbIIe, 4eM IIpH MPSIMOIi afpecannn).

YT00BI N30€KaTh TOr0 BBOJUTCS KIUIMPOBaHUE (KA1 CTPOUTCS O aCCOIMATHBHOMY NPHHIIMITY).

12.5. I1;1ockas Moaeb MaMATH.

Ecnu CUnuTaTh, 4YTO 3aga4a COCTOUT U3 OJHOT'O CCIrMCHTA, KOTOpLIﬁ, B CBOIO O4€pEab, pa36I/IT Ha CTpaHulbl, TO q)aKTI/Iq c-
CKHU MbI TOJTy4a€M TOJIBKO OJJUH CTpaHI/ILIHLII‘/II MCXaHH3M pa6OTLI C BHpTyaHLHOﬁ IIaMsATBIO.
OT0 MOJXO0/1 HA3bIBACTCS IJIOCKOM MaMSThIO.

JlocTtouHcTBa:

. [Ipu uconp30BaHUH TUTOCKOH MOJENH MaMsATH yrpoiiaercs co3ganne u OC, U cucTeM mporpaMMHUpOBa-
HUSL.

. YMEHBIIIAIOTCS PACXOIBI TAMATH Ha MOIICPIKKY CHCTEMHBIX HH(POPMAITHOHHBIX CTPYKTYP

B abcomoTHOM GONBIIMHCTBE cOBpeMeHHBIX 32-paspsmubix OC (s mukpomnporieccopos Intel) mcnonssyercs mio-
CKas MOJIETIb IIaMSITH.

Tema 13. IlpepbiBanus.

13.1. IlonsiTHe MpepbIBaAHUS.

IIpepriBaHKe 03HAYAET BPEMEHHOE MPEKPAICHUE OCHOBHOIO NPOIIECCAa BBIYUCICHUHN JJIsl BBIOJIHEHH HEKOTOPBIX 3a-
IJIAHUPOBAHHBIX MU HE3aIUIaHUPOBAHHBIX JICHCTBUIL, BEI3BIBAEMBIX PA0OTON almapaTyphsl WIN IPOrPaMMBL.

T.e. 310 MpoIEecc, BPEMEHHO NEPEKIIOUAOIINH MUKPOIIPOLIECCOP Ha BBIIOIHEHHE IPYToi POrpaMMBbl C MOCIEAYOUIUM
BO3BpPAaTOM K IIPEPBaHHOMN IpOrpaMMe.

HaxuMas kaBHIly Ha KJIaBHAaType, Mbl HHULUUPYEM HEMEAJICHHBIN BBI30B IIPOrpaMMBbl, KOTOpas Paclo3HaeT KIaBH-
11y, 3aHOCHT ee KoJ B Oydep KiaBHaTypsl, U3 KOTOPOTO OH CUYUTHIBACTCS APYToil mporpaMmoi. T.e. Ha HEKOTOpoe Bpe-
MSI MEKPOIIPOLIECCOP TPEPHIBACT BHINOJIHEHNE TEKYIIEH MPOrpaMMBbl U IIEPEKITFOYAETCs] Ha MPOrpaMMy o0paboTKu mpe-
pBIBaHUS, TaK Ha3. 0O0padoTunk npepeiBanus. [locie Toro, kak 0OpadOTUMK NPEPHIBAHMS 3aBEPIINT CBOIO PadoOTYy, mpe-
pBaHHas IporpamMMa IPOAOIDKUT BEINIOJIHEHUE C TOUYKH, T1e ObIO IPHOCTAHOBJICHO €€ BBIIIOJIHEHHE.

Anpec nporpaMMbI-00paboT4HKa MPEepHIBAHMUS BEIYHCISIETCS MO TaOJIHMIIE BEKTOPOB IPEPHIBAHHI.

MexaHu3M NpEpBIBaHUN NOJAEPKUBACTCS HA allllapaTHOM YPOBHE.

13.2. Knaccugukanus npepbiBaHui.
B 3aBrcumoctu ot HUCTOYHHKA, IPCPbIBAHUA JACIATCA HA:

arapaTrHbIC - BO3HUKAIOT KaK PEAaKIHd MHUKPOIPOLCCCOpa Ha (I)I/ISI/I‘Ie()KI/II\/’I CUrHaJI OT HCKOTOPOIro yCTpOI\/‘ICTBa
(KnaBHaTypa, CHUCTEMHBIC YaChbl, KJIaBUATypa, JKECTKHI JUCK K1 T.I[.), N0 BPpEMCHU BO3HUKHOBCHHS 3TH NPCPbIBAHUA
ACUHXPOHHBI, T.C. IPOUCXOJAT B CHy‘iaﬁHLIC MOMCHTBI BpEMCHU;

[POTrPaMMHBIE - BBI3BIBAIOTCS MCKYCCTBEHHO C IMOMOIIBIO COOTBETCTBYIOMIEH KOMaH/IbI U3 mporpammel (int), mpea-
Ha3HAYCHBI JJIs BBIMTOJHCHUSA HEKOTOPBIX I[eﬁCTBHﬁ OHepaHI/IOHHOﬁ CUCTEMBI, ABJISIIOTCSA CUHXPOHHBIMU,

UCKJIIOYEHMS] - SIBJIAIOTCSA PeakUUedl MUKPOIIPOLECCOpa HA HECTAHAAPTHYHO CUTYalUI0, BOSHUKIIYIO BHYTPU MHK-
ponpoliieccopa BO BpeMsi BBITIOJIHEHHs] HEKOTOPO# KOMaH/Ibl IPOrpaMMBl (eJIeHHe Ha HOJb, IipepbiBanue 1o ¢uary TF
(TpaccupoBka)).

O61mas kaccupuKanus npepbIBaHuM
BHEIIIHHE - BBI3BIBAIOTCS] BHEITHUMU 10 OTHOIIEHHUIO K MHUKPOIIPOLIECCOPY COOBITHSIMU
(10 cymiecTBy - 3TO TpyIIIa anmnapaTHbIX IpephIBaHui) Bi1o)keHHBIX npephIBaHuii HeT!
BHYTPEHHHE - BO3HHKAIOT BHYTPU MHUKPOIIPOLIECCOPA BO BpEMs BEIUUCIUTEIBHOIO Ipolecca (M0 CYIIECTBY - 3TO
HCKITIOYNTEIbHBIE CUTYallM! U TIPOTPaMMHbIE ITPEPBIBAHMSA).

13.3. BHemiHue npepbIBaHMA.

BHeniHue npepblBaHus BO3HUKAKOT [0 CHTHANY KAKOTO-HUOY/Ib BHEIIHETO YCTPOHCTRA.

BHenHue npepblBaHus MOAPa3IeSIIOTC Ha HEMACKHPYyeMble H MacKupyeMble.

B cBsi3u ¢ TeM, 4TO CYLIECTBYIOT JBa CIICLUATIbHBIX BHEIIHUX CHTHANA CPEM BXOJHBIX CUTHAJIOB MpoLEeccopa, Py Mo-
MOIIY KOTOPBIX MOXHO MPEPBATh BBIMOJHEHNUE TEKYLEH IPOrpaMMbI U TEM CaMBIM MEPEKIIOYHTh PabOTy LEHTPaIbHO-
ro mpoueccopa. Oto curHansl NMI (no mask interrupt, Hemackupyemoe npepoiBanue) U INTR (interrupt request, 3a-
MPOC Ha MPEPHIBAHUE).

Mackupyemble npepvleéanus TEHEPUPYIOTCS KOHTPOJIEPOM IPEPHIBAHUN 110 3asBKE OMNpElesICHHBbIX nepudepuitHpix
ycrpoiicTe. KoHTposuiep npepbiBanuii (BBIIOIHEH B BHIE CIIEHAILHON MUKpOcXeMbl 18259A) moiepKUBaeT BOCEMb
ypoBHeW (JIMHWI) TMPUOPUTETA; K KKIOMY YPOBHIO “TIpUBS3aHO” OJHO TepuEepHifHOe yCTpOocTBO. IMEHHO MacKH-
pyeMble IpepbIBaHKs YaCTO HA3BIBAIOT ANMapaTHLIMU IPEPhIBAHUSIMU.
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Hemackupyemsle npepuviéanus (roBopsiT, 4T0 OHO OJIHO, T.K. I0J1aeTCsl Ha BBIBOA Mukponpoueccopa NMI) naummpy-
10T HCTOYHHKH, TpeOylolue 6e30TaaraTeJIsbHOro BMEIaTeIbCTBa CO CTOPOHBI MUKPOIIPOLIECCOpa.

B PpCaJIbHOM U 3allIUIICHHOM PEKUME pa6OTI)I MUKpoIiponeccopa 06pa6on<a HpepI)IBaHI/Iﬁ OCYILECTBJIACTCA NPUHIUIIN-
AJIbHO pa3sHbIMU METOAaMU.

13.4. Cucrema npepbIBaHMii.

CucrteMa mpepbIBaHU - 3T0 COBOKYITHOCTh NMPOTPAMMHBIX U alMapaTHBIX CPECTB, PeaTU3yIOIIUX MEXaHU3M NpephIBa-
HUH.

K annapamuwim cpedcmseam cucteMsl IpepbIBaHUI OTHOCSITCS:

BBIBOIBI MHUKPOIIPOIIECCOpa - Ha HUX (OPMHUPYIOTCS CHI'HAJIBI, H3BEIIAIOINEe MUKPOIPOLIECCOP OO O TOM, YTO
HEKOTOpOE BHEIIHEE YCTPOHCTBO «IpocHuT yaenuts emy BHUMaHHE» (INTR), mrnbo o ToMm, gto Tpebyercs OezoTmara-
TenbHass 00paboTKa HEKOTOPOTO COOBITHS WK Kartactpoduueckas ommoka (NMI)

INTR - BBIBOX /17151 BXOJTHOTO CHTHAJIA 3aIIpoca Ha IpephIBaHHE,

NMI - BBIBOZ 7151 BXOJTHOTO CHTHAJIA HEMACKHUPYEMOTO TIPEPBIBAHUS

INTA - BEIBOJ IUIsl BHIXOJJHOI'O CHTHAaJa NMOATBEPKACHUS IOMYYCHHUS CUTHAJA MPEPBHIBAHHS MHKPOIPOLECCOPOM
(3TOT cUrHaJI IOCTyIaeT Ha OATHOMMEHHBIN BXOJl MUKPOCXeMBI KOHpoiuiepa 8259A;

MPOTPaMMHUPYEMBIii KOHTpOJUTEp mpepbiBanuii 8259A (npeaHa3HavyeH A (GUKCHPOBAHUS CUTHATIOB IPEPHIBAHUN
OT BOCBMH Pa3JIMYHbIX BHELUIHUX YCTPOWCTB; OH BBHINOJIHEH B BUJIE MUKPOCXEMBbI; OOBIYHO HCHOJIB3YIOT JBE MOCIE0BA-
TENIBHO COEJMHEHHBIE MUKPOCXEMBI, TI03TOMY KOJ-BO BO3MOXKHBIX MCTOYHHKOB BHELIHMX IpepbIBaHHMA 110 15 mumoc
OJTHO HEMACKUPYyeMOoe Ipep.; UMEHHO OH (JOPMUPYET HOMEpP BEKTOpa MPEPHIBAHUS U BBLAAET €ro HIMHY JTaHHBIX);

BHEIIIHHE YCTPOHCTBA (TaiiMep, KIaBHaTypa, MarHUTHbIC TUCKHU U T.IL.)

K npoepammmvim cpedcmeam cucteMsl IpepbiBaHuil PeaJbHOro pexkuMa OTHOCSTCS:

Ta0/M1a BeKTOPOB NpepbIBaHUIA.
3anumaet nepBbiit kuobaitr OIT (agpeca 00000h-003FFh).

OHa colepxuT anpeca (BEKTOPHI - «BEKTOPBI», T.K._Ba 3HAYCHHS I yKa3aHHs ajpeca) 0OpabOTIMKOB NPEPHIBAHUIT 1
coctouT u3 256 (0..255) ameMeHTOB 10 4 GaifTa KasKIIbIid:
- 2 OaiiTa - HOBOE 3HaucHHE i peructpa IP

- 2 Gaiita - HOBOe 3HauYcHMe a1 peructpa CS.
PacnonioxkeHue TabJIMIlBl BEKTOPOB MPEphIBaHuiA B mporieccopax 180286 u crapiiie onpeaeseTcsi 3SHaUEHHEM PErUCTpa
IDTR.
Tabnuua BEKTOPOB MPEPHIBAHUI MHUIMAIN3UPYETCS TIPH 3aIyCKe CHCTEMbI, HO B IPHHIUIIE MOXET OBbITh U3MEHEHA U
nepeMeleHa.
Kaxaplii BEKTOp MMeeT CBOI HOMEp U Ha3bIBAeTCsl HOMEPOM IIPEPhIBAHHSL.

aBa ¢uara B perucrpe guaros flags/eflags:

IF (Interrupt Flag) - dbnar npepsiBanust. [IpegHa3HaueH aasi MACKUPOBAHUS (3ampelieHusl) arnapaTHbIX MpephiBa-
Huil. Ecim IF=1, mukponpoueccop o0pabaTsiBaeT BHEIIHKE PephIBaHuUs, eciii = 0, TO HTHOPHPYET;

TF(Trace Flag) - ¢nar tpaccupoBku. Eciu oH=1, TO MUKPOMPOIIECCOP MEPEXOUT B PEIKUM TOKOMAH/IHOM PabOThI.
B aTOM pexnme B MEKPOIIPOLIECCOPE TeHEPUPYETCsl BHYTPEHHEE IPEphIBaHNE C HOMEPOM 1;

MalllMHHbIe KOMaHIbl MUKpoOmpoueccopa: int, into (nmpepeiBanue mo nepenontennto), iret, cli, sti

Tema 14. Ilopaep:kka MHOr03aa4HOCTH.

14.1. MHoOro3aga4HocTh — onpe/ejieHne, MCTOPUsl Pa3BUTHS.

Mmoro3agaunocts (multitasking) - 3To crmocoOHOCTE ONEPAIMOHHON CHCTEMBI BBITIOTIHITH HECKOJIBKO IPOTPaMM OJTHO-
BpEMEHHO. B OCHOBE 3TOr0 NpUHLHMIA JIEKUT HUCIOJIB30BAHUE ONEPALMOHHON CHCTEMOH annapaTHoro TaiMmepa Ajs
BBIJICJICHUS] OTPE3KOB BpeMeHH (time slices) JuIs Kakaoro U3 OJHOBPEMEHHO BBIIIOJHSIEMBIX IponeccoB. Ecian T o1-
PE3KH BPEMEHH JJOCTaTOYHO Majlbl, 1 MallMHA HE Neperpy’KeHa CIMIIKOM OOJBIIMM YHCIOM MPOrpaMM, TO IOJIb30Ba-
TEITI0 KaXKeTCsl, YTO BCE ITU MPOrPaMMBbI BHIIOJIHSIOTCS MapajlIeIbHO.

B o6s3anHOCTH TIpolIeccopa BXOIUT oOecrieueHne 0 JHOBPEMEHHOTO BBITIOIIHEHNSI HECKOJIBKUX 3aaad. /s peanusannu
MHOT03a/Ia4HOCTH IPUMEHSIOTCSI CHCTEMHBIE PETHCTPHI poLieccopa.

Jnst ka0 M3 3a/1a4 MMpOILeccop BBLACIAET OYEHb KOPOTKUI NPOMEXYTOK (KBaHT) BpeMeHH. [Iporieccop nepekiiro-
4yaeTcs ¢ BBHIOJIHEHMS OJHOI 3aJauu Ha IPYTYIO, 3TO MPOUCXOIUT HACTOJIBKO OBICTPO, YTO CO3JAETCS MILTIO3HS OJHO-
BPEMEHHOCTH BBITTOJIHACMBIX onepaum‘/'l.

s Toro uto6s1 mporpammel MS DOS mornu paboTaTh BHYTPH 3aIIUIIEHHON MHOT033aJaqHON CPEbl, HCIIOIB3YeTCs
pexuM paboThl Tporieccopa BUPTyalbHOU anpecaruu 186 PM 86 (Protected Mode 86). B pe3ysibTare BKIIIOUSHUS Me-
xaHu3Ma PM 86 peanuszyercst He 4eThIpeX-, a MeHee 3P PeKTHBHAS TBYXYpOBHEBas cucTeMa 3amuThl. [laMsaTs pa3ouBa-
€TCs Ha CTpaHUIlBl. B Kaknoi cTpanuiie GOpMHUPYIOTCS OKHA eMKOCThI0 1 MOaiT. B mojo0HOM OKHE MOXKET XPaHHUThCS
otaenbHas nporpamma DOS mnm apyroii onepanuonHol cucteMbl. COBOKYNHOCTh XPaHMMBIX IOJIOOHBIM 00pa3zoM
MpOrpaMM Ha3bIBa€TCS BUPTYAILHBIMH MalIMHAMH, KOTOpBIE pabOTaroT B MHOT'033/1a4HOM PEXUME.

Wnes MHOTO3amauyHOCTH HE HOBAa. MHOIr03aJa4HOCTh peanu3yeTcs Ha OOJBIIMX KOMIBIOTEpaxX THIA MIWH(PIUM
(mainframe), K KOTOPBIM MOJKIIOYEHBI JECATKH, @ HHOT/Ia U COTHHU, TEPMHHAIOB. Y Ka)KAOTO MOJIb30BATENS, CHISIIETO
3a HKPAHOM TaKOro TepMHHAJIA, CO3/1aeTCsl BIIEYaTIeHHEe, YTO OH MMEET HKCKIIIO3UBHBIHA TOCTYN KO Beei Mamnue. Kpo-

31



M€ TOrO, ONEPAllMOHHBIE CUCTEMBI MIHH(PINMOB 4acTO Jar0T BO3MOXHOCTH I0JIb30BATENSAM IIEpeBeCcTH 3a1ady B (o-
HOBBIH PEKUM, TJI€ OHH BBIIIOJHSIOTCS B TO BPeMsl, KaK MOJIb30BaTE)Ib MOXKET PaboTaTh C APyroi mporpaMMoiu.

st Toro, 4To0BI MHOT033Ja4HOCTh CTajla PEILHOCTBIO Ha IIEPCOHAIBHBIX KOMITBIOTEPax, MOTPeOOBaIOCH TOCTATOUHO
MHOTO0 BpeMeHH. Ho, kaxkeTcs1, ceiiuac Mbl IpuOIMIKaeMcs K 31I0Xe UCTIONIb30BaHus MHoro3anaynocty Ha [1K (PC). Kak
MBI YBUIIUM BCKOpE, HEKOTOpBIE pacliupeHHble 16-pa3psianble Bepcurt Windows 1moaaep:KMBaloT MHOT033/1a4HOCTb, a
uMerornuecs Tenepp B HameM pacropsbkeHur Windows NT u Windows 95 - 32-paspsarsie Bepcun Windows, moanep-
JKUBAIOT KPOMe MHOTO03aaqyHOCTH eIle W MHOTOmoToYHOCTh (multithreading).MHOTOIIOTOYHOCTE - 3TO BO3MOKHOCTH
IporpaMMbI caMoi OBITh MHOTO3agadHOM. IIporpaMma Mo)keT OBITH pa3/iesieHa Ha OTAEIbHBIC MOTOKU BBITIOJHEHUS
(threads), xoTophIe, KaK Ka)KeTCs, BHIIOMHIIOTCSA MapauielsHo. Ha mepBolil B3I 3Ta KOHIETIINS MOXKET ITOKa3aThCs
€/1Ba JIM TIOJIE3HOH, HO OKa3bIBACTCS, YTO MPOTPaMMbI MOTYT HCIIOJIB30BaTh MHOTOIIOTOYHOCTD AJISI BBITIOJHEHUS IIPO-
TSDKEHHBIX BO BPEMEHH OTlepalyii B GOHOBOM PEXHUME, HE BBIHYXK/asl OIb30BATEINS HAZONTO OTPHIBATHECS OT MAIIMHBL.

14.2. PeskuMBbI MHOT0321a4YHOCTH.

Ha 3ape ncnonb30BaHus MEPCOHATBHBIX KOMITBIOTEPOB HEKOTOPHIE OTCTAUBAIM HJICI0 MHOT03aauHOCTH Ui OyayIie-
ro, HO MHOTHE JIOMaJIM TOJIOBBI HaJ BOIIPOCOM: Kakas I0JIb3a OT MHOT033JaYHOCTH Ha OJHOIIOJIb30BATEIHCKOI Mallu-
He? B mefCTBUTENBHOCTH OKa3aJI0Ch, YTO MHOT'033Ja9HOCTh - 3TO MMEHHO TO, 9TO HEOOXOJUMO IT0JIb30BATEISIM, JaXKe
HE ITOI03PEBaBIINM 00 3TOM.

Mamuorozazaudgocts B DOS

Muxponpoueccop Intel 8088, ncnonp3oBapmmiicst B mepsrix 11K, He ObUT cnenuanbHO pa3paboTaH U peann3aluin
MHOTro3a1auyHocTu. YacTuyHo mpodieMa (kak ObUIO TOKa3aHO B NPEIbIAYLICH IJIaBe) 3aKiliodaljach B HEJOCTAaTKaxX
YIpaBJICHUs NaMsAThI0. B TO BpeMsi, kak MHOXECTBO ITPOrpaMM HaYMHAET U 3aKaHYMBACT CBOE BHIMIOJIHEHUE, MHOT03a-
JlayHasi ONepaluoHHasl CUCTeMa JI0JDKHA OCYLIECTBIISTh IIepeMellleHre OJIOKOB MaMsTH i1l 00beAMHEHUST CBOOOIHOTO
npoctpanctBa. Ha mpomeccope 8088 310 ObLIO HEBO3MOXKHO PEaIM30BATh B CTUJIC, IPO3PAYHOM IS IPUIIOKCHHUI.
Cama DOS He moruna 31ech 4eM-TH00 CyLIECTBEHHO NMOMOYb. Byayun pa3zpaboTaHHOH Takum 0Opa3oM, YTOObI OBITH
MaJIeHbKOH 1 He MemaTts npuiokernsM, DOS monnepxuBana, KpoMe 3arpy3kd IporpaMM U 00€CIIeUeHHSI UM JOCTYyTIa
K (aitioBoif cucTeme, emie He Tak MHOTO cpeAcTB.TeM He MeHee, TBOpUECKHe MPOrpaMMucThI, pabotasmmue ¢ DOS Ha
3ape ee MOSBJICHHS, HallUIM MyTh MPEOJOJICHNS ITHX MPEMATCTBUH, MPEMMYIIECTBCHHO IIPH HCIONIB30BAHUH PE3UICHT-
HbIX (terminate-and-stay-resident, TSR) nporpamm. Hekotopsie TSR-nporpamMMsl, Takie Kak CIyJep MMEYATH, HUCIOb-
30BaJIM MIPEPHIBAHNE ANNAPaTHOTO TaliMepa Ul BBINIOJIHEHHS IIponecca B (GOHOBOM pekume. Jpyrue, mogoOHO BCIUIBI-
BaroIuM (popup) yrwinTam, TakuM Kak SideKick, MOTim BBITONHATE OHY W3 3a/ad MEPEKIIOYCHUS - IPUOCTAHOBKY
BBITIOJTHEHHS TPHIIOKEHHST Ha BpeMsl paboThl yTuauTsl. DOS Takke ObUIa yCOBEPIICHCTBOBAHA JUisi o0ecrieueH s o/-
JIEPKKU PE3UICHTHBIX NporpammM.HekoTopelie MpOU3BOIUTENN IPOrPaMMHOTO 00eCTIeYeH s MbITAINCH CO3/1aTh MHOT O-
3a/lauHble 000JI0YKH WM 000JIOUKH, UCTIONB3YIONINE MEPEKITI0UeHNe MEeXKIY 3aadaMi, Kak HajacTpoiiku Hag DOS (Ha-
npumep, Quarterdeck's DeskView), HO TOJIBKO OJlHA U3 ITHX 000JIOUYEK MMOJYYHIIA IIIUPOKOE PACIPOCTPAHECHHE HA PHIH-
Ke. O10, KoHeuHo, Windows.

14.3. HeBbITeCHAIOIASI MHOI0321aYHOCTD.

Korma Microsoft Bermyctuna Ha perHOK Windows 1.0 B 1985 romy, 310 65LTO0 eme B OONBIIOI CTENCHH HCKYCCTBEHHBIM
pelieHreM, IpUIyMaHHbIM AJsl ipeonosenus orpanndeHnii MS DOS. B To Bpemst Windows paboTana B peajJbHOM pe-
)kume (real mode), HO Jake TorJa oHa ObLIa COCOOHA MEepeMeIaTh 0JIOKH (U3MIeCKOi mamsaT (OAHO U3 HEOOXOIH-
MBIX YCJIIOBHI MHOT033JJa4HOCTH) U JieJlalla 3TO, XOTsI U HE OYeHb MPO3payHO Ul MPHIOXKEHHH, HO BCE-TaKH BIIOJIHE
YIIOBJIETBOPHUTEIBHO.

B rpaduueckoit 0koHHOM cpejie MHOT03aJaq4HOCTh PUOOPETAET Topas3no OOJBIINI CMBICI, YeM B OJTHOIIOJIB30BATEI b-
CKOH OmNepalMoHHOM cHcTeMe, HCIOIB3YoNleld KOMaHJHyI0 cTpoKy. Hampumep, B KiaccHYecKoi orepaliMOHHON chc-
teme UNIX, paboraromeii ¢ KOMaHIHOW CTPOKOW, CYIIECTBYET BO3MOXKHOCTB 3aITyCKaTh IPOTPAMMBI M3 KOMaHIHOM
CTPOKHU Tak, YTOOBI OHH BBITIOJHSIINCE B ()OHOBOM pexknme. OHaKo, JII000H BBIBOJ Ha 9KpaH W3 MPOTPaMMbl JOIDKESH
OBITH MepeasipecoBaH B (aiii1, ”Ha4Ye 3TOT BBHIBOJ CMELIAETCS C TEKYIINM COJIEP)KUMBIM dKpaHa.

OxoHHast 000JI0YKa MO3BOJISIET HECKOJIBKMM IPOrpaMMaM BBITIOJHATHCS COBMECTHO, pas3ziensisi oAuH 3KkpaH. Ilepekiio-
YEeHUE BIIEPE/ M Ha3aj CTAHOBHUTCS TPUBHAJIBHBIM, CYIIECTBYET BO3MOXXHOCTH OBICTPO IepenaBaTh JaHHbIE U3 OJHOM
NpOTpaMMBbI B JIPYTYI0, HallpUMep, Pa3MECTUTh KapTHHKY, CO3/IaHHYIO B IIpOrpaMMe PHCOBaHUS, B TEKCTOBOM d(aiie,
00pa30BaHHOM C TOMOIIBIO TEKCTOBOrO IMpoleccopa. llepeaya AaHHBIX MOJAEPKHBAIACH B Pa3IMYHBIX BEPCHUIX
Windows: cHadana ¢ ucrmonbp3oBaHueM manku oomena (clipboard), mo3mHee - mocpecTBOM MEXaHU3Ma TUHAMUYECKOTO
obmena manHeMH (Dynamic Data Exchange, DDE), cefiwac - uepe3 BHeapeHne M cBsi3bIBaHHE 00BekTOB (Object
Linking and Embedding, OLE).! Bce e, peann3oBanHas B paHHUX Bepcussx Windows MHOT03a/1aqyHOCTh He OblIa Tpa-
JIMIIMOHHOM BBITECHSIOLIEH, OCHOBAaHHOM Ha BBIICIEHUH OTPE3KOB BPEMEHH, KaK B MHOTOIOJIb30BATEILCKUX ONEpaIt-
OHHBIX CHCTEMaX. Takue onepanoHHbIE CUCTEMBI HCTIONIB3YIOT CHCTEMHBINH TalMep A MEePUOJMIECKOTO MPEPhIBAHMS
BBITIOJTHEHHSI OJHOW 3aJlauMl U 3aIycka Apyroil. 16-paspsHbie Bepcun Windows Hoaep)KuBail Tak Ha3bIBAEMYIO He-
BBITECHSIOILYI0O MHOT033a/1a4HOCTh (non-preemptive multitasking). Takol TMI MHOT03a1a4HOCTH OBLT BO3MOXKEH O1aro-
Jlapsi OCHOBAaHHOW Ha cooOmmeHusx apxutekrype Windows. B obmem ciayuae, Windows-niporpamma Haxoauiiach B Ia-
MSTH ¥ HE BBINOJHAJIACH JI0 TEX I0p, IT0Ka He Moiydasia cooOUIeHHe. JTH COOOIIEHHS YacTo SBISIIMCH MPSIMBIM HITH
KOCBEHHBIM PE3yJbTaTOM BBOJA MH(QOPMAIMH 0JIb30BATENEM C KiIaBUAaTyphl WK MblH. [Tocie 006paboTku coobie-
HUS TIporpamMMa Bo3Bpainajia ynpasieHue oopatno Windows.

16-paspsaabiec Bepcun Windows He UMEITH BO3MOXKHOCTH IPOMU3BOJIBHO MEPEKIII0YAThH yIpaBieHue ¢ ogHod Windows-
MpOrpaMMBbI Ha JPYTyI0, OCHOBBIBAsICh HA KBaHTaX BPEMEHH TaiiMepa. [lepexmodenne Mexay 3aadaMy IPOUCXOANIO B
MOMEHT, KOTJla TIporpaMMa 3aBepiaia o0paboTKy cooOIeHus 1 Bo3Bparaia ynpasieaue Windows. Takyto HeBbITEC-
HSIOIYI0 MHOT033JJa9HOCTh HA3bIBAIOT TAK)Ke KOOMEPATUBHONW MHOT03aJJaqHOCThIO (cooperative multitasking) moromy,
YTO OHa TpeOdyeT HEKOTOPOTO COINIACOBAHMS MeKay npuioxeHusMu. Oqna Windows-niporpamma Moria napaiu3oBaTh
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paboTy BCel CUCTEMBI, €CiIu el TpebOoBaoCh MHOTO BPEeMEHH It 00paboTKH cooO1IeHNs. XOTsl HEBBITECHSIOIAs MHO-
ro3aJa4HoCTh OblJJa OCHOBHBIM THIIOM MHOT03a/lauHOCTH B 16-pa3psaHbix Bepcusx Windows, HEKOTOPBIE JIEMEHTHI
BBITECHSIOICH (IPUMUTHBHOM, preemptive) MHOT03aJa4HOCTH B HUX TOXE MPUCYTCTBOBAJIH.

Windows ucronbp3oBana BEITECHSIONIYIO MHOI033JaqyHOCTb JuIs BbimojsHeHust DOS-nporpamm, a Taxke HO3BOJIsUIA
O6ubmmoTekam auHaMuueckoi koMnoHoBku (DLL) momy4aTts npepbsiBaHMs annapaTHOTO TaiMepa AJst 3a1a4 MyJIbTHM e-
IHa.

16-pa3psoasie Bepcur Windows nMenn HEKOTOpPBIE 0COOEHHOCTH, KOTOPBIE ITOMOTAIH IPOTpaMMICTaM €CIH HE pas-
peIInTh, TO, IO KpailHeil Mepe, CIIpaBUThCA C OTPAHUYCHUSIMH, CBS3aHHBIMHU C HEBBITECHSIOIICH MHOI03aaqyHOCTBIO.
HawnGonee n3BecTHOW sABIAETCS OTOOpaXKEHHE Kypcopa MBIIIM B BHAE NECOYHBIX YacoB. KOHEYHO, 3TO He pelieHHe
npo0IIEeMBl, a TOIBKO JIHIIL BO3MOXKHOCTb JaTh 3HATh ITOJIB30BATEIIO, YTO IIPOrpaMMa 3aH:Ta BEIIIOJTHCHUEM IIPOTSDKEH-
HOI BO BpeMeHH paboThl, U YTO CHCTEMa KaKoe-TO BpeMs OyzeT HenocTynHa. [{pyruM 4acTUYHBIM PEICHUEM SBISICTCS
UCIIONIb30BaHUE CHCTEMHOro TaiiMepa Windows, YTO MO3BOJISIET BBHINOJHATH KakKue-ITHOO NEHCTBHUS MEPUOAMYECKH.
Taiimep yacTo UCIIOIB3YETCs B MPWIIOKEHUSIX THIIA YaCOB U ITPUIIOKEHHUSX, paOOTAIONINX C aHUMALIUEH.
Mmuoro3anaynass OC noymkHa obOecrieunBaTh yrnpaBieHHe paboTON BBIYHMCIUTEIBHONW CHCTEMOM B TEX Cllydasx, KOTaa
9Ta paboTa COCTOUT U3 HECKOJIBKHX, OTHOBPEMEHHO MIYIINX BUJIOB JAESATEIBHOCTH.

B MHOro3amavHoOl cucTeMe KaxIIblid BUJ JESITENLHOCTH, KOTOPBIH MOXKET OCYIIECTBISITHCS OJJHOBPEMEHHO C JIPYTHMHU,
Ha3bIBAETCSI POLIECCOM MM 3asaueii. Kaxkaplil mpolecc BBIMONHSAET POrpaMMy, COCTOSIIYIO M3 KOMaH M HCXOIHBIX
naHHEIX. OZTHA ¥ Ta e IPorpaMMa MOXKET BBIIOJIHATHCS HECKOIBKUMU nporneccamu. [Iponece - 3To COBOKYITHOCTh MH-
CTPYKUMi{, BBIIOJHIEMBIX HPOLECCOPOM, NAHHBIX M MH()OPMALMU O BBHIONHAEMON 3ajade, TAKOH Kak pa3sMelleHHas
HaMsTh, OTKPBITBIC (DalJIBl M CTaTyC MpoLecca.

14.4. MHOro3aJa4HoOCTh B 3a1IUIIIEHHOM peKHUMe.

[MTonHOCTBHIO MEXaHU3MBI TOAJICPIKKA MHOT033Ja4HOCTH MPOLIECCOP PEATU3YET B CIICIHATBHOM PeXHMe paboThl, Ha3bI-
Ba€MOM 3alllUIIEHHBIM, TaK KaK UMEHHO B 3TOM DPEXHME BO3MOXKHO BBIIIOJHEHHE HECKOJIBKUX IPOLIECCOB C TOIHOM
M30IINEH UX IpyT OoT Aapyra. Kaxkaelit u3 HEX OyaeT "cuuTaTh'", 9TO BBINOIHACTCS TOJIBKO OH OIMH M BCE PECYPCHI
Iporeccopa MPUHAUIKAT eMy; OH He HapymuT paboty OC u Apyrux mapaieabHO BHIOJHIEMBIX IPOTPaMM.

B oTnmume ot peasibHOTO peKMMa, B 3ALIUIICHHOM PEXXUME MUKPOIIPOIIECCOP MPEAOCTABIISET aNlapaTHYIO TOAIEPKKY
MHOT03a/JauHOCTH. DTa MOJAEPKKa BKIIOYAET B ce0s1 BO3MOKHOCTh COXpaHEHHS 3aJaudl M TIepeadn YIpaBiIeHUs ApY-
roii 3ajgaue

Kaxnast 3a1a4a OnHUCBIBAETCS CEJIEKTOPOM JAecKpunropa cerMenTa 135S - Task State Segment mimi cerMeHT COCTOSTHHSA
3agaun. Cerment TSS juis kaxnoi 3amaun goymkeH ObTh onucad B Tabmuue GDT (3arpyska geckpunropa u3 LDT BbI-
3bIBaeT OIMOKY). CEerMeHT COCTOSHUSI 3aJayul MpeAcTaBiser co0oit 0x67 GalT NaHHBIX, B KOTOPBIX COXPaHSETCS CO-
CTOsIHUE 3a7auu (T.e. - COJIEPKAHNUE PETUCTPOB IMpOIleccopa M HEKOTOPHIE APYTHE AAHHBIE) NMPH MPEKPaIlCHHH €€ BBI-
MOJTHEHUSI.

[Mpumep neckpunropa cermenta TSS B Tabnuue GDT67 00 00 00 00 89 40 00 ITepBbie 0x67 GaiiT JIMHEHHOTO aAPECHO-
TO IIPOCTPAHCTBA OYAyT MUCIIONB30BaHBI I XPAaHEHHUS COCTOSIHHA 3a/1a4H, CEJIEKTOP KOTOPOIl yKa3hIBaeT Ha 3TOT JECK-
punrop but 4 maroro Oaiita meckpunTopa onpeaesieT IeCKPUITOP Kak CUCTEMHBIH. B aToM ciaydae 6uter 0-3 ompene-
nsroT Tl geckpuntopa. Jus TSS 310:0001 - cBoOonubIit 16 OuTHBINA cerMeHT cocTossHUs 3amadn 0011 - 3amsTeri 16
ontHbIi TSS1001 - cBoOoaubIi 32 OnTHEIN TSS1011 - 3ausaTeiii 32 ourHbelid TSS A taxxe:0101 - nutro3 3amaun
CeneKTop BHITIONHSAIOMICHCS B TEKYIIHH MOMEHT BpeMeHH 3a1a4n coaepkutcs B peructpe TR. B OC 00v14HO 3TOT pe-
THCTp 3arpyskaercst komannoi LTR npu 3amycke nepBoi 3a/1auu, BBIOIHSIOMIEICS B MHOT033/1a4HOM PEXUME
Ilepexmtouenue 3anad npou3BOAUTCS ¢ noMolbio nansHero JMP unn CALL, ecnu cenexrop ykasepiBaeT Ha TSS mnu
HITF03 3aJ1auM (a TaKk)Ke NPH NMPEepbIBAaHUH, €CIIM cerMeHT oopaboruuka - TSS). [Ipu nepexitouennn Ha 3aauy, ee TUI B
JIECKPUIITOPE U3MEHSETCS Ha 3aHSATHIH, T.€. 3a1aui He 00J1aJaroT MOBTOPHOH BXOAUMOCTHIO. [loMbITKa MEpeKIroueHus]
Ha 3aHATYIO 3aJ1a4y BBI3BIBAET OIIMOKY 3aIUTHI.

Tema 15. IIporpaMMbI-0TIaTYHKH.

15.1. MeToasbl u cpeacTa otiaaaku. OTjagka Ha npuMepe npoieccopa i486.

Otnajka — 3TO 3Tan pa3padoTKU NPOrpaMMBI, CTABSIIHN 11ebl0 00HAPYKEHHE, TOUCK U YCTPAHEHHE OLINOKH.

MeTo/ibl M Cpe/ICTBA OTIIAKH.

1 "Pyunoit MeTon" - MPOrpaMMHCT BCTaBIISIET B MCXOAHBIN TEKCT MPOrpPaMMbl (parMeHThl, MO3BOJISIONINE BU3YaIbHO
KOHTPOJIMPOBATH XOJ BBINOJIHEHUS MPOrpaMMbl. OOBIYHO 3TO KOHTPOJIBHBIH BBIBOJ MPOMEXKYTOUHBIX U OKOHYATEIIbHBIX
pe3ynbTaToB. HeKoTOphIe TPaHCISATOPHI C SI3BIKOB BBICOKOTO YPOBHS ITO3BOJISIIOT IOMEYaTh OT/EIbHBIE OIEepaToOphl KaK
KOMMEHTapu# 0coboro pona. TakoMy TpaHCISATOPY MOXKHO YKa3aTh PEKUM TPAHCISIMM IIPH KOTOPOM 3TH KOMMEHTa-
pun OyayT BOCIIpUHMMATHCSl Kak OOBbIYHBIE oneparopsl. Ilociie oTiaagky mporpaMMbl JOCTaTOYHO HEPETPaHCIMPOBATh
nporpaMMy OOBIYHBEIM 00pa3oM u "numrHue" omepaTopsl OyAyT MCKITIOUEHBL.B ciydae mpocTeHmux crucTeM KOHTPOJIb-
HOHM uH(bOpMaLMell SBJIsIeTCs 1M0/1a4a 3BYKOBBIX HIIM CBETOBBIX CHIHAJIOB, OTPAXKAIOLIMX XOJI Mpoliecca (3ByKOBbIE CHT-
HaJlbl TIpH TecTHpoBaHuU U 3arpy3ke OC B cOBpeMEHHbBIX KoMIbioTepax).HemocraTkaMu 3TOro MeTosa SIBISIFOTCS He-
00X0aMMOCTh HAabOpa IOMOJHUTENBHBIX YaCTEH MpPOrpaMMbl M HCKaKCHHUS,, BHOCUMBIE I00ABICHHEM U yJalCHUEM
(bparmMeHToB.

TIpenmymiecTBOM - OTHBIA KOHTPOJIb MPOTPaMMHUCTA 32 TPOIEAYPO TIONCKA OITHOKH.

2 "CepBHC TpaHCIATOPOB" - KOHTPOJIb HauOOJIee XapaKTePHbIX OMIMOOK pa3paboTYMK TPAHCIATOPA MOKET BO3JIOKHUTH
Ha OMOJIMOTEKY CTaHJIapTHBIX OIEPaLi A3bIKa (KOHTPOJIb NPABHILHOCTH MH/IEKCA MAaCCHUBA IPH BBIYHUCIICHUH JICHCTBH-
TEJILHOTO aJipeca, IPOBEpKa JIOMyCTUMOCTH apryMeHTa (YHKIHMW WINM 3HA4EHHs IIEPEeMEHHOW OrpaHHuYeHHOIo TH-
na...).CoBpeMeHHbIE TPAHCIATOPHI MMO3BOJISIIOT CO3/aTh UCIIOJHIEMBIN KOJI, BHIIIOJIHSIOMINI NPOrpaMMy B OTJIaJOYHOM
pPEeKMME MOONEPAaTOPHO C BBHIBOJOM 3HAUCHHWH YyKa3aHHBIX IMPOTPAMMHCTOM IEPEMEHHBIX MOCJIE KaJoro Iia-
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ra.Henocratok merona - AONOJNHHUTENBHBIE 3aTPaThl IPOLECCOPHOTO BPEMEHHM Ha MOCTOSHHBIH KOHTPOJb 3HAUYCHHH
(0OBIYHO 3TOT KOHTPOJIb MOKHO OTKJIFOYHMTH, HO HA/0 MMETH JONOJHUTEIbHbIC 3HAHUS 110 YNPABJICHHUIO TPAHCISATO-
pom).

[IpenmymiecTBO - JOCTATOYHBIH aBTOMAaTHU3M IIOMCKa IpyOBIX OIIMOOK, YTO Ba)KHO JIsi HAYMHAIOLIETO IT0JIb30BATENS
(tunuunelii npumep 361k "[TACKAJIB" ¢ moMHBIM OTCYTCTBHEM MOHATHA "'TIO YMOTYaHHUIO").

3 "Ommagunku” - B OTIMYHE OT BBHIIICTIEPSYUCICHHBIX METOJOB IMTO3BOJISAIOT, B OOIIEM ciiydae, OTIaIuTh IPOrpaMMy
HECBSA3aHHYIO C KOHKPETHBIM S3BIKOM IPOrPaMMHPOBaHHA (IIPOrpaMMy B KOAaxX).OTH OTJIAIOYHBIC CHCTEMBI MOKHO
MOJAETNTH Ha JIBE TPYIIIIbL:

. "MHTepnpeTaTops” - MPOTpaMMbl OTIAIIMKOB, MOACTHPYIONIHEe padoTy OTIaKUBAEMO IPOTPaMMEBI B Cpesie
KOHKPETHOH BBIYUCIUTEIHHOHN crcTeMbl. [Ipn 3TOM nporpaMMa aHaIH3UpyeTcss OalT 3a 6aiToM Tak, Kak 3TO Jenai Obl
peanbHBII Impoueccop, a IMpu 0OHApYXEHUH ONEepannuy BBOJA/BbIBOAA (hOpMHUPYETCs COOTBETCTBYIOLIHMHI 3a1poc K OTIe-
paropy.

Henocratku MHTEpIpeTUpYIONIEH CHCTEMBI - HEBO3MOXKHOCTh OTJIAUTh IPOrpaMMy, paOOTaloOIIyl0 B pealbHOM Mac-
mrabe BpeMeHH, KpOMe 3TOTr0 cama CUCTeMa 3aHUMaeT MHOTO MeCTa B IaMsaTH MariuHbel. [IpenMyiecTsa - oTiiazika Mo-
JKET BECTUCH Ha 00Jiee MOITHOM MHCTPYMEHTAJIBHOM KOMITBIOTEPE C APYTOi CUCTEMOI KOMaH/I IIPOLECcCopa U CTPYKTY-
POH BHEIIHHUX yCTPOHUCTB. Bo3MOKHA OTIIaiIka caMOMOIH(PUIMPYIOIINXCS TPOTPAMM.

. Cucrtemsl padoTatomiye "B )KUBYIO" - OTJIQAYMKH BBICTYIAIOIINE KaK JOMOJHEHUS K OTJIA)KMBAaeMOW Iporpam-
Me. DTH CHCTEMBI BHOCSAT HEOONBIINE H3MEHEHNS B IPOTpaMMy, ITO3BOJIIOIINE UM B HY’KHBIH, C TOYKH 3pCHUS OIepa-
TOpa, MOMEHT HOJIy4YaTh YNpPaBJIECHHE M OCYLIECTBIISATH OTOBOPEHHBIE ONEPATOPOM JONOJHHUTENbHbIC AeHCTBUS. [l
nepeaddl yrpaBiIeHUs] OCYIIECTBIIACTCS 3aMEHa YacTH KOAa OTIaKMBAEMOM IIPOTrpaMMbl Ha KOMaHIy oOpamieHust K
MOANIPOTPaMME WIIM Ha TPOTPaMMHOE NPEPHIBAHUE, TOCIE MOMYUYEHHs YNPABICHUS OTIAJIUKOM, HCXOJHBIH KOJ BOC-
craHaBnuBaeTcs. COBpPEeMEHHBIE MUKPOIIPOIIECCOPHI MOTYT HMEIOT BCTPOCHHBIE CPEACTBA AaBTOMATHIECKOTO OOpaICHUS
K IporpaMme OTjIaJg4yukKa, OOBIYHO TICPCKIIIOYCHUE BBITMIOJIHACTCS IMOCJIC BBIITOJHCHUA Ka)KZ[Oﬁ KOMaH}ILI.HeZ[OCTaTKI/I
CHCTEMBI - MOTYT BO3HHKHYTh HPOOJIEMBI IIPH OTIAKe MOIUPHUIMPYIOIIEHCS TPOrpaMMBl €CJIM HENPAaBUIILHO BhIOpaHa
TOUKa IpepbIiBaHui. HeT BO3MOXKHOCTH POKOHTPOJIUPOBATh paboTy mporpaMmsl, pacnoioxeHHoi B I[13Y. IIpenmymie-
CTBO - OTJIAYUK MOXKET OBITh OYEHB MPOCTHIM U OBITh Pa3MEIIeH JIaXe IIPH MaJloM 00beMe CBOOOTHOI maMsITH.

4 "BHyTpUCXEMHbIE SMYJISATOPHI" - alnapaTHO-IPOrpaMMHBIE CBEPXOBICTPOACHCTBYIOLINE YCTPONUCTBA, MTOAKII0OYaeMble
K OTJI&XKUBAeMOM CHCTEME BMECTO O[[HOfI NI HECKOJIbKUX MHUKPOCXEM IMOJTHOCTBIO 3aMCHAA UX U MPECAOCTABIIAA 10-
MIOJTHUTENbHBIE BO3MOXKHOCTH. HeoctaTok cucTeMsl - Ooiblias crouMocTs. [IpenMymiecTBa - OJIHOE OTCYTCTBUE HC-
Ka)KEHUH B OTIIAXKMBAEMOI CHICTEME M MaKCHMAaJIbHBIM CEPBHC NPH OTIAKE.

[Ipoueccop 1486 nmeeT pacuMpeHHbIE BCTPOSHHBIE CPEICTBA OTIAKH, CPEAN KOTOPBIX:

o [NormaroBoe BBINOJHEHHUE;

o [pepriBaHUE KOHTPOIBHON TOUKH (KOMaHIHOE);
. JloBymIKa IepeKIIOUeHHs 3a1a4;

. CucrteMa OTJIaJOYHBIX PETHCTPOB.

Ilowmarosoe BeINONIHEHKE

ObecneunBaeT OCTAHOB IOCIIE BBIIOIHEHUS KaXKIOH KOMaHIBI IMporpaMMbl. BBomgurces 3arpyskoit 3Hadenus TF=1 B
peructpe ¢aaroB EFLAGS (6ut8). VckimodeHne | momaroBoro pexuMa UMeeT MECTO KaK JIOBYIIKA ITOCIIE BBITIOTHE-
HUSI KOMaH/Ibl, €CJTM JI0 BBINTOJHEHUs] KOMaH bl OblI ycTaHoBiIeH ¢uar TF (cama koMaHza, ycTaHOBUBIIAS (Jiar npepsl-
BaHMs He BBI3bIBaET). [Iporeccop ouninaer ¢uiar nepes BEI30BOM 00paboTUMKa HCKIIOYeHHH. Piiar He OUMIIaeTCsl Ipu
W3MEHEHNHU MPUBUIETUPOBAHHOCTH BHYTPH 3a/1a4M, MO3TOMY 3a 3THM JAoibkHa caeauTb OC. dnar ounimaeTcs Ipu Bbl-
nonHeHnn komauabl INT, ciieoBaTesbHO OTIaIYNKH JOJDKHBI SMYJIUPOBATh 3TH KOMaHbI, €CIIM HEOOX0INMO coXpa-
HUTb MOLIATrOBBIN PEXUM ISl TPOrPaMMBI IPEPHIBAHUSL.

IIpepriBaHUE KOHTPOJIBHON TOUKH.

JloByImika KOHTPOJLHOW TOUYKH BbI3bIBaeTCs BhimonHeHHEM KoMmaHabl INT 3. KoHTponbHas TOYka MOIATrOTaBIMBACTCS
OTJIaTYMKOM, KOTOPBIN 3aMEHSeT MepBHIH OalT Koaa omepanuu Ha 3HadeHue CCh. IIpu BRITOTHEHNN UCKITIOYEHHS, al-
pec Bo3BpaTa yka3bsIBaeT Ha Oaifr, ciuemyromuii 3a komanaoil INT 3 u nomkeH ObITh CKOPPEKTHPOBAH MIPH BOCCTAHOB-
JIEHUH MCXOJTHOTO 3HaueHus Koza. B mpomeccope 1486 rcmonb3yercs Kak BCIOMOTATEIbHOE CPEICTBO.

JloBymka mepexroueHus 3a1ad.

OTna104HOE MCKITIOYEHUE TIPOUCXOIMT IOCIE MEPEKITIOYeHus 3a1a4u 1pu ycraHoBiieHHoM oure T B TSS HoBoi 3ana-
yn. MckimoyeHne (Kak 1 B Cilydyae IOIIArOBOTO BBIIOJIHEHHS HOMep 1) MPOMCXOAMT Nepes BHIOIHEHHEM MEPBOM KO-
MaH/bl 33JJa4u.

BHUMAHHUE! Eciu omaadyux ogopmien 6 uoe UCKIIOUEeHUs. C YCMAHOGLEHHbIM OUMOM J08YWKY, MO NpoU3ouoem
3ayuUKIUBaAHUE NPOYECcCcopd.

CucrteMa 0TIaJOYHBIX PETUCTPOB.

Jlia yrpaBieHus OTIaIKOM HCHOIB3YeTCs MIeCTh PErucTPoB. JJoCcTyl K HUM OCYIIECTBIISIETCS IIPH ITOMOIIA KOMAaH[BI
MOV. ObpamieHre BO3MOXHO TOJIBKO M3 HYJIEBOTO KOJIbIIA TIPUBMIICTHH.

Bcero nmeercs BoceMb pETUCTPOB, UX Ha3HAYECHUE:!

. DRO..DR3 Kasxmplii U3 3THX PETHCTPOB COIACPKHUT JIMHCHHBINH apec OXHON U3 YSThIPEX KOHTPOJIBHBIX TOYCK.
Ecnu mozmkauka cTpaHHUI] pa3penieHa, TO UX 3HaUYCHHS TPAHCIUPYIOTCS B (GU3HYIECKHE aipeca 0 00IIeMy aJlTOPUTMY;

. DRA4..DR5 Perwuctpa 3ape3epBHpOBaHbI U B porieccope i486 He NCIOMb3YIOTCS;

. DR6 Otnamounsiii peructp coctosHus. OH coo0IaeT 00 YCIOBUSX, BBISIBICHHBIX BO BPEMsl TCHEPHUPOBAHUS
OTJIaJIOYHOTO MCKITtoYeHUs (HoMep 1). BUTBI perucrpa yctaHaBIUBAOTCS alllapaTHO, a COPACKIBAOTCS MPOTPAMMHO;

° DR7 Peructp 3aiaeT BUJ TOCTYIAa K TIAMSTH, CBSI3aHHBIN C KAKI0H KOHTPOJIBHON TOYKOH.
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Tema 16. IIpyHIMIIBI IPOrPAMMHMPOBAHUS MUKPOIIPOLECCOPOB.
16.1. IlporpammupoBaHue MUKpoNpoieccopa. MalIMHHO-OPUEHTHPOBAHHBIE SI3BIKHU.

[puHIunIansHEIM  1ocTonHCTBOM MII sIBIIsIeTCS MporpaMMupyeMocTb. DTO O3HadaeT, 4To, mojaBas Ha Bxon MII
KOMaH/IbI, MOXKHO OOECIIEUHTh HY)KHYIO IIOCIEA0BATEILHOCTD OTIEPALUii, T.C. PEATN3AIHIO ONPEAECICHHOTO AJITOPUTMA.
AJNTOpUTM perraeMoi 3a1a4d MOXKET OBITh CKOJIb YTOJHO CIOKHBIM, HEOOXOIWMMO JIUIIb, YTOOBI STOT AITOPHTM OBLIT
pa3duT Ha maru B cOOTBETCTBUU ¢ cucteMoirt komana MII. Tloatomy cuctema KoMaH[ BakHA HE TOIBKO C TOUKH 3pe-
HUs, yTo MII MOXXeT menarh, HO U Kak BBINOJIHACTCS airopuT™M. Hanudme nim oTcyTCTBHE KaKoOH-T1M00 KOMaHIbl WK
TPYIIBI KOMaH MOXET CYIECTBEHHO HOBIUATH Ha BbIOOp MII /11 KOHKPETHOTO NPUMEHEHHSI.

BosBpaiasich K S3bIKOBO-TIIPOrPaMMHBIM KJIaCCH(HUKAIIMOHHBIM XapaKTePUCTHKAaM, HENb3s HE YIOMSHYTh O SI3bIKAX
NPOTrPaMMHPOBAHUSL.

Bce s13bIKHM IpOrpaMMUpPOBaHUS YCIOBHO MOKHO pa3/ieiuTh Ha TPU YPOBHS:

- MaIlIUHHBIN KOJI;

- aBTOKOJ (SI3BIK accemobepa);

- SI3BIKK BBICOKOTO ypoBHS (mponexypHsle s3viku - BASIC, FORTRAN, PASCAL, C, MODULA-2, ADA; u s3b1ku
uckyccTBeHHoro nHTemutekta - LISP, PROLOG, SMALLTALK, OCCAM).

Bonee nonstitabie 11t 9BM - 3T0 Tak Ha3plBaeMble MAIIMHHO-OPUEHTHPOBAHHBIC SI3BIKM (MAIIMHHBIN KOJ W SI3BIK ac-
cemOuiepa). bonee noHsTHBIE A1 YeIOBEKa UMEHYIOT SI3bIKAMH BHICOKOTO YPOBHSI.

[IporpammHOe oGecreyeHre Ha MAIIMHHO-OPUEHTHPOBAHHOM SI3BIKE SKOHOMHYHO B IKCIUTyaTalldH, OAHAKO CPaBHU-
TEJILHO BBICOKAasl TPYJOEMKOCTh M JUIUTEIBHOCTh Pa3paOdOTKH MPOrpaMMHOTO obecredeHus 00yCIaBIMBAIOT IPEUMY-
IIECTBEHHOE NPHMEHEHHE UX A CO3JaHMSA M Pa3sBUTHA MPOTPaMMHOro oOecreyeHHs ApailBepoB U ONEpPallMOHHBIX
CHCTEM C LIEJIBbI0 HAMIYYIlero HCIOIb30BaHM allllapaTHBIX 0COOCHHOCTEH KaK0i KOHKpeTHOH DBM.

16.2. SI3bIKHM BLICOKOI'O YPOBHsI. Cl'[eIII/IaJ'II/IElI/IpOBaHHbIe A3BbIKHU.

ANTOpUTMUYECKHE SA3BIKHU (S3BIKM MPOTPAMMHUPOBAHUS BBICOKOTO YPOBHS OOIIETO Ha3HAYEHUS) ABISAIOTCS MAIIMHHO-
HE3aBUCHMBIMH, MTO3BOJISIOT CO3/]aBaTh KOMITAKTHbIE 0003pUMBIE IIPOrPAMMBI IIPU OTHOCHTENILHO HEOOJBIINX 3aTpaTax
BPEMEHHU U TpyJa MporpaMMHucToB. PazpaboTka mporpamm 3HaYUTENBHO YIPOIIAETCS MPH MCHOIB30BAHUH SI3BIKOB BbI-
COKOT'0 YPOBHS B Ka4eCTBE SI3bIKOB MporpamMmmupoBanus. OJHAKO MMPH 3TOM CHIKAeTCst 3PPEKTUBHOCTh MTPOTPaMM MO
OBICTPOJCHCTBHUIO U 3aTpaTaM NMaMATH B CPAaBHEHHH C IPHIMEHEHHEM s3bIKa accembiepa. Ho 3ToT HepocTaTok ¢ JTHXBOM
MEePEKPBIBACTCS YETKOCTBIO M JIETKOCTHIO HANIMCAHUS IIPOTPaMMBI.

SI3BIKH BBICOKOTO YpPOBHSI B CBOIO OUE€pE/b ITOJIPA3/EISIIOTCS Ha S3BIKH IPOLEyPHOTO (MM UMIEPATUBHOTO) M IBPHU-
CTHYECKOTO (IEKJIapaTHBHOTO) CTWJISL IIPOrPaMMHUPOBAHHMS (S3bIKM HCKYCCTBEHHOTO MHTeuIeKTa). Hanbonee momymsip-
HBIC S3BIKH TIporpamMMupoBaHust [I9BM BeICOKOTO YpOBHS PUBEACHBI B TAOIHIIE 2.

Tabmuma 16.
S3bIK T'on pa3pabotku | Pa3zpaborumk OcHOBHOE PUMEHEHUE
FORTRAN k. Bakyc (CIIIA) MaremaTUuecKUe pacyeTbl, Hay4HbIE
1954 HCCIIeIOBaHUS
BASIC 1965 JUx. Kenemu (CIIA) OOy4eHue, TECTOBBIE ITPOTrPAMMBI
PASCAL 1971 H.Bupt (I1IBefiuapus) OOy4eHue, IUPOKOe NPUMEHEHHUE
C 1972 J.M.Puun (CIIA) CucTteMHO€E IpOrpaMMUpPOBaHHE
MODULA-2 1981 H.Bupt (IlIBefinapus) PazpaboTka OOJIBIIMX NPOrpaMMHBIX
KOMIIIEKCOB
LISP 1960 Jbx. Makkaptu (CIIA) CHCTEeMBI HCKYCCTBEHHOTO HHTEJIJICKTA
PROLOG 1971 A.Konmenayap (Ppanuusi) [IpuHsTHE pelieHni, JOru4ecKuii BbI-
BOJL
SMALLTALK Cepemuna 1970- | A.KelAnrmms) CucTteMsl Auanora co CpeicTBaMu Ma-
X ITMHHOW TPaQuKu
OCCAM Hauano 1980-x | ®upma INMOS(AHHsN) Cuctembl ¢ mapasieIbHbIMU TIPOLEC-
camu

Kpome Toro, B HacTosiiee BpeMsl MOSBWINCH SI3bIKH TaK Ha3bIBAeMOTo 4-ro mokoyieHus - 370 si3bikd CYBJI, anekTpoH-
HBIX TaOJIMIl, HHTETPUPOBAHHBIX CHCTEM U T.XI., KOTOPBIC IPEAHA3HAYCHBI IS PEIICHHsI Y3KOTO Kpyra 3a/1a4 IpuKiIai-
HOTO xapakTepa (HampumMep, 00paboTka 0a3 TaHHBIX), HO 3aTO emie OOJIbIIe, 0 CPABHECHUIO C S3bIKAMH OOIEro Ha3Ha-
YEeHHsI, CHUIKAIOT 3aTPaThl BpEMEHU U TPpyJa Ha CO3JaHUE BHIXOJHOTO MPOAYKTA.
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Omnbit npumenenus: [I19BM 11 oCTpoeHMsT NPUKIAAHBIX CUCTEM 00pabOTKM JaHHBIX MOKA3bIBACT, YTO CaMbIM 3¢-
(heKTHBHBIM MHCTPYMEHTOM CO3[aHUSI KOHTPOJUIEpa SIBJSIOTCS HE YHHMBEPCAIbHbIE S3bIKM BBHICOKOTO YPOBHS, a y3KO-
CIELUAIM3UPOBAHHBIC SI3BIKH - KaK MPABUJIO SI3bIKH BHICOKOI'0 MaHUITYJIMPOBAHMS C 0COOCHHOCTSIMA MUKPOIIpOLIECCcopa.
CucreMa MUKPOIPOIpaMMHUPOBAHUS SIBJISICTCS. HAOOPOM KOMIIAKTHBIX MPOTPAaMMHBIX IPOJYKTOB JUIsl pa3paboTKu Ipo-
rpamMM i1t MUKporponeccopoB. CM peanu3oBaHa aist pabOTHI Ha psiie KOMITBIOTEPOB, OT HEOOIBIIMX 16-pa3psaHbIX
MEPCOHATBHBIX MAIIHH 10 32-pa3psaHbIX CYNEPMUHUKOMIIBIOTEPOB.

B HeM mMeeTcs pan MPUMEPOB MCHOJIB30BaHUS KaK CTaHIAPTHBIX, TaK M MMEoMHKX ocobeHHocTH cpencts CM. Otme-
THM, YTO HE3aBHCUMEBIE cpencTBa accemOiepa CM o4eHb POCTH U 3P PEKTHBHEL.

CM accembieps! - 3to momrasle MAKPO-acceMOiiepsl co cpencTBaMy MepeMeneHHs TPorpamMm, ¢ YHHBEPCATEHBIMHU
XapaKTEepUCTUKAMH U MPUMEHEHHEM. XOTs acceMOJepsl co31aHbl Ha 0a3e OJHOTO M TOTO YK€ OCHOBHOT'O NAKeTa, OHH
00J1a/1a10T BBICOKOH CTENEHbI0 COBMECTHMOCTH C accemOiiepaMH pa3paboTUMKOB MHKpoIponeccopoB. OCHOBHBIE
MPEIMETHI - 3TO CIIOCOOBI HCTIONB30BaHUs acceMOuepa, moep>Kka MOAYJIBHOTO MPOrPaMMHUPOBAHHS U CBSI3b C SI3bIKA-
MU BBICOKOTO YPOBHS.

Bce accemOnepsl IBYXITPOXOJHBIC, BBIIOIHAIOTCS Kak OJlHa MporpaMma. Bo BpeMst BBINIOJIHEHHST HE CO3/1a€TCsl BpEMEH-
HBIX (haitiIoB.

Bce accemOnepsl, Tak ke kak 1 XLINK, uCONB3yIOT Al BHYTPSHHUX BBIYHUCICHUH 32-pa3psmHble CTPYKTYPHI, YTO
MO3BOJISIET BUPTYaJIbHO T€HEPUPOBATH KOJI JIFOOOTO paszmepa (T.e. HE cymiecTByeT mpeaena B 64 xbait, 4ro Morio Obl
3aTPYOHUTH HCIIONB30BaHKE TporeccopoB Tuma 68000).

s obecnieyeHnst COBMECTUMOCTH BHYTPH IaKeTa ObUIO MPUMEHEHO HECKOIbKO KOMIIPOMHCCHBIX PEIICHHUH, C yIETOM
COBMECTHUMOCTH C acceMbiepaMu pa3padoTIMKOB MHKpomponeccopoB. OcoOEHHO 3TO KacaeTcs MakpO-KOHCTPYKIIWH,
KOTOpBIE CHJIBHO Pa3lIMYaloTCs Y pa3jinuHbIX pa3paboTyuKkoB. Bo MHOrMX oTHOMIEHHAX, oqHako, CM mpeBocXoauT
OpHTHHAJIbHBIE acCeMOJIepHI.

OHM OIKHBI OBITH COBMECTHMBI T10:

- MaIIMHHBIM KOMaH/1aM (MMEHaM U CHHTAKCHUCY)

- TUPEKTUBAM OIIpe/IeNeHUs] KOHCTAHT (MMEHAM U CHHTAaKCHCY)

- TUPEKTUBAM pacIpeeseHHs MaMATH (MIMEHaM U CHHTaKCHUCY)

- pa3aemUTeNAM

- METKaM

- OCHOBHBIM orepartopam (+,-,*,/)

-ORGun EQU

MoryT OBITH HECOBMECTHUMBI TIO:

- IUPEKTUBAM IE€PEMEIECHUS

- paclIupeHusIM ONIEPaTOpPOB

- CpelICTBaM YCJIOBHOM TpaHCISALUU

- ONIIUSM ¥ KOMaHJ]aM YIIpaBJICHUs acceMbIepoM
- MAaKpOCpEICTBaM.

3ameTnMm, 4TO CPEACTBa, MEPEUNCIICHHBIE B pa3zeie "He COBMECTHMBI", 4acTO OTJIMYAIOTCS OT OPUTHHAIBHBIX acceMO-
JIEpOB pa3pabOTYMKOB TOJIBKO CHHTAKCHCOM.

Hawubosee momyysipHbIMU Ha CETOJHSIIHUIA JIeHb y mporpammucToB siBisiiotess C-51 u Assembler 8051, Tak kak oba
OHH TT03BOJISIOT MOJY4aTh UCXOJHBIA KO/I.

Tema 17. Komanasl si3bika Accemoiep.
17.1. OcHoBHBI€ TPyHNbI onepanuii. MHeMOKoabI KOMaH/I npoueccopa Pentium.

MuKpornpomneccops! BHIIONHSIIOT HA00Op KOMaH/I, KOTOpPBIE PEaln3yloT CIEAYIOIINE OCHOBHBIE IPYIIIBI ONEpaIMi:
- OTepalMu NEePeChUIKY,
- apuMeTHYECKHE OIepaltHy,
- JOTUYECKHE ONepalyH,
- OTepaluu CJBUTA,
- OTlepallui CPaBHEHUS U TECTUPOBAHUS,
- OMTOBBIE OTIEpalNy,
- OTIepalMy YIPaBJICHUS IPOTPAMMOIA;
- OIepanyy yNpaBICHUsS IPOLIECCOPOM.

IIpu omrcaHWK KOMaH OOBIYHO MCIIOIB3YIOTCS MX MHEMOHHYCCKHE 0003HAUYCHHUs (MHEMOKO/IBI), KOTOPBIC CIIY/KAT IS
3aaHs KOMaHIbI [P MPOrPaMMHPOBAHNH Ha s3bIke AccemOiepa. st pas3indHbIX Bepcuii AccemOiiepa MHEMOKOIBI
HEKOTOPBIX KOMAaHJ[ MOTYT OTJIM4aThcs. Hampumep, A KOMaHIbI BBI30BAa MOIIPOTPAMMBI HCIOIB3YyETCS MHEMOKOJ
CALL win JSR (“Jump to SubRoutine”). Oaxako MHEMOKO/AbI OOJBIIMHCTBA KOMAHJ[ JUIi OCHOBHBIX THIIOB
MHUKpPOIPOIIECCOPOB  COBIMAJAIOT WM OTJIMYAIOTCS HE3HAYUTEIBHO, TaK KaK OHHU SBISIOTCS COKPAIICHUSMHU
COOTBETCTBYIOIINX AHTJIHUICKHUX CJIOB, ONMPEICISIONIMX BBIMONHAEMYIO Omepaluioo. PaccMOTpUM MHEMOKOABI KOMaH]I,
OPUHATBIE [T TporieccopoB Pentium.
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Komannpl mepechliikn. OcHOBHOM KOMaHJOW 5ToM rpynmsl siBiusercs komanaa MOV, xoropas obecrieuuBaer
MEPEChUIKY JAaHHBIX MEXAY JBYMS PErMCTpaMH WM MEXAY PpErucTpoM W siueiikod mamstu. B HekoTopsix
MHKPOIIPOLIECCOPaX peau3yeTcsi NMEepechulka MEXIy JBYMS sd4elKaMU NaMsATH, a TakKe TpYINoBas IepechlKa
COJICP’)KUMOTO0 HECKOJIbKUX PErMCTPOB B HaMsATh WIM MX 3arpy3ka u3 mamsatu. Hanpumep, MHUKpOIIpoOLECcOpsI
cemeiicTBa 68XXX kommanuu Motorola semonasor komanay MOVE, o6GecnieunBaromIyro nepecbuiKy U3 OJHON S4eHKN
mamaTH B Apyryto, u komannmy MOVEM, koropas npom3BOOWT 3ammuck B TAaMATh WIH 3arpy3Ky W3 IIaMATH
CONIEPXKUMOTO 3ajaHHOro Habopa peructpoB (mo 16 peructpo). Komanma XCHG npomsBoguT B3auMHEBIN 00MEH
COJZICP’KUMBIM JIByX PETHCTPOB IIPOLIECCOPA HIIH PETUCTPA U TEHKHU TaMSITH.

Komanmer Boga IN u BeiBoma OUT peanu3yroT mepechuIKy JaHHBIX U3 PETHUCTpa MpoIieccopa BO BHENTHEE YCTPOHCTBO
WIN TpUEM [aHHBIX M3 BHEIIHEr0 yCTPOWCTBa B perucTp. B 3Tmx KomaHmax 3amaercs Homep wuHTepdeiicHOro
ycTpoiicTBa (TmOpTa BBOAA-BBIBOJA), UEpe3 KOTOPOE MPOM3BOAUTCSA Iepenada MaHHBIX. OTMETHM, 9YTO MHOTHE
MHKPOIIPOLIECCOPHI HE UMEIOT CHELUAIbHBIX KOMaH/ JUIsl OOpallleHns] K BHEIIHUM yCTpoicTBaM. B aToM citydae BBOJ 1
BBIBOJI JaHHBIX B CHCTEME BHINOJHsAETCS ¢ nomomblo komanasl MOV, B koropoil 3amaercst agpec TpeOyemoro
uHTepdeiicHoro ycrpoiictsa. TakuMm 00pa3oM BHEIIHEE YCTPOMCTBO ajpecyeTcsi Kak siueiika MaMsTH, a B aJpecHOM
MPOCTPAHCTBE BBIACISIETCS ONPEICICHHBIH pa3ziell, B KOTOPOM paclojiaraloTcsi ajgpeca HOAKIIOUEHHBIX K CHCTEME
MHTEP(PEHCHBIX YCTPOUCTB (TTIOPTOB).

Komannpl apudmernyecknx onepanmii. OCHOBHBIMU B 3TOH TpYIIE SIBISIOTCS KOMAaH/BI CIIOKEHUS, BBIYUTaHMS,
YMHOXCHUS U JCTCHUsI, KOTOphle MMEIOT psAn BapuaHToB. Komanns! cnoxenuss ADD n Berantanns SUB Bemonssor
COOTBETCTBYIOIIME OIEpali ¢ COJEPKUMBIM JABYX PETHCTPOB, PETHCTPA M SUYCHKH MaMATH MM C HCIOJIb30BaHHEM
HerocpeacTBeHHoro omepanna. Komanner ADC, SBB mpomsBomsir cioxeHne M BBIUMTAHHE C YYETOM 3HAYCHUS
npusHaka C, ycTaHaBIMBAaeMOTO IpU (pOPMHUPOBAHUM IEPEHOCA B MPOILIECCE BHIMOIHEHUS Mpeabinymel onepanuu. C
MIOMOIIIBIO 3TUX KOMAaH] PealN3yeTcs MOCIEA0BATEIFHOE CIOKEHUE OTIEPAH/I0B, YHCIO Pa3psI0B KOTOPHIX MPEBHIIIAET
pas3psaHOCTh mporeccopa. Komanna NEG n3MensieT 3Hak omnepan/a, IepeBois €ro B AOMOTHUTEIBHBINA KO/,

Omnepanyy yMHOXEHUsI U JICJICHUS MOTYT BBINOJHATHCS HaJ 4uciiamu co 3HakoM (komanael IMUL, IDIV) wmu Ge3
3Haka (xkomauasl MUL, DIV). Onun u3 omepaHaoB Bcerja pasMellaeTcs B PErucTpe, BTOPOM MOXKET HaXOAMUTHCS B
perucTpe, s4elike NaMsATH WK ObITh HETIOCPEACTBEHHBIM Ollepan/oM. Pe3ynbTaT onepauuu pacroiaraercs B perucTpe.
IIpu ymHoxenmu (xomangsl MUL, IMUL) momywaercs pe3ynbTaT YABOSHHOM pa3psiAHOCTH, A pPa3MEIICHUS
KOTOpOro ucmoiybs3yercs aBa peructpa. Ilpu menenun (xomanasl DIV, IDIV) B kauecTBe nenumMoro HCHOJIb3yeTCs
OTIepaH]l YABOCHHON pa3psAHOCTH, pa3MEIIacMblii B JBYX PETHCTpax, a B KauecTBE pe3yibTaTa B J(Ba PETHUCTpPA
3aIICHIBACTCSl YaCTHOE M OCTATOK.

Komanapl jornyeckux omepanmii. IIpakTndecky Bce MHKPOIPOIECCOPHI IMPOU3BOIAT JIOTHYECKHe omepanuu U,
WJIN, Uckmoyaromee NJIN, koTopble BBIIOIHIIOTCS HAJ OTHOMMEHHBIMU pa3psaMH ONEpPaHI0B ¢ MOMOILIBIO KOMaH/
AND, OR, XOR. Omnepanuy BBITOTHSIOTCS HAJX COJNCPXKHMBIM JBYX PETHUCTPOB, PETHCTpa W SYCHKH MaMATH HIH C
UCIIONIb30BaHUEM HerocpeicTBeHHoro onepanna. Komanna NOT uaBepTHpYeT 3HaUE€HHE KQXKAOTO pas3psizia OnepaHaa.
Komannpl caBura. MUKpOITPOIIECCOPHI OCYIIECTBISIFOT apuU(MeTHYecKue, JIOTUYECKHe M IHUKIMYECKHE CIBHIH
aJIpecyeMbIX OIepaHJIOB Ha OJIMH MJIM HECKOJIBKO pa3psaoB. CABUraeMblil ONlepaH]] MOKET HAXOJUTBHCS B PErHCTPE HIIH
s4yeliKe MmaMsTH, a YUCIIO Pa3psAIOoB CABUTA 33a/aeTCs C MOMOINBIO HEMOCPEACTBEHHOTO ONEpaH/a, CoAepKallerocs B
KOMaHJIe, WM ONpeAeNseTcs COAEPKUMBIM 3aJaHHOTO perucTpa. B peammsanum ciBura oOBIYHO y4acTBYET NMPH3HAK
nepeHoca C B peructpe cocrosiuuii (SR mwnun EFLAGS), B xoTopoMm pacmosiaraeTcst MOCACIHHA pas3psj] onepaHia,
BBIJIBUTAEMBIN U3 PETUCTPA U SIYEHKU NTaMSATH.

Komannpl cpaBHeHusi M TectupoBaHusi. CpaBHEHHE OIIEPaHA0B OOBIYHO MPOMU3BOANTCS ¢ MoMouIbio komanasl CMP,
KOTOpast MPOM3BOJUT BEIYUTAHHUE OIEPAH/IOB C yCTaHOBKOM 3HaueHui npuzHakoB N, Z, V, C B perucrpe cocTtosHUs B
COOTBETCTBHH C MOJTYYEHHBIM pe3ysbTaToM. [Ipu 3TOM pe3ysibTaT BEIYMTAHUS HE COXPAHSETCS, U 3HAUCHHS ONEPaH/IOB
He u3MeHstoTcs. [locienyromuii aHaan3 MONyYeHHBIX 3HAYEHWH NMPHU3HAKOB IO3BOJISIET ONPENENIUTh OTHOCHTEIHHOE
3HaueHue (>, <, =) OIepaH/I0B CO 3HAKOM min 0e3 3Haka. Mcnonb3oBaHue pa3IMYHBIX CIIOCOOOB aJipecaniy O3BOJISET
MPOU3BOJIUT CPAaBHEHUE COJIEPKUMOTO JIBYX PErMCTPOB, PETMCTPa M SIUEHKH MaMsTH, HEIMOCPEICTBEHHO 3aaHHOTO
orepaH/ia ¢ COIEPKUMBIM PETUCTPa HIIH SUYCHKH MaMSITH.

HekoTopble ~ MHKpONpOLIECCOPHI  BBIMOJIHSIOT ~ KOMaHIy TecTHpoBaHusi ST, KOTOopas — sIBIseTCS

OJTHOOTIEpaH/IHBIM BapUAHTOM KOMaH/Ibl CpaBHEHHs. [IpH BBIMOJHEHUH 3TOW KOMaH/Ibl yCTaHABIMBAIOTCS Hpu3Haku N,
Z B COOTBETCTBHH CO 3HAKOM W 3HaUYEHHEM (paBHO WIIM HE PABHO HYJIIO) apeCcyeMOTO OIepaH/Ia.
Komanbl OMTOBBIX onepauuii. OT¥ KOMaH bl IPOU3BO/IST YCTAHOBKY 3Ha4YeHUs npu3Haka C B perucrpe cocTosHUN B
COOTBETCTBHHU CO 3HAYCHHEM TecTHpyemoro Outa bn B agpecyemom omepanzae. B HEKOTOPBIX MHKPOIpOLECCOpax Mo
pe3yJbTaTy TeCTHPOBaHMSI OMTa NMPOM3BOAMTCS ycTaHOBKA Npu3Haka Z. Homep tectupyemoro Outa N 3amaercs auO0
COJICP’)KUMBIM YKa3aHHOTO B KOMaHJIE PErHCTPa, JINOO HETIOCPEICTBEHHBIM OIIEPaH/IOM.

KomaHnzpl 1aHHON TPYNIbI peaqu3yloT pa3Hble BapHaHThl M3MEHEHMsl Tectupyemoro Owrta. Komanma BT
COXpaHseT 3HaYeHHe 3Toro oura HemsMeHHbIM. Komanna BTS mocie TecTupoBaHHs ycTaHaBIMBaeT 3HadeHue bn=1,
a komanga BTC - 3Hauenue bn=0. Komanzna BTC unBepTHpyeT 3HaueHHe OuTa bn mocie ero TeCTUPOBaHMUS.
Omnepanuu ynpapjieHusi mporpamMmoii. /Iy ynpaBieH:sT IpOTrpaMMON HCIIONB3yeTcs OOJIBIIOe KOTUIECTBO KOMAHI,
CpeAn KOTOPBHIX MOKHO BBICIIUTD:

- KOMaH bl 0€3yCII0BHOI! Iepeiadn yIpaBiIcHNUS;

- KOMaH/Ibl yCIIOBHBIX NTEPEX0JI0B;

- KOMaH bl OPTaHN3aIM1 IPOTPAMMHBIX LIUKIIOB;

- KOMaH/1bl IPEPBIBAHUS;

- KOMaH/1bl HI3MEHEHHS! IIPU3HAKOB.

BesycnoBHas nepexava ynpasieHus: nponsBoaurcsi komannod JMP, kotopas 3arpyxaeT B nporpamMmHslii cueryuk PC
HOBOE COJICPXKUMOE, SIBIISIIOIIEECS aJpecoM CIIeTyIONIeH BBINOIHIEMONH KOMaHAbl. DTOT ajapec MO0 HENoCpeICTBEHHO
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yka3biBaercst B komannae JMP (npsimast anpecanusi), 100 BBIYMCISETCS Kak cyMMma Tekyiero cogepxxumoro PC n
3aJ]aHHOTO B KOMaHJIE CMEIIECHHs, KOTOPOE SIBIISIETCS YMCIIOM CO 3HAKOM (OTHOcHTEenbHast ajapecauus). Tak kak PC
COJICP)KUT aJpec OYepeAHOH KOMaHIbl MPOTrPaMMbl, TO IOCIEIHHHA Croco0 3aJaeT ajapec Nepexoja, CMEIICHHBIN
OTHOCHTEJIFHO OYEpeJHOro ajpeca Ha 3aJaHHOe 4ucio 0aiToB. [IpM MOJOXWTENBHOM CMELICHUH IPOM3BOIUTCS
nepexoj K NOClIeyIOIIMM KOMaHJaM IPOrpaMMBl, IPH OTPULATEIbHOM CMELIEHUH — K IPEABIIYIINM.

BrI30B moamporpaMMBbl Takke IPOU3BOANTCS ITyTeM Oe3yCIIOBHOM Iepenadn yrpaBieHus ¢ moMoisio komaaasr CALL
(mmu JSR). OxgnHako B 3TOM cirydae nepen 3arpy3koii B PC HOBoro comepXKuMoro, 3a1aloIIero agpec MepBoil KOMaHIbI
MOJIPOTPaMMBL, HEOOXOAWMO COXPaHUTh €ro TeKyllee 3HadeHHWe (ampec odepemHod KOMAaHIBI), YTOOBI MOCie
BBITIOJTHEHHS TTOANPOTPaMMbI 00ECIIEUYNTh BO3BPAIIEHHE K OCHOBHOH IporpaMMe (WM K HPEAbIAyIIeH HOATporpaMme
TIPY BJIOKEHHUH TOATIPOrpamMM). KoMaHIBI yCIOBHBIX MEPEX0A0B (BETBICHUH MPOTpaMMBbl) IPOU3BOIAT 3arpy3ky B PC
HOBOTO COJZIEPXKHMOTO, €CIIH BBIIOTHSAIOTCS OIPEAEICHHBIC YCIOBHSA, KOTOPHIE OOBIYHO 3aJaf0TCSl B COOTBETCTBHH C
TEKYIIMM 3HA4YE€HHEM Pa3JIMYHbIX NMPU3HAKOB B PETHCTpe cocTOsiHMA. Eciu ycioBue He peaau3yeTcsi, TO BBINOIHIETCS
crieiyronias KoMaH/a mporpaMmmel.

Komanzpl ynpaBieHusi Npu3HakaMy 00ECIEYMBAIOT 3alUCh - YTEHHE COJIEP)KUMOI0 PErucTpa COCTOSHHS, B KOTOPOM
XpaHsITCs MPU3HAKH, a TAK)KEe H3MEHEHHE 3HaUCHUIT OTAENbHBIX MpU3HakoB. Hanpumep, B mpoueccopax Pentium peanu-
3ytorcst komanael LAHF u SAHF, xoTopbie BEIMONHAIOT 3arpy3ky miaiiero Oaira, rae comepikarcsi IpU3HAKH, U3
peructpa cocrossaust EFLAG B mmagmuii 6aiiT peructpa EAX u 3anonnenne muanmero 6aiita EFLAGS u3 perucrtpa
EAX.. Komargsr CLC, STC ocymecTBisit0T yecTaHOBKY 3HadeHnH mpusHaka nepeHoca CF=0, CF=1, a xomanma CMC
BBI3BIBACT MHBEPTUPOBAHNE 3HAYCHUS HTOTO NMpH3HAaKa. Tak Kak MPU3HAKK OMPENEISIOT X0/ BBIITOIHEHHUS IPOrPaMMBbI
IIPH YCIIOBHBIX IIEPEX0AaX, TO KOMAHAbI H3MEHEHHS IPH3HAKOB OOBIYHO MCIIONB3YIOTCS AJIS YIIPABIICHHUS ITPOTPaMMOI.
Komannpl ynpasienus npouneccopoM. K 3Toif rpymnme oTHOCATCS KOMaH/IbI OCTaHOBA, OTCYTCTBHS ONEPALUH U P
KOMaHJI, ONpENeNSIOMNX PEeXUM pPabOTHI MpoIieccopa WM €ro OoTAenbHbIX OsokoB. Komamma HLT mpekpamaer
BBITIOJIHEHHE MPOTPaMMbl U IMEPEBOAUT MPOLIECCOP B COCTOSIHUE OCTAHOBA, BBIXOJ M3 KOTOPOTO MPOMCXOIUT IPH
MOCTYIUICHWH CHTHAJOB mNpepbiBaHus wiau nepesamycka (Reset). Komanma NOP (“mycras” xomaHna), koTopas He
BBI3BIBACT BBINOJHEHHS KaKMX-THOO omepauuil, CIyXuUT AJIsl pean3aliy MPOTrPaMMHBIX 3a[epKeK WM 3arlOJHEHHS
MPOITyCKOB, 00pa30BaBIINXCS B IPOTpaMMe.

Crernmanpabie koMauasl CLI, STI 3ampemniaror u paspeniaroT o0CIyKUBaHHE 3alPOCOB MpephiBaHus. B mpoleccopax
Pentium msst aToro ucnose3yetcs 6ur ynpasienus (¢uar) IF B perictpe EFLAGS.

MHorue coBpeMEHHBIE MUKPOIIPOIIECCOPHI BHIIOIHAIOT KOMAHy HACHTH(HKAINN, KOTOpas 03BOJISIET MOJIb30BATEIIO
WU IpyTUM YCTPOMCTBAM MOIYYUTh HH(POPMANHIO O THIIE IPOIEccopa, UCIIOIb3YeMOTo B JaHHOH crucTteMme. B mponec-
copax Pentuim mis atoro ciyxut komanga CPUID, npu BbINOJIHEHHH KOTOPOH HEOOXOJMMbIE JAHHBIE O MPOLECCOPE
noctymnatoT B peructpel EAX, EBX, ECX, EDX 1 MOryT 3aTeM CUHTBIBATHCS ITOJIb30BATEIICM HJIH OTIEPAIIMOHHON CHC-
TEMOH.

B 3aBHCHMOCTH OT peann3yeMbIX MPOIECCOPOM PEKMMOB pabOTHI M 3aJJaHHBIX TUIIOB 00pabaThIBaEMBIX JJAHHBIX HA0OP
BBITIOJTHSAEMBIX KOMaH]] MOXKET CYILECTBEHHO PACIINPSATHCA.

HexkoTopseie nporieccopsl IPOU3BOIST apu(pMETHYECKHE ONEpaluK C ABOMYHO-IECITUMHBIMH YUCIIAMH WX BBIIOJHSIOT
CrielajbHble KOMaHJbl KOPpPEKLMH pe3yibTara INpd o00paboTKe Takux 4yucel. B cocraB  MHOIHX
BBICOKOTIPOM3BOIUTEINIBHBIX ITpolieccopoB BxoauT FPU - 6ok 06paboTku uucen C “rutaBaroiieid TOUKon”.

B psize coBpeMeHHBIX IMPOIIECCOPOB pealn3oBaHa IPyNIoBas 00pabOTKa HECKONBKUX IEJbIX YHCEeNT WM 4Hcesl C
“ITaBarolIedl TOYKOW” ¢ MOMOIIBI0 oaHOW KomaHasl mo mpuanumy SIMD (“Single Instruction — Multiple Data”) -
«OnHa xomaHIa — MHOXeCTBO JaHHBIX». OIHOBPEMEHHOE BBITIOJIHEHHE OIEpALUi HaJl HECKOJBKHMH OIIepaHIaMH
CYIIECTBEHHO IOBBIIIAET MPONU3BOIUTEILHOCTD polieccopa IpH padboTe ¢ BUAEO- U ayAHOJaHHBIMU. Takue ornepannu
IIMPOKO HCHONB3YIOTCS Uil OOpaOOTKM M300pa’keHMi, 3BYKOBBIX CHTHAIOB W B JAPYTUX TpHIOKEHHAX. s
BBITIOJTHEHHS 3THX OIEpaIiii B COCTaB MPOIIECCOPOB BBEICHBI CIEHAIbHBIE OJIOKH, PeaIn3yIOlie COOTBETCTBYIOIHE
HaboOpBl KOMaHJ, KOTOpPbIE B pasiMYHBIX THIAx mpoueccopos (Pentium, Athlon) mony4nnn wazBanne MMX (“Milti-
Media Extension”) — Mynsrumennitnoe Pacmupenne, SSE (“Streaming SIMD Extension”) — Tlorokosoe SIMD —
pacmupenue, “3D — Extension” — TpexmepHoe Pacimpenwue.

XapakTtepHoi 0COOEHHOCTBIO TIporieccopoB kommanuu Intel, maumnas ¢ momenn 80286, sSBAsSETCS MPUOPHTETHBIN
KOHTPOJIb MpU OOpaleHUuH K MaMsTH, KOTOPbIA obecrieunBaeTcs npu paboTe IMpoleccopa B PeXHMe 3alUIIeHHBIX
BUPTyalIbHBIX aapecoB — “Protected Mode” (zamumieHHbIA pexum). [ peanusandd 3TOr0 PeXuMa HCIIOIb3yeTCs
CrielajbHble TPYNIbI KOMAaHJ, KOTOpbIE CIYXaT JUIs OpraHU3alliM 3allUThl IaMsITH B COOTBETCTBHU C NPHHATHIM
ITOPUTMOM IIPHOPUTETHOTO 0OpaIIEHHS.
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4.3. JlabopaTopHbie padoThI

Buo
3AHAMUA 6 UH~-
Ao Homep pa3oe- Haumenosanue mem ) Obvem mepakmuenvoﬁ,
Ja oucyun- 1a60pamopHbIX 3aHAMULL aKmueHoll,
n/n (uac.) .
JUHBL UHHOBAUUOHHOU
opmax,
(uac.)
1 9. Peructprl Mukponpoueccopa 4 2
2 13. CucreMa npepbIBaHUA 4 3
3 6. IMpousBoaurensHOCTE DBM 3 2
4 5. OTJI0KEHHBIN 3aITyCK KOMaH]I 4 3
5 16. W3zyyenne mporpaMMHOTo oOecrieyeHusl yrpas- 2
JeHus: poboTaMH Ha MpUMepe Tporpammel Po- 3
6ot PASCAL DELTA 1-3X-USB+.
HUTOI'O 18 12

4.4. llpakTUyecKHe 3aHATUSA
Y4eOHBIM MJIAHOM HE MPEAYCMOTPEHO.

4.5. KoHTpO/IbHBbIE MEPONIPUATHSA: KYPCOBO NPOEKT (KypcoBasi padoTa), KOHTPOJIbHAs

padora, PI'P, pedepar

VYueOHBIM IIJIAHOM HeE MpeayCMOTPCHO.
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YYEFHOH JUCIHUAILJIMHBI K ®OPMHUPYEMbBIM B HUX

KOMIIETEHIHUAM U OINEHKE PE3YJIBTATOB OCBOEHUA JUCIIUITJIMHBI

" Komnemenuuu Kon-60 Komnemenuuu 5 Buo Ouenka
b, HaUMeHO8aHUE IIK tep uac p .
pasdenos ducuunumb uacos 5 Komn. YUeOHbIX 3aHAMUIL |Pe3YTbMAamos|
1 2 3 5 6 7 8
1.Beenenue. VicTopus pa3BUTHS MHKPOIIPOIIECCO- 6 1 6 JIk, CPC DK3aMeH
pOB.
2.BHYTpEeHHSISI CTPYKTYPa MUKPOIIPOLIECCOPOB. 6 + 1 6 JIx, CPC DK3aMeH
[Mpunnunet pon Heiimana.
3.Kiaccugukaius MEKpOIPOIIECCOPOB. 8 + 1 8 JIk, CPC OKk3aMeH
4. BHYTpEHHSsS CTPYKTYpa MUKPOITPOLIECCOPOB. 6 + 1 6 JIx, CPC DK3aMeH
ApupMETHKO-TOTHYECKUH OJIOK.
5.YcTpolcTBO yrpaBieHusl. 10 + 1 10 JIk, JIP, CPC DK3aMeH
6.CrucremMa KOMaH 1 MUKPOIIPOIIECCOpA. 9 + 1 9 JIk, JIP, CPC DK3aMeH
7.Pexxumbl paboThl MUKPOIIPOIIECCOpA. 6 + 1 6 JIkx, CPC DK3aMeH
8.Ilpunnuner GopMUpOBaHUS aPECHOTO MPO- 4 + 1 4 JIk, CPC OK3ameH
CTPAaHCTBA.
9.Cucrema ampecaruy. 10 - 1 10 JIk, JIP, CPC DK3aMeH
10.ITamsiTh KaKk pyHKIHOHAIBHBIN y3€Il. 6 - 1 6 JIk, CPC OK3aMeH
11.TIpuHIMITBI OPraHU3aIiH TAMSITH. 6 - 1 6 JIx, CPC DK3aMeH
12.BupTryaiabHas 1aMsTh. 8 - 1 8 JIk, JIP, CPC DK3aMeH
13.IIpepsiBanusi. 9 - 1 9 JIx, CPC DK3aMeH
14.TToneprkKa MHOTO3aJa9HOCTH. 5 - 1 5 JIx, CPC DK3ameH
15.TIporpaMMbI-OTJIaT9HKH. 4 - 1 4 JIx, CPC DK3aMeH
16.IIprHIMITBI TPOTPAMMHUPOBAHUS MUKPOIIPOIIEC- 9 - 1 9 JIx, JIP, CPC DK3aMeH
COpOB.
17.Komanpl si3bika AcceMouiep 5 - 1 5 JIkx, CPC DK3aMeH
6cez0 uacos 117 117 117
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6. HIEPEYEHb YYHEBHO-METOAUYECKOTI'O OBECIIEYEHUS 1JIA
CAMOCTOATEJBHOU PABOTbHI OBYYAIOIIIUXCHA 11O AUCHUITJINHE

CaxneB, A.M. [ludposbie ycTpoiicTBa 1 MUKpOIpOIIECCOpHI : yueOHoe mocobue / A.M. CaxHes,
N.C. Teipsiikus ; HoBocuOupckuii rocy1apcTBEHHBIN arpapHblii yHUBepcuTeT, MHKeHepHbId HH-
ctutyt. - HoocuOupck : MLl HI'AY «3onoroii komoc», 2015. - 158 c. : cxem., TaO.
;[2nexrponnsiii pecype].- URL: http://biblioclub.ru/index.php?page=book&id=458701 (c.1-158)

7. IEPEYEHD OQHOBHOP'I U JTOMMOJIHUTEJBbHOMN JUTEPATYPBHI,
HEOBXOJIMUMOMU JJIs1 OCBOEHUA JTUCHUIIJIMHBI

Konuuecmeo

Ikzemnaapoe | Qbecneuen-

6 bubuome- HOCMB,
Ke, (?K3./ uen.)
IIT.

Buo
Ne Haumenoeanue uzoanus 3aHs-

mus

1 2 3 4 5

OcHoBHas1 IUTEpaTYpa

L Caxnes, A.M. Lludpposbie ycTpoiicTBa 1 MUKPOIIPO- JIk, JIP op 1
1eccopsl : yuebHoe nocoodue / A.M. CaxHes,

N.C. Teipsimikun ; HoBocubupckuii rocyiapcTBeH-
HBIU arpapHblil yHUBepcUTET, IHKEHEPHBIN UHCTH-
TyT. - HoBocubOupck : UL HI'AY «305m0T0i1 KOJIOCY,
2015. - 158 c. : cxeM., Ta0. ; [DNEKTPOHHBIN pecypc].

URL: http://biblioclub.ru/index.php?page=bhook&id=4
58701

JlonoJIHUTeIbHAS JIUTEpaTypa

L [Munpmmkos, B.H. [IporpammupoBanue Ha sSi3bIKe ac- JIp oPp 1
cembOuiepa IBM PC : yue6HOE mocobue /

B.H. ITwibmukos. - M. : lnanor-MU®U, 2014. - 288
C. : ui. - bubmuorp. B xH. - ISBN 5-86404-051-7 ;
[DnexTpoHHbIH pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=4
47687

2. I'ypos, B.B. Apxurekrypa MUKpPOIIPOLIECCOPOB : JIk oP 1
yuebnoe nocodue / B.B. I'ypos. - M. : Uatepuer-
Yuusepcurer Uadopmarmonnsix Texnonoruit, 2010.
- 272 c. : Tabi., cxeM. - (OCHOBBI HH(POPMAITTOHHBIX
texHozorui). - ISBN 978-5-9963-0267-3 ; [Dnek-
TPOHHBIN pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=2
33074

8. NEPEYEHb PECYPCOB HHO®OPMAIIMOHHO -
TEJEKOMMYHUKAIIMOHHON CETU «MHTEPHET» HEOBXOJUMBIX JISI
OCBOEHUJA JUCHUIIJIMHBI
1. DnexTpoHHbIi Katanor 6ubnuoreku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I121DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z211D=.

2. DnexrponHas oubnuorexa bpl'y

http://ecat.brstu.ru/catalog .

3. DIeKTpOHHO-OMOIMOTEeUHAs CCTeMa «Y HUBEpCUTETCKasi Onbamoreka online»
http://biblioclub.ru .

4. DnexTpoHHO-0MOmMoTeyHas cuctema «M3aaTenscTBo «JlaHb»
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http://biblioclub.ru/index.php?page=book_red&id=458701
http://biblioclub.ru/index.php?page=book_red&id=458701
http://biblioclub.ru/index.php?page=book_red&id=458701
http://biblioclub.ru/index.php?page=book_red&id=458701
http://biblioclub.ru/index.php?page=book&id=447687
http://biblioclub.ru/index.php?page=book&id=447687
http://biblioclub.ru/index.php?page=book&id=447687
http://biblioclub.ru/index.php?page=book_red&id=233074
http://biblioclub.ru/index.php?page=book_red&id=233074
http://biblioclub.ru/index.php?page=book_red&id=233074
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://ecat.brstu.ru/catalog
http://biblioclub.ru/

http://e.lanbook.com .

5. Uadopmarmonnas cucrema "EnquHoe okHO JocTyna K 00pa3zoBaTeIbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas oubmmoreka eLIBRARY.RU http://elibrary.ru .

7. YuuBepcurerckas uapopmarmonnas cuctema POCCHUSA (YUC POCCHUA)
https://uisrussia.msu.ru/ .

8. HanmonanwHas snekTpoHHast oubiamorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOIWYECKUE VKA3AHUS IS OBYYAIOIIMXCS MO OCBOEHHWIO
TACIATITAHBI

9.1. MeToauuyecKue YKa3aHus AJsd oﬁyqammnxm 110 BBIITOJTHCHHUIO ﬂaﬁopaTopnmx paGOT

JladopaTopuast padora Ne 1
Perucrpnl MUKpOIIpoOIIeccopa.

[{eap paboThI:

HSy‘lI/ITB PETUCTPLI U PETUCTPLI 0611161"0 Ha3Ha4YCHUA.

Bu 3aHaTHS B MHTEPAKTUBHON, aKTUBHOM (DOPME: BBIIOJIHUTH 3aJaHNE U O3HAKOMHUTHCS C COCTa-
BOM U XapaKTEPUCTUKAMHU.
3ajaHue:

1. U3yuuTh cOCTaB perucTpoB.

2. V3yuuTh XapaKTEPHUCTUKHA PETUCTPOB.

[1ops 10K BBINIOJIHEHNUS:
Ha ocHoBaHMM 3amaHus, TMOJIYyYEHHOrO Yy IIPENOJABATENs], IPOU3BECTH 3aJaHHbIC
MaHUNYJISIUU C PEFUCTPAMUA MUKPOITPOIIECCOpA.

dopma OTYETHOCTH:
OTyeT He NpeyCMOTPEH.

3ajiaHud JUIS CaMOCTOSITeNIbHOW PabOThI:

N3y4nTh OCHOBHBIE XapaKTEPUCTUKU U COCTaB PETUCTPOB.

PexoMenaanuy 1o BbIIOJHEHUIO 33JaHUN U MOATOTOBKE K 3aHATHIO

O3HAaKOMHTBCS C TEOPETUYECKHM MAaTepHalOM, TMPEICTaBICHHBIM B 9-M paszene JaHHOU
JUCLUIUIMHBI U y4e0HOM TOCOOUH.

OcHoBHas nuTepaTypa
1. CaxneB, A.M. IludpoBsie ycTpoWCTBa MW MHUKPOIPOIECCOPH : Yy4deOHOe Tmocobue /
AM. Caxunes, WU.C. Toipbiikun ; HoBocuOGUpCKuil rocyaapCTBEHHBIH arpapHblil YHUBEPCHUTET,
Wnxenepuslii uHCTUTYT. - HoBocuOupck : UL HI'AY «3omnoroit konocy, 2015. - 158 c. : cxem,
tabum.; [Dnexrponnslit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=458701
JlononHuTENRHAS IUTEPATYypa

1. Munsmukos, B.H. IIporpammupoBanue Ha si3bike accembnepa IBM PC : yueGHoe mocobue /
B.H. [MTunemukos. - M. : luanor-MU®U, 2014. - 288 c. : un. - bubnuorp. B kH. - ISBN 5-86404-
051-7 ; [Onexrponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=447687

KoHTpoIBHBIE BOIPOCHI JIUISL CAMOIIPOBEPKH

1. Yto Takoe MHKpOIMpOIeCCop?
2. Yro Takoe perucTpni?
3. Kaxkue BUIIBI peTUCTPOB CYIIECTBYIOT?
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JladopaTopHasi padora Ne 2
CucreMa npepbLIBAHMI.

[lenb paGoTHI:

W3yuuts npepuIBaHus.

Bun 3aHsATHS B UHTEPAaKTUBHON, aKTUBHOW (hOpMe: BBITIOJHUTH 33JaHUE U O3HAKOMHTHCS C COCTa-
BOM U XapaKTEPUCTUKAMHU.
3ajaHue:

1. WU3yuuts cucreMy npepbIBaHUM.

2. IIporpammupoBaHue MpEepbIBAHUM.

HODHI{OK BBITTOJTHCHHA .
Ha ocHoBanuu 3aaHus, IIOJIYYCHHOIo 'y HpCnoldaBaTciid, MNPOU3BCCTH 3aJaHHBIC
MpEpbIBaHUA CUCTEMBI.

dopma 0TYETHOCTH:
OTuer He npeayCMOTpEH.

3amaHus U CaMOCTOSITENLHOM paOOThL:

W3yunTh OCHOBHBIC XapaKTEPUCTUKU U BUJIbI TPEPHIBAHUIA.

PGKOMGHI[aIII/II/I 110 BBIIIOJJHCHHUIO SaI[aHHfI W IIOATOTOBKEC K 3aHATHUIO

O3HaKOMUTBCA C TEOPETUYECKUM MaTepuajoM, IpeACTaBiICHHbIM B 13-M pasjaene aaHHOM
JTUCLHUTITMHBI U Y4€OHOM MTOCOOUH.

OcHoBHast TuTepatypa
1. CaxneB, A.M. IludpoBbie yCTpoHCTBA M MHKPOIPOIECCOPHI : Yy4deOHOE Mmocooue /
AM. Caxnes, U.C. Teippiukud ; HoBocuOupckuil rocynapcTBEHHBIH arpapHblii YHUBEPCHUTET,
Wnxenepusnii mHCTUTYT. - HoBocuOupcek : UL HI'AY «3omotoit komocy, 2015. - 158 c. : cxewm,
tab1.; [DaexTponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=458701
JlomonHUTENbHAS TUTEPATYpa

1. IMTunpukos, B.H. [IporpammupoBanue Ha si3bike accembnepa IBM PC : yue6HOe mocobue /
B.H. ITunemukos. - M. : luanor-MU®U, 2014. - 288 c. : un. - bubnuorp. B kH. - ISBN 5-86404-
051-7 ; [Dnextponnsii pecype]. - URL: http://biblioclub.ru/index.php?page=book&id=447687

KOHTDOJ'II)HI)IG BOITPOCHI JJI1 CaMOIIPOBEPKHU

1. Yro Takoe npepriBaHUKE?
2. Kakue Bupl pepbIBaHU# CYIIECTBYIOT?

JlaGopaTropHas padora Ne 3
IIpousBoauteabHOCTH DBM.

[{enb paGoTHI:

Beruucnuts nponssoautensHocTs OBM.

By 3aHATHS B MHTEPAKTUBHOM, aKTUBHOM (DOpME: BBIIMOJHUTH 3aJaHUE U O3HAKOMHUTLCS C COCTa-
BOM U XapaKTEPUCTUKAMHU.
3ajaHue:

1. W3yuuTth 37€MEHTHI, OTBEUAIOIINE 32 MPOU3BOAUTEILHOCTE DBM.

2. TIporpammupoBaHue 3a/1a4¥ MPOU3BOAUTEIBHOCTH.

ITopsi1OK BRINOJHECHUS
Ha ocHoBanum 3amaHusi, MOJYYEHHOIO Yy TMpenojaBaTeisi, MPOU3BECTH 3aMeEpPhI
npou3BoaUTENbHOCTH DBM.

43


http://biblioclub.ru/index.php?page=book_red&id=458701
http://biblioclub.ru/index.php?page=book&id=447687

®Popma OTYETHOCTH:
Otuer He npeayCMOTpEH.

3amaHus s CaMOCTOSITENLHOM PaOOThL:

V3y4uTh OCHOBHBIC XapaKTEPUCTHUKH, OTBEUAIOIIUE 3a IPOU3BOAUTEILHOCTE DBM.

PGKOMGHI[aI_[I/II/I 110 BBIIIOJJHCHHUIO SaﬂaHI/Iﬁ M IIOATOTOBKEC K 3aHATHIO

O3HAaKOMHUTBCA C TEOPETHYCCKUM MAaTEpHaIOM, MPEACTAaBICHHBIM B 6-M paszjene JaHHOU
JUCITUTUIMHBL U y4eOHOM TTOCOOHH.

OcHoBHast TuTeparypa
1. CaxneB, A.M. IludpoBsie yCTpoHCTBA MW MHUKPOIPOIECCOPHI : Yy4yeOHOe mocodue /
AM. Caxues, WU.C. Toippikun ; HoBocnOMpCKUil TOCYZapCTBEHHBINM arpapHbIil YHUBEPCHUTET,
Nuxenepusiii nactutyt. - HoBocubupcek : UL HI'AY «3omoToii komoc», 2015. - 158 c. : cxewm,
tabu.; [Dnexrponnslit pecype]. - URL: http://biblioclub.ru/index.php?page=book&id=458701
JlononHuTENbHAS TUTEPATYpa

1. Munemukos, B.H. [IporpammupoBanue Ha si3pike accembnepa IBM PC : yyeOnoe mocobue /
B.H. ITuneuukos. - M. : luanor-MU®U, 2014. - 288 c. : uin. - bubnuorp. B kH. - ISBN 5-86404-
051-7 ; [Dnextponnsiit pecype]. - URL: http://biblioclub.ru/index.php?page=book&id=447687

KoHTpoiIbEHBIE BOIPOCHI JIUISL CAMOIIPOBEPKH

1. Yewm oneHuBaeTCs MPOU3BOAUTEIHHOCT DBM?
2. Kakune mabs umeer DBM?

JladopaTopHasi padora Ne 4
OT/10KeHHBIH 3aIVCK KOMAaH/I.

[{enb pabOTHI:

Hamucats mporpamMmy € UCITIOJIb30BAHUEM OTIIOKCHHOI'O 3aITyCKa KOMaH.

By 3aHgITHS B MHTEpAKTUBHON, aKTUBHOM (hOpME: BBIMIOJIHUTH 3aJlaHINE U O3HAKOMUTHLCS C COCTa-
BOM U XapaKTEPUCTUKAMU.

3amanue:

1. IIporpammupoBaHMe€ 3a/1a4¥ C UCIIOJIB30BAHUEM OTJIOKEHHOTO 3aITyCKa KOMaH/I.

TlopsiiOK BLIMOJHEHNUS:
Ha ocHoBanuu 3amanusi, NOJTYyYEHHOTO Y IPENOAABATENS, IPOU3BECTH OTJIOKEHHBIN 3aITyCK
KOMaH/I.

dopma OTUYETHOCTH:
OTyeT He NPeyCMOTPEH.

3amaHus 11 CaMOCTOSITENbHOM paOOThL:

N3yunTh KOMaHIbI OTIIOKEHHOTO 3aITyCKa KOMaH]I.

PexoMeHiaMy 1o BEINOJHEHUIO 33JIAHUH U OATOTOBKE K 3aHITHIO

O3HaKOMUTBCA C TEOPETHUYECKUM MaTepuajioM, TMPEACTABICHHBIM B OS-M pas3fenie JaHHOU
JTUCITUTIMHBL U y4eOHOM TTOCOOHH.

OcHoBHast TuTeparypa
1. CaxneB, A.M. IludpoBbie ycTpoHCTBa W MHUKPOIPOIECCOPHl : ydyeOHOe mocodue /
AM. Caxues, WU.C. Toippikun ; HoBocuOMpCKuil ToCyaapCTBEHHBINM arpapHblil YHUBEPCHUTET,
Nnxenepusiii nactutyt. - HoBocuGupck : UL HT'AY «3omoToit komoc», 2015. - 158 c. : cxewm,
tabu.; [Dnexrponnslit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=458701
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JlononHuTEIbHAS TUTEPATYPa
1. Munsmukos, B.H. [Iporpammuposanue Ha si3bike accembiepa IBM PC : ydyeGHOe mocobue /
B.H. [Tunemukos. - M. : luanor-MU®U, 2014. - 288 c. : un. - bubnuorp. B kH. - ISBN 5-86404-
051-7 ; [Onekrponnsii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=447687

KoHTpoIsHBEIE BOIPOCHI JIUIS CAMOIIPOBEPKH

1. Yem Takoe OTIOKEHHBIN 3aITyCK KOMaH]1?
2. Kaxwe 3amaun MOKHO peniaTth ¢ TOMOIIBIO OTIIOKEHHOTO 3aITyCKa KOMaH/?

JlabopaTopHasi padora Ne 5
HN3yuenne coctaBa u xapakrepuctuk pooora PASCAL DELTA 1-3X-USB+.

[{enb paboOTHI:
W3yuuts coctaB u xapakrepuctuku pooora PASCAL DELTA 1-3X-USB+.
Buj 3aHsTHS B MHTEPAKTUBHOM, aKTUBHOM (hOpME: BBINOJHHMTH 3aJaHHE U O3HAKOMUTHCS C COCTa-
BOM U XapaKTEPUCTUKAMHU.
3ajaHue:

1. U3yuuth cocTaB 3BeHbEB U 000pyHOBaHUs POOOTA.

2. W3yunTh XapakTepucTHUKH poOoTa.

ITopsA 10K BBIIOIHEHHUS:

Ha ocHoOBanuuM mpejacTaBIeHHOTO poOOTa ONPEICTUTh COCTaB 3BEHBEB, MX (YHKIHHU, a
TaKXe cocTaB 000pyIOBaHUA Ui JAaHHOTO poOoTta. M3yuuTh U onucaTh XapakTepUCTHKU poOoTa,
ero (yHKIIMOHAJIbHbIE BO3MOKHOCTH.

dopma OTYETHOCTH:
OTyeT He NpeyCMOTPEH.

3agaHus IS CaMOCTOSITEILHOM PAOOThI:

M3yunTh OCHOBHBIE XapaKTEPUCTUKH U COCTaB POOOTOB-MaHUITYJIATOPOB.

PexoMeHaalny 1mo BeINOJTHEHUIO 3aJaHUM U HOATOTOBKE K 3aHATHIO

O3HAKOMHUTHCS C TEOPETUYECKHMM MAaTEpHaIOM, WPEJACTABICHHBIM B 16-M pasjgene naHHOU
JTUCIUIIMHBL U y4eOHOM TTOCOOUH.

OcHoBHast uTeparypa

1. CaxneB, A.M. IludpoBsie ycCTpoWCTBa W MHUKPOIPOIECCOPHI : YydeOHOe Tmocodue /
AM. Caxunes, WU.C. Toipbiikun ; HoBocnOGUpCKuil rocyaapCTBEHHBIH arpapHblil YHUBEPCHUTET,
Wnxenepuslii uHCTUTYT. - HoBocuOupck : UL HI'AY «3omnoroit konocy, 2015. - 158 c. : cxewm,
tabum.; [Dnexrponnslit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=458701

JlononHuTEeNbHAS IUTEPATYypa
1. Munsmukos, B.H. [Iporpammuposanue Ha si3bike accembnepa IBM PC : yyeOnoe mocoOue /
B.H. TTwienukos. - M. : Imanor-MU®U, 2014. - 288 c. : wi. - bubnmorp. B kxH. - ISBN 5-86404-
051-7 ; [Onextponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=447687
KoHTposbHbIE BONIPOCHI /i1l CAMOIPOBEPKHU

Yro Takoe poOoT?

Yrto Takoe MaHUITYJISATOP?

Kaxkue 3BeHbs BXOIAT B cocTaB poboTa’?

HasBaTh 0CHOBHBIE COCTaBISIONINE CUCTEMBI YIIPaBIECHUS pOOOTa.

NS
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10. TIEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT Ui, UCTTIOJb3YEMBIX ITPU
OCYHECTBJEHUU OBPA30OBATEJIBHOI'O ITPOIECCA 11O JUCHUITJIMHE
HNudopmannonno-koMmmynukannonnsie trexnonoruu (MKT) — npenogaBarens ucmnonb3yer

TS

- MOJIy4CeHUS UH()OPMAIIMU TIPH MTOATOTOBKE K 3aHATHSIM,

- CO3JIaHMS MIPE3EHTAIMOHHOTO COITPOBOK/ICHHUS JICKIIHH;,

- UIHTEPAKTUBHOTO OOIICHUS;

- OC Windows 7 Professional;

- Microsoft Office 2007 Russian Academic OPEN NO Level,

- AuTHBHpYyCHOE IporpamMmuoe obecrnieueHue Kaspersky Security;
- I1O “Antumnaruar”.

11. OMUCAHUE MATEPHUAJIBHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOMI
JJIs1 OCYIIECTBJIEHUSA OBPA30OBATEJIBHOI'O ITPOLHECCA ITO JUCIUIIVIMHE

Buo Haumenosanue Ilepeuensv ocnosnozo No JIP unu 113
3anamus ayoumopuu 0bopyoosanus
1 2 3 4
113 JlaGoparopuss pobototex- | [lepcoHanbHbIE KOMIBIO- I13 Ne 1-5
HUKHU TEPbI
Cp 433 - -
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®OHJA ONEHOYHBIX CPEACTB AJ1d TPOBEJEHUSA

puioxenue 1

MPOMEXXYTOUYHOM ATTECTAIIMHA OBYYAIOIIUXCA MO JUCIHUILINHE

1. Onucanue ¢GpoHIa OLEHOYHBIX CPEACTB (MMACHOPT)

Ne
KOMIIe-
TeHUNH

DJIeMeHT
KOMIIeTeHINH

Pa3gen

Tema

®OC

[1K-6

CIOCOOHOCTH TIPO-
W3BOJIUTH PacCyeThl
U NPOEKTUPOBAHUE
OTJIENbHBIX OJIOKOB
U YCTPOWCTB CHC-
TeM aBTOMAaru3a-
MU U YIpaBICHUSA
U BBIOMpATH CTaH-
JapTHBIE CpEACTBA
ABTOMAaTUKH, W3-
MEPHUTEIIBHOMN 51
BBIYMCIIUTEIIBHOU
TEXHUKU AJI IpO-
€KTUPOBAaHUSA CHUC-
TEM  aBTOMAaTHU3a-
WU U YIpaBJICHUs
B COOTBETCTBUU C
TEeXHUYECKUM  3a-
JaHUEM

1. Bsepenue. Uc-
TOpHs pa3BUTHS
MHKPOITPOLIECCO-
pOB.

1.1 IlepBoe mokoneHue DBM.
1.2 Bropoe nokonenne DBM.
1.3 Tpetbe nokoneHue IBM.
1.4 YetBeproe MOKOJICHUE
OBM.

Bomnpocsl k
9K3aMeHY

2.Buyrpenusis
CTPYKTypa MHKpPO-
IIPOLIECCOPOB.
ITpunuune!
Heiimana.

¢doHn

2.1 OmnpeneneHue MHUKPOIPO-
neccopa.

2.2 Hcropust pa3BUTHS MHK-
POIIPOLIECCOPOB.

2.3 Apxwurektypa ¢on Heiima-
Ha.

2.4 llpuanunsl o Heitmana.

Bompock! k
JK3aMEHY

3. Kuaccudukanus
MHUKPOIIPOLIECCO-
pOB.

3.1 Knaccudpukauus MHUKpO-
MPOIIECCOPOB 10 YUCITY OO0JIb-
IINX UHTETPAIBHBIX CXEM.

3.2 Knaccudpukauus MHUKpO-
MPOIIECCOPOB IO HA3HAYCHUIO.
3.3 Knaccudukanus MHUKPO-
MPOIIECCOPOB TI0 BUIY 00paba-
THIBAEMBIX CUTHAJIOB.

3.4 Krnaccudukanus MHUKPO-
MPOLIECCOPOB [0  XapakTepy
BPEMEHHOMN OpraHU3aluu.

3.5 Knaccudukanus MHUKPO-
MPOLIECCOPOB 0 OPraHU3aLUH
CTPYKTYPBHI.

3.6 Knaccuukanus MHUKPO-
MPOLIECCOPOB IO KOJHYECTBY
BBITIOJTHSIEMBIX TIPOIPaMM.

Bompock! k
JK3aMEHY

4, BHyTpeHHss
CTPYKTypa MHKPO-
MIPOIIECCOPOB.
Apudmernko-
JIOTHYECKHH OJIOK.

4.1 Apudmernko-norundeckuit
OJI0K.

4.2 OcHOBHBIE XapaKTEPUCTH-
KH MHUKPOTIPOIIECCOpa.

4.3 CtpykTypa THUIIOBOI'O MHUK-
porporieccopa.

BrmonHenne aneMeHTapHBIX
onepanuit

Bomnpocsl k
9K3aMEHY

5. YerpoitcTBoO
YIpaBIICHHUSL.

5.1 IlpuHUIHMN yrpaBieHus.

5.2 Opranuzanus ycTpONCTB
yIpaBIICHUSL.

5.3 YCTpoHCTBO yIIpaBICHHS
MHKpOIIpoLeccopa.

5.4 OcobGeHHOCTH MTPOTrpaMM-
HOTI'0 ¥ MUKPOIPOTPaMMHOTO
yIpaBJIeHUs

Bomnpocsl k
JK3aMeHy

6. Cucrema KOMaH[
MHUKPOIIPOIIECCOopa.

6.1 OmnrumanbpHasg
KOMaH/I.

CcUCTEMAa

Bomnpocsl k
SK3aMEHY
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6.2 ®opMaT KOMaH/BI.

6.3 Kitaccudukarust komas.
[Ipumepbl KOIUPOBAHUS KO-
MaH]I.

7. Pexumbl paboTHI
MHKPOIIpOLEccopa.

7.1 PesxxuMbl pabOTBHI MHKPO-
poreccopa.

3aMMIIeHHBIN PEXKUM.
PeanbHbIil pexxum.

7.2 PexuM CUCTEMHOIO
YIIPABJICHHUSL.

[lepeximoueHne MexXIy peKu-
MaMH.

Bomnpocsl k
IK3aMEHY

8. Ilpuniuns! ¢op-
MHUPOBAHUS aapec-
HOTO MPOCTPAHCT-
Ba.

8.1 Cpena BBITIOJTHCHHS 3a/1a-
9. APXHTEKTYPHBIC PEIICHUS
MHUKPOTIPOLIECCOPOB.

Bomnpocsl k
9K3aMeHY

9. Cucrema ajpe-
CaruH.

9.1 Pexumsl agpecanuu.
9.2 CniocoObI agpecartum.
9.3 PexxuMmsbl aapecanuu orie-
pannoB. Bo3MOXHOCTHM MUK-
POIPOLIECCOPOB IO aIpecalty.

Bomnpocsl k
JK3aMEHY

10. Tlamate kak
(YHKIMOHANBHBIN
y3ed.

10.1 BnytpeHHss
KOMIIBIOTEpA.

10.2 TexHONOTHS TIPOU3BOJICT-
Ba MHTETPAIBHBIX CXEM.

10.3 OcHOBHBIE XapaKTepHu-
CTUKM  IIOJYIPOBOJHUKOBOM
MaMsATH.

IaMATh

Bomnpocsl k
JK3aMEHY

11. Mpwusrmner op-
raHU3aIuHU TaMSITH.

11.1 Opranumzauus  ¢usuye-
CKOU MaMATH.

03y, M3Y u FLASH - mna-
MSITh.

11.2 Jlormueckass CTpyKTypa
OCHOBHOM ITaMSATH.

Bomnpocsl k
3K3aMEHY

12. BupryanbHas
[aMSITh.

12.1 Mopaenu maMAaTH.

12.2 TloHsATHE O CETMEHTUPO-
BaHHOI MOJIEIN TTaMSITH.

12.3 TlonsiTHe O CTpaHUYHOU
MO/JICIIM IIaMSTH.

12.4 CermMeHTHO-CTpaHUYHAS
MOJIEJNIb TTAMSTH.

12.5 ITnockast MOJIeNb TaMSITH.

Bomnpocsl k
3K3aMEHY

13. lpepsiBanwus.

13.1 [onsATHE TIPEPHIBAHHUSI.
13.2 Knaccudukauus mpepsl-
BAaHHM.

13.3 Buemnrane npepsIBaHusl.
13.4 Cucrema mnpepbIBaHUM.
AnmnapaTHble U MPOTPaMMHBIE
CpelicTBa CUCTEMBI IpephIBa-
Huil. OO0paboTKa NpephIBaHUM
B PEANBLHOM PEXHIME.

Bomnpocsl k
9K3aMEHY
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14. IMoxnepsxka 14.1 MHOro3ama4ysoCcTh — OII- BOHpOCI:I K
MHOTI'03aJIaYHOCTH. peaciiCHue, UCTOPUA PA3BUTHUA. BKBaMCHy
14.2 Pexxnmbl MHOT03a1a4HO-
CTH.
14.3 HeBbITECHSIOIAsT MHOIO-
3aa4HOCTb.
14.4 MmHoro3aga4yHocTb B 3a-
HIUIIEHHOM PEXUME.
15. TIporpammsr- | 15.1 Metonsl u cpencrsa ot- | Bompocsl k
OTJIATYHUKH. JIAIKU. OTJ'IaI[Ka Ha IIpUMEPEC 3K3aMeHy
nporeccopa 486.
16. [puaune: | 16.1 IIporpammupoBanne | Bompocs! k
IIpOrpaMMUpPOBa- MHKpoIIpoleccopa. S9K3aMEHY
HHMSL MHKpOIpolec- | MallMHHO-OPUEHTUPOBAHHBIE
COpPOB. S3BIKH.
16.2 SI3bIKM BBICOKOTI'O YPOBHSL.
Crenuanu3upoBaHHbBIC S3BIKH.
17. Komanasl s3bl- | 17.1 OcHoBHele rpynmel one- | Bompockl k
Ka Accembiep parmii. DK3aMEHY

MHeMOKOABl KOMaHJ Mpolec-
copa Pentium.
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2. JK3aMeHallHOHHbIE BONPOCHI

Ne m HammeHo-

Ne | Kowmereriun 3K3AMEHALIMOHHBIE BOITPOCHI | panne
n/n Kon Onpenesnenne pasaeaa
1 2 3 4 5
I[IK-6  cnocobHocts mpoms- | 1.1 Ileppoe nokonenne DBM. 1.2 Bropoe no- | 1. Beenenue. Uc-
BOIAMTH pacueTel u | KomeHue OBM. TOpUSL  pa3BUTHUS
MPOCKTUPOBAHUE OT- 1.3 TpeTbe nokoJieane DBM. MHUKPOIIPOLIECCO-
JeNBbHBIX  OIOKOB U 1.4 YerBeproe mokoaeHue IBM. POB.
YCTPOMCTB CUCTEM
ABTOMATH3AITHY - 2.1 Omnpenenenne MUKpOTIpOIIECcopa. 2.BHYTpeHHSIs
VIIDARIICHHS ¥ BHIGH- %g I;ICTOpI/IH PasBUTH MHKPONPOLECCOPOB. CTPYKTYypa MHKpO-
.3 Apxutekrtypa ¢pon Heiimana. IIPOLIECCOPOB.
patb CTAHMAPTHRIC | 5 4 MTpunnune: Gon Heiimana. [puanuns  oH
CPEACTBA  aBTOMATH- Heiivama.
KU, U3MEPUTEIBHON U
BBIMUCIUTEIILHON 3.1 Knaccudukamus MHKpOIpoueccopoB 1o | 3. Knaccupukalms
TCXHUKU  JUIA  TIPOCK- | ypcmy GOMBIINX HHTETPATBHBIX CXEM. MHKDOIIPOLIECCO-
THPOBaHUsA CHCTEM | 3.2 Knaccudukamusi MHKPOIPOIECCOPOB IO pOB.
aBTOMAaTHU3AIH U | Ha3HAYCHHUIO.
yrpaBiieHUss B cooT- | 3.3 Knaccudukanus MHMKPOIPOLECCOPOB IO
BETCTBUU C TEXHWYE- | BUIy 00pabaThIBACMBIX CUTHAJIOB.
CKHMM 3aJjaHieM 3.4 Kiaccupukanus MHKpPOIIPOLIECCOPOB IIO
XapakTepy BpEMEHHOI OpraHu3alIyy.
3.5 Knaccudpukanus MHUKPOTPOLIECCOPOB TI0
OpraHM3aIMU CTPYKTYPHI.
3.6 Kitaccudukarust MEKpOIIPOIIECCOPOB TIO
KOJIMYECTBY BBIINNOJIHACMBIX IIPOTrpaMM.
1. 4.1 ApupMeTHKO-TOTHIECKHIA OJIOK.

4.2 OcHOBHBIE XapaKTEPUCTHKH MHUKPOIIpOLEC-
copa.

4.3 CrpyKkTypa TUIIOBOTO MHKPOIIPOLIECCOpa.
BeliosnHEHNE 371EMEHTAPHBIX ONEPALUNA

5.1 IlpuHumn ynpaBieHus..

5.2 OpraHu3zanys yCTpOHCTB yIpaBIeHHS.

5.3 YcTpo#cTBO yIIpaBiICHUS MHKPOIPOIIECCO-
pa.

5.4 OcoOEeHHOCTH MTPOTPaMMHOTO 1 MUKPOTIPO-
TPaMMHOTO yIIPaBIICHHS

6.1 OnTumainpHas cHCTeMa KOMaH/I.
6.2 ®opMaT KOMaH/IBI.

6.3 Kitaccudukaius koMaH.
[Tpumeps! KOAMPOBaHHUS KOMaH]I.

7.1 PexxuMbl pabOTHI MEKPOTIPOIIECCOpa.
3alUIIEeHHBIA PEKUM.

PeanbHblit pexxum.

7.2 PexXuM CUCTEMHOTO YIIPABIICHHSI.
IlepeximoueHne Mexy peKUMaMH.

8.1 Cpena BBITTOTHEHMS 33/1a4H.
ApPXUTEKTYpHBIC PEUICHISI MUKPOTIPOIIECCOPOB.
9.1 PexxuMel ampecariu.

4, BuyTpennsis
CTPYKTypa MHKpPO-
MPOIIECCOPOB.
Apudmernxo-
JIOTUYECKHUN OIIOK.

5. YcerpoiicTBo
yIpaBlICcHHUS.

6. Cucrema KOMaH
MHUKPOTIPOIIECCopa.

7. Pexxumbl paboThI
MHKPOIIPOLIECCopa.

8. [TpuHIHATTE
(dhopMupoBaHuUs
aJIpecHoro npo-
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9.2 Crioco0bl agpecaliy.

9.3 Pexumbl azpecanyu orepaH-
70B.BO3MOKHOCTH MMKPOIPOIIECCOPOB IO af-
pecanuu.

10.1 BHyTpeHHs naMsITh KOMIIBIOTEpPA.

10.2 TexHONOTHS MPOU3BOJACTBA HHTETPATHHBIX
CXEM.

10.3 OcHOBHBIE XapaKTEPUCTUKH IOJYIPOBOI-
HUKOBOU MaMSATH.

11.1 Opranuzanmst GU3NIECKOM mTaMsATH.
O3V, I13VY u FLASH — maMATs.
11.2 Jloruyeckasi CTpyKTypa OCHOBHOH MaMSITH.

12.1 Monenu maMsTH.

12.2 TlousiTHE O CErMEHTUPOBAHHOM MOJIEITH
MaMsATH.

12.3 IloHsiTHE O CTPAaHUYHOU MOAEIIN MAMATH.
12.4 CerMeHTHO-CTpaHUYHAS MOJICIIb ITAMSTH.
12.5 IInockast MoJieNnb ITaMSITH.

13.1 [TonaTue npepbIBaHUSL.

13.2 Knaccuduxarus nmpepbiBaHUM.

13.3 BHemHue npepriBaHusl.

13.4 Cucrema npepbiBaHuil. AmnmapaTHble U
MpOrpaMMHBIE CPEACTBA CUCTEMBI TIPEPHIBAHUI.
O06paboTka npepbIBaHUH B peaIbHOM PEKUME.

14.1 MHOr0o3a1a4HOCTh — OTIPEJICICHHUE, UCTO-
pHs pa3BUTHUS.

14.2 PexuMbI MHOI'03a1a4HOCTH.

14.3 HeBrbITeCHSIOIAs MHOI03aa4HOCTD.

14.4 MHOro3a/1ayHOCTh B 3AIIUIIEHHOM PEXH-
ME.

15.1 Merons! u cpenctBa otnaaku. OTiagka Ha
npumepe npoieccopa 486.

16.1 [IporpammupoBaHe MUKPOIIPOLIECCOPA.
MammHHO-OpUEHTHPOBAHHBIE SI3BIKH.

16.2 SI3BIKM BBICOKOT'O YPOBHSI.
Crenmain3upoBaHHbIE S3BIKH.

17.1 OcHOBHBIE TPYNIIBI OTIEpPALIUi.
MHemoko1p1 KOMaH 1 Tiporieccopa Pentium.

CTPaHCTBA.
9. Cucrema ampe-
caruu.

10. Ilamsate kak

(hyHKIIMOHATBHBII
y3erL.
11. IpuHIUIE
OpraHu3alMyd  Iia-
MSITH.
12. BupryansHas
IMaMATb.

13. TIpepsiBanus.

14. IMoanepsxka
MHOT03a/Ja9HOCTH.

15. TIporpammsi-
OTJIATYHKH.

16. IMpuHIHTB
IPOrpaMMHUPOBa-
HUSL MHKPOIIPOIIEC-
COpOB.

17. KomaHas! s3bI-
ka AccemOep
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3. Onucanne nNokasaresjeil M KpUTEPHEB OLCHUBAHNS KOMIIETCHIUH

Iloka3zaTenu Ounenka | Kpurepuu

3Hathb

IIK-6: OO6yuaroiuiicss JOJKEH BO BPEMS OTBE-
—COCTaB M CPEACTBA MHUKPOIPOIECCOP- Ta MOKa3aTh 3HAHHS: MHKPOIPOIIECCOP-
HBIX CHUCTEM; HBIX CHCTEeM yrpaiieHus. OOydarommuii-
— CMOCOOBI  yIpaBICHUS MHKPOIPOIIEC- OTMWANO | 0 JloMKeH UMeTb HABBIKH BIAJICHHS:
COPHBIMH CHCTEMaMHU POrPaMMHUPOBAHUS ~ MHKPOIPOIIECCO-
Ymers pOB.

IK-6:

- BBIOMpATh METObI U CPEACTBA YIIPAB-

JICHUSI MUKPOTIPOIIECCOPHBIMU CHCTEMA-
MU,

- BBIOUPATh METO/IbI YIIPABJICHUS MUK-
POTIPOIIECCOPHBIMH CUCTEMaMH

Baagernb
IIK-6: OTBeT COePKUT HETOUYHOCTH. J[omo-
-HaBbIKaMH  IIPOTPaMMHPOBaHHA H <ODOILIO HUTEJIbHBIE BOIIPOCHI TPEOYeTCsl, HO
YyHIpaBJICHUA MHUKPOIIPOICCCOPHBIMM p oOy4aroIuiicss C HUMH CIIPABIISETCS OT-
CUCTCMaMHU JIMYHO.
OTBeTHII TOTBKO Ha OAWH BOMPOC, THOO
y/10BJ1e-
TEODH cnabo oTBeTHI HAa 00a Bompoca. Ha no-
P MOJIHUTEJIbHBIE BOIIPOCHI OTBEYAET He-
TeJIbLHO
YBEPEHHO.
HEYyI0B- o
JIeyTHBo Ha o6a Bompoca oOy4aromuiics oTBeda-
- eT HeyOeauTenpHo. Ha nomomHuTens-
p Ho HbIE BOMPOCHI MPENOAABATENS TAKKE HE

MOXET OTBETHUTH.

4. Metoauyeckue MaTepuajbl, ONpeaejsiiolde NMPoueAypPbl OLeHUBAHUS 3HAHMM,
YMEHHi, HABbIKOB M ONbITA 1eATeJIbHOCTH

Juctumuimaa MUKpOKOHTPOJIIEPEI 1 MUKPOITPOIIECCOPBI B CUCTEMAaX YIIPABJICHUS HaIpaBlieHA
Ha U3y4eHHE OCHOB MUKPOIPOIIECCOPHON TEXHUKU, METOJIOB KOHTPOIIs, 0OpabOTKH, aHATu3a Teo-
PETUYECKHUX M SKCIIEPUMEHTAIBHBIX UCCIIeNOBaHUN B cdepe mpodecCHoHANBHOM NesITeTbHOCTH.
N3yueHue qUCHUIIINHEI IPEAYyCMAaTPUBACT:
— JICKIIWH,
— J1ab0opaTOpHBIC 3aHATHUS,
— CaMOCTOSITEIBHYIO PaboTy,
— DK3aMeH
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B xone ocBoenus pasnena 1 «Beenenwne. Mictopusi pa3BUTHS MHUKPOIIPOIIECCOPOB» 00yUaro-
1IMecs OJKHBI UCTOPUIO Pa3BUTHSL.

B xone ocBoenus paznena 2 «BHyTpeHHss cTpyKTypa MUKporporieccopoB. [Ipunnumer Gon
Helimana» oOy4aromuecs JOJKHBI 3HaTh IPUHLUIIBEI TOCTpoeHust OBM .

B xone ocBoenus paznena 3 «Kiaccudukaiyss MUKpOIIPOILECCOPOB» O0YUYAIOUTUECS TOJIKHBI
3HaTh OCHOBHBIE BUJbI MUKPOIIPOLIECCOPOB.

B xozxe ocBoenus pasnena 4 «BHyTpeHHs CTpYKTypa MUKPOIMPOIECCOPOB. ApupMETHKO-
JIOTHYECKUH OJI0K» 00yUaronyecs JOJKHBI 3HaTh OCHOBY CTPYKTYP MUKPOIIPOLIECCOPOB.

B xoxe ocBoeHus pazgena 5 «YCTpoMCTBO yrmpaBieHUs» O0yUYaOIIUECs TOJIKHBI U3YyYUTh
CTPYKTYPY M OCHOBHBIE COCTABJIIOLINE MUKPOIIPOLIECCOPOB.

B xone ocBoenust paznena 6 «Cucrtema KoMaHa MUKPOIPOLECCOpay 00ydaronifecst T0KHBI
YMETh UCIOJIb30BaTh CUCTEMY KOMAaH/I.

B xozne ocBoenus pazgena 7 «PexxuMbl pabOThl MUKPOIPOIIECCOPay 00yYaronrecs T0JKHBI
YMETh OTJIMYATh PEKUMBI paboTsl DBM.

B xonme ocBoenust paznena 8 «lIpunHuumsl popMUPOBaHUS aIPECHOTO MPOCTPAHCTBA» 00Y-
YarOIIUECs JOIDKHBI OBJIAJIETh 3HAHUSMH 10 (HOPMUPOBAHHIO aIPECOB MUKPOITPOIIECCOPOB.

B xozne ocBoenus pazaena 9 «Cucrema aapecanuny o0ydaroiiecs J0KHbI YMETh UCTIOJb-
30BaTh pa3IMUHbIE CIIOCOOBI a/Ipecalii.

B xone ocBoenus paznena 10 «[lamsaTe Kak QyHKIMOHANBHBIN y3€s1» 00ydarouuecs I0JxK-
HBI U3YUYUTh CTPYKTYPY TaMSTHU.

B xone ocBoenus pazaena 11 «[IpuHIUIBI OpraHu3aluy MaMATH» O0yYarOUIUecs TOJKHBI
3HATh NPUHIIUIBI OPTaHU3AIUU TTAMSITH.

B xone ocBoenus pasznena 12 «BuptyanbHas maMsaTh» oOydaroliuecs JOJDKHBI YMETh HUC-
MOJIb30BaTh BUPTYAJIbHYIO MTAMSTh.

B xonme ocBoenust paznmena 13 «IIpeppiBanus» oOyuaromuecss AOKHBI U3YYUTh CHCTEMY
MIpEPHIBAHUS.

B xonme ocBoenus pasnena 14 «[lommepskka MHOT03aJaqHOCTH» OOYYaIOIIMECS JOJKHBI
3HATh MPHUHIIUI MHOT033JJaYHOCTH.

B xone ocBoenus paszmena 15 «I[Iporpammbi-oTinagyuku» oOydaromuecs JOJDKHBI YMETh
MPOBOJIUTH OTJIAJIKY C TIOMOIIBIO PA3TMYHBIX MPOTPAMMHBIX CPEJICTB.

B xone ocBoenus pazaena 16 «[IpuHIMIBI TpOrpaMMHUPOBAaHUS MUKPOMPOIIECCOPOBY 00Y-
YaOIIMECS JOJKHBI YMETh TPOTPaMMHUPOBATh MUKPOIIPOLIECCOP.

B xone ocBoenus pasnena 17 «Komanas! si3pika Accembiep» oOydaromuecs JOMKHbBI YMETh
MOJIb30BaThCS] KOMAaH/IAMMU.

B mporiecce BHIMOTHEHUS MPAKTUUECKUX 3aHATUN MPOUCXOAMT 3aKperieHue 3HaHui, gop-
MUPOBAaHWE YMEHHUM U HAaBBIKOB pealN3allMi TPEACTABICHHUS O Pa3JIMYHBIX BEPOSITHOCTHO-
CTaTUCTUYECKUX METO/AX UCCIIEIOBAHUS apaMETPOB.

Pabora ¢ nuTepaTypoil SIBISETCS BaXXHEHITUM DJJIEMEHTOM B TMOJIYYEHHWU 3HAHHUKA 110
mucrurinae. [Ipexae Bcero, HEOOXOIMMO BOCIIONB30BAThCS CIIMCKOM PEKOMEHyeMOH 1Mo JaHHOU
JTUCIHUIUIMHE JIUTEPATypoil. [[OMOJHUTENBHBIE CBEACHUS MO HM3YY4aeMbIM TeMaM MOKHO HAWTH B
nepuoanyeckoi rneyatu u MarepHere.

K sx3ameny gomyckaroTes CTYI€HTBI, KOTOPHIE BHITIONHUIN BCE TPAKTUUECKHE PaOOTHI.

OueHka 3HaHUM, YMEHUHN, HaBBIKOB OCYILECTBIIAETCS B MPOLECCE MPOMEKYTOUYHOM aTTecTa-
1Y 00y4aroIUXCcsl M0 JUCHUILIMHE, KOTOpasi OCYILIECTBISETCS B BUJE SK3aMeHa. [ olleHuBaHus
3HaHUM, YMEHUH, HaBBIKOB HCOJb3yt0TCss @OC 1o AMCHUILUIMHE, COAEPKALIUNA BOPOCH] K IK3aMe-

HY.
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Ipuioxenue 2

AHHOTALIUSA
padoueii mporpaMMbl THCITATITHHBI
MuKpOKOHTPOJLIEPbl H MUKPOIIPOLIECCOPHI B CHCTEMAX YIIPaBJIeHHS

1. Ileab u 327294 TUCHHUILIMHBI

I_[em,}o HU3YUCHUA JUCHUIIIMHBI ABJISACTCA: HpI/I06peTCHI/I€ YMeHI/Iﬁ 1 HABBIKOB HCCJICJOBAHUA
npobiieM B cBOell MpeaMeTHOM oOiacTu, BhIOOpa METOJOB M CPEICTB HMX pEHICHMsS, aHalu3a
PE3YIbTATOB TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX UCCIICI0BAHMIA.

3anaveil M3ydyeHus: ITUCUUIUIMHBI SBIsETCS: (OPMHUPOBAHUE CIIOCOOHOCTEH aHanu3a pe3ysbTa-
TOB MCCJIEI0BaHM, BRIOOPA METOIOB M CPEJICTB PEIICHUS TPOOJIEM B CBOEH MPEIMETHON 00JIaCTH.

2. CTpyKTypa IHCHHUIIHHBI
2.1 Pacnipenenenue TpyJOEMKOCTHA MO OTHEIbHBIM BUAAM Y4e€OHBIX 3aHSTHI, BKIIIOUas camo-

CTOAITENbHYIO paboTy: nekuuu — 36 4., 1abopaTopHble 3aHsThA -18 4., camocrosTenbHas pa-
6ora — 63 u.

OO61mas TpyA0eMKOCTh AUCHHUIUINHBI cocTaBmsieT 144 yaca, 4 3aueTHbIEe €AMHUIIBI.

2.2 OCHOBHBIE pa3/iebl JUCHUTIUHDI:

1- Beenenue. Mcropus pa3BUTHS MUKPOIPOLIECCOPOB.

2- BayTpeHHss cTpykTypa MukpomnpoueccopoB. [Ipunmunst pon Helimana.
3- Kimaccudukaruss MUKpOITPOIIECCOPOB.

4-BHyTpeHHSs CTPYKTYpa MUKPOIPOIIecCOpOB. Apu(METHKO-TOTMUECKHUI OJIOK.
5-YcTpoiicTBO ynpaBieHUs.

6-CuctemMa KOMaH]] MUKpPOIIPOLIECCOPA.

7-Pexxumbl paboThl MEKPOTIPOIECCOPA.

8-IIpuHiuns! GopMHUPOBaHUS aJPECHOTO MPOCTPAHCTBA.

9-Cucrema apecarvm.

10-ITamsTh KaKk (PyHKIIMOHAIBHBIN y3edl.

11-TIpuHIUOBl OpraHU3aui MaMsTH.

12-BupryanpHas namsTh.

13-ITpepriBanmus.

14-TTopnep:kka MHOT03aTAYHOCTH.

15-TIporpamMmbI-OTHaTUHKH.

16-ITpuHIIUIBI TPOTPAMMHUPOBAHHSI MUKPOITPOIIECCOPOB.

17-Komangsr s3eika AcceMOep.

3. [llianupyemblie pe3ybTaThbl 00yUeHHUsl (MepedeHb KOMIeTeHIHiA)
[Tponecc n3yyeHHs JUCHUIUIMHBI HAapaBJieH Ha (OPMUPOBaHHUE CIEIYIONINX KOMITETEHIIUMI:
-[IK-6 cnocoOHOCTH MPOU3BOAUTE PACUYEThl M MPOSKTHPOBAHHUE OTACIHHBIX OJIOKOB M YCTPOWCTB
CHCTEM aBTOMAaTHM3allu{ U YNPaBICHHUS U BBHIOMPATh CTaHIAPTHBIE CPEICTBA aBTOMATHUKH, U3MEPH-
TEIbHOW U BBIYMCIUTENBHON TEXHUKH JJISl IPOCKTUPOBAHUS CUCTEM aBTOMATU3AIMU U YIIPABJICHUS
B COOTBETCTBUH C TEXHUUECKUM 33JaHUEM.

4. Bux npoMeXyTOYHOM aTTecTallu: dK3aMEH
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puioxenue 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 20__ -20 YueoHwlit 200

1. B paGouyto nporpammy o JAUCHUIUIMHE BHOCSATCS CIAEAYIOUINE TOTOTHEHHUS:

2. B pabouyto nmporpaMmMy Mo JUCHUILIMHE BHOCATCS CIEIYIOIIUE U3MEHEHUS:

[Tporoxon 3acenanus kageapnl Ne OT «__ » 20 r.,
(pa3paboTu¥K)

3aBenyronmii kKageapoit

(noonucs) (®.1.0.)
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[IporpamMa cocTaBieHa B  COOTBETCTBUM C  (peAepajibHBIM  TOCYIapCTBEHHBIM
00pa3oBaTeNbHBIM CTaHIAPTOM BBICHIET0 OOpa30BaHUS IO HAMpaBlIeHUIO MOATroToBKU 27.03.04
VYrpaBineHue B TeXHMUECKHX cucTteMax oT «20» okTsaops 2015 1. Nell71 u ydeOHBIM IUIaHOM
OI'bOY BO «bpl'Y» anst 04HOI, 3204HON M YCKOPEHHOU (hopMbl 00ydeHus ot «6» utons 2016 r.
Ned?29.

IIporpammy cocraBui:

Konteirun /1.C., k. T.H, JOIIEHT

Pabouas nporpamma paccMoTpeHa 1 yTBepkAeHa Ha 3aceqanuu kadeaps YTC

oT «28»  nexabps 2018 r., mpoTokon Ne 6

3aBenyronmii kKageapoit N.B. UrnarseB
COI'JTACOBAHO:

3aBeNyIONIHI BBITyCKAIOICH Kadeapoit N.B. Urnartees
Hupextop OuOIMOTEKH T.®. CotHuK

Pabouas nporpamma oj00peHa METOIMUYECKOi KoMuccuen paxkyapTera JuA
oT «28» _ nexabps 2018 r., mpoTokoia Ne 5

Hpencez[aTeJIL METOINYECKON KOMUCCHH (baKyaneTa

COI''TACOBAHO:

Havanpauk
y4eOHO-METOIUUECKOr0 YIPaBICHUs I'.I1. HexxeBeny

Perucrpanmonnsiii Ne



