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OO0 aBTOpE

BOuapro C. TaneHOaym morydmsi cTelieHb OakajiaBpa €CTeCTBEHHBIX HayK B Maccady-
CETCKOM TEXHOJIOTMYECKOM MHCTUTYTE U CTeIleHb JOKTOpa B YHMBepcutere Kanudop-
Hun B bepkiu. B HacTosee BpeMs siBisieTCs podeccopoM AMCTEpIaMCKOTO YHUBEPCH-
Teta B Hunmepnanmax, rjie BO3MIaBIISIET TPYIIITY Pa3pabOTYMKOB KOMITBIOTEPHBIX CUCTEM.
OH Takke BO3IVIABJISET (paKy/abTeT BHIUMCIUTEILHON TEXHUKM (MEXBY30BCKYIO acCII-
paHTypy, B KOTOPOI MCCIIEAYIOTCS U pa3pabaThIBAIOTCS CUCTEMBbI MapauiebHOI o0pa-
OOTKM, pacIipeleIeHHbIe CUCTEMBI I CUCTEMBI (DOPMUPOBaHMS U300paxkeHus). Tem He
MeHee OH BCeMH CHJIaMU CTapaeTcsl He TIPEeBPaTUThCs B OIOpOKpara.

B niporniom oH 3aHMMaICS KOMITWJISITOPAMM, OTIEPALlIMOHHBIMK CHCTEMAMM, CETSIMU
1 JIOKAJIbHBIMU pacIipelie/IeHHbIMY cucTeMaMt. Ero Hacrosiiiee ucciieioBaHue CBSI3aHO
€ pa3pabOTKOii TIIO0ATBHBIX PACIIPEACIIEHHBIX CCTEM, KOTOPhIE BKIIIOYAIOT B CEOST MIJI-
JIMOHBI TI0JIb30BaTesel. Pe3ybTaToM 3TUX UCCIeI0BaTEIbCKUX MPOEKTOB CcTaiv 85 cTa-
Teit, oyOJIMKOBaHHBIX B pa3HBIX XKypHaJlaX, BRICTYIUICHUST Ha KOH(EPEHLIMSIX 1 5 KHMT.

ITpodeccop Tanenbaym pa3padaTbiBaeT mporpaMMHoe obecriedyeHre. OH SIBIIsSIeTCS
IJIaBHBIM pa3paborunkoM makera «Amsterdam Compiler Kit» (Habopa MHCTpyMeHTaIb-
HBIX CPEJICTB JIJIsI HAIIMCAHMS IOPTATUBHBIX KOMITWJISITOPOB), a TAKXKe Pa3pabOTYNKOM
cuctembl MINIX (xmona UNIX mjis cTyneHYecKmx 1a00paTopuii ITIpOrpaMMUPOBAHMS).
BMmecte co cBOMME ydeHUKAMU M ITPOrpaMMUCTAMU OH Y4aCTBOBAJI B pa3pabOTKe CUCTe-
MbI Amoeba (3T0 pacmpenejieHHass CUCTeMa C BBICOKOW MPOM3BOAUTEIbHOCTBIO Ha
ocHoBe Mukposiapa). Cucrembl MINIX 1 Amoeba HaxonsITCSI B CBOOOTHOM JOCTYyIIE
B UHTepHeTe.

Ero acrivpaHTBl JOCTUIJIA OOJIBIIMX BBICOT MOCJIE ITOJIYYEHMSI YUEHBIX CTEIICHEI.
OH ouYeHb TOPANTCST UMMU.

IIpodeccop Tanenbaym — wieH AcColMalM IT0 BBIYMCIUTENBHOM TEXHUKE, WICH
HMHctutyTa mHXeHepoB 1o 3ekTporexHuke v 3ekTpoHuke (IEEE), unen Koposnesckoit
TOJUTAHIICKOM aKameM1y HayKu 1 McKyccTBa. B 1994 romy nomydwi ripemuto ot Accolma-
LIVM T10 BBIYMCIUTEILHOM TEXHUKE KaK Bblgaroluiics reaaror. B 1997 romy HarpaxneH
npemueit ot CrieaabHOM TPYIIIHI IT0 00pa30BaHUIO B 00JIaCTH BHIYMCIMTEILHOMN TeX-
HUKU (AccollMaliu IO BEIYUCIUTEIBHON TEXHUKE) 3a BKJIad B 00pa3oBaHUEe B 00JIaCTU
BBIYMCIATEIEHOM TeXHUKU. Ero MMst BKITIOYEHO B CIIPABOMHUK «Kmo ecb kmo» («Who's
Who in the World»). Ero noMaliHior cTpaHU4IKy B UHTepHeTe MOXXHO HAliTH T10 afgpecy
http://www.cs.vu.nl/~ast/.



I[Ipepgucinosue

B ocHoBe nepBBIX TpeX M3AAHUI KHUTH JICKUT UEs O TOM, YTO KOMITBIOTEP MOXKHO pac-
CMaTpuBaTh KaK MepapXWi0 YPOBHEH, KaXKIbIil M3 KOTOPBIX BBHIITOIHSET KAKYIO-T100
OIIpeIe/ICHHYIO (DYHKIINIO. DTO (PyHIAMEHTAJIBHOE YTBEPXKICHUE ceifuac CTOJIb JKe Tpa-
BOMEPHO, KaK I B MOMEHT BBIXOJa B CBET IIEPBOT0 M3IaHNsI, IIO3TOMY MBI ITO-TIPEKHEMY
OepeM ero 3a OCHOBY, Ha 3TOT pa3 yKe B 4eTBepToM M3maHuu. Kak u B MepBBIX Tpex
M3IAHUSX, B 3TOM KHUIE MbI IIOIPOOHO OMMCHhIBaeM LIM(POBOM JIOTMYECKUIA YPOBEHbD,
YPOBEHb apXUTEKTYpPhl KOMAH]I, YPOBEHb OIIEPAIIMOHHOM CUCTEMBI U YPOBEHbD SI3BIKA ac-
cemOJiepa (XOTs Mbl MI3MEHIWIM HEKOTOphIe Ha3BaHUsI, YTOOBI CIe0BaTh COBPEMEHHBIM
YCTaHOBMBIIIMMCSI OOBIYasIM).

B menoM cTpykTypa KHUTH OCTajach MpEXHeEl, HO B YETBEPTOE M3NaHUE BHECCHBI
HEKOTOpPBIE U3MEHEHMSI, YTO OOBSICHSIETCS] CTPEMUTEIBHBIM Pa3BUTHEM KOMITBIOTEPHOM
MPOMBIIIICHHOCTH. Harmpumep, Bce IporpaMMBbl, KOTOpPEIE B IIPEAbIIYIINX M3TaHUSIX
ObUTM HammvcaHbl Ha sI3bIKe Pascal, B yeTBepTOM M3IAaHWU ITeperrcaHbl Ha SI3BIK Java,
YTOOBI IPOIEMOHCTPHPOBATH MOIYJISIPHOCTD sI3bIKa Java B HacTosiiee Bpemst. Kpome
TOI0, B Ka4eCTBE IIPMMEPOB B KHUTE pacCMaTpUBAIOTCS 00Jiee COBpeMEHHBIE MAILIMHEI
(Intel Pentium II, Sun UltraSPARC II u Sun picojava II).

MyJIBETUITPOLIECCOPBI I KOMITBIOTEPHI TTApaJICIbHOTO IECTBUS ITOJYIMIN IIIMPOKOE
pacmpocTpaHeHue, II03TOMY MaTepurall, CBSI3aHHbIN C apXUTEKTypaMU ITapajljIeIbHO-
TO IeCTBUS, OBLT ITOJTHOCTBIO TIepeieiaH M 3HAYMTENIbHO paciiipeH. B 3Toit KHUTe MBI
3aTparMBaeM IIMPOKUIA AMana30H TeM OT MYJIBTUIIPOLIECCOPOB 0 KJIACTEPOB PabOUmX
CTaHLIUN.

C romamm KHUTA YBEJIMIMIACH B 00beMe (XOTS He TaK CWJIBHO, KaK IPYyTHe MOMmyJIsip-
HBIE KOMITBIOTEPHBIC M3AaHUs). DT0 HEM30eXKHO, TTOCKOJIBLKY IIPOMCXOIUT ITOCTOSTHHOE
pa3BUTHE U O TPEeAMETe CTAHOBUTCSI M3BECTHO Bce Oosblie u Oombire. Iloaromy eciu
KHWTA UCTOJIL3YeTCsI B LIEIIIX 00y4eHUsI, HYXKHO MMETb B BHIY, YTO 3TOT KypC MOXET
3aHSTH OOJIee MINTEIEHOE BpeMsl, YeM paHblile. Bo3MOXHBIN BapraHT — M3yJaTh Iiep-
BBIE TPY IVIaBHI, YacTh YETBEPTOM IVIaBHI (IO pasaeiia O pa3paboTKe MUKPOAPXUTEKTYP-
HOTO YPOBHSI BKJTIOUMTEJIEHO) U MISTYIO T7IaBy B KAUeCTBE MUHIMYMa, a OCTABILIEECST BpEMsI
Ha Ballle YCMOTpeHME MOTPaTUTh Ha ILeCTYIO, CEAbMYIO, BOCBMYIO IJIaBbl M BTOPYIO YaCThb
YETBEPTOM TJIaBBI.

B ueTtBepToe M3maHMe BHECEHBI CeAylole n3MeHeHnsT B raBe 1 mo-mipeskHemy
M3JIaraeTCsl UCTOPUST Pa3BUTHSI apXUTEKTYPhl KOMITbIOTEPOB, HO Mbl PACIIMPWIIA PSII
paccMaTpuBaeMbIx MalllMH. B 11aBe BBOASATCS TpyU OCHOBHBIX mpumepa: Pentium II,
UltraSPARC 1I u picojava I1.

Matepuan BTOpoli IJ1aBEl OOHOBJIEH M IiepepadotaH. B Heit MBI paccMaTpuBaeM
COBpEeMEHHEBIE YCTpOiicTBa BBoma-BeiBoAa: mucku RAID, CD-R, DVD, uBeTHble mpuH-
TephI U T. T1.
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I'maBa 3 (umdpoBoii Jormdyeckuii ypoBeHb) MpeTepIieia HEeKOTOpble U3BMEHEHUST —
Teleph B HEll paccMaTpMBArOTCSI KOMIThIOTEpHBIC IIMHLI Y COBPEMEHHEIC YCTPOMCTBA
BBOIa-BbIBoAa. [ 71aBHOE M3MEHEHUE — 3TO HOBBII MaTepual o ImHax (B yactHocTH, PCI
u USB). Tpu HOBBIX IprMepa OIMMCHIBAIOTCS Ha YPOBHE MUKDPOCXEM.

I'naBa 4 (Terepb oHa Ha3biBaeTCsl «MUKPOAPXUTEKTYPHBI YPOBEHb») OblIa ITOJHO-
CTBIO TIepericana. Mmest ICIorb30BaTh IIpuMep MAKPOIIPOTpaMMIPYEMOIA MAIITHEI [T
JIEMOHCTpALIMX paboThl TPaKTa JAaHHBIX ObLJIa COXpaHEeHa, HO B KaueCTBe MpHUMepa B3SIT
coKpaltieHHbIi BapraHTJVM. B cooTBeTCTBUM C 3TVM ObUIa M3MEHEHa MUKPOAPXUTEK-
Typa. B m1aBe mpoaeMOHCTpUPOBaHbI BO3MOXKHBIE KOMIIPOMUCCHI ¢ TOUKM 3PEHMST CTO-
WMOCTH Y TIPOM3BOAMTEILHOCTH. B TTocienHem ripumepe, Mic-4, MCTIoNTb3yeTcsT KOHBE-
ep U3 CeMM CTamuii. DTOT MpUMep HAIISIAHO IEMOHCTPUMPYET OCHOBHBIE IMPUHIIAIIBI
PpaboThl COBPEMEHHBIX KOMITbIOTEpOB (Hanmpumep, Pentium II). K raBe mo6aBiieH HO-
BBII pa3nesl o Ccriocodax yBEIMYEHUS ITPOM3BOIUTEILHOCTY, B KOTOPOM paccMaTpuBa-
FOTCST HOBBIE TEXHOJIOTUM (KAIIIMPOBAaHME, IIPOTHO3UPOBAHNE TIEPEXOIOB, UCITOTHEHNE
C U3MEHEHMEM I10CJIeA0BAaTEIbHOCTH, CIIEKY/ISITUBHOE BBHIIIOJIHEHUE U TIPEIUKALIUS).
HoBbie mprMepsl MaIllMH paccMaTPUBAIOTCS HA MUKPOAPXUTEKTYPHOM YPOBHE.

B raBe 5 (Temeph oHa Ha3biBaeTCs «YPOBEHb apXUTEKTYpPhl KOMaHII») paccKa3bl-
BaeTcs O TaK Ha3bIBAEMOM MAIIIMHHOM SI3bIKE. B KauecTBe OCHOBHBIX IIPUMEPOB 311eCh
ucnionb3yrorcst Pentium I1, UltraSPARC I1 nuJVM.

['maBa 6 (ypoBeHb OMEpPalMOHHOM CUCTEMBI) COAEPKUT MPUMEPHI ONEePalMOHHBIX
cuctem misg Pentium 11 (Windows NT) u UltraSPARC II (UNIX). IlepBas onepaiiu-
OHHasl CHCTeMa CpaBHUTEbHO HOBast. OHa CONEePXKUT MHOXECTBO OCOOEHHOCTEM, KOTO-
pbie ctout uzyuuthb. Cuctema UNIX Bce elle ucnob3yeTcss BO MHOTMX YHUBEPCUTETaX
1 KOMITAaHUSIX, ¥, KPOME TOTO, OHa IOBOJIBHO MPOCTA, TTO3TOMY TOXKE 3aCTy>K/BaeT Hallle-
O BHUMAaHMUSI.

B rmaBe 7 (ypoBeHB sI3BIKa acceMOIiepa) MOSBHIVCH MIPUMEPHI IS TeX MaIlliH,
KOTOpPBIE MBI paccMaTpuBaeM B 3Toil KHure. Kpome Toro, 1o6aBjieH HOBbIII MaTepura
0 IMHAMWYIECKOM CBSI3bIBAHUU.

I'maBa 8 (apxuTeKTypa KOMIIbIOTEPOB IapajlIeIbHOIO AEHCTBHUSI) TTOJTHOCTHIO U3Me-
HeHa. B Heit mompo6HOo ormckiBaroTcs MynbTurnpoiieccopsl (UMA, NUMA u COMA)
U MyabTUKOMIIbIoTepbl (MPP 1 COW).

[TepecMoTpeH CIMCOK TUTepaTyphl. BOJIBITMHCTBO PaboT, Ha KOTOPHIE MbI CChIJTaeM-
Csl B 3TOI KHUTE, OITyOJUKOBAHBI ITOC/IE BbIXOJA TPEThero u3naHus. JIBonyHbIe yncia
¥ YrCiIa ¢ TUIaBalollell TOUKOW He CUIbHO M3MEHWIVCH 3a TTOCIIeIHEE BPEMSI, TIOTOMY
MNPWIOKEHMS BOLIUIM B YETBEPTOE U3AaHKE MOYTU 0e3 N3MEHEHMUIA.

Hakone1, MHOTHME IPOOIEMbI, U3JIOKEHHBIE B TPETheM U3IaHUN, ObUIM TIEPECMOTpE-
HBI ¥ K HIM JIOOABJICHBI HOBEIC.

CywectByeT web-caiit atoii kKHuru. B MHTepHeTe nmerores ¢aitnbl PostScript ais
BCeX WJUTIOCTpalvid. X MOXXHO MOJIydUTh U paciieyaraTh. KpoMe Toro, TaMm MOXXHO Haii-
TU CUMYJISITOP U APYTUE MHCTPYMEHTAJIbHBIE IIPOrpaMMHbIC CPEICTBA. Y HUBEPCAIbHbBIN
aznpec pecypca: http://www.cs.vu.nl/~ast/sco4/

CumyssTop U mporpaMMHbIe cpeacTBa HarmcaHbl Peem OHTKO (Ray Ontko). ABTop
BBIpaKaeT MpU3HATEILHOCTh Peto 3a 3TH Upe3BbIYaitHO T10JIE3HBIE TTPOTPaMMBI.

ABTOp MCKpeHHEe 0J1aronapuT BceX, KTO YMTal PYKOIMUCh JaHHON KHUTU M BbICKa3all
IIEHHBIE 3aMeYaHUsI 1 TIPEIJIOKEHUS WIM 0Ka3al KaKylo-TMOO ITOMOIIb, B YaCTHOCTH
I'enpu bona (Henri Bal), Anana Yapansyoprta (Alan Charlesworth), Kypoia I'apaxop-
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100 (Koorosh Gharachorloo), Mapkyca I'onkanseca (Marcus Goncalves), Kapena I1a-
Hetty Jleni (Karen Panetta Lentz), Tumotu Matrcona (Timothy Mattson), I'apiana
Mak-T'ana (Harlan McGhan), Maiinza Mepnokka (Miles Murdocca), Kasuna Hopmoii-
na (Kevin Normoyle), Maiika O'Konnopa (Mike O'Connor), MutcyHopu Oruxapa
(Mitsunori Ogihara), Pest Outko (Ray Ontko), Acke Ilnaata (Aske Plaat), Bumbsama
IMorBuna (William Potvin IT), Harapaitana ITpadxakapana (Nagarajan Prabhakaran),
Jxeiimca I'. ITarcim (James H. Pugsley), Ponansna H. IlIpenepa (RonaldN. Schroeder),
Paiiana Illymeiikepa (Ryan Shoemaker), Yapanza Cummo-mi. (Charles Silio, Jr.) u [eri-
na Cxpuna (Dale Skrien). Mou yyennku Anpuaad bon (Adriaan Bon), Jlaypa ne Bpuec
(Laura de Vries), onbd Jlot (Dolf Loth), I'vino Ban Hopnent (Guido van't Noordende)
TIOMOTaJIM MHE B pabOTe Hal TEKCTOM, 3a YTO MM OOJIBIIIOE CITacH00.

Oco0yto 6narogapHocTh Beipaxkato Ixumy I'ymmany Qim Goodman) 3a ero BKiaf
B CO3[aHMe 3TOil KHUTHU (B YaCTHOCTH, YETBEPTOM U IATOM I1aB). Mmest nucmosb30BaTh
JVM npuHauieXXut UMEHHO €My, U MUKpOoapXuTekTypa Wi peanuzauuu JVM Toxe
ero. OH e TpeIIoXMI MHOXECTBO HOBAaTOPCKUX naeil. KHura 3HaYnUTeIbHO YITydIIm-
Jlach OJ1aromapsi ero ConeicTBHIO.

Haxowner, s1 xoten 6b1 mobaaroqaputs CrozaHHY 3a TEPIEMBOE OTHOIIIEHUE KO MHE,
HECMOTpPsI Ha TO, 4YTO $I TOJITME Yachl ITpoBoaui 3a cBomM Pentium'oM. C moeli Touku
3peHus1, Pentium — GoJiee ycoBepllieHCTBOBaHHAs MalllMHa, YeM Moii ctapbiii IBM-386,
HO C €€ TOUYKHU 3pEeHMST HUKAKOM pa3HMIILI HeT. Sl Takcke xody nobsarogaputh bapbapy u
MapBuHa 3a To, YTO OHM TaKue 3amMmedaresibHbIe IeTH, a Takke bpama 3a To, 4To OH BeJ
ce0s1 THXO, KOra s Im1cajl 3Ty KHUTY.

DnoproC. Tanenbaym

ACM
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Nhasa 1
NpepucnoBue

LndpoBoii KOMITbIOTEP — 3TO MalllMHA, KOTOPast MOXKET pelliaTh 3a0aui, BBITIOTHSIS JaH-
Hble eif KoMaHael. [locnenoBaTeIbHOCTh KOMaH I, ONMCHIBAIOLINX PEIICHUE OIpeaesIcH-
HOIM 3amauyd, Ha3bIBAaeTCsSl MPOrpamMMoii. DJIEKTPOHHBIE CXeMbl KaXKIIOTO KOMITblOTepa
MOTYT Pacio3HaBaTh W BBITIOJIHATh OrpaHUMYEHHBIA HAbOp MPOCThIX KoMaH. Bce mpo-
rpaMMBI Tiepes] BHITTOJTHEHUEM JOJIKHBI ObITh MpEeBpallleHbl B MOC/IeI0BaTeIbHOCTh Ta-
KX KOMaH]I, KOTOPbIe OOBIYHO HE CIIOXKHEE YeM:

*  CJIOXWTh 2 YUCHA;
* IIPOBEPUTH, HE SABISETCS JIA YKCIIO HyJIEM;
* CKOIMPOBaTh KyCOK JAHHBIX M3 OTHOI YaCTU IMaMITH KOMIIbIOTEpa B IPYTYIO.

DTU NIPUMUTUBHBIE KOMaH/Ibl B COBOKYITHOCTH COCTABJISIIOT SI3bIK, Ha KOTOPOM JIIOIU
MOTYT OOIIIATBCSI C KOMITBIOTEPOM. TaKOM SI3BIK HA3bIBACTCST MAIIMHHBIM SI3bIKOM. Pa3-
paboOTYMK TIPU CO3MaHMU HOBOTO KOMITBIOTEPA IOJKEH pelliaTh, KaKye KOMaHIbl BKITIO-
YUTb B MALLIMHHBIN SI3bIK 3TOT0 KOMITBIOTEPA. DTO 3aBUCUT OT Ha3HAUEHWsI KOMITbIOTepa,
OT TOTO, KaK1e 3ala4ui OH JOJIKEH BITIOJIHATE. OOBIMHO CTapatoTcs cAeaTh MallIMHHbIE
KOMaH/IbI KaK MOHO TPOILIE, YTOObI U30€3KaTh CJIOXKHOCTEN MPY KOHCTPYMPOBAHUM KOM-
MblOTEpa U CHU3UTH 3aTpaThl HA HEOOXOMUMYIO 3JIEKTPOHMKY. Tak Kak OOJBIIIMHCTBO
MallIMHHBIX SI3bIKOB OYeHb TPUMUTUBHbI, UCTIOIb30BaTh UX TPYAHO U YTOMUTEBHO.

D10 IPOCTOE HAOMIONEHNE C TEUCHMEM BPEMEHH TIPUBEJIO K TIOCTPOSHUIO Psiia YPOB-
Helt abcTpakimii, Kaxaasi U3 KOTOPbIX HAaACTpauBaeTcsl Hal abCTpakiyeli 0ojiee HU3KOro
ypoBHs1. UMeHHO TakiM 00pa3oM MOXKHO ITPeOI0IeTh CJIOKHOCTH PV OOLIEHUH ¢ KOMITbIO-
TepoM. MBI Ha3bIBa€M 3TOT IIOAXOI MHOIOYPOBHEBOI KOMIILIOTEPHOI OpraHM3alMe.
Tak MbI 1 Ha3BaaM 3Ty KHMTY. B ciemyroliemM pasmesie Mbl pacCKakeM, YTO IOHMMAaeM
IO, 3TUM TEPMUHOM. 3aTeM MbI pacCKaxkeM 00 KICTOPUY Pa3BUTHSI 3TOM IIPOOIEMBI 1 T10JI0-
JKEHMHU JeJ1 B HACTOSIIIIMI MOMEHT, a TaKxKe pAaCCMOTPUM HEKOTOPbIE BaXKHBIE IIPUMEPHI.

MHOroypoBHeBast KOMMNbOTEPHAS
opraHusauus

Kak Mbl yke ckazaiv, CyllecTByeT OrpOMHasl pa3HMIIA MEXIy TeM, YTO yI0OHO /1S JIto-
JIeii, U TeM, 4TO YAOOHO JIsST KOMITBIOTEPOB. JIFoau XOoTIT caeath X, HO KOMITbIOTEpPhI
MOTIYT cleaTh TOJbKO Y. M3-3a 3TOro Bo3HMKAIOT Ipodiaemsbl. Lleab JaHHOM KHUTH —
OOBSICHUTD, KaK MOXKHO PEIaTh 3TH ITPOOJIEMEI.
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A3bIKK, YPOBHWN 1 BUPTYasibHble MaLUWHbI

ITpobneMy MOXKHO pelliTh IByMsI criocodaMn. Oba 3TH cImocoba BKITIOYAIOT B ceOsI pa3pa-
OOTKY HOBBIX KOMaH[l, KOTOpbIE 0oJiee yA0OHbI 1J1s1 YeJIoBeKa, YeM BCTPOSHHBIE MAIIIMH-
HBIE KOMaH/Ibl. DTU HOBBIE KOMaHIIbI B COBOKYITHOCTH (DOPMUPYIOT SI3bIK, KOTOPBIiA MbI
Oynem HazbiBaTh S 1. BcTpoeHHbIE MallTMHHbBIE KOMaHIbI TOXXE (DOPMUPYIOT SI3bIK, U MbI
Oymem HasbiBath ero A 0. KoMmpioTep MOXeT BBHITIOJIHSTH TOJBKO IPOrpaMMBbl, HaIli-
CaHHbIE Ha ero MalMHHOM s13bike 1 0. YnoMsiHyThIe 1Ba criocoba perieHust poodIeMbl
pa3IMyaroTCs TeM, KaKMM 00pa30M KOMITBIOTEP OYyZIeT BBITOIHSITH IIPOrpaMMbl, HAaITMCAH-
Hble Ha s13bIKe S 1.

IlepBelii cITOcOO BHITOHEHUS IIPOrpaMMBbI, HaITMCaHHOM Ha si3bike S 1, — 3ameHa
KaXKI0i KOMaH/Ibl Ha 3KBUBAJICHTHBII HaObop KoMaH B si3biKe S 0. B 3TOoM ci1ydae KoM-
TMBIOTEP BBHITTOJIHSIET HOBYIO IIPOrpaMMy, HallcaHHY0 Ha si3bike S 0, BMecTo cTapoii Ipo-
rpaMMbl, HarmMcaHHOU Ha SI 1. DBra TeXHOJ0rus Ha3bIBaeTCsl TPAHCIISIMEN.

Bropoii criocod — Hamucanue nporpammel Ha si3bike A 0, koTopast 6epeT mporpam-
MBI, HallMCaHHBIC Ha sI3bIKe 51 1, B Ka4ecTBE BXOMHBIX JAHHBIX, pACCMATPUBAET KAXKIyIO
KOMaH/Iy T10 OUepear M Cpa3y BBIIOJHSET SKBUBAJCHTHBIN HaO0op KoMaH[ si3bika S 0.
DTa TeXHOJIOrUs He TpeOyeT cocTaBIeHUsT HOBOM nporpaMMbl Ha S 0. OHa Ha3bIBaeTCs
UHTeprpeTamyeii, a nporpaMma, KOTopasi OCYIIECTBIISIET UHTEPIPETAIIUIO, HAa3bIBAETCSI
MHTEPIPETATOPOM.

Tpancasiys u uHTeprpeTanys cxoqHsl. [1py mpuMeHeH 000MX METOIOB KOMIThIO-
Tep B KOHEUHOM MTOIE BBHITOIHSIET HA0Op KoMaH Ha s13biKe S 0, 3KBMBaJIeHTHBIX KO-
MaHgam 1. Paznuyue Iuinb B TOM, YTO TIpU TpaHCISILIMU Bes Tporpamma S 1 mepene-
nbiBaeTcs B miporpammy S 0, mporpamma S 1 orOpackiBaeTcs, a HOBasl MporpaMMa Ha
A 0 3arpyxaeTcs B MaMsITh KOMITBIOTEPA U 3aTEM BBITIOJHSIETCSI.

ITpu uHTepnpeTaluu Kaxaas komaHaa rnporpamMmmbl Ha I 1 nepekonupyercs B A 0
U cpa3y Xe BBINOJHSIETCSI. B oTimure ot TpaHCIIAIMK, 31eCh He CO3MaeTcsT HOBas Ipo-
rpamma Ha f 0, a TpOMCXOIUT TOC/IeAO0BaTe/IbHAS MEPEKOANPOBKA 1 BHITIOJTHEHUE KO-
maHa. O0a 3TH MeTofa, a TAkKe MX KOMOMHALIMS IITMPOKO MCIIOIb3YIOTCS.

OOBIYHO TOPa3Io TMPOILIE MPEACTaBUTh CeOe CYIIIECTBOBAHUE TMITOTETUYECKOTO KOM-
MBIOTEpPa WM BUPTYAJIbHOMH MAIIMHBI, 111 KOTOPOM MAIlIMHHBIM SI3BIKOM SIBJISIETCST SI3BIK
A 1, yem gymaTh O TpaHCISILUM U MHTepIIpeTauuu. Ha3zoBeM Takyio BUPTyaJbHYIO Ma-
mmHy M 1, a BUpTyanbHyro MalmHy ¢ S36IKoM S 0 — M 0. Ecim 651 Takyio Mammay M 1
MOXKHO OBLTO Obl CKOHCTPYMPOBATh 0€3 OOJIBIINX ACHEXKHBIX 3aTpaT, A3bIK A 0, 1a 1 Ma-
IIIMHA, KOTOpasi BBITOIHSIET IMporpaMMbl Ha si3bike S1 0, Ob1i ObI He Hy>XKHBL. MOXHO
OBLIO OBI MPOCTO IKCATh MPOrpaMMbl Ha s13bIKe S 1, a KOMIbIOTEp cpasy Obl MX BBIMIOJ-
Hs1. [lae eciii BUpTyasibHasl MaIllHA CJIMIIIKOM JOPOTra WK €€ O4eHb TPYIHO CKOHCT-
pYyVpOBaTh, JIIOAM BCE XK€ MOTYT TMHCaTh MPOTrpaMMBbI JJIsl Hee. DTU MPOrpaMMbl MOTYT
TPaHCIMPOBATHCS WY MHTEPIIPETUPOBATHCS IIPOrPaMMOLi, HarMcaHHOM Ha si3bike £ 0,
KOTOpasl camMa MoOIa Obl BBITIOJHSITHCS (PAKTUUECKU CYIIECTBYIOIIUM KOMITBIOTEPOM.
JpyriMu c0BaMM, MOXKHO THMCATh IIPOrPaMMBbI JIJISI BUPTYaJIbHBIX MaIlliH, KaK OyaTo
OHM JIEHCTBUTEIBHO CYILIECTBYIOT.

YToOBI TpaHCSLUS M UHTEPIIpeTalvs ObLIY 1esiecoo0pa3HbIMU, sI3bIku S 0 1 4 1
HE JOJDKHBI CWIBHO Pa3IMdaThes. DTO 3HAYNT, 4To A3bIK A 1 xoT14 1 tyuine, yem A 0, HO
BCe 3Ke Jajiek oT unaeana. Bo3MoXHO, 3T0 HECKOJIBKO 00eCKYpaKUBaeT B CBETE MEPBOHA-
YaJIbHOM 1IeJIA Co3maHms si3bika Sl 1 — ocBOOOIUTH IMMPOrpaMMICTa OT OpeMEH! HaIlvca-
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HUSI TIPOrpaMM Ha sI3bIKe, KOTOPBI 0ojiee yIoOeH IJIs1 KOMIIbIOTEpa, YeM JUTS JyeIoBeKa.
OmHako cuTyarus He Tak Oe3HameKHa.

OueBHUIHOE pellIeHHEe 3TOM MPOoOJEMbI — CO3AaHNE €llie OAHOI0 Habopa KOMaHI, KO-
TOpbIE B OOJIBIIIEH CTENIEH OPUEHTUPOBAHbI Ha YeJIOBEKA M B MEHBIIIE CTENIEHN Ha KOM-
nptotep, yeM A 1. DroT Tpetuit Habop KoMaH Takxke (hOPMUPYET SI3bIK, KOTOPHIA MbI
OyneM HasbiBaTh f 2, a COOTBETCTBYIONIYIO BUPTYyaJibHYIO MaimHy — M 2. Yenosek
MOXET IHCaTh IporpaMMbl Ha si3biKe Sl 2, Kak OyATo BUpTyaibHAsl MAllIMHA C MALIMHHBIM

A3BIKOM A 20eiicmeumenvrocyuecmeyem. TaxkuenpoepammovlMo2ymuiumpancaupo-
éambCcAHASI3bIK A 1, Unu8bIN0AHAMbCAUHMEPNPEMAMOPOM, HANUCAHHBIMHAA3bIKE A 1.

M3o0peTeHue 1e10r0 psijia I3bIKOB, KAkl U3 KOTOPBIX 00Jiee yI00eH M5 YeJIoBe-
Ka, YeM MPeIbITyIINii, MOXKET MPOa0JIKAThCS 10 TEX MOP, TTOKa Mbl HE TOMIEM JI0 TOIX0-
JISIIEro HaM si3bika. Kaxplid Tako# sI3bIK UCIIOBb3YET CBOETO MPENIIECTBEHHUKA KaK
OCHOBY, MO3TOMY Mbl MOXEM paccMaTpuBaTh KOMITBIOTEP B BUIE psiia YPOBHEU, Kak
nokaszaHo Ha puc. 1.1. A3bIK, HAXOASIIIUIACS B CAMOM HU3Y UEPAPXUUECKOI CTPYKTYPhl —
CaMblil IPUMUTUBHBIN, 4 HAXOASILMIACS HA CAMOM BEPXY — CaMblil CJIOJKHBINA.

Mporpammbl Ha a3bike 9 1 1nbo

MNHTEPMNPETMPYIOTCS NPOrpPamMmMoi-
YpoBeHs N BupTtyanbHas mawmHa M n / MHTEpPNpeTaTopoM, paboTatoLLei
C MaLUMHHBIM A3bIKOM A N Ha MaLumHe 6onee HU3KOro YPOBHS,
B0 TPAHCNNPYIOTCS HA MALUMHHBIA
. S13blk MaLLNHBI 60NEE€ HN3KOI0 YPOBHS
.
YpoBeHb 3 BupTtyanbHaa mawmnHa M 3
C MaLUMHHBIM A3bIKOM A 3

Mporpammbl Ha A3bike A 1 6o
WHTEPMNPETMPYIOTCS NporpaMmmamu-
/ WHTeprpeTaTtopamu, paboTaloLmmm
Ha mawuHe M 1 unu M 0, nnbo
TpaHcampytoTcaHa A 1 unnd 0

YpoBeHb 2 BupTtyanbHaa mawmHa M 2
C MaLLNHHbBIM A3bIKOM A 2

MporpamMmmel Ha A3bike A 1 6o
VHTEPNPETMPYIOTCA NPOrpamMmoin-
MHTEONpeTaTopoM, paboTaroLei

\

BupTtyanbHas mawmvHa M 1

YpoBeHb 1 C MaLUMHHbIM 3bIkoM 9 1 Ha kawuHe M 0, nuéo
TpaHcnupytoTca Ha A0
Mporpammbl 9 0 HenocpeacTBEHHO
BupTyanbHas matumHa MO M BbIMOJIHAIOTCS 3NIEKTPOHHBIMU CXeMamu
YpoeHbO

C MaLUWHHbIM 93bIkoM A O

Puc.1.1. MHoroyposHesas MalumHa

Mexxy SI3bIKOM M BUPTYaIbHOM MAaIlIMHOM CYLIECTBYET BaXKHasi 3aBUCMMOCTb. Y KaX-
JIOW MalllMHbI €CTh KaKOW-TO OINpEeAeJEHHbIA MAIUMHHBIA SI3bIK, COCTOSILIMIA U3 BCEX
KOMaH]I, KOTOpbI€ 3Ta MalllMHA MOXET BBIMOJHATh. B CylIHOCTH, MallliHaA OMpeaessieT
s13bIK. CXOTHBIM 00pa3oM SI3bIK OIpelesIsieT MallMHY, KOTOpasi MOXKET BBITIOJIHSITH BCE
MporpaMMbl, HalTMCaHHbIE HA 3TOM $SI3bIKe. MallliHY, 3a1al01LyI0Cs OIpeae/IEHHbIM S13bI-
KOM, OY€Hb CJIOXKHO 1 IOPOro CKOHCTPYUPOBATh U3 3JIEKTPOHHBIX CXEM, HO MBI MOXKEM
MpencTaBUTh cede TaKyro MammHy. Komrtsiorep ¢ MammHHBIM s1361KoM C++ 1t COBOL
OB OBl CJIUILIKOM CJIOXHBIM, HO €0 MOXHO ObLIIO OBl CKOHCTPYUPOBATh, €CJIA YUUThI-
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BaTh BbICOKMI YPOBEHb COBPEMEHHBIX TeXHOJIOTHIA. OMHAKO CYIIECTBYIOT BECKME MPU-
YUHBI HE CO3aBaTh TAKOU! KOMIIBIOTED: 3TO CIULLIKOM CJIOXKHO 10 CPABHEHUIO C APYTUMU
TEXHUYECKUMU TTPUEMaMU.

KoMrmbioTep ¢ T YpOBHSIMU MOXHO paccMaTpUBaTh Kak I Pa3HBIX BUPTYATbHBIX
MallIMH, Y K&XKI0H 13 KOTOPHIX ECTh CBOM MAIIIMHHBIM SI3bIK. TepMUHBI «ypOBEHb» U «BUP-
TyalbHasl MalllMHAa» MBI OyIEeM UCMONb30BaTh KAK CWUHOHUMBI. TOJBKO MTPOTpaMMBI,
HarmicaHHble Ha S 0, MOTYT BBITTOJIHSITHCST KOMITBIOTEPOM O€3 TTPUMEHEHUS TPAHCISILIMKI
" vHTepnperaunu. [Tporpammbl, HancanHbie Ha S 1, 5 2, ..., S 11, TOJDKHBI MPOXOIUTD
Yyepe3 MHTEePIIPETaTop 0oJiee HU3KOTO YPOBHS UJIM TPAHCIMPOBATHCS Ha SI3bIK, COOTBET-
CTBYIOIINI 00JIee HU3KOMY YPOBHIO.

YemnoeKy, KOTOPBII MAIIET MPOTPAMMBI TSI BAPTYATbHOM MAIIMHBI YPOBHS 11, HE 00SI-
3aTeIbHO 3HATh O TPAHCJSITOPAaX U MHTepIIpeTaTopax OoJjiee HU3KMX ypoBHEH. MaiiHa
BBITIOTHUT 3TU MPOTPAMMBI, W HE BaXHO, OYIYT JIM OHU BBITIOJHSITHCS IIAT 32 [IaroM
WHTEPIIPETaTOPOM MJIM MX OyJeT BBIMOIHATH caMa MallliHa. B o0oux ciydyasix pe3yabrar
OITMH U TOT 3Xe: MporpamMma OyIeT BHITIOTHEHA.

BoJIbIIIMHCTBO MPOrpaMMUCTOB, UCTTIOB3YIOIIMX MAIIIMHY YPOBHSI T1, MHTEPECYIOTCS
TOJIBKO CaMBbIM BEPXHUM YPOBHEM, TO €CTh YPOBHEM, KOTOPBII MEHBIIIE BCETO CXOACH
C MalllMHHBIM I3bIKOM. OITHAKO Te, KTO XOYeT MOHSTh, KaK B IEHCTBUTEILHOCTA padoTa-
€T KOMITbIOTED, JTOJDKHBI U3YYUTh BCE YPOBHU. T€, KTO TTPOEKTUPYET HOBBIE KOMITBIOTE-
Dbl WIX HOBbIE YPOBHU (TO €CTh HOBbIE BUPTYaJIbHBIC MAIIIMHBI), TAKXKE TOJKHbBI OBbITH
3HAKOMBI CO BCEMU YPOBHSIMU. [IOHATHS U TEXHUYECKWE TPUEMBI KOHCTPYUPOBAHUS Ma-
IIIMH KaK CHUCTEMBbl YPOBHEM, a TaKXKe ACTAIM YPOBHEM COCTABJISIOT IJIABHBIMA IIPEOIMET
3TOI KHUTH.

CoBpeMeHHble MHOFrOypPOBHEBbIE MALLUWHBI

BonpImHCTBO COBpeMEHHBIX KOMITBLIOTEPOB COCTOMT M3 ABYX U Oosee ypoBHeit. Cyllie-
CTBYIOT MallIMHBI e C 11eCThio ypoBHIMU (puc. 1.2). YpoBeHs 0 — ammaparHoe obec-
reyeHue MalunHel. Ero QJICKTPOHHBIC CXEMBI BBITIOJIHAIOT IIPOrpaMMbl, HAITMCAHHBIC Ha
sI3bIKe YPOBHSI 1. Pamu MOTHOTHI HY>KHO YIIOMSIHYTh O CYILIECTBOBAHUU €11I€ OTHOTO YPOB-
HSI, pacIoJIOXKEHHOTo Hike ypoBHS 0. DTOT ypoBeHb He MoKa3aH Ha puc. 1.2, Tak Kak OH
roranaet B chepy 2JIeKTPOHHOM TEXHUKH U, CJISIOBATEIBHO, HE pACCMATPUBACTCS B 3TOM
kHure. OH Ha3bIBACTCS YPOBHEM (PU3HYECKHUX yCTpoiicTB. Ha 5ToM ypoBHE HaxoasTcs
TPAH3UCTOPbI, KOTOPBIE SIBJISTIOTCSI IPUMUTUBAMU 1T pa3pabOTYUKOB KOMITHIOTEPOB.
OOBSICHSATD, KaK pabOTaIOT TPAH3UCTOPBI, — 3a1a4a (pU3UKHU.

Ha camMoM HMKHEM ypOBHE, IM()POBOM JIOTHYECKOM YPOBHE, OOBEKThI HA3bIBAIOTCS
BEHTWISIMA. XOTsI BEHTWJIM COCTOSIT U3 aHAJIOTOBbIX KOMITOHEHTOB, TAKMX KaK TpaH3UC-
TOPbI, OHU MOTYT OBITh TOYHO CMOJEIMPOBAHBI KakK LIM(POBbIE CPEACTBA. Y KaxkIOoro
BEHTWJISI €CTh OTHO WJIM HECKOJIBKO LIM(PPOBBIX BXOMHBIX JAHHBIX (CUTHAJIOB, MPEICTaB-
Jsmotyx 0 uau 1). BeHTWIb BBIUMCIISIET TTPOCThIE (DYHKIIMU 3TUX CUTHAJIOB, TaKUe Kak
M v UJIN. Kaxnplil BeHTWIb GOpMUPYETCS M3 HECKOIbKUX TPAaH3UCTOPOB. Heckobko
BeHTWIeH opMupyIoT 1 OMT maMsTH, KOTOPbI MoxkeT cogepxkath 0 wim 1. Buthl mamsi-
TH, 00beIMHEHHBIE B TPYIIIHI, HanpuMep, 1o 16,32 nim 64, hopMupyiot peructpbl. Kaxk-
IIbIii PETUCTP MOXET COAepXKaTh OMHO IBOMYHOE YMCJIO JO0 OIpeAeseHHOro Mpeaesa.
M3 BeHTWIIEN TaKKe MOXET COCTOSITh caM KomrbioTep. [ToapoGHO BeHTUIM 1 LUppo-
BOIf JIOTUYECKHUIA YPOBEHb Mbl PACCMOTPUM B IJ1aBe 3.
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YpoBeHb 5 E $3bIK BLICOKOIO YPOBHS ]

TpaHcnaumi (koMnnnaTop)

YposeHb 4 E YpoBeHb i3blkaaccembnepa j

TpaHcnsums (accembnep)

YpoBeHb 3 | YpoBeHb OnepauvioHHON CUCTEMBI l

TpaHcnsaums (accembnep)

YpoBeHb 2 ‘ YpoBEeHb apXUTEKTYPbl KOMaHL,

MHTepnpeTtaumsa (Mmkponporpamma)
WM HENOCPELACTBEHHOE BbINOSIHEHNE

YposeHb 1 L MuKpPOapXMUTEKTYPHbIN YPOBEHB [

AnnapaTtHoe obecreyeHune

YposeHsO [ Lincdposon nornyeckunii ypoBeHb J

Puc. 1.2. KomnbioTep c lwecTbio ypoBHAMU. CNOCO0 NOAAEPXKM KaXKA0r0 YPOBHS yKa3aH NOgHUM.
Bckobkaxyka3blBaeTCcaHa3BaHMENOAAEPXKMBAIOLLENPOrpaMmbl

Crenytoliuii ypoBeHb — MHUKPOAPXMTEKTYPHbII ypoBenb. Ha 3ToM ypoBHE MOXHO
BUIETb COBOKYIMHOCTH 8 Un 32 pernucTpoB, KOTOPbIE (POPMUPYIOT JTOKATBHYIO TAMSTh
U cxeMy, Ha3piBaeMyto AJTY (apudmernko-jiormdeckoe ycrpoiicTBo). AJIY BbIOMHSI-
€T TIpocThle apudMeTnieckue onepauuu. Peructpel BMecte ¢ AJTY (popMUpYIOT TpakT
JIAHHDIX, 10 KOTOPOMY TOCTYNalOT AaHHble. OCHOBHAs omnepaliusl TpakTa JaHHBIX CO-
CTOUT B ciieaywolieM. Boioupaercss oquH wiu aBa peructpa, AJIY npousBoauT Haa
HUMU KaKylo-JIMOO Orepanuio, HanpuMep CI0XKEeHUs, a Pe3yJIbTaT TIOMEIIAeTCs B OAVH
U3 3TUX PETHUCTPOB.

Ha HekoTopbIx MalliMHaX paboTa TpaKTa JaHHBIX KOHTPOJIMPYETCsl 0cO00ii ITporpam-
MOM, KOTOpasi Ha3blBaeTcsi MUKpomporpamMMoid. Ha npyrvx MammHax TpakT JaHHBIX
KOHTPOJIMPYETCsl annapaTHbIMU cpecTBaMu. B mpenbiayimx n3naHusiX KHUTKM Mbl Ha-
3BaJIM 3TOT YPOBEHb «YPOBHEM MUKPOIIPOrPAMMUPOBAHUS», MOTOMY YTO PaHbIIE OH
MOYTH Bceraa ObLT UHTEPIPETaTOPOM ITPOrpaMMHOTO obecrieueHusi. [TocKobKy ceituac
TPaKT NAHHBIX OOBIYHO KOHTPOJMPYETCS amnmnapaTHbIM O0eCreueHUeM, Mbl U3BMEHWIN
Ha3BaHUe, YTOObl TOUHEE OTPA3UTh CMBICII.

Ha mammHax, e TpakT JaHHBIX KOHTPOJUPYETCS MPOrpaMMHBIM OOeCTieYeHHEM,
MUKPOINpPOrpaMmMa — 3TO MHTEPIIPETATOP JJ1s1 KOMaH/ Ha ypoBHe 2. MukpornporpaMma
BbI3bIBAET KOMAaH/Ibl U3 MaMSTH U BBITIOJHSIET UX OHY 3a APYToii, UCTIOb3YSl MPU 3TOM
TPaKT AaHHbIX. Hampumep, 711 TOro 4tobbl BIMOJIHUTD KOMaHay ADD, 9Ta KOMaH/1a Bbl-
3bIBAaETCS U3 TIAMSITU, €€ OMepaH/Ibl TOMEIIAIOTCS B perucTphbl, AJIY BbIYUCISIET CyMMY,
a 3aTeM pe3yJibTaT nepenpassieTcss o0paTHo. Ha KoMmmbloTepe ¢ arnapaTHbIM KOHTPO-
JIEM TpaKTa JaHHBIX MTPOUCXOIUT Takasl Xe TMpoLeAypa, HO TIPU 3TOM HET IIPOrpaMMbl,
KOTOpasi KOHTPOJIMPYET MHTEPITPETALIMIO KOMaH/1 YPOBHS 2.
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Btopoii ypoBeHb MbI OyZieM Ha3blBaTb YPOBHEM apXUTEKTYpbl CUCTEMbl KOMAaHI.
Kaxnp1it mpon3BoauTeb MyOJIMKYET PYKOBOICTBO TSI KOMITBIOTEPOB, KOTOPBIE OH TMPO-
JIaeT, 1oJ] Ha3BaHUEM «PyKOBOJCTBO MO MAllIMHHOMY SI3bIKY» WM «[IpUHIUITBI pabOThI
komribloTepa Western Wombat Model 100X» u T. n. Takue pykoBOACTBa comepxkaT
nHbOpMaIMI0 UMEHHO 00 3TOM ypoBHe. Koria oHr onuchIBalOT HA0OP MalIMHHBIX KO-
MaHJI, OHU B IEICTBUTEIbHOCTH OIMUCHIBAIOT KOMAH/Ibl, KOTOPBIE BBITIOIHSIIOTCS MUKPO-
MPOrPaMMOI-UHTEPIIPETATOPOM WJIH arllapaTHbIM obecrieueHreM. Eciu npoussoauTesb
MOCTABJISIET IBA UHTEPIPETATOPA LTSI OMHOM MAIlIMHBI, OH TOJKEH U3AATh ABA PYKOBOM-
CTBa [0 MAILIMHHOMY $I3bIKY, OTJIEJbHO JIJIs1 KaKI0TO WHTEepIIpeTaTopa.

Criemyroumii ypoBeHb OObIMHO TMOPUIHBINA. BONBITMHCTBO KOMAH/I B €10 SI3bIKE €CTh
TaKXKe Y Ha YPOBHE apXUTEKTYpbl CUCTEMbl KOMaH/I (KOMaH/Ibl, UMEIOIIMECS Ha OTHOM
U3 YPOBHEW, BITOJIHE MOTYT HAXOMUTKCSI HAa APYTUX YPOBHSIX). Y 3TOrO YPOBHSI €CTh He-
KOTOpbIE JOTOJHUTENbHbIE OCOOEHHOCTU: HA0Op HOBBIX KOMaHM, Ipyrasi OpraHu3aliusi
MaMSITH, CIOCOOHOCTh BBITIONHSITH IBE U 00JIee TTPOrpaMM OTHOBPEMEHHO U HEKOTOPHIE
napyrue. [1Ipy MocTpoeHUM TPETEro YPOBHS BO3MOXKHO OOJIbllie BAPUAHTOB, YeEM MpU
MOCTPOEHUU TIEPBOTO U BTOPOTO.

Hogrle cpencrtsa, MOsIBUBIIIMECST Ha TPEThEM YPOBHE, BHITTOJTHSIOTCS] MHTEPITPETAaTO-
POM, KOTODHIif paboTaeT Ha BTOPOM YPOBHE. DTOT MHTEPIPETATOp OBUT KOLIA-TO HAa3BaH
OTIepallMOHHOM crcTeMoii. KoMaHIbI TPeThero YPOBHSI, MICHTMYHBIE KOMaHIaM BTOPO-
TO YPOBHSI, BBITTOJTHSIIOTCS] MUKPOITPOTpaMMOIA VT arllapaTHbIM o0ecriedeHIeM, HO He
OTIePaIIMOHHOM cucTeMoit. HBIMM CJTOBaMU, OTHA YacTh KOMaHI TPEThET0 YPOBHS MH-
TePIPETUPYETCST OMEPALIMOHHON CUCTEMOM, a pyrasi YaCTh — MHUKPOIporpaMmoi. Bor
ITOYeMY STOT YPOBEHB CUUTACTCS TMOPUIHBIM. MBI OylieM Ha3bIBaTh 3TOT YPOBEHD YPOB-
HEM ONePAIMOHHOM CHICTEMBL.

Mexiy TpeTbUM 1 YeTBEPTHIM YPOBHSIMU €CTh CYIIIeCTBeHHAsI pasHuia. HkHue Tpu
YPOBHSI KOHCTPYMPYIOTCS He JIJIsl TOTO, YTOOBI ¢ HUMH paboTajl OOBIYHBINA IPOrPAMMUCT.
OHM M3HAYAJTLHO TIpeIHA3HAYEHBI TSI pabOThl MHTEPITPETATOPOB M TPAHCIISITOPOB, TTO-
JEeP>KUBAIOIIMX 6OJIee BEICOKKE YPOBHU. DT TPAHCIISITOPHI M MHTEPIIPETATOPHI COCTABISI-
JOTCS TaK HA3bIBAEMBIMI CHCTEMHBIMH NPOIPAMMHCTAMI, KOTOPHIE CITSIIMATT3UPYIOTCS
Ha pa3paboTKe 1 MTOCTPOSHNN HOBBIX BUPTYaJIbHBIX MAIlIMH. Y POBHHU C YETBEPTOTO U BBILIIE
TIpeMHa3HAYeHBI TSI TIPUKIIAIHBIX TIPOTPaMMICTOB, PEIIAONTMX KOHKPETHBIC 3aMadm.

Enie onHo n3MeHeHMe, MOsBUBIICECS Ha YPOBHE 4, — CII0CO0, KOTOPBIM ITOIIEPKI-
BaroTCs 00JIee BEICOKME YPOBHH. YPOBHM 2 1 3 OOBIYHO MHTEPITPETUPYIOTCS, a YPOBHU 4,
5 ¥ BbIIIIe OOBIYHO, XOTS 1 HE BCEIa, MOAICPKMUBAIOTCSI TPAHCIISITOPOM.

Hpyroe pazmrare Mexmy ypoBHsIMHU 1,2,3 1 ypoBHSIMHU 4,5 1 BBIIIIE — 0COOCHHOCTh
s13bIKa. MalllMHHbBIE S13bIKM YpoBHeit 1,2 1 3 — tudposbie. [TporpaMmbl, HalmMcaHHbIE HA
9THUX SI3bIKAX, COCTOSIT U3 [UIMHHBIX PSAOB 1IM(p, KOTOphIe YIOOHBI IS KOMITLIOTEPOB,
HO COBEpIICHHO HeymoOHHI Ij1s1 noaeil. HaunHast ¢ 4eTBepTOro YpoBHSI, SI3BIKM COLEP-
KaT CJIOBA M COKpPAIIIEHUsI, TIOHSATHBIE YEJIOBEKY.

YerBepThiii YpOBEHD MPEACTABIISIET COOOM CUMMBOIMYECKYIO (DOPMY OIHOTO M3 SI3bI-
KOB 00J1ee HU3KOro ypoBHs. Ha 3ToM ypoBHE MOXHO MUCaTh IIPOrpaMMBbI B IIPUEMITEMOM
JUTSI YesioBeKa (hopMe. DTH MPOrpaMMbI CHaYala TPAHCIMPYIOTCS Ha SI3bIK YpOBHS 1, 2
WK 3, a 3aTeM MHTEPIIPETUPYIOTCSI COOTBETCTBYIOLLEH BUPTYAIbHOM WK (haKTUIECKU
CYLLECTBYIOILIEH MaIMHOM. [TporpaMmMa, KoTopast BBITTOJIHSIET TPAHCISLIMIO, HA3bIBAET-
cs1acceM01epoM.
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[IsaTBIi1 YypOBEHD OOBIYHO COCTOUT U3 I3BIKOB, pa3paboTaHHbBIX IJIST IIPUKIIATHBIX ITPO-
rpaMMUCTOB. Takue sI3bIKM Ha3bIBAIOTCS S3bIKAMH BBICOKOTO YpPOBHs. CyIlEeCTBYIOT
COTHH SI3BIKOB BBICOKOTO YpoBHSI. Hanbonee n3Bectanie cpeny HMX — BASIC, C, C++,
Java, LISP u Prolog. IIporpaMmMbl, HallMCaHHBIE HA 3TUX SI3bIKaX, OOBIYHO TPAHCIUPY-
10TCsI Ha ypoBeHb 3 uin 4. TpaHCISATOPHI, KOTOPBIe 00pabaThIBAIOT 3TH MPOTrPaMMBbI, Ha-
3bIBalOTCSl KoMmigTopaMu. OTMETUM, YTO MHOINA TaKKe UCMOb3YeTCsl METON UHTep-
npetaruy. HampyumMep, mporpamMMbl Ha si3bIKe Java 00ObIMHO MHTEPIIPETUPYIOTCSL.

B HEKOTOPBIX CITydasix ISIThI YPOBEHb COCTOUT U3 MHTEPIPETaTOpa ISl TAKOI chephbl
MPUIOKEHMSI, KaK CUMBOJIMUEcKasi MaTeMaTrKa. OH obecIieurBaeT JaHHBIE U OIlepaliu
JIJIST pellieHMs 3a1ad B 3Toi cdepe B TepMUHAX, TIOHSITHBIX JIIOISIM, CBEIYIIIMM B CUMBO-
JIMYECKOM MaTeMaTHKE.

BbIBoA: KOMIIBIOTEP MPOSKTUPYETCS KaK MepapxuuecKasi CTPyKTypa YpOBHEH, Kaxk-
JIBI U3 KOTOPBIX HANCTPAWBAETCSl Haf MpeapiayiiM. KaKmelii ypoBEHb TTPENCTABIISIET
c00o0I1 oIpeIeICHHYIO a0CTPaKIIMIO C pa3IMYHBIMU OOBEKTaMU U oTlepalisiMu. PaccMar-
pyYBasi KOMITBIOTEP MOAOOHBIM 00pa30M, Mbl MOXEM He IIPMHMMAaTh BO BHUMAaHHME He-
Hy>XHbIC HaM JETaJId U CBECTU CJIOXKHBIN MpeaMeT K 0oJiee ITPOCTOMY JJIs1 TTOHMMAaHUS.

Habop TiIIoB JaHHBIX, OIlepaldii 1 0COOCHHOCTEH KaxKI0ro YPOBHS HAa3bIBAaeTCsSI ap-
XUTEKTYpOil. ApXMTEKTypa CBs3aHa ¢ aclieKTaMu, KOTOphIe BUIHBI ITporpaMmMucty. Ha-
MpUMep, CBEICHUSI O TOM, CKOJIBKO MaMSITH MOXHO MCITO0/Ib30BaTh MPU HAMTMCAHUH TIPO-
TrpaMMbI, — YaCTh apXUTEKTYPhbL. A aCIIEKThI pa3pab0TKK (HaIpuMep, Kakasi TEXHOJIOTHSI
HCMOJIB3YETCS TIPU CO3IAHUU MaMSITU) HeE SIBJISIIOTCSI YacThlO apXUTeKTyphl. M3yueHue
TOTO0, KaK pa3pabdaThIBalOTCS T€ YaCTH KOMITBIOTEPHOM CHCTEMBbI, KOTOPBIE BUTHEI IIPOTpaM-
MUCTaM, Ha3bIBACTCSI U3YYCHUEM KOMITbIOTEPHOMH apXUTEKTYpbl. T€PMUHBI «KOMITbIO-
TepHasi apXUTEKTypa» M «KOMIIbIOTepHAasl OpraHu3aiys» O3HAYaloT B CYIITHOCTH OTHO
U TO 3KE.

Pa3BnTMEe MHOIrOYPOBHEBbLIX MaLUUH

B aToM pazaene Mbl KpaTKO U3JI0KUM KUCTOPUIO PAa3BUTHSI MHOTOYPOBHEBBIX MAIIIVH,
MOKaXeM, KaK YMCIO 1 TIPUPOoJia YPOBHENH MEHSUTUCH ¢ rogaMu. [Iporpammebl, HarmmucaH-
Hble Ha MalllMHHOM $I3bIKe (YPOBEHb 1), MOTYT cpa3y BBIMOJHSTHCS JEKTPOHHBIMU
cxeMaMu KoMriblotepa (ypoBeHb (), 6e3 MpUMeHEeHUsI MHTEPIIPETATOPOB U TPAHCIISITO-
POB. DTH 3JIEKTPOHHBIE CXeMbI BMECTE C MaMSIThIO U CPEICTBAMU BBOIA-BbIBOA (hOpMU-
pYIOT anmapaTHoe o0ecrnedeHne. AMnapaTHOe OOECIeueHUEe COCTOUT U3 OCSI3aeMbIX
00BEKTOB — MHTETPAJTbHBIX CXeM, TIeUaTHBIX TUIaT, Kabesiel, ICTOUHUKOB 3JIEKTPOITUTA-
HUsI, 3alIOMUHAIOIIUX YCTPOMCTB U TPUHTEPOB. AOCTPAKTHbBIEC MOHSITHUS, AITOPUTMbI
1 KOMaHJIbl HE OTHOCSITCS K alllapaTHOMY 00eCIeUeHHIO.

IIporpaMmuoe oGecneyenne, HarIPOTUB, COCTOUT U3 aJITOPUTMOB (IIOAPOOHBIX 0~
CJIeOBaTEIbHOCTE KOMaH I, KOTOPbIE OIMCHIBAIOT, KaK PELLUTD 3a1a4y) 1 MX KOMIIbIO-
TEPHbIX Hpeﬂ,CTaBHCHI/IfI, TO €CTb IIpOorpaMMm. HpOI’paMMbI MOT'YT XpaHUTbHCA Ha 2KECTKOM
JUCKE, T I/I6KOM JUCKE, KOMITaKT-AMCKE NJIN JPYTNX HOCUTEIAX, HO B CYLITHOCTU ITpOrpaMM-
Hoe obecrieueHre — 3T0 HA0Op KOMaH, COCTaBJISTIOLIMX ITPOrpaMMbl, a He (DU3UYECKHUE
HOCUTEJIM, HA KOTOPBIX 9TU IIpOTrpaMMbI 3aIlTMCaHbI.

B caMbIX mepBBIX KOMITBIOTEpAX TPAaHWIIA MEXKITY alrapaTHBIM 1 ITPOTPaMMHBIM 0bec-
neyeHeM OblTa oueBrAHA. Co BpeMeHeM, OMHAKO, TPOM3O0IIIIO 3HAUNTEITEHOE pa3MBbl-
BaHME 3TOM TpaHMIILI, B TIEPBYIO odepenb Onarogaps TOMY, 94TO B TIPOIIECCE pa3BUTHS
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KOMITBIOTEPOB YPOBHU JOOABISIIVCH, YOUPAIUCh U CIMBAIMCh. B HacTosIiee BpeMsi OUeHb
CJIOKHO OTHENUTh MX APYT OT Apyra. B JeicTBUTENBHOCTU LIEHTpaibHAsI TeMa 3TOM
KHUTHMMOXETOBITh BhIpaXKEHATAK: AnNapamHoeunpocpammHoeodecneueHuenocuuecKu
9K8UBANEHMHDL.

JIro6as onepaliusi, BbITOIHSIeMast IIPOrpaMMHBIM OOECTIEYEHUEM, MOXKET OBITh BCTPO-
€Ha B arapaTHoe obecrieueHre (3KeJlaTeIbHO ITOCIIe TOro, KaK OHa oco3HaHa). Kapen
ITanetTa JleH11 roBOpuI; «ArapaTHOE o0ecIiedyeHre — 3TO BCEro JIMIb OKaMeHEeBIlee
nporpaMMHoe odecriedyeHre». KoHeuHo, obpaTHOe ToxKe BEpHO: J1100asi KOMaHIa, BbIMOJ-
Hsiemasl arnrapaTHbIM O0ecIiedeHEM, MOXKET ObITh CMOJEIMPOBAaHA B IIPOrPaMMHOM 00ec-
nedyeHuu. PerneHue pazaeaunTb GyHKIWHY allapaTHOroO ¥ MPOrpaMMHOIO 00ecTieueHusI
OCHOBAHO Ha TakKuX (pakTopax, Kak CTOMMOCTb, CKOPOCTb, HaJIE’KHOCThb, a TAK>KE YacToTa
OXXMIaeMbIX M3MeHeH!i. CyIIecTBYeT HECKOIBKO SKECTKUX ITPaBUJI, CBOASIINXCS K TOMY,
yTo X JODKEH OBITh B anmapaTHOM oOOecriedeHuu, a Y JODKEH IMpOorpaMMUpOBAThCS.
DTN pellleHNsT N3MEHSIOTCS B 3aBUCHMOCTH OT TEHACHIWIA B Pa3BUTUM KOMITBIOTEPHBIX
TEXHOJIOTHMA.

II306peTeHNe MUKPONIPOTPAMMIIPOBAHNA

Y nepBBIX TUQPPOBBIX KOMITHIOTEPOB B 1940-X Tomax OBUIO TOJIBKO 2 YPOBHS: YPOBEHB
apXUTEKTypbl HAOOpa KOMaH I, Ha KOTOPOM OCYILIECTBIISUIOCH IIPOrPaMMUpPOBaHKe, U LD~
POBOI JIOTMYECKUI YPOBEHb, KOTOPBI BHITIONHSIT ITporpaMMEl. CxeMbl UG POBOTO
JIOTMYECKOT'O YPOBHSI OBUIM CJIOXKHBI TS IIPOU3BOACTBA ¥ IOHUMAHMS U HEHAEXKHBDI.

B 1951 romy Mopuc Yunkc, nccienoBareib KeMOpHIKCKC-0 YHUBEPCUTETA, TIpEI-
JIOXWI WACI0 pa3paboTKU TPeXypOBHEBOIO KOMIIBIOTEPA IUISI TOTO, YTOOBI YIIPOCTUTh
ammapaTtHoe obecrieueHue [158]. Dra ManmiHa 1oJmKHA ObIlTa UMETh BCTPOSHHBIN HEN3-
MEHSIEMBI MHTepHpeTaTop (MUKPOIIpOorpaMmy), (yHKIIUS KOTOPOIo 3aKjodanach
B BBIIIOJTHEHUH TIPOTPaMM TTOCPEICTBOM MHTEpIIpeTallny. TakK Kak arapaTHoe ooecIie-
YeHUe JOJDKHO OBUIO TeIleph BMECTO MPOIrPaMM YPOBHSI apXUTEKTYphl KOMaH/I BBIIOJI-
HSITH TOJTEKO MUKPOITPOTPAMMBI C OTpaHMIeHHBIM HAOOPOM KOMaH]I, TPeOOBAJIOCh MEHB-
1Iee KOJIMYECTBO 3JICKTPOHHBIX cxeM. [10CKOIBKY 2JIEKTPOHHEIE CXeMbI TOLIA ACIAINCh
W3 3JIEKTPOHHBIX JIAMII, TAKOE YIPOIICHUE TOJKHO OBUTO COKPATUTH KOJTMYECTBO JIAMIT
U, CJICIOBATEIbHO, YBEIUYUTh HANEXKHOCTD.

B 50-¢ rompl ObUTO MOCTPOEHO HECKOJIBKO TPEXYPOBHEBBIX MalllH. B 60-x rogax ymcio
TaKMX MalIMH 3HAYNTEITEHO YBeIMImIochk. K 70-M Tromam maest o TOM, 9TO HarmcaHHast
MporpaMmMa cHadasia JoJKHA MHTePIIPETUPOBAThCS MUKPOIIPOTPaMMOIA, a He BBIITOJIHSITh-
Cs1 HETIOCPEICTBEHHO 3JICKTPOHMKOM, CTaa Ipeo0Iaaarorieii.

N306peTeHne onepaunoHHOM CUCTEMBI

B te BpeMeHa, KOr1a KOMITbIOTEPhI TOJIbKO HOSIBIIMCH, IPUHLIMIILI PAGOTHI ¢ HUMU CHJIBHO
OTJINYAJIMCH OT COBPeMEHHBIX. OMHIM KOMITHIOTEPOM IT0JTh30BAJIOCH OOJIBIIIOE KOJTJe-
CTBO Joneid. PsmoM ¢ MalllMHOM JieXa JIMCTOK OyMaru, W €CJd HpOrpaMMUCT XOTel
3aITyCTUTh CBOIO TTPOTrpaMMy, OH 3aITMCHIBAJICSI Ha KaKOe-TO ONpeaeieHHOe BpeMsI, CKa-
KeM, Ha cpefy ¢ 3 4acoB HOYM /10 5 yTpa (MHOTHE MPOrpaMMUCTHI JTIOOMIN paboTaTh
B TUIIMHE). B HazHaueHHOE BpeMs TIPOrpaMMICT HAIIPaBIISJICS B KOMHATY, TE CTOsIa
MalllHa, C MaYKoii mepdoKapT, KOTOPhIE TOLAA CIIY>KMJIM CPSICTBOM BBOIA, M KapaHaa-
mom. Kaxxnas mepdokapra comepxkaia 80 KOJIOHOK; Ha Hell B OMpeneIeHHbIX MecTax
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MpOOMBAIUCH OTBEpCTHs. Boiins B KOMHaTy, ITPOrpaMMUCT BEXKJIMBO TTPOCKI TIPEIbITY-
11IEr0 TIPOrpaMMKCTa OCBOOOIUTh MECTO M MPUCTYMAJI K padoTe.
Ecnu oH xoTen 3amyctuth nporpammy Ha si3bike FORTRAN, emy Heo6Xoaumo ObUIO
TPOUTH CJIEIYIOIINE ITATTBI:
1. On noaxomun K wKady, rae HaxoaujIach OUOIMOTEKA IMporpaMM, 6pajl OOJIBLIYIO
3eJIeHy10 cTonKy nepdoxkapt ¢ Haamuceio «Kommusarop FORTRAN», momernan
MX B CYMTHIBAIOIIEE YCTPOWCTBO M HAXKMMAaJT KHOMKY «ITyck».

2. 3aTeM OH IoMellaa CTOIKY KapToueK CO CBOEl MporpaMMOii, HalmMCaHHOM Ha S13bI-
ke FORTRAN, B cunThIBalolliee yCTpOMCTBO U HAXKUMasl KHOMNKY «[TpoaomkuTh».
ITporpaMmma cuMTHIBAIACK.

3. Korna koMmmbloTep mpekpaiiiaji padoTy, TporpaMMUCT CUYMTHIBAJI CBOIO MPOrpam-
MYy BO BTOpOIf pa3. HekoTopble KOMITUIATOPHI TPEOOBAIM TOIBKO OTHOTO CUUTHI-
BaHUS TTep@oKapT, HO B OOJIBIIMHCTBE CITydaeB HEOOXOMMMO ObIIIO IIPOM3BOIUTE
3Ty TNPOLEAYPY HECKOJIBKO pa3. Kaxablil pa3 Hy>KHO ObLIO CUMTBHIBATh OOJIBIITYIO
CTOTIKY Tiepdokapr.

4. B KoHILIe KOHLIOB TpaHCsILMs 3aBepiuaiach. [TporpaMMuCT 4acTo CTaHOBUJICS
OUeHb HEPBHBIM, TTIOTOMY YTO €CJIM KOMITWJISITOP HaXOIWJI OLIMOKY B IIporpaMmme,
eMy NPUXOIMIOCH UCIIPABJIATh €€ M HAUMHATh IPOLIECC BBOJA MPOrPaMMbl 3aHO-
BO. Ecu o160k He ObL10, KOMITUIISITOP BbIIaBaJI [POrpaMMy Ha MAllTMHHOM $S13bI-
Ke Ha repdoxaprax.

5. Torma mporpaMMmUCT MOMEIIAT 3Ty MPOTPaMMy Ha MAIlIMHHOM $I3bIKE B YCTPOIi-
CTBO CUMTBIBAHUSI BMECTE C MAa4YKOl repdoKapT U3 OMOIMOTeK! MOATIPOrpamMM 1
3arpyxajl 00e 3T MPOTrPaMMBbI.

6. Haunnayoch BBITTOJTHEHME NPOrpaMMbI. B GOJIBIIIMHCTBE CiIydaeB OHa He paboTa-
Jia U1 HEOXKMIAHHO OCTaHaBIMBaIaCh B cepearHe. OOBIMHO B 3TOM CJIydyae Mpo-
TPaMMMCT HaYMHAJI IepraTh MepeKIFoYaTe/IM Ha IyJIbTe 1 CMOTPEST Ha JIAMIIOUKH.
B ciyvae ynauu oH HaxomuI M UCIIPABJISUT OLIMOKY, TTOMXOIMI K IKady, B KOTO-
poM Jsiexxan 6onbinoii 3eaeHbiii koMmusiTop FORTRAN, 1 HaunHa Bce 3aHOBO.
B ciyyae Heymauu OoH Jenmajl pacrieyaTKy coaep:KaHUs MaMsTH, YTO Ha3bIBajoCh
Pa3rpy3Koii ONepaTUBHOIO 3aNIOMHHAIOLIEr0 YCTPOMCTBA, M OpaJl 3Ty paciieyaTKy
JOMOM IS U3YYEHUS].

BT0 npouenypa Obl1a 0ObIMHOIM Ha MPOTSKEHUU MHOTUX JieT. [TporpamMmmuctam npu-
XOIUJIOCh YUUTHCSI, KaK paboTaTh C MAIIMHOW 1 YTO HYXKHO JeJIaTh, €CJIV OHA BHIXOIWIIA
W3 CTPOSI, YTO TIPOUCXOAMIIO TOBOJILHO YacTo. MallliHa TTOCTOSTHHO TIpocTanBaia 6e3
paboTHI, TTOKA JIIOAW HOCUIU TiephOKApThI IO KOMHATE WIN JIOMAJIU TOJIOBBI HAIl TEM,
royeMy Tiporpamma He paboTaer.

B 60-¢ Tozpl 4esoBeK MOMbITAICSI COKPATUTh KOJUYECTBO MOTEPSTHHOTO BPEMEHU,
aBTOMATU3UPOBaB paboTy orepaTtopa. [IporpamMma mom Ha3BaHUEM «ONEePANMOHHAS
cucTeMa» TeTephb coliepiKaiach B KOMIIbIOTepe Bce Bpemsi. [IporpaMmucT npuHOCHIT
MavyKky nepoKapT CO CIeMaIbHON TTPOrpaMMOii, KOTOpast BBITIOHSIIACh OTNepaliMoH-
Hoii cuctemoii. Ha pucynke 1.3 mokazaHa Mozesb Mauyku repgoKapT AJ1s TIepBO IIMPO-
KO pacrnipoctpaHeHHoi onepaioHHoi cucteMbl FMS (FORTRAN Monitor System)
K komrbotepy IBM-709.
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'JOB, 5494, BARBARA

"XEQ
+FORTRAN
Mporpamma
Ha FORTRAN
-DATA
MepdokapTbl )
CAaHHbIMUN
-END

Puc. 1.3. Cxema paboThbl c onepaunoHHon cuctemom FMS

OmnepanmoHHast cucteMa cunTthiBaia nepgokapty *JOB m mcronp3oBana comepska-
IIyIOCS Ha Hell MH(OPMALIMIO TS ydeTa CUCTEMHBIX PECYpCOB (3BE3I0YKa CTaBUIACH,
YTOOBI OTIMYATh Nep(OKAPThI C IMPOrPaMMOii KOHTPOJISI OT mepdoKapT ¢ JaHHBIMU).
3aTteM oreparmoHHas cucrema cuuthiBaia nepgokapry *FORTRAN, xoropas mpen-
CTaBJIsIJIa coboi KoMaHy Ut 3arpy3ku komrmisitopa FORTRAN ¢ mMarHuTHO# JIeH-
Thl. ITociie 3TOro KOMNMJISITOP CUUTHIBA M KOMIWJIMPOBAJ MPOrpaMMy, HaIllMCaHHYIO
Ha s13piIKke FORTRAN. Kak ToibK0 KOMITAIISTOP 3aKaHYMBaJI padoTy, OrepamoHHasT
crncreMa cunthiBasia repdoxapry *DATA — KoMaHIy 1O BBIIIOJTHEHWIO TPAHCIMPOBaH-
HOI TIpOrpaMMBbI C UCITOJIb30BaHMEM MepdoKapT JTaHHBIX.

OnepauoHHasl cucTeMa ObUIa IIPUAyMaHa JJIsl TOTO, YTOOBI aBTOMATU3MPOBATh
paboty oneparopa (OTCioma M Ha3BaHME), HO 3TO HE ¢IMHCTBEHHOE €€ Ha3HaYeHUeE.
CosnaHue onepaluyoOHHON CHUCTEMbI ObLIO IEPBBIM ILIATOM B Pa3BUTUM HOBOM BUPTY-
anbHoi MammHbL [Tepdpokapty *FORTRAN MOXHO paccMaTpyBaTh KaK BUPTYAIbHYIO
KOMaHIy K KoMnwistopy, a nepdokapty *DATA — Kak BUPTyaJbHYIO0 KOMaHMIy AJIsI
BBITIOJIHEHUSI IIPOrpaMMEL. M1 XOTsI 3TOT ypOBEHb COCTOSII BCETO 13 IByX KOMaHI, OH ObLT
IEPBbIM 3TAIOM B Pa3BUTUU BUPTYaJIbHBIX MALIVH.

B nocnenyrolyie ronbl onepalvoHHbIE CUCTEMBI BCe OOJIbIIE M OOJBIIEC YCIIOXHSI-
mch. K ypoBHIO apXUTEKTYphl KOMaH], JOOAB/ISUIMCh HOBBIE KOMAHIIbI, IIPHCIIOCO0Ie-
HMSI M OCOOEHHOCTH, U B UTOre ChOpMUPOBAJICSI HOBBIIA YpOBeHb. HeKOTOphIe KOMaH/IbI
HOBOI'O YPOBHSI ObUIM MIECHTWYHBI KOMaHIAM IIPeAbIAYLIETro, HO Apyrue (B YaCTHOCTH
KOMaH[Ibl BBOIa-BBIBO/IA) MOJIHOCTBIO OTIMYAINCH. DT HOBbIE KOMAaH/IBI TOLAa Ha3bI-
BaJIMICh MAKPOCAMM ONEPAIMOHHONA CUCTEMBI 111 BbI30BaMH CymniepBu3opa. Ceiiyac
OOBIYHO MCHOIb3YETCsI TEPMUH «CHCTEMHbII BbI3OB».

IlepBbie onepaliMOHHBIE CUCTEMbI CUMTHIBAIM TTaYKX TIephOKapT M pacredaTbiBaIn
pe3yabTaT Ha mpuHTepe. Takash opraHu3alus BBIYMCICHWM Ha3bIBajach NAKETHbIM
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pexuMoM. UYTOOBI MONIYYNTh Pe3ysIbTaT, 0OBIMHO HYXXKHO OBLIO KIaTh HECKOJIBKO YacoB.
IIpu Takux yciIoBUSIX ObLIO TPYAHO pa3BMBATh MPOrPaAMMHOE OOECIICUCHUE.

B Hauanie 60-x romoB uccieaoBaTenn MaccauyceTCKOro TEXHOIOIMYECKOr0 MHCTUTY-
ta (MTH) pazpaboTanu onepalimoHHYIO CUCTEMY, KOTOpasl 1aBajia BO3MOXHOCTh pabo-
TaTh C KOMITHIOTEPOM Cpa3y HECKOJIBKKMM IIporpaMMucTaM. B 3Toii cucteMe K IeHTpaIbHO-
My KOMIIBIOTEDY Yepe3 Tesie(OHHBIE TMHUM MTOACOEAMHUIUCH OTAAIEHHbIE TEPMUHAJIBI.
TakuM 06pa3oM, LIEHTPaJIbHBIIA ITPOLIECCOP PA3IEISIICS MEXIY OOJIBIINM KOJIMYECTBOM
nosb3oBatesieid. IIporpaMMUCT MOT HameyaTaTh CBOKO IPOrpaMMy U IOJIYyYUThb Pe3YJib-
TaThl IIOYTH Cpa3y IpsIMO B oduice, Tapaxe WIK rie Obl To HU ObLIO ellie (TaM, Ie Haxo-
IWICS TEPMHUHAN). DTU CUCTEMbI Ha3bIBAIMCHh (M Ceilyac Ha3bIBAIOTCSI) CHCTEMAMH C
pasaejieHueM BpPEMEHH.

XOTsI HaC MHTEPECYIOT TOJIBKO T€ YaCTH OINEPALIMOHHOIN CUCTEMbI, KOTOPHIE MHTEP-
MPETUPYIOT KOMAH/Ibl TPETHETO YPOBHSI, HEOOXOIMMO IMOHUMATh, YTO 3TO HE €AMHCTBEH-
Hast QYHKLIUS ONEPALIMOHHBIX CUCTEM.

lMepemelieHmne GyHKUMOHANIbHOCTH
CNCTeMbl Ha YPOBEHb MUKPOKOOA
C 1970 roma, Korga MUKpPOIPOrpaMMUPOBAHWE CTAJI0 OOBIYHBIM, y MPOU3BOAUTENEH
MOSIBUJTACh BO3MOXHOCTh BBOIUThH HOBBIE MAIITMHHbIE KOMAH/IBI ITyTEM PACIITUPEHUS] MUK-
POIPOrpaMMbl, TO €CTh C TIOMOIIbIO MPOTPAMMHUPOBAHUS. DTO OTKPHITUE TTPUBETO K
BUPTYAJIbHOMY B3PbIBY B ITPOU3BOJICTBE MPOTrPaMM MAIIIMHHBIX KOMaH]T, TOCKOJIBKY MpO-
M3BOAMTENIM HaYaIl KOHKYPUPOBATh APYT C IPYIOM, CTApasiCh BbITYCTUTD JIYULIIUE MPO-
rpaMMbl. DT KOMaH[bI HE TIPENCTABISUIN 0CODO0M 1IEHHOCTH, TIOCKOJIbKY T XK€ 3aJa4n
MOXHO OBLIO JIETKO PEIINTb, UCIIONB3YS YKE CYIIECTBYIOIIME TTPOrpaMMbl, HO OOBIYHO
OHU paboTaiu HEMHOro ObicTpee. Harmpumep, Bo MHOTHX KOMITbIOTEpaX MCIIOIb30Ba-
nack komanaa INC (INCrement), koTopas nmpudasisuia K 4McCiIy equHuily. Toroa
YXe CYILIeCTBOBaIa 00Iasi KoMaHaa ciioxeHust ADD, 1 He ObL10 HEOOXOOUMOCTH BBO-
JIUTbh HOBYIO KOMaHAy, MpUOAB/ISIOLIYIO K Yrcay equHuily. Tem He MeHee KomaHaa INC
paboTasia HeMHOTro ObIcTpee, yeM KomaHna ADD, mostoMy ee Takxke BKITIOUWIA B HAabop
KOMaH]I.

MHorue nporpaMMbl ObLTU J00ABAEHBI B MUKPONPOrpaMMy MO TOI Ke MpUUYMHE.
Cpeau HUX MOXHO Ha3BaTh:

1. KomaHbl 111 YMHOXEHUS U IEJCHUS LEJIbIX YKCe]L.

2. KomaHgp! 1ist apuMeTHYeCcKUX AeMCTBUI Hall YMCIaMU C IUIaBaloIIeii TOYKOIA.
3. Komanpl 1j1s1 BBI30Ba U MPEKpalleHYsI ASCTBUSI IPOLIEIYP.

4. KomaHmpl 1J1 YCKOPEHUS ITUKIIOB.

5. Komanmp! 111 paboThI CO CTPOKOI CUMBOJIOB.

Kax Toyibko Mpou3BOAUTENN TTOHSIIU, YTO N0OABISATH HOBbIE KOMaH/Ibl OUEHbB JIETKO,
OHM Hayalu Aymarb, KakKue NOTMOJHUTENIbHbIE TEXHUUECKUE XapaKTePUCTUKU MOXKHO
J00aBUTH K MUKporporpamme. [IprBeneM HECKOIBbKO TPUMEPOB:

1. YckopeHue paboThbl ¢ MacCMBaMU (MHASKCHASI 1 KOCBEHHAs aApecalius).

2. TlepemelieHrie porpaMMbl U3 OMHOIO paz/esia MaMsTh B APYTOi MOCe 3armycka
nporpamMMmsbl (HaCTpoiika).
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3. CucreMbl TPpEpbIBaHUA, KOTOPLIC JAIOT CUTHAJ IMPOLIECCOPY, KaK TOJIbKO 3aKOH-
YCHa oIriepalmsAa BBOAa WJIN BbIBOJA

4. CrnocoOHOCTb MPUOCTAHOBUTH ONHY MPOrpaMMy W HayaTh APYIYIO, UCTIONb3YS
HEOOJIBIIIOE YKCIIO KOMaH I (TIEPEeKITI0YCHIE TIpOolLIecca).

B nanbHeiiieM AOMOTHUTENIbHBIE KOMAaHAbl U TEXHUYECKUE XapaKTEPUCTUKU BBO-
JIAJTACH TaKXKe JJIsI YCKOPEHUST paboThl KOMITBIOTEPOB.

YcTpaHeHne MUKponporpamMmmMmmpoBaHms

B 60-x-70-x romax KOJMYECTBO MMKPOIIPOIpaMM CHJIBHO YBEJIMYMUIOCh. OQHAKO OHU
paboTanu Bce MeUIEHHEE U MEIUIEHHEE, TTOCKOJTbKY TPpeOOBaJIA OOMIBIIOT0 00beMa Mamsi-
TU. B KOHIIe KOHIIOB MCCIEA0BATENI OCO3HAJIM, UTO C YCTPAHEHNEM MUKPOTIPOrPaMMBbI
pEe3KO COKPATUTCSI KOJIMYECTBO KOMAaHI W KOMITBIOTEPHI CTaHYT paboTaTh ObICTpEE.
TakumM 00pa3oM, KOMITBIOTEPBI BEPHYJIUCH K TOMY COCTOSIHUIO, B KOTOPOM OHU HAXOJW-
JIUCh IO U300PETEHNST MUKPOITPOTPAMMUPOBAHUSI.

MBI paccMOTpen pa3BUTHE KOMITBIOTEPOB, YTOObI MOKA3aTh, YTO TPAHUIIA MEXITY
armapaTHbIM Y TIPOrPaMMHBIM OOECTIEYEHUEM TOCTOSTHHO nepemeltaercst. CeromHsiii-
Hee MporpaMMHOe 00ecTieueHre MOXKET ObITh 3aBTPALIHMM alapaTHbIM O0ECIIeYEHUEM
1 HA00opOoT. Tak e OOCTOUT AEJI0 U C YPOBHSIMU — MEXIy HUMU HET YETKUX TPAHMUII.
s mporpaMmucTa He BaxKHO, KaK Ha CaMOM JIeJie BBITIOTHSIETCST KOMaH/a (3a UCKITIoYe-
HUEM, MOXET OBbITb, CKOPOCTU BBHITIOJTHEHUS ). [IporpamMmmucT, padoTaroniuii Ha ypoBHE
APXUTEKTYPbl CUCTEMBbI, MOXET MCIIOJIb30BaTh KOMAHAYy YMHOXEHUsI, KaKk OyaTo 3TO
KOMaH[a arrapaTHOro oOECIeYeHMsI, U JaXe He 3aIyMbIBaThcsl 006 3ToM. To, 4TOo 1151
OITHOTO Y€JIOBEeKa — TMPOrpaMMHOE 00eCTIeYeHUe, IJIsl APYTOro — arrapaTHoe. Ml ernie
BEPHEMCSI K 3TUM BOIIPOCAM HITXKE.

Pa3BuTtre KOMNbIOTEPHON apPXUTEKTYPHbI

B nepuon pa3BuTHsI KOMIILIOTEPHBIX TEXHOJIOIMIA ObLIM pa3paboTaHbl COTHU Pa3HbIX
KOMIbIOTEPOB. MHOI'ME 13 HUX JaBHO 3a0bIThI, HO HEKOTOPHIE CMITLHO ITOBJIVSUIM Ha CO-
BpEMEHHbIe Maeu. B aToM paszmesie Mbl AagvM KpaTKuii 0030p HEKOTOPBIX KIIIOYEBBIX
HMCTOPUYECKMX MOMEHTOB, UTOOBI JIydIlle ITOHSTh, KaKUM 00pa3oM pa3pabOTYMKHU O
IO CO3IAHMST COBPEMEHHBIX KOMITBIOTEPOB. Mbl paCCMOTPUM TOJIbKO OCHOBHBIE MOMEHTBI
pPa3BUTHS, OCTABMB MHOTYE TIOAPOOHOCTH 32 CKOOKaMM.

KommbloTephl, KOTOphIE MbI OyJIeM paccMaTpuBaTh, TIpeAcTaBieHbl B Ta0a. 1.1.

HyneBoe nokoneHne — mexaHu4eckue
KomnbloTepbl (1642-1945)

[lepBBIM YeIOBEKOM, CO3OABIIMM CYCTHYIO MAIIMHY, ObUT (hpaHITy3cKUil yueHbIn bie3
ITackanb (1623-1662), B 4eCTh KOTOPOI'O Ha3BaH OOMH U3 SI3bIKOB IIPOrPaMMUPOBAHYS.
IMackanb CKOHCTPYMpOBAJI 3TY MallMHYy B 1642 roay, korma eMy Obuto Beero 19 jiet, aist
CBOETO OTIIa, cOopIMKa HajioroB. OHa ObL1a MEXaHUYECKast: € leCTepeHKaMU U PyYHBbIM
npuBoioM. CueTHas MaiHa [Tackasst MoIJIa BBITTOJHSITh TOJIBKO OTepaliiy CJIOKEeHUST
Y BbIYMTAHUS.
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Tpumuare JeT CIrycTs BeMKuit HeMelKuii Matematvk ['otdpun Bubrensm JleiiOHuMI
(1646-1716) mocTpow APYIryio MEXaHUYECKYIO MaIlMHY, KOTOpasi KpOMe CJIOKEHUST Y BbI-
YUTAHUST MOTIVIa BBITIOMHSTH OTepalid YMHOXEeHUS U nesieHus. B cymHoctu, JleioHmn
TPU BeKa Hazaj co3najl Moao0re KApMaHHOTO KaJIbKYJISITOpa ¢ YeThIPhbMSI (DYHKITUSIMMU.

Ene uepes 150 net npodeccop matematuku Kemopumkckoro yauepcutera Yapiab3
baooumk (1792-1871), n3obperareab CIUAOMETPA, pa3padoTal U CKOHCTPYHPOBAJ
PA3HOCTHYIO MAIMHY. DTa MeXaHUUYeCcKasl MallliHa, KOTopasi, Kak ¥ MarimHa [lackans,
MOIJIa TOJIBKO CKJIa[bIBaTh U BBIYMTATh, TOJACUYNTHIBAIA TAOIMIIBI YHUCEIT TSI MOPCKOIA
HaBUTraluy. B MalmHy ObLT 3aJ10KeH TOJIBKO OWH aJITOPUTM — METOI KOHEUHBIX pa3-
HOCTE ¢ MUCIOIh30BaHUEM ITOJIMHOMOB. Y 3TOI MAIIMHBI ObUT TOBOJBLHO MHTEPECHBIN
croco6 BbIBOIA MH(MOPMALIUN: PE3Y/IbTaThl BbIIABIMBAIMCH CTAIbHBIM IITAMITOM Ha ME/I-
HOI1 TOIIIeUKe, YTO MPEIBOCXUTUIIO OoJiee TO3MHME CPEICTBAa BBOIA-BhIBOIA — Tepdo-
KapThl ¥ KOMITAKT-TACKU.

XOT$I 3TO YCTPOMCTBO pabOTajIo TOBOJLHO HEIuioxo, ba00oumky Bckope HacKyduia
MalllMHA, BBITIOJTHSBIIIAS TOJIBKO OOWH aaropuT™. OH IOTpaTiI O4eHb MHOTO BpEMEHU,
OOJTBIITYIO YaCTh CBOETO ceMeHOro coctosiHus 1 ele 17000 ¢pyHTOB, BhIAEICHHBIX Ipa-
BUTEJILCTBOM, Ha pa3pabOTKy aHAIMTHYECKOH MAIMHbL. Y aHAJIMTUYECKON MalllHbI
OBUTO 4 KOMITOHEHTA: 3aITOMHMHAIOILIEE YCTPOUCTBO (ITaMSITh), BBIMMCIUTEIbHOE YCTPOIA-
CTBO, YCTPOMCTBO BBOAA (MJIs1 CUMTHIBaHUS TTepdoKapT), yCTPOKMCTBO BbiBoAa (miepdo-
paTtop M meyvararoiee yctpoiictso). ITamars coctosia n3 1000 cioB o 50 gecsaTHIHBIX
pa3psIoB, KaxkIoe U3 KOTOPBIX COAEPKAJIO MepeMeHHbIe U pe3yJIbTaThl. BeraucuTeb-
HOE YCTPOWCTBO MPUHUMAJIO OMepaHIbl U3 TIAMSITH, 3aTeM BBITTOJIHSUIO OTEpaliiy CJI0-
>KEHUSI, BBIYMUTAHUS, YMHOXKEHUSI WIM JACJICHUST U BO3BPAILIAIO TIOJyYeHHBIN pe3yJIbTaT
0o0partHo B maMsITh. Kak 1 pa3HOCTHAsI MalllHa, 3TO YCTPOMCTBO OBLIO MEXaHUYECKHM.

[MperMyIIIecTBO aHAMTIYECKONM MaIIMHBI 3aKJTIOYATOCh B TOM, YTO OHA MOIJIA BBI-
TTOJTHATH pa3Hble 3amaur. OHa CYMTHIBAIAa KOMAHIBI ¢ TlepdOoKapT W BHITIOIHSIA HX.
Hekotopsle KOMaHIBI PUKA3BIBATN MAIIHE B3SITh 2 YMCITIa U3 TIAMSITH, TIEPEHECTH UX
B BBIUMCIIMTETBHOE YCTPOMCTBO, TIPOM3BECTH Hal HUMU OTIepaliio (HarpruMep, CJIOKUTD)
Y OTIIPABUTh Pe3yJIbTaT 0OPAaTHO B 3aITOMITHAIOIIEE YCTPOUCTBO. JIpyriie KOMaHIbI TIPo-
BEpsUTH 9KCJIO, @ MHOTIA COBEPIIIATN OIepaliio Tiepexona B 3aBHCUMOCTH OT TOTO, TT0-
JIOKUTEIBEHOE OHO WJIM OTpUIIaTeTbHOe. ECi B cuMThIBaroIee YCTPOMCTBO BBOOWIVCH
TrepOKapTLI C IPYroil MPOrpaMMOii, TO MalllHA BEITIOTHSUIA APYTOM HAabOp OTIeparIvii.
A pa3sHOCTHasI MaIllMHA MOIJIa OCYIIECTBIISITh TOJIBKO OMUH aJITOPUTM.

ITockombKy 3Ta aHaJIMTUYECKas MalllMHa MporpaMMUpoBaiach Ha accembiepe, ei
ObLTO HEOOXOIMMO IIporpaMMHOE odecreyeHre. YToObl co3MaTh 3TO IIPOrpaMMHOE 00ec-
neueHre, B66UIK HAHST MOJIOLYIO XeHIINHY — Amy Asrycty Jlonelc, nous 3HaMe-
HUTOro OpuTaHcKoro noata baiipoHa. Ama JIoBneiic ObL1a EPBEIM B MUPE POrpaMMM-
ctoM. B ee yecTh Ha3BaH COBpPEMEHHBbIN SI3bIK TTPOrpaMMUpOBaHUs Ada.

K Hecuactrio, ba00MK HUKOIIA HE OTJIaXKUBaJl KOMIbIOTEP. EMy HY>KHBI ObUTH ThI-
CSIYM Y THICSTYM IIIECTEPEHOK, CIIEIAHHBIX C TAKOM TOUHOCTHIO, KOTOpasi Oblla HEBO3MOXK-
Ha B XIX Beke. Ho nugen ba00umka onepeauim ero 31oxy, 1 gaxe CeromaHsT OOIbIINH-
CTBO COBPEMEHHBIX KOMITBIOTEPOB MO CTPOEHUIO CXOMHBI C aHATMTUYECKON MAaIlIMHOM.
ITostomy cripaBem/IMBO OyJeT cKa3aTh, YTO ba00OMMIX ObLT AEMYIIKON COBPEMEHHOTO
111 bPOBOTr0 KOMITbIOTEDA.
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Tabnuua 1.1. OcHOBHbIE 3Tanbl Pa3BUTUS KOMMbIOTEPOB

lFop, Ha3BaHue Co3partenb Mpumeuyanus

BbIMyCKa KOMMblOTEpa

1834 AHanuTuueckas  Baboumx MepBas nonbiTka NOCTPOUTbL LNGBPOBOWA KOMMbLIOTED

MaLivHa
1936 Z1 3yc MNepBas peneHas BLIYUCAUTENbHAS MalUMHA
1943 COLOSSUS BputaHckoe MNepBbIi 9NEKTPOHHbBIN KOMNbIOTEP
NnpaBUTENLCTBO
1944 Mark! AlikeH MepBbIi aMeprKaHCKNn MHOTOLENEBON KOMMbIOTEP
1946 ENIAC | Okept/ OTciofa HauYMHAETCS UCTOPUSE COBPEMEHHbBIX
Moyuinun KOMMbIOTEPOB

1949 EDSAC Yunkc MepBbIi KOMNBIOTEP C NPOrpamMMamMm, XpPaHaLUMnNCsa
B NamaTu

1951 Whirlwind | MTU MepBbli KOMNBLIOTEP PEanbHOro BPEMEHU

1952 IAS ®oH HemaH OTOT NPOEKT UCNONb3YETCS B HONbLINMHCTBE
COBPEMEHHbIX KOMMbIOTEPOB

1960 PDP-1 DEC MepBbIi MUHM-KOMNbIOTEP (NpoAaHo 50 3Kk3eMnnspoB)

1961 1401 IBM OuyeHb MONyNSAPHbIA ManeHbKUin KOMMbIOTEP

1962 7094 IBM OyeHb nonynsipHas HebGonbluas BblYUCAUTENbHASA
MaluvHa

1963 B5000 Burroughs MNepBas malwmnHa, paspaboTaHHas ons A3blka
BbICOKOIO YPOBHS

1964 360 IBM MNMepBoe ceMeincTBo KOMMbIOTEPOB

1964 6600 CDC MepBbIi cynepkoMnbloTep AJs Hay4HbIX PacHeToB

1965 PDP-8 DEC MepBbIli MUHU-KOMMNBLIOTEP MACCOBOr0 NoTpebneHns
(npogaHo 50 000 ak3emMnnsApoB)

1970 PDP-11 DEC 3TN MUHN-KOMMNbLIOTEPLI LOMUHMPOBANN
Ha KOMMbIOTEPHOM pbiHKe B 70-€ roasbl.

1974 8080 Intel MepBblii yHUBEPCASbHbINA 8-OUTHBIA KOMMbIOTEP
Ha MUKPOCXEME

1974 CRAY-1 Cray MepBbiii BEKTOPHBLIM Cynep-KoMMbloTep

1978 VAX DEC MepBbii 32-OUTHLIA CYNEPMUHUKOMMbLIOTED

1981 IBM PC IBM Hayanacb apa COBpPEMEHHbIX MEPCOHANbHbIX
KOMMbIOTEPOB

1985 MIPS MIPS Mepebii komnbioTep RISC

1987 SPARC Sun Mepeas paboyas ctaHums RISC Ha ocHOBe
npoueccopa SPARC

1990 RS6000 IBM MepBbIii cynepckansipHbI KOMMbIOTEP

B xonue 30-x romoB XX Beka Hemell KoHpam 3yc CKOHCTPYMpPOBal HECKOJIBKO
ABTOMATUYECKMX CYETHBIX MAIllMH C MCIIOJb30BaHMEM 3JIeKTPOMArHMTHBIX pene. Emy
HE yIajioch MOJYYUTh AEHEXHbIE CPEACTBA OT MPaBUTEIbCTBA HA CBOM Pa3pabOTKH,
ITOTOMY YTO Hadajach BOMHA. 3yc HMUYEro He 3Han o padore bs00MmKa, 1 €ro MalmHbI
ObUIM YHUYTOXEHBI BO BpeMsi bomOexkk bepnuHa B 1944 romy, rmostomy ero padora
HUKaK He ITOBIMSIa Ha Oymyllee pa3BUTHE KOMIIBIOTEPHOM TeXHUKW. OmHAaKO OH ObLT
OITHUM W3 MMOHEPOB B 3TOI 00JIACTH.
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HemHoro mosxe cueTHbIe MalllMHbI ObUTM CKOHCTPYMPOBaHbI B AMepuke. MarilimHa
ATtaHacoBa OblTla Ype3BbIUaliHO pa3BUTOM IJISI TOTO BpeMeHU. B Heil ucrosib3oBantach
OuHapHas apudmMeTrKa U TH(MOpMalOHHbIE EMKOCTH, KOTOPBIE MEPUOINIECKI OOHOB-
JISUTMCh, YTOOBI M30€KaTh YHUUTOXEHUS NaHHbIX. CoBpeMeHHas1 AMHaMUYeCcKasl MaMsITh
(O3Y) paboTaet TOYHO I10 TaKOMY K€ MpuHILMITYy. K HecyacThio, 3Ta MallIMHa TaK U He
cTana aeicTpyloleil. B kakoM-To cMbicie ATaHacoB ObLT MOX0X Ha babOumxa: Meura-
TeJlb, KOTOPOTO HE YCTpauBaJIA TEXHOJIOTUY CBOETO BPEMEHMU.

Kommbrorep Ctubutca neiicTBUTENIBHO paboTall, XOTS 1 ObLT MPUMUTUBHEE, YeM Ma-
1mmmHa AtaHacoBa. CTHOMTC IPOAEMOHCTPUPOBaAI pabOTy CBOEH MaIlIMHBI Ha KOH(MEpPeH-
unn B JaptMyrckoM komtemke B 1940 romy. Ha 3Toit KOHMbepeHIIMM TTPpUCYTCTBOBAI
JIxoH Moy, HudeM He 3HaMEeHUTBIH Tipodeccop hu3uku U3 yHuBepcuTeTa ITeHcTb-
BaHuu. [To3nHee OH cTajl OUeHb U3BECTHBIM B 00JIACTH KOMITBIOTEPHBIX pa3pabOToK.

IToka 3yc, Ctubutc n AtaHacoB pa3pabaTblBaIM aBTOMAaTUUECKKE CUETHbIE MalllK-
HbI, Mostofoli ['oBapa AiKeH C TpyIOM MPOEKTUPOBAIT PyYHbIE CUETHBIE MAIIMHBI KaK
yacTh cBoero duniocodckoro uccnenopanus B ['apBapae. [Tocie okoHUaHMs UccenoBa-
HMS AIKEH 0CO3HAJT BAYKHOCTb aBTOMAaTUYECKMX BblurciaeHuit. OH molien B 6ubanore-
Ky, y3HaJl 0 pabote ba00umKa 1 peria co3naTh U3 pesie TaKoi e KOMIbIoTep, KOTO-
pbii b300KIKyY He yaaoch co3aaTh U3 3y0UaThIX KOJIEC.

PaGoTa Han repBbIM KOMITBIOTEpOM AlikeHa «Mark I» Oblta 3akoH4eHa B 1944 rony.
Komrbrotep conepxan 72 cioBa 1o 23 AeCATUYHBIX pa3psiia KakIoe U MOT BbITIOJHUTD
Jo0yI0 KoMaHmy 3a 6 cekyHa. Ha ycTpoiicTBax BBOma-BBIBOIA MCIIONB30BATACh Tiepdo-
neHTa. K ToMy BpeMeHM, KaK AilKeH 3aKOHYMI paboTy Han KoMibioTepoMm «Mark II»,
peJieiiHbie KOMITBIOTEPHI YKe ycTapeau. Hauanack apa 2/eKTpOHUKMU.

[lepBOE NOKONEHNE — 3NNEKTPOHHbLIE
namnbl (1945-1955)

CTuMyJIOM K CO3MaHUIO 3JIEKTPOHHOIO KOMITbloTepa cTasia Bropast MupoBasi BoiiHa.
B Havasie BoitHbI repMaHCKye TTOABOAHBIE JIONKU pa3pylliaiv OpuTaHCcKue Kopadau. [ep-
MaHCKME aaMUpaJTbl TIOChUTAIM Ha TTOABOAHBIC JIOAKHU MO Paauo KOMaH[IbI, a aHIJIMYaHe
MOIJIM TIepeXBaThIBaTh 3TU KOMaHbl. [Ipobiema 3aKitoyasach B TOM, 4TO 3TU PaaMo-
TIOCIaHMSI OBITA 3aKOIUPOBAHKI C TIOMOIIBIO TTprdopa non HazBanueM ENIGMA, mpen-
IIECTBEHHUK KOTOPOTO ObL1 CIIPOEKTUPOBAH M300peTaTeieM-IWIETAaHTOM U ObIBIIMM
npesuneHToM CIIA Tomacom IxkeddepcoHom.

B Hauase BoitHbI aHmIMYaHaM yaanoch puoopect ENIGMA y nosisikoB, KOTopbie,
B CBOIO OY€pe/ib, YKPaIU ero y HeMiieB. OmHako 4yToObl paciindpoBaTh 3aKOAMPOBAHHOE
TToc/IaHue, TPeOOBATIOCh OTPOMHOE KOJIMUYECTBO BRIYMCICHUM, M X HY>XKHO OBIJIO IIPOU3-
BECTH cpasy IocJjie TOro, Kak paauornociaaHue obi1o nepexsadyeHo. [Toatomy 6puTtaHckoe
TPaBUTEILCTBO OCHOBAJIO CEKPETHYIO Ja0OpaTOpHIO IJisl CO3MaHUs 3JEKTPOHHOTO
kommbloTepa noa HazBaHueM COLOSSUS. B co3maHuu 3Toil MalliMHbI TpUHUMAI
y4JacTHe 3HaMeHUTHIN OpuTaHckuii MateMaTuK AjaH TetopyHr. COLOSSUS pa6oran yxke
B 1943 roay, HO TaK Kak OpMTaHCKOE TIPaBUTELCTBO MOJTHOCTBIO KOHTPOJIMPOBAIO 3TOT
TIPOEKT M pacCMaTPUBAJIO €r0 KakK BOEHHYIO TaitHy Ha ripoTstkeHuu 30 tet, COLOSSUS
He MOT CJIy>KUTh OCHOBOI NAJIbHEHNIIIET0 Pa3BUTUSI KOMITbIOTEPOB. MBI YIIOMSIHYJIM €TO
TOJIBKO ITOTOMY, YTO 3TO ObUT MEPBbIIi B MUPE JIEKTPOHHBIN 1I(POBOM KOMIILIOTEP.
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Bropast MupoBast BoiiHa MoBIUsIIa U HA pa3BUTHE KOMITbIoTepHOi TexHuku B CILIA.
ApMUM HY>KHBI ObUTM TaOIUIIBI CTPETBObI, KOTOPBIE MCITOIb30BAIUCH TIPU HalleIMBa-
HUU TsoKesToM apTruiepun. COTHU KEHIIMH HAHUMAJIUCH TSI BRICYUTHIBAHUS 3TUX Ta0-
JIMII Ha PYYHBIX CYETHBIX MAIMHAX (CUMTAJIOCh, YTO XKEHIIMHBI 0OJiee aKKypaTHBI
TIpU pacueTax, YeM My>XKUuHbI). TeM He MeHee 3TOT Tpoliecc TpeboBal MHOTO BpeMeHU,
1 4acTo CJIyJaJIMCh OIITUOKU.

JI>xoH Moynuim, KoTophblii 0bUT 3HaKOM ¢ pabdoTamu AtaHacoBa M1 CTrOUTCa, TOHUMAJ,
YTO apMMS 3aHTepecOBaHa B CO3MAaHMM MEXaHMYECKMX CYCTHBIX MaImuH. OH IoTpe-
OoBaJ1 OT apMuM (PMHAHCUPOBAHMS paboT IO CO3MAaHUIO 3JIEKTPOHHOTO KOMIIBIOTEPA.
TpeboBaHue ObLIO ynoBIeTBOpeHO B 1943 romy, 1 MoOyIIIM CO CBOMM CTYICHTOM,
. Tpecriepom DKepToM, Haualli KOHCTPYHPOBATh 3JICKTPOHHBII KOMITHIOTEDP, KOTOPBIA
onu HazBanu ENIAC (Electronic Numerical Integrator and Computer — 3J¢KTpoH-
HbI LIMDPOBOI MHTETpaTOp U KajabKyjasaTop). OH coctostn u3 18 000 amekTpoBakyym-
HeIX Jamm 1 1500 pene. ENIAC Becwn 30 ToHH 1 oTpeoisit 140 KmoBaTT 3JIeKTPO3HEP-
rMU. Y MalHbI ObL10 20 perucTpoB, KaXIbIii M3 KOTOPLIX MOT coaepKath 10-pa3psimHoe
JeCATUIHOE Yncio. (JlecATUIHBINA perncTp — 3TO MaMsITh OYeHb MaJIEHBKOTO 00bheMa,
KOTOpasi MOXET BMeIaTh YKCIO0 J0 KaKOTo-JIM0O0 OMpeneIeHHOT0 MaKCMMAJIbHOTO KO-
JIMYECTBA Pa3PsIIOB, YTO-TO BPOJIE OMOMETPa, KOTOPHII 3alIOMUHAET KWJIOMETPAK ITPOii-
neHHoro aBTomoouieM myti.) B ENIAC 6b110 yecraHoBieHo 6000 MHOTOKaHAIbHBIX T1e-
peKIoJaTesieil 1 MHOXECTBO Kabeseli ObUTO ITPOTSIHYTO K PO3eTKaM.

PaGoTa Han MalHOM Gblia 3aKoH4YeHa B 1946 romy, Koraa oHa yKe Oblla He Hy>KHa.

Ho mockoinbKy BoiiHa 3aKOHYMIaCh, MOYIUIM M DKEPTY TTO3BOJIMIN OPraHU30BaTh
IIIKOJIy, TJ€ OHM paccKa3bIBaJIM O CBOEH paboTe KoywieraM-ydeHbM. C 3TOi IITKOJIBI Ha-
4aJIoCh pa3BUTHE MHTEPeca K CO3MAaHUIO OOJBIIMX II(PPOBBIX KOMITLIOTEPOB.

IMocne mosiBNIeHUsT IKOJBI U APYTHe MCCIEA0BaTeM B3SITMCh 32 KOHCTPYUPOBaHUE
9JIEKTPOHHBIX BEIYMCIUTETbHBIX MallivH. [TepBbiM pabounm KomribiotepoM 061 EDSAC
(1949 rom). Dty MaimHy cKOHCTpyHupoBal Mopuc Yuikce B KeMOpHmIKCKOM YHUBEP-
curete. anee JOHNIAC — B kopnoparuu Rand, ILLIAC — B YauBepcurere M-
Hoiica, MANIAC — B na6oparopuu Jloc-Anamoca u WEIZAC — B UnctutyTe Baiii-
MaHa B MU3paure.

DKepT 1 Moyl Bckope Hadamm padoty Hax MammHoi EDVAC (Electronic Discrete
Variable Computer — 3JeKTpoHHas TUCKpPEeTHas MmapaMeTpudeckasg MaimmHa). K He-
CYACTBIO, 3TOT ITPOEKT 3aKPBUICS, KOINa OHU YIILIM M3 YHUBEPCUTETa, YTOOBI OCHOBAThH
KOMITBIOTepHYIO Koprioparuio B @unanenbhun (CUIMKOHOBOM JOJMHBI TOTIA elle He
6bu10). Tlocne psaa cimsiHUM 3Ta KoMnaHus npeBpatuiaach B Unisys Corporation.

OKepT 1 MoyIUM XOTeNIN MOJYIUTh MAaTeHT Ha M300peTeHre IM(MPOBOI BEIYMCIA-
TEIBHOI MaIIMHEL. TTociie HECKONMBKUX JIET CYIcOHOI TSLKOBI OBUTO BRIHECEHO PEIleHHE,
YTO MATEeHT HEIACHCTBUTEICH, TaK KaK IIM(MPOBYIO BEIYUCIUTEILHYIO MAIIMHY M300pelT
ATaHacoB, XOTSI OH M He 3alaTeHTOBAJI CBOe N300peTEHME.

B 10 BpeMs Kak BkepT 1 Moynnm pabotam Hax MammmHoii EDVAC, onyH 13 yJacT-
aukoB mnpoekta ENIAC, Ixxon ¢oH Heiiman, moexan B ITHCTUTYT CrielIMAIBHBIX WC-
caenoBaHuii B [TpyHCTOHE, YTOOBI CKOHCTPYMPOBATh CBOIO COOCTBeHHYIO Bepcrio EDVAC,
maumHy IAS'. @on HeiitmaH ObUT reHeM B Tex ke 00macTsix, uto v JleoHapno na Bun-
yy. OH 3HaAJI MHOTO $I3bIKOB, ObLT CIIEMAIMCTOM B (DU3MKE 1 MaTeMaTHUKe U o0aagan
(hbeHOMEHATLHOI1 TTAMSTHIO; OH ITOMHIJI BCE, YTO KOTIA-JIM0O CIIBIIIAN, BUAET WI YUTAJL.

! Cokp. or Immediate Address Storadge — mamsaTh ¢ nmpsiMoit aapecauueit. — Ilpumeu. nepes.
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OH MOT JOCTIOBHO TTPOLIMTUPOBATH IO MaMSITH TEKCThI KHUT, KOTOPBIE YTl HECKOIBKO
net Hazan. Korma ¢on HeiimaH cTan mHTEpecOBaThCS BRIYMCIUTEILHBIMI MAIIMHAMY,
OH YXe ObLT CaMbIM 3HAMEHUTHIM MaTeMaTUKOM B MUDE.

®on HeiitmaH Bckope 0CO3Ha, YTO CO3AaHMe KOMIIbIOTEPOB C GOJIBIIMM KOJTMYECTBOM
IepeKiouaTesieil 1 Kabeseli TpedyeT IIMTeIbHOTO BpeMEHH! 1 OUYeHb YTOMUTENbHO. OH
TIpUIIIET K MBICJY, YTO TIporpaMma A0DKHA ObITh MpeICTaB/IeHa B MaMsITH KOMIThlOTepa
B 11 poBoii hopme, BMecTe ¢ TaHHBIMK. OH TakKe OTMETIWII, YTO JeCSITUYHAsI apudme-
THKa, uctonb3dyeMas B MammHe ENITAC, roe kaxneiil pa3psin npencrapisuics 10 anekr-
POHHBIMU JlaMITaMH (1 BKIOYeHa 1 9 BBIKJIIOYEHBI), TOJDKHA ObITh 3aMeHeHa OMHApHOM
apu(PMETUKOIA. ’

OCHOBHOI IPOEKT, KOTOPBIi1 OH OIMCcAJl BHavYalle, U3BECTEH ceituac Kak (poH-HeiiMa-
HOBCKAsI BbMMC/MTe/IbHAs ManmHa. OH 0611 1ctionib3oBaH B EDS AC, niepBoii MaliiiHe
¢ IIpOrpaMMOIi B IaMSITH, 1 IaKe ceifyac, OoJee YeM IToJIBeKa CIIyCTsI, SIBJISIETCS] OCHOBOI
OOJIBIIIMHCTBA COBPEMEHHBIX LIM(POBBIX KOMITBIOTEPOB. DTOT 3aMbIces U MammHa IAS
OKa3aJli OYeHb OOJIBbIIIOE BIMSIHIE Ha JajIbHEiIIee pa3BUTHE KOMITBIOTEPHOI TEXHUKMN,
TTIO3TOMY CTOUT KPaTKO OIrcaTh ero. Cxema apXUTeKTYphl 3TOM MAIIMHBI JaHa Ha puc. 14.
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Puc. 1.4.Cxema pOH-HENMAHOBCKO BbIYUCIIUTENBbHOW MaLLUNHbI

Marna don HeitmaHa cocTosia u3 MsITU OCHOBHBIX YacTeil: maMsTi, apudmMeT-
KO-JIOTUYECKOTO YCTPOMCTBA, YCTPONCTBA ypaBIeHUs, a TaKKe YCTPOMCTB BBOIA-BbI-
Boja. ITamare Bkmovana 4096 cioB, Kaxmoe cJioBo coaepxano 40 6uros, out — 310 0
i 1. Kaxnoe cioBo comepxkano uian 2 KoMaHsl 1o 20 OGUTOB, UM 1IEI0€ YUCTIO CO
3HaKoM Ha 40 OUTOB. 8§ OMTOB YKa3bIBaJIM Ha TUIT KOMaH[IbI, a OCTaibHbIE 12 OUTOB Ompe-
nensua onHo 13 4096 ciioB.

BHyTpu apudmeTrKo-JIOrM4eckoro ycTporicTBa HaxOMWICs OCOObIA BHYTPEHHUI
peructp B 40 OMTOB, TaK Ha3bIBAEMbIN aKKyMyJIsITOp. TUMMYHAsI KOMaHIa Ao0aBisiia
CJIOBO M3 MaMSITU K aKKyMYJISITOPY WM COXpaHsijia COAEPXXMMOe aKKyMyJIsiTopa B Ta-
MSITH. DTa MallliHa He BBITTOTHSLIA aprMeTHIecKre orepaliiy ¢ IJIaBaroiei TOUKON,
TaK Kak (poH HeiimaH nmoHmnMas, 4ro ool cBemyImii MaTeMaTK ObUT CIIOCOOCH Jep-
JKaTh T1J1aBalolIyIO 3alsITylO0 B TOJIOBE.

ITpumMepHo B TO ke Bpemsl, Koraa ¢oH Heliman pabortan Han matimHol IAS, uccieno-
Batemt MTU paspabatsiBanu cBoii KoMrtbioTep Whirlwind 1. B ormmunme ot IAS, ENIAC
Y JPYTdX MalllMH TOTO e TUIa CO CJOBaMM OOJbIION MuHbI, MaiirHa Whirlwind I
comep:aja CJIoBa 1mo 16 6uToB 1 GbUTa TipeaHa3HaYeHa 1T pabOTHI B PealbHOM BPEMEHMU.
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DTOT POEKT TIPUBEJT K U300pPETEHNIO TTaMSIT Ha MarHUTHOM CepledHuKe (1300peTa-
tenb ket @oppecTep), a 3aTeM M IIEPBOTO CEPUITHOTO MUHM-KOMITBIOTEpA.

B 1o BpeMs IBM Obl1a MaJieHbKOM KOMITaHMEH, TTIPOU3BOAMBILEH MTep¢hOKapThl U Me-
XaHUYECKUe MAITMHBI IJIT X COPTUPOBKU. XO0Ts (pupma IBM gwactnuHo puHaHCHpOBa-
Jla TIpoeKT AlikeHa, OHa He MHTepecoBajlaCh KOMIIbIOTepaMM U TOJbKO B 1953 romy
roctpowia Komiteiorep IBM-701, yepe3 MHOTO JIeT TTOCIIE TOTO, KaK KOMIIaHMST DKepTa
1 Moyt co cBouM KomibiotepoM UNIVAC crtana HoMepoM OayH Ha KOMITbIOTEPHOM
PBIHKE.

B IBM-701 6n110 2048 c10B 110 36 OMTOB, KaXKI0€ CJIOBO COAEPKAJIO IBE KOMaHIbI.
OH cTas1 TIepBBIM KOMITHIOTEPOM, TMANPYIOIINM Ha PhIHKE B TeUeHUeE AecsiT JeT. Yepes
Tpu rogaa nosisusicss IBM-704, y kotoporo 6b110 4 KOaiiT maMsiTi Ha MarHUTHBIX CepAeYHU -
Kax, KOMaH/bI 110 36 GMTOB U MPOLIECCOp C IUIaBaloleil Toukoi. B 1958 romy komaHus
IBM Hayana pa®oTy Haa MOCAeIHMM KOMITBIOTEpOM Ha 3JIeKTPOHHBIX Jamriax, IBM-709,
KOTODBIiA TI0 CYTH TIPENICTABIISUT CO0O0H yCIoXXHEeHHYIo Bepcuio IBM-704.

BTopoe rnokoneHme — TpaH3mucTops (1955-1965)

Tpana3ucTop 6T M300peTeH cOTpyTHUKAaMM J1abopatopur Bell Laboratories JIxkoHOM
Bapaunom, Yonrepom bpatreitiom n Yunesimom Lllokium, 3a uto B 1956 roay oHM Mo-
syawn HoGeneBckyto mipemuto B oosact hu3uku. B TedeHue necsitu jieT TpaH3uCTo-
PbI TIPOM3BEIM PEBOIIOLIMIO B ITPOU3BOACTBE KOMITBIOTEPOB, 1 K KOHILY 50-X TOIOB KOM-
MBIOTEPHl Ha BaKYYMHBIX JJamriax ycrapeiu. [1epBbiii KOMITbIOTEP HA TPAaH3UCTOPaX ObLT
nocTpoeH B nadboparoput MTH. Ou conepxkai cioBa u3 16 6utoB, kKak 1 Whirlwind 1.
Kommstorep HasbiBasicst TX-0 (Transistorized experimental computer 0 — axcriepuMeH-
TajlbHasl TPaH3UCTOPHAsl BbIYMCIUTEIbHAS MalHa 0) ¥ MpeaHa3Havdaics TOJIbKO IS
TeCTUPOBAHMS MaIIMHBI TX-2.

Mamma TX-2 He nMeia O0JIBIIOro 3HAYCHMSI, HO ONWH W3 MHXXEHEPOB M3 3TOi 1a00-
patopuu, Kenner OnbceH, B 1957 romy ocHoBan komnanuio DEC (Digital Equipment
Corporation — kopriopaliysi o ITpou3BOACTBY LI(hPOBOIL amnTiapaTypbl), YTOOBI IPOU3-
BOIOWTH CEpUITHYIO MalLIMHY, cxonHyto ¢ TX-0. Ota MaimHa, PDP-1, mosiBuiach ToJbKO
yepe3 YeThIpe Tofa IJIaBHBIM O0pa3oM TMOTOMY, YTO KalUTAJIWCTHI, (PMHAHCUPYIOIINE
DEC, cuuTtanu npon3BOACTBO KOMITBIOTEPOB HEBBLITOAHBLIM. [ToaToMy Komnanuss DEC
MpojiaBajia B OCHOBHOM HEOOJIbIIINE IEKTPOHHBIE TIIATHI.

PDP-1 nosiBusicst Tosibko B 1961 romy. Y Hero 6010 4 K6aiiT ¢10B 1o 18 GUTOB 1 BpeMst
OVKJIa 5 MUKPOCEKYHI. DTOT MapaMeTp OBbLT B ABa pa3a MeHsble, yeM y IBM-7090, TpaH-
3uctopHoro aHajiora IBM-709. PDP-1 6bL1 caMbIM ObICTPBIM KOMITHIOTEPOM B MUPE B TO
BpeMmst. PDP-1 cromn $120000, a IBM-7090 cromn mwumonsl. Kommanusa DEC mipona-
Jla iecsITKU KoMIibloTepoB PDP-1, 1 Tak nosiBujiach KOMIbIOTepHAs! IPOMBIIILIEHHOCTb.

Onny 13 nepBbIx MatH Moneii PDP-1 otmam 8 MTU, 1me oHa cpasy npuBjeKiIa
BHMMaHME HEKOTOPbIX MOJIONBIX UCCIeA0BaTeNel, TIONArOIIMX O0IblIMe HanexXabl. OMTHUM
n3 HoBoBBeAeHM PDP-1 6b11 quctreii ¢ pasmepom 512 Ha 512 mMKceI0B, Ha KOTOPOM
MOXHO OBLIO prcoBaTh ToUuku. Bekope cryneHtsl MTU cocTaBuiv cieliMaibHYIO ITporpammy
st PDP-1, yto06s1 urpath B «BoliHYy MUPOB» — MEPBYIO B MUPE KOMITBIOTEPHYIO UTDY.

Yepes Heckonbko JieT DEC paspabotan Moaens PDP-8, 12-OuTHBII KOMITIbIOTED.
PDP-8 crowm ropasmo gemenite, ueM PDP-1 ($16000). I''taBHOe HOBOBBEEHNE — ONHA
umHa (Omnibus) (puc. 1.5). IlluHa — 310 HaObOP HMapasUIeTbHO COETMHEHHBIX IIPOBOIOB
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JIJIS1 CBSI3U KOMITOHEHTOB KOMITbIOTEpA. DTO HOBOBBEIEHNE CUIbHO oTnyaio PDP-8 ot
I AS. Takas cTpyKTypa ¢ TeX ITop cTajia MCITOIh30BaThCs BO BCeX KoMITbIoTepax. Komma-
Hust DEC nponana 50 000 kommnsiorepoB moaenu PDP-8 u crana nraepoM Ha peiHKE
MWHU-KOMITBIOTEPOB.

LleHTpanbHbIi YCTpOoiicTBO Lpyrve
NpOLLEcCop Mamatb KoHconb CUYNTBLIBAHNSA ycTponcTaea
nepdoneHTbl BBOAA-BbIBOAA

LnHa
Omnibus

Puc. 1.5. lUnna komnbtoTepa PDP-8

Kaxk yxxe 6b110 cKa3aHO, ¢ M300peTeHNEM TpaH3UCTOPOB KoMmmanust IBM moctponia
TpaH3ucTopHyIo Bepcuio IBM-709 — IBM-7090, a no3nHee — IBM-7094. Y Hee Bpemst
LIMKJIA COCTABISIO 2 MUKPOCEKYH/IbI, a maMsTh cocrosiia u3 32 K cyioB o 16 6UTOB.
IBM-7090 u IBM-7094 6b111 nociaenHuMu KoMibiotepamu tuia ENIAC, Ho oHM 1u-
POKO MCHOJIb30BAIUCh JUISI HAYIHBIX pacyeToB B 60-X Tofax MpoIIIoro BeKa.

Kommanmst IBM Takke BbITTycKayia KoMmbioTepbl IBM-1401 st koMmMepdecKux
pacyeToB. DTa MalllMHAa MOIJIAa CUUTHIBATh M 3aIlMCHIBaTh MArHUTHbIC JICHTBI U I1epgo-
KapThl ¥ pacIieyaThiBaTh Pe3yJIbTaT TakK e ObIcTpo, Kak 1 IBM-7094, Ho nipu 3TOM CTO-
wia aeuienne. {751 HaydHbIX BBIYMCICHUI OHA He TIOAXOAMIIA, HO 3aTO ObLTa OuYeHb yI00Ha
JIJISI BEIEHUS I€JIOBBIX 3aITUCEN.

Y IBM-1401 He 06110 perucTpoB U GUKCUPOBAHHOM [UTUHEI ciioBa. [lamsatek conep-
xana 4 Koaiir o 8 6utos (4 Ko6aiit). Kaxmplit 6aiiT conepkan CMMBOJI B 6 OUTOB, aaqMHu-
HUCTPATUBHBIM OUT 1 OUT 151 yKa3aHUsI KOHLIA cjioBa. Y KoMaHabpl MOVE Hanpumep, ecTb
WCXOIHBIN ampec 1 afapec ITyHKTa Ha3HAYeHUSI. DTa KOMaH/Ia IepeMelaeT OaiThl U3 Iep-
BOI'O ajipeca BO BTOPOIA, IIOKa OMT KOHIIA CJIOBA HE IIPUMET 3HaYeHue 1.

B 1964 rony komnannst CDC (Control Data Corporation) BelTycTiia Maay 6600,
KOTOpasi paboTajia MoYTu Ha Mopsinok oeictpee, yem IBM-7094. DtoT KOoMIbIOTEp AJIST
CJIOKHBIX PACYETOB ITOIb30BAJICSI OOJIBIIION TTOMYJIIpHOCTHIO, ¥ KoMmitanust CDC moruia
B ropy. CeKpeT CTOJIb BBICOKOI CKOPOCTU PabOThI 3aKJII0YATICS B TOM, YTo BHyTpU LITTY
(LIEHTPaJILHOTO IPOIIeCCopa) HaXOAWIach MalllMHA C BHICOKOI CTETIEHbIO TTapajuIeIM3Ma.
Y Hee ObLI0 HECKOJIBKO (PYHKIIMOHATBLHBIX YCTPONCTB LTSI CJIOXKEHUS, YMHOXKEHUS U JieJie-
HUSI, U BCE OHU MOIJIM pab0TaTh OMHOBPEMEHHO. 7151 TOro yTo0hl MalimHa ObICTpO pabo-
TaJjia, Hy>KHO OBbLJIO COCTABUTb XOPOILYIO MPOrpaMMy, HO TIPWJIOXIB HEKOTOPHIEC YCHIIUS,
MOXHO OBUTO CIENIaTh TaK, YTOOBI MalllHA BhITOIHIa 10 KoMaHI OTHOBPEMEHHO.

Baytpu Marmassr 6600 O6bLI0 BCTPOSHO HECKOBKO MaJTeHbKHUX KoMITbioTepoB. LITTY,
TaKuM 00pa3oM, ITPOM3BOIMIIO TOJIBKO ITOACYET YMCEI, a OCTaJIbHbIE (DyHKIIMU (YIIpaB-
JIeHe pa0oTOl MAILIMHbI, a TAKXKE BBOJ, U BbIBOJ MH(POPMAIIN) BBIIOJHSUIM MaJIeHbKIE
KOMITBIOTEphl. HekoTopble MpUHIMITBI yeTpoiicTBa 6600 UCTIONB3YIOTCS U B COBPEMEH-
HBIX KOMIIbIOTEpaX.

Paspa6oTunk kommbrotepa 6600 Ceiimyp Kpeii GbUT JIereHIApHOM JTMIHOCTBIO, KaK
u (poH HeitmaH. OH mOCBSATHI BCIO CBOIO >KM3Hb CO3MAHMIO OUYE€Hb MOIITHBIX KOMITBIOTE-
POB, KOTOpHhIE ceiiyac Ha3bIBaIOT cylepKomilbioTepamu. Cpead HMX MOXKHO Ha3BaTb
CDC-6600, CDC-7600 u Cray-1. Ceitmyp Kpeii Taxxe sBIsIETCS aBTOPOM M3BECTHOI'O
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«aJITOpUTMa MOKYITKM aBTOMOOMIIEI»: BBl METE B Mara3vH, OJVDKAMIIIIA K BallleMy JOMY,
MOKa3bIBaeTe HA MAIHY, OIKAIITYIO K IBEpH, U roBopurte: «5 O6epy aTy». DTOT anro-
PUTM MO3BOJISIET TPATUTh MUHMMYM BPEMEHM Ha HE OUCHb BaxKHbIE Jej1a (ITOKYIIKY aBTO-
MOOMJIei) 1 OCTaBIseT OOMBIIYIO YaCTh BPEMEHM Ha BaKHBIE (Pa3pabOTKy CyIepKOM-
MBIOTEPOB).

Crnenyetr ynoMsiHYTh ellle oguH Komrbiotep — Burroughs B5000. Pa3pabotunku
MaimH PDP-1, IIIM-7094 u CDC-6600 3aHMMaI1Ch TOJIBKO aIlllapaTHBIM o0ecIieue-
HUEM, cTapasichb CHU3UTH ero croumocTh (D EC) wiu 3actaButh padotaths ObicTpee (IBM
u CDC). IlporpammHOe obecrnieueHre He MeHsIoch. [IponsBomurenn BS000 mommmm
npyruM IyteM. OHM pa3paOoTaiy MalllHy ¢ HAMEPEHMEM IIPOrPaMMUPOBATh €€ Ha sI3bIKE
Algol 60 (mpeniecTBeHHUKe s13bIKa Pascal), CKOHCTpyMpOBaB armapaTHOe obecrieue-
HME TaK, YTOObI YIIPOCTUTh 3a1ady KOMIWIsATOpa. Tak MosSIBUIIACh MIIesT, YTO IPOrpaMM-
HOe o0ecrieuyeHne Takke HYXKHO YIMTHIBaTh NP pa3paboTke kommbiotepa. Ho Bckope
9Ta uaes Oblia 3a0bITa.

TpeTbe NoKoNeHne — NHTerpasbHble
cxembl (1965-1980)

N300peTeHre KpeMHUEBOI MHTETPaTbHOM cxeMbl B 1958 romy (n300petarens — Pobepr
Hoiic) nairo Bo3MOXHOCTE ITOMEIIATh ASCSTKA TPAH3UCTOPOB Ha OTHY HEOOJTBIITYIO MUK-
pocxemy. KoMmbproTepsl Ha MHTETpAIbHEBIX CXeMaX OBLTA MEHBIIIETO pa3Mepa, padoTan
OBICTpee W CTOWIIM JIEIIEBIIe, YeM WX MPeIIIeCTBeHHNKY Ha TpaH3ucTopax. Himke orm-
CaHBI HanboJIee 3HAYNTEIbHEIC 13 HUX.

K 1964 rony xommanus IBM jauaypoBana Ha KOMITBIOTEPHOM PBIHKE, HO CYIIECTBO-
Bajla oqHa Oosibliiasl mpobsiema: komrblotepel IBM-7094 u IBM-1401, koTopble oHa
BbIITyCKana, ObLIM HECOBMECTUMBI APYT ¢ ApyroM. OIuH U3 HUX NpeAHa3HAYaICs LIS
CJIOKHBIX PacyeToOB, B HEM MCIIOJIb30BaJlach IBOMYHAs aprMeTHKa Ha perucrpax Iio
36 6UTOB, a BO BTOPOM MCIIOJIb30BajIach AECITUYHASI CUCTEMA CYMCIICHMSI M CJI0Ba Pa3HOM
JUIMHBL. Y MHOTMX MOKYIIaTeJiel ObLIM 00a KOMITBIOTepa, 1 UM HEe HPaBUJIOCh, UTO OHU
COBEpILIEHHO HECOBMECTUMBI.

Korma npuiiio Bpemst 3aMEHUTh 3TU ABE CEpUM KOMITBIOTEPOB, KomIaHusi IBM
clienana pellnTelIbHbIN 1mar. OHa BBITYCTWIA CEPUIO KOMITBIOTEPOB Ha TPaH3UCTOpPaXx,
System/360, KoTopble ObUIM MpeaHAa3HAYECHBI W MJISI HAYYHBIX, U JJISI KOMMEPUYECKUX
pacueroB. System/360 comepxkajla MHOTO HOBOBBEICHUI. DTO ObUIO 1IEI0e CEMENCTBO
KOMITBIOTEPOB C OTHUM U TEM K€ SI3bIKOM (acceMbiiepoM). Kaxknass HoBast Moziesb Obuia
OoJIbllle 1O pa3Mepy Y I10 MOIIHOCTU, YyeM Mpeabiayiias. KoMmaHus Moria 3aMeHUTh
IBM-1401 na IBM-360 (Momenb 30), a IBM-7094 - na IBM-360 (Mozxenb 75). Mo-
Jienb 75 Obuta OoJibliie MO pa3Mmepy, padoTana ObICTpee M CToMJIa JOPOKe, HO Mporpam-
MBI, HalTUCAHHbIE TSI OMHOM 13 HUX, MOIJIM MCIIOJIb30BaThCs AJI npyroii. Ha mpakrtuke
MPpOrpaMMBbI, HAITMCAHHBIC JIJISI MAJIEHBKOI MOJIEIN, BBITOIHSUIUCH OOJIBIION MOICIIBIO
0e3 ocoObIX 3aTpyaHeHuii. Ho B cilydae nmepeHoca mporpaMMHOro 00ecIiedyeHus1 ¢ 00JTb-
IO/ MaIllMHBI Ha MaJICHbKYIO MOIJIO He XBaTuTh IaMsTu. M Bce Xe co3naHue Takoi
CeprM KOMITBIOTEPOB OBLTO OOJIBIIMM HOCTIKeHUeM. Mest co3naHust ceMeiiCTB KOMITbIO-
TEpOB BCKOPE CTajla OYEHb IIOIYJISIPHOM, M B TEYCHME HECKOJBKUX JIET OOJIBIIMHCTBO
KOMITBIOTEPHBIX KOMITAHUIA BBITYCTHIIO 1ICJIbIE CEPMM CXOMHBIX MAIllMH C Pa3HOM CTO-
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MMOCTBIO M PyHKIIMSIMU. B 12071, 1.2 1MOKa3aHbI HEKOTOPKIE TTapaMeTPhl TIEPBBIX MOJIe-
Jieit u3 cemerictea IBM-360.0 npyrix Momesisix 3TOro ceMeicTBa Mbl PacCKaXkKeM HILKE.

Ta6nuua 1.2. MNepsble mogenu cepumn IBM-360

MapameTpbl Mopenb 30 Mogpenb 40 Mopenb 50 Mopgens 60
OTHOCKTENbHAs MPOV3BOANTENBHOCTD 1 3,5 10 21

Bpemsa yukna, He 1000 625 500 250
MakcumanbHbii 06beM namsitn, Kéant 64 256 256 512
KonnyectBo6anTOB, BbI3bIBAEMbIX 1 2 4 16

13 namatn 3a 1 umkn

MakcrmManbHOe KONMYeCTBO KaHANOB AaHHbIX 3 3 4 6

Emme omHo HoBoBBeneHue B IBM-360 — MynbTuIiporpaMmupoBanue. B mamsitv Kom-
MBIOTEPA MOIJIO HAXOMUTHLCSI OJHOBPEMEHHO HECKOJIBKO MPOrpaMM, W TOKa OTHA Mpo-
rpaMMa Xjaja, Korjaa 3aKOHUYUTCS TTPOLIECC BBOJA-BhIBOMAA, APYTasl BBIMOTHSIACH.

IBM-360 GbL1a miepBoit MaIllHOM, KOTOpasi MOIJIa TIOJTHOCTHI0 IMUTUPOBAThL paboTy
JIPYTUX KOMITBIOTEPOB. MasieHbKre Moie i Mo umutupoBat IBM-1401, a 6onbiime —
IBM-7094, nostoMy mporpaMMKCTBI MOTJIM OCTaBJISITh CBOM CTapble MPOrpaMMbl 0e3
M3MEHEHMI1 U UCIOJIb30BaTh MX B pabote ¢ IBM-360. Hekotoprie Monenu 1BM-360
BBITIOJTHSIIA TIporpamMMbl, HanucaHHbie 111 IBM-1401, ropasmo ObicTpee, yeMm cama
IBM-1401, moatoMy He ObUIO HMKAKOIO CMBIC/IA B MiepeAeIbIBAaHUI ITPOrpaMM.

Kommstotepst cepurt IBM-360 Morm MMUTHPOBATh paboTy APYTHX KOMITHIOTEPOB,
MOTOMY YTO OHU CO3[aBAJIMUCh C UCTIOIb30BAaHUEM MUKpOIporpamMmmupoBaHusi. HyxxHo
OBLJIO BCEro JIMIIb HAMUCATh TPU MUKPOMPOTPAMMBL: OJHY — IS CUCTEMbI KOMaH/I
IBM-360, apyryio — mist cricteMbl KomaHa IBM-1401 u TpeTblo — ISl CUCTEMBI KO-
MaHa IBM-7094. TpeboBaHMe COBMECTMMOCTU ObLIO OMHOM M3 INIABHBIX HMPUYMH MC-
MOJTb30BAHUST MUKPOIIPOTPAMMUPOBAHUSI.

IMB-360 ynanoch pa3pelnTh IUIEMMY MEXKIY IBOMUHOM U IECATUUHOM CUCTEMOIA:
y 3TOro KOMITbIoTepa ObUTo 16 perrcTpoB 1o 32 Gura mjisi OUMHApHOM aprupMETHKHI, HO
MaMsITh COCTOsIA U3 0aitToB, kKaky IBM-1401. B Helt uCrioib30BaIUCh TAKKE Ke KOMaH-
JIbI JUTS TIepeMEILIeH s 3auceid pa3HOTo pa3Mepa U3 OMHON YacTH MaMsITH B APYTYIO, Kak
u B IBM-1401.

O6bem namsitu y IBM-360 cocrasnsin 2* 6aittos (16 M6aiiT). B Te BpeMeHa Takoii
00BeM mamMsITH Kazasicst orpoMHbM. Cepuist IBM-360 mosmHee cmenmiiack cepueii IBM-370,
3atem 1IBM-4300, IBM-3080, IBM-3090. ¥ Bcex 3TUX KOMIIBIOTEPOB ObLIa CXOOHAsI
apxutektypa. K cepeaune 80-x romo 16 MGaiiT maMsTH CTaJI0 HEIOCTATOYHO, ¥ KOM-
naHuu IBM npuIiluioch 4aCTMYHO OTKAa3aThCsl OT COBMECTMMOCTH, UTOObI MEpEerTH Ha
cuUcTeMy aapecoB B 32 OuTa, HEOOXOOMMYIO IJIs HaMsITU 00beEMOM B 2 6aiiToB.

MoxHO ObLTO ObI MPEATONIOXUTH, YTO TTIOCKOJIBKY Y MAallIMH ObLTU cIoBa B 32 OuTa
U PETUCTPBI, Y HUX BIIOJIHE MOIIU ObI OBITh U afapeca B 32 6ura. Ho B To Bpemst HUKTO He
MOT JIaKe TPEeICTABUTEL ce0e KOMITLIOTED ¢ 00beMoM TamsITi 16 MGaiit. O6BuHSTL IBM
B OTCYTCTBUM TMPEIBUAEHNSI — BCE PABHO YTO OOBUHSTH COBPEMEHHbBIX MTPOM3BOIUTE-
Jiel TIepCOHABHBIX KOMIIBIOTEPOB B TOM, UTO aJpeca B HUX Bcero mno 32 6ura. Bosmox-
HO, Yepe3 HECKOJTBKO JIET 00bEeM MaMsITU KOMITBIOTEPOB OYNIET COCTABIISITh HAMHOTO 0OJTb-
e 4 I'Gaifr, u Torma aapecoB B 32 OuTa OydeT HeIOCTaTOYHO.

Mup MUHU-KOMITBIOTEPOB c/iejajl OOMbIION 1Iar Brepel B TPETbeM MOKOJIEHUU
BMECTE C TIPOM3BOJCTBOM ceprum KommbioTepoB PDP-11, mociaenosareneit PDP-8co
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coBaMu 1o 16 6utoB. Bo mHorux otHoteHustx PDP-11 6bu1 MnamiM 6patom IBM-360,
a PDP-1 - miamimmm 6patom IBM-7094. Uy IBM-360, u y PDP-11 Gblnu peruct-
PbI, CJIOBa, TIAMSITh C OaiiTaMK, ¥ B 00EMX CEPUSIX ObLTH KOMITbIOTEPhI PA3HOM CTOMMOCTH
U C pa3HbIMU (YHKIMSIMU. PDP-1 1I1Mpoko KCnoib30Baics, 0COOEHHO B YHUBEPCUTE-
tax, 1 Komnanuss DEC mpoposkana JTUaupoBaTh Cpeau MPOM3BOAUTENIEH MUHU-
KOMIIbIOTEPOB.

YeTBepToe NokoneHne — ceepxbonblune
nHTerpanbHble cxembl (1980-7)

ITosiBnenue cepxooabmx uHTerpabHbIX cXeM (CBHMC) B 80-x romax IO3BOJIMIIO
TOoMelLaTh Ha OMHY IUIaTy CHavYasia AeCSITKU ThICSY, 3aTeéM COTHM ThICSY M, HAKOHEL, MUJLI -
OHbI TPAH3UCTOPOB. DTO IIPUBEJIO K CO3IAHNIO KOMITBIOTEPOB MEHBIIIETO pa3Mepa 1 ¢ 6oJiee
BBICOKOI CKOpOCThIO paboThl. o nosiaeHuss PDP-1 komrmbloTepbl ObUIM HACTOJILKO
0OJIbIIIKE W JOPOTOCTOSIINE, YTO KOMIIAHUSIM M YHUBEPCUTETaM IIPUXOIMIOCh UMETh
crnelyaibHbIe OTIE/IbI (BbMMCIHMTEbHbIE HeHTpbl). K 80-M romaM 1LieHbI ynaiay TaK CUIb-
HO, YTO BO3MOXKHOCTh IPHOOPETATh KOMITBIOTEPhI MOSIBWJIACH HE TOJIBKO Y OpraHM3a-
LIMi1, HO Uy OTAeIbHBIX moaeii. Havanacek apa nepcoHaIbHBIX KOMITbIOTEPOB.

IlepcoHallbHBIE KOMITBIOTEPBI MCITOIB30BAIMCh COBCEM MIJISI APYruX Lieneil. OHU IIpu-
MEHSUIUCH 11 00pabOTKM CJIOB, a TAKXKe IS pa3JIMYHbBIX AVAIOTOBBIX ITPUKJIAMHBIX
IIPOrpaMM, C KOTOPbIMU OOJIbIIINE KOMIIbIOTEPHI HE MOIIM PabOTaTh.

[TepBEIc TIepCOHABHBIE KOMITBIOTEPHI ITPONABAINCH B BHAEC KOMIUIEKTOB. Kaxkmplid
KOMIUIEKT CcofiepKaJl TieYaTHyIO IIaTy, HabOp MHTETPaTbHBIX CXEM, OOBIYHO BKITIOYAIO-
it cxemy Intel 8080, HeCKOJIBKO Kabelrel, ICTOYHMK ITUTAHWUS 1 MTHOTIA 8-TI0OMMOBBIIA
nvckoBon. CIOXUTh M3 3TUX YacTeli KOMITBIOTEDP TTOKYMaTelb TojkeH Obi1 caM. [Ipo-
rpaMMHoOe obecrieueHre K KOMITbIOTepY He mpwiiaranoch. [lokymaremo mpuxoauiaoch
caMoMy TTrcaTh IporpaMMHoe obecrieueHue. [lo3mHee mmosiBrIIach orepalroHHast CUCTe-
ma CP/M, nanucannast 'apyn Kunmammom mst Intel 8080. Dra melicTByroliast onepariiu-
OHHAasI CHCTeMa TTOMeIaach Ha TMCKETy, OHA BKINoYajia B ceOsl CUCTEMY yIpaBJICHMS
daiiyTaMy ¥ MHTEePIIPETaTOP TSI BHITTOTHEHMS ITOIb30BaTEILCKIX KOMAaHI, KOTOPhIE Ha-
OMpaTUCh C KJIIaBUATYPBHI.

Ewie onuH niepcoHanbHbIi KoMnbioTep, Apple (a mo3nHee u Apple 11), 611 pazpado-
TaH CruBoM JIxxoocoM u CtriBoM BosHskoM. OH cTa 4pe3BblYaiiHO IMOIYJIIPEeH Cpeau
OTAE/NBHBIX MOKYIIATeJICi, a TakKKe IIMPOKO MCITONB30BAJICS B IIKOJIAX, M 3TO CIAC/IAIO
KoMIiaHu1o Apple cepbe3HbIM KOHKYpeHTOM 1BM.

Habmonas 3a TeM, 4eM 3aHUMAIOTCS Ipyrve KoMIiaHuu, koMnanusi IBM, nunupyto-
1128l TOra Ha KOMITBIOTEPHOM PBIHKE, TOXE Pelliia 3aHSAThCS IIPOM3BOACTBOM II€PCO-
HaJIBHBIX KOMITbIOTepoB. Ho BMecTo TOro 4to6bl KOHCTPYMPOBATh KOMIIBIOTED C HYJIS,
YTO 3aHsIJI0 Obl CJMILKOM MHOIO BpeMeHHU, KomraHus IBM mpenocraBuiia oqHOMy U3
cBOMX pabOTHUKOB, DPuiuny DCTpuIKy, OOJIBIIYI0 CyMMy ACHET, IpHKa3aja eMy OT-
MpaBUThCSI Kyda-HUOYIb NOAajbllle OT BMEIIMBAIOIIMXCS BO BCe OIOPOKPATOB INIABHOT'O
VIIpaB/IeHNs] KOMITAHUY, Haxomsiierocsi B Hplo-Vlopke, 1 He BO3BpaILAaThCs, TTOKA He
OyeT CKOHCTPYMPOBAH ACHCTBYIOIINI MePCOHAIBHBIA KOMIIBIOTEP. DCTPUIK OTKPBLT
MPEIIPUSITUE JOCTATOYHO AAJIEKO OT IJIaBHOI'O YIIpaB/IeHus1 KoMianuu (Bo Miopuae),
B3su1 Intel 8088 B KauecTBe LIEHTPaAJIbHOIO IMpoLIeccopa U Co3Aall MEPCOHATbHbBIN KOM-
MBIOTEP U3 CEPUIHBIX KOMITIOHEHTOB. DTOT KoMIibiotep (IBM PC) nosisuiics B 1981 romy
U CTaJl CAaMbIM ITOKYIIaeMbIM KOMITBIOTEPOM B UCTOPUU.
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Ho xommanus IBM caenana ogHy Bellib, O KOTOPOI OHa IT03Xe Mmoxasena. BMecto
TOTO YTOOBI IEPKaTh MPOEKT MAIIIMHBI B ceKpeTe (M1 10 KpaiiHe Mepe orpaauTh cest
MaTeHTaMM ), Kak OHa OOBIYHO JieJiala, KOMITaHUSI OITyOIMKOBaJIa MOTHbBIE TPOEKThI, BKITIO-
yas BCe QJIEKTPOHHBIE CXEMBI, B KHUTE CTOMMOCTHIO $49. Dra kHura ObU1a OImy0IMKoBaHa
JIJIST TOTO, YTOOBI IPYTME KOMITAHUK MOIVIM IIPOM3BOAUTEL CMeHHBIE TIathl 1j1s1 IBM PC,
YTO MOBBICWJIO OBl COBMECTUMOCTD U TIOIYJISIPHOCTh 3TOro Kommbiotepa. K HecyacTbio
s IBM, kak TosbKo mipoekt IBM PC cran mmpoko n3BecTeH, ITOCKOJIBKY BCe COCTaB-
HbIE YaCTU KOMIIbIOTepa MOXHO OBUIO JIETKO MPHUOOPEeCTH, MHOTHE KOMITAaHWY Havyaau
nmenath KioHel PC 1 yacTo mpomaBaiy MX ropasfo nmenienie, yeM IBM. Tak Havamoch
OypHOE TTPOM3BOJCTBO MEPCOHATBHBIX KOMITBIOTEPOB.

Xots1 HeKoTophle KommaHuy (Takue kak Commodore, Apple, Amiga, Atari) mpous-
BOJIVJTU TIEPCOHAIbHBIE KOMITHIOTEPHI C MCITOIb30BAHUEM CBOMX ITPOLIECCOPOB, a He Intel,
noteHuan npousboactsa IBM PC 6bl1 HACTOMBKO BEJMK, YTO APYTMM KOMIIAHMSIM
MPUXOIMIIOCH MPOOUBATHCS C TPYAOM. BBIKUTH yaasoch TOJIbKO HEKOTOPHIM M3 HMX,
1 TO MOTOMY, YTO OHU CHELIUATM3UPOBAINCH B Y3KMX 00J1aCTSIX, HAIPUMED B POU3BOJI-
CTBE pabOYMX CTAHLIMI WX CYyTIEPKOMITHIOTEPOB.

Ilepsas Bepcust IBM PC 6bu1a ocHallgHa orepaioHHoi cucteMoir MS-DOS, ko-
TOPYIO BBIITycKaJla TOr/a elle KpoiieyHas: kopropais Microsoft. IBM u Microsoft co-
BMECTHO pa3paboTanu IocienoBasiryo 3a MS-DOS onepaunonnyo cuctemy OS/2,
XapaKTepHOI YepToi KOTOpoi ObLT TpadruecKuii MHTepdeiic, CXOMHBIN ¢ MHTepheiicoM
Apple Macintosh. Mexnay tem Kommanust Microsoft Takke pa3paborajia COOCTBEHHYIO
olepauoHHyIo cructeMy Windows, KoTopast pabotaia Ha ocHoBe MS-DOS, Ha ciyyaii,
ecm OS/2 He Oyner umeTh cripoca. OS/2 meiiCTBUTENIFHO HE MOJIb30Bajlach CIIPOCOM,
a Microsoft ycrienHo IpomoinKaia BEIITYCKaTh ONepaloHHYI0 cucteMy Windows, 4To
MOCITYKIJIO TIPUYMHOM TpaHao3Horo pasnopa Mmexxny IBM u Microsoft. Jlerenna o Tom,
Kak KpoleyHass kommmanus Intel m kommanust Microsoft, Koropast Oblia ellie MeHbIIIe,
yeM Intel, ymynpmmick cBeprayts IBM, omHy 13 caMbIx KPYITHBIX, CAMBIX OOraThIX U Ca-
MBIX BIMSITEIbHBIX KOPIIOpalii B MUPOBOI MCTOPKUU, ITOAPOOHO M3J1araeTcs B OM3HeC-
LIKOJIaX 0 BCEMY MUDY.

B cepenyne 80-x ronos Ha cveHy CISC' mpumen RISC’. Komanasr RISC 6bum1 npo-
11e 1 paboTtanu ropasno oeictpee. B 90-x ronax nmosiBUNIMCH CyNepcKaIsipHbIE ITPOLIECCO-
Pbl, KOTOPbIE MOIJIU BBITIOJIHSTH MHOTO KOMaH T OMTHOBPEMEHHO, YacTO HE B TOM TOPSIIKE,
B KOTOPOM OHU TOSIBJISTIOTCS B IporpamMme. Ml BBenieM nonsitust RISC, CISC u cymiep-
CKaJISIPHOTO Tpolieccopa B 1aBe 2 U 00CyIuM UX TIOAPOOHO.

Tunbl KOMNbLIOTEPOB

B NPEAbIOYIIEM pa3aci€ Mbl KPaTKO M3JTOXWIN UCTOPUIO KOMITBIOTEPHBIX CUCTEM. B stom
pasaeiie Mbl paCCKa>KEM O ITOJIOKECHUU O€T B HACTOSIIUINA MOMEHT U CAeIacM HEKOTOPbIC
TPpEAIOI0XKEHUA Ha 6yz[y1uee. XoTs HamboJIee N3BECTHHI IIECPCOHAJIbHBIC KOMIIBIOTEPLI,
B Halll THM CYHICCTBYIOT 1 APYIHUE TUTIBI MAIlIMH, ITO3TOMY CTOMUT KPAaTKO pacCcKa3aTb O HUX.

' Complex instruction set computer — KOMIbIOTEP Ha MUKPONPOLIECCOPE C MOJHBIM HAG0POM KOMaHI. —
IIpumeu. nepes.

? Reduced instruction set computer — KOMIIBIOTED C COKPALIeHHbIM Ha6opoM KoMaHA. — [Ipumeu. nepes.
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TexHonorm4yeckne n 3KOHOMU4YeCckne acnekTbl

KommptoTepHasi MpOMBIIIIEHHOCTh IBUTAETCSl BIIEpeN KaK HUKakas apyras. [aBHast
JBUXKYIIAsi CUJIa — CIIOCOOHOCTb MPOU3BOAMTENIEH TTOMEIATh C KaXKIbIM TOIOM BCe 00JTb-
111€ ¥ OOJIbIlIe TPAH3UCTOPOB HAa MUKpocxeMy. HUem OoJibIlie TpaH3UCTOPOB (KPOIIEYHbIX
3JIEKTPOHHBIX TIepeKItouatesieit), TeM 0oJbliie 00beM MaMsITH U MOIIHEe MPOIeCCOPbI.

CrereHb TEXHOJIOIMUYECKOTO MPOorpecca MOXKHO HaOJMoAaTh, UCTOJIbL3Ys 3aKoH Mypa,
Ha3BaHHbBII B YeCTb OMHOIO M3 OCHOBaTeNel U TaBbl KommaHuu Intel F'opnoHa Mypa,
KOTOPBIA OTKPBLT ero B 1965 romy. Korma Myp roToBWI DOKJIAM TS TPOMBIIUICHHOI
TPYIIIbI, TO 3aMETUJI, YTO KakI0e HOBOE MOKOJIEHUE MUKPOCXEM TTOSIBIISIETCS Uepe3 TpU
roja rocje Tnpenbiayiero. [ToCKOMbKY y KakIoro HOBOTO ITOKOJIEHUSI KOMITBIOTEPOB
ObUI0 B 4 pa3a OoJbLIe MaMSITH, YeM Y NPEAbIIYLIET0, OH MOHSLI, YTO YKUCIIO TPAH3UCTO-
POB Ha MUKpPOCXEME BO3PACTAET Ha TIOCTOSTHHYIO BEJIMYMHY, 1, TAKUM 00pa3oM, 3TOT pOCT
MOXXHO TIpeicKa3bIBaTh Ha Tofibl Brieped. 3aKoH Mypa IJIacuT, YTO YUCJI0 TPAH3UCTOPOB
Ha OIHOM MUKpPOCXEMe YIBauBaeTCsl Kakmble 18 MecsleB, TO eCTh YBeJIMUMBAeTCs Ha
60% xaxnprii Ton. Pasmepbl MEKpOCXeM M JaThl MX IMPOM3BOACTBA, ITOKAa3aHHBIE Ha
puc. 1.6, moaTBEpXKAAIOT, YTO 3aKOH Mypa 10 CUX IIOp JIEHCTBYET.

|

100000000 1BM ~ »

M
10000000 = 1M

1000000 |~ 4Mm
64K

100000 |~ 4K 256K

10000 16K
1000 K

WasppopKwow
]

100+
10 1 1 1 | ! J
1 1980 1985 1990 1995
1965 1970 1975 Fon,

Puc. 1.6. 3akoH Mypa npeackasbliBaeT, HTO KOIMYECTBO TPAH3UCTOPOB HA OAHON MUKPOCXEME
yBenuimnaeTcsa Ha 60% kaxaplli roa. Toykm Ha rpaduke — pasmep namsTv B butax

KoneuHo, 3akoH Mypa — 3T0 BOOOIIIe He 3aKOH, a ITPOCTO SMITMPUIECKOE HAOTIOICHES
0 TOM, C KaKOl CKOPOCThIO (PU3UKU Y MHXKEHEPHI-TEXHOJIOIY Pa3BUBAIOT KOMITHIOTEPHbIE
TEXHOJIOTMH, U TIpeICKa3aHMe, YTO C TAKOW CKOPOCTBHIO OHM OyIyT paboTaTh U B OyIyIIIEM.
MHorue crenaIricThl CUATAIOT, YTo 3aKOH Mypa nerictByeT 1 B XXI Beke, BO3MOXKHO,
1o 2020 roma. BeposiTHO, TpaH3UCTOPHI CKOPO OYIYT COCTOSITH BCETO JIMIIB U3 HECKOJIBKIX
aTOMOB, XOTs OOCTUXKECHUS KBaHTOBOM KOMHb}OTepHOﬁ TEXHUKU, MOXKET 6bITb, ITO3BO-
JISIT MCTTOJTB30BATh JIJ1 pa3MellieHusT 1 OMTa CITMH OTHOTIO 3JIEKTPOHA.

3akoH Mypa cBsI3aH ¢ TeM, YTO HEKOTOPBIe 3KOHOMMCTHI Ha3bIBAIOT 3(h)eKTHBHBIM
IMKIIOM. JIOCTVDKEHUST B KOMITHIOTEPHBIX TEXHOJIOTHSX (YBETMUEHUE KOJTMIESCTBA TpaH-
3MCTOPOB Ha OMHOM MHUKPOCXeMe) TIPUBOASIT K MPOMYKIINH JIIIIIero KayecTBa 1 bosee
HM3KUM IieHaM. Hu3Kue 1eHBI BemyT K TOSIBJICHUIO HOBBIX IPUKITAMHBIX TTPOTrpaMM (HH-
KOMY He TPUXOOWIIO B TOJIOBY pa3pabaThiBaTh KOMITHIOTEPHBIE WIPHI, KOTNA KaKIbIiA
KomitbioTep cTomt $10 mitH). HoBble pUKIagHbIe IPOrpaMMbl IIPUBOIAT K BOSHUKHO-
BEHUIO HOBBIX KOMITBIOTEPHBIX PHIHKOB M HOBBIX KoMITaHU. CyIlleCTBOBAaHIE BCEX STUX
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KOMITaHM BeIET K KOHKYPEHLIMU MEXIYy HUMU, KOTOPasi, B CBOIO O4Y€Pe/Ib, CO3IAaeT IKO-
HOMUYECKHUI CIIpOC Ha JIy4lliue TexHosoruu. Kpyr 3ambikaercs.

E1e onyH pakTop pa3BUTHSI KOMITBIOTEPHBIX TEXHOJIOTUI — TIEPBBIii HATAHOBCKUIA
3aKOH IPOrpaMMHOTO o0ecIiedeHus, Ha3BaHHbIN B YecTh Harana MupBoJibaa, I1aBHOTO
aMUHUCTpaTopa KoMiaHuu Microsoft DToT 3akoH racut: «IIporpammHoe obecrieye-
HMe — 370 ra3. OHO pacIpOCTPaHSIETCS U IMOJHOCTHIO 3aIIOHSIET pe3epByap, B KOTOPOM
Haxomutcsi» B 80-e rompl a1eKTpoHHass 00paboTKa TEKCTOB OCYIIECTBIISLIACH ITPOTpaM-
Moii troff (mporpamma troff ucronb3oBanack pu co3naHuu 3toi KHUrK). Troff 3aHrMa-
€T HECKOJIBKO JIECSITKOB KMI00aiToB rnmamsaTu. CoBpeMeHHBIE 3JIEKTPOHHBIE PeIaKTOPhI
3aHMMAIOT IECSITKM MerabdaiToB. B OymyilieM, HeCOMHEHHO, OHM OyayT 3aHUMAaTh AECSTKU
rurabaiitoB. IIporpamMmHoe obGecrieueHre MPOAOIKAET pa3BMBATLCSI M CO3MAET MTOCTO-
SIHHBIH CITPOC Ha IIPOLIECCOPHI, paboTarollyie ¢ 00jIee BEICOKOM CKOPOCThIO, Ha OOJIBIITNIA
00BbeM TaMsITU, Ha OOJIBIIIYIO TTIPOM3BOAUTEIHBHOCTD YCTPONCTB BBOA-BhIBOIA.

C KaxIbIM TOIOM IPOVICXOMUT CTPEMUTEIBHOE YBEJIMUEHUE KOJIMUYECTBA TPAH3MCTOPOB
Ha olHOU MUKpocxeMme. OTMETUM, YTO JOCTVKEHMS B PA3BUTHHU IPYTUX YacTeil KOMITHIO-
Tepa cTojib Xe Beauku. Hanpumep, y IBM PC/XT, nosiBusiierocst B 1982 romy, oobeM
>KECTKOTO cKa cocTaBsii Bcero 10 MoOaiit, ropa3no MeHblle, YeM Yy OOJbIIIMHCTBA
COBPEMEHHBIX HACTOJIBHBIX KOMITbIOTEPOB. IloacunTarh, HACKOJIBKO OBICTPO TTPOMCXO-
JIAT COBEPILIEHCTBOBAHUE JKECTKOTO JMCKA, rOpas3ao CIOXKHee, MOCKOJIbKY TYT €CTh He-
CKOJIBKO TTapaMeTpoB (00BeM, CKOPOCTh TIepeaun JaHHBIX, 1IeHa U T. [ ), HO U3MEpeHHE
JII00OTo U3 3TUX MapaMeTPOB MOKAXET, YTO MToKa3aTeIu BO3pacTaloT, Mo KpaitHeil Mmepe,
Ha 50% B ron.

KpyrmHble qocTokeHusT HabMomaroTesl Takke U B cepe TeleKOMMYHMKALIUA U co-
30aHuUs ceTeil. MeHbllle YyeM 3a Ba JeCSITUIETUS] Mbl TIPUIIUIA OT MOJEMOB, Tepeaaro-
mux nHMopManuio co ckopocTbio 300 6UT/C, K aHAJIOTOBBIM MoJeMaM, pabOTaIOIINM
co cKopocThio 56 Kout/c, TenedonHbM muHusaM ISDN, rae ckopocTh nepenayn WH-
dopmarm 2x64 KO6UT/C, ONTHKO-BOJIOKOHHBIM CETSIM, TIe CKOPOCTD YK€ OOJbIIe YeM
1 I'out/c. ONTUKO-BOIOKOHHBIE TpaHCATIAHTHYECKHE TeJle(DOHHbIC KabeIn (Harpumep,
TAT-12/13) ctost okomo $700 MiIH, aeiicTBYIOT B TeueHre 10 JIeT K MOIYT IepeaaBaTh
300 000 3BOHKOB OMTHOBPEMEHHO, TIO3TOMY CTOMMOCTh 10-MIHYTHOM MEXKKOHTUHEHTAIb-
HOM cBsI3U cocTaBisieT MeHee | 1ieHTa JlabopaTopHbIe MccienoBaHusI MOATBEPANIIM, YTO
BO3MOXHBI CUCTEMBI CBSI3U, paboTaloLIe co cKopocThio 1 Tepadut/c (10 6ut/c) Ha pac-
crosiHuu 6oniee 100 kM 6e3 ycunuteneit, Eaa iu Hy>KHO YITOMUHATh 31€Ch O Pa3BUTUU
cet UHTEpHeT.

LLInpokmin cnekTp KOMMNbIOTEPOB

Puaapn XammvuHr, ObIBIIMiz uccienoBatesb u3 Bell Laboratories, 3ameTn, 4To KoJu-
YeCTBEHHOE U3MEHEHME BETMYMHBI Ha MOPSIAOK BeAeT K KaYeCTBEHHOMY U3MEHEHUIO.
Hanpumep, roHoyHasi MalliMHa, KOTopasi MOXeT e30uTh co ckopocThio 1000 kM/4 1o
nmycteiHe HeBaga, KOpeHHBIM 00pa3oM OTIWYaeTCs OT OOBIYHOI MaIllMHbI, KOTOpas
e3mmT co ckopocThio 100 kM/4 o mocce TodHO Tak ke Hebockped B 100 aTaxeii Heco-
MTOCTABUM C IECATUITAKHBIM MHOTOKBAPTUPHBIM JOMOM A €CJIi peub UIET O KOMIThIO-
Tepax, TO TYT 3a TPU AECSITUJIETUS] KOJTMUECTBEHHbIE MOKa3aTen yBeIUYMIUCh He B 10,
aB 1 000 000 pas.
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Pa3BrBaTh KOMIBIOTEPHBIE TEXHOJIOTUU MOKHO IByMSI MyTSIMU: WJIW CO3IABATh KOM-
TIBIOTEPHI BCe OOJIbIIEH 1 OOIbIIIEH MOIITHOCTH TIPYU ITOCTOSIHHOM 1IgHE, WU BBIMYCKATh
OIIMH U TOT € KOMITBIOTEP, C KaXIbIM TOOOM CHMXas 1ieHy. KoMmbloTepHasi mpo-
MBILIJIEHHOCTb UCTIONB3YeT 00a 3TU MyTH, CO3aBasi LUIMPOKUI CIIEKTP pa3HOOOPa3HbIX
KOMITbIOTEpOB. OueHb MPpUOIU3UTEIbHAS KIaccu(hUKaI1s COBPEMEHHbBIX KOMITHIOTEPOB
rpeacrapieHa B Taoi. 1.3.

Ta6nu|.|,a 1.3. Tunbl COBpPEMEHHbIX KOMMbIOTEPOB. YKa3aHHbIE LeHbl I'Ipl/|6J'II/I3I/ITeJ'|beI

Tun LieHa ($) Cdepa npumeHeHus

«OpHOPa30BbLIe» KOMMbIOTEPSI 1 MoaapaBuTenbHblE OTKPbLITKA

BcTpoeHHble KOMMbIOTEPbI 10 Yacbl, MallWHbI, pasnuyHble NpUGopPsI
MrpoBble KOMMbIOTEPbI 100 JomalluHne KOMMNbIoTEPHbIE UTPbI
MepcoHanbHble KOMMbIOTEPbI 1000 HacTosnbHble 1 NopTaTUBHbLIE KOMMbIOTEPSI
CepBepbl 10 000 CeTeBble cepBepbl

Pabouvie cTtaHummn 100 000 MuHKN-cynepkoMnbioTePbI

Bonblune komMnbloTEPDI 1 000 000 O6paboTka NakeTHbIX AaHHbIX B 6aHke
CynepkomMnbioTepsbl 10 000 000 MpenckasaHne Noroabl Ha ASIUTENbHBIN CPOK

B camoii BepxHeil cTpouke HaxoAsSTCsl MUKPOCXeMbI, KOTOpbIE MPUKIEUBAIOTCS Ha
BHYTPEHHIOIO CTOPOHY MO3APaBUTEIbHBIX OTKPBITOK IJIsSI TTPOUTPHIBAHUST MEJIOAUI
«Happy Birthday», cBanebHOro Mapiia uix 4ero-Hubyab Iono0HOro. ABTOp HUAeH elle
HE MpUAyMall OTKPBITKM C COOOJIE3HOBAHUSIMM, KOTOPbIE UTPAIOT MOXOPOHHBIN Mapill,
HO TTOCKOJIbKY OH BBIITYCTHJI 3Ty MICI0 B MOTPEOMTENBCKYIO chepy, BCKOpE MOXKHO Oy-
JIET OXKUIATh TOSIBJICHUSI M TAKMX OTKPBITOK. TOT, KTO BOCIIUTHIBAJICS Ha KOMITbIOTEpax
CTOMMOCTbBIO B MMJUIMOHBI IOJJIApOB, BOCIIPUHUMAET TaK1e TOCTYITHbIE BCEM KOMITbIOTE-
PbI IPMMEPHO TaK 3Ke, KaK JOCTYITHbIN BceM caMojieT. TeM He MeHee TaKiie KOMITbIOTEPHI,
BHE BCSIKUX COMHEHUH, TOJKHBI CYIIIECTBOBATh (a KaK HAacUeT TOBOPSIIIMX MEIIKOB JJIsI
Mycopa, KOTOpbIE TIPOCST Bac HE BbIOpACchIBaTh ATIOMUHUEBbIE OAHKM?).

Bropas ctpouka — KOMIIBIOTEPHI, KOTOPbIE TTOMENIAIOTCSl BHYTPD Tee(hOHOB, TeJie-
BHU30pPOB, MUKPOBOIHOBBIX ITedeii, CD-1u1eiiepoB, UTpyIlieK, KyKos 1 T. 1. Yepe3 HecKoTb-
KO JIET BO BCEX BIEKTPUUECKMX MTPUOOpax OyIyT HAXOAUTHCS BCTPOEHHBIE KOMITHIOTEDHI,
KOJIMYECTBO KOTOPBIX OyIET M3MEPSIThCS B MIWUIMApAax. Takue KOMITBIOTEPHI COCTOSIT
U3 TIpolieccopa, mamsiTi MeHee 1 MOaiT 1 yCTpOICTB BBOJa-BbIBOA, U BCE 3TO HA OTHOM
MaJIEHbKO MMKPOCXEME, KOTOPasi CTOMT BCETO0 HECKOJIBKO J0JUIapOB.

Criemytolasi CTpoka — MIPOBbIE KOMITbIOTEPBI. DTO OOBIYHBIE KOMITBIOTEPHI C 0CO-
00i1 rpacduKoii, HO ¢ OrpaHMYEHHBIM TPOrPaMMHBIM OOeCrieYeHEM U MOUYTHU TTOJTHBIM
OTCYTCTBUEM OTKPBITOCTH, TO €CTh BOBMOXHOCTH TiepenporpammupoBaHust. [TpumepHo
PPaBHBI UM IO CTOMMOCTH 3JIEKTPOHHBIE 3aITMCHbIE KHXKKH U TIPOYKe KapMaHHbIE KOMITbIO-
Tephbl, a TAKKE CETEBbIe KOMITbIOTEPhI U Web-TepMuHaiibl. Bee oHU comepskat rpoiieccop,
HECKOJIbKO MerabaiToB mamsiT, KaKon-J110o JUCIUIeH (MOXET ObITbh, daxe TeIeBU3M-
OHHBIIT) 1 Gosbliie HUYero. [ToaToMy oHM TaKue IelIeBbIe.

Jlanee uayT nepcoHaIbHbIe KOMMbIOTEPbl. UTMEHHO OHU acCCOLMUPYIOTCS Y OOJBIIMH-
CTBA JIIOZIEH CO CJIOBOM «KOMIIbIOTEp». [lepcoHabHbIE KOMITHIOTEPHI OBIBAIOT IBYX BUIIOB:
HAaCTOJIbHbIE M HOYTOYKU. OHU OOBIYHO COEPXKAaT HECKOJIbKO MErabaiToB MaMsITH, KeCT-
KW IUCK ¢ TAaHHBIMU Ha HEeCKoJIbKO TurabdaiitoB, CD-ROM, Monem, 3ByKOBYIO KapTy
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U apyrue nepudepuiiibie ycrpoiicTBa. OHU CHAOXEHBI CJIOXXHBIMU OTEPALIMOHHBIMU
cUCTEMaMM, UMEIOT BO3MOXHOCTh HapallluBaHUsI, TPU padOTe ¢ HUMU UCITOJIb3yeTCs
IIMPOKUI CHEKTP IIporpaMMHOro obdecriedeHusi. KoMrpiorepsl ¢ mponeccopoM Intel
0OBIYHO HAa3bIBAIOTCS <«TIEPCOHATBHBIMU KOMITBIOTEPaMI», 4 KOMITBIOTEPBI C APYTMMHU
IIPOLIECCOPAMUI — <«PAbOYMMHU CTAHIIMSIMIA», XOTSI 0COOOI pa3sHUIIBI MEXIY HUMHU HET.

[lepcoHanbHbIE KOMIIBIOTEPHL ¥ pabOYMe CTAHIIMK YaCTO MCITOJIb3YIOTCS B Ka4eCTBE
CETEBBIX CEPBEPOB KaK ISl JIOKATbHBIX CeTeil (0ObIYHO B Tpeesiax OMHON OpraHu3alun),
Tak v Ju1st UTHTEepHeTa. Y 3THX KOMITBIOTEPOB O0OBIMHO OIVH WJIM HECKOJIBKO ITPOLIECCOPOB,
HECKOJIbKO TMTa0aliToOB MamsIT U MHOTO ['0aiAT Ha qucke. Takue KOMITbIOTEPhI CLIOCOOHBI
paboTaTh B CETH C OYE€Hb BHICOKOI CKOPOCThIO. HekoTophie 13 HIX MOryT 00pabaThIBaTh
TBICSTYU TIOCTYTIAIOLIMX COOOIIEHUIA OMHOBPEMEHHO.

IToMuMO HEOOMBIIIMX CEPBEPOB C HECKOIBKMMU TIPOLIECCOPAMU CYIIIECTBYIOT CUCTEMBI,
KOTOpBIe Ha3bIBAIOTCsI ceTsivu padounx cranmmii (NOW — Networks of Workstations)
wi Kiactepavu padounx cranmuii (COW — Clusters of Workstations). Oxu cocto-
SIT U3 OOBIYHBIX MEPCOHATTBHBIX KOMITBLIOTEPOB WJIM PA00UYUX CTAHIIU, CBSI3aHHBIX B CETh,
10 KOTOpOoIi MH(popMamus mepeaaeTcs: co CKopocteio 1 I'0uT/c, u crenumanbHOro mpo-
rpaMMHOTO O0ecrieueH sl MO3BOJISTIONIET0 BCEM MalllMHAM OTHOBPEMEHHO paboTaTh Hal
OIIHOI 3amaveii. Takue CMCTEMBI IIMPOKO IIPUMEHSIOTCSI B HayKe M TexHuKe. Kimactepbl
pabouyux CTaHIMIA MOTYT BKJTIOUaTh B CE0SI OT HECKOJBKIUX KOMITHIOTEPOB JI0 HECKOJIBKUX
ThICsY. briaromapst HU3KOI 1ieHe KOMITOHEHTOB OT/IE/IbHbBIE OPraHM3alli MOTYT Ipro0pe-
TaTh TAKWUE MAILIUHbBI, KOTOPbIE M0 3(hHEKTUBHOCTHU SIBJISTIOTCSI MUHU-CYTIEPKOMITHIOTEPAMU.

A Temiepb MBI IOIUIN 10 OOJIBIINX KOMITBIOTEPOB pa3MepOM ¢ KOMHATY, HalTOMUHAIO-
IIMX KOMIBIOTephI 60-X TOmOB. B GOJBIIMHCTBE CydaeB 3TH CUCTEMBI — IPSIMbIE TTO-
TOMKU OOJIbIINX KOMITBbIOTEPOB cepur IBM-360. OObIYHO OHM pabOTalOT HEHAMHOI'O
ObICTpee, YeM MOIIIHBIE CEPBEPhI, HO Y HUX BBIIIIE CKOPOCTh MPOLIECCOB BBOAA-BbIBOMA U
00J1a1a10T OHM JOBOJILHO OOJBIIMM MPOCTPAHCTBOM Ha Iucke — 1 TepabaiiT u Gosee
(1 Tepa6aiit=10"6aiiT). Takue cUCTEMBI CTOSIT OYEHb IOPOTO 1 TPEOYIOT KPYITHBIX BIO-
>KEHMI B TIpPOrpaMMHOE o0ecIiedeHre, JaHHbIe U TIEpCOHAI, OOCTYKMBAIOIIMIA 3TH KOM-
nbloTepbl. MHOTME KOMITAHUM CUUTAIOT, YTO JEIIEBRIIE 3arIaTUTh HECKOJbKO MUJUTMIOHOB
JIOJIJIApOB OIMH pa3 3a TAKYIO CUCTEMY, YeM JaXe TyMaTh O TOM, YTO HYXXKHO OyIeT 3aHO-
BO MTPOrpaMMUPOBaTh BCE MPUKIIAHbIE MPOrPaMMBbI 111 MAJIEHBKHX KOMITBIOTEPOB.

MMeHHO 3TOT K1acc KOMITbIoTepoB Ipuse K npobieme 2000 ropa. ITpobnema Bo3-
HMKJIAa U3-3a TOro, 4to B 60-¢ 1 70-e Tombl MPOrpaMMMCTHI, MMUIIYIINE MPOrpaMMbl Ha
s3pike COBOL, npencTapiisiiv rof ABy3HAYHBIM JECSTUIHBIM YHCIOM C LIEJIbI0 SKOHOMUU
mamaTi. OHM He CMOIVIM TIPEIBUAETD, YTO X IIPOrpaMMHOE o0ecIiedeHe OyIeT UCTIONb-
30BaThCsl Yepe3 TPU WIK YeThIpe JeCSITUIeTHs. MHOIrMe KOMIaHWU TIOBTOPUIIU Ty XKe
OIMOKY, J00aBMB K YMCJIy TOlla TOJIBKO /1B JECITUYHBIX pa3psaaa. ABTOp 3TOM KHUTHU
MpeacKa3bIBaeT, YTO KOHELl IMBUJIM3aLIMK IPOU30iaeT B IToIHOYb 31 nekadpst 9999 rona,
Korna cpa3y yarmutoxarcst Bce COBOL-niporpaMmsl, HarmcanHbie 3a 8000 yet'.

Bcrnen 3a GoJbIMMI KOMITBIOTEpAaMU MIYT HACTOSIIIIME CYIIEPKOMIThIOTEPHL. KX T1po-
LIeCCOPBI PabOTAIOT C OYEHBb BBICOKOI CKOPOCTBIO, 00bEM MaMSITH Y HUX COCTaBJISIET MHO-
JKECTBO TMTabaliToOB, TMCKU 1 CETH TakKKe paboTaloT oYeHb ObICTpO. B mociennue rompl
MHOTYE CYTIEPKOMITBIOTEDPHI CTAIM OYEHb TTOXOXW, OHU TTIOYTH HE OTJIMYAIOTCSI OT KJIac-
TEPOB PabOYMX CTaHIIMI, HO Y HUX OOJIbIIE COCTABIISIIONINX M OHU paboTaloT ObICTpeE.

! Heo6x0aMMO OTMETHUTb, YTO B MONHOUb 31 1ekabps 1999 rana katacTpodsl He Mpousolio. — [Ipumeu. nepes.
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CyTepKOMIBIOTEPhI UCTIOJIB3YIOTCS UISL PEIICHUS Pa3IMYHbIX HAyYHBIX U TEXHUYECKIX
3a1a9, KOTOPhIe TPEOYIOT CIIOXKHBIX BBIUMCIICHUI, HATIpUMEP TaKMX, KaK MOICITMPOBA-
HHE CTAJIKUBAIOLIMXCS TAIaKTHK, pa3padoTKa HOBBIX JIEKAPCTB, MOACIMPOBaHME ITIOTOKA
BO3/IyXa BOKPYT KpbLIa a3porriaHa.

Cemenctea KOMNbIOTEPOB

B a1OM pazmere Mbl IaarM KpaTKoe OIMCAHKE TPEX KOMITHIOTEPOB, KOTOPBIE OYIIyT UCITONb-
30BaThCcs B KayecTBe IpuMepoB B 31oit KHure: Pentium I1, UltraSPARC II u picojava I1.

Pentium I

B 1968 rony PobGept Hoiic, n300peTareib KpeMHUEBOM MHTErpaabHON cxeMbl, I'opaoH
Myp, aBTOp M3BecTHOro 3aKkoHa Mypa, 1 Aptyp Pok, kanutanmcr u3 Can-®paHimcko,
OCHOBaJIM Koprioparuio Intel mjist Tpon3BomcTBa KOMITBIOTEPHBIX MUKPOCXEM. 3a Tep-
BBI1 TOJ CBOETO CYILECTBOBAaHMS KOPIIOpalys IIpoaaia MUKpocxeM Beero Ha $3000, Ho
ITOTOM OOBEM TTPOIAK KOMITAHMM 3aMETHO YBEJIMUMJICS.

B koHIIe 60-X romoB KaJbKyJISTOPBI MPEICTABIISUIM COOOM GOJIbIINE DIEKTPOMEXa-
HUYECKME MAIIIMHBI pa3MEePOM C COBPEMEHHBIM JTa3epHbINA MPUHTEP U BeCUIA 0K0JIO 20 KT.
B cenTsiope 1969 rona simoHcKas komnaHust Busicom o6patuiack K Kopriopamvu Intel
C MPOCHOOI BBIMYCTUTh 12 HECEPUITHBIX MUKPOCXEM JJISI DJIEKTPOHHOM BBIYMCIIUTE]b-
Hoii MammHbl. MHxxeHep kommanuu Intel Ten Xodd, Ha3HaYEHHBIA HA BBITOJTHEHUE
3TOr0 MPOEKTa, PEIII, YTO MOXHO MOMECTUTh 4-OUTHBII YHUBEPCAIBHBIN ITPOILIECCOP
Ha OJTHY MUKPOCXeMy, KOTOpast OyeT BBITIOIHSITH Te K€ (PYHKIIMY U TIPU 3TOM OKaKETCST
npoiiie u nemepiie. Tak B 1970 romy mosiBUICs IEpBbI MPOLIECCOp Ha OMHON MUKPOCXE-
Me, Tiporieccop 4004 Ha 2300 TpaH3MCTOpAaX.

3ameTtumM, uyto HU Intel, H1 Busicom He nMenn H1 MaJIeHIIero TOHSI TS, KaKoe TpaH-
JIMO3HOE OTKpBITUE OHM coBepivin. Korna komnanus Intel pelmia, 4To CTOMT MOIPO-
0oBaTh MCTIOJIb30BaTh Tporieccop 4004 B mpyrux pa3paboTKax, OHa TPeUIOXKIIA KYITUTh
BCe IMpaBa Ha HOBYIO MUKpocxeMy y KoMmItaHuy Busicom 3a $60000, To ecTb 3a cyMMy,
kotopyto Busicom 3amnatuia Intel 3a pa3paboTKy 3Toii MUKpocxeMbl. Busicom cpa3zy
npuHsiia npeaioxenue Intel, n Intel Hayama paboty Ham 8-OMTHOIT Bepcueil MUKPOCXe-
MBI 8008, BeIMTymieHHOM B 1972 romy.

Kowmmanus Intel He oxxumana 6oJbIIoro crpoca Ha Mukpocxemy 8008, moaroMy oHa
BBIITYCTIJIA HEOOJIBITIOE KOJIMIECTBO 3ToM mpoayKimu. Ko BceoOIieMy yavBiIeHUIO, HO-
Basl MMKpOCXeMa BbI3Bajia OOJIBILION MHTEpec, MmosToMmy Intel Havyama pa3paboTKy ele
OIHOTIO IIpolieccopa, B KOTopoM Ipeaei B 16 Koaiit mamsaru (kak y npoueccopa 8008),
HaBSI3bIBAEMbIl KOJIMYECTBOM BHEIIHUX BBIBOAOB MUKPOCXEMBI, ObLT IIpeonosieH. Tak
TTOSTBUJICST HEOOJBIIION YHMBepcaabHbIN Tporieccop 8080, BeITyIIeHHBI B 1974 romy.
Kaku PDP-8, oH mpou3Be peBooL1I0 Ha KOMITBIOTEPHOM PBIHKE U cpa3y CTaJl MacCo-
BbIM MpomykToM: Tojibko komitanust DEC nponana teicstun PDP-8, a Intel — M-
oHbI T1porieccopoB 8080.

B 1978 rony nosiBuics npoueccop 8086 — 16-GUTHBIN MpoLIECCOP Ha OMHOM MUKPO-
cxeMe. Iporieccop 8086 GbUT Bo MHOroM 1moxoxk Ha 8080, HO He ObUT ITOJTHOCTHIO COBME-
CTHM C HUM. 3aTeM nogBuics mnporeccop 8088 ¢ Takoii e apXUTeKTypoii, Kak 1 y 8086.
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OH BBIITOJTHSIT T€ 3Ke IPOrpaMMBl, 9To 1 8086, HO BMecTO 16-OUTHOI IIMHBI y HETo OblTa
8-6MTHAs!, U3-3a YEro MpoLeccop paboTan MeUIeHHee, HO CTOW Jelese, yeM 8086’
Korma IBM Bri6pana nporeccop 8088 mist IBM PC, sTa Mrkpocxema ctajia 3TaloHOM
B MPOM3BOJICTBE MIEPCOHATBHBIX KOMITLIOTEPOB.

Hu 8088, Hu 8086 He Momin obparatses K 6onee 1 Moaiit mamsaru. K Havany 80-x ro-
JIOB 3TO CTaJIO CEPhEe3HOI ITpobiIeMoii, ToaToMy KommaHus Intel pa3zpaboTaia Momenb
80286, coBMecTumyto ¢ 8086. OCHOBHOIT HAOOP KOMaHI OCTAJICS B CYLITHOCTH TaKUM XK€,
Kak y mporieccopoB 8086 u 8088, HO mamsITh GbUIa yCTpOEHa HEMHOTO TTO-APYroMY, XOTSI
1 Momia paboTaTh MO-TIPEXKHEMY M3-3a TPEOOBAHMSI COBMECTUMOCTU C MPEAbIIYIITMU
mukpocxeMami. [poneccop 80286 mcronb3oBaicsa B IBM PC/AT u B Mmomensax PS/2.
OH, kak 1 8088, moIB30BaICS OOIBIITNM CITPOCOM (TJIaBHBIM 00pa30M ITOTOMY, UTO IO~
KyTaTeu paccMaTpUBaJIA €ro Kak Oosee ObICTpHIid mporieccop 8088).

Crneayronym 1aroM 6but 32-6uTHbIA TIpoteccop 80386, BhImyleHHbIA B 1985 romy.
Kaxk 1 80286, oH ObL1 6oslee MM MEHEE COBMECTMM CO BCEMHU cTapbiMu BepcusiMu. Co-
BMECTHMMOCTb TaKOI'0 pojia OKa3bIBajach OJ1aroM ISl TeX, KTO IOJIb30BAJICS CTaphIM IPO-
TpaMMHBIM 00ecCIieueHeM, M1 HEKOTOPHIM HEyITOOCTBOM ISl T€X, KTO IMPEAIIOYnTal CO-
BPEMEHHYIO apXUTEKTYpy, He OOpEMEHEHHYIO OIIMOKAMM 1 TEXHOJIOTUSIMU IIPOIILIOTO.

Yepes yeThipe roga nosBuwics mnpoueccop 80486. On paGoran ObicTpee, yeM 80386,
MOT BBITIOJIHSTD OIlepally C IUIaBarolieil Toukoi u umen 8 Koait kau-namsatu. Kai-
MMaMSITh UCTIOJIB3YETCs IJIST TOTO, YTOOBI AepsKaTh HaMOO0JIee YacTo UCTIOIb3yeMbIe CJIOBA
BHYTPH LICHTPAJIbHOTO IIPOLIeCCopa U U30eraTh JUIMTEILHOTO IOCTYIIa K OCHOBHOM (OIie-
paTuBHOI) MmaMmsaTu. MHOrma KolI-maMsITh HaXOMUTCS HE BHYTPHU LIEHTPAJIbHOIO ITPO-
Lieccopa, a psiaoM ¢ HuM. 80486 comepskail BCTPOEHHbIE CPEACTBA MOAAEPXKKIA MHOTO-
MPOIIECCOPHOTO PEXXMMa, YTO JaBajIo MPOM3BOAUTEIISIM BO3ZMOXKHOCTh KOHCTPYMPOBATh
CHCTEMBI C HECKOJIbKIMMU IIPOLIECCOPAMH.

B stor MomenT Intel, mpourpas cyneOHyI0 TSKOY IO TTOBOMY HapyIIeHUS TIPaBUI
HaMEHOBaHUST TOBApOB, BBISICHWIIA, YTO HOMepa (Hampumep, 80486) He MOryT OBITH
TOProBOil MapKoii, MO3TOMY CJIeIyIollee MOKOJIEHNE KOMITbIOTEPOB MOJYYUSIO HA3BaHUE
Pentium (ot rpedyeckoro ciopa JIEYTE — 1is1Th). B oTmuue ot 80486, y KoToporo Obut
OJIMH BHYTpEHHUI KOHBeiep, Pentium nmen 1Ba, 4To MO3BOJISI0 paboTaTh EMy NOUYTH B
JIBa paza ObICTpee (KOHBEephl Mbl paCCMOTPUM MOAPOOHO B IJIaBe 2).

Korna mosiBuioch ciienyroriee ImOKOJIeHUE KOMITBIOTEPOB, T€, KTO pacCUMTHIBAJI Ha
Ha3BaHMe Sexium (Sex Mo-JaTbIHA — IIECTh), ObUTM pazouapoBaHbl. HazBanue Pentium
CTaJIo TaK XOPOIO U3BECTHO, YTO €T0 PELININ OCTABUTh, M HOBYIO MMKPOCXEMY Ha3BaJIN
Pentium Pro. HecMoTpst Ha cTO/1b He3HAYMTEIbHOE U3MEHEHIE Ha3BaHUSI, 9TOT IIPOLIEC-
COp OYECHB CHJTBHO OTJIMYAJICS OT MPEAbIAYIIero. Y Hero Oblia COBEPILIEHHO APYyTrasi BHYT-
PEHHSISI OpraHM3alMsl, U OH MOT BBITTOJHSITh IO TISITU KOMaH]T OTHOBPEMEHHO.

Ewe onHo HoBoBBeneHue y Pentium Pro — nByxypoBHeBast Kaui-mamsith. IIporec-
cop comepxkan 8 KOaiT maMsIT! 1T 9acToO MCIOIb3yeMbIX KOMaH 1 emie 8 KoaiT mis
4acTo UCIOJIb3YeMbIX TaHHbIX. B kopmyce Pentium Pro psinom ¢ npoiieccopoM (HO He
Ha caMoif MUKPOCXeMe) HaXOIMIach Apyrast KAII-TIaMsTh B 256 Koaiir.

! Ha camoM JieJie pa3HULa B CTOMMOCTH CAMKX MUKPOIIPOLIECCOPOB ObLIa HE3HAYUTENbHO. HO KOMITbIOTEDEI,
cobupaeMble Ha 6a3e MUKpornporeccopa 8088, ObLIM IeIeBlie, 4eM eClI ObI X CTPOMIIN Ha 6a3¢ MIKPOIIPO-
tieccopa 8086. B To Bpemst GbUTH pacripocTpaHeHbI 8-OUTHBIE TieprepUiiHbIC YCTPOMCTBA, TOITOMY MUKPO-
miporieccop 8088 TO3BOISIT yITPOCTUTD CONPSIKEHME C BHEIITHUMU yCTporcTBaMu. — [Ipumey. HayuH. peo.
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Bcenen 3a Pentium Pro nosiBusnicst ponieccop Pentium II, mo cyiectBy Takoii xe,
KaK U ero MpeaiiecTBeHHUK, HO C 0CO0O0M cucTeMol KOMaHM [T MYJIbTUMEAUa-3aaad
(MMX — multimedia extensions). D1a cucTemMa KoMaH/ MpeAHa3HaYaIach IJIsl yCKOpe-
HUSI BBIYMC/IEHUI, HEOOXOMMMBIX MPU BOCIIPOM3BENCHUM M300paxeHus: U 3ByKa. [1pu
Hamuun MMX crieliaibHbIe COMPOLIECCOPhI ObUTA He HYKHbI. JlaHHbIE KOMaH/IbI MMe-
JIUCh B HAIMYUU U B OoJiee MO3IHUX Bepcusix Pentium, Ho ux He ObuTo B Pentium Pro.
Takum obpazom, kommbiotep Pentium II coueran B cebe pyHkumum Pentium Pro ¢ mysib-
TUMeIra-KOMaHIaMU.

B nauane 1998 roma Intel 3amycTun HOBYIO JTUHWIO TIPOAYKIIMU TION Ha3BaHUEM
Celeron. Celeron uMes MEHBIIIYIO TTPOU3BOAUTEILHOCTD, YeM Pentium II, Ho 3aT0 cToMI
nemieniie. ITockombKy y Komribiotepa Celeron Takast ke apXutekTypa, Kak y Pentium 11,
MbI He Oynem obcyxnaTh ero B aToit kHure. B utoHe 1998 roma kommanwus Intel Bbiy-
cTwia cietaibHyto Bepcuto Pentium IT — Xeor. OH viMest KalI-mamsiTh 00JbIIEro 00be-
Ma, ero BHYTPEHHSS IIMHA paboTanga ObICTpee, ObUIM YCOBEPIICHCTBOBAHBLI CPEACTBA
MOJIEPKKA MHOTOIPOLIECCOPHOTO PeXXruMa, HO BO BCEM OCTAJIbHOM OH OCTaJICSI OObIU-
HbeM Pentium 11, moatomy MBI ero Toxe He Oyaem oocykaatb. KoMITbloTephl ceMelicTBa
Intel mokazaHsbl B Tabm. 14.

Taonuua 1.4. CemelicTBo npoueccopos Intel. TakToBas yactoTanuamepsietcs B My,
(1 My =1 MnH unKnos/c)

Mukpocxema [arta TakToBas KonuuectBo O6Gbem Mpumeyanus
Bbilycka 4actoTa, My TpaH3ucTOpoB  namMsATu

4004 4/1971 0,108 2300 640 K6ainT Mepsbin
MWKPOMPOLECCOP
Ha MUKpocxeme

8008 4/1972 0,08 3500 16 Kb6ant MepBbii 8-OUTHbIN
MWKPOMPOLECCOP

8080 4/1974 2 6 000 64 K6ant  lepsbii MHOrOLENE-

BOW npoueccop
Ha MUKpOCXeme

8086 6/1978 5-10 29 000 1 M6ant MepBbli 16-6UTHBIN
npoueccop
Ha MUKpocxeme
8088 6/1979 5-8 29 000 1 M6ant Mcnonb3oBancs
B IBM PC
80286 2/1982 8-12 134 000 1 M6awnT MNosiBunace 3awumrta
namsaTu
80386 10/1985 16-33 275 000 4 bant MepBbiii 32-6UTHbIN
npoueccop
80486 4/1989 25-100 1 200000 4 Gant 8 K6anTt kaw-namaTtun
Pentium 3/1993 60-223 3 100 000 4 [Gant JBa KoHBelepa,

y 6onee nNo3pgHUX
moaenein — MMX

Pentium Pro  3/1995 150-200 5500 000 ! [lBa ypoBHa KaLw-
namsaTu
Pentium I 5/1997 233-400 7 500 000 64 '6anT Pentium Pro + MMX

' Illuna agpeca y Mukponpoiieccopos Pentium Pro u Pentium II umeer mupuny 36 6UTOB, YTO TO3BOJSET
apecoBaTh HeMmocpencTBeHHO 64 [Gaiit. — [lpumeu. nayuu, peo.
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Bce mukpocxembl Intel coBMeCTMMBI CO CBOMMM TIPEAIIIECTBEHHUKAMM BILIOThH 10
niporieccopa 8086. Jpyrumu ciaoBamu, Pentium II MoXeT BBITTOJIHSTD IIPOrpaMMBbI, Ha-
nucaHHble ISl ripolieccopa 8086'. COBMECTUMOCTb BCerna ObUTa OJHUM M3 [JIaBHBIX
TpeOOBaHUIA MPY pa3padOTKe HOBBIX KOMITBIOTEPOB, YTOOBI ITOKYMATEIN MOIJIU PO~
>XaTh pabOTaTh CO CTAPBIM IPOrPaMMHBLIM O0eCTieYeHHeM W He TPaTUTh JeHbIM Ha HO-
Boe. KoneuHo, Pentium II Bo MHOTO pa3 cioxHee, yeM 8086, T03TOMY OH MOXKET BBITIOJ-
HSITh MHOTHE (DYHKIIMH, KOTOpbIe He CMOCOOEH BHINOMHATH mpoiieccop 8086. Bee atn
MOCTeTIeHHbIe JOPAOOTKU B KaXkIOM HOBOI BepCUY MPUBEIM K TOMY, UTO apXMTEKTypa
Pentium II He Tak 1pocTa, Kak Moria Obl OBITh, €CJTA OBl pa3paboTYMKaM IIpolieccopa
Pentium II nmpegocraBuau 7,5 MJIH TpaH3UCTOPOB M KOMaH/I, YTOObI HaYaTh BCE 3aHOBO.

HHtepecHo, 4TO XOTsI 3aKOH Mypa paHbIIlle aCCOLMUPOBAICS C YMCIOM OUTOB B ITaMsI-
TH KOMIIbIOTEPa, OH B PaBHOM CTEIIEHM IPUMEHUM 1 IT0 OTHOIICHUIO K IIPOLIECCOpaM.
Ecnm HarpoTHB gaThl BRIMYCKA KAXKAOKH MUKPOCXEMBI IIOCTABUTh YKCJIO TPAH3UCTOPOB
Ha 3TOi MUKpOcXeMe (KOJIMYECTBO TPAaH3UCTOPOB ITOKa3aHO B TaO. 1.4), Mbl yBUIUM,
yTO 3aKOH Mypa aeiictByeT u 3aech. I'padumk mokaszaH Ha puc. 1.7.

Pentium
"
IOM "
Pentum “———*
M [ Pentium
80286 80486 Pro
100K |-  3akoH Mypa "

4004

N, 8086 80386
E 0K - 80804. 8088
x
] 1K |- 8008

)1

li|i|i|]__!11t|ili1,1>Ii|iiii.i

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

['on, nosiBNeHus

Puc. 1.7. 3akoH Mypa geiicTByeT 1 Ansl NpoLeccopoB

UltraSPARCII

B 70-x romax Bo MHOTMX YHUBepCUTeTax Oblla OUeHb TOIMyJIsipHa OTNepallMOHHAas CUCTe-
Ma UNIX, Ho nepcoHaibHbIE KOMITbIOTEPHI HE TTOAXOAMIIN JIJISI 3TOM OrepaliMOHHOM
cucteMbl, moaToMy JrooutensiM UNIX nmpuxomawioch paboTaTh Ha MUHHA-KOMITBIOTEPAX
¢ pazmeneHreM BpeMeHU, Takux Kak PDP-11 u VAX. Damu bexronbcxaitM, acmmpaHT
CraHpopackoro yHuBepcuTeTa, ObUT OYEHb PACCTPOEH TeM, UTO €My HYXKHO MocellaTh

! CymecTBYIOT COTHU U THICSYM TIPOTPaMM, KOTOPBIE HE MOTYT GBITh BEITTONHEHBI HA COBPEMEHHBIX GBICTPO-
NEeCTBYIOIIMX MUKPOITPOLIECCOPAX, COBMECTUMBIX C MUKpoIipolieccopoM 8086, xoTsi Ha 6oJiee cTapbix (Mea-
JIEHHBIX) MUKPOIIPOLIECCOPAX OHU U BBITIONHSIOTCS. — [lpumey. nayun. peo.
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KOMIIBIOTEPHBIN LeHTp, 9To0bl padotath ¢ UNIX. B 1981 romy oH paspeniui 3Ty npo-
OsIeMy, CaMOCTOSITENIbHO TOCTPOMB MEPCOHaIbHYI0 padouyio craHuuioo UNIX u3 craH-
JTApPTHBIX yacTeil, nMetoimxcst B mpoaaxke, 1 Haszpan ee SUN-1 (Stanford University
Network — cetb CT3H(MOPICKOr0 YHUBEPCUTETA).

Ha bexrtonbcxaiiMa ckopo obpatuin BHUManue BuHon Kocna, 27-netHuit uHauett,
KOTOPBII TOpeJI 3KeJIaHUEM ToflaM K TPUILIATH CTaTh MIJIMOHEPOM U yiiTh ot aeil. Kocna
npetokui bexTonbexaliMy OpraHr30BaTh KOMITAHUIO TIO IIPOU3BOICTBY PA0OYUX CTaH-
umii Sun. OH HaHs1 Ckota Mak-Hwunu, npyroro acriupanTta CTaHGbOpICKOro yHUBEPCH-
TeTa, YTOOBI TOT BO3IJIABWJI TTPOU3BOICTBO. [l HamumcaHusi MporpaMMHOro obecrieue-
HMST OHM HaHsM buinia [Ixost, raBHoro cosmarents cucteMbl UNIX. B 1982 romy onn
BYETBEPOM OCHOBaIM KoMmmaHuio Sun Microsystems. [lepBbiii KOMITbIOTEp KOMIAHUU,
Sun-1, 6bLT OCHaILEH TTpoLieccopoM Motorola 68020 1 MMesT GOJBILION yCIeX, KaK U ITo-
cremytolye Monesi Sun-2 1 Sun-3, KOTOpPbIE TAKXKe ObLITM CKOHCTPYUPOBAHBI C UCTIONb-
30BaHMEM MHUKPOIpOliecCOpoB Motorola. DTy MalllMHBI OBUIM TOpPa3a0 MOIITHEE, YeM
JIpyTHe TIEPCOHATBHBIE KOMITHIOTEPHI TOTO BpeMEHHU (OTCIo/Ia U Ha3BaHUe «paboyasi CTaH-
LUsI»), M UI3HAYaJIbHO ObUIM MpeaHa3HavYeHbI 17151 padoThl B ceTy. Kaxknas padbouast ctaH-
1us Sun Oblla OCcHaIIeHa ceTeBbIM ananTtepoM Ethernet u nmporpaMMHBIM OOecTieUeHU-
eM TCP/IP ms cBssu ¢ ceteio ARPANET, npemmectsennmiieii MaTepHera.

B 1987 romy koMmaHust Sun, KoTopasi K TOMy BpeMEHM MpoiaBajia pabodnx CTaHIIMiA
Ha ToJIMWUTUAp/a T0JJIapoB B TOM, pellinia pa3padoTaTh CBOM COOCTBEHHBIN TPOLIEC-
COp, OCHOBAHHBIM Ha HOBOM PEBOJIIOLIMOHHOM MPOEKTe KaTM(POPHUICKOTO YHUBEPCUTE-
ta B bepxim (RISC IT). Oror nmpoueccop HazbiBasicss SPARC (Scalable Processor
ARCitecture — HapanmBaeMas apxuTekTypanpoueccopa). OH ObUT MCITOIb30BaH ITPU
MPOU3BOACTBE paboueii craHiuy Sun-4. Yepes HeKoTopoe BpeMst Bce pabouue CTaHIIMKU
KOMIIaHUM Sun CTaJd MpOM3BOIUTLCS Ha OCHOBE 3TOTO IPOIIECCopa.

B oTiuume ot MHOTMX APYTHX KOMITBIOTEPHBIX KOMIIAHUI, Sun pelmia He 3aHUMaTh-
cs1 mporsBoacTBoM TiportieccopoB SPARC. Bmecto 3Toro oHa mpeaocTaBmia MaTeHT Ha
WX U3TOTORJIEHVE HECKOJIBKUM TIPEATIPUSITUSIM, HANIESICh, YTO KOHKYPEHILIMST MEXTy HUMU
TMOBJIEYET 3a COOOH MOBBILLIEHNE KauecTBa MPOAYKIIMU U CHYDKEHUE LIeH. DTU Mpearpusi-
TUSI BBITYCTWJIM HECKOJIBKO Pa3HbIX MUKPOCXEM, OCHOBAHHBIX Ha Pa3HbIX TEXHOJIOTHUSIX,
paboTAIOIIMX C Pa3HOM CKOPOCTBIO M OTIMYAIOLIMXCS APYr OT APYra IO CTOMMOCTH.
Muxkpocxembl HazbiBauch MicroSPARC, HyperSPARK, SuperSPARK u TurboSPARK.
Maro 4yeM oTiM4asich APYT OT ApyTa, BCE OHU ObUTA COBMECTUMBI M MOIJIA BBITIOTHSITH
OITHU U T€ € TTPOrpaMMbl, KOTOPbIE HE MPUXOANIOCH U3MEHSITh.

Komrmanmst Sun Bcerma xoTesna, 9To0bl pa3Hble PeaITpuaTsT TTocTaBisuin 11t SPARK
COCTaBHBIE YacT! U crcTeMbl. Hy>KHO OBLIO TTOCTPOUTS LIEJTYIO MHIYCTPUIO, TOJTHKO B 3TOM
CITyJae MOXKHO ObII0O KOHKYPHUPOBATh ¢ KoMITaHuel Intel, mumupyroliieil Ha peIHKE I1epco-
HaJIbHBIX KOMITbIOTepOoB. UTOObI 3aBOEBATh TOBEpHE KOMITAHUI, KOTOPbIe ObLTN 3alHTe-
pecoBaHbI B Mpou3BoACTBe TporieccopoB SPARC, HO He x0oTenu BKIIagbIBaTh CPEACTBA
B MPOIYKIIMIO, KOTOPYIO OyeT MoaasisaTh Intel, kommanust Sun co3nana MpOMbBIIUIEH-
aoIi1 KoHCcopimyM SPARC International it pyKOBOICTBaA pa3BUTHEM OyIyIIIX BepCHiA
apxutekTypbl SPARC. BaxHo pazmuyars apxutektypy SPARC, Kotopasi mpeacrapiser
c00o¥i HabOp KOMaH I, 1 COOCTBEHHO BBLITTOIHEHUE 3TUX KOMaH/. B 310t KHMTe MBI OyaemM
roBOpUTH 1 00 00111ei apxutekType SPARC, 1 o mipolieccope, UCIOIb3yeMOM B pabouei
craaimu SPARC (mpenBapyTeIbHO OOCYIMB IPOLIECCOPHI B TPETHEH 1 YETBEPTOI IT1aBax).
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IMepBoiit SPARC 6bu1 32-6MTHBIM U paboTan ¢ yactotoir 36 MIn. LleHTpanbHbIii
npoieccop HasbiBajcs I (Integer Unit — npoueccop esiounc/ieHHoi apuMeTHKH)
1 OBLT BeChbMa ITOCPEACTBEHHBIM. Y HEro ObLIO TOJIBKO TP OCHOBHBIX (hopMaTa KOMaH]I
U B O01LIEH CIOXKHOCTU Beero 55 Koman . C MosiBJieHreM Mpolieccopa ¢ TUaBaroleit Tou-
KoM 1obaBwiIoch elie 14 komana. OtMeTnM, yto Kommanus Intel Hadama ¢ 8- u 16-0ut-
HbIX MUKpocxeM (Momenu 8088, 8086, 80286), a yxke moToM Tepeliia Ha 32-OMTHEIE
(Moneinb 80386), a Sun, B ominuue ot Intel, cpa3y Hadaia ¢ 32-OUTHBIX.

I'panmuosHenii niepenoM B pasButun SPARC mpouzomen B 1995 romy, Korma Obiia
pa3paboTaHa 64-0uTHast Bepcus (Bepcust 9) ¢ agpecamu U perucrpamu 1o 64 our. Ilep-
BOI1 paboueit craHueit ¢ Takoit apxutektypoit ctan UltraSPARC 1, Bbienimii B cet
B 1995 romy. OH ObLT MOJTHOCTHIO COBMECTUM C 32-OuTHbIMU BepcusiMu SPARC, xots
caM ObIT 64-OUTHBIM.

B TO Bpems Kak Mpeaplayilie MallliHbl paboTaiu ¢ CUMBOJBHBIMU M YMCIOBBIMU
nmaHHbMM, UltraSPARC c camoro Havyasia ObL1 IipeaHa3HavyeH it paboThl C M300paskeH! -
SIMH,, ay[Ifio, BUIEO W MyJIBTHIMeara Booobie. Cperi HOBOBBEICHUH, TIOMUMO 64-OUTHOIM
apXUTEKTYPBI, MMOSIBUJIMCH 23 HOBbIE KOMaH/IbI, B TOM UKCJIE KOMaH/IbI JIS1 YITAKOBKU
Y pacIlakKOBKH TTUKCEIIOB 13 64-OUTHBIX CJIOB, MACIIITAOMPOBAHMST M BpaIlleHUs N300pa-
JKEHM, TIepeMellieHus 6JIOKOB, a TAaKKe JIs1 KOMITPECCHUU U IEKOMITPECCUH BUIEO B pe-
TbHOM BpeMeHU. DTy KoMaHabl HasbiBaivch VIS (Visual Instruction Set) u npenHas-
HAYaIMCh JIJIsI TTOAACPKKI MynbTUMenra. OHM ObIIM aHAJIOTMYHBI KoMaHaaM MMX.

UltraSPARC nipenHa3zHavasics aj1s1 web-cepBepoB ¢ IeCsITKaMU TPOLIECCOPOB U (hr3U-
yecKoii maMsIThio 10 2 T6aiit (Tepabaitt, 1T6aitr = 10" 6aitToB). TeM He MeHee HEKOTO-
poie Bepcun UltraSPARC Moryt Mcnosib30BaThCsl M1 B HOYTOYKaX.

3a UltraSPARC I nocnenoBaiim UltraSPARC I1 u UltraSPARC I11. Dt Mmomenu
OTJINYAJIMCh IPYT OT Ipyra MO CKOPOCTH, U Y KAXKION M3 HUX MOSIBIISIMCH KaKUe-TO HO-
BbIe ocobeHHOCTU. Korma Mb1 Oynem roBoputh 00 apxutekType SPARC, Mb1 GyneM nMeTh
B BUay 64-0utHylo Bepcuio kommbiotepa UltraSPARC II (Bepcuu 9).

Picodava ll

A3p1K nporpammupoBadyst C IprayMan oauH 13 padoTHUKOB KoMrtanuu Bell Laboratories
HenHuc Putum. DTOT SA3bIK TpeAHa3HavasICcs sl paboThl B OMEPalMOHHON cUCTeMe
UNIX. 13-3a 6omnbiioii nomyasipHoct UNIX C cKopo cTan JOMAHHMPYIOLIIAM S36IKOM
B CUCTEMHOM TporpaMMupoBaHuu. Yepes3 HecKobKo JieT bbsipH CTpoycTpyIl, Toxe 13
kommanuu Bell Laboratories, no6aBmt k C HEKOTOpBIE 0COOEHHOCTH U3 00 BEKTHO-OPH-
E€HTUPOBAHHOTO MPOrPAMMHUPOBAHUS, U TOSIBUIICA 513bIK C++, KOTOPBIH TaKKe CTal OYEeHb
TOMYJISIPHBIM.

B cepennne 90-x romoB mccienoBarenn B Sun Microsystems aymaiu, Kak clieiaTh
TaK, YTOOBI TTOJI30BATEIM MOIJIM BbI3bIBATh JBOMYHBIEC TIPpOrpaMMbl yepe3 MIHTepHeT
1 3arpykaTh X KakK 9acTb web-ctpanuil. im HpaBuiicst C++, HO OH He ObLT HaJIeXKHBIM
B TOM CMBICJIE, YTO Iporpamma, IocjlaHHasi Ha HEKOTOPbI KOMITHIOTED, MOIJIa IIPUYK-
HUTD yILIEpPO 3TOMY KoMIIbloTepy. Torma oHu penmwin Ha ocHoBe C++ cozmarh HOBBIM
SI3BIK TIPOrpaMMMPOBaHUS Java, ¢ KOTOPbIM He ObLIO Obl MOIOOHBIX MpobiemM. Java —
00BEKTHO-OPUEHTUPOBAHHBIH SI3bIK, KOTOPBIN TTPUMEHSIETCS TIPU PEILIEHUU PA3TUYHBIX
MPUKIaIHbIX 331a4. [TOCKONBKY 3TOT SI3bIK ITPOCT Y MOMYJISIPEH, MbI OyIeM MCIOJIb30-
BaTh €T0 IS IPUMEPOB.



CewmelicTBa KOMMbLIOTEPOB 51

IMockonpKy Java — Bcero JMIb SI3bIK IIPOrpaMMHUPOBAHNSI, MOXKHO HaITHCaTh KOM-
MUJISATOP, KOTOPBI OyaeT mpeodpa3oBbiBath ero misi Pentium, SPARC wnu mo6oro
JIPYTOTO KOMITbIOTepa. Takre KOMIMISITOPBI CYIIECTBYIOT. OMHAKO 3TOT SI3BIK OBLT CO-
31MaH B IIEPBYIO OYepeb IJIsI TOTO, YTOOBI TIEpEChLIaTh IPOrpaMMbl MEXITY KOMITbIOTEpa-
mu 110 MHTEpHETY U 4TOOBI MOJIb30BaTe/IsIM He MPUXOAWIOCh U3MEHSITh ux. Ho ecnu
nporpaMma Ha s3bike Java komnuupoBaiach 1id SPARC, To korna oHa nepechliaiach
no MutepHety Ha Pentium, 3ammycTUTh TaM 3Ty IporpaMmy ObLUIO YXKe HeJlb3sl.

YT1o0Ob! pa3pelliuThb 3Ty MpobjieMy, KOMIaHUs Sun IpyuayMalia HOBYIO BUPTYaJIbHYIO
mamuHy JVM (J*'* Virtual Machine — supryanasHas mammua Java). IlaMaTs y 310t
MaIIIMHBI COCTOsTIa U3 32-OUTHBIX CJI0B, MallIMHA MoAAepXKrBaia 226 koMaHa. boibiH-
CTBO KOMaHI ObUTH IIPOCTHIMU, HO BBITIOJTHEHHE HEKOTOPBIX JOBOJIBLHO CI0OKHBIX KOMaH]T
TpeOOoBaIo OOJIBIIONO KOJMYECTBA LIMKIIOB OOpaIIeHUsT K IMTaMSITH.

B xoMnanuu Sun pa3padoTtanyu KOMITWISTOP, MPeoOpasyIonivii mporpaMMbl Ha SI3bI-
ke Java Ha ypoBeHb JVM, u unHTepnperatop JVM WIS BBITOJIHEHUST 3TUX MPOrPaMM.
BTOT MHTEPIIPETaTOp OBUT HamrcaH Ha si3bike C 1, 3HAYUT, MOT MCIIOJIb30BaThCS MPaK-
TUYECKU Ha JIIo0boM KoMItbioTepe. CiienoBaTesIbHO, YTOOBI KOMITBIOTEP MOT BBITIOJTHSIThH
JIBOMYHBIC TIPOrpaMMBI Ha S3bIKe Java, Hy>KHO OBUTO BCETO JIUIIb TOCTaTh MHTEPIIpeTa-
Top JVM [J151 COOTBETCTBYIOIIIETO KOMITbIOTEpa (Hampumep, 11 Pentium I1 ¢ cuctemoit
Windows 98 mwmm nis SPARC ¢ cuctemoit UNIX) BMecTe ¢ onpenesieHHBIMU ITIpOTrpam-
MaMU MOAJEPKKY 1 oubamoTekamu. Kpome Toro, 00JbIIMHCTBO Opay3epoB B IHTepHe-
Te comepxkar nHTepnpeTaTop JVM, 4TO MO3BOJISIET JIETKO 3aITyCKaTh anIuieThl (He0OIb-
1IMe JBOMYHBIE TIporpaMMbl Ha Java, cBsizaHHble co cTpaHuliamMu World Wide Web).
BoNBIIMHCTBO 3THX aNIICTOB ITOMACPXXUBAIOT aHUMAIIIO 1 3BYK.

Murepnperanus nporpamm JVM (1 MOOBIX APYyrUX MPOrpaMM) MPOUCXOIUAT MeI-
JICHHO. AJIFTepHATUBHBIN ITOIXOI — CHavaja CKOMITMJIMPOBATH aIllUIeT WX IPYTYIO
nporpammy JVM 1151 Batiieid COOCTBEHHOI MalllHBI, a 3aTeM 3aIlyCTUTh CKOMITIMPO-
BaHHYIO IporpaMMy. Takast ctparerys TpeOyeT Hammdaust KoMmisitopa ¢ JVM Ha ManimH-
HBI SI3BIK BHYTPU Opay3epa M BO3MOXHOCTH aKTMBU3UPOBAaTh €r0, KOraa HEOOXOIUMO.
Ot KoMmsiTopsl HasbiBaroTcs JIT-kommuErropavu (Just In Time — «kak pa3 BoBpe-
Ms1»), 1 OHU IIIMPOKO pacIipocTpaHeHbl. OMHAKO 3Ta CUCTEMAa CO3MAET HEKOTOPYIO 3aePKKY
Mexxay noimydeHrneM JVM-TiporpaMMbl U €€ BBITTOJIHEHWEM, TTOCKOBKY JVM-TiporpamMma
KOMITMJIMPYETCST Ha MAIlIMHHBINA SI3BIK.

Kpome nporpammHoro odecniedueHmst JVM (JVM-unrepriperaropoB u JIT-kommum-
JIITOPOB) Sun W Apyrve KOMIaHWM paspabotanu Mukpocxembl JVM — mpolieccopsl,
KOTOpBIe cpa3y BBITIOHSIOT JBOMYHEIE IporpaMMbl JVM 6e3 Kakoii-110b0 MHTepIIpeTa-
1y 1 komrwisiunu. Picojava I u picojava I1 6b111 pazpaboTaHbl 1J1s1 pbIHKA BCTPOEH-
HBIX crcteM. Ha 3ToM phIHKe TpeOyIoTCsS MOIITHBIE Y OYeHbB ACIIIeBBIC IPOLIECCOPHI (IIeHa
Hroke $50), BeTpanBaeMble BHYTPh TUIACTUKOBLIX KAPTOYEK, TEJEBU30POB, TeIe(hOHOB
M IPYTHX YCTPONCTB, OCOOCHHO TaKMX, KOTOPHIE 00ECIIEYMBAIOT CBSI3b C BHEIITHUM MH-
pom. IIpennpusiTis, UMeIoIIYe MaTeHT Ha TMPOU3BOACTBO MUKPOCXEM KOMITaHUU Sun,
MOIJIU ITPOU3BOAUTHL COOCTBEHHBIE MUKPOCXEMbI HA OCHOBE IIPOEKTa picojava, B TOM WIK
WHOM CTeNeHU U3MEHsIsI UX, BKITIIouasl U youpasi Ipolieccop ¢ IiaBarolieil TOUKo, mpe-
00pa3ys pa3Mep K3II-TIaMSITH U T. 1L

LleHHOCTh MUKPOCXEMBI Java COCTOUT B TOM, YTO OHA CITOCOOHA MEHSITh (DYHKIINHU
B 1ipouiecce pabotsl. Hampumep, npencraBum cede agMMHUCTPATOpPa, Y KOTOPOro €CTh
TenedoH ¢ npoueccopoM Java. ATMUHUCTPATOPY HUKOTIA HE MPUXOAUIOCH YMTaTh (hak-
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ChI Ha KPOIIIEYHOM 3KpaHe Tese(oHa, HO B OMWH MPEKPACHbBIN AeHb EMY 3TO TIOHAI00M-
Jioch. Torma OH 3BOHUT MpOBaiiepy W MPOCUT MPEIOCTABUTD €My aIlllIeT AT IIPOCMOT-
pa akcoB, 1 TAaKMM 00pa3oM JT00aBIsIeT HOBYIO (DYHKIIMIO K cBoeMy Tesiepory. Ho m3-
32 HEKOTOPBIX OCOOEHHOCTE! MPMUO0OpPa 1 HEMOCTATKA MaMSITH HEBO3MOXKHO MCIOIb30BaTh
uHTepnpeTatopbl U JIT-KOMOUIATOPHI, IIO3TOMY UMEHHO B TaKMX CITyJ4asX HeOOXomu-
MBI MUKpOcXeMbl JVM.

Picojava Il — ne dusmueckass Mukpocxema (BBl He MOXKETE TTOMTH B MarasuH 1 Ky-
IITh €€), a MPOEKT, KOTOPBIN SIBJISIETCSI OCHOBOM IS psila MUKPOCXEM, HallpuMep
Sun Microjava 701 u npyrux. DT MMKpPOCXeMBbI TTIPOM3BOISTCS IPEANPUSITUSIMHU, TIOJTY-
YUBIIAMM TIaTeHT Sun. MBI OyzeM HMCITOIB30BaTh Ipolieccop picojava Il B kadecTBe
MJUTIOCTPATUBHOTO ITPUMEPA, TIOCKOJIbKY OH OYEHb CUJIbHO OTiIM4aercs ot Pentium 11
n UltraSPARC II 1 mmeeT coBepireHHO apyryio cdepy nmpumeHeHus. Picojava I mipen-
CTaBJISIET OCOOBII MHTEPEC JIST HAaC, IMOCKOJIBKY B IJIaBe 4 Mbl PacCKakeM, KaK MOXHO
co3natb JVM ¢ MOMOIIBI0O MUKPOIIPOrpaMMMPOBaHusI. Torma Mbl CMOXEM CpaBHUTh
crporpaMMupoBaHHbIN JVM ¢ anmapatHeiM obecriedeHreM JVM.

Picojava II cogepuT nBa (hakyJIbTaTUBHBIX IPOLIECCOPA: KII-MAMSITh U TTPOLIECCOP
¢ IUIABAIONICH TOYKOI1, KOTOPBIC KAXKIbIil IIPOU3BOAUTEIh MOXKET BKJIFOUATh WJIA HE BKITIO-
yath B pa3paboTKy. B 1iensx mpoctoTsl Mbl OyaeM paccMatpuBath picojava Il kak Muk-
pocxeMy, XOTSI Ha caMOM JIeJIe 3TO He MMKPOCXeMa, a MPOeKT MUKpocxeMbl. MIHorma Mbl
OyneM roBopuTh 0 MuKpocxeme Sun Microjava 701, KoTopast SIBJIsSIeTCSI BOILIOIIEHUEM
npoekTa picojava II. Ho gaxe eciau Mbl He OyieM yIIOMUHATh KOHKPETHBIE MUKPOCXE-
MBI, YMTaTEeIM JOKHBI IOMHUTD, UTO picojava Il — 310 He pusnueckas MUKpocxeMa,
a IIPOEKT, Ha OCHOBE KOTOPOI'0 MPOU3BOIUTEIN pa3pabaThIBAIOT pa3HbIe MUKPOCXEMBI.

Hcnons3yst Pentium II, UltraSPARC II u picojava II B kauecTBe puMepoB, MbI
MOXEM M3YYUThb TPU Pa3HbIX TUIIA IIPOLIeCCOpOB. I1epBblii M3 HUX IIPEACTABIIIET COOOM
CISC c cynepckaisipHbIM IpolieccopoM, Bropoit — RISC ¢ cynepckasipHbIM IpoLiec-
copoM. TpeTuii KCIOJIB3yeTCsI BO BCTPOSHHBIX CUCTEMaX. DT TPU IIPOoLieccopa CUIbHO
OTJIMYAIOTCS APYr OT IPyra, 4To JacT HaM BO3MOXKHOCTb JIy4llle YBUAETh ITMAIla30H
KOMIBIOTEPHBIX pa3pabOTOK.

KpaTkoe coaepxaHne KHUMu

DT1a KHUra 0 MHOTOYPOBHEBBIX KOMITBIOTEpAX M O TOM, KaK OHM OPraHM30BaHbI (OTMe-
THUM, YTO ITOYTH BCE COBPEMEHHbIE KOMITbIOTEPEI MHOTOYpOBHEBBIE). I1oapoOHO MBI pac-
CMOTPHUM YEThIpEe YPOBHS — LM(POBOI JIOTUIECKMIT YPOBEHb, MUKPOAPXUTEKTYPHbBIM
YpOBEHb, YPOBEHb apXUTEKTYphl HabOpa KOMaHI 1 YPOBEHb ONEPALIMOHHON CHCTEMBI.
OCHOBHBIE BONPOCHI, KOTOpPbIE OymIyT OOCYKIAThCsl B 3TOM KHUTE, BKIIOUAIOT OOIIIYIO
CTPYKTYpPY YPOBHEH (M ITOYEMY YPOBHM ITOCTPOEHBI MMEHHO TaKUM 00pa30oM), TUIIbI KO-
MaH/1 ¥ JaHHBIX, OPraHU3A1MIO MTAMSITH, aIPecalinio, a TAKXKE CIIOCOObI TOCTPOEHUST KaX-
JI0r0 YpoBHsI. Bce 3T0 Ha3bIBaeTCsl KOMITBIOTEPHOM OpraHu3alveil Wi KOMIIbIOTEPHOI
APXUTEKTYPOM.

MBI B IEpBYIO OYepenb UMEEM AEJIO C OOIIMMU ITOHITUSIMU M HE KacaeMcs IeTaeit
U cTporoit MatemMaTuku. 1o 3Toii pyuyrHe MHOTME MPpUMEphI OYIyT CUIbHO YIIPOLLIEHDI,
YTOOBI CEIaTh YIIOP HAa OCHOBHBIE ITIOHSTHS, & HE Ha IETaJIH.
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YTo0bI pa3bsICHUTD, KaK MPUHIIUIEI, U3JI0XEHHbIE B 3TOI KHUTE, MOTYT IIpUMe-
HSTBCS Ha IMPAKTUKE, Mbl B KauyecTBE IMPUMEPOB OylIieM MCIIOJb30BaTh KOMITBIOTEPHI
Pentium 11, UltraSPARC II u picojava I1. OHu ObI11 BEIOpaHBI IT0 HECKOJIBKUM MPU-
yriHaM. Bo-TIepBbIX, OHU IIMPOKO UCIIONB3YIOTCS, U Y YUTATeJIsl HaBePHSIKA €CTh TOCTYII
XOT$I ObI K OMHOMY U3 HUX. BO-BTOPBIX, KaxKAbIil M3 3TUX KOMIILIOTEPOB 00/1aJaeT coo-
CTBEHHOU YHUKAJILHOM apXUTEKTYpPOI, UTO JAET OCHOBY JIJISI CPABHEHUS U BO3MOXKHOCTh
IoKa3aTh aJIbTepHATUBHbIE BapuaHThl. KHUTH, B KOTOPBIX paccMaTpUBaeTCs TOJIBKO OIUH
KOMIIBIOTEP, OCTaBJISIIOT Y UMTATE ST YyBCTBO, OYATO 3TO U €CTh €AMHCTBEHHbIA HOpMAaJIb-
HBIIA KOMIIBIOTED, YTO SIBJISIETCSI aOCYpIHBIM B CBETE€ OTPOMHOIO YMCJIa KOMIIPOMUCCOB
U TIPOU3BOJIBHBIX PEIICHUI, KOTOPhIe Pa3pabOTUUKK BbIHYXKICHBI IIPUHUMATh. YuTa-
TeJIb JOJDKEH PACCMaTPUBATh 3TU U BCE IPYTE KOMITBIOTEPHI KPUTUYECKU U TTOCTapaTh-
CsI TIOHSITh, IOYEMY Jiejla OOCTOSIT UMEHHO TaKUM 00pa30M U UTO MOXKHO OBbUIO ObI M3Me-
HUTb, a HE IPOCTO IIPMHUMATD UX KaK JaHHOCTb.

HyxHo ysIcHUTB C caMoro Havaja, 4To 3Ta KHUTa He O TOM, KaK IIpOrpaMM 1 pOBaTh
Pentium II, UltraSPARC II u picojava II. DT KOMITbIOTEPEI MCTIOJIB3YIOTCS TOJTBKO
B KauyeCTBEe WIITIOCTPATUBHBIX TIPUMEPOB, 1 MBI He TIpeTeHIyeM Ha X IMOJTHOE OITMCaHMeE.
YuraressaM, KeJIaloIM 03HAKOMUTECS ¢ 3TUMH KOMIThIOTepaMH, CIIEAYyeT 0OpaTUTHCS
K ITyOJTMKAIUSIM TTPOWU3BOAUTEIICH.

I'maBa 2 3HAKOMMT YMTATENIE ¢ OCHOBHBIMM KOMITOHEHTAMM KOMITBIOTEpa: TIPOIIeC-
copaMu, MaMsIThIO, YCTPOKCTBaMU BBOIA-BbIBONA. B Hell maeTcs KpaTKoe OIMCcaHue CH-
CTEeMHOM apXWUTEKTYPhl Y BBEIACHUE K CIICTYIONINM IJIaBaM.

I'masel 3, 4, 5 1 6 KacaloTcs Kaxaasi OQHOIO M3 YpOBHEH, MMOKa3aHHBIX Ha puc. 1.2.
MEI UeM CHU3Y BBEPX, TTOCKOJIBKY KOMITBIOTEPHI pa3padaThIBAIMCh MMEHHO TaKM 00-
pazoM. CTpyKTypa YpOBHS K B 3HAUUTETHHOM CTETICHU OIPEIEIISIeTCS OCOOCHHOCTSIMM
YPOBHS K- 1 , TTO3TOMY OY€Hb TPYIHO MOHSTH, KaK YCTPOEH ONpeAe/ICHHBIN YPOBEHbD, €CITA
HE PacCMOTPETh TTOAPOOHO TIPEABIAYIIMiIA, KOTOPHIA U OTIPEIEIIII CTPOCHUE TIOCIEIYIO-
mero. K ToMy ke ¢ TOUKM 3peHusT OOy4eHUST JIOTMYHEe CJIeoBaTh OT 00Jee TPOCThIX
YPOBHE# K 60J1ee CIIOKHBIM, a He HAa00OPOT.

I'maBa 3 mocBsiieHa MPOBOMY JIOTUYECKOMY YPOBHIO, TO €CTh arapaTHOMy obec-
IeveHnto. B Heli paccKas3bIBaeTCs, YTO TAKOE BEHTUIIM M KaK OHM OOBEIUHSIIOTCST B CXe-
MEL. B 3T0if m1aBe Takoke BBOISITCS OCHOBHBIE TTOHSTHS OyJIeBOI anreOphl, KOTOpast Mc-
MOJIb3yeTCs AJ1s1 00pabOTKM LU(PPOBBIX JaHHBIX. KpoMe TOro, oObsSICHSIETCS, UTO TaKOe
IIMHBI, TIPIYeM 0c000e BHMMaHUe yaelisieTcs Tory sspHoit mmHe PCI. B mmaBe npuso-
JTATCSI MHOTO Pa3HOOOPA3HBIX IPUMEPOB, B TOM YHCIIE OTHOCSIIINXCS K TPeM KOMIThIOTE-
paM, YIIOMSTHYTBIM BBIIIIE.

I'maBa 4 3HAKOMMT YUTATENIS CO CTPOSHUEM MUKPOAPXUTEKTYPHOTO YPOBHSI M TIPHH-
UIIaM ero paboThl. [ToCKOBEKY (YHKIMEH 3TOTO YPOBHS SBIISICTCS WHTEPIIPETAIIVS
KOMaH]I BTOPOTO YPOBHSI, MBI CKOHIICHTpHUPYEMCSI IMEHHO Ha 3TOM U IPOWITIOCTPUPY-
€M 3TO Ha prMepax. B 3Toif I1aBe Takke paccKa3bIBaeTCsl 0 MUKPOAPXUTEKTYPHOM YPOB-
He HEKOTOPBIX KOHKPETHBIX KOMITHIOTEPOB.

B rnaBe 5 obGcyxkaaercst ypoBeHb apXUTEKTYpbl KOMaH, KOTOPbIA MHOTME HAa3bIBAIOT
MaIlIMHHBIM SI3BIKOM. 37€Ch MBI TIONPOOHO paCCMOTPHM 3 KOMITBIOTEPa, BEIOpaHHBIC HAMI
B Ka4yeCTBe WITIOCTPATUBHBIX TIPUMEPOB.

B m1aBe 6 roBOpHUTCSI 0 HEKOTOPBHIX KOMaH/IaX, 00 YCTPONCTBE MaMSITU KOMITbIOTEpa,
0 MeXaHM3Max YIIpaBJIeH!s Ha YpPOBHE OIepalliOHHOM CUCTeMEI. B KauecTBe TIprMepoB
OyIyT MCITOJIB30BaHBI OIepallioHHEIe crcTeMbl Windows NT, Kotopast ycTaHaBIABa-
etcs Ha Pentium IT, m UNIX, ncmone3yemast Ha UltraSPARC I1.
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nasa 1. Npeauncnosne

I'maBa 7 — 00 ypoBHe s13bIka accemOiiepa. Croa OTHOCUTCS U SI3bIK acceMOsiep, U Mpo-
11ecc acceMOIMPOBaHMs. 3MECh TAKXKE Peyub MOMIET O KOMITOHOBKE.

B raBe 8 oOcyxaaroTcst apajijiesibHble KOMITBIOTEPHI, BAXKHOCTh KOTOPBIX BO3pac-
TaeT ¢ KaxapiM JHeM. OHU U3 HMX JIEMCTBYIOT HA OCHOBE HECKOJIBKUX IPOLIECCOPOB,
KOTOpbIE Pa3NesisioT OO0 MaMsITh, Y IPyrux ooileil maMsti HeT. OAHU U3 HUX Mpej-
CTaBJIAIOT COOOH CYNIEPKOMITBIOTEDEL, APYTHE — CETH paboumx cTaHUMii Bee atn pasHo-
BUHOCTHU TapaJUIeJIbHBIX KOMITBIOTEPOB OYIyT PACCMOTPEHBI MOAPOOHO

I'maBa 9 conepXuT CUcoOK PEKOMEHIYEMOI JTMTepaTyphl K KaxI0My pas3iieny, a Tak-
e anhaBUTHBIN CITMCOK JIUTEePaTyphbl, LIMTUPYEMOI B 3TOI KHUTE.

Bonpochkl n 3agaHng

1.

OO0BsSICHUTE CIIEMYIOIINE TEPMUHBI CBOMMHU CJIOBAMM:
1. TpancugTop.

2 MHHtepmnpeTtartop.

3. BwupryanpHag MammHa.

Yem oTIMyaeTcsl MHTEPIIPETALIVS OT TPAHCIISILIAM?

MoXeT JI1 KOMITWISITOP TIPOV3BOIUTE JAHHBIE CPa3y MUIsl MUKPOAPXUTEKTYPHO-
T'0 YPOBHSI, MUHYSI YPOBEHb apXUTEKTYphl KoMaH? OOOCHYiTe Bce TOBOIBI 3a
Y TIPOTHB.

MozkeTe i BbI IIPEICTaBUTh MHOTOYPOBHEBBII KOMITBIOTED, ¥ KOTOPOTO YPOBEHb
BHEIIIHETO YCTPOICTBAa M LIM(PPOBOIA JIOTMYECKUI YPOBEHb — HE CaMble HIDKHIE
ypoBHH? OOBSICHUTE, TTIOUEMY.

PaccMmoTpyM KoMIIBIOTEp ¢ MACHTUYHBIMU MHTEPIIPETaTOpaMU Ha TIEPBOM, BTO-
POM U TpETheM YPOBHSIX. UTOOBI BBI3BaTh U3 MAMSITH, OIIPEAEIUTE U BHIMOIHUTH
OIHY KOMaH[y, MHTEPIIPETaTOpy HY>KHO BBITIOJTHUTH IT KOMaHI. BeImonHeHue of-
HOI1 KOMaH/IbI TIEPBOro YPOBHS 3aHMMAET K He. CKOJIbKO BpeMeHU OyneT 3aHu-
MaTb BBITIOJTHEHUE OHOM KOMaHbl Ha BTOPOM, TPETheM U YETBEPTOM YPOBHSIX?

PaccMoTpyM MHOTOYpOBHEBBI KOMITBIOTEDP, B KOTOPOM BCE YPOBHU OTJIMYAIOTCS
npyT ot Apyra. KoMaHapl KaXa0ro ypoBHS B M pa3 MOIITHEe KOMaH/I IPEIbIIyIIe-
IO YPOBHS, TO €CTh OJHA KOMAaH/a YPOBHSI I' MOXET BBINOJHSATH Ty e padoTy,
KOTOPYIO BBITIOJIHSIIOT M KOMaHJ Ha ypoBHe T-1. Eciu mjist BBITOTHEHUS TIpo-
rpaMMBbI TIEPBOIO YPOBHSI TpeOyeTcsl K CEKYHI, CKOJIbKO BPeMEHM OymyT BBIMOJI-
HSITBCSI COOTBETCTBYIOIIME ITPOTrpaMMbl Ha BTOPOM, TPETHEM U YETBEPTOM YpPOB-
HSIX, YYUTBIBAsI, UTO [IJIs1 MHTEPIIpETallMd OMHOM KOMaHIbl ypOBHS I'+1 TpedyeTcs
1 KOMaH[l YPOBHS TI?

HexkoTopble KOMaHIbl YPOBHSI OMEPAIMOHHON CUCTEMbI UICHTUYHBI KOMaHIaM
YPOBHS apXUTEKTYpbl KOMaHI. DTU KOMaH/bl Cpa3y BBIMOJHSIOTCS MUKPOIPO-
rpaMMOI, a HE ONEPALIMOHHON CUCTEMOI. YUMThIBasl OTBET Ha MpeabIAYLLMiA BO-
MPpOC, TIOXYMATE, 3a4€M 3TO HYXKHO.

B kakoMm cMbIcie anmapaTHOE W MPOrpaMMHOE 00eCTieYeHE IKBUBAJIEHTHBI?
A B KaKoM He 3KBUBAJIEHTHbBI?
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10.

11.

12.

Omro u3 cnencTsuii uaen poxH HeliMaHa XpaHUTE ITpOrpaMMy B TTAMSITH KOMITBIO-
Tepa — BO3MOXHOCTh BHOCUTh U3MEHEHUsI B IporpaMMebl. [lpuBenure npumep,
€ 3TO MOXET ObITh MOJIE3HO (TTOACKa3Ka: IoayMaiTe 00 apupMeTUIECKHX Ore-
palusIX Hal MacCUBaMMu).

PabotocniocobHocTh 75-i1 Mmoaem IBM-360 B 50 pa3 6osnblire, yeM y momenu 30,
OJIHAKO BpeMs LIMKJIa MEHBIIIe BCEro JUIb B 5 pa3. OOBICHUTE, TIOYEMY.

Ha pucynkax 14 n 1.5 n300paxkeHbI cXeMbI KOMITHIOTEPHBIX crcTeM. OrmimmTe,
KaK IIPOMCXOIUT MPOLIECC BBOAA-BLIBOAA B KAXKION U3 3TUX CUCTEM. Y KaKoil U3
HMX 0O0IIIasT IPpON3BOANTENIEHOCTE OOJIbIIIe?

B ompeneneHHBIIT MOMEHT BpeMEHM IUaMETpP TPaH3MUCTOpa Ha MUKPOIIPOIIECCOPe
COCTaBJIsLT oAMH MUKpOH. KakoB Oyzner nnamMeTp TpaH3MCTopa Ha HOBOM MOAEI
B CJIGIYIOIIIEM TOIy B COOTBETCTBUM C 3aKOHOM Mypa?



MnaBa 2
OpraHnsauus
KOMIMbIOTEPHbIX CUCTEM

LndpoBoit KOMIIBLIOTEP COCTOMT U3 CBSI3aHHBIX MEXITY COOOI TIPOLIECCOPOB, MaMSITU
Y YCTPOICTB BBO/IA-BhIBOIA. BTopasi IJ1aBa 3HAKOMUT YMTATEINS ¢ 3TUMU KOMITOHEHTAMU
U C TeM, KaK OHM B3aMMOCBsI3aHbl. JlaHHAs MHGOPMALIYS TOCTYXXUT OCHOBOM JIJIsT TIOM-
POGHOTO PACCMOTPEHUST KAXKIOTO YPOBHSI B MOCJISAYIOIINX TIATH TyaBax. [Iporeccopsi,
MaMsITh U YCTPOMCTBA BBOAA-BBIBONA — KITIOUECBBIC TTOHSITHSI, OHU OyAyT YIOMMHATHCS
MPpU OOCYXKICHUM KAXIOTO YPOBHS, TTO3TOMY M3YUeHUE KOMITbIOTEPHOI apXUTEKTYPhI
MBI HAUHEM C HUX.

[Mpoueccopsl

Ha puc. 2.1 nokazaHo ycTpoiicTBO OOBIMHOTO KOMIThIOTepa. LleHTpasbHblii mpomeccop —
3TO MO3r KomItbioTepa. Ero 3amaya — BBIIOMHSITH MPOrPaMMBbl, HAXOMSIIIUECS B OCHOB-
Hoit TaMsiTi. OH BBI3bIBAET KOMaHABI M3 TTaMSITH, OTIPEACIISIET X THUII, a 3aTEM BBIITOJ-
HSIET WX OHY 3a Apyroil. KOMIOHEHTHI coeMMHEeHbl HMIMHOM, TTPEACTABISIONIC OO0
Ha0op mapajuIeSIbHO CBSI3aHHBIX IIPOBOIOB, TI0 KOTOPBIM IIEPEAAIOTCs anpeca, JaHHbIE
U curHabl yrpapieHus. IIInHbI MOTYT OBbITH BHEIITHUMM (CBSI3BIBAIOIIIMMM ITPOLIECCOD
C MaMSIThIO M YCTPOMCTBaMM BBOJIA-BBIBOJA) I BHYTPEHHUMMU.

IIpoueccop cocTouT M3 HECKOJIbKMX YacTell. BiIok yrpaBiaeHUsI OTBeYaeT 3a BHI30B
KOMaHJI U3 IaMSITU U omnpeAeicHUe MX TUna. Apu(pMETHKO-JIOTMYeCKOe YCTPOMCTBO
BBINOJIHSAET apupMeTUYEeCKIE orepalyy (HaIpuMep, CJI0XKEHKE) U JIOTHYECKUE OIlepa-
MU (Harpumep, Jjorudeckoe M).

BHyTpY LIeHTpaIbHOTO MPOLIECCOpa HAXOMUTCSI IAMSITh IJISI XpaHEHMS ITPOMEXKYTOY~
HBIX Pe3Yy/IbTaTOB U HEKOTOPHIX KOMaH]I YIIpaBIeHUs. DTa IMaMITh COCTOMT U3 HECKOJIb-
KUX PETHCTPOB, KAXIBIA U3 KOTOPHIX BBINOJIHSET ONpEAc/icHHYI0 (yHKIMIO. OObIMHO
BCE PETUCTPhI OAMHAKOBOIO pa3Mepa. Kaxkblii perucTp comepKuT OqHO YKCII0, KOTOPOe
OrpaHMYMBACTCS Pa3MEPOM PErcTpa. PerucTphl CUMTBIBAIOTCSI U 3aIMCHIBAIOTCS OYEHD
OBICTPO, ITOCKOJIBKY OHM HAXOISTCsI BHYTPH LICHTPAJIBHOIO IIpoLieccopa.

CaMblii BaXKHBIIA pErMCTP — CYETYMK KOMAH/I, KOTOPHIA YKAa3bIBaeT, KAKYI0 KOMaHIY
HY>KHO BBITIOJHSITE Jajiblie. Ha3BaHue «CueTynK KoMaHI» He COOTBETCTBYET ACHCTBUTE b~
HOCTH, MTOCKOJIbKY OH HUYETO HE CUMTAET, HO 3TOT TEPMUH YIIOTPEOIISETCS TOBCEMECTHO .
Ellie ecTh perMcTp KOMaHA, B KOTOPOM HAaXOOWTCs KOMAaH/Ia, BEITIOJIHSIEMAasl B JaHHbIIA

! JIns oToit Xe e UCIONb3yeTcs TEPMUH «yKasaTelb KOMaHI». — [Ipumey. nayuu, peo.
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MOMEHT. Y GOJIBIIMHCTBA KOMITBIOTEPOB UMEIOTCS U IPYTHe PErUCTPhl, OMHKU U3 HUX MHO-
royHKIIMOHAIbHBI, IPYTUe BBHITTOIHSIIOT TOJIBKO KaKre-JI100 criennubudeckue GyHKIIMHU.

LleHTpanbHbIN npoueccop

Bnok
yrnpaBneHust

ApudmeTmrko-
noruyeckoe

YCTPONCTBO YcTporicTBa BBOAA-BLIBOAA
AL

PerucTpbl

[,—_-l |:] OcHoBHas
: : namsTb
] 2

[Onck MpwuHTEp

LnHa

Puc. 2.1. Cxema ycTpoOICTBa KOMMbIOTEPA C OAHWUM LIEHTPaNIbHbIM
npoLLeccopoM v ABYMS YCTPONCTBAMWN BBOAA-BLIBOAA

YCTPOMCTBO LEHTPasbHOro npoueccopa

BrayTpeHHee ycTpoiCTBO TpaKTa TaHHBIX TUITMYHOTO (DOH-HEHMaHOBCKOTO IIpolieccopa
noxkasaHo Ha puc. 2.2. TpakT JaHHBIX COCTOUT U3 PeTUCTPOB (00BIYHO OT 1 1o 32), AJIY
(apumMeTHKO-JIOTHYECKOT0 YCTPOIMCTBA) U HECKOJIBbKUX coenuHsomux muH. Coaep-
XKHMMOE PerucTpoB IOCTYyIaeT BO BXOAHbIe perucTpbl AJIY, KoTopble Ha puc. 2.2 0603Ha-
yeHbl OykBamMu A 1 B. B Hux HaxonsgTcsa BxomHbie nanHbie AJIY, moka AJIY pou3BoauT
BbIUMCIIeHUs. TpakT JaHHBIX — BaxKHasi COCTaBHAsI YaCTh BCEX KOMITbIOTEPOB, U MbI 00-
CYOUM €ro o4eHb MOoJAPOOHO.

AJTY BBIMOJHSIET CIOXEHUE, BBIYMTAHUE U IPYTUe MPOCTbIe ONnepaluyu Haja BXOJHbI-
MU TaHHBIMM W TIOMEIaeT pe3yJabTaT B BBIXOAHOW PErucTp. DTOT BBHIXOMHOM PETUCTP
MOXET TTOMellaThcsl 0OPaTHO B OJMH U3 perucTpoB. OH MOXET ObITh COXpaHEH B MaMsi-
TH, ecu 3TO HeobxoauMo. Ha puc. 2.2 mokaszaHa onepauus ciaoxeHus. OTMEeTUM, 4TO
BXOJIHbIE U BBIXOJHbBIC PETUCTPHI ECTh HE Y BCEX KOMIBIOTEPOB.

BonblIMHCTBO KOMaH MOXHO pa3/ie/iuTh Ha ABE TPYINbl: KOMaHIbl TUIIA PETUCTP-
IMaMsTh ¥ TUITA PerucTp-peructp. KoMaHIbl IepBOro THUIA BEI3BIBAIOT CIOBA U3 ITaMSITH,
MOMENIAIOT UX B PETUCTPbI, TIe OHU UCTIOJB3YIOTCS B KauyeCcTBE BXOAHBIX JaHHBIX AJIY.
(«CnoBa» — 2TO TaKMe 3JIEMEHTHl TaHHBIX, KOTOPHIE TepeMEeNIaloTCsI MeXIy MaMsIThio
u peructpamu'.) CI0BOM MOXET ObITh LIEJIO€ YUCIO0. YCTPOMUCTBO MAaMATU MbI 0OCYIUM
HICKe B 9TOH miaBe. [lpyrne KOMaHIbl 3TOTO TUITA TIOMEIIAIOT PETUCTPHI OOPaTHO B TTAMSITh.

' Ha camoM Jiefie pa3Mep cJ10Ba OGbIYHO COOTBETCTBYET PAa3pAAHOCTU pEerucTpa JaHHbIX. Tak, Hanpumep,
y 16-6utHBIX MuKporpoieccopoB 8086 1 8088 ciioBo ObUTO 16-OUTHBIM, a y 32-OUTHBIX MUKPOIIPOLIECCOPOB
CJI0BO MMeeT InHy 32 6uta. — [lpumey. nayuu, ped
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[— A+B

> Perncrpbl

m“~* BxogHoii peructp AJTY

P—— BxopHaa wmHa AJTY

-BbixogHot pernctp AJTY
I

Puc. 2.2. TpakT AaHHbIX B 0ObI4HOM POH-HEMMAHOBCKOM MaluMHe

KomaHnpl BToporo Tuma BbI3bIBAIOT JiBa OMEpaHia U3 PErUCTPOB, TTOMEILAIOT UX BO
BXOIHbIe perucTpbl AJIY, BBITONHSIIOT Hal, HUMU KaKyl0-HUOYIb apu(METUIECKYIO WIN
JIOTMUYECKYIO OTEPALIMIO U MEPEHOCST Pe3yJbTaT 00paTHO B ONWH U3 PETUCTPOB. DTOT
MPOLIECC Ha3bIBAETCS LIMKJIOM TPaKTa JaHHbIX. B Kakoii-To CTENMEeHU OH OIpeaessieT, YTo
MOXET JieJlaTh MaliuHa. YeM ObICTpee MPOMCXOMUT LIMKIT TPAKTa TaHHBIX, TEM ObICTpee

KOMIIBIOTEp paboTaer.

BbinonHeHne komaHpg,
HeHTpaJIbHI:IfI TIPOIECCOP BBIMOJHACT KAKAYI0O KOMaHAY 3a HECKOJIBKO IITaroB:

1) BBI3BIBACT CIIEAYIOIIYIO KOMAHIy M3 TAMATH M TIEPEHOCHT €€ B PETMCTP KOMAHI;

2) MeHSEeT MOJIOKEHNE CUETUMKA KOMaH, KOTOpBIii Tereph JO/KEH YKa3blBaTh Ha
CJIEIYIOLIYI0 KOMAHIY ;

3) ompe/esieT TUIT BbI3BAHHON KOMAaH/IbL;

4) eci KOMaH/Ia UCTIOB3YET CIIOBO U3 TTAMSITH, ONPEJIENISIET, [Ie HAXOMUTCH 3TO CJIOBO;

5) MepeHOCHUT CII0BO, ECJIU 3TO HEOOXOANMO, B PETUCTP LIEHTPATLHOTO MPOLIECCOPa’;

' DTO MPOUCXOAUT MOCIIE IeKOAUPOBAHUS TEKYIEel KOMAH/IbI, a MHOT/A U TT0CJIe €€ BRINONHeHUs. — [Ipumen.
Hayuu, peo.

? CresyeT 3aMeTHUTb, YTO GbIBAIOT KOMAHIbl, KOTOPbIE TPEOYIOT 3arpy3K1 U3 MAMSATH 11eJI0T0 MHOXECTBA CJI0B
1 X 006paboTKM B paMKax OJTHOI-eTUHCTBEHHOU KOMaHIbl. — [Ipumeu. nay4n. peo.
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6) BBITTOJTHSIET KOMAHIY;
7) TiepeXOomuT K 1ary 1, 4toObl HAauaTh BHIMOJIHEHUE CIIEAYIOLICH KOMaH/IbI.
Takas mnocemoBaTeIbHOCTh IAroB (BLIOOPKA—IEKOIMPOBAHHE—HCIIOHEHHE) STB-

JISIETCSI OCHOBOI pabOTHI BCEX KOMITHIOTEPOB.

OrnricaHue paboThl LIEHTPATBHOTO MTPOLIECCOPAa MOXKHO MPENCTABUTH B BUIE MIPOTrPaM-
MbI Ha aHIJIMICKOM s13bike. B nmuctunre 2.1 npuBeaeHa Takasi mporpaMma-muHTEprpeTa-
TOp Ha s3bIKe Java. B omchiBaeMOM KOMIIBIOTEPE €CTh JIBa PErMCTPa: CYETYMK KOMaHI,
KOTOPBIi CONCPKUT MyTh K ampecy CACHYIOIIeid KOMAHIBI, 1 aKKyMYJISITOP, B KOTOPOM
XpaHATCS pe3ybTaThl aprhMeTHIeCKUX orepaliii. KpoMe Toro, mMeroTcst BHyTpeHHME
PEeruCTphbl, B KOTOPHIX XpaHUTCS TeKyllasi KoMaHaa (instr), TUI TeKyIIeil KOMaHIbl
(instr_type), anpec onepaHaa komaHasl (datajloc) u cam onepann (data). Kaxnast ko-
MaH/Ia COAEPKUT OIMH aipec S4YeiKu MmaMsaTu. B sueiike maMsaTy HaXOOUTCS OMEpaHI,
HarnpuMep KyCOK JaHHBIX, KOTOPbI HY>KHO J100aBUTh B aKKYMYJISITOD.

Jinctuhr 2. 1. UHTepnpeTaTop As19 NPOCTOro Komrbiotepa (Ha sa3bike Java)
public class Interp{

static int PC. //PC copepxuT ampec CreaytoLLei KOMaHdpl
static int AG; // aKKymynatop, peructp ona apudmetvku
static int instr. //PEerncTp Ona Tekyllehd KomaHdbl

static int instr_type. //Tun komaHopl (KO4 onepauum)

static mt data_loc. //agpec OaHHbX wwm -1, ecnm ero Het
static int data. //COOEPXUT TEKyLLMIA OnepaHs,

static boolean run_bit = true; //6UT. KOTOPbLIN MOXHO BbIK/KOYMTb, 4YTOObI OCTAHOBWUTL MALLMHY

public static void interpretCint memory[], int starting_address{

//9Ta npoueaypa MHTENpeTMpyeT MporpaMMbl O MPOCTON MalLHbI.
KOTOpasi COOEPXMT KOMaHObl TONbKO C OOHMM onepaHaom u3 namsmi  Mawwa comepxut peructp AC
(akkymynsatop) OH umcnonbayetcs s apudmeTnyeckux aeicteuii  Hampumep, komaHpma ADD cymmumpyet
yucno n3 namatm ¢ AC. WHTepnpertatop pabotaer A0 Tex nop. noka He GydeT BbiNOfMHeHa komaHaa
HALT, BcnenctBue 4yero 6ut run_bit nomeHsieT 3HadeHve Ha false. Mawma coCTOMT M3 MaMsiTK,
cyeTyMka komaHg, 6uta run bit n akkymynstopa AC BxomHble napamerpbl COCTOST M3 KOnun
COAEPKMMOrO MaMsiT 1 HaYaslbHOro aapeca

PC=starting_address.
while (run_bit) {
instr-memory[PC], //Bbi3biBaeT Cremytouyio komaHgy B instr

PC-PC+1. //yBENMYMBAET 3HAYEHVE CYETYMKa KOMaHL,

mstr_type=getjnstretype(instr). //onpenenser Tin KomaHgbl

data_loc=find_data(instr, mstrjtype). //HaxognT faHHble (-1, €CAM [aHHbIX HET)

1f(datajoc>=0) //ecnn data_lock=-l. //3HauuT, onepaHoa HeT
data=memory[data_loc].  //BHROB [aHHEX

execute (mstr_type.data), / / BHIIONIHEHME  KOMAHTH

}
}

private static int get_instr_type(mt addr) {.}
private static int find_dataCint instr. int type) {.}
private static void executednt type, int data) {..}

CaMa BO3MOXHOCTh HamucaTh MporpamMmy, UMHUTUPYIOLIEH paboTy LEHTPAIbHOIO
TMPOLIECCOpa, MOKA3bIBaeT, YTO MPOrpaMMa He 00s13aTeIbHO J0JKHA BITOTHSTHCS pealTb-
HbIM TPOLIECCOPOM, OTHOCSILIIMMCSI K arrapaTHOMy obecriedeHno. HarnpoTus, BBI3BIBATH
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13 TIaMSITH, OTIPEAesIsITh TUI KOMaH/I M BBITIOJHATD 3TM KOMAaH/Ibl MOXET JApyTasi Tpo-
rpamMa. Takas mporpaMma HasbIBaeTCsT MHTeprpeTaTopoM. O6 MHTEpITpeTaTopax MbI
TOBOPWIN B TaBe 1.

Harmicanme nmporpaMM-MHTEPIIPETaTOPOB, KOTOPBIE UMUTHUPYIOT paboTy TIPOIIECCO-
pa, IIMPOKO UCTIONB3YeTCsl MPU pa3paboTKe KOMITBIOTEpHBIX cucteM. [locie Toro kak
Pa3pabOTINKM BHIOPATIM MAIIMHHBIN SI3BIK (1) U1 HOBOTO KOMITBIOTEPA, OHM TOJKHBI
PEeLLUTh, CTPOUTH JIU UM TPOLIECCOP, KOTOPbIi OYIET BHITTOMHSITH POrpaMMbI Ha sI3bIKe S,
WJTW HAIMCATh CTIEIIMATBHYIO TTPOTpaMMY JUTSI MHTEPIIpEeTaIK TIporpaMM Ha si3bike S.
Ecnu oHM pelnaloT Hanvcath UHTEPIPETaTop, OHU JAOJDKHBI CO3MATh anmnapaTHoe obec-
TTeYeHVe TST BBITTOJTHEHMS 3TOTO MHTepIpeTaTopa. Bo3aMOXKHBI Takske THOpHITHbIC KOH-
CTPYKIIMH, KOTa YaCTh KOMaH/I BBITIOJTHSIETCS arlfapaTHbIM o0ecrieyeHUeM, a YaCTb MH-
TePIIPETUPYETCS.

HMurepnperaTop pa3drBaeT KOMaHIbl HAa MaJleHbKME I1ark. TakuM 00pa3oM, Malliu-
Ha ¢ MHTEPIPETATOPOM MOXKET ObITh FOPa3/Io MPOIIe N0 CTPOSHMIO U JeIIEBIE, YeM PO~
1IECCOP, BBITIOJHSIONINI MPOrpaMMbl 6€3 UHTepIIpeTaliuu. Takasi 5KOHOMYSI OCOOEHHO
BaXKHA, €CJIM KOMITBIOTEP COMEPKUT OOJBIIOE KOJMYECTBO CJIOXKHBIX KOMaH[I C pa3jiny-
HBIMU OMIUSIMU. B CyIITHOCTH, 3KOHOMUSI TTPOUCTEKAET U3 CAMOI 3aMEHBI alnapaTHOTro
00eCréyeHust TIPOrpaMMHBIM 00€eCTIEYeHNEM (MHTEPIIPETATOPOM).

[1epBbie KOMITBIOTEPHI COAEPXKATU HEOOBIIOE KOJTMIECTBO KOMAHI, 1 9T KOMaHIbI
ObLTY MpOCcThIMU. Ho morcku 60s1ee MOITHBIX KOMITBIOTEPOB IIPUBEJIN, KPOME BCETO Mpo-
Yero, K IOSIBIIEHHIO 00JIee CIIOXKHBIX KoMaH. Bckope pa3paboTunKy MOHSUIN, YTO P
HAJIMYUM CJIOXKHBIX KOMAH]I MPOTrpaMMbI BBITIOJIHSIIOTCS ObICTPEE, XOTS BBIITOJTHEHUE OT-
JIeTbHBIX KOMaH[I 3aHMMaeT OoJIbIlie BpeMeHHU. B KadecTBe ITpMMEPOB CIIOKHBIX KOMaH]I
MOXHO Ha3BaTh BBINOJHEHUE OIEpalyii ¢ IJIaBalolleil TOUKOi, obecriedeHre MpsiMOro
JIOCTYyMa K 3JIeMEHTaM MaccuBa U T. 1. Eciim 0OHapyXMBaIoCh, YTO ABE OIpeae/IeHHbIC
KOMaHJIbl YacTO BBITMIOJHSUTUCH TTOCJIEIOBATEILHO O/IHA 3a APYTOi, TO BBOAUIACH HOBAsI
KOMaH[Ia, 3aMeHsTIoIIasl padoTy STHUX JBYX.

CioXHbIE KOMaH[Ibl ObLUTY JTy4llle, TIOTOMY YTO HEKOTOpPbIE OMepallii WHOT/A Tiepe-
KpPBIBATHCH. Kakie-To onepaiyiy MOV BBITTOJTHATLCS TTapaJlIeIbHO, TSI 3TOTO UCTIONb-
30BaJINCh Pa3HbIC YAaCTH arlliapaTHOro obecrieueHus. J1Jist JOporux KOMITBIOTEPOB C BbI-
COKOI TIPOM3BOAUTENEHOCTHIO CTOMMOCTh 3TOTO JOIIOJTHUTEIBHOTO anmapaTHOTO
obecnieyeHUs1 ObLIa BIIOJIHE OIpaBaaHHa. TakuM 00pa3oM, Y TOPOrvX KOMITbIOTEPOB ObLIO
ropasno 6oJIbIle KOMaHII, YeM Y IeleBbIx. OmHaKo pa3BUTHE IIPOrpaMMHOTO obecriede-
HUA 1 TpC6OBaHI/IH COBMECTMMOCTH KOMaH], IMPUBECJIM K TOMY, UTO CJIOXKHBIC KOMaH/IbI
CTaJI MCITOJTb30BaThCA M B ACIIEBBIX KOMITHIOTEPAX, XOTSA TaM BO IJIaBY yIJia CTaBUJIach
CTOMMOCTb, & HE CKOPOCTb PabOTHI.

K xoniy 50-x romoB kommanusi IBM, koTopast 1uarpoBaja Toraa Ha KOMITbIOTep-
HOM DbIHKE, pelllnja, YTO TPOM3BOJICTBO CEMEMCTBA KOMITBIOTEPOB, KAXKbIM U3 KOTO-
PBIX BBITIOJTHSIET OJJHU U T€ K€ KOMaH/Ibl, UMEET MHOTO TIPEUMYILIECTB U JIJISI CAMOI KOM-
MaHWuU, 1 TS TToKymnaresiei. YToObl onucaTh 3TOT ypOBEHb COBMECTUMOCTU, KOMITAHHUSI
IBM BBena TepMuH apxutekTypa. HoBoe ceMeiicTBO KOMITBIOTEPOB TOJIKHO ObLIO UMETh
OJTHY OOIIIYI0 apXUTEKTYPY M MHOTO Pa3HbIX pa3padOTOK, pa3InJatolInuXcs Mo 1IeHe U CKO-
pPOCTH, KOTOPbIE MOIJIA BBITIOJTHSATH OHY U Ty e TiporpamMmy. Ho Kak mocTpouTs Jeliie-
BbIi KOMITBIOTEDP, KOTOPbI OYy/IET BBITIOJHSTH BCE CIIOXKHbBIE KOMaH/Ibl, MpeIHa3HaYeH-
HbIE 1JTs1 BBICOKO3(D(EKTUBHBIX JOPOTOCTOSIIIIUX MalIUH?



Mpoueccopsl 61

Pemrenuem aToii mpo6aeMBl cTajla MHTEPIPETAlUsI. DTa TEXHOJIOTHSI, BIIEPBBIC
npeioxXeHHasd YWikcoM B 1951 romy, mo3BoJsiia pa3padaTbiBaTh IIPOCThIE ACIICBbIC
KOMIIbIOTEPBI, KOTOPhIE, TEM HE MEHEEe, MOIIA BBIMOJHSITL 0OJIbIIOE KOJIMYECTBO KO-
MaHa. B pesynerate IBM coznana apxutektypy System/360, ceMeicTBO COBMECTUMbIX
KOMIIbIOTEPOB, Pa3JIMYHBIX I10 LIEHE 1 IIPOM3BOIUTEILHOCTHU. AMapaTHOE oOecIedeHre
0e3 MHTepIIpeTalliy MUCITOIb30BAJIOCh TOJIBKO B CAMBIX TOPOTMX MOMIEIISIX.

IIpocThie KOMITBIOTEPHI C MHTEPIIPETUPOBAHHBIMU KOMAaHIAMU MMEIU HEKOTOPHIE
JIpyrue npeumyiiectsa. Haubosee BaXKHbIMU Cper HUX ObLI:

1) BO3MOXHOCTb (1)I/IKCI/IpOBaTb HETIPpaBUJIbHO BBIITIOJTHCHHBIC KOMaHIbl WJIN OaXKe
BOCIIOJIHATH HEAOCTATKU aIlrraparHoro O6€CH€‘-I€HI/I$I;

2) BO3MOXKHOCTb J00aB/ISITh HOBbIE KOMaH/bI P MUHUMAJIBbHBIX 3aTpaTax, OaKe
TTI0CJI€ MMOKYITIKM KOMIIbIOTEPA,

3) CTPYKTypUpOBaHHAsI OpraHU3allysI, KOTOpask MO3BOJIsIa pa3padaTeiBaTh, IIPOBE-
PATH U JIOKYMEHTHUPOBATh CJIOXKHbIE KOMAHIbI.

B 70-e rofpl KOMIBIOTEPHBII PHIHOK OBICTPO pa3pacTalicsl, HOBbIE KOMITbIOTEPBI MOT-
JIV BBITIOJTHSITH BCE OOJIbIIE U 00bIle pyHKIIM. Cripoc Ha AeIIeBble KOMITBIOTEPHI ITPO-
BOLIMPOBAJI CO3IAHME KOMITBIOTEPOB C UCTIOIb30BAHUEM UHTEPIIPETATOPOB. BO3MOXHOCTD
paspabaTbIBaTh anmnapaTHOe 00ecTrieYeHre U MHTEePITPETaTop UIsl OIPeIeIeHHOTO Habo-
pa KOMaH]1 BbUTWJIACh B CO3MaHUE JeIeBbIX MTpolieccopoB. [1oaynpoBoAHUKOBBIE TEXHO-
JIOTWHY GBICTPO Pa3BUBAIMCH, TTPEUMYIIIECTBA HU3KOM CTOMMOCTH TTPeo0Iaiaii Hal BO3-
MOXKHOCTSIMU 00Jiee BEICOKOH MTPOM3BOAUTESILHOCTH, U UCTIOIb30BaHKE MHTEPIPETATOPOB
Mpu pa3paboTKe KOMITBIOTEPOB CTAIO IUPOKO NMpUMeHUMO. MHTepnpeTaius ucrioib-
30BaJIach MPAKTUYECKM BO BCEX KOMITBIOTEPAX, BBIMYIIEHHBIX B 70-¢ TOIbI, OT MUHM-
KOMITBIOTEPOB JI0 CaMbIX OOJIBIIIMX MAIIIMH.

K koHiry 70-x ronoB MHTEPHPETATOPbl CTAIM MPUMEHSIThCS TIPAKTUYECKH BO BCEX
MOJIETISIX, KPOME CaMbIX IOPOTOCTOSIIIIMX MAIIUH C OYeHb BHICOKOM MPOM3BOIUTETLHOC-
Thio (Hanmpumep, Cray-1 u komnbloTepoB cepun Control Data Cyber). Mcnioyib3oBaHue
MHTEPIIPETATOPOB MCKITIOYAIO BBICOKYIO CTOMMOCTb CJIOXKHBIX KOMaHI, U pa3paboTyu-
KW MOIJIM BBOJUTDH Bce OoJiee U 0osiee CAOXKHbIE KOMaH/Ibl, B OCOOEHHOCTH Pa3inyHbIe
CIOCOOBI OMpEIEICHUsI MCTIOTb3YeMbIX OITEPaHIOB.

Dra TeHIeHLMS AOCTUIIA TTMKa CBOEro pa3BUTUS B pa3paboTKe Komrbiotepa VAX
(mpousBoautenb Digital Equipment Corporation), y KOTOporo 0bI10 HECKOJIBKO COTCH
KoMaHJ U 6osee 200 ciocoOoB orpeaesieHUs orepaHaoB B Kaxkaoi KomaHae. K Hecuac-
TBIO, apxXUTeKTypa VAX ¢ caMoro Haudaja pa3padaThiBajiach C MCITOJIB30BAaHHEM MHTEP-
rperaropa, a NpOU3BOAUTEIbHOCTH YAESIOCh MAIO BHUMaHUS. DTO MPUBENO K MOSIB-
JIEHWIO GOJIBIIIONO KOJMYECTBA KOMaHII BTOPOCTENEHHOTO 3HAYeHUS, KOTOPbIe TPYTHO
ObUIO BBITIOJIHATH cpa3y 6e3 uHTepripeTalvu. JJaHHoe ymylieHue ctaao daTajlbHbIM
Kak it VAX, tak u 1151 ero rpounsBoautesist (kommnanun DEC). Compaq kynun DEC
B 1998 rony.

XOTS caMble TIepBbIC 8-OMTHBIE MUKPOIIPOLIECCOPHI OBLIA OYCHb IMPOCTHIMUA U CO-
Jiep>KaJlu HeOOJIbILIONM HAabOp KOMaH/, K KOHILy 70-x romoB AaXke OHU CTaju pa3padaTbl-
BaThCS C UCTIOIB30BaHWEM MHTEPITPETATOPOB. B 3TOT Nepron OCHOBHOI MPpoGeMoii 1St
pa3paboTUYMKOB CTajla BO3pacTaloliias CIoKHOCTb MUKPOMpPO1ieccopoB. [71aBHOe mpenumy-
IIECTBO MHTEPIIPETALMU 3aKJTF0YAIOCh B TOM, UYTO MOXHO ObLIO pa3paboTaTh MPOCTOM
MPOLIECCOP, a BCS CJIOKHOCTh CBOIMIACH K CO3MaHMIO MHTepMpeTaTopa. Takum 00pa3om,
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pa3paboTKa CJI0XKHOTO armnapaTHOro o0eceYeHNsT 3aMellanach pa3padboTKOM CJI0KHOTO
MPOTrPAMMHOIO O0ECIICUECHUSI.

Ycnex Motorola 68000 ¢ GomblvM HaOOPOM MHTEPIPETUPYEMBIX KOMaHI U OIHO-
BpeMeHHEBII npoBan Zilog Z8000, y KOTOporo OBLT CTOJb K€ OOIMPHBIN Hab0Op KOMaHII,
HO He ObUTO MHTEPIIPETaTOpa, MPOAEMOHCTPUPOBAIM BCE MTPEUMYILIECTBA UCTTOL30BAHMS
HMHTEPIPETATOPOB TIPU pa3padoTKe HOBBIX MallMH. Ycrex Motorola 68000 GbL1 HECKOJIb-
KO HEOXMIAHHBIM, YUuThIBas1, uyTo Z80 (mpenmiectBeHHUK Zilog Z8000) monb3oBajcs
GoJblIIEl MONyIIpHOCTLIO, YeM Motorola 6800 (mpeminectBeHHUK Motorola 68000).
KoneuHo, BaxKHY10 poJib 31€Ch UTPAIA U ApyTue (haKTophl, HarpUMep To, uto Motorola
MHOTO JIET 3aHMMaJIach MPOM3BOACTBOM MUKpocxeM, a Exxon (Bmamenen Zilog) monroe
BpeMsi ObLT HE(TSIHO KOMITAaHUEH.

Eie onuH bakTop B MOIB3Y MHTEPIIPETALUM — CYIIIECTBOBAHME OBICTPHIX ITOCTOSTH-
HBIX 3aITOMUHAIOIINX YCTPOMICTB (TaK HasbiBaeMbIXx KoMaHAHBIX [13Y) misa xpanenus
UHTEepnperaTopoB. [Ipeanonoxm, 4to JyIs BEITOJIHEHMST OObIYHOM MHTEPIIPETUPYEMOIA
KoMaHabel Motorola 68000 nHTEpIpETaTOpy HYXKHO BBIMOJIHUTL 10 KOMaH#, KOTOpbIE
Ha3bIBAIOTCS MUKPOKOMaHIamu, 1o 100 He Kaxkaasi, ¥ mpou3BecTy 2 oOpallleHUs K ore-
patuBHOI1 mamaT 1o 500 He Kaxkmoe. OOIIee BpeMsT BHITOIHEHMST KOMaHIbI COCTABUT,
caenoBatesbHO, 2000 He, Bcero JIMIIB B JIBa pasza 0oJIbllIe, YeM B JIydIlleM C/Iy4ae MOIJIO
OBbI 3aHSTH HEITOCPEACTBEHHOE BHITIOJIHEHME 3TOi KOMaHIbI 0€3 MHTEepIIpeTallui. A ecin
ObI HE OBLUIO CIELMAIBLHOTO OBICTPOAEHCTBYIOIIETO MOCTOSIHHOIO 3alIOMUHAIOIIETO
YCTPOICTBA, BBITOJIHEHHE 3TOM KOMaH/IbI 3aHsUTo OBl Lienbix 6000 He. TakuM obpaszoM,
BaXKHOCTb Haimuusi KomaHaHeix 113V oueBumHa.

RISC u CISC

B xoH1ie 70-X ronoB mMpoBOAWIOCH MHOTO 3KCIIEPUMEHTOB C OYeHb CJIOXKHBIMU KOMaHIa-
MU, MOSIBJIEHNE KOTOPBIX CTAJI0 BO3MOXHBIM Ojiarofapsi MHTepripeTaiuu. Pazpadorym-
KU TIBITAIMCh YMEHBIIUTD MIPOIACTh MEXIY TEM, UTO KOMIIBIOTEPhI CITOCOOHBI JIe/IaTh,
1 TeM, YTO TPeOYIOT SI3bIKUM BBICOKOTO YpOBHSI. EnBa iu KTo-HUOYIb TOrma JyMai o pas-
paboTke 0oJiee MPOCTHIX MAIMH, TaK e KaK ceifuac Majio KTO 3aHUMaeTCsl pa3paboTKOn
MeHee MOIIHBIX OTMEPAIIMOHHBIX CUCTEM, CETel, peNaKTOPOB U T. MI. (K HECUACThIO).

B xommnanum IBM rpymnna pa3paboTyukoB Bo riaBse ¢ JxkoHoM KokKoMm mpoTHBOCTO-
siTa 3TO TEHACHIIMI; OHU TIOIIBITAIMCh BOILTOTUTH unen Celimypa Kpest, co3nas akcrre-
PUMEHTAJTBHBIN BRICOKO3((heKTUBHBIN MUHI-KoMITBIOTEep 801. Xota IBM He 3anmMa-
JIach COBITOM 3TOI MAIlIMHbI, @ Pe3YJIBTaThl SKCIIEPUMEHTA ObUTH OMyOIMKOBAaHbBI TOIBKO
yepe3 HECKOJIBbKO JIET, BECTh OBICTPO pa3HEC/ACh MO CBETY, W IPYrue IPOM3BOAUTEIIN
TOXKE 3aHSUINCH Pa3pabOTKOM MONOOHBIX apXUTEKTYP.

B 1980 romy rpyrmia pa3paboTunKoB B yHUBepcuTeTe bepkiu Bo miase ¢ d3Bumom
IMatrepconoM n Kapmo CekBrnHOM Hadaja pa3paboTKy mporeccopoB VLSI 6e3 ncmonb-
30BaHUS MHTepIIpeTaruy. st 0003HAYeHMST 3TOTO MTOHSITHUSI OHU TIPUAyMAaIi TePMUH
RISC u na3Banu HoBbll niporieccop RISC I, Bciaen 3a KOTopbIM BCKOPE ObLT BBIMYIIIEH
RISC II. Hemnoro mosxe, B 1981 romy, /JIxkon XenHecu B CteHdope pa3padboTai v BbI-
ITyCTWJI IPYTYIO MUKPOCXEMY, KOTOpYIO oH HazBan MIPS. D1 1Be MUKpOCXeMbI pa3BU-
JINCh B KOMMep4deckr BaxkHbIe poayKTel SPARC 1 MIPS coorBercTBEeHHO.

HoBble npoiieccopbl CYIIECTBEHHO OTIMYAIMCH OT KOMMEPUYECKUX TTPOLIECCOPOB TOTO
BpeMeHU. [1oCcKONIBKY OHM He OBLTA COBMECTUMBI C CYILLIECTBYIOLIECH MPOAyKLUEH, pa3-
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pabOTYMKY BITpaBe ObIIM BKJIIOYATH Tyla HOBbIE HAOOPHI KOMaHJ, KOTOpPHIE MOIVIA ObI
YBEJIMYUTh OOILYIO IIPOU3BOOUTEILHOCTh CUCTEMBI. TaK KaK OCHOBHOE BHUMAaHME yIe-
JISITOCH TIPOCTBIM KOMaH/IaM, KOTOpbIe MOIJIA OBICTPO BBITTOJHSTHCS, Pa3pabOTINKA BCKO-
pe OCO3HAJIU, YTO KJIIOYOM K BBICOKOI IPOU3BOIUTEIBHOCTH KOMITbIOTEPA ObUIA pa3pa-
00TKa KOMaH]I, K BBITIOJTHEHUIO KOTOPBIX MOXKHO OBICTPO MpHCTyHaTh. CKOJIBKO BpEMEHH
3aHMMAaeT BBITOJIHEHYE OMHOM KOMaH/IbI, OBbUIO He TaK BaXKHO, KaK TO, CKOJIbKO KOMaH]I
MOXeT ObITh HAYaTO B CEKYHY.

B 1O BpeMs Kak pa3pabaThIBaIMCh 3TH MPOCThIE MPOIIECCOPhI, BCeoOlllee BHUMaHe
MPUBJIEKAJI0 OTHOCUTEIHHO HEOOIBIIIOE KOIMYECTBO KOMaH I (0OBIYHO MX ObLTO OKOJIO 50).
Hns cpaBHeHmsT: yncio komaHa B DEC VAX u 6omeimix IBM B To BpeMsI COCTaBIISITO
ot 200 mo 300. RISC — st1o cokpamienne ot Reduced Instruction Set Computer —
KOMITBIOTEP C COKpallleHHbIM HabopoM KoMmaHA. RISC mporuBonocrasisics CISC
(Complex Instruction Set Computer — KOMIIBIOTEP C ITOJIHBIM HAOOPOM KOMAaHI).
B kauectse iprmepa CISC mozkHO TTprBecT VAX, KOTOPBI JOMUHUPOBAI B TO BPEMST
B Hay4YHBIX KOMITBIOTEPHBIX lIeHTpaX. Ha ceromHsiHuii AeHb Majo KTO CUMTAaeT, YTO
rmaBHoe pasamare RISC u CISC cocrouT B KojimuecTBe KOMaHI, HO Ha3BaHUE CO-
XpaHSIETCS 10 CUX MOp.

C aTOoro MOMeHTa Havyayiach rpaHIMO3Hasl MIeooruIeckast BOiHa MeXIy CTOPOHHM-
kamu RISC u pazpadorunkamu VAX, Intel u 6onbiix IBM. Ilo nx MHeHMIO, HaMTy4-
A CITOCO0 pa3pabOTKM KOMITHIOTEPOB — BKIIIOUEHHUE Tyla HEOOJIBIIIOT0 KOJIMYe-
CTBa IIPOCTHIX KOMAH, KaXast U3 KOTOPBIX BHITOJIHSIETCS 3a OMWH LIMKJI TPAKTa JAHHBIX
(cM. puc. 2.2), To ecTb OepeT ABa perucTpa, MPON3BOINAT Hal HUMHU KaKyIO-M0O0 apud-
METUYECKYIO WJIM JIOTMYECKYIO OIepalivio (HarpuMep, CIOKeHMs Win jorudeckoe M) u
TIOMEIIAaeT pe3yIbTaT O0OpPaTHO B perncTp. B KauecTBe aprymMeHTa OHU YTBEPKAAIM, UTO
naxe ecmu RISC noimkHa BBITIONHSTE 4 WM 5 KOMaH I, BMECTO OTHOM, KOTOPYIO BBITIOJ-
aster CISC, ipurom uro KoMmaHmel RISC BemonHsiorest B 10 pas ObIcTpee (TTOCKOIBKY
OHU He MHTEPIIPETUPYIOTCS), OH BBIMTPBIBAET B CKOpPOCTU. ClieoyeT TaKXKe OTMETUTD,
YTO K 3TOMY BPEMEHU CKOPOCTh Pa0OOTHl OCHOBHOM MaMsITH TIPUOJIM3UIACh K CKOPOC-
TU CHEUUAIbHBIX YIIPABJSIIOIIMX ITOCTOSIHHBIX 3alIOMUHAIOIINX YCTPOMCTB, MOTOMY
HEIOCTaTKM MHTEPIIPETAIINY OBUTM HAJIWIIO, YTO ITOBBIIIAIO TTOMYJISIPHOCTE KOMITBIO-
TepoB RISC.

VYuuteiBasg npeumyiecTBa npousBoauTeabHocT RISC, MoxXHO ObIIO ObI Mpearo-
JIOXKWTB, YTO TaK1e KOMITBIOTEPBI, Kak Alpha Kommanum DEC, ctaim moMUHIPOBAThL Haf
kommbiotepamMu CISC (Pentium u T. 1.) Ha peiHKe. OIHAKO HUYETro ITOJ00HOIO He Mpo-
n3onnio. BozHnkaeT Borpoc: mouemy?

Bo-nepBbix, kommbioTepbl RISC ObLIM HECOBMECTUMBI C APYTMMU MOJEISIMUA, a3 MHO-
T'ie KOMITAHUW BJIOXKWJIM MUJUTMAPIBI J0JUTAPOB B POTpaMMHOE O0ecTieueHue TSI TIPO-
nykuuu Intel. Bo-BTophIX, KaK HU cTpaHHO, KoMnaHus Intel cymena BOIUIOTUTH Te ke
nnen B apxutektype CISC. Iponeccops Intel, HaunHas ¢ 486-ro, cogepxar siapo RISC,
KOTOPOE BBIIIOJIHSIET CaMble ITPOCThIE (M OOBIYHO CaMble PACIIPOCTPaHEHHbIEC) KOMaH-
ITBI 32 OOWH IIVKJI TPaKTa JaHHBIX, a 0 00braHOM TexHojornu CISC mATEpIpeTNpy-
10TCs OoJee CaoXKHbBIe KoMaHAbl. B pe3ynbrate 0ObIMHbIE KOMaH/IbI BHITIOJHSIIOTCS ObIC-
TpO, a OoJiee CIIOXKHBIE U PEIKNEe — MEIJICHHO. XOTs TIPY TaKOM «THOPUIHOM» TTOIXOIEe
paboTa MPOUCXOIUT He Tak ObICcTpo, Kak y RISC, manHas apxutekTypa UMeeT psia Tipe-
HWMYIECTB, TIOCKOJIBLKY TIO3BOJISIET MCTIONB30BaTh CTapoe ITPOrpaMMHOE obecIieueHre 6e3
U3MEHEHUA.
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MpuHUMNBI Pa3paboTKn COBPEMEHHbIX KOMMbIOTEPOB

[Npormwro yke 6oee MBamIIaTH JIET C TEX ITOP, KaK ObUTA CKOHCTPYMPOBAHBI TIEPBBIC KOM-
meiotepbl RISC, omHako HEKOTOpBIE IPUHITUITEI pa3pabOoTKY MOKHO ITePEHATh, YIUTHI-
Basl COBPEMEHHOE COCTOSTHHE TEXHOJIOTUI armapaTHoro obecrnieuenns. Ecim mporcxo-
IIUT 04eHb Pe3K0e N3MEHEHHE B TEXHOJIOTHSIX (HAIIpIMeP, HOBBII IPOIIECC TIPOM3BOICTBA
JeJTaeT BpeMsl IIMKiIa maMAaTi B 10 pa3 MeHbIIe, YeM BpeMsl ITMKIIA IICHTPAIBHOTO TIPo-
Ireccopa), MeHSIOTCST Bce YCIoBUsT. [103ToMy pa3paboTUYMKK BCeTna JOJKHBI YYUTHIBAT
BO3MOXKHBIE TEXHOJIOTMUECKIE N3MEHEHHsI, KOTOPBIE MOTYT IMOBJIHSTH Ha GaJlaHC MeX-
JIy KOMITOHEHTaMU KOMITBIOTEpa.

Cy1iiecTByeT psifl IPUHIIMIIOB Pa3pabOTKK, MHOIMNA Ha3biBaeMbIx npunmmavu RISC,
KOTOPBIM 110 BO3MOXXHOCTH CTaparoTCsl CJICNOBATh ITPOV3BOIUTEIN YHUBEPCATBHBIX TIPO-
1eccopoB. M3-3a HEKOTOPBIX BHEITHUX OrpaHMUYEHU, HaIpuMep TpeOOBaHUsI COBMEC-
TUMOCTH C IPYTUMU MallIMHAMU, TIPUXOAUTCS BpEMsI OT BpEMEHM UITU Ha KOMIIPOMMUCC,
HO 3T MPUHLIUIIBI — 1eJIb, K KOTOPOI CTPEMUTCS OOJIBIIIMHCTBO pa3paboTynkoB. Hirke
MBI 00CYIMM HEKOTOPBIE M3 HUX.

BcekoMaHIbIHENOCPEICTBEHHO BHITOJIHAIOTCS AMNAPATHLIM 00ecnieueHrneM. Bce
OOBIYHBIE KOMaHIIBI HEMTOCPEICTBEHHO BBITIOTHSIIOTCS alliiapaTHBIM obectiedeHreM. OHI
He MHTEPIIPETUPYIOTCS MUKPOKOMaHIaMHU. YCTpaHeHNe YPOBHS MHTEPITPETAIINN 00ec-
TIEYMBAET BBICOKYIO CKOPOCTB BBITIOTHEHHST GOJBIIMHCTBA KOMaHI. B KoMITbIOTepax TrITa
CISC 6onee cmoxXHbIe KOMaHIBI MOTYT pa30MBaThCsI Ha HECKOJBKO YacTei, KOTOPHIE
3aTeM BBITIONHAIOTCS KaK TOC/IeNOBaTeIbHOCTh MUKPOKOMAHI. DTa TOMOJTHHUTEbHAS
oriepalys CHIKaeT CKOPOCTh pabOThI MAIIMHBI, HO OHA MOXET OBITH IIPUMEHMMA TSI
PEOKO BCTPEYAIOLLMXCS KOMaHI.

KommbioTep 10/ 2KeH HAYMHATD BBINOJIHEHHE OOJIBIIION0 YKcja KoMaHa. B coBpe-
MEHHBIX KOMITBIOTEPaX MCITOJB3YeTCS MHOTO Pa3IMYHBIX CIIOCOOOB IUTSI YBETMICHMUS
TIPOM3BOIUTENLHOCTH, TIIABHOE M3 KOTOPBIX — BO3MOXKHOCTB 00paIIaThcst K KaK MOXKHO
OosblIeMy KoluuyecTBYy KoMaH B cekyHay. [Ipornieccop 500-MIPS criocobeH mpucty-
TIaTh K BBITTOTHeHUTO 500 MJTH KOMaH]I B CEKYHIY, Y TIPH 3TOM He UMeeT 3HaUYeHUS, CKOJThb-
KO BpeMeHU 3aHMMaeT caMo BblMmosHeHue 3Tux komaHn (MIPS — 31o cokpaiilieHue ot
Millions of Instructions Per Second — «MWLIMOHBI KOMAH/I B CEKYHIY».) DTOT IIPHUH-
LTI TIPEITIoNaraeT, YTo MapaIeIn3M MOXET UTPaTh IJIABHYIO POJIb B YITYUIIIEHUH TIPO-
M3BOIUTETEHOCTH, TIOCKOJIBKY IMPUCTYIIATh K GOJIBIIIOMY KOJIMYECTBY KOMaHI 32 KOPOT-
KU1 TIPOMEXYTOK BpeMEHN MOXKHO TOJBKO B TOM CIIydae, eCJIi OMHOBPEMEHHO MOXKET
BBITIOTHSTECS HECKOJIbKO KOMAaHII.

XOTsT KOMaHIBl HEKOTOPOI TPOrpaMMBI BCETa PacIooXKeHBI B OIPEIeIEHHOM T10-
psAIKe, KOMITBIOTEp MOKET IPUCTYTIATh K MX BHITOJTHEHHIO M B IPYTOM TTOPSIIKE (TaK Kak
HEOOXOMMMBIE PECYpChl TTAMSITH MOTYT OBITh 3aHATHI) M, KPOME TOTO, MOXKET 3aKaHIH-
BaTbh WX BBHITTOJTHEHNE HE B TOM ITOPSIIKE, B KOTOPOM OHHU PACIOJIOXEHBI B IIPOrpaMMe.
KoneuHo, ecm koMaHma 1 ycTaHaBIMBAET PETHCTP, a KOMaHIa 2 UCIONB3YeT 3TOT pe-
THCTP, HYKHO IECTBOBATH C 0COOO0M OCTOPOKHOCTBIO, YTOOBI KOMaH/a 2 He CYATHIBANIA
pETHCTp 0 TeX TIop, TTOKa OH He OyIeT comepKaTh Hy>kKHOe 3HadyeHre. YToObI He ToITyc-
TUTDH TTONOOHBIX OIIMOOK, HEOOXOMMMO BBOIMTE OOJBIIOE KOJTMIECTBO COOTBETCTBYIO-
VX 3arKcell B TaMSITh, HO TIPOM3BOAUTEIHLHOCTD BCE paBHO CTAHOBUTCS BBIIIIE OJ1aro-
napst BO3MOXKHOCTH BHITTOTHITH HECKOTBKO KOMaHIT OMHOBPEMEHHO.
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KoMaHIbI TOJDKHBI JIETKO JeKomaupoBathea. Ilpenen KommyecTBa BBI3bIBAEMBIX KO-
MaHJI B CEKyHIY 3aBHCHUT OT TIpOIiecca IeKOMUPOBAHMS OTACIBHBIX KOMaHI. [exomupo-
BaHUE KOMaHII OCYIIECTBIISCTCS IJIsT TOTO, YTOOBI OMPEIETUTh, KaKIe PECYPChl MM HE00-
XOIMUMBI Y KaKye ACUCTBUS HY»KHO BBITIOTHUTH. [loNe3HBI JIIOOBIE CpeicTBa, KOTOPhIE
CIOCOOCTBYIOT YIIPOIIEHUIO 3TOrO Tpoliecca. Harmpumep, MCIIONB3YIOTCS PeryIsipHbIe
KOMaHIIBI ¢ (DUKCUPOBAHHOM JTMHOM 1 ¢ HEOOIBIIIM KOJIMYECTBOM TToJieil. Yem MeHb-
I1Ie pa3HbIX (GPOPMATOB KOMAHI, TeM JIy4llIe.

K maMsITi 0OTKHBI 00pamAaThCs TOJIBKO KOMAHIIBI 3arpy3Ku M coXpanenus. OmmH
M3 CaMBbIX TTPOCTHIX CITOCOO0B pa30MBaHUS OMepalii Ha OTAEIbHBIC IIIard — IOTpe6o-
BaTh, YTOOBI OTIEPAHJIBI TSI OONBITMHCTBA KOMaH/I OpaJIMCh M3 PETUCTPOB M BO3BpaIlia-
Juch Tyaa xe. Omepalust mepeMeIleHrsT ONepaHIoB U3 MaMSITH B PErMCTPhI MOXET
OCYIIECTBIITLCS B Pa3HBIX KOMaHIax. [10CKOJIBKY MOCTYIT K TTaMSITH 3aHUMAeT MHOTO
BpeMeHH, a TToIo0Has 3aepkKa HexellaTeJbHa, paboTy 3TUX KOMaHII MOTYT BBITIOTHSITh
JpyTHie KOMaHIBI, €CJIM OHU He IENTAI0T HUIETO, KPOME TIEPEIBYDKEHUST OTIEPaHIOB MEX-
NIy pEeTUCTpaMK 1 TaMAThIO. M3 3TOro HaGmomneHs CIenyeT, 9To K IaMsITH JOJIKHBI 00-
palaThCs TOJIbKO KOMaH/Ib 3arpy3ku v coxpaneHust ((QAD u STORE).

JosKHO ObITh 001bI1I0E KOJIMYECTBO perucTpoB. [1ocKoIbKy TOCTYIT K HaMsITH IPO-
HICXOIUT TOBOJIbHO MEIUTEHHO, B KOMITBIOTEPE TOJDKHO OBITh MHOTO PETMCTPOB (IT0 Kpaii-
Heli Mepe 32). Ecii cioBo omHaKIp! BEIZBAHO U3 TIAMSITH, TIPY HATMIUN OOJTBIIIOTO YHC-
Jla PETMCTPOB OHO MOXKET CONEPKAThCSI B PETHCTPe IO TeX Iop, IMoKa OymeT He HYXHO.
BosBpariieHue cjioBa 13 perrcTpa B TAMSTh U HOBAsI 3aTrpy3Ka 3TOTO Ke CJIOBA B PETUCTP
HeXeJaTeTbHBL. JIydImmii crioco6 n36ekaTh U3IMIITHUX TTepeMeIlleHNii — HaIudue 10-
CTaTOYHOTO KOJIMYECTBA PETHCTPOB.

[Mapannenmam Ha ypoBHE KOMaH[,

Pa3paboTynKy KOMITBIOTEPOB CTPEMSITCSI K TOMY, YTOOBI Y/IYUILIUTb IIPOM3BOAUTEIBHOCTh
MaIIIH, HaJ KOTOPBIMHM OHU paboTaroT. OmyH 13 CITOCOO0B 3aCTaBUTH IPOIICCCOPBI Pabo-
Tath ObICTpee — yBeJIMYEHHWE WX CKOPOCTU, OIHAKO TIPU 3TOM CYIIECTBYIOT HEKOTOPBIC
TEXHOJIOTMYECKE OTPAHUYEHMSI, CBI3aHHbIE C KOHKPETHBIM MCTOPUYECKMM TTEPUOIOM.
[ToaTOMY GOJIBILIMHCTBO Pa3pabOTYMKOB IJIs1 JOCTVKEHUS JTydlliel IIPOU3BOAUTEILHOC-
TU TIPY JAHHOM CKOPOCTU PabOThI MPOLIeCCOpa UCITONB3YIOT IMapajuiesii3M (BO3MOXHOCTh
BBITIOJTHSITh IBE MJIU GoJiee OTepaliii OMHOBPEMEHHO).

Cyl11ecTByeT IBe OCHOBHBIE (DOPMBI TTapajUle/Iu3Ma: Tapajie/n3M Ha YpOBHE KOMaH]I
1 TIapaJuIe/Ii3M Ha YpOBHE ITPOLIecCOpoB. B mepBoM cirydyae mapasuieIn3M OCYIeCTBIIs-
ercd B IIpeesiaxX OTAEIbHbBIX KOMaHI M 00ecIieunBaeT BhITOJIHEHUE OOJIBLIOTO Koauye-
CTBAa KOMaH[I B CeKyHIy. Bo BTopoM citydyae Ham OmHOIM 3amaveii paboTaloT OMHOBPEMEH-
HO HECKOJIbKO IpolieccopoB. Kaxnplil moaxon MMeeT CBOM IperMyllecTBa. B atom
pazzelie Mbl paCCMOTPUM IMapaUIeIM3M Ha yPOBHE KOMaH]I, a B CJICAYIOIIEM — TapaJiie-
JIM3M Ha YPOBHE TTPOLIECCOPOB.

KoHBenepbl

Y>ke MHOTO JIeT MN3BCCTHO, YTO INIaBHBIM TIPCITATCTBUCM BBICOKOM CKOPOCTHU BBITIOJIHC-
HUA KOMaHI ABJIACTCA UX BbI3OB U3 ITaMATHU. ,HJ'[E[ pa3pClICHUA 3TOM HpO6J'IeMbI paspa-
OOTUMKU npuaymMain CpC€acCTBO IJIAd BbI3OBAa KOMAaH M3 IIaMATU 3apaHEC, YTOOBI OHM
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MMEJINUCh B HAIMYMU B TOT MOMEHT, Korja OyayT HEOOXOOUMbI. DT KOMaHIbl TIoMella-
JIMCh B HAOOp PETrMCTPOB, KOTOPbI Ha3biBaJICs OygepoM BbIOOPKH C YIpPeKIEHHEM.
Takum o6pa3oM, Koraa Obula HyXKHa OIpe/eieHHas: KOMaH/a, OHA BbI3bIBAJACh MPSIMO
u3 Oydepa, 1 He Hy>KHO ObLIIO XIaTh, TOKA OHAa CYUTAETCS U3 MaMSITU. DTa Uesl UCTIOJNb-
30BajIach elle npu pazpadorke IBM Stretch, koTopsiii ObUT CKOHCTpYyHpOBaH B 1959 rony.

B neficTBUTENBHOCTU TIPOLIECC BHIOOPKU C YNPEXIeHUEM TOoApa3aessieT BbIMOIHe-
HUE KOMaHJIbl Ha JiBa 3Tarla: BbI30B U COOCTBEHHO BbIMOJHEHUE. Mest KoHBeiiepa ele
Oosiblile MPOJABUHYJIA 3Ty CTpaTeruio Briepea. Tenepb KoOMaHaa Moapas3nessiach yxe He
Ha JIBa, @ Ha HECKOJIBKO 3TArOB, KaXIbli U3 KOTOPbIX BBITIOJHSLICS ONpeae/eHHOM Jac-
TBIO aIMapaTHOro odecreyeHusi, MpuYeM Bce 3TY YaCcTU MOIIM paboTaTh MapajuleibHo.

Ha puc. 2.3, a n3o0paxkeH KoHBeliep 13 5 0J10KOB, KOTOPhIE HA3BIBAIOTCS CTAMUSIMU.
Crangust C1 BbI3bIBa€T KOMaHIy U3 MaMsTH U TIOMeIIaeT ee B Oydep, e oHa XpaHUTCS
JIO TeX TIop, Moka He OyxeT HyxkHa. Cramust C2 nekonupyeT 3Ty KOMaHIy, OIIpeaesisl e
TUIT ¥ TUTT OTIEpaHIOB, HaJl KOTOPBIMM OHa OY/IET MTPOV3BOIUTH OIPEIe/ICHHBIC IeHCTBHUSI.
Cranusa C3 onpenessieT MECTOHAXOXKIEHKE OTIEPaHIOB U BbI3bIBAET MX WJIM U3 PETUCTPOB,
vn u3 namsatu. Cranust C4 BBITTONTHSIET KOMaHIY, OOBIMHO ITyTeM ITPOBOJIA OIepaHIOB
yepe3 TPaKT JaHHBIX (CM. puc. 2.2). W HakoHell, ctanust C5 3ammichiBaeT pe3yibraT oopar-
HO B HYXKHBII PETUCTD.

C1 c2 C3 C4 C5
Bnok
Bb%-loo;m - Brok - BbI6OOpKI/1 BbIHEJJ:IIZEHVIﬂ Brok
Komanz [EKOVPOBaHMS onepaHIoB Komanz BO3BpaTa

[ [4]|(e] i) || |e)
c2 (][4} [s)| &)\ (7)) [e]
c3 [2][3]i(a]| (8)| i8] |20] -~
c4 [ (21| (][] |[] |Ce]
C5 @EE‘
1t 2 3 4 5 6 7 8 9

Bpemsg —

Cn

Puc. 2.3. KoHBeliep 13 5 craguii (a); COCTOsIHME KaxaoWu cTaauy B 3aBUCUMOCTU
OT KOJIMYECTBA NPOMAEHHbIX LMKIOB (6). NMokasaHo 9 umknos

Ha puc. 2.3, 6 MbI BUIuM, Kak JeiCTByeT KOHBeliep Bo BpeMeHU. Bo Bpems 1mkia 1
cramust C1 paboTaeT Ham KOMaHIO 1, BEI3BIBas ee U3 mamsatu. Bo BpeMs nukiia 2 cra-
nust C2 nekoaupyeT KoMaHy 1, B To Bpemst Kak ctaaust Cl BbI3bIBAaET U3 MaMSTH KOMaH-
nmy 2. Bo Bpemst nmkiia 3 cragust C3 BBI3BIBAET omepaHabl st KoMaHabl 1, cramust C2
JexkoaupyeT komaHay 2, a cragusi Cl BbI3bIBaeT TpeTblo KoMaHay. Bo Bpems 1ukia 4
cramust C4 BeimmonHseT KoMaHay 1, C3 BhI3bIBaeT onepaHabl it KoMaHasl 2, C2 meko-
nupyeT komanmy 3, a Cl BbI3bIBaeT KoMaHay 4. HakoHell, Bo Bpems msiToro mukia C5
3aMMCHIBACT PE3Yy/IbTaT BHIIOJTHEHNS KOMaHAbl 1 00paTHO B PETUCTp, TOLIa KaK Ipyrve
CcTamuy paboTarOT Haf CICAYIOIINMY KOMaHIaMMU.
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YT0OB! JTydllie MOHSITh MPUHIUITBI PA0OThl KOHBEHEpa, pacCMOTPUM aHAJIOTUYHBIN
npumep. [IpencraBuM cedbe KOHAMTEPCKYIO (haOprKy» Ha KOTOPOI BbIITEYKa TOPTOB 1 MX
yHaKoBKa JIJIsS1 OTIPaBKK IIPOM3BOAATCS pa3neibHo. IIpearnonoxuM, 4to B OTAEIIE OT-
MpaBKY HAXOOUTCS JJIMHHBINA KOHBEep, BIOJIb KOTOPOIO CTOST 5 paboumx (MJIv OJIOKOB
o0paboTku). Kaxaeie 10 cekyHn (3To BpeMsl LIMKJIA) MepBbIii pabouyuii CTaBUT ITYCTYIO
KOPOOKY UTsI TOpTA Ha JIEHTY KOHBeliepa. DTa KOpoOKa OTITpaBIIsSIeTCsl KO BTOpoMY pabo-
yeMy, KOTOpBIii KJIafeT B Hee TOpT. [1ociie 3Toro KopodKa ¢ TOPTOM AOCTABJISIETCS TPEThe-
My pabodeMy, KOTOPBIi 3aKpBIBAET M 3aIledaThIBacT ee. 3aTeM OHa ITOCTYIIaeT K JeT-
BEepTOMY paboueMy, KOTOPbII CTAaBUT Ha Hel sipyiblk. HakoHell, MsiThlii pabounii CHUMaeT
KOpPOOKY ¢ KOHBEEPHOI JIEHTHI 1 TIOMEIIAeT €€ B OOJIBIION KOHTEHHED 1T OTIIPaBKU
B cynepMapkeT. [IprMepHO TakKuUM e 00pa3oM ACHCTBYET KOMIIBIOTEPHBIN KOHBeMep:
Kaxmasi KoMaHna (B cliydae ¢ KOHAMTEPCKOM (DaOpuKoil — TOPT) Iepen OKOHYATEIb-
HbIM BBIMIOJITHEHUEM TIPOXOIUT HECKOJIBKO I1aroB 00pabOTKU.

BoszBparnmMcs K HalieMy KOHBeiepy, n300paxkeHHoMy Ha puc. 2.3. Ilpenmomoxmm,
YTO BpeMsl LIMKJIA y 9TOM MallMHBI 2 He. Torma Iy Toro, YToObl OMHA KOMaH/A IIpoliuia
yepe3 Bech KoHBeliep, Tpedyercst 10 He. Ha mepBbIid B3IJISII MOXET ITOKA3aThCsI, YTO
TaKOU KOMITbIOTEp MOXET BRIMOJHATL 100 MJIH KOMaHI B CEKyHIY, B I€MCTBUTEIbHO-
CTH X€ CKOPOCTh €r0 paboThI TOpa3no Bhilre. Bo BpeMs Kaxmoro nukia (2 He) 3aBep-
111aeTCS BHITTOJIHEHKE OMHOM HOBOIM KOMaH/IbI, IIO3TOMY MallIHA BHITTOIHSIET He 100 MIH,
a 500 MJTH KOMaH, B CEKyHIY.

Komngeiteppl TMO3BOJISIOT HAWTA KOMIIPOMUCC MEXIY BpeMeHeM OXKHMAAHUA (CKOJIb-
KO BpeMEHU 3aHMMAaET BBIMTOJIHEHWE OJHOW KOMAaHIbl) U TMPONMYCKHOH CHOCOOHOCTBIO
nponeccopa (CKOJIbKO MWJUIMOHOB KOMaHI B CEKYHIY BHITIOJHSET mpoiieccop). Ecmm
BpeMs1 LIMKJIa cocTapiisieT T He, a KOHBeliep COOEPXKUT I1 CTaIuii, TO BpeMsl OXUIaHUS
coctaBut 1T He, a TiporryckHas criocooHoctb — 1000/T MiIH KOMaHA B CEKYHIY.

CynepckansipHble apXnUTekTypbl

OnuH KOHBelep — XOpoIlIo, a 1Ba — elrle Jydine. OgHa U3 BO3MOXHBIX CXeM ITPOIIeCCO-
pa c IBOMHBIM KOHBeKepoM Moka3aHa Ha puc. 2.4. B ocHOBe pa3paboTKM JIeKUT KOHBE-
ep, M300pakeHHbI Ha puc. 2.3. 31ech OOIIMIA OTAE BhI30Ba KOMaHI OepeT U3 IMaMsITh
cpasy I10 ABe KOMaHAbl Y MOMEIIAeT KaxkIyio U3 HUX B ONUH U3 KOHBeiiepoB. Kaxmprit
KoHBeriep conepxxut AJIY mist mapajiienbHblx onepauuii. YToObl BBIMOIHATLCS Tapa-
JISJTIBHO, IB€ KOMaHIbl HEe JOJKHBI KOH(IMKTOBATh MPU MCIIOJIB30BAHUHU PECYpCOB (Ha-
MpUMepP, PETUCTPOB), M HU OHA M3 HUX HE TOJDKHA 3aBUCETh OT Pe3y/IbTaTa BBITIOTHE-
Huys apyroit. Kak v B ciiydae ¢ OMTHUM KOHBEMepoM, MO0 KOMITUJISTOP AODKEH CIICIUTD,
YTOOBI HE BO3HMKAJIO HETIPUSITHBIX CUTYalldid (HaIpuMep, KOTa anrapaTHOe odecIieyue-
HIe BbIIaeT HEKOPPEKTHBIE Pe3YJIbTaThl, €CJM KOMAaHIbl HECOBMECTUMBI), TMOO Ke KOH-
(IIMKTHI BBISIBIITIOTCS. M YCTPAHSTIOTCST TIPSIMO BO BpeMsT BHITIOJTHEHMST KOMaH]I, O71aroma-
PsI UCTIOJIb30BAaHMIO JTOITOJTHUTEILHOIO allapaTHOrO 00eCIIeYeHNsI.

CHauasna KoHBelephl (Kak ABOMHbIE, TaK U ONMHAPHbBIE) UCTIOJIb30BAUCH TOJIBKO
B KommbtoTepax RISC. ¥V 386-ro 1 ero npeiecTBeHHUKOB MX He ObL10. KoHBeliephl B ITpo-
Lieccopax Kkommanuu Intel MOsSIBUIMCH TOJILKO HaYMHas ¢ 486-ii Monenu'.486-ii nporec-

* Heo6X0IMMO OTMETHUTh, YTO MapajljieibHoe GYHKIMOHUPOBAHUE OTAEIbHBIX BJI0KOB MPOLECCOPA UCTIOb-
30BaJIOCh U B NpebiayiieM — 386-M — Mukpormnpoueccope. OHO cTaio NpoodpioM S-cTaTuifHOTO KOHBeiepa
Mukporpolieccopa 486. — [lpumeu. nayuu peo.
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COp cozepKa orH KoHBeliep, a Pentium — naBa KoHBeitepa u3 1isitu craguii. [Toxoxas
cxeMa M3o0pakeHa Ha puc. 2.4, HO pasneneHue (GyHKIMNA MeXIy BTOPOI U TpeThel cTa-
IusiMA (OHW Ha3bIBAJIMCh AEKOMMPOBaHUE | M neKoaupoBaHUe 2) ObUIO HEMHOTO JpY-
ruM. I'maBHBIN KOHBeliep (u-KOHBeiiep) MOT BBITIOJIHSTH IPOU3BOJIbHBIE KOMaHAbL. BTo-
poit KoHBeliep (V-KOHBeiiep) MOT BBITIOJIHSTH TOJBKO TPOCTBIE KOMAaHIbI C IEJIbIMU
YyycIaMu, a TAaKKe OMHY MPOCTYI0 KOMaHIy ¢ IutaBarorieil Toukoi (FXCH).

Cl C2 3 o c5
B0k Biox Biox BIIoK
™ exommosarmal BHOOPKA #-| BHITOJIHEHIIS B038paTa
BIOK Reronmp OTIEPAHIIOB KOMaH][
BHOOPKA
KOMaH[
BTI0K Biox Biox BIIoK
='ﬂeKonM S e BHOOPKI »—| BHITOJIHEHYS »- B03EpaTa
D OTIEPAHIIOB KOMaH[

Puc. 2.4. [1BOIiHOW KOHBENEP 13 MAT CTaamiA C OOLLMM OTAENOM BbI30BA KOMaHL,

MmMeroTcst ciioxKHbIe IpaByiia ONpeAcsIeHNsI, IBJISIeTCS JIA TMapa KOMaH]I COBMECTH -
MOIA JIUIST TOTO, YTOOBI BBITIOJTHATHCS TapayliebHO. Eci KoMaHIpl, BXOASIINE B Tapy,
OBLTN CIIOKHBIMM MJIM HECOBMECTMMBIMM, BEITIOTHSIIACH TOJIBKO OHA M3 HUX (B M-KOH-
Beitepe). OcTaBIasicst BTopast KOMaHIa COCTaBJIsIIa 3aTeM Tapy CO CIICAyIoNmeil KOMaH-
noii. KoMaHbl Beceraa BBITIOJHSUIMCH O TOpsaKy. Takum obpa3om, Pentium conepxan
0CO0BIe KOMITHJISITOPEI, KOTOPBIe OOBEAMHSIIIN COBMECTUMbIE KOMAaHIBI B TAphl 1 MOTJIN
TIOPOKIATH IPOTPAMMBbI, BEITOJTHSIOIINECS OBICTpee, YeM B TIPEeABIIyIINX Bepcusix. M3Me-
peHUST TI0Ka3aJIi, YTO TIPOTPaMMBbI, TIPOM3BOAMIIINE OIIEPAIlN ¢ IeJIBIMA YMCIaMi, Ha
KOMITbIoTepe Pentium BBINOIHSIIOTCS ITOYTH B JBa pa3a ObIcTpee, yeM Ha 486-M, XOTs
y HETo TaKasl K¢ TAaKTOBasI 4acToTa. BHe BCIKMX COMHEHMIA, TIPEMMYIIIECTBO B CKOPOCTH
TMOSIBUJIOCH OyIaromapsl BTOpoMy KOHBEHepy.

Ilepexon K YeThIpeM KOHBeliepaM BO3MOXEH, HO 3TO ITOTpeOOBaIO Obl CO3IaHMS TPO-
MO3IKOIO aImapaTHOro odecrieyeHus: (OTMETUM, YTO KOMIIbIOTEPILIUKY, B OTIMYME OT
(OIBKIIOPUCTOB, HE BEPSIT B CYACTIMBOE YMCIIO TpH). BMECTO 3TOro ncmnosb3yeTcs npy-
roit nogxona. OCHOBHas uzesi — OOWH KOHBelep ¢ OOJIBIIMM KOJIMYEeCTBOM (hYyHKIINO-
HaJIbHBIX OJIOKOB, KaK IMoKa3aHo na puc. 2.5. Pentium II, k npuMepy, nmeeT cxomHyio
CTPYKTYpY (ITOIPOOHO MBI paccMOTpuUM ero B miase 4). B 1987 romy mist 0603HaYeHUST
3TOTO ITOAX0/a ObUT BBEICH TEPMUH CyNePCKAJIAPHAs apxurekTypa. OqHaKO ITogo0Hast
WJes1 Halluta BorutoleHue ere 6osee 30 jreT Hazan B Kommbiotepe CDC 6600. CDC 6600
BBI3BIBAJI KOMaHIy 13 maMsaTh Kaxkapie 100 He u nmomeran ee B oguH u3 10 ¢pyHKIIMO-
HaJIbHBIX 0JIOKOB [151 ITApaJUIeIbHOIO BhITOIHEHYsI. [10Ka KOMaH/Ibl BBITOJIHSUIUCE, LIEH-
TpaJIbHbINM MPOLECCOP BbI3bIBAJ CIICAYIOIIYI0 KOMAaHIY.

OtMeTHM, 4TO cTaaus 3 BBIITYCKAeT KOMaHIbl 3HAUYUTEILHO ObICTpee, YeM cTagus 4
CcrocobHa MX BHITIONHATL. Ecim ObI ctanus 3 BeITycKajia KoMaHay Kaxaeie 10 He, a Bce
(YHKIIMOHAJIbHBIE OJI0OKM BBITIOIHSIIN ObI CBOIO pabOTy TakKe 3a 10 He, TO Ha YeTBepTOii
cTaguuy Beerma (PyHKIMOHMPOBAI Obl TOJIBKO OOWH OJIOK, YTO CHENIano Obl caMy MOCHO
KOHBelepa OeccMbICIEHHONW. B neiicTBUTENLHOCTH OONBIIMHCTBY (DYHKIIMOHATBHBIX
GJIOKOB YETBEPTOM CTAIUU IS BHITOJIHEHUSI KOMAaHIbI TPEOYeTCsI 3HAYUTEIbHO OOJIbILIe
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BPEMEHH, YeM 3aHMMaeT OMH LMKIT (3TO OJIOKM TOCTYIIA K MTAMSITH 1 OJI0K BBITTOTHEHUS
olepaluii ¢ riaparole Toukoit). Kak BUIHO U3 puc. 2 5, Ha 4eTBEPTOM CTaIUU MOXET
ObITh Heckonbko AJTY.

c4

ANy

ANY

cS
C1 c2 C3 /!
/ 3

Bnok Bnok /
BbIGOPKU > ,u,eKO,D,BMH(z)KBaHVIH > BbiGopky > saEnO:KM iy BOEQO;Ta
KOMaHp, P onepaHaoB 24 /ﬁ P

Bnok

COXpaHeHust
Bnok

C nnasatoLlen
TOYKOM

Puc. 2.5. CynepckansipHblili NPoLeccop C NSATbio PYHKLUMOHANbHLIMY B1okaMm

[IapannenusM Ha YPOBHE IIPOILIECCOPOB

Cnpoc Ha KOMITBIOTEPHI, paboTatolue Bee ¢ 0osiee v 60Jiee BRICOKOM CKOPOCTHIO, HE Tpe-
Kpaiaercsi. ACTPOHOMBI XOTSIT BBISICHUTbH, YTO MPOM3OIUIO B TIEPBYI0O MUKPOCEKYHIY
ocyie OOMBILIOTO B3PbIBA, SKOHOMUCTHI XOTSAT CMOJEIMPOBATh BCIO MUPOBYIO SKOHOMMU-
Ky, MOIPOCTKU XOTST UTpaTh B 3D MHTEpaKTUBHBIC UTPbl CO CBOMMM BUPTYaJIbHBIMU
npy3bsiMu yepe3 MHTepHeT. CKopocTh paboThl TPOLIECCOPOB TMOBBIIIAETCS, HO Y HUX
TOCTOSIHHO BO3HUKAIOT MPOOJIEMBbI ¢ OBICTPOTON Mepenauyr UHMOPMAINU, MOCKOIbKY
CKOPOCTh paclpoCTpaHEHUs] 3JIEKTPOMArHUTHBIX BOJIH B MEIHBIX MTPOBO/AX U CBETa
B OITUKO-BOJIOKOHHBIX KaOeJIsIX Mo-MnpexkHeMy octaeTcst 20 cM/HC, HE3aBUCUMO OT TOTO,
HACKOJTbKO YMHBI MHXeHepbl kommnanuu Intel. Kpome Toro, yem GbicTpee padboTaet mpo-
Lieccop, TEM CUJIbHEE OH HATPEBAETCs', M HYKHO IPEJOXPaHSTh €r0 OT Meperpesa.

IMapanienusm Ha ypoBHE KOMaHJI TOMOTAET B KAKOW-TO CTENEHU, HO KOHBEWepbl
U CyTepcKaIsIpHAsl apXUTEKTYpa OObIMHO YBEIMUUBAIOT CKOPOCTh paOOThI BCETO JIUIIIb
B 5-10 pa3. UtoOsb! yay4iimTh npousBoautenbHocTh B 50, 100 1 Gonee pa3, HYKHO
pa3pabaThiBaTh KOMITBLIOTEPHI C HECKOIBKUMU Tporieccopamu. Huxke Mbl 03HaKOMUMCST
C YCTPOHCTBOM TaKUX KOMIIbIOTEPOB.

! D10 He coBceM TouHO EcTh Macca XMBBIX MPUMEPOB, TIPOTUBOPEYALINX 3TOMY BHICKAa3bIBAHUMIO TeMI0BbI-
JieJieHUe, KOHEUYHO, 3aBUCUT OT YaCTOTbI NMEPEKIIOYEHU I 3JIEMEHTOB, HO OHO 3aBUCUT U OT Pa3MepPOB 3TUX
3JIEMEHTOB, U OT HAIPSXEHUS, OT KOTOPOro OHU paboTaioT. — [Ipumeu Hayuu ped
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BekTopHble KOMMNbIOTEPHDI

MHorue 3a1a41 B (DM3MYECKMX U TEXHUYECKMX HayKaxX comepkaT BEeKTOPhI, B MPOTUB-
HOM CJTydae OHU MMeJT ObI 04eHb CJIOXKHYIO CTPYKTYpY. YacTo omHM M Te XKe BBIYMCITe-
HMSI BBITIOJTHSIIOTCS Hall pa3HBIMM HaOOpaMy JaHHBIX B OMHO U TO e BpeMsl. CTpyKTypa
3THX TIPOTPaMM ITO3BOJISIET TMOBBIIIATH CKOPOCTh pabOTHI GJIaromapst MapauieTbHOMY
BBITTOJTHEHMIO KoMaH . CylliecTByeT IBa METO/Ia, KOTOPhIE MCTIONB3YIOTCS IIST OBICTPO-
TO BBITTOJTHEHUST OOJIBITNX HAYIHBIX TIPOrpaMM. XOTs 00e CXeMBI BO MHOTHX OTHOIIICHM -
SIX CXOXXH, OIHA U3 HMX CUMTAETCSl PACIIMPEHNEM OIHOTO TIpolieccopa, a apyras — Ta-
paJUIeIbHBIM KOMITBIOTEPOM.

MaccuBHoO-IapavIeNbHbIA mporeccop (array processor) COCTOMT M3 GOJIBIIIOTO
YICITa CXOMHBIX TIPOLIECCOPOB, KOTOPHIEC BHIITOMHSIIOT OHY U TY K€ TIOC/IENOBATEIbHOCTD
KOMaHJI TIPUMEHUTETBHO K pa3HbIM HabopaM JaHHBIX. [IepBbIM B MHpe TaKIM TIpOIIec-
copoM Ob11 ILLIAC IV (YHusepcurer Miunoiica). OH n3oopaxkeH Ha puc. 2.6. [TepBo-
HavaJIbHO TIPEIITOJIaraioch CKOHCTPYMPOBATh MAIIMHY, COCTOSIIYIO M3 YeTBIPEX CEKTO-
POB, K&XKIBII U3 KOTOPBIX COMEPXKUT PEIIETKY 8X8 3JIeMEHTOB TpoIieccop,/ IaMsITh. Jst
KaXKJIOTO CEKTOpa MMEJICST OMUH OJI0K KOHTpoJisT. OH pacchUTall KOMaH/IbI, KOTOPHIE BbI-
TIOJTHSUTCH BCEMHU MPOIIECCOPAMU OMTHOBPEMEHHO, TIPY 3TOM KaXKJIBIi TIPOLIECCOP UCTIONb-
30BaJl CBOM COOCTBEHHBIE MaHHBIC M3 CBOCH COOCTBEHHOM IMaMSTH (3arpys3Ka JaHHBIX
TIPOMCXOMVJIA BO BpeMST MHULIMATU3AINK ). M3-3a 04eHb BBICOKOI CTOMMOCTH OBUT ITOCTPOSH
TOJIEKO OIMH TaKOM CEKTOP, HO OH MOT BBITIOTHATE 50 MITH OITepaliiii ¢ TUTaBafoIIeii TOYKOH
B ceKyHay. Eciu Obl TIpy co3maHuM MalllMHbBI KMCIIONb30BaJIOCh YEThIPE CEKTOpa U OHA
Morv1a ObI BEITIONHATH 1 MJIPI OITepalliii C TUTABAIOIIE TOUKOM B CEKYHIY, TO MOIITHOCTh
TaKoOi MalllMHbI B JIBa pasa IIpeBbIlIaia OBl MOITHOCTb KOMITBIOTEPOB BCETO MUpaA.

I Brnokynpasnexus ‘
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Puc. 2.6. MaccuBHO-napannensHbi npoueccop ILLIAC IV

J1s1 TIpOorpaMMICTOB BEKTOPHBIIA mpoueccop (vector processor) OUueHb ITOXOX Ha
MaCCHBHO-TIapaJIIeJIBHBIN TIpolieccop (array processor). Kak u MaccuBHO-Iapasuiesb-
HBIi1 TIPO1IECCOpP, OH 04eHb 3(P(HEKTUBEH TP BBITTOJTHEHUH ITOCIIEI0BATEILHOCTH OIIepa-
LIMI1 Haj MMapaMy 3JIeMeHTOB JaHHBIX. Ho, B oTyimume ot repBoro (array processor), Bce
OIepalyy CJIOXEHMS BEITOIHSIOTCS B OMHOM OJIOKE CYMMUPOBAHMS, KOTOPHIA MMEeT
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KoHBelepHyIo cTpykTypy. KoMmanms Cray Research, ocHoBatenem Kotopoii o061 Ceit-
Myp Kpeii, BbIITycTrIa MHOTO BEKTOPHBIX ITPOLIECCOPOB, HaunHast ¢ Mofen Cray-1 (1974)
n 1o ceii meHb. Cray Research B Hacrostiiee BpeMs BxomnT B cocTaB SGI.

(O0a TuMa MPOIIECCOPOB PAdOTAIOT ¢ MACCUBAMU JaHHBIX. O0a OHU BBITIOHSIIOT OMHU
1 T K€ KOMaH[IbI, KOTOpKIE, HAIIPUMEP, TTONApHO CKIIAILIBAIOT 3JIEMEHTBI JIJIsI IBYX BEK-
TopoB. Ho eciii y MaccuB HO-TIapasieJIbHOTO TIpolieccopa (array processor) eCTh CTOJIBKO
K€ CYMMUPYIOIINX YCTPOMCTB, CKOJIbKO 3JIEMEHTOB B MAacCHBE, BEKTOPHBI TTPOLIECCOD
(vector processor) COIep>KUT BEKTOPHbINA PerucTp, KOTOPhIi COCTOMT U3 Habopa CTaH-
JAPTHBIX PETUCTPOB. DTH PETUCTPHI TTOCICAOBATEIBHO 3arpyKaloTCs M3 MaMSITH TIpU
TIOMOIII OMHOM KoMaHabl. KoMaHma ciioXXeHUsI TIOMAapHO CKIIAABIBACT 3JIEMEHTHI IBYX
TAKUX BEKTOPOB, 3arpyxasl MX 13 IBYX BEKTOPHBIX PETUCTPOB B CYMMMPYIOIIIEE YCTPOii-
CTBO C KOHBEHEpHOI CTpYyKTypoil. B pe3ynbprare M3 CyMMHUpPYIOILIETO YCTPOMCTBA BBIXO-
JIAT IPYTrOM BEKTOP, KOTOPBIA WJIU TIOMEIIAECTCS B BEKTOPHBIM PETUCTP, WU Cpa3y UC-
TIOJIB3YeTCST B KA4eCTBE OIepaHaa MpPY BHITIOJTHEHUHN APYTOU OIepalii ¢ BEKTOPaMMU.

MaccuBHO-TIapasUieIbHbIE TIPOLIECCOPHI (array processor) BhIMTYCKAIOTCS IO CUX TIOp,
HO 3aHMMAIOT HE3HAYUTEJTbHYIO Chepy KOMITBIOTEPHOTO PhIHKA, TIOCKOJIbKY OHU ek~
TUBHBI TIPY PELLIEHUU TOJIBKO TaKMX 3a[a4, KOTOpbIE TPEOYIOT OMHOBPEMEHHOTO BBITTOJ-
HEHUA OOJHUX U TEX XK€ BBIYMCJICHUI Haa pasHbBIMU Ha60paM1/1 JTaHHBbIX. MaccuBHo-TIa-
paJuteNbHbIe TIPOLIECCOPHI (array processor) MOTYT BBITIOJHSTh HEKOTOpBIE orepaiun
ropazfo ObICTpee, YeM BEKTOPHBbIE KOMITBIOTEPHI (vector computer), HO OHU TpeOyIoT
GOJIBIIIETO KOJIMYECTBA arapaTHOrO 00eCcIieYeH s, U JUTSI HAX CJIOXKHO TTMCATh IPOrpaM-
MBI BeKkTopHBIi1 Tipoiieccop (Vector processor), ¢ ApYyroif CTOPOHBI, MOXXHO JOOABIISITH K
00OBIYHOMY TIpOLIecCOpy. B pesynbrare Te yacTy IporpaMMbl, KOTOpbIe MOTYT OBITh Ipe-
00pa3oBaHbI B BEKTOPHYIO (hOpMY, BEITIOJIHSIIOTCS BEKTOPHBIM OJI0OKOM, a OCTaJTbHASI 9acTh
TPOrpaMMbl — OOBIYHBIM ITPOIIECCOPOM.

MynbTunpoueccopbl

DJeMeHTbl MacCUBHO-MAPAJUIEIbHOTO TIPOLIECCOpa CBSI3aHbI MEXIY COO0M, MOCKObKY
1X paboTy KOHTPOJMPYET OMMH OJIOK yrpasieHust. CucreMa HECKOJMbKUX Tapaiiesb-
HBIX TPOIIECCOPOB, PA3NESIONINX OOIIYIO MaMsTh, HA3bIBAETCSl MYJIBTUIPOIIECCOPOM.
TMockonbKy KaxIblii TIPOLIECCOP MOXKET 3alMUCHIBATh WM CYUTHIBATH MH(MOPMAIIUIO U3
JO0OI YacTy MaMsITH, MX paboTa JOJIKHA COTIACOBBIBATHCS TIPOTPaMMHBIM OOecrieue-
HYEM, YTOOBI HE IOITyCTUTh KaKUX-TTM0O0 TepeceueHuin.

Bo3MoxHBI pa3Hble CIOCOOBI BOTUIONIEHUS 3Toi uaen. CaMblii TTIPOCTON U3 HUX —
HaJIM4YKE OHOM IIUIIbI, COSAVHSIIONIEH HECKOIBKO MTPOLIECCOPOB U OIHY OOIIIYIO MaMsITh.
CxeMa TaKoro MyJIBTUIIpOIIieccopa TToKazaHa Ha puc. 2.7, a. Takue cucTeMbl IIPOn3BO-
JISIT MHOTHE KOMTIAaHUM.

HetpynHo MOHSTH, YTO MpHM HAIMYIUU OOJIBIIOTO YMciaa OBICTPO PabOTAIOIINX TIPO-
LIECCOPOB, KOTOPbIE MTOCTOSTHHO TMBITAIOTCS MOTYYUTh JOCTYTT K MaMSITU Ye€pe3 OHY U Ty
JKe IIMHY, OymyT BOZHUKATh KOHMIUKTHI. YTOOBI pa3pelinTh 3Ty ITPodeMy U TTIOBBICUTD
MPOU3BOAUTETLHOCTh KOMITBIOTEpa, ObLTM pa3paboTaHbl paznnyHble Moaeau. OnHa u3
HHX M300paxkeHa Ha puc. 2.7, 6. B TakoM KOMITBIOTEpe KaKIbIi MPOLIeCCOp MMEET CBOIO
COOCTBEHHYIO JIOKAJTbHYIO MaMsITh, KOTOPasi HEMOCTYITHA JJISI APYTHX MPOIIECCOPOB. DTa
MaMSITh UCTIOJIb3YETCSI JJISI TIPOrpaMM U JaHHBIX, KOTOPbIE HE HYXKHO pa3ieisiTh MEXKIY
HECKOJIbKUMU TIpolieccopamu. [Ipu qocTyre K JOKaJIbHOUM TaMsITU TJIaBHAsl IIMHA He
WICTIOJIb3YETCS, 1, TAKUM 00pa3oM, MOTOK MH(OpMaIIK B 3TOM IIMHE CHUKaeTcs. Bos-
MOXHBI U IPYTH€ BapUAHThI pelIeHUsT MPoOIeMbl (HarpuMep, K3II-MaMsITh).
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CoBmecTHO
ncnonb3yemas
namsitb
LleHTpanbHbIN LleHTpanbHbIi LleHTpanbHbIn LleHTpanbHbIn
npotieccop npoueccop npoLeccop npoueccop
LnHa
a
/ B/J'IOKI/I NOKanbHOM NamMaTun \
‘ l CoBMeCTHO
ncnonb3yemas
namsitb
UeHTpanbHebiA LleHTpaneHsIA LeHTpanbHbIA LleHTpanbHbii
npoueccop npoueccop npoueccop npoueccap
LnHa
6

Puc.2.7. MynbTMNpoOLECCOP C OOHOM LWMHOM MOAHON 06LLen NaMaTblo {a); MynbTUNPOLECccop,
BKOTOPOM AJ191 KaX0ro NpoL.eccopauMmeeTcs CO6CTBEHHAs nokanbHasa namsTh (6)

MynbTUIpoLECCOPbl UMEIOT MPEUMYIIIECTBO Mepe IPYTUMU BUIAMU TTapa/lieIbHbIX
KOMIIBIOTEPOB, MOCKOJIbKY C €AWHOW pa3aejeHHON MaMsITblO OYEHb JIETKO paboTaTh.
Hanpumep, npeactaBuM, 4To IporpaMMa MILET PaKOBbBIE KJICTKM Ha CACJIAHHOM 4epes
MUKPOCKOI CHUMKe TKaHU. DoTtorpaduis B LG POBOM BUIE MOXKET XPAHUTHCS B OOIIEI
MaMsITA, TP 3TOM KaxKIbIi IIpolieccop 00CIeayeT KaKylo-HUOYIb OMpeaesIieHHYIO 00-
nacThb (pororpadun. ITocKoIbKy KaxkIblil IIPOLIECCOP MMeeT TOCTYIT K OOIIel IMaMsITH,
o0cenoBaHue KJIETKU, KOTOpasi HAYMHAETCS B OJHOM 00JIaCTU 1 MPOI0JIKAETCS B IpY-
TOl, HE MPEACTABISIET TPYAHOCTEA.

MynbTUKOMMNbLIOTEPSI

MyJIBTUIPOLIECCOPBI ¢ HEOOJIBILIMM YHCIOM poLieccopoB (L 64) CKOHCTPYHUPOBAaTh J10-
BOJIBHO JIETKO, a BOT CO3daHue OOJBIINX MYJBTUIIPOLIECCOPOB IIPEICTABISIET HEKOTO-
pbie TpynHocTU. CIIOXKHOCTB 3aKJII0YAeTCsl B TOM, UTOOBI CBSI3aTh BCE MPOLIECCOPHI C Ma-
MATBIO. YTOOBI M30€XaTh TaKMX IPpobJieM, MHOTME pa3pabOTUYUKK MPOCTO OTKA3aIUCh
OT WJIeV pa3/ieJICHHOW MaMsITU U CTajlu CO3[IaBaTh CUCTEMBbI, COCTOSIIIIME U3 OOJIBIIOTO
YICIIa B3aMMOCBSI3aHHBIX KOMITBIOTEPOB, Y KAXKIOTO M3 KOTOPBIX MIMEETCS CBOSI COOCTBEH-
Hasl TTaMsITh, a 001Lel TaMsITh HeT. Takue cUcTeMbl Ha3bIBAIOTCSI MYJTIBTUKOMITBIOTEPAMU.

IIpo1iieccopbl MyJIBTUKOMITBIOTEPA OTIIPARJISIIOT APYT APYTY TMOCTaHMS (3TO HECKOIBKO
TIOXO0XKE Ha 3JIEKTPOHHYIO TMOUTY, HO ropasno ObicTpee). Kaxblii KoMITbIoTep He 00s13aTelTb-
HO CB$I3bIBaTh CO BCEMU JIPYTVIMU, TTO3TOMY OOBIYHO B KAYECTBE TOMOJIOTU UCTIOMB3YIOTCS
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2D, 3D, nepeBbst ¥ KOblIa. YTOOBI ITOCTIAHMST MOIJIM JOMTH IO MecTa Ha3HAYCHMST, OHN
JIOJDKHBI IIPOXOAMTD Yepe3 OAVH WIM HECKOJIBKO ITPOMEXYTOYHBIX KOMITbIOTEpPOB. TeMm
He MeHee BpeMsI Tepeiayr 3aHMMaeT BCero HECKOJIbKO MUKpoceKyH 1. Ceifyac co3aaioTcst
M 3aITyCKaloTCsl B paboTy MYJIBTMKOMIILIOTEPHI, coaepkariue okoiao 10 000 mpoueccopos.

IToCKOTBEKY MYJTBTAIIPOLIECCOPEHI JIETde IIPOrpaMMIPOBATh, a MYJIBTUKOMITBIOTEPEI —
KOHCTPYMPOBAaTh, IOSIBUJIACH UICS CO3MaHUsI THOPUIHBIX CCTEM, KOTOPHIE COYETAIOT
B ce0e MpenMyIIecTBa 00OMX BUIIOB MaIlIiH. TakKue KOMITBIOTEPHI TTPEACTABIISIOT WILTIO-
3UI0 Pa3e/ICHHOM ITaMSITH, IIPU 5TOM B ICHCTBUTEILHOCTH OHA HE KOHCTPYHUPYETCSI U He
TpeOyeT 0COOBbIX MEHEXKHBIX 3aTpaT. MBI PaCCMOTPUM MYJIBTUIIPOIIECCOPBI M MYJIBTH-
KOMITBbIOTEpHI MOApoOHEee B IJiaBe 8.

OcHoBHasa NamMsaTb

ITamsms — yacTh KOMITBIOTEPA, LI¢ XPAHSITCSI IIPOrpaMMBbl M JaHHbIE. MOXHO TaKKe YIIO-
TPeOJISITh TEPMUH «3aIIOMUHAIOLIEE YCTPOMCTBO». be3 mamsT, oTKyma mpoLeccopbl CYr-
TBIBAIOT U Ky/a 3allMChIBAIOT MH(GOPMALIMIO, He ObLUIO ObI HU(MPOBLIX KOMIIBIOTEPOB CO
BCTPOEHHBIMU MPOrpaMMaMHU.

but

OCHOBHO# eIMHULIEN TTAMSITH SIBJISIETCSI ABOMYHBIN pa3psil, KOTOPbIi Ha3bIBAETCS] OUTOM.
bur moxer comepxarb 0 uinu 1. OTa camas MajeHbKask eauHuLIA naMsITU. (Y CTpOMCTBO,
B KOTOPOM XpaHSITCS TOJBKO HYJIM, BPSII JIM MOIJIO OBITh OCHOBOI maMsaTi. Heobxomu-
MBI T10 KpaifHeli Mepe 1Be BeJTUYUHBI. )

MHor¥e 1o1araroT, 9To B KOMITBIOTEPax MCITONIb3yeTcsT OMHapHas apudMeTrKa, Imo-
TOMyY 4TO 3T0 «3(pdeKTBHO». OHM HMEIOT B BUIY (XOTS CaMM 3TO PEIKO OCO3HAIOT),
gT10 IMPpoBast THGOPMAIIMSI MOXET XPAaHUTHCS OJ1aromapsl pa3ImIrio MKy pa3HBIMU
BeJIMYMHAMU KaKOU-11M00 (pU3NYECKO XapaKTepUCTUKK, HAlIpUMEP HaPsDKeHUS WU
TOKa. YeM OoJbilie BETMYMH, KOTOPbIE HY>KHO Pa3inyaTh, TEM MEHBIIE PA3TMIU MEXIY
CMEXHBIMU BeJIMYMHAMM U TeM MEHee HalexkHa maMsTh. JIBomyHasi cuctema TpedyeT
Pa3IMUEHNST BCETO IBYX BEJIMUMH, CJIEI0BATEIBHO, 3TO CaMblii HAIEXKHBII METO/I KOIN-
poBaHus LudpoBoii nHbopMay. Eciu Bbl He 3HAKOMBI C IBOMYHOM CCTEMOI CUKC-
JneHus, cMmotpure [Ipunoxenue A.

Cunraercsl, YTO HEKOTOphIe KOMITBIOTEPHBI, HarpuMep oosnbinrie IBM, ncrmonb3yor n
JeCATAYHYI0, M ABOUMYHYIO aprudMeTuKy. Ha camoMm faesie 3mech pruMeHsIeTCs TaK Ha3bl-
BacMbIii JBOMYHO-AECATHIHbIA Koa. JIJIsT XpaHeHWs OOHOTO ACCATUYHOIO pa3psiga WC-
nosb3yercs 4 6ura. Dtu 4 6uta garor 16 KoMOMHALMI 111 pasMeleHns 10 pasimuHbIX
3HayeHuii (ot 0 10 9). Ilpu 310M 6 OCTaBIIKMXCS KOMOMHALIMIA He UCIob3ytoTcst. Hike
MoKa3aHo yrciao 1944 B ABOMYHO-AECITUYHOM 1 YUCTO IBOMYHOM CUCTEMaX CUMCIICHUS;
B 000MX CITy4asiX UCTIOJIb3yeTcsT 16 OUTOB:

necartuydoe: 0001 10010100 0100 nsonyHoe: 0000011110011000

16 OUTOB B IBOMYHO-IECITUYHOM (bOopMaTe MOIYT XpaHUTh yrcia oT 0 10 9999, 1o ectb
Bcero 10000 pa3muaHBIX KOMOMHAIIWIA, a 16 GUTOB B IBOMYHOM (hopMmate — 65536 KoMOu-
Hauuii. UMeHHO 110 3TOii IPUYMHE rOBOPSIT, YTO ABOMYHAsI cricTeMa 3 eKTUBHEE.
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OnHako NpencTaBuM, YTO MOIJIO Obl TIPOM3OMTH, €CIU Obl KaKON-HUOYAb TeHUab-
HBI MOJIOZON MHXKEHEDP MPUAYMaI OYEHb HAJAEXKHOE 3JIEKTPOHHOE YCTPOMCTBO, KOTO-
poe Morio Obl XpaHUTh pa3psabl oT 0 10 9, pa3aenuB yyacTok HanpstkeHus ot 0 mo 10 B
Ha 10 uHTepBayioB. YeThIpe TaKMX yCTPOMCTBA MOIJIM Obl XPaHUTh AECATUIHOE YMCIIO OT
0 mo 9999, 1o ecth 10 000 koMOMHAaLMIL. A ecu ObI Te 3K YCTPOMCTBA MCIIOJIb30BAINCh
JUTSL XpaHEHWS TBOWYHBIX YKCeJT, OHU MOIJIM OBI comepskath Bcero 16 komouHauuii. Ecre-
CTBEHHO, B 3TOM CJIy4ae JecITUYHAasI cucTeMa Obu1a OblI 6ojiee 3¢ (heKTUBHOIA.

Anpeca namMaTu

ITamaTh coCTOMT U3 siUeeK, Kakmasi U3 KOTOPBIX MOXET XpPaHUTh HEKOTOPYIO TTOPIIUIO
nHopmanmn. Kaxknas siaeiika mMeeT HOMep, KOTOPBIi HasbiBaeTcs aapecoM, [1o ampe-
Cy TIpOrpaMMbl MOTYT CCHUIAThCSl Ha OTPEIe/IEHHYIO STYeiiKy. Ecim mamsTh comepskuT I
sigeeK, oHM OymyT mMeTh anpeca oT 0 mo - 1. Bee sTaeiiku mamMsITh comepskaT OnMHAKO-
Boe yrcJio 0uToB. Ecim stueitka cocTonT M3 K OUTOB, OHA MOXKET COIepKaTh JIIOOYIO 13
2" komOuHanwmii. Ha prc. 2.8 mokazaHbl 3 pa3MMIHbIX CITIOCO0a OpraHU3auu 96-0UTHOM
namsitTi. OTMETUM, YTO COCEIHUE STYEHKU TI0 ONpeeIeHUIO NMEIOT TTOCIe0BaTeIbHbIC
ampeca.

Anpec Anpec 1 auenka Anpec
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Puc. 2.6. Tpu cnocoba opraHunsaumm 96-6utHOI namaTu

B xoMITbIOTEpAX, TIe UCTIONB3YETCST IBOMYHAS CUCTEMA CUMCIIEHYST (BKIIIOUask BOCEMe-
pUYHOE M IIeCTHAAIIATCpUYHOE TIpeICTaBICHNE JBOMYHBIX YHCEN), aapeca MaMsITH
TaKKe BBIPAXKAIOTCI B IBOMUYHBIX yMciax. Ecim ampec cocTouT 13 m GUTOB, MAKCUMATTh-
HOE YMCJIO aIpecOoBaHHbIX sueeK Oyner coctaBisth 2. Hampumep, agpec mist obpa-
LIECHMS K TTaMSITU, N300pakeHHOM Ha puc. 2.8, a, JOIIKEH COCTOSITH ITO KpaifHeli Mepe 13
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4 61TOB, YTOOBI BRIpazkaTh Bce urciia ot 0 o 11. [1pu yeTpoiicTBe mamMsaTH, TOKa3aHHOM
Ha puc. 2.8, 61 2.8, 6, moctaToyHO 3-O0MTHOIrO anpeca. Yucjio GUTOB B anpece Onpenesisi-
€T MaKCMMAaJIbHOE KOJIMYECTBO alpeCOBAHHBIX STYEEK MaMSTU M HE 3aBUCHUT OT yucia
OUTOB B sTueiike. 12-OGMTHBIE ampeca HYXKHBI 1 MTaMsITH ¢ 2'° siyeek 1Mo 8§ GUTOB Kaxnas,
1 namsTu ¢ 2" gueek 1o 64 61uTa Kaxaas.

B Tabn. 2.1 moka3aHO YKCIIO OUTOB B STYEHKE IS HEKOTOPBIX KOMMEPUECKUX KOMIThIO-
TEPOB.

Tabnuua?2.1.4Yncno 6uTos B AYenke A1 HEKOTOPbIX MOAENEN KOMMEPYECKMX KOMIMbIOTEPOB

KomnbloTtep Yucno 6uToB B AYeike
Burroughs B1700 1
IBM PC 8
DECPDP-8 12
IBM 1130 16
DECPDP-15 18
XDS 940 24
Electrologica X8 27
XDS Sigma 9 32
Honeywell 6180 36
CDC 3600 48
CDC Syber 60

SAyeiika— MUHMMAaJbHAs eIMHNUIIA, K KOTOPO MOXHO oOpallatkes, B mocieaHue
TOIbl MPAKTUYECKU BCE MPOM3BOIUTENN BBITYCKAIOT KOMITBIOTEPHI C 8-OUTHBIMU STUCii-
KaMM, KOTOpbIe Ha3bIBalOTCs OaiiTamu, bailTel rpynmupyorcs B ciioa. Komibiorep ¢
32-GUTHBIMM CJTOBaMU MMeeT 4 GaiiTa Ha Kaxkaoe CJI0BO, a KOMITbIOTED ¢ 64-OUTHBIMU
cjloBaMu — 8 0alTOB Ha Kaxkaoe cioBo. Takas eqMHuIa, KaK CJI0BO, HeoOXoauma, Io-
CKOJIbKY OOJIBIIMHCTBO KOMaH I ITPOM3BOASIT ONepaliuy Hal LIeJbIMU CIOBaMU (HaIpu-
Mep, CKJIAAbIBAIOT ABa cJioBa). Takum obpazoM, 32-OuUTHasl MalllMHa OydeT comepXaTh
32-OUTHBIE PETUCTPhl Y1 KOMAHIbI IS MAHUITYJISIUUA ¢ 32-OUTHBIMU CIOBaMU, TOrda
KakK 64-01THasT MalllHa OyIeT UMETh 64-OUTHBIE PErUCTPhl M KOMaHIbI /1S TTepeMelLe-
HUS, CITOXEHUsI, BBIMUTAHUS U APYTUX OIepalyii Haj 64-OUTHBIMU CJIOBAMMU.

YnopsagovyeHune 6antoB

BaiiTel B clloBEe MOTYT HyMepOBaThCs CJIeBa HApaBO WM clipaBa HajeBo. Ha mepBbrit
B3IJISII, MOXET I10Ka3aThCsl, YTO MEXIy 3TUMU ABYMs BapMaHTaMU HET pa3HUILIbI, HO
MBI CKOPO YBUJIMM, YTO BBIOOP MMeeT Oosnbliioe 3HaueHue. Ha puc. 2.9, a nuzobpaxeHna
YyacTb MaMITU 32-OUTHOTO KOMITBIOTEPA, B KOTOPOM OaiiThl IIPOHYMEPOBAHbI CJIeBa Ha-
mpaBo (kKak y kommbiotepoB SPARC wmu 6onpimx IBM). PucyHok 2.9,6 moka3sbiBaeT
AHAJIOTUYHYIO pEMpe3eHTALNI0 32-OUTHOTO KOMITbIOTEpa C HyMepaliyeil 6aiiToB cripaBa
HaJieBO (Kak y KoMmrbioTepoB Intel).

BaxkHO MoHMMaTh, 4TO B 00eHX cCHCTeMax 32-OMTHOE IIeoe YiciIo (Harmpumep, 6)
npencrapaeHo outamu 110 B Tpex KpaitHUX MpaBbIX OMTaX CJI0Ba, a OCTaIbHBIC 29 OUTOB
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MpeacTaBIeHbl HyIsSIMU. Ecin GaiiThl HymepyroTcs ciieBa HarpaBo, outhl 110 HaxomsT-
cs B Gaitre 3 (v 7, wm 11 u T. 1.). Ecnm 6aiiTel HyMepyIoTCs clipaBa HajieBo, OuThl 110
HaxozsTcs B Oaiite 0 (Mau 4, wiu 8 U T. 1.). B 00oux ciydasix ¢joBo, coaepKallee 3TO
1ej10e Ynciio, nMeer amapec 0.

O6paTHbIit Mpsamon
Anpec nopsiaok 6anTos nopsiaok 6anTos Anpec

ol O 1 2 3 3 2 1 0 0
4 5 6 7 7 6 5 4 4
B 8 9 10 11 11 10 9 8 8
12 12 13 14 15 15 14 13 12 112

. — e e —ad

Bant Bant
—~«—— 32-BUTHOE CNOBO —* ~+— 32-6UTHOEe CNoBO —™
a 6

Puc. 2.9. Namsatb c Hymepaumei 6anToB cieea Hanpaso (a),
namMsaTb C Hymepauueii 6aiiToB cnpasa Haneso (6)

Ecim KoMITbIOTEpBI COMEpKaT TOJBLKO 1e/IbIe Yrciia, HUKAKUX CJIOKHOCTE He BO3HU-
Kaer. OIlHaKO MHOTUE IIPUKIIaAHbIC 3aa4n Tp66y10T UCITOJIb30BaHU HE TOJIBKO LIEJIbIX
quces1, HO U LIEMOYEeK CUMBOJIOB U IPYTMX TUIIOB IaHHBIX. PaccMoTpyM, Harpumep, mpo-
CTYIO 3aMUCh JAHHBIX MEPCOHANA, COCTOSIIIIYIO U3 LIETIOYKU CUMBOJIOB (MMSI COTPYJIHUKA)
U IBYX LIEJIBIX YKcen (BO3pacT U HoMep oTaesia). Llermouka CMMBOJIOB 3aBeplliaeTCsl OQHUM
WJIM HECKOJIbKUMU Oafitamu 0, 4ToObI 3amoMHUTSE ¢JioBo. Ha puc. 2.10, a mpeacraBieHa
cxeMa ¢ HyMmepallMeil 0aiiToB ciieBa HampaBo, a Ha puc. 2.10, 6 — ¢ HymepaLueit 6aiiToB
cripaBa HajieBo i 3anucu «Jim Smith, 21 ron, otoen 260» (1x256+4=260).

MNpeobpasoBaHune

O6patHbIn Mpamon 13 obparTHoro MpeobpasosaHne

nopsaok 6anTos nopsaok 6aiiTos nopsiaka B npsiMon 1 nepecTaHoBKa
01Jd| I|M M[ I 0 M| ItJ Ji Il M 0
SIM| IlT T] I|M{S 4 T I|M| S StTM| I|T| 4
BlH|O0}0]O 0100 H 8 OO0 H H{O[O0|O 8
2(010]0(21 0f0fo0f21 12 210010 0[0]0]21] 12
6]0f0f1]4 0] 0| 14 16 4111010 O[O0y 114 16

a & e 2

Puc.2.10. 3anncbaaHHbIXCOTPYAHUKA AN MALLMHbBI C HyMepauueli 6anToB cnesaHanpaso (a);
Ta e 3anuchb s MallnHbI C HyMmepauueii 6aiiToB cnpaBa Haneso {6), pe3ynbTat
npeobpa3oBaHMa 3anMcun U3 HyMmepaLMmy CiieBa HaNPaeo B HyMepaLuio cnpasa
HaneBo (B); pe3ynbTaT nepecTaHoBKM 6alnToOB B NpeablayLem ciyyae (r)

O0a 5Tu MpeacTaBlIeHUs XOPOIIM U BHYTPEeHHE MocienoBaTebHbl. [1pobmeMbl Ha-
YMHAIOTCS TOLJA, KOIJIA ONUH U3 KOMITBIOTEPOB IILITAeTCs IIepeciaTh 3Ty 3arKuch Ha JIpy-
IOl KOMITBIOTEP IO ceTH. [1pearmonoxum, 4to MallliHa ¢ Hymepalueii 6aiiToB clieBa Ha-
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MpaBo TIEPeChUIAET 3aMCh Ha KOMITBIOTED C HyMepallieli 0aiiToB cIipaBa HaJIeBO I10 Ofi-
HOMY OaifTy, HauuMHas ¢ Oaiita 0 ¥ 3akaH4YMBas OaittoM 19. [1ist mpocTOThI OyaeM cuu-
TaTh, YTO OMTHI HE MHBEPTUPYIOTCS TTpH Tiepeaade. Takum oopazoM, 6airT 0 lepeHOCUTCS
M3 TIEPBOI MAIlIMHBI HAa BTOPYIO B OaiiT 0 1 T. 1., KaK MokKa3aHo Ha puc. 2.10, &.

KoMmribtotep, MOIyYMBILINIA 3aIIMCh, UMsI e4aTaeT MPaBUWIbHO, HO BO3pacT IoJIyda-
ercs 21x2%, n HoMep oT/ieNna Toxe nckaxkaercs. Takast CUTyalusl BO3HUKAET, OCKOJBKY
TIpU TIepenaye 3amrcy MopsimoK OyKB B CIOBE MEHSIETCS TaK, KaK Hy>KHO, HO P 3TOM ITOpsi-
JIOK OATOB HEJIbIX YMCEJT TOXKE U3MEHSIETCSI, YTO TIPMBOAUT K HEBEPHOMY Pe3YJIbTaTy.

OueBUIHOE pelIeHNE 3TOM ITPOOIeMbl — HaJIM4YKe TTPOrPaMMHOTO 00eCIIeYeHMS, KO-
TOpOE€ MHBEPTUPOBAJIO ObI OAWTHI B CJIOBE MOCJE TOro, Kak cAejlaHa Komusl. Pe3ynbrar
TaKoM onepanuy n3o00paxkeH Ha puc. 2.10, e. MBI BUAMM, 9T0 YMCJIa CTAJIA TIPaBUITEHBI-
MM, HO LIeToYKa CMMBOJIOB TTpeBpatiiachk B « MIJTIMS», nmpu stom «H» BoobI11ie oMe-
cTrIack oTaeNnbHO. Llenouka repeBopauynBaeTcs ITOTOMY, YTO KOMITHIOTEP CHavaja CUu-
ThIBaeT 0aiT 0 (rmpoben), 3ateM GaiiT 1 (M) u T. 1.

IIpocToro pelieHus He cyiiecTByeT. ECTb omuH crioco6, Ho oH HeaddekTuBeH. (Hyx-
HO TIepel KaXIoi eMMHUIIEN TaHHBIX TTOMEILAaTh 3arojIOBOK, MHMOPMUPYIOIINIA, KaKOi
TUII JAHHBIX ITOCIEAYEeT 32 HUM — LIEN0YKa, 1IeJI0€ YMCJIO U T. [I. DTO MO3BOJIUT KOMIIbIO-
Tepy-MOIydaTeNio TMPOM3BOAUTE TOJBKO HEeOOXOmMMBbIe Mpeobpa3oBaHus.) ScHO, 4To
OTCYTCTBHE CTaHIapTa YIIOPSIIOYMBaHMsI OATOB SIBJISIETCS IJIaBHBIM HEYIOOCTBOM IIpU
obMeHe nHDOopMaIel MeXTy pa3HbIMU MallTMHAMM.

Koa ¢ ncnpaesneHmem owimbok

ITamsTh KOMITBIOTEPA BpeMsT OT BPEMEHM MOXET JeJIaTh OIIMOKM 13-3a BCIUICCKOB Ha-
MPSDKEHUST HA JIMHUY 3JICKTPOIepeaady v IT0 IpyruM pudrHaM. YTo6bl 60poThes C Ta-
KMMU OLIMOKAMU, UCIIONB3YIOTCS KOIbI C 00HAPYKEHMEM U MCIIpaBIeHHeM OIIOoK. [Tpu
5TOM K KXKIOMY CJIOBY B ITaMSITH OCOOBIM 00pa30M JOOABJISIOTCS JOITOJTHUTEIbHbIC OUTBI.
Korza cj1oBo cuMThIBacTCS M3 MAMSITH, 3TU OUTHI IPOBEPSIIOTCSI Ha HAJIMYKE OLINOOK.

YToOBI TTOHSATH, KaK 00palllaThCsl ¢ OIIMOKaMK, HEOOXOIMMO BHUMATETLHO U3YUUTh,
YTO TIPEACTABJISIOT COO0M 3TH OoMOKU. [1peanoaoXum, 4To CJIOBO COCTOUT U3 M OGUTOB
JAHHbBIX, K KOTOPBIM MBI TIPUOABIISIEM T JOMOTHATETBHBIX OUTOB (KOHTPOJIBHBIX Pa3psiIoB).
ITycTh oOI1ast IrHA ¢j10Ba OyZIeT I (TO eCTh =TT . N-OUTHYIO SAMHHILY, COIEPKAIIYIO m
OGUTOB TAHHBIX Y I KOHTPOJIBHBIX Pa3psiIoB, YaCTO HA3bIBAIOT KOAMPOBAHHBIM CJIOBOM.

Js nroOBIX IBYX KOOMpOBaHHEIX ciioB, Harpumep 10001001 m 10110001, mMoxkHO
OMpEIENTh, CKOJIbKO COOTBETCTBYIOIIMX OUTOB B HUX pasindaercs. B maHHOM npuMepe
Takux 6uta Tpu. UTOGBI ONpeIeTUTh KOJIMIECTBO Pa3TNUArOIIXCS OUTOB, HYXKHO Hal IBY-
MsI KOMMPOBAaHHBIMU CJTIOBaMHU Tipon3BecTr Jormdeckyo onepaiio MCKITIOYAIOIIEE
MJIN u cocumTaTh 4KMCIIO OMTOB CO 3HaYeHMEM | B TOJlydeHHOM pe3ynbrare. Ymcio
OUTOBBIX TTO3UIINH, ITO KOTOPHIM Pa3IMYaloTCs IBA CJIOBA, HA3BIBACTCSI HHTEPBAIOM XOM-
munra. Eciiv nHTepBai XaMMUHTA UTS IBYX CJIOB paBeH d, 3TO 3HAYMT, YTO JOCTATOYHO
d GUTOBBIX OIIMOOK, YTOOBI TIPEBPAaTUTh OMHO CJIOBO B apyroe. Hampumep, uHTEpBan
XommuHTa KoarpoBaHHBIX cioB 11110001 m 00110000 paBeH 3, TTOCKOJBKY ISl TIpe-
BpallieHUsI TTIEPBOTO CJIOBA BO BTOPOE JOCTATOYHO 3 OIIMOOK B OMTAX.

ITamsITh COCTOUT M3 M-OMTHBIX CJIOB, M CJIEOOBATE/IBHO, CYIIECTBYeT 2" BapMaHTOB
couetaHus 6uToB. KomupoBaHHBIE CJI0Ba COCTOST U3 11 OMTOB, HO M3-3a CIIoco0a Mo~
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cyeTa KOHTPOJIBbHBIX PA3PSIOB AOMYCTUMBI TONBKO 2" 13 2" KOAMpPOBaHHbIX cioB. Ecin
B MaMSITU OOHAPYKUBAECTCST HEMOMYCTUMOE KOIUPOBAHHOE CJIOBO, KOMITBIOTEP 3HAET, UTO
MPOU301ILIA OIIMOKA. [Tpy HaMYMK aJropyUTMAa JIJIs TTOACYeTa KOHTPOJIbHBIX pa3psiioB
MOXXHO COCTaBUTb TOJTHBINM CITUCOK TOMYCTUMbBIX KOAUPOBAHHBIX CJIOB U 13 3TOTO CITUC-
Ka HaiiTy JBa CJI0Ba, AJIsI KOTOPBIX MHTEPBaJ X3MMUHTA OyIeT MUHUMAJTbHBIM. DTO UH-
TepBal XoMMUHTA TIOJTHOTO KOJa.

CaolicTBa MPOBEPKH U HCIIPABICHUS OLIMOOK OMpeeICHHOrO KOIa 3aBUCIT OT €r0
nHTepBayia XoMMUHTA. YTOOBI 0OHAPYKUTH d OIIMOOK B OMTAX, HEOOXOMMM KO C MH-
TepBaioM d+1, MOCKOBKY d OIIMOOK He MOTYT M3MEHUTh OTHO JOITYCTMMOE KOAMPO-
BaHHOE CJIOBO Ha JIPYroe JOMyCTUMOE KOAUPOBaHHOE cJI0BO COOTBETCTBEHHO, UTOOBI
HUCTIpaBUTH d OIMMOOK B OMTAX, HEOOXOIMM KOJI, ¢ MHTepBasioM 2d+1, TTOCKOJIEKY B 3TOM
ciTyJae JOIyCTUMbIe KOAVMPOBAHHBIE CJIOBA TaK CUJIbHO OTIMYAKOTCSI APYT OT APYyTa, 4TO
Jiake eclii ipon3oiinet d u3sMeHeHUi, N3HaYalbHOE KOAMPOBAHHOE CJIOBO OyAeT OJIvKe
K OIIIMO0YHOMY, YeM JII000€e Ipyroe KOMMPOBaHHOE CJIOBO, TIO3TOMY €ro 63 TpyIa MOXXHO
OyIeT OIpeIeInTh.

B kauecTBe mpocToro mpuMepa Kojaa ¢ O0HapyXeHUEM OLIMOOK PacCCMOTPUM KO,
B KOTOPOM K JJaHHBIM MPUCOEANHSIETCS] OMUH OUT YeTHOCTU. BUT ueTHOCTH BhIGMpaETCS
TaK1M 00Pa30M, UTO YMCIIO OUTOB CO 3HAUEHUEM 1 B KOIMPOBAHHOM CJIOBE YeTHOE (MJTN
HedeTHOe). MUHTEepBaJT 3TOTO0 KOIa paBeH 2, MOCKOJIBKY JII00as OIMOKa B OMTaX ITPHUBO-
JIAT K KOIWPOBAHHOMY CJIOBY C HEIPABWJILHOM YEeTHOCTBIO. JIpyrMu cjioBaMu, JOCTa-
TOYHO JBYX OIIMOOK B OUTAX ISl Tepexoia OT OJHOTO JOIyCTMMOTO KOAMPOBAHHOTO
CJIoBa K PYroMy JOIyCTUMOMY CJIOBY. Takoil KOl MOXET UCIOIb30BaThCs J1si OOHapY-
SKEHUSI OMMHOYHBIX OIIMOOK. Eciii M3 maMsITi cuuThIBaeTCS CJIOBO, CoepKalliee HeBep-
HYIO YeTHOCTb, TTOCTYIAeT CUTHaII 00 ormbke. [IporpaMma He CMOXET MPOIOJIKATHCS,
HO 3aTO He OyleT HeBEepHBIX Pe3y/IbTaToB.

B kxauecTBe TIpocToro mpuMepa Koia ¢ UCIpaBIeHUEM OIIMOOK pAacCMOTPUM KO C
YETHIPHEMST IOIYCTUMBIMY KOIUPOBAHHBIMU CIIOBAMM:

0000000000,0000011111, IMOOOOOM 1111111111

HHtepBan sToro xoga paBeH 5 DTO 3HAYMT, YTO OH MOXET MCIIPABJISTh ABOMHBIC
ommoku. Ecm mosinstercss komuposaHHoe ci1oBo 0000000111, KkoMITBIOTEp 3HAET, YTO
n3HavdaJibHOe ¢10BO 10KHO ObITh 0000011111 (ecm mpoumzonuio He OoJiee IBYX OIIM-
00K). I[Ipn HamIry Tpex ommooK, eciii, HanpumMep, caoBo 0000000000 n3mMeHMIIOCH Ha
0000000111, aTOT METOI HETOITYCTHM.

IIpencraBuM, YTO MBI XOTUM pa3pabOTaTh KO ¢ M OUTaMM JaHHBIX Y I KOHTPOJIbHBIX
pa3psiIoB, KOTOPHI MO3BOIMII OBl MCIIPABIISITh Bee OMIMOKM B OuTax. Kaxmoe u3 2" no-
ITyCTUMBIX CJIOB YMEET IT HEAOITyCTUMBIX KOAMPOBAHHBIX CJIOB, KOTOPbIE OTIMYAIOTCS OT
JIOIYCTUMOro ogHuUM 6utoM. OHM 00pa3yloTCcsi MHBEPTUPOBAHMEM KAXKIOro U3 II OUTOB
B N-OMTHOM KOAMpPOBaHHOM cjioBe. CleaoBaTebHO, Kaxmoe U3 2" JOMyCTUMBIX CJIOB
TpeOyeT I+ 1 BO3MOXHBIX COYETAHMIT OUTOB, IPUIIMCHIBAEMBIX 3TOMY CJIOBY (I BO3MOXK-
HbIX OLIMOOYHBIX BAPUAHTOB 1 OIWH ITpaBUJIbHLIN). [10CKOJIBKY 00lliee YMCIo pa3aind-
HBIX COYeTaHMit 6UTOB paBHO 2", To (m+1)27<2". Tak Kak n-1I+T, CIEI0BATEIbHO,
(T+r+ 1)<2". D1a hopMyna JaeT HIKHUIA MPesies YKc/1a KOHTPOILHBIX pa3psioB, HE00-
XOOUMBIX JJI1 UCITPaBJICHMST OMMHOYHBIX OLIMOOK. B Tabn 2.2 mokazaHo HeoOXxomumoe
KOJIMYECTBO KOHTPOJILHBIX Pa3psiioB IS CJI0OB Pa3HOIO pa3Mepa.
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Tabnuua 2.2. YMcno KOHTPOJIbHbLIX Pa3psaoB Afg Koga, CnocobHOro ncnpaensTb
OOMHOYHbIE OWNOKN

Pasmep KonnuecTBO KOHTpONbHbIX OOwWMiA padmep Ha ckONbKO NPOLLEHTOB

cnoea  pa3pspoB yBenmunnacb AJIMHa cnosa
8 4 12 50

16 5 21 31

32 6 38 19

64 7 71 1

128 8 136 6

256 9 265 4

512 10 522 2

DTOro TEOPETUUECKOTO HUKHETO TIpe/iesia MOXHO JOCTUYb, UCTIONb3Ysl MeTon Puyap-
Ja XaMmMuHra. Ho npexnie yem oOpaTUThCSI K 5TOMY alTOPUTMY, AaBaiiTe pacCMOTPUM
MPOCTYIO rpadyecKylo CXeMy, KOTopasi YeTKO WUTIOCTPUPYET UICI0 KOoJa C UCTIpaBiie-
HMEM OILMOOK 1151 4-OMTHBIX cyioB. Juarpamma BeHHa Ha puc. 2.11 coaepxut 3 Kpyra,
A, B u C, xoTtopble BMecTe 00pa3yloT ceMb CEKTOPOB. JlaBaiiTe 3aKoJMpyeM B KauecTBE
npumepa cioso u3 4 6utos 1100 B cektopa AB, ABC, AC u BC, no onHOMy OUTYy B Kaxk-
oM cekTope (B andasuTHOM nopsiake). KommpoBanue mmoka3aHo Ha puc. 2.11, a.

A A A

Q c Q c 4' c
@, &

B B YeTHOCTHU B

a ] 8

Puc. 2.11. Kogmposkauncna 1100 (a); pobasnaiotcs 6uthl 4eTHOCTHM (6); owumnbka B cektope AC (B)

Hanee Mbl 106aBMM OUT YETHOCTU K KaXKIOMY M3 TPeX ITyCThIX CEKTOPOB, YTOOBI TTO-
JIyYMIIach TIOJIOKUTEIbHAST YeTHOCTh, KaK ToKa3aHo Ha puc. 2.11, 6. ITo onpenemenmnio
CyMMa OMTOB B KaXXKIOM M3 TpeX KpyroB, A, B, m C, nommkHa ObITh yeTHOM. B Kpyre A
Haxomutesd 4 uncna: 0, 0, 1 m 1, KoTOopeIe B CymMMe AaroT YeTHoe uncio 2. B kpyre B
Haxonsarcs aucia 1, 1, 0 m 0, KoTopble TakKe TIPH CJIIOKEHUM JAIOT YETHOE IMCIIO 2.
To xe umeet cuy 1 it kpyra C. B maHHOM NprMepe ToydrIoCh TaK, YTO BCE CyMMBI
OIMHAKOBBI, HO BOOOILE BO3MOXHBI citydan ¢ cyMmMmamu 0 11 4. PUCYHOK COOTBETCTBYET
KOIMPOBAHHOMY CJIOBY, COCTOSIIIIEMY M3 4 OUTOB TaHHBIX U 3 OMTOB YETHOCTH.

IIpeamonoxum, uto 6uT B cekTope AC m3Menwmicsa ¢ 0 Ha 1, Kak MMoKa3aHO Ha
puc. 2.11, 6. Kommperorep BuauT, 910 Kpyrd A n1 C MMEIOT OTPUIIATSIHHYIO YETHOCTD.
EnmyHCcTBEHHBIN cOCO0 MCTIPaBUTh OIIMOKY, U3MEHUB TOJIBKO OIWH OWUT, — BO3Bpallle-
Hue onty AC 3HadeHnst 0. TakuM crrocoOoM KOMITBIOTEP MOXKET MCIIPABIISTh OJMHOY-
HBbIE OIIMOKKY aBTOMATHUYECKMU.

A TeTeph IMMOCMOTPUM, KaK MOXKET HCITOJIb30BaThCsl aITOPUTM X3MMUHTA TIPU cO3a-
HUU KOJOB C UCHpaBJIeHNEM OIIMOOK ISl CJIOB JII000ro pasMepa. B kome XaMmuHra K
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CJIOBY, COCTOSIIIIEMY M3 M OMTOB, TOOABIISIETCS T OMTOB YETHOCTH, TP 3TOM 00pa3yeTcs
CJIOBO JUIMHOM T+ T OGMTOB. BUTHI HyMEPYIOTCS C €IMHULIBI (2 HE ¢ HYJISI ), IIPUYEM TIEPBLIM
cumMTaeTCs KpaiiHuii JeBbIil. Bee OMTHI, HOMEpa KOTOPHIX — CTETIEHU TBOMKM, SIBIISIIOTCSI
OUTaMU YETHOCTU, OCTAJIbHbIE UCIOJb3YIOTCS Jisl JaHHbIX. Hampumep, K 16-6utHOMY
CJIOBY HYXXHO H00aBUThL 5 OMTOB YeTHOCTU. buthl ¢ Homepamu 1, 2, 4, 8 u 16 — OGUTbI
YETHOCTH, a BCe OCTalIbHbIe — OUTHI JaHHKIX. Beero cioBo comepxkur 21 6ut (16 6utos
JAHHBIX U 5 OMTOB YeTHOCTH). B paccMaTprBaeMoM mpuMepe Mbl OyIeM MCIIOIb30BaTh
MOJIOKUTENTbHYIO0 YETHOCTh (BIOOP TTPOU3BOJIBHBIN ).

Kaxmprii OMT 4eTHOCTU MPOBEPSIET OIpeNeIeHHbIC OMTOBBIE TTo3uLIK. OO0I1Iee Y1CI0
OMTOB €O 3HAa4YeHMEM 1 B IIPOBEPSIEMbIX MO3ULIMSIX OJKHO ObITh YeTHBIM. Hitke ykaza-
HbI TIO3UILIAM TIPOBEPKU TSI KAXKIOTO OMTa YETHOCTH:

bur 1 nposepsier ourw 1, 3, 5,7, 9,11, 13,15,17,19, 21.

Burt 2 nposepser 6utsl 2, 3, 6, 7,10,11,14,15,18,19.

bur 4 nposepser outsl 4, 5,6, 7,12,13,14,15, 20, 21.

but 8 nposepsier outel 8,9,10, 1, 12,13,14, 15.

but 16 iposepsier 6utel 16,17,18,19, 20, 21.

B obuiem cityuae 6ut b nposepsiercst ouramu b, b,,..., b, Takummn urobi+b,+... +b,=b.
Hanpumep, 6ut 5 nmpoBepsiercst outamu 1 u 4, mockosbKy 1+4=5. bur 6 nposepsieTcst
outamu 2 1 4, TOCKONIBKY 2+4=6 U T. I1.

Ha puc. 2.12 moka3aHoO mocTpoeHue Koaa X3MMUHra JUist 16-GUTHOro ciioBa
1111000010101110 CooTBeTcTBYIOIIMM 21-OMTHBIM KOIWPOBAHHBIM CJIIOBOM SIBJISIET-
cs 001011100000101101110. YToObI yBUAETH, KAK MTPOUCXOAUT UCIIPABICHNE OIIMOOK,
pPaccMOTPHM, YTO ITPOM3OMIET, €CM OMT 5 M3MEHUT 3HAYCHUE M3-3a PEe3KOro cKauyka
HaMpsDKeHUs Ha IMHUU 3JIeKTponepeaayn. B pe3ysibraTte BMECTO KOOAMPOBAHHOTO CJIOBA
001011100000101101110 TromyumnTest 001001100000101101 ITO. Bynyt nmpoBepeHbI

5 OUTOB YETHOCTU. BOT pe3ynbTaThl MPOBEPKU:

but yetHocTM 1 HempaBwbHBIN (OuTHI 1, 3, 5, 7,9, 11, 13, 15, 17, 19, 21 comepxat
MSITh €AUHMULI).

but yetHocTH 2 TIpaBWIIbHEBIN (6UTH 2, 3, 6,7,10,11,14,15,18,19 conepxaT 11ecTb
eIUHMULI).

Bbut yetHocT 4 HenpaBwiIbHbINA (OuTHI 4,5,6,7,12,13,14,15,20,21 comepxar IiTh
€IMHULI).

burt yerHocT 8 mpaBwibHbLA (OuThl 8,9,10,11,12,13,14,15 conepXar nBe eNMHUIIBI).

ButyetHocTn 16 npaBuibHBIM (OUTHl 16,17,18,19,20,21 comepkar 4eTbipe eMHULIBI).

O61ree yucno equumil B outax 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 u 21 nookHO OBITH
YETHBIM, TIOCKOJIbKY B JAHHOM CJIy4dae MCITOJIb3yeTCs ITOJIOKUTE IbHAsSI YeTHOCTh. Hempa-
BWJIBHBIM JIOJIKEH OBITh OMVMH U3 OMTOB, MPOBEPSIEMbIX OUTOM YeTHOCTH 1 (a mMeHHO 1,
3,5,7,9,11,13,15,17,19 u 21). but yeTHOCTU 4 TOXE HEMPABUJIbHbIIA. DTO 3HAYUT, YTO
M3MEHWI 3HayeHue OIUH U3 Ciedylolumx ouros: 4,5,6,7,12,13,14,15,20,21. Owmbka
JIOJKHA OBITh B OMTE, KOTOPBII COAEPKUTCS B 000MX CITMCKaX. B JaHHOM ciydae oO1muMu
ABIIItOTCS OMTHI 5,7,13,15 m 21. ITocKombKy OMT 9eTHOCTH 2 TIPaBUIILHBIN, OUTEI 7 11 15
uckmovarrces. I1paBUIbHOCTh OMTa YETHOCTU 8§ MCKITIOYAET HaIMYKe OIIMOKY B oute 13.
Hakownerr, 6ut 21 Takoke MCKITIOYaeTCs], TTIOCKOJIBKY OMT YeTHOCTH 16 mpaBmibHbIA. B ntore
OCTaeTcsl OUT 5, B KOTOPOM U COAEPKUTCS olrOKa. IT0CKOIbKY 3TOT OUT UMeeT 3Hade-
Hue 1, 0H JoKeH mpuHsITh 3HaYeHue 0. UMeHHO TakiM 00pa3oM UCIIPaBISIIOTCS OIITMOKMU.
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Cnoeonamsatn1111000010101110

[offoJ1fo]1 1+ 1o oo o010 1o 110
1 2 3 456 7 SQH 12 13 14 15 16 17 18 19 20 21
BuThl /
YETHOCTH
Puc. 2.12. MNocTpoeHue koga XammuHra ans cnoea 1111000010101110c nomoLLbto

no6aBneHns 5 KOHTPOJIbHbLIX Pa3pPaaoB K, 16 6UTam AaHHbIX

YT1oOBI HAITU HETIPABUIILHBIN OUT, CHaYalla Hy>XKHO TOJCYMTATh BCe GUTHI YETHOCTH.
Ecnu oHu nipaBuibHBIE, OLIMOKY HET (UJIU €CTh, HO OOJTbIIe ogHOI). Eciin oOHapyKmInch
HeNpaBUJIbHBIE OUTHI YETHOCTH, TO HYXKHO CJIOKUThL MX HoMepa. CyMMa, MoJydeHHast
B pe3yJibTaTe, 1acT HoOMep MO3UIIMY HelpaBUIbHOTO OuTa. Hampumep, eciiv GUThI YeTHOC-
" 1 1 4 HenpaBWIIbHbIE, a 2,8 U 16 npaBUITbHBIE, TO OIIMOKA Tpor3oluia B oute 5 (1+4).

Koaw-namaTtb

IIpomneccopnl Beerma paboTaau ObICTpee, YeM IaMsTh. [Ipolieccopbl M ITaMsITh COBEp-
IIEHCTBOBAJIVICH MApaJUIeIbHO, TIO3TOMY 3TO HECOOTBETCTBHE COXPAHSIOCh. [10CKOMBKY
Ha MUKPOCXEMY MOXKHO ITOMEIIATh BCce OOJbIlIe 1 OOJbIIE TPAH3UCTOPOB, Pa3padOTINKI
MPOIIECCOPOB MCITOIB30BAIM 3TU IIPEUMYIIIECTBA IJI CO3NaHMs KOHBEWEPOB M CyMep-
CKaJISIPHOM apXUTEKTYpPhI, YTO €ILe OOJIbIIIE TTOBBIIANIO CKOPOCTh PabOTHI IIPOLIECCOPOB.
Pa3zpaboTunku mamMsTi 0OBIMHO MCITOJIB30BAIM HOBBIE TEXHOJIOTUHM JIIST YBEIMUSHUS EM-
KOCTH, a He CKOPOCTH, 4YTO ellie Oosbliie ycyryosuio mpoosemy. Ha mpakTrke Takoe He-
COOTBETCTBHE B CKOPOCTH pabOThI MIPUBOIUT K CIICAYIOIIEMY: TOCIEe TOro Kak IpoIiec-
COp JaeT 3aI1pOC IMaMSITH, JOJDKHO ITPOUTH MHOTO LIMKJIOB, IIPEXKIIE YeM OH IIOJIy4YUT CJI0BO,
KOTOpoe eMy HyxkHO. YeM MemieHHee paboTaeT maMsITh, TeM JOJbIIIE IMPOIECCOpPY IpH-
XOIUTCS KNaTh, TEM OOJIBIIIE IIMKIIOB JOJDKHO TIPOMTH.

Kaxk MbI y3ke TOBOpHWIIH BBIIIIE, €CTh 1B IMyTH PellieHMs 3T0i nmpobaembl. CaMblit po-
CTOI1 U3 HUX — HayaTb CYUTHIBATD l/lH(bOI)MElLIl/llO M3 namMsitu, Koraga ato HCOGXOIII/IMO, n
IIpY 3TOM MPOIOJIKATh BEITOJIHEHUE KOMaH, HO €C/IM KaKasi-TM00 KOMaH/a ITOIbITAeT-
¢Sl MCIOJIb30BaTh CJIOBO /IO TOTO, KAK OHO CYMTATIOCh M3 TaMSITH, MPOLIECCOp MOJKEeH
MPUOCTAHABIMBATh padoTy. UeM MeajieHHee paboTaeT MaMsITh, TeM Yaille OyaeT BO3HM-
KaTh Takasl IpobjiemMa U TeM OoJiblle OyIeT MpouTphill B padoTte. Hampumep, eciu ot1-
cpouka coctapisieT 10 HUKIIOB, BeChbMa BEPOSITHO, UTO ofaHa U3 10 ciemayronmx KoMaH/I,
TMOTMBITAETCS MCIOIB30BaTh CIOBO, KOTOPOE €llle He CUYMTAIOCh U3 MaMSITH.

Hpyroe peliieHre NpodaeMbl — CKOHCTPYMPOBAaTh MAILIMHY, KOTOpasi He IIPUOCTaHAB-
JIMBaeT paboTy, HO CJIGAMT, YTOOBI MPOrPaMMbI-KOMIWJISITOPBI HE UCITOIb30BaIM CJI0BA
JO TOro, Kak OHM CUUTAIOTCA U3 ITaMSTH. OJIHEIKO 9TO HE TaK IMPOCTO OCYIICCTBUTL Ha
TIPpaKTHUKE. LIEICTO ITPU BBITIOJTHEHWM KOMaH/Ibl 3arpy3KHM MalllMHa HE MOXKET BBITIOJIHATH
Jpyrue ﬂeﬁCTBl/lﬂ, IMOSTOMY KOMITMWJIATOP BBIHYKICH BCTABJIATH ITYCTBIE KOMaHAbI, KOTO-
pbIe He MPOU3BOJISIT HUKAKKWX OTIEpaLIii, HO IPU 3TOM 3aHUMAIOT MeCTO B mamsITu. B ieri-
CTBUTEIBHOCTH TTPU TAKOM TOIIXOJIE MPOCTAUBAET He arllapaTHoe, a IporpaMMHoe obec-
NEYCHUEC, HO CHM2KEHUME IMTPON3BOINTEIBHOCTU ITPU 9TOM TaKOE€ XKE€.
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Ha camoMm merne ata poGieMa He TEXHOJIOTUYECKast, a SKOHOMUYecKast. MHkeHephl
3HAIOT, KaK ITOCTPOUTD MaMsITh, KOTopast OymeT paboTaTh TaK e OBICTPO, KaK ¥ IPOLIec-
COp, HO TIPY 3TOM €€ MPUXOIUTCS TOMEIATh MPSIMO Ha MUKPOCXeMy Tpolieccopa (Io-
CKOJIbKY MH(OpMAIIHs Yepe3 MIMHY TOCTYIaeT 04eHb MEIIEHHO). Y CTaHOBKA GOJTBIION
MaMSITH Ha MUKPOCXEMY TIpOLIeccopa JAeaeT ero GOJbIie U, CIeI0BaTeIbHO, TOPOXE, U
Jaxke ecTi Obl CTOMMOCTh He MMeJia 3HaYEeHHMsI, BCe PaBHO CYILECTBYIOT OTPaHMYCHHMSI B
pa3Mepax IpolLeccopa, KOTOPbIii MOXKHO CKOHCTPYHPOBAaTh. TaKvM 06pa3oM, IPUXOIUTCS
BBIOMPATh MEXITY OBICTPOIA ITAMSATHIO HEOOJBIIIONO pa3Mepa U MeUICHHOM TTaMSIThIO GOJTb-
II0r0 pa3Mepa. MBI ObI IPEATIOWIN MaMsITh OOJIBIIIOTO pa3Mepa ¢ BBICOKOI CKOPOCTHIO
pabOTHI IO HU3KOI 1ICHE.

WHTEepecHO OTMETUTD, YTO CYIIIECTBYIOT TEXHOJIOTUH COYETAHMS MAJICHBKOM 1 OBICT-
pO¥t MaMSITH C OOJIBIIION 1 MEIJICHHOM, YTO TTO3BOJISICT TIOJIYIMTh W BEICOKYIO CKOPOCTh
paboThI, 1 OOJIBIITYIO EMKOCTh IO pa3yMHOM IicHe. MajieHbKast TaMsITh C BEICOKOI CKO-
POCTBIO PabOTBl HA3bIBACTCS KAMI-NAMATHIO (OT (PPaHILy3CKOTO CJIoBa cacher «IIpsiTaTh» |
yuTaeTcs «Ka1»). Hike MBI KpaTKo OmmIlieM, KaK MCITOIb3YeTCsT KAII-TIAMSITh 1 KaK
oHa paboraeT. boiree moapobHOE onmcanne cM. B T71aBe 4.

OcHoBHas Maes K3II-MaMSITHA TPOCTA: B HEil HAXOASATCS CJI0Ba, KOTOPHIE Yallle BCEro
HCTTONB3YyI0TCs. Ecim mpoieccopy Hy>KHO KaKoe-HHOyIb CJIOBO, CHavajaa OH 00paIaeT-
¢s K KaI-naMsITi. ToJTBKO B TOM ClTydae, €CiIM CJIOBa TaM HeT, OH o0parmaeTcss K OCHOB-
Hoit mamsaTy. Ecim 3HauMTe IbHAs YacTh CJIOB HAXOIWTCS B KRIII-TIAMSITH, CpeITHEE BPeMsT
JIOCTyTIa 3HAYMTEITHHO COKPAIIASTCSI.

TakuMm o6pa3oM, ycrex WIK Heyaada 3aBUCUT OT TOTo, KaKasi 4aCTh CJIOB HAXOMUTCS
B K3II-MMaMITH. JIJaBHO M3BECTHO, UTO IIpOrpaMMbl He OOpalllaloTcsl K IaMsTA Hayraj.
Ecmu iporpamMMe HyXeH JOCTYH K aipecy A, TO CKOpee BCero I10cjie 3TOro €il IoHano-
OuTCS AOCTYI K afpecy, paciojIokeHHOMY 11o0iu30octu oT A. ITIpakTndecku Bce KOMaH-
IIbI OOBIYHOM ITporpamMMbl (3a MCKIIIOYEHMEM KOMAaH[ Iepexola M BhI30Ba MPOLEAYP)
BBI3BIBAIOTCS U3 IIOCJICIOBATEIbHBIX YJACTKOB ITaMiITH. Kpome Toro, OOJBIIYyIO 4acThb
BpPEMEHU IIporpaMMa TPaTUT Ha LIMKJIBI, KOLIa OrpaHUYEHHBIA HA00p KOMaHI BHIITOJTHSI-
€TCsl CHOBa ¥ CHOBa. TOYHO TaK ke [pU MaHUITYIMPOBAHUM MaTPpUILIAMU IIPOrpamMMa CKO-
pee Bcero OyeT o0pallaThCcsl MHOIO pa3 K OQHOM U TOM 3Ke MaTpUIIe, MPEXIe YeM Iepeii-
JIET K YeMy-JIN00 APYTOMY.

To, 4To Mpu MocCJIenOBaTEIbHbBIX OTCHUIKAX K ITAMSITH B TeUEHHE HEKOTOPOTO IIpOMe-
JKYyTKa BPEMEHM HCIIONb3YeTCS TOJAbKO HEOOJBIIOI €¢ y4aCTOK, HAa3bIBACTCS MPUHIM-
TIOM JIOKAJIBHOCTH. DTOT HPHMHIIUAI COCTABJISIET OCHOBY BCEX CHMCTEM K3IlI-IaMsaTu. Maest
COCTOMT B CJICAYIOLLEM: KOI/a ONPeIe/ICHHOE CJIOBO BbI3bIBACTCS U3 ITAMSTH, OHO BMEC-
T€ C COCCOTHMMU CJIOBAMM IIEPEHOCUTCS B KAII-IIAMSITh, YTO MO3BOJISIET IIPU OYEPEITHOM
3ampoce OBICTPO oOpallaThes K cleayiommmM ciaoBaM. OOIee yCTpOMCTBO MpolLeccopa,
KBII-ITAMSITH ¥ OCHOBHOI1 ITaMsITH TT0Ka3aHo Ha puc. 2.13. Ecii cJ10BO cUMTHIBAETCS WU
3alMChIBACTCS K pa3, KOMIIbIOTEPY ITOHANOOUTCS clienaTh 1 obpallieHre K MeAjIcHHOM
OCHOBHOM naMsITH 1 K- 1 oOpallieHuit K OBICTpOoit KaLI-TTaMsITU. YeM OoJIbliIe K, TEM BbILLE
o011ast POU3BOAUTEILHOCTD.

! B anrimiickoM «cash* mosy4msio sHaueHMe «HaJIMYHble (KADMAHHbIE) IEHBIU»>, TO €CTh TO, UTO IO PYKOii
A yXe U3 HEro U 06pa3oBaICs TEPMUH «K3II», KOTOPBI OTHOCAT K CBEPXOMEPATUBHONM maMatu. — Ilpumey
HayuH, peo.
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OcHoBHas
LleHTpanbHbIn 4" namaTb
npoLeccop
Kaw-namatb
LnHa

Puc. 2.13.Kaw-namaATb No Nornke BeLen AoKHa HaXoaNTbCS MeXAY NPOoLLEeCCOPOM M OCHOBHOM
namaTbio. BoeicTBUTENbHOCTU CYLLLECTBYETTPM BO3MOXHbBIXBApPMaHTaPaCnoNOXEHNAKILW-NAMATH

MBI MOXKeM caiesiath 0oJiee cTporve BbraucaeHus. IlycTb ¢ — BpeMst IOCTyIa K K31~
MaMsITA, M — BpeMsl JOCTyIa K OCHOBHOM maMsaTu U h — KoadypuimeHT coBnageHus,
KOTOpBIi1 IOKA3bIBAET COOTHOILIEHKE YMCJIA CChIIOK K KAII-IAMSITH 1 OOLLIETO Y1CIIa BCeX
cceutok. B Hamem nmpumepe h=(k~1)/k. Takum 00pa3om, MBI MOXKEM BBIYMCIIUTD CPEI-
Hee BpeMs JI0CTyIIa:

cpenHee Bpems goctyna =c+(1-h)m.

Ecnu h—MW u Bce obOpallieHus JearoTcsl TOAbKO K KAII-ITaMSITA, TO BpeMsl TOCTyIla
ctpemutcs K ¢. C mpyroii cTopoHsbl, eciii h—0 1 KakIplid pa3 HY>KHO 00paIiaThes K Oc-
HOBHOI MMaMsTH, TO BpeMsI TOCTyTa CTPEMUTCS K C+III: CHayasia TpeOyeTcs BpeMsi ¢ ISt
MPOBEPKU K3II-TAaMITH (B TaHHOM CJIydae Oe3yCIeIIHOi), a 3aTeM BpeMsT m Il 00pa-
IIEHKUsI K OCHOBHOM MaMsiTU. B HeKoTophIx cucTemMax obpallieHre K OCHOBHOM MaMsITH
MOXET HaYMHATLCS MapajuIeIbHO ¢ UCCISIOBAHUEM KAIII-TTAMSITH, YTOOHI B ClTydae He-
YAAYHOTO TTIOMCKA LIMKJT OOpallieH!sI K OCHOBHOM MaMsITH yxke Havascst. OnmHako 3Ta cTpa-
Terusi TpeOyeT CIIOCOOHOCTH OCTaHABJIMBATh MPOIIECC OOpaIlleHMsT K OCHOBHOM ITaMsITh
B CJTydae pe3yJIbTaTUBHOIO OOpaIlleHUsT K K3UI-TTaMSITH, YTO JIeJIaeT pa3padOoTKy TaKoro
KOMIIbIOTEpa 00JIee CII0KHOM.

OcHOBHasl MaMSITh U K3LI-MAMSITh AISITCS Ha 0710K1 (PMKCHPOBAHHOTO pa3Mepa C yue-
TOM TIPUHILIMIIA JIOKAJIbHOCTU. BIoKM BHYTpU K3II-TIaMSITH OOBIMHO HA3bIBAIOT CTPOKA-
Mu K3-navsima (cache lines). Eciiu oOpaitiieHre K Ka1I-1aMsTu Hepe3yJIbTaTUBHO, 13
OCHOBHOM TTaMSITH B K3II-TIaMSITh 3arpyKaeTcsl BCS CTPOKa, a HE TOJIBKO HEOOXOIUMOe
cioBo. Hampumep, eciiu ctpoka coctout 13 64 Gaiitos, obpalieHue K aapecy 260 mosJe-
4eT 3a co0OM 3arpy3Ky B KOIII-TIAMSTH BCE CTPOKM, TO €CThb ¢ 256-1o mo 319-ii Gaiir.
BosMoxHO, yepe3 HeKOTOpoe BpeMsI IOHAI00SITCS APYTUE CJIOBA U3 3TOM CTPOKU. Takoi
ITyTh OOpalleHus K mamMsaTu 0osiee 3((heKTUBEH, YeM BbI30B KaXKIOrO CJIOBA 0 OTICIIb-
HOCTH, TIOTOMY UTO BBI3BaTh K CJIOB 1 pa3 MOXHO ropasno ObicTpee, 4eM 1 CJIOBO K pas.
Ecmu BXomHbIE COOOIIEHMS KAII-TTAMITH COAEPXKAT 0oJiee OMHOIO CJI0Ba, 3TO 3HAYMT,
4TO OyAeT MEHbIIIE TAKUX BXOTHBIX COOOILIEHU U, CJIeI0BaTeIbHO, MEHbIIIE HETTPOU3BO-
JUTEJIbHBIX 3aTpart.

PazpaboTka K3uI-naMsTi o4eHb BaKHA JUIsI MPOLIECCOPOB C BBICOKOU MPOU3BOAM-
TeNBHOCTHIO. T1epBolii Bompoc — pa3Mep KauI-namsatu. Yem 0osblie pa3Mep, TeM JIy4Iie
paboTaeT namsTh, HO TEM JIOPOXE OHA CTOUT. BTOpoit Borpoc — pa3mep CTPOKU K3III-
mamaty. Kour-nmamars oobeMoM 16 KbaiT moxxHo pasgennth Ha 1K crpok no 16 6aiitos,
2K cTpok 1o 8 6aiiToB u T. 1. TpeTuit BOpoc — KaK yCTpOeHa K3II-MaMsITh, TO €CTh Kak
OHa OIIpelessieT, KaKiue UMEHHO CJIOBa COIEpXKaTcs B HEM B TaHHBIII MOMEHT. YCTpOii-
CTBO K3II-TIAMSITU MBI PACCMOTPUM MOAPOOHO B I1aBe 4.
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YeTBepThlii BOMPOC — JOKHBI JIM KOMaH/Ibl M JaHHBIE HAXOAUTHCSI BMECTE B OOIIel
KalI-TTaMsITh. TTpoiiie pa3paboTaTh CMEXKHYIO K3II-TIAMSTH, B KOTOPOU XpaHSITCS U TaH-
Hble, U KoMaHabl. [Tpy 3TOM BbI30B KOMaH/ M JaHHBIX aBTOMAaTUUECKM YpaBHOBEILIMBA-
ercsi. TeM He MeHee B HacToAIIEC BpEMs CYLICCTBYET TCHACHIIMA K HMCIIOJIB30BaHUIO
pa3ieNieHHOi KIII-NIAMSITH, KOTIa KOMAaH/Ibl XpaHSTCs B OMHOM KAII-TIaMsITH, a JaHHbIE —
B Ipyroi. Takas cTpyKTypa Takeke HazbiBaetcs: Iapsapackoii (Harvard Architecture),
MOCKOJIbKY MIIesl UCTIONb30BaHMS OTAESIbHON MaMSITH /1S KOMaH/ U OTAEJIbHON MaMsITU
JIJISI JAaHHBIX BIIEPBBIC BOILIOTHIACH B KoMITbioTepe Mare 111, kotopslii ObuT co3mait T'o-
BapioM AfikeHoM B I'apsapme. CoBpeMeHHbIe pa3pabOTYMKU TOINLIM 0 3TOMY ITyTH,
MOCKOJIbKY Ceifyac LIMPOKO UCTIONB3YIOTCS MPOLIECCOPBI C KOHBEEepaMu, a MpU TaKoi
OpraHMU3aI1K J0KHA ObITh BO3MOXHOCTh OMHOBPEMEHHOTO JOCTYIIa M K KOMaHIaM, U K
JaHHBIM (omepaHaaMm). PazneneHHast Kalll-raMsITh O3BOJISIET OCYIECTBIISITh Mapaliesb-
HBbII JOCTYTI, a 00111ast — HeT. K ToMy Xke, MOCKOIbKY KOMaH bl OOIYHO HE MEHSIIOTCS BO
BPEMsI BBITTOJIHCHUS, COACPKAHUEC KOMaH,Z[HOVI KoII-TIaMATH HUKOIAa HE TIPUXOOUTCS
3aMMUChIBaTh OOPATHO B OCHOBHYIO MaMSITh.

HakoHel1, msThlii BOIIPOC — KOJIMYECTBO OJI0KOB K31I-MaMsATy. B HacTosiee Bpemst
OUE€Hb YaCcTO K3III-TIaMSITh TIEPBOr0 YPOBHSI pacrioyiaraeTcsl IpsiMO Ha MUKPOCXeMe Mpo-
1Lieccopa, K3II-MaMsITh BTOPOTO YPOBHSI — HE Ha CaMO MUKpPOCXeMe, HO B KOpITyce Mpo-
11eccopa, a KaII-TaMsITh TPETHETO YPOBHST — ellie AajIblile OT Ipolieccopa.

Coopka MOLynel maMaTy U UX TUIIE

Co BpeMeH MOoSIBJIeHUSI MOTYITPOBOIHUKOBOM MaMSITU U 10 Havyaia 90-X ToioB Bce MMK-
POCXeMbl TTaMSITU TIPOM3BOAWINCH, TIPOAABATIMCH U YCTAaHABIMBAIMCH Ha TUIATy KOMITbIO-
Tepa I10 OTAEILHOCTU. DT MUKpocxeMbl BMemaan oT 1 Kour go 1 Mout undopma-
LIMM 1 BbIIIe. B TEepBBIX MEPCOHANTBHBIX KOMITbIOTEpaX 4acTO OCTaBISIIMCH MYCThIE
pa3beMbl, YTOObI MOKYMAaTeab B Clydyae HEOOXOAUMOCTH MOI BCTABUTH AOTIOJHUTEb-
HbIE MUKPOCXEMBI.

B Hacrosiiiee BpeMsi pactipocTpaHeH apyroii nomxoi. I'pyrnmna MukpocxeM (0ObIYHO
8 wim 16) MOHTHUpYETCS Ha OIHY KPOILIEYHYIO IIEUaTHYIO IUIaTy W MpoJaeTcs Kak OauH
osok. On HaspBaerca SIMM (Single Inline Memory Module — mMomyab namsitu,
VMMeIoNIMiA BbIBOBI € 0HO# cTOpoHbI) i DIMM (Dual Inline Memory Module —
MO/IYJIb TIAMATH, Y KOTOPOTO BbIBOIbI PACIOJIOKEHDI C IBYX CTOPOH). Y TIEPBOTO U3
HUX KOHTAKThl PACIOJIOXKEHbI TOJIBKO Ha OMHOM CTOPOHE IeYaTHOM TUIaThl (BBIBOIABLI HA
BTOPOI1 CTOPOHE DyOJIMPYIOT IIEPBYIO), a y BTOPOro — Ha oberx ctopoHax. Cxema SIMM
n3o0paxkeHa Ha puc. 2.14.

OcHoBHas
LleHTpanbHbIi ** namaATb
npoteccop
Kaw-namaTb
LLivHa

Puc.2.14. Mogynb SIMM B 32 M6aiiT. Mogynem ynpasnsioT A,BE MUKPOCXEMbI
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OO6b1uHbIN Momyab SIMM conepxut 8§ MukpocxeM 1o 32 Mowut (4 Mo6aiit) Kaxaas.
TakuMm obpa3om, Bech MOIy/Ib BMemaeT 32 Moaiit nHdopmaiiiu. Bo MHOIME KOMITBIO-
Tepbl BCTpauBaeTcsl 4 MOMIYJIs, ClAeI0BaTe/IbHO, TIPY MCITOJb30BaHMU Moayneir SIMM
1o 32 Moaiit ob1mii 00beM mamsITv cocTaBsiet 128 Moaiit. [Tpu HeoOxomuMocTy TaH-
Hble Monyi SIMM MOXHO 3aMEHUTh MOAYJISIMU C OOJIbILIEH BMECTUMOCTBIO (64 MGaiit
¥ BEIIIIE).

Y nepBbix momyneit SIMM 6bu10 30 KOHTaKTOB, M OHM MOIJIM TIepeaaBaTh 8 OMTOB
vHGopMaLMK 3a oguH pa3. OcTalbHble KOHTAKThI MCITOJIb30BAIMCh ISl aapecalud 1
KOHTpOJIs1. bosee mo3mHme Momy i conepskany yxke 72 KOHTaKTa 1 TiepeiaBain 32 onra
uHbopMaLK 3a oIuH pa3. J11st kommblotepa Pentium, KoTopelit TpeboBaa OAHOBPEMEH-
HOI Tiepeaur 64 GUTOB, 3T MOIYJIN COSAUHSUTUCH TT0 1BA, W KKl U3 HUX JOCTABJISUT
MOJIOBUHY TpeOyeMbIX OMTOB. B HacTosiiliee BpeMsi CTaHIAPTHBIM CIIOCOOOM COOPKU SIB-
ssietcst moayiab DIMM. ¥V Hero Ha Kaxmoil CTOpOHE TUIaThl HAXOMUTCS 110 84 1103010~
YeHHBIX KOHTAKTa, TO ecTh Bcero 168. DIMM cnocoGeH nepenasaTh 64 Ourta JaHHBIX 3a
pa3. Bmectmocts DIMM 06b14HO cocTapisieT 64 MGaiit 1 Bblille. B a51eKTpOHHBIX 3a-
MUCHBIX KHIXKKaX OOBIMHO UCIOIb3yeTcss Momyib DIMM MeHblliero pasmepa, KOTOpblid
HazpiBaeTcst SO-DIMM (Small Outline DIMM). Moxymm SIMM u DIMM wmoryT co-
JepxKaTh OUT YETHOCTY WIM KO UCIIpaBIeHUS OLIMOOK, OMHAKO, [IOCKOJIBbKY BEPOSITHOCTh
BO3HMKHOBEHMS OIIMOOK B Momyiie 1 ommoka B 10 jieT, B OOJBIIMHCTBE OOBIYHBIX KOM-
MbIOTEPOB METOIbI OOHAPYKEHMS U UCIIPABJICHNSI OLLIMOOK HE IPUMEHSIFOTCSI.

BcnomorartenbHasa namaTb

He BaxkHO, KaKOB 00bEM OCHOBHOI MaMSITH: OH BCE paBHO BCeraa OyIeT CIUIIKOM MaJl.
MBI Beera XOTUM XpaHHUTh B TTaMSITH KOMITbIOTepa 0os1biiie nHGhOopMaIiu, YeM OHa MO-
keT BMecTuTh C pa3BUTHEM TEXHOJIOTUI JIIOMSM TIPUXOIAT B TOJIOBY TaKHME BEIIM, KO-
TOpbIE PaHbIIIe CINTATIMCH COBEPILIEHHO (haHTacTdeckumu. Hampumep, MOXXHO BOOO-
pa3uTh, uto brbmoreka KoHrpecca permmia mpencrtaBuTh B HUdpoBoit (hopMe 1 ITpoaaTh
TTOJTHOE COJieprKaHMe BCEX XPpaHSIIIMXCS B Hell M3MaHuil B omHO# cTaTthe («Bce uemone-
yecKkre 3HaHus Beero 3a $49»). B cpemneM Kaxmas KHura couepkut 1 Moaiir Texcra
u 1 MGaiit cxxaTbix pucyHKOB. Takum 00pa3om, Ij1st pa3merteHust SO MITH KHUT TIOHaI0-
ourcst 10"6aitt wm 100 T6aitt mamsiti. J11st XpaHEeHUsT BCEX CYLIECTBYIOLIMX XYIOXe-
ctBeHHbIX (hribMoB (50 000) HeoOXoaMMO MPUMEPHO CTOJIBKO Xe MecTa. Takoe KoJm-
4eCTBO MH(MOPMAITMY B HACTOSIIIEE BPEMST HEBO3MOXKHO Pa3MECTUTh B OCHOBHOM ITaMSITH,
1 BPsII JIM MOXKHO OyJIeT 3TO ClesaTh B OymyiieM (1o KpaiiHell Mepe, B Oivkaiiie He-
CKOJIBKO ACCSITUIICTHIA).

Nepapxunyeckas CTPyKTypa namsaTu

Hepapxmdaeckass CTpYKTypa IaMSITH SIBIISICTCSI TPAAWIIMOHHBIM PEIIeHUEM ITPOOIeMBbI
XpaHeHUs1 00JbIIOro KojaudyecTBa JaHHbIX OHa uzoOpaxkeHa Ha puc. 2.15. Ha camom
BEpXy HaXOMSITCSI PETMCTPHI Tmpolieccopa. JJocTyIm K perucTpaM OCyIIeCTBIISIETCST ObICT-
pee Bcero. Janbliie uaeT KaI-naMsTh, 00beM KOTOpo# ceityac cocTapiisieT oT 32 Koailt
JI0 HECKOJIbKMX Mera0aiT. 3aTeM ciieayeT OCHOBHAsI MaMsTh, KOTOpas B HACTOSIIEe
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BpeMSI MOXET BMeLlaTh OT 16 MOaiT 1o AecITKOB ruradaiitoB. Jlajgee uayT MarHUTHbIE
IACKY Y, HAaKOHEll, HAKOIIUTEIM Ha MAarHUTHOM JICHTE ¥ ONTUYECKHE IMCKHU, KOTOPhIS
VICTIOJTB3YIOTCS [IJII XpaHEHUSI apXBHOI MHMOpMAaIIIN.

PerucTphl

Kaw-namsaTb

OcHoBHas namMaTb

MarHuTHbIM aMck

MarnutHas namMaTb OnTr4eckuii aAnck

Puc. 2.15. MatnypoBHeBas opraHmMsauma namsatun

ITo Mepe nponBHKEHUS TI0 CTPYKTYPE CBEPXY BHHU3 BO3PACTAIOT TpU MapameTpa. Bo-
TMEPBbIX, YBEJIUYMBAETCSI BpeMsl JocTymna. JJocTyn K perucrpaM 3aHUMaeT HECKOJBKO
HAHOCEKYHI, JOCTYII K K3II-TIaMSITU — HEMHOTO OOJIbIIIE, JOCTYIT K OCHOBHOM MaMsITH —
HECKOJIBKO JIECITKOB HaHOCeKyH. Jlanpliie uiaeT GOoNbIIOoN pa3phiB: JOCTYIT K TUCKAM
3aHUMaeT 1o KpaliHeil Mepe 10 MKe, a BpeMst 1oCTyIa K MArHUTHBIM JIEHTAM 1 ONTHYeC-
KMM JIMCKaM BOOOILIE MOXET U3MEPATHCSI B CeKyHAaX (ITOCKOJIbKY 3TH HAKOIUTEIN WH-
(opmaruu eltie Hy>KHO B34Th U TIOMECTUTH B COOTBETCTBYIOIIEE YCTPOMCTRO).

Bo-BrophIx, yBeaIMYMBaeTCsI 00beM MaMsITU. PerucTpbl MOTYT coiepXKaTh B JIydIleM
ciaydae 128 6aitToB, K3II-MIAMSITh — HECKOJIBKO MEradaiiToB, OCHOBHASI ITaMSITh — AECSATKHU
TBICSTY MerabalTOB, MAarHUTHBIE JUCKU — OT HECKOJIbKUX TUTabaiTOB 10 HECKOJbKUX
JECSATKOB rMrabaiiToB. MarHUTHBIC JIEHTHI U ONTUYECKKE TUCKU XPAHSITCS aBTOHOMHO
OT KOMITbIOTEpA, TTO3TOMY MX 00BbeM OrpaHUYMBAETCSI TOJIBKO (DMHAHCOBBIMU BO3MOXK-
HOCTSIMU BJIafiefIblia.

B-TpeTprx, yBemMIMBaeTCs KOJTMIECTBO OMTOB, KOTOPOE BHI TTOJTydaeTe 3a 1 moJutap.
CToMMOCTh 06beMa OCHOBHOM MaMsATH M3MepsieTcsl B Jo/UTapax 3a Merabaift', oobem
MarHUTHBIX TUCKOB — B TICHHHM 3a MeTabaiiT, a 00beM MarHUTHOM JICHTBI — B IOJUTapax
3a TUTA0AMT WK eIlle JeIeBIIe.

Pervictpbl, KalI-TiaMsITh ¥ OCHOBHYIO TIaMATh MBI YK€ pacCMOTpenn. B ciemyrommx
pasmeniax MBI pacCKakeM O MarHUTHBIX JUCKaX, a 3aTeM MPHUCTYIIUM K M3yYeHUIO OIT-
TUYECKUX TUCKOB. HakomuTeam Ha MarHUTHBIX JICHTaX MBI pacCMaTpuBaTh He OymeM,
ITOCKOJIbKY OHM OYeHb PENKO MCIOIB3YIOTCST; K TOMY Xe O HUX MPaKTHYECKU HEYero
CKa3arb.

' 3aMeTHM, 4TO CTOMMOCTh TAMSATH MOCTOSTHHO YMEHBIIAETCs, B TO BPEMSI KaK ee 00beM — yBeIMunBaeTcs. 3a-
KOH Mypa npuMeHuM u 31ech. CeronHsi 1 MoaiiT onepaTuBHOM MamMsTH CTOUT 0KoJio 10 ieHToB. —[Ipumen.
Hay4u, peo.
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MarHuTHble OUCKKN

MarHuTHbIIA JUCK COCTOMT U3 OIHOTO WM HECKOJIBKUX ATIOMUHUEBBIX IUCKOB' C Mar-
HUTHBIM crioeM. M3HavanbHO oHUM ObUTH 50 cM B IpameTpe, HO ceiiyac MxX IuaMeTp co-
cTaBisieT ot 3 1o 12 cM, a y TOPTaTUBHBIX KOMIIBIOTEPOB — MEHBILE 3 CM, TIPUYEM 3TOT
rapaMeTp MpoaoykaeT yMeHbIaThesl. ['070BKa aucka, comepskalias MWHAYKIIMOHHYIO
KAaTYILKY, IBUTAeTCS Hal MOBEPXHOCTHIO AMCKA, ONMUPAsSICh HA BO3AYLIHYIO MOMYIIKY.
OtMeTnM, YTO y AUCKET IOJIOBKA KacaeTcsl ToBepXHocTH. Korma yepe3 rojioBKy poXonuT
TMOJIOXKUTETBHBIN W OTPULATESTbHBIN TOK, OH HAMAarHUYMBAET MTOBEPXHOCTB TTOJI TOJIOB-
Koii. [Tpy 5TOM MarHUTHBIE YaCTUIIBI HAMArHUYMBAIOTCS HAPABO UJIN HAJIEBO B 3aBUCH -
MOCTH OT MOJISIPHOCTH TOKa. Koria rojioBka mpoXoaMT Hal HaMarHU4eHHOM 00JIacThIO,
B Hell (B TOJIOBKE) BOSHMKAET ITOJIOKUTEIbHBIN WM OTPUIIATENIBHBIN TOK, YTO 1T BO3-
MOXKHOCTb CUYMTHIBATh 3aMMCaHHbIe paHee OMThI. [10CKONIBKY IMCK BpallaeTcst TOoM, TOJIOB-
KOI1, TIOTOK OMTOB MOXKET 3aITMChIBAThCS, 4 [TOTOM CUYMTHIBAThCS. KOH(MUTypaliys 1opoKKH
JIMCKa IToKa3aHa Ha puc. 2.16.

MexCceKkTopHbI MHTEpBan

[onosBka
CUYMTbIBAHMSA/3anncum

Hanpasnenve ¢

’ OBUXEHUSA
’
/ , npveoga
’ / WwupuHa 1 6uta \FI EBO >
/ o701 1000 2 MUKpOH PUEBOA *\
/7
/
LLivpuHa
LOPOXKN
5-10 MUKPOH

Puc. 2.16. Kycok nopoxku ancka (asa cekropa)

JlopoxKoii Ha3bIBacTCSI KPYroBasi IMoCJIeI0BaTeIbHOCTb OUTOB, 3aIMMCAHHBIX Ha IUCK
3a ero MoJHbIN 000poT. Kaxmas mopoxka JeauTcsl Ha ceKTopbl (hMKCUPOBAHHOMN UTH-
Hbl. Kaxnplil cekTop 00bIYHO comepkut 512 GaiitoB qaHHbIX. [lepen ;aHHBIMU pacmofia-
raeTcsi npeamoy.a (preamble), KoTopasi ITO3BOJISIET TOJIOBKE CUHXPOHU3UPOBAThHCSI T1e-
pen uyTeHrueM WM 3amuchblo. [locme qTaHHBIX UIOET KOI ¢ MCIpaBIeHUEM OIIMOOK (KO
XoMMuHTa uin vaitie Koa Puga—ConoMoHa, KOTOPbIii MOXeT UCTIPaBIsSITh MHOTO OLLIM-
00K, a He TOJIbKO OMMHOYHBIE). MeXIy cocCeqHUMI CEKTOPaMM HaXOMUTCST MEXKCEKTOop-
Hblii MHTEpPBAJI. MHOTME TTPOU3BOJUTENMN YKA3bIBAIOT pasMep HehopMaTUPOBAHHOIO
JrcKa (Kak OyAaTo Kaxknast TOpoXKKa COAEePXKUT TOJIbKO JaHHBIE), HO 0ojiee YeCTHO ObLIO
Obl YKa3bIBaTh BMECTUMOCTh (pOPMATHPOBAHHOTO IMCKA, KOTA He YUMUThIBAIOTCS Tpe-

' B Hacrosmee Bpems pupma IBM nenaer ux us crekna. — Illpumeu nayuu, peo.
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aMOYJIbI, KOIBI C UCTIPABICHUEM OIIMOOK M MEXXCEKTOPHBIE MHTepBajibl. EMKoCTh (hop-
MaTUPOBAHHOTO AXCKA OOBIMHO Ha 15% MeHbllle eMKOCTH He(hOpMATUPOBAHHOIO IMCKA.

YV BCcex IMCKOB €CTh KPOHIUTEMHBI, OHM MOIYT IlepeMellaThesl TyJa U 00paTHO IO
pannycy Ha pa3Hble PacCTOSIHUS OT IITUHIEISI, BOKPYT KOTOPOro Bpalaercs Auck. Ha
Pa3HBIX PACCTOSIHMSIX OT OCH 3aIIMChIBAIOTCS pa3HbIe TOPOXKU. TakuM 00pa3oM, TOpOXKHI
TIPEICTABIISTIOT COOOM Psii KOHIIEHTPMUYECKMX KPYTOB, PacOIOKEHHBIX BOKPYT IIMTH-
nens. HIuprHa 1OpoXXKY 3aBUCUT OT BEJIMYMHBI TOJIOBKU U OT TOYHOCTU €€ IepeMelLe-
Hust. Ha ceromnsimHumit MoMeHT aucku nvetrot ot 800 1o 2000 1opoXeK Ha CM', TO eCTb
IIUPUHA KaXKIIOU NOPOXKKU cocTaBiisieT oT S 1o 10 mukpoH (1 mukpon=1/1000 mm). Cre-
JIyeT OTMETUTb, UTO JOPOKKA — 3TO HE YIIyOJIEHWe Ha TTOBEPXHOCTH IMCKa, a IIPOCTO
KOJIBLIO HAMarHM4eHHOro MaTepuajia, KOTOpOe OTIEIISIeTCST OT IPYTUX TOPOXKeK HeOOIb-
MU TTOTPAaHUYHBIMU O0JIACTSIMMU.

ITnoTHOCTB 3amMCcy GMTOB HAa KOHIIEHTPUYECKMX TOPOXKKAX pa3IMIHas, B 3aBUCHMO-
CTH OT pAaCCTOSIHUSI OT LigHTpa AucKa. [I0THOCTD 3aI1iCH 3aBUCUT INIABHBIM 00pa3oM OT
KayecTBa ITOBEPXHOCTU MMCKA M YMCTOTHI BO3myxa. [IJOTHOCTH 3ammcy COBPEMEHHBIX
nuckoB pazHutrcs oT 50 000 mo 100 000 6ut/cM. YTOOBI H1OCTUYL BBICOKOIO KauyecTBa
TTOBEPXHOCTU 1 JIOCTaTOYHOI YMCTOTHI BO3MyXa, MMCKMA TePMETHUYHO 3aIledaThbIBalOTC,
YTO 3allMILACT UX OT ITOIaaHMs Ipsi3v. Takue IMCKK Ha3bIBalOTCSl BUHYecTepamu. Briep-
BBIe OHM OBIIIM BEITYIIEHB! (pripMoii IBM. Y Hux 6but0 30 MOaiiT hmKCcpoBaHHOM Ta-
Mty 1 30 MoaiiT cMeHHo# nTaMmsiTi. Bo3amoxkHo, 31 aucku 30-30 accoluupoBaIvch ¢
pyxbsimu «Bunuectep» 30-30” BOMBIIMHCTBO MATHUTHBIX IICKOB COCTOMT M3 HECKOJb-
KMX TUIACTHH, PAcIOJIOKEHHBIX APYT MO APYToM, KakK Noka3aHo Ha puc. 2.17. Kaxnas
TTOBEPXHOCTh CHAOXKEHA PhIYaroM 1 TOJIOBKOM. Phryary CKperuieHsl TaKuM 00pa3oM, 4To
OIHOBPEMEHHO MOTYT IlepeMelIaThcsl Ha pa3Hble pacCTOsIHUSI OT och. COBOKYITHOCTh
JIOPOXKEK, PACITOIOKEHHBIX Ha OMHOM PACCTOSTHUM OT IIEHTpa, HAa3bIBACTCST IIHHIPOM.

ITpon3BOIUTENHLHOCTH AMCKA 3aBUCUT OT MHOTUX (pakTOpoB. UTOOBI cunTaTh WM
3aI1CcaTh CEKTOP, TOJIOBKA JOJDKHA IIEPEMECTUThCS Ha HY>KHOE pACCTOSIHUE OT OCU. DTOT
Tpoliecc Ha3bIBaeTcsT MouckoM. CpemHee BpeMsl TTOMCKa MEXITY JOPOXKKaMU, B3SITHIMU
HayTall, COCTaBJIsSIeT OT 5 1o 15 Mc, a MOMCK MeXAy IOC/IeA0OBaTeIbHBIMU JOPOKKAMU
3aHMMaeT okojio 1 Mc. Korma rojioBka rmomeniaercst Ha Hy>KHOE€ pacCTOSTHME OT IIEHTpa,
BBDKUIAETCSI HEKOTOPOE KOJIMYECTBO BpeMeH! (OHO HA3bIBACTCSI BPEMEHEM OXKUIAHUS
CEeKTOpa), TI0Ka HY>XHBII CEKTOP HE OKa3bIBAaeTCsl MO TOJIOBKOM. BOJIBITMHCTBO TMCKOB
BpaiarTcst co ckopocthio 3600, 5400 rmm 7200 o60poToB B MUHYTY. TaknuMm oOpas3om,
cpemHee BpeMsI OxKMIaHNs ceKTopa (IToJI0BMHA 000poTa) cocTaBisieT oT 4 1o 8 Mmc. Cyre-
CTBYIOT TaKxKe IUCKU cO cKopocThio BpaieHus: 10800 obopoToB B MuHyTy (180 060p0-
TOB B ceKyHAy). BpeMs mepenaun nHdopMaIy 3aBUCUT OT TUIOTHOCTY 3aITUCH M CKO-
poctu BpateHus. [Tpu ckopocTtu nepeaauu ot 5 1o 10 MGaiiT B ceKyHIy’ BpeMsl epeiayn
omHoro cekropa (512 6aiitoB) cocrasiseT ot 25 1o 100 mxc. CremoBarebHO, BpeMs
IOMCKA 1 BpeMsI OXXUIaHUS CEKTopa onpeAesisieT BpeMs Iiepeaayu nHgpopMauu. ScHo,
YTO CUUTHIBAHME CEKTOPOB M3 pa3HbIX YyacTell mrucka Hea((PeKTUBHO.

' MnoTHOCTL XpaHeHUd UHGOPMALUU HA MATHUTHBIX JUCKAaX TakXKe MOCTOSHHO YBEIMYUBAETCA, U ceituac
Ha | cM moBepXHOCTH yXe pa3meniaetcsi 6osee 10000 nopoxek — [lpumeu. nayuu, peo.

? JIBycTBOJIbLHOE pyxXbe 30-ro Kanubpa. — Ilpumeu. nepes

° B coBpeMeHHBIX BHHYECTEPAX CKOPOCTD JIMHEITHOTO YTeHNUS yke TIpesbicina 40 M6aiit B cekyuny —IIpumeu.
Hayun ped
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["onoBska cunTbIBaHWS/3anncu

[MoBepxHoOCTb 7 =2

MoBepxHOCTb 6 =]

[MoBepxHOCTb 5 =

MoBepxHOCTb 4 =/ @
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MoBepxHOCTb 3 ——
S HanpaBeneHve OBYXeHns npusoaa

MoBepxHOCTb 2

MosepxHocCTb 1 ;{ )
a_b

MoeepxHoCcTbO

Puc. 2.17. BuHyecTep C 4eTbipbMSsl AUCKAMMN

CrnenyeT ynoMsiHyTh, YTO M3-3a HAJIUYHUS TIpeaMOyIl, KOIOB ¢ UCIPABICHUEM OLIN-
00K, TIPOMEXKYTKOB MEXIy CEKTOPaMH, a TAKXKe M3-3a TOTO, UTO OMNpEIeIEHHOE BpeMsI
3aTpauymBacTCs Ha TTOVMCK TOPOXKHU M Ha OXUAaHKME CEKTOpa, CYILIECTBYET OrPOMHAsT pas3-
HULIA MEXIY MaKCUMAJTbHOM CKOPOCTBIO Mepeayu JaHHBIX, KOrma HeOOXOIMMEBIe TaH-
HBIe pa30pocaHbl B pa3HBIX YaCTIX AVCKA, U TOW, KOIIa OHU HAXOISATCS B OJHOM MECTe
W CUMTHIBAIOTCSA MOCIEAO0BATEIbHO. MaKcHMalbHast CKOPOCTh Tiepeiaull JaHHBIX B TIep-
BOM CITydae JOCTUTAeTCsI B TOT MOMEHT, KOTIIa ToJIOBKa PACIojiokeHa Hall TepBbIM OU-
TOM JaHHBIX. OIHAKO TaKasl CKOPOCTb pabOThl MOXKET COXPAHSITHCS TOJIBKO Ha OIHOM
cekTope. J1J1s1 HEKOTOPBIX MPUJIOXKEHUI, HATTPUMED MYJIbTUMEINA, UMeeT 3HaYeHUEe UMEH-
HO CpEIHSISI CKOPOCTh Iepeadl 3a HEKOTOPBII TTEPUO ¢ Y4ETOM HEOOXOIUMOTO BpeMe-
HM TTOMCKA U BpeMEHU OXXMIAHUS CEKTOPA.

TToCKONBKY IUCKK BpAILAIOTCsT CO CKOPOCThIO OT 60 10 120 060pPOTOB B CEKYHILY, OHU
HAarpeBaloTCsI M PACIIUPSIOTCS, TO eCTh (PU3MYECKU U3MEHSIOTCS B pa3Mepax. HekoTo-
pble TUCKU AOKHBI IEPUOANYECKHN COBEPIIIATh PEKATUOPOBKY MEXaHU3MOB TTepeMelle-
HMSI, 9YTOOBI KOMITEHCUPOBATh 3TU paciIipeHust. [10sToMy MOIIIHOCTh TIPUBO/IA, TIepeMe-
IIAIOIETO TOJIOBKM HAJl TTOBEPXHOCTBIO JMCKA, Teproandeck MeHsercs. Ilpu Takux
PpeKaMOpOBKaxX MOTYT BO3HUKATh TPYIHOCTU C UCIIOBL30BAHMEM MTPUKIIATHBIX TTPOrpaMM
MYJIETHIMEIMA, KOTOPBIE OKUIAIOT 6oJiee MIM MeHee HEIPEePhIBHOTO MOTOKA OUTOB, TTO-
CTYIAIOILIETO ¢ MAKCUMAJTbHOM CKOPOCTBIO Mepeadr MOCIeN0BaTeIbHON MHGOpMAIIN
(c omHoOM yactu aucka). st paGoThl ¢ TIPUKIATHBIMU TIporpaMMaMi MyJIbTHMeEINa
HEKOTOpbIe MPOM3BOAMUTEIN BBITYCKAIOT CIECIIUATBHBIC AyAHO-BHICOTUCKH, KOTOPHIC
HE COBEpIIAIOT TEPMUIECKUX PEKATUOPOBOK.

HeMHoro coo6pa3uTeIbHOCTH, U CTapasl IIIKOJIbHASI MaTeMaThudecKast (hhopMyiia st
BBIYMCIICHUS IJIMHBI OKPY:KHOCTH C=25IT OTKPOET, UTO IMHEHAS IJTMHA BHELTHUX JOPO-
3XKeK OOoJIblIe, YeM JJIMHA BHYTpeHHMX. [10CKOIbKY Bce MATHUTHBIE TMCKU BPalllaloTCs
C TTIOCTOSTHHOM YTJIOBOI CKOPOCTBIO HE3aBUCHMO OT TOTO, [JI¢ HAXOHSATCS TOJIOBKU, BO3-
HMKaeT ouyeBUAHAs TpobieMa. PaHbllle Tipy TTPOM3BOACTBE AMCKOB U3TOTOBUTEIIN CO-
30aBaI MAKCHUMAaJIbHO BO3MOXHYIO TUTOTHOCTD 3aITHCH HA BHYTPEHHEN TOPOXKe, U IPU
MPONBIKEHNN OT 1LIEHTpa MMCKa IJIOTHOCTh 3aIIMCH TIOCTeTIEHHO CHIKanach. Eciu mo-
POXKKa ComepKuT, HaIIpuMep, 18 ceKTopoB, TO KaxKIbIif M3 HUX 3aHUMaeT Ayry B 20°, 1 He
BaXHO, Ha KAKOM LIWJIVMHIPE HAXOAUTCST 3T JOPOXKKA.
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B nHacTosiiiiee BpeMst CTIONIB3YyeTCs Ipyrasi cTpaterus. LImmmHape! neasaTcst Ha 30HBI
(1a mucke nx oobraHO oT 10 mo 30). ITpu mpoaBIKEeHMM OT LIEHTpa AMCKA YKCIIO CEKTO-
POB Ha JIOPOXKE B KaXIOW 30HE BO3pacTaeT. DTO M3MEHEHUE YCIOXHSET MpOoLeIypy
XpaHeHMsI MTH(OpMaLIMK Ha JOPOKKE, HO 3aTO MOBBIIIAET EMKOCTb AMCKA, YTO CYMTACTCS
Oosee BaxkHbIM. Bce ceKTopbl MMEIOT OAMHAKOBbIM pa3mep. K cyacTbio, XOTh KaKue-To
BEIlM B >KM3HU HUKOIIA HE N3MEHSIOTCSI.

C mucKoM cBsI3aH TaK Ha3bIBaeMbIil KOHTPOJUIEP — MUKPOCXEMa, KOTopasl YIIpaBJIsi-
et auckoM. HekoTopble KOHTpoITIephl CooepXkar LENbIi mpoieccop. B 3amaur KoHTpo-
JIepa BXOIUT MOJTydeHHEe OT IIPOrpaMMHOTI0 odecrieueHMs Takux KoMaH I, Kak READ, WRIIE
u KRVAT (To ecTh 3amich Beex IIpeaMOyin), YIpaBieHUe MepeMelleHeM phldara, oOHa-
pyXeHUe U UCIIpaBJieHUE OILIMOOK, ITpeoOpa3oBaHue 8-OMTHBIX 0AMTOB, CUUTHIBACMBIX
13 TIaMSITU, B HETIPEPBIBHEII ITOTOK OMTOB 1 HA000poT. HekoTophle KOHTpOJUIEPhI IIPOU3-
BOISIT Oychepr3aliio COBOKYITHOCTU CEKTOPOB 1 K3IIIMPOBAHUE CEKTOPOB LIS NaJbHEM-
IIETO MOTEHIIMAIBLHOTO MCIIOIb30BaHMSI, a TAKXKE YCTPAHSIOT IIOBPEKIEHHBIE CEKTOPBL.
HeobxommmocTts nocaeaHel (pyHKIIUY BbI3BaHA HAIMUKMEM CEKTOPOB C TIOBPEKICHHBIM,
TO €CTh IIOCTOSTHHO HAMarHMYeHHBIM, Y9acTKOM. Koraa KoHTpoiuiep oOHapyKBaeT I1o-
BPEXKICHHBIN CEKTOP, OH 3aMEHSIET €T0 OMHUM M3 CBOOOTHBIX CEKTOPOB, KOTOPHIE BhIIE-
JISIIOTCST CIIELIMAIBHO JUTST 3TOM HEeJIM B KAXKIOM LIIMHAPE WU 30HE.

InckeTol

C u300peTeHreM TEPCOHATBHOIO KOMITbIOTEpA IMOSIBUJIACh HEOOXOAMMOCTh KaKUM-TO
00pa3oM pacrpoCTpaHsITh IIPOrpaMMHOe obecriedeHre. PerieHreM 31oii mpooJieMbl TT0-
cayxwuna nuckera (floppy disk — «rmOKuMit AUCK»; Ha3BaH TaK, IIOTOMY UTO TIEPBBIC THC-
KEThbl ObLTM TMOKUMU (pr3UUEeCKr) — HEOOJbIIION CMEHHBIM HOCUTEIb MH(MOPMALIUH.
JuckeTsl ObuH TipuayMaHbl (pupmoii IBM. M3HauanbHO Ha HUX 3amMcbiBajach MHGMOP-
Malys 0 OOCTY>KMUBAHUIO OOJBIIMX MaIUH (111 COTpyIHUKOB (prpmbl). Ho mpous-
BOIMTEIN KOMITBIOTEPOB BCKOPE TIEPEHSUIA 3Ty UIEIO U CTaIM MCITOJIb30BaTh IUCKEThI
B Ka4eCTBe YIOOHOIO CPENCTBA 3alCH ITPOrPaMMHOTIO 00ECIIEYeHUST 1 €T0 MPOJaXKH.

JncKeThl 00J1aIal0T TEMHU K€ OOIIMMM XapaKTePUCTUKAMU, YTO U JUCKU, KOTOPBIC
MBI TOJIBKO YTO PacCMaTPUBAJIM, C TEM JIMIIb Pa3IMIUEM, YTO TOJIOBKU XKECTKHX TUCKOB
TIepeMEIIAIOTCsT HaJl TIOBEPXHOCTHIO TUCKA Ha BO3MYIIIHOW TTOAYIIIKE, a Y AUCKET FOJIOBKU
KacaroTcsl TOBEPXHOCTH. B pe3ynbraTe ¥ caMy JUCKETHI, ¥ TOJIOBKM OYEHB OBICTPO U3HA-
mBaroTcs. [ToaToMy Korma He TIPOMCXOOUT CUMTBIBAHWE U 3alTUCh MH(MOPMAIIUU, TO-
JIOBKU yOMPAIOTCS ¢ TIOBEPXHOCTH, a KOMITHIOTEP OCTAHABJIMBAET BpallleHUE I1CKa. DTO
MTO3BOJISIET TIPOUTUTh CPOK CITykObI nuckeT. Ho mpu 3TOM, ecu mocTymaeT KoMaHaa
CUMTHIBAHMS WIN 3aITCH, TIPOMCXOIUT HeOOMbINas 3amepkKa (IPUMEPHO TTOJICEKYHIbI)
Tepe TeM, KaK MOTOp Ha4HET paboTaTh.

CylecTByeT aBa BUia AUCKET: 5,25 moitMoB U 3,5 moitmMa'. Kaxmas U3 HUX MOXeT
OBITH WJIX ¢ HU3KOM TIOTHOCTHIO 3anucu (Low-Density, cokparienne LD), vim ¢ Beico-
Koii motHocThio 3anvcu (High-Density, cokpaiienue HD). luckeTsl Ha 3,5 moiima
BBIITYCKAIOTCSI B YKECTKOM 3allIUTHOI YITAaKOBKE, ITO3TOMY B JEHCTBUTEIBHOCTA OHU HE

' JluckeTbl pazMepoM 5,25 MioitMa yXe HECKOJIbKO JIeT KaK BBIIUIM U3 ob6pamenus B 2001 roay npousBoaute-
JIM TIEPCOHAJIBHBIX KOMITBIOTEPOB BBIMYCTUJIM CTAHAAPT, COTJIACHO KOTOPOMY M AMCKETHI pa3MepoM 3,5 mioii-
Ma IOJIKHBI OyIyT OKOHYUTh CBOE CYILECTBOBAHUE, TAaK KaK B HOBbIE KOMITBIOTEPBI HE OyAyT YCTAHABIMBATh-
sl IPUBOABI 1JIs1 pabOTHI ¢ TUMM AMCKeTaMUu. — [Ipumey. Hay4u, peo.
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rnokue. ITTocKONMbKy 3-IfoiMOBBIC TMCKETHI BMEIIAIOT OOJIBIIE TAHHBIX W JIyUIIle 3aIiy-
ILLIEHBI OT BHEIIHUX BO3ACHCTBUI, OHU, MO CYIIECTBY, 3aMEHWIM CTapble 5-TIOMMOBEIE.
Hawnborree BaxKHBIe TTapaMeTPHI BceX 4 TUIIOB TUCKET TTOKa3aHbI B Ta0M. 2.3.

Ta6nuua 2.3. NapameTpbl YeTbIPEX BUOOB ANCKET

MapameTpsl LD5.25 HD5.25 LD3,5 HD3.5
Pasmep, Oolimbl 5,25 5,25 3,5 3,5
EmkocTb 360 K6ant 1,2 MGant 720 K6ant 1,44 M6ant
Konmyectsoaopoxek 40 60 80 80
KonnyecTBo CEKTOPOB B AOPOXKE 9 15 9 18
KonnyecTso ronosok 2 2 2 2

Y1cno 060pOTOB B MUH. 300 360 300 300
CKOpOCTb nepeaaqn AaHHbIx, Kéut/c 250 500 250 500

Tun mMbkuin Mbkunii i XKecTtkuin

Awuckn IDE

JArcKkr COBPEMEHHBIX MEPCOHABHBIX KOMITbIOTEPOB Pa3BUJIMCh U3 JAMCKA MAllIMHBI
IBM PC XT. Oto 6bU1 1ucK Seagate Ha 10 MoaiiT, ynpapiisieMblii KOHTpoJLIepoM Xebec
Ha BCTPOEHHOI KapTe. Y 3T0oro aucka obu1o 4 royioBku, 306 muinHApoB U 1o 17 cekro-
poB Ha gopoxke. KoHTposuiep Mor ynpasisiTh IByMs Auckamu. OriepallioHHas CUCTe-
Ma CUMThIBaJIa C AMCKA U 3allichiBasia Ha AUCK MHMopMaimio. st 3Toro oHa nepenasa-
Jia TTapaMeTphl B peTUCTPhI Ipolieccopa v BbizbiBasia cucteMy BIOS (Basic Input Output
System — 6a30ByI0 cucTeMy BBOZIA-BbIBOJIA), PACITOIOXKEHHYIO BO BcTpoeHHOM [13Y.
Cucrema BIOS 3amnpariBaia MalllMHHbIE KOMaH/IbI UIS 3arPy3KU PETMCTPOB KOHTPOJI-
Jiepa, KOTOpble HAUMHAIU Tiepeavyy JaHHbIX.

CHavaJia KOHTpOJUIep TOMEIIAJICS Ha OTAeIbHOM IlIaTe, a mo3xe, HaunHas ¢ IDE-
nuckoB (Integrated Drive Electronics — ycTpoiicTBO CO BCTPOEHHBIM KOHTPOJLIEPOM),
KOTOpBIE TTOSIBUIMCH B cepearHe 80-X TOlOB, CTaJl BCTpauBaThCsl B MaTepUHCKYIO TIa-
Ty’. OIHAKO COIIALIEHHs O BbI30BaX cucTeMbl BIOS He M3MeHSINCH, TTOCKONBKY He-
00x0MMOo ObUIO 00ECIIeYUTh COBMECTUMOCTD ¢ OoJsiee cTapbiMu Bepcusimu. OOparie-
HME K CEKTOpaM MPOU3BOAMUIIOCH [0 HOMEPaM T'OJIOBKU, LIWJIMHIAPA U CEKTOopa, TpUYeM
TOJIOBKY U IIWJIMHAPKI HyMepoBasuch ¢ 0, a cekropsl — ¢ 1. BeposiTHO, Takast cutyaiust
CJIOXWJIACh U3-3a OLIMOKM OMHOro u3 nporpammuctoB BIOS, koTopslil Hamucan cBoit
meneBp Ha accemOiepe 8088. Mmes 4 6uta 11 HOMepa rojJioBKU, 6 OUTOB 1JIsI CEKTOpa
1 10 OWTOB IS IMJTMHIPA, TUCK MOT COIEpKaTh MaKCUMyM 16 TOJIOBOK, 63 cekTopa n
1024 tmmHAapa, To ecTh Becero 1 032 192 cektopa. EMKOCTB Takoro amcka COCTaBiisuia
528 Moaiit, 1 B Te BpeMeHa 3Ta Irdpa CYMTaIach OrpOMHOM (a BBl OBI CTaJIM CETOTHS
OCBINATh YIIpeKaMy HOBYIO MaIlIMHY, KOTOpasl He CIIocOOHAa paboTaTh C IMCKaMU 00bEMOM
6omee 1 ToaiT?).

' CaM MarHUTHbII AUCK — TUOKUI, KECTKUM ABJAETCS TONBKO QYTIsApP, B KOTOPOM OH PacmooxeH. — [pu-
Meu. Hayuu, peo.

* BeTpauBaThes OH CTaJl B CaM BUHUECTED, TO €CTh Ha TIEUaTHYIO IJIaTy, pacrooKeHHYIO B KOpIlyce BUHYECTepa.
Ha MaTepuHCKOII r1aTe pa3MelaeTcst MTopasi YacTh KOHTPOJUIepa 3Toro uHTepdeiica. — Ilpumey. ayun.peo.
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Bckope nostBumich mUcKM o0beMoM Oosiee 528 MobaiiT, HO y HMX OBLIa IpyTasl Teo-
metpus (4 romoBkH, 32 cektopa, 2000 mumrHApoB). OnepallmoHHas CCTeMa He MorJia
oOpa1arecsl K HUM M3-3a TOTO, YTO COIVIAIIeHMs O Bbi3oBax cucteMbl BIOS He mMeHs-
JIMCh (TpeboBaHUE COBMECTMMOCTU). B pe3ysbTaTe KOHTPOJUICpHl Hauyalld BbIIaBaTh
JIOKHYI0 MHOOPMALIMIO, Ieast BUI, YTO TeOMETpUs AUCKAa COOTBETCTBOBAA CUCTEME
BIOS. Ho Ha camoMm pefie BUpTyaibHAs TEOMETPHS MPOCTO HAKJIambIBaIach Ha peaylb-
HyI0. XOTS 3TOT METOI JEHCTBOBAJI, OH 3aTPYIHSUI PabOTy OIEPALIMOHHBIX CUCTEM, KO-
TOpBIE pa3Mellaiv JaHHbIE OIpeAeIeHHBIM 00pa30oM, YTOObI COKPATUTh BPeMs TIOMCKA.

B xon1re xonnoB Ha cMmeHy IDE muckam npyummi EIDE-mucku (Extended IDE —
ycoBepiieHcTBoBaHHbIe 1DE), monmepkuBarolye JOMOJTHUTEIbHYIO CXeMY aapecariiv
LBA (Logical Block Adressing), KkoTopas npocTo HymepyeT ceKTopbl ot 0 10 2°*-1.
KonTtpomnep momkeH nepenenbBath anpeca LBA B ampeca rojloBKu, CEKTopa M WINH-
Zipa, HO 3aT0 00beM aucka mpesbiaeT 528 Moaiit. EIDE nuckm m KoHTpouIephl Tak-
XK€ UMEIOT Ipyrve ycoBepliieHCTBoBaHMs. HampuMep, oHM CIOCOOHBI KOHTPOJIUPOBATh
4 myacKa BMECTO JBYX, Y HUX OoJjiee BBICOKAsi CKOPOCTh Tepeiaull JaHHbIX, Y OHU MOTYT
yIIpaBIgTh TIpuBonoM i ureHuss CD-ROM.

HznavaneHo IDE- n EIDE-anckn npon3Boamianch TOMBKO 11sT cucteM Intel, mmo-
CKOJIBKY JAHHBIN MHTepdeiic spisgeTcs TouHoi Kormeit mmHbl IBM PC. TeM He meHee
B HACTOSIILEE BPEMST HEKOTOPBIE APYTME KOMITBIOTEPBI TAKXKE WCITONB3YIOT 3TU TUCKU
M3-3a UX HU3KOM CTOMMOCTH.

SCSI-onckn

SCSI-mucku He omyatorest ot IDE-1uckoB ¢ Touky 3peHmsT pacItonoXeHUs ITAHI-
POB, IOPOXEK ¥ CEKTOPOB, HO OHM MMEIOT IPYroii MHTep(elic 1 60s1ee BEICOKYIO CKO-
pocth Tiepenaun maHHbBIX, SCSI-myckm BocxomsiT K M300peraTenno nucKeThl ['oBapmy
Iyrapry (Hovard Shugart). B 19791 ony ero kommanus Beiyctiia auck SASI (Shugart
Associates System Interface). B 1986 romy MHCTUTYT aMepMKaHCKUX TOCYIApCTBEH-
HBIX CTAHIAPTOB TOCJIE ITUTEIbHBIX 00OCYXXIEHWIT BHEC HEKOTOphIe Mpeodpa3oBaHUs
B 3TOT IMcK M m3MeHu1 ero HazBanre Ha SCSI (Small Computer System Interface —
uHTepdeiic MATBIX BHMUC/HMTENIBHBIX cucTeM). AOOpeBuartypa SCSI mpon3HOCHUTCS Kak
«cKasu». Bepcun, paboraroiiye ¢ 6051ee BEICOKOI CKOPOCThIO, MOTyYrii Ha3BaHus Fast
SCSI (10 MTI'1x), Ultra SCSI (20 MI'mr) u Ultra2 SCSI (40 MTI'nr). Kaxxnas u3 atux pas-
HOBHUIHOCTEl Takke nMena 16-0utHyro Bepcuto. OCHOBHBIE MTapaMeTphl BCEX STUX BEp-
CHi1 TIpBEACHBI B Ta0m. 2.4.

Ta6nunua 2.4. HekoTopble BO3MOXHbIE NapameTpbl SCSI

HasBaHue Konnyecteo  LuHa (MIu) CkopoCTb nepeaayn gaHHbIX
pas3psaoB no wunHe, Mbawnt/c
SCSI-1 8 5 5
Fast SCSI 8 10 10
Wide Fast SCSI 16 10 20
Ultra SCSI 8 20 20
Wide Ultra SCSI 16 20 40
Ultra2 SCSI 8 40 40

Wide Ultra2 SCSI 16 40 80
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ITockonbKy y auckoB SCSI BbIcoKast CKOPOCTh Iepefayn JaHHBIX, OHU UCIIOJIb3Yy-
foTCs B 00bIIMHCTBE padounx craHimii UNIX, koropsre pomsBongarcst Sun, HP, SGI
U IPYTUMM KOMITAHUSIMUA. DTU JUCKU TaKXKe BCTPAMBAIOTCSI B KOMITbIOTEPhI Macintosh
U ceTeBble cepBephbl Intel.

SCSI — a10 He npocTo uHTEepdeiic XKEeCTKOro AUcKa. ITO IIMHA, K KOTOPO MOTYT
roacoenHAThCs KoHTposiep SCSI 1 1o ceMu AOTOTHUTENBHBIX YCTpoiicTB. MMy Mo-
I'yT OBITH OIMH WJIX HECKOJIBKO XKeCTKMX AUCKOB SCSI, KoMMmakT-I1CcKu, yCTpOHACTBA JIJIsT
3aITICY KOMITAKT-AUCKOB, CKaHEePhl, HAKOITMTEJIN Ha MAarHUTHOM JICHTE W IpYTHe TIepH-
depuitHbie ycTpoiicTBa. Kaxknoe ycTpoiicTBO MMeeT CBOI MASHTU(UKALIMOHHbII KO/, OT
O 07 (mo 15 nns 16-6GUTHBIX Bepcuii). Y KaKI0ro yCTpOMCTBA €CTh ABa pa3beMa: OIUH —
BXOITHOM, Ipyroii — BbIXOAHOM. Kabenn coequHSIIOT BEIXOIHOM pa3beM OJHOIO YCTPOM-
CTBA C BXOTHBIM pa3beMOM CJIEMYIONIETO YCTPOMCTBA U T. M. DTO IMOXOXKe Ha COSTUHEHME
JIaMII04eK B eJiouHoit rupiisgHae. IlociaeqHee ycTpoiicTBO B LIETIM JOJIKHO 3aBepllaTh LIeTb,
YTOOBI OTpPaXKeHUS OT KOHIIOB IMMHBLI He WCKAXXAIM JIpyTe JaHHbIe B MMHEe. OOBIHO
KOHTPOJIIEP ITOMEIIAeTCSl Ha BCTPOSHHOM KapTe U SIBJISICTCS IIEPBbIM 3BEHOM LIETIU, XOTSI
3TO He 00513aTeTHHO.

Cawmpblii 00bIHBIN Kabesb w1t 8-outHoro SCSI nmeer 50 TTpoBoIOB, 25 M3 KOTOPHIX
(3a3emuIeHUsI) CIIApeHBI ¢ 25 APYTUMM, YTOOBI 00ECIIEYNTh XOPOIIYIO ITOMEXOYCTONIMBOCTD,
KOTOpasi HeoOXoAMMa JIJIsT BBICOKOI CKOPOCTH paboThI. M3 25 MPOBOIOB 8 MCITONB3YIOT-
Cs1 ]IS JAHHBIX, | — AJ1s1 KOHTPOJISt YeTHOCTH, 9 — ISt yIIpaBJIeHUsI, 2 OCTaBIIIMECs COXpa-
HSIOTCS U OyayIlero npuMeHeHus. 16-OUTHBIM U 32-OUTHBIM YCTPOMCTBaM TpeOyeT-
cd ene 1 kabesb 1J1s1 JOMOJIHUTEIbHBIX CUTHAIOB. Kabenu MoryT ObITh HECKOJIBKO METPOB
B JIUTUHY, YTOOBI 00€CTIeUNBATh CBSA3b C BHEIITHUMU YCTPOMCTBAMHU (CKaHEepaMM U T. 11.).

KonTponnepsl 1 nepudepuiiibie ycrpoiictBa SCSI MoryT ObITh MM 3agaTYMKAMMU,
Wi npueMHUKaMu. OOBIYHO KOHTPOJUIEP, JEHCTBYIOMMI KaK 3adaTJyWK, TTOCHUIAeT
KOMaH[IbI IMCKaM 1 APYTUM TepudepuitHbIM yCTpOICTBaM, KOTOPbIE, B CBOIO OYepe/lb,
SIBJISIIOTCST IpUeMHUKaMU. KoMaHIp! TIpeAcTaBIIsTIOT co0oii 6;10Ku 10 16 6aiiToB, KOTO-
phle COOOIIAIOT MPUEMHUKY, YTO HY>KHO JeiaTh. KoMaHabl 1 OTBETHI Ha HUX OpOpMIIS-
foTCS B BUE (bpa3, TIpU 3TOM MCTIOIB3YIOTCS Pa3IMYHbIe CUTHAIBI KOHTPOJIS IJIST pa3-
rpaHMYeHUS Dpa3 1 pasperieHUsT KOH(PIMKTHBIX CUTyalldil, KOTOPbIe BOSHUKAIOT, €CJIU
HECKOJIBKO YCTPOMCTB OMHOBPEMEHHO ITBITAIOTCST UCTIONB30BaTh IIMHY. DTO OYeHb BaX-
Ho, Tak Kak SCSI nmo3BossieT BceM yCTpoicTBaM paboTaTh OMHOBPEMEHHO, YTO CHUJIBHO
TIOBBIIIAET TPOM3BOIUTEIEHOCTD CPEIbI, TIOCKOJIBKY aKTUBU3UPYETCS Cpa3y HECKOJBKO
npoleccoB (B KadecTBe IpuMepoB MoxkHO TipruBect UNIX mim Windows NT). B cuc-
teMax IDE n EIDE ecnu pabotaeT omHO M3 yCTPOMCTB, Ipyre He MOTYT NEeCTBOBAThH
OIHOBPEMEHHO C HUM.

RAID-maccuBbl

[Tpon3BOONTETHLHOCTE TIPOIIECCOPOB 3a TOCeIHEee IECATIIETHE CMITLHO BO3pPOCIIa, YBe-
JIMYUBASICh TIOYTU BABOE Kaxable 1,5 roma. OgHaKo ¢ MPOU3BOAUTEILHOCTHIO JUCKOB
Ieno oocront mHade. B 70-x romax cpemHee BpeMs ITOMCKAa B MIUHU-KOMITBIOTEpaX CO-
crasisuio ot 50 o 100 MummcekyHa. Ceityac BpeMsl IOMCKa COCTaBIIsIeT oKojio 10 Mui-
JIMCeKyHA. Bo MHOTMX OTpacisax TEXHUMYECKOM MPOMBIIIICHHOCTH (HarIpiMep, B aBTO-
MOOWJIBHOI MM aBUALIMOHHOI) YBeIMYeHMEe TIPpOM3BOAUTEIbHOCTA B 5 win 10 pa3 3a
JTBa IECSATIICTHSI CANTAIIOCH OBbI TPAHIMO3HBIM, HO B KOMITHIOTEPHOM TTPOMBIIIUIEHHOCTH
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5TU 1IUPHI BBI3BIBAIOT HemoyMeHre TakuM o0pa3oM, pa3pbiB MEXITY TTPOU3BOIUTEIb-
HOCTBIO MIPOLIECCOPOB U IUCKOB CTAHOBUJICS BCE OOJIbIIE U OOJIbIIIE

Kax mbl yxe Buaenu, s TOW 4TOObI YBEJMYUTb CKOPOCTh paboThl Ipoleccopa,
UCTIONB3YeTCsl MapajljiesibHas 00pa0doTKa JaHHBIX YXXe Ha MPOTSDKEHUM MHOTHX JIeT
pa3HbIM JIIOJSM TIPUXOIUT B TOJIOBY MBIC/Ib, YTO ObLIO Obl HEIUIOXO CHEIaTh Tak, YTOObI
YCTPOICTBa BBOIA-BbIBOJA TAKXKe MOIJIM paboTaTh napaiieabHo B 1988 romy Ilatrep-
coH, ['mbcon m Kare B cBoeif cTaThe MpemToXuim 6 pa3HBIX TUTTOB OPraHU3alliy TUCKOB,
KOTOpPbIE MOIJIM UCTIOIb30BAThLCS ISl YBEIMUEHUST TIPOM3BOIMTETLHOCTH, HaIEXKHOCTH
WJIY TOTO U JPYroro DT ujeu ObUTM cpa3y 3aMMCTBOBaHbI MPOU3BOAUTENSIMUA KOMITbIO-
TEPOB, UTO MPHUBEJIO K TMOSIBJIEHUIO HOBOTO KJlacca yCTPOMCTB BBOJA-BbIBOIA 1O/ Ha-
3BanueM RAID Ilarrepcon, I'mocon u Kare onpenemnm RAID kak Redundunt Array
of Inexpensive Disks — «30BITOUYHBIN MAaCCUB HEIOPOTUX IMCKOB», HO TO3Xe OykBa |
B ab0OpeBUaType cTajia 3aMeHsITh cjioBo Independent (He3aBUCUMBIiA) BMECTO M3HAYAb-
Horo cyioBa Inexpensive (Hegoporoit) MoxeT ObITb, B 3TOM Cllyyae y MpoM3BoaUTeNER
MOSIBUJIACh BO3BMOXHOCTb BBIITYCKaTh Aoporocrosiinue nucku? RAID-maccuBy npotu-
BonoctasJisuicst SLED (Single Large Expensive Disk — «omuH 60716111014 10poroctosi-
LW TUCK»)

OcHoHas unest RAID coctout B criemytoiieM Psimom ¢ KoMIbroTepoM (0ObIMHO 00JTb-
IIMM CEPBEPOM) yCTaHABIMBAETCs OOKC C AMCKaMU, KOHTPOJUIEP JUCKA 3aMellaeTcsl
RAID-koHTposiepoM, faHHbIe Konupytorcst Ha RAID-maccuB, a 3aTeM TpOU3BOASITCS
00bIuHbIe feiicTBUs MHBIMU clioBaMU, oriepallMoHHas cucteMa BocipuHuMaeT RAID
kak SLED, npu 3tom y RAID-maccuBa Bblllie TPOU3BOAUTEBHOCTh U HAJEXKHOCTh
ITockonbky SCSI-aucky 001ama0T BHICOKOM MPOM3BOAUTEIBHOCTBIO TIPU JOBOJIBLHO
HM3KOM 1IeHe, TIPU 3TOM OJMH KOHTPOJIJIEP MOXET YMPaBJsITh HECKOJbKUMU IVCKAMU
(mo 7 muckoB Ha 8-6uTtHBIX Mozaesix SCSI u 1o 15 Ha 16-OUTHBIX), TO €CTECTBEHHO,
yto 00bIIMHCTBO ycTpoiicTB RAID cocroutr uz RAID SCSI-koHTposiepa u 6okca
SCSI-auckoB, KOTOpbIE ONepallMOHHAsT CCTeMa BOCIIPUHUMAET KaK OIWH OOJIBIION AUCK
Takum obpa3zom, 4ToObI UcTIONIB30BaTh RAID-MaccuB, He TpeOyeTcsi HUKaKMX U3MEHe-
HUI{ B TPOrpaMMHOM O0€CTI€YeHUH, YTO OUYEHb BBITOHO JIJIsI MHOTUX CUCTEMHBIX alMU-
HUCTPATOPOB

Cucrembl RAID nMeloT HeCKOJIBKO TIpenMyIecTB Bo-mepBhIX, Kak MBI yKe cKa3a-
JIA, TIporpaMMHoe obecriedeHre BocripuHuMaeT RAID kak omyH 6osbinoit auck Bo-Bro-
poIx, TaHHbIe Ha Bcex RAID pacnpeneneHbl Mo IMCKaM TaKuM 00pa3oM, YTOOBI MOXKHO
OBLIO OCYIIECTBIISITD Mapalie/IbHbIe ornepa HecKoJIbKo pa3InmIHbIX ClIocO00B pac-
TpenesieHnsT TaHHBIX OB TIpemtoxkeHsl [1atrepcornom, 'moconoMm 1 Karcom Ceiiuac
oHu u3BecTHbl Kak RAID-maccuB HyneBoro ypoBHs, RAID-MaccuB repBoro ypoBHs
ut 1 1o RAID-maccuBa rsroro ypoBHst Kpome Toro, cyIecTByer ellie HeCKOJIbKO YPOB-
Heil, KOTophle MBI He OymeM oOcyxXmaTh TepMUH «ypOBeHb» HECKOJIBKO HEydayHBIN,
TOCKOJIBKY 37IeCh HET HUKAKOI MepapxXuiecKoii cTpykKTypel IIpocTo cyiecTByer 6 pas-
HBIX TUIIOB OpraHU3aI1H T1CKOB

RAID-maccuB HyseBOro ypoBHS TToka3aH Ha puc 2 18, a OH TipencTaBisieT coboi
BUPTYaJIbHBIN IUCK, pa3ldesicHHBI Ha MOJIOCHI, 30HBI (Strips) no k ceKTopoB Kaxmas,
Tpr 3ToM ceKTopbl ¢ 0 Mo K- 1 — mosoca 0, ceKTophl ¢ K 110 2K-1 — mosoca 1 T 1 s
K=1 Kaxzas mojoca — 3TO CEKTOp, I K=2 Kaxkas Iojioca — 3TO JBa CEKTOpa U T [T
RAID-MaccuB HyJ1€BOro YpOBHSI TTOCJIEA0BATEIBHO 3aIUCHIBAET TOJIOCHI MO KPYTY, Kak
nokazaHo Ha puc 2 18, a Ha stom pucynke n3oopaxked RAID-maccuB ¢ 4 nuckamMn
Takoe pacnpeze/ieHre JaHHBIX TT0 HECKOJIBKIM JAMCKAaM Ha3hIBaeTCS Pa3sMeTKOi (striping)



BcnomorarenbHaa namstb 95

Hampumep, ecii mporpaMmmHoe obecTiedeHre BEI3bIBACT KOMaH/IY TSI CAMTBIBAHMS OJ10Ka
JIAaHHBIX, COCTOSIIIIETO M3 YeThIpeX ITOC/ICAOBATEIbHBIX MOJIOCOK M HAYMHAIOIIErocsl Ha
TpaHulle MeXmy mojiockami, To RAID-koHTposutep pa3omBaeT 3Ty KOMaHAy Ha 4 OT-
JIebHbIE KOMaHIbI, KAXKIYIO IUISI OMHOTO M3 YEThIPEX JMCKOB, U BBIMOJHSIET UX Mapaj-
JIle;bHO. TakuM 00pa3oM, MBI TIOJTydaeM YCTPOMCTBO Mapajlie)IbHOTO BBOIA-BhIBOAA Oe3
M3MEHEHUs ITPOrpaMMHOI0 00eCIIeUeHYSI.

RAID-MaccuB HyJIeBOrO YpOBHS JIydllle BCEro paboTaeT ¢ OOMbIIMMU 3alipocaMM,
YyeM OoJIbIIIe 3arpoc, TeM jaydiile. Eci mogocok B 3arpoce 0osbliie, 4eM JuckKoB B RAID-
MacCHBe, TO HEKOTOPbIE AUCKH TOTyJaloT 0 HECKOJIBKO 3aIIPOCOB, M KaK TOJIBKO TaKOoit
JIMCK 3aBeplliacT BHITOJIHEHME TIEPBOro 3aIlpoca, OH IIPYCTYIIAeT K CIIeAyIoIeMy. 3aaa-
Yya KOHTPOJUIepa COCTOUT B TOM, YTOOBI pa3ieuTh 3aITpoC MOJDKHBIM 00pa3oM, MOoCIaTh
HY>KHbIE KOMaHJIbl COOTBETCTBYIOIIM AMCKaM B MPaBWIbLHOM MOCEIOBATEILHOCTH, a
3aTeM TIPaBWJIBHO 3amicaTh Pe3yJIbTaThl B MaMATh. [Ipon3BOANTEIBHOCTD TP TaKOM
MOIXOJIE OYEHb BBICOKAsI, U OCYIIIECTBUTh €T0 HECIOXHO.

RAID-maccuB HyJ1€BOTO YPOBHSI XyXK€ BCEr0 pabOTaeT ¢ ONepalMOHHBIMU CUCTE-
MaMH, KOTOpbI€ BpeMsI OT BPEMEHM 3aIlpallliBaioT JaHHbIE 110 OMHOMY CEKTOpY 3a pas.
B sTOM Cityyae pe3ynbTathl OymyT, KOHEYHO, TIPAaBIJIBHBEIMU, HO He OyJIeT HUKAKOTO T1a-
pajuieM3Ma U, cJieoBaTeIbHO, HUKAKOIO BHIMIPHIIIIA B IIPOM3BOAUTEIbHOCTU. dpyroi
HEIOCTaTOK TaKOW CTPYKTYPhI COCTOMT B TOM, YTO HAIEKHOCTb y Hee IMOTEHIIMAIBHO
Hike, yeM y SLED. Paccmorpum RAID-MaccuB, cocTosimii U3 YyeThipex JUCKOB, Ha
KaXIIOM M3 KOTOPBIX MOTYT ITPOUCXOMUTEL coor B cpenHeM Kaxkmbie 20 000 gacoB. Cooun
B TakoM RAID-maccuBe OyayT ciaydaThess mpuMepHO depe3 Kaxkablie 5000 yacoB, mpu
3TOM BCe TaHHBIE MOTYT OBITh yTepssHbl. ¥ SLED cbou mpoucxomsdT Takke B CpemaHeM
kaxanie 20 000 yacoB, HO TaK KaK 3TO OAWH IMCK, €ro HaAeXXHOCTh B 4 pa3a BBHIIIE.
TTOCKONBKY B OMMCAHHOM Pa3paboTKe HET HUKAKOM M30BITOUHOCTH, 3TO HE HACTOSIIMI
RAID-Maccus.

Crnenyromast pasHoBugHocTh — RAID-MaccuB nepBoro ypoBHsi. OH IMOKa3aH Ha
puc. 2.18, 6 1, B ormmume ot RAID-maccuBa HyleBOro ypoBHSI, SIBJISIETCSI HACTOSIIIIM
RAID-MaccuBoM’. OH DyOnupyeT Bce IUCKH, TAKUM 00pa3oM IoTydaeTcsl 4 M3Hauasb-
HBIX A1cKa 1 4 pe3epBHbIe Kormu. [Ipy 3amicu nHbopMaIyu Kaxaasi IoJjioca 3armchi-
BaeTcs ABaxknbl. I1py CUUTHIBAHMI MOXET UCITOIb30BaThCs IF00ask U3 IBYX KOIMUA, TIpU
3TOM OTHOBPEMEHHO MOXET IIPOMCXOIUTh 3arpy3Ka MH(MOpMaIIMK ¢ OOJIBIIETO KoJmde-
CTBa JUCKOB, yeM Y RAID-maccuBa HyneBoro ypoBHs1. ClieqoBaTe/IbHO, TIPOU3BOIUTEb-
HOCTb TP 3aITMCH OyZIeT TaKasl ke, KaK Y 0OBIMHOTO IMCKA, a TIPY CYUTHIBAHUY — TOPa3io
BBIIIE (MAKCMMYM B JiBa pa3a). OTKa30yCTOMYMBOCTD OTJIMYHASL: €CJIA IIPOMCXOIUT cOOit
Ha I1CKe, BMECTO HETO MCIIOJIb3yeTCsT KOIUsl. BoccTaHOBIEHNE COCTOUT TIPOCTO B yCTa-
HOBKE HOBOT'O AMCKa M KOIMPOBAaHUM BCeil MHGOPMALIMK C Pe3epBHOM KOIMHU Ha I1eTO.

B oTiume oT HyJIeBOTO M TIEPBOTO YPOBHEM, KOTOPBIE PA0OTAIOT C TTOJIOCAMU CEKTO-
poB, RAID-MaccuB BTOPOro ypoBHSI UMEET JIEJIO CO CJI0OBaMU, a MHOTIa Jaxe ¢ OaiiTaMu.
[TpencraBuM, 4TO KakIbIii OalT BUPTYaIbHOTO MMCKA pa30MBaeTCs Ha 1Ba Kycouka I1o
4 6uTa, 3aTeM K KaXKIOMY U3 HUX J00aBISIETCS KOO X3MMUHIA, M TAKMM 00pa3oM IoJTy-
JaeTcs CJIOBO U3 7 OUTOB, Y KOTOPOro 1,2 14 — OUTHI YeTHOCTH. 3aTeM IIPEICTaBUM, UTO
7 IUCKOB, N300paKeHHBIE Ha puC. 2.18, 6, ObUTM CUHXPOHU3UPOBAHBI 110 MO3ULIMU pPhlYa-

' Ha camoM zieJie HACTOAIMIA, HO HYNEBOrO YPOBHS. — [Ipumey. nayuu, peo.

’ Ha puc. 2.18, 6 uzo6paxer RAID yposus 0+1, a He 1-ro ypoBHA. —IIpumey. nayun.peo.
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ra ¥ mo3uiyy BpaieHus1. Toraa ObUTo ObI BO3MOXKHO 3aIlicaTh CIOBO U3 7 OMTOB ¢ KO-
oM X3MMUHTIA Ha 7 TUCKOB, TI0 1 OUTY Ha AUCK

ITonoGHast cxeMa MCIOB30BaJIaCh B TaK Ha3bIBaeMbIX JyMarolux MaimHax CM-2.
K 32-6utHOMY CTOBY C TAaHHBIMK TOGABIIIOCH 6 GUTOB YeTHOCTH (Kom XamMMmuHra). B pe-
3yJIbTaTe MoMyJasioch 38-OMTHOEe KOAMPOBAHHOE CJIOBO, K KOTOPOMY JA00aBISIICS AOTON-
HUTEJbHBINM OUT YETHOCTH, M 3TO CJIOBO 3aMMChIBAIOCH Ha 39 nyckoB. OOI111ast Mpor3Bo-
JUTEbHOCTH ObLIa OTPOMHOIM, TaK KaK OTHOBPEMEHHO MOIJIO 3alTUChIBaThCs 32 ceKTopa
JaHHbIx [Ipu yTpare omHOTo U3 IUCKOB MPO0JIEM TaKKe He BOZHUKAIO, IMTOCKOJIBKY TT0-
Tepsi OHOTO JUCKA O3HAYasIa MOTEPIO OJHOTO OMTa B KaXk0M 39-OMTHOM CJIOBE, a C 3TUM
Kol XaMMUHTA CTIPaBJISICS] MOMEHTAJILHO.

C npyroii CTOpOHbI, 3Ta cxeMa TpeOyeT, UTOObI Bee MMCKHU ObLTM CHUHXPOHU3UPOBAHBI
1o BpaieHuto Kpome Toro, oHa UMeeT CMBICIT, TOJIBKO €CJIM UMEETCS JOCTAaTOYHO 0OJTb-
I10e KOJIMYECTBO MUCKOB (Taxke TIPY HATMIMK 32 TVMCKOB IUTS MTAHHBIX M 6 TUCKOB IUTSI
OUTOB YETHOCTY HaKJIaJHBIE pacxoibl cocTaBisaoT 19 npoiieHToB). K ToMy ke TpedyeT-
cs Gosblliasi paboTa KOHTPOJUIEpa, MOCKOIbKY OH JODKEH BBIYMCIISATH KOHTPOJIbHYIO
CYyMMYy Kola X3MMMHIa KaXIbIi pa3 Npu Tepeaadye OuTa.

RAID-maccuB TpeTbero ypoBHsI TpeNCcTaBIsieT co0oi yIpolleHHy0 Bepcrio RAID-
MaccuBa BTOPOro ypoBHs1. OH u3o0paxkeH Ha puc. 2.18, 1. 3aech Uil KaXI0ro cjoBa 1aH-
HBIX BBIYMCIISIETCS | OMT YETHOCTH U 3amuchiBaeTcs Ha AUCK yeTHocT. Kak u B RAID-
MacCHBE BTOPOTO YPOBHSI, AUCKU JOJZKHBI ObITh TOUHO CUHXPOHU3MPOBAHBI, ITOCKOJIBKY
KaXX10€e CJIOBO JAHHBIX pacIipee/ieHO Ha HECKOJIbKO MVCKOB.

Ha nepBblIit B3IJ151] MOXKET 11OKa3aThCs, YTO ONUH OUT YETHOCTU TOJIBKO OOHAPYKM-
Ba€T, HO HE MCIIpaBJIsieT olMOKK. Eciu peub uaeT o ciaydaitHbIX HeOOHApY>KEeHHBIX OIIMO-
Kax, 3T0 HaOmoneHne BepHo OmHAKO ecM pedb MAET O cOoe Ha AUCKE, OMT YeTHOCTU
obecrieunBaeT UCIpaBieHue [-OUTHOM OIIMOKM, MOCKOJIBKY TMO3ULIMS HETpaBUILHOTO
6uTa u3BectHa. Ecim mpoucxomuT cOoif, KOHTPOJUIep BhITaeT MH(pOPMAIIIIO, YTO BCE
outel paBHbl 0 Ecimu B c10Be BO3HUKAET OIIMOKA YETHOCTH, OUT ¢ JMCKA, HA KOTOPOM
TIPOM30IIIe]T cOOM, MODKEeH OBITh 1, M cllenoBaTeIbHO, OH UcIpaBisieTcs. XoTs RAID-
MacCHBBI BTOPOTO U TPETHETO YPOBHEW 00eCIIeurBalOT OUYeHb BHICOKYIO CKOPOCTh Tepe-
Jlayd JaHHBIX, YMCJIO 3alPOCOB YCTPOMCTB BBOMA-BbIBOAA B CEKYHAY HE OOJIbIle, YyeM
NP HAJIMYMU OJHOTO JTUCKA.

RAID-MaccuaBbl 4eTBEPTOTO U TISITOTO YPOBHEH OMSITh PabOTaIOT C MOJIocaMu, a He
CO CJIOBaMM ¢ OMTaMM YeTHOCTH, U He TpeOyIoT CUHXpoHU3aIuu AMckoB RAID-maccuB
YeTBepTOro ypoBHs (cM. puc. 2.18, d) ycTpoeH Tak xke, Kak RAID-maccuB Hys1ieBoro ypoB-
Hsl, C TeM pasiuuueM, uto y RAID-MaccrBa 4eTBepTOro ypoBHSI UIMEETCS JOTIOTHUTE b~
HBII TMCK, HA KOTOPbIi 3alTMCBIBAIOTCS TIOJIOCHl YeTHOCTU Hampumep, mycTb Kaxmaast
oJioca COCTOUT U3 K 6aiiToB Bce mosiochl JOKHbBI HAXOAWUTHCS] B OTHOIIEHUM <HACKITIO-
yatoriero MJIW», u nonoca 4eTHOCTH TSI TIPOBEPKM 3TOT0 OTHOLLEHUS TaKXkKe J0JIKHA
COCTOSITh 13 K 0aiiToB Eciu nmpoucxoaut cOoii Ha IMCKe, yTpadyeHHbIE OaliThl MOT'YT ObIThH
BBbIUMCJIEHBI 32aHOBO TTPU UCIIOIb30BaHUY MH(pOPMAIIMK C TMCKA YETHOCTU

Takast pa3paboTKa TIpemoXpaHseT OT MOTepb Ha IVUCKe, HO 00NlamaeT O4YeHbh HU3KOM
TTPOM3BOAMTEIHLHOCTBIO B CTydae HeOONBIMX MCTIpaBieHuit. Ecim m3aMensteTcs 1 cek-
TOp, HEOOXOIMMO CUMTHIBATh MH(GOPMALIMIO CO BCEX AMCKOB, IJIST TOTO YTOOBI OITSITH BHI-
YUCIITh YeTHOCTh, KOTOPast MOJKHA OBITh 3aIliicaHa 3aHOBO BMeCTO 3TOTro MOXHO CUM-
TaTh C OUCKa TpeXHHUE TaHHbIe W MPEXKHIO YeTHOCTh M M3 HUX BBIYUCIUTL HOBYIO
YeTHOCcTh. Ho maxe ¢ Takoif onTrMm3aIiveii mpoliecca Mpyu HATMIUY HeOOJBIINX NCTpaB-
JIeHUH TpeOyeTCsT TTPOM3BECTH Ba CYNTHIBAHMS 1 IBE 3aITHCH.
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Takue TpynHOCTH TpyY 3arpy3ke Ha JUCK YETHOCTU MOTYT ObITb MPENSITCTBUEM Bbl-
COKOM MTPOU3BOAUTENIBHOCTU. DTa npobiieMa ycrpansiercsi B RAID-maccuse msitoro ypos-
HS$l, B KOTOPOM OMTbI YETHOCTHU PACIIPEAEISIIOTCS PABHOMEPHO 1O BCEM IMCKAM U 3aru-
CBIBAIOTCS MO KPYTY, Kak IoKa3aHo Ha puc. 2.18, e. OmHako B ciydae cOosl Ha AUCKe
BOCCTaHOBUTH COJIEP>KaHKME YTPAUEHHOTO AXCKA TOCTATOUHO CJIOXKHO, XOTSI U BO3MOXHO.

KomMnakT-gmnckm

B nocnenHue ronpl MOMUMO MAarHUTHBIX TUCKOB CTAIW JOCTYIHbBI ONTUYECKUE TUCKMU.
Onu 06/1a1a10T GOJIEE BBICOKO# TUTOTHOCTBIO 3aMCH, YeM OOBIMHBIC MATHUTHBIE IUCKH .
OnTuyeckue AUCKU U3HAYaIbHO WCIOb30BAIMCH IS 3allUCU TEIEBU3MOHHBIX MPO-
rpaMM, HO T03Xe OHU CTAIM MCIOb30BATLCS KaK CPEACTBA XpaHEeHUs] UH(MOPMAaLIU B
KOMITbIOTEpPHOI TexHuKe. M3-3a MOTeHIIUaNbHO OrPOMHOI €eMKOCTH ONTUYECKME TUCKU
CTali TMPEeMETOM MHOTMX MCCJIEJOBaHUI, U WX YCOBEPIIIEHCTBOBAHUE MPOUCXOIUIO
JIOBOJIBHO OBICTPO.

IlepBbie onTrUecKUe TUCKU ObLTM U300pETeHbI TOJUTaHACKOM Kopropanuein Philips
J1s1 xpaHeHust kKuHodwibMoB. OHU nMenu 30 cM B AUAMETPE, BBITyCKAIUCH IO, Map-
koii LaserVision, HO HuraEe, KpoMme ATOHNM, HE TIOJIb30BATUCH TTOMYJISIPHOCTHIO.

B 1980 romy xopmopartus Philips BMecTe ¢ Sony paspatdorana CD (Compact Disc —
KOMITaKT-MCK), KOTOPbIi OBICTPO BbITECHI BUHUJIOBbIE TUCKU, UCTIONb30BaBIIMECS 1151
My3bIKAJTbHBIX 3aIUCEN.

OnucaHue TeXHUYECKUX JeTajlell KOMIAKT-IKUCKa ObUIO OIyOJIMKOBAaHO B OUILIM-
anmpHOM MexayHapoqHoMm Crtanmapte (IS 10149), kotopslii yacto Ha3biBatoT KpacHoii
KHUTOi (110 11BeTy o0sioxkku). MexayHapoaHbele CtaHaapThl U3natoTess MexayHapo-
Hoit Opranuzanveit CTaHmapTu3aluu, KoTopast IpeAcTaBysieT COOO aHaIoT TaKUX Ha-
LIMOHATbHBIX TpyT cTaHaapTusaiuu, kak ANSI, DIN u T. u. ¥ kaxmoii Takoii rpymiibl
ectb cBoit IS-HOoMep (International Standard — MexxayHaponHbiii CTaHaapT). Mexmy-
HapomHbiii CTaHAAPT TEXHUYECKUX XapAKTEPUCTUK JUCKA ObLT OMYyOJIMKOBAH IS TOTO,
YTOOBI KOMMAKT-AUCKH OT Pa3HbIX My3bIKATbHBIX U3AATENICH U MPOUTPHIBATENN OT Pa3-
HBIX ITIPOM3BOAUTEIEI CTaI COBMECTUMbIMU. Bce KOMMAaKT-AMCKU JOJKHBI ObITh 120 MM
B IMamMeTpe U 1,2 MM B TOJIILIMHY, a AMAMETP OTBEPCTUS B CEPENMHE NOKEH COCTaBIISITh
15 MM. Aynro-KOMITaKT-TUCKA ObLTU MEPBbIM CPEACTBOM XpaHEeHUsI UM poBoii HHGOP-
Malluu, KOTOPOe BBILILIO Ha MaCcCOBBIM PHIHOK MOTpedsieHusl. [Ipeanonaraercs, 4YTo oHU
OyIyT UCIONBb30BaThCsl Ha MpOTskeHuu cra Jiet. [loxanyiicta, cpaBaute B 2080 romy
paboTy camoli rocjeaHel pa3paboTKK U TIepBOli MapTUX KOMITaKT-IUCKOB.

KoMmnakT-a1ck U3rotaBaMBaeTcsl C UCIMOAb30BaHKEM OYeHb MOIIIHOTO UH(Mpakpac-
HOTO Jia3epa, KOTOPbIi BbDKUTAET OTBEPCTUS auameTpoM 0,8 MMKPOH B CrielIMabHOM
CTEKJISTHHOM KOHTPOJIbBHOM AUCKe. [10 3ToMy KOHTPOJIbHOMY AUCKY Jie1aeTcs IabIoH ¢
BBICTYIIaMU B T€X MECTax, IJe Ja3ep Mpoxer oTBepcTusi. B 11ab10H BBOAUTCS XKUIKas
cMona (ToauKapOboHar), ¥ TAKUM 00pa3oM MOTy4aeTcsl KOMITaKT-IUCK C TEM e Habo-
POM OTBEPCTHIA, UYTO U B CTEKJISTHHOM AucKe. Ha cMoiy HaHOCUTCSI 04eHb TOHKUA CJIOM
aJIIOMMHUSI, KOTOPBIN B CBOIO Oo4epe/b MOKPHIBAETCSl 3allIUTHBIM JIakoM. Tlocie atoro
HAKJIEUBAETCS 3TUKETKA. YTIyOJIeHYSI B HYDKHEM CJIO€ CMOJTbI B @HTJIMIICKOM SI3bIKE Ha-
3bIBAIOTCS] TEPMUHOM <«BNAAMHA» (pit), a POBHBIE MPOCTPAHCTBA MEXIY BMaAMHAMU
Ha3bIBAIOTCS TEPMUHOM «IUTolanka»- (land).

! Dro yrBepxkaeHue ommb04Ho. — Ilpumeu. nay4u, peo.
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Bo BpeMst Bocripon3BeAeHNS JIa3epHbBIN JUOJ HEOOIBIIION MOIITHOCTH CBETUT MHGpa-
KpPacHBIM CBETOM C JUTUHOM BOJIHBI 0,78 MMKPOH Ha CMEHSIIOIIVECS BIIAAWHbBI U TUIOIA-
ku Jlazep HAXOAMTCS HA TOW CTOPOHE MMCKA, TJE CJOM CMOJIbI, TTO3IOMY BITaIWHBI TSI
Jlazepa OKa3bIBAIOTCS BBICTYIIAMM Ha POBHOM MOBEPXHOCTUM TakK Kak BMagWHBI UMEIOT
BBICOTY B YETBEPTh JUIMHBI BOJIHBI CBETA Jia3epa, JTMHA BOJTHBI CBETa, OTPAXKEHHOTO OT
BITAJIMHbI, COCTABJISIET MOJIOBUHY JJIMHBI BOJHBI CBETA, OTPAXKEHHOTO OT OKpYXXarollei
BBICTYTT POBHOI TTOBEPXHOCTU B pesysbrare, eciivi CBET OTpaXaeTcs OT BhICTyMa, (hoTo-
JIETEKTOP TTPOUTPBIBATENIS MOTyYaeT MEHbIIIE CBETa, YeM MpY OTPaXKeHUM OT TIOIIAIKN
NmeHHO TakiuM 00pa3oM TTPOUTphIBaTeTb OTJIMYAET BIAJUHY OT TUTOIIAAKA XOTs, Ka3a-
JIOCh OBI, MPOIILIE BCEr0 UCMOb30BaTh BNAAWHY 1151 3anuc (), a MIolaaKy st 3anucu 1,
OoJiee HaIEXXHO WMCITOIB30BaTh MEPEXO. BIAAMHA/TIIONMIAAKA WU TUTOIIANKa,/BIIaaMHA
st 1 u ero orcyrctBue st 0

BriaquHb! 1 TUTOIIAIKY 3aTMCHIBAIOTCS TI0 CMIMpai 3arich HAYMHAETCST HA HEKOTO-
POM PacCcTOSTHUM OT OTBEPCTHS B LIEHTPE AKCKa M MPOJABUTAETCS K Kpato, 3aHUMast 32 MM
mucka Crimpaiib npoxomuT 22 188 060poToB BOKpYT aucka (mpumepHo 600 Ha 1 MM)
Ecnu ee pactipssmMuThb, ee mivMHa coctaBuT 5,6 KM Crmpalib n3obpaxkeHa Ha puc 2 19

BuHTOBas kaHaBka

BnagmHa

Mnowapnka

Bnok nonb3oBaTenbckmx
OaHHbIX 06bemom 2 K6

Puc. 2.19. CTpykTypa 3anucu KoMmnakT-amcka

YtoObl My3bIKa 3By4ajla HOPMaJIbHO, BIOAIWHBI U TUIOIIANKM JOJDKHBI CMEHSTBCS C
TTOCTOSTHHOM JIMHE#tHO# cKopocThio CiemoBaTeIbHO, CKOPOCTh BpAIlleHUsT KOMITAKT-
JIACKa TOJDKHA TTOCTEIICHHO CHIKATBCS IT0 Mepe MPOIBIDKEHMS CUMTHIBAIOIIEH TOJIOBKI
OT IICHTpa AMCKa K BHeIIHeMY Kpato Korma rojloBka HaXoauTcst Ha BHYTPeHHEH CTopo-
He JUCKa, CKOPOCTh BpallleHUs1 cocTaBisieT 530 000pOTOB B MUHYTY, YTOObI JOCTUYb
xkemmaemoit ckopoctu 120 cm/c Korma rofoBka HaXOOUTCST HA BHEITHEH CTOPOHE IICKA,
CKOpocTh BpaleHus nagaet 10 200 000poTOB B MUHYTY, YTOObI OOECIIEUUTh TAKYIO XK€
JIMHEITHYIO CKOPOCTh JIVICK ¢ TTOCTOSTHHOM JIMHEIHOM CKOPOCTHIO OTIIMYAETCS OT MATrHUT-
HOTO IMCKa, KOTOPKIil paboTaeT ¢ IOCTOSTHHOM YIJIOBOI CKOPOCThIO, HE3aBUCHUMO OT TOTO,
e HaXOOUTCS TOJIOBKA B HACTOSIIINIT MOMEHT KpoMe Toro, CKopocTh BpalleHUST KOM-
nakT-aucka (530 060poTOB B MUHYTY) OYeHb CUJIBHO OTJIMYAETCsI OT CKOPOCTH Bpallle-
HMSI MATHUTHBIX TUCKOB, KOTOpast coctapisieT ot 3600 1o 7200 0GopOTOB B MUHYTY
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B 1984 romy Philips u Sony Hayanu McHoab30BaTh KOMITAKT-AUCKHU IJISI XpaHEHUS
KOMIIbIOTEPHBIX JaHHBIX. OHU OITy0/11MKOBaIU 2KeITyI0 KHUTY, B KOTOPOI OIpeae/IIn
TOYHBII cTaHaapT Toro, yto oHu Ha3pain CD-ROM (Compact Disc - Read Only
Memory — KOMIAKT-IUCK — IIOCTOSAHHOE 3alI0MHHAIOLIEE YCTPOCTBO). YTOOHI BIUTh-
cs B IIIMPOKO Pa3BepHYBIIMIACS K TOMY BPEMEHU PHIHOK ayI1O-KOMITAKT-IUCKOB, KOM-
MbIOTEPHbIE KOMITAKT-AMCKH JOJDKHBI ObLIM ObITh TAKOTO XK€ pa3Mepa, Kak aylIuo-IUCKu,
MEXaHU4YECKU ¥ ONITUYECKN COBMECTUMBIMU C HUMU M TTIPOU3BOIUTHCS IO TOM K€ TEXHO-
noruu. BeaeacTBue Takoro pelieHus: ImoTpedoBaCh MOTOPhI, padOTaolIe ¢ HU3KOM
CKOPOCTBIO M CITOCOOHBIE MEHATH CKOPOCTh. CTOMMOCTB ITPOM3BOICTBA OTHOTO KOMITAKT-
JIMCKa COCTaBJIslIa B CpeHeM MeHblie 1 gosutapa.

B 2KenToit kHure orpeneneHo ¢opMaTHpOBaHNE KOMITBIOTEpHBIX JaHHBIX. B Heit
TaKKe OIMMCAaHbI YCOBEPIICHCTBOBAHHBIE ITPUEMBI MCTIPABIICHUS OIITMOOK, UTO SIBJISICTCSI
CYIIIECTBEHHBIM IIarOM, TTIOCKOJIBKY KOMITBIOTEPIINKHY, B OTIIMYKE OT JIIOOUTEIICH MY3bIKH,
MPUIAIOT OYE€Hb OOJIbIIIOE 3HAaYeHYE OIIMOKaM B OuTax. PazMeTka KoMmakT-aucKa COCTO-
WT B KOAMPOBAHMU KaxXI0ro Oaiita 14-6uTHBIM cuMBosioM. Kak MbI Bujenu Beiile, 14 6u-
TOB JIOCTATOYHO J151 TOTO, YTOOBI 3aKOAUPOBATh KOJOM X3MMUHTa 8-OMTHBINA OaiiT, mpu
3TOM OCTaHEeTCS JBa JUIIHKX OuTta. Ha camoMm nene ucrnosb3yercst 0osiee MOILIHAsI CHUC-
memarxoouposku. Ilepeeodus 16-6umrmoii e §-6ummyio cucmemy 04st CHUMbIEAHUSL UH -

dopmayuunpou3co0uUmMcaannapamHubiMo0ecne1eHueMcnoMOoULbIONOUCKO0BLIXMADAUY,.

Ha crenyromem ypoBHe 42 mocienoBaTebHbIX CMMBOJa (OpMUPYIOT bpeiiM 13
588 owroB. Kaxmerii dpeitm comepxkut 192 Ourta maHHBIX (24 Oaiita). OcraBiInecs
396 GUTOB UCITOIBL3YIOTCS JJIST UICIIPABJICHMS OIIMOOK 1 KOHTPOJISL. Y ayano- M KOMITbIO-
TEPHBIX KOMITAKT-IMCKOB 3Ta CUCTeMa OMMHAKOBA.

Y KOMIIbIOTEPHBIX KOMIAKT-IMCKOB Kaxble 98 ¢hpeitMOB IrpyNnmumpyroTcsl B CEKTOp,
Kak moka3aHo Ha puc. 2.20. Kaxaplii ceKTop HaYMHAaeTCsI ¢ peaMOyJTbl 13 16 6aitToB,
nepsble 12 uz kotopbix- OOFFFFFFFFFFFFFFFFFFFFOOQ (B mectHaniiaTepuyHoi
CHUCTEME), YTO JaeT BO3MOXHOCTb IMPOUTPHIBATEIIO OINpeAesisiTh Hayaao cektopa. Cie-
Jyroiue 3 6aiita comep:KaT HOMEpP CeKTopa, KOTOPbIi HEOOXOAUM, IMOCKOJIbKY MOMCK Ha
KOMIIaKT-AMCKe, Ha KOTOPOM JaHHBIE 3aIMCcaHbl 110 CITUPAaJIv, TOpa3ao CIIOXHee, YeM Ha
MarHUTHOM JMCKe, TJie TaHHbIE 3aMcaHbl Ha KOHLIEHTPUIECKUX TOPOXKKax. YToObI HAUTH
onpenesieHHbIN CEKTOp, MPOrpaMMHOE 00ecIieyeHIE TIOACUUTHIBACT, Kyla IPUOIN3UTEITb-
HO HYXXHO HalIpaBJISIThCS; Ty/la IIOMEIAeTCsl CYMTHIBAIOIIAS TOJIOBKA, a 3aTeM HauyMHa-
€TCsl TIOMCK TIpeaMOYJIbl, YTOObI YCTAHOBUTh, HACKOJIBKO BepeH ObLT rmomacyeT. [locen-
HU OaiiT mpeaMOyJIbl onpenessieT TUIT AUCKa.

CvIMBOJbI MO
OO .. cpeHa 146VITOBK3>KD.b|l7|

42 cumBona dopmMupyioT dperim ®peimbl no 588 6uTos,
KaXAabli N3 HUX
CORSpAUT
FIEDDDD'::‘ Heoboeos 24 GaiTa gaHHbIX
Mpeambyna 98 dpperimoB dopmupyloT 1 cekTop
I
Kope CekTop 1-ro Tvna
[aHHble ncnpasneHnemM (2352 6aitta)
owmnbok
Balitbl 16 2048 288

Puc. 2.20. Cxema pacnonoXeHns JaHHbIX HA KOMMaKT-AnNCKe
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XKenras kaura onpeznessier 2 TUIIA IUCKOB. TuIl 1 UCIONIB3yeT pacioioXKeHHe TaH-
HBIX, IIOKa3aHHoe Ha puc 2 20, e mpeamOyia cocTaBisieT 16 6aiiToB, qaHHBIe — 2048
0aiiToOB, a KOI C UCIIpaBjeHreM oMooK — 228 GaitToB (kon Puma—Comomona) Tur 2
00BEAVHSET JaHHBIE Y KObI C UCIIPABICHUEM OIIMOOK B MOJIe JaHHBIX Ha 2336 GaiiToB.
Takast cxeMa IpUMEHSIETCSI Tl MPWJIOXKEHWI, KOTOphIe He HYXXIAI0TCsI B MCITPaBICHUN
OILIMOOK (MJIM, TOUHEE, KOTOPhIE HE MOIYT BBIICIUTL BpeMsl IJIsI 3TOTO), HAIIPUMED ayaro
u Bunmeo OTMeTHM, UTO JJIsT 00ECTIeYeHMSI BBICOKOM CTEIIEHU HAIEXKHOCTY MCTIOJIB3YIOTCS
TPU CXeMBI UCITpaBJIeHMsI OIIMOOK B IIpeesiax CUMBOJIA, B IIpeAesiax (ppeiiMa 1 B Ipejie-
nax cektopa OmaMHOYHBIE OIIMOKKY B OMTaX MCITPABIISIOTCS Ha CAMOM HIDKHEM YPOBHE,
MaKeThl OIIMOOK — Ha YPOBHE (PpeiiMOB, a BCE OCTATOYHbIE OIIIMOKY — Ha YPOBHE CEK-
TopoB Jly1s1 obecrieyeHnsT TaKo HaIeXXHOCTH HeobxomuMo 98 ¢peiiMoB 110 588 6uToB
(7203 Gaiira), yroObl MoaaepxuBaTh 2048 GalTOB TMoNIe3HON Harpy3ku Takum oOpazoM,
3¢ dHEKTUBHOCTH COCTABIISIET Beero 28%

OIHOCKOPOCTHbBIE YCTPOMCTBA Ul YTCHUSI KOMIIAKT-AMCKOB CUUTHLIBAIOT 75 CEKTO-
POB/C, 4TO 0bGecIeurBaeT CKOPOCTh Tiepeaaun JaHHbIX 153 600 Gaiit/c ipu AUCKe mep-
Boro tuma M 175 200 6aut/c npu AUCKe BTOPOro TWIa JIBYXCKOPOCTHBIE YCTPOIICTBA
paboTaloT B ABa pa3a ObICTpee M T I , 10 CaMOi BBICOKOI cKopocTh CTaHaapTHBII
ayIMO-KOMIIAKT-IUCK PacIiojaracT eMKOCTBIO 11 74 MMHYT MY3BIKU, YTO COOTBET-
ctByer 681 984 000 GaiiToB D10 uKcsI0 paBHO 650 M6aiiT, Tak Kak 1 M6aiit=2" GaiiToB
(1 048 576 6aiir), a e 1 000 000 GaiitoB

OTMeTuM, 4TO Aaxke YCTPOMCTBO AJIS YTEHUSI KOMIAKT-AMCKOB CO CKOPOCTBIO, 000-
3Hayaemon kak 32x (4 915 200 GaiiT/c), He CPaBHUMO C OBICTPHIM MarHUTHBIM JUCKOM
SCSI-2 (10 M6aiiT/c), HECMOTpS Ha TO, YTO MHOTHUE YCTPONCTBA ISl YTEHUST KOMITAKT-
JICKOB ncnob3yioT nHTepdeiic SCSI (kpome Toro, mpumensieTcst uaTepdeiic EIDE).
Korna BbI TOHMMaeTe, 4TO BpeMsl IIOMCKA COCTaB/IsIeT HECKOJIbKO COTEH MWLIMCEKYHI,
CTAHOBUTCS SICHO, YTO YCTPOMCTBA IIJIsI YTEHUSI KOMITAKT-AUCKOB I10 IIPOU3BOIUTETb-
HOCTU CWJIBHO YCTYITalOT MArHUTHBIM JUCKAM, XOTS €MKOCTh KOMITAKT-AMCKOB ropasio
BbILIE'.

B 1986 rony xopniopanust Philips ory6inkoBaia 3ejieHyio KHury, 100aBUB rpadu-
KY 1 BO3MOXXHOCTb ITOMEILATh ayA1O-, BUACO- Y OOBIYHBIC JaHHbBIC B OMHOM CEKTOPE, YTO
OBUTIO HEOOXOMMMO JIJISI MYTBTUMEANIHHBIX KOMITAKT-ICKOB

IMocnenusist mpobaema, KOTOpYIo Hy»KHO ObLIIO pa3pellnTh IpY pa3pad0TKe KOMITaKT-
JIMCKOB, — COBMECTUMOCTb (haiijIoBOI ccTeMbl UTOOBI MOXXHO OBLIO HCITO/IB30BaTh OMUH
M TOT K€ KOMIIAKT-AUCK Ha Pa3HBIX KOMIIbIOTEpPAX, HEOOXOIMMO ObLIO COIJIAIIEHUE I10
noBony (paitIoBOi CUCTEMBbI KOMIIAKT-AUCKOB YTOOBI BBHIMYCTUTH TAKOE COLJIAILICHUE,
MPENCTaBUTEIIM Pa3HBIX KOMITBIOTEPHBIX KOMITAHMIT BCTPETUIMCH Ha o3epe Taxo B Xaii-
Chreppa3s (the High Sierras) Ha rpanniie Kanudopuuu u HeBamwl u paspadotanu daii-
JIOBYIO cucTeMy, kotopyto oHu HazBaiu High Sierra Ilosmnee ata cucrema mpeBpartu-
nack B MexnyHaponsbiii Cranmapt (IS 9660) CyiiecTByeT Tpy YPOBHSI 3TOTO CTaHIapTa
Ha nepBoM ypoBHe momycTMbl MMeHa (aiiyioB 10 8 CUMBOJIOB, 3a UMeHeM (paiiia Mo-
KET CJIeIOBaTh PacIlIMPEHME 10 TPEX CUMBOJIOB (COoIVIallieHue 1JIsI HauMeHOBaHUs (paii-
70B B MS-DOS) MmeHa aitnioB MOTyT conepkarhb TOJIBKO IMPONMCHBIE OYKBBI, ITU(PHI
Y CUMBOJI IOAYepKMBaHUs JIMpeKTOprY MOTYT BKJIAAbIBAThCS OQHA B IPYIYIO, IpUYEM

' EMKOCTb KOMMAKT-IUCKOB Ha JBa MOPANKA HUXE EMKOCTH COBPEMEHHBIX MAarHUTHBIX NUCKOB — [lpumey
HayuH peo
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JIOIyCKaeTcsl He OoJiee 8 mepapXxuveckux cryreHeid. MiMeHa qupekTopuii MOTryT He CO-
JepXKaTh paciimpeHus. Ha mepBoM ypoBHe TpeOyeTcst, YTOObI Bee (haitibl ObLITA CMEX-
HbIMHU, YTO HE TMPEACTABISIET OCOObIX TPYAHOCTEN B CIyyae C HOCUTEJIEM, Ha KOTOPbI
MHMOpMaIs 3aNMChIBAETCST TOJABKO OaMH pa3. JIo0oii KOMITaKT-AUCK, KOTOPBIA CO-
otBeTcTBYeT MexnyHapogHomy Cranpapty IS 9660 mepBoro ypoBHS, MOXET OBITb
MPOYMTAH C MCIoJib3oBaHUeM cucteMbl MS-DOS, komrbiotepoB Apple, Unix u npak-
TUYECKH JIIOOOTo Apyroro Komibiotepa. [Ipon3BoauTe i KOMIAKT-AUCKOB CUMTAIOT 3TO
CBOICTBO OOJIBIIIUM ILTIOCOM.

Bropoit ypoBenb MexayHapomHoro Cranmapta IS 9660 moryckaeT nMeHa ¢aiiios
1o 32 CMMBOJIOB, a Ha TPETbEM YPOBHE JOITyCKAETCSl HECMEXHOEe pacrojioxkeHue (aii-
noB. Pacumpennst Rock Ridge (Ha3BaHHBIE TaK IPUYYUIMBO B YeCTh ropona B (puIbMe
Jxuna Yainnepa «[ opsiiye cemias) TOMyCKaOT OYeHb IIMHHBIE MMeHa (aiiyioB (1S
Unix), UID, GID u cuMBoIm4eckue cBsI31, HO KOMITAKT-IUCKM, HE COOTBETCTBYIOIINE
MEPBOMY YPOBHIO, He OYyIyT UMTAThCSl Ha BCEX KOMITbIOTEpaxX

KomnakT-aucKku cTajau odeHb TMOIYJISIPHBI IS pacpOCTPaHEHUsT KOMITbIOTEPHBIX
UTP, XyIOXECTBEHHBIX (DUJIBMOB, SHIIMKJIOMNEIUIA, aT/IaCOB 1 Pa3IMYHOIO poa CripaBoy-
HUKOB. B HacTosIIee BpeMsl Ha KOMITAKT-IMCKaX BBITYCKAETCS OOJbIIAs YaCTh KOMMED-
YecKoro IporpaMMHoOro obecriedeHuss. CodetaHue OONBIION BMECTUMOCTH M HU3KOM
LIEHBI JIeJ1aeT KOMIAKT-IMCKU TOIXOAIIIMMU IJIsI OECUMCICHHOTO MHOXECTBA TPUJIo-
>KEHUH.

CD-R

BHauane obopynoBaHue, HEOOXOAMMOE TSl U3TOTOBJIEHUST KOHTPOJIbHBIX KOMITAKT-1C-
KOB (KaK aymuo-, TaK ¥ KOMIIBIOTEPHbIX), ObUIO O04YeHb moporuM Ho, Kak 310 0OBIYHO
TIPOUCXOIUT B KOMITHIOTEPHOM MTPOMBIIIEHHOCTH, HIYETO HE OCTAeTCsl JOPOTUM JI0JIToe
Bpemst. K cepenune 90-x TomoB 3aImychIBaIONIVE YCTPOMCTBA ISl KOMIIAKT-IVCKOB pa3-
MEpOM He OOJIbIIIe TIPOUTPHIBATENIS CTAIM OOBIMHBIMUA M OOILEAOCTYITHBIMM, X MOXHO
OBUIO TIPMOOPECTH B JIOOOM MarasvHe KOMITBIOTEPHOI TEXHUKU. DTH YCTPOMCTBa BCE
elIe OTJINYAIUCh OT MAarHUTHBIX IV CKOB, MIOCKOJIbKY MH(OPMALIUIO, 3aITMCAHHYIO OMHAX-
IIbl Ha KOMITAKT-IHCK, YK€ HeJlb3sl ObUIO CTepeTh. TeM He MeHee OHM OBICTPO HAIILIA
chepy npuMeHeHUsI B Ka4eCTBE IOIMOJIHUTEIbHBIX HocuTe el nHhOopMallil, a OCHOB-
HBIMU HOCUTEJISIMM TIPOIOJIKAJIN CITYKUTh 3KeCTKIE TUCK. KpoMe Toro, oTaebHbIe Tulia
1 HauMHAOIIIMEe KOMITAaHUY MOTJIM BBIMYCKAaTh CBOM COOCTBEHHbBIE KOMITAKT-IUCKU He-
OONBIIMMY HAPTUSIMU YJIM ITPOU3BOIUTH KOHTPOJIBHBIE TMCKHU 1 OTIIPABIISITh MX Ha KPYII-
HbIe KOMMEpPYECKHE IMPEATPUSITHS, 3aHUMAIOIIMECS] M3TrOTOBJIeHEM Konuii. Takue quc-
ku HaspiBaloTcst CD-R (CD-Recordable).

CD-R npou3BoauTCsl Ha OCHOBE MOJIMKAPOOHATHBIX 3arOTOBOK. Takue e 3aroToB-
KU1 UCIIOJIB3YIOTCS TIPU TIPOM3BOICTBE KOMITAKT-AMcKOoB OmHako nucku CD-R ormmya-
IOTCST OT KOMITaKT-IUCKOB TeM, uto CD-R comep:kar kaHaBKy mmprHO# 0,6 MM, 9TOOBI
HampapJsATh Jiazep Ipu 3anvcu KaHaBka MMeeT cuHycounanabHoe oTKiIoHeHue 0,3 MM
Ha JacTtoTe poBHO 22,05 Kl 1y1si obecriedeHus TOCTOSIHHOM OOpaTHOM CBSI3U, YTOOBI
MOKHO OBLTIO TOYHO OIPENeSIUTh CKOPOCTh BpaIlleHUsI U B CJTyyae HEOOXOIMMOCTH OTpe-
ryaupoBath ee. CD-R BBIIIIUT KaK OOBIMHBIN AMCK, TOJIBKO OH HE CepeOpUCTOro, a 30-
JIOTUCTOT'O 1IB€Ta, TaK KakK JUISI U3TOTOBJEHUS OTPaXKAIOIIIETO CJIOSI BMECTO aJTIOMMHUS
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HCIIONB3YETCsl HACTOSIIIEe 30J10T0. B oTimume OT OOBIYHBIX KOMITAKT-IUCKOB ¢ (pu3u-
yeckumu yrayoneHusmu, CD-R MomenmpyioTcs ¢ moMOIIbI0 M3MEHEHUST OTpaKaTesIb-
HOI1 CITOCOOHOCTH BIAAWH U IUIOIIANoK JlJist 3TOro Mexmy clioeM IojiMKapOoHaTa 1 OT-
pakalolyM CJIOEM 30JI0Ta TOMEIAeTCs CIOM KpacuTessl, Kak IoKazaHo Ha puc 2.21.
Hcnonb3yercs ABa BuIa KpacuTele: IMaHUH 3eJIeHOro BeTa U NTaJOLMAHUH XEITO-
BaTO-OpPaHXXEBOIO IIBeTAa. XMMUKH MOIYT CIIOPUTH 10 OECKOHEUHOCTH, KaKON M3 HMX
JIydie. DT KPaCUTEIIA CXOOHBI C TEMU KPacUTEISIMK, KOTOPBIE UCIOIb3YIOTCS B (hOTO-
rpa¢um, 1 nMmeHHo 1mostomy Kodak m Fuji sBisioTcsl TmaBHBIMU TTPOU3BOAVTESIMUT
nuckoB CD-R.

Ha HavanbHOI cTaguy CJI0M KpacuTelis IIpo3padeH, YTO JaeT BO3MOXHOCTb CBETY
Jlazepa IpOXOIUTh CKBO3b HETO M OTpaXkaThCs OT ciiost 3omota. [lpu 3amvcu nHbopmMa-
LIMM MOILHOCTh Jia3epa yBeauunBaeTcs 10 8-16 mBr. Korma ayd gocturaer kpacurens,
KpacuTeJIb HarpeBaeTCsl, M B pe3yJIbTaTe pa3pyllaeTcs XMMUUYecKas: CBs3b. Takoe u3Me-
HEHME MOJICKY/ISIPHOII CTPYKTYpPBI CO3IaeT TeMHoe IATHO. Ilpu dreHMM (KOorga MOII-
HoCTb J1azepa coctapisieT 0,5 MBT) oTomeTekTop ynaBmmBaeT pa3HUIY MEXKIY TeMHBI-
MU ISITHAMM, IJIe KpaCUTEIb ObLT IOBPEXICH, 1 IPO3pauyHbIMU 00JIACTSIMU, TIe KPacUTE b
HE TPOHYT. DTO pPa3INyre BOCIPUHMMAETCS KaK pa3IMine MEXIy BIaaAMHAMM U TIOIIA -
KaMU Jaxe Mpy YTEHUM Ha OOBIMHOM YCTPOMCTBE IJISI CUMTHIBAHMSI KOMIIAKT-IMCKOB
WIM Ha aynuo-TIPOUTPhIBaTeIe.

Hwu omyH HOBBIN BUI KOMITAKT-IMCKOB HE 00XOMWICS Oe3 ITyOIMKaliy IapaMeTpoB
B KHUTE onpeaecHHoro HBeTa. B cirydae ¢ CD-R 310 6bU1a OpanzKeBast KHMIa, BBILIICT-
masg B 1989 romy. Dror mokymeHT ompexaeiser nuck CD-R, a Takke HOBBI (hopMar,
CD-ROM XA, koTopblii TI03BOJISIET 3anUChiBaTh MH(popMaimio Ha CD-R nocreneHHo:
HECKOJIBKO CEKTOPOB CETOMIHSI, HECKOJIBKO CEKTOPOB 3aBTPa, HECKOJIBKO CEKTOPOB Yepe3
Mecsll. ['pyrina nmocaeaoBaTe/IbHBIX CEKTOPOB, 3aiChIBaeMbIX 3a 1 pa3, Ha3bIBaeTCs 10-
POKKOM KOMIIAKT-IMCKA.

OTukeTka
I
1 3almMTHbIV cnow naka TeMHoe NsTHO
OTpaxkaloLLmii CNIoM N0300Thl
1 [ 1 Cnon Kpacutens 1 — B Cnoe kpacurens,
BbIXXMraeMoe nasepom
12Mm B MpoLecce 3anucu

Monvkap6oHat Mopnoxka

- ,Hanpasnenue
LBUXEHNS <J>~—— JIuH3a

[

1l
doTtopeTekTop ——Hj—'— Mpuama

HéL i MHbpakpacHbIn
[i nasepHbIn anog,

Puc. 2.21. MonepeyHoe ceveHne aucka CD-R n nasepa (Macwtab He cobntopaetcs). OOblYHbIN
KOMMaKT-AUCK UMEET CXOOHYIO CTPYKTYPY, HO Y HErO OTCYTCTBYET CJI0M KpaCUTENS M BMECTO CJI0S
3010Ta MCNONbL3YETCS COM aniOMUHKSA C BblEMKaMu
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OnHum 13 niepBbix npuMmeHeHUit CD-R 6b11 (hoTo-koMmakT-nuck ¢upmbl Kodak.
IIpu Takoii cucTeMe KIMEHT IMIPMHOCUT KCITOHMPOBAHHYIO TUIEHKY 1 CTapblii (hOTO-KOM-
MAKT-AKCK B MPOSIBOYHYIO MAIIMHY U ITOJIyYaeT CBOM CTaphlil KOMITAKT-AMCK, Ha KOTOPBIIA
TIOCJIE CTapbIX CHUMKOB 3alMcaHbl HOBble. HOBBII TakeT JaHHBIX, TOJYYEeHHBINA B pe-
3yJIbTaTe CKAaHUPOBAHMSI HETaTUBOB, 3aIlIMCHIBACTCS Ha KOMITAKT-IUCK B BUAE OTHCIIb-
HOM TOopoXKH. Takoii crroco0 3armicy HeoOXOIMM, TTOCKOJIBKY 3aroToBKM 1rckoB CD-R
CJIMIIIKOM JIOPOT'O CTOSIT, TIO3TOMY 3aIMChIBaTh KAXKIyI0 HOBYIO IUICHKY Ha HOBBIIA AUCK
HEBBITOTHO.

OnHako ¢ NoSIBJIeHMEM TaKOro TUIIA 3aIl1CY BO3HUKIIA HOBas pobiema. o mosisiie-
HUst OpaHXeBOU KHUTH Y BceX KOMITaKT-ITrcKOB 0bLT efHBIN VIOC (Volume Table of
Contents — ornasienue aucka). [1pu Takoii cucteMe 103anvchbiBaTh AMCK ObLIO HEBO3-
MOXHO. PerreHreM qaHHOM TIpo0IEMBbI CTaJIO TIPEIIOXKEHME AaBaTh TS KasKIOM JOPOKKI
KoMmakT-arcka otaeabHblii VIOC. B crmcok daiinoB VIOC MoryT BKIIOYaThCsl BCE
(haiiTbl M3 TIPEOBIAYIIMX TOPOXKEK MM HeKoTophie 13 HuX. [1ocie Toro kak nuck CD-R
BCTaBJICH B CYMTHIBAIOIIIEE YCTPOMCTBO, OIepallMOHHAs CHCTeMa HAYMHAET UCKaTh Cpe-
v mopoxek camblii ocaeqHuii VIOC, KOTOphIii BBIIAET TEKYIIee COCTOSIHUE TMCKa.
Ecmu B tekynmit VIOC BKIIOUUTH TOJIBKO HEKOTOPBIE, a HE Bce (DAMIIBI U3 TIPEAbIITY-
X JOPOXKEK, MOXET CO3MaThCsl BIeUaT/ieHWe, 9To (haiiibl ObLIM yaaneHbl. Jopoxkku
MOXHO TPYIIMPOBATh B cecCuM. B 3TOM ciiydae Mbl TOBOPUM O MHOTOCECCHOHHBIX KOM-
makT-nyuckax. CTaHmapTHBIE ayIio-IIPOUTPBIBATEIM HE MOTYT pabOTaTh ¢ MHOTOCEKITH-
OHHBIMU KOMIIAKT-AMCKAMM, IIOCKOJIbKY OHM oxuaioT enuHblii VIOC B Havate aucka.

Kaxmast nopoxkka Ho/DKHA 3alMChIBaThCs HEMPEPHIBHO 0e3 ocTaHOBOK. [loaToMy
JKECTKUI IUCK, OT KOTOPOTrO IOCTYIAIOT JaHHBIE, JOJDKEH paboTaTh JOCTATOYHO OBICT-
PO, YTOOBI BOBPEMsI MX TOCTaBIATh. Ecim ¢aiibl, KOTopble HYXKHO CKOIIMPOBATh, pPac-
IOJIOXKEHBI B pa3HBIX YaCTSIX KECTKOIO AMCKA, IJIUTEIBHOE BPeMsI MOMCKA MOXET I10-
CIIY>KWTB IIPUIMHOM OCTAHOBKM TTOTOKA NaHHBIX Ha CD-R m, cienoBarebHO, TPUYMHOMN
HeJo0opa JaHHbIX Oydepa. B pesynbrate Henobopa AaHHBIX Oydepa y Bac MOABUTCH
3aMeuatesibHas oJecTsias (mpapaa, HEMHOTO TOoporasi) TOACTaBKa 1JIsl CTAKaHOB U Oy-
ThUTOK. [Iporpammuoe obecrieueHrie CD-R o0bMHO TpeiaraeT mapameTp coopa Bcex
HeoOXoauMbIX (haiiIoB B BUIE 0JI0Ka MOCIeNOBaTeIbHBIX JaHHBIX. TO €CThb 10 Tiepenayn
daitnos Ha CD-R co3maerca komust KoMmnakT-aucka B 650 MGaiir. OqHako 3TOT Mmpo-
Liecc OOBIYHO yBaMBaeT BpeMsl 3alliucH, TpebyeT Hamuus 650 MGaiiT cBOOGOIHOrO Iuc-
KOBOI'O MPOCTPAHCTBA M HE 3allMILACT OT TOrO, YTO XKECTKME AUCKM HAYMHAIOT COBEP-
1IaTh peKaJIMOPOBKY B CJIydae Ieperpena.

C nosieinenreM CD-R y oTaenbHBIX JIUILL 1 KOMIOAHWHA MOSIBUJIACh BO3MOXKHOCTD 0€3
Tpy/a KONMUPOBaTh KOMITBIOTEPHbBIE U MY3bIKATbHbIE KOMITAKT-IUCKHU, YTO YACTO MPOUC-
XOIIUT C HapyllleHWeM aBTOPCKUX MpaB. BbLIM MpuaymaHbl pa3Hble CpencTBa, MpersT-
CTBYIOIIME MMPOU3BOACTBY MUPATCKOW MPOAYKIIMN W 3aTPYAHSIIONIME YTEHUE KOMIAKT-
JIUCKOB C TIOMOIIIBIO TPOrPaMMHOTO 00eCTIeYeHUsI, Pa3padOTAaHHOTO HE MPOU3BOAUTEIIEM
JaHHoro nucka. OuH U3 TaKUX CIOCOO0B — 3aMMCh Ha KOMMAKT-AUCK MHGOPMALIUKY O
TOM, YTO JITMHA BceX (haiiJIoB COCTABIISIET HECKOJBKO TUradailT. BTo MPEemnsITCTBYET KO-
MUPOBaHUIO (PaitioB Ha XXECTKUIA TUCK C UCIIOJIIb30BAHWMEM OOBIYHOTO MPOrpaMMHOIO
obecrnieueHus1. Hacrosiiue pasmepsl (aiiioB BKIIOYAIOTCST B TIPOrpaMMHOe obecrieye-
HUE MTPOU3BOJAUTENS JAHHOTO KOMIAKT-AUCKA WU TIPSUYTCs rae-HUOYIb Ha KOMIaKT-
IMCKe (4acTo B 3aiiudpoBaHHOM Buae). Ilpu apyrom momxone B U30paHHBIE CEKTOPHI
BCTaBJISIIOTCS 3aBEIOMO HETpaBWJIbHbIE KOJbI C MCIIpaBieHueM oinbok. ITporpamMmm-
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HOe obecrieueHre, NpuiaracMoe K JaHHOMY KOMIIAKT-IHCKY, 3a(bUKCUPYET 3TU OLINO-
KU1, a 00BIYHOE TIPOrPaMMHOE 00ECIICUeHIE TIPOBEPUT 3TH KOIBI C UCITPABIICHUEM OIIIH-
00K U He OyneT paboTaTth, €C/IM OHU 3aBeIOMO MpaBWIbHbBIE. KpoMe Toro, BO3MOXKHO HC-
TIOJTb30BaHME HECTAHIAPTHBIX IIPOMEXKYTKOB MEXKIY JOPOXKKAMU W APYTUX (PU3NMIECKIX
«1eeKTOB».

CD-RW

XOTS JTIOOW U TIPUBBIKIIM K TAKMM HOCUTEJISIM MH(MOPMAIIK, KOTOPhIE HETb3sI Tiepe3a-
MMCBIBATh (TAKMMM HOCUTEIISIMU SIBJISIIOTCSI, HAIIpUMep, Oymara Wiv (DOTOILICHKA), BCe
PaBHO CYIIIECTBYET CIIPOC Ha ITepe3anchbiBaeMble KOMITAKT-IUCKK. B HacTosiiee Bpems
nosiBuiack TexHosiorust CD-RW (CD-Rewritable — nepesamichiBaeMblii KOMIIAKT-
macK). [Ipy 3TOM Mcmonb3yeTcsi HOCUTENb TaKOTo ke pa3mepa, Kak 1 CD-R. Omgnako
BMECTO KpacuTeJis (LlMaHMHA WY NTajlolaHrHa) npu rpousBoactse CD-RW ucnosib-
3yeTcsI CIUIaB cepedpa, MHAMS, CYPbMBI U TeJUTypa JUTS 3aITMChIBAIOIIETO CJI0s. DTOT CILJIaB
HMMECT JIBA COCTOSIHMSL: KPUCTAJUIMYECKOe U aMOp(HOE, KOTOphIe 00JIaNaloT pa3Hoil OT-
paXxarebHOM CITOCOOHOCTHIO.

YcrpoticTBa wis 3a1cy KOMITAKT-IMCKOB CHAOXKEHBI JIa3€POM C TPeMsT BApUaHTaMM
mourHocTy. Ilpu camoii BBICOKOIM MOIIHOCTH JIa3ep PacIUIaBJIsIeT CIUIaB, IIEPEBOAS €ro
13 KPUCTAIUTNIECKOTO COCTOSTHUSI C BEICOKOM OTpaXkaTeIbHOM CITOCOOHOCTHIO B aMop(d-
HOE COCTOSIHME C HU3KOM OTpakKaTeIbHOI CIIOCOOHOCTHIO, TaK MOIydaeTcst BoaaguHa. [1pu
CpemHeil MOIITHOCTH CITIaB PacIUIaB/ISIETCSI M BO3BPAIIAETCsl OOpaTHO B €CTECTBEHHOE
KPUCTAJUIMYECKOE COCTOSIHME, TIPM 3TOM BIAAWHA IpeBpalllacTCsl CHOBA B IUIOLIANKY.
[Tpr HM3KOI MOIITHOCTH JIa3ep OMpEAEsIsIeT COCTOSTHUE MaTepuasa (IS CUUTHIBAHMS
MHMOpMaLIMK), HUKAKOTO Iepexoa COCTOSIHUI IIPY 3TOM He IIPOMCXO/IMT.

CD-RW ne 3amenmnmu CD-R, mockombKy 3arotoBku auckoB CD-RW ropasno mo-
poxe 3arotoBok CD-R. Kpome Toro, mjisi mpuioxXeHul, Moanep:KuBaloIrx XKeCcTKIe
JIMCKM, OOJIBIIINM TUTIOCOM SIBJIsieTCST TOT (pakT, uro ¢ CD-R Henw3s ciyyaitHO cTepeThb
UHGOPMaLIUIO.

DVD

OcHOBHOI1 (hbopMaT KOMITaKT-AUCKOB Mcnoib3oBaics ¢ 1980 roma. C Tex mop TeXHOI0-
MY TIPOABUHYJIMCH BIIepel, II03TOMY ONTHYECKHE TUCKU C BHICOKOI €MKOCTBIO ceitdac
BIIOJIHE JOCTYITHBI MO LIEHE W MOJIb3YIOTCSA OOJBIIMM CIPOCOM. [OJUIMBYHI C pamoCThbIO
3aMeHIT OBl aHAJIOTOBBIE BUIEO3aIIMCH Ha LIM(POBBIE TUCKU, ITOCKOJIBKY OHU JIYYIIIE IT0
KauyeCTBY, UX ACILEBJIe IPOM3BOAUTh, OHU JOJIbIIE CIyKaT, 3aHMMAlOT MEeHbIIIe MeCTa Ha
IIOJIKE B Mara3uHe U UX He HY>KHO epeMaThiBaTh. KoMITaHMM, BBIITyCKAIOLINE ObITOBYIO
TEXHUKY, 3aHUMAIOTCSI TIOMCKAMM HOBOIO MAacCOBOIO MPOAYKTa, a MHOTME KOMITbIOTEP-
HbIe KOMITAHMM XOTSIT JOOABUTh K CBOEMY IIPOrpaMMHOMY OOECIIEYEHMIO MYJIETUMEINA.

Takoe pa3BUTHE TEXHOJIOTHUI U CIIPOCA HA MPOLYKIIMIO TPEX YPEe3BBIYAHO OOraThIx
M MOIIHBIX MHAYCTPMH MNPUBEIO K MosBicHuio DVD (M3HayaabHO COKpallleHHE OT
Digital Video Disk — midpoBoii Buneomuck, a ceituac opurimanbHo Digital Versatile
Disk — mmudpoBoii yanBepcaibhbiii auck). Jluicku DVD B 11iesioM moxoxxu Ha KOM-
nakT-gucku. Kak v oObIluHbIE KOMITAKT-AUCKU, OHU MMetoT 120 MM B TuaMeTpe, co3aa-
I0TCsI Ha OCHOBE MOJIMKapOOHAaTa U coIepKaT BIaIHbI 1 IUIOLIANKM, KOTOPhIE OCBEIla-



106 maga 2. OpraHn3aums KOMMbIOTEPHbLIX CUCTEM

JOTCSI JIA3epHBIM TMOJIOM M CUUTHIBAIOTCS (poTomeTekTopoM. OmHAKO CYIIECTBYET He-
CKOJIBKO Pa3JINYUIA:

1. Bmamuns! MeHbiiero pasmepa (0,4 MukpoHa Bmecto (0,8 MUKpOHa, KaK y OOBIYHO-
TO KOMITAKT-IACKA).

2. bonee motHas cimpais (0,74 MUKpOHa MEXTy JOPOKKAMI BMECTO 1,6 MUKpOHa).
3. KpacHblii 1asep (¢ minHoi BoiHbI 0,65 MukpoHa BMecTo 0,78 MUKpOHA).

B cOBOKYITHOCTHM 3T YCOBEPILICHCTBOBAHUS Il CEMUKPATHOE YBEJIMYCHUE M-
Koctu (1o 4,7 I'éaiit). CuutbiBaroliiee ycTporictso ;ist DVD 1x pabotaer co cKo-
pocthio 14 M0aiit/c (CKOpPOCTh PabOThl CUMTHIBAIOILIETO YCTPOICTBA JJISI KOM-
HakT-aucKoB cocTapisieT 150 Koaiit/c). K HecuacThlo, U3-3a nepexona K KpaCHOMY
Jazepy norpedoBanmck DVD-TpourpbiBaTeu ¢ AByMsI Jla3epaMK WJIA CO CIOXK-
HOI ONTUYECKOI CUCTEMOI, YTOOBI MOXKHO OBUIO YMTATh CYILIECTBYIOLINE MYy3bI-
KaJIbHbIE M KOMITBIOTEpHBIE KOMMNAKT-IUCKU. TakuM oo6pa3zoM, He Bce DVD-npo-
WUTPHIBATEIM MOTYT pabOTaTh CO CTapbIMU KOMITAKT-AucKamMu. Kpome Toro, He
Bceraa BO3MOXKHO cuuThiBaHue 11ckoB CD-R 1 CD-RW.

Hoctatouno mm 4,7 I'6aiit? MoxeT 6b1Th. Ecnmu mcronb3oBaTth cxkatne MPEG-2
(cranpapt IS 13346), DVD-auck oobeMom 4,7 I'GaiiT MOXET BMECTUTh ITOJIHOIKPAH-
HyIO BUIIE03aIiCh Ha 133 MUHYTHI C BBICOKOH pa3periaoiieii crrocooHocThio (720x480)
BMECTe C O3BYYMBaHMEM Ha 8 sI3bIKax U cyoTUTpaMu Ha 32 mpyrux si3bikax. OKoJo
92% dunbMoB, cHATHIX B [oyuuBye, MO UIMTEILHOCTH MeHbile 133 munHyT. Tem He
MeHee IJI1 HEKOTOPBIX TPIJIOKCHUI (HAIIpUMep, UTP MYJIBTUMEINA WIM CIIPABOYHBIX
W3IaHUI) MOXKET TIOHATOONTRCS 00JIbIIIe MecTa, a ['o/mByn Mor OBl 3aITMCEIBAaTh 110 He-
CKOJIBKO (prTEMOB Ha onvH auck. [Toatomy 6b110 paspadortaHo 4 hopmara:

1. OmHocTopoHHUE ogHOCONMHBIE (4,7 T'0aiiT).
2. OpHocropoHHMe ABycioiHbIe (8,5 '0aitT).
3. JIBycTopoHHUE onHocoiHbIe (9,4 T'6aitT).
4. JIBycTopoHHMe ABycioiHble (17 I'0aifT).

3aueM Tak MHOro ¢popmaToB? Eciiv roBOpUTH KOPOTKO, OCHOBHAsI MPUYMHA — YOeXK-
neHust kommnanuii. Philips u Sony cunTtaiy, 4To Hy>KHO BBIITyCKATh OTHOCTOPOHHUE IUC-
KM ¢ IBOMHBIM cioeM, a Toshiba u Time Warner xoTean Npou3BOAWUTH IBYCTOPOHHUE
JUCKU ¢ ogHUM ciioeM. Philips 1 Sony nymanu, 4To moKyrarteju He 3aXOTSIT nepeBopa-
YyuMBaTh TMCKU, a KoMnaHus Time Warner 1onarajia, 4To €Cjid ITOMECTUTD IBa CJI0sI Ha
OIIHY CTOPOHY AMCKa, OH He OyneT pabotaTh. KoMIpoMuccHoe pellieHue — BbIITyCKaTh
BCE BapUaHThI, a PHIHOK YK€ caM OIpeleIUT, KaKOi 13 BApUAaHTOB BbIKUBET.

I1pu aByCIOMHONM TEXHOJIOTMU HAa HVDKHUIA OTPaXKAIOIIWI CJIONM MOMEIaeTcs ToIy-
oTpaxaroluyii cjioii. B 3aBrUcMMOCTU OT Toro, Iie (hOKyCUpYyeTcs Jia3ep, OH OTpaXkaeTcst
JIMOO OT OHOTO CJI08, JIMOO OT Apyroro. YToObl 06ecneunTh Hane>KHOE CUMThIBAHUE WH-
¢dopMaLy, BIaIUHbI U TUIOIIAAKM HYKHETO CJIOS TODKHBI ObITh HEMHOTO OO0JIbIIIe TT0
pa3Mmepy, ITO3TOMY €ro eMKOCTh HEMHOI'O MEHbIIIe, YeM Y BEPXHETO CJIO0S.

JIBYCTOpOHHUE OVICKM CO3AIOTCS ITyTeM CKJIEMBAHMS ABYX OMHOCTOPOHHMX IMCKOB
1o 0,6 MM. YToGbI TOJIIMHA BCeX BEpCHii Oblila OMMHAKOBOM, OMHOCTOPOHHUIA AUCK TOJ-
muHoM 0,6 MM TTPUKJIEUMBAETCST K MYCTOM MOMIOXKKe (BO3MOXKHO, B OymyIlleM 3Ta MO~
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JIOXKKa OyzmeT comepkaTh 133 MMHYTBHI peKjiaMbl, B HaleX/e, 4TO ITOKYIaTeIM 3anHTe-
pecyroTcst, uyTo TaM Ha HeM). CTpyKTypa ABYCTOPOHHETO JIMCKa C TBOMHBIM CJIOEM ITOKa-
3aHa Ha puc. 2.22.

Monukap6GoHaTHas nognoxka 1 MonyoTpaxaloLumii
><

OQHOCTOPOHHWIA ANCK cnown

ToNWMHOM 0,6 MM

L UL AomMunmessii

\ N \\ Knenkuii cnom \ oTpaxarens

Iy T W Y T W W W e W

oTpaxartesb

OAHOCTOPOHHMUIA ANCK

TonwmHoi 0,6 mMm S N N W B W W W i U W W W B

MonyoTpaxatoLmi
MonukapboHaTHas noanoxka 2 yoTp L

cnon

Puc. 2.22. 1ByCTOPOHHWUI anck DVD ¢ ABOMHBIM CIOEM

DVD 6bu1 pa3zpabotaH Kopnopauueii, cocrosieil 13 10 KoMmaHuii o IIPOr3BOI-
CTBY OBITOBOI TEXHUKHU, CEMb 13 KOTOPBIX ObLIM SITOHCKMMMU, B TECHOM COTPYIHUYECTBE
C IIaBHBIMU cTyausiMu [o/uiByna (SIMOHCKKWE KOMITAHUM SIBJISUTUCH BaJeabliaMu He-
KOTOPBIX M3 3TUX CTyAuii). Hu KoMIIbioTepHasi, HU TeJIeKOMMYHUKALIMOHHAST TIPO-
MBIIIIJIEHHOCTh He ObUTM BOBJIEUEHBI B pa3pabOTKy, U B pe3yjibTaTe yrop ObUT ceaH Ha
ucroyib3oBanue DVD 11 BugeorpokatoB u pacripoaax Ilepeurciimm HEKOTOpbIe CTaH-
JapTHble ocobeHHOCcTM DVD: BO3MOXHOCTb UCKJIFOYATh HEMPUCTOMHBIE CLICHBI U3 (PHJTb-
Ma (4TOOBI pOAUTENM MOIIM NpeBpaath puabM Tna NC17' B puibM, KOTOpbIA MOX-
HO CMOTPETh IETSIM ), ILIECTUKAHAIbHBIN 3BYK, MOMAEPKKA IS TepeMaciiTabupoBaHMsl.
IMocnennsst ocodeHHOCTH TTo3BoJIsieT DVD-npourpeiBatestio pemiaTh, Kak oope3aTh Ipa-
BbIil 1 JIEBBI Kpait (GUILMOB (Y KOTOPBIX COOTHOIIEHWE IUPUHBI U BBICOTHI 3:2) Tak,
YTOOBI OHU MOIXOIMIIM K COBPEMEHHBIM TeJieBu30opaM (¢ hopmaToMm 4:3).

Eie omHa 0oco6eHHOCTB, KOTOpasi, BEpOsITHO, HUKOTIA He MpUIILIa Obl B FOJIOBY pa3-
paboTYMKaM KOMIIBIOTEPHBIX TEXHOJIOTMI, — HaMepeHHas HECOBMECTUMOCTb IMCKOB JIJIST
CoemuHeHHbIX 1IITaTOB M IJI1 €BPOMEMCKUX CTpaH M APYrMe CTaHAapThl IS APYTrUX
KOHTHMHEHTOB. ['OJIIMBY/ BBEJ TaKyIO CUCTEMY, TIOTOMY YTO HOBbIE (DMJIbMBI BCETIa CHa-
Yajia BbITycKaroTcs Ha akpaHbl B CoenrHeHHBIX IIITaTax ¥ TOJMBKO MOCHe MOSIBICHUS
BUIEOKACCET OTIpaBisitoTcsl B EBpolty. D10 nmenaercs Uisl TOro, yToObl eBporeiicKue
Mara3vHbl BUICOMPOAYKIIMM HE MOIJIM IMOKYIaTh BUAEO3AIMCH B AMEpPUKE CIUILIKOM
paHo (BCJIEACTBHUE 3TOIO MOT COKPAaTUThCsI 00heM MpoAaxX HOBbIX (puiibMoB B EBporie).
Ecimu 6b1 T'omuBy cTOSIT BO IIaBe KOMITBIOTEPHOM MPOMBIIIJIEHHOCTH, TO B AMeprKe
ObUIM OBI IVICKETHI 3,5 moliMa, a B EBporie — 9 cm.

ITockonbKky DVD-aucky noab3yroTcsl OOJbIION HOMY/ISIPHOCTBIO, BO3MOXHO, YTO
B ckopoM BpeMeHu aucku DVD-R (Ha KoTopbix BO3MOXKHa 3aluch MHGOPMaILU) 1
DVD-RW (Ha K0oTOpbIX BO3MOXHA Iepe3arich MHGOPMAaIK) CTaHYT IPOIYKTaMI Mac-
coBoro motpedsieHusi. OnmHako ycriex DVD He rapaHTuMpoBaH, ITOCKOJBKY KaOeabHbIe
KOMITAaHUU TITAHUPYIOT TOCTaBIATh (PUIIbMbI HECKOJIBKO IPYTMM CIIOCOOOM — TI0 Kabe-
o, 1 6oprda yxkKe Hayajach.

! NC17 — dunbMbl, comepKaline CLIeHHl CeKca ¥ HACHIMS M He TIpeHa3HAYeHHbIE 1715 TIPOCMOTPa1eThbMU. —
IIpumeu. nepes.
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NMpouecc BBoOaa-BbIBOAA

Kax MbI ckazany B Hauasie 3Toi IJIaBbl, KOMIIbIOTEPHAS CUCTeMa COCTOUT U3 TPEX OCHOB-
HBIX KOMITOHEHTOB: LIEHTPAJIBHOTO Ipolieccopa, MaMsITh (OCHOBHOI M BCIIOMOTaTe b-
HOW) M YCTPONCTB BBOAA-BbIBOJA (ITPUHTEPOB, CKAHEPOB U MOJEMOB). J10 CUX MOp MbI
paccMaTpMBalIv LIEHTpaIbHBIE TIPOLIECCOPHI U IMTaMSITh. Terepb Mbl 3aiiMeMCsl U3ydeHH-
€M YCTPOICTB BBO/IA-BbIBOIA 1 TEM, KAK OHU CBS3BIBAIOTCS C OCTATbHBIMU KOMIIOHEHTA-
MU CHUCTEMBI.

LLunHbI

BosbIIMHCTBO MepcoOHaATbHBIX KOMITBIOTEPOB U pabOUYMX CTAaHLIUNM UMEIOT (PU3HUYECKYIO
CTPYKTYpY, CXOIHYIO C TOM, KOTopasl n3o0paxkeHa Ha puc. 2.23. OOBIYHOE YCTPOMCTBO
MPEeACTABIIIET COO0M MeTa/UTMYECKMIA KOPITYC C OOJIBIIOI MHTErpaIbHOM CXeMOIi Ha JHE,
KOTOpAasi HA3bIBACTCS MATEPUHCKOI TUTaTON. MaTeprHCKas TiaTta COOepKUT MUKPOCXE-
My TIpOLIECCOpa, HECKOIBKO pa3beMoB it Momyneid DIMM u paznnyHble MUKPOCXEMBI
nonaepxkku OHa TakKe COAEPXKUT LIMHY, TTPOTSHYTYIO BAOJb Hee, U HECKOJIbKO pazbe-
MOB [IJ151 TOACOEAUHEHWS TIIaT YCTPOMCTB BBOMA-BhIBOAA. MHOTIa MOXET OBITh IBE IIMHBI
OITHA C BBICOKOW CKOPOCTBIO TIEpEeNauyl MAHHBIX (JJISI COBPEMEHHBIX TUIAT YCTPOMCTB
BBOZIa-BbIBO/IA), a APYTasl C HU3KOW CKOPOCTHIO TIEPENavyn MAHHBIX (711 CTAPbIX TLUIAT
YCTPOKICTB BBOIA-BbIBOIA).

KoHTtponnep SCSI
3ByKOBasikapTa

o000
Mogem ~—__ -0 0B B ”
oo oo
1
oo a
| S——
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/ Kopnyc nevaTtHow nnatbl

Kpaeow pazbem

Puc. 2.23. ®dusnyeckas CTpykTypa nepcoHasbHOro Komnbslotepa

Jlornueckasi cTpyKTypa 0OBIMHOIO TIEPCOHAIbHOTO KOMITHIOTEpA ITOKa3aHa Ha puc. 2.24.
YV naHHOTO KOMIIbIOTepa MMEETCsl OHA IIUHA ISl COENMHEHUS LIEHTPAJIbHOIO TTPOLIeC-
copa, TTaMsITU M YCTPOICTB BBOJA-BbIBO/IA, OMHAKO OOJIBIIMHCTBO CUCTEM COMEPKAT JIBE
u 6osee mmH Kaxmoe ycTpoiicTBO BBOIA-BbIBOAA COCTOUT U3 IBYX YaCTEi: OHA U3 HUX
COMEPKUT OOJIBIIYIO YaCTh DJIEKTPOHMKM U HA3bIBAETCSl KOHTPOJLIEPOM, a JApyras Ipem-
CTaBJIsIET COOOI caMO YCTPOMCTBO BBOAA-BBIBOAA, Hampumep AucKoBoid. KoHTposuiep
OOBIYHO CONEPXKUTCS Ha I1J1aTe, KOTOopast BTIKAETCSl B CBOOOIHBIN pazbeM. M ckimoueHne
MPEACTABIISTIOT KOHTPOJUIEPHI, SIBJISIIOIIMECS 00s13aTeIbHBIMM (HaIpuMep, KJIaBuaTypa),
KOTOpBIE MHOIIA PACIIOJIaraloTCsl Ha MaTepMHCKOM Tu1ate. XOTs JUCILIel (MOHUTOP) U He
SIBJISIETCS (haKy/IbTaTUBHBIM YCTPOMCTBOM, COOTBETCTBYIOIINIA KOHTPOJUIEP MHOIIA pac-
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roJjaraeTcsl Ha BCTPOCHHOM IuIaTe, YTOOBI I10JIB30BaTe/Ib MOT T10 KEJIaHUIO BBIOMpPaTh
IIaTHI ¢ TpaMYECKUMU YCKOPUTEIISIMU VI 03 HUX, YCTaHABIMBATD JIOIIOJTHUTEIEHYIO
MamsTh U T. . KoHTposiep CBSI3bIBaeTCS ¢ CaMUM YCTPOMCTBOM KadesieM, KOTOPbIi MO~
COCMUHSIETCS K pa3beMy Ha 3aHell CTOPOHE KOpITyca.

MotwTop KoHTponnep KoHTponnep
rmékoro XEeCTKOro
Knasnatypa ancka aucka

| (emssewm\ (o) | g

LeHTpanbHeii | | KoHTponnep KoHTponnep KOHTGpO””ep Kg(';ﬁ?(g’:gp
npoLieccop aMATBL | pyneonsobpaxeHusi| | knasuaTypel rvokoro
ovcka avcka
LluHa

Puc. 2.24. Jlornyeckas CTpykTypa 06bIMHOr0 NEPCOHAILHOrO KOMIMbLIOTEPA

KoHTposutep ympasisieT CBOMM yCTPOMCTBOM BBOIA-BBIBOAA M PETYJIMPYET TOCTYIT K
1IMHe 151 3Toro. Hampumep, ecim rporpaMMa 3aripalliiBaeT JaHHbIe C AMCKA, OHA I10-
CbLJTa€T KOMaHIy KOHTPOJIJIepY AMCKa, KOTOPbI 3aTeM OTMpaBIseT KOMaH/Ibl TTOMCKa U
Jpyrve KoMaHabl Ha quck. [locie HaXoXIeHUs] COOTBETCTBYIONIEH JOPOKKU 1 CEKTOpa
JIMCK HauMHaeT TepenaBaTb KOHTPOJUIEPY NaHHbIe B BUIE TIOTOKAa OUTOB. 3ajavya KOH-
TpoJIIepa COCTOUT B TOM, YTOOBI pa30UTh MOTOK OMTOB Ha KyCKU U 3aIIMCHIBATh KAXKIbI
TaKOM KYCOK B ITAMSITh 110 Mepe MX HakoIuieHUs . OTOeIbHBIN KyCOK OOBIMHO TPEICTaB-
JIsseT co0Oi OTHO UJTM HECKOJIBLKO ¢JI0B. Eciii KOHTpoJIIep CUUTHIBAET JaHHBIE 13 TTaMsi-
TU WIM 3aMMCHIBAET MX B IIaMATh 03 yJacTHs LIEHTPAJIbHOTO IPOIIECCcopa, TO TOBOPSIT,
YTO OCYILLIECTBIIsICTCS npsivoii ocTyn K namsrmi ( Direct Memory Access, COKpalieHHO
DMA). Korma nepenada qaHHBIX 3aKaHUYMBAETCsI, KOHTPOJLIED BBHI3bIBACT NpepbIBAHHE,
BBIHYK/as1 LIEHTPAJIbHBINA TIPOLIECCOP MPUOCTAHOBUThL PAOOTY TEKYILEH MporpaMMbl U
HayaTh BBIMOJHEHUE OCO00I Mpolemyphl. DTa Ipoleaypa Ha3bIBAeTCS MPOrpaMMoi
00pa0OTKH NpepbIBaHMs 1 HY>XKHA, YTOObI IIPOBEPUTH OLLIMOKM, TIPOU3BECTH HEOOXOM M-
Mble JEHCTBUS B CIydae MX OOHApy:KEHUsI M COOOIIMTH ONEPallMOHHOM CHUCTEME, YTO
Trpoliecc BBOAA-BbIBO/A 3aBepiiieH. Korma mporpamMma o0pabOTKM MpepbiBaHMS 3aBEp-
IIIeHa, TIPOLIECCOP BO30OHOBIISIET paboTy IMporpaMMBbl, KOTOpasi ObLIa MPHMOCTAHOBICHA
B MOMEHT MIPEPLIBAHUS.

LIuHa ucronb3yeTcs: He TOJbKO KOHTPOJUIEpaMU BBOA-BBIBO/IA, HO U TIPOLIECCOPOM
IUTS Tiepenadr KOMaHI M MTaHHBIX. A 9TO TIPOMCXOIUT, €CITM TIPOIIeCCOp M KOHTPOJIIEP
BBOJIa-BbIBOJIA XOTSIT TOJyYUTh JOCTYI K IIIMHE OHOBpeMeHHO? B 3TOM ciyyae ocobast
MHKpOCXeMa, KOTopasi Ha3bIBaeTCsT apOMTPOM IMHBI, PEIIAcT, Ubs odepedb IepBast.
OOBIYHO TMPEANOYTEHNE OTIACTCS YCTPOMCTBAM BBOJIA-BBIBO/IA, TTIOCKOJIBKY pabOTy AUC-
KOB U IPYyTUX IBMXKYIIMXCS YCTPOMUCTB HEJIb3sl TTpephiBaTh, TaK Kak 3TO MOXKET MpUBeC-
TU K ToTepe AaHHBIX. Korga H1U OgHO YCTpOICTBO BBOJA-BbIBOAA HE (DYHKILIMOHMPYET,
IIEHTPATBHBIA ITPOIIECCOP MOXKET TTOJTHOCTHIO PACITOPSTKAThCS TITMHOM TSI CBS3M C Tia-
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MsIThlo. ONHAKO eciiv Kakoe-HUOYIb YyCTPOICTBO BBOIA-BbIBO/IA HAXOAUTCS B IEHCTBUM,
OHO OyIeT 3ampalirMBaTh JOCTYI K IIMHE W IOJIy4aTh €ro KaXablid pa3, Korga eMy 3TO
HeoOxoamMMo. Takoli Ipoliecc Ha3bIBAETCS 3AaHITHEM IMKJIA IAMSATH 11 3aMe1jIsieT pabo-
TY KOMITBIOTEPA.

Takas crucTeMa ycreniHo MCIoJb30Bajlach B MEPBbIX MEPCOHATbHBIX KOMITHIOTEPAX,
MOCKOJTbKY BCE UX KOMITOHEHTBI paboTaau MPUMEPHO C OMMHAKOBOM CKOpOCThio. OnHa-
KO KaK TOJIbKO LIEHTPaJIbHbIE TTPOLIECCOPhI, TTAMSITh U YCTPOMCTBA BBOIA-BbIBOA CTAIN
paboTath ObICTpee, BO3ZHMKIIA MPOoOJIeMa: IIMHA O0JIbIlIe HE MOIVIA CITPABJISITHCS C TAKOU
Harpyskoii. B ciy4ae ¢ 3aKpbITbIMU CMCTEeMaMU, HalipuMep paboYMMU CTaHLIUSIMU, pe-
IIEHWEeM JaHHOU Mpo0JieMbl cTajla pa3paboTKa HOBOM IIUHBI ¢ 60Jiee BHICOKOI CKOpOC-
ThIO TIepeJayu JaHHBIX IS CAeaytolieid Monear MaluHbl. [T0CKOIbKY HUKTO HUKOTIA
He TEePEHOCUJT YCTPOMCTBA BBONA-BbIBOJA CO CTAPOW MOEIM HAa HOBYIO, TAKOU ITOIXOM
paboTal yCIelHo.

M Bce ke B MUpe TIepCOHATbHBIX KOMITBIOTEPOB MHOTHE 3aMEHSUIH TIpolieccop boiee
YCOBEPIIIEHCTBOBAHHBIM, HO TIPU 3TOM XOTEJIM IOACOSIMHUTD CBOM CTapblii IIPUHTED,
CKaHep M MoleM K HOBOIi cucteMe. Kpome Toro, cyiiecTBoBaa liejiasi OOLIKUpHAasl OT-
pacib MPOMBILIUIEHHOCTH, KOTOpasl BBITyCKaJla IIMPOKUI CIIEKTP YCTPOMCTB BBOIA-BHI-
Boma st iHbl IBM PC, 1 mpouzBoauTeu 3TUX yCTPOMCTB ObLTM COBEPIIIEHHO HE 3a-
MHTEPECOBAHbI B TOM, YTOObI HAYMHATh Bce pa3paboTku 3aHoBo. KoMnanus IBM npoiiina
3TOT TSDKEJIbIN TMyTh, BeIMycTUB Mnocie cepuu IBM PC ceputo PS/2. Y PS/2 6buta Ho-
Basl IIIMHA ¢ 00JIee BHICOKOI CKOPOCTHIO Mepeaaul TaHHBIX, HO OOJIBIITMHCTBO ITPOU3BO-
JIUTEsei KIIOHOB ITPOIOJIKAIM UCIHOJIb30BaTh cTapyto 1Hy PC, koTopas ceituac Ha3bl-
BaercsamHou ISA (Industry Standard Architecture — cranmapTHass NPOMbIILIEHHAS
apxuTekTypa). BoJbIIMHCTBO MpOU3BOAUTENIC OWCKOB U YCTPOMCTB BBOJA-BHIBOJAA
TaKKe TIPOJOJDKAJIN BBITyCKaTh KOHTPOJUIEPHI TSI CTapoii Mozesu, mostoMy IBM oka-
3aj1ach B BeCbMa HEMPUSTHON CUTYaLIMU, TOCKOJIbKY OHA B TOT MOMEHT OblJ1a € IMHCTBEH-
HBIM TIPOM3BOIUTEJIEM TIEPCOHAIBHBIX KOMIILIOTEPOB, HECOBMECTUMBIX ¢ cepueii IBM.
B KOHIIe KOHIIOB KOMITaHMsI ObUIa BBIHYXXIIEHA BEPHYThCS K MPOM3BOICTBY KOMITbIOTE-
poB Ha ocHoBe MHBI ISA. OtMetnM, uyTtO ISA Takke MOXKeT OBITH COKpAaIlleHMEM OT
Instruction Set Architecture (apxutekTypa Habopa KOMaHM), €CJIM pedb UIET 00 YPOB-
HSIX KOMITbIOTEepa. A eciM pedb MIET O IMMHax, adopeBmatypa ISA o3nagaer Industry
Standard Architecture (craHmapTHasl IPOMBIIUICHHAsT apXUTEKTypa).

Tem He MeHee, HECMOTPS Ha TO, YTO M3-3a BJIMSTHUS PhIHKA HUKAKUX U3MEHEHUH He
MPOM3OIILIO, CTapasl IIMHA paboTajia CJUIIKOM MEJIECHHO, TTO3TOMY YTO-TO HY>KHO OBLITO
TIPemIPUHATE. JIaHHAS CUTYaITVs TTpHUBeSia K TOMY, UTO APYTHE KOMITAHWY HadaJIn IIpOn3-
BOJIUTb KOMITBIOTEPBI C HECKOJIBKMMU ILIMHAMU, OHA 13 KOTOPBIX ObLIa CTAPOil IIMHOMA
ISA i EISA (Extended ISA — pacimpeHHasi apXUTeKTypa IPOMBIILIEHHOTO CTAH-
napra). EISA — nocnenoBatesnb ISA, coBMeCTUMBII CO cTapbIMU BepcusiMu. B HacTosi-
mee BpeMs camoii momyssipHoit u3 Hux siisiercs mmHa PCI (Peripheral Component
Interconnect — B3aumMoneiicTeue nepudepuitHLIX KOMIIOHEHTOB). OHAa ObL1a pa3pado-
TaHa KoMITaHue# Intel, mpu 3ToM OBITO PEIeHo CIeIaTh BCe TTATCHTHI BCEOOIINM JOCTO-
STHEM, UTOOBI BCSI KOMITbIOTEPHAST [IPOMBIIILUIEHHOCTBD (B TOM UMC/IE U KOHKYPEHTHI KOM-
TTAHWK) MOIJIA TIEPEHSTh 3Ty UIEIO.

Cy1iiecTByeT MHOTO pa3iMuHbIx KoHdurypaiuii mmHel PCI. Haubonee tunuuxas
U3 HUX TTOKa3aHa Ha puc. 2.25. B Takoii KoHUTypalu HEeHTpaJIbHbIN MPoLIeccop 00-
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IAETCS ¢ KOHTPOJUIEPOM MaMSITH TT0 CIIELIMATBHOMY CPEICTBY CBSI3U € BBICOKOIM CKOPO-
CTBIO Tiepedauu JaHHbIX. KoHTposutep coequHsieTcs ¢ nmamsithio u mmHoi PCI Hemno-
CPEICTBEHHO, 1 TaKUM 00pa3oM, Tepeaadya JaHHBIX MEXIY LIEHTPaJIbHBIM IPOLIECCO-
POM ¥ TTaMSIThIO TTporicxoauT He depe3 mHy PCI. OgHako nepugepnifHbie yeTpoicTBa
C BBICOKOI CKOPOCTBIO TIepeiaur JaHHbIX, HarpuMmep SCSI-a1cku, MOryT MOICOeINHSTb-
csa ipsimo K mmHe PCI. Kpome Toro, mmHa PCI mMeet mapaureibHOE COeIMHEHNE C I -
Ho ISA, 9TOOBI MOXHO OBLIO MCITONB30BaTh KOHTpOJIepsl ISA 1 COOTBETCTBYIOIINE
ycTpoiicTBa. MalmHa TaKoro TAra OOBIIHO COIepsKUT 3 Min 4 mycThiX pazbeMa PCI u
eme 3 i 4 TycTHIX pazbemMa ISA, 4TOOBI TTOKYTIaTe I MMET BO3MOXKHOCTDb BCTABIISITh
W cTapble KapThl BBoma-BeiBoAa ISA (st MemIeHHO pabOoTaIOIINX YCTPOMCTB), M HOBBIE
kapthl PCI (1715 yCTPOICTB C BHICOKOI CKOPOCTBIO PaGOTHI').

B Hacrosiiiee BpeMsl CYILIECTBYET MHOIO Pa3HbIX BUIOB YCTPOMCTB BBOJA-BbIBOJA.
Hexkotopble HanboJjiee pacpoCTpaHEHHbIE U3 HUX OIMKUCHIBAIOTCS HILKE.

Mpoueccop LnHa namsatn
Kaw- LLinna i / _| OcHoeHas
namsTto PCI namsiTb
LLinHa SCSI
| 1 |
-+ CkaHep _| Kontponnep KoHTponnep KoHTponnep
-] Scsli SCsSI BUOEON300paXeHNs cetn

LLnHa PCI

| I

3ByKOBas KoHTponnep
kapTa npuHTEpa

Moaem

LLinHa ISA

Puc. 2.25. O6GbI4HbI COBPEMEHHbII NEePCOHaNbHbIN KOMMNbOTEP C WnHOW PCl v winHon ISA.
Mopem n 3BykoBas kapta — ycTpoicTtea ISA; SCSI-koHTponnep — ycTtpoiicteo PCI

TepMuHansol

TepMUHAIBI KOMIIBIOTEPA COCTOSIT U3 IBYX YacTeil: KiIaBUaTypbl 1 MOHHUTOpa. B 6oJb-
IIMX KOMITBIOTEpax 3TH YacTH COSTMHEHBI B OHO YCTPOMCTBO U CBSI3aHBI C CAMUM KOM-
TTBIOTEPOM OOBIMHBIM WUTH TeJIe(OHHBIM TIPOBOIOM. B aBMakoMmaHMsIX, 6aHKaX 1 pa3-
JIMYHBIX OTPACIISIX MPOMBIIIEHHOCTH, TIe PaboTaloT ¢ TAKUMU KOMITbIOTEpaMU, 3TH
YCTPOMCTBA IO CHX TIOp IIMPOKO MPUMEHMMEBL. B MUpe mepcoHaIbHBIX KOMITHIOTEPOB
KJIaBHaTypa ¥ MOHHUTOP — He3aBUCHMBbIE YCTpoiicTBa. Ho ¥ B TOM ¥ B APYyroMm cirydae
TEXHOJIOTYIST STHX IBYX YacTell OHa M Ta Xe.

' Heo6X0IMMO OTMETHUTD, YTO B HACTOSILIEE BPEMS CYILECTBYIOIIME CTAHAAPTHI HA IEPCOHAbHBII KOMITLIOTED
yxe He conepxar uHy ISA. — Illpumey. nayun. peo.
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Knasunatypsl

Cyl1iecTByeT HECKOTbKO BUIOB KJIaBUaTyp. ¥ TiepBbix KoMiibioTepoB IBM PC mon kax-
JTOU KJIaBUIIIEH HaXOAWICS TIepeKiItoyareib, KOTOPIA JaBal OLIYTUMYIO OTIa4dy U IIEI-
KaJl TIpY HaXaTtuu Ki1aBuiv. CeromHs y caMbIX AEIIEBbIX KJTABUATYP MPU HAKATUU KJTa-
BUIII TTPOUCXOJUT JIMIIIb MEXaHUYECKUI KOHTAKT C MEYaTHOUW TUIaToil. Y KJlaBHaTyp
TMOJTyYIIIe MEXTY KJIaBUIIIaMU U TIEYaTHOM TTaTON KIIQJETCS CJIOU U3 3JIaCTUYHOTO MaTte-
puana (ocoboro Tuna pe3uHsl). [Toa Kaxmoil KiaBuilieid HaXOAUTCST HEOOBIIION KYTIO,
KOTOpBIN mporubdaercs B ciydyae HaxaTus kiaBullv. [TpoBomsiiuii MmaTepuan, Haxo-
JISIIUIACST BHYTPU KYTIOJIa, 3aMBIKAET CXeMY. Y HEKOTOPBIX KITABUATYP MO KAXKAON Kiia-
BUILIEH HAXOMWUTCSI MAarHUT, KOTOPBINA MPY HAKAaTUU KIABUIIU TTPOXOIUT Yepe3 KaTyIIIKY
U TaKUM O0pPa30M BBI3bIBAET JIEKTPUYECKUI TOK. TakkKe UCTIONBb3YIOTCS IPYTUe METO-
IIbl, KaK MEXaHUUYECKUE, TaK 1 2JIEKTPOMarHUTHBIE.

B mepcoHabHBIX KOMITBIOTEPAX MPU HAXATUW KJIABUIIW MPOUCXOAUT TMPOLETypa
MpepbIBaHUsI 1 3aMycKaeTcs porpaMma 006paboTKU TIpepbiBaHuUs (3Ta MporpaMma siB-
JISIeTCsI YacThIO OMepaliMoHHOM cucTeMbl). ITporpamMma o6paboTKy MpepblBaHUSI CUUThI-
BAET PETUCTP anmapaTHOro 0OECTIeYeHUsT B KOHTPOJUIEP KJIaBUATYPhl, YTOObI TTOJyYUTh
HOMep KJIaBuIlIM, KoTopast Obiia Haxara (ot 1 mo 102). Korma knaBuiiry oTmyckaror,
MPOVICXOIUT BTOpOe MpepbiBaHUe. Tak, eciu nmojib3oBareib HaxkumaeT kiasuiiny SHIFT,
3aTeM HaXXMMAET U OTITyCKaeT Kiasuiy «M>, a 3atem ormyckaeT kiasuity SHIFT, one-
palMOHHAsI CUCTeMa MOHKUMAET, YTO €My HYKHA 3arjlaBHasl, a HE CTpoyHas OykBa «M».
O6pabdotka cookynmHocty Kitasuill SHIFT, CIRL u A'T coBepIiiaeTcst TOJIbKO MporpaMm-
HbIM obecrieyeHreM (Croma e OTHOCUTCS u3BecTHoe coueTaHre KiaBuill CIRLALT-DEL,
KOTOpOE UCITONIB3YeTCs IS Tiepe3arpy3ku Bcex KoMibiorepoB IBM PC 1 nx KJIOHOB).

MOHWTOPbI C 9NEKTPOHHO-NY4EBO TPYOKOMN

MOHUTOP TIPENCTABISIET COO0M KOPOOKY, COMEPIKAIITYIO JIEKTPOHHO-TYYEBYIO TPYOKY
1 €€ UCTOYHUKU MUTaHUs. DJIEKTPOHHO-TyYeBasi TpyOKa BKJIIOYAET B CE0sl JIEKTPOH-
HYIO YKy, KOTOPasi BBICTPEJIMBAET My4OK JIEKTPOHOB Ha (hochOpeClIeHTHbI 3KpaH B
TiepeHel YacTh TPYOKH, Kak MoKa3aHo Ha puc. 2.26, a. (LIBeTHbIe MOHUTOPHI comepkar
TPU JE€KTPOHHbIE MYLIKKW: OTHY JJIs1 KPACHOTO, BTOPYIO /IS 3€JIEHOTO U TPETHIO JISI CU-
Hero 1BeTa.) [Tpu ropu3oHTaIbHON pa3BepTKe MyYOK JEKTPOHOB (J1y4) pa3BepThIBaeT-
Cs1 10 BKpaHy NpuMepHoO 3a 50 MKC, 00pa3ysl IOUYTH TOPU3OHTATIBHYIO MOJIOCY Ha KpaHe.
3areM Jiyd COBEpILIAET FOPU3OHTATbHBINA OOpaTHBIN X0/ K JIEBOMY Kparo, YTOObl HayaTh
CJIENYIOIIIYIO Pa3BEPTKY. ¥YCTPOUCTBO, KOTOPOE TakK, IMHWS 3a JUHUEH, CO3laeT u300pa-
JKEHUE, Ha3bIBae€TCsl YCTPOMCTBOM PACTPOBOii pa3BepTKU.

T'opuzoHTaNTbHAST pa3BepTKa KOHTPOIMPYETCS IMHEIHO BO3pACTAIONIUM HaTIPSKEHU -
€M, KOTOpO€ BO3IECUCTBYET Ha IUTACTUHBI TOPU3OHTATBHOIO OTKJIOHEHUS, PACTIONIOXKEH-
HbIE CJIEBA U CITPaBa OT JIEKTPOHHOU MyIlKu. BepTukaibHast pa3BepTKa KOHTPOJIUPYET-
cs1 0oJiee MeJJIEHHO BO3PACTAIOIIUM HATIPSKEHUEM, KOTOPOE BO3IEUCTBYET Ha TIACTUHBI
BEPTUKATBHOTO OTKJIOHEHWSI, PACIIONIOXKEHHbIE TTO U HaJl 3JIeKTPOHHOU myiikoi. [To-
cJie onpeieieHHoro Kommdyectsa pa3epTok (0T 400 no 1000) HampskeHNe Ha MTacTUHAX
BEPTUKAJILHOTO Y TOPU3OHTAILHOTO OTKJIOHEHHSI CTanaeT, v JIy4d BO3BpalllaeTcsl B BepX-
HUIA JIeBBII yro aKkpaHa. [ToiHoe n3obpakeHue Bo3ooHOBIIsIeTcs oT 30 1o 60 pa3 B ce-
KyHay . JIBUKeHMs JTyda MOKa3aHbl Ha puc. 2.26, 6. X0oTs Mbl onucaau paboTy 3/1eKT-

' CoBpeMeHHBIE 3JIEKTPOH HO-JIy4eBbIc MOHUTOPBI MOTYT UMETh pedpeln (YacToTy OGHOBJIEHUS U306pakKeHUs,

BBIUEPUMBAEMOTrO Ty4OM Ha 3kpaHe) 10 150 u 6ojee pa3 B ceKyHay. DTa 4acToTa, ECTECTBEHHO, 00paTHO MPo-
TIOPILMOHANIBHO 3aBUCHUT OT KOJUYECTBA CTPOK, U3 KOTOPBIX CTPOUTCSI n3oopaxkeHue. — [lpumeu. Hayun. peo.
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POHHO-JTyYeBBIX TPYOOK, B KOTOPBIX TSI Pa3BEPTKH JTyda 0 9KpaHy UCITONB3YIOTCS JJIeK-
TPUUYECKHUE TTOJISI, BO MHOTHUX MOJIEIISIX BMECTO SJIEKTPUIESCKUX UCTIONb3YIOTCSI MarHUT-
HBIE TIOJIA (OCOOCHHO B IOPOTOCTOSIIIIAX MOHUTOPAX).

opu3oHTanbHas passeprka

y I A\

OnekTpoHHas
nyLuka

Bakyym o
o
MnockocTb
BEPTUKAJILHOWN \
passepTki O6GpaTHbINXon, O6GpaTHbINXoL,
BEPTUKANIbHOM rOPU30HTaNIbHON
pasBepTku pasBepTKM
a 6

Puc.2.26. NonepevyHoe ceveHne anekTPOHHO-y4eBON TPyOKM (a);
cxemMapasBepTKNINIEKTPOHHO-TTy4eBONTPYOKM (6)

Jns mojydeHus1 Ha 3KpaHe M300paXkeHUsl U3 TOYeK BHYTPHU 3JI€KTPOHHO-Ty4eBOM
TPYyOKM HaxXOmUTCS ceTKa. Korma Ha ceTKy BO3IEHCTBYET MOJIOXUTETbHOE HAIIPSDKEHNE,
3JIEKTPOHBI BO30OYKIAIOTCS, JIyd HAIMpaBisieTcsl Ha 9KpaH, KOTOPBIA uepe3 HEKOTOpoe
BpeMsT HauMHaeT CBeTUTHCS. Korma MCcIomp3yeTcst oTpuIaTeIbHOe HaIpsDKEHNE, SICKT-
POHBI OTTAJIKMBAIOTCS 1 HE MPOXOJIST Yepe3 CeTKy, M 3KpaH He 3axkuraercst. TakuM 00-
pa3oM HampspKeHUe, BO3NEMCTBYIOIIee Ha CETKY, BbI3bIBAET MOSIBJIEHUE COOTBETCTBYIO-
1IeT0 Habopa OMTOB Ha KpaHe. Takoil MEeXaHM3M I103BOJISIET MEPEBOIUTh ABOMYHBIN
9JIEKTPUYECKUIA CUTHANT HA AUCTLIEN, COCTOSILNI U3 SIPKUX U TEMHBIX TOYEK.

Xunaokokpuctannnyeckme MOHUTOPbI

DNEeKTPOHHO-JTy4YeBbIe TPYOKM CIIMIIKOM TPOMO3IAKHE U TSDKENbIE 11 MCIIOIb30BaHUS
B ITOPTAaTUBHBIX KOMITHIOTEPAX, MO3TOMY AJIsI TAKUX SKPAHOB HEOOXOOMMA COBEPIIEHHO
Jpyrasg TexXHOJOrMs. B TakMx cilydasix yaile BCEro MCIOJIb3YIOTCS JKHIKOKPHCTAJLIA-
YyecKue JUCIUIEH. DTa TeXHOJIOTUS YPE3BhIYANHO CIOXKHA, NMEET HECKOJIbKO BapUAaHTOB
BOTUIOIIIEHUSI U OBICTPO MEHSIETCS, TTIO3TOMY MBI M3 HEOOXOAMMOCTH CIeIaeM ee OIHca-
HME M0 BO3MOXHOCTH KPATKUM U IPOCTBIM.

Kunkue KpUCTaDTHI TIPEACTABIISIOT COOOM BA3KME OPraHMIECKIE MOJIEKYITbI, KOTOPBIE
JBUTAIOTCS, KaK MOJIEKYJIBI KMAKOCTEl, HO TIPY 3TOM UMEIOT CTPYKTYpY, KaK Y KpUCTaJIa.
OHuM OBUTM OTKPBITHI aBCTpuiickuM 6otanukoM Peitnuniepom (Rheinitzer) B 1888 romy
1 BIIEPBbIE CTAI TTPUMEHSIThCSI TIPY M3TOTOBJIEHUH PA3IMIHBIX AUCTUIEEB (IUTST KAIbKY-
JIITOPOB, YacoB M T. 11.) B 1960 romy. Korma MoeKyimbl pactoioXeHbl B OMHY JIMHUIO,
ONTUYECKUE KAuecTBa KPUCTAJLIa 3aBUCSIT OT HaIlpaBJICHUSI U MOJSIpU3allUU BO3ICH-
CTBYIOILIETO cBeTa. [1py MCITOIB30BaHUM DIIEKTPUIECKOTO TIOJIS IMHKS MOJIEKYII, a Clle-
JIOBaTeIbHO, W ONTUYECKKE CBOMCTBA MOTYT U3MEHSThCA. Eciin Bo3melicTBOBATh JIydoM
CBeTa Ha XKMIKUI KPHCTAJUI, MTHTEHCUBHOCTD CBETA, MCXOISIIIETO U3 CAMOTO SKUIKOTO
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KpUCTaJUIa, MOXET KOHTPOJIMPOBATHCS C TIOMOIIBIO AIEKTPHIECTBA. DTO CBOMCTBO HC-
TTOJTB3YETCS TIPU CO3MaHNM MHIMKATOPHBIX TUCTIICEB.

DKpaH XAAKOKPUCTAIUTMIECKOTO AUCITIEs COCTOUT M3 IBYX CTEKIISTHHBIX TTapaJuieiTh-
HO PAacCIoOIOXEHHBIX TUTACTUH, MKy KOTOPBIMU HAXOMUTCS TEPMETUIHOE ITPOCTPaH-
CTBO C XKUIKAM KpHCTaLIOM. K 06erM TuTacTHHAM TIOICOeTMHSTIOTCS IIPO3pavHbIe JIeK-
Tpombl. MICKyCCTBEeHHBIN MITM €CTECTBEHHBIM CBET 3a 3aMHE ITaCTHHOM OCBeIaeT SKpaH
V3HYTPU. DIIEKTPOIBI, TIONBEICHHBIE K TUIACTUHAM, MCTIONB3YIOTCS UTSI TOTO, YTOOBI CO-
310aTh JIEKTPUIECKIe OIS B KMIKOM KpucTaure. Ha pa3nmuaHble yacTi SKpaHa BO3-
NECTBYET pa3HOe HAINPsDKEHME, M TAKUM 00pa3oM MOXKHO KOHTPOJIMPOBATh M300pake-
Hye. K miepenHeit 1 3amHei IIacTHHAM SKpaHa MTPUKIIEUBAIOTCS TIOISIPOMIB, ITOCKOIBKY
TEXHOJIOTHSI TUCITIes TpeOyeT MCITOIb30BaHMS TOJISIpU30BaHHOTO cBeTa. OOImas CTpyK-
Typa IToKa3aHa Ha puc. 2.27, a.

B HacTosIiee BpeMsI HCTIONB3YIOTCST pa3TMIHBIE THITHI XKUIKOKPHUCTATLTNIECKIX TUC-
IUTeeB, HO MBI pACCMOTPHM TOJIBKO OIWH U3 HUX — JUCIUIEH CO CKPYYeHHbIM HEMATH-
KoM. B aTOM muiciiee Ha 3amHeil IDIacTHE HAXOOATCS KPOIIEYHbIe TOPU30HTAIBHEIC
KeJIOOKH, a Ha TlepemHell — KpOIIeyHbIe BEPTUKAIBHBIC XeTOOKH, KaK MTOKa3aHo Ha
puc. 2.27, 6. T1lpu OTCYTCTBUM 3IEKTPHUYESCKOTO TIOJIST MOJIEKYJIBI HAITPABJISIOTCS K 9TUM
XenobkaM. Tak Kak OHM (3KeJTOOKM) pacroOKeHBI TepIeHIUKYIIPHO APYT K IPYTY,
MOJIEKYJTBI XXHUIKOTO KPUCTAJIa OKa3bIBAIOTCSI CKPyIeHHBIMU Ha 90°.

Kunpokuii kpyctann
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q" n306paxeHus
; CeeTnblii
‘. R=*- ywactok
McTouHMK *" n306paxeHnst
Q oo Q
cBeTa 0

MopTaTuBHbIN KOMMNbIOTEP

Puc.2.27. CTpykTypa akpaHa Ha Xuakmx kpucrannax(a); xenobku Ha nepefHel n 3agHen
nnacTuHax, pacnosioXeHHbIe NePNeHANKYNSPHO APYTrKApYry (6)

Ha 3agHeit rmiiacTuHe aucIuiest HaXOAUTCs TOPU3OHTaIbHbIN Mmossipona. OH mporryc-
KaeT TOJIbKO TOPU30HTAIBHO MOJISIPU30BAaHHBIN CBET. Ha mepeqHeit miacTuHe nucruiest
HaXOIUTCS BEPTUKAIbHBIN mosisipora. OH MPOITycKaeT TOJbKO BEPTUKATIBLHO MOJISIPU30-
BaHHBIN cBeT. Ecam OBl MeXIy IUIACTUHAMU HE OBLTO XXUIKOTO KPUCTA/UIA, TOPU30H-
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TAJILHO TTOJIIPU30BAHHEBIN CBET, TIPOIYILIEHHBIN IOJISIPOUIOM Ha 3aJHel TJIacTuHe, 0J10-
KUPOBAJICS ObI TIOJIIPOUIOM Ha MepeHel TIaCTUHE, YTO IeaIo Obl 9KpaH MOJTHOCTHIO
YEPHBIM.

OnHako CKpydeHHasi KpUCTaJITMYecKasi CTpyKTypa MOJIEKYJ, CKBO3b KOTOPYIO TIPO-
XOOUT CBET, Pa3BOpPauYMBAaCT IIJIOCKOCTD MOJISIpU3allMi cBeTa. [Ipy OTCYyTCTBUM 2JIEKT-
PHUYECKOTO MOJIS XXKUIKOKPUCTAIMUESCKUM 9KpaH OyIeT MOJHOCTHIO OcBellleH. Ecim
TTOIaBaTh HAIIPSDKEHME K OTIPeIeICHHBIM YacTsIM TUIACTUHBI, CKPyYeHHAsI CTPYKTypa pa3-
pylIaeTcsi, 6JIOKMPYS TIPOXOKICHUE CBETa B 3THUX YaCTSIX.

s Tomaun HampsKeHUsT OOBIMHO MICITONB3YIOTCS JBa Iomxoda. B memeBoM mac-
CHBHOM MATPMYHOM MHIMKATOpe 00a 3JICKTpoIa CoaepXKaT IapajulejbHbIC ITPOBOIA.
Hampumep, Ha nucruiee pasmepoM 640x480 syieKTpond 3agHel TUTACTUHBI COAEPKUT
640 BepTUKAIBHBIX MIPOBOIOB, a SJIEKTPOJ MepeaHel m1acTUHbl — 480 TOpU30HTATbHBIX
mpoBoaoB. Eciu rmomaBath HanpsbkeHUe Ha OAWH U3 BEPTUKAIbHBIX IIPOBOIOB, a 3aTeM
TOCHUIaTh UMITYJIbCHI HAa OAVH M3 TOPM30HTAJIBHBIX, MOXHO M3MEHMTh HampsDKeHUE B
onpeze/IicHHOM IMO3UIIMK ITMKCeIa U, TaKMM 00pa3oM, CIeIaTh Hy>KHYIO TOUKY TEMHOIA.
Ecmu To ke caMoe IOBTOPUTH CO CIICAYIOIINM MTUKCEJIOM U T. 1., MOXKHO ITOJIyIUTh TEM-
HYIO TOJIOCY pa3BepTKU, AaHAJIOTMYHYIO TOI0CaM B 3JICKTPOHHO-Ty4YeBBIX TpyOKax. OObIU-
HO M300pakeHre Ha 3KpaHe TepeprcoBbiBaeTcs 60 pa3 B CEKyHIY, YTOOBI CO30aBaIOCh
BIIEYATJICHUE TTIOCTOSTHHOM KapTUHKM (TaK e, KaK B 3JICKTPOHHO-Iy4eBbIX TPYOKax).

Bropoii mogxon — npruMeHEeHUE AKTHBHOTO MATPUYHOI0 HHIMKATOpa. OH CTOUT Io-
pasno mopoxke, YeM ITacCUBHBIN MaTPWYHBI MHAMKATOP, HO 3aTO JaeT M300paXkeHne
JIY4IIIETO KauyecTBa, YTO SIBJISIETCS OOJBIIMM IIPEMMYIIECTBOM. BMecTo AByXx HabOpoB
MIEPIEHANKY/ISIPHO PACIIONIOXEHHBIX MIPOBOIOB Y aKTUBHOTO MaTPUYHOTO MHIUKATOPA
HMIMEETCST KPOIIIEUHBIN 3JIEMEHT TIEPEKITIOUEHNS B KaXKIIOi TTO3UIIMK TTHKCeNa Ha OIHOM
13 3JIeKTPOAOB. MeHsISI COCTOSTHIE TIepeKITIovaTelieid, MOXKHO CO31aBaTh Ha 9KpaHe Mpo-
M3BOJIbHYIO KOMOMHALIMIO HAITPSDKEHUI B 3aBUCHMOCTH OT KOMOMHALIY OUTOB.

o cux mop Mbl OIMMCHIBAJIA, KaK pPabOTar0T MOHOXPOMHBIE MOHUTOPHL. JlocTaTOYHO
CKa3aTh, YTO IIBETHHIE MOHMTOPHI pabOTAIOT HAa OCHOBE TE€X K€ OOIIMX ITPUHIIUIIOB, YTO 1
MOHOXPOMHBIE, HO JIeTaJId Topa3no ciaoxkHee. YToObI pa3nenunTh Oesblii [IBET Ha Kpac-
HBIIA, 3eJICHBII M CMHUI, B K&XKIO0W MO3UIINH TTMKCEJIa MCITONB3YIOTCS ONTUIeCKIe (DUTh-
TPBI, TIO3TOMY 3TU 1IBeTa MOTYT OTOOpaXKaThCsI HEe3aBUCUMMO ApYT oT Apyra. M3 codera-
HUS 3TUX TPEX OCHOBHBIX IIBETOB MOXKHO ITOJIYYUTH JIOOOI IIBET.

CymBONbHbIE TepMuHanbl '

OOBIMHO MCTIONB3YIOTCS TPU THUIIA TEPMUHAJIOB: CUMBOJIBHBIC TEPMUHAJIBI, Tpaudec-
Kue TepMUHAIBI M TepMuHaTbl RS-232-C. Bee 3111 TepMrHAIBI B KAYeCTBE BXOMHBIX JaH-
HBIX TTOJTy4aloT HabOop ¢ KJIaBMATyphl, HO IIPY 3TOM OHM OTJIMYAIOTCS JIPYT OT IpyTa TeM,
KaKM 00pa3oM KOMITBIOTep OOMEHMBACTCS C HUMM MH(MOPMAIIME, ¥ TeM, KaKM 00pa3oM
TepeaaroTcs BBIXOAHBIE JaHHbBIe. Hike MbI KpaTKoO OIMUIIEM KaKIbIi U3 3THX TUIIOB.

B mepcoHasbHOM KOMIIBIOTEPE CYIIECTBYET IBa CIIOCO0a BbIBOAA WHGOPMALIMKU HA
9KpaH: CUMBOJIbHBIH 1 Tpacdndeckuii. Ha puc. 2.28 mokazaHo, KaK ITIPOMCXOIUT CUMBOJIb-
Hoe oToOpaxkeHre MH(hOPMAaIIMU Ha 9KpaHe (KJIaBuaTypa CUIMTaeTCsl OTACTbHBIM YCTPOii-
ctBoM). Ha cepuiiHoi1 muiaTe CBSI3M HAXOOWUTCS OOJIACTh MTAMSITH, KOTOpasl Ha3bIBaeTCS
BUIEONAMSTHIO, 4 TAKKE HECKOJIBKO 3JIEKTPOHHBIX YCTPOMCTB IUIST TTOydEeHUS JOCTyIIa
K IIIMHE ¥ TeHEPUPOBAaHMS BUICOCUTHAIIOB.
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Puc. 2.28. CxemanonyyeHus BbIXOAHOMO CUIrHaia Ha 3kpaHe NnepcoHanbHOro KoMnbloTepa

YT00bl 0TOOPA3UTh HA IKpaHE CMMBOJIbI, LIEHTPAIbHBIN MpPOLIECCOpP KOMUPYET UX B
BUJEONaMsITh B BUIe 0aiiToB. C KaxKIbIM CUMBOJIOM CBSI3bIBAETCS aTPUOYTUBHBIN OailT,
KOTOPBIA OMUCHIBAET, KAKOA UMEHHO CUMBOJI JIOJDKEH OBbITh M300paKeH Ha 9KpaHe. AT-
pUOYTHI MOTYT COIEPXKATh YKa3aHUSI Ha I[BET CUMBOJIA, €10 UHTEHCUBHOCTD, a TAKXKE Ha
TO, MUTAET OH WK HeT. Takum oOpa3om, uzodpaxkeHue 25x80 CMUMBOJIOB TpeOyeT HaTU-
yus 4000 6aiitoB Bugeonamsatu (2000 mist cumBosnioB u 2000 pjst atpubyToB). bosb-
IIMHCTBO TUIAT COAEPKAT OOJIbIIE TTAMSITH JJISI XPAHEHUST HECKOIBKUX U300pakKeHUIA.

Bupeoruiara nosmkHa BpeMsi OT BpeMEHUM MOChUIaTh CUMBOJBI U3 BUIeo-O3Y u no-
POXAaTh HEOOXOMMMBIN CUTHAJ, YTOOBI TPUBOIUTh B ACUCTBUE MOHUTOP. 3a OMH pa3
MOChUIAETC Lieflasi CTPOKA CUMBOJIOB, TTO3TOMY MOXHO BBIYUCTSIT OTJEC/IBHBIE CTPOKU
pa3BepTKU. DTOT CUTHAI SIBJISIETCST aHAJIOTOBBIM CUTHAJIOM C BBICOKOI 4acTOTOM, U OH
KOHTPOJIMPYET Pa3BEPTKY MEKTPOHHOTO JIyda, KOTOPHI PUCYET CUMBOJIBI Ha 3KpaHeE.
Tak KaK BbIXOMHBIMU JAHHBIMU T1IATHI SIBJISIETCS] BUIEOCUTHAI, MOHUTOP JIOJKEH HAXO-
JIUTHCSI HE MANbIIE, YeM B HECKOJIBKUX METPax OT KOMIIbIOTEPA, YTOObI MPEIOTBPATUTh
HCKaXXeHMe.

Fpadunyeckmne TepMmuHanbl

IIpu BTOpOM cIioco6e BbIBOAA MH(pOPMALIMK Ha 3KpaH BUACONAMSITh pacCMaTPUBACTCS
He KaK MaccuB CUMBOJIOB 25x80, a KaK MacCHB 3JIEMEHTOB M300paKeHMsI, KOTOPbIC Ha-
3bIBAIOTCS MMKceamu. Kaxkplil mikcea MoXeT ObITh BKIIIOUSH WIM BhIKIIIOYeH. OH IIpel-
CTaBJISIET OIMH 3JIeMEeHT MH(popMalu. B mepcoHanbHBIX KOMITHIOTEPAX MOHUTOP MO-
XeT comepxarhb 640x480 MUKceToB, HO Yalle UCIoJIb3yoTcss MoHUTOphI 800x600 1 GoJtee.
MoHUTOpHI PaboYMX CTAHLIMI 00BIYHO comepkat 1280x960 nukcenos u Gonee. Tepmu-
HaJibl, OTOOpakatolye OUThI, a HE CUMBOJIbI, Ha3bIBAIOTCS rpahuuecKUMI TepMUHATIA-
mu. Bce coBpeMeHHbIEe BUIECOILIATHI MOTYT padOTaTh MJIM KaK CUMBOJIbHBIE, MJIY KaK Tpa-
(pryeckuie TepMUHAIBI IO KOHTPOJIEM IIPOrPAMMHOIO O0ECIIeYeHMSI.

OcHoBHas uziest paboThl TepMUHAJIA TTIOKa3aHa Ha puc. 2.28. OgHako B ciydae ¢ rpa-
¢draecknm n3odpaxkenreM Buaeo-O3Y paccMmarpuBaeTcs Kak OOJBIION MacCHB OMTOB.
ITporpammHoOe obecriedueHre MOXKET 3a1aBaTh JIIOOYI0 KOMOMHAIIUIO OUTOB, U OHA CPaszy
2Ke OymeT oroOpaXkarhbcs Ha 9KpaHe. YToObl HaprcoBaTh CUMBOJIBI, TIPOrPaMMHOE 00ecIIe-
YeHUE MOXET, HalpUMep, Ha3HAYUTh IJIs1 KKIOr0 CUMBOJIA IPSIMOYTOJIbHUK 9x14 1 3a-
TIOJTHATH €70 HEOOXOMUMBIMU OuUTaMu. Takol MOmXod MO3BOJISIET IPOrPAMMHOMY 00ec-
MEYEHMIO CO3aBaTh Pa3HOOOPa3HbIe LIPU(MTHI M COUETATH MX IT0 XKeJIaHUI0. AIITapaTHOE
o0ecIieyeHre TOIBKO OTOOpaXkaeT Ha 9KpaHe MacCuB OWUTOB. JIJIsI LIBETHBIX MOHUTOPOB
KasKIbII TTUKCENT comepskuT 8, 16 mam 24 oura.



Mpouecc BBOJa-BLIBOAA 117

I'padmyeckue TepMUHAIIBI OOBIYHO MCTIOB3YIOTCS TS TTOIIEP>KKI MOHUTOPOB, CO-
JiepsKaliuX HECKOJIbKO OKOH. OKHOM Ha3bIBaeTcs 00JIacTh KpaHa, MCIIONb3yeMas Ofl-
Holi TporpaMMoit. Eciii omHOBpeMeHHO paboTaeT HECKOJIBLKO IIPOrpaMM, Ha SKpaHe To-
SIBJISIETCS HECKOJIBKO OKOH, TIPY 3TOM KaXKmasl IporpaMma OTOOpakaeT pe3y/IbTaThl
HE3aBUCUMO OT APYTUX MTPOrpamm.

XoTs rpaduyeckre TepMUHAIbI YHUBEPCATIbHBI, Y HUX €CTb JBa OOJIBIIMX HEIOCTAT-
Ka. Bo-niepBbIX, OHU TPeOyIOT 00sbIoro oobema Buaeo-O3Y. B HacTostIee BpeMst 00bI4-
HO ucnoJib3ytorcst MOHUTOPBI 640x480 (VGA), 800x600 (SVGA), 1024x768 (XVGA)
u 1280x960. OTMETHM, YTO y BCEX 3TUX MOHUTOPOB OTHOIIEHUE IIMPUHBI U BBICOTHI 4:3,
YTO COOTBETCTBYET COOTHOILICHUIO CTOPOH TEJIeBU3MOHHBIX 5KPaHOB. UTOOBI IOJIyYUTh
LIBET, HEOOXOOMMO 8 OWUTOB IJIST KAaXKIOIO M3 TPeX OCHOBHBIX LIBETOB, WM 3 OaifTa Ha
mukcen. CinemoBareabHO, 11t MoHUTOopa 1024x768 Tpedyetcs 2,3 Moaiit Buneo-O3Y.

M3-3a TpeboBaHUST TAKOTO OOJIBIIOTO 00beMa MaMSITU TMPUXOAUTCST UITU HA KOMITPO-
mucc. [Tpu aToM 11 yKazaHUs 1IBETA UCTIONB3YeTCsT 8-OUTHBIN HOMEDP. DTOT HOMED SIBJISI-
€TCSl MHICKCOM TaOJIMIIbI amlIapaTHOIro obecreyeHusl, KOTopash Ha3bIBaeTCs LIBETOBOI
NAJMTPOii U BKJTIOYAeT B ceOsl 256 pas3/mesioB, KaXIblil M3 KOTOPBIX COAEPXUT 24 Oura.
BuThl yKa3bpIBalOT Ha codeTaHue KPACHOIO, 3eJICHOTO M CUHEro 1IBeTOB. Takoii IOoAXo/,
Ha3bIBacMbIll HHAEKCAIMEl BETOB, COKpalllaeT HeoOXoOUMbIi 00beM Buaeo-O3Y Ha
2/3, HO IOMYCKaeT TOJIbKO 256 11BeTOB. OOBIMHO KaXI0e OKHO Ha 9KpaHe OToOpakaeTcst
OTIEJIbHO, HO IIPU 3TOM UCITIONb3YeTCs TOJIBKO OIHA 1IBeToBas najmrpa. K Tomy ke, Ko-
[Ja Ha 9KpaHe NPUCYTCTBYIOT HECKOJIbKO OKOH, MPABWJIBHO IIEPEAalOTCs 1IBETA TOIBKO
OJITHOTO U3 HUX.

Bropoii HegocTaToK rpadUyecKux TEPMUHAIOB — HM3Kasl IPOM3BOAMTEIBHOCTD.
IMockobKy TpOrpaMMMCTBI OCO3HAIM, YTO OHU MOTYT YIIPABJISITh KaXKIBIM ITMKCEIOM
BO BpEMEHHU 1 TIPOCTPAHCTBE, OHU, ECTECTBEHHO, XOTSIT OCYIIECTBUTH 3TY BOBMOXHOCTbD.
XOTS JTaHHBIE MOTYT KONMPOoBaThes U3 Bumeo-O3Y Ha MOHUTOP 0e3 IMPOXOXKISHNS Je-
pe3 IaBHYIO IIIMHY, ITPY J0CTaBKe TaHHBIX B BUIe0-O3Y 0e3 UCIToIb30BaHMs IIIHBI He
oboriTuch. YToOBI OTOOPA3UTh LIBETHOE M300pakeHue Ha MOJHbIM 3KpaH pa3MepoM
1024x768, HeoOxoauMMO KOIMpoBaTh 2,3 MOaiiT maHHbIx B BUmeo-O3Y 11 Kaxmoro
Kanpa. JIJ1s1 qBUATaroerocss BUIeon300pakeHus JODKHO CMEHSTRCS 0 KpaliHel Mepe
25 KaipoB B CEKYHIY, a CKOPOCTb Mepeaayu TaHHBIX TOJDKHA COCTaBIATh 57,6 Mobaiit/c.
Mwma (E)ISA He MOXeT BBIIEp:KATh TAaKyI0 HATpy3Ky, ITO3TOMY HEOOXOIMMO MCIIOJb-
30Bath BupeokapTel PCI, HO maxke B 3TOM cilydae MIPUXOANUTCS MATH Ha KOMITPOMUCC.

Euie omHa ripo6iieMa, CBsi3aHHasl C IPOU3BOIUTEIBHOCTBIO, — KAK IIPOKPYYMBATDH 9K~
paH. MOXHO CKOMMPOBATh Bce OWTHI B TIPOrpaMMHOE 00ECTIeUeHI e, HO 3TO OYE€Hb CUJTh-
HO IIeperpy3uT LIEHTpaJIbHbII mnpoueccop. He ynuBUTeIbHO, YTO MHOTHME BUICOKAPTHI
OCHAILIEHBI CIeIMAIbHBIM allllapaTHLIM 00ecIIie4eHreM, KOTOPOe IBUraeT YacTh 9KpaHa
HE C IIOMOILBIO KOIMMPOBaHUsI OUTOB, a IyTeM M3MEHEeHUsI 0a30BbIX PETUCTPOB.

Tepmunanbl RS-232-C

OnHY KOMIIAHUM TTPOU3BOISIT KOMITHIOTEPHI, a IPYTHE BBIITYCKAIOT TEPMUHAIIBI (0COOEHHO
71T OOJBIIMX KOMITBIOTEPOB). UTOORI (TTOUTH ) JTF000# TEpMUHAIT MOT pabOTaTh C (TTOYTH)
JIIOOBIM KOMITBIOTEPOM, AcCCOoLialvsl CTAHJAPTOB B 3JIEKTPOHHOM MPOMBIIUIEHHOCTH
pa3paboTaiia cTaHIapTHBIN WHTepdelic I TepMIHAIOB Ton HazBaHnueM RS-232-C.

Tepmunanslr RS-232-C comep:kaT cTaHAapTU3UPOBAHHBIN pa3beM ¢ 25 BBIBOIAMHU.
Cranmapt RS-232-C onpenensier pasmep 1 popMy pa3beMa, YPOBHM HaNpsDKEHUS 1 3Ha-
YeHMe CUTHAJIa Ha KaXJIOM BBIBOJIC.
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Ecnu koMnbloTep M TEpMUHAI pa3ieieHbl, Yallle BCero MX MOXKHO COSUHUTH TOJIbKO
o TesecoHHO ceTu. K HecuacThio, TesiehoHHAsI CeTh HE MOXET MepeaaBaTh CUTHAJBI,
TpebyeMbie craHmaptoM RS-232-C, mostoMy st mipeoOpa3oBaHUsI CUTHAJIA MEXITY
KOMIILIOTEPOM U TeJIe(DOHOM, a TAKKe MEXIY TEPMUHAIOM U TeJIe(POHOM ITOMEIIACTCS
YCTPOICTBO, Ha3bIBaEMOE MOJIEMOM (MOIYJISITOP-AeMoayJiaTop). Hike MBI KpaTKo pac-
CMOTPUM YCTPOMCTBO MOIEMOB.

Ha puc. 2.29 nokazaHo pacrosoXeHrue KOMIbIOTEpa, MOIEMOB 1 TepMUHANIA TIPU
WCTOJIb30BaHNM TeJiepoHHOM TuHun. Ecii TepMuHan HaxXoauTcess AOCTAaTOYHO OJM3KO
OT KOMIIBIOTEPA, TaK, YTO MX MOXHO CBSI3aTh OOBIMHBIM IPOBOIOM, MOIEMBI HE TTOICOe-
JIMHSIIOTCSI, HO B 3TOM CJTydae MCIOJIB3YIOTCS Te e Kabenmum 1 pazbeMbl RS-232-C, xots
BBIBOIBI, CBSI3aHHBIEC C MOIEMOM, HE HY>KHBI.

CepuitHas kapTa
BBOAA-BbIBOAA

YHuBEpCcanbHbIn
ACVHXPOHHbIN

. npremMonepeaaTyunk
LleHTpanbHbIi

npoueccop Mamsatb Pasbem RS-232-C
/ TenedoHHaa NMHUA

/
J / J / (aHanorosas) =
ABC f] Mopem 4 Magem
S |

Mepepnaya

wEEs
l Knasvatypa /S FESSEa SR

HekoTopble curHanbl

3awyTtHoe 3a3emsieHue (1)
— *~ lepepaya (2)
-*— MMpuem (3)
—*«* Banpoc Ha nepegauvy (4)
- * — PaspelueHne Ha nepegady (5)
- * — JlaHHble rotoBbl (6)

O6Lwmin 06paTHbIN NpoBoa, (7)
- * — OOGHapyxeHue HecyLel (8)
— *- TepmuHan rotos (20)

Puc.2.29.CoeguHeHmnetepMmnHanaRS-232-CckomMnblOTEPOM.
B cnucke curHanos B ckobkax ykazaHbl HOMepa BbIBOJOB

YTto6bl 0OMEHMBATHCS MH(MOPMAIIME, M KOMITBIOTEp, M TEPMUHAJT JOJDKHBI COIEp-
xkartb Mukpocxemy UART (Universal Asynchronous Receiver Transmitter — yHUBep-
CaJIbHBII aCUHXPOHHBIN TTPUEMOITIEPEAIATIHK), a TAKKe JIOTMUECKYIO CXeMy [UTSI JOCTYIIa
K murHe. YToObI 0TOOpa3UTh Ha 9KpaHe CUMBOJI, KOMIIBIOTEP BbI3BIBAECT 3TOT CUMBOJI U3
OocHOBHOM mamsTH 1 Tiepenaet ero UART, KOTOpbIii 3aTeM OTITPABIISIET €r0 0 Kabeto
RS-232-C our 3a omtom. B UART mnocrymaet cpasy 1ienbiii cumBoi (1 0aiiT), KOTOpHIi
rpeodpasyeTcsl B MOCJEI0BATEIbHOCTD OMTOB, M OHM TIEPEIAIOTCSl OIUH 3a OPYTUM C
orpeneneHHoi ckopocThio. UART moGasisteT K KaxkIoMy CUMBOJTY HAJaJIBHBIN 1M KO-
HEYHBI OUTBI, YTOOBI OTIEIUTL OAUH CHMBOJ OT Apyroro. [lpu ckopocTn mepenauu
110 6uT/c ucnob3yeTcst 2 KOHEUHBIX OuTa.
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B Ttepmunane apyroit UART mnoirydaeT OMTBI M BOCCTAHABIMBACT LICJIBI CIMBOJT,
KOTOpKIi1 3aTeM OoToOpaxkaeTcsl Ha 3KpaHe. BxomHast nH(opMaiusi, KoTopast oCTyIaeT
¢ KJIaBUAaTyphl TepMUHAJIA, IpeoOpa3yeTcss B TepMHUHAJE U3 1IEJIBIX CUMBOJIOB B IIO-
cenoBaTebHOCTh OMTOB, a 3aTeM UART B KOMIThIOTEpE BOCCTAHABIMBACT 1ICJIBIE CUM-
BOJIBL.

Cranmapt RS-232-C onpenesisieT 0Kojio 25 CUTHAJIOB, HO Ha MIPAKTUKE UCTIOIB3YIOT-
€51 TOJIbKO HEKOTOpPhIE U3 HUX (OOJBIITMHCTBO U3 KOTOPBIX MOXKET OIMYCKAThCsI, €CIIU Tep-
MMHAaJI HEITOCPEACTBEHHO COSIMHEH C KOMITBIOTEPOM TIPOBOIOM, 6e3 MogeMoB). LlTeipu 2
1 3 TipeiHa3HAYEHbI JIS1 OTIIPABKU U TMOJy4YEeHUST JaHHBIX COOTBETCTBEHHO. 1o Kax-
JIOMY BBIBOIY MPOXOJUT OJJHOCTOPOHHUIA TIOTOK OUTOB (OAMH B OMHOM HarpaBJIeHUU,
aJpyroi B MpOTUBOMNOIOXHOM). Korna TepMUHaIT MM KOMITHIOTEDP BKJTIOUEH, OH BbI/IA-
€T CUTHaJI TOTOBHOCTU TepMUHaJIA (TO €CTh yCTaHABIMUBAET 1), YTOOBI COOOIIUTH MOJIEe-
My, 4TO OH BKJTIoUeH. CXOIHBIM 00pa3oM MOJIEM BbIIAET CUTHAJI TOTOBHOCTU Habopa AaH-
HBIX, YTOOBI COOOIIMTh 00 MX Hanmuuu. Korma TepMUHATYy WIM KOMITBIOTEPY HY:KHO
TOCJIaTh JaHHbIE, OH BhIIAET CUTHAJ 3arpoca O pa3pellieHnu nepecbuiku. Ecim monem
paspeliiaeT repechuIKy, OH JOJKEeH BbIIaTh CUTHAT O TOM, YTO MYTh JJIsI MIEPECHITKU CBO-
OoneH. [Ipyrvie BHIBOIBI BBITIOTHSIIOT Pa3IMUHbIe (DYHKIIMU OTPENeIEHUST COCTOSTHUIA,
TPOBEPKU U CUHXPOHU3ALIU Y.

Mbiwin

Bpewms unier, a mony paboTaloT 3a KOMITHIOTEPOM, BCE MEHBIIIE Y MEHBIIIE BIABAsSICh B TIPUH-
1uriel ero padothl. Komrbiorepsl cepurt ENTAC ncnob30Baiuch TOIBKO TEMU, KTO UX
KOHCTpyupoBaj. B 50-e rompl ¢ KoMIibloTepaMy paboTaiu TOJbKO BhICOKOKBATU(DUITU-
pOBaHHBIE TTporpaMMUCThI. Ceifyac 3a KOMIThIOTepaMy PabOTaIOT MHOTUE JTIOIH, TTIPU 3TOM
OHU He 3HAIOT (WJIH IaXKe He XOTST 3HaTh), KaK pab0OTal0T KOMITHIOTEPHI M KAK OHU TPO-
TpaMMUPYIOTCSI.

MHoro JieT Ha3az y OOJIBIITMHCTBA KOMITBIOTEPOB ObLT MHTEP(dEiic ¢ KOMaHIHOM CTPO-
KOI, B KOTOPOI HaOVpaNCh pa3TuyHble KoMaHbl. [TockobKy MHOTHE HECTIEIIUATUC-
ThI CYMTAIU TaKUe UHTEPDECH HEMPYKETIOOHBIMU WIN TaXKe BPaKIEOHBIMU, KOMITHIO-
TepHBbIC (PUPMBI pa3paboTaIn CIielMaIbHbIE MHTEP(PENCH ¢ BO3MOXHOCTBIO YKa3aHUS
Ha 9KpaH. /{151 co3maHust Takoi BO3MOXKHOCTH Yallle BCEr0 UCTOb3YeTCsT MBIIIIb.

Mbib — 3TO MajJleHbKasl TIACTMKOBasi KOpoOKa, KOTOpasi JIEXKUT Ha CTOJIE PSIIOM C
knaBuatypoii. Ecnu ee aBuraTh Mo CToJly, Kypcop Ha dKpaHe Toxke OyldeT JBUIaThCs,
TO3BOJISIS TIOJIb30BATENISIM YKa3bIBaTh HA 3JIEMEHTHI 9KpaHa. Y MbIIIU €CTh OHA, BE
WM TpM KHOTKM, HaXKaTue Ha KOTOpbIe JaeT BO3MOXHOCTb IMOJIb30BaTelIsSIM BbIOMPATh
CTPOKM MEHI0. BbLUTO OUeHb MHOTO CITOPOB IO MOBOAY TOTO, CKOJIbKO KHOTOK JOJKHO
ObITh Yy MbIIIM. HauBHbBIE MOTb30BaTENN MIPEATNIOYUTAI OMHY (TaK Kak B 3TOM cilydyae
HEBO3MOXHO HaXaTb He Ty KHOIIKY), HO 6oJiee MPOABUHYTbIE MPENTTOUYNTAIM HECKOIb-
KO KHOTIOK, YTOObI MOXHO OBLJIO Ha 9KpaHe BBITIOJHSTH CJIOKHBIE JeACTBUS.

CylliecTByeT TpU TUTIA MBIIIEH: MEXaHUYECKKEe, ONTUYECKUE U ONTOMEXaHUYECKUE.
'V Mbilleii mepBoro TUIa CHU3Y TOpYaT Ppe3MHOBbIE KOJIECUKU, OCH KOTOPBIX PacIioyioxe-
HBI TIEPIIEHIUKYJISIPHO APYT K Apyry. Eciiu MbIIIb TiepeABUTaeTCs B BEPTUKAIBHOM Ha-
TpaBJIEHUU, TO BpalllaeTCsI OHO KOJIECO, a €CJIM B TOPM3OHTAIBHOM, TO Apyroe. Kaxkmoe
KOJIECMKO TIPUBOIUT B ACUCTBUE pe3ucTop (MoTeHIMoMeTp). Eciu u3aMepuTs usmeHe-
HUSI COTIPOTUBJICHUSI, MOXHO y3HaTh, HA CKOJIBKO MPOBEPHYJIOCh KOJIECUKO, U TaKUM
00pa3oM BBIYMCIIUTh, HA KAKOE PACCTOSTHUE TIEPEIBUHY/IACh MBIIIIb B K&XKIOM HarpasJie-
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Huu. B IOCJIEAHME TOObl TAKNE MBI ObLTN MPAKTNYECKU ITOJTHOCTBIO BEITCCHEHBI HO-
BOI MOJIEITbIO, B KOTOPOI BMECTO KOJIEC MCITONIb3YeTCs IIIApHUK, KOTOPBIA CIIeTKa BBICO~
BbIBaeTCs CHU3Y. Takasi MbIlb n300paxkeHa Ha puc. 2.30.

YnpaBnsgemblin MbILLbIO Kypcop
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Puc. 2.30. Vicnonb3oBaHne MbILLM 151 yKa3aHWsl Ha CTPOKM MEeHIo

Crnenyronmii TN — oNTUYeCcKast MbllIb. ¥ Hee HeT HU KoJjiec, HU 1apuka. Bmecto
3TOTO MCIIONB3YIOTCSI CBETOAMONA 1 (DOTOAETEKTOP, PACTIONOXEHHBIM B HIKHEN 4acTu
MbIiM. ONTUYECKast MbIIIIb [TEPEMEILIAETCS TT0 TTIOBEPXHOCTH 0COOOTO MIaCTUKOBOTO KOB-
pYIKa, KOTOPBIA CONEPXKUT MPSIMOYTOJIBHYIO PEIIETKY C IMHUSIMMU, OJIM3KO PACIIONOXKEeH-
HBIMU APYT K Apyry. Koraa Mbliib ABUraeTcs 1o peieTke, (hoToneTeKTop BOCIpMHUMA-
€T MepeceyeHust TMHUM, HaOoaass U3MEHEHUsI B KOJIMYECTBE CBETa, OTPAXKaeMOro OT
CBETOAMOAA. DJIEKTPOHHOE YCTPOWMCTBO BHYTPY MBIIIM MOJCYUTHIBAET KOJUYECTBO Tie-
PECEYEHHBIX JIMHUN B K&KIOM HarpaBJIeHUU.

Tpetnii TMIT — onTOMeXaHMUYECKast MbIIIb. Y Hee, KaK 1 y 00j1ee COBpPeMEHHOM Mexa-
HUYECKOW MBILLIH, €CTh IIAPUK, KOTOPBII BpalllaeT ABa BbIBOA, PACTIONIOXEHHBIX MEp-
MIEHIUKYJISIPHO IPYT K Apyry. BbIBoABI CBsI3aHBI C KOAUPOBIIMKaMuU. B Kaxkmom komu-
POBILIMKE MMEIOTCSI TIPOPE3U, Uepe3 KOTopble MpoXoauT cBeT. Korma Mbllb 1BUTaeTcs,
BBIBOJIbI BPAIIAIOTCSl U CBETOBBIE UMITYJIbCHI BO3ICHCTBYIOT Ha AETEKTOPHI KaXIblii pa3,
KOTIJIa MEXIy CBETOIMOAOM M IETEKTOPOM MOSIBIsIeTCs Mpope3b. YNUCI0 BOCTIPUHSITHIX
JIETEKTOPOM MMITYJILCOB ITPONOPLMOHATBHO KOJUYECTBY MEePEMEIICHUSI.

XOTsI MBI MOXHO YCTaHABIMBATh MO-pa3HOMY, OOBIYHO MCITONB3YETCS CIEIyIO-
11asi CUCTeMa: KOMITbIOTEpPY TMepenaeTcsl MocjienoBaTeIbHOCTh U3 3 GaliTOB KaxIblil pas,
KOIIa MBIILIb ITIPOXOIUT OIpee/ieHHOe MUHUMAaTbHOE paccTosiHue (Harpumep, 0,01 moii-
Ma). OObIYHO 3TH XapaKTePUCTUKU TMEPeAaloTcsl B MOCAeI0BaTeIbHOM TOTOKE OMTOB.
IlepBblii 6AlT COMEPXKUT LIEJI0€ YUCIIO, KOTOPOE YKa3bIBAET, Ha KAKOE PACCTOSTHUE Tiepe-
MECTUJIaCh MbIlIb B HAMpaBJIEHUM X C MPOILIOro pasa. BTopoil GaiiT comepXuT Ty ke
rH(bOpMAaLIMIO 7151 HarpaBieHus y. TpeTuii 6aiiT yka3blBaeT Ha TEKYIIee COCTOSIHME KHO-
MOK MBI, MIHOTIa AJ1s KaXA0il KOOpAMHATHI UCTIONb3YIOTCS 1Ba OaiTa.
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[IporpammHoe obecniedyeHre IPUHUMAET 3Ty MH(OPMALIMIO TI0 Mepe MOCTYIUICHUS 1
peodpas3yeT OTHOCUTEIbHbBIC ABVKCHHUS, TIepeaBacMble MBIIIbIO, B A0COIIOTHYIO TIO3K-
M0, 3aTeM OHO OTOOpaXkaeT CTPEJIOUKY Ha SKpaHe B IMO3UIIMU, COOTBETCTBYIOILIECH
pacroJioKeHMo MbIM. Eciy yKa3ath CTpe0YKoii Ha onpeAeIcHHbIIA 3JIeMEeHT 3KpaHa
Y IIEJIKHYTh KHOITKOW MBIILM, KOMITHIOTEP MOXET BBIMUCIIUTh, KAKOI UMEHHO 3JIEMEHT
KOMIIbIOTEPHOI MH(GOpPMAaIK, COOTBETCTBYIOILIMIA JaHHOMY 3JIEMEHTY Ha 3KpaHe, ObLT
BBIOpAH.

MpuHTEpDLI

MHoraa nosb3oBaTesio Hy:XKHO HareyaraTb CO3IaHHbIN TOKYMEHT UM CTPaHUILy, MOTy-
yeHHy0 u3 World Wide Web, mosToMy KOMIBIOTEpEI MOTYT OBbITh OCHAILEHBI MPUHTE-
poM. B aTOM pazjiesnie Mbl OnuilieM HEKOTOPblE HanOOoJIee pacpOCTPAHEHHBIE TUTTbI MO-
HOXPOMHBIX (TO €CTh YepHO-0€JIbIX) U IIBETHBIX MPUHTEPOB.

MOHOXPOMHbIE MPUHTEPHDI

CaMbIMU JIEIIEBBIMU SIBJISIOTCSI MATPAYHBIE MPUHTEPDI, Y KOTOPHIX ITeYaTaromias ro-
JIOBKA MOCJIeA0BATEIbHO MPOXOAUT KAXKIYIO0 CTPOKY MHedaTu. ['010BKa coaepskuT oT 7 10
24 wrn, Bo30YXIaeMbIX 3JIEKTPOMArHUTHBIM mojieM. JlemieBble MaTpUIHbIE TTPUHTEPHI
WMEIOT 7 W TS ieyaTu, ckaxkeM, 80 CUMBOJIOB B CTpoKe B MaTpuiie 5x7. B pe3ynbraTe
CTpOKa ITeYaTH COCTOUT U3 7 TOPU3OHTAIBHBIX TMHUM, a KaXKAasl U3 3TUX JMHUI COCTOUT
u3 5x80=400 Touek. Kaxxnasi Touka MOXET IeJaTaThCsl WM He Te4aTaThCsl B 3aBUCUMO-
CTH OT TOTO, Kakas HyxkHa OykBa. Ha puc. 2.31, a ioka3aHa 0ykBa «A*>, HaredaTaHHast
Ha Mmartpuie 5x7.

KadecTBo ImeyaTyi MOXHO IOBBIILIATH IBYMsI CITOCOOAMM: MCIIOJIb30BaTh OOJIbIIICe
KOJIMYECTBO MIVT I CO37aBaTh HajoxXeHne Touek. Ha puc. 2.31, 6 Toka3aHa OykBa «A»,
HareyaTaHHasl C MCIOJIb30BaHUEM 24 WUIJI, B Pe3y/IbTaTe YEro MOIyYMIIOoCh IepeceycHe
ToueK. [IJIsI TToydeHusT TaKuX MepecedeHrid OOBIMHO TPeOyeTCsl HECKOJIBKO ITPOXOIOB
I10 OHOM CTPOKE IIeYaTH, IIO3TOMY YEM BHIILIE KAYeCTBO I1eYaT, TeM MejIcHHee paboTa-
€T MpUHTEP. BOoJIBIIMHCTBO MPMHTEPOB MOXKHO HACTPaWBaTh, CO3MaBasl Pa3jIMUHbIC Ba-
PUAHTBI COOTHOILIEHUS KAYECTBA 1 CKOPOCTH.

o
O O
O O

O O
00000

A

‘
O O : 12
.

'%l

O O

a 6

Puc.2.31. BykBa «A» Ha maTpuLe 5x7 (a); 6yka «A», HanevyaTaHHas C UICNONb30BaHMEM 24 urn.
MonyyaeTca HanoxeHue Toyek (6)
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MarpuuHble IPUHTEPHI ACHIEBbI (0COOEHHO B OTHOLICHUM PACXOIHBIX MATEPUAJIOB)
1 OYeHb HAJIEXKHBI, HO PadOTAIOT MEIEHHO, IIIyMHO, M KAYeCTBO TIeYaTh OYeHbh HMU3KOE.
OnHaKo OHM LIMPOKO IMPUMEHHUMBI, 110 KpaiiHei Mepe, B Tpex 00J1acTsiX. Bo-TiepBbix, oHU
OYCHb TIOMYJISIPHBI IS TedaTy Ha Oosbimx jucrax (6omee 30 cM). Bo-BTophix, nMm
OUEHb YIOOHO IT0JIb30BaThCs MU TIeYaTH HAa MaJICHbKUX OTpe3Kax OyMaru (Harpumep,
KaCCOBBIX YeKaX, YBEIOMJICHUSIX O CHSITUM JIEHET C KPEAUTHBIX KapT, TTOCATOYHBIX Tal0-
Hax B aBMAKOMITaHUSIX). B-TpeTblX, OHM UCITONB3YIOTCS IJISI pacIiedaThIBaHMSI OIHO-
BPEMEHHO HECKOJIbKUX JIUCTOB C BIOKEHHON MEXIy HUMM KOITMPOBAJIbLHON OyMaroid,
U 3Ta TEXHOJIOIMS caMasl JelleBasl.

Jloma ynoOHO MCHoIb30BaTh HENOPOTHE CTPyiiHbIe mpuHTepbl. [1onBIKHAsI ITeyara-
IOLLIAsT TOJIOBKA COIEPKUT KAaPTPUIK ¢ yepHIaMu. OHa IBUraeTCsl TOPU30HTAIBHO Hall
Oymaroii, a YepHWIa B 3TO BPEMsI BBIIPHICKUBAIOTCS 13 KPOIIEUHBIX BHIITYCKHBIX OTBEP-
cTuyii. BHYTpM KaXI0ro oTBepCTHs Karlish YepHUJI HarpeBaeTcsl 10 KPUTUIECKOI TOYKI
¥ B KOHIIE KOHIIOB BBIPHIBAETCS HapyXy EmMHCTBEHHOE MeCTO, Ky/lna OHa MOXET ITONacTh
M3 OTBEPCTUSI, — JINCT OyMaru. 3aTeM BBITYCKHOE OTBEPCTUE OXJIAKIACTCS, B pE3y/IbTa-
TE CO3/IAeTCs BaKyyM, KOTOPBIM BTATMBAET CIASAYIOIIYIO Karumo. CKOpoCTh pabOTHI TTPUH-
Tepa 3aBUCHUT OT TOrO, HACKOJIbLKO OBICTPO ITOBTOPSIETCS LIMKJI HarpeBaHUsl/OXJIaXk/Ie-
Hus1. CTpyiiHbBIC MPUHTEPHI OOBIIHO MMEIOT pa3peraronyto crriocooHocTs ot 300 dpi (dots
per inch — Toyek Ha atoiitM) 1o 720 dpi, XOTs CYLIECTBYIOT CTpYiHbBIC IPUHTEPHI C pa3pe-
maroieit crnocooHocTeio 1440 dpi. OHU 1OCTaTOYHO AEIIEBO CTOSIT, pabOTAIOT OECIITyM-
HO U JAIOT XOPOILIee KAYECTBO ITe4aT, OMHAKO OTIMYAIOTCS HU3KOM CKOPOCTHIO, UCIIOJb-
3yI0T OY€Hb JOPOrve KAPTPUKU U TPOU3BOIAT pacrieyaTk, CMOYEHHbIE YEPHUIAMU.

BeposiTHO, caMbIM yAMBUTEIBHBIM M300peTeHHEM B 00/1aCTH IeYaTHBIX TEXHOJIOT il
co BpeMeH HMoranna I['yreHOepra, KOTOpBIif M300pe MOOBIDKHYIO JIMTepy B XV Beke,
SIBJISICTCSI JIA3EPHBIA MPUHTEP. DTO YCTPOMCTBO COYETACT XOpOIllee KAYeCTBO MeYaTH,
YHUBEPCATbHOCTh, BBICOKYIO CKOPOCTh Pa0OThI U YMEPEHHYIO CTOMMOCTD. B j1a3zepHbIX
MPUHTEPAX UCIOJB3YETCSI MOYTH TaKasl XK€ TEXHOJIOTHYsI, KaK B (DOTOKOIIMPOBAIbLHBIX
ycTpoiicTBax. MHOrme KOMITaHMY TIPOM3BOISIT YCTPOMCTBA, COBMEIIAIOIINE CBOMCTBA
KOITMPOBAJIbHOI MAIlIMHbI, IIPUHTEPa X MHOIA TaKXKe (hakca.

OCHOBHOE YCTPOMCTBO TIPMHTEpa MOKa3aHo Ha puc. 2.32. [71aBHOIT 94acThIO 3TOrO
MPUHTEPa SIBJIIETCSI Bpalaroluiics 6apadaH (B HEKOTOPBIX 00J1ee JOPOrOCTOSIIINX CHC~
TeMax BMecTo OapabaHa ucronn3yeTcs JeHTa). [lepen meyaTpio Kaxkmoro ucTta bapadaH
nonyvaeT HanpsokeHue okosio 1000 BoibT U oKpyxaeTcsi (h)OTOUYBCTBUTEIbHBIM MaTe-
puanoM. CBeT Jiazepa MPOXOAUT BIOJIb OapadaHa (M0 IIMHE) MOYTH KaK ITyYOK 3JIeKT-
POHOB B 3JIEKTPOHHO-JIy4eBOi1 TPYOKE, TOJIBKO BMECTO HAITPSDKEHMST Ul CKAHUPOBAHUS
OapabaHa MCITOIB3YETCs Bpalllalolieecs BOCBMUYTOJIbHOE 3epKasio. JIyd cBeta Momy/m-
pyeTcs, U B pe3yJbTaTe IOIydaeTCsl OIpeleIeHHbIII Habop TEMHBIX U CBETJIBIX Y4acT-
KOB. Y4YaCTKM, Ha KOTOPbIE BO3IEHCTBYET JIy4, TEPSIIOT CBOM 3JICKTPUIECKUIA 3apsi.

ITocne Toro kak HaprcoBaHa CTpOKa TOUEK, OapabaH HEMHOTO ITOBOPAYMBAETCS JJIsT
CO3IaHMs CIeAyIoleil cTpoku. B urore mepBast cTpoka TOYEK TOCTUTaeT pe3epByapa C TO-
HepoM (3JIEKTPOCTATUYIECKN IyBCTBUTEIBHBIM YEPHBIM ITOPOIIKOM). TOHEP MPUTSITU-
BaeTCs K TEM TOYKaM, KOTOPHIE 3apsKeHBI, 1 TaK (hOPMUPYETCS BU3yallbHOE M300paKe-
Hue cTpoku. Yepe3 HeKoTopoe BpeMs OapabaH ¢ TOHEPOM IIPMIKMMAETCs K Oymare,
OCTaBJIsISl Ha HEl OTIIEYaTOK M300pakeHM. 3aTeM JIMCT IIPOXOIUT Yepe3 ropsTIne Bajiu-
KU, 1 M300pakeHue 3akperuisiercs. I1ocie aToro 6apadaH pa3pskaeTcs, 1 OCTaTKM TOHEpa
CUMILIAIOTCS ¢ Hero. Ternephb OH roToB K MeYaTaHUIO CACAYIOIEH CTPaHULIbL.
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Bpavuatoweecs

BOCbMWYroJfibHOE 3epkano
Nasep 0

Ha6apabaH nogaeTcs HanpsixxeHne

Jly4d ceeTa
nonapaet
Ha 6apabaH

BapabaH

ToHep Crpenep

—— PasprauTtens

PackanesHbie
Banvku

Yucras OTnevaTtaHHble
bymara JNINCTbI

Puc.2.32. PabotanasepHoronpuHrepa

EnBa 1 HY>XXHO TOBOPUTH, UTO 3TOT MPOLIECC MPEICTABISAET COOOM Upe3BbIYATHO
CJIOXKHYI0 KOMOMHALINIO (DU3UKU, XUMUU, MEXaHUKW 1 ONITUKU. TeM He MeHee HeKO-
TOpbIe MPOM3BOAUTEIN BBITYCKAIOT arperaThl, KOTOpPbIE HA3BIBAIOTCS MEYATAIINMME
ycTpoiicTBaMu. M3roToBUTENN JIa3epHBIX IPUHTEPOB COUETAIOT IeYaTalolIne YCTPOii-
CTBa ¢ UX COOCTBEHHBIM aITMapaTHBIM 1 IIPOrpaMMHBIM obecriedeHreM. ATapaTHoe obec-
MeYeHNEe COCTOUT U3 OLICTPOPAOOTAIOILIETO MPOLIECCOPa, a TAKXKE HECKOJbKMX Meradaii-
TOB TIAMSTU JIJIT XpaHEHUS TIOJIHOTO M300paXkKeHUs B OUTOBOM (hopMe U Pa3IMYHBIX
LIPU(TOB, OHU U3 KOTOPBIX BCTPOEHBI, a APYTHE 3arpyXaroTcs U3 namsatu. bosbimn-
CTBO IPUHTEPOB ITPUHUMAIOT KOMAH/IbI, OITUCHIBAIOIINE CTPAHMILY, KOTOPYIO HY>KHO Ha-
revaTath (B MIPOTUBOMNOIOXHOCTh TIPUHTEPAM, TTPUHUMAIOIIM M300pakeHUs B OUTO-
BOi1 (popMe OT LIEHTPaAJILHOTO TPOLIeccopa). DT KOMaHIbl OOBIYHO JAIOTCST Ha SA3bIKE
PCL wmm PostScript.

JlazepHble IpUHTEPHI ¢ pa3peraroleii crrocooHocThio 300 dpi 1 BhIIIIE MOTYT TTeda-
TaTh YepHO-0esble (poTorpaduu, HO TEXHOIOTHS TIPU 3TOM TOPa3Io CIOXHEE, YeM MO-
JKEeT TIOKa3aThCsl Ha TepBBIA B3MIsLI. PaccMoTpuM doTorpaduio, 0OTCKaHMPOBAHHYIO C
paspeluaiolieii crnocooHocThio 600 dpi, KOTOpYIO Hy:KHO HaredyataTh Ha IPUHTEPE C Ta-
KoM 3Xe pa3peraroieit criocooHocThio (600 dpi). CkaHMpOBaHHOE N300paXKeHHEe Colep-
KUT 600x600 MUKCETOB/MIONM, KaXIbIii MUKCE XapaKTepu3yeTcsl ONpeeIeHHOM cTe-
TeHbIo ceporo 1BeTa ot 0 (OembIii 11BeT) 10 255 (depHsbiit BeT). [IprHTEp MOXET IeyaTarhb
¢ paspeluaroleit crrocodHoctbio 600 dpi, HO KaxkIblil HareYaTaHHbIN ITUKCE MOXET ObITh
J00 YepHoro 1BeTa (Koraa ecTh TOHEp), JIM0o Oesoro 1BeTa (Korma HeT ToHepa). Cre-
TIEHU CEPOTro TeYaTaThCsl HE MOTYT.

s TIeyaTt TaKMX U300pakeHUI CITONIb3yeTCsl TAK Ha3bIBacMast 00padoTKa moJIy-
TOHOB (KaK IpU TTeYaTh CEPUIHBIX TJ1aKaToB). M300paxeHue pa3douBaeTcsl Ha STYCHKU,
Kaxknas 6x6 nukcenoB. Kaxnast siueiika Moxet comepxaTh oT 0 10 36 YepHBIX TTUKCEJIOB.
YenoBeyeckoMy IJ1a3y stdeiika ¢ OOJIBIIMM KOJIMYECTBOM YEPHBIX MUKCEIOB KaxKeTCsI
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TEMHEE, YeM siUeiiKa ¢ HeOOJIBIIMM KOJIMYECTBOM YEPHbBIX ITUKCeI0B. Cepble TOHA B M-
ama3oHe ot 0 mo 255 mepenmaroTcs CISAYIOIINM 00pa3oM. DTOT IMAIla30H ACAUTCS Ha
37 30H. Cepsble ToHa oT 0 10 6 pacrosioxeHbl B30He 0, oT7 10 13 — B30oHe 1 u T. 1. (30Ha
36 HEMHOTO MEeHBbIIIe, YeM Apyrue, moToMy uTo 256 Ha 37 Ge3 ocTatka He aenutes). Ko-
[Ja BCTpevaroTcsl ToHa 30HbI 0, ssueiika ocTapiisieTcsl Oesioii, Kak mokKa3aHo Ha puc. 2.33, a.
Tona 30HBI 1 TIepenaroTCs OMHUM YEPHBIM MUKCEIOM B siueiike. ToHa 30HbI 2 — IBYyMS
MUKCeJIaMU B sTYeliKe, KaK MoKa3aHo Ha puc. 2.33, 6. M300pakeHure cepbIXx TOHOB IPYTUX
30H TTOKa3aHo Ha puc. 2 33, 6 — e Ecim portorpadust orckaHmpoBaHa ¢ pa3periaronieii
crioco6HocThIO 600 dpi, ocsie momoGHOI 06PAbOTKY MOJYTOHOB pPa3pellaroliast Crocoo-
HOCTh HaItle4aTaHHOTO M300paxkeHus cHizkaercs a0 100 sueek/mroiiM. JlanHast paspe-
IIAK0IIAsi CNOCOOHOCTh HA3bIBACTCS Tpafallveil moyToHOB U usMepsiercs B Ipi (lines
per inch — KOJIMYECTBO CTPOK Ha JIOVM)

] 1
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Puc. 2.33. N306pavkeHne cepbix MoyTOHOB pasnmyHbix 30H 0-6 (a); 14-20(6), 28-34(B),
56-62(r), 105-111 (g); 161-167 (e)

LiBeTHblENPUHTEPDI

LIBeTHBIE M300paskeHUST MOTYT IePeAaBaThCs ABYMSI CIIOCOGAMM: C TIOMOIIBIO TTOTJIOIIECH-
HOTO CBETa U C TIOMOILBIO OTPAaXXEHHOTO cBeTa. [1omIoIIeHHBI CBET UCITOIb3YeTCsI, Ha-
MpUMep, TIPU CO3TaHUN M300pakKeHUI B 3JIEKTPOHHO-Ty4eBbIX MOHUTOpaX. B qaHHOM
ciTy4yae U300pakeHre CTPOUTCS TYyTeM aIIUTUBHOTO HAJOXKEHUSI TPEX OCHOBHBIX 1IBE-
TOB' KPacHOTO, 3eJIcHOro U cuHero. OTpaskeHHBII CBET MCITOJIb3YeTCs MPU CO3MaHUU
LIBETHBIX (poTorpacduii 1 KApTUHOK B MISHUEBBIX XypHaiax. B 3ToM ciyyae norsionia-
€TCsl CBET C ONpeIeIeHHOM JUTMHOM BOJIHBI, 4 OCTAJILHOM CBEeT oTpaxkaeTcs Takue n300-
PaXXeHMSI CO3MAIOTCS TYTeM CYOTPAKTUBHOTO HAJIOXKEHUSI TPEX OCHOBHBIX 1IBETOB: TOJTY-
0oro (KpacHBII ITOJIHOCTBIO TOIJIOIIEH), XKeJTOro (CMHUM ITOJHOCTHIO TOTJIONMIEH) 1
CHUPEHEBOTO (3€JICHBII TTOJTHOCTHIO MOIJIONIEH). TeopeTUuecKu myTeM CMEIIMBaHMS TO-
JIYOBIX, SKEJITBIX U CUPEHEBBIX YePHWT MOXKHO TTOTYyYUTH 10001 1BeT. Ho Ha mpakTuke
OUCHb CJIOKHO TIOJIYUUTh TAKUE YePHUIIA, KOTOPbIE TTOJTHOCTBIO TIOTJIONIAIN Obl BECh CBET
U B pe3y/ibTaTe AaBajiv YepHbIi [BeT. [10 5Tl MpUYMHE MPAKTUUECKH BO BCEX LIBETHBIX
TeyaTarolMxX YCTPOMCTBAX UCITONIB3YIOTCS YSPHMIIA YEThIPEX LIBETOB: TOJy00ro, XKeITo-
0, cupeHeBoro 1 yepHoro. Takas cuctema 1iBetoB Ha3piBaeTcss CYMK (C — Cyan (To-
ny6oii), Y — Yellow (kentorit) M — Magenta (cupeHeBbiit) u K — blacK (depHbrit)).
W3 cnoBa «black» Gepercst mocenHsist OyKea, 4ToObl He ImyTath ¢ Blue (cuHwuit). MonuTo-
PbI, HAIPOTUB, UCITOJIB3YIOT MOIJIOIICHHBI CBET U HAJIOXKEHME KPACHOTO, 3eJIEHOTO U CU-
HETo 1IBETOB IIJISI CO3MaHUSI 1IIBETHOTO M300paXkeHMsI.

INomHbrif Habop 1BETOB, KOTOPBINA MOXKET IIPOM3BOIUTH MOHUTOP VI TIPUHTED, Ha-
3BIBAETCS 1[BETOBOM IIKajol He cyllecTByeT TaKOro ycTpoiicTBa, KOTOPOE MOJHOCTHIO
TiepeIaBajio ObI IBETa OKPYKAIOIIEro Hac MUpa. B JTydiiieM ciydae yCTpOMCTBO AaeT BCErO
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256 cTerieHelt THTEHCUBHOCTH KaXKIIOTO 1IBETa, U B UTOTE ITOJTy4aeTcs ToJIbKo 16 777 216
pa3nuuHbIX 11BeTOB. HecoBepIlieHCTBO TEXHOJIOTHIA ellie 0OJIbIlIe COKPAIAeT 3TO YHCIO,
a OCTaBILMECS 1BETA HE TIEPENAIOT MOJIHOTO LIBETOBOTIO CIieKTpa. Kpome Toro, BeToBoC-
TIPUSITUE CBSI3aHO HE TOJIbKO ¢ (PU3NYECKUMU CBOMCTBAMU CBETa, HO U C pabOTOol masio-
YeK M KOJIOOYEK B CETYATKE IJIasa.

M3 Bcero 3Toro ciiemyeT, YTo MPeBPAaTATh KPACUBOE LIBETHOE N300paXkeHUE, KOTOPOE
3aMeyvaTesTbHO CMOTPUTCS HA 9KPaHe, B UIEHTUYHOE MeYaTHOE U300pakKeHUE OYEHD CITOXK-
Ho. Cpeay OCHOBHBIX MPOOJIEM MOXHO Ha3BaTh CIEAYIOLLNE:

1. 1IBeTHbIE MOHUTOPBI UCITOJIB3YIOT MOIJIOIIEHHBIN CBET; LIBETHbIE TPUHTEPHI UC-
TOJIB3YIOT OTPaXXEHHBIN CBET.

2. DeKTPOHHO-JIyYeBasi TPYOKa MPOU3BOIUT 256 OTTEHKOB KaXIOIO LIBETA; LIBET-
HbIE TIPUHTEPDI JO/LKHBI COBEpLIATh 00PAOOTKY ITOJIYTOHOB.

3. MoHMTOpHI UMEIOT TEMHBIN (hOH; OyMara MMeeT CBETJIbIi (hOH.

4. Cucremsl iBeToB RGB (Red, Green, Blue — kpacHsIit, 3enenbrit, cmanii) m CYMK
OTVIMYAKOTCS APYT OT APYyTa.

YT1o0bI LIBETHBIE NIEYaTHbIE M300paKeHUSI COOTBETCTBOBAIM PEAIbHOM JEHCTBUTEIb-
HOCTH (MJI1 XOTSI OB M300paskeHUSIM Ha SKpaHe), HeoOXoaMa KaJTnopoBKa 000pyIoBa-
HUS, CJIOXKHOE MPOrpaMMHOE 00ecriedeHre M KOMITIETEHTHOCTD I10J1b30BaTes.

JIJ151 LIBETHOM MeYaTy UCIIOJIb3YIOTCS MSITh TEXHOJIOTMIA, U BCE OHM OCHOBAHBI Ha CUC-
Teme CYMK. CaMbIMU IeIIIEBBIMMU SIBJISTIOTCSI IIBETHBIE CTPYiiHbIe mpuHTepbl. OHU pa-
0OTalOT Tak Xe, KaK 1 MOHOXPOMHBIE CTPYMHbBIE ITIPUHTEPHI, HO BMECTO OIHOI'0 KapTPU/I -
’Ka B HUX HAXOAMTCS YeThIpe (IJIs1 TOIyOBIX, 3KEJIThIX, CUPEHEBBIX 1 YEPHBIX YEPHMII).
OHM XOPOLLIO MeYaTaloT LIBETHYIO I'paduKy, CHOCHO IeyaTaioT (pororpaduu 1 rpu 3ToM
HE 04eHb JOPOTO CTOSIT (OTMETUM, YTO CAMU IIPUHTEPHI JAEILEBbIE, a KAPTPUIKU T0BOJIb-
HOJIOpOTHE).

151 TostydeHusI JIyYInX pe3yIbTaToOB JOJDKHBI MCIIOIb30BaThCsl 0COObIe YEpHWIA H
ocobast 6ymara. CylecTByeT aBa Buaa yepHuI. YepHuia Ha OCHOBE KpacUTENIsl COCTO-
AT U3 KPaCUTeJIell, PaCTBOPEHHBIX B XUIKOMN cpene. OHU HAIOT SIpKMe 1BETa U JIETKO
BBITEKAIOT M3 KapTpumka. [JIaBHbIM HEIOCTAaTKOM TaKUX YEPHMII SBJISIETCS TO, YTO OHM
OBICTPO BBLITOPAIOT ITOJ, BO3IEHCTBUEM YJIbTPAa(PUOJIETOBBIX JIydeil, KOTOPhIE COmEpXKaT-
Cs1 B COJTHEYHOM cBeTe. YepHimia Ha OCHOBE MUIMEHTA COIEPXKAT TBEP/IbIe YACTULIbI ITNAT-
MEHTA, TTOTPYyKEHHBIE B XXUIKOCTh. 2KHUIKOCTh HCIapsieTcst ¢ OymMaru, a MIMrMeHT OCTaeT-
cs1. YepHuia He BBITOPAIOT, HO 3aTO0 JAIOT He TAKKeE SIpKUe KPaCKK, KaK YepHWIa Ha OCHOBE
Kpacutens. Kpome Toro, yacTuilpl ITMIMEHTA YacToO 3aCOPSIIOT BBITYCKHBIE OTBEPCTUS
KapTpUIKE, ITO3TOMY MX HYXKHO IEepUOAMYECKU YUCTUTh. [is medatu doTtorpaduit
HeoOXomrMa MeJIOBaHHAasI MM TISTHIIEBast Oymara. DT 0coObIe BUIBI OyMaru ObLTA CO-
30aHbI CIIELIMAIBHO JISI TOrO, YTOOBI yIepXKUBaTh KalleJbKM YEPHWI U HE JaBaTh UM
pacTEKAaThC.

Creayronuii TUIL IPUHTEPOB — IPUHTEPBI C TBEPIbIMA YepHIIaMHM. B oTux mpuH-
Tepax COOEPXKUTCS 4 TBEpABIX 0JIOKA CIIEMAIbHBIX BOCKOBBIX YEPHIUJI, KOTOPHIE 3aTeM
paciuiapisiores. Ilepen HayaaoM nedaTy J0JKHO Ipoiity 10 MUHYT (BpeMsi, HeoOXoau-
Moe JUISI TOrO, YTOOBI pacIuIaBUTh YepHMIa). ['opsiane dyepHUia BBIIPHICKMBAIOTCS Ha
OymMary, Ije OHM 3aTBEpPACBAIOT U 3aKPEIUISIOTCS ITOCHIE ITPOXOXKICHUS JINCTA MEXIY
JIByMsI BaJIMKaAMU.
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TpeTwnii TUTI IBETHBIX IPUHTEPOB — IBETHBIE JIa3epPHbIe NPpUHTEPbl. OHU PadOTAIOT
TaK Xe, KaK UX MOHOXPOMHBIE OpaThsl, TOJTbKO OHU COCTABJISIIOT YEThIPE OTIETbHbIX N300-
paxkeHus1 (roy0oro, XeiaToro, CUPEHEBOrO W YEPHOTO 1IBETa) U WCIONb3YIOT YEThIpEe
pa3Hbix ToHepa. [TocKoNbKY TOTHOE U300pakeHue B OUTOBOM (hopMe OOBIYHO COCTaB-
JISIeTCSl 3apaHee, M1 U300paXeHusl ¢ paspeluaronieit cnocooHocteio 1200x1200 dpi Ha
jucte B 80 KBagpaTHBIX JI0MMOB HY>kKHO 115 MuIH mukcesioB. Tak Kak KaxKabli MTUKCeT
COCTOMT U3 4 OUTOB, MPUHTEPY HY>KHO 55 MOaMT aMsITU TOJIbKO IJIsSI XpaHEeHUsT U300pa-
>XeHUsI B OUTOBOI (hopme, He cuMTasi maMsiTh, HEOOXOAMMOIA 1Sl BHYTPEHHHUX ITPOLIECCO-
POB, IPUGTOB U T. M. DTO TpeOOBAHUE NIENIAET LIBETHBIE JTa3€PHbBIE MPUHTEPhI OYEHD TI0OPO-
MMM, HO 3aTO OHM OYeHb OBICTPO PaOOTAIOT U IAIOT BHICOKOE KauecTBO rmevyatu. K Tomy
K€ TIOJyYeHHbIE U300pakeHUsI COXPAHSIIOTCSI Ha MPOTSKEHUM JUTUTETEHOTO BPEMEHU.

YeTBepThlii TUTT TPUHTEPOB — MPUHTEPDHI C BOCKOBLIMI YepHIIaAMU. OHU cofiepKaT
LIMPOKYIO JICHTY M3 YEeThIPEXIIBETHOTO BOCKA, KOTOpasl pa3aeiiseTcsl Ha OTPe3KX pa3me-
poM ¢ JucT Oymard. ThICsSuM HarpeBaTeJIbHBIX 3JIEMEHTOB PACTAIlJIMBAIOT BOCK, KOIjia
OymMara nMpoXoauT nop JeHTol. Bock 3akperuisietcs: Ha 6ymare B (hopMe MUKCENOB C UC-
nonb3oBaHueM crcteMbl CYMK. Takue npuHTEpbl KOraa-To ObLTM OYEHb MOMYJISIPHBI,
HO ceiiyac WX BBITECHUJIM IPyrue TUIIbI IPUHTEPOB ¢ 0oJjiee AelleBbIMM PACXOAHBIMU
MaTepuajiaMu.

[IsaTBIiT THIT IPUHTEPOB pabOTaeT Ha OCHOBE TEXHOJIOTUM CyOJMMAIMHM. DTO CJIOBO
CONEPKUT HEKOTOPBIE (PPEMICTCKIE HOTKH ', OIHAKO B HAyKe T0J CyOIMMalmeii oHu-
MaeTcsl Mepexo TBEPAbIX BELIECTB B ra3000pa3Hbie 0€3 MPOXOXACHUS UYepe3 CTaAUIo
KUAKOCTU. TakuM MatepuaioM SIBJSIETCS, HAPUMED, CyXOH Jies (3aMOPOXKEHHbBIH yT-
JieKucIbii ra3). B npuHTepe, paboTatoiiieM Ha OCHOBE Ipoliecca CyoauMaliu, KOHTen-
Hep ¢ Kpacutesassmu CYMK aBuraetcs Hai TepMUYECKOI TeyaTaroniei roToBKoi, KoTo-
pasi COIEPXUT THICSYM MPOrPaMMUPYEMbIX HarpeBaTesbHbIX 2jeMeHToB. Kpacutenu
MTHOBEHHO MCIIapSIIOTCSl U BIUTHIBAIOTCS ClIeMaIbHOM OyMaroii. Kaxiplii HarpeBatesib-
HBII DJIEMEHT MOKET TTPOM3BOIUTH 256 pasMIHBIX TeMItepaTyp. YeM BbIlle Temriepa-
Typa, TeM 0OJIbllie KpAaCUTENIsl OCAKIAETCSl U TEM MHTEHCUBHeEE ToJyyaercs 1Ber. B or-
JIMYME OT BCEX IPYTUX LIBETHBIX TPUHTEPOB, TAHHBIM MTPUHTEP CIIOCOOEH BOCIIPOM3BOIUTh
1IBETa MPAKTUYECKU CIUIONIHOTO CIEKTpa, MO3TOMY Ipoleaypa o0paboTKu MOJyTOHOB
He HyxHa. [Iponiecc cybammanyy 4acTo UCTIOIb3YeTCs MPU U3TOTOBIEHUA MOMEHTAIb-
HbIX CHUMKOB. Takue CHUMKU JIeJIAl0TCs Ha CTIEMaIbHOM TIOPOroCTosIIEel Oymare.

Moaoembl

C nosiBieHneM OOJIbIIOrO KOJIMYECTBA KOMITBIOTEPOB B MOCJICIHME TOAbl BO3HUKIIA He-
00XOIMMOCTb YCTAHOBUTH CBSI3b MEXIy KOMIbloTepaMu. Harmpumep, MOXHO CBSI3aTh
CBOIi TOMALITHUIA KOMITBIOTEP C KOMITBIOTEPOM Ha paboTe, ¢ MOCTaBIIMKOM yciryr MHTep-
HeTa WK OaHKOBCKOI cucTeMoi1, J11st o0ecriedeHrs TAKOM CBSI3U YacTO MCIIOJIb3YeTCsI
TeaeOHHAsI TUHUS.

OnHako Tpy6ast TeneoHHas JUHUS He TOAXOOWUT IJIs Tepelayd KOMITbIOTEPHBIX
CHTHAJIOB, KOTOphie 00bvHO nepenaror 0 kak 0 B, a 1 — ot 3 mo 5 B, xak mokazaHo Ha
puc. 2.34, a. JIByxypOBHEBbIE CUTHAJIbI CTPAaloT OT CHMJIBHOTO MCKAaXXEHMSI BO BpeMsI

! CyOnmaryst B ICUXOIOTMHU O3HAYAET IICHXUUECKHIA TIPOLIECC MPE0OPA30BAHKS U ITEPEKITIOUEHNS SHEPTUM
BJICYEHUIA Ha LIEJTM COLTMATLHOM ACSTETbHOCTH M KYJILTYPHOTO TBOPUYECTBA; TEPMUH BBezieH 3. Ppeitnom. -
IIpumeu. nepes.
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Tiepenayr 1o TeaehOHHOM JIMHMN, KOTOpas IpeTHa3HaYeHa 1S TIepeIadu rojioca, a icka-
JKEHUSI BEyT K OIIMOKaM B repegade. TeM He MeHee CUHYCOMIAIbHBII CUTHAJI C YaCTO-
Toi1 o 1000 mo 2000 I't1, KOTOPBIi HA3BIBASTCST HECYIIMIM CHTHAJIOM, MOXKET ITepeaaBaThCS
C OTHOCUTEJIEHO HEOOIbIIMMMI UCKAXKEHUSIMU, 1 3TO CBOMCTBO HCIIONb3YETCsI IIPU Mepe-
Jiaye TaHHBIX B OOJIBIIMHCTBE TeJIEKOMMYHUKAITMOHHBIX CUCTEM.

IMockombKy crHycoumaabHasi BOJHA ITOJHOCTBIO MpeackazyeMa, OHa He IepeaacT
HMKakoi nHpopMamy. OIHAKO U3MEHSISI aMIUIATY/LY, YacTOTy Wi ¢hazy, MOXHO Iie-
penaBaTh MOCIEI0BATeIbHOCTD HYyJIel U €IMHMII, KaK MOoKa3aHo Ha puc. 2.34. DToT mpo-
1iecc Ha3bIBaeTcsl Momyasumeid. [Tpy amMmmryaHoit Mmoayasmm (puc 2.34, 6) UCTIONb-
3yeTcs ABa ypoBHs Hanpspkenus, 11 0 u 1 cootBerctBeHHO. Eciam mugpoBbie naHHbBIE
MePEaaloTCs C OYeHb HU3KOI CKOPOCTHIO, TO IPHU Nepeaaue 1 CIbIIeH TPOMKUIA IIyM,
a ripy nepenave 0 IIym OTCYTCTBYeT.
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dazosag Mmoaynaums (r)

ITpu wacrorHoit Momysmu (puc. 2.34, 0) ypoBEeHb HAIIPSDKEHUST HE U3MEHSIETCS,
HO 4acTOTa HEeCyILEero curHajia pasimvaercs mist 1 u mst 0. B aToM ciydae ripu nepe-
Jlave 1POBBIX TaHHBIX MOXKHO YCJIBIIIATh 1Ba TOHA: OJWH M3 HMX COOTBETCTBYET 0,
anpyroii — 1. YacToTHass MOY/ISILUSI MTHOIIA HA3BIBACTCSI YACTOTHOI MAHUITY ISIIMEHA.

ITpu npocroit (pazoBoii Mmomymsiiuu (puc. 2.34, T) aMIUTUTYA U YaCTOTa COXPaHsI-
JOTCS Ha OTHOM YpOBHe, a ¢ha3a Hecyllero curHajga n3MmeHsiercss Ha 180 rpamycos, Ko-
ma JaHHble MeHstoTcst ¢ O Ha 1 wim ¢ 1 Ha 0. B Gosee cioxXHbIX cucTeMax ¢a3oBoil MOIy-
JISILIMY B Havyajle KaXIO0ro HEeNeJIMMOr0 BPeMEHHOIO OTpe3ka ha3a HECYIEero CUrHaia
pe3ko capuraercs Ha 45,135, 225 wiu 315 rpagycos, 4ToObl NepenaBaTh 2 6UTa 3a OMUH
BPEMEHHOI OTPe30K. DTO Ha3bIBaeTCsl MMOMTHOI (ha30Boii KomupoBkoii. HamprimMep,
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casur 1o ¢aze Ha 45° npencrasisieT 00, casur 110 aze Ha 135° — 01 u T. o1 CymiecTByioT
CHCTEMBI JUTS TIepeaqyu Tpex U 0ojiee OMTOB 3a OMMH BpeMEHHOI OTpe3oK Yuciio Takux
BPEMEHHBIX MHTEPBAJIOB (TO €CTh YMCJIO MOTEHIIMAILHBIX MU3MEHEHUI CUTHANA B CEKYH-
JIy) Ha3bIBaeTCsl CKOpOcThio B bomax Ilpu mepenade nByx mim 6osee OUTOB 3a 1 BpeMeH-
HOI OTPEe30K CKOPOCTH Tepeaaur OMTOB OyIET MPEeBBIIIAaTh CKOPOCTh B bomax. OTMeTnM,
YTO TEPMHUHBI «00I» M «OUT» YaCTO ITyTaloT.

Ecmy naHHbBIe COCTOST U3 MOCIIENOBATELHOCTU 8-OUTHBIX CUMBOJIOB, OBIIIO OBI JKesa-
TEJIbHO UMETh CPEACTBO CBSA3M JUIS Mepedayr 8§ OMTOB OMHOBPEMEHHO, TO €CTh § Iap
1poBooB. Tak Kak TeJiehOHHbIE TMHUY, TIPeIHAa3HaYEHHBIE 7151 TIepeaqu rojoca, ooecrie-
YMBAIOT TOJIHKO OIMH KaHaJl CBSI31, OUTHI JOJKHBI TIEPEChLIAThCS TOCIeI0BaTeIbHO ONUH
32 IpyrUM (WJIK B TPYIINAx I10 1Ba, €CJIU MCIIONb3YyeTCsl NTMOUTHAsI KOAUPOBKa). YCTpOii-
CTBO, KOTOPOE MOJIydaeT CUMBOJIbI M3 KOMITbIOTepa B (hOpMe ABYXYPOBHEBBIX CUTHAJIOB
(110 omHOMY OMTY B OTPE30K BPEMEHM) 1 TIepeacT OUTHI TT0 OMHOMY WJIM IO Ba B (hopMe
aMIUIMTYTHOM, (Da30BOM MM YaCTOTHOM MOMYJISIIAM, Ha3bIBaeTcsl MomeMoM. JIist yka-
3aHMS Ha HAYajIo M KOHEI[ KaXI0ro CUMBOJIa B HaYaJle M KOHIIE 8-OUTHOI 1IeTIOYKM CTa-
BSITCS HAUaJIbHBI M KOHEUHBIM OWTHI, TAKUM 00pa3oM, Bcero mnoirydaetcs 10 OuToB.

MoneM mochUIaeT OTIAENbHBIE OUTHI KaXKIOIo CMMBOJIA Yepe3 PaBHBIC BPEMEHHEIC
orpe3kn Hampumep, ckopocts 9600 Gom o3HAYaeT, YTO CHUTHAT MEHSIETCST KaXKIble
104 mxc Bropoii MoaeM, nosyJatoluii nHGopMaluio, mpeodpasyeT MOy IMPOBAaHHBIN
HEeCYIIMi1 CUTHAI B IBOMYHOE YMCI0. BUTHI mocTymaoT B MoIeM 4epe3 paBHEIE IIPOMe-
KyTKM BpeMeHr Ecim Momem ompeneni Hadyalxo CUMBOJIA, €ro Yackl COOOIIAI0T, Koraa
Hy>XKHO Ha4aTb CYMTHIBATH ITOCTYIIAIOIINE OUTHI

CoBpeMeHHbIE MOAEMBI IepenaloT AaHHbIe co ckopocThio OoT 28 800 out/c mo
57 600 6uT/c, YTO OOBIYHO COOTBETCTBYET O0JIee HU3KOM CKOpOCTH B 6onax. OHU cove-
TAlOT HECKOJIbKO TEXHOJIOTUH IJIsI TMepefayd HeCKOJIbKUX OUTOB 3a 1 601, MOTyIMpys
aMITTUTYdy, YacToTy U (azy. [louyTn Bce cCOBpeMEHHBIE MOAEMBI SIBJISIIOTCSI AYIUIEKCHbI-
MH, TO €CTb MOTYT TlepefaBaTb MH(MOPMAIIMIO B 00OMX HaMpaBJIEHUSIX OMHOBPEMEHHO,
VICTIONB3YS pa3IMyHbIe 4acTOThl. MOIEMbI U JIMHUU CBSI3U, KOTOPbIE HE MOTYT Iepena-
BaTh MH(OPMALIMIO B 000MX HAMPaBJIEHMUSIX OMHOBPEMEHHO (KakK Kejie3Hasl 1opora, 1o
KOTOPOM IT0e3/1a MOTYT XOIUTh U B CEBEPHOM, M B I03KHOM HampaBJIeHUSIX, HO HE B OMHO
1 TO XK€ BpeMsl), Ha3bIBAIOTCS MOMYAYIUIEKCHbIMA. JIMHUY CBSI31, KOTOpbIE MOIYT Iepe-
JaBaTh MH(OPMAIMIO TOJBKO B OMHOM HaIlpaBJICHUU, Ha3bIBAIOTCS CHMILIEKCHBIMH.

ISDN

B Hauane 80-x ronoB eBporeiickre KOMIIaHUU TTOYTOBOM, Tee(poHHOI U TenerpacHoM
CBsI3U pa3paboTanu craHAapT LubpoBoii Tenedonun mon HazBaHvueMm ISDN (Integrated
Services Digital Network — mucdpoBas ceTs ¢ npeaocTaBjieHuEM KOMILIEKCHBIX
ycayr). OHa naBajia BO3MOXHOCTh TOPOXKaHAM MMETh JIOMa CUTHATIM3ALMIO, CBSI3aHHYIO
CO CrielIMATbHBIMU YUPEKIEHUSIMU, a TAKKe TTPpelTHa3HAYAIach VTSI BBITIOJTHEHMSI APYTUX
cBoeoOpa3HbIX PyHKIMI KomImaHMy HacTOMYMBO peKJIaMUPOBAIM 3Ty MOCHO, HO 6e3
ocoboro ycnexa Bapyr nosiBuiicst World Wide Web, 1 monsiM nmoHagoowicst g poBoii
noctynn K MHTepHety. TyT-TO M 0OHApYXUIOCh COBEPILIEHHO MOTpsicaoliiee MpuMeHe-
Hue ISDN (xoTs BoBce He Giaromaps paspaborunkam 3Toit ceTr). C Tex Iop oHa cTaja
oueHb nomnyssipHoii B CIIIA u apyrux crpaHax.

Korna xmmenT tenedoHHOM KoMITaHUM TToarckiBactes Ha ISDN, TerepoHHast KoM-
TaHWs 3aMEHSIET CTapylo aHAJIOTOBYIO JIMHMIO HOBOM 1MbpoBoit. (B aelicTBuTensHOCTH
cama JIMHUSI He MEHSIETCS, MEHSIETCS TOJIbKO 00opyaoBaHUe Ha oborx KoHlax.) HoBas
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JIMHYSI COAEPKUT IBa HE3aBUCUMBbIX LIM(POBBIX KaHaa, KaXKIbIi CO CKOPOCTHIO Mepeaaun
JaHHBIX 64 000 61T/C, IIIOC KaHA ISl CUTHAJIOB CO CKOPOCThIO Tiepeaaun 16 000 out/c.
O06opynoBaHre HEOOXOIMMO JUISI TOTO, YTOOBI OOBEIMHUTD BCE TPY KaHajla B OMWH LUD-
POBOI KaHaJI CO CKOPOCTHIO ITepenaun JaHHbIX 144 000 out/c. [Ipeanpusitiist MOTYT IIpHU-
obperath 30-kaHanbHy10 JUHUIO ISDN.

ISDN He ToJIbKO OBICTpee IepenacT JaHHbIe, YeM aHAJIOTOBBIM KaHajl, HO M ObICTpee
yCTaHaBJIMBaET CoeNMHEeHUE (He Aoblie 1 ceKyHIbl), He TpeOyeT HaIu4usl aHaJIOTOBO-
ro MolemMa, a Takxe 0ojiee HaJexKeH, TO €CTb JaeT MeHbIle OIIMOOK, YeM aHaTOTOBbIM
kaHas. Kpome toro, ISDN umeeT psim DOMOJTHUTEIBHBIX OCOOCHHOCTEH, KOTOPBIX HET
y aHAJIOTOBBIX KaHAJIOB.

Crpyktypa cBsi3u ISDN mokazana Ha puc. 2.35. IlocTaBIIMK MpeaoCcTaBIseT Iud-
POBOIi KaHaJl, KOTOPbIi NiepeaaeT OuThl. YTo 03HAYAIOT 3TU OUThI — JIMYHOE JeJI0 OTIpa-
BUTEJIA W Tojydaresis. Mexmy o0opyloBaHMEM KJIMEHTa M ITOCTaBIIMKa ITOMEIIAeTCsI
ycTpoiictBo mis B3aumHOI cBs3u NT1 ¢ T-unTepdeiicom Ha ogHol ctopoHe 1 U-MH-
tepdericoM Ha apyroii. B CIIIA KiIMeHThI JOJKHBI TTOKYIIaTh COOCTBEHHOE YCTPOMCTBO
NT1, a Bo MHOIMX €BpOIIEMCKUX CTpaHaX — OpaTh HAIIPOKaT y ITOCTaBIINKA.
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Puc. 2.35. ISDN gna gomallHero ncrnosib3oBaHusa

Koabl cumBONOB

Y KaXmoro KOMITBIOTepa eCTh Habop CUMBOJIOB, KOTOPBI OH MCHONB3yeT. Kak MuHM-
MyM 3TOT HaGop BKJTIOYaeT 26 3aryIaBHBIX U 26 CTPOYHBIX OYKB', Ludpsl oT 0 10 9, a
TaKKe HEKOTOpPHIE CITeIMaIbHbIe CUMBOJIBL: TIpOOET, TOUKa, 3aIsaTas, MIUHYC, CMBOJT
BO3BpaTa KapeTKH M T. 1.

J1st Toro 4ToObI MepeaaBaTh 3TH CUMBOJIBI B KOMITBIOTED, KAXKIOMY U3 HUX TTPUITH-
chIBaeTcsl HoMep: Harpumep, a=1, b=2,...,z=26, +=27, -=28. OtobpaxkeHe CUMBOJIOB
B LIeJIbIC YMCIIa Ha3bIBAECTCSl KOJIOM CUMBOJIOB. BaXKHO OTMETUTBD, UTO CBSI3aHHBIE MEXKIY
€000l KOMITBIOTEPHI TOJDKHBI UMETh OIMH M TOT K€ KOJI, MHAa4Ye OHU He CMOTYT OOMEHU-
BaThcsl MHGopManueid. 1o aToit puunHe ObUTM pa3paboTaHbl cTaHaapThl. Huke MbI
PaccMOTPUM JIBA CaMbIX BaKHBIX U3 HUX.

! Jlna aHruiickoro si3bika. — Ipumey. nepes.



130 Maga 2 OpraHnsaumsa KOMMNbIOTEPHLIXCUCTEM

ASCII

OnuH mmpoko pacrnpoctpadHeHHbIN Koa HazbiBaeTcss ASCII (American Standard Code
for Information Interchange — amepuKaHCKMii CTAHIAPTHDIIA KO/ 17151 00MeHa uHgop-
Mamueit) Kaxnerii cumBon ASCII-koma cogepskuT 7 OUTOB, TAKUM 00pPa30M, BCETO MO-
keT ObITh 128 cuMBo1oB (Tabm 2 5) Kompl ot 0 o 1F (B mecTragatepuyHOR cCUCTEME
CUMCJICHUST) COOTBETCTBYIOT YIIPABJISIOIIMM CUMBOJIaM, KOTOpPBIC He Ie4aTaloTcst

MHorue HenedatHble ciMBoJibI ASCII npenHa3zHavyeHbI 11 Tiepeaadyn JaHHbeX Ha-
TpyMep, TTOCIaHMe MOXET COCTOSITh U3 CMMBOJa Hadasa 3arosioBka SOH (Start of
Header), camoro 3aromoBka, cuMBoJa Hadana Tekcta STX (Start of Text), camoro Tek-
cra, cumBosa koHia Tekcta ETX (End of Text) u, HakoHell, CMBOJIa KOHIIA Tiepeaau
EOT (End of Transmission) OmHako Ha MpaKTUKe MOCIaHUsI, OTIIPaBIsieMbIe T10 Telle-
(OHHBIM JIMHUSAM U CETSIM, (DOPMATUPYIOTCS TTO-IPYTOMY, TaK UTO HerleyaTHbIe CUMBO-
61 Tiepenaurt ASCII mpakTiyecKy He UCIIOIb3YIOTCS

Ilevarnsie cuMBosbl ASCII Harmgmael OHM BKITIOYAIOT OYKBBI BEPXHETO M HIKHETO
PErucTpoB, M(MPbI, 3HAKU MyHKTYalluM ¥ HEKOTOPblE MaTEMATUIYECKNE CUMBOJIBI.

Ta6nuua2.5. TabnuuakonosASCII

Yucno Komanpa 3HauyeHue Yucno Komanpa 3HaueHue

0 NUL Null(MycTon 10 DLE Data Link Escape (Bbixog
ykasarenb) M3cucTemblnepenaydn)

1 SOH Start of Heading 11 DC1 Device Control 1
{Hauano (YnpasneHue ycTponcTBOM)
3arosoBka)

2 STX Start of Text 12 DC2 Device Control 2
(HawanoTekcta) (YnpaBneHve ycTpomncTBOM)

3 ETX End of Text 13 DC3 Device Control 3
(KoHew, TekcTa) (YnpaBneHve ycTponcTBom)

4 EOT End of 14 DC4 Device Control 4
Transmission (YnpaBneHue yCTpONCTBOM)
(KoHnev, nepepnayn)

5 ENQ ENQunty 15 NAK Negative AcKnolidgement
(3anpoc) (HenogTBepxaeHune

npuema)

6 ACK ACKnoligement 16 SYN SYNcronousidle (MpocToit)
(MopTBepxaeHue
npruemay)

7 BEL Bell (CumBon 17 ETB End of Transmission Block
3BOHKA) (KoHew 6nokanepenaym)

8 BS Backspace 18 CAN CANcel (OTmeHa)
(OTcTynHazan)

9 HT Horizontal Tab 19 EM End of Medium (KoHeu,
(Fopu3oHTanbHas HoCcuTENs)
Tabynauus)

A LF Line Feed 1A SuUB SUBstitute (MoacTpoUHbIii
(NMepeBog, cTpokw) WNHOEKC)

B vT Vertical Tab 1B ESC ESCape (Bbixon)
(BepTukansHas

Tabynauus)
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Yucno Komanpa 3HaueHue Yucno Komanpa 3HaueHue
C FF From Feed 1C FS FileSeparator
(NepeBop, (Paspenutens dannos)
CTpaHuLbl)
D CR Carnage Return 1D GS GroupSeparator
(Bosspat kapeTkn) (Paspenutens rpynnbi)
E SO Shift Out 1E RS Record Separator
{MepexnioyeHne (Paspenutens 3anucu)
Ha IONOJIHUTENbHBIN
pernctp)
= Sl ShiftIn 1F us UnitSeparator
(MepekntoyeHne (Pazpenutenbmopnynsi)
HaCTaHOAPTHbLIN
pernctp)
Yucno Cumeon |Yucno Cumeon | Yucno Cumeon|Yucno Cumeon |Yucno Cumeon|Yucno Cumeon
20 (npo6en) |30 0 40 @ 50 P 60 : 70 P
21 | 31 1 a1 A 51 Q 61 a 71 g
22 : 32 2 42 B 52 R 62 b 72 r
23 # 33 3 43 C 53 S 63 c 73 s
24 [} 34 4 44 D 54 T 64 d 74 t
25 % 35 5 45 E 55 n 65 e 75 "
26 & 36 6 46 F 56 Vv 66 f 76 v
27 : 37 7 47 G 57 w 67 g 77 w
28 ( 38 8 48 H 58 X 68 h 78 X
29 ) 39 9 49 | 59 Y 69 i 79 y
2A ’ 3A ; 4A J 5A z 6A J 7A z
2B + 3B ; 4B K 5B [ 6B k 7B {
2c 3¢ < ac L 5C 6c | 7c 1
20 - 83D = 40 M 50 6D m 7
2E 3E > 4E N 5E - 6E n 7E ~
2F / 3F 9 4F (o] 5F _ 6F o 7F DEL
UNICODE

KomribioTepHast mpoMBIIIUIEHHOCTh pa3BuBaiach rnpeumyiectBeHHO B CIIIA, yto mipu-
Besio K TrostBiieHnIo kKoga ASCII. DToT Kom MomxomuT UIsl aHIIMIACKOTO SI3bIKa, HO He
OueHb yIOo0eH MJIs1 APYruX sI3bIKOB. Bo (ppaHIy3cKOM sI3bIKE €CTh HAICTPOYHbIE 3HAKU
(HammpumMep, systéme), B HEMELIKOM — YMJISIyThI (Hampumep, far) u 1. 1. B HekoTophIx
€BPOIEICKIX SI3bIKAX €CTh HECKOJIBKO OYKB, KOTOpbIX HeT B ASCII, Hanmpumep, HeMelKoe
3w natckoe