MUHUCTEPCTBO OBPA3OBAHMSA M HAYKH POCCUMCKOM ®EJIEPALIUI

HALIMOHAJIbHBIN UCCIEJJOBATEJILCKUI
SITEPHBIN VHUBEPCUTET «MU®H

I'.I1. ABepssHoB, B.B. JIMutprena

COBPEMEHHAS NTH®OPMATHUKA

Pexomenoosarno YMO «Aoepuvie ghusuxa u mexnonrocuuy
6 Kauecmee yuebHo20 nocoous.
07151 CMYOEHMO8 8bICUIUX YUEOHBIX 3A68e0eHUll

Mocxksa 2011



VIIK 004(075)
BBK 32.97x7
Al19

AsepbsinoB [.I1., iImutpuesa B.B. COBPEMEHHASI THO®OPMATUKA: Vueo-
noe nocooue. M.: HUSIY MU®DU, 2011. — 436 c.

VueOHOe 1ocoOMe MOCBSIIECHO OCHOBOIIOJIATAOUIMM IPHHIMIAM, COBPEMEHHOMY
COCTOSHUIO U NIEPCIECKTUBAM Pa3BUTHA KOMIIBIOTEPHBIX CUCTEM — OCHOBE COBpeMeHHOﬁ
WHQOPMATHKH.

JloctaTouHO MOAPOOHO PAacCMOTPEHBI TEXHHYECKHE CpelcTBa MH(YOPMATHKH, KiIac-
cu(uKanys, apXUTEKTypa U CTPYKTypa KOMIBIOTEPOB M KOMITBIOTEPHBIX ceTeil. JlaHb
COBPEMEHHOE COCTOSHHE W TEHJICHI[N Pa3BHTHS KPEMHHEBEIX TEXHOJIOTHIA, HaIpaBie-
HUS Pa3BUTHS KaK HACTOJIBHBIX CHCTEM — IEPCOHAIBHBIX KOMITBIOTEPOB, PabOUNX CTaH-
L[I/II>’I U CEPBEPOB, TaK U MOOHUIBHBIX CHCTEM. M37105KEHBI Ppas3in4HbIC BUABl KOMIIBIOTEP-
HBIX CETEH — JIOKAIbHBIX, TJ100aNbHBIX U OECIIPOBOIHBIX.

3HayuTeIbHOE BHUMAHUE YJEJICHO HHTEHCUBHO Pa3BUBAIOIIMMCS B MOCIEIHEE Bpe-
M CYIIEPKOMIIBIOTEPAM, 001acTu ux IPUMEHEHUS U MTUHAMUKE PA3BUTUSA apXUTCKTYPBI.

IpencraBnena KmaccU(UKAMsA COBPEMEHHBIX S3BIKOB IPOTPAaMMHPOBAHUS H
CTPYKTypa TpPaJANIMOHHBIX (MMIICPATUBHBIX) SI3BIKOB. 3aTPOHYTHI BOIPOCH COCTAaBa,
CTPYKTYpPHl M Pa3HOBHIHOCTEH MPOrPaMMHOTO OOECHedeHHs, aKTyalbHBIE BOIPOCHI
3aIIUTHl HH)OPMAIINL.

[Tocobue npenHa3HAYCHO ISl CTYACHTOB (haKyJIbTeTa aBTOMATUKH U YJIEKTPOHUKU U
BeUYepHero (axynabTera.

ITonrorosneno B pamkax IIporpammel co3nanus u passutus HUSY MUOU.

Peuensenrt kanz. TexH. Hayk, gon. C.J. Yurups (1-it MITMY um. .M. CeueHoBa)

ISBN 978-5-7262-1421-4 © Hayuonanvmuwiil ucciedosamenbCeKuil
s0epuwiti ynugepcumem « MUDHUy, 2011

Penaxrop M.B. Makaposa

[oanucano B medats 15.12.2010. dopmat 60x84 1/16
Ya.-m3pa 28,0. Tlew.n. 27,25. Tupax 260 3k3.
M3na.. Ne 1/1/113. 3aka3 Ne 6

HarmoHanbsHbIM Hccneq0oBaTeNbCKUM SaepHbli yHIuBepeuteT « MUDW».
115409, Mocksa, Kammupckoe m1., 31

00O «ITomurpaduaecknit komruieke «KypuaToBCKHii».
144000, MockoBckast 001acTh, T. DIeKTpocTaisb, yi. KpacHas, 1. 42



OTJMABJEHUNE

HNPEJUCIIOBHE .........cc.cocooiiiiiiiiiiieieneeete et 7
OCHOBHBIE COKPALILEHMSA..........cocoooiiiiiniiiiiiieceeeeeeee 14
BBEJEHHE ...........ccooiiiiiiiiiiteee et 16
I'/TIABA 1. AJITOPUTMbBI U OCHOBbI
AJITOPUTMHUBALIMM ..ottt 20
1.1. DIEMEHTBI QIITCOPBI JIOTHKH . .....ccveereereerreenereasreeseeseesseeens 20
1.2. DneMEHTBI UCUUCTCHUS HPEIUKATOB .....eeerereernrreeneeerreeenenes 24
1.3, AJITOPUTMEL .....ccctiievirererieeereesreeereeessreesseeessseessseesssseesssees 27
1.4. TIpOOIEMBI AITOPUTMUBAIIIH «...c..veenveeeeernrennreenreeseenseenseennes 32
1.5. MaTtemarnueckoe MOJIETUPOBAHNE —
BBIYHUCIIATEIBHBIA OKCTIEPUMEHT .....vvveeeereeeevreenereenereeeseneenenes 34
KOHTPOIIBHBIE BOIIPOCHL......eeenuieeeiieeniteeniieenieeesieeenireenieeesveeenanes 36
I'/TABA 2. TEXHUYECKHE CPEACTBA UH®OPMATHKMU....36
2.1. CtpyKkTypa COBpEeMEHHBIX CHCTEM 00pabOTKH TaHHBIX ....... 36
2.2. O0mme cBeACHHS O CTPYKType KOMIIbIOTEpa M KpaTKast
XapAKTEPUCTUKA €70 COCTABHBIX YACTEM .ccovvveeereeenieeerneennne 37
2.3. Tumbl ¥ XapaKTEPUCTUKU KOMITBIOTEPHOU TPAPUKH............. 72
2.4. ApxuTeKTypa KOMIIBIOTEPOB, TOHATHE 00 HHTEpdeiicax
U UX PABHOBUITHOCTH ...ccnvviiniiiiiiieiiieeieee s e e snee e 76
2.5. Knaccudukanys KOMIBIOTEPOB, KPaTKUE
XapaKTepUCTUKU CYIIEPKOMITBIOTEPOB, MEHH(PPEHMOB
U MUHU-KOMITBIOTEPOB ....eveeuvieeireeniieeenieeenieeaieeesneeesnseeesanes 82
KOHTPOIIBHBIE BOTIPOCHL.......eeerereeeereeeereeeereeereenseesssseesseesssnens 110
I')IABA 3. MUKPOITPOLLECCOPBI, MUKPOKOMIIBIOTEPBI.
HNEPCOHAJIBHBIE KOMIIBIOTEPBI,
PABOYME CTAHIUU, CEPBEPBI U CYIIEPCEPBEPBI....... 111
3.1. MHUKpPOIpPOIECCOPHI — IBOJFOIMS, KIACCUPUKAITHS,
TIEPCIICKTHBBL. .....eeuvteeniieeruieeaireenuteesnieeesateesteeenseeesaseesnueens 111
3.2. IlepcoHanbpHble KOMIIbIOTEPHI. KpaTkas ucropus,
(hYHKIIMOHAIBHBIC BO3MOXXHOCTH, HOMCHKJIATYPA ............ 121
3.3. Apxurektypa [IK, cuctemHbie 1 JTOKaJIbHBIE IHUHEI,
COCTaB MEPUDEPUITHBIX YCTPOHCTB ....uveenveenererneeeneeaeeaneens 124
3.4. Pabouue CTaHIIUH, CEPBEPBI U CYIIEPCEPBEPHI ......veen.e.... 133
3.5. O MOOUITBHBIX KOMIBIOTEPHBIX YCTPOUCTBAX ....eeevvveenerennns 140
KOHTPONBHBIE BOIIPOCHI ......c..eeeureeuieeniieiieniieereeeeenieenieesiee e 144



T'JIABA 4. CETU KOMIIBIOTEPOB U CPEJICTBA

TEJEKOMMYHUKAIIMOHHOI'O JOCTVYIIA............cccenn... 145
4.1. DBomONHS paclpeaeIeHHBIX BEIYUCIUTEITHHBIX
CHICTEM ...coeveeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseesaeseseeeeseseaeeeeees 145

4.2. CriocoObl Iepeayn JaHHBIX MO (PH3UUECKUM JIMHUSM. ..... 147

4.3. TloHsATHE MOAX0/1a OTKPBITBIX CHCTEM, MPOOIEMbI
CTaHIapTHU3alUH, MHOTOYPOBHEBBIN TOJXO0/, CTEK
TIPOTOKOIIOB ...uvteenutieetreenuteesteeesiseesateesnseeesaseesnseeesneeessseeenns 154

4.4. I'moGanpHbIC BEIYUCIUTEIBHBIE CETH, METOJIBI OCTYIIA,
COBpPEMEHHOE COCTOSIHHE M OJIMKalIIne MepCreKTHBHI..... 161

4.5. Internet: kpaTkast HICTOPHUSI, IPUHUUIIBI IOCTPOCHUS,
aIpeCaltsl, OCHOBHBIC IPHIIOMKEHMS «...uvveerereernreeaneeenueeanns 174

4.6. JloxanbHble BEIYMCIUTENbHBIE CETH, PA3HOBUAHOCTH
MIPOTOKOJIOB KaHAJIBHOTO YPOBHS, TEXHUUECKHE

cpenctBa, uenoab3yeMble JIBC. ..., 182
KOHTPOIIEHBIC BOTIPOCHL......veeereeeereerereenreeeereessseeessneessseessseennes 199
I'JIABA 5. JUHI'BUCTUUYECKHUE CPEJACTBA
KOMIIBIOTEPOB .........ccoooiiieeeeeeee s 201
5.1. OcHOBHBIC TEHICHITNH B Pa3BUTHH SI3LIKOB
TIPOTPAMMHUPOBAHHUS .....eveveeerreeereensreennseessseesssseessesssseennes 201
5.2. Knaccuduxkarus u KpaTkasi XapaKTepUCTHKAa COBPEMEHHBIX
SI3BIKOB TIPOTPAMMUPOBAHU ...veevvvreerereennreeeereesseesnseeesseens 206

5.3. CTpyKTypa 1 CpaBHUTEIbHBIC XapaKTEPUCTHKU
MIPOLIEAYPHO-OPUEHTUPOBAHHBIX (MMIIEPATUBHBIX )

SI3BIKOB IIPOTPAMMUPOBAHUS «...eeeneveenreeeireennreeenveeenveeenanes 214
KOHTPOIIEHBIC BOTIPOCHL......eeeeieeeereeeereennreeeeeeessreessnesssneesseennes 236
I'JIABA 6. IPOI'PAMMHBIE CPEJICTBA CO[ .............c..c....... 237

6.1. Obuume cBeneHus, KaccupuKaLus MporpaMMHOTO
obecrieyeHus U KpaTKasi XapaKTePUCTHKA OTJEIbHBIX

TACTEH «vvvvvveeeeeeeeeeiitreeeeeeeeeeeitreeeeeeeeeeeiasreeeeeeeeesiiarsreseaeeeanns 237
6.2. OmnepaloHHbBIE CHCTEMBI, HX YBOJIIOITHUS, COCTAB

1 QYHKIMOHAIEHOE Ha3HAYEHHE OT/IENBHBIX YacTel ........ 241
6.3. PasaoBunnoctu nocrpoenus OC mis pazmuanbix COJL,

CETEBBIE OMEPALUOHHBIC CUCTEMBI ....ccouvveeereeenireenieeenieeanns 254
KOHTPOIBEHBIE BOTIPOCHL......eeeuvrieerieeiieeereeaereessreesseeessseesseennes 260



T'JIABA 7. OPTAHU3AIIUA TIPOT'PAMMHOI'O
OBECHEYEHUS B TEPCOHAJIBHBIX KOMIIBIOTEPAX

IBM-KJUTOHA ..ottt 261
7.1. OGmas cTpyKTypa IpOTPpaMMHOTO OOECTICUEHHUS .............. 261
7.2. Kparkas xapakrepuctuka OC, npumensemsix B I1K......... 264
7.3. MucTpyMeHTaisHOe mporpammuoe odecneuenue [1K ....... 271
7.4. T1akeTbl IPUKITATHBIX IPOTPAMM ....oveerureernireenieeernieeenveennns 274
7.5. IIporpamMmmHOe o0ecriedeHrne KOMITBIOTEPHOI

D01 1) 129 7 (SRS URRPRIPt 281

KOHTPOIIBHBIE BOTIPOCHL......veenerieruiieeniieeniieeeiteesreesnieeeniaeesreeanns 284

I'/TABA 8. OPTAHU3ALIUS, XPAHEHHUE

N TTOUCK JAHHBIX ......c.c.coiiiiiiiiiiinieteentee e 286
8.1. CTPYKTYPBI JAHHBIX ....cvvveeeevreeereenreeeereessesessseessessssseennnes 286
8.2. TUnMYHBIE BUIBI PAOOT C HAHHBIMH.......ecuveereeeneeeeeennnennnenns 293
8.3. Opranu3anusi XPAHCHHUS JAHHBIX ......ccveerereeenereenreesneneennns 300
Q4. BA3BBI TAHHDBIX «..euneeeeee et eeeeeeeeeeeeeeeeeeeeeaeeaaeeeeeerenanaens 302
8.5. Cuctembl ynpaBiaeHUS 023aMH JAHHBIX ....c..covververmeenrenneenn 308
8.6. ABTOMaTH3MPOBAHHbBIC UH(DOPMAIIMOHHBIE CUCTEMBI ........ 310
KOHTPOIIBHBIE BOTIPOCHL......eeeeveeriieeniieenieeeniieesreeeniaeesiaeesreeenes 314

TJIABA 9. TEXHOJIOTUSI OBPABOTKH TEKCTOBOM

U TPAGUYECKON NHO®OPMAIIUH B IIK IBM-KJIOHA. .....315
9.1. OYHKIIUU TEKCTOBBIX PEIAKTOPOB ....eeervrreereerrreeereeneneanes 315
9.2. CpaBHHUTENBHBIE XapaKTEPUCTUKN PACTIPOCTPAHEHHBIX

TEKCTOBBIX PEHAKTOPOB ....uvveerereerureeeereenreeenireesieesareeesaveens 316

9.3. Tumbl U XapaKTEPUCTHKHA KOMITBIOTEPHOH rpaduKi.......... 319
9.4. IlporpaMmHOe obecnieueHrE KOMITBIOTEpHOH rpaduku.....323
KOHTPOIIEHBIC BOTIPOCHL......eeeereeeeereerereeanreeeereesseeessneessseessseeenes 327

TJABA 10. O®OUCHBIE TEXHOJIOTUN UH®OPMATHUKMNU..328
10.1.Buabl opuCHBIX pabOT ¢ UCIOIB30BAHUEM

KOMITBEOTEPOB....ceeuvteeuteeateeesureesteeenseeesseeesaseesseessseessneens 328
10.2. DHEKTPOHHBIE TAOTIHIIBI ......vveeenvreenereennereenereesseeessseessseennes 329
10.3. ABTOMaTH4eCKOE PACIIO3HABAHNUE TEKCTOB....c.veeeveneennneen 332
10.4. ABTOMAaTU3UPOBAHHBIN NEPEBOJ JOKYMEHTOB................. 333
10.5. TIoATOTOBKA MPE3EHTAITHH ....eccvvveenereeenreeerereenreeeereeeeeennes 335
10.6. DneKTPOHHBIE KANEHIAPH U CKOPOCIIUBATENH ................ 337

5



10.7. Texnonorus oducHoOi paboThl B ceTH Internet................. 339

10.8. DKCIIEPTHBIC CHUCTEMBI ......evveerereerereeanereenreessreessseessseensnes 343
10.9. OLE-TexHO010rHs NOATOTOBKH COCTaBHBIX
D1 (004 7Y 535 1 X ) : SRS 347
KOHTPOIIBHBIE BOTIPOCHL......veeuereeeiiieeiieeniieeenieeenireesieeeniaeesreeenns 349
I''IABA 11. UTHOOPMALNOHHAS BE3OITACHOCTD............ 350
11.1. IIpo6nemMbr HHPOPMAITMOHHON OE30IMIACHOCTH ................... 350
11.2. 3amura nHbOpPMAIK OT HEMPEeTHAMEPEHHBIX
BO3BACHUCTBHH]. ...c..couverieieiniinieetenieerenteeieerenreennenneseeenesneennes 352
11.3. O HEKOTOPBIX NOHATUAX KOMITBIOTEPHOI
OC30MACHOCTH ....cuvenvenrenrenreneeneeeeeieetestesnensenneneeneeeeeaeenesaennes 355
11.4. OcHOBHBIE METO/IbI 3AILUMUTHI OT YAAIECHHBIX U
JIOKATIBHBIX ATAK ....vevvierenreneenrenreeeenrenneensesseenesseeneenesseenns 362
11.5. KOMOBIOTEPHBIE BUPYCBL......eeeruvieeereerureeanireenieeenieeesieennns 373
11.6. Kpunrorpaguieckue METO bl 3Tl HHOOPMAIIUH ...... 378
11.7. BU3HEC B THTEPHETE ......eveeeeveeeiieeiieeeeeeeseveeereeeeveeenieeenes 385
11.8. IIpaBoBoe oOecrieueHre HHPOPMALTOHHOM
OCB0TACHOCTH ....cevenvenreneenreneeeeeeteueetestesseneenseneeneeeeeneenenaenes 390
KOHTPONBHBIE BOIIPOCHI ....ccnveenieiniieniierieereereeieenieenieesaeeseeeneees 395
['JIABA 12. BECIIPOBOJHBIE CUCTEMbBI U CETH
HEPEJAYM JAHHBIX .......ccocooiiiiiiiiiiiiienteeeeeeeetee e 396
12.1. BECTIPOBOITHBIC CPEIBL......cccuveeeererenereennreeenereesseeasnessseennes 396
12.2. CUCTEMBI PAIHOCBSIZH «....eeeuveeenieeeneeeeniieeenireesieeesnieeeseeennne 400
12.3. CIyTHUKOBAS] CUCTEMA CBSIBH ....ceouvvreureeeireenireenieeenreennns 406
12.4. Cuctema NOABUKHON PATTUOCBSIB .......veeerereerereeenereenneennes 411
12.5. becnpoBOgHOE MOAKIIOYEHHUE Y3JI0B B JIOKAIBHBIX
COTSIX wevvenrernrenrenreenresreeieenesteensenneeneesnesueennesreeneennesaeennenneennes 423
KOHTPOIIBHBIE BOIPOCHL......eeeuiieeiiieeiieeniieeeieeeniieesieeenieeesveennee 428
CIIMCOK TEPMUHOB U OIIPEJAEJAEHUM ............................. 430
CIIMCOK JIMTEPATYPBI .......ccocoiiiiiiiiiiiiniieeeeeeeee 436



NPEANCJIOBUE

CymectByer 00NbIIOE KOJMYECTBO YUYEOHHMKOB MO MH(OPMATHUKE U
WX HalvcaHHue MPOJoJDKaeTcs. B uem e mpuinHa 3TOro n300mus?

OCHOBBI COBpEeMEHHOU MH()OPMATUKH OBbLIM CHOPMYJIHPOBAHBI CIIIC
B 40-X rogax MpoIUIOro CTOJETHS U OOBIYHO CBSI3BIBAIOTCS ¢ MMEHAMHU
TakuX y4eHbIX, kak Jxon (SInom) ¢on Heliman, Anan TwropuHr u ap.
K coxanenuro, 04eHb PEIKO YIOMHHAIOTCS HAIlM, OT€YECTBEHHBIE, HE
MeHee 3HaumMmble Qurypsl, kak Jledbenes C.A., [mymkos B.M., Map-
KoB A.A., JlanyHoB A.A. u MHOTHE JIp.

Crnenmyer OTMETHTB, YTO OCHOBBI HH()OPMATHUKU ITOKa HE TOJBEpra-
IOTCSI CEPbE3HBIM M3MEHEHHSAM. TeM He MeHee, pa3BUTHE ITOH HAYKU U
pacupenue ee cgepbl BIUSHHS MPEB3OLUIO BCE MBICIUMBIE U CaMble
ONITUMHUCTHYECKUE MPOTHO3HI U CBSI3aHO C KOJIIOCCATBHBIMU TEXHOJIOTH-
YECKUMU JTOCTIKEHHUSIMU.

Bce 310 mpHBOAMT K pacHIMPEHUIO KpyTra JIMI BOBJICYCHHBIX B H3Y-
YeHHE ITOH MUCIUIUINHBIL, @ TIOCTOSHHOE COBEPIICHCTBOBAHHE TEXHUYC-
CKUX, JITHTBUCTHYECKHX U MPOTPAMMHBIX CpeACTB HMH(pOopMaTUKU (0COo-
OeHHo 3a mocnenHue 60 yeT) TpedyeT MOCTOSIHHBIX AOTOJHEHUH B U3Y-
YEHUHU U OTIMCaHWU MH()OPMATUKU.

YroObl MOHSTH PEBOIIOMMOHHBIC H3MEHEHHUSI, TPOU30MIE/IINE 32 M0-
cinenuue 40 — 50 5et, 1 MOBCEMECTHOE BHEIPEHHUE UX B caMble Pa3HO-
o0Opa3Hble 00JIACTH YEIOBEUECKON ESTEbHOCTH, HEOOXOIUMO MPOBEC-
TH HEOOJIBIION DKCKYPC B JBOJIOIUIO TPAIUIIMOHHBIX KOMITBIOTEPHBIX
CHCTEM 3a 3TOT [IEPUO.

Tak, B 60 — 80-Xx romax MpoIJIOro BeKa CaMH KOMIIBIOTEPHI (TeX-
HUYECKHE CpeACcTBa) ObUIM OTAENICHBI OT IOJIb30BATEN M OOCIYKHBa-
JIHCh CrienUaTucTaMU-IpodeccHoHalaMK 10 pa3IMYHBIM KOMIIOHEHTaM
MaluH (10 MpoLEeccopy, Pa3INyHbIM MepuepuiiHbIM yCTpoicTBaM U
T.11.). To 5xe camoe MMesIo MecTo U B pasziene NporpaMMHOro obecrneye-
Husl. PaGoTa TpaHCIATOPOB SA3BIKOB MPOrPaMMHPOBAHUS, OINEPALOH-
HBIX CHCTEM, Pa3InYHbIX OMOIMOTEYHBIX MpPOTpaMM oOOecreyrBaiach
CHEeUUAIBbHBIMU TPYNIIAMH JIIOJEH, KOTopble (10 HEAOPa3yMEHHUIO) Ha-
3BIBAJTUCH MaTeMaTHKaMH, a OTJeJbl Ha3bIBATUCh MaTEMAaTHYeCKUMU. Y
N0JIb30BaTENsl HE ObUIO HEOOXOIUMOCTH Pa30UpPaThCS B 3TUX CPEIACTBAX.
OH nomkeH ObUT 3HATh CaMU S3bIKM MPOrpaMMHUpoBaHus U KoMaH sl OC
U TpaHcaATopoB. OCHOBHOE HANpaBICHUE HCIOJIB30BaHUS KOMIIBIOTE-
POB — HAYYHO-TEXHHUYECKHE PACUETHI.
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B cBs31 ¢ 3TUM 11 PSAAOBOTO MOJIB30BATENS H3yUeHUE HHPOPMATH-
KM OTPaHHYMBAIOCH U3YyUEHHEM Kypca MpOrpaMMHUPOBAHUS. JTOT Kypc
CUMTAJICS TPaIWIMOHHBIM, KaK MPaBHUJIO, BKIIOYAs H3YYEHHUE S3BIKOB
MPOrpaMMHUPOBAHUS, OPUEHTHPOBAHHBIX Ha pa3jHyYHbIE MpPEIMETHHIC
o0macTy, a Takke OCOOEHHOCTH MX pEajM3alldd Ha Pa3IUYHBIX THIAX
OOJBIINX KOMITBIOTEPOB (B COBPEMEHHOW TEPMHUHOJIOTUN — MEHH(pei-
MBI).

C cepennnbl 70-X TOJOB B CBSI3U C MOSBICHUEM MUHH-KOMITBIOTEPOB,
a B JaJbHEHIIEM U MEPCOHAJIBHBIX KOMIBIOTEPOB M BBIYMCIUTEIIBHBIX
ceTell CUTyanusi Pe3Ko M3MEHWIACh. TeXHUKa MPUOIU3NIACH K KOHEU-
HOMY TIOJIb30BATENIO (3HAUYUTENBHO pacIiupuiack cdepa HCHOIb30Ba-
HUsSI KOMIIBIOTEPOB) M MOTpeOOBana OT HEro ONpeleNiCHHbIX 3HAaHUI,
KOTOpbIE TPexe ObLUTH JOCTYIHBI TOJBKO MpodeccroHanaM, 00CITyKu-
BaIOIUM OOJIbIINE KOMITbIOTEPHI. B GOJBIIMHCTBE CIy4yaeB MOJIb30Ba-
TeJIb caM [JOJDKEH ONpEeAEssITh CTPATEeTHi0 BBIOOpa M MPHOOpETEHHS
TEXHUYECKUX cpencTB. K ToMy ke 3HaYMTENbHO PaCIIUPUIICS CIEKTP
CPEJICTB BBIUMCIUTENbHON TeXxHUKH. C TosABIeHHEM 16-pa3psHoro
MUKpompoueccopa, a 3ateM 32- u 64-pa3psaaHbIX, KpOME MOBCEMECTHO
pacnpocTpaHEHHBIX IEPCOHANBHBIX KOMIBIOTEPOB, B PAMKAX CEPbE3HBIX
HAyYHO-TEXHUYECKUX U WH)XEHEPHBIX MPUMEHEHUHN MOTYyYMIN ITUPOKOE
pacnpocTpaHeHHE BBICOKONPOM3BOAUTENbHBIE padoyre CTaHIUH, a
TaKXe CepBEPbl U TaK Ha3bIBa€MbIE CYIEPCEPBEPHI — CETEBbIE MAIIMHEI
KOJJIEKTUBHOTO UCIIOJIb30BaHMUS.

[losiBiieHre HOBOM 37IEMEHTHOM 0a3bl OKa3alo 3HAYUTEIBHOE BIIHA-
HHE Ha pa3BUTHE MEHH(PEWMOB, KOTOpPHIE YCIEIIHO Pa3BHUBAIOTCS O
MOCJIETHETO0 BPEMEHH, HECMOTPSl Ha HEOJHOKPATHBIC MPEATOJIOKEHUS
00 X HEeMUHYeMO# rubenu.

BbIcokyro IMHAMUKY OEMOHCTPHPYET PBIHOK CYNEPKOMIIBIOTEPOB.
OT10 onuH U3 Haubosiee OBICTPO Pa3BUBAIOLIUXCS BUIIOB BBIUYMCIUTEIb-
HBIX crcTeM. HoBble apXUTEKTYpHBIE MOAXOJIBI MIPHU CO3/IaHUU 3TUX Ca-
MBIX MOIIHBIX KOMITBIOTEPOB CBSI3aHBI C TaK Ha3bIBAEMBIMH KJIAaCTEPHBI-
MH CHUCTEMaMM M O0s3aHbl TaKK€ MHTCHCUBHOMY Pa3BUTHIO TBEpPAO-
TEJIbHOW MHTErpalibHOM 3JIEKTPOHHOM TexHUKH. [Iupokoe pacmpoctpa-
HEHHE ATHX MAIIUH CBA3aHO HE TOJBKO C TPATUIMOHHBIMHA HAay4HO-
TEXHUYECKUMH NPUMEHEHHUSMH, HO TaKXe C HCIIOJIb30BAHHEM HX B
NPOMBIIIIEHHOCTH (aBTOMOOWIIbHAS, aBHALlMOHHAsI, METaJUTypruyecKas
W T.O.), JUIS YIpaBi€HUS KPYMHbIMH 0a3aMH JaHHBIX, IJI1 MPUHITHS
[JI00AIBHBIX CTPATETHUECKUX PEIICHUH U T.11.
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IIpon3BOaUTENBFHOCTE CYNEPKOMIBIOTEPOB MOCTOSHHO PACTET, YTO
CBSI3aHO, C OJHON CTOPOHBI, C TIOCTOSIHHO BO3pAacTAIOMIMMHU NOTPEOHO-
CTSMHU MPUIIOKEHUH, a C IPYroil — NOCTOSHHBIM POCT MPOU3BOAUTEIb-
HOCTH KOMITBIOTEPOB HM)KHET'O YPOBHS, HCIIONB3YIOUINX OCHOBHBIE HO-
BallMM pa3pabOTUMKOB CyNEpPKOMIBbIOTEPOB. Hapsiay ¢ TpaaulMOHHBIM
WCIIOJIb30BaHUEM CYIEPKOMIBIOTEPOB B HAyUHBIX W WH)KEHEPHBIX pac-
YyeTax OHM MPUMEHSIOTCS MpH paboTe ¢ 0a3aMu JaHHBIX, B KPHUIITOTpa-
¢un, Ouosornu M MeIWLIMHE HcciaeqoBaHUs (pacmmuppoBKe) reHOMa
JKUBBIX OPTaHU3MOB, MOJECITUPOBAHNH YEJIOBEYECKOTO MO3ra, MEIUIINH-
CKUX 3KCIIEPTHBIX CUCTEM U 00pabOTKE N300paskeHUH.

besycnoBHO, Bce 3TH CBelleHHS HEOOXOAWMO 3HATh COBPEMEHHOMY
WH)XEHEPY.

Bormpocsl A36IKOB IpOrpaMMHUpPOBaHUs (JIMHIBHCTUYECKOTO oOecte-
YeHHUs) TAaKKe UMEIOT OUYeHb Ba)KHOE 3HAUCHHE IPU OCBOCHUH CPEICTB
BBIUMCIIMTEIBHON TEXHHUKH DPSJIOBBIM IMOJb30BaTeiaeM. B aTtoMm pasnene
HH(POPMATUKU TAKXKE NPOUCXOAAT 3HAYUTEIbHBIC H3MEHEHHS B CBS3U C
pacuperreM cdepbl UCTIONB30BaHUSI KOMITBIOTEPOB, Pa3paboTKoOM co-
BPEMEHHBIX HPOTrPaMMHBIX HHTEP()EHCOB, OCOOCHHOCTSIMH Pa3THYHBIX
aCIEKTOB CETEBOTO MPOTPaMMHUPOBAHUS U T.II.

Pa3BuTHE S3BIKOB NPOrpaMMHUPOBaHMS MPOUCXOAUT MO PsAdy Ha-
npasieHuil. C OJHOH CTOPOHBI, MPOUCXOIUT 3HAUYUTENILHOE paclIupe-
HUE BO3MOXXHOCTEM TakuX TPaJUIMOHHBIX (MMIEPATHBHBIX) S3bIKOB
nporpammupoBanusi, kak FORTRAN, Pascal, C, koTopsle uHorga Ha-
3BIBAIOT SI3IKAMH BBICOKOTO YPOBHS, TaK KaK OHU HE CBSI3aHBI C KOJIOM
KOHKPETHOHM MaIlWHBI, HO, TEM HE MEHEe, OHM OPUEHTHPOBAHBI Ha TaK
Ha3bIBaEMYIO «apXHUTeKTypy ¢oH HeliMaHa» W CBS3aHBI C KOIUPO-
BaHHEM IPEIBAPUTENIFHO Pa3pabOTaHHOTO MAaTeMaTHYeCKOTO aJrOPHT-
Ma pemaemMoi 3anauu. IIpu peanusanuu nporpaMMsl Ha KOMIIBIOTEpE
TpeOyIOTCs MPOrpaMMHBIE CPECTBA ISl IEPeBOJia €€ B KOJI KOHKPETHO-
ro KOMITBIOTEPA — TPAHCHATOPHI. [ monp3oBarens Takxke TpeOyroTcs
OTIpeJIeJICHHbIE YCHITUS TI0 OCBOCHHIO TAKUX SI3BIKOB, TAK KaK OHU Jajie-
KU OT SI3BIKOB YEJIOBEYECKOTO OOIICHUSI.

C npyroii cTopoHBI, pa3BUTHE SI3BIKOB CBSI3aHO C IEpEX0oM Ha 0o-
Jiee BBICOKUH ypOBEHB, HE 3aBUCHMBIN OT apXUTEKTYpPhl KOMIIBIOTEpA, U
C UCKJIFOUEHUEM CPEJICTB TPAIUIIMOHHOTO TPOTPaMMHUPOBAHHUS.

K Takum cpencTtBaM MOXHO OTHECTH TaK Ha3bIBaeMble (YHKLIHO-
HaJIbHBIE SI3BIKM U S3BIKM JIorHYeckoro mnporpammupoBanust (LISP,
Prolog, OCaml). 3TH s3bIKH UMEIOT [TOKa OYECHb OIPaHUYEHHOE MPHMe-
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HEHHE, XOTSI B ONPEJICICHHBIX CIy4YasxX OKa3bIBAIOTCS JOCTATOYHO (-
(heKTUBHBIMH.

l'opaszmo Oosnbiiee (MaccoBoe) pacmpocTpaHEHUE MOTYUYHIH HEIpo-
HenypHble (Tak Ha3bIBacMbIC JIECKPUIITHBHBIC) S3BIKH, KOTOPBIE TAKXKe
MO>KHO OTHECTH K SI3bIKaM CBEPXBBICOKOTO YPOBHS. JTO SI3bIKH YIPaB-
JICHUsl 3a/IaHUSIMHU, SI3BIKM TTAKETOB MPHUKIAJHBIX MPOTPaMM, OpPUCHTHU-
pOBaHHbIE Ha HamboJyiee pacHpoCTpaHEHHbIE O0JACTH NMPUMEHEHUIl, —
SI3BIKM DJIEKTPOHHBIX TaOJMII, CUCTEM yIpaBiieHHs 0a3aMH JaHHBIX, Ma-
TEMAaTUYECKUE MMAKEThl, SKCIIEPTHHIE CUCTEMBI U T.I1.

OnHaKO Kak B MEPBOM, TaK M BO BTOPOM CJIydae TOJTHOCTBIO HCKJITIO-
YUTh TPAJUIMOHHOE, MPOIEyPHO-OPUEHTUPOBAHHOE MPOrPaMMHpPOBa-
HUE HE YAaeTCsl, ¥ MO0OHBIE S3bIKH BKIIOYAIOT B CBOH COCTaB €ro0 3Jie-
MeHTHI. Tak, u3BectHast pupma Microsoft BKJIIOUaeT B CBOM OCHOBHEIE
npuiIokeHus s3bIKk Visual Basic, 4To MO3BOJISI€T MONB30BATENIO Camo-
CTOSITEILHO W HEOTPaHHMYCHHO pPACHIUPITh (PYHKIMOHAIBHBIE BO3-
MOYKHOCTH TPWIOKEHHH. PasnuuHple cpeacTBa TpaguLMOHHOTO MpO-
IrpaMMHPOBAHHS BKIIOYAIOT B CBOM MMAKETHI U Ipyrue GUpMbL. B cBs3m ¢
9THM H3y4Y€HHE CPEICTB NPOTrPaMMHPOBAHUS, Pa3BUBAIOIIEIOCS YXKe
bonee 50-Tu jeT, mo-peKHEMY aKTyajabHO. B mpeiaraemom nocoouu
onucaHbl 6a30BbIE AIIEMEHTHI TAKUX S3bIKOB, UX CTPYKTYpa U HarpasJie-
HUS pa3BUTHSA, Tpolemye 3a nocueaaue 50 ner (eMm. 1. 5).

[IporpamMmMHoe obecrieueHHE COBPEMEHHBIX BBIYMCIUTEIBHBIX CHC-
TEM BKJIFOYAET 0OIIECUCTEMHOE, CHCTEMHOE, MHCTPYMEHTAIBHOE U TIPU-
KJIaZHOE oOecreueHre M Mo CBOEeMY 00beMy Ha HECKOJBKO IMOPSIKOB
NPEBHIIIAET CPEJCTBA, yCTAaHABIMBAEMbIe HA MEPBHIX MEPCOHAIBHBIX
KommbloTepax. Ilpu 3ToM mporpaMMmbl NPUIIOKEHHS, KOTOpPhIE HETO-
CPEJICTBEHHO PElIaloT 3a/ady MoJIb30BaTeNsl, KaK MPABUIIO, COCTABIISIIOT
HE3HAYUTEIbHYIO JIOJII0 MPOrPaMMHOT0 00€CIIeYeHus], yCTaHOBICHHOTO
Ha KommbioTepe. OJHAKO TOJNB30BaTeNb JODKEH UMETh SCHOE Ipe/l-
CTaBJIeHHE 000 BCEX MpOrpaMmax, KOTOpPbIE UMEIOTCS Ha €r0 KOMIIbIO-
Tepe i 3G (HEKTUBHOTO €€ UCIOJIb30BaHUS.

U B 3aKir0ueHUE CleLyeT OTMETUTh, YTO Pa3BUTHE COBPEMEHHBIX KOM-
NBIOTEPHBIX CHCTEM OIpelielisieTcs: (B 3HAUYUTENILHOW CTETIeH!) pa3BUTHEM
TEXHOJIOTMM KPEMHHUEBBIX YHUITOB. DTa TEXHOJIOTHS Pa3BUBAETCS YKE ITOUTH
60 ner. OauH U3 otioB-ocHOBatesel ¢upmel Intel T'opaon Myp BeiBen B
1965 r. 3aKOHOMEPHOCTb, MO3BOJIIOLIYIO MPOU3BOAUTEISIM HPUOIH3HU-
TENBHO TIPENIBUJICTh MEPCTICKTUBBI: «KOJMYECTBO TPAH3UCTOPOB, KOTOPHIC
MOTYT OBITh pa3MelIeHb! Ha YnIe OyayT yABaUBATHCS KKIbIE 1Ba TOAa», a
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B 1975 r. Myp yrouHmi cBo mporHo3: «IIOTHOCTE cxeM MOTYTIIPOBOTHH-
KOBOTO MUKPOYHIIA y/IBAMBACTCS KX Ible 18 MecsIeB».

1010 | PAramMc -

YUCNO KOMMNOHEHTOB HA KPUCTANN

1960 1970 1880 1990 2000 2010 2020

Puc. 1. [IporHo3 pa3BuTHS KPEMHHEBBIX TEXHOJOTHH, caeaanHbli B 80-¢ rogpl XX B.
Oo6o3nauenus Ha pucyrke: MUC — mansie UIC; CUC — cpeqane UC; BUC — 6ompime UC;
CBUC - cepx6ombmue C; YBUC — ynprpadomnsmme IC

IIpornos, npencrasnennsiii B 1980 r. (puc. 1), noaTBepaun crnpaBea-
JIMBOCTh «3aKOHa» Mypa. B CBs3M ¢ 3TUM NpEeACTaBISIETCS JOCTATOYHO
JOCTOBEpPHBIM Nporuo3 a0 2018 r., npeacTaBieHHbIN Ha puc. 2.

N xots 3ak0H Mypa 1aBHO IPEBPATWICS B OPUEHTHUP AJIs IIPOU3BO-
JOUTENIel YMIIOB, B MOCHeAHee BpeMs (YUUThIBasI NpeAebHbIE BO3MOXK-
HOCTH COBPEMEHHOI TE€XHOJIOTHU pHUC. 2) UIYT Pa3rOBOPHI IO MOBOIY
TOro, KOraa xe OyJeT mcuepriaH MOTeHIHal KPEMHHEBOH TEXHOJIOIHH,
HE YTUXAIOT U MOCTOSHHO YTOYHSIOTCS CPOKH ee 3akara. «Hukakoe skc-
NOHEHIIMATBHOE Pa3BUTHE HE MOXKET OBITh BEYHO, HO Mpenes 3TOH
«BEYHOCTU» MBI €IlI€ MOXKEM OTCPOYUTHY», 3araJloyHO MIpeasBeman 75-
netHuit Myp B 2003 r.

Haxopsmuecs B MOCTOSHHOM IMOMCKE allbTEPHATHUBBI KPEMHHUEBBIM
YUIaM MPOU3BOAUTENN HE CIMIIKOM CTPEMSTCS PACKPBIBATH CBOM Kap-
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ThI, OOBIYHO OHH CCBHUTAIOTCS HA COBMECTHBIN TUIAH BBIMYCKA IOJIYTIPO-
BOJHUKOB 110 2018 I. IO yCOBEpIIEHCTBOBAaHHON KPEMHHEBOM TEXHOJIO-
ru# (cM. puc. 2), XOTs Ha caMOM JieJie yIUIM HaMHOTo fanpiie. Tak, Ha
oceHHeM ¢opyme Intel mist paspaborunkos B Can-®panmucko (2006 r.)
OB MIPEJCTABIICH MPOTOTHUII Mpoiieccopa ¢ 80-10 sapaMu, KOTOPBIN MO~
TEHIHAIBHO MOXET 00eCIeYuTh HMPOM3BOAMTEILHOCTh YPOBHA Tepad-
sorn-c. OpHeHTHPOBOYHAS AaTa BbIxo1a Takoro mporeccopa — 2010 r.

Puc. 2. IIporHo3 pa3BuTHs KPEeMHHEBBIX TEXHOJIOTHIA, cieiaHHbli pupmoii Intel B 2008 .

B 1o e camoe BpeMmsi paccMaTpuBaeTca AOBOJIBHO MHOTO pa3iivy-
HBIX 9K30THYECKHX aJbTEPHATHB 3aMEHBI KPEMHUEBON TEXHOJIOTHU:
KBaHTOBBIM KOMIIbIOTED, KoMIbIOTEp Ha ocHOBe JIHK-nmoruku, moneky-
JIApHBIA KOMIbIOTEP U T.N. He omHO necsatunetve MAYyT pasroBOPHI O
HelpokoMIblOTUHTe. OIHAKO MOKAa HE BUAHO pealbHOU ajJbTEPHATHUBBI
KPEMHHUEBOW TEXHOJIOTUU. TEeOpeTUYECKUE pacCyX IEHUSA, OTHIOJIb, HE
BCErja J0XOJT A0 peajbHOUM TexHojorud. Tak, uccieqoBaTeNnn, HauK-
HaBIIIME 3aHUMATHCSI MPOOJIEMON HMCKYCCTBEHHOTO WHTEJUICKTA, OBLIN
orntumucTamu. MM Ka3ajaock, 4To HeAalleK TOT Yac, Koraa OyaeT CKOH-
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CTpyHpOBaHa yYMHasl MallliHa, KOTOpas HEe TOJBKO HAy4UTCS UIPaTh B
«KPECTUKU U HOJMKM» WJIH IIAXMaThl, HO ¥ CMOXKET MBICIUTH KaK YeJo-
BeK. OIHaKO ¢ TeX MOop MPOIUIO yke Oojee MosTyBeKa, U Kak IPU3HA0T-
Csl Te e Pa3pabdOTYHKH: MBI, O-TIPEKHEMY, JATEKH OT ITOU IIEITH.

Ora KHUra BO3HUKJIA B pe3ysbTaTe 00padOTKN KOHCIIEKTa JIEKIMIA MO
BBOJIHBIM KypcaM «HpopmaTtuka» u «HpopMaTHKa U MpOrpaMMupo-
BaHKE», IPOUYNTAHHBIX aBTOPAMH IS CTYACHTOB psijia Tpyni (akyibTe-
Ta «A», a Takxke BedepHero (akynperera HUSY MU®DU; yuebroro mno-
cobust «OCHOBBI COBPEMEHHOM MH()OPMATHKW», MOATOTOBICHHOTO JUIS
BBINIICTIEPEYHCIICHHBIX KaTeropui ctyaeHToB B 2007 T., KoTopoe ObLIO0
3HAUUTENBHO MepepadoTaHO U AOTOIHEHO.
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OCHOBHBIE COKPAIIEHHMSA

AKJI — anmaparypa KaHaua JaHHBIX

AJIY  — apu(METHKO-TIOTHYECKOE YCTPOHCTBO

ACHU — aBTOMAaTHU3HpPOBAHHBIE CUCTEMBI HAYYHBIX UCCIEI0BAHUI
ACY  —aBTOMaTH3MpOBaHHAs CUCTEMa yNPaBJIECHUS

ACVYIl - aBTOMaTH3MpOBaHHAs CUCTEMA YNIPABJICHUS IPOU3BOICTBOM
ACVYTII — aBTOMaTU3UpOBaHHASL CUCTEMA YIIPABICHUS TEXHOIOTHYE-
CKHMH TIpoIieccaMu

ATC — aBTOMaTH4YecKas Tene(hOHHAS CTaHIIHS

ALITY - andaBuTHO-IU(POBOE TMEUATAIOIICE YCTPOHCTBO
B3y — BHELIHUE 3alIOMUHAIOIIUE YCTPOUCTBA

BOJIC — BOJIOKOHHO-ONTHUYECKHUE IMHUH CBS3H

BY — BBICOKHME YaCTOTHI

I'BC — ro0ajbHas BEIYUCIMTENBHAS CETh

I'BU — TUIIEPBBICOKUE YaCTOTHI

JHK — Ie30KCUPUOOHYKIIEMHOBAsT KHCIOTa

J0C — auckoBbie OC

KK — XKUIKOKPUCTAILITNYECKUN

3VIIB - 3anoMuHaroIIee yCTPOMCTBO € MPOU3BOJILHON BBIOOPKOH
NUMC  — uHTerpajbHas MUKpOCXEMa

KBY — KpaliHe BBICOKHE YaCTOTHI

JIBC — JIOKaJIbHAs BEIYMCIIMTENIbHAS CUCTeMa

MKM/J] — MHOro KOMaHJ — MHOTO JaHHBIX

MKOJl — MHOT0 KOMaHJ — OJIHO JaHHOE

MII — MUKPOIIPOLECCOP

HI'M]l — nHakonwuTesnb Ha THOKUX MarHUTHBIX JUCKaX
HXMJI — HakomuTenb Ha )KECTKUX MarHUTHBIX TUCKaX

HMBb — HAKOIUTENIh HA MarHUTHBIX OapabaHax
HMJI  — HakomuTenb Ha MAarHUTHBIX JUCKaX

HMJI  — makomnmTelb Ha MAarHUTHOM JICHTE

HY — HU3KHUE YaCTOThI

OBY — OYE€Hb BBICOKHE YaCTOTHI

o3y — OIEpalOHHOE 3aTIOMUHAIOIIIEE YCTPOHCTBO

OKM/JI - ogHa KOMaHJa — MHOTO JAaHHBIX
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OKOJl - omHa KOMaHIa — OAHO JAHHOE

OHY  — oueHb HU3KHE YaCTOTHI

OOJ  — oxoHeuHOE 00OpYIOBaHUE TAHHBIX

OIl — OIepaTHBHAs NaMsTh

oC — OIlEpallMOHHAsI CUCTEMA

13y — IIOCTOSIHHOE 3aIIOMHUHAIOLIEE YCTPOHCTBO

IK — NEPCOHAIBHBIN KOMITBIOTED

IUIOC — nepdonenrounsie OC

II13Y  — nepemnporpaMMupyemMoe OCTOSTHHOE 3allOMUHaroIIee
YCTPOHCTBO

IIIIII ~ — makeTsl IPUKIAIHBIX IPOrpamMM

Iy — nepud)epuiiHbIE YCTPOUCTBA

PHK — puOOHYKIIENHOBAsI KUCIIOTA

CAIIP - cucteMbl aBTOMaTH3MPOBAHHOTO TIPOEKTHPOBAHUS

CBY — CBEpPXBBICOKHE YaCTOTBI

CO  —cpeacrBa 0OpabOTKH JaHHBIX

CO3Y  — cBepxonepaTHBHOE 3alIOMUHAIOIIEE YCTPOHCTBO

CIIa — cucTeMa Tiepeiayu JaHHBIX

CTC — CIIO’KHAsl TEXHUYECKAsi CUCTEMA

CYBJl - cucrtema ynpaBieHus: 6azaMu JaHHBIX

CYH — CpEITHHUE YaCTOThI

YBB — YCTPOMCTBO BBOJIa-BBIBOJIA

YBY — YIBTPaBbICOKUE YaCTOTBI

VIIIK — ycTpoHCTBO MOArOTOBKH JAHHBIX HA KapTax
VIIIJI — ycTpoiCTBO MOATOTOBKH JaHHBIX HA JIEHTE

vy — YCTPOMCTBO yIpaBIICHUA

LTI — LEHTPAIIbHBIN MTPOLIECCOP

OBM  — 3IIeKTPOHHO-BHIYUCIHUTEIbHAS MaIIIHA
QJIT — 3JICKTPOHHO-JTy4eBas TPyOKa
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BBEJEHME

OHUM U3 OCHOBHBIX MOHSITHIH KHOCPHETUKHU SIBISCTCS UHDOpMayus,
MOJT KOTOPOI MOHMMAETCSI COBOKYITHOCTh JTaHHBIX (CBEAEHUH), IUPKY-
JHUPYIOUIMX B PEaTbHOM MHUpE, B 00IIECTBE, OMONIOTHIYEeCKUX U TeXHUYE-
ckux cucrtemax. [loHsTne wHOpMANMK TPUHAUICKUT K HUCXOJTHBIM,
HeoTpeiesieMbIM MOHATHAM HaykH. Kak oTpakeHue sBIeHHUH peatbHO-
ro MHpa MOHITUE UHPOPMALIMH PACKPHIBAETCS JIMIIb YKAa3aHHEM JIeiCT-
BUIi, B KOTOPBIX OHA y4yacTBYeT. TakuMu AEHCTBUAMH MOTYT OBITH H3-
MEpeHue, nepenaya, npeodpasoBanue, o0paboTKa U XpaHeHHEe HHGOP-
Mallyu.

Baxuneiimme ¢opmbl HHPOpMAMM — IUCKPETHAass U HENpPEpPHIBHAS.
HuckperHas Gopma HHGOPMAIIH SIBISIETCS OCHOBHOW U MPECTABIISCT-
cs B BUJIE KOHEYHBIX COBOKYITHOCTEH KaueCTBEHHO Pa3lIWYHBIX CHMBO-
JIOB: 3TO JUCKPETHBIC CUTHAJIBI, MIEYaTHBIC MM PYyKOIMHUCHBIE JOKYMEH-
TBI, COCTOSIHUSI IM(QPOBBIX aBTOMATOB U T.N. HempepriBHas uHpOpMa-
[UsI BOIUIONIAETCS B 00pa3ax (3pUTeNbHbBIX, 3BYKOBBIX | JIp.). Kak B ec-
TECTBEHHBIX, TAaK M B MCKYCCTBEHHBIX IpoOIeccax OAHA M3 3TUX (OopM
MH(QOPMAIIIH MOXET NEPEXOIUTh B APYTYIO.

Hugpopmamurorl Ha3pIBacTCs HayKa O 3aKOHAX M METOJAX H3Mepe-
HUSI, Iepenadn, 00padOTKU U XpaHeHHs: MH(OpMALUHU C HCIOJIb30BaHU-
€M MaTeMaTHYECKUX, TEXHUUECKUX U MPOrPaMMHBIX CPEICTB.

TepmuH «uHpOpPMATHKaY), KaK Ha3BaHHE OMpPENEICHHOHN BEIIIE 00-
JIACTH HAyKH, ObLI BBelIeH Ha pyOeke 60 — 70-X TOM0OB NPaKTUYCCKU
OTHOBpeMeHHO Bo ¢paniry3ckoit (Informatique) u Hemenkoit (Informa-
tik) mayuno#t nurepatype. Eme panpiie B CLLA cTano ncnoiabp30BaThCs
B aHAJIOTMYHOM cMbIciie HazBanue Computer Science. B oreyecTBeHHOI!
NpaKkTUKE YHOTpeOsieHHe TepMHUHA «MHPOPMATHKa» AJTUTEIBHOE BpeMs
CAEP’KUBAJIOCH TEM, YTO OH MCIOJIB30BAJICS KaK Ha3BaHUE 00IacTH 3Ha-
HUM, CBA3aHHOW C apXWBHBIM JEJIOM W JTOKyMEHTaNIUCTHKOH. OKoHYa-
TEIbHOE ero yTBeprKIeHHe MPOHU30IILIO JIUIIE TTocie epeBoaa B 1976 r.
kaurn ©. bayspa u I'. T'ooza «Mudopmaruka» [1] nu oOpazoBanus B
1983 r. orneneHus WHGOOPMATUKH, BHIYUCIUTEIBHOW TEXHUKUA U aBTO-
matmsanmu AH CCCP.

Korpa peus naer o Takux Haykax, Kak (HU3MKa, XUMHs, OUOJIOTHA U
T.I., TPYAHO TOBOPUTH O €AMHOM Hayke. Ilo cymiecTBy, mox 3TUMH Ha-
3BaHUSIMH OOBEAMHSIOTCS CHIILHO PAa3lUYaloNIvecsl HanpaBiIeHUs,
umeromue odmue o0bekThl uccaenosanus. Ecnu, HanpuMep, CpaBHUTD
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sIIEpHYI0 (PU3UKY, MEXaHHUKY, TEOPHIO 3JIEKTPUYECTBA, TO CTaHOBUTCS
OYEBHUIIHBIM, YTO, HECMOTPS Ha CYIIECTBOBaHUE MMOTPaHUYHBIX 001acTei
Y B3aMMOIIPOHUKHOBEHHE METOJIOB U HMJIEH, KAKI0E U3 ITUX HaIlpaBiie-
HUI CYIIECTBYET KaK CaMOCTOsITeIbHAS HayKa. AHAIOTHYHAS CTPYKTypa
u y unpopmarukd. Ilog 3Tum moHsTHEM OOBEIUHSIOT PSA HAyYHBIX
HaIpaBJICHHUH, UCCIEAYIOMNX Pa3HbIe CTOPOHBI OJHOTO M TOTO e 00b-
eKTa HHpOpPMaIIUH.

Undopmaruka poanaack Ha OCHOBE JOCTH)KEHHUH 3JIEKTPOTEXHUKH,
3NEKTPOHHUKE, TOUHOH MEXaHWKH, (PU3UKH, aBTOMATUKH, TeJIEMEXaHUKH,
(hu3NONOTHH, MATEMATHUKH, JTMHTBUCTUKU W JPYTHX, HA TICPBBIA B3TJIS
Jake He UMEIOLINX HUYEro O0Iero Mexy co0oH, HayK.

U3 obnacteii 3HaHMH, SBISIOIUXCSA pa3fenaMd HH()OPMATHKH WU
TECHO CBSI3aHHBIMU C HEW, OTMETUM CJICTYIOIIHE.

1. Teopemuueckasn ungopmamuxa — YUCTO MaTeMaTndeckas JIUCIH-
TUIMHA, UMEIOLIasi B CBOEM COCTaBE TAKHUE Pa3Zeibl:

MaTeMaTUYeCKYIO JIOTUKY (Mamemamuieckas 102uka — OJlHA U3 BET-
Bell 001eit JIoruky, Hayku o (hopMax MBIIIICHHUS, KOTOpask pa3BUBAETCS
NPUMEHHUTENIFHO K HOTPEOHOCTSAM MaTeMaTHKH M BBIYUCIUTEIBHON TeX-
HUKH);

BBIYUCIUTEIBHYI0 MAaTeMAaTUKy W BBIYUCIUTEIBHYIO T'€OMETPHUIO
(evlyucarumenvuan 2ceomempusi paccCMaTpUBaeT AITOPUTMBI Ul pelle-
HUSI TEOMETPUYECKHUX 3aJady, OCHOBHOE MpPHUKJIagHOE 3HAYCHHE — Ma-
HIMHHAs TpaduKa);

CHCTEMHLIH aHAJIN3;

UCCIIeIOBaHUE OIepamni.

2. Kubepnemuxa — Hayka o0 ynpasieHud. Bosnukia B xonne 40-x
roJIOB MPONLIOro cTojeTusi, korna H. Bunep BriepBbie BHIABHHYI HUICO
0 TOM, YTO CUCTEMBI yIIPABICHHUS B )KUBBIX, HEXHMBBIX U HCKYCCTBEHHBIX
cucTeMax 00JafaloT MHOTUMH oOmuMH yepTamu. HambGonee akTuBHO
pa3BUBAeTCsl pa3lieNl TEXHUYECKOH KHOEpPHETHKH, B COCTaB KOTOPOM
BXOJIUT TEOPHSI aBTOMATHUECKOTO YIIPABJICHUSI.

3. llpocpammuposanue — HaydHOE HAINIPaBJICHUE, KOTOPOE CBOUM II0-
SIBIICHUEM TIOJIHOCTHIO 0053aHO BBIYUCIUTEIHHBIM MallMHAM (TEpMUH
«IPOTpaMMHUPOBAHHE» HE BCETJAa TMOHMMAECTCS OJHO3HAYHO, TaK Kak
MMEETCS Psii TAKUX pas3fieiioB MaTeMAaTHKH, KaK JIMHEHHOE MPOrpaMMu-
poBaHUe, HEJIMHEHHOE MPOrpaMMHPOBaHUE, TUCKPETHOE POrPaMMHPO-
BaHHE U T.II., HE MMEIOMIUX HUYETO 0OIIET0 ¢ MPOrpaMMHUPOBAHUEM TSI
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KOMIIBIOTEPOB; B CBSI3U C 3THUM BMECTO TEPMHUHA «IIPOTPAMMHPOBAHUE)
WHOT/Ia YIOTPEOISIFOT TEPMUH «KOJUPOBAHHEY).

4. Hcxycemeennvitl unmeniekm — caMoe MOJIOJIOE HalpaBJICHUE B
uHpopMaTrke. Bpems ero mosBiaeHus Kak Hay4YHOW JUCIUIUIMHBI — Ha-
yano 70-x ToAoB mponutoro croynerus. OCHOBHas 11elb paboTHI B 001ac-
TH HUCKYCCTBEHHOTO HMHTEJUIEKTa — CTPEMJICHHE NMPOHUKHYTh B TaiHBI
TBOPYECKOH NIESTENHHOCTH JIOJIEH, MX CIOCOOHOCTH K OBJIAJCHHIO Ha-
BBIKAMU, 3HAHUSAMH U YMEHHUSAMH. DTO HE YHUCTO TEOpeTHYecKasl Hayka,
OHA 3aHUMACTCS W TPUKIAIHBIMHA BoIpocamu. llpumepamu mpuxman-
HBIX Pa3/IeOB 3TOH HAYKU SBJISIOTCS POOOTOTEXHHMKA MM SKCIICPTHHIC
CUCTEMBEI.

5. Ungopmayuonnsvle cucmemspi — HampaBleHHE, UCTOKH KOTOPOTO
JISKAT B O0JIACTH JTOKYMEHTAJIMCTUKHA M aHAIM3a HayYHO-TEXHUUECKOH
uHpopmarun. MHPOpMAIIMOHHBIE CHUCTEMBI BKIIOYAIOT CIIECTYIOIIHE
pazmensr:

aHaliM3 ¥ MPOTHO3MPOBaHUE MOTOKOB pa3HO0Opa3Hol HHpopMalny,
nepeMeIaroIuxcst B 00IIeCTBe;

WCCIIeJIOBaHNE CIIOCOOOB MPEACTABICHHUS U XpaHSHHUS WH(OpMAIUH,
CO3/IaHME CHENHATN3UPOBAHHBIX S3BIKOB I (DOPMATBHOTO OIMCAHUS
uHpopMaIuK, pa3paboOTKy MPUEMOB CXXaTHs, KOAMPOBaHUS HHEGOpMa-
[IUU | T.IL.;

co3/1aHre UHPOPMAIIMOHHO-TIONCKOBBIX CHCTEM U T.II.

6. Boiyucnumenvnas mexnuxa — caMOCTOSITETIbHOE HATpPaBJICHUE HC-
CJICJIOBAHM, B PaMKax KOTOPOTO pelIaeTcsi HeMallo 3aj1ad, He WMEro-
IIMX IPSMOTO OTHOIIEHHS K HH(POpPMAaTHKE U ee podiieMaM (Harpumep,
MUKPOIJIEKTPOHHKA, TEXHOJIOTHA U T.IL.). B To ke camoe BpeMs pa3Bu-
THEC BBIYMCIUTEILHOM TEXHUKH HEBO3MOXKHO 0O€3 HCIIOIB30BaHUS pe-
3yJbTAaTOB, MOJYYCHHBIX B TEOPETHYECKONW WH(OPMATHKE, IPOTPAMMH-
POBaHMHU U IPYTUX pa3jeax, COCTABIAIONUX HHPOPMATHKY.

7. Ungpopmamura 6 obuecmee — MIMPOKOE BHEAPCHUE KOMIIBIOTEPOB
BO Bce cepbl ueloBeuecKor JIesITeTbHOCTH, KOTOPOE KOPEHHBIM 00pa-
30M M3MEHSET cpefy oburaHus iroaed. llepcriekTuBL mepexona K HH-
(hopManoHHOMY OOIIECTBY BBI3BIBAIOT MAacCy MPOOJEM COIHATILHOTO,
NpPaBOBOTO, TEXHUYECKOTO xapakrepa. Bce 3TH mpoOiaeMbl cOCTaBISIIOT
OOBEKT HCCIIEIOBAHUS TEX IICUXOJIOTOB, COIMOJNOTOB, (hUI0COPOB U
IOPUCTOB, pa0OTAIOIINX B 00JIACTH HH()OPMATHKH.

8. Ungpopmamuxa 6 npupode — usydeHue UHPOPMAIMOHHBIX IIPO-
[[ECCOB, MPOTEKAIIUX B OMOJIOTHUYECKUX CHCTEMaX, U HUCIOJIb30BaHUE
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HAaKOIUICHHBIX 3HAHWHA NPU OPraHU3alMH U YNPAaBICHUU NPHPOJHBIMU
CHCTEMaMH M CO3IaHHH TEXHOJIOTMYECKUX CHCTEM. TpH caMOCTOSTEIb-
HBIC HAYKH BXOJIST B 3Ty BETBh HH()OPMATUKU:

buoxubepnemuxa, w3ydaronias WHPOPMAHOHHO-YIPABIISIONINE
IPOLIECCH, TPOTEKAIOLIHE B KUBBIX OpraHu3Max (IUarHocTuka 3adoe-
BaHUH U MOWCK ITyTeH UX JICUCHUs);

buonuxa (HEHPOKUOEPHETHKA), UCCIICAYIONIAst HACKOIBKO MPHHIIUTIBI
paboThl KUBBIX CHCTEM MOTYT OBITH HPUMEHEHBI B HCKYCCTBEHHBIX
00BEKTaX;

buozeoyenonozus, pemaromas IpodIeMbl, OTHOCAIINECS K CHCTEM-
HO-MH(OPMAIIMOHHBIM MOAEISIM IOAACPKAHUSI U COXPAHEHUSI paBHOBE-
CHsI IPUPOJHBIX CUCTEM M MOMCKA TAaKUX BO3ACHCTBUN Ha HUX, KOTOPBIE
CTaOMIIM3UPYIOT pa3pyliaoliee BO3ACHCTBIE YeI0BEUCCKOW ITUBIITH3A-
IIUU Ha OMOMACCy 3eMJIH.

Pa3zHooOpasue pemaeMbix MHPOPMATUKON MPOOIEM, IIUPOKOE IMPH-
MEHEHME €€ B Hay4HOM, XO35HUCTBEHHOM, aIMAHUCTPAaTUBHONU U KYJIBTYp-
HOM JICATENIbHOCTH JETal0T HEOOXOAUMBIM W3y4YCHHUE DIIEMEHTOB JITOH
HayYHOH AMCLMIUIMHBI B CPEIHUX, CPEAHUX CHELMATbHBIX U, TeM Ooee,
B BBICHIMX y4YeOHBIX 3aBeicHHAX. IIpu BceM MHOrooOpasum paslenoB
MH(OPMATHKY W HAINpaBJICHH, HEMIOCPEICTBEHHO CBS3aHHBIX C HEH, UX
TIOSIBJICHHE M Pa3BUTHE 3aBHCHUT OT CPEACTB BBHIYMCIUTEIBLHON TEXHHUKH.
OTH CpencTBa MMEIOT YHHMBEPCAJIBHBIM XapakTep M Ha OIPEACICHHOM
YPOBHE HE 3aBHCAT OT MpuiokeHuH. OHM UMEIOT OCHOBOIOJIATAOIIYIO,
(hyHIaMEeHTaIbHYIO POJIb B HAyKe, KOTOpasi Ha3bIBaeTcsk MH(POPMATHKOMH,
MMEHHO C 3THUM CBs3aHo To, uTo B CIIA BMecTo TepmuHa «uH(pOpMAaTH-
ka» ynotpebmsercs Computer Science (KOMIbIOTEPHBIE HAYKH).

B TO ke camoe Bpems cpeacTBa BBIYHUCIUTEIHLHON TEXHUKH BKITIO-
4aT B ce0s psil B3aMMOCBS3aHHBIX YacTei, CHIBHO Pa3INnYatOLIMXCS
0 CYLIECTBY M TPEOYIOLIMX COBEPIICHHO PAa3JIMYHBIX TOAXO00B MPU UX
W3y4YCHUH.

OTO0 yKa3aHHBIC BBIIIE Pa3/elibl — BEIYUCIUTEIBHAS TEXHUKA U TIPO-
rpaMMHpPOBaHUE, BKII0YAs SA3bIKM POrPaMMHPOBAHHUSL.
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I'JIABA 1. AJITOPUTMBI U OCHOBBI AJITOPUTMU3ALINHN
1.1. DyeMeHTHI aJIredpbl JIOTHKA

MaremaTnuyeckre OCHOBBI MH()OPMATHKH, HApSAy C IPYTUMH pasze-
JaMH JTUCKPETHONH MaTeMaTHKH, BKJIIOYAIOT B ce0S MaTeMaTHYeCKYIO
JoTuKy. Mamemamuyeckas 102uka — pa3ien MaTeMaTUKH, W3ydaronuil
MaTeMaTH4YeCcKHe JOKA3aTeIbCTBA, IPaBIIbHBIE CIIOCOOBI pacCyKACHUH,
JIOTHYECKYIO CTPYKTYPY U JIOTUYECKHE CBOMCTBA PAa3UYHBIX O0OBEKTOB.
OCHOBY MaTeMaTHUYECKOW JIOTUKH COCTABIISIOT UCUUCICHHE BHICKA3bI-
BaHUH U HCUHCIICHUE MIPEIUKATOB.

Hcuucnenue (ancebpa) evickazviganuii, W aneebpa 102uku, — pas-
JIeNl MaTeMaTHIeCKOM JIOTUKH, N3yYarollnuii BEICKa3bIBAHHUS CO CTOPOHBI
UX JIOTUYMECKUX 3HAYEHWH W JIOTHMYECKHe orepanuu Hajn HuMu. [Ipn
3TOM TIOJI 68bICKA3LIBAHUAMYU TIOHUMAIOTCS TAKUE MIPEIIOKEHHSI, OTHOCH-
TEJIbHO KOTOPBIX MMEET CMBICI YTBEPKIaTh, HICTHHHBI OHH HJIH JIOKHBI.
Hanpumep, BbickasbiBaHHe «a— OyKBa» — MCTHHHO, a BBICKa3bIBaHUE
«1 — OykBa» — noxHo. OTaenbHbIE BBICKA3bIBAHUS B anreOpe JIOTHKH
paccMaTpuBarOTCs LEIUKOM, 0€3 yueTa uX BHYTpEeHHEH CTpyKTyphL. s
KpaTKoCTH B (OpMyJiax, TaOJIUIAX, CXEMaX, OMUCHIBAIOIINX Pa3INIHbIC
JIOTHYECKUE KOHCTPYKUUH, Jocuyeckue 3nauenuss «uctuHa» (TRUE) u
«10xkb» (FALSE) 00BIYHO yKa3BIBAIOTCS, COOTBETCTBEHHO, Kak «m» (T)
u «1» (F) nnn, game Bcero, 1 u 0.

Jlocuueckue onepayuu Ha3bIBAIOTCS TAKKE JOSUYECKUMU CEAZKAMU
[2]. C momoripio n-MeCcTHOM Win n-apHOi (77 > 0) JOTHIECKOM orepariuu
MOJKHO TTOCTPOUTH /7-MECTHYIO JIOTHYECKYIO QYHKIHIO f(X],X7,....,X,),
npeoOpasyIolyio TOT WM MHOM HAabop M3 7 BBICKA3bIBAHUH (apryMeH-
TOB) X{,X),...,X,, B 0OJI€€ CIIO)KHOE BBICKAa3bIBAHUE. 3HAYCHHS JIOTHYE-

ckuX (YHKIUH MPHHATO NPEACTABIATh B BHIEC MAOAUY UCTHUHHOCTHU,
KOTOpBIE BBIpaXXaloT UCTUHHOCTHOE 3HadeHue (0 win 1) Gpyakuuu yepes
WCTUHHOCTHBIC 3HAaUYCHHSI BXOAAMIMX B (QYHKIHUIO apryMEeHTOB. Hyrbme-
CMHBIMY JIOTUIECKUMH (QYHKIUSIMA CUYUTAIOTCS JIOTHYECKUE KOHCTAHTBI
0 wmu 1. OcHOBHOM 00HOMecmHOU (cuHeYAAPHOU) TOTUIECKON (YHKIIH-
el SBIETCS OTpUIlaHWe, a U3 (OPMANBHO CYIIECTBYIOIIUX 16 Ogyme-
cmHulx (OuHaphvix) JOTHYECKUX (DYHKIUHM JIHMIIL JIeCATh (HaKTHUYSCKU
3aBHUCAT OT JBYX apryMeHToB. HambGonee pacnpoctpaHeHHbIE (HYHKIIUH
TpeJIcTaBIeHbI B Tabm. 1.1.
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OcobenHOo yacTto B UHPOpPMAaTHKE U, B YaCTHOCTH, B aj-
TOPUTMHUYECKUX SI3bIKaxX MPOrPaMMHMPOBAHHS HCHONB3YIOTCA CIEIYIO-
IIUEe JIOTUYECKUE OTEpaIluu: ompuyanue («HEY), KOHBIOHKYUs («m» —
Jlo2uieckoe YMHOJCeHUe) N OU3bIOHKYUA (KIIIN» — J02UYecKoe CloHiCe-
Hue). OTH TpH (PYHKIIMU 4acTO HAa3BIBAIOT O)1€6biMiL, & AITeOpPy JIOTHKH,
B KOTOPOH MCIONB3YIOTCS JIMIIb 3TH (GYHKIIUH, a TaKKe KOHCTAHTHI 0 1
1 — 6ynesoii aneebpoii, TOCKOJIbKY OHH BIIEPBBIC TOSBUINCH B CEPEIUHE
XIX B. B Tpyznax aHrnmickoro matemaruka JDx. bynd kak anmapaTt cuM-
BOJIMUECKOW Joruku. ONHAKO WHOTZA U APYTHe Jorndeckue GyHKIUH,
MpeJcTaBIeHHbIe B Ta0.1.1, Takxke Ha3pIBalOT OyneBbIMU. Mcmonb3ye-
MBI€ B BBICKA3bIBAHUSIX OCHOBHBIE JJOTHYECKHE CBSI3KU THIIA I, KN,
«HE», «ECIU..., TO», «TOrJa M TOJBKO TOTZAA» W JAPYIHE MOXHO pac-
CMaTpHBaTh, COOTBETCTBEHHO, KaK «3JIEMEHTAPHBIE» OYJIEBbI (YHKIMH
XAV, XV Y, Ix, XDY,X=)y UTA.

[TockonbKy, Kak BUAHO, UMEETCSI MHOT'O JIOTHIECKUX (YHKIMHA, TIPH-
oOpeTraeT BaXHOCTb MpobieMa UX QyHKIHOHATBHOH MonHOTHL. Hekorto-
past cucrema S TOTHUeCKUX (PYHKIMH HA3bIBACTCS (DYHKYUOHANLHO NOJI-
HOU, €CIH JIIO0YI0 JIOTMYECKYI0 (DYHKIIMIO MOXKHO 3alucaTh B BHIC
¢dopmynbl ¢ momomslo GyHKIMA u3 S. Hanpumep, cucrema OyseBbIX
(yHKUUH, COCTOSIAs U3 OTPULIAHUS, KOHBIOHKIIMU U JU3BIOHKLINH, 00-
nanaet (yHKIUOHAIBHON MOIHOTOW. OHaKO (QYHKIIMOHAIBHO IMOJHBI-
MH MOTYT OBITh M CHCTEMBI, COCTOSIIIME BCETO W3 JBYX JIOTUYECKUX
¢yHkuuit. Tak, MOJHBIMH CHCTEMaMHM SIBIISIOTCS OTPULAHME U KOHbB-
IOHKIIUS, OTPUIIAHWE U JU3BIOHKIHS, OTPHUIIAHHE U UMIUTUKAIWS U JIp.
Bonee Toro, (hyHKIMOHAJILHOW IMOJHOTOH MOTYyT 00JiaaTh JaXKe OT-
nenpHble Jorudeckue QyHkouu, Hanpumep wmrpux lLlleddepa nmm
crpenka Ilupca. CnemoBarenbHO, ¢ TOUKH 3peHHA (DYHKIHOHAIBHOM
MIOJTHOTHI, CHCTeMa OyJIeBbIX (YHKIWH W30BITOYHA, ONHAKO H30BITOY-
HOCTB ITO3BOJISIET KOPOYE M HATJIAJHEE 3alMChIBATh CIOKHBIC BBHICKA3bl-
BaHUs. B anropurMuuecKux s3bIKax MPOrpaMMUPOBAHMSA AJISI HECKOJb-
KAX Hauboliee paclpOCTPaHEHHBIX JIOTUMECKUX CBSI30K («HE», «U»,
«WIH», a MHOTJA U Jp.) MPETyCMOTPEHBI COOTBETCTBYIOININE CHMBOIIBI
WM cy)eOHbIe (3ape3epBUPOBaHHBIE) CIIOBA.
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Tabnuya 1.1

lpyrue Tabnuua
Obo- 0603Ha- HCTHHHOCTH
3Ha- YeHHS U
x| 0ol o] 1 HazBanue cBsa3ku Kak gyurars
yeHHe npen-
CBSI30K CTaBIIe-
st yl O] 1[0
‘lx x, x 1 0 OTpunaHne, HHBEPCHUs He x; ortpumna-
HHE X
XAY x&y 0100 Koublonkuus, norude- | x uy
X-y CKO€ yMHO)KEHHE, JIOTH-
4ecKoe «u», (QYHKIUS
Xy coBmnajieHus, and (9HO)
xvy 01111 Jn3bloHKIMS, JIOTHYe- | X WIH Y
CKO€ CIIOXKEHHE, JIOTHIe-
CKOe «HIM», (QYHKIUI
pazzenenus, or (op)
XDy xX—>y 11110 Wmruukauus, wmarepu- | Ecim x, To y; x
aJIbHAS] IMITIMKALHS BIEYET Y, X UM-
IUTUOHPYET Y
xX=y Xy 1{0]0 OKBUBAJIEHTHOCTS, X OSKBUBAJIEHTHO
X~y GyHKIMS paBHO3HAYHO- [ ¥, X TOrga M
CTH TOJIBKO  TOTrJa,
Korja y
x+y xvy Ol1]|1 Cymma mo wmomymo 2, | JIubo x, mubo y;
paznenuTenbpHas  AW3b- | X HEIKBHBA-
—|(x ) IOHKIIUS, OTPULIAHUE DK- | JeHTHO y
—l(x ) BHBAJICHTHOCTH, (yHK-
Ml HEepaBHO3HAYHOCTH,
HCKITIOUAIOIIEe «HIIID)
x| y —|(7c v 111 Mtpux Uleddepa, oT- | X U y HecoBme-
pHULAHUE KOHBIOHKLHHM, | CTHBI, HEBEPHO,
x &y AQHTUKOHBIOHKIWSA, nand | 4To
- (Hom0) XUy
xXvy
xdy —l(x v ) 1100 Crpenka Ilupca, otpu- | Hux, HU ¥
L[aHUEe TU3BIOHKLUH, aH-
(xVv ) TUIU3BIOHKLUS, (QyHK-
_ st Be66a, nor (nop)
XAy
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Okonuanue maon.l.1

Jlpyrue Tabnuma
O60- 0603HAYe- HCTUHHOCTH
3Ha-
HUSA 1 HazBanue cBs3ku Kak unrtarth
YeHHUE x[O0]O0]1(1
TpecTaB-
CBSI30K
JICHHS ylo[1]o0]1
XDy Xy 0|O0f1fO0]| Orpunanue wuMIUIM- | X, HO HE ); He-
-| Kalid, AaHTHUMIUIA- | BEPHO, YTO X
(x—>y) Kalusi, MaTepuayb- | BIEYET )
—l Hasi  AHTUHUMILIMKA-
(x> ) o
xcy X<y 10| 1| 1] ObpatHass WMIUIMKa- | X, €CIH y; €CIH Y,
Yo x st TO X; y BIICUET X;
UMIUTAIUPYET X
yox y oupy
X¢Ey X4y 0| 1[0fO0]| Orpunanue obpar- | He x, HO y; He-
HOW  WMIUIMKalWH, | BEpHO, YTO
-| (y>x) oOpaTHas ~ aHTHUM- | BJEYET X
'| IUIMKaAUsA
(y—x)
XAY

[pu 3amucu Gopmyn anreOpbl JIOTUKA MOXHO W30€XaTh JHITHHX
CKOOOK, TOJIB3YSCh CMAPWUHCMEOM N02U4ecKux onepayuii. B 4acTHo-
CTH, OTPULAHME CUMTACTCS CTaplle, T.C. BBIMOJHICTCS PaHbILE KOHbB-
IOHKIIUH, & KOHBIOHKIHS — CTaplie AU3BIOHKIUK. Kak u B Kiacchye-
CKOH MaTeMaTHKe, JIOTMYeCKHEe YMHOXXCHHE U CIIOKEHHE 00JagaroT
CBOWCTBAMU KOMMYTAaTUBHOCTH, ACCOLMATUBHOCTH U AMCTPUOYTHBHO-
CTH.

[pu 3amucu noruveckux GOpMysl MOKET OBITH TakKe TMOJE3CH 3d-
KOH, WIH npunyun osoticmeennocmu. Jlornveckas QpyHkums f* Ha3pIBa-
eTcs 060licEeHHOU TI0 OTHOLLCHUIO K JIOTHYECKOH (DYHKLUH f, eciu ee
TabMvIa UICTHHHOCTH TOIy4aeTcs U3 TaONUIbl UCTUHHOCTH (QYHKIUH f
3amenoil Bcex 0 Ha 1 u 1 Ha O (Tipu 3TOM 3aMeHy HY>KHO TPOU3BOJIUTH U
JUTSL apTyMEHTOB (DYHKIIHH).

B cuny npuHIuna qBOWCTBEHHOCTH JIIOOYIO JIOTHUYECKYIO (PYHKIHIO
(popmyiry) f MOKHO 3aMEHHTH Ha JBOHCTBEHHYIO €i f* 10 mpaBuLy

L Xy xy) =1 % (lxy, Ixg0es 1x,) (1.1)
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Tak, KOHBIOHKIIHS JBOWCTBEHHa Mu3bIOHKIMHU, mTpux llleddepa —
ctpenke [lupca, orpurianue — camomy cede u 1.71. [lycth, Hapumep, A
U B — npou3BoJIbHBIC Joruueckue Gopmynbl. Torna B CHIly NpUHIUIA
JIBOMCTBEHHOCTHU

l4nB)y=1avIB, l(4vB)=14A1B (1.2)

(dopmyist (1.2) nHorma HA3BIBAIOT 3aKoHamu 0e Mopeana).

Js mpeoOpa3oBaHust JOTHYECKUX (OPMYIT MOKHO TaKXKe UCIIONb30-
BaTh:

3aKOH NPOMUBOpeyUs —

AnlA=0, (1.3)
3AKOH UCKIIIOYEHHO20 mpembeco —
Avl]d=1, (1.4)
30KOHbl u()eMnomeHmuocmu —
ANA=A, Av A=A, (1.5)
3AKOHbL NOCNIOUEHUS —
AN(AvB)=A, Av(AAB)=A4, (1.6)

a Takxke GopMyIbl
1(l4)=4, Arl=4, Ar0=0, Avi=1, AvO0=A4, (1.7)
A>B=lAvB, A=B=(AAB)v(lAr]B).

(B Beipaxenusx (1.3) — (1.7) A u B — no-npexxHeMYy TPOU3BOILHBIC
Joruyeckue GOopMyIIbL.)

1.2. DyIeMeHTBI HCYHCIICHUS PEIUKATOB

Pa3BuTreM UCUMCIICHUS BbICKA3bIBAHUU SIBJISCTCS UCYUCICHUE Npe-
ouxamos. Ilycts x; (i=1,2, ..., m)— 3aJaHHBIE HA HEKOTOPOM KOHEU-

HOM WM OECKOHEYHOM MHOXecTBe (1ojie) M mepeMeHHble, Ha3bIBae-
MBIE HpeoMemHbIMY, 3 UX KOHKPETHbIC 3HAYCHUS — WHIUBHyalbHbIC
npeomemsl U3 3TOTO MHOXeCTBa. [IpeIMETHBIMU TIEpEMEHHBIMH MOTYT
ObITb, HALIpUMep, Liejble, JeHCTBUTEIbHbBIC, KOMIICKCHBIE YHucia; OyK-
Bbl Pa3IMYHBIX aJ(aBUTOB, XMMHUYECKHE CHMBOJIBI, I€OMETPHUYECKHE
¢burypsl, Gamuinn (MMEHa) YWIEHOB HEKOTOPOTO KOJUIEKTHBA U MHOTOE
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ap. Ilycts Takke umeercst HA0Op PyHKIHMOHATBHBIX CUMBOJIOB ((pyHK-
OUil) C pa3IU4YHBIM YHCIOM apryMEHTHBIX MecT. TakuMu QyHKIHO-
HAJILHBIMU CUMBOJIAMH MOTYT OBITh CHMBOJIBI, ONMCHIBAIOIIHE MaTeMa-
TUYecKue (PYHKIMU; XMMUYECKHE, DKOHOMHUYECKHE WM (DUHAHCOBEHIE
(hopmynel (TipaBUiIa), 3arOTOBKH JJISl CJIOB, CTPOK, TaOwII, m300paxke-
HU, JAuarpamm, OJOK-CXeM C Pa3IUYHBIM YHCIOM CBOOOJHBIX (apry-
MEHTHBIX) MECT U T.N. M3 IpeIMEeTHBIX MEPEeMEHHBIX U (PYHKIIMOHAIb-
HBIX CHMBOJIOB MOKHO KOHCTPYHPOBATh TaK Ha3bIBACMBbIC /MepMbl, UH-
TepIpeTUpyeMble KaK MMEHa OOBEKTOB HCCIEIOBaHUS (MareMarhye-
CKHE BBIPAXKCHUS, CIIOBA U TEKCThI, XUMUYECKUE VI SIEPHBIC PEaKIIny,
M300pakeHus1, OIIOK-CXEMBI U JIp. ).

Torma n-mecmuvim (n-apuvivm) npeduxamom Ha3bIBaeTCs (QYHKIHS
P(t,ty,...,t,), KOTOpast IPEICTaBIsIET COO0H HEKOTOPOE BHICKAa3bIBAHUE
0 TepMax f,y,...,t, (n=0) U MOXET NPUHUMATh JIUIIb 3HAYEHUS «HUC-
THHA» WK IOXKB)» B 3aBUCHMOCTH OT MHIUBHIYaJbHBIX IMPEIMETOB
X1,X9,... 13 M, BXopamux B 3T TepMbl. [Ipu #n = 1 npeaukart Ha3bIBAIOT
ceolicmeom, a Tpu n>1— omnowenuem WIH, KOHKPETHEE, N-APHbIM
omuouteHuem. VI3ydaemble B UCUUCICHUU BBICKA3bIBAHHH OTAEIbHBIC
BBICKa3bIBaHHUSI MOTYT (DOpPMaJIbHO PAacCMaTPUBATBHCSA KaK HYJabMeCHHble
npeouxamal.

Takum 00pa3zoM, apryMmeHTaMu (PYHKIIMI UCUHCIICHHST BHICKa3bIBaHUH
SIBJISIIOTCSL JINIIb BBICKA3BIBAHUS, TOTJA KaK apryMEHTaMH MPEIUKaTOB
MOT'YT OBITh JIOOBIE TIpeMETHBIe mepeMeHHble. [Ipu 3ToM uucio mecr,
T.€. YUCJIO TEPMOB B MpeHKaTe, BOOOIIE TOBOPS, OTIMYACTCS OT YUCIIA

aprymenToB. IlycTs, Hanpumep, Xi,X,X3 — OyKBBI pyccKoro andapura,
a z,zy,z3,Z4 — JedcTBuTenpHple  umMcna. OOpasyeM  TepMbl
1] = x1xpX;x3 (CIOBO U3 YeTbIpeX OYKB C OJJMHAKOBBIMH NEPBON U TPETh-
eit OykBamu): ) =z) +zp, t3 =2z3z4. Torna BbICKa3bIBaHHE «f| — UM
COOCTBEHHOE» — OJTHOMECTHBII NpPEeIUKaT (CBOMCTBO) C TPEMs apryMeH-
TaMu ( X],X),X3 ), a BBICKa3bIBaHHE « ) >3 » — IBYMECTHbIM MpeauKaT
(oTHOLIEHUE), 3aBUCAILUN OT YEThIpEX apryMeHTOB (z|,zp,Z3,2Z4). Jnd

MIPOCTEHININX MAaTEeMaTHICCKUX OTHOIICHUN «MEHBINEY», «MCHBIINC WU
PaBHO», «PaBHOY», «HE PABHOY, «OOJbIIIE WX PABHOY, «OOIBIIE)» B aJro-
PUTMHYCCKUX SI3BIKAX MPOTPAMMHUPOBAHHSI UMEIOTCS COOTBETCTBYIOIIHEC
CHUMBOJIBI WJIM 3ape3€pPBUPOBAHHBIE CIOBA.
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OtnenbHbIE TPEAMUKATBHI — IJJIEMEHMAPHLIE (QOPMYIbL  UCYUCTEHUSA
npeouxamosg. CBS3bIBas NPEAUKATHl JOTUYECKUMH CBS3KaMH, MOXKHO
MOJIYYATh CLOMACHbIE POPMYIbL UCYUCAEHUS NPEOUKAMO8, HATIPUMEDP

Pt,u)yvQOW,z,w), R(E)ASE,v), T(u,v)>F(u),
x>nA(y>z), (u<v)v(u<o0), (1.8)

KOTOpBIE MOXHO TaK)K€ paccMaTpHBaTh KaK HOBbIE MpeIuKaThl. B aTHx
(hopMynax MOTYT HMCIOJB30BATHCS M BBICKA3bIBAHUS alreOphbl JIOTHKH
(HyIBPMECTHBIE MTPETUKATHI).

[Tomumo omepanmii anreOpsl BHICKA3bIBAaHUM, B UCUUCICHUN TIPEIHU-
KaTOB HCIOJIB3YIOTCS TaK Ha3bIBAEMBIE K8AHMOPbI — JIOTHYECKUE OIepa-
TOPBI, TIEPEBOSIINE OAHY BBICKAa3bIBATENBbHYIO (JOPMY B APYTYIO U TIO-
3BOJISIOLINE YKA3bIBaTh O0BEM TeX 3HAYCHUH NPEAMETHBIX IIEPEMEHHBIX
X, JUIA KOTOPBIX JaHHAs BhICKa3bIBaTenbHas (popma uctuHHA. OOBIYHO B
JIOTHKE TIPEIUKATOB OrPAaHUYNBAIOTCS JIBYMS KBAHTOPAMHU — KEAHIMOPOM
obwHocmu Nx M keanmopom cyujecmgoganusi 3x. Ilyctb x — npeamer-
Hasl TepeMeHHas, NPUHUMAIOIIAs 3HAUYEeHUs] M3 MHOXecTBa (mois) M.
Torna BeIpaxkeHue

Vx P(x), (1.9)

HaYMHAIOIeecss KBAHTOPOM OOIIHOCTH, MPEACTABIsIET cOOOH BBICKA3bI-
BaHHE: «IA BCAkoro x € M wuctunHO P(x)». Ilockonbky 3amaHue Jro-
ObIX WMHIWBUAYaTbHBIX NpEAMETOB (3HaueHMH) X €M He Hapymaer
UCTHUHHOCTH P(x), Bbicka3piBanue (1.9) yxxe He 3aBUCHT OT Xx. ['0BOpAT,
YTO MpeIMETHasl NepeMEHHasi X CBsi3aHa KBaHTOPOM OOIIHOCTH, M HO-
3TOMY TaKHE NIEPEMEHHbBIC HA3bIBAIOT C8A3AHHBIMU.

Bripaxenue

IxO(x), (1.10)

HAYHMHAIOIIEEeCs] KBAHTOPOM CYIIIECTBOBAHMsI, TIOHUMAETCS KaK BBICKa-
3BIBAHUE: «CYIIECTBYET TaKo# 31eMeHT X € M , mist kotoporo Q(x) uc-
THHHOY». DTO BbICKa3bIBAaHHE TAK)KE BITOJIHE ONMPEACICHO U y)KE HE 3aBU-
CHUT OT X, T.€. ICPEMEHHAs X CBsS3aHa KBAHTOPOM CYILCCTBOBAHMS U SIB-
JISIETCS CBA3AHHOM MEepEeMEHHOM.

KBantops! o6mHOCTH VX M CyIIECTBOBaHHUA JX Ha3BIBAIOTCS 060-
cmeennvimu Ipyr apyry. B dopmymnsr (1.9), (1.10), kpome x, MOTYT BXO-
UTh W JpyTHe TpeIMETHhIE TepeMeHHbIe (HE MOKa3aHHBIE B QOpMy-
nax). [Tockonbky 3TH (HOPMYJIBI HE 3aBUCST OT X, OHU MOJHOCTBIO OIpe-
JICIISIFOTCS 3aIaHUEM OCTaJIbHBIX MEPEMEHHBIX. TaKue MpPeAMETHBIC I1e-
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PEMCEHHBIC, HE CBA3aHHBIC HUKAKUMH KBAaHTOPaMH, Ha3bIBAIOT C80000-
HOIMU.

CymiecTByeT 3aKOH, CBS3BIBAIOIIMNA KBAaHTOPHI CO 3HAKOM OTpHIla-
HUsL. PaccMoTpuM BelpaskeHHe

1(vxP(x)) . (1.11)

OueBunHo, BolpaxkeHHoe (1.11) BeickaspiBanune «VxP(Xx) JOXKHO» paB-
HOCWJIBHO BBICKA3bIBAHUIO «CYILECTBYET TaKOH syieMeHT X €M , mus
KOTOPOTO P(X) JTOXXHO» HITH, YTO TO KE CaMOE, «CYIIECTBYET 3JICMEHT X,

JUIL KOTOPOro —|P(x) uctTuHHOY». CrenoBaTensHO, BeIpaxkenue (1.11)
PaBHOCHIIBHO BBIPaXKEHHIO

Elx—|P(x) . (1.12)
AHaNIOTHYHO, BEIPAXKEHUE

l@x0(x)), (1.13)

O3HavamIIee BhICKa3bIBaHUe «Ix(J(X) J0XKHO», PABHOCUIEHO BBICKA3bI-
BaHUIO IS BCEX X JIOXKHO (Q(X)» WIH «IJI BCEX X UCTHHHO -|Q(x) ».
CrnenoBatenbHo, Bbipaxenue (1.13) paBHOCHIIBHO BBIpaKEHUIO

Vx-|Q(x) . (1.14)

Takum 00pa3zoM, CTOAILIMHA Mepell KBAHTOPOM 3HAK OTPHLIAHHS MOXK-
HO BHECTH IOJ 3HAaK KBAaHTOPA, 3aMEHUB KBAHTOP Ha JBOMCTBEHHBIN.
PaccMmoTpeHHbBIE KOHCTPYKIIMH MATEMATHYECKON JIOTUKH YacTO UCIOJIb-
3YIOTCS IIPU 3aIIMCH aJITOPUTMOB.

1.3. AIropuT™mslI

BaxuelmmM mnoHATHEM WH()OPMATHKH SIBIACTCS ANTOPUTM. AJeo-
pummom Ha3bIBAIOT MOHATHOE U TOYHOE MPEANUCAaHUE, KOTOPOE 3a7aeT
HOPSIIOK ACHCTBUH WIIM Tpouecc (Ha3bIBaeMBIA B 3TOM CIIydae a/2o-
pummuyeckum), HAUMHAIOLUIUHACS C MPOU3BOJIBHBIX HCXOAHBIX JAHHBIX X
(13 HEKOTOPOI COBOKYMHOCTU 3HAUYEHUH X, HOMYCTUMBIX I JaHHOTO
ITOpPUTMAa) U HAIPABJICHHBIN Ha MOJyYEHHE MTOJTHOCTHIO OMpPEAesieMo-
r0 3TUMHU UCXOAHBIMHU JAaHHBIMH PE3yJbTaTa y U3 HEKOTOPOTO JOIyCTH-
moro MHoxecTBa Y [30, 31]. B coBpemeHHO# MaTemMaTHKe MOHATHE ajl-
TOpPHTMa OTHOCST K ()YH/JaMEHTANbHBIM, T.€. K TAKHM, KOTOpPBIE HE MO-
TYT OBITh OIpeJIeNieHbI Yepe3 Ooliee MpocThie (TaKOBBI, HATIPUMeEp, QYH-
JAMEHTAJbHBIE MOHATHA «TOYKa», <«JIMHUS» U 1p.). [loaTomy nanHas
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BhIIIIe (DOPMYyIIMPOBKa (KCTATH, NTAEKO HE eAMHCTBEHHAs) HE SBISETCS
MaTE€MaTUYECKUM OMpPENETICHUEM, a JIMIIb MOSCHEHUEM CMBICIA aJro-
putMa. 3aMeTuM, 4To (HOPMYIHPOBKY «IIOHITHOE MPEANUCAHHUE» ClIe-
JIyeT YTOYHUTH KaK «IMOHATHOE HCHOJTHUTENIO». [loaTomMy anropurmbl
BCEI/Ia COCTABJISIOTCS C YYETOM TOTO, KaKhe MPeANHCaHns MOTYT OBbITh
MOHATHI MCIIOJIHUTENIEM, H, CIEN0BATEIbHO, IS OJHOTO U TOTO XK€ aJ-
TOPUTMAa MOXHO COCTaBHUTh MHOXECTBO ONHCAHUMN, Pa3IUYarOMINXCS
CTEIEHBIO JIETANIN3aL1H.

Baxwueiiine cBoiicTBa alroputMa — JAUCKPETHOCTb, JAETEPMUHHUPO-
BAHHOCTb, MACCOBOCTb U PE3YJIbTATUBHOCTD. JJUcCKpemHOoCmb O3HAYACT,
YTO AJTOPUTMUYECKUN MpoLEecC MPEACTABISICTCS B BUAC MOCIEAOBA-
TEJIBHOCTH ILIaroB, M MEPEXO0J K CIEAYIOLIEMY IIary OCYIIECTBIACTCA
JIUIIb 0 3aBEPLUICHUU TEKYILETO.

Jlemepmunuposanrocmes NPEANONaraeT, YTO AITOPUTM HE TOMYCKAET
HUKAKUX MPOU3BOJIBHBIX, UHTYUTUBHBIX TOJIKOBAaHUN U JEUCTBUUA U
JIOJKEH MPEeAYyCMaTpUBaTh CTPOTO ONMPEACICHHYIO MOCIEI0BATEIbHOCTh
JEHCTBHI IS BCEX CIy4daeB, KOTOPbIE MOTYT BCTPETUTHCS B XOJE BBI-
MOJIHEHUS aJITOPUTMA TIPU JIFOOBIX BO3MOJKHBIX HCXOJIHBIX TAHHBIX U
MPOMEXYTOYHBIX ~pe3yibpTaTax. JleTepMUHHPOBAHHOCTH aJITOPUTMA
o0ecrieyrBaeT MONyYeHNEe HICHTUYHBIX PE3yJbTaTOB JIIOOBIMU HCIOJ-
HUTENSIMHU, a OTCYTCTBUE B aJITOPUTME KaKHUX-THOO CO3HATENbHBIX JIeH-
CTBUI1 IeJIaeT BO3MOXKHBIM €T0 BBIITOJIHEHHE aBTOMATHYECKUMHU yCTPOH-
CTBaMHM, HampuMep KOMITbIoTepaMu. B To e BpeMs IeTepMUHUPOBAH-
HOCTh HE TMPEMATCTBYET HCIOJB30BAHHUIO B aNTropuTMax (Hampumep, B
ANTOPUTMaX CIIy9alHOTO TIOMCKA) CIYYailHBIX BEIUYMH, HO JOJDKHBI
OBITH CTPOTO OIPEAEICHB BEPOSTHOCTHBIC XapAaKTEPUCTUKU HCIIOIb-
3YEeMBIX CIyYalHBIX BETUYMH U MOCIEA0BATEIbHOCTh NEHCTBUU, Mpea-
MPUHUMAEMBIX B 3aBUCUMOCTU OT 3HAUYECHHS KAXXIOI0 OUYEPEAHOIO CIy-
YalfHOro Yuca.

CBOMCTBO Maccogocmuy TOHUMAETCSI KaK MIPUMEHUMOCTh alropuTMa
K pelIeHnI0 OECKOHEYHOTO KJIacCa OHOTHUITHBIX 3a/1a4, Pa3InyaroInxcs
HUCXOJHBIMH JTAaHHBIMUA (M3 MHOXECTBA JOIYCTUMBIX HMCXOJHBIX NaH-
HbIX). HammpumMep, MaccoBOCTh alnropuTMa YUCIEHHOTO HHTETPUPOBAHUS
03HAYaeT €ro MPUTOAHOCTH JAJISl BBHIYHUCIICHHS OIpEIEICHHbIX MHTErpa-
JIOB OT JIIOOBIX MHTETPUPYEMBIX (YHKIMH, 8 aJrOPUTMa CHHTAKCHYe-
CKOTO KOHTpOJIS TPOrpaMM — BO3MOXKHOCTH TPOBEPKH JIIOOBIX TPO-
rpaMM JaHHOTO $I3bIKa MpOTrpaMMHpoOBaHHA. B maremaTuke mpoOnemy
CO3JIaHHS AJITOPUTMOB, 00JaIAIOIIUX MACCOBOCTBIO, HA3BIBAIOT MACCO-
801l ANCOPUMMUUECKOU NPOOIEMOT.
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CBOMCTBO pesyiomamueHocmu aJlropurMa O3HA4YacT, 4YTO OH IJId
Kaxxaoro Ha60pa HNCXOJHBIX JAaHHBIX X € X obOecneunBaer MMOJIy4YCHUC
3a KOHCYHOC (XOTﬂ 3apaHeC, BO3MOXKHO, U H€H3BGCTHOC) YHCJIO IaroB
HCKOTOPOTO pe3yJibTaTa Yy € Y. (HpI/I 9TOM HCABHO IMOAPA3yMCBACTCH,

YTO pe3yNbTaT JOJDKEH OBITh MONIyUeH 3a npreMieMoe Bpems.) Ecin xe
U Kakux-mu0o x € X He yAaeTrcsl MOIYyYUTb Pe3yibTaT 3a KOHEYHOE
YHUCJIO IIaroB WJIH HOHy‘IaeMBIﬁ pe3yiabTar y & Y, TO IJIA JOCTUKCHUSA

Pe3yNBTaTUBHOCTH QJITOPUTMa MOXXHO (DOPMANBHO CUHTATh PE3yJbTa-
TOM COOOIIICHHUS O BOSHHMKAIOIIECH CUTYaI[MH, COOTBETCTBCHHO TIOOJHUB
00J1aCTh pe3yNbTaTOB Y 3TUMHU COOOMICHUSIMH. Tak, pe3yJbTaTUBHOCTb
ITOPUTMOB TPAHCISAIMK (IIEPEeBOJA) MPOTPaMM C AITOPUTMHUECKUX
SI3BIKOB JIOCTUTACTCS MOMONHEHHEM OOJIACTH Pe3yJIbTaTOB COOOIICHUS-
MH 00 OIIMOKax.

IToMUMO yKa3aHHBIX BBIIIC YETHIPEX CBOMCTB, KOTOPBIMHU JIOJIKHBI
0o0nanath BCE alTOPUTMBI, YaCTO PACCMATPUBAIOTCS TAKHE HMX JKela-
TEJbHBIC CBOMCTBA, KaK a¢hghexmuernocmp (XOpoias TOYHOCTh MPH Ma-
JIOW 3arpy3Ke KOMIIbIOTEpa) U onmuMaibHocmy (HAWIydIlue pe3yybra-
ThI TP TOH K€ 3arpy3Ke KOMITbIOTEpa MU, HA00OPOT, HAUMEHbIIAS
3arpy3ka KOMITbIOTEpa P TOM e Ka4eCTBE PE3yJIbTaTOB).

Ha OTACIBHBIX HIarax OCHOBHOI'O, I''TABHOI'O aJ'II‘OpI/ITMa BO3MOXHBI
oOpalieHust K JIPYruM, BCIIOMOTaTEIbHBIM aJITOPUTMaM C COOCTBEHHBI-
MU ONHCaHUSMHU. HeKoTopble BCIIOMOTATENbHBIC aTOPUTMBI, PEIaro-
I TUIIOBBIC MACCOBBIC 33Jla4M, MOXHO CTaHIapTU30BaTh. [10CKONIBKY
BCIIOMOTATEJIbHBIC aJTOPUTMBI MOTYT, B CBOIO OYepe/b, 0Opamarbes K
BCIIOMOTATENbHBIM ANTOPUTMAaM CJICAYIOIIEr0 HUXKHErO YPOBHS, alro-
PUTM B II€JIOM HHOT/Aa UMEET CIOXKHYIO HEPAPXUUYECKYIO CTPYKTYPY CO
MHOTHUMH ypOBHSIMI/I BJIOKCHHOCTH.

OCHOBHBIMH CPEJICTBAMH OIUCAHHSI aJTOPUTMOB CITyXKaT CIIOBECHAs
3aIUCh, OJIOK-CXEMBI, MICEBAOKO/IbI U AITTOPUTMUYECKUE SI3BIKH.

Cnosecnas 3anucb OOBIYHO OPUCHTHPOBAHA HA HCIIOJHUTENS 4YesI0-
BEKa, COCTABIIACTCS HA €CTECTBEHHOM S3BIKE C WCIIOJIB30BAHHEM IIPH
HE00X0IUMOCTH (OpMYJI, TTOYTH HE (HOpManM30BaHA U, KaK MPaBUJIO,
CIIYXKUT IPEIBAPUTENBHBIM OIMCAHUEM IS JAJIBHEUIIEro MpeacTaBiie-
HUA B BUIC 6HOK-CX€MI)I UJIN Ha aJ]FOpI/ITMI/IT-IeCKOM SA3BIKEC. OCHOBHoe
TpeOOBaHHE K CIIOBECHOW 3aITUCH aJlTOPUTMA — MOHATHOCTh UCIIOTHUTE-
JIIO. TI/IHI/I‘IHI)IC IIIKOJIBHBIC HpI/IMepLI — CJIOBECHBIC OIIMCAaHUS aJ'IFOpI/IT-
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MOB apU(METHUYECKUX NEHCTBUH (CIOKEHHUE, BHIUNTAHUE, YMHOXKEHHUE,
JIEJICHNE) «B CTOJIOUK.

Fbnok-cxema anroputMma mpejcTaBIseTcs B BUJE KOHEYHOTO MHOXKe-
CTBa 13708 (OJIOKOB, BEPIIMH) M COCTUHSIONNX WX HANPABICHHBIX OT-
pe3koB nuHMA (pebep). B Marematuke Takas (GUTypa Ha3bIBAETCS OpH-
EHTUPOBaHHBIM rpadom. BepiuHbl rpada onuchIBaOT pa3indHbIe Jei-
cTBHA ¢ nHpopManueil (JaHHBIME), a pedpa — mepeauu yrpaBieHUs U
MOTOKH JaHHBIX. B mpocTedmmx OJI0K-cXeMax AOCTATOYHO HCIONb30-
BaTh BCErO TPH THIA y3JI0B — (YHKUMOHAIBHBIN, IPEIUKATHBIN U CIUS-
HUSI, KOTOPBIE CUNTAIOTCS OCHOBHBIMH (pucC. 1.1).

*F*g@}*ﬁ

a 0 8

Puc. 1.1. OCHOBHBIE THITHI y3JIOB B OJIOK-CXEMaX:
a — QYHKIMOHAIBHBIN, 6 — PSTUKATHBIN, 6 — CIMSHUSL

QDyHKYUOHATbHBIY  Y3el M300pakaeTcsl MNPSAMOYTOJIHHUKOM, HMEET
OJMH BXOJ M OJMH BBIXOJ U OCYIIECTBIISIET YKA3aHHYIO B HEM 00pabOTKy
uHpopmaiuu. [Ipeduxamusiii y3en U300pakaeTcs poMOOM, UMEET OJUH
BXOJ ¥ JIBa BBIXOJIa U OTIpEessieT HICTUHHOCTD WM JIOKHOCTh YKa3aHHO-
ro B HeM mpeaukara. Eciu npeaukaT nmpuoOpeTaeT 3HaUYeHUE «HUCTHHAY,
OCYIIECTBIISIETCS. BBIXOJ 1O CTpENKe, MmoMedeHHoW OykBoil «M». Ecmm
npeauKaT TpUOOpeTaeT 3HAYEHHE <JIOXKbY», — MPOUCXOAUT BBIXOA IO
cTpenke, nomeueHHor OykBoil «JI». Bmecto «M» u «JI» yacto ucmosns-
3YIOTCS TAKXKe, COOTBETCTBEHHO, «Aa» U «HET». Y3en crusnus n3o0paxa-
eTCsl KPY)KKOM, He ISHCTBYeT Ha JaHHBIE U YKa3bIBAaeT, YTO JIBa IMyTH 00-
PabOTKH JIaHHBIX CIUBAIOTCS B OFMH. [lOMHMO OCHOBHBIX THIIOB Y3IIOB B
OJIOK-cXeMax aJIrOpPUTMOB HCIIONB3YIOT €IIe Psifi JONOJIHUTENbHBIX, KO-
TOpBIEC 3/IeCh paccMarpuBarh He OyneM. B cuimy xopoiel HarJsiHOCTH
OJIOK-CXEMBI aJITOPUTMOB OOBIYHO HCIIONB3YIOTCA B KayecTBE IOSICHU-
TENBHBIX M MPOMEXYTOUHBIX pabourx MaTepuasoB. B kadecTBe mpumepa
Ha puc. 1.2 m3o0pakeHa OJIOK-CXeMa MOMCKAa MaKCHMMAaJIBHOTO YHCIa
Xmax W3 MHOXeCTBa 1 > 1 neicTBuTeNbHBIX uncen {x;;i=1,2,...,n} u

€ro HOMEpa Iy -
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Amaxim = A1

i=2
J
nu

Imax = I, Amaxim = 4;

?‘7

i=i+1

@

Puc. 1.2. bnok-cxema anropurma oucKka MaKCUMalIbHOTO 3JIEMEHTa
I0C/IEIOBATEIBHOCTH /1 YUCEI

AHFOpHTMquCKHe SA3BIKHM NPpE€AHa3HA4YC€HbI, KaK CJICAYCT M3 Ha3Ba-
HUA, IJI 3allACH AJITOPUTMOB. 3amnmce AJIrOpUTMa Ha AJITOPUTMUICCKOM
SA3BIKEC HACTOJIBKO q)OpMaJ'H/BOBaHa, YTO €TI0 BBIIIOJIHCHUEC MOXKECT OCYLIC-
CTBJIATBCA aBTOMATU3UPOBAHHBIMU BbIYUCIUTCIIbHBIMU yCTpOP'ICTBaMH —
KOMIIBIOTEpaMH.

Yewm BrIIIE ((HHTGHHCKTY&HLHLIﬁ)) YPOBCEHL aJITOPUTMHUYCCKOTO S3bI-
Ka, TCM MCHEC ACTAaJIbHBIM MOXKET OBITE «ITOHSITHOE KOMIILIOTEPY» OIIH-
CaHuC aJIropuTrMa, TOorjga KakKk Ha aJrOPUTMHUYCCKUX A3bIKaX OTHOCHU-
TCJIbHO HCBBICOKOI'O YPOBHSA aJT'OPUTMbI JOJDKHBI OBITh OIKCAHBI
BILIOTH JO MeIbYarIINX HO).IpO6HOCTeﬁ. B YaCTHOCTH, TaK Ha3bIBACMbIC
HpO6HeMHO-OpI/IeHTI/IPOBaHHBIe SA3BIKHM TIIPpOrpaMMHPOBAHUA BBICOKOI'O
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YPOBH$, UCIIOJIb3YEMbIE, HAIPUMEP, B HEKOTOPHIX MaKeTaX MPHUKIAIHBIX
IpOrpaMM, 3a4acTyio BOOOIIe TO3BOJISIOT OrPaHUUUTHCA JIUIIb POPMY-
JMPOBKOM 3aJauu U yKa3aHUEM METOJa €€ PEIIECHUs, a BCIO OCTAIbHYIO
paboty, BKJIIOYasl IIOCTPOSHHUE aJITOPUTMA, COCTABJICHUE MPOTPaMMBI U
€€ BBIIOJIHEHHE, OCYIIECTBIIIET KOMIBIOTEP.

1.4. IIpo0aemMbl aJArOpuTMHU3ALNHA

Aneopummusayueli Ha3pIBaIOT MPOLIECC MIEPEX0/IA OT MOCTAHOBKHU 3a-
Jlauu K anroputMmy ee perieHus. [Ipu 3ToM 0OBIMHO mpenrnoaraercs,
YTO METOJbl PEIICHHs yXKE BHIOpaHBl MM 3aJaHbl U TpeOyeTcs JHIIb
MIPEJICTaBUTh B BUJE aITOPUTMA MIPOLECC PEIICHH 3a1a4ll 3TUMHU METO-
nmamu. OJTHAKO I MHOTHX 3ajiad, TJIaBHBIM 00pa30M HEBBIYHCITHTEIb-
HOTO XapakTepa, TaKuX, KaK YIpaBlieHHE OOBEKTaMH, paclio3HaBaHUE
00pa3oB, cocTaBlieHHE PACIMCAHUN M MapIIPyTOB, HABUTALUS, AUATHO-
CTHKA CHUTYaIMi, MPUHATHE PEICHUH W Ap., BEIOOp MOJXOJSIIETO Me-
TOJIa PeIICHUs TAaKKe BKJIIOYaeTcs B anropurMusanuio. Hanbonee pac-
MIPOCTpaHEHHAas CXeMa aIrOPUTMH3AIMH BKIIIOYAET CIEIYIOIINE ITAIIbI.

1. IlpeaBapuTebHBIA aHAJIN3 3a4a4¥ AJITOPUTMHM3ALUM H 00b-
eKkTa uccaegosanusa. Ha sroMm sTame cucreMaTusupyroTcs OCHOBHBIE
cBeieHUsI 00 0OBEKTE MCCIEeNOBAHUS, a TAKKE MAaKCHMAIbHO OIYCTH-
MBI€ PacXofbl PECypCcoOB KOMIbIOTEpA (BPEMEHH M MaMsTH), UCIONb3Yye-
MBIX JJISl peIIeHHUS.

2. CocTaBiieHHe ONMUCAHUS MCXOJHBIX AaHHBbIX. [y Bcex Mcxof-
HBIX JAHHBIX aJITOPUTMH3UPYEMOH 3a/1a4M JOJKHBI OBITh KOHKPETH3H-
poBaHbl (hopMma mpencTaBiacHUs (YUCIOBasi, CHMBOJIbHAs, Tpaduyeckas),
JOTyCTUMOE MHO)XECTBO 3HAYEHHH, CTPYKTypa (CKaaspbl, MacCHBHI,
TaOJIMLIbI, CIIMCKHU, N300paKeHNs ), KaHaJbl U ITOCIEI0BATENbHOCTH BBO-
Ja (10 Hayaja pelieHus WIM HMOPLUUSMH B XOZAE PELICHUs), MECTO Xpa-
HeHUs (ONepaTUBHAS WM BHEIIHSS MaMATh) U APYTHe XapaKTepUCTHKHY,
KOTOpbIE MOT'YT ITOHAJJOOUTHCSI TTPH AJITOPUTMH3ALINH.

3. CocTaBjieHue ONUCAHUS Pe3yJbTATOB. /[ pe3ynpTaToB pee-
HUS JOJDKHBI OBITh KOHKPETU3UPOBAHBI MPUMEPHO TE K€ XapakTepu-
CTHKH, YTO M I UCXOJHBIX JAHHBIX, C YIETOM HX IMOCIEAYIOLIETO HC-
noJyb30BaHusl. Oco00 OTMETUM BCe IIMPE NPUMEHSEMOE B HACTOSIIEE
BpeMs ayAMOBHU3YaIbHOE IPEACTaBICHHE PE3YJIbTaTOB B BUIE JIBUXKY-
HIMXCS, & MHOTAA ¥ O3BYYCHHBIX MHOTOIIBETHBIX U300paKeHUH (MYyJIbT-
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¢unpMoB), TpeOyroliee CHeNUANbHBIX aNrOPUTMUYECKUX W TeXHHYE-
CKUX CPEACTB KOMIIBIOTEpA.

4. CocTaBieHue 0011ero CTPYKTYPHOTO0 ONMUCAHUS HCCJIEAYyeMOro
o0bekTa (Tporiecca, (GUpPMbBI, Mara3uHa, OaHkKa, By3a, mpuOopa, CETH
CBsI3W, CKJIAJIa U T.II.) M HepapXuu noqunHeHus. CTPyKTYpHOE OIMCaHUe
COCTAaBJIIE€TCS, 10 BO3MOXKHOCTH, TaK, YTOOKI B JIAJIbHEHIIIEM OTACIbHBIM
CTPYKTYPHBIM OJIOKaM OTBEYaJIM COOTBETCTBYIONINE OJIOKH alropuTMa.

5. Pazpabotka o0mero aaroputma pemenus. Ha 3ToMm, upes3BbI-
YaifHO Ba)KHOM, 3Tare OObIYHO TpeOyeTcsl IIMTeNbHas MperBapUTelib-
Has padoTa Mo M3YYECHHUIO, CUCTEMATH3alliH, OIEHKE TOYHOCTH, 0000-
IMICHUIO YK€ WMEIONINXCS allTOPUTMOB PEIICHHs aHAIOTHMYHBIX 3a/1ad.
HekoTtopsie momxoasiue anropuTMbl MOTJIH OBITH TEOPETUYECKH HITU
SMIMPUUECKH paHee HaiiieHbl KBaTH(DUIIMPOBAHHBIMU CIICIIUATUCTAME
B COOTBETCTBYIOIIUX obOnactsix. [Ipu pa3paboTke alropuTMOB pEIICHHS
HEBBIUMCIIUTENBHBIX 3a/1a4 TpeOyeTCs elle TUIHOe (BO3MOXKHO, IIPAKTH-
YeCKOe) M3yYeHHEe 00BEKTa aITOPUTMH3AIMN U BCEX BO3ZMOXHBIX B HEM
CUTYalMii, BKJIKOYasi aBapUiHbIE.

6. CocTaBiieHe YKPYIHEHHOH CXeMBbI AJTrOPHTMAa, BbleJIeHHE
OCHOBHOTO W BCHOMOraTeJbHOr0 ajJropurtMoB. Cxema JOJDKHA Ja-
BaTh HArJSAHOE MPEACTaBICHHE O CTPYKTYpE ajJroputMa B IENIOM, IO-
CJIEIOBATEIILHOCTH OCHOBHBIX OJIOKOB M BRKHEUIINX MPEAUKATHBIX Tie-
pexonax 0e3 W3NMUIIHEH Ha ATOM dTane Aeranm3anuu. B cxemax anro-
pUTMOB, NpeAHA3HAYEHHBIX I KOMIIBIOTEPOB, HOIIYCKAIOIUX OpraHu-
3alMI0 TapaJuIeIbHBIX BBIYUCIEHUH, CIIEAyeT, IO BO3MOXHOCTH, aJro-
pUTMHYECKH OOJIETYHTh pachapajuienBaHre 00paboTku nHpopManuu B
KOMITBIOTEPE.

7. llomaroBas geraau3anus aJropuTMa IyTeM IOCJIEIOBATEb-
HOM 3aMEeHBI KPYIHBIX AITOPUTMHUUYECKUX OJIOKOB HECKOJIBKUMHU Ooliee
MEJIKUMHU, BIUIOTH JIO ONEPATOPOB HEKOTOPOTO S3bIKA MPOTPAMMHUPOBA-
HUA.

JanpHeilne 3Tanbl BKIOYAIOT KOHTPOJIb, OTJIAIKy, TECTUPOBAHHUE,
OIIeHKY 3¢ (EeKTUBHOCTH, YCOBEPIICHCTBOBAHUE, ONTHMH3AIHMIO allro-
puUTMa, IPUIEeM OOBIYHO ST ATAIbl OOBETUHSIIOTCS C Pa3paboTKO# mpo-
TpaMMBI IJI1 KOMIIBIOTEpA.

3amavya anropuTMHU3AlMU B OOIEM Ciydae BKIIIOUAeT B CeOSl Takke
aTan BHIOOpA SI3BIKA MporpamMMupoBaHus. Ecim ke mporpamMMa cocras-
JISIeTCsl AJIS TIOTIOJHEHUSI HEKOTOPOTo MPOTrpaMMHOTO KOMILUIEKCa Ha Ofl-
pEeAEeNeHHOM S3bIKE, TO Tall BRIOOPA SA3bIKA UCKIFOYAETCS.
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B cBsa3u ¢ 3amaueit anropuTMU3aldd BO3HUKAET €CTECTBEHHBIN BO-
IIPOC O TOM, BCE JIH MPOOJIEMBI JIOMYCKAIOT MPEACTABICHIE PEIICHUS B
BUJe anroputMma. B obiiem ciaydae OTBET Ha 3TOT BOIPOC OTPUIATEIb-
HbIi. [Ipo6eMsbl, i1 KOTOPHIX HEBO3MOXXHO IOCTPOUTH AITOPUTM pe-
LICHUS, HA3BIBAIOTCS ancopummuyecky Hepaspeuwiumvivu. OIHAKO TE€O-
PETHUYECKH YyNajoCh JI0Ka3aThb AJITOPUTMHUYECKYH) HEPa3pelIuMOCThb
JIIIB 1711 HEKOTOPBIX TPOOJIeM, OTHOCSIINXCS TIIaBHBIM 00pa3oM K oc-
HOBaHWSIM MaTeMaTWKH. B mpakTHdeckWx 3amayax OOBIYHO ymaeTcs
00eCNeYnTh ANTOPUTMHUYECKYIO Pa3pelIMMOCTh, MMOAXOISAIIMM 00pa3oM
Cy’Kas IOIyCTUMYIO 00J1aCTh UCXOHBIX JaHHBIX X.

1.5. MatemaTuyeckoe MoaeJIMpOBaHUE —
BBIYHCIUTEIbHBIN JKCIEPUMEHT

C mpoOiemMaMy anroOpUTMHU3AIUN TECHO CBA3aHO MaTEeMaTHYECKOE
MOJIEITUPOBAHNE PA3IMYHBIX PEajbHBIX 00BEKTOB KaK CPEACTB UX H3Y-
YEeHUS] MaTEeMaTHYECKHUMHU MeToAaMH. VICXOHBIM 3TaroM 37eCh SIBIISICT-
cs1 pa3paboTka (unu BIOOp) alleKBaTHOM OOBEKTYy MaTeMaTHYEeCKOU MO-
nemn. Mamemamuyeckas mooens — PHOIDKCHHOE ONMCAHNE KaKOTo-
00 Kiacca OObEKTOB WM SBJICHHH BHEIIHETO MHpPA, BHIPAKCHHOE C
MIOMOIIBI0 MAaTEMAaTUYECKOH CHMBOJIMKHM (YpaBHEHHH, HEPaBEHCTB, JIO-
TMYEeCKUX OTHOLICHHI), TaOIuIl, rpaKoB, AUarpamMm u T.1. Mamema-
muueckoe MoOenuposanue — MpoLecc U3yueHUs! 3TUX OOBEKTOB (sIBIIe-
HUI) Ha KommbioTepe. [lockopKy MaTeMaTHYecKoe MOAETUPOBAaHUE BO
MHOTOM HAIlOMHHAEeT HATYPHBIH SKCHEPHMEHT, €ro 4acTO Ha3bIBAaIOT
MaTeMaTHYECKUM, WM YHCICHHBIM, WM BBIYHUCIUTEIBHBIM JKCIICPH-
MEHTOM. Bo MHOTHX ciTydasx MaTeMaTH4eCKHIl SKCIIEPUMEHT BBITOIHSI-
eTcst ObIcTpee M JelIeBie HaTypHoro. MHOT1a Ha OIpe/ieIeHHbIX CTa/iu-
SX MCCIICIOBAHUS MAaTEMAaTHYECKUI IKCIIEPUMEHT — SITUHCTBEHHO BO3-
MOJKHBI METOJl M3yYeHHS MHOTUX OOBEKTOB M SIBICHUH HPUPOABI U
ofmecTBa.

MOXHO BBIIEIUTH YETHIPE OCHOBHBIX JTalla MaTeMaTHYECKOrO MO-
JIeITUPOBAHNS:

1) ¢opmynupoBaHue 3aKOHOB, CBS3BIBAIOIINX OCHOBHBIC OOBEKTHI
MaTeMaTHYeCKOi MOJIeNH (BBIBOJ YPaBHEHHN);

2) uccrieoBaHNe MaTeMaTHYeCKOi MoienH (pellleHne YpaBHEHUH Ha
KOMIIBIOTEPE);
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3) aHanu3 afeKBaTHOCTH MOJEIH COIOCTABICHHEM PE3YIbTaTOB MO-
JICIAPOBAHUS C MPAKTUYECKUMH JAHHBIMHU U aHAJIMTUYECKHMHU OLIEHKa-
MU,

4) ycoBepIIEHCTBOBaHUE MOJISIU 110 Pe3yJibTaTaM 3TOr0 aHaJIu3a U B
CBSI3U C HAKOTIJICHUEM HOBBIX MPaKTHYECKHX U TEOPETHUECKUX JTaHHBIX.

Pa3nuuator cmamuueckue MOJENY, OMUCHIBAIONINE COCTOSIHUE 00b-
€KTa B TEKYIIMA MOMEHT WJIU MEPHOJ] BpEMEHH, U OuUHAMUYecKue, OTH-
CBIBAIOIINE IBOJIIOLMIO 00BeKTa. M3 craTmueckux mozeneil oco0o BbI-
JENSIOT PAGHOGECHble, C TIOMOIIBIO KOTOPBIX H3YYaIOTCS COCTOSHUS
paBHOBECHSI Pa3IMYHBIX CIOXKHBIX CHCTEM HJIM IpolleccoB. Pazmmuaior
TaKXe JeTePMUHUPOBAHHBIC U CTOXAaCTHYECKHE MoJenu. B oemepmunu-
POBAHHBIX MOZAETSAX BCE MapaMeTpPhbl, XapaKTEPUCTUKH, B3aHMMOCBS3H
SBJISIFOTCS CTPOTO OIPEAEICHHBIMY, & B CHIOXACMUYECKUX YIUThIBACTCS
BJIMSIHUE CITy4YaiHBIX, 3apaHee HEW3BECTHHIX (DakTOpOB, HAIPUMEP Me-
TEO0YCIIOBUH WM aBapuil.

HecmoTpst Ha yka3zaHHBIE BbIIIE JOCTOMHCTBA, MaTEMAaTHYECKH SKC-
MEPUMEHT He MCKIIIOYaeT HEOOXOTUMOCTh MPOBEACHUS MPAKTHUECKUX
UCCIIEOBAHNN U TEOPETHYECKOro aHanusa. lIpaktudeckue ucciaenona-
HUsI HEOOXOIMMBI, TaK KaK camMa MaTeMaTH4yecKas MOJEINb SBIJISCTCS
NpUOIMKEHHOH, a TEOpETHYECKHE OIICHKH — TaK KaK UCCIIeI0OBaHUE Ma-
TEMAaTUYEeCKOM MOZEIN Ha KOMIIBIOTEPE CONPSDKEHO C BHIYUCIUTEIIbHBI-
MH IOTPEHIHOCTSAMH, MHOTJa BechbMa 3HAauMTeNbHBIMH. lloaTomy mms
YCIIEHIHOTO PElIeHUs] OOJBIIMHCTBA CIIOKHBIX 3aj71ad TpeOyeTcsl pa3yM-
HO€ COYETaHHE BCEX TPEX THIIOB HCCIEIOBAHUSI — TEOPETUUECKOrO, BhI-
YHUCIUTENBHOTO U MPAKTHYECKOTO.

KOHTPOJIBHBIE BOITPOCBHI

1. IoctpotiTe nornueckue kKoHCTaHTHI () (JIoxkb) 1 1 (MCTHHA) C TIO-
MOIIBIO JIOTHYECKUX PYHKIHH «1, «HITHY», «HE.

2. Kakoit norumueckoit GyHKIIUM OTBEYaET BhIPAKEHHUE «HU ITyXa, HU
nepa»?

3. Kakoli noruueckoit (pyHKIIMH OTBEYAET MOTOBOPKA «HA3BAJICS
Tpy37eM — 1oJse3ai B Ky30B»?

4. KakoBbl BaxKHEHIINE CBOMCTBA aJITOPUTMOB?

5. KakoBbI OCHOBHEIE Cpe/ICTBA OMTUCAHHUSI aJTOPUTMOB?

6. Packpoiite ckoOKH B BeIpakeHHH —(X A V).
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I'JIABA 2. TEXHUYECKHUE CPEACTBA NH®OPMATUKHU
2.1. CTpyKTYpa COBpEMEHHBbIX CHCTEM 00Pa0OTKHU JAHHBIX

3a cpaBHHUTENBbHO HEOOJNBIIOW MEPHOA PA3BUTHS AJIEKTPOHHBIX BbI-
YUCIIUTENBHBIX CHCTEM IMOSIBIJIOCH JOBOJIBHO MHOTO TEXHHUYECKHX
cpenctB 00padboTku qaHHbIX (COJI).

Ha puc. 2.1 npeacrasiena npumepHas ctpykrypa CO/l B Haubonee
ynoTpeOsIeMbIX TEPMHUHAX 7151 UX 0003HAYCHUSI.

Cocpenorodennsle (1eHTpanu3oBanabie) cucteMbl — COJl, oTnens-
Hble KOMIIOHEHTBI KOTOPBIX PAcIOJIaratoTCsl Ha pacCTOSHUAX, HE Mpe-
BBIIIAIOIIUX BO3MOKHOCTH TOAKJIIOYEHHUS CTaHAAPTHBIX Mepudepuii-
HBIX YCTPOMCTB KOMITBIOTEPOB. ba30BBIM 27IEMEHTOM TaKUX CHUCTEM SIB-
JSIETCSL OTHOIIPOIIECCOPHBIN KOMITBIOTED € MOCIIEeI0BaTENILHONH 00paboT-
koi. K atoit kareropun COJl OTHOCATCS BBIYUCIUTEIbHBIE KOMILICKCHI:
1) MHOTrOMaNIMHHbIE; 2) MHOTOMpOIIECCOpHBIE. [lepgbie TIPENCTaBISIOT
c000l HECKOIJIbKO OJIN3KOPACTIONOKEHHBIX aBTOHOMHBIX KOMITBIOTEPOB,
MMEIOIIUX BBICOKOCKOPOCTHBIE KaHAaJbl CBSI3H, YTO OOECIEUHBAET IIO-
BBIIICHUE TPOU3BOAUTENBHOCTH U HAZEKHOCTH KOMIUIEKca. Bmopuie —
€/IMHBIC KOMIBIOTEPHI, UMEIOIE OOJIBIIOE KOJNUYECTBO MPOIIECCOPOB,
o0ecreynBaloUINX PacpeesICHHYI0 MEKAY HUMU 00paboOTKy OaHHBIX,
YTO MOJKET 3HAUYUTENBHO MOBBICUTH Mpou3BoauTeNsHOCTE CO/L.

[Tox BEIYMCIAUTENHHBIMU CHCTEMaMHU, Kak mpaBuiio, monnMaiotr COJl,
pelaronie 3aaul KOHKpeTHOH o0iacTu npuMeHeHus (Ha 6a3e BbIUKC-
JIMTENBHBIX KOMIUIEKCOB). DTO y3KOCIEHAIN3HPOBAHHBIE CHCTEMBI.

Iox pacnpe/eneHHBIME (MIH IELEHTPATN30BAHHBIME) CHCTEMAMH B
JAHHOM ClTydae MOHUMAIOTCS CUCTEMBI, OT/AEIbHbIE KOMIIOHEHTHI KOTO-
PBIX PacHoiaraioTcsi Ha 3HAYUTENILHOM yHAleHUH Apyr oT Apyra. OO-
MEH JaHHBIMH MEXJy HUMH OCYILECTBIISIETCA C TOMOIIBIO TPaJUIOH-
HBIX KaHAJIOB, HMCIIOJB3yeMBIX B Tenerpaduu M TeneQoHUuM (MEIHBIH
MIPOBO/I, OITOBOJIOKHO, paauopeieiiHbIe, CITyTHUKOBEIE U T.11.). HrxHui
YPOBEHB pacIpelelICHHbIX CUCTEM 3aHUMAaIOT CUCTEMBI TeIe00paboTKH.
Orto Hambosiee CTapble U JAaBHO Pa3BUBAIONINECS CHCTEMBI, TIPUMEHsIE-
MBbI€, KaK MPaBWJIO, IS TpreMa HHPOPMAIIUU C yJAIEHHBIX 00BEKTOB,
ee 00padOoTKHU M ynpaBiIeHHUS STUMH OOBEKTaMHU.

¥

Crnenyer OTMETHTb, YTO MHOTIA IOJ pacnpedeleHHbIMY CUCTEMaMH MOHUMAIOT
pacrpeeseHHY0 00pab0TKy TaHHBIX B MHOTOMAIIMHHBIX H MHOTOITPOIIECCOPHBIX KOM-
IUIEKCaxX.
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Puc. 2.1. Knaccudukarms COJJ

BoruncnurensHble ceTH, OOBEAMHSIONIME CaMble pPa3HOOOpa3HbIE
komroHeHTsl COJl, mepeducieHHBIC BBILIE, MOJYYWIM B IOCIEIHEE
BpeMsi OY€Hb MIMPOKOE PACIPOCTPAaHCHUE. DTH CETH Ha CETOTHSIIHHUH
JEHb pa3[eNdioT Ha JBE KaTErOpuH: 2100aibHble, OXBATHIBAIOIIUE
OobIIMEe PETHOHBI U HCIIONB3YIONINE CTaHAAPTHBIE CPEACTBA TEIEKOM-
MYHUKAIHH, ¥ I0KAIbHble, pabOoTalolIe Ha OrPAaHMYCHHON TEPPUTOPHH
Y UCTIONIB3YIOIINE BhIJICIICHHBIC, Y3KOCTICIIUATN3UPOBAHHBIC JTMHUU CBSI-
3U. DTH ABE KaTE€rOpHUU CeTeil MMEIOT CPEICTBAa B3aMMHOIO JOCTYMNa M
110 CBOUM TEXHUYECKUM XapaKTEePUCTUKAM ITOCTEIEHHO COMMKAIOTCA.

ba3oBbIM 351eMEHTOM, Ha OCHOBE KOTOPOT'O CTPOSITCS BCE OCTalIbHbIC
koMnoHeHTsl CO/l, ABnseTCs OTAEIBHBIN KOMIBIOTEP, TO3TOMY H3yde-
HHE TeXHUUYECKHX cpenctB nHpopmaruku (Hardware) nHaunem c uzyue-
HUS TIPUHITUIIOB €r0 pabOTHI.

2.2. O0umue cBeieHUS 0 CTPYKTYype KOMIIbIOTEpPa
M KpaTKasi XapaKTepPUCTHKA ero COCTABHBIX YacTei

Bonee uem 3a 50 neT pa3BUTHS COBPEMEHHOU BBIUMCIUTENBHON TEX-
HUKH TPOTPECcC B almapaTHON peanu3alii KOMIBIOTEPOB M UX TEXHU-
YECKHMX XapaKTePUCTHUKAX MPEB3OIIIE]I BCE MBICTUMBIC TPOTHO3BI, M TIOKA
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HE 3aMEUYCHO CHIKCHHE TEMIIOB Pa3BUTHS 3TOH oOmacTu TexHuku. Ho
HECMOTps Ha OOJIBIIOE Pa3HOOOpa3ue COBPEMEHHBIX KOMIIBIOTEPOB, KO-
TOpbIe BHEIIHE PE3KO OTIUYAIOTCA OT MEPBBIX Mozeneil 50-x rogos, oc-
HOBOIIOJIATAIOIIME WEH, CBA3AHHbBIE C MOHATHEM alIropuTMa, paspado-
TaHHBIM AJlaHOM THIOPUHIOM, U C KOHCTPYKUHEH (MM apXUTEKTYPHOM
peanu3anueii), npennoxeHHol ¢on HeliMaHoM, Moka He MpeTepresun
KOpPEHHBIX UBMEHEHUM.

C caMpIx 00mMX MO3MLMHI 1000 KOMIBIOTEP MOXKET OBITH pac-
CMOTpeH B BH/Ie O610KOB (puc. 2.2).

VBB AllY oIl

Puc. 2.2. biaok-cxema 000py10BaHUsI KOMIIbIOTEpA:
VBB — ycrpoiictBo BBoaa-BbeiBoIa; OIl — onepaTiBHAas amMsTh;
AJIY — apuMeTHKO-JIOTUUECKOe YCTPOHCTBO; YY — yCTPONCTBO yIpaBIeHUs

OnepatuBHasi (ocHoBHasi Main Memory) namsars (OII), wiu
onepaTuBHOe 3anoMuHawuee ycrpoiictBo (O3Y) — maccuBHOE yCT-
POKMCTBO, SIBIISIFOIIEECS HEMOCPEACTBEHHBIM MECTOM XpaHEHHS IpO-
rpaMM ¥ 00OpabaThIBa€MBIX 10 3THM IporpammaM JIaHHBIX. ['oBOps o
3alIOMHHAaI0IINX YCTPOﬁCTBaX, HeO6XOZII/IMO OTMETUTH, YTO OHHU HEC OrI-
PaHUYHMBAIOTCSl ONEPATHBHOW MaMSTHIO, MPEACTaBIssI COOOH CHCTEMY,
KOTOpasi HapsAay C IEHTPAIBHBIM MPOIECCOPOM OTHOCHUTCS K T€M KpH-
TUYECKUM Y3JIaM, KOTOPBIE OKa3bIBAIOT pPEIIAoIIee BIHUSHUAE HA €ro
MPOU3BOJUTENBHOCTE. DTa MOJICHCTEMA MTOCTPOCHA TI0 UEPAPXHUECKOMY
npuHIUy. Kaxapii ypoBeHb OTIMYAETCS OT COCENHEro Kak OBICTpO-
JeiicTBreM, Tak W 00BEMOM, MPHUYEM OBICTPOJICHCTBHE OT YPOBHS K
YpOBHIO yMEHbIIIaeTcs, a 00beM yBennduBaeTrca. Ha BepXHHMX YpOBHAX
uepapxuu (Boime OIl) HaxomsATCs cBepXONepaTHBHbIE 3alIOMUHAIOLINE
ycrpoiictBa (CO3Y), paboraromniie B COCTaBe IMEHTPATBHOTO MPOIIECCO-
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pa, a Ha HIDKHEM YPOBHE — BHELIHHE 3allOMHUHAIOIIUE YCTPOcTBa (MU
BHEILHSS IaMsTh) Ha yPOBHE YCTPOUCTB BBoja-BbiBoAa (YBB).

Mexny OIl u neHTpanbHBIM MPOIECCOPOM, a TaKKe MEXKIy BHEII-
Hell mamsaTeio U OIl MOXXeT HaxOOUThCS TaK HaszbIBaeMasl KAII-aMsTh
(Cache) HeOombIION €MKOCTH M CO 3HAYUTEIHFHO MEHBIIUM BpEMEHEM
oOparieHus, 4eM MaMsITh HIDKHETO ypoBHS. SIBHas HEOOXOAWMOCTH B
K3UI-TIaMSATH TIPH MPOEKTUPOBAHUU MACCOBBIX LIEHTPAIBHBIX MPOIECCO-
poB (LII) mosBumace B 1990 r., korma taktoBas wyacrora L1 3maum-
TEJIBHO IPEBBICHIA YaCTOTYy CHUCTEMHBIX IIMH W, B YAaCTHOCTH, LIMHEI
aMsITH.

CripaBesTUBOCTH Pagyl CIEAyeT OTMETUTh, YTO HEOOXOAWMOCTH B
npomexxyTouHor (Cach — Ka311) mamMsaTH NOSBIIIACh HAMHOTO paHbIIe (B
60-x romax mpouuioro croneTus). [IpuunHa mMosBIeHUS 3TOTO TUIIA T1O-
JYTIPOBOAHUKOBOHM MaMSTH 3aKI0Yalach B TOM, YTO TEXHOJOTHUS IPO-
M3BOJICTBA BPALIAIOIIUXCS TUCKOB HE BBIIEPKHBaja TEMIIOB pocTa Obl-
cTpoaelicTBus nporeccopoB. «Iloakaykay uHGOpPMAILIUK ¢ TUCKOB ObLiIa
CBsI3aHa, €CTECTBEHHO, C OTpaHNYeHHBIMU Bo3MOxkHOCTsIMH Ol

Taxoke ¢ Hayana 90-X ro10B NPUHLIMT KIIIMPOBAHMS JAaHHBIX B OIle-
PaTHBHOW MaMATH CTajl aKTHBHO HCIIOJNB30BaThCs MPH OOpaIleHHH K
JIUCKOBOM IOACUCTEME U B IEPCOHAIBHBIX KoMmmbroTepax. IIpu 3ToM,
KaK MpaBWIO, HE MPUMEHSIOTCS OTIECJIBHBIE MHKPOCXEMBI B K3II-
NaMsTH, a HCHONB3YIOTCS 00JacTH OOBIYHOW OINEPaTHBHON NaMsITH
KOMIIBIOTEPA B KaUeCTBE JUCKOBOIO K3IIIa, KOTOPAsk MOXKET U3MEHSTHCS
HETIOCPE/ICTBEHHO BO BpeMsl pabOThl JMHAMUYECKH B 3aBUCUMOCTH OT €€
o011eit 3arpy3Ku.

Tak, npu vacrorax HII, nocturmux k 2006 r. 4 I'T'u, yactora BbI-
6opku nanHbx u3 OII e mpesbimana 200 MI't. B atoit cutyanun npu
OpsMOM OOpaIlieHNH K naMATd QyHKIHOHaIbHBIE ycTpoiictBa LIII 3Ha-
YHUTENBHYIO YacTh BPEMEHH MPOCTAUBAIOT, OXKHJIasi TOCTABKH JaHHBIX. B
Kako#-To creneHu npobiemsl ObicTpoaeticTBus OI1 MoryT ObITh perie-
HBI YBEJIMYCHUEM Pa3psIIHOCTH IIIMHBI TAMSATH, OJHAKO 3TOT MyTh UMEET
OrpaHUYEHHs], CBSI3aHHBIC CO 3HAYUTEIIBHBIM YCIOKHEHHEM CHCTEMHOM
wiatel. B cBs3u ¢ 3TUM 3(QPeKTHBHON abTepHATHUBBHI KAII-NAMSATH B
COBPEMEHHBIX BBIUHCIUTEIBHBIX CHCTEMax He CymecTByeT. DYyHKIHO-
HAJIbHO KRII-TIAMSTh, TaK XK€ KaK M OCHOBHAs, WACHTHYHBI, SBISSICH
03V, ¢ xotopeiM HenocpeacTBeHHO B3aumozeiicteyer LIII. Korga nHe-
ob0xoaumble nanHbie L1 He HaxoAUT B K3MI-aMATH (K3II-IpoMax), OH
obpamaetcs k OIL

39



CrnenyeT OTMETHUTh, YTO HCIOJB30BAaHHE MPOMEKYTOYHON MaMSTH,
KOTOPYIO TaKK€ HAa3bIBAIOT KJII, MOSBHIOCH 3HAYMTENBFHO paHbLIC
(ommcaHHOM BHIIIE) €Il B MEPBBIX CcynmepkoMmbioTepax. OHa pasMemnna-
Jach MEXIy BHeurHed mamateio (auckoBoi) u OII (nHOTAAa OHa Ha3bI-
BaJIach AJIEKTPOHHBIMU AUCKaMu). [losBneHne Takol K3II-TaMsATH ObLIO
CBSI3aHO C TE€M, YTO CKOPOCTh CUMTHIBAHUS JAHHBIX C JIMCKOB OTCTaBaja
0T TIOTpeOHOCTH B «ronkadyke» naHHbIX B OIl m3-3a pocta ObicTpomei-
ctBus LI1.

Takum oOpa3zom, B cOamaHCHpoBaHHOU crucTeMe 3()(HEeKTUBHOCTD K3-
HIMPOBAHHS MOXET OBITh JOCTATOYHOW JJISI TOTO, YTOOBI MOJCHCTEMA
naMsTd B IIEJIOM OKasanach BechbMa ONM3Ka K Miaealy, Koraa ObIcTpo-
JEHCTBUS OIPEIENSUINCH CAMBIM OBICTPBIM YYacTKOM (IIPOLIECCOPHBIMU
peructpamu CO3Y), a 00beM — caMbIM eMKHUM (’KECTKHMU JIUCKAMH).

Komr-maMare uMeeT MHOTOYPOBHEBYIO apXUTEKTYpy (37ech pedb
UAET O K3II-aMsITy, pacrnonaraemoil mexnay LT u OII). Ksm nepBoro
ypoBHs (L1) numeeT HeOombIION 00beM, pacnojnaraercs B sape LI u
paboTaeT Ha TOH *e yacTtoTe, 4o U y3isl L{[1. B MomHbIX npoiieccop-
HBIX apXWUTEKTypax OHa paszgeieHa Ha xaul-uHcTpykumii (I-Cache-
Instruction Cache) u xkam-ganasx (D-Cache-Data Cache). Oto Tak Ha-
3pIBacMasl TapBap/cKas apxuTekrypa kama. ObecrieyeHne o4eHb BBICO-
KOI CKOpOCTH CUMTBHIBAHUS CBA3aHO C OIpaHMYCHHEM 0OBbeMa 3TOH ma-
MsaTH (0T 16 no 32 Koaiir).

Kom-namsite Broporo yposus (L2), kak mpasuino, yHH(UIMpOBaHa,
T.e. MOXET COZIepKaTh Kak KOMaH/bl, TaK W JaHHble. Ecnu oHa BcTpoeHa
B siapo LI, To roBopst 00 S-Cache (Secondary Cache — BropuuHbIii
K3III), ero 00bEM COCTABIISIET OT OJHOTO IO HECKOJBKHUX Merabaiit; B mpo-
THUBHOM CITy4ae BTOPHYHBIN ko1 HaszbiBaeTcss B-Cache (Backup Cache —
PE3epBHBIN KAIIT), a er0 00beM MOXKET nocturath 64 MbaiiT. B mponecco-
pax, UMEIOLMX HHTETPUPOBAaHHbIE KAIIM IEPBOTO M BTOPOTO YpPOBHEH
(T.e. BHYTpH KOpITyca MPOIleccopa), 9acTo YCTAaHABIMBACTCS €IUHBIN KAIII
Tpetsero ypoBHs (L3) BHe mporeccopa. BcTpoeHHBI K3II TpeTbero
ypoas umenyercsi T-Cache (Ternary Cache — TpeTudaHbIi Ka1).

Kak mpaBuino, kaxaplii TOCIEAYIOMNN YPOBEHb KIII-NAMSATH ME/I-
JieHHee, HO Oosbiie 1mo oobemy. Eciii B MOMEHT BBITTOJTHEHUS! HEKOTO-
poii komans! y LII1 He okaxkeTcsl AaHHBIX ISl HEE, TO OHU MOTYT OBITbH
3aTpe0oBaHbl U3 OJIMDKANIIero ypoBHA K3II-MaMsTH, T.e. u3 D-Cache, B
ciydae ux orcyrctBus B D-Cache, 3anpammBatorcs B S-Cache u 1.1.
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OcHoBHbIM BHIOM OIl MO COBOKYMHOCTH NMPU3HAKOB B HACTOSALIEE
BpeMsI SIBJIAETCS OTYIPOBOAHUKOBAS MAMATh HA HHTETPAJIBHBIX CXEMaX
Ha 0a3e OUITOJISIPHBIX MITH MOJIEBBIX TPAH3UCTOPOB.

Mukpocxembl mamsTH BblmyckatoTrcs B Buae 3YIIB (RAM —
— DRAM, SRAM) — 3anoMHHAIOIIETO YCTPOWCTBA C MPOHU3BOJIBHOM
BbIOOpKOH. RAM — random access memory, 3TOT BHJI TAMATH peain3y-
eTcst B BH/IC JABYX THIOB MUKpocxeM: DRAM — uHAMHUeCKas MaMsTh,
oOnagaromasi BBICOKOH CTENCHbIO MHTETPalud, HU3KOH CTOMMOCTBIO H
noTpedIIIeMON MOIIHOCTBIO, HO CPAaBHUTENLHO MAJIBIM OBICTPOJICHCTBU-
eM. OTa pa3HOBHIHOCTh MHUKPOCXEM HCIOJIB3YEeTCS B KaueCTBE OCHOB-
Hoit (Main Memory) uiau onepaTHBHON mamsTu Kommbiotepa. Mx Ha-
3BaHME CBSI3aHO C TEM, YTO KOHAEHCATOPHI, BXOASAIIUE B COCTAB MUKPO-
CXEM HYXKIAIOTCS B TIOCTOSIHHOM mom3apsiike (mpuMmepHo 15 pa3 B ce-
KyHIy), YeM U 00BsICHSEeTCSA UX HU3Koe OblcTpoaelicTBue. boinbiioe ko-
JUYECTBO PA3HOBUIHOCTEN AMHAMUYECKOW MAMATU CBA3aHO CO CTPEM-
JeHueM coOI0CTH OallaHC MEXAY YBEIMYEHUEM MPOU3BOIUTCIHLHOCTH,
HAJEKHOCTH M CTOMMOCTH ormepaTHBHON mamsatu. [lpu 3tom Mmoryt
MPUMEHATHCSA JONOJHUTENbHBIE TEXHOJOTUH, HAIpPUMEp TEXHOJIOTHS
ECC, nos3Bonsioias TUarHoCTUPOBATh U MCIIPABJIATH OIIMOKU, BO3HH-
Kalolye 1npu paboTe ¢ ONepaTuBHON NMaMAThIO TIOJ ICHCTBUEM COJTHEY-
HOW paguanvy W APYrHX HeOJarompusATHBIX (AKTOPOB OKPYXKAromIeH
cpenpl. Beibop THna MUKpOCXeM 3aBHCUT OT MHOTHX (PaKTOpOB, BKJIIO-
yasi MPOU3BOAUTEIHHOCTh LIMH, K KOTOPHIM OHH TOAKITIOYAIOTCA.
SRAM '~ — craTuueckas naMsTh, HanboIee ObICTPAst, HO Golee T0poras
U ¢ OONBLIMM NOTPEOJICHUEM SHEPIUH, IPUMEHSETCSI B KAYECTBE BHYT-
penneit mamsatu L1, a Takxke B kam-mamsaTH. OCHOBHBIM HEJOCTATKOM
OTIepaTHBHON MaMSTH SBISETCSA TO, YTO MPU MPONAJaHUN HAIPSKEHHS
JlaHHBIE B HEH TaKxke nponajaroT. IloaToMy 1715 AONTOBpEMEHHOIO Xpa-
HEHHS NPUMEHSIOTCSI MUKPOCXEMBI MOCTOSHHBIX 3alIOMUHAIONINX YCT-
poticts (II3Y). Ins Toro, uto6sl B [13Y M0OKHO OBIJIO TIOBTOPHO 3alu-
caTh NPOU3BOJIBHBIE TAHHBIE, IPEIHA3HAYECHA NPOLETypa CTUPAHHA Ma-
MSTH, B Pe3yJIbTaTe KOTOPOH 3alporpaMMUpPOBAaHHbBIE OUTHI CTAHOBSATCS
CHOBa He3alporpaMMHpOBaHHbIMH. Kak mpaBuio, CTHpaHHe MNaMSITH
OPOUCXOJMUT DIEKTPUYECKH, JTHOO0 MpPU TIOMOIIHM yIbTPapHOIECTOBOMI

" DRAM — Dynamic RAM.
" SRAM — Static RAM.
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namribl. [IamMsTh, KOTOPYIO MOXKHO CTEpEThb, HA3bIBACTCS NEpenpocpam-
mupyemvim HII3Y.

B aHrios3eaHOi nuTEpatype MPHUHATHI CISAYIONIHE 0003HAYCHUS
Buzos [13V:

PROM - omHOKpaTHO mporpamMMmupyemas namsth (programmable
read only memory). Kak npasuio, mporpaMMHpOBaHHe OUTOB MPOH3BO-
JUTCS BO3ICHCTBHEM IOBBIIICHHOTO HANPSDKEHUSI, B pe3ylbTaTe KOTO-
POTO MEPEKUTAIOTCSI COOTBETCTBYIOIIUE «IIEPEMBIUYKIY) BHYTPH MHUKPO-
cxeMmbl nmamsaTH. CTHpaHue NaMaTH JaHHOTO THUIa HEBO3MOXKHO. Tak xe
OueHb YacTo TMpUMeHserTcs aO0OpeBuarypa OTP — one time
programming, T.€. HaMsTh, KOTOPYIO MOXKHO 3allpOrpaMMHPOBATh TOJIb-
KO OJIMH pa3;

EPROM - crupaemas mporpamMmmupyemasi mamsth (erasable pro-
grammable read only memory). [IamMsTh, KOTOPYIO MOKHO CTEPETh MPH
noMouy ynbTpaduoneToBoil namnbl. CyIIECTBEHHBIM HEIOCTaTKOM
TaKOTO BUJIa TIAMSTH SBISICTCS TO, YTO HEKOTOPBIC SUYCHKHU MaMITH MO-
YT CaMONPOM3BOJBHO CTEPETHCS IMOJ JICHCTBUEM COJHEYHOW pajaua-
IUH;

EEPROM — snexTpuyecku cTHpaeMas IporpammupyeMas HamsTh
(electrically erasable programmable read only memory). ITamsth, cTu-
paHue KOTOPOH NMPOUCXOIUT JIEKTpUIecKUM IyTeM. OmHOH U3 pasHo-
BuaHocThi0o EEPROM sBnsiercst ¢om-namars (Flash memory), mosce-
MECTHO MpHMEHsIeMasi B JaHHBIH MOMEHT B Ka4eCTBE TaK HA3bIBAEMbIX
USB-¢undiiek u kapT mamatd s TUPpoBBIX (oToamnmapatoB U Mo-
OounbHBIX TenedoHoB. [lpuHnunuaneHOE OTIAMYHE (GIAMI-NAMITH OT
apyrux mukpocxeM EEPROM 3axmrouaercs B TOM, 9TO MPOrpaMMHpPO-
BaHHE M CTUPaHHE B HHUX IPOU3BOAUTCS HE MOOANUTHO, a OONBITUMHU
OJiokaMu, Ha3bIBAEMBIMH CTpaHUIAMHU maMaATd (0T 256 Oaiit mo He-
CKOJIBKMX JIECSATKOB KuI00aiT). Takoi MeXxaHU3M HECKOJIBKO YCIIOKHSI-
€T JIOTUKY PabOThI ¢ MUKPOCXEMOH IMaMsITH, OJTHAKO MO3BOJISIET CYIIECT-
BEHHO YBEIIMYUTH €€ 00hEM B CKOPOCTh 3aIHCH.

OCHOBHBIE XapaKTEepUCTUKU MaMATH — OBICTPOJCHCTBIE U MPOU3BO-
JUTEITBHOCTB.

Bvicmpooeticmeue mamsTH onpenessieTcsi BPeMEHEM BBITOTHEHUS
onepauuil 3alucy WM CYUTHIBaHUS NAaHHBIX. OCHOBHBIM MapaMeTpOM
JHOOBIX 3JIEMEHTOB MAaMSTH SIBISICTCS MUHUMAaJbHOE BpeMs JOCTYyNa H
JUTMTEIBHOCTh IMKJIAa oOpaieHus. Bpems moctyma (access time) ompe-
JensieTcs Kak 3aJ€prKKa MOSIBJICHHUS JeHCTBUTEIBHBIX JaHHBIX Ha BBIXO-
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Jie IaMTH OTHOCHTENBHO Hayasa MK YTeHUs. JIUTenbHOCTh LHKIIa
ompeenseTcss KaKk MUHUMAaJIbHBIA TepHO CIEAYIOMUX APYT 32 JPyroM
oOpaleHuil K namsTH, IpPHYEM IUKIIBl YTEHUS U 3alUCH MOTYT Tpebo-
BaTh Pa3IMYHbIX 3aTpaT BpeMeHH. B 1iukim oOparieHus, KpoMe aKTHBHOM
(a3l camoro moctyna, BXOAUT (a3a BOCCTAHOBIICHHS (BO3BPAT MaMSITH
K UCXOJJHOMY COCTOSIHHIO), KOTOpasi COM3MeprUMa 10 BPEMEHU C aKTHB-
HOW. BpeMeHHBIe XapaKTEepUCTHKH CaMHX 3alIOMUHAIOIIUX DJIEMEHTOB
OTIPENIENIAIOTCS UX MPUHLUIIOM JISHCTBUS M HCIOIb3YEMON TEXHOJIOTHEH
W3TOTOBJICHUSI.

IIpousgooumenvHocmsy TaMATH MOXHO XapaKTepPH30BaTh KaK CKO-
POCTh OTOKA 3aNMCBHIBAEMbIX MIIM CUUTBHIBAEMBIX JAHHBIX U U3MEPSTH B
MerabaiiTax B CeKyHOYy. lIponW3BOAMTENBFHOCTH MOACHCTEMBI MaMSTH
HapaBHE C TPOU3BOAUTEIHFHOCTBIO ITpOIIECcOpa CYIIECTBEHHBIM 00pa-
30M OINpeeNseT MPONU3BOIUTEIBHOCTh KOMIbIOTEpa. BITIONHSS omnpe-
JENEHHbIH (parMeHT MpPOTrpaMMBbl, MPOLECCOPY NPUXOAUTCS, BO-
NEPBBIX, 3aTPY3UTh U3 MaMITH COOTBETCTBYIOUIMHA MPOTPAMMHBIA KO,
BO-BTOPBIX, MPOU3BECTH TpeOyeMble OOMEHbI JAHHBIMH, U YeM MEHBIIIC
BpEeMEHH MOoTpedyeTcs MOJACUCTEME TaMsATH Ha 0OecreyeHrne 3TUX ore-
pauuii, TeM Jry4uie.

[Tpou3BOIUTENHHOCTD TIOJICHCTEMBI TTAMSITH 3aBHCHUT OT THIIA U ObI-
CTPOJECHCTBUS MPUMEHAEMBIX 3alIOMUHAIOLINX 3JIEMEHTOB, Pa3psIIHOCTH
IIMHBl TaMATH, €€ NPOIYCKHOH CHOCOOHOCTH M HEKOTOPBIX «XHUTPO-
CTEN» apXUTEKTYPHI.

Pasmep (0b6vem, emxocms) namsamu, MUHAMAIBHON SIUHUTICH MAMSTH
seisiercst ouT (bit — binary digit), — oviH TBOWYHBINA pa3psil; B KauecTBe
€IMHUIIBI EMKOCTH IIaMsITH B HAacTosiIee BpeMs puHsIT Oaiit (byte — cior),
KOTOpHIi paBeH BOCBMH ABOWMYHBIM paszpagam (1 byte = 8§ bit),
1024 ©Gaiit = 1 KbaiiT (kunobaiit), 1024 Koaiit = 1 Moaiit (Merabaiir),
1024 MoGaiit = 1 I'6aiiT (rurabaiit), 1024 ['Gaiitr = 1 TOalT (TepabaiT),
1024 To6awit = 1 116aiiT (meTabaiir).

Bes omeparuBHas mamMsATh MallMHBL pasziencHa Ha cioBa. Cro60 —
HaVMEHBINAs agpecyeMasi eJMHUIA OTIePaTUBHON MaMsTH, KOTopas 00-
pabaTeiBaeTcs Kak enuHoe nesoe. iuHa ciioBa onpenenseT TOUHOCTb, C
KOTOPOM MOTYT IPOBOAMUTHCS BBIYMCIICHHS HA JaHHOM KoMIlbioTepe. B
Pa3IMYHBIX THIAX COBPEMEHHBIX KOMITBIOTEPOB JIJIMHA MAIIWHHOTO
CJIOBa U3MEHseTcs OT 8 10 64 OuT.
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st movicka nH(MOpMAIUU PUMEHSIFOTCSI IBA OCHOBHBIX METO/IA!

1) adpecnviii nouck, Korjaa KaxaoMy CIOBY ITaMATH COOTBETCTBYET
HEKOTOPBIN KO (aapec), ONpenesionnii €ro MECTOIOIOKECHHE B TTaMsI-
TH (B Pa3IMYHBIX KOMIBIOTEpPaX CYIIECTBYET OOJIBIIOE pasHooOpasue
Croco00B aJipecalnn);

2) 6e3adpecublii nOUCK, OCYIIECTBISEMBIA HE TI0 ajpecy, a o JIpy-
UM TIPU3HAKaM.

Hawnbonee pacnpocTpaHeHbl 3alIOMHHAIONINE YCTPOICTBA BYX TH-
TIOB:

cmekoeas namams (MW Mara3uHHas) — OMHOMEpHAs MaMsATh, Tpei-
CTaBJISIFOINAsT HA0OP SYEeK, TJie MOTYT OBITH 3al¥CaHbl ()parMeHTHI MPO-
rpaMM, CYUTHIBAHUE KOTOPHIX OCYIIECTBISETCS IO YKa3aTeli0 B MOPS/I-
Ke, 00paTHOM 3alliCH;

accoyuamueHas namsimo, TOUCK HHGOpPMAIIU B KOTOPOH OCYIIECT-
BJISIETCSl OZHOBPEMEHHO BO BCEX SUEHKaxX MaMsATH IO €€ COACPKaHMIO
(comep>XxuMOMY), aCCOIIMATUBHOMY TPU3HAKY, YTO TIO3BOJISIET B HEKOTO-
PBIX CIIydasiX CYIIECTBEHHO YCKOPUTH MOUCK U 00pabOTKy aHHBIX.

Crioco0 opraHu3anuy TaMmsaTH, KOTJa Kaxkjaas Iporpamma MOXKeT
ONEepUPOBaTh C AAPECHBIM MPOCTPAHCTBOM, MPEBBILAIOIINM 00BEM
OTepaTHBHOM TaMSATH, HAa3bIBAETCS BHUPTYaJbHOM (KaKyIlleWcs) ma-
MSATBIO. DTa OpraHu3alysl MaMsITH CBSI3aHA C UCIOIb30BAaHUEM OBICTPOM
BHEIIHEW (Kak MpaBWIIO, AUCKOBOHN) MaMSATH M CTPAHWYHOW (WU Cer-
MEHTHOH) CTPYKTYpOH pa3meIeHus Ha JUCKE.

HenTpansubiii mpomeccop (CPU — central processing unit) — oc-
HOBHAsl 4YacTh («MO3T») KOMIBIOTEPA, HEMOCPEACTBEHHO OCYIIECTB-
Jsromas mpouecc oOpabOTKM AaHHBIX W YHpaBisiomas ee padoToi.
Hentpansubiii mporeccop (L) npemHasHadeH s mpeoOpa3oBaHUs
WH(POPMAITUN B COOTBETCTBUHU C BEIMIOIHIEMON MPOTrpaMMOH, yIpaBiie-
HUSl BBIYUCIUTENFHBIM MPOIECCOM K yCTPOWCTBAMH, PabOTAIOIUMU
COBMeCTHO ¢ HUM. [To Mepe Toro kak QyHKIHH BBIYUCIUTEIBHOMN CHC-
TEMBI CTAHOBSTCS BCe OoJiee pacnpeneieHHbIMY, psa Gyukuuid LI Bo3-
JaraeTcs Ha ClelUaTH3UPOBaHHbIE TIepU(EPUITHBIEC POLIECCOPHI (B CBA-
3 C TUM OCHOBHOM MPOIECCOP HA3BIBAETCS LIEHTPATIHHBIM).

K ocnoBubIM yrkmmsiM LIT MOTyT OBITH OTHECEHBI CIEIyIONIHE:

obpamenue k OIl, mekoaupoBaHWE W BBIIOJHEHHWE KOMAaHH MpO-
rPaMMEbI B YKa3aHHOM TIOPSIJIKE;

nepesaya JaHHBIX U3 OTEPATUBHOM MaMSATH BO BHEIIHUE YCTPOHCTBA
Y U3 BHEIIHUX YCTPOWCTB B ONEPATUBHYIO MTAMSTE;
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OTBETHI Ha 3aMPOCHl BHEITHUX YCTPONCTB;

CUHXPOHHU3AIUs PabOTHl BCEX AJIEMEHTOB BBIYHUCIUTEIHLHOW MAIIIH-
HBI.

MoxHo BbizienuTh aBa ypoBHs LI, koTOpble HEMOCPEICTBEHHO OT-
BEYAIOT 3a Mpeodpa3oBaHue WHPOPMAIMH B COOTBETCTBHUU C BBITOJHSIE-
MOH IPOrpaMMOH.

1. Tpaouyuonnwiii mawunuslii ypogens. OH NOCTYIICH MOIL30BATEIIO
U OIpEJEeNsIeTcs: HAa0OPOM M3 HECKOJBKHUX IECATKOB MM COTEH CPaBHU-
TENBHO MPOCTHIX KoMaH[. [lo QyHKIMOHATEHOMY Ha3HAYEHUIO MOYKHO
BBIICJIUTh CIICAYIONIUE KaTErOpur KOMaHI: apupMETHUCCKUE, JOTHYe-
CKUE, 3allUCh B MaMsTh U 3arpy3Ka PErucTpoB IMPOLiECCOpa U3 MaMATH,
KOMaH/Ibl BBOJIa-BbIBO/Ia U Jp. JIroOasi moib30BaTeNbCKas mporpamma,
MOITIeKAIIAsl BBITIOJTHEHUIO, HAXOMUTCS B TIAMSITH M COJCP)KHUT BBIIIIC-
nepednciieHHbie KoManbl. CTPyKTypa MalTiHHOTO CJIOBA MaMATH, B KO-
TOpPOH pa3MelnaeTcss KOMaHa, COCTOUT W3 JABYX yacted (puc. 2.3): Koj
omnepanuu (KOMaHIa) M aJpecHas 4acTh, YKa3bIBAIOIIAsl aapeca sSIeeK
(cnoB), HEOOXOMUMBIX /Uil BHITIOJTHEHUS JTaHHON KOMaHAB. B 3aBucu-
MOCTH OT KOJIMYECTBA aJIPECOB, PACIIONATaIOIIUXCs B aIpECHOM 4YacTH,
KOMIIBIOTEPEI MOTYT OBITH TPEX-, IBYX-, OJTHO- ¥ O€3a]pECHBIMHU.

Kon onepanun ITone anpeca

dopMat KOMaH[

+ Ilemnoe uncmo
®opwmar nansaeix (INTEGER)
+ TTops ok Manrtucca
dopmar gaHHbIX ¢ TaBatomieit Toukoit (REAL)
CumBon CumBon

(I)OpMaT CHUMBOJIBHBIX JaHHBIX

Puc. 2.3. CtpykTypa MalimHHOTO CJIOBA
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[Ipu BbIMONHEHUN BBIYMCICHUN KOMIIBIOTEP MCIIONB3YET JBa TUIA
yHcel: Lesble U aeiicTBuTenbHble. llocneanre B cBOO odepeab UMEIOT
JIBa CIIoco0a rpeacTaBieHus: ¢ GUKCHPOBAHHOMN M IIaBAIOIICH 3ansaTON
(TOUKOIA).

B mepBoM ciydae MecTo 3amsiTOM, OTAETSIOIIEH eIyl 4acTb OT
IpoOHOMW, UKCHPYETCs, cpa3y ke YKa3bIBaeTCsl KOJIMYECTBO Pa3psioB,
OTBOJUMBIX I U300PayKEHUS 1IEIOH U APOOHON YacTH, YTO yIPOIIAET
BBINIOJTHEHHE MAIIMHON apudMeTHyeckux onepanuid. Bo BTopom ciydae
MOJIOKCHUE 3aISITOM MOKET MEHSTHCS, YTO, KaK IMPaBUIIO, MO3BOJISET
MOBBICUTh TOYHOCTH BhIYHCIeHUH. [Ipn aToM 3Havamue 4rcna (He Hy-
JI) MOTYT OBITh MPEACTABIEHBI Cpa3y K€ MOCie 3alsIToil ¢ Heo0Xxoau-
MBIM M3MEHEHHEM 3HaKa MOpsIKa yucia (HOPMalIU30BaHHOE MPEACTaB-
JeHne). JTa omeparysi MOXKET BBIIOJIHATHCS KaK alnapaTHO, TaK U MPo-
TrPaMMHO.

2. Muxponpozpammuulii ypoeens. 1IpHHIMII MUKPOIPOrpaMMHUpPO-
BaHMs ObLT ipesioxken MoppucoM Yuikecom B 1951 r. Ha aTtom ypos-
HE TPOUCXOIUT pasJelieHHe MEXKAy NPOTrpaMMHBEIM M arlapaTHBIM
o0ecrieyeHneM KOMIIBIOTEPa, U OH, KaK MPaBHJIO, HEAOCTYICH IOJIB30-
BaTEJIO-NIPOrPaMMHUCTY. B paHHHUX MOIENAX KOMIIBIOTEPOB KOMAaHJIBI
BBITOJTHSUTUCH HETIOCPE/ICTBEHHO Ha amapaTHOM YPOBHE, T.€. JIJIS Kax-
JOW KOMaH[bl CYIIECTBOBAJIM CBOU CHEIHANbHBIE cXeMbl. OHAaKO B Ha-
CTOsilIee BpeMs MPAKTUYECKH BCE THUIBI KOMIBIOTEPOB HCIOIB3YIOT
NPUHIMAIT MUKPOIPOTPAaMMUPOBAHHS Ui PEan3allid OCHOBHBIX Ma-
UIMHHBIX KOMAaH]I.

[IpuHIMIT MHKpPONIPOrpaMMHOTO YIPABJICHUS OCHOBAaH Ha 3aMEHE
YIPaBISIOMNX JIOTHYECKHX CXEM CIIEHUATbHON MPOrpaMMOM, XpaHs-
mieiicss B crenualibHOM 3amomuHaronieM ycrpoiictse (I13Y), HaspiBae-
MBIM TAMSTHIO MHKPOKOMaHI (MHUKPONPHKA30B) WIM YHPAaBIAIOLIEM
naMsThio. OJTa MaMsTh NpeiHa3HaueHa AJsl XPaHEHWs YIPaBISIOIINX
CUTHAJIOB B (hopMe MUKpOIpOrpaMm, (pOpMUPYIOIUX CHCTEMY KOMaH]I
KOMITbIOTEpa. BhIuucnuTenbHas MalluHa, yrpaBlieHHE B KOTOPOH OCy-
HIECTBIIICTCSI MUKPOIIPOrPaMMOM, Ha3bIBA€TCSl MAIIMHON C MUKPOIPO-
TPaMMHBIM yTIPaBICHHEM.

IIpakTHueckn IPOUCXOIUT Pa3IOKECHHUE CIIOKHOW JIOTHUECKOH Olle-
paumu (HeoOXOAWMON AJIsl BBIIOJIHEHHWS MAIIMHHBIX KOMaHMA) Ha 3Jie-
MEHTapHbIE, KOTOPHIC BBIMOIHIIOTCS allapaTHO C MOMOILBIO MPOCTEH-
HIMX DJIEKTPOHHBIX CXeM. DTH CXEMbI PEATU3YIOT 3JIEMEHTHl MaTeMaTH-
YyecKo# JIoruku (OyneBoi anreOpsl).

46



IlockonbKy MHMKpPONpPOTpaMMHBIN YPOBEHb PpEaIU3yeTCsl KOHKpET-
HBIMH CXEMHBIMH PELIEHHAMH, TO MPOrPaMMHUPOBAaHUE HA 3TOM YpOBHE
HOCUT TPUMUTUBHBIA XapakTep M 3aTpyAdHeHo. Yacto HeoOXoanmo
MPUHUMATh BO BHUMaHHE U BPEMEHHbIE COOTHOILICHHS.

Pa3noxxeHne cio)kHOM omepanuy Ha MPOCTEHIINE DIIEMEHTHI Xapak-
TEPHO JJISl BRIYMCIUTENBHOW TEXHUKU. Tak, U3 apu)MEeTHYECKHUX OIle-
panwii, 1o cymiectBy, LII1 BBITOTHSAET TOJIBKO CIOKEHHE, TaK KAaK BBHIYH-
TaHUE — CIOXKECHHE B JONOJIHUTEIBHOM KOJE, YMHOKEHHE — CII0KEHUE
CO CHBHIOM, JICIEHWE — BBIUUTAaHHE CO CIBUTOM, BO3BEIECHHE B CTe-
MeHb — MHOTOKPAaTHOE YMHOXKEHHE, U3BJI€UEHHE KOPHS — MHOTOKPAaTHOE
JICJIEHNE.

B pamkax BbImodHEHUS (YHKUMI YIpaBiIeHUS BBHIYUCIUTETBHBIM
MIPOIIECCOM, B TOM YHCJIEe U JJI 00ecledeHns pekuMa MyJIbTUIIPOrpaM-
MHUPOBaHUS, XapaKTepHOTO s BCeX COBpeMeHHBIX DBM, BaxkHyIO
poine urpaet HII. ITox MynsTunporpaMMiupoBaHHEM MOHUMAETCA TaKOU
pexxuM paboThl, KOTIa JABE WK OoJiee 3a/1aui, OJHOBPEMEHHO HAXOJsl-
uMecs B onepaTuBHOM aMaTH, ucnolib3ytoT LT nonepemeHHo.

[Hockoneky LIl paboraer HaMHOro OBICTpee BCEX OCTAJIBHBIX YCT-
PpOMCTB KOMIBIOTEPA, YYACTBYIOIINX B BBIMOJIHEHUH 3a1a4M, TO IPU UX
COBMECTHO paboTe 3TOT pekuM Tose3eH. B omHonmporpaMMHOM peKu-
me LI BeIHY)1eH OOJIBIIYI0 YaCcTh BPEMEHH MPOCTANBATh.

3anauy, BBIOJHAEMBIE KOMIIBIOTEPOM, PA3AEIAIOTCS MO MPUOPUTE-
TaM Ha HECKOJIbKO ypoBHEH. 3ajaun ¢ Oosee BBICOKUM TMPHOPUTETOM
MOTYT TpephIBaTh pealn3yeMble 3a1adu 0ojee HU3KOTo MPHOPUTETa,
YTO 00ECIeYNBACTCS CUCTEMOW MpephIBaHUN. PexxuM MynbTUIpOrpam-
MHUPOBAHUS OKa3bIBACTCS TOJE3HBIM U AJISl TOBBIIEHUS 3()(hEeKTUBHOCTH
paboter L{I1 mpu pereHuu 3aqad OJHOTO MPHOPUTETHOTO YPOBHs. Mo-
KET CIYUHUTBCS, YTO KaKasg-TO 3ajada B XOJE €€ BBIIOJHEHUsS TpeOyeT
HAJIMYUSl KAKHX-TO PECYpCcoB (BHEIIHUX YCTPOMCTB, 001acTe MaMsITH U
T.IL.), U 10 T€X TOp, TIOKa OHU HE UMEIOTCS B €€ PacTOpsHKEHUH, HE MO-
JKET MPOJOJHKATHCA BBIMIOJIHEHUE 3TOH 3a/1a4H.

OTO0 BBIHYKIEHHOE BpeMs OKUAaHUs (a BHELIHHE yCTpOicTBa pabo-
TatoT HaMHOro MemieHHee L[[1) MoxxeT ObITh UCIIOJIL30BAHO JJISI BBI-
HOJIHeHUs Apyroi 3amaun (puc. 2.4). 3anaya A B MOMEHT /] oOparaer-

¢4 3a BBOJAOM JIaHHBIX, U B 3TO BpeMs MOJKIIIOYAETCS 3a1a4ya B, KoTopas

TakkKe yepe3 HeKoTopoe Bpems ocBoOoxmaet LI, u oH MOXeT ucIob-

3oBathces 3amaueii C. Tak kak LII1 paboTaeT ¢ BBICOKOH CKOPOCTBIO, JJIS

MOJIL30BATEIS CO3/IaeTCs BIIEYATIICHHE, YTO BCE 3a1a4yu paboTaroT of-
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HoBpeMeHHo. [lon 3amayamu 311ech U gajee MOHUMAIOTCA HE TOJBKO 3a-
Jla4d TIOJB30BaTENs, HO U 33Ja4y, ynpasisitomue pecypcamu OBM. Ha
puc. 2.4 mipejicTaBlieHa TaK Ha3bIBacMasi HEBBITECHSIONIAS MHOT03a/1a4-
HOCTh, KOT/Ia cIieytomas 3aja4a He MOXKET PealM30BhIBATHCS 10 BbI-
HYXXIEHHOTO TpephIBaHus mpeaplnynieid. [lpumensercs u pexuM BbI-
TECHSIOIIEH MHOT033JauHOCTH, KOTJa KQXKJIOH 3a71aye MpeloCTaBISIeTCs
OTIpeJICIICHHBI KBaHT BPEMEHH, 0 HCTEUYEHHH KOTOPOTO MPOIIECCOp
nepenaeTcsl cieqyloumeld 3agade, a TeKyIlee COCTOSHHE IMPEepBaHHOM
3aJa4d 3allOMUHAETCS W HCHOJNb3YeTCA MPH CIEAyIoIeM OOpalleHuH
(pexxuM pazneneHus Bpemenn). Bo3moxkeH Tarxke pexxum Multithread-
ing (WM MHOrOHUTEBUAHAS 0OpabOTKa), KOrAa paclmapajuleIiBaHUe
NPOU3BOJHUTCS BHYTPH OJHOHM 3aJaud B PEKUME HEBBITECHAIOLICH MHO-
ro3agaqnoctu. Ha puc. 2.5 npeacrasiens! ocHoBHBIE 610Ky LII1.

A

111 {1

)|

v

I

v

to 151 %) 13 t
Puc. 2.4. MyneTH3agaunslii pexum padotst LIT

1. Yempoiicmeo ynpasnenus. OHO TpenHa3sHaYeHO sl BBIOOPKHU
komaHg u3 OIl, ux wHTepnperanuu u uHUNUAIU3aMA. OOBIYHO OHO
COJZICP)KUT CIEAYIOUINE PETUCTPHI:

nporpaMMmHblid cuetdnk PC — perucrp, coxepkamuid ajnpec TOH
staeiiku OI1, u3 KoTopoii OyneT BEIOMpPAThCs CIEyIONIas KOMaHa;

peructp koMmaHiel IR — perucrp, NpUHUMAOIKAKA KOMAaHIY U3 OC-
HOBHOW MaMATH W XpaHSIIUI ee BO BpeMs AemH(POBAaHUS U BBINOJIHE-
HUS;
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CJI0BO cocTosiHUS nporieccopa PSW (oHO MOXeT ObITh IPEACTaBICHO
OTIENBHBIMH TPUITEPaMH, Ha3bIBAEMbIMH (IaKKaMH WM KOAaMH YcC-
noBuUsl, 3TH (IaxKud (GUKCHPYIOT Tekymiee cocrosiuue LI1 u BaxkHbIe
0CcOOEHHOCTH pe3yJibTaTa MpeAbIIyeH KOMaH/IbI);

yKa3zaTenb cTeka SP (BO MHOTMX KOMIBIOTEpaxX MPHUMEHSETCS CTeK,
KOTOPBI MOXET OBITh 00pa3oBaH HAOOPOM BHYTPEHHUX PETUCTPOB
(pa3HOBHIHOCTh BHYTpeHHEH mamstH) mwin obnacteio OII; crek Bpe-
MEHHO 3allOMHHAET BaKHYIO HH(POPMALIUIO Ha BpeMsl BBIIIOJHEHUS MO~
nporpaMM 1 00pabOTKH MPepbIBAHUN).

I'eneparop cHHXpOHU3AIUU

VYerpoiicTBo ynpaBieHust

[porpammustii cuerank — PC

Peructp xomang — IR

CII0BO COCTOSIHHS TIpoLieccopa —
PSW

praBHSIIOI]_[aSI IaMsITh

Vkazatens creka — SP

Buyrpennss PaGoune

MaMATh WIH perHCTpHI AJIY
CTeK

Puc. 2.5. brok-cxema LI1

2. Vnpasnarowas namsmo. XpaHuT HAO0OpP MHUKPOKOIOB (MHKPO-
KOMAaHJT), pEaTM3YIONINX CUCTEMY KOMaH ] KOMITLIOTEPA.

3. Pabouue pecucmpoi. Bo BceX KOMIBIOTEpaX MMEETCS HECKOJIBKO
PETHUCTPOB ABYX BUJIOB:
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aKKyMynsaTopel (Wi apu(METUYEeCKHe PETUCTPHI), CITyKallue
«OJIOKHOTOMY IIPU apU(PMETHIECKUX U JIOTHYECKHUX ONEPaLusiX;

PETUCTPBI aapeca, UCTIONb3yeMbIe M afpecalliy JaHHBIX U KOMaH/
B OCHOBHOM MMaMSITH.

4. Apugpmemuro-nocuueckoe ycmpoticmeo (AJlY). Beimonuser
apupMeTHYECKHE W JIOTUYECKUE ONepalyy Haj COJCPKUMBIM PETrUCT-
POB U 3aIIOMHMHAET PE3yJIbTAThl IO YKa3aHUIO KOMaHIbI.

5. I'enepamop cunxponuzayuu. OopMupyeT OIWH WIH HECKOJIBKO
MTOTOKOB PAaBHOMEPHO PACHPENEIEHHBIX UMITYJIbCOB, KOTOPBIE KOOPIH-
HUPYIOT BCE JAEUCTBUSA KoMIbioTepa. CKOPOCTh pabOThl KOMITbIOTEpA B
3HAYUTENBHON CTENIEHH OMNpeAeIseTCa YaCTOTON reHepaTopa.

6. Buympennss namame. 111 Hexotopeix O9BM uMeIOT HEOOINBIIYIO
BHYTPEHHIOIO MaMATh (MHOTJAa HA3bIBaEMYIO KAII-TIAMATHIO), KOTOpas
obnamaer OonpmmM ObicTponeiicTBreMm, yeM OIl, u ciyxkur Oydepom
mexay OIl u peructpamu LI1. DT0 MOXET 3HAUNTENHHO MOBBICUTH OBI-
cTpozeicTBre KoMIbioTepa. [logpoOHOCTH KAII-TTaMSTH OITUCAaHbI paHee.

[To Mepe pa3BUTHSI TEXHHYECKUX CPEICTB KOMIBIOTEPOB psii QPyHK-
it L1 nepenaercs Ha nepudepuro. Co3qar0Tcsl CeUaTH3UPOBAHHBIE
(nepudepuiinpie) MPOLECCOPHI, KOTOPHIE ANMNAPaTHO PEATU3YIOT PsA
4acTo WCIMONb3yeMbIX (DYHKIMHA KOMIIBIOTEPOB, CIIOCOOCTBYS 3HAUU-
TEIbHOMY TMOBBIIIEHUIO MPOU3BOAUTENBHOCTH KOMIBIOTEPOB IPU BBI-
MOJTHEHUH OCHOBHBIX OIepaluii 1o 00paboTke HHPOPMALHIH.

OgHMMH U3 TEPBBIX CHEIMATU3UPOBAHHBIX IPOLIECCOPOB CIENYeT
CUYMTATh MPOLIECCOPHI BBOJIA-BBIBO/IA, KOTOPHIE BBHIMOIHAIOT OJHY U3 Ca-
MBIX MAacCOBBIX HPOLEAYp NpH PadoTe KOMIbIOTEpOB. M3-3a HHU3KOH
ckopoctu (oTHocuTenbHO ckopoctu L) pabotel nepudepuitHbIX yCT-
POWCTB BBOJI-BBIBOJ 3HAYUTENbHO 3ameiier padoty IIII. Bomsimoe
pacnpocTpaHeHHe MOIYYWIN CHEUaTu3HPOBAHHBIE MPOIECCOPHI, BBI-
NOJHSIONINE OCHOBHBIE apH(PMETHUECKHE OIepalry, BKIIOYas omepa-
[IUH C IJIaBaIOIIeN TOUYKON (B MEPCOHATBHBIX KOMIIBIOTEpaX TaKue Mmpo-
IIECCOPHI Ha3BIBAIOT comporieccopamu). JlaibHeiiee pa3BUTHE BBIUHC-
JUTEIBHON CIIENUAIN3aliy MPOLECCOPOB MPHUBENIO K TMOSBICHUIO TaK
HA3bIBAEMBIX MATPUYHBIX MPOILECCOPOB, BHIOIHSIOMINX OIEpaIiy JIu-
HeHHOM anreOpsl U ObIcTpoe peodpasoanue Dypbe.

HII — ogHO M3 Ba)XHEHIIUX YCTPOUCTB, ONMPEAEISIIOIINX IPOU3BOIU-
TEJIBHOCTh KOMIBIOTEpa WM ero ObicTponeiicTBue. MOXXHO BBIIEIUTD
YeThIpe THUTIA OIICHKU OBICTPOIECHCTBUSI KOMITBIOTEpA:
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1) nuxosas oyenxa, unu peructp-peructp (R-R), — npexensuas npo-
n3BoauTensHOCTh LI, He yuuThiBaromas Bpemst oopamenus k OIL;

2) nomuHamvbHas oyenka (C ydeTroM BpeMeHu obOpameHus k OIT
(LI + OTD));

3) cucmemnasn oyenxa (IOTIOTHUTEIBHO YUWTHIBAIOILAS CHCTEMHOE
nporpaMMHoOe obecrieueHue, mo3podsioniee padborats IBM);

4) skcnayamayuouHas oyeHka — CKOPOCTD BBITIOIHEHUS PUKIIATHBIX
nporpaMm (B 3aBUCHMOCTH OT 00JacTH NPUMEHEHHs (pacdeTHbIE, KO-
HOMHUYECKUE WM APYyTHe 3aJadd) UCIONB3YIOT pa3HOOOpasHble CTaTH-
CTHKH (CMECH), YYUTHIBAIONINE CpelHEe KOIUYECTBO MAIIMHHBIX KO-
MaHJl, UCHOJb3YEMBbIX B TE€X WJIM MHBIX MPHUJIOKEHUSIX; BPEMS K€ BbI-
MOJTHEHUS KOMaH]l TOYHO U3MepseTcs).

IIpu oleHke OBICTPOACHCTBUS MHMKPOIPOIIECCOPOB HCIOIB3YHOTCS
CIIETyIOIINE XapaKTePUCTHUKHU:

MHz (mezacepy) — MUIIMOH TAaKTOB 3aJlalOIEr0 IeHEpaTopa B ce-
KyHAY;

MIPS (Mega Instruction Per Second) — MATUIMOH MHCTPYKIUN (MHUK-
POKOMaH[) B CEKYHAY;

MFLOPS" — MAJIIHOH OTIEpaIyii ¢ IIaBaromei TOUKOH B CEKYHILY;

mecmut JJonznappa (pemenne CJIAY ™).

YcerpoiictBa BBOna-BbIBOAA (YBB), niiu nepudepuiinbsie ycrpoii-
crBa (ITY). Takue ycTpoiicTBa KOMIBIOTEpPA UCIOIB3YIOTCS AJIs BBOJA-
BBIBOJIA, MOJATOTOBKH JIAHHBIX M 3alIOMHHAHUs OOJBIIHX 00HEMOB WH-
dhopmaruu.

OtnuuutensHas ocoOeHHOCTh YBB B TOM, uTO OHHM B mpolecce pa-
00TBI mpeolOpas3yloT GpopMy NpeAcTaBiIeHUs] UHPOPMALMH, HE U3MEHSA
ee comepkanus. 1 moap3oBaTesst 3TH yCTPONUCTBA MPEICTABISIIOT UH-
¢dopmanuio B andaBuTHO-uHUppoBOK U rpaduueckoil popmax. s 06-
MEHa C OCTaJIbHBIMH YCTPOHCTBAMHU KOMITBIOTEPA HCIIOIb3YETCSI MHOMKE-
CTBO CaMbIX Pa3HOOOPa3HBIX KOJOB, HAUOOJIEE MOIMYIISPHBI CIIE YOIHE:
ASCII (American Standard Code for Information Interchange), oreue-

: Flops (flouting point operation per second) — KOJIMYECTBO ONEpaLHii C IUIABAIOIIEH
TOYKOH B CEKYHAY — CAMHHULA M3MEPEHHS MPOU3BOMUTEILHOCTH CYHNEPKOMIIBIOTEPOB.
MFlops (Mmeradion) — MIUDIHOH Omepanuii ¢ IuiaBaromeil Toukoit B cekyHny, GFlops
(ruradnon) — muwunap onepauuit, TFlops (Tepaduion) — Tpuiiron oneparuii. Peas-
Hasl TPOM3BOJUTENILHOCTh CaMOT0 MOUIHOTO cyrnepkoMmmbiotepa 2005 r. mpeBbicuia
136 TFlops, a B 2004 r. sToT nokasatens cocraeisii 35 TFlops.

" CJIAY — cHCTEeMBI IMHEHHEIX ATreOpPaNIecKIX YPaBHEHHIA.
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cTBeHHBIN aHanor koroporo — KOM-8 — uMmeer BoceMb pa3psaaoB, CEMb
W3 HHUX 3Hayalllie M OAMH JJs MPOBEPKH YETHOCTH, NMPUMEHSETCA UL
paboThl YCTPOWCTB, MOJAKIIOYAEMBIX C IOMOIIBIO CTAHJAPTHBIX TeJe-
rpa¢Ho-tenedonnbix nuani; EBCDIC (Extended Binary Coded De-
cimal Interchange Code), oreuectBennsiii ananor JIKOU — pacmmmpen-
HBIH JBOMYHO-KOJMPOBAHHBIN ACCATUYHBINA KO JJisi oOMeHa nHpopMa-
nueil. JleBsiTupaspsaHelii (BOCEMb 3HAUAIIMX pa3psioB) KOA, MpuUMe-
HseMmblil ¢pupmoii IBM, kak mpaBuiio, mpenHazHaueH Ais oOMeHa WH-
¢opmanyeli Ha MarHUTHBIX HOCHTENSX, B HACTOALIMA MOMEHT IIO
Oonplield yacTh Ha MeWH(perMax, padOTaOIUX IOJ YIpaBICHHEM
oreparonHoi cucteMsl z/OS. YBenuueHne MexIyHapOIHOTO COTPY/I-
HHUYECTBa BeiencTBue OypHoro passButus MuTepHera ¢ koHna 90-x ro-
JIOB TIPUBEJIO K TOMY, YTO Ha JaHHBI MOMEHT MOBCEMECTHO MPUMEHS-
etcs konupoBka Unicode, BKiIroUaromasi B ce0si CHMBOJIBI MIPAKTHYCCKH
BCEX NMMCBMEHHBIX A3BIKOB MUpA.

brictpoe coBepmencrropanue L{I1 n OIl kommbloTepa, YMCHBIIICHHE
UX pa3MepoB M MOCTOSIHHOE CHIKEHHE CTOMMOCTH IMPHUBENTH K BO3pac-
tanuto ponmn YBB. Tak, yxke ceiiuac croumocts YBB coctaBnser
0OJBLIYI0 YacThb CTOMMOCTU KOMIIBIOTEpA, a WX Ta0apUTHBIC pa3Mephl
OTIPEIENISAIOT pa3Mepbl kKoMibioTepa. Cpein 0YeHb OOJBIIOTO Pa3HOO00-
pazua YBB M0XHO BBIIETNTH CIEAYIOIINE KATETOPHH.

BHemnne 3anmommuHaomme ycrpoiicrBa (B3Y). OcHoBHas, umm
orepaTHBHAs, MaMATh MMEET BBICOKYIO CTOMMOCTh M OTpaHHYEHHYIO
€MKOCTh (B 3HAYMUTENBHON CTENEeHH M3-3a BBICOKOHM cTtommocth). B ToO
e BpeMs HCIIOJIb30BaHHUE KOMIIBIOTEPOB CTAaHOBUTCS BcE B OOJbIIEH
CTCIIEHH CBS3aHO C HAKOIUICHHEM U 00paboTKOH OodbIIuX 00BEMOB
uHpopmarun. [ToTpeOGHOCTH MPUKIAAHBIX 3a]]a4 MHOTOKPATHO IPEBbI-
IIAI0T TEXHUYECKHE BO3MOXKHOCTH IeKTpoHHOM OIl. D10 M sBMIOCH
OHOM M3 MpPHUYMH MOSIBICHUS BHENIHMX 3alIOMHHAIOIINX YCTPONCTB
00JIBIII0N eMKOCTH, KOTOPBIE B TO e CaMOe BpeMs SBIISIOTCS yCTPOUCT-
BaMH BBOJIa-BbIBOJIa MHPOPMAIK. B X0/1e BBIYUCIUTENHLHOTO TIpoliecca
B3V ocymectusaor aByxcropoHHuid oomen undopmanueii ¢ OIl, mo-
9TOMY JUIS HUX MCIIOJB3YIOTCS T€ YK€ MPUHIIMITBI OOMEHA TAaHHBIMHU, YTO
U JUIsl APYTUX BHEIIHUX yCTPOMCTB. IIpyu 3HaYMTENBHO MEHBIIEH yaEIb-
HOW CcTOMMOCTH (XpaHeHue Outa uHopmanuu) B3Y obnamaior ouens
0OMBIION €MKOCTBIO (110 rura- U TepabaiT). OTHOCHTENHHO HHU3KAs
CTOMMOCTb, SHEPrOHE3aBHUCUMOCTh M DAl JPYTUX JOCTOWHCTB 3HAYH-
TEJIFHO paclIMpHiiu cepy NPUMEHEHHUS 3TUX YCTPOHCTB U COCOOCTBO-
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BaJIM UX IMIMPOKOMY pacrnpocTpaHeHuto. OHU HCIIONB3YIOTCS U KaK yCT-
po¥icTBa A XpaHEeHUs! 00IIECUCTEMHOT0 MPOrPaMMHOT0 oOecreyeHus,
OTIPEJIENIAIONIECTO ONEPATUBHYIO0 paObOTy KOMIbIOTEpa (B AUCKOBBIX OIle-
paIOHHBIX CHCTeMax), U KaK apXWBHasg MaMsITh KOMIIBIOTEPOB JJIH-
TEIBHOTO XPAHEHUs, SMU30AUYECKOTO UCIIOIb30BAHMS, KaK JIUUHBIE ap-
XWBBI TIOJb30BaTeNei W T.1. [Ipu 3TOM camu HOCUTETH WHGPOPMAILUH
MOTYT XpaHUTHCS HE3aBHCHMO OT KOMIIbIOTEpa M CUHTHIBATHCS HA pas-
JUYHBIX KOMIBIOTEPaX, UMEIOIINX COOTBETCTBYOMME YBB.

B Hacrosmee BpeMsa B KOMIBIOTEPAX Pa3IUYHBIX THIOB B Ka4eCTBE
B3Y Oonpmioli eMKOCTH TPUMEHSIOTCS YEThIpe THUIA HaKOIMUTeNeH:
MarHuTHbIE, MAarHUTHO-ONTHYECKHE, ONTHYECKHE W JJIEKTPOHHBIE
(pmd-nmamsaTs). Maruutaeie B3Y nosiBUiuch NepBBIMU U IPENCTABIIS-
IOT YCTPOWCTBA C 3alUChi0 WH(POPMAILUK HA TIOABMXKHBIN MarHUTHBIHA
HOCHUTEINb (puc. 2.6).

Puc. 2.6. [lpuHuun 3anucu Ha MarHUTHBIA HAKOTIUTEIb
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MarHuTHOE 3allOMUHAHKE JAHHBIX OCYIIECTBISICTCS HaMarHUYWBa-
HHEM OIPEICTICHHBIX 30H PadO4ero cjos Ha IBMKYILEMCS AMCKE WIIH
JeHTe. OTH 30HBl HAMarHUYKMBAIOTCA B OJJHOM M3 JIBYX IIPOTHBOIIOJIONK-
HBIX HAIpPaBJICHUH MPU MOMOIIU 3JIEKTPOMArHUTHOMN TOJOBKH, COCTOS-
el U3 JIETKO HaMarHMYMBAaeMOTO CEpIeUYHUKA ¢ OOMOTKOH M3 MPOBOA-
HUKa (cM. puc. 2.6, a). Koraa mo oOMoTke poTeKaeT TOK, B CEPACUHHKE
BO3HMKAeT MarHUTHBIN MOTOK. B 3a3ope cepaeyHuKa CHUIIOBBIE JTUHHUH
MarHUTHOTO MOTOKA BBIXOIAT 3a €ro IPaHulbl 1 HAMarHMYUBAIOT MPO-
XOJAIIMH MO/ FOJOBKOW MAarHUTHBIN MaTepuai. Eciu HanpaBieHHe TO-
Ka MEHSETCS Ha MPOTHUBOIOJIOKHOE, OPHEHTAllMsl HAMarHMUYE€HHOCTH B
pabouem cioe Takxke MeHseTcsa Ha oOparHyro. JlaHHBIE, 3alMCaHHbBIC
TaKuM 00pa3oM, MOTYT OBITh CUUTAHBI, IOCKOJIBKY MAarHUTHOE T10JIE 30H
HAMarHWYeHHOCTH MPOCTHUPAETCS 3a IpeNeibl MOBEPXHOCTH HOCHUTEINS.
IIpn nBWKEHUM HOCUTENS CEpACYHUK TOJIOBKH MPOHU3BIBAECTCS H3MeE-
HSIOIIMMCS] MArHUTHBIM IIOTOKOM, KOTOPBIH, B COOTBETCTBHUU C 3aKOHOM
aneKkTpoMarauTHoW MHIyknuu (Papazges), HHAYIHPYET TOK B OOMOTKE
(cm. puc. 2.6, 6). Eciiu BHUMaTenbHEE NPUTIIAICTHCS K 30HAM HaMarHu-
YEHHOCTH U CO3/1aBA€MbIM UMH IIOJISIM, TO BHIIHO, YTO MOJISI B ICHCTBU-
TEJIFHOCTH HAUYMHAIOTCS U 3aKAaHYMBAIOTCS B MPOMEXYTKaX MEXIy 3TH-
MU 30HAMH, T.€. B TEPeXOHBIX 00aacTsX. [IoCKONBKY MO MPensTCT-
BYIOT HAMarHWIMBAaHUIO CPEJIbl, X HAa3bIBAIOT Pa3MarHUYHUBAIOLINMHU.

K HakomuTensiM 3TOro THUMa OTHOCSAT HAKONUTENHd HA MAarHUTHOMN
nente (HMJI), nHakonutenu Ha MarHuTHBRIX quckax (HMJI) u HakomuTe-
JM HAa MarHUTHBIX Oapabanax (HMB).

1. HMJI — nakonuTenb Ha MarHUTHOM JIEHTE, IIOCTPOECHHBIN 1O TEM
K€ TPUHIUIAM, YTO ¥ OOBIYHBIN OBITOBOIl MAarHUTO(OH, BOLIEN IIEPBHIM
B MPaKTUKY HCITONb30BaHusA Kak B3Y kommbioTepa u OTHOCUTCS K Ha-
KOIMTEJISIM C IOCIEAOBAaTEIbHBIM NOCTYNOM. MMeer camylo HH3KYIO
CTOMMOCTb XpaHeHHs OMTa WHPOPMAIUH, BBHICOKYIO HAaIEKHOCTb, YIO-
OcH B akcrryaranun. Oqaako HMJI umeer odeHs Goublioe BpeMst J0cC-
Tyna K HeoOX0AuMOi HH(POPMAIUK, TaK KaK JJIs ¢ IOUCKa HEOOX0 UM
NOCJIe0BaTeNbHBII MPOCMOTP WHOTA BCeel JeHTHI. s OonbImx mar-
HUTO(POHOB BpeMs JJOCTyIHa MOXeT cocTaBiath 4 — 150 c. 3a Bpems cy-
mectBoBanud HMJI npuMeHSIMCh HAKOIMUTENIW, HWCHOJIb3YIOLIME JBa
TUIa MAaTHUTHOM JICHTHI:

1) ans GonbIIMX U MaJBIX KOMIBIOTEpOB — 00bruHO HMJI ¢ mmpu-
HOM JeHTHI 12,7 MM;
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2) B NEpPCOHAIBHBIX KOMIBIOTEPAX — HAKOMHUTEIM Ha KOMIIAKT-
KacceTax (CTpUMEpHI), B KOTOPBHIX yIAlOCh IOOUTHCS 3HAYUTEIHHOTO
YBEJIMYEHHS TUIOTHOCTH 3aIHCH, KaK MPaBHIIO, ITyTeM OTKa3a OT CTapT-
CTOITHOTO pekuMa paboThl U Mepexojia K pekuMy «Oerymiein» (stream)
JICHTHI.

Takoil peXuM XOpOIIO COTJACyeTCs C BBITPY3KOM COIEPKUMOTO
JcKa OOJbIIel EMKOCTH C LENBI0 PE3EPBHOTO KOMUPOBaHUS UHPOpMa-
1M, pacrofioxeHHo Ha mucke. [lo coctosHuio Ha 2010 r. pupmamu
IBM wu FujiFilm aHoHCHpOBaHBI KacceThl eMKOCTBIO 35 Tepabair.

Jlnist IepBOTO THIA MATHUTHOM JIGHTHI WHQOPMAIUs 3aIHCHIBACTCS
Ha JEBATH JOPOXKKAX, BOCEMb M3 KOTOPBIX ABISUIMCH HHPOPMAIOHHBI-
MU (AeBATasi MCIOJIB30BAJICA AJISI MPOBEPKH YETHOCTH). J[nMHA JEHTHI
3aBHCeNia OT NMPUMEHSIEMbIX KacCceT M €€ TOJIIMHBI U MOTJIa JOCTHTaTh
oomee 1000 M, emkocth Oomee 100 Mo6aiiT. B HacTosiee Bpems Takue
HMUJI e ucnons3yrores.

HecMmotpst Ha oOumine ycTpoiicTB XpaHEHHS BCEBO3MOXKHBIX THIIOB,
JICHTOYHbIE HAKOMUTEIH B KAUECTBE YCTPOMCTB ISl PE3EpPBHOTO KOIIH-
POBaHUs COXPaHAIOT U AK€ YIIPOUMIA CBOM MO3ULIUH Oiarofaps BBICO-
KO HaZEeXHOCTH, CKOPOCTH W HU3KOW CTOMMOCTH €AWHUIIBI HH(OpMa-
M.

2. HMJ] — nakonuTenu Ha MarHUTHBIX JUCKax. B Hacrosmee Bpems
HauOonee nomynsipusl HM/I, koToprle UMEIOT OOJIBIIYI0 €MKOCTh, Ma-
moe Bpems noctymna (ot 100 go 10 Mc u MEHee) M HEBBICOKYIO CTOW-
MoCTh XpaHeHus outa napopmanuu. HMJI oTHOCSTCS K YCTPOUCTBAM ¢
OPSMBIM JTOCTYIIOM, ITOCKOJIBKY BpeMsI TIOMCKa MH(POPMALK IpaKTHYe-
CKHU HE 3aBUCHT OT €T0 MECTOHAXOKICHUS Ha HOCUTEJIE.

MarHuTHBIH JUCK HAllOMHUHAET TPAMIUIACTHHKY C HAHECCHHBIM Ha
Hee MarHUTHBIM MaTepHajoM. 3aluch WIM CUUTHIBAHHE HH(DOpMaLMH
MPOU3BOJHUTCS MO KOJIBLIEBBIM MJIH CITUPATBHBIM JOPOXKKAM C IIOMOLIBIO
MIePEMEIIAIOIINXCS TOJIOBOK (puc. 2.7).

Jns yBenuueHus: eMKOCTH OTAEIbHBIE AUCKH COOMPAIOTCS B MAKETHI,
B KOTOPBIX HECKOJIBKO METAJNTMUECKUX JUCKOB (M3TOTOBICHHBIX U3 JIET-
KHX CIUIABOB) YCTaHABIMBAIOTCS Ha 00IIyI0 ock. OOl 610K TOTI0BOK
obecrieyrBaeT CUNTHIBAaHHE WH(POPMALIUHN C KAKJOW M3 MOBEPXHOCTEH.
CymiecTBYIOT AMCKH C TIOCTOSHHBIM (HE IepeMelaeMbiM) OJI0KOM roJo-
BOK HaJ K&XIOH M3 AOPOXKEK, OHU O0NaAaloT OYeHb MajbIM BPEMEHEM
Joctyna. PasznuuaroT HaKOMMTENM Ha JKECTKUX MArHUTHBIX JHCKax
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(HOKMJT — HDD') M HakomMTedH Ha TMOKHX MATHUTHBIX JHCKaX
(HCMJ1 - FDD"™).

e

i

Puc. 2.7. Kunematuueckast cxema HaKOIUTEIS HA MATHUTHOM JIMCKE:
1 — nucku, 2 — Baji, 3 — MarHUTHBIE T'OJIOBKH, 4 — CEPBOIPUBOJL

2a. H2KM]] — HakonuTeIM Ha JKECTKUX MarHUTHBIX JUCKaX HUMEIOT
METAJTMYECKYIO OCHOBY, BPAIIAIOTCSI ¢ BHICOKOH CKOPOCTBIO, MX CUUTHI-
BaIOLLME TOJIOBKU HAXOJATCS HA PACCTOSHUU JECATHIX JOJEH MUKPOMET-
pa ot moBepxHOCTH Avicka. OHU 00JNAar0T MajbIM BPEMEHEM JOCTYIIA,
0O0JBIION €MKOCTBIO M BBICOKOM CTOMMOCTHIO. IloaTOoMy Takue mucku

* HDD — Hard Disk Drive.
* FDD — Floppy (Flexible) Disk Drive.
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OOBIYHO HCMOJIB3YIOTCS KaK CHCTEMHBIE, PACIIUPSIOIINE BO3MOXKHOCTH
OIl mns obecrieueHuss pabOTHI ONEPALMOHHON CHCTEMBI €€ XpaHEHHS W
3arpy3KH, a TaKKe Ul UCIIONB30BAHUS B Pa3IMYHBIX MPHUKIAJHBIX MPO-
rpamMax. HanbGonee momy sIpHEIMU B ITOCIIEHEE BPEMSI CTAIM TaK Ha3bl-
BacMble BUHYECTEPCKHE AMCKM (HA3BaHUE IUCKOB CBSI3aHO C TEM, YTO
MUMeJach HEKOTOpas aHaJoTHs B MapaMeTpax JHUCKOB ¢ IU(POBBIMU Ma-
paMeTpaMu OpYKHsl, BBITYCKAEMOTO U3BECTHOM aMEPUKAHCKON (UPMOIA).
B stux ycrpoiicTBax 3a cueT repMeTH3alid MarHUTHOTO HOCHUTENs, CO-
BEPIICHCTBOBAHMS CUNTHIBAIOLINX TOJIOBOK MarHUTHOM OPHEHTAIMHU Yac-
THI] OKCHJAa BAOJB JOPOKEK H T.I. YIAAJIOCh, IOBBICHUB IJIOTHOCTD 3alUCH
Y YMEHBILIMB PAcCTOSHHUE MEXIY HOPOXKKAMH, 3HAUUTEIBHO YBEIUYUTH
€MKOCTh [JHCKa, a HCIIOJb30BaHUE OOLIEro OJIOKAa TOMOBOK IO3BOJIHIIO
COKPATHUTh BpeMs IOCTyIA K HHPOPMAIIHH.

[eprriit HKM/] 6b11 pa3paboran va ¢upme IBM B 1956 1. Ero pas-
Mep (IPUBOX) COCTABISUI OKOJIO BYX OBITOBBIX XOJOIMJIBHHUKOB, CTOH-
MOCTb 150 TBIC. 0., UMen 50 MUCKOBBIX MIOPAJICBBIX IUIACTHH C HAHE-
CEHHBIM CJI0eM (peppOoMarHeThKa, IMaMeTpoM 64 cM, CKOpOCTh BpallICHHS
1200 00./muH, emkocts 5 Mobaiit, a Bpems goctyma — 1 c¢. K 2000r.
HXXM/I cronmoctsio 150 1o, uMen emkocts Gonee yem B 16x10° pas,
BpeMsI IOCTyTa YMEHBITWIOCH Oonee ueM B 100 pas, CTOMMOCTh Ha €IH-
Huiy emkocTd (1 Mo6aiit) ymensmmnock B 10 mutH pas. [InmoTHOCTE 3amm-
CH pacTeT, MepeKpbIBasi AaKe U3BECTHBIN 3aKOH Mypa (1151 3JIeKTPOHHBIX
CXeM), y[IBaWBasCh KaXIbId TOJ, HECMOTPsS Ha MPEACKAa3bIBAEMBIH, TaK
Ha3bIBaE€MBbIil CBEpXIapaMarHUTHBIM Tpenen, Korga pa3Mephl OIHOTO
MarHUTHOTO JOMEHa Ha MOBEPXHOCTH JMCKOBBIX IUIACTHH, HAIPaBICHHE
HaMarHMYEHHOCTH KOTOPOTO PETMCTPUPYETCS KaK OIWH OWT, CTaHYT Ha-
CTOJIBKO MaJbIMH, YTO TEIUIOBOM SHEPrur aToMOB (IIPU KOMHATHOU TeM-
neparype) OyAeT JOCTaTO4HO, YTOOBI H3MEHHUTH €r0 HalpaBJIeHHeE.

JIroOoii coBpemennsiii HJKMJ] cocTouT M3 YeThlpex OCHOBHBIX Hac-
TeH:

HOCHUTETIS,;

TOJIOBKH YTCHUSI-3aITHCH;

TIO3ULIMOHEPA;

KOHTpOJIIEpa.

Hocurenps — naket qUCKOBBIX IUIACTHH, BPAIIAIOIIMXCS HA OJHOM OCH,
Ha CMEHY AIOPAJIOMUHHEBBIM IUTACTUHAM (AMCKaM) MPULUIM JUCKU W3
KepaMHKH U cTeksia. Ha moBepXHOCTh Jiicka HAHOCUTCS CJI0H (eppomar-
HeTHKa (B COBPEMEHHBIX OHCKaX — OKCHI XpOMa), MOKPBITHI CBEPXY
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TOHKHM CJIOEM aJIMa30ro00Horo rpaduTa (Ui 3alUThl OT MEXaHW4Ye-
CKUX TIOBPEXJICHUI). Anpecaruisi JUCKOB OCYIIECTBISIETCS CIIEITYFOIUM
00pa3oM — HOMEp JIUCKa, NWIUHAP (HA0Op KOHIICHTPUYECKUX JOPOIKEK,
PaCTONIOXKEHHBIX Ha OJWHAKOBOM YIAICHUU OT LIEHTpPa BPAIICHHS), JI0-
poxka, cextop (Kmactep). B coBpeMEHHBIX TUCKaX MPUMEHSETCS 30HHO-
OuTOBas 3amKCh, UMCIOIIAs PA3TUIHOE KOJIHMUECTBO CEKTOPOB HA JTOPOK-
Kax C pa3IMYHBIM yJAICHUEM OT IICHTpA.

brnaronaps a’spopmHammueckoMy 3(QeKTy TOIOBKa UYTEHUS-3aITUCH
WIETUT» HaJ MOBEPXHOCTHIO AMCKA MOJ BO3JACHCTBHEM IOTOKA IpelBa-
PUTENHHO OYHUIIIEHHOTO BO3AyXa. Y TEPBBIX BUHUYCCTEPCKHUX TUCKOB pac-
CTOSIHE MEXY NTOBEPXHOCTBIO JUCKA U TOJIOBKOM paBHsUIOCH 0,5 MKM, Yy
COBpEeMEHHBIX JUCKOB (1m0 cocTtosHHo Ha 2010 r1.) OHO mocTuraer
0,01 MkM (4TO €CTECTBEHHO IOBBINIACT IUIOTHOCTH 3alFICH M €MKOCTh
nmuckoB). Ha cMeHy ¢heppHUTOBBIM TOJIOBKaM MPHIILUIA KOMIIO3UTHBIC, Mar-
HUTOPE3UCTUBHBIC, TOHKOIJICHOYHBIE.

Tlo3unmonep — ycTpoKCTBO, HABOJIAIIEE TOJIOBKY Ha HYKHYIO JTIOPOXK-
Ky. CymiecTByeT NBa BapuaHTa MIPUBOJA — MOBOPOTHBIN U JIMHEHUHBIMH,
KaX/IbIi U3 KOTOPBIX UMEET CBOU JOCTOMHCTBA M HEJOCTaTKH. B o0omx
CIIy4asix IPUBOJI OCYIIECTBIISIETCS C TIOMOILBIO COJIEHOUIOB.

Kontposiep o0ecriedyrBaeT COIJIaCOBAHHOE YIPABJICHHE BCEMH dJIe-
MEHTaMM JHCKA U Mepefady JaHHBIX MEXIYy KOMIBIOTEPOM U TUCKaMU
(xaK mpaBUJIO, Ha 0a3e MUKPOIPOLIECCOPOB).

HakomuTenu Ha JKeCTKUX MAarHUTHBIX THUCKaX MPUMEHSIIOTCS BO BCEX
HCIIONIB3YEMBIX B HACTOSIIEE BPEMsI TUTIAX KOMITBIOTEPOB U B 3aBUCHUMO-
CTH OT BHJIa KOMIIBIOTEPA Pa3IUYaOTCS:

o Tury uHTepderica — A1 NEPCOHANBLHBIX KOMITBIOTEPOB, JIJIS CEPBE-
POB, 1J1sl MEHH(PPEHMOB U T.JI.;

0 TUIY pa3Mepa HaKonuTenen — 3,5 AroiimMa Jjisl HACTOJBHBIX CUCTEM,
2,5 nroiima ay1st HOyTOYKOB U IPYTUX TIEPEHOCHBIX CHCTEM;

mo ckopocty BpameHus mmuHmexst: 15000, 10000, 7200, 5400 wu
4200 00./MuH.

CrnenyeT y4yuTbIBaTh, YTO BUHYECTEP — YCTPOUCTBO HEKHOE M OYECHB
HEHAJICXKHOE (XOTS OMPEIeTCHHBIE TEXHOJIOTHUSCKUE YCIIEXH B 3TOM Ha-
MIPaBJICHUU UMEIOTCS). B TO ske BpeMs B psijie ciiydaeB nHGOpMaIIus, a He
«OKeIle30» SBIISETCS HanboJiee BaKHBIM PECYpCOM BHEITHETO 3allOMH-
HAIOLIEr0 YCTPOMCTBA.

B cBs3u ¢ 3TMM pa3pabOTYMKKA BHHYECTEPOB MPEANPUHUMAIOT P
pelIeHNl, MOBBILAIOIIUX HAACKHOCTh XpaHEHHs JaHHbIX. Tak, Komma-
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Hus Western Digital npeacraBuiia TEXHOIOTHIO B paMKax CHELU(PHUKALIIN
S.M.A.R.T. (Self Monitoring Analysis and Reporting Technology) — tex-
HOJIOTHSI, TIPUHSTAsI BCEMU BEAYIMIMHU MTPOU3BOIUTEISIMU TIEPCOHATBHBIX
KoMITbtoTepoB. OHa TpepHa3HavYeHa Uil MpeJIOTBPalleHHs MOTepH WH-
(dhopManmu myTeM NpencKa3aHus] BO3MOXXHOCTH BBIXOJA M3 CTPOS JKecCT-
KUX JIMCKOB HA OCHOBAaHHWHW PE3yJIbTaTOB BHYTPEHHETO TECTUPOBAHHUS CO-
CTOSIHMSI TUCKA, a TAaK)Ke BBIABJICHUS W BOCCTAHOBIICHHs MH(OpMaIK B
NpoOJIEMHBIX CEeKTopax. IIpOMCXOANT MOHMCK MOBPEKACHHBIX yYacTKOB
JHICKa U TIepeHeceHne HH(GOPMAIIH B CIICLHATBHO OTBEACHHBIE 001acTH.

Eme Oonee kapJuHAIBHBIM PELICHUEM MOBBIIICHUS HAIC)KHOCTH Xpa-
HeHus MH(GOpMalMu sIBIAETCA pa3paboTka Tak HaspiBaeMblx RAID-
maccuBoB (Redundant Array of Inexpensive Device — n3dbiTounsie mac-
CHUBBI HEZIOPOTUX YCTPOMCTB). JlaHHAs TEXHOIOTHUS MO3BOJISIET pacrpese-
JHUTh JIAHHBIE TI0 HECKOJBKAM HOCHUTEISIM. DTO COBOKYIHOCTh W3 He-
CKOJIbKHX, OOBIYHO HEJOPOTHX MXECTKHX IHCKOB, YNPABISAEMBIX IPO-
rpaMMHO WJTH CHIEUATIbHBIM KOHTPOJUIEPOM TaKUM 00pa3oM, YTO pe3yiib-
TaT BBIMIIUT KaK OJHO YCTPOWCTBO, 00JaaroIiee BCeMU HEOOXOaUMBI-
MH CBOMCTBAaMH — BBICOKOM HaJEKHOCTBIO M CKOPOCTBIO, a TaKXKe OOJIb-
II0M EMKOCTBIO.

Bce ommchiBaeMble Janiee HAKOIMHUTENW OTHOCSTCS K YCTPOHCTBaM
XpaHEHHsI CO CMEHHBIMH HOCHUTEISIMU (Hapsdy C JICHTOYHBIMU HOCHUTEJISI-
MH — CTPUMEPaMH).

DTOT BHJ HAKOMUTEJEH UCTIONB3YETCsl IUTS PEIIeHHs TPeX KIaccoB 3a-
Jiad, IPEeIbSIBISIFONMX K HUM JIOBOJILHO CHJIBHO pasinyaromiuecs Tpedo-
BaHUs. Bo-mepBbIX, 3TO MyOMUKaLus 1 pacipocTpaHeHUE TPOrPaMMHOTO
obecrieyeHus], JaHHBIX U MyJbTUMEIHa — KOHTEHTa WX M3TOTOBHUTEISIMU
(00BbeM KOTOPBIX TOCTOSIHHO PacTeT). 371eCh Ha IEPBBIN IUIaH BBIXOIUT
COBMECTHMOCTb HOCUTEJICH JaHHBIX ¢ HanboJee pacnpoCTpaHEHHBIMU Ha
CEeTOAHSIIHUM /I€Hb HAKOMMUTEISIMUA. BO-BTOpPBIX, 3TO apXWBHUPOBAaHHE H
pe3epBHOE KOMMpoBaHWe HHGpoOpMaImu. [JaBHoe TpeOOBaHHE B STOM
KJacce 3a7ad — MaKCUMalbHas €MKOCTb HOCHTEIS, €r0 HaJeXHOCTh H
JONTOBEYHOCTh, MUHUMAJIbHAsT CTOMMOCTDb XpPaHEHHs EAMHHLBI MHpOp-
Maluy, MaKCHMallbHasl MPOU3BOIUTENLHOCTh. B-TpeThHx, 3TO MepeHoc
uH(pOpMaIUl MEXITY KOMITBIOTEpaMH, B HYACTHOCTH OOMEH €10 MEXKIY
nonb3oBatesiMi. OCHOBHBIE TPeOOBAaHUS IJIsl 3TOTO MPUMEHEHHS — Jie-
IHIEBU3HA HOCUTEJICH U MaKCUMaJIbHasi CKOPOCTh 3aIlUCH M YTCHUSL.

20. HI'MJ] (FDD) (HakomuTe)ld Ha TMOKWX MarHUTHBIX JUCKaX WM
(hITONIU-ANCKN) — HAKOIIUTENN Ha MATHUTHOM OCHOBE, MOSIBUINCH B CBSI-
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3 C paclpoCTpaHEHUEM IEPCOHATBHBIX KOMIBIOTepoB. OHU 00s1afatoT
HeOOJIBLION eMKOCTBIO M IOBOJIBHO OOJBIIMM BpeMeHeM aoctyna. OxHa-
KO WX HHU3Kas CTOMMOCTh M OTCYTCTBHE YKECTKHX JKCILTyaTallMOHHBIX
TpeGOBaHMII NPH HCIOIB30BAHUM W XPAaHEHWH IHCKET 00ecredyuBaiu
3TOMY BUJY AWUCKOBOW MaMATH BBICOKYIO HOMYJISIPHOCTH Y IOJb30BaTe-
Jiei. DTOT BUI HOCUTENEH MPUMEHSUICS JUIS XpaHEHHUS JINYHBIX apXUBOB
MOJTB30BAaTENeH, OYeHb yA00eH s oOMEeHa Kak NPUKIAJHBIMH, TaK W
CHCTEeMHBIMH TporpaMmaMu HeOoJbmioro oobema. B Hactosimee Bpems
JIO CHX TIOP UCTIONIL3YIOTCS JUCKETHI TUaMeTpoM 3,5 mroiima (89 mm), eM-
KocTh aucka 1,44 Moaiit, pazpadoranueie Sony B 1980 r. B xonne 90-x
TOAOB TOJYYWJIM IIMPOKOE PACHPOCTPaHEHHWE Tak HasbiBaemble ZIP-
mucketbl 00bemoM 100 u 250 Moaiit. C nosieneanem USB Flash-6penkos
JIICKETHI OBUIM BBITECHEHBI C PHIHKA, U B JIAHHBIA MOMEHT TPaKTHYECKH
HE MPUMEHSIOTCS. Y HAKONMHUTENIX Ha MarHUTHBIX OapabaHax Obuia Or-
paHuyeHHas 00JacTb NPUMEHEHHUs (B CYNEPKOMIIBIOTEpax), XOTS H
UMEITUCh CPaBHUMBIE C )KECTKUMH JTUCKAMH XapaKTEPUCTHKH.

3. Onmuyeckue u macnumoonmuyeckue uaxonumenu. OIUH U3
rnaBHbeIX HegoctatkoB HKMJI, sBnsromierocss Ha CErogHSIIHUMN 1€Hb
OCHOBHBIM cHcTeMHbIM B3V, — 3T0 HM3Kas HaJeXHOCTh K BHEIIHUM
MEXaHUYECKUM BO3JEHCTBUSIM (BBUIY OYEHb MaJIOTO PACCTOSHHS MEX-
Iy CUMTBIBAIOIIEH TOJIOBKOH M MOBEPXHOCTHIO ANCKA). B cBs3M € 3TUM B
nocjeqHee JAECSATUICTHE AKTUBHO Pa3BUBAIOTCS HOBBIE TEXHOJIOTHH,
KOTOpBIE CBA3AHBI C IPUMEHEHHEM ONTHYECKUX 3JIEMEHTOB. birke Bce-
ro Kk TpaxuiroHHeM HXXMJ] nmpuGnmkaroTcss MAarHUTOONTUYECKHE YCT-
poticTa (puc. 2.8).

3a. Maenumoonmuueckue (MO) naxonumenu. B marHuTOOmTHYE-
CKOM YCTpOMCTBE AJI1 YTEHHUS WU 3allMCH JTAHHBIX MPHMEHSAETCS Jiazep.
[Ipu 3amucu nasep pasorpeBaeT MajJCHbKYIO 30HY HOCHTENS, C POCTOM
TEeMIIepaTypbl KOSPUUTHBHAS CHJIa MaTepuaia MagaeT, Ajis NU3MECHEHHS
HapaBJIeHUs] HaMarHUYEHHOCTH COOTBETCTBYIOIIMN YYacTOK JAHCKa
nomwkeH ObiTh HarpeT g0 Touku Kropu (oxono 200 °C). Ilpu yrenun
JAHHBIX JIyY Jia3epa MepekIrodyaeTcsl Ha MEHBIIYI0 MOIIHOCTh U TOJISIpU-
syercsa (3ddext Keppa). [lockonbky TIOCKOCTh MONSPU3AIUN TTOBOPA-
YUBAETCS MPU OTPAKEHUH JIyya OT HAMarHUYEHHOW Cpellbl, BTOPOH MO-
NsIpu3yomui GUIbTp (Ha3biBaeMBIH aHATH3aTOPOM) MOXKET Mpeodpaso-
BaTh U3MEHEHHE HHTCHCUBHOCTH CBETOBOTO JIy4a, KOTOPOE B CBOIO Oue-
penb puxcupyetcs (OTOIETEKTOPOM.
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Puc. 2.8. Ilpunuun paboTel MArHUTOONTHYECKOIO YCTPOHCTBA

B atux ycrpoiicTBax CUMTHIBAIONIasl (3alMCHIBAIOIIAs) TOJIOBKA 3HA-
YUTENHHO yalleHa OT TIOBEPXHOCTU MUcKa. OHU MOTYT OBITH MPEACTaB-
JEeHbl W B BHAE MArHMTOONTHYECKHX OHMOIMOTEK C aBTOMATHYECKOM
CMCHOU OOJIBIIIOTO KOJMNYECTBA JUCKET, 00IIasi eMKOCTh KOTOPBIX J0C-
THTAET OYEHBb OOJIBIIMX BEJTHIHH.

K 2007 r. BpIycKaoch /1Ba THUIIA YCTPOMCTB MarHUTOONTHUKH C pa3-
MepoM HocuTens 5,25 moiiMa ¢ MaKCUMalabHOW eMKOCThIO 19 I'0alT u
3,5 moliMa ¢ MakCUMallbHOW eMKOCThIo 2,3 ['0aliT. MuHMManbHOE Bpe-
Ms gocTyna (moucka) B oboux tumax — 19 mc. 1o emxoctun, OpICTpOICH-
CTBUIO, HAJIGKHOCTH Y MAarHUTOONITUKH HET PaBHBIX (HAa YKa3aHHBIN Iie-
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pHOI BpeMEHH) CpeH YCTPOWCTB XPaHEHHUS] CO CMEHHBIMH HOCHUTEIISIMU
JaHHBIX.

MarHuToONTHYECKIE HOCHTENN BBIJCPKUBAIOT OTPOMHOE KOJTHYECT-
BO IIMKIIOB TIEpE3alHCH, HE YyBCTBUTEIbHBI K BHEUIHUM MarHUTHBIM
NOJSIM M Paualiy, rapaHTHPYIOT COXPAaHHOCTh MH(opManuu B Teye-
HUE MOJYCOTHHU JeT. IMEHHO MO3TOMY ATH YCTPOMCTBA NMPUMEHSIIOTCS
TOT/Ia, KOTJa MPEIbIBISIOTCS MOBHIIICHHBIE TPEOOBaHUS K 00beMaM M
Ha/Ie)KHOCTH XpaHEeHUs NaHHBIX (HechnydaiHo, OmbnmmoTreka Konrpecca
CILLIA o6opynoBaHa MarHUTOONTUYECKUMH YCTPOHCTBAMH).

30. Onmuueckue naxonumeny. ONTUYECKHE TUCKU MO TPUHIUILY
paboThl oYeHb OJIM3KM K MarHUTOONTHKE (IpaBia, MOBEPXHOCTh, HA KO-
TOpOH XpaHUTCS HHPOPMALHS, HE SBISIETCS MATHUTHOM).

Onrtryeckue AUCKU OTHOCSTCS K YCTPOWCTBaM XpaHeHUs: uH(popMma-
UH CO CMEHHBIMH HOCHTEIISIMU (TaK e, Kak M MarHuUTHas JICHTa,
HI'MA u 1.71.).

[lepsriit ontrueckuii auck CD-ROM nosiBuncsa B 1984 r. IlepBona-
yanpHO BhITyckaiock nBa ¢opmara CD-DA (Digital Audio) u CD-
ROM. 3amuce ocymiecTBisiiach Tak e, KaKk U Ha BCeX JUCKaX, — Ha
KOHLIGHTPUYECKUX AOPOXKKAaX B BHIEC HEOOJBLIMX YIIyOJeHUH — BIOJb
JIOpokeK — AMOK (siMKa — 1, rimaakas moBepxHocThs — 0). MzroroBnenune
NPOU3BOAMIOCH IITAaMIOBKONW. C MOMOIIBIO TaKUX AUCKOB IPOUCXOIU-
JO pacnpocTpaHeHHe (UPMEHHOTO MPOTPAMMHOIO TMPOAYKTA HIIH
aynuourdopmanyu. CUUTBIBAHUE OCYIIECTBISIIIOCH C ITOMOMIBIO Jyda
nazepa, KOTOPbIi, OTpaXkasCh OT IUNIOCKOTO Y4acTKa JAHUCKA, OKa3bIBAJICS
B MpOTHBOGa3e C MaJaroIUM JIy4YOM, a HHTEHCHUBHOCTh PE3YJIbTHPYIO-
miero (OTpaXeHHOro) Jiyya Onu3Ka K Hylo (HyneBble Outhl). [Ipu oTpa-
JKEHHUH OT SIMKH JIyd TIPOXOUT 1/2 NJIMHBI BOJIHBI, OKa3bIBaeTCs B (haze C
NajalolyM JIy4OM U YCHIIMBAeT ero (eJUHUYHbIE OUTHI), 4TO U (QUKCHU-
pyercst portomerexTopoM. C Hadana CBOEro HCIIOIB30BaHUS M 10 HO-
cinemgnero BpemeHu CD-ROM umHTEHCHMBHO pa3BUBaIKMCh. EMKOCTH HMX
nocrurina 700 Moaiit, ckopocTh cunThiBaHus — 9 MoaiiT/c (ipu ckopo-
ctu Bpamieaus 10 12000 06./mun). [Ipu 3TOM 3HaUHUTENBHOE yIalleHUE
TOJIOBKM OT MOBEPXHOCTH AMCKA CYIIECTBEHHO IOBBIIIAET €r0 HaIeK-
HOCTh. IIpaBna, Ha ceromnsimuuii neHb (mociie 2000 r.) oH yke He B CO-
CTOSTHMM KOHKYPHPOBAaTh C MPpHOMMKAOMMMCES K HeMy 1o nerne DVD-
ROM.

IlepBoIit 3amuCHIBAOMIMA TUCK C OJHOKpaTHOM 3amuckio (WORM —
Write Once Read Many) CD-R (Recordable) Opin Beimymien ¢upmoii
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Philips B 1993 r. B kadecTBe «0OJIBaHOK» HCIIOJB30BAIUCH OOBIYHBIC
(xaxk 1 g1t CD-ROM) nonukapOoHAaTOBBIE OUCKH, HNOKPBITHIE CIICIH-
ANBHBIM KpacuTesieM ([IMaHHHOBBIM, (PTaTOIMaHUHOBBIM WIIM a30KpacH-
TeJeM), Ha MOBEPXHOCTh KOTOPOTO HAMBUISETCS TOHYAWIIUX CIIOW OT-
paxaroliero O1aropogHoro Mmerauia (0OOBIYHO YHCTOTO cepebpa win
3o0j0Ta). [Ipu 3amucu COKyCHpOBaHHBIN J1a3epHBIA JIyd (U3UISCKH
BBDKHUTAeT OTPAKAIOUIYI0 TMOBEPXHOCTh, M CJIOW KpacHTemns o0pasyeT
HENpOo3paydHble YUYACTKH, aHATOTUYHBIC SIMKaM B OOBIYHOM IITAMIIOBaH-
HoM CD. Pa3BuTHe 3THX yCTPOWCTB B CTOPOHY MHOTOKPATHOM 3amucH
npuBesio k noseieHuro CD-WARM (Write And Read Many times).
Pa3BuT™MEE 3TUX YCTPOHUCTB B CTOPOHY MHOTOKPAaTHOM 3aIIMCH HPUBEIIO
k nosieneHnto CD-RWARM (Write And Read Many times).

B CD-RW akTHBHBIM CJIOEM SIBIISICTCS CIICIIUATBHBIN IMOTHUKPUCTAII-
JTUYecKuil cruiaB (cepeOpo-uHAMNI-CyphbMa-TeTyp), KOTOPBIH MEepexo-
JIUT B JKUJIKOE COCTOsSTHUE TpH cuibHOM Harpese (500 — 700 °C) maze-
poM. Ilpu nocnexyromem ObICTPOM OCTHIBAHHUHU >KUAKUX y4acTKOB OHHU
OCTalOTCsI B aMOP(HOM COCTOSHHH, TIOATOMY MX OTpakarollas CHoco0-
HOCTh OTJIMYAeTCsI OT TOJIMKPUCTAIIMYECKUX Y4YacTKOB. BozBpar
aMOPQHBIX YYaCTKOB B KPHCTAILTMYECKOE COCTOSIHUE OCYIICCTBIISETCS
nyteM Ooisiee ciaboro HarpeBa — HIDKE TOYKH IUIABJICHUS, HO BBILIE
toukn Kpuctamumzanuu (~ 200 °C). Beime u Hbke aKTHBHOTO CIIOS
pacmosiaraiorcsi ABa cios OUAJICKTpHKa (OOBIYHO TUOKCUA KPEMHHUS),
OTBOJSIIKE OT AaKTUBHOTO CJIOA JIMIIHEEe TEIUIO0 B MpOIlecce 3aIlvCH.
CBepxy Bce 3TO MPUKPBITO OTPAKAIOIINM CIIOEM, a BECh «COHIBUY» Ha-
HECEH Ha MOJINKapOOHATOBYIO OCHOBY, B KOTOPOH BBIPECCOBAHBI CIIe-
nuanbHeie yriayonenus. B Hakonutene CD-RW wucnonb3yrores Tpu pe-
KUMa paboThI J1a3epa, OTIUYAIONINEC MOIIHOCTBIO JTyda: PeXUM 3arlu-
cH (MakCHUMajbHas MOIIHOCTh, 00ECIEeUMBAIOIIAs EePEX0] aKTHBHOTO
CIIOSl B HEOTpaskarolee, aMop(HOe COCTOsIHHE); PEKUM CTHpaHus (BO3-
BpalllaeT aKTUBHBIM CIIOH B OTpakarollee, KpUCTAIIMYECKOE COCTOSI-
HHE); PSKUM YTCHHUS — camasi HU3Kasi MOLIHOCTD (HE BIUSIOIIAS HA CO-
CTOSTHHE aKTHBHOTO CJIOS]).

MaxkcuMaiabHO JOCTHKHUMas eMKOCTh auckoB CD — 650 — 700 Moaiir.
HeBo3mMo)XHOCTB anbHEHIEro yBeludeHus pecypca (1o eMKOCTH) 3THX
JIMCKOB MPUBENH K MOsIBICHUIO AuckoB DVD.

[lepBoHayanbHO 3TOT AUCK OJHKEH OBLT MPHITH HA CMEHY BHIEOKac-
ceT u pacumdposbiBaiics kak Digital Video Disk, T.e. mudposoii quck. B
JanbHeimeM 3ToT (GopMaT CTal NPUMEHATHCS B BBIYMCIMTEIBHON TeX-
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HHKE, 1 €ro Ha3BaHue nomeHsutochk Ha Digital Versatile Disk — nugposoit
MHOTO()YHKIIMOHANBHBIA auck. B 1995 r. mosBuics eauHBIA CcTaHIapT,
cocTosIMA U3 maTH pasHoBuaHocted: DVD-ROM; DVD-Video; DVD-
Audio; DVD-R u DVD-RAM. /IBa nocineqHux cTaHaapra B AajbHeHIeM
obutH ipeoOpaszoBanbl B DVD-RW; DVD+RW u DVD+R.

Kaxum xe o6pa3oM yaanock 3HaYUTENBHO (B 7 — 25 pa3) yBeNIUIHUTh
o0Bem nucka?

Bo-nepsrix, BMecto nndpakpacunoro (MK) nasepa ¢ anuHON BOJHEI
780 HM OBIT MpUMEHEH Ja3ep KpacHoro auanazona 650 uM. Ilpu sTom
MIPOU30III0 YMEHBIICHUE pas3Mepa (muamerpa) yriayonenuit ¢ 0,83 mo
0,4 am. BenencrBue atoro mar gopoxxkek ymensmmuics ¢ 1,6 go 0,74 am.
OTO NPHUBEINO K YBEIMUEHUIO EMKOCTH AHUCKA B 4,5 paza.

Bo-BTophix, ObUIM pa3paboTaHbl ABYXCIOHHBIE IHCKH (MaTephal
MIEPBOTO OTPAKAIOIIETO CIIOS SBISIETCA MOJYNPO3PAaYHbIM), 3TO JAET
BO3MOKHOCTbH YBEJIMYUTH EMKOCTH €I1I€ ITOYTH B 2 pa3za.

B-Tpetbux, 6bputn pazpaboTaHbl ABYXCTOPOHHHE AWCKH, YTO TO3BO-
JIAJIO eIlle B JIBA pa3a YBEIMYUTH OOIIYI0 eMKOCTh TUCKOB (IIpaBJia, JMCK
NPUXOAUTCS NIEPEBOPAUMBATh BPYUHYI0). BO3MOXKHBI 4eThIpe BapHaHTa
muckoB DVD: ogHOCTOpOHHUH, omHOCHOWHEIN — 4,7 ['6aiiT; ogHOCTO-
POHHUM, NBYXCIONHBIN — 8,5 ['06aliT; TBYXCTOPOHHUM, OJHOCIOWHBIN —
9,4 I'GaiiT u NByXCTOPOHHUH, ABYXCIONHBIN — 17 I'0aiT.

OCHOBHOE HAIPaBIICHUE Pa3BUTUS WHAYCTPUM ONTHUYECKUX MAWCKOB
CBSI3aHO C KCIOJIb30BaHUEM Jia3epa CHHE-(DHUOJIETOBOTO JUAIia3oHa C JIId-
Hoit BonmHBl 405 M. K Hacrosiemy BpeMeHH NpeONOJIeHbl OCHOBHBIE
TPYOHOCTU U psig GUpM (IpEKae BCEro, Sony) NPUCTYIHIN K CEPUHHOMY
Beimycky Blu-Ray Disc. Ha nocurene ¢opmara 5,25 mioiimMa BbITyCKaroTCS
JIUCKH ¢ eMKOCThI0 23,3 ['6aitr/25 I'0aiit/27 I'6aiit/50 I'6aiit/100 I'Gaiir.

[Ipu 000N EMKOCTH M BBICOKOW HAJEKHOCTU CIIA0BIM MECTOM 3THX
YCTPOMCTB sIBIIsieTCss OOMNBIIOE BpeMs JOCTYNA (HECATKU M JAKE COTHH
MUWJUTUCEKYH]).

U B 3axmodeHne 0030pa YCTPOICTB BHENTHEW MaMSTH HEOOXOIUMO OT-
METHUTBh, YTO CPABHUTENBHO HEJABHO U JOCTATOYHO HEOKHUIAHHO MOSBUITICH
3NIEKTPOHHBIC ycTpoiicTBa BHemHel mamsatu USB Flash HocurensiMu u mo-
MYJISPHOCTh UX pPacTeT, a MPUYMH TOMy Heckonbko. [Ipesxne Bcero— 3to
MIOCTOSTHHO CHIDKAIOILASICS PO3HIYHAS [IEHA TPH MOCTOSHHO MOBBIIIAIOIIECH-
cst emkoctH (2008 r. — 32 ['Gaiir). Bropas npuunHa cBfi3aHa C LIMPOKUM
pacnipoctparenrieM crangapta USB. Bce coBpeMeHHBIE MaTepHHCKHUE TUIa-
TBI UMEIOT BCcTpoeHHbIE USB-OpTEL, @ B KOMIBIOTEPHBIX KOpITycax 3TH
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MOPTHI Yallle BBIHOCATCS HA JIMLIEBYIO NaHENb, 0OecreunBasi JerkocThb Moj-
KITIoueHus J1o0o# nepudepun. M TpeTbs nmpuyrHa — 3T0 yIoOCTBO (rdim-
namsiti. OHH JIETKHe, MatorabapuTHbIe, He TTOJBEP)KEHBI BIMSHAIO MATHUT-
HBIX TIOJICH, TePIMMBI K TEMIIEPAaTyPHBIM TIeperiafiaM U MEXaHHUECKIM BO3-
JEHCTBUSIM, NX HOCHTEIN HE MOABEP)KEHBI M3HOCY M MH(OpPMALKs Ha HHX
MOJKET XPaHHUTBCS OYeHb 10ro. OOIacTh HX IPUMEHEHHS MOKa JJOCTATOYHO
y3ka. OHH CITyKaT JUIsl XpaHeHUsI U TiepeHoca MHPOPMAIA MEKTy KOMITb-
1otepamul. s Oonee cepbe3HbIX GyHKIMI OHM (TIOKa) HE UCTIONB3YIOTCS U3~
3a H13KoM ckopoct USB-niopra (1,5 Moaiit/c).

IleyaTtaromue ycrpoiicrBa. OHHM Ciy)XaT JUIsl BBIBOJA IpOTpam,
JaHHBIX U Pe3yJbTaTOB 00pabOTKM Ha OYyMaXkKHYIO JIGHTY Pa3In4HOM
IIMPHUHBL, a TaKKe Ha OTAEIbHbIC JHUCTHl Oymaru. beuio paspaborano
0O0JBIIIOE KOJIUYECTBO Pa3HOOOpa3HBIX YCTPOHCTB IMEYATH, MPUMEHse-
MBIX JJI Pa3IMYHBIX KJIACCOB KOMITBIOTEPOB (puc. 2.9), Goblas 4acTh
13 KOTOPBIX B HACTOSIILIEE BPEMSI yKE HE HCIIOIb3YETCH.

VYerpoiicTBa yoapHozo Oelicmeus CPaBHUTEIBHO NEMIEBBI, TIO3BOJISIIOT
W3TOTaBIIMBATh HECKOJIBKO KOIHI, KAYECTBO TeYaTH BIIOJHE YIOBIETBO-
pUTeNBHOE VIS TPaIUIUOHHBIX NPUMEHEHUH KoMIbioTepoB. K HemocTat-
KaM 3TUX YCTPOICTB OTHOCST NOBBILICHHBIH YPOBEHb IIyMa U CPaBHU-
TENFHO HEBBICOKYIO HaJeKHOCTh. Ha OONBIINX KOMIbIOTEpaX HAHOOIb-
1Iee paclupoCTpaHEHHE B CBOE BPEMsI MOJYUMIN BBICOKOCKOPOCTHBIC ajl-
(aBuTHO-LIMpOBEIe eyaTtaromue ycrporicrsa (ALITY). CkopocTs neya-
TH 3TUX ycTporcTB OoT 600 mo 1800 cTpok B MHHYTY, OHH OTHOCSTCA K
MOCTPOYHO-TIEYATAIONIMM YCTPOHUCTBAM Mapailie]bHOTO JeHcTBUS. 3Ha-
KOHOCHUTENb B 3THX YCTPOMCTBaX — JIUTEPHBI, OOBIYHO BPAIIAIOIINICS C
BBICOKOM CKOPOCTBIO LMJIMHAPHYECKUH OapabaH (MOXKET OBbITh IIApOBOM
WM JICHTOYHBIN HOCUTEINb JIUTEP). Y CTPONCTBO COAEPIKAIIO P YAAPHBIX
MEXaHU3MOB, PaBHBIX KOJIMYECTBY 3HAKOB B CTPOKe (IyiMHE Oapabana), a
Taoke OydepHOe 3alOMHHAIOIIEE YCTPOWCTBO, XpaHallee HHHOPMALHIO
00 omHOU cTpoke. Ha MamnbIX KOMMBIOTEpax MPUMEHSUIUCH PHIYaKHO-
JHUTEpHBIE M 3HAKOCHHTE3MPYIOIIUE YCTPOMCTBA IOCIEIOBATEIHLHOTO
JEWCTBHUS, B KOTOPBIX MeYaTalolnil y3e1 Hocie10BaTeIbHO 3HAK 32 3Ha-
KOM Ipo0eraeTr CTpOKy. DTH yCTPOMCTBAa MMEIH HEBBICOKYIO CKOpPOCTh
neyaT, MaJible pa3Mepbl U CTOMMOCTD, TaK Kak, BO-TIEPBbIX, UCIIOIB30Ba-
Jack KMHEMaTHKa Teneraiina (MUIIymeld MaIldHKH), a BO-BTOPBIX, H30-
Opa’keHHe 3HaKa CO3[AaBANIOCh MUrOJIbYATON MaTpulleH, coaepikameit 5x7
w 7x9 Touek.
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B nacrosiee Bpems mo1o0HbIE TPUHTEPHI UCTIONB3YIOTCS NP Ieya-
TH «I0J KOMHUPKY»: Ha CICLUAIN3UPOBAHHBIX OJIAHKAX «CTPOTOH OT-
YETHOCTH», B HEKOTOPHIX OAHKOBCKUX CHUCTEMax M T.II., KOTr/a HeoOXo-
MO YeTKO WICHTH(UIMPOBATh, YTO JaHHAs KOMMs JOKyMEHTa Oblia
ceaHa UIMEHHO € JaHHOTO OpUTHHANA.

[IpunTepsr Oe3yoaprozo Oeticmaus IWIIEHBI MHOTHX HEIOCTATKOB
ynapHeix. HauGompieid monmyIsspHOCTBIO B HACTOSIIEE BPEMs IOJIb3Y-
I0TCS J1a3epHbIe (JEKTPOONITHUECKUE) U CTpYHHbIe npuHTephl. OHU 00-
Jalal0T OY€Hb BHICOKOM CKOPOCTBIO MEYaTH, OY€Hb BHICOKUM Kau€CTBOM
W HaJIe)KHOCTHIO. JlazepHble MpUHTEpH! 001a7at0T OOJIBIIEH CKOPOCTHIO
[e4aTH, Ha/IeKHOCTHIO M JeIIEBIE B O0CIY)KMBaHUH, XOTSI CaMH IIPHUH-
TEpPBI CTOAT Aoposke. IIpuMenstoTes as nedaTy OONBIIOTO KOJTUYECTBa
TEKCTOB, JTOKYMEHTOB, I KOJUIEKTUBHOTO HCITONB30BaHHS B pa3iny-
HBIX opraHuzanusax. CTpyiHble NPUHTEPH! CYIIECTBEHHO Oojiee KOM-
MakTHbIE, 001aJal0T MEHBLIMM SHEPronoTpeOIeHHueM, MO3BOJISAIOT MO-
JYYHUTH BBIIIE KAueCTBO IpU mevyatu GoTtorpaguii ¥ APYrHX MBETHBIX
n300paXeHnH, a TakKe, B OTIIMYKE OT JIa3ePHBIX IPUHTEPOB, TIPH Teya-
TH HE HarpeBaroT HOCUTENb. [IpUMEHSIOTCS, KaKk MpaBwiIo, A AOMaIlll-
HETO MCIIOJIb30BaHUs, a TakKe Ul CHEUATU3UPOBAHHON MeYaTH IBET-
HBIX H300pKEHUH CMHUYHBIMU THpaKaMu: QoTtorpaduii, OyKIeToB,
JUIs TIeYaTH Ha KOMITaKT-TUCKaX.

[leyararomue ycTpoiCcTBa, MONyYHBIIUE IUPOKOE PACIPOCTPAHEHUE
B TEPCOHAIBHBIX KOMIBbIOTEpaX, MPUMEHSIOTCA U JJS H3TOTOBIIECHUS
rpaduuecKux U300pakeHUi (B TOM YHCIEe U IIBETHBIX), MPEIBAPUTEIh-
HO CO3/IaHHBIX Ha 3KpaHe rpadudeckoro pucries. [IpaBaa, aTu ycTpoii-
CTBa MPUHUHUIUAIBHO OTIMYAIOTCA OT TPAIULMOHHBIX rpad)ornocTpou-
Tenel (IIOTTEepPOB), MOCKOIBKY MUIIYIIHH y3€l MOCIeI0BaTENbHO MPO-
Oeraer BCIO MOBEPXHOCTh OyMaru CTPOUKY 3a CTPOUYKOM, OCTABIISIS CIIE
B MECTax KOMUPYEeMOTo H300paxkeHus (Oymara rnepemeraercsi TOJIbKO B
onHOM HampasiieHHH). CKOpOCTh U3TOTOBJICHUS PUCYHKA HEBBICOKA.

MoO>KHO BBIIEIUTH JBA BUA TAKUX YCTPOMUCTB.

1. Yempoiicmea epaguueckozo v1600a. K HIM OTHOCATCS KOOPIU-
Hatorpadbl ¥ rpad)OMoOCTPOUTENH IIAHIIETHOTO W PYJIOHHOrO TUma. B
JTUX YCTPOMCTBAX MUUIYIUH y3€Jl JIBUIaeTCs HEMOCPEACTBEHHO IO JIM-
HUHM M300paXeHUs! MOA YNPaBICHUEM IIOCIEA0BATEIBHOCTH KOMaHI H
nporpaMMHoro odecredenus rpaduyeckoro Beioaa. I'padomnoctponTe-
T OPUEHTUPOBAHBI Ha M3TOTOBJICHHE YEPTEXKEH pa3uuHOro dopmara,
KoopauHatorpadsl 00J1a1al0T HECKOJIBKO 00Jiee BHICOKOW TOYHOCTBIO U
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MOTYT HPUMEHSATBCS ISl TPABUPOBKM M M3TOTOBJICHHS MEYATHBIX IJIaT
(TIp¥ 3TOM MUIIYIIUH y3€] 3aMEHSETCSI PE3LOM).

2. Yempoiicmsa 6600a epaghunecxoti ungopmayuy. ITO TIAHIIET-
HBIE yCTpoiicTBa (AMrHTai3ephl), 00ECIEUNBAIONINE CUYATHIBAHUE, T.C.
pacmno3HaBaHue rpaUUecKUX 3JIEMEHTOB (TOYKa, JIMHUS, >JIEMEHTap-
HBIH ()parMeHT) U UX KOAUPOBaHHE — Mpeodpa3zoBaHue B U(DPOBOH KOJI
M0 YCTAHOBJICHHBIM MPaBHIIAM.

Ilo crenenn yyacTus 4enoBeKa B MPOLIECCE CUUTHIBAHUS YCTPOUCTBA
BBOJA rpaduyeckoil mHGOpMaLMKM Pa3IeyAiOT Ha aBTOMATUYECKUE U
nojgyaBTOMarndeckue. B cBs3m ¢ pacmmpenueM cdepbl UCTOTb30BaAHUS
NEPCOHANBHBIX KOMIIBIOTEPOB Pa3IUyuHbIe (YUPMBI OCBOMIIN MPOH3BOI-
CTBO aBTOMATHYECKUX W PYUYHBIX YCTPOMCTB, MpeIHa3HAYCHHBIX LIS
BBOJIa M300pakeHU (B TOM 4YHCJIE W IBETHBIX) MU TEKCTOB 0e3 WC-
MOJIb30BaHUS KIIABUATYPHI — CKaHEpOB. CTOMMOCTD UX BBICOKA.

Hducnien. Jucnnen oTHOCATCS K nepUpepUHHBIM HHTEPAKTUBHBIM
YCTPOHCTBaM, SBIISISICH OCHOBHBIM CpPEJCTBOM OOIICHHUS 4eJIOBEKa-
NoJIb30BaTeNsl ¢ KoMIbioTepoM. [loj aucruieeM cieyer UMeTh BBHIY
Tpu (YHKIHMOHAIBHO Pa3iIMYHBIX YCTPOWCTBA — MOHMUTOp, NMpPEAHA3HA-
YeHHBIA Ui BBIBOAA MH(G)OpMALMK W3 KOMIBIOTEPA, Pa3IUYHBbIC YCT-
poiicTBa st BBoJa MHpOpMaMu U rpadudeckue ananTepbl, KOTOPEIC
y’K€ JaBHO BBIIUIM 332 PAMKH CBOMX MPAMBIX (DYHKIMH BBIBOAA HA 3KpaH
MOHHUTOPA NOATOTOBICHHOTO MPOLECCOPOM H300pakeHHsl, CTaB rpadu-
YECKHMHU YCKOPHUTEISIMH, BBHITIONIHSS OTepaiuu 1mo oopadoTke rpaduky,
BKIIIOYasi pacueTHble (yHKUuH. TakuMm oOpasom, ajantephl, 3a0paB
yactek ¢ynkuuii L1, npeBpaTHINCH B BBICOKOCKOPOCTHBIE IpaduuecKue
nporeccopsl. O4eHb BBICOKAsi CKOPOCTh BBIBOJA MH(pOPMALUHU (BKIIO-
yasi TpadudecKyo), yIoOHON JUIsi BOCTIPHSITHSI YEIIOBEKOM, H BO3MOXK-
HOCTh OIEPaTHBHOIO BMEIIATEIbCTBA B MPOLECC PELICHUS 3aauu clie-
Jany AUCIUICH He3aMEHUMBIM YCTPOMCTBOM JUI OOLICHUS ¢ KOMIIbIOTE-
poM. MOHHUTOPBI SBIISIOTCSI Ba)KHEWIIeH 4acThi0 rpad)uuecKoi cucre-
Mbl. KauecTBo M300pakeHUst ABISICTCS KITFOUEBBIM (haKTOpOM (XOTSI U HE
€IMHCTBEHHBIM), KOTOPOE OIpEeIIsieTCS BEIOPAaHHBIM TUIIOM MOHHUTOPA.

B kadecTBe MOHHTOPOB B KOMIIBIOTEpax A0 MOCIEIHETO BPEMEHH
NPUMEHSIOTCS JIBa THIIA YCTPOUCTB. ITO TPAJAUIIUOHHBIE MOHUTOPHI Ha
0asze AMEeKTPOHHO-Ty4eBbIX TpyOok (DJIT), KoTOphle AN MONy4YeHHS
n300paXeHUs UCTIONB3YIOT IPUHIIMIT TEJICBU3HOHHOTO pacTpa, BTOPHIMH
ABJISIOTCS YCTPOWCTBA, UCIONB3YIONIUE TUIOCKUe MaHemnu. [Imockue ma-
HEJM, WIX 3KpaHbl MAaTPUYHOTO THIA, MOTYT OCHOBBIBATHCS HA Pa3HBIX
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TEXHOJIOTHSX: KUIKOKPUCTAIIIMYECKON, TIa3MEHHON (ra30pa3psaHoi),
TBEPIOTEIbHOM, aBTOJEKTPOHHO-3MUCCUOHHON U ap. Bce oHu ceifuac
AKTUBHO Pa3BUBAIOTCS, HO B MacCOBBIX MaclITa0ax B KOMIIBIOTEPHOM
o0JacTu MPUMEHSETCS TOJNBKO OJHA MX Pa3HOBHIHOCTh — KHUIAKOKpH-
crammaeckue (KK, LCD — Liguid Crystal Display) .

JKK-TexHOJIOTHH HE SBJSAIOT COOO0M Y4TO-TO OJHOPOAHOE, CKOpEe BCe-
o 3TO KOHIJIOMEPAT PELICHHH, O0BbEIMHCHHBIH OOIIMM MPUHIUIIOM.
MoskHO paccMaTpuBaTh pa3HOOOpa3Ne aKTyalbHBIX MOJXO0JIOB KaK CBH-
JEeTEIbCTBO MHTEHCUBHOTO PAa3BUTHUS 3TOW O0JIACTH.

B teuenwue psga net, HaunHas ¢ 2000 r., pa3BUTHE KOMITBIOTEPHBIX
MOHHMTOPOB IPOXOAWIO B BUAE CKPBITOIO WM SIBHOTO COPEBHOBAaHMS
ATUX JBYX OCHOBHBIX TexHomorui. Ecmu mo 2000 r. DJIT Obutn BHE
KOHKYPEHIIUH, TO 3aT€M CUTYAIlHs CTala pe3KO MEHAThHCS.

Cpenu ocHOBHBIX HemocTaTkoB JJIT sBisAIOTCA Cleayromue: OTHO-
CHUTEJbHAs TPOMO3/IKOCTh, 0COOEHHO IPH 3KpaHax OOJBIIOTO pa3Mepa —
17 mioiMOB W BBINIE, TIyOMHA MOHHUTOpA CTAaHOBHUTCS COM3MEPHMOH C
pasMepoM dKpaHa, ¥ BTOPOH HEJAOCTATOK, KOTOPEIH cTan Oojiee 3aMeTeH
B CBSI3U C MOSIBJICHUEM IUIOCKHUX MaHeNeH, — He IIockull 3kpaH. [Ipasna,
JlaXke TaKue KOHCEpBAaTHBHBIE IeMeHTHI, kak DJIT mocTosHHO coBep-
IIEHCTBYIOTCS. DKpaHbl CTAHOBATCS OoJiee TUNIOCKUMH, TIOBBIIIAETCS SIp-
KOCTh U KOHTPACTHOCTh M300paXCHHSI, YMEHBIIAIOTCA Ta0apuThl, CHU-
KaeTcsl sHepromnoTpedieHue. XoTs cilenyeT OTMETHTh, YTO Cephe3HBIX

" )KuzKue KpUCTAIIBI ObUTH OTKPHITEL B 1888 I. aBCTPHIICKMM GOTAHHKOM (yUCHBIM,
3anuMaromumMcs (aopoit) Opunpuxom PeiiHuiiepoM B mporiecce M3ydeHUsS 3HAYCHHS
XoylecTeprHa B pacTeHHsX. OH BBIIETMI HEKOTOPOE BEMIECTBO, CTPAHHBIM 00pa3oM
BejuIee ce0st IpH HarpeBaHUM, — OHO MYTHEJIO M HAYMHAJIO TeYb paHbIe, YeM oOpara-
JIOCh B TEMHYIO XHAKOCTh. CyOCTaHINIO ¢ ceKkpeToM PeifHunep BpydHII repMaHCKOMY
¢msuky OtTo JlemaHy, KOTOPBIH OOHAPYXKWIT y Hee elle OJHY HEOObIMHOCTh. JKHaKOoCTh
B CBOMX ONTHYECKUX CBOWCTBAxX Belsla ce0s Kak KpucTal. Tak, B HAyKy BOILJIO I'paHu-
03HO€ M300peTeHHe 10 Ha3BaHUEM «KHIKUN KpucTayuny. XKK — Tak Ha3piBaeMmas MeTa-
Mop}o03a, COCTOSIHUE MEXIY TBEPABIM M M30TPOIHBIM COCTOSHUSIMH BELIECTBA: OHO U
TeKylIee, U COXPaHsIeT NOPSIIOK PaCIONOKEHUS MOJIEKYJI; COCTOSIHAE B HEKOTOPBIX CITy-
4asx ycTOHYMBO B OONBIIOM auama3oHe Temmepatyp. [lo Tem BpemeHam m3o0peTeHHe
0Ka3aJI0Ch COBEPIICHHO OECIIONe3HOe Ha MPAKTHKE.

Tekytee BemecTBO BHEPBEIE IPUCTPOIIH K A€y depe3 80 JIeT mocie ero OTKPBITHS:
xommanust RCA (Radio Corporation of America) nmpomnsBena Ha CBET NEPBBI B MHpE
(GYHKIMOHUPYIOIUH TUCTIICH.

Bo BTOpoi#i nonoBune 70-x rogos (1970 r.) )KK-rexHosorus Havana akTHBHO BHe-
JPSATHCS. B MOPTATUBHBIX YCTPOWCTBAX — IJIABHBIM 00pa3oM, KalbKyJsITOpax U Huppo-
BBIX Hacax.
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TEXHOJIOTHYECKHX MPOPBIBOB B ATOM KJIacCe€ MOHHTOPOB (KOTOpBIC
UMEIOT JJUTEIbHYIO HCTOPUIO) OXKUIATh HE IPUXOAUTCH.

[Inockue manenu UMEIOT LEJBIN sl MOTPEOUTENHCKIX KadyecTB, Jie-
JAIOMIMX UX 0COOEHHO MPUBIIEKATEIbHBIMHU:

a0COIIOTHO MJIOCKUH 3KpaH;

OTCYTCTBHE T€OMETPUUECKUX HCKAKEHUH;

BBICOKasI APKOCTH (Y TUIa3MEHHBIX-Ta30Pa3pAIHBIX);

Maiasi ITyOrHa, KOMIIAKTHOCTD;

OYEHb HU3KUH YPOBEHB AJIEKTPOMArHUTHBIX U3JIy4YCHUM.

OcnoBHbIM HefocTaTkoM JKK-MOHUTOPOB Ha HA4aJILHOM 3Tarie ux pas-
BUTHSI ObLTa X CTOUMOCTb, B CBSI3U C Y€M OHHU MPUMEHSUTICH TOJIBKO B HO-
yrOykax. OmHako, HaunHas ¢ 1999 r., B mpousBoncTBo JKK-naneneit Opum
BJIO’KEHBI OIPOMHBIE MHBECTHIIMH, YTO TPHUBENO K YIYYIIEHHIO X KauecT-
Ba M 3HAYMTEHHO CHIBWIO IeHy. Tak, eciu B 2000 1. 107191 MOHHUTOPOB Ha
KK-nanensix B obmiem o0veMe BbITycKa cocTaBisia 5 %, To k 2006 .
cocraBmwia 30 %. [To manaeiM Stanford Resourses, mo o6bemy mpous-
BojactBa MoHUTOPHI ¢ DJIT B 2001 r. mpes3onutu XKK-mouuTops! Ooee,
yeM B 2 paza. K 2006 r. cooTHOIIEHIE N3MEHUIIOCH HAa OOpaTHOE.

CripaBeUIMBOCTH pajid, HEOOXOAUMO OTMETHTh, YTO MOKAa MOHHUTODBI
¢ DJIT Bce emie Jydrie CHpaBISAIOTCS ¢ TUHAMUYECKUM H300paskeHUEM
KOMITBIOTEPHBIX WIP M BUACOMOHHMTOpPOB. Kpome Toro, B cmiy MeHee
TOYHOW IBeTonepenaun (PUKCUPOBAHHBIM U, KaK MPaBWIO, HE CIUIIKOM
BBICOKHM SKPaHHBIM paspemerneM JKK-mucruieeB MouuTopsl ¢ DJIT
UCTIONB3YIOTCS JJISl IPoecCHOHATIBHON paboThl ¢ rpaduKkoil (pasna, B
JaHHOM Clly4ae pedb 00 SKOHOMHHU HE HMJIET BOBCE) U €CIIH CUTyalus C
paspemierneM XKK-MOHUTOPOB MEHSETCS B JyYIIYIO CTOPOHY, TO O TOH-
KO HACTPOMKE LBETOBOM TEMIIEPATYPhl Y HUX TOBOPUTH HE PUXOAUTCS.

Opnaxo B otnmune ot DJIT, rae ymydiieHne XapakTepUCTUK IIPOHC-
XOOUT OJjarofapsi MOCTENICHHOMY COBEPIICHCTBOBAHHMIO TEXHOJOIHH,
pa3BUTHE TUIOCKUX WHAWKATOPOB MPOUCXOJUT HEPEIKO CKaYK00OpasHo,
Oyarofiapsl TOSIBICHUIO COBEPILICHHO HOBBIX, NMEPCIEKTUBHBIX TEXHO-
JIOTHUH.

* Kauectso HM300payKeHHUs IPUHATO OLIEHMBATH 0 YUCIY NMAKCEIIOB HAa OJHH IIOHM.
ITukcens (cokpamenHo OT cioB picture cell) — amemMeHT M300paKEeHUs MPEICTABIAET
co00i eAMHUIlY W3MEPEHHS Pa3pelIeHUs] SKpaHa (MOHHUTOPA) WM MEYaTHOro M300pa-
JKEHUSI U COOTBETCTBYET OTACIBHOW CBETSAIICHCS TOUYKE, LIBETOM M SIPKOCTHIO KOTOPOM
MOJXKHO YIpPaBJIsATh. J{Jisl OLEHKH KayecTBa M300pakeHHsI BBEACHA SIMHUIIA T10] Ha3Ba-
aueM dpi-dots per inch — KoJHYECTBO MUKCETICH HA OJIHH JTIOUM.
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OnmHuM 13 Hanbosiee MHOTOOOCHIAIOMINX BAPHAHTOB, C TEXHOJOTHU-
YECKOW TOUKM 3peHus, sBisercs 3ameHa B JKK-skpanax amopdroro
KpPEMHHSI Ha MOJHKPHCTAJUTMUECKUH. JTO TaeT BO3MOXKHOCTh CHU3UTH
pasMep TPaH3HUCTOPOB (HA MATPHIIE), YTO MO3BOJISICT YBEIUUUTH pa3pe-
HIEHUE DJKpaHa, CHU3UTHh DHEPronoTpediieHHe, YBEIHYUTh CKOPOCTh
n3o0pakenus. Kpome toro, yBeamyuBaeTcsi pabo4yMii TOK TPaH3UCTO-
POB, a CIe0BaTeIbHO, YMEHBIIACTCS BPeMs IEPEKITIOUCHUS TPAH3HCTO-
pOB, T.€. CHHXKAeTCs MHEPIIMOHHOCTh Ha Urpax W BHJEO. M, HakoHer,
Onarogaps yMEHBLICHHIO Pa3MEpOB TPAaH3HCTOPOB MOSBISIETCS BO3-
MOXHOCTBh CO3[aBaTh JIOTHYECKUE W YHPABISIOIINE LENU NPSIMO Ha
MOJUIOKKE, YCTPOWCTBO CTAaHOBHUTCS Ooliee HAJEKHBIM Oyarogaps
YMEHBIICHUIO KOJMYECTBA KOMIIOHEHTOB M 3TalloB COOpPKH IaHENeH.
[Ipoucxonsatr oOMmMpPHBIE HCCIENOBAaHUS W B APYTMX HAIpPaBICHUSIX B
pamkax pa3Butus texHoiorun XKK-naneneit.

Konkypennust Ha peiake JKK-auciieeB HaCTOIBKO YCHITMBACTCS, YTO
HEKOTOpbIE KOMITAHWU MEPEKITIOYA0TCsl Ha MPOU3BOJICTBO JPYTHX IIep-
CTIICKTHBHBIX TAHEJe, B MEPBYIO OYepelb Ha OCHOBE OpPraHUYECKUX
ceeronuonoB (OC/] — OLED-Organic electroluminescent diods), Heop-
TAaHUYECKUX DJIEKTPOIIOMUHECHEHTHBIX JUCILICEB, CBETOMIITYUYAIOIINX
MOJIMMEPOB H T.II.

[Ipn mcronb30BaHWM MOHHTOPOB JJISl BBOAA HMH(OpMALUH, KpOMeE
OTMEUEHHOHN BBINIEC KIIABUATYPHI, NPUMEHSIOTCS €Ille JBa THMA YCT-
pOHCTB, OBHIMAIIUX 3))EKTHBHOCTH PabOTHI OJIB30BATENS:

YCmpoucmea npsamMo20 YKA3aHusi, TIO3BOJISIOIINE OCYIIECTBISATH
BBOJI, HEMIOCPECTBEHHO YKa3bIBasl MOJIOKEHHE TOUYKH HA dKpaHEe MOHU-
TOpa; CroJIa OTHOCATCSI CBETOBOE IEpO (BHYTPH KOTOPOTO HAXOJIUTCS
(hOTO37EMEHT, pearupyromuil Ha OCBEIICHHOCTh 3KpaHa), a TAKXKe CeH-
COpHBIE dKpaHbI (Tau-CKpHH, touch-screen), MO3BOJSIONINE TOIH30BATE-
JIIO IaBaTh yKa3aHUsl KOMITBIOTEPY, MPUKACASICH MAbIEM K dKpaHy;

YCMpOUCcmea KOoC8eHHO20 YKa3aHus, TIO3BOJISIIONINE 3a7aBaTh KOOp-
JMHATBI TOYEK HA HKpaHe ¢ MOMOIIbIO TpaQUUecKHX TUIAHIIETOB, PhIya-
roB co cdepoii (JKOUCTUK) U T.1I. (HanOoJbIIee pacpocTpaHeHHEe To-
JYYUIIA YCTPOMCTBA THIIA «MBIIIBY, OHH TPEJHAa3HAYCHBI U OBICTPOTO
nepeMeIeHrs Kypcopa (CHelUalIbHOTO YKa3aTells, CBETSIEeHCS TOUKH
9KpaHa) B IOOYIO TIO3WIMIO JKpaHa W BKIIOYCHHS ONPEICICHHBIX
(GyHKIMI B yKa3aHHBIX TOYKAX, «MBIIIb» MEPEeMEIIaeTcsi 1Mo JIF00oH
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IJIaJKOM TOPU30HTAIBHON IMOBEPXHOCTH; HECKOJIBKO KHOIOK, HMMEIO-
IIMXCS Ha €€ MOBEPXHOCTH, aHAJOTHYHBI 110 CBOEMY Ha3HAYEHHIO 4acTo
ynoTpeOsieMbIM KIaBHIIaM KJIaBHATYPHI).

2.3. Tunsl 1 XapaKTepUCTHKH KOMIIBLIOTEPHOH rpagukun

CoBpeMeHHbIE KOMITBIOTEPBI BCE MIMPE MPUMEHSIOTCS JIJISl TIOCTPOe-
HUSI U300pakeHUH (PUCYHKOB), UCIIOJIB3YEMbIX B HAYYHBIX HCCIIEIOBA-
HUSIX; Ui HATJISJHOTO TIPENICTAaBICHHS PE3YJIbTAaTOB; B KOHCTPYKTOD-
CKMX pa3paboTKaX, TPEeHaKepax, KOMIBIOTEPHBIX WUIpax; B WHKEHEp-
HOM, M3IaTENbCKOM, PEKIAaMHOM J1elie M Apyrux obmactsx. Komrmsro-
TepHas rpaduka CIIy>KUT OCHOBOH anumayuu, oJ KOTOPOH OHUMAETCS
U3MEHEeHUE BUAA, (POPMBI, pa3MepoB, pacloOKEeHHsT 0OBEKTOB Ha JK-
pase, coznaromniee 3G GeKT MyIbTHIUIMKALUHU. Pa3IuyaroT Tpu OCHOBHBIX
TUIAa KOMIBIOTEPHOH rpaduKu: pacTpOBYIO, BEKTOPHYIO M (paKTalib-
Hyl0 rpaduky. OObIYHO 0c000 BBIAEHSAIOT emie TpexmepHyio (3D —
three-dimensional) rpaduky Kak cpe/ICTBO MOCTPOSHUSI OO BEMHBIX H30-
Opaxenuii. [lo HBETHOCTH pa3nUYalOT YEPHO-OETYI0 M LBETHYIO KOM-
MBIOTEPHYIO rpad UKy, a Mo 00JacTsIM MPUMEHEHUS] — HHXCHEPHYIO, Ha-
YUHYI0, JEJIOBYIO, UTPOBYIO (pa3BiIeKaTEIbHYI0) KOMIBIOTEPHYIO TI'pa-
UKy, KOMIIBIOTEPHYIO HOMUTPadHIO U APYTHUE THIIBL.

B pacmposoii epagure nzo0paxeHne cTpoUTCs KaKk MHOXKECTBO TO-
YeK, TaK Ha3bIBAEMBIX MHUKCENOB. [{uxcen (COKpalleHHe OT CJIOB picture
cell — ameMeHT nM300paskeHHs1) MpeacTaBiIsieT co0oi eTUHUILy M3Mepe-
HUsI paspelieHusi SKpaHa (MOHUTOpPA) WIM NEYaTHOTO M300paXKeHUs U
COOTBETCTBYET OTIEIBHOW CBETAIIEHCS TOUKE, IBETOM M SPKOCTBIO KO-
TOPOI MOXHO YHpaBisATh. PacTp skpaHa MOHHTOpa ¢ AMaroHaibio 20-
21" moxet conepxkatb oT 0,3 MaH 10 3 MIH nukcenoB. [lockonbKy HU30-
OpakeHHE MOXET OBbIThb IIBETHBIM, Ul KOJUPOBAHUS OIHOTO MHKCEJa
MOJKET oTpeOoBaThCs 10 Tpex OaiT uHdopmanuu. Ha Bech 3kpaH, ciie-
JIOBaTeIbHO, MOXKET ToTpedoBarbes oT 1 1o 10 Moaiir, T.e. BecbMa 3Ha-
YUTEIbHBIH 00beM, HO M300pakeHHE, TEM HE MEHee, MOXKET OBITh J0-
BOJIbHO TpyObIM. KauecTBo N300pakeHuit MPUHATO OLEHUBATH 110 YUCITY
nukcenoB Ha 1" anuHbl. ExuHUIy Takoro m3MepeHus Ha3bplBaloT dpi —
dots per inch. [[ns raseTHeIX WiUTIOCTpanuid JocTaTo4HO OKosio 70 dpi,
JUTs TIOJHOIBeTHOW moswurpaduydeckoi nedatn — 200-300 dpi, ans ¢o-
TO3KCIIOHUPYIOIIMX YCTPOUCTB mpodecCHoHaNbHOro Kiacca — 2500 dpi,
TOTAa KaK 3KpaH MOHHUTOpa OOBIMHO OOECIe4YMBAET JIMIIb HECKOJIBKO
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necaTkoB (Hanpumep, 70) dpi u paccTosiHEEe MEXAY COCEIHUMH TOUYKa-
MU 0Ko0Ji0 0,25 MM, YTO HEIOCTATOYHO ISl MOJIyYEHHS H300pakeHUH
BBICOKOT'O Ka4eCTBa.

[Ipu pactpupoBaHumM H300paXxKeHHs] HA HETO Kak Obl HAKJIAJbIBACTC
CeTKa JIMHUH, pa30uBaloIias ero Ha KBaJpaTHbIe sS4elku. Yncio TMHUHA
Ha moiim Lpi (Lpi — lines per inch) HaseiBaercs aunuamypou. Jns na-
3€pHBIX MPUHTEPOB PEKOMEHIyeMas TMHUATYpa cocTapiseT 65-100, mist
raseT — 65-85, s KHUT U )KypHaJIOB — 85-133, 11 Xy10’)KECTBEHHBIX U
pexiamMibix paboT — 133-300. VHTEeHCHMBHOCTD TOHA, Tak Ha3bIBacMas
ceemioma, OTMpeeNsieTCs] YNCIOM To4eK (TIMKCENIOB) B sUEeHKe pacTpa.
Jns yenoBeueckoro ria3za pekoMeHayercs 256 ypoBHEH TOHa, T.€. B
siaeliKe JTOJDKHO ToMernatbes 1o 16%16 = 256 mukcenon. s n3meHe-
HUSI YPOBHS TOHA MOXKHO TaKKe U3MEHSATH pa3Mepbl MMUKCENOB; MaKCH-
MaJIbHBIN pa3Mep MMUKceIa paBeH, OUeBUIHO, pa3Mepy sSUeHKH pacTpa.

PactpoBas rpaduka mo3BoJsieT CTPOUTh U300paKEHHUs OUYEHb BBICO-
KOTo Ka4yecTBa, HO, KaK BUIHO U3 MPHUBEIEHHBIX OLIEHOK, JIJIS 3TOTO Tpe-
OyeTcs oueHb OOJBIION 00BEM KOMITBIOTEPHOUN TaMATH (HanpuMmep, st
JKypHaIBbHOH niumoctpanmu — 10 130 Mo6aiit u 6onee). [lomumo 60ib-
IIMX 3aIPOCOB Ha MaMsATh, HEJOCTATKOM PAaCTPOBOM IpadUKH SIBISIOTCS
TPYAHOCTH YBEIMUYEHHUS] M300pakeHHs s aHanu3a ero aeraieit. Ilo-
CKOJIBKY TPH YBEJIMYEHUH 00bEM 3arlacCeHHONW MH(POPMAILIUH COXPaHsACT-
cs1, TO 0€3 NPUHATHS CIEHUATBHBIX MEP YBEIHMUCHHE H300paKEeHUS IPH-
BOJIUT JIMIIb K TaK Ha3bIBAEMOU nuxcenusayuu — yKpymHEHHUIO OTAEIb-
HBIX ITUKCENIOB C COXpaHEHHEM UX YHCIEHHOCTH. M300paxkeHue craHo-
BUTCSl Bce Ooliee «3epHHUCTHIMY» ((oTorpaduvecKkuii TEPMHUH), TPYObIM,
uCcKakeHHbIM. Cria)XrBaHUe NMUKCEIN3aUH IIPEJICTaBIsIeT COO0H camo-
CTOSITENIBHYIO POOIIEMY.

Ecny 0OCHOBHBIM 31EMEHTOM PAacTPOBOH Ipad)KH SBIISETCS TOUKA, TO
B 8eKMOPHOIU 2paghuke OCHOBHBIM 3JIEMEHTOM SIBJISIETCS JIMHUS (TIpsMast
win kpuBas). O0beM MmamsITH, TpeOyeMblil sl XpaHEeHUsI JINHUH, HE 3a-
BUCUT OT €€ JJIMHBI, TaK KaKk B IMaMITH KOMIIBIOTEpa JIMHUS Tpell-
cTaBisieTcss (OPMYNON ¢ HECKOJbKHUMHM IapaMeTpaMu, a HEe TOUYKaMH.
OOBIYHO OTPaHWYHMBAIOTCS JIMHUSMH HE BBIIIE TPETHETO IMOPSAKA, JUIS
MOCTPOCHHUSI KOTOPBIX JIOCTATOYHO UMETh He Oosiee JEBATH KO3 QHIH-
€HTOB M alcCIMCcChl IBYX KOHLEBBIX To4ek. IIpu m3MeHeHHMH pa3mepa
JMHUU MEHSIOTCS JIMIIb MapaMeTpbl, a O0beM MaMSITH COXpaHseTcs.
JluHUM WMEIOT cBOMcTBa: (GOpPMY, LBET, TOJIIWHY, TN (CIUIOLIHBIE,
LITPUXOBbIE, MYHKTUPHBIE U T.1.). s coXpaHeHus: OAHOM JIMHUM JOC-
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taTtouHo 20-30 OaiiToB onepaTHBHOHN maMsATH. 3aMKHYThIC JTUHUU HMeE-
I0T CBOMCTBO 3allOJHEHHA. 3allOJHEHUE OMMCAHHOIO JMHHEH KOHTYpa
MOJKET OBITh BBITIOJHEHO IIBETOM (HECKOJIBKUMHU IIBETAMH) MU TEKCTY-
poii (y3opom). KoHIIBI TUHUU — Y3JIbI, KOTOPBIE TAKXKe 00JIaJat0T CBOM-
CTBaMH, HallpUMEP MOTYT ObITb TOYKaMHM, KpY)KKamH, KBaJpaTHKaMH,
pasM4HbIMU QUrypkamu. Ha sKkpaH JIMHHS MO-TIPEKHEMY BBIBOIUTCS
TOYKaMH (TaKOBbI 0COOEHHOCTH MOHHUTOPA), HO KOOPJMHATHI 3TUX TOYCK
BBIYHUCIISIIOTCA, @ HE XPaHATCS B IaMSATH KOMIIBIOTEPA.

JluHuS — BNEeMeHTapHBIN, MPOCTEHIINI 00BEKT BEKTOPHON rpaduKy.
[pocreiitme 00BEKTH MOTYT OOBEMHATHCS B 00OJIee CIOXKHBIE, HAIPH-
Mep IUIOCKHE U 00beMHbIe GUrypsl. TUIHMYHBIE OOBEKTBI COXPAHSIOTCS
B MaMSTH KOMIIbIOTepa. BekTopHas rpaduka mo3BOJSIET JIETKO yBEH-
YMBaTh M300paKEHNE WIIM €r0 (parMeHTHl, HallpUMep TUIaH JoMa HIIH
KBAapTHUPBI, YEPTEK MEXaHU3Ma WK CXEMBI C COXpPaHEHHEM UX Ka4eCTB:
MOYKHO TIOBOPaYMBaTh HM300pa)KEHMsS, COBMEIIATh UX, M3MEHSTH YIOJ
3peHusi, COBEpIIaTh APYrue MaHUMyIAuuu. [Ipu 3TOM HCHOIB3YIOTCS
HEKOTOpbIE MaTeMaTHYeCKHE OCHOBBI BEKTOpPHOU rpadukm. [daxe moc-
TAaTOYHO CJIOKHBIE KOMIIO3HMIIMH, COAEPIKAIINE THICSYM OOBEKTOB, pac-
XOAYIOT JIMIIb AECATKU M COTHU KMI00alT namsitu. BexkropHas rpaduxa
Majo MpUrofHa Ui CO3MAaHHSA XYyJOKECTBEHHBIX H300paKEHUH U
OOBIYHO MpUMEHSETCS B OQOPMUTEIBCKUX, UYEPTEKHBIX, MPOCKTHO-
KOHCTPYKTOPCKHX paboTax, CUCTEMax aBTOMAaTH3HMPOBAHHOTO MPOEKTH-
poBaHUA (HampUMep, apXUTEKTYPHOI'O NMPOEKTHPOBAHUS) M aHAJIOTHY-
HBIX MPUIIOKESHHUSAX.

@Dpaxkmanvhas epaguxa, Kak U BEKTOPHAsl, TAKXKE BBIUUCIIIEMAs], HO
B HEl B MaMATH KOMIIbIOTEpA HE COXPAHSIOTCS HUKAaKHE OOBEKTHI, a
XpaHsTcs JUiIb UX GopMyisl. M300pakeHre CTpOUTCS COTJIACHO YpaB-
HEHMIO WM CHUCTEME ypaBHEHHHA. MeHss K03 (UIHEHTHI (TapaMeTphl)
YpaBHEHUH, MOXKHO TOJIyYUTh APYroe n3oopaxkeHue. XapakTepHas 0co-
OcHHOCTH ()paKTaNbHOW rpaduKu — HACJIe0BaHue cBoicTB. Hampumep,
(pakTanbHBIl TPEYroJbHUK (TOYHEE, ero (OPMYNBI) — MPOCTEHIIHIA
¢pakTanbHeli 00bEeKT. MOXHO MOCTPOUTH TPEYTONBHUK IPYTrOro pas-
Mepa ¢ COXpaHEHHEM CBOMCTB MCXOJHOTO (HarlpuMep, paBHOCTOPOHHHI
TPEyroibHHK). TakuM IyTeM MOKHO CTPOUTH U300pakeHus] HeOOBIYHO-
ro BUJAA: JAEKOPATHBHBIC Y30Pbl, OPHAMEHTHI, MMEIOIIUE OYEPTAHUS
CHEKUHOK, KPUCTAJIIOB, JINCTHEB, CIOKHBIX TEOMETPUIECKUX QUTYP.

Tpexmepnas epaghuxa MUAPOKO TPUMEHSIETCS B TAKUX 00JIACTAX, KaK
Hay4HbIE pacyeThbl, MH)KEHEPHOE MIPOSKTUPOBAHIE, MOJEIUPOBaHue Qu-
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3UYECKUX MPOIECCOB M TEXHUYECKUX OOBEKTOB, a TAKXKe B 00YJArOIINX
CUCTeMaxX W «WHAYCTPHUU pa3BiedeHuit» (urp). s cozmaHus Momenu
TPEXMEPHOTO OOBEKTa HCIIONIB3YIOTCS 2eomMempuyecKue npumMumugbl
(xy0, mapajuiesenure, map, /UIMICOU, KOHYC U Jp.) ¥ TJaJKHe I0-
BEPXHOCTH, OTHCHIBAEMbIE KYCOYHO-TIAJKUMHA OUKYyOWYECKUMH IIOJIH-
HOMaMmu. BuJl OBEpXHOCTH 3aJ]a€TCsl CETKON PAaCIOJIOKEHHBIX B MPO-
CTPAHCTBE OMOPHBIX TOYEK. YUACTKH MOBEPXHOCTH MEXKIY OMOPHBIMHU
TOYKAMH — TPaHUIBI 00bEKTa, KOTOPhIE OONAAr0T Pa3IUYHBIMU CBOM-
CTBAaMH U MOTYT OBITh TJIAJKUMH, HIEPOXOBATHIMH, TPO3PaYHBIMHU, He-
MIPO3PaYHBIMH, 3€PKATHHBIMA U T.II. B COOTBETCTBHHU C 3TUMHU CBOWCT-
BaMU MMOBEPXHOCTH 3aKPAIUBAIOTCS TEM WJIM UHBIM cItocoOoM. JIBike-
HUE OOBEKTOB M aHUMAIIHS BOCTIPOM3BOISATCS IBIKECHUEM T€OMETpHYe-
CKHMX TPUMHUTHUBOB M OMOPHBIX TOYEK IO 3aJlaHHBIM 3akoHaM. J[s mo-
CTPOCHMSI TPEXMEPHBIX M300paKCHUN U aHUMAIIMKM MCIIOJIB3YETCS J0C-
TATOYHO CJIOXKHOE aliTOPUTMUYECKOE U MPOrpaMMHOe oOecrieueHue.

IIBeTHOCTP HM300paKEHMSI XapaKTEPHU3YEeTCs] IIBETOBOM MOJCIBIO U
[BETOBBIM paspelneHueM. [1o ysemogou modeavio TOHUMAIOT CIIOCO0
paszeneHus [BeTa Ha OCHOBHBIE IBeTa. B Hamboee mpocToil 1IBETOBOI
MOJIETH, UCTIOJb3yeMO B MOHUTOPAX M IBETHBIX TEIEBU30pax, JHO00
[[BET CYUTACTCS COCTOSIINM M3 TPEX OCHOBHBIX KOMIIOHEHT: KPAacHOTO,
3€JIEHOTO W CHHETO I[BETOB, CMEIIAHHBIX B OIPEIEICHHON MPOIOPIIUH.
CoBMelieHrne TpeX OCHOBHBIX KOMIIOHEHT B PaBHOW MPOHOPIIMH JAeT
Oeuplit 11BeT. B Takoil MoAenu IBET SYEHKH pacTpa MOXKHO M300pa3uTh
BEKTOPOM, UCXOJSIINM U3 Hadalla KOOPAMHAT B IPOCTPAHCTBE TPEX OC-
HOBHBIX IBETOB. [Ipu 3TOM MpoeKnuu BEKTOpa NalOT OTHOCHTEIHHBIN
BKJIaJ] OCHOBHBIX IIBETOB, 4 €r0 MOJyJb — MHTEHCHBHOCTH IBeTa. K
TPEM OCHOBHBIM I[BETaM OOBIYHO JNOOABISIOT IS ya00CTBa €IIe Yep-
HBII 1[BET (LIBET 3KpaHa). IMEIoTCs U IpyTrue BETOBBIE MOICITH.

Ilonx ysemosvim paspeuwienuem, KOTOPOE HAZBIBACTCS TAKKE 271YOUHOU
yeema, TOHUMAETCSI METOJT KOAMPOBaHHS 11BeTOBOI uHpopmarmu. U ot
HEro 3aBHUCUT, CKOJIBKO IIBETOB HAa IKpPaHE MOXKET BOCIPOU3BOIUTHCS
oHOBpeMeHHO. Tabmuia JaHHbBIX, B KOTOPOH XpaHUTCS WHGOpPMAIUS O
TOM, KaKuM KOJIOM 3aKOJHUPOBAaH TOT WJIM MHOUW I[BET, HA3BIBACTCS lGe-
moeotl narumpou. Eciu Ha KOAMPOBaHHME IBETa OTBOAUTCS 1 OWT WMH-
(hopmaruu, u3o0paxkeHre OyneT ABYXIBETHBIM (YEepHO-OENBIM); OJUH
OaifT nH(MOpPMAITUK TIO3BOJISET 3aKOAUPOBATH 256 IBETOB, ABa OalTa —
65536 uBetoB (Tak HazbiBaeMblil pexkxuM High Color), Tpu Gaiita — oko-
1o 16,5 mmH 1BeToB (pexxum, HaspiBaeMblii True Color). B mocnemnem
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Cllydyae Aj1sl KOJUPOBaHUS KaKIOro U3 TPEX OCHOBHBIX IIBETOB OTBOJIMUT-
cs onuH Oaiit unpopmauun. Ilpu pabore Bo BcemupHOi cetu Internet
UCTIOJIB3YETCSl TaK Ha3bIBacMasl «Oe30nacHas naiumpay, cojepikanias
Bcero 216 11BETOB U JKECTKO 3a4aroIasi UX KOABI, a IIOATOMY MPUTOIHAS
JUTS IFOOBIX KOMIIBIOTEPOB, MOAKIIIOYEHHBIX K CETH, B TOM YHUCIIE HE CO-
BMmecTuMbIx ¢ IBM PC.

2.4. ApXuTeKTypa KOMIbLIOTepOB, MOHATHE 00 HHTeppeiicax
¥ UX Pa3HOBHIHOCTH

bonbioe 3HaueHNEe UMEET KOHIENINS B3aUMOCBA3H OTAEIbHBIX Yac-
Tell KOMIBIOTEpa, CTPYKTypa WM (KaK 3TO MPUHATO Ha3bIBaTh B WH-
(opmaTrke) apXUTEKTypa BBIYHUCIUTENHFHON CHUCTEMBL. APXHTEKTYypa
KOMITBIOTEPa 3HAYUTENHHO BIHSIET HAa MPOW3BOJUTENLHOCTh H dPQeK-
TUBHOCTb UCIOJIb30BaHMSI BEIYACIUTEIbHBIX MAIIHH.

Tepmun «apxumexmypa xomnwvlomepa» ObUI BBeieH B Hadaine 60-x
TOJIOB TPOIIJIOT0 BEKA OHOM M3 TPYII CIICIUATUCTOB B 00JIaCTH KOM-
neioTepoB ¢upmel IBM. O mnpennasHavasncst i ONHCAaHUS 0OLIei
nporpaMMHoii Mozenu cemeiictea IBM 360 na ypoBHe s3bIka AccemO-
Jep, CeMENHCTB KOMITBIOTEPOB OJMHAKOBON apXWUTEKTYpPBI C TOYKU 3pe-
HUS TaHHOTO S3BbIKA. APXUTEKTYPY KOMIBIOTEPA WM BBIUUCIATEIBHON
CHCTEMBI CleyeT NOHUMATh KaK CUCTEMY OCHOBHBIX (DYHKIIMOHAIBHBIX
CPEJICTB, AOCTYIHBIX IOJIb30BATENI0, ¥ TMPUHIIUIIOB OpraHU3aIlud Mpo-
necca o0OpaboTku uH(popManmu. B HEKOTOpHIX ciydasx, TOBOpS O
CTPYKType (apXUTEKType) MEePCOHATBHBIX KOMITBIOTEPOB, YHOTPEOIsSeT-
Csl TEPMUH «aHATOMUS KOMITBIOTEPAY.

B coBpemeHHO# nuTepaType TEPMUH «apXUTEKTypay» YIMoTpedseTcs
B Pa3JIMYHBIX KOHTEKCTaxX, HAIPUMED, IJIs1 TEOPETHUECKON Kiaccugpuka-
muu crnocoba o0paboTku JaHHBIX (apxuTekTypa (on Heiimana, mapan-
JIeTIbHAST apXUTEKTYypa, HEUPOKOMIIBIOTUHT, HEUTPOHHBIM KOMIIBIOTHHT,
KBaHTOBBIE KOMIIBIOTEPHI, OHOKOMIbIOTepsl Ha ocHoBe J|HK-moruxw,
MOJIEKYJISIPHBIC BBIUMCIICHHS Ha OCHOBE MOJIEKYJISPHOM JOTMKH M T.IL.),
JUTSL ONpEZIeTICHUs] IPHHITUIIOB OpTaHU3aliK ¥ (YHKIIMOHUPOBAHUS BbI-
YUCIUTENbHBIX cucTeM (apxutektypa IBM EISA, kmaccudeckas apxu-
TEKTypa, XxaboBas apxuTektypa, apxurekrypa DEC AXP u T.11.).

IIpexae yeMm mepeiTH K ONMHCAHUIO Pa3IM4YHBIX CTPYKTYp HOCTpOe-
HUSI KOMITBIOTEPOB W TUHAMUKH Pa3BUTUSL aAPXUTEKTYpPhI, HEOOXOAUMO
OTMETHTh, YTO B JIOOOM KOMIIBIOTEpE UMEETCS €Ile OJUH ammapaTryp-
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HBIH OJIOK, HE yKa3aHHbBIM Ha cxeMe pHc. 2.2 ¥ UMEIOLIUA HeOCPEeACT-
BEHHOE OTHOIIIEHUE K CTPYKTYpE KOMIIBIOTEPA.

HenocpencrtBeHHOe NPUCOEANHEHHE PAa3IMYHBIX (YHKIIMOHATBHBIX
anemenToB (YBB u OII) k neHTpassHOMY MPOLIECCOPY OCYIIECTBISAETCS
yepes ornpeaesiCHHbIe TOUYKH, UMEHYEeMbIe TOUKaMH CONPSKEHUS! (CTHIK).
[Tockonbky Bce Tpu ocHOBHBEIX Oyioka komrbiotepa (OI1, LIIT u YBB)
UMEIOT Pa3JINYHbIE XapaKTEPUCTHKU CBOUX BBIXOJHBIX IMapaMEeTpPOB, TO
Ui 00ecreyeHrs UX COBMECTUMOCTH HEOOXOIMMO €IIe OJHO YCTpPOH-
CTBO, pemaromiee 3TH 3aaa4u. COBOKYITHOCTh CPEACTB, 00eCHeunBaro-
IIUX JIOTHYECKHE, dJEKTPUIECKIEe U KOHCTPYKTUBHBIE YCIOBUS COBMEC-
tumoctd LI 1 QyHKIMOHANBHBIX YCTPOHCTB B TOUKAX COMNPSDKEHUS H
UX B3aUMOJACHCTBHS, MOMY4YHJa HA3BAHHE CPEACTB COMPSDKEHHS, HIIH
unmepeetica.

B kadecTBe 102uueckux ycaosuil JOHKHBI ObITh 3a1aHbl BUIBI CUTHA-
70B (aApecHble, HHPOPMALIMOHHbIC M YIIPABJISIIOIINE) U UX KOJIHYECTBO,
cucTeMa KOAUPOBaHUs U popMa nepeadn JaHHBIX, (GYHKIIUU aJpeCHBIX
Y YIIPABIISIONIUX CUTHAJIOB U T.II.

B kadectBe anexmpuueckux ycroguii 00ecrieueHHss COBMECTHUMOCTH
3aJal0TCsA 3HAYCHUE HANpPsDKEHUH (JIOTMUECKUX) JBOMYHBIX CHUTHAJIOB,
BpPEMEHHBIE TTapaMeTpPhbl 3THX CHUTHAJIOB, HATPY304YHAs CIIOCOOHOCTH MO
BXOJy Y BBIXOJy CONPATAEMBIX LENEN U T.1.

K xoncmpyxmusnvim ycrogusm odecriedeHus] COBMECTUMOCTU OTHO-
CATCS KOHCTPYKTHUBHBIE COENMHEHHsS (THI pazbeMma), paclperesieHue
KOHTAaKTOB B Pa3bEMHOM COEIMHEHUH, JOMyCTUMBbIEC TUIIBI Kabesns U JIp.

B oredecTBeHHOI NpakTHKe IS ONMHUCAHUS COBOKYIHOCTH CXEMO-
TEXHUYECKUX CPEICTB, 00ECIEUMBAIOMINX HEMOCPEICTBEHHOE B3aUMO-
JIECTBUE COCTABHBIX JIEMEHTOB CUCTEM OOPa0OTKU JaHHBIX (KOMITBIO-
TEPHBIX CETEH, CUCTEM MepeAayy JaHHbBIX), IIOACUCTEM NepudepuitHOTO
00OpYIOBaHMS, HUCIOJIB3YIOTCA TOHATHS «UHmMepgheucy, «Ccmuik» Hu
KIPOMOKO.

Ilon cmanoapmueim unmepgheiicom TOHUMACTCS COBOKYIHOCTh
YHA(UIUPOBAHHBIX, allllapaTypHBIX, IPOrPAMMHBIX 1 KOHCTPYKTUBHBIX
CPEJICTB, HEOOXOMUMBIX JIJISI Pean3aluil B3auMOJCHCTBHS Pa3THIHBIX
(yHKIIMOHAIBHBIX AJIEMEHTOB B aBTOMAaTHU3UPOBAHHBIX CHCTEMax cOopa
1 006pa0oTky HHGOpMALKHU MIPH YCIOBUSIX, MPEANUCAHHBIX CTAaHAAPTOM
Y HaIllpaBJICHHBIX Ha oOecrieyeHrne NHPOPMALIHOHHOM, AEKTPUIECKOH 1
KOHCTPYKTHBHON COBMECTUMOCTH.
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Cmulk — MECTO COEIUHEHHUS YCTPOMCTB Nepeiayl CUTHAIOB JaHHBIX,
BXOASIIMX B CHCTEMY INEpeJadd NaHHBIX. JTO MOHITHE HCHOJIb3YeTCs
BMECTO TMOHATHUS MHTepdeiica Il onucaHus YHKIUH U CPEICTB CO-
OpPSOKCHUST DJIEMEHTOB CPEACTB CBSI3M M CUCTEM TIepellavyd JIaHHBIX
(CILD).

Ilox npomoxonom MOHUMAETCS CTPOTO 3aJlaHHAas MPOLIETypa UK CO-
BOKYITHOCTH TIPaBHJI, PETIAMEHTUPYIOIIAsi CIIOCOO BBITIONHEHHS OIpe-
JeNeHHOro kiacca (yHKuuil. B3ammocBs3p moHsaTHH uHTepdeiica u
NPOTOKOJIa HE BCEr/a OJHO3HAuHA, TaK KaK MPaKTHYECKH 000 WH-
Tepdelic conepkuT B OOMNBIIEH WM MEHBIIEH CTENICHU JIEMEHTHI MPOo-
TOKOJIa, onpeAessieMble IpoLueaypaMi U (QyHKIHOHAJIBHBIMH XapaKTe-
pucTtukamu uHTEepdeiica.

OcHoBHOE HazHaueHHe MHTEP(EHCOB, CTHIKOB U MPOTOKOJIOB — YHU-
(uKanyst BHyTPUMAIIMHHBIX CBSI3CH.

PaznuuatoT HeCKOJIBKO BUIOB HHTEPQEHCOB:

cucmemublti (GHympucucmemHwiil), TPESACTABIISAIOMNNA cOO00H COBO-
KYITHOCTh YHU(QHUIMPOBAHHON MarucTpasiv JUisl iepeaadr HHPOpMaIuu
3NEKTPOHHBIX CXEM, CIYXKALIUX AJSl COTIACOBAHUS, MPeoOpa3oBaHusl U
yIOpaBlieHUs CUTHAJIAMH HAa MaricTpajd, a Takke YHHU()UIUPOBAHHBIX
aNropuTMOB (IIPOTOKOJIOB) 0OMEHA HH(pOPMAIMEH MEKIY OTACIbHBIMU
yCTpOHCTBaMHU KOMIBIOTEPA;

nepugeputinozco 060pydosanus, BKIIOYAIOINN YHUBEpCaIbHbIE (K
HUM MOXXHO OTHECTH Pa3IMYHbIC THUIBI MapajUle]bHBIX U TOCIIEI0Ba-
TEJIbHBIX) U CTICIIHATM3UPOBAHHbBIC HHTEP(EHCHL;

NPOCPAMMUPYEMBIX NpUudOpos, CIyKAIWi A TOAKIIOYCHUS He-
CTaHIApTHOH anmaparypbl, HK3MEPUTEIbHBIX U YIIPABISIOMUX CUCTEM;

MA2UCmpanbHO-MOOYIbHbIX, MUKPONPOYECCOPHLIX CUCTIEM;

JIOKATIbHBIX 8bIYUCTUMENbHBIX CUCTEM U T.11.

[loHATHS apXUTEKTYpBI, a Takke HHTep(deiica CBSI3aHbl CO CIEAYIO-
HIMMU 3JIEMEHTaMH, BXOJSIIIUMH B COCTAB JIFOOOT0 KOMITBIOTEpA!

JUHUU uHmepghetica — NEKTPUUECKUE LETH, SBISIONINECS COCTaB-
HBIMHU (PU3UYECKUMU CBSI3sIMU UHTEp(etica;

WUHA — COBOKYITHOCTH JIMHHM, CTPYNITHPOBAHHBIX MO (PYHKIIMOHAIb-
HOMY Ha3Ha4YeHHIO (IIMHA ajpeca, IIMHA KOMaH]I, IIMHA JaHHBIX, [HHA
COCTOSIHUS U T.I1.);

Maz2ucmpans — COBOKYITHOCTD BCeX IIMH HHTepdeiica.

KoHCcTpykTHBHO (Kak MpaBWJIO) MarucTpaib — IedaTHas IuIaTa,
oOecrieynBaroniasi COEANHEHNE KOHTAKTOB Pa3bEMOB, C MOMOLIBIO KO-
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TOPBIX K MAarucTpalid MOAKIIOYAIOTCA pa3iu4yHble ycTpoicTBa OBM
(T.e. X UHTEPPEHCHI).

C TOYKM 3peHHs NIMHHOW OpraHW3allid MOXKHO BBIJICIIUTH J[BA THUTIA
apXHUTEKTYyp KOMIbIOTEpa: MAIIWHBI C OJHONIMHHOW OpraHH3aluei
(UNIBUS), umeromme o0rmryro (0gHY) MarucTpaib JUIsl MOAKIIOYEHUSI
BCEX YCTPOWCTB KOMIIBIOTEPA, U MAallMHBI C MHOTOIIMHHON OpraHu3a-
nueit (MULTIBUS) u HECKOTBKUMH MarucTpajsiMy, HaIpUMeEpP MEXTY
HII u OIl omna Maructpans, a mexnay [IY u Il — apyras. Pomona-
YaJIbHUKOM MPOMBILIUICHHOTO BHEAPEHMS OOIIEH IINHBI ABJsieTcs Gup-
ma DEC (Digital Equipment Corporation) u npuMeHsieTcsl OHa, KaK Ipa-
BWJIO, B MHHH-, MUKPOKOMIIBIOTEPAaX U NEPCOHAIBHBIX KOMIIBIOTEPAX,
T.€. HEIOPOTHX MAaIIMHAX, HIMEIOLUINX HEBBICOKYIO TPOU3BOAUTEIBHOCTD.
Takast apxUTEKTypa OYeHb TPOCTa U YAOOHA C TOUKH 3pPEHHUS MPOrpaM-
MUPOBaHUS, TaK KaK BCE YCTPOHCTBAa KOMITBIOTEpA HAMPSIMYIO CBS3aHBI
MeXTy cO00H (KaXKIbIN CBS3aH C KaXK/BIM).

MHoromvHHas opraHu3alys NPUMEHSETCS B OOJIBIINX KOMIIbIOTE-
pax, a Takke B YKa3aHHBIX BBIIIE MUHH- U MHKPOKOMIIBIOTEPAX TOBbI-
HIEHHOW MPOM3BOOUTENBbHOCTH. Pasmenenue marucrpaieid (Hampumep,
M0 CKOPOCTSM — HHU3KO-, BBICOKOCKOPOCTHBIE U T.II.), 0€3yCIOBHO, yC-
JIOHSAET KOHCTPYKIUIO M yJIOPOXKAET €€, OAHAKO MO3BOJISIET TIOBBICUTH
NPOU3BOJUTENBHOCTE U 3(P(PEKTUBHOCTD HCIOIB30BAHUS KOMIIBIOTEPA U
OTIENBHBIX ero YacTeH.

['maBHBIM CTUMYJIOM Pa3BUTHSI apXHTEKTYPHl KOMITBIOTEPOB SIBIISIET-
Csl TIOBBIIIIEHNE TIPOU3BOAUTENHHOCTH. [I0CKOIBKY KllaccHYecKasi cxema
10 Mepe MOBBIIEeHUs mpousBoauTenbHocty L1 He mpuBoauia x agex-
BAaTHOMY IIOBBILICHUIO NPOW3BOAUTENBHOCTH KOMIIBIOTEPA B LIEJIOM,
notpeboBanoch AajbHEHIIee ee coBeplleHCTBOBaHME. Ha HadanmbHOM
3Tane 3TO OBIJIO CBA3aHO C HEKOTOPBHIMH HOBALMSIMH, O KOTOPHIX Yac-
THUYHO YIIOMHHAJIOCH BBIIIIE.

Takux HOBalUi JBE€ — pacnapaJyIeIMBaHUE U CIEUUaInu3alus. XOoTs
MYJIBTUIIPOTPaMMHasi 00pa0OTKa HE MOMET CUYHMTAThCs, B IIOJIHOM
CMBICIIC, MapayieNbHOM (TaKk KaK B KaKIblH MOMEHT BBIIOJHSACTCS
TONILKO OJ[HA 3aJlada), TeM HEe MEHEee, €€ OTHOCIT K TaK Ha3bIBAEMOMY
JIOTHYECKOMY pacrapaiie]MBaHuIo.

B pamkax ganpHEHIIEro pasBUTHS 3TOU K€ apXUTEKTYpHI Kak O0Jb-
M€ KOMIIBIOTEPHI, TAaK U CaMble IEPBbIE MUKPOIPOLIECCOPBI AJIsl Tep-
coHaNbHBIX KommbioTepoB (Intel 8086) wmcrmons3oBany MOTOUHYIO (MITH
MHOTO(QYHKLIMOHAIBbHYI0) 00paboTKy, KOrza MpH BBHIIIOJHEHUH OYepe.l-
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HOW KOMaHZpbl 4acTh (PYHKUHMOHANBHBEIX 37eMeHToB LIII omHOBpemMeHHO
NPOBOAMT MOATOTOBKY K BBHIIIOJHEHHUIO cilenyromen (3arpysky u3 OIl u
ee nemupoBky). JansHeimee paccnoenue LI cBa3aHo ¢ mosiBiieHUEM
MPOIIECCOPOB BBOJA-BHIBOJA, apU(PMETUUYECKUX MPOLECCOPOB (COIpPO-
LIECCOPOB), IpaUUECKUX, KPHUITOrpapuuecKHUX IPOLECCOPOB M T.II
OnuH U3 crocoOOB MOBBIMICHHS MPOU3BOIUTEIBHOCTH BBIYUCIUTEIb-
HOW TEXHHKH — clieuann3anus (Kak OTACIbHBIX 3JIEMEHTOB KOMITbIOTE-
POB, TaK U CO3[aHUE CIICIMATU3UPOBAHHBIX BBIYUCIUTEILHBIX CUCTEM).

Crenmannsanys nNpoueccopoB Hadanach ¢ 60-X rofoB MpoILIOro Be-
Ka, KOTJ]a IEHTPaJIbHbIH polieccop OOIBITNX KOMIBIOTEPOB OBLIT OCBO-
00XIEH OT BBHIIOJHEHUS PYTHHHOM OIEpaldH IO BBOIY-BBIBOAY HH-
¢dopmannu. Ota QyHKIMS OblIa NepeiaHa MpOoLEccopy BBOAA-BBIBOAA,
OCYIIECTBIISIONIEMY CBSI3b C IEpUPEPHUITHBIMU YCTPOUCTBAMHU.

Bosmoxubl mpu cnocoba cneyuanuzayuu B BBIYUCIUTENBHBIX Ma-
IMHAX:

pacuipeHre CHUCTeMbl KOMaH] YHUBEpPCAIBHBIX KOMIIBIOTEPOB 00-
IIer0 Ha3HA4YeHHs, BKJIIOUYEHHE KOMAaH] BBIYHCIIEHHUS YacTO BCTpeuae-
MBIX (DYHKIMH C BO3MOKHOM almapaTHON pean3anuei;

UCIIOJIb30BaHUE TNEepUPEPUIHBIX HPOLECCOPOB, MOAKIIOYAEMBIX K
YHHBEPCAIbHBIM KOMITBIOTEPAM M PEaTU3yIOIIUX HEKOTOPBIE BBIUMCIH-
TeNbHBIE ONepanuy HezaBucuMmo oT LI, HarmpuMep MaTpu4HbIE IpoLiec-
COpBI, rpaUueCcKue U T.11.;

CO3/IaHHE CIEUHATU3UPOBAHHBIX KOMIIBIOTEPOB WM IPOILIECCOPOB,
CTPYKTypa KOTOPBIX OPHEHTHpOBaHa Ha PEIIeHHE Y3KOro Kjacca 3a1a4y
0O0MBLION CI0XKHOCTH.

Crnenyroniyie apXUTEKTypHbIE HOBALMM CBSI3aHBI C YK€ YIIOMHHAB-
mumcst panee paccioenueM OIL. JlanpHelinee yBeTHdIeHHE TTPOU3BOIN-
TEJILHOCTH MPEIoiaraeT MHOTOIIPOLIECCOPHYIO 00paboTKy.

[Tockonbky OBICTPOAEHCTBIE OJHOMPOLIECCOPHBIX KOMIIBIOTEPOB OT-
paHUUYMBaeTCS (PU3UUYSCKMMU BO3MOXKHOCTSAMHU (CKOPOCTBIO PacIpo-
CTpaHEHHUs IEKTPHUECKUX CHUTHAJIOB), JalbHEHIIee COBEpUICHCTBOBA-
HUE KOMIIBIOTEPOB CBA3aHO M C Pa3BUTHEM HX Iapajuiein3Ma U Iepexo-
JIOM K TaK Ha3blBaeMOM MapauleIbHON apXWUTEKType, BKIIOYEHHEM B
COCTaB KOMITBIOTEPOB OOJIBIIIOT0 KOJINYECTBA OCHOBHBIX (IICHTPAJIbHBIX )
MIPOLIECCOPOB.

B coorBercTBMM ¢ Tak Ha3eiBaeMol kimaccubpukanuein dnuHa
(M. Flyne) BO3MOXKHBI YEThIpE THUTIA APXUTEKTYPHI B 3aBUCUMOCTH OT UX
pacnapanielBaHus:
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apMd METHYE CK A
NpoUgCEop

npoueccop
EOMaHa

1. Monene SISD-koMnewTER A

apHd METHUE CKHA
npougccop 1

NoToK AaHH b 1

apMd METHYE CK A
npoueccop 2

npoueccop
EOMaHI

NOTOK AaHH b 2

KOMaHa

apHd METHYE CK M
npaueccop A
2, Monene SIMD-komneroTepa

NoTOE QAHHEBIX

apMd METHYECKHA
npoueccap A

apHd METHYE CK M
npoueccop 1

NpoLeccop NoToK KoMaHg 2 apMd METHYECKHA NOTOK A&aHH B 2
KOMaHg & npougccop 2

apMd METHYECKHA
npoueccap A

4, Maogens MIMO-konnewTepa

Puc. 2.10. Knaccuduxanus KOMIBIOTEPHBIX cucTeM (Kinaccudukanus Oiuna)

1) 6e3 UCTIONBE30BaHMS MAPAIUICEHBIX BHIYUCICHHH, KOT/Ia OJIHH TMO0-
TOK KOMaH 1 00pabaTeIBacT MOCTYIAIOIINI Ha BXO OJWH IMOTOK JaHHBIX
(OKOJ umm SISD, single instruction, single data stream);

2) HECKOJIBKO MPOIECCOPOB MO OJHOMY aIrOpUTMY (OJHOI KOMaH[IE)
00pabaThIBAIOT OJHOBPEMEHHO HECKOJIBKO TMOTOKOB maHHBIX (OKMJ]
umu SIMD, single instruction, multiple data streams, napasmieiabHast 00-
pabotka);
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3) xoraa oJfuH MOTOK JaHHBIX 00padaThHIBAETCS OOJBIINM KOJIHUIECT-
BOM ITPOIIECCOPOB PA3IMYHOrO (PpyHKIMOHAIBHOrO HazHaueHus (MKO/]
win MISD, multiple instructions, single data stream, xoHBeliepHas ap-
XUTEKTYpa);

4) camasi BBICOKas CTEICHb paclapaUIeTUBaHUs, KOTa MHOXECT-
BEHHBII MOTOK JaHHBIX 00pabaThIBaeT MHOXKECTBEHHBIN MTOTOK KOMaHJ
(MKM/ nnu MIMD, multiple instructions, single data stream, matpuy-
Has apXUTEKTypa).

Ecnu BeimenuThs U3 mpoueccopa (pyHKIMOHAJIbHBIE OJIOKH, OTBETCT-
BEHHBIE 32 JIOCTABKY U MOATOTOBKY KOMaH[, Ha3BaB 3Ty 4acTb MPOLEC-
COpPOM KOMaH/JI, a 4acTh MPOIIeccopa, HETMOCPEICTBEHHO OCYIIECTBIISIO-
myro 0o0paboTKy, Ha3BaTh apU(PMETHIECKUM MPOLIECCOPOM, TO YETHIPE
Pa3HOBUAHOCTU pacmapauICIIMBaHUSA MOXHO MPEJICTaBUTh B BUAE CXEM
(puc. 2.10).

Pa3BuTHe pa3nUUHBIX YpOBHEH 3alIOMHHAIOIIMX YCTPOMCTB, TAKHX,
KaK pacCMOTPEHHBIC BBINIEC KAII-MAMATh, KaHAJl MacCOBOH MaMsTH,
ANIEKTPOHHBIE JIMCKH U T.I1., TAK)KE OKA3aJI0 3aMETHOE BIIMSIHAE Ha 3BO-
JIFOLIMIO APXUTEKTYPBI KOMIIBIOTEPOB.

Tenepb paccMOTPUM, KaK e STH YEThIpEe MPHHIUITA UCTIONB3YIOTCS
B KOHKpeTHbIX THnax CO/l.

2.5. Kinaccudukanusi KOMNbIOTEPOB, KPaTKHe XapaKTepPHCTHKHU
CyNepKOMNbLIOTEPOB, MeliH(peiiMoOB 1 MUHU-KOMIILIOTEPOB

XoTs coBpeMeHHbIC nepcoHanbHbie KoMmmbioTepbl (I1K) obOnmagaroT
BICUAT/IAIOIIUMU BO3MOKHOCTAMHU, KOTOPBIC CYHIECCTBCHHO pacCllupu-
JUCh B CBSI3U C TOsIBICHHEM O04-pa3psaHbIX MHUKPOIPOLIECCOPOB, HE
cleyeT ImojaraTh, 4TO OHM CIpaBATCA ¢ JIto0O¥ 3amaded. HesBHBIM
IMMOATBECPIKACHUCM J3TOI'0 ABJIACTCA HCECKOJIBKO ypOBHeI‘/'I TEXHHUYCCKHUX
CPEACTB, TPAIULUOHHO Pa3BUBAIOIINXCA HA MPOTSHKEHUH MHOTHX JIET B
MUpe (CYymepKOMIBIOTEPhl, MEHHPPEHMBI) W TOSBUBIIUXCS CpPaBHU-
TEJILHO HEJaBHO (MHHH-KOMIBIOTEPHI, MUKpOKOMIbIoTephl, [1K, pado-
YHe CTaHINH, CEPBEPHI U CYIIEPCEPBEPHI).

Xors crnoxupiiascs kaccudukaius 9BM B mocneHee BpeMs MOIBEP-
TacTCsa 3HAYUTCIIbHBIM U3MCHCHUAM, TEM HE MECHEC, 10 IMOCIICAHETO BPEMECHN
SKCILTYyaTUPYIOTCS BCE MEPEUUCIICHHBIE BBIIIE TUITHI KOMIIBIOTEPOB.
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KoMnproTepHble TEXHOJIIOTHH YCIOXKHAIOTCA NPAMO Ha IJas3ax, H
NPOTOPIUOHAIBEHO PACTET PUCK MPUHSATHS OMIMOOYHBIX PEIICHHU MPH
BHEJPEHUH HOBBIX allapaTHBIX U MPOrpaMMHBIX IPOAYKTOB. Eciu mpu
NOKYIKE IMEPCOHAIBHOTO KOMIBIOTEpA II€HA OIIMOKM HE MpPEBBIIIACT
COTHHU-JIPYTOW JOJIJIAPOB, TO HEKOMIIETEHTHOE pEIIeHHE MPHU KOMIIbIO-
TepU3ali HayYHBIX, YY€OHBIX WM HPOM3BOACTBEHHBIX IOJApa3eIe-
HHUH MOXET CTOUTh OTEPH JIECSTKOB THICSY U O0JIee 10JUIapoB.

IIpn BbIOOpE BBIYMCIWTENBHBIX CPEACTB PEKOMEHAYETCS MOJb30-
BaThCS CICAYIOLIIUM IPaBWIOM: «U3 BCEX BO3MOXKHBIX BAapHAHTOB I1O-
CTPOCHUS CHCTEMBbl HAMJIYYILIHNM SIBJISIETCS TOT, KOTOPBIK o0ecreunBaeT-
cs1 HauboJIee MPOCTON aPXUTEKTYPOi». TOJIBKO KOTa €e BO3MOMXKHOCTEH
HE XBaTaeT, CIEAyeT paccMaTpuBaTh OoJiee CIOXKHYIO OpraHH3allHIo.
IIpakTukoii nokazaHo, 4TO:

Jy4Ille UCIOIb30BaTh OAMH OBICTPBIA KOMIBIOTEP, YEM MHOTO Mel-
JICHHBIX;

npobjeMy co3iaHus HEOOXOAMMOTo KOJIMYECTBa padOvYMX MecT (aK-
TUBHBIX 9KPAHOB) Jy4IIE PEIIaTh C IOMOLIbIO MHOTOIOJIB30BATENbCKUX
CHCTEM, YeM C TIOMOIIbIO JOKaIbHBIX cucteM [IK;

MacCOBBIN MapajIelu3M MOXKHO HCIIOJIb30BaTh TOJIBKO MPU MOJTHOU
YBEPEHHOCTHU B peajbHO CYIIECTBYIOIIEM MapauIeIn3Me MPHIOKEHUH.

Cynepkomnpiomepbl — OJUH W3 HanOolee AMHAMHYHO Pa3BHBAIO-
HIUXCS KJIACCOB KOMITBIOTEPOB, MMEIONINX OOIIMPHBIC U OUYEHb BaXKHBIC
o0jacTu mpUMEHEHHUS.

[lo manHBIM Bemymux crenuaiuctoB ¢upmsbl Intel peIHOK BBICOKO-
NPOM3BOAUTENBHBIX BbluucieHuid pacter. K 2007 r. ero o0bem yxe
poctur 10 mipa moi., a B HEKOTOPBIX CEKTOPax €XKeTOIHBIM MpHUpOCT
npoaax npesbimaeT 30 %.

Ha navanpHOM 3Tame moTpeOHOCTh B KOMIIBIOTEPAX CBEPXBBICOKOI
BBIYUCIUTEIBHON MOITHOCTH ObLIa CBS3aHA 3a/la4aMu B 00JacTH a’po-
JTUHAMMKH, CEHCMOJIOTUH, METCOPOJIOTHH, aTOMHOMN U SICPHOM (BU3UKH,
a TaKke Uil GU3UKH IUIa3Mbl, KOTOPbIE MOKHO OTHECTH K 00JIaCTH MO-
JISIUPOBAHNS CIUIOIIHBIX Cpe.

CIuIomHyto cpery MOXKHO TIPEICTaBUTh HA00pOM (DU3UYECKUX Iapa-
METPOB, ONMCHIBAIOLINX KAXKIYI0 TOUKY HEKOTOPOIl TpexmepHOoU obnac-
TU. UncneHHble 3HaUeHNs apaMeTpPOB U3MEHSIOTCSA OT TOYKU K TOUKE,
W, KaK MPaBUJIO, MO/ BHEIIHUM BO3JEHCTBHEM OHHU IPETEPIIEBAIOT H3-
MeHeHus1 Bo BpemeHH. llapamerpamMu MoryT ObITh, Hampumep, IUIOT-
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HOCTb, CKOPOCTb W TEMIlepaTypa IBMXKYILETOCS Ta3a, HANpsHKCHUE B
TBEPJOM TEJI€ WIIM COCTABIISIOIIAS 3JIEKTPOMArHUTHOM CHIIBL.

OcHoBHbIE (PU3UUECKUE 3aKOHBI, ICHCTBYIONIUE B CIUIONIHBIX CpeJiax,
OIMCBIBAIOTCS cucTeMaMu Au((epeHNaTbHBIX YPaBHEHUH B YacCTHBIX
MIPOU3BOIHBIX, KOTOPHIE HA SI3bIKE UCUHUCIICHUS] OECKOHEYHO MaJIbIX CBS-
3BIBAIOT MEXLy 000 3HaYEHUSI M CKOPOCTH M3MEHEHUS TIEPEMEHHbBIX B
COceTHUX TOYKax cpenpl. CTpOro MareMaTHYeCKd MOXKHO JI0Ka3aTh Cy-
IIECTBOBaHUE CAMHCTBEHHOI'O PELICHHUS TAKO CUCTEMBI ypaBHEHUH MpH
3aJaHHBIX HAYaJIbHBIX WJIM TPAaHUYHBIX YCIIOBHAX — 3HAUYCHUSX Mepe-
MEHHBIX B Ha4YallbHBIH MOMEHT BpPEMEHU WJIM Ha TpaHHIE OOJIACTH.
TouHoe penieHre MOTHOCTHIO ONpEAEIsIeT MOBEACHNE U3ydaeMOl MaTe-
puanbHOl cucteMbl. OJJHAKO BO BCEX PEaJbHBIX CUTYALMSX, 32 HCKIIIO-
YEHHWEM TMPOCTEUIINX, MPAKTHUYECKH HEBO3MOXKHO IONYYHTh TOYHOE
peuieHre B sIBHOM Buze. [1oaToMy mpuxoguTcs o0pamaThCsi K YHCIIeH-
HBIM METO/aM, KOTOpBbIe a0COJIOTHO TOYHOTO PEe3ysibTaTa He NAroT, HO
MOTYT O0ECIIEYHUTh HYXKHYIO HaM TOYHOCTb, NIPABJIa, [IEHON yBEIMUCHHS
o0beMa apu(MEeTHIECKUX BHIYHCIICHUH, 32 CUET 3aMEHBI HEMPEPHIBHOTO
MPOCTPAHCTBA €r0 AUCKPETHBIM aHAJIOTOM U allIPOKCUMALMH UCXOIHO-
ro nuddepeHIMaIbHOTO YPaBHEH!S B TOYKaX pa30OWeHus], MPUOIMKEH-
HBIM JIMHEWHBIM.

Peanuzanust MeTooB AUCKPETU3ALMU HA UCCIIEyEMOM IIPOCTPAHCT-
B€ MPHUBOJUT K HEOOXOJUMOCTU pPEIICHHUS OONBIIUX CHCTEM JTMHEHHBIX
(HenMMHENHBIX) ypaBHEHHUM ST TOBOJIBHO OOJBIIOTO KOJHMUYECTBa Mapa-
METPOB HCCIIETyeMOT0 MpocTpaHcTBa. 110 TaHHBIM U3 pPa3IUYHBIX 3apy-
OCKHBIX MCTOYHUKOB, TpeOyemasl MPOU3BOAUTENBHOCTD IS PELICHHUS
3amau NASA — 108 FLOPS, (hM3HUKM TUTa3MBI 3*¥10%° FLOPS, npen-
ckazanus moroasl 101 — 1022 FLOPS, MonekyIspHOH IHHAMHUKM
20%10'> FLOPS, BeruncimtensHoii kocmonorun 10712 FLOPS (mecsts
KBUHTHJUINOHOB).

B cBs3u ¢ 3TMIM pa3zpaboTYMKaM MPHUIIUIOCH MIEPEUTH Ha HOBBIA Ypo-
BEHb Pa3MEPHOCTEH ISl OLIEHKU NMPOU3BOAUTEIHLHOCTH KOMIBIOTEPOB U
€MKOCTH OTIEpaTHBHOMN ¥ BHEIIHEW namsTH (Tadm. 2.1).

B Hactositiee BpeMsi B CBSI3U € TI00AbHBIMA M3MEHEHHUSIMU B TEX-
HOJIOTHH 3JIEMEHTHOH 0a3bl CYNEepPKOMITBIOTEPOB U  €CTECTBEHHBIM
YMEHBIIEHHEM CTOMMOCTH cepa UX NPUMEHEHHs 3HAUYUTEIbHO PACILU-
punacek. Oto u pacnpeneneunsie CYBJ, kpunrorpadus, HedTen100bI-
BaIOIIasi IPOMBIIIUIEHHOCTD U NPOYHE PUMEHEHHS.
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Ta6nuua 2.1

Giga 10°
Tera 107
Peta 10
Exa 10"
Zetta 107!
Yotta 107

Kpome Bcero mpouero, psaoBoMy IOJIB30BaTENIO IMOJIE3HO HMETH
MIPEJICTaBIEHHE O CYMEPKOMITbIOTEpaxX W MOTOMY, YTO BCE HOBEWIIIHNE
TEXHOJIOTHUYECKHE JOCTHKECHUS, OOBIYHO TIOSIBISIFOTCS B CYIIEPKOMITBIO-
Tepax, HO PaHo WM MO3JHO JAajee CTAHOBSITCS JOCTOSHHEM Macc, pado-
tafouux Ha I[IK. Tak OpIO yXe He pa3: BUpTyaslbHas MaMsTh, KAIII-
MaMsATh, KOHBEHEpHOE BBIMOJIHEHNE KOMaH], Mpe/ICKa3aHnue BETBICHU,
CyNepCKaJsIpHasl apXUTEKTypa M CHUMMETPHUYHOE MYJIbTHILIEKCHPOBA-
HHE, BIIEPBbIC HAIITM NPUMEHEHHE B MeHHppeiMax U CyepKOMITbIOTe-
pax, yKe CTaJld MPUBBIYHBIM aTprOyTOM HACTONBHBIX cucTeM. Kak mo-
Ka3bIBalOT UCCIIEZOBAaHUs, B CPEIHEM BBIUYMCIINUTENBHAS MOLIb HACTOJIb-
HeIX [IK oTcTaeTr oT ypoBHS NPOM3BOAUTENBHOCTH CYNEPKOMIIBIOTEPOB
Ha 13 jetr. HBIMU cliOBaMH, MO YPOBHIO MPOM3BOAUTENHHOCTH CEro-
nHsHue npodeccuonanbable [TK mpakTHYeckn MOJTHOCTBIO COOTBET-
CTBYIOT CyNepKOMIIbIOTEpaM 13-1eTHEN JaBHOCTH.

TepMuH «CynepKOMIbIOTEP» OBLI UCIIONB30BaH B Havyale 60-x To10B
MPOIIOrO CTOJIETHS], KOTJa rpyInmna crnenuanucToB MImMHONCKOro yHU-
BEpPCHUTETA MPEUIOKIIA UACIO pealN3allii MapajuIeIbHOIO KOMIIBIOTE-
pa— mpoekt, nomyumBmmid Ha3Banne SOLOMON, 6GasupoBajics Ha
MIPUHIIMIIE BEKTOPHOM 00paboTKM, KoTopas Oblia CQopMyJIHpOBaHA
Jxonom ¢don Hetimanom (J. von Neuman), ¥ KOHIENIIUN MaTPHUYHO-
napajieabHON apXUTeKTypbl, npemiokeHHoi C. Yarepom (S.H. Unger)
B Hayvase 50-X roaos.

B 60-x romax KOJTUYECTBO CYNIEPKOMITBIOTEPOB UCUUCISUIOCH €TUHU-
namu, B 1988 r. (mo nanaemM CIHIA) ux konwmugectBo mocturio 40 mrT., B
1991 r. — 760 wr. (Cray Corp, Fujitsu, Hitachi, Nippon Electric (NEC)).
ITocne 2000 T. Ha9aI0Ch MacCOBOE MPOU3BOICTBO MAIIIMH 3TOTO Kjacca.

B 80-e roap! moa cynepkoMITbIOTEpaMH ObLIO IPUHATO CUNUTAThH BbI-
YHUCIIUTENBHBIE CUCTEMBI C MPOU3BOIUTENBHOCTHIO HE MeHblIe 100 MiH
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omepaluii ¢ «IIaBakoNIeil TOUKOM» B CeKyHIy (Meradion/c ), Ipu pa-
0ote ¢ 64-pa3psAOHBIMH CJIOBAaMHU B II0Ji€ ONEPATUBHOM MaMsITH HE
MeHbIIIe oJfHOoro Meradaiita. «llnaBaromas Touka» OTHOCHUTCS K JBOMY-
HOHM BEpCHM XOPOLIO HM3BECTHOIO B HAYYHOM INPAKTHKE METONA IIpE-
CTaBJICHUS YHCEN, KOTJa YMCIIO 3alHChIBAETCA B BHIE MPOU3BEACHNUS, B
KOTOPOM OJIMH MHOXHUTENb (MaHTUCCa) uMeeT Benuunny Mexay 0,1 u 1,
a npyroi (mopsnok) seisercs crenenpio 10, Tak 6600 MOXXHO 3amucaTh
kak 0,66 - 10*, a 66 — kak 0,66 - 10>. Takoe npencTaBiIcHHE YIOOHO B
Hay4YHBIX pacyerax, MOCKOJIBKY 4acTO JUaNa30H BEIWYUH, BXOIAIINX B
3amady ObIBacT O4YeHb OONBIIMM. B KOMIBIOTEpax MPUHATO JBOUYHOE
IIPEACTABIICHNE YHCEN C IUIABAKOLIEH TOUKON». [l cynepKkoMIbrOTe-
POB, UMEIOITUX JIMHY clioBa 64 paszpsina, 49 pa3psaoB OTBOIUTCS IO
MaHTHCCy U 15 pa3psnoB Mo moka3aTellb CTENEHU, YTO MO3BOJIAET pa-
0oTaTh B JAUana3soHe 10724 — 10%*¢ ¢ tounocteio 15 JECSITUYHBIX pa3-
psanoB MmaHTHCCHL. K omepanusM ¢ «IjiaBaroiieil TOYKOW» OTHOCATCS
CIIOKEHHE, BBIYUTAHNE, YMHOKEHHE U IETICHUE JBYX ONEPaH/IOB.

Brimonnenne Takux omnepaunuii TpeOyeT HECKOJBKO OOJBLIEro Bpe-
MEHH, YeM COOTBETCTBYIOIIHE JIEHCTBUS HAJ YUCIAMH ¢ (UKCHPOBaH-
HOM TOYKOM M IEJIBIMH.

[Ipu ompenenennn OBICTPONEHCTBUS CYHNEPKOMIIBIOTEpA BpeMsl, 3a-
TpaunBaeMoO€ Ha M3BJICYCHHE OIEPAHIOB M3 ONEPAaTUBHOW MaMITH U
3aMMch B OMEPATUBHYIO MaMATh, BXOAUT B MPOJIOIKUTEIHHOCTD OIepa-
WU,

B nauvane 90-x romoB NpoOM3BOAUTEIBHOCTh MAIIMH 3TOr0 Kiacca
JIOCTUTAET HECKOJIbKUX MIUIHAPAOB OIEepalfii B CEKYHAY, a IIO3KE yKe
JECATKOB M COTeH MWLIHapAoB. CynepKOMIBIOTEPHI CTalu 00s3aTelb-
HBIM aTpUOYTOM MapKa BEIYUCIUTENbHOW TEXHUKH BCeX MHPOPMALIOH-
HO-pa3BUTHIX cTpaH. C MX MOMOIIBIO PEIIaloTCAd HE TONBKO HAy4HO-
TEXHUYECKHE, HO U KOMIUIEKCHbIE CTPaTErHYeCKUe 3a1aUH.

" PasnuyaroT MUKOBYIO M PEATbHYIO MPOM3BOAUTEIHHOCTh CYTEPKOMITBIOTEPOR. 1H-
KOBasi IPOM3BOAUTENLHOCTh MHOTOIIPOIIECCOPHOM CHCTEMBI — TEOPETHUECKOE 3HAUCHHE,
HEIOCTIKUMOE Ha IpakTuke. OHO MOJIydaeTcsl YMHOXKEHHEM IHKOBOH ITPOU3BOUTEIb-
HOCTH OTJEIBHOTO IpOoIieccopa Ha YHCIO MHpoleccopoB B cucteMe. [TnkoBast mpousBo-
JUTEIBHOCTH OTAEIBHOTO TPoIieccopa B 00IIEM CIydae MOTydaeTcsl IyTeM YMHOXKEHHS
€ro TaKTOBOH JaCTOTHI HA MAaKCHMAJIbHOE YHCIIO ONIEPaNii, BHITOIHACMOE 3a OJIIH TaKT.

PeanbHOIl Ha3pIBAIOT MPOU3BOAUTEIBHOCTD, MONYYEHHYIO NPU PEHICHUH peambHON
3a1aud (aKageMUUeCKON WM MPOMBINUICHHON). Tak, CUCTEMBI B pEHTHHIe CaMBIX MOIL-
HbIX cynepkomibioTepos (TOP-500) pamxupyrores no pesynstaram Tecta LINPACK —
peanpHO akajgeMUyecKot 3ajady Ha pellieHHe CUCTEMbI JIMHEHHBIX YPaBHEHUH.
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PaccmoTpuM, KakuM e 00pa3oM IOCTUTAETCS CBEPXBBICOKOE OBICT-
pozeiicTBue B cynepkommbioTepax. [loBeienne ObICTpOAEHCTBHS KOM-
MbIOTEpPa 00ECIICUnBAETCsA, B OCHOBHOM, JBYMs (hakTOpamu: yBeIHYE-
HUE OBICTPOAECHUCTBUS MUKPO- (HAHO) AJIEKTPOHHBIX KOMIIOHEHTOB U aIl-
NapaTHOTO oOecreveHus] A OTHOBPEMEHHOIO BBIITOJHEHUS MaKCH-
MaJIbHO BO3MOXHOT'O YHCJa OTIepaIiii.

Kakum 00pa3oM MOXHO pacnapabieNuTh aTOPUTMBI ITOJIE30BATEIs
Y KaK 3TOT MapauleNn3M 00ecleunBaeTCs apXUTEKTYpoil KoMmmbioTepa?

Ha nepBeix nopax npunuun ¢on Heiimana mpeamonaran eIuHCT-
BEHHYIO, KaK TOT/la Ka3aJloCh, apXUTEKTYPy KOMIIbIOTEpa: MpOoIeccop Mo
ouepean BbIOMpaeT KOMaH/Abl MPOrpaMMbI M TaKKe 0 ouepean odpada-
ThIBaeT AaHHble. BCE€ cTporo nmocnenoBaTenbHO, MPOCTO U MOHITHO, OJI-
HAKO OYEHb CKOPO BBISICHWIOCH, YTO KOMIBIOTEPHBIC BBIYMCICHUS 00-
Jaal0T €CTECTBEHHBIM IMapajuieIi3MOM, T.. OOJbIIas WM MEHbIIAs
4acTh KOMaHJ IIPOrpaMMbI MOKET BBIIOJIHATECS OTHOBPEMEHHO U HE3a-
BHUCHMO JIpyr OT apyra. Bcs nanbpHeiIias ucTopus BBIYHCIUTEIBHON
TEXHHUKH pa3BHBAJIaCh B COOTBETCTBHHM C JIOTUKOM pacIIMpeHHs Imapai-
JeNM3Ma MporpaMM M KOMIBIOTEPOB, W KaXblil HOBBIM IIar HA 3TOM
IyTH TPEABapPAIICS TEOPETUIECKUM aHAIN30M.

YHoMUHaABIIMICS paHee W3BECTHBIN CIEIUAIUCT MO APXUTEKType
M. ®nuH o0paTun BHUMaHHE Ha TO, YTO CYLIECTBYET IBE NPUYMHBI,
MOPOKIAIOIINE BBIYUCIUTEIBHBIN MapauIeIn3M, — HE3aBUCUMOCTD I10-
TOKOB KOMaHJ, OJTHOBPEMEHHO CYIIECTBYIOUINX B CHCTEME, U HE CBf-
3aHHOCTh JIaHHBIX, 00pabaThIBa€MbIX B OJHOM ITOTOKE KOMaHH. Ecim
nepBasi 0COOEHHOCTh Hapajulein3Ma BBIYMCIUTEIBHOTO Mpolecca A0C-
TAaTOYHO M3BECTHA (3TO OOBIYHOE MYJIBTUIPOLIECCHPOBAHUE) U HE Tpe-
OyeT 0coOBIX KOMMEHTapUi, TO Ha Mapajieu3Me JaHHBIX ClIeyeT Oc-
TaHOBUTBCA OoJiee MOAPOOHO, MOCKOJIBKY B OOJBIIMHCTBE CIy4aeB OH
CYIIECTBYET CKPBITO OT MPOTrpaMMHCTa U MCIIOJIB3YETCSI OTPAHUYEHHBIM
KpPYTOM MPOrPaMMHUCTOB.

[IpocreiimyM npuMepoM Hapaienn3Ma JaHHBIX ABISETCS MOCTeNo-
BaTENbHOCTh U3 JBYX KOMAH[!

a)A=B+ C, BmnpoTuBonojoxHocte 0)C=FE*F;
D=E*F, A=B+C.

Ecnu crporo cienoBath npuniuny ¢GoH Heiimana, To BTOpas omnepa-
IIUs1 MOXKET OBITH 3amylieHa Ha UCTIOIHEHNE TOJIBKO ITOCIIE 3aBEPIICHHS
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nepBoi onepanyi. OAHAKO OYEBUIHO, MOPSAOK BBINOIHEHUS THX KO-
MaHJ He UMEET HUKAKOro 3HaueHus — onepadipl 4, B u C He CBA3aHBI C
onepangamu D, E u F BTOopoit komaHasl. UHBIMU ciioBaMu, 00e omnepa-
UM SBJISIOTCS TMapajuieNibHbIMU. [IpakTiuecku jrobasi mporpamMmMa co-
JEPKUT TPYMIIbI OTlepaurii Haj MapaiieabHbIMH JaHHBIMU.

Hpyroit Bua mapasuieian3Ma JAaHHBIX, KaK MpPaBHUJIO, BO3HHKAET B
HUKIMYECKUX MPOTPaMMHBIX KOHCTPYKIMAX TUNa DO, B KOTOPBIX OJHU
U T€ e OIepalry BBIIOJIHAIOTCS IECSITKH, COTHH, @ MHOT/AA U THICIYH
pa3. I uMeHHO B 3THX ONEpanysX CKPBIT OYEHb OOJBILOW MOTEHIHAI
MIOBBIIIEHNS MPOU3BOJUTENFHOCTH KOMIBIOTEPOB. M3BEeCTHBIN crierua-
mucT B obmactu cucteMHoro nporpammupoBanus J[. Kayrir (D. Knuth)
rmokasan, 4ro mukiel DO, 3aHuMas npaxe MeHee 4 % koma ¢opTpaH-
mporpamm, TpedyroT 6osiee MOJIOBHHBI BPEMEHU BHITIOJIHEHUA 3a1ad. B
CBSI3M C 3TUM BO3HHMKAET €CTECTBEHHOE JKEJIaHHE YCKOPUTH BBIIIOJIHEHUE
LOUKIAYECKUX BBIYUCICHUH, W [UIA OOJIBIIMHCTBA NPUKIATHBIX 33124
pelieHre 3Toi mpobiaeMbl HaliIeHO ¢ MOMOIIBIO BBEACHUS Kllacca BEK-
TOPHBIX BBIYKCICHUN. [ MpOrpaMMHUCTa BEKTOP — JIUIIb YIOPSA0UYEH-
HBII CIHMCOK JaHHBIX WK onHoMepHas matpuua A[1:N] u B[1:N], ane-
MEHTBI KOTOPOTO JOJDKHBI OBITH 3aHECEHBI B MaMATh HEKHM CTaHAapT-
HBIM CTIOCO00M. UHCIIO 3JIEeMEHTOB CIIMCKa HA3bIBAETCS JITMHON BEKTOpa
(B oTnimune oT GoJiee U3BECTHOTO ONpPENENICHUS BEKTOpa B MaTeMaTHKE
u ¢usuke). IIpoctedimum npumepoM nukia DO MOXET CIYKUTb OIe-
parus coKeHHs IByX OJTHOMEPHBIX MaTpHIl (BEKTOPOB):

A[1:N]u B[1:N]
Begin: DOi=1,N
C(@{@) = A@F) + B@)

END DO.

[TonsiTHO, 4TO AN 0OPAOOTKH IMKIIA, B3SITOTO B KA4eCTBE MPUMEPA,
KomrbtoTep ¢oH HeliMaHa HOKEH BBIMOIHUTH, KAK MUHUMYM, N CIIO-
JKEHUU JIEMEHTOB BEKTOPOB A U B, He cunTas 2N KOMaH]l IPUpPALLECHUS
WHJIEKCA U YCJOBHOTO Mepexona. Mnues BekTopHOH 00pabOTKH IHMKIIOB
TaKOTO POJa 3aKJIIOYaeTCs B TOM, YTO B CUCTEMY KOMaH] KOMITbIOTEepa
BBOAWTCSA BEKTOpHAsI ONepanus cloxkeHus <4 + B>, koTopas 3agaeT
CIIOKEHHE BCEX 3JIEMEHTOB — onepanaoB. Ilpu aToM peanusyrores cpasy
JIB€ BO3MOXKHOCTH YCKOPEHUS BBIYMCIEHHI: BO-TIEPBBIX, COKpAIAeTCs
YHCIIO BBINOJIHSAEMBIX IPOLECCOPOM KOMaHA OOBEKTHOrO KoJa, IO-
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CKOJIBKY OTIaIaeT HEOOXOAMMOCTh B MEpecueTe MHICKCOB M OpraHu3a-
MU YCIIOBHOTO MEPEX0/IA; U, BO-BTOPBIX, BCE ONEPALNN CIOKEHHS dIIe-
MEHTOB BEKTOPOB-OINEPAHIOB MOTYT OBITh BHIIIOJIHEHBI OJJTHOBPEMEHHO B
CHITY TapaijieTu3Ma 3TUX Oleparuii.

B 6onee obmem cirydae, korga mukia DO COOepKUT TPYIITY KOMaHI,
MO’KHO TOBOPHUTH O TOM, YTO OJJMH MOTOK KOMaH/ (TI0CJIEIOBATENHHOCTh
oriepalluii, 3alMCaHHBIX B TeJE ITUKIIa) 00pabaThIBaeT MHOXKECTBO MOTO-
KOB TMMapaJieNbHBIX JaHHBIX. CyIIecTBYeT MUPOKUAN KIIacc 3a1a4d (aspo-
MUHAMHKY, SIEPHON (U3NKH, TEONOTHH, METEOPOJOTHH, 00paboTKu
M300paKCHUH U T.J.), B KOTOPBIX MPOIECC ONMEPANUi BBIIOIHICMBIX B
nuknax DO, noctatoudo Benuk u pocturaet 80 — 90 %.

TeopeTrueckoe oOcMBICIEHHE TPOOIEMBI MPOTPaMMHOTO Tapalie-
JU3Ma MPUBEJIO K CO3JaHHIO JOCTATOYHO OJHM3KHX IO CMBICTY KJIACCH-
¢dukanuii, U3 KOTOPHIX Hauboiee MPUIHAHHON CUUTACTCS KIacCHU(HKa-
IUs TI0 IIECTH YPOBHSIM Mapajuienusma, npenmnonoxkenHas [1. Tpenuse-
HoM (PC. Treleaven) u3 yausepcurera Hetokactia (puc. 2.11).

Puc. 2.11. Knaccudukarust mo niecTv ypoBHIM Mapajuien3Ma
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Tpu BepxXHMX YpOBHA MapajuleIu3Ma 3aHUMAIOT KPYIHBIE MpO-
rpaMMHbIC OOBEKTHI — HE3aBUCUMBbIE 3aJaHHsl, IPOrpaMMbl U MPOLEY-
pbl mporpamMMbl. HecBsi3aHHBIE OTiepaTophl, MUKIBI M ONEpanuu oopa-
3YIOT HIDKHHE YpoBHH Hapamienn3ma. C ydetom kinaccuduranuu Onu-
Ha, KOTopas OblIa paccMOTpeHa B pa3ll. 2.4, CTAHOBUTCS IMOYTH OYEBU-
HO, YTO MapajIeIUu3M BEPXHEro YpOBHS, B OCHOBHOM, JOCTHUTAETCS 3a
CYeT MHOYKECTBAa HE3aBUCHUMBIX KOMAaHIHBIX IOTOKOB, a Mapajlieln3M
HIDKHETO YPOBHS 0053aH CBOMM CYIIECTBOBAaHHEM, INIAaBHBIM 00pPazoM,
HECBSI3aHHBIM [TOTOKOM JTaHHBIX.

Kakum e oOpa3zoM MpOHMCXOAMIO Pa3BHTHE MapaUICIbHBIX apXu-
TEKTYp, M KaKUMH CPEACTBAMH PACIIONaraloT COBPEMEHHBIE CYIIEPKOM-
MBIOTEPHI ISl MPEBPALICHUS] IPOTPAMMHOTO MMapajuiesin3Ma B XapakTe-
PHUCTHKH MPOU3BOIUTEIFHOCTH CUCTEMBI?

[To Mepe pa3BUTHSI BBIYMCIUTEIBHON TEXHUKH apXHTEKTypa (oH
Heiimana oGoratunace cHavdana KoHBeiepoMm a3 omepauuii, 3aTem
MHOTO(YHKIIMOHATEHOU 00paboTKOM u mosryunsia 0000IIeHHOe Ha3Ba-
e SISD. O6a Buaa cpelcTB HU3KOYPOBHETO Mapajuiein3Ma BIIEpBbIC
Obuti BBeneHBl B KoMmmbioTepax Control Data 6600 m 7600 B Ha-
yane 70-X roZioB M C TeX IOp MPUMEHSIIOTCA BO BCEX KOMIIBIOTEPAX IO-
BBIIIIEHHOTO OBICTpOAEHCTBUS. [le)io I0IUIo 10 TOT0, YTO KOHBEHepHas
00paboTKa UCTONB3yeTCs AaXe B MUKpOIIpolieccopax, HaunHas ¢ Intel
80486.

W3 Bcex TUIIOB mapajuien3Ma onepalnii apXuTeKTyphl kiacca SISD
HE OXBaTHIBa€M TOJBKO OJMH — MapajUIeNTU3M IIUKJIOB U UTEpaluii, Ko-
TOPBIN TECHO CBA3aH C MOHATHEM MHOXECTBEHHOCTH ITOTOKOB JAHHBIX U
peanu3yercsi BEKTOpHOH 00pabOTKON, YTO COOTBETCTBYET apXHTEKType
SIMD (o M. ®nuny).

IlepBoHauanpHBIN 3TAll Pa3BUTHA CYNEPKOMITBIOTEPOB CBA3aH C CO3-
JTAHWEM TaK Ha3bIBAEMBIX MAaTPUYHBIX CTPYKTYp, peanusyrommx SIMD-
apXUTEKTYpy. DTO — TPYIIa MPOIECCOPOB, Pa3lENIOMKUX OOIIyo Ia-
MSITh ¥ BHITTOJHSIONIMX OJUH MOTOK MHCTPYKIIUI, CIIOCOOHBIX BBITIONHSTh
olepalvy HaJ MaTpULAMH, — MPUMHUTUBHbIE MHCTPYKUMH. KomuuecTBo
MIPOIIECCOPOB, BXOIIUX B TPYMITy, MOXKeT cocTaBisaTh 1000 u 6onee.

OHUM U3 Ba)XHEUIIUX BOIIPOCOB JUIS MapajlIeIbHBIX CTPYKTYp OBLI
BOIpoc oOMeHa MHOKecTBa mpoueccopoB ¢ Moayisimu OIl (puc. 2.12).
Pa3nenenne namsTH NMO3BOJSET BCEM MpOLIECCOpaM MapajuIeIbHON CHC-
TEMBl UMETh JIOCTYI K TJIOOATBHBIM, MM OOLIMM MOIYJSM maMsiTH. B
MIPOCTON CXeMe pasJeNIeHus maMsATH (cM. puc. 2.12, @) KaXIblii mpoiec-
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COp HEMOCPEICTBEHHO COSAMHSACTCS ¢ KaXAbIM OaHKoM mamatu. Hexoc-
TaTOK 3J€Chb B TOM, YTO MPOLECCOPHl U OAHKM MaMATH JOJDKHBI UMETh
OYCHB OOJIBIIIOE KOJIMYECTBO COCTUHUTENBHBIX INHUU. JlpyToe pemeHne
(cm. puc. 2.12, 6) naer «mMHa» — OOLUIUI KaHAJI CBS3H, MO0 KOTOPOMY
KaXXIIbli IPOILIECCOP IMOCHUIAET 3apOoChl K OaHKaM MaMsTH, a MOCIIeIHIE
BBIIAIOT JaHHbIC. Takas «IIMHA» MOXET OBbITh MeperpyxeHa (4, cieao-
BaTeNbHO, paboTaTh MEIJICHHO), KOraa TpeOyeTcsl mepelaBaTb MHOTO
coobuienuii. Emme ogno perienue npeactaBiseT coO0 Tak Ha3zblBaeMast
«ceTb oMeray (cM. puc. 2.12, 8), B Hell pOLIECCOPHI CBSI3BIBAIOTCS C MO-
IyJISMHU TIaMSTH KOMMYTHPYIOIIMMH yCTPOHCTBAMH, Y KaXJI0r0 U3 KO-
TOPBIX J1Ba BXOAHBIX W /IBa BBIXOAHBIX KaHana. B Takol ceTw Kaxablid
MIPOLIECCOP MOXKET HANPSIMYIO CBA3BIBATHCS C Ka)KIbIM MOAYJIEM IMaMs-
TH, OJIHAKO 3JICh HET HYXKIbI B TAKOM OOJBIIOM KOJMYECTBE JIMHUM
CBSI3U, KOTOPOTO TPeOyeT cucTeMa ¢ MPSIMBIMU CBS3SIMU.

[IpenmyiecTBa ceTH CTAHOBATCS Bce Ooyiee OUEBUAHBIMHU IO Mepe
pocTa ymcia MpoIeccopoB U MoAynel maMatu. Hemoctatok ee B TOM,
YTO MHOTJIa COOOIIEHHUS MPOXOAT Yepe3 MHOXKECTBO KOMMYTHPYIOIINX
CTaHLUM, IpEeXIe YeM JOCTUTaI0T aDOHEHTA.

PaccmarpuBaemast cxema c oOuieid, pazgensemoit OIl (kotopas Ha
CETOMHAIIHUIN JI€Hb HCIIONB3YETCS B TPAIUIIMOHHBIX CYNEPKOMIIBIOTE-
pax), Hapsay ¢ OYEBHIHBIMH MPEUMYIIECTBAMU MPOCTOrO MPOrpaMMHu-
poBaHUsl 0OMEHOB JAaHHBIMH MEXIY IPOLIECCOPaMH, MO0 Mepe yBeIude-
HUS YHUCJIa TPOIIECCOPOB UMEET CEPbE3HBIN HEAOCTATOK — IJIOXYI0 Mac-
mrabupyemMocth. CHCTEMa Ha3bIBACTCS XOPOIIIO MacIITabUpyeMoid, ec-
T yBeNUUEHHE MpoleccopHbIX aneMenToB (I13) mpuBoauT k ameksart-
HOMY YBEJTHUYEHHIO TPOU3BOIUTEIBHOCTH). DTO CBA3AHO C YBEINUCHUEM
noTeph BpeMeHH (TMpH YBEJIWYEHUH YHCIa MPOIECCOPOB) HA JTOCTYH K
HEOOXOIUMBIM JaHHBIM B JII000H M3 paCCMOTPEHHBIX cXeM. TeM He me-
HEe, BCE ITH CXEMBbl INPUMEHSUINCh U MPUMEHSIOTCS Ha KOMIIBIOTEPAX
Pa3INYHBIX THIIOB, B COBPEMEHHOW KIIacCH(DUKAIUK 3Ta cXeMa Ha3bIBa-
ercs SMP (Symmetric Multi Processing).

OTOro HeAOCTAaTKa JIMIIEHBI CUCTEMBI C PACIPENEICHHON MaMsThIO.
3nech y Kaxa0ro mporeccopa, a B HEKOTOPBIX CIIydasx TPYMIbI, WU
KJlacTepa mpoIeccopoB umeetcs cBosi cooctBernast Oll, JocTyn K KOTo-
poii ocymecTBisieTcs 0e3 nomex. [lmaToit 3a 3TO sABJIsIETCS HEBO3MOXK-
HOCTh HCIIONB30BAaTh MaMsITh COCEAHETO BBIUMCIHUTENBHOTO y3ia. Tep-
MuH «MaccruBHO TapaiienbHbie cucteMbl (MPS) npumensercst 00brd-
HO a1 0003HAaYeHUsI TaKUX MAacCIITa0MPyEMBIX KOMIBIOTEPOB ¢ OO0JIb-

91



LIMM YHCJIOM Y3JIOB (COTHH, a MHOT/AA M ThICA4YM). B cooTBercTBHU C
knaccupukanuerd dnuHa Takue CHCTEMbl HICHTUQHUUPYIOTCA Kak
MSIMD.

Puc. 2.12. Pa3nuuHble BapuaHThl 0OMeHa nHdopmarmeit
JUISL TapaJuIeIIbHBIX CTPYKTYP

B cucremax pacrpesiesieHHOH NaMsTH yCTaHABIMBAIOTCS COEIUHE-
HHSL MKy NTPOLIECCOPAMHU, KaXK/ABbIi M3 KOTOPBIX MOHOIIOJIBHO BIIaJCeT
HEKOTOPBIM KOJHMYECTBOM MNaMsATH. [IpocTeiimiie cXembl COeIMHEHHS
MIPOIIECCOpPOB — «KONbLO» (puc. 2.13,a) u «pemetka» (puc.2.13, 6).
bonee crnenmani3upoBaHHasi CTPYKTypa CBSI3€H — «JIBOUYHOE JIEPEBO»
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(puc. 21.13, 2). Ocobenno >¢p¢exkTUBHa OHAa B TaK HA3bIBAEMBIX HKC-
NEPTHBIX CHUCTEMaX, B KOTOPBIX MOCIECAOBATEIILHOCTH MPUHATHS pelle-
HUIl MOTYT OBITH IPENICTaBIEHbI B BUJAE «AepeBa». MOXKHO Takxke co-
SeIMHUTH KaXIBIA TMporeccop ¢ KaxabM (puc. 2.13, 6), HO TSI 3TOTO
notpedyeTcs HepeaabHO OOJbIIOE KOJMYECTBO COCTMHEHUI.

OnTtuManeHBIM € TOYKM 3PCHHUSI CBS3€H CUMTAETCS THIIEPKYO
(puc. 2.13, 0), peadn30BaHHBIN B MEPBOM MPOEKTE aMEPUKAHCKOIO CY-
nepKoMmbioTepa. B 3Tol cxeme mpoueccopsl WUIpaioT posib BEPLIMH
MHOTOMEpPHOTO Ky0a M COeIUHEHBI ero pedpamMH, OHHM HaxoIsITCS B
BEpIIMHAX YETBIPEXMEPHOTO Ky0a.

Puc. 2.13. Crtoco0Obl BO3MOKHOTO B3aMMOICHCTBHS MPOIIECCOPOR:
a — «KOTIBLIOY; O — «PEIIETKAY; 6 — KAXKIIBIN C KaXKIBIM; & — «IePEBO»; 0 — THIEPKYD

B Takoii cucTteMe KaxabIi MPOIECCOP MOKET MOChLIATh COOOIICHHMS
JHO00MY APYroMy IMPOIECCOPY IO CPABHUTEIBHO KOPOTKOMY IyTH, ITPH
3TOM TPOIECCOPHI HE MEPerpy’KaroTCs CIUIIKOM OOJBIIUM KOJIUYECT-
BOM COCIUHCHHM.

3HAYUTEIBLHO PACIIMPUINCH BO3MOKHOCTH CYIIEPKOMITbIOTEPOB OJia-
roJiapsi UCTIOJIB30BAHUIO BEKTOPHO-KOHBEHEpHOI 00pabOTKH, MPEICTaB-
JSOLIEH TPOCTPAHCTBEHHO-BPEMEHHOE pacnapauieIiBaHuE MPOLIECCOB
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00paboTKH, BHEAPEHUE KOTOPOil cBs3bIBaloT ¢ uMeHeM Celimypa Kpes,
ocHoBatens ¢pupmel Cray Research Inc., koTopas no 90-x romoB nuau-
poBajia B MPOU3BOJICTBE CYNEPKOMIIBIOTEPOB.

Puc. 2.14. [IpuHIMIT KOHBEHEPHON apXUTEKTYPHI

KonBetiepHas 00pa00oTka — METOJ| TOBBIIMICHUS OBICTPOICHCTBUS
OIMHOYHOTO Tpolleccopa — MOMOOHO JUHHHM COOPKH aBTOMOOWIIS Ha
koHBeliepe (puc. 2.14). Unes, BuepBbie ncnonb3oBanHas ['enpu Dop-
oM, (cM. puc. 2.14, 6) okazanach BeChbMa IEPCIIEKTUBHON U B 00JIacTH
BBIYMCITUTEIHHON TEXHUKH.
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Jlrobast BEIYMCIINTENBHAS ONepalys paclagaeTcsl Ha psil 1Iaros, BbI-
MOJHSAEMBIX CIICHUAIM3UPOBaHHBIME KOMIIOHEHTaMH Ipoleccopa (pea-
JU3YIOIIMMH €ro CUCTeMy KomaHa). B oOblgHOM mporeccope (cM.
puc. 2.14, a) noka ojjHa KOMIOHEHTa paboTaeT, OCTaJbHbBIC Oe3/eicT-
ByI0T (mpoctauBaiot). Ha puc. 2.14, 6 onepanus yMHOXKEHHS pacnana-
eTcs Ha CIIEAYIOIIME [Iark: U3BJICUCHUE U3 TIAMSTH MOPsIKa M MaHTHUC-
cbl 000WX YHCeN U BBIJICICHUE ITUX YacTel, CII0KEHHUE MOPSIKOB, YM-
HOXXEHHE MaHTHCC U MIPEJCTaBICHUE PE3YIbTAaTOB B TpeOyeMoii ¢opme.

IIponeccop ¢ KOHBEHEPHON OpraHu3anueil 1eiCTByeT aHATIOTMYHO aB-
TOMOOHMIIBHOMY KOHBEHepY, NPH BHIMOJHEHHUH ILIara onepayui HaJ OJHOHI
napoy Yucen Jpyras napa MocTylaeT ISl BBIOJIHEHUS TOTO JKe Iara, He
JNOXKUASACH, TIOKa TepBas mapa MpoaeT Bce dTambl omnepanuu. Ecrect-
BEHHO, 4TO Jr00asi KoHBelepHast 00paboTKa UMEET CMBICI TIPU MacCOBOM
npou3BoJCTBE U AP(PEKT OT Hee HACTYIAET MOCIIE 3aMoTHEeHNs KOHBelepa
BHOBb ITOCTYMAIOIIMMHU JAaHHBIMU («MEpTBOE» BpeMsl KoHBelepa). Ilpu
9TOM CKOPOCTh KOHBEWEpHOH 0Opa0OTKH 3aBHCHUT OT JJIMHBI KOHBeHepa.
Taxk, ecu UIMHA KOHBEepa paBHa N KOMIIOHEHTaM, TO IIOCJIE 3allOJIHE-
HHS TakoW mporeccop Oyaer paborars B N pa3 ObicTpee 0OBIYHOTO MPO-
1eccopa nocieaoBaTeNibHoil 00padoTku. BriOop AnuHbI KOHBEHepa — BO-
IPOC JJOCTATOYHO CIIOXKHBIH, IIOCKOJIBKY JII00ast napasuiesbHast 00paboTka
(B TOM umciIe ¥ BEKTOpHAs) MpeAroaracT coOI0ACHIE IBYX OCHOBHBIX
TpeOOBaHMH — HE3aBUCUMOCTh MOTOKA KOMaH/ M HE3aBUCUMOCTh ITOTOKA
JaHHbIX. bonplnve cioXHOCTH TpU paboTe KOHBEMEpOB MPENCTaBISIOT
BETBAIIMECS AITOPUTMBL. XOTS Ppa3paboTYMKK NPUHUMAIOT HeMable
yCWIIuSl ULl TIPEOJONICHHUS 3TUX TPYAHOCTEH (CLemieHne KOHBEHepoB,
«CHEKYJISITUBHOEY BBIMIOJTHEHUE HHCTPYKIIMH, 3BPHCTHICCKOE MTPeIcKa3a-
HHE TepexonoB H T.1.). Hauano xoHBeliepHON 00paboTKe MOMOXKHIA TI0-
To4yHAsi 00paboTKa B MEPBBIX CYNEPKOMIBIOTEpAX C pazleieHUEM Ipo-
LIECCOPOB Ha IIPOLECCOPBI KOMaHJ (OCYLIECTBIIIONINE JOCTaBKY U Jie-
mr(ppPOBKY KOMaHA JAaHHBIX) M MPOoLEcCOpbl 00pabOTKM TaHHBIX, POH3-
BOJISIIMIE HETOCPECTBEHHYI0 00paboTKy. [Ipu 3TOM Ui MCKITIOYEHHS
NOTEepPh BPEMEHH Ha JIOCTABKY JCHIM(pPOBKA CIEAYIOIIEH KOMaH/Ibl OCY-
IIECTBIISIETCS MIPOLIECCOPOM KOMAaH/I BO BpeMs BBIIIOIHEHUSI TEKYILLEH KO-
MaHJIbI TIpoIlecCOpaMy 0OPa0OTKH JaHHBIX. JTa MPOIIeAypa B HACTOSIIICE
BpeMsl pealn3oBaHa MPaKTHYECKA BO BCEX COBPEMEHHBIX MHUKPOIPOIIEC-
copax (HaunHas ¢ Intel 8086).
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Kax u3BecTHO, *XU3HBb pa3BHBaeTcsa No crnupanu. B 1972 r. mocne
NPEOJIONICHNS] 3HAYUTENILHBIX TPOOJIEM Ha anmnapaTHOM H MPOrPaMMHOM
YpPOBHE B ucciienoBarenbckoM neHTpe NASA B DiimMce ObLT yCTaHOBIICH
MEPBBIA B MUPE BEKTOPHBIN CYNEPKOMIBIOTEP C MAaTPUYHOM CTPYKTY-
poii ILL IAC4. C num cBsizano BBeaeHue snnemMenToB MSIMD apxutek-
TypBl U Ha4ajJo MapajulebHOrO MporpaMmupoBaHus. M3HavanbHO cHc-
TeMa JOJKHA ObLTa COCTOATH M3 YETHIPEX KBAJAPAHTOB, KAKIBIA M3 KO-
TOPBIX BKItoUaeT 64 npoueccopHbix 3nemenTa (119) u 64 moxyns mamsa-
TH, 00BEIMHEHHBIX KOMMYTaTOpOM Ha 0a3e cetu B rumepkyo. Bee 110
KBaJpaHTa 00pabaTHIBAIOT BEKTOPHYIO MHCTPYKLHUIO, KOTOPYIO UM Ha-
MIPaBIISET MPOLECCOpP KOMAaHJ, MpHYeM Ka)KIbIH BBITIOIHIET OJHY dJe-
MEHTApHYIO OINEPALMI0 BEKTOPA, JaHHBIE AJII KOTOPOH COXPAHSIOTCA B
cBsi3aHHOM ¢ 3TuM 11D momynem mamstu. Takum oOpazom, KBaapaHT
ILLIAC4 cniocobOeH oTHOBpeMEHHO 00pabaThiBaTh 64 3JIeMEHTa BEKTO-
pa, a BcA CUCTEMA U3 YEThIpEX KBaJPAHTOB 256 3JIEMEHTOB.

Pe3ynpTathl 3KCIUTyaTaliy 3TON CHCTEMBI TIOTYYHIN HEOJHO3HAUHYIO
oueHKy. C 0HOM CTOPOHBI, UCIIOIB30BAHKE CYIIEPKOMITBIOTEPA ITO3BOJIHU-
JIO PEUINTH PAJ CIOKHEUIINX 3a/1a4 a3POJUHAMUKH, C KOTOPBIMUA HE MOT-
JIM CIIpaBUThCA HU ofHU U3 cymectBytonmx B CHIA mamma. C npyroit
croponsl, ILLIAC4 tak 1 He ObUTH TOBEIECHHI JI0 ITOJHOW KOH(PHUTYpaIuu
n3 256 11D, mpaktuuecku pa3pabOTUMKU OTPAaHUYMIKCH JIMIIb OJHUM
KBagpaHToM. [IpuunHamMu SIBIITUCH HE CTOJIBKO TEXHUYECKUE CI0KHOCTHU
B HapauBaHuu uncna 11D cucremsl, CKOIBKO MPOOJIEMBI, CBSI3aHHBIE C
NporpaMMHUpPOBaHHEM OOMEHa JAHHBIMH MEXKIY NPOLECCOPHBIMHU 3Jie-
MEHTaMH Yepe3 KOMMYTaTop MOIyJel MaMATH. Bce MOMBITKY petuTh 3Ty
po0JeMy ¢ MOMOIIBI0 CHCTEMHOTO MPOrPaMMHOTO O0ecIieueH sl ToTep-
neny Heyaady, B pe3ysbTaTe KaXIoe MPUIOKEHHE TPeOOBAJIO PYYHOTO
MIPOrpaMMHUPOBAHUS TIepeiad KOMMYTaTopa, YTO U MOPOAUIIO HeyAoBIIe-
TBOPHUTEJBHBIE OT3bIBBI TIOJIH30BATENICH.

Hu B 60-x rogax, HM Ho3aHEE yIOBIETBOPUTENBHOE PEIICHUE ABYX
TaKMX MPUHLUIHANBHBIX TMPOOJIeM, Kak NpOrpaMMUpPOBaHME Mapa-
JenpHON paboThl HECKOJNBKHX COTEH IMPOIIECCOPOB U IIPH 3TOM odecrie-
YeHHe MUHUMYMa 3aTpaT CYETHOI'O BPEMEHU Ha OOMEH IaHHBIMH MEX-
Iy HUMH, He ObIIO HaieHo. B CBSA3M ¢ 37TUM KOMITBIOTEpPHI JAHHOTO THU-
na ObUTM HE B COCTOSHHU YJIOBJICTBOPUTH IMUPOKHUI KpPYT MOJIH30BATE-
Jieil 1 UMeNy BechbMa OrpaHHYEHHYIO0 00J1aCTh MPUMEHEHUSI.
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[IpaBna, 610 OBl OONBLION OMIMOKOW CUMTATh, YTO Pa3BUTHE CY-
NEPKOMITBIOTEPOB MATPUYHOIN apXHUTEKTYphl HE JaJI0 HUKAKUX Pe3yiib-
TaToB. BO-NEpBBIX, psiji TEOPETHYECKUX HAPaOOTOK M IMpaKTHYECKas
peanuzanys TapaIeNbHBIX CBEPXCKOPOCTHBIX BBIYHCICHUI OBLTH B
JabHEeHIIeM HCTIONb30BaHbl YK€ Ha HOBOM BHTKE Pa3BHTHUS 3TOTO TUIA
KOMITBIOTEPOB, M, BO-BTOPHIX, B MPHUKIIAIHON MaTeMaTHKe CHOpPMUpPOBa-
JIOCh CAMOCTOSITENIbHOE HalpaBJIeHHE 110 MapajlIeIbHBIM BBIUYHCICHUSM,
CTOJIb aKTyaJbHOE HallPaBICHUE HA COBPEMEHHOM JTarle.

Pemenue GoipIIMHCTBA MEpEUYHCIsIEMbIX poOieM ObIIIO HalEeHO B
KoHIle 60-X TOJOB «MaTpHAPXOM» CYNEpKOMIBIOTEPHBIX TEXHOJOTHI
Celimypom Kpeitem. OH npefcTaBuil MallMHy, OCHOBaHHYIO Ha BEKTOp-
HO-KOHBEHEepHOM NpHHLUIE 00padOTKN TaHHBIX.

OTinynie BEKTOPHO-KOHBEHEPHOW apXUTEKTYyphl OT apXUTEKTYPHI
MaTpPUYHBIX KOMITBIOTEPOB 3aKII0YaeTCA B TOM, YTO BMECTO MHOYKECTBA
[13, ucnonp3yromux OfHy U Ty K€ KOMaHAY HaJ Pa3HbIMHU 3JIEMEHTaMH
BEKTOpa, IPUMEHSETCS €AMHCTBEHHbIM KOHBEWeEp omnepaiuii, UMEroIni
BCEr0 OJIMH BXOJ W OJHMH BBIXOJ pe3yibTara. Jpyrumu cioBamu, B Cy-
NEPKOMIIBIOTEPAaX C KOHBEHEpHOH 00paOOTKOIl NaHHBIE BceX Mmapai-
JIeTbHO MCIIOJHSIEMBIX OIepauuii BEIOMPAIOTCS U 3alMChIBAIOTCS B €U~
HYIO TIaMATh (HE pa3AesiieMylo) U OTHaaaeT HeOOXOAUMOCTh B KOMMY-
TaTOpe MPOLECCOPHBIX AJIEMEHTOB, OCHOBHOHM MpobjeMe MaTpHYHBIX
cynepOBM.

JanpHelilee pa3BUTHE BEKTOPHO-KOHBEHEPHOH 00pabOTKH CBS3aHO
C MHOTOKOHBEHEPHOW M IIOCTPOECHHEM MHOTOKOHBEHEPHBIX LIENOYEK
(1M MHaYe BEKTOPHO-KOMaHIHBIX Lemnodek). CyTh ero 3akiodaeTcs B
CIIEIYIOIIEM: €CII B MPOrpaMMe BCTPEYAIOTCS IBE CBSI3aHHBIE BEKTOP-
HBIE orepanuu (T.e. pe3ysbTaT MEPBOM OMEpalldU CIYXKHUT OIEepaHIoM
BTOPOH), TO B OTJIMYME OT CBSI3aHHBIX CKAISPHBIX OIEpaLuii, KOrAa Bbl-
MOJIHEHWE BTOPOM OMNepald HAauYMHAETCsS TOJBKO IOCHIE 3aBEPLICHHS
npeapIyIei, 00e BEKTOPHBIE KOMaH/bl MOTYT 00pabaThIBaThCs MpaK-
TUYECKH MMapauIeIbHO, YTO YABAUBAET MPON3BOAUTEIBHOCT CUCTEMBI.

JomycTuM, mporpaMMHCT 3a1a€T UKL

Doi=1,N

Cli] = A[i] + BJi]
E[i{] = C[i] * D[i]
Enddo
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Torua MOCJIC BCKTOPU3ALIMHM KOMITWIATOP OPraHU3YyCT ABC BCKTOPHBIC
KOMaH/bI

C=4+8B
E=C*D

@dopManbHO BTOpas OINEpalsi MOXET CTapTOBaTh TOJBKO MOCIE
OKOHYATEJILHOI'O BEKTOpa pesynbpTara omepaunu C, OIHAKO CTPYKTypa
MpoIeccopa MO3BOJISET 3aIyCTHTh CBA3aHHYIO OMNEPALMIO, KaK TOJBKO
chopmupyeTcs nepsbiii 31emeHT C.

B pesynbrare Takoro 3aneruieHrs BEKTOPHBIX OMepauii CyMMapHOe
BpeMsI BBIITOJHEHHS] UCXOHOTO IIUKJIa HE HA MHOTO IPEBOCXOJIUT 3TOT
MOKa3aTelb ISk OAHOU BEKTOPHOUM KoMaHIbl (puc. 2.15).

Puc. 2.15. Cuennenue koHBeiepoB

BaxHbIM TOCTOMHCTBOM BEKTOPHO-KOHBEWEPHON 0OpabOTKH sIBJIs-
€TCS BO3MOXXHOCTh HCIOJB30BAaHHUSA TPATUIMOHHBIX (TIOCIEIOBATEIb-
HBIX) SI3BIKOB MPOTPAaMMHUPOBAHMsI, a TaKKe pa3padoTka Tak Ha3bIBae-
MBIX «HMHTEIICKTYaJbHBIX KOMITUISATOPOBY», CIIOCOOHBIX OOHAPYKHUBATh
napaJuIeln3M B IPOrpaMMax IMocCleA0BaTeIbHOTO AeHCTBUS H peodpa-
30BBIBATh UX B BEKTOPU3UPOBAHHBIA KoH. ClemyeT OTMETUTh, YTO Ma-
pallIeNbHbIE KOMIIWISITOPHI XOTS U HAa3bIBAIOTCS MHTEJUIEKTYaIbHBIMU, B
KauecTBEe 00S3aTEIbHBIX CPEJCTB COJICPIKAT UHTEPAKTUBHBIC ONTUMHU3a-
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TOPBI M aHAJIM3ATOPBI 3aTpaT, a 3HAaHWE OCOOCHHOCTH (PYHKIIMOHHPOBA-
HUSI K3LI-MIAMATH TO3BOJIAET MPOTPAMMHUCTY 3HAYUTEIBHO YBEITHYHUTH
MPOU3BOJUTENBHOCTE BBIMOTHEHHUS 337a4. B TO ke BpeMs B TaKMX Hau-
Ooiee pacrpocTpaHeHHbBIX si3bIkax, kak Doprpan u CuH, BKIIOYEHBI
CpeICTBa MapauIeIbHOTO NPOrPaMMHUPOBAHUSI.

o 90-x roj0B MHOTOTNIPOIIECCOPHBIE, MHOTOKOHBEHEPHBIE CYIIEPKOM-
TBIOTEPHI ¢ 00MIEH IS BceX MPOIECCOPOB MaMSATHIO JOMHUHUPOBAIHU, HO
3aTeM CHUTyallMsl CTajla BO3BpAILaThCs (HA HOBOM YPOBHE) K CHCTEMaM C
paznensemoii mamsaThio (BcomMHEM ILLIAC4). D10 0OBsICHSETCS TeM,
YTO MPUMEPHO 10 cepeaunbl 90-x rogoB XX B. OCHOBHOE HaIlpaBICHUE
Pa3BUTHS CYNEPKOMIIBIOTEPHBIX TEXHOJIOTHH OBLIO CBSI3aHO C IOCTpOE-
HHEM CIICHUATU3UPOBAHHBIX MHOTOIPOLIECCOPHBIX CUCTEM M3 MacCCOBBIX
MuKpocxeM. OauH U3 cPOPMHUPOBABIIUXCS TOAXO/IOB, YIIOMUHABIIHACS
panee, — SMP (Symmetric Multi Processing), noapa3ymesail o0beuHe-
HHE MHOTHX IPOLECCOPOB C HCIIOIB30BAaHUEM OOIIEH MaMsITH, YTO CHIIb-
HO 00JIeryasngo mporpaMMHUpOBaHKE, HO TPEIbSBISIIO BBICOKHE TpeOOBa-
HUS K caMoil mamMsTh. Mcnonb3oBanack Kak MOTOYHAS, TaK U BEKTOpHAS
00pabotka. CoXpaHUTh OBICTPOJCHCTBHE TAKUX CUCTEM IIPH YBEIMUCHUH
KOJIMYECTBA Y3JIOB JI0 JECATKOB OBUIO MPAaKTHUECKH HEBO3MOXKHO. Kpome
TOTO, 3TOT MOJXOJ OKa3aJCs CaMbIM JIOPOTUM B alllapaTHON pean3alyu.
Ha mopsimok Oonee AemieBbIM M NMPAKTUUECKH OECKOHEYHO MacliTabu-
pPYeMbIM OKasajics yrnoMuHaBLIMica paHee cnocod MPP (Massively Pa-
rallel Processing), mpu KOTOpOM HE3aBUCHUMBIE CIICIHATH3UPOBAHHEIC
BBIYHCIIUTEIBHBIE MOJYJIN O0BEMHSIOTCS CIICINAaIH3UPOBAHHBIMU KaHa-
JIaMH CBSI3H, PUYEM T€ U JPYTHe CO31aBaJMCh MOA KOHKPETHBIH KOMIIb-
IOTEP U HU B KAKUX JIPYTUX LEJISX HE IPUMEHSUTICE.

Wnest co3manus KiIacTepHBIX pabouymX CTaHIMNA sSBUIACH (DAKTHISCKU
passutHeM Merona MPP, nockoneky norndeckn MPP He cunbHO oTiinya-
eTcsl OT OOBIYHOM JIOKaJbHOW ceTu. JIokanbHas ceTb CTaHAApTHBIX Mep-
COHAJILHBIX KOMITBIOTEPOB TPH COOTBETCTBYIOIIEM IPOrPaMMHOM 00ec-
NEYCHUH, MCIIOIb30BABIIASACS KaK MHOTONPOLIECCOPHBINA CYNEPKOMIIBIO-
Tep, U cTaja MpapoIUTeNbHHULEH coBpeMeHHOro kiactepa. Ceituac ciosa
«KIIACTEP» M «CYMEPKOMITBIOTEP» B 3HAYMTEILHON CTENEHH CHHOHHMBI
(XOTs TpaIUUMOHHBIE KJIACTEPHI MO-NPEKHEMY UMEIOT IIUPOKOE PacIpo-
CTpaHeHHe). JTa ujaes MoJIydyuia BOIUIOLICHHE, Koraa Ojaromaps OcHa-
IIEHUIO TEPCOHATBHBIX KOMIBIOTEPOB BHICOKOCKOPOCTHOM 1mmHON PCI u
MOSIBIICHUIO Je1eBOM, HO ObicTpoil cetn Fast Ethernet knmacteps! cramm
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JOTOHATH clienuanu3upoBaHHsie MPP-cucTeMbl 0 KOMMYHHUKAIMOHHBIM
BO3MOKHOCTSIM. DTO 03Ha4alo, 4YTo coBpeMeHHyro MPP-cucreMy MoxxHO
CO3J1aTh U3 CTaHAAPTHBIX CEPUIHBIX KOMIBIOTEPOB MPH MOMOILU CEPHIi-
HBIX KOMMYHHUKALMOHHBIX TEXHOJIOTUH, IPUYEM Takas CHCTeMa OOXOANT-
Csl JIelIeBie, B CPEHEM, Ha JIBa TIOPSAIKA.

HekoTopbiM MpPOMEXYTOYHBIM apXUTEKTYPHBIM pELICHUEM Ipel-
craBnsieTcss paspaboranublil pupmoii IBM cynepkommnsiotep SP (Scal-
able POWERparallel), monmyuuBmmii mupokoe pacrpoctpanenue. OH
MpeJCTaBIsIeT Tak HaspiBaeMyro MSIMD-apXxutekTypy, KOTOPYIO HHO-
I71a Ha3bIBalOT MAacCHBHO MapajliebHOH 00pabOTKON MO cXeme Hepas-
JIENSIeMbIX PEcypcoB, a MHOI/Ia Macc-TPOIECCOPHOIl MaKpOKOHBEHep-
HOW MM AMHAMHUYECKOH ceTeBOM apXHuTeKkTypoil. Kommbrotep nmoctpoeH
Ha OCHOBE (haKTHMYECKH aBTOHOMHBIX pabouMX CTaHLMHI 3TOH (UPMBI
RS-6000, Ha 6a3e 64-paspsiaroro RISC-nponeccopa POWER'. Moxyin
00BEIUHSIOTCS C TIOMOIIBIO CHENHANTN3UPOBAHHON KOMMYHHUKAIIMOHHOM
MaTpuiel. CucTemMa MOCTpOeHa MO MOIYJIBHOMY MPUHIUIY, pacIinps-
ercs or 16 1o 152 y31moB, CTpyKTypa KOMMYHHUKAlIMOHHON MaTpPHUIIBI
MOJKET HACTPAUBATHCS HA KOHKPETHOE IPUIIOKEHHUE.

MOIIHBIH TOTYOK Pa3BUTHIO KJIACTEPHBIX TEXHOJIOTHHA Jaj OBICTpPHIi
POCT MPOM3BOJUTEIHFHOCTH BHOBD BBIITYCKA€MBIX MACCOBBIX NPOIIECCO-
poB. DTO cHienano BBICOKONPOM3BOIUTENBHBIE PEIICHUS IOCTYIMHBIMU
Jake JUIsl OTeUYeCTBEHHBIX MPOW3BOJUTENECH M MPHUBENO K MOABICHHIO
OTEYECTBEHHBIX CYNEPKOMITBIOTEPOB HA YPOBHE 3aMaJHbIX U STOHCKHUX
Mozeneil. Camblii MomHbl kinactep B Poccun na 2005 — 2006 rr. —
MBC 15000 BH ¢ peanbHoii npousBogutensHocThio 5,3 TFlops, mo-
CTPOEH M3 BBIYHUCIUTENBHBIX y310B Kommanuu IBM Ha 6a3e mporecco-
poB POWER PC u cucremnoii cet Myrinet.

ot KmacTepoB B CIIUCKE CYMIEPKOMITBIOTEPOB 3a mepuos ¢ 2000 mo
2004 r. yeenuumiacsk ¢ 2,2 no 60,8 %. [Tpu sTom Gonee 71,5 % mpornec-
COpOB, MCIIOJIB3YEMBIX AJIS CO3JaHUS CYNEPKOMIIBIOTEPOB, — MAacCOBO
BhIITycKaeMbIe Tiporieccopbl komnanuii Intel 1 AMD.

KracTepHble TEXHOIOTMH HUCMOIB3YIOTCS M B HOBEHMIIUX CyHEepKOM-
IBIOTEPHBIX pa3pabOTKax BEAyIIMX H3TOTOBHUTEJIEH: HampuMep, B ca-
MOM MoIlHOM cynepkomibiotepe IBM BlueGene/L ¢ npou3BoauTens-

" POWER - P(erformance) O(ptimization) W(ith) E(nhanced) R(ISC).
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HocThio Oosee 136 TFlops mcmonp3oBamuch MHOTHME 3JE€MEHTHI Kila-
CTEPHON apXUTEKTYPBL.

Cdepa mpuMeHeHHsS KITACTEPHBIX CHUCTEM celdyac HHCKOJIBKO HE
MEHBIIIE, YeM CYNEPKOMIIBIOTEPOB C APYroil apxutekTypoil. Cynepkom-
IBIOTEPHOE MOJIETTMPOBAHUE MOXKET BO MHOTO pa3 YACUICBHTh U YCKO-
PHUTH BBIXOJ Ha PHIHOK HOBBIX MPOAYKTOB, a TAKXKE YIyUIINTh UX Kade-
ctBo. Tak, BMecTo TOro, 4yToOBI CO37aBaTh JOPOTOCTOSIINE TECTOBBIC
MO/JIENI! HOBBIX aBTOMOOWIICH M MPOBOJIUTH HATYPHBIE MCIIBITAHUS IS
WCCIIEJIOBaHUS UX 0€30IMacHOCTH (pa30WBaTh WX O CTEHKY), MOXKHO OBI-
CTpee U TOYHEee BCE MOCUUTATh HAa KOMIIBIOTEPHBIX MOJIENsIX. brnaromaps
9TOMY MHOTHIM 3allaJIHBIM aBTOMOOMIIBHBIM KOHIIEPHAM yJAJI0OCh COKpa-
TUTh CPOK Pa3pabOTKH HOBBIX MOJIEJe aBTOMOOMIIS B IIATh pa3, C Iecs-
TH JIO IBYX JIET.

KommnerotrepHast 06paboTka reopu3ndeckux JaHHBIX MO3BOJISET CO3-
JlaBaTh BBICOKOJICTAIIM3UPOBAHHBIE MOJETN HE(PTSIHBIX U Ta30BBIX Me-
CTOpPOXKACHUH, obecrieunBas Oosiee 3pdekTrBHYIO, 0e30MacHy0 U Jie-
IIEBYIO pa3paboTKy CKBakuH. B Ta0m. 2.2 u 2.3 mpencTaBiieHbl CpaBHU-
TEJbHBIE JaHHBIC MO0 PA3TUYHBIM OOJIACTSIM HCIIONB30BAHUS CYIEPKOM-
IBIOTEPOB M CPABHUTENILHBIC JaHHBIE WX MPOU3BOIUTEIBHOCTH B 3THUX
o0racTsx.

Heckonbko ciioB 00 apxXUTEKType CyHepKOMIIBIOTEPOB Ha Oase Kia-
CTEpHBIX CHUCTEM, KaK HamOoyee MepCreKTHBHOM HAIlPaBICHUU Pa3BH-
THS MOJOOHOTO BHAAa KOMITbIOTEPOB. Kak yxke yka3blBajoch, KiacTep
COCTOHUT W3 BBIYMCIIUTEILHBIX Y3JI0B Ha 0a3e CTaHAapTHHIX MPOIECCOo-
poB. bonbmuHcTBO Takux cucteM Beiciiero yposHs (Top 500) Beimosn-
HeHbl Ha nporeccopax Intel (Xeon, Xeon EM64, Itanium 2). Yacto uc-
nonb3ytoTes: npoueccopel POWER 2 u POWER 2 PC komnanuu IBM.
OpnnHo BpeMmst MOMYJISPHOCTHIO MOJIB30BaANUCEH Tporieccopsl AMD (Oper-
ton ¥ ero MHOTOSIJICPHBIE BEPCHN).

Kaxnpiii y3en paboTaer moj ympaBiIeHHEM CBOEH KOIMU OIepaliu-
OHHOIi cUcTeMBbl, B OONbIIUHCTBE ciiydaeB — Linux. CocTaB ¥ MOITHOCTb
Y3JIOB MOTYT OBITh pa3HBIMH B paMKaX OJHOTO KJIaCTepa, OJHAKO YaIle
OHU CTPOSTCS U3 OMHOPOAHBIX KOMIIOHEHTOB.
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Tabnuua 2.2

CpaBHMTeJ’[beIC JIAHHBIC 10 UCIOJIb30BAHUIO CYIIEPKOMIIBIOTEPOB

B mupe B CHI' B CHI'
O06s1acTH UCTIOIB30BAHUS (Top 500), %| (Top 50, 2-s | (Top 50, 1-s
penakus), %| pemakuus), %
[IpoMBIIUIEHHOCTB: 3JIEKTPOHHAS; TS~ 443 16 2

bkenast (aBTOMOOWIIbHAS, aBHALIMOHHAS,
METaJUTypTus U Ap.); foObIBarommas (reo-
noropasBenka, Hedre- U ra30400b14a)
BrruucnuTenpHbIe IEHTPHI, HayKa 1
0OpazoBaHHUe: CYNEPKOMITBIOTEPHBIC [IEH- 21,2 66 96
TPbI, YHUBEPCUTETHI U HAYYHBIC HHCTHTY-
ThI ((U3HKa, MATEeMaTHKa, XUMHUs, OHOJIO-
rrsi, FEHETHKA), TIOCTaBIMKU CYEPKOM-
[bIOTEPOB, CHCTEMHbIE HHTETPATOPBI

[TporHo3el MOrosibl ¥ KJIMMaTUYECKHUE 18,5 — _
CCIIEIOBAHUS
CrpaTernueckue UCCIe0BaHus: TIPo- 7,1 — _

rpamMmbl MUHHCTEpCTBA 000POHBIL, KOC-
MUYeCKas U siiepHasi MPOrpaMMbl

duHaHCh: 6aHKH, QUHAHCOBBIC KOP- 3,5 18 2
[Mopanuy, CTpaxoBaHue, PUHAHCOBBIC
MPOTHO3BI  KOHCAJITHHT —

[ToTpeOuTEeNnbCKUI CEKTOP: MEIUIIMHA 3 —
1 (apMaKoJIOT s, TPAHCIIOPT, TOPTOBJISA,
[IPOM3BOACTBO MOTPEOUTENBCKUX TOBAPOB,
MPOIYKTOB MUTAHUS

Menua: nudpoBble BUIEOTEXHOIOTHH, 2,2 - -
KOMIIBIOTEPHBIE UIPBI U IIP.
I'ocynapcTBeHHOE yIpaBieHue 0,2 - -

Tabmuma 2.3

CpaBHI/ITGHLHLIe JaHHBIC 11O IMTPOU3BOAUTEIBHOCTU CYIICPKOMIIBIOTEPOB

CpenHuii ypoBeHb,

MakcumansHsblit ypoeHs, GFLops GFLops

Oo6uacTu

HCII0JIb30BAHUA

B MHpE B CHI (Top 50-2) B MUpE B CHI (Top 50-2)
MccnenoBanust 136 800 3052 (menbmie B 44 pa3a) | 1800 (120 (menbmie B 15 pa3)

[DunaHCHI 4713 1438,6 (menbie B 10,7 paza) 1500 (139 (mensuie B 10,7 pasa)

[IpombiuteHHocts| 3755 2032 (menbiue B 1,8 paza) | 1500 |165 (mMenbuie B 9 pagz)
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Knacmep — cnoxHbIl IPOrpaMMHO-aIIapaTHBIA KOMILUIEKC, U 3a71a4a
MIOCTPOCHUST KJIACTepa HE OTpPaHUYMBAETCS OOBEAMHEHHEM OOIBIIOTO
KOJIMYECTBA TPOIIECCOPOB B OAWH CEerMeHT. Mcmoip3oBaHue TexX Win
WHBIX KOMIIOHEHTOB M BBIOOP KOHKPETHOW KOMMYHHKAIIHOHHOW CpEIIbI
3aBUCHUT OT MHOTHX (paKTOPOB M, MPEXK/IEC BCETO, OT THIIA 3a/1a4, I KO-
TOPBIX CTPOMUTCS Kiactep. [ HEKOTOPBIX XOPOILIO pacrapajieBac-
MBIX 33/1a4 (TaKuX, Kak KOMIIOHOBKA HE3aBHCHMBIX CIO)KETOB B BHICO-
(parmMeHTe) TIaBHBIA (HaKTOp OBICTPOJCHCTBHSI — MOLIHBIA MPOIIECCOop,
a TPOM3BOJUTEIFHOCTh KOMMYHUKAIIMOHHOM Cpelbl HE UTPAaeT OCHOB-
HO# ponu. B To ke Bpems [uis 3a7a4 pacyera CIUIOMHBIX cpex (THApo-,
ra3o-, a’po-, AMEKTPOAMHAMUKH W T.N.) BaKHA NPOU3BOAUTEIHHOCTD
CHCTEeMHON KOMMYHHKAIIHOHHOW Cpe/bl, NHA4Ye yBEIMYCHHE YHCIA y3-
JIOB B KJacTepe OyIeT Majio BIHATh Ha CKOPOCTh PEIICHHUS 3aauu.

XOTsl KOHKpEeTHasi apXUTEKTYpa KJIacTepa OMpeaessieTCs] apXUTEKTy-
poli pelraeMoii 3aaud, ¢ caMmbIX OOIIMX MO3UIMA CTPYKTypa JIH000ro
KJIacTepa BKIIIOYACT B ce0sl CIEIYIOIINE B3aHMMOCBS3aHHBIC JJIEMEHTEHI,
MmoKa3aHHbIC Ha puc. 2.16.

Puc. 2.16. Cxema kiacTepHO KOHQUTYpauu
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CucteMHasi ceTh, WIH BBICOKOCKOPOCTHAsi KOMMYHHKAIMOHHAS Cpe-
Ja, BBITIOJTHSET 3a/1a4y oOecrieueHns 3 (HeKTUBHOCTH BhIYUCICHUH. Jlist
3a1ad, He TpeOYyIONIMX WHTEHCHBHBIX OOMEHOB JaHHBIMH, Haubolee
JOCTYIHBIH THIT KOMMYHUKAIIMOHHOHM cpenbl — 3To Gigabit Ethernet.
Jns 3amau, TpeOYIOMMX BBICOKHE CKOPOCTH OOMEHOB, NMPHUMEHSIOTCS
CTCIMAN3UPOBAaHHbIE KOMMYHHKAIMOHHBIE YCTPOHCTBaA, Oojiee yeMm B
JIBa pa3a MPEBBIIAIOIINE NPOIYyCcKHYI0 criocoOHOcTh Gigabit Ethernet.
[IpaBia, CTOMMOCTB MX 3HAYUTEILHO BBIIIE.

3agaya 3¢eKkTuBHOrO AOCTyma y37I0B K JAHHBIM peIlaeTcs ¢ Io-
MOIIIBIO BCITIOMOTaTeabHOU cetu (kak mpaBwmiio, Gigabit Ethernet). Cep-
BHCHAs CETh OTBEYAET 3a paclpelesieHUe 3a1ad MEeKAY y3JlaMH KiacTe-
pa, a TaKKe 3a yrnpaBiieHHE y3iaMu (0e3 ydJacTusl ONepalloHHON cuc-
TEMBI).

KoHkperHast apxuTeKkTypa KIacTepOB Ompeaensercss 001acThio HX
npUMeHEeHUsS. MOKHO BBIICITUTE YETHIPE THITA KJIACTEPHBIX CUCTEM:

BBIYUCITUTEIbHBIC KIaCTEPBI;

KJIaCTEephl 0a3 TaHHBIX;

OTKa30yCTOWYMBBIC KIIACTEPHI;

KJIaCTEPhI JJIs1 paclpeieieHus 3arpy3Ku.

[lepBbie 1Ba THNA KJIACTEPHBIX CUCTEM HE TPEOYIOT MOSICHEHWH, 3a
UCKITIOYEHHUEM, MOXET OBITh, TOI'O, YTO BBIYMCIUTEIbHbBIC KIaCTephl —
Han0oJiee MHOTOYHMCIICHHBINA BUJI KJIACTEPOB U UX PA3HOBHIHOCTH OIpe-
JENSIOTCA 00JacTAMU UX IPUMEHEHUs], yKa3aHHbIMU B Tabm. 2.2 u 2.3.

OTKa30yCTOMYMBBIE KIIACTEPHI CTPOAT IS TOTO, YTOOBI HAMITYHYIIHM
o0pa3om obecneyuTh HaIEKHOCTh PabOThl KPUTHUECKH BaXKHBIX IPH-
MeHeHHH. PabGora mpunoxkeHus nyOnupyeTcs Ha pa3HBIX y3lax, U B
cilydae OIMOKH Ha OJHOM W3 HHX NPHIIOKEHHE MPOJIOJIKAET padoTaTh
WIT aBTOMATHUYECKH 3arpy’KaeTcs Ha APYTOM.

Knactepsl pacnpenenenus 3arpy3Kd UCHONB3YIOTCS Uil pacmperne-
JieHns1 OOJBIIOTO MOTOKA 3aIPOCOB TI0 MHOTHM cepBepaM. Takue perre-
HUSI 9aCTO MPUMEHSIOTCS JUIsl OJAePKKH Web-y3II0B ¢ AMHAMUYECKUM
COJEP)KUMBIM, IOCTOSIHHO O0paIIalonuxcs K 0a3aM JaHHBIX, HAIIPUMED
MOMCKOBBIX CHCTEM. B 3aBUCHMMOCTH OT pa3Mepa cepBHCa KIacTephl
pacripefiefieHus 3arpy3kd MOTYT MUMETh JIOCTATOYHO OOJBIIOE KOJINYe-
CTBO Y3JIOB.

B 3akirouennn 31oro o0Cy X 1eHHUsI KOMIIBIOTEPOB BBICIIEH POU3BO-
JTUTEITBHOCTH HEOOXOIUMO KPaTKO OCTaHOBUTHCSI Ha BOMPOCE, KOTOPBIH
UMeeT K 3THUM MalllMHaM HENOCpeACTBEHHOe oTHomeHue. O4eHb mep-
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CHEKTUBHBIM CIIOCOOOM OpraHM3aLH MCIOJIb30BAHUS CYIEPKOMITBIOTE-
poB siBiIsIeTCs pa3paboTaHHbI B pamkax EBpomnelickoro Coro3a Tak Ha-
3pBaeMblil Data Grid Project, HatieneHHBIN Ha CO3/IaHHE CETH EBpOTICH-
ckux cynepkommnbtorepoB Data Grid Intranet.

I'pun (GRID) — mepcriekTHBHOE HampaBiieHHE pa3BUTHS HH(OpMa-
1uoHHbIX TexHonoruid (UT). XoTs oHO He HaIIo BOIUIOIICHHUS B UHAY-
cTpuanbHbIX ctaHmaprax (2005 r.), Bce crpansl — auaepsl UT peinka
MMEIOT TOCYAapCTBEHHBIE IIPOTPaMMBbI Pa3pabOTKH TPUIA-TEXHOJIOTHHA.

TepMHUH «Tpum» NPHUMEHSAETCS MO0 aHAJIOTUH ¢ MoHsATHEM «Power
grid» — cucrema, MHTErpUpYIOIIasi MOIIHOCTH JJIEKTPUYECKUX CeTeH B
€NHOE «XpaHWIHILNE» SHEPTHH, OTKyJa OHA IepepaclpeneiseTcd BHE
3aBUCUMOCTH OT €€ UCTOYHHMKA. BHeApeHne Takux TeXHOJOorui B chepe
BBICOKOIIPOU3BOAUTENBHBIX BEIYMCICHHUH TO3BOIUT KapAHUHAIBHO YIPO-
CTHUTbH JOCTYI K BBIYMCIUTEIHHBIM pecypcaM U cJeNaTh UX UCIOIb30Ba-
HHE Ha mopsaok Oonee 3¢dexTuBHBIM. [loMHMO MHTErpanyy BHIYUCITH-
TEIBHBIX PECYpPCOB I'PHUJI-TEXHOJOTHH TMO3BOJAT MHTEIPUPOBATH pa3HO-
POJIHBIE EMKOCTH XpaHeHHS UHPOPMAIMH W 0a3bl JAHHBIX JUTSL CO3IaHUS
r100aJIbHOTO HH(POPMALMOHHOTO NpocTpancTBa. OCHOBHBIE LIEJIN 3TOTO
MIPOEKTa CICAYIOILIHE:

WHTETpanus BBIYUCIUTENBHBIX MOIIHOCTEW — HHTErpalus pasHo-
POIHBIX BBIYHCIUTENBHBIX CHUCTEM B €AMHOE MPOCTPAHCTBO C JUHAMH-
YECKUM PaCIpPEEIEHUEM PECYPCOB MEXKTY MPHIIOKEHUAMM;

WHTETpanys UCTOYHUKOB JAaHHBIX, HAIPUMEp MHTETpalus B eIUHYIO
BUPTYyaJbHYIO 0a3y pa3HOpPOJHBIX 0a3 JAaHHBIX, paclpeleNeHHBIX Tep-
PUTOPUAIBHO M PealM30BaHHBIX HA PAa3HBIX allllapaTHBIX IIatdopmax.

OTOT npoeKT B EBpore OpHeHTHPOBAaH Ha TPU OCHOBHBIE MPUIIOXKE-
HUS:

(¢u3nKa BBICOKMX HHEPruil B pamkax MexXIyHapoIHOrO LEHTpa
snepHbix uccnenoBanuii (CERN — IlBeiinapust), rie TpeOyrOTCsS KOJoC-
CalbHbIe BBIUMCIUTEIbHBIE MOIIHOCTH KakK JAJISl YHpaBICHHs KpYIHEH-
HIMMU B MHPE YCKOPHUTEIBHBIMH KOMILIEKCAMH, TaK U OCOOCHHO JUIS
00paboOTKH pe3yabTaTOB (PU3NUECKUX IKCIIEPUMEHTOB;

Ouozorus u MeaunrHa (B pamkax opranuzanuu CNRS — Opannms);

MOHHUTOPHUHT OKpY’Karolien cpensl (B pamkax EBpormeiickoro areHt-
ctBa ESA — Uranus).

Taxoke ciaeqyeT OTMETHTh, YTO IOCTOSIHHO PACTYIIHE MOTPEOHOCTH
BO BCeOOJBIICH MPOU3BOJUTEIBHOCTH KOMITBIOTEPOB CTABAT BOIPOC O
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IpeAeNbHBIX BO3MOKHOCTSIX TPaIULIMOHHON apXuTeKTyphl ¢pon Heiima-
Ha Ha 0a3e KPEMHHUEBOM TBEPIOTEILHON 3JCKTPHKE.

[losiBsIteTcs psiA UMCTO TEOPETUUECKHUX Pa3padOTOK apXUTEKTYp, Ol-
pelensAonX AabHENIIEE Pa3BUTHE KOMIIBIOTEPHBIX TEXHOJIOTHH, —
3TO KBAHTOBBIH KOMIIBIOTHUHT, MOJEKYJSPHBIA KOMIIBIOTUHT, HEWpOH-
HBIH KOMIBIOTHHT, KoMIibioTep Ha ocHoBe [IHK-moruku u 1.1m. Y4YuTHI-
Bas, Kak JaBHO BEQYTCS Pa3rOBOPHI O HEHPOKOMIIBIOTHHIE, IIPU OTCYT-
CTBUM PEABHBIX PE3YJIBTAaTOB BHEAPEHMS €r0 B MIPAKTUYECKOE HUCIOIb-
30BaHUE TPYJHO OKUAATH OT BCEX MEPEUHUCICHHBIX MPEATOKEHUH Mpo-
PBIBHBIX PE3YJIBTATOB B OJMKalIeM Oy IynieM.

Meinnghpeiim — CHHOHUM TOHSTHS «OOJBLION YHUBEPCAIbHBIH KOM-
nbloTep». MelHppeiMBbl 1 10 CEroAHSIIHETO IHS OCTAaroTCs Haubosee
MOIIHBIMU (HE CUUTAas CyNEepKOMIIbIOTEPOB) BBIUHUCIUTEIHHBIMU CHCTE-
MaMu OOIIEro Ha3HAYCHHUs, 00CCIICYMBAIOIINMHU HEITPEPBIBHBIN KPYTIIO-
CYTOYHBIN peXuM dKCIuTyaTanud. OHU MOTYT COJEpKaTh OAWH HMIIU He-
CKOJIBKO TIPOIIECCOPOB, KAXKJIBIM M3 KOTOPHIX, B CBOIO OYEPEIb, MOKET
OCHAIaThCsI BEKTOPHBIMH COTIpOLieccOpaMi (YCKOPHUTESIMH OTepariiii
C CYNEPKOMITBIOTEPHON MPOU3BOAUTEIBHOCTEIO). IIporpecc B obmactu
3JIEMEHTHO-KOHCTPYKTOPCKOM 0a3bl MO3BOJIMI CYIIECTBEHHO COKPATUTD
rabapuThl OCHOBHBIX YCTpOWCTB. Hapsioy co CBEpXMOIIHBIMH MEWH-
¢dpelimamu, TpeOYIOIUMH OpPTaHU3alMU ABYXKOHTYPHOH BOZISHOM cuC-
TEMBI OXJIAXKEHHS, UIMEIOTCSI MEHEE MOIIHBIE MOAEIH, [T OXJIaXKACHHS
KOTOPBIX JOCTATOYHO MPUHYJUTEIHHONW BO3AYIIHON BEHTWIALUU. OTH
MOJIENTN TIOCTPOEHBI 10 OJOYHO-MOYIBHOMY MPHHIUIY U HE TpeOyroT
CHEIHUAIBHBIX IOMEIIEHUI U KOHAUIIHOHEPOB.

OCHOBHBIMH TOCTaBIIUKAMH MEHH(PEHMOB SBISUTUCH W3BECTHBIC
kommbioTepHbie kommanuu Amdahl, ICL, SIEMENS NIXDORF u He-
KOTOpbIE Ipyrue, HO BeAyllas pojib BCETAa MpHHAIJIeKaNa, 0e3ycaoB-
HO, koMnanuu IBM. VIMeHHO NPOEKT MO CO3/1aHUI0 HOBOM apXUTEKTYpPhI
KOMITBIOTEPOB — MeiH(peliMoB, peanu3oBaHHblii IBM B mepBoit moso-
BuHe 1960 r., ompenenusi OJHO U3 OCHOBHBIX HAIpPaBICHHUN Pa3BUTHS
KOMITBIOTEPHON MHIIYCTPUH Ha JOJITHE TOABL. DTOT MPOEKT OBbLI HaLleNeH
Ha CO3JIaHKe CTaHJapTU30BAHHOW, XOPOIIO MacIITabupyeMoid, BRICOKO-
HAJEKHOW apXUTEKTyphl KOMIIBIOTEPOB YHHBEPCAJIHFHOTO Ha3HAUYEHUS.
4 anpens 1964 1. MOABMIIOCH CEMEMCTBO BBIYMCIUTEIBHBIX MAIIUH
IBM-System/360, nepBoHavanbpHO BKIIOYaromiee B ce0si BOCEMb MoJe-
neit: umxHero (1), cpeanero (3) u Boiciero (4) ypoBHsI.
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Bonbme yausepcanbabie komnbiorepbl IBM 360 Obiii nepBeIMU B
MHUpE CHUCTEMaMH, NMpeIHa3HAYCHHBIMU KaK Ui KOMMEPYECKUX, TaK U
JUTST HAYYHBIX IIefiell. DTa cepus NOMOJHsIACh B TPOIECCE Pa3BUTHUS
elle IIeCTbI0 MOAENSAMH KaK CpeIHEero, Tak M BhICIIEro (Hay4HOTO)
ypoBHsA. Mogenu ctpomnuch Ha 0aze CTaHOAPTHHIX alapaTypHBIX H
MPOrPaMMHBIX TPOJYKTOB W OBUIM COBMECTHMBI CBEpXY BHHU3, HMeEs
€NHYIO CHCTEMY KOMaHI.

B nauane 1970-x rogos IBM BeImycTHIIa HAa PEIHOK HOBOE ITOKOJIE-
HUE MalllH, MOJXYYUBIIMX Ha3BaHue System 370, COBMECTUMBIX C CHC-
temoit IBM 360, HO HCIIONB30BABIINX YCOBEPIIEHCTBOBAHHEIE MPOIIEC-
COpBI, ONEPATHBHYIO M BHEIIHIOI MaMATh. JTO MO3BOJWIO PACIIHPHUTH
MX BO3MOXXHOCTHU TIO MOAJEPIKKE OJHOBPEMEHHO PabOTAIOLINX IOJIb30-
BaTeneld u Oojiee PEeCypCOEMKUX M TWHAMHYECKHUX MpuioxeHwui. Oc-
HoBHEBIE HOBaImu IBM 370 — BO3BMO>XHOCTE MUCIOIB30BaHUS HECKOIBKUX
MIPOLIECCOPOB B paMKaxX OJHOW CHCTEMBI, IOJHOLIEHHAs MOAEp)KKa
BUPTYQJIbHON MaMATH W HOBBIM 128-pa3paaHbiii OJOK BEUIECTBEHHOM
apudmeTnku. Bcero ObIo BBIMyIIEHO OKOJO 17 Mozenei pasHOTro
YpOBHS. OTH KOMIIBIOTEPHI MCIOIB30BAIN CHENMAIU3UPOBAaHHBIE OIlE-
pammonHsnii  cucremsr:  OS/360, OS/370, MVS (Multiple Virtual
Storage) u ee Bapuanuu.

HoBoe nokonenue meitngpeiimoB System 390 mosiBUiIOCH B Haudale
1990 r., HO COXpPaHMJIO COBMECTUMOCTh C MPEABIAYIIMMHI MOAeIIMH. B
nporiecce cozmanus IBM 390 mpousonnio oOHOBICHHE BCEH AJIEKTPOH-
Hoit 6a3e1 — MII, OII u B3V nHa Heckonpko mokosieHuit. B mepuos ¢ 1990
no 1999 r. GbUIO BBIMYLIEHO MHOXECTBO Pa3HOOOPa3HBIX CHCTEM IOA
Ha3BanueM [BM S/390 Enterprise Server unmu ESA/390 (ESA — Enter-
prise System Architecture). Crapriime aBe MOJIEIH CUCTEMBI C Ha3BaHUEM
«Summity UMeIn BOASHOE OXJIAXKICHUE, MJIa e — BO3AYILIHOE.

B 2000 r. nazanue «System 390» Op110 3ameHeno Ha «IBM e Serv-
er z Series». B okTs10pe ObLI mpeCTaBicH CaMblii MOIIHBIA Ha TOT IIe-
PO/ KOMITBIOTEP MacCOBOTO KOMMEPUYECKOTO NMPHUMEHEeHHs — z Series
900. Torna >xe nosiBunace HoBas 64-pazpsanas OC — z/OS. B 2002 r.
ObLTO TIpescTaBieHo ceMelcTBo z Series 800 miIst 3a1a4 cpeTHETO YPOB-
g, 2003 1. ObUI OTMEUYEH IIOSABIIEHHEM HOBOH MOIEHH Z Series —
e Server z Series 990, B 2004 r. mosiIBUIIach HOBasi CUCTEMa CPEIHETO
ypoBHs z Series 890.

B cepenune 2005 1. ceMeHCTBO MEHHGPEHMOB NIEPEKIIO OYSPETHOE
nepenMeHoBanue. C 3TOro BpeMEHH BCE CHCTEMBI 3TOro kiacca 00o-
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3Ha4yaoT System z9. OZHOBPEMEHHO C 3TUM OOBSBICHO O CO3AaHUH
HOBOM Mozenu — 109. 3T MoJenn OTBEYar0T COBPEMEHHBIM KECTKUM
TpeOOBaHUSIM KOPIOPATHUBHBIX CUCTEM IO TOCTYITHOCTH M HaJIe)KHOCTH.
Bo03MOKHOCTH HEMPEPBIBHOTO MPOo(HIIakTHIecKoro odcyxuBanus (6e3
npepbiBaHusl paboThl KOMILJIEKCa) BHOCHT BECOMBIA BKJIaZ B TO, YTO
cpeaHee BpeMsi HapaOOTKU Ha OTKa3 CHCTEMBI Z Series UCUUCIISIeTC S Jie-
CATUIIETUSMH, a IpemnoxeHHas IBM-cucrema KOMIUIEKCUPOBAHMS —
Parallel Sysplex (TpaguunoHHBIE KIacTepbl), XapaKTEpHU3YyeTCs IOBbI-
HICHHOM UBYYECTBbIO KOMIUIEKCA: €ro HaAEKHOCTh ceituac 99,999 %,
T.€. cpelHee BpeMsi HepabOTOCIIOCOOHOCTH CHCTEMBI 3a T'OJl COCTABIISET
He Oojee 5 MUH.

Ilo mepe Toro, Kak KOH(EIUIHMATHHOCTH CTAHOBUTCA OIHUM H3
INIaBHBIX TpeOoBaHUi OuzHeca, mojnepxka SSL-Tpanzakimii (3amu-
HICHHBIE CETEBBIE MPOTOKOJIBI) IPEBPAIIACTCS B ONPENEIISIONIHN (HaKTop
npu BeiOope cepBepa. IBM z Series MoxeT paboTaTh ¢ BOcCEMHaIATHIO
KpUNTOrpaduuecCKUMH COTPOIIECCOPaMU, KOTOpbIE MOTYT 00pabaTbl-
BaTh HECKOJIbKO THICAY 3AIIMIICHHBIX TPAH3aKIUI B CEKyHOy 0e3 CHU-
KEHUS CKOPOCTH 00PaOOTKH.

B apxutexktypHOM IUTaHe MEeHHPEHMBI NPEACTABIAIOT COOOH MHO-
TOTIPOLIECCOPHBIE CHCTEMBI C OJHUM HJIM HECKOIBKUMH LEHTPaIbHBIMU
U nepudepuiHBIMU MpoLEcCOpaMH € OOIIEH MaMAThIO, CBSI3aHHBIMH
MEXIY COOO0H BBICOKOCKOPOCTHBIMU MarucTpajsiMHU Nepefadu JaHHBIX,
YTO O0Ka3aJI0Ch HEMPUEMIIEMBIM IS CYTIEPKOMITBIOTEPOB M3-3a OOJIBIIO-
ro KOJHYecTBa MporeccopoB. [Ipu 3TOM OCHOBHAs BBIYMCIUTEIbHAS
Harpy3ka INpUXOJUTCS Ha LEHTPaJIbHBIC MPOLECCOPHI, a NepudepuitHbie
npoueccopsl (B TepmuHonorun IBM — cenekropHble, OIOK-MYyJIBTH-
TUIEKCHBIE, MYJIBTUIUIEKCHBIE KaHAIBl M IMPOIECCOPB TEneoOpadOTKH)
oOecreunBaloT paboTy ¢ MIMPOKOH HOMEHKJIATypod mnepudepuiHbIX
YCTPOUCTB.

[lepBoHauansHO MeWHPPEHMBI OBLIH OPHEHTHPOBAHBI HA IIEHTPAIHU-
30BaHHYIO MOJIEJIb BBIYHCIICHUH, paboTaiy Mo/ yIpaBJIeHHEM NaTeHTO-
BaHHBIX ONEPALMOHHBIX CHCTEM U MMEIN OrpaHUYEHHBIE BO3MOXKHOCTH
JUTSE OOBbEIMHEHUSI B €IMHYIO CHCTEMY 000PYIOBaHUS Pa3IHIHBIX HUPM-
nocTaBIUuKoB. OTHAKO MOBHIIIEHHBIN HHTEPEC MOTPEOUTENEH K OTKPHI-
TBIM CHCTEMaM, MIOCTPOCHHBIM Ha 0a3e MEXIyHapOIHBIX CTaHAAPTOB H
MO3BOJISIONINM TOCTAaTOYHO 3((EKTHBHO MCIIOIB30BATH BCE MPEUMYILE-
CTBa TaKOr0 IOJXO/a, 3aCTaBUJI MOCTABIIIMKOB MEHH(PEHMOB CylecT-
BEHHO PACIIUPUTH BO3MOXHOCTH ONEPALMOHHBIX CHCTEM B HaIlpaBile-
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HUU COBMECTUMOCTH. B HacrosIee BpeMsi OHH JIEMOHCTPHUPYIOT CBOIO
«OTKPBITOCTHY», 0OecreunBas BO3MOXXHOCTh HCIIOJIB30BAHUS MPOTOKO-
noB Mexcoeaunenuit OSI u TCP/IP unu mpemocTaBisiss BO3MOXHOCTh
paboThl HAa KOMMBIOTEPAX MOJ| YHPABICHUEM OINEPAIMOHHON CHCTEMBI
UNIX coOcTBeHHOH pa3paboTKu.

CTpeMHTENBHBI POCT MPOU3BOIUTENFHOCTH IEPCOHANBHBIX KOM-
IBIOTEPOB, PabOYMX CTAHIIUKI M CEPBEPOB CO3/AI TEHICHIIMIO Mepexoa
¢ MeiH(peMOB Ha KOMITBIOTEPHl MEHEE AOPOTUX KJIACCOB — MUHHUKOM-
MBIOTEPH] U MHOTOIIPOLIECCOPHBIE CEPBEPBL. JTa TEHACHLUS IOJyYnIa
Ha3BaHHWe «pasykpynHeHue» (downsizing). OmHaKo STOT mpollecc He-
CKOJIBKO 3ameruiniica. OCHOBHOW NMPUYMHOM BO3BpAllleHHs MHTEpeca K
MeiH(ppeliMam 3KCHEepThl CUUTAIOT CIOXKHOCTh MEpexona K pacrperne-
JIEHHOUM apXUTEKType KIHMEHT-CEPBEP, OKA3aBIICHCS BBILIE, YEM IPEA-
nonarajgocb. Kpome Toro, MHOTHE MOJIB30BaTENN CYUTAIOT, YTO pacrpe-
JeNieHHas cpefa He 00iazaeT JIOCTAaTOYHOM HaJEXKHOCTBIO sl HanOo-
Jiee OTBETCTBEHHBIX MPUIIOKEHHI, KOTOPOH 00J1aIat0T MEHH(PEIMEL.

I'maBHBIM HEOCTATKOM MEWH(PPEHMOB B HACTOSIIEE BPEMSI OCTACTCSI
OTHOCHUTEIIBHO HU3KOE€ COOTHOIIEHHE MPOU3BOAUTEIBHOCTH-CTOMMOCTb.
OpHako ¢uUpMaMH-TIOCTaBIIMKAMH MEHH(PPEHMOB MPEeANPHHUMAIOTCS
3HAYUTENbHBIE YCUIIHS 110 YIYUIIEHUIO 3TOTO MTOKa3aTesl.

CrnenyeT Takke NMOMHMTB, YTO B MHUpPE CYILECTBYET OTPOMHAs WH-
CTaJulnpoBaHHAsl 0a3a MelH(pperMOB, Ha KOTOPOH paboTaloT HECATKH
TBHICSIY TPUKIIAJAHBIX IPOTPaMMHBIX cucTeM. OTKa3aThCsl OT roJlaMu Ha-
paboTaHHOTO MPOTPaMMHOTO OOecTieueHHs MPOCTO HepasyMHO. BHOBb
CO3/1aBaEMbIE CHCTEMBI, C OJHOH CTOPOHBI, MO3BOJIMIN MOAECPHU3UPO-
BaTh CYILECTBYIOIINE CHCTEMBbI, 00ECIICUYMB COKPAICHUE 3KCILTyaTalu-
OHHBIX PacXoJIOB, C JPYrod — CO3Jaliil HOBYIO 0a3y Juisd Hamboiee OT-
BETCTBEHHBIX PUIIOKEHHH.

B cBs13u ¢ 3THM, HECMOTPSI Ha BCEBO3MOXKHBIE (M TIOCTOSIHHBIE) MPO-
pouecTBa, MpeApeKaBlIie HEMHUHYEMYIO M CKOPYIO CMEPTh 3TOH Iuiat-
(dhopmel, B 2004 1. OHA yCIEIIHO OTMETHIIA cBoe 40-J1eTHE; TP 3TOM, I10
OLIGHKaM BEAyIINX aHAIUTHYECKHX areHTCTB Mupa, 10 70 % kputHue-
CKU B&)KHOW KOPIIOPATHBHON MH(pOpPMAIUK XpaHHUTCS B 00pabaThiBaeT-
Cs1 UMEHHO C ITOMOIIbI0 MEHH(PEHMOB.

MUHHU-KOMIIBIOTEPH! MOIYYHIN IIUPOKOE pacrpocTpaHeHue B 70 —
80-x romax. [lomynspHOCTh 3TUX MalIMH OOBSICHATIACH X MaJBIMH pa3-
MepaMH, CTOUMOCTBIO (OTHOCHUTEIHLHO OOJBIINX KOMITBIOTEPOB) U YHH-
BEpCaIbHBIMU BO3MOKHOCTAMU. [IpomsBoaurensHOCTs HX ObLia Oonee
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HHU3Kas, 4eM y OOJBIIMX CHCTEM, a JUIMHA CJIOBa paBHsIach 16 pasps-
JaM, OJTHAKO MapaMeTpbl 3TUX KOMIBIOTEPOB BIOJHE YIOBIETBOPSIH
0oJbIIIOE KOJMMYECTBO TOib30oBaTeneil. Hanbomnee momynsipHbie MUHH-
KomrbloTephl Boiyckanu nBe ¢pupmel CIIA: Hewlett Packard (HP) u
Digital Equipment Corporation (DEC), mocienusist BbIITyCTHIa CEPHUIO
koMipioTepoB PDP 11 u VAX. OTedecTBEHHBIC aHAJIOTH dTHX KOMITHIO-
TepoB ObUIM pa3paboTaHbl B PaMKax CHUCTEMBI MaJlbIX KOMITBIOTEPOB
(CM, CM 1, 2 (HP), CM3, 4, 1420, 1300 u T.1.), OJJHAKO K HACTOSILIEMY
BpPEMEHH IEPCOHAIbHBIE KOMIIBIOTEPHl U pabouue CTaHLUHU [0 CBOMM
XapaKTepUCTHKAM MPEBOCXOJIAT OOIBITHHCTBO MUHU-KOMITBIOTEPOB.

KOHTPOJIBHBIE BOITPOCBHI

1. OnumuTe OCHOBHBIE KOHIIEIIIMK apXUTEKTyphl (oH Helimana, ee
COCTaBHbIC YaCTH M MX HazHaueHHe. Ha3oBUTE OCHOBHBIC HANpaBIICHUS
pasBUTHs 3TOM apXUTeKTyphl. CyIIeCTBYIOT JH MPUHIUIHAIBHO OTJINY-
HBIC BUJIBI QDXUTEKTYP B CHCTEMax 00pabOTKH JaHHBIX?

2. PaccMoTpuTe CTPYKTYpy 3allOMUHAIOIIMX yCTPOMCTB COBpPEMEH-
HBIX KOMIIBIOTEPOB. B ueM NpuYMHBI paccioeHHUs] MaMATH KOMIbIOTe-
pos? [laiiTe onpeneneHne NOHATUS BUPTYyaJTbHONU MaMSITH.

3. OnummTe Ha3HAUYEHHE, OCHOBHBIE XapaKTEPUCTHUKU, PA3HOBUAHO-
CTH CXEMOTEXHHYECKOHW pean3aluy ONEepaTUBHOM MaMsITH KOMIIbIOTE-
pa. B 4em TOCTOMHCTBA U HEOCTATKU PA3INYHBIX TUIIOB RAM, nmpume-
HSIEMBIX B COBPEMEHHBIX KOMIBIOTEpax?

4. KakoBbl Ha3HAY€HHE U OCHOBHbBIE (DYHKIHH LIEHTPAJIBHOTO IPO-
neccopa (L[I1)? Ilepeuncimre nBa ypoBus LI, ¢opmarbl xomaHg u
JaHHbIX. JlaliTe onpeneneHnue NOHITUS MUKpOIporpaMmMupoBanus. Pac-
CKa)XUTE 0 MHOroypoBHeBOM opranmzauuu LI, npuunnax ee paccioe-
HUS U PA3IMYHBIX CIOCO0aX OLEHKH OBICTPOACHCTBHS KOMIIBIOTEPOB.

5. OnumuTe pa3iauyHbIe CIOCOOBI paclapaUIeTUBaHHUs MIPOLIECCOB.
Uro Takoe BEKTOpHas, KOHBEHepHas, BEKTOPHO-KOHBEHepHast 00padoT-
ka naHHbIX? HazoBure crnocoObl OpraHu3ali U OTpaHUYCHHS B NpU-
MEHHMOCTH 3TUX METOJIOB.

6. Pacckaxxute 0 HazHaUeHHAX, PYHKIHOHAIBHBIX OCOOCHHOCTSIX H
Pa3sHOBUAHOCTAX NMepU(EPUIHHBIX YCTPOHCTB KOMIIBIOTEPOB, Pa3IMYHbBIX
(dopmax mpencraBieHuss HHQOpMALKH, KOAAX, UCIIOIb3yEMBIX B CHCTE-
Max 00paOOTKHU JaHHBIX.

110



T'JIABA 3. MUKPOITPOLIECCOPHI,
MHUKPOKOMIIBIOTEPBI. HEPCOHAJIBHBIE
KOMIIBIOTEPBI, PABOYUE CTAHLIUUN,
CEPBEPBI 1 CYIIEPCEPBEPBI

3.1. Muxponpoueccopbl — IBOJIOIHUSA, KIacCHpuKramusi,
NMepCneKTHBBI

KomMmnerotepHass peBomtonus, MpoHU30LIENNIasl BO BTOPOH IOJIOBUHE
MIPOIIJIOTO BEKa, CBA3aHA, MPEXAE BCEro, C PAAOM 3HAKOBBIX JOCTHIKE-
HUH B JIIEKTPOHHOM, a TOYHEE B MUKPOAJIEKTPOHHOM, TEXHHUKE. FIMEHHO
JOCTIDKEHHS JICKTPOHUKHU MPUBEIH K (DAaHTACTHUECKOMY HPOrpeccy B
Jerne pa3paboTKu TEXHUIECKUX cpelcTB MHpopMaTuku. B cBs3u ¢ aTiM
HEOOXOIMMO XOTS OBl YIOMSIHYTh 00 OCHOBHBIX 3Tamax pa3BUTHUS JJIEK-
TPOHHOW TEXHHMKH IPOIIJIOrO CTOJETHS — OCHOBAaX COBPEMEHHBIX KOM-
MIBIOTEPOB.

BaxxHelmuM coOBITHEM B Pa3BUTHUHU 3JIEKTPOHUKU YKA3aHHOTO Iie-
puona sBusiercs paspaborka tpanzuctopa. B 1951 r. Yunesm ok,
corpynnuk Bell Lab., kxpynHeiiero aMmeprukaHcKoro KOHIEpHa 110 Te-
nerpaduu u TeneOHUH, MPOAEMOHCTPUPOBA MHUPY MEPBBIA TpaH3U-
CTOp, MPEACTABIAIOIINNA TPEXCIONHBIA «COHIBUY» TOJIIMHOM  OKOJIO
1 cM, 3aKITI0YEHHBIH B METANTMUECKUH KOpIyc. DTO COBMECTHas pabo-
Ta, B KOTOPOW TaKkke y4acTBOBAJIM COTPYIHHKH TOH e jmabopaTtopuu
xon bapaun n Yontep bparreiin, Opiyia BIoJHE 3aCTy>KEHHO OLIEHEHA
HoGenesckoii npemuert no ¢usuke B 1956 r. (kcratu, Jxon bapnun
IBaxapl aypear HoOeneBckoii mpeMuu — BTopast 3a TEIUIYI0 CBEpXIIPO-
BOJMMOCTB).

XoTsl M300peTeHne TPAH3UCTOPa OBUIO BBIAAIOIIMMCS IOCTHIKCHHUEM,
OHO HE Cpa3y 3aBOEBAJIO JOCTOMHOE MECTO M3-3a TPYAHOCTEN IPOU3BOICT-
Ba. Ha HavampHOM 3Tare 1eHa TpaH3UCTOPOB ObLIA TIOCTATOYHO BBICOKOM
(0onee yem B 10 pa3 nmpeBbIIIaTa CTOMMOCTD JIEKTPOHHBIX JIAMIT).

BropeiM coObiTHEM B cdepe 3IEKTPOHUKH, BO3MOXKHO MEHEe TJ0-
OasbHBIM, HO TaK)K€ OYE€Hb Ba)KHBIM C TEXHMYECKOM TOUKHU 3pEHUs, ObI-
70 co3maHue B 1958 1. mepBOil MHTErpalbHOM CXEMbI COTPYIHHUKOM
Texas Instruments /[xekom Kunbu u ee ycoBepiieHCTBOBaHHE, TO3BO-
JMBILIEE HA4YaTh UX MAaccoBoe Mpou3BoAcTBO JxuHom XepHu u PobGep-
ToM Holicom. HXeHEpbl OKPECTWIN 3TH YCTPOKWCTBA UHTETPaIbHBIMU
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mukpocxemamu (MMC), Ho damie nx Ha3pBaroT yunamu (Chip — men-
Ka); 9TO SIBUJIOCH HAYaJIOM 3MI0XH MUHHUATIOPU3ALNH B 3JIEKTPOHHKE.

Jlxex Kuibu taxoke nony4ms HoGeneBekyro MpeMHuio, IpaBia, yKe B
HOBOM CTOJIETHH 32 UCCIIEIOBaHUS B cepe HAHOTEXHOJIOTHH.

U, HakoHel, TPETbUM BaKHEHIINM COOBITHEM B Pa3BHTHH 3JIEKTPO-
HUKH, OPUEHTHPOBAHHON Ha KOMIIBIOTEPHYIO TEXHUKY, SIBJISIETCS pa3pa-
0otka 34-neraum cotpynHukoM ¢upmel Intel (Integrated electronics)
Onsapaom Xoddom B 1970 r. Mukponpoueccopa — HHTETPAIbHON cXe-
Mbl (Chip), peanusyromeil (GyHKIUH LEHTPAIBLHOIO MpOILeccopa KOM-
nploTepa. DTOT mpolieccop monyyni HazBanue Intel 4004, umen pazmep
3x4 MM ¥ Bkouan 2250 TpaH3UCTOpOB (cTeneHb MHTerpauuu 2250).
Orta paboTa Benach B paMKax pa3pabOTKH MUKPOKAIBKYJISATOPA 1O 3aKa-
3y SITIOHIIEB.

XoTs U3ydaroT M pa3pabaThIBAIOT MUKPOIPOIIECCOPHI CIEIHAINCTHI
10 JIEKTPOHHOW TEXHHKE, SICHOE MPEACTaBICHHE 00 3THUX yCTPOHCTBaX
HEOOXOJIUMO MMETh CETO/IHS JIF0OOMY TMOJIH30BATEINO BBIYUCIUTEIBHOM
TEXHUKU IO psAy NpUYMH. MIMEHHO MHKpOMPOIECCOPhl 00ECTICUHITH
NOSIBJICHUE MUKPOKOMIIBIOTEPA, NEPCOHAIBHBIX KOMIIBIOTEPOB, pabounx
CTaHLUH, CEpPBEPOB U CYIEPCEPBEPOB U MPHUBEIN K KapAWHAIBHBIM H3-
MEHEHHSIM B apXUTEKTYpe CYNEpKOMITBIOTEPOB, O YeM TOBOPHIIOCH pa-
Hee. Jlns psimoBoro mosb3oBarenst Bo3mMoxHoctH ero I[IK B 3Ha-
YUTENBHOW CTETIEHU ONPEACISIIOTCS THIIOM HCHOIb3YEMOI0 MHKPOIIPO-
eccopa.

Muxponpoyeccop (MII) — U3roTOBICHHBIN TP IIOMOIIH TEXHOJIOTUN
BBICOKOW CTENEHU MHTErpauuy Ipudop, KOTOPBIH criocoOeH BHITIOIHSTD
1oJ, JIeHCTBHEM NPOTPAMMHOTO YIpaBieHUS (PYHKIMH LEHTPAIbHOTO
mporeccopa KommbioTepa. [losiBlieHHe MHUKpOMPOLIECCOPOB CBA3aHO CO
CTpEeMJICHHEM KOHKYPHUPYIOIIHUX (UPM, HU3TOTOBISIOMINX 3JIEKTPOHHYIO
TEXHHUKY, CO3/1aTh 00Jiee YHUBEPCAIBHYIO CUCTEMY JIOTHYECKHUX 3JIeMEH-
TOB Ha 0a3e HOBBIX TexHojoruid. Obmactu pacrnpoctpanenuss MII 3Ha-
YUTEIHHO TMPEB3OLUIH CaMble ONTUMHCTHUYECKHE IMPEINON0KEHUS pa3-
pabotunkoB. Yike B 1977 1. okono 35 3apyOekHbIX (GUPM BBITYCKAIH
6onee 50-tu tumoB MII. 3a cpaBHUTENHFHO HEOOBIION MPOMEXKYTOK
BPEMEHH B TEXHOJOTHH Ipou3BoacTBa MII ObUT JOCTHUTHYT KOJIOCCAIb-
mp1it mporpecc. K korry 2000 r. crenens uaterpamuy MIT npeBbicuia’

* ~
3akoH Mypa. B 1965 r. 'opron Myp, onuH 13 ocHoBateseil komnanuu Intel, 3a-
METHJI 3aKOHOMEPHOCTB: YHCJIO TPAH3UCTOPOB Ha €IMHUILY IUIOIA[H B KOMIIBIOTEPHBIX
YHIaxX yJIBauBaCTCs KaXIbIe MOJITOPA To/a.
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400 MIH IpH KOIMYECTBE KOHTAaKTOB 0okoio 500 u paccenBaeMON MOIL-
Hoct Oonee 100 Bt, a B 2004 r. ¢upma IBM Beimyctuna RISC-
nporeccop POWER-5, umeromuit 5370 konTakToB. PaspsaHocTs mpo-
IIECCOPOB BBIpOCIA C YETHIpEX M0 HiecTuiecsITH deTbipex. Cumnraercs,
YTO Pa3pabOTUYMKH 3JIEKTPOHHON TEXHHWKHU COBEPILMIM YKOHOMUYECKOE
qyno: eciid B Hadajne 60-x TOA0B TPaH3UCTOP CTOWUI oKojo 20 moi., To,
€CJIM MBICJIEHHO BBIICTUTH TaKoi 31eMeHT B 80-e ToAbl U3 WHTETpallb-
HOW CXeMBI, OH yke cTouT okoio 0,0000002 moa.

MOo>kHO BBIAETUTH [1Ba HanpaBieHHusd npuMeHeHus MII:

1) MII ucnonb3yioTcs B KOMIUIEKCE CXEMHBIX 3JIEMEHTOB B BHIE
MHUKPOKOMIIBIOTEPA, T.€. CHCTEMbI, COOpaHHON Ha OJHON WM HECKOJIb-
kux 1uiatax u cogepxaieit MII, OIl u 6moku (Moysu) BBOJA-BBRIBOIA;
UMEETCSI BO3MOXKHOCTh MPUMEHATh 3Ty CHUCTEMY CaMOCTOSITENIBHO CO-
BMECTHO € OOBIYHBIMU TTepH(EePUHHBIMU YCTPOHCTBAMH;

2) MII npencraBnsieT CeMEHCTBO OOJNBIIMX HHTETPAJBbHBIX CXEM
(BUC), BcTpamBaeMbIX Kak WHTETpabHOE IIEJIOE B CO3/1aBaEMYI0 CHC-
TEeMy 0 YCMOTPEHHUIO WHKEHEPa-MPOEKTUPOBIINKA.

Ho 1978 . MIl B OCHOBHOM NPUMEHSUINCH B HH(POPMALIMOHHO-
M3MEPUTENBHBIX U YIPABISIOUINX CUCTEMAX U, XOTS HHTEPEC K HUM ObLI
OuYEHb BEJIMK, TEM HE MEHEee, OHM HCIOJIh30BAINCH OTHOCUTEIBHO He-
OONBLIMM KpPYrOM BBICOKOKBAJU(HLINUPOBAHHBIX CIELUAIUCTOB IO
3JEKTPOHMKE M TporpamMMmupoBaHuto. OgHako mosiBieHne B 1978 r.
16-pazpsigaoro MIT dupmer Intel-8086 OTKpBLTIO HOBYIO 3Py B UCIOJNb-
3oBaHnu MII — spy mepcoHaNbHBIX KOMIBIOTEPOB. JTO ObLIa MHHH-
MaJlbHas pa3psAHOCTh MAIIMHHOIO CIOBA JAJS YHHBEPCAJIBHBIX KOMIIb-
I0TEPOB, UCIIOJIb3yEMasi B CAMbIX PaCIPOCTPAaHEHHBIX 0 TEM BpeMEHaM
(13 Hamboulee TOCTYMHBIX) MUHU-KOMITBIOTEPAX.

MII MOXHO KIacCU(PHULINPOBATH €ILE 10 PSIAY MPU3HAKOB.

ITo xoHcTpyKIMK MII noppaszaenstorcs:

Ha OJHOKPHUCTAJIbHBIE, B KOTOPBIX, KaK MPaBWJIO, BCA JIOTHKA pa3Mme-
1aeTcsd B OJHOM KpHCTajule, OHU MMEIOT MOCTOSIHHYIO Pa3psIHOCTb U
NOCTOSIHHBIN Ha0Op KoMaHA (IO PaspsOHOCTH OHHU MOTYT OBITH 4-, 8-,
16-, 32- 1 64-pazpsAHBIMH);

Ha TMPOLECCOPHBIX IeMEHTax (CEeKIMOHMPOBAHHBIE WM C Hapallu-
BAa€MOM Pa3psIHOCTBIO), B KOTOPBIX Pa3psAgHOCTb U CHUCTEMa KOMaHJ
MOYKET U3MEHATHCS U ONPEACIATHCS B IpoLecce pa3paboTKU MPUMEHH-
TEJIBHO K TOW NPUKIIAIHON 00JIaCTH, I/ie OYJCT UCIIOJIb30BaThCS JaHHBIN
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MII (BBHIY Y3KOH crienuaiu3alyy MPOU3BOJUTEIBHOCTh 3THX CHCTEM
MOXET OBITh OYCHb BBICOKOH ).

Hawubonpiee pacnpocTpaHeHue B HACTOsIIEE BPEMS MOTYUMIH Of-
HOKpucTasbHble MIT.

Apxurektypa MII noBropsieT Te HapaOOTKU, KOTOPHIE IPUMEHSITUCH
elie B CYNMEepKOMITBIOTEpax, U O KOTOPOW MO TeM BpeMEeHaM He OBLIO
MIPUHATO TOBOPUTH B CpeJie MONb30BaTeNel, JaleKuX OT 3TUX MpodIem.
OcHOBHBIC HANPABJICHUS B Pa3BUTUH aPXUTEKTYPHI CIEAYIOIINE:

CHelUaIn3alysl MpOLEcCCOpOB, MHOTO(QYHKIHMOHAJIbHASI, MOTOYHAS
00paboTka (IOSIBJICHHUE COMNPOIIECCOPOB, rpaHUSCKUX MPOIECCOPOB U
T. II., BCTPOCHHBIX B Kprctait MII);

paccioeHye NaMATH U NOSBICHUE BCTPOCHHON KAIL-TIAMSITH;

napasuieibHas 00pa0oTKka (Kak BpeMEHHOE, TaK M MPOCTPAHCTBEHHOE
pacrnapayieIiBaHue);

KOHBelepHasi 00paboTka (Ha ypoBHE MUKPOKO/IA);

anrmaparHasi peaju3anys Hanboee pacpoCTPaHEHHBIX KOMaH]I;

peanu3anys BO3MOXKHOCTH PabOTBl B MHOTOIPOIIECCOPHBIX CHCTE-
Max.

MOHO BBIIEIHUTH JBA OCHOBHBIX THIIA apXUTEKTYpHl (IIOCTENEHHO
commkaromuecs), Ha 0a3e KOTOpPBIX paspadarsiBatoTcs nBa Tuna MII,
UMEIONINE pasInyHble HanpasieHus ucnonb3osanusa: CISC n RISC.

CISC (Complex Instruction Set Computing) — apXuTeKTypa ¢ MoJ-
HBIM HabOpOM MAIIMHHBIX KOMaHJ; JUAEPOM B pa3paborke Takux MII
spnsiercst pupma Intel, XOTS OCHOBOMOJOXKHUKOM 3TOHW apXHUTEKTYPHI
MOXHO cuutath pupmy IBM c ee 6azoBoii apxurextypoii IBM 360, uc-
noJsib3yeMon ¢ 1964 r.

RISC (Reduced Instruction Set Computing), Hiu apXUTEKTypa ¢ yI-
pOLICHHBIM HaOOpOM KOMAaHI, HCHOJB3YeTCS Ui MOLIHBIX PadOdYHMx
CTaHLUH, CEPBEPOB U CyNEPCEPBEPOB. JTa apXUTEKTYPa YXOIUT KOPHSI-
MU K koMmbioTepam Grupmbl CDC npu yuactun B pazpabotke Celimypa
Kpoas. [IpumennTenbHO K MUKpPOMIpOIIECCOpaM 3TH pa3pabOTKU CBSI3BI-
BAIOT C Hay4yHbIMH LieHTpamu B bepkinu u Ctandopae, ¢upmoii IBM u ¢
umeneM Jluma [larrepcona. Xots ciaemayeT OTMETUTh, YTO B pa3pado-
tanHOM B CCCP cymepkoMIboTepe «Mp0pyc» HCIOIB30BANIKNCH HICH
RISC-apxuTekTypsl HAMHOTO paHbIIE.

B ocnoBe RISC-apxuTekTypsl JIGKHUT yCTaHOBJIEHHOE pa3padoTdu-
kamu mipaBmiio «80 — 20», kotopoe riacut, uto 80 % WHCTPYKIHM Tpo-
neccopa (tpaguuuoHHo CISC-apXHUTEKTYypbl) HCHOIB3YETCS MPOrpam-
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Mamu juib 20 % BpemeHH, B TO BpeMs Kak Ha 20 % OTHOCHUTENIBHO
NPOCTBIX KOMaHJ MPHUXOAUTCS JbBHHAS N0oJs padoTel — 80 %. Takum
obpaszoM, OoJbllas 4acTh WHCTPYKIMM, 3aHUMAasl 3HAYUTEIHHYIO YacTh
KpHUCTAJLIa, UCTIONB3YeTCs KpaiHe Hea)PEeKTHBHO.

OcnosHble npuHIMNGI RISC-apxurekTypsl cienyromue:

VIPOIICHHBIH B (UKCHPOBAaHHBIM HAOOp KOMaH/| ¢ anmapaTHO# pea-
JIM3aLMEN BBIITOJIHEHHSI BMECTO MUKPOIIPOIPaMMHOM;

NpEACTaBICHUE CIOKHBIX KOMaHJ B BUJE Ha0Opa MpOCTEHIINX, BbI-
NOJHEHHE X (MO0 BO3MOXKHOCTH) 3a OAMH LMKJI MPHU HCHOJIBb30BAaHUH
KOHBelepHoil 00paboTKy;

WHCTPYKIMM MHUKPOIIPOLIECCOPA ONEPHUPYIOT C AAHHBIMH, XPaHALIH-
MUCS TOJIBKO BO BHYTPEHHMX PETUCTpaXx, IJs 3arpy3KH JaHHBIX U3 OIle-
paTUBHOM MaMATH U BBITPY3KH PE3yIbTaTOB BHIYHUCICHUN U3 PETUCTPOB
MIPEeTyCMOTPEHBI CIIEIHAbHBIE KOMAaHbI, BBIOIHSAEMbIE OTEIbHBIMU
(yHKIMOHANBHBIMU OJIOKAaMH MHKpOIIpolieccopa (T.e. HeT MoTeph Bpe-
MEHH Ha TIOUCK U 3arpy3Ky JaHHBIX U KOMaH/);

COCTaB MHCTPYKLIHH MHUKPOIPOILIECCOpa ONTUMU3UPOBAH IS A3BIKOB
BBICOKOTO YpoBHS (Hanpumep, C).

Bce 3T0 co3maeT MOBBIMIEHHYIO HaAEKHOCTb, TEXHOJOTHYHOCTD,
3KOHOMHUYHOCTh U BO3MOXXHOCTH IOBBIIICHHS MTPOU3BOAUTEIHHOCTH (B
2 —4 pa3za).

3a nocneaHee BpeMs noaasistomee unciao RISC-nponieccopos cranu
CynepcKansapHbiMu, T.. Ha HECKOJBKHX KOHBEHepax B KaXKIOM TakTe 00-
pabaTtbiBaeTCsl HECKOJIBKO WHCTPYKIIME M BBIIAETCS HECKOIIBKO PE3yIIbTa-
TOB. 3ajada pacnapaUIe]MBaHus PEIIAeTCsl HA CHUCTEMHOM YPOBHE, He
3aTparuBas padOTy NPUKIAAHBIX MPOrpaMMUCTOB. B oxHOM M3 BapmaH-
TOB 9TO pelraeTcs Ha ammapatHoM ypoBHe (Alpha-mponeccop Gupmer
DEC), u ymaercsi BBIIOJIHUTD OO YETHIPEX MHCTPYKLMN OJHOBPEMEHHO.
Jpyroii BapuaHT cBsi3aH ¢ Tak HazpiBaeMoil VLIW-apxurektypoit (Very
Long Instruction Word), rae paboTy 1o pacnapajjieMBaHUAIO OCYIIIECTB-
nsieT TpaHcnarop. Ilpu 00paboTke Takoro THIa TPU MM 00JIee KOMaHIbI
(Ha ypOBHE TpaHCIAINMK) OOBEIUHSAIOTCS B OJHO CIIOBO. 3aTeM BHIOpaH-
Hble KOMaHIIbI 00padaThIBAIOTCS OJHOBpEMEHHO. [Ipu 3TOM MOpPSIOK
BBITOJIHEHNSI KOMAaHJ| JIOJDKEH KOHTPOJIMPOBATHCS CaMbIM TIIATEIHHBIM
00pa3oM (3a 3TUM CIeIUT TPaHCIATOp). B mpoueccopax Takoro Tuma Mo-
JKET BBINONHATHCS 0 JeCATH U Oojiee KOMaHA ogHOBpeMeHHO. Hekoto-
pBIM  YCOBEPIICHCTBOBaHWEM JSToro moaxoma seisercs EPIC-
apxutektypa (Explicitly Parallel Instruction Computing — BeIuncienus ¢
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SIBHBIM TapaJuIeIU3MOM KOMaH[). Pa3BUTHE 3THX ABYX THIIOB apXHUTEK-
Typbl (CISC n RISC) mpuBeno x ux cOmmwkenuio. Bece coBpemeHHbIE
CISC-nporieccopsl umerotT BHyTpeHHIO0 RISC-apxurekrypy. B To xe
BpeMsi Habop KoMaHJ B HekoTopblx RISC-mporeccopax MOXKeET MpeBbl-
mate konuyectBo komang B CISC.

MII oyeHb yacTo KIACCU(PHUIMPYIOT M MO TEXHOJOTHH, TPH 3TOM
pa3BUTHE TEXHOJIOTHH YBSA3BIBAETCS C MHUHHUMAJIBHBIMH PACCTOSHUAMHU
MEXy OTIENbHBIMU CXEMHBIMH 3JIEMEHTaMU BHYTPU KpHCTallIa, U3Me-
PSAEMBIMH B IOJISIX MUKpPOMETpa (MKM). Y MEHbLICHHE pa3MepoB (popMu-
PYEMBIX Ha TOJYMPOBOJAHWKOBOM KPHUCTAJUIE 3JIEMEHTOB MPUBOIUT K
BO3PACTAHUIO MPOU3BOIUTEIBHOCTH (32 cueT OoJiee BHICOKMX YaCTOT) U
JOCTHKUMOM CTETICHH MHTETPALK, a TAKKe CHIDKCHUIO MOTPeOsieMOoit
MOIIIHOCTH (M3-32 yYMEHBILICHHUS HANpPSKEHUS MUTAHUS) U CTOMMOCTH
(M3-3a yMEHBIIICHHS pa3MEpOB KpUCTaJljla Ha OJHOU IutacTuHe (hOpMHU-
pyercst Ooblee KOIMIECTBO nporeccopoB). B konue 90-x ronos cran-
JapTHOM crtana TexHomorus ¢ 0,25 MKM, KOoTopast o0ecreunBaeT TakTo-
Bbie yactotel 400 — 600 MI'n, mepexoy Ha TexHonoruto 0,18 MM obec-
neunBaeT TakToBble 4acTOTHI OoT 600 — 800 MI'm u BeIme. B 2001 —
2002 rr. mepexox Ha TexHomoruto 0,13 MKM 00eCrednuT TaKTOBHIE Yac-
ToThI BeImie 1 I'T1r.

Jlunepom B pazpadotke CISC-mponieccopoB cunrtaercss kKomnanus In-
tel co cBoeii cepueit npoueccopoB X 86, ABIAIOMIEHCS OCHOBOI CaMBbIX
pacnpoctparennbix B Mupe [1K. K 2000 r. Intel BeITycTHII 11I€CTH TOKO-
JIEHUH IpoleccopoB ATOH cepuu. [IpuBenemM KpaTkue XapaKTepUCTUKH
9TOH cepuu 0e3 AeTAIBHBIX XapaKTEPUCTUK MOJICIEeH BHYTPH CEPUH.

C 2000 r. Intel mepemien Ha HOBYIO apXUTEKTYypy — IMPOLECCOPHI
CeabpMOro IOoKoieHus — Pentium 4 ¢ HaYaJbHOM TAaKTOBOM YacTOTOM
1,3— 1,5 I'Tu, xotopas x 2005 r. mpeBbicuna 3 I'T' ¢ Texmpoueccom
Mmenee 0,1 MkM, cTeneHp uHTerpauuu 42 MiH.

[Mocnemuue mporeccopsl x86 apxutekTypbl nepectanu O0bTh CISC,
Ho u RISC B mojHOM NOHMMaHUM HE cTanu (MOJOOHBIA MEPEX0oJ] He
o0ecreynT COXpaHEeHUs 00PaTHOH COBMECTUMOCTH C CYLIECTBYIOLINM
NpOTrpaMMHBIM O0ecIieYeHreM), MOITOMY WX MOXHO KiIacCH(PHUIUpPO-
BaTh Kak 1ceBno RISC.

[Ipu pazpabotke cBonx MII Intel GonpiIoe 3HaYEHNE TPUAAET MYJIb-
TUMEAMWHBIM NpHiIoKeHusAM. [locneqaue Bepcuu NpoueccopoB MATOrO
nokosenust (P5) obo3nauanucr kak MMX (Multi Media Extention) u
BKJIFOYQJIM TATHAECAT CEMb WHCTPYKIMH IJIS BBITOJHEHHS OmNepanuil
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HeNoYucIeHHoN apudmernku B pexume SIMD ¢ nmpumeHeHHEM KOH-
BeilepHON 00paboTKK Ha ypoBHE MHKpoKoda. IlockonbKy TpexmepHas
rpaduka TpeOyer OBICTpON apuPMETHKH C «IUIABaIOUICH TOYKOH», B
npoiieccopax 6-ro mokosenus (P6) Obutn BKIHOYCHBI 70 HHCTPYKIUI B
pexxume SIMD s apudMeTHKH C «IUTaBaloLIel TOUKOM», a MpOoLecco-
pbl 7-ro mokonenusi Pentium 4 (SSE2) yxe nmenu 144 momoOHBIX HWH-
cTpykuuii. HazBanus storo HanpasieHus B pazpaborke MII Taxxke u3-
Mensmicb MMX — MMX2 — KNI — SSE1 — SSE2 u SSE3 u SSE4
(SSE-SIMD Stream Extention).

B cocTtaB mocnegHMX MpoLECCOPOB BKIIOYEH T€HEPATOP HCTHHHO
CIIy4ailHBIX 4YHCEJ, KOTOPBI OYEHb BaXCH B OOJIBIIOM KOJUYECTBE
MIPHUIIOKEHUI.

B cBs3u ¢ pocTOM NPOU3BOAUTENIBHOCTH U BHYTPEHHEN 4acToThl MIT
HapacTaeT OTCTaBaHWE 4YaCTOTHl BHENIHEW IHWHEI Mporeccopa FSB
(Front Side Bus), x kotopo#i monkmodaercs OIl u BHemHW KamI, B
mporeccopax 7-ro MOKOJEHHs MpeaycMOTpeHa pa3MelleHHas B KpH-
crae muHa BSB (Back Side Bus), obecnieunBatomias paboty BCTpo-
€HHOI'0 B KpHCTaJUIe KJIAa MEpPBOrO YPOBHS Ha BHYTPEHHEH YacToTe
npoueccopa. [lepcnextuBa passutus texnonorun MII Intel mo nporno-
3y ¢upmbl Ha 2015 1. creayromas:

noctuub 0,01 MKM 1o Texmpoueccy;

JOCTHYb MPOU3BOAMTEILHOCTH mpoueccopa 1 TpaH om./c (mpousBo-
qutenbHocTh MIT-P6 — 2 Mipy om./c);

00ecneunTh CTENeHb HHTErpaludl 2 MIpHA TPaH3UCTOPOB Ha KpH-
CTaJLI;

JOCTHYb TakTOBOM yacTOThI 30 I'T'm.

Ha Tta6n. 3.1 mpencraBieHa TuHAMUKA W TEPCIICKTUBBI U3MCHEHUS
TexHoJorui Hanboee pacnpoctpaneHHbIx MIT pupmsr Intel.

KoHCTpykTHBHO IpoLEeccopsl B 3aBUCUMOCTH OT KJIacca KOMITBIOTE-
pa BBIITyCKAIOTCS B IBYX BapUaHTax:

Slot — MOIYIBHON KOHCTPYKIIMU C JUCKPETHHIMU (BHEIIHHMH, HE
BCTPOCHHBIMH B KPHCTAJUI) CXeMaMH (Te4aTHas IJlata C KpPacBbIMH
pazbemMamiu);

Socket, T.e. ¢ UHTErpUPOBAHHON B KPUCTAII KIII-IAMSATHIO BTOPOTO
YPOBHS (IIpOLIeCCOp, BCTaBICHHBII B COOTBETCTBYIOIIUM pa3beM Ha Iie-
YaTHOM IIIaTe).
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Bce mocneanue mponeccopsl gupmbl Intel MMe0T BHYTpeHHIOO
RISC-apxutextypy. Yro kacaercs Apyrux (uUpM-TIPOU3BOAUTENCH
CISC-mporneccopoB st 11K, To ¢ ompeneneHHOro MOMEHTa BpeMEHHU
OHM OTKa3aJIUCh OT COOCTBEHHBIX OPUTMHANBHBIX Pa3paboOTOK, HE BHI-
nepxaB KoHKypeHuun ¢ ¢pupmoit Intel. Takue ¢pupmer, kak AMD, Cyrix,
UMC, Texas Instruments mpoHW3BOIST aHAIOTH IMPOIECCOPOB (QUPMEI
Intel, xoTopble WMHOTJA MPEBOCXOMSAT OPHUTHHAIBI TI0 OIpEelICHHBIM
napameTpaM. XOTs B TIOCJIEAHEE BpeMs OCHOBHAs KOHKYpEHTHas! OOpb-
0a B 3TOM KJ1acce MPOLECCOPOB pa3BUBAETCS (C IEPEMEHHBIM yCIIEXOM)
mexnay Intel w AMD. K 2009 r. MII ¢upma Intel umenu 3HauuTeNnbHO
nyumme nokasatenn. RISC-mpoueccopbl NpUMEHSIOTCS, TJIaBHBIM 00-
pa3oM, A7 MOIIHBIX pabOuYMX CTAaHIMM, CEPBEPOB H CYNEPCEPBEPOB, a
TaKkKe Ui MPOU3BOJACTBA CYNEpPKOMIBIOTEpOB. [Ipon3BoasAT 31U Mpo-
neccopsl  GUPMBI — TPAJUIMOHHBIC TPOHM3BOIMTENN KOMIBIOTEPOB:
IBM, HP, Sun u ap.

RISC-nporieccopsl 3TUX GUPM TPUMEHSIIOTCS JIJISl CEPBEPOB CPEIHE-
T0 W BBICHIETO YPOBHEH, a Takke AJs CylnepKoMITbIoTepoB. Cpenu oco-
oennocreit stux MII cremyer OTMETHTH Pa3BUTYIO HEPApXHIO KdII-
naMsiTd. B COBpeMEHHBIX CepBEPHBIX CHCTEMax KOJIMYECTBO YPOBHEH
KONI-MTAMSTH MOXET JIOXOJHThH JI0 YEThIpeX, XOTs Hanboliee 4acTo HMcC-
MOJIB3YETCSl TPEXypoBHEBast cxema. [Ipu 3ToM Bce Tpu YpOBHA MOTYT
pacnonaratscst BHyTpH Kpuctamia (MII). IlepBriii ypoBeHb K311 4acTo
paznensiercs Ha kam-komann (I-Cach) u xam-nanneix (D-Cach). Bropas
xapakTepHas oco0eHHOCTh 3TUX MII — cocoOHOCTh PabOTHl B MHOIO-
NPOLIECCOPHBIX CUCTEMAaxX Pa3IMYHON TOMOJIOTMH. DTH CHCTEMBI obec-
neyuBaroT Hanbosee 3((eKTUBHOE MacIITaOMPOBaHUE IO MPOU3BOIU-
TEIBHOCTH, IO3BOJISIIOT MHUHHMHM3HPOBATh JyOJUpOBaHHE BCIIOMOTa-
TEJIBHBIX CHCTEM MAIIMHBI (B OTIMYHE OT KIACMepo8 — KOHTPOIJIEPOB
BBOJIa-BbIBOJA, IUCKOBBIX MAacCMBOB M T.II.), JAIOT MaKCHMAJIbHYIO
YAEIBHYIO0 TPOU3BOJIUTENIBHOCTD NpHU niepecyeTe Ha oguH LII1. Bee pas-
pabaTbIBacMbIe B HACTOSIIEE BPEMs CIIEIIMATM3UPOBAHHBIC TPOLIECCOPHI
umeroT RISC-apxutekTypy. DTO Kak MpOLECCOpHI, NMpeIHa3HAYCHHBIE
JUIsSl YCTaHOBKH B MOIITHBIE pabodne CTaHIUH, cepBepa U cylepcepBepa,
TaKk 1 MHUHHUATIOPHbIE CBEpPXJEILIEBBIE MPOIECCOPDI, MPEeAHAa3HAYCHHbBIE
I pabOThl B MOOWJIBHBIX YCTPOHCTBAX, PA3IMYHBIX 3JICKTPOHHBIX CHC-
TeMax, OKpy)Karlux Hac moBcemecTHo. Hampumep, RISC-nponeccop
A Ttiny 13 npousBonctsa pupmsel Atmel paboTaer Ha yactote 20 MI 1.
HNmeer Bcero BoceEMb KOHTAaKTOB M CTOHUT MEHBIIE OAHOIO AOJIIapa.
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IIpoueccopsl, ycTaHaBIMBaeMblE B CYNEPKOMIBIOTEPHI, MPOHU3BOIAT
TpaIuLMOHHBIE Tpou3BoauTeny cepsepos: IBM, HP, Sun u ap.

Tpancnvromepsr — Heobbrunblii Bua RISC-npormeccopos. Cioso
«TpaHCTBIOTEP)» — CHHTE3 JBYX CIJOB: TPaH3UCTOP + KOMIIBIOTEP.
TpancnploTep paccuntad Ha paboTy B MYJBTHIIPOLIECCOPHBIX CHCTEMAX
C OJHOTUITHBIMU MPOIECCOPAMHU U aNllapaTHON MOAAEPKKON BBIYUCIIH-
TEJNBHBIX TMporeccoB. OCOOEHHOCTHIO TPAHCIBIOTEPOB SIBIISIETCSI HAJIH-
Yre KOMMYHHUKAIIMOHHBIX, OBICTPBIX KaHAJIOB CBSA3M (UETHIPEX Ha KaxK-
OYI0 CXEeMY), TIPH 3TOM KaXKIblii KaHaJl MOXET OJHOBPEMEHHO Iepena-
BaTh JlaHHBIE MO OJHOM MarucTpanu B MII, a mo apyroii — u3 Hero.

Opnaxo B cBsi3u ¢ pazpaborkoit MII RISC, cnocobHBIX paborats B
MHOTOIIPOLIECCOPHBIX CUCTEMAX, MOSBIEHUEM MHoOrosaepHsix MII u
KJIACTEPHBIX CHCTEM aKTYaJlbHOCTh B TPAHCIIBIOTEpAX OTIAJA.

CoBpeMeHHOe COCTOSIHME U TeHAeHIMH B pa3Butud MII (B ToM ymc-
ne u MII cepun x86 cm. Tabmn. 3.1) ompenenstoTcss TEMIIaMU Pa3BUTHSA
texHonornu. Kak ykaspiBatoT mnpenctaButenu ¢upmbsl Intel (nmmepa
npousBojacTBa MII), 3akon Mypa OyaeT neicTBOBaThH elle, Kak MUHHU-
MyM, 10 net. 3a 310 Bpems (¢ Hadana 2008 r.) KOMIIaHUsI OCBOUT TEXHO-
noruyeckue noptel 32, 24, 15 u gaxke 10 HM, 4TO MMO3BONUT 3HAYUTEIb-
HO TIOBBICUTbH CTETIEHb MHTETpauu 1 MIpJ TPAaH3UCTOPOB HAa KPUCTAII.
Pa3roBopel 0 TOM, 4TO ke HAenaTb ¢ TAKMM OIPOMHBIM KOJIUYECTBOM
TPaH3UCTOPOB B Kpuctaie (T.e. 00 apxurekrype MII), moxoxe, npu-
IIUTK K CBOEMY €CTeCTBEHHOMY JIOTHUYECKOMY 3aBepIueHuto. byner mpo-
JOJDKEHa TEHACHIMSI, CBSA3aHHAs C JAJbHEHIINM Pa3BUTHEM (QYHKIHO-
HaJBHBIX Bo3MokHocTerd MII, HauaBmasca ¢ moseiaeHusa nepsbix MIIT
¢upmer Intel, ycranasnuBaemsix B [IK IBM.

Brutouenne B cocraB MII anmaparHo-peann3oBaHHOW apr(pMETHKH
(compoueccopoB), K3II-MaMsATH (BHadajie MEPBOTO YPOBHS, a 3aTeM U
nocienyomux), kourpoiepos OIl mmusr BSB u T.1. 3aBepumnoch
CO3/IaHHMEM TaK Ha3bIBa€MBIX MHOTOSIEPHBIX MporieccopoB. IIpakTuue-
CKM 3TO O3HA4aeT pa3MelleHHEe B OJHOM KPHUCTaJle HECKOJIBKUX MpO-
LIECCOPOB, MMEIOMIMX DSl oOmMX (DYHKIMOHAIBHBIX OJIOKOB C Iajib-
HEHIIMM TIepexo70OM Ha IOJIHOIIEHHbIE MHOTOIPOIIECCOPHBIE CHUCTEMBI
(omHOKpHCTanbHBIe). [lo-BUANMOMY, C 3THM CBSI3aHO M3MEHEHHE B Ha-
3BaHUH HOBOM cepuu mporneccopos Intel B 2006 r. (cnexyromux 3a Pen-
tium-4) Core (simpo). 2007 T. 0O3HAMEHOBAJICA TEM, YTO OJHOSIICPHBIE
MII cepun x86 ynum B nponwtoe. OIWH U3 MOCHETHUX (TIPEaCTaBICH-
Heix pupmoii B 2008 r.) MII Core Extreme QX9770 (Monmenu BeICIIETO
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nenoBoro 3BeHa 3,2 I'Th, Texnomorust 45 HM) UMeEeT 4eThIpe Aapa, a
TOYHEE Napy ABYSIACPHBIX MPOLECCOpa.

Opnaxo nanpHEWIee ¥ 3HAYUTENbHOE YBETHUYEHNE KOIUYEeCTBa pPo-
[ECCOPHBIX sIJIEp, KOTOPOE TUIAHUPYETCS pAAoM GupM (0COOEHHO Mpo-
M3BOJUTEISIMH CEPBEPOB), O-BUIUMOMY, IPUBEIET K CEPbE3HBIM MPO-
OiiemMaM y pa3paboTUMKOB IporpammHoro odecriedenusi. Ecnu cope-
menHble OC mpeooseny napauiebHyo 00paboTKy JIs HEOOIbIIOTO
KOJINYECTBA IMPOLIECCOPHBIX SAEP, OJHAKO MX 3HAYUTEIBHOE yBEJIHYe-
HHE CO3J1aeT Cephe3HbIE TPYAHOCTH B 3TOH 00JacTu.

JlunepoM BO BHEJPEHUH MOJOOHBIX CHCTEM SBISIOTCS Pa3paboTUYUKU
MII nns cepsepoB. Tak, pupma Sun Microsystem 11t cBoero mpouec-
copa mocinenHero nokosieHus Rock, Bkiowaromiero uersipe 0J0Ka Mo
YeTBIpe MPOIECCOPHBIX sIpa B KKIOM, pariopToBasia O 3amycke cBoei
necsroit Bepcun OC Solaris 10, anantuposanHoit noj Rock. Maccosoe
BHEZIpeHUE MOAO0OHBIX pa3zpaborok it oobruHbIX IIK kak Bcerma mpo-
U30WJET B OyAylleM u MoTpe0yeT 3HAYMTENBHBIX YCHIHHA pa3paboTyuu-
koB nporpammuoro odecriedenus [1K (TTOITK).

3.2. [lepconanbHbie KOMNbIOTEpLI. KpaTkas ncropus,
(pyHKIHOHATBbHbIE BO3MOKHOCTH, HOMEHKJIaTypa

Ilepconanvuwiti komnvromep (I1IK) — HeOONMBIION KOMITBIOTEP, OCHO-
BOil koToporo ciayxuT MIL, T.e. Mukpoxkommeiorep. OZHAKO HE BCE
MUKPOKOMITBIOTEPHI SBJISIOTCS MEPCOHATBHBIMU KOMIbIOTEpaMU. MUK-
POKOMITHIOTEpP MOXKET OBITh OPHEHTUPOBAH HA PEIICHHE OIHOU 3a/lauH,
HalpuMep Ha YNPaBJICHUE CTAHKOM WJIM PEryJIMpOBaHHUE MOAAYU TOI-
JIMBa B aBTOMOOWJIBHBIN ABHMraTesb U T.I. [lepcoHambHBIA KOMIIBIOTED,
JEUCTBYS KaK CAMOCTOSITENIbHAS BBIUUCIUTENbHAS MAIIMHA, PEJOCTAaB-
JSE€T B PACIOPSDKEHUE MHIAUBUAYAJIBHOTO IMOJNb30BATENSl CaMbIE PAa3HO-
obpasnapie Bo3MoxHOCTH. [IK momkeH obimamath HU3KOW CTOMMOCTHIO
(mocTymHOW AN MHAMBUAYAJBLHOTO TMOJB30BaTENsl), MAIBIMH pa3Mepa-
MU, MaJOi MOTpebasieMOll MOIIHOCTBIO; UMETh CTaHJApTHYIO nepude-
puro — MOHMTOD, KiaBuatypy, HM/I, nedats ¥ T.I., ONEPALMOHHYIO
CHCTEMY, OOJIEr4aromlyl0 B3auMOJICHCTBHE IMOJH30BATEINSI C CHCTEMOI;
001a1aTh YHUBEPCATBHOCTBIO, YTO Ja€T BO3MOXXHOCTh BEITIOJHSTH 00-
IIUPHBIA HA0Op TTPOrpamMM ISl pa3IHYHBIX PUIOKEHUH H T.11.

TomykoM K pPa3sBUTHIO MEPCOHATBHBIX KOMIIBIOTEPOB MOCITYXHIIO,
MpeXKIe BCEro, CO3JaHue MHUKpornporeccopa. [Ipu aTom nuHaMuKa pas-
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BUTHS MEPCOHAIBHBIX KOMIIBIOTEPOB CBsI3aHA C Pa3BUTHEM MHUKPOIIPO-
LIECCOPOB.

MOo’KHO BBIIENUTH TPH OCHOBHBIX 3Talla B Pa3BUTHU MEPCOHAIBHBIX
KOMIIBIOTEPOB.

[lepBbIif XapakTepu3yeTcsl Kak 3Tall «CaMOAEATEILHOCTH», Heop-
MaJIbHOT'O JIFOOUTEIILCKOTO CTHJISA paboThl, kKorma B 1974 — 1975 rr. On
Pobeptc, ocnoBarens ¢upmblr MITS, pa3zpaboran nepBblii MHKPOKOM-
IBIOTEP, YCTPOHCTBO CO CTOJIb FMOKOM KOHCTPYKIHEH, YTO €ro BIIOJHE
MOXHO ObUTO cuuTaTh nepBbiM cepuitHbiM [IK. O momyuynn Ha3zBanue
Altair 8800 1 HaxoIuII CIpoc, B OCHOBHOM, y JIOOUTENEH 3HAKOMBIX C
3NEKTPOHUKONW W MPOSBIIOMINAX WHTEPEC K YCTPOMCTBY KOMIBIOTEpA.
UM camuM mpeacTaBisiiach BO3MOXHOCTh COOMPATh CIIOKHBIE MAILIHHBI
U3 OTHENBbHBIX KOHCTPYKTHBHBIX Y310B. Altair ucroip3oBag BOCEMH-
paspsiaubeiii MIT Intel 8080, a B kauecTBe nepudepun NpUMEHSIIHCH ObI-
TOBBIE MarHUTO(OHBI, TEIEBU3UOHHBIE MOHUTOPHI U T.II. DTU yCTPOICT-
Ba MMENU ONpeJeeHHbIH KOMMEpPYEeCKUH YCIeX M BBICOKHI MOTpeOu-
TEIBCKUI CIPOC Y SHTY3HACTOB BBIYMCIUTENHEHON TEXHUKU U MIPOrpaM-
MHUPOBaHUS.

OpnnoBpemenHo ¢ 3TuM Ilon Amnen, Mononoil nporpammuct U3 boc-
TOHA, B COAPYKECTBE CO CTyJAeHTOM [ apBapjckoro yHuBepcurera bui-
oM (YunbsimoMm) ['eliTcoM Hammcanu mporpaMmy, peaau3youlyro JUis
Altair nomynspusiii 361k beiicuk. Takum 0O6pa3oM, BiIasenbLbl KOMIIb-
I0Tepa MONYYWIH OYeHb YAOOHBIH SI3BIK, 3HAYUTEIBHO OOJErdaronuii
COCTaBJICHHE MTPOTPaMM.

Bropoii 3Tan 0ObIYHO CBS3BIBAIOT ¢ OcHoBaredsaMu (upmbl DI1JT
(Apple) Credenom Bozuskom u Ctuserom [Ixobcom B 1977 T., KOTO-
pas B JanbpHeiIIeM NMpeBpaTUiIach B KOPIOPALHIO, BBIIIEANIYIO B MHP
Oonporo 6M3Heca U SBUJIACH OCHOBATENIeM BCEH OTPaciy MPOU3BOJICT-
Ba TEPCOHAIBHBIX KOMIbBIOTEpOB. Hauancs Beilyck cucteM OJOYHO-
MOJYJIBHOM KOHCTPYKLWH, KOTOPbIE OTIMYAINCh MPOCTOTON SKCILTya-
TalMyd U ObLTM PacCUUTAaHBI HA MOTPEOUTENCH, HE NMEIOIIUX HUKAKOM
NOATOTOBKM B O0JAaCTH BBIYUCIUTEIBHOM TeXHHKH. Takum o0pazom,
ObLa MPEaNpPUHATA MONBITKA BHEIPUTH KOMIIBIOTEPHI B JIEIOBYIO IIpaK-
TUKY M JJOMAITHHIH 00UXO7.

W, nakonen, Tperuil 3Tan Havaiucsa B 1981 r., korma xopmopanus
IBM, kpynHeHmuii B MUpe U3rOTOBUTEIb 000PYAOBaHUS ISl 00paboT-
KU JJAaHHBIX (JIOMUHHUPYIOIAs Ha PHIHKE OOJIBIINX KOMIBIOTEPOB), 3aHS-
Jach MPOM3BOACTBOM U COBITOM IEPCOHAIBHBIX KOMITBIOTEPOB U OBICT-
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po mpeycnena B CBOEM HAauyMHAHMU. biaromaps ylayHOMY KOHCTPYK-
TUBHOMY PELICHHIO NMepcoHaIbHbIN KoMibioTep IBM PC odens OvicTpo
3aHsUT JOMUHHUPYIOIIEE MOJOXKEHHE Ha PhIHKE MEePCOHAIBHBIX KOMIIBIO-
TepoB. B ocHoBe koHCTpyKIMK IBM PC 3anoxeHa KOHIEIIUS «OTKPBI-
TOW apXUTEKTYPb» U UCIOJIb30BaHUS MUKpoIpoLeccopos ¢hupmel Intel.

J10CTOMHCTBO 3TOTO PEIIEHUS CBSI3aHO CO CIIEIYIOIIHM:

BO3MOKHOCTBIO PACIIMPEHHUsS KOHCTPYKIIMHA KOMITBIOTEpPA U €r0 MO-
nepumzaunn  (UPGRADE) ©0e3 mnpusnedeHus: KBanu(UIMPOBAHHBIX
CHELUAIUCTOB U MPEACTaBUTEICH QUPMBL;

anmnapatHol U MPOrPaMMHON COBMECTHUMOCTBbIO — BCE BHOBB IOSIB-
JAIOUIMECS MOJENNW M OTHENBHBIE YCTPONCTBA COBMECTHUMBI CBEPXY-
BHU3;

BO3MOXHOCTBIO HM3TOTOBIICHHSI OTHENBHBIX YCTPOHCTB M COOpKOM
KOMITBIOTEPOB Pa3InYHBIMUA (PUPMAMH-H3TOTOBUTEISMH H T.II.

Wmenno Gnaromaps 3TUM JOCTOMHCTBAM HA4aloCh JJaBUHOOOpa3HOE
HapacTanue mpousBojcTBa IIK, COBMECTHMBIX C OpWUTHHAIBHOU MO-
nenpio IBM, 4to crmocoOCTBOBaNIO CHMIKEHMIO MX CTOMMOCTH. JTO ce-
MENCTBO KOMIIBIOTEPOB MOIY4HIIO Ha3BaHUE KioHa IBM.

Bnocnencteun IBM 10BOJBHO OBICTPO yTpaTWiia MOHOIOJHMIO Ha
koHTpoub peiHKa [1K. MenHo atum oObsicHseTcs paspaboTka IBM Ho-
Boro cemeticta: Mamuusl IBM PS/1, PS/2, PS/VP u 1.1. (PS-Personal
System). B aTom HOBOM cemeticTBe IBM oTka3wpiBaeTcsi OT MpUHIIHIIA
OTKPBITON apXUTEKTYpPbI, KOMIIBIOTEPHI a0COIOTHO HE COBMECTHMBI Ha
anmapaTHOM (KOHCTPYKTHBHOM) YPOBHE C TPEABIAYIINMH MOJAEISIMHU
IBM PC, X0T4 M COXpaHSIOT NPOrpaMMHYI0 COBMECTUMOCTh. OgHAKO
3Ta CHUCTEMa HE MMeNa TaKoW MOIMYJIIPHOCTH, a IEBATh BEAYIIUX aMEpH-
KaHCKHMX (hUPM, 00bEIUHHUBIINCE, TpoAopKWiIK Junuio IBM PC. IBM
OpeANpUHATa OYEPEAHYIO MOMNBITKY OOOWTH KOHKYPEHTOB Ha DBIHKE
NEPCOHANBHBIX KOMIIBIOTEPOB, OOBEAMHUBIINCH ¢ (upMamu Apple u
Motorola. CoBMECTHBIMU yCHIHMSMH OBUT pa3paboTaH HOBBIH MHKPO-
nporeccop POWER, omHokpuctanbhbeiii BapuanT kotoporo POWER
PC ucnons3yercs amsl nepcoHaNbHBIX KOMIBIOTEPOB, pa3padaThiBaeMbIX
MU Gpupmamu. M xoTs mo MmHOTMM mapameTrpam 3tu [1K 3HaunTensHo
npesocxoaiaT IBM PC, npeononers moHomnonuio IBM PC noka He yna-
ercs. [lockonbky cemeiictBo 11K IBM PC — camble pacpocTpaHEeHHbIE
B MHUPE HACTOJIbHBIC U TIEPEHOCHBIE KOMIIBIOTEPhI OOLIETO MOJIH30BaHUS,
MOJIE3HO PAacCMOTPETh AMHAMHUKY MX PA3BUTHS M COBPEMEHHOE COCTOS-
HHE.
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ITepBas monens IIK atoro cemeiictea IBM PC umena OII 64 KoaiiT,
muHy pacmupenus — ISA, HakonuTens Ha THOkuUX auckax — 360 Koaiir
(1981 r.).

Crnenyrommii knacc 1K — IBM PC/XT (Extended Technology) —
umen OII 1 MoOaiit, BuHuecTepckue nucku, npoueccop 8088 (1983 r.).

B 1984 r. nosBunucek I[IK IBM PC/AT (Advanced Technology) ¢
nporeccopom 80286/287, mmnuoii ISA, agpecyemoii mamsteio 16 Moaiit
¥ HaOOpOM CTaHIApTHOH nepudepuu.

CoBpeMeHHbIE TeHACHLIMH pa3BUTHs 3TOro kinacca [1K ouens cuiibHO
CBSI3aHBI C MONUTHKON QupMbI Intel, koTopast MBITaeTCS UCKITIOYUTH U3
priHka npousBoautesnieii MII KOHKYpeHTOB, pa3padaThIBalOIINX aHaJIo-
ruasble npoueccopsl. Pazsutne I1K IBM-kioHa BeTynuiao B 3Tam cer-
MEHTAIMH, KOTOpasi OTpeNeNarTcs crenupukanusamu. Tak, crnenupuka-
s 1999 r., PC99, mpexycmarpuBana pasaeieHne KOMIBIOTEPOB I10
chepaM NpUMEHEHHS Ha TPU KaTeTOPHH: HWKHUN YpOBEHb — Oa30BBIH
oducHpiii mim norpedurenbekuii (Basic Office & Consumer PC), mis
mocyra u paspiedenmii (Entertaiment PC) u paboume craHiuu
(Workstation PC). MHorue HOBBIE MPOAYKTHI HAUWHAIOT BBITYCKATHCS
Cpa3y B HECKOJIbKMX BapHaHTaX, XOTS U UMEIOIUX €UHYI0 OCHOBY, HO
OPUCHTUPOBAHHYIO Ha pa3HbIE CErMEHTHI PHIHKA.

s mpoleccopoB cerMeHTanus MposiBIIach Hanbojee OTYETIIMBO.
®upma Intel Beimenuna Tpu knacca npoueccopo — Celeron ans kom-
MBIOTEPOB 0a30BOr0 ypoBHs, Pentium il KOMIBIOTEPOB MPOM3BOIH-
TEJILHOTO YPOBHS (JJOCYT M pa3BlicueHMsi) U Xeon JUIs MOIIHBIX pabounx
cTaHIMii ¥ cepBepoB. Bce OHM CO3IAHBI HA €IMHOM OCHOBE , HO OTJIH-
yatoTcs TuroM pazbema — Socket 370 Slotl, Slot2 u T.11., yTO OrpaHH-
YHBAET MUTPAIHIO MEX/Y CETMEHTaMH.

[Ipu 3TOM cymiecTByIomas TEHAEHINS, KOTAa C MOSBJICHUEM HOBOTO
nporeccopa 1K npemmecrsyromuii Tun MII omyckaercs Ha Gonee HU3-
KU YPOBEHb IPUIIOKEHUH, 3aTPYAHACTCS.

3.3. Apxurekrypa IIK, cucreMHBIe 1 JTOKAJIbHBIC IIHHBI, COCTaB
nepudgepuiiHbIX yCTPOiiCcTB

Apxurektypa IIK ompenensatcs cucteMoil MMH, ¢ TOMOIIBIO KOTO-
peix UII cBsizan ¢ OIl u nepudepuitHbIMU yCTPOHCTBAMH.

R
3a HCKIII0YEHHEM Xeon.
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CoBpemenHas apxutektypa [IK sBisercs pe3ynbraToM TOBOJIBHO
JUINTENTLHOTO Pa3BUTHUS, HEOOXOAWMOCTh KOTOPOTO CBf3aHA, NPEKIC
Bcero, ¢ aBoironuedi MII u pacmupenueM crnektpa nepudepuiHbIX
YCTPOMCTB, a TAKKE TOBBIIIICHUEM HX OBICTPOICHCTBHUS.

YroObl UMETH SICHOE TNPEACTABICHHE O COBPEMEHHOW apXHUTEKType
[IK, mone3Ho mocMOTpeTh Ha TUHAMUKY €€ pPa3BUTHS.

Ha nawansHoM sTane B apxurtekrype [IK umcmonp3oBanach enuHas
muHa (3Ta KOHCTpPYyKUuMs Oblia ucmoib3oBaHa ¢upmoit DEC eme B
1960 — 1970 rr. mpomuIoro CToJeTHs IS CBOMX MHHH-KOMIIBIOTEPOB
HaYaJIBHOTO YPOBHS).

[IK u3HauanbHO TaKXe CTPOWJIHCh Ha OCHOBE OIHOM CHCTEMHOMU
mwmHbEl [SA (Industry Standard Architecture), EISA (Extended ISA) unmn
MCA (Micro Channel Architecture). Heo6xoaumocTth coxpanenus Oa-
JaHca TPOU3BOIUTENHFHOCTH IO Mepe pocTa OBICTPOAECHUCTBUS MHUKPO-
MIPOLIECCOPOB NPHUBENIA K IByXypoBHEBOW opranusanuu muH 11K, a 3a-
TEM M K TPEeXypOBHEBOH (KOTOpas Ha HAa4YaJbHOM 3Tare MPUMEHsIIach
TOJIBKO B PabOYMX CTaHIUAX M cepBepax). JlMHaMuKa pa3BUTHS apXH-
TEKTypbl OTpakeHa Ha puc. 3.1, 3.2 u 3.3, rae npeacraBieHa OpraHusa-
1HsI KOMITBIOTEPOB PA3IUYHON MPOU3BOIUTENBHOCTU. B Tabi. 3.2 maHsl
XapaKTepUCTUKH IKH, mpuMeHsembIx [IK ¢ Hauana mx mpousBoaCTBa U
JI0 HAIlIUX JHEMH.

ISA — IpOMBINITIEHHBIN CTaHAAPT, A apXUTEKTYpPbl IMEPBBIX MOJE-
neit [TIK (PC, PC/XT, PC/AT 286,386), xapakTepu3yeTcsi OTHOCUTEIBHO
HEBBICOKHMH CKOPOCTSIMH 00MeHa HH(OPMAIIMU TI0 IIMHE U HEBBICOKOM
CTOMMOCTBIO, 3T apXUTEKTypa COBMECTHMA C ()MPMEHHBIMH HIMHAMH
IBM — XT-bus u AT-bus.

EISA — pacummpeHHBIH TPOMBIIUIEHHBIA CTaHIApT, MPenIoKeHHBIN
UIs peanuzanuu 0ojbmoro oobema agpecyemoi OIl 1 yckopeHus: BbI-
YUCIHUTENbHBIX U oOMeHHbIX omepamuii [IK ¢ muxponpoueccopamu
80386, 80486, sBisieTcd 3HAUUTENHHO OOJIee TOPOTOCTOSIIMM DPACIIH-
penreM muHBI [SA, MO3TOMY NpH MHOTOIIMHHOW OpraHU3allui, Kak
MIPABUJIIO, HE PUMEHSIETCS.

MCA — cranpapt ¢upmel IBM, pazpabotanHblil 1 Monenel ce-
meiictBa PS/2. Xapakrepusyercsi 3HAUUTEIBHBIM YCKOpPEHUEM OOMeHa
JMAHHBIMU MEXIy OTAenbHbIMU ycTporicTBamu IIK (ocobenno c OII),
OJIHAKO 3Ta apXUTEKTypa COBEPIIEHHO He coBMecTuMa ¢ ISA n EISA.

VL-bus — nokanpHas MIWHA, TPEAJIOKEHHas accormarueii VESA
(Video Electronics Standard Association). [Ipennasnauena nns yBenu-
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YeHHsI OBICTPOJCUCTBUS BHIICOAANITEPOB U KOHTPOJLIEPOB TUCKOBBIX
HAKOMUTENeH (10KaibHOU HA3BIBACTCS IIMHA, IIEKTPUIECKU BBIXOIAIIAS
HEIOCPEICTBEHHO Ha KOHTAKThl MUKpoIporeccopa). [lluna opueHTHpo-
BaHa Ha nporeccop 80486. Cnenyroias cuerudurariys TON MIUHBL IS
nporieccopoB Pentium ¢ oxwunasmieiics ckopocthio 400 Mo6aiit/c naims-
HEHIero pacnpocTpaHeHHs He MOTyJHIIa.

Puc. 3.1. ISA: Bce KOMIOHEHTHI CUCTEMBI Ha OJJHOM LINHE

Puc. 3.2. Compaq Desk Pro 386/20: apxutekrypa EISA
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Puc. 3.3. HP Vectra XP: apxutexrypa PCI

Tabmuua 3.2

Xapakrepuctuku muH, npumenseMmbx B [1K (marasre mo 2000 r.,
osictpopeticteue VSA n PCI yka3ano mnkoBoe, B CKOOKax peansHOe)

Xapakrepu-

XT-bus|AT-bus| MCA ISA EISA VLB PCI
cruka/Tun

IIpompi- | [Tpomsii-
Pazpaboruux | IBM | IBM IBM nenubi | nenusiii | VESA | INTEL
CTaHAapT | CTaHAapT

PaspsiHoCcTh 20 24 24/32, 32 20 32 32 |32(64)
IKMHBI a1peca

Paspamocts | o 8,16 [8,16,24,32] 8,16,32 | 8,16 |32 (64)|32 (64)

IIHWHBI JAHHBIX

BeicTponeiict-
sue, Moaiir/c | > | 10 | 20-25 | 3-10 33 [130(80)|133 (60)

Luna PCI (Peripheral Component Interconnect) Tax ke, kak u VL-bus,
nojifiepKuBaeT KaHai nepenadn mexay LI u nepudepuitnbiMu ycTpoicT-
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Bamu. [Ipu pabote ¢ nporeccopom 80486 oHa MMeeT MPUMEPHO T *Ke MOo-
Kazarend, 4yto 1 VL-bus. B oTnmuue oT nmocnenHel muHa He3aBUCUMA OT
npolieccopa, MOAKII0YaeTC K HEMy 4epe3 ClielnalibHbIN agantep (o3To-
My Ha3BaHHUE JIOKaJbHOM mprmMeHuTenbHO K PCI He coBcem TouHO). OTa
IIMHA TIOJy4ua OYeHb IIMPOKOE PACIpOCTPAHEHHE W IMPUMEHSETCS HE
tonbko B [TK, HO ¥ B paboumXx CTAHIIUSX, U CEpBEPAX.

[MocrosiHHOE yBenuyeHUe TakToBOM yactoThl MII, ero cnocoGHOCTH
00pabaThIBaTh MOTOKU JAHHBIX 1O TUra0alT B CEKyHIY, MPHUBEJIO K IO-
SIBIICHHUIO caMo# ObIcTpoil BHemHel muHbl npoueccopa FSB (Front Side
Bus), k KOTOpO MOAKIIOYAIUCE CaMbIe OBICTPOICHCTBYIONTUE YCTPOM-
ctBa (BaemHMit kam1, OIl, AGP — Accelerated Graphic Port).

[ombiTkO# cOanancupoBath ObicTpoxeiictBue LI u OIl sBnsercs
JIBOMHAsA pa3psSAHOCTH 3TOM MHKHB (64 pa3psiia) U OpraHu3anus BYX-
kaHanpHOH OIIl. UM, HakoHeEll, TOJIHAs COIIACOBAaHHOCTH II0 YacTOTe
npoleccopa U BHYTpEeHHEH K3II IepBOro ypoBHs ObUIa JOCTUTHYTA OJa-
rojaps pasmenieHuto emie ogHoi mmHbl (BSB — Back Side Bus) BayTpH
kpucTaia (00 3TOM y>Ke TOBOPHIIOCH).

Konctpykrusno apxutexrypa IIK (cuctemuslii uatepdeiic) peanu-
3yeTcs Ha CUCTEMHOM IU1aTe U cBsA3aHa ¢ moHsTueM «dumncer» (Chip set)
— HabOpOM HHTETPANBHBIX CXeM, (OPMUPYIOMUX OJOK BHIYHCIUTEIb-
HOW CHUCTEMBI, peaqu3yoIHii Bce HEOOXOAUMBIE CBSI3H OCHOBHBIX KOM-
MIOHEHTOB — MPOLIECCOPA, MAMITH U LIHH PaCIIUPEHUSL.

[Ba Bapuanra apxurektypsl [1K s MIT ¢upwmer Intel (B coBpemen-
HOW TEPMUHOJIOTUHN — AU3aiH) MpeCcTaBIeHb! Ha puc. 3.4.

3HAYNUTENIFHOE Pa3BUTHE 33 UCTEKIIMH MEPUO] MOTYIHIH TaKKe WH-
Tepdeiicel nepudepuiinoro odopynoBaHus. Bonblrylo HMOMyIspPHOCTD
npuobpen uHtepdetic BBopa-BeiBojia SCSI (Small Computer System
Interface — nnTEepdeiic MaabIX BEIYUCIUTEIBHBIX CHCTEM), KOTOPBIH, KaK
NPaBUIIO, IPUMEHSETCS. B BBICOKOIIPOM3BOJUTEIBHBIX pab0OunX CTaHIU-
X W cepBepax. JToT uHTepdelc pacronaraeTcs MEXIy CHCTEMHOM
HIMHOW KOMIIbIOTEpa M NepU(epHitHbIMUA ycTpoiicTBamu. [lpemHa3Ha-
YeH, MPEXIE BCEro, I MOIKIIOYEHHS IUCKOBBIX HAKONMUTENEH, HO
MOJKET HCIOJB30BaThCS M IJISl MOJKIIOYEHHUS JIPYTHMX yCTPOWCTB, Ha-
npuMep CKaHepoB, HUGPoBbIX ocimuniorpados u T.1. UHTEpdeiic mo-
CTCIIEHHO Pa3BHUBAJICS, YBEIMUYMBAs MPOITYCKHYIO CIIOCOOHOCTh. Cyie-
CTBYeT MHOXeCTBO ero pasHoBugHocteit: SCSI-1, SCSI-2, Ultra 160,
Ultra 320 u T.1., HEKOTOPBIC U3 KOTOPBIX HECOBMECTUMBI APYT C JIPY-
roM. Jlpyroii mupoko pacnpocTpaHEHHBIH WHTepdenc i MoIKIIoYe-

128



HUSI TIepUQEPUIHBIX YCTPOKUCTB, HCIOIB3YIOLIHIACS, KaK IPABUIIO, B Ma-
aeix cucremax, — IDE (Integrated Drive Electronics — snexTponuka,
BCTPOCHHAs B TUCK). Takoe Ha3BaHUE OH IMOJYyYHI M3-332 TOTO, YTO, B
oTnu4re oT paHHuX Bepcuil SCSI, KOHTposUIep yIpaBieHUs TOJTOBKaMHU
U IPYTMMH MEXaHHYECKHMH 4YacTAMHU OBbLI PacloyiO’KEeH HE Ha CHUCTEM-
HOM IJIaTe KOMIIbIOTEpA, a HA CAMOM JUCKe. B gaibHENIeM TOT K€ UH-
tepdetic cramm HazpiBath ATA (Advanced Technology Attachment —
NPUCOEAMHEHHE TI0 TIEPEeI0BOI TEXHOJIOTHH).

U SCSI, u ATA — napaiensable HHTEpGEHCHl, T.e. X LIMHA AaH-
HBIX COCTOMT W3 MHOXECTBA IMPOBOJHUKOB (Hampumep, 8 win 16) u
IUTIOC K HUM €lIlle YIPaBIISIONINE MPOBOIHUKH. Pazbembl u xabenu naH-
HBIX JUIS apajjieNbHBIX UHTEP(EHCOB BeCbMa IPOMO3AKH, U, YTO CAMOE
TJIaBHOE, TIPU BBIXOJIE U3 CTPOSI XOTsI ObI OJJHOTO KOHTAKTa BCSI CHCTEMA
nepecraeT padoTarh. B JaHHBIM MOMEHT MeT oOInas TeHIACHIINS K Iie-
pexony Ha mocienoBarenbHble nHTepdeiicsl. B HUX maHHBIE IEepeaaoT-
s ¢ Topasno OoublIel YacTOTOH, HO 3aTO JUIS Mepeady JaHHBIX MOXKET
UCIIOJIb30BaThCsl BCETO JIBa MJIM YeThipe KOHTakTa. COBpEeMEHHBIH I0-
cienoBaTenbHbI moToMok uHTEepdeiica SCSI — SAS (Serial Attached
SCSI), notomok untepdeiica ATA — SATA (Serial ATA). C nosiBnenu-
em unrepdeiica SATA, o0brunbii ATA, A1 TOro 4ToObl HE MyTaThCH,
cranu Ha3eiBaTh PATA (Parallel ATA).

B cBs3M ¢ mMpOKUM pacnpocTpaHeHHEM MYJIbTUMEAUHHBIX MPUIIO-
JKEHUH W 3HAYUTENLHBIM YBEIMYCHHEM TOTOKOB JaHHBIX pa3palboTaH
HOBBII CTaHIAPT NOAKIIOYeHUs Tpaduueckux amantepoB — AGP (Acce-
lerated Graphics Port), momy4yuBLmInii mypokoe pacnpocTpaHeHHe, TakK
KaK 3HaYUTEJIIBHO YCKOPSIET OOMEH C BHIIE0AJANTEpOM, HE Meperpyxas
cuctemHuyto muny PCL

CoBpemennble uHTepdeiicsl nepudepuitnoro odopyaoBanus (KOH-
TpOJITIEpHI) IPEACTABICHHI B Ta0MI. 3.3.

JJisl OKITIOUeH!s] BHEITHUX NEepUPEPUIHBIX YCTPOUCTB (MOJEMBI,
NPUHTEPHI, MBIIb, BHeTHUE HMB 1 1p.) ucnonszoBanuchk HHTEpQEHch
COM (ot cnoBa Communication — ¢Bsi3b) u LPT (Line Print Terminal —
TEpMHHAJ JIMHEHHOW reyatu). B HacToSIIui MOMEHT OHHM 3aMEHEHBI
Oosiee COBpeMEHHBIM TociieioBareldbHbIM nHTepdeiicom USB (Univer-
sal Serial Bus — yHuBepcanpHas mociaenoBaTeIbHast IIMHA).
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Tabmuma 3.3

WuTterpupoBaHHbIe KOHTPOIUIEPHI

KonTponnep

Kpatkas
XapaKTepPHCTHKA

DyHKUNU

[Ipumeuanue

32-paszpsianas 33-

Iloaxmouenue miat

B HEKOTOPBIX YUIICETaX BCTPau-
BaeTcs B CEBEpHbI MOCT. bonee
MIPOU3BOIUTEIHHBIC PEIICHIS —

nopt, 12 M6ur/c

PCI MI'11 mmHa pacum- PCI64, PCI-X — peanmu3yroTest
pacmmupeHus
peHus OOBIYHO Ha OT/IEIBHBIX KOH-
TpOJUIepax, MOAKIIOYAEMBIX K
CEBEPHOMY MOCTY
OTHOCHTCS K yCTapeBIIHM.
8- unu 16-paspsaanas) IloxkiaroueHue miart [Ipu ne0dX0mMOCTH peatusy-
ISA €TCsl Ha OTJIEIbHOM KOHTPOJI-
IIMHA PaCIINPEHUs] paciupeHust
Jepe, MoJKIII0YaeMoOM Yepe3
LPC (Low Pin Cjnnector)
Kontposmepst
napajiesabHoro,
TIOCJIEI0BATEIFHOTO OOBIYHO peanu3yioTcs B
Super /O mopToB, PS/2 Mpimm, OTHEILHOM YHIIE, IT0AKII0Yac-
PS/2 xnaBuatypsl, oM gepe3 LPC. Otrocutest k
nH(ppakpacHoro yCTapeBIINM
nopra, Qiomnmu-
JIICKOBOJA U JIp.
IMapannensHblii 16-
A3PSAHbIHN TTOPT:
A]PA6% —66 M6$I7[T/C [lonKToeHue KECTKHX B OospIIMHCTBE MOAEIEH
ATA (IDE) ATA100 — JIICKOB HAPYTUX | 1 epaxusaetcs ATA100. B
100 M6aiir/c, YCTPOHCTB XpaHCHHA HekoTopeix ATA133
ATAI33 — JTAHHBIX
133 Moaiir/c
[TocnenoBatenbHbIH
Serial ATA | mopt, 1500 M6ur/c Jlt morOuCHIS PeanuzoBan B 2002 r.
(150 M6aiit/c) JKECTKHX JUCKOB
IMonxnrouenue npuHTe-
POB, CKaHEPOB, yKa3a-
TENBHBIX YCTPOMCTB,
USB 1.1 [MocnenoBarenbHbIN | YCTPOWCTB XpaHEHHs

JTaHHBIX U Ap. omxeH
3aMEHUTh YCTapeBLINe
napajuleJIbHbIN U I10-

ICI€A0BATCIbHBIC TIOPTH]
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Oxonuanue Tadi. 3.3

mopt, 480 M6ur/c

XpaHeHHﬂ JAHHBIX U
ap.)

Kparkas
Konrposnep P OyHKIUN [Tpumeuanue
XapaKTePHCTHKA
[Moxkmoyenue ckopo-
.| crHOil nepudepun
TocnenoBaTenbHbIH . WHTerpupoBaHHbIe BapUAHTHI
USB 2.0 (cxaHepoB, yCTPOWUCTB

TOJIBKO HAYWHAKOT MOABIIATHCA

EEE 1394

[TocnenoBaTebHBIN
nopt, 400 Mout/c

TNoaxmrouenue ckopo-

CTHBIX TIepHUpEePHHHBIX

yCTpOICTB (CKaHEpPOB,
YCTPOMCTB XpaHEHHUs
JAHHBIX U JIp.) U ay-
JI0/BUACOYCTPONCTB

HHTerpupoBaHHbIE BAPHAHTEI
TOJbKO HAYMHAIOT MOSABIATHCS

AC'97

Hudposas gactsb
3ByKOBOT'O KOHTPOJI-
nepa AC'97

Peanuzanus HeIOPOTHX|
MIPOTPaMMHBIX 3BYKO-
BBIX IUJIAT WJIK MOJIEMOB

TpebyroTcst TONONMHUTEIbHBIE
KOMITOHEHTHI (KOJEKH U IIp.)

LAN
(Ethernet)

ITocnemoBaTenbHbBIH
TopT,
10-1000 M6ut/c

[ocTpoenune nokanb-
HBIX CeTel

Peanusyercst He BO Bcex Mojie-
msix. MHorza tpedyeT nonoIHu-
TEJBbHBIX KOMIIOHEHTOB. HbI-
HemHue pemenus — 10-

100 M6wut/c

IMOHHUTOPUHI]|

KonTponupyer
TeMIeparypy, Ha-
TIPSDKEHMS TNTaHM,
CKOPOCTh BpalllCHUS
BEHTHWJIITOPOB U
HEKOTOpbIE Apyrue
apamMeTpsbl

PeaJII/ISyeTCSI HC BO BCCX MOJC-
JIIX

Cosnanue [IK mpuBeno k 3HaYMTENBHOMY IPOTpecCcy B pa3paboTke
nepudepuiiHbIX YCTPOHCTB KOMIBIOTEPOB. OCOOCHHO 3Ta TEHACHIHSA
npocmaTpuBaercs Ha npumepe B3Y. Ilpn 3HaunTenpHO MEHBIIMX pas-
Mepax OHU O0JIa/Ial0T 3HAYMTENBHO OOJBIICH €MKOCThIO U OBICTpOICH-
CTBHEM, YeM YCTpOWCTBAa COBCEM HelaBHEro mpouuioro. CHekTp 3THx
YCTPOMCTB TaKkKe 3HAYUTENbHO pacmmpuics. B tabn. 3.4 mpusenens
ocHoBHBIe TUTIH B3Y, npumensiemsie B [1K.

VYcTpoiicTBa Ha MarHUTHOM JIeHTE (KOMIakT-KacceTax) yxke k 2000 r.
JOCTHUIIIA EMKOCTH B IECSTKH TUrabaiT (TOr/a Kak MepBble TaKUEe HAKO-
NUTEIN UMEIH eMKOCTH HeMHoruM Oombiue 100 K6alT) u mpuMeHsoT-
Csl OHH JUIS PE3EpPBHOTO KOMHMPOBAHMUSA U KaK apXUBBI JIUTENBHOTO Xpa-

HCHUS.
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Tabmuma 3.4

Xapakrepuctuku B3Y
Tunn | Ctpume- | XKectkue Onruueckue Maruuro-
Dronmnu-TuCcKu
B3Y pBI JTUCKH JTUCKH ONTHKA
DVD-
STD CD-ROM, [ ROM,
Ob60- SDX’ HXMI HI'MI CD-R DVD-R MO
3Ha- STS > | (HDD), (FDD, ZIP (worm), | (worm), M O]’)
HeHMe | Lo 2’ JAZ HIFO) CD-RW [ DVD-
(warm) RW
(warm)
1,44 MoGaiit
4-2 - ’ 100- -
O6bem VS 6 3v6 (100-200 00 2u50 650 Moaiit 47 17 9,1 I'6aiiT
T'6aitr T'0aitt N Mo6aiit T'0aitt
MobaiiT)
Bpems
noc- — 7—-10Mmc 100 mc 28 mc |70 —300 mc 80300 17 -19 mc
Tyma e

JKecTkue AHMCKU TIO-TIPEKHEMY COCTABJISIIOT OCHOBY CHCTEMHBIX
B3Y, x0T WX eMKOCTh TakXe 3HAYWUTENbHO YyBenmumiack (or 5-—
10 MOaiT B MEpBBIX CHCTEMaX JI0 HECKOJBKUX NECATKOB I'MrabaiT B
2000 r.). B nHacrosimee Bpemss oobem PXXKM/J] B IIK mpeBbimaer He-
CKOJIBKO TepabaiiT. CaMbIMHU «IONTOXUBYIIUMU» cpeau B3V sBisrores
(hTOTIIU-TNCKHY, TPEACTABIISIONINE JIMYHBIE apXUBHI MMOJIb30BaTenei. J[o
MOCTIEIHETO BPEMEHHU HCIIONB3YIOTCS MuckeTsl Ha 1,44 MOaiit, paspa-
oorannble Gupmoit Sony emre B 1980 r. IlonmbITky 3aMEHUTH UX aHAJO-
TUYHBIMH JUCKaMH eMKOCTBIO cBhime 100 MOaiiT nmenn He3HauYUTENb-
HBIN ycrnex.

Ilupokoe pacmpocTpaHeHHEe MOMYYMIM KOMIIAKTHBIE YCTpPOMCTBa
MAarHUTOONTUKH, UMEIOIIKE JOBOJIBHO Manoe BpeMs noctymna. [loBceme-
CTHO B MPAKTHKYy PAIOBBIX IMOJb30BaTeici Bomwin onTuueckue B3Y,
pasBuBatoniuecs B ctopony WARM (Write And Read Many times). C
nepexonoM Ha HOBbIM gopmar DVD ux eMKoCTh 3HAUNTENBHO YBEJIH-
YuiIach, O Y4eM rOBOPUIIOCH paHee.

3.4. PaGoune cTaHIMH, CepBepbI U CyNepcepBepbl
Cosznanne RISC-npoiieccopoB 1 MUKPOCXEM MaMSTH ¢ OOJIBIIION eM-

KOCTBIO MPUBENO K OKOHYATEIHHOMY 0()OPMIICHHIO HACTONBHBIX CHCTEM
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BBICOKOW MPOU3BOAUTENHFHOCTH, KOTOPBIE CErO/IHS U3BECTHBI KakK pabo-
yne craHimu. [lepBoHayanbHas opueHTauusi paboyuX CTaHUMK Ha Mpo-
(heccronanbHBIX TOJB30BaTeNel (B ornmune ot [IK, koTopele BHavamne
OPHECHTUPOBAIIICH HAa CAMOT0 IIMPOKOr0 MOTpeduTeNnsi-HenpodeccuoHa-
Jla) IpuBeNa K TOMY, YTO ceddac paboune CTaHIIMK — XOpouo cOanaH-
CHUPOBaHHBIE CUCTEMBI, B KOTOPBIX BBICOKOE OBICTPOJECHCTBUE COYETACT-
csi ¢ OONBIIMM OOBEMOM OMNEPATUBHOW M BHEIIHEH MaMsTH, BBICOKO-
MPOM3BOANTEIBHBIMU BHYTPEHHUMH MArUCTPasIMH, BBICOKOKA4eCT-
BEHHOH M OBICTpoOIeHCTBYIOMEH rpadudeckoil MoACUCTEMON U pa3HO-
0o0pa3HBIMH yCTPOWCTBAMH BBOJA-BBIBOAA. JTO CBOWCTBO, XOpOILIast
c0aJaHCUPOBAHHOCTD, BHITOJHO OTIMYAET pabovre CTAHIIMK CPEAHET0 U
BBICOKOTr0 Ki1accoB oT I1K.

B nutepaType cymiecTByeT HEOJHO3HAYHOCTH B OIPENECIICHUU Tep-
MuHa «pabodass craHmus». CoBceM HeOaBHO ToJ paboueill craHiuei
NOHUMAJICS 10001 TepMHHAI (B TOM YHCJIE M NEPCOHANBHBIA KOMIIBIO-
Tep), paboTaromuii B BEIYUCIUTEIHHON CETH M C MOMOIIBI0 KOTOPOTO
MOJIF30BATENIb MOYKET HCIOJIb30BATh PECYPCHI BHIYMCIUTEILHON TEXHU-
K{, OObEAMHEHHBIE B CETh.

B coBpemMeHHOM NIpeACTaBICHUM NPUHAAIEKHOCTh K CETH HE SABIIA-
eTCsl eMHCTBEHHBIM INpHU3HAKOM paboueil ctanuumu. Cama CTaHIUS —
0coOBIi BHJI KOMIBIOTEPA, UMEIOIINK oueHb MHOTo obmero ¢ IIK, B To
e BpeMsl CYILECTBEHHO oTiuuarommidcs or Hux. OcHoBHas cdepa
NpUMEHEHUs] pabodnX CTaHIUi — obyacTh, TpeOyromme OOIbIIOro KO-
JMYECTBa BBIYMCIICHNH, U YIIPABIICHNE BHICOKOKAYECTBECHHOW TpaduKOH.
OT0, Mpexe BCEro, CUCTEMBI AaBTOMATU3HPOBAHHOTO MPOEKTUPOBAHUS
(CAIIP), aBTOMATH3MpOBAaHHBIE CHCTEMbl HAayYHBIX HCCICIOBAHHIMA
(ACHM), a Takxe cucTeMBbl aBTOMAaTH3aIIUN pa3paboTKH MPOTPaMMHOTO
oOecreyeHusl.

Ecmn IIK oueHbs 3¢ (eKkTUBHBI [UISI UCTHONB30BAaHHUA B Pa3IHYHBIX
9KOHOMHYECKHX TPHIOKEHUAX (OyXranTepuH, TOProBO-IPOMBIIICH-
HBIX (UPM U APYrHX aHAJOTWYHBIX OpPTaHW3AIlWH), a TaKKe Kak OBITO-
Bbl€ KOMIBIOTEPHI, TO MPUMEHEHHUE UX JUIS YKa3aHHBIX BBILIE MPHUIIOKE-
it (CAIIP, ACHU) mano3ddekTuBHO, TOCKOIBKY pabodne CTaHIUH
UMEIOT 3HAYHUTENILHO OOJBIIYIO0 MOIIHOCTh, & TaKXkKe Mepuepuio C Io-
BBIIICHHBIMU TEXHUYECKHMHU XapaKTEPUCTUKAMHU.

Tewm He MeHee, ObICTpBIN pocT mpousBoauTenbHocTH 11K Ha 6ase Ho-
Betimmx MIT Intel B coueTaHuu ¢ pe3kuM CHHYKSHHEM ILICH Ha 3TH U3Jie-
TS ¥ Pa3BUTHEM TEXHOJIOTHH JIOKAJIBHBIX IIMH, MO3BOJISAIOLIEH ycTpa-
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HUTb MHOTHE «y3Kue MecTta» B ctpykrype 11K, memaror coBpemeHHbIE
[IK Becpma mpHBIEKAaTEIbHOW anbTEpHATHBON pabounM craHuusMm. B
CBOIO OYepe/ib MPOU3BOIUTENH paboUNX CTAHIMNA CO3MaNK U3ACTHS TaK
HA3bIBAEMOI'0 «HAYaJIbHOTO YPOBHS», 0 CTOMMOCTHBIM XapaKTEepPHUCTU-
KaM Onu3kue K nmpousBogutensHbiM [1K, HO Bee emie coxpansronye au-
JIEPCTBO MO MPOU3BOJUTENBHOCTA U BO3MOXHOCTSM HapamuBaHus. Bece
3TO TPHUBEJO K TOHATHIO «IepCOHabHas padodas CTaHIUSI», KOTOPOe
00BbEIUHSIET 3TH IBA HAIIPABICHUS.

[Isate ¢pupm CILA nmpousBozsat okono 90 % pabGounx cranuumii. o
cepenuHsl 90-x TOIOB MPOLLIOTO CTONETUS (M THICAYENETHsS]) PBHIHOK
pabounx craHIMi (KOTOpBIE aKTUBHO MCIOJB3YIOTCS M B HACTOSILEE
BpEMs1) BBITIISIIIEIN CIIEAYIOIUM 00pa3oM:

1) Sun Microsystem, Ha 0a3e pa3paboTaHHOrO 3TOM (upMoN 64-
paspsanoro RISC MII SPARC (Scalable Processor Architecture) BbI-
nyckana pabodue CTaHIMH C aHATOTWYHBIM HauMeHoBaHHEM. Paspabo-
taHHbIi 3Toi ¢upmori MII Ultra SPARC III (1997 — 1998 rr.) umen
TakToBy0 yactoty 600 MI'm u OwictpoaeiictBue 600 — 700 MIPS
(32-paspsansiii MII Pentium 66 Bbimycka 3TOro rojaa uMesn OblcTpoaei-
cteue 25— 100 MIPS). Sun 3anumana okono 30 % MHPOBOrO phIHKA
paboYMX CTaHIIUH;

2) Hewlett — Packard (HP), na 6a3e 64-pa3psmgaoro MII RISC co6-
CTBEHHOW pa3paboTku (HauanbHas cepust PA 8000, ¢ TakToBoOi#l yacto-
toir 500 + 560 MI') Beimyckana paboune cranmuu cepun HP 8000
(9000). Crnemyer oTMeTHTh, uTO 3Ta upMa u pupma Intel pazpabarbi-
BatoT MII PA-RISC (IA-64), coBmectumslii ¢ npoueccopamu Intel. HP
3aHuMaet 22,6 % MUPOBOTO PhIHKA paOOYUX CTAHIIHIA;

3) IBM — Ha 6a3ze 64-pazpsanoro RISC MIT POWER (Performance
Optimization With Enhanced Risc) Bbimyckaer paboune CTaHIUH
RS/6000 (Ha ocHOBe KOTOpPBIX 3Ta ke (hUpMa MPOU3BOAHUT CYMEPKOM-
netoTepbl PS). Hauampaple BapmanTsl sToro mpormeccopa POWER 11
oQOpMIISIITUCE B BHJE BOCBMH MHUKPOCXEM, OOBEIAMHSIONIMX MOPSIKa
23 MJIH TPaH3MCTOPOB Ha Iuiomanke 1217 Mwm’. DBOMIOLHUSA 3THX MPO-
[IECCOPOB B HAIIPABIEHUU MAaJIbIX CHUCTEM IpHUBENa K OJHOKPUCTAIHHO-
My nporueccopy POWER PC. Orot xe mpolieccop UCmonib3yeT pupma
Apple mns cBoux mepcoHanbHBIX pabounx craHuuid. IBM 3anunmaer
16,1 % pbiHKa pabounX CTaHIHIA;

4) pazpaborannsie Gupmoit DEC Alpha-craniiuu, paboune cTaHIUH
Ha ocHOBe 64-paspsanoro nponeccopa RISC MII Alpha. MIT Alpha —
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NEePBBIA HA PHIHKE OAHOKPUCTAIBHBIX 64-pa3psaaHbIX MPOLECCOPOB U 110
90-x rogoB camblii MOIIHBIN ITpoLeccop. IIpon3BoauTENbHOCTS MpoLec-
copa 21164 (1994 r.) c takroBoii yacroToir 300 MI 11 orleHMBaIach KaK
1200 MIPS. 3tu npoueccopsl pupma Cray Research Inc ncnonb3oana
B CBOMX cynepkommbioTepax. Crnaboe mecto 3toro MII — cooTHOIIEHHE
LICHA-TTPOU3BOAUTEILHOCTE. JTH paboune cTaHmmu 3anuMarot 10,9 %
MHUPOBOTO PBIHKA;

5) Silicon Graphics Computer System (SGCS) — Bexymuii npou3Bo-
IUTENb pabounx CTAaHIMU U1 F€OMH(OPMAIIMOHHBIX CHUCTEM, HCIIOJIb-
3yetr 64-paspsaasie RISC MIT ¢upmer MIPS, onue u3 mporeccopos
KOTOpPOH MMeeT Mpou3BoauTensHOCTh okono 800 MIPS. To 90-x ronos
3anumana 10,2 % MUpOBOro pbIHKA PadOYMX CTAHLIUH.

Takum obOpazom, mpakruyecku 10 2000 T. ppIHOK OBLT MOJENEH MEeX-
Iy KOMIIBIOTEPHON TEXHUKOW Ha OCHOBE IporeccopoB Intelx86 (u mx
aHaJIOrOB) ¥ MPOU3BOAUTEILHBIMH, HO JOPOTUMH PaOOYMMH CTAHLUSIMH
Ha paznuaHbix RISC-apxurexrypax.

C pocToM MOMyJISPHOCTH BBICOKOIPOU3BOAUTEIHHBIX MPOIECCOPOB
Ha OCHOBE apXUTEeKTyphI Intelx86 mapaniensHo cO CHIKEHUEM HX IIEHBI
CIIOXKWIJIACh CUTYyalusi, B KOTOPOH J0J PhIHKA HA OCHOBE «HACTOSIINX)
RISC-apxuTekTyp cokpatuiack 10 HEpeHTa0eILHOTO YPOBHS, YTO TPH-
BEJIO K OKOHYATEIbHOMY CMEILCHHIO TPHOPUTETOB pa3pabOTINKOB 3TUX
ApXHUTEKTYp B CTOPOHY CEPBEPOB U CYIEPKOMIBIOTEPOB. MHOTHE U3
MIEPEYNCIIEHHBIX apXUTEKTYpP OCTAHOBUJINICH B CBOEM pa3BUTHHU M HX
WCUE3HOBEHHUE — JIeI0 BpeMeHHu. Tak, mpekpartunach paspadborka DEC
Alpha, MIPS u ¢axrnuecku HP PARISC. IBM POWER nozunmonupy-
€T Ha PBIHOK JAOPOTUX BBICOKOIPOM3BOAMTENBHBIX cepBepoB. Hanboms-
[IMe TIePCTIIeKTUBBI MHPOKOTO Hcmonb3oBanust umeer MII Itanium, co-
BMecTHOM pa3pabotku Intel u HP.

Cepgep — KOMITBIOTEP, 0OECTICUMBAIOLIMN OOCITY>KUBAaHUE MOJIb30Ba-
TeNEH CeTH: pa3ieisieMblii JOCTYI K MpoleccopaM, IucKaM, (aiiaam,
MIPUHTEPY, CUCTEME JIEKTPOHHOM MOYTHI U T.JI. DTOT KJacC KOMITBIOTEPOB
uMeeT psi crienuduueckux ocodbennocrei. [Ipexne Bcero, 3To CBA3aHO €
HEOOXOIMMOCTBIO ObecTieueHns] BEICOKO3((EKTHBHOTO MHOTOIOJH30Ba-
TEJNBCKOTO W MHOT033/IaYHOT0 PEKUMa: BBICOKAsl MPOU3BOIUTEIHHOCTS,
HaJIe)KHOCTh, TyONMpOBaHKE, PE3CPBUPOBAHUE TUCKOB, UX ITOBBIIICHHAS
€MKOCTb U T.1. B T0 >xe BpeMs TpeOoBaHMsI K MOHUTOPaM HEBBICOKH, TaK
KaK 3TH KOMIIBIOTEPHI, KaK MPaBUIIO, HE HCIIOIB3YIOTCS B KAa4ecTBE Iep-
COHAJIbHBIX CTAaHIMH, a SBISIOTCA KOMIBIOTEpPAMU KOJUIEKTUBHOTO I10JIb-
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30BaHUsl, PErJIAMEHTUPYIOUIMMHI pabOTy BBIYMCIUTEIBHBIX CETEH M Mpe-
JIOCTABIIAIOIINE CBOM pecypc KOHEUHBIM MOJIB30BaTes M. CepBepsl U pa-
0ouue CTaHIMK POU3BOJAMIIMCH OJTHUMH M TeMH ke pupmamu. OJJHaKO
B 9TOM pa3ziesie BEIUMCIUTEIBHON TEXHUKH, B CBS3H C yKa3aHHBIMU paHee
MPUYUHAMH, TIPOU3O0IIIH CEPHE3HBIE H3MEHEHHS.

CrpemurensHoe yBenudeHne pecypcoB maccoBbix [IK, mosiBienue
64-pa3psiaHbIX mporeccopos ans HUX (AMD-Athlon, Operton u Intel-
Xeon) MpUBENN HE TOJBKO K HMOCTEIIEHHOMY BBITECHEHHIO C PHIHKA pa-
0ounx crannuii TpamunuoHHelx MII RISC-apxurekryp, mepeudunciies-
HBIX paHee, HO U K TMOSIBIIEHUIO CEPBEPOB TaK HAa3BIBAEMOTO MJIA/ILIETO
YpOBHs, OpUEHTHPOBAaHHBIX Ha 3T MII, 2- — 4-npoueccopHble MOJENN.
CepBepbl MIaaUIero YpOBHS MPUCYTCTBYIOT B MOJAEIBHBIX PSAAaX BCEX
KPYIHEHIINX KOMIIAHUH, TNPOU3BOJUTENECH CEPBEPHBIX PELICHUIN
Fujitsu-Siemens, Dell, HP, IBM, Sun. [TocraBnsemas 3tumMu pupMamu
MPOAYKLHS COAEPIKUT Y3IIbI, U3rOTaBIMBAEMBbIE, KaK MPAaBHIIO, CAMUMU
(bupmamu caMmocTosITenbHO. OrpOMHBIN OTBIT TPOSKTUPOBAHUS CEPBEP-
HBIX pellleHuH U GUPMEHHBIC TEXHOJIOTHU O3BOJISIOT 3TUM KOMITAHHSM
co3laTh ropaszio Oonee COBEepIICHHBIE YCTPOWCTBA B CPABHEHHH C MO-
JensiMHU Ha 0a3e roTOBBIX IAT(GOPM, OAHAKO OHU 3aMETHO AOPOKE.

Tak, pupma HP mox Topropoit Mmapkoii Proliant Beimyctima x 2005 T.
10 maH 2- — 4-mpoueccopHbIX cepBepoB Ha 0aze MII kak Intel, Tak u
AMD.

®upma IBM mnocrasiser cepBepbl HM)KHETO YPOBHS IOJ MapKoOu
Server x Series. OgHONpoIeCCOpPHBIE cepBephl Ucmonb3yioT MIT Pen-
tium 4, IByX- W YETBIPEXNPOLECCOPHBIE MOJAEIH HCIoib3yoT MII
Xeon. Sun mocTaBisieT MOAOOHBIE cepBepbl mox Mapkoi Sun Fire Ha
6aze MII AMD Operton — ABYX- M YeThIPEXNpPOLECCOPHBIE MOIEIH,
MHOTJIa IPUMEHSIOTCA AJIsl TAKUX cepBepoB U ¢pupmennsie MII Sun.

Becbma mepcHeKTHBHBIM CUHTACTCS HAIlpaBICHUE pa3pabOTKH cep-
BepoB Ha 0aze roToBeIX miardopM. [liamgopmoii IPUHATO HA3BIBATH
COUYeTaHHe KOpITyca M CHCTEMHOW TUIaThl (MHOTAAa K HUM J100aBIseTCs
OJIOK MUTaHMs, IACCH I AMCKOB M Ipyrue 3JaeMeHTsl). Vcnonb3oBa-
HHUE TaKHX I1aTGOpPM UMEET OTPOMHBIE MTPEUMYIIECTBA KaK C TeXHHYE-
CKOH, TaK U C MApKETMHIOBOM TOYKHM 3peHMs. VCIonb30BaHUE CTaH-
JapTHBIX TIAT(OpPM JeslaeT CO3JaHKe cepBepa CTONb )K€ MPOCThIM, Kak
u coopka o6srynoro 11K, uro mo3BosnseT gaxe HEOOIBIIUM KOMITAHUSIM
TIOTIOJTHUTH MOJIENTBHBIN Pl CEpBEPOB MIIAJIIIETO YpOBHA. M3roToBure-
M 1aTGOPM UMEIOT OONBLIYI0 CBOOOAY MPH MPOSKTUPOBAHUH, MOTYT
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MPUHAMAaTh HECTaHIAPTHbIE KOMIIOHOBOYHBIE pemieHus. O4eBHIHBI U
MapKETHUHIOBbIC NMPEUMYIIECTBA — [IeHa IIATPOPMbI OyaeT HUXKE, YeM
CTOMMOCTH KYIUIEHHBIX TI0 OTJEJIbHOCTH CHUCTEMHOM IIaThl M KOpPITyca.
MMenHO 1O 3TOMY NMyTH UAYT MHOTHE POCCUHCKHE KOMITAHUM — UX MO-
JeNbHBIE PsAAbl (PaKTHYECKH IMPEICTABISIIOT cO0OW aHaJor MPOLYKTOB
MOJIENTILHOTO PsiJia TOTO MM HHOTO M3TOTOBHUTEINS IUIAT(OPM, BHITYIICH-
HBIX Ha PBIHOK MO/ COOCTBEHHOW TOProBoil mMapkoi. Cpenn M3roToBU-
Tened miaarpopM  QUIYpUPYIOT Takhe U3BECTHBIE (HUPMBI, Kak
ASUSTeK Computer Inc., Intel, MSU.

VYcnemHoe pa3BUTHE CEPBEPOB MITAJIIIETO YPOBHS CBHAETEIHCTBYET
0 TOM, 4TO, HECMOTPS Ha TO, YTO YPOBEHb TEXHUYECKOTO MpOrpecca oI-
PEeAeNsOT caMble COBPEMEHHBIE U BBICOKOIIPOM3BOAUTENBHBIE YCTPOH-
CTBa, K KOTOPHIM MPUKOBAHO BceoOlllee BHUMAaHKE, YCIIEXU PhIHKA 3a-
BHCAT BOBCE HE OT HUX — UM MPUHAJICKUT JIUIITH HE3HAUNUTEIbHAS OIS
PBIHKA, OCHOBHYIO K€ MPHOBUIb KOMIIAHUU-U3TOTOBUTENHN MONYYaiOT OT
MAacCCOBBIX YCTPOMCTB. IMEHHO € 3TUM CBS3aHO TO, YTO KpYIHEHIIUE
M3TOTOBUTENIM BBICOKOIIPOU3BOJUTENBHBIX, «TsxeNbIX», UNIX-cepse-
POB BKJIIOUMJIMCH B IMPOH3BOJACTBO CEPBEPOB MIIAJIIETO0 YPOBHA. OTO
BOBCE HE O3HAYaeT, YTO ITH KOMIIAHWU IPEKpaTHIIN AajdbHEHIIee co-
BEPILIEHCTBOBAHNUE CBOMX TPATUIIMOHHBIX BHICOKOYPOBHEBBIX CEPBEPOB.
K »tum xoMmnanusam otHocsTcs, npexae Bcero, HP, IBM, u Sun, y kax-
JIOM U3 KOTOPBIX UMEIOTCA CBOM MOIXOBI IIPH PEATU3AMH BEICOKOIIPO-
W3BOJIMTENBHBIX yCTpoicTB. OOMIMM SIBISIETCSI MCIONB30BAHHUE «KIIAC-
cuuecknx» RISC-nporieccopoB cob6cTBEHHOM pa3pabOTKH, W3HAYAIBHO
NpeAHa3HAYEeHHBIX Ul OJHOMPOLIECCOPHBIX pabdounx cranuuid. [locto-
STHHOE COBEPIIEHCTBOBAHNE ITHX IPOLIECCOPOB — MEpeXoA OT 32- Ha 64-
paspsiiHble, UepapxXus KdII-MaMATH M HUHTETpaIys ee B IpOLeccope,
MOSIBJICHUE IBYXBAAECPHBIX H MHOTOSIIEPHBIX MTPOLIECCOPOB.

OcobeHHocTH pa3paboTKH BBICOKOIPOU3BOAUTEIBHBIX CEPBEPOB Iie-
PEUUCIICHHBIMH BBIIIE (PUPMaAMH, 3AKITIOYAIOTCS B CIICTYIOLICM.

HP. B 2005 — 2006 rr. HP BcTymiia B 3aBEpIIAIONIYIO CTaIHIO TIEPEBOIA
«TSDKETBIX» CEPBEPOB CO CBOEH TpaJuLIMOHHON apxuTekTypsl PA-RISC Ha
apxutekTypy 1A 64 (Itanium 2 — no 3aka3y ¢upmsl Intel). CepBepsl Ha
nporeccopax Alpha 3akaHUYMBAIOT CBOE CYIECTBOBaHUE. JTO CBHJIE-
TEJIBCTBYET O TOM, YTO JAake Takod MmomHoi ¢upme, xak Hewlett-
Packard, cnoxxHo moaaepuBaTh 0OJHOBPEMEHHO JBa Mpoieccopa. XoTs
MOKa KOMIIaHUSI OJTHOBPEMEHHO ¢ HOBBIMH Itanium-cepBepamu Integrity
MPOAOJDKAET BBIMYCKAaTh cBOM TpaauuroHHsle Moaenu HP9000. Tpanu-
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LIMOHHBIE CEPBEPBI PaA3JEIAIOTCd Ha CEPBEpPHl HAYAJIBHOIO YpPOBHS,
BKJIIOUAIONINE OT YeThIpex A0 BockMH mporeccopoB PA8I00, omepa-
TUBHYIO MaMATh OoT 32 mo 128 I'0aiit, uMeroIINe CUMMETPHUYHYO MHO-
TOTIPOIIECCOPHYIO apxXUTeKTypy (SMP), cepBepsl cpemHero ypoBHS —
16- — 32-mpoueccopHsle cepBepbl Ha npoueccopax PA8900; cynepkom-
netoTepsl HP9000 Superdome ¢ konmyecTBOM mpolieccopoB a0 128 u
onepaTuBHOM namsaTeio 1 ToOaiit. CepBepsl HP Ha 0asze mpoueccopa Ita-
nium, Kotopsie obo3HauatoTcst kak HP Integrity, umeror Takue ke rpa-
JAI U MPUMEPHO OJAMHAKOBBIE C OMMCAHHBIMH BBIIIE TPATULIMOHHBI-
mu HP-cepBepamu XapakTEpUCTUKH.

Inargopma IBM POWER. [Inarpopma passusaercs ¢ 1990 r.,
KorJa ObUTO pa3paboTaHO CEMEHCTBO BBHICOKONPOU3BOIUTEILHBIX pado-
yux cranuuid RS6000, HbIHEe U3BEeCTHBIX Kak € Server p Series. 3a mpo-
meamee Bpems mpornuio mects nokojgeHuid MP POWER (ot POWERI
1o POWERG6). B mocneanux mporeccopax MNPOM30LUIA HHTETPALHS
(yHKIWH, 1711 UCTIOTHEHUS! KOTOPBIX paHee NMPUMEHSUINCH OT/ACIbHbIC
MHUKPOCXEMBI, KpOME pa3MElIeHNUs IByX YPOBHEU KAIII B KPUCTAI OBLI
BCTPOEH KOHTPOJUIEp ONEpPaTHBHON mamsATH. biarogaps HOBBIM TEXHO-
JIOTHYECKUM DPELIEHHUSM MOABHIIACh BO3MOXKHOCTH CTPOMTH PELIEHMS C
MHOTOsIIepHON apxutekTypoil. Yxke B 2001 r. IBM unTerpuponana Ha
OJTHOM KpHCTaJIe 1Ba 64-pa3psAHbIX MPOLECCOPHBIX AApa, YTO MO3BO-
JTWIO Ha cTapimux cepBepax IBM momydnTs BABOE MOBBIIEHHYIO MPO-
u3BoauTeabHOCTh. IIporieccop POWER B 2006 1. ObLT peKOpACMEHOM
M0 YMCIY BBIXOIHBIX KOHTakTOB — 3181. ®upma IBM BrimyckaeT miu-
POKUII CIIEKTP CEPBEPOB, MIMEIOINX MOYJIBHYIO CTPYKTYpY.

Cepsepsl RISC/UNIX mnargopmslr Sun SPARC cBsizanbl ¢ mosiie-
HueM B 1989 r. mepBoit maccoBoii paboueit cranimu SPARCStationl. B
1991 r. nosBuincsa nepssit cepep Sun-SPARC server 600 MP. Pa3su-
tue SPARC-mnardopmsl cBS3aHO ¢ TpeMs KoMmaHusMu: Sun Microsys-
tem, Fujitsu u Texas Instruments.

[epBbIie ABEe 3aHMMAIOTCS Pa3pabOTKON M COBEPIICHCTBOBAHHEM ap-
xuTeKkTypsl SPARC, nmocnenHsas n3roTaBamuBacT MPOLECCOPBHI.

bynymee SPARC ¢ nBymst mporieccopamMu HOBoro nokosieHus Niaga-
ra u Rock. Niagara, BeimymieHsas B 2006 r. mo texunosiorun 90 HM,
BKJIIOYAET B ce0sl BOCEMb CaMOCTOSTEIBHBIX siiep Ha Kpuctamwt. Kpome
3TOTO BBICOKAsI CTENIEHb HHTETPAL[K ITO3BOJIUT Pa3MECTUTh B KPUCTAIIIE
KOHTPOJIJIEp MaMATH M YeThipe KoHTposuiepa Gigabit Ethernet. IIpoekT
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Niagara npUHIMIHAIBHO OAHONPOLECCOPHOE PEIICHHUE I HOCTPOCHUS
SMP-cucrem.

Muxpomnpornieccop Rock (rmanupyeTcs K BBITYCKY BO BTOPOM TOJIO-
BuHe 2008 r.) mpencTasusieT coOol AanpHellee pa3BUTHE UEH, peanu-
30BaHHBIX B npoekTe Niagara.

Junst oueHp OoybIIMX ceTel (COTHU M 0oJiee KOMITBIOTEPOB PadOvYHX
CTaHIUI) HWCIONB3YIOTCS MOIIHBIE MHOTOIPOIIECCOPHBIE CEPBEPHI C
BO3MOXXHOCTAMHU HapamuBanusi Oll, quCcKOBOro mpocTpaHcTBa, OBICT-
peiM uHTEpdeiicom auckoBoro oomena (FAST SCSI u T.1.), HECKOINB-
KUMU ceTeBbIMU MHTepdeticamu. CepBepbl MOI00HOTO Poja MOTYIHIIH
Ha3BaHHE cynepcepsepvl. 110 ypoBHIO 00IIECHCTEMHOW MPOU3BOIH-
TEJIBHOCTH, (DYHKIMOHAJIBHBIM BO3MOXKHOCTSIM OTAEIBHBIX KOMIIOHEH-
TOB, OTKa30yCTOHYMBOCTH, MOJIEP’KKE MHOTOIIPOLIECCOPHON 00paboTKH
U T.JI. CynepcepBephl BBHIIUTM HA YPOBEHb MEHH(PPEHMOB M MOIIHBIX
MHUHHKOMIBIOTEPOB.

3.5. O MOOMIBHBIX KOMIIBIOTEPHBIX YCTPOicTBAaX

PeBomoninoHHbIE U3MEHEHUS! B KOMIBIOTEPHBIX TEXHOJIOTHSX, 0€3-
YCIIOBHO, CBSI3aHBI ¢ mosiBaeHueM 16-pazpsausix MII u Hactymienuem
3pbl NepcoHaNbHBIX KOMIbIOTEpoB «IIK». IIponBukeHue 3Toi TEXHO-
JOTMH B 00JAaCTH KOMIIBIOTEPOB BBICOKOW MPOU3BOIUTEIBHOCTH, KaK
OBLIO PacCMOTPEHO paHee, MPUBENO K CO3/IaHUI0 HOBBIX THIIOB KOMITb-
I0TEPOB — PabOYMX CTAHIUIA, CEPBEPOB M CYIIEPCEPBEPOB, a TAKXKE Kap-
JUHAJIBHO TOBIHMSUIO HA TPAAMLMOHHBIE CYIIECTBOBABIIUE IO IOSBIIC-
Hust [1IK kommbroTepsl — MEHH(PEHMBI U CyTIEPKOMITBIOTEPHI.

IIponsuxenne xe IIK B cTOpOHY KOMIIAKTHOCTH U MOOUIBHOCTH
CBSI3aHO C Pa3pabOTKON MOMYJIIPHBIX HOYTOYKOB.

Hoyt0yk — NOJHOCTBIO aBTOHOMHAsl BBIYMCIIHMTENbHAs CHUCTEMA,
UMEIOIIast TIOJIHBIM Habop YCTPOICTB BBOJA-BBIBO/IA U MUTAIOIIAACA OT
BCTPOCHHOW aKKyMYJISITOPHOM Oarapeu.

OpHa W3 THaBHBIX 3afad pa3pabOTUMKOB — 0OecreuyeHHe MaKCH-
MaJIbHOM MOOMJILHOCTH TaKOW CHCTEMBI, T.€. MUHUMHU3AIUsI Maccoraba-
PUTHBIX XapaKTEPUCTHUK TPU COXPAHEHHH, MO BO3MOXKHOCTH, YPOBHS
MPOU3BOJAUTEILHOCTH.

Henb3st HE OTMETUTD, UTO ¢ YMEHBIICHHEM Pa3MEPOB MOPTATUBHBIX
I1K cl10’)kHO COXpaHWTh MPUEMIIEMBI YPOBEHb I)PIrOHOMHUKH: MOJIH30Ba-
TEJIN HE XOTAT MUPUTHCS C MAJIGHBKUM SKPaHOM M KJIaBHATypoii, orpa-
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HUYEHHBIM HaOOpOM MOPTOB BBOJA-BBIBOAA M YNPOLICHUS TUCKOBOM
CUCTEMBI.

Kommiekryromme ans HOYTOYKOB HW3HAYalbHO TMPOEKTHPYIOTCS
(bupMamMH ¢ y4eTOM UMEHHO MOOWIILHOTO NpuMeHeHus. Tak, Bemymiue
npou3BoAuTeNH mporeccopoB Intel 1 AMD uMeroT B CBOMX MOAEITBHBIX
psiax crenuaan3upoBaHHBIE TPOIECCOPHI Jisl HOYyTOYKOB. Bwimycka-
IOTCSI CIIeIUATM3UPOBaHHbIE (POPMATHI IPAKTUYECKU BCEX BUAOB JAUCKO-
BOil mamsaTu. HoyTOykm ChIrpaiii BaKHEHIIYIO POJIb B pacmpocTpaHe-
Huu JKK-MOHUTOPOB, NOCKOJBKY OHH SIBUINCh NUOHEPAMU, UX MpPUME-
Henus st [1IK crmocoOGCTBOBANIM K UX MIUPOKOMY BHEIPEHHIO M COBEP-
LICHCTBOBAHUIO TEXHOJIOTMH MX W3TOTOBJICHHMSI, YTO MO3BOJMIIO 3HAYU-
TEJIBHO CHU3UTH UX CTOUMOCTh. CtommocTh Takux [IK Ha HavanbHOM
oTarne Oblla JOCTATOYHO BBICOKA, MMEHHO Wu3-3a ctoumocTu JKK-
MOHHTOPOB.

OUPMBI BBITYCKAIOT MUPOKUN CHEKTP HOYTOYKOB, pa3IUYalONIUXCS
M0 TEXHUYECKUM XapaKTePUCTHUKAM, [0 MaccorabapuTHBIM MapameTpam
U CTOMMOCTH, OJIHAKO OJIHO3HAYHO KIACCH(UKAIMIO WX MPOBECTH 3a-
TPYIHUTEIBHO.

HoyTtOyku, mpenqHazHaueHHBIE IS 3aMeHbI HacTobHOTO 11K, nMeroT
oonbmue XXK-skpansl (16 u 6oee A10WMOB), TIOTHOpa3MepHbIE KiIaBha-
TYpBI, IOTHBIA HAOOP OPTOB BBO/IA-BHIBO/IA H T.II.

Ho o0OparHast cTopoHa 3THX IPEeUMYIIECTB — OoJbIINe rabapuThl, a
TaKXe MaJloe BpeMs aBTOHOMHOW paboTel. Takue HOYTOYKH TOJIE3HEI
TEM, KTO PEIKO MEepeBO3UT UX C OJHOro pabodero mMecra Ha JAPyroe u
MIPaKTUYECKHA HUKOTAA He paboTaeT B moe3max. B mocnennee Bpems Ta-
KM€ HOYTOYKM YacTO HCIIONB3YIOT B Ka4eCTBE 3aMEHBI CTAllMOHAPHBIX
[IK ¢ nuTaHneM ot 3MeKTPUIECKO CeTH.

BonbIIMHCTBO COBpEMEHHBIX HOYTOYKOB OTHOCUTCS K «TOHKHUM H
JIETKUM», KOTOpPBIE 3HAYUTEIEHO 0ojiee MOOWIIBHBI, X BEC HE IMPEBBI-
maet 3 kr, a TonmuHa 30 MM, SKpaHbl He Oosiee 15 moiimoB. OHE UMe-
IOT TIOJIHOPa3MEPHYIO KIIABHATYPY U JIOCTATOYHO OOJbIIol Habop ycT-
pOMCTB BBOJA-BbIBOAA. ONHAKO UX MPOU3BOAUTEIBHOCTh 3HAYUTEIBHO
Hke npousBoauTenbHocTy [IK 1 y HUX OBONBHO MpocTas MyJIbTHME-
JUIHAas IOJICUCTEMA.

TeM He MeHee, TOBOPSl O MPOU3BOAUTEIBLHOCTH U JPYIHX TEXHUYE-
CKHX XapaKTepPHUCTHUKaX HOYTOYKOB, HEOOXOIWMO YYUTHIBATH CTPEMU-
TEJIBHOE Pa3BUTUE KOMIIBIOTEPHOH TexHonoruu. lloatomy BpeMeHHOM
MEPUO/ OTCTaBaHUS TEXHUYECKHX XapaKTePUCTHK HOYTOYKOB OT Ha-
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cronbHbIX [IK 3HauntensHO MeHbIMid, yeM oTcTaBanue 11K ot cymep-
KOMIIBIOTEPOB.

JanpHeiiee pa3BuTHe MOOMIBHOCTH HOYTOYKOB CBSI3aHO C Tak Ha-
3bIBAEMBIMHU YJIBTPANIOPTATUBHBIMH OIOJPKETHBIMH HOYTOYKaMH K KOTO-
PBIM 3TOT TEPMHUH YK€ TPIKWIICSA, HO HA3bIBaTh WX TaK HE KOPPEKTHO.
OHu 00pa3yroT HOBBIA KJIACC MOOWIIBHBIX KOMIIBIOTEPOB — HETOYKH,
KOTOpbIE TMPOW3BEIH HACTOSIINK MOTPEOUTENbCKH OyM, 3HAUUTEIHLHO
MPEBOCXOAIINHN CIIPOC JaKe Ha JIETKHE U TOHKHE HOYTOYKH.

ITepBompoxonuem ctana komnanust ASUS, kotopast ocenbro 2007 T.
anoncuposana Eee PS 700 mammHy ¢ 7-II0MMOBBIM 3KpaHOM, 3KOHO-
MU4YHBIM TponieccopoM Intel 512 Mo6aiit OIl u TBepAOTEIbHBIM HAKO-
nuTenbHbIM B 2 ['0aiit. [loce Beixoma mporneccopa Intel Atom ¢ Tex-
nporeccoM 47 umM, yactotoit 1,6 [T, 47 MIIH TpaH3UCTOPOB U OYEHD
HU3KHUM 3HepromnorpedieHreM, B cpeaneM Bcero 0,6 BT, mpakTuuecku
BCE BHJIBI KOMIIAKTHBIX M CYTIEPKOMITAKTHBIX KOMITBIOTEPOB CTalld HWC-
MOJIb30BaTh €T0 PA3HOBUIHOCTH.

[MosiBunuck HetOyku ¢ OIT 1 I'Gaitt, 00beMOM (IIAII-AUCKOB 10
8 I'baiiT, a Takxxke HDD-mucku 80 '6aiit, web-kaMepsl, ceTeBOM HHTEP-
¢etic, Moy GeCTIpOBOAHOM CBsI3U Wi-fi.

HetOyku mo pa3Mepy U BeCy CpaBHHUMBI ¢ HEOOJIBIION KHIKKOH M
MpeIHa3HAYEHbI JUUIS TeX, KTO MHOTO BPEMEHH MPOBOJAUT B TOE3/IKAX U
yacTo paboTaer B MyTH, OJHAKO IJIATON 32 MHUHHATIOPHOCTH SIBISETCS
MaJIbIi 3KpaH U KJIaBUaTypa ¢ KJIaBUIIaMU MEHBIIIETO pa3Mepa.

Tak B yeM ke oTiuune HeTOyKa oT HOyTOyKa? Jleso 3/1ech He CTOMb-
KO B €r0 pa3Mepax, He BO BpeMEHU aBTOHOMHOW paboThI, HE B amnmapar-
HOW KOH(UTYpAIlMU U JaKe HE B MPOU3BOIUTEILHOCTH, a B Pa3TUIHON
MO/IENIN MCTIOIh30BaHMsI HOYTOYKOB M HETOYKOB.

HerOyku — mpocThie B SKCIUTyaTallMyd B HE JOPOTHE «CBEPXOIOIKET-
HBIE» YCTPOWCTBA, MpEeAHAa3HAUYCHHBIE, B OCHOBHOM, JUIs AocTyna B WH-
TepHeT. OHU OpPHEHTHUPOBAHBI HA pEIlIEHHE TaKWX 3aaady, Kak web-
cep(uHT, MPOCMOTP BHUJIEO, OOIIEHHE B COIUANBHBIX CETSIX H T.II.

B mpodem yTBepkaaTh, 4TO HETOYK HEOOXOIUM TOJILKO KaK CPEJCT-
BO joctyna B UHTepHeT, OblI0 Obl He BepHO. HeTOyku MoxHO dddek-
THUBHO UCTOJH30BAaTh B KAUECTBE MEYATHON MAIIMHKU «IpUYeM He Mpo-
CTOM, HO U C BBIXOJIOM B CE€Th», OJJHAKO HYXKHO y4YeCTb, UTO JJIS TIOBCE-
JTHEBHOW pa0OTHI ¢ O(UCHBIMHU TPUIOKECHUSIMU HETOYKH HE CIHIIKOM
yIoOHBI 3-32 Pa3MEPOB KIIaBUATYPHI.
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HyHO 4eTKko mpencTaBisTh, YTO € MOMOIIBIO JIIOOOTO NOPTATHBHO-
ro HOyTOyka MOXKHO C YCHEXOM pelaTh Jo0ble 3aJaud, JOCTYIHbIE
HETOYKY, HO 0OpaTHbBIE YTBEPKICHHUS HE BEPHBI.

W B 3axmioueHne O CBEPXIOPTATUBHBIX MOOMIBHBIX KOMIBIOTEPAX
HIDKHETO YPOBHS Hepapxuu. VX mosBIeHne TakXe CBA3aHO ¢ pa3padoT-
kot MII, xoTs onu pasBuBanuchk HezaBucuMo oT 1K u HOyTOyKOB. Po-
JIOHAYaJIbHUKOM 3TOTO HAINPaBJICHUS MPUHATO CYUTATh TaK HAa3bIBA€MbIE
kapmanssle 11K KIIK, npanenymkaMu KOTOPBIX MOKHO CUMTAaTh Kallb-
KynsaTopsl (nepBeiid MII 0611 paspaboTan i KanbKyJsiTopa). Briroue-
Hue B coctaB KIIK coToBbIX Momyneil MpUBENO K MOSIBICHUIO ABYX TH-
OB H3JENUil KOMMYHUKAaTOpPOB U cMapTdhoHoB. CMapTPOHBI OPHUECHTH-
POBaHBI, MPEXkJAE BCErO, HA IOJOCOBbIE KOMMYHMKALUH, paboTa ¢ WH-
dopmarueit (ot mpocMoTpa web 10 penakTHPOBaHUSA JTOKYMEHTORB) IS
HUX BTOpW4HA. KomMMyHHKaTopsl HaoOopoT. VHBIME clloBaMH, cMapT-
¢oH — TenedoH C AOMONHUTEIBHBIMH (DYHKIMAMHU: KOMMYHUKATOp —
pyunoit I1K (KIIK) co BcTpoeHHBIM COTOBBIM MojieMOM. Pa3Hble ciieHa-
PHH HCTIOJIH30BaHUS NPEABSABISIOT pa3Hble TPeOOBaHHS K KOHCTPYKIIUH
anmaparta. CmapTdoH — yMHBII Tene]oH, HECKOIbKO OrpaHUYCHHBIN 10
BO3MOXXHOCTSIM C KOMMYHHKAaTOPOM.

PasroBoper 06 ncuesHoBenuu tpaauunoHHbIX KIIK (0e3 coroBbix
MOJyJIel) MOKa IMPEXAEBPEMEHHBI, MMOCKOIbKY 00BEM HMX HPOJaX 10
MOCTIETHETO BPEMEHH HE YMEHBLIAETCS.

U B 3akimroueHre HA OJJHOM U3 (POPYMOB, IIOCBSIIIEHHOM KOMIIAKTHBIM
u cepxkommnakTHbM 1K, B 2007 1. Ob110 00BABIECHO 0 TIOsIBIIEHUN MID-
ycrpoiictB (Mobile internet divece) — MOOHIBHBIX YCTPOMCTB JIOCTYTIA B
Wnrepner. Ilo dopmary MID-ycrpoiictBa siistorcst anaigoramu KIIK,
OJTHaKO MX (DYHKIIMOHAIBbHBIE BO3MOKHOCTHU ropaszo mmpe, yeM y KIIK.
HmenHo mosTomy mpeamnojaraercs, yro B Oynaymem MID-ycrpoiicTa
nonHocThio 3aMeHaT KIIK. Onu mMoryt mmets pasHbie 3kpassl (4,5 — 6
JIFOMIMOB), HAJIMYUE KIIABUATYPHI B HUX HEOOS3aTeNbHO, HO TIpeycMaTpu-
BaeTcs orneparuonHas cuctema Linux i Windows XP.

MID-ycTpoiicTBa TO3BOJSIOT MOJB30BATENSIM 00maThes yepe3 UH-
TEpHET, TOoIy4aTh JOCTYN K MHPOpPMALMHU, a KPOME TOro, MPOCTyIIU-
BaTh My3bIKy U BUaeopoiukd. IIpennonaraercs, yto MID-ycrpoiicTBa
CTaHyT OCHOBOW HOBOTO KJIacca MOTPEOUTENBCKON TEXHUKH CIIeyIOIIe-
ro MOKOJIEHHUS] — MOPTaTUBHBIX MHTEpHET-BUIEOIIEEPOB, HABUTATOPOB
U TIp.
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KOHTPOJIBHBIE BOITPOCHI

1. B yeM nmpuYHHBI MOBBIILIEHHOTO HHTEpeca K MUKpoIporieccopam?
Jaiite ux onpenenenue. KakoBa ux kiacCu(UKaIs, TUHAMUKA H OC-
HOBHBIE TCHICHLUH B Pa3BUTHUH MUKpoIpoueccopoB pupmsl Intel?

2. Ilepeuncnure pa3nTudHbIE TUIIBI APXUTEKTYP MUKPOIPOLIECCOPOB U
o0jacTu ux mpuMeHeHus. Ha3oBute ocHOBHBIE TEHJEHIIMH B Pa3BUTHH
ApPXUTEKTYPBI MHUKpOIporieccopoB. [lepedncnure HOMEHKIATYpY U Be-
oymue GUpMBI-TIPON3BOAUTEIH.

3. KakoBbl Tpu 3tana B pa3Butuu 1K, ux ocHOBHBIE TOCTOMHCTBA
KoHIenuuu OTKpeITol apxutekTypsl [IK IBM-knona? Hasoeure mpu-
YUHBI BBICOKOHN MOMYJSPHOCTH 3THX KOMIbIOTEPOB. [lepeuncnure oc-
HOBHBIE ATambl UX pa3BuTHsA. KakoBO COBpeMEHHOE COCTOSHHE U Ha-
MPaBJIEHUS UX HCTIOIb30BaHUA?

4. KakoBa nuHamuka pa3BuTusi apxutekTypsl [IK? B ueM mpuunHbl
ee ycioxHeHna? KakoB cOBpeMEHHBIH TU3aiiH, THUIBI HCIOJIB30BAaHUS
mH. HazoBuTe cocTaB nepru@epritHbIX YCTPONUCTB U MX HHTEPEHCHI.

5. Coopmynupyiite ompeneneHue pabouMX CTaHIMHA U CEPBEPOB,
o0mHoCTh 1 paznuuusi. KakoBsl OCHOBHBIE HANPABJICHHUS UX MCIIOJbB30-
BaHUsI, KJIacCU(PHKANUs M COBPEMECHHBIC TCHICHIIUK B UX pa3Butuu? B
YEeM MPUYHHBI OMYJISIPHOCTH CEPBEPOB MIIAIIIETO YPOBHS?
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T'JIABA 4. CETU KOMIIBIOTEPOB U CPEJICTBA
TEJEKOMMYHUKAIIMOHHOI'O JOCTYIIA

4.1. DBoJIOUMS pacnpenejeHHbIX BEIYUCIUTEILHBIX CUCTEM

B nauane XIX B. nepenada 3JI€KTPOIHEPTUU U KOJUIEKTUBHOE €€ HC-
MOJIb30BaHUE MPUBEIH K TEXHUYECKOH PEBOJIIOIMU BO BCEX 00IACTAX
JESITeTbHOCTH YEJI0BEYECKOT0 00LIeCTBa.

B name Bpems peruaercs, ObITh MOXKET, O0Jiee BaXKHas 3a7a4a — 3a/1a4a
nepenaul MHGOPMAIIUK, HaKaIIMBacMOW B OaHKax JaHHBIX. KoJUleKTHB-
HBIM OMBIT ¥ 3HAHUS, CKOHLECHTPHPOBAHHBIC B 3THX XpaHWIMILAX HH(Op-
MalH1, CTAHOBATCS JOCTYITHBI O4€Hb ITUPOKOMY KPYTy a0OHEHTOB.

B 1993 r. rpynmna skcnepToB MOArOTOBHIIA O 3akazy EBpomeiickoro
coro3a Matepuan «EBporeiickoe riodaibHOe WHPOPMAIMOHHOE CO00-
mecTBO (pekomeHganuu it EBponeiickoro corosa)». B atom matepua-
JIC YTBEPXKAalIOCh, 4YTO I/IH(I)OpMaHI/IOHHBIe U KOMMYHHUKAIIUOHHBIC TCX-
HOJIOTHHY BBI3BAIM HOBYIO PEBOJIONUIO — HHPOPMAITMOHHYIO. JTa PEBO-
nronus 0asupyercs Ha HHPOPMAalUH KaK TaKOBOH, a TEXHOJOTHYECKHUE
BO3MOXXHOCTHU O€CIIPELeICHTHO YBEIMYMBAIOT BOZMOKHOCTH MHTEIJICK-
Ta YeJOBEKa M U3MEHSIOT CIIOCOOBI COBMECTHOW pabOTHI, OOIICHUS W
KU3HH YeJI0BEYEeCKOro odmiecTa. B kauecTBe npumMepa Takol TEXHOJO-
MM B PEKOMEHAALUSIX ObUIO Ha3BaHO INI00aTbHOE COOOIIECTBO KOMIIb-
IOTEpHBIX ceTell Internet.

Cpe}ICTBa CBsA3U U KOMIIBIOTEPHI HAXOANUJIUCh B TCCHOM B3aHMOHeI71-
CTBHH C MOMEHTA BO3HUKHOBEHUSI BEIYMCIUTEIBHBIX MAILINH, B KOTOPBIX
UCIIOJIb30BAINCH TeNeTalnbl, nepdopaTopsl M Apyroe TesierpagHo-
tenedonHoe obopymoBanue. OObEAMHEHUE CPEACTB TEICKOMMYHHKA-
UM ¥ KOMIIBIOTEPOB CBA3aHO C CO3AaHUEM KOMIBIOTEpHBIX cereld. Ha-
4auo KOMIBIOTEPHBIM CETSM IOJIOKWIN Pa3pabOTKH MEPBBIX MAIIUH C
pas/eeHneM BpeMeHH B Hauane 60-X ToI0B, KOTd KOMIIBIOTEP ObLI
JIOPOTOCTOSIIUM U JeHUIMTHBIM 00opyaoBanueM. lllTaTHoe ynaneHue
nepudepu oT 0OJBLIOr0 KOMITBIOTEpa HE MpeBhIaio 60 M (CHCTEMBI
IBM 390 mo3BoJISAIOT yBETUYUTh ATO paccTossHue A0 11 KM, IpuMeHUB

* PeskiM paszenenns Bpemenn (Time Sharing) peanusyercs Ha ypoBHE OIEpAIIHOH-
HBIX CHCTEM M 00ecIeYrBaeT OJAHOBPEMEHHYIO PaboTy OOJIBLIOr0 KOJMYECTBA I10JIb30-
BaTeJIeH ¢ MCIOoJIb30BaHUEM OAHOro u Toro e LIIT; mpu sToM, Ge3yciioBHO, npearoa-
raercs amnmapaTHas nojuepxka MHorosagauHoct LIII. Bosee nmoapoGHO 3TOT Bompoc
OyzmeT pacCMOTpEH B I 6.
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JUTSL CBSI3M ONTOBOJIOKHO). Vcmonp30BaHre CTaHOApTHBIX TenerpadHo-
TeneOHHBIX KaHAJOB TO3BOJISUIO OOJIBIIOMY KOJHYECTBY ITOJIB30BATE-
Jei Ha 3HAYMTENBHOM yJAlICHMH UMETh BO3MOXKHOCThH JIOCTYIIA K pe-
CypcaM BBIUHCIIMTEIBHBIX KOMILJICKCOB OONBIION (IT0 TEeM BpPEMEHaM)
MOIITHOCTH. DTOT BUJ CETe MHTEHCHUBHO PA3BHBAETCS W B HACTOsAIIEE
BpeMs TIPEJCTABIIICT TaK Ha3bIBacMbIC TNI00ATbHBIC BBIYUCIIUTEIIBHbIC
CEeTH, XOTS UX POJb U 33Ja4¥ 3HAYUTEITHHO U3MEHHIINCH 110 CPABHEHHIO
C TIepBOHAYAIBHBIMHU 3aMBICIaMU. Pacmupuics Takke Kpyr HCIOIb-
3YEeMBIX CPEIICTB TEICKOMMYHUKANUW (pamuopeneiiHasi, CIyTHHKOBAs
CBsI3b | T.I1.). [losIBIIEHNE MalIbIX KOMITBIOTEPOB, & 3aTEM U MEePCOHAIb-
HBIX 3HAYUTENBHO YMEHBIIWIO TIOTPEOHOCTH B BBIYHCICHHSIX U JPYTOi
00paboTke WHpOpManmu Ha OOJBIIUX KoMmmbloTepax. M XoTs crou-
MOCTb Tepeiau JTaHHBIX CHU)KAETCS, TEMIIbl CHHYKCHHSI CTOMMOCTH Ka-
HAJIOB OTCTAIOT OT TEMITOB CHIDKEHHUS CTOMMOCTH KOMITBIOTEPOB, YTO Ha
OTIpEITICHHOM JTare MPEeNsaTCTBOBAIIO PAa3BUTHIO CHUCTEM IIepeiaadu
JIAHHBIX, TAK KaK MCIIOJIb30BAHHUE MECTHBIX KOMIIBIOTEPOB OKa3hIBAIOChH
JIEIIeBIIE.

OnHaKo B CBSA3M C pacmimpeHueM chepbl UCIOIb30BaHMs KOMIIbIOTE-
POB pa3BHUTHE BBIYUCIUTENIBHBIX CETEH CTAHOBUTCS aKTyalbHEE, YeM 3TO
Obu10 panbire. Cpeau MpUYWH, TPEOYIOMNUX OOBEAMHEHUS KOMIIBIOTE-
POB W CO3MaHUS BBIYHCIUTEIBHBIX CETEH, MOXKHO OTMETHTH CIIEHYIO-
me:

KOMITBIOTEp BCE B MEHBIICH CTEIEHHM HCIOJb3YyeTCS KaK BBIYMCIIH-
TeNb, 00JIee aKTyaJbHBIMUA CTAHOBSITCS MH()OPMALIMOHHBIC CUCTEMBI JIJIS
XpaHeHUs, MOIU(UKAIINN U TIONCKA JTaHHBIX, KOJIHYECTBO U CIOXXHOCTh
OpraHM3alid KOTOPBIX CTAHOBSTCS BCce Ooyiee TPYAOEMKUMHU U Tpe-
OYIOIMME KOMIIBIOTEPOB OYCHH OOJIBIIION MOIITHOCTH;

uHpopMarus B 6aHkax (0a3ax) MaHHBIX OYEHb YacTO OOHOBIIAETCS C
A0OHEHTCKHUX ITyHKTOB WJIM C Mepu(epuitHBIX KOMITBIOTEPOB, YTCHUE U
3aIUCh OCYIIECTBIISIETCS B PeallbHOM Maciitabe BpeMeHH (Kak, Harpu-
Mep, CUCTeMa pe3epBUPOBAHUS OMIIETOB, OAHKOBCKUE OMEpalluy U JIp.),
4yTO TpeOyeT XpaHeHus: HHYOPMAIIUK B OJTHOM MECTE U €€ LEHTPaIH30-
BaHHOI 00paboTKy;

MIOBBINIICHUE HAJIS)KHOCTH U PE3EPBUPOBAHIE, HCIIOIB30BaHUE O0LICH
(moporocTosieit) nepudepur ¥ MHOTOE IPYToe;

3HAYUTENFHO MOBBIIIAETCA 3(PPEKTUBHOCTh HCITONB30BAHUS CHUCTEM
nepeaavn JaHHBIX (M UX CKOPOCTH) U YMEHBIIAETCS CTOMMOCTh UX HC-
TIOJTb30BAHMSL.
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4.2. Cnioco0bI nepeaavu JAHHBIX 10 GU3MYECKHM JTHHUAM

B3anMHOe NPOHHKHOBEHHE BBIYMCIMTENBHOW TEXHUKH M TEXHHUYE-
CKUX CPEJICTB CBSI3M OKAa3aJI0 CEPhE3HOE BIHMSHUE KaK HAa CTPYKTYPY
KOMITBIOTEPOB, TaK U Ha CTPYKTYPY KaHAJIOB CBS3H.

CpencrBa CBsi3W, NMpeqHA3HAYCHHBIC IUIS Tepeiadn WH(QOpMaIuu
MEXJy JIOABMHU, UMEIOT JITUTENBHYI0O UCTOPHUIO, PA3BUTYIO CTPYKTYPY
(B MupoBOM MaciuTale), MOIIHYIO HAyYHYI0 M TEXHOJIOTHYECKYIO 0a3y
U, HaunHas ¢ 60-X roIoB, CTaJdM HCIIOJIB30BAaTbCS UL Hepeiavyd JaH-
HBIX, T.C. JJIS Iepeiaud HHPOPMAIUU MEXIY TEXHUIECKUMH CpPE/ICTBA-
MU BBIYMCIIUTEIBHOM TEXHUKHU, YTO OTPEOOBAIO BKIIOUEHHS B KaHAJIBI
CBSI3U JIOTIOJIHUTEIBHBIX TEXHUYECKUX YCTPOICTB.

B HacTosiiee Bpemst [UIs pactpeie]ICHHBIX BEIYUCIUTEIBHBIX CHCTEM
HauOoJIee MIMPOKO UCTIOIB3YIOTCS Tee()OHHbIC KaHAIIBI.

Ha puc. 4.1 npencrasneHa ynpolieHHas cXeMa JIMHUM aHaJIoroBOM
MEXKIYropoaHel TeneOHHON CBSI3H.

Mpu6op
aboHeHTa
(TenedoHHbI
annapart)

[opopckas Tene-
hoHHasA cTaHumsa
(okoHeYHast)
MexpgyropoaHss
TenedoHHas
cTaHuma
MpomexyToyHble
TenedoHHbIe
cTaHumm

| 4 v
\ e
\ s
AboHeHTCkas nuHua  MaructpanbHasa nuHUs MexpayHapoaHble MarucTparnbHble NNHUN
(AByxnpoBoaHas) (AByxnpoBogHas) (4eTblpexnpoBoAHbIE)

Puc. 4.1. Cxema Mexxayroposeii TeneoHHOM CBA3U

Ha yuactke ot TenedonHoro ammnapara 1o mectHoii ATC npoucxoaut
nepenaya B nepBUUHOil mojoce yactotr ~ 200 — 3100 'y (momoca yacrot
yenoBedeckoro rojoca). [Ipu atom ot kaxmoro ammapara 1o ATC mpo-
BOJIUTCA [BYXIPOBOAHAs 3JEKTPUUECKas JIMHUA U NEepefadd 3TOro
CUTHaJIa, B JaJbHEHIIEM NPOUCXOIUT MpeoOpa3oBaHue ero B HHylo Ghop-
My C IIETIbI0 YIUTOTHEHHA Tepefayn. B KaxmoMm n3 mocieayronmx KaHa-
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JIOB MJET O4eHb OoJbIIoe KoauyecTBO mnepenad. CymiecTByeT IBa TUIA
VIUIOTHEHHUS: Yacmomuoe u epementoe. B TpaIuIIMOHHBIX JIMHHUAX CBS3H,
KaK IIPaBUIIO, UCTIOIb3YETCs YaCTOTHOE YIUIOTHEHHE.

CyIIHOCTh YaCTOTHOTO YIUIOTHEHHS JJIsl TpeX aOOHEHTOB MPE/ICTaB-
JIeHa Ha puc. 4.2.
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Puc. 4.2. YactoTHOE YIIIOTHEHHUE TeNIe()OHHBIX KaHAJIOB

IlepenaBaeMblii CUTHAJI Ha BXOJE€ B MarucCTpPajJbHYIO JTUHHUIO «CMe-
IIMBAETCS» C TaK HA3bIBaeMOW Hecymeil (Oollee BBICOKOI) Y4acTOTOM U
OHOBPEMEHHO C JIPYTMMH CHTHajlaMH (KOTOpBIE MepearoTcs Ha Jpy-
TUX HECYIIUX YacCTOTaX) paclpocTpaHseTcs Mo MaructpaisiMm. Ha Berxo-
Jie TiepeiaBaeMble CUTHAJIBI BBIACISIOTCS U3 HECYIIHUX YacTOT U 10 MH-
JUBUAYAIBHBIM JTUHUSM JTIOCTABIISIOTCS a0OHEHTY.

[Ipouenypa Ha BXO€ B MarucTpajabHbIE JMHUN CBSI3aHA C Pa3IUYHO-
ro BUjla MOAYJISIIIMEN HECYIIMX 4acToT, a 00paTHOe peodpazoBaHue Ha
BBIXOJI€ U3 MaruCTPaJIbHBIX JTUHUHA, COOTBETCTBEHHO, C IEMOTYJIALUCH.

Mooynayus necywell — U3MEHEHHE €€ aMIDIUTYABI, 9YacTOTHI, (Da3bl
WIN KOMOMHAIIUM 3THX XapaKTepUCTUK B COOTBETCTBUH C TepelaBac-
MBIM CUTHAJIOM.

Hcnons30BaHre OMUCAHHBIX CPEACTB CBSI3W ISl MEpelayd JaHHBIX,
T.€. 3aMeHa a0OHEHTa-yelloBeKa Ha TeXHHWYecKoe ycTpoicTBo (OBM),
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TpeOyeT BKIIOYCHHUS B 3TY CUCTEMY JONOJIHUTEIBHBIX YCTPOMCTB, aaarl-
tupyomux nadpopmanronasie COJl k nepenade no KaHay CBSI3H.

WUntepdeiic DCE ¢

Touka A KaHanoMm (cTbik C1) Touka B
oo AKL AKA ooa
(DTE) (DCE) (DCE) (DTE)

\ DTE-DCE uHTepdeiic /
(cTbIK C2)

a)

KommyTupyemas
TenedgoHHas
ceTb o6uero
nonb3oBaHUA

(kTconm)

6)

Puc. 4.3. Tunosas cxema nepeaavu JaHHbIX: d — 0JIOK-CXEMa CHCTEMBI
nepeaadn JaHHbIX; 0— pcajlbHasd CUCTEMA Iepeaavu JaHHBIX

Ha puc. 4.3, a npencrasneHa CTpyKTypHas cxema repeiadu JaHHbIX,
a Ha puc. 4.3, 6 — peanbHble (U3HYECKHE YCTPOKCTBA, KOTOPHIE MOTYT
OBITH BKIJIIOYEHBI B KaHAJ.

Ha puc. 4.3, a npuBeaeHsl TpaJIUIIMOHHO HCIOJB3yeMble COKpalle-
HUS 17151 0003HAYEHUS YCTPOMCTB CUCTeM Tepeaaun aanubix (CITJI):

OO/l — okoHedHOE O0OpYyIOBaHWE NAaHHBIX, B KaueCTBE KOTOPOIO
MOYET BBICTYNAaTh MEPCOHAIBHBIA KOMIIBIOTEP, OONBLION KOMIBIOTED,
TEpMUHAN U T.II. B nurepaType yacto ynorpeOiseTcs: MesKayHapOIHbIH
tepmud DTE (Data Terminal Equipment);

AKJI — ammapartypa KaHana JaHHBIX, KOTOPYIO HHOT/IA Ha3bIBAIOT arl-
naparypoii nepenaun naHHeix (AITJ]), ¢yHKIMM KOTOpO# cocTosAT B
o0ecrieueHn BO3MOXKHOCTH Tiepeiauy HHPOPMAIIHHU 110 KaHay ompelie-
JICHHOTO THIA, 3TU YCTPOICTBA, KaK MPaBWIJIO, HA3BIBAIOTCS MOOeMAMU
(MmoaynsaTop-nemonyisatop); DCE (Data Communications Equipment) —
MEKTYHAPOTHBIN TEPMIH, UCTIONB3YEMBbIH Il 0003HAYSHHUS] ITOTO yCT-
po¥icTBa.

Kanan nepenaun BKJIIOYaeT OMUCAHHYIO BBILIE CTPYKTYPY, €CIH UC-
NOJIb3yeTCsl KOMMYTHpyeMasi Telne(oHHas ceThb OOLIero Ha3HAYCHHS.
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Untepdeiic mexay kanazamu nepemaun 1 AKJl B oTedecTBEeHHOM
npakTuke HasbiBaeTcst «CThIK 1» (Cl), a mnTepdeiic mexxay OO/ u
AKJI «cThiK 2% (C2).

B 3aBucuMoCTH OT THIIA TIepeladyd Pa3HyuaoT aHAJIOTOBbIC (Tpaau-
HOHHO HCIIONb3yeMble, UMEIOIINE UTUTENbHYI0 UCTOPHIO Pa3BUTHS) U
mudpossie kanans! (cucrem MKM, ISDN” u ap.), sBisiommecs GHTO-
BBIM TPAaKTOM C ITUPPOBBIM UMITYJILCHBIM CUTHAJIIOM Ha BBIXOJIE M BXOJIC
kaHasna. L{nppoBrle KaHaIbl OTIMYAIOTCS PAAOM MPEHMYIIECTB Hepea
aHaJIOTOBBIMHU, MO3TOMY BHOBb CO37aBa€MbIe CHCTEMBI Iepelavyd JaH-
HBIX CTapaloTCsl CTPOUTH Ha OCHOBE IU(pOBBIX KaHaoB. Cleayer OT-
METHUTh, YTO HU(POBHIE KaHAIBl BEChbMa YCIEIIHO NPUMEHSIOTCS HE
TOJIBKO IS MIepeAayy JaHHbIX, HO U B CpPeACTBaxX OBITOBOM CBA3MU (3BYK,
n300paeHue | T.J.), IPH 3TOM aHAJOTOBBIC CUTHAIBI KOAMPYIOTCS B
UQpOBbIE Mepe]] epeaayeii B KaHall.

TepMHUHBI «aHAJIOTOBBII» M «UIUPPOBOH» COOTBETCTBYIOT HETpe-
PBIBHBIM U JTUCKPETHBIM IPOIIECCAM M MCIOIB3YIOTCS NPU 00CYKICHUH
KOMMYHHKAIIMOHHBIX CHCTEM B PA3IMYHBIX KOHTEKCTaX — JAHHBIX, CHT-
HAJIOB U Tepeayu.

Ananozosvie oannvle TPEACTABIAIOTCS (PU3NIECKON BETMUYMHOM, KO-
TOpasi MOKET U3MEHSTHCSI B HEMPEPHIBHOM JIMaNa3oHe 3HaueHul. Benu-
YHHA NPSMO IPONOPLHOHATIbHA JAHHBIM HIIH ABJISIETCS UX (PYHKIHEH.

Lugposvie dannvie TIPUHUMAIOT AUCKPETHBIC 3HAYCHUS — TEKCT, 1Ie-
JIbIe YUCIia, IBOUYHBIC TaHHBIE.

Ananoeosviil cucHan — HENPEPHIBHO W3MEHSIOMIASACS 3JICKTpOMAr-
HHUTHA$ BOJIHA, PACTIPOCTPAHSIONIAsICS B Pa3IMYHBIX CPEAax.

Lugposoii cuenan — TUCKpeTHBIN (pa3pbIBHOM) CUTHAIN, TaKOH, Kak
MOCJIEeIOBATENLHOCTh UMITYJICOB HATIPSKEHUSI.

Bo3MokHBI UyeThIpe BUIA IepeJadd JaHHbIX:

mUQpoBbIe AaHHBIE — HU(POBOM CHrHaJ, UCIONB3yeTcsl HauOoiee
POCTOE 000PYIOBAHME;

aHaJIOTOBbIC JaHHBIE — IU(POBOM CUTHAI, HEOOXOAUMO Tpeodpa3o-
BaHHE AHAJOTOBBIX JAaHHBIX B IU(POBYIO GOpMy, UTO MO3BOJSIET HC-
M0JIb30BaTh COBPeMeHHOE (BBICOKOA(h(EKTHBHOE) 000pyAOBaHUE TIepe-
Jlauu JTAaHHBIX;

IU(POBBIC AaHHBIC — aHAJOTOBBIH CHUTHAN, HEOOXOIUMOCTh NIPEO0-
pa3oBaHus CBs3aHa C TEM, YTO Yepe3 HEKOTOpBIE Cpelbl (OMTOBOJIOKHO,

* ISDN — Integrated Services Digital Network.
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OecrpoBOIHbBIE CPEAbl) MOXKET PACIPOCTPAHATHCS TOJIBKO aHAIOTOBBIH
CHUTHAJ;

aHAJIOTOBBIC JaHHBIE — AHAJIOTOBBIA CUTHAJN, TPAJAULIMOHHAS Tiepea-
4a, aHaJIOTOBBIC IAHHBIE JIETKO MPeo0pa3yIoTcs B aHAJIOTOBBIH CUTHAI.

Cpenu nmpeumymiecTB HU(POBOI mepenadyn HEOOXOAMMO OTMETHTH
I (3% {01117 X

BeicTpoe pa3zBuTHE MUPPOBBIX CUCTEM W YMEHBIICHHE IICHBI U Pa3-
MEpOB O0OpYAOBaHMSA, LEHBI M pa3Mephl aHAIOTOBOIO O0OPYAOBaHHS
OCTalOTCs Ha IpekHeM ypoBHe. O0cmyXuBaHue HUPPOBBIX CHCTEM Ha-
MHOTO JICIIEBIIE aHAJIOTOBBIX.

Ucnonp3oBanue mnoBroputenci (B HU(POBBIX CHCTEMax) BMECTO
AQHAJIOTOBBIX YCHJIMTENEH MO3BOJISIET MepelaBaTh AaHHbIC HA OOJbIIHUE
paccTosiHUSL TI0 MEHEe Ka4YeCTBCHHBIM JIMHHUSAM (HET HaKOIUICHHS IIy-
MOB) — COXpaHEHUE TICIIOCTHOCTH JaHHBIX.

Bonbias npomyckHas CHOCOOHOCTH Aa€T BO3MOKHOCTH 00JIee TOIHO
UCIIOJIb30BaTh MPOMYCKHYIO CIIOCOOHOCTH ONITOBOJIOKHA U CITYTHUKOBBIX
CpelcTB cBs3u. BpeMeHHOe pa3zzieneHue okasbiBaetcs 6osee 3¢ (heKTHB-
HBIM, YeM 9aCTOTHOE.

Ucnonp3yercs mHTErpanys, Koraa mpu oOpabOOTKE aHAIOTOBOM H
nupoBoii WHPOpPMAIUK TO MHUGPOBBIM TEXHOJIOTHSIM BCE CHUTHAIIBI
MMEIOT OIMHAKOBYIO (OpMY (BHI). DTO MO3BOJSET COKOHOMHUTH Ha 000-
PYIOOBaHMM M Tpylno3aTpaTax HpH WHTETPalMU: Tojioc, BUAEO, Luppo-
BbIC JJAHHBIEC.

Tepmun «moaem» (DCE) npumensieTcst B HacTosiue BpeMs (B CBSI3U
C pacmpocTpaHeHHEM LU(POBBIX KaHAJIOB) JOCTATOYHO LIMPOKO, MPH
3TOM HeoO0s3aTeIbHO MOIPa3yMeBaeTCs Kakas-Tu00 MOIYIISLus, a Mpo-
CTO Ha3bIBAIOTCS OIpPE/EeNICHHBIC ONepaluy Mpeodpa3oBaHus CUTHAIIOB,
noctynapomux ot DTE ansg ux nanpHeWmel nepeaayu Mo MCHOJb3ye-
MOMY KaHaIy.

Cy1iecTByeT OYE€Hb MHOTO Pa3HOBHUIHOCTEH MOJIEMOB, OTIMYAIO-
HIUXCSL:

1o 007acTH NPUMEHEHHS — 7151 KOMMYTHUPYEMBIX U BBIACICHHBIX Ka-
HayoB, I nudpoBbix cuctem mnepemaun (CSV/DSU), s COTOBBIX
CHCTEM CBS3H, PAJUOPEICUHBIX U T.I1.;

10 KOHCTPYKLMH — BHYTPEHHUE (BCTaBIIIEMbIC B Pa3beMbl KOMIIBIO-
Tepa) U BHELIHHE, IOPTATUBHBIE, TPYMIIOBLIE U T.I1.;

10 METONy Tepellayd — aCHHXPOHHbBIE, CHHXPOHHBIE, CUHXPOHHO-
ACHHXPOHHBIE.
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Acunxponnulii Memoo Tiepenavn (MU CTApTCTOIHBIN) — TOCHMBOJIb-
HBIA PEXHUM TIepefavd ¢ KOHTPOJIEM Hayalla U KOHIIA CHMBOIIA, UMEET
HU3KYIO CKOPOCTb M Malyl0 3(pGheKTUBHOCTh. CUHXPOHHDIL MEMOO ne-
peoauu OCYIIECTBISIET 00beTUHEHNE OOJIBIIOT0 KOJIMYECTBA CHMBOJIOB
wi OalT B OTNENBbHBIE OJIOKM — KaJapbl, KOTOPBIE TiepeaaroTcs Oe3 3a-
JIepKEeK MEXy BOCbMUOUTHBIMU 3JIEMEHTAMH.

OueHp Ba)XHOM XapaKTEPUCTHUKON KaHala IMepeladyu SBISIOTCS pe-
JKUMBI €ro paboThl B 3aBUCHMOCTH OT HampaBJICHHUS BO3MOXHOHU mepe-
Jla4d JTaHHBIX:

CUMNIEKCHbIU — TIepeiada OCYIECTBIAETCS TI0 JIMHUU CBSI3U TOJBKO
B OJTHOM HaIpaBIICHUM,

NOJYOYNIEKCHblI — Tiepeaada BeAeTcS B 00OMX HANpaBICHHUAX, HO
MIOTIEPEMEHHO BO BpeMeHH (TexHozorus Ethernet);

OyniekcHblll — Tiepeaada BeIeTCs OJHOBPEMEHHO B JABYX HallpaBJe-
HUSX.

JyruiekcHBI pexXuM — HaumOoJiee YHUBEpPCAIBHBIA M MPOWU3BOJIH-
TenbHBINA. CaMbIM MPOCTHIM BapHAHTOM OpPraHHU3aINH AYTUIEKCHOTO pe-
JKUMa SBJISIETCS UCIOJIb30BAaHUE JIBYX HE3aBHUCHMBIX (DYHKIIMOHAIBHBIX
KaHaJOB (IByX map MPOBOJHUKOB WU JIBYX CBETOBOJIOB) B Kabeine, Ka-
KJBIA U3 KOTOPBIX Pa0OTaeT B CHUMILICKCHOM PEXHME, T.. NepeaacT
JTAaHHBIE B OJTHOM HaITpaBJICHUH. Takas opraHu3anyvs IyIUIEKCHOTO pe-
JKUMa TPUMEHsIeTCss BO MHOTUX ceTeBbix TexHomorusx (Fast Ethernet,
ATM u T.11.).

Tenepb HECKOIBKO CIOB O MOBBIMICHUN 3P(HEKTHBHOCTH UCIIONB30-
BaHUS CpeJIbl Tiepeauu TaHHBIX.

Cy1iecTByeT Ba OCHOBHBIX CII0C00a MOBBIIICHUS Y (EKTUBHOCTH.

IlepBriii criocod, 0 KOTOPOM YK€ YITOMHHAJIOCh, — YIUIOTHEHUE HH-
(opmaru (MM B COBPEMEHHOH TEPMHUHOJIOTHH — MYJIbTHILIEKCHPOBA-
HUE), T.€. QYHKINSA, TO3BOIISIONIAs TBYM WK O0Jiee HCTOYHUKAM JaHHBIX
COBMECTHO HCIIONIb30BaTh OOIIYIO Cpely Mepeaadn JTAaHHBIX TaKuM 00pa-
30M, UTO KaXJIbI{ TTOTy4aeT COOCTBEHHBIN KaHaJ IIepe/iadu JaHHbBIX.

TpaauIOHHBIM CYUTAETCS YACTOTHOE MYJIBTUILICKCUPOBAHHE, O KO-
TOPOM JIOCTATOYHO TOJPOOHO TOBOPHUIIOCH paHee, — pasJielicHHe CUCTe-
MBI TIepeayl Ha J1Ba Wi OoJyiee KaHala IyTeM pasJielieHus1 Bcel Joc-
TYITHOHM TIOJIOCHI YacTOT Ha OoJiee y3KHE IOJIOCHI, KaXaas U3 KOTOPBIX
o0pasyeT OTAEIbHbIN KaHal.

Bropoit Thnm — BpeMeHHOE MYJBTUIIEKCHPOBAaHHE, WHTEHCHBHOE
BHEJPEHUE KOTOPOIO CBSI3aHO C COBPEMEHHBIM PAa3BUTHEM CHCTEM IIe-
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penaun Ha gBa WM Oosee KaHajia IyTeM MOOYEPEeIHOrO MOAKIIOYSHUS
oOmiell TMHUU K pa3HBIM MH()OPMAMOHHBIM KaHajaM. Pacmpocrtpane-
HUIO BPEMEHHOTO MYJIBTUILUICKCUPOBAHHUSI CIIOCOOCTBOBAIIO 3HAYUTEIIh-
HOE YBEIMYCHHE INPOITYCKHOW CHOCOOHOCTH KaHAIIOB, TIOCKOJBKY YeM
BBIIIIE MPOITYCKHASI CIIOCOOHOCTH KaHana, TeM Oosblie 3()()eKTUBHOCTD
BPEMEHHOT'O MYJIbTHITICKCUPOBAHHS.

PaznnuaroT cHHXpOHHOE BPEeMEHHOE MYJIBTHILNIEKCHPOBAHUE — METO-
JUKa BPEMEHHOI'0 MYJBbTHUIUIEKCUPOBAHUS, KOTJAa MOPSIOK BbIICICHUS
BpPEMEHHBIX MHTEPBAJIOB JKECTKO 3a/1aH, B OTIIMYHE OT CTATHCTUUECKOTO
(acHHXpPOHHOTO) BpPEMEHHOTO MYJIbTHILICKCUPOBAHUSI, MPH KOTOPOM
BpEMEHHbIE MHTEPBalbl, HA KOTOpbIC OO0IIas JUHHSA BBIAEISAETCS YCT-
POWCTBOM, a TarKKe MOPAOOK HX BBIICICHHUS HE ONpEACICHBI 3apaHee
(ompenensieTca AMHAMUYECKH).

Yacmomnoe mynrvbmuniexcupoganue — pasJieliecHHe CHCTEMbI Tepe-
Jauu Ha J1Ba WK Oosiee KaHajla IMyTeM pas3zeieHus BCeid JOCTYIMHOM Ho-
JIOCBI YacTOT Ha Oojiee y3KHEe IIOJIOCHI, KaXJas U3 KOTOPBIX 00pasyer
OT/AEJILHBIN KaHal.

OOuwii cmyyail 4acTHOTO MYJIBTUIUIEKCHPOBAHUS HIUTIOCTPUPYET
puc. 4.4, a. lllecTs HICTOUHNKOB CUTHAIOB NOJKJIIOYCHBI K MYJIbTHUILICK-
COpY, KOTOPBI MORYIHMPYET KKl CUTHAJ ONPEIEICHHONW 4acTOTOM
(fi, .-, fs). Ans mepenaun xaxaoro curHaiga TpeOyeTcs mojoca 4acToT,
LEHTP KOTOPOW HAaXOAWTCS BOIM3M HECYIIeH 4acTOThl. JTa Mojoca Jac-
TOT 0OBIYHO Ha3bIBacTCs Karaiom. C IETbIo MPEeIOTBPALICHHUS TIEpeKpe-
CTHOTO IIyMa KaHaJbl Pa3elsioTcs 3allUTHBIMHU ITOJIOCAMH, KOTOpPBIC
HE UCHOJB3YIOTCS Ul epeaadn HHGopManuu.

Curnan, nepeaaBaeMblid M0 cpelie Mepenayu, SIBJSIETCS] aHAIIOTOBBIM.
OnHaKo BXOJHBIE CUTHAJIBI MOTYT OBITh Kak IU(POBBIMHU, TaK U aHAJIOTO-
BbIMH. B ciydae Hu(pOBBIX CUTHAJIOB MX HEOOXOAWMO TPOIYCTUTH Yepe3
MOZEMBI ISl TIpeoOpa3oBaHus B aHAIOroByio Gopmy. B mobom ciydae
JIOJDKEH MOJTYJTMPOBATHCSI IS CIBUTA B HEOOXOMUMYIO MOJIOCY YacTOT.

Bpemennoe mynomunnexcuposanue — paslieliecHHEe CUCTEMBI Miepeaa-
YM Ha JBa WK OoJiee KaHaya MyTeM MOOYEPEeIHOr0 NOAKIIOYeHUs 00-
Hiel JIMHAK K pa3HbIM HHQOPMAIIMOHHBIM KaHallaM.

BpemeHHOE MyNBTUILIEKCHPOBAHUE CTAHOBUTCS BO3MOXKHBIM, KOTIA
CKOPOCTh PaclpOCTPAaHEHUS! CUTHAJIOB B CpPEe MPEBBIILACT CKOPOCTh UX
nepenayn. B Takom ciaydae psa nu@poBBIX MM aHAIOTOBBIX CHTHAJIOB
MOYET TepeaaBaThCsl OJHOBPEMECHHO ITyTEM IOOYEPEIHOW Iepeaadn
«TopUMM» Kaxzaoro curHaia. OOmuil ciyyail BpeMEHHOTO MYJbTHII-
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JEKCUPOBaHUS TMOKa3aH Ha puc. 4.4, 6. lllecTh HCTOUHUKOB CHTHAIOB
MTOJIKJTFOUEHBI K MYJIBTUILUIEKCOPY, KOTOPBIN YepeayeT OWTHI CUTHAJIOB,
MOOYEPEAHO TepeaaBas HHGOPMAIMIO OT KaKIOr0 W3 HCTOYHHKOB.
OTOT MyJbTHILICKCOp 00JalaeT IIECThI0 BXomaMmu. Eciu KakIawlid w3
HUX MOXET MOJJePKUBATh CKOPOCTh Tepeaydl JaHHBIX, CKaXeM,
9,6 Kbut/c, Torma enuWHass JUHHSA TPOIMYCKHOHW CHOCOOHOCTBIO
57,6 Kout/c Oyner mepenaBaTh CUTHAJIbI Cpa3y OT BCEX IECTH MCTOY-
HUKOB.

Puc. 4.4. YactorHoe (a) 1 BpeMeHHOE (0) MYJIbTUIICKCUPOBAHHE

Bropoii crioco6 noBkimeHns: 3PPEKTHBHOCTH HCIIOIB30BAHUS CPEJIbI
nepeayd JaHHBIX — KOMIIPECCHUS WIIH CKATHUE JAHHBIX, 3aKITFOYaroIiee-
CA B YMCHBUICHUHN KOJIMYCCTBA 6HTOB, Tpe6yeMLIX A IMpeACTaBJICHUA
JlaHHOTO 00beMa MH(OpMAIUH. DTO TO3BOJSCT YBEIUYUTH 00bEM HH-
(dopmaruu, repeaaBacMoi Mo JTUHUH, COKPATHTh CEAHC CBS3H, KPOME
3TOr0 KOJWpPOBaHUE WH(POpMAIMU, CBSI3AaHHOE C KOMIIPECCHEH, MOBbI-
maeT HHYOPMAITHOHHYIO 0€30MaCHOCTb.

4.3. IToHsiTHE MMOAX0a OTKPBITHIX CHCTEM, P00JIeMbI
CTAHAAPTU3ANMH, MHOTOYPOBHEBBIIl OAXO0/1, CTEK MPOTOKOJIOB

HpI/IMCHCHI/IC MCTOJAa OTKPBITBIX CUCTEM B HACTOALICC BPEMS ABJIA-
€TCSI OCHOBHOM TCH,Z[GHHI/Ieﬁ B o0jacTu PIH(i)OpMaL[I/IOHHBIX TEXHOJIOTHI
" CpCaCTB BBIYHCIIUTEIIEHOM TEXHUKH, MMOAACPKUBAIOIINUX 3TU TCXHOJIO-
THH. I/I,Z[COJ'IOFI/IIO OTKPBITBIX CUCTEM PCAIU3YIOT B CBOUX pa3pa60TKax
BCC BCAyLIUC (prMLI—HOCTaBH_II/IKI/I CpCACTB BBIYMCIIUTEIBHOM TCXHHKH,
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nepeaayr WHGOPMALUH, TPOrPaMMHOI0 oOecreueHus U pa3paboTUHKH
NPUKJIAIHBIX OPOrPaMMHBIX CHCTeM. VX pe3yJbTaTHBHOCTH Ha PBHIHKE
UHQOPMAITMOHHBIX TEXHOJIOTHIA ¥ CHCTEM OIPEIeIseTCs B 3HAUYUTEIIb-
HOM CTETIeHH pean3alieil CTaHAapTOB OTKPBITHIX CHCTEM.

[ToTpeGHOCTH B Pa3BUTHH OTKPBHITBHIX CHCTEM BO3HMKJA AaBHO. DTO
CBSI3aHO, B YaCTHOCTH, C PAaCTYIIUM HCIOJIb30BAaHHEM DPa3HOOOPa3HBIX
anmapaTHbIX TIATGOPM, UCTIONB3YIONUX MPHIIOKCHUS, TIpeIHA3HAYCH-
HBIE JIJ1s1 pelIeHns Bce Ooliee MUPOKOro Iuarna3oHa 3ajgad.

BHenpenne reTeporeHHBIX CUCTEM (OT TPEUYECKOro — PasHOPOIHBIN)
U JKeJIaHue PasJelisiTh MKy TAKHMHU CUCTeMaMU WH(POPMAIUIO TIpUBe-
70 K He0OOXOAMMOCTH UX COBMECTHOM paboThl. Kpome Toro, coBmectu-
MBIE KOMITBIOTEPHI CYIIHIH IIEPEHOCHMOCTD IIPOrPaMM C ILTaTGOPMEl Ha
mwiatdopmy.

[MoTpeOHOCTh B MPUMEHEHUH BO3MOMXHOCTEH OTKPBITBIX CHCTEM HC-
XOIMT HE TOJILKO OT MOJb30Bareiel. B Takux cucremax 3aMHTEpecoBa-
HBl TaKKe pa3pabdOTYMKH, 03a00UEHHBIC HEOOXOJIUMOCTBIO COKpAIlaTh
pacxojpl U BpeMs MEpeHoca CBOMX MPHIIOKEHUI Ha pa3sIndHbIE IIaT-
¢opmbl. B HuX 3aMHTEpecoBaHBl KaK NPOU3BOAMUTENH, CTaparoIluecs
paspabarbiBaTh HOBBIC IUIATGOPMBI, Ha KOTOPHIX MOKHO BBIIONHATH
IIMPOKUI AWAana3oH MPUJIOKEHUH, TaK U MeXAyHapOIHble CTaHIapTH-
3UPYIOLINE OpPraHu3aluy, KOTOPEIM HEOOXOANMO CBOEBPEMEHHO paspa-
0aThIBaTh CTAHAAPTHI, OTBEUYAIOIINE TPEOOBAHUSIM MIPOMBIIIIIICHHOCTH.

PaHHsS KOHLIEMIIUSA OTKPBITHIX CHCTEM BBI3BaHA CTPEMJICHHEM TOJIb-
30BaTeNel K MepeHOCUMOCTH MPHIOKEHUH. DTOT 3Tan CBs3aH C co3/a-
HueM KoMibioTepoB IBM 360 («360» pacmmndpoBeIBaeTCsS Kak «TPEThE
nokonenue, 60-e rr.), 00MamaOMKUX eIUHBIM HA0OPOM KOMAaHZ M CIIO-
COOHBIX MCIOJIBH30BATh OJIHY U TY K€ OIEepalnoHHyt0 cuctemy. OHaKo
cuctemsl IBM 360 He ObutM MaccOBBIMH, U Ha OOJbIIEH YacTH PHIHKA
MX IEePEHOCUMOCTh HUKAK HE CKa3bIBAJIACh.

Crenyromast ¢a3a B pa3BUTHH KOHICIIIIMNA OTKPBITOCTH CBsI3aHa C 00-
JIACThIO UHTEPAKTUBHON KOMITLIOTEPHOM 00pabOTKU U PaCHIUPSIONIIMCS
JranasoHoM, TpeOyrommM nepeHoca npoaykroB. B stor mepuox DEC
paspabotan ceou VAX-cucremnl (VAX — Virtual Address Extension),
paboTarorme moj| yupaBieHUeM orepanronHoi cucreMbl VMS (Virtual

.
IInamghopma — nporpaMMHO-TEXHUUECKUE YCIOBHUS, B PaMKax KOTOPBIX paboTaer
(wn He paboTaer) naHHAs MPHUKIJIATHAS IPOTrPaMMa.
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Machines System). Kaxxiplit KOMIObIOTEp 3TON JTMHUW, BHE 3aBUCUMOCTH
OT pa3Mepa MOT HCHOJNHATH OJMH M TOT K€ Ha0Op MPUI0KEHHH.

W, nHakoHel, OKOHUYATENIbHOE OQOPMIICHHE HPUHIUIIOB OTKPBITHIX
CHCTEM CBSI3aHO C B3PHIBHBIM Pa3BUTHEM CETEBBIX TEXHOJIOTHM, TAKHX,
kak DEC net unmu Internet (TCP/IP), o0benuHSABIINX CHUCTEMBI U JIO-
KaJbHBIE CETH CaMbIX pa3HbIX opraHm3anuii. Korja cereBas o0paborka
cTajla pealbHOCTBIO, MOJB30BaTENM HAa4Yald oOpamarh BHUMaHUE Ha
COBMECTHMOCTh M MHTETPALIMIO KaK Ha HEOOXOIUMBIN aTpuOyT OTKpHI-
TBIX CUCTEM.

OnHO U3 MPOCTEHIINX ONpeAeNeHU OTKPHITON CUCTEMBI TPUBOIUT-
Cs B PYKOBOACTBE (paHIy3CKOW acconuauuu nonb3oBateneir UNIX
(1992 1.).

Omxpuimoti Ha3BIBAETCS CHCTEMa, KOTOpask COCTOUT M3 KOMIIOHEH-
TOB, B3aWMOJIEHCTBYIOIIUX APYT C JPYTOM Yepe3 CTaHAapTHBIE HHTEP-
¢eticpl. OO1LIME CBOWCTBA OTKPBITHIX CUCTEM:

1) pacmpsieMocTb-MacTabupyemMocTh — Extensibility/ scalability;

2) MOOHIBHOCTD (TIEPEHOCHMOCTH Ha Pa3InYHbIe IIaT(GOPMBI) — pOr-
tability;

3) uaTeponepabeabHOCTh (CIOCOOHOCTH K B3aWMOJEHCTBHUIO C APY-
TUMH CHCTeMaMHM) — interoperability;

4) npy*XecTBEHHOCTh K IOJb30BATEII0, B TOM YHCJE JIerKas ynpas-
nsieMocTh — driveability.

OTH CBOWCTBA, B3ATHIE MO OTIAEIBHOCTH, HCIIONB30BAIHCH MPEIbITY-
MM TIOKOJICHUSIMU MH(OPMAIIMOHHBIX CUCTEM U CPEICTB BBIYUCITH-
TeJIbHOW TeXHUKU. HOBBIN B3I Ha OTKPBITHIC CUCTEMBI CBSI3aH C pac-
NPOCTPAHEHHEM CETEBBIX TEXHOJOTUH M HEOOXOIMMOCTBIO paccMaTpH-
BaTh 3TH CBOICTBa B KOMILJIEKCE. DTOT MOJXOJ NPHU MOCTPOSHHUH pac-
npeaenennsix CO/] naer cnepyromue nperMymniecTsa:

BO3MOXHOCTb TIOCTPOEHHSI CETH M3 alNapaTHbIX M MPOTrpaMMHBIX
CPEJICTB Pa3JIMYHBIX MPOU3BOJIUTENEH, MPHUIEPKUBAIOIINXCS OJHOTO H
TOTO K€ CTaHJapTa;

BO3MOXXKHOCTb 3aMEHBI OTACIbHBIX KOMIIOHEHTOB CETH IPYyruMHu, 60-
Jiee COBEPIICHHBIMH, YTO TO3BOJISIET CETSIM Pa3BUBATHCS C MUHHUMAIIb-
HBIMU 3aTpaTaMH;

BO3MOXXHOCTb JIETKOTO B3aUMOJICHCTBHS CETEH MEXIy COOOH;

MPOCTOTA OCBOCHUS U OOCITYKHBaHUSL.

[Tone3HocTh CTaHAAPTU3ALMH, CIIPAaBENINBas ISl BCEX OTpacieil, B
KOMITBIOTEPHBIX CeTsX mpuobperaer ocoboe 3Hayenue. Cemsb — coenu-
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HEeHHE OOJIBIIOr0 KOMWYECTBA OUYE€Hb pa3HOOOpa3HOro 000pyJOBaHUS U
OpraHu3alys B3aWMOJCHCTBHS MEXAY YCTPOHCTBaMu, mpoldiiema co-
BMECTUMOCTH KOTOPBIX SIBJISIETCS OJTHON M3 HAaUOOJIEe CIOKHBIX.

Wneonorudeckas OCHOBa CTaHAApPTH3AlMM B  pacHpeeseHHBIX
COJl — MHOTOYpOBHEBBI MOAXOJ K pa3pabOTKE CPEACTB CETEBOrO
B3aMMoeHcTBUA. Best cucTeMa nepenayu cooOIeH i (IaHHBIX) pa30ou-
BAeTCs Ha MEpapXMUYECKUE YPOBHU (TMPUHIMII JEKOMIIO3UIIMHN) U Ha Ka-
JKIOM ypOBHE IPUMEHSIOTCS CBOM NpaBWIa B3aUMOAECHCTBUSA — IPOTO-
Konbl. /I[pomokoniom B MUpe KOMMYHUKAllMi Ha3bIBAIOT PaCIpelesICH-
HBI€ AJITOPUTMBI, OIpeNeNsiomye, KakuM o0pa3oM OCYIIECTBISAETCS
00MEH NaHHBIMH MEXIY (PU3NUYECKUMH YCTPOHCTBAMHU U JIOTUYECKUMHU
00BbeKTaMu. AHAJIOrOM MHOTOYPOBHEBOTO IOJXOAa MOKET CIIY>KUTb
OpraHu3aIysl MOYTOBOU CBs3M (puc. 4.5).

Puc. 4.5. ®yHKUHOHATBEHBIC YPOBHH CHCTEMBI IOYTOBOU CBSI3U

TeopeTHuecKyto OCHOBY COBPEMEHHBIX WH(OPMAIIMOHHBIX CHCTEM
ompenenseT 0a30Bas ATATOHHASA MOAETb OTKPHITHIX cucteM (OSI — Open
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System Interconnection), pa3paboTaHHas MeXTyHAPOIHONW OpraHH3aIIH-
et crangapros (ISO — International Standards Organization).

[IpuknagHoil ypoBEHb

YpoBeHb IpeACcTaBIEHUA

CeaHCOBBIN YPOBEHb

TpaHCIOPTHBIA ypOBEHB

CereBoil ypoBEHb

KaHaTsHBIH KonTponb goruueckoit

YPOBEHb CBs3HU

Kountpons gocryna x cpe-
ne

Du3NYECcKUil YpOBEHb

Puc. 4.6. Crex npotokonos OSI

Wepapxuueckuit HabOp MPOTOKOJIOB, JOCTATOYHBIM AJIsi OpraHu3a-
UM B3aUMOJACHCTBHSA Y3JI0B B CETH, HAa3bIBACTCS CIMEKOM KOMMYHUKA-
yuonnvix npomorxonos. Crex OSI (puc. 4.6) BKIItoyaeT B ceOsl ClaeayiO-
miee:

nepaulii yposensv — ypogenv npunoxcerui (Application Layer), oTse-
YaeT 3a NOJACPKKY NMPHUKJIAAHOTO MPOrpaMMHOI0 00eCcTIedeHHs OIb30-
Batens (mpotokon FTP, Telnet u 1.11.);

6mopou yposenv — yposensv npeocmasnenus (Presentation Layer),
CIY’)KUT JJIsl IpeoOpa3oBaHusl JaHHBIX W3 BHYTPEHHETO (opmara KOM-
nbploTepa B (hopMmar, IpueMIIeMblil Ui KOMIIbIOTepa abOHEHTa, ¢ KOTO-
PBIM YCTaHABJIMBACTCS CBS3b (CUTYaIHsl CBSI3U C HEOJHOTUITHBIMUA KOM-
nstorepamu — IBM PC, Macintosh, DEC, NEXT u T.11.);
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mpemuii yposenv — ceancogwiti (Session Layer), obecneunBaeTr Ko-
OpJIMHAIIMIO CBSI3U MEXIy ABYMsI MPHKIAJHBIMU MpOrpaMMamMu (co3/a-
HHE ceaHca CBA3M, yIpaBJICHHE Nepeaadeid U MPUEMOM COOOLICHUN H
3aBEpILEHHUE CCaHCa);

yemeepmolii yposenv — mpancnopmuwiii (Transport Layer), B GpyHK-
UM KOTOPOT'O BXOAMT pa3lesieHHe COOOLICHUsI Ha MaKeThl (pu HEoO-
XOAMMOCTH) TIPH Tepefade u cOOp MakeToB MpH MpHUeMe, KOHTPOJIb 3a
NPaBUIBHOCTBIO HMX TPOXOXKICHUS, COTJIACOBAaHHE CETEBBIX YPOBHEH
Pa3NIUYHbIX, HE COBMECTHMBIX MEXAY COOO0M, ceTeil depes crenuaabHble
IITIO3BI;

namulii ypogenv — cemesoul (Network Layer), BemonHsieT GpyHKIAN
NEePEKITIOUCHUS U MapIIPYTH3aLMH MTAKETOB, OTBEYACT 33 aAPECALUI0 U
JIOCTaBKy MaKeTOB;

wecmotl ypogeHv — KaHaabHuili (W YPOBEHD YIPABICHUS JIMHUCH
nepenayn naHHbix — Data Link), onpeaensier mpaBuia WCHONB30BaAHUS
(u3nveckoro kaHana cBs3u (00OecreunBacT KOHTPOJIb AOCTyHa K Cpele
B COOTBETCTBHHU C HMCIOJH3YEMBIMHU MPOTOKOJIAMHU M OCYIIECTBISET JIO-
THYECKUI KOHTPOJIb CBSI3M — pa30MeHne Ha KaJ[pbl, KOHTPOJIb 32 OIIHNO-
KaMU, Nepeady 1o KaHaly | T.I1.);

cedvmoti yposenv — gusuueckuii (Physical Layer), onpenenser ¢u-
3UYECKHe, MEXaHUUECKUE U DIICKTPUIECKUE XAPAKTEPUCTHKH CBSI3H, OT-
BEYaeT 3a ammapatHoe obecrieueHHe (Mpeaplaylini YpOBEHb HOCHT
pOrpaMMHO-aNMapaTHBII XapakTep).

B cranmapre ISO mis o6o3HaUYeHHS MAHHBIX, C KOTOPHIMH HMEIOT
JIENI0 TIPOTOKOJIBI Pa3HbIX YPOBHEW, HCIONB3yeTcsl ollnee Ha3BaHHUE
«TpOTOKOJIBHBIA O5ok maHHBIX» (Protocol Data Unit, PDU). Onnako
pasMepsl STHX OJIOKOB MOTYT OBITh Pa3IMYHBI Ha Pa3HBIX YPOBHSIX IPO-
TOKOJIOB. B ¢Bsi3u ¢ 3TuM ansi 0003HAYCHHUSI €AMHUIL JaHHBIX MOTYT
NPUMEHSTHCS pa3iInyHble Ha3BaHus. Hapsany ¢ TepMuHOM «cooO1IeHNE)
(message), IpUMEHIEMOM Ha CaMOM BEpPXHEM YpPOBHE, HCIOJIb3YyeTCS
TepMUH «makeT» (packet), mpruMeHsIeMBIil Ha CETEBOM YPOBHE, «Kap»
(frame) — Ha HUYKHEM YPOBHE.

TunuyHas CTpPyKTypa HakeTa COOOIICHHH, XapaKTepHasi I JTI000ro
YPOBHS, TIPEACTaBICHA Ha puc. 4.7.
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Anpec Anpec Tun makera Jlannabie/ CRC
OTIpaBU- | TOJydYaTems Coobmenne
Tens

Puc. 4.7. CtpykTypa nakeTra cooOIeHuii

Ha puc. 4.7 CRC — xoHTponbpHas cymMMma Uit OOHapy>KeHHUs OIIHOO0K
npu nepenade. Ha kaxaoMm ypoBHE nepenadul MPUMEHAIOTCS CBOM IPO-
TOKOJIBI, IMEIOIINE 00Ie HHTepQEchl ¢ COCeTHUMH YPOBHAMU. [Ipu
3TOM HCHOJIB3yeTCs TMOAXO0/, IPU KOTOPOM MPOTOKOJIBI KaK ObI HaciIau-
BAIOTCSl OJMH Ha JIpyroil (puc. 4.8) B Buae u3BecTHOW Marpemku. Ha
Ka)XJIOM YPOBHE BBITIOJIHSIFOTCSI TOJIBKO COOCTBEHHBIC QYHKIMH, (DYHK-
WU IPYTHX YPOBHEH JJIsl HUX HEIOCTYITHBI.

Jauubie/
Coo0e-
HUE

3arojioBok Hauusie/ | OxoHuaHHE
1 Coo01e- 1
HUE

3arojioBoK | 3aroioBOK Hanneie/ | Oxonvanue | OkOoHUAHHE
2 1 Coo0rire- 1 2
HHE

Puc. 4.8. Bi1o’)X€HHOCTH ITAKETOB COOOLIIEHUN
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Korma cooOrmienne mo ceTw MOCTymaeT B MallMHY (agpecaT), OHO
MpUHUMAETCS ee (PM3MYeCKUM ypoBHEM. KaxkIblil ypOBEHb aHATTHU3UPYET
1 00padaThIBaCT 3aroJIOBOK CBOETO YPOBHS, BEHITIONHSS COOTBETCTBYIO-
HIMe JaHHOMY YPOBHIO ()YHKIIWH, a 3aTeM yJIAJISET 3arojioBOK U mepe/a-
€T COOOIIIeHNE BBIMIECTOSIIEMY YPOBHIO.

4.4. I'nod6anbHble BLIYMCIAUTEIbHbIE C€TH, ME€TOAbI 10CTYIIA,
COBpeMEHHOE COCTOSTHUE U OJIMsKaiine MmepcneKTUBbI

I'mo6ansHpie nnu BcemupHbie cetd (GAN — Global Area Network)
NpeHa3HAYEHB! U CBSI3M a0OHEHTOB, PACIOIOKEHHBIX B Pa3IHMYHBIX
reorpaMuecKiX PeruoHax, U BKJIIOYAIOT B CE0s1 MHOXKECTBO CETel pas-
JTUYHON TpoTspkeHHocTH — MaTtepukoBble (WAN — Wide Area Net-
work), perrnonanbuble wiu ropoackue [ BC (MAN — Metropolitan Area
Network), a taxke nokanpabie (LAN — Local Area Network), o xoTo-
PBIX OyZeT cKa3aHo OTNENBLHO, TaK KaK OHW MMEIOT Psii PUHIMITHAIb-
HBIX OTJIMYMH OT TIEPEUUCICHHBIX BBIIIE, KaMIyCHas CeThb, 00beIH-
HSIOIIAsl JIOKaJbHbIE CETH, ONM3KOo pacrofoxeHHbX 3gaHuil (CAN —
Campus Area Network).

Oco0br1it BHJ ceTelt — Tak Ha3biBaeMble kopriopatuBHbie (EWN — En-
terprise Wide Network). TepMun «kopropaTHBHas OTpaXkaeT, ¢ OAHOM
CTOPOHBI, BEJIMUMHY CETH, TaK KaK KOPIOpalus — KpyHmHOe OoJbIIoe
npeanpusitie. C Apyroil CTOPOHBI, 3TOT TEPMHUH HECET B ceOE CMBICI
00bETUHEHUS, T.€. KOPIIOPATHBHASL CETh — CETh, MOJYYHMBIIAsiCS B pe-
3yJbTaTe 0ObEIUHEHUS] HECKOJBKUX, KaK MPaBHUJIO0, pa3HOOOPa3HBIX ce-
Teil. Kpome 3TOro nyx KopnopatuBHOCTH — JyX HEKOTOPOI'O €IUHCTBA,
OOIIHOCTH, B 3TOM CMBICIIE KOPIOPATHUBHBIE CETH — CETH, B KOTOPBIX
HEOJHOPOIHBIE KOMIOHEHTHI )KUBYT B €JMHCTBE U COTJACHU. DTH CETH
MOTYT BKJIIOYATh B ce0s1 BCE MEPEUMCIICHHbBIE BBILIE TUITBI CETEH, CIIOXK-
HO CBSI3aHBI M MOT'YT ITOKPBIBATh TOPO/I, PETHOH HMJIH Ja)K€ KOHTHHEHT.

B rio6anbubix BeraucnutenbHbix ceTsx ('BC) Ha mepBblif maH BbI-
XOIST aAMUHHUCTPALUsl CETH W CPEACTBAa CBSA3M, TaK KaK MMEHHO OHH
COCTABIISIIOT OCHOBHYIO JKCIUTYyaTallMOHHYIO CTOMMOCTH CETH. B ceTb
00BETUHSIOTCSI OOJIBIINE U CYTIEPKOMITBIOTEPHI, & TAKXKE HEHTPBI C MHO-
TOMAIIMHHOM CTPYKTYpoi. B kauecTBe a0OHEHTCKUX IyHKTOB, KaK Mpa-
BUJIO, HCIIOJIB3YIOTCS TIEPCOHANIBHBIE KOMITBIOTEPHI, B KAUECTBE KaHAJIOB

* ~
Campus — CTYJACHYECKUI TOPOJIOK.
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CBSI3M — TPAAMLMOHHBIE CPEACTBA TEIEKOMMYHHKauuil (Tenerpadso-
Tesie()OHHBIC JIMHUM, ONTOBOJIOKOHHBIE KaHAJIbl, CITyTHUKOBBIC KaHAJbI,
paauopeneiiHas CBsA3b U T.I.). TOIMOJIOTHS CETel MMEET CIOXKHYIO pas-
BETBJICHHYIO CTPYKTYDY.

B kauectBe MeTOmOB nocTyma (MPOTOKOJIOB HUKHEIO YPOBHS)
00OBIYHO HCHOJB3YIOT KOMMYTAIIHIO LieNeil, KOMMYTAIHIO MaKeToB, ce-
JIEKIUIO TTaKeToB. PaccMOTpUM KpaTKO JOCTOMHCTBA M HEJJOCTATKU ITUX
METOJIOB.

1. Ilpunyun xommymayuu yenei — TPAIULMOHHAs KOMMYTHpYyeMas
tenedonHas cBsa3b. Ha puc. 4.9 npencrabieHa cxema yCTaHOBIICHUS
CBSI3U MEXIY OBYMSI aODOHEHTaMHM IPH TAKOM METOJE J0CTyma (3Ty cxe-
My CJIEyeT paccMaTpuBath ¢ yueToM puc. 4.1, 4.2 u 4.3).

Kak BuUAHO M3 pHCYHKa, KaXKIblil pa3roBOp WM Tepeaaya JTaHHBIX
pe3epBUpPYET Ha BpeMsl HEKOTOPYIO YacTh CETH, OTBOJAUMYIO MEPEKIIO-
YaloIUM YCTporcTBOM (KomMMmyTaTtopom). Ilpu aTtom nBa abGoHeHTa co-
eAVHSIOTCS HAmpAMYyI0 OIHOM Lembio. [J1aBHOE TOCTOMHCTBO 3TOTO
croco0a — TIOBCEMECTHOE paclpOCTpaHEHUE MEePCOHATBHBIX TenedoH-
HBIX JIMHUI. OJHAKO OH UMEET LETbIN pAJl HEJOCTATKOB:

HI3Kasg 3((HEeKTHBHOCTD UCIIOIB30BAHUS CETU (ECIH CPEIHECTATUCTH-
YeCKHH 4eJIOBEK MPOU3HOCUT B MUHYTY 12 — 20 cJI0B, 4TO COOTBETCTBYET
npuMepHo 30 GoxaM , TO MPOMYCKHAS CIIOCOOHOCTH KAHATIOB COCTABJISET
ot 2400 110 10’ 6ox 1 Goiee); IPOBOJIA AHATOTHIO, AMEPHKAHIIBI TOBOPSIT,
YTO TaKO# croco0 MOoA00EH MEePEeKPBITHUIO OIHOM IMoJockl 1occe Ne 61
Heto-Mopk — BalMHITOH 1 NPOITYCKAaHUIO 10 Heil MO OHO MallliHE B
TEUCHUE BCETO BPEMEHH ABMKCHUS €€ Ha 3TOM Y4acCTKE;

Ha yCTAaHOBJICHUE CBSI3U (COCAMHEHMS) TAKXKE 3aTPAunBaETCs BpeMs,
3a KOTOpoe (MpH YKa3aHHBIX MPOITYCKHBIX CIOCOOHOCTAX KaHajga) MO-
XKeT OBITh IepelaHO OYEHb OOJBINOE KOJUYECTBO MH(POPMALUHU (XOTS
Ui TeneOHHBIX PasrOBOPOB 3TO BPEMs MOXKET IOKa3aThbCs HE3HAYH-
TEJIbHBIM);

BBICOKHMI YPOBEHb IIYMOB B KOMMYTHpYIOIIHUX ATC MOXET BBI3bI-
BaTh COOM MpH Nepeaade JaHHbIX;

HEOOXOJUMOCTh OJTUHAKOBBIX (CHHXPOHHBIX) YCTPOWCTB y aOOHEH-
TOB, UMEIOIIUX PABHBIE CKOPOCTH MpHEMa-TIEPEIauH.

.

F00 — enuHuIa M3MEPEHUsT CKOPOCTH TIEPEAUU B KaHalax cBsi3u. Ha3zsaHa B 4ecThb
(dpaniry3ckoro uzobperaress tenerpaduoro ammapara Imuist bogo. 1 6ox= 1 6ut/c u
3aBHUCUT OT METOAOB KOAUPOBaHU B KaHaIax.
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TeM He MeHee, 3TOT BUJ KOMIIBIOTEPHON CBSI3H KCIOJIB3OBANICS 10O
MOCIIEAHETO BPEMEHM YaCTHBIMU aO0OHEHTaMHU TIPH TOAKIIOYEHUH J0-
mamraux [1K.

Puc. 4.9. [lpuHunnuanbHas cxeMa KOMMYTaLUH LeTel

2. Ilpunyun xommymayuu naxemose TpencTaBleH Ha puc. 4.10.
KommyTanust maketoB Oblia 300peTeHa CHEeNUaNbHO Il KOMITBIOTEp-
HbIX ceredd. Ha puc. 4.10, ¢ xomnpioTep nepenaer coodmenne. B nep-
BOM y3Ji¢ KOMMYTallM{ NaKeToB (WIH Ha HHTepdeiice MeXAYy KOMIIbIO-
TEPOM U y3JIOM) COOOIICHHE pa30MBACTCS HA MAKEThI KaXIbIii CO CBOUM
aapecoM (cm. puc. 4.10, 6). [TakeThbl epenarOTCs MO CETH HE3aBUCHMO.
Kaxnplii y3en Ha Tpacce makeTa BHIOMpAeT JajbHEWIIee HalpaBiICHHE
€ro JBIKEHHS, YUUTHIBAsI HHPOPMALIUIO O MOTOKAaX, HEHCIPABHOCTIX U
T.II., TIOJYYEHHYIO OT COCEIHHMX Y3J0B. B pe3ynmpTare makeTsl MOTYT
MOWTH pa3HBIMU MyTsMH (cM. puc. 4.10, ) 1 pUOBITH B TOUKY Ha3Ha-
YeHHUs B HENMpaBUIbHOM Hopsinke (cM. puc. 4.10, 2). Y3en kommyTanuu B
TOYKE HA3HAYEHHS BOCCTAHABIMBAET TMOPSINOK Tepea JOCTaBKOM WX
MpUHUMAIOIIEMY KOMIIBIOTEPY (cM. puc. 4.10, 0).

[Ipn xomMMmyTamuu makeToB HH(OpMAIMs, HOChIaeMas OJHUM H3
KOMITBIOTEPOB APYrOMY, HE MEPEAAeTCs] HEPEPHIBHBIM MOTOKOM IO OT-
BEJICHHOM AJIs Hee Lend. BMECTO 3TOro KOMIIBIOTEP Ka)KA0r0 MOJIb30Ba-
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TeJIs MOAKI0YACTCS K Y31y (d4epe3 KOMMYyTUpyeMble Telae(OoHHbIC JIn-
HHUH) — MOITHOMY KOMIIBIOTEPY, KOTOPBIM pa30MBaeT MMOCTYMAIOIIEe CO-
oOIeHre Ha TaKeThl OJMHAKOBOM JJIMHBI, K&KIOMY M3 KOTOPBIX Mpe.-
HIecTBYeT HeOoublnas aapecHas nHpopMmaius (aapec Ha3HAUCHHS, all-
pec TOCHIIKHM, MOPSIIKOBBI HOMEp MakeTa M T.II.). 3aTeM HaKeThl Mo-
CTYTAIOT B C€Th, B KOTOPOIl BCE Y3JIbI CKOMMYTHPOBAHBI (COCTUHEHB).
Cetp geiicTByeT Kak OBICTPONEHCTBYIOIIMN BapHaHT MOYTHI, MaKEThI
€aMoro pa3HOro Ha3HaYEHHs MOTYT MCIIOJIb30BaTh OJJHU U T€ XK€ JTNHUM.
IIpu aTom:

1) HeT 3aepKKU MPU KOMMYTAlLlMH, TaK KaK TaKOBas OTCYTCTBYET;
YMEHBIIIAETCS MOJIHAs 3a/IePKKa COOOMECHUN 1 00bEeM MaMsTH, TaK Kak
MaKeT MOXKET OBITh MepelaH, Kak TOJbKO OH MOCTYIWI, A0 THONTyYeHHS
BCETO COOOIICHHS;

yIpouiaercs yrnpasjieHue 0yQpepHOH namsThio, TaK Kak pa3Mepsl Ia-
KeTa (puKCcupoBaHsbl;

npy OOHAPYKEHHH OIIMOKH TpedyeTcsi MOBTOPUTH Mepeiady TOIBKO
OJIHOI'O T1aKeTa, & He BCEro COOOIIEHUS;

KOPOTKHE TOPLUH MPUBOIAT K Oojee 3PdeKTHBHOMY HCIONB30Ba-
HUIO MPOITYCKHOM CIIOCOOHOCTH, BPEMEHHBIE POMEKYTKH MEKIY MaKe-
TaMH MOTYT HCIIOJIb30BATHCSI JPYTUMH COOOIICHUSIMH;

0TKa3 OAHOM NuHHUU (0OpBIB) HE NPUBOJAUT K HAPYIICHHUIO CBSI3H, TAK
KaK MapILIpyTHU3aTOphl (B y37aX) OTHPaBIT COOOLICHMS MO IPYTruM Ha-
MIPaBIICHUSM;

2) HeT M30BITOYHOCTH TMPOIMYCKHOW CIOCOOHOCTH, TaK KaK HET OT-
JIENBHBIX PE3EPBUPYEMBIX JIMHU,

Hebounpimas gacTe NpomycKHOM cIIOCOOHOCTH pacxofyeTcs Ha Map-
mpyTu3zanuio. Kpatuaiiimii MapuipyT 1Mo CeTH OIpeessieTcss COBMECT-
HO y37aMH B COOTBETCTBHHU C paclpeAeNCHHBIM alrOPUTMOM Mapuipy-
THU3alnHU. B Ka)XI0M y351e OLEHUBAETCS pacCTOSHNE B HEKOTOPOH «MET-
PUKE» IO BCEX TOYEK HA3HAYCHMS C y4ETOM IOBPEXKICHUN JIMHUH, 3a-
TPYy>KEHHOCTH y3JIOB | T.II.

[lakeTsl OOHOTO U TOTO e COOOIIEHUS! MOTYT HOMNAacTh B TOYKY Ha-
3HAYEHUs Pa3IMYHBIMU MYTSAMH, [TO3TOMY MOPSIIOK UX MPUOBITHUS MO-
JKET OTIIMYATHCS OT MOpsAAKa OTIIPABICHUSA. ¥Y3€eJ Ha3HAUeHHUS BBICTpau-
BaeT OTHOCAINMECS K HEMY IaKeThl B MPaBWIBHOM mopsiake. C TOUKU
3pEHHS MOJIb30BATENs BCE BHITTIAOUT TaK, Kak OyATO eMy BbLAEJICHA Lie-
nast uemns. [Ipu 3ToM criocobe mepenadn roBOPST O «BUPTYAIBHOW Iie-
N1y, WIH «BUPTyaJIbHOM KaHalle». B cioydae, Koraa mopsjok cieaoBa-
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HUsI HE BaYKCH WM COOOIIEHHE pa3MeIlaeTcs B OJHOM MakeTe, IpoTo-
KOJI Tepelaud 3HAYUTEIbHO ympouiaercsl (HMOBBIIIAETCS MPOU3BOIU-
TETHHOCTh KaHalla) U TOBOPAT O JeHTarpaMMHOM mpoTokone. Jleifra-
rpaMMa (MU 1aTarpamMma) B JaHHOM CIydae — CHHOHHMM TaKeTa.

Puc. 4.10. [TIpuHIMI KOMMYTAIUK TTAKETOB
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3. Memoo cenexyuu naxkemog npeacTaBieH Ha puc. 4.11.

[lakeTsl pacceiiaioTcsi BceM abOHEHTaM 0e3 UCKIIIOYEeHUs. AnpecaT
OTOMpaeT aJpecoBaHHbIE €My IaKeThl, a OCTalbHble UTHOpHUpyer. On-
HOM M3 MEPBBIX CeTel Takoro Tuma Oblia cozmanHas B 70-x rogax mpo-
(eccopom ["aBaiickoro ynusepcurera AOpaMCcOHOM ceTh Anoxa.

Ilepenaromas cpena, Ha3pIBaeéMasi MOHOKAHAJIOM, — KOHYC POCTpaH-
CTBa C BEPIIMHOI B IMaCCHBHOI OTpakaroliei aHTeHHE TeocTallioHapHO-
ro CIlyTHHKa (M3pacxoJOBaBILEro 3amackl muTanus). B 3oHe mpuema ot-
PaKEHHBIX CUTHAJIOB PACIIOJIOKEHBI YHUBEPCUTETHI Ha "aBaiickuX oCTpo-
Bax, B Slnonun, CIIA, ABcTpanun. AGOHEHTHI UMEIOT PaJAUOTIPHEMHUK U
paavonepenaTyrk ¢ OCTPOHAIPABIEHHON Ha CIIyTHUK aHTEHHOM.

. - FeoctaunoHapHbiIf
CMYTHUK
o
o=~ " AHTEHHa
LY oTpaxarens

T .- . ™, 3o0HA
-{b‘_._____.-" . npuema

3 i [—"\/f ) \ OTPaXEHHBIX

CUrHanoe

Puc. 4.11. MeToJ celleKLuU ITaKETOB

Kaxnplii 13 HUX MOXET OTIPAaBUTh HA aHTEHHY-OTpa)kaTeib CO00-
HieHue Jr000My K3 4eThIpex aapecaTtoB. OTpa3UBILKCH, OHO MPUACT Ha
AaHTEHHBI BceX a0OHEHTOB, B TOM YHCIIE M HAa aHTEHHY IOCJABILIErO ero
abonenTa. Tak, Ha pucyHKe cooOlIeHHe TockuT1aeT aboHeHT 1 st abo-
HeHTa 4; Bce, kpoMe | U 4, 3TO NMPOUTHOPUPYIOT, 4-H €ro NMpUMET, a
NEPBhIH TPOBEPHUT €ro NMPaBHILHOCTH. HanokeHue ABYX COOOIICHHIA
OyIeT MPOKOHTPOJIUPOBAHO OTIPABIISIONIUM U TMPUHUMAIOMIUM COO00-
HICHUSIMH, W Yepe3 CIy4YalHbIi MPOMEKYTOK BPEMEHH IMOCHUIKA OyIeT
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noBTropeHa. CeTb OKa3zajach OYEHb JICIIEBOW, a ec HU3Kas 3((EeKTHB-
HOCTh B NEPBOHAYAILHOM BapHaHTe ObUIa 3HAYMTENIFHO MOBBIIICHA 32
CYET HAJIOKEHHsSI JIOTIONHHUTEILHBIX YCIOBHHA Ha MpHEM-TIepeaady co-
obmenunit. CeTn Takoro THIA TOIYYWIH JOBOJBHO IIHPOKOE PaCIIpo-
CTpaHEHHUE, B TOM YHCJIE U B OTEUECTBEHHOH MpakTHKe. MeToJ cemnek-
UM TIAKETOB MHTEPECEH M B CBS3H C TEM, YTO €T0 MPHHIHI HCIIONIb3Y-
€TCS U B CAaMOM IOIYJSIPHOM B MUPE JIOKAJIBHON BBIYUCIHUTEIBHON CETH
Ethernet.

3a [OOCTaTOYHO UINTENBHYI0 HCTOPUIO CBOEro pas3Butus (Oomee
40 net) I'BC mpeteprienu 3HAYUTENbHBIC W3MEHEHHS, KakK B BHUIaX
npeaiaraeMbIX YCIyT, TaK U B UX CTOMMOCTH. DTH M3MEHEHHS CTajH
BO3MOXKHBI M3-32 OBICTPOI'O POCTa MPOIYCKHONH CHOCOOHOCTH KaHAJIOB.
Ecmu B 60-x rogax MakcHUMaibHasi MPOIMYCKHAsI CIIOCOOHOCTh KaHAJIOB
orpannunBanack 30 — 50 Kout/c, To B 90-x romax BIOJHE JOCTYITHBI
kaHasel B 10 MOuT/C, CyIIecTBYIOT KaHAJbI CO CKOPOCTSIMH II€peiadn B
1, 10 u 6onee ['Out/c (Ha CBEeTOBOAAX).

[oTpeOHOCTh B BHICOKOCKOPOCTHOM Tepenadue CBsi3aHa B 3HAYUTEIb-
HOM CTENECHHU C U3MEHEHUEM YCIYT, MIpeAaraeéMbiX B ceTsx. Bce B MeHb-
HIeH CTENCHN MCIIONB30BaHUE CETEH OIpeaenseTcs pacupeaelieHueM pe-
CYPCOB KOMIIBIOTEPOB, KOTJIa PEIIAIONIYIO POJIb UTPACT BHIYUCIUTEILHAS
TEeXHWKa, U Bce OoJjpliee 3HaUYCHUWE NPHOOpETaroT HH(pOPMAalHOHHEBIE
CHCTEMBI, TJIe 3aIJ1aBHYIO POJIb UIPAIOT CPEACTBA TEIeKOMMYyHHKauun. K
nNpUMepy, O4YeHb BBICOKAs MPOW3BOJUTEIFHOCT, KaHAJIOB CBsi3aHa C
MYJIBTUMEINHHBIME TPUIIOKEHUSIMU (IaHHBIE, 3BYK, BUAEO). Tak, mepe-
Jada B yepHo-OesnoM m3o0paskennu Ha skpaH 1000x1000 nmukceneit (To-
4ek) ¢ yacToToi 30 KaapoB B CeKyHIy (UTOOBI HCKIIOUUTH MEpPLIAHUE JK-
paHa) co31aeT MOTOK JaHHbIX B cetu 30 MouT/c. JIs mepenadu BETHOIO
n3o0pakenus (16 npero) notpedyercsa yxe 120 MOut/c, Xots u paspa-
00TaHBI METObI, MO3BOJSIONIME CHHU3UTH TPEOOBAHMS K IPOIYCKHOM
CIOCOOHOCTH KaHAJIOB JJIsl IAHHBIX MpHiioskeHni. O0Mmas motpeOHOCTh B
TIOBBIIICHUN HX MIPOU3BOJIUTENLHOCTH PacTeT.

YrtoObl yIOBIECTBOPUTH HOBBIE TPEOOBAaHHUS KOPIIOpPALUA B 00JacTH
BBIYHCIICHUH U TIepeiavd JTAaHHBIX, TIPOM3BOAUTEIH 000PYIOBAHHS U TI0-
CTaBIIMKH YCIYT pa3paboTaiy psiji CXeM BBICOKOCKOPOCTHOM MepeIayu.

Cpenu OONBIIOTO KOJUYECTBAa KAaHAJIOB, IPUMEHSEMBIX B TI00ajb-
HBIX CETSX, 0CO00 CleAyeT OTMETHTh BbIIEICHHBIC (WM apeHIyeMbIC)
KaHaJIbl, B KOTOPBIX HCIOJB3YIOTCS Pa3HOOOpa3HbIe METO/IBI IOCTYIIA H
BUJIBI TIEpEayn.
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Cpenu cxeM ¢ KOMMyTalueH (CeTh) ClIeayeT OTMETUTh BBIACICHHBIN
KaHal.

Buvioenennvim Ha3zpIBaeTCs KaHA ¢ (PUKCHPOBAHHOHN TIOJIOCOH TPOITyC-
KaHWs WM QUKCUPOBAHHOW MPOITYCKHOW CIIOCOOHOCTBIO, MTOCTOSHHO CO-
eIMHIOUMH JBYX a0OHEHTOB. AOOHEHTaMU MOTYT OBITh KaK OT/AENIbHBIC
yCTpOICTBA (KOMIBIOTEPHI MM TEPMHUHAJIBI), TAK U IIEJIBIE CETH.

BriienieHHble KaHAIBI OOBIYHO apeHAYIOTCS Y KOMIIaHUH — OmepaTo-
POB TEPPUTOPHATBHBIX CETEH, XOTS KPyIHbIE KOPIOPALlUd MOTYT IPO-
KJIa/{bIBaTh CBOM COOCTBEHHBIE BBIACICHHBIC KaHAJIbI.

BrienieHHbIe KaHANbBI JeNsITcsS Ha aHAJIOTOBbIe M IU(POBHIC B 3aBU-
CUMOCTH OT TOr0, KaKkOro THUIIa KOMMYTallMOHHAs ammnaparypa InpuMme-
HEeHa JIsl TIOCTOSHHOM KomMMyTauuu aboneHToB — FDM nnm TDM. Ha
AQHAJIOTOBBIX BBIIEICHHBIX JUHUAX JJIS almapaTypsl Mepenadn JTaHHBIX
(u3nvecKnil U KaHATBHBIN TPOTOKOJIBI )KECTKO He onpeeieHbl. OTcyT-
CcTBHE (DU3NYECKOTO IMPOTOKOJA MPHUBOAMT K TOMY, YTO MPOIyCKHAs
CIOCOOHOCTh aHAJOTOBBIX KAaHAJIOB 3aBUCHUT OT MPOITYCKHOH CIIOCOOHO-
CTH MOJIEMOB, KOTOpbIE UCTIONB3YET MOJIb30BaTENb KaHana. MojeM coo-
CTBEHHO U YCTAaHABJIMBACT HYXHBII €My MPOTOKON (PU3UIECKOTO YpOB-
HS 7151 KaHaua.

Ha 1ipoBBIX BBIJIENECHHBIX JIMHUAX MPOTOKON (PU3HIECKOTO YPOBHS
3a(pUKCUPOBaH — OH 3a7aH ctannaptom G.703.

Ha xananpHOM ypOBHE aHAJIOTOBBIX U LU(POBBIX BBIACICHHBIX Ka-
HaJOB OOBIYHO HCIOJIB3YETCS OJWH M3 MPOTOKOJOB cemeiictBa HDLC
W ke Oosee no3aauii mporokon PPP, moctpoennsiit Ha ocHoe HDLC
JUTSI CBSI3M MHOTOIPOTOKOJIBHBIX CETEM.

Cpenu HEKOMMYTHPYEMBIX (BBIICICHHBIX) JIUHUI HaubOobIIee pac-
MIPOCTpaHEeHHe MOTYUMIIH CIIeIYIOIINeE:

auanoeogvle nuHuY (CaMbli JIEIIEBBI BapUaHT MpPEACTaBIsIeT coOO0i
apeHy aHaJOroBOM BHUTOH Mapsel; NMPH HCIIOJB30BAHUM MOJIEMOB, Kak
MPaBUJIO, TAaKOI BapuaHT MO3BOJISIET MEpeJaBaTh JaHHBIE CO CKOPOCTS-
Mmu ot 4,8 1o 56 Kout/c);

cnyarcba yugposoil nepedauu Oannwix (BBICOKOKaUYECTBEHHBIE HU(]-
POBBIEC JIMHUW CBSI3H, JJISI HCIIOJIB30BAHUSI KOTOPBIX TPeOYIOTCS CIelu-
anbHbIe IU(PPOBBIE yCTpOiicTBa (BMECTO MOJEMOB); TAKWE JIMHUH JOPO-
K€ aHAJIOTOBBIX, HO MO3BOJIAIOT MIEPEAaBaTh JaHHbBIE C 00JIee BEICOKUMHU
CKOPOCTSIMY;

aunuu T-1 u T-3 (Ha TPOTSHKEHUM MHOTHX JIST HauboJjiee pacrpo-
CTPaHEHHOW BBINCJICHHON JMHHEW [UIsI BBICOKOCKOPOCTHOHM IMepenavu
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JaHHBIX (B TOM 4YHMCIE U TeNe()OHHBIX Pa3roBOPOB) ObUIA BCE €IIE MOIY-
nsipHast muHus T-1; ecnu mpormyckHoi# ciocooHoctn aunaun T-2 Hexoc-
TaTOYHO, MOYKHO apeHA0BaTh JuHuio T-3);

frame relay (xors frame relay (peTpaHciAIus KaapoB) MPEACTABISACT
co00l KOMMYTHPYEMYIO CETEBYIO TEXHOJIOTHIO, IpOTOKOoa frame relay
MOJKeT padoTaTh Ha BBIICICHHOMN JIMHUHU, 0OeCIeurBas yI0OHbIH U THO-
KM MYJIBTUIUIEKCHBI METOJ Tepenaddl NaHHBIX; JJIS 3TOr0 MOIXoza
notpeburento Tpedyercs crnenuaibHoe 000pyJ0BaHHE);

SONET (B BbIICJICHHBIX JUHUSIX C MAaKCUMAaJIbHBIMUA CKOPOCTSIMH TIe-
penauu naHHBIX Hcmoiib3yeTcs TexHonorus SONET/SDH).

Mooem. Mopnemsbl, TOAKITIOUEHHBIE K OOIIECTBEHHOW TenedOHHON
CETH, PEATM3yIOT OTHOCHUTENBHO HENOPOTyI0, HO U HU3KOCKOPOCTHYIO
cxeMmy mepefaun JaHHbIX. CaMu MOJIEMBI HEJOPOTH, a CKOPOCTh Iepe-
Jauu JTAaHHBIX IO Tele(OHHON JMHWUU CUUTAETCS PasyMHOH MpHU yMe-
PEHHOM BPEMEHH YCTaHOBKH COCOUHEHUS. B pasmuuHbIX OpraHu3anusix
JIOKaJIbHBIE CETH M YacTHBIE Telle()OHHBIE CETH 00OPYIOBaHBI MOJEM-
HBIMH ITyJIaMU JJIS MPEIOCTaBJICHHUST HEJOPOTOi ycilyre Mo Iepenadyu
JaHHBIX.

Cmanoapm X25. SIBnsercs omHuM 13 HanOoJiee CTapbIX TUIIOB ceTel
(nmpumensiercs ¢ 80-x rooB) ¢ KoMMyTaluei naketoB. OdecreunBaeT
HaJISKHYIO Tepefady COOOLIeHHUs, MCIONb3ys MPUHIMI BUPTYaJbHBIX
neneil. TeopeTnueckn MoxeT mnoanepkuBaTh a0 4096 BUPTyambHBIX
Herneil B 0IHOM KaHaje, MPaKTHUYeCKd — HAMHOTO MeHbIIe. XOopoIIo pa-
0oTaeT u B PU3MUYECKUX KaHAJIaX HU3KOTO KavyecTBa, 0OecreunBas CKo-
pocth nepenauu 1,2 — 64 Kour/c.

ISDN. ObecnieunBaeT Kak KOMMYTAIHIO KaHAJIOB, TaK ¥ KOMMYTa-
nuio maketoB U.25 1o 64-KHIOGUTHEIM KaHanam B . Moryt npenoc-
TaBIATHCS U 0oJiee BBICOKHE CKOPOCTH Iepelnaur AaHHbIX. Kak mpaBu-
710, Tapu(bl 32 UCIOJIB30BAHUE CETH PACCUUTHIBAIOTCS, UCXOMS U3 IUIU-
TETHHOCTH COEIMHEHUs, HE3aBHUCHMO OT KOJMYECTBA MepedaHHON HH-
(dhopmaruu.

Ilpomoxon Frame Relay (perpaHcisiuus KaapoB), OCHOBAaHHBIM Ha
WCIIOJIb30BaHUM KaJPOB MEPEMEHHOMN JIMHBI, MPECTaBIAeT Pa3HOBU/I-
HOCTh KOMMYyTaluu KaHanoB. CeTeBoil ypoBeHb y 3TOT0 MPOTOKOJIA OT-
CYTCTBYET, a JUIS MOBBILIEHHUS MPOIMYCKHONH CIIOCOOHOCTH MHOTHE OC-
HOBHBIE (DYHKIIMH YIPOLICHBI WIIM yCTPaHEHBI. ITO BBICOKOCKOPOCTHOM

* B-ISDN — mmpokomnonoctas cers ISDN (Broadband ISDN) ¢ untepdeiicom ATM.
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IPOTOKOJ AJIsl MOAACPKKH LHU(PPOBON ceTH 00IIEro AOCTyNa ¢ HHTETPH-
poBanHbIM oOcayxuBanueM (B-ISDN). On npeanaszHaueH i nepena-
YW pa3HBIX BUJIOB MH(POPMAIUKM, B OCHOBHOM /ISl MEpefaul JaHHBIX.
[IpoTokon HE COAEPKUT KOMIOHEHTOB JJI OCYIIECTBIEHUS KOHTPOJISI
IPOXOKACHUS M KOPPEKLMH OMIMOOK (KOTOpble UMeIoTCs B X25), mpen-
nojiarasi BRICOKOHaJICKHbIN QrU3ndecKuil ypoBEHb MepeIadH.

Texnonoeuss ATM (Asynchronous Transfer Mode), nimm pexxum acus-
XPOHHOH Mepeaadn, — OfHAa M3 CaMbIX IOCIETHHUX pa3padOTOK M B Hau-
OonbIIel CTENEHH OTBEYACT COBPEMEHHBIM INPUIIOKEHHSAM, SIBILSIACH Pas-
HOBH/IHOCTBIO KOMMYTAIIH MTAKETOB, MPU KOTOPOH HCIIONB3YIOTCS TYEHKU
(uxcupoBanHoro pasmepa (53 Oaiira). Tak ke, kak u B potokosne Frame
Relay, cereBoii ypoBeHb OTCYTCTBYET, @ MHOTHE OCHOBHBIE (DYHKLIMH €I B
OoutbIIIeil CTENeH! YIPOIIEHBl WA YCTPaHEeHbI JJIsl TIOBBIIIEHHUS TPOITYCK-
HOH cnocoOHocTH. Kpome TpamunmonHoro (it X.25 u Frame Relay) no-
HSTHUS «BUPTYaIbHbIC KAHAJIBI», BBEACHO MOHITUE «BUPINYAIbHBIC NYIMUY —
CBSI3Ka BHPTYAIIbHBIX KAHAJIOB C OJJMHAKOBBIMHA KOHEYHBIMH TOUYKAMH, Ta-
KHUM 00pa3oM, BCe STUEHKU CIISAYIOLIEro M0 BUPTYAIbHBIM KaHaJaM OJTHOTO
MYTH KOMMYTHPYIOTCSI OTHOBPEMEHHO. JTa TEXHOJIOTUS BKIIIOYAET B ceOs
LEJIbIA KOMIUIEKC CPEACTB: (pu3nyecKuil nHTepdeiic, TEXHUKY BBICOKOCKO-
POCTHOM KOMMYTAIIMK M TIepeadl JaHHBIX, YHU(PHUIIUPOBAHHYIO CETEBYIO
TEXHOJIOTHIO U T.N. CeTn Takoro THIA CIIOCOOHBI Iepe/iaBaTh CaMble pas-
JIMYHBIE BUIIBI HHPOpPMAIMU: pedb, BUIEO, TeKCT. CKOPOCTh Mepeaadn 3a-
BHUCHUT OT KOHKPETHBIX (PU3MUECKIX KAHAJIOB.

CKOpOoCTHBIE XapaKTePUCTHKH MEPEUUCTICHHBIX KaHAJIOB KOMMYTHpYe-
MBIX ceTeil IpeacTaBieHsl B Ta0. 4.1.

Craenatp BBIOOP M3 Pa3IMYHBIX BAPHUAHTOB BBIACICHHBIX JIMHUHA H
CXeM C KOMMYTAallel HEempocTO, a C YBEIMYEHHEM 4Hcia INpejasarae-
MBIX BapraHTOB B 90-e roJpl Takoil BEIOOp cTal elle CIoKHee.

B 3akmioduenue obcyxxaeHust Haubosee pacipoCTpaHEHHBIX KaHAIOB
Y HCIOJIb3YEMBIX B IVIOOAJBHBIX CETSIX, HECKOJIBKO CIIOB O TEXHOJIOTHIX
xDSL u xaGempHBIX Momemax. Texnonoruun xDSL ocHOBaHBI Ha Tipe-
BpalleHUH aOOHEHTCKOW JIMHUM OObIYHON TeneOHHOH ceTd B HUGpo-
BYIO, UTO M OTpakeHO B ux HazBauuu (Digital Subscriber Line — nudpo-
Basg aboHeHTcKas JuHMs). CyIecTByeT JTOCTaTOYHO MHOTO Pa3IMYHBIX
TEXHOJIOTHH, OCHOBaHHBIX Ha XDSL. OTH TEXHOJIOTMH PACCUUTAHBI Ha
BBICOKOCKOPOCTHYIO Iepefiady JaHHBIX Ha KOPOTKOM OTpE€3Ke BHTOH
napbl, CoeuHsroNIel abonenTa ¢ ommxkaiimeit ATC, T.e. pelieHue mpo-
ONIeMBI «IIOCIIEAHEH JTUHUWY», OTACISAIONICH MOTPEOUTENs OT HOCTABIIH-
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Ka YCIyT (BBICOKOCKOPOCTHBIX BBIAETICHHBIX JIMHUH), OCOOCHHO HEO0O-
XOJIUMBIX NpH foctymne B Internet.

OOmas uaest 3aKJIF0YaeTcss B TOM, YTO Ha OOOMX KOHIIaX aDOHEHT-
ckoii muanu — Ha ATC u y abOHEHTa — yCTaHABIMBAIOTCS Pa3ICIUTEb-
Heie punbTphl (splitter). HuskouactotHas (mo 3,5 kI'1) cocraBmnstomnas
CUTHaja 3aBOJUTCS Ha OObIUHOE TenedoHHOEe o0OpymoBaHHe (IOPT
ATC u tenedonHbIf anmmapar abOHEHTa), a BEICOKOCKOPOCTHAsI (BBIIIE
4 xI'm) wcmonmp3yercst Uil Nepeladyd JaHHbIX ¢ mnomoupto xDSL-
MOJIEMOB.

Ta6muma 4.1

KoMMyHUKaIIMOHHBIE YCITYTH M MX XapaKTEPUCTHKU

HexommyTrpyemast (BbIICIICHHAS) JIMHAS

Pazmep, 1-

3 3 4 s s 6 6 7
K6aiit/e 10 10-100 100 - 10 10° —10 10-10 100-10" | 10°-10

AmaroroBast
JIAHYS

4,8-56

Ciryx6a
1 poBOit
nepenaun

JIAHHBIX

2,4-56

T-1 1,54

Frame Relay 1,54 — 44,736

T-3 44,736

SONET 51,84 -2,488

KommyHnKaum* (cetn)

Monem 1,2-56

Kommyra-
LY [TAKETOB 2,4-56
X.25

ISDN 64—1,54

ADSL 16-9

Frame Relay 1,54 — 44,736

ATM | 25155

ITockonbky usndeckas TuHUS (Tapa MPOBOJOB) MEXIY aOOHEHTOM
n ATC no3BoJsieT nporyckaTh CUTHANI B mosioce 4yacToT Ao 1 M1, goc-

¥

Kommynukamust (M KOMMYHHKAIIOHHAsI CETh) MPEACTABISET COOOH cUCTeMy,
KOTOpasi COCIUHICT HEKOTOPOE YUCIIO YCTPOMCTB M OOecreunBacT mepenavy JaHHBIX
MEX]ly TUMH YCTPOHCTBAMHU.
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THOKAMBIE CKOPOCTH NIEpeAayy ropaszio BbILIE, YeM mpenen B 56 Kour/c,
YCTAHOBJICHHBIA M JOCTUTHYTHINA Uil OOBIYHBIX MOJEMOB. Bricokouac-
TOTHAs YaCTh MOJIOCKHI TIPOITYCKAHUS CUTHAJIA MOXKET Pa3JIeNAThCS MEXK-
Iy BCTPOCHHBIMH KaHAJIIaMH Pa3IM4HbIM criocobom. [Ipu gactoTHOM
paszenenun (FDM) yacTe cnekTpa oTaaeTcsl Ha nepeaady B OJHOM Ha-
NpaBJICHUH, YacTh — B JPYroM. [Ipy HCHOJB30BaHUM IXOTOIABICHHS
(echo-cancellation) Bcst oj10ca MCIIONB3YETCS IS MEepenadyn B 00e CTo-
POHBL, a K&KJ0€ YCTPOWCTBO NP NMPHEME U3 OOILEro CUrHajia BEIYUTAET
CHUTHaJI COOCTBEHHOrO nepenaTduka. [IpormyckHas crioCOOHOCTh MOXKET
OBITh KaK CHMMETPHYHOM, TaK U aCHMMETPUYHON. B cirydae nmoaxmoue-
HUSI TIOJIB30BATeNsl K ceTH Internet acMMMeTpusi BBITOAHA, TOCKOJBKY
MOTOK K a0OHEHTY (CTpaHUIBl TEKCTA, ayIUO- U BUIACONOTOKH) TOpasao
oonbiie obparHoro (3ampockl URL).

Haubonpmiee pacnpoctpanenue moiydmna acummeTpus ADSL
(Asymmetric Digital Subscriber Line), rme ckopocTs K aOOHEHTY
(downstream) no 6,1 Mowut/c, oT abonenTa — 16-640 Kout/c. CkopocTh
nepenayn K aboHEHTY KpatHa ckopocTu kanainoB E1/T1 (2,048; 4,096 u
6,144 Mout/c mns 6asoBoro kaHama El1 wmmm 1,544; 3,088; 4,632 u
6,176 Mo6wut/c ansa 6azoBoro kaHama T1). JlocTmxkumasi CKOpOCTh CBs3a-
Ha C JUIMHOW a0OHEHTCKOW JIMHAN M €€ Ka4eCTBOM (CeueHHE MPOBOJIOB,
MaTepHaj W30JILHH, ar CKPYTKU, OXHOPOAHOCTD M T.I.). MUHUMAIIb-
Hasl CKOPOCTh 00eCneunBaeTcsl Ha JIMHUAX UIMHOW 10 5,5 KM mpu aua-
Mmetpe nposoja 0,5 mm (24 AWG) u go 4,6 xm nipu 0,4 mm (26 AWQG).
Ckopoctb 6,1 MOuUT/c gocTHraeTcs Ha JUHHUIX JUIMHOW 10 3,7 KM NpHU
nuametpe nposoaa 0,5 MM u 1o 2,7 kM mipu 0,4 Mm.

UADSL (Universal ADSL), ona >xe DSL Line, — yny4iiennsiii Bapu-
anT ADSL ¢ MeHbIIMMHU CKOPOCTSIMHU (TIPH JUTMHE JIUHUU A0 3,5 KM CKO-
poctu 1,5 Mout/c u 384 KO6ut/c B pa3HbIX HampaBiCHHAX; NPH UTUHE
10 5,5 kM — 640 u 196 Kbur/c). YcrpoiicTBa mpocThl B YCTAHOBKE U OT-
HOCHUTETILHO HEJOPOTH.

RADSL (Rate Adaptive Digital Subscriber Line) — TexHonorus c
aJanTUBHBIM M3MEHEHHEM CKOPOCTH Mepeadu B 3aBUCMMOCTH OT Kaue-
CTBa JIMHUM.

HDSL (High Dana-Rate Digital Subscriber Line) — BEICOKOCKOPOCT-
Hasl TEXHOJOrHs, obecneunBaromas ckopoctu 1,536 nmm 2,048 Mout/c
B 00oux HampasieHusx. lIporsskeHHOCTh TUHUU — 10 3,7 KM, TpeOyet
YeTHIPEXIIPOBOAHOM JTHHUU.
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SDSL (Single-Line Digital Subscriber Line) — cumMmeTpu4Has BbICO-
kockopocTHas (1,536 umu 2,048 MoOwuT/c), HO Ha IBYXITPOBOAHOMN IMHUHN
MIpH ITTUHE JI0 3 KM.

VDSL (Very High Dana-Rate Digital Subscriber Line) — o4eHb BbI-
coKockopocTHas (mo 56 MoOur/c), cummerpuuHas. PaccrosHue 1o
1,5 kM. TexHoNOTHS BEChMa JIOpOra, HO paCCUMTAaHA M HAa KOJIJICKTUBHOE
ucrioyb3oBanue nuHUA. [locie pazpensromero QuibTpa Ha aOOHEHT-
CKOH CTOpPOHE MOXKET CTOSATh OJJMHOYHBIN MOJieM (WJIH KOHIICHTPATop), a
MOJKET TOJKIIFOYAThCS Yepe3 CIEUaATbHYI0 KaOeIbHYI0 MPOBOJIKY (KO-
aKCHaJIbHBIN Ka0ellb WM BUTAs Mapa) ¥ TPpyIina MOJIEMOB, pa3eiiss 1o-
JIOCY TIPOITYCKaHUS MPeAONpeeIEHHBIM 00pa30M.

st Toro uToOsI ucnonb3oBath XDSL, mpoBaiinep (onepaTop CBsI3M)
JIOJIKEH YCTaHOBUThL CBOe oOopymoBaHue Ha Teppuropuun ATC obcmy-
JKUBAEMOro aO0OHEHTa W COCJMHUTH €ro ¢ 0a30BOHM CEThIO Mepeaaydu
JAHHBIX KaHAJIOM JAOCTATOYHOM MpOU3BOAUTENHHOCTH. KOHEUHO, BO3-
MOXXHBI M YaCTHBIC CIIy4ad, Korjga ¢ momoinibio XDSL o0beauHsaoTCS
JIOKaJbHBIE CETH B 3MaHUAX, oxBadeHHBIX ogHoi ATC. YcraHoBka Mo-
nema ADSL wim UADSL Ha ctopoHe aOOHEHTa NpakTHYECKH HE OTJIU-
YaeTcst OT yCTaHOBKU 0ObIYHOTO Mojema. Ho texnomorun xDSL no3Bo-
JISIOT OJTHOBPEMEHHO M HE3aBHCHMO HCITIOJIB30BaTh OJHY U TY XK€ Tee-
(hOHHYIO JIMHUIO W JJIS TIEpeiayl TaHHBIX, U JJIs Tele(OHHBIX Tepero-
BOPOB, YE€TO HE TO3BOJSIOT OOBIYHBIE MOJIEMBI IJISI KOMMYTHUPYEMBIX
JIMHUM.

Kabenvnvlie modemvr mpemHa3zHayeHbl sl paOOTHl Yepe3 CeTHh Ka-
oenpHOro TeneBuaeHus (CATV), M KOTOPBIX UCHONB3YETCs MIHUPOKO-
MIOJIOCHBIN KOAaKCHaNbHBIH Kabems ¢ ummenancoM 75 Ow. Ilepemaua
JIAaHHBIX BEIETCS MapajuiebHO C BHACOBCUIAHHEM. DTH MOJECMBI K Te-
neOHHBIM CETSM HETOCPEJCTBEHHOTO OTHOIICHHS HE UMEIOT, OHU HC-
MOJIE3YIOT KaOelnbHOE XO3SICTBO OMEPaTOPOB YCIYT KaOeIbHOTO Telle-
Bunenus. Kak u ADSL, kaGebHbIe MOJEMBI aCHMMETPUYHBI: CKOPOCTh
K TIOJIb30BATEIII0 MOXKET JOCTUTaTh JECATKOB MErabadT B CEKYHIY, OT
MOJTL30BATEIS — 3HAUYUTENBHO HIKe. KabeapHbIe MOJIeMBI MOTYT OBITh U
CHUMITJICKCHEIMH — MOJEM TI0JIh30BaTENs TOJIBKO MPUHUMAET HUCXOIS-
i (downstream) MOTOK JaHHBIX OT MoJieMa OlepaTopa KaOeIbHOTO
TV. Ilpu sTOM Bocxosamumid (upstream) MOTOK JaHHBIX OT ITOJIB30BaTe-
751 AOJDKEH TepenaBaThcsl MO MHBIM KaHanam (Hampumep, ISDN nm
aHaJOTOBBIM MojaeMam). J[si ympomeHus: CTPYKTYphl KOMMYHHKAITAN
(HO HE 00OpyIOBaHMSA) KENMATENHFHO 00a MOTOKA MepeIaBaTh M0 OJJHON U
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TOM ke KabenmbpHOU ceT. Pa3BuTHeM uaen paslenbHON niepeaadn moTo-
KOB SIBJISIETCS MEepeadya HUCXOMSILIErO MOTOKA MO CIyTHUKOBBIM KaHa-
JaM, HO IIOKa YTO 3TO CIHUIIIKOM Joporasi TexHonorus. Kabembueie Mo-
JIEMbl B OCHOBHOM TIpeIHA3HAYCHBI JUISI MPEAOCTABICHUS OJIb30BaTe-
JsM Joctyna K cetu Internet ¢ BBICOKMMHU CKOPOCTSIMU MOJYYEHHUS HUH-
(dhopmaruu.

4.5. Internet: KkpaTkasi HCTOPHS, IPUHIUAIIBI IOCTPOCHUS,
ajgpecanysi, OCHOBHbIE PHJIOKCHHS

Internet ¢ TOUKH 3pEHUs] TEXHUYECKUX CPEICTB — OOBEIUHEHHUE Ce-
Teil caMoro pa3iIMyHOro Maciutada, COCTOSIIINX M3 MUJIJTMOHOB KOMIIb-
IOTEPOB, HUMEIOMINUX €IWHbIE aNlapaTHO-HE3aBHUCHUMBIE MPOTOKOJIBI
CpeIHEero ypoBHS (TPaHCIOPTHBIE M CETEBBbIE aJpPECHBIE), UCIOIB3YIO-
IIMX caMble pa3HOOOpa3HbIe KaHANbI CBA3M C PA3IMYHBIMH MPOTOKOJA-
MU KaHAJIBHOTO U (PU3HYECKOTO YPOBHSI.

C ToukM 3peHHus MoJib3oBaTess, Internet — rimobansHOe MH(OPMALIMOH-
HOE IIPOCTPAHCTBO, 3HAYUTEIBLHO PACIIMPSIONIEE TPAAULIMOHHbIE CPEACTBA
TeJIeKOMMYHUKauuii. MHpopMays B 3TOM MPOCTPaHCTBE MOXKET COXpa-
HSTBCS H TI0 Mepe HaJIOOHOCTH MHOTOKPATHO BOCTIPOU3BOJIUTHCSL.

IIpunsto cunrate 1969 r. Hauanom uctopuu Internet, korga 8 CILIA
Obuta coznana cetb KoMnbioTepoB ARPANET. Ananorunyno OonbIunH-
CTBY COBPEMEHHBIX TeXHOJOruil Internet HaunHaiCca Kak BOGHHAs MpoO-
rpaMMa, pokJeHHas B Heapax Munucrepctsa oboponst CHIA. IlepBo-
HayaJIbHBIC 3aMBICIBI IO CO3JAHHIO KOMITBIOTEPHBIX CETe aOCOMIOTHO
HE IpeArnoiaraiyd COBpeMEeHHYI0 rinodann3zauuio. OCHOBHAA 3a/1a4a, KO-
TOpas peliajach Ha HadaJbHOM dTale, CBsi3aHa C CHCTEMaMH PaHHEro
OTIOBELICHNUSI — CPEACTBO OOECIeYeHUs] NMPAaBUTEILCTBEHHON CBS3M Ha
ciyuail saepHod BoWHBI. Pemienue 3Toil 3amauu ObLIO BO3JIOKEHO Ha
ATEHTCTBO TIEPEJOBBIX HCCIeI0BaTeIbCKUX MHpoekToB (Advanced Re-
search Projects Agency — ARPA) MununctepctBa o6oponsr CIIIA.
UpesBbI4aiiHO TUIOAOTBOPHBIE MJIEH, 3aJI0KEHHBIE U BIIOCIEICTBUM pea-
JU30BaHHBIE B MPOEKTE, SBUJIKCH CIEACTBHEM IOMYJISPHOCTH STHX Ce-
teil. [lpuHIMIHATBHBIM TIPH Pa3pabOTKe CETH CUUTATOCH TO, YTO CETh
HE JOJDKHA OBITh LIEHTPATM30BaHHON, COCTOATH M3 OTHACIIBHBIX CETMEH-
TOB (tatters — JIOXMOTBs), KaXKIbIi y3€JI CETH SIBJIICTCS HE3aBUCHUMBIM OT
OCTaJIbHBIX Y3JIOB M CaMOCTOSTENILHO OTBEYAeT 3a MpPHEM U Iepenady
coobuienuii. B ocHoBy wuH(pOpManuoHHOro oOMeHa OBUT TOJIOXKEH
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NPUHIMII KOMMYTalUUH TakeToB. B paboTy Hax co3naHueM npoekTa Obl-
nu BKJIroueHs! Beaymue yausepeutetsl CLHIA (MTU, KAJITEX u np.).
B 1969 r. B ARPA 0bu10 NIpUHATO penieHne 00beANHUTh CYIEPKOMITh-
I0Tepbl O0OPOHHBIX W Hay4yHBIX ynpasisomux neHtpo CIHIA B enu-
Hyro ceth noj HazBaaneM ARPANET. B 1969 r. ata cetp 00beanHsIa
yeTslpe KommbioTepa, B 1971 1. — 14, B 1973 r. — 30. 3atem npouecc
npuoOpen JIaBUHOOOpa3HbIi xapaktep. Copa3paboTuuKaMu U y3JaMH
C03/1aBaeMOil KOMMYHHKAIMOHHOW HH(pacTpyKTypsl craiu: Hammo-
HanpHBIA Hayuneld (onn (NSF), MunucrepcrBo suepretuku (DOE),
MunucrepctBo o6oponsl (DOD), ArentctBo 3npaBooxpanenust (HHS),
HammonansHoe aspokocmudeckoe areHTcTBO (NASA). C 1989 r. 00be-
JUHEHUE 3THX CeTel M MPUHATO HasbiBaTh Internet (Arpanet x 3ToMy
BpPEMEHH BHIIIEN U3 3TOro o0beauHeHus ). K HacTosmeMy BpeMeHH y3-
nbl Internet cymecTByrOT Ha BceX KOHTHHEHTaX, TOUHYIO IH(pPY y37I0B
ceTell Ha3BaTh OUEHB CJIIO)KHO, TAK KaK OHA ITOCTOSTHHO U3MeHseTcs. EB-
pormeiickasa JacThb Internet Hocut Ha3zBanme EUnet. Cpenn poccuiickux
cerell kpynHeiel siensiercss Relcom — Reliable Communications (Ha-
JIe)KHbIE KOMMYHUKauu) — nonHoe HasBanme EUnet/Relcom. Jlocta-
TOYHO MOMYJSAPHBI TAKXKE CIEAYIOLINE CETH:

Sowam Teleport — xoMMepYecKasi CeTh, OPUEHTUPOBAHHASI HCKITIO-
YHUTEIBHO HA KOMMEPYECKUE OpraHnu3aIiHg;

FREFEnet (The Network For Research Education and Engineering) —
HEKOMMeEpUeCcKasl CeTh, CO3JIaHHasl JIUIsl OObEIMHEHUSI CeTel HCClle0Ba-
TEJIBCKUX OpraHUu3aLuii;

RADIO-MSU — Toxe HeKOMMepUecKasi ceTb, 00beauHsIomas Gpusn-
YecKHe LEHTPbI aKaJeMUH HayK;

Runet — ceTb pOCCUICKNX YHUBEPCUTETOB.

GLASNET — HenpaBUTENbCTBEHHAs,, HEKOMMEPYECKAsl CETh, CIIOHCH-
pyemas CILA.

KonmuecTBo cereit B Poccun yBenmunBaetcs. OiHa U3 XapaKTepHBIX
ocobeHHOCTeH ceTeil Internet Ta, 4To BrepBble ObLT TEXHHUYECCKH peali-
30BaH MPHUHLUI KOMMYTalllU MaKeTOB, BECbMa ya4HO pa3padOTaHbl B
1982 r. nportokossl TCP/IP u ux uHTErpamnus ¢ oneparuoHHON CHCTe-
moit UNIX.

Heckonbko cnoB o nporokonax B ceTsax Internet. Xotsa cTek mpoto-
koJIoB Internet, n3o0paxeHHbIi Ha pHc. 4.12, HE TOTHOCTHIO COOTBETCT-
BYET STAJIOHHOM MOJIeNN, PACXOXKICHH C HEil He OUeHb BEJTUKH.
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3nech cremyeT OTMETUTh, YTO CYIIECTBYET JIBAa BHAA CTaHAAPTOB —
NPOMBILIJICHHBIE CTAHAApPTHl (HaIpUMep, Te, KOTOphIe pa3padaThiBacT
ISO) u crarnapthl de facto, Kk KOTOPHIM MOKHO OTHECTH PsiJi CTAHAAPTOB

I'BC Internet.
=]

Application
v Packet
Transport ]
I Datagram
ey
Internet

Frame

| Network interface

| Hardware |

Puc. 4.12. Crex nporokosos Internet

IlepBbiit ypoBernb Hardware cooTBeTcTBYyeT (DU3MYECKOMY YPOBHIO
STaJOHHOW MOJIENIM U TaK e, Kak U BTopoil ypoBeHs Network interface,
COOTBETCTBYIOIMH KaHAIbHOMY YPOBHIO, OTBETCTBEHHOMY 32 METOJBI
JIOCTYTA K KaHaJy W JIOTUKY Tiepefaun Gu3ndeckon cpepl (YIakoBbIBas
nakeTsl B Qopmar, uMeHyembiii kaapamu, — FRAME), He siBnsiercst xa-
pakTepHbIM MpoTokoioM Internet. OCHOBHBIMHU Ha3BIBAIOTCS IPOTOKOJIA-
mu TCP/IP Tpetbero u uerBeproro ypoueil. Internet mportoxon (IP),
o0ecreunBarOIMi ajpecalio 1 MappyTuanuio nakero (Datagram),
COOTBETCTBYET CETEBOMY YPOBHIO 3TaJOHHON Mozaenu. OH He rapaHTupy-
€T COXpaHEHHE MOPsIIKa U [EeJTOCTHOCTU MOTOKA IMAKETOB U HE Pa3inyacT
JIOTUYECKHe OOBEKTHI (TIPOIIECCHI ), TOPOKIAIONIHE TOTOK HH(OPMAITUH.

Cnenyromuii ypoBeHb cTeka mpoTokonoB Transport, wnu TCP,
BKJIIOYaeT B ceOs JBa MPOTOKOJA, TaKKE OTHOCALIMXCS K OCHOBHBIM
nporokonaM Internet, He 3aBUCHUMBIM OT (M3MUECKOTO KaHaja repesa-
gn. 310 nporokon TCP (Transmission Control Protocol) — mporokomn
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ynpasnenus nepeaadeid, u nporokona UDP (User Datagram Protocol) —
JedTarpaMMHBIA TIPOTOKOJM MepeAadyn JaHHBIX. JTOT YPOBEHb COOTBET-
CTBYET IBYM YPOBHSM 3TaJOHHOW MOJENH: TPAHCIOPTHOMY M CEaHCO-
BoMmy. [Iporokon TCP, win mpoTOKON ¢ yCTAHOBICHHUEM COCTUHEHUS,
paboTaeT B pexuMe BHPTyaJbHOTro KaHana CBsi3M (pa3duBaeT cooOre-
HHE Ha TaKeThl P Tiepeiave, COOUpaeT X B MPABIIBLHOM IMOPSIKE Ha
MpHeMe U OTBEYAET 3a IEJIOCTHOCTh MOTOKA JTAaHHBIX) U 0OecleynBaeT
npaBuia poBeaeHus ceanca cBs3u. [Iporokon UDP pabGotaer B neiita-
TPaMMHOM PEKUME, He KOHTPOJIUPYsI MOPSIOK TOCTAaBKH MAKETOB M UX
[ENIOCTHOCTh, HO B OTJIM4ne OT [P crmocobeH pazinuyarh MpUITOKEHUS
(KOTOpBIX Ha OJHOM y3Ji€ MOXET OBITh HECKOJBKO) W IMepeaaBaTh WH-
(hopmanuio K Hy>KHbIM HPHIIOKEHHSIM.

BepxHuii ypoBeHb cTEka MPOTOKOJIOB Internet — MpOTOKOJBI PUIIO-
xenuit (Application), KOTOpEIE MEpear0T TPAHCIIOPTHOMY YPOBHIO CO-
obmenus (Message) B HeoOxoaumom dopmare. [Iporokonsr Application
BKJIIOYAIOT B ce0s MpenCTaBUTENbHBIA M MPUKIAJAHON YPOBHU 3TaJlOH-
HOH MOJienu.

Takum 00pa3om, OCHOBY IPOTOKOJIOB Internet coOCTaBIAIOT MPOTOKOI
ceteBoro ypoBHs [P u mpoTtokons! TpancnoptHoro ypoBHs TCP u UDP,
BBIOOP KOTOPBIX CBSI3aH C BUJIOM MPHIIOKEHUI W TUIIOM HCIIOIB3yEeMOTO
KaHaJa CBSI3H.

VYuuteiBas, yTo Internet 00beOUHAET NECATKH, @ TO U COTHH MHII-
JMOHOB KOMITBIOTEPOB, BEIOOP CIIOCOOOB aJipecalui SABISETCS aKTyallb-
HOW 3aJ1a4eii, onpeaenstoriei 3(hheKTUBHOCTb padoThI ceTh. [P-adpec —
NOCJIE0BAaTEILHOCTD, COCTOSIIAs U3 4YeTblpex OaiToB. IIpuHATO Kax-
OBl OaiiT ATOM MOCIen0BaTENFHOCTH 3alUCHIBATh B BUIE JECSITUYHOTO
YHCIIa, pa3JIeIEeHHOr0 TOYKaMH, HalpuMep:

192.171.153.60

Kaxxmoe MecTo moIcoeIMHeHHS K ceTeBOMY MHTepQeiicy umMeeT CBOi
[P-anpec. Axpec COCTOUT M3 ABYX YacTel: ajpeca CEeTH U aJpeca XocTa.
ITox xocmom NMOHUMAIOT JIOOOW KOMIIBIOTEP WM JPYroe YCTPOUCTBO
(mpuHTEp, TEPMUHAI W T.I.), BKJIIOYEHHBIE B ceTh. CyIIECTBYET ISTh
kiaccoB IP-ampecos, puc. 4.13 (ID — Identification Data — unenTuduka-
TOp CETH-XOCTa).

PazbuBka cereli Ha knaccel A, B, C cBs3aHa ¢ pasaelieHueM uX 10
MacmTabHOCTH (robansHOCTH). KonmuecTBo ceTeil 1 XOCTOB B KaXKIOM
Kjacce ajapecanuu mpencrasieHo B Tabn. 4.2. Ilpu paspabotke IP-
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aZIpecoB MPEAIoiarajgock, YT0 3TH KiIacchl OyIyT HCIOIB30BATHCS IO
paznuuHOMy HazHadeHMIo. Kmaccel D m E 3apesepBupoBaHbl 1ox crie-
[IAATBHBIC HYXKIbl. YUHUTHIBAs, 4TO caMble Menkue ceTH (kimacc C) ume-
10T BO3MOXKHOE KOJIMYECTBO y3JIOB 254, a B pealbHbIX (PU3MUYCCKUX Ce-
TAX WX OBIBACT 3HAYMTEIHHO MEHBIIE (HAIpPUMEp, CETMEHT TOHKOTO
Ethernet gomyckaet Tonbpko 32 y31a), BaKHBIM 3JICMECHTOM aJ[PECHOTO
npoctpaHcTBa Internet siBistorcst moacetu. Cxema pa3OHeHUs aapecHO-
ro IPOCTPaHCTBA CETH HA MOACETH MpeAcTaBieHa Ha puc. 4.14. 13 sto-
r0 pUCYHKa BHJHO, YTO OJWH M TOT XK€ y3el UMeEeT [Ba aapeca, COOT-
BETCTBYIOIIIUE aJipecaM TOJACeTH (KaXIblii HHTepdeiic nMeeT CBOH aj-
pec), KoTopsle oH o0beauHseT. i agpecay noaceTel UCIoab3yeTcst
yacTb [P-ampecos, 3akpemnieHHas 3a HOMEpPaMHU XOCTOB.

01234 8 16 24 31
Knacc A
0 NetlD HostlD
KraceB | 119 | NetD HostID
Knacc C 1 1{0 NetlD HostlD
KnaceD | 1 1 110 I'pynnoBoii anpec
Knace E 1 1 1 1 | 0 |3ape3epBupoBaH JUlsl OCIEAYIOLIETO UCIIOIb30BAHUS

Puc. 4.13. Knaccer anpecos Internet

Uwucnosas anpecanyusi yAoOHa Jjisl MalIMHHONH 0oOpaOOTKU TaOuIl
MapLIpyTOB, HO OHAa OYEHb HEyAOoOHa AJISI MUCIIOJIB30BAHUS YETOBEKOM.
Ota npobnema, a Takxe npodiema 3)(HEeKTUBHOTO PACIPEACIECHUS Or-
POMHOTO KOJIMYECTBa aJipecoB B Internet pemraercs ¢ MOMOILIBIO OOMeEH-
Hou cucmemvl umen (DNS — Domain Name System), umeronient uepap-
XHYECKYI0 CTPYKTypy. KaxkmoMy XOCTy mpHCBamBaeTCs CHUMBOJIBHOE
UM, OTpakaroliee Hauobosee XapakTepHbIC €ro YepThl.
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Tabnuua 4.2

KoaudecTBo cerei 1 XOCTOB B Pa3IMYHBIX KJIacCaxX aApeCcoB Internet

Knacc | [Inana3on 3nauenuii | Bo3moskHoe konndectBo | Bo3MokHOE KOIMYECTBO
MEPBOTO OKTETA cereit Y3JI0B

A 1-126 126 16777214

B 128 — 191 16382 65534

C 192 - 223 2097150 254

D 224239 - 2%

E 240 - 247 - 27
’J—‘144.206.130.138 — 'J_‘ 144.206.130.3
L | -

Moacetb 144.206.130.0

T1 44.206.130.137

MoaceTb 144.206.160.0

—

144.206.160.40

’J_‘1 44.206.160.32
L

144.206.160.33

?

Puc. 4.14. Cxema pa30ueHHs aipeCHOTO IPOCTPAHCTBA CETH Ha MOJCETH

Lomen mpencraBnsier coOoOil Tpymmy ceTed, HaXONAMMXCS MO
yIpaBJIeHUEM OJHOI OpraHu3aliy, HAapUMep KOMIIAHUH WM TpPaBU-
TEIbCTBEHHOT'O areHTCTBAa. J[OMEHBI UMEIOT HePapXHUUECKyI0 CTPYKTYPY,
T.€. OHU MOTYT COCTOATBH U3 Psiia MOJUMHEHHBIX €My AOMEHOB. MMeHa
JIOMEHOB OTPaKaIOT 3Ty HEPAPXUUECKYIO CTPYKTYPY.

Wepapxusi JOMEHHBIX UMCEH, aHAJIOTUYHAs uepapxuu (aiios, mpu-
HATOH B (hallyIOBBIX CHCTEMax, MpeacTaBieHa Ha puc. 4.15.

Honnwiti aopec Gopmupyercs crpaBa HajeBO I00aBICHHEM HMEH
BJIO)KCHHBIX JIOMEHOB, pa3lelICHHBIX TOYKOM. Jljisi oToOpakeHHsS HO-
MEHHBIX UMEH Ha ajipeca [P cymecTByer pacnpenencHHas 6a3a JaHHBIX
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DNS, ncnonp3ysi KOTOpYIO Y376l MOTYT NpPEoOpa3oBBIBaTh JOMEHHBIC
azapeca B uncieHHsle aapeca [P. [Ipu aTom KaapIil y3en XpaHuT TOJIBKO
4acTh 3TOH 0a3bl, ONpeAeNsIomell axpeca HWKHET0 HEepapXHIecKoro
ypOBHs. OTUM U obecrnieunBaeTcs 3QPEKTUBHOCTh TIOUCKA.

org org

sample sample.org
simple.org

first.simple.org tiger.simple.org

first

ivs.simple.org

ivs tiger
tiger first.simple.org

tiger

[Ipumep uepapxuueckoit o- ITonHble nOMEHHBIC HMEHA Y3JI0B
MEHHOH CHCTEMBI HMEH

Puc. 4.15. Uepapxus JOMECHHBIX UMEH

[Ipu co3nanunm Internet B cetu OBIIO OMpPENENeHO HECKOJIBKO doMe-
HO8 8epxXHe20 YPOoBHs, PA3NEISIONINX TOMEHHBIE aJpeca Mo UX MpHHA-
JIEKHOCTH K Pa3NMYHBbIM OPTaHU3ALMSAM:

gov — NIPaBUTEIBCTBEHHBIE OPraHU3aLHH;

com — KOMMepYeCcKHe OpraHu3alluy;

org — HEeKOMMEpUEeCKHe OpTaHn3alluy;

edu — UCcnenoBaTeNbCKUEe OPraHUu3allii U YHUBEPCUTETHI,

net — OpraHU3alUy, 3aHUMAIOLINECS CETEBBIMU TEXHOJIOTHSMH.

ITocne Beixoma cetu 3a mpeaensl CIIA B HEl TMOSABIINCH JOMEHBI
0oJiee BBICOKOTO YPOBHS, IPUHAICKALINE pa3InuHbIM cTpaHaMm. [Ipen-
CTaBUM HEKOTOpPBIE U3 HUX:

au — ABcTpus;

fr  — OpaHuus;

de —T'epmanus;

ie — HWpnangus;
il — Wspauns;
it — WUramms;
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nz — Hosas 3emannms;

ru — Poccuiickas ®enepanus;

us — CHIA.

Korna rosopsar o0 ucronszoBanuu Internet, peus uieT 06 UCHONB30-
BaHWU MPUKIATHBIX MPOrpamM, MOIACP)KHBAEMBIX pPa3IMYHBIMHA NpH-
KJIQAHBIMH TPOTOKOJIaMH. MOKHO BBIIEIUTH JBE TPYMHIBI TaKUX IpO-
rpaMM: K IEpPBBIM OTHOCSTCS TeIEeKOMMYHUKAIMOHHbIE MpPOTPamMMEl,
BXOZSIIME B COCTaB OCHOBHBIX onepanroHHbIx cucteM (OC) 6onpnx u
MaJIbIX KOMIIBIOTEPOB.

K takum mpunoxkenusiMm OC MOXHO OTHECTH CIEAYIOIIHe:

Telnet, win 3MyJsIMs TEPMHUHANA, 00ECIICUNBAECT NOAKIIOYCHUE Ba-
IIEro TEpPMHHANA K YOAJIEHHOMY KOMIBIOTEPY M HCIOJIB30BAHHE €T0
pecypcos;

FTP (File Transfer Protocol), oOecneunBaeT mpueM M mepenady
¢aitnoB mexny xkoMmnbsroTepamu (porokon FTP Taxke mpengocrasisiet
cepBepy cCpeicTBa Ui HIACHTU(DHUKAIMW KIHUCHTA, XOTS CYIIECTBYET
oueHp Oonbioe konndectBo FTP-cepBepoB ¢ aHOHUMHBIM JIOCTYIIOM
JUTSL BCEX JKEJAIOIINX );

E-mail — >nexTpoHHas 10YTa, SIBISETCS OJHUM U3 CAMBIX PAaHHUX U
HanOoJiee TOMYJSIPHBIX TpUMEHEHHH Internet (cymiecTByer OYeHb
00bIIOE KOJUYECTBO MOYTOBBIX MPOrpaMM C Pa3IMuHBIMU HHTEpdei-
camMt ¥ QyHKIHOHAJILHBIMA BO3MOKHOCTSIMH).

IlosiBeHue Internet npuBeno K NOSIBICHUIO MHOYKECTBA HOBBIX IIPU-
JIOKCHUH, CBA3aHHBIX, MPEXJIE BCEro, ¢ pacnpesieseHneM HHpopMalu-
OHHBIX PECYpCOB 3TOH riio0anbHON cet. Cpenu pacmpelesieHHbIX WH-
(hOopMaLOHHO-TIOUCKOBBIX CHCTEM, KpOME TpPaJWLHOHHBIX, IOCTPOCH-
HBIX Ha MPUHIUIE HEePapXUUEeCKUX KaTaJoroB aMEpHKAHCKUX CHUCTEM
Gopher 1 WAIS, cnenyer oco6o oTMeTuTh pazpadotannyo B 1989 r.
corpyaankom CERN” Tumom Beprc JIu Tak Ha3bIBAEMYIO BCEMHPHYIO
NayTHHY — TIOMCKOBYIO WH(OPMAIMOHHYIO CHUCTEMYy BCEMHPHOH pac-
MpeJielIeHHON 0a3bl JaHHBIX — PaclpeNeeHHYI0 THIEPTEKCTOBYIO WH-
¢dopmannonnyio cucremy World Wide Web (WWW). O6uiiactu pacnpo-
CTpaHEHHUs 3TOM CHCTEMBI CTPEMHUTENbHO paciupsorcs. Pa3paborana
pa3BuTas cUCTeMa MHCTPYMEHTAJIBHBIX CPEICTB MOJTOTOBKU THIIEPTEK-
cToBoii MHpopmauun. CymecTByeT OOJBIIOE KOIUYECTBO MPOrpamMM

* CERN (Conceil Europeenpourla Recherche Nucleaire) — Eponeiickas opranusa-
UA 110 AACPHBIM UCCIICA0OBAaHUIM.
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(6poy3epoB) ¢ pazIHMYHBIMU HHTEUICKTYIBHBIMH BO3MOXHOCTSAMU JUIS
YTEHUSI TUIIEPTEKCTOBOM MHPOPMALHH.

B 3akmiouenue ciegyer oTMETUTh, uTo Internet — He eMHCTBEHHAA
I'BC Takoro turma.

JoBonsHO mmpokoe pacnpoctpaneHne nomyuwia ['BC BITNET
(Because It's time NET-work), o0benunstomias 6onee 1500 opranusa-
nuit u3 52 crpan. EBpomelickag yactb 3Toi cetn Ha3wiBaeTcsi EARN
(European Academic Research Network). CeTp mocTpoeHa Ha OCHOBE
cragnapta IBM — NJE (Network Job Entry), ucmomszyemoro B onepa-
OUOHHOHM cucteme MmeiHppeiiMmoB IBM — MVS. Onaum u3 Haubonee
nonysApHbIX pecypcoB BITNET sBrsercs cuctema MOYTOBBIX CIUCKOB
LISTSERV. B Internet nMeroTcs IUTIO3BI VT JOCTYTA K TUM CITUCKaM.

4.6. JlokajJbHbIe BHIYUCIUTEIbHbIE CETH,
PA3HOBHIHOCTH MPOTOKOJI0B KAHAJIHHOTO YPOBHSI,
TeXHHYecKHe CPeiCTBa, ucnojb3yemble JIBC

Jlokaneueie BerumcnutensHble cetd (JIBC) Havanmm ncnomb3oBaThes
¢ cepeauHbl 70-X TONOB B pe3ylibTaTe MaJeHUs IIEH Ha 3JICKTPOHHBIE
KOMIIOHEHTBI, PacIIMpeHUs BO3MOXHOCTEH TEPMHUHAIBHBIX YCTPOMCTB,
TIOSIBIICHUSI MHTEJUICKTYAIBHBIX TEPMUHAJIOB, a 3aTeM U TEePCOHAIBHBIX
KOMITBIOTEPOB. B pe3ynbraTe KOJIMYECTBO Pa3iMyHOTO 00OPYIOBAHHUS,
YCTaHOBJICHHOTO B YUPEXICHMSX, IIKOJaX, YHUBEPCUTETaX, 3aBOJIaX U
T.I., Bo3pociyo. O6nagaTteny AEUIeBbIX KOMIBIOTEPOB HAYalHd TOUCKHU
TEXHUYECKH JICHIEBBIX METOJOB UX COCTUHEHHUS MEXIy co00il. ITO CBS-
3aHO C MPUMEHEHUSIMH, TPEOYIOUIMMHU ONEPATUBHOIO HCIOIb30BAHUS
HEHTpaNbHOTO OaHKa JaHHBIX (B cOepOaHKax, OyXralTepHsx, Y4eOHbIX
Kjaccax M T.II.), KOJUIEKTUBHBIM HCIIOJIB30BAHUEM JOPOTOCTOSIICH Iie-
pudepnn, Takol, KaK HAKOIUTENH OOJbIIEH €MKOCTH, BEICOKOKAYeCT-
BEHHas MevyaTh (J1a3epHble IPUHTEPHI) U MHOT'OTO APYTOTO.

CpencTBa cBsI3U, IPUMEHSEMBIE B TII00ATBHBIX BHIYACIUTEIBHBIX Ce-
TSX, HELEeJIeco00pa3HO HCIONb30BATh B JAHHOM CIIyyae U3-3a TOTO, 4TO
OHU OPHEHTHPOBAHBI Ha Tepe/ady JaHHBIX Ha OOJBIIME PACCTOSHHUSL.
JJist cBSI3W BHYTPH OJJHOTO 3/IaHUSI MOYKHO HCIIOJIB30BaTh ropasio bomnee
JICIIEBBIE U MTPOCTHIE PEIICHNUS.

B 10 Bpems, kak rinobanbHBIE CETH MOTYT OBITH OOIIEIOCTYIHBIMU
WM YaCTHBIMH, JIOKaJIbHBIE CETH, KaK MPaBWIIO, MIPUHAJIEKAT TON XKe
OpraHu3alyy, KOTopas CoeluHsIeT UMU cBoe obopynosanue. Llens pas-
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pabotunkos JIBC 3akmiouaercss B HAXOKICHUU MPOCTOTO U ACLIEBOTO
peieHus st OObEANHEHHS B BBIYHCIUTENFHYIO CETh HECKOJIIBKHX Jie-
CSITKOB KOMITBIOTEPOB, HAXOMSIIMXCS B ONHOM 37aHuu. Jlnst ympoire-
HUSI, & COOTBETCTBEHHO YJICIICBIICHUS allapaTHbIX M MPOrPaMMHBIX
CpeAcTB Pa3pabOTYMKH TEPBBIX JIOKAIBHBIX CETeH OCTAaHOBWJIUCH Ha
COBMECTHOM HCIIONIb30BAHUU JJIsi BCEX KOMITBIOTEPOB €IUHOM pasfe-
nsiemoit cpenbl (Shared media), ucronb3yeMoll KOMITBIOTEpaMU B pe-
xume pazgenenus Bpemeu (TDM — Time Division Multiplexing).

[Ipu ucnonp30BaHNM B JOKAIBHBIX CETSIX OYEHb MPOCTHIX KOH(pHUTY-
panuii (oO11asi MKHA, KOJIBIO) HAPSTY C TOJIOKUTEIHHBIMA UMETH Me-
CTO M OTpHUATENbHBIE MOCIEACTBUS, U3 KOTOPHIX Hamboyee HEmpusT-
HBIMHU OBUTH OIpaHWYEHUS 10 IPOU3BOJUTEIBHOCTH U Hage:xkHOCTH. Ha-
JWYUE TOJILKO OJHOTO MYTH Tepenayd HHPOPMALUH, pa3aesieMoro
BCEMH Y3JIlaMH CETH, OTPAaHWYHMBAJIO TMPOMYCKHYIO CHOCOOHOCTH CETH
IPOIYCKHON COCOOHOCTBIO 3TOr0 MyTH (KOTOpasi AETUTCS, B CPEIHEM,
Ha YHCJIO KOMITBIOTEPOB B CETH), a HAJACKHOCTh CETH — HAJICKHOCTHIO
aToro mytu. [1oaTOMy IO Mepe pocTa MOMyJISIPHOCTH JIOKAJbHBIX ceTei
U paciuupeHust cepbl UX TPUMEHEHHS HAMETUIOCH JBIKEHHE K OTKa3y
OT pa3zeisIeMBIX CpeJl Mepeadn JaHHbBIX B JOKAIBHBIX CETSIX U MEpexo-
Iy K IPUMECHEHHIO aKTHBHBIX KOMMYTATOPOB, B KOTOPBIX KOHEYHBIE y3-
JBI TIPUCOEAUHSIOTCS K WHAWBHIYaTbHBIM JIMHUSM CBs3U. B dmctom
BHJIC TaKOW MOJXOJ mpeuiaraetcs B TexHonoruu ATM, a B TEXHOJIOTU-
X, HOCSIIUX TPaJAWIIMOHHBIC Ha3BaHMs C mpucTaBkoi Switched (koM-
mytupyemsbie), Switched Ethernet, Switched Token Ring o0ObrunO uc-
MOJIb3YETCsI CMEIIAHHBIA MOJXO0/l, COUYETAIOMINI pa3aensieMble U UHIU-
BUAYyallbHBIE CPEAbl Iepelauyd JaHHBIX. Yaie BCero KOHEYHBIE Y3JIBI
COCJIMHSIOTCSI B HEOOIBINNE pa3jieisieMble CETMEHTHI C MOMOIIBIO T10-
BTOPHUTENEH, a CETMEHTBI — JPYT C APYIOM C MOMOIIBIO HHIUBUIYaJIb-
HBIX KOMMYTHPYEMBIX CBSI3CH.

TakuM 00pa3oM, BHYTpU 0a30BBIX CTPYKTYp MO-TIPSKHEMY pabOTar0T
BCE TE e MPOTOKOJIBI Pa3/ieNsieMbIX €IUHCTBEHHBIX Cpell Tiepe/iadu JaH-
HBIX, KOTOpBIE ObLIH pa3paboTaHbl Ha HaYILHOM 3Tarie nosisiaeHus JIBC.

Wznauyansao JIBC umenu ciexyromiye xapakTepHble O0COOSHHOCTH,
otimyaromue ux ot I BC:

paboTaeT TOJNBKO HAa OIPAaHUYCHHOW TEPPUTOPHUH (KaK MPaBHIIO, ITO
TEPPUTOPHUS OJHOTO 3AaHUS WM pabovyero y4yacTtka, a ee MpOTSHKEH-
HOCTh OT HECKOJIBKMX COTEH METPOB JI0 KHIIOMETPA);
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CKOpOCTb  IepeJadd  JaHHBIX  I[IEPBOHAYAIBHO  COCTaBJsUIa
1 — 20 Mb6ur/c, B coBpemennbix JIBC ona pasaa 100 — 200 Mowurt/c, a B
HekoTopeix JIBC goxomur 1o 10* - 10° Méur/c;

OCHOBHOH Tepenaronieil cpeioil Ha HavyallbHOM 3Tare SIBJISUIUCH BU-
Tas mapa U KOaKCHaJbHBIM Kadelnb, a B IMocienHee BpeMs Bce OoJbliee
pacrpocTpaHeHue MoJTydaeT ONTUYeCKUN Kabelb, a Takke OecrpoBOJI-
HBIC KaHaJIbI CBSI3M;

K OCHOBHBIM TOMOJIOTHSIM, Hcnonb3yeMbiM B JIBC (mononocust B xoH-
TEKCTEe KOMIBIOTEPHON CETH 03HAYaET CIIOCO0 COEIMHEHHMS APYT C IPYroM
OKOHEUHBIX CHUCTEM WJIM CTaHIIWi), OTHOCSATCS IIIMHA, KONBLIO U 3BE3/a, a
TaKKe CYMEepHO3HLIS 3THX CXEM B BHIE JIepeBa U T.11. (puc. 4.16);

UCIIOJIb30BaHUE METOJa KOMMYTAllMM MAaKeTOB MPH MOJIHOM OTKase
(B orimmume ot I'BC) oT kOMMyTaIiu KaHajoB;

OTIEPATUBHOCTH BBITIOJIHEHHSI 3allPOCOB — BpEMs MPOXOXKACHUS 3a-
npocos B JIBC ropasno mensme I'BC.

IIpu Bcem pazmuuun JIBC u I'BC mo mepe pa3BUTHS 3THX CHIBHO
OTJIMYAIOIINXCS Ha HaYaJ bHOM JTalle CETEBBIX TEXHOJIIOTHH MPOUCXOTUT
SIBHOE HX COJIMDKEHHE, KOTOPOE YK€ NPHUBENIO K 3HAYUTEIBHOMY HX
B3aUMOITPOHUKHOBEHHIO.

OnHUM U3 TPOSIBICHUN 3TOTO CONIKEHHS SBISIETCS MOSBICHUE Ce-
Telt Macmraba Oonbiioro ropoga (MAN), 3aHUMAROIIUX TPOMEKYTOU-
HOE TIOJIOKEHHE MEXIY JIOKATBHBIMU U TJI00ATbHBIMH CETSMHU U UMEIO-
HIMX PSIJI XapaKTEPHBIX OCOOCHHOCTEH KaK TeX, TaK M JPYTHX.

[TosiBlIeHHE HOBBIX TEXHOJIOTHIA, MCIOIb30BAaHUE ONTHYECKOM (I(ud-
pOBOil) HEMOAYTUPOBAHHOW Neperavyrd AAHHBIX IO ONTOBOJIOKOHHBIM
nuHusAM B ['BC 3HaUMTENBHO MOBBICHIO MX HAIEKHOCTh, YHPOCTHIIO
TEXHUYECKYIO peai3alliio, W30aBUIIO OT CIIOXKHBIX U H30BITOYHBIX
npouenyp odecrieueHusi KOPPEKTHOCTH Tepelladn U MO3BOJIMIIO0 obecme-
YUTHh CKOPOCTH IE€Pelayd JaHHBIX, CPABHUMBIC U JIaXKE MPEBBIIIAIOIINE
ckopocTH coBpeMeHHBIX JIBC.

B 10 ke camoe BpeMst (Kak yKe 0TMEYaIOCh) JIOKAIBHBIE CETH Iepe-
HUMAIOT Y TJI00aJIbHBIX TPAHCIIOPTHBIE TEXHOJIOTUH. Bce HOBBIE ckopo-
crable JIBC moanep:xuBaroT paboTy M0 HHAMBHIYAILHBIM JTHHUSM CBSI-
3¢ HapsAy ¢ TpaauiuoHHbME 1uist JIBC paznenseMbIMi THHUSMH.

B nokanpHBIX CeTsX Takke OONbLIOE BHUMAHUE yIENsETCS METOJaM
3alUThl MHQOPMAIMM OT HECAaHKIMOHWPOBAHHOIO JAocTymna. Takoe
BHHUMaHHe o0yciopieHo TeM, uto JIBC mepecranu ObITh M30JUPOBaH-
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HBIMH, Yallle BCETO OHU HMMEIOT BBIXOJ B «OOJBIIOH MHpP)» UYepe3 IIIo-
OaJIbHBIE CBSI3U.

Y3aen

PaguvanbHbli y3en

LleHTpanbHbIR y3en

\ /

— w
KoHTponnep
9] 8
OTBeTBNEeHuns
2

Puc. 4.16. BapuaHTbl TONOJOTMH JIOKAJIbHBIX BBIUUCIUTEIBHBIX CETEH

U, nakoHen, MOSBISIOTCA TEXHOJOTUH, M3HAYAIBHO MpeIHA3HAUCH-
HbIC /11 000X BUAOB ceTel. Hanboee spkuM MmpeIcTaBUTeIeM HOBOTO
MMOKOJEHHUS TEXHOIOTHH sBJIsieTcs TexHonorus ATM.
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[Iponecc mepenoca cinyx6 M TEXHOJOTMH M3 TI00aJbHBIX CEeTEd B
JIOKaJbHbIE MPUOOpPET TaKOM MAacCOBBIM XapakTep, YTO MOSBUIICS Aaxe
CICIUANIbHBIA TEPMUH intranet-mexnonocuu (intra — BHyTpeHHHI), 000-
3HAYAIONNA TPUMEHEHUE CIIy)KO BHEIIHUX (TJIOOANBHBIX) ceTeil BO
BHYTPEHHHX (JOKaJIbHBIX).

Metonsbl nocryna B JIBC. Meronsr nocryna B JIBC, Bxomsmue B
COCTaB MPOTOKOJIOB KAHAIBHOTO YPOBHSI, ONPEICIICHBI PSIOM CTaHAAp-
to IEEE". HauGonburee pacnpocrpanenue momyumtd JIBC, ucrois-
sytomue texHojoruto Ethernet (802.3), peanuzoBannyto B 1975 r. dup-
Mot Xerox. DTOT METO AOCTyIa ONMPoOOBaH €Ille paHblle B PaIHOCETH
ATnoxa, 0 KOTOpO# y>K€ yIIOMHHAIIOCh.

B 3aBucumoctu ot THna ¢uzndeckoil cpensl (M TOMOJOTWHU) CTaH-
nmapt IEEE 802.3 umeer pasnuunbie Mmogudukanuu: 10 Base-5 — «roi-
cThiii koakcuany; 10 BASE-2 — «ToHKWH KOaKCHaI ¢ IMMHHON TOIOJIO-
rueif; 10 Base-T — HeskpanupoBaHHas BuTas napa; 10 Base-F — onro-
BosiokHO; 100 Base-T, F — Buras mapa, ONTOBOJOKHO C TOMOJOTHEH
«3BE37aN.

[Ipu nepenaue ABOMYHON MH(POPMALMH MO KAOETIO Pa3IMYHBIX TH-
noB Ethernet obecneunBaer mpomyckuyto crnoco6Hocts 10 Mout/c B
MONTyAyIUIEKCHOM pekuMe (3a nckmouenueM 100 Base-T, F).

[punsteiii B 1995 r. crannapr Fast Ethernet o6ecnieunBaet ckopocTb
100 Mb6ut/c, a npunsteiii B 1998 r. crangapt Gigabit Ethernet npeamo-
naraet ckopoctu 1000 M6ut/c. O6a paboTarT B IyIJICKCHOM PEKUME.

B 2002 r. npuHAT cTaHmapT, NOAEPKUBAIOLINI CKOPOCTh Mepenadn
10 T'6ut/c (10* M6uT), a B 2009 r. HpeAmonaraeTcs pUHATHE CTAHIAP-
ta 40 — 100 I'6ut/c (HekoTopble Gpupmebl yxe B 2008 T. HaYaIM BBITYCK
ob0opymoBanus s moA00HbBIX ceTeit Ethernet).

Bce Buapl cranmapros Ethernet ucmosnp3yroT oAMH M TOT Xe METOJ
nmoctyma (pazmenenne cpeas) CSMA/CD (Carrier Sense Multiply
Access with Collision Detection) — ciryuaiiHbIii MHOKECTBEHHBIN J10C-
Tyl C KOHTPOJIEM HECyIel U paspenieHueM Kosunsuid. [IpuHnun noc-
TyIla aHAJIOTHYEH CeTH AJI0Xa: MCIOJB3YeTCsl OJUH KaHal (MOHOKaHA)
JUTS BceX CTaHImii, xoTs B Ethernet B kadecTBe KaHalla CIIy)KUT KaOeb,
KOTOPBI MOXKET HCIOJIB30BaThCsS BCEMHU B JIFOOOW MOMEHT, KOT/Ia 3TO

" IEEE (Institute of Electrical and Electronic Engineers — IHCTHTYT WH>XEHEPOB 110
JNIEKTPOTEXHUKE U AIEKTPOHHMKE) — OpraHu3anys, pazpadaTbiBaroiias U MyOIHKyIOLIas
CTaHIApThl, HEMOCPEACTBEHHO CBsI3aHHbIC C (PU3MUECKUM YpPOBHEM U, B YaCTHOCTH, C
TOMOJIOTHEN ceTei.
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notpebyercs (cnydaiiHeiM obpazom). Tak, Ha puc. 4.17 Tpu cTaHIUH
HE3aBUCHMO, CIlyJallHBIM 00pa3oM oOpamarorcs K kanainy. Ho B oTnu-
Yyhe OT MPOCTOW ceTH AJoXa CTaHIUs, MpeXIe YeM 3aHATh KaHal st
nepeayn cBoei MH(opManuu, IpOCIyIINBaeT ero Ha MPEeIMET 3aHsTO-
cti. Takum 00pa3oM, CTaHIMS 2 3aHUMAET KaHall TOJBKO IOCTE TOTO,
Kak craHius 1 ero ocBoboknaer. OMHAKO MPHU OJHOBPEMEHHOM (HIJIH
MOYTH OJHOBPEMEHHOM) OOpallleHHMH K KaHaly JBYX CTaHIMH, KOT/a
CHUTHAJI HE yCIIEBAeT PACIPOCTPAHUTHCS 10 JIMHWU U CTaHIMH HE PErH-
CTPUPYIOT 3aHATOCTH KaHajla, BO3SMOXKHO CTOJKHOBCHHE M MCKaKEHHUE
nmakeToB. B 3ToMm ciydae BCTymaeT B JAEWCTBHE MEXaHU3M pa3pelieHus
CTONKHOBEHMH (Koyumu3uii). OH oOHapyXHBaeT CTOJKHOBEHHE U OOpBI-
BaeT nepenady. OTO U NpeACcTaBIeHo Ha puc. 4.17, rae mpousomia Koj-
JU3Us MEKIYy cTaHmusMu 2 U 3. O0e CTaHIMU KIYT B TCUCHUE KOPOT-
KOTO CIy4ailHOTO WHTepBala BPEMEHH, a 3aTe€M IOBTOPSIOT Mepeaady.
OToT MeTox AoCcTyna obecreynBaeT Cily4yaiiHOe BpEMEHHOE YIUIOTHEHHE
KaHAJIOB U UIMEET OYEHb BBICOKYIO A3(PPEKTUBHOCTh X HCIIOJIb30BaHMUSL.

Puc. 4.17. Meron noctyna CSMA/CD

B 3aBucuMoctu oT THIIA ceUM(UKALMNA KOJIHYECTBO pabOUMX CTaH-
Ui B ceTH JIeKUT B auamnaszone ot 30 — 10 Base-2 (tonkwuit Ethernet) mo
1024 — 10 Base-T (He’kpaHMpoBaHHasl BUTasl Mapa), MakCHMaIbHOE
paccrosiHue Mexay yznamu ceta 925 m (10 Base-5, 10 Base-F — ton-
CTBIN KOAKCHUATHHBIA WIIH ONTHICCKUIN KaOeb).

Ilupokoe pacrnpocTpaHeHHE MOIYUMIN TaKXKE CETH C MApPKepHbIM
memooom docmyna (Token Ring, ArcNet u FDDI). [Ipunnunuansto
OHHM OYCHb OJIM3KH, TaK ke Kak u B Ethernet oHu uMeroT 00110, pa3e-
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JSIEMYI0 Cpely MepeJadd JaHHBIX, 3aMKHYTYIO, KaK MPaBUIO, B KOJbBLO
(3a uckirouennem Arc Net) v mpecTaBiIsAIoNIyIo o0mwii pecype. Meton
JIOCTYyTA K cpefie He sABisercs ciaydaiineiM (kak Ethernet) u ocHoBaH Ha
nepeaye CTaHIMSAM MPaBa Ha MCIIOB30BAHUE CPEJIbI TIepe/ladd B OTpe-
JEJICHHOM TOpAgKe. DTO MpaBo IepelaeTcs ¢ MOMOLIbI0 Kaapa (MM-
myJbca) crieraibHoro opmMara, Ha3pIBAEMOTO MAPKEPOM HITH TOKEHOM
(token). Cpenu cereil ¢ mMoAOOHBIM METOAOM JOCTyIa HauboJiee pac-
mpocTpaneHa paspabdorannas B 1984 r. ¢upmoit IBM Texnomnorus To-
ken Ring, na ee ocuoBe B 1985 r. Ob11 npunaT cranzapt 802.5. [Ipun-
mun pabotsl Token Ring npencrasnen Ha puc. 4.18.

Puc. 4.18. Ipunmun pabots: JIBC Token Ring
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Mapxkeproe konvyo — pacipoCTpaHEHHBIN BapHaHT JIOKAILHOUW CETH.
JlocTynoM K ceTH yIpaBiseT HUPKYIHPYIOIas MO KOJBIYy MOCIEA0Ba-
TEJILHOCTh OWT, Ha3bpIBacMasi MapkepoM. UtoObl mocnathk cooOlieHue,
CTaHIMA JO0JDKHA CHayalla TOKIaThCsl MPHUX0oJa MapKepa, YIaJlIuTh Map-
Kep U3 KOJIbIla, HAIPAaBUTh B KOJIBIIO MAKeET ¢ afpecoM (MM MOCiiea0Ba-
TETHHOCTh MAKETOB) M B KOHIIE CHOBAa HAIPAaBUTh B KOJBLIO Mapkep.
CraHun MOTYT YAAIATh alpeCOBaHHBIE UM ITAKEThI, COXPAHSS B KOJIBIIE
mapkep. [lokazaHo, kak craHius A moceuiaer cooduienue cranuuu C,
KOTOpasi TIOJIy4aeT €ro, a 3aTeM MoChuIaeT cooliienue ctanuusm A u D.

B atux cersix ckopocTh mepenauu gocruraet 16 Mout/c, makcu-
MaJIbHOE KOJIMYSCTBO CTaHIMi — 96, MakcuManbHas auauHa — 120 M.

C cepeaunsl 90-x rogoB Hayajicsi MHTEHCUBHBIM nepexof ot JIBC
HAYaIbHOTO YpOBHs co ckopocTsimu 10 — 20 Mout/c k JIBC co ckopo-
ctsimu 100 Mowut/c u Boitie. Ctpykrypa crangaptoB IEEE 802.x mpen-
craBiieHa Ha puc. 4.19.

[epBast BrICOKOCKOpOCTHAs ceTh Ha onrtrueckoM kadene FDDI (Fiber
Distributed Data Interface) Obiia paspaGorana B 1988 r. 310 KoblieBas
ceTh (IBOMHOE KOJBIIO) MPOTSKEHHOCTEI0 100 KM ¢ MapKepHBIM METOJIOM
Jgoctyna co ckopoctbio 10 100 Mowut/c. Ilo cBouM pasmepam Takue CETH
BBIXOJIT 3a paMku obmenpuasateix JIBC, npudmmkasce k ['BC. Ha Ha-
YalbHOM JTalle 3Ta CeTh HE MMeNa IIMPOKOTO PacIpOCTpaHEHUs! BBUAY
BBICOKOH CTOMMOCTHU CETE€BOT0 0OOpYJOBaHUs, OAHAKO C MOSBICHHEM Ba-
puanTa 310 cet Ha Butoii mape (CDDI), a Takke oTpabOTKOH TEXHOIO-
MU ONITHYECKUX MHTEP(HEHCOB OHA aKTUBHO BHEAPSIETCSI.

Hauunas ¢ cepeaunsl 90-x rofoB Hayajicsi MAaCCOBBIA MEpPeXoi Tpa-
murnoHHbx JIBC Ha crkopoctu 100 Mout/c. 310 yXKe yIOMHUHABIIUHACS
cranaapt Fast Ethernet, KOTOpBIl 0 MHOTMM IapamMeTpaM MPOTOKOJIOB
Y TEXHUYECKUX CPEIICTB COBMECTUM ¢ HauaidbHbIM Ethernet, yro oOxer-
YaeT Mepexo] K HOBOH CeTH IPU COXpaHEHHHU psla CTapbIX KOMIIOHEH-
ToB. KoHkypeHuuio »Toii cetm cocrtapisia TexHomorus 100 VG-
AnyLAN, xoropas obecrieunBana ckopoctb 100 MoOut/c u monnepxu-
Bana 00a, caMbIX pacrnpocTpaHeHHBIX mporokona— Ethernet m Token
Ring.

Tem He MeHee, Oonblias 4acTh JOKAJBHBIX CETEH MOANEPKUBACT
nporokon Ethernet, kotopsiit k 2008 r., KaKk y)Xe yIIOMHUHAJIOCH paHee,
moctur ckopoctu mepemaunt 40 — 100 I'6urt/c. 3aBHCHMOCTh MaKCH-
ManbHOH unHbl Gigabit Ethernet oT Tuma nepenaromieii cpeabl mpe-
cTaBiieHa Ha puc. 4.20.
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Puc. 4.19. Ctpyxrypa crangaptoB IEEE 802.x

O6cyxnas npousBoautenbHOCTh JIBC, HE00X0aUMO XOTsI OBI KPaTKO
ynoMsiHyTe o TexHojoruu Fibre Channel (FC), xoropas w3HauanbHO
HCITOJIB30BAIACh B OCHOBHOM ISl TIOJKJIFOUCHHSI BBICOKOCKOPOCTHOM
nepudepun Kk OONBIIIM KOMIBIOTEPAM U TIEpEAaeT JaHHBIC MO BOJIO-
KOHHOONTHYECKOMY W MEIHOMY Ka0ellto ¢ MaKCHUMaJbHBIMU (TIO CpaB-
Henuto ¢ oosruubIME JIBC) crkopocTsamu. Tak B 90-x rogax, Korma Mak-
cumanbHas ckopocth Ethernet (Fast Ethernet) Oputa 100 Mowut/c, cko-
poctb kanana FC moxomuma no 3 ['out/c.

OmuuM 3 raaBHBIX npeumytecTB FC sBnsercs To, 4TO OH mpeaoc-
TaBIIACT PAJl BAPHAHTOB CPEIIbI U CKOPOCTH TEpeIayuu, a TAKKE TOTOJIO-
rum cetd. B Tabi. 4.3 npuBeAeHBI TOCTYITHBIE KOMOMHAITUN (PU3NIECKO-

TO HOCHUTCIIAI U CKOPOCTHU MCpeAavun NaHHBIX IJIA CeTeﬁ FC (Z[aHHLIe Ha
2000 1.).
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1000BASE-LX

1000BASE-oA *l

1000BASE-T

- OKpaHMpOBaHHLIA.
1000BASE-CX ST enbant

25m 250 m 2500 m
50m 500 m 5000 m

MakcumansHaa AnuMHa

Puc. 4.20. BapuanTs! 1yt pusnyeckux Hocurteneid st Gigabit Ethernet

Tabmuma 4.3

MaxkcumanbpHas uiMHa pusndecknx Hocureneid B cetd Fibre Channel

CkopocTh nepenadu

100 200 400 800 1,6 32

Mowurt/c|Mout/c | M6wut/c | Mowut/c | I'our/c | 'out/c

OMHOMOIOBBIN ONTHYECKUN Ka0eab

- 10km | 10xkm | 10kMm | 2 kM | 2 KM

MHOroMo10BbINM ONTHYECKUI KaOellb
50 MM

- 2 kM lxm | 500m | 500mM | 175 M

MHOroMo10BbINi ONTHYECKUI KaOeIlb
62,5 Mmm

- 1 xm lxm | 175m - -

KoakcuanbHblil BUIEOKaOEIb

100m | 100m | 71 M 50 M - -

MuHuaTioOpHbId KOaKCHaIbHbIN
kabeb

42 M 28 M 19m 14 m — —

OKpaHUpOBaHHAs BUTas napa

80 m 57 m 46 m 28 M — —

Twinax

93 M 66 M 46 M 33 M - -

CprKTypa TEXHUYECCKHUX

cpeactB JIBC. 1. Ilepenaromiast cpena,

Hcnojib3yeMas B HBC, MNpCACTaBJICHA TPEMA TUIIAMU: BUTA I1apa, KOAK-
CHAITBHBIA KaOeIh U ONTHYECKHUH KaOeb.
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Bumas napa — nanbonee pacrpoCTpaHEHHBIA W JCMIEBBIA BapUaHT
KaHaja, TPaJAUIMOHHO UCTIOIh3yeMbIi B TeneOHUU. DTOT BH]l KAaHAJIOB
B HauMEHBIIIEH CTEIIEHHU 3allMIIECH OT IOMEX U BO3MOKHOCTEU HECaHK-
IIMOHUPOBAHHOTO nocTyma. CyIecTByeT MATh KaTeropwii Kalems: Ha
OCHOBE BHUTOH Maphl, pa3InyalOlUXCs MO AIEKTPOTEXHUYECKUM U BBbI-
COKOYACTOTHBIM XapaKTepUCTHKaM. Tak, BUTas Iapa ISATOW KaTeropuu
UCIOJb3yeTCs B BRICOKOCKOpOCTHBIX JIBC. /laHHbIe KaOeau MOTYT OBbITh
SKPaHUPOBAaHHBIMH W HEIKpaHUPOBaHHBIMU. CTOMMOCTH BBICOKOKAaYe-
CTBEHHOT'O Ka0ellss Ha OCHOBE BUTOW Maphl IOCTATOYHO BHICOKA.

Koaxcuanvnolii kabenv WUCHONB3yeTCsA, KaK TMPaBWIO, B CETAX
Ethernet, nmeeT myd4mime BBICOKOYACTOTHBIE XapPaKTEPUCTHKU M MTOME-
XO03alIUIIEHHOCTh [0 CPABHEHUIO C BUTOHM Mapoil, OJHAKO MEpexo] Ha
onIcTphie IpoToKOBl Ethernet cBsi3aH ¢ MepexoIoM €ro Ha BUTYIO Mapy
WJIA ONITHYSCKUH Ka0eJlb.

Onmuyeckuii kabenb CPaBHUTEIIEHO HOBas U HAHOOJIEe MEePCIICKTHB-
Has Tepeaaronias cpea, 3HAUUTEIFHO MPEBOCXOAIIAs TI0 CBOUM KOM-
MYHHUKAIIUOHHBIM CBOWCTBaM, PAacCMOTPEHHBIM BBINIC, APYTHUE IIepe-
Jarolue cpenpl. B To e caMoe BpeMs OHa UMEET JOCTATOYHO CIIOXK-
HYIO CTPYKTYpY H TpeOyeT Ooiee AeTaabHOTO OIMCAHMSL.

BomokonHO-onITHYECKHE KOMMYHHUKAITUU OBUTH MPAaKTHUECKH CO3/1a-
HBI B cepenrHe 60-X TOJOB MPOIUIOTO CTOJNETHS Ha 0a3e IBYX KIltoue-
BBIX KOMIIOHEHTOB: CO3JIaHUS TBEPAOTEIbHBIX UCTOYHHKOB H3IYUYCHUS
CBETa W MOJIYICHHS YUCTOTO CTEKJa. DTH pabOThl ObUIM OCHOBAaHBI Ha
Oosee paHHUX JKCIIEPUMEHTAX, OTKPBIBIIMX MPUHITUI CBETOBOAA. B
OCHOBE €ro — CBOMCTBO HEOTPAHUYEHHOI'O PACIPOCTPAaHEHUsS CBETa B
BOJE U IPYTUX Cpeaax.

PazButre 3T0¥ TEXHOJIOTHH HACT IO ITyTH CO3AaHUS 00JIee MOITHBIX
WCTOYHHMKOB M3JIyYCHHUS U YMEHBIIIEHUS IpUMeceli B CTekie (COBpeMeH-
HOE OINTUYECKOE BOJIOKHO B AECITh THICAY pa3 MpPO3pauHEe OKOHHOTO
CTEKJIa).

Hpyrum  (dakTopoMm, IOBJIUSBIIUM Ha 3BOJIIOLIHUIO BOJIOKOHHO-
onrtudeckoi muanK cBsi3u (BOJIC), crana pazpaboTka Npou3BOIUTEIb-
HBIX MPUEMHHUKOB, TPUHUMAIOLINX CBETOBOM CHT'HAJ B OOJIBIIIOM JMHA-
MHMYECKOM JHara3oHe.

BOJIC ocymiecTBnseTcst MOCPEACTBOM TPeX ITIaBHBIX KOMIIOHEHTOB:
ONTUYECKOro Kabens, ONTHYECKOro TpaHCHBepa (IepenaTdynka) U MpH-
eMHHKa ONTHYecKoro u3mydeHus. CHadajga SJICKTPUYCCKUE CHUTHAIIBI
MOCTYTIAIOT Ha BXOJ TpaHCHBEPa, KOTOPBIH MPeoOpa3yeT uxX B CBETOBHIC
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UMITYyJIbChl M HATPAaBISET B BOJOKHO. VIMITyNbCBHI CBETa MPUHUMAIOTCS
Ha JIPyroM KOHIE MPUEMHHUKOM W BHOBH MPEOOPA3yIOTCS B 3IEKTpHUE-
CcKkuil curHan. Yewm daie mepeaaroTcsi UMITYJIbChI, TEM OOJIBINE MPOIY-
CKHasl crtiocOOHOCTH KaHaa.

Onmuueckoe 80J10KHO COCTOUT U3 CEPALICBHHBI U O00OJOYKU C pas-
HBIMH TIOKa3aTeNIsIMU TPETIOMIICHUS 1 U 1. CepaneBruHa UMeeT 00Ib-
MK TIOKa3aTelb npenomiieHns. TakuM 00pa3oM, CBETOBOW CUTHaI OJia-
rojiapsi BHyTPEHHEMY TPEIIOMIICHHUIO WIIH OTPaXXCHHUIO HE TIOKHUACT OTI-
THYeCcKH Oojee TWIOTHOHU cpenbl (puc. 4.21). [lo quamerpy cepAmeBHHbI
BOJIOKHO TTOAPAa3CsETCS Ha OJJHO- U MHOTOMOJIOBOE.

OpHoMoaoBoe (CTyneHdaToe)
BONOKHO

Ny
o n,

MuoromonoBoe (rpaaveHTHog)

N,

e — T N,

MHOrom onoBoOe (CTyneHl-laToe)
ny

———~ " — n,

Puc. 4.21. PacnpocTpaHeHue cBeTa B BOJIOKHE

B 01HOMOI0BOM BOJIOKHE JHAMETP CBETOBOIHOM >KHIIBI TTOpsIKA 8 —
10 MKM, T.e. CpaBHMM C JUIMHOM cBETOBOW BONHEI. [Ipm Takoil reomer-
pPHUH B BOJOKHE MOXKET PacCIpOCTPaHATHCS TOJIBKO OAMH JIy4 (OJIHA MO-
na). B MHOroMo710BOM BOJIOKHE pa3Mep CBETOBOIHOM >KMJIBI MOPSAKA
50 — 60 MKM, 4TO ZeNTaeT BO3MOXKHBIM PaclpOCTpaHEeHHE OOJBIIOTO KO-
aryecTBa Jydeld (MHOro mon). MHOroMoJ0BO€ BOJIOKHO, B CBOIO Oue-
penb, moApasenieTcs Ha rpaJueHTHOe, UMEIoIIee TPajueHTHBIN Mpo-
¢unp mokaszaTessi MPeIOMIICHUSI CBETOBOW 00JacTH C MakCUMyMOM Ha
OCH, M CTYNIEHYATOE, UMEIOIIEeE MOCTOSHHBIN MM0Ka3aTeNb MPETOMICHHS
cepueBUHbI (Ta0. 4.4).
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NmetoTcss Be OCHOBHBIC XapaKTEPHCTUKH ONTOBOJIOKHA, OIpe/ie-
JISIOIIME MAKCUMAJIBHOE PACCTOSHUE MEXKY CTAHIUSIMHU:

3aTyXaHue ONpeAeNsieTCs OTepsSMHU Ha MOTJIONICHNE U Ha PaccesHue
W3Iy4YeHHS B ONTUYECKOM BOJIOKHE (3aTyXaHHE CBS3aHO C JJIWHOW BOII-
HBI M3JTyYEHUS], BBOJIUMOTO B BOJIOKHO, TOTEPH HA MOTJIONMICHUE 3aBUCIT
OT YUCTOTHI MaTepuaia, MOTePH Ha PaCCEeSTHUE OTPEAEISIOTCS HEOIHO-
POIHOCTSAMH TIOKa3aTells MPEIOMIICHHUS MaTeprana);

JIUCTIEPCUST XapaKTePU3yeT 3aBUCHMOCTh CKOPOCTH pacIpoCTpaHe-
HUSl CUTHAaJa OT JUTUHBI BOJIHBI BBOJUMOTO HM3IIy4eHUs (TIOCKOJNBKY HC-
TOYHUKHA CBeTa (CBETOMWOIBI WM JIa3ephbl) H3Iy4YalOT HEKOTOPHIN
CIEKTP JJIUH BOJIH, AUCIIEPCUS MPUBOIUT K YIIUPSHHUIO UMIIYJIbCOB MPH
pacnpocTpaHeHHH TI0 BOJIOKHY M, TEM CaMbIM, MOPOXKIACT UCKAKECHUE
CHUTHAJIOB).

Tabnuua 4.4
OCHOBHbIE XapaKTEPUCTUKH BOJOKHA

XapakTepucTHKa MHuoromoznoBoe OpHOMOZI0BOE
Tpoguuts noxasare- CryneHyatsli I'panueHTHbIH CryneHyatsli
TSI IPEITOMITCHUSI
Jlaia Bouitel H31y- 08513 08513 13- 1,55
YCHHUSI, MKM
Jluametp cepanesi- 50— 1000 50 - 60 4-10
HbI, MKM
Jlnavietp obozos, 125 - 1050 124 - 140 75125
MKM
Kommno3ununoHHbIi Crexo/Crekiio,
COCTaB CEepICBU- CTEKJIO/ILUIACTHK, Crexkno/Crexio Crexkno/CTexiio
Ha/000JI04Ka IJIACTUK/TUIACTHK
I N

0J10¢a MpOTyCKa 100 500 2000 u BIE
"1, MI1I - kM

OaHOMOZOBOE BOJOKHO 06nauaeT CaMbIMU JIYUIIUMU XapaKTCpHU-
CTUKaMH IO MOJIOCC NPOITYCKaHUA U 3aTYyXaHHIO. OnxHako YTOOBI pcainn-
30BaTh MPEUMYLICCTBA OAHOMOOJOBOI'0 BOJIOKHA, HeO6XOI[I/IMO HCIIOJIb-
30BaATb AOPOTroOCTOAIIMC HCTOYHUKH HU3JTYUCHUSA W APYroc¢ BCIIOMOTa-
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TesnbHOE obopynoBanue. CaMoO OIHOMOJOBOE BOJIOKHO TaKKe CYIIECT-
BEHHO JIOPOXKE MHOTOMOJIOBOTO .

MHoromMo0Bo€ BOJIOKHO Oojiee yZ0OHO IpH MOHTa)Ke, Ha HEro pac-
CUUTAHBI JOCTYITHBIE U JCUICBBIE N3Iy4YaTeNd, HO OHO 00JIaIaeT ropasio
00JBIIMM 3aTyXaHMEM M MEHBIIeH MOoJIocoi mpomyckanud. B cBs3u ¢
3THUM MHOTOMOZOBOE BOJIOKHO BIIOJIHE NMPHEMJIEMO JUIS JIOKAIBHBIX Ce-
Tell CBS3M, HO HEJOCTATOYHO JUISI MATUCTPAITBHBIX JIMHHMA.

Onmuueckue nepedamuyuxy TOAPA3AEISIIOTCS Ha CBETOM3IyYarolIne
IUoAbl U Jasepsl. [lepBble — CPaBHUTENBHO JIEIIEBbIC, UMEIOT OOJIBIION
CPOK CIIy>KOBbI M MIPUMEHSIOTCS B MHOTOMOJIOBBIX JIMHHUAX CBSI3H BBHIY
HEBBICOKON MOITHOCTH M3ITy4YeHHUs cBeTa U cnaboil GpokycupoBku. Bro-
pBI€ JUIIEHBI MOCIETHUX HEIOCTATKOB M HCIIONB3YIOTCS B OJHOMOJO-
BBIX JIMHUSX CBS3U, OAHAKO UX CTOMMOCTH CYLIECTBEHHO BBIILIC.

B cocraB npuemnozco ycmpoiicmsa BOJIC Bxomar (pOTONPUEMHHUK U
ANEKTpHYECKas 1ETb.

Cpenu ocHoBHBIX TpeumyniecTB BOJIC HE00X0aMMO OTMETUTH Cie-
IyIOIHeE:

HIMPOKasi TOoJ0ca MPOIMYCKaHMsI, KOTOpast i MHOTOMOJOBOTO BO-
JIOKHa 0oJiee YeM Ha MOPSIOK MPEBBILAET T0JI0CY MPOMYCKAaHUS BUTOM
napsl, a A5 OJHOMOAOBOTO 3TO MPEBBILICHUE OoJiee YeM Ha JBa MOPs-
Ka;

" Ecim CpaBHUBATH 110 CTOUMOCTH MH()OPMAIIMOHHBIE CETH HA BUTOH Mape (MeXHBIH
IPOBOJ) Ipu AjvHe cetu He 6osxee 100 M u ckopocTH nepenayu 1 ['OUT 1 MHOromMo0-
BOC BOJIOKHO TPOTSHDKEHHOCTBIO 550 — 2000 M (B 3aBUCHMOCTH OT THIIa BOJIOKHA) TIPH
TaKoi e CKOPOCTH Iepefady, YT0 CTOMMOCTh OHOTO paboyero Mecta maMsTH IPHOIIH-
surenbHO paBHa 100 mon, a Ha omroBosiokHe 160 — 180 mon. CTOMMOCTH aKTHBHOTO
00opyaoBaHUs (MepeJaTINKy, IPUEMHHKHN) U MEHOTO MPOBOJA COCTABISACT NPUOIH-
surenbHO 60 1o, g onToBojokHa 250 non (nansele Ha 2008 r.). MarucrpanbHble
CEeTH U CEeTH C MOBBILICHHBIMU TPEOOBAHUSIMU K KaueCTBY IEPEAAIONIEro H300paKeHusI
Ha OZJHOMOJIOBOM BOJIOKHE CTOAT mpubimsuresnsHo B 50 — 100 pa3 Beime (peub uIeT
TOJIBKO O CTOMMOCTH CETEBOT0 000pYI0BaHHUA).

B ONTOBOJIOKOHHBIX CHCTEMaX UCIOJb3YIOTCSI HICTOUYHHUKHU CBETa JBYX THUIIOB: CBETO-
mnyqatomue quoasl (Light-Emitting Diode, LED) 1 HH)XEKIMOHHBIE JIa3€PHBIC JHOIBI
(Injection Laser Diode, ILD). DTi momynmpoBOAHUKOBEIC YCTPOHCTBA H3Iy4arOT CBET
TIpU TIPWIOKEHUHM K HUM DJIEKTPHYECKOro moist. CBeTOAMOIB! JemieBne, paboTaloT B
OoJbIIIeM HATIa30HE TEMIEpaTyp, Y HUX OONBIINI CPOK CIy>KOBI, HO 3HAYUTEIBHO JI0-
pOXke ¥ MPUMEHSIOTCSI B MHOTOMOJIOBBIX JIMHHSIX BBU/Y HEBBICOKOI MOIIHOCTH H3ITy4e-
HHS CBeTa U ciaboil (okycupoBku. VHXKEKIMOHHBIE JIa3epHbIE AUOABI PaboTalOT MO
IPHUHIMIY J1a3epa, oHu OoJiee 3 (GEKTUBHBI U MO3BOJIIIOT JOCTUYb OOJBLIMX CKOPOCTEH
nepesauu JaHHbIX.
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OoNbLIME PACCTOSHUS MEXAY CTaHLHUSIMHU, TaK A OJHOMOZOBOTO
BOJIOKHA PAaCCTOSIHUE MEKAY CTaHIMAME cocTaBisgeT 50 — 60 km;

BBICOKAs TOMEXO03AIIUIIEHHOCTh — €0 HEUYBCTBUTENHFHOCTD K 3JICK-
TPUYECKHM ITOMEXaM, BO3MOXKHOCTh MPOKIAJKH JHHUH BOJIH3M MOII-
HBIX U BBICOKOBOJIBTHBIX 3JIEKTPOPU3NIECKUX YCTPOICTB;

raipBaHHYeCKas pa3Bsi3Ka DIEMEHTOB CETH, T.€. BOJIOKHO 00JanaeT
W30JIUPYIONIM CBOWCTBOM, OTCYTCTBYET MOTPEOHOCTH B 3a3EMIICHUM;

B3pBIBO- U I0Kap00e30MacHOCTh — OTCYTCTBHE HCKpOOOpa3oBaHUs,
MO3BOJIIET HCIIOJIb30BaTh €ro0 Ha XMMHUYECKUX M HedTemnepepaldaThl-
BAIOMIUX MPEIIPUATHAX MPH 00CTY)KHUBaHUH TEXHOJIOTHYECKHUX TPOIIEC-
COB TOBBIILICHHOT'O PHUCKA.

HcTrHHbIE BO3MOXXHOCTH ONTHYECKOTO BOJIOKHA MPOSBISIIOTCS B TOM
ClTydae, €ClI 10 OJHOMY BOJIOKHY Iepe/laeTcsi MHOXKECTBO JIy4eil ¢ pas-
HBIMH 9aCTOTaMU. DTO SIBISETCSI OJHON M3 Pa3HOBUIHOCTEH YaCTOTHOTO
mynbTuiniekcupoBanust  (Frequency-Division  Multiplexing, FDM),
0OBIYHO, OJTHAKO, UCTIONIB3YETCS TEPMUH CHEKMPATbHOEe YNIOMHEeHUe, NI
myremuniexcuposanue o amuHam BoiH (Wavelength-Division Multip-
lexing — WDM). B Takom ciydae cBeT, pacpOCTPaHSIOMIMIICS 110 ONTO-
BOJIOKHY, COCTOHT U3 JIy4el pa3iuyHbIX LIBETOB, WM JUIUH BOJH, KOXKIBIH
JIyd TIepeaeT AaHHbIC OTaeNbHOrO KaHana. B 1997 r. cnenuanucter Bell
Laboratories mpoaeMOHCTPUPOBAIK CHCTEMY CO CHEKTPaJIbHBIM YILIOT-
HEHHEM, pabOTaroILYyI0 C COTHEH JIyuel, KaKIblil U3 KOTOPBIX MOAICPKU-
BaJI CKOPOCTh Tiepenayn JanHbix 10 ['out/c. O6mas npomyckHas crnocoo-
HOCTh ATOM JIMHUM COCTaBJseT | TpUILIHMOH OMTOB B cekyHay (1 Tout/c).
B nacrosiiee BpeMsi JOCTYIHBI KOMMEpYECKHe cUCTeMBI ¢ 80 KaHaJIaMH C
NpOITyCKHOM criocobHocThio 10 I'6uT/C.

2. KommproTepsl, BKIIIOYEHHBIE B CETh, PA3IHYAIOTCS 10 CBOEMY
(yHKIMOHANBHOMY Ha3HAUEHHIO:

pabouue cmanyuy — WHAWBUAYaAIbHBIE KOMIBIOTEPHI IOJIb30BaTE-
JIeH;

cepeepvl — KOMITBIOTEPH! KOJUIEKTUBHOTO HCTIONIB30BaHUS Pa3iIHuHO-
ro (yHKIMOHAIBHOTO Ha3HAYCHUSI.

Pecypcel cepBepoB MOCTYITHBI pabOYMM CTaHITUSAM M Pa3AeiITIOTCS
MeXy HUMH. Hambonee pacmnpocTpaHEHHBIMH pecypcamul SBISIOTCS
JUCKOBBIE (aiinbl, 6a3bl TaHHBIX, IPUKJIAAHBIE TPOTPaMMBbI, YCTPOHCTBA
neyaTH U T.11.

3. CeTeBble KOHTPOJUIEPHI (aJanTephl) BBHIONHSIOT (PYHKIMU aria-
patypsl kaHana maHHbIX (AKJl): oOecneuenue mHTEpPEHCHBIX (QYHK-
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i, Oydepuzanuio, GopMUPOBaHHE MAKETOB, MAPAIICIBEHO-TIOCIIEA0BA-
TeJIbHBIE MPeoOpa3oBaHMsl, KOIUPOBAHUE/IEKOIUPOBAHUE, IOCTYH K
Ka0enio U T.1.

4. B cpenctBa 00beTUHEHHUS CETEH BXOIAT:

nosmopumenu (Repeater) — ucronb3yroTcs As GU3NIECKOTO COCTU-
HEHHSI Pa3IMYHBIX CETMEHTOB KaOelsl JOKAIBHOW CETH C IEJIbI0 YBEIH-
YeHus 001eH JUTMHBI CeTH;

xonyenmpamopwvl (Hub) — npumensroTcst yist 00beIMHEHUS OTAEIh-
HBIX CETMEHTOB CETEH B EAMHYIO pa3esieMylo Cpeny;

Kommymamopwl (Switch) — MOTYT MPUMEHSTHCS BMECTO KOHIICHTpA-
TOpa JAJs HOBBILLIEHUS TPOU3BOIUTEIBHOCTU ceTel (Hampumep, B Ether-
net), mepeksovas CooOIIeHIE Ha HYKHBII CerMeHT;

mocmul (Bridge) — npenHa3HadaroTes i 00bSIUHCHHS WM Pa3be-
JTUHEHUS (C 1ebl0 YMEHbIIeHNs TpaduKka) ceTel, MMEIONINX OJTUHAKO-
BbI€ IIPOTOKOJIBI BEPXHET0 YPOBHS (aNmapaTHO-HE3aBUCHUMBIE), a TAKXKe
JUTst OOBEAMHEHUS CeTel ¢ pa3IMyHON Nepeaaromen cpeaoun;

mapwpymuzamoput (Router) — ciayxar Juis onpeeneHus OnTHMalb-
HOT'O MapuIpyTa COOOIIEHHH MEXKAY Pa3IMYHbIMU Y3J1aMU CETH U ceTe-
BBIMU CETMEHTaMH;

winioszvl (Gateways) — oOecrieunBarOT paboTy CeTeil ¢ pa3IMYHBIMU
NPOTOKOJIAMH BEPXHETO YPOBHSL.

Bo3MoxHBI ycTpoiicTBa, COBMELIAIOIUE HECKOIBKO (YHKIMHA, Ha-
npuMep eubpuodnvie mapwpymuszamopst (brouter) — ruOpug MocTa U
0OBITHOTO MAPIIPYTH3ATOPA.

Tun JIBC ompenensercs, TIIaBHBIM 00pa3oM, METOAaMU JOCTYTIa
(1M pOTOKOIaMHU HIKHETO ypoBHA). Ha cpenHem ypoBHE BBIOOp Mpo-
TOKOJIa 3aBUCHT B OCHOBHOM OT IPHUMEHSEMOH OTIEpaIlOHHON CHCTEMBI.
Taxk, B ceTsx, padoratomux ¢ OC UNIX, ucnons3yercsi pacCMOTPEHHBIH
panee TCP/IP. B momymnsapHo#, cpaBHUTENBbHO HemaBHO, ceTeBoil OC
Novell Net Ware npumensitorest npotokoinsl [PX/SPX,; a B NETBIOS,
KaK MPaBUIIO, — CETEBbIC ONEPaIlHOHHbIE CUCTEMBI (UpMBI Microsoft.

IPX (Internetwork Packet Exchange) — npomoxon mesiccemesoii ne-
peoauu naKemog, COOTBETCTBYET TpaHCIIOPTHOMY ypoBHIO OSI.

SPX (Sequenced Packet Exchange) — mpomoxon nocredosamenvroeo
obmena nakemamu, COOTBETCTBYET CETEBOMY U ceaHCOBOMY ypoBHI0 OSI.

NETBIOS (Network Basic Input/Output System) — npomoxon cemegoii
043086011 cucmemvl 8600a-8b1600a, pa3padoTaHHbIN (hupmoii IBM.
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B 3akmioueHue ciieyer OTMETUTh, YTO <GKU3HBY BBIYMCIUTEIBHBIX
ceTell oueHb NWHAMHYHA, a MX Kilaccudukanus HeogHo3Ha4yHa. M3Ha-
YaJIbHBIC MPEACTABICHHS, YTO IIO0AJbHBIC CETH — MEJICHHBIC M HC-
MOJIB3YIOT TPAIUITMOHHBIE TEIEKOMMYHUKAIMK (CPEICTBA CBSI3M), a JIO-
KallbHbIE — 3HAYUTENFHO OBICTpEe, WMCIONB3Ys BBIJCICHHBIC JTUHUH U
SIUHYIO Cpefy mepenadyn JaHHBIX, N3MEHIIHCh. O0 ATOM CBUICTEIIBCT-
BYET TOSIBJICHIE BEICOKOCKOPOCTHBIX TTIOOATBHBIX CETeH ¢ BKIIIOUCHUEM
BBIZICJICHHBIX KAHAJIOB, a C IPYroll CTOPOHBI, 3HAYUTEIBHOE YCIOKHE-
HUE JIOKAJbHBIX CETEM C MCMIOJIb30BAHHUEM XAPAKTEPHBIX MPOTOKOJIOB
I00ANBHBIX CeTe M pa3paboTKa HOBBIX TEXHOJOTHM, H3HAYaIbHO
MpeTHa3HAYeHHBIX NIl 000MX BUAOB ceTeid. K TakuM TeXHOIOTHsIM OT-
HOcHTCs, npexae Bcero, ATM, KoTopasi MOXET CIy>KUTb OCHOBOW HE
TOJIBKO JIOKAJIBHBIX U TJIO0AJBHBIX KOMITBIOTEPHBIX CETEH, HO M Tele-
(hOHHBIX CeTel, a TaKKe NIMPOKOBEIIATEIILHBIX BUIACOCETEH, 00bETUHSISL
BCe BUJIBI TpaduKka B OJJHOU TPAHCIIOPTHOM CETH.

—
QD

TpaguuuoHHas

nokaneHas ceTb s

3
Mynsmunpoueccop

pry
=

'y
=]

CkopocTb nepepaqu AaHHbix (6uT/c)

—
=

104 100 101 102 103 104 10s 10e 107

Paccrosrue (M)

Puc. 4.22. CpaBHeHUE MyJIbTUIIIEKCOPHBIX CHCTEM,
a TaKoKe JTOKAJIbHBIX, PETHOHANBHBIX U TII00ATbHBIX CeTel
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Kpome Toro, mosBMIMCh Tak Ha3blBaGMBIE PETHOHAIBHBIE CETH, 3a-
HUMAIOIINE HUIITY MEXIY TJI00AJIbHBIMYM M JIOKAJIbHBIMH. B OCHOBHOM,
PBIHOK PETHOHAIBHBIX CETeH COCTOUT U3 KIIMEHTOB, KOTOPHIM HEOOXO-
JluMa BBICOKOCKOPOCTHAsI Tiepejiada JaHHBIX Ha CPEIHHE PaCCTOSHUS.
PeruoHasnpHass ceTh JOJDKHA MPEAOCTABIIATH TPEOYEMYIO MPOMYCKHYIO
CHOCOOHOCTh C MEHBIIMMH H3AEPKKaMH U 0osbliel 3¢ pekTuBHOCTBHIO,
4yeM MeCTHas Tene]oHHas KOMITaHUS, UCTIONB3ysS METOJ KOJUIEKTUBHOTO
UCIOJIb30BaHMs BBICOKOCKOPOCTHOTO (DU3MUECKOTO HOCUTEINS, HpUMe-
HSEMOTO B JIOKAJIBHBIX CCTAX.

W, nakoHel, oueHb crIeNU(UIESCKYI0, HO THITHYHYIO JIOKATBHYIO CETh
MPEJICTABIISIOT CYIEPKOMIIBIOTEPhI, 0 KOTOPBIX TOBOPHIIOCH paHEe U
UCTIOTB3YIOIMUX ObICTPhIE KOMMYHHUKAITMOHHBIE KaHAJBI, TPAJAUIINOHHEIC
g JIBC.

OpHEHTUPOBOYHBIC XaPAKTCPUCTHUKU PACCMOTPEHHBIX BhIIIE (TPaIu-
[IMOHHBIX ) BRIYUCIUTEIHHBIX CeTel MpeacTaBIeHbl Ha puc. 4.22.

Oco00e MeCTO Cpeiy BHIYMCIUTEIBHBIX CeTeH 3aHMMAIOT TaK Ha3bl-
BacMbI¢ OCCIIPOBOIHBIC CETH, KOTOPhIC OYyAyT PacCMOTPEHBbI B Jajib-
HEMIIeM.

KOHTPOJIBHBIE BOITPOCBHI

1. HazoBuTe deThipe TNa MHGOPMAIIWH, TIEPEIaBACMON 110 CETSIM.
[Touemy 3a mocneaHee BpeMs BBIPOCa MOMYISPHOCTh ONTUYECKOTO BO-
nokHa?

2. YKaXuTe OCHOBHBIE NPUHIUIBI, JOCTOMHCTBA M HEIOCTaTKH
LEHTPAIM30BaHHOM U pacpe/elIeHHOW 00pabOTKK JaHHBIX.

3. Onpenenure (yHKUMOHANBHOE Ha3HAYEHHWE OCHOBHBIX THIIOB
KOMMYHHKAIIMOHHOTO O0OpYIOBaHUSI — TOBTOPUTEINCH, KOHIIEHTPATO-
POB, MOCTOB, KOMMYTaTOPOB, MapIIPyTHU3aTOPOB, IILITIO30B.

4. YKaxuTe OCHOBHBIE METOABI MOBBIIIEHHUS IMPOIYCKHOH CIIOCO0-
HOCTH KaHAJIOB Nepe/lauM JaHHBIX. B ueM pa3Huiia Mexay MyJIbTUILICK-
CHUPOBaHUEM U CKaTHEM (Komrpeccueit) nadopmanmn?

5. UYro Takoe mMpoOTOKON B MuUpe KoMMyHukauuii? KakoBa pasHula
MEXY MPOTOKOJIOM U uHTepdericom? KakoBbl IpUUIWHBEI MHOTOYPOBHE-
BOTO TOJXOAa K CETEBBIM NPOTOKONaM? YKaXHUTE pa3Iuyus MEXIy
nportokonamu TCP/IP 1 aTanoHHON MOJIENBIO.
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6. YKaxuTe pazHUILy MEKIY aHAIOTOBEIMHU M ITU(PPOBBIMU JaHHbI-
MH, CUTHaJIaMHU U KaHajnaMu. Kakue TUIbl TaHHBIX MOKHO NEPENaBaTh
10 aHAJIOTOBBIM U ITU(POBLIM KaHaIaM?

7. YKa)HATE Cpelbl, UCIOJb3YEMBIE Ul NIEPENAUYN JIaHHBIX. B dem
MPEUMYINECTBA ¥ HEIOCTaTKH PAa3HOBUIHOCTH CpPEJ, HCIIOIb3YEMBIX
T100ATHHBIMU U JIOKAJILHBIMU CETSIMU TIEpEIadil TaHHBIX ?

8. HazoBure MeTompl MoCTyma B JIOKAIBHBIX M TIOOATBHBIX CETSIX
nepefavn JaHHBIX, UX JOCTOMHCTBA M HemocTaTku. KakoBa cTpykTypa
KaHaJja cBsI3u’?
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T'JIABA 5. JUHI'BUCTUUYECKHUE CPEJICTBA
KOMIIBIOTEPOB

5.1. OcHOBHBIE TEHACHITHA
B Pa3BUTHH A3bIKOB MPOrPaAaMMHUPOBAHUS

Mon szvikamu npocpammuposanus TIOHUMAETCs cucTeMa (GopMallb-
HBIX 0003HAUYEHHUH ISl TOYHOTO ONHMCAHMSI a0CTPaKTHBIX CTPYKTYP aH-
HBIX U ITOPUTMOB TporpamM. Tak ke, Kak W JIOObIEe S3bIKH, S3bIKH
IpOrpaMMHUPOBaHHs UMEIOT aj(aBuT, CIOBapb, CHHTAKCUC (TpaBHiIa
KOHCTPYHPOBAaHUS BBIPRKEHHI), CEMaHTHKY — Pa3bACHEHHE CMBICIIA
KOHCTPYKIIMH U3 CIIOB U BBIPAKECHUI.

Buemmnss ¢opma s3pIKka NpOrpaMMHpOBaHUs, T.€. 3alHCh TEKCTa
POTPaMMBbl, YCTaHABIMBAETCS C MOMOIIBIO CHHTAKCHCA S3bIKA, KOTO-
peiii ompenensier GopManbHBIA 5A3bIK. CHHTaKCHC ONMCHIBACTCA C IO-
MOLIBbIO OMpPEAETICHHBIX IPaMMaTUYECKUX NpaBwi. 3anaHue (opmaib-
HOTO SI3bIKa XOTS W JOCTaTOYHO JJIsi YCTAHOBJICHUS CHHTAKCHYECKOM
KOPPEKTHOCTH, OJHAKO HEJOCTaTOYHO IJISi TOro, YTOOBI MOHSTH ee
(YHKIUIO U criocod AEWCTBHS MPOTPAMMBI, KOTOPBIC OIPEIEISIOTCS
MyTeM 3aJ]aHdsl CEMAaHTHKH, Yepe3 YCTAHOBJICHUE 3HAYCHUS OTIEIBbHBIX
SI3BIKOBBIX AJIEMEHTOB.

Crnenyer paznuuarh S3BIK MPOTPAMMHPOBAHUS M €T0 Pean3aluio.
Peanuzanus s3pika — mporpaMma, KoTopasi mpeodpa3yeT 3alKch BHICO-
KOTO ypoBHs (60Jiee IPUCTIOCOOJICHHYIO JJISl BOCTIPHATHS Y€JIOBEKOM) B
MOCJIeIOBATEIFHOCTh MAIIMHHBIX KOMaHJI KOMITBIOTEpA W BXOAMT B CO-
CTaB MPOTPaMMHOI0 00ECIIeUeHHsI KOMIIBIOTEPA.

[NosiBieHHe KOMIBIOTEPOB M MHTEHCHBHOE pa3BUTHE HMX TEXHHUYE-
CKUX BO3MOXKHOCTEH COIPOBOXAAETCA PAa3BUTHEM HX JMHTBUCTUYIECKO-
ro obecrieuenusi. Cpeiu OCHOBHBIX PUYMH, CTUMYJIUPYIOIIUX Pa3BHTHE
SI3BIKOB MTPOTPAMMHUPOBAHUS, CIIETyeT OTMETHUTD CIICAYIOIIHNE:

HEOOXOOUMOCTh MOBBIIICHUS 3((EKTUBHOCTH Tpyda HPOTrpPaMMH-
CTOB, yMEHbBIIICHHE YPOBHS aOCTparupoBaHus — MPUOIIKEHIE METOJI0OB
pOrpPaMMHUPOBAHHS K TIPHIOKEHHSM;

pa3BuUTHE MPUJIOKEHUI — BHEAPEHHE KOMIIBIOTEPOB B Camble pas-
TYHBIE chephl YeIOBEUECKOH e TeIbHOCTH;

3HAYUTENILHOE YBEIUUEHHE PECYpCOB KOMITBIOTEPOB U HUX MPOU3BO-
JTUTEIBHOCTH;

HapacTalollee yBeIUUEHHE CIOXHOCTH M Pa3MEpHOCTH 3a/ad, pe-
IIAeMbIX Ha KOMITBIOTEPaXx.
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Pa3paboTka sI36IKOB MPOrpaMMHUPOBaHUs HayaJlach MPAaKTHUECKH Of-
HOBPEMEHHO C TMOSBICHHEM BBIYHUCIHUTEIBHBIX MAIIUH. JTO CBS3aHO C
TEM, YTO TPOrpaMMHPOBaHHE B MAalIMHHBIX KOJaX — PYTUHHBIA UIH-
TEJIbHBIM MPOLECC, KOTOPBIA CIEPKUBAJI BHEAPEHUE BBIYMCINUTEIBHOU
TEXHUKH, 3HAYUTEIBHO CHIXKAast 3(PEKTUBHOCTh €€ UCTIONb30BAHUSI.

B 1945 r. nemenxuii matrematuk Konpan Ily3e u3obpen cuctemy 3a-
MUCH, KOTOpYIo Ha3Ban «llmaHKankionb» (4TO o3HA4YaeT MPOrpaMMHOE
MCUHCIICHHE), HO S3bIK HE OB peayin30BaH, TeM HE MEHee, MHOTHE pa3-
BUTHIC B HEM WJEU HAIUIM OTPa’KCHHE B COBPEMEHHBIX s3bIKax. VMcro-
pUsl pa3BUTHS TPATUIIMOHHBIX A3BIKOB BBICOKOTO YPOBHS, T.€. SI3BIKOB,
OPHECHTUPOBAHHBIX HE HA KOJbI KOMIIBIOTEPOB, a Ha aJITOPUTM PEILCHUS
3a/1a4y, IpeacTaBlIeHa Ha puc. 5.1.

B 1949 r. [Ix. Mowiu, omHUM U3 cO3/IaTeliei epBOro YHUBEPCAIb-
Horo xommnbioTepa DHMAK, Obu1 pazpaboran Short code — AccemOep,
peann30BaHHBIA Ha 3TOW MaIlMHE.

HecomHenHo, Haubonblliee BIMSHUE HA BCE MOCIEAYIONIHE S3BIKU
nporpamMmmupoBanusi okazan @oprpan (FORTRAN - FOR(mula)
TRANS(lator)), pa3zpadortannsiii . BakycomM u ero komjgeramum u3
¢upmer IBM B 1954 — 1957 rr. m peann3oBaHHBIH HAa KOMIBIOTEpE
IBM 704. B Te roapl sI3bIK ObLI BCTPEUCH CKENTHUECKH, OJHAKO pa3pa-
0oTka 3¢ekTuBHOrO TpaHCIATOpa AJS CaMbIX HOMYJAPHBIX (IO TeM
BpEeMEHaM) B MUPE KOMIIbIOTEPOB MO3BOJIMIO SI3bIKY 3aBOEBATh BCEOO-
iee MpU3HaHUE Yy MPOrPaMMUCTOB, 3aHUMAIOLINXCSA HAyYHBIMHU pacye-
tamu. [IpubnusuTenbHO B TO ke camoe Bpems ['peiic Mioppeii Xor-
nep — opuuep BM® CHIA (u3 pupmer UNIVAC) — paspabotana Oonee
NPOCTOM SI3BIK KOMMepueckux 3anau dnoy-Matuk — npoobpas Koboma.
OveHnp  BaXHOE MECTO  Cpeau  A3BIKOB  3aHMMaeT  AJron
(ALGO(rythmic)L(anguage)), mepBas Bepcusi KOTOporo Obuia pazpabdo-
TaHa B EBpome MeXIyHapoJHBIM KOMHUTETOM Ha OCHOBE HJAEH, 3aJo-
*keHHBIX B @opTpane u [lnankankione. Anrona xors U He puoOpen Ta-
KOH momyJssipHOCTH, Kak DopTpaH, HO OKa3asl OYeHb OOJIBIIIOE BIUSHUE
Ha JanpHeimee pa3BUTHE A3bIKOB. B Hawanme 60-X rofoB MOSBHIICA
Jlucn u ObuTa pa3paborana HoTaus APL.

CrpemuTenbHOE Pa3MHOKEHHE S3BIKOB BCTPEBOXKMIIO IPOTpaMMHU-
CTOB, IOATOMY OBLIO PELIEHO pa3padoTaTh €OUHBINA SI3BIK 11 BeeX. On-
HAKO MOIBITKU CO31aTh TAKOH S3bIK 3aKOHYMIIMCH HEyAaueH.

Uactnuneiii yenex s3vika PL/1, pazpabdorannoro ¢upmoii IBM, mno-
Ka3aj, 9YT0 BCEOOBEMIIIOIINN S3BIK JOJDKEH OBITh TPYJCH B U3YUECHUH U
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1954

1955

1956

1957

1958

1959

1960

1661

1962

1963

1964

1965

1966

1967

1668

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

JOVIAL

Kopan

Kopan -64

Smalltalk 8Q

MODULA-3

Eiffel

Ada 95

Mpoekt ®opTpaH

FLOW-MATC
®dopTaH
Anron-58
Kopacun APL
[_Anron-60 ] [__fucn
Ko6on
€peCMOTPEeHHbI A
CPL
SNOBOL
®opTpaH IV
\_—
Scheme|

Oberon

®opTpaH-77

JAVA Perl
ICON
COMMON

ANSIC

Quick BASIC

®dopTpaH 90

Visual BASIC

JAVA

Puc. 5.1. Uctopus pa3BuTUS SI3BIKOB IPOrPaAMMHUPOBAHUS
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TPOMO3I0K B peanu3aluy. belio mpu3HaHO, YTO HEOOXOAMMOCTh B HO-
BBIX SI3BIKAX ISl HOBBIX oOnacTeil OyAeT MosBIATHCS Beeraa. Bee s3bl-
KH, O KOTOPBIX TOBOPUJIOCH BBIIIIE, MOYKHO OIIPEJEIUTh KaK MPOIeIyp-
Hble (MK npeanuckiBatomue). [IporpaMMa Ha TakoM sI3bIKE YKa3bIBaeT,
KaK IMOJyYUTb Pe3yibTaT M YTO IUI 3TOro HeoOxXoaumo cuenats. Emre
OJTHO M3HAYaJbHOEC HAa3BaHUE 3THUX SI3BIKOB — SI3BIKH BBICOKOT'O YPOBHS
WIN alropuTMuueckre. Heckonbko clioB 00 ypOBHE SI3bIK2, KOTOPBIHA
oTpeieNAeTCs CTENCHBI0 a0CTParupoBaHusl OT pelIaeMol 3afgaudl (MiH
KaK TOBOPSAT OT HpuiIokeHHit). CaMbIM HH)KHUM YPOBHEM SI3BIKOB SIB-
JISIFOTCS MAITUHHBIE KOJBL. SI3BIKK BEICOKOTO YPOBHSI OPHEHTHPOBAHBI Ha
OpOrpaMMHUpPOBAHUE anroOpuTMoB. Ho anroputm — Taxke HEKOTOpas
abcTpakuusi, yAoajJeHHas OT KOHKPETHOrO NPWIIOKEHHS U Tpelyromiast
ajanTalyuy K KOHKpETHOU 3a1a4e.

CrpeMiieHue TIONHSATHCS Ha HOBBIH Ooliee BBICOKHI YpOBEHBb MpO-
rpaMMHPOBaHUs ¥ TPUOIM3UTHCS K MPUIOKEHHUSIM CBSI3aHO C TaK Ha3bl-
BaeMbBIMH HENPOIEAYPHBIMU WM OMKUCATENLHBIMHU SI3bIKAMH, KOTOpPBIC
MOYKHO Ha3BaTh S3BIKAMH CBEPXBBICOKOT'O YPOBHS, H OHH TPHOOPETAIOT
Bce Oospliee 3HaueHue. OmnucartelbHasi MporpaMMa KOHCTaTHPYeT, Ka-
KOH pe3ynbTaT KeJaTejeH, He yKa3blBas, KaK 3TOro IocTudb. B mpo-
rpamMme ckopee (HhOpMYIHPYIOTCS OTHOUICHUS, a HE IOCIeI0BATEIb-
HOCTh BbIuucIieHHH. Takum o0pa3oM, MpOrpaMMHUCT OCBOOOKAAETCS OT
00513aHHOCTH pa3palaThIBaTh MIard AITOPUTMA U ONPENENsITh UX MOps-
Jnok. OJHUM W3 Pa3HOBHJHOCTEH TaKHX S3BIKOB sBisieTcst [Iposor
PRO(gramming) in LOG(ic), npeacraustonmii co00i ycoBepIeHCT-
BoBanue s3bika Jluem (LISP — L(ist) I(nformation) S(ymbol)
P(rocessing)), a takxe Busukanpk u MynbpTHIUIaH, MOMYYHBIIHE pac-
NPOCTPaHEHHE Ha MEPCOHATBHBIX KOMITBIOTEPAX.

Hekotopbie M3 3THX SI3BIKOB HA3bIBAIOT TAKXKE JIECKPUITHBHBIMU.
[Iporpamma Ha HECKPUNTHBHOM SI3bIKE COCTOUT U3 ABYX HacTeil: 6azbl
JAHHBIX U 1end. ba3a JaHHBIX COAEpKUT KOHKPETHBIE (GakThl O periae-
MOH 3a/1a4e U OCHOBHBIC MPHHIIUITBI, KaCArOIUecs COOTHOMCHUH MeX-
oy stumu (akramu. Llenp — obmee ommcanue pemenus. Onpexaenss
[elb, MPOrPAMMHUCT, TIO CYIIECTBY, MPOCUT KOMIIBIOTEP CKOMOHMHHUPO-
BaTh (DaKkThl M COOTHOIIECHHUS TaK, YTOOBI MOXXKHO OBUIO JOKa3aTh, YTO
LeJIb UCTUHHA. JIeCKPUNITUBHBIE S3bIKM OCOOCHHO MOMYJIIPHBI B 00Jac-
TH pa3pabOTKH SKCIEPTHBIX CHCTEM.

Jpyras TeHAEHIMsI B Pa3BUTHU S3bIKOB MPOTPAMMHUPOBAHUS — POCT
MHTEpeca K CUCTEMaM 3alliCH, Ha3bIBaeMbIM OOBEKTHO-OPUEHTHPOBAH-
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HBIMH s3bIkamu, Hampumep Cumyna 67 (SIMULA — SIMU(lation)
LA(nguage)). Kpome 3T0Or0 mosiBieHHE MHOTOIPOLIECCOPHBIX CHCTEM
NPUBENO K HEOOXOAUMOCTH pa3pabOTKH SI3BIKOB MapallieIbHBIX BBIUUC-
nennit. [lpuMepoM TakuX SI3BIKOB MOTYT ciyxuTh Oxkam, Kommen
(Computer Parallel) u np. PazBuTHe S3bIKOB TECHO CBA3aHO C Pa3BUTHEM
TEXHUYECKUX CPEJICTB, C MOSBICHUEM HOBBIX HH()OPMAIIMOHHBIX TEXHO-
JIOTH, COBEPIICHCTBOBAaHUEM IMPOTPAMMHBIX HMHTEp(EiicoB. DTO OTHO-
CUTCS K CpEICTBaM MPOrpaMMHUPOBaHMS Tpaduyeckux HpOrpaMMHBIX
000J104€eK, MPOrpaMMHUPOBAHUS CETEBBIX MPUIIOKEHUH, COBEPIIEHCTBO-
BaHUIO JIMHI'BUCTUYECKUX BO3MOXKHOCTEH OIEPAIMOHHBIX CUCTEM H T.II.

B HacTosimiee BpeMsi HACUMTBHIBAETCS HECKOJIBKO THICAY SI3BIKOB H,
TEM HE MEHee, MPOJOoIIKAeTcsl pa3paboTKa HOBBIX. DTO, MMO-BUANMOMY,
CBSI3aHO C TEM, YTO HET XOPOIIEro crocoda JJisl Onpe/e/iCHHs KauecTBa
s3pIKa. [Ipy BceM MHOTOOOpa3uu S3bIKOB MHUPOKO HCHOIB3YIOTCS JIUIIb
HekoTopble. OT BO3HUKHOBEHHUS SI3bIKA 10 €r0 «YCICLIHOM CTaHIapTH-
3anuu» (CTaHAapTU3alMsl SI3BIKOB MPOTPAMMHPOBAHHUSI IPOBOJUTCS Op-
raanzaiei ANSI — American National Standard Institute) mpoxomut
npumepHo 10 5eT, mMO3TOMy NPOrpPaMMHCTBHI MPEANOYUTAIOT CTapble
SI3BIKM, HECMOTPSI Ha TMOCTOSIHHYIO KPUTHKY CO CTOPOHBI 3HTY3HACTOB-
pa3pabOTUYNKOB HOBBIX SI3BIKOB. DTO CBS3aHO C TEM OOJIBIIMM 3a]IC]IOM
IPOrpaMMHOTO O0ecrieueHHs, KOTOPBIA CYILECTBYET y TPaJAWLHMOHHBIX
SI3BIKOB, @ TAaKXKE HOBBIMH WX BEPCHSMH, B KOTOPBIX IPOIOJIKAETCS
JaNbHeHIee COBEPIICHCTBOBAHUE C YYETOM KPHUTHYECKUX 3aMeqaHMid
(me Bcerma oO0beKkTHBHBIX). [loaToMy xapakTepHOW TeHIEHIMEH IIO-
CIIEJHETO BPEMEHH B PAa3BUTUM TPATULHOHHBIX S3BIKOB BBICOKOTO
YPOBHS SIBIISIETCSI HE CTOJIBKO CO3/IaHHE HOBBIX SI3BIKOB, CKOJIBKO BKIIIO-
YeHHE HOBBIX ()YHKIIMOHAIBLHBIX BO3MOXXHOCTEH B TPaJAUIIUOHHBIC S3bI-
K{ — UCIIOJIb30BaHKE JICMEHTOB MALIMHHOW Tpaduku, 0ObeKTHasT OpH-
EHTalusl, Co3aHue rpagUyecKuX MPOrpaMMHBIX HHTEp(EHCcOB cpeacT-
Ba pacnapauieiuBaHus ¥ T.1. [IpoGieMbl apauiebHOTO MPOTrpaMMHu-
POBaHUsI, UCTIONB30BAaHMS BUPTYAILHON NAMATH B 3HAUUTEIILHON CTeTie-
HH PELIAIOTCSl HE TOJBKO HA YPOBHE NMPHUKJIAAHOTO IPOrPaMMHPOBAHUS,
HO TaKXXe CPEACTBAMH CHCTEMHBIX MporpamMm (OINEepaliMoOHHBIX CHCTEM,
TPAHCISATOPOB U T.IL.).

Cpenu odeHb OOJBIIOTO KOJMYECTBA SI3BIKOB, pa3paOOTaHHBIX K Ha-
CTOSIIIEMY BPEMEHH, OUE€Hb Ba)KHOE 3HAYCHHE MMEIOT SI3bIKH, KOTOpPBIC
XOTS M HE TTOJTyYHITH ITUPOKON TPUMEHUTENFHOMN MPAKTUKH, HO OKa3aJIH
CHJIbHOE BJIMSHHE Ha BCE JAalbHEHIee pa3BUTHE JIMHIBHCTUYECKOTO
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obOecrieuenust uHpopmatuku. K TakuM s3bIKAM MOMKHO OTHECTH:
ALGOL (mexaynaponssiii komuret), Cumyna 67 (Kpucren Huraapn,
One Moxau Jlan), Small Talk (Anen Kaif), Modula, Pascal (Object Pas-
cal), Oberon (Huxmayc Bupr).

B menom, cpaBHeHHE S3BIKOB OYEHb CIOXHAs 3a7ada, MOCKOJIBKY
cymecTByeT 2570 pa3iauyHBIX BO3MOKHOCTEN WIIM CBOWCTB IS CpaBHe-
HUS, K KOTOPBIM JOOABISIIOTCS 12 XapakTEpPUCTHK TpaHCIATOpoB. Cie-
JOBaTeNIbHO, HE CYIIECTBYET CaMOT'0 JIYYLIETO s3bIKa MPOrpaMMHpPOBa-
HUSI, TaK K€ KaK HE CYILECTBYET CaMOTO JYYILIETr0 €CTECTBEHHOTO SI3bI-
ka. Be1Oop s13bIka omnpeernsieTcsl HensIMA IPAMEHEHNST U WHIUBHyallb-
HOCTBIO IporpammucTta. Kak ckaszan xoposs Kapn V [17]: «S pasrosa-
pHUBaIO MO-UCHAHCKUA C OOroM, MO-UTAIBSHCKH C XCHLIMHAMH, MO-
(paHIly3CcKH C My>)KYMHAMH U TO-HEMEIIKH CO CBOEH JIOIIA IBION.

B zaknrodenne He0OXOAMMO OTMETHTH, YTO MPOOIEMbI JTMHIBHCTHYE-
CKoro obecriedeHus (KaK ¥ IpOrpaMMHUPOBAHMs) CACPKUBAIOT BHEAPEHHE
CPEJ/ICTB BBIYHUCIIUTEIFHON TEXHUKU M YCIIEXU B PEIICHUH 3THUX MPOOIeM
3HAYUTEBHO CKPOMHEE TEMITOB Pa3BUTHSI TEXHUUECKHUX CPE/ICTB.

5.2. Kimaccnupukanus M KpaTKasi XapaKTepHUCTHKA
COBpPeMeHHBIX SI3bIKOB IPOrPAMMMPOBaHUS

Bce s3pIkM mporpaMMHUpOBaHUSA MOKHO CTPYIIHMPOBATh 110 HEKOTO-
PBIM NpU3HAKaM B psi MOATPYII (C ONpeeIeHHO CTEeNEeHbIO YCIOBHO-
cti). Ha puc. 5.2 npeacTasieH oquH 13 BApHAHTOB TaKOT'O pa30HEHUSL.

W3 pucyHka BHAHO, YTO HAa CETOJHSAIIHMN JEHb SI3BIKM MOXHO pas-
JEeNUTh Ha JBE OONbLIME MOATPYMIBI: MAaIMHHO-OPUEHTHPOBAHHBIE H
MaIIMHHO-He3aBUCHUMBIE. K IepBbIM OTHOCAT A3BIKH, OPUEHTHPOBAHHbIE
Ha CHUCTEMY KOMaHJ KOHKpeTHoro tuma OBM, H, ecTecTBEHHO, Mpo-
rpaMMBbl, HAITMCAHHBIE HA 3TUX SA3BbIKaX, HE MOTYT BBIMOJHITHCSI HA Ma-
IIMHAX ¢ UHOW cUCTEMOM KoMmaH[. X OCHOBY COCTaBISIIOT MalllMHHBIE
sa3pIkH. [IporpammupoBaHie B KoJaxX MAaIIMHBI, P KOTOPOM KaxKIas
KOMaH/a MpEACTaBIACTCS LENOYKOW M3 HyJed W eIUHMI, a Ha Ipo-
rpaMMHKCTa BO3JIaraeTcsl 3ajada pPacrojIOKEHHUs] CBOEH MpOorpaMMbl B
azgpecax KOMIIBIOTEpA — CIIOKHBIM YTOMMTENBHBIN mpouecc. IIporpam-
Ma, 3arpy>KeHHasl B NaMATh, BBINOJHSAETCS Oe3 BCSKOW MpenBapUTelb-
HOW 00paboTKH, Tak Kak Bci paboTa MO MEPEeBOAY alropuTMa B MPO-
rpaMMy, TOTOBYIO K MCIOJHEHHIO (MCIIONHUMYIO IIpOTpamMmy), ocyllie-
CTBIISIETCS «BPYUYHYIO» YETIOBEKOM.
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A3bIKN

MPOrPAMMUPOBAHNA
\ 4 \ 4
MalLLMHHO-OpUEHTUPOBaHHbIE | | MalumHHo-He3aBucnMble |
—>| MawwmHHble | A 4 l
HenpoueaypHble | | MpoueaypHbie
CMMBONMYECKOTO KOAMPOBaHHS
’ ynpaaneHmeaa,anmnMM | npoﬁﬂeMHO-OpMeHTMpOBaHHbIe
Makpochb! |
Accembnepsbl |
» OKoHOMUYeckune
CYBl 3a4a4u

—>| Bbicokoro ypoBHsi |
ObpaboTka cnuckos

—>
>
— pacvka
—
OB6bEKTHO- _* Opyrve
OPMEHTMPOBaHHbIE L
A
Puc. 5.2. Knaccuduxanpus 3 | Vimsepcanbhbe |4
A3BIKOB POrPAMMHPOBAHMUSI

[IporpaMmMupoBaHue B MalllMHHBIX KOAAaX B HACTOALIEEe BpeMs HE HC-
NOJIB3YETCs] MPOTrPaMMHUCTAaMH (32 MCKIIOYEHHEM HEKOTOPBIX Yy3KOCIie-
[UATM3UPOBAHHBIX MpHiIokeHui). OgHaKo MporpaMMHpOBaHue Ha Ac-
cemOnepe (Assembly System) mpakTHKyeTCS TOCTaTOYHO LIUPOKO, IO-
CKOJIBKY BCE€ CHCTEMHOE NPOTpaMMHPOBaHHE, MPOrpaMMHPOBAHHE He-
CTaHJAPTHBHIX NepU(EepUHHBIX YCTPOICTB, MPOrpaMMHUPOBAaHHE HpOLIEC-
COB pealbHOTO BPEMEHH U T.II. B TOW UJIM MHOI Mepe CBSI3aHO C UCIOIb-
30BaHneM AccemOnepa. f3pik AccemOnepa — MepBBIM IIar Mo aBToMa-
TU3AMM TIPOTrPaMMHUPOBaHUs, N30aBICHUIO POTPAMMHUCTA OT MeNIoYeH
JBOMYHOTO KOAUPOBaHUS. lcroib30BaHHWE CHUMBOJIOB, OTPa)KaroIIUX
CyTh MalIMHHOW KoMmaHbl (Hampumep, LOAD — 3arpy3uts, ADD —
CIIOKUTh), BMECTO COOTBETCTBYIOIIMX MM KOIOB KOMaHI, a TaKxke
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3amuch MporpaMm 0e3 MPHUBA3KH K KOHKPETHBIM anpecam DBM 3naun-
TeJbHO 00neryaotr padory nporpammucrta. [Ipu sTom yacte paboTHI
BO3JIaraeTcsl Ha KOMITBIOTEP, KOTOPBIH ¢ TIOMOIIBIO MPOTPaMMBbI TPaHC-
JISITOp-acceMOJIep MEPEBOAUT TEKCT MPOTPaMMbl Ha MAIIMHHBIA A3BIK U
OTIpeieNIIeT €ro MeCcTO B MOJie OonepaTuBHON mamMsaTH. JlanbpHeliee co-
BEpILICHCTBOBaHUE AceMOJIEpOB CBS3aHO C TOSBICHUEM MaKpoacceMO-
JepoB (WK MaKpOCOB), TTO3BOJISIFOIINX MHCATh 00JIee KOMITAKTHBIE MPO-
rpaMmbl. OTO OOBSICHAETCS TEM, YTO B Makpoaccembiepax 4acTo IO-
BTOPSIOIIMECS IOCIE0BATENIFHOCTH KoMaHI AccemOiepa oObenuHs-
IOTCA U M IIPUCBAWBAIOTCA HOBBLIC CUMBOJIBI. TpchnﬂTop ¢ s3bIKa Ac-
cemOepa sBIsieTCS HEOOXOAUMBIM aTpUOYTOM JI0O00r0 COBPEMEHHOTO
KOMITBIOTEPA, TaK KaK MPOrpaMMUPOBAHHE HA 3TOM S3BbIKE TIO3BOJISET B
IIOJIHOM MEpEe MCIOJb30BATh PECYPCHI BBIUUCIUTENIBHBIX cUCTEM. B TO
JKEe BPEMsl UCIIOJIb30BAaHHME ITOTO SI3bIKA TPENIojaracT JOCKOHAJIbHOE
U3y4YeHHE TEXHUYECKUX CPEICTB U apXUTEKTYpHBIX OCOOCHHOCTEH Mpo-
rpaMMHUPYEMOI MalllWHBI.

TlosiBIIeHUE SI3BLIKOB BBICOKOTO YPOBHA BBI3BAHO CTPEMIICHUEM YIIPO-
CTUTH IMPOLEAYPY NPOrPaMMHUPOBAHHMS, CO3/1aTh CPEACTBA, OTPAKAIOLIE
CTPYKTYPY ITOpUTMA 3aJaydl U HE TpeOYyIOIIHe OT MPOrpaMMHUCTa Je-
TaJIbHOT'O HM3YUCHHA KOMIIBIOTEPA. Pa3pa60TKa MAaIIMHHO-3aBHUCUMBbIX
CHCTEM AaBTOMAaTH3allMM SKCIEPUMEHTOB, M3TOTOBJICHUE MpPOrpaMM pe-
IFHOTO BPEMEHH, 3aBUCSIIMX OT OKpYXalolled cpedbl U BpEeMEHH, a
TaKke MPOrpaMMHUPOBaHHE HECTAHIAPTHBIX TMEPUPEPUIHBIX YCTPOWCTB
O3HAYaeT HAWBBICIIMN YpOBEHb Pa3pa0OTKH MpOorpaMM. TecTHpoBaHUE
M3rOTOBJICHHBIX CUCTEM METOAMYECKH MEHEE YTOUYHEHO U TPYIHO peasu-
3yeMo. B To xe BpeMs ommOKu, OCTalomuyecs B TOTOBBIX CUCTEMaXx, BbI-
3bIBAOT OYCHb TAXKCIIBIC ITOCIICACTBUS. MammHHas 3aBUCHMOCTD SI3BIKOB
NpOrpaMMHUPOBAaHHS PEALHOTO BPEMEHH BBICOKOTO YPOBHSI XOTS U 3a-
TPYIHSIET MOOMIBHOCTD («IIEPEHOCHMOCTbY) MPOrpamMM, HO, O€3yCIOBHO,
yIIy4IlIaeT XapaKTePUCTHKK BBINIONHEHHS. B TO jke Bpems MOOMIBHOCTH
MporpamMM YIpaBJIEHUSI HE SIBJISIETCS aKTyallbHOM 3ajjadyeil, Tak Kak 3TU
CHCTEMBI anmapaTHO OPUEHTUPYIOTCS Ha OTAENbHBIE Kiaccsl DBM.

Ecmu Bo mMHOrmx IMPUMCHCHUAX CPAaBHUTCIIBHO PaHO ObLIH CO31aHbl
SA3BIKHM BBICOKOI'O YPOBHH, Ka)K)ILIﬁ N3 KOTOPBIX CTAJl MUPOBBIM CTaHJap-
TOM B CBOEH 00JaCTH, TO HH OTHOMY U3 SI3bIKOB PEaJbHOTO BPEMEHH BbI-
COKOT'0 YPOBHsI HE YAaJIOCh CTaTh TakoBbIM. B BennkoOpurannu HeoOxo-
JIIMOCTh B SI3bIKE MPOTPaMMHUPOBAHUS 3a/]]ad B pealbHOM Maciirabe Bpe-
MEHH TIpHBelia K MOSABIEHUIO s3bika Kopan (cokpamieHue oT «sI3bIK Mpo-
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rpaMMHUPOBaHMS Ul PEaU3alUKl PaAUOJIOKALMOHHBIX CHCTEM)»), MO-
CTPOCHHOTO Ha uuesix Anrona. Kopamn — oquH U3 HEMHOTHX SI3bIKOB JaH-
HOTO THIIA, HAa KOTOPBII UMeeTCsl CTaHIapTHOE ONpeesIeHuE.

B CHIA wucnonbs3oBaics ®oprpaH peanbHOro BpeMeHu (pa3paboTka
yauBepcutera Purdue), Bo @pannmu — 361k [Ipokon (Takke Ha OCHOBE
®optpana), B 'epmannn — I[leapn. IIporpammupoBanue 3a1ad peanbHO-
0 BPEMEHHU JUIsI MHUKPOIPOIIECCOPHBIX CHCTEM IMPHUBENIO K MOSBICHHUIO
TaKWX S3BIKOB BBICOKOTO ypoBHs, kak PL/M, PLZ, MPL, npennaszna-
YEHHBIX U1 CceMeicTB MukpomponeccopoB ¢upm Intel, Zilog nu
Motorola cooTBeTCTBEHHO. Y 3THX SI3BIKOB OBLIO MHOTO TPHBEPIKECHIICB
¥ OHH TOJIYYWJIM BBICOKYIO OLIEHKY MoJb3oBatesieil. Ocoboe mecto B
CIHCKE SI3BIKOB PEajbHOr0 BpeMeHU 3aHnMaeT DopT: OH He UMEeT aHa-
JIOTOB B MAaIlIMHHO-HE3aBHCHMBIX A3BIKaX M TO3BOJIIET COYETaTh IPO-
rpaMMHpPOBaHUE Ha S3bIKAaX BHICOKOTO M HU3KOTO YPOBHEM.

MamuHHO-OpUEHTUPOBAHHBIE SI3BIKM BBICOKOTO YPOBHSI NPHUMEHSI-
JIMCh ¥ TIPU CUCTEMHOM MPOTPaMMUPOBAHHU — Pa3pabOTKe OMepaluoH-
HBIX CHUCTEM W MHCTPYMEHTOB MPOTPAMMHOMN MOJICPKKH KOMIBIOTEP-
HeIX cucteM. Tak, ¢upma IBM st 3THX meneil ncnoib3oBaia S3bIKU
PLS (mmanext PL/1), DEC-BLISS (na 6aze ALGOL), Burroughs — Ex-
tended ALGOL. B nHacrosiiee BpeMsi B Ka4eCTBE OCHOBHOTO WHCTpY-
MEHTa JJIs1 CO31aHHsI OTEPALMOHHBIX CUCTEM HCIOIb3yeTcs s3bIK C.

Crenyronryo KaTerOpHIO COCTAaBIISIOT MAIlIMHHO-HE3aBUCUMBIE SI3bI-
KH BBICOKOTO ypoBHsL. OHH, B CBOIO O4€pe/ib, MOTYT OBITh pa3/IeeHbI Ha
HenpoIleypHble (AeCKPUITUBHBIE MIIM ONKCATENbHBIC) U MPOLIEAYPHBIE.
[IponenypHble sI3BIKH, TPEACTABISIONINE OCHOBY SI3BIKOB COBPEMEHHOTO
IpOrpaMMHUPOBAHUS, COCTABIAIOT HanOoJee COMUAHYIO IPYMIy, U UMU
MOJIb3YEeTCsl HAaOOJIbIIIEe YMCIIO IPOTPAMMUCTOB ISl PEIICHUST Pa3iiny-
HBIX TPUKIAIHBIX 3a[ad, CBSI3aHHBIX C pacyeTaMu, MPOEKTHPOBAHUEM,
9KOHOMHMKOH U T.1I. IIpouexypHbIe SI3IKM MOXKHO YCJIOBHO Pa3feiUTh Ha
npo0JIEeMHO-OPHEHTHPOBAaHHBIE H YHUBEpcallbHbIE. K MepBbIM OTHOCST-
sl TAKWe TPAJUIIMOHHBIC S36IKM HAYYHOTO U WHXKEHEPHOTO MPOrpaMMHu-
poBanusl, kak dopTpaH U Anron.

K ar0i1 ke kareropuu MoxHo oTHecTH llackanb, KOTOpPBIN BHadase
NPUMEHSIICS KaK S3BIK JUIS OOydYeHHsI POTrpaMMHPOBaHHIO, HO OJaro-
Japsi TMOSIBICHUIO MUKPOCHCTEM CTal OJHUM M3 HanOoJjee HOMyJISIPHBIX
SI3BIKOB PEIICHUS HMH)KEHEPHBIX 3aa4. B 5KOHOMUUECKUX NPUIIOKEHUIAX
cBoeoOpa3HbiM craHgaptoM sBisicss KoGom (Common Business
Oriented Language).
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Crenmanu3anusi SI3BIKOB  CBfi3aHA C Ppa3BUTHEM TEXHUYECKUX
CPEICTB, pacIIMPEHHEM Pa3HOBUAHOCTEH MPUJIOKECHUI W TOSBICHHEM
HOBBIX HH()OPMAIIMOHHBIX TEXHOJOTHH. Tak, COBEPIICHCTBOBAHUE SI3bI-
KOB HAyYHO-TEXHUYECKUX TPUIIOKEHUH TIPUBEIIO K TTOSBICHHUIO S3BIKOB
MAaIIMHHOH rpauKu, COBEpPIICHCTBOBAaHNE POTPaMMHBIX HHTEpdelcoB
CBSI3aHO CO CpeACTBaMH pa3paboTku rpaduveckux uHTepdeiicoB B cpe-
ne Windows. Pa3BuTre ri100aibHBIX BEIUMCIMTEIBHBIX CETCH MPUBEIIO K
MIOSIBJICHUIO CPE/ICTB Pa3padOTKH CETEBBIX MPUIIOKEHHH.

Cpenu OCHOBHBIX HANpaBlICHUN CHEIMATU3ALUH S3bIKOB MOKHO BbI-
JEIUTh CIEAYIOIINE.

A3zviku noocomosku cyenapues. Ilepsblii Takoit s3b1k — Sh (Shell — 060-
JIOUKa), M3HAYaJIbHO COCTOSABIIMM M3 HA0Opa KOMaH[, HHTEPIPETUPYEMBIX
KaK BBI30B CHCTEMHBIX MPOTrPaMM, BBIIOJHSIONINX CITyKEOHbIE (YHKIUH
(Harpumep, ynpapieHue QaiiaMu) U X MPOCTYI0 QuiIbTparuio. 3ateM Ha
9TOH OCHOBE OBUIM JOOABIICHBI IEPEMEHHBIE ONIEPATOPHI IOTOKA yIpaBJie-
HUs, QYHKIUH | T.IL, B PE3yJbTaTe TONYYMIN YHUBEPCAIBHBIN SI3BIK TIPO-
rpaMMupoBaHus, pazpaborannskiii B Bell Lab., — AWK.

Paspaborannsiii Jlapu Yommom s3pik Perl m3HawanmbHO cocTaBisia
koMOuHauuio Sh u AWK, 3arem monmy4usn 3HaYUTEIbHOE Pa3BUTUE H
ceifyac ABNSETCS AOCTATOYHO MOIIHBIM, BBIXOISIIMM 3a PaMKH CII€Ha-
pueB, ocoOeHHO B CBsi3U ¢ pazButueM WWW, s3eikoM. OH O4eHb yao-
oen s nporpammuposanus uarepdeiica CGI (Common Gatway Inter-
tace — oOIIMif IUTF030BOM MHTEPPEIC).

Ipoepammuposanue 6 cpeoe Windows. Coznanue rpapuuecKux
000JI0YeK CBS3aHO C TAKUMH HHCTPYMEHTAJIBHBIMH CPEICTBAMH, Kak
Turbo Vision, VB, VBA, VC++, Delphi, .NET Vision.

IIpoepammuposanue 6 xomnviomepuwvix cemsx. IIporpaMMmupoBanue
CBSI3aHO C PAIOM CIIeHU(PHIECKUX TPeOOBAaHUM, MPEIbIBISEMbIX K pa3-
pabaTeIBaeMBIM MpPOrpaMMamM, a CJICAOBATEIbHO, U K MHCTPYMEHTAJb-
HBIM cpefaM. OCHOBHBIE U3 3TUX TpeOOBaHMIA:

matGopMeHHas He3aBUCUMOCTh;

3ammTa HHQOpMaKK OT HECAHKIIMOHUPOBAHHOTO JOCTYIIA;

obecriedeHne BEICOKOTO OBICTPOJICHCTBHSL.

Jns mporpaMmmupoBaHusi akTUBHBEIX Web-cepBepoB B HamOobIIeH
CTEINICHU YIIOBJICTBOPSIOT MEPEUUCIICHHBIM TpeOoBaHusIM s13bIK Java (C),
paspaborannbii ¢pupmoit Sun, a tarke miardgopma NET(DOT NET),
BiJTFOUaromas si3eik C# pupmer Microsoft.
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Hns pasmeTkn rumeprekcTa, co3manusi Web-cuenapueB (Web-
muzaiina) npumensitorcs: HTML(H(yper) T(ext) M(arkup) L(anguage)),
XTML, Perl, Java Script, VB Script, ucrnonb3yembie Jjisl IpOrpaMMHUPO-
BaHUS CO CTOPOHBI KJIMEHTA, JUIsl IPOrpaMMHUPOBAHHs CEpPBEPHON YaCTH
cuenapueB ucnons3yercsi ASP (Active Server Pages).

Ocnosnvie a3viku 01 pabomul ¢ OanHbimy. TaKUM SI3BIKOM B paMKax
cranmapra ANSI sensercs SQL (Structured Query Language — s3Ik
CTPYKTYpHUPOBAHHBIX 3aIIPOCOB).

Cpenn y3KoCIenHaIu3upOBaHHBIX S3BIKOB, KOTOPBIX 3a IMOCIEAHHE
50 neT MOSBUJIOCH BEIIMKOE MHOXKECTBO, MOXKHO OTMETHTh: APG, wmc-
MOJIB3YEMBIN ISl TEHEpAlUU JeNOBEIX 0T4eToB; APT, co3maHHBIA It
yhpaBlieHHs NporpaMMupyeMbiMu yctpoiictBamu; GPSS, paspaboran-
HBIA JUIS MOJETMPOBaHUS OONBIINX CHUCTeM (BKItOUasi OOJNbIUE WH-
(hopManroOHHBIE CHCTEMBI) U T.II.

OpHako y3KOCHEUUAIN3UPOBAHHBIE S3BIKH, KAaK [IPABUIIO, BHI3BIBAIOT
HETpUsITHE Y OOJIBIIMHCTBA MPOrPaMMHUCTOB. [103TOMYy OCHOBHOHM TOJ-
XOJl K PACUIMPEHUI0 BO3MOXXHOCTEH MPOTrpaMMUPOBAHHUS Ha CETOTHSIII-
HUH JIeHb CBs3aH C BKJIIOUYCHHEM B TPaJULHMOHHBIC, HAHOOJIee MOIyJIIsip-
HBIE S3BIKM JOMOJHUTENBHBIX CPEICTB, PACIIMUPSIOMINX UX (YHKIHH.
Takum 00pa3oM, UCXOJHBIN S3bIK CTAHOBHUTCS HEKOTOPHIM TOJAMHOMKE-
CTBOM I'PYIIIbI HOBBIX SI3bIKOB.

[IpakTuueckn Bce SA3bIKM HAyYHO-TEXHUYECKOTO MPUMEHEHHs obec-
TeYeHbl CPeJICTBAMH ITPOTPaMMHUpPOBaHuUs Tpaduyeckoro BeiBona. O0-
MM JIJIS1 BCEX SI3BIKOB SBIIAIOTCS CPENICTBA MTPOrPaMMUPOBAHUS B CpeJe
Windows (Visual Basic, Delphi, Visual C T.1.), co3nanue HOBBIX THIIOB
JaHHBIX — 00BEKTHO-OPUEHTHPOBAHHOE IPOrPAMMHUPOBAHHE.

K yHuBepcanbHBIM f3bIKaM Ha HAuYaJbHOM 3Talle OTHOCWIIM, IMPEXIE
Bcero, PL/I (Programming Language I), CPL (Combined PL), APL, xoto-
Ppbl€, XOTS M HCTIONB3YIOTCSI, HE TIOJIYYMIIN [IMPOKOTO PaCpPOCTPaHEHHSI.

OCHOBHBIM, BCEMHU IPH3HAHHBIM Je-(haKkTo, CTAaHIAPTOM YHHBEp-
CaJIbHOTO sI3bIKa CTal pa3paboraHHblid B Henpax Bell Laboratory kpyn-
Heimero amepukanckoro konuepHa AT&T s3pik Cu (C). Ilpumeua-
TEJIHO, YTO pa3padOT4YHMKU (OTHIO[b, HE MPEACTABISIONINE BEIYIHC
KOMITBIOTEPHBIC (PUPMBI) HE CTABUIIM CBOEH I1eJIbI0 pa3paboTKy YHHBEp-
caJIbHOTO s3bIKa. OHU cO3/aBalli HHCTPYMEHTAJIBHBIE CPEACTBA AJIsl Ha-
NHUCAaHUSl MEPEHOCUMON Ha pas3JIM4HbIe KOMIIBIOTEPHl ONEPAlMOHHOM
cuctembl UNIX (Ken Tomncon u Jlenuc Putun). Ha nepom 3tarme 3toT
SI3BIK CUMTAJICA SI3BIKOM CHCTEMHOro IporpammupoBanus. B 1980 r.
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Besipa Crpayctpyn pa3padboTan 00bEeKTHO-OPHEHTUPOBAHHOE pacIlupe-
HUE 3TOro A3blka — Cu ++.

B nanpHelinieM pa3nudHbBIMH (UPMaMH CO3JaHBI CpPEACTBA IPO-
rpaMMHpOBaHUs rpaduieckux HHTepdeiicoB B pamkax s3bika Cu. S3bIk
CETEBOTr0 MPOTpaMMHUPOBaHus Java Takxke Co31aH Ha OCHOBE s3b1ka CH.

B 1979 r. 65110 00BsBICHO O sI3bIKE AJla, pa3pabOTaHHOM JJISI MU-
HuctepcTBa o6oponsl CIIIA ¢ ero 3amagamu peanpHOro BpemeHu. Of-
HAKO /10 HACTOSIIETO BPEMEHHU 3TOT A3bIK HE BOIIEN B MPAKTUKY IIUPO-
KOTO IPUMEHEHHS.

Heo0xomuMo OTMETUTH OMNpEeNICHHYIO YCIOBHOCTh TPHBEICHHOM
Kkjaccupukanuy. MalmHHO-HE3aBUCUMBIE SI3BIKM HE OTBEYAIOT TAKOMY
Ha3BaHMIO B ITOJIHOW Mepe, TaK KaK MPH peau3aliy sS3bIKa Ha KOHKPET-
HBIX KOMITbIOTEpax (UPMBI BBOJST JOMOJHUTEIBHBIE BO3MOXKHOCTH,
BBIXO/IAIIUE 32 PAMKH CTaHAAPTOB HA TOT MM MHOM A3bIK. OHAKO Mpo-
rpamMma, HallMCaHHAsl B paMKax CTaHAAPTHBIX OINpEIeNICHUH, KaK MpaBu-
JI0, MOKET BBIMIOJHSTHCS HAa KOMITBIOTEpAxX JIIOOOTO THUIA, MMEIOIINX
COOTBETCTBYIOIIUI TPAHCIATOP.

Crnemyer OTMETHTh, YTO 4eM OMKe SI3bIK K NPHKIAIHBIM 337a4am
NOJIB30BaTeNel, TeM OOJIBIIYI0 PaboTy HOJDKEH BBIIOIHATH KOMIIBIOTED T10
€ro peaiu3alii, T.€. IPH MOBbIIeHHH 3 dexTrBHOCTH pabOTHI MpOrpam-
MHCTa HOHIKAEeTCS 3P PEKTUBHOCTH pabOThI KOMITBIOTEPA, TAK KaK OIUH U
TOT K€ AITOPUTM, 3aKOAMPOBAHHBIA B MAIIMHHBIX KOJAaX M HAIMCAHHBIA
Ha SI3bIKE BBICOKOTO YPOBHS, UCIIOIB3YET PA3IUIHBINA PeCcypc KOMITbIOTEpA.
Bo BrOpoM ciydae nporpaMMbl, €CTECTBEHHO, BBITTOTHIIOTCS MEAJIEHHEE U
3aHUMAIOT 3HAYUTEIBHO OOJBIIIE ONIEPATUBHON MaMSTH.

OnHako HEKOTOpBIE HETIPOLIEAYPHBIE A3BIKM BOZHUKIIN 3aJ0JIr0 JI0 TO-
SBJICHUS] TIEPCOHATBHBIX KOMIBIOTEPOB U CBSI3aHBI CO CTPEMJIEHHEM HC-
KITIOYNTH PYTHHY MPOLEIYPHOTrO MPOrpaMMHUPOBAHUS I IPUOIM3UTD S3BIK
K IPUJIOKEHUSIM. M XOTs 3TH A3BIKM HE HOJIYYHIIM MAacCOBOIO paclpocTpa-
HEHUSI, OHHU BKJTIOYAIOT S/l HOBBIX WAEH, MOJIE3HBIX IS AATbHEHIIIEro co-
BEPILICHCTBOBAHMS JIMHIBUCTUYECKOTO 00ecriedeH s HHPOPMAaTHKH.

K Takum s3pikaM OTHOCSATCA (YHKUMOHAIBHBIE S3BIKM (Apyroe Ha-
3BaHUE — annaukamueHvie). TUMINYIHBIM TPEICTaBUTENIEM 3TUX S3BIKOB
seisiercss LISP (L(ist) I(nformation) S(ymbol) P(rocessing)) — s13bik 00-
paboTku cnuckoB, pazpabotanneiid Jx. Makkaptu B 1961 1. ans cum-
BOJIbHOM 00paboTKu. IloTpeOHOCTE B sI3bIKaX, pabOTAIOIIUX C CUMBOJIA-
MW, OIYIIAJIACh B JIMHTBUCTHKE, QUIOCOPHH, MaTeMaTHKe. Y TICHXOJIO-
roB HEOOXOIMMOCTh B TaKHX CPEACTBAX CBA3aHA C MOJECITUPOBAHUEM
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YeJI0BEYECKOTO MBIIUICHHS, Y JIUHTBUCTOB — C 00pabOTKOI TEKCTOB Ha
€CTECTBEHHOM $I3bIKE, Y MaTeMaTHKOB — 3TO SI3bIK JOKA3aTeNLCTBA TEO-
pem, auddepeHpoBanie, HHTErprUpoBanue U T.1. Kcratu, Takue Ma-
TeMaTHYeCKHEe MakeThl, kak Macsyma Reduce, Scratchpad, paspabora-
HBI ¢ ToMo1eio LISP.

K HemponemypHbIM si3bIKaM OTHOCSITCS M SI3BIKH JIOTHYECKOTO TPO-
rpaMMHpPOBaHMsI, KOTOPBIC SIBISIOTCS JEKJIapaTuBHBIMH. Pa3paborka
IpOrpaMMBbl Ha 3THX S3bIKAaX 3aKIIOYAETCSl B MPEICTABICHUU NPOrpaM-
MBI B BHJI€ CHMBOJIFHON JIOTHKH M MCIIOJIB30BAHUU JUIA TOJIY4EHHS pe-
3yJbTaTa Mpoliecca JIOTHIeCKOro BhiBoja (anrebpa byns — ucuncnenue
NPEIUKTOB, CM. T 1).

Jlornyeckoe NporpaMMHUPOBAHHE SIBISICTCSA HE MPOLIETYPHBIM, a JCK-
JapaTHBHBIM. DTO O3HAYaeT, YTO B HUX YKA3bIBACTCS JIUIIb OMHCAHUE
JKEIaeMoro pes3yjbTara, a He JeTalbHas IMPOLEAypa ero IMOJydeHHs.
OpHuM U3 IpeACcTaBUTENIeH TaKUX SI3BIKOB SIBISIETCS pa3pabOTaHHbIN Ha
6aze LISP s3pik PROLOG — PRO(gramming) in LOG(ic).

O0a ykazaHHBIX BBIIIC SI3bIKA HCIOJB3YIOTCS MPU pa3paboTKe cuc-
TEM HCKYCCTBEHHOTO MHTEIUICKTA.

PasBuTHe HempolLeaypHBIX S3bIKOB CBSI3aHO CO CTPEMJICHHEM paspa-
OOTYMKOB MCKIIOYUTH MPHUKIAIHOE MPOrPaMMUPOBAHUE, T.€. TIPUMEHE-
HHUE TPAAULMOHHBIX S3BIKOB IPOrPAMMHUPOBAHUS, KOTOPBIC HE SIBISIOTCS
€CTECTBEHHBIMHU SI3bIKAMH IMPOTPAMMHUPOBAHUS HU AJSl KOMIIBIOTEPOB,
HU JUTSL YeJIOBEeKa, TaK KaKk OHM OPUEHTUPOBAHBI HA ITOPHTMBI U Tpe-
OYIOT ajanTtalyy U K KOMIIBIOTEPY, U K MOJIb30BATENI0 KOMITBIOTEPA.

Henponenypusie s36Iku B TOCTeIHEE BPEMsI OUYCHb LIMPOKO Pacipo-
cTpaHeHbl. K HMM OTHOCSTCS CTaBLIME YK€ TPaJULMOHHBIMU SI3BIKH
yIpaBlIeHHUs 3aJaHusAMH (CpeACTBaMH OOIIEHUS ¢ KOMITBIOTEPOM), BXO-
JSIIIE B COCTaB ONEPAIlMOHHBIX CHCTEM, M CPEICTBA MOATOTOBKU TEK-
cToB. MHTEepec K mepCcOHANBHBIM KOMITBIOTEPAaM U MX WHTEHCHBHOE BHE-
JPEHUE B JCTOBYIO NMPAKTUKY CAMBIX Pa3HOOOpPA3HBIX OpPraHW3allii CBs-
3aH C MOSBJICHUEM 3JICKTPOHHBIX TaOJIUI] U JIOKAJILHBIX 0a3 JaHHBIX (3HA-
YUTETBHO YMEHBUIMBIIMX MHTepec K Kobomy), B cocTaB KOTOPBIX TaKkKe
BXOJISIT HEMPOIEyPHBIC JTMHIBUCTHYECKUE CPEACTBA. MaTeMaTHYecKue
MAaKEThl, CUCTEMbl aBTOMATH3UPOBAHHOTO MPOEKTUPOBAHUSI, IKCIIEPTHEIC
CHCTEMBI U T.II. TAK)KE UMCIOT JIMHIBUCTUYECKUE CPEICTBA TAKOTO TUIIA.

CerozaHs B OJHOM Mepe 3a/1auy MOBBIIICHNS YPOBHSA SI3bIKA PEILIUTh
HE y/aeTcs, TIOCKOJIbKY KOHKPETHBIE MPHIIOKEHUS MOJIb30BaTeell 3Ha-
YUTENBHO INUPE BO3MOXKHOCTEH, NPENOCTaBICHHBIX CTaHIAPTHBHIMU
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cpeactBamu. lIpakTHuecku Bce HEMPOLEAYPHBIE SI3bIKM UMEIOT CPEACT-
Ba TPaJULIMOHHOTO MpPOrpaMMHUpoBaHHs. Tak, MakeThl NPHUKIAJHBIX
nporpaMmm, pazpadortanssie pupmMori Microsoft, UMEIOT B CBOEM cocTaBe
Visual Basic. B 1o e camoe Bpems B s3p1ku LISP u Prolog mpu ux
NPaKTUYeCKOM TPUMEHEHHH BKIIIOYAIOTCS 3JEMEHTHI TPaJIUIIUOHHBIX
(MMIIepaTHUBHBIX) S3BIKOB.

5.3. CTpyKkTypa U cpaBHUTeJbHbIE XapaKTePUCTUKHA
NpoueIyPHO-OPHEHTHPOBAHHBIX (MMIIEPATHBHBIX) SI3bIKOB
NMPorpaMMHUpOBaHUA

BaxneiimiM 13 QakTopoB, BIUSIONIMX Ha pa3pabOTKy SI3BIKOB MPO-
TPaMMHPOBAHU, SBIISETCS APXUTEKTypa KOMIIbIOTepa. bBoIbIIMHCTBO
HOMYJISIPHBIX SI3BIKOB mocienHux 40 ner pa3pabaTbIBaJOCh Ha OCHOBE
apXUTEKTYPbl, KOTOpasi MCIIONIB3yeTCsl MPAKTUYECKH BO BCEX COBPEMEH-
HBIX KOMITBIOTEPAX, Ha3BaHHOW MO MMEHH OJHOTO M3 ee aBTOpoB J[oHa
¢on HeiiMana n onmcanHOH B 1. 2. DTH SA3bIKH POrPaMMHUPOBAHHUS Ha-
3BIBAIOTCSA UMIIEPATUBHBIMH.

['maBHBIM 371€MEHTOM MMIICPaTHUBHBIX SI3BIKOB IPOrPAMMHUPOBAHUS, OC-
HOBaHHBIX Ha HEIIMaHOBCKOW apXHUTEKType KOMIbIOTepa, SBIAIOTCA Tepe-
MEHHBIE, KOTOpbhIe MOJETHMPYIOT SMEHKH MaMATH: ONepaTopbl MPHCBaNBa-
HHs, OCHOBaHHbIC Ha ONEPALMsIX MEPEChUIKH JAHHBIX, a TAKKe UTEpPaTHB-
Hast (hopMa MOBTOPCHUH, sBIIsrOIIAsACS HanOosee 3pHeKTHBHBIM METOI0M
B 3TOH apxutekType. OmnepaHipl BBIPAXEHUH IEPENaroTCsl U3 MaMsTH B
TIPOLIECCOP, A Pe3yIIbTaT BBIUKMCIECHHS BRIPAKEHUI BO3BPAILIACTCS B AIEHKY
MaMSTH, TIPEACTABIIEMYIO JIEBOM YaCThIO OIlepaTopa MpHUCBauBaHUSL.

[lockonbKy KOMaHIBI U JAHHBIE XPAHSATCS B COCENHHUX sYCHKaX, TO
OTIepaliil Ha KOMIIBIOTEPE BBIMOMHAIOTCA OBICTpo. CTpemIileHHE IOBHI-
CUTh YPOBEHb NPOIPAMMHUPOBAHHMS, UCKIIIOUUB BIMSHUE apXUTEKTYPHI U
NpUON3UB €r0 K KOHEYHBIM TPHIIOKEHHUSM C TIOMOIIBIO BXOJHBIX SI3bI-
KOB TIAKETOB IMPUKIAIHBIX TPOrpaMM, (YHKIIMOHAIBHBIX S3BIKOB WM B
SI3BIKAX JIOTMYECKOTO MPOTrpaMMHUPOBaHUs, B OOJIBIIMHCTBE CIydaeB pea-
JIM30BaHO M TONYYMJIO HIMPOKYIO MPUMEHHUTENbHYI0 MPakTHKy. OqHaKo
MCIIONIb30BaHUE 3THX CPEICTB B MOJHOM Mepe MoTpeOoBaio BKIIOYCHHUE B
MX COCTaB OCHOBHBIX 3JIEMEHTOB MMIICPAaTUBHBIX SI3BIKOB.

B cBsa3u ¢ 3TUM MO-TIpEeXHEMY AaKTyaJbHO TOHMMAaHHE OCHOBHBIX
NPUHLUIOB U CTPYKTYPBI 3THX SI3BIKOB. VIMEHHO 3TH SI3BIKH SIBISIOTCS
OCHOBHBIM HMHCTPYMEHTOM OOJILIIMHCTBA TPOrPAMMHCTOB, 3aHHMAIO-
MIMXCS TPHUKJIAJHBIM MPOrPAMMHPOBAHUEM M HCIOJB3YIOMIMX JIHOO
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FORTRAN B paMkax Hay4HO-TEXHHYECKHX 3azad, 0o C co BceMu ero
pactmperusvu (C, C builder, C# u T.1.), KOTOPBIH MO3BOJISET OIMyC-
TUTHCS Ha OoJiee HU3KUH YPOBEHb U OCYIICCTBIITH KaK MPUKIAIHOE, TaK
M CHCTeMHOe nporpamMmupoBanue. OrmnpeneraeHHON MOMmyIsIpHOCTBIO
nojb3yetcst U Pascal (ocobeHnHo B pamkax cpenbl Delphi).

Hecmotpss Ha mocTOsSHHOE Pa3BUTHE W ONpPEACICHHBIC PA3IHYHS B
MMIIEPATUBHBIX S3bIKaX (MHOTAA CYIIECTBEHHBIX), OMPEACISIONUX chepy
UX TPHJIOKEHHS, OHU UMEIOT Psiji OOIMX MPUHIIUIIOB, KOTOPBIE U OyayT
paccMOTpEHHI anee.

Tak ke, KaKk H JOObIe S3BIKH, O YeM YK€ TOBOPUIIOCH, SI3BIKU IIPO-
rpaMMHUPOBaHHS MMEIOT al(aBHUT, CIIOBAapb, CIOCOO KOHCTPYHUPOBAHHS
BBIPAXXCHUM (CHHTAKCHC), & TAKXKE Pa3bsICHEHUE CMBICIIAa KOHCTPYKLUH 13
CIIOB W BBIp@KEHHH (CEMaHTHKY). B oTimume oT Apyrux s3bIKOB HazHa-
YeHHE S3bIKa MPOrPaMMHUPOBAHHUS COCTOUT B XpaHEHHH M Tepeaade yIo-
PSIIOYEHHOM TOCIIeI0BATEIbHOCTH WHCTPYKIMH WK anroputMoB. Cro-
Baph UX 3HAYUTEIIHHO MEHBIIIE, YEM Y €CTECTBEHHBIX, a BBIPAKEHHS TOY-
HBI U OZJHO3HAYHBI.

Bce monynspHbIe S3BIKH MPOTPaMMHUPOBAHUST HCIOIB3YIOT JIATHH-
CKkuil andaBuT, psAA CHEIMANBHBIX CHMBOJIOB, KOTOpPBIE MMEIOTCS Ha
KJIaBHAType, a TAK)Ke aHTIMICKHUE CIoBa U BeIpaxkeHus (real, integer, if,
then, else, do u T.11.), IpeACTaBIAIONIME COOOH KIFOUEBHIC, MU 3ape3ep-
BUpOBaHHbIE clloBa. CyIIECTBYIOT HEKOTOPBIC Pa3inius B KIIIOUYEBBIX U
3ape3epBUPOBAHHBIX CIIOBaX.

Knioueswvie cnosa (Keyword) ucnonssytorcs B Poprpane 1 UMEIOT
cBoe (DYHKIMOHAJIBHOE IpEJHA3HAYCHUE, HAXOMSACh, KaK MpPaBHIIO, B
HEHUCTIOIHIEMON 4acTH mporpammsl (omucarenbHoi). Tak, ykazaHue
REAL L B HauanbHOH 9acTh NpOrpaMMBbl YKa3bIBA€T, YTO 3HAYECHHE TIe-
pemenHoit L — nefictButensHoe. B To ke camoe Bpems cioBo «REAL»
B HCIIOJHSIEMOH YacTH MOXXET paccCMaTpHBAaThCS B HEKOTOPBIX SI3BIKAX
KaK OOBIYHBIA MIECHTU(UKATOP, HAIPUMED JUIsi 0003HAUYEHUs apudme-
THUYECKOTO BBIPAKCHHS.

3apeszepsuposannvie crosa (reserved word) MOTyT HCIIOIB30BaTHCS
TOJILKO B KOHTEKCTE, TIPEAYCMOTPEHHOM TIPaBUIaMH (CEMAHTHKOM) sI3bIKA.

Psan s3pikoB (Hampumep, ADA) MoryT comep:kaTh Tak Ha3blBacMble
npeoonpedenennvle C106d, 3HAUeHUsI KOTOPBIX MOTYT NEPEONpeneIsiTh-
Csl TIOJTb30BATEIISIMU.

[IporpamMmMbl onepupyroT ¢ 00beKTaMU JaHHBIX. OObeKm OaHHbIX —
KOMOWHAIUSI JAHHBIX, aTPHOYTOB, OMHCHIBAIONINX WX CBOMCTBA, U Me-
TOJIOB, PACKPBHIBAIOIIUX UX ITOBEICHHE.
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OOBeKkTaM JaHHBIX, a TAKXKe NMPOrpaMMaM MM OTAEIbHBIM HX 4ac-
TAM U T.II. CONIOCTABISIOTCA MMEHa (WM MIACHTU(HUKATOPHI), MIpaBUiIa
o0pa3oBaHMsS KOTOPBIX HECKOJIbKO pa3iM4YHBl B pa3HbIX s3bIKax. Bce
SI3BIKA UMEIOT IOCTATOYHO TPAaJULHMOHHBIA HA0Op OOBEKTOB AaHHBIX —
THIIOB JAHHBIX, BCTPOCHHBIX B TPAHCIISATOPHI SI3bIKOB. Bce TUIBI TaHHBIX
pa3mensoTcs Ha JBE KaTETOPUM — Ha KOHCTaHTBI, HE U3MEHsSEMbIC B
nporecce paboThl MPOrpaMMel, 0hOPMIICHHBIE TI0 ONPEACICHHBIM Tpa-
BUJIaM, U nepemenHble. Hanpumep, @opTpaHOM KOHCTaHTHI ONPEREIs-
I0TCA CIEIYIOIIUM 00pa3oM:

PARAMETER (MILE=5280, FOOT=12, METER=39.36)
AMS 3HaYeHHE
a B Ilackaie —
CONST
MILE=5280;
FOOT=12;
METER=39.36;

Hambonee xapakTepHBIMH THIIAMHU JaHHBIX, BKIIOYaeMBIX B pac-
CMaTpPHUBAEMBIE SI3BIKH, SIBIISIOTCS CIEAYIOIINE.

1. DneMeHTapHbIC TUMBI JaHHBIX — THITHI JAHHBIX, HE OTpeaessieMble
yepe3 Apyrue THUIBl U CYLIECTBYIOIIUE MPAaKTHYECKH BO BCEX HMIIEpa-
TUBHBIX S3bIKAX:

YUCNO8bIE MUNDBL:

nensle — Integer, neiictButensHsle — REAL (c ¢ukcupoBaHHON 1
TJIaBaroIei TOUKOMN);

komruiekcHeie (COMPLEX) u ¢ nBoiino#t Tounocthio (DOUBLE
PRECISION) — tonsko B ®opTpane;

bynesckue, W jlo2uyeckue, munsi — MPOCTEHIIINE U3 BCEX TUIIOB, OHU
umeroT, npexe Beero, 3HadeHns — TRUE u FALSE (0, 1 ms C);

cumsonvivie munet (mutepusie wim CHAR), 3anommHaroTcs ¢ mo-
MOLIbI0 HU(POBOTO KOJUPOBAHUS, BBUAY HEAOCTaTOYHOCTH BOCHMU-
outHoro koguposanus B ASCII-komax as BceMHUpHOTo oOMeHa paspa-
ootan 16-paspsanbiii Unicode, B KOTOPOM COIEPKHUTCS OOJIBITHHCTBO
CHUMBOJIOB SI3bIKOB MHpa (TIEPBBIM S3BIKOM, Hcnoib3ytomuM Unicode,
saBiseTcs Java).

2. Maccussl (array, dimension), CTpyKTYpHUpPOBaHHbIE THITbI TaHHBIX —
OJHOPOJHOEC MHOXKECTBO JAAaHHBIX, B KOTOPOM KaXKIbII JIEMEHT UICHTH-
(unmpyercst ero MOJIOKEHUEM 110 OTHOIICHHIO K TIEPBOMY DJIEMEHTY.
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K Menee pacmpocTpaHeHHBIM TUIIAM, KOTOPBIC UCTIONB3YIOTCS B PAC
SI3BIKOB, MOKHO OTHECTH: IOPAJKOBBIC THUIIBI, CHMBOJIbHBIE CTPOKH
(Character strings), 3amuch (record), MHOXecTBa (set type), ykazarenu
(Pointer) u T.11.

Bce s13b1kM HIMEIOT TPU THUIA BBIPAKECHUM.

Apugpmemuueckue gvipadicenus 3a1a10T MOPSIOK ASHCTBUNA Haj dlIeMeH-
TaMH JaHHBIX U COCTOAT M3 ONEPaHIOB (KOHCTAaHTBHI, NEPEMEHHbIE U T.I1.),
KPYTJBIX CKOOOK W 3HAKOB OTIEPAIWii, TPAJIUIIMOHHBIX (C 0YeHb HEOOJBIIH-
MU OTJIHYUSMH) U BCeX s3bIKOB +, -, *, /. Jlns doprpana u beiicuka B
CTaHzapTe TPETYCMOTPEHBI 3HAKH BO3BENICHUS B CTENEHb — **, . Aprhme-
THYECKUE OIEPALMK MOTYT OBITh YHApHBIMH (Unary), COAEpKAIUMH OJHH
oriepany — «-Uy, OunapHpMU (binary), comepKarmmu JiBa onepasaa —a + b,
¥ TepHAPHBIMH (ternary, Tpu oniepanzia) B s3bikax C, C™ u Java.

Jlozuyeckue svipasicenuss (OyNeBCKUE) COCTOST M3 OMEPAHIIOB (KOH-
CTaHT, MEePEMEHHBIX, 3JICMEHTOB MAacCHUBOB U T.II.), JJOTHYECKHUX OIlepa-
uii (not, and, or W T.I.) U oniepaluii OTHOLICHUS, KOTOPBIC TPUBOISATCS
HKe U1 s13bIK0B bericuk, @optpan u Ilackane. Onepanun OTHOIIEHUS
BBITIOJTHSIOT CPaBHEHUE JIBYX OMEPAaHJOB, & C MOMOIIBIO JIOTHYECKUX
oTepaLuil COCTaBIISIOTCS Oosee CIOXKHBIE JIOTHYEeCKUe BhIpakeHus. Pe-
3yJIETATOM BBITIOJIHEHHS JIOTUIECKUX BBIPAKCHHN SIBISTIOTCS 3HAYCHUSI
True nnu False.

Cumeonvrvie @vipadicenus (JUTEPHbIE) TOPOXKAAIOT 3HAYCHUS,
UMEIOIIIUE JTUTEPHBIN THIT TAHHBIX.

Pazoenumenu — 3neMeHTHI 110000 SI3bIKA MPOTPAaMMHUPOBAHUS, MIPEA-
Ha3HAYCHHBIC JUISl Pa3JieNIeHns] OTACIBHBIX 3JIEMEHTOB BBIPAKEHHH BHYT-
PH CTPOKH, JJIs pa3/ielieHus] CTPOK, OTAEIBHBIX (PparMeHTOB MPOTrpaMM M
T.I. B KauecTBe pasaenuTenei UCTIONIb3YIOTCS IPOOETIBL, TOUKH, 3aISThIE,
JIBOCTOUHSI, TOUKH C 3aITOH, pa3HOOOpa3Hble CKOOKH H T.II.

Onepamopbl B AITOPUTMHUYECKHX SI3bIKaX MOTYT OBITH!

a) IPOCTHIMH (HanOoJIee XapaKTEPHBIM OMEPAaTOPOM ITOTO BHIIA SIB-
JSIeTCsl OTepaTop MPUCBAMBAHUSI, OH TPEAMUCHIBACT BHIMOJHUTH BBIpa-
JKEHHE, 3aJJaHHOE B €r0 MPABOW 4YacTH, U MPHUCBOUTH PE3YJbTaT Iepe-
MEHHOM, UIEHTU(HUKATOP KOTOPOU PACIIOI0KEH B JICBOH YacTH);

0) BBOAA-BBIBOJA, B KaYeCTBE KOTOPHIX HAaMOOJEe YacTO HCIOJIB3Y-
I0TCSI TepMUHBI read, write, print;

B) CTPYKTYPHBIMH, WJIA COCTAaBHBIMH, KOTOPBIE MPEICTABISIOT OO0
CTPYKTYpBI, TIOCTPOEHHBIE U3 APYTHX ONEPaTOpOB IO CTPOrO Ompene-
JICHHBIM TIpaBUJIaM (K TaKUM OIlepaTopaM OTHOCSTCS YCIOBHBIC OIepa-
TOPHI M OTIEPATOPBI IOBTOPA).
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Hwxe npeacrtaBieHsl pa3HOBUIHOCTH CTPYKTYPHBIX ONEPaTOpPOB U
JIOTUYECKUX OTHOIICHUM 11 s13bIKOB beiicuk, @optpan u [lackans.

YcinoBHbIe oniepaTopshI:

Beticux

<
>
<
>=
<=
and
or

Omneparopsl HUKIA:

Beticux
10 if i>1 then i=0
20 if i>1 then i=0 else i=1

30 if i>1 then i=0: j=2 else i=1

ukabi:

Beticuk
10 for i=1ton
20 X =x+1
30 next i
10 while 1 >10
20 i=i+1
30 wend

10 while idum =0

20 i=i+1
30 if i>=10 then goto 50
40 end

50 'mmuTanms 1uKia repeat — until’

doprpan ITackanb

.eq. =

.ne. <>

.gt. >

It. <

.ge. >=

le. <=
.and. and
.or. or
®doprpan

if(i .gt. 1)i=0
if i .gt. 1) then
i=0
else
i=1
if i .gt. 1) then
j=0
=2
else
i=-1

doptpan
do10i=1,n
x=x+1
10 continue
do 10 idum = 1,10000
if i .ge. 10) go to 100
i=i+1
10 continue
100 continue
do 10 idum = 1,10000
i=i+1
if 1 .ge. 10) go to 100
10 continue
100 continue
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ITackanb
if i>1 then 1:=0;
if i>1
1:=0
else
i=1;
if i>1 then
begin
1:=0;
=2
end
end if
else
i:=1

ITackanb
for i:=1 to n begin

X:=x+1
end;
while i <10 do
begin

=i+1

end;

repeat
i=1+1
until i >=10;



Yka3aHHbBIE S3BIKOBBbIE KOHCTPYKIIMH SIBISFOTCS OOIIMMU IS BCEX
TPaIUIIUOHHBIX (MMIEPATUBHBIX) S3BIKOB IMPOrpaMMupoBaHusi. Ha atom
YPOBHE pa3jinydurd B A3bIKax HEJIb3A CHUTATh NMPUHIOUIINAJIBHBIMU. B ka-
YCCTBE NpUMEpPa MCIOJB30BaAaHUA MEPCUUCIICHHBIX CPEACTB IIpOrpaMmMu-
poBanms (KaK HAYAIILHOTO YPOBHS) MPEACTABICHBI TEKCTHI IIPOTPaMM Ha
s3pikax FORTRAN, PASCAL u C, u 070K-cxeMa IporpaMMbl OTpeie-
JICHUS MaKCHUMAaAJIbHOT'O u MHWHUMAaJIBHOT'O JJIECMCHTOB MaccuBa

(puc. 5.3).

i=1
numax = 1

numin =1
JA
numax=i
HET
JA
numin=i
HET HET
JA
BriBog
a (numax)
a (numin)
I
END

Puc. 5.3. biok-cxema nporpamMmsl, ONpeessonieid MaKCUMaIbHBIH
u MMHMMaHbeIﬁ JJICMCHTHI MaCcCUuBa
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®doprpaH:

PROGRAM MINMAX

real a(100)

integer n, numax, numin, i

print *” input n’

read *,n

do10i=1,n

print *, ‘input a( “.i.”)’

read *,a(i)

10 continue

numax=1

numin=1

do20i=2,n

if (a(i).gt.a(numax) ) numax= i

if (a(i).lt.a(numin ) ) numin=i

20 continue
print *, ' max{a(i)}=",a(numax),” min{a(i)}=" ,a(numin)
end

ITackaJub:

program extrem( input, output);
var
n, i, nuimax, numin : integer ;
a:array [ 1..100 ] of real;
begin
writeln( ‘ input n ‘) ;readln(n) ;
fori:=1 ton do
begin
writeln( ‘ input a(‘,j.” ) ‘);readln (a[1]);
end ;
numax: = 1; numin : = 1;
fori: =2tondo
begin
if a[ 1 > a[numax] then numax:=i,
if a[ 1 ]< a[numin] then numin :=i;
end;
writeln(' max{a(i)}=,a[numax],” min{a(i)}=" ,a[numin]);
end.

Cu:

# include<stdio.h>
intn, i ,numax, numin ;
float, a[100];

main( )
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printf("input n\n" ) ;
scanf(” %d ", &n );
for(1=0; 1 <n; i++)

{
}

numax=numin=0;
for( i=1;i<n;i++)

{

printf("input a(%d)\n", i ); scanf("%g",&a[i ]);

if (a[ 1 ] > a[numax])numax=i ;
if (a 1 ] < a[numin] )numin=i;

printf( "max{a(i) }=%g min{a( 1)}=%g" ,a[numax] ,a[numin] ) ;

B ocHoBe co3maBaeMbIX S3BIKOB, KakK MPAaBHIIO, JIEKUT HEKOTOPAst OC-
HOBOIIOJIATal0Ias UAesl WK, KaK TOBOPAT TEOPETUKU MPOrpaMMHUpPOBa-
HUSL, napaouema.

PaccMmoTpeHHbIE CpeacTBa COCTAaBISIOT HAayalbHBIA YPOBEHb MpO-
rpaMMHPOBaHUs, OCHOBHAS HJIes KOTOPOTO XapaKTepusyeTcsl KaK Xao-
muyecKoe npocpamMmuposanue, TANMYHBIM IPEACTaBUTENIEM 3TOrO Ha-
npasienust Obin belicuk. Ilporpamma na beiicuke mpencrasnsuia enu-
HBIH TEKCT ¢ OOJBITUM KOJMYECTBOM TIEPEX0JI0B K TIOMEUCHHBIM Y4acT-
KaM (C MOMOIIBI0 METOK), U paboTa Belach B PEKUME WHTEPIPETAIIH
(moctpoynoro BeIONHEHUs). OJHAKO IMOSIBICHHE CIOXKHBIX TEXHHYE-
CKUX CHCTEM TNPHUBOAMT K YBEJIWYECHUIO 00beMa oOpabaThIBaeMbIX JIaH-
HBIX, TIOBBIIICHUIO CJIOXHOCTH 0OpaOOTKH, 3HAYHTEILHOMY YBEJIHYe-
HHUIO Pa3MEpOB NPOrpaMM H MOSBICHUIO MPOTPaMMHBIX KOMIUIEKCOB.
YBenuueHue pasMepoB NPOrpaMM OBOJIBHO OBICTPO BBISIBUJIO OTPaHU-
YEHHOCTh 3TOTO MOJX0/a, CBI3aHHOTO C HEBO3ZMOXKHOCTBIO pacrapaluie-
TUBaHUS pabOTHl MEXAY NMPOrPaMMHCTAMU M CJIOXHOCTBIO JHAarHOCTHU-
K{ OLIHOOK.

[lepBrIii mar B pemIeHny 3TOU 3a1a4u ObLT CAeNaH pa3paboTINKaMHU
®dopTpaHa, YTO CBSA3aHO C Pa3BUTHEM TaK HAa3bIBAEMOTO IPOLEAYPHO-
OPUEHTUPOBAHHOTO, WJIM MOAYJIBHOIO, mporpammupoBanusi. Konuen-
ISl 3TOTO HANPABJICHHUS B Pa3BUTUH MPOTPaMMUpPOBaHMs Oblia Mpen-
noxkera M. Yuikcom B 1957 r. u 3akimodanachk OHa B CICAYIOIIEM.

[IporpaMMy MOKHO COCTaBJISITH U3 OTAEIBHBIX aBTOHOMHBIX (PYHK-
HUOHAJBHBIX MOJYJIEH, TPAHCIUPYEMBIX HE3aBHCHMO, KOTOPBIE MOTYT
BBI3BIBATHCS MHOTOKPAaTHO W HCIOJB30BaThCS PA3IMYHBIMH IPOTPaM-
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Mamu (puc. 5.4). Moaynu, coOpaHHbIE IO ONpPEAETICHHONW TeMaTuke —
MaTeMaTH4yecKue, rpaduuecKkue, SKOHOMUUECKHE U T.I., 00bEAUHSIIOTCS
B OuOsIMOTEKY.

OcHoBHas porpaMma

Bremrnue moanporpaMMet

—
—

A
A4

Puc. 5.4. Cxema paboThl MpOrpaMMbl, MHOI'OKPATHO UCTIOJIb3YOLIEH
BHEIIHUH MOYJIb

Ha nepBoM stane takue MOAyiu B OObEKTHOM BHIE BKIIOYAINCH B
BUJIC BHYTPCHHUX OMOJIMOTEK B TPAHCIATOP SI3bIKA U MOJKIIOYAINCH Ha
YpOBHE KOMITOHOBKH B HCIIOJIHUMYIO TMporpamMmy. K HUM OTHOCHIIUCH
MPOAIPOTPaMMBI — (DYHKITUH I BBIYUCIICHUS HanOoJee pacrpocTpa-
HEHHBIX MaTeMaTHYECKHX (QYHKIHUHA (TPUTOHOMETPHUECKHX, JIorapud-
MoB, MIN, MAX u T.11.). 3ateM cpeacTBa pa3padOTKH ITUX MOIYJEH
OBLTM BKIIFOYEHBI B CTAaHAAPT SA3bIKA, U pa3HbIMU (hupMamu OBLIO paspa-
00TaHO OONBIIOE KOJMYECTBO BHEIIHUX MOANPOTPAMM IS PA3THIHBIX
npuioxenuit. Tak, ¢upma IBM pazpaborana OHOMMOTEKY HAy4YHBIX
noanporpamm Ha DopTpaHe, B KOTOPYIO OBLITH BKIFOYCHBI IPAKTUYECKU
BCE pa3zelbl BEIYACIUTEIbHON MaTematuku. B Poccum Owina paszpabo-
TaHa OubnmoTeka rpaduueckux moxamporpaMMm Ha  Doptpane
(FPA®OP). Kpome 3TOro B paziM4HBIX OpraHU3alUsIX OBLIO CO3/IaHO
00JIBII0E KOJIMYECTBO Y3KOCTICIIMATN3UPOBAHHBIX ONOIHOTEK.

Takue MOIyNnH CYHIECTBYIOT OTAEIBHO OT TPAHCIATOpA B BUAC aBTO-
HOMHBIX OMOJIMOTEK Kak B OOBEKTHOM BHUJE Ha MAarHUTHBIX HOCHUTEIISIX,
TaK U B ICXOJIHOM BHJIe, 0(DOPMIICHHBIX B Pa3IMYHBIX (hopMaTax. Takum
o0pazom, cpeactBamu DopTpaHa MOIB30BATENIO NPEAOCTABISIIACH BO3-
MOJKHOCTb [T0-HOBOMY 3aHHMAThCSl OpTaHU3allMell CBOMX MPOrpamM.
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Takoil moaxo1 MO3BOJISET:

1) cokpaTuTh TEKCT OCHOBHOW IPOTPaMMBbl IyTEM BKIIOYEHUS J0-
MOJTHUTENBHBIX (BHEIIHUX) MOJyJiell Ha YpOBHE KOMIIOHOBKHM (MHOTIA
MHOTOKPATHOT'O BKJIIOYCHHUSI OJIHUX M TEX YK€ MOJAYJeH Ha pasIHuHBIX
(hazax BBIMOJHEHUS IPOTPAMMBI);

2) pacnapa/uieJiuBaTh BBIMOJIHEHUE IPOCKTa, pacupeieiisis padoTy
MEXY TPOTPAMMUCTAMI;

3) CTpYKTYypHpOBaTh MpOTrpaMMy, obJerdas ee TeCTHUPOBaHHUE U TIO-
MCK OIIMOOK.

OTOT MOAXO0J TMPH MPOSKTUPOBAHUH CIOKHBIX CHCTEM Ha3bIBACTCS
B0CX00SUYUM NPOEKMuUposaruem (AN MPOSKTUPOBAHUEM CHU3Y BBEDX).
B sToM cmyuae u3 0a30BBIX 3JEMEHTOB (M3 MOANPOrPaMM) CTPOUTCS
BECH IPOTPAMMHBII KOMILIEKC.

®dopTpaH BKIIOYAET TPU CTPYKTYPHI, HCIOJB3YIONIUE yKa3aHHBIC
TPUHIINIIBL.

[epBoii cTpyKTypoIii siBIsieTcst onepatop GYHKIIUH, KOTOpasi, TpaB/a,
HE TIOJIHOCTBHIO OTBEYAET BBIIICTIPUBECHHBIM CBOMCTBAM U HE SIBIISIECTCS
BHEILIHEH, a ompenensercs B paMKax €AWHOIO TEKCTa MPOrpaMMbl H
TPaHCIUPYETCs COBMECTHO C OCHOBHOM mporpammoii. OCHOBHOE Ha3Ha-
YeHHEe ee 3aKJItovaeTcs B ciemyronieM. Eciu B mporpaMme MCHONIB3yeT-
csl AMMHHOE apudMeTHyecKoe (MM Kakoe-TO IPyroe) BbIpakeHHe, KO-
TOpOE MO XOAYy HPOrpaMMbl HEOOXOIUMO MHOTOKPATHO BBIYMCISITH C
Pa3IMYHBIMU apryMEHTaMH, TO B pa3Jielie OMUCaHUu HEOOXOIUMO JIaTh
ero opMmansHOE OTpeieTICHHUE:

Name(arg) = EXPRESSION
rae Name — uMs onepatopa GyHKLIWH; arg — CHUCOK (POPMabHBIX Ia-
pametpoB; EXPRESSION — camo BbIpaxeHue.

Hanpumep, B mporpamme HEOOXOOUMO MHOTOKPAaTHO BBIYHCISTDH
BBIpaKCHHE:!

ax’ + by’ +cxy +d
Ero MoxHO ohopMuTh, Kak orepaTop QyHKIUH:

QUAD(X,Y)=A*X**2+B*Y**2+C*X*Y+D

B nocnenyroiieM 3T0 BRIpaKEHUE MOYKHO BBIYMCIIATE, HE TIEPEITUCHI-
Bas €ro, a nmoJACTaBJIAA B HeO6XOI[I/IMI)Ie MeECTa TOJIBKO €TI0 UM (eCTeCT-
BEHHO, OIPENIEINB €r0 B pa3/ielie ONMHMCAHWI) U 3HAYCHHS apTyMEHTOB
(X,Y), koTophle 3aMEHAIOT uX (hopMaabHBIC 3HAUCHUS B ONPEACICHUH
orepaTopa QyHKIIHY.
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Hanpuwmep:
RESULT=X4+200*QUAD(X1,Y1)+300*QUAD(X2,Y2)+400*QU
AD(X3,Y3)

OnHako ecny BBIYUCIUTEbHAS TPOIEypa 3aHUMAeT HECKOJIbKO CTPO-
YeK, TO He0OXOJUMO MIPUMEHSTh APYTHE METOIBL.

B ®oprpane Ha 3TOT ciydail IpeayCMOTPEHBI IBE CTPYKTYPBI, KOTO-
pble 00ecneunBaoT 0QPOPMIIEHUE CI0XKHBIX MPOTPAMMHBIX (parMeHTOB,
MMEIOIIUX BBICOKYIO CTENIEHb aBTOHOMHOCTH, BO3MOXXHOCTh MOJKITIOYE-
HUSI MX HA YPOBHE KOMITOHOBKH K Pa3JIMYHBIM IIPOrPAMMHBIM KOMILJICK-
caM (COOTBETCTBEHHO, 3TH MOJYJIM JIOJDKHBI PACIONaraThbCs B Mpejenax
JIOCTYTIa K HUM PeaKkTopa CBSI3M).

[lepBbIit MOayNE — moANIpOrpaMMa (QyHKIWH, KOTOPast ONPEACISIETCS
CIIEIYIOINUM 00pa3oM:

t FUNCTION f(ay,a,...a,)

t — tun ¢ynkoun, moxer OwbiTh: Integer, Real, Double Precision,
Complex, Logical; mo ymomuanuio Real win Integer onpenensiercs nep-
Boii OykBoi nmenn pyHkiun; FUNCTION — kinroueBoe cnoBo; f — umMs
¢byHKUMY; a41,ay, ..., 8, — IMEHA (OPMABHBIX IAPAMETPOB.

CrpyKTypa 3TOM NOANPOrpaMMBbI CIICAYIOIIAS:

FUNCTION Name(a,, a,, ..., a,)
HCIIOJIHUTEIbHAS
4acTh

Name=Result
Return
End

[locne BbIMONHEHNST OCHOBHOM (MCIIOJHUMOM) 4acTH UMEHU (yHK-
UM TIPUCBAMBaeTCs 3HAUCHHE IOJNyYEHHOTO pe3ylibTara ee paboThI
(Result). Onepatop Return mepemaeT pe3yibTaT B BbI3BIBAIOLIYIO IIPO-
rpammy (End — ykasanue TpaHcnATOpY O 3aBEpILEHHU TEKCTa HMOATIPO-
rpaMMBbl IPH TPAHCISALIHN).

[Tpu BBI30BE OAPOrpaMMBI (YHKITUH BBI3bIBAIONIAs (TIIaBHAS) TIPO-
rpamMma JOJDKHA 3aMEHUTH (mepenath) GopMalbHBIC MapaMeTphl MOJ-
nporpaMMbl Ha (haKTHUECKHE, MPH KOTOPBIX HEOOXOIMMO IMPOBOIUTH
BBIUHMCIICHHsSI. BBI30B OCyIIeCcTBISIETCS] YKa3aHUEM WMEHH TOJIpOrpaM-
MBI QYHKIMH U TepeuuciicHHeM (akTHYeCKHUX IapaMeTpoB (TlepeMeH-
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HBIX), YKa3aHHBIX B CKOOKax (aHAJIOTMYHO BBI3OBY omeparopa (hyHK-
1IUN).

[MocnemoBaTenbHOCTH M THIT MIEPEAaBAEMBIX ITAPAMETPOB U3 TIIABHOM
HporpamMMsl (KOTOpBIE, €CTECTBEHHO, ONPENEIIAIOTCA 10 Hadaina oOpa-
HICHUS K MOANPOTrpaMMe) AOJIKHBI COOTBETCTBOBATh MOCIIEA0BATEIbHO-
CTH U TUIY (OPMATBHBIX MAPAMETPOB, YKa3aHHBIX B OMPEICIICHUN TO/I-
nporpaMmMbl QyHKIMH. Heo0X0IMMO OTMETHTh, YTO UMEHa U METKU B
noAnporpaMmax (PyHKIMSAX JOKAIW30BaHbI U HE CBSI3aHbI C MMEHAMHU U
METKaMH B BBI3BIBAIOIIEH MPOrpaMmMe.

B kauecTBe mpuMepa paccMOTPUM HOANPOrpamMmy (GYHKIUH TS
CKaJIIPHOTO MPOU3BEACHUS IBYX BEKTOPOB X 1 Y.

AJTOPUTM CKaJISIPHOTO MPOU3BEICHHUS:

n
S=> X;Yi
i=1

FUNCTION SKALAR(X,Y.N)
DIMENSION X(100),Y(100)
s=0.0

do1i=I,N

s=s+X(1)*Y (i)

1 Continue

SKALAR=s

RETURN

END

B kadecTBe (paKTHUECKHX MapaMeTpOB MHOANPOrpaMMbl (PYHKLUHU
MOTYT BBICTYIIaTh: MAacCCHBEI, 2JIEeMEHTHI MacCHBA, BhIpakeHHs (apudme-
TUYECKUE, JIOTHUYECKHE), UMSI CTaHAAPTHOW (PYHKIMH, TOATPOrpaMMEI
(YHKIMU WM TOANPOrpaMMbl. XapaKTepHOH OCOOEHHOCTBIO MOAIPO-
rpaMMbl GYHKLIUH SIBISIETCSA TO, YTO OHA BBIYMCIISIET €AMHCTBEHHOE 3HA-
YeHHEe ¥ BO3BpAIaeT YIpaBJeHHE B BHI3BIBAIOIIYIO €€ MPOrpaMMy BMe-
CTE C 9TUM 3HAYEHHUEM.

CymecTByeT erie 0auH BUI MOIYJel 0ojee yHHBEPCAIbHOTO Ha3Ha-
yeHwus, Kotopblii B @optpane HazpiBaeTcs SUBROUTINE, B ITackane —
PROCEDURE (8 otmuune ot SUBROUTINE mnoamporpamma
PROCEDURE sBnsetrca BHyTpEHHUM MPOrPaMMHBIM MOZIYJEM, TOCTYI
K KOTOpPOMY BO3MOJKEH TOJBKO M3 CaMOH BBI3BIBAIOIIEH MPOrpaMMBl, B
cocTaB KOTOpPO# oH BxoauT). B s3pike C, XOTS Bce MOy HA3bIBAIOTCS
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(yHKUUSAMH, KOTOpPBIE BBI3BIBAIOTCS M3 INIABHOW MporpaMmsl (main) c
Bo3MokHOCTAMH SUBROUTINE 1 PROCEDURE.

B moxmporpammax tuma SUBROUTINE cHumaetcsi orpanuyeHue
MOJIPOrpaMMbl (PYHKIIMHM, KOTOpasi oOecriednBaeT ¢TUHCTBEHHBIN pe-
3yJIbTaT, MPUCBaUBACMbIIl UMEHU (PYHKIHMH. DTO BBI3BAHO TEM, UTO PSA
3aa4 CBS3aH C HEOOXOIMMOCTBIO TONyYeHHs OOJBINETO KOJINYECTBa
BBIXOJHBIX PE3yNbTaToOB (Hampumep, rpaduyeckue Mpoueaypbl, MaT-
pHUYHBIC BBIUMCIICHHS, PELLICHUSI CUCTEM JIMHEHHBIX ypaBHeHUH, audde-
PEHUUAIBHBIX YPaBHEHUH U T.11.).

IIporpamma SUBROUTINE odopmiisercs clieAyIonmm o0pa3om:

SUBROUTINE S(ay, a,, ..., a,)
Teno noanporpaMmel
HcnonauTenbHas 4acTb
RETURN
END

rae SUBROUTINE — kimioueBoe cioBo; S — UMS MOANPOTPaMMBI (He
MMEET TUIA U HUKAK He CBA3aHO C BXOJHBIMU M BBIXOJHBIMH MapaMeT-
pamn); a,, ay, ..., a, — GOPMaJIbHBIC MApPaMETPBI, HCIOIb3yEeMbIE MPHU
pabote moanporpaMmbl, BKIIOYas U BBIXOJHBIC NapameTpbl (pe3yibTa-
THI BbIUMCIeHMi). DopManbHble U (QaKTUYECKHUE TapameTphbl JOJKHBI
OBITH COTJIacOBaHBI MEXAYy co00H (Tak ke, KaKk U B MOANpPOrpamMme
(yHKUIMH) 1O TUITY, KOJIMYECTBY M MOPSIAKY cienoBaHus. EcrecTBeHHO
BBIXOJHBIE (BBIYHCIISIEMbIE) TapaMeTpbl (QUTYpUPYIOT B TJIaBHOW MpO-
rpaMMe TOJIKO B BHJIE UMEH (HEe MMEIONIMX 3HAYEHU /10 Havyana pado-
o1 MOAyns). RETURN u END — BeinonssioT 1€ ke yHKIHH, 9TO U B
noanporpamme QyHKIHH.

B xauectBe mpumepa ucnois3zoBanuss SUBROUTINE paccmorpum
MaTEMAaTHYECKUI alTOPUTM NMEPEMHOKEHHSI MATPULIBI HA BEKTOP:

SUBROUTINE MATRIX(A,X,Y,N)
DIMENSION F(50,50),X(50),Y(50)

DO 2 I=1,N
s=0.0
DOl I=I,N
1 s=s+A(LJ)*X()
2 Y(D=s
END
RETURN
END
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B nanHOM ciydae 3HaYeHHs BCEX MapaMeTPOB MEPENAOTCS U3 TJaB-
HOU mporpammsl, U B pesynbrare padoTsl 3Toii SUBROUTINE B rias-
HYIO IPOTpaMMy BO3BpAIIlaeTCsl BRIYUCIEHHOE 3HadeHre Bekropa Y (I).

BrzoB monmporpammel SUBROUTINE ocymectBisierca ciemyro-
MM OTIEpaTOpPOM:

CALL METRIX(ay, a,, ..., a,)

YTO TaKXkKe OTJIMYAeT ee OT MporpamMmbl GyHKIWHU. Takoil crocod BbI30-
Ba XapaKTePeH TOJIBbKO it DopTpaHa U OTIIMYCH OT BhI30BA TAKHX IMOJI-
mporpaMM B JIPYTHX S3bIKaX (TZI€ 3TU BBI30BBI OCYMIECTBISIOTCS 1O
UMEHH TTOATIPOTPAMMEBI).

Crnenyrolee HamnpaBJICHUE B Pa3BUTHUH S3BIKOB IPOTPaMMHUPOBAHUS
(mapagurma mporpaMMUPOBAHUs) OOBIYHO CBS3BIBAIOT C TaK Ha3bIBac-
MBIM CHIPYKIYPHbIM NPOSPAMMUPOSAHUEM, TIPUIHHON KOTOPOTO TaKkKe
SIBUJIOCH TIPOOJDKAIONICECs YBEIMUCHUE CII0XKHOCTH pa3padaThiBAEMBbIX
CUCTEM M yBeIuueHHue ux pasmepa. Cama ujes CTPyKTYPHOTO IIporpam-
MHUPOBaHUS TaK)Ke€ HE OPUTHHAIBHA W SIBIAETCS CIEICTBHEM OJOYHO-
HUEPapXUUYECKOr0 TOAX0/a, MPUMEHSIEMOT0 TpH pa3paboTKe CIOMKHBIX
TeXHHYECKUX cucTeM. CyTh 3TOr0 MOIXOZa 3aKII0YaceTCs B pacujicHe-
HUM 33/1a4¥ OOJIBIION Pa3MEPHOCTH Ha MepapXHuecKue YPOBHHU-OJIOKH,
KOTOpBIC, B CBOIO OUEPE/lb, MOTYT OBITh PACUJIICHEHBI HA €Ile MEHBIITUE
COCTaBJISIOIIME, BIUIOTh 10 0a30BBIX 3JIEMEHTOB (HE IMOJJICIKAIIMX pac-
YICHEHUIO, MIPUHIIKI cyrnepno3unun). Ha kakaoM ypoBHE MPUMEHSIOT-
Csl CBOM TIOHSTHSI O BXOJHBIX U BBIXOJHBIX TapamMeTpax M 0a30BBIX dIle-
MEHTaX. DTOT CIOCO0 MPOSKTUPOBAHUS HA3BIBACTCS «MPOCKMUPOBAHUE
c8epXxy 6HU3» W Ha CETOHSAIIHUMN JICHD SBJISCTCS OCHOBHBIM ITOAX0I0M K
MIPOEKTUPOBAHUIO CIIOKHBIX TEXHUYECKUX CHCTEM.

[losiBeHre mapagurMel CTPYKTYPHOTO MPOTPAMMHUPOBAHUS 0OBIYHO
cBsi3pIBaeTCS ¢ paspaborkoii Huknaycom Buprtom s3pika Pascal B
1972 r. OcHOBHOE Ha3HAYECHUE HSTOI'0 S3bIKa H3HAYAJIbHO CBSI3aHO C
0o0ydeHHEeM CTYJIEHTOB NporpaMMmupoBaHmi0. Clemyer OTMETHTh, YTO
BupTt — oHa U3 KIFOYEBBIX (DUTYD B CO3JaHUH MPOTrPAMMHUCTCKOM HJIC0-
norun. OH pa3paboTtajn Takxke Takue sA3bIkH, kKak Modula, Oberon, Ob-
ject Pascal. CripaBennmuBocTé paju HEOOXOIUMO OTMETHUTH, YTO OOIb-
HIyI0 Mony/IsipHOCTh Pascal mpuoOpen Onaronaps oueHb yaauHO#M cpefe
Turbo Pascal, pa3paboranHoii ¢upmoii Borland. Ilpu 3TomM ctanmapt
«OPHUTHHAIILHOTO» SI3bIKAa 3HAYMTENHHO pacinupeH pupmoit. Uto ke ka-
CaeTcsl CTPYKTYPHOTO MPOTPAMMHPOBAHUS 10 OTHOUICHHIO K SI3BIKY
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Pascal, To 31ech MOKHO BBIJEIUTH HECKOJIBKO OCHOBHBIX 3JEMEHTOB,
OTHOIIEHHE K KOTOPBIM HE BCEraa OJHO3HAYHO, XOTSI MPUHIMIIEL OJI0Y-
HOCTH, UEPAPXUIHOCTH U AEKOMITO3HUIINH SIBHO IPOCMATPUBAIOTCS B €70
CTPYKTYpe.

1. Ilpu opranmsanuu nporpammbsl Pascal mpuaepxuBaercs Oomee
ctpororo noaxona. O0s3aTeNbHON SIBISICTCS ONUcaTeNbHas (HEHCIION-
HsieMasl) 4acTh, KOTopast 0QOPMIISIETCSI ¢ TIOMOIIBIO CIIEIIMATBHBIX CHH-
TaKCHYECKUX CTPYKTYp C ONMHCAHUEM BCEX HCIOIB3YyEMBIX CHCTEMHBIX
MOJyJIe W BCTPOCHHBIX MpoLenyp M (QYHKIHA, a TAKKE C OMUCAHUEM
BCEX HCIOJB3YyEeMBIX MapaMeTpoB C MMEHaMH NEepEeMEHHBIX, KOHCTaHT,
MacCHBOB H T.II. (T.e. npuHsiTbIe B DOpTpaHe yMONMYaHUs HE HOITyCKa-
FOTCH).

2. Bxmouatorcss B TekcT mporpammbl cTpykTypsl FUNCTION u
PROCEDURE, QyHKIIMOHAIEHO SBJISIONIMECS TOJIHBIM — aHAJIOTOM
FUNCTION u SUBROUTINE, HO B otnnune ot @opTpaHa OHU SIBIIA-
I0TCSl BHYTPEHHUMH MOANPOrpaMMaMu, TPAHCIUPYEMbIMH BMECTE C OC-
HOBHOM POrpaMMOM, U HEOCTYIIHbI U3BHE.

3. Ucnone3yrotest OnouHbIe KOHCTpYKLMH begin...end, mpuaaromnme
ABTOHOMHOCTB OTJEJIHBIM YacTsAM TEKCTa MPOrpaMMBbl, HMPOIOKECHHE
BBITIOJTHEHUSI KOTOPOH BO3MOYKHO TOJIBKO IIOCJIE 3aBEpIICHUS BBINOJIHE-
HUSI y4acTKa, 3aKII0UYEHHOTO B 3TH CKOOOYHbBIE KOHCTPYKIHH.

4. IlpuMeHsIOTCS CTPYKTYpHBIE COCTaBHBIC OINEPaTOpbl (LMKINYe-
CKH€ U BETBSIINECS), YTO CBSI3aHO C OTKA30M OT MCHOJIB30BaHHS METOK
JUIS YKa3aHUs 3aBEpIIArONIe CTPOKU CTPYKTYPBI. JTa 0COOEHHOCTH M
MPEIOJIAaraeT, YTo BCIO MPOrpaMMy MOKHO MPENCTaBUTh COCTOSALIEH U3
ABTOHOMHBIX OJIOKOB, Ha KOTOpPBIE MOKHO Pa3AeiHuTh ONHUCAaHHE OO0Jb-
LI0M pa3MEpPHOCTH.

OpHako HEOOXOAMMO OTMETUTh M HEKOTOPbIE OTKIOHEHHUS OT OC-
HOBHOW (T€HEpalbHOW) JIMHUM — CTPYKTYPHOTO IPOrPaMMHPOBaHHUS,
0CcOOEHHO TIpH JalbHEHIIEM Pa3BUTHUHU S3bIKA M BBEICHWH JIOTIOJIHU-
TEJNBHBIX (DYHKIIMOHATIBHBIX BOZMOYKHOCTEH.

Tak, ecan ocHoBHast kputhka dopTpaHa cBs3aHa ¢ onepaTopoM Oes-
yCIIOBHOTO mTepexona (go to) M HaJIMdueM METOK, YTO TMPHUBOAUT B
0OJBIIMX TpOrpaMMax K «naymuue» TEpPexXONOB, 3aTPYAHAS UTEHHE
IpOrpaMMBbl M TIOMCK OMIHMOOK (HapylIaeT CTPYKTypHPOBaHHOCTBIO), TO,
TeM He MeHee, B Pascal 3Tu cpeacTBa Taxke ObUIM BBEAEHBI, TOCKOJIBKY
OHM B psijie CIy4yaeB OKaszaJHCh OYeHb yIOOHBI. Jlokanuzanus UMeH H
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METOK, HaJIMYUe II100aTbHBIX UMEH TaKKE SIBISETCS OTXOIOM OT OCHOB-
Ho# (TeHepanpHO) uHuM Pascal.

Kpome storo, HaumHas c omnpezaeneHHbIXx Bepcuit Turbo Pascal
(¢pupmbr Borland), BBenensl aBTOHOMHBIE (OTAEIBHO TPAHCIMPYEMBIE)
Moy UNIT (o o6pasy u momoduto @oprpana). B cBs3u ¢ 3TuM pas-
TOBOPBI O CTPYKTYPUPOBAHHOCTH YMEHBIIHMIINCH, OCOOCHHO B CBSI3U C
Nepexo0M Ha MapagurMy OOBEKTHO-OPHEHTHPOBAHHOIO MPOTrpaMMHU-
poBanusi u pazsutueM CASE-texnonorun. Konmenius oOBEKTHO-
OpPUCHTUPOBAHHOTO IPOTPAMMHUPOBAHHS TPEICTABISIET COBPEMEHHYIO
napajgurmMy TpaguMOHHOTO IPOrPaMMHUPOBaHUSL.

HecmoTpst Ha 3aMBICTIOBaTYIO0 TEPMHHOJIOTHIO M BCEOOIIUI HHTEpEC
K 9TOW TEXHOJOTHH MPOTPAMMHPOBAHHUSI, OHA SBISICTCS €CTECTBEHHBIM
NPOJOJDKEHHUEM XOPOIIO M3BECTHBIX MPUHIMIIOB, KOTOPBIC YK€ JAaBHO
BHE/IPCHBI HA CHCTEMHOM ypOoBHE. [I[pHUUHBI pa3BUTHS STHX MPHUHIIUTIOB
TEe € caMmble, YTO W Pa3BUTUS MPOIESYPHO-OPUEHTUPOBAHHOTO WU
CTPYKTYPHUPOBAHHOTO IMPOTPAMMHUPOBAHUS — MOCTOSHHO YBEIHMYUBAIO-
HIasicsl CIOXHOCTD 337]ad M MOCTOSTHHBIN POCT 00bema mporpamm (Ipo-
eKTUPOBaHHUE CIOKHBIX TexHnueckux cuctem — CTC).

B ocHOBe OOBEKTHO-OPUEHTUPOBAHHOTO NPOrPAMMHUPOBAHMS HAaxo-
JIATCSI TIOHSITHE a0CTPAKIMH, KOTOPOE U3HAYAIBHO WCIIOIB30BAIHU SI3BIKH
NpOrpaMMHUPOBaHHS, ONHAKO B TPEKHUE BPEMEHA 3Ta TEXHOJOTHS He
Obuta B xomy. B ompezneneHHoM cmbicne nro0asi mporpamma BBICOKOTO
YPOBHSI sIBJISIETCSl a0CTpakifed, Tak Kak oHa abCTparupyercsl OT Hemo-
CPEJICTBEHHO HCIIOJHUMOM MporpaMMbl. B COBpeMEHHBIX SI3bIKaxX Ipo-
rpaMMHUPOBAHMSI MCHOJNB3YETCsl ABa OCHOBHBIX BHAA a0CTpakiuu: a0cCT-
paKius mporecca U abCTpaKiys TAaHHBIX, KOTOPBIE U COCTABIISIIOT HJIE0-
JIOTUYECKYIO OCHOBY 00BEKTHO-OPUEHTHPOBAHHOTO TPOTPAMMHUPOBAHHUSL.

Abcmpaxyus npoyecca — 0qHO U3 HanboJee CTapbIX MOHATHHA B 00-
JacTy pa3paboTKH SA3BIKOB MporpammupoBanus. Jlaxe s3pik Plankalkul
MOJJICpPKUBANl aO0CTpakIMIo TMpolecca. Bece moanmporpaMmsbl SBISIOTCS
abcTpakuuell MmporeccoB, MOCKOJIBKY OHH ONpPENENIOT CIocod, C Imo-
MOIIBIO KOTOPOTO IMPOTrpaMMa YCTaHABJIMBAET, YTO HEOOXOJMMO BHI-
NOJHUTH HEKOTOPHIX mporecc 0e3 yTOUHEHHs AeTaled TOro, Kak HMeH-
HO 3TO MOKHO cliesaTh (T.e. cama peaju3auyus 3TOro Mpolecca CKpbITa
OT MoJIk30BaTeNs B BeI3biBatomieit 11 mporpamme).
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Hanpumep, ecnu B mporpamMmme HY»HO YIOPSOOYHTH MAacCHB YHCIIO-
BBIX JIAHHBIX HEKOTOPOT'O THIIA, OOBIYHO MCIIONB3YETCs MOIIporpaMmma,
BBITIOJTHSIOIIAs! COPTUPOBKY. B 0cHOBHOI nporpamme, koraa TpedyeTcs
BBINIOJTHUTH COPTUPOBKY, IOMEILACTCS ONEPaTOp CIEAYIOIEr0 BUIA!

SORT _int(list,list_len)

OTOT BBI3OB SBJISIETCS a0CTpaKLUUEl peanbHOro MpoLecca COPTUPOB-
KU (aJlTOPUTM KOTOPOTO B BHI3BIBAIONICH IIpOrpaMMe HE ONpEeTICH U He
3aBHCUT OT ajJropuTMa B BBI3BIBAEMOW MNporpamMme). ENUHCTBEHHBIM
CYLIECTBCHHBIM MOMEHTOM SIBJISICTCS UM BBI3BIBAEMOW MOAIIPOTPAMMBI
(SORT _int), a Taxxke ykazanwe (mepemaun B mporpammy SORT int)
MaccuBa Tojuiexaniero coptupoBke (list) U UMS OTCOPTUPOBAHHOTO
MaccHBa, KOTOPBI BO3BpaIlaeTcsi B OCHOBHYIO mporpammy (list len).

AbcTpakuus nporuecca — KI0YeBOe MOHATHE B MPOrPaMMUPOBAHHU.
Bo03MOXHOCTh a0CTparupoBaThCsl OT MHOTOYHCICHHBIX JIETaleld airo-
pUTMa, KOTOPBIH BBINONHSAETCA MOANPOrPaMMOH, MO3BOJISET YUTATh U
NOHUMATH OOJIBIINE POrPaMMBI (B IECSTKH THICSY CTPOK).

OBOJIIONUS a0CTPAKIIMU JAaHHBIX COMPOBOXKIACTCS IBOJIIOLMEH a0CT-
PaKkLIMM Ipolecca, NOCKOJIbKY HEOThEMJIEMOM M IVIABHOM YaCThIO JIFO-
001 abcTpaKUK JaHHBIX ABJSIFOTCS OTEPAaLUH, KOTOPBIE ONPEeNsIOTCS
KaK a0cTpakiuu mpoiecca. AOCTpaKiMsl JaHHBIX COCTABIISECT OCHOBY
(mapamurmy) uH(GOPMAIMOHHO-OPHEHTHPOBAHHOTO MPOTPAMMHUPOBAHHUS
(B IpOTUBOIOIOKHOCTH MPOLEIYPHOMY). DTa MapagurmMa craia MoIry-
nsipHOM B 80-X rojax mpouuIoro BeKa. SI3bIKM, MOAACPKUBAIOLINE HH-
(hopManMoHHOE MPOTrPaMMHUPOBAaHUE, YACTO HA3BIBAIOTCS OOBEKTHBIMH
(object_based). OHU COCTaBIAIOT OCHOBY 00BEKTHO-OPUCHTHPOBAHHOTO
nporpamMmupoBanusi. IlosBiaeHne abcTpakUMU JaHHBIX CBSI3aHO C TaK
HA3BIBACMOIT UHKancysayueli (CKPITAst PeaTH3arus ).

Huxancyrayus — criocod oObeMHEHHS B C€IUHOE IEJIOE MOJIPO-
rpaMM U JaHHBIX, KOTOpble OHM 00padartbiBaioT. Takoe oObeIUHEHHE
NPEIOCTABISCT IMOJIB30BATENI0 BO3MOXKHOCTh CO3/1aBaTh COOCTBEHHBIE
TUNBl JIAHHBIX, AHAJIOTUYHBIX BCTPOCHHBIM THIIAM, HCIOJIb3YEMBIMU

* OGpareHne K CIOKHBIM MOAIPOrPaMMaM B IPOLEAYPHO-OPHEHTHPOBAHHOM IIPO-
rpPaMMHPOBAHUK CBSI3aHO C OMpEIeCHHEeM OOJIBLIIOr0 KOMHYECTBAa (POPMAIIBHBIX Mapa-
METPOB, COTJIACOBAHHBIX 0 KOJMYECTBY, MOPSAKY CICIOBAHUS U THITYy C TIapaMeTpamMmu
(dhopmanbHBIMHU (0OJIBIIOE KOTUYESCTBO OIIMOOK BO3HUKACT M3-3a 3TOW HECOTJIACOBAHHO-
cTu). B cBsi3u ¢ 3TUM MoJIB30BaTENIO, XOTS U HE TpedyeTcs: MoApoOHO pa3dupaThes B
AJIIr'OPUTME, KOTOprI>’I HCHOHbSyeTCﬂ B IOAIIPpOTpaMME, HY>KHO MUMETh ABHOC IPEJACTaB-
JICHUE O NPUHLHUIIAX €TI0 IOCTPOCHUA.
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NPOLEAYPHBIMU SI3bIKAMH IIPOTPaMMUpPOBaHMs (LIE€Tble, NEHCTBUTEINb-
HbIE, JIOTHYECKUE, CHMBOJIbHBIC U T.I1.). B oTnnume ot abctpakuuu mpo-
1iecca, Korja JaHHbIe M METOJIbI, MO3BOJIMTEIIbHBIC ISl KX 00pabOTKH,
paszieneHsl (1aHHBIE B TJIABHOM MporpamMMe, a METOJbl B MOIPOrpaM-
Max) U B Ipolecce Mepeaadd OuYeHb YacTO BO3HUKAIOT MPOOIeMbl, WH-
KaIlCyJISIIUs HCKITIOYAET 3TH TPYIHOCTH (IOCKOJIBKY HUYETO IepeiaBaTh
He TpeOyeTcs).

Takum 00pa3zoM, aOCTPaKTHBIA THI JAHHBIX — UHKATICYJISALHS, KOTO-
pas COIEpKHUT TOJBKO MPEACTaBICHHE AAHHBIX OJHOTO KOHKPETHOTO
TUNA U MOAIPOTPaMMbI, KOTOPBIE BBIITOJIHSIOT OMEpalyd C JaHHBIMU
3TOr0 THMa. JTO CPEACTBO MPOTHUB CIOKHOCTH, CHOCOO caenarh OOJib-
IIKE U CIOXKHBIE IPOrPaMMBbI 0oJiee YIPaBIIsIeMbIMH.

DK3eMIUIsIp a0CTPAKTHOTO THIIA JTaHHBIX HA3BIBAETCS 0OBEKMOM.

Konreniust 00beKTHO-OPHEHTHPOBAHHOTO MPOrpaMMupoBanus (ob-
ject-oriented) yxonut xopasamu B s3Ik SIMULA-67 (HopBexis! — Kpu-
cren Huraapy u One Moxan Jlan), HO OHA He GbLIa MOTHOCTBIO pa3pa-
Ootana, noka sBoJronms s3bika Smalltalk (amepukanen Anen JIoit) He
npuBea K HOosBJIeHUIO si3bika Smalltalk 80.

Ha ceromusimamii neHb Ui BceX TPAaJULMOHHBIX SI3BIKOB MPOrpaM-
MHUpPOBaHUs pa3paboTaHbl 00BEKTHO-OPHEHTHPOBAHHBIE AMAJIEKTHI (Ha-
ypnasg ¢ C', Ada, Pascal, Fortran) u T.11. Hexotopsle U3 COBpeMEHHBIX
SI3BIKOB MIPOTPaMMHUPOBAHUs, pa3pabOTaHHBIX sl OOBEKTHO-OpPHEH-
TUPOBAHHOTO TMPOTPAaMMHPOBAHHS, HE TOJJICPKUBAIOT Jpyrue mnapa-
JUTMBI TPOTPAMMHUPOBAHUS, HO TPOJIODKAIOT HCIOIh30BaTh HEKOTOPEIC
OCHOBHBIE CTPYKTYPBI UMIIEPATUBHBIX S3bIKOB M BHEIIHE HA HUX IOXO-
xu. K TakuM s13p1KkaM, Hampumep, otHocutcs Java. Kpome toro, cyie-
CTBYET OJIMH MOJHOCTHIO 00bEKTHO-OPUEHTUPOBAHHBIN SI3BIK, YIIOMSIHY-
TN paHee, — Smalltalk.

OOBEKTHO-OPUEHTUPOBAHHOE MPOrPAaMMUPOBAHUE HMEET Psii Bax-
HBIX CBOMCTB, pa3BHBAIONINX MH()OPMAIIMOHHO-OPHUEHTHPOBAHHOE TPO-
rpaMMHpOBaHUE, PUBOJISIIEE €T0 U3 OOBEKTHBIX SI3BIKOB K OOBEKTHO-
OpPUEHTUPOBaHHBIM. OOBEKTHO-OPUEHTUPOBAHHBIC SA3BIKU JOJDKHBI MOJ-
JepKUBATh TPH KIIFOUEBBIX SI3BIKOBBIX CBOMCTBA: aOCTPAKTHBIC THIIBI
JAHHBIX (KOTOpPBIE YK€ OOCYXAAIUCh), HACTIET0BaHNE U THHAMHYECKOE
CBSI3bIBAHHUE C TAK HA3BIBAEMBIM IOIUMOPPHU3MOM (IIOCIETHUE CBONCTBA
OTCYTCTBOBAIM B KOHLENIHMU HH(POPMAIIMOHHO-OPUEHTUPOBAHHOTO
MIPOrpaMMHUPOBAHHUS).
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HacienoBanue. B 00BEKTHO-OPHEHTHUPOBAHHOM MPOTPaMMHUPOBA-
HUM 4acTh, OOMIas il HA0opa MOX0XKHUX TUIIOB JAaHHBIX, BBIIEISIECTCS B
HOBBIH THII.

IloBTOpHOE WCHONMB30BaHUE Pa3pabOTAaHHBIX MPOTPAMM SIBISICTCS
MOIIIHBIM CPEJICTBOM MOBBIIICHHUS 3()(HEKTUBHOCTH MPOTPAMMHUPOBAHUS
U SIBJISETCS CEPALICBHHON 00BEKTHO-OPUECHTHPOBAHHOI'O MPOTPAMMHUPO-
BaHus. HacnemoBaHue TO3BOJNSIET PEeIINTh Kak MpoOiIeMbl Moauuka-
[IUY, BO3HUKAIOIIUE B PE3yJbTaTe IMOBTOPHOTO HCIONBH30BaHHUA a0CT-
PaKTHOTO THIMAa AaHHBIX, TaK U MPOOJIEMBI OpraHU3aluy mporpamMm. Ec-
JIM HOBBIM aOCTPaKTHBIN THIT JaHHBIX MOXKET HACJICIOBATh JaHHBIC U
(hyHKITMOHAIBHBIE CBOHCTBA HEKOTOPOTO CYIIECTBYIOUIETO THIIA, a TaK-
K€ MOAM(HUIIMPOBATH HEKOTOPHIE U3 ITUX CYIIHOCTEH M JOOaBIATH HO-
Bble, TO TOBTOPHOE HCIIOJIb30BAaHUE 3HAYUTEIHHO 00JerdaeTcss U He
CBSI3aHO C HEOOXOAMMOCTHIO BHOCUTHh M3MEHECHHUSI B TIOBTOPHO HCIOJb-
3yeMblil a0CTPaKTHBINH OOBEKT.

be3 Mexanu3ma Hacie0BaHHS MOIU(PUKAIMA 00BEKTa MOTYT OBITh
TPYAHOBBITIOJIHUMBI ¥ TIOTPEOYIOT OT IPOTPaMMHKCTa MOHMMAaHUS YacTH,
€CJIM He BCETO IEITMKOM CYIIEeCTBYIOIIEro koaa. Kpome Toro, Bo MHOTHX
CITy4asx MOAM(HKAIMK BIEKYT 32 OO0 M3MEHEHHs BO BCEX MPOrpam-
Max KJIMCHTA.

[IpenrmonoxxuM, 9T0 B MporpaMMe €CTh aOCTPAKTHBIA THI JTAHHBIX
JUTSL MaCCHBA IIEIIBIX YMCEl, BKIIOYAIOIINX B Ce0sl OMEepaIuio COpTUPOB-
ku. [Tocne HEKOTOPOro meproja WCHONB30BaHMS MpOorpaMma MoIu(u-
LUPYETCS U TPeOyeT HAIWYMs HE TOJBKO aOCTPAKTHOI'O THIIA JAaHHBIX
JUTSE MACCUBOB IIEJBIX YHCEN C Olepanuell COPTUPOBKH, HO U ONEpaIuu
BBIUMCIICHUS apU(PMETHYECKOTO CPEAHErO ISl 3JIEMEHTOB OOBEKTOB,
MPEJCTABISIOMUX Cco00iM MaccuB. IIOCKONBKY CTPYKTypa MaccHBa
CKpBITA B a0CTPaKIIMOHHOM THUIIE TaHHBIX (0€3 HACIIeZOBaHUs), STOT TUI
JIOJKEH OBITh MOMU(UITUPOBAH IyTeM IT00aBICHHUS HOBOW ONEpaIii B
3Ty CTPYKTYPY (T.€. Hy’)KHO pa3OupaThCs B TEKCTE CYIIESCTBYIOMIEH MPO-
rpammbl). [Ipr HaaMYMK HacleAOBaHUSA HET HEOOXOIUMOCTH B MOAU(DH-
Kalli{ CYMIECTBYIOMIErO THUMA: MOXKHO OIUCATh MOJKIACC CYIIECTBYIO-
IIEr0 THIIA, MOAICPKUBAIOIINIA HE TOJIBKO ONepaliii COPTHPOBKH, HO U
OTIEPAIIUIO CPeTHETO apU(PMETHIECKOTO.

AOCTpaKTHBIC THIIBI TaHHBIX C TIOXOXHUMH CBOMCTBAMU B OOBEKTHO-
OpPUEHTHPOBAHHBIX S3bIKaX OOBIYHO Ha3BIBAIOTCA Kaaccamu (classes).

Kak 1 3xk3eMIuisapbl aOCTPaKTHBIX THIIOB JaHHBIX, SK3EMILIAPHI KJlac-
COB Ha3BIBAKOTCA 0Ovexkmamu. Kiacc, KOTOpBIA ompenenseTcs depe3
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HacJIeIOBaHUE OT APYIrOro Kiacca, Ha3bIBACTCS NPOU3BOOHBIM KIAACCOM
(derived class), nim nooxnaccom.

Krace, oT K0TOporo mpoW3BOAMTCS HOBBIN KJIACC, HA3bIBACTCS pPoO-
oumenvckum knaccom (parent class), unu cynepkaaccom (super class).

[IporpamMmel, onpeaensOLe onepaluy HaJg 00beKTaM1 KJlacca, Ha-
3bIBatOTCA Memooamu (methods). BbI30BBI METOIOB Ha3BIBAIOTCS COOO-
wenuamu (message). Becb Habop MeTOIOB 00BEKTA HA3BIBACTCS NPOMO-
Konom coobwenul (message protocol), wmu uumepgheticom coobuenuti
o0bekTa. CooOlieHne AOJKHO MMETh, 10 KpalHed Mepe, IBe YacTH:
KOHKDPETHBI 00BbEKT, KOTOPOMY OHO JIOJDKHO OBITH IOCTaHO, ¥ UMS OTI-
peaensonero HeoOXoAUMbIe ACHCTBHUS Hal OOBEKTOM.

W, nakoHen, TpPETbUM CBOWCTBOM OOBEKTHO-OPUEHTHPOBAHHOTO
IPOTPaMMUPOBAHUS SIBJISETCS MTOJIMMOP(HU3M, KOTOpBIN oOecrieurBaeT-
Cs C IOMOIIBIO TaK Ha3bIBAEMOTO TMHAMUYECKOTO CBSI3bIBAHMUSL.

Honumopgusm (MHOTO3HAYHOCTH COOOIICHHUH, MIIM X HEOIHO3HAY-
HOCTh) — CBOWCTBO, KOT'JIa OJIMHAKOBBIE COOOIICHUS TI0-Pa3HOMY TIOHH-
MaroTcs pa3HbIMU 00BEKTaMH, B 3aBUCUMOCTH OT WX Kiacca. Tak, OHO
U TOXXKe cooOIIeHre 3Be310UKU (*) BBI3BIBACT COBEPIICHHO Pa3HbIE Me-
TOJIbI MPUMEHUTENBHO K LEIIBIM, ACHCTBUTEIbHBIM, KOMIICKCHBIM YHC-
JIaM WK OTiepalysM C MaTPUIIAMH.

Cesazviganue (binding) B 00IEeM CMBICIE TPEACTABISET COOOW MPO-
LIECC YCTaHOBJICHUS CBSI3H, aHAJTOTUYHOM CYIIECTBYIOLICH MEXIy aTpH-
OyTOM M O0BEKTOM WJIM MEXIy orepanueil 1 cuMBoiioM. CBsi3bIBaHUE —
B2)XHOE TIOHSTHE CEMAHTHKH SI3BIKOB MPOTpaMMUpOBaHus. CBS3bIBaHHE
Ha3bIBaCTCS cmamudeckum (static), eCli OHO BBIIOJHSACTCS A0 BBINOJ-
HEHHMS IPOTPaMMBI U HE MEHSETCS BO BpeMs ee BblnoiHeHus. Eciu cBs-
3bIBAHHE MMPOUCXOTUT BO BPEMsI BBIITOIHEHHUS MPOTPAMMBI HITH MOXKET
MEHSITBCS B XOJI€ €€ BBITIOJHEHHS, TO OHO Ha3bIBACTCS OUHAMUYECKUM.

[IpumMenuTenbHO K 0ObEKTaM JAaHHBIX UMEETCS B BUJAY CBSI3bIBAHHE
TUTOB JIaHHBIX U MX METOJ0B. BO BceX paccMOTpEHHBIX HaMH paHee
TUNAxX JaHHBIX, BKIIOYAEMBIX B CTaHIAPTHI S3bIKOB, UMEJIOCh B BHIY
cmamuueckoe CesA3bl8aHue.

[Ipu craTyeckoM CBSI3BIBAHUH KOJ HEOOXOJUMBIX ISl pa0OTHI MPO-
rpaMMbl OMOMHOTEUHBIX (QYHKIUH (U3NYECKH T00aBIsETCS K KOy
O0O0BEKTHBIX MOAYJICH IUISI TOTYYEHUS 3aTPY304HOI0 MOIYJIS, KOTOPBIH B
pe3yabTaTe MojyyaeTcsi O4eHb OOJIBILIOTO pa3Mepa.

[Ipu aMHAMIYECKOM CBS3BIBAHUH B PE3YJILTHPYIOIIEM MOJYJIE Mpo-
CTaBISIOTCS JIMIIb CCHUIKM Ha KOJ HEOOXOAMMBIX OHMOIMOTEUHBIX
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(yHKUUH, ecau Ko peajibHO A00aBISIETCsl TONBKO IPU €r0 UCIIOTHEHUH
¥ OCBOOOXIAeT MaMATh TOCIIE 3aBEPILEHHS €ro padoTHI.

HecmoTpst Ha TO, YTO MPH JUHAMUYECKOM CBS3BIBAHHH HadalbHAs
3arpy3Ka BBINONHICTCS HECKONBKO MeEJJIeHHEee, OHO OO0ecreqnBaeT
00b1IYI0 THOKOCTE IpU Pa3pabOTKe MPOTPaMMHBIX MPOAYKTOB (OHA U
Ta K€ MporpaMMa MOXeT paboTaTh C Pa3IMYHBIMU THIIAMU JAHHBIX) U
SIBTISICTCSI €CTECTBEHHBIM JIOTIOTHEHUEM MoMMopdu3mMa.

Eme oqHo HampaBieHue B pa3BUTUH UMIIEPATHBHBIX SI3BIKOB CBS3aHO
C MapaJuleIbHBIM POrpaMMUpOBaHueM. Bonpoc o mapaiieiasHOM Mpo-
rpaMMHPOBAaHUH BO3HUK JIOCTATOYHO JIABHO B CBSI3U C MOSIBIICHUEM Tep-
BBIX CYNEPKOMIIBIOTEPOB U SIBIISJICS 3aHATHEM JOBOJBHO Y3KOTI'O Kpyra
TrozeH, 3aHUMAIOLINXCsl HAyYHBIMH 3aJadyaMH B 00JacTH BOSHHOH IpoO-
onemaruku. OMHAKO B IMOCIEIHEE BPeMsl HEOOXOAMMOCTh B TIapajuIeib-
HOM TIPOTPAaMMHPOBaHHH TPUOOpPETAET MACCOBBIM XapakTep. DToMY
CIOCOOCTBYET KaK HEMpPEPhIBHOE MaJeHUE IICH Ha MapajuleibHbIe KOM-
OBIOTEPHI, TaK ¥ MOCTOSHHOE YCIIOXKHEHUE 3aj]ad, pellacMbIX Ha HHX.
[Ipuyem 3TO HE TONBKO TPAAUIMOHHBIE 3a7a4l PU3UKH, XUMUH, OHOJIO-
UM, MEIULHUHBl U JPYTUX HayK, B KOTOPBIX MEPEX0] OT YNPOIIEHHBIX
MoJenell K pealbHbIM 3a7adaM CONPSDKEH ¢ KOJIMYECTBEHHBIM POCTOM
0o0beMa BBIYUCIICHHUH, HO TAKXKE 3a/1auM, CBSI3aHHBIC C pa3pabOTKOM CHC-
TeMm ympasienus 0azamu aaHHbIX (CYB/I), pazHooOpasueiMu Internet-
cepBepamu 3anpocoB (WWW, FTP, DNS u T.m.) © coBMECTHOro uc-
nosb3oBanns aauubX (NFS, SMB™ 1 z1p.), aBTOMATH3MPOBAHHBIMH CHC-
TeMaMu yrpaBieHus: Tpou3BojacTBOM (ACVYII) W TeXHOIOTHUYECKUMHU
nporeccamu (ACYTII), mockonbky B 3THX 3amadyax TpedyeTcst odecre-
YUTh 00CTY’KMBaHHE MaKCHMAaJIbHOTO KOJMYECTBA 3aIIPOCOB B €IUHHILY
BPEMEHH, a CJI0KHOCTh CAMOT0 3aIIpoca pacTerT.

MoHO cKa3aTbh, YTO B HACTOALICE BpeMs MPAKTHYECKH pa3paboTKa
BCEX KPYIHBIX IPOrPaMMHBIX MPOEKTOB KaK HAyYHOH, TaK U KOMMEpUe-
CKOH HampaBJIEeHHOCTH JIMOO COACPKUT MOANEP)KKY MapajuieIbHON pa-
00THI Ha KOMITbIOTEpPAX PAa3TUYHOTO THIIA, MO0 3Ta MOJAEp)KKa 3aria-
HUPOBAaHA.

T'oBopst 0 mapamuIensHOM NPOTrPaMMHPOBAHWHU, HEOOXOIWMO OTMe-
TUTh, YTO JIAXKE HA COBPEMEHHBIX OJJHOMPOIIECCOPHBIX KOMIBIOTEPAX C
MOMOIIBIO JIOTHYECKOTO pacHapaUIeIMBaHUsl U PAcCIOCHUS MaMSITH

. . .
NFS — Network File System — ceteBast ¢aitnoBas cucrema.
SMB — Server Message Block — mpoTokos BepXHEro ypOBHs, BBINOJIHSIOIIMI
(bYHKIMH CEaHCOBOTO, MPEICTABUTEIBCKOTO U MPUKIIAHOTO YPOBHEH.
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MOJKHO JOCTHYb CYLIECTBEHHOTO TIOBBIIEHHS MPOU3BOAUTEIBHOCTH
Ipy NPaBWIBHOM BBIOOpE alropuTMa pelieHHs 3afgad. Tak, MOXKHO B
14 pa3 yBenTHMUUTH CKOPOCTH NMEPEMHOXKEHUSI MATPHI] IPU BBIOOpE ajiro-
pUTMa MepeMHOXKeHuUs, 3H(HEKTUBHO HCIIOTB3YIOMIETO KAII-TIAMSITh.

11 MHOTOIPOLIECCOPHBIX KOMITBIOTEPOB OOBIYHO paccMaTpUBaeTCs
pacnapajieIuBaHue Ha ypoBHe npoueccos. [lox mporeccoM noHumaer-
Csl TUHAMHYECKasl CYIIHOCTb MPOTPAMMBI, €€ KOJ B IIPOIECCE BBHIMTOJIHE-
HUsI, KOTOPBIM HMEeT COOCTBEHHBIE 00JIaCTU MaMATH MO KOJ U JIaHHbIE,
COOCTBEHHOE O0TOOpaKeHUE BUPTYAIBHON MaMsATH Ha (QU3UIECKYI0 MO-
JKET HAXOJUTHCS B Pa3MUHBIX COCTOSHHSX (KOTOpbIe OyInyT 0OCyX-
JaTbCs B CIEIyIOLIEH TIaBe).

Kpome mporecco, BO3MOXHO pacnapajle]MBaHUE Ha YPOBHE 3a/a4
(moTokoB mim HUTEH, thread) — 3TO Kak OBl OJHA M3 BETBEH UCIIOJHSIE-
Moro mnporecca. Peus uaer o pacnapayiieTuBaHUN BHYTPH HUCIIOJTHAMOM
mporpamMmbl. 3ajiadya pasfenseT ¢ MPOIeccoM KakK MaMATh MOJA KOJ U
JIAaHHBIE, TaK U OTOOpaKCHHE BUPTYaIbHOW MaMSITH Ha (U3MUYECKYIO, a
TaKXe UMeET COOCTBEHHOE COCTOSIHUE.

Peanuzamus pacnapaisienuBaHus MPOLECCOB U 3a7ad BO3MOXHA Kak
C TIOMOIIIBIO CPECTB OMEPAIMOHHBIX CUCTEM, TIPEXKIE BCETO Pa3IMIHBIX
Bepcuit UNIX, Tak ¥ ¢ moMompio (PyHKIMHA HMIEPATUBHBIX SI3BIKOB
nporpammupoBanus. Tak, nosiBuBimuiics B 1990 r. muTepdetic MPI
(Message Passing Interfere), craBmunii (akTHdecku CTaHAAPTOM JUIS
OPOrpaMMHUPOBAHUSL CHCTEM C pacIlpelelieHHOM NaMsThlo, Mpuoopent
OOJIBIIYIO MOMYJISIPHOCT M TEHEPh C YCIIEXOM HCIIONB3YETCsl TakKe B
cucTteMax ¢ oOmiel maMsAThIO U pa3HOOOPa3HBIX CMELIAHHBIX BBIYUCIIH-
TEJIBHBIX ycTaHOBKaxX. OH mpencTasisieT co0oil HabOp yTUIUT (BCIIOMO-
raTeibHbIX TIPOrpamMM) U 6u6muoTednsx GyHkmuit (s s3eiko C/CT,
FORTRAN), mo3BoJsIOIKX CO3AaBaTh U 3allycKaTh MPUIOXKEHUS, pa-
OoTarome Ha MapauIeIbHBIX BEIYUCIUTENBHBIX YCTAHOBKAX Pa3InYHOM
TIPUPOJIBI.

B nocnennee Bpems OONBIIMHCTBO KOMITMIIATOPOB 513bIKOB CH, Cut+
u Doprpan cranu noanep:kuBaTh cranaapr OpenMP, pa3zpaGoTaHHBIM
¢dupmoii Intel cnenmanbHO IS pacnapauieIMBaHus MPOIeccoB. B ot-
mrure ot MPI oH peanu3syercst He B BUIE TOANPOrpaMM, a JOOABISET B
SI3BIK HOBBIE KJIIOUEBBIE CJIOBA, Oyiarojapsi KOTOPHIM pacrapajuleinBa-
HHUE OCYILECTBIISIETCA aBTOMATUYECKH Ha 3Talle BBIIOJIHEHHUS MPOrpaM-
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MBI, IPUYEM 3TO JEIAETCS MaKCUMaJIbHO 3(PQEKTHBHBIM Ui JaHHOW
MPOIIECCOPHOI crcTeMbl 00pa3oM (IPU 3TOM YUYHUTHIBAIOTCS TaKWe Ma-
paMeTpsl, KaK, HapuMep, KOIMYECTBO MPOLIECCOB B CUCTEME, JOCTYTII-
HBIX [IPOTPaMMe).

KOHTPOJIBHBIE BOITPOCHI

1. B uem paznuuue Mexay A35IKOM MPOrpaMMHPOBAHUA U €r0 pea-
nu3anreii? KakoBel cocTaBHbIE YacTH SI3bIKa — CHHTAKCUC M CEMATHKA,
pasinuus B MCIOJIb30BAHUM CIIY>KEOHBIX CIIOB (KIJIIOYEBBIE, 3ape3epBU-
pOBaHHEIE, IPEAOTIPEACIICHHBIEC CITOBA)?

2. Yem ompenensieTcst ypoBeHb si3bika? B ueM 0COOEHHOCTH H K Ka-
KOMY YPOBHIO MOXHO OTHECTH: MAIIMHHBIE S3BIKM M acCeMOJIEPbI, UM-
TIepPaTUBHBIC A3BIKH, ANMJINKATUBHBIE SI3bIKH, JECKPUIITUBHBIC S3BIKN?

3. Ha3oBuTe npHuYMHBI, CTUMYIHPYIOIINE PAa3BUTHE SI3BIKOB IPO-
rPaMMHPOBAHUS 1 OCHOBHBIE TEHACHIIUU B UX PA3BUTHH.

4. Tlepeuncnute OCHOBHBIE HANpABICHHS CIEIHATN3AIUU S3bIKOB
nporpaMMupoBanusi. KakoBbl mpUUMHbI paciiupeHus GpyHKIHMOHAIBHO-
CTH NMPOOJIEMHO-OPUEHTHPOBAHHBIX S3BIKOB IPOTPaMMUPOBaHNs?

5. Pacckaxxute 0 MOIYJIBHOM, CTPYKTYPHOM, OOBEKTHO-OPHUEHTH-
pOBaHHOM MporpaMMHupoBaHui. Ha3oBUTE OCHOBHBIC NPUHLMIIBI, MPU-
YMHBI Pa3BUTHUS SI3BIKOB B 3THX HAIPABICHUSIX.
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T'JIABA 6. TIPOTPAMMHBIE CPEACTBA COJ0

6.1. O61mme cBegeHus1, KJaccu(puKanus NPOrpaMMHOT0
obecrnevyeHNsI U KPATKAsl XapaKTePUCTHKA OTAeJbHBIX YaCTei

Ho 70-x romoB msroroButenun IBM, kak mpaBuiio, MpoaBaiv JIHIIh
u3jiesue oaHoro Buaa — anmnaparypy (Hard ware). OnepaiioHHbIC CHC-
tembl (OC), BcrioMorartenbHbIE CIy:K€OHbIE MPOrpaMMBbl, MaKeThl MPHU-
kiaagabix nporpamm (ITIII), skcrmyaTanmoHHas JOKYMEHTaLUus U y4eo-
HBIE MaTepHalbl YacTO MOCTaBJLUINCH MOJb30BaTeNsIM OecruiaTHo. B Ha-
yane 70-x romos IBM, pasmenuB cBom mporpaMmHble cpeacTBa (soft
ware) W anmnaparypy, yCTaHOBWJIA OTAENBHBIC LEHBI, XOTS MO-IPEKHEMY
NpoJOJDKaia TOCTABIATh MPOrpaMMHOE OOecredeHre OecIuIaTHO, YTO
CBSI3aHO C POCTOM 3HAYMMOCTH mporpaMmuoro obecreuenus (I110).

Bce 310 mpuBeno K ciaeIyomKUM NOCIEACTBUAM:

MOSIBUIOCH OOJIBIIIOE KOJNMYECTBO (UPM, pa3padaThIBAIONIMX H MPO-
naromux 110;

cozpaercs unanycrpus I10;

MOJIH30BATEINb MOMYYHI BO3MOXHOCTH BbiOOpa 1O y xoHKypupyro-
mMx GUpM;

pa3BuwiICsd MOIYJNbHBIH NPUHLIMI M TOSBHINCH CTaHAApTHl B MPO-
rpaMMHPOBaHUH;

MMOBBICHIACh OTBETCTBEHHOCTEL nocTaBuinkoB 9BM 3a I10.

Hapsiny ¢ TpamuiionHo npojaBaeMbeiM Soft ware, mosiBumiinck Firm
ware — amnmnapaTtHo-opueHTupoBanHoe 10, mocraBisiemoe mpousBoau-
tenieM OBM (mampumep, BIOS), Share ware — ycnoBHO OecriaTHoe
T1O, Free ware — 6ecrutatroe 110 u T.11.

Hns nposenenus o0paboTku Ha OBM anroputMm pemeHus 3agadu
HEOOXOOUMO HamucaTh B opMe, MOHATHON BBHIYMCIUTEIBHON MallHE.
SI3bIKM IPOTPaMMHUPOBAHUS SIBIAIOTCS TaKUM CPENCTBOM, C ITOMOIIBIO
KOTOPOTO MOXKHO «IOTOBOPHUTHCSD C BEIUNCIUTEIHHON MAIIMHON TyTeM
pa3paboTKu MPOrpaMM.

IIporpamMmma — mocnenoBaTeNbHOCTh KOMaH] MM ONEpaToOpoOB, KO-
TOpas MOCje JCKOIUPOBAHUS €€ 00 BHIYMCIUTEIBLHON MAIluHOW, JIH-
00 BBIYUCIUTEIBHON MAIIMHOW U TPAaHCIUPYIOIIEH IPOrpaMMON MOXKET
3aCTaBUTh 3Ty MAIIMHY BBIIOJHUTH HEKOTOpylo paboty. Ilporpamma
OJTHOTO M TOTO € ()YHKIIMOHAIBHOTO HA3HAYCHUS MOXKET UMETh TPH
pasnu4HbIX cocTtosiHuA (Wam dopmara). HMcxoonas npocpamma — Tpo-
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rpaMma B KOAaxX s3bIKa NPOIPaMMHPOBAHUS, 00bexmHas (MU MOIyro-
TOBas) — MporpaMMa B KoJaxX MaIlIMHBI, polieAmas ¢pa3y TpaHCILUY,
HO BBITIOJIHEHHE KOTOPOH HEBO3MOXKHO IO psny mpuymH. W, HakoHelr,
pabouas npoepamma (WM 3arpy304HBII MOIYIIB), KOTOPAs MOXKET OBITh
BBITIOJIHEHA Ha OBM.

[Ton mporpaMMHBIM OOecriedeHHEM TTOHHUMAIOT TPYIITY B3aHUMOJCH-
CTBYIOIIHUX ITPOTPAMM.

Jlrobas mporpamma umeeT Tpu cTaguu (uiH (asbl) )ku3Hu (puc. 6.1).

/—> ®da3a ucronbp30BaHus

®daza pazpaboTku \
CO3/IaHUE MTPOrPAMMBI — » daza npoporkaromeiics
porp p
pa3paboTku

Puc. 6.1. )Ku3HeHHBIH IHKII IPOrPaMMHOTO 00eCIeYeHUs

Ha stamne npomosokaromieiics pa3padoTKu:

YCTPaHSIOTCS CKPBIThIC Ae(DEKThI, HE BBISBICHHBIC Ha 3TaIle TECTH-
poBaHus;

BHOCSTCS HM3MEHEHHSA B CYLIECTBYIOIIYIO BEPCHIO, YUHUTHIBAIOIIHE
OTIBIT UCITIOJI30BAHUS;

MIPOBOJIUTCS aIalTAIlHsI IPOTPaMM K U3MEHSIONINMCS TPeOOBaHUSIM.

B o6mem o0beme paboT nmpuHsaTO cumtath [8], uto 33 % cocraBuseT
(haza pa3paboTku, a 67 % — conpoBokACHHUE (ITPOAOIDKAIOIIAsICS pa3pa-
00TKa) U SKCIITyaTaIHsl.

Cama (aza pa3pabOTKH MpenroaraeT MpoXoXIeHHe IecTH 00s3a-
TEIBHBIX JTATOB!

ompeecHe TpeOOBAHMIA U 3aTaHU;

MPOEKTUPOBAHUE (ANTOPUTMH3AIINSA);

HamnMcaHue KOMaH]l (KOJUpOBaHKE — MPOTPaMMHUPOBAHUE );

KOMITOHOBKA;

TECTUPOBAHMUE;

JIOKYMEHTHPOBaHHE.

PazymeeTcs, B JaHHOM cllydae UMEETCSI B BUIY, UYTO MPOTPaMMHBIN
MPOAYKT 3aKOHYEH M IPEJCTABIIACT COOOH MPOMBIIUICHHOE H3JCIHE.
3arpaTsl Ha pa3paboOTKy MPOrPaMMHOTO OOECIIEYeHHS TOBOJIBHO BHICO-
ku. Tak, B CIIIA exeronHo Tpatutcs 6onee 20 MIp 10J1. Ha 3TH IEITH.
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Bricokast cronMocTh IporpamMM 00BsSICHSETCSI HU3KOH CKOPOCTBIO POCTa
NPOU3BOJUTENBHOCTH TPyda NPOrpaMMHUCTOB. 1 0BOpsl O BBICOKOM CTOH-
MOCTH TIPOTPAaMMHOTO O0ecIeueH s, OUYeHb YacTO OMIMOOYHO abcoIro-
THU3HUPYIOT COOTHOIIEHHE MEXAY CTOMMOCTBIO MPOrpaMMHON M amma-
PaTHOM YacTAMH CHUCTEMBI. YTBEPXKIEHHE O TOM, YTO IPOTPAMMHOE
oOecrnedeHrne HAMHOTO JIOpOKe ammapaTHOro (OOBIYHO pacrpocTpaHse-
MOE MPOTPaMMHCTAMH) CIPABEIIMBO B PEAKHX CIyYasx IpH pa3padoT-
Ke 00JBLINX MO 00bEMYy YHHKAJIBHBIX MIPOrPAMMHBIX KOMIUIEKCOB (Ha-
npuMep, B CHCTEMax YIpaBJICHUs CIlyTHUKaMH 3emiu). B OonbmmHCcTBE
tupaxupyemsix cuctem 10 (manpumep, 1K) 310 cooTHOIIEHNE MOKET
OBITH MIPAMO ITPOTHBOIOIOKHBIM.

B 3akmioueHne nmpuBeaeM BBICKAa3bIBaHHE OJHOTO M3 BEAYIIHX CIIe-
muanuctop  CIIA 1o pa3paboTke NpPOrpaMMHOrO OOCCIICUEHUS
JIx. ®okca. On ckazan [18]: «Pa3pabaTsiBaTh mporpaMMHOe obecrede-
HHUE C KQKIBIM I'OZIOM CTAHOBHUTCS BCE TPYIHEE M B TO K€ CaMOE BpeMs
pa3pabaTeiBaTh NMPOTrpaMMHOE OOECleYeHUE C KaXKJBIM TOJIOM CTaHO-
BUTCS Jierde». DTO CBA3aHO, MPEXKAE BCEro, C TEM, YTO CTPEMIIEHHE K
aBTOMAaTH3aLlUHN TPyla MPOrpaMMHUCTAa MYTEM BKIIOYEHHUS B 3TOT HPO-
necc OBM mpuBeno K CO3IaHHIO OYEHb OONBLIOrO KOJMYECTBA IMPO-
rpaMM, OCBOGHHE KOTOPBIX TPeOYeT JOMOIHUTENBHBIX U HEMAIBIX yCH-
nuid. Jlagum kpatkuii 0030p CYIIECTBYIOIIMX Ha CETONHSIIHUNA JICHb
IPOrpaMMHBIX POIYKTOB.

1. O6mecucremuoe IO, B KOTOPOM WHOTIA BEIICISIOT IBE YaCTH:

cucmemnoe [10 — mporpaMMBbl, BBHITIOJTHSIEMBIE BMECTE C MPHUKIAJ-
HBIMH (COIIPOBOKAAIOT BBHIIOIHEHHE NPUKIIaIHBIX IPOTPaMM);

uncmpymenmanvioe 110 — nporpaMmsl, MOMOTAIOIINE TPOTrPaMMH-
CTaM | aJAMUHHCTpaiuu co3faBath [10, o1HAKO MpU UCTIOTHEHUU pa3-
paboTaHHBIX IPOrpaMM OHH, KaK IPaBUIIO, HE yYaCTBYIOT.

2. Ilpuxknaanoe 1O — nporpaMmel, (HaKTHUECKH BBITOJIHSIONIUE 3a-
Jady moiib3oBareisl. iMeeTcss HEeCKOIBKO CITOcOO0B OpraHU3aluy 3TOTO
I1O, Haxomamuxcs B TECHOM B3auMoaelicTBun. Hanpumep, mo3anagusii
MOJXO0JI, KOTOPBIN NMpEeACTaBlIeH B BUAE OTACIBHBIX IIPOrpaMM, pazpada-
THIBAEMBIX IOJI KOHKPETHBIE 3aJlayM IOJIb30BaTEeNIe M OTpPa)Karoux
Y3KOCHIeIIMaTU3UPOBaHHBIE OCOOCHHOCTH JTHX 3aJad. OTOT MOIXOJ
NPUMEHSIETCS] TPAIUIMOHHO, KOTJa TeXHUYeCKUue TpeOOBaHUs HE yKIia-
JBIBAIOTCS] B paMKaXx CTaHIApTHBIX MPOrPaMMHBIX peIICHUN W TpeOyroT
3HAYUTENEHBIX BPEMEHHBIX U MaTePUAITLHBIX PECYPCOB.
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bubnuomexu npocpamm no cneyuanvrocmsam — HaOOPHl MPOTPaMM
10 ONpeAEJICHHONW TEMaTUKE, OMMCAHHBIE C COONIOACHHUEM OIpeesICH-
HBIX CTAHJAPTOB B BHJIC MOJYJIeH THITA GYHKIIUI WIH TIOATIPOTPAMM.

OHH MOTYT OBITH MPEICTABICHBI KAK UCXOIHBIE TEKCTHI M OOBEKT-
Hble Moayu. He nMmest caMOCTOSTENIbHOTO 3HaYEeHUs], OHU Mpenrnoara-
10T HaJIMYKE TJIABHOM MporpaMMBbl (IIPeJOCTaBICHHON MOIb30BaTENEM),
13 KOTOPOU K HUM MPOUCXOTUT OOpallleHre U BKIIOYEHHE B COCTaB 3TOM
nporpaMmsl peaakropom cBsi3u (Linkeditor).

CymiecTByeT HECKOJIbKO YpOBHEH OMONMOTEUHBIX mporpamMm. K Hum
OTHOCSITCSl CTaHAAPTHBIE (PYHKIUHM W TOANPOIPaMMBI, BKIIOYaEMbBIC B
COCTaB CHCTEM NPOrPaMMHUPOBAHMS TPAIULMOHHBIX aJTOPHUTMHYECKUX
SI3BIKOB, a TaKXKe pazHooOpasHble oOpadaThiBaone (PyHKIUH HErpoLe-
IYPHBIX SI3BIKOB (DJIIEMEHTAapHbIE MaTeMaTHueckue (YHKIWH, IOJIIPO-
rpamMMbl rpaHIecKUX MOCTPOSHUH, CUCTeMHbIEe QYHKIMH U T.11.). Cytiie-
CTBYET PsA MOIMYJSIPHBIX OMOMMOTEK MOANPOrpaMM B BHAE JIMCTUHIOB
UCXOJIHBIX TEKCTOB U KOJIOB, PACIPOCTPAHIEMbIX B TIEYaTHBIX U3/IAHHSIX
WM Ha pa3nuyHbix Hocutersix B3Y DBM. K HuM MokHO oTHecTH OHO-
JMOTEKH HAY4HBIX Iporpamm Ha Poptpane, [lackane u T.11. CymiecTByIOT
¥ OMOIMOTEYHBIE POrPAaMMBI KOHEYHOTO IOJIb30BATENs, pa3paboTaHHbIE
¢ yderoM crieukn pazndHbeIx obnacreid nmpumenenus: [10. bubnmo-
TEYHBIE MIPOrPAMMbI MOTYT SIBIISITBCSI COCTABHOW YacThIO MPOIPaMMHOTIO
NPOIYKTa, pa3pabaTbIBaEMOro MpH MM03aJa4HOM HOAXO/E.

Iaxemvr npuxnaouvix npoepamm (I1I111) — B oTIinyre oT OUOINOTEK
CaMOCTOsITeTIbHBIE aBTOHOMHBIE 00pa3oBaHMs. B cBoeM cocraBe OHH
UMEIOT, KpoMe (PYHKIIMOHATIBHBIX MOAYJIEH, XapaKTepHBIX A OnOmImo-
TEK, YIPaBISAIOUIYI0 MporpamMmy (TJaBHYIO NMPOrpamMMy), BBIACICHHYIO
0a3y NaHHBIX W BXOJHOW SA3BIK MaKeTa (HempolexypHbIi s3bIK). [Ipak-
tuaecku Bo Beex [ BBomsATCS MHCTpyMEHTaIbHBIE CPEACTBA Tpaau-
UOHHOTO MPOTrpaMMHUPOBAHUS, YTO CBS3aHO C HEBO3MOXKHOCTBIO MOJI-
HOCTBIO YJIOBJIETBOPUTH MOTPEOHOCTH HEKOTOPHIX TMPHIIOKCHUN CTaH-
JApTHBIME CpeJICTBaMU nakeTta. Kak orMedanock paHee, B cOCTaB Make-
TOB BKJIIOYAETCs OOJIBLIOE KOJIUYECTBO PAa3HOOOPa3HBIX OMOIMOTEUHBIX
(dyHKIUH, oTpakaromux crnenupuky konkpeTabix [T

Haunnas ¢ 1968 r. Bo3HMKaeT MHEHHE O KPH3UCE MPOTPaAMMHOTO
obecnieuenus (Software Crisis), 4To CB3aHO C OOIIMM TPOIIECCOM IPO-
EKTHUPOBAHUS, BBI3BAHHBIM MOCTOSHHBIM YCJIOXXHEHHEM TEXHUYECKUX
CHCTEM W TIOSIBIICHUEM CIOKHBIX TexHmueckux cuctem (CTC), yBenu-
YeHHeM o0beMa M CIOKHOCTH NMPOrPaMMHBIX MPOLYKTOB, 3HAUHUTEIIb-
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HBIM POCTOM PECYPCOB BBIYHMCIUTENIBHBIX CHCTEM, MacCOBBIM BHEIpeE-
HHEM HapaJljIeJIbHbIX apXUTEKTYP.

TpanunuoHHBIN, MO3amadHblii crioco0 mpoektupoBanus [1O mpu
CO3/IaHHMU KPYMHBIX MPOTPAMMHBIX KOMILJIEKCOB OKa3ajics TOPMO3OM B
paszsutuu I10. B cBsI3u ¢ 3TMM aHAJOTMYHO CHCTEMaM aBTOMATHU3HPO-
BanHoro npoektupoanusa (CAIIP) mpu npoektupoannu CTC mosiBu-
JIUCH CPEJCTBA aBTOMAaTU3WpOBaHHOTO npoekTupoBanud 110, T.e. BKITO-
YyeHHe KOMIIbIoTepa B npouecc npoektupoBanus I10. Otu cpeacrtsa no-
nyunan HazBaHusi CASE-texnonormn (Computer Aided SoftWare
Engineering, T.e. coznanue [10 ¢ mOMOIIBI0 KOMITBIOTEPA).

OTH cpencTBa peanu3yloT OJI0YHO-UepapXUUYECKU MOAX0A NP pas-
pabotke I10 1 Tak Ha3pIBaeMOE MPOESKTUPOBAHUE CBEPXY BHHM3.

CyTb 3TOTO MOAXO0Ja JaBHO W Xopomro u3BecTHa. OH CBfA3aH C Je-
KOMITO3HIIMEH, T.€. C pa3OumeHueM OONBIION 3a7aud Ha MOA3aJadu U
npuBjIeyeHneM cpeacts OBM Ha Bcex IIecTH dTanax MpOEKTHPOBAHHS
I1O, nepeunciaeHHBIX BbIIIE, U UCTIOIB30BAaHHEM OOBEKTHO-OPHEHTHPO-
BaHHOTO Toaxoaa. K aTum cpencTBam oTHOCSTCA Kak TEKCTOBBIE U Tpa-
(udeckue perakTopsl sl M3TOTOBJICHHUS ONMCAaHUM, OJ0K-cXeM, rpadoB
U T.Il. HA BEPXHUX YPOBHSX NMPOCKTHPOBAHUS, TaK U CPEACTBA TeHepa-
[IUU WCIOJHSAEMOr0 KOJa Ha HIKHEM yYpOBHE — ypOBHE 0a30BBIX dJie-
MEHTOB.

K uncny nanbonee nomyssipHbix 3neMeHToB CASE-cpencTB MOXHO
otHecTH yHH(DUIUpOBaHHBIH s3bIKk MozaenupoBanus UML  (United
Modelling Language), UMEIOIINI YeTHIPEXYPOBHEBYIO apXUTEKTYPY U C
1997 r. sBnsOMMNCS CTaHAAPTOM B 00JACTH BH3YaJbHOTO OOBEKTHO-
OPUEHTHPOBAHHOTO MOACITUPOBAHMUSL.

6.2. OnepauMoHHbIE CUCTEMBI, HX IBOJIIOLHS, COCTAB
" GyHKIHMOHAJIbHOE HA3HAYEHHE OTAeJBLHBIX YacTeH

OcHoBy o6riecucremuoro [10 cocrarnsror OC. 3T0 — OMH U3 HaK-
0osiee BaKHBIX KOMIIOHEHTOB BBIYHCIUTEIBHON CHCTEMBI HE3aBHCHMO
ot kiacca DBM, koTopas ocymiecTBIsieT HHTepecHbIe QYHKINH Me-
KTy Toiib3oBatenieM H ammaparypoir. Kpome Toro, OC obecneunBarot
ynpasiieHHe pecypcamu BerunciautensHoi cuctemsl (LI, OIL, YBB). 3a
BpeMs cymiectBoBaHusi OBM B sBomtouun OC MOXKHO BBIACIUTH HE-
CKOJIBKO 3TaroB, Ha KaXKIOM M3 KOTOPBIX pEIlajHCh 3aJadyH, aKTyajb-
HBIE JIJIs51 OTIPEICIEHHOTO BPEMEHHU.
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B 40-e ronel nonnoe orcyrcrBre aneMeHToB OC MpHUBENO K YpE3BHI-
YaifHO HHU3KOW »(QQeKTHBHOCTH HcHonb3oBaHus OBM. OmnepaTopsl
JOJDKHBI OBUTH BPYYHYIO (C TIOMOIIBIO TEepeKItovaTelieii) 3arpyarth u
BBITIOJTHSATH MPOTPaMMBbI Tob30Bareneil. Bpems paborst 9BM cocras-
JSUI0 HE3HAYUTENBHYIO 4acTh [0 CPaBHEHHMIO C IMOJTOTOBHUTEIBHBIMHU
omepanusMu. XO0Ts pecypchl 9BM MOTHOCTBIO HCIONB30BATHCH MPHU
paboTe 3arpy’kacMoi MPOrpaMMOi, OTCYTCTBOBAJIU «HAKJIAHBIE PACX0-
IbD» Ha IPOTpaMMHOE CepBUCHOE 00cTykuBanne SBM.

50-e ToABl 03HAMEHOBAIHUCH MOSIBIICHUEM 3adaTKkoB OC, XOTs OTCyT-
CTBOBAJIO CaMO TIOHATHE 3TON CTpyKTypbl. OCHOBHas 3aaaya, KOTOpas
pelanacs Ha 3TOM 3Tare, — NOBbIIIeHHE YPPEKTHUBHOCTH HCIOIb30Ba-
Hust OBM, co3nganue ynoOCTB 1Jis onepaTopa Mo 3arpy3ke M BBINOJIHE-
HUIO 3a]a4 Tosib3oBareseld. bour paspaboTaH MmakeTHBIH pekuM oOpa-
00TKM NaHHBIX. McXomHbIe TEKCTHI (MM KOMaHIHBIE KOJbI) IIPOTpamMM
TOTOBWIMCh Ha aBTOHOMHBIX YCTPOMCTBaxX IMOATOTOBKM JaHHBIX (Ha
nepdokaprax win nepponente (YIIAK, YIIJIJI)), mocne yero 3arpyxa-
nucs B OBM.

60-¢ — 70-e roxpl CBsI3aHBI C MOSABICHUEM MHOTO(YHKIHOHAIBHBIX
OTEPAaLMOHHBIX CHCTEM OOLIero HazHadeHus g Oonbmux DBM. Oto
TPOMO3/IKME 3aMKHYTBhI€ CHCTEMBI, MOJHOCThIO 3arpyxkaemeie B OII
OBM c KpyriocyTOYHbIM PEXKHMOM pabOThl MalIMHbI (TIOCKOJIBKY 3a-
rpy3Ka Oblia JUIMTENLHBIM U CIOKHBIM IporieccoM). [Ipu aTom Ha pabo-
Ty OC TpeboBanuch 3HaUUTENbHBIE pecypchl OBM. B 310 xe Bpems B
CBSI3U C TOSIBJICHMEM TaKUX TEXHHYECKHX CPEICTB, KaK CXEMBI MpPephI-
BaHWI, F€HEPAaTOPbl HCTHHHOTO BPEMEHHU — TaliMepbl U MEXaHU3MBI 3a-
IIMTHl IAMATH, OBLIH pa3paboTaHbl IPOrpaMMHBIE CpeACTBa obecreue-
HUS MHOT033JJa4HOT0, MHOTOIIOJIb30BATEIBCKOIO PEXUMOB PaOOTHI
OBM, Tak Ha3bpIBaEMOT0 peXXUMa pasfelicHus BpeMeHH. Takum obOpa-
30M, OBLIO y/I€7IeHO BHUMaHUE y10OCTBaM pabOTHI TIOJIb30BaTEICH.

70-e — 80-e TOABI CBSI3aHBI C Pa3BUTHEM MOJYJIBHOTO MPUHITUIA TIO-
ctpoerust OC, ux craHAapTH3ALMU U TATbHEUIITNM COBEPIIEHCTBOBAHU-
€M MHOTOIOJIb30BaTEeILCKIX U MHOT03aJayHbIX pexxuMoB. B cdepy OC
BXOJUT OpraHU3alusl CTPYKTYp C MEPEKPHITHEM OpPraHHU3allH CHCTEM
BUPTYQJIbHON MaMsITH. DTOMY CIIOCOOCTBOBAJ MPOTPECC TEXHUUECKUX
CPEIICTB, MOSIBIICHUE BHadaine MUHU-OBM, a 3areM M mepcOHaIbHBIX
KOMIIBIOTEPOB.

90-¢ — 2000-¢ roaBI CBA3aHBI C HHTCHCUBHBIM BHEJPEHUEM CETEBBIX
OC.

242



B coctaB OC (puc. 6.2) BXOAAT NpOrpaMMbl, IPUCYTCTBYIOIIUE B
nr060it OC yHUBepCcanbHOrO Ha3HAYCHHUSL.

oC

v

A 4

Vipasstomye Oo0pabarbIBaromiye V THITHTEL
TPOrpaMMBbl HPOTPaMMBbI
/ \ IIporpammel
Tpanc-
Cymepsuzop 06pa60T1<14u nATOpH B M  Komuposmmku
HpephIBaHMH
j VYnpasnenue Penak- e Ly IMepememenne
I— JIaHHBIMH TopBI JIAHHBIX
CBSI3U
» | VYmpasnenue N TMevats,
sajauani O6cnykuBaHHe  |¢— niepopars
ondnmorex
’ Ynpasnenue h
3aJaHAAMA .
Orna,
TI1aT9UKH i Ly UT. I
—>
Kpocc-cpenctpa  |g
<+
Jpyrue <4
4_

Puc. 6.2. Cocra omnepanOHHBIX CHCTEM

Ynpagasiiomue nporpammal. Snpo OC coCTaBIAIOT YIIPaBIIIONTHE
IpOrpaMMBbl, C KOTOPBIX U Havasock coznanue 110 storo Buma. OnHo u3
BOXHEHIINX MOHATUH, CBS3aHHBIX C YNPABISIOIUMH MPOrpaMMaMH, —
MIOHATHE «IPOIECcC», MOJ KOTOPHIM IMOHMMAETCs Jiodas 3amava (Miu
HEecKoJbK0), Haxomsamasicsi B OIl u obOpabateiBaemas LIII. dpyrumum
CIIOBaMH, 3TO Cpela amlmapaTHOro WM HMPOrpaMMHOr0 oOeclieueHusl, B
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KOTOPOH BBIMOJHSETCS MporpaMMa WM MPOHCXOAUT ceaHc paboThl 3a
TEPMUHAJIOM.

Korna Bxoaute B cucteMy, oHa opoknaetr aius Bac mpomecc. Ipo-
Heccy MpUCBaWBaIOTCs aTpUOYTHI, CBsI3aHHBIE ¢ BammM paznmenom: pe-
Cypchl anmaparypsl (Hampumep, Mecto Ha aucke), kBota OIl mamsTu,
npUBWIETHA (HallpUMep, BO3MOXKHOCTD JOCTYINA K daiiiam u T.11.).

[Iporiecchl MOTYT MOPOXKAATH MPOLECCHI, KOTOphIe OYAyT BHIMOI-
HSTHCS COBMECTHO.

[IporpamMmMbl — CynepBU30pHI, OCYLIECTBISIIONINE IJIAHUPOBAHUE Pa-
OOTHI TMPOLIECCOB, MPEJCTABICHBI B MOJyJe «YTpaBIeHUE 3aJadaMm».
KayecTBeHHBII CKaYOK OT CPaBHUTEIBHO MPOCTHIX YIPABIAIOLINX MIPO-
rpamMMm K coBpeMeHHbIM OC mpou3omen ¢ MOSBICHUEM MYJIbTHIIPO-
rpaMMHOM 00paboTku 3amau (cM. 11, 2). [IporpaMmHas moaaepKka 3To-
IO PeKUMa MOXKET OCYIICCTBIISTHCS IBYMSI ITYTSIMHU.

1. Ilepexniouenue no cobvimuio npoucxoaur, korna OC He ompene-
JSIeT MOMEHT CMEHBI TEKyIIeW 3a7a4. JTOT IyTh MOXKET OBITh yKa3aH
aKTHBHOM 3amadeii, «I00pOBOJIHHO» MPUOCTAHABIMBAIONICH CBOE BBI-
NOJHEHHE C TOMOIIBIO CIEIHATbHOTO0 OOpalleHus K ONepalMOHHOH
cucTteMe (Hampumep, C 3alpocoM BBoAa-BeiBoaa). Ilockonbky 3amaua
MEPEeXOUT 3aTeM B OXHJAHUE Pe3yJibTara OIepaluy, ONeparoHHas
cucTeMa MOXKET IlepeiaTh YIpaBICHHE MPOLIECCOM IPYTrOi 0XKHUIAIoMIeH
3agade. DTOT METOA TpeOyeT OpraHU3alMy CHCTEMBI IPHOPUTETOB JUIS
yKa3aHus 3a1a4u (M3 oYepeu), KOTOPOH HEOOX0IMMO MepeaaTh ypaB-
nenwue. /Ipuopumem — gucino, npunucanHoe OC kaxaoMy mpoleccy U
3agade. YeM OoJIbILE 3TO YHCIIO, TEM BaKHEE 3TOT MPOLECC WK 3a/1a4a.

2. Memoo pazdenenusn epemenu (time-sharing) OCHOBaH Ha UCIIOJIb-
30BaHWHU BHEIIHETO CUTHAJIa, MOCTYMAIONIET0 Ha MPOIECCOp Yepe3 paB-
Hble UHTEpBaIBl BpeMeHH. OOBIYHO MPOUCXOAMT anmapaTHOE MpepbIBa-
HHE OT BHELIHETO TaiMepa, IPHU 3TOM ONEpalMOHHAasi CUCTeMa MpeKpa-
[IaeT BBITIOJIHEHUE TEKYIIeH 3a/1a4l U COXpaHsAET €€ mapamMeTphl B MO-
MEHT OCTaHOBKH. [[IaHMpOBHIMK aHATU3UPYET CIHUCOK OXKHJAOIINX
3a1a4 ¥ [epeaaeT ynpaBieHHe BEIOpaHHOH 3a1aye.

Ha puc. 6.3 mpencraBieHsl U3MEHEHHsI COCTOSIHUW TIpoliecca IpH
peanu3amnyuy MyJIbTHIIPOTPAMMHOTO PeXUMa paboThI.

B mro6oit MOMEHT BpeMeHH akTHUBHBIM (T.e. ucmonb3ytonmm [IIT)
MOXeET OBITh TOJIKO OIMH Ipolecc. B pexxume BBITECHSIOMEH MHOTO-
3aIa4YHOCTH TP Tepeaaye yHpaBiIeHHs MPOLECCY IMOJIb30BATENs MPO-
rpaMMa yrpaBJieHHS 3a/ladaMy yCTaHABIMBACT MHTEPBAILHBIA TalMep,
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3a/aBasg KBaHT BPEMEHH, SIBJSIIOIIMNACA MAKCUMAIBHBIM KOJINYECTBOM
Bpemenu LII, Ha koTOpoe npornecc nomydaer ynpasneHue. [locae atoro
IIPOLIECC U3 COCTOSIHUSI aKTUBHOCTH INEPEXOIUT B COCTOSIHUE T'OTOBHO-
CTU. 3aTeM, COTJaCHO CTPAaTeruy IUIAaHUPOBAHUS, BHIOMPACTCS CIEIyIO-
MK TpoIiecC, HaXOAIMNCA B TOTOBHOCTH. MOXKET OKa3aTbecs, 4TO akK-
THUBHBIA IIPOLECC, HE UCIIONB30BAB IOIHOCTBIO IPEIOCTABICHHOIO EMY
KBaHTa BPEMEHHM, OyJeT OXKUAATh HEKOTOPOIO COOBITHS, HAIIpUMEp 3a-
BEpILIEHUS OINlEpalluy BBOAA-BBIBOJA. B 3TOM ciTydae akTUBHBIN IIpOIECC
OnoKHUpyeTcsl, a KaKOH-TO HOBBIM Mpolecc akTuBu3upyetcs. Korma ke
OKu/1aeMoe COOBITHE HACTYIAET, COOTBETCTBYIOIINI 3a0J0KHPOBAHHBIH
IIpoLecC MPUBOAUTCA B COCTOSHHE NOTOBHOCTH U MOXET CHOBA CTaTh
KaHAMOATOM Ha 00CITyKUBaHHE.

Oxumaer coObITHS
> Bbnoxuposan

CoOsbrmie
VicTex KBaHT BpeMEHU HaCTyI1JI0
AKTHUBEH )

A

A 4

( T'oToB <+

BriOpaH 11 akTHBH3AIUH

Puc. 6.3. I3MeHeHue cocTOsTHUSI ITpoLiecca

PexxuM HEBBITECHSIOMIEH MHOT'03aJa9HOCTH UCKITIOYAET IpephIBAaHUE
mo TaiiMepy (B cxeme puc. 6.3 uckmouaetcs 1enb «VcTexk KBaHT Bpe-
MCHI»).

IIporpaMMbl ymipaBiieHHs 3aJaHHSIMU OOECIICUMBAIOT NPHEM U HH-
TEPIPETANNIO JUPEKTUB TaK HA3bIBAEMOTO S3bIKA YIPABICHUS 3aja-
HUSIMHU — MTHALIUMPOBaHUE U 3aBEPIIICHHUE 3aaHHA.

MmeeTcst HECKOIBKO TUMOB 33JaHUM, mpeacTaBisiomux koManasl OC:

noJy4eHue HHPOPMAITUK O CUCTEME;

MaHUIYJIHPOBaHUe (aiiaMu;

KOMAaH/IbI 3aITyCKa IIPOrpaMM Ha BBITIOJTHEHUE;

KOMaH/IHbIE TIPOIIeYPhI MaKEeTHOH 00padoTKH;

KOMaH/IBI, CBSI3aHHBIC ¢ pa3pabOTKOH IIporpaMm;

pacrpeneneHre pecypcoB MaMsITH U BHEITHUX YCTPOUCTB.
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[IporpamMMel ynpaBieHuUs] JAHHBIMH, BXOZSIIIE B COCTAB CYIIEPBU30-
pa, oOCIyXMBalOT Tak Ha3bIBaeMblil (pu3ndeckuii ypoBeHb BBOJA-
BbiBOIa. OHM 00€CNeunBarOT 3aKperyICHHE KOHKPETHBIX (DU3NUECKUX
YCTPOHCTB BBOJIA-BBIBOJIA 32 JIOTHYECKUMH MMEHAMH, Ha0Op ammapar-
HO-OPUEHTHPOBAHHBIX NPOrpPaMM-ApaiBepoB, BKIIIOYAIOT YIpaBICHHE
noTtokamu JaHHbIX MexAy OIl M KOHKPETHBIMH BHEHIHUMH YCTPOWCT-
BaMH.

Ipepvisanue (interrupt) — cUrHaji, 3aCTaBISIOMINNA MEHSITH MOPAIOK
UCIIOJIHEHUA TOTOKa KOoMaHJ. BO3HUKHOBEHHE MOJOOHBIX CHUTHAJIOB
MOXeET OBITh 00YCJIOBJICEHO CaMbIMU Pa3HOOOpa3HbIMH COOBITHMHU. Ha
puc. 6.4 npencrasieHa MOCIEI0BATEILHOCTh COOBITHH, TPOUCXOASALINX
B OTBET Ha CUTHAJ IPEPHIBAHU.

[Iporpamma A CrangapTHas Ipo-
rpamma o0paboTKu
MpepbIBaHUN

IIpepriBanue

/

Bo3sspat u3
npepbIBaHUN 4

§:

Puc. 6.4. OcHOBHas1 KOHIETIINS 00PaOOTKHU MPEPHIBAHUI

Ecnu B MOMEHT NMOCTYIUIEHHS OT HEKOTOPOTO MCTOYHHKA CUTHAIA
MpEepBIBaHMA NporpaMMa A HaXOAWTCA B MPOLIECCE UCTIOIHEHHUS, YIIPaB-
JICHHE aBTOMAaTUYeCKHU TiepeaeTes OJIOKy mporpaMm 00paboTKH Mpephl-
BaHUH. DTH MpOrpaMMbl MpeAHa3HAuEHB! IS BBHIIIOJHEHUS HEKOTOPBIX
JICHCTBUI B OTBET Ha YCJIOBHUE, BbI3BaBlee npepbiBanue. [locne 3aBep-
HIeHus] 00pabOTKHU yIpaBIeHUE MOKET ObITh CHOBA TIEpPEIaHo B Ty TOY-
Ky IpOorpaMMBbI A, Tie ee BBITIOJHeHHE ObLIO TIPEepBaHo.
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Crnenyer uMeTh B BUAY, YTO BOSHUKHOBEHHE U 00pabOTKa MpepbIBa-
HUA MOTYT OBITH COBEPILEHHO HE CBSA3aHBl C MPEPBAHHOU Mporpam-
MO A. MOXHO BBIJICJIUTh YETBIPE Kilacca MPEPbIBAHUMN.

IlepBriil kKacc — mpepbIBaHus, BOZHUKAIONIUE MpU BbioTHeHUU 11
KOMaHJI BbI30Ba CyIepBU30PA.

Bropoii knacc — mporpaMMHBbIE€ IIpEphIBaHUS, BOZHUKAKOLIUE IIPU M0-
SBJIEHUN HEKOTOPON CHUTyalllu, TaKol, Kak JeJeHHe Ha HyJIb WIH IO-
MBITKA BBIOJIHUTE HEMPABUIbHYIO MAIIMHHYIO KOMaHAy | T.II.

Tpetuii knacc — mpepsIBaHHE MO TailMepy, KOTOpoe 00CYXIaloch
BBIIIIE.

W, HakoHell, YeTBEPTHI — IVIaBHBIN BUJ NPEPBIBAHUI — NPEPHIBAaHUE
IO BBOJY-BBIBOJY.

Yupasistomas 4acte OC 00BIYHO HA3bIBACTCS MOHHUTOPOM U SBJIS-
eTCsl Pe3UCHTHOM, T.€. MOCTOSTHHO HaxoauTcs B OI1 OBM.

Crenyrone 1Be NOArpyNnbl nporpamm, Bxoxsmue B OC, — 310 00-
pabaTbIBarOIIMe U YTHIUTHI (MIIA BCIIOMOTATENIbHBIE TIPOTPAMMEI).

IporpaMmmbI-yTHiInTBI. OOBIYHO OHM XPAHATCSA B JUCKOBOM Hamsi-
TH U BBI3BIBAIOTCA 10 Mepe HEOOXOIUMOCTH.

OopabaTeiBalomue nporpaMmMbl. OHH COCTaBIISIFOT OCHOBY HHCT-
pyMeHTalibHOTO obecreueHus DBM (cM. puc. 6.2). Kpatko paccMoTpum
WX Ha3HauY€HUE U PasHOBUAHOCTH. OHM OTpa)karoT TPU COCTOSTHUS OJ-
HOHW M TOMH ke MpOorpaMMbl, O KOTOPOH YK€ YIIOMHHAIOCh: (ha3a MOAro-
TOBKM Ha MAIIMHHBIN HOCHTENb (JUCK WM JIEHTY) TEKCTa IpPOTpamMMbl
Ha s3bIKE IporpamMmupoBanus (Bua S — source); (aza TpaHCIALUH U
nepeBojia HaMcaHHOW nporpamMmsl B koasl 9BM (Bug O — object); da-
3a KOMIIOHOBKU M COOpKH rOTOBOM mporpammsl (Buzx B — binary) ¢ no-
MOIIIHIO0 KOMITOHOBIIHMKA (MU pPelaKTopa CBSI3CH).

SI3bIK TporpaMMHMpOBaHHA W TPAHCIATOp, PEATH3YIOIIUI €ro Ha
KOHKpeTHOH OBM, 00BIYHO OOBEOMHSIOT TOJ OOIMMM HA3BaHUEM —
CUCTEeMa MPOrpaMMHUPOBAHMSL.

TpaHCHATOPBI MOTYT OBITH MPEICTABIICHBI B CIEAYIONINX BapHAHTAX:

acceMOepsl;

KOMITHJIATOPBI,

HUHTEPIIPETATOPHI;

TPaHCIATOPHI, HCIIOJIB3YIOINE TPOMEXYTOUHBIN KO,

KpPOCC-TPaHCIIATOPEI.
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Accembnepbr — TPaHCIATOPEI C S3BIKOB AcceMOiiep. XOTs y KaXI0ro
tuna OBM umeerca cBOM A3bIK, BCE Pa3HOBUAHOCTH TPAHCISATOPOB C
ITHX SI3BIKOB HMEIOT €JIMHOE Ha3BaHue — AcceMOmep.

Komnunamoper — Hamboree pacnpocTpaHEHHBIH BHJ TPaHCISATOPA.
Cxema ero paboThI peAcTaBlIeHa Ha pHc. 6.5, a.

Ilocne co3manus TekcTa MporpaMMbl (MCXOAHOTO MOJIyJs) Ha Ma-
IITUHHOM HOCHUTEJIE C IOMOIIBI0 TeKCTOBOro pemakropa EDIT (1-i
stann — EDIT) on 3arpyxaercs B Oll u mocienoBaTenbHO, CTPOUKa 3a
cTpoukoii, oopadareiBaeTcst komnmisitopom (COMPILE). Kak npasuio,
KOMIWJIATOPHl MMEIOT CHHTAKCHUYECKYI0 JMAarHOCTHKY, MO3TOMY 3TOT
npouecc (EDIT-COMPILE) HOCHT UTepallMOHHBIN XapakKTep.

ITocne 3aBepiieHUs] CHHTAKCHUYECKOW OTIAAKH (2-i 3TaIm) co3maeTrcs
00BekTHBIH MoAynb (O) 3Toil mporpamMmbl, KOTOPBIH Ha CIEAYIOLIEM
atare 3 oOpabaThIBaeTCsi PEAAKTOPOM CBsI3U (MM KOMITOHOBIIIUKOM).
KoMmmoHOBIIMK BKIIOYAaEeT B MpOrpaMMy HEOOXOAMMbIe OHMOIMOTEUYHbIC
MOJYJIH ¥ B pe3yJsibTaTe paboThl 3TOH MPOrpaMMBbl CO31aETCsI UCTIOTHH-
Mmas nporpamma (B). Takum oOpa3om, B pe3yibTaTe paboThl TpeX oOpa-
0aThIBAIOLINX MPOrPaMM HMEIOTCSI TPH MPOrPaMMbl OJHOTO U TOTO e
(yHKIMOHANBHOTO Ha3HAYCHUS B pasnuuHbIX ¢opmarax. Kak mpasuiio,
10 3aBEPUICHUM KaXKJIOW CTaJWU MPOTPaMMBbI TEPEUUCICHHBIX (QopMma-
TOB KOIIUPYIOTCS HA JHCK, & COOTBETCTBYIOLINE 00padaThIBaOLIHE MPO-
rpammbl Taoke ynanstotes u3 OIl. B cBsi3u ¢ 3TuM, 9TOOBI 3aIyCTUTh
W3rOTOBJICHHYIO TPOTpaMMy, €€ HeoOXOAMMO 3arpy3uTh (3Tam 4 —
LOAD) B OII u mpoussectu ee 3amyck (3tam S — RUN).

B otnuuune ot komnuisitopa unmepnpemamop o0padaTeiBaeT MO OJ1-
HOMY TIPEUIOKEHHIO NPOrpaMMBbl, BBINOJNHAS BCe UeThIpe (askbl,
(puc. 6.5, 6). Pa3uuiia, B HEKOTOPOM CMBICIIE, TTOJJOOHA pa3HUIIE MEXKITY
MEPEBOAYNKOM JINTEPATYPBl U NMEPEBOJUMKOM YCTHOM pedu. DTOT pe-
UM XapaKTepeH Ul TUaJIOTOBBIX SI3BIKOB M, 0€3yCcI0BHO, Ooyee yao-
O€H C TOYKM 3pEHHUS AITOPUTMHYECKON OTJIaKW MpOTrpamMM H Omepa-
TUBHOTO TIOJY4YEeHHS pe3ynbTaToB. HO A7 BBIMONHEHUS WHTEPIPETH-
pyeMoll IporpamMmsl HHTEPIIPETATOP NOJKEH HAXOAUTHCA B ONEPATHUB-
HOM MaMsTH BMECTE C BBIOIHIEMON IPOrpaMMOi.
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Puc. 6.5. Cxema paboThl KOMIHIATOpA (@) U HHTEpHpeTaTopa (6)

B npunnmne, OONBUIMHCTBO S3BIKOB MPOrPAMMHUPOBAHHUS MOTYT
OBITh KaK HMHTEPIPETHPYEMBIMH, TaK W KOMOMIMpyeMbIMH. OmHaKo
TPaIUIIMOHHO HWHTEPIPETUPYIOTCS CPABHUTENBHO MPOCTHIE S3BIKU, Ha-
npumep beilicuk (XOTA CyIIECTBYIOT M BEPCHM KOMIHMJISTOPOB 3TOTO
sI3bIKa). TPaJULMOHHO KOMIMJIMPYEMBIE SI3BIKH HUMEIOT CPEJICTBA alro-
PUTMHUYECKON OTNIAAKU (OTIAAUYUKHA WM TPACCUPOBLIMKH), MO3BOJISIO-
[IMe MPOBOJUTH CPEX MHOKECTBa (DYHKIMH W TMOIIATOBYIO OTIAIKY
IporpaMM. OTOT PEXHM SKBHBAJICHTEH WHTEPIPETALM NPOTPAMMBEI.
OCHOBHBIM TIPEUMYIIECTBOM KOMIHMJISATOpA SIBISIETCS CKOPOCTH BBITION-
HEHHSI IIPOrpaMM, ITO3TOMY OONBIIMHCTBO S3BIKOB MIPOrPaMMHUPOBAHUS,
KOTOpBIE HCHONB3YIOT I CO3JaHUS CIIOKHBIX IAaKETOB IpOrpamw,
MPUMEHSIOT 3TOT PEXKHM.
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Tpancnamop, UChoIbL3VIOWULL NPOMENHCYMOYHbIN KOO OBLI BIEPBBIC
paspaboran B ynuBepcurere Can uero (mwrar Kanudopuus) B pamMkax
OC UCSD p-System. Ilens pa3paboTku — MPeaIOKHUTh CTyACHTaM IIpo-
CTON MHCTPYMEHT, UCIIOJIb3yEeMbIl Ha PA3IMYHBIX THIIAX KOMITBIOTEPOB.
CucTeMa HCHONb30BaNIa «IICEBIOKOI» — P-KOJ, KOTOPBIH SBIISETCS YeM-
TO CPETHUM MEXJy MAIMHHBIM U UCXOIHBIM si3pikaMu. OH pacro3Ha-
BaJICS JIIOOBIM MHKPOIIPOLECCOPOM TPH YCJIOBHH, €CIH TOCIIEIHHUIA
UMeJl COOTBETCTBYIOUIMI HHTepnpeTarop. Jlrobas mporpamMMa B paMkax
9TOM CHCTEMBI 3aIlyCKaJlach HA PAa3JIMYHBIX TUIIAX KOMIBIOTEPOB, TAKHX,
kak Apple, DEC-PDP11, Osborn.

OpHako 3Ta cucTeMa SIBJISUIACh 3HAYUTENBHO OoJiee MEAJICHHOM, I10-
CKOJIbKY OHa JOJDKHa Oblila «I1epeBOAUTH» KOMAaHIbl, KOTOPbIE IOCTY-
naroT Ha MUKporpoleccop. OHa MMesa XOXKIeHHE B YHUBEPCUTETCKUX
Kpyrax, HO MPaKTHYECKU HE UCIOJIb30BaIach B MpodeccHoHaNbHBIX 3a-
Jadax.

WHTepec Kk MPOMEXYTOYHOMY KOJy 3HAYUTEIHHO BO3POC B CBSI3U C
CETEeBBIMH MPUJIOKECHUSIMH, TPEOYIOIUMU MIaTGOPMEHHOW HE3aBUCH-
MOCTH 3allyCKaeMbIX NpuiokeHud. [IpakTuueckn Bce COBpEMEHHBIC
MHCTPYMEHTAJIBHBIE CPE/ICTBA CETEBOI0 IIPOrPaMMHUPOBAHHMS, TAKHE, KaK
Java, C# u T.1., UCTIOAB3YIOT MPOMEKYTOUHBIN KOJ, KOTOPBIA HMEEeT
oOmee HaszBaHue OaiT-koA. Microsoft HcHodbB3yeT HPOMEXKYTOUHBIH
kox MSIL (Microsoft intermediate Language). Onna M3 mepBBIX HC-
MOJIb30Baja ATOT moaxoA Gupma Sun npu pa3zpaboTKe sI3bIKA CETEBOTO
nporpaMmupoBaHus Java. S3bIk Java HCIIONB3yeT Tak HA3bIBAEMBIE all-
JeThl — HEeOOJbIINE MPOrpaMMBl, 3amyckaemble Ha Web-KiIHeHTe mpu
oOHapyxeHun nociegauM BeizoBa B HTML-mporpammMe otoOpaxaemoii
ctpanuibl. [Ipy BeI30BE amiera ero npomekyTouHast Gopma 3arpykaert-
csl KJIMEHTOM C cepBepa M MHTepHpeTupyeTcs. Pe3ynbrar padoThl OTO-
Opaxaetcs B Buzne Web-cTpaHuLbl. ATUIETH Pa0OTAIOT MO/ YIPaBJICHH-
eM Opoy3epa M He 3aBHCSAT OT KOHKPETHOTO THIIa KOMITBIOTEpA U €ro
OC. Ilpu stom Opay3sep (Hot Java) nuiercs Ha si3bike Java.

Kpome Bcero mpouero, amnersl 00ecriednBalOT HEBO3MOKHOCTh BO3-
JEMCTBUSL KOMIIBIOTEPHBIX BHpYycoB. ObecrieueHre BBICOKOTO YPOBHSI
0e30MacHOCTH JTOCTUTAeTCs 3a CYET OrpaHHWYeHHs 00beMa Omepalui,
KOTOpbIE MOXKET BBIMOJHUTH amjieT. OH HE MOXET YuTaTh U NHCATh
(haiisel moaB30BaTENS.

Kpocc-cucmemst, ycranapnmuBaeMbie Ha O0NbIIUX U MHHH-DOBM, wnc-
NOJB3YIOTCS IPU MPOTPAMMUPOBAHUN MUKPOCHCTEM C OTPaHUYCHHBIMU
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WHCTPYMEHTAIBHBIMU BO3MOXHOCTSIMHU. Tak, KpOCC-KOMIMIATOPHI MO-
3BOJIAIOT NpoBoauTh oTaanky 11O mns mukpoOBM c¢ mpumeneHuem
pacUIMPEHHBIX BO3MOKHOCTEW OOJIBIINX YHUBEPCATBHBIX DBM.

Peoaxmopur ceasu (LINKEDITOR), iy KOMIOHOBIIUKH, Y KOTO-
PBIX OCHOBHAs 3ajada — cOOpKa MPOTPaMMBbl TOTOBOM K HCIIOJHEHHUIO,
MOJKIIIOYAIOT K OCHOBHOHM NporpaMMe BHEIIHHWE MOAYJIH KaK CHCTEM-
HBIX OMOTMOTEK, BKIIOYEHHBIX B COCTAB COOTBETCTBYIOIINX TPAHCIATO-
POB, Tak M BHEIIHUX OWMOMMOTEK, BKIIOYAs MOAYJH, pa3paboTaHHBIC
CaMHM I10JIb30BATEIIEM.

[To ananoruu co CBS3BIBAHMEM BHYTPU OOBEKTOB (arpuOyTOB NaH-
HBIX 1 METOZAOB), O KOTOPBIX TOBOPUIIOCH B MPEIbIAYIIEH TTIaBe, KOMIIO-
HOBKa (MJIM CBS3bIBAHWE) NPU IMOATOTOBKE HCIIOJIHUMOM IPOTrpaMMBI
MOYXET OBITh CTATUYECKOH, KOTAa KOJ HEOOXOJAUMBIX JIJIsl paboThl Mpo-
rpaMMbl OMOITHOTEYHBIX QYHKIWH pu3ndecku 100aBIsETCS K KOy OT-
TPaHCIMPOBAHHOM MPOrpaMMBbl AJISl MOJTYYEHUs 3arpy304HOTO MOJIYJIS,
YTO SBISIETCS TPATUIIMOHHBIM criocobom cOopku. [Ipu sTOM, Kak yxe
YKa3bIBAIOCh (IIPH OOCYXICHHUHU CBS3bIBAaHHS OOBEKTOB), CBS3BIBAHUE
MOXET OBITh JUHAMHYECKHM, KOTZa B PE3YJIbTUPYIOIIEM 3arpy304HOM
MOJyJI€ MOCTABIISIOTCS JHIIb CCHUIKM Ha KOJ HEOOXOAWMBIX OMOIHO-
TEYHBIX (QYHKIMH, caM KOJ peajbHO JOOaBISETCS K 3arpy304HOMY MO-
IOYJIIO TOJIBKO IPHU €r0 MCIOJHEHUH (HA BpeMs ero ucroiHeHus). llpu
CTaTUYECKOM CBS3bIBaHUM (KaK M B CIydae ¢ 0ObEKTaMM) 3arpyxaecmast
(ucriomHMMAasT) MporpaMMa MOJTy4aeTcsi O4eHb OobIIoro pasmepa. [lo-
9TOMY MOaBJIsIoNIee OONBIIMHCTBO coBpeMeHHbIX OC UCIoNb3yeT au-
HaMHUYECKOE CBSI3bIBaHHME, HECMOTpPS HAa TO, YTO IPH ITOM HadaiabHas
3arpy3ka Impolecca Ha UCIOJIHEHHE NMPOMCXOOUT MEAJICHHEE, YeM NpHU
CTaTHMYECKOM CBS3BIBAHUHM H3-32 HEOOXOJAMMOCTH TIOHCKA W 3arpy3Ku
KOJ[a HeOOXOUMBIX OMOITUOTEYHBIX (DYHKITHIA.

K oOpaOaTpiBaromuM mporpaMmaM OTHOCATCSI TakKe MPOrpaMMbl
oOciry>)kuBaHuss OWONMOTEK W WX TPOPHUIAKTUKUA. DTH MPOTPAMMBI
MPEJICTABIISIOT COOOM JIOTMYECKUH YPOBEHb BBOJA-BBIBOZA, HEMOCPEI-
CTBEHHO OOpAIIEHHBIN K MOJIB30BATEINIO.

Iupokoe pacnpoctpanenne Ha MUHU-OBM u [IK, umeronmux »xect-
KHe JTUCKH OOJBIION €MKOCTH, MOJMYYHIM TaK Ha3blBaeMble (ailioBbie
CHCTEMBI, IPEICTABISIOMINE COO0I COBOKYTHOCTh KaTajloroB U (aiinos,
XPpaHUMBIX Ha BHEITHUX HOCHUTEIISIX.

@aiin — TOMMEHOBaHHAs 00JIaCTh Ha BHEIIHEM HOCUTEIE (JIMCKE HIIH
MarHUTHOM JICHTE), B KOTOPOH MOXET XPaHUTHCS UCXOJHBII TEKCT Mpo-
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TrpaMMBbI, IPOTPaMMBI B MAITHHHOM KOJI€, TOTOBBIE K UCIIOTHEHUIO, HITH
JaHHBIE T ee paboThl. B daitmax MoryT conepxaThcs JIFOObIE TEKCTO-
BbIe JOKYMEHTHl M YHCJIOBBIC J[aHHBIC, 3aKOJUpPOBaHHAsl TaOIH4YHAS
rpadudeckas u mobas apyras uHopmanus. Vms ¢aiina, kak mpasuio,
COJICP)KUT pacIIMpeHre, YKa3bIBalollee Ha ero TUN (MCXOJHBIA TEKCT,
O00BEKTHBIH MOAYJIb, HCTIOTHUMAS IPOrpaMMa, IOKYMEHT | T.II.).

Kamanoe (Oupexmopus) — ornamienue, 3to (aii, cofaepKaiiui HH-
¢dopmanuio o Qainax (MM, pacIIUpeHHe, pa3Mepsl B Oaiftax, naTy H
BpeMsl CO3MIaHUsS U T.I.), U JPyTHUe KaTajord, Ha3bIBaeMbIe MTOJIKATAJIO-
ramu (TMOJAYMHEHHBIC KaTajoru). Tak, obpasyeTcss uepapxudeckas mape-
BOBHUJ/IHAS CTPYKTYpa, B OCHOBAaHWU KOTOPOW HAXOJUTCS KOPHEBOU Ka-
tanor. Takas CTpyKTypa JaeT BO3MOKHOCTb BBIJICIHTH:

B OT/ICJIbHBIC TPYIIIBI JIOTHUECKU OJTHOPOIHEIE (halIIb;

OTJeNTFHOE MPOCTPAHCTBO HA JUCKE JUIS KAXKIOTO M3 TOJIb30BaTelNe
nmanHoit OBM;

Bce (paiinbl, oTHOCSIIMECS K KaKOH-TUOO IMOJCUCTEME, TEKCTOBOMY
PElaKTopy, TPAHCISATOPY SI3bIKA U T.11.

Kpome nepeuncnennoro, kaTajaora 00ecednBaroT 3aIuTy GaiiaoB U
uX OBICTPYIO BU3yalIU3aIUI0, UCKIIOYHB Pa0OTy ¢ OYEHb OOIBIINM CIIH-
CKOM B ClIy4ae €JIMHOTO OITUCAHUSI.

Tepmun «haiinoBas CUCTEMa» — COBOKYITHOCTh KaTaJIOTOB U (paiiios,
XPaHANINXCS Ha BHEIIHUX HOCHTEISIX KOMITbIoTepa. Du3udecku (aiinbl
MOJIpa3AC/AIOTCA Ha: OOBIUHBIC, KaTalord, apxuBupoBaHHble, Hidden
(ckpoiThie), 3amminieHHble (R — urenue, read; W — 3amuch, write; E —
ucnonHenne, Execute; D — ynanenue, Delete). Jlorudecku onu momapas-
nensiroTes Ha: tekcroBble (txt, For, Pas, C, ASS u T.1.), rpadudeckue,
o0BbekTHBIC (0bj), UCcHOIHUMBIEC (eXe, svs, com). OCHOBHbIC MaHHUITYJIs-
IIUH, TIPOU3BOIUMEIE C (haiiilaMu, CIeIYIONUe: Open — OTKPHITh (TIOro-
TOBHUTH K OOpalIeHHUIO), close — 3aKphITh (3alpeTUTh JanbHeimee 00-
painieHue), create — co3uath (00eceynuTh GOPMHUPOBAHUE HOBOTO (haii-
na), destroy — pa3pymuTh (yaaiuTh (aiiia), copy — KOMUpoBaTh (CO3IaTh
elIe OMH dK3eMIUIAp (haiina), rename — MeperuMeHOBaTh (M3MEHUTh UM
(aiina), list — BeIBecTH cozepkuMoe Qaiina.

Ymunumur (BcrioMorartenpHble MPOTPaMMBbl) TpPEAHA3HAYEHBI IS
KOMTUPOBAHUS, TIEPEMEIICHHUs, ITeYaTh NaHHBIX. JTa TPyMIa IporpamMm
MO3BOJISIET OPTaHMU30BaTh yM00CTBA MPH BCEBO3MOXKHBIX OOMEHAaX NaH-
HBIMHU.
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Ilepeuncnennsle nporpaMMsl OC MOTYT MOTJIOLIaTh 3HAYUTEIBHBIE
pecypcsl O9BM. Ecnu ympasisromue mporpaMmsl 3arpy>karoTcs U Ipak-
THYECKH TOCcTOsTHHO Haxonaarcs B OIl Bo Bpems padoTsl OBM, To B 3a-
BHCHUMOCTH OT pa3MmemeHust ocrtapiieiics wactu OC moapas3aenstoTcs
Ha: [IJIOC — nepdonentounsie OC; JIOC — muckoseie OC; OC — paz-
Metenue B OIN.

[lepBBIli THII MPAaKTHYECKU BBILIEN U3 YIMOTPEOJIEHUS B HACTOSIIEE
BpeMs. JJOC npumeHsitoTcsa B MUHHU-, MUKpOOBM, nepcoHanbHBIX KOM-
nbploTepax u padounx cranuusix, OC — xapaktepHsl 17151 6onpmnx OBM.

Ilo cmocoOy B3ammozeilcTBus C mMojdb3oBareneM pasiandnasie OC
00ecreunBaloT TP PEKUMa padOTHI:

1) pexxuMm makeTHOM 0OpabOTKH, HambOonee 3PQPEKTUBHBINA C TOUKH
3pEHUS WCIIONIB30BaHUS pecypcoB DBM, HO HE OYEHb yHOOHBINA IS
MOJIb30BATENIS;

2) pexXHUM Auaora ¢ moJIb30BaTeIeM:

OJTHOTIONH30BATEIbCKUH, MPH KOTOPOM OJAHMH IPOTPAMMUCT TIOJ-
HOCTBI0 MOoHOToNu3upyeT 9BM (mpuemnemo s [1K);

MHOTOIIOJIb30BATENLCKHUM, WM PEXHUM pa3feieHns] BpeMEHH (Xapak-
tepeH it OBM u 11K 60bmioii MOITHOCTH);

JUCTAHLIMOHHBIN (MM PEXUM TENEIO0CTyNa B CHUCTEMaX KOJJIEKTHB-
HOT'O TIOJIb30BaHUA);

3) pexuM peasbHOrO BPEMEHH, IPU KOTOPOM BpEMs BBINOJHEHHS
nporpaMmMbl Ha DBM 00ycrnoBnMBaeTcsi BHEUITHUMH OOCTOSITEIbCTBAMH
(3TOT pekuM CBsA3aH C aBTOMAaTH3aIUEH PA3INYHBIX TEXHOJIOTHUECKHUX
NPOLIECCOB, YNPABICHUEM pAa3IUYHBIMH OOBEKTaMM, CHCTEMaMH Ha-
BEJICHUS U T.I1.).

OC cocraBnsaoT ocHOBY obmecuctemuoro [10, HO, OTHIONB, HE HC-
YEPIBIBAIOT €T0 MOJHOCTEIO.

Heobxonumoii coctaBHO# 4acThio 110001 yHUBepcansHol DBM sB-
JSIFOTCS CUCTEMBI 00ecIieYeHNs] HOPMAILHOTO (PYHKIIMOHHUPOBAHUS HITH
KOMIUIEKCHI MPOrpaMM TE€XHUYECKOTO OOCITyKWBaHUS, B KOTOpPbIE BXO-
TSIT:

cpenctBa reueparuu OC;

KOHTPOJIbHO-HAJIaIOYHBIE TECTHI;

KOMIUIEKTHI IHarHOCTHUYECKUX MTPOrpaMM.

CymectByeT odeHb 0oibmoe koiaudectBo THIIoB OC ¢ pa3nuyHbIMU
(yHKIIMOHATBHBIMU BO3MOKHOCTSIMHU, KOTOPBIE OOBIYHO CBSI3aHBI C TEX-
HUYECKHUMH BO3MOXHOCTAMU OBM. Cpenn HMX MOXKHO BBIAEIUTH OJI-
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HOIIOJNIb30BaTeNbCkue onHo3anaunble; OC makeTHOW 00paboTKH; of-
HOIIOJIb30BATEICKUE MHOT033aJauHble; MHOTOIOJIB30BATEIbCKIE; MHO-
ro3anaynsie win OC c paznenenneM Bpemenn; OC pealbHOTO BpEMEHHU;
OC, opueHTHpOBaHHbIC Ha PadOTy ¢ Oa3aMu JaHHBIX U T.I1.

Kak npaBuiio, onepanoHHbIE CUCTEMBI UMEIOT OTKPHITYIO MOAYJIb-
HYIO CTPYKTYpY M 10 Mepe HEOOXOJIMMOCTH B HUX MOTYT BKIIOYATHCS
JIOTIOJTHUTENBHBIE (PYHKITHH.

Hecmotps Ha Gonbiioe pasnoodpazue OC, cozgaBaeMbIX pa3IUyHbI-
MU UpMaMH, UMEETCSI HECKOJIBKO TUIIOB 3TOr'0 MPOTrPaMMHOTO odecrie-
YeHHUs, KOTOpbIe TMOJYYWIM HauOoIbIIee paclnpoCTpaHEeHHEe B MHUpE.
HmenHo mo3ToMy npoBeneM KpaTKuil 0030p 3TUX CHCTEM.

6.3. PaznoBuanoctu nocrpoenusi OC nias pazanunsix CO/,
ceTeBbIe ONEPAIHOHHbIE CHCTEMBI

Bonbiioe pasHooOpasue u paznuuue (QyHKIHOHATBHBIX BO3MOXKHO-
creit OC 6ombiux U Mabix 9BM 70-x — 80-X T0J10B 00BSICHSICTCS pa3-
JUYUEM B YPOBHE TEXHHUUECKMX CPEACTB 3THUX MAIIMH. 3HAYUTEIBHOE
yBenuueHne oovemoB Ol Bo Beex Oe3 nckimouenus tunax IBM, noss-
nenne B3Y ¢ manbiM BpeMeHeM JOCTyIa U MPaKTUYECKH HEOrpaHUIeH-
HOW €MKOCTBIO TO3BOJIWIIO, CIEAys MPUHLUITY OTKPBITBIX CHCTEM, pa3-
paborats equnbie TpeboBanusa k OC:

pacmupseMocTb (MOIYJIBHOCTE) — HAIMCaHUE KO/a TaKUM 00pa3oM,
YTOOBI MOXXHO OBULIO JIETKO BHECTH JIOTIOJIHEHHS W M3MEHEHWs, HE Ha-
pylIas HenT0CTHOCTH CHCTEMBI;

NEePEeHOCUMOCTb — MEPEeHOC KOZa € anmnapaTHOH MIaTGOpMbl OJHOTO
THUIIA Ha alllapaTHyo IaTGopMy IPyroro TUIA;

Ha/IeKHOCTh M OTKa30yCTOHYMBOCTh — 3aLIUILEHHOCTh CUCTEMBI KaK
OT BHYTPEHHHX, TaK ¥ OT BHEIIHUX OIINOOK;

coBmectuMocTh — OC momKHAa MMETh CPEICTBa JUIS BBITIOJIHCHUS
NPUKIIAIHBIX TPOrPaMM, HaMCAHHBIX s qpyrux OC;

6e3onacHocTs — Hanuure B OC cpelcTB 3alUThl OT HECAHKIUOHH-
POBAaHHOTO JIOCTYTIA;

MPOU3BOJUTENBHOCTE — XOpoliee OBICTPOACHUCTBIE W BpeMs peak-
LML

Oty o0muMe NPUHLUIBI TaK K€, KaK M Pa3BUTHE TEXHUYECKUX
cpencTB, npuBOAAT K cOommkeHuro OC I pa3indHbIX TUIIOB DBM.
Bonee toro mosBistorcss OC, ucnonb3yemble Ha OONBIINHCTBE COBpE-
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MeHHBIX OBM. TunnuneiM npumepom takoi OC sasmsercs UNIX. Tem
HE MeHee, UMeITcA cylecTBeHHble oIt OC 0IHOMPOLIECCOPHBIX,
MHOTOMAIITMHHBIX U MHOTOMpo1eccopHsix IBM, He roBops yxe o cere-
BbIX OC.

PaccmoTpuM HEKOTOpbIe NPUHLMMHATBHBIE OCOOCHHOCTH IMEpedHc-
nenabix OC.

Opnonporeccopabie OC UMEIOT TPaJULUOHHBIA HA0Op MOJIYJICH.
VpaBndomuye NporpaMMel SBISIOTCS PE3UICHTHBIMH U IIOCTOSITHHO
Haxonsatcs B OIl. O6pabaTpIBaromine NporpaMMbl ¥ YTHIIMTHI, KaK Ipa-
BUJIO, PACIIONIararoTCsl Ha CHUCTeMHBIX B3V (kak u mporpaMMbl TOJIB30-
BaTelieil) U mo Mepe HeoOxogumocTu 3arpyxkatotcsa B OIl. 3nauntens-
HBIM JTOCTHKEHHMEM B pa3BUTHH JIOKaNbHbIX OC sBHJIACH peanu3ariis
KOHCTPYKIIMM BHPTYaJbHONH MaMITH W BUPTYAJIbHOM MAaIIWHBIL. OTH
KOHIICTIIMK OBbLIH peann3oBanbl B KoHIlEe 70-x rogoB B OC ¢upmber DEC
VMS (Virtual Memory System) mist 9BM VAX u MVS (Multiple Vir-
tual Storage) ¢upmsl IBM s 3BM IBM 360. Ha cerogsimHuii 1eHb
npakTrdecku Bce OC (B TOM YHCIe U JUIA HACTOIBHBIX CHUCTEM) BKJIIO-
YalOT JIEMEHTHI BUPTYaJIbHON OpraHU3aliy MaMsTH, KOTOpas MMO3BOJIA-
€T UCIOJIb30BaHNE NMPUKIAIHBIMU MPOLIECCAMH IPAKTUYECKH HEOTPaHH-
YEHHOT'O 00bheMa MaMsTH.

CymectByer nBa HauOojiee pacmpoCTpaHEHHBIX CIocoba peanu3a-
UM BUPTYaJbHOH mamMsATH: cTpaHU4YHas (OJOKHM MOCTOSHHOM JUIMHBI)
cerMeHTHasi (OJIOKM TIEpEeMEHHON JUIMHBI — JIOTHYECKHEe). ITH OJIOKH
pacroaraloTcsi BO BHEIIHEH MamsITH W 10 Mepe HeOOXOTUMOCTH 3a-
rpyxkatotcst B Ol IlepeBox BUpTyalbHBIX aapecoB (Ha AMCKax) B pe-
anpubie (OI) Ha3pIBaeTCA TUHAMUYECKUM HPeoOpa30BaHUEM allpecoB U
BBITIOTHSIETCS CUCTEMOI MPO3pavHO (HEBUIUMO) JIJISl TIOJIH30BATENS.

OC 11 MyJBTHIPOLIECCOPHBIX CHCTEM ONPENEIIIOTCS UX KOHPUTY-
pauueil.

Ha puc. 6.6 npencrapneHa MyIbTHIIpOLIECCOpHAs (MHOTOMAIIMHHAS)
CUCTeMa cO c1a00 CBSA3aHHBIMH INPOLIECCOPaMH, KOTOpas MHOTJa Ha3bl-
BaeTCA KJIACTEPHOH ceThio. Kax Il mporieccop nMeeT CBOI0 COOCTBEH-
Hyt0 OC ¢ QyHKIIHMSIMH OJHOIIPOIIECCOPHON cucTeMbl. HekoTopoe oTiu-
gpe Takux OC 0T OOBIYHBIX OJIHOIPOIIECCOPHBIX — BO3MOXKHOCTH IIO-
CBIJIKH 3aIIPpOCOB ¥ BO3MOXKHOCTH 0OMEHA MEXAY IPOLIECCOPAMH.

Ha puc. 6.7 npencrasieHsl 1Ba BO3MOXHBIX CIOCO0a OpraHU3aluu
OC B HMCTUHHO MYJBTHUIIPOIECCOPHBIX CHUCTEMax (MJIM CHCTEMax C
CHJIPHO CBSI3aHHBIMK TIpoLieccOpaMH). B opranuzanuu TiaBHBIN-
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NOJUYMHEHHBIA (cM. pHc. 6.7, @) Bce MpoLeccopbl MOTYT HCIIOJIb30BATh
obmue pecypcsl 9BM — OIl u BY. Onnako pacnpeneneHrueM pecypcoB
3aHUMAETCSl TOJNIBKO OJIMH TPOIIECCOp, YTO MOXKET BBI3BATH €ro Iepe-
rpy3Ky W HecOallaHCHPOBaHHOCTh MCIIONB30BaHUs pecypcoB. Ho, Tem He
Mmenee, opranuzanusa OC cpaBHUTENBHO HpocTa M OJMM3Ka K OIHOIPO-
LIECCOPHOM.

1T OC | [IT oIl —[ Daitnel
[OF:178451

Ilamsate

11 OC
Daiinel

Ilamsate

Puc. 6.6. MyJIbTHITPOLIECCOPHBIE CUCTEMBI CO CJIa00 CBS3aHHBIMU MPOLIECCOPAMH

B cummerpuunsix OC (cM. puc. 6.7, 6) paznuunsie yactu OC MoryT
BBITIOJTHATBCSL Pa3HBIMU Iporieccopamu. [loaTomy paszpaboTku 1moao0-
HBIX CHCTEM 3HAYUTEJIBHO CIIOKHEE, 0THAKO 3(P(EKTUBHOCTD UCIOJIB30-
BaHHsI PECYpPCOB B 3TON CHCTEME MOXKET OKa3aThCsl BBILLE.
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Puc. 6.7. MynbTUIIPOLIECCOPHBIE CUCTEMBI C CHIIBHO CBSI3aHHBIMH MIPOLIECCOPAMU
¢ 00pabOTKOM: @ — THIIA ITIABHBIH-IOAYNHEHHBIN; 6 — CHMMETPUYHOM
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CereBbie OC MONyYHIN HMIMPOKOE PACIPOCTPAHEHHE B CBS3H C I10-
BEIIIEHUEM PACIPOCTPAHEHHS JIOKAIBHBIX BBIUMCIHUTENBHBIX ceTeil. Mx
(hYHKIIMOHAIBHBIC BO3MOXKHOCTH 3HAYMUTENIBHO OOJIBINE, YEM y aBTO-
HoMHBIX OC.

B ceteBoit OC MOXHO BBIICTUTS:

CpEJIICTBA YIPaBJICHUS JOKAJIbHBIMU PecypcaMu KOMIIbIOTEpa — BCE,
YTO BXOJIUT B TPAIUIIMOHHBIA cocTaB aBTOHOMHON OC, paccMOTpeHHON
BEIIIIE;

CpEeJICTBA MPEIOCTABICHNUS COOCTBEHHBIX PECYPCOB U YCIYT B 00IIIee
noJib30BaHue — cepBepHas yactb OC (cepBep); Cro/ia BXOIAT OJIOKUPOB-
ka (haioB u 3ammcei, He0OX0oUMasl TSI COBMECTHOTO MCIIOIb30BaHU
MHOTUMH a0OHEHTaMH, OOpa0OTKH 3ampoCcOB YIAEHHOT'O JOCTYyIIA,
YIpaBJICHHUS OUEPEIsIMHU H T.IL.;

CpeJICTBa 3ampoca OCTYIa K yIaJeHHBIM pecypcaM B UX HCIIONh30-
BaHWE — KJIMEHTCKas 4YacTh (CIO/Ia BXOISAT pacliO3HABaHUE M TiepeHa-
MIPaBJICHUE B CETh 3aMPOCOB K yIAJICHHBIM pecypcam, IPUEM OTBETOB OT
CEpBEpPOB M MpeolOpa3oBaHUE HUX B JIOKAIbHBIA (OpMAT U MHOTOE Jpy-
roe);

KOMMYHUKannoHHbBIE cpenctBa OC, ¢ MOMOIIBI0 KOTOPBIX MPOUCXO-
JUT 0OMEH COOOIICHUSAMH B CETH — afapecalius, Oydepusaus, Mapiipy-
TH3anus U T.11.

B 3aBucumocTy oT (pyHKIMH, BO3NMaraeMbeiXx Ha KOHKPETHBIN KOMITb-
1otep, B ero OC MOXeT OTCYyTCTBOBAaTh JIMOO KIIMEHTCKast, 1100 cepBep-
Has 4acTH.

OnpeieieHHIMA  CeTEBBIMUA  (DYHKIIMOHATBHBIMA  BO3MOXKHOCTSIMH
obnanmatot Bce coBpeMeHHbIe JiokanbHble OC. Jlaxke B Takoi CKpOMHO#
M0 CBOMM BO3MOXXHOCTSIM MS-DOS, HaunHas ¢ TpeTheil Bepcru MosiBU-
JUCHh TaKue BCTPOCHHBIE (DYHKIINU, KaK OJIOKUPOBKA (DAalIOB M 3aIHCEH,
HEOOXOMMEBIE JIJISI COBMECTHOT'O JIOCTyIA K (aiinam.

Onnako Oornee 3(PQEeKTUBHBIM TPENCTABISAETCS MYTh Pa3pabOTKH
OC, u3HayampbHO MpeAHa3HA4YeHHOH miusi paboTel B cetu. CeTeBbie
¢dynakun Takux OC 1I1y00KO BCTPOSHBI B OCHOBHBIE MOJYJIM CHUCTEMEI,
YTO 00€CIEeYHBACT JOTMUSCKYIO CTPOHHOCTD, MMPOCTOTY 3KCILTyaTalluid U
MOIU(UKALINH, & TAKXKE BBICOKYIO TPOU3BOIUTEIBLHOCTD.

Ha mpakTuke CIIOXHIUCH IBa OCHOBHBIX ITOAX0/1a K MIOCTPOCHUIO Ce-
TeBbIX OC B 3aBUCHMOCTH OT pacrpeaeneHust QyHKIUH MeXTy KOMITb-
torepamu cet. CereBble OC, a cienoBaTeabHO, M CETH JNCIATCS Ha JBa
KJIacca: OJTHOPAHTOBEIE CETH M CETH C BEIICTICHHBIMU CEpPBEPaMHU.
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Ecnan BeMONHEHHE KaKMX-THOO CEPBEPHBIX (YHKIHI SIBISETCS OC-
HOBHBIM Ha3HAYCHHWEM KOMIIbIOTEpa (HampuMep, HpeaocTaBieHue Qaii-
JIOB B 00lIee MOJIh30BAHUE MIIM OPTaHU3aIHsl COBMECTHOTO JIOCTyna (hak-
ca, WM TPEJOCTABICHHE BCEM MOJIB30BATENSIM CETH BO3MOXKHOCTH 3a-
MyCKa Ha IaHHOM KOMIIBIOTEpPE CBOMX MPWJIOKEHHIT), TO TAKOH KOMITBIO-
TEp Ha3bIBACTCS BBIICIICHHBIM CEPBEPOM. B 3aBHCUMOCTH OT TOTO, KaKOii
pecypc cepBepa SBIsIeTCs pa3JielIeHHBIM, OH Ha3bIBaeTcs (haiin-cepBepom,
(hakc-cepBepoM, IPHHT-CEPBEPOM, CEPBEPOM MPWIIOKEHUH U T.II.

Ha Beimenennsix cepepax ycraHasnuBatoTcs OC, crenuaibHO Op-
TaHW30BaHHBIC JUTS BBIMOJHEHUS TEX WM MHBIX CEPBEPHBIX (DYHKIIWH.
[TosTOMy B CeTSX C BBIAEICHHBIMH CEpBEpaMH Yallle BCETO HMCIOIb3Y-
fotcsi ceteBble OC, OTIMYAIOMINECs] BO3MOKHOCTSIMHA CEPBEPHBIX dac-
teit. Hanpumep, cereBast OC Novell NetWare rimeeT cepBepHBIi Bapu-
aHT, ONITUMHU3UPOBAHHBIN sl padOTHI B KauecTBe (paiin-cepBepa, a Tak-
K€ BapHaHTBl 000JI0YeK U1 PadOYMX CTAHLUH C Pa3IMYHBIMU JOKAJIb-
aeiMu OC (DOS, Mac OS, 0S/2, UNIX, Windows). pyro#i npumep
OC, opueHTHpPOBAHHOII Ha IMOCTPOECHHE CETH C BBIIEJICHHBIM CepBe-
pom, — OC Windows NT. B otnmmumne ot NetWare o0a BapuanTta mgaH-
Hott cereBoit OC — Windows NT Server (1151 BBIIEIEHHBIX CEPBEPOB) U
Windows NT Workstation (mist pabodeil cTaHIIMM) MOTYT IOJJICPIKHU-
BaTh (DYHKIIMU M KJIHMEHTA, U cepBepa. Ho cepBepHblil Bapuant Windows
NT umeet Goinblie BO3MOKHOCTEH ISl IPEAOCTABICHHUS] PECYpCOB CBO-
€ro KOMIIbIOTEpa JPYTUM TMOJIH30BATEINISIM CETH (BBIMOIHICT OoJiee IIu-
pokuit Habop (GyHKUIMH, MOAIEPKUBAET OOJBIIOE KOJWYECTBO OIHO-
BpPEMEHHBIX COCIMHEHUI ¢ KIIMEHTaMH, UMEET Pa3BHUTHIE CPEICTBA 3a-
muThl). B kadectBe nokanpHBIX OC MOTYT HCIIONB30BATHCS TaKXKe
DOS, 0S/2, Mac OS u ap.

Hecummerpuunocts OC B ceTsiX ¢ BBIACICHHBIM CEPBEPOM  COIPO-
BOKAAETCsI, KaK MPaBUJI0, HECUMMETPUYHOCTBIO amnmaparypsl. [ BbI-
JIEJICHHBIX CEPBEPOB HCIONBL3YIOTCSl 00JIee MOIIHBIE KOMIIBIOTEPHI, pac-
CMOTpEHHBIE B TJI. 3, a Takxke MeitH(peiMbl U naxe cynepdBM.

B o1HOpaHTOBBIX CeTsIX BCe KOMIBIOTEPHI PAaBHBI B MpaBax JOCTYIa
K pecypcaM ApYyT Apyra: KaXIbIH MOJIh30BaTEIh MOXET OOBSIBUTH Ka-
KOHM-100 pecypc CBOETO KOMIbIOTEpa pa3ieisieMbIM. B Takux ceTax Ha
BCEX KOMIIbIOTepax ycTaHaBimuBaeTcs ogHa OC, KoTopasi mpeaoCcTaBs-
€T BCEM KOMIIBIOTEPAaM B CETH paBHbIE BO3MOXKHOCTH. OIHOpPAHTOBHIC
CeTH MOTYT OBITh IOCTpOCHBI, Hampumep, Ha 0aze OC LANTtastic,
Personal Ware, Windows for Workstation, Windows NT Workstation.
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OnHOpaHroBbBIE CETU MPOILE B OPraHU3alUU U SKCIUTyaTalluu, OHa-
KO OHM NPUMEHSAIOTCS, B OCHOBHOM, Ui OOBEeIWHEHUS HeOONBbIINX
TpyMIT TOJNB30BaTeNei, He MPEIbABISIOIUX OONBIINX TPeOOBaHUHN K
o0beMaM XpaHUMON HH(POpPMAILIMU, €€ 3AIMUIIEHHOCTH OT HECaHKIHO-
HUPOBAaHHOIO JIOCTYIA U CKOPOCTH AocTyna. [Ipu moBbIeHHBIX Tpebo-
BaHMSX K 3TUM XapaKTEPHCTHKaM 0oJiee TIOJIXOISIIUMHU SBIISIOTCS CETH
C BBIJICIICHHBIME CEpBEpaMH, KOTOPBIE B psijie CiIydaeB 00ECTICUHBAIOT
HaunOosnee 3()(EeKTUBHBIN peXUM PabOTHl CETH, HA3bIBAEMBIA KIMEHT-
cepsep. B aToM pexxnme pabota ceTu pacnpeaessieTcss MeKAy MallHHOHN
KJIHEeHTa (KOTOPbIi (OopMHpPYET 3ampoc Ha 00padOTKY ¥ MPUHUMAET €T
pe3ybTaThl) U CEPBEPOM, MPOU3BOIAIINM TpeOyeMyto 00paboTKy 3Ha-
YUTENBbHO OBICTpEe BBUAY 3HAYUTEIBHO OOJNBIINX, YeM y KIMEHTA, pe-
CYpPCOB U TIPOU3BOAUTENHHOCTH.

[Ipu 3TOM 3HAYUTENBHO YMEHBIIAETCS 3arpy3Ka CeTH, TI0 CPABHEHHIO C
pabotoii B pexxuMme (aiiii-cepBepa, Tak Kak He TpeOyeTcs MepechuIKa KiH-
EHTY caMHX 00padaTHIBAIOIIUX MPOTPaMM U OOJBIIHNX (HAIOB JaHHBIX JIIS
UCTIONIB30BaHMS UX KJIMEHTOM MPHU 00paboTKe Ha coObcTBeHHOH DBM.

Obecnieuenne 3amMThl HHPOPMALMK OT HECAHKIIMOHUPOBAHHOTO JJOC-
Tyla ¥ KOHTPOJIb 32 HUM SIBJISIFOTCS] HEOTheMJIeMO JacThio ceTeBbix OC.

OcHOBHI cTannapToB B obnactu 6e3omacHocTu ceteBbix OC chopmy-
nupoBaHbl B «KpuTepusix OLeHKH Oe30HacHOCTH KOMITBIOTEPHBIX CHC-
Tem», pa3paboTaHHbiX B 1983 r. HampioHanbHBIM IIEHTPOM KOMIBIOTEP-
Holt 6e3omacHocTh CIIIA (NCSC — National Computer Security Center).

B coorBercTBHM € MepapXHMEW HAIEKHOCTH CUCTEM, HWKHUN ypo-
BEHb NIoMevaeTcs Kak D, a BepXHuil — Kak A:

B knacc D momagaroT cucteMsbl, OLleHKa KOTOPBIX BBISIBHJIA UX HECO-
OTBETCTBUE TPeOOBAHUSIM BCEX APYTHX KIIACCOB;

ypoBenb C nmenutcst Ha 1Ba moaypoBHsA — ypoBeHb Cl, mpemoxpa-
HSIOIIWI aHHBIE OT OIIMOOK IOJIb30BaTelel, HO HE OT JEHCTBUH 3I110-
YMBIIIIEHHUKOB, U 60see cTporuil ypoBenb — C2 (Ha ypoHe C2 moimxk-
HBl TPUCYTCTBOBATH CPEJICTBA CEKPETHOTO BXOAa W KOHTPOJIS Tepesn
TeM, KaKk UM OyJeT pa3pelieH IOCTYIl K CUCTEMe, CPelICTBa yUeTa U Ha-
omonenus (auditilly) oOecrieunBarOT BO3MOXKHOCTh OOHAPYKUTh U 3a-
(buKCUpPOBATH BayKHBIE COOBITHS, CBS3aHHBIE C O€30MAaCHOCTHIO WITH JIFO-
Oble MOMBITKH CO3aTh, MOMYYUTH OCTYI WIH yIAIUTh CUCTEMHBIE pe-
CYpPCHI U T.IL.);

CHCTEMBI YpOBHSI B OCHOBaHBI Ha TIOMEUCHHBIX JaHHBIX M pacrpelie-
JICHUW TIOJIb30BATENICH MO KAaTErOpHsAM, T.€. PEAIM3yeTcs] MaHIATHBIHA
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KOHTPOJIb JOCTyHa (KaXKIOMY IOJIb30BATENI0 MPUCBAUBAETCS PEHUTHUHT
3aIUTHI U1 OH MOJKET MOJIy4aTh JOCTYN K JAHHBIM TOJIBKO B COOTBETCT-
BUU C 3TUM PEHTHHIOM);

YPOBEHBb A SIBIISIETCSI CAMBIM BBHICOKMM YPOBHEM O€30MacHOCTH — OH
TpeOyeT B AOMONHEHHE KO BCeM TpeOoBaHMSAM ypoBHS B BbINONHEHUS
(opManbHOro, MaTeMaTHYeCKH OOOCHOBAHHOTO 0Ka3aTebCTBA COOT-
BETCTBUSI CHCTEMBI TPEOOBaHMSIM O€30ITACHOCTH.

B Hamell cTpaHe CymIeCTBYeT aHaJIOTMYHBIH HOPMATHUBHBIA JOKY-
MeHT: «CpencTBa BBIYMCIMTENBHON TEXHHUKH. 3alllUTa OT HECAHKIIHO-
HUPOBAHHOTO JIOCTyIa K WHpopMarun. [lokazaTeny 3alMIIEHHOCTH OT
HECaHKLMOHUPOBAHHOTO JOCTYNa K HH()OpMALMN», COTJIACHO KOTOPOMY
CPEJICTBA BBIUYMCIHUTENBHON TEXHUKU MOAPA3ACIAIOTCA Ha IIECTh KJlac-
coB (TIepBBIi KJlacc — HanboJiee 3aluIICHHbIHN).

KOHTPOJIBHBIE BOITPOCBHI

1. Yto ciemyeT NOHMMATh MO MPOrPaMMOM U IPOTrpaMMHBIM 00ec-
neyenneM? B gyem pasznuuume Saft Ware, Firm Ware, Share Ware, Free
Ware? Kakue tpu cocrostaus (popmaTa) MOKET UMETh IIPOTpaMma OJi-
HOT'0 U TOTO ¢ (PYHKIIMOHAIBHOIO Ha3HAYCHUS?

2. Pacckaxute O KU3HEHHOM IIMKJIE MPOTPAMMHOTO OOECTIeUeHHUS,
HazHa4YeHnW Kaxjou ¢aswl. [lepeunciure ocHOBHBIE dTambl (ha3el pas-
paboTKy.

3. Pacckaxxute 0 pa3HOBHAHOCTH IIporpamMmmHoro obecneuenus (110).
[lepeuncnure QyHKIMOHATBLHBIE OCOOEHHOCTH pa3nuyHbIX BUAoB 110 u
croco0bI opranu3aruu mnpukiagHoro [10.

4. Kakue OCHOBHBIC (PYHKIIMM BBIMIOJHSACT ONEpallMOHHAs CHUCTeMa
(OC)? HazoBute ee COCTaBHBIE YacTH, MECTO Pa3MEIIEHHUS U CIOCOOBI
3arpy3KH.

5. Ilepeuncnure pa3sHOBUIHOCTH TPAHCIATOPOB. YKaKHTE OOJIACTH
ux nmpuMeHeHus. KakoBa posib KOMIIOHOBIIMKOB MPHU MOATOTOBKE IMPO-
rpamMM? UTo uMeeTcs B BUAY TIOJ] AMHAMUYECKIM CBS3BIBAHUEM?

6. Uto Takoe QaiinoBas cucrema? Ha3oBute ee oCHOBHbBIE (D)YHKIIWH,
Pa3HOBUAHOCTHU (aiIioB U UX aTPUOYTHI.

7. Pacckaxure 00 ocobeHHOCTIX OC pa3inuyHBIX BBIYUCIHUTEIHHBIX
cucteM. [lepeuncrnure ocHoBHBIE (pyHKIMU cereBbiXx OC M MX pa3HO-
BHUJTHOCTH.
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I'JIABA 7. OPTAHU3AIIUA TIPOT'PAMMHOI'O
OBECHHEYEHUSA B TIEPOHAJIBHBIX KOMIIBIOTEPAX
IBM-KJIOHA

7.1. O0mas cTpyKTYpa NpOrpaMMHOI0 o0ecrevyeHus

Bce koMnoHEHTHI TPOrpaMMHOTO 00ecIiedeHHs, OMUCaHHbIE B TII. 0,
npucyTcTBYIOT U B cTpykType 110 K. Ognako cuctema nporpaMMHOro
obecrieyenus 3toro Buga IBM nmeeT psaa criennpuuecKux 0COOCHHO-
CTEH, OTpaKAIOIIMX LIMPOKUN CHEKTP MPUMEHEHHUI 3TMX MAIlMH U UX
MaccoBO€ BHEAPEHHE B caMble Pa3HOOOpasHble cepbl YeTOBEUECKOH
JIESTeNIbHOCTH, 10CYTa U Pa3BICUCHHH.

Ucropus paszsurus 110 nmepconanbHbIX kommbroTepoB IBM-kiioHa
Havajach ¢ aBrycra 1981 r., korjma mosBuiach ONepalvoHHAs CHCTEMa
PC-DOS. 3a cpaBHHUTENFHO HEOOIBIION MEPHO BPEMEHH PA3IMYHBIMU
¢dupMamMm 1711 3TUX CHCTEM pa3paboTaHO OrpPOMHOE KOJIMYECTBO IPO-
rpaMMHOTO o0ecriedeHus] pPa3HoOO0pa3HOro PYHKIIMOHAIFHOTO Ha3Haue-
Hus. Temmnsl pazputus 110 TIK IBM 3HaunTEeNnbHO BBILIE TEMIIOB CO3/1a-
uus [10 Beex npenpiaymumx THIIoB 9BM.

Maccogoe BHeapenue [1K u 6omnbiioe konudecTBo GUpM, CrieHain-
3upyromuxcs Ha pazpadotke [10 ans HuX, npuBenu, ¢ OTHONH CTOPOHBI,
K 3HaYUTEIbHOMY CHM)KEHHUIO IIeH Ha MPOTPAMMHBIN IPOAYKT (OTHOCH-
tesbHO 10 Gonpumx u Muan-2BM), ¢ Apyroil CTOPOHBI, CTPEMUTENb-
HOE COBEpIICHCTBOBAHME TEXHHMUECKHX CPEICTB HMMEJO CJIEICTBHUEM
yBeNMueHne o0beMa M CIO0KHOCTH TPOTpaMM, TOSBICHUE CEPBHCHBIX
IpOrpaMM, CO3AAIOLINX TaK HA3bIBAEMYIO «IPYKECTBEHHYIO» Cpely IUis
none3oBaTend. Tak, ecnu mepBeie OC mist [IK IBM tpeGoBamu 30 —
50 KGaiit Ha amcke, 3aHMMas He3HauuTenbHYIO0 4yacth Oll oOvema B
1 M6aiit, B 2000 . TpedoBanock OIl He menee 32 — 64 MOaiT u pas-
MeleHus Ha nucke He medee 1 I'6aiita, To mocie 2000 r. — OIl Gomee
1 I'6aitta, HXKM/] 6onee 100 I"Oaiir.

Bce ato mpuBoaut k ynoposxkanuio 110 I1K u co3zmaer onpeeneHHbIe
TPYAHOCTH €ro ajanTalliyd MOJb30BaTEIIMH B CBS3M C HEOOXOAHU-
MOCTBIO M3YYEHHUS OMMCAHWHA OONBLIOro oO0bemMa M OBICTPO M3MEHSIO-
IIMXCS BEPCUH pa3TUYHbIX IPOTPAMMHBIX TPOAYKTOB.

Crpyktypa [IO MoxeT ObITH yCIOBHO NpEACTaBICHA B BUIE TpeX
Pa3NYHBIX (PYHKIIMOHATIBHBIX YaCTeH:

cuctemHoe 110;

uHcTpyMeHTanbHoe 110;
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npuxiagHoe 110 (wmm [I1IT).

K cucremnomy 1O oTHOCSTCA OmepalMOHHBIE CHCTEMBI, B COCTaB
KOTOPBIX BXOSAT yIpapisioniue yactu TpagunuonHoit OC (cMm. 1. 6),
CHUCTEMHBIC YTHIIUTHI, a Takxke cereBoe [10. DTOT BUI MporpaMMHOTO
oOecrieyeHns] HOCUT YHUBEPCANBHBIA XapakTep, He CBsI3aH C KOHKPET-
HBIM NTpuMeHeHneM [1K u BeImonHsIeT TpaguinoHHbie (QYHKIMU, XapaK-
TepHBIC I cucTeMHoro siapa OC: muaHupoBaHUE U YIIPaBJICHHE 3a/1a-
YaMH, OCYIIECTBICHHE TOCPEAHNYECKUX GYHKUUN MEXIY PU3HUECKIM
YPOBHEM amnmaparypsl U JIOTHYECKUM YPOBHEM I10JIb30BATEIS, YIIpaBIIe-
HUSI BBOJIOM-BBIBOJIOM U T.II.

YTunutel (BCoMoraTelbHble WM CIyXeOHbIEe MPOrpaMMbl) o0OJer-
4aroT padoTy MOJB30BaTENsl NpU NpOBEpKe, Hanaake u Hactpoiike I1K.
CymecTByeT /1Ba ajJbTePHATHBHBIX HAPABJICHUS UCIIONB30BAHUS TAKUX
nporpamm: uHterpamus ¢ OC u aBToHOMHOe (yHKIMOHUpOBanue. [lep-
BO€, HauboJiee 3HAUNTENBPHOE HalpaBJIEHHE COCTABILSIIOT TaK Ha3blBae-
MBI€ CUCTEMHBIC YTHJIMTBI, CPEAN KOTOPBIX MOXHO YCJIIOBHO BBIJECIUTH
CJIeTyIOIIHe KIacChl:

CEpBUCHBIC YTHJIMTHI, IpeAHA3HAUYCHHbIE U 3G PEKTUBHONW PabOTHI
¢ nepuepuitHbIMU ycTpoiicTBaMu U ¢aitnamu B cpene OC;

TECTOBBIC YTWJIUTHI JUIS OICHKH U JUATHOCTHKH ITapaMeTpOB aria-
PaTHBIX ¥ IPOrPaMMHBIX CPECTB;

YTUWINTHI 3arpy3Ku MPUQPTOB HALIMOHATIBHOTO SI3bIKa, B KAYECTBE J0-
MOJTHUTENLHBIX (K aHTIMHCKOMY) MpH paboTe C yCTPOWCTBAMH BBOA-
BBIBOJA (KJIaBHATYPA, IPUHTEDP U T.I1.);

uHTepdeiicHsle 006onouku nanuoi OC;

AQHTHUBUPYCHI U T.1.

WucrpymenransHoe [10 Beineneno u3 cocraa OC BBUAY 0COOEHHO-
creil nmpumenennii 11K, Gompmas 4acTe KOTOPHIX pabOTaeT Ha YpPOBHE
npunoxxeruit (I1111T) u He HyX)maercs B mogoOHBIX cpencTBax. OmHAKO
it pa3zpadoTankoB [10 OCHOBHBIMU MHCTPYMEHTAILHBIMHU CPEICTBAMHU
SIBIISIFOTCS CPEJICTBA MOJJICPIKKHU Tporiecca nporpamMupoBanus s 11K,
HanOoJiee PacIpOCTPAHEHHBIX B HACTOSILEE BPEMS.

WHucTpymenTtanbHble cpeactsa [1IK uMeroT psia oCOOSHHOCTEH, CBs-
3aHHBIX C CO3J[aHUEM CPEJOOPHUCHTUPOBAHHBIX CHUCTEM IPOTPaMMHPO-
BaHUSL.

HabmomaeTcst ycToiunBasi TeHICHUMS WHTETPUPOBATh KOMITWIITOD
U CPEICTBa MOAJAEPKKH IMPOrPaMMHUPOBAHUS, COAEp)KAIUE pPEeAaKTOP
TEKCTOB, Makporporeccop, peaaktop cBsizu (Linker), 6ubnmortexaps,
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otnaguuk (Debugger), komnoHoBmumk, uHctpykrop (Help), B enunyio
CHCTEMY, MPEICTABISIIONIYI0 COO0H €AMHBIA 0OBEKTHO-OPUEHTUPOBAH-
HBIH KOMaHIHBIN HHTEp(dEiic B BUAEC MEHIO U OKOH JUII MaHUITYJIMPOBa-
HUS BCEMH NIEPEUNCIEHHBIMU CPEICTBAMH.

[lepBoii mo 3TOMY IUIOIOTBOPHOMY ITyTH Hayana paboTats Gupma
Borland ¢ cemeiicrBom Turbo-peanuzanuii Hanbosee MOMYIAPHBIX S3bI-
KOB IIpOrpaMMUpPOBaHUs. Y CIEX TaKOro noaxoja obecrnedun el 3aMer-
HYI0 KOHKYPEHTOCIOCOOHOCTh IO OTHOLICHHIO K MOILIHOMY COINEpHH-
Ky — ¢pupme Microsoft, KoTopas B CBOMX MOCIEIYIOLUIMX BEPCUSIX TAKXKE
CJIeTyeT IO IMyTH CO3JaHUs MHTETPUPOBAHHBIX cpell. Peanuzanus s3bi-
KOB B cpeliax, Kak MPaBHJIO, COACPKUT OOJIBIIOE KOJINYECTBO paclInpe-
HUHA (0 CpaBHEHHIO €O CTaHAApTHRIMU onpeaencHusimu ANSI). B
TPAHCISATOPHl BKJIIOYAETCS OOJBIIOE KOJHMYECTBO JOMOTHUTEIBHBIX
GbyHKIMH W OUOIMOTEK, 3HAYMTEIBHO PACHIMPSIIOIINX BO3MOKHOCTH
SI3BIKOB.

CrnenyeT OTMETUTH, YTO MHCTpyMeHTalbHbIe cucTeMbl I1K mpu Bcex
WX JIOCTOWHCTBAX CBSI3aHBI C OIPAaHUYCHHUSIMHU IEPEHOCHMOCTH pa3pabdo-
tanHoro [10 Ha paznuyHble 1aT(HOPMEI.

IlonynsipHocTh M noBceMecTHOE pacnpoctpanenue 11K onpenenser-
cs npukiaagaeM [10.

Pa3paboTka makeToB MPUKIATHBIX MPOrpaMM PAa3HOTO HA3HAUCHUS
3HAYUTENBHO M3MEHWIA XapaKTep YeJOBEUECKOH AeATEIbHOCTH B ca-
MBIX Pa3IUYHBIX cepax: OT HAYYHBIX M MPOCKTHBIX OpPTaHU3AIUN [0
0aHKOB, OyXTaJITepuii, OTAETIOB KaaApPOB, OQUCOB U T.II.

OpnHo u3 pacnpocTtpaneHHbIx npuMeHeHuit 11K — nooeomosxa mex-
cmos. Jlnana3zoH TEKCTOB NMPOCTUPAETCS OT MPOCTBIX AENOBBIX IHCEM,
cTareidl ¥ OTYETOB JI0 ra3eT, )KYPHAIOB M MOHOTpaQUid, IIETUKOM IOJIrO-
taBnuBaeMbIX Ha IIK. Ilostomy nmmanazon IIIIII storo Tuma Mmoker
BapbUPOBATHCSI OT MPOCTBIX TEKCTOBBIX PEAAKTOPOB 10 KOMIIIEKCHBIX
NPOTPaMMHBIX CHCTEM OINEPAaTHBHOHN MoNUrpaduu, NO3BOJISIONINX KOM-
OMHUPOBAThH B €IMHOM JJOKYMEHTE TEKCTOBBIC U rpadudeckue oopasbl.

Tabruunvie npoyeccopsl, WK 3NEKTPOHHBIE TAOIUIIBI, — OHO M3 Ca-
MBIX TIepBbIX W MaccoBbix mpumeHenuit [IK. B ocnoBe TabGmmunoro
MpoIeccopa JEKUT MEXaHN3M MOTOKOBBIX BBIYMCICHUN HaJ dJIEMEHTa-
MU JIBYMEPHOW MaTPHILIBL.

BricTpoe coBepIIEHCTBOBaHHWE TEXHHYECKMX XxapakTepucTuk [IK
CZI€aJI0 BO3MOYKHBIM CO3/IaHME M IKCIUIyaTaLUIO cUcmeM YNpPasieHus
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oaszamu oannvix (CYB/]), cOCTaBISIONNX OCHOBY aBTOMaTH3UPOBAaHHBIX
cucreM ynpasinenus (ACY).

[Ipeononenue kpu3uca B MPOSKTUPOBAHUU CIIOKHBIX TEXHHYECKHX
CHCTEM HEIOCPEACTBEHHO CBA3aHO C pa3pabOTKOH cucmem asmomamu-
3UPOBAHHO20 NPOEKMUPOBAnUs, dNeMeHTaMu KoToporo siBistorcst [T
JUTSL Pa3NIMYHBIX HAMPABICHAN TEXHUKH U TEXHOJIOTHH.

boublioe pazHoOOpasue mamemamuyeckux nakemos, pealu3yolux
KaK METOJIbl BHIYMCINTEIBLHON MaTeMaTHKH, TaK U CUMBOJIbHBIC BBIUHC-
JIeHUs, aKTUBHO MCHOJb3yeTcs B cepe HAyYHO-TEXHHUECKUX IMPHIIO-
JKEHU.

[Ipobnembl UCKYCCTBEHHOT'O MHTEIJUIEKTa MPEACTABICHBI B BUIE IKC-
NEePMUBIX CUCTNEM.

Opnno w3 Hampasnenuit B pazsutuu IIIIII — cozmanue uHTETpHpO-
BaHHBIX cpell, OOBETUHSIONMX HauboJiee pacrpoCcTpaHEHHBIE MPUIIO-
KEHHS B paMKax COUHBIX, CTaHAAPTHBIX AJS cpeldsl HHTep(eicos,
00ecTeYnBalONINX BBHICOKYIO CTEICHb B3aMMOJICHCTBUS MEXKIy TPHIIO-
xernssMu. Crofia MOKHO OTHECTH OJIHY W3 MEPBBIX TaKUX pa3pabdoTOK
¢upmer Microsoft Works, a Takxe Hanbonee HOMyJISIpHYIO B IOCTIeIHEE
Bpems cpeny Office. OCHOBY 3THX NPUIIOKEHUH COCTaBIIAIOT PEAAKTO-
PBI TEKCTOB, ANeKTpoHHBIe Ta0aumb! 1 CYB/I.

7.2. KpaTtkas xapakrepuctuka OC, npumensieMbIx B ITK

o nocnennero Bpemenu qis 11K IBM-kioHa npuMeHsIHCh TPH TH-
na JjokanbHbIX OC:

OJIHOTIOJIb30BaTeNbCKas oqHo3agaynas DOS;

OJHOIIONB30BaTeNbLCKHe MHorosamadneie OS/2, Windows 95, 98,
2000, ...;

MHOTOII0JIb30BaTeNbckast MHorozagadnas UNIX.

Hagansras OC mua [IK — DOS, kotopas nossmiacek B 1982 r. u no
1988 r. 6puta equacTBeHHOr OC Mt 3Toro Tuna 9BM u B HEKOTOpOM
CMBICIIE OCHOBOW mpH paspaborke nocnenyromux OC. Iocaenyromrue
ornepanuonHbie cuctembl (OS/2, Windows) npencTapnsioT co0oi aaib-
Heitmmee pasButre DOS, HemocTaTKu KOTOPOH JOBOJIBHO OBICTPO BHI-
SIBUJICH U CBSI3aHBI C OIEPEIKAIOIINM PA3BUTHEM TEXHUYECKUX CPEICTB
[IK. Bee st OC B ompeneneHHO cTeneHr BO3HUKIN B HeApax (GUpMBI
Microsoft u IBM umeroT psizi 00IIUX YepT, XapakTepHBIX ISl JUCKOBBIX
OC.
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1. Obecneyenue asmomamuueckozo 3anycka OC ¢ TIOMOIIBIO KOM-
wiekca nporpamm BIOS (Basic Input/Output System), xpaHammxcst B
MOCTOSTHHOM 3amoMuHaromeM ycrpoiictBe (I13Y wmm IIII3Y) u mpen-
CTaBISIIOIIMX TaK Ha3plBaeMoe arnmaparHo-opueHTrposanHoe [10 (Firm
ware), nocrasiusieMoe uzrotrosuteneMm OBM. BIOS naunnaer paGoraTsb
nocne BkmoueHus mutanua [IK ¢ mposepku kxommiektHocTH DBM
(mpoBepxu OIl, mammune HXKMJ| u HI'M/I, nanuumne kiaBUaTypsl) U
co0OIIeHUs] 0 HeUCTIPaBHOCTAX. Eciu ¢ KomIiekTanue Bce B MOpsaKe,
To BIOS 3aBepmiaet cBoio padOTy CUMTHIBAHUEM M3 CIIEHUAIBHOH (cHc-
TEMHOI1) 00JaCTH JUCKaA MPOTpaMMBbI-3arpy3drKa, KOTOpasi U OCYIIECTB-
nset panpHenmee pasmemenrue OC B Ol u ee 3amyck.

2. Qusuueckasn opeanuzayus aiiogou cucmemvl BO BCEX yKaszaH-
HbIXx OC nMeet oOrIie MpUHITUIEL. [I0BEpXHOCTH KECTKOTO JMCKA pac-
CMaTpUBAaETCs KaK TpeXxMepHas MaTpulla, U3MEPEHUSIMH KOTOPOU SBIIS-
I0TCSI HOMepa MOBEPXHOCTH, IUIUHAPA U cekTopa. [loa nmummHapoM mo-
HUMAETCs. COBOKYITHOCTh BCEX JIOPOXKEK, MPUHAICKAIINUX PAa3HBIM TI0-
BEPXHOCTAM M HaXOIALIUXCS HAa PAaBHOM YAAJE€HHH OT OCH BpalleHHs.
JanHple 0 TOM, B KaKOM MECTe IUCKa 3alucaH TOT WM MHOW (aiin,
XpaHATCA B CUCTEMHON 00JacTH AMCKa B CHELUAIBHBIX TaOIUIIAX pas-
merenus ¢ainos (FAT-tadaunax (File Allocation Table)).

Hanmenbmielr gu3nueckoil enuHUIEH XpaHEHHS JAaHHBIX SBISETCS
cextop. Pasmep cextopa paBen 512 OaiiT. B omepanmoHHBIX cucTeMax
DOS, 0S/2, Windows 95 mns aapecanuu (HaiioB UCHOIB3YHOTCS 16-
paspsausie moist (FAT 16). Takoe ampecHOe MPOCTPAHCTBO HE MTO3BOJIS-
€T a/IpecoBaTh KaXAbIH CEKTOP IJISl JUCKOB, 00bEM KOTOPBIX MPEBbIIIA-
et 32 M6aiiT. B cBs3U ¢ 3TUM TPYNIBI CEKTOPOB YCIOBHO OOBEIUHSIOT
B Knacrepsl. Kiactep — HauMeHbIIas eUHMIIA aJlpecalliy JaHHBIX Ha
nmucke. Pasmep knacrepa B OTIMYHE OT pa3Mepa CEKTopa He (UKCHpPO-
BaH M 3aBUCHUT OT €MKOCTH AMcKa. Tak, mjis JuUcKoB oObeMoM 1 —
2 I'6aiita mmua xiactepa cocrapiser 32 Koaiita (64 cextopa). D10
MPUBOANUT K HEPALHMOHAIFHOMY Pacxofy pabodero MpocTpaHCTBA JIKC-
Ka, TIOCKOJIbKY JTI000M (haiin (Iake O4YeHb MaJICHBKHUI) HMOIHOCTHIO OK-
KYIHPYET LeNbli kinactep. [axke ecnu Qaiii 10cTaTO4YHO BEJHK, B €T0
KOHIIE MOXXET 00pa3oBaThCcs OCTATOK, PACXOAYIOLIWM LETBbIA Kiactep,
3aHMMas MIPHU 3TOM HE3HAUYMTEIBbHYIO YacTh €ro. B pe3ynbrare morepu,
CBsI3aHHBIE ¢ HEAIPPEKTUBHOCTHIO (PaiIOBONH CHCTEMBI, MOTYT COCTaB-
J9Th 25 — 40 % 1moIHO €eMKOCTH IKCKA.
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YactuuHo 3Ta mpobieMa perraercst pazdueHnueM (HU3NIECKOro mpo-
CTpaHCTBA JHCKA Ha PsI Pa3leloB — JIOTHUYECKUX JUCKOB, KAXKIBIH U3
KOTOpBIX uMeeT cBor0 FAT-Tabnuity u mpeacTaBisieTcs: I MOJIb30Ba-
TEeJsl KaK ABTOHOMHBIH, HE3aBUCUMBII JTUCK.

Eme Oonee pagukanbHOoe pemenne — nepexon Ha FAT-taGmuuer c
32-pazpsaubM anpecHbM noneM (FAT 32). Takoit mepexon Havaiucs
OC Windows 98. lns nuckoB mo 8 I'6aiiT sTa cuctema obOecrieunBaeT
pasmep knactepa 4 Kbaiit (BoceMb CeKTOPOB).

3. Jlocuueckas opeanuszayus QyHkyuu ailnogoi cucmemsl I0CTa-
TOYHO TpaAWLMOHHA. JIJI MOJB30BaTeNsl OHA IMPENCTAaBISIETCS B BUIE
MepapxXUYecKOi, JPEBOBUIHOM CTPYKTYpbl. MeToa nMeHoBaHus (aiiios
3auMcTBOBaH u3 cucteMbl UNIX, monmHoe mms ¢aiina coctout u3 ue-
MOYKHA MMEH BCEX OXBaTBIBAIOMIUX KaTaymorop (koropsie B OC Windows
95, 98, 2000, ... Ha3bIBAIOTCS MANIKaMK), HAYUHAS OT KOPHS (ailioBo
CHCTEMBI, 3aBepIacMOil JIOKaJIbHBIM UMEHEM (aiina.

Karanor sBisiercst ¢aiinom. B kadecTBe pa3nenuTest UCIOIb3YETCS
neBwiid cmaml (B UNIX — mpaBeiii cimair). [ cokpamieHHOro MMeHOBa-
HUs, Kak 1 B UNIX, BBeleHO OHSATHE TEKYILETro KaTauora.

K ¢ynkumsam obcmyxuBanust GpaiioBoil CTPYKTYpBl OTHOCSITCS OIIe-
paruu, mpoucxozsmnue oy ymnpasieauem OC:

co3nanue GaiaoB U NPUCBaUBaHUE UM UMCH;

CO3JlaHHE KaTaJIoroB (TANoK) ¥ MPUCBAaBAHUE UM HMEH;

neperMMeHoBanue (paiioB U KaTanoros (ManoK);

KOTIMPOBaHKE U MepeMelleHne GaiyioB MeXIAy TUCKAMH KOMITBIOTeE-
pa 1 MeXay KarajoraMmu (Iarnkamu) OIZHOTO JAHCKA,;

yraneHnue (aiyioB 1 KaTaJoros (TAanoK);

HaBUTAILKA 10 QaiIoOBON CTPYKTYpE C LENBI0 JOCTYyINA K 3aJaHHOMY
¢aitny, kaTanory (mamnke);

ynpasiieHHe aTpuOyTaMu (ainos.

Kpome umen u pactmpenuit umeH ¢aitnoB OC XpaHUT IS KaXKI0TO
(hatina maty ero cosnaHus (M3MEHEHHUS) M HECKOJBKO ()JIarOBBIX BEJIH-
YHH, Ha3bIBa€MbIX arpuOyTamu Qaiiiga. ATpUOYTHl — JOIOJIHUTEIbHbIC
mapaMeTpbl, onpeAeIstone cBoicTa ¢aiior. OC Mo3BoOJACT UX KOH-
TposupoBath M H3MeHATh. CocTosiHWE aTpUOYTOB YUHTBHIBACTCS TPH
NPOBEICHUH aBTOMATUYECKUX ONEpaluil ¢ gaiimamu.

OCHOBHBIX aTpUOYTOB YETHIpE:

1) Tonbko s urenus (Read only);

2) ckpsriteiii (Hidden);
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3) cuctemHsIit (System);

4) apxuBHsbIii (Archive).

Paccmotpum HekoTopbie ocobeHHocTH OC, mpumensembix s [TK
IBM PC-xinoHna.

DOS. Kak yxe ynomunanocs, nepBas 16-paspsanas OC mnsa IIK
IBM, umeBIast KonoccaibHbIN ycnex, Obuia paspadorana B 1981 r. co-
tpynaukoMm ¢upmbl Seattle Computer Products Tumom IletepcoHom,
KOTOPBI BBHIONHsT padoty B pamkax ¢pupmel Microsoft. Ota OC siBu-
J1ach Pa3BUTHEM CBOETO JIOTHUECKOTO MPEAIIECTBEHHUKA — OYEHb MOIy-
nspHOW (IO TeM BpeMeHam) omepanuoHHoi cuctembl CP/M, mpume-
Hsiemoil ans 8-paspsaubix MukpoOBM. Ilpu mocraBke DOS ¢upmoii-
paspaboTunkoM oHa HasbiBaiack MS-DOS, mpu mnocraBke ¢upmoin
IBM — PC-DOS. MHuoxecTBo nuiieH3uii Ha MS-DOS Obutn 3aTeM mpo-
JaHbl JIPYT’MM W3TOTOBUTENSIM M MMENH COOCTBEHHBbIC HAa3BaHUS: Tak,
¢upma Digital Research (paspadorunx CP/M) pazpadotana DR-DOS.

DOS sBnsmace enuncteennoit OC, npumensemoit aisa [IK IBM PC
BIUIOTH 0 1987 T. n (akThuecku ocHOBHOU 70 1995 T., MOCKOIBKY
nosiBuBIIasics B 1987 r. OS/2 mMena orpaHUYEeHHOE PacIpOCTpPaHEHUE.
3a a3ToT mepuoj BeImymeHo ImecTs Bepcuid OC: or MS-DOS 1.0
(1981 1.) no MS-DOS 6.0 (1993 r.). [Ipomomkatomascs B 3TOT IEPHOT
paspabotka DOS cBs3ana, npexie Bcero, ¢ aganTtanueil K ”HTEHCHBHO
pasBuBatomumcst TexuudeckuM cpenctBaM 11K, mocTosHHO yBenmuuu-
BarormumMcs ooremom Oll, mosiBnenneM HOBBIX TUoB HI'MJI u HXXKM/I,
nonnepxkoit CD-ROM, nmoanepkkoit CpecTB CETEBOI0 B3aHMMOIEHUCT-
BUA U T.N. OYeHb Ba)XXHBIM JIEMEHTOM B coBeplueHcTBoBaHMM DOS
SIBUJIOCH CO3JaHME IOJHOSKPAHHOTO, aldaBUTHO-IH(poBoro (Norton
Commander), a 3aTeM U rpagMuecKoro mojb30BaTeabCKOro HHTepdek-
ca, TOCIieHsAs Bepcusi KOToporo B Buae obonoukn Windows 3.1 sBu-
Jach IPOMEXKYTOUHBIM 3TaloM K mepexoay Ha 32-paspsaasie OC ¢up-
MBI Microsoft.

HesaBucumo ot Bepcuii, padoty DOS obecrieynBarOT CIEAYIONIUE
TPU KOMIIOHEHTA:

6azoBas cuctema BBoma-BeiBoAa (BIOS, mmm RIOS), 3anmcannas B
T13Y mporpamma (mporpamma MOCTaBISETCS mpou3BoauTessMu OBM u
BBHIMONTHSAET (PYHKIMIO 0OecrieyeHHsI HOpMaIbHOTO ()yHKIIMOHUPOBAHUS:
NPOBEPKY KOMIUIEKTHOCTH, TECTHPOBAaHUE pa3inuHbIX ycTpohcTs IIK,
UHHANMAM3auo 3arpy3kun DOS u psn nqpyrux QpyHKIHH, 3Ta mporpam-
Ma He sBisieTcs ¢aitnoM u pakTudecku He BxoauT B coctas DOS);
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sapo DOS, comepxatiee B BUIE CKPBHITHIX (pailyioB: OJOK HEepBOHA-
yaJbpHOU 3arpy3ku (bootstrap), pacronaraeéMblii B IEPBOM CEKTOpPE CHC-
TEMHOTO JucKa (cuuThiBaeMblil ¢ momoripio BIOS) u obecrieunBaromniumii
3arpy3Ky B IaMsATh MAaIIMHBI omepanroHHoi cuctemsl — [0.SYS (wmu
IBMBIO.COM), tak Ha3piBaeMyi0 0a30BYI0 CHCTEMY BBOAA-BBIBOAA C
NpOrpaMMHBIM OOCITY>KUBaHUEM TEpUPEPUIHHBIX YCTPOWCTB (paciiupe-
Hue u wuchnpasieHune BIOS), a Takke Qaitn  MSDOS.SYS
(IBMDOS.COM), copepxammii IporpaMMsbl yrpasieHus (aitnamu, na-
MSITBIO, 3aIlyCKOM MPOrpaMM H T.O. (3TOT (pailyl MHOTAa Ha3bIBACTCs MO-
JyJIeM YIIpaBJICHUs TPEPHIBAHUAIMH, TOCKOJBKY OOpallleHHe K TIpo-
rpaMMHBIM cpenctBaM (pynkuusm DOS) u3 mporpamMMbl MOJIB30BATENS
OCYIIECTBIISIETCSI C TOMOLIBIO IPOTPaMMHBIX PEPHIBAHHUN );

(datin COMMAND.COM, miu KOMaHAHBIN mpoieccop (MHTEpIIpe-
TaToOp), B (PYHKIMH KOTOPOT'O BXOJIUT TPUEM, MPOBEPKa KOMaHJI, BBO-
JUMBIX TIOJIb30BaTeIeM C KJIaBHATYPhl, U MX BBHIIOJIHEHHE (CYILECTBYET
Tpu Kateropuu komang DOS — pe3ujeHTHBIE WK BHYTPEHHHUE, ITOCTO-
saHHO Haxonsaueca B OIl, momype3naeHTHbIe, KOTOpbIe MOTYT (IO Mepe
HEOOXOIUMOCTH) «3aTUPATHCS» MPUKIATHBIMA IPOrpaMMaMu, U BHELI-
HHE, BBI3bIBAEMBIE TI0 MEpPE HEOOXOIUMOCTH U3 BHELIHEH MaMSITH).

[Mompobuoe ommcanme MS-DOS pasznuuHbIX BepcHid ¢ TiepedHeM
KOMaH/J] ¥ IpaBMJIaMH MX HCIIOJIb30BAHUS IMPOKO MPEICTABICHO B pa3-
JMYHOM JTUTEpaType.

ITosiuBmasicst B 1981 1. s IBM PC oneparmmonnas cucrema DOS
MpeIoCTaBisIa HEOBIBAJIbIE 110 TEM BpEeMEHAaM BO3MOXHOCTH B MHpE
MHUKPOKOMITBIOTEPOB (eciu ydyects uto Oll, KoTOpast naxe Iy MUHU-
KOMITBIOTEPOB 10 TEM BpEMEHaM TPaIuLMOHHO paBHsach 64 KoOaiT,
ObUTa TIPEBBIIIICHA HA IMOPSJ/IOK, & 00BEM JUCKOBOW MaMATH OT COTEH
KHJIOOAMT OBLI JOBEIEH N0 ACCATKOB MerabaiiT). Kasamoch, uro OIl B
640 KbaiiT XBaTUT Ha HECKOJIBKO JECATKOB JieT. OHAKO Mporpecc TexX-
HUYECKHX CPECTB IIPEB3OIIEN BCE MBICIHMBIE IPOTHO3HI.

Vxe noseiienue B 1984 r. mponeccopa Intel-80286, obecrieunparo-
mero azgpecanuio 16 Moaiir Oll, annapaTHyro MOAJEPKKY MEXaHH3Ma
BUPTYaJbHOM MaMsTH Ui JocTyna k 1 ['0aiiTy BHemHel namsiTy, arra-
paTHYIO MOAJEPKKY MEeXaHH3Ma MYJIbTH3aAaqyHOTO PEKHMa C BO3MOXK-
HOCTBIO B3aMMOM3OJIALUH PECYPCOB M B3aUMOACUCTBHA 3a4a4 (Ipouec-
COB), BBISIBHJIO OTPaHUYCHHBIE BO3MOXKHOCTU 16-pazpsmuoit DOS B a¢-
(hexTUBHOH MOMJEpKKEe HOBBIX TeXHHYeCKHX cpencTB. DOS obecrnieun-
BaeT NpsMYyIo ajapecanuio He 6onee 1 MoOaiita u aOCOIIOTHO HE MOATO-
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TOBJICHAa K MYJbTH3aJauHOMY PEXUMY paboTel. [lanpHeiiliee pa3BuTHE
DOS cBs3aHO ¢ NONBITKOH NMPEOJONETh 3TH OIPAaHUYEHUS, OJHAKO H3-
HAYaIBHO 3aJI0KCHHBIE TIPOTPaMMBbl 3HAUYUTENHFHO CHIXKAIU 3()deKTHB-
HOCThb HCITOJB30BaHMUS HOBBIX pecypcoB MII, cBA3aHHBIX C MHOTO-
3aJaYHOCTBI0 M HCIIOJIb30BAHUEM OIEPATHBHOM M BHEIIHEH MaMSITH
6osbIIoro ooBeMa.

UNIX. Cpenu muaoronons3oBarenbekux OC UNIX 3annmaet ocoboe
mecto. [Ipennasnauennas s npodeccHoHaloB B 00JaCTH BBIYMCIIHU-
TEJIbHOW TEXHHWKH 3Ta MOILIHAS M COBEPILEHHAs CHCTEMa UMEET Palfo-
HaJNBHBI U YMOpAMOYEHHBIH cHHTakcuc. OHa 3HAYMUTENHHO CIIOXKHEE
yeM DOS u ee npon3BoAHbIE, HO U BO3MOXKHOCTH €€ 3HAYUTENBHO pe-
BBIIIAIOT BO3MOkHOCTH DOS.

UNIX — pekopACMEH-0JITOKUATENL CPEIU BCEX CYILECTBOBABIINX U
Bcex cymecTByomux OC.

[osiBnerne UNIX Opiio BronHe 3akOHOMEpHBIM. B konue 60-x ro-
JIOB Y BCEX KPYMHBIX KOHCTPYKTOPOB KOMIIBIOTEPOB MMEIUCH MOITHBIE
MHOT033/1a4yHble, MHOTOMONb30BaTeabckiue OC B pe3ynbTare X Hempe-
PBIBHOTO COBEpIIEHCTBOBaHMs. OHU MOCTOSHHO MOJEPHHU3UPOBAINCH
[0 MEpe Pa3BUTHS TEXHUYECKUX CPEICTB M MOSBICHUS HOBBIX MPUIIO-
xenuil. [locme MHOTMX JIET YCOBEPIICHCTBOBAHWH (PYHKIIMOHAIBHEBIC
BO3MOKHOCTH 3THX CHCTEM 3HAYUTEIBHO U3MEHWINCH, ONHAKO HUX HC-
XOJHAasl CTPYKTypa COXPaHHJIACh U CTAHOBUJIACH BCE OOJIBIINM MPETIAT-
CTBHEM Ha ITyTH MOJIEpHHU3ANU Beel cucteMbl. K ToMy jke HamucaHHbIe
Ha AccembOiepe 3t OC MOTIJIM UCHOJB30BAThCS TOJBKO HA OHOM THIIC
KOMIIBIOTEPOB.

B 1969 r. Tomcon u Puun — aBa nporpammucta ¢upmsl Bell Labora-
tories, (hunmana MOTyIiecTBEHHOUM Kopropanuu American Telephon &
Telegraph (AT&T) pemmnu co3gath Uisi BHYTPEHHHX HYXKI CBOEH
¢upmer coBepiieHHyo OC, MPOCTYIO B UCIOJIB30BAaHUN, OJHUM CJIOBOM
«IPYKECKYI0», U KaK MOXKHO MECHBIIIEC 3aBUCSAIIYI0 OT Thma DBM, Ha
KOTOpo# oHa Oymer padoTarh. CrienuansHO st 3THX Tienei Jlennc Pu-
yn pazpadotan s3bik C. Tak n nosBuiace OC UNIX. IlepBonavaibHO
3Ta cucTeMa paspadarsiBasiachk 1 Oonbiinx IBM. Bueapenune UNIX B
IIK cBsi3aHO ¢ HOBBIMH BO3MOXKHOCTSIMM U YBEJIWYEHHEM MOITHOCTH
MHUKpONpoLeccopoB, HaunHas ¢ moaeian 80386 u Boime. Hanbonbiee
pacnpoctpanenne 3t OC nomyuywin B knacce 32- u 64-pa3psaaHbIX pa-
0OoUYMX CTaHIIMA, CEPBEPOB U cymepcepBepoB. C yuyeToM 3aMETHOM TEH-
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JIEHIUU K CIUsHUIO 3TUX KiaccoB OBM newxkenue cuctembl UNIX Ha
«cMexHy10» TeppuToputo ITK BEIrISAUT 3aKOHOMEPHBIM.

B uewm xe npuunnsl nonysspaoctu UNIX?

1. Kox cucremsr Ha 80 — 90 % manwucan Ha s3pike C (= 10000 cTpox
Ha C u 1000 ctpok ASS), 4TO cnenano ee MpPOCTOH AT MOHUMAaHWS,
W3MEHEHHUH U MmepeHoca Ha apyrue miatdopmsl. [1o oneHkam oHOTO U3
cosmareneit UNIX Jlenuca Puum, cucrema Ha si3pike C umena Ha 20 —
40 % OonpMi pa3Mep, a MPOU3BOIUTEILHOCTD ee Obuta Ha 20 % Hike
AHAJIOTUYHOW CHICTEMBI, HamucaHHOW Ha AcceMbinepe. OHAKO SICHOCTh
U TIEPEHOCHUMOCTH (@ B PE3yJIbTaTe — U OTKPBITOCTH CHCTEMBI) CHITPAN
pelaolyo poiib B ee nomyisipHoctd. Cucrema JIETKO pacuiupsema u
HacTpauBaeMa.

2. UNIX — mHOro3agauHasi MHOTOIIOJIb30BaTeNbCKasl CHCTEMaA C IIH-
POKHM crieKTpoM ycinyr. OIUH MOITHBIA CepBEp MOXKET OOCIYKHUBATh
3armpockl OOJBIIOr0 KOJUYECTBA TOIH30BATEIICH, BBITIONHSS PA3INIHBIE
(hyHKIMH: paboTaTh KaK BRIYMCIIUTEIBHBIN CepBEp, 00CTYKHUBATh COTHU
MoJIb30BaTelNiell Kak cepBep 0a3 AaHHBIX, KaK CETEBOM cepBep, Moaaep-
YKUBAIOIIVA BaKHEWITNe puiioxeHus B cetu (telnet, ftp, anekTponHyro
nmouTty, ciy:k0y umeH DNS u T.71.), MOXET UCTIOIB30BAThCA M KaK ceTe-
BOM MapIIpyTHU3aTOpP.

3. Hanmmume cranmaptoB (HecMoTpst Ha MHOTooOpasue Bepcuii UNIX
OCHOBOM BCETO CEMEUCTBA SIBISIIOTCS MPUHUUIHUAIBHO OJUHAKOBas ap-
XUTEKTYpa U PsiJi CTaHIapTHBIX HHTEP(EHCOB) MO3BONISIET 00CTYKUBAThH
pa3nuyHble Bepcur 6e3 OOJBIIOro TPy/la OMBITHBIM aAMHHHUCTPATOpPaM,
MOJIB30BATENSIM MEPEXO Ha APYTrOK BEPCHIO U BOBCE MOXKET OKa3aThCs
HE3aMETHBIM.

4. Vcnonb3yeTcst enHast, Jerko oocayxuBaeMas GaiioBas cuctemMa
(OCHOBHBIE KOHIICTIIMK KOTOPOH B JalbHEHINIEM WCIIONH30BAIUCH U B
OC IIK). ®aiinoBas cucteMa — He TOJBKO IOCTYI K (paiinam, XpaHs-
mmMcsl Ha aucke. Yepe3 yHUQUIMpPOBaHHBIM wWHTEpGeiic ¢aitnoBoit
CHCTEMBI OCYIIECTBIISETCS TOCTYI K TepMUHAJIaM, IPUHTEPaM, MarHuT-
HBIM JICHTaM, CETH H JIA)Ke TaMSATH.

5. CemetictBo mpotokonioB TCP/IP, cranmaptuzoBansbix B 1983 1. 1
SIBIIAIOLIUXCS OCHOBHBIMH TipoTokonamu ['BC Internet, Obuto paspabo-
TaHo B 70-x rogax cneunansHo aist OC UNIX.

6. meetcst mpocToil, HO MOIIHBIA MOAYJIBHBIM IOJB30BATEIBCKUIMA
unTepelic, comepKaliii B CBOEM PacHOpPsHKEHUH HA0Op YTHIIUT, KaxK-
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Jlas U3 KOTOPBIX PEIIAeT Y3KYH CHEUUATU3UPOBAHHYIO 3a7ady U IpU
MOMOILY KOTOPBIX MOKHO KOHCTPYHUPOBATh CIIOKHBIE KOMILICKCHI.

7. O0namaeT BBICOKOM HAJEKHOCTHIO M 3alUIIEHHOCTBIO CHUCTEMBI
KaK OT CJIy4aiHbIX OIIHMOOK, TaK U OT HECAHKIIMOHMPOBAHHOTO JIOCTYIIA.

8. meetcs oueHb OOINBIIOE KOTUYECTBO MPHUIIOKEHHA, B TOM YHUCIIC
CBOOOJIHO PaCIpPOCTPAHAEMBIX, HAYWHAS OT MPOCTEHIMX TEKCTOBBIX
PEIaKTOPOB M 3aKaHYMBas MOIIHBIMH CHCTEMaMH YIIPaBJICHUS Oa3zaMu
JaHHBIX.

UNIX, kak u mo0asi MHOTOIIOIB30BATEIbCKAsI CUCTEMA, UMEET Psi
XapaKTEPHBIX OCOOCHHOCTEH, OTIMYHBIX OT TPAJAUIIMOHHBIX JIOKATBHBIX
OC I