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CocTosiHMe U NepcneKkTUBbl pa3BUTUA aBTOMaTU3UpPOBAHHOTIO
CXeMOTeXHU4YEeCKOro NpoeKTupoBaHuA

PaccMoTpeHkl COCTaB M (PYHKUMOHANBHLIE BO3-
MOXHOCTM Hawbonee pacnNpOCTPaHEHHLIX MakeTos
aBTOMaTU3UPOBAHHOIO CXEMOTEXHWYECKOro NpPOoeK-
TMpoBaHuA. lNpuseneHbl CpaBHUTENbLHbIE pesynb-
TaThl pelleHus paga TecToBbIX 3aaad. lpeanoxeHa
CTPYKTYpa M COCTaB COBPEMEHHOro MynbTMRpoLec-
COPHOMO CeTeBOr0 KOMMEeKca aBTOMaTM3WpOBaH-
HOIC CXEeMOTEXHUYECKOT0 NPOeKTUPOBaHKA.

Components and functional features of the most
widely used program packages for the computer-
aided schematic design were investigated in this
paper. Comparative resuits of the solution for a num-
ber of test cases are shown., Component structure
for a modern multi-processor network complex for
computer-aided schematic design was proposed.

CxemoTexHUMECKOE NPOEKTUPOBaHWE ABNAETCA 0A-
HUM U3 OCHOBHbIX 3TanoB CO3AAHWA WM3ZENWl HOBOW
TexHuku. B cBAsW C OypHbiM passuTUEM TEXHONOruiA
MUHUaTIOpU3aLmK, Bce Bonee LWMPOKUM BHEOPEHUEM
MUKPOENEKTPOMEXAHUUECKMX BCTPOEBHHBLIX CUCTEM, BO3-
MOXHOCTU HaTYPHOTO 3KCMEPUMEHTa pesko orpaHudusa-
I0TCA, @ ero CTOMMOCTL CTAHOBWTCA BCe Gonee BbICOKOM.
C Opyroid CTOPOHbI, COKpalleHWe CpOKOB MpPOEKTU-
POBAHUA WM3AENWUA HOBOW TEXHWKKM, ocobeHHo B oBnacTu
3NEKTPOHVKHW, NoBbileHue TpebosaHunit K kayecTBy npo-
€KTOoB, HeoBXOAMMOCTL yYeTa B HUX 0COBEHHOCTEN TeX-
HOMOrVi NPOW3BOACTBA, OenaeT XW3HeHHo Heobxoau-
MbIM MCMONB3OBAHNE KOMMLIOTEPHBIX CPEACTB CXeMOoTe-
XHU4ECKOro NpoeKTUpoBaHus. [oaToMy, B COBPEMEHHBIX
YCNOBUAX, BONPOCHI aHanwusa, MOAESPHW3aLMM U passin-
TWA CPEACTB aBTOMaTU3MPOBAHHOMC CXEMOTEXHUYECKOTO
NPOEKTUPOBAHNA ABNRIOTCA OCODEHHO aKTyanbHbLIMMK.

B HacTosilee spems nasecTHo Gonee 20 pasnnyKbIx
nakeToB 2BTOMaTU3NPOBaHHOIro CXeMOTEeXHUYECKOoro
NPOEKTMPOBaHWUA, vcnonbe3yemsiXx Npu NpOEKTUpOBaHUA
rMBpupHbIX M3pEenuil W U3Benui 3MeKTPOHHOW TEXHUKK.
Bce oHu ortnuualotca mexgy coBod cnekTpowm petua-
eMbIX 33434, BO3MOXHOCTAMY B3aumoaencTena ¢ Monb-
3oBarenem, NepeYHeM WCronb3yeMblX MOZENen Henn-
HEeMHBIX KOMMNOHEHTOB, HanW4YMeM WNNn OTCYTCTBUEM
CPeacTs MOAEPHW3aUMM W ajanTaumy, CTOMMOCTbK.
Kpome TOro, - TpYROEMKOCTb KaMaoro M3 W3BECTHbIX
NaKkeToB CXeMOTEXHUYECKOro NPOeKTUPOBaH!A N3Mepasn-
eTCA AeCATKaMU, a Yalie COTHAMMU YenoBeko-neT Tpyaa
cneumanucToe B oBnacTu YMCNexHbIX MpoUeayp 1 Ksa-
NNUUUPOBaHHbLIX NporpammucToB, Bee 370, B 3Hauu-
TENLHOW Mepe 3aTPYAHAET WHXEHEPY-NPOSKTUPOBLLMKY
npouecc Bblbopa TOFO MNWM WHOrO NakeTa CXEMOTEex-
HUYECKOro npoekTupoeaHuA. MMoaTomy npeacTasnaeTcs
NonesHLIM NPoBecTV OLeHKY ocobenHocTei Hawbonee
M3BECTHLIX NakeTOB CXEMOTEXHMYECKOr0 NDOEKTHpoBa-
HWU#, NONOXUB B OCHOBY CNEAYIOWNE KPUTEPUM!
¢ (DYHKUMOHANbHaA MOMHOTa, T.e. BOIMOXHOCTH pe-

WeHWA MOMHOTO  CneKTpa NpOeKTHbIX  3ajav,

BO3HWKAKOLMX HA 3Tane CXemMOTeXHUYeCcKoro Npoek-

TUPOBaHKA;

*  HanuuWe pasBUTbIX CPeACTB B3AWMOLEACTBUA C
none3osaTenem,
*  Hanuyue GubnuoTex coBpemMeHHbIX MoAenen anekT-

POHHBIX 1 HEANEKTPOHHBLIX KOMNOHEHTOB;

* BO3MOXHOCTb MOAEPHM3aLMM W  ajanTaumm K

KOHKPETHbLIM 3anpocam Nonb3oBaTens.

B Tabnuue 1 npueeaeHa wHcpopmauws, oTpaxa-
10Wan nepeyYncnexHsie acnekTsl, Ana 4 Hawbonee pac-
NPOCTPAHEHHLIX B MUPE MNAKETOB CXEMOTEXHUYECKOTO
npoektuposaHus: ALLTED ( HTYY «KMW», Ykpauna) [1],
HSpace (Meta-Software, CWA ) [2], SPECTRE
(Cadence, CLUA) [3], Saber (Synopsys, CLLIA ) [4]. Cne-
ayeT otMeTuTh, 4To SPECTRE sBnaetca nocnepHeit
MoAndvVIKaUMEH WIMPOKO M3BECTHLIX NakeTos Space u
PSpace (Microsim, CLUA), a ALLTED -~ naketos CMAPC,
NPAM -01, MPAHC (HTYY «KMNWA», YkpauHa).

XoTA npakTUYeckan LeHHOCTb TOrO WAKM MHOTO nake-
Ta CXeMOTEXHWMECKOrO MPOEKTUPOBaHUA oOnpegenser-
CA, B 3HAYMTENbHOW MEpe, He TONbKO Hanuyuem BD3-
MOXHOCTW PELEHWA TeX UMK WHBLIX NPOEKTHLIX 3a4au
nnn yaoBCcTBOM BBINONHERWA NPeanpOeKTHLIX W nocne-
NPOEKTHLIX AGWCTBUM, HO W KA4YECTBOM WCNOML3Yemoro
anropuTMHUYEcKoro u nporpamMmHoro obecneyexus. Mpu
3TOM UenecoobpasHbiM NpeacTaBnNAETCs MCNONb30BaTh
KaK Ka4eCTBEHHYI0 OUEHKY anropuTMOB W NOAXOA0B,
MCNOnb3yeMblX AR BLINONHEHWA OTAENbHbLIX 3Tanos
CXEMOTEXHWYECKOTO NPOEKTUPOBAHUA, TaK W KOnu4ecT-
BEHHbIE OLIEHKW, MOMyYeHHble nyTem peiueHus Habopo
TECTOBbIX 3a3au.

Bce paccmaTtpusaemble NakeThl CXEMOTEXHUHECKOrO
npoexTupoBaHuA o6nagalT  JOCTaTOMHO  MOLLHLIMKA
BXOZHLIMWA NPOBNEMHO-OPUEHTUPOBAHHLIMI BXOAHLIMU
A3bIKAMK, NO3BONAIOWMMK B YAOBHOW ANK NPOEKTUPOB-
Wuka copme 3aaaTb BCIO Heobxoaumylo ANA npoBeae-
HWA unccnefoeaHuA uHpopmaumio kak o6 obvekte
nccneposaHus, Tak v Buae pewaemoit 3apaqun. OpHako,
8 naketax HSpice, Saber, SPECTRE wucnonesyetca
NO3ULMOHHbLIA NPUHLUMN OpraHu3auuu BXOAHOrO A3bIKa,
npu sTom pa3bop kaxmoro NpeaAnoXeHWs OCyLLecTBAAR-
eTca nonexkcemHo 6e3 Bosepara Hasaa. JTO NPUBOAWT K
TOMY, 4TO 451" 0603HAYEHUA KAXAOro TUNA NEKTPOHHBIX
WK HE3NEKTPOHHbLIX KOMMNOHEHTOB HEOBXOAUMO UCNONbL-
30BaTb CBOW YHUKaNbHbIA WAGHTUDMKATOP (HadanbHyio
Byksy umenn onemewxTta). Tak, Hanpumep, B nakeTe
SPECTRE, Tonbko ans oBoaHaueHWs UCTOMHWUKOB pas-
NAYHBIX TUNOB MOXeT BbiTb WUCNONL30BaHO A0 9 pas-
nndHbix Byke. Bce ato B 3HaunTenbHol mMepe 3aTpya-
HAGT W3Y4eHWe BXOAHOrO A3blKa, He Bcerga No3BONAeT
TOMHO WAeHTUUUnpoBaTh OWKOKA ONWUCaHW®, pesko
Cy)KaeT BOSMOXHOCTU MOAMGMKAUMKW NPU  BKIIOYEHUA
HOBbIX, paHee He Wcnonb3yeMbix aneveHToe. B nakeTe
ALLTED paafopy noanexvT ce NPeAnaXeHUe B UENOM,
A3bIK He SABMAETCA NO3UUMOHHBIM. OTO AAET BO3IMOM-
HOCTb 3@KPenuTb YHUKANBHbIE WAEBHTUUKATOPLI TONLKO
38 OCHOBHBLIMW 3NIEMEHTAMM (MCTOMHWK TOKa — J, MCTOY-
HUK HanpAxeHus - E, conpoTusnexue - R, nposogu-
MOCTb - G, emkocTs - C, MHAYKTUBKOCTL - L), Npu4em He-
32BMCUMO OT UX TUMa (NMUHelHble, HENUHENHbIE, NOCTO-
AHHLIE, 33AaHHble CTAHAAPTHON (YHKUWER UK yHK-
unen nonbsoeatens). 3T NO3BONAET yHW(MUWPOBATbL
onucaHue niGoro KOMNOHeHTa oBbeKTa uccneaosaHus,
A3blK 0bnagaeT NMPOCTHIM CMHTAKCUCOM W Nerko usyda-
eTCA, AUArHoCTUKa olWMBOoK onncanus cTaHosuTca Gonee
MOLLHOW M AETANbHOW, a BKMKOYEHWE HOBbLIX KOMMOHEH-
TOB HE Bbi3bIBABT HMKAKUX aanqueHwﬁ‘
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Tabn. 1
BosmoxHocTh ALLTED HSpace SPECTRE Saber
1 2 3 4 5
Mepeyerb NPOEKTHbIX NpoLeayp:
- aHanWa No NOCTOAHHOMY TOKY; + + + +
- BPEMEHHOI aHanus; + + + -
- YacTOTHbIA aHanus; # + + +
- CNeKTpanbHbid aHanus; & + + +
- aHanua YyBCTBUTENbHOCTU
- B CTaTUKe; + + + +
- B AMHEMUKE; e - - *
- B 4acToTHOK oBnacTu; + + + +
- aHanwa “xyawero cnyyas”
- B CTaTUKe; + + + "
- B AMHAMUKeE; + + a =
- B YacToTHO# ofnacTu; + + + .
- CTaTUCTUYECKUIA aHaNKs; + + + +
- aHanu3s Hynei n NonKCos; - + * .
- @aHanua Wymos; - + + +
- NapameTpu4ecKkas onTMMn3auns
- BeaycnosHas; + + + -
(8 meToaoB) (1 meToam) (1 meToa)
| - ycnosHas; + - + -
' (3 meTopa) (1 metog)
~ MMHUMaKCHas; + - - -
(2 meTopna)
- CHHTE3 ONTUManbHbIX AONYCKOB; + - - -
- Makcumn3auws Bbixoaa roaHbIX; + - - -
- MHOroBapvaHTHbI aHanus; + + +
[Auanoroeele cpeacTBa B3aWMOAEHCTBUA
C nonb3oBaTenem:
- CXEMHSbIA rpacuHeckvin pegakTop; + - + +
-AManorosas cucrema popmMMpoBaHUA +
OnUCaHWA,; = 9 5
-puanoroeas cucrema HOpPMUPOBAHUA 4
3anaHus; - + +
- auanoroeas cucrema ynpasnexusa s
BubnuoTekamm Moaenew; - - s
-NOCTNPOLIECCOP obpaboTku +
pesynbTaTOB UCCNeaoBaHui; + + +
BubnuoTekn coBpeMeHHbIX MoaENne:
- @HanoroBblX ANEKTPOHHBIX KOMMNOHEHTOB; + + + +
- LMcpOBbIX 3NEKTPOHHbBIX KOMMOHEHTOB; + + + +
- HEANEKTPOHHbIX KOMMNOHEHTOB, + - - +
B03MOXHOCTE NONOMHEHWSA
none3osareneM GubnuoTek:
- HENWHeMHbIX DYHKLWIA, + + + +
- Mogenei HenuHenHbIX KOMMNOHEHTOB; + - - +
MynbTMNNaThOpMEHHOCTD + + + +
Hanwune cetesown Bepcun + % u B
OpUEHTUPOBOYHES CTOMMOCTb ot 1000% ot 50000$ or 50008 ot 150008

MpaKkTM4eckn BO BCEX WCNONb3YEMbIX NAKETaX CXe-
MOTEXHWYEeCKOro NPOeKTUPOBaHUA B KadecTee martema-
TUHECKOW Mmoaenk obbekTa MCCNefOBaHMA MENonbay-
eTcA, B obuiem cnyyae, cihctema HenuHelHbIx anrebpo-
AnbheperumnanbHbix ypaBHerUt, NOCTPOEHHaA B pac-
W1peHHOM O4HOPCAHOM KoopanHaTHoM Gaawce [5), YTo
obecneuvBaeT MUHUMaNbHblE 3aTPaTkl MPH pPeLleHuN
NUHelHbIX cUCTeM ypasHeHuir. B naketax HSpice,
Saber, SPECTRE ans yyeTa BAWAHMA MHOTOMNOMOCHSIX
KOMNOHEHTOB WCNOMB3YEeTCA METOA, YETbiPEXNONICHU~
ka [5], uTo no3BonseT caenaTh pasmMep MaTeMaTYecKon
MoAenu ofbeKkTa UCCNEeAOBaHWA HE3EBMCIAMOR OT CHOX-
HOCTKH MaTeMaTW4eckod MoLenu OTAENbHbIX MHOrono-
NOCHBIX KOMMOHEHTOR, YTO SIBAAETCH HECOMHEHHbIM Mo~
NOXMTENbHbIM thakTopoM. Takol noaxon AenaeT npak-
TAYECKM HEBOIMOXHBLIM BHECEHME HOBbIX MaTemaTu-
Yeckux moaenei cunamu nonb3oearend. MoxHO cka-
3aTh, 4To nakeT HSpace ofnapaet camow GonbLuoit Gub-

NUOTEKOW MOAENEN 3NEKTPOHHLIX KOMNOHEHTOB (TOMNBKO
moneneit MOM-TpaHaucTopos TaM peanwaosaHo Gonee
80), a naxkeTbl ALLTED u Saber — Gonbwumu 6ubnuo-
TEKaMU HE3NEKTPOHHbIX KOMNOHEHTOB.

Ona pewerus GOMbLUMX Pa3PEKEHHLIX CUCTEM k-
HeWHbIX YpaBHeHWIA BO BCEX PacCMaTpUBaeMbIX NaxeTax
CXEMOTEXHUYECKOro NPOEKTVPOBAHUA UCNONbL3YETCA Me-
Tog LU- npeobpasoBaHws C npensapuTEnbHLIM YNOPS-
AodeHrem no kputepuio Mapkoewvua [5]. Mpu 3TOM oco-
BeHHoe BHUMaHWe ygenseTca npuemam obecnedveHus
YCTOAYMBOCTM pELLEHWA B Cnyuyasix NNoxooBycrnoenex-
Hbix MaTpuy,. B nakete ALLTED gns stux cny4aes wc-
nOnb3yeTcs METon AuaroHansHoi mMogudukaumm (5],
obecneyusaloMit NpexpacHble pesynbTaThl NpakTU4ec-
KW BO BCEX Cny4asx, v NO3BONAIOWMA He nepechopmu-
POBbIBaTE MHMOPMAELMOHHbIE MACCUBLI ANA XPaHEHUS
WHCbOpMaUWM O MaremaTuueckoi mModenu. B naketax
HSpice, Saber, SPECTRE, npu uaeHTUdukaumm cutya-
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UMK, CBUAETENLCTBYIOWER O BO3MOXHON |MCNEHHOW
HEYyCTOMYNBOCTW, OCYLUECTBNAETCA NPOLECC nepeyno-
PALOYEHWA PELLAEMON CUCTEMbI YPaBHEHUIA, YTO Aaneko
HE BCErAa MPUBOAWT K XXEnaemomy pesyneTaTy, W
TpebyeT nepedopMUPOBaHNS] COOTBETCTBYIOWMX CTPYK-
TYP AaHHbIX.

Pelwenne 3apayu aHanusa NG NOCTOAHHOMY TOKY
ABnAeTcA oAxvM w3 BazoBelX kak Booblie B rpouecce
CXEMOTEXHWYECKOro NpoeKTUpPOBaHWA, Tak u obecneuunsa-
10LLMM ONpeaenerye CTapToBbIX yCNOBWIA ANs MHOMMX ApY-
TMX NPoOeKTHeIX 3anad. [ns aTUx Uenei BO BCEX pacc-
MarpuBaembiX MaKkeTax CXeMOTEXHWYECKOTO NPOEKTUPO-
BAHWA WCMOMb3YKTCA MoaudpukaumMm meTopa HbloToHa W
METOA@ NpoforkeHna no napameTpy [6]. B nakete
ALLTED kpome 3Tux anropuTMOB Peani3osaH METoS Kpu-
BOMUHENHOro cnycka [7], No3eoONAWMA nonyqaTs peule-
HWA B CNyanx, koraa 6azoeble NpoLUeaypsl TEPNAT racko.

[ns npoBefgHWA AMHAMWYECKOro aHanuaa B nakeTax
HSpice, Saber, SPECTRE npumeHAIOTCR pasnuyHbie Mo-
Audukauun HeRBHBIX MHOTOLIAroBbIX ANrOPUTMOB YuC-
NEHHOrO MHTErPUPOBAHWA, B OCHOBE KOTOPbIX NEXWT Me-
Toz Mvpa (8], a B nakete ALLTED anroputm 4ncneHHoro
MHTErPUPOBaHWS Ha OCHOBE OOPATHBLIX pa3HOCTER BbIC-
LUWMX MOPROKOB C W3MEHAEMbIM WAroM W NOPRAKOM Me-
ToAa [6). OgHako npaKkTuyeckas 3HHEKTUBHOCTE 3TUX
npoueayp , kak W npoueayp ananusa no NOCTOAHHOMY
TOKY, 33BUCUT HE TONBKC OT BbIGpPaHHON! anropuTMr4ecko
Ba3bl, HO WU OT MPOrPAMMHOI peanuaaLmny, y4uTbiBaoLLen
pasnWuHLIe HECTAaHAAPTHbIE CUTYaLUUW, BO3HMKAIOUME B
npouecce peweHus, cnocobbi WX ydyeta, W CTeneHb
aganTauuu k ocobeHHoCTAM pewaemblx 3agad. MosTomy
CpaBHUTL 3(hheKTMBHOCTE MPOLIEAYP aHanusa AuHamu-
YECKOro pexuma 1 aHanuaa no NOCTOAHHOMY TOKY MOMHO
C AOCTATOMHOW CTeneHblo AOCCTOBEPHOCTU TOMLKO NO
UTOraMm PeLUeHNs CTaHAapTHbIX Habopos TecToBLIX 3adad.
Tak, 8 [9], npegcraenen Habop Bonee Yem 50 paanuyHbix
3MEKTPOHHLIX CXeM, B COCTAB KOTODbIX BXOAAT Kak Bu-
nonspHsle, Tak U MOIM-TpaH3UCTOpbl, W Pe3ynbTaTel WX
MOZENUPOBAHWA C NOMOLLBIO Pa3niiHbIX NAKeTOB CXeMo-
TEeXHUUYECKOro NpoeKTUPOBaHWA, B ToM uucne HSpace u
SPECTRE. OTtmeTum, yto B Kauectse mopened MOM-
TPaH3WCTOPOB Mcronb3osanace mogens BSIM3 [10], a B
Ka4ecTse mogenei GunonsapHbIX TPaH3MCTOPOB — MOAENb
nepexoca Tuna BJT [10], npeacTaensiowme coboi camble
COBpEMEHHBIE MOAENY 3TMX KOMMOHEHToB. [ns cpas-
HeHus, B Tabnuue 2 npeacTaeneHsl peaynsTaThl pelueHns
papa 3TVX 3aga4 ¢ nomowsio naketos ALLTED, HSpace,
SPECTRE.

AHanua 3TMX pesynbTaToB NOKA3LIBAET, YTO nakeT
ALLTED, He Tonbko He ycTynaeT no CBOeH edhekTus-
Hoctw naxetam HSpace w SPECTRE, Ho 3adactyi
npesocxoauT ux. CnegyeT OTMeTUT, YTO cumson "-" B
Tabnuue 2 03HaYEeT, uTO peleHne 3afaduu ke Beino
NonMy4eHo 3a MaKCUManbHO A0NYCTUMOE KONMMYEeCTBO
waroe. Kpome 3Toro, mpu pelueHn 3afaqu aHanusa no
NOCTOAHHOMY TOKY B CxeMax ¢ GWNOnApPHbIMU TpaH3UC-
Topamu c nomolplo naketa HSpace B KayecTse cTap-

TOBEIX 3HAYBHUA N0 YMONHaHWIO NPUHUMAIOTCR HE Hyne-
Bbl€ 3Ha4eHnR, Kak B nakeTe ALLTED, a sHaueHus 0.1 B
Ha KaX/0M 13 p-n Nepexoaos.

MpeacTaenexHan VHOpMaums No3BoNAET CAENath
BbIBOA, O TOM, YTO C TOYKKN 3PEHWSA PYHKLUMOHAMEHEIX BO3-
MOXHOCTEM W B CNy4anRX MPOEKTUPOBAHWA LWMPOKOro
CNeKTpa Kak 3MNeKTPOHHbLIX, Tak W HeaNEeKTPOHHLIX Yc-
TPOWCTB, @ Takke ANA y4eBHbIX Lened npeanoyTeHue
chepyer otaaeate nakety ALLTED. Mpu npoektuposa-
HUW TOMbKO 3NEKTPOHHBIX YCTPOWCTB, KAaroTaBnNMBaeMbIX
NO COBPEMEHHbLIM TEXHOMNOrMSM, NpeanoYTeHe cnegyer
oTAaBaThb nakeTy HSpace. AHanu3 COBPEMEHHbLIX TEH-
AeHUWA pa3BUTUA MUPOBOTC Hay4HO-TEXHUYECKOrO Npor-
pecca nosBonAeT cAenaTth BbIBOL O TOM, YTO OCHOBHbI-
MU NYTAMU AanbHeilero COBEPLIEHCTBOBaHUA CPeacTs
8BTOMaTU3NPOBEHHOTO CXEMOTEXHWYECKOro NPOEKTUPO-
BaHWS ABNAIOTCA Creaylowme:

e MOCTOAHHAA aAanTauWA K HOBEWLIMM TEXHOMOrUAM
NPOEKTMPOBAHWUA W NPOM3BOACTBA, NYTEM BHeA-
PEHUR COBPEMEHHbIX AOCTUKEHUA BbIYMCNNTENbHOW
MaTeMaTuki4 1 TEoOpMM NPOrpaMMUpOBaHNA B KAue-
CTBE anrOpMTMUYECKOA W MPOrpaMMHOM OCHOBbI Na-
KETOB CXEMOTEXHUUECKOr0 NPOEKTUPOBAHMA, U NO-
nonHeHus 6MBNMOTEK HEMWHERHbIX Moaeneh MHOro-
NONIOCHBIX KOMMNOHEHTOB MOAENAMM, OTPAXKACLLIMMU
B NOMNHOW Mepe W C JOCTATOMHOW TOYHOCTBKY OCO6-
©HHOCTM UCNOMNb3yeMbIX TEXHONOMMIA NPOU3BOACTBA;

*  MaKCUMarbHOE UCNOnb3cBaHve BO3MOXHOCTEN CoBpe-
MEHHbIX TEXHUYECKUX CPEACTB BbIMMCNMTENLHOW Tex-
HWKY CUCTEMHOTO MaTemaTideckoro obecneyerus.
Ecnu paccmaTpuBaTe COBPEMEHHYO KOMMBIOTEPHYIO

CeTb, C OAAHON CTOPOHbI, K&K CUCTEMY KOMNEKTMUBHOro

NONL30BaHWA, @ C APYro# — Kak MOLUHbIA MynbTUNpO-

LIECCOPHbIA  KOMNBIOTER, MO3BONAIOWMWIA WENONL30BAaTL

napannensHsle meToabl obpabotku wHdoOpMauwn, TO

aTw ABa NYTU CrviBaloTcs B 0AWH. Bonee Toro, B obnacTu
pazpaboTkM MaTeMaTUYecKux METOAOB MOABNVPOBAHUS,

WCMONb30BaHWe NapannencHol MaTemaTUKW W KONnek-

TUBHOTO AOCTYNa K KOMMNEeKcaMm NpOoeKTUpOBaHUsA, AB-

NAAGTCA Ha CEroAHA YyTb NU He eAMHCTBeHHbIM pe-

3epBOM NOBbILEHUA ObiCTpOAEHCTBUA 1 3DEKTUBHOCTU

akennyaTauun cpeacte CAMP. C 3KOHOMUYECKOH TOUKM
3peHus, ucnonesosakue cetesbix CAMP pgaet goctyn

Kaxaomy nonsaosaTento k nyudwnm CAMNP, koTopele G-

3N4ECKM MOTYT HaXOAWTLCR B PasHblX rocyAapcreax u

[aXe Ha pajHbiX KOHTUHEHTaX, ¥ BO3MOXHOCTe Oes

NWULWHKX 3aTpaT Ha nokynky aoporocroawux CAlP ¢

NOMOLLbI0 CPEACTB YAaneHHoro AocTyna u4epes ceThb

BLINONHUTL Heobxoaumble paboTol. Kak cnepyer w3

maTtepuance BCemMWUpHOro KoHrpecca No MHXEHEepHOMY

obpasosanvio (Monbwa, Kpakos, 1999r) paspaGotka
ceteBbix CAMP ¢ ucnonbaoeaHunem WWW-TexHONOMMiA

ABMAETCA OAHUM M3 rNaBHbIX HaNPaBneHWA HayuHbIX

MCCNeAOBaKUA, KOTOPLIE MPOBOAATCS W3BECTHEMLUMMU

KOMMaHUAMUK U YHUBEPCUTETAMW MUPa.

Tabn. 2

Ne MmA cxeMbl Kon-8o ALLTED HSpace SPECTRE

TPaHaua. pc* | TR™ DC | TR DC | TR

CxeMbl Ha BUNONAPHLIX TpaH3uCTopax
1 Astabl 4 13 278 13 714 9 893
2 Bias 13 108 225 - 5702 - 8717
3 Bijtff 41 85 631 65 585 102 646
4 Bjtinv 12 94 1340 21 1216 25 1673
5 Nagle 25 75 327 26 2020 24 14086
6 SchmitECL 4 60 118 87 537 52 281
CxemMbl Ha MOT-TpaH3ucTopax

1 Mike2 12 12 528 10 237 15 512
2 Gm3 30 80 149 27 246 - o
3 Voter25 74 4] 3870 36 2890 - &

*

#

-KOMWYECTBO UTEepauni ANA aHanuaa pexvma no NocCToAHHOMY TOKY.
- KONUYECTBO UTepauuiA ANA aHannsa 4UHaMUHecKoro pexvma.
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Ha OCHOBE aHANM3a HaaHaueHusn, hyHKLMOHANBHOTD
cocTaBa W CTPYKTYPbl KOMNMEKCca CXEMOTEXHUYECKOro
npoektuposanus ALLTED, a Tarcke ¢ ydetom MvpoBoro
onbiTa paspaboTkv W peanu3auri CNoXHbLIX CeTeBbixX
NPOEKTOB, MOXHO CAENaTh BLIBOA O TOM, YTO Ans pe-
anv3auun CeTeson MyNbTUNPOLECCOPHONU BEpCHK NakeTa
CXEMOTEXHWYECKOre NPOEKTUpOBaKuA Haubonee Noaxo-
OALLEA apXUTEKTYPOI ABNAGTCS TPEXYPOBHEBAA apXuTek-
Typa KIMeHT-Cepeep.

CyTb 3TOW apXWUTEKTYpbl COCTOWT B TOM, YTO BEChb
BbIMWUCIUTENBHBLIA  nNpouecc pa3busaeTcA Ha  ABe
BonbLIXE YacTu: CepBEPHYK U KnueHTckylo. CepeepHas
yacTb, kak Kauwbonee Tpyacemkas u Tpebywolwas Bonb-
LUMX BBIMWUCMMTENbHLIX PECYPCOB, PEaNU3YeTCA B BUAE
cepBsepa-NPUNCKEHWUA, KOTOPLIA BbINOMHRET pPonbk CEpBe-
pa Ans pabo4nx MEeCT (KNMEHTOB) W ponb KNUEHTa ANA
BbIMMCMIUTENBHOTO cepeepa W Apyrvx cepsepos. [lpor-
pamMmHoe obecnedeHue cepsepa-NMPUNOKEHWA ycTaHas-
NVBAETCR, KaKk NPasuno, Ha BbIYMCNUTENLHOM CEPBEPE.
KnuenTckas 4acte, MeHee TPYAoeMKas C TOMKA 3peHus
BbIMUCNUTESNIbHEIX 3@TPaT, HO 3Ha4uTensHo Bonee MHTen-
NeKTyanbHas C TOMKA 3PERUA BbINONHAEMbIX Onepaumi,
peanusyeTcs B BUAE KNMEHTCKCro nporpammHore obec-
NEYEHNs W yCTaHaBNMBaETCH Ha KoHeYHOM paboqem mec-
Te nonbsoeartens. o cpaBHeHWK C 04HONONL30BATENS-
CKUM HECETEBbIM BapMaHTOM CUCTEMbl Takam apXuTex-
Typa obecnedmBacT cneayoLre NPEUMyLLECTRE!

1. BoamoxHocTb ObicTpo 06paboTkm CROMXHBIX
3agavy Ha cepeepe ¢ paboyero Mecra nonb3osaTens.

2. Bce sbiMucnenus Geper Ha cebs cepeep - 0auH
nnBo HeckonbKo MOLLHBIX KOMMLICTEPOB, KOTOPLIE pach-
PEAENRIOT nony4eHHyo 3anady mexay coboit v pewaoT
ee NapannensHo.

3. Ons 3apay oderb BOMbLUOH CNOXHOGTW, WNK
ougHb GonblUO pa3mMepHOCTH, MOXHO peanu3oBaTs pe-
XWM OTNICXKEHHbIX BbIMUCNEHUA. TO ecTe pexum, korga
KNWEHT NOACOEAMHABTCA K CEpBEpy, OTAAET emy 3aja-
HYE W MOXET OTCOEAMHWUTLCR OT CEPBEpa [0 OKOHYaHUS
BbIMMCNEHNA.

4. BosMOXHOCTW KoMaHAHOW paboTel Hag NPoekToM,
KOTOpble 0BecneuvBaloTCA opraHu3auWed AocTyna nio-
6oro uneHa komanabl, paboTaiowen Haa NpoekToM (rpu
Hanu4yuK y Hero AOCTaTOYHbIX Npas Ha 3T0) ¢ nicBod
Te4ku rnobansHoi ceTu. flaxe cama no cebe yaanenHas
pafoTa CylWecTBeHHO pacluMpsieT BO3MOXHOCTK MO pa-
BoTe ¢ cucTemoi.

5. BesonacHocTe W LIENOCTHOCTE AaHHLIX NpoekTa
obecneymBaeTCA BLICOKOA CTENEHbIO OTKA30YCTOMYNBOC
TU cepeepHoro 0BopyAOBaHWA 1 NEPMOSUYECKMMU MEPO-
NPUATUAMMA, NPOBOANMEIMWA aAMUHUCTPETOPOM Cepsepa
M0 PE3epPBHOMY KONUPOBAHUK.

6. Bnarofaps pasdeneHvio CUCTEMbI Ha KIWEeHTa v
CepBep, Yepes CTaHAapTHbIA NpoToKon o6mera, cepeep-
Has 4YacTe MoXeT GbiTe popaBoTaHa u saMeHeHa aaxe
Bes segoma KnKeHTa Ha HOBYIO Bepcuio. ITo cyuwject-
BeHHo ofner4aeT 0GHOBNEHWE BEPCUI BbIMUCHMTENLHON
4acTk B CBR3W C ee AopaboTkamu wnM UCnpaBneHnem
0BHapyxeHHbIX OWKUBOK.

HeTpyaHo zametuTe, YTO acthheKTMBHOCTE WCNOMB-
30BaHURA apXUTEKTYPbl KNUEHT-CepBep BO MHOMOM Onpe-
AENABTCA NPABWILHOCTLIO Pa3bueHUn BCEro anropuTMu-
Yeckoro o6ecneyeHns Ha CepBepHYIO M KNMEHTCKYIO Yac-
TH. Takoe pasbueHne MOXeT BbiTb BLINONHEHO Ha OCHO-
B& aHanu3a OCHOBHbIX (PYHKLMWA, BbINOMHABMbIX CUCTE-
MOV NPY MCNONHEHWW BCEro pabodero UMKNa, a UMEHHO!

1. noacoenmHeRWe KNWeHTa K cepeepy W ero
aBToOpU3auUnA Ha cepeepe;

2. noAroToBKa 3afaHMR Ha KIMEHTCKOM uyacTu
MNonbaosaTenem u nepecblinka erc Ha cepsep,

3. 3anyck Ha cepsepe COOTBETCTBYIOLLER

BblYUCIIUTENBHOR yacTtu c WMEHEM thaiina
NoAroToBNEHHOro KIMNEHTOM 3ajaHMs B ' KadecTee
napameTpa;

BblYMCNEHUA  C
VHTepnpeTaium

4. nepeceiNky peaynsTaTos
Cepeepa Ha KNWeHTCKyK 4acTb Ans
PesynbTaToB KMMEHTOM;

5. oToBpaxeHue peaynbTaToB cyeTa B BUAE rpa-
UIECKOR WIUNK TEKCTOBOW UHpOpMaUUrK, yaoBHol ans
nonL3oBaTens.

AHanua aTuX MYHKUMA NOKa3bIBAET, YTO HEOBXOAUM
TPaHCMOPTHLIA YPOBEHL, CBRIYIOWMIA KNMEHTE C cepae-
pom. OH gomikeH npeactasnaTte coboit npoTokon oBMera
BbICOKOTO YpOBHA, bGasvpylowerocs Ha kakoM nuBo
CTaHaapTHOM nNpoTokone, npuHaTom B internet-intranet
ceTsax. Kpome Toro, ¢ CepeepHoi CTOPOHbI JOMMKHa pacno-
naraThCA CUCTEMa Maccosoro oBCnyKUBaHUA, NOLASPHU-
BEIOLLAA 3TOT NPOTOKON Ha ACCTATOMHOM YHKUMGHArMb-
HOM YPOBHE (KOMBHAHbI PEXMM ¥ DEXUM nepegaun
AaHHbIX) W CKpbIBAKOWAA cnocobel, NPUMEHAEMbe AnA
BbIMUCNEHUA  PE3YNbLTATOB  (TpexypOBHEBAA MOAenb
knueHT-cepsep). OHa Takke JOMKHA NOAAEPKMBETL MHO-
rosafaqHocTe M 06nagaTb BO3MOXKHOCTBIO YNPaBnsaTh
BBIMUCMINTENBHON yYacTbla cepeepa 83 y4acTus Ko-
HEYHOro NOMb3OBATENA, UCXOAS TONbKO U3 NOCHINAEMbIX
el komana (OeiTb "npospaukoi’® gns knnexTa). B ceolo
oyepedb, CepBepHas BbMWCNUTENBHAA 4YacTb OOMKHA
YMEeTb NONY4YnTe 3aaaHue OT CUCTeMbl MaccoBoro obc-
NyXWBaHWa, Npou3BecTu HeobXoAuMbIe BbIYMCNEHMA U
BO3BPATUTL CUCTEME MaccoBOTO ODCNYXUBaHWUA, He Kru-
eHTY, pesynbTatsl B Tpebyemom chopmare. C Apyroi cro-
POHBl  TPAHCMOPTHOrO MNPOTOKONa pacnonoXeHa K-
EHTCKaA 4acTb, B3aUMOAEWCTBYIOWAA C CUCTEMOW Mace-
COBOro 0fCNyXWBaHNS, B ONpeaeneHHOM NPOKOOM (hop-
MaTe, U C nonb3osatenem, B yaobHol Ans Hero cdopme.

TlocKonNbKy CUCTEMA pasfeneHa Ha rMasHble CocTaB-
Hbl€ YacTW, TO B 32BUCMMOCTW OT BO3AOXKEHHBIX Ha HUX
3aaad, Mbl MOXeM Teneps Gonee AeTansHO OCTAHOBUTLb-
CA Ha Kaxaow ua vacrei:

*  CEepBEpHas 4acTb (PUC. 1). HE3ABUCUMLIA BbluKC-
NUTEnNBLHBIA  CEpBEP WM CUCTEME  MacCoBOro
obcnyxnBanua,  paBoTallian ¢ KNUEHTCKUM
nporpamMmHbiM  obecneyeHMemM B MHOro3agaqHoM
pexume; :

*  KNWEHTCKaa YacTb (puc. 2): nnathopmo-He3asncu-
Maa MoBunbHaa KMeHTCKaa YacTk C MHTepdEeicoM
AOCTYNa K CUCTEME MAaccoBOro 0BCNyXUBaHNA W Bbl-
HUCNUTENbHOMY CepBepy,;

* CeTesol ypoeeHb (pUC. 2). NPOTOKON OBMEHa Kru-
€HTa c cepsepom, BasupylWwKics Ha cTaHaapTHOM
obLyenpuHaTomM npoTokone Bonee HWIKOTo YPOBHA.
B cooTeeTcTBUM C MAeoNornei TEXHONOMMU KIKEHT-

cepsep AN KOHeYHOre (yaaneHHoro) knueHTa Het Hvka-

KOA PasHWLbl, KaKyl0 BBIYMCTATENBHYI0 4aCTb MCMONb-

3YyeT CepBepHas 4acTh, NpW YCOBWM, YTO OHa NOHUMaeT

OTLABAEMbIE el KOMaHAbl, NOHUMEET hainkl 3agaHuq,

NOAroTOBNEHHLIE KNMEHTOM, M BO3BpALLAET peaynsTaTsl

caoedt paboTbl B NPaBUNBHOM (MOHATHOM ANA KNMEHTC-

ko# vactu) opmare, HeobR3aTenbHO BblMMCAUTENEHAR

HaCTb NAKETE CXEMOTEXHWUHECKOrO NPOeKTUPOBAHMA AoN-

XHa reHepupoBaTe halnbl B HyXHOM chopmare — pe-

3yneTaThl MOryT BbiTs NPUBEAEHE! K TPEBYEMOMY BUAY C

NOMOLLBIO BbIYWCNUTENBHOW YacTU MocTnpoueccopa, To

€CTb MPOrpamMme!, 3anyLieHHoR Ha TOM Xe cepsepe, Ha

BXO/, KOTOPOW ByayT nepeaaHsl pesynbTarts! paboTsl Bbi-

HUCMATENLHON YacTK NakeTa CXeMOTEXHUYECKOro Npoek-

TWPOBAHWRA, & Ha BbIXOAE NOMy4YeHbl AaHHkIE B Tpebye-

MOM KITWEHTOM chopmarTe.

Ans peanusaumu BbIMMCNWTENBHOW 4YacTu cepeepa
MOXHO BOCNONb3OBATHCA UCXOAHBIMU TEKCTAMM CYLIECTBY-
IOWeA HeceTeBOW BepchW COOTBETCTBYIOLWIEND nakeTa.



CucTeMbl aBTOMaTU3MPOBAHHOIO NPoOeKTUpOBaHUA

125

Hanuuve ncxoaHs!x TEKCTOR A2ET BOSMOXHOCTE NEPEHeCcTH
ero B CEpBEepHYK Cpefy npocTo NyTeM OTKIIYEHUS
MHTEPaKTMBHOW 0BONOYKKM U CO3RAHNA MEXEHW3ME ero Ko-
MaHOHOrO 3anycka. 3Has (hopMaThbl BXOAHLIX U BbIXOAHbIX
thainoe nakeTa, MoXHO obecneunTb cBoboAHOE B3AUMO-
OEUCTBUE CEpBEpPA W KAWEHTA, B3AB, ANS NPOCTOTHI, 3TW
chopMaThi 33 OCHOBY B CO3AAHWMW NPOTOKONOB 0GMeHa.
Cucrema maccosoro ofcnyxueanus, no Habopy ko-
MaHA [O/KHa COOTBETCTBOBATb WCNOMNb3yeMoMy Npo-
TOKONY 4 YOOBNETBOPSATL CReaytowmm TpebosanvsaMm:
e  aBTOpPU30BaTb YAANEHHOro KIMEHTa;
e  PUHAMATL YNPaBnsIOWMe KOMaHAbl C KNUEHTa W
3anyckaTb NPUNOXKEHMA Ha CepBepe B COOTBETCTBUM
G KOMaHgamu;
*  NPUHMMATbL 3aAaHUA, NOCNaHHbIE C KNEHTE;
»  BO3BpAaLATL Pe3ynbTaTtel C CepBepa KNUEHTY.
Ansa atux ueneii Hanbonee LenecoobpasHo wenonb-
30BaTh CYLIECTBYIOLWME FOTOBbLIE PELLEHWA, KOTOPbIE XO0-

POLLO OTNAXEHb! ¥ ONTUMKU3UPOBEHLI NOA MCNONL3YEMYIO
cepsepHylo nnargopmy. HeobxopvumbivM ycnoswem A0S
CepBEpHON 4acTW fAenseTca pabota B pexume online
{MOCTOAHHOrG NOAKMIOYEHUA), MCNONb3OBAHNE CTAHAAPT-
HbIX METOACB aBTOpU3auMu (WwtbpoBaHwe naponew,
crocofoB Wx xpaHeHve W nepeaaqn) UCNONb3YeMbIX B
AAHHOW ONEpauNOHHOR CMCTeME, 8 Takke 3anyck npu-
NOXEHWA W/Wnn BEINONHEHWE CLEHapWeB C napamer-
pamu, nepefaHHbIMUA cepBepy KiveHTamu. MBKocTb 1
NpocTOTa aAMUHUCTPUPOBAHUA TaKKe WIpaeT BaXHyl
ponk npu BulBope cUcTeMbl MacccoBora 06CNYXUBaHMA.
Haubonee eCTECTBEHHO B KayecTBe TaKOM CMCTEMb
mMaccosoro obcayxusaHuA BelbpaTh OARY U3 CyLLECTBY-
oKX nporpamm nopaaepxkkn FTP cepeuca gnA aaHHOM
onepauMoHHOlA cHcTeMbl. [InA opraHusaumm mynbTunpo-
LieCCopHOro NapannensHoro pexuma paboTbl cueTHoM
4YacTu uenecoobpasHo WCNONb3oBaTh CUGTEMY NOA-
DEPKKM NapannensHeIx BeMrcneHnin PV,
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Puc. 1. CTPYKTYpa CepBEepHON HacTy NakeTa CXeMOTeXHUYECKOro NpoeKTUpOBaHUA
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BapuaHTt FTP npoTokona Ha
OCHOBE HU3KOYPOBHEBOMQ

% Cereson
ypoReHs npotokona TCP/IP

MpoTOKON B3aMMOAEWCTEMS C CEPBEPOM NakeTa
CXEMOTEXHWHECKOrO NPOEKTUPCBaHKA

Knuentckasn

HacTb

- MNapameTpuanpoBaHKan cbpaboTka
0TBETA CEpBepa W NOAroToBKa

CTPYKTYPUPOBAHHBIX SaHHbIX 418
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I i
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cxemo:f::ﬁemm CXEMOTEXHWHECKOTO MpaSTMpoBamg
NPOEKTYPOBAHUA
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|

Mone3osatens

Puc. 2. CTPyKTYpa KNWEHTCKOM ¥ CETEBOR 4acTyi NaKeTa CXeMOTEXHUMECKOrO NPOBKTUPOBAHMUS

KnueMTckas YacTb NakeTa CXeMOTEXHUYECKOre Npo-
eKTPOBaKUs ABMAGTCA CBOEOGPa3HbIM WHTEPhERcoM
Mexay BCeW cucTeMol v nonmb3oeaTenem. MoaTomy K
Hew NpeabABNATCR 0cobble TpeGoBaHus:

*  LpyKecTBEHHbIA NONb30BATENbCKUA UHTEPEHC;
XOpoLUMe rpaPuieckne BOIMOXHOCTH;

BbICOKaA cKopocTb paboTkl No cety;

NEPEHOCMMOGCTE MEXKAY NnaThopmamu;
MCNONb3OBAHNME  CTAHAAPTHBIX  BO3MOKHOCTEN
NPUMEHAEMON ONepaLMoHHOM cucTeMbl No paBoTe ¢
ceTbio.

B AavHom cnydae HawBonee npuBnekaTensHo
BoIrIAANT KPOCCNNAaThOPMEHHOE PELIEHVWE Ha OCHOBEe
Java TexHonormu, KoTopas paboTaeT Ha NPakTUHecKM
BCEX NenynApHbix nnatgopmax (IBM, HP, DEC) v one-

. s = @

paunoHHeix cuctemax (DOS, Windows, X-Windows).
Kpome Toro, Java sBNReTCA OGBLEKTHO-OPUEHTUPOBAH-
HBIM R3BIKOM C YETKO BbIPEKEHHOW CTPYKTYpUsaumnen
npoekta. 310 oueHs yaobHO npu cospaHnu GonblUKMX
NPOEKTOB W ANA UX NOCNEAYIOWER NogaepIKM.
MpoTokon B3aMModencTBMA . No HaBopy KomaHp
nonxer ofecneynBaTts CNeayOLWMe BO3MOXHOCTU U Co-
OTBETCTEOBATE CNeAyWwnM TpebaBaHusam:
*  aBTOPU3ALMA YAANEHHOrO KNMEHTa Ha CepBepe;
*  NOCHLINKA YNPaRAIOUIMX KOMEH C KNMEHTa Ha cepeep u
BO3MOXHOCTB 3anycka NPUNCXKeHMil Ha cepeepe;
¢ nepepaqy 3adaHWA C KNWEHTa Ha cepaep;
*  nepepavy peaynbTaTos C CEPBEpa KMUEHTY.
Takum npokonom ofMeHa MOXET CNyuTb CTaHAAPTHLIA
Ana BonblwwHcTBa cietem npotokon FTP (File Transfer
Protocol), GasvpyloLMiics Ha NPOTOKONE HWUBKOTO YPOBHS
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TCP/IP 1 cooTeeTcTBYHOWMIt cneumdukaum RFC 959, koTo-
poiii obecneyneaeT aBTOpPM3aLIMIO KIMeHTa Ha yaaneHHOM
cepeepe CTaHOapTHLIM CNocoBoM, NOCkLKY NioBbix komaHa,
NOAEPHUBAEMBIX CEPBEPHON 4acTbio, NOCPEACTBOM BCMO-
MoraTensHoi komarabl SITE EXEC, nepenavy dhaitnos sa-
AaHUA UIM pesynbTaToB B 06e CTOPOHL B ABOMYHOM AUGO
TEKCTOBOM BUE, CTPYKTYPU3AUMIO MNPOEKTOB Ha ypoBHe
thaitnosoi cuCcTeEMbI Cepeepa.

BeiGop 6a3zosoro npotokona TCP/IP Takke He cny-
yaitHbli. Cepusa npotokonos TCP/IP — spkuit npumep oT-
KpbITOW CUCTEMbI B TOM CMbICNE, HTO, B OTAKYKE OT Npo-
TOKOMNOB, WCNOMb3YEMbIX B KOMMYHUKALMOHHBIX CUCTE-
Max pasHblX MOCTABLUMKOB, BCE cneuwdukauum 3Toro
cTeka NpPOTOKONOB M MHOTME M3 ero peanuaauuii obue-
[0CTYMNHbI (NpegocTaBnalTcA 6ecnnaTHo Unu 3a cUMBO-
nmueckyio LeHy). Kpome toro, TCP/IP npoTtokon npusne-
kaeT ceoeit macwTabupyemocTblo, ¥ npeaocTasnseT
OfVHAKOBblE BO3MOXHOCTU NONb3OBATENSM Kak rno-
BanbHbIX, TaK 1 NokanbHbIX CeTel.

MpennoxeHHas CTPyKTypa CeTeBOTO MyMbTUNPOLIEC-
COPHOTO NakeTa CXeMOTEXHUYECKOrO NPOEKTUPOBAHMS, Ha3-
HaueHue WU TpeboBaHUs K OTAENbHBIM €r0 KOMMOHEHTaM, a
TaKKe BO3MOXHbIE NOAXOALI U CUCTEMHbIE CPEACTBa ANs
pearmsauy, ABMAKTCA NONe3HbIMW ANsl CNeLNManucTos B
obnactv paspabotku CAMNP 1 MOryT BbiTb MCNONb3OBaHB!
[NS onpeaeneHUst NepCnekTUBHbIX HanpasneHun uccnego-
BaHwi. pveeaeHHsle B paboTe KaueCTBeHHbIE U Komu-
YeCTBEHHbIE CPABHUTENbHBIE [aHHbIE, XapaKTepuaylLiue
Haubonee pacnpocTpaHeHHble NaKETLI CXEMOTEXHNHECKOro
NPOEKTUPOBAHMA, MOMOrYT MHXEHEPaM-NPOEKTUPOBLLMKaM
Gonee kBanUULMPOBaHHO ONPeaenuUTLCS C BbIGOPOM UC-

nonb3ayemMblx CpencTs aBTOMAaTUINPOBAHHOMD CXEMOTEXHK-
UBCKOrD MPOEKTMPOBEHUS. -
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