4. ATIMAPATHBIE CPE/ICTBA KOMIIbIOTEPHOM I'PA®GUKHA

4.1. O01ue cBeIeHHUA O COCTABE M COCIMHEHHUH TEXHNYECKNX
CpeIcTB

Ha naHHBII MOMEHT, ONUpasich Ha ONBIT KCITyaTallM CUCTEM aB-
TOMaTHU3WPOBAHHOTO IPOCKTUPOBAHUS U (PYHKIIMOHHUPOBAHHUSI TTOACHC-
Tembl "MammuHHas rpaduka” B pa3IMYHBIX OpraHU3alUsIX, MOKHO BbI-
JIeTTUTh HECKOIBKO KaTeropuii 000pyI0BaHUS M YCTPOHCTB B 3aBUCH-
MOCTH OT BBHINONHSEMBIX QyHKIHH (puc. 4.1).

Oo6padoTka nHpopManun
OBM pazIu9HBIX THIIOB, CETEBBIE CTPYKTYPHI

Benenne 6a3bl JaHHBIX U APXHBA
Yempoiicmsa: nuckoBomsl, ctpuMMepa, TpaiBebL,. ..
Hocumenu:mMarauTHbIC IVICKW, MATHUTHBIC JICHTHI, ONITHKO-
MarHUTHBIC HOCHTEIH, Jia3epHble TuckH, flash-mamsrs,. ...

Busyanuzanus
Jlucrnneu, BU3yanu3alluOHHbIC TaHETN

BBon v no3uuMOHUpPOBaHME
KnaBuarypel, MAHUITYJISATOPHI («MBIIITBY, «Iap», CBETOBOE
nepo,...... ) TUTHUTAi3epPhl, TUIAHIIETHI, CKAHEPEL,. ..

A

JlokymMeHTHpOBaHHE
[punTepsI, rpadomnocTponTeNy, cpecTBa KOMMPOBAHHS KpaHa

TexHoJsiornueckas NOAroTOBKAa NPOM3BOACTBA,
HU3rOTOBJIEHUE
Texnonoruveckre aBToMarsl, cTanku ¢ UITY

Puc. 4.1. Kareropun 060pynoBaHus ¥ yCTPOHCTB
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SAnpom m1000W CHCTEMBI SIBISIIOTCS BBIYMCIUTENbHBIE CPEICTBA
WM cpelicTBa 00paboTK WH(POPMAIHH, KOTOPBIE MOTYT OBITh pa3ind-
HBIX TUIIOB C IMana3oHoM oT cynep-OBM no mukpo-OBM, ognako
WCTIONB30BaHUE MOCTSTHUX ONpEAeNsIeTcs TM00 y3KOH criennain3anm-
eid, 100 orpaHMYeHHBIMU TPEOOBAHUSIMH, & TAKXKE CETEBOH CTPYKTY-
poii. [ToaTomy BecbMa BEpOSTHO, UTO Ha pabOueM MecTe KOHCTPYKTOpa
MOT'YT OBITh JINIIb JOBOJIEHO OTPaHUYEHHBIE BEIYUCIUTEILHBIE CPENICT-
Ba MPH YCIIOBUH, YTO B CITydae HEOOXOAMMOCTH MOXKET OBITH 0becre-
YeHa CBA3b C MOIIHBIM BBIYMCIUTENBFHBIM IIEHTPOM. B 3TOM cityuae
BO3HHKAET NMpobieMa pacrpeesieHns peraeMoi 3a1a4i B mporecce
MPOEKTUPOBAHHS, YTO CYIIECTBEHHO BIUSET HA CTPYKTYpY IPOrpaMm-
HOTO 00ecreYeHusl.

CpenctBa BefeHust 0a3bl IJaHHBIX, B TOM YUCIIE Tpa(uyecKoid, 1
apXMBOB OCHOBAaHbBI Ha XpaHEHHH OOJBIINX 00bEMOB HHPOPMAIIHH,
HCUHUCIISIEMBIX COTHSIMH TUTa0aiT. TpaAuIMOHHBIMH CPEICTBAMH Xpa-
HeHHs WH(QOpMAalUK SBIAIOTCS MarHUTHBIE HOCHTENW (MarHUTHBIC
JIMCKH, JICHTHI, ONITHKO-MarHUTHBIE HOCUTENH), CTOMMOCTB KOTOPBIX
MOCTOSTHHO cHUXkaeTcsl. OHaKo 0 00beMy XpaHUMOM HH(pOpMaH
OHU YCTYTAIOT JIa3epPHON TEXHOJIOTHH (JIa3epHBIE TUCKH Pa3InIHbIX
(hopMaToB 3aMKCH U XPaHEHHUsI), KOTOPbIE IMPOKO MCTIONB3YIOTCS B
KOMITBIOTEPHOW TEXHUKe. B mocienHee BpeMsi mupe cTaid UCTIONb30-
Bath flash-mamsite. [1pu Gonbiiom oObeMe HHPOPMAIIUU CYIIeCTBEH-
HOU TIpoONIeMoii ABJsieTCs ynpaBieHue 6a30il TaHHBIX, COCTABIEHHE
KaTaJIOroB | Jia’Ke MIPOCTO BBOJI M COMTPOBOXKICHNE CYIIECTBYFOIINX
YyepTexeil, a UCTIONb30BAHUE CETEBOM CTPYKTYPHI TI0-HOBOMY CTaBHT
Mpo0eMy pacrpe/e/ieHus JaHHbIX (JIOKaJIbHBIC JIAHHBIC, JJaHHbBIE 00-
K€ JJIs1 KAKOW-JINOO TPYIIIBI T OTPACIH, U T.1L.).

Crnenyroimast OoJbIas rpyrma — CpeicTra BBOJIa TpauIeCKOi
WHGOPMAINH U €€ MO3UIIMOHUPOBaHHS (BBIJCTICHHS U yKa3aHUS MEeCTa
nonoxxenns). K HUM oTHOCATCS TUTUTa3ephl, TUIAHIIETHI, MAHUATYIS-
TOPBI, YKa3aTeu, alnpaBUTHO-IIU(PPOBHIC U PYHKIIMOHATBHbIC KIIaBHa-
TYpHI  HHTETpaIbHbIC CPENICTBA BBOJA (CKaHEPHI).

Ocoboe MecTo 3aHIUMAIOT CPEICTBA BU3Yyal3aluy (0TOOpaKeHUsI)
WH(OPMAIINH, KOTOPBIE MO3BOJISIIOT TIOTYYUTh BPEMEHHOE H, CIIEI0Ba-
TEJIBHO, TOAIAIOIICECs U3MECHEHHUIO H300paXKeHUE B JIFO00I MOMEHT
BpeMeHH 0Oe3 u3MeHeHus1 HocuTens nHpopManun. OHU HEOOXOIUMBI B
mpolecce MPOeKTUPOBaHus, POpMHUPOBAHUS FEOMETPUIECKON MOMIEITN
MPOEKTUPYEMOTO U3/ICNHs U pa3padoTKe YepTEKHONH KOHCTPYKTOPCKOH
JOKyMEHTAIIHH.
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JIoOKyMEHTHPOBaHHE PE3YJAbTATOB MPOCKTUPOBAHUS M Mpolecca
MPOEeKTUpOBaHKs 3aHUMaeT BaxxHoe MecTo B CAIIP u ocymectisiercs
yCTpOICTBaMU, MO3BOJISIOINMHE ITOMYYHTh Tpauyeckoe mpeacTaBie-
HUE Ha TOCTOSHHOM HocuTene. OCHOBHAasi OCOOEHHOCTh JTHUX YCT-
POMCTB COCTOUT B TOM, UTO rpayuuecKoe MpeacTaBIeHne Mocie UX Mo-
Jy4eHUS] He MOXKET OBITh U3MeHeHo. Kpome Toro, HocuTenb 00BIYHO
HeIb3s1 UCTOIb30BaTh MOBTOPHO. Hamboree pacnpocTpaHeHHBIMH yCT-
POMCTBaMH TaKOIrO TUTIA SIBIISIIOTCS IPUHTEPHI LIMPOKOTo (hopmara, rc-
MONB3YIOIIME CTPYHHYIO HITH JIa3ePHYIO TEXHOJIOTHH, JI0 CHX TIOp B
MPaKTUKE HAXOAAT IPUMEHEHHE TepbeBble WM KapaHAalHbie rpado-
IIOCTPOUTENH, A TAKXKE PSI IPYTUX HOBBIX YCTPOUCTB. Tak kak yCcTpoi-
CTBa JOKYMEHTHPOBAHUs pa3pabOTaHbl JUIs OITyYEHUS YePTEKEH BbI-
COKOTO KadyecTBa, WX IIeIeco00pa3HO HCIONB30BATH B aBTOHOMHOM
(otnoxkenHOM) pexxume (off-line).

B nporecce npoekTHpoBaHUS MOXKET BOSHUKHYTH HEOOXOIUMOCTh
W3TOTOBHUTH OIBITHBIN SK3EMILISP U3IETHS WIH KaKOH-1100 ero co-
CTaBIISIIOILIEH C TeM, YTOOBI YCTAHOBUTH €r0 KOHCTPYKTHBHO-TEXHOJO-
TUYECKUE XapaKTEPUCTHKHU. DTH (DYyHKIIMH 1e]IeCO00pa3Hee BCEro BO3-
JIO)KUTh Ha TEXHOJIOTMYECKHE aBTOMATBI MJIH MTPOrpaMMHO-YIIpaBJisie-
MBbI€ HCIIONTHUTENbHBIE yCTpOoicTBa. K HUM OTHOCSATCSI KOOpIUHATOTpa-
(b1, MUKPO(DOTO- , IIEKTPOHHO-HAOOPHBIC YCTPOHCTRA, IIEKTPOHHO-
Jy4eBble yCTaHOBKH, 3D-nipunTepsl, a Takxke cranku ¢ YIIV.

COBOKYITHOCTB anmapaTHBIX CPEACTB C ONpeNeCHHBIMI TEXHHYEC-
KHMH XapaKTepUCTUKaMH, COOTBETCTBYIOIIMMH ITOCTABJICHHON 3aj1a4e
W B YCTaHOBJICHHOW KOMOMHAIINH, COCTABIIAET KOMIUIEKC TEXHUYECKUX
cpenctB mammHHOHN rpaduku (KTC MT).

CylecTBEHHBIM BOIPOCOM SIBIISIETCS apXUTEKTYpa COCSTMHEHUS
anmapaTHBIX CPEICTB; B OOJNBILEH CTENEHU 3TO OTHOCHTCS K CPEICTBaM
00paboTku HHPOPMALH, XOTS M Kacaercs nepuQepuH.

Haubonee npoct 1 10CcTyneH aBTOHOMHBIH PEXUM, TIPH KOTOPOM
nonb3oBarens padoraetr Ha KTC (OBM u nepudepusi), He nMeoeM
BHEIIIHUX CBsI3el, a 0OMeH HHQopManueil ¢ ApyruMu CHCTEMaMH OCY-
LIECTBIISIETCS MTPH MTOMOIIY BHEITHUX HOcHTenel nadopmanuu (ruOkuit
JIICK, MarHUTHAs JICHTA, Ja3epHbIi nuck, flesh mamsate u ap.). Takoit
peXUM paboTHl OTBEYAET HE BCEM MPUIIOKEHHSM, B CBSI3U C OTHM IO~
JYYHITH PaclipoCTpaHEHUE CIEAYIOMINE CXeMBbI (ApXUTEKTYPBI) COEIH-
nenusa KTC:

1) ucnone3oBannie OBM KTC B kauecTBe HWHTEIIEKTYalbHBIX
TepMuHaIoB DBM paziudHbBIX KTaCCOB;
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2) ucnions3oanne I9BM KTC B kauecTBe NacCUBHBIX TEPMHHAJIOB
MHOTOITOJTb30BATENBCKUX CHCTEM;

3) ceTreBbIe CHCTEMBL.

[Ipu ucnonszoBannu 9BM KTC B kauecTBe MHTEIEKTyaIbHBIX
TepMuHanoB DBM paznuunbix kinaccoB Ha [I9BM Boznaraercs peanu-
3anus CIeAyomuX (pyHKINA: B3aUMOICHCTBIE C TTONTb30BaTeNeM, Tep-
BHYHasi 00paboTKa BBOAMMO#I MH(OpMAIIMU, OKOHYATEIIbHAS TTOJT0-
TOBKa Pe3y/bTaTOB PELIeHN 3a/1a4 K Bbl1aue MOIb30BaTeNIo.

Ucnons3oanne 9BM KTC B kauecTBe HHTEIIEKTYaIbHBIX TEP-
MHUHAJIOB B TIOCJIEAHEE BpEMs CTaJIO MOIMYISIPHBIM U O0BSCHSIETCS Tpe-
Msl TPUYMHAMHU: JPYKECTBEHHOCTBIO IPOrpaMMHOrO HHTep(eiica
[I19BM c mnonb3oBaTeneM, BO3MOKHOCTBIO pasrpy3Kd ILEHTpaIbHON
OBM 0T BHINOIHEHHUS BCIOMOIaTeIbHBIX TEHCTBUH M HU3KOM CTOMMO-
CTBbIO CPAaBHUMOM €O CTOMMOCTBIO TepMuHaia. K nentpansaoit 9BM
1enecoo0pa3Ho MOAKITIOYUTE HECKOIBKO HHTEIIEKTYa IbHBIX TEPMHUHA-
JIOB.

Pexxums! 1 1 2 mo cBoeMy cojiepkaHuIo 04eHb cXoxH. Pasnnune
3aKJIF0YaeTCst TOIBKO B TOM, YTO Mcnoib3oBanue II9BM B kauecTBe
MACCUBHBIX TEPMHHAJIOB CBOAUT paboTy Ha HEM TOJILKO K BBOIY M BbI-
BOIY MH(OpMAIIMHU, YTO BO MHOTHX CiTy4dasx HedpekTuBHO. OHAKO
3TOT PEKHUM BO3MOXKEH, KOTJIa SKOHOMUS JIEHEKHBIX CPEJICTB SIBIIIETCS
BaXXKHBIM (DaKTOPOM, KOTJIa OOLIee YHCIIO MOIb30BaTeNeld HEBEIHKO U B
MOCJeAYIONIeM MEeHSThCS He OyJeT U Korza Tpedyercst TOBKO IeHTpa-
JIM30BaHHasi 00padoTKa.

Haubonee nepcrnekTHBHBI CETEBBIE CUCTEMBI, B KOTOpbIX [I9BM
KTC u, Bo3moxkH0, DBM npyrux kj1accoB COETUHSIOTCS BMECTE 110-
CPEIICTBOM KaHAJIOB CBS3H U allaparypbl CONPsHKEHHS ¢ HUMH JUTsE 00-
MeHa uHpopMmanueit u pecypcamu. [Tpu aToM nossiaercs 3G heKTrB-
HOCTb HCIOIb30BAHMS JOPOTOCTOSIINX ¥ YHUKAIBHBIX allapaTHbIX,
MPOrpaMMHBIX U HH()OPMALTMOHHBIX PECYPCOB PA3ACICHUEM UX MEKIY
Pa3IMYHBIMH TIOJIB30BATENSIMH, 00ECIIEUUBACTCS B3aUMOJICHCTBHIE pa3-
JINYHBIX NI0JIb30BATENEH CETH.

CereBble CUCTEMBI IEIATCS HA II00AJIbHBIE U JOKaIbHBIE. KaHa-
JIAMH CBSI3H B II00ATBHBIX CETAX CIYXKaT, KaK MPaBUII0, ONTOBOIOKOH-
HBIW Kabenb MITH CITyTHUKOBBIE CUCTEMBI. JIOKalbHas! BBIYUCIUTENbHAS
cerb cBsa3piBaeT psan [I9BM KTC u ODBM, BO3MOXHO pas3inYHBIX
KJIACCOB, HAXOAIIMUXCSA B OJHOM JIOKAJIbHOW 30HE, OTPaHUYEHHOM, Ha-
MIpUMep, OTHUM HJIM HECKOJIBKHMH PSIIOM PacCIIOIOKEHHBIX 3/1aHUM,
OJIHOIM OpraHu3alMel UM 30HOM.
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Haunbonee BaXHBIMH XapaKTEpPUCTUKAMHU JIOKATBHOW BBIYUCIH-
TEJIbHOW CETH SIBJISAIOTCS:

U Tormonorus;

[ komuuectBo OBM KTC, cniocoOHbIX paboTaTh B CETH;

[] makcuMansHO BoaMoxkHOE ynanienue 9BM KTC npyr ot apyra;

U tunet 9BM KTC, Bxogsmmx B ceTh (pa3inyaloT OJHOPOIHBIC U
HEOTHOPO/IHBIC JTIOKAJIbHBIE BHIYUCIUTEILHBIE CETH);

[ ucnonezyemoe mporpaMMHoe obecriedeHue;

[ HamexHOCTD, onpeessieMasi ClIOCOOHOCTBIO COXPAaHSTh CBOH Xa-
PaKTEePUCTHUKH TIPH BhIxofe U3 cTpost oTnenbHeix [I9BM KTC u munuit
CBSI3H, YTO B 3HAUYUTENBbHOW CTENIEHN 3aBUCHUT OT TOMOJIOTUU CETH U
MPOrPaMMHOTO 00CCIICUCHHUS,;

[ mepenatomias cpesa, oI KOTOPOH TOHMUMAIOT (PH3HUYECKYIO Cpe-
Iy (Kak MpaBHIIO, MJIEKTPUIECKasi M ONTHYECKas);

[)MeTon moctyma, mpeacTaBisiomuii co0oH, Mo CyTH Jiena, COBO-
KYITHOCTh IPUHIMIIOB (DyHKIIMOHUPOBAHUS JIOKATBHOW BBIYNCIUTENb-
HOI CETH, BBIOOP KOTOPOTO OIPENENSIeTCS TOMOJIOTHEH CeTH;

[l IpOTOKOII, SIBISIOMUICS COBOKYITHOCTBIO ITPABUII, PErTIaMEHTH-
pyroux Gopmar u nporeaypsl oOMeHa uH(opMaIel MKy y3IaMu
CeTH.

Tomomnorus onpeaemnser CTPYKTYPHYIO OpTraHH3aILUI0 CBI3eH MeX-
Ny y37aMH1 JIOKaJIbHOM BBIYMCIUTENBHOM ceTr. Pazinyaror cnenyromnpe
BU/JIbI TOTIOJIOTHIA: IMHHAS MJIM MarkcTpalibHasi, 3B€31000pa3Hasi, ape-
BOBHJIHAs, KOJNbIleBas, MHorocBs3Has. [Ipumepom Hambomee coBep-
LICHHOH JIOKaJIbHOM ceTH siBnsgercs ceThb Ethernet (mmHHas Tononorus,
cnequdukanus pupm DEC, Intel u Xerox).

3Be3noo6pasznyto romonoruro umeror PLAN 4000 ¢upmbr Nestar
Systems, mo3Bosnsromas o0bequHUT DBM pa3iuuHbIX TUIIOB 1 00ec-
MEYUTh BHIXOJ B III00ambHYH0 ceTh, Star Lan ¢upmer AT & T Informa-
tion System.

KombueByto Tonmonoruto umeer cerb Token-Ring Network ¢gpupmbr
IBM. Kaxxaplit y3en JIoKaabHON BBIYMCINTENBHON CeTH SBIsieTCs pabo-
yeil cranimeii u uMmeer csoro OC, a Takxke koruio cereoir OC. OObIu-
HO HaunOonee MomHas DBM B ceru urpaer pons Qaitn-cepepa, XpaHs
BCE MCIONB3yeMOE MHOTMMH TIOJIb30BATEISIMH ITPOrpaMMHOE odecrie-
yeHue. Kaxpiii monp30BaTeb MOXKET 3arpy3UTh Ha BBIIOIHEHHE B
CBOIO pabouyto cranuuio i cBoit KTC mo06oit U3 mporpaMMHBIX
MPOAYKTOB, 3alMCaHHBIX B (aiin-cepepe. OOCTy:KMBaHUE MONTb30Ba-
Tenel (aii-cepBepoM OCYIIECTBISETCS MyTEM yIIpaBieHUs paciperne-
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JICHHEM PECYPCOB COBMECTHOTO TOJIb30BaHUS (BHEIIHSS MAMSTh H Xpa-
HUMas B Hel nH(popMaIus).

4.2. CpeactBa 00padoTku rpadpuyeckoii HHpopManun

Jlnst 00paboTKK OONMBIIMX MAaCCUBOB MH(OPMAIIH (TIPEKIEC BCErO
K rpadiuecKoii) HeoOXOANMBI 3HAUUTENbHbIC BEIYUCIUTENBHBIE pEcyp-
Chbl, TIOITOMY OCHOBHbBIE XapPAKTEPUCTUKU BBIYMCIUTEILHON TEXHUKH
(ObICTpOnEHCTBIE MITH IPOU3BOANTEIBHOCTD, Pa3psAHOCTh WM JUTHHA
cJioBa, 00BEM ONEPaTUBHOM MaMSTH U TIp.) MPHUOOpETatoT 0coboe 3Ha-
YeHUe.

HawubGonee kpymHbIME POU3BOANUTEISIMH TAKOH TEXHUKH SIBJISIOT-
cs kopriopanmu SGI, HP, IBM, SUN. Kak npaBuio, oHa UCIIONb3yeTCs
P CIIOXKHBIX BBIYMCIICHHSX, CBSI3aHHBIX C MOJICIMPOBAHUEM Pa3IHy-
HBIX (PU3HYECKUX MPOIECCOB, aHAIN3E CIMKHBIX KOHCTPYKIINH, a cie-
JIOBaTENbHO, MPH KOPITOPATUBHOM aBTOMATH3UPOBAHHOM IIPOEKTHPO-
BaHHUH U MOATOTOBKE MPOU3BO/CTBA.

XopoLuM IpUMEPOM OTE€4ECTBEHHON NPAKTUKU UCIIONb30BAHUS
BBICOKOIIPOM3BOAUTEIBHON BBIYMCIUTEIBHOW TEXHHKH SIBISCTCS CY-
nep-2BM «JlomoHOocoB» (puc. 4.2). B HacTosiiee BpeMs cOIep:KUT
6654 BEIUUCIIUTENBHBIX y3i1a, 0oee 94000 mporeccopHbIX saep, o0na-
JIaeT MUKOBOM Mpou3BOaUTEIbHOCTRIO 1,7 Tlduon/c. Peanbhas npowus-
BOJIMTENILHOCTH cucTeMbl Ha TecTe Linpack pasua 901.9 Tdutomn/c.

Puc. 4.2. Cynep-2BM «JIoMOHOCOB»
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BriepBbie cTONBP MOIIHYIO BBIYHCIHUTENBHYIO CHCTEMY YIAJIOCh
pa3MecTUTh Ha MJIOMIAH BCero 252 KB M: 1O BBIYMCIUTENbHOM MII0T-
HOCTH «JIOMOHOCOB) CEroiHsi He UMeeT cede PaBHBIX B MUPE, TIOTPeO-
nsis He Oonee 2,8 MBT anekrposnepruu. OiHaKO TOMUMO BBICOKOH
TUIOTHOCTH ¥ ONTUMAJILHOTO SHEPTrONOTPEOIeHUsT BEIYUCIUTENb TAKOTO
MaciTaba JI0KeH 00ecrednBaTh BEICOKYIO CKOPOCTh pELIEHHS pealib-
HBIX MIPUKJIAJAHBIX 3a/a4. J{JIs 9TOro B CymepKOMITBIOTEPE UCIIONB3YIOT-
Csl IECTh BU/IOB BBIYMCIUTENBHBIX Y3JIOB U MPOLECCOPHI C Pa3IHYHOMI
ApXUTEKTYpPOM, a TAKXKe CIeHalbHbIE CETH, YTO TIO3BOJISIET MOTYy4aTh
BBICOKYIO TPOHM3BOANUTEIBHOCTh MAaKCHMaJbHO IIHUPOKOTO CIIEKTpa
HPUIIOKEHUHN.

Ha cerogusamnauii 1eHb B BRIYUCIUTENBLHBIA KoMILIekc MI'Y Bxo-
1uT, Kpome «JIoMOHOCOBay cynepkomibioTep «YeObImeBy ¢ MUKOBOH
npousBoauTelibHOCTHEO 60 Tdhon/c u IBM Blue—Gene/P ¢ nukoBoii
npou3BoanuTeNbHOCTBIO 27 Tdhion/c. CynepKkoMIbIOTEPHBIN KOMITICKC
AKTHBHO Pa3BUBAETCS, & B €0 COCTAB BKIIOUAIOTCS BBIYUCIUTENBHBIE
CHCTEMBI, TIOCTPOCHHBIE HA HOBBIX MIPUHIIMIAX, CPEH HUX — rpadu-
yeckue nporeccopbl. CHava a 3To HAIILIO OTPaKeHHE B KCIIEPHMEH-
TanpHOM ycraHoBke oT Hewlett—Packard «I'padut!», 00bennnuBIICH
48 rpaduuecKkuX MPOIECCOpOB B PaMKax OJHOM CTOMKH, a 3aTeM ObLIO
peann3oBaHO B TOJHOM MaciiTabe B BHJE CHEHUAIBHOIO paszena
cynepkomiibiotepa «JlomoHOCOBY», comepikamiero 1554 rpadudecknx
npomueccopa ot NVidia.

BBox B cTpoii cynepkomiibrorepa «JIOMOHOCOBY» TTO3BOJINI PELIUTH
PSI BRXKHBIX 3a]1a4 JUTsl BEAYLIMX MPOMBIIIICHHBIX oTpaciell Poccun:
aspokocmmueckoit (PKK «3uneprus» um. C.I1. Koponesa) u atomHo#
(OKBM um. U.M. AdpukanToa). ng vyxnq PKK «3ueprus» ¢ momo-
b0 «JIoMOHOCOBa» OBUTH MPOBEACHBI PacueThl O0TEKaHUs MepCIeK-
TUBHOT'O KOCMHUYECKOT0 Kopaoist «Pych» npu TopMmokeHHH B atMoche-
pe 3eMIIH U OCa/IKM Ha ee MMOBEPXHOCTh.

Cpenu 3apyOe:KHBIX BBIYMCINTEIBHBIX KOMIIEKCOB MOYKHO BbIJIE-
muTh paspadorku komnanuii SGI u ESI, paboraromux B obmactu co3-
JaHWS BUPTYaJIbHBIX IPOTOTHIIOB (pHC. 4.3).

OnHaxo B psijie ciIydaeB, IPH PELICHUHN CEPbE3HBIX 3a/1a4 MOKHO
oboliTrHCch 1 Ooee CKpOMHBIME (ITO CBOUM BBIYMCIIUTETHHBIM BO3MOXK-
HOCTSIM) cpencTBaMu. K HUM OTHOCATCS TIEpCOHANIbHBIE CYIIEPKOMITBIO-
TepBI, CepBephI U NpodecCHOHANbHBIE TpadUUYeCKUe CTAaHIIHH.
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Puc. 4.3. CemeiictBo cyrep-OBM na 6aze SGI 3000

Kommanus STSS — oreuecTBeHHBIN TPOU3BOAUTENH MTPodheccro-
HAJIBHBIX TPpaUUeCKNX CTaHIUI, CEPBEPOB U CHCTEM XpaHEHUs JaH-
HBIX — AaHOHCHPOBAJIa MEePCOHANBHBIN cynepkoMiibiotep STSS Flagman
RX240T8.3-006SF Ha 6a3e craHIapTHON CEPBEPHOI apXUTEKTYPhI
Intel ¢ npumenenunem aAByx 12-saepHbIx nponeccopoB Intel Xeon ce-
puu E5-2600 v2 (xomoBoe Ha3zBanue vy Bridge). JIpa mporeccopa mo-
3BOJIAIOT MOMYYUTh B CHCTEME CyMMapHO 24 BBIYMCIUTEIBHBIX sIpa
(48 moTokoB) U crocoOHBI 00eceunTh Oonee (10 50%) BBICOKYIO CKO-
pocTb paboThl pH 00paboTKE pa3IMYHBIX PECYpPCOEMKHX 3a/1ad 110
CpaBHEHHMIO C TpolleccopaMu npeaplyero nokonenus Intel Xeon ce-
puu E5-2600. MakcumanbHbIH TOAIEP)KUBAEMbI 00beM OllepaTHBHOM
namsTu yBenuueH 1o 768 ['b, uto ynoenerBopsier TpeOOBaHUSAM OOIb-
IMMHCTBA COBPEMCHHBIX HpI/IJ’IO)K@HI/IfI, HCIIOJIB3YIOIINX MapaJlJICIIbHBIC
BBIYMCIICHH .

[IpumeneHue B EPCOHANTBHOM CYNEPKOMITBIOTEPE YETHIPEX KOM-
mytaropoB PCI-Express mo3BoiniIo Nomy4ruTs BOCEMb IMOTHOLIEHHBIX
cnoroB PCI-Express x16 Generation 3 ¢ mpoIryckHOW CLIOCOOHOCTBIO B
16 I'b/c xaxapiii (B 000MX HampaBieHUsX). biaromaps 3Toi MOIIHOMN
APXUTEKType B IIEPCOHAIBHBINA CYNEPKOMIIBIOTED YCTAaHABIIMBAOTCS
cpasy BoceMb cymnepkoMnbioTepHbix Berunciauteneii  NVIDIA Tesla
cepuit K20, K10, C20xx 1160 Intel Xeon Phicepuii 7100, 5100, 3100.
ITo CpaBHCHUIO C CUCTEMAaMHU OT U3BECTHLIX MUPOBBIX HpOI/I3BO)II/ITeJ'IeI71
C aHAJIOTUYHBIMU TEXHUYCCKUMU XaAPAKTECPUCTUKAMU HepCOHaJ'H:HI;Iﬁ
cynepkommbiorep STSS Flagman RX240T8.3-006SF nemesne Oomnee
BJIBOEC.
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CynepkomnbiotepHbie  Beruucautenu NVIDIA® Tesla™ wunu
Intel® Xeon Phi, ocHOBaHHBIE HA apXUTEKTYpe MapaieNbHBIX BEIYUC-
JIeHWH, oO0ecleunBaloT MPOU3BOIUTENBHOCTh HA YPOBHE MOILIHOTO
MHOTOY3JIOBOT'O CEPBEPHOTO KJacTepa. YCTAHOBKA BOCBMHU CYIIEPKOM-
MBIOTEPHBIX BBIYUCIHUTEINEH MO3BOIISET MOMYYUTh B CHCTEME CYMMapHO
no 128 I'6 osicTpoit mamsatu GDDRS ¢ MakcuMaabHOM MPOITYCKHOM
CIIOCOOHOCTBIO KaX10T0 BerynciuTens B 3521°6/c. [lpumenenue B cuc-
TeMe BBICOKOTPOU3BOIUTENBHBIX TBEPAOTENbHBIX HakonuTene SSD
3HAUYNTEIBHO YCKOPSIET Oonepalii BBOAA-BBIBOAA IIPU pabote ¢ 60Ib-
IIMMH 00bEMaMH JTaHHBIX.

Bornee ckpoMHbIE BEIYUCTUTENBHBIE XaPAKTEPUCTUKN UMEIOT Cep-
Bepbl cemerictBa SGI Origin, cepep Sun Fire V880 (Sun Microsys-
tems), cemeiictBo cepBepoB IBM Netfinity.

CemetictBo cepepoB SGI Origin 3000 (puc. 4.4) COOTBETCTBYET
npuHIUIY MoayabHOoCcTH. biaronaps apxurekrype NUMA(flex crano-
BUTCS] BOBMO)KHBIM HE3aBHCUMO MaclITa0OMPOBAaTh OT/IENbHBIE TTOJICHC-
TEMBI cepBepa: MPOIECCOPHYIO0 EMKOCTb, BBOJ/BBIBOI, CHCTEMY XpaHe-
HUSL.

SGI Origin 300 (puc. 4.5) — npencTaBUTENb HOBOTO TIOKOJICHHUS
KOMITAKTHBIX MOIYABHBIX CHCTEM Ha OCHOBE apxuTekTypsl SGI
NUMA(flex.

Puc. 4.4 Puc. 4.5

Cepep Sun Fire V880 (Sun Microsystems) (puc. 4.6) siBisiercs
YIa4HBIM PEIICHUEM JUTsl pa0OThI YIIaJICHHBIX OTIEIOB, OAICPIKKA
OrPOMHOTI0 KOJIMYECTBA MPUIIOKEHUH, BKIItoYasi IHTEpHET, CUCTEMBI
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yIpaBiieHUs1 6a3aMu JaHHBIX, U MOJKET UCTIONb30BaThCA KaK JOTOTHH-
TeJIbHAS CUCTEMA B IIEHTpax 00paboTKu aHHBIX. Peann3oBaHHBIN Ha
HoBoii Texnomoruu UltraSPARC 111,
3TOT cepBep coderaeT B cedOe HaIex-
HOCTb, JJOCTYITHOCTb U yIOOCTBO B 00-
CITY’)KUBaHHU ¥ MOJIEP)KUBAET OT JABYX
JI0 BOCBMH TIPOLIECCOPOB, HHTETPHUPO-
BaHHYIO AMCKOBYIO Tmoacuctemy Fiber
Chennel u 10 32 I'0 0CHOBHOIT aMATH.
Sun Fire V880 GunapHO COBMECTUM CO
BCEI JIMHUEN HACTOJIBHBIX CUCTEM U CEp-
BEPOB KOMIIAHWM Sun, 4YTO TO3BOJSIET
WCTIONB30BaTh OONBIIOE YUCIIO YXKE Cy-
miecTByromMx — npunoxeHuil.  Cepsep
MOKET MOHTHUPOBATHCS B CTOMKY HJTH TIOCTABISITHCS B BHJIE OTACITBHOTO
Moxayisi. OcOOEHHOCTH CUCTEMBI:

[J  momuepKka OT ABYX J0 BOCbBMH 64-OMTHBIX IIPOIIECCOPOB HO-
Boro noxonenus UltraSPARC I11;

[] MakcuManabHas OCHOBHAs maMsTh 32 I'0;

[J  wHTerpupoBaHHas auckoBas mnoxacucrema Fiber Channel c
BO3MOXXHOCTBIO BHIOOpA aJIbTEPHATHBHOIO MapIIPYTa, MOJIEPKHUBAO-
mas 10 12 36,4 I'6 10000 RPM-auckoB, uTo obecrieunBaeT o0muii
o0bem 437 6 (Takke MOTYT MCIIONB30BaThCs aucku 72,8 '0);

[J  moanep:kuBaercst pexxuM "ropsiaeit 3ameHsl" pazbeMoB PCI,
JTIUCKOB, UCTOYHUKOB MTUTAHUS U BEHTHIIATOPOB OXJIAXKICHUS;

[l coBMECTHMOCTbH C IPUIIOKCHUSIMH, Pa0OTAIOIIMMH Ha CHCTe-
Max npensiaymiero nmokoneHus: UltraSPARC;

[J  HageXHOCTh, JOCTYMHOCTH U MPOCTOTa OOCITYKUBAHHS, pac-
mIUpeHHbIe PyHKIUN 0E30MaCHOCTH.

Erte oqauM ynadnbIM perieHueM sipisiercs cepsep Sun Fire 15K
(Sun Microsystems.), KOTOPBIH MOXKET HOAIEPKUBATH OTPOMHOE KOJIH-
YeCTBO MPUIIOKEHHH, BKITIOUAsi CHCTEMBI yIIPaBIIeHUs 0a3aMu TaHHBIX
Y UCIIOJIb30BaThCs KaK JIOMONHUTENIbHAS CUCTEMA B IIEHTpax 00pador-
k1 uHopmanmu. PeannzoBannbiii Ha HOoBOW TexHOMoruu UltraSPARC
111, sToT cepBep coueraer B cebe HAASKHOCTD, IOCTYITHOCT U YA00CT-
BO B 00CImyHMBaHWU. MOXKeET coziepath OT ABYX 10 BOCbMH 64-OUT-
HBIX nporieccopoB HoBoro nokoneHus: UltraSPARC 111 u 32 I'6 ocHOB-
HOM MaMSTH.

Puc. 4.6
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CemetictBo cepepoB IBM Netfinity umeer TUHEHKY, COCTOAIIIYIO
u3 IBM Netfinity 3000 IBM, Netfinity 3500 M20, IBM Netfinity 5100,
IBM Netfinity 7100 u cepun IBM eServer xSeries (puc. 4.7), cmocobHo
YCIEIIHO BBINOIHATH 3a1a4u (aiii-cepBepa u cepBepa 1edaTu, OpraHu-
3aI[MK COBMECTHOTO J0CTyMa B IHTEpHET, a TaKkKe MOBBILICHHS TIPOU3-
BOJUTEIBHOCTH IPYIIIOBOI PaOOTHI.

Puc. 4.7. Cepseps! IBM na Intel-utaropme

Cepgep IBM Netfinity 3000 umeer OBBIIICHHYIO HAJIS)KHOCTb,
namsTh ¢ koppekiuer ommook ECC, BO3MOXHOCTD AOTIONTHUTEIBHOTO
ncnonb3oBaHug axgantepoB ServeRAID, mnpenckazaTenbHbIM aHaIN3
c00eB JKECTKHUX JTUCKOB, OTCIIEKHBAHUE TEMIIEPATYpPHOIO pEeKUMaA U
KOHTPOJIb 3aIUIIEHHOCTHA CHCTEMBI.

IBM Netfinity 3500 M20 — aByXmipoIiecCopHbIii cepBep — OTInYa-
€TCS BRICOKMMHY BBIYMCIUTEIBHBIMU XapPAKTCPUCTUKAMU U JIOTIOHHU-
TEFHBIMU BO3MOKHOCTSIMH. XOPOLIO TOIXOANT AJIsl pabodeii rpymiisl
OOMNBIIOTO MPENNPUATHSL, TAe HEOOXOANM cepBep MPHIIOKEHHH Ha-
YalbHOTrO YpOBHS. Pa3nuuHble yTHIUTHI, O0JIeryaroniyue mporecc ycra-
HOBKH, Takue kak ServerGuide Simplify Installation, ymenbinator ma-
TepuabHbIC ¥ BpEMEHHBIE 3aTPaThl HA YCTAHOBKY CHCTEMBI. JIErKocTh
00CITY)KUBaHUS SIBIISIETCS PE3YJIBTATOM CO3/IaHUS XOPOIIO POAYMaH-
HOW KOHCTPYKIMH OTPacieBOro CTaHapTa, a maccu obecriedynBaeT
OecnpernsITCTBEHHBII JOCTYI K cucTeMe 0e3 MCIONb30BaHMsI HHCTPY-
MEHTOB.
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IBM Netfinity 5100 — gByxmpomeccopHblii cepsep BbicoToit SU ¢
BBICOKOH CTElEHbIO TOTOBHOCTH U BO3MOXXHOCTBIO BHYTPEHHEr0 pac-
mmpenust. [lonxomuT it 00cTy>KMBaHUS OTela UK paboduei TpyIbl;
JIETKO CHpaBIsieTcs ¢ 3afadaMd OOCHyKuBaHHsA (ailioB W medaTw,
oOecrieunBaeT 00CIyKHBaHUE HHTEPHET/MHTPAHET CeTeil, O0LINX MpH-
JIOKEHUH, TOJJEPIKKY MOAKII0YaEMOM YepE3 CETh NIMCKOBOM MaMATH U
KJIaCTepHU3alHuIo.

WnaTerpupoBaHHBbIi Ipolieccop yIalIeHHOro yrpasiieHus padoTaer
¢ I1O Netfinity Director, 4To mpemocTaBisieT BELICOKHI YPOBEHb JIO-
KaJIbHOW W TUCTaHIMOHHOHN YIPaBIIEMOCTH JaKe B BBIKIIOYEHHOM
coctostHAd. J{71s1 oGecriedeHys BRICOKOM HaJeKHOCTH U YIPOILICHUS
TexHu4eckoro obcnyxuBanusd, cepsep IBM Netfinity 5100 monmepxu-
BaeT npejckasyemblii ananu3s cooer (Predictive Failure Analysis), cuc-
temy nuarnoctuku Light-Path Diagnostics, a Takxke pe3epBHBIE KOM-
MOHEHTHI C BO3MOYKHOCTBIO WX TOpsTYeii 3aMEHBI.

Cucrema Jierko nojlaeTcsi MoiepHHU3aluy, mojaepxxusaet 10 4 I'b
ECC SDRAM naMsTu 1 JOMOIHUTENBHOE BHYTPEHHEE YCTPOUCTBO
uupoBoi TMHEHHOH 3anrch Ha MarHuTHO# JienTe (DLT). BuyTpenuss
JIMCKOBAs TIOJICKCTEMa HAYMHAETCA C MIECTH TOHKUX OTCEKOB (C Mpo-
CTPaHCTBOM I pa3MerieHus JanHbix 1o 218,4 I'B).

Jpyrast kaTeropusi ycTpoicTB — pabo4ne CTaHINH, TpeTHa3HaYeH-
HBIC KaK JUII aBTOHOMHOW PaOOTHI HaJl TPOEKTOM, TaK M JJisl paboThl B
cocrase rpynmnsl. Hanbonee xapakTepHbIMA PabOunM CTAHIUSIMU SIB-
nsitotest paspadorku SGI, HP, SUN.

Pabouas cranmus Silicon Graphics 750 (puc. 4.8) — nepBoe npen-
noxenne SGI Ha ocHOBe nponieccopa Intel Itanium u nepBoro mokose-
HUsi 64-paspsaHoii apxutektypsl Intel. TlonTBepkmas mumupyroliee
nonokeane SGI Ha polHKE TeXHMYECKHX BBIYHMCIEHHH, Silicon
Graphics 750 obecrieurBaeT BEICOKYO MPOU3BOAUTEIBHOCTh Ha Orepa-
LMSX C IUIaBalolIel 3ansaTor. B kauecTBe onepauOHHON CUCTEMBI UC-
noJb3yercs: 64-paspsiiHas Bepcus LinuX, B KOMIUIEKT TOCTaBKH BXOIUT
oubmmoreka SGI Scientific Computing SoftwareLibrary, ontumusupo-
BauHas I Intel Itanium.

I'padmueckas cranmsa Silicon Graphics Fuel (puc. 4.9) ycranas-
JIMBAET HOBBIH YPOBEHb MPOU3BOIUTEIBHOCTH U IOCTYITHOCTH JUISI Ha-
cronbHbIX UNIX-cranuuii. B ocHOBE HOBOW CTaHLIMM BBICOKOIIPOU3BO-
muTenbHas apxutekTypa cemericrBa SGI 3000, mporeccopst MIPS
R14000A u rpaduka VPro V10/V12. Taxxke nocrynHa onuust Dual
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Channel Display jyist moaKIFO4eH sl IByX MOHUTOPOB U HCIIONIb30BAHUS
1o 8OMbB TekctypHOIl maMaTy.

I'paduueckas crannus Silicon Graphics O2+ (puc. 4.10) conep-
KHUT UHTETPUPOBAHHYIO TPapUUECKyIO CUCTEMY, a TAKXKE BCTPOCHHBIE
cpencTBa it paboThI ¢ BUICO M M300PaXKESHUSIMHU, OCTABAsCh OJIHOM 13
cambIx gocTynHbIXx UNIX-crannuii. Cuctema nmoctpoeHa Ha apXuTeK-
Type ¢ O0LIMM JOCTYIOM K eauHoMy nomto namsati (UMA), BriepBbie
BorionieHHo# B cranimu Silicon Graphics O2. [Ipemmnaraercs kak B
HaCTOJILHOM BapHaHTe, TaK U JUI yCTaHOBKU B 19"-cToOliKy.

Puc. 4.8 Puc. 4.9 Puc. 4.10

ITpuBeneHHBIC BBINIE BBICOKOTPOM3BOAUTEIBHBIC BBIUHCIUTEb-
HBIE CPEICTBA ABJISIOTCS BEChbMa TOPOTOCTOSAIIMMHI YCTPOUCTBAMH 1
MOT'YT OBITH PEKOMEHI0OBAHBI JUTSI KPYITHBIX OpPTraHU3aIliil U IpeanpH-
saTui. B TO jxe BpeMs 4acTo B KauecTBE CpeicTB 00padboTku uHpOpMa-
U MOTYT C YCIIEXOM HCIIOb30BATHCS HACTOIBHBIE MPpadUUecKie pa-
Oouue CTaHIMU U JIaXxe NepcoHalibHbie OBM, Kak B CETEBOM BKIIFOUEC-
HUH, TAK ¥ aBTOHOMHO.

4.3. CpeacTtBa Benenusi 6a3bl JaHHBIX H apXUBa

[IpoekTHbIE pa3pabOTKH HEMOCPEACTBEHHO CBSI3aHBI C BEICHUEM
0a3bl TaHHBIX pa3paOOTaHHBIX U pa3padaTbIBaeMbIX U3ACIUH, a TAaKKe
ux (pparmeHToB, ¢ HHPoOpManKeil 0 MPHHUMAEMBIX KOHCTPYKTOPCKHX
PELIEHHUSX, a TAKXKE COMPOBOKICHUE U3IENNH, HAXOAAINXCS B IKC-
TUTyaTalluu, U Benenne apxuba. OObeMbl TakoH HH()OPMALIMU OTPOMHBI,
W 715l UX XpaHEeHUs TpeOyIoTCs CrieluanbHbIe CPEeCTBa.
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ApXHUTEKTypa CHCTEM pE3epPBHOTO KOIMUPOBAHHUS TMpearonaract
HaJM4ue KOMITbIoTepa, Ha KoTophlii 1o JIBC xonupyroTcs AaHHbIE €
OCTaJBHBIX CEPBEPOB U, BO3MOXKHO, cepBepa npeanpustus. C pocTom
o0beMa JaHHBIX, TOAJISKAIINX PE3CPBHOMY KOMMPOBAHHIO, ITOT CITO-
co0 TepsieT cBOO 3P (EKTUBHOCTD, MMOCKOJIBKY CHIIBHO 3arpyKaer CeTb
Y BBIUMCIIHTENbHBIE pecypchl cepBepoB. Kpome Toro, mporyckHO#M cro-
cobonoctu JIBC u SCSI-unTepdeiica nepecraer xBararth Jijis POBEIC-
HHUsI PE3EPBHOI0 KonuposaHus. [IpruMeHeHne ceTeBbIX TEXHOIOTHM 110-
3BOJISIET PEIIUTH TY POOIEMY.

B HaCTOAIICC BPEM MOKHO BBIJICIIMTL TPU OCHOBHBIX HAIlpaBJIc-
HUA TPUMCEHCHUA cereit XpaHCHHUA JaHHBIX.

1. Ucnionb30oBaHue BHEMIHUX JHUCKOBBIX CUCTEM, IIOJKIIOYCHHBIX K
cepBepam, TJie KaxIblid cepBep 00CITyKUBaeT CBOHM pazzen (IIapTULIHIO)
JaHHbIX, a COBMECTHBIN J0CTYIl K JaHHBIM C HECKOJIbKHMX CEPBEPOB OT-
CYTCTBYET. DTOT BapHAHT SBJIIETCSA CAMBIM ITPOCTHIM. EMMHCTBEHHBIM
€ro 10CTOMHCTBOM (HO CpaBHCHUIO C BHYTPEHHHUMU JUCKOBBIMU CHUC-
TeMaMH) SIBJISICTCS MacIITaduPyeMOCTb.

2. KnacrepHble pelieHus, TIe HECKOIBKO CEpBEpOB, 00bEANHEH-
HBIX B KJIACTC€pP, COBMECTHO HCHOIB3YIOT JAaHHBLIC, XpaHANIUECAd Ha
BHEIIIHHUX JINCKOBBIX MaccuBaX. Takol MOAX0J 00SCIIEYUBAET BRICOKYIO
OTKa30yCTOHYNBOCTh MH(POPMAIIMOHHOW CHCTEMBI M TIOBBIIIACT MPOU3-
BOJUTEILHOCTh IyTeM 0aJaHCUPOBKH HArPy3KU MEXAY y3J1aMH Kia-
crepa.

3. COBMECTHBIH JIOCTYIT CEPBEPOB M pabOUMX CTAHIUH K paszie-
JISIeMOMY BHEIIHEMY JIMCKOBOMY MacCHBY C UCIIONb30BaHUEM CIIelra-
m3uposanHoro [10. [Ipumenenue 3Toro noaxona Handosee Meperek-
THUBHO NIPU MPOEKTUPOBAHUH CUCTEM, T7e Tpedyercs nepeaada 60ib-
mux 06beMOB WH(GOPMALIMH HEOCPEACTBEHHO JI0 pabouero Mecra.

OCHOBHBIMU COCTAaBJIAOIIIMMHU ceTen XpaHCHHUA JaHHBIX ABJIAIOTCA
BHCHIHME XpaHWJIMIIA JaHHBIX, KOTOPbIC MOXXHO pa3ACIuTh HAa OUCKO-
BBIC MAaCCUBBI U JICHTOUHbIE OMOIHOTEKH, KaOeIT, KOMMYHHKAI[THOHHOE
000pyIOBaHKE U UX aJallTePHI, a TAKKE UCIONB30BaAHNE «OOTaYHBIX)
TEXHOJIOTUH.

[IpumepoM ceTeBBIX CTPYKTYp MOXET SBISATbca Storage Area
Network (SAN) — BbIIeNICHHAS CETh, IPEIHA3HAUYCHHAS JUIS BBICOKO-
CKOPOCTHOI'O COETUHEHUS CEPBEPOB C YCTPOUCTBAMHU XpaHEHHS JaH-
HBIX, HAITPUMEP JUCKOBBIMU MAaCCHUBaMH, JICHTOYHBIMU U ONITUYCCKUMHU
OubmMorekaMu. JTa TEXHOJIOT U IO3BOJISIET CEPBEPY MOTYUYHUTh TOCTYII
K JJF000MY HaKOMHTEIIO, HE 3arpysKasi IPH 3TOM HU JIPYTUE CEPBEPEI,
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HU JIOKAJIBHYIO BEIUMCIUTENBHYIO ceTh. KpoMme Toro, Bo3MoxkeH 0OMeH
JaHHBIMH MEXK]Ty HAaKOMUTEISIMU Oe3 ydacTus cepBepoB. brnaronaps
BBICOKOM MTPOM3BOAUTENFHOCTH U HAJISKHOCTH, 00ECIIEUNBACTCS BO3-
MOXHOCTb TIOAKJTIIOUEHHS K KJlacTepaM, CO3JaHHe MPUIIOKEHUH 3a1iiy-
Thl JAHHBIX, 4 TaKXKe [EHTPAIM30BAHHOIO YIPABICHHUS CHCTEMaMH
XpaHEeHUs TaHHBIX.

Ectp nBa BapuanTa peanuzanuu: 6e3 3arpysku JIBC (LAN-free
backup) u 06e3 cepmepa (server-less backup). B mepBom Bapuante
BKITIOUEHHE CEPBEPOB U HAKOMUTENEH (IMCKOBBIEC, IEHTOUHBIC K MATHU-
TO-ONTHYECKHE HAKOMUTENH U Jp.) B SAN MO3BONISIET MOBBICUTH CKO-
POCTh pPE3epBHOIO KOMMMPOBAHHUS U TTOTHOCTHIO pa3rpy3uTh JIBC or
Tpaduka pe3epBHOro Konuposanus. Ho mpu 3ToM coxpaHsiercst Ha-
Tpy3Ka Ha CepBEpHI, MOCKONBKY KOMMMPOBaHHUE JAHHBIX C TUCKOBOM
MOACUCTEMBI CEPBEPOB HA HAKOMUTENH OCYIIECTBIISIETCS MOCPEACTBOM
cepBepoB. Peanmzanus Bapuanra server-less backup tpeOyer creru-
AJBHBIX almapaTHO-MPOrpaMMHBIX pemieHni. Takue penieHus odbecme-
YHBAIOT MPOBEICHHE KOMMPOBAHUS TAHHBIX MEXK]y JUCKOBOW CHCTe-
MO XpaHEHUS JaHHBIX M JICHTOYHON OMOJIMOTEKON Hanpsimyto, 0e3
ydacTusi cepBepoB. TpaauIMOHHO HAKOMUTETH HEMOCPEACTBEHHO MO~
KITFOYAIOTCS K cepBepy Mo BHyTpeHHeH win BHemHeld SCSI-mune. 910
CO37IaeT ONpeneNeHHbIEe TPYJHOCTH MIPH PACIIMPEHNH JUCKOBOW CHCTe-
MBI, HE TIO3BOJISIET IEHTPAM30BaHHO YIPABIISITh BCEMH HAKOMUTESIMH
npeanpuaTus u 3QpQPEeKTUBHO MepepacnpenessTh CBOOOAHBIE PeCypChI
MEKAY pa3IHyHBIMEU CEPBEPAMHU U TIPUIIOKEHUSMH.

[lpuMeHeHne TaKoro MoOAXOAa TMO3BOJNSIET paccMaTpuBaTh Bce
MaccHBbI HH(POPMALH PEIIPUATHS KaK SUHBIN yIpaBisieMblid pe-
CYpC, KOTOPBIIl MOXKHO TIepepacipeesaTh MKy pa3IMuyHbIMUI CepBe-
pamu U NpUIIOKEHUAMH, obecrieunBast 3P PeKTHBHOE Hapal[BaHUE U
MaciTabupoBaHHE CUCTEMBI XpaHEHHsI TAHHBIX MPEATIPUATHS U TEM
CaMbIM IOBBIIIAs HAJIGKHOCTh CEPBEPHBIX cHCTeM. Tak, HanpuMmep, Mpu
OTKa3e MPHUIIoKEHHsI Ha cepBepe | OHO MOXKET OBITH Mepe3anyIieHo Ha
cepBepe 2 ¥ MOIYYUT JOCTYII K TeM Ke JaHHBIM. Eci jke oTkaxeT
cepsep 1, To BCe ero pyHKIIMU MOXET B34Th cepBep 2. Pazymeercs, To,
KaK MPUIOKEeHUs OyIyT 3aIycKaThCsl Ha cepBepe 2, 3aBUCHT Kak OT ca-
MUX MPUJIOKEHU, TaK U OT OIEPAIMOHHOM cucTeMbl. Hanbonee emku-
MU 110 XpaHUMOU HH(POPMAIINHU SBIAIOTCS TUCKOBBIE MaccuBhl (RAID-
MacCHUBBI) M YyHUBEpCalbHbIe OHONMOTEKH XpaHEeHUs WH(QOpPMaIUH
(puc. 4.11).
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Puc. 4.11. TuckoBeie MaccuBbl: a— Power Vault 660F, 6— Power Vault 224F,
6— Power Vault 35F, o— Power Vault 51F/56F

Eme omHuM 13 cpencTB xpaHeHUs HHPOPMAIIKH SBISETCS MarHu-
ToonTuka. Maruutoontudeckue ycrpoiicrea HP SureStore u Plasmon
(puc. 4.12) sBNAIOTCS YOAYHBIM pPELICHWEM JUISI WHTETPHUPOBAHHOTO
yhpaBlieHHs JOKyMEHTaMH B 0€30IMacHOr0 XpaHeHHs TUTaHTCKUX 00b-
€MOB JIaHHBIX, BKJIIOYast paboTy ¢ M300pasKEHUSIMHU, BHIBOJ JAHHBIX
KOMITbIOTEpa Ha JiazepHbiii auck (COLD) u nepapxuieckoe yrpasie-
Hue xpanenuem (HSM), a Taxoke pesepBHOE KomupoBaHHE HHPOpMa-
LUH.

Puc. 4.12. Marauroorntnueckue oubmorekn: a— HP SureStore, 6— Plasmon

121



OnHUMU U3 TIOCIEIHUX Pa3pabOTOK B 3TON OOJIACTH SIBJISTIOTCS
oubmmorexu Ha 6aze CD u DVD nuckor (puc. 4.13), Hanipumep CKopo-
CTHbIE OMOJMOTEKH KOMIAKT-AMCKOB aHIWicKoW ¢upmbl Plasmon,
ocHameHHbie DVD-RAM (0T ABYX /10 IIECTH MPUBOJIOB), PACCUUTAH-
Hbie Ha 120-480 Hocureneit DVD-RAM, oubnuoreku NSM (NSM Ju-
kebox GmbH), ornuuatommecss BBICOKOW HAAEKHOCTHIO XPaHEHHS
JaHHBIX (0eCKOHTaKTHOE MepeMelieHne TUCKOB "no touch") u mpous-
BOJUTEIBHOCTBIO B OTBETCTBEHHBIX CETEBBIX MPUIIOKEHHSX (TEXHOIO-
rust TurboTDD ckopocraoti nanimanusanuu CD/DVD).

a) 0)

Puc. 4.13. bubnuoteku Ha 6a3e CD- u DVD- muckoB: a— ¢pupmer Plasmon,
6— Gupmbl NSM Jukebox

B 3aBucuMocTH OT 3a/1a4 ¥ UCIIOJIb3YEMOM OINEpallMOHHOW CHC-
TeMbl OMOIMOTEKH MOTYT KOMILIEKTOBATHCS Pa3InYHBIMU nporpam-
MHBIMU CUCTEMaMH YIIPABICHUS: CEpBEPaAMU KOJUIEKTUBHOTO JTOCTYIIA,
[1O TupaxupoBaHus U perIMKalllU AUCKOB, CUCTEMaMH 3allCH HOCH-
Teneu.

4.4. CpeactBa Busyaauszanumn rpagpudeckoii HHpopManumn

B Hacrosiiee Bpemst ycTpoicTBa 0TOOpakeHHs! (BU3yaIH3aIliH )
SIBJISIIOTCS. HEOOXOIMMBIMU MTPAKTHUYESCKH JUISL JIFOOBIX BBIYMCIUTEIBHBIX
KOMIUTEKCOB. VICTOpUYECKH CIOKHUIIACH TaK, YTO OCHOBHBIM 3JIEMEHTOM
yCTpOICTBA OTOOpaKEHUsI SIBISUIACH DIIEKTPOHHO-JIyueBasi TpyOka
(OJIT).

B 1950 . B KeMOpumxckoM yHUBEpcHTETE (AHIIIHNS) SIEKTPOHHO-
JydeBas TpyOka ociuuiorpada BriepBbie ObLIa UCIOIB30BaHA JIJIS BbI-
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Bofa rpaguueckoit napopmarun Ha komnbiorepe EDSAC (Electronic
Delay Storage Automatic Computer). [IpumepHO nontopa roja crycrts
aHrmuiickuii yueHnslii Kpuctodep Crperyn Hanmcas Juisi KOMIBIOTEpa
«Mapk 1» mporpammy, UTpaBILyIO B MIAMIKA U BEIBOAUBIIYIO HH(DOP-
Manuio Ha 9kpaH. OJJHaKo 3TO OBUIM JIMIIb OTJENbHBIC TPUMEPEI, HE
HOCHBIIIHE CEPHE3HOT0 CUCTEMHOT0 XapakTepa.

[lepBBIii KPYMHBIHA IPOEKT, B KOTOPOM 3JIEKTPOHHO-Ty4eBas Tpyo-
Ka MCIOIb30BANACh sl 0TOOpaXkeHHsI rpaduecKoil nHpOopMaIuH, ObLT
peann30BaH B paMKax IIPOrpaMMBbI C HCIIOIb30BAaHHEM KOMIIbIOTEpa AJIs
0TOOpaKeHHsI TTOIOKEHUsT camonera-nenu. [lepBas teMmoHCTpanust 3Ton
nporpaMmel cocrosiack 20 ampenst 1951 r. Paguonokatop kommneioTe-
Py mochL1an HHGOPMALIMIO O TTOJIOKEHHH caMolieTa, KoTopasi 0Toopa-
JKaJiach Ha dKpaHe B BUJIE IBUXKYIIeHcs Touku u OykBbl T (Target).

OueHpb 4acTo yCTPOKCTBO 0TOOpakeHUs] HH(OPMAaLIUN HAa3bIBAIOT
JUCIUIEEM, MOHUTOPOM, BUJIEOTEPMHUHAIOM. J[HCILIEH — yCTPOICTBO
BH3yaJHM3alli TEKCTOBOM MM rpaduuecKkoil nHpopMaimu 6e3 ee J0I-
roBpeMeHHOW ¢ukcanuu. OTCYTCTBHE NONTOBPEMEHHOW  (puKcanuu
WHGPOPMAIK 03HAYAET €€ NCUS3HOBEHHE MTPH BHIKIIOUCHHN TTHTAHHS
WJIH TIPU BBIBOZIE HOBOH MH(OpManyuu. MOHUTOP MPUMEHSIETCS IS
KOHTPOJISI Kakoro-i0o mporiecca U ynpasieHus cucteMoil. KoHeTpyk-
THUBHO MPENCTABISICT COO0H JIMOO COBOKYITHOCTh JUCIUICS U KIaBHATy-
pbl, U060 mpocTo auciiel. TepMUHAaIOM ke Ha3bIBaeTCsl OOBIYHO yia-
JICHHOE YCTPOMCTBO BBOJIA-BBHIBOAA JTAaHHBIX MJISI B3aWMOACHCTBUS
MOJIb30BaTENS ¢ CUCTEMOM. [10CKONIBKY, OUueHb 4acTo (DYHKIIMU BBOJIA-
BBIBO/IA IAHHBIX, YIPABICHHUS U KOHTPOJIS COBMEILCHBI B OHHUX U TEX
e YCTPOKMCTBaX, TO TEPMHHBI «TUCILIEH», «TEPMHUHAID, «MOHUTOP
MOKHO CUUTATh CHHOHHMaMH.

Mo ¢puznveckum npuHIKUTIAM HOPMHPOBAHUS N300paKEHHSI MOXK-
HO BBIACNUTH IUIOCKHE IaHeNd W JAWCIUIeM Ha 0a3e dIIeKTPOHHO-
JMy4eBbIX TPyOOK. B HacTosmee Bpems mutockue 3xpanbl LCD, ucmnonb-
3yromnue xuakue kpuctaiuibl (KK) BBITECHSIOT TUCTIIIEH, UCTIONB3YIO-
K€ DIICKTPOHHO-IY4EBbIC TPYOKH.

[epBBI€ )KUIKOKPUCTAIUTMYECKHE MaTepUaIIbl ObUIN OTKPHITHI 60~
nee 100 et Hazax aBcTpuiickuM yueHbsM @. Penutuepom. Co Bpeme-
HeM 00HapYKHUIIOCh OOJIBILIOE YHCIIO MAaTEPHUaJIOB, KOTOPBIE MOXKHO HC-
MOB30BaTh B KAYECTBE KUAKOKPUCTATITUISCKUX MOAYISTOPOB, OAHAKO
MPAaKTUYECKOE OCBOCHUE TEXHOIOTUU Ha4ajOCh CPABHUTEIBHO HEAAB-
HO. Cxema paborel LCD-aniemenTa nokasana Ha puc. 4.14 (Ha jeBoit
4acTH — cocTosiHue, Tpu koTopoM LCD-3meMeHT nporryckaer CBeT, Ha
MPaBoii — KOTJIa CBET HE MPOXOJINT).
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~ oaspusarop

Puc. 4.14

Texuonorust LCD-nuciieeB 0CHOBaHa Ha YHUKAJIbHBIX CBOMCTBAaX
KHUJIKAX KPHCTAJJIOB, KOTOPBIE OMHOBPEMEHHO 00IaaroT onpeeieH-
HBIMH CBOMCTBaMH KaK )KUJKOCTH (HalpuMep, TeKy4eCThI0), TaK 1
TBEPABIX KPUCTAIIIOB (B YacTHOCTH, aHM30Tponueit). B LCD-nanensx
HCIIONB3YIOT TaK HA3bIBAEMbIE HEMATHUECKUE KPUCTAILIbI, MOJIEKYJIbI
KOTOPBIX UMEIOT (popMy IPOAOITOBATHIX MJIACTUH, 00bEINHEHHBIX B
CKpydeHHbIe criupaiu. LCD-35eMeHT, MOMUMO KpUCTAJIJIOB, BKIIIOYAET
B ce0s mpo3pavHble IEKTPOALI U NoNsipu3atopsl. [Ipy npunoxeHnn
HAIPSDKEHMS K 3JIEKTPOJaM CIUpPAIU pacnpsaMisitores. Mcrons3ys Ha
BXOJI€ U BBIXOJIC TIONSAPH3ATOPBI, MOXKHO MCIIOIb30BaTh TaKoi 3P QeKT
PacCKpy4YUBaHMs CIIMPAJIU, KaK NIEKTPUUYECKU YIIPABIISIEMbII BEHTHIIb,
KOTOPBIN TO IIPOITYCKAET, TO HE IPOIYCKAET CBET.

Okpan LCD-aucnest coctout u3 Marpuilsl LCD-anementos. Jis
TOTO YTOOBI MOTYYHTh N300paKEHHE, HY)KHO a/IpecoBaTh OTAEIbHBIE
LCD-anementsl. Pa3nuuatoT 1Ba OCHOBHBIX METOA aJpeCcalluy U, CO-
OTBETCTBEHHO, JBa BUJa MATPUL: IIACCUBHYIO U aKTUBHYIO. B nmaccus-
HOW MaTpHlle TOYKa HU300paKeHHsI aKTUBUPYETCS MoAa4eii HanpsyKeHUs
Ha MPOBOJHUKH-3JIEKTPO/IBI CTPOKH U ctonbna. [Tpu aTom snexrpude-
CKO€ I10JI€ BO3HUKAET HE TOIBKO B TOUKE IIEPECEUEHHUS aIPECHBIX IIPO-
BOJIHMKOB, HO M HA BCEM IIyTH PaclpOCTPAHEHUs TOKA, YTO IPEMSITCT-
BYET JOCTH>KEHUIO BBICOKOTO KOHTpacTa. B akTHBHOM MaTpHIlE Kax 01

124



TOYKOW M300paKeHHsl YIpaBIISIeT CBOW AIIEKTPOHHBIN MepeKIodaTeb,
4T0 00eCIeurnBaeT BEICOKHI ypOBEHb KOHTPAacTHOCTH. OOBIYHO aKTHB-
HbIE MAaTPHUIBl PEATH30BaHbI HA OCHOBE TOHKOIUIEHOYHBIX TOJIEBBIX
tpan3uctopoB (Thin Film Transistor, TFT). TFT-3kpanbl, nHa4e Ha3bI-
BaeMble SKpaHAMH C aKTUBHOW MaTpHIIeH, 00Ja1al0T CaMBIM BBICOKUM
CpeIy TI0CKOMaHEeIbHBIX YCTPOWCTB pa3pelieHueM, IUPOKO UCIONb-
3yIOTCSl B JPYTUX ycTpoiicTBax. CxXeMaTWyHoO CTPYKTypa MOHHTOpA
TFT LCD npexncrasnena Ha puc. 4.15.

®

®
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- ':E;l
Puc. 4.15. Crpykrypa TFT LCD-MonuTOpa: [/— monspusanu-
OHHBIHN (YUIIBTD, PETYITUPYIONIHUIA CBET, 2— CTEKJISIHHAS ITPO-
CIIoiiKa C dNEKTpoaMu; 3— IMPO3padHbIe IEKTPONBI; 4— BEI-
PaBHUBAIOIIHNH CIIOH, KOTOPBIN perynmmpyet Tpedyemoe pac-
TIOJIO)KEHUE JKUIKOTO KpHUCTa/UIA; 5 — JKUAKUH KPHCTaIT,
6— pacriopka, KOTopasi MOICPIKUBACT TIOCTOSHHBIH TIpoMe-
KYTOK MEXIy CTCKISHHBIMH IUIACTHHAMH; / — LIBETOBOH
(GuIIBTp, KOTOPKIH (opMuUpyeT Bee 1BeTa Ha 6aze RGB-¢hubt-
POB; 8— BHyTpEHHEE OCBEIICHUE

B axtuBHoi1 Mmatpuiie LCD-aucmies nepexirouaronuii TOHKOTLIIE-
HOYHBI TpaH3UCTOp U [uof (puc. 4.16) obecreunBaroT BKIIOYCHUE U
OTKJIIOUEHHE CBSA3aHHOTO C HUMH 3JIeMEHTa IBeTa. Dnekrpoasl  Xu Y
CBSI3aHBI C TOH k€ MMaHeblo, Ha KOTOPOH pacIoioKeHbl TPaH3UCTOPEI
TFT. Onextpon XobecriednBaeT CUTHAJ BKIIOYEHHS, @  Y— CHTHAI
L[BETA.
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Puc. 4.16

LCD-aucrieli He u3inydaer, a padoTaeT Kak ONTHYESCKHI 3aTBOP.
[TosToMy A1t BOCTIpOM3BEAECHUS H300paskeHUsI eMy TPeOyeTcsl HCTO4-
HUK CBETa, KOTOPHIN pacnonaraercs no3aau LCD-nanenu.

Baxneitmue xapaxrepructuku LCD-nucriees:

[ paspeuieHHE — TOPU30HTAIBHBIN U BEPTUKAIIBHBIN Pa3Mephl,
BBIpa)KEHHBIE B NUKcensx. B ormmuune ot QJIT-monutopos LCD umeror
0IHO (PMKCHPOBAHHOE pa3pelIeHe, OCTAIBHbIEC JOCTUTAIOTCS UHTEP-
nonAnuei. Yem Belle pa3pelieHne, TeM 4€Tue U MiaBHee N300paxe-
Hue. OnTUMATIBHBIM JUTSI MOHUTOPA JUATOHANIBIO 22 MI0MMa SIBISIETCS
paspemenne 1680x1050, nns auaronanu 23-24 groiima 1920%1200, a
s 27 mroiimoB 2560-1440;

0 pa3Mep TOUKH (pa3mep MUKCENs) — PACCTOSHUE MEXTY LIEH-
TpaMu COCeIHMX MHKcenell. HemocpeacTBeHHO cBsi3aH ¢ (pU3HYECKUM
paspelieHueM;

[0 COOTHOIIEHHE CTOPOH dKpaHa (IPONOPLHUOHATBHBINA popMaT) —
OTHOIIEHHE MUPHHBI K BbicoTe (4:3, 16:9, 16:10 u ap.) Popmar 16:10
HauOoJee MpakTU4eH i npodeccruoHanoB. OH IOCTATOYHO MIUPOK
IUIsl paboThI ¢ TEKCTOM, KOZIoM, moctpoeHust 3D/2D-rpaduku B He-
CKOJIBKMX OKHAX;

0 BuIMMas IMaroHalb — pa3Mep caMoi MaHenu, U3MEPEHHBIN Mo
nuaroHany. [Inomane AucmiieeB 3aBUCUT Takxke OT opMara: MOHHTOP
¢ popmarom 4:3 umeet O0MIBIIYIO TUIOMIAIE, YeM ¢ popmaToM 16:9 npu
OIMHAKOBOM JHaroHallu;

[l KOHTPacCTHOCTb — OTHOILEHUE IPKOCTEH caMO CBETIION U ca-
MOH TEMHOM TOYEK IIPU 3aJaHHOU SIPKOCTH IOACBETKU. B HEKOTOPBIX
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MOHHUTOpAaX UCTONb3yeTCs aallTHBHBIN YPOBEHb MOJCBETKU C UCIONb-
30BaHMEM JIOTIOHUTENBHBIX JIaMII, TPUBEAEHHAS I HUX HU(Pa KOH-
TPacTHOCTH (TaK Ha3bIBaeMas TUHAMHUYECKas) HE OTHOCUTCS K CTaTHYe-
CKOMY HM300paKeHn10. BpIcOkasi KOHTPaCcTHOCTh HY)KHA JUIsl TOTO, YTO-
OBl NMydIe 0ToOpakaTh YEPHBIN IIBET, OTTEHKH U MOIyTOHA. JTO BAYKHO
pH padoTe C MOHUTOPOM B CBETIOE BpeMs CYTOK, TaK KaK HU3Kasl KOH-
TPacTHOCTh MaryOHO CKa3bIBaeTcsl Ha M300paKeHWH MPH HAIMYWH Ka-
KOTO-1100 MCTOYHHKA CBETa IOMHMO MOHUTOpA (XOTS 371€Ch Oomblie
BIIHMSET APKOCTH). XOPOIINM MOKa3aTeNeM SIBISIETCS cTaTHuecKas KOH-
TpactHOCTh — 1000:1 1 BoIIe. Beruncnsercs oTHONIEHHEM MaKCUMallb-
HOU sipKOCTH (OENbIi BET) K MUHUMAIIbHOHN (YEPHBII LIBET);

[J  spKOCTh — KOIMUECTBO CBETA, H3IyyaeMoe auciuieeM. OObIYHO
u3MepsieTcs B KaHJenax Ha KBaJpaTHeld MeTp. He caMblil BaxHbIN na-
pameTp MOHUTOpA. XOPOIIMM MOKa3aTeJIeM SIPKOCTH SIBIISIETCS 3HAUe-
aue 300 kym’;

[0 Bpems OTKIIMKa — MHHUMAaIIbHOE BpeMs, He0OX0ANMOe MUKCe-
JIIO 7711 U3BMEHEeHus cBoer ApkocTH. CocTaBisieTcs U3 JByX BENUYHUH:
BpeMeHU Oydepu3aiuy 1 BpeMEHU MePeKITIOUCHUS;

0 yrom 00630pa — yroi, Ipu KOTOPOM MajJieHhue KOHTpacTa JOCTH-
raet 3aJaHHoro. J{J1st pa3HbIX THIIOB MaTPHII U Pa3HBIMH [IPOU3BOANTE-
JISIMH BBIYUCIISIETCS TIO-Pa3HOMY M YacTO HE TIOAIEKHUT CPaBHEHHIO;

0 TUN Marpulbl, T.€. TEXHOJIOTHS, IO KOTOPOH M3rOTOBJICH
LCD-aucmnett.

Otmeuas ocobennoctn LCD-aucmuiees, 1enecoodpa3Ho MmoauepK-
HYTb WX JIOCTOMHCTBA 0 CPaBHEHUIO ¢ auciuiesmu Ha 6aze DJIT (CRT-
auciuien). LCD-aucrien 3aHMMaloT MpUMEpPHO B TPH pa3a MEHbIIE
MecTa u BecsT Ha 75% wmenbie. B otmnune or CRT-MoHMTOpOB HE Te-
HEPUPYIOT 3JIEKTPOMAarHUTHBIE MO, MOTPEONSIOT puMepHO Ha 60%
MEHBIIE AIIEKTPOIHEPTHH U BBIACIAIOT MEHBIIIee Teria. Bricokas uer-
KOCTh M300pakeHHsI TO3BOJISIET PadoTaTh ¢ Ooliee BRICOKUM pa3perie-
HueMm. LCD-aucIuien IMEIoT MEHBIIYIO CKIIOHHOCTh K TaKoMy Je(eKTy
n300paKeHusl, Kak MOsBICHUE Myapa.

Crnenyet ormetuth u Henoctatku LCD-monuTopoB. OHM ONTUMU-
3MPOBAHBI JIJIs pa0OTHI TOJIBKO C OJIHUM pa3penieHueM. Eciu B padore
TpeOyeTcst IepeHacTpoiika MOHUTOPA Ha pa3MyHbIC Pa3pelIeHHs, YTO
aktyanmbHo B CAD/CAM/CAE-npunoxenusix, tTo LCD-aucreii ne
MOXKET CUATAThCS ONTHUMAaIBHBIM perieHrneM. LCD-nanenn umeror or-
paHMYeHHBIN yroa 0630pa, MeHee PUTOIHBI TS IIepeladd yacTo Me-
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HSIIOMINXCSl M300paskeHnH (HEeNMpephIBHOTO BUACON300paskeHus1), O0Ib-
I CKJIOHHBI K JJPOKaHUIO.

Onpenenstomue xapakrepucTuku LCD MOHUTOPOB CBSI3aHBI € Xa-
paKTepUCTHKaMH TJIABHOTO €ro dJIeMeHTa — MaTpulisl. Ha ceromusim-
HUH JIeHb CYIIECTBYIOT HeCKoIbKo THIIOB MaTtpuil: TN, IPS (1 e€ mo-
mudukanumn), MVA u PVA.

TN (twisted nematic)-marpuiia. MOHUTOPKI ¢ JAaHHOIN MaTpHIIEeH
camble pacnpocTpanénnblie. llepoie m3o0peréHHble KK-MOHHTOPEHI
ObUTH OCHOBAaHBI Ha TeXHOMOruK TN. SIBISIIOTCS caMBIMK JEIMIEBLIMUA U
MPOCTHIMH B TIPOU3BOJICTBE M MIOTOMY CaMBIMHU MaccoBbIMH. CITOCOOHBI
nepeaaBarh 1BeT B 18- win 24-0utHoM nuana3one (6 wiu 8 OuT Ha Ka-
x b1l kananm RGB), uTo B HacTosIee BpeMs HEOCTATOUHO JUTsl Kade-
CTBEHHOM 1Beronepenayr. OTIMYaIOTCs BBICOKOW CKOPOCTHIO OTKIIMKA,
BBICOKHM YPOBHEM SIPKOCTH U BOBMOKHOCTBIO UCTIONB30BATh JIIOObIE
MOACBETKU U HU3KOW CTOMMOCTBIO. B TO e BpeMsi UMEIOT U CIENYI0-
[IMe HEAOCTAaTKH: HU3KUI ypOBEHb KOHTPACTHOCTH, MaJlbIe YTIIbI 0030-
pa, 0cOOEHHO B BEpPTUKAJIILHOM HAIPaBJICHUH, U HEKAYECTBEHHYIO IIBE-
TOTepeauy.

IPS (In Plane Switching)  marpuubl. PazpaGoranbl KoMIaHUSME
NEC u Hitachi. OcHOBHO# 117110 — OBIJIO M30aBJIEHUE OT HEAOCTATKOB
TN-marpun. [lo3gHee naHHas TexHoOnorus 3ameHuigach Ha S-IPS
(Super-1PS). Monutopsi ¢ Texuonorueii IPS nmpoussonsat ¢pupmer Dell,
LG, Philips, Nec, ViewSonic, ASUS u Samsung. OCHOBHOE TIpeIHA-
3HAYCHUE JIAHHBIX MOHUTOPOB — pabora ¢ rpadukoii, 0opadorka Goro
W Ipyrue 3ajaun, rae TpedyeTcs TouHas IBeTonepenada, KOHTPacT-
HOCTb U coorBercTBUe cTangapram SRGB u Adobe RGB. Hcnonk3y-
10TCs B IpodeccuoHanbHOM padote ¢ rpadukoii 2D/3D u poropenak-
TUPOBAHHH.

OcHoBHbIe focTonHCTBa [PS-MaTpuIl — mydias Ha cerogHAIIHUN
neHb nperonepenada cpenu TFT naneneit, Oonpiime yrisl 00630pa, Xo-
pOLINH YPOBEHb CTATUYECKOH KOHTPACTHOCTH M TOUHOCTH TEPEAadn OT-
TEHKOB. BONBIIMHCTBO MaTpull YMEIOT BOCIPOHM3BOAWUTH ILBETHOCTD
B 24 Outa (o 8 O6uT Ha xaxablii RGB kanam) 6e3 ASCR. MHorue
IPS-matpunst (P-IPS, nekotopsie S-IPS), ymeloT nepeaasath HBETHOCTh
30 OuTOB, OMHAKO OHU 3HAYMTENBHO J0poke. Cpenu HeJOCTAaTKOB MOXK-
HO BBIJICTIUTH BBICOKYIO I[€HY, OOMbIIME TrabapuThl U Maccy, 10 CpaBHE-
HUI0 ¢ MoHuTOpaMu Ha TN-marpuiie, OOJbIIee EKTPONOTPEOIICHHE.

Berpeuaercs nensiit psag mopudukanuii [PS-maTpur, co3gaHHbIx
OTIENIbHBIMHU TPOU3BOITUTEISMHU:
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AS-IPS — ymyumennas Bepcust S-IPS-matpuiis, B koTopoit yac-
TUYHO ObUTa yCTpaHeHa MpodiieMa II0X0H KOHTPACTHOCTH;

H-IPS - 3HaunTenbHO yimy4ilieHa KOHTPACTHOCTh U yOpaHa 3acBeT-
Ka (hMOJIETOBBIM IIBETOM TPH B3IIIsAe HA MOHUTOP COOKY, MPaKTUYECKH
3aMeHuIa MOHUTOPHI ¢ S-IPS-marpureii;

e-IPS — pasnoBunnocts H-IPS, Ho Oonee nemépas B mpon3BOACTBE
MaTpHIa, Koropas obecriednBaeT cranaapTHbIi 1uis [PS nBeroBoii 0x-
BaT B 24 Oura (1o 8 Ha RGB-kanan). CrienuaibHO BRICBETIICHA, YTO
J1aéT BO3MOXKHOCTB Hcnonb3oBanusa LED nmoacBeTok u MeHee MOITHBIX
CCFL. Hanenena Ha cpenHuii u OroKeTHBIN cekTop pbiHKa. [logxomut
MPAKTUYECKH JIIsl TFOOBIX I1eNei;

p-IPS — onHa u3 cambix coBepiieHHbIX [PS-matpur, sBisiercs npo-
nomwkenueM passutus H-IPS. Mimeer niseroroii oxsar 30 out (o 10 Ha
Kax i kanasn RGB), mydinyto ckopocTh OTKIIMKA B CPABHEHUH C
S-1PS, pacmmpeHHbIN YpOBEHb KOHTPACTHOCTH U JIYIIHE YIIbI 0030pa
B CBOEM KJIacce;

UH-IPS — cpaBHuma c e-IPS. BricBersena 11 HCHONb30BaHuUs CO-
BMmecTHO ¢ LED nonceerkamu. [Ipu 3T0M HEMHOrO noctpaaa Y€pHbI
LBET;

S-IPS II — ananoruuna no napamerpam ¢ UH-IPS;

PLS — BapuanT IPS or komnanuu Samsung. B stoit Mmonuduka-
LIUH, B OTIIMYME OT cTaHnapTHOH [PS, ecTh BOSMOXXHOCTH pa3meniaTh
MUKCeH OoJiee MIOTHO, HO MIPH 3TOM CTPaiaeT KOHTPACTHOCTE: HE
Boite 600:1 — cambiit HU3KUiT nokazatens cpenu LCD-matpui. Jaxe y
TN-marpun JaHHbIM oka3aTens Boiiie. Marpunst PLS mMoryTt ncnons-
30BaTh JI000H BHJ mofcBeTKH. [1o xapakrepucTukaM Ooree mpeanod-
TuTeNbHbI, yeM MVA\PVA-matpuiisl.

MVAu PVA  (Multi-domain\Patterned Vertical Alignment) mat-
puibl (*VA). Texnonorus pa3paborana xopropanuei Fujitsu. SAsnser-
csi HekuM koMIipomuccoM Mexay TN- u IPS-matpuniamu. Lena moHu-
TopoB Ha MVA/PVA Tak ke BappupyeT B nipefenax 1neH Ha TN- u IPS-
MaTpuilbl. JIOCTOMHCTBA — OOJIBIIKME YIIIbI 0030pa, BHICOKAsi KOHTPACT-
Hocth cpenu TFT LCD marpun (mocturaercs o6iaaroaaps ABOHHOIM
CTPYKTYp€ UKCENS U BO3SMOKHOCTBIO YIPABIATh UMH OTAEIBHO), TITy-
Ookuii uepHbIi 11BeT. HemocTaTku — BRICOKOE BpeMsl OTKIIMKA, YMEHb-
HIEHHE KOHTPACTHOCTH U UCKa)KEHHE OTTEHKOB B TEMHBIX Y4acTKax
n300pakeHus! MPH OPTOTOHAILHOM B3IIsAAe. [[puHIMITHATBEHON pa3Hu-
bl Mexty PVA u MVA Her.
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Beimyck LCD-MOHHTOPOB OCBOSGH MHOTMMH MU3BECTHBIMHU (pHpMa-
mu (LG, NEC, HP, Acer, Dell, BenQ, Samsung, ViewSonic u psz ap.).
B kauecTBe mpuMepa MOXKHO IIPUBECTH HECKOIBKO MOJIENEH.

a) 0)

Puc. 4.17. LCD-monuropst: a— NEC MeultiSync,
6— Samsung 240T, 6— LG 27EB22PY

Bonee noppobuyto nadopmanuio o LCD-aucriesx, COOTBETCT-
Byromux Tpedoanusam npuioxennii CAD/CAM/CAE moxHO HaiiTn
Ha caiTax UX IIPOU3BOJUTEIIEH.

4.5. YcrpoiictBa BBoga rpadguyeckoii mHgopmanmnu,
" €€ MO3UIIUOHUPOBAHUSA

VYerpoiicTBa BBOAA M MO3UIMOHUPOBAHKS HHPOPMAIIUK 3aHUMAIOT
3aMETHOE MECTO B alllapaTHBIX CPEACTBAX U M0 CYTH Jiela OCYILIECTB-
JISIIOT yKa3aHHBIC (PYHKIIHH.
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Haubonee pacnpocTpaHeHHBIMH YCTPOHCTBAMU SIBIISIFOTCSL KITaBHa-
Typa U «KOMITbIOTEpHAs MBIIIbY. bolee crennani3upoBaHHBIMU, 0CO-
OeHHO U1 paboTHI ¢ TpadMKOM — «IIapy», «CBETOBOE mepoy, 3D MaHu-
MyJSITOp U Ap. B 001ieii mocTaHOBKE BCe OHU HEOOXOIUMBI I BBOJIA
nH(popMaIyy, e€ TO3UIHOHNPOBAHUS U YIIPaBICHUS paOOTON BBIYHC-
JUTENBHOTO CPECTBA.

Knaeuamypa. CaMbIM IPUBBIYHBIM YCTPONCTBOM SIBIISI€TCS Kila-
BHATypa, MPEeICTaBIIONIas CO00H MaTPUIly KIaBUIIL, OObEIUHEHHBIX B
eIMHOE [eN0e, U DIIEKTPOHHBIN OJIOK 151 IpeoOpa3oBaHus HaKaTHsI
KJIABHILH B IBOUYHBIN KOJI.

CranymapTHas KOMIBIOTEpPHAs KJIaBHATypa, TaKke Ha3bIBaeMas
knaBuatypoit PC/AT unu AT-knaBuaTypoit (OCKOJIbKY OHA Havasia
MOCTABIIATLCS BMECTE ¢ KomrbioTepamu cepuu IBM PC/AT), umeer
101 mmum 102 xnaBumm. Pacnonokenue kiasuin Ha AT-KnaBuaType
MOUUHSCTCS CSIUHON OOIICPUHATON CXEMe, CIPOCKTUPOBAHHOW B
pacuére Ha aHDMiCcKUH andaBut (puc. 4.18).

[lo cBoemMy Ha3HaueHHIO KIABHUIIM JENATCS Ha INECTh TPYII:
(GyHKIMOHAIBHBIE, an(aBUTHO-UU(QPOBBIE, YIPABICHUS KypCOpOM,
uu¢poBast NaHeNb, CleNHaTN3UPOBaHHbIE, MOAU(DUKATOPHI.

JBenaanaTh GyHKIMOHATBHBIX KIABHUII PACTIONOKEHBI B CAMOM
BEPXHEM PAAY KJIaBHATYpHhl, HHXKe — OJOK andaBUTHO-IM(PPOBBIX Kila-
Byl [IpaBee 3Toro 610Ka HAXOAATCS KJIABUIIN YIPABIEHHUS KypCcOpoM,
a y caMoro mpaBoro Kpas KJIaBHaTypbl — IU(poBasi aHemb.

[@ [# N ;% [ & 7* I [ [+ Te— ns || Home | Pap | [Memie][ 1 , _
6 o lo |- |
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| ¥ U |1 iP IEEIRE Enter 2 :
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Puc. 4.18. Packnanka knaBuarypst QWERTY

Kinasumm andaBuTHO-1IH(POBOro 0JIoka JAEISITCS 10 PAIaM H MO0
30HaM. HuxHwMiA psijg OJ10Ka HAXOMUTCS HaJ| KJIABUIIECH «IIpo0en U
knaBumamu-moaudukaropamu  Ctrl u Alt. OH cumTaercss TEPBBIM.
Beime — Bropoit u Tperuii. Camblii BepXHHN psAJ] KJIABUII OJI0Ka — YeT-
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BEPTHIN — B staTiHCKOM packiagke QWERTY He conepkuT KiaBHII
JUTS BBOJIa OYKB, HO BKJTIOUAET BCE KIIaBUIIK BBOza 1Udp. [1o 3Toit
MPHUYMHE €r0 YacTO Ha3bIBalOT HU(POBBIM psiioM. PesynbraT neficTBus
anaBUTHO-IU(POBBIX KIABHII 3aBHCUT OT PErucTpa (HWKHUHN WK
BEPXHHIA) M yPOBHSI (TIEPBBIi WK BTOPOH ), B KOTOPOM OCYLIECTBIISIETCS
Ha)kKaTHe 3TUX KIIaBHIIL.

K uncny xmaBum-moaucukaropoB oraocstest Shift, Ctrl, Caps
Lock, Alt u npaBeiii Alt. OHu npeAHa3HAYEHBI ISt U3MEHeHHsI (MO -
¢dukanmn) qeHCTBUA JPYrUX KJIABUIIL BritodueHne BepXHEro perucrpa
knaBui (ipu orkaouéHHoM Caps Lock) ocyiecTrisiercs HaxxaTuem u
ynepxkanuem knaBuim Shift. HaxxaTtue u ynepxanue npaBoi KJIaBUIIN
Alt ucnionb3yercs Juisl mepexoia Ha BTOPOi YPOBEHb KilaBHATyphl. Kiia-
BUIIM-MOIU(HUKATOPBI MCTONB3YIOTCS HanOolee 4acTo, MOITOMY OHH
UMEIOT yBenndeHHbIN pasmep. K tomy xe knaBumm Shift u Ctrl npomy6-
JIUPOBaHBI 110 00EHM CTOPOHAM 0Ji0Ka aj(aBUTHO-IIM(PPOBHIX KIIABHIIL.

B BepxHeil 4acTu KilaBUaTyphbl, a UHOIIA B IPYTOM MECTE, Pacio-
naraercsi OJIOK Tak Ha3bIBaeMbIX (PyHKIMOHANBHBIX KiaBum — ot F1 1o
F12. x ¢pyHKIMHN onpenenstoTcst IporpaMMon U ONepaliMoOHHON CHUC-
TEMOM1, ¢ KOTOpOH MOJIb30BaTENb paboTaeT B JaHHbIM MOMEHT. Yacto
MPOrpaMMbl yCTAaHABIMBAIOT T€ MM WHBIC PYHKIIMU U JJIs1 KOMOMHA-
M QyHKIMOHANBHBIX KiaBuil ¢ kinasuiamu Shift, Ctrl u Alt. Bo
MHOTHX MporpamMmax npu Haxkatuu F1 Ha 5kpaH BBIBOIUTCS BCTPOCH-
HBIW CIPaBOYHUK IO MPOrpamMMe (4acTo y)Ke OTKPHITHIA Ha CTPaHUIIE),
COOTBETCTBYIONLIEH PEKUMY MPOrPaMMBI, B KOTOPOM OHa HAaXOIAHUTCS.

Ocoboe MecTo cpemu KIaBHAaTyp 3aHUMAOT (YHKIHOHAILHBIC
MYJIBTHI, OpPUEHTHPOBAaHHBIC HA KaKyI0-THOO0 crienn(pUIecKyro AesTelb-
HOCTh (Hanpumep, padora ¢ CAIIP, pa3paborka mporpaMMHOTo obec-
neyeHus U psag Apyrux). OHU NpeAcTaBIsoT COO0 MaTPHUILy KIIABHIIL,
KaXJasi M3 KOTOPHIX IPOrpaMMHUPYETCSl Ha BIIOMHE ONpeaesieHHYIO
¢dynkuuio (aeficteue). Kaxnas kiaBuina MoXeT IporpaMMHUPOBATHCS
Ha 10 ypoBHeH, 4TO MO3BOISAET UCTOIB30BATh M 10 10 pasmuyHbIX
MPUIIOKEHUH, WK paboTaTh 10 pa3muvHBIM MOIB30BATEISIM.

OyHKIMOHATBHAS KJIABHATYpa MOXKET ObITh 00bEIMHEHA C OCHOB-
HoH (Hanpumep, knaBuatypbl cemerictB G80-2100 u G84-4100), Toraa
JOTIOTHUTENIbHBIE KJIABHUILU PacIioiaraloTcs B BEpXHEW 4acTH KilaBHa-
TYpHI B J1Ba psiaa, a oobrunbie F1-F10 pa3merniensl, kak Ha 84-KiaBHIl-
HOU Ki1aBHaType, ciesa. [IporpaMMupyembie QyHKIMY JOTOTHUTENb-
HBIX KJIABHII XPAHATCS B OTACIbHOM (haiisie u couepxkar oonee 240
"ropsianx" koMOuHanui (24 knasuiny u 10 ypoBHei).
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KnaBuatypa mpomkHa ObITh 3prOHOMHYHOH, T.€. YIOOHOM st pa-
001b1. K OCHOBHBIM DPrOHOMUYECKHMM ITOKa3aTeNsIM KIIaBHATypPhl OTHO-
CAT:

[} 001IMEe KOMITOHOBOYHBIC PEIICHUS KIIaBUATYPhI;

[ TonmuHy KIaBUATYpHl M YTOJN €€ HAKIOHAa OTHOCHTENBHO TOpHU-
30HTAJIH;

[ cxeMy pacroioKeHUs KIIaBHIIL, UX I[BET, (OpMy U pa3Mephl;

[] HeOOXOMMOE yCHIIHE JUTS HaXaThs KJIaBHIIU U €€ CBOOOIHBIH
XOfT;

[ kK03 QUIMEHT OTPaKSHHSI CBETA KJIaBUIIIAMU M BCEH MTOBEPXHO-
CTBIO KJIaBUATYPHI,

[ IerkoCTh YTEHHS HAJIIUCEH Ha KIIaBHILIAX.

[IpuBiiekaTeaIbHOCTh TOM MIJIM MHOW KJIaBHATYPhl B OCHOBHOM 3a-
BHCHUT OT €€ Ju3aiiHa, pacriojoKEeHUs KJIaBHUIIL, TAKTHIILHBIX ONIYIICHUH
Y yCWJIMS TIPU HAXKaTUW KJIaBUII. BHEIHMI BUT psijia KIIABUATYP MOKa-
3aH Ha puc. 4.19.

Puc. 4.19

JlanpHelas 3BONIONUS KJIaBUATyp OyAET, TI0-BHIMMOMY, OCYIIe-
CTBIISITHCSL B COOTBETCTBUU C D)PrOHOMUYECKUMH M METUIIMHCKUMH IO~
KazaHUSIMH. XapaKTepHOW B 3TOM OTHOILICHHH SIBIACTCS KJIaBHATypa
Ergo Plus, xoropast pa3bura Ha ABE CEKLIUH, MPHYEM KaXKaas U3 HUX
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MOXKET MOACTPANBAThCSl MHAWBUAYaIbHO. BoKoBO# 1 poHTaNBHEIIH
Pa3BOPOTHI CeKIuii MOryT coctaBiarts 0, 10, 20 u 6, 12 © coorBeTcT-
BeHHO. PacnonoykeHue KJIaBHI Ha 3TOM KJIaBHAType MPaKTHUYECKU HE
OTJIMYAETCSl OT OOBIYHOMN, OTHAKO MMEETCS eIle MATh JIOMOITHUTENbHBIX
(YHKIMOHAIBHBIX KIIaBHIL. BeTpeuatoTes u Apyrue qu3aiiHepckue pe-
LIEHHUS.

Manunynamopul («<mblitby, «uiapy, «ceemogoe nepo», 3D ma-
Hunynamop u 0p.). MaHUIYIATOPHI SBIAIOTCS KOOPJMHATHO-yKa3a-
TEJIbHBIMH YCTPOMCTBAMHU MM YCTPONCTBAMH YIIPABIEHHS KypCOpOM U
B COYETAHMH C KJIIaBHATYPOH MPUIAIOT BEIYUCIUTENBHOMY KOMILJIEKCY
OOJIBIITYI0 THOKOCTD U 3P (eKTUBHOCThL B pabore. OCHOBHOMU U 00s13a-
TeNbHONH 0COOGHHOCTHIO MAaHHUITYJIATOPOB SIBIISIETCS HAIMYHE 0OpaTHON
CBSI3M C TIOJIb30BATENEM ITyTEeM OTOOpasKeHUsl ACHCTBUMN, MPOU3BOIH-
MBIX TTOCPEICTBOM MaHUIYIATOPOB Ha 3KpaHe nucruies. Cpean MaHu-
MyJIATOPOB HanOolee MOmy/sipHBl "MBIIIB" (MOUSe) U NIapOBOW yKaza-
Tenb uiaK npocto "map" (trackball).

"Mpimb" mpencrariser coOOW MPUCIIOCOONEHUE IS YKa3aHHS
HYXXHBIX TOYEK Ha 3KpaHe ITyTeM MepeMelIeHus ero BpyIHYIo IO IJI0-
cKoif moBepxHOCTH. KoopanHaTel MecTonoiaoKeHus "MbIn" repeaa-
IOTCS B KOMIIBIOTEp M BBI3BIBAIOT COOTBETCTBYIOIEE IEepeMEIeHHE
Kypcopa B BUJIE TOYKH HIIH CTpeNku (ykazaTens "MbIu'") 1Mo SKpany
nuctuies. Bo3aMoxXHO KCTIONb30BaHKe "MBIIITU'" 1711 BEIYEPUHUBAHUS U30-
Opakennii. KoHCTpyKTHBHO "MBIIIB" TpeNCcTaBIseT COOOH miacTMac-
COBYIO KOPOOOUKY C BEpXHEH HApyXHOH MOBEPXHOCTHIO, COOTBETCT-
BYIOIIIEl TTOBEPXHOCTH JIaIOHH pyKu. B BepxHell yacTu "MbIu" Haxo-
JIITCSL JIBE WJIM TPH KHOIIKY JIJIsl (PUKCAIMY TIPOBOJMMBIX JeHCTBUH. B
MOCIEHUX pPa3palOoTKax MEXKIy IBYMS KHONKAMH JBYXKHOIIOYHOH
«MBIIIN» UIIH BMECTO TPEThEN LEHTPAIBHON KHOIIKU PACIIONAraeTcs
KOJIECUKO TIPOKPYTKH (CKPOJJIMHTA) JJIsl OCYIIECTBICHHS Ooree ObICT-
POV HaBUTAIMU IO OOJIBIINM JIOKyMeHTaM. HuxHsis yacTh "MbIim"
MPEICTaBISET COOOH TIOCKYIO TIOBEPXHOCTh C THE3/IOM, B KOTOPOM
HaxXOIUTC 1Iap, BHICTYMAIONINI U3 OCHOBAHUS KOPITyca U COMpPHUKa-
carouuiics ¢ moBepxHocThio crona. [Ipu nepemeriennu "MpImun" mo
CTONy BpallleHue [1apa npeodpaszyercst 3JeKTPOHHBIM OIOKOM B COOT-
BETCTBYIOIIHE EKTPHUYECKHE CUTHAIIBI, IEpEiaBaeMble B KOMIIBIOTEP
Y IPUBOJIAIINE K IEpEMEIIEHNI0 Kypcopa o 3kpaHy. CTaHIapTHbIE
"MbIIIK" TPEOYIOT HAIMYHS Ha paboueM CTolle CrieualbHON pabouei
MOBEPXHOCTH; JIYYIIe BCEr0 MCIOIB30BaTh MIAJAKUK (HO HE CKOB3KUN)
TIJIaHIIET.
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Bonee coBepiieHHOI SBASETCS ONTHYECKAs] «MBIIIBY. OHA UMEIOT
Ha paboyeli TOBEPXHOCTH MUKPOKaMepy, KOTOpasi CHUMAET TIOJIOKEHNE
«mpimy (mopsinka 1000 pa3 B cekyHay), ee JaHHbIE aHATU3UPYIOTCS
MPOIECCOPOM (BCTPOCHHBIM B «MBIIIbY).

JloCTOMHCTBA ONTHYECKOH «MBIIII» — HETYBCTBHTENIBHOCTD K TPsi-
31, pabOTOCITOCOOHOCTh IPAKTHUECKH Ha JTF000H MTOBEPXHOCTH (KpoMe
3epPKaJIbHOM M OTpaXaroIleH ), OTCYTCTBUE MEXaHUKH; HEJOCTATKH —
CIIOXHOCTh B M3TOTOBJICHUH, HE HCCIIEIOBAHHAS TIOKA KU3HECTTOCO0-
HOCTB B 9KCTPEMalIbHBIX CUTYyalUsX, Ooliee BrICOKasi cTouMocTh. Ha
puc. 4.20 noka3aHbl pa3IMYHbIE BUbI «MBILIH.

Puc. 4.20. Pa3HOBHIHOCTH «MBIIIIY

OObIYHO "MBITIN" UMEIOT IOCTOSHHYIO YyBCTBUTEIBHOCTD, HE 3aBU-
CAIIYIO OT CKOPOCTH IepeMeNIeH s 10 TOBEPXHOCTH IUIaHIleTa, YTo SIB-
JIIETCS He Beerna ynoOHbIM. [IpennouturenbHee "MBIIIb", 9yBCTBUTEb-
HOCTB KOTOPOH U3MEHseTcss 00paTHO-IIPONOPLIHUOHATBHO CKOPOCTH Tie-
peMerieHus. Peannzaius 5Toil 3aBHCHMOCTH MO3BOJISIET OBICTPO Iepe-
MeIaTh Kypcop Mo 3KpaHy Ha OOJbIINE PACCTOSHUS U B TO JKE BpeMs
TOYHO €r0 MO3UIMOHUPOBAaTh B HY>KHOM TOUKe 3KpaHa. [I[pumepom Takoit
"MBIIIM" ¢ TIEpEMEHHON YyBCTBUTEINBHOCTBIO SIBISAETCS yeTporcTBO Logi
Mouse Pilot dupmer Logitech. [TonkinroueHne «MbIIN» MOXKET OCYIIECT-
BJISITHCS ¢ UcoNb3oBaHueM kabens (PS/2-mopt, USB-moprt) wiu 6e3
kabOens (MH(ppakpacHbIi, yIbTPa3ByKOBOW WM PaHOKaHAI).

BHemHue KOHCTPYKTHBHBIE OCOOEHHOCTH «MBIIINY) OCHOBaHBI
MIpeX/ie BCEro Ha SprOHOMUYECKUX HCCIIeI0BaHUAX. MHOTHE U3 3TUX
YCTPOWCTB UMEIOT pa3HbIe pa3Mephl U AaXKE OTJENbHbIE BEPCUH JUIS
npaBoy u JieBoi pyk. Lleib BCcex yCOBEpIICHCTBOBaHUI — 00CCIICUUTh
yno0CTBO B pabore.

OmnyTHMBIM HEJOCTaTKOM MAaHUITYJISTOpa "MBIIIB" SABJISETCS Orpa-
HUYEHHAsI TOUHOCTh MMO3UIIMOHUPOBAHHMSL, YTO OCOOCHHO BAYKHO MPH

135



pabore ¢ TpaduuecKuMH 00bEKTaMH. B CBSI3H € 3TUM CTaJld HCIONB30-
BaTh MaHUyATOphI THNA "map"” (trackball), obecneunBaronue Gomnee
BBICOKYIO TOYHOCTBb MO3UIIMOHUPOBAHHNA U MIPAKTUYCCKU HE Tp€6YIO-
IHE JOMOTHUTEIHLHOTO MecTa (M3-3a OTCYTCTBUS TUTAHIIIETA).

Manumnynsarop Tina "map" npencrasisier co0oi mpocTo nepeBep-
HYTYIO "MBIIIL", OJHAKO C OOJIee Pa3BUTON MOBEPXHOCThHIO IIapa, COOT-
BETCTBYIOLIEH JTaJJOHH Mojb3oBaTens. [Ipu pabore ¢ mapoBsIM MaHHU-
MyJITOPOM JOCTAaTOYHO BpallaTh MIap, He epeMenias Bech mpruoop
(puc. 4.21). CoBMeleHHE IAPOBOI0 MAHUITYJISTOPA C KIIABHATYPOH
JiefiaeT YCTPOWCTBO BBOJIA ellle 0oJiee KOMITAKTHBIM, M KaK IPaBHUIIO,
HCIIOJIB3YETCA B IMOPTATUBHBIX KOMIIBIOTCpAX.

Puc. 4.21. lllapoBsie MaHUITYIISTOPHI

JHpyroe ycTpoiicTBO MO3UIMOHUPOBaHHS — cBeToBoe mepo (light
pen) — ABJSIETCS TOCTaTOYHO CTAphIM YCTPOHCTBOM U KOHCTPYKTHBHO
HaIOMHHAET pyuKy. BHyTpH cBeTOBOrO 1epa pacronoxet (orose-
MEHT, PEarupyroIui Ha CBETOBOM ITOTOK OT CBETAIIUKCS TOYKU dKpa-
Ha. HaxaTreM Ha KHOIIKY CBETOBOTO I1€pa IEKTPUUECKUM CUTHAII T1e-
penaercsi KOMIbIOTEPY, 1 COBMECTHO C CUTHAJIOM CHHXPOHHU3AINH JIUC-
IUIes C IOMOUIBIO ITPOrpaMMBbl — JpaiiBepa repa — OLpEAesIeTcs Koop-
AVHaTa TOYKH, YKa3aHHas CBETOBLIM II€POM. Hetounocth IIO3NIIMOHU -
POBaHUS CBETOBOI'O I1epa 00yCIIOBIEHA Mapa/UIaKCOM H3-3a TONIIUHBI
9KpaHa M JOCTaTOYHO OONBIIOH Mo b0 HaKOHEUHHKa Tepa. He-
TOYHOCTb IO3UIIMOHMPOBAHUS yCTpaHseTcs Onarojaps cleasueMy
MepeKpecThio, popMUpyIOLIEMYyCs U3 TOHKHX JIMHUHA U pa3MeiaeMomMy
Ha JKpaHe TakK, UYTO €ro IEHTP yKa3bIBaeT TOUKY HAaUOONbIIEH YyBCTBU-
TEIbHOCTH IIPUCTABIIEMOrO K SKpaHy cBETOBOro nepa. Ilpu nepeme-
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LICHUU T1epa TI0 dKpaHy cleAsiee NepeKpecTue IBUKETCS BMECTE C
HUM, yKa3bIBasl TeKyllee mojoxeHue nepa. Hemocratkom mpu padore
CO CBETOBBIM IEPOM SIBIISIETCA OBICTpasi yTOMIIIEMOCTh TIOJIb30BATEIIS.

HoBaTopckuM ycTpoiCTBOM MO3UIIMOHUPOBAHUS sABIsieTcs 3D-MaHu-
IyAsITOp. Y 3TOT0 YCTPONCTBA €CTh U eI€ OTHO Ha3BaHUE — «3D-MBIIITb Y.
Oco0eHHO aKTyabHO €ro HCIOIB30BaAHHE IIPH TEOMETPHYECKOM MOJIe-
JIMPOBAHUH, TIPH PEILICHUY 3a]1a4 pa3MelleHus U TpaccupoBku. Hanbomnee
3aMETHBIMU YCTPOHCTBAMU SIBIISIFOTCSI CIICIYIOIINE:

Space Explorer — npodeccruonansubiii 3D-MaHUTYIATOD, TPUME-
usiemblii it CAD u DCC (Digital Content Creation) npuiokeHU |
(puc. 4.22);

Space Navigator — npodeccroHanbHbI 3D-MaHUTYISATOP, MPE-
Ha3HAYCHHBIN JJI1 HAUMHAIOIIUX CIIeIHaMCTOB (puc. 4.23);

Space Navigator jiist HOyTOYKOB — yMEHBIIICHHBINM BapHaHT Space
Navigator 11t MOOMJIBHBIX TIONB30BaTeNel. B montopa pasa meHble
cBoero 0a3zoBOro aHaora M BIBOE MeHbIIIE 110 Becy. [Ipumensercs B
TpexmepHoi HaBurauun 1 CAD-NpUIIOKEHUAX HAYaIbHOTO YPOBHSL.
[TocrapisieTcs ¢ 3alMTHBIM Y€XJIOM, ITO3BOJISIFOLIAM OpaTh MaHHITYIIsI-
TOp ¢ cO0O0I B TIOC3/IKY.

Puc. 4.22 Puc. 4.23

Space Mouse PRO — HoBbIii ipodeccronanbhbiii 3D-Manumysis-
Top oT Komranuu 3Dconnexion, CIIOCOOHBIN PacHIMPUTH BO3MOXKHOCTH
U cenarh pabouwii mporiece mnporie, 3G GheKTuBHEE U KOMPOPTHEES
(puc. 4.24).

Space Pilot PRO — npodeccronanbhsbiii 3D-manumyastop, mpea-
Ha3HAYeHHBIW /151 TONb30BaTelell, paboTalomuX ¢ TpeXMEepHOH rpadu-
koi. OH TO3BOJISIET 3HAYUTENBHO YBETHUUTH 3P HEKTUBHOCTH pabOTHI B

CaMbIX COBPEMEHHBIX U TpeOOBaTEIbHBIX cHcTeMax paborsl ¢ 3D-rpa-
¢uxoii (puc. 4.25).
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Puc. 4.24 Puc. 4.25

JLxotictuk (Joystic) — pelYakHBINH yKa3aTelnb — 00ecredBaeT Ie-
peMelieHne Kypcopa Ha SKpaHe B OIHOM M3 UEThIpEX HallpaBIeHHUH.
OH npezacTaBiser co00H phIuar, yCTaHOBJIEHHBIA Ha KOPITyce, KOTOPBIH
B CBOIO OY€pEb C IOMOIIBIO IPUCOCOK (PUKCUPYETCsT OKOJIO KOMITBIO-
Tepa. CaM pblyar JpKOHCTHKA, IapHUPHO COSAMHEHHBIN C Tpeodpaso-
BaTESIMU YIJIOB, MOXET COBEPIIATh JBMKEHHUS (B pe3y/ibTaTe BO3Ie-
CTBHS PYKH TOJIb30BaTEINs) BAOIb KOOpAMHAT XU YB mpenenax HEKo-
TOPOTro TeJlecHOro yriia. Ha peruare MokeT HaXOAUTHCS OHA HITH He-
CKOJIBKO KHOTIOK.

CyiecTBYIOT elle HeNnblid P «IK30THYECKUX» MAaHHUITYJISATOPOB,
TaKuX, Kak Harpumep, [sopoint Control (ycTpocTBO "paBHOTOUEUHOTO
yTnpaBieHus", BHIIOTHEHHOE B BUJIE IMJIMH/IpA U pacrojaraeMoe Ha
KJIaBUAaType OKOJIO KiIaBuIM '"mpoOen") WM MaHUMYIATOp THUMA
"MbIIb" B hopme aBTOpYUKH H psifl Apyrux. OMHAKO MIMPOKOTO pac-
npoctpanenus, ocooenHo B npuioxenuss CAD/CAM/CAE, ouu He
MOTYYHITH.

Juzumaiizepuvl (nnanwemsr) . lurutaiizep (digitizer — uudpooit
MpeoOpa30BaTelib) ABJISICTCS MOIyaBTOMATUYECKUM YCTPOHCTBOM BBO-
na rpaduueckoii nHpopmanuu. Yacto Ha3bIBaeTCs eiie rpa@uuecKum
riaHmeroM uiu "ckonkoit". [onmb3oBaTens AuruTansepa OCyIecTBIIsI-
eT (YHKIUH TONCKA U BBIIENICHHUS dJIEMEHTOB M300pakeHHs, a mpeod-
pa3soBaHUC KOOpAWHAT BBOAUMBIX 3JIECMCHTOB BBIIIOJIHACTCA aBTOMATH-
YECKH.

KoHcTpykTHBHO AMTHTa3ephl OBIBAIOT ABYX TUIIOB: C )KECTKUM
KpeIJIeHnEeM yKa3aTellsi KOOPAMHAT (JIEKTPOMEXaHHUECKHe) U CO CBO-
OOIHBIM €ro nepeMenieHneM (IIaHIIETH).

OneKTpoMexaHNYecKHe YCTPOICTBa BBIIONHSAIOTCS B BUJIE CTOJIA
nin "kyneMasa" (puc. 4.26) ¢ nepeMeInaroneics mo ofHOW U3 KOop-
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JMHAT TPaBepcoil, Ha KOTOPOI KpermuTcs KapeTka ¢ ykazaTeleM Koop-
nuHat. KoopnuHatHas cuctemMa B HUX MEXaHHUYECKH CBS3aHA C JaT4h-
KaMM JIMHEMHOrO WM KpyroBoro nepemMemieHus. llpu Haxarum Ha
KHOITIKY yKa3aTeqs KOOPIUHAT er0 MECTOMONIOKEHHE Ha TOBEPXHOCTH
crona (pUKCUPYIOTCS M KOOPAMHATHI TIEpearoTcsl B KOMITbIOTep. Takue
yCTpoiicTBa 00eCeunBarOT BBICOKYIO TOYHOCTD BBOJIAa KOOPAWHAT, HO
TPOMO3JKH ¥ JOPOTH, YTO OTPaHMYMBAET UX pacnpocTpaHeHue. B or-
JMYMe OT HUX MJIaHIIETHBIE TUTHUTai3epsl (tablets) orruaroTcs 3Haum-
TENFHO OONBIIMMH YA0OCTBAMH JIJIs TIONIB30BAaTENs], B ICCATKH pa3 je-
HIeBjie, XOTA U He MOTYT 00€CIIeYHTh BBICOKYIO TOYHOCTbD U paspe-
HIAIOLIYIO CIIOCOOHOCTD. [1TaHIIeThl YacTo MPUMEHSIOTCS T BBOJA
rpaduueckoit nHGOpMAaITUK TPH TIOMOIIH "HAKIaJHBIX" MEHIO, pa3Me-
IaeMbIX Ha BX pabodeit moBepxHocTU. [Ipu BBO/IE KOMAHABI U3 MEHIO
CIelalbHBIA IPOrPAMMHBIN IpaiBep UHTEPIIPETUPYET KOOPAUHATHI
yKa3aHHOTO MECTA, MOCHLIAsi COOTBETCTBYIOIIYIO HHCTPYKIIMIO Ha BbI-
nonHeHue. KomuiecTBo 1 BUJI peau3yeMbIX MEHIO JUTHTai3epa onpe-
nensiercs napamerpoM Surface Menu (HakJ1aJHOE MEHIO).

Puc. 4.26. lururaiizeps

B MOCJICAHCE BPEMS IIJIAHIICTBI UCIIOJIB3YIOTCA XYAO0KHUKAMU U
Iu3aiiHepaMu TPU CO3JaHMM PHCYHKOB M 3CKH30B, TOCKOJIBKY 3TO
y[[06Hee 1 INPUBBIYHEEC, YEM MMOJIB30BATHCA HX(OﬁCTHKOM NN CBETOBBIM
MepoM.

Bri6op opmara aururaiizepa onpenensercs Lelbio NCIoIb30Ba-
HUS M B 3HAYUTENTLHOM CTENEHU ONpeenseT ero neHy. Pasmep padode-
ro moisi B IUIAHIIETaX JEKUT B Tmpeaenax or 152x%203 mm 10
1220%1524 mm. OCHOBHBIE XapaKTEPUCTUKU JTUTHTAN3EPOB — pas3pe-
mraromiast CHocOOHOCTh U TOYHOCTb.
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BaxHBIM ITOIIb30BATENIBCKUM YCTPOUCTBOM JUTHTAN3EPA SIBIISIETCA
yKa3aTrelb KOOPJUHAT, KOTOPBIH MOXKET OBbITh BHITIONHEH B BH/IE TJIOC-
KOro pubopa — Kypcopa (BU3Hpa), B Psijie CIy4acB ¢ YBEIUIUTCIbHBIM
CTEKJIOM B Kypcope, Wid B Bule Tnepa (kapannama). Kypcops
(puc. 4.27), nanbonee nonyssipabie cpenu nonb3oparerneit CAIIP, Obl-
BaIOT YETBIPEX-, BOCbMU-, 12- 1 16-KHONOYHBIMH, TTEpbsi (KapaHIallu)
— ¢ ofHOM, AByMSs (puc. 4.28) U TpeMsi KHOITKaMH.

Puc. 4.27 Puc. 4.28

Kapangamm, 4yBcTBUTENIBHBIE K HAXKUMY, 0COOCHHO MHTEPECHBI
U XyJOXKHHUKOB 1 aHUMATOPOB. Takue YKa3aTeiin KoopaAruHaT InmpumMe-
HAIOTCA TOJIBKO C MHAYKIIMOHHBIMUA ﬂHFHTaﬁ3epaMH u O6eCHe‘II/IBaIOT
710 256 Tpamanuit HaKuMa, IMPU IMOMOIIK KOTOPBIX MOXKHO 3a]1aBaTh
TONILIKWHY JJMHUM, LIBET B MAJIUTPE, OTTEHKHU LIBETA U PSJ IPYTUX Iapa-
METpOB. B pe3yibpraTe Ha KOMIBIOTEPE MOXKHO SMYJIIMPOBATH MIPOIECC
PHUCOBaHUS MaCIITHBIMU KpacKamu, TEMITEPON WM aKBapesibio Ha MaTe-
puasie, UMEIOIIEM Pa3InUIHYIO TEKCTYpY. Jiist peanuzanmu 3THUX BO3-
MOXHOCTEHl HEOOXOIMMO HMETh COOTBETCTBYIOIIEE MPOTrPaMMHOE
obecrieuenne, Hanpumep: Adobe  PhotoShop, Aldus PhotoStyler,
Fractal Design Painter, Autodesk Animator Pro, Corel Drow v.5.

UyBCTBUTENBHBIE K HAXUMY KapaHIalI HUCIIOJIB3YIOTCS U MOJIB30-
Barensimu akera AutoCAD asist TpexMepHON BU3yalu3aliy CIIPOeK-
TUPOBAaHHBIX 00BEKTOB. [IporpaMmmHoe oOecriedeHre 1Jisi HOPMAILHOTO
(YHKIMOHUPOBAHUSl JUTUTAH3€pOB CONEPKHUT CTaHAAPTHBIA Habop
MPOrpaMM YCTAHOBKHU M HACTPOMKHU MapaMeTPOB, & TAKXKE JOCTATOUHOE
KOJINYECTBO KaUECTBEHHBIX JIPaiiBEPOB.

Ckanepuol. CkaHepaMy Ha3bIBAIOTCS YCTPOMCTBA Il ONITUYECKOTO
CUUTBIBAHUA U BBOAA B KOMIILIOTECP NOKYMEHTOB, BBIIIOJJHCHHBIX Ha
OyMa)kKHBIX HMJM HMHBIX "TBepAblX" HocHuTensax. CBOIO pOAOCIOBHYIO
CKaHCPbI HaYaJIM B U3AATCIILCKUX CUCTEMAX 1 3aBOCBAB, TaM IIpU3HA-
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HUe, cTany mupoko ucnoib3oBarbess B CAIIP (CAD/CAM) u TUC
(GIS — reonndopmanmonssix cucremax). [IpeobpasoBanue rpaduye-
CKoi nH(popMaIy B Gailsibl Tpapuiueckux JaHHBIX OCOOEHHO aKTyajlb-
HO B TeX 005acTsiX, Te uccieqoBaHue, pa3paboTKa 1 MPOU3BOICTBO
MPOIOIDKAIOTCS JITUTENBHOE BPEMSI.

CkaHepbl KOHCTPYKTHBHO MOTYT BBITTOTHATHCS MJIAHIIETHBIMU (TO-
raa opMaT CKaHUPYEeMOTo JOKyMEHTa B OONBIIMHCTBE CITydaeB He
npeBbimaeT A2) WK PyJTOHHBIMH. B MIaHIIETHBIX CKaHepax HaJ| He-
MOABMKHBIM HCXOIHBIM YEPTEKOM JBHIKETCS CUHMTHIBAIOLIMN Y3el
(puc. 4.29). B pylOHHBIX CKaHepaX ABMKETCS YEPTEX, a CUUTHIBAO-
Uit y3en HeroasrokeH (puc. 4.30).

CunTsiBaHNE HHPOPMAIIMY B CKaHEpaX OCYLIECTBISIETCS C IIOMO-
HIBI0 CUCTEMBI ONTHYECKOTO MpeoOpa3oBaHusl. JTa CHCTEMa MOKET
OBITH BBINIOJIHEHA B BUJIE OAHOM MJIM HECKOIBKHX CYMTHIBAIOLIMX TOJIO-
BOK, TPEICTABJISFOIINX COO0M MaTpHIly Ha OCHOBE IIPUOOPOB C 3apsiio-
Boii cesi3bio (II3C, CCD — charge coupled device), mu6o, pexe, B BUC
"rpebeHKH" (POTOINEKTPOHHBIX YMHOXKUTENEH, PACIONOKEHHBIX TI0
BCEW LIMPHUHE YCTPOUCTBA. B KauecTBE UCTOUHHKA CBETA UCIIOJIB3YHOT-
Csl IIOMHHECIICHTHBIE JIAMITBI.

HenpoapadHeld goky meHT

DSFJEH HEIH cTan

THHERHEIA
METOHHMHK
CEETA

Mpeobpaz0EaTENE

Puc. 4.29. Cxema paOoTHI IUTAHIIETHOTO CKaHepa
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Benywpi ean TTRHM*HMMHEIR PONKIK
MexonHEIR YepTex

Mpueog

McTouHKK ceeTa

YeTpolcTeD

YeTpolcTeD TOUHO A Ha CTROMAKK

TOMHOM HacTpofkuy

K komnekTEDY

Puc. 4.30. Cxema paboThI pyTOHHOTO CKaHepa

Kaxnplii perucTpupyonuii 31eMEeHT CYUTHIBAOIIETO y3i1a (DUKCH-
pYeT B HEKOTOPBIIi MOMEHT BpEMEHH OJHY TOUKY (TOUKY pactpa). Eciu
Kamep Ooriee OHOM, TO JII000e U3MEHEHNE B UX MTOJIOKEHUH WK abep-
panys B IMH3aX WX ONTHYECKON CHCTEMBI, HallpaBIIsIoIIel OTpakeH-
HBIM OT YepTeXka MOTOK CBETa Ha CUMTHIBAIOIIMI Y3€l, CO3/1aeT 3Ur3a-
rooOpa3HbIii U3JI0M B MecTax "cimBaHus" YyacTel n300paskeHMsl, IOy~
YaeMbIX OT KakJ0i kamepbl. ToT ke 3¢ (eKT uMeeT MeCTO U TIPH CKa-
HUPOBAHWU OOJBIINX YepTexel MPU MOMOIIH PYYHBIX 1 HACTOIBHBIX
CKaHEPOB, B KOTOPBIX JABHKETCS CKAHUPYIOLIHIA y3ei. B Gonbmx ke
CKaHepax MoJoKeHHe Kamep 3apUKCUPOBAHO, YTO MO3BOJISIET IPOBO-
JIATh UX KAIMOPOBKY U YCTPAHSTh PaccoriacoBaHue B MO3UIIUOHUPO-
BaHWU, 00ECIIeUnBas KAUECTBEHHOE "clIMBaHKEe" YacTel n300paKeHusl.

OcHOBHbIE ITapaMeTpbl CKAHEPOB:

[JTouHocTk (accuracy),

U Bun Hocutens (document media),

[) MakcMMaJbHas TONIIMHA CKaHUPYeMOoro JokyMenTa (document
thickness),

[ moporoBast wyBcTBHUTENBbHOCTS (thresholding),

[]ckopocTh ckanupoBanus (scan speed),

U"Buaumoe" WM OpOrpaMMHO-O0EcCIieYBaeMOe paspelleHne
(image resolution, software resolution),
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[ Bu1 momy4aeMoro B pe3yJabraTe CKaHUPOBaHHS W300paKeHUsI:
MOHOXPOMHOE, T.¢. yepHO-Oebie (bilevel) u momyToHoBbIe (grayscale),
a Takxe 1BeTHbIe (color).

st padorer B CAIIP ot ckanepa He TpeOyercst 0COOSHHO BBICOKOE
paspelieHre, HO HEOOXOAMMBI OOJbIIOe OBICTPOACHCTBUE, BBICOKAS
TOYHOCTh ¥ CIIOCOOHOCTH pabdOTaTh C Pa3HBIMU THIIAMH HOCHUTENEeH
WH(POPMAIH HECKOIBKUX (POPMATOB MPHU Pa3HOM KauecTBE OPUTHHA-
JIOB. OTO MOT'yT 6I)ITI) YCPTCKU, CACITIAHHBIC TYIIBIO HAa KAJIBKE, KapaH-
JIallIOM Ha BaTMaHe, CTapble KCEPOKOINH, HU3KOKOHTPACTHBIE CHHEKO-
UM, IMEIONINE Pa3INYHYI0 OTPAXKATEIBHYIO CIIOCOOHOCTD, TONIIMHY U
CTOMKOCTB K CTapeHHI0. BbICOKasi TO4HOCTh CKAHMPOBAHUS 00eCIedr-
BacTCsa MEXaHHU3MOM I104a4u, KUTOpI:Iﬁ BBITIOJIHACTCA B BUAC BAJIOB Ha
BCIO IIMPHHY yCTpolicTBa. Takast KOHCTpYKIHs obecriednBaeT padoTy ¢
BETXMMH JIOKyMEHTaMH (XOTS UX PEKOMEH/IyeTCsl Tepe/l CKAHUPOBAHM-
€M IIOMENIIATh B CHICHIUAJILHBIC IJIACTUKOBBIC KOHBEPTHI, YTO YBCINYU-
BaeT HKBUBAJIICHTHYIO TONIIMHY HOCUTENS). B cBsi3u ¢ 3TuM obpamaror
BHUMaHHE Ha MMapaMeTp «MaKCUMalbHasl TOMIIUHA» CKAHUPYEMOTO J10-
KyMEHTA.

CkaHHMpyeMbI€ YePTEeXKH, 0OCOOCHHO MHKEHEPHbIE, 3a4acTyI0 Obl-
BAaIOT HEYETKHMH, C HEPaBHOMEPHBIM (DOHOM M PaCTUIBIBIIUMUCS JIH-
HUSIMH, C IOMETKaMU KapaHJamioM 1 py4ukoid. Ha kadecTBo momyuae-
MOTr'0 U300paKeHUsl BIUSET CIOCO0 YCTAaHOBKH 1OPOra YyBCTBUTEIBHO-
CTH AJIS OTAEJIeHHUs Tofle3Hol nHpopManuu ot pona. Mcnonb3yembie
JUISL 9TOTO CIIOCOOBI YCIIOBHO MOXKHO Pa3/eIMTh HA CTATUCTHUSCKUN
nuHaMu4Yecknii (agantuBHbBIN). [lpum craTHcTHUecKoM crocobe, Uis
YCTaHOBKH MOPOTa UCIIOIb3YHOTCSl HEKOTOPBIC YCPEIHEHHBIC 3HAUCHUS
¢doHa — MO0 1Mo BceMy UepTexKy (B OOIBIIMHCTBE CKAHEPOB), TUOO 11O
OT/ICTIBHBIM 30HaM (0OBIYHO IO KBajipaTtaM pa3zmepoM 50x50Mm) uitu
nojgocamu mupuHon 25mm. Ilocne npeaBapuTENbHOrO CKAaHUPOBAHUS
COOTBETCTBYIOIICH 30HBI (HJIM BCEr0 YepTeKa) MOpor yCTaHABIMBACTCS
1160 aBTOMaTHUYECKH, JTHO0 BPyUHYIO. B mocnenHeM ciyyae ucnons3y-
€TCsl MHOTOKPATHBII MPOrOH YepTexka, MO3BOJISIONIHIA MOTb30BATEITIO
HaOJIIOATh PE3yNIbTAaThl YCTAHOBKH TOTO MJTM MHOTO Topora. Eciu pas-
JMYHBIC 00IACTH YepTeXa UMEIOT CUIIBHO Pa3inyatonlyocsi KOHTPAacT-
HOCTB (4ITO YacTo ObIBaET MPHU MCIONB30BaHHUH "CHHEK'), TO 3TO MOXKET
NPUBECTH K HEKOPPEKTHBIM pe3ynbraTam. [IpuMeHeHne 0OfHOro mopora
YYBCTBUTCIIBHOCTU HCBO3MOXHO H B CilIyda€ CCJIIM JIMHHUU YCPTCKa
CUJIBHO BapbUPYIOTCS 110 TOJIIUHE U IJIOTHOCTU. YCTAHOBKA IIOPOrOB
M0 30HaM 3HAYMTENIFHO YIy4IIaeT KaueCTBO 110 CPABHEHHUIO C yCpeIHe-
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HUEM MO BceMy depTrexy. YacTo HCHonb3yercss YCTaHOBKa MOpOra
BJIOJTb Y3KOH 00J1acTH, HAXOAAIIEWCS HEMOCPEACTBEHHO MO/ CUUTHI-
BAIOMIMM Y3JIOM, YTO OOBIYHO MTO3BOJSET YCIENIHO OTCEKATh CIIEIbI
cruOOB uepTexa, OCTAIOLINECS MOCIIE €T0 CKIIAAbIBAHNS.

AnanTuBHBIN crioco0 MO3BOJISIET aBTOMATHYECKH MOACTPaNBaTh
MOPOT YYBCTBHTEIILHOCTH HEMOCPEICTBEHHO B MPOIECCE CKAHUPOBAHHUS
4yepTexa U BBIICIATH Pa3inusl MeKIy H300pakeHHeM U (OHOM, aHa-
JTU3UPYS TIPSMOYTObHBIE 00macTu pasmepoM 0,5%0,25 mm.

Crnenyromuii, mapamerp — CKOpoCTh CKaHUpoBaHMs. OfHAKO ee Be-
JIMYMHA 3aBUCUT OT BRIOPAHHOTO pasperieHus u ot popmara daiina, B
KOTOpPOM OyAyT COXpaHEHBI Pe3ylbTaThl CKAHUPOBAHMsI, TAK KaK pa3-
HbIe OopMaThl 00ECIIEUNBAIOT Pa3HyIO CTENEeHb CxKaThs. Taroke omnpe-
JETISIFOIIUMH SIBJISIFOTCS CIIOKHOCTB IOKYMEHTAa, €r0 Ka4eCTBO U HC-
MONB3YEeMBI ammapaT oTcedeHust (oHa.

Tpebdyemoe s 3anau CAIIP paspemienvie (onpenensercs Koiu-
YECTBOM TOUEK Ha jtoiim, dot per inch mm dpi), 0ObIYHO COCTABIISIO-
mee 300-400 dpi, MoXxeT ObITh JOCTUTHYTO MPUMEHEHHEM JTO0 Cuu-
THIBAIOLIUX KaAMEP C OUYeHb BHICOKOW TIOTHOCTBIO pa3MeleHus dJie-
MEHTOB, JTH0O IBYX WJIH Tpex Kamep B oqHoM ycTpoiictee. [13C-kame-
PBI B OOJIBIINX CKaHepax 00bIaHO uMetoT S000 perucTpupyrommx ie-
MeHTOB. Ecni ncnone3yrorest 1Be KaMephl, TO ONTHYECKOE pa3pelieHue
cocrasisier okoio 10000 Touek, niu 300 dpi mpu mmpuHe odnacTu
ckanupoBanus 6onee 900 mm, a ipu Tpex kamepax — 15000 Touek
(400 dpi). Cnenyer umerh B BULY, YTO B IPOCIIEKTaxX Ha CKAHEPHI yKa-
3BIBAIOTCS 3HAYCHHS "BUAMMOTO" WM IIPOrPaMMHO-00€CIIeunBaeMOro
paspelieHusl, T.e. TOrO pa3pelleHus], C KOTOPBIM CO3Jat0TCs BEIXOTHBIE
(aiinel 1 KOTOpOE JJAJIeKO OT UCTHHHOTO — onTHYeckoro. Ha craanu
JIOTHYECKOW MHTEPIPETALUN YCTPOHCTBOM (PU3NUYECKUX PE3YIBTATOB
CKaHHMPOBAHHUSL, MEX/Ty KQXKJIBIMHU JIByMsI COCETHUMH 3aperucTpupo-
BaHHBIMH TOUKAaMH pacTpa BCTaBIsETCs TPETha. TakuMm oOpa3om, mpu
o0bsiBienHoM paszperienuu 800 dpi pu3ruecKuM MPeAesIoM sSBISIETCS
400 dpi. Jloruveckasi HFHTEPIOMAIMS PUBOIUT K HEKOTOpOMY "pac-
TUTBIBAHUIO" N300paXkeH s, PUIaeT KpasM JIMHUN TIIaJIKOCTh, obectie-
YHBas JIy4lllee KauecTBO N300pakeHHsl MPH MacIITaOupoBaHUH, HO Oe3
JIOCTATOYHOM MPOpPabOTKK MEIKUX Jeraiieil. [Ipu yMeHbIIEeHUH CKOpO-
CTH CKaHMPOBAHHS BO3MOXXHO YBeNTUUEHHE (PU3NIECKOTO pa3petieHusl.
JU1s1 IpaBUIIBHOM MHTEPIIPETALIUY PE3YIbTaTOB CKAHUPOBAHUS pas3pe-
HICHUE M0 00erM KOOpIuHaTaM JieNialoT OMHAKOBEIMU. He cienyer
3a0BIBaTh, YTO YBETUUEHHE Pa3pEIICHHS BIBOE YBEIMUMBAET pa3Mep
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(hatina B yeTsipe pasa. B To jxe BpeMs He OUCHb CIIOKHBIA YEPTEK
MOXHO OTCKaHHPOBAaTh C ONTHYECKHM pa3pelieHueM, Hamnpumep,
400 dpi, a 3aTeM, C LIEIBIO YMEHBIIICHHS pa3Mepa pacTpoBoro (daiina,
"3arpyOuTh" pe3yJbTaT MPH MOMOIIH IPOrPAMMHOI0 00eCIIeUueHUs JI0
200 dpi, He moTepsiB MENKUX JeTaNeH.

Kak yxe ormedanock, 1300pakeHHs, Oy4aeMble B pe3ylibTare
CKaHHPOBAHUS, MOTYT OBITh TPEX BUJOB: MOHOXPOMHBIE (YepHO-OeIbie
W TIOlyTOHOBEIE) M 11BeTHBIE. Hanbomnee 1oporuMu sIBISIIOTCS CKaHEPHI,
MO3BOJISIIONINE pa0doOTaTh BO BCEX TPEX PEKHMMaXx, OHAKO pabora ¢
nBeTHbIMU U300pakeHusiMu B CATIP upe3BbIuaiino peaka, 1a U moiy-
TOHOBBIE M300paKEHUS! HY>KHBI IPAKTHUECKH TOIBKO JJIsi CKAHUPOBa-
Hus Qororpaduii (cienyer HaOMHHTD, YTO KaXKAas TOUKa U300paxKe-
HUSI B IIBETE U B "cepoit mKaie" mpeacTaBisieTcss HECKOJIBKUMU JBOUY-
HBIMHU pa3psilaMH, YTO MHOTOKPAaTHO YBEIMYHMBaET pa3mep (aiina u3o-
Opaxenus). CTaHIapTHBIM SABJISIETCS 24-0UT TPEICTaBICHUE I[BETOB
(mo 8 ouT Ha kaxxabIid U3 R, G u B 11BeToB), a B MOIYTOHOBBIX CKaHEpax
peanusyercs, Kak npaBuio, 4- uim 8-out koauposanue (16 wim 256
rpajaluii ceporo COOTBETCTBEHHO). [IpennouTenne cienyer oTaaBaTh
MOTYTOHOBBIM CKaHepaM (0oree TOpOruM Mo CPaBHEHHUIO C YepHO-
OenbIMU) u3-3a OOJIBINIEro JUHAMUYECKOrO JIhana3oHa B oonactu "ce-
pO¥ 1IKankl", a clieoBaTeIbHO, BOBMOKHOCTH O0JIee JIETKOW yCTaHOB-
KU TIOpPOTa 4yBCTBUTEIBHOCTH CKaHEepa.

B kauecTBe mpumMepa, MOXKHO OTMETHTh CKaHEpPbI 00JIbIIOro (op-
Mara, npeHa3HaYeHHbIe JJIs1 HHTErpajibHOTO BBOJA rpadUuecKoil HH-
¢dopmanuu (puc. 4.31)

Puc. 4.31. Cxanepsi 6oibIioro ¢popmara
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ITporpammHOe obecrieueHune, IocTaBIsieMoe B KOMILUIEKTE CO CKa-
HepaMH, TIO3BOJISIET IPY TIOMOIIM TPOCTBIX KOMaH/I BBIOUPATh PEKUM
I[BETHOCTH, pa3Mepbl U300paKeHHsI, pa3peleHue, SPKOCTh U Ipyrue
napaMerpbl, MOMHOCTbIO KOHTPOJIMPOBATH IPOLECC CKaHHUPOBAHMS
(n300pakeHu e MOSBIISICTCS. B OKHAX HA DKPaHEe MOHUTOPA), & TAKIKE BbI-
Oupath Mpu HEOOXOAUMOCTH JIIOOYIO 00IACTh CKAHUPOBAHUS B JTIOOOM
MecTe uepTexa.

Cencopuvie 3xkpanst . CeHCOpHBIH KpaH (touch screen) mo QpyHK-
LMY YKa3aHUs SBISIETCS aHAJIOTOM CBETOBOTO Tepa (TP yKa3aHWU TO4-
KM Ha SKpaHe) WIK KIaBUaTypsl (IPH HAKaTUH Ha COOTBETCTBYIOIIYIO
ee KJIaBHIIY), OAHAKO UMEET MEHBIIYIO Pa3pellaloyi0 ClIOCOOHOCTS,
TaK KakK ykazaTeseM siBisieTcs najien. CeHCOpHbIe SKpaHbl YacTo MpH-
MEHSIOTCS TIPU BBIOOpE IMTyHKTOB MEHIO U, TAKMM 00pa3oM, MOT'YT HC-
MOJTB30BATHCSI COBMECTHO C HHTEPAKTHBHBIMU IIPOrpaMMaMU BMECTO
MaHHITYJISITOPOB U KJIABHATYD.

[Ipu pabote c cCEHCOPHBIM YKPAHOM TOJIH30BATENb KAcaeTcsl Mallb-
1eM Kypcopa, OyKBBI, YMCIIa WIIH BRICBEYECHHOW Ha dKpaHe QUrypsr
(mukTOrpamMmbl). BHe 3aBUCMMOCTH OT IPUHIIMIIOB, MOJIOKEHHBIX B OC-
HOBY ()YHKIIMOHHUPOBaHHUSI CEHCOPHOTO DKPaHa, C €ro MOBEPXHOCTHIO
CBSI3BIBACTCS IPSMOYTONIbHAS cUCTeMa KoopArHaT. KoopIuHaThl TOUKH
KacaHHs KpaHa (PUKCHPYIOTCS U TiepearoTcsl B KoMIbloTep. Toukam
KOOpPIMHATHOW CETKU TeM WJIM HHBIM MPOrPaMMHBIM ITPOIYKTOM CTa-
BSITCSl B COOTBETCTBHE KaKHE-IN0O0 (PYHKIMH WM JACHCTBUS, BBITOITHE-
HUE KOTOPHIX HHULIUUPYETCs IPU KaCaHUH TOYEK.

K OCHOBHBIM XapaKTepuCTHKaM CEHCOPHBIX SKPaHOB OTHOCST CKO-
pOoCTh TIpeoOpa3oBaHus KacaHus B ITUPPOBYIO (GOpMY, pa3pelieHue u
crouMocTb. [lepBbie 1Ba moka3artels Ipy pyYHOM YKa3aHHUH 0COO0ro
3Ha4YEHHS HE UMEIOT, Ha MEPBbIN TUIaH BBICTYIAIOT TAKUE XapaKTEePUCTH-
KM, KaK YI00CTBO MOJIB30BaHUS DKPAHOM, €r0 MPaKTUIHOCTH U JOJTO-
BeuHOCTh. [locnenHue nokaszarenu B OONbIIEH Mepe 3aBUCAT OT (pU3nye-
CKHUX TPUHIIMIIOB, TIOJIOKEHHBIX B OCHOBY (DYHKIIMOHUPOBAHHUS CEHCOP-
HOT'O 9KpaHa.

MOKHO BBIJIETUTD CIIEIYIOIIE BUBI CEHCOPHBIX IKPAHOB: PE3UC-
TUBHOT'O TUTIA, C EMKOCTHBIMH JaTYAKAMH, C aKyCTHUECKUMH JIaTYHKa-
MU, C ONTHYECKHMH JaTINKAMH.

CeHCOpHBII DKpaH Pe3UCTUBHOTO THIIA Yallle BCEro BBIOIHIETCS B
BH/JIC IBYX MPO3PAYHbIX MalIapOBbIX IJICHOK, Pa3MEIIeHHBIX Ha BHEIII-
HEU NOBEPXHOCTH 3KpaHa auciuiest. Ha kax1oi 1ieHke UMeroTes Ia-
paiienbHbIe TIPOBOTHUKH OTHOM M3 KoopAWHAT. Takum oOpa3om, oT-
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HOCHTENTFHO BHEIIHEr0 MEXaHMUECKOT0 BO3EHCTBUS 00pa3yercs pe-
3MCTUBHOE MaTpuyHoe nojie. Koraa maser uim Kakoi-nuoo Ipyroi
yKa3areyb PUKUMAET OAHY IUIEHKY K IPYTOH, COIPOTUBIICHUE MEXIY
JBYMS ONFDKANIIMME TIEPHIEHANKYSPHO PACHIONIOKESHHBIMU TPOBOTHH-
KaMH U3MEHSETCs, YTO (PUKCHPYETCs U TIepeaaeTcsl B KOMITBIOTED.

B ceHcopHBIX 3KpaHax ¢ EMKOCTHBIMH JaTYMKaMHU Ha 3KpaH JIuc-
IJIesl HAHOCATCSI C OINPEACIIEHHOM TONOJNOTHEW METONOM B)KHUTaHUS
TOHKHE ITPO3payHbIe CIIOM TOKOMPOBOASINEro Marepruana. B MomeHT
KacaHHUs OJJHOTO U3 TaKUX Y4aCTKOB EMKOCTh U3MEHSAETCS M KOOpauHa-
ThI KaCaHUs MEPENAoTCs B KOMIIBIOTEP.

B CCHCOPHBIX 3KpaHaX C aKyCTUYCCKUMU JaTUMKaMU BAOJb IBYX
MEPNEHINKYIAPHBIX TPAHUL] KpaHa PacIOI0KEHbI IepENaTUYNKH, U3ITY-
Yarolye aKkyCTHUYEeCKHE BOJIHBI B HE3BYKOBOM JHara3oHe, KOTOphIe pac-
MPOCTPAHSIOTCS BAOJIb MOBEPXHOCTH KpaHa. JI1000ii Kacalomuiics SK-
paHa 00BEKT OTpa’kaeT ATH BOIHBI, U OHH (UKCHPYIOTCA aKyCTHYECKHUMHU
MPUEMHHUKAMH, Pa3MEIlEHHBIMH PSJIOM C TiepenaTynkaMu. Takum oOpa-
30M OJTHO3HAYHO OTpeNeNAIoTCs KOOPAUHATHI KacaHus. B apyrux pasHo-
BUIHOCTAX aKyCTHYCCKHNX CCHCOPHBIX 3KPAHOB ITPUEMHUKHN MOT'YT Haxo-
JUTHCA B IJIOCKOCTH HKpaHa HAIpOTUB MepenaTuukoB. B aTom ciyuae
MPUEMHHKH PEarnpyloT Ha OCIablieHne aKyCTHYECKOTO CHTHAIA.

B CCHCOPHBIX 3KpaHax C ONTUYCCKUMU NaTYUKaAMU BIOJIb JIBYX
MEPIIEHANKYIIIPHBIX TPAaHUIl dKpaHa paclojiaratoTcs CBETOM3IIY4Yaro-
e ANOJbI, a HAIIPOTUB HUX, BAOJIb IIPOTHUBOIIOIOKHBIX I'PaHUI] OKpa-
Ha — QoTonprueMHUKH. TeM caMbIM HaJl TOBEPXHOCTHIO DKpaHa (GpopMu-
pyercst opToroHanbHas ceTka HH(ppaKkpacHbIX ydeidl. Eciu nanen nnm
JpyTroil yKa3aTeib COMPUKACAeTCsl C MOBEPXHOCTHIO 3KpaHa, TO OH I1e-
peceKaeT onpeneeHHbIe Ty4YH, YTO HASHTU(HUIUPYETCs HIIEKTPOHHBIM
OJIOKOM U TIepEeNaeTCs B KOMITBIOTE.

CeHCOI)HI)Ie OKpaHbI C OIITUYCCKUMU JaTYNKaMU O6H3Z[3IOT BBICO-
KO HaJIeKHOCTBHIO U JOITOBEYHOCTHIO, XOpOLIEH pa3pelaronien cro-
COOHOCTBIO U OTCYTCTBHEM KAKUX-THOO KOHCTPYKTHBHBIX 3JIEMEHTOB,
YXYAWAIOMUX BUJUMOCT N300pakeHns. OTHAKO B paHHUX MOJIEIAX
HUMEN MECTO Tapaiake, 00yCIOBIEHHBIH BBITYKIOCTBIO SKpaHa. [1o-
ClIeAHUEC JOCTHKECHUA TCXHOJIIOI'MHU B 3HAUUTEILHOU CTEIIEHHU yCTpaHu-
T 3Ty IpobaeMy. AHaJOTMYHBIMH XapaKTEpPUCTUKAMU 00JIaatoT 1
aKyCTUYECKHE CEHCOPHBIE DKPaHbI.

HpI/I BCCX MOJIOXHUTCIBbHBIX KAY€CTBaX B HACTOALICC BPEMA, CCH-
COPHBIC 3KpaHbI B CBOEM 6OHLHII/IHCTB€ HCITOJIB3YIOTCA B CIIPaBOYHO-
WH(POPMAIMOHHBIX CHCTEMAX U, TO-BUANMOMY, OyIyT HMETh Oolee
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HIMPOKOE pa3BUTHE B CHCTEMax C Paclio3HABAHUEM ITOJUEpKa M BBOIHU-
Mo Tpaduueckoil HHPOPMAIMHK C TOMOLIBIO YKa3aTelnei.

4.6. CpeacTBa JOKYMEHTHPOBAHMS M PerncTpaluy rpadpuyeckoi
uHopmanun

OTta rpyImna ycTpoHCTB OTBEUAET 3a BBIBOI MH(OpManny Ha Belle-
CTBEHHBIE HOCHTEIH C LENbI0 COXPAHEHHsI €€ B TeUCHUE TN TETLHOTO
BpPEMEHH U SIBIACTCS Ba)KHBIM KOMIIOHEHTOM JF000W BHIYMUCIUTENBHON
CHCTEMbI, 3aHUMaloIIelcs pa3padboTkamu. JlocTaTouHO 001ast KJIaccH-
(uKams 3TUX yCTPOMCTB BMECTE CO CPEACTBAMH TEXHOJIOTUIECKON
MOITOTOBKH MPOM3BOJICTBA U M3TOTOBJICHUS IIpUBEAeHa Ha puc. 4.32.
VYCII0BHO BCE 3TH YCTPOHCTBA MOXKHO Pa3/IEIUTh Ha TPU IPYIIIIbL:

1) ycrpolicTBa NOKYMEHTHpPOBaHUS (UepTeKHO-TpadUiIecKue aB-
TOMAThI), WA TPaONOCTPOUTENH, YACTO HAa3bIBAEMbIE MIIOTTEpaMH (OT
aHr. plotter);

2) yCTpOWCTBA perucTpainy, Kak IpaBuiIo, edaTarone yCTpoii-
cTBa (IPUHTEPHI), XOTS CIOIa TAKXKe BXOAAT MONUTpaduyeckue (pu3o-
rpadbl), MHOKUTEIbHBIE (KOMUPBI) U PAJ IPYTHX CIENUaTU3UPOBaH-
HBIX YCTPOMCTB;

3) TeXHOJIOTHYECKHE aBTOMAThI, HEOOXOAUMBIE KaK JJIsl TEXHOJIO-
THYECKOH MOATOTOBKM MPOU3BOJICTBA, TaK U JIJIsl U3TOTOBIICHUSI.

B Hacrosiee Bpemst B CBSI3U C pa3BUTHEM TAKUX TEXHOJIOTHMA J0-
KyMEHTHPOBaHHsI, KaK CTpYyHHAs U Jla3epHas Meyarh, BEKTOPHbIE yCT-
poricTa (rpadoroCTPOUTENN UK TIIOTTEPHI) OKA3aJIUCh BBITECHEHBI U3
MPAKTUKH MCIIONB30BaHMS, a CIIEN0BATENbHO, U UX TPOU3BOJICTBA.

VYerpoiicTBa, BeIONHSIOMNE (PyHKINK BBIBOAA IpadruecKoi HH-
¢dopmanuu Ha OyMa)KHBIH U HEKOTOpPBIE APYTHe BUABI HOCUTENEH, Ha3bl-
BaIOTCS IPadONOCTPOUTEISIMU (MHOTIA, UMEsl B BULy IIUPOKUE QYHK-
UOHANbHBIE BOBMO)KHOCTH — YePTEKHO-TPAPUUECKIMH aBTOMaTaMu), a
yaie — iorrepamu. B 3aBucuMocTy ot crioco6a GpopMupoBaHuUs H30-
OpaskeHHUs TUIOTTEPHI ACNSATCS Ha BEKTOPHBIE H PACTPOBBIC YCTPOUCTBA, a
10 KOHCTPYKIIMK — Ha TUIAHIIETHBIC U OapabaHHbIC (UK PYJIOHHEIE).

B nmnaHImeTHpIX yCTpoHCTBaX HOCUTEIh HH(POPMAIIUMY (Yallle BCETo,
Oymara) HemoJIBMKeH, a THUIIYIINHI y3el IepeMeliaeTcs mo Bcel mioc-
KOCTH M300pakeHus. B GapabaHHBIX yCTpOHCTBaX MUILYIIUH y3eI Te-
peMenaeTcs BIoib OHOM OCH KOOpJIWHAT, a Oymara — BIIOJIb JIPYTOii 3a
CUET 3aXBaTa TPAHCIIOPTHBIM BajioM, 00ObIYHO (PpukiMOHHBIM. [Tepe-
MEIEHHUS BBHIMOIHSIOTCS TPH MOMOLIM HIATOBBIX (B TMOJABISIONIEM
OONBIIMHCTBE TIOTTEPOB) MITH JIMHEHHBIX 3JIEKTPOJIBUTATENCH.
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Cpencraa JOKyMEHTUPOBAHMUSI, PETUCTPALIUY,
TEXHOJIOTMUE€CKOM MOrOTOBKYU MPOU3BOICTBA,
W3TOTOBJIEHHS U o0ecTieueHHst porecca NPOSKTHPOBAHUS

VYerpoiicTea VYerpoiicTea TexHonoruye-
AOKYMCHTHPOBAHHSA perucTpaIiu CKHUE aBTOMAThI
(uept.-rpacuy. aBTO- (npHHTEpHI)
Marsbl)
KOOpAVHATHBIE KOOp/AUHATO-
MEXaHHUYECKHE
(BeKkTOpHEIE) - rpadsr
KOOpIHHATHbIC
IUIAHIICTHEIC MaTpUYHbIC
pacTpoBbIC
GapabaHHbIE MOCTPOYHBIE ||
MuxpodoTona-
PY/IOHHBIE JICIECTKOBBIC GopHEIE
pacTpoBbIe JIa3epHbIC OIEKTPOHHO-
[—{ HabopHbIe yCTpOii-
CTBa
Jla3epHbIC CTpyHHBIE ONeKTpOHHO-
1 JIyueBbl€ yCTa-
HOBKH
CTpyHHBIE Yerpoiictsa momyue- Cranku ¢ UITY
- HUS TBEPABIX KOITUU 1
JKpaHa
JJIEKTPOCTaTUYE- VYerpoiicTBa BEIBOJA Cpencrsa npoTo-
cKue Ha MHUKPOH300pa- ~ | TunupoBanus
KECHUA

Puc. 4.32. Knaccuduxarmms ycrpoiicts nokymentupoBanus u CTIII
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XoTsl TOUHOCTH BBIBOJa HHpOpMaIK OapabaHHBIMHU IIOTTEPAMHU
HECKOJIbKO HHJKE, YeM IIJIaHIIETHBIMH, OHA YIOBIETBOPSET TpeOOBaHU-
M OOJNBIIMHCTBA 3a4a4. DTH TIOTTEPHI 00JIee KOMITAaKTHBI, YTO U OIl-
penenuiio uX JOMUHUPYIOIIee MONOKEHNE Ha PhIHKE OoJbIIedopMar-
HBIX YCTpOHCTB (popmat Gonee A3).

B 3aBucuMocCTH OT criocoba HaHeceHHs N300paKEHUS MIIOTTEPHI
JIeNSITCSI Ha TIepheBbIe, KapaHAalIHO-TIepbeBhIe, CTPYHHBIE, Ja3epHbIE,
AIIEKTPOCTATHUECKHE, TUIOTTEPHI PSMOT0 BBIBO/IA H300paKEeHHsI, TUIOT-
TEpbI HAa OCHOBE TEPMOIIEpe/Iayu.

Ilepveevie cpaghonocmpoumenu (nnommeput) — SIEKTPOMEXAHU-
YecKHe YCTPOHCTBA BEKTOPHOTO THIIA, B KOTOPBIX H300paKeHUE Co3/a-
ercs MpH MOMOINM NHUINYIIMX 3JIEMEHTOB, 000OIIEHHO Ha3bIBa€MbIX
nepesiMu (WK panutorpagamu). [Tumrymnme s1eMeHThl ObIBAIOT OTHOpA-
30BBIMH M MHOT'OPa30BBIMH (T.€. JOMYCKAIUMU epe3apsaky). [lepo
KpenuTcs B JiepiKaTesie MUIIYIIero y3ia, KOTOPhId UMeeT OIHY WIIU JIBE
crereHn cBo0oabl. OTINUUTETBHON 0COOCHHOCTBIO MTEPHEBBIX MIIOTTE-
POB SIBISIETCS BBICOKOE KaueCTBO MOIy4aeMoro nzodpaxenusi. OgHako
CKOPOCTh BBIBOJIA MH()OPMAIMK HEBBICOKA, HECMOTPS Ha BCce Oonee Obl-
CTPYIO MEXaHUKY M MOIBITKH ONTUMH3AIUH MPOLEIYPbl PUCOBAHUS.
Taxoke cymecTByeT U ipobiiemMa moadopa napsl «<HOCUTETb—YEPHHIIAN.
[Tpumeps! nepbeBbIX TpadoNOCTPOUTENEH pUBEeHbI Ha puc. 4.33.

Puc. 4.33. TlepbeBbie rpadOMOCTPOUTENH: — TUIAHINICTHBIN, O— PYIOHHBIH

KapannamHo-niepbeBble  TUIOTTEPBl  SIBISIIOTCS  Pa3HOBUAHOCTHIO
MEpPBEBBIX, OTIUYAIOTCSI BOBMOKHOCTBIO YCTAHOBKH CIIEIHATN3UPOBaH-
HOT'O MUALIYIIEro y3Jia ¢ AHTOBBIM MEXaHW3MOM JUTSl UCTIONb30BAHUS
OOBIYHBIX KapaHJalIHbIX rpudenei, KoTopblid 00ecreunBaeT MOCTOsMH-
HOE ycHiIne HaxxuMa rpudens Ha Oymary 1 ero aBTornofaqy npH CTauH-
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BaHUH. B pesynerate He TpeOyeTcsl IOCTOSIHHO CIECAUTH 32 MPOLECCOM
BBIBOZIa MH(OPMAIIMH, KaK TP SKCIUTyaTalluy MephEBBIX MIIOTTEPOB, B
KOTOPBIX MOXKET 3aCOpSThCs KaHaj UcTedeHus kpacurens. Vcnonb3o-
BaHME TPUQEIs UMEET Ps MPEUMYIIECTB IO CPAaBHEHUIO C MEPHEBBIM
y3JI0M, @ UMEHHO: TpUQeb MULIET MPAKTUIECKU Ha 000N CKOPOCTH
(Mpu HMCMIONB30BaHUM JKUIKUX KpacHuTeled HeoOXOAWMO YYHTHIBATH
BpeMsi MX BBITEKAHHUS U3 1epa U BpeMs BBICBIXaHUs), TprQeib, Hanbo-
Jiee SKOHOMHBIH PaCXOIHBIN MaTepual MO3BOJSET PUCOBATh HA JIFOOBIX
OyMa)KHBIX HOCHTEIISIX, B TOM YHCJI€ M HE OUYEHb BHICOKOTO KauecTBa;
MIPH ATOM M300paKEeHHS KaueCTBEHHBI, MOTYT OBITh OTKOPPEKTHPOBAHBI
JIACTUKOM U J]al0T XOPOILINE KOIHH.

Cmpyiinsle zpagponocmpoumenu. CtpyiiHasg neyarb — 3T0 Ipo-
1ecc MOTy4YeHHUs] M300pakeHus1, IPH KOTOPOM BIIEMEHTHI N300pakeHHS
CO3JAI0TCS KaIlJIIMU YEPHMJI, BBUIETAIOLIMMHU U3 COILJIA CO CKOPOCTHIO,
JOCTaTOYHOM, YTOOBI MPEOIOIETh 3a30p MEXKILY COIJIOM M TIOBEPXHO-
CTBIO, Ha KOTOPOH (hopMHPYETCS H300paKeHHE.

B 3aBucuMocTH OT crioco6a pacnbUIeHUs YepHII CTPYHHAS TEXHO-
JIOTHS MOXKET OBITh HEMPEPHIBHOM W UMITYIIbCHOH. [locienHsis, B CBOIO
odepelib, MOKET OBITh pa3jielieHa Ha MeYaTh ¢ TBEPIBIMU YEepHUIIAMH,
MbE303JIEKTPUYECKYIO U MY3bIPHKOBYIO.

IIpu HenpepbIBHOW CTPYHHOM IIe4aTH IeyaTaronas TojI0BKa He-
MPEPHIBHO BBICTPEIMBAET KaNebKU YEpHUI B CTOpOoHY Oymaru. IToTok
YEepHUJI, MOCTYNAIOIINI B [TeYaTalouIyro TOJI0BKY, pa30rBaercs Ha Karl-
T 1107 ISWCTBHEM BUOPAIIMHU COILIA, BEI3BIBAEMOM C TIOMOIIbIO, Ha-
MpHUMEp, MHE303JIEKTPHUYECKOro dneMeHTa. Eciiu Obl Bce Karum momnanu
Ha Oymary, oHa MOKpbLIach Obl pABHOMEPHBIM CIIOEM YEpHUII U HUKa-
KOTO M300paKeHus1 He oIydrinoch Obl. [ToaTomy Ha Oymary JOIKHBI
MOMAAATh TOIBKO TE KaIllIi, KOTOPbIE TPEOYIOTCS TSl CO3MaHMS U30-
OpaxeHus1, ocTajabHbIC — 3TO OTX0/bI. Ha puc. 4.34 nokaszaHo, Kak C
TTOMOIIIBIO OXBAaTHIBAIOIIETO BBIXO U3 COIJIA 3EKTPOa BIJIETAIONINE
KaIlli IPUOOPETAIOT DIEKTPUIESCKUI 3apsil.

Janee xanau nposeraroT yepe3 OTKIOHSIONIYIO CHCTEMY, KOTopast
CO3/Ia€eT NMEKTPUUECKOE 0JIe BEICOKOTO HaIpshKeHHs. Tak Kak Karuiy
HUMEIOT 3apsiJl, TO MOJ AEHCTBUEM IEKTPUUYECKOTO MOl OHU U3MEHSIOT
CBOIO TPAEKTOPHIO.

Taxum 00pazom, MeHsIsI HAPSHKEHUE DIIEKTPUIECKOTO MO, MOXK-
HO YIIPaBJISTh HalpaBlieHWEM Mosera Kamenb. OHM 100 momanaoT Ha
Oymary B Hy)KHOM MeECT€, JIH0O JIETAT B YIIOBUTENb, OTKY/Ia YepHUIIA
MOCTYTAIOT B pe3€pByap JAJIsl HIOBTOPHOTO HCIOIb30BAHMSL.
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Puc. 4.34

XapaKTepUCTUKU YCTPOICTB HEIPEPBIBHOIO JEHCTBUS:

[JoueHp BBICOKas MPOM3BOAUTENBHOCTH cormil — oT 50000 s
150000 xamenek B CEKyH]Iy Ha COILIO;

[} ICTIONB3YIOTCS TOIABKO AIEKTPOIPOBOAHBIE UEPHUIIA;

(] HeOOXOOMMBIH JIIEMEHT KOHCTPYKIIMH — CIIOXKHAs CHCTEMa pe-
IUPKYJISALIAN YepHIII, TaK Kak 0e3 Hee To100Has TEXHOJIOTUs Obla Obl
pa3zopuTENBHON JUIA MOIB30BATENS U3-32 HEMMOBEPHOI'O pacxoia J0po-
TUX YepHUIT;

[/ OTHOCHTENBHO HU3Kasl CKOPOCTh I1e€YaTH;

[J oTHOCHTENBHO OONBIIOE PACCTOSIHUE MEXKTY COIIIIOM MUNIYIIEH
TOJIOBKH U TIOBEPXHOCTBIO, Ha KOTOPOW CO3JaeTcsi H300pakeHHe.

Haubonbmee pacnpocTpaHeHue MOIyqriI JPYroil TUT CTPYHHBIX
TEXHOJIOTUN — UMITYJIbCHBIN. B oTiM4mne oT cucteM HEnpepbIBHOTO JIEH-
CTBHS UMITYJIbCHBIE CTPYIHHBIE TOJTIOBKH — 3TO aCUHXPOHHBIE YCTPOHCT-
Ba, T.€. IIeYaTaroas rojloBKa BEICTPEINBAET YEPHUIIA TOIBKO TOT/a,
KOI'JIa TIOJIy4aeT CHUTHaI — CTpelser "mo-TpedoBanuio”. B Hempephis-
HBIX CHCTEMaX, KaIluli YepHUJI CO3/1al0TCs U3 HEMPEPHIBHOM CTpyH dep-
HWJI, MPOXOAIIEH uepe3 COIUIo Mof AeiicTBueM BuOpanuu. B orinune
OT 3TOTr0, YyCTPONCTBA UMITYJILCHOTO THIIa UMEIOT PSIIOM C COTLIOM Ma-
JICHBKYIO KaMepy, B KOTOPOH B HY>KHbIE MOMEHTHI CO3/1aeTCsl U30BITOU-
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Hoe JaBieHue. Ero MICTOYHUKOM MOXET OBITh KPHCTaJLT MMbE303JIEKTPH-
Ka, ICICTBYIOIMI, KAK MUKPOIIOPIIEHb, HA OAHY U3 CTEHOK KaMepBhl,
100 TEIIIOBOW UMITYJbC, IO ACHCTBUEM KOTOPOro 00pa3yercst my3bl-
PEK MTHOBEHHO HUCHApSIONINXCs YepHUIL. M30bITOUHOE NaBlieHne BhI-
TaJKUBAET U3 KaMephl KaIlTi0 YePHUII, KOTOpast 10 MHEPINH MPOoJIeTaeT
4epe3 3a30p MKy CouioM U Oymaroii. Tak Karuisd 3a Karied, Touka 3a
TOYKOH (hopMHPYETCS H300paKeHHE.

CrpyliHas medaTh ¢ TBEpABIMH YepHHUIIAMH OblIIa pealn30BaHa B
npunTepax ¢upm Tektronix Dataproducts 1is ycTpoicTB momydeHus
BBICOKOKa4eCTBEHHBIX [IBETHBIX M300pakeHni. CoriacHo 3TOi TeXHO-
JIOTHY YeThIPE I[BETHBIE BOCKOBBIC MAJIOYKH, COOTBETCTBYIONIHE 0a30-
BBIM I[BETaM: TOTy0asi, po30Basi, XKeNTas 1 YepHasi, 3aKIabIBAIOTCs B
neyaTaroulyio rolioBKy. HarpeBarenu pacmiiaBisioT BOCK, IPH TeMIlepa-
Type 90°C 0H mepexoIUT B KHUIKOE COCTOSTHUE U CTEKAET B pe3epByap C
MOAOTPEBOM, TJI€ UePHUIIA TIOANCPKUBAIOTCS B )KUIKON (aze BO BpeMst
pabotsl npuHTepa. 715 nomydeHust n300pakeHus TevaTarolee yCTpoii-
CTBO OTKa4MBaeT HEOOJbIIOE KOMMYECTBO YEPHUII U3 Pe3epByapa H 3a-
TeM JJOTIOJTHUTENFHO HarpeBaeT ero. MexaHu3M OONBbIIMHCTBA TAKKX
MPUHTEPOB YCTPOECH aHAJIIOTHYHO NIPUHTEPAM HEMPEPhIBHOTO JEHCTBHSL.
bymara 3akperuieHa Ha Bpalaroniemcs 6apabase, U redararomias rojioB-
Ka popMupyeT H300paskeHre 3a OUH MOCTYMATENbHBIH POXO. JeK-
TPOHHOE YCTPOHCTBO, 0OECTIeYHBAIOIICe MYIbCAIIMIO YePHUII, BHICTPENHU-
BaeT MeNpYaiIie Karnenbki B Te MTHOBEHUS, Kora 9To Tpedyercs. [Ipu
KOHTaKTe ¢ OyMaroi yepHuiia MTHOBEHHO MEPEXOsT B TBEpAYIO a3y,
MO3TOMY OHH HE BIHMTHIBAIOTCS B OyMary, a OCTaroTCsl Ha ee TIOBEPXHO-
ctu. C oHOH CTOPOHBI, 3TO OYEHb XOPOIIIO, TAK KaK MOTHOCTHIO OTCYT-
ctByeT 3 (eKT paciyIbIBaHHUs YEPHUI, TPUCYIIHHA JTFOOBIM XXUIKHM Yep-
HUJIaM, HO, C JPYTOH CTOPOHBI, TAK KaK KallellbKi 3aCThIBalOT MTHOBEH-
HO, TIOBEPXHOCTh U300pakeHUs CTAHOBUTCS mepmaBoi. [loaTomy B ka-
YecTBe PUHUIIHON 00paObOTKK N300paKeHUs! TUCT OyMaru npoKaThIBa-
0T Yepe3 BaJIKU, PacIUTIOMIMBAIOIINE IIEPOXOBATOCTH TBEPABIX YEPHII U
MpHAIOIINe W300paKEHUIO MPUATHBIN TISTHIEBBIA BUI.

OCHOBHOE NMPEUMYIIIECTBO CTPYHHOI Me4aTH CO CMEHOH (a3 mepen
JOPYTUMHU CTPYHHBIME TEXHOIOTHSMH B TOM, YTO YEPHWIIA HE BITUTHI-
BalOTCS B OyMary M yraercsi JOCTH4b BEICOKOTO KauecTBa nedatu. He-
JOCTaTOK OJJH — BBICOKAsi CTOMMOCTb MOYYaeMbIX H300paskeHnH. DTn
YCTPOICTBA CTOWUT NPUMEHSTH Uil BBIBOJAA TONBKO IOJHOLBETHBIX
n300paxkeHui, koraa Tpedyercs o4eHb TOUHas BeTornepenada 1 BbICo-
KO€ KauecTBO MEYaTH.
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[Ibe303eKTprUECKrEe CTPYIHBIC TOJOBKH YIS IPUHTEPOB ObLIH
paspaboranbl B 1970-x ronax. B OonbIMHCTBE TAKUX MPUHTEPOB U3~
OBITOYHOE JJaBIIEHHE B KaMepe C YEPHIIIAMH CO3AAETCS C IOMOMIBIO
JIMCKa U3 hE303JICKTPHKA, KOTOPBI M3MEHsIeT CBOIO (hopMy — BhITHOA-
€TCsl IIPY MOABEAECHUN K HEMY BJIEKTPUYECKOrO HalpsbKeHUs. BoIrHy-
TBIW, TUCK, SIBISAACH OJHOW U3 CTEHOK KaMephl C YEpHUIIAMH, YMEHbIIIA-
er ee o0beM. [lo neiicTBueM M30BITOUHOTO JIABIICHHS KHJIKUE YEPHUIIA
BBUIETAIOT U3 COIUIA B BUJIE KaIlellb.

IlepBelii CTPYHHBII HPHHTEP C HUCHOIB30BAHUEM IIY3BIPHKOBOI
texHonoruu ThinkJet 6611 coznan B 1985 1. (Hewlett-Packard). [Tpun-
IIUII €T paloThl 3aKII0YACTCS B CIIEAyIoLIeM. B CTeHKy coma BCTpoeH
HarpeBarenbHbli 31eMeHT. [Ipu mogade 3IEKTPUYECKOrO HMITYbCa
TeMIepaTypa ero pe3ko Bo3pacTaer. 3aTeM NMpakTUUeCKH BCe YEPHUIIA,
HaxooAnuecCsa B KOHTAKTE C HArp€BaTCjIbHbIM 3JICMEHTOM, MTHOBEHHO
ucnapswrces. Pacipenne napa BeI3bIBacT yaapHyro BoiHy. [Tox nei-
CTBHEM H30BITOYHOTO JIABICHUS KAl YePHUI OyKBaJIbHO "BBICTPENH-
Batorcs” 3 coma. [locne 3Toro yepHUIBHBIN Nap KOHACHCUpPYETCH,
My3BIPEK CXJIOMBIBACTCS M B COILIE 00pa3yercs 30Ha MOHWKEHHOTO
JaBJICHUA, 110 I[el‘/'ICTBI/IeM KOTOpOT'0 HOBAad Mopiuurd 4€pHUJI BCaChIBa-
ercsl B COmTo. BakHOW 0COOEHHOCTBIO TAKOTO MEeYaTaloiero yCTpoi-
CTBa SIBISACTCS MPOCTast KOHCTPYKIUS comen. Kpome HU3KO# cTOMMOCTH
HM3TOTOBJIEHHUSA, OHA UMEET psif APYTUX PEUMYIIECTB:

[ BBICOKasl HAIGKHOCTh KaXKAOTO COIUIA, YTO YIPOIIAET KOHCT-
PYKLIHIO U, CIIE€N0BAaTENbHO, YMEHBIIAET pa3Mep NeyaTaroliero ysia,
TaK Kak He Ha/I0 00ecreunBaTh BO3SMOXXHOCTh 3aMEHBI COILT;

'] BO3MOXHOCTB pacloiararh CoIlla ropaszio onmxe Ipyr K apy-
TY, a 3TO YBEIMYMBAET pa3pelieHue Meyaru;

[] orcyTcTBHE Kakoro-inbo 3ByKa Mpu paboTe reyaTaromiei ro-
JIOBKH.

C ToukHn 3PCHUA MMOJIB30BATEIIA, KOHCTPYKTUBHBIC OTJIMYHA HEBC-
JINKH, HO B HEKOTOPLIX ClIydasdX OHHU MOT'YT UMCTh pCHIAIOIICC 3HAYC-
HUE MPH BEIOOPE MEXTY YCTPOHCTBaMH, CHAOKEHHBIMH TeYaTaloNIIMU
TOJIOBKaMH 3TUX ABYX GupM. Harmpumep, cTpyiiHbIe TIIOTTEPHI CEPUH
Techlet, npoussomumbie ¢upmoii CalComp, cHaOXeHBI TOJIOBKAMHU
Canon. OCHOBHBIM HX HEAOCTAaTKOM ABJISICTCA BBICOKas Tpe6OBaTeHI)-
HOCTh K Oymare aiist medatd. [IpuMeHATs OOBIYHBIN BaTMaH WITH JPYyTHE
CTaHJapTHBIEC YePTEKHBIE MaTEPHAIIbl IPAKTHUECKH HEBOZMOXKHO, TaK
Kak, U3-3a HEPOBHOCTH OyMaru MUIIyInas TOMOBKa B HEKOTOPBIX MeC-
Tax 3aJieBaeT 3a JIMCT U Pa3Ma3biBaeT HE YCIIEBIINE €Ille BHICOXHYTh
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YepHuIIa, TM00 YSPHUIIA CIMIIKOM XOPOILIO BIUTHIBAIOTCS B Oymary u
pacruibiBatorcsi. Vcronb30BaTh ke IS e4aTd TOIbKO (pupMEeHHYIO
oymary Hewlett-Packard ciumikom goporo.

Pa3paborunku CalComp ywnu To, 4TO IIMpHHA pabodero momus y
wiortepa ¢popmara AQ B ueTkipe pasa Oonblile, 4eM y PUHTEPA, TO3TO-
MY TIPH TOH e KPUBH3HE JIHCTa a0CONIOTHAS BEIMYMHA OTCTABaHHUs €ro
OT BaJIMKa rpad)OroCTPOUTEIISI MOXKET OBbITh CYIIECTBEHHO BbIie. Cieno-
BaTeNIbHO, HEOOXOMMO YBEIUYUTH 3a30p MEK/IY TOJIOBKOI U JIUCTOM
Oymaru. iMenHo ycriexu Canon B MUHAATIOPU3AIIMU TOJIOBOK U ITOBBI-
IICHUH Pa3pEIICHUs TIeYaT MO3BOIIIN KoHCTpykTopam CalComp 6e3
YXYALICHHS KauecTBa MOITy4yaeMOro H300paKeHUsI Ha HOBBIX IIJIOTTEpax
OTOABUHYTH I'OJIOBKY OT JIUCTA, YTO IMO3BOJIACT IPUMCHATH J'HO6OI7I BaT-
MaH. HoBeie uepHmia Canon Taxke yNpoCTHJIM BBIOOp Oymaru amst
TUIOTTEpA: TEMephb JIMHUM Ha YepTEKaX HE PACIUIBIBAIOTCS, TAK KaK yep-
HUJIA IPOCTO HE YCIIEBAIOT PACTEKAThCsl — OHH BBICHIXAIOT.

CrpyitHasi TEXHOIOTHSI UMEET Psijl JOCTOMHCTB: MPOCTOTA pea3a-
1M, BBICOKOE pa3pellieHne, HU3Kast HoTpedisieMast MOIIHOCTh U OTHO-
CHTENTbHO BBICOKasi CKOPOCTh niedaTu. Cripoc Ha CTPYIHHBIC TUIOTTEPbI
co ctopoHsl nnons3oBarened CAIIP, BEITYCKAIOIMX CIIOKHBIE YePTEXKH,
pacrer, ¥ IPaKTUYECKH CTPYWHAsI TEXHOIOIUS BBITECHSET BCE OCTaJlb-
HBIC. Be}IyHH/IMI/I HU3roTOBUTCIAMU CprﬁHLIX IJIOTTEPOB  ABJIAIOTCA
Hewlett-Packard, Epson (puc. 4.35), Summagraphics, Encad. Muorue
MOJIENTH YKa3aHHBIX (pUpM 00ecieunBatoT HEOPOT'YI0 MOHOXPOMH YIO
1evaTh, BBICOKOE KQ4€CTBO IIBETHBIX OTIEYATKOB U HU3KYIO OOIIYIO
CTOMMOCTb COIPOBOXK/ICHHUS TIPH BHICOKOM CKOPOCTH MEYaTH U CKPOM-
HOM TEXHUYCCKOM 06CHy)KI/IBaHI/II/I.

Puc. 4.35. Crpyitasie npuatepsr HP u Epson
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Jlazepnvie (ceemoouoonvie) naommepst . ITH IIOTTEPHI OA3UPY-
I0TCSI Ha 3JIEKTPOrparuecKoil TEXHOIOTHH, B OCHOBY KOTOPOM MOIOXKe-
HBI (PU3NYECKHUE MPOLecChl BHYTpeHHEro (orod(d(exra B CBETOUYBCTBH-
TCIIBbHBIX IMOJYIIPOBOAHUKOBLIX CIIOAX CCICHOCOACPKAIIUX MATCPUAJIOB
U CUJIOBOE JAEUCTBUE IEKTPOCTATUYECKOrO Mojist. IIpoMexyTOuHbII HO-
CUTENh N300paKeHUs (BpaIAIOIIUIICs CeICHOBBIN OapabaH) B TEMHOTE
MOXKeT OBITh 3apsDKEH JI0 MOTeHI[MaNa B COTHU BONBT. JIyd cBeTa cHUMa-
€T ATOT 3aps/l, CO3aBasi CKPBITOE AIEKTPOCTATHUECKOE H300paKeHue,
KOTOPOC IMPUTATUBACT HaMarHu4YeHHbBIN MeJ'IKO)IPICHepCPIOHHI;Iﬁ TOHED,
MEepEeHOCUMBII 3aTeM MeXaHHUYeCKHM MyTeM Ha Oymary. [Tocie sToro
Oymara c HaHECEHHBIM TOHEPOM MTPOXOJIUT Yepe3 HarpeBarelb, B pe-
3yNbTaTe Yero 4YacTHIIBI TOHEpa 3areKaroTcs, Co3/1aBas H300pakeHue.

Jlo HenaBHETro BpEeMEHH CO3/IaHUE CKPBITOTO N300pakeHus Ha Oa-
pabaHe OCYIIECTBISIIOCH UCKITIOYUTENFHO TIPY TIOMOIIH Jasepa. Jlns
yIIpaBIIeHUs TIepeMeIIeHIEM JTa3epHOTO JIyda CIYKHJIa CIIOXKHAsI CUC-
TEMa BpallaloInXCsd 3CPKAJIbHBIX MHOI'OI'PaAaHHUKOB WJIM IIPU3M U JIMH3.
[TosTOMY TIIOTTEPHI, HCMIONB3YIOIIUE Ja3ephl, OOATCS TPSICKH U YIapoB,
KOTOpPBIE MOT'YT COUTH HACTPOHKY.

N30exaTh CIIOXKHOCTEH ¢ ONTUKON U CAENATh CUCTEMY IMPOIIIE,
Jierde v HaJie)KHee MO3BOIMIIO IPUMEH EHHE JIMHEEK TOYEUHBIX MOy~
MPOBOAHUKOBBIX cBeTonnoaoB (LED — light emmitting diode).

Jlazepnbie 1 LED-norTepsl BBHILy BHICOKOTO OBICTPOICHCTBUS
(;muct dpopmata Al BeiBomuTCst MeHee yeM 3a 30 ¢) y1o0HO HCIONb30-
BaTh KAaK CETEBbIE YCTPOWCTBA; OHM UMEIOT B CTAHAAPTHON KOMILIEKTa-
LMY ajanTep cereBoro nHTepdetica. He MmeHee BaxkHO U TO, UTO 3TH
TUIOTTEPBI MOTYT paboTaTh Ha OOBIYHOM Oymare, 4TO COKpaIaer 3Kc-
TuTyaTanronHele 3aTparbl. LED-moTTepsr cTaHoBsTCS Bee Oomee mo-
nynsipabIiME (puc. 4.36).

4 -% B

Puc. 4.36. LED-motTtepst
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O6mnactu nx npumenenust — CAITP (CAD/CAM/CAE), cnoxHbIii
TEXHUYECKUH JM3aiiH, apXUTEKTypa, KapTorpadus 1 1Ip., T.e. TaM IJIe
Tpe6yeTC${ BBICOKHEC Ka4CCTBO U MMPOU3BOJUTCIILHOCTL, HO HAJIUYUC
[BETa He 00s3aTeNbHO.

Inekmpocmamuueckue naommepel. DISKTPOCTATUYECKAs TeX-
HOJIOTHSI OCHOBBIBAETCSI HA CO3JaHUH CKPBITOTO AIIEKTPUIECKOTO U30-
OpaxeHus (MOTEHIIMATLHOTO pelibea) Ha MOBEPXHOCTU HOCUTENS —
CHeluaNnbHON dIIeKTpocTaTndeckol Oymaru, pabodasi MOBEPXHOCTD KO-
TOPOH MOKPHITa TOHKUM CJI0EM JMAJIEKTPUKA, 2 OCHOBA NPONKTaHA
THIPOPHUILHBIME COMSAMU 151 oOecriedeHus TpeOyeMoid BIaKHOCTH U
AIIEKTPOIPOBOAHOCTH. lloTeHIMansHbBId penbed QopMupyercs mpH
OCa)KACHUM Ha MOBEPXHOCTH AUDJIEKTPHKa CBOOOAHBIX 3apsIoB, 00pa-
3YIOIIMXCS IPU BO30YKICHUH TOHYANIIINX JIEKTPOIOB 3aIlHChIBAIOIICH
T'OJIOBKH BBICOKOBOJIBTHBIMH UMITYJIbCAMH HAIIPSAKCHUA. KOF)Ia 6yMara
MMPpOXOAUT YCpPE3 HpOHBHHIOHII/Iﬁ Yy3€i1 € ) KUAKUM HaMaroHn4€HHbIM TO-
HEpOM, YaCTHUIIBI TOHEPA OCEIAIOT Ha 3apsDKEHHBIX y4acTKax Oymart.
[lomnast 1mBeroBas ramMma TNOJNydYaeTcss 3a 4YeTbIpe LWKIAa CO3AaHUs
CKPBITOTO U300pakKeHUs M IPOXO0JIa HOCUTENS Uepe3 YeThIPE MPOsiB-
JISIIOIIUX y3J1a C COOTBETCTBYIOLUIMMHU TOHEPAMHU.

DneKTpocTaTndeckue mioTTepsl (puc. 4.37) MOXKHO OBLIO OBI CUM-
TaTh UICAIbHBIMU YCTPOKCTBAMU, €CJTU ObI HE HEOOXOIMMOCTD IO~
JACpKaHus CTa6I/IHI)HI)IX TEMIICPATYpbl M BJIAXKHOCTH B IIOMCUIICHUH,
TIIATETBHOTO OOCTYXKHBAHUS M BHICOKAsi CTOMMOCTD. [103TOMY HX mpH-
00peTaroT NMoNb30BaTellv, UMEIOIIUE ONPaBAaHHO BHICOKUE TPEOOBAHUS
K IPOMU3BOAUTCIBHOCTH U KAYC€CTBY. IL]'DI JOCTUKCHHU A MaKCUMaJIbHOMN
3¢ ()EKTUBHOCTH 3JIEKTPOCTATUYCCKUE IUIOTTEPhl OOBIYHO PabOTaroOT
KaK CETeBbIC YCTPOWUCTBA, JUIsl 4ero CHaOKeHbI aJjanTepaMy CETEBOro
uHTEepdetica.

i

Puc. 4.37. DnexTpocTaTiyeckue IOTTEpPHI
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HemanoBakHbI Takke BBICOKAas YCTOHYMBOCTH H300pa)KEHHs K
BO3IICHCTBUIO YIBTPaQHONETOBBIX JIyueii W HEBBICOKas (Ha ypOBHE
CTOMMOCTHU BBICOKOKa4E€CTBEHHOM TUIOTpadCckoil) CTOMMOCTD AJIEKTPO-
CTaTUYECKOH Oymaru. JJNEeKTPOCTaTUIECKHUE II0TTEPhl IPUMEHSIOTCS
MIPH BBICOKOH CTETIEHW aBTOMATH3allUH IPOEKTHBIX pabOT B COMMIHBIX
opraHmu3anuix u B reonHopmannoHHbix cucremax (GIS).

Inommepur npamozo evieooa usoodpasrcenus. V300paxeHue B
TUIOTTEpax MpAMoro BeIBoAa nzodpaxenus (Direct Imaging Plotter)
CO3JIaeTCsl Ha CIEMANIbHON TepMoOymare (Oymare, MporuTaHHON Tep-
MOYYBCTBHTEIIFHBIM BELIECTBOM) JUIMHHON (HA BCIO LIMPHHY IJIOTTEPA)
"rpeOeHKON" MWHHUATIOPHBIX HarpeBareneil. TepmoOymara, KoTopas
OOBIYHO MOJACTCS C PYJIOHA, JIBHIKETCS BJOJIb "TPeOCHKHU" U MEHSIET
LBET B MecTax Harpepa. M300pakeHne mory4aercsi BBICOKOKaueCTBEH-
HbIM (pa3petienue 10 800 Touek Ha Ar0iM), HO TOIBKO MOHOXPOMHBIM.
B Hacrosiiee Bpemst LieHBI Ha TepMOOyMary CHU3MIINCh, HEAOCTATKH,
KOTJIa-TO MPUCYIHE €if (1yBCTBUTENBHOCTh K M3MEHEHUSM TeMIIepary-
PBI OKpYKaIOIIeH cpeabl M HU3Kask KOHTPACTHOCTh H300pakeHus), yCT-
paHEHBI, a TUITBI TEPMOHOCUTENEH BKITIOUAIOT B ce0sl cTaHAapTHYIO Oe-
nyto Oymary, KaibKy U Ja)ke TonMudQUpHYIO MieHKy. KauecTBo 3THX
HOCHUTENEH yIOBIETBOPSET CAMBIM CTPOTHUM apXHBHBIM TPEOOBAHHSM.

Braronaps BbIcOKOW HaIeXKHOCTH, MPOU3BOUTENLHOCTH M HU3KUM
SKCILUTYaTallMOHHBIM 3aTpaTaM IUIOTTEPBI IPSIMOTO BBIBO/IA H300paxe-
HUS IPUMEHSIOTCS B KPYIHBIX MPOEKTHBIX OpraHU3alUsIX sl BRIBOJAA
MPOBEPOYHBIX KOMHUU. B MX cranmapTHyIo KOH(QUTYpalliio BXOIUT ce-
TeBOM ajantep. TexXHMUEeCKHEe XapaKTEPUCTUKHU TaKUX ILUIOTTEPOB COOT-
BETCTBYIOT TPeOOBaHUSM MPUKIAAHBIX 33/1a4 HHKXEHEPHOTO MTPOEKTH-
POBaHMUSI, APXUTEKTYPBI, CTPOUTEILCTBA, TOPOJICKOTO TUIAHUPOBAHUS H
IEKTPOCXEMOTEXHUKH.

I'pagponocmpoumenu na ocnose mepmonepedauu . OTINUNE STHX
TUIOTTEPOB OT TUIOTTEPOB MPSIMOTO BBIBOJA M300PaKEHUSI COCTOUT B
TOM, YTO B HUX MEXKAY TepMOHArpeBaTesiMi U Oymaroi (Wi mpo-
3payvHOl IJICHKON) pa3MeIiaercs ""TOHOPCKHiA [IBETOHOCUTEINb" — TOH-
Kasi, TOMIMHON 5-10 MKM, JieHTa (HanpuMmep, JIaBCaHOBasi), 00paIeH-
Has K Oymare KpacsiliiM CJIOeM, BBITIONHEHHBIM Ha BOCKOBOI OCHOBE C
HU3KOU TEMIIEPATypOH IIaBIICHUS.

Ha nonopckoii neHTe mociaenoBaTeIbHO HAHECEHBI 00IaCTH KaX-
JIOTO M3 OCHOBHBIX IIBETOB Pa3MEPOM, COOTBETCTBYIOIIUM JIMCTY UC-
nonbs3yemoro (opmara. B mporecce BpiBoia MHPpOPMANIUK OyMaXHBIH
JIUCT C HAJIOKEHHOW HA HETO JOHOPCKOM JIEHTOM MPOXOAUT IOJ I1eYa-
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TaIOIIEH FOJ0BKOM, KOTOpasi COCTOUT U3 THICAY MEIbYANIINX HarpeBa-
TENBHBIX DJIEMEHTOB. BOCK B MecTax HarpeBa pacIulaBisieTcsl, M MuT-
MEHT OCTaercs Ha JIucTe. 3a OfH MPOX0J HAHOCUTCS OMH 1BeT. Bee
n300pakeHue MmomyvaeTcs 3a 4yeTblpe mpoxona. Takum o0pazom, Ha
KaKJIbI{ JINCT IBETHOTO M300paKEHHsI 3aTPauuBaETCs B YETBIPE pa3a
OOJIBIIIE KpacAIIeH JICHTBI, YeM Ha JINCT MOHOXPOMHOT0. BBH Ty 10pO-
TOBH3HBI K&KIOTO OTIEeYaTKa 3TH IJIOTTEPhI UCIOMB3YIOTCS B COCTABE
CpEIICTB aBTOMAaTH3UPOBAHHOTO MPOESKTHPOBAHUS IS BBICOKOKAUECT-
BEHHOTO BHIBOJIa OOBEKTOB TPEXMEPHOTO MOJICTMPOBAHMSI, B CHCTEMAX
Kaprorpaduu, rae TpeOyeTcss BBICOKOE KauecTBO BOCIPOHM3BENCHUS
I[BETOB.

[Tpu ob1eM paccMOTpEHHH MOXKHO BBIICIUTH CIEAYIONINE XapaK-
TepucTuku rpadomnocrpouTesieit (II0TTepoB):

[] cTOMMOCTD U3IETHS;

[1HaOOp (hYHKIIMOHAIEHBIX BO3MOXKHOCTEH, 110 KOTOPBIM MOKHO
WHTErPaNbHO OLIEHUTh TPUMEHUMOCTh IIOTTEpa JJIsl pellieHNsT KOH-
KPETHBIX 3a/1a4;

[ cToMMOCTh AKCILTYyaTallMOHHBIX 3aTpaT, BKIIOYAIONIYI0 CTOU-
MOCTb HOCHUTEJISI, PACXOAHBIX MaTepHaJiOoB, 00CITYKUBaHHSI, aMOPTH3a-
LU0 U IOTpeOIeHUE SHEPTUH;

[l IpOU3BOAUTENBHOCTE;

[ ynoOCTBO pabOoThI, CEPBUC;

[] kauecTBO N300paKeHM, 00ECIIEUNBAEMYIO I[BETOBYIO FraMMYy;

[J pyHKIHOHATIBLHOCTD U 3PTOHOMHUKY;

[/ aBTOHOMHOCTHh (BO3MOKHOCTh TMPONOKUTENBHON paboThl 0e3
BMEIIIATENILCTBA OIEPaTopa);

[ orcyTcTBUE MpoOIIeM ¢ pacXOAHBIMH MaTepuaniaMi Ha OTE4eCT-
BEHHOM DBIHKE.

VYkazaHHbBIE XapaKTEpPUCTUKU PACCTABIICHBI B IOCTATOYHONW Mepe
MPOU3BOIBHO, TOCKOJIBKY 3HAYUMOCTh KaXKIO0H U3 HUX MOJTb30BaTENb
BbIOMpaeT ansi cebsl, PyKOBOACTBYSICH COOCTBEHHBIMH KPHTEPHUSMH.
OnHaxo raBeHCTBYOIIEE MOJIOKEHNE 3aHUMAalOT TEXHUUECKUE mapa-
METpPBI, IPUBOANMBIC B IOKYMEHTAIIMU M MIPOCTIEKTaX.

OTH XapaKTEPUCTHKH YCIOBHO MOXKHO Pa3leUTh Ha IIECTh TPYIIIL:
1) HOCHTENb U U300pakeHne; 2) mapaMeTpbl TOUHOCTH; 3) MapaMeTphbl
MPOU3BOAUTENBHOCTH; 4) MaMsITh; 5) opMaTsl JaHHBIX; 6) YePTEKHBIE
XapaKTEePUCTHKH.
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4.7. CpeacTBa TeXHOJIOTHYeCKOM MOATOTOBKHM MPOM3BOACTBA,
U3rOTOBJIEHHS U 00ecreyeHns Mpolecca MPOeKTHPOBAHUS

B aT0ii KaTeropum TEXHUYECKUX CPEICTB MOKET OBITH MTPEICTaB-
JIeH OYEHb ITUPOKHHA CHEKTP TEXHOIOTHYECKOTO 000PYAOBaHHUS, IPE-
HA3HAYEHHOTO KaK Il COOCTBEHHO MPOM3BOACTBA (TEXHOIOTHUECKUE
LHEHTPHI ¥ aBTOMaThl, cTanky ¢ YITY ¥ T.1.), TaK u JJ1sl €ro TEXHOIOTU-
4yeckol moArotoBku. Cpeau MHOTOOOpasus 3TUX YCTPOUCTB HEb3s He
OTMETUTH TEXHOJIOTUHU M TEXHOIOTHUECKUE arnaparhl, HaPsIMyIO CBS-
3aHHBIE C TBOPYECKUM MPOIIECCOM KOHCTPYKTOpa Ha dTare MPUHSATHS
peuieHui.

N3BecTHO, 4TO, MMEs pealibHY0 (PU3NYECKYIO MOJIEITh OyIyIero
W3JIENHs, elle B IPOollecce MPOSKTUPOBAHUS MOYKHO BBISIBUTH U YCTpa-
HUTH Pa3IMvHbIe OMINOKH, CKOPPEKTUPOBATH ITYTH MPOJOKEHUS IPO-
1ecca MpoeKTUpoBaHus. [IpOTOTHIT U3/IENUST MOKHO MCTIOIb30BaTh B
KauecTBe KOHIICTITYaIbHOW MOJIENH AJISl BU3YyallM3allly 1 aHAIIN3a KOH-
crpykiui. OH MO3BOJISIET KOHCTPYKTOPaM BBITIOIHUTH JOPA0OTKY
MPOBECTH HEKOTOPbIE (PYHKIMOHATBHBIE TECTBI, MOXKET CITY)KUTh Mac-
TEp-MOJIENbIO JJISl H3TOTOBJICHHSI HHCTPYMEHTaIbHOW OCHACTKH U, Ha-
KOHEII, TPY OIPeeIeHNH CTOMMOCTH W3TOTOBJIEHUs. [t 9THX 1eneit
WCTIONB3YIOT TPAAULMOHHBIN crtoco0 monydeHns (pU3NUecKux Mojenel
OyIyIyx M3eNuil — U3rOTOBIICHHE UX U3 JIETKO 00padaThiBaeMbIX Ma-
TEPUAJIOB BPYYHYIO UM Ha OOBIYHBIX 00pa0aThIBAIOIINX CTAHKAX, YTO
CBSI3aHO C CEphE3HBIMU BPEMEHHBIMH 3aTpaTaMH.

CerofiHs CylIecTBYET LENbIA Pl HOBBIX, AKTUBHO Pa3BHBAIOIIHX-
Csl TEXHOJIOTHH — TaK Ha3bIBaeMOro ObIcTporo nportorunupoBanus (RP-
Rapid Prototyping). [To cpaBHeHUIO ¢ APYTHUMHU MeTOaMH (M3rOTOBIIE-
HUE MoZieriel U3 TIEHOIUIAcTa, JIepeBa, BOCKA BPYUYHYIO MIJIM Ha CTaHKaX
¢ UITVY), cymecTBoBaBIMMU J0 cepenutbl 1980-x romos, mosiBiiecHHE
CHCTEM OBICTPOTr0 M3TOTOBJIEHUS MPOTOTUIIOB OBLIO MEPEBOPOTOM B
TEXHOJIOTUU. BMecTo Toro, 4To0bI CTPOUTH (hU3NUECKHE MOJEITH Ha
MPOTSHKEHUH HECKONIBKUX HeeNTb, KOHCTPYKTOPBI MOTYT MOIY4aTh UX
4yepe3 HECKONBKO JTHEeW WM YacoB.

RP-cucTeMbl cTaiau nosBIsAThHCA, HaunHasg ¢ 1987 1., korma koMma-
Hus 3D Systems BBINTyCTHIIA CBOHM CTEPEOIUTOrpaUICCKIE MAIITMHBI
(Stereo Litographics Appa-ratus — SLA). Hapsay ¢ 3D Systems niep-
BEHCTBO 110 MpoJake 000pyIOBaHUS JIepKaT KOMIIAaHUH Stratasys
DTM. [lpyrue 3HaunTeNbHBIE YYaCTHUKHU 3TOH MHAYCTpuH — Helisys
Inc., Sanders Prototypes Inc., Cubital America Inc. u Z Corporation.
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bonbmMHCTBO CylecTByOIMX pa3anydbix RP-cucrem, npousso-
JSIIIAX MOJIENH 0 Pa3IMYHBIM TEXHOIOTHUAM U U3 Pa3NUYHBIX MaTe-
pHaioB, paboOTAIOT IO CXOXKEMY, ITIOCIOHHOMY MPUHIIUITY TTOCTPOCHUS
(hm3MUeCKON MOJIEIH, KOTOPBIN 3aKitodaercs B cieaytonieM. Ha mep-
BOM OJTalle IPOUCXOJUT CUUTHIBAHUE TPEXMEPHOW TI€OMETPUYECKON
mozenu u3 CAD-cuctem B STL-dopmare (00b19HO TBEPAOTENBHBIE
MOJIENTH, JIK MOJIENH C 3aMKHYTBIMU TTIOBEPXHOCTHBIMH KOHTYpaMHu).
Jaiee ocyiecTrisiercs pa3doueHue TpEXMEPHOI MOJICH Ha Iorepey-
HBIE cedeHHs (CIIOH) C MTOMOIIBIO CTIEUATBHON MPOTrPaMMBbl, TOCTAB-
JsIeMOi ¢ 000pY/IOBaHUEM WJIM UCTIONB3YEMOM KaK MPHUIOKEHHE, U T0-
CTPOCHUE CEUEHHI JIeTalu CIION 3a CJIoeM, J0 TeX HOop, oKa He OyneT
noy4eH pu3nUecKuii mpoToTun Mozenu. CIOou pacronaralTcs CHU3Y
BBEpPX, OIMH HaJ APYTUM, (PU3HUECKH CBSI3BIBAIOTCS MEX Iy co0oii. [1o-
CTpOEHME MPOTOTHIIA MTPOAOIDKAETCS 10 TeX MOop, MOKa MOCTYNaloT
nanuele o ceuenngx CAD-monenu.

MO)XHO BBIJIETUTH CIEIYIOIINE TEXHOIOTHH.

Cmepeonumoczpagusn (Stereo Lithography Apparatus). OCHOBHbIM
paboYrM BIIEMEHTOM CTEPEONTUTOrpauu SBISETCA YIbTPa(UONEeTOBbIN
Jla3ep, KOTOPBIH TOCIEIOBATEIBHO "BhIUepUMBACT" CEUCHUS O0hEKTa Ha
MOBEPXHOCTH EMKOCTH CO CBETOYYBCTBHUTENBbHON cMoiol. Kuaxwuii
MJIACTHUK OTBEPJIEBAET TOJBKO TaM, i€ ero Kacaercs Ja3epHbI JTyd.
HoBbl# €110#1 &KUJIKOTO MIIACTUKA PACIPOCTPAHAETCS IO OTBEPAEBUIEI
MTOBEPXHOCTH U KOHTYP CIIEIYIOIIErO CJIOS BEIYEPUUBAETCS JIa3€POM.
[Iporecc noBTOpsieTcss aBTOMAaTHUYECKH JI0 TMOTHOTO MTOCTPOEHHUSI JieTa-
. OCHOBHBIM TIpoBaiiiepoM TexHomoruu SLA u mpousBoauTenemM
obopynoBaHus sBisercs kommanus 3D Systems, ocHoBanHas B 1986 1.
B Hacros1mee BpeMst KOMITaHUS SBISIETCS JIMJEPOM IO MpoAakaM U
MPOU3BOACTBY Ha pbiHKe RP-cucrem crepeonurorpados u 3D npun-
TEpOB.

Texuonozua SGC (Solid Ground Curing) — cIOXHBIN, MHOTOIIIA-
roBbIi mporecc. C MOMOIIIBIO CIIeUaIbHOro TOHEepa Ha CTEKITHHON
IJIacTHHE co31aéTcst n300paskeHue cios, oopasyroiee ero "goromac-
Ky" — ¢orommadnod. ToHKHI CIIOH CMONBI, pacipeaenéHHbli Mo Mmo-
BEPXHOCTH pabOovero cTona, 1 HaXoAsmuics HaJl HUM (oromadinon
CIIOSl BBICTPaNBAIOTCS IO/ YNIBTpaHOIeToBoi Jammoil. JlaMna BKITto-
yaeTcs Ha HECKOJIbKO CEKYH/I, B Pe3y/IbTaTe Yero oTBepAeBaeT ciIon
CMOITBL, (POTOMACKa KOTOPOT'O HCIOIh30BAJIACH B 3TOT MOMEHT. Heot-
BepJeBIIas CMOJIa YIAsIeTcsl, ONOCTH 3alONHSIOTCS pacIlIaBIeHHBIM
BOCKOM, KOTOpBIi OBICTPO 3aTBepaeBaeT. [locTpoeHHbIi ciioit Gpesepy-
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€TCsl 10 NOIyYEHUs IVIAJIKOM ITOBEPXHOCTH U TOYHOM BBICOTHI cios. Jla-
Jiee JeTalb BHOBb IOJBEPraercs BO3ACUCTBHUIO YIBTPa(UOIeTOBOTO
W3TY4EHUS UI OKOHYATETbHOTO (POpMHUPOBaHUS CiI0sL. 3aTeM MpoLecc
MOBTOpsieTCs: co37aérest (POTOIIA0NOH ISl CISAYOIIEro Cios, 0 pa-
0o4yeMy CTOITy pacrpenensiercs HOBBIM CIOM ®KHUIKOH cMonbl U T.1. Oc-
HOBHBIM TipoBaiifepom TexHonorun SGC saBisiercs kommnanus Cubital,
BhITyckatomiast ycraHoBku Solider 5600 u Soolider 4600. TounocTh
noctpoenns 0.084 mm, ckopocts nocrpoenns 70 u 120 c/cno, Ton-
muHa ciaos 0,1 — 0,2 mm.

Texnonozusn SLS (Selective Laser Sintering). B atoit TexHonorun
3D-00bexT co3aaérest U3 MOPOLIKOOOpa3HBIX MAaTEPHaJIOB (IJIACTHK,
MeTasull, HeHJIOH U KepaMHUKa) ¢ UCIIOIb30BaHHEM MPOoIecca CIIeKaHus
MIpY MOMOILU YITIEKUCIOTHOrO jJa3epa. JlazepHblii ay4, nonajas Ha
TOHKWH CIIOW TOpOIIKA, CHEKAaeT MOPOIIKOBBIE YacTHIbl, KOTOPHIE
¢dopmupyrot TBEpAYIO Maccy, o ¢popme coorBercTBytonryto CAD-mo-
JIeTH ¥ ONIPEICISIONIYI0 TE€OMETPHUIO H3IEIHSL.

Texnonozusns LOM (Laminated Object Manufacturing). M3roros-
JieHne 00BbEKTOB € UCTOIb30BAaHMEM JIAMUHUPOBAHMS) TAK)KE BKITIOYAET
B ce0s J1a3ep, KOTOPbIil BeIpe3aeT KOHTYphI cedeHuii no CAD-naHHBIM,
cioif 3a cinoem. CAD-maHHBIE TOCTYHAalOT B CHUCTEMY YINpaBIEHUS
LOM-cTaHKkoM, rjie ¢ MOMOIIBIO CIEI[HATBHOTO MTPOrpaMMHOT0 00ec-
MEYESHHUs CO3AI0TCs MONepevHbIe cedeHus AeTanu. JIyd iga3epa BbIpe-
3aeT KOHTYp CEUeHHS B BEPXHEM CJIO€, a 3aTeM paspe3acT 00JacTH 13-
JIMIIHErO MaTepualia Jjis MOCIEeNyoIero ynanenus. HoBwlil cioi co-
SMHSIETCS C MPEABITYIIIM 33 CUET POKATKU TEPMOBAIIMKOM, U CO3/a-
eTcsl HOBOE TIONIEPEYHOe CeUCHUE.

Texnonozusn FDM (Fused Deposition Modeling). B »3T0ii TexHo-
JIOTHU OCYLIECTBIISIETCS MOCIIONHOE HAIOKEHUE PACILIaBICHHOH ITOTH-
MepHOﬁ HHUTH, KOTOPAA ABIACTCA TEPMOILIACTUIHBIM MOACIINPYIOIIUM
MaTeprajoM.

[TpunTeps! TBepaoTENbHBIX 00bekTOB (Three Printer — 3D-Printer)
— CHCTEMBI, KOTOpbIe OPMUPYIOT T€OMETPHUIECKHE MOJIEITH 32 CUET
MOCJIe0BAaTENbHOr0 HAaHECEHHS MaTepraia U3 OMHON MM HECKOIBKUX
CTPYHHBIX TOJIOBOK, TOJJOOHO OOBIYHOMY IPUHTEDY.

Texnonorusa BakHa Jid ClICUaIMCTOB, KOTOPLIC 3aHHUMArOTCA
KOHIETITYyaJIbHBIM TIPOCKTUPOBAHNEM U KOTOPBIM HEOOXOANMO TOIBKO
B3IJISIHYTh Ha JICTallb M 3aTEM MPOAOJIKUTH pa3paboTky. OUeHb BaKeH
(hakTop OBICTPOrO, HEAOPOTOro U MPOCTOTO MOTYICHUS TPOTOTHIIOR
MPOEKTUPYEMBIX H3lenuii. 3D-npuHTEpHI Ooee TOCTYIHEI, TaK KaK
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JUTS UX PasMENIeHUs He TPeOyeTCsl CrenraabHbIX PUCITOCOOIEHIH 1
MOMEIICHUH, OHU MOTYT pa3MeIlaThCsi HEOCPEIACTBEHHO Y pabouero
Mecta KoHCTpykTopa. Kpome atoro, 3D-puHTEpHI HE UCTIONB3YIOT
BpEIHBIC MaTePUaTbl HJIH TIpoIiecchl. [IpoBaiiiepaMu CHCTEM SIBIISFOTCS
3D Systems, Stratasys u Z Corporation (puc. 4.38).

Puc. 4.38. 3D-nipunTEpHI

BricTpoe u3roToBiieHE MPOTOTUIIOB CTANIO0 BaXKHEHIIIEH YacThIO
CAD/CAM-nporiecca. RP-TexHONMOr1# mo3BoNsIOT MOJIb30BATENAM 32
KOpOTKoe BpeMs ipoBepuTh AanHble CAD-cructeM. Bc€ roBoput o Tom,
YTO TEXHOJIIOTUH M CHCTEMBI OBICTPOTO MPOTOTHUITMPOBAHUS OYyIyT 3a-
HUMATh Bc€ OONblIee MECTO B aBTOMATH3UPOBAHHOM MPOEKTHPOBAHHH.
B nenanéxom Oyaymem RP-cuctemsr OynyT JOCTYIHBI TIOOOMY MOJb-
30BaTENIO ¥ CTAHYT MPHUBBIYHBIM HHCTPYMEHTOM KOHCTPYKTOpa, TO-
BBIIIAs] KAYECTBO MPOCKTUPOBAHMUS M COKpaIasi BpeMs BBITycKa HOBOH
MPOLYKIIUH.
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