UCTOPUSA U METOZ10J10IM1SA NPUKNAQHON
MATEMATUKA N NTHOPOPMATUKHA

JNlekuumsa 12:
PazBurmne BbIYNCITUTE/IbBHON TEXHUKH

BMuK MI'Y nm. M.B. JloMoHocoBa, Kadeapa ACBK
AccucteHT BonkaHos [.1O.



[1naH nekunm

e [IpepBecTHMkN 3BM

e KoHpaa Llyse

e [I)xoH ®oH HenmaH

e 5BM nepBOro nokosieHus

e 5BM BTOpOro nokosieHuns

e Passutne 2BM B CCCP

e OBM Ha pybexe TbicaueneTnm



Hally nnaHbl

23.11 — nekuns o6 ncropun BT
30.11 — nekumsa 06 ncropum Al (no passutuo KC?)

/.12 — nexkuunsi 06 ncrtopumn BT B CCCP (npodeccop
TomunuH A.H.)

14.12 — 3a4€T ANnd Tex, KTO XOpoLLUo nucan c/p

[o 11.12 — caaTb noagnMcaHHoOe BBeAEHUNE B
ancceprauuio

[o 12.12 — pe3ynbTaThl C/p

[lpegnoXeHnsa No gaTtaM 3a4eTa Ha
volkanov@Ivk.cs.msu.su



- BBegeHue B anccepTaumio

e BBeneHue (BkoYyass 0630p)
e [locTaHoOBKa 3aaa4u

e [1naH pelwieHnd 3aga4u

e JluTepaTtypa

e He 6onee 12 cTtpaHuy

e OBA3ATEJIbHO:noanncb Hay4Horo
pyKoBoOAUTENA.



fepmaH Xonneput (1860-1929)

KonecHukoB E. Kpatkas buorpadus I XonnepuTta.


http://eakolesnikov.narod.ru/Hollerith.htm
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NepdokapTbl nepenncu 1890
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1. lNepBble YeTblpe cTonbua (1), HauMHas cnesa, cogepXxanu UMPOBOU Ko panoHa
npoBedeHNs nepenuncu.

2. Paca: Jp, Ch, In, W, B n 1.4.

3. MNMon: M, F (cTpoknu 3..4)

4. Bo3pacT onpefensanca nonagaHvem B natunetHnn nepuog: 0,5,10..100

5. Bospact BHyTpu natunetHero rnepuoga: 0..4 (ctpoku 3..5)

6. CeMmelnHoEe NonoXeHne

7. 3akognpoBaHHOE MECTO POXOEHMA COrMacHo creumansHOn Tabnuubl.
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sSoaonseaat

Ctatuctnyeckada mawumHa I.Xorn-
nepwuta. FlocynapcTBeHHbIN [onu-
TexHunyeckun mysen (Mockea)

Xonneput, Poccusa, 1897

11



CeméH HukonaeBuny
KopcakoB (1787-1853)

HutycoB A. CemeH
KopcakoB 1 "MalunHa angd
cpaBHeHust ngen« /[ PC
WEEK, 2005, Ne 26.

[MepdokapThbl

1906 rop - [xenmc Nayapc (James
Powers) npeanoxun mexaHn4eckme
nepdopaTopbl C ANEeKTPUYECKMM MOTOPOM.
1928 ropa - pupma IBM BBena HoByO
KapTy C NPsAMOYronbHbIMU NpobuBkamu, 12
CcTpOK 1 80 KONMOHOK, pa3mep KapTbl 77 X
3% oronma (187,325 x 82,55 mm),
TonwwmHa kaptbl 0,007 gronma (0,178 mm).
[lepBOHa4anbHO yribl ObIN OCTPLIE.

1964 rop - nossBunucb nepdokapTbl CO
CKPYIMEHHbIE yrnamu.

1985 rop - pupma IBM 3akpbina
CBO nocregHo dabpurky no

BbIMYCKY nepdookapT

............



http://www.pcweek.ru/themes/detail.php?ID=70819&THEME_ID

TabynsaTopsbl: oT Xonneputa A0 MalLMHOCHETHbIX
CTaHUuu

[epmaH Xonneput
(Hollerith, Hermann; 1860-1929)



TabynsaTopsbl: oT Xonneputa A0 MalLMHOCHETHbIX

CTaHUUA
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B «mawmHe ansa nepenuncn HaceneHunsa» (1887 r.) Xonneput npeanoxun
ncnonb3oBaTb NepdokapTbl, NOA0OHbIE XakKkapaoBbiM. Ha Kaxabi 00bekT
nepenucu 3asogusiach otTaensbHas nepgokapTa, B COOTBETCTBYOLLMUX
NO3MLUMAX KOTOPOW Aenanmcb OTBEPCTUSA, OTBeYaroLme onpeaesieHHbIM
3Ha4YeHUsM NpU3HaKoB (nos, Bo3pacT U T. 4.)



TabynaTtopbl: oT Xonnepurta 40 MallUHOCHETHbIX
CTaHLUUW

PucyHok 13 nateHTta Xonnepurta 1887 .



TabynaTtopbl: oT Xonnepura 40 MalMHOCHETHbIX
cCTaHUuuu
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TabynsaTopsbl: oT Xonneputa A0 MalLMHOCHETHbIX
CTaHUuu

Tabynatop Xonneputa. lNepdokapTbl CYUTBLIBAKOTCS YCTPONCTBOM,
pasmeLleHHOM B yrny ctona. C3agu pacnonoXxeHa naHenb
C 9NIEKTPOMEXaHNYECKUMMN CHETYMKAMN



TabynaTtopbl: oT Xonnepurta 40 MallUHOCHETHbIX
cTaHUuu

Tabynsatop dompmel IBM (1920-e roagbl) npencrasnsn codbou
CITOXHeMNLwee ycTponcTeo, coaepxailee 100 Toic. geTanen, 5 km
nposoaoB. PeaynbraTbl pacyeToB BblAaBanuchb Ha nevaTb



TabynaTtopbl: oT Xonnepurta 40 MallUHOCHETHbIX
cTaHUuu
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[Mporpamma BblYMCNEHNN HA TabynaTope Habupanach WTekepamu
Ha CMEHHOW KOMMYTaLMOHHOW NnaHenu



TabynsaTopsbl: oT Xonneputa A0 MalLMHOCHETHbIX
cCTaHUuuu

Ha 6a3e cueTHo-nepdopaumoHHbix MawuH B 1930-e roabl Obinn
opraHn3oBaHbl «(PadbpunKn BbIYUCIEHNIY - MALLMHOCHETHbLIE CTAHLIUM.
Ha cHumke: nepdopatopHbin uex MCC



CnoXHble aNeKTpoMexaHu4eckue u penenHolie
MaLlUHbI — npeasecTHUKM IBM

v’ [poekTbl KoHpaaa Lly3e (F’epmanus, 1938-1945);

v’ [MpoekT Mark-1 lNoBapaa AnkeHa
(FapBapackuu yHusepcuteT n IBM, 1939-1944);

v’ MNpoekTbl xopmxa Ctnbuua (Bell Laboratories, 1939-
1947)



CnoXHble aneKkTpoMexaHudeckne u penenHole
MaLlUHbI — npeasecTHUKM IBM

KoHpap Llyse (Zuse, Kohnrad; 1910-1995)



OCHOBHbIe pe3ynbTaThl

e [lepBble KOMNblOTEpLI Z1, Z2, Z3, Z4
e [1naHKankwb
e [IpMHUMNBI MOCTPOEHNA KOMMbIOTEPA

o Llnc

hpoBas ¢

nnocopus

("BblancnutenbHoe npoctpaHcTBo” (1969(

23



[TpnHUMNbI Lly3e

[1BOMYHaa cuctemMa CHYUCIEeHNS;

Icnonb3oBaHWe yCTPoOUCTB, paboTatoLmx no
npuHumny “aa/Het” (nornyeckmne 1 n 0);

"TO/THOCTbIO aBTOMATU3NPOBAHHbIN MPOLECC
DaboThbl BIYNCIUTENS;

"IporpaMMHoOe yrnpasneHne npoLeccoMm
BbIYNCIIEHUIA;

Noanep)kka apudPMeTUKM C NnaBaoLLen
3anATou;

iIcnonb30BaHMe NamMAT 60NbLLION EMKOCTMW.

24



OCHOBHble xapakTepucTmkm Z1

Pe na TOHKMe MeTalimyeckme nnacTtuHbl

Yac 1Ty
Boiuncnut. O6paboTka uncen ¢ nnaBaowWwen 3anaTon, AJIMHA
6nok MaLUWMHHOIo c/ioBa — 22 buTa

Cp.cKopocCcTb YMHOXeHne — 5 cekyHAa
BbIYUUC/IEHUM

BeBoa KnaBuaTypa, YCTPOUCTBO CUYNTbIBAHUS C NepdOsIEHTbI
OAAaHHbIX

BbiBOg JTamnoBas naHenb (A

OAAaHHbIX

NMNamaTtb 64 cnosa no 22 6buta

Bec Okono 500 kr

MNMpodheccop Llyze B 1990
rogy y BOCCO34aHHOMNo UM
KoMmnbroTepa Z1




OCHOBHble XapaKTEPUCTUKN Z2

3auusa TOHKME MeTannmyeckme nNiacTuHbl, pene

TOTa 3y
BoluncnurenbH O6paboTka uncen ¢ nnaBatoLwwen 3anaTon, AIMHa
bl 6510k MallWMHHOIo csioBa — 16 6uT
CpepHsas YMHOXeHne — 5 cekyHa
CKOpPOCTb

BblYUMC/IEHUM

BBoA AaHHbIX KnaBuatypa, \§
nepdoseHThbI
Mamartb 16 cnoB
no 16 6ut
Bec Okono 500 kr

YCTpOMCTBO Onsa  CUYMTbIBaHUSA
nporpamMmm n AaHHbIX c
UMMNPOBU3UPOBaHHOMN NepdoneHTbI
B poOnM KOTOpPOW BbICTynuna
ucnonb3oBaHHas oTonseHka



n3aumsa

YacTtoTa

BbluncIMTeNbHbI
" 610K

CpepHsas
CKOpPOCTb
BbIYMCJIEHUM

BBoA AaHHbIX

BbiBOA4 AaHHbIX
MamMaTtb
Bec

OCHOBHble XapaKkTepucTunkm Z3

Pene (600 — 6nok BbluncneHnn, 1600 — 6nok
NamMATH)

5,33y

O6paboTka umcen C NnaBaloLWeN 3anaTon, ASIMHa
MaLLWHHOro c/ioBa — 22 buta

YMHOXeHue, aeneHne — 3 ceKyHAabl, CoXeHne —
0,7 cekyHA

KnasuaTypa, yCTPOWUCTBO CUYUTLIBAHUS C
nepdoneHTbI wm'.'.,

JlaMnosas naHenb (AecsTHMHAE Sipar CTaS REHe s
64 cnosa no 22 buTta : ' 3

Okono 1000 kr - 5, Sl
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I
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CnoXHble aneKkTpoMexaHudeckne u penenHole
MaLlUHbI — npeasecTHUKM IBM

SLLLLLN
- -
prienine.
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[lepBas B uctopumn pabortatoLiasa nporpaMMHo-yrnpasnsemas
YHUBeEpCanbHas BbluucnuternbHasa MmawmnHa Z-3 (1941 r.)
2600 pene, O3Y 64 22-pa3psgHblX croBa






OCHOBHble XapaKkTepucTukm Z4
alma Pene, MaMATb — METaJIJIMHeCKne niaCtuHbl
Ta 30y

Boiuncnure O6paboTka ymcen ¢ nnaBatoLWen 3anaTon, AIMHA
NbHbIN 610K MalLuMHHOrO cnosa — 32 buta

CKopoCTb 11 onepaum YMHOXEHUS B CEKYHAY
BbIYMCJ/IEHM

7]
Beopa [ecaTtnyHas knaemaTtypa, YCTPOMCTBO CUMTbIBAHNS
AaHHbIX C NepdO/EeHTH
"'\Ar\l‘f‘f\f‘lf\ﬁ"
BbiBOA [leyaTHasa MalMHKA MapKu 6 6 6 —
AaHHbIX
NMNaMaTtb 64 cnoBa no 22 6ura
Bec Okono 1000 kr

Asbik [nankankons (Hem. Plankalkul
ncuncrieHne nnaHoB). PparMmeHT

Onuncanue a3bika lNnaHkankwonb


http://www.pcweek.ru/themes/detail.php?ID=46656

KoHnpapg Lly3ze (1910 - 1995)
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“BnoeHune ropoga Stadt”
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http://www.rtd-net.de/Zuse.html

FTC) TEXHUYECKOro
yHUBepcuTeTa XawmHu 3eMaHekK
(Heinz Zemanek)*1 wn3 700
TeneoHHbLIX pene nocTpousn
"YHuBepcanbHyto CYETHYIO0
MawunHy 1”

BenukobpumaHusi. B aton ctpaHe OblIno
pa3paboTaHo HECKOINbKO Moaenen
penenHbiX MallinH, caMOM W3BECTHOU U3
KOTOpPbIX cTana "ABTOMaTM4eckasd
pernevHas  BblMUCIUTENbHaAA  MaluuHa”
(Automatic Relay Computer), noctpoeHHas
B 1948 r. Sngpto JoHanbaom byTom

BeHzpus. B 1955-1958 rr. nog pykosoacteom Jlacno Ko3mebl (Laszlo Kozma,
1902-1983) B BeHrepckomMm nonmtexHN4YeCcKoM MHCTUTYTE Bbina paspabotaHa u
N3roToBMNEHa penenHas BoluncnutenoHaa mawmHa MESz-1, cogepxasLuas
2000 pene v BBegeHHasd B perynspHyto akcrnnyarauuo B 1959-m.

HuodepnaHOobl. 21 vitoHa 1952 1. B MatemaTu4yeckom LeHTpe AMcTepaama
Oblna BBeAeHa B aencteune "AMcrtepaamckas aBTomaTtuveckas cHeTHasd

MaLlmHa”

38



CnoXHble aneKkTpoMexaHudeckne u penenHole
MalLUHbI — NpeaBecTHUKKn OBM

AVKeH npeanoxun, onupasicb Ha naen badbuoka, nocTponTb U3
CTaHOapTHbIX getanen Tabynsatopos IBM, yHnBepcarnbHyto
NpPOrpaMMHO-yNpaBnsaemMyo MallinHy O51s1 CNOXHbIX BbIYMUCNEHUN

Q
[Mpodreccop MapBapackoro [Mpe3ugeHT IBM
yHuBepcuTteTa [oBapa AnKeH Tomac YOTCOH cTapLumu

(Aiken, Howard; 1900-1973) (Watson, Thomas; 1874-1956)



CnoXHble aneKkTpoMexaHudeckne u penenHole
MalLUHbI — NpeaBecTHUKKn OBM

Mark-1 (1944 r.) AnuHa 17 m, macca 5 1., 750 Tbic. getanen, 800 kv
NpPoBOAOB. TOYHOCTb 23 AECATUYHbIX 3HaKa



CnoXHble aneKkTpoMexaHudeckne u penenHole
MaLlUHbI — npeasecTHUKM IBM

Mnagwum nemTeHaHT... ...aagmMupan

PykoBoguTenb rpynnbl nporpammmcTo Mark-1
[penc Xonnep (Hopper, Grace; 1906-1992)



CnoXHble aneKkTpoMexaHu4deckue u penenHolie
MaLlUHbI — NpeaBecTHUKM IBM
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3anuck 9.09.45 B paboyem xypHane komnbtoTepa Mark: «Pene #70
naHenb F. MoTbINek B pene.
[MepBbIt AOCTOBEPHLIN Crydan oDHapy>XeHUss HACEKOMOro»



CnoXHble aneKkTpoMexaHudeckne u penenHole
MaLlUHbI — npeasecTHUKM IBM

KanbKynsaTop KOMMMEKCHbIX
[xopox Ctnduy yucen Bell-1 (1940 r.)
(Stibitz, George; 1904-1995) 260 pene, 6 pa3psgos, BpeMs
YMHOXEHMUA OBYX KOMMJTEKCHbIX
yucen 6 c.



g@?p.q FaTyan AlkeH

“lNpeonaraemaga aBTomaTn4yeckas
cyeTHaa mawmHa”, 1937

- . > .
FEBa? Nk, JJ‘" o
el FRARN e aatad

Cbopka Mapka-1. AxBapb 1944r.

I, [MonyHoB KO. GnekTpomexaHn4eckum
" konocc // PCWeek/RE Ne 11 ot
5.04.2006 .
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http://www.computer-museum.ru/frgnhist/elmech_p.htm

I1>xoH BUHCceHT ATaHacoB
(1903 -1995)

B 1937 rogy cdopmynumpoan, a B 1939 roay
onybnmMkoBan OKOHYaTemNbHbIM BapuaHT CBOEN
KOHUenuMn coBpeMeHHOU MaLUMHBbI:

“*B CBOeW paboTe KoMnbloTEP DyaeT
NCNONb30BaTb ANIEKTPUYECTBO N JOCTUKEHUS
SNEKTPOHUKN;

“*BOMNPEKN Tpagunumn ero paborta byoer ocHoBaHa
Ha OBOMYHOMN, @ HE HA OECATUYHON CUCTEME
CYUCIEHUS;

“*OCHOBOW 3anomMuHatrowlero ycTtpomcraa
nocnyXart KOHOEeHCaTopbl, COAEPXXNUMOE KOTOPbIX
ObyneT nepruognyeckn oOHOBNATLCSA BO
n3dexaHme owmnodoK;

“*pacyeT byaeT NpoBOAUTLCS C MOMOLLbHO

NOrMYecKkux, a He MaTemMaTuyeckux OeNCTBUN.
45



. PaboTtbl ATaHacoBa

FOpuanyecknn npnoputeT co3gaHus nepsont IBM npuHaonexuT [KoHy
AtaHacosy (Atanasoff, John; 1903-1995).

B 1939 . oH ¢ acnupanTom Knudodpopaom beppu (Berry, Clifford Edward;
1918-1963) npuCTynus K NOCTPOWKE MalUuUHbI, NpegHa3Ha4YeHHoW Angd
peLweHns cnctembl anredbpanyvecknx ypasHeHnn ¢ 30 HEM3BECTHbLIMU

(ABC — Atanasoff-Berry Calculator). NpoekT He 6bin 3aBepLueH



2.2. Nepeasa 9BM ENIAC
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[MepBas pabotatowaa 9BM ENIAC (Electronic Numerical Integrator And
Calculator) 6bina cosgaHa B 1945 r. B [leHCUNIbBAHCKOM YHUBEPCUTETE.
[OnuHa 26 m, BbicoTa 6 M, macca 30 1. 18 000 namn, 1500 pene,
notpedbnaemasa mowHocTb 150 KBT.



2.2. lNepBasa 3BM ENIAC
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IOBM ENIAC. Bupg c3aagu



2.2. Nepeasa 9BM ENIAC

(b=

[xoH Moyunu, FepmaH lonacramH - [xoH [pecnep JkkepT
(Mouchly, John (Goldstine, Herman (Eckert, John Presper;
William; 1907-1980) Heine; 1913-2004) 1919-1995)

Pykosoantenu npoekta ENIAC



[TpoekT boH HenmaHa
1 ero Bknaa B apxurtektypy 9BM

[ToHATHe «apxutekTypa OBM» cBA3aHO C MMeHeM BblaloLLEerocs
martematuka XX ctonetusa [xoHa poH Hemmana (Neumann, John von;
1903-1957)



[TpoekT boH HenmaHa
1 ero Bknaa B apxurtektypy 9BM

NMPEABAPHTEJIbHOE PACCMOTPEHHUE JIOTHYECKOH KOHCTPYKIIHH
3JIEKTPOHHOIO BHIYHCJHMTEJNBHOIO YCTPOHUCTBA!)

A. Bepke, I'. T'oademedn, doc. Hedman

1. OcHOBHbIE KOMMOHEHTHI MalllHHbI

1.1. Tak Kak 3akoHuyeHHOe YCTpoicTBO OyaeT YyHHBepca/bHOH
BLIUHCJHTENBHOH MAaIMHOH, OHO MAOJIMKHO COJAepXaTh HECKOJbKO
OCHOBHBIX OpPraHoB, TAKMX, KaK opraHbl apH{meTHKH, NaMaTH, YII-
paBJeHHd M CBSI3H C onepatopoM. Mbl XOTHM, uTOGBH MamMHa Obljia
NOJIHOCTBIO aBTOMaTHYECKOiH, T. €. yToOLl mocae HayvaJja BbIUHCJAEHHH
pabora MallHHBI He 3aBHcesa OT oneparopa. Dosee nosaHO 3TO 3a-

1.3. Belule MBI B NpHHUHNE YKA3aJH Ha fiBa DasJMYHBIX BHJA
MaMATH — NaMATh YHCEJ H namMATb npuKasos. Ecnu, onHako, npuka-
3bl MaUIHHE CBECTH K YHC/JOBOMY KOAY M €CJiH MalllHHA CMOMKET He-
KOTOpbIM 06pasoM OTJIHYAaTb YMCJIO OT INPHKasa, TO OpraH mNaMsTH
MOXHO MCMOJbL30BaTE A/ XPaHEHHWS KaK yHcesa, TaK M IIPHKAa30B.
Koauposanue npukasoe B yucioBoi ¢opme paccmarpupaercs B, 6. 3.

®dparmeHTbl cTaTtbn OOH HenmaHa ¢ coaBTOpamu (PycCKnn nepesos)



[1poekT poH HenmaHa
1 ero Bknaa B apxurtektypy 9BM

OCHOBHbIE 4YepTbl Knaccny4eckomn poH-HEMMaHOBCKOM
apxuTekTypbsl IBM

MalunHa gormKkHa COCTOATb U3 CrieayroLmnX OCHOBHbIX
6s10KOB: apuPMeTUYECKOro yCTponucTea, onepaTtnBHOM
namsTn, yCTPOUCTBA ynpaslieHnda, yCTPOUCTBA BBOAA,
YCTPOMCTBa BblBOAA, YCTPOMNCTBA BHELLUHEN NAMATH;

KomaHgbl nporpaMmmbl 4OSTKHbI XPaHUTbLCA B OnepaTuBHOMN
namMaATK, OTKyOda OHM nocregoBaTeribHO BblbupatoTcs m
MCMNONHATCA apuPMeTNYecKMmM yCTPOUCTBOM, CUCTEMA
KOMaHA OOofKHA MMETb onepaumn yCrnoBHOM U 6e3yCcrioBHON
nepegayn ynpasneHmnsa. KomaHabl JOSTKHbI
paccMmaTpuBaTbCs Kak 0bblYHble JaHHbIE, T.e. NporpamMmma
OOMKHAa UMETb BO3MOXHOCTb MoauduumpoBaTtb cebsi B
npoLecce BblYUCIIEHUN;

KomaHabl 1 JaHHble A0MKHbI XpaHUTbCs U obpabaTtbiBaTbCs
B IBOMYHON CUCTEME CUHUCIIEHUS.



[1poekT poH HeumaHa
1 ero Bknaa B apxurtektypy 9BM

Mopuc Yunkc y maliunHbl
EDSAC. 3000 namn, O3Y
512 cnos

3-3a pasHornacmm B komaHae
pa3paboTyMKoB peanunsauns
npoekTta ¢doH HenmaHa B CLLA
3aTsgHynacso.

[MepBag OBM c xpaHumom
nporpammon EDSAC (Electronic
Delay Storage Automatic Calculator)
Obinia noctpoeHa B AHrnnm B 1949 .
nos pykosogcrtsom Mopuca Yurnkca
(Wilkes, Maurice; p. 1913).

AHIMMNCKME YyYeHble onnpanucb Ha
COBCTBEHHbIN OMbIT pa3paboTku
9JTIEKTPOHHbIX BbIYUCIIUTESbHBLIX
YCTPOMCTB BO Bpemsi Bropon
MWPOBOW BOMHbI



[TpoekT boH HenmaHa
1 ero Bknaa B apxurtektypy 9BM

AmepukaHckaa OBM ¢
XpaHMMOW NporpamMmon
EDVAC (Electronic Discrete
Variable Automatic Computer

Oblfia NOCTPOEHA TOMbKO B
1950 r.

OuHa nmena 3500 namn, O3Y
1024 cnoBa no 44 obuta




[lpyrne 3Hauynmble
OOCTUXEHUS

e KBaHTOBad PU3MKa

o DYHKLUMOHAMbHbIA aHaNn3
e Teopust MHOXeCTB

e Co3patenb Teopun Urp

e Co3paTenb Teopun KIIeTOYHbIX
aBTOMaTOB

95



[lepBble nokoneHusa IBM. ®opmupoBaHue
nHayctpun 9BM

\\\\\\
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[MepBas cepuinHaa 3BM UNIVAC-1 npoussoacTtea pmpmel Remington

Rand (1951 r.). beictpogenctame 2000 on./c, O3Y 1000 cnos no 12
OECATUYHBbIX pa3paaos. [NpogaHo 46 MawuvH no 1 MIH. ONN. Kaxaas.



[lepBble nokoneHus IBM. PopmupoBaHue
nHayctpun 9BM

MoLUHBIN UMNYNbC pa3BuTMio Nepebix IBM gana nonyasTomaTtndeckas
cuctema npoTtmsoBo3gywHon obopoHbl CLUA n Kanagbel SAGE (Semi-
Automatic Ground Enviroment), cosgaHHada B 1951-1958 rogax
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[lepBble nokoneHua IBM. PopmuposaHue
nHayctpun 9BM

[ns o6paboTkn AaHHbIX B
cucteme SAGE B
MaccayyceTckom
TEXHOMOMM4YeCKOM
NHCTUTYTE ObiNna
pa3pabotaHa O9BM
Whirlwind — «Buxpb».

[Toopsaa Ha NocTaBKy 3TUX
MaLLWH nNoa Ha3BaHUEM
(AN/FSQ-7) Bbivrpana IBM.
Kaxkpaa ns 24 mawiuH
nmvena okono 50 000
paguonamn, secuna 250
TOHH 1 noTpebnsna
MeraBaTtT 3f1EKTPO3HEPTNU



[lepBble nokoneHusa IBM. ®opmupoBaHue
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B 1953 r. K nponssoacTey OBM obuiero HasHa4veHnsa nogknoymach
dompma IBM, Bbinyctue cepunHyto IBM-701. beicTpoaencTemne okoso
10000 on./c, O3Y 2K 36-pa3psiaHbix cnoBa. Becero npogaHo 19 malumH.
Ha gooto: Tomac YoTcoH ctapwimn y nynesta IBM-701



[lepBble nokoneHusa OBM. ®opmuposaHue
nHayctpun 9BM

lNepBoe nokoneHne Brtopoe nokoneHue

oAbl 1951-1960 1960-1965
OcHOBHOWM ONEeKTpPOHHada namna TpaH3ncTop
nornyeckum
afieMeHT
buictpogenctene 1000 -10 000 10 000 -1 000 000
(on/c)
TexHonormsa v JTnHuKn 3apepxKu, deppuToBbie
€MKOCTb 9JIEKTPOHHO-ITy4EBbLIE |MaTPULbI,
onepaTUBHOWN Tpyoku, pepputoBoie 10 000 - 1 000 000
namsaTu (Crnos) MaTpuubl

1000 -10 000
YcTtponctea BBoga- [lepdokapTbl, nepdoneHTbl, andaBuTHO-
BblBOJA uMdposblie nevaTtatowme yctponcrtea (ALIMY)

MupoBon napk >5000 wr. (1960r.) >30000 wr. (1965T.)



[lepBble nokoneHusa IBM. ®opmupoBaHue
nHayctpun 9BM

OCHOBHbIM TOrMYECKUM
anemeHTom OBM 1-ro
NOKONEHUSA Oblfa 3NeKTPOHHad
namna.

MaLumnHel cobupanuce 13
MHOXECTBA OTAESbHbIX AYEEK,
KOTOpble BCTaBNANNCH B
pasbeMbl U NIErKO 3aMEHSANNCH
Npwn BbIXo4e N3 CTPoS




[lepBble nokoneHus ABM. ®opmuposaHue
nHayctpun 9BM

.;! B 9BM 2-ro nokoneHunsa mecTto
! paguonamn 3aHanm
;i MWUHMATIOPHbIE N HAOEXHbIE

TPaH3NCTOPDLI

TpaH3UCTOPHbIE AYENKN
No-NpexHeMy
cobupanuce 13
OVCKPETHbIX 3NEMEHTOB
(pesucTopos,
KOHOEHCAaTOpPOB)
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Bnnotb ao 70-x rogoB onepartuBHasa namatb OBM cTpomnack Ha
MaTpuuax n3 peppuToBbIX KomneLl, BnepBble NCNOMNb30BaHHbIX B OBM

Whirlwind (Buxpb), 1951 .



[lepBble nokoneHusa OBM. ®opmuposaHue
nHayctpun 9BM

BHelwHas namate IBM nepBbix
NOKOSIEHMN B OCHOBHOM
OCHOBbIBaNacb Ha MarHUTHbIX
neHtax. bBoObMHbI MarHUTHbIX NEHT
XPaHUNUCb B NNTEHTOYHbIX
onbnmnorekax
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[lepBble nokoneHua IBM. PopmMmuposaHue
nHayctpuu IBM

.

|
.
33 133
44 44
55
56 6
99 (88

[nsa BBoga nHgopmaumm 8 9BM
NnepBbIX MOKONEHNN
ncnonb3osanuck 80-KOMOHHbIE !
nepdokapTbl 1 8-0OpOXKEYHble
nepdOneHTHl w

h‘._‘.
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[lepBble nokoneHus IBM. PopmupoBaHue
nHayctpun 9BM

[Ona sBoiBoga nHdopmaummn nsa 3BM ucnonb3osanuce ALY
bapabaHHOro TMna, nevyaTtarLine Ha LMPOKOU
nepopmMpoBaHHON DYyMaXXHOW NEHTE



[lepBble nokoneHusa IBM. ®opmupoBaHue
nHayctpun 9BM

boicTpogencTene — o 1 mnH. on./c,
O3Y go 256K 64-06MTOBbIX CIOB.
CtoumocTtb 10 MnH. gonn.

B aTon mawmnHe Bnepsble
nposiBunnch 4eptbl IBM byayuimx
NOKOJTIEHUN

Hanbonee mowHomn 3BM

2 rnokoneHms obina
IBM-7030 Stretch (1959 r.),
yCTaHOBIEHHas B 14epHOM
ueHTpe Jloc-Anamoca




MawwuHa IBM S/360 un Tpetbe nokoneHue 9BM

IBM System/360 (o6bsiBneHa 7 anpens 1964 r.)



MawwuHa IBM S/360 un Tpetbe nokoneHue IBM

HekoTtopble ocobeHHocTn Cuctembl 360:

" MUKPOCXEMHas arnemeHTHas 6a3sa;

" MUKPOMpPOorpaMMHoe yrpaBfieHUE;

= BHELLHASA NaMATb HA MarHUTHbIX OUCKaX;
= AUCMNENHbIE TEPMUHANDI;

» OTKpbITasaA MacwTabnpyemasi apxuTekTypa

Cuctema 360 1 ee KNOHbI ONIULIETBOPAIOT 3-€ rnokoneHne IBM.



MawwuHa IBM S/360 un Tpetbe nokoneHue 9BM

InemeHTHyto 6asy OBM 3-ro
NOKOMNEeHNs COCTaBnNsANn
NHTerpanbHble cxembl (LC)
marnon un cpegHen (CHUC)
CTENEHWN MHTEerpaunu.

OpgHa MUKpocxema 3aMeHsina
a4yenky 3BM 2-ro nokoneHus

MwuKpocxembl NO3BONUIN PE3KO
YCNOXHUTb KOHCTPYKLMIO
MawwuH. [Ne4yaTHaa nnara c
MUKpOCXemMaMn 3aMeHsAna
Lenbin wkad obopyaoBaHus
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MawwuHa IBM S/360 un Tpetbe nokoneHue 9BM

Hakonutenb Ha XXeCTKuX
MarHUTHbIX gUCKax - OCHOBHOE
YCTPOWUCTBO BHELLUHEN NAMATU
9BM 3-ro nokoneHusa. EMkocTb
nakeTa OUCKOB cOocTaBnsina oT
7,25 no 29 Mb6anT.




MawwuHa IBM S/360 un Tpetbe nokoneHue 9BM

LleHTpanbHbIn
npoweccop
(CPU)

OnepaTtunsBHoe
3anomuHaroLee
YCTPONCTBO

CenekTopHbIN

KaHan

CenekTopHbIN

KaHan

MarHuTHble NeHTbl

CenekTopHbIN

KaHan

—
00 00 00
mm
VY \ \ \
yy |l T T T

MynbTUNIEKCHBIN

KaHan

MarHuTHble nUCKM

BonbLuion uHtepdeinc

MoHuTop

MoHuTop

MonwuTop

Yy Yy Yy
S
o
[MnotTtep
ALY

Manbin nHTepdenc

ApxutekTtypa Cucrtemol 360



MawwuHa IBM S/360 n Tpetbe nokoneHune 9BM

TpeTbe nokoneHwe YeTBepTOEe nokoneHue

oAbl 1965 -1975 1975 -1980

OCHOBHOW NOMMYeCKNUN NC, CC BNC

NIEMEHT

BicTpoaelicteue (on/c) 10°-10" 10%-10 8

TexHonormss M eMKOCTb deppunToBLIE [MonynpoBOAHNKOBbIE

ornepaTvBHON NamsATH matpuubl, 10°-107  BWC,10"’-10 °

(GanT)

YctpouncTea BBoga-soiBoga AndaBuTHO-UMAPOBbLIE AUCHIIEN, NeYaTatlome
yCTpomncTBa

MnpoBoin napk > 300 000 . >1 000 000 wir.

(1975r.) (1980 1.)



MawwuHa IBM S/360 n Tpetbe nokoneHune 9BM

Pycckoe AHIIMNCKOE Yncno
COKpaLleHmne COKpaLleHne TPaH3UCTOPOB

NC- nuterpanbHasa | SSI — Small Scale | no 64
cxema Integration

CNC — cpepHsaa NC | MSI — Middle 0o 1024
Scale Integration

BUC — 6onbwas UC | LSI — Large Scale | no 65 000
Integration
CbUC- VLSI - Very Large | oo 500 000
ceepxbonbluas C | Scale Integration

SVLI — Super Very | cbilwe 500
Large... 000

Knaccudukauus nHTerpanbHbIX CXEM MO YMCIy TPaH3MCTOPOB



MawwuHa IBM S/360 un Tpetbe nokoneHue 9BM

onemeHTHy 6a3zy 3BM 4-ro nokoneHusa coctaBnanmn donswne
NnHTerpanbHblie cxembl (BUC).
BUC aBnsetca oyHKUMOHANbHO 3aKOHYEHHBLIM YCTPOMUCTBOM,
cofepxawmm TbICAYN TPaAH3UCTOPOB U APYrvUX 35IEMEHTOB



MawwuHa IBM S/360 un Tpetbe nokoneHue 9BM

Nornyecknm npogormkeHmnem cuctemol 360 B 70-e roabl
ctana System/370, coxpaHuBLLas annapaTHyo U
NporpamMMHy0 COBMeCTUMOCTb ¢ Cnuctemon 360



PaccnoeHue pbiHka 9BM.
Cynep- n MuHn-9BM

[lepBasg cynep-OBM CDC-6600
dompmbl Control Data Corporation (1963 r.)
PaspsigHocTb 64 6uTta, bbicTpoaencTemne 3 MIH. on./c.
LleHa 6onee 10 mnH. gonn.



PaccnoeHue pbiHka 9BM.
Cynep- n MuHn-9BM

MuHn-OBM PDP-8 dompmebl Digital Equipment (1965 r.)
PaspsagHocTtb 12 6uTt. O3Y 4K cnoea. beictpogenctaue 500 Tohic. on./c.
Llena 20 000 gonrn.



PaccnoeHue pbiHka 9BM.
Cynep- u muHu-9BM

g . 1.'

|y
i

MuHn-OBM PDP-11/70 n VAX-11/780 dpupmbl Digital Equipment



BeivucnurenbHaa texHuka B CCCP

OCHOBHbI€e aTanbl:
= 3apoxaeHue (1948 - 1952 roapl);
= pacuBeT (1950-e — 1960-€ rogbl);
* nogpaxaHue (1970-e — 1980-e roabl);

" Kpax U Hagexabl Ha Bo3poxaeHue (1990-e roabl)



BeivucnurenbHaa texHuka B CCCP

Ceprent Anekceesud Jlebepes (1902-1974)



BeivucnurenbHaa texHuka B CCCP
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[MepBas oteyectBeHHas IBM MOCM (1951 r., Kues).
[n. koHcTpykTOp C.A. Jlebenes
6000 anekTpoHHbIX Namn, 6eicTpoaenctaume 50 on./c, O3Y 94
16-pa3psigHbIX croBa, notpebnsemasi MowHocTb 15 kBT, 3aHMMaemas
nnowanb - 60 KB.M



BeivucnurenbHaa texHuka B CCCP

[lepBasi nonHoMacLuTabHas
oTeyecTBeHHast 9BM BOCM
(1952 r., Mockea, UTM un BT).
[n. koHcTpykTOp C.A.Jlebenes.

5000 namn, 6sicTpoaencTeue 8000
on./c, O3Y 1K 39-pa3psgHbix
cnos, [N3Y 1K cnos,
notpebnaemasa mowHocTb 30 KBT,
3aHnmaemas nnowagb 100 KB. M




BeivucnurenbHaa texHuka B CCCP
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[lepBas otedyecTBeHHas cepunHad OBM «Ctpena» (1953 r.).
[ 1. koHcTpyKTOp KO.A. Basunesckun, 3am. rmn. KOHCTpykTopa b.N. Pamees

o"'ll"“l\ll.'t.'f

6200 namn, 60000 nonynpoBogHUKOBLIX Anoaos. beicTpoaenctene 2000
on./c, O3Y Ha noTteHuunanockonax (43-pa3spsigHble croBa), noTpebnsemas
mMoLuHocTb 150 kBT, 3aHMMaemas nnowanb 300 KB. M.

C 1953 0o 1956 r. BbINywWeHo 7 3K3.



BeivucnurenbHaa texHuka B CCCP

CepuinHas 3BM obuiero HasHavyeHus M-20 (1958 r.).
[n. koHcTpykTOp C.A.Jlebenes
2600 namn, O3Y 4K 45-pa3psigHbix cnos, bbicTpoaencTame
20 000 on./c, B TO Bpemda camoe BonbLioe B EBpone



BeivucnurenbHaa texHuka B CCCP
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Korga B 1965 r. B Tomckuin yHuBepcuTteT npuwna 3BM M-20, B
y4ebHbIX KOpnycax He HaLWoCb 4OCTAaTOMHO MecTa Ansa ee
ycTaHoBKWU. MalumHa Oblna CMOHTUpOBaHa B 3g4aHuMn 3aBoda
MaTeMaTuyeCcKkmMx MalUuH, rae 3aHMMara nornoBUHY NEPBOTo

aTaxa v nogsarl.



BeivucnurenbHaa texHuka B CCCP

OBM BOCM-6 (1968 r.) Hanbornee moLiHast N3 OTEYECTBEHHbLIX MaLUUH 2-
ro nokoneHud. I'n. koHctpyktop C.A. Jlebenen
60 Tbic. TpaH3nctopos, 180 Teic. Anoaos, bbicTpogencTame 1 MnH on./c,
O3Y ot 32K no128K 48-pa3psagHbix Cros.
[Mponssogunace 0o 1987 r, Bcero BbinNyLweHoO 355 3K3.



BeivucnurenbHaa texHuka B CCCP

Ncaak CemeHoBunY bpyk (1902-1974)



BeivucnurenbHaa texHuka B CCCP

JkcnepuMmeHTanbHas 9BM M-1
(1951 r., QHepretnvecknn NHcTUTYT AH CCCP,

Mocksa) v

750 aneKTPOHHbIX namm, L s i
obicTpogencTeme 15-20 on./c.
. koHcTpykTOp W.C. BpykK

e

Lillad

9BM M-2 n M-3, paspaboTtaHHble
N.C. bpykom, ganu Ha4dano HanpasBieHUto
mMarnbix 1 ynpasnawowmx mawmd B CCCP.

Ha ocHoBe M-3 B MuHcke n EpeBaHe

pasBepHyTO nponssoacTso IBM «MuHck» n
«Paspan»




BeivucnurenbHaa texHuka B CCCP

[Moa prupMeHHbIM «DPYKOBCKMMY» MHOEKCOM «M»
paspabaTtbiBanncb 1 BbiNyCKanucb BbIYUCIIUTENbHbIE
CUCTEMbI CcneuuanbHOro Ha3Ha4YeHus.
Hanbonee MoLLHbIM ObIsT MHOrONPOLECCOPHbLIN KOMIMMNEKC
M-13 (1984 r.) c 6bicTpoaencTemem 48 mnH. on./c.

[n. koHCcTpykTOp M.A. Kapues



BeivucnurenbHaa texHuka B CCCP

bawwnp Nckangaposuy Pamees (1918-1994)



BeivucnurenbHaa texHuka B CCCP
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CepunHaa 9BM manoro knacca Ypan -1 (1957 r., HUAMM, r. [NeH3a).
[Nn. koHCcTpyKTOP B./. Pamees.
700 anekTpoHHbIX namn. O3Y Ha marHuTHOM BapabaHe (1024 36-
pa3psaaHbIxX cno.a). beictpogenctamne 100 on./c.
[lepBas 3BM B Bocto4HOM Yactu CCCP, yctaHoBneHa B ToMckom
rocygapcTBeHHOM yHuBepcuTeTe B 1958 T.
Bcero BbinyweHo 183 wr.



BeivucnurenbHaa texHuka B CCCP

Cemencteo nonynposogHukoBbix OBM cpenHero knacca
Ypan -11,- 14, -16 (1964-1969 roakl) Meno yHUpUUMpoBaHHYHO
apxuTekTypy, bbicTpoaeunctame ot 45 go 100 TeIc. on./c. In.
KoHCTpykTOp B.U. Pamees



BeivucnurenbHaa texHuka B CCCP

Buktop Muxannosud [mnywkos (1923-1982)



BeivucnurenbHaa texHuka B CCCP

B.M. mywkoB gemMoHcTpupyet
paboty manon 9BM «[1poMiHb»

[eHepanbHbIN cekpeTapb LIK
KIMNCC J1.1. bpexHeB 1 YreHbl

Monutbropo ocmaTpuBatoT 3BM
«['1TpoOMiHbY»




BeivucnurenbHaa texHuka B CCCP

MalinHa NHXeHepPHbIX
pacdyetoB MNP-1 (1966 r., K
AH YCCP, r. Knes)

imena opurnHanbHoe
MHOroCcTyneH4aToe
nporpamMmHoe yrnpasneHue.
EovHcTBEeHHas coBeTckad
MalluHa, KynneHHas dpmpmon
IBM (1967 r.). ['n. KOHCTPYKTOP
B.M.[nyLwkos

MWP-2 (1969 r.)
MalumnHa morna
BbIMOMHATb
aHannTU4eckne
BbIKINagKu




BeivucnurenbHaa texHuka B CCCP

«MuHCcK-1» - nepBasi n3
dUPMEHHOro cememncTaa
6enopyccknx IBM (1960 r.)
[n. koHcTpykTOp I.I. JlonaTto

800 namn, 2500 on./c,
depputoBaga namaTtb 1K 31-
ouToBbIX cnoB. Bcero go 1964 r.
BbinyLwieHo 220 wr.

[MonynpoBoagHmMKoBas |
«MWHCK-32» (1968 T.) — = i, ‘
nocnegHasl u3 ceMmencTea =

«MuHCKOBY. 1. KOHCTPYK-  mae — = e
Top B.B. [NpXnsankoscknu -

30-35 Tbic. on./c, O3Y 64K
38-pa3pag-Heix cnosa. [lo _ s R

1975 r. BbinyLleHo 2889 | | - Py
9K3EeMMNNAPOB.




BeivucnurenbHaa texHuka B CCCP

B koHue 1960-x ronoB coBeTCcKOe pyKOBOLCTBO MPUHAMO NpUHLMNMarnb-
HOEe peLLeHne O NpeKkpaweHn NpPOn3BOACTBa OPUrMHANbHbIX OTEYECT-
BeHHbIX OBM 1 pasBepTbiBaHUKM paboT no co3gaHnio EgmnHon cuctemel
9BM (EC BBM) couunanmnctunyeckmx ctpaH Ha base apxutektypbl IBM
System/360, a Takke Cuctembl manbix mawuH (CM OBM) Ha base
apxutekTypbl Hewlett Packard n PDP-11.
Ha dgooTto: uneHbl Nonutbtopo LIK KIMNCC Ha BbicTaBke
EC 3BM n CM 3BM (1979 r.)



BeivucnurenbHaa texHuka B CCCP

-

LieHTpanbHbLIN npoueccop

CTonKa MarHUTHbIX NEHT
Yctpouctea EC OBM




BeivucnurenbHaa texHuka B CCCP

9BM CM-1

9BM CM-4
(MHOYM, r. Mockea, 1976 r.)
[ 1. koHCTpYyKTOP B.H. Haymos



BeivucnurenbHaa texHuka B CCCP

OBM Ornbbpyc-2 (1985 r.).
. koHcTpykTOp B.A. BabasH



MukponpoueccopHasa peBonioLus
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MwuKponpoLeccopHasa peBoniouUns, rpaHysLlasd
B 1978-1980 rogax, npmBena K 3acTtoto 1 yobITkam B
«HenoTonngemon» IBM n kpaxy KoMnaHn1, 3aHUMaBLLUXCA
NU3NHIOM M3UHPPENMOB

Puc. n3 knuru I.P. N'pomoBa



MukponpoueccopHaa peBontouus

B 1948 r. cotpyaHukn Bell Labs Bunbam LWoknn (Schockley,
William; 1910-1989), >xoH bapauH (Bardeen, John; 1908-1991) u
Bansrep bpatTtenH (Brattain, Walter; 1902-1987) cosganu nepsbin

TpaH3nCTOp (CHMMOK crnpaBa).
Hobenesckas npemua no gpusmnke 1956 .



MukponpoueccopHaa peBontouus

Sheldon Roberts Eugene Kleiner Victor Grinich Jay last
Julius Blank Robert Noyce  Gordon Moore Jean Hoerni

B 1955 r. Bunbsam LWoknu BepHyrncs B pogHoun ropog Nano Aneto (Palo
Alto) n ocHoBan dompmy Shockley Labs Inc., npurnacme BoceMb MonoabIX
TanaHTNNBbLIX COTPYAHUKOB N3 BOCTOYHbIX LUTATOB.

B 1957 r. «<BocbMepka npepatenen (Eight Traitors)» ywna ot Hero n
opraHusoana pupmy Fairchild Semiconductor.



MukponpoueccopHaa peBontouus
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BrnocneactBumn 4neHsl BOCbMEPKU Npoaomkanm pasberatbcsi, OCHOBbIBas
NoSTyNnpOBOAHUKOBbBIE KOMMaHUM BAOMNb 50-MunbHoro yydacTtka wocce 101 ot CaH
Xoce (San Jose) go CaH ®paHuucko. 3gecb obpasoBasnach YHUKanbHas
KOHLIEHTPaLUs BbICOKOTEXHOSTOMMYHbIX MPOU3BOACTB N UCcregoBaTeNbCKNX
LLeHTPOB, Nony4ymBLLas Ha3BaHME «KKPEMHNEBOMN (CUSITMKOHOBOWM) LOMNMUHbIY.



MukponpoueccopHasa peBonioLus

B 1958 r. [xek Kunbwn (1923-2005) 13 Texas Instruments cosgan
NepBYy0 SKCNEPUMEHTASTbHYIO MHTErparnbHyK CXeMy, cogepKaLlyto 5
TpaH3nUCTOpPOB. B kayecTBe NonynpoBOAHMKOBOIO Matepmnana
NCNonNbL3oBasncya repMaHmin, oTAeNbHbIE YaCTU CXeMbl COEANHSANNUCH
3010TbIMW MPOBOAHNKAMU U CKPENSISANIUCL BOCKOM.
Hobenesckas npemusi no pusmnke 2000 T.



MukponpoueccopHaa peBontouus
é

Cin

PucyHok n3 nateHTa

TpaHaucTop

Pesuctop

ANOMUHMNEBLIN
NPOBOAHNK

YBenunyeHHasa doTtorpadus
NepBOW nNnaHapHOoM
MUKPOCXEMDbI

KoHTakTHas
nnowagka

B 1959 rogy PobepTt Honc (Noyce, Robert; 1908-1990)
paspaboTan TOHKONMEHOYHYH (NaHapHY) TEXHOMOMUIO
NHTEerpasrbHbIX CXEM Ha OCHOBE KPEMHUS C artOMUHUEBBIMU
NPOBOLAHNKAMM



CoBpeMeHHast MHTerparnbHasa cxema CoaepPXUT MHOIne ThbICSYmn
CTPYKTYPHbIX 3f1IEMEHTOB, pa3MeLLeHHbIX Ha HECKOMbKUX
CBEPXTOHKMX CMOsIX pasfiMyHbIX MaTtepuanos (MeTanna,

N30NNPYIOLLIErO OKUCIIa, NONYyNpPOBOAHMKA).
doTorpadus ¢ anekTpoHHOro Mmmkpockona. LnpnHa
npoBoAsLLKnX antoMuHneBbIX nonocok 0,1-0,2 MrUKpoHa



MukponpoueccopHaa peBontouus

PaspaboTka yeptexa 00nbLon MHTerpanbHON CXeMbl
npeacTaBnsieT cobon CAOXHbIM U ANNTENbHbLIW NPOoLECC.
Tononornuss MMKpPOCXeMbl sIBRSIeTCA 06bEKTOM aBTOPCKOro npaea



MukponpoueccopHasa peBonioLus

[Tpon3BOACTBO UHTErParibHbIX CXEM OCHOBAHO Ha
dooTonuTorpauyeckom npouecce. Ha kaxabi Crion MUKPOCXEMbI
COCTaBNAETCs OTAENbHLIN YEPTEX,



MukponpoueccopHaa peBontouus
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Ha OCHOBE KOTOPOro rotoBATCs POTOLLIAONOHbI ANs
dhopMMpPOBaAHNSA SNEMEHTOB JAHHOIO Cros



MukponpoueccopHaa peBontouus

[Mpouecc maccoBOro U3roToBreHUS UHTErpasribHbIX CXeM Ha4YMHaEeTCA C
N3roToOBMEHNS KPEMHMEBBIX NoasioXeK. CIIMTOK CBEPXYMCTOrO KPEMHUS
aonametpom 10-15 cm pacnmnueaeTcs Ha NNacTUHbI, Ha KaXXOoW N3 KOTOPbIX
ByoeT BblpalmBaTbCsl HECKOSIbKO COT MUKPOCXeM. [1nacTuHbI
NOKpbIBaOTCA crioemM POTOYYBCTBUTENBLHOW 3MYIIbCUN.



MukponpoueccopHasa peBonioLus
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C nomoLbio POTOYMEHbLLUMTENS AenatTca MUKPOCKONUYECKNE OTNeYaTKu
doToLabnoHOB Ha NOKPbLITYHO AMYIbCUEN NOANOXKKY. 3aTBEpPAEBLLAA B
CBETSIbIX MECTax 3MYJIbCUA OCTAeTCs Ha NOBEPXHOCTU MNAacTUHbI NOCIe ee
NPOMbIBKM, OHa CO34aeT MacKy A1 COOTBETCTBYIOLLEN cTaaumn
andpdy3mMoHHOro npotecca.



MukponpoueccopHaa peBontouus

OCHOBHOW TEXHONOMMYECKU Npouecc nponcxoauTt B Andody3noHHOM
Kamepe, Kyaa nomeLlaroTca NO4ASTOXKKN, U Kyaa no odepenn B COOTBETCTBUM
C TEeXHONOrMeun nogaroTcd ropsaydne rasbl U napbl metannos. Bo3gencrteysa Ha

He3awM LWeHHble POTO3MYIIbCMEN YHACTKM NMACTUHbI, OHU HaNbINAKT UK
BbITPaBMNNBAKOT PUCYHOK OTAESbHbIX CIOEB, NOCTENEHHO HapallmMBas
CTPYKTYPY MUKPOCXeMbI. TeXHOMNOrm4ecknin NpoLiecc CoaepXUT HECKOSTbKO
OECATKOB CTagum N MOXET npogormkatbcs 6onee mecsua.



MukponpoueccopHaa peBontouus

Kaxkgbln N3 ManeHbKux KBagpaTuUKoOB — rotoBasd UHTeErparibHasa
cxema. Octanocb pacrnniinTb NNacTnHy Ha oTAeEsIbHbIE YATbI U
BCTaBUTb X B KOPMyCa C KOHTaKTaMW.



MukponpoueccopHaa peBontouus
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[MepBbin Mukponpoueccop Intel-4004 (1971 r.).

PaspsagHocTb 4 6uTta, TakToBasi YactoTta 108 kl'u,.

Yncno tpaH3uctopos 2250



MukponpoueccopHaa peBontouus

1972 roa: lNepBbin
8-6UTOBLIN MUKPO-
npoueccop Intel
8008. Hucro
TpaH3nctopos 2500

1974 rop: 8-6uTOBLIN
MUKponpoueccop Intel
8080. Yumcno
TpaH3uctopos 5000
OTOT npoueccop cran
cTaHgapToM ASis
nepBoro rnokosieHus MK

1978 roa: 16-61TOBLIN
MukKponpoueccop Intel 8086-
8088. Yncno TpaHaucTopos
29000. NpumeHeH B IBM PC.
Cucrtema komaHa x86 ctana
ctaHgaptHoun angd MK
creayroLwmx noKoSIeEHNM Ha
nnardgopme Intel



MukponpoueccopHasa peBonioLus

O6bem NnpomnsBoacTBaA

Toabl MUMKponpoLeccopos,
(TblC. WITYK)

1976 20

1977 50

1982 5000

1983 10000



[losiBneHue n passutme nepcoHarnbHbIX OBM
[lepBblt KOMMEpPHECKUiA MUKpokomnbioTep Altair-8800

=[

lbulquer.que

[lepBbI KOMMEPYECKUN NEPCOHAaNbHbIN
KOMMNbOTEP ObiN BbiNyWeH HeGoNbLWON dUpMou
MITS (Micro Instrumentation and Telemetry
Systems) B ropoge Anbbykepke, 0CHOBaHHOWN
ObIBLIMM neTynkom 3a0m PobepTtcom (Roberts,
Edward; 1941-2010). dnpma npoussoguna
Habopbl AeTanen ana paguoynpasnsieMblX
MoEeNnen n KanbKynaTopsbl.




[losiBneHue n passutme nepcoHarnbHbIX OBM
[lepBblt KOMMEPHECKUIA MUKPOKOMMNLIOTEP

[MepBbin nepcoHanbHbin koMmnbtoTep Altair-8800 dpupmbl MITS (1975 r.).
Mukponpoueccop Intel 8008, TakToBasi Yactota 500 Kl u,
O3Y 256 6anT, ueHa 439 gonn.s cobpaHHom Buae n 397 gonn. B Buae
Habopa getaneu



[TosBNeHue n passutue nepcoHanbHbiXx ABM
[lepBbi KOMMEPYECKNA MUKPOKOMMbLIOTEP
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OcHoBy apxutektypbl Altair-8800 coctasngaeT 100-koHTakTHas obLuas
lWwnHa S-100, K KOTOPOW NOAKMNYaTCA CbeMHbIE MOAyNN. JTa
apXuUTeKTypa cTana BrnocneacTBum Kraccm4eckom



[losiBneHune n passutue nepcoHanbHbIX 9BM
[MepBbin KOMMEPYECKNIA MUKPOKOMIMbLIOTEP

Peknama komnbtoTepa Altair-8800 Obina onybnnkoBaHa Ha
obnoxke siHBapckoro (1975 r.) Homepa paguosntobuTenbLCKOro
XypHana «Popular Electronics»



[TosBNeHue n passutue nepcoHanbHbiXx ABM
[lepBbi KOMMEPYECKNA MUKPOKOMMbLIOTEP

[lpounTae B Ha4ane AHBaps
1975 1. XXypHarn, OBa CTyadeHTa
n3 boctoHa Non AnneH (Allen,
Paul; p. 1954) n bunn lentc
(Gates, William; p. 1955)
npepnoxunu MITS ceBou ycnyru
no paspaboTke KoMmnunaTopa ¢
| A3blka Basic

Ha 8 ataxe atoro 3gaHuna B Anbbykepke
pacrnonarancsa nepsbin opuc
obpasoBaHHON MK KOMMNaHuUM Microsoft




[losiBneHue n passutme nepcoHarnbHbIX OBM
[lepBoe nokoneHue nepcoHanbHbix IBM

[MepBoe nokoneHue MK (1996-1980 roabl) ocHoBLIBaANOCH Ha
8-pa3psigHbiX Mukporpoueccopax intel-8080 unu Zilog-80. Cpeam
MHOXECTBa Npou3BoauTeSien Bblaenanncb KaHagckaa gompma
Commodore n amepukaHckasi Tandy Radio Shack. Obbem npogax
N3MEPASICA AeCATKaMU TbICAY SK3EMIMAPOB

PET dpupmbl TRS-80 cpupmbl Tandy
Commodore Radio Shack



[losBneHue n pasBuTue nepcoHanbHbix IBM
[lepBoe nokoneHue nepcoHanbHbix IBM

[Ona gomalwuHero npumeHeHus gompma Sinclair 8 1980 r.
BbinycTuna MK Spectrum, nogknioyaemsii K 06blMHOMY
TeneBnsopy u 6bITOBOMY MarHUTOOOHY



[losiBneHue n passutme nepcoHarnbHbIX OBM
deHomeH Apple

Ctu [xobc (Jobs, Steve; 1955-2011) n Ctne BosHsk
(Wozniak, Steve; p. 1950) — ocHoBaTtenu komnaHum Apple
Computer (1976 1.)



[losiBneHune n passutue nepcoHanbHbIX 9BM
®eHomeH Apple

[MepcoHanbHbIM KoMnbloTep Apple-1 (1976 T.)
Mwukponpoueccop MC6502. LleHa 666,66 gonn.
MpogaHo 200 aka.



[losBneHue n pasBuTue nepcoHanbHbix IBM
deHomeH Apple

Apple-2 (1977 r.)
Mukponpoueccop MC6502, O3Y 4 K6, N3Y 16 Kb, ueHa 1300 gonn.



[losiBneHue n passutme nepcoHarnbHbIX OBM
deHomeH Apple

Kommepyeckuin gupekTop
Apple xoH Ckannu
(Sculley, John; p. 1939)

1977 1978 1979 1980
PocT goxonos pupmbl Apple B nepBble roabl.

B 1983 r. goxoabl coctaBunm 983 MnH. gonnapos




[losiBneHue n passutme nepcoHarnbHbIX OBM
B urpy Bctynaet IBM

Boca Raton, wrtat ®nopuga. 3aecb B 00CTaHOBKE
rnMybOKOM CEKPETHOCTN KOMAHAOM N3 12 NHXEHEpPOB
IBM nog pykosogcteom dununna (LoHa) ScTpuaxa
(Estridge, Philip D. (Don); 1937-1985) co3naBarcs
nepsbit IBM PC
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B aBrycte 1981 r. pupma IBM BbiLLia Ha pbIHOK NepCcoHanbHbIX
KOMMbloTepoB, co3aas 16-pa3psgHbin K BToporo nokosnenma IBM PC.
Mwukponpoueccop Intel 8088 4,77 MI'y, O3Y 64 K6, NM3Y 40 K0,
dononnun-anck 5”, ueHa 3000 gonn.



[losiBneHue n passutme nepcoHarnbHbIX OBM
Bropoe nokoneHue MNK. KnoHel IBM-coBmecTumMbix 9BM
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Honsa IBM Ha pblHKe
nepcoHasrbHbIX KOMMNbIOTEPOB
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[MepBbin NOpTaTUBHLIN
komnbtoTep Compaq (1982 r.)
C aToro komnbloTEPA
Ha4yanocb NPon3BoACTBO
knoHoB IBM PC.

18088 4.77MHz, 128KB RAM,
MOHOXPOMHbIN MOHUTOP 97,
Bec 14 «kr, ueHa 3000 gonn.

(N
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[losiBneHue n passutme nepcoHarnbHbIX OBM
Bropoe nokoneHue MNK. KnoHel IBM-coBmecTumMbix 9BM

OcHoBHble oTnnyung IBM PS/2:

= HoBas wuHa MCA (Micro
Channel Architecture);

" TMOKNe ANCKU HOBOIO
doopwmara 3,57;

" HOBbIV CTaHOapT
rpadpmnyeckoro MOHUTOPA,;
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CemenctBo nepcoHarsbHbIX KoMmnbioTepos IBM PS/2 (1987 r.)
paspabaTtbiBanoch C Lenbio n3baBnTbLCA OT KOHKYPEHLUN CO
CTOPOHbI KNOHMENKEPOB



[Tpobnembl YenoBeko-malLUMHHOIO MHTEpdenca
Pabotbl [lyrnaca QHrennbapra

PaboTbl N0 n3ydyeHnto Npobnem YyenoBeko-
MaLLUWMHHOIo MHTEepdrenca BENMNCL C KOHLA
1950-x rogoB B SRI (Stanford Research
Institute) noa pykosoacTeom [yrnaca
OHrenbbapTta (Engelbart, Douglas, 1925-2013).
B 1964 r. Tam 6b1na n3obpeteHa
KOMMNbIOTEPHAA MblLb.



[Tpobnembl YenoBeko-malLUMHHOIO MHTEpdenca
Pabotbl [lyrnaca QHrensbapra

90-MWHYTHLIWM AOKNag OHrenbbapTa Ha
KoHpepeHumn B CaH-PpaHUMCKO OCEHLIO
1968 r. BoLlen B UCTopuio nHpopmaTukn. Ha
HEeM COCTOASICA MUPOBOW AeOOT MbILLN,
NHTEPAKTUBHOW paboTbl C TEKCTOM U
TeneobpaboTKkn Ha paccTosiHUM 65 KM no _
CBY-paguonuHum. N |

NaGopatopus SRI
B MeHno Mapk




[Mpobnembl YenoBeko-MawmMHHOroO HTepdgenca
[MpoekTbl pupmbl Xerox

B 1970 rogy kopnopauusa Xerox opraHu3oBana nccriegosaTenbCKum
ueHTp PARC (Palo Alto Research Centre), B KoTopoMm
CKOHUEHTpupoBara Hay4Hble CUSibl MMPOBOIO Knacca.

Bnocneacteum 3aeck Oblfin N306pETEHLI NasepHbIN MPUHTEP,
Ethernet, pacTpoBbin ancnnemn, rpadpnyecknii NoNbL30BaTENbCKUN
nHTepdenc, umdgposasa nonurpadpusa, o6bEKTHO-OPNEHTUPOBAHHOE
nporpammMmupoBaHue v ap.



[MpoGnembl YenoBeko-MalLMHHOIoO UHTepdenca
[MpoekTbl pupmbl Xerox

AnaH Ken (Kay, Alan; p. 1940) JKcnepnuMeHTasrbHbIN
— pykoBoauTernb npoekTa Alto KoMnbtoTep Xerox Alto (1973 r.)
MOXET CUYMTaTbCS NepBbIM
nepCcoHarnbHbIM KOMMbIOTEPOM



[MpoGnembl YenoBeko-MalLMHHOIoO UHTepdenca
[MpoekTbl pupmbl Xerox
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[padomnyecknin oKoOHHbIM MHTEpenc komnbtoTepa Alto
oTnu4yancs NpocToToOn N MHTYUTUBHON NOHATHOCTLIO.
B ero tectupoBaHun npuHnUmMmanu yyactue rpynnbl getemn



[Tpobnembl YenoBeko-malLUMHHOIO MHTEpdenca
[MpoekTbl pupmbl Xerox

PaspaboTaHHbIn Ha ocHoBe Alto
cepunHbIN KomnbloTep Star-8010
npeaHasHadvanca ans oducos U 6bin
OYeHb YyAOOHbIM ANs Nonb3oBaTens, Tak
Kak Ha ero aKkpaHe mogenupoBanach
obCcTaHOBKa KOHTOPbI C AOKYMEHTaMMU,
KapTOTEYHBLIMU SILLIMKaMU, MYCOPHOM
KOP3WHOW W T.M.

OpaHako ero ueHa He onyckanacb Huxe
16000 gonnapoB 1 npoga)xu obinn
HeBenukn. NocTeneHHO BECb MPOEKT
co3gaHuns gpy>XeCTBEHHOro KomnbloTepa B
dompme Xerox npuwien B yrnagok



[MpoGnembl YenoBeko-MalLMHHOIoO UHTepdenca
Apple 6epeT peBaHLL

Komnbtotep Apple Lisa (1983 r.) 6bin pa3paboTaH Ha OCHOBe uaeun,
peanni3oBaHHbIX B npoekTe Xerox Star. O3Y 1 Mb6anT, BuHuectep 5 MbanT,
weHa $10000. Becero 6bino npogaHo 15000 aka3.



[Tpobnembl YenoBeKo-MaLlMHHOIO UHTEepdenca
Apple GepeT peBaHLL

[lepcoHanbHbIM KOMNbIOTEP Apple Macintosh (1984 r.) b1 CKOHCTPYUpOBaH
B BUAEe MOHOO0OKa, MMen BbICOKOKAYECTBEHHYIO rpadpuky, 3BYyK, CETEBYIO
KapTy, ynpasnsanca rpadpuyeckomn onepaumoHHon cuctemon MacOS. [pu

ueHe $2500 3a nepsbit e rog obirio npogaHo 250 000 k3.



[Tpobnembl YenoBeko-malLUMHHOIO MHTEpdenca
Apple 6epeT peBaHLL

bnarogapsa kommepyeckomy ycnexy Macintosh, doupma Apple Bbiwna B
1984 r. Ha BTOpoe MmecTo no npogaxe NK (1,8 mnpa. gonn.) nocne IBM (8
Mnpa. gonn.). Ha doto: wrab-keapTupa komnaHum B KynepTuHO



[Tpobnembl YenoBeko-malLUMHHOIO MHTEpdenca
Apple 6epeT peBaHLL

B 1985 roay, Ctune [>kobc, ocHoBatens Apple Computer, HeoXngaHHO
NOKMHYN ee, co3gas HoBYHO KomMmnaHuio NeXT Inc.
B 1988 r. 6bin BbiNyLWEH OpUrMHarbHbIN NepcoHanbHbIM KoMnbloTep NeXT
B BUAe 4YepHoro kyba co CTopoHoun B oguH doyT. [loTepneB KOMMeEpPYECKYHO
Heyaoady, B 1996 r. [Ixobc BmecTe ¢ NeXT Inc. BepHyncs B Apple



Hal'lpaBJ'IeHl/IFl Pa3BUTUA BbIMUCNUTENBHON TEXHUKA

Passutue anemeHTHOM 0a3sbl:

CoBepLIeHCTBOBAHNE apXUTEKTYPbI:

HanpasneHnsa pa3BnTtmna npoLeccopos



HanpaBneHus pa3BuTUA BbIMUCITUTENBHON TEXHUKU

TakToBas Yucno NMpoekTHan

Moo Paspsaa-

NMpoueccop YyacToTa, TPaH3U- HOpMa,
BbinyckKa HOCTb

Ml CTOpPOB MKM

1978 i8086 16 5 29 ThbIC. 3
1982 180286 16 6-12 134 ThIC. 1,5
1985-1992 180386 32 16-33 275 tbIC..  1,5-1,0
1989-1994 180486 32 25-100 1,2wmnH. 1,0-0,6
1993-1997 P5 (Pentium) 32 60-233 3,1 mnH. 0,8-0,35
1995-1997 P6 (Pentium Pro) 32 150-200 55mnH. 0,6-0,35
1997-1998 Pentium i 32 233-450 75mnH. 0,25-0,18
1998-2002 Celeron 32 266-2200 18,9 mnH. 0,25-0,13
1999-2002 Pentium lll 32 450-1200 28 mnH. 0,18-0,13
2000-2002 Pentium 4 32 1400-3000 55 mnH. 0,18-0,13
2001 ltanium 64 733-800 25 MIH. 0,18
2002 ltanium 2 64 900-1000 220 MIH. 0,18

Bonuma Mukponpoueccopos Intel



HanpaBneHus pa3BuTUA BbIMUCITUTENBHON TEXHUKU
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3akoH Mypa (1968 r.): uncno anemMeHToB Ha Yune yaBanBaeTcd
Kaxable 1,5 rona



9BM Ha pybexe Thicavenetuu
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9OBM Ha pybexe ThicayeneTum
CynepkomMmnboTepsl

C koHua 1970-x oo nepson nonosuHbl 1990-x rogoB NMAEPCTBO Ha
PbIHKE CyrnepKoMMbOTEPOB yaepxmBana domnpma Cray, HO B KOHLIE KOHLLOB
OHa CTOSIKHynachb ¢ 00oMnbwWMMN OMHAHCOBLIMKU Npobnemamu 1 obina
KyrnneHa Silicon Graphics Incorporated (SGI).

Ha dooTto: komnbtoTep Cray-1 (1976 r.)



9OBM Ha pybexe ThicayeneTum
CynepkomMmnboTepsl

BecHon 1997 1. cneymanbHO
NOCTPOEHHbIN A9 3TOro cynep —
KomnbroTep Deep Blue domnpmbl IBM
(BblcoTa 2 M, Macca 1,4 T) co cHeToM
3,5:2,5 Bblurpan marty y YeMnuoHa
Mupa no waxmaram [[appu
KacnapoBa




9OBM Ha pybexe ThicayeneTum
CynepkomMmnboTepsl

PentuHr cynepkomnbiotepos Top-500 B
2002 r. Bosrnasun Earth Simulator,
NOCTPOEHHbIN kopnopaunen NEC ans
MHCTUTYTa Hayk O 3emne B ropoae
Nokorama (AnoHus).

Earth Simulator coctont ns 640
BbIYMCIUTESIbHbIX MOAYNEN, KaXabln
cooepXxut 8 npoueccopos. TeopeTnyec-
KM MaKCMMYM MPOon3BOaUTESNTbHOCTH
cynepkomMnbioTepa coctasnsget 40
TFLOPS. Cucrema nmeet 10 T6ant
onepaTMBHOU NaMATW.

CynepkomnbtoTep paboTtaeTt noa
ynpasfieHNEM onepaunoHHON CUCTEMBI
Super-UX Unix, paspabdotaHHon NEC.



9OBM Ha pybexe ThicayeneTum
CepBepbl

Jpyrue ; Hewlett-
1334; 29% Packard;

1385; 31%

NEC:; 103;

20/ Dell; 851;

18%
IBM; 657;
6%0 14%

[MpounssoacTBo cepBepos B 2002 rogy (ThIC. WT.)



9OBM Ha pybexe ThicayeneTum
CepBepbl
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MaiHdppenm IBM S/390 — CepBep Superdome cmpmbl
NPOOOIMKEHNE NUHNK Hewlett Packard
S/360-370

CepBepbl MacluTaba npeanpuaTm



9OBM Ha pybexe ThicayeneTum
CepBepbl

JTnHmna cepsepos IBM AS/400 (coBpeMeHHOe Ha3BaHue iSeries)
sIBUacb UTOroM aBontounn MmHn-OBM B nccrnenoBaTenbCKOM LIEHTPE
IBM B Po4yecTtepe, wtat MnHHecota. Bnepsble obbsaBneHa B 1988 .

B otnnymne ot TpaguumoHHbiX MUHU-OBM, cuctema AS/400 nmeet
PEBOMIOLMOHHYIO OOBLEKTHO-OPUEHTUPOBAHHYIO apXUTEKTYPY, HE
3aBUCSLLYIO OT KOHKPETHOW CUCTEMBbI KOMaHZ, npoueccopa. B mupe
NpoagaHO OKONO MUMNIMOHA MaLLUWH 3TON cepumn



9OBM Ha pybexe ThicayeneTum
CepBepbl

KomnaHus Sun Microsystems 6bina ocHoBaHa B 1982 rogy B CTEHax
CteHdhopackoro yHusepcuteta (SUN — Stanford University Network)

[Mnatdopma Sun SPARC KoMnaHum xapaktepusyeTca 60sbLLION
MacLTabnpyemMocTbio — OT cepBepoB MacliTaba npeanpusaTns 4o
nepcoHanbHbIX paboymx CTaHUMN



9OBM Ha pybexe ThicayeneTum
ﬂepCOHaJ'Ibele KOMMNbKOTEPDbI

[Noctaeku [1K B 6usHec-chepe
1 NOTPEOUTENbCKOM CErMEHTE, MJTH. LUT.

80
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3

2000 2001 2002 2003* 2004*
M Cdepa 6u3Heca lMoTpebuTenbCKuit CerMeHT

*llpozHo3 Uemoyruk: IDC

B cepeanHe 2002 roga npon3oLusio anoxasribHoe cobbiTne B obnactu
NHOPMATMKN — BbIN NpogaH MUNnapgHbIn NepcoHasrbHbIN
KOMMbOTEP



9OBM Ha pybexe ThicayeneTum
nepCOHaﬂbele KOMMNbKOTEPDbI

] — Hewlett-
g;’cy Packard
° 16%
Dell
15%
IBM
Toshiba NEC 6%

3% 3%

Bcero B 2002 r. B Mupe ObIno BbinyLeHo b6onee 123 MIH.
NepCoHanbHbIX KOMIMbTEPOB, MOYTU NOSIOBUHA U3 HUX
NPUXOOUTCS Ha OO0 NATU KPYNHENLWNX Nponssogutenemn



2.12. CoBpeMeHHbIN pblIHOK IBM 1 ero cektopbl
nepCOHaﬂbele KOMMbIOTEPbI

HacTtonbHble komnbioTepbl Apple iMac (2001 r.)
OTNINYAaKTCA OPUIMHANbHBLIM AN3aNHOM



9OBM Ha pybexe ThicayeneTum
nepCOHaﬂbele KOMMNbKOTEPDbI

[MopTaTtueHble KoMnbloTepL! (laptop, notebook)



9BM Ha pybexe ThicadeneTum
ﬂepCOHaﬂbele KOMMNbKOTEPDbI

B Hoabpe 2002 r. kopnopaumnsa N & fasens
Microsoft obbsaBuna o Hayane | \ P ke L Tl
npodax HOBOro TMna b e O Frelatan ot e
nnaHwemHbix 1K — Tablet
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KomnbloTep pasmepom ¢ NINCT nucden bymarm
TonwuHon 4-5 cm 1 Becom okosrno 1 Kr cHabXxeH ceH-
COPHbIM 3KpaHOM BbICOKOIo paspeLleHus,
NO3BONSAOLNM BBOOUTL PYKOMUCHBLIN TEKCT




9BM Ha pybexe ThicayeneTum
KapmaHHbIe KOMNbLIOTEPDI

M PDA Palm —
€pBbIM Ha PbIHOK 3aKOHOZATENb

kapMaHHbIX 1K (KI1K)

Bbiwen PDA (Personal MoA B KnaKCnCE

Digital Assistant)

Newton dpupmel Apple KOMMYHMKATOp —

(1993 r.), Ho npoekTt r6png PDA c

OKazallCAd Heyda4YHbIM COTOBbIM

TenedoHOM



Cnacunbo 3a BHMMaHue!
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