UCTOPUA U METO4OJ10TUS NMPUKJIALTHOW
MATEMATUKA N NTHOPOPMATUKHA

Jlekuusa 7.
Pa3Burne BbIYHNC/TNTE/IbHbIX CpeEACTB. bnorpagns
n gocrmernsa Yapsipza bs66ngixa

BMuK MI'Y nm. M.B. JloMoHocoBa, Kadeapa ACBK
[oueHT Bnacos B.K,,
AccucteHT Bonkanos [.1O.



[1naH nekunm

e icTopusa BblYNCINTENBHbIX MEXaHNU3MOB
e buorpadpua Hapnb3a bab6bmnaxa

e PasHOCTHaa MallWHa

e AHaNUTU4eckasa MallnHa

e Brnorpadpusa Aabl JlaBnanc




cTopunyeckun doH

s

STET PEVEF LSS

Y S mmmm :\

R Ad el

MexaHmeckas srnoxa

[ [
1600 1700T. 1800rT.




eKOCTSALLKKN Ha NPYTbAX AN BbIYUCIEHNN
e/Icnonb3yetca B Azuu!

La

l"l
!
N I' 1
'\.|._ il

er—dJ
] . [
-'-. Il

{ I

J B

.I

SRS oI s
|.I

r~

[OpeBHepumckuin abak



p—— r—

- v o v - e e .-~ A

. Pycckne cyeTthl

{ ’
fvm » > o TDECH <D > K> o “y =y =

v

£ | -

Kutanckme cyetsbl -
«CyaHbMNaHb»




Logarithmorum
Canonis defcriptio,

o || Ejulque ufus, in uecaque || &
W = | D vigonometyia; ut etiamin g
BBl omni Logiftica Mathematica,
= Awplifiint, Facilimi, &
oxpedivifinei explicaris,

| Authore ac Inventore, || ¥
| 10ANNENEPERO, ~[|E
BaconcMerchiftonii,
&ré. Scere.
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Biblioplle, €12, DCu X1y, [

[>xoH Henep TUTYNbHLIN NUCT KHUMM Henepa
(Napier, John; «OnucaHne yomBuTenbHbIX Tabnuy
1550-1617) norapugpmoBy, 1614 .



‘Elorapudmnueckas nuHeiika (2)

Jorapug . il -

o Jlorapndpmmnyeckas i1 b 'E\"

JInHenka 1630

e OcHOBaHa Ha npasuiax

fiorapmMpMmUpoBaHunS
Hanepa

e cnonb3oBanacb o 1970



X Jlorapudmmnyeckas nuHenka (3)

log (a*b) = log a + log b
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CnupanbHas
NNorapndpmmnyeckas JInHenka

I'P



Bunbam LLnkkapa (1592-
1635) =

e [lepBas paboTatoLlas MalumHa ans
CNOXXEeHUa 6-pa3paaHbIX Yncen

12
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MalunHa lMNackansg (1623-1662)

e MHOXeCTBO 3yb4aTbIX KOJIEC
e BblyMTaHME B AOMOSIHUTENBHOM KOAe

“: - —- 1'

s ) (m/"-w '
umf M

Irn&u ', f

|| S8 o ||
| S &' S &n
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MaluunHa lNackang (1623-1662)

ignin, i ds. ETCR
B e = o = 5oy R

— = -

[MackanuHa (1642 r.) Bug cnepegu
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i? MawinHa lNMackanga (1623-1662)

[NackanuHa. Bug c3agu




MaluunHa lNackang (1623-1662)

[TackannHa. MexaHnam nepegayvm ecATKoB 17
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{@bﬂbpmn NenbHny (1646 — 1716)

e MexaHM4eCcKuUn KanbKynsTop,
BbIMO/HSAOWMN apUOMUTUYECKUNE
NEVNCTBUS]

7 twuuuuuuuummw
) it mwm B

4
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[oTdpua Jlenbuuy (1646 — 1716

y

ANa yMHOXEeHUS Yuncen 1526
NCNonb3yeTcsl Crnocob x 312
MHOFOKpPATHOro CNoXewus.

CneBa - Ha bymare u MackanuHe, + 1926
cripaBa - Ha apudMomMeTpe

= 3052
————— -> CIOBUT KapeTKu

1526 3052
* 312 + 1526

1526 = 18312
+ 1526 | . R RaEd $80 - -> CHOBUI KapeTKu
+ 1526 <- 18312
+ 1526 <- + 1526
+ 1526 + 1526
+ 1526 + 1526

476112 = 476112



MawwuHa JlenbHuua

[1na mexaHmsauum onepaunmn yMHOXEHUS
JTenbHu, BBEN B KOHCTPYKLNIO
BblYMCNUTENBHOW MaLUUHbI:

v/ MEXaHMU3M MHOroKpaTHOro BBOAa crnaraemMoro
(cTyneH4aTbIv Banvk JlenbHuua);

v’ pasmMelleHne MexaHM3ma BBofa Ha NnoaBuXHON
KapeTke
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PEKOHCTPYKLUMA MaLUUHDI
Nenbuuua

ApndmomeTp JlenbHuua (1673 r., peKOHCTPYKUMS ). MexaHu3m
BBO/la C/laraeMbIX pa3MeLLEH cnepean Ha NoaBMXXHOWN KapeTke,
ero CTyrneH4aTble Ba/IMKN BPaLLIAOTCS NPaBon PyKOSTKOWN.
CyMMUPYOLWNIN MEXAHM3M PaCcMOIOXEH C3aaWN, CABUI KapeTKu
NPOU3BOAMNTCS NOBOPOTOM JIEBOM PYKOSITKU
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Bcero B TedeHue XIX Beka
66110 BbINyLeHo okono 2000
TOMac-MalluuH. HekoTopskle U3
HMUX UCNOMb30BaNCL BMNIOTb
no 30-x ropos XX Beka.

[1poMbILLINEeHHOE
NpOn3BOACTBO
apnPMOMETPOB C
Ba/sIMkoM JlenbHuua
6bI10 Hana>xeHo BO
®paHunn Kapnom
TomacoMm B 1821 r.




XIX Bek

PoBHO 4epe3 200 neT nocre n3obpeTeHust CTyrneH4aToro
Banuvka, B 1873 r., netepbyprckmm nsobpetatens B. T. OaHep
(1845-1905) npeanoxxun 6onee npocrtoe n yanobHoe yCTpoOUCTBO
0151 BBOAA CnaraeMblx — koneco OgHepa € nepeMeHHbIM YNCIIOM
3y6L 0B



ApudmoMeTpbl OaHepa

ApudmomeTp OgHepa  ApudmomeTp
BbiNycka 1876 . Hayana XX Beka



“YKenesHbin” ®ennkc

[locne smurpauunmn OgHepa B LLBeunto B 1917 .
ApUMPMOMETPbI ero KOHCTPYKLMW BbiMyCKaIUCb Ha
3aBoae UM. [3ep>XMHCKOro
noa Mapkon «Oenmnke».

B 1969 r. ux 6bino nponsseneHo 300 000 wi.



“YKenesHbin” ®ennkc

YcoBeplUueHCTBOBaHME MexXaHU4eCcKoro apudmomeTpa
npopomkanock BNnoTb Ao 70-x rogoB XX BekKa.
bbinu paspaboTaHbl MHOMOYNUCNEHHbBIE KOHCTPYKLINK C
PYYHbIM N 3NEKTPUNYECKMM NPUBOLOM



OT apuPMOMETPOB K
KanbKynsaTopam

DNEKTPOHHbIE KaJlbKYIATOPbLI N0 CBOUM
(PYHKUMOHANbHbIM BO3MOXHOCTSIM COOTBETCTBOBA/N
MexaHu4eckmnM, Ho paboTtanu bbicTpee n 6eclymMHo.

OaHa 13 nNepBbiX MOAENEN SIEKTPOHHOIO
KanbKynatopa dupmel Burroughs (1970-e roabl)



Tkauknn CtaHok Xakapaa
(1801)

e Bnepsble coxpaHaeTcH
nporpamMma —
MeTaslIn4yecKme KapThbl

e [lepBbin
MPOMbILLIEHHbIN
KOMMNbIOTEP

e PabotaeT Ao cux nop!

30



Tkauknn CtaHok Xakapaa

_ "ffm\:
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CTaHOK ynpaBnsanics
CBSI3@aHHbIMU B LIENOYKY
KapTOHHbIMU
nepdokapTamm




Yapnb3 ba66uax

{8}

(1791-1871)

2

™




Yapnb3 babobunax

e [lekabpb 26, 1791

e CblH beHakaMmnHa babbuaka (JTOHAOHCKOrO
6aHKMpa)

e [loctynun B Trinity College, Cambridge

e Yuunca c xoHoM ['epwienem u [bxopaxem
[TMKOKOM.
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Yapnb3 babobunax

e B 1813 nepewén B konneox Ca. leTpa
e 1814 — 6akanaBp
e 1814 — xeHwunca Ha [pxopaxkun Butmyp

e 1816 — cTaHOBUTCA YsieHOM KOopoJieBCKOro
ObuectBa JIoHAOHA

e 1817 - Mmaructp

e 1819 — npoeccop 3AMHOYprckoro
YHUBEpCUTETA

34



Yapnb3 babobunax

B 1820 ctaHoBUTCA YneHoM KoponeBCcKoro
AcTtpoHoMunyeckoro ObuiecTtsa

1827 — yMepnu oTel, XeHa 1 2 AeTeu

1827 — cTtan npodeccopoM MaTtemMaTU4yeCkux Hayk B
KeMbpunaxe

1832 — n36paH MHOCTPAHHbLIM YNEHOM-
KoppecrnoHaeHToM [MeTepbyprckon akaaeMmmn Hayk

B 1839 roay yBonunca ottyaa v A0 KOHLU@ >KU3HU
3aHMMarsncs pa3paboTKON BblYMCAUTENbHbIX MaLUWH

35



OCHOBHbIe pe3ynbTaThl

Co3aan BaroH-s1abopatoputo 6€30nacHOCTN ABUXKEHUS
[lpyaymMan cnuaoMeTp U TaxoMeTp

CKOHCTpyMpoBa rnonepeyHo-CTporasibHbI U TOKapHO-
DEBOJIbBEPHbIN CTAHKM

anILI,YMaJ'I METOAbl U3roTOBJ1IEHUA BY6‘-IaTbIX KOJ1ieC

MpeanoXun HOBbIN METO/ 3aTOYKN MHCTPYMEHTOB U JIUTbS
noJ AaBlEHNEM

CopencrteoBan pedopMMUpPOBaAHMIO MOYTOBON CUCTEMDI B
AHMUKU

CocTaBun NnepBble HAAEXXHbIE CTPAXOBbIE Tabnmubl

«CpaBHUTENbHbIN 0630p Pa3NYHbIX CUCTEM CTPaxXxOBaHUS
XU3HN>»

36



= OCHOBHble pe3ynbTaThl (2)

3aHnMancsa Teopmen PyHKLUNMOHANBHOIO aHanm3a
Bonpochbl WndpoBaHUs

[[paMMaTMKa U C/I0Bapb MUPOBOI0 A3bIKa
«Tabnuua KOHCTaHT AN1s MeKONUTaoLWMX»
CTpyKTYypHas JIMHMBUCTUKA

[lpoBepka popMyn Ans NPOCTbIX Yncen

Mpuayman odranbMocKon, cencMorpad), YCTpOUCTBO A/
HaBeAEeHUS apTUNNEPUNCKOrO Opyauns

3aHUMancs 3KCNnepnMeHTa/ibHbiMn nccneaoBaHnMAMH
NIEKTPOMAIrHETU3MA

[1lpoBepKa rmnoTes

[eonornsa n reopusnka
37



=+ OCHOBHble pe3ynbTaThl (3)

YyacTBOBan B 3KCcneaAMUnn Ha BesyBui, norpy>ancsa Ha AHO
03ep0o B BOAOJ1A3HOM KOJIOKOJIE, y4acTBOBa/ B
apXE0sIOrMYECKMX PacKomnKax, U3y4yasn 3aneraHue pya,
CMYCKasiCb B LUAXTb

KHUra «9KOHOMMKA TEXHOOMMN U Npou3BoacTe>» 1834

CrnaxxvBaHne NpoTMBOPEUMN MEXAY HAYKOW 1 pennrmen
(“deBaTbin bpnapkyoTepcknumn TpakTaTt” 1837)

Ctatbsl O npuHLUKUNAX NOCTPOEHUS OPYAUN A1t TOKApPHOM
0bpaboTKkn n cTtporaHnst Mmetannos”

KHura “OTpbIBKM 13 XU3HU dpunocoda” 1864
Pa3HOCTHAA MallMHA
AHanunTnyeckass MallMHa

38



Y- Yapnb3 Ba66uax - 1792-1871

— OrpoMHbI KanbKynsaTop

e PasHocTHag MawwuHa 1822 1 Ha]m] NS ﬂ\ﬂﬂlllHﬂ

e AHanutnyeckasa MalwinHa
1833
— Morna coxpaHsaTb Yyncna

— Bbluncnutens “MenbHUua”
MCMNOJ1IbO30BaJ
MeTanm4yeckme nepdokapThbl
A1 BBOAA

— Bbbina napoBon MalUMHOM!

— TOYHOCTb A0 6ro 3Haka nocne 39
3ansaTou




PasHocTHas MalunHa
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[MpuHUMN paboTbl pa3HOCTHOM
MaLlnHbI (1)

e MeTo KOHEYHbIX pa3HOCTEN

— Bo3bMEéM andpepeHumnanbHoe ypaBHeEHUE
u' () = 3u(x) + 2.

— 3aMeHNM NPOU3BOAHYIO HA KOHEYHYIO Pa3HOCTb

u(r+h) —u(r) ,
; ~u(x)

— [Mony4aeM annpoKCMMUPOBAHHYO hopMy

ulr +h) =ulr)+ hidulxr) 4+ 2).
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o 2XN2—3x + 2

[MpuHUMN paboTbl pa3HOCTHOM
MaLUnHbI (2)

X

f(x)

Delta_f

Deltan2 _f

0

2

-1

1

1

3

4
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[MpuHUMN paboTbl pa3HOCTHOM

MaLUnHbI (2)
o 2XN2 —3X + 2

X f(x) Delta_f Delta™2_f
0 2

-]
1 1 4

3
2 4 4
3 4
4 44




[MpuHUMN paboTbl pa3HOCTHOM

MaLUnHbI (2)
® 2XN2 —3X + 2
X f(x) Delta_f Delta™2_f
0 2
ai
1 1 4
3
2 4 4
7
3 11 4
11
4 22 &




Bexu co3agaHua (1)

e 1812 — nepBble naen nNoa BAUSHUEM UAEN
6apoHa lMpoHn 0 3 YpOBHEBBLIX BbIYNCIIEHUSX

e 1819 — Hayano paboT Haa Manon pa3HOCTHOM
MaLLVHOW

e 1822 — OKOHYaHMe eeé CTpoUTENbCTBA
— 18 pa3psaos
— TOYHOCTb 8 3HAKOB MNOC/E 3anaToM
— 3HAaYeHUa MHOIro4Y1IeHOB 70U CTEeNeHu
— 12 yneHoB NOCNeaoBaTeNbHOCTU B MUHYTY

46



bonbluas
DAa3HOCTHaA MallMHa

e Ha 1827 6bino notpayveHo 3500, HO He
[I0OCTPOEHa

e B 1830 BO306HOBIEHO €€ Cco3aaHme

e K 1834 611510 notpaveHo 17000 + 6000
(PYHTOB, HO MPOEKT He 6bl/1 3aBepLUEH

e 1854 — wBepn LLlony CTpOUT MaLLKHY
e 1991 — Bocco3gaHue Pa3HOCTHOW MALLUHBI

47



bonbluas
DAa3HOCTHaA MallMHa

e 25000 petanen

e 14 TOHH

e 2,5 MeTpa BbICOTOU

e [leyaTHOE YCTPOUCTBO BbIBOAA

e [lamMatb 6K6 (1000 50pa3psaaHbix uncen)

48



PasHocTHas MalunHa
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Pa3HOCTHaa MallUHa
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ApPXUTEKTypa aHa/IMTUYECKON
CYETHON MalWHbI C TOYKMN
3peHna 4. babbuaxa

(« KoHTOo pa':u:~1

AV

AN

ApXUTEKTYpPa aHaIMTUYECKOW
MaLIWHbI Ba66unoka

{
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ApXUTEKTYpPa aHaIMTUYECKOW

MaLIWHbI Ba66unoka

Memory
A A
! _ Y. Input
o | Arithmetic
Con’g{ol logic unit
uni
= sl | Qutput

Accumulator

95



Bexy co3gaHus

e 1834 — Hayvano paboTbl

e 1851 — okOHYaHuMe paboT, MalunHa HE bbina
Cco3/aHa

e 1888 - N'eHpn B366MaK NocTpounn
“npoueccop”

e 1906 — .B366MaK NOCTPOMA AEUCTBYIOLLYIO
MOJE/Tb aHA/IMTUYECKOWN MaLUUHbI

e bbIM noacunTaHbl NpousBeaeHns yncna "nn”
Ha 4YnCcna HaTypasbHOro psiaa oT OAHOro A0
32 C TOYHOCTbIO A0 29 3HAKOB!
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AHanunTnyeckasd MallnHa
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Anticipating
carziage

AHanunTnyeckasd MallnHa

Egress Axis
tiplier/Quotient)

o’s Plan 16 for the Analytical Engine in August

Figure 2.8. Babbag
1840. The original plan drawing of the mechanism has been

annotated to show the functional relationships of the principal
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Apa ABrycra JlaBnamc
(1815-1852)
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Apa ABrycra JlaBnamc
(1815-1852)

e [lepBad nporpaMMUCTKa

e Hanwucana nporpamMmmy ans
aHaNMNTUYECKOWN MALLWHbI BblYUCIEHNE
YpaBHeHusa bepHynnu

o [lpnaymana noHATUSA umMkna, pabouen
AYEenKU

e HameTwna noanporpammsbl u
6ubnnoTteka noanporpamm,
MOANMDUKALIMM KOMaHA, N MHAEKCHbIW
perncTp
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Ba66mnax
(UHTEepecHble PaKThbl)

TEeHHMCOH
— Kaxxgoe MrHoBeHue yMUpaeT YesnoBek,
— Ho Kaxaylo MUHYTY 4YenoBeK poXaaeTcs
OTBeT TeHHMCOHY
— Kaxxgoe MrHoBeHue yMUpaeT YesnoBek,
— Ho 1,16 yenoBeka poXxaaeTcq...

“becrnipourpsbiliHas” cMctemMa CTaBoK Ha CKaykax
ABTOMaT AN4 UrPpbl B KPECTUKU-HOJTUKU

PoMaH B 3 KHUrax

CtumnaHk (bproc CrepnvHr, Ynnesam M'mbcoH “MallunHa

Paznnumn” 1990 (2001), Mankn ®nuHH "B cTpaHe cnenbix”

1990)

AnbTepHaTnBHasa ncropus (IxoH Kpaynm “PomaH nopaa
BanpoHa”
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Cnacunbo 3a BHMMaHue!
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