UCTOPUA U METO4OJ10TUS NMPUKJIAJHOW
MATEMATUNKA N THOPOPMATUKHA

JNlekumna 07:
Pa3Burne BbIYHNC/TNTE/IbHbIX CpeEACTB. bnorpagns
n gocrmxernss Yapsipbsa b366mgrxa

BMK MI'Y um. M.B. JlomoHocoBa, Kadpeapa ACBK
K..-M.H., AoueHT BonkaHos [.10.



[1naH nekunm

e /AicTopus BblYNCINTENBHbIX MEXaHU3MOB
e buorpadua Hapno3a ba6bmnaxa

e PasHOCTHaa MallWMHa

e AHaNMTU4ecKkas MallnHa

e Brorpadusa Aabl JlaBnauc
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Logarithmorum
Canonis defcriptio,

o || Ejulque ufus, in uecaque || &
W = | D vigonometyia; ut etiamin g
BBl omni Logiftica Mathematica,
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[>xoH Henep TUTYNbHLIM NUCT KHUMKM Henepa
(Napier, John; «OnucaHne yomBuTenbHbIX Tabnuy
1550-1617) norapudgpmosy, 1614 .



‘Elorapudmnueckas nuHeiika (2)

Jorapug . il -

o Jlorapndpmmnyeckas i1 b 'E\"

JInHenka 1630

e OcHOBaHa Ha npasuiax

fiorapnmMmnpoBaHmns
Hanepa

e cnonb3oBanacb o 1970



X Jlorapudmumnyeckas nuHenka (3)

log (a*b) = log a + log b
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CnupanbHas
NNorapndpmmnyeckas JInHenka
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Bunbam LLnkkapa (1592-
1635) =

e [lepBas paboTatowass MallunHa aas
CNOXXeHUAa 6-pa3paaHbIX Yncen
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MalunHa lMNackansg (1623-1662)

e MHOXECTBO 3yb64aTbIX KOMEC
e BblyMTaHMeE B AOMONHUTENIBHOM KOAE

“: - —- 1'
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MaluunHa lNackans (1623-1662)

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

— = -

[MackanuHa (1642 r.) Bug cnepegu
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i? MalwnHa lNackans (1623-1662)

[NackanunHa. Bug c3agu




MalunHa MNackansg (1623-1662)

[MackanunHa. MexaHu3m nepenayn eCATKOB 17
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{@bﬂbpmn NenbHny (1646 — 1716)

e MexaHM4eCcKuUn KanbKynsTop,
BbIMOHSAOWMN apUOMUTUYECKUNE
NEVNCTBUS]

7 twuuuuuuuummw
) it mwm B

4
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foTdpua Jlenbuuy (1646 — 1716

4

ANa yMHOXEeHUS Yuncen 1526
NCMoNb3yeTCcs Crnocob x 312
MHOFOKpPATHOro CNOXenus.

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

= 3052
————— -> CIOBUT' KapeTKu

1526 3052
* 312 + 1526

1526 = 18312
+ 1526 | . ey $80 —————— -> COBUI KapeTKu
+ 1526 <- 18312
+ 1526 <- + 1526
+ 1526 + 1526
+ 1526 + 1526

476112 = 476112



MawwuHa JlenbHuua

[1na mexaHmsauum onepaunmn yMHOXEHUS
JlenbHu, BBEN B KOHCTPYKLUIO
BbIYNCITINTENTbHON MaLUUHbI:

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

v/ pasmMelleHne MexaHmM3ma BBoa Ha NnoaBuXHON
KapeTke
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PEKOHCTPYKLMA MaLUUHbI
lenbuuua

ApndmomeTp JlenbHuua (1673 r., peKoHCTPYKUMS ). MexaHu3m
BBO/Ia C/laraeMbIX pa3MeLLEH cnepean Ha NoABMXXHOWN KapeTKe,
ero CTyrneH4aTble Ba/IMKN BPaLLIAOTCS NPaBon PyKOSTKOWN.
CyMMUPYOLNIN MEXAHM3M PaCMOIOXEH C3aaWN, CABUI KapeTKu
NMPOU3BOAMNTCS NOBOPOTOM JIEBOM PYKOSITKU
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Bcero B TedeHune XIX Beka
66110 BbINyLLeHO 0koso 2000
TOMac-MalluuH. HekoTopsle U3
HMUX MCNONb30BaNNCL BMJIOTb
0o 30-x rogos XX Beka.

[1pOMBbILLIIEHHOE
NpPOM3BOACTBO
apnPMOMETPOB C
Ba/IMKOM JlenbHuua
6bIN10 Hana>xeHo BO
®paHumn Kapnom
TomMacoMm B 1821 .




XIX Bek

PoBHO 4epe3 200 neT nocrne n3obpeTeHust CTyrneH4aToro
Banuka, B 1873 r., netepbyprckmm nsobpetatens B. T. OgHep
(1845-1905) npeanoxwun 6onee nNpocToe n yagobHoe yCTpOUCTBO
NS BBOAA cnaraemMblx — koneco OaHepa ¢ nepeMeHHbIM YUCTTOM
3y6L0B



ApunpmMmomeTpbl OgHepa

ApudmomeTp OfHepa  ApudmomeTp
Bbinycka 1876 . payana XX Beka



“YKenesnbin” ®ennkc

[locne smurpauum OgHepa B LLBeunto B 1917 T.
ApUMPMOMETPbI ero KOHCTPYKLMW BbiMyCKaIUCb Ha
3aBoae UM. [A3ep>XMHCKOro
noa Mapkon «®enmke».

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



“YKenesHbin” ®ennkc

YcoBepLUueHCTBOBaHME MeXaHU4YeCcKoro apudpmomeTpa
npoposmkanock BnnoTtb Ao 70-x rogoB XX Beka.
bbinu paspaboTaHbl MHOFOYUCNEHHbBIE KOHCTPYKLINK C
PYYHbIM N 3NEKTPUNYECKMM NPUBOLOM



OT apuPMOMETPOB K
KanbKynsaTopam

DNEKTPOHHbIE KaJlbKYIATOPbLI N0 CBOUM
(PYHKLUMOHANbHbIM BO3MOXHOCTSIM COOTBETCTBOBA/N
MexaHu4yeckmnM, Ho paboTanu bbicTpee n 6eclymMHo.

OaHa 13 NepBbiX MOAENEN 31EKTPOHHOIMO
Kanbkynatopa oupMbl Burroughs (1970-e roabl)



Tkauknn CtaHok Xakapaa
(1801)

e Bnepsble coxpaHaeTcH
nporpamMma —
MeTalInyecKme KapThbl

e [lepBbin
MPOMbILLIEHHbIN
KOMMNbIOTEP

e PabotaeT Ao cux nop!
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Tkauknn CtaHok Xakapaa

_ "ffm\:
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CTaHOK ynpaBnsancs
CBSI3@aHHbIMU B LIEMOYKY
KapTOHHbIMU
nepdokapTamm




Yapnb3 b36buax

{8}

(1791-1871)

2

™




Yapnb3 babobunax

e [lekabpb 26, 1791

e CblH beHakaMnHa babbuaka (JTOHAOHCKOIO
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 konnenx Ce. lNeTpa
e 1814 — 6akanaBp
e 1814 — xeHwunca Ha [pkopaxkun Butmyp

e 1816 — cTaHOBUTCA YsieHOM KOopoJieBCKOro
ObuectBa JIoHAOHA

e 181/ - maructp

e 1819 — npoeccop 3AMHOYprckoro
YHUBEpCUTETA
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Yapnb3 babobunax

B 1820 ctaHoBUTCA YneHoM KoponeBcKoro
AcTtpoHoMunyeckoro Obuiectsa

1827 — ymepnu oTel, XeHa 1 2 aeTen

1827 — cTtan npodeccopoM MaTeMaTUyeCknx Hayk B
KeMbpuaxe

1832 — n36paH MHOCTPAHHbBIM YNEHOM-
KoppecrnoHaeHToM [eTepbyprckon akageMmmn Hayk

B 1839 roay yBonuicsa oTtyaa M A0 KOHLA XXU3HU
3aHMMarscs pa3paboTKon BblUMCNUTENbHbIX MALUWH
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OCHOBHbIe pe3ynbTaThl

Co3aan BaroH-1abopatoputo 6€30nacHOCTN ABUXKEHUS
[lpyaymMan cnuaoMeTp U TaxoMeTp

CKOHCTpYyMpOBa rnonepeyHo-CTporasibHbIN U TOKapHO-
DEBOJIbBEPHbIN CTAHKM

anILI,YMaJ'I METOAbl N3roToB1EHUA BY6‘-IaTbIX KOJ1eC

MpeanoXun HOBbIN METO/ 3aTOYKN MHCTPYMEHTOB U JIUTbS
noJ AaBfEHNEM

CopencrtsoBan pedopMMUPOBaHMIO MOYTOBOW CUCTEMbI B
AHMINKU

CocTaBun NnepBble HAAEXHbLIE CTPAXOBbIE Tabnuubl

«CpaBHUTENbHbIM 0630p PasIMYHbIX CUCTEM CTPaxXOBaHUS
XU3HU>»

36



= OCHOBHble pe3ynbTaThl (2)

3aHuMancsa Teopmen PyHKLUNOHANBHOIrO aHanm3a
Bonpochb! WndpoBaHUs

[[paMMaTMKa U C/10Bapb MUPOBOIro SA3blKa
«Tabnuua KOHCTaHT ANns MEeKONUTAaoLWMX»
CTpyKTYypHas JIMHMBUCTUKA

[lpoBepka popMyn Ans NPOCTbIX Yncen

Mpuayman odranbMockon, cencMorpad), YCTpOUCTBO AN
HaBeaEeHUS apTUNNEPUNCKOrO Opyauns

3aHnMancs IKCNnepnMeHTa/ibHbiMn nccneaoBaHnMAMH
SNIEKTPOMAIrHETU3MA

[1lpoBepka rmnoTes

[eonorus n reodunsunka
37



=+ OCHOBHbIe pe3ynbTaThl (3)

YyacTBOBan B 3KCcneaAMUnn Ha BesyBui, norpy»ancsa Ha AHO
03epOo B BOAOJIA3HOM KOJIOKOJIE, y4acTBOBa/ B
apXE0JIOrMYECKNX PacKomMKax, U3y4yasn 3aneraHue pya,
CMYCKasiCb B LUAXTb

KHMra «9KOHOMUKa TEXHOMOrMK 1 npon3soacTs» 1834

CrnaxxveaHue NpoTMBOPEUMN MEXAY HAYKOW 1N pennrmen
(“deBaTbin bpnakyoTepcknn TpakTat” 1837)

CraTtbsl O npuHUKUNAX NOCTPOEHMUS OPYAUN ANt TOKAPHOM
0bpaboTkn n cTtporaHns Metannos”

KHura “"OTpbIBKM 13 XU3HU dpunocoda” 1864
Pa3HOCTHAA MallMHA
AHanuTnyeckass MallnHa

38



Y- Yapnb3 Babbuax - 1792-1871

— OrpoMHbIi KanbKynsaTop

e PasHoCTHaa MawwuHa 1822 1 Ha]lm NS ﬂ\ﬂﬂlIIHﬂ

e AHanuntnyeckasa MalwnHa
1833
— Morna coxpaHsaTb Yyncna

— Bbluncnutens “"MenbHUua”
MCMNOJ1IbO30BaJ
MeTanmyeckme nepdokapTbl
A9 BBOAA

— Bbbina napoBon MalUMHOM!

— TOYHOCTb A0 6ro 3Haka nocne 39
3ansgaTou




PasHocTHas MalunHa
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[MpuHUMN paboTbl pa3HOCTHOM
MaLlnHbI (1)

e MeTo/ KOHEYHbIX Pa3HOCTEN

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

— 3aMEeHUM MpPOU3BOAHYIO HA KOHEYHYIO Pa3HOCTb

u(r+h) —u(r) ,
; ~u(x)

— MMony4aeM annpoKCMMUPOBAHHYIO popMy

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

[MpuHUMN paboTbl pa3HOCTHOM
MaLUnHbI (2)

X

f(x)

Delta f

Delta™2 _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 i




Bexu co3agaHua (1)

e 1812 — nepBble naen noa BAUSHUEM UAEN
6apoHa NMpoHn 0 3 YPOBHEBBIX BbIYMCNIEHUAX

e 1819 — Hayano paboT Haa Manon pa3HOCTHOM
MaLLVHOW

e 1822 — OKOHYaHMe ee CTpoUTENbCTBA
— 18 pa3psaos
— To4yHOCTb 8 3HaKOB NOC/E 3ansATou
— 3HaYeHUss MHOro4Y1EHOB 70U CTEMNEHU
— 12 yneHoB NocneaoBaTENbHOCTU B MUHYTY

46



bonbluas
DAa3HOCTHaA MallMHa

e Ha 1827 6b1no notpayeHo 3500, HO He
[I0OCTPOEHa

e B 1830 BO306HOBIEHO €€ co3aaHue

e K 1834 6b1n10 noTpayveHo 17000 + 6000
(PYHTOB, HO NPOEKT He 6bl/1 3aBEepPLUEH

e 1854 — wBepn LLlony cTPpOUT MaLUKHY
e 1991 — Bocco3aaHne Pa3HOCTHOM MaLLVUHBI

47



bonbluas
DAa3HOCTHaA MallMHa

e 25000 petanen

e 14 TOHH

e 2,5 MeTpa BbICOTOU

e [leyaTHOE YCTPOMUCTBO BbIBOAA

e [laMatb 6K6 (1000 50pa3psaaHbix umcen)

48



PasHocTHas MalunHa
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Pa3HOCTHas MallUHa
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ApPXUTEKTypa aHa/IMTUYECKON
CHYETHOM MalWHbI C TOYKMN
3peHna 4. babbuaxa

(« KoHTOo pa':u:~1

AV

AN

ApXUTEKTYpPa aHaIMTUYECKOW
MaLUWHbI B366unaxa
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ApXUTEKTYpPa aHaIMTUYECKOW

MaLUWHbI B366unaxa

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

Accumulator
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Bexu co3naHus

e 1834 — Hayvano paboThl

e 1851 — okOHYaHue paboT, MalumnHa HE bbina
co3/aHa

e 1888 - 'eHpu Bab66MK NocTpownn
“npoueccop”

e 1906 — I.6366MAX NOCTPOMA AEUCTBYIOLLYIO
MOJE/Ib aHASIMTUYECKOW MALUUHBI

e Bbinn noacymnTaHbl nponsseaeHus ymcna 'nu”
Ha 4Yncna HaTypasbHOro psiaa oT OAHOro A0
32 C TOYHOCTbO A0 29 3HaKOoB!
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AHanunTnyeckasd MallnHa
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AHanunTnyeckasd MallnHa

Anticipating
carziage
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Figure 2.8. Babbage's Plan 16 for the Analytical Engine in August
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
aHaMMTUYECKOWN MALLWHbI BblYUCIEHNE
ypaBHeHusa bepHynnu

o [lpnaymana noHATUSA umMkna, pabouen
AYEenKU

e HameTnna noanporpamMmsbl u
bubnuoTteka noanporpamm,
MOANMDUKALIMM KOMaHA, N MHAEKCHbIW
perncTp
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Ba66mnax
(UHTepecHble PaKThbl)

TEeHHWCOH
— Kaxxgoe MrHoBeHWe yMUpaeT YenoBek,
— Ho Kaxaylo MUHYTY YenoBeK poXaaeTcs
OTBeT TeHHUCOHY
— Kaxxgoe MrHoBeHWe yMUpaeT YenoBek,
— Ho 1,16 yenoBeka poXxaaeTcs...

“becripourpsbillHasg” cucTtemMa CTaBoOK Ha CKaykax
ABTOMaT ANA Urpbl B KPECTUKU-HOJTUKU

PoMaH B 3 KHuUrax

CtumnaHk (bptoc CtepnuHr, YunbsiM 'MbcoH “MallunHa

Paznnumin” 1990 (2001), Mankn ®nunHH "B cTpaHe cnenbix”

1990)

AnbTepHaTmnBHas ncropus (Ixon Kpaynu “PomaH nopaa
BanpoHa”
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Cnacunbo 3a BHMMaHue!
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