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HopGepT BuHep B cBOoeun kHure "KubepHetuka"

Xponorozus no Bunepy
noBTOpeHue

yKa3an Ty KadyeCTBEeHHYI rpaHuuy B
pa3BuTUM obLiecTBa, N0 KOTOPOMU, C ero
TOYKU 3pPEeHUAA, MOXHO OyaeT pa3nuyaTtb
nepexoan MHAOYCTPUaribHO pPa3BUTOro
obuwiectBa B BeK nHcopmauum (Bek
MHOpMaLUMNOHHOIo obulecTBa):

"Ecnu XVII ctonetune n Hayano XVIIlI ctonetus - BeKk 4acos,

c koHua XVIII ao koHua XIX ctonetTna - BeK napoBbIX MaLUWH,
c koHua XIX no cepeanHbl XX cTONeTUs — BEK TAXKESIOU
NMPOMbILUSIEHHOCTH,

TO HacTosIllee BpeMs eCTb BEK CBA3U U yrNpaBrieHUS.

B anekTpoTexHuKe cyllecTBYyeT pasfgeneHune Ha obnacTtum,
Ha3bliBaeMble B [epMaHNN TEXHUKON CUNBbHbLIX TOKOB

N TEXHUKOMU crnabdbix TokoB, a B CLUA 1 AHrnMuu - 3HepreTMKon u
TEXHMKOU CBA3U. ITO U €CTb Ta rpaHuuUa, KoTopasa oTaensiet
npoweawmnn BeK OT TOro, B KOTOPOM Mbl cenyac Xxmeem"



bbu1 3TOT MUP TTyOOKOM THMOM OKYTaH,
«/la Oynet cBet!» — 1 BOT SIBWJICSA
Heroton

Anexcanop Iloyn

AHaJsioz2oeble 8blvyucsiumersibHble
MaWUHbI: 84epa, ce200HsI, 3aempa

MHmeapamopsbl (nnaHumemp,

UHmMeapag, 2apMOoHU4YeCKUU
aHasiulamop u op.)
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AHanoroBble
BblYUCNIUTESNIbHbIE MALLUUHbI

AHAJITIOIOBbIV KOMIMBIKOTEP (analog computer) - AHanorosas

BoluncnutenoHaa MawwuHa (ABM), npuHUmMn OencTems KOTOpoU
OCHOBaH aHanorum B MateMaTui4eckom unm gonsnvyeckom
onucaHuM NPoLECCOB.

[TpnmeHAa meToabl MaTeMaTUYECKOro MoaenmpoBaHua ang
peLleHNsa pasnnyHbIX NpakTU4YecKUxX 3agad, Hepeagko
OKa3blBaeTCH, YTO pasfinyHbie N0 CBOEU PU3NYECKON Npupoae
npouecchl Hepeako onucbIBalOTCA OAMHAKOBbLIMM
MaTeMaTU4YeCcKkuMKn ypaBHeHUaAMU. Tak, HanpumMmep, 3agadn n3
obnacTtu rmapoAnHaMUuKKN, CBA3aHHbIE C 0OTEKAHMEM Ten
NOTOKOM XXWUAOKOCTW, peLlaroTcsa aHas102u4yHo
TepMoaANHAMUYECKMM 3a4a4am, OnnchiBatoLL MM NPOLECC
pacnpocTpaHeHns Tensna B pasnmyHbiX HarpeBaeMbIX
MaTepuanax, a Takke npowueccam pacrnpocTpaHeHNs ToKa B
aneKkTponuTax.
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[TnaHnmeTp
VHTerpad

VIHTerpaTop
AHanusartop

AHanoroBble
BblYUCNTUTESNIbHbIE MALUUHbI
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AHanoroBble
BblYUCNTUTESNIbHbIE MALUUHbI

ABM genatca Ha knaccbl — Mo npuHUMnam aHanoruu:
¢ MUTAUNOHHbIE
¢ MoaenupyrLimne

No NpuHUMNamMm mMoaenmpoBaHUS:

¢ MexaHnyeckume n anektpo-mexaHnvyeckne ABM — B HUX
yucna (pusnyeckne BenuynHbl), Kak npasuso,
NpPeacTaBfiATCA KOSIMYECTBOM MOBOPOTOB LLUECTEPEHOK
mexaHmama. OHM pasnnyarTcd TOMbKO N0 NCTOYHUKAM
QHeprun).

¢ Onektpuyeckmne ABM - ona npeacraBneHns Yncen
MCNOJIb3YITCA PasfinyHble ANeKTpuYecKme
XapaKTepPUCTUKM (HanpsaXXeHne, EMKOCTb, TOK).
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[InaHumeTp

MnaHnmeTp (OT Nnat. planus - NIOCKOCTb, NMOBEPXHOCTb
N rped. metrein - U3aMepATb) NPMOOP AN U3MepeHus
nrowagen no Kaptam, nnaHam u gpyrum nriocKuUm
yepTexaM Unu Kaptam, a Takke Ons HaxoXOeHuUs
4YMCMNOBOIro 3HA4YEeHMA ornpeaerieHHbIX UHTEerpanos
doyHKUMM ogHOM nepeMeHHon (NpmMbop, crnyxalum ans
onpeageneHns nnowaanen (MHTerpupoBaHnA) 3aMKHYTbIX
KOHTYPOB, HApMCOBaAHHbLIX Ha MITOCKOCTH).

MnaHumeTp — YacTHbIN cnyyYyan UHTerparopa —
aHasrioroBoro BblYNCINUTENBHOIO YCTPOUCTBA.
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[InaHumeTp

MnaHumeTp — OOVH U3 CTapenLInX NHCTPYMEHTOB
(MexaHu4ecKkun U1 B HacCTodALLEE BPEMS SNIEKTPOHHLIN),
MCMONb3YLLMNCSA Ang onpegeneHna nnowagen 3aMmKHyTbIX
KOHTYPOB Ntobon doopMbl Ha KapTax, nnaHax u noodbix
apyrux rpaduyecknx n3obpaxeHmsax.

MexaHn4yeckne nnaHMMeTpPbl U3BECTHbLI JOBOJSIbHO AABHO
(okono 200 neT), u npegcTaBnsaloT cobon cUCTeMy
LLAPHMPHO COEANHEHHbIX PblYaros.

I3BeCcTHOE NosioXKeHne ponmkKa OoTHOCUTESNIbHO 3BEHLEB
MeXaHn3ma rno3BosnseT rnpu obxoae WTNPTOM N3MEPAEMOTO
KOHTYpa COOTHOCUTb KOHTYP C NPAMOYrofbHUKOM C
N3BECTHOW OJIMHOW CTOPOH W nnolwlaabio, paBHOW nnoLliaan
N3MepPseMOoro KoHTypa.



[InaHumeTp

« [MnannmeTp Hayana XIX Beka — 0OCHOBHOE
BbIYUCITNTENbHOE YCTPOUCTBO — KOHYC.
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[InaHumeTp

[MpnHUMN geNcTBMA NNaHMMETPa CBOAUTCA K CneayroLlemy:
npu ABMXEHUN NPAMOSIMHENHOIO OPNEHTUPOBAHHOIO
oTpesKa [a, b] B NNOCKOCTU nriowagb «0OMeTEHHON»
(3aLITPUXOBAHHOW) MM (PUrypbl paBHa NPOU3BELEHUIO
ONVHbI OTpe3Ka |a, b] Ha ANUHY OyrK, KOTOPYH ONUCLIBaEeT
CpeOHANA ToYKa OTpe3kKa.

f(x) P -
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[lnaHumeTp

Kak onpegensietca nnowaab no KpUBOW: MHTepBar
[a, b] Benutca Ha N paBHbIX YacTeu OSIHbI L ;, 2)

f(x)

a (b—a) b
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[InaHnmeTp

[Tnowagb noa KPpMBOMW.

§ =D {f () + ) + ot fO)} = [ f(x)dx,
roe
xi=a+i="2i=12.,N
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[InaHUMeTPp NUHENHbLIN

[lepBas noes MexaHn3npoBaTb 3Ty NpoLeaypy 3aknoyanach B
NOCTPOEHUN 80OJIOCSIHO20 MylaHUMempa.

3rotaBnmBaloTCA pa3 U HaBcerga CTeKNaHHas nnactuHa, Ha
KOTOPOW BbIrpaBMpoOBaHO BepTUMKarbHble NUHUN Yepesd perynspHble
NPOMEXYTKU, Hanpumep, 0.25 cm. 3aHavyanbHO 3T NUHUK ObInn
caenaHbl N3 KOHCKOro Bosioca. otctoaa n HassaHue ... [locne aTtoro
NacTUHKY Noso» }
(x

A
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[InaHuMeTP NUHEUHbIV

[anee c nomoulbo KoMnaca (LUMpKynsa) UsmMepsatoTCs BbICOThI
NPSAMOYrofibHUKOB.

S={f(x)+ f(xy)+ ..+ flxpy)}

Komrtac — reoMmeTpuyeCKnii HHCTPYMEHT JIJISI CPABHEHUS M ONIPEICTICHUS
paccTossHuM. JIaTMHCKUH T71aroa compassare o3Hadaio "Mepa CBouM».
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[InaHUMeTp NUHEUHbLIN

[epBas noes MexaHM3nMpoBaTb 3Ty Npoueaypy
3akntovanacb B NOCTPOEHUN 80JI0CSTHO20 M/IaHUMempa.
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BTopaa nges — ncnonb3oBaThb KOJECOo H
(kypBumeTp). BMmecTo komnaca, Bbl
MOXXeTe UCMonb30oBaTh Banuk. Ecnu
KOeco KaTuTcs 6e3 CKONbXeHna no
NpAMOU NMUHUK, Yron NOBOPOTa Koneca
dp NPOMNOpLUMOHANeH NPoNaAEHHOMY NyTu.
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S={f(xy)+ flxy)+ ...+ fxy)}
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[InaHUMeTpP OpPTOroHanbHbLIN

TpeTba noea — ncnonb3oBaTb KOHYC.
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[InaHUMeTp OPTOroHanbHbLIN

TpeTbFI naed — NCrnosfib3oBaTb KOHYC.

PaccTosHme OT BEPLUMHBLI KOHYCca 0 Konecuka d = f(x),
X € |a,Db]

[iBm>xeHne no nHtepsany [x, x + dx| noBopavynBaeT KOHYC Ha
YroJi NponopLmoHarbHbIN dx, a KOJIeCUKO MOBEPHETCH Ha Yrof

f(x)dx .

[Tocne obxoga dourypbl NOBOPOT KOSlecuka oyaeT
MPOMnopLMOHaIbHbIM f;f(x)dx.

L §T 008

f(x) =0.25+ 3(x — 0.5)%,x € [0,1]

ff(x)dx =1/2.
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I'Inal-mmeTp OPTOroHanbH

% roulette

indicateur d'angle
chemin
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[InaHMMeTpP OpPTOroHanbHbLIN
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[InaHUMeTP OPTOroHanbHbLIN
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[InaHMMeTp OpPTOroHanbHbLIN

JlnHenHble (OpTOroHanbHbLIE) NMAHUMETPLI BbINK
n300bpeTeHbl HE3aBUCMMO APYr OT Apyra v noyTu
OAHOBPEMEHHO pa3HbIMU NAbMU B nepsoun TpeTn XIX
BEKa.

[lepBbIM aBTOPOM MHCTPYMEHTA cunTatoT baBapCKoro
nHxxeHepa MoraHa ['epmaHa (Johann Martin Herman),
BblCKa3aBLUero naeto ero yctpoucrtea B 1814 r. HesaBucmumo
OT 9TOro MHCTPYMEHT ObIn n3obpeteH B 1824 r.
donopeHTuncknm npodgoeccopom Tuto ['oHenna (Tito
Gonnella), a B 1827 r. - wBenuapckum nHxeHepom KoxaHom
Onnukodepom (Johannes Oppikofer).

N3o0bpeTeHne nnaHnmeTpoB [ epmaHa, [oOHHenNNbI 1
Onnunkodpepa octanmcb NoYTN HesameveHHbIMW, HECMOTPS
Ha nybnukauwum NoHHennbl B 1825 rogy n 1841 roay
30M10TYy0 Medanb BbicTaBku 1851 roaa.
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[InaHumeTp WoraHa 'epmaHa

Pucynok I'epmana

_=—The wheel rests on the wedge

End View Side View

Sidie View
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[InaHumeTp WoraHa 'epmaHa

Ha cxeme ['epmaHa nokasaH KOHYC (KeNTbIN
TPEYrosibHUK), KOTOPLIM BpaLlaeTcs
NPONoOpLMOHanbLHO NeEpPEMELLEHUNIO YKa3aTens
Bana. [lepo gBmxeTcsa n KOHyC nepemMeLllaeTcs
BOOJIb AOPOXKKN (CUHUN NPSAMOYTOSIbHUK). ITO
TSHET 3a pynb KnnHa (MokasaHbl CUHUM LIBETOM
Ha obonx pMcyHKax), n3-3a 4ero korfieca ans
nepemMeLlleHna BBepX U BHU3 NO KOHYCY. Tak Kak
KOHYC 1 Koneco obpasytoT NepeMeHHYH0
nepegady, CKOpOCTb BpallleHMda Korneca 3aBUCUT
KaK OT CKOPOCTU M3MEHEHUS KONecC N CMeLLeHNs
KOJ1eC BOOSb OOPOXKKM.

Tak BbluMCNAETCS nnowanb obnacTtu.
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[InaHumeTp Tuto OHHennbI

NTanbaHcknn yvyeHoi U n3obpetatenb [loOHHenna Tuto
(Tito Gonnella), npodeccop MaTeMaTUKU U MEXAHUKN B
donopeHTumnckom Accademia ou Belle Arti, B nepByto
oyepeb N3BecTeH Kak nsobpetartesnb (B 1824) ogHoro u3
NepBbIX JIMHENHbIX N1IAHUMETPOB B MUPE ANs U3MepeHUS
nnowagn, durypbl orpaHU4eHHON 3aMKHYTOUN KPUBOMW.

YriydweHHasa Bepcus nnaHmmeTtpa ['oHHennbl bbina
npegcrtaeneHa B JloHaoHe Ha MexayHapogHoW BbiCTaBKe
1851 roga, roe nony4yuna BbiClWYyo Harpaay. oHHenna
N3BECTEH TaKXe Kak nsobpertaTtenb Teneckona- pecbneKTopa
(1841 ron) n mexaHnM4eckunx KaJ'IbeJ'IFITOOB
(pa3paboTaHHble B 1850-x rogax). y -
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[InaHumeTp Tuto OHHennbI
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[InaHumeTp WoxaHHa Onnukodpepa

N3o0bpeTeHne NoxanHa Onnukodoepa
(1827 roag) pyHKUMOHANBHO
noBTOPSET NpMbOop ['OHHENbI,
OTSINYAACH TOMbKO AM3anHOM. 34€ecCb
B Ka4yeCcTBe NepeMeHHOW nepenayn
MCNOJSIb3yEeTCHA KOHYC (CM. puc.).

B 1849/50 rogax wBenyapcKun
nHxxeHep Kacnap Betnun (Wetli, 1822 -
1889) noBTOpPUN N300pETEHNE
nnaHnMMeTpa.
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[lnaHnmetp UoxaHHa Onnukocpepa
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[InaHnmeTp

NMNHEUHbIN
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[INaHUMeTP NONSIPHbLIN
(KpyroBowu

Tak e, No4YTM 0 gHOBPEMEHHO U HE3ABUCMMO APYr OT Apyra
B pa3HbIX CTpaHax, bblnn N300peTeHbl U NONAPHbIE
nnaHMMeTpbl. B ogHOM 1 Tom Xe rogy, a UMeHHo B 1854 r.,
LLUIBENLAPCKNM y4eHbIM Akobom Amcriepom (Jacob Amsler,
1823 — 1912) ObIn co3gaH NoNspHbIM NaHUMETP, a HaWnMm
cooTe4vyecTBeHHUKOM [1aBriom Anekceesnyem 3apyOnHbIM
(1816 — 1886) - kpyrosomn nraHNUMeETP.
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[lnaHMMeTp NONAPHLIN
(KpyroBow

Npes, 3anoxeHHas B KOHCTPYKLMIO 3TUX NpnbopoB.,
COCTOSIN1a B 3aMeHe OPTOroHaribHOM CUCTEMbI KOOpAMHAT Ha
MONSAPHYIO, YTO 3HAYUTENBHO YNPOLLAET KOHCTPYKLIMIO.

Kaxgbl nnaHMMeTp COCTOUT N3 ABYX pblyaroB, OAMH N3
KOTOPbIX sBrigeTca 06BoAHbIM (BbINOSTHASA OYHKLUN
0bBOAMMOro OTpe3Ka Ha nriaHe), Ha KOHLIEe TaKoro
0OBOHOrO pblvara 3akpensieH WtndT (rpyudens) ans
KOHTYpa ourypbl, a 4pYyrov pblyar ABUXeTCA Mo TakK
Ha3blBaeMoun Hanpasnawwen. B nMHeMHoM nnaHumeTpe
9TO npsimMas, B NONIAPHOM — OKPY>KHOCTb. [1pnHUMn aencreus
N NCNOJb30BaHNE KPYroBoro nnaHmmMmeTpa 3apyduHa ToT Xe,
4TO M O NONFAPHOro nnaHnmMmeTpa Amcnepa, Ho
ynoTtpeobneHue npotue n ygobHee.
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[INaHUMeTP NONSPHbLIN
(KpyroBowu

B mMaccoBoe npon3BoacTBO (OaXe W HacTosLee BpeMs) nowuna
NULLBb OJHA U3 BO3MOXHbIX TEXHUYECKNX peannsaunm gaHHoro
npmnbopa — nnaHumeTp Amcrnepa. Manas pacnpocTpaHeEHHOCTb
KPYroBoro rnriaHmmMmeTpa odycriaBnmBaeTcsa XpPYnKOCTbIO U
CITOXXHOCTbIO €ro CHETHOro MexaHn3ma.




[lnaHuMeTp NoOnApPHbLIN
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[lnaHMMeTp NONAPHLIU
(|<perBow;D

B NOJIAPHbLIX KOOPpAUHATAax.: nriowagb, orpaHnM4eHHasd

rpacprKomM PYHKLUK g(@) W nydamMn ¢ = @4, ¢ =
@, Pq < ) BblHUNCITIAEeTC4H MO cpopmyne:
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[LmanumeTpsl pupmbl HP,
2000 romga BeIyCKa
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[InaHumeTp Dxenmc
Knepk MakcBenn

3HaAMEHUTLIN aHrMMUCKNN nank xxenmc Knepk

Makceenn (James Clerk Maxwell, 1831 — 1879) B 1851 roay Ha
BoicTaBke B JIoHOOHe yBMaen NMHEWHbIV NNaHUMETP U cpasy, KakK
OH NuLleT, 3agymMarncs Hag ero ynydweHnem. AHannsnpys
TeXHU4Yeckue TpyaHOCTU nepedad OBOMHOINO CKOMNbXEHUSA N Bpa-
LLIEHUS KOJleca 1 KOHYyca, OH ODHapyXun, CurbHble OrpaHNYeHns,
HanaraemMble TPEHNEM, KOTOPbIE CKa3blBalOTCA HA TOYHOCTU
npubopa.

OH npuctynun K paspaboTke nraHMMeTpa, B KOTOPOM
MCMOoNbOoBaJsl TOJNILKO KayYeHne, a He coYeTaHne KadeHua u
ckonbxeHust. OH HaxoanT cnocob naearnbHbIN MPOKATKN,
OCHOBAHHOro Ha B3aMMHOM KadyeHun AByx cdep ¢ gmamMeTpoMm B
COOTHOLWEeHUn 1/2, unn, 4To U3 KOHyca 1 umnuHapa
nepneHanKynapHbIX OCEWN.

BmecTo nepeMeHHOW nepegaydn co CKOSIbXXEHMEM KOHYCOB U
KOJec, Kak genanu gpyrue nsobpetarenu, npubop Makceenna
MCnonb3oBan KayeHne caepsl.
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UHTerpatop

[xenmc TomcoH (1822-1892) n ero 6paTt Yunbam ToMCoH
(1824-1907), Bnocneacteuu nopa KenbsuH, crieay4
Makceenny, cosganu B 1876 rogy yHuBepcanbHbIn
NHTEerpaTop Ha OCHOBE CUCTEMbI AUCK-Cdoepa-UnunmHap.
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'*f UHTerpatop D,)Kew Mca

O

Pl 1pnbop TomcoHa npeacraBnseTt coboun
PUKLMOHHYIO Nepegady ¢ nepeaaToyHbIM
NCITIOM, MOFYLLIEM MNAaBHO U3MEHSTCS.
siBpalleHne gucka nepegaeTca UMnmHapy
nocpeacTBOM Llapa, NpuxnmaroLwerocs
COOCTBEHHbLIM BECOM K AMUCKY U LUNUHAPY
¥ooHoBpemeHHO. CKOPOCTb BpallieHust
FMNMHAPa NPU NOCTOSAHHOM CKOPOCTH
palleHnsa gucka byaeT nponopumoHarnbsHa
aCCTOSIHUIO LleHTpa Lapa oT Aucka.

OEcnu coenaTtb 3TO paccTosAHUE
©1PONOpLMOHaNbHBIM 3Ha4YEHUIO

i.‘{:Iopuz.lHTerpaanm/l dYHKUNM Y B AAHHbIN
OMEHT, a yron noBopoTa Aucka -

@NPOoNopLMOHanbHbIM 3HAYEHUIO

THe3aBI/ICI/IMOI7I nepemMeHHOU X, TO YroJ

~ noBopoTa uunuHapa bynet

¥IkponopumoHarneH nHterpany ot 3agaHHoM

wPYHKUMN.
7|
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UHTerpaTop

B nHterpatope xenmca 1876 roga, cocToAlLMM U3
MeXaHW4eCKMX AUCKOB, cdhepbl N LUNNHAPA, ANCK, HAKNOHEH Ha
45° NO OTHOLLEHWUIO K FOPU3OHTaNIbHOW NNOCKOCTU U BpaLLlaeTcs
BOKPYr OCW, NeprneHanKynapHOW K ero nnockocTu. o
I'OpI/I3OHTaJ'IbHOI7I OCU UMNUHAOP MOXET ABUraTbCA napanienbHo
NSIOCKOCTW AucKa. [BmxeHne aucka, Takum obpasom,
nepenaeTcsd B umnuHap Yepes cdepy.

BpalieHne ancka nepegaetca UMNUHOPY Nocpencrteom ciepsl,
npu>XMMaemMomn K QUCKY U UunnmHapy ogHoBpemMeHHO. CKOpoCTb
BpalLleHUda unnuHapa npu noCToOAHHOM CKOPOCTU BpalLeHUd
ovcka bygeT nponopumMoHanbHa pacCToSHUIO OT LieHTpa cdepsbl
00 ocu aucka. Ecnm aTo pacctosgHMe nponopunoHarnbHo
3Ha4YeHUo noAdbiHTEerpanbHon pyHKUMn y = f(x), a yron
NoBoOpoOTa AUcka NponopLuoHasbHbIM 3Ha4eHMI0 He3aBUCUMOM
nepeMeHHOW dx, TaK yron nosoporta umnuHgpa oyaer
nponopuuoHaneH | f(x)dx.
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UHTerpaTop

C 1867 no 1876 roa, Yunbam Bxoaun B KOMUTET
bpumaHckou accoyuayuu cooeucmaeus pa3sumuro
HayKu. OTa opraHusaums cogencresoBana
Pa3BUTUIO rAPMOHNYECKOIro aHanmsa rnpuinBHbLIX
OBWXEHU N0 HADMIOOEHNSIM, KOTOPbIE
PErMCTPUpPOBaANnnCcb MmapeorpagamMmy Ha KXXHOM
nobepexoe AHIMKUKN, y beperos OpaHuumn, a Takke
B Pamcreute, Jlusepnyne, bombee n B ®opT-
[TonHT, wtat KanudopHusa. [hxenmc n Yunnbam
NPUHANKX pelleHne co3gaTbh aHann3aTop
rapMOHMUK.
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UHTerpaTop

C 1867 no 1876 roa, Yunbam BXxoousn B KOMUTET
bpumaHckou accouuauyuu cooeucmeus pa3eumuro HayKu.
OTa opraHusaums cogencrteoBarna pasBuUTuio
rapMOHNYECKOro aHanmsa rnpunnBHbIX ABUXEHUU MO
HabNOEHNAM, KOTOPbIE PErMcTpmnpoBanncb Mapeorpa-
damu Ha roXXHOM nobepexbe AHrmnKn, y beperos dpaHuun,
a Takxe B Pamcrente, Jlnsepnyne, bombee n B ®opT-
[MTonHT, wtaTt KanudopHusa. [xemmc n Yunnbam npuHAIn
pelleHne co3gaTb aHann3aTop rapMOHUK.

TomcoH aganTupyeT CBOW MHTErpaTop A1 BblYUCIEHUS
MHTerpana ot npousseaeHunst aByx dyHkumi [ f(x)g(x)dx,
4YTO HeOBXoaMMO ANA rApMOHUYECKOro aHanun3a — pacyeT
dypbe-KOMMOHEHT. [1Ns BblYMCNEHNSI 3TOr0 UHTErpana ¢
NMOMOLLIbIO MHTErpaTopa yron noBopoTa ANUcKa AOSHKEH ObITb
paBeH [ g(x)dx, a cmelweHne cpepbl OTHOCUTENBHO LiEHTpa

ancka paBHbIM f(x) .
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UHTerpaTop

Yunbam ToOMCOH coegmnHAeT NHTerpaTopbl
nocneanoBaTenbHO Tak, YTO KaXXabl U3 HUX BblYUCIAET
KOHKPETHYI rapMOHUKY MO 3anncaHHbIM JaHHbIM O
OBWXEHNU NMPUNNBOB U OTIINBOB.

WHTerpaTtop, Takmm obpasom, nsberas «Taxenbix
apPUNPMETUYECKNX BbIYUCTIEHUN», NPONU3BOAUT NOACHET
MHTErpanoB, HeobOXoaMMbIX ONA aHanusa PyHKUUn Ha
rapMoOHNYecCKMe coctaBnsoLme, peanmsysa «metog dypoey.

[lepBbI rapMOHNYECKNN aHanM3aTop, He CMOTPSA Ha TO, YTO
OH HE AOCTaTO4YHO TOYHO NPOrHO3npoBan NPUNMNBLI K
OTNINBbI, Cpa3y e ObIf BBEAEH B dKCNnyaTauuto B
MeTeoponormudeckoe 6topo, rae [xemmc npeasioXunn ero
MCMob30BaTh AN1A YKa3aHUs CYTOYHbIX KOJiebaHnN
TemneparTypbl U aTMOCdEpPHOro gaBneHnsa U KOMMOHEHTbI
CKOPOCTW BETPA, MAarHUTHbIX CUN N ANIEKTPUYECKOIO
noTeHuUmnana Bo3ayxa.
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WHTerpaTop rapMoHU4eCKUn

aHanu3aTop
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UHTerpaTop

ToMCOH nokasan npuHumMnuanbHy0 BO3MOXHOCTb
aBTOMaTU4YeCKOro pelleHna anpddepeHuymanbHbIX
YpaBHEHUN NyTEM COeaNHEHUA HECKOJIbKMX
MHTErpaTopoB, O4HAKO ero naen He Halunu
OarbHEWLLIEro npumMmeHeHua n gonroe spems (oo 1904
roga, A.H. KpbinoB) He genanock NonbITOK MOCTPOEHUS
npmMbopoB AN UHTErpupoBaHmsa anddepeHunanbHbIX
YpaBHEHUN.
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UHTerpac

[pyron nogxon K NOCTPOEHUIO npubopa,
BblYUCNAIOLLEro nnowagb ourypbl
OorpaHn4YeHHON pyHKUMen f(x) Nnpeanoxun
NONbCKNN (POCCUNCKNWN) y4eHbIN BpyHO
AbpaaHk-AbakaHoBu4y (1851-1900). OH
n3obpen B 1876 rogy mexaHn3m, HasBaHHbI|
nm «HTerpacdom» (intégraphe),
OCHOBAaHHbIM Ha UCMNOJ1b30BaHUU
nepemMeHHoro wara suHTa. Npnbop
MoAdeNnUpyeT CBOUCTBO UHTerpana oT
OYHKUNN — B KaXKOOoW TOYKe MHTerpanbHOU
KPUBOW, HAKMOH KacaTenbHOW paBeH
3HAa4YeHnEe NCXOOHOUN PYHKLNN.
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© OH caenan HeCKOoSbKo NPOTOTUMNOB, U Ha4ar ux
P npounsBoacteo Bo PpaHumm B 1880 roay.
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UHTerpacp

MHTerpadp cCOCTONUT N3 HECKOSTbKUX NMHEEK, COEANHEHHbIX
MeXxay cobou LwapHUpamMn 1 aBuratoLmnxcsa Ha
MEeTann4eckon pame, KoTopasa KaTutcs no bymare Ha
YyeTbIpex uunmHagpuyveckux konecax. K pbiyaram
npuaenadbsl Asa wWtndra: ognH BOAUTCA MO Ha4YepyYeHHOM
Ha bymare KpmBon (MOCTPOEHHOM MO TOYKaM),
Bblpakaemoun BooOLLEe YpaBHEHNEM

y = f(x).
Opyron WtndT, CHAabXXEHHbIN KapaHOdalloM, BblHePYMBAET

MHTEerpan aTon PyHKUMN, Tak YTO opaAnHaTbl KPUBOW,
nony4vyeHHoun VIHTerpagom, gatoT BeNmMYmHbI

y =] f(x)dx.
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UHTerpac

NMNHEUHbIN
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UHTerpad HenpepbIBHbLIN
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WHTerpach HenpepbIBHLIN
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BbiyucneHus sHayeHUu NoONMHOMOB

[1. JI. YeObImeBbIM ObLIH UCCIENOBAHBI MEXAHU3MbI CYETHBIX MAIIIHH.
OH pemuia, YTO HAWOOJEe CIOXKHBIE W HEHAJCKHBIE PEIICHUS
BO3HUKAIOT MpPH JHUCKPETHOM IIEPEHOCE MEXIy paspsaaMu
M OPEAIOKUI SMULMKINYECKUA MEXaHU3M C IJIaBHBIM II€PEHOCOM,
KOTOPBIM BIIOCJIEACTBUM ObLI MCHOJIb30BAH AMEPHUKAHCKOM (PrpmMon
«Mep4yeHT» B  CEpUHHBIX  BBIUMCIUTEIBHBIX  MalllMHaX,
BBINYCKABIIMXCA 10 S0-X rogoB XX CTOJIETHSI.

1 :mﬁlh ||],u1|| Lmum .ﬁ | 3 '.
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AHanorosasi MalLUMHa

[TlepBas MexaHn4yeckas BblYUCITUTENbHAS
MallMHa Anga peweHna andpdepeHumanbHbIX
ypaBHEHUN NPU NPOEKTUPOBaHUN Kopabrien bbina
noctpoeHa A. H. Kpbinosbim B 1904.

B ocHOBY €€ Obina rnonoxeHa nges nHrterpada —
aHanoroBoro MHTerpupyroLlero npndopa,
pa3paboTaHHOro NofIbCKUM MaTEMAaTUKOM
AbpaHk-AbakaHoBuyem (1878) ons nonyyeHus
MHTEerpana npon3BonbHOU PYHKLUN,
BblYep4YeHHON Ha NITIOCKOM rpaduke



Anekcen Hukonaesuny KpbInoB

Beigaronuncs pyCCKMM MaTreMaruk,
MEXaHHUK, HHKEHEP-
KOPaOIECTPOUTENb, AKAACMHUK
A.H.Kpboinoe nipeiyioxun
KOHCTPYKIUIO DIIEKTPOMEXAHUYECKOH
MAaIlIMHBI 1)1 UHTCTPUPOBAHUS
OOBIKHOBEHHBIX AU (EepPEHIIHATbHBIX
ypaBHEHUH, KOTOpast ObliIa IIOCTPOCHA
B 1912 rony.
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Anekcen Hukonaesuny KpbInoB

A. H. KpbU10B 3HAMEHUT CBOMMM PabOTaMu 110
TUJPOANHAMUKE, B TOM YHUCJIEC U TIO TEOPUU JIBUKECHUS
KOpalJIsi Ha MEJIKOBO/IbE (OH OBLI IEPBBIM, KTO CMOT
OOBSICHUTD U PACCUMTATh 3HAYUTEILHOE YBEIUUYCHUE
TUPOJIMHAMUYECKOTO COMPOTUBIICHHUS ITPU HEOOIBIITHUX
IIyOMHAX) U TEOPUEH €TMHUYHBIX BOJIH.
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Anekcen Hukonaesmny Kpbinos

B Hayane XX B. (B 1906 r.), BblaatoLLNUNCS PYCCKUN MaTEMATUK,
MEXaHUK U UHXeHep-KopabnecTpouTernb akageMuk

A.H. KpbinoB, 03ab04YeHHbIN TEM, YTO B COBPEMEHHbBIX Kypcax
MaTeMaTU4YeCKoro aHanmnaa gokasblBaeTcs CyLlecTBOBaHNE
peLleHns Kakon-nmbo npobnemsl n TeopeTnyeckasi BOSMOXXHOCTb
nony4vyeHust ero ¢ nNoboun cteneHbo TOYHOCTU, HO NPU 3TOM

He yaensaeTca BHUMaHUA NOSTy4YeHU0 TaKoro peLleHns

C TOYHOCTbIO, HEOOXOAMMOU AN NPaKTUYECKNX Lienen, peLunn
MCMpaBnUTb 3TO NOJIOKEHME.

M ObIn cocTaBrieH Kypc O NPUOSMXKEHHbIX BbIYUCIEHUSAX,
npvemax n cnocodbax: BblMUCINEHNE KOPHEN YNCIEHHbIX
YpaBHEHUU, U onpeaerieHHbIX MHTerpanos, Nofib30BaHne
TPUrOHOMETPUYECKMMU psaamMu U NpUoNnMKeHHoe peLleHne
andodepeHunanbHbIX YypaBHEHUM.
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Anekcen Hukonaesmny Kpbinos

A. H. Kpbinos nsobpen npmbop ans doto3anncu Kavykn kopabns
(1913 r.), nnaHomeTp-Tonopuk (1908 r.), co3gan NonHy TeEOPULO
pa3paboTkn U OLEHKN TOYHOCTU nraHnmeTpoB. OH nocTpowun
npubop Ans peleHnss 00bIKHOBEHHLIX AndddpepeHUmnanbHbIX
ypaBHeHun (1911 r.). A. H. KpbinoB, no CKpOMHOCTU, HE YTOYHSAST,
Kakme anropuTtMbl YACIIEHHOIO PELLUEHUNST NN KaKMUe YacTu
CUETHO-PELLAlOLLErNO aHarnoroBoro ycTponcTaea paspaboTaHbl
NIMYHO UM, HO OYEHb CKPYMyne3Ho OTMeYast NICTOYHUKN,
NOCNY>XUBLLUME NPOTOTUMNOM ASIA HUX U HATOSTKHYBLUNE €ro

Ha T€ WUNn UHble BbIBOAbI. TakK, COBPEMEHHMKU YKa3bIBalOT, YTO
Ha 6a3e MOPCKOro komnaca, XpoHoMeTpa 1 nara (npmbopa ans
N3MepeHNss CKopocTn kopabns) Kpbinos co3agan npnodop,
aBTOMaTUYECKU BblYepUYMBAKOLWMK HA KapTe NYyTb, MPOXOANMbIN
Kopabriem, rMpoOCKONMUYECKUA YCNOKOUTENb KayKn (paHbLLe
Cnieppu), MOSIHYO TEOPMUIO TMPOCKoNa.
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Anekcen Hukonaesmny Kpbinos

KHura «Jlekumm o npubnmxeHHbIX BblYUCIIEHUAX» Oblna
nepBbIM B MUPOBOW ninTepaType Kypcom Takoro
HanpasneHunst U nocnyxunna obpasuom ans
nocrneayroLwmnx, BblllegLnx rnocrne Hee KypcoB ApYyrnx
aBTOPOB. OTOT KNAacCUYECKNN KYPC BblaepKan NATb
n3gaHum (Tpu U3 HUX NP XMU3HW aBTopa). B rnaee

IV onunckiBaeTca Takke obLias Teopus U KOHCTPYKLUS
MEXaHNYEeCKNUX NPNOOPOB AN BblYUCIIEHUS
onpeaeneHHbIX UHTerpanos. 9TO MexaHU4eckmne
NPMOOpPLI, B KOTOPbIX UCXOOHbIE AaHHbIE U Pe3yrbTaThl
npegcraBnsaloTCcAa He B UndppoBon doopme, a B Buae
NVUHENHbIX UM YINOBbIX NepeMeLleHN YyacTen aTux
npnodopoB..



< Anekceit Hukonaesn4 Kpbinos
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OH nocTtpoun npubop ansa peweHnst 00bIKHOBEHHbIX
andodepeHunanbHbiX ypaBHeHun (1911 r.).

A. H. KpbIfioB, N0 CKPOMHOCTU, HE YTOYHAN, Kakne
anropuTMbl YACNEHHOIO peLleHns UM Kaknue 4acTtu
CYETHO-pellaloLLero aHanoroBoro ycTpoucrea
pa3paboTaHbl IMYHO MM, HO OYEHb CKPYMYyJiE3HO
oTMeYarst UCTOYHUKK, MOCNYXUBLLUXE NPOTOTUNOM AN
HUX UITN HATOSKHYBLUWE €ro Ha T€ UM NHbIE BbIBOAbI.
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Anekcen Hukonaesmny Kpbinos

M Bbinn paspaboTaHbl nnn yrnydeHbl MHOIMe anropuTMbl BblYUCIIEHNI
B obriactu kopaberbHbIX Hayk 1 bannmctukn, B 1896 r. oH npeacraBu
MOJSTHYIO TEOPMIO Ka4vyKn Kopabns (3-MepHbIn criyvyan).

CBobogHO Bnages HECKOSTIbKUMU S3blKaMM, OH NMOSTHOCTLIO NepeBeES C NaTbiHU
«MaTtemaTtunyeckmne Havana HatypansHon dounocodpum» WU. HetotoHa (B 1915—
1916 rr.), caenas npu aTom 207 NnpumMedaHun.

N3 nepenncku HanoneoHa oH BbIOpan n nepeBen MecTa, OTHOCALLNECS
K Hayke. He meluano Obl nx n3gaTtb oTAenbHOM 6poLLopOo ANs HaLmKX
npaBuUTENEN U 3akoHoaaTENEN.

Ccbinasicb Ha Pypbe 1 bonbumaHa, A. H. KpblyioB HAanoMHUMN, 4TO € AUHCTBO
3aKOHOB MPUPOdbl BblpaXXaeTCs B TOM, YTO pa3Hble SIBIIEHUS OMNUCbIBAOTCH
OOHUMU N TEMU Xe andpdepeHumanbHbIMU YpaBHEHNSAMUN, U, HAWASA PeLLeHNS
YpaBHEHMN, Mbl Cpa3y pellaem 3agadvn Ansa Luenoro psaa Hayk.

TOT pakT, 4YTO pasnunyHble pusndeckne ABneHna onMCbIBaADTCA OAMHAKOBLIMM
MaTeMaTU4eCKUMU ypaBHEHNAMMN, OTMeYasricd MHOTMMU

yydeHbiMU: BonbumaHoM, N'ekcnu n gp. A. H. Kpbinos cgoopmynuposan 3To
ABNEeHMe OOCTaTOYHO TOYHO, HO He Aan 3aKn4veHUsa 0 BO3MOXXHOCTWN co3aHunsA
Ha ero OCHOBE BbIYUCITUTENBHON MaLUUHBI.

Takou BbIBOA4 caenan gpyron pycckumn akagemuk H. H. NMasnosckun B 1918 r.
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Anekcen Hnukonaesny KpbInoB

TOT dpaKT, YTO pasnmyHbie PuUsnveckne siBNeHns ONUCbIBaOTCS
OAMHaKOBbIMM MaTeMaTU4YECKUMMN YpaBHEHNAMN, OTMEeYarcs
MHOrMMUK yyeHbIMU: Dypbe, bonbumaHom, ['ekenn n gp.

A. H. Kpbinios cghopmynupoBan 3To gBneHne AoCTaTOYHO TOYHO,
HO He Oan 3aKkfit4YeHns 0 BO3MOXHOCTW CO34aHUA Ha ero OCHoBe
BbIYNCIUTESNIBHOU MALLUUHbI.

Takon BblBOL caoenan gpyrov pycckum
akagemuk H.H. NaBnoBckun B 1918 r.




= 6 S

g9 0

SRE<LEDOEHEE

Hukonan Hukonaesuy
[laBnoBCKuK

B 1918 rogy vm bbina npegnoxxeHa naes ruapaBiinvyecKoro v
9NEKTPUNYECKOro MHTErpPaTopoOB.

B 1919 rogy cospgan metog nccrnegoBaHuns NPUPOAHbIX ABIEHUN
Npu NMOMOLLM aHarnoro—MaTemMaTtu4eckoro MoaenupoBaHua 1 garn
eMy rnoJsiHoe TeopeTnyeckoe oboCHOBaHHMeE.

OH cMOr yCTaHOBUTb COOTBETCTBUE NEPEMEHHLIX BENMUNYMH B
rmapaBnMYecKkon 3agade Ux aHanoram B 9N1eKTPUHECKOU U
NoNy4YnTb peLleHne, N3Mepsa ANEKTPUYECKYO BENMUYNHY
(HanpskeHne), kKoTopas ABNSETCH aHanoromMm gasrfieHUst BoAbl B
rmapaBnmMyeckon 3agade.

OH e ycneLwHO NPUMEHUsT HOBOE CPeACTBO BblYMUCITUTESIBHOM
TEXHUKN — aHasioroByo BblUMCINTESNbHYIO MaLlLnHy(ABM),
KoTopas Oblfia co3gaHa ansa peanusauum paspaboTtaHHOro
MeToaa.

OTOT MeToA ycrnewHo passusarca n gencresosan go 1960—x
rogoB, Koraa oH Obir BbITECHEH LMAPOBLIM MOAENTMPOBAHUEM HA
IBM.
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Hukonan HukonaeBuY
[laBnoBCKuK

H. H. lNaBnoBckmnn paspabortan meTon
anekTporngpoanHamuveckmx adanorunm (metog Il OA)
09  uccnenoBaHna OBMXKEHUSA TPYHTOBLIX BO4 NoA4
MOPOTEXHNUYECKUMU COOPYKEHUSIMN.

OrpomMHo€e Hay4HOEe N NPaKTU4YeCcKoe 3Ha4YeHme 3TOro
MeToaa NMPUBMEKIO K HEMY BHUMaHME MHOIMMX
crneumanucToB U cnocobcTBoBano ero ObICTPOMY pa3BUTULO.
JTabopaTtopHble paboTel no metoay A A Bownn, B
nporpamMmmbl KypcoB rmapaBinkn, rmapoMexaHuKku,
rmaporeonornn B BoiCLIMX y4e0OHbIX 3aBegeHmax' CCCP.
NHCTUTYTbI, NPOEKTHbIE N CTPOUTENbHbIE OpraHu3aLunm
NMPUMEHSAIOT ero Npu UNbTPaLMOHHBIX pacyeTax caMbiX
pa3HOODpPa3HbIX COOPYKEHMNIN, OXBaTbIBasi UM Bce bonee
CNOXXHblE 3aaum.



v MeToa anekTporuapoanHaMm4eckux
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[na npubnuxeHHoro peweHns ypasHeHua Jlannaca,
KOTOPbIM ONMCbIBaOTCS PunbTpaumnda nog3eMHbiX BOa,
noTeHumnanbHoe obTekaHue Tern NOTOKOM HECXKUMaEMON
XNOKOCTW, CTaLMOHAPHbLIW NMOTOK TENsia B HarpesaemMou
MeTannnyeckon nnacTuHKe, yCTaHOBMBLLUUUCA
9NEKTPUYECKUN NMOTOK B INEKTPOSIUTUYECKON BaHHE U T. A.,
MOXXHO CcO34aTb 3NIEKTPUYECKY0 Moderb

C aneKkTponuTndeckon saHHon. 1 ecnn obnactb peLlueHusd
N TPaHNYHbIE YCNOBUSA DyOYyT TaKUMU XKe, KaK OS5 NI1I0CKOU
3agayn punbTpauum Boabl No4 NAOTUHOWU, TO MOXHO
YCTaHOBUTb COOTBETCTBME NEPEMEHHbIX BENNYUNH

B rmapaBfiInv4eCcKon 3aave Ux aHanoram B 3JIEKTPUYECKOU
N NONYyYNUTb PeLleHne, N3MepPAsa dNEKTPUYECKYIO BENUYNHY
(HanpsxeHne), KoTopasa ABNAETCS aHarnorom gaBneHus
BOAbI B rmapaBnmnyeckon 3agade.
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B pa3sutun metoaa IS [JA bonbLUyto ponb ceirpana
paboTa NeHnHrpaacKkoro

mMatemaTumka C. A. 'epLuropmHa, KOTOpbIW NPearoXur
3aMEHUTb JNIEKTPONUTUYECKNIN (TOKOMPOBOAALLNN) CNOW
pacTBOpa B BAHHE CETKOM N3 CONPOTUBIIEHUN.

ITO ObINO aHarNnoroson Moaesnb 3aMeHbI
ondodepeHunanbHoro ypaBsHeHusa Jlannaca
KOHEYHOPAa3HOCTHOW cXeMon. TOYHOCTb Takou Moaenu
Tenepb 3aBUcena u oT wara ceTkn. TOYHOCTb MOXHO
ObINI0 YBENUYNTDL, CryLLIaa CETKY B MecTax 60onbLUnX
rpaueEHTOB MCKOMOMN (PYHKUNM (BBOAS KaK Obl
«3JIEKTPUYECKYIO Nyny»).
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[lanbHeullee pa3BUTUE ANEKTPOMHTENPaTOPOB
CEeTOYHOro TUMna OCYyLLEeCTBNANOChH KONNEKTUBOM Nog
pykoBogcTtBoM npodp., A.T.H. J1. . N'yTeHmaxepa.

B cepumn Obinn BbinyLeHbl anekTponHTerpatopbl IN-
12 Anga pelweHnsa ypaBHEHUN ANNUNTUYECKOro Tuna

C NepeMeHHbIMN KoapduumeHtamm n IN-22 c
KOHOeHcaTopaMu B y3nax CeTKu Oans peLueHusd
napabonnyecknx sagau.
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borbLioe 3HavyeHne nmenun paboTbl coBeTCKOro matematumka C.
A. N'epwropuHa (1927), 3anoXXmnBLLUNE OCHOBbLI NOCTPOEHUS
ceTouHbix moaenen. B 1936 B8 CCCP nog pykosoactesom U. C.
Bpyka ObIfin NOCTPOEHBI MEXAaHUYECKUNA NHTErpaTop U
9NEKTPUYECKMNN paCYETHLIX CTON ANd onpeaeneHns
CTauMOHapPHbIX PEXUMOB SHEPrETUYECKUX CUCTEM.

B 40-x rr. Obiria HavaTa paspaboTka

anekTpomexaHuyeckoro [1TYA30O Ha nepeMeHHOM TOKE U NePBbIX
9JIEKTPOHHBLIX NamnoBbIxX MHTerpaTtopos (J1. . 'yTeHmaxep).
PaboTbl, NpoBeAEHHbLIE NOA PYKOBOACTBOM ['yTeHMaxepa
(1945—46), npuBenu K co3aaHno NePBbIX ANEKTPOHHbIX
aHaroroBbIX MalLUWH C NMOBTOPEHNEM PELLEHUS.

B 1949 8 CCCP noa pykosoacteom B. b. Ywakosa, B. A.
TpanesHukoBa, B. A. KotenbHukoBa, C. A. Jlebegea Obin
noctpoeH psaa ABM Ha nOCTOAHHOM TOKe.
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B koHue 40-x — Havane 50-x rogos Jl.

U. N'yteHnmaxepom, H. C. HukonaeBbIM,H.

B. KoponbkoBbimM, B. b. YwakoBbiMm 1 T.

M. lNeTpoBbLIM CO34al0TCHA NEKTPOUHTErPATOPbI

Ha aKTMBHbIX YeTbIPeXnonCHUKaX Ana MmoaenmposaHug
OObIKHOBEHHbIX JIMHENHbBIX N HENMMHEWHbIX YPaBHEHUN.

[logaBneHne aTMX MHTErpaTopoB NO3BOJINMO UCCeaoBaTh
MEeTOO4OM MaTeMaTU4eCcKoro U nNoslyHaTypHOro

(C BKINKOYEHMEM B KOHTYP MOAENUPOBAHUA peanbHbIX
NpnbopPOB aBTOMATUYECKOrO yrpaBneHns, Hanpumep
aBTOMUNOTOB) MOAENNPOBAHUS CIMOXHble AUHAMUYECKUE
cuctemMbl. B yacTHoCTHK, cTana BO3MOXXHOW 3aMeHa
HEKOTOPbIX NETHbIX UCCreaoBaHU Hanboree onacHbIX
PEXMMOB MoneTa HOBbIX CAMOJIETOB NX NONyHaTYPHbLIM
MOLENMPOBaAHNEM.



Vi MeTO/ NeKTPOruapoaNHaMUYECKUX
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OcobeHHOCTHM npeacTaBreHnst NICXOAHbIX BENUYUH U
NOCTPOEHUSA OTAENBHbIX PELLUAIOLLNX SNIEMEHTOB B
3HAYNTENBHON Mepe npeaonpenensaT CpaBHUTENBHO
bonbLyo ckopocTb paboTel ABM, npocTtoTy
nporpamMmmmpoBaHnsa U Habopa 3agad, orpaHuymBag,
ogHako, obfiactb NPUMEHEHUSI U TOYHOCTb MNOMy4aemMoro
pesynbTtata. ABM oTnnyaeTca Takke Manou
YHUBEPCASIbHOCTLIO (anroputrMmmuyeckas
OrpaHN4YeHHOCTb) — NpW Nepexone OT peLleHnsa 3agad
OAHOro Krnacca K apyromy TpebyeTcsi UsMeHATb
CTPYKTYPY MaLUMHbI N YNCSIO PeLLatoLLnX 3NIEMEHTOB.



v MeToa anekTporuapoanHaMm4eckux
© aHanoruu
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lNyaso, npnbop ynpaBneHns apTUnnepMnCcKMm 3eHUTHbIM OFHEM,
COBOKYIMHOCTb NMPuUbOopoOB N YCTPOWNCTB, NpeaHa3HayYeHHbIX Ans
onpeneneHna n nepegavn Ha opyans OdaHHbIX Onga cTpernbbbl rno
NoABWMXHbIM BO34YLWHbIM LensM. B cuctemy lNya3o BxoaarT:
Npubop onpeaeneHna KoopanHaTt Lenen

(onTnyecknn dasibHOMEP); BbIYUCIINTESIbHOE YCTPOUCTBO (LEHTP,
npmnoop — LII'); cnHxpoHHas nepenada Ha opyamsa NCXOOHbIX
OaHHbIX Ans cTpenbbbl; arperat anekrponutanusa LM v
CUHXPOHHOU nepenayn. Npun cTtpenbbe KoopAnHAaTLI ABUXKYLLIENCS
uenn (asumyT, yron MecTa, BbiCOTa) HEMNPEPbLIBHO MNOCTYyMNaKT Ha
LI, roe B pe3ynbTtaTte pacyeTa onpeaenstoTcs NCXOOHble
OaHHble ans cTpenbobl (ynpeXXaeHHbIW asuMyT, Yron
BO3BbILLEHNA, ANCTAHLUNOHHAA YCTaHOBKA B3pbIBaTENSA).

[Mya3o BXoOAaT B cCOCTaB 3€HUMHbLIX apmusiieputcKux
KOMI1/IEKCOS.




byw BaHHuBep Vannevar
Bush (1890-1974)

B nayke CIIIA ero posbs conoctaBuMa ¢ TOU, KaKyto
ceirpayii B Poccuu JlomoHocoB, MeHienieeB uiin
Kypuaros.

210 BannuBep by 3aaymMan 1 ocHOBal
Hayuonanonwviit poro nayxku CIIIA (NCF — National
Science Foundation), KOTOpbIii cOBMeEIIAeT
(PYHKIIMH aKaAEeMHUU HayK 1 MUHUCTEPCTBA HAYKH U
TE€XHOJIOTHUH.

Bsnnusep bym ponuiicsa 11 mapra 1890 rona B
ropojike IBepetT (mtT.Maccauycerc). B 1913 roay
noayunn B komiemke Tadgrca (Tufts College) crenenn
OakajaBpa n maructpa. Hagan padorars B General
Electric B oTneneHun TeCTUPOBAHUSA
NIEKTPOOOOPYIOBAHUS.
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" byw BaHHuBep

B 1914-15 ronax by ciayxwuin B Oeperoson =
uncneknun BMC CIIA 8 noapasaeneHUm sl
OobHapyxeHus NoABOAHLIX JIOAO0K U
OJTHOBPEMEHHO IIperno/iaBajl MaTeMaTUKy B
rkosuiemxe Tadrca. B 1923 rogy on yxe

=4 1Podeccop MIT. C 1928 o 1930 rox
< npodeccop by ¢ rpynmoi cBouxX COTPYAHUKOB

Lt E9 0

" " 1930 rox
o pa3pa6aTI>IBaeuT aHaIM3aTop ceren’”, 1 Y G —
p TO3BOJISIONIMA MOIETUPOBATH CUCTEMBI amamusarop Bya- 310
aa ekTporepenaur. OHOBPEMEHHO UIET YCIIEITHAS MOIBITKA CO3/IaTh
a paspabortka "auddepeHnransHOro KOMITBIOTEP, CIIOCOOHBIH

BBIITIOJIHATDb I'POMO3IKHC

m a”aiu3aropa', B KOTOpOM Obla BOILIOILIEHA UAes
HAY4YHBIC BBIYHUCJIICHUA.

#1 YHUBEPCAJIbHON MallIUHBI JJ1s1 PEIICHUS
¥ OOBIKHOBECHHBIX TU(D(EPEHIINATBHBIX
" ypaBHCHUM.
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OudbchepeHLManbHbIN
aHanu3artop bylwa

3agava peweHusa auddepeHumanbHbIX YpaBHEHNN BTOPOro
nopsaka c nepemMeHHbIMN KO dPULUMEHTaAMN, LLMPOKO
NpUMeHdeMbIX B Takux obiacTsax, kak bannuctuka u
acTpoHOMUA, TeOpUA CUCTEM U T.4.

OTa 3agada MOXeET ObITb pelleHa C MOMOLLbIO
nocrnegoBaTeNlbHOCTU NPOCTbIX MEXaHN3MOB,
npeacTaBnsoWmMX Bpalwatowmecs nepneHankynspHo apyr
OPpYry OUCKN pa3HOro gnameTpa.

OOuH Takon MexaHn3m cnocobeH HeNpPEepPLIBHO pellaTh
npocTtenilee andpdepeHumanoHoe ypaBHeH1e, nepeanasagd
NONYyY€EHHbIN MHTErpan Ha BXoA crneayrLwero nogobHoro
MexaHn3ma.
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OudbepeHLManbHbIN
aHanusartop byuwa

OTOT MexaHn3m ObIn NnpuaymaH opatesamu [kemmcom um
Yuneamom TomMncoHamMmun, HO He Oblf1 40 KOHLUA peann3oBaH.

Takaga mexaHu4yeckas cuctema npu 9Tom mMorna BbICTynaTb
aHanorom noboro gpyroro npouecca, onucbiBaeMoro
andodepeHunanbHbIMU YPaBHEHUAMMN.,

Hanpumep, ToOYKM npuuenmBaHns opyXeunHoro cteona,
pacyeTa 3fieKTPUYECKN ceTen nnmnm obHapyXeHnq
noaBOOHbIX NOOOK. VIMEeHHO Ons 3Tux ueneu
ncnosnb3oBanach yCoBepLUEeHCTBOBAHHAA aMepPUKAHCKUM
NHXXeHepoM BaHuBapom byllem B TpuauaTbix rogax
NPOLUSIOro CTONIeTUA CXeMa MEXAaHNYECKOro BblYUCITUTENS
KenbBuHa-TomMncoHa, HadBaHHas UM "duddpepeHumnanbHbIn
aHanusartop".
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OudcbepeHumnanbHbIN
aHanusartop byuwa
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OudbchepeHLManbHbIN
aHanu3artop bylwa

PeanbHble (cnesa) n aHUMMPOBAaHHbIE Koneca 1 AUCK
UHTEerpaTopa.

byw B npuHuune nostopun naet KpbifioBa, OCHOBaHHYHO Ha
NCMosib30BaHUN «MHTErpadpa»: rpapmyeckn BBo4/BbiBO
NHJopMaL .



HupgepeHunanbHbIN
aHanusaTtop byuwa

B 1931 rogy B CLUA npuHar
BOOpYyXXeHne 6omM0oBbIN Npu|
Kapna HopgeHa (Carl Norde

[Mpuuen coagepxan
9NEeKTpoOMexXaHU4YeCKnUn
ondgepeHymaTop |,
BbIYMCNSOLWLNA HEODXOAUMY!
nonpaBkKy. Bce BxogHble aaH
npuuen HopgeHa nony4an
HenocpeacTBEHHO C AATYMKC
6e3 BMellaTenbCcTBa YernoBeka,
Lefib conpoBoXXaanach
aBTOMaTUYECKU, NO OAOCTUMKEHUN
TOYKM cOpoca npuuen nogasan
KoMaHAdy Ha bombomeTaHme,
CBOAS OLUMDKK LITYpMaHa
NPAaKTUYECKU K HYIIO
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Ucaak CemeHOBMY BpyK

B 1939 rogy paspaboTtan aHanoroByo
MaLUMHY - MEXaHUYECKNN NHTErpaTop
(AndodpepeHumnanbHbIM aHanu3aTop),
NO3BOSIAKOLLYIO pewaTb andpdepeHumnancHble |
ypaBHEHUA 00 6-ro nopaaka.

BpykK 3Ha4MTENBLHO YCOBEPLLUEHCTBOBAT
aHanusaTtopbl,

pa3paboTaHHble KpblfioBbIM 1 byluewm,
CKOHCTpyMpoBaB paa Moaeneun, B TOM 4ucne
N NOJTHOCTbLIO 3JIEKTPOHHYO aHasrioroByto
mvawmnHy QA (1947), no3BonsBLWYO peliaTb
ondppepeHumanbHblie ypaBHeHna 0o 20-ro
nopsaka.
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v JlykbsAAHOB Bnagnmup Cepreesuvy

r 4
/

© B 1936 r. nocTpoun .

P rmpgpouHTerpaTop.

epa Ero nccienoBaHus BBIBEIN HAIly CTPAHy

<1 Ha BEAYIIHE MTO3UIMU B 00IaCTH
aHAJIOTOBBIX CPEJICTB BEIYUCIUTEIbHON
TEXHUKU. | uApaBIruyeCKuil UHTETPaTOp

" JlyKpsiHOBA - TIEpBasi B MUPE

E1  BBIYMCIUTEIbHAS MAIIWHA JIJIS PEIICHUS

dp  AupdepeHInanbHbIX ypaBHEHUH B

¢ UACTHBIX IPOM3BOHBIX - HA MPOTHKCHIH

MOJTyBEKa ObLI €IUHCTBEHHBIM CPEACTBOM

D BBIYMCIICHUM, CBI3aHHBIX C IIIUPOKUM

®A  kpyrom 3amaq MaTeMaTH4YeCKON (DU3HKH.

<A

x € 1955 r. - cepunHoe

NPOu3BOACTBO.

- (1902-1980). y o m—

i
K
A
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[ ugpounHTerparop
JlykbsiHOBa
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['ugpounHTerpaTop
JlykbAHOBA

JlykbsiHOB cymen ob600LWmnTb NOeEN BENMUKNX YYEHbIX
KpbinioBa, ['laBnosckoro u KnpnuyeBa: moaernb - BOT
BbICLLAsl CTENEHb HArNsAHOCTU MaTeMaTUYECKON UCTUHDI.

[lpoBeas nccnegoBaHms N yoeamBLUNCL, YTO 3aKOHbI
TeYeHUst Boabl U pacnpocTpaHeHUs Tenna BO MHOroOM
CXO[HbI, OH caenan BbiBO, - BOAA MOXET BbICTynaThb B
ponn MOAenNn TENNOBOro npoLiecca.

B 1934 roay JlykbssHOB npednoXxun npuHunnmuanbHo
HOBbI CNOCO6 MexaHn3aumn pac4eToB
HeyCTaHOBMBLLUXCA NPOLLECCOB - MeToA rmapaBnnyecKux
aHarnorum mn cnycrts rog cosgan TensnoByk rmapomoaerns
ans oeMoHcTpaunm metoaa. 3To NPUMUTUBHOE
YCTPOWUCTBO, CAEeNaHHOE U3 KPOBENLHOIO Xeresa, XXeCTu U
CTEKIAHHbIX TPYDOK, YCNELIHO pa3peLwunsio 3agavy
nccriegoBaHus TeMmnepaTypHbIX pexxmmoB OeToOHa.
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[ ugpouHTerpaTop
JIyKbsiIHOBA




v ﬂyKbﬂHOB Bna.qMMMp CepreeBuvy

c (1902-1980). =

T

O

D

ee OdnomepHbiii 2udpouH-

[Toaumexnuueckozo
my3esi

One-dimensional

& o s

hydrointegrator
_ [-HIL-1-3
oT o aT in the exposition
e = a i) of Polytechnic
aT ()x ax Museum
rae
' — uckomas pyHKIMSI, HAMPUMED, TEMIIEpaTypa
Harnop, KOHIEHTPALIUS;
X, T — HC3ABUCHUMBIC IEPEMEHHBIC, HAaIrpuMmep, npo-
CTPAHCTBCHHAA KOOpAHUHATA X U BPEMS [,
€, a — W3BECTHbIE MOJIOXUTENbHbIE PYHKLIMM OT X,

a uHoraa u ot T'u t, Hanpumep, pusnyeckue
XapaKTePUCTUKU CPEJIbl;

9 — W3BeCTHasA GYHKIMS OT X, T, @ UHOTAA U OT 7,
HarpuMep, BHYTPEHHUE UCTOUHUKM.



v
c Anarozosvie Mawunsl
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AHanoroBble
(PYHKLMOHANbHbIE ONOKN

Bce beHKLI,I/IOHaJ'IbeIe OrI0KN aHanoroBbIX BbIYUCIIUTENbHbIX
MallH MOXXHO pa3esinTtb Ha pA rpynm.

NMHENHble — BbIMOJTHAIOT Takne MmatemaTtndeckme
onepauumn Kak UHTErpMpoBaHme, CyMMUPOBaHUE,
nepemMeHa 3Haka, YMHOXXeHMNe Ha KOHCTaHTY.

HenMHenHble (PYHKUMOHanNbHLIE NpeobpasoBartesnn) —
COOTBETCTBYIOT HENMUHEWHOW 3aBUCUMOCTUN (PYHKLUN OT
HECKOJIbKMX NEPEMEHHbIX.

norn4yeckne — yCcTpoucTBa HernpepbiBHON, ANCKPETHOW
NOrvKKY, penenHsle nepeknoyvaroLlme cxemol. BmecTte atu
yCcTponcTea 0bpasytoT YCTPONCTBO NaparnnesibHOW JTOrmKu



AHanorosble
(PYHKLUNOHaNbHbIe ONOKK

i

£ ETO0=0S

S<LUEVO0H=S

AnanoroBast 9BM «Newmark», 1960 roga Bbinycka. CocTouT n3 natu 6510Kos.,
ncnonb3oBanacb Ans BblducrneHns audpdepeHunarnbHbix ypaBsHeHnn. Cenyac HaxogmTcs B
pAKeMbpunaKCKOM TEXHOSTOMMYECKOM My3ee
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[lporpammupyemas
nornyeckas uHTerpanbHas

cxema (IMJIAC, NAB)

AnbTepHaTtuson INJINC asnsaTca: nporpamMmmpyemMblie
norndeckue koHTponnepesol (MNJIK), 6azoBble MaTpUyHbIe
kpuctannel (BMK), Tpebytowine 3aBoackoro
NpPOn3BOACTBEHHOIO npouecca ans

nporpammmpoBanmns; ASIC — cneunannsnpoBaHHble
3aKkasHble bonblune nHterparsnoHble cxembl(BUC), koTopble
npu MenkocepnumnHom n eanHNYHOM NPOn3BOACTBE
CYLLIECTBEHHO OPOXE;

cneuuannsanpoBaHHble KOMMbIOTEPLI, NpoLEeccopbl (Hanpwu
Mep, LMPPoBOU CUrHASIbHbIN NPOLIECCOP)

NN MUKPOKOHTPONMNEPLI, KOTOPbIE U3-3a NPOrpaMmmMHOro
%rjl_lomcc():6a peanunsaunu anropmtmMoB B paboTte MmearieHHee



Vi

C
\J
r HeupokomnbioTep
PpYnpaBneHne B pearibHOM BPEMEHMN.
L7 | CaMoJieTaMn U pakeTaMum,
b2 | TEXHOJ1I0ONTMYECKUMIN NnpouecCcamMn HeENpepbIBHOIo Npon3BoaCcTBa

(MeTannyprumyeckoro, XMMmM4ecKoro un ap.).
- acrnosHaBaHve obpa3sos:
4yenoBe4YECKNX N,
BykB 1 nepornndgos,
CUrHamnoB pagapa v coHapa,
OoTrnevyaTKoB nanbLUeB B KPUMUHANINCTUKE,

3JIeMeHTapHbIX YacTuL, N NPONCXOOALLNX C HAMU (PU3NYECKNX
npoLeccoB (SKCNepuMeHTbl Ha yCcKopuTenax unm HabnogeHne 3a
KOCMWUYECKUMWN Nyyamm),

3aboneBaHuin No cumnToMam (B MeaunLmHe),

MECTHOCTEN, rae crneayeT nckaTb noresHble uckonaemble (B
reonorum, No KOCBEeHHbIM Npu3HaKkam).

A

S X SE<LEETS
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T
r HenpokomnbrOTEP
Pl 1porHossb!:
" noroapbl,
< Kypca akuum (U gpyrmx ouHaHCOBLIX NokasaTtenen),

ncxoa neyveHus,

NONNUTNYECKUX COBLITUN (pe3ynbTaToB BbIOOPOB, MeEXOYHAPOAHbIX
m OTHOLLUEHMA U Ap.),
=1 noBeeHns NPOTUBHKUKA (peanbHOro Unn noTeHUnasribHoro) B BOEHHOM
<o KOHMJIMKTE N B 3KOHOMMNYECKOWN KOHKYPEHLMN,
O YCTOMYNBOCTU CYMNPY>KECKNUX OTHOLLEHUN.

OnTMM3auust — NOUCK HaUIYyYLLINX BAPUAHTOB:
MNP KOHCTPYNPOBAHUN TEXHNYECKMNX YCTPOWCTB,
npu BbIOOPE SKOHOMNYECKOW CTpaTernu,

npyn noabope komaHabl (OT COTPYAHMKOB NPeanpuATUS 4o CNOPTCMEHOB
N YY4ACTHUKOB MONSAPHbIX IKCNeanuun),

npu ne4vyeHnn 60nbLHOro.
1 O0paboTka curHanos npu HanMymm OonbLIMX LLYMOB.

S <5 ED
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HenpokomnbloTep

ToO4YHOCTb Y HUX BblNla HeDonbLUagd, 3aTo
ObbICTpOogencTBME OTMEHHOE, N Napasnennsm
gocTuranca Bbicoknin. [la n Bo3pacT Yy HUX NOYTEHHbIV
— ewe B 1876 roay B Tpyaax Koponesckoro
Hay4yHoro obuiectsa ToMNcoHOM Dbl onucaHbl
napansenbHble aHanoroBble CUCTEMbI C 0bpaTHOM
CBA3bIO.
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KBaHTOBbLIN KOMMNbLIOTEP

YnpouleHHaa cxema BbIYUCIIEHNA Ha

KBAHTOBOM KOMIMbIOTEPE BbIMMSAAUT TaK:. bepeTcs

cucrtema KybmuTtoB, Ha KOTOPOW 3arnncbiBaeTcsl HavyanbHoe
COCTOsAHME. 3aTEM COCTOAHUE CUCTEMbI UMK €€ NMOACUCTEM
N3MEHSETCA NOCPEOACTBOM YHUTAPHbLIX Npeobpa3oBaHnn,
BbIMOSTHSAOLLMX T€ UNN NHbIE NOrM4Yeckne onepaumn. B KoHLe
N3MepseTcd 3HavYeHne, 1 3To pesynbTaT paboThbl
KOMMbIOTEpPA.




