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CunimmMaHoOBCKHe JIEKITUH

Ha CpeacTBa, NOXKECPTBOBAHHBIC B IIAMATH O Xernce D CI/IJ'IHI/IMaHe, MMPpE3UICHT U COTPYIHUKN
IU/IeJILCKOFO YHUBEPCUTETA €KECTOAHO MPEACTABIAIOT LIUKJI HCKHHﬁ, ITPU3BAHHBIX YKa3aTb Ha IMTPUCYT-
cTtBue boxue u IIPpOMBICEIT Boxwuii B ToM BUIEC, B KOEM IIPOABIIAIOTCA OHU B MUPE ITPUPOALI 1 HpaB-
crBeHHOCTU. 1o HUCKPEHHEMY Y6C)K,IICHI/IIO 3aBCUIaTelIsl, BCAKOE YITOPAAOUCHHOC U3JI0OKEHNE SIBJICHUI
NpUupoOabl NI q)aKTOB HUCTOpHU CHOCO6CTBy€T JOCTHUKECHUIO 9TOH neim oosee YCIIEIIHO, HEXEJIN N0I-
MAaTHYECKOE NN ITOJIEMHUYECKOE 6OFOCJ'IOBI/IC, KOTOPOE IMMOCEMY NOJIZKHO OBITh UCKJIIOUEHO U3 Martepu-
aJIOB nexunﬁ. Tembl NpENMYIIECTBEHHO BLI6I/IpaIOTC$I 13 oOnacTel eCTECTBEHHBIX HayK U UCTOPHUU;
0co00e BHUMAaHHE YACJICHO aCTPOHOMUU, XUMUHU, I'C€OJIOTUN U dHATOMUU.
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IIpeauciaoBue K TpeTbeMy U3 1aHUIO

WHdopMalioHHbIe TEXHOJIOTMM KapAWHAJIBHO U3MEHWIIN KU3Hb YEI0BEKa, 3aTPOHYB KakK/1ylo
ee CTOpOHY — OT OM3Heca [0 MOJUTUKYU U UcKyccTBa. CerosiHs, B CUIly CTPEMUTENBHOIO POCTa MOIII-
HOCTU KOMIIBIOTEPOB, C OHOW CTOPOHBI, U OJHOBPEMEHHOIO YJIyYIIEHUs] COOTHOIIEHUsI «IIPOMU3-
BOJUTEJBHOCTb — LIEHA» — C JIpYyroi, H(POpPMaILMOHHAs 3pa HEYMOJIMMO MPOJOJIKAET PACIIUPATDH
cepy CBOEro BIMSHUSA. YUUTBIBAsA JAHHOE OOCTOSITENILCTBO, MOKHO YTBEPKAATh, YTO BaKHEUIITUM
MH(POPMAIIIOHHBIM TPOLIECCOM, TPeOYIOIMM BCECTOPOHHETO M3y4eHHs, SIBJISIETCS caM ueJloBede-
CKMI1 MHTEJUIEKT. BeposiTHO, 3Ta KHUra MpeJcTaBiseT coO0M NepBOe CEPbe3HOE UCCIIE0BAHIE B3aK-
MOCBSI3U ME3K/1y MBIIIJIEHMEM YeJIOBEeKa U MAIIMHOW — UCCIIE0BAHUE C TOUKU 3pEHUs] MaTeMaTHKa,
chopMyIMPOBABILETO (DYyHAAMEHTATIbHYIO apXUTEKTYPY KOMIIBIOTEPHOM 3PHI.

B pamMkax rpaHauo3HOrO MPOEKTa MO U3yYEHHI0 MEXaHIM3MOB PabOThl MO3ra IOCTUTHYTHI 3HA-
YUTEJIbHBIE YCIIEXH: MbI JOCTATOYHO JIAJIEKO MPOIBUHYJIMCh B 0OPaTHOM MPOEKTUPOBAHUM TAPAJUTM
YeJI0BEYECKOrO MBIIIUICHHS U CETOfIHsI TPUMEHsIEM X JUTsl CO3/1aHusI OoJiee yMHBIX MaH. PasymMHO
OKUJIATh, YTO UCKYCcCTBeHHBIH nHTEIIeKT (M), mocTpoeHHbI Ha 6a3e JaHHBIX PUHIUIIOB, B UTOTE
BOCIIAPUT HaJ| 4eloBeYecKUM pasymMoM. OfHaKo, s MoJjaraio, Lejlb 3TOro AEp3KOro MpernpusaThs
COCTOHT HE B TOM, YTOOBI IOTECHUTD HAC, @ B TOM, YTOOBI PACIIMPUTDh I'PAHUIIBI TOTO, YTO YKe cervac
MOHO CMEJIO Ha3BaTh Y€I0BEKO-MAIIMHHON IMBUIM3aLMel. IMEHHO 3To e1aeT yesioBe4ecKuil pos
MOUCTHHE YHUKAJIbHBIM.

WTtak, KakoBbl ke KJIIOUEeBbIe UJIEH, JIeKalle B OCHOBE MH(pOpMannoHHoi 3pel? Tlo moemy
MHEHHUIO, UX NATh. [IkoH poH HelimaH BBIIBUHYI TPU U3 HUX, @ TAKKE BHEC BECOMBII BKJIa]] B Y€TBEp-
tyto. Knon [IlenHOH penmn pyHaaMeHTalbHyI0 podiieMy HaJexkHocTH MHpopManuu. AnaH Teio-
pUHT chOPMYIMPOBAI M0 YHUBEPCAIBHOCTHA MAIIMHHBIX BbluMcieHud. Onupasck Ha ThlopuHra
u IllenHona, ¢on Heiiman coznan mamuHy ¢oH Heiimana, kotopast Obuta U octaercsi (hyHAaMeH-
TaJIbHOM apXUTEKTYPOM BCEX BBIYMCIUTENIBHBIX MAIIMH, CYIIECTBYIOLUIMX Ha CETOIHSAIIHUI JEHb.

B oO6mMaH4YMBO CKPOMHOM TOMUKE, KOTODBI BBl JepikuTe B pyKax, (poH HeiimaH onuceiBaet
NPEAJIOKEHHYI0O UM MOJIE/Ib MAIIMHHBIX BBIYMCIECHUI U MOCTYJIMPYET NMPUHLMITMAIbHYIO SKBUBA-
JIEHTHOCTb )KMBOTO MO3Ta M UCKYCCTBEHHOW MaIuHbl. OH MpHU3HAET ITTyOOKHe CTPYKTYpHBIE pasiiv-
YK, OIHAKO 3aTeM oOpauiaeTcs K MPUHUMITY SKBUBAJIEHTHOCTH BCEX BBIYMCIICHUI, MPEJIOKEHHOMY
ThIOpUHTOM, ¥ MIpeAJIaraeT pacCMaTpuBaTh METOAbI PaOOTHI MO3Ta KakK COBOKYITHOCTb BBIUHCIICHU.
Knura B BbICIIEH CTereHH MpOBUAYECKasi, OCOOEHHO €C/M y4ecTb, YTO OHa ObUla HampcaHa Oosee
NOJTyBEKa Hasaj, Korja HepoHayKka pacrosarajia Juiib caMbIMU IPUMUTUBHBIMU MHCTPYMEHTAMM.
®on Heiiman mpeadyBCcTBOBa OBICTPOE Pa3BUTHE TEXHOJIOTHIA M BUIET €ro HeM30eKHbIE TOCTIe/I-
CTBUS B IPsLyILE CUHTYISPHON TpaHC(OPMAIIMK YeIOBEYECKOro CYIIECTBOBAHMS.

PaccMoTpuM 3TH IATh OCHOBHBIX MJei Oosiee MOAPOOHO.

B 1940 romy, ycislimaB clIOBO «computer», JIOAW MOHUMAJIH, YTO pedb UIET 00 aHAJIOrOBOM
BBIYMCITUTENILHON MallIHE. B aHaIOroBbIX MalllMHAX YUCIIa BBIPAKAJIMCh PA3HBIMU YPOBHSMU Harlpsi-
KEHHU$, a CTIeIMAIN3UPOBAHHbBIE KOMIIOHEHTh! MOIJIM BBIMOJIHATD Takue apudmeTnieckre (pyHKLUH,
KaK CJIOXKEHHE M YMHOXeHHe. [ TaBHBII HEeIOCTaTOK MOJOOHBIX MAIIHMH 3aKJII0YaJICsl B BECbMa HU3-
KO CTeNeHH TOYHOCTU. Yucia Moy ObITh MPEACTABIEHbI ¢ TOUHOCTBIO IO OJIHOM COTOM, a TaK Kak
YPOBHM HAaNPSUKEHU S, TIPEICTABIISIIONINE STH YUC/IA, 00padbaThIBAIMCH OOBIIMM KOJTMYECTBOM apud-
METUYECKUX ONepaTopoB, OIIMOKM MMeJIU TEHAEHLMIO HaKarumBarbcs. [Ipy BBINOIHEHMM JOCTa-
TOYHO JUTMHHBIX BBIYMCIIEHUN pe3yJbTaThl OKa3bIBAJIKMCh B BBICIIEH CTENEHHM HETOYHBIMH, a TO U
BOOOIIE OECCMBICIICHHBIMHY.

ITO SABJIEHHE 3HAKOMO BCAKOMY, KTO XOTh Pa3 3alMChIBAJl My3bIKY Ha MarHUTHYIo JieHTy. [lep-
Basl KOMusi OblIa HEMHOTO IITyMHEe OpUTHHAA (IIIyM ITPEe/ICTaBIIseT COOO0M CTyJaiiHble HETOYHOCTH).
Ha Bropoii kormuu (T. €. KoY KOIHMH) IIIyMOB ObUIO eltie O0JIbIle, a AecsiTasi Coaeprkaa OfMH TOIBKO
IIyM.
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ITO HABOJWT HA MBICIIb, YTO C TOH K€ MPOOIEMON CTOIKHETCS U MUP IU(PPOBBIX BEIYUCITUTEIb-
HBIX MalvH. Paccmotpum nepenady nudgpoBoit uagopmaiyu 1o Hekoemy kaHay. [Tockonbky une-
QJILHBIX KaHAJIOB HE CYIIECTBYET, JTIOOOMY U3 HUX M3HAYAJIBHO Oy/leT MPUCYIIT ONpee/IeHHBIN ypo-
BeHb OIMOOK. JlomycTM, MbI BHIOpAI KaHaUI ¢ BEPOSITHOCTBIO MTPABHIIBHOM Mepeaur Kaka0ro OuTa
0,9. Eciu g1 oTripaBiio cooOIeHrne JUIMHON B OMH OUT, BEPOSITHOCTh TOYHOM Tepeauu ero yepes

sToT KaHai Oyzaet pasHa 0,9. [lormyctum, st oTripaBi 2 6urta. Terneph TOYHOCTb COCTaBUT 0,92=0,81.
A ecnu 51 otripaBmo 1 Gaiit (8 6utoB)? B TakoM ciyyae BEpOSITHOCTb, UTO $1 TTOJTY4y €ro MPaBUIIBHO,
okaxercs meree 0,5 (0,43, eciit ObITh TOYHBIM). BeposITHOCTH TOUHOI OTHPaBKM MATH OAWTOB COCTa-
BUT OKOJIO | IIpoLIeHTa.

Ha nepBbiii B3I HAMJTY UM cIOCOO OOOMTH 3Ty MpoOIeMy — caesaTh KaHas OoJiee TOUHbIM.
[Mpenmomnoxum, KaHaJ COBEpILAeT BCEro OAHY OMMOKY Ha MILIMOH OuToB. Ecim 51 otripaBmio daiin
pa3MepoM B MOJIMWJITMOHA OANT (ITPUMEPHO CTOJIBKO «BECUT» CKPOMHasl IIpOrpaMMKa Wiiv Oa3a J1aH-
HBIX ), BEPOATHOCTb [TPABUJILHOM €T0 Nepejayl COCTaBUT MeHee 2 MPOLIEHTOB, XOTS U3HAYAJIBHO TOY-
HOCTb KaHaJla OblJIa BEChbMa BBICOKA. YUHUTHIBAS, UTO OIIMOKA B OAMH OUT MOKET UCTIOPTUTD BCIO KOM-
NBIOTEPHYIO [TPOrpamMMy, 3TO He JIy4IlIMi BbIXOH. BHE 3aBUCMMOCTH OT MCXOIHOM TOUHOCTH KaHaja
BEPOSATHOCTb OIIMOKM CTPEMHUTEIBHO BO3pACTaeT C yBEJIMUEHUEM pa3Mepa cooOleHus. Beixoaur,
Ta rpodieMa Hepaspenmma?

AHaJoroBple BBIYMCIUTENIBHBIE MAIIMHbI TOXE AKKyMYJIMPYIOT HETOYHOCTH, HO €CII Orpa-
HUYUTHCS HEOOJIBIIMM HaOOpPOM BBIUMCIIEHHMI, OHM OKa3bIBAIOTCS BechbMa mosie3HbiMu. Lnudpossie
MallMHBl, C JPYroi CTOPOHBI, TPEOYIOT HAIMYMS NOCTOSIHHOM CBSI3M HE TOJIBKO MEXIY ABYMs pa3-
HBIMM MAIIMHAMM, HO U MEXJly COOCTBEHHBIMU COCTaBHBIMU YacTsIMH. Tak, MamMATh CBSI3aHa C LIEH-
TPaJIbHBIM ITPOLIECCOPOM, BHYTPY KOTOPOTO ITPOMCXOAUT MOCTOSIHHBINA OOMEH JAHHBIMU MEX/1y Peru-
CTpaMH, a TaKKe MEXJ1y PErUCTpaMu U apupMETHUECKUM YCTPOCTBOM. BHYTpH apridmerrnueckoro
ycTporcTBa UH(pOpMAIIK MepeaaeTcsi OT OTHOTO OMTOBOTO perucTpa K apyromy. Eciu cunrars, 4to
YacTOTa OMIMOOK CTPEMUTENIBHO BO3PACTALT C YBEJIMUYEHHEM KOJIMUECTBA TAKMX CBSI3e U UTO OIIMOKa
B OJJMH OMT MOXET HapyIIUTh BECh MPOLIECC, TO HEOOXOAUMO MPU3HATh: IIU(PPOBbIE MAIIMHBI 0Ope-
YEHBI.

TakoBo ObUTO OOmmiee MHeHHe, moka IlleHHOH He TPOBO3IIACHI TEPBYIO KIIOYEBYIO HIICIO
MH(pOPMALIMOHHOU 3pbl. OH NPOAEMOHCTPUPOBAJI, YTO MbI MOXEM CO3JaBaTh IIPOU3BOJIBHO TOUHbIE
COOOLLEHU S, UCIIOJIb3Ysl CaMble HEHA/IeKHbIEe KaHaJIbl epeiaun MHgopMarmu. B cBoeil 3HakoBo# cTa-
The «MaTemarrueckasi TeOpHsi CBSI3W», OIyOJIMKOBaHHOU B KypHauie Bell System Technical Journal
B Hiosie 1 oKTs10pe 1948 rona, llleHHOH NMpeaokui TeopeMy KOOUPOBAHUS 11 KAHAJIOB C IITyMaMH,
KOTOpAs [J1aCHJIa: €CJTM Y BaC €CTh JIOCTYITHBIN KaHaJ ¢ IOOBIM KO3 (DUIMEHTOM OIIMOOK (32 UCKITIO-
yeHueM 50 NpOLIEHTOB Ha OMT, MOCKOJIBKY 3TO O3HAYAeT, YTO KaHAJ MEpeAaeT YMCTHIM IIyM), BbI
MOXeTe TiepesiaTh COOOIIEHHE C JTI000H XKeJlaeMOoil CTETIeHbI0 TOUHOCTH. JIpyriMu cioBamH, yacTota
MOSIBJICHUS! OMIMOOK MOXKET COCTaBJIATh OMH OUT U3 1 OWT, T 1 MOXET ObITh CKOJIb YTOIHO OOJTb-
M. Hanpumep, eciu y Bac eCTbh KaHaul, KOTOPbIi PaBUJIbHO MepeaaeT OuThl MH(POPMALMK TOJIBKO
B 51 npoueHte ciaydaeB (T. €. epeaeT NpaBUJIbHBIA OUT YyTOUKY 4allle, YeM HEelpPaBUIIbHBIN), BbI
TEM He MeHee MOKeTe IepeiaBaTh COOOIIEHU I TAKUM 00Pa30M, UTO HEPABMIIBHBIM OKaKETCsI TOIBKO
OfIUH OMT U3 MUJUTMOHA, OOUH OUT U3 TPUJIJIMOHA UM OAMH OMT U3 TPUJUIMOHA TPUJLIMOHOB.

Kak Takoe Bo3moxkHO? OTBeT: yepe3 N30BITOUHOCTb.

Ceiiyac ogoOHOE pelieHre MOXET MOKa3aThCsl IEMEHTapHBIM, HO B TO BpeMsi OHO OBLIO
JaJieKko He oueBUIHBIM. PaccMoTpum npoctoii mpumep. Eciu s nepegam kaxaplii OUT TpU pas3a v npu-
MEHIO «IIPHHIMI OOJIBIIMHCTBA», TO sl 3HAYMTENBHO MOBBIITY HAaJEeKHOCTh pesynbrata. Ecim storo
OyJeT He/IOCTaTOUHO, 51 MOTY YBEJIMUUTh H30BITOYHOCTB, ITOKA HE MOIYdy HEOOXOIUMYIO HAJIeKHOCTb.
IToBTOpeHue nHopMau — caMmblii TPOCTOM COCOO JOCTUYb BBICOKOM TOYHOCTH B KaHaJIaX HU3KOM
ToyHOCTH. OAHAKO JaHHBIN NOAX0A He cambli 3 eKTuBHBIA. B cBoeil crathe LIIeHHOH He TOIBKO
3aJI0KMJT OCHOBBI TEOPUM MH(OPMALIMM, HO U MPEAJIOKUI ONTUMAIbHBIE METObl OOHAPYKEHUS U
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UCIIpaBJIEHHsI OTMOOK. DTU METObI TIO3BOJISIN JOOUTHCS JIIOOOH KeJJaeMOl TOYHOCTHU uepes JIIoOO0i
HECJTy4YaliHbIN KaHaJl.

UYuraremu Oonee cTapiiero Bo3pacTa HaBEpHSKA MOMHSAT TesleOHHBIE MOJEMBI, B KOTOPBIX
MOCTOSIHHO YTO-TO IIMIEJIO U IIEJKasIo, TAK KaK OHU IepelaBald MH(OPMALMIO [0 aHAJIOTOBBIM
JIMHUSM C BBICOKUM ypoBHEM noMex. OHaKo Te ke MOJEMbl MOIVIM NlepeiaBaTh HU(POBbIE TaHHbIE
C OYeHb BBICOKOH TOUYHOCTBIO — Onaroziapsi Teopeme IlleHHOHa 11 KaHaua ¢ IyMaMH.

AmnanoruuHas npooiemMa u aHaJOTMYHOE pellieHre CYIECTBYIOT U /151 I poBOii mamsTH. Bol
Korjma-HuOyab 3aayMbIBauCh, modyemy CD, DVD u nporpammHbie TUCKM TIPOJOIKAIOT paboTaTh
Aaxe TMoclie TOro, Kak ynajau Ha 1ojl Wik ObUTH Tonapananbl? UM Mbl Toxke 00s13aHbI [1leHHOHY .
[Iponiecc BBIYMCIEHUII COCTOUT M3 TPEX JIEMEHTOB: CBA3M (KOTOpasi, Kak s yke roBOpHWJI, UMEET
MECTO KaK BHYTPH, TaK ¥ MEXk/ly MalllMHAMMU), TaMSTH Y JIOTUYECKUX BEHTHIIEN (KOTOPBIE BHITIOJIHSIOT
apupMeTHyecKue 1 Jornueckue (pyHKIK). TOYHOCTh JIOTMUECKUX BEHTHIIEN MOXXHO C/IeNaTh Ipo-
M3BOJILHO BBICOKOH C TIOMOIIIBIO 0COOBIX KOJIOB JIJIs1 OOHAPYKEHUS M UCTIPaBJICHUS OMMOOK. MiMeHHO
omaronapst Teopeme IlleHHOHa MBI MOXeM 00padaThIBaTh OOJBIINE U CIOKHBIE (P POBHIEC TaHHbIE,
UCTIONb3YS [I1s1 3TOTO JOCTATOYHO JUIMHHBIE aJITOPUTMBI.

Bropas BaskHas ues, Ha KOTOPYIO ONMPAETCs Halll MH(POPMALIMOHHBIN BEK, — YHUBEPCAIbHOCTD
MAaIMHHBIX BbraucieHuid. B 1936 romy Anan TrelopuHr onucan «mamvHy ThlOpUHra» — aOCTpaKT-
HYIO BBIYMCIIUTENIBHYIO MaIlIMHY, KOTOpasi COCTOUT M3 OECKOHEYHO [UIMHHOW JIGHTHI, pa3iesieHHOM
Ha KJeTku ¢ rdpamu 1 nm 0. MammHa CYUTBIBAaET OJHY KJIETKY 3a JPYrod M COAePKUT HAOOp
MPaBWJI B BU/Ie TPOHYMEPOBAHHBIX COCTOSIHUM, (PAKTUIECKU TIPEACTABIISIONIMX COOOW XpPaHUMYIO B
naMsATH nporpamMmy. Kaxoe npaBuiio npeanuchiBaeT MallliHe COBEPIINTh OJHO AEUCTBUE, ECIIU B
cuuThiBaeMou KiieTke ctouT 0, U Apyroe JeCTBUE, €CJIM B CUUTHIBAEMON KileTKe cTouT 1. Bo3mox-
Hble JEUCTBUSA BKJIOYAIOT 3anuch 0 wim 1, nepeMertieHue JeHThl Ha OfIHY KJIETKY BIIPaBO WJIM BJIEBO,
OCTAHOBKY JIEHTHI. Kaxx0e cocTosiHue ConepkUT HOMEp CJIEYIOIIErO COCTOSIHUS, B KOTOPOE AOJIKHA
NepelT MallvHa. 3aBepIUIMB aIrOPUTM, MalllHa OCTAaHABJIMBAETCS; BBIXOJ MTpOLiecca OCTAaeTCsl Ha
JeHTe. XOTs JIeHTa TeopeTudecku OECKOHEYHa, J1iodast mporpamma (Kotopasi He moapasymeBaeT oec-
KOHEYHBII IUKJT) UCTIOJIb3YET KOHEUHYIO YacTh JICHTBI; CJIEJOBATEIbHO, €CJIM Mbl OTPAHUYUMCS KOHEY-
HOW MaMSAThIO, MallIMHA TO-TIPEKHEMY CMOKET PellaTh LIMPOKUI KPYT 3a/1a4.

B mammne TriopuHTa HET HUYEro CIOKHOTrO, BepHo? Ha camom aesne MMeHHO 3Toro u noou-
BaJicsl ydeHbI. OH XOTes, YToOBl ero MalirHa ObllTa MAaKCUMAJIbHO TIPOCTOM (HO He Mpoiile, mepe-
dbpazupys DitHinreiina). [Tozxe TrlopUHT U ero OBIBIINIA yuTelb, AoH30 Yepu chopmyarpoBaiu
te3uc Yepua — ThlopuHra, COrIaCHO KOTOPOMY 3a/1aua, KOTOpasi He MOXKeT ObITh pellieHa MaIlluHOW
TolopuHra, He MOXET OBbITh pellieHa HUKAKOW Opy2oli MalIMHOM. XOTsi COOCTBEHHO MaIHa ThloprHTa
CIIOCOOHA BHITIONHATH KpalHe OrpaHUYEeHHOE KOJIMYECTBO KOMaH[ M OJHOBPEMEHHO 00padaThiBaeT
BCEro O/IMH OMT, OHa MOKET BBIYMCIIMTH BCE, YTO MOKET BHIUMCIIUTD JI00AsI BBIYUCIUTENTbHAS MAIIMHA.

Crporue untepnperaimu tesuca Yepya — ThlopuHra npeanosaraloT NpUHIUINAIbHYI0 SKBU-
BAJIEHTHOCTh TOTO, YTO YEJIOBEK MOKET JAyMaTb WM 3HATh, M TOTO, YTO MOXKET OBITh BBIYHCIICHO
MatmHou. OCHOBHAS MAEs 3aKJII0YAETCS B TOM, YTO YEJIOBEYECKMI MO3T MOAYUHSETCS €CTECTBEH-
HBIM 3aKOHaM; CJIe/IOBaTeIbHO, €r0 CIOCOOHOCTh 00padaTeiBaTh MH(POPMAIIMIO HE MOKET MPEBOCXO-
JUTh TAaKOBYIO y MAIIMHBI (M COOTBETCTBEHHO Y MAIIMHBI THIOPUHTA).

B cBoeii crarbe ThIOpUHT 3aJ10:KMJT TEOPETUYECKHE OCHOBBI MAILIMHHBIX BBIYMCIIEHUI. XOTS 3TO
LEJIMKOM U TIOJIHOCTBIO €r0 3aCiIyra, BaXKHO OTMETHUTh, UTO OOJIBIIIOE BIMSHUE HA HEro oKasasa JieK-
s, npountanHas Ixxonom ¢on Heiimanom B 1935 rony B KemOpumxe (Anrmms). Jlekims Obiia
MOCBSALIEHA UJEe MPOrpaMMbl, KOTOPYIO MOXHO XPaHUTh B IIAMSITU — KOHUEMNLMs, [I03[JHEE BOILIO-
nieHHas B MammHe Teiopunra. Ha ¢on Heiimana B cBoOI0 odepenp mpousBesia riiyOodaiiinee BIie-
yateHue ctatbs Toiopunra 1936 rona, rae ObUTH M3JI0KEHbl TPUHIIMIIBI MAIIMHHBIX BRIYUCIICHUN U
koTopyio B KoHIle 1930-x — Hayane 1940-X rogoB OH BKJTIOUMJI B CIIUCOK OOSI3aTENIbHOM JINTEPATYPhI,
COCTaBJIEHHBIN JIs1 CBOUX KOJLJIET.
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B Toi1 e padote TriopyrHT cOOOIIAET O IPYroM HEOKUAAHHOM OTKPBITHH, 8 UMEHHO — O IPO-
Oreme Hepa3pelmMBbIX 3a1a4. Hepazpemmmmble 3aja4u — 3T0 XOPOIIIO ONMMCAHHBIE 32/1a4H C OJHO3HAY-
HBIM OTBETOM, KOTOPBII, OHAKO, He MOXET ObITh BBIYKCIICH Ha MariHe ThiopuHTa (T. €. Ha 210001
MallimHe). D10 NpoTUBOpedrT noctynaty XIX Beka, miacsiemy, 4YTo BCe 3aJaud, KOTOpble MOTYT
OBITH ONMHMCAHBI, B KOHEYHOM cueTe OyayT pemieHbl. ThIOPUHT MOKa3al, YTO Hepa3pelMMbIX 3a7a4
CTOJIbKO €, CKOJIBKO U pa3peinmbix. B cBoelt «Teopeme o HeronHoTe» 1931 roga Kypr 'enens nipu-
XOUT K aHAJIOTMYHOMY BBIBOAy. TakuM 00pa3oM Mbl OKa3bIBa€MCsI B CTPAHHOM CUTYAIMU: C OTHOM
CTOPOHBI, MBI MOKEM ONMCATh 33Ja4yy U J10Ka3aTh, YTO OJHO3HAUHBII OTBET CYIIECTBYET, a C Ipyrou
— 3HaeM, YTO OTBET HUKOI/a He OyJeT Hal/IeH.

lopazno Oombiie MOXHO cKazaTth O uiaocopckom 3HaueHHH pador Thlopunra, Yepua
u I'epens, onHako B paMKax JaHHOTO MPEAMCIIOBUS JIOCTATOYHO OTMETUTH cliefytoliee. ThlopuHT
MOKa3aJl, 4TO B OCHOBE BCEX MAIIMHHBIX BBIYMCIIEHUI JIEKUT OYEHb POCTON MexaHu3M. [1ockonbKy
MamHa TelopuHra (¥, CieioBaTelbHO, JTI00as BRIYUCIUTENIbHAS MaIllMHA) CIIOCOOHA OMpeessiTh
JaJTbHENIINHT 0Opa3 IeUCTBUI, UCXO/IS U3 Pe3y/IbTaTOB MPEAbIIYIIHUX OMepalliii, OHa CIIOCOOHA MPH-
HUMAaTh pelieHUs U MOJEIMPOBATh IPOU3BOJILHO CJIOKHBIE UEPAPXUM JAHHBIX.

K nekadpio 1943 roga TeiopuHT CipoeKTHPOBA U MocTpors «Komoce», KOTOpBIN 4acTo Ha3bi-
BaIOT ME€PBbIM KOMIIBIOTEPOM B UCTOPUU JIEKTPOHHBIX BBIYMCIUTEIbHBIX MalluH. «Konoce» npen-
HA3HAYAJICS JJIs1 BBITIOMHEHUS OIHOM-E€AMHCTBEHHOM 3a/1a4M — JEKOJMPOBAHUS PaJIUOCOOOIICHUH,
3am¢ppOBaHHBIX HAITUCTCKON MalMHOM Enigma — v He Mor OBITh Ieperpor paMMHUPOBAH JIJIs BBITTO-
HEHUsI JPYyrou 3aa4u. 3aTo ¢ e pOBKOI OH CITPaBIISIICS OlECTSIIe: CYMTAETCS, YTO MIMEHHO OJia-
rojgapsi eMy COIO3HHMKH CMOIJIM B35ITh BEPX HaJl HEMELIKUMHU « 10 TBap(e» U BBIUTPaTh PEeIaoIIyio
6uTBy 3a Bpuranuo.

Bce BbIIeU3noXeHHOE MOCITYKUIO CBOeoOpa3HbIM (hyHAAMEHTOM, Ha KoTopoM JI:koH (oH
Heiiman co3pan apxuTekTypy COBpEMEHHOIO KOMITbloTepa — MalinHy ¢oH HelimaHa, cocTaBisIonyo
OCHOBY MPAKTUYECKU KaXJOro aBToMaTa, M300pEeTeHHOTO 3a MOC/IeIHIE MIECThACCAT MIECTh JIET: OT
MUKPOKOHTPOJIJIEpa CTUPATBbHBIX MAIIIHH JI0 CAMBIX OOJBIIUX CYNEPKOMITBIOTEPOB. DTO TPEThs KO-
yeBas ujes MH(POpMAIMOHHOH 3pbl. B cratbe «Ilepbiii mpoekT otuera 0 EDVAC»,! natmpoBan-
Hot 30 mionst 1945 rona, pon Heliman U3M0XUIT peBOMIOLIMOHHBIE TPUHITAITH B 00JIACTH MAIIMHHBIX
BbIuMciieHui. Mopenb ¢od HeliMana cOCTOUT U3 IIEHTPaJILHOTO MPOLIECCOPA, B KOTOPOM BBITIOJTHSI-
10TCSI apUPMETUUECKHUE U JIOTHUECKHE OTepalyy, OJI0Ka MaMsATH, B KOTOPOM XPaHSTCs Tporpamma 1
JAaHHBIE, YCTPOICTBA MAacCCOBOM MaMsATH, CYETYMKA KOMaH[ M KaHAJIOB BBOAA-BbIBOAA. [laHHAs KOH-
LIENIMsl ONKMCaHa B MEPBOM YaCTH TOM KHUTH. XOTs cTtaThs (poH HelimMaHa, mo cyTu, mpeacrasisiia
coOOl BHYTPEHHUI TTPOSKTHBIN JOKYMEHT, OHA HE TOJIbKO cTasla OMOIMe 17151 KOHCTPYKTOPOB BHIUMC-
yutebHbIX MamvH 1940-x u 1950-x roioB, HO ¥ 3HAYMMO TOBJIMLIA HA APXUTEKTYPY BCEX KOMITBIO-
TEpPOB, NOCTPOEHHBIX C TEX TOP.

Marmmuna TeiopuHra He OblIa paccuMTaHa Ha MpakTUYecKoe nmpuMeHeHre. Teopembl ThiopuHra
HE MMeJIM HUKAKOTrO OTHOIEHUS K 3((PEKTUBHOCTU PELIEHUs 3aa4; OHU JIUIIb [TO3BOJISIN OIpe/ie-
JIMTh KPYT TeX 3aa4, KOTOpble MOIJIM OBbITh PEeIIeHbl OCPEICTBOM MAIIMHHBIX BbIYKCIeHUN. PoH
HeiimaH, Ha000pOT, CTaBUII CBOEH 11e/1bI0 (DOPMYIMPOBAHKE MPAKTUIECKUX TPUHIIUIIOB BBIYHCITHU-
TeJbHON MarmHbl. Tak, B Mammne (oH Hefimana omHOOMTOBbBIE BEIYMCIIEHNsT THIOPHHTA 3aMEHEHbI
MHOTOOMTOBBIMH CJIOBaMH (Kak MPaBHJIO, KOJTUYECTBO OUTOB KpaTHO BockMu). Eciu manmna Trio-
pUHTA TPATUT OTPOMHOE KOJIMYECTBO BPEMEHU Ha MepeMelleHHe JICHTHl BIepel U Haszal, YTOObI
COXPaHSTh U U3BJIEKATh ITPOMEKYTOUHBIE Pe3yJIbTaThl, TO MammHa ¢oH Helimana, HanpoTHB, cHa0-
’KeHa MaMSITBIO C TIPOU3BOJIBHBIM JIOCTYTIOM, TIOTOMY JIF0OO# 3IEMEHT TaHHBIX MOXET ObITh N3BJICUEH
HEME/JIEHHO.

" EDVAC (Electronic Discrete Variable Automatic Computer) — ofHa U3 NEPBbIX IEKTPOHHBIX BBIUMCIUTENIBHBIX MAILLIMH Ha
JIBOUYHOU OCHOBE. — 30ech U danee npumeu. peo.
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OpHUM 13 BaKHEUIIMX TPUHLMIIOB, IPEAJIoKeHHBIX (poH HeliMaHoM, sIBIsSieTCS MPUHLIMIT Xpa-
HUMOM IIPOrpaMMbl, KOTOPBIA OH c(POPMYJIMPOBAJI AECATHIO TOJAMU paHee: IporpaMMa XpaHUTCs B
TOH K€ TMaMSITH, YTO U JIAHHBIE. DTO MO3BOJISIET MEPENPOrpaMMHUPOBATh BHIYMCIUTEIBHYIO MAITHHY
111 BBIIIOJIHEHU S Pa3IMYHOIO pojia 33/1ay, a Takke HUCMOJIb30BaTh CaMOMOAU(PUIIMPYIOLIMICS KO,
JOITYCKAIOIINI TPUMEHEHNEe HEKOTOPBIX (hopM peKypcHu. [1o Toro BpeMeHu MpakTUIeCKH BCE BBIYHC-
JMTENIbHBIe MallvHbl, BKmovyas «Komoce» ThlopuHra, MOIJIM pemiaTh TONBKO Te 33aJa4d, Il pellie-
HUSI KOTOPHIX OBUTH MpeqHa3HaueHbl W3HAYaIbHO. XpaHUMasi MporpamMmma IMpuaaia BEIYUCITUTEb-
HOU MallliHe TIONCTUHE YHUBEPCAIbHbIN XapakTtep. Tak, unes TriopuHra 00 yHUBEpCcaIbHON MallliHe
MOJTy4rJIa peajibHOE BOILUIOIIEHHE.

Hpyron kmoveor npuHimn ¢oH Heiimana 3akimodaeTcsi B TOM, YTO KakJash MHCTPYKLIUS
JOJDKHA COfIEPKATh KO aprhMETUUIESCKOM WU JIOTUIECKON OTepaliiu, KOTOPYI0 HEOOXOIUMO BHITION-
HUTB, a TAKXKe aJipec onepanaa B namsaTu. Jannas opmyna BriepBbie Oblia mpeasioxeHa ¢on Heiima-
HOM B paMKax ero myOolvKaiuu, mocBseHHoi copmectHomy ¢ k. [Ipecniepom Dkkeprom u xo-
HoM Moksm nipoekty EDVAC. Cam EDVAC 06b11 3anymiex Tobko B 1951 romy; Kk ToMy BpeMeHH
yXe CYIIECTBOBAJIM JIPyrvieé BHIYKMCIUTEIbHbIE MAITMHBI C XPAaHUMBIMHU MTPOrPaMMaMH, B YACTHOCTH
Manvecrtepckasi Majasi SKcriepumMenTaibpHas MamuHa, ENIAC,?

2ENIAC (pycck. SHMAK) — a71eKTpOHHBII YMCIIOBOM MHTErpaTop M BRIYUCIUTEND, COKP. OT Electronic Numerical Integrator and
Computer, NIepBblii IEKTPOHHBIN LK(DPOBOI BHIYUCIUTEIb OOLIEro Ha3HAYEHH s, KOTOPbIil MOXHO OBLIO IepenporpaMMHUpOBaTh I
PpELIeHH s IIMPOKOTO CIIEKTPa 3aad.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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