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Ka>kablh aToM BceneHHON, a He TOJIbKO Pa3/iInYyHble MaKpoCKoNM4yeckne obbekThl,
cnocobeH XpaHUTb MHOPMALMIO. AKTbl B3aUMOAENCTBUS aTOMOB MOXXHO OMNMMUCaTb Kak
3/1EMEHTapHbIEe IOrMYeCKNe onepaunmn, B KOTOPbIX MEHAKOT CBOW 3HAYEHUSI KBAHTOBbIE
6UTbI - 31eMeHTapHble eaNHNULbI KBAHTOBOW MHGopMaumn. MapanokcanbHbI, HO
MHoroobewatowmnin noaxon Ceta Jinonaa No3BossieT 3/N€raHTHO PELLINTL BOMPOC O
NOCTOSIHHOM YC/IO)XKHEHWUW BceneHHON: BeAb Aa)ke CiyYallHas 1 04eHb KOpOoTKas
nporpaMma B Xoe CBOEro UCMoJIHEHUS Ha KOMMbIOTEPE MOXXET AaTb KpalHe
WHTEepecHble pe3ynbTaTbl. BceneHHas NnocTtosHHO obpabaTbiBaeT MHGMOPMALUIO -
6yaoy4n KBAaHTOBbIM KOMMbIOTEPOM OFPOMHOI0 pa3Mepa, OHa BCe BPEMS BblHMUCAAET
cobcTBeHHOe bynyulee. N1 paxe Takne dyHOaMeHTasibHble COObITUSA, KaK poOXXaeHne
YXN3HW, MOJIOBOE Pa3MHOXXeHNe, NosiB/IeHNE pa3yMa, MOXXHO U [0JIDKHO
paccMaTpuBaTb Kak NocsefoBaTeNlbHble peBontoLMn B obpaboTke MHMopMaL K.
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MocBdwaeTca B

MpeancnoBme aBTopa K pyCCKOMY U3OaHUIO

f1 C yooBONbLCTBMEM MULLY 3TO CNeunanbHoe BBeaeHne A1 U3AAHUA KHUMN
«Mporpammunpys BceneHHyo» Ha pycCckoM a3blike. A xoTen 6bl nobnarogaputb Cepres
BenoycoBa, EBreHunsa lemnepa, Muwy JlyKkmHa n Bcex Kosner n3 PoCcCMNCKOro
KBAHTOBOIO LLeHTpa, KOTOpble MOMOrnn caenaTbh BO3MOXKHON NybamMKaLuuno 3Toro
pyCcCKoOro nepesofa. POCCMNCKNM KBAaHTOBbLIW LLEHTP - 3TO HOBOE MPOrpeccnBHoe
yypexaeHune, KoTopoe COXpPaHAeT BEJIMKYIO PYCCKY0 Tpaanuumio yHaaMeHTalbHON



HayKkun. iccnenoBaTenn LeHTpa y>Ke BHEC/IM BaXKHbI BKJa B TEOPUIO U NMPAKTUKY
06paboTKM KBAaHTOBOM MH(OPMaL MK, KOTOopas ABASETCS OLHOM U3 LLeHTpaibHbIX TEM
MOEN KHUTrN. 8 C HeTepneHneM XAY OT 3TON Hay4YHOM OpraHm3aumnm HoBbIX 60NbLLINX U
NMPEeKPaCHbIX Hay4YHbIX OOCTMXXEHUNA,

Noesa «lMporpammumnpysa BceneHHyo» COCTOUT B TOM, YTO Mbl AOJI>XKHblI BOCNPUHNUMATb
BceneHHyto B TepMmnHax o6paboTkm nHpopmaumm, nposoANMON €10 Ha CaMOM
dpyHOaMeHTaNbHOM ypOBHe. B TpaaAnLuMOHHOM hmn3nyeckomMm onmcaHum BceneHHom
rN1aBHON BEJINYNHOW ABNAETCSA 3Heprusa. HepasHo, 04HaKO, CTal0 ACHO, 4TO
NHOPMaLMA ABNSAETCA CTOJIb XXe Ba)kKHOW BeNUYMUHOW. KakK rnacuTt 3HaMeHuTas
opmMyna dnHwTenHa E = mc?, BcA maTepusa coenaHa U3 aHeprun. OgHako
NHopMaLmMa 3agaeT opMy, KOTOPYH NPUHMMAET BeLLeCcTBO, U onpenenseT Te
npeobpa3oBaHns, KOTOPbLIM NoaBepraeTcs sHeprus. B rnybnHe csoen BceneHHas -
3TO TaHeL BpalleHUN U WesiKalwmx 3ByKOB, B KOTOPOM 3Heprusa n nHpopmaums
ABNSAIOTCA paBHbIMU NMapTHepaMn. BceneHHas, B CYLWHOCTU, ABMISAETCA FTMraHTCKUM
KOMMNbIOTEPOM, B KOTOPOM KaKAblh aTOM N Ka)k4as 3/lIeMeHTapHas YacTuua cogep>xat
OUTbI MHOPMaLLMK, N KaXXabl pa3, Korga Asa atoMa UWin gBe YacTuubl
CTaNIKUBAIOTCHA, 3TN OBUTbI MEHAIOT CBOU 3Ha4YeHUsA. BelvncnnTenbHasa npupoaa
BceneHHon paeT Havano ee 3anyTaHHOCTU U CJIOXKHOCTU: BCE, 4TO MOXKeT ObITb
BbIYNCJIEHO - BCe, 4TO MOXeT BoobpasunTb Hall pa3yM, N Jake CBepx TOoro -
cyuwiecTByeT rage-To Bo BceneHHon.

Poccnmnckme MmateMaTuUKKM U yYE€Hble BNUCAIN MHOIM0 NpeKpacHbIX CTPaHWUL, B TEOPULO
nHdopmMaumn. PaboTel AHOpesa Hukonaesnyda KonmoropoBa 6biai 04EHb BaXKHbl 414
3TON KHUrn: Kosimoropos 6biJ1 04HMM N3 OCHOBOMOJIOXKHMKOB B 06/1aCTV Teopumn
anropuTMmMYecKon nHgpopMmaumm, B KOTOPOW yTBEpPKOAETCH, 4HTO MHGOoOpMaUms
OOJ/HKHa ObITb onpeaeneHa Ha s3blke ee 06paboTKKN, TO eCTb Yepes BbIYUCEHUA.
Teopunsa c/oXXHOCTU KosiMOropoBa sBNSeTCA eCTeCTBEHHON OCHOBOW TEOpUNA
BblYMCNIEHMA N 0Bpa30BaHMSA C/IOXKHOCTU, 0B6Cy>XJaeMbIX B 3TOW KHUre. B nocnegHee
BpeMs POCCUNCKME YYEeHble CAeNaNN NCKIYNTENIbHO Ba>KHbI BK1a4 B TEOPULO
KBaHTOBOW MH(OpMaLMM N KBAHTOBLIX BblYMCNEHUN. KBaHTOBass MeXaHUKa - 3TO
pa3nen Gu3nkKu, KOTopbin N3y4aeT noBefeHne BewecTBa N SHepPrmm B UX CaMown
pyHOaMeHTasibHOM hopmMe. B cBoen OCHOBE OHa ABNSETCA CTPAaHHOW U
KOHTPUHTYUTUBHOW: YaCTULbl UMEIOT COOTBETCTBME B BUAE BOJIH, @ BOJIHbI CAENaHbI
N3 YacTuL, - 3TO KOPNYCKYJISAPHO-BOJIHOBOM Ayann3m. OONH 3N1eKTPOH MOXXeT
HaxXo0ANUTbCA OQHOBPEMEHHO B AIBYX MeCTaX, U MHO>XeCTBO Bellen, KoTopble Ans
Hallero KJjaccn4yeckoro Boobpa>keHnsa NnpencTaBafatoTCa HEBO3MOXHbIMU, B
DEeNCTBUTENBLHOCTU NMPOUCXOAAT eXeceKyHOHO. BcenieHHas - 3TO He NpoCTo
KOMMNbOTEP; B CUJTy CBOEW NPUPOAbl OHA ABAAETCA KBAHTOBO-MEXaHNYeCKUM
KoMnbloTepoM. CovyeTaHne KBaHTOBOM CTPaHHOCTU ¢ 06paboTkom nHpopmaunm Kak



pa3 un npuagaeT BceneHHol ee cTabubHOCTb, MOLLb U CJIOXKHOCTb.

9 nmen c4acTbe Ha4YMHaTb CBOIO Hay4HYIO0 Kapbepy B 1980-e rr., B MOMEHT, KOrga
POCCUNCKMNE N COBETCKMNE YYeHble HaYasn Bble3)KaTb 3a rpaHuLy nociae MHOrmx
necaTnneTnn pasoblieHnsa ¢ oCcTasbHbIM MUPOM. [TOMMMO OTKPbLITUSA COKPOBULLHNLbI
dyHOaMeHTasIbHOM Hay4YHON MHGOPMaLMK, KOTopas 40 3Toro bbina onybankosaHa
TOJIbKO Ha PYCCKOM £13blKe, 3TU Y4eHble npuaaanm Hay4yHoMy AUCKYPCY YHUKAJIbHbIA 1
yyOecHbIn ayX. B toHOCTM s 4muTan Tonctoro n JoCTOEBCKOro n NOToMy Oblsl 3HAKOM C
BoraTCTBOM PYCCKOWN MHTENNEKTYasIbHOWN AUCKYCCUW, HO 1 HUKOrAa 40 3TOro He
y4acTBOBaJ1 B HAaCTOALLEM PYCCKOM Hay4YHOM Cnope, Korga Ha4ynmHalT roBopuTh Ha
MOBbILLEHHbIX TOHaX, KOrga rno cTosy 6bl0T KyJlakoM, KOrga KyCok Mesia MoryT B
cepauax pa3dbuTb 0 OOCKY, HO B KOHLLE, KOrga 3afavy yaanocCb pewmnTb, BCe CHOBa
CTaHOBATCA ApYy3baAMU. CTpacTb, HACTOMYMBOCTb U OPY>KECKOoe pa3peLlleHune
dyHAaMeHTaNbHbIX NPobnemM - BOT UCTUHHBIN AyX Hayku! N 1 HageCb, 4TO pycckoe
n3paHue «lMporpammmnpys BceneHHyo» NOPOAUT APKUE HayyHble Cropbl.

CeT Jlnonpg

Kembpua>x, wtat MaccadyceTc, 15 nioHsa 2013 r.

Mponor

d6n0ko n BceneHHas

«B Hayvane 6bin BUT», - Ha4Yan A. HYacoBHSA XXeHCKOro MoHacTbeipsa XVII B., roe
HaXoOUTCA 3aHATbLIA N3YyYEHUEM CIIOXKHbIX cncteM NMHCTNTYT CaHTa-de, bbina
3anoJsiHeHa 06bl4YHbIMKU CaywaTenamu: pusnkamm, bnonoramm, SKOHOMUCTaMM "
MaTeMaTMKaMK C 3aKBaAaCKOW U3 HeCKoJIbkx Hobenesckunx naypeatos. OANUH U3 OTLOB-
oCHoBaTesien acTPOPU3MKKM U KBAHTOBOM rpasuTaumnn, I>xoH Apunbanbn Yunep,
npennoXXna MHe NPoYecTb JIEKLUMIO Ha TeMy «Bcé ns buta». 4 npuHan Bbi3oB. CTos
nepen ayanTopuein, a1 CTasl COMHEBATbCHA, CTOUI0 1M 3TO AeflaTb, HO OTCTyNaTb 6bIS10
Hekyna. {1 B351 B pyKy s6710Ko.



«Beww BO3HMKAOT U3 MHGMOPMaLMK, TO eCTb U3 BUTOB, - MPOLAOJIKNI 4, HEPBHO
noabpacbiBasd 16/10Ko B BO3AYX. - 3TO A6/10K0 - XxopoLwwunin 06bekT. A610KO YacTo
accounmnpytoT ¢ nHdopmaumnen. Bo-nepsbix, A6/10KO - NN0A NO3HAHUSA, “CMepTesbHbIN
BKYC KOTOPOro nNpuHecC Ha 3eMJ1l0 CMepTb 1 BCe CTpadaHbsa Hawmn”. OHo HeceT
nHdopmaumio o aobpe n 3ne. Noszxe MMeHHO TpaekTopusa Nagatowero sbsoka
noackasasia HeloTOHY YHUBEpPCasbHbIE 3aKOHbl TArOTEHUS, @ UCKPUBJIEHHAS
MOBEPXHOCTb 6/10Ka eCTb MeTadopa UCKPMBJIEHHOIO MPOCTPAHCTBa BPEMEHN
ANHWTEeNHa. banxxe K Hallen Teme TO, YTO B reHeTUYeCKOM Kofe, 3arnmcaHHOM B
ceMeHax sbnoka, 3anporpamMmMmmpoBaHa CTpykTypa byaywmnx a6noHb. U ewe ogHo, He
MeHee Ba>KHOe CBOMCTBO S0/10Ka: OHO coaepXUT cBO6OAHYIO SHEPTUIO - Kasiopun
boraton butamu sHeprumn, bnarogapsa KOTopon PYHKLNOHUPYET Hawle Teno». 4
OTKYyCWUJ Kyco4dek sbnoka.

«04eBUAHO, 3TO A6710K0 COAEPXKNT NHGPOPMALIMIO Pa3HbIX TUMNOB. HO CKONIbKO OHO
BMeLwaeT? CKoNbKo 6UTOB B HEM?» 9 MON0XKWA AON0OKO Ha CTO U NOBEPHYNICA K
nocke, 4Tobbl caenaTb ObICTPLIN pacyeT. «4To MHTEepPecHo, KoM4ecTBo 6UTOB B
a6J10Ke n3BeCcTHO C Havyasna XX B., Korga ewie He 6b1J10 camMoro csoBa “o6ut”. MoxeT
rnokKa3saTbCs, 4TO 96/10K0 cooepXnT beckoHevyHoe 4Yncnio buToBs, HO 3TO He Tak. B
0ENCTBUTENBLHOCTN 3aKOHbI KBAHTOBOM MEXaHUKW, ynpaBasoLwme BCemMun
dhU3NYECKNMU CUCTEMAMUN, FTOBOPSAT, 4TO TpebyeTcsa N1Lb KOHeYHoe Yynucno 6mTos,
4TO0bbl ONpPenennTb MNKPOCKOMNMNYECKOE COCTOSHMNE Ab610Ka 1 BCEX ero aTOMOB.
Ka)kabln aTOM, @ TO4YHee, ero rnoJjIoXXeHne n CKOPoCTb COAEPXXUT BCEro HECKOJIbKO
ONTOB; KaXKAbl A4EPHbIN CNMH B A4pe aToOMa XpPaHUT OAUH-eANHCTBEHHbIN BUT.
NosTomy 6MTOB B A06/10Ke BCEro B HECKOJIbKO pa3 bosblue, 4eM aTOMOB - HECKOJIbKO
MWJJIMOHOB MUIINAPL0B MUAIMAPAO0B HYN1EN N € GUHNLL».

A noBepHyncsa K ayguntopun. 96noka Ha cTosie He bbino. Hnyero cebe! Kto ero B3an?
Yunnep 6e3amaTexxHo cMoTpen Ha MeHs. Jlinuo Mioppes Nenn-MaHHa, HobeneBckoro
naypearta, nsobpetartens KBapka n 04HOro U3 BeayLmnx rU3nKoB MMpa, TakXxe He
OTPa>kasio HUKAKMNX SMOLIUNA.

«f He Mory nponoskaTb 6e3 abnoka. HeT obbekTa - HeT BUTOB», - 3as89BU S U Ce.

Mos ronoaHas 3abacToBka Npoasnaacb BCEro HECKOJIbKO MITHOBEHUN: YNbIOHYBLUWCD,
NHXXEeHep 13 nccneposaTenbCckoro ueHTpa Bell Labs npoTaHyn mHe a6noko. A B3an
ero n NOAHSAN Hafd rososon, 6pocas BbI30B /IIOOOMY, KTO pPELUNTCS COBEPLINTDL eLle
OOHY MOMbITKY BOPOBCTBA. 2T0 bbiyia Mmos ownbka. Ho Torga MHe Ka3anocCb, 4TO BCe
naoeT XopoLlo.



A npoposmkan: «C TOYKM 3peHnsA KonmyecTsa MHPOPMaLUnKn, KOTOPYIO MOTYT XpPaHUTb
OUTbl, BCE OHWN paBHbl. BUT - cokpaweHune oT binary digit (aBon4yHoe 4ncno) - MmoxeTt
HaxoOUTbCA B OOHOM U3 ABYX pPa3nymMMbix coctosaHuin: 0 unn 1, ga uwam Het, “open”
nnn “pewka”. Jlrobaga punsnyeckasa cmctema, rae ectb ABa 3TUX COCTOSAHUS, COOEPXKNT
oauH 6uT. Cncrtema, B KOTOpon BosibLLe COCTOAHUN, coaepXUT bonblie 6UTOB.
CucTeMa C YyeTblpbMsA coCcTOAHUAMU, Hanpumep, 00, 01, 10, 11, conepXxuT ABa 6uTa;
cucTeMma, rge ecTb BoCceMb cocTosaHUNM, Hanpumep 000, 001, 010, 011, 100, 101, 110,
111, cooepxut Tpu 6uTta, n T. A. Kak g y>xe roBopuJ, COriacHoO 3aKOHaM KBaHTOBOW
MexaHukun nobasa punsnyeckas cnctema, orpaHMYeHHaAs KOHEYHbIM 06 beMOM
MPOCTPaHCTBA N KOHEYHbIM KOJINYECTBOM 3HEpPrun, nMeeT KOHe4YHoe YNCo
Pa3IMYNMbIX COCTOSAHUA U MO3TOMY COOEPXKUT KOHEYHoe Yncnao butos. Bce
dpusnyeckme cuctemMbl cogepxxat nHpopmauyuto. Kak ckasan Ponbd JlaHpayap 3 IBM,
“NHpopMaLna - BeNnYnHa pusnyeckasa”».

TyT MeHs nepebun N'enn-MaHH: «Ho Bce nn 6MUTbI paBHbI Ha caMoM gene? NyCcTb OAWH
OUT roBOPUT HaM, ABAAETCA M ICTUHHON HEKasa 3HaMeHUTas, HO HeOKa3aHHas
MaTeMaTmyeckasa rmnoTtesa, a buT nonyyeH B pesysibTaTe CJyHanHoro
noabpacbiBaHNA MOHETKU. MHe Ka)KeTcs, 4TO O4HMN BUTbI BaXkHee APpYrux».

A cornacuncs. PasHble 6UTbl UrpatoT BO BceneHHom pasHyto posib. buTbl moryT
cofep)XaTb OAMHAaKOBOE KOJINYEeCTBO MHMOPMALMN, HO Ka4eCTBO N Ba>KHOCTb 3TON
WHOpMaL N MEeHATCA OT buTa K bUTy. 3Ha4YMMOCTb OTBETA «[Aa» 3aBUCUT OT
3aZlaHHOro Bonpoca. [1ga 6buta nHgopmauunmn, onpegensatownx ogHy KOHKpeTHY napy
HykneotuaoB B JHK a6noka, ropa3fno BakHee gnsa byayuwmx nokoneHnm 9610k, 4em
OUTbl MH(POPMaLLMK, CO34AaHHOW Ten0BbIM KosiebaHnem aTtoma yriaepona B O4HOW U3
Monekyn abnoka. NMepenaTtb 3anax a670Ka MOryT BCEro HECKOJIbKO MOJIEKY U
CONyTCTBYHOLWMX UM BUTOB, HO 4TOObI 06ecneunTb A6710Ky NNLLEBYIO LLEHHOCTD,
HeobxoonMbl MUAAMapabl MUAAMapPL0B OBUTOB.

«OpgHako, - cHoBa BMellasics Fenn-MaHH, - CyLWecTBYeT M MaTeEMATUYECKN CTPOrUiA
cnocob onpenennTb 3HAYNMOCTb HEKOTOPOro buTta?»

Y MeHs HeT MoJIHOro OTBeTa Ha 3TOT BOMPOC, CKa3as 4, BCe elle nep>Ka B pyke
A610K0. 3HA4YMMOCTb BuTa MHOPMaLUM 3aBNCUT OT TOro, Kak obpabaTbiBaeTCcs 3Ta
nHopmMmaumsa. Bce pusnyeckme cuctemol cogepxaTt nHgpopmauunto. bonee toro,
AOVHaMN4YeCcKn pa3BnBasiCb BO BpeMeHU, oHu npeobpa3osBbiBaloT U obpabaThiBaloT 3Ty
MHopmMaumnio. Ecnn anekKTpoH «3aecb» conepXnTt 0, a 3N1IeKTPOH «TaM» CooepXuT 1,
TO, KOr4a 3/IeKTPOH nepexoanT oTCloaa Tyha, OH MeHseT 3Ha4YyeHune ceoero buTa.
EcTecTBeHHYO AUHaMUKY PU3NYHECKON CUCTEMbI MOXXHO BOCMPUHMMATb Kak



BblYMCIEHNE, B KOTOPOM BUT He ToNbKO coaepXnt 0 nam 1, Ho AencTByeT Kak
MHCTPYKUMA: O MOXKET 03Ha4vYaTb «Aeslan 3To», @ 1 MOXKeT 03Ha4vYaTb «Aeslan To».
3Ha4YMMOCTb 6BMTa 3aBUCUT HE TOJIbKO OT €ro 3Ha4YeHus, HO 1 OT TOro, Kak 3TOo
3Ha4YeHne C Te4eHneM BpeMeHu BAnSeT Ha aApyrue 6utbl, Oyayym 4acTblo npouecca
NOCTOSAHHOW 06paboTKM MHOPMaLMN, KOTOPbLIA N COCTaBNAET AUHAMUYECKYIO
3BoJouUmnto BceneHHonm.

A npoaosxan onucbiBaTh GUTLI, N3 KOTOPbIX BO3HUKAET 6/10K0, U CTasl FOBOPUTL O
TOW POJIN, KOTOPYIO OHM UrpatoT B npoueccax, bnaronaps KoTopbiM s16710K0 nosyvaeT
onpenenieHHble XapakTepuUcTuUKN. Bce Wwno xopowo. A packpbil TeMy «Bce U3 buta» u
JlaXke CMor A0CTOMHO OTBETUTb Ha BOMpPOCHI ayanTopun. MNo KpanHen mepe, MHe Tak
Ka3aJsoChb.

A 3aKOHYMAN NEeKLMI0 N OTOoLeN OT OOCKU. Bopyr KTO-TO rnoxJsionana MeHs no rnievy.
OAVH 13 cnywaTenen BCcepbes pewnn 3asnageTb MoMM 610kKoM. 3To 6bin [LonH
dapmMep - OAUH U3 OCHOBaTeNen Teopun Xaoca, BbICOKUN, CNOPTUBHLIN YenoBek. OH
CXBAaTWUJ MEHSA 3a PYKW - XoTes, 4Tobbl 1 ypoHun s6s10ko. OcBobo)xxpgascb OT 3axBaTa,
S NpUXan ero CNMHOW K cTeHe. Buceswmne Ha Hel nsobpa>keHns ppakTanos n
doTorpapumn nHaenues ynanu Ha noa. ®apmep nosasana MeHs Ha nos. Mel cTanum
KaTaTbCA MO Moy, onNpoKnabiBasa cTynbsa. A6,10ko Kyfna-To Aenocb. BepoAaTHO, OHO
CHOBa NMpeBpaTUIOCh B OTAEJIbHblE BUTHI.

YacTb |

Obuwasn KapTuHa

NnaBa 1

BBepneHune

dTa KHUra - nctopus Bcen BceneHHon n oTaenbHoro 6uta. BceneHHas - cambiin
6onbwon 06bLEKT, CYyLLECTBYOWWA Ha CBeTe, a OUT - caMbll MaJIeHbKNIN KYyCO4YeK



nHgopmaumn. BceneHHasa coctouT ns 6utos. Kaxxaas monekyna, atoMm u
3/1leMeHTapHas YacTuua cogep>xat buTbl Hpopmaumn. B niobom B3anmMonencTesum
MeXxAay 3TUMK YacTuuamu BceneHHon nHgpopmaumsa obpabaTteiBaeTca nyTem
n3mMmeHeHus aTux butos. MIHa4ve rosops, BceneHHasa BblyncnaeT. Ho eto ynpasnsaioT
3aKOHbl KBAHTOBOM MeXaHUKWN, MO3TOMY OHa BbI4YUCAAET TakK, Kak 3TO CBOMCTBEHHO
KBAHTOBOW MexaHuKe; ee 6UTbl - 3TO KBaHTOBble 6UTkI. [10 cyTn, uctopmsa BceneHHon
- 3TO OrpOMHOE, NOCTOAHHOE KBAHTOBOE Bbl4UC/ieHne. BceneHHas - 3TO KBaHTOBas
BblYMCINTEIbHAA MallMHa.

34ecb BO3HMKaET BOMNPOC: 4TO BblyncaseT BceneHHaa? OTBeT: camy cebs, ceBoe
cobcTBeHHOe nosefeHne. Kak TosIbKO BcesieHHas BO3HUKIIA, OHa TYT XKe Ha4vana
Bbl4NCNATb. CHavyaNna KOHCTPYKLMK, KOTOpblE OHa co3aaBasa, Oblin MPOCTbIMU: OHU
BKJIIOYaIN 3/1IEMEHTapHbIE YacTuLbl N yCTaHaBAMBaAN pyHOAMEHTaIbHbl€ 3aKOHbI
dun3mkn. Co BpemeHemM, obpabaTbiBas Bce 6onblie n 6onbuie nHpopmauum,
BceneHHas naBasna Havyano Bce 6osee 3anyTaHHbIM U CNIOXKHbIM 00beKTaM, BKJIlOYas
rafNakTUKW, 3Be34bl U NaaHeTbl. XKU3Hb, A3bIK, 104N, 00WeCTBO, KyJ/ibTypa - BCE OHU
065a3aHbl CBOVMM CyLLEeCTBOBaHNEM eCTeCTBEHHOW CMOCOBHOCTM BeLlecTBa U SHepPrum
obpabaTbiBaTb MHpOopMaumnto. CnocobHOCTb BCceneHHOM K BbIHUCEHMNIO 06 BbACHAET
OLHY N3 BeIMYanLWnMxX TaH NpMpPOoabl: Kak N3 04eHb NPOCTbIX 3aKOHOB (PU3NKWN
BO3HUKAIOT CJ/IOXKHbIE CUCTEMbI, HANMpUMep XKuBble CyLLecTBa. DTN 3aKOHbI MO3BONSIOT
npenckasbiBaTb byayuiee, HO TOJIbKO Kak BEPOATHOCTb W TOJIbKO B 00OLWMX YepTax.
KBaHTOBO-BblYNC/IUTEIbHAA Npupoaa BceneHHoOM TakoBa, YTO KOHKpPETHbIe AeTanu
Oyayuiero Bcerga octaloTCs HenpenckasyeMbiMU. X cMor 6bl BbIYUCAUTb TOJIbKO
KOMMNbIOTEP pa3MepoM C caMy BceneHHyto. Tak 4TO e AMHCTBEHHbIN CrOCob 3arnsgHyThb
B Oyayuiee - nogoXaaTb U MOCMOTPETb, YTO NPOU30OMNAET.

Mo3BOSIbTE MHE CKa3aTb HECKOJIbKO CJ1I0B 0 cebe. Mou nepsble AeTCKMe BOCMOMUHAHNSA
- KaK Mbl XXWUN B KypATHUKe. Mon oTel, bb1s1 y4eHUKOM MebernbLunka, Mbl 0butanu B
JInHkonbHe, wTaT MaccavyceTc. KypATHUK HaXoAWACH B AaJibHEM KOHLe 6onbLloro
capas Xo3anku. Mo oTeL, NpeBpaTW/ ero B IBYXKOMHATHYIO KBapTUpy; TaMm, rge
paHbLUe XU Kypbl, Tenepb ObsIN cnajsibHble MecTa 19 MeHS U Moero ctapLuero
bpaTa. (Moemy mnagwemy bpaTy paspewmnnm cagenaTb N0NbKY.) Beyepom maTb nena
HaMm KonblbenbHYI0, YKpbIBasia ogesjlaMu 1 3aKpbiBasa AepeBsHHble asepu. Mbl
OCTaBaJINCb OOHW U MIS4EesSIN HA MUP 33 OKHOM.

BoT Moe nepBoe BOCMOMUHAHUE: f BUXY, Kak ropuT BymMara B KOp3uHe s Mycopa -
NMPOBOJIOYHOW KOP3UHE C pOMBMYECKNM NNeTeHneM. 3aTeM s MOMHIO, Kak
NPVXXMMAOCb K HOFe MaTepu, 0AeTON B CUHME OXKWUHCbI, YyTb Bblllie KOMeHa, a oTel,
3anyckaeT SiNoOHCKOoro 6yMa>kHoro 3mes. [T0TOM BOCMOMUHAHMS HauYnHaOT BbICTPO



CMeHATb Apyr Apyra, CJIOBHO Ha KUHOMJeHKe. Ka)xgoe »KunBoe CyLecTso
BOCMPUHUMAET MUP NO-CBOEMY, 3aMeyaeT MHOXXeCTBO AeTaJsiel N CO34aeT U3 HUX
onpefeneHHylo CTPYKTYpy. TeM He MeHee BCe Mbl )KWBEM B OJHOM U TOM Xe
NPOCTPAHCTBE, HAMW YNPaBAOT OOHU U Te e pusnyeckme 3akoHbl. B wkone s
Y3HaJl, 4TO 3aKOHbl PU3UKKN, yripasastowmne BceneHHon, yonsnuTenbHoO NpocTbl. Kak
3TO MOXeT bbITb, AYMas A, 4TO TAaKOW 3anyTaHHbIA N CJIOXKHbIA MUP, KOTOPbIN S BUXY
N3 OKHa CBOEW CnaJjibHU, BO3HUKAET U3 NPOCTbIX 3aKOHOB (PU3NKN? A pelunn geTtasbHO
nccnenosaTb 3TOT BOMPOC M MHOIO J1IeT KU3y4al 3aKOHbI NPUPoabl.

XanHuy Mapxxenc, Tparndecku nornbwmnm B ropax Konopano netom 1988 r., 6bin
bnecTawmM N opurnHanbHbIM MbicanTenemMm. OH CYMTaN, YTO HaM Mopa HapyWnTb
06blYHbIe FpaHMLUbl HayKK. OH noowpsn MeHs pa3pabaTbiBaTb PU3NYECKM TOYHbIE
MeTOoLbl ONMNCAHNA N U3MEepPEeHNA CNIOXKHOCTU. Mo3>)Xe, noa pykoBoacTesoM Miwoppes
Fenn-MaHHa B KannpopHNNCKOM TEXHOJIOTMYECKOM UHCTUTYTE, A N3y4vasl, KakK 3aKOHbI
KBAHTOBOW MeXaHUKN N PU3UNKN dN1EMEHTAPHbIX YaCTUL, «NPOrpaMMnpyoT»
BceneHHyo 1 Npu 3TOM CelOT CEMEHA CJIOXKHOCTMN.

Cenyac a npogeccop MalMHOCTPOEeHMSA B MaccavyyceTCKOM TEXHOIOrNYeCKOM
WHCTUTYTe. HO NOCKONIbKY (popMasibHO Y MeHs HeT obpa3oBaHuA B 3TON cqepe,
npasuabHee 6b1n10 6bl Ha3BaTb MeHA MPOECCOPOM KBAHTOBO-MEXAHNYECKON TEXHUKN.
OHa onupaeTcsa Ha KBaHTOBYIO MEXaHUKY - pa3aesn PU3nku, nsyyawLinin BeLecTso 1
SHEePruio Ha MUKPOYpPOBHE. KBaHTOBas MexaHWKa OTHOCUTCHA K aToOMaM, KakK
KJlaccmyeckasi MexaHuka K MexaHmn3smam. Mo cyTu, MEHS MOXKHO Ha3BaTb UHXXEHEPOM
aTOMOB.

B 1993 r. 4 NOHAN, KaK CO34aTb KBAHTOBbIN KOMMbIOTEP. KBaHTOBbIE KOMMNbIOTEPbI -
3TO YCTPONCTBA, KOTOPbIE NCMOJb3YIOT CMOCOOHOCTL OTAE/IbHbLIX aTOMOB, ()OTOHOB U
ApYyrux afieMeHTapHbIX YacTuy obpabaTeiBaTh UHGOpMaLumio. OHWN BbIYNCAAIOT Tak,
KakK He MOryT BbI4YUC/IATbL KJlacCu4eckmne KoMnbtoTepbl, Hanpumep Mac nnu PC. U3sy4yas,
KaK 3aCTaBUTb aTOMbl U MOJIEKYJIbl - CaMble MaJieHbKUe YacTuubl BceneHHon -
BbIYNCNATHL, 1 CTaj BCE Jlyylle BUAETb eCTeCTBEHHYIO COCOBHOCTL K 0bpaboTke
WHOpMaLLMK, CBONCTBEHHYIO caMmon BceneHHon. CNOXXHbIN MNP, KOTOPbIA Mbl BUONM
BOKPYT, - NPOsBJIEHNE KBAHTOBbIX Bbl4NC/IEHU BceneHHoN.

LinchposBas pesonoLns, Npoucxonslas cerogHs, - nocsegHee 38eHO B AJIMHHON Lenun
pesoatounin B obnactn obpaboTkn nHpopmauum, yxoasawen s npownoe. Cpean HUX -
BO3HVMKHOBEHME Yesl0BeYeCKUX A3bIKOB, MOJIOBOE PAa3MHOXKEHME, POXXAEHWNE XKU3HMU,
HaKoHeL,, Ha4Yyano caMmoun BceneHHon. Ka)xgasa n3 HUX 3an0XXunia oCHOBY A4
cnepytouwien, n Bce 3T pesonoumn B cpepe 06paboTkm nHpopmaummn, Ha4nmHas C



Bonblioro B3pbiBa, nponcxoannn 6naronapsa ecteCTBeHHOM CocobHOCTM BceneHHoM
obpabaTbiBaTb AaHHbIE.

Bbluncnsiowas BceneHHasa ¢ Heo6X0AMMOCTbIO CO34aeT C/IOXKHOCTb. XKWU3Hb, N0, MO3I
n vyenopeyecCkad unBminsaumna BO3IHUKIIN HE CJ'IyLIaI‘/'IHO.

KBaHTOBLIN KOMMNbOTEP

KBaHTOBas MexaHMKa CJ1aBUTCH CBOUMMN Napafokcamun. BonHbl BeayT cebs Kak
4acTuubl, @ YaCTULbI - KaK BOJIHbI, U MOXXHO HaXoAUTbCA B ABYX MecTax
oHOBpeMeHHO. lMo)anymn, He TaK y>X YONBUTEJIbHO, YTO HAa MUKPOYPOBHE BellW BeayT
cebs CTpaHHbLIM N NapafoKcasbHbIM 06pa3oM; B KOHLLE KOHLLOB, Mbl MPUBbLIKJ/IN
BOCMPMHUMaTb 0O0beKTbI, KOTOPbIE MO pa3Mmepy HaMHOro 6osbLie oTAesIbHbIX aTOMOB.
Ho napafoKcbl KBAHTOBOIro MuUpa BCe e cbmBatoT Hac ¢ ToNKy. Hunec bop, oTey,
KBaHTOBOW MeXaHWKMN, KaK-TO 3aMeTW/1: eC/In KTO-TO cHuTaeT, byaTto MmoxeT
pa3bnpaTbCa B KBAHTOBOW MEXAaHNKE, HE UCMbITbIBAs NPY 3TOM FOJIOBOKPYXKEHMUS, TO
Ha CaMOM [eJie OH ee He NOoHNMaeT.

KBaHTOBbIE KOMMbIOTEPbI MCMOJb3YIOT «KBAaHTOBY CTPAHHOCTb», YTOObI BbIMOJIHATL
3aZia41, CJIMLLKOM CJI0XKHble AN 06blYHbIX KOMMbIOTEPOB. KBaHTOBLIN BUT, nnu
«KYyOUT», MOXXET HaxoanTbCsA B cOCTOAHUM 1 0, 1 1 B O4HO N TO )Xe BpeMS, B TO BpeMms
KaK KJTaCCUYeCKnim 6uT MoxxeT coaep»xaTb TOJIbKO O nam Tonbko 1. MosTomy
KBAHTOBbI KOMMbIOTEP MOXXET BbIMNOJIHATL MUIJIMOHbI BbIYUCIEHUIA OAHOBPEMEHHO.

KBaHTOBble KOMMblOTEPbl 06pabaTbiBatloT MHPOPMALIMIO, XPAHSALLYIOCSA B OTAESIbHbIX
aTOMax, 3/IeKTPOHaxX U poToHaxX. KBaHTOBLIN KOMMbIOTEP - 3TO AEeMOKpPaTUsa B MUpe
WHOPMaLLMKN: KaXKObl aTOM, 371IEKTPOH N (POTOH paBHbIM 06pa3oM y4acTBYIOT B
npoueccax xpaHeHnsa n obpaboTkm nHpopmaunn. U ata pyHaamMmeHTanbHas
OeMoKpaTusa MHpopMaunm He orpaHnYeHa KBaHTOBbIMU KOMMNboTepamun. Bece
pM3nYeckme cucTeMbl B OCHOBE CBOEWN ABNAIOTCSH KBAHTOBO-MEXaHUYeCKNUMUN, U BCE
dursmyeckmne cncTeMsl 3anncbiBatoT, cogepxaTt n obpabaTbiBatoT nHpopmaumnto. Mup
MOCTPOEH U3 3/1IeMEeHTapPHbIX YaCTUL, - 3IEKTPOHOB, (DOTOHOB, KBAPKOB, U Ka>K4 bl
3/1IeMeHTapHbIN parMeHT PU3NYECKON CUCTEMBI 3anedaTsieBaeT YacTb MHpopMaLUn:
ofHa YacTuua - oanH 6uT. BzaumogencTeysa mexxay cobon, 3T oparMeHThbl
nocTeneHHo npeobpasytoT n obpabaTbiBatoT MHPOpMauyuto, buT 3a butom. Kaxxagoe
CTOJIKHOBEHME 3J/IeMeHTapHbIX YaCcTUL, OEeNCTBYET KaK npocTas Jiornyeckasa onepauyus,



COKPALLLEHHO «Or».

YT06bI OCO3HATHL JIOOYIO PU3NYECKYIO CUCTEMY C TOYKN 3peHnsa ee BUTOB, HYXKHO
XOPOLLO MOHMMATb MeXaHn3M, NoCPeCTBOM KOTOPOro Ka)KAbl 3J1IeMeHT 3ToW
CUCTeMbI 3anucbiBaeT 1 obpabaTbiBaeT MHpopMaumio. ECn Mbl BbISCHUM, Kak 3TO
flenlaeT KBAaHTOBbI KOMMbIOTEP, TO Y3HAEM TakKXKe, Kak 3To AenaeT pusnyeckas
cucTema.

Noeto Takoro komnbloTepa npensioXxmnnm B Hadase 1980-x rr. Non beHes, Pnyapn
®enHmaH, Oasua Jony n gpyrve. B To BpemMs KBaHTOBbIE KOMMbIOTEPbI ObIIN YNCTO
abCTpaKTHOM KOHUENUMEen: HNUKTO He 3HaJl, KaK MOXXHO UX co3aaTb. B Havyane 1990-x
A1 MOKa3aJi, KakK 3TO MOXHO caefnlaTb C UCMOJIb30BaHUEM CYLLECTBYOLLNX
3KCNepuMeHTasIbHbIX METOO0B. B TedeHne gecaTn nocnenHux et 9 Tpyauncs c
HEKOTOPbLIMN N3 NYYLINX YHYEHBLIX N NHXEeHepPOoB MUpa, 4Tobbl pa3paboTaTh U
N3roTOBUTb KBaAHTOBbIE KOMMbIOTEPbLI N UCMOJIb30BaTb UX.

ECTb MHOXXECTBO BECKUX MPUYUH ON8 TOro, 4Tobbl CO34aTb KBAHTOBbIN KOMMbIOTEP.
Mpexxae BCero, Mbl MOXXeM 3TO cAaeflaTb. KBAaHTOBbLIE TEXHOJIOMUN — TEXHOIOM NN
yrnpaBJieHMs MaTepuen Ha ypoBHE aTOMOB - B NocsieAHNE rofbl Noay4ynIm
3amMevaTesibHoe pa3BuTume. Cenvac y Hac eCTb AOCTaTO4YHO CTabubHbIe Nla3epsl,
JIOBOJIbHO TOYHbIE MeTOoAbl MPON3BOACTBA M BbICTPas 3/IEKTPOHMKA - BCE 3TO
NO3BOJISET BbIMOJIHATb BblYMCIEHUSA Ha YPOBHE aTOMOB.

BTopas npu4nHa 3akno4aeTcss B TOM, YTO HaM HY>XHO Hay4YUTbCA Co34aBaTb
KBaHTOBbIE KOMMbIOTEPbLI, MO KpanHen Mmepe ecnm Mbl XOTUM, 4TOObI HalLK
KOMMNbIOTEPbl CTAaHOBMAUCH BCe Bosiee BbICTPbIMU U MOLLHBLIMU. Ha NpoTsa>XXeHun
MoJslyBeKa BblHYNUCUTENIbHAA MOLWHOCTb KOMMbIOTEPOB YyABaMBasiaCb Ka)Kable nonTopa
roga. 3TOT B3PbIB Ha3blBaeTCH «3aKOHOM Mypa», B 4eCcTb lopAoHa Mypa,
BMOCNeCTBUN CTaBLLUEro Ton-MeHea>XepoMm KoMnaHum Intel, kKoTopbln yka3sasn Ha
3KCMNOHEHUMaNbHbIN XapakTep pocTa ewe B 1960-e. 3akoH Mypa - 3TO He 3aKOH
npupoabl, a CBNOETENLCTBO YesnloBeyeckon nsobpetaTtenbHoCcTU. Kaxkable
BOCEMHaALUAaTb MecsLEeB KOMMbIOTEPbLI CTAHOBATCS B ABa pa3a ObiCTpee, NOTOMY 4TO
Ka)kKOble BOCEMHaALUATb MeCALEeB UHXEHepPbl HaXo4AT cnocob yMeHbLNTL BABOE
pa3mMep coeAuHEHUN U NIOrNYeCKNX 3JIEMEHTOB, U3 KOTOPbIX OHU COCTOAT. KakabIN
pa3, Korga pa3mMmep OCHOBHbIX KOMMOHEHTOB KOMMbIOTEpPa YMeHbLUaeTCA BABOE, Ha
ymne TOro Xe pa3mMepa CTaHOBUTCS BO3MOXXHO pa3MeCcTUTb B ABa pa3a 6onblie
3/1eMeHTOB. B pe3ynbTaTe KOMMNbIOTEP OKa3biBAaeTCs BABOE MOLLHEe CBOEro
npeawecTBeHHNKa, CO34aHHOMro NosaTopa roga Hasag.



Ecnu cnpoeunpoBaTb 3aKOH Mypa Ha 6yayuiee, Mbl YBUAUM, YTO pa3Mep COeANHEHWI
N NOrNYeCKNX 3JIeMEHTOB, U3 KOTOPbIX COCTOAT KOMMNbIOTEPLI, JIET Yepes3 COPoK
[oJKeH byoeT AOCTUYb YPOBHSA aTOMOB; C1ef0BaTesIbHO, €CJ/IN Mbl XOTUM, YTOObI
3aKOH Mypa genctsoBa 1 fasblue, HaM NPUAETCA HAaY4YNTbCHA co34aBaTh
KoMNbloTepbl, paboTalowme Ha KBAHTOBOM YPOBHE. KBaHTOBblIE KOMIMbIOTEPbI
npencrtasnsaoT cobonm nocnegHUn pybexx MmHuUaTopm3aumnn.

KBaHTOBbIE KOMMbIOTEPLI, KOTOPbIE CAEMANIN Mbl C KOJI1eramMu, y)xe 4OCTUr N 3TOW
Lesin: KaXKablh aTOM COOAEPXUT oanH 6uT. HO cerogHa Mbl MOXXeM CO34aBaTb COBCEM
HeboNblLUNEe KBAaHTOBbIE KOMMbLIOTEPDLI - U MO pa3Mepy, U Mo BbIYMUCUTENIbHOW CUne.
Camble Bo/blUME KBAHTOBbLIE KOMMbIOTEPLI 06LLEro Ha3HaYeHNs, CyLeCcTBYyOLME B
HaCTOALWMA MOMEHT, COAEPXKAT OT CEMUN A0 AECATU KBAHTOBbIX BUTOB U MOryT
BbIMOJIHATb ThICAYN KBAHTOBbIX JIOrMYE€CKUX onepaunin B cekyHay[l - B 2011 r.
koMnaHusa D-Wave Systems o6bsABUAa 0 CO34aHUN KOMMEPYECKOro KOMMboTepa Co
128 kybutamu. - Mpum. pen.]. (0na cpaBHEHUSA, 0ObIYHbIN HACTOJIbHbIA NEePCOHANIbHbIN
KOMMbIOTEP MOXKET coaep>XaTb TPUNNOHBI BUTOB U BbINOHATL MUAMAPAbI
06bIYHbIX, KJTACCNYECKNX NNOFNYEeCKMX onepaunin B CeKyHAy.) Mbl y)xe Hay4Ynaucb
henaTb KOMMNbIOTEPDLI C 3/IeMeHTaMn pa3MepoM C aTOM, HO eLle He yMeeM fenaTb
fosiblUMEe KOMMbIOTEPLI C 3J1IEMEHTaMN Takoro pasMepa. lNepBble KBaHTOBbLIE
KOMMbIOTEPbI NOSABUNCL AECATb JIeT Ha3ahd, N Kon4ecTBo BUTOB, KOTOPbIE OHU MOTYT
cofep)aTb, yABAaMBaETCHA NOYTW pa3 B ABa rofa. [laxke ecnm 3Ta CKOpPOCTb
COXpPaHUTCH, NpoNeT eLlle COPOK JieT, nMpexhe 4YeM KBAaHTOBble KOMMbIOTEPbl CMOTYT
CPaBHATbLCA C CErOAHALHNMU KTAaCCNYECKUMU MO KOn4ecTBy BToB. KBaHTOBbLIM
KOMMNblOTEpaM NPeacTonT euwle A0 NyTb A0 0ObIYHON «MNEePCOHANKN».

TpeTbs NPUYMHA ONS CO30aHUSA KBAHTOBbIX KOMMbIOTEPOB 3aKJII0HAETCS B TOM, 4YTO
OHW NO3BOJISIIOT HAaM MOHATb, Kak BceneHHas 3anucbiBaeT U obpabaTbiBaeT
nHdopmaumo. OOMH N3 Ny4LWKnx crnocoboB NOHATbL 3aKOH MPUPOAbLI - 3TO CO34aTh
MaLLWHY, KoTopast 6bl MNIOCTPMPOBAJIa 3TOT 3aKOH. YacTo Mbl CHavYaNna co3fdaem
MALLWHY, @ 3aKOHbl BO3HMKAIOT No3)ke. Kosieco 1 BoTHOK NMOSIBUIMCL 3@ MHOTO
ThICSA4ENeTUN [0 TOro, Kak Obl1 OTKPbLIT 3aKOH COXPaHEHUS MOMEHTa UMMNYJbCa;
OpOLLUEHHbI KaMeHb - 40 TOro, Kak Fannnen oTKPbIS1 3aKOHbI ABUMXXEHUS; NPU3Ma U
TeNeckon - paHblue onTu4yeckon Teopun HbloTOHA; NapoBon ABUraTenb n3obpenn
3a40JIr0 A0 Toro, Kak [)xenMc YaTT CKOHCTpyupoBas cBor perynsatop, a Caan KapHo
OTKPbIJ1 BTOPO 3aKOH TEPMOAMHAMUKMN.

A NOCKOJIbKY KBAHTOBYIO MEXaHMKY TakK TPYyAHO NOHATb, 6bia10 6bl 340pOBO CO34aTh
MalLUnHY, KoTopas 6bl Bonowana B cebe ee 3akKOHbI! B3anMmoaencTsys ¢ HEN, MOXXHO
ObiN0 6bl Ha NPaKTMKe YBUAETb, Kak «paboTaeT» KBaHTOBasA MexaHMKa; Tak pebeHok,



NUrpaKmoLLNA C BONTYKOM, MHTYUTMBHO YCBAUBAET NOHATNE N CBONCTBA MOMEHTa
NMNYyNbCa, BOMJIOLEHHbIE B 3TOW UrpyLUKe. ToNbKO NPaKTUYeCKUin OnbIT,
BO3MO>XHOCTb CBOMMMU rna3aMmn HabnwaaTb, Kak BegyT cebst aToMbl, MO3BOJINT MO-
HaCTOSALWEMY MOHATb, YTO TaKOe KBaHTOBas MexaHuKa. «rpylieyHbie» KBAHTOBbIE
KOMMbIOTEPbI, KOTOPbLIE Mbl HAYYUJINCb AeNaTb CEroAHs, - 3TO MalUWHbI, MO3BOJISOLWME
HaM Bce bosblue 1 6onblle y3HaBaTb O TOM, Kak hu3nyeckme CUCTEMbI
3aneyvyaTneBatoT U obpabaTbiBalOT MHHOPMALMIO HA KBAHTOBO-MEeXaHUYECKOM YPOBHE.

HakoHeL, eCcTb elle ooHa NpuUYnHa 419 CO34aHNSA KBAHTOBbIX KOMMbIOTEPOB: 3TO
O4YeHb MHTepecCcHO. Ha cTpaHuuax 3TON KHUMU Mbl BCTPETUMCA C HEKOTOPbLIMU U3
NYYLKNX YYEHbIX N NHXeHepoB Mupa. 2To Ixedd Kumbn ns KannbopHUNCKoro
TEXHOJIOrMYECKOro MHCTUTYTA, KOHCTPYKTOP NepBbiX B MUPE POTOHHbLIX KBAaHTOBbIX
norn4yeckmnx anemMeHToB; [ens BanHneHg n3 HaunoHanbHOro MHCTUTYTa CTaHAAPTOB
N TEXHOJI0rnin, CO30aBLINKA CaMbl MEPBbLIA MPOCTON KBAHTOBbLIM KOMMbIOTEP; XaHC
Mosin n3 lendTCKOro TexXHO/I0rM4ecKoro YyHMBepcuTeTa, Ybs rpynna nposena
HEeKOTOpble N3 CaMblX PaHHUX AEMOHCTPALNA KBAaHTOBbIX OBMTOB B CBEPXMNPOBOAALLNX
cxemax; Oasuma Kopm n3 MaccayyceTCcKoro TeXHOJI0rM4eckoro MHCTUTYTa, KOTOPbIN
MOCTPOWJI NEPBLIN MONEKYJIAPHbLIN KBAHTOBbLIN KOMMbLIOTEP N YbN KBAHTOBbLIE
AHaI0roBble KOMMbIOTEPbLI MOTYT BbIMOJIHATL BbIYUCAEHUS, 0151 KOTOPbIX
notpeboBascs 6bl 06bIYHbLIN KOMMbIOTEP, MPEBLILWAOLLNNA pa3MepaMm caMy
BceneHHyto. Kak TO/IbKO Mbl YBUAMM, KaK paboTaloT KBaHTOBbIE KOMMbIOTEPbI, Mbl
CMOXXeM onpenennTb rpaHuLbl BblMUCANTENbHOW cnocobHoCTn BceneHHoM.

A3bIK NpUpoAabl

CoBepluast Bbl4ncieHus, BceneHHas 6e3 Tpyaa co3fgaeT 3anyTaHHbIE U CJI0XKHbIe
CTPYKTYpbl. YTOObI MOHATb, KaK OHa BbIYMCAAET, @ 3HAYUT, YTOObI MOHATL 3TU
CJI0XKHble CTPYKTYpPbl, HY>KHO BbISICHUTb, KakK OHa XpaHUT n obpabaTbiBaeT
nHpopMaumo. To eCTb N3YyUNTb A3bIK CAaMOW NpPUPOAbI.

9l 3aHMMaOCb 4eM-TO Bpode «Macca)ka» aToOMOB. d npodeccop KBaHTOBO-
MexaHU4YeCcKon TeXHUKN B MaccavyyCceTCKOM TEXHONIOMMYEeCKOM NHCTUTYyTEe. Mos
paboTa - genatb «Macca>k» 3JIeKTpoHaM, (poToHaM, aToMaM N MoJsieKysiaM, 4Tobbl
NMPUBECTU UX B Te 0cobble COCTOAHNSA, B KOTOPbIX OHW MPEeBpaLLaloTCs B KBAHTOBbIE
KOMMbIOTEpPbl 1 KBAHTOBbIE CUCTEMblI KOMMYHUKaUNN. ATOMbI MaJibl, HO OHW CUJIbHbI;
3/1aCTUYHBbI, HO YYBCTBUTEJIbHbI. C HUMUN NIEFKO «FOBOPUTL» (MPOCTO TOJIKHUTE CTON -



TeM CaMbIM Bbl «3aroBOpUTE» C MUWIIMAPAAMU N MAUSIMAPAAMN aTOMOB), HO NX
TPYAHO «yCAbllWaTb» (OyMalo, Bbl HE CMOXKETe MHe CKa3aTb, YTO BaM OTBETWJI CTON,
Kpome «byM!»). Mbl X HE MHTEPECyeM, OHU MPOCTO XUBYT CBOEN XXN3HbIO,
3aHUMAlOTCS CBOMM [e/10M, U TaK 6bis1o Bceraa. Ho ecnm npaBuibHO cAenaTh UM
MaccCaXX, TO UX MOXKHO 04apoBaTb. M OHN HaYyHYT AenaTb AN BaC BblYUCIEHUS.

ATOMbI HE OONHOKWM B CBOEN CNocobHOoCTK obpabaTbiBaTb MHGOPMaUmnO. POTOHbI
(4acTmubl cBeTa), POHOHbI (YaCcTUUbl 3ByKa), KBAHTOBbIE TOYKN (MCKYCCTBEHHbIE
aTOMbI), CBEPXMNPOBOASLLNE CXEMbl - BCE 3TU MUKPOCKOMUYECKNEe CUCTEMbI MOTYT
3anucbiBaTb MHGpoOpMaLMio. I ecnm Bbl FOBOPUTE Ha UX A3blKe U BEXJIMBO 3aaeTe UM
BOMPOCKI, TO OHX obpaboTatoT 3Ty MHGPOPMaLMIO 18 Bac. Ha KakoM A3blke FroBOPSAT
Takme cuctemnl? Kak 1 Bce pusmnyeckme CUCTEMbI, OHU PearnpyroT Ha SHEPruto, cuny,
MMNYNbC, HA CBET U 3BYK, Ha DNIEKTPUYECTBO N CUY TAXKECTU. Pnsnveckmne CUCTeMbI
rOBOPAT Ha A3blKe, rpaMMaTUKY KOTOPOro COCTaB/IAT 3aKOHbI (hU3nKn. 3a
nocnegHmne AecaTb NeT Mbl U3YHYUSIM 3TOT A3bIK AOCTATOYHO XOpPOLO, 4TOObl FOBOPUTHL
C aToMaMu - 4T10obbl y6eanTb UX BbINOJHATbL BblYUCIEHUSA U coobuwaTb O pe3dyfbTaTax.

TPYZHO N FrOBOPUTL «Ha A3blKe aTOMOB»? YT0Obl MOJIb30BATLCS 3TUM A3bIKOM
cB0OOAHO, HY)KHO Y4YUTbCS BCIO XW3Hb. CaM s BNageto UM MJoXo Nno CPaBHEHUIO C
OPYrMU YY4E€HbIMU N KBAHTOBbLIMU NHXXEeHEepamMm, C KOTOPbIMA Bbl BCTPETUTECH Ha
CTpPaHULLAX 3TOM KHUIK. Ho noafep>XuBaTb C aTOMaMu NpocTyto beceny He Tak yxX
TpyOHo.

Kak 1 BCe A3blKU, «A3blK aTOMOB» Jierye Bbly4uUTb, KOrga Bbl Mosioabl. Mol ¢ Mosniom
NMeHpUNOOM YnTaeM KypC NeKUUN OS89 NMepBOKYPCHUKOB MaccayyceTCcKoro
TEXHOJIOrMYEeCKOro MHCTUTYTa, OH Ha3bliBaeTca «NHpopMauuna n sHTponua». Llenb
3TOro0 Kypca, Kak U ueslb 3TON KHUTN, - PAaCKPbITb PYHOAMEHTasIbHYIO POJib, KOTOPYIO
MHopMauma nrpaeT Bo BceneHHon.

MATbOeCAT NeT Ha3ad NepBOKYPCHUKN MaccayvyyCceTCcKoro TeXHOJ/I0rM4eckoro
WHCTUTYTa 3Ha/M BCe O ABUraTesnsax BHYTPEHHEro CropaHns, nepegadyax v pblyarax,
TPAaHCMUNCCUAX N WIKMBaX. [IBaauaTb NATb J1IeT Ha3a4 OHWM NpekpacHo pa3bupanncs B
3JIEKTPOHHbIX SlaMNaX, TpaH3UCcTopax, JlbuTenbCKNX pagmnonpueMHmMKax n
3J/IeKTPOHHbIX CxeMax. Tenepb OHM NepernosiIHEHbI 3HAHUSAMW O KOMMblOTEpPaXx,
AONCKOBOAaXx, BOJIOKOHHOW onTukKe, pa3dbupatotTca B NponyCKHOM CMOCOBHOCTU JNHUIA W
cpencTBax CXaTuUs My3blKaJibHbIX N rpadmnyeckmnx dannos. X npenlecTBEHHUNKN
XU B MUPE MEXAHUKUN N SNEKTPUYECTBA; OHM - B Mupe nHhopmaumm. Nx
npeawecTBEHHUKN Y)Ke 3HAJIM MHOI0 O CUJ1e U SHEPIrnn, HaNps>XeHun v 3apsage;

a OHW O0YEeHb MHOI0 3HaloT 0 BuTax n banTax. Hawn NepPBOKYPCHUKN TaK XOPOLLO



pa3bupatoTcsa B MHPOPMaALMOHHBIX TEXHONOMUAX, YTO Mbl, MpenofaBaTesin, MOXXeM
BEeCTU 41 HUX NpeaMeThbl, BKJIIoHasa KypC No KBAHTOBbLIM BbIHYNC/IEHNUAM, KOTOPbIe
paHbLle 6611 No 3ybam TONLKO BbINyCKHUKaM. (Mou cTapwue Konneru ¢ pakynbTeTa
MaLLUMHOCTPOEHNSA XanyTCs, YTO HblHELLHME NepBOKYPCHUKN HUKOT 4a He Aep>Xasn B
pyKax oTBepTKW. OTo Henpasaa. Jobpas NonoBMHa U3 HUX YMeeT MNoJib30BaTbCA
OTBEpPTKOMN, 4TOObI yCTaHOBUTb DOJsiblLIE MaMATU B CBON KOMIMbIOTEP.)

B paMKax Hay4YHO-UCC/Ieg0BaTeNIbCKOro NMPOEKTa, KOTOPLIN A BEJ NP Nogaep>XXkKe
HaunoHanbHOro Hay4Horo ¢oHaa CLUA, g pa3spaboTan KypcC nekunn ans y4eHnKos
nepBbIX K BTOPbIX KJ1ACCOB CpeAHeNn WKOJbl - 0 TOM, Kak obpabaTbiBaeTcs
MH(opMaumsa Ha MUKPOYPOBHAX. [la)ke WecTu- N ceMnneTHue aeTm cerogHsa o4eHb
MHOIO 3HaAlT 0 KoMMbloTepax. KaXkeTcH, OHU He UCMbITbIBAOT HUKAKUX 3aTPYyOHEHUN
c butamn n bantamun. Korga mMbl C HUMU UFpPaeM B Urpy, roe Kakabin 6epeT Ha cebs
pOJib aTOMa B KBAHTOBOM KOMMbOTEPE, OHU Ae1atloT 3TO C IerkoCTblo N NPeKpacHo
MOHNUMAKOT CMbICJT CBOUX OENCTBUMN.

Te, KTO poaAusICS U BbIPOC 3a[101r0 A0 HbIHELWIHEN peBotounn 06paboTku
NHpOPMaLUMN, TOXKE NMPeKPaCHO MOHMUMaOT pa3Hoobpasne 1 Bce 3HaYeHne
NHMOPMALMK, HE XY)KE HALLUUX NepenosiHeHHbIX buTamun aeten. HeBa)kHO, CKOJIbKO
BaM JIeT - K MOMEHTY, KOr[la Bbl 3aKOHYMTE YNTATb 3Ty KHUTY, Bbl OyeTe 3HaTb, Kak
MO>XHO MOMPOCUTb aTOMbI BbIMOJIHUTb MNPOCTbIE BbIYNCIEHUS, NCMO0JIb3YS MaALLUHbI,
KOTOpPbIE Y>XK€ eCTb BO BCEM MMpPE, @ TakXe rpaMMaTUKy si3blka NPUPOAbI.

Pesontounn B chepe 06paboTkn nHdopmaummn

EcTecTBeHHasa n pyHOaMeHTasibHas crnocobHocTb BceneHHom obpabaTbiBaTh
NHOPMaLIMIO HECKOJIbKO pa3 B UCTOPUMX NMPUBOANIA K PEBOJIIOLIMAM B 3TON cdepe, U
cenyac npoucxoauT ovyepeaHasn. Ee npnynHa - cTpemMnTenbHoe pa3BuTme
3/IEKTPOHHbIX BbIYNC/INTENbHbLIX TEXHOI0I NI, BOMJIOWEHHOE B 3akoHe Mypa.
KBaHTOBble KOMMbIOTEPLI - B @aBaHrapae 3ton pesoatounn. OHa BOCXULLLAET, ee
HEBO3MOXXHO He 3aMeTUTb, HO ee HeJslb3s Ha3BaTb HM CaMOW NepPBOMN, HN CaMOon
Ba>KHOMN.

He meHee cepbe3Hon peostoumen B cpepe 0b6paboTkm nHpopmaumm dbiso
n3obpeTteHune Hyna. Undpy «Hynb» nsobpenu apesHne BaBUIOHSHE, a U3 BaBuioHa
OHO pacnpoCTpPaHMIOCh NO BCceMy apabckoMy Mupy. icnonb3oBaHMe HyNa ANs



o6o3Ha4eHunsa gecaTtkos (10, 100, 1000 n 1. A.) oTAnydaeT apabCKyto cucTtemMy 3anuncu
4ymces, KOTOPOM NOJIb3yeMCs Mbl C BaMU, OT OPYrux CUCTEM, HanpumMep oT PUMCKON,
roe ansa obo3HavyeHnsa cTeneHen A4ecAaT NCNONb3YITCA pa3Hble cuMmBobl (X = 10; C =
100; M = 1000). 3To HOBLIECTBO B NpeacTaBJIEHUN YNCEST MOXKET NoKa3aTbCs
HecyLeCcTBeHHbIM, HO n3obpeTeHne apabckmnx ungp okasano 6onbLIOe BANSHNE Ha
MaTeMaTmnyeckyto obpaboTky nHgpopmaunn. (HemanoBa>kHbIM CeaCcTBMEM 3TOrO
cTanm 6onee NpocTbie N NPO3payvyHbie KOMMEpPYeCKne caenkm n pacyeTbl. Ecnm 6ol
napHu n3 kopnopauun Enron[2 - AMepuKaHCKas aHepreTu4eckas koprnopauus,
obaHkpoTmBWwancsa B gekabpe 2001 r. - NMpum. pea.] Benn ceon TeHeBon Byxy4eT B
PUMCKUX UM pax, BOSMOXKHO, UM yAanocb 6bl BBINTN CyXnMu U3 Boabl!)

Apabckas cncrtema 3anmcum poguiacb BMeCcTe C CONPOBOXKAAKOLWEN ee TexHolornen,
abakoM. Abak - NnpocTasd, MOHATHasA N MOLWHAs BblYUCAUTENIbHAA MalWmnHa. 3TO
AOoLEeYKa, K KOTOPON NpuKpenaeHbl psaabl MoOABMXHbLIX 6YCMHOK, HaAeTbIX Ha
nano4vkun[3 - Pycckuin aHanor - c4eThbl. - MpuMm. pea.]. MNepBbin psag obo3HavaeT
eQNHNLUbI, BTOPOW - OECATKN, TPETUN - COTHN N T. 4. Abak, B KOTOPOM BCeEro AecaTb
PSAL0B, MOXET BbIMOJIHATbL BblYHNC/IEHUS B AMana3oHe 40 MUIINAPLA0B.

Ho ewe nHtepecHee sonjouweHHas B abake KoHUuenunsa Hyns. BepoaTHo, abak BO3HUK
paHblLEe, YEM CaMO 3TO CJIOBO. AHIIMNCKOE Zero NMpuULJIO N3 UTalbAHCKOro, 3TO
CokpalleHmne ot zefiro, oT cpeaHEBEKOBOIro JIaTUHCKOro zephirum. Kak un
cTapodpaHuy3ckoe cifre, oHO BOCXxoauT K apabckoMmy sifr; Ha caHCcKpuTe shunya -
«nycToTa». B apabckon cucrteme 3anncum Hyb 3anosHAET NyCcTble MecTa, N03B0AS
nerko o6o3Ha4ynTb bonbwmne yncna (10, 100, 1000...). MycToTa - 3TO MOLWLHas
KoHuenuusa. HecmoTps Ha BClo ee Molb nnm 6narogaps en, undpa Hy b Bbi3biBaeT
noago3peHuns. OHa He Ka)KeTCa ecTeCTBEHHOW. [1eNCTBUTENIbHO, HYJlb HE OTHOCUTCSA K
HaTypasbHbIM Yncaam (1, 2, 3...). Hynb Kak abcTpakymsa - 3To 4OCTAaTOYHO CJ/IOXKHOE
NnoHATUe, HO abak, Ha KOTOpPOM BCe BYCUHKN OMyLLEeHbl BHU3, - 3TO NPOCTON,
KOHKPETHbIN CUMBOJI: HYJb.

NcTopuio BceneHHOM MOXKHO pacCMaTpMBaTb Kak MoC/ie0BaTe/IbHOCTb PEBOJIIOLINNA B
chepe 06paboTKM NHGPOPMaLUUK, KaXKaasd N3 KOTOPbIX OCHOBaHa Ha TEXHOJI0IAX,
BO3HUKLLUWX B pe3ysibTaTe npeabiaywmx pesoaounm



AbaK rMokasblBaeT HaM, 4TO peBostouunto B chepe 0bpaboTkm nHhpopmaumnmn
HEBO3MOX>XHO OTAENNTb OT MEXaHM3Ma UM TEXHOJIOM W, KOTOpPble onpeaenstoT popmy
ee npeacTtasneHusa n obpaboTkun. TexHonorma obpaboTkm nHhopmauum (Hanpumep,
abak) 0bbl4HO HeoTAEeMMa OT HOBOM KOHUENuUun (Hanpumep, Hyns).

Ecnn Mmbl oTnpaBuMCSA elle Ha HeCKOJIbKO ThbICAY J1eT Ha3ad, TO YBUAuM eule bonee
Ba>XHYI0 peBOJIIOLUMNIO: MNCbMEHHOCTL. Ee nepBoOHa4vasnbHaa TexHoNorma npeacrtasnasnia
coboin 3HaYKM, HauapanaHHble Ha FnHe UM Ha KaMHe. [NMCbMEeHHOCTL B 6yKBaJ'IbHOM
CMbIC/1e caenana s3blk KOHKPETHbIM U O0CA3aeMbiM. B pe3ynbTaTe BO3HUKAN
prI'IHOMaCLIJTa6Ha$I counalibHad opraHnsaunsd, AesioBble KOHTPaAKTbl, CBALLLEHHbIE
TEKCTbl 1 0OLIKHOBEHHbIE KHUIM - TaKue, Kak 3Ta. TEXHONOrMN MNCbMEHHOCTU
nocTeneHHoO pa3BnBaJinCb: OT KaMHA K 6ymare, oT 6ymar|/| K 3/1IeKTpoHaM. Ka)xkpoe
npodasneHne MMCbMeHHOCTU, OT OeCATU 3anoBenen n CTUXoB 40 HEOHOBOW BbIBECKMN,
ncnonb3syerT COBCTBEHHbIN BapnaHT TEXHONOIr M Ans o603Ha4vyeHuns cnos..

[MoaBneHme 4yenoBe4vyeckoro sA3bika npumMmepHo 100 000 neT Hasag M gake paHblue
CTano (oaBanTe NONALCTUM HaweMy 6MoONOrM4ecKkoMmy BUAY) elle oaHON CEPbLE3HON
pesoatoumen B chepe 06paboTkn nHbopmaunn. NccnenoBaHNa OKaMeHeNnoCcTen
MOKa3blBalOT, 4TO Pa3BUTME A3blKa CONPOBOXXAANOCh U YCKOPSAIOCb OTHOCUTENBHO
ObICTPbLIM pa3BUTUEM Y4aCTKOB MO3ra, oTBe4vatowmx 3a 06paboTky peyn. HoBble
HEeMpPOHHbIE CETN MO3ra, BMecTe C 04HOBPEMEHHbLIM Pa3BUTUEM FOJIOCOBLIX CBA3OK,
MO>XHO CYUTATb €CTECTBEHHON «TEXHOJIOMMENn», NN MexaHn3momMm, bnarogaps
KOTOPOMY M BO3HUMK SA3blK. DTa HOBasi «<HEMPOHHASA TEXHOIOMNS», 04EBUAHO, N Aana
Havyasio 3aMeYvyaTesIbHON YHUBEPCANIbHOCTM YesI0BEYECKON pe4vn - CNOCOBHOCTH
Bblpa3nUTb Ha O4AHOM A3blke bosiee nam MmeHee TOYHO TO, 4TO ObIJIO CKa3aHo Ha APYroM.
Mo MeHbLlen Mepe A3blK MO3BOJIN CO34aTb YHUKAJIbHbIE YesioBe4yecKne hopMbl
counasibHOM oOpraHmn3aunm, caenaBllen Haw BUA CTOJIb YCNeLWHbIM.

Yem panble B npowsoe, TeM 6onee BaXkHble peBositoLun B chepe 06paboTku
NHpopmMaumn Mbl HabnofaeM. Pa3Butne Mosra 1 LeHTpasibHON HEPBHOW CUCTEMBI
OblN0 TPNYMGOM eCTeCTBEHHOW 3BOJTIOLUMN TEXHOJION U, XOPOLLO NpUcnocobsieHHON K
npeobpa3oBaHUIO MHPOPMaLMKX, NOCTYyNaoLWen N3BHE, U 19 CBA3U MeXXAY pa3HbIMU
4acTaAMM opraHm3Ma. Pa3BuTne MHOIMOKJIeTOYHbLIX B MEPBYIO o4epenb CTaso
pe3y/sibTaTOM MHOIMO4YUCJIEHHbIX YCOBEPLUEeHCTBOBAHUN B Chepe BHYTpU- U
MEXKJ/IeTOYHON KOMMYHUKauun. Kaxxgas ycnewHas MmyTauns, KaXxxabl cinyyamn
BO3HVMKHOBEHNSA HOBOIro BMAa - 3TO wWar srepepg B chepe 06paboTkm nHpopmaumm. Ho



4TObObI YBUAETH elle 6oJsiee cepbe3Hyto PEBOJIIOLINIO, 3aTMUBLLYIO BCE, O YEM Mbl
rOBOPUSIN 10 CUX MOP, HYXKHO OTNPaBUTLCA elle Ha MUNNapA NeT Hasal, K
NOSABNEHUNIO MOJI0BOr0 PAa3MHOXKEHMS.

MNepBas cekcyanbHasa peBosouna npeacTasnsana cobonm tour de force, ee orpoMHbIN
ycrnex OCHOBaH Ha npee, KoTopas Ha NepBblA B3rnag KakeTcsa HeyaadvyHon. MNovyemy
Heyha4YHoM? [10TOMY 4YTO MOJZIOBOE Pa3MHOXXEHME HECET PUCK NOTEPU LEHHON
nHopMaumun. YcnewHasa 6akTepus, pa3MHO)KasaCb 6ecnonbiM NyTeM - MOYKOBAHUEM,
rnepenaeT NMOTOMCTBY TOYHYIO KOMMIO CBOEro reHeTU4YeCcKoro Kkoga (KoHe4Ho, rnpu
YC/NIOBUN OTCYTCTBUSA CJZIyHalHbIX MyTauun). Ho ecnm opraHnsm pasMHOXXaeTcs
MOJIOBbIM MYTEM, €ro reHbl CMeLINBalTCA C FreHaMn napTHepa, U X NOTOMOK
rnosly4aeT HOBbIN Habop reHoB. 3TOT NpPoLECC Ha3biBaeTCA peKkoMbunHaumnen.
NMOCKOJIbKY NOJIOBMHA FEHOB OTMNPbICKA MPUXOANT OT OAHOI0 U3 poanTenen, a
MOJIOBMHA OT APYroro M OHM NepeMeLllnBatoTCA, TO, KaKuMK Bbl ycnewHbIMy HX 6blan
YHUKaJIbHble KOMOMHaLUMM FreHOB KaX4oro U3 pogmntenen, reHom noToMka bynet oT
HUX OT/INYaTbCA. [10N10BOE pa3MHOXEHME HUKOr4a He nepefaeT NOTOMKaM yAauyHYyo
KOMBOMHaLUMIO reHOB B HEU3MEHHOM BMAe. B 3TOM CMbIC/ie CeKC npenaTcTByeT ycnexy!

Tak 4TO e B HeM xopowero? C TOYKN 3peHns ectecTBeHHoro otbopa nosnosoe
pa3MHoO>XeHune cnocobcTByeT 6oNblLLEN TEHETUYECKON N3MEHYNBOCTHU, B TO XKE BPeEMS
nobpocoBeCcTHO BOCNPOM3BOAA OTAESbHbIE FeHbl. [TPeanosioXKnM, 4TO B MMpe
CTAHOBUTCSA Xapye. YcnewHas Ao 3Toro 6akrtepus, KoTopas pa3sMHOXaeTCs
MoYKoBaHWEM, BHE3AMNHO OKa3blBaeTCHA BO BpaxaebHoM okpyxeHun. Ee noTomky, B
TOYHOCTW NOXOXXEeMY Ha Hee N aflanTUPOBAHHOMY K NMPoOxXJagHOMY KInUMaTy, Tenepb
OyaoeT C/I0XKHO BbIXKUTb.

EavHcTBeHHbIN cnocob agantaummn ana 6ecnonon baktepmum - MyTauuns, Bbi3BaHHAS
pPenpoaoyKTUBHON OWNOKON nan BpeaHbIMN daKToOpaMn OKpPY>XalLwen cpenbl.
BONbLWNHCTBO MyTauni HeyAadHbl, U OHU AenalnT bakTepuio ele MeHee yCneLHOon,
HO B KOHLLE KOHLLOB MOXET C/IY4UTbCA yAadyHas MyTauus, N Ha ceeT nosasuTcsa bonee
TennocTtonkasa bakTepus.

Be3 nonoBoro pasMHOXeEHNS agantaunsa npobseMaTnyHa, MOTOMY YTO 3aKOH MuUpa:
«M3MeHUChb Nan ympu», - NpoTUBOPEYNT OGHOMY N3 OCHOBHbIX 3aKOHOB XXU3HMU:
«CoxpaHsan uesoCTHOCTbL reHoMa». Takoe NpoTuBopeYne XopoLlo N3BECTHO N B
WHXXEHEPHOM fene: ABe PYHKUNN cucTeMbl BbIBalOT CBSAI3aHbl TakK, YTO HEBO3MOXXHO
OTKOPPEKTUPOBATL OAHY, HE HApyLIMB Apyron. A BOT Npuv NOJIOBOM Pa3MHOXXEHUN
obMeH reHeTMYECKMM MaTepuasnoMm, unm pekombuHaumsa reHos, NPUBOANT K 6oNbLLION
W3MEHYMBOCTU, N MPUN 3TOM NOoAAEPKUBAETCHA reHeTu4YecKas LesloCTHOCTb.



K npumepy, BO3bMeM HebObLION ropoaoK, FAe BCero Thica4a XuTtenen. laBante
noAcyYMTaeM BCe BO3MOXKHbIE BApUaHTbl CapuBaHUa ANS 3TUX aoaen (ecnm cyanuTb
no Tenecepuanam, UxX MoOXeT BblTb O4eHb U 04€Hb MHOIM0) N KOJIM4eCTBO cNocoboB.,
KOTOPbIMU reHbl BCeX YY4aCTHUKOB MOryT rnepeMellaTbcs U peKoMbUHMpoBaTbCA B UX
netax. OKa)KeTcs, YTO 3TOT ropookK - Leslas reHeTu4eckas «3/1eKTPoCTaHUNS»,
cnocobHas co3aaTh CTOJIbKO XXe pa3Hoobpa3ns, 4TO U MUANMaPAbl AeNAWNXCH
HbakTepun. PasHoobpa3me - 3TO XOpPOLUO: eCcnv B ropog npuaeT 3NnaeMunus 4ymbl, To
HEKOTOpbIe XXUTEesN ee NepeXxuByT, a 3aTeM nepefanyT OeTSAM FreHbl Pe3NCTEHTHOCTHN
K 3TON 60one3Hn. bonee TOro, cNoCobHOCTL K pazHoobpa3unto, KOTopyto co3paeT
NnoJlIoBOe pa3MHOXeHWe, He HAHOCUT Bpeda reHoMy. OTaenaa yHKUUo agantaumm ot
PyHKLUMM NoaaepXaHUs LenoCTHOCTN OTAENbHbIX FTEHOB, MOJIOBOE Pa3MHOXKEHME
co3paeT pa3Hoobpa3une oTaesNbHbIX 0Cobenr, Npn 3TOM COXPaHASA B LLEIOCTU MeHbl
Buaa. B obwem, cekc - He TONIbKO YA0BONLCTBUE, 3TO XOPOLUMIN UHXXEHEPHbIN NOAX0M4.

Ecnnm mMbl 0TNpaBuMCA ewle ganblie B NpoLwsioe, To Hangem 6abyLuKy Bcex pesoouni
B chepe 06paboTKM MHGPOPMaLMKM - 3TO BOSHUKHOBEHNE CaMON XXU3HW. XKN3Hb Ha
3eMne Havyanacb B TOYKE, OTCTOALLEN HA OAHY TPETb OT HalLlero BpeMeHM K Havany
BceneHHon. (Korga 3To Nnpon3oLwwsio B Apyrux Mectax n npousoLsio sn soobuue,
HEen3BeCTHO.) Y XXNBbIX OPraHN3MOB €CTb MeHbl, MoC/ie40BaTEe/IbHOCTM aTOMOB B
MoJsiekynax Tuna AHK, B KOTOpbIX 3aKoAMpoOBaHa MHpopMaLunsa. Koin4ecTso
MHOpMaLMM B OOHOM reHe MOXXHO N3MepPUTb: YeNoBe4YeCKNIN reHOM COOEePXKXUT OKOJ10
6 mnpa 6utos nHpopmaumm. OpraHnusMbl NepenatoT CBOK FrEHETUYECKYIO
MHOpMaLMIO NOTOMCTBY, MHOrd4a B MyTuUpoBaBLUen hopme.

OpraHun3Mmbl, KOTOpble YMEIOT nepenaBaTb FreHETUYECKYO MHOPMALMIO, MO
onpenesieHnNto yCneLHbl; OpraHnU3Mbl, KOTOPbIE HE MOTFYT nepeaaTb CBOW MEHbI,
BbIMMpatoT. FeHeTuYeckas MHGQOpMaLns, Aatowas NOTOMCTBY PenpoaoyKTUBHOE
npenmyLLecTBo, 06bIYHO COXPaHAETCA Ha NPOTSAXKEHUN MHOXXECTBaA NOKOJIEHNI, XOTS
OTAesibHble OpraHn3Mbl, KOTOPbIe ee HecyT, POXKAatTCs, BOCMPOU3BOAST NOTOMCTBO U
yMUpPatoT.

eHeTnyeckasa nHhpopmauns nepenaeTca NoCPeacTBOM eCTeCTBEHHOro otbopa. eHbl
N MeXaHM3Mbl UX KOMNMPOBaHUA 1 BOCNPOU3BEAEHUSA - 3TO KJl0YEBas TEXHO0rnA
06paboTkn nHbopMaunm XnU3HN. HeyanemtenbHoO, 4TO MacwTabbl BCEN reHeTu4YecKkon
NHopMaL MK, KOTopyto 06pabaTbiBaloT XXMBbIE OPraHN3Mbl, HAMHOIro 6onbLue
MacliTaboB KoMMnbloTepHOM 06paboTkn MHDOPMaLUM, N nx 06 beMbl CPAaBHAKTCS eLle
He CKOopo.



MUN3Hb - 3TO 04YeHb Cepbe3HO. Kakasa peBositioLms MOXXEeT NPeB30NTM Mo CBOEN MOLLN U
KpacoTe nponcxoxxaeHune xun3Hm? Ho boina ewe ogHa, bonee paHHAA peBoaOLMSA B
chepe o0bpaboTkn nHdpopmaumnmn, 6e3 KoTopon He 6o Bbl HM oaHON Apyron. NepBbin
NHOPMaLIMOHHBIN NMpoLeccop - caMa BceneHHasa. Kaxabli aToM, Ka)kaas
3/IeMeHTapHas YacTuua CoaepXXnUT nHhopmaunto. Ka)kaoe CTONIKHOBEHMNE MeX Oy
aTOMaMy, Ka)xgoe AMHaMn4yeckoe nameHeHne Bo BceneHHon, na)ke camoe
KpolueyHoe, obpabaTbiBaeT 3Ty MHPOPMALMIO CUCTEMATUYECKMM obpa3omMm.

Takas BblYUCANTENIbHAA CNOCOOHOCTbL BCesleHHOM NeXXUT B OCHOBE BCEX NocnenyoLmnx
pesontounin B chepe 0bpaboTkm nHhpopmaunn. Kak TonbKo husnveckas cuctema
npuobpeTaeT cnocobHOCTb obpabaThiBaTb MH(pOPMaLUIO Ha PyAUMEHTAapPHOM YPOBHeE,
BbIMOJIHASA NPOCTbIe onepaunn C HECKOJIbKUMN BUTaMu, U3 3TUX dSIeMeHTapPHbIX
onepauunn MoryT 6bITb MOCTPOEHbI CKOJIb YFOAHO C/I0XKHbIE (hopMbl 06paboTKM
NHopMaLmn. 3aKoHbl hn3NKM paspellatoT NpPocTyto 06paboTKy MHopMaLM Ha
KBaAaHTOBO-MeXaHN4YeCKOM ypOBHe: 0fiHa YacTuua - oanH 6UT; 04HO CTOJSIKHOBEHME -
oaunH on. CnoXxHble PopMbl, KOTOPbIE Mbl BUAUM BOKPYT: XXU3Hb, Pa3MHOXXeHUe, A3bIK,
obuiecTBO, BUOEOUTPbl - BCE OHWU COCTOAT M3 NPOCTbIX Onepauunn, KotTopble
YyNpaBAATCA 3aKOHaMN PU3NKN N B KOTOPbIX YH4aCTBYIOT BCEro no HECKOJIbKY
KBAHTOBbIX OBUTOB 3a pas.

Ka)xgasa peontoumsa B chepe 06paboTkn nHpopMaumm cBa3aHa € TON UKW MHOW HOBOM
TeXHOoJI0rmenm - 3To KOMMbloTep, KHUra, mo3r, AHK. 9Tn TexHoso0rnm Nno3BonsaoT
3anncbiBaTbh U obpabaTbiBaTb MHPOPMaLUIO B COOTBETCTBUN C HEKUMUM NpasuiamMmn. Ho
4YTO 3a TexHoNormns cessaHa c obpaboTkon nHpopMmaynm bonbLioro B3pbiBa? Kakas
MalwnHa obpabaTbiBaeT nMHpopMaLKuto B BblYMcasaowen BceneHHon? YTobbl yBnaeTb
3TY YHMBEPCaJIbHYO TexHonoruno o06paboTkm B 4ENCTBMNK, LOCTAaTOYHO MPOCTO
OTKPbITb r1a3a u orIAHYTbCS BOKPYr. MallmnHa, BbINMOJIHAKOWAA «yHUBEpCasibHble»
BbIYNCJIEHMNSA, - 9TO CaM YHMBEpPCYM, caMa BceneHHas.

(naBa 2

BbldyncneHue

NHpopMaumsa



MepBylo NIEKLMIO CBOEro Kypca 06 nHgopMaumn ans CTaplleKypCHUKOB, KOTOPbLIN £
ynTalo B MaccayyceTCcKoOM TEXHOIOMMYECKOM MHCTUTYTE, 1 HaYasl Tak, Kak Aenato 3To
BCcerpa: «Jlyywe Bcero, - CKasaj s ABYM AeCATKaM CTyOeHTOB, CMAALMX nepeno
MHOW, - ecnu Bbl byieTe 3alaBaTb MHE BOMNPOCHI, a s 6yay Ha HUX oTBeYaTb. Ecau Bbl
He 6yneTe 3afaBaTb BONPOCLI MHE, TO 51 6yAy 3afaBaTb BONPOCkl BaM. Ecnin Bbl He
OTBETUTE Ha MOU BOMPOChI, TO S PaCCKaXky BaM TO, YTO, MO MOEMY MHEHMIO, Bbl
JIOJIKHbI 3HaTb. Bonpochkl ecTb?»

9 xagan. TuwmnHa.

YT0-TO 3a€echb He Tak. ObbI4YHO HaLun CTYAOEHTHI PpaaylTCd, eC/Zin UM YOaeTCA
03aa4nTb NpenonaBaTesii, 0COBEHHO eCcnun 3HalT, 4TO OH MOXXET 03a4ayunTb UX
CaMunx.

9 nepewen Ko BTOPOMY Lwary: «Bonpocos HeT? Torga BOT BOMPOC BaM: 4TO Takoe
MHopMauma?»

MonyaHue. YTo € HUMU TakKoe? B KOHUEe KOHL0B, 3TN CTYLEHTbI C MepBOro Kypca
3aMoJIHANM CBOM IOJI0Bbl MHpOopMaumnen. ECnm oHM He Ha4yHYT n3BepraTb ee obpaTHO,
MHe NMpuaeTCa NepenTn K TpeTbeMmy Lwary.

«JlagHO. A KaK BaM TaKOM BOMPOC: KakoBa eaAnHuLa MHGQOpMaUnmn?»

Bce xopom oTBeTnNn: «but!»

O 4eM roBopuUT 3TOT OTBET, BNPOYEM, KakK U MOsYaHMUe? HaMHOro nervye n3mMepuTb
KOJIN4eCTBO MH(opMaLnmn, 4eM CKkasaTb, YTO OHa TaKoe. A Ha BonpocC «CKOJIbKO?»
4acTo OTBETUTL MpoLle, 4eM Ha BOMpPoC «4To Takoe...?» YTo Takoe aHeprusa? Yto
Takoe AeHbrn? 3To TpyAHble BONPOoChl. CKOJIbKO HY>XHO 3HepPrum, 4t1obsbl...? CKObKO
HY>XHO AeHer, 4Tobbl...? Ha Takme BonNpoChbl MOXXHO AaTb TOYHbIE N MPOCTbIE OTBETHI.

«4TO Takoe BUT?», - cnpocun 4. Tenepb OTBETbI NOCbINAINCb CO BCEX CTOPOH: «0 nau
1!»; «Open nnu pewka'»; «a nan HeT!»; «CTUHa nnn noxb!»; «Boibop Mexay
OBYMSA asibTepHaTuBamMm!»



Bce 3TK oTBETbI NpaBuibHbl. AHIIMACKOE CNOoBO bit («buT») - cokpaweHne oT binary
digit; 3mecb digit - aTo yndpa, a binary («ABONYHbIN») 3HAYUT «COCTOALLNA U3 OBYX
yacTen», n buT NnpencrtaBnseT ogHY U3 3TUX ABYX aJibTepHATUB. TPaAULNOHHO 3TN
anbTepHaTMBbl 0603HaYalT Kak «0» 1 «1», HO Ntobble ABe YeTKne asbTepHaTMUBbI
(ropa4Ynin/xonoaHbIn, YepHbin/6enbin, BHYTPb/HAPY>KY) MOXXHO CHUTaTb COCObOoM
XpaHeHnsa buTa.

buT - camas ManeHbKasa eguHuua nHhpopmaunn. bpocne MOHeTY, Mbl MOJYHYUM OAUH
ounT: open nnan pewky. [1sa buta NnpencrtaBnsaoT HEMHOro 6onbWwN hparMeHT
nHgpopMaumn. NMoabpocme MOHETY ABa pa3a, Mbl NOJYYUM OLAHY U3 YeTbipex (ABa pa3a
no ABe) anbTepHaTMB: Opesi-Open, opesi-peLlka, pelKa-opesn, pewkKa-peLwka. Tpu
6pocka MOHeTbl AagyT HaM OOHY M3 BOCbMM aJibTepHaTMB (ABa pa3a No ABa pa3a Mno
nBe).

Kak BUAHO Aa)ke Ha 3TUX MPOCTbIX MpuMepax, ecam Mol byaem nponosxaTb 6pocaTb
MOHETY, TO KOJINYECTBO aJibTEPHATUB - TO €CTb BO3MOXXHbIX MCXOA0B cepmn BPOCKOB -
CTaHeT 6bIcTpo pacTu. C KaxxabiM nocnenywowmm 6pockoM (MOMHUTE: KaXKabl AaeT
OAWH BUT) KONNYECTBO afibTEPHATUB yaBamBaeTcs. [103ToMy, 4TObObI BLIYUCAUTDL
KOJIN4EeCTBO Pa3J/INYHbIX NCXOO0B B OornpenesleHHoOM CLueHapumn, Mbl MPOCTO YMHOXXaeM
OBa Ha OBa CTOJIbKO pa3, CKOJIbKO Y Bac buToB. Hanpumep, aecsaTb OMTOB - 3TO ABa
YMHOXXWUTb Ha ABa OecCAaTb pa3, uan 1024 BapmaHTa: 2727272727272 727272
= 210 = 1024, 410 61M3KO K 0OAHON ThicaAYe, nnn 103.

NHa4ve roBops, AecaTb BUTOB COOTBETCTBYIOT NPUBAM3NTENBHO TPEeM Lunudpam Halwen
06bIYHOW OECATNYHOWN CUCTEMbI CHUCIEHNSA, KOTOPble 0603HaYaloT eanHNLbI, OECATKN
N COTHN. U3MepeHne Konm4ecTsa MHPopMaLnm - NPoCTO BOMPOC noacyeTta. Bectu
cyeT B BuTax npolie, 4em B UMdpax, XoTa 3TOT MeTo 3HAKOM HaM MeHbLue. CHeT oT
0 no 9 oyeHb npocT: 0,1, 2, 3,4,5,6,7,8,9. HO TYyT undpbl KOH4YaOTCAH, U
cnepyoulee 4yucao - 3To 1, nocne kKotoporo cnepnyet 0, To ectb 10. Yucno 10 -31t01 B
ctonbue pecaTtkoB n 0 B ctonbue eamHuu. Cnegytouwee 4mucno, 11, - ato 1 B ctonbue
necatkoB n 1 B ctonbue eguHny,. Tak MOXXHO NPoOos/IXKaTb CHUTATb BMJOTL 40 99.
Cnepyrouwee 4mncno - 100. 31o 1 B cTtonbue coteH, 0 B cTonbue gecatkos n 0 B
ctonbue egnHuu. (MoHATHO Tenepb, NO4YeMY ObISI0 TaK C/IOXKHO NOHATb AECATUYHYIO
CUCTEeMYy cHeTa B NepBbIN pas, B NATUIETHEM BO3pacTe?)

CyeT B buTtax Begetcsa cxoAHbiM obpa3oM. HayHem: 0 = Hynb, 1 = oaunH. Noka
MoJsly4aeTCs HernJsioxo, HO y HacC 3aKOHYMINCbL ABOUYHbIE UKpbl - buTel! Cneaytowas
koMbunHauma 6utos - 10, koTopasa pasHaeTca AByM: 1 B cTtonbue asoek n 0 B ctonbue
eanHuy,. (Takoe npeacTtaBsieHVe ABOVNKU - 3TO AeTaslb ABOUYHON apnUPMEeTUKMN,



KOTopasa AaeTcd HOBMYKaM TpyaHee Bcero. OTciofa npekpacHasa norosopka: «Ecte 10
TUNOB JIIOAEN: Te, KTO 3HAaeT ABOUYHYIO CUCTEMY CHUCSIEHUS, N Te, KTO ee He 3HaeT».)
Cnepytouwas kombnHauma - 11, oHa cooTBeTCTBYeT TpeM: 1 B cTonbue aoBoek n 1 B
cTonbue egnHuL,. Tenepb Y HAac 3aKOH4YUNNCL ABYXbuUTOBbLIE HAbOPHLI.

Ewe ogHa KoMbuHaumsa undgp - 100. OHa obo3HavaeT 4mcno YyeTbipe: 1 B ctonbue
yeTBepok, 0 B ctonbue asoek, n 0 B ctonbue egnHul. 3atem - KombuHaumsa 101,
kKoTopasa obo3Ha4vaeT nATepKy (1 B cTonbue 4yeTBepok natoc 1 B ctonbue eguHumu), 110
= WwecTb, 111 = cemb. HYncno BoceMb NpeacTaB/ieHO y>xe YeTbipbMs butamu: 1000,
roey Hac ectb 1 B ctonbue BocbMepok 1 0 B ctonbuax 4eTBepok, ABOEK U eanHuL. Y
Hac eCTb TONIbKO ABa buTa BMeCcTo fecatu undp, Nno3ToMy AJIMHA ABOUYHbIX Yucen
yBennymneaeTca bbicTpee, 4eM 0ObI4HbIX.

TaK Xe Kak CTeneHn aecatn (OecaTKn, COTHU, TbiICAYUN, MUJIINOHBI) ABASAIOTCS
Ba>XHbIMU YNcnamm B 06bIYHOW, OEeCATUYHON CUCTEME CHUCIEHUS, CTEMEHN OBONKMN
Ba)KHbl Npun cyeTe butamm: 1 = oamH = 20; 10 = gBa = 21; 100 = 4yeTblpe = 22; 1000
= BoceMb = 23; 10000 = wecTtHaguaTtb = 24; 100000 = TpuguaTtb gBa = 25; 1000000
= WwecTbaecAaT 4YeTbipe = 26; 10000000 = cTo ABaguaTb BOCeEMb = 27.

ITN LNdpPbl XOPOLLO 3HAKOMBbI... MOBapaM. AHIMIMNCKasa cucTtemMa Mep U BeCOB - 3TO MO
CYyTUV ABOMYHasA cuctema: 8 yHUMM B Yawke, 16 B NMHTe (ecqn 3TO aMepuKaHcKas
NMNHTa; BpuTaHCcKasa NMHTa cocTaBngeT 20 yHUUA, a TPONCKas NMUHTa - 12 yHUun), 32
YHUNN B KBapTe, 64 yHUWKX B NOJIOBUHE rasiyloHa n 128 yHUNIN B aMepUKaAHCKOM
rasjioHe. 3annucbiBaTb YMNC/a B ABOUYHON CUCTEME HUYYTb He TpyaHee, 4eM N3MepaTb
obbem B KBapTax, MMHTaX N YalwkKax. Hanpumep, CTO COPOK WeCTb YHUUA COCTaBNAT
OLVH rasiIoH MJcC ogHa NUHTa NJIOC YeTBepThb Yawku: 128 + 16 + 2 = 146. B
ABonYyHOM 3anncu 146 paBHo 10010010, c eanHunuen B ctonbue «rajasioHOB»,
eguHnuen B ctonbue «nUHT», eguHULEN B CToNbLEe «4eTBEPTUHOK» U C HYNSIMU BO
BCeX OCTajlbHbIX. YT06bl NepeBecTn YNCI0 B ABOMNYHbIVM BUA, HY>KHO NPOCTO N3MEPUTDb
€ero YaHbIMW JIOXXKKaMu!

AMepurKaHCcKas cucTeMa namepeHus obbemMa ocHoBaHa Ha ABOWYHON CUCTEME
CYMCNEHMS



CTO COpPOK LEeCTb YHUMW COCTaBAAT OAMH rasIsIoH NJC ogHa NMHTAa MJC o4Ha
yeTBepTb Yawku. B aponvHom 3anucum, 146 = 10010010

BecTn cyeT B 4BOMYHOU CUCTEME Jierko (HO He O4YeHb, eC/iv Bbl BCTPETUSIUCL C HEN
BriepBble). [lBonYHas apupmMeTmnka Toxe npocta. Bca Tabnnua cnoxeHusa 3geco
BbIrNaanT Tak: 0+ 0=0; 0+ 1=1;1+ 1 = 10. Tabnmua yMHOXXEHNA TYT BbIrNA4ANT
ewenpowe:0?70=0;071=0;171=1.penectb, Nnpasna?

KpoMe Toro, ABOMYHas cMcTeMa NpakTUYHa. bnaronaps KOMNAKTHOCTU ABOUYHOWN
3aMNnUCK MOXXHO CO3[aBaTb MPOCTbIE 3/IEKTPOHHbIE CXEMbI, CMTOCOOHbIE BbIMOMHATb
NBOWYHbIE apudmMeTnyeckmne onepaumn. Takme cxeMbl, B CBOKO o4epelb, ciyxkaT 6azomn
ANA ULNPOBLIX KOMMbIOTEPOB. Tak YTO AaXKe eC/IN Mbl HE MOXKEM [aTb onpenesieHne
TOro, 4YTO Takoe NHPOPMALIMS, 3TO HE MeLlaeT HaM ee NCMNO0JIb30BaTh.

TOYHOCTb

«A 4yTO ByLeT, ecnm y Hac ecTb 6eCKOHEeYHOoe YNCII0 afibTepPHATUB? - CNpallnBaeT
CTyAeHT. - Hanpumep, mexay 0 n 1 HaxoanTca 6eckoHeYHoe KOIM4eCcTBO
NEeNCTBUTENbHbIX YACEN .

«Ecnn y Bac ecTtb 6eckoHeYHOe YNCNo anbTepHaTMB, TOrAa y Bac ecTb 6ecKkoHevyHoe
KOJIM4eCTBO MH(OPMaLnn», - oTBeYato 1.

Bo3bMeM, Hanpumep, Takoe ABOUYHOE YUCIIO:

1001001 0110110 0100000 1110100 1101000 1100101 0100000 1100010 1100101 110011
B ctanpapTHom Tabnnue koamposaHua ASCIlI (American Standard Code for Information
Interchange - amepukaHcKkM CTaHAapTHLIN KOO obMeHa MHhopMaLumein) Kakaon
OyKBe nnn CMMBOJ1Y Ha KflaBMaType NpUCBOEHO KOAOBOE CJ/I0BO U3 ceMun buTtoB[4 - [1Ba
pa3HbiX angasuta B ceMmnonTHoin kKog ASCIl yxe He yMmewanucb. CTUXUNHasA
afjanTauunsa ero K TpeboBaHUAM APYrmMx A3bIKOB NOPoAnIa BEJINKOE MHOXXECTBO
BOCbMUBUTHLIX KOAO0BbIX Tabnuu. - Mpum. pea.]. N ecnm BoCcnpMHUMaTh Halle YNC/IO B
kogunposke ASCII, Mbl nony4um Takme cmmposibl: | = 1001001; n = 1101110; (npoben)
= 0100000; t = 1110100; h = 1101000; e = 1100101; (npoben) = 0100000; b =
1100010; e = 1100101; g = 1100111; i =1101001; n =1101110; n =1101110; i =



1101001; n = 1101110; g = 1100111. Ecnn mbl npo4TeM BykBbI, TO nosy4nTtca «In the
beginning» - nepBble cnosa bubnenckom dpasbl «B Havane 6b110 CNOBO...». [lobaBnas
6uT 32 6UTOM, MOXKHO BbINMNCATb YXAC/I0, COOTBETCTBYIOLLLEE BCEMY TEKCTY EBaHrenms
oT WNoaHHa. Ecnn mbl pobasum ewle 6onblie BUTOB, TO MOXXEM MOSy4YUTb BCto bubnuio,
a 3a Hen KopaH, a 3a HuM CyTpy 6enoro snoToca, a 3a Hen BCe KHUrnM n3 bubnmotekn
KoHrpecca n T. 4. beCKoOHe4YyHoe 4YNCNo anbTepHAaTUB COOTBETCTBYET BDEeCKOHEYHOMY
yucny undp nam 6utos, 6€CKOHEYHOMY KONMYECTBY MHGOPMaLUN.

Ho Ha NpakTuKe 41ucno anbTepHaTUB B JIIOH6ON KOHEYHOMN CUCTEME KOHEYHO, MO3TOMY
KOJIN4ECTBO MHGOPMaLUUN ToXKe KOHEYHO. OBbIYHO Mbl CHUTAEM, YTO TakKne BEJSINYUHDI,
KaK OJINHA, BbICOTa U BEC, U3MEHSAIOTCHA HENpepbIBHO: TOYHO Tak e, kak mexay O n 1
ecTb becKoHeYyHoe KOIMYeCTBO OENCTBUTENbHbLIX YNCEN, eCTb U BeckoHevyHoe
KOJINYECTBO BO3MOXXHbIX OJINH MeXAY HyJleM MeTPOB 1 OAHUM MeTpoM. MNpuynHa, no
KOTOPOW HenpepbiBHbIE Bpoae bbl BEIMYNHDI, TaKMe KaK AJINHa MeTalJINYeCcKoro
CTEPXXHSA, MOTyT cofep>XaTb TOJIbKO KOHEYHOE KOJINYeCTBO MH(OpMaLmnn, COCTOUT B
TOM, YTO 3TWN BEJINYNHBI, KaK MPaBunso, onpeaensatoTca C KOHEYHbIM YPOBHEM
TOYHOCTW. YTOObI yBNOETH B3aMMOCBA3b MeXXAY TOYHOCTbIO N NH(opMaunen,
npeacTtaBbTe cebe namepeHmne aJnHbl CTEPXKHSA C MOMOLLLIO MEPHOM penku. NTak, y
BaC B pyKax obbl4Has aepeBsHHadA JIMHENKA, Ha KOTOPOW OTMEYeHbl N MPOHYMEpPOBaHbI
CTO CAaHTMMETPOB. Ha Hel caenaHa TakXXe TbicA4a MUIJIMMETPOBLIX OTMETOK, MO
0eCsaTb B KaXXO0OM CaHTUMETpPE, HO y)Ke He XBaTaeT MecTa, 4Tobbl X MPOHYMepOBaTb.
Mo3ToMy SINHENKa MO3BOJINT HAM U3MEPUTb OJINHY CTEPXXHSA C TOYHOCTbI NPUMEPHO
00 MunanmeTpa. ANnHbl MeHblle MUIJIMMETpPa INHENKa u3MepseT NJoxo - NPoCTo
MOTOMY, 4YTO (PU3MYECKME XapaKTEPUCTUKKN 3a8al0T Npenesn ee paspeLlatoLlen
cnocobHocTun. Obuwee Konm4ecTBo asibTepHaTuB - 1000, 4TO COOTBETCTBYET TPEM
3HaYaWmMM unugpam, nam npuMepHo gecatm butam nHpopmaumn.

CaMblIn N3BECTHbLIN B MUPE MeTaJI/IMY4eCKUin CTep)XxeHb Bbln caenaH 13 cnaasa
nnaTuHel N npugnsa. OH HaxoauTcsa B MexxayHapogHoMm 6i0po Mep 1 Becos B lMapuxe n
Ha NPOTSAXKEHUN MOYTU CTONETUS onpenenan oanHy metpa. (o 3Toro MeTp cHMTasnca
O4HON OEeCATUMUIJINOHHOW YacTbio paccTosaHUA oT CeBepHOro noJitoca 40 3KBaTopa,
N3MEepPEeHHOro BAOJIb MAPMXXCKOro MmepmnamnaHa.) Hawa nmHenka noka3sasna 6bl, 4TO
OJIMHA 3TOro CTePXXHSA - OAUH MEeTpP NJIOC-MUHYC MOJIOBUHA MUNIMMETpPaA.

Ecnn y Hac ecTb 6osiee TOYHbIN 3MepUTEeSbHbIN NPUBOpP, YeM MepHas peika, TO Mbl
nosyymm 6osnblie 6UTOB MHGOPMALIMK O AJSIMHE TOr0 XXEe CTEPXKHSA. Hanpumep, MOXKHO
PacCMOTPETb ero nog oONTUYECKUM MUKPOCKOMNOM. Tora Mbl CMOXKEM YBUAETb
NeTann, pa3Mep KOTOPbIX MO NOPSAKY PAaBEH AJIMHE BOJSIHbI BUAVMMOI0O CBETa -
HEMHOr0 MeHblle MUKPOHA, NN OAHON MUIJIMOHHOW A0/ MeTpa. U ecnmn Mmbl



NPUIOXKNM K JINHENKE MUKPOCKOM, Mbl CMOXXEM U3MEPUTb OJIMHY CTEPXKHS C
TOYHOCTbIO A0 MUKPOHA. MUKPOCKOMN MNO3BOJINT HAWTU OJINHY CTEPXXHS C TOYHOCTbIO B
LWecTb 3HAaYalnX undp, YTO COOTBETCTBYET NPUMEpHO ABaauUaTn butam
nHhopmaumn. CXoaHyH CTerneHb TOYHOCTM MOXXHO MOJTYyYUTb C MOMOLLbIO
NHTepgepomeTpa - yCTPONCTBA, N3MePSOLWEro ANMHY obbekTa AJIMHAaMM CBETOBbIX
BOJIH. ECnn HTepdepomMeTp NCNosb3yeT BOJHbI AJIMHON B OAMH MUKPOH, OH
onpenennT OJINHY HaLWIero CTeP>KHS Kak 0AMH MUJIJIMOH CBETOBbLIX BOJIH.

CyLlecTBYOT MeTOAbl, KOTOPbIE MOrYT AaTb eue 60MblUyo CTeneHb TOYHOCTU. B
MPUHLWME MOXXHO B35Tb YCTPOMCTBO Mo Ha3BaHMEM aTOMHO-CMI0BON MUKPOCKOM,
KOTOpOE NoKa3biBaeT OTAes/IbHble aTOMbl Ha MOBEPXHOCTU, U NPOBECTU UM BOONb
npyTa, u3mMepssa ero 4JMHy No YNCay BCTPEYEHHbIX aTOMOB. PaccTositHne mMexay
aToMaMu - nopsgka ogHon gecaTuMmunnmapgHonm metpa (10-10 m), aTy eanHuLy
Ha3blBaAlOT «a@HICTPeM». DTO AACT HAaM N3MepPEHME C TOYHOCTbIO 40 AECATON Lungpsl,
NN OKOJIO TPUALATU Tpex BUTOB MHPOPMALIMK O ANIMHE CTEPXKHS.

Bonblien TOYHOCTU B M3MEPEHUNN OJIMHbI MaKPOCKOMNMYEeCKOro obbekTa, Takoro Kak
CTepXeHb, A0buTbCs TPyAHO. B onpeaeneHHbIX cydasxX BO3SMOXXHO U3MEPUTb
paccTosHMe C HaMHOro 6oJsiee BbICOKOMN CTENEHbLIO TOYHOCTU, HanNnpMUMep, Kak B
3KCnepuMeHTax punsnka HopmMmaHa PamM3n No NOUCKY ANMNOJILHOIO 3/1IeKTPUYECKOoro
3apsana HenTpoHa. B HUX onpenensanocb pacCTosAHMe, CoCTaBasloWee NMPUMEpPHO OgHY
MUIIMAPAHYIO MUATMAPAHON MUTMAPAHON YacTu MmeTpa!

ObLee KONMMYECTBO 3HAYEHUN, KOTOPbIE MOXXET pa3aimyaTb TO NN UHOEe
n3MepuTesibHoe YCTPOMNCTBO, ONpeaenseTca Kak gnana3oH 3Ha4eHun (Hanpumep,
OAWH MeTp), B Npeaesiax KoToOporo 3To yCTPONCTBO MOXXeT paboTaTb, Ae/IeHHbIN Ha
npeaesbHy TOYHOCTb, C KOTOPOM YCTPONUCTBO MOXXET N3MepATb (Hanpumep, ogunH
MunaumeTp). [lnanasoH, pasaesieHHbI Ha TOYHOCTb, MOKa3blBaeT, CKOJIbKO
OTAeJIbHbIX 3HAaYEeHUN MOXXeT 3aPUKCMPoBaTb AaHHOe yCTponucTBo. [anee,
KOJIN4EeCTBO AOCTYMHOW MHOpMaLMK onpegenseTcsa Konm4ectsom 6MToB,
HeobxoanMbIX 4519 TOro, 4Tobbl NepeyncInTb BCe AOCTYMHbIE 3HA4YeHNs. YCTPONCTBO,
KoTopoe BblgaeT 33 buta nHpopmaumm (TOYHOCTb 40 AECATON LUGPLI) 0 KAaKOMN-TNBo
HenpepbIBHOW BEJINYNHE, MOXKHO CHUTATb O4EHb TOYHbIM.

Y7106kl MONYYUTb TPUALATL TPU BUTA MHDOPMALIUK O AJINHE HALLEro CTEPIXKHS, HY>XKHO
N3MepuTb ero AJIMHY B aToMax. BoobLie xxe TpebyloTca reponyeckmne ycmnus, 4Tobol
Bb>XaTb 60/blUE HECKONIbKUX OECATKOB 6MTOB MH(opMaLun 06 0AHON HENPEpPbLIBHOM
BeSINYMHE, HanNpuMep o0 AJINHE CTeP)XHS. Ho ecnv Mbl UCNOJIb3yeM MHOMO OTAEbHbIX
BEJINYMH, YTOObI 3aNnNCbiBaTb MH(OPMALIMIO, TO MOXKEM BbICTPO HAKOMUTbL MHOTO



6nTOB. B KBAHTOBOM KOMMbLIOTEPE Ka)KAbIl aTOM XPaHUT OAUH 6UT; 4TOoObI NONY4YnTDb
TpuauaTb Tpy BUTa, HY)>KHO BCEro TpuauaTb TPU aToOMa. Hall CTep>XeHb COAEPXKUT
roe-To Mmaanapn MUIInapLoB MUAMapAoB aToMoB. Ecnm 6bl KaXKabI U3 HUX
COOTBETCTBOBaJ1 0A4HOMY BMTY, TO BCE aTOMbI CTEPXXHA coaep>kanu 6bl Munanapa
MUNAMapA0B MUAAnapnos 6MToB - HeBoobpa3nmo bosiblle, HEM MOXKET COAEepPKaTbCS
B OJINHE CTEP>XXHSA KaK TaKOBOW.

Kak npaBuno, nyywun cnocob nonyunts 6onblie nHGHOpMaunm - He yBeNNYMBaTb
TOYHOCTb U3MEPEHUN HEMPEPLIBHOW BENYNHbI, @ CObupaTb namepeHus sce 6onbLiero
n 6onbliero Habopa BENNYMH, KaXKA40€ U3 KOTOPbIX MOXKET CoAep>XaTb BCEro
HeckonbKo 6uToB. Takon cbop 6uTOB, MM LM pPoBOE NpeacTaBneHmne, ahdpekTUBEH,
MOTOMY Y4TO KOJINYECTBO BCEX OMUCAHHbIX UMW aflbTEPHATUB pacTeT ropa3ao
ObICTpee, 4eM KOM4ecTBo OUTOB.

BcnoMHUTe nereHgapHoOro BOCTOYHOIM0 NpaBuUTesns, KOTOPbIA MO ryrnocTu Corslacuiics
BO3HarpaaunTb repos 3epHaMu rnMeHuLbl: 04HO 3epHO 3a NepBYI0 KJEeTKY LWaXMaTHOW
OOCKW, OBa 3epHa 3a BTOPYIO, YeTblpe 3a TPEeTbIO N Tak Agajee, BMJOTb 40 ABYX B
LIeCTbAECAT TpeTben cteneHn (263) 3a nocnenHiow, 64-t0 kneTky. Obuiee
KOJINYEeCTBO 3epeH Npu 3TOM COCTaBAAET No NopAanKy BeandnHel 10 Mmnnnapnos
MWIMAPAO0B, a eCcnn TOYHO - 18 446 744 073 709 551 615. N1 ecnim onviHa Ka)xgooro
3epHa paBHa BCEro 04HOMy MWUJJIMMETPY, BCE BMECTE OHM 3arosIHAT 06beM NoYTK B
20 ky6. km!

Kak rnokasbiBaeT 3TOT NpuMep, HY>KHO COBCEM HEMHOIo 6uToB, 4TObbI BbIAENTL OOHY
13 o4eHb BObLIOro KoIMYecTBa aflbTepHATUB. HTOObI NMPUCBONTbL Ka)KaOMYy U3 3epeH
Ha LWaXMaTHOW OOCKe YHUKasbHbIN WTpUXKoa, notpebosanock 6bl BCero 64 duta, nnm
64 snemeHTa nHpopmauun. imea 300 6UTOB, MOXXHO NPUCBOUTb YHUKAIbHbIN
wTpuxkon Kaxkaon n3 1090 snemMeHTapHbIX YacTuly, BO BceneHHON. ACTPOHOMNYECKHN
OFPOMHOE KOJINYECTBO BO3SMOXHbIX T@eHEeTUYECKUX KOLOB - MPpUYMHa HEBEPOATHOI O
pa3Hoobpa3nsa XUBbIX CYLLECTB, HO MHGOPMaLNs, KOTopas NO3BOJISET BOCMPON3BECTU
nobon n3 3Tnx Koaos, MoXxeT BbITb COXpaHEHa B O4HOW KPOLLUEYHOW XPOMOCOME.

CmMmbiCch

«Ho pa3Be nHhopmMaumnsa He A0JIXKHA MMETb KaKOW-TO CMbICN?» - clpalunMBaeT
CTYyLEHT.



«KOHe4YHo, korga mMbl gyMaem o6 nHgpopmauunm, To 06bIYHO CBA3bIBAEM €€ C KaKUM-TO
CMbICJIOM», - OTBeYatlo 4. «Ho 4To Takoe “cMbicn”?»

Ounocodbl MbITAIOTCA 3TO BbIACHUTL Y>Ke TbICAYMN NIeT, C NepeMeHHbIM ycrexoM. Ho
3TO 0O4Y4eHb TPYLHO, MOTOMY YTO CMbIC/1 UHPOPMALUN O4EeHb CUJIbHO 3aBUCUT OT TOrO,
KaK ee HY>XHO UHTeprnpeTupoBaTb. EC/IM Bbl He 3HaeTe, KakK MHTeprnpeTupoBaThb
coobuleHne, To He NOHMMaeTe ero cMbic/sa. Hanpumep, ecnm 9 roBopto BaM «aa», a Bbl
He 3aJaBaJsin BONPOC, TO Bbl HE NOMMETE, 3HAYUT Moe «fa». Ho ecnum Bbl cripocuTe:
«MO>XXHO MHe B34Tb elle 04MNH KYCOK nupora?», n 9 ckaxky: «la», To Bbl noMMeTe, 4TO
a nMmero B Buay. Ecnm Bbl cnpocuTte: «Ckonbko ByaeT ABa NAKC ABa?», a A CKaxy:
«[la», To Bbl ONATb He NMonMMeTe, 4YTO A UMel B BUAY (XOTSH, HaBepHO, Ha4yHeTe AyMmaTb,
4YTO Y MEeHS eCTb TOJIbKO OAWMH OTBET Ha Jitobon Bonpoc). Ho ecnu Bbl
nonHTepecyeTech: «CKONbKO OyaeT ABa NJOC ABa?», U 9 CKaxKy: «4eTblipe», TO Bbl
rnomMeTe 3TOT oTBeT. CMbIC/1 4EM-TO MOXOXX Ha NOPHOrpaduio: Korga mMbl €ro BUanNM,
TO Cpa3y y3HaeM.

BepHeMcs K Hawen cTpoke BUTOB:

1001001 1101110 0100000 1110100 1101000 1100101 0100000 1100010 1100101 110011
Ecnn nHtepnpeTnpoBaTb 3T0 coobuieHue cornacHo kogy ASCII, 3Ta cTpoka 03Ha4aeT

«B Ha4vane...». Ho camo no cebe, 6€3 ykasaHns Ha TO, KaK €ro Hy>KHO

WHTepnpeTupoBaTb, OHO HUYEro He 03Ha4vaeT, KpoMe psfa ABOUYHbIX LUndp. CMbICh
3aBUCUT TOJNIbKO OT UHTepnpeTaunmn, Kak B CaefylowemM pa3rosope Mmexay Aimcom um
LLlanTaem-bonTtaem:

- 91 He NoHMMalo, Npu 4YeM 34ecCb «CslaBa»? - crpocusia Anuca.

LLlanTan-bontanm npe3putenbHOo yiblOHYCS.

- N He nonmewb, Noka A Tebe He 0OBACHID, - OTBETUN OH. - A XO0Tesn cka3aTb:
«Pa3bACHWA, KaK Mo NoJikaM pa3foxun!s»

- Ho «cnaBa» COBCEM He 3HAYUT: «Pa3bACHUI, KaK MO MoJIKaM passioXus!l» -
BO3pa3unna Anuca.

- Korpa s 6epy cnoBO, OHO O3HavyaeT TO, Y4TO A Xo4y, He Bosiblue N He MeHblLue, -
Cckasan WanTtan npe3pntenbHo.



- Bonpoc B TOM, MOOYNHWUTCSA /1IN OHO BaM, - CKa3asla Anuca.

- Bonpoc B ToM, KTO 13 HacC 340eCb X034UH, - cKa3an WanTtan-bontan.

- BoT B 4eMm Bonpoc![5 - Jibtonc Kapponn. Annca B 3asepkasnbe. lep. H. M.
Oemyposon.]

Jlbtonca Kapposna, aBTopa «ANNCbl B CTpaHe Yyyaec» U «Anucbl B 3a3epKasibe», Ha
camoM perse 3Bann Yapnb3 LOOXKCOH, N OH Bbla1 PUI0COPOM-HOMNHANIUCTOM.
[on>XCOHY O4eHb HpaBuaacb nges o TOM, YTO CJI0Ba O3HAYaAOT NIULWb TO, YTO OH
X04eT, 4Tobbl OHN O3Havanw.

YacTo 3aBNCUMOCTb CMbIC/1a OT MHTepnpeTaunn Bbipa>katoT C NOMOLLbIO NMOHATUSA
A3bIKOBbIX Urp JlloaBura ButreHwTenHa. 3TO Urpsl, rae 3HavyeHue cJios
paccMaTpUBaETCs C TOYKM 3peHNs 4EeNCTBUN, K KOTOPbIM OHM NOOYy>XOatoT UFPOKOB.
Hanpumep, paboTta «®unnocockme nccnenoBaHmsa» ButreHw TennHa HavynHaeTCcs ¢
MPOCTOMN SA3bIKOBOW UIpPbl: CTPOUTESIb BO3BOAUT 30aHNE N3 KaMHEN, KOJIOHH, NJUT n
6anok. EC/im OH NPOU3HOCUT «KaMeHb», MOMOLLHUK nepefaeT eMy KameHb. Ecnum oH
rOBOPUT «MANTa», MOMOLLHWK nepepaeTt eMy nNanTy. B aTon camon npocTon mn3
A3bIKOBbIX UTP Mbl BUOWM, YTO NMOMOLLHUK 3HaeT, 4TO MMeeT B BUay ctpountens. Korga
TOT FOBOPUT «KaMeHb», TO Ha CaMOM Jefie uMeeT B BUAy «noganv MHe KaMeHb».

Koraa s3blkoBas nrpa CTaHoBMUTCA 6onee CNOXKHOM, CMbIC/T 3Ha4Y€HUIN CTaHOBUTCS
TpyaHee NoHATb B AMHaAMUKe urpbl. OTHaCTM 3TO CBA3aHO C TE€M, YTO €CTECTBEHHbIN
4enoBEeYEeCKNNM A3blK HEOQHO3HAYEH: Y OQHOI0 U TOM0 XXe YTBEPXXAEHNA MOXXeT bbITb
MHO>XEeCTBO BO3MOXXHbIX 3Ha4eHnn. Kpome TOoro, Mbl Moka He COBCEM MOHMMAEM, KakK
MO3I pearupyeT Ha A3blK, TaK 4TO AaXKe eC/IN Mbl 3HAaEM, YTO «KaMeHb» O3Ha4aeT
«nepegan MHe KaMeHb», HaM HensBecTeH PU3NYECKNN MEXaHN3M, C MOMOLLbIO
KOTOPOro MO3r cayLwaTens MOHUMAET 3TOT CMbIC/. [To3ToMy 6b1s10 Obl MONE3HO HANTK
npuMep cnTyauuun, korga MHOOPMaLIMIO MOXXHO MHTEPNPeTUpPoOBaThb TOJIbKO TakK U
HUKaK MHa4ye N rge Ham noJIHOCTbIO U3BECTEH MeXaHM3M, Bbi3biBalOLWNIA peakL o
cnywaTens.

Takon MexaHu3M, HarnpuMep, JaloT HaM KoMNbloTepbl. OHU MOHUMAIOT A3bIKN,
KOTOpPbl€ Ha3bIBalOT MallMHHbLIMUK g3blkaMu (Java, C, Fortran, BASIC). Takne a3bIku
COCTOAT U3 NPOCTbIX KOMaHA, Hanpumep print («kHane4aTaTb») nnn add



(«npnbaBNTb»), KOTOPbLIE MOXXHO COEANHUTbL TakK, 4TObObl AaTb KOMMbIOTEPY
AEeTaNlbHYI0 MHCTPYKLWIO MO BbIMOJIHEHWUIO CNIOXKHOW 3aga4vn. Ecnm npnHaTh naeto
BuTreHwTenHa o0 TOM, 4TO 3HAYEHME 3/1eMeHTa MHOoPMaLNK 3aKI0YaeTCs B
AEeNCTBMN, KOTOPOE OHa BbI3bIBAET, TO CMbIC/1 KOMIMbIOTEPHOM NPOrpamMMsl,
HaMMCaHHOM Ha TOM WX MHOM MalUUHHOM Si3blKe, 3aKJ/II04aeTCs B LENCTBUSAX,
KOTOpPbIE BbIMOJHAET KOMMNbIOTEP, MHTEPNPETUPYSA 3Ty NPOrpaMmmy.

Bce, 4To KOMMblOTEp AeNnaeT B 4ENCTBUTENIbHOCTU, - 3TO BbIMOJIHEHNE
nocnenoBaTesIbHOCTEN 3/IeMEHTAPHbIX JIOFNYECKNX onepaLmnin, TakKNX KaK «n», KHE»
WUIN, CKaXKeM, «KONMUpoBaTb» (0 HUX Mbl MOFrOBOPMM MNo3e). NporpamMmmMa gaet
KOMMbIOTEPY NPAMbIE NHCTPYKLMN MO BbIMOJIHEHUIO ONpeaesieHHON
nocnenoBaTesIbHOCTU TaKMX onepauunin. Mo3TOMY «CMbIC» KOMMbIOTEPHON
nporpaMmbl yHMBEpPCaieH, Belb ABa KOMMNblOTepa, CiefytoLlme oaHOM N TOW Xe
WHCTPYKLMW, BbINOJIHAT TOT Xe caMbll Habop onepaunit no obpaboTke nHpopmaumm
1 Nosly4aT OOAUH N TOT »Ke pe3ysbTar.

OOHO3HAYHbIN XapaKTep KOMMbIOTEPHOW MPOrpaMMbl O3HAYaAET, YTO Ka)X4AoMy
npeanoXXeHn NporpamMmmbl COOTBETCTBYET OAWH U TOJSIbKO OAWH CMbICA. ECcnn Hekoe
yTBepXAeHune, caesnlaHHOE Ha MalLMHHOM f3blKe, MOXXET BblTb MHTEPNPETUPOBAHO
6osee 4yeM ogHMM criocobom, KoMNblOTEpP BbigaeT coobuieHmne o6 ownbke: ansa Hero
ABYCMBbIC/IEHHOCTb - 3TO HeAOoMNyCTUMas Belb. B To )Xe BpeMsa eCTeCTBEHHbIE
yenoBeyeckme A3blkn 6oraTbl ABYCMbICIEHHOCTAMU: HanNnpuMep, B aHMIMNCKOM $3blKe
(3@ ncknr4veHmnem ocobbix 06cToATENLCTB) Y 60NLLUMHCTBA YTBEPXKAEHUNIN €CTb
MHO>XEeCTBO NMOoTeHUWaNbHbIX 3Ha4YeHNN. Ha 3Ton 0COBEHHOCTU A3blKka OCHOBAaHbI
Mno3sus, Xy[ao)>XecTBeHHaa nutepaTtypa, pampT, Oa u noBcegHeBHoe obuieHue.
HeoaHO3Ha4YHOCTb €CTECTBEHHOIO A3blKa ABNASeTCA He npobnemon, a ero
OOCTONHCTBOM!

CMbICN TPYOHO onpefennTb, HO OH - 04HA N3 Ba)KHeWLWmnX 4epT nHpopMauunu.
OcHoBHas npes nHopMaLnm COCTOUT B TOM, YTO OOHY (PU3NYECKYIO CUCTEMY -
undpy, 6ykBy, CNoBO, NPeasZIOKEHMNE - MOXKHO MOCTaBUTb B COOTBETCTBME APYrOW
dusmnyeckonm cncteme. MHpopmMauma Bcerga o3HavaeT HeKylo Belb. [1Ba nanbua
MOryT CUMBOJIN3MPOBATb ABYX KOPOB, ABYX 4YeJsioBeK, ABe ropbl nnu ase ngeun. Cnoso
MOXeT 0603HavyaTb 4YTO YrogHO (ecnun, KOHe4YHo, Ans 0bo3HavYeHns 3TOoro y Hac ecTb
C/I0BO): anenbCuH, KOpoBy, AeHbru, ceobony. CocTaBnsas U3 C/I0B NpensioxKeHus,
MO>XHO BbIpPa3nTb BCE, 4TO MOXXET ObITb Bblpa>KeHO csioBaMun. CnoBa B NpenioxXeHuu
MOryT 0603Ha4YaTb HEKYIO CJIOXKHYIO MbIC/lb.



CnoBa MoryT 6bITb CUMBOIAaMN Naen n Bewen, n 6uTtel Toxxe. CnoBo n BUT - 37O
cpencTBa nepefayn MHGopMaumm, HO 4Tobbl MOHATL CMbICST N NPUAATbL UM 3HAYEHMeE,
HY>XeH UHTepnpeTaTop.

KoMmnbioTep

«4TO Takoe KOMMbKTEP?» - CNPOCUN A CTyaeHToB. MonYaHmne. 9To BeCbMa CTpaHHO.
A-TO yBepeH, 4TO MOU YHEHUKUN NOJIb3YIOTCHA KOMMNbOTEPaMn C ro40Basioro Bo3pacTa.

A xaan. HakoHew, KTO-TO NPOM3HEC: «DTO MallnHa, KOTopas yrnpaBaseT AaHHbIMU,
npeacTaB/I€HHbIMU B BUAE HYNEN U eAnHUL». pyron CTyaeHT Bo3pasuna: «Ho Tbl
rOBOPMLb O LM(PPOBOM KOMMblOTEpPE. A KaK HacYeT aHasIoroBoro kommnotoTepa? OH
BeAb XpPaHUT MHGOPMaLUIO B BUAE HEMPEPLIBHbIX CUTHAN0B HaMpPsXKeHns ».

B ntore Bce cornacmnucek c 6osee LWUMPOKNM onpeaeneHnemM: KoOMnboTep - 3TO
MallnHa, KoTopas obpabaTbiBaeT MHGpoOpMaLuio.

«X0powo, - Cka3zan 4. - Torga 4To 661710 NepBbiM KOMMNbIOTEPOM?» CTYAEHTHI
oXunBuance: «Mark I»[6 - Mark | - nepBbI aMepUKaHCKNI NporpaMMupyemMsiin
KOMMNbIOTEP Ha 31IEKTPOMEXAHNYECKUX d1eMeHTax. Pa3zpaboTaH n noctpoeH B 1941 r.
Ha CpeACTBa, BblAesiIeHHble KoMnaHuen IBM. Nocne ycnewHoro NnpoxoxaeHus nepsbix
TecToB B (heBpane 1944 r. koMmnbioTep 6bl1 NepeHeceH B NapBapOCKNA YHUBEPCUTET U
C Mas BbIMNOJIHAN pacyeTbl B HTepecax bropo cynoctpoeHusa BMC CLUIA. - MpumMm. nep.]J;
«MexaHnyeckuinn komnbtoTep b636bmnaoxxa»; «Jlorapupmuyeckasa anHenKa»; «Abak»;
«Mo3r»; «AHK»,

MooHsaMack ewe ogHa pyka: «Uudpbi!»

O4yeBMAHO, €CIN KOMMNbIOTEP - 3TO MalUMHA, KoTopas obpabaTbiBaeT MHdOpMaLNIO, TO
BbIMOJIHATL PacYeTbl MOXXET MOYTU BCE YTO YroHO.

«Jna Havana, - ckasan s, - AaBanTe PaCCMOTPMM MalUMHbI, CAeNlaHHble I0AbMU U
npenHa3Ha4YeHHble aas 06paboTku MHPOPMaLMK, a BOMPOC O JIIOASAX KaK MallUHAX
nns 06paboTKN nHopMaLMm 0OCTaBUM Ha MOTOM>,



KoMnbloTepbl NOSIBUINCL Ha 3ape pa3BuUTUA YenoBe4vyecTBa. [1epBbiMM KOMMbOTEPaAMU,
KaK N NepBbIMN MHCTPYMEHTaMK, 66111 kaMHuM. Calculus No-naTbiHM 3HAYNUT «rasbka,
N NepBble BbIYNCNEHNS BEIUCb NYTEM €€ packNaaku v nepeknagkn. «KameHHble»
KoMnbloTepbl He 0653aTeNIbHO OblIM MaNleHbKMMUN. BriosiHe BO3MOXKHO, 4YTO
CTOyHXeHAX 6b1s1 60/1bLLINM KaMEHHbLIM KOMMbIOTEPOM, BbIYUCAAIOLLIMM COOTHOLLEHME
MeXAy KaJleHAapeM N PacrnosioXXKeHNEM MJaHeT.

Ncnonb3yemMas ans BblHNCIEHUW TEXHOI0OMMNA HalaraeT eCTeCTBEHHbIE OrpaHNYeHNs
Ha pacyeThbl, KOTOPbie MOryT ObiTb BbIMNOJIHEHbI (HANPUMEpP, CHETHbLIE KaMeLLKN CUJIbHO
OT/INYAKOTCA OT «NepcoHaskm» Pentium V). KaMeHHbIN KOMMNbIOTEP XOPOL A5 TOro,
4yTObbLI ONpPenenaTb KONMYECTBO, CKNaAblBaTb N Bbl4NTATb, HO Ha HEM Yy>Xe HeyaobHo
YMHOXaTb N A4ennTb. K ToMy e 4Tobbl nMeTb Aeso ¢ 60nbLnMKN YNCIaMun, Hy>XHO
OYeHb MHOI0 KaMHen.

HeckonbKo ThiCAY NeT Ha3ag KOMY-TO B r0JIOBY NMpuLlia rnpekpacHas naes
06begNHNTb KaMeHb C AEePEBOM: eC/IN NOJIOXKUTb KaMewKn B yrnybneHus Ha
[epeBAHHON O0CKe, x byaeT nerye nepedBuraTb Tyda-ctoga. NoTom oka3anocb, Y4TO
€CJZIN NCMONb30BaTb BMECTO KaMHel ByCUHKIN, HageTble Ha AepeBSHHbIE NPYTbS, TO NX
He TOJIbKO JIerko nepenBuraTb TyAa-cio4a, HO U TPYOHO MOTepATb.

[epeBAHHbIN KOMMbIOTEP, TaKoW Kak abak nim pycckme cHeTbl, - MOLLHbIN
BblYNCNNTENbHbIN MHCTPYMeHT. [10 n3obpeTeHns 3/1eKTPOHHO-BbIYUCANTENbHbIX
MaLUWH ONbITHbIM CHETOBO/L MOI BbIMOJIHATE BbIYUCNEHNS Ha cHeTax Jy4ylle
oby4yeHHOro onepaTopa cymmumpytowen mawunHbl! Ho abak - He npocTo yaobHas
MallMHa onsg Toro, 4yTobbl NepeknagbiBaTh KaMelwkn. OHa BonowaeT B cebe Ba>kHYIO
MaTeMaTn4eckKyto abCcTpakuunio - HyJib. [TOHATME HY 1A OKa3anoCb Hanbosiee Ba>KHbIM
3/1IEMEHTOM CUCTEMbI apabCcKknx ungp - cncTemMol, No3eonstowen o6osHav4yaTb CKOJb
yroaHo 6osbLline BeaIMYNHbI U Nerko C HUMM ynpaBnAaTbCA. Abak nnm cyeTbl -
MexaHn4eckoe BOrnJoLweHne 3Ton cuctemMbl. HoO 4TO NOABMAOCE paHbLUe, MPUBbIYHbIE
HaM ungpbl nam abak? Y4nTbiBas NPONCXOXKOEHME CNoBa zero («Hyb») 1 BO3pacT
nepsoro abaka, BrMoJsiHeE BO3MOXXHO, 4TO YCTPOMCTBO BO3HUKJI0 paHbLUe, YEeM
opopMunack koHuenuma Hyna[l - K 1700 oo H. 3. BaBUIOHSAHE y)Xe YBepeHHO
NCNosb30Ban «apabCKylo» CUCTEMY 3anncu Yncesn, HO Hann4yme Hyns MoOXXHO Bbino
BbIBECTM TOJIbKO U3 KOHTEKCTa, 19 Hero He BbI10 OTAENBHOMO 3HaKa (K npumepy,
ymncna 210 n 21 nnucanncb oamHakoso). CamMbll APEBHNN N3BECTHbLIN «NpoToabak,
cajlaMMHCKasa c4eTHada gocka, gatupyetcs 300 r. oo H. 3. icnosib3oBaHMe 3Haka «0»
nons obo3HavyeHUda Hyns Been MNMtonemen B 130 r. H. 3., U K 650 r. H. 3. 3TOT 3HakK
LWMPOKO ncnonb3osasnca B UHaun.]. NHorga mawmnHbl co3gatoT naen.



A ngen co3gatoT MawnHbl. CHaYyasla KaMeHb, MOTOM AEPEBO: KaKoW MaTepuasn mor bbl
CTaTb caegyowmm warom B obpabotke nHbopmaunn? Koctb. B Havane XVII B.
LWOTNAHACKNIA MaTeMaTUK I>XOH Henep oTKpbISa Cocob 3aMEHNTb YMHOXEHWE
cnoxxeHmem. OH Bbipe3an N3 CJIOHOBOW KOCTWU NaslIouKM, HAHEC Ha HUX
norapumMmnyeckmne oTMeTKN, COOTBETCTBYIOLWMNE TEM UKW UHBLIM YMUCAaM, U CTan
BbIMOJIHATb YMHOXXEHMNe, CABUras naJlovykn Apyr OTHOCUTENbLHO Apyra Tak, 4Tobbl
YCTaHOBUTb NMpaBuJibHbIM 06pa3oM OTMETKN, COOTBETCTBYIOLLME OBYM
coMHOXunTenam. CyMmMapHas gJivMHa AByX MasioveKk aaBasia NpousseneHne gByx Ymcer.
9710 6blNa NnepBasa norapumMmmyeckasa JTMHenKa.

B Havane XIX B. OANH 3KCUEHTPUYHbIN aHI INY4aHWUH Mo nMmeHn Yapnb3 b366max
npeanoXXun genaTb KOMNbOTEPLI U3 MeTanna. Pa3HocTHasa MawunHa b366bungxa,
npegHasHa4vyeHHas a5 BblHNCIEHNSA DN1IEMEHTOB TPUTOHOMETPUYECKUX U
norapunpmmnyecknx tTabnnuy, goskHa bbia NMeTb B CBOEN OCHOBE Basibl U LLECTEPHMN,
noaobHo napoBoMy ABuraTesto. MosoXKeHne Ka)K4on WecTepHn 3aaBano Ty Uam
NHYIO MHOpPMaLMto, a NOTOM MalwnHa obpabaTbiBana 3Ty MHopMaL Mo, BBOAS
LUeCTepHW B 3aLenseHmne apyr ¢ Apyrom n ppawias nx. Xota mawmnHa babbuaxxa bbina
MOJTHOCTbI MEXAHNYECKOW MO CBOEN KOHCTPYKLUUN, MpuayMaHHbIN nsobpetaTtenem
cnocob opraHmsaunm MHPoOpMaUnm npeasocxuuian MeTogbl, NPUHATLIE B
COBPEMEHHbIX 3/IEKTPOHHO-BbIYNCANTENbHbIX MalnHaXx. B Hen Bbinn LeHTpanbHbIN
npoueccop n 6aHK NaMATN, KOTOPbIA MOI XPaHUTb KakK NporpamMmy, Tak U AaHHbIE.

HecmoTpsa Ha wenpyro prUHaHCOBYO NOAAEPXKKY OT OpUTAaHCKOro NpaBUTENbLCTBA,
B366mna)Ky Tak 1 He yaasnocb NOCTPOUTb PAa3HOCTHYO MawnHy. B Havane XIX B. ewe
He 6bI1I0 HXU TEXHOIOrUN Npeun3noHHon obpaboTkn MeTanna, HM OCTAaTOYHO
TBEPAbIX CMJIaBOB 4J19 BAJIOB U WecTepHen. (Ycunmsa ero, ogHakKo, He nponanm 3ps:
nH>xeHepbl 6366na)Kka Kak pa3 1 paspabaTbiBaan MeTOoAbl TOYHON MEXAHNYECKON
0bpaboTkn MmeTanna n bosee NpoYHbIE CNJlaBbl, U 3TO 3HAYNTESILHO YCKOPUIO TEMMbI
rnpoMbIWNeHHON pesoaoumin.) K koHLy XIX B. y>Ke cyuiecTBoBann appeKTnBHbIE
MexaHu4YecKmne KasabKynsaTopbl, HO 60bLLIMM KOMMbIOTEPAM MPULLIIOCH O0XXNOATbCS
Havana XX B., Korga 6bi1m n3obpeTeHbl 3/IEKTPOHHbIE CXEMBI.

K 1940 r. Ha4yanacb MeXxAyHapoaHasa KOHKYPEHUUA MexXay pa3/iM4HbIMU rpynnamMu
y4YeHbIX, NbITaBWMMNCA CO34aTb KOMMbIOTEP Ha OCHOBAHUMN 3JIEKTPOHHbIX
nepeksitoyaTenien, Hanpumep 371IeKTPOHHbLIX JlaMM NN 3N1eKTpoMexaHU4yeckux pere.
NepByl0 NPOCTYIO 3NEKTPOHHO-BbIYNCINTENIbHYIO MallnHy B 1941 r. co3nan HeMeuKnm
ydyeHbIn KoHpag Ly3e. 3a H1UM nocnienosann 6osbline KOMMbOTepbl, MOCTPOEHHbIE B
1940-e rr. B CoeanHeHHbIX LWTaTax n BennkobpntaHnm. 3Tm KOMMNbOTEPSI
npeacTasnsaam cobor HECKONbKO KOMHAT, 3anMOJIHEHHbIX 2/IEKTPOHHbLIMW JlaMnaMu,



nepekal4YaTensaMm n UICTOYHUKAMUN NMUTAHNSA, HO X BbIYUCIUTENIbHAA MOLLb Bbina
HeBeJIMKa - B MWIJIMOH pa3 MeHblle, YeM MPou3BoaANTE/IbHOCTb KOMMbIOTEPA, Ha
KOTOPOM 1 MULLY 3TY KHUTY.

OTN NepBble 3NEKTPOHHbIE KOMMbLIOTEPbI CTOUJIN O4EHb AOPOro, HO OKa3aJMCb BeCbMa
rMnoJsiIe3HbIMU, 4TO OMpaBAbIBasIO YCUJINA MO UX COBEPLLUEHCTBOBaHMIO. B 1960-x rr.
3/IEKTPOHHbIE JIaMMbl N 3JIEKTPOMEXaHNYeCKNe pesie 3aMeHUIN TpaH3NncTopamu -
NONYyNPOBOAHNKOBbLIMU MepektoHaTenaMun, KoTopble BblIn HageXxHee, MeHbLUe Mo
pa3sMepy 1 notpebnsanm meHbLle 3Hepruun. NonynpoBogHUK - 3TO MaTepuan
(HanpuMep, KPEMHUI), KOTOPbLIA NMPOBOAUT 3NEKTPUYECTBO Jiy4Lle, YeM U30J1ATOpPbI
(HanpuMep, CTEKI0 UK pe3nHa), HO Xy>Ke, YeM NPOBOAHUKN (Hanpumep, Meab). B
KOHUe 1960-x TpaH3MCTOpPbI yAasoChb caesaTh eule MeHblle - X BbiITPaB/MBaIN B
COCTaBe UHTerpasbHbIX CXEM Ha KPeMHUEBOW NOOJIOKKE, U 3TN CXEeMbl YXKe
cofgep>kasan BCe KOMMNOHEHTbI, Heobxoanmble ansg obpaboTkn nHhpopmaumm, Ha OAHOM
noJslynpoBOAHUKOBOM 4une.

Ha4yunHasa c 1960-x rr. pa3zsutue poTonntTorpaum - TeXHOJI0rMm N3roToBJIeHNA BCe
Bbosiee CNOXKHbIX CXeM - MPUBOANIIO K YMEHbLUEHUNIO pa3MepoB KOMMNOHEHTOB
MHTerpaJsibHbIX CXeM NPUMEPHO BABOE Ka)KAble BOCeEMHaauaTb Mecsues. B
pe3sysibTaTe NPOM3BOONTESNIbHOCTbL KOMMbLIOTEPOB yABanBasiaCb C TON XKe CKOPOCTbIO.
ITO sABJIeHMe Ha3blBaeTCa 3aKOHOM Mypa. B HacTosuwee BpeMs TOJILWMNHA COeANHEHUN
B MHTerpasbHbIX cxemax 0bbl4HHOro KoMnbloTepa cocTasnseT Bcero 1000 aTomos.

A Obl XO0Ten AaThb onpenesneHns HEKOTOPbIX TUMOB KOMMbIOTEPOB, O KOTOPbLIX Mbl
bynem roeopuTb HUXKe. LinpoBon KOMNbIOTEP - 3TO BblYMCANTESIbHAA MallnHa,
KOTOopas NMpUMeHseT Jlorn4yeckme cxemol K butam; undpoBas MallnHa MOXKeET ObITb
3JIEKTPOHHOW NN MexaHn4eckon. Knaccu4ecKnim KomMnbloTep - 3TO KOMMbIOTEP,
BbIMOJIHAOLL NI BblYUC/IEHUA HA OCHOBE 3aKOHOB KJ1TaCCUYECKON MeXaHUKWU.
Knaccuyeckasa ungpoBas MallMHa BbINOJIHAET BblYNC/IEHUSA, MPOBOASA K/laCCUYecKme
nornyeckme onepaumm C Klaccuyeckumm 6utaMmmn. dNeKTPOHHbIM KOMMbIOTEP
BbINOJIHAET BbIYNC/IEHUS C MOMOLLbIO SJIEKTPOHHbLIX YCTPOMNCTB, TaKUX KakK
3J/IEKTPOHHbIE NaMMbl AW TPaH3UCTOPLI. LLnpoBON 3N1EKTPOHHLIN KOMMbLIOTEP - 3TO
UnpoBON KOMMNbIOTEP 3/IEKTPOHHOIO TUMNa.

AHaNoroBbI KOMMNbIOTEP OnepupyeT He ¢ BuTamMun, a C HeENpPepbIBHLIMU CUMHaslaMun; OH
TaK Ha3blBAeTCs, MOTOMY YTO €ro, Kak npaBuJo, UCMONb3YIOT A8 CO3AaHUA
BbIYNCINTENbHbIX «@aHa/IOroB» (PU3NYECKON CUCTeMbl. AHAJIOrOBbIN KOMMbIOTEP TakXe
MOXKET ObITb 3/IEKTPOHHBLIM UM MEXAaHUYECKUM.



HakoHeLl, KBaHTOBbIM KOMMbIOTEP AENCTBYET Ha OCHOBAHMM 3aKOHOB KBAaHTOBOW
MexaHWUKW. Y KBAHTOBOIro KoOMMbloTepa eCTb N LN POBbLIE, N aHAIOrOBble aCMNeKThI.

Jlornyeckune cxembl

YeMm 3aHMMatoTCa Hawwm Bce 6osiee MoLHble KoMMbtoTepbl? OHM obpabaTbiBatoT
nHdopmMaumio, pasbuBas ee Ha BUTLI U onepupysa C HAMKU, NO HECKOJIbKY BUTOB 3a
O4WH pa3. Kak Mbl y>Ke ropopuaun, MHgpopmaumns, Kotopasa gosmkHa bbiTb obpaboTaHa,
npeacTaBieHa KoOMMNbOTepy B hopMe NporpaMmmsl, paga MHCTPYKUMWA HA MAaLULMHHOM
Aa3blke. [MporpamMmma 3akoampoBaHa B NaMsaATb KOMMblOTEpa B BUAE
nocneposaTenbHOCTM BuTOB. Hanpumep, komaHaa print («nevyaTtaTb») B Koge ASCII
BbiIrnaanT Tak: P = 1010000; R = 1010010; | = 1001001; N =1001110; T = 1010100.
KoMnbloTep CHMTbLIBAET NMPOrpamMmy rno HeCKoNbKy 6BUTOB 3a wWar, UHTepnpeTupyeTt
3TN OUTbI KaK MHCTPYKUWUIO U BbIMOHAET ee. [T0TOM OH BUAUT criegyowme HeCKOIbKO
OUTOB 1 BbLINOJIHAET CAenyLLyo MHCTPpYKUMto. N Tak ganee. CnoxXHble npoueaypbl
MO>XHO NOCTPOUTb N3 HABOPOB NMPOCTbIX MHCTPYKLMA, HO 06 3TOM Mbl MOrOBOPUM
rnosxe.

Ob6blYHblIE KOMMbIOTEPLI COCTOSAT F1aBHbIM 06pPa30M N3 3NIEKTPOHHbIX CXEM, KOTOpbIe
peann3yloT Ha PU3NYECKOM YPOBHE Jlornyeckume cxemsl. Jlornyeckme cxemsl
NMO3BOIAIOT COCTAaBUTb CJIOXKHbIE JIOrNYECKNE BbIPa)KEHMS U3 MPOCThbIX onepauuni,
BO3ENCTBYOLWNX HAa HECKOJIbKO BMTOB 3a 0AMH pa3. PU3nMYeCKM NOrnyeckmne CxXxembi
COCTOAT U3 BUTOB, COEANHEHUN N NIOTNYECKMX DSIEMEHTOB. BUTLI, Kak Mbl BUAENN,
MOryT 6bITb B COCTOSSHUN nnn 0, unn 1; coeanHeHna No3BoNsAOT nepeMewaTb 6uUThl 13
O[HOro MecTa B Apyroe; norn4yeckne aneMeHTbl npeobpa3oBbiBaloT GUTLI MO 0QHOMY
W NOoMapHo.

Hanpumep, norn4yecknin anemeHT «He» (not) 6epeT BXxoaHOM BUT U MHBEPTUPYET,
«nepesopavmBaeT» ero: «He» npespawaer 08 1, a1l 8 0. 2neMeHT «KONNPOBATb»
(copy) nenaet kKonuio BuTa: oH NpeBpawaeT BxogHon 6uT 0 B ABa BbIXOAHbIX 6BuTa 00,
a BXoaHom 6uT 1 B ABa BbIXoAHbIX 6BuTa 11. DnemeHT «n» (and) 6epeT OBa BXOOHbIX
buTa n NnopoxxgaeT OAWH BbIXOOHOW BUT, KOTOPLIN paBeH 1 B TOM 1 TOJIbKO TOM
cny4dae, ecnm oba BXogHbIX 6MUTa paBHbl 1; B OCTas/IbHbIX C/ly4asaX Ha BbIXO4E dJ1IeMeHTa
«n» nosensaeTtcs 6uT 0.



Jlornyeckune 3sieMeHTbl - 3TO YCTPONCTBA, KOTopble 6epyT oANH nnun 60bLUIE BXOOHbIX
6uToB 1 Npeobpa3oBLIBAOT UX B OANH 1K Bonblue BbIXogHbIX 6uToB. OT NeBoro
BEpPXHEero rno 4YacoBOW CTPEeJsIKE: INEMEHTbI «UJIN», «N», KHE», KKONNPOBATb»

nemeHT «unm» (or) bepeT gBa BXOAHbIX BuTa 1 Nnopo)KaaeT BbIXOAHOW BUT, KOTOpPbIN
paBeH 1, ecnm xoTsa 6bl oguH BXxoaHom 6uT (nnu oba) paseH 1; ecnn e oba BXOAHbIX
buTa paBHbl 0, TO U pe3yabTaT byaeT paseH 0.

C Tex nop Kak B 1854 r. noruk Ixxopax bynb n3 KynHc-konnen»xa B Kopke
onybnukoBan paboTy «MccnenoBaHmne 3akKoHOB MbllieHUsA» (An Investigation of the
Laws of Thought), Mbl 3HaeM, 4TO nt0boOe NOrmM4yeckoe Bbipa)keHne, BKJ0YaA C/I0XKHbIe
MaTeMaTUYeCKNe BblHNCIEHUSA, MOXKHO BblPa3nTb C MOMOLLbIO Onepaumnm «He»,
«KKOMUPOBATb», «N» U «UNN». DTN onepaunm CoOCTaBAAIOT YHUBEPCabHbIN Habop
NIOrn4eCcKmnx 3/1IeEMeHTOB.

3aKoHbl MbilWieHNa bynsa rnacaT, 4To ntboe nornyeckoe Bblpa>keHue nnm
BblYMCJIEHNE MOXHO 3aKOAMPOBaATb B BUAE NIOrM4eckonm cxemsbl. Lindposon KoMmnbloTep
- 3TO KOMMbIOTEP, KOTOPbIN paboTaeT € ncnosib3oBaHMeM HONbLLLON JIOrNYEeCKomn
CXeMbl, COCTOAWEN N3 MUJIJIMOHOB JIOTUYECKUX 3JIEMEHTOB. VI3BECTHble HaM
KoMMbloTepbl, Takne Kak Mac n PC, - 3TO 371eKTPOHHbIe BOMJ1oweHus LngpoBbIX
MaLUVH.

DNIEMEHTbI «U», KUJIN», KHE» N «KOMUPOBATb» MOXKHO COEANHUTbL TakK, YTO NONYYUTCSA
normyeckas cxema. Jlorm4yeckas cxeMa MOXET BbIMOJIHATb 6onee C/ioXKHbIe
npeobpa3oBaHns BXOAHbIX BTOB

B 31€KTPOHHOM KOMMblOTEPE BUTHI XPAHATCS B 3N1EKTPOHHbIX YCTPONCTBAX, Hanpumep
B KOHAeHcaTopax. KoHOeHcaTop NoxoXX Ha BeApo, B KOTOPOM JieXKaT 3JIEKTPOHbI.
Y7106blI HANOJTHUTL BEAPO, K KOHOEHCATOPY NPUKIaabiBaloT Hanps>keHne. Mpn



HYJIEBOM HaMpPsi>XeHNN KOHAEHCATOP HE COAEPXXUT HUKAKUX JINLLHUX 3/IEKTPOHOB, U
€ro Ha3bIBalOT He3apsXKEeHHbIM. He3aps)KeHHbIN KOHAEHCATOP B KOMMbIOTEpPE
HaXoAnTCSA B COCTOAHUN «0». Mpn HaNPSXKEHUN, OTINYHOM OT HYNS, KOHAEHCaTop
COMEPXKUT MHOIO JINLIHUX 3IEKTPOHOB M HAXOAUTCSH B COCTOSAHUN «1»,

KoHOeHcaTopbl - HE e ANHCTBEHHbIE /IEKTPOHHbIE YCTPOMNCTBA, KOTOpPbIE
NCNOb3YIOTCH B KOMMbOTEPaXxX OAJ19 XPaHEHUA nHpopMaumnn. Ha XXeCTKoM Ancke
Ballero KomnbtloTepa 6UTbl 3aNUCbIBAlOTCS B BUAE KPOLWEYHbIX MAarHUTOB: MarHUT, Yen
CeBEepHbIN NOJIIOC YKa3bliBaeT BBEPX, 03Ha4aeT 0, a MarHUT, 4el CeBEPHbIN MOJIOC
yKa3blBaeT BHW3, NokKa3biBaeT 1. Kak Bceraa, nioboe ycTpoONCTBO, Y KOTOPOro ecTb
ABa HAaAEXHO pa3siMyaeMbIX COCTOAHUSA, MOXKET XpPaHUTb BuT.

B 06bI4HOM LINPPOBOM 3/IEKTPOHHOM KOMMbIOTEPE JIOFNYECKMNe 31eMeHTbl CO34atoTCa
Ha TpaH3UcTopax. TPaH3UCTOP MOXKHO BOCMPUHMMATb KaK 3JIEKTPOHHbIN
BbIKJIlOYaTEb. KOrga oH HaxoOAMTCs B Pa30MKHYTOM MOJIOXKEHUN, YEPE3 HEro He
MOXXET UATWN NEKTPUYECKU ToK. Korga BbiktovaTeNb HAaXOANTCSA B 3aMKHYTOM
NOJIOXKEHUW, TOK nAeT. Y TpaH3nCcTopa ecTb ABa BxoAa W 0AMH BbixoAd. B TpaH3ucTope
N-TuUMa, Korga Ha NepBbI BXOA MNOAAHO HU3KOE Hanps>KeHne, BbiKtoYaTe b
PA30OMKHYT, U 3JIEKTPUYECKUI TOK HE MOXKET UATU U3 BTOPOro BX0OAa K BbIXOA4Y; €C/n
XKEe Hamnpsi>KeHne Ha NepBOM BX0e YBEIMYMUTb, TOK Ha4YNMHaeT natu. B TpaH3ucTope p-
Tuna Bce HaobopoT: Korga Ha nepBbli BXO4 NOAAHO HU3KOE HaMpsiXXeHue,
BbIKJIl0YATEIb 3AaMKHYT, N TOK MOXKET MATU U3 BTOPOro BXoAa K BbiXoay. Ba)Ho, 4To
TPaAH3UCTOPbI N- N P-TUMOB MOXXHO COEAMHUTbL N TEM CaMbIM CO34aTb JIOrN4yeckmne
3/IEMEHTbI «U», «UJIN», KHE» N «KOMUPOBATb>».

Koroa KoMMbloTep BbIMOSHAET BbIYNCEHUSA, OH, B CYLLLHOCTW, AenaeT TOoJIbKO O4HO:
NpPUMeHSeT NIornyeckmne sfieMeHTbl K 6uTaM. KoMnbioTepHbIe Urpbl, peaakTupoBaHune
TeKCTa, MaTeMaTUYeCKMe BbIYUCIIEHNA U PaCcCblika crnamMa - BCe OHU UMeoT HavyasioM
npoLecc 3/1IeKTPOHHOro npeobpa3oBaHnsA 6GUTOB, MO OAHOMY UK MOMAPHO.

«HeBbIYNCANMOCTb>»

[0 cnx Nop Mbl FOBOPWUJIM O NPOCTOTE MHPOPMALNN N BbIMUCTIEHUA. BUT - npocTasn
Belllb; KOMMbIOTEP - NPOCTasa MaWwnHa. HO 3TO He 3HAYUT, 4HTO KOMMbIOTEPbI He
CcnocobHbl Ha cnoxxHoe nosedeHne. O4HO NapagokcasibHoe CreacTBue
hpyHOAMEHTaNbHON NIOrMYHOCTY ornepaunini KOMMbloTepa COCTOUT B TOM, 4TO ero



Oyayuiee noBegeHne COBEPLUEHHO Henpeackasyemo. EQUHCTBEHHbIN cnocob y3HaTb,
4YTO cAeNnaeT KoOMNboTep, NPUCTYMNUB K BbIYUCIEHUSM, - MOA0XKAAaTb U MOCMOTPETH,
yTO bynmeT.

B 1930-x rr. aBcTpunckmnm noruk KypTt F'égenb nokasan, 4To B Nt0O0OMN AOCTAaTOYHO
CJ/IOXKHOM MaTeMaTU4YeCKON TEeOPUN eCTb YTBEPXKOEHUS, KOTOPbIE, €C/IN OHN OKaXKYTCH
NIOXXHbIMW, COeNnatoT TEOPUIO NPOTUBOPEYNBON, N NPUN 3TOM UX NCTUHHOCTb AOKa3aTb
HEeBO3MOXXHO. VIHa4e roesops, ntobble 4OCTAaTOYHO MOLLHbIE NIOrUYeCcKne CUCTEMbI
cofep>XaT HefloKa3zyeMble yTBEPXXAEHUS. BblHMCNNTENIbHbIM aHasor Hego0Ka3lyeMoro
YyTBEPXKOEHUSA - OTO HEBbIYUCIMMAA BEJINYNHA.

OnHa n3eecTtHas npobnema, peweHne KOTOPO HEBLIYMCINMO, - 3TO TaK Ha3biBaeMas
npobnema ocTaHoOBKU. [loNyCTUM, Mbl 3aNpPOrPaMMMNPOBAJIN KOMIMbIOTEP, N OH Ha4van
paboTaTb No nporpamme. OCTAaHOBUTCS JIN KOMMbIOTEP KOraa-HMbyab, 4Tobbl BblAaTh
pe3yfbTaT, uan oH byneTt paboTaTb BeYHO? HeT HMKaKOM CTaHAapPTHOW Npouenypsl,
NO3BONIAIOLLEN BbIYUCINTL OTBET Ha 3TOT Bonpoc. iIHavye roBops, HX oAHa
KOMMbIOTEPHAs NpPOrpaMMa He MOXKET B35iTb B Ka4eCTBe BXOAHbIX AaHHbIX APYryto
KOMMbIOTEPHYIO NporpaMmy n onpenenntb co 100 %-Hol BEpOATHOCTbIO, OCTAHOBUTCS
nepsas nporpamMmMa uam Her.

KoHe4YHO, A1 MHOMMX KOHKPETHbIX MPOrpamMM MOXXHO J1IerKO BbIACHUTb, OCTAHOBUTCSA
KOMMNblOTEP WK HeT. Bo3bMeM, Hanpumep, NporpamMmmMy M3 ogHOW CTPOKK «print

1 000 000 000» - kOMMblOTEP, NOAYHYUBLLUNW Ha BXOOE 3TY NporpaMmMmy, Harne4dataeT
ymcso 1 000 000 000 n ocTtaHoBuTCA. ObLLEe NpaBuIo, 0AHAKO, TaKOBO:
be3ocTaHOBOYHasa paboTa KoOMNblOTEpPa, CKOJIb A40Jro oHa 6bl HM NpPoAo/IKanach, He
haeT OCHOBaHUWM yTBep>XX4aTb, HTO KOMMbIOTEP KOraa-HMbyab He OCTaHOBUTCA.

MpobnemMa 0CTaHOBKN KaXKeTCs Ha NepBbI B3rnsg abcTpakTHOM, HO y Hee eCTb
MHOXXECTBO NPaKTUYECKNX CNeaCcTBUA. Bo3bMeM, Hanpumep, oTNafaKy KOMMbIOTEPHbIX
nporpamMmM. BoNbWNHCTBO N3 HUX cogep»xaT «barun», nnm owmnbKKn, n3-3a KOTOPbIX
KoMmnbtloTep BeaeT cebsi HenpeackalyembliM obpa3om, Hanpumep «3aBucaeT». bbino Obl
HEMJJ0Xo UMeTb «YHUBEPCaIbHbIN OT/IAaAYMK» OS1I KOMMbIOTEPHbIX NporpamMMm. Takown
oTnan4unk 6pan 6bl B Ka4ecTBe BXOAHbIX OAaHHbIX KOMMbIOTEPHYIO NPOrpaMmMy BMecTe
C onncaHMeM TOoro, 4To OHa A0JIXKHA AeNaTb, 1 NpoBeps Obl, BbIMOJHSAET N 3Ta
nporpamMmMa CBO 3a4auvy.

YBbl, CO34aTb TaKOW OT/Iaf4MK HEBO3MOXXHO. YHMBEPCAJIbHOMY OT/Ia4uYNKY HY>XXHO
BbIACHUTb, AAET /IM BXOAHAasA NporpamMmMa npaBuJibHYIO BbIXOLHYIO MH(OpMaLUIO.
MosToMy NepBoOeE, YTO AOJ/IKEH MPOBEPUTbL YHMBEPCAJIbHbIN OTNAaAYUK, - eCTb JIN



BoobLLEe y BXOAHON NporpaMmbl Kakme-nmbo BbIXxoAHble AaHHble. Ho 4To6bl 3TO
NPOBEPUTb, OH AOJ/KEH pelwnTb NpobaeMy oCTaHOBKU, @ 3TO, KaK Mbl 3HaeM,
HEBO3MO>XHO. EAMHCTBEHHbIN CrocOob BbIACHUTbL, OCTAHOBUTCSA /N NporpamMMa, -
3anNyCTUTb ee N MOCMOTpPeTb, 4TO byaeT, a pa3 Tak, yHMBepCasibHbIA OTJaA4YMK HaM
y>XXe He noHagobutcsa. M korga B c/ielyoWmnin pa3 KOMNblOTEP «3aBUCHET» M3-3a
KakKoro-Hmbynb «bara», Mbl CMOXXEM HaTU yTeweHne B rnybokon MmaTeMaTNYeCKON
NCTUHE: He CYyLeCTBYeT HMKAKOro CMCTEMaTMYeCcKoro cnocoba ycTtpaHuTb BCe
ownbkn! BnpoyeM, MOXXHO NPOCTO HYepPThIXHYTbCA U Nnepe3arpy3nTb KOMMbOTEP.

Fénenb Nokasasa, 4TO ecin AoNyCTUTb PEKYPCUIO - CCbIJIKY Npouenypbl Ha camy cebs,
3TO aBTOMATMYECKN NPUBOAUT K IOFMYECKNM MapafoKcaMm; BpUTaHCKMA MaTEMATUK
AnaH TbIOPUHI NOKa3as, YTO PEKYPCUM NPUBOAAT K HEBbIYNCJIMMOCTU. 3aMaH4YNBO
MonCcKaTb NoOobHbIE MapaAoKChl B HEI0BEYECKOM NoBeaeHnn. B KOHLE KOHL0B, Ni0an
- MacTepa Nno 4YacTu yrnoMmHaHum o cebe nobnMom (Ka>keTcs, HEKOTOpbIE He
CMOCOBHbI HN K KAKUM APYrUM TUMNAM CCbIJIOK), U, KOHEYHO XXe, N0AN NoOBEepPKEHbI
napagokcam.

Jlioan cnaBATCA HECNOCOBHOCTbLIO NpeaAcKasbiBaTb CBOM CODCTBEHHbIE AENCTBUA. DTa
HeCcrnoCobHOCTb - Ba>HbIA 3/1EMEHT TOro, 4YTO Mbl Ha3bliBaeM ceobogon Bonn. TepMuH
«cB06OOa BO/IM» OTHOCMTCS K HaWen Kaxkyuwenca ceoboge npmHMMaTb peleHuns.
Hanpumep, Korga a npuxoxxy B pectopaH n bepy MeHio, 8 1 TONIbKO 5 peLuato, 4To
3aKasaTb, U, Npexae 4eM s NpUMy 3TO pelleHune, faxke S caM He 3Halo, 4YTo Bbibepy.
Haw cobcTBeHHbIN BbIbOP B byayuwem Hencnoseamm ans Hac cammx! (Tem He meHee
ONa opyrux oH MoXeT ObITb HE TaKUM Y)K U HEMOCTUMXKUMbIM. MHOIO /1eT Mbl C XKEHON
X04UM B pecTopaH Josie’'s B CaHTa-®Pe. TwaTeslbHO N3Y4YUB MEHIO, A Ka)KAbll pas3
3aKa3blBalo NOJIOBUHY NOPLMU (hapLIMPOBaHHbLIX NepLeB C KPAaCHbIM N 3e1e€HbIM YN
1N Nnocosie BMecTo puca. Npun 3ToM A caM yBepeH, 4TO NposBaAio CBOOOAHYIO BOIO: 0
Tex Nnop rnoka s He Bblbpan nonnopunm apLLUNpoBaHHbIX NMepLeB, MHE KaXXeTCs, 4TOo A
MOry BblbpaTb BCe 4TO YroHO. HO MOS )KeHa-To C caMOro Havala 3HaeT, 4TO MMEHHO
A 3aKaxy!)

HenocTtu»xnmasa npupoda Hallnx peLleHnin npu ncrnosib3oBaHum ceoboabl BOIN - 3TO
aHasnor npo6siemMbl OCTAaHOBKW: Mbl MPUBOAUM B ABUXXEHNE CBOWN MbIC/IN, HO HE 3HAEM,
KyZa OHW NpuBeayT 1 NpMBeayT 1N Kyaa-Hnbyab Boobuie. N nake ecnm oHM Kyaa-To
npuBeayT, Mbl HE 3HAEM, KY/Ja, - 10 TeX Mop, NMoKa TaM HE OKa)KeMmcsl.

Kak HK cTpaHHO, cBOe cO6CTBEHHOE HENpeaCKa3lyeMoe NoBeEeHNE N TaKoe Xe
noBeneHne ApYyrux A0Aen Mbl HaCcTO CYMTAEM HeNornyHbIM: ecnmn 6ol ntogn senn cebs
JIOTNYHO M pPaLMOHaNIbHO, CYMTaeM Mbl, Mup 6bin 66l 6onee npenckasyembiM. Ho Kak



pa3 Torpaa, korga Mbl Begem cebsi paLMoHasibHO U ABMXXEMCS JIOTUYHO, KaK
KOMMblOTEpP, OT OAHOrO Llara K criefylollemy, Halle nosefieHne CTaHOBUTCS
JloKa3zyemo HerpegackasyembiM. Koraa paunoHanbHOCTb COeANHSAETCS C PEKYpPCUEn,
HaLIWN 0EeACTBUS C HEOOXOAMMOCTbIO CTAHOBATCA MapafoKCaabHbIMU K
HenpenckasyeMbIMU,

DTa npekpacHas 3arafiloMHOCTb YACTOro pasyMa BO3BpalLlaeT HaC K BOMNPOCY O poJin
NOrvkn Bo BceneHHon. Pa3mbiwngasa y cebs noma B Kopgose Hag TpyaamMu
ApucTtoTens, MmycynbMaHckun punocod Xl B. ABeppoac (MbH-Pywia) npuwen K
BbIBOAY, 4TO BeccmepTHa B YesloBeKe He aylia, HO CMOCObHOCTb MbIC/INTb. Pasym
beccMepTeH MMEHHO NOTOMY, YTO He NPUHAANEXUT HAKOMY B OTAENbHOCTU; 3TO
obuiee CBONCTBO BCEX MbIC/IAWMX CYLLECTB.

KoMnbloTepbl, KOHEYHO, 061aatoT CNOCOBHOCTBLIO MbIC/INTL N CMNOCOBHOCTLIO K
pekypcuun. IMEHHO NO3TOMY UX AENCTBUSA C HEOH6XOAUMOCTbLIO ABNSAIOTCSA
HenoCTWXUMbIMK. CnefoBaTesIbHO, MO Mepe TOro Kak OHW cTaHoBATCA 6onee
MOLLHbIMUN 1 BbINONHAKT BCe bonee pazHoobpasHbIM Habop 3apay, nx
HenpenckasyeMoCTb Npnbamn>xaeTcsa K HenpenckalyeMocTu Yenoseka. o norunke
ABeppoaca, OHM HavYMHatoT obnafdaTb TOW XKe CTeneHbio beccMepTus, 4TO U NIOAN.

3anporpaMMmnpoBaTb KOMMNbIOTEP TaK, 4TOObLI OH BbINOJIHA MPOCTbIE YeNoBeYeckmne
3a[a4un, 0O4EeHb CJIOXKHO: 3aCTaBUTb poboTa NPONbINIECOCUTb KOMHATY UM ocBoboanTb
MOCYZAOMOEYHYI0 MallMHY, faXe MNP MUHUMaNbHbIX TpeboBaHNAX K Ka4yecTBy, -
npobnema, Hag KOTOpPoOW BbIOTCH y>XKe HECKOJIbKO MOKOJIEHUW nccnegoBaTenen B
061aCcTn NCKYCCTBEHHOI0 nHTenNekTa. 1 HaobopoT, HE HY)XXHO BONbLLUNX YCUTUA,
4yTObObI 3anNporpaMMmnpoBaTb KOMMbOTEP Tak, 4TObObLI OH Ben ceba Henpeackasyemo u
cBoaun Hac ¢ yMa. C To4KM 3peHunsa cnocobHoCTn BCe 3anyTaTb U UCMOPTUTb
KOMMNbIOTEP C KaXKAbIM AHEM CTaHOBUTCA BCe 6onblie MoXoXX Ha YyenoBeka[2 - B CLLUA
nonynsipHa Hakjenka Ha aBToMObUbHbLIN 6aMnep € HaaNUCbIo: «4enoBeky
CBOWCTBEHHO ownbaTbca. Ho 4ToObI NO-HACTOSALWEMY BCE NCMOPTUTL, HY>XEH
KoMnbloTEP>.].

(naBa 3

BbldincnntenoHas BceneHHas



NcTopuna BceneHHoW, YaCTb nepBas

BceneHHasa coCTOUT U3 aTOMOB U 3J/IeMEeHTapHbIX YaCcTUL, TaKNX KaK 3/1IeKTPOHHI,
OTOHBI, KBapKn 1 HeMTPUHO. CKOpPO Mbl yraybmmcsa B koHuenuuio BceneHHon,
OCHOBAHHYIO Ha BblHUCAUTENbHOM MOoAeN N, HO Bb1s10 Obl F/1lyNo He pacCMOTPETb
CHa4vasla owenomMaaoLme oTKPbITUSA KOCMOJIOTUN U PU3NKU SJIEMEHTAPHbLIX YacTuL,.
Hayka y>e fana HaMm npekpacHble BO3MOXXHOCTU onncaHns BcesleHHOM C TOYKN
3peHns Usnku, xmmmm n buonorun. BelyncnntenoHasa BceneHHasa - 3To He
anbTepHaTmBa husmnyeckonm BceneHHon. BceneHHas, KoTopas pa3BuBaeTCH,
obpabaTbiBas nHpopMauuio, n BceneHHas, KOTopas 3BOJIIOLMNOHUPYET COriacHoO
3aKOoHaM PU3NKK, - OLHA U Ta XKe. TN ABa ONNCaHus, BblYUCUTESIbHOE U
hum3nyeckoe, AOMOJIHAKT APYr ApYra U MOMOratT Jiyylle NMoHATb OOHN U U Te Xe
ABJIEHUS.

KoHe4Ho, niogn Havanu pasMblilLNsaTb 0 NPOUCXOXXAeHU BceneHHoM 3a00ro oo
NOSABNEHUSA COBPEMEHHOW Hayku. Mugbl 0 BceneHHOM CTONb e cTapbl, Kak 1 nobble
apyrve mndbl. B Hopsexxckon mudgonorum BceneHHasa Ha4ynmHaeTCcs € TOro, 4To
rMraHTCKas KopoBa Bblln3biBaeT HOroB U3 cosieHbIX KpaesB n3HavasibHon 6e3aHbl. B
AMNOHCKON MU OSIOrnm AnoHnsa poXxXaaeTcs B pe3ysibTaTe KPOBOCMECUTEIbHON CBA3U
6paTa n cectpbl, 6ora Ugs3aHarm n 6orvHm g3aHamn. B ogHOM MHOYNCTCKOM MuUde o
COTBOPEHUN MUpa FOBOPUTCHA, YTO BCE CyLLeCcTBa NMPOUCXOOAT U3 TOMJIEHOro Macna,
cobpaHHOro 3 Teicayernasoro MNypyLwwu, NPMHECEeHHOro B XXepTBy boramu. N nnuwb
HefaBHO, B Te4yeHue nocnegHux 100 neT nam okosio Toro, aCTpousnKm 1 KOCMoJioru
NOCTPOUAN AeTasibHY UCTopuio BceneHHon, nogkpennieHHy HabnoaaTebHbIMU
OaHHbIMU.

BceneHHada BO3HMKNIa HEMHOIMM MeHee 14 mnppa neT Ha3ag, B pe3ysbTaTe
rpaHANO3HOro cobbITnA, KOTOPOE Ha3biBaloT bosblwMM B3pbIBOM. 10 Mepe Toro Kak
OHa pacwupsnacb U OCTbiBalla, U3 «KKOCMUYECKOro cyrna» (oopMMpPoOBaINCb 3HaKOMbIe
HaM popMbl MaTepun. B Te4eHne Tpex MUHYT nocse bonblworo B3pbiBa obpasoBanunch
CaMble NIerkne aToMbl - BOAOPOA N resinin. TN «KNPNnU4Ynknu» cobnpanmcb BMmecTe noa
OencTBMEM cunbl TaxecTu, n cnycta 200 maH neT nocne bonbLloro B3pbiBa U3 HUX
chopMUpOBaINCh NepBble 3Be34bl U FajlakTUKN. B xone TepMosAepHOro «ropeHus»
3Be34 06pa3oBannCb 3N1eMEHThI BMJIOThb A0 Xenesa, a ewe bonee TaKenble 31eMeHThbl
MOABUJINCL NO34Hee, Korga 3TW nepBble 3Be34bl CTasIM B3PbIBATbCA KaK CBEPXHOBbLIE.
Hawe ConHue v Hawa CosiHe4YHaa cuctemMa coopMmpoBasinCb OKON0 5 mapa net
Ha3aj, a XXU3Hb Ha 3eMJsie BO3HUKJ/Ia HEMHOrMm 6onee Mnnnvapaa et cnycTs.



370 obwenpunHATaa nctopnsa BceneHHoOW He Tak yBNeKaTeslbHa, Kak HEKOTopble
apyrume, u MoJIoYHble NPOAYKTbI MOSABAAITCA B HEW Ha AOCTAaTOYHO NMo3aHen CTagun.
OpnHako B oTAn4me oT 6onee apeBHUX MNEOB O COTBOPEHUN MUPaA, Y MUda HaY4YHOro
€CTb OQHO OOCTONHCTBO: OH COOTBETCTBYET U3BECTHbIM Hay4YHbIM 3aKOHaM U
HabngeHnaM. N XoTHa 3Ta UCTOPUSA N3JI0XKEHA A3bIKOM (PU3NKKN, OHa HEe JIULLIEHA
WHTpUrn. B HeMm ecTb ApamMa N HeonpeaesIeHHOCTb, OHa Bbl3bIBA€T MHOXXECTBO
BOMPOCOB: KakK BO3HMKNA XU3Hb? lNMoyemy BceneHHasa Tak cnoxHa? Kakoso byayuiee
BceneHHon B LESIOM N XKN3HU B HaCTHOCTU?

Nccnenys MneyHbIn NyThb - Hally cOBCTBEHHYO MaNakTUKY - Mbl BUAUM MHOXXECTBO
3Be3/l, MOXOXXMX Ha Hally. A Korga Mbl CMOTPUM Aanblie, TO BUAMM MHOXECTBO
raNakTUK, O4€Hb MOXOXUX Ha MJIeYHbIN MyThb. B TOM, 4TO Mbl BUAUM, €CTh
ornpegeneHHbIn CLUeHapwuin, 1 B HEM CHOBA U CHOBa Pa3BOPAYMBAlOTCS OAHU U Te Xe
3Be3/iHble ApaMbl, HO C Y4acTUEM APYrux akTepoB-3Be3[ 1 B APYrux Mectax. Ecnm
BceneHHast uMeeT H@CKOHEYHYI0 MPOTSXXEHHOCTb, TO B KOHLLE KOHLIOB rae-Hubyab
byneT pa3birpaH o060 BO3MOXXHbIN CLLEHAPWIA, €CAIN OH pa3peLleH 3aKoHaMu
un3mkn. Uctopua BceneHHon - cBoeobpa3zHas KocMmMyeckas MblsibHas onepa, rae
aKTepbl Pa3bIrpbIiBAlOT Nepes HaMn BCe BO3MOXKHbIE NepuneTnn KoOCMUYeckor gpaMmsbl.

dHeprus, nnm MNMepsoe HavYyano TEPMOANHAMUKN

HaBanTe NO3HAKOMMMCS C rMaBHbIMU FrepoSAMMN KOCMUYECKOW MblJIbHOW onepbl. B
TPaAULUMOHHON KOCMOJIOT NN CHNTAETCH, YTO BeAYLLNIN aKTep - 3TO SHEPrus, ny4ymcras
JHeprusa cBeTa 1 3Heprus Maccbl MPOTOHOB, HEMTPOHOB M 3/IEKTPOHOB. YTO Takoe
dHeprua? B cpenHen WKosie Bbl MOMM Y3HaTb, YTO 3HEPrms - 3TO CNOCOBHOCTb
BbINONIHATL paboTy. dHeprus 3actaBngeT PUNYeCKne CUCTEMbI HTO-TO AenaTb.

Y 3Heprumn ecTb Ba)KHOe CBOMNCTBO: OHa COXPaHAETCSA. DHEPrna MoXeT NPUHUMaATb
pa3Hble hopMbl - TEMNOTA, paboTa, aNneKTpuyeckasa SHeprusa, MexaHn4yeckas aHeprums,
HO MPW 3TOM OHa HUKOrAa He uc4esaeT. ITO yTBEPXKAEHME N3BECTHO Kak nepesoe
Hayaslo TepMoAnHaMUKK. Ho ecnum aHeprus coxpaHsieTcs, a BceneHHasa Bo3HMKNa 13
HMYero, TO OTKyAa Toraa B3sislacbk aHeprua? Y dumsnkn ectb 06bACHEHME Ha 3TOT
cyerT.

KBaHTOBas MexaHMKa OMUCbIBAaeT SHEPIrnto Yepes KBAHTOBbLIE NOS - YTO-TO Bpoae
YHUBEPCaJIbHOW «TKaHN» BceneHHoW. lNepensieTeHNa «<HUTEen» 3TON «TKaHU» OaloT



3/1IeMeHTapHble YacTulbl - POTOHbI, SJIEKTPOHbI, KBAPKU. DHEPT s, KOTOPYIO Mbl
BUAUM BOKpPYr, 6yab 3To 3eMsi, 3Be3/bl, CBET UKW TEN0, U3BNe4eHa N3 KBaHTOBbIX
nosien nocpeacTBoM paclumpeHmns BceneHHon. FpaBuTaumns - 3To CUa NPUTSXKEHUS,
KOTOpas coeauHsIeT BeLWWN Apyr ¢ ApyroM. OCTpble Ha Si3blk aMepuKaHCKne
LWKONbHMKN roBopAT: «[paBuTaums coceT». JeNcTBUTENbHO, MO Mepe Toro Kak
BceneHHas pacumpaeTcs (a oHa NpoaosiKaeT PaclumpATLCA 40 CMX Nop), Cuia
TAXKECTU BbICAaCbIBAET SHEPIUIO N3 KBAHTOBbLIX NOJIEN. DHEPrUs, HAXOAALLLAACA B
KBAHTOBbIX MOJISAX, MOYTU BCEraa NnoJIoXKUTENIbHA. 3Ta NONOXUTENbHAsA SHEPrusa B
TOYHOCTU cbaNlaHCUPOBaHa OTPULIATENBHON SHEPIrUeEN rPaBMTALMOHHOIO
npuTs>XeHus. Mo mepe paclimpeHns BceneHHoOM CTaHOBUTCSA AOCTYMNHO BCe 6osblue
NMOJIOXKUTENIbHOW 3HEeprum B dopMe BelLLecTBa U CBeTa, HO ee KOMMeHcpyeT
oTpuUaTeNbHas SHepPrusa B popmMe CuJsibl NPUTAXKEHUSA TPABUTALMOHHOI0O NOJS.

ObwenpuHaTaa nctopusa BceneHHon yaensieT 60sblLIOe BHUMaHNE SHEPTUN: CKOJIbKO
ee? 'npe oHa? YT1o oHa genaet? OQHaKO B TON BEPCUN, KOTOPASA U3N0XKEHA B 3TON
KHWUre, rinaBHbIM OENCTBYIOWMM JINLOM B (hU3M4eCKOoNn nctopun BceneHHon asnsaeTcs
nHpopMaumsa. B KOHe4YHOM cHeTe, HopMaunsa U SHeprusa AONONHAKT opyr Apyra:
3Heprunsa 3actaBngeT pusnyeckme CNCTEMbI YTO-TO AeNaTb, a UHPOPMaLKNSA FOBOPUT,
4TO MMEHHO HY>XHO OenaTb.

IHTpoNUsA, nnn Btopoe HavYyano TeEPMOANHAMUKN

Ecnn 6bl Mbl MO paccMaTpMBaTb BELWECTBO Ha YPOBHE aTOMOB, TO 3aMeTUAN Bbl,
4YTO aTOMbl TAHLYIOT 1 KayaloTCsA BO BCe CTOPOHbI C/ly4aiHbiM 06pa3oM. dHepruio,
KOTOopas ynpaB/sieT 3TUM XaOTUYHbIM TaHUEM aTOMOB, Ha3blBalOT TEMJIOTON, a
NHOPMaLMIo, KOTopasa ornpeaenseT Wwarv 3Toro TaHua, Ha3bliBaloT SHTPOMNUEN.
MpoLye roBops, SHTPONMS - 3TO MHDOPMaLNSA, Hy>KHas Ans Toro, 4Tobbl onnucaTb
C/lyYalHble OBUXXEHNS aTOMOB M MOJIEKYJI, ABVXKEHUS CTOJIb MaJible, YTO Mbl HE
MO>XEM NX YBUAETb. IHTPOMNUSA - 3TO MHDOPMaLNA, Coaep KaLLaacs B hU3N4eCKon
cucTeme N HeBuanMasa ons Hac.

DHTpPOMNUS - 3TO CTEMNeHb MOJIeKYsipHOro becnopsaka, CyLLLecTBYIOLLEro B CucTeMe:
OHa onpepnensieT, Kakas 4acCTb TEMJI0BOM SHEPrnm CUCTEMbl HEAOCTYMHA OIS
npeobpasoBaHNa B MeXaHNYeCKyto paboTy 1 Kakas [0N1s ee SHeprun sBnsieTcs
nosie3Hol. BTopoe Havyano TepMoANHAMUKKL FNACUT, 4TO SHTPoNusa Bo BceneHHon B
LLeJSIOM He YMEHbLUAEeTCSs; MHa4ye roBops, KOJIMYECTBO HEMNPUIOAHOWN, CBA3aHHOWN



3Heprum pacTteT. [NposaBaeHnsa BTOPOro Havyasla TEPMOANHAMUKIN NIEFKO 3aMeTUThb B
06bI4HOM XN3HWN. TopAYNIA Nap MOXKET BpallaTb TYPOUHY 1 BbIMOJHATL MONE3HYIO
paboTy. Korga nap oxjfa)gaeTcs, ero becnopsago4yHo konebawoLwmecs MoneKy bl
nepenatoT YacTb CBOero becnopsaka MoJsieKysiaM OKpy>KaloLero Bo3ayxa,
nogorpesas ero n ysenm4neasa becnopsnok B HeM. Moneky bl Nnapa KonebawTcsa Bce
MenOJlIeHHee n MefJlIeHHee, a MOJIEKY bl BO34yXa - BCce bbicTpee n bbiCcTpee, 40 Tex
rnop, NoKa TemnepaTypa Napa 1 Bo3A4yxa He cpaBHAeTCcA. Koraa pasHuua TemnepaTyp
CTAHOBUTCSA MUHUMAJIbHON, SHTPOMNUSA CUCTEMbI AOCTUraeT MakcMMmyMma. Ho nap,
OXJIaAUBLUMACA 0O KOMHATHOW TeMnepaTypbl, Y>K&€ HE MOXXET BbIMOJIHATb HUKAKOWN
paboThl.

BoT ewe oanH crnocob o6bACHNTBL, 4TO Takoe aHTponusa. MHpopMauma no bonbLuen
4acTn HeBngmma. Konmdectso 6UToB MHOPMaLMmn, HY>KHOW ansa Toro, 4Tobbl onmncaTb
«TaHeu» aTOMOB, HAMHOIO MPEBbILIAET KOJINYECTBO BUTOB, KOTOPbIE Mbl MOXXEM
BMOEeTb Win 3HaTb. Bo3bMuTe dpotorpacduio - oHa Bcerga 3epHuUCTa, N pasmep 3epeH
3aBUCUT OT pa3Mepa 4acTuu ranonpa cepebpa, HaHeCeHHbIX Ha (hoTonNNeHKY, a ecnu
3TO yngposas potorpacdus, To OT KOIMYECTBA NUKCEsIeN, N3 KOTOPbIX COCTOUT
n3obpakeHne Ha 3KpaHe.

B KayecTBEHHOM LIM(PPOBOM N306parKeHNN MOXXeT coaepXaTbCA OKOJI0 MUAnapaa
6nTOB BM3yasbHOW MHpopMaunn. OTKyaa s B34a 3Ty ungpy? TbiCa4a NUKCENen Ha
OIONM - 3TO BbICOKOe pa3pelleHune, 6am3koe K TOMy, Ha KoTopoe cnocobeH
HEeBOOPY>XXeHHbIN rna3s. [1py TakoM paspelleHnn KaxKabli KBaApaTHbIA LIOWM
doTorpacun cogepXmT MUIJIMOH NUKcenen. B useTtHom poTorpadum pasmepom 6 ? 8
atonmos (15 ? 20 cm) ¢ pa3peweHnemM 1000 nnukcenen Ha AONM cogepXXntcs 48 mMaH
nukcenen. lanee, y Kaxxnoro nukcens ectb useT. Undposble poToannapaThl, Kak
npaBnao, NCNoNb3yloT 24-6UTHYIO KOAMPOBKY, 4TOObI co34aTb 16 MJIH LUBETOB, -
ONATb-Taku 3TO BIN3KO K KONIMYECTBY LBETOB, KOTOPbIE MOXET Pa3/INynNTb
yenose4yeckun rnas. Takmm obpasom, B LBeTHOW LnppoBon oTorpacdpun pasmepom 6
? 8 AaonMoB ¢ pa3peweHnem 1000 nukcenen Ha AONM N 24-6UNTHBLIM LLBETOBbIM
paspeweHnem cogepxuntca 1 152 000 000 6butos nHpopmaummn. (bonee npocrton
cnocob yBnaeTb, CKOIbKO BUTOB HY)XXHO, 4TObObLI co3aaTb poTorpaduto, - MOCMOTPETD,
KaK BbICTPO 3anonHAeTCA NaMATb Ballero unugposoro potoannapaTa, Koraa Bbl
nenaete CHUMKWU. B 06bl4HOM LK poBOM (hboToannapaTe CHUMOK C BbICOKUM
paspelleHneM 3aHMMaeT okosio 3 MH 6anTos[7 - [porpecc He CTOUT Ha MecTe.
Cenyac npuMepHO Takon obbeM nMeeT CHUMOK B CXKAaTOM BUAe, HanpmuMep B popMaTe
jpeg, npu4emM caenaHHbIn 04eHb CKPOMHOWM KaMmepon. HecxKaTbin CHUMOK byaeT B
HECKOJIbKO pa3 «Tsaxeneex». - NMpum. pen.] (3 merabanTa). banTt coctonT U3 8 6GuUTOB.,
TaK 4TO KaXAbl1 CHUMOK B LLMPPOBOM hoToanmnapaTe COCTOUT NMPUMEPHO U3 24 MJIH
bunToB).



1 152 000 000 6uTOB - 3TO O4EeHb MHOIr0 MHOPMALNN, HO KOJINYECTBO MHGOPMaLMK,
HY>XHOW O/18 ONMCaHnsa HEBNONMbIX KoniebaHnin aTOMOB 3epeH ranonaa cepebpa B
06bl4HOM poTONNEHKe, HamMmHoro 6onbuwe. YTobbl X onucaTb, NoTpeboBanoch bbl
bonbwe MNAInoHa MnnanapaoBs Mmunnmapnos 6utos (1024, nnm eanHnua n 24 Hyns).
Hesugumble konebnwoLwmecs aToMbl cogep)xaT 3Ha4YnuTeNbHO Bosiblle MHopMaLmu,
yeM BuAMMaA poTorpadpumsa, KOTOPY OHU COCTaBnAlT. PoTorpaduda, cogep kawiasa To
»Xe camMoe KOJIN4eCcTBO BUAMMON MHGOpMaLMK, 4HTO N HEBNOUMaAA NHOpMaUns B
rpamme aTtomMoB, 6bina 6bl paamepamu co wTaT MaH[8 - Unn npumepHo B ABa pa3a
bonble MockoBckonm obnacTtu. - Mpum. pea.].

KonnyecTtBo 6MTOB, cooepKalmnxcsa B KOAebnowmxca atomMmax, U3 KOTOPbIX COCTOUT
doTorpaduyeckoe nsobpakeHme Ha NJEHKe, MOXXHO OLEHUTb caieaytowmm obpasom.
Pa3smep ogHoro 3epHa ranonga cepebpa - 0KoJ10 04HON MUIJIMOHHOW MeTpa, N B HEM
NMPUMEePHO TPUJIMOH aTOMOB. Ha choTonNeHKe HaxXoaAaTCsa AeCATKN MUAINapaoB
3epeH ranomnpa cepebpa. OToeNbHbLIN aTOM, KOTOPbLIN (MPY KOMHAaTHON TeMnepaType)
HaxoauTcsa B cBoeM BeCKOHeYHOM TaHue, TpebyeT ansa cesoero onuncaHusa ot 10 go 20
buTtos. CnepgoBaTenbHO, 06WMIN 06bEM NHPOPMALIMK, XPaHUMOWN aTOMaMN Ha
doTorpadcun, coctasnsaeT 1023 dbuta. OgnH munnunapg (109) 6utos nHpopmaumnu,
BUOMMON Ha ungposon oTorpacdmnm, npeacrtasnset cobon nuwb HebONbLIYID 4010
OT 3TOro Konm4yectsa. OCTaToK MHMOPMaLNM, Coaep KaLLENCS B BeLlecTBe 00bIYHON
oTorpacpun, HeBUAUM. Ta HEBMANMAA NMHPOPMALNA N €CTb SHTPOMNUSA aTOMOB.

CBobonHas aHeprus

B3aumogencTtesmem mexxny AByMS HaAlLMMU aKTepaMu, SIHeEPrmnen n nHpopmaumnen,
ynpaBAaT 3aKOHbI, WM HavYasla TepMOANHAMUKKN. YTOObLI yBNAETH ewe oanH npumep
NnepBOro 1 BTOPOro Havas, Bo3bMeM 2610K0. B a6noke eCTb caxap, U OH COLEPXUT TO,
4YTO Ha3bIiBalOT cBoO6OAHON dHepruen. CBobOAHAA IHEPrusa - 3TO IHEPrus B
4ype3BblHaNHO yropsano4YeHHON hopMe, rae OTHOCUTESIbHO Masio aHTponuu. B s6noke
JHeprusa caxapa CoXpaHsAeTCcsa He B C/ly4anHbIX KosiebaHnax aToOMOB, a B
ynopAOoYEeHHbIX XUMUYECKMX CBA3AX, YAEPXKMBAOLLMX MOJIEKYJTY Caxapa Kak uenoe.
Hy>XHO HaMHOIro MeHbLUe nHpopMaunm, 4Tobbl onucaTb POPMY, KOTOPYIO NPpUHUMaeT
3Heprusa B MUAAMapAe YnopaaoYeHHbIX XMMNYECKUX CBA3EN, YEM A5 ONUCAHNSA TON
»Ke CaMOoW 3Heprum, ecav OHa pacnpeneneHa cpean mmnanapaa konebnwowmxcsa
aTOMOB. [J11 ONUCaAHNA 3TON IHEPT NN HYXKHO OTHOCUTESIbHO HEDO/IbLLIOE KONNYECTBO
MHOPMaLLMK, MO3TOMY ee JIerKO UCMNOoJIb30BaTh: Takas dHEPruns n HasblBaeTCs



csoboaHoOM.

Bo3bMuTe A6710KO N OTKYCUTE OT HEro Kyco4ek. Bbl TOSIbKO 4TO NPOrnoTuan
cBobogHyto 3Hepruo. Bawa nuuesaputesibHas cucteMa CoOAepXUT XUMn4eckmne
BelleCcTBa, Tak Ha3blBaeMble hepMeHTbl, KOTOpble npeBpaLlatoT caxap abnoka B
rNIOKO3Yy - hOpMy caxapa, B KOTOPOW ero MoryT HenocpeacTBEHHO NCMNOJ/Ib30BaTb
BaLUW MblWLbl. KaXKAbIA rpaMM M1l0KO3bl COAEPXKUT HECKOJIbKO KNJI0KaNopun
csobogHoM aHeprun. lNMepeBapns caxap, Bbl NOJYYMUIN HECKOSIBKO COTEH KWUI0OKanopumn
N cMoXKeTe npobexxaTb HECKOJIbKO MUJb. (Kanopus - 3TO KOJIMYECTBO SHEpPruu,
HeobxoonMon ona Harpeesa o4HOro rpaMmma BoAbl Ha oguH rpagyc Lenbcus.
Kunokanoputo, nan 1000 kanopuin, HasbiBalOT Takxxe 6onbLLION Kanopuen, a
ONeTOoNorn 4acTo A28 NPOCTOThI ONYCKaKT CNoBO «bosblias». HYanHas noxka caxapa
COOEePXXUT OeCATb KMIoKasnopmnn cBoboaHON sHeprun. Mexay npoyumMm, CTo
KWJIOKaNopUin - 3TO 3HEpPrus, 4octatoyHasa oasa toro, 4T1obbl NOAHATL aBTOMOOUIIb
«®DosIbKCBareH» MeTpOB Ha TpuauaTb Hag aoporon!)

Korga Bbl 6exxuTe, MbllLbl NpeBpaLlatoT cBOOOAHYIO IHEPruo caxapa B ABMxXeHune. K
MOMEHTY OKOHYaHuA 3abera Bbl, BEPOATHO, BCNoTeeTe: cBOb6oAHAA s3Heprus caxapa
npespaTmaacb B TenaoTy n paboTy. Konn4vecTBo Kasopuinn TemnepaTypbl U paboTbl B
TOYHOCTU COOTBETCTBYET KOJIMYECTBY Kanopunm cBobogHOM saHEpPrnm, cogep kaBLlencs
B caxape abs0Ka. B cooTBETCTBUM C NepPBbIM 3aKOHOM TepMOANHAMUKN obLiee
KOJZIN4ECTBO 3HEPrnm oCTaeTcsa TeM Xe CaMbIM. (A B COOTBETCTBUM CO BTOPbLIM
3aKOHOM TepMOANHaMUNKN KOJIMHECTBO UHOPMaLMKN, HY>KHOW OJ15 ONUCaHNSA
[ONOJIHNTENIbHbIX KoslebaHUn MosieKy sl B BalUMX pPa3orpeTbiX MblWLLAX N BCMOTEBLUEN
KOXXe, HaMHoro 6osblue, 4eM KOIMYeCTBO MHOpMaL K, KoTopas bblia Hy)KHa ans
ONMCaHnA yrnopsano4eHHbIX XMMNUYECKNX CBA3en B caxape s61oka.)

K coxxaneHuto, 3anyCTuUTb 3TOT NpoLecc B 0OpaTHOM HanpaB/EHNN HE TaK JIErKO.
Ecnun Bbl 3aX0TUTE CHOBA NPEBPATUTb SHEPrM0 TENNOThLI, rAe eCTb MHOMro HEBUANMOW
MHopMaumm (UM SHTPOMNNIN), B SHEPTUID XUMUYECKUX CBA3EN, FOe SHTPONnUn
HaMHOIro MeHblUe, BaM NMPUAEeTCsa YTO-TO AeslaTb C 3TON AOMNOJHUTENLHOWN
MHpopmMaumen. Kak Mbl BCKope yBuamnm, npobnema noncka mecta ons
AOMNONIHUTENbHbIX OUTOB B TEN0Te HakKNaAblBaeT PyHAAMEHTaIbHbIE OrPaHNYEHNSA
Ha TO, KakK XOpOLUO MOTryT QYHKLUMNOHNPOBATb MexaHn3Mbl, ntogun, mosrmn, JHK n
KOMMbIOTEPSI.

TeMm He MeHee B 06oUuxX Cyyvasix SHEpPrua n nHpopMaums (BMagnMas N HeEBMANMasn) -
[1Ba rNaBHbIX reposi BCEJIEHCKOM ApaMbl. BceneHHas, KOTOpPY Mbl BUAUM BOKPYT, -
pe3ynbTaT B3aUMOAENCTBUA Mexxay 3TUMM ABYMS BEIMYMHAMM, U 3TUM



B3aMMOOENCTBUEM YMNPaBAOT NepBoe U BTOPOE Havyasla TeEPMOANHAMUKN. DHEPrus
coxpaHseTcsa. NHdopMaunsa HUKOrga He ymeHbluaeTcs. TpebyeTcsa sHeprus, 4Tobbi
hm3nyeckasa cmctema nepewlsia n3 0gHOro CoOCToAHUA B apyroe. MiHa4vye rosops, Ans
06paboTkn nHopmaumm Heobxognma aHeprus. YHem 6onblLUe SHEPrUN MOXKHO
MPUNOXKUTL, TeM BbICTpee NponcxoanT pusnyeckme N3MeHeHNsa 1 TemM bbicTpee
obpabaTbiBaeTCa nHpopMaumsa. MakcumMasibHas CKOPOCTb, C KOTOPOW (pmn3nyeckas
cucteMa MmoxxeT obpabaTeiBaTb MHOPMaLMIO, MPOMNOPLMOHANIbHA ee IHeprun. Yem
bonblie 3Heprumn, Tem BbiICTpee MeHATCs BUTbl. 3emMns, BO34YX, OFOHb U BOAA B
KOHEYHOM UTOre COCTOAT U3 SHEePruun, HO pasHble POPMbl, KOTOPbIE OHU MPUHUMAIOT,
onpepenaTcsa nHpopMmaumen. YTobbl 4TO-TO caenaTb, Hy>KHa dHeprus. YTobbl
onuncaTb caeflaHHoe, HY>XHa MHGOoPMaLUKns. HEPrua N NHPOPMaLKNA eCTECTBEHHbIM
obpa3oM nepensieTeHbl Mexnay cobon.

NcTopunsa BceneHHoW, YaCcTb BTOpas

Tenepb, KOrga Mbl NPeACcTaBUN repoeB KOHMINKTA, AaBalNTe pacCKa)KeM UCTOPUIO
BcesieHHOW Ha A3blKe UX B3auMoaencTBus Mmexay cobon. UMeHHO 3To
B3aMMOeNCTBME - MepenacoBka Mexay MHMOopMaLIMen n SHepruen - 3actaBnseT
BceneHHyo BbIYNCATS.

B Te4yeHne nocnengHero cTtoneTus 4OCTUXKEHUSA B CO34aHMNN MOLLHbIX TEJIEeCKOMoB
MO3BOJIN/IN BECTUN OYEHb TOYHbIE HabnoaeHna 3a BceneHHon BHe Hawen ConHeYHon
cucTtemsl. Mpownoe pgecatuneture 661210 0cO6EHHO 3HaMeHaTeNbHbIM ANnsa HabnoaeHns
Hebec. Ha3zeMHble Teneckonbl U CNYTHUKOBbIE 06cepBaTOpUKN NO3BOANAN coObpaThb
obwnpHbIE faHHbIE O TOM, KaK cenyac BbIrnaguT BceneHHas, a TakXXe 0 TOM, KaKow
OHa 6bina B npowsioM. (CKOpOoCTb CBETA KOHEYHA, U KOrga Mbl CMOTPUM Ha raslakTUKY,
OTCTOSALLYI0 OT HAaC Ha MUJIJIMapA CBETOBLIX JIET, TO BUAMM €€ TaKOW, Kakon OHa bbina
MUNAnapAa NeT Hasagd.) OTa NpUHUMNmManbHas NCTOPUYHOCTb HabnwaeHnn KocMoca
OKa3blBaeTCs BeCbMa NOJIe3HON, KOraa Mbl NbiTaeMCs paclwndpoBaTbh PaHHIOK
nctoputo BceneHHon.

BceneHHada Ha4yanacb MeHee 14 mnpph neTt Hasapj B BUAE rMraHTCKOro B3pbiBa. Ho 4yTto
Obin0 o bonbworo B3pbiBa? HU4ero![3 - B HEKOTOPbLIX KOCMOJIOMMYECKNX TeOPUAX
c4ynTaeTcs, 4To BceneHHas bbina Bcerga, a bonbwoMy B3pbIBY NpeaLecTBOBalo
Bosnbloe cxxaTue. B 3Tux Mmogenax Hawa BceneHHas paclumMpuTCcd, NMOTOM ONsATb
COKpPaTUTCSA B HOBOM bosnblwioM CxaTuu, 3aTeM byaeT HOBbIN BonbLON B3pbIB U T. 4.



X0oTS Takme «ocuuanupytoLwme» moaenm BceneHHom n He NnpoTMBOpeYaT 3aKOHaM
hn3mnKN, B HacTosiLLLee BpeMsl HabnoaeHWs He AaloT OCHOBAHMI cY4MTaTb Ux Bonee
KOPPEKTHbIMU.]. He 6bIJ10 HN BpeMEHU, HX NPOCTPaHCTBa. Elle pa3: He TO 4ToObI
NPOCTPAHCTBO ObIJI0 NYCTbIM - OHO OTCYTCTBOBAJI0; BPEMS »KEe MMeJsI0 CBOE HayaJslo.

HeT Huyero cTpallHOro B naee Ha4vana U3 HM4Yero. Hanpumep, NONOXKUTENbHbIE YACNA
HAYMHAKTCA C HYNA (C WYHbSA, «MYCTOThI»). [10 HYJIS NONIOXXUTENbHbIX Yncen HeT[9 -
Hynb, pasymeeTcs, He ABNSIETCS MOJIOXKUTENbHbLIM YACIOM. B TO XXKe BpeMsi MOXHO
nonobpaTbCsa K HEMY CKOJIb YrofAHO 6/1M3K0, OCTaBasiCb Ha MNOJIOXKUTESIbHOM YacTy
4yucnosown npsmoMn. - Mpum. pen.]. Tak n 0o bonbloro B3pbiBa He 6bIJIO HUYETo - HU
3Heprumn, HM 6uTos.

A MOTOM - BHe3anHo - BO3HUKJa BceneHHasa. Havyanocb BpeMsd, a C HUM U
NpoCTpaHCTBO. HoBOpoXXaeHHaa BceneHHas Bblla NpOCTON; CBEXXECOTKaHHas TKaHb
KBaHTOBbIX NOJIen cogep>kajla o4eHb Mano MHGOPMaUnKM 1 3Heprun. 1na ee onmcaHms
AO0CTaTO4YHO BbINI0 BCEro HECKOIbKMX BUTOB. ECnin, Kak npeanonaratoT HEKOTOpPbIE
pnsnyeckmne Teopun, CyLecTByeT BCero 0gHO BO3MOXXHOE HaYaslbHOe COCTOsIHUE
BceneHHon n BCero oamMH CamMoCorjiacoBaHHbIN Habop n3n4eckmnx 3aKoOHOB, TO ANs
OMMNCaHNS 3TOro HavyasIbHOro COCTOAHMA He TpebyeTcsa HM ogHoro buta nHpopmayun!
Kak Mbl MOMHUM, 4TOObI CO34aTb MHOPMaLMIO, A0JI)KHA CyLLECTBOBATb
anbTepHaTtmea: 0 unun 1, «ga» Uanm «HeT», To nnm 31o. Ecnm e HavyanbHOMY
COCTOSAHUIO BceneHHoM He BbIN0 HUKAKUX afibTEPHATUB, TO ON151 €€ ONMUCAHNSA HY)XKEeH
Obln HyNb 6GUTOB MHOPMaLMKM N POBHO HYJ/Ib BUTOB OHa coaeprkana B cebe. Takon
rnepBoHa4vasibHbIN HEAOCTAaTOK MHPOPMaLUKN COOTBETCTBYET NPeaCcTaB/IEHUIO O TOM,
4yTO BceneHHasa BO3HUKJIIA U3 HNYErO.

Bo3HuKHYB, BceneHHasa cpa3y Ha4vala paCclUMPATLCA, U MO Mepe pacllmpeHus oHa
BbITArMBasia Bce 60bLIe SHEPTMN N3 KBAHTOBOM TKAHW MPOCTPAHCTBA U BPEMEHMU.
CoBpeMeHHble hn3nveckne Teopun yTeepX4atT, YTO KOJINYECTBO IHEPrmn Ha
paHHUX 3Tanax pa3BnTusa BceneHHoM pocsio o4eHb BbICTPO (3TOT NpoLecc Ha3biBaloT
«UHpAALMEN»), @ KONYECTBO NHpopMaUnnM yBeNNYMBaIOoCb MeasieHHee. B Havane
BceneHHas ocTaBasiacb MPOCTON N YNOPSALOYEHHON: A1 €e ONNCaHUA XBaTaso BCero
HECKOJIbKMX BUTOB MH(OpMaUnnN. IHEpPrus, KoTopasa B HEM BO3HMKaNa, bbina
cBobOAHOM 3HEpPruen.

Brnipoyem, Takol AeduumnT nHpopMaLMM Npoaauics Henonaro. No Mepe Toro Kak
paclimpeHne BceneHHom npoaokanocb, cBoboaHan sHEPrus B KBAHTOBbIX MOAAX
npeBpallanacb B TEMNAOTY, YBENYMBAA SHTPOMNMIO, N 06pa3oBaNCb BCe BUAI
3/1IeMEeHTapPHbIX YacTUL. DTN YacTuLbl BbIJIN FTOPSAYMMU: OHM KoNebasincb NPOCTO-TaKM



APOCTHO. YT06bI ONMcaTb 3Ty «NAACKY», TpeboBanocb MHOro nHgopmaumn. Mpowwna
BCEro ogHa MuasimapaHas 0019 CeKyHAbl - BpeM4, 3a KOTOpOe CBET NpoxoauT
pacCcTosiHMe B TpuaLuaTb CAHTUMETPOB, U KOJIMYECTBO MHpopMaLMKM, coaepKaBLuencs
BO BceneHHon, pocturno nopsagka 100 MUNAMOHOB MUIIMAPLOB MUNIMAPAO0B
MWUNAMaPA0B MUANaApA0B Munanapaos, nnm 1050 éutos. (Ecan yrogHo, 3To
NMPUMEPHO Mo BUTY Ha KaXKabl N3 aTOMOB, N3 KOTOPbIX COCTOUT Hawa 3emns.) YTobbl
COXPaHUTb CTONIbKO MHOPMaLnn B BU3yasibHON hopMe, noTpebosanach Obl
doTorpacdusa pasmepom ¢ MneyHbin NyTb. bonbLwon B3pbIiB 6bl1 TakXe N butoBbIM
B3PbIBOM.

NMoka aHeprus B Mupe meHsna popmy, BceneHHasa Takxe obpabaTbiBania un
npeobpasosbiBasa bUTbI, 3aN0NHAS CBOW «PerncTp naMaTu» pesysibTaTamMmm
06paboTkn 3TON NHpopMauun. lNocne Ton, camon NepBon, MUIIMAPLHON 0N
CcekyHAbl BceneHHas BbinonHnna npmbnnsntensHo 10 000 Mmunnmaphos MunaMapnos
MUANAPA0B MUNNAPA0OB MUMAPA0B MUAMapaos Mmuianapaos (1067)
3/IeMeHTapHbIX onepaunni ¢ bButamm, 1 MHOro 4TO NPOU3OLLJIO 3a 3TO BpeMs. Ho 4To
BbliMcnana BceneHHasa BO BpeMs 3TOMN NepBON MUWIIMAPAHOW 00N CEKYHAObI?
Mucatenun-paHTacTbl CYUTAKOT, YTO 3@ 3TO BPEMS - HAMHOr o BbICTpee, YeM Mbl
ycreBsaemM MOPrHyTb MJ1a3oM, - MOIJi BO3HUKHYTb N UCYE3HYTb Lesible umsmnnmsayun!
Y Hac HeT HUKaKNX AoKa3aTesibCTB 3TOro. bosee BepoATHO, YTO 3TN NepBble
onepauun npeactasnsaam cobon cnyyamHole CTOJIKHOBEHUSA 3/IEMEHTAaPHbIX YacTul,.

MNMocne 3Ton NepBon MUANAPLHON OONN CEKYHAblI BceneHHas bbinla 04eHb ropsayen.
Mo4YTn BCA 3aKavYaHHas B Hee 3Heprua Tenepb Haxoannacb B popme TenaoThl.
NMoTpeboBanocb Obl 0O4EHb MHOIO MHGOPMaLUKK, 4ToObl onnucaTb 6€CKOHEeYHO Masble
OBV)XEHNS 3N1IEMEHTaPHbIX YaCcTuUL, B 3TOM COCTOSAHMM. BoobLe, Kkorga BCce BewecTBO
nMeeT OOHY U Ty XXe TeMrnepaTypy, SHTPoNMa AoCcTUraeT Makcumyma. Ha gaHHoMm
3Tane 6b110 04eHb HEMHOro cBo604HOM 3HEPrun, TO eCTb NopsagkKa, u No3TOMYy BpeMs
cpa3y nocne bonbworo B3pbiBa 66110 BpaXkaebHbIM 451 TaKUX MPOLLECCOB, KaK XWU3Hb.
Ona XXn3Hm Hy>kHa ceobogHasa sHeprus. ake ecnm n morna 6bl CywecTBoBaTb Kakas-
TO hOpMa »XXM3HU, cnocobHas BblaepXaTb BbICOKME TeMnepaTypbl bonbLIOro B3pbIBa,
3TON hopMe XU3HU 6b110 Bbl HeYero ecTb!

Pacwunpssck, BceneHHasa ocTbiBana. /1eMeHTapHble YacTuubl Konebanncoh Bce
MenJsieHHee. KonmyecTBo MHOPMaUnKn, HY>XHOE OJ19 ONMUCAHUSA X «TaHua»,
OCTaBaJIOCb MOYTU TAaKMM Xe 1N JINWb NOCTEMNEHHO YBEJINYNBAIIOCb CO BPEMEHEM.
Mo>xeT noKa3aTbCs, 4TO AJ1a9 onncaHusa 6onee measneHHbIX KosiebaHUM HY>KHO MeHbLLle
6uTOB, N OENCTBUTENBLHO, A1 ONNCAHUSA UX CKOPOCTU TpeboBasnocb MeHbLle 6uToB. B
TO )Xe BpeMs 06beM NPOCTPaHCTBA, B KOTOPOM Kosiebanncb YacTulbl, BO3pacTa, u



HY>XHO 6b1s10 BCe 6onblie BUTOB A1 ONUCAHUA UX NONOXXeHM. osTomy obLuiee
KOIM4eCTBO MH(OPMaLIUM OCTaBaslaCb MOCTOAHHbBIM NN POCJIO B COOTBETCTBUM CO
BTOPbIM HAa4Ya/IOM TEPMOANHAMUKN.

YacTuubl konebanucob Bce MensieHHee n MeanieHHee, U BUTbl U KYCOYKN KOCMUYECKOro
cyna Hayvasun yrnaoTHATbCA. Pe3ynbTaTOM 3TON KOHAEHCALUMN CTann HEKOTOpbIE BUAbI
MaTepumn, KOTopble Mbl BUAUM U cerogHsa. Korga Koam4ecTBO SHEPruv B TUMNYHOM
KonebaHMn CTaHOBUJIOCb MEHbLLE KOIMYeCTBa SHEPrumn, HeobxoamMmMoro ans
OpPMNPOBAHNSA N COXPAHEHUSA C/IOXKHOM 31eMEHTapPHOW 4YacTuubl, HaNpMMep NPOTOHa,
CTann opMMpPOBaTHLCA 3TU YacTuubl. iIHavye rosops, korga konebaHms
COCTaB/ISIOLWMX JIEMEHTOB - KBAPKOB B CJly4ae NpPoToHa - y>Ke Obl/In He40CTaTOYHO
SHEepPruyHbl ANa Toro, YTobbl NOAAEPKMBATL NX aBTOHOMUIO, OHW CKJIEMBAaIUCh B
CJIO>XKHYIO YacCTuLy, KOTopas «BbiNajasia» N3 «kKOCMUYECKOro cyna». Ka>kabin pas,
Korfa n3 «Cyrna» KOHAEHCUPOBAJICH HOBbIA KOMMNOHEHT, MPOUCXOAWN B3PbIB SHTPOMNMN
- B KOCMUYECKYI0 MOBapPEHHYO KHUIY 3anuncbiBasiacb HOBas MHopMauus.

YacTnubl GpOpMMPOBAINCE N3 «KKOCMUNYECKOr0 Cyrna» B NOPSAAKE SHEPrun,
HeobXoAMMbIX 0N yAepXXaHUsa NX B CTabnibHOM COCTOAHUK. TTIPOTOHbI 1 HENTPOHbI -
YacTULbl, U3 KOTOPbIX COCTOAT A4pa aTOMOB, - CKOHOEHCUPOBAJIMCh Yepes O4HY
MWJIJIMOHHYO 0010 CEKYHAbI Mocsie bonbworo B3pbiBa Npu TemMnepaTtype
npnbnmnsntensHo B 10 MunnamoHos muannoHos (1013) °C. ATOMHbIe sapa HavYanu
hopMMpoBaTHLCA NMPUMEPHO Yepes 04HY CeKYHAY, NMpun TeMmnepaType OKOJ10
Muaanapaa rpagycoB. K TpeXMUHYTHON OTMeTKe Bblin chopMmMpoBaHbl sapa Nerkmx
aTOMOB - Bogopoa, renuin, gentepun, nutun, 6epmnnnin n 6op. OgHaKo 3/1eKTPOHbI
BCe elle HOCUJINCb CANLWKOM BbICTPO, 4TOObI sApa MOran UX 3aXBaTUTb U
chopMupoBaTb NOJIHbIE aTOMbl. CryCTa TPUCTa BOCEMbAECAT ThICAY NIeT nocne
Bonblworo B3pbiBa, Korga TemnepaTtypa BceneHHon ctana HemHoro Huxe 10 000 °C,
3JIeKTPOHbI, HaKOHeL,, CTaJIn 4OCTAaTOYHO XOJI0AHbIMU 015 3aXBaTa, U CTanaun
NosABNAATLCA CTabubHbIE aTOMBbI.

Mopsanok n3 xaoca (3pdekT 6aboykn)

o obpa3oBaHMsA aTOMOB NOYTU BCSA MHGOPMaLMs BO BceneHHo Haxoamnacb Ha
YPOBHE 3/1IEMEHTAPHbIX YacTuu. Mo4yTn BCce 6BUTbI BbIIM 3aNnCaHbl NOIOXKEHUSAMUN U
CKOPOCTSIMU MPOTOHOB, 3JIEKTPOHOB U T. A. Ha 60nee BbICOKNX YpOBHSAX BceneHHas
BCE elle colep)Kasa 04eHb MaJsio MHMOPMALIMN: OHa Bblla HEBbLIPA3NTEIbHON U



ogHopoaHon. (Hackonbko ogHopoaHon? MNpenctaBbTe cebe NOBEPXHOCTL 03epa
6e3BeTpPEHHbLIM YTPOM, TaKyl0 CNOKOMHYI0, 4TO OTPa>KeHNs AePEBLEB B BOAE
HeOT/IMYUMbI OT CaMuX OepeBbeB. lNpeacrtasbTe cebe 3emnto, rae HeT X0/IMOB Bbllle
KPOTOBOW HOpbl. PaHHAS BceneHHas 6bina ewe 6onee o4HOPOAHOMN.)

Celyac, oaHaKo, TeNeCKOomMbl MOKa3biBAlOT HAaM OFPOMHbIE Pa3/INYNA U
HEeOHOPOAHOCTbL BO BceneHHoN. BellecTBo cobupaeTcs n hopMmpyeT MnJaHeTsl,
Takue Kak 3emns, 1 3Be34bl, Takme Kak ConHue. MnaHeTbl U CONHLA BMecTe Co3aatoT
COJIHEeYHble cucTeMbl. Hawa CosiHeYHasi cucTeMa BMecTe C MUInapaaMn apyrmx
dopmMuMpyeT Hally ranakTuky, MneyHbiii NyTb. MAeYHbIN NyTb, B CBOO o4Yepelb, -
TOJ/IbKO OfiHa N3 OECSATKOB raJlakTUK B MECTHOM CKOMJIEHUM FaslakTUK, @ OHO - BCEro
JINLLb OAHO U3 CKOMJIEHU B CBEPXCKOMJIEHUN. DTa Nepapxmsa CKONJeHnin BeLecTsa,
pa3fesieHHbIX KOCMUYECKMMM NYCTOTaMun, U COCTABIAET COBPEMEHHYIO
KpynHOMacLITabHyo CTPYKTypy BceneHHo.

Ho Kak mosBunach 3Ta CTpykTypa? OTKyAa B3aaMCb 6BUTblI MHPOPMaUnUn? 3T buTsbl
MPONCXoasaT N3 CaMo paHHen BceneHHON, 0 KOTOPOW Mbl TOJILKO 4TO rosopunun. Ux
MPOUCXOXXAEHNE MOXXHO 0OBACHUTL 3aKOHAMN KBAHTOBOW MeXaHUKMN BMecCTe C
3aKOHaMW TArOTEHUS.

KBaHTOBas MexaHMKa - 3TO Teopus, KOTopas ONuUCbIBaeT, Kak BeayT cebs BewecTBO U
SHeprus Ha camblX PyHAAMEHTalIbHbIX YPOBHAX. Ha MUKPOYpPOBHE KBaHTOBAS
MeXaHMKa onucbiBaeT NnoBefeHne MoJieKyJs, aTOMOB 1 31IeMeHTapHbIX YacTul,. Ha
bonbwnx MmacwTabax oHa onucbiBaeT Hawe Cc BaMu nosegeHne. Ha ewe 6onbLnx -
noseneHne BceneHHon B LesIOM. 3aKOHbl KBAHTOBOW MEXaHWKW OTBEeYaloT 3a
BO3HUKHOBEHWE AeTasien u CTPYKTypbl BceneHHORN.

Teopusa KBaHTOBOW MeXaHMKN AaeT Havyasio KpynHOMaclTabHoM CTpyKType
6narogaps cBoeMy HeyCTpPaHUMO BEPOSITHOCTHOMY XapakTepy. KakuM 6Gbl
napafoKCaJibHbIM 3TO HM Ka3asoCb, KBAaHTOBas MeXaHMKa co34aeT pa3sHoobpasune un
CTPYKTYpPY, MOTOMY 4TO OHa Mo onpenesieHNnto HeornpeaeneHHa.

PaHHAA BceneHHas 6bl1a 04HOPOAHON: MAOTHOCTb 3HEprum sesge dbina noyTun
ogunHakoBon. Ho - He coBceM OANHaAKOBOW. B KBaHTOBON MexXaHUKe Takune BeJINYUHbI,
KaK MoJIOXKeHMe, CKOPOCTb U MJIOTHOCTb SHEepPruun, He NMeT TOYHbIX 3Ha4YeHUNn. Nx
3HaYeHMA KoNebnTcsa, nan, Kak roBops Musnkn, GayKTymupyroT. Mbl MOXXeM onuncaTb
NX BEPOSATHbIE 3HAaYeHUs, Harnpumep Hanbosiee BepoOSATHOE MEeCTOMOJIOKEHME
HEKOTOPOW YacTULbl, HO MPY 3TOM HEe MOXXeM yKa3aTb ero COBepLUeHHO TO4YHO.



N3-3a 3TNX KBAaHTOBbLIX PJIYKTyaL M HEKOTOpble 061acTu paHHen BceneHHOM 6bian
yyTb 60s1€ee NNOTHbIMUK, YeM Opyrune. Bpemsa wWo, n rpaBuTaumsa 3actaBssna MaTeputo
cMewaTbCsa K 3TuM 6onee NAOTHLIM obnacTaMm, ewe bosnblue yBenm4mBasa NJAOTHOCTb
JHEepPrum B HUX U YMeHbLLUAs B OKPY>KatoLeM NpocTpaHcTBe. Takum obpasom,
rpaBMTauma ycunmeasnia u yeenmymsasa nepBoHavasbHO e[iBa 3aMeTHbIe pa3nyums.
BOT Tak KpoLlue4yHble KBaHTOBble (hIYKTyaUuUn B Ha4ale BpEMEH CTaM 3apoAblliaMm n
yKa3sannm MecTa O/19 CKOMJEeHUN ranakTuk. HeEMHOro nosxe gasabHenwmne
Heo4HOPOOHOCTW 3a4a/In MOJIOXKEHUSA OTAesIbHbIX FaNlaKTUK B CKOMJIeHUK, a eLe
rno3»xe pIiyKTyaumm 3afanam rnosioxKeHNsa 3se3 1 njaHer.

B npouecce co3gaHusa 3Ton MaclwTabHOM CTPYKTYpbl rpaBuTaLmnsa co3faBaia ewe v
CBOOOAHYIO 3HEpPruo, HeobXoAMMYIO XMBbIM cyLlecTBaM. POpMUPYACH U YNJIOTHANACH,
MaTepusa aBuranack boicTpee n 6biICTpee, Noslyvas SHEPrUtO OT FPaABUTALMOHHOIO
Nnoss; NHa4ye roBops, BewecTBO HarpeBasocb. Yem 6osbLle OKa3biBasiCA CryCcToK, TeM
Hbonee ropsyYMM CTaHOBUIOCH BeLLECTBO B HeM. Ecnum cobupanocbk focTaTovyHoe
KOJINYEeCTBO MaTepun, TemnepaTypa B LLeHTpe CrycTKa noBblWwasacbk A0 TON TOYKN,
rae Ha4YnHalTCa TepMoALEpPHbIe peakLuun, - 1 HOBOE COJIHLE Ha4ynHano cusate! B
COJIHEYHOM CBeTe MHOIro cBOOOAHOW 3HEPrum - TON SHEPrun, KOTOPYIO, Hanpumep,
MOryT UCMOJIb30BaTb pacTeHnsa onsa poTocuHTe3a. Nl Kak TOJIbKO OHWM NOSABATCS, OHU
Tak n byayTt nenatb.

CrnocobHOCTb rpaBuTaumn ycunameaTb HebosibLune hayKTyaumm NnAOTHOCTU -
oTpakeHne pusnyeckoro heHoMeHa, KOTopoe Ha3biBalOT «XaoCoM». B xaoTu4eckon
CUCTeMe KpoLleYyHble pa3/inyuns cCo BpeMeHeM yCuUamBaloTCcAa. BO3MOXXHO, caMbli
N3BECTHbIN NMPUMep Xaoca - Tak Ha3blBaeMbl 3(hdekT 6aboukun. YpaBHeHUS,
oTpa)kawuime ABMXKEHNA B aTMocdepe 3eMun, XaoTU4YHbI N0 CBOen CYyTU; NO3TOMY
KpoLLUeYyHOoe n3MeHeHue, CKa)kemM B3Max Kpblia 6abo4vku, co BpeMeHeM n C
PacCTOSIHNEM MOXET YCUJIMBATbLCA N Yepe3 MecCsLbl U KNWJIOMETPbl NpeBpaTUTbLCA B
yparaH. KpoxoTHble KBaHTOBbIE (PJIYKTYaL N NJAOTHOCTU SHEPrum Bo spemMs bonbLoro
B3pblBa - 3TO Te caMble «babo4yku», KOTOpble B pe3ysibTaTe NpeBpaTUINChL B
KpynHoMacLwTabHyo CTpyKTypy BceneHHon.

KaXxgas ranakTuka, 3se3fa 1 njaHeTta oba3aHbl CBOEN MacCom U NONIOXKEHNEM
KBaAHTOBbIM COBbITUAM B Ha4vase BceneHHon. HO He TONIbKO: 3TN CobbITNA TakXe CTanun
NCTOYHUKaMN Menkux getanen BceneHHon. Cny4anHOCTb - KJIIOYEBOW 3J1IEMEHT A3blKa
npupoabl. Ka)xablhn 6pOCOK «KBAHTOBbIX KOCTEN» Co3[aeT B MUpeE eLle HECKObKO
ouToB pasnuyuin n noapobHocTen. ITK AeTannm HakananeBatTCa U POPMUPYIOT
3a4aTKu Bcero pasHoobpasusa BceneHHon. Ka)kaoe nepeBo, Kakaasa BeTKa, JINCT,
kneTka n cnupanb AHK obsa3aHbl cBoen ocobeHHOoM hopMON KakoOMy-TO CyHanHOMY



OpOCKyY B 3TOM KBaHTOBOW uUrpe. Ecnm 6ol He 3aKOHbLI KBAHTOBOW MexaHUKK, BceneHHas
0o cux nop 6bina 6bl HEBbIPA3UTENILHOM U NYCTOW. BO3MOXXHO, a3apTHbIE Urpbl Ha
OEHbIN 1 ABAAIOTCHA BOMJIOWEHMEM afa, HO KBAHTOBas Urpa B KOCTU - B0OXKeCTBEHHbIN
npomsbicen!

YHUBepCabHbIN KOMMNbOTEP

Mbl y>XKe 3HaeM, 4To BcesieHHaqa BblMMCNAET, 3anncbiBas U TpaHCopMumnpysa
nHpopMaumio. NMo3ToMy BCe TO, YTO Mbl BUAUM BOKPYI, MOXXHO Ha3BaTb BCEJIEHCKUM,
NN yHMBEpCaJibHbIM KOMMNbloTepoM. OlHaKO y 3TOro Ha3BaHUA eCTb apyroe, bonee
TexHNn4eckoe 3Ha4vyeHune. B nHpopMaTrKe TOXKe eCTb NOHATUE «yHUBEpPCasibHbIN
KOMMNbIOTEpP» - 3TO YCTPOMUCTBO, KOTOPOE MOXXHO 3anporpaMMnpoBaTh Tak, YTO OHO
oyneT obpabaTbiBaTbh 6UTLI MHPOpMaunm NobbIM XenaembiM cnocobom. ObblYHbIE
UNpPOBbIe KOMMNbIOTEPLI, TAKNE, HA KAaKOM A NULWY 3Ty KHUTY, - 3TO YHUBEpPCaJibHblE
KOMMbIOTEPLI, @ UX A3bIKK - YHUBEPCasbHbIe A3bIKW. JIIoAN CNOCOOHbI NPON3BOANTL
YHUBEpPCaJibHble BbIYNC/IEHUS, U YeNoBeYecKne A3blku YHUBepcabHbl. o4ty BCe
CUCTEeMbl, KOTOpPble MOXXHO 3arnporpamMmMmnMpoBaThb Ha BbIMOJIHEHME MPOU3BOJIbHO
OJIMHHbIX MocnefoBaTe/IbHOCTEN NPOCTbIX Npeobpa3oBaHUn MHGPOPMaLIMK, ABAAIOTCA
YHMBEpPCasibHbIMN.

YHMBEpCaNnbHbIN KOMMNbIOTEP MOXKET CAeNaTb C MHPOPMaLMEN NOYTU BCE YTO YroAHO.
N306peTaTenn yHUBepCaibHbIX KOMMbIOTEPOB M YHUBEPCAJIbHbIX A3bIKOB, AJIOH30
Yep4 1 AnaH TblOPUHF, BbIABUHYM TMNOTE3Y, YTO Ha YHMBEPCAJIbHOM KOMIMbIOTEpPE
MOXXeT BbITb BbiNOIHEHA Nt06as BO3MOXKHAsA MaTeMaTUYeCKasa MaHUNynauns, To eCcTb
4YTO YHUBEPCAJIbHbIV KOMMNbIOTEP MOXXET CO3[aBaTb MaTeMaTU4YeCcKne NoCTPoeHns
noboro ypoBHSA C/I0OXKHOCTU. HO caM OH He AoJ/1KeH BbITb C/I0OXKHOW MALLMHON; BCE, 4TO
OH [O0JIXKEH YMEeTb, - 3T0 6paTb 6GUTLI, MO OAHOMY MM MO ABa 3a pa3, W BbIMOJIHATb C
HUMN NPOCTble onepaunn. YTobbl coBepwnTb Ntoboe xenaemoe npeobpa3oBaHne Hag
CKOJb yrogHo 6onbwinm Habopom 6UTOB, LOCTAaTOYHO MHOMOKPATHO BbINOJHATb
onepauumn BCero ¢ oAHUM nnun asymsa butamm 3a pas. Jlrobasa MawmHa, KOTopas MoXXeT
BbIMOJIHNTb TaKyl NOC/eA0BaTeNIbHOCTb NPOCTbIX JIOTMYECKUX onepauunn, SsBNseTcs
YHMBEpPCasibHbIM KOMMbIOTEPOM.

Ba>kHO, 4TO yHUBEPCasibHbIM KOMMbIOTEP MOXXHO 3anMporpaMMmnpoBaThb Tak, YTObbI
npeobpa3oBbiBaTb MHGOPMaLUMIO N0bbIM XenaembiM 0bpa3oMm, n nbon
YHUBEPCaJIbHbIA KOMMbIOTEP MOXHO 3aNporpaMMnUpoBaThb Tak, YToObl OH



npeobpa3oBbiBan MHPOPMALMIO TOYHO TaK XKe, Kak 3To genaet awbon apyron
YHUBEpPCaJibHbIN KOMMbloTep. Takum obpasoMm, ntobon yHnBepCaabHbI KOMMObIOTEP
MOXXeT MoAeNMpoBaTb APYron, N HaobopoT. Takas B3auMOMOAENNPYEMOCTb
O3HayvaeT, 4YTO BCE YHUBEPCaJibHble KOMMbIOTEPbLI MOrYT BbINOJHATbL OAWUH U TOT Xe
Habop 3agay. (3Ta 0cOBEHHOCTb BbIYUCINTENIbHON YHUBEPCASIbHOCTM HaM 3HaKoMa:
ec/in Kakasa-To nporpamma pabotaeTt Ha PC, ee, 6€3yC/n0BHO, MOXXHO BUOOU3IMEHUTb
TakK, 4TOo OHa byaeT paboTaTb Ha Mac.)

KoHe4Ho, Ha Mac nporpamMma MoxxeT paboTaTb MmeaneHHee, 4eM Ha PC, n HaobopoT.
NMporpamMmma, HanMcaHHasa ONs YHUBEPCaJIbHOro KOMMbOTEpPa onpenesieHHoro Tuna, Ha
HeM 0bbl4HO paboTaeT bbiCTpee, YeM ee «MNepeBoaHas» BEPCUS Ha APYrom
KoMmnbloTepe. Ho 3Ta nepeBefeHHas nNnporpamMmma Bce paBHO byaeT paboTtaTb. MOXXHO
rnokKasaTb, 4TO 06O YHUBEPCASIbHbLIN KOMMbLIOTEP MOXXET HE TOJIbKO MMUTUPOBATb
nobon opyron yHMBepCas bHbIA KOMMNbIOTEP, HO 1 AenaTb 3TO 3hPeKTUBHO. Mpwu
rnepesoae NporpamMmbl C OAHOrO KOMMNblOTEpa Ha Apyron oHa byneTt paboTaTb
MefdJleHHee, HO HEHAMHOr 0.

LindppoBoe n KBaHTOBOE

BceneHHas Bbl4ucnsaeT. Ee KOMMNbIOTEPHbLIN A3blK COCTOUT U3 3aKOHOB (PU3UKU U NX
XNMUNYECKUX n brnonorndecknx caenacrtemin. Ho MoXXHO nu c4MTaTb, 4TO BceneHHas
ABNAETCA YHUBEPCaibHbIM LN POBLIM KOMMbLIOTEPOM, B TOM TEXHUYECKOM 3HAYEHUMN,
KOTopbIn 06ocHOBaNM Yép4 n TblopUuHr, N HU4eM 6onee? Ha 3TOT BONPOC MOXKHO AaTb
TOYHbIN HAaY4YHbIN OTBET: HET.

Noes o ToM, 4TO BceneHHas B CaMOW CBOEN OCHOBE MOXXET ABNAATbLCS LN(PPOBLIM
KOMMNbIOTEPOM, BO3HUMKJ/1A HECKOJIbKO AecsaTuneTtun Hasan. B 1960-x rr. 2aBapa
®penkunH, bbiBWINI Toraa npogeccopoM MaccayyCceTCKOro TeXHO0rM4eckKoro
WHCTUTYTa, U TOT caMblin KOHpan Lly3e, KOTOpbIM CKOHCTPYMpOBas nepsble
3JIeKTPOHHbIEe LUNJPOBbie KOMMbIOTEPLI B [epMaHun B Havane 1940-x, npeanosioxuniu,
4yTO BCceneHHas, B CyLLHOCTHU, ABNAETCH YHUBEPCAJIbHbIM LU(PPOBLIM KOMMNbIOTEPOM.
(CpaBHUTENbHO HEAABHO 3Ta KOHLUENUMS Halla nocsenoBaTesnia B INLE YHEHOIO B
obnactn nHpopmatukm CtmseHa Bonbppama.) oesa o4eHb NpuBneKkaTesbHa:

UM pPOBbIE CUCTEMbI MPOCTbI U MPU 3TOM CMOCOOHbLI BOCMPON3BOANTbL NOBEAEHME
ntobon cTeneHm CI0XKHOCTU. B YaCTHOCTN, KOMMbIOTEPDI, aPXUTEKTYpPA KOTOPbIX
BOCMNPOM3BOOUNT CTPYKTYpPY NMPOCTPaHCTBA N BpeMeHN (TakK Ha3blBaeMble KJIeTOYHblIe



aBTOMaThbl), MOryT 30(hEKTUBHO BOCMPOMN3BOANTb ABMXKEHUS KJTAaCCUYECKNX YacTuL, 1
B3aUMOOENCTBUS MeXXOy HUMMU.

KoHel, 03HaKOMUTEeNbLHOro parMeHTa.

TekcT npepnoctassieH OO0 «JInTtPec».

MpoynTanmTe 3Ty KHUTY LeSIMKOM, KYN1B MOJIHYIO NIerasibHYy0 BEPCUIO
(http://www.litres.ru/set-lloyd/programmiruya-vselennuu-kvantovyy-komputer-i-
buduschee-nauki/) Ha JlInTPec.

Be3onacHo onnaTuTb KHUIY MOXKHO BaHKoBCKoM KapTon Visa, MasterCard, Maestro, co
cyeTa MobunbHoro tenedoHa, C N1aTeEXXHOro TepMmnHana, B canoHe MTC nnan
Csa3HoN, Yyepe3 PayPal, WebMoney, AHpekc.OeHbrn, QIWI Kowenek, 60HYCHbIMK
KapTaMu uan gpyrum yagobHsim Bam cnocobom.

notes

CHOCKM

B 2011 r. komnaHunsa D-Wave Systems 06bsBMIa 0 CO34aHNN KOMMEPYECKOro
KoMnbloTepa co 128 kybutamu. - NMpum. pen.



AMepunKaHCKas aHepreTnyeckasa Kkopnopauus, obaHkpoTmBLasncsa B gekabpe 2001 r. -
[MpuM. pega.

Pycckunin aHanor - cyeTsl. - [1puM. pen.

[Ba pa3Hbix andasuTta B ceMnduTHbIn Kog ASCIl yxxe He yMmelwannucb. CTUxmnnHas
ajanTtaumna ero K TpeboBaHNAM OpYyrux A3bIKOB MOPOAMNIA BEIMKOE MHOXKECTBO
BOCbMNOUTHbLIX KOOOBbIX Tabnuu. - NMpum. pea.

Jlbtonc Kapponn. Annca B 3asepkanse. lNep. H. M. lemypoBon.

Mark | - nepBbI aMepPUKaAHCKUN NMPOorpaMMmnpyeMbin KOMMNbOTEP Ha
3/IEKTPOMEXAHNYECKNX d1eMeHTaX. Pa3zpaboTaH n noctpoeH B 1941 r. Ha cpeacTBa,
BblaesieHHble KoMnaHuen IBM. MNMocne ycnewHoro npoxoXxgeHnsa nepebiX TeCTOB B
deBpane 1944 r. komnbtoTep ObIN NepeHeceH B NapBapACKNIA YHUBEPCUTET U C Mas
BbIMOJIHAN pacyeTbl B MHTepecax biopo cypoctpoeHna BMC CLUA. - Mpwum. nep.



Mporpecc He cTonT Ha MecTe. Cenyac NpuMepHO Takon o6beM nMMeeT CHUMOK B
C>XKaToM Buae, HanpuMmep B hopmaTe jpeg, NnpudemM caenaHHbIi 04eHb CKPOMHOW
Kamepon. HecxkaTbln CHUMOK ByaeT B HECKOJIbLKO pa3 «Tsxxenee». - MNMpuMm. pega.

Nnn npumepHo B ABa pa3a bosibwe Mockosckon obnactu. - MpuM. peg.

Hynb, pasymeeTcs, He ABAAETCA NOJIOKNTESIbHbIM YNCIOM. B TO )Xe BpeMsa MOXXHO
nogobpaTbCs K HEMY CKOJIb YroaHo 6/1M3K0o, 0CTaBasACb Ha NOJIOXKUTE/IbHON YacTw
4YNCNOBOW NMpsAMON. - MNpuM. pen.

KomMMeHTapuun

K 1700 80 H. 3. BABUJIOHSHE y>Ke YBEPEHHO NUCMOb30Bann «apabCcky» cncrtemy
3anuMcy YnUcen, HO Hann4yne Hyns MOXXHO BbI10 BbIBECTU TOJIbLKO U3 KOHTEKCTa, AN
Hero He ObIJ1I0 OTAENbHOIrO 3HakKa (K Nnpumepy, 4Ynucna 210 n 21 nncanmcb 0ANHAKOBO).
CaMbIn opeBHUNIN N3BECTHLIN «MpoToabak», calaMUHCKasa cHeTHas A0CKa, faTupyeTcs
300 r. o H. 3. icnonb3oBaHMe 3Haka «0» ang obo3HavyeHUsA Hynda BBen NTonemen B
130 r.H.3.,, n K650 . H. 3. 3TOT 3HaK WMPOKO NCMosib3oBasica B UHonn.



B CLUA nonynspHa Haknenka Ha aBToOMOOUNbHLIN BaMnep C HaANUCbIO: «4enoBeKy
CBOMNCTBEHHO owmnbaTbca. Ho 4ToObI MO-HAaCTOSALWEMY BCE UCMOPTUTb, HY)XXKEH
KOMMblOTEp».

B HEKOTOPbIX KOCMOJIOrMYeCKUX Teopuax cHnTaeTcs, 4To BceneHHas bbina Bcerga, a
bonblwoMy B3pbIBY NpenLwwecTsoBasio bosblioe cxaTue. B aTux Mmogenax Hawa
BceneHHas pacwumpunTcsa, NMOTOM OMATbL COKPATUTCA B HOBOM bonbLIoM CKaTuun, 3aTem
OyneT HOBbIN BoNbLION B3PbIB U T. 4. XOTHA TaKmne «oCUUIavpytowme» mogenm
BceneHHoOM n He NpoTuBopeYaT 3aKOHaM (PM3MKKU, B HacTosiLee BpeMs HabnwogeHus
He O0atT OCHOBAHUW cHUTaTb UX Boslee KOPPEKTHbLIMN.

Kynute: https://tn.knigapoisk.com/ru/set-lloyd/programmiruya-vselennuyu-kvantovyy-
kompyuter-i-buduschee-nauki-kupit

TekcT npepoctasseH OO0 «UT»
MpoynTanTe 3Ty KHUTY LLeJIMKOM, KYNNB NOJIHYIO NierasibHyto Bepcuio: Kynntb
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