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Yem 60AbIIE OAHH CTPEMSITCS YTO-TO CKPBITB, T€M
6OABIIE APYTHE XOTAT 9TO «4TO-TO>» y3HATh. Koraa aroaun
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IPHKAQAHBIX, HHXKEHEPHO-TEXHUIECKUX HCCACAOBAHMII,
OCHOBAHHas Ha pyHAAMEHTAABHBIX ITOHSATHSX MATEMATUKHY,
QUBHKY, TeOPHU HHPOPMALIUU M CAOXKHOCTH BBIYUCACHHUIL.

B xHure pacckassiBaercsi 06 HCTOPUU KPUITOrpaduH:
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HPUAYMAHHBIX AIOABMU €llje B ADeBHHe BPeMeHa, AO COBpe-
MEHHBIX KOMIIBIOTEPHDIX AATOPHTMOB — KAaK CyIIleCTBY-
IOINKX, TaK U TeX, HaA KOTOPbIMU PabOTAIOT HBIHEIIHHE
y4YeHble-KpUITOTrpagbl.
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KOHBEPT BE3 OBPATHOIO AAAPECA

Ta KHUTA ITOSBUAACH Y HAC B PEAAKIIMH AOBOABHO HEOXXUAAHHO.

Ho ne coBceM cayuaiizo. AeAo B TOM, YTO H0Aee AECSTHU AeT Ha-
3a s mo3HakoMmuAcs ¢ Buktopom pe Kacro B Anme. Toraa B rieHTpe
AnMbl y IPe3HAEHTCKOTO ABOPIIA ASKYPHAK OpOHETPAHCIIOPTEPEL.
BrIxops BeuepoM Ha YAMIIBI IIeHTPAABHBIX KBAPTAAOB, YKEHIIHHbI
CHYIMAAM M IIPSITAAM CEPEXKH, KOABLIA M CYMOYKH.

OaHako B mpeperax KOMIIAeKca rocTuHuipl Sheraton 6s1a0
u 6e30macHo, 1 yioTHO. MBI ¢ MouM Koaseroit Xopxe ApTypo Ko-
pOTaAu Beuep B A0OOH-6ape. 3a COCEAHHM CTOAUKOM B OAHHOYe-
CTBE CMAaKOBAA PiSCO SOUr CEAOM HCIIAHeI] AeT MATUACATH. Mbl
KaK-TO eCTeCTBEHHO pasroBopuarch. Hamero HoBoro sHakomoro
3Baau Bukrop. O — wacTsiit rocts B Aume. byayan npodeccopom
B OAHOM U3 UCIIAHCKHMX YHHBEPCUTETOB, OH KOHCYABTHPOBAA IIEPY-
AHCKOe [IPaBUTEABCTBO I10 BOIIPOCAM 6€30IaCHOCTH i $HHAHCOBOM
HOAMTHKH.

Mer 06maANCh HA QHTAMIICKOM, HO KaK TOABKO BO3HHKAAQ 3a-
MUHK3, BukTop 1 Xopxe TyT e IepeXOAMAM Ha MCIIAHCKHUI. Yxke
nosxe Xopxe PacCKasblBAA MHe, YTO S3bIK HAIIEr0 KOHCYABTaHTA
BBIAAQBAA KCIIAHCKOTO apHCTOKpaTa HadaAa Ipomaoro seka. Ka-
KHM-TO UyA€CHBIM OOpasoM ero MCIAHCKUH H30exaA HOBOs3a,
BYABrapHOCTH M COKpallleHHil. B ToT Beuep BuKTOp yAMBHA MeH:
HO3HAHMSIME BO QPaKTaAbHOI reoMeTpu. B aToit 06AacT st moAa-
raa cebs geaoBekoM cBepymuM. OOBIMHO B MOEM OKPY>KEHUH MaAO
KTO CABIIIAA O QppaKTarax. BUKTOp 3HAA U FAYOOKO IIOHMMAA TEMY.
OH BBICKA3aACS B TOM CMbICA€, CAOBHO OBIA AMMHO 3HaKoM ¢ acTo-
HoM JKyaua u ITbepom Darty.

BropoueM, 3TO BIIOAHE MOTAO OBITH CIIMCAHO HA HCKaKeHHe
IPH IIepeBOAe C UCIIAHCKOTO Ha aHTAMFCKHI MAHM HA PYCCKHIL. Yxxe
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

B TOM IIEPBOM PasroBope BUKTOp ropsido mopAepskaA HAeI0 Iy 6au-
KAIIUK CEPUU HAyYHO-MOIYASIPHBIX KHUT. Kak 6bI K CAOBY OH 3aMe-
THA, YTO B CTAPUHHBIX OUOAMOTEKAX U B aPXEOAOTHYECKUX IKCIIe-
AMLISIX COBCEM HEAABHO OBIAU OOHAPYXKEHBI TEKCTBI, COACPIKAHIE
KOTOPBIX OYAET B BBICIIET CTEIIEHH HHTEPECHBIM AAS HAIIHX YUTA-
teaeit. ITo Bceit BupAnMocTH, BukTop npuHnMaa ydacrue B pacimd-
POBKe 9THX TEKCTOB M OBIA AOCTATOYHO OCBEAOMAEH B BOIIPOCAX
KpunTorpadui. Yxe B Ty epBYI0 BCTPeUy OH MOOOEIaA IPUHATD
yJacTHe B HANMCAHUM HEKOTOPBIX KHUI AASI HAIIeHl Cepud, HauaB
C KHUI'Y O KPUIITOTPaduH.

C Tex IOp MbI BCTPEYAANCDH ABA MAM TPHU Pa3a B CAMBIX Pa3HBIX
MecTax. Besikuit pas Buktop o6elraa IpUCAATh TOT HAM HHOM TEKCT.
Ho Hudero He mpucbiaaA. S He cueA yAOOHBIM HAaCTaUBATh UAU Ha-
HOMUHATD O CTAPBIX OOelaHusIX. 1 BAPYT Mbl IIOAYYHAH IIO IIOYTE
AWCK C TEKCTOM AQBHO obemanHoOi kHury. Ee 3aroaoBok Just so
cryptography siCHO ykasblBaA Ha TO, 4TO KHHMIAa HammcaHa Bukro-
POM, XOTSI HUKAaKOT'O COIIPOBOAUTEABHOTO [IMCHMA MBI HE [IOAYYHAH.
Bce Hamy MOIBITKU CBSI3aThCSI ¢ BHKTOPOM 3aBepIIMANCD HUYEM.
On npomaa. Takoe caygarocs u panbine. CAyquTCS 1 B OyAyIIIEM.

MbI meyaTaeM MOAYYEHHBIN TEKCT C HAAEKAOM, YTO KHHUIA AO-
CTaBUT YAOBOABCTBHE MHOI'UM HAIIMM YUTATEASIM, U HA TO, YTO KOI-
Aa-HHOYAD €€ YBHAHT U aBTOP.

Pedaxmop



MMABA .
KOOUPOBAHUE
N WWMOPOBAHUE

«Ha ceeme mnocecmso Hepaseadannvix wiudpos,
HENOHAMbIX A3bIK08, 3A2A004HbIX MATIHONUCEL
u Hepacuudposannvix kapm... Kapmul, s3vicu,
k00bl, wudper paseadvisaromcs u dexodupyom-
s KaucOvlii demv, nopoii amomy npeduiecmsyiom
MyqumeAvHvie 200bt UCCACO0BAHUIL U PACHENO8.
ITocaednue paspabomku no3sorsom pacuiud-
PoBbIBAMY paHee HENOHAMMbLE U HepasbopHusble
S3bIKU NPU NOMOUYU KOMNBLIOMEPA>.

Livejournal.com



OT OCKOJIKA — K KYBUTY

MCKyCCTBo CO3AQHMS TOCAAHHI, KOTOPbIE MOTYT ObITb ITOHSTHI
TOABKO OTIIPABUTEAEM U IIOAYUATEAEM, & AFDOOMY APYTOMY ITO-
KaXyTCsl aDCOAIOTHO 6eCCMBICAGHHBIMM, H3BECTHO AaBHO. B Apes-
Heft Iperuy pasbuBaAuM ropIIOK M ABa COCEAHHX OCKOAKA IIepe-
AABAAM HE3HAKOMBIM AIOASIM, 9TOOBI OHH, BCTPETUBIIMCH, MOTAM
PAacIIO3HATb APYT APYTa, YTOOBI OTAMYATDH CBOHUX OT UyXKHUX.

VlcTopuku 3HAIOT O CyIeCTBOBAHMM PSAAQ <« HECTaHAAPT-
HBIX>»> MepOrAU(OB, KOTOPBIM OOAee YeTBIPeX C OAOBHHOM ThICST
AeT. XOTs, KOHEYHO, BPSIA AU BOSMOXKHO C TIOAHOM YBEPEHHOCTDIO
CKa3aTh, TIPEACTABASIOT AW OHM IIOIBITKY CKPHITh MHQOpPMAIIMIO
HAM TIPOCTO HCIIOAb30BAAMCh B HEKOEM PEAMTHO3HOM PHTYaAe...
3aro XOpoIIO U3BECTHO O TabAMuKe U3 BaBrAoHA, AaTHpOBaHHOM
npumepHo 2500 ropom Ao H. 3. Ha Helt ecTb cAoBa, B KOTOPHIX
YAQA€H IIepBBIIl COTAACHBIM U HCIIOAb30OBAH IIEABIRl psiA HEOOBIU-
HBIX BAPUAHTOB OOO3Ha4eHHs 3BYKOB. llccAepoBaHMS IOKa3aAw,
9TO B TEKCTe OIMCAH CIIOCOO M3rOTOBAEHHS TAA3YPH AASL FOHYAp-
HBIX H3AEAMI, 4 9TO IPUBOAUT HAC K BBIBOAY: TEKCT OBIA HAIIMCAH
KYTIIIOM MAM MacCTepOM-TOHYAPOM, IIO3KEAABITUM 3alIUTHTD OT KOH-
KyPEeHTOB CEKpeThbl CBOEI'o MacTepCTBa.

ITo mepe pacmpocTpaHeHuUs IMCbMEHHOCTH U TOPTOBAH BO3-
HUKAM BEAMKHE KMIIEPHMH, KOTOpble YacTO BCTYIAAM B IIOrpa-
HUYHbIe KOHQAUKTBI CO CBOMMH IeOTpadUIEeCKUMU COCEAIMH.
B pesyabrare xpunrorpadms u OesomacHas mepepada HHOp-
MalliM CTAAH AGAOM 0CO0OIT BAXXHOCTH HE TOABKO AAS KYIIIOB,
HO U AASL TPAaBUTEABCTB.

Cxema mudppoBaHKsI B CAMOM OOIIEeM BHAE OIIPEAEASIAACh CAe-
AYIOIIUMHU 3A€MEHTAMH: OTIIPABHTEAb MOCAAHMSA, IIOAYYATeAb IIO-
CAQHMS, AATOPUTM IHPPOBAHMA U OIPEACACHHBIN KAIOY, KOTOPBI
ITO3BOASIET OTIPABUTEAI0 IMHUPPOBATh MOCAAHHE, A IOAYYATEAIO
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naBa |. KognpoBaHue u wuppoBanue

pacum¢posniBarh ero. Ilpupoaa u QpyHKIMSA KAIOYeH M3MEHUAACD,
HO TI0Ka OyAeM IPHAEPKUBATHCSI 9TOM CXEMBIL.

VsHauaAbHAsI IjeAb KOAMPOBAHMS — TeXHHYeCKoe obecIre-
deHHe CBs3U. Hampumep, TeKCT KOHBepPTHPYeTCss B OHMHApHBIH
(nAm ABOWYHBIN) sA3BIK (CHCTEMY CUMCAGHHS, HCIIOAB3YIOIIYIO
Toabko 1udpot 0 u 1). Tlocae KOAMPOBaHHMSA GOABIIAS YaCTh ITOM
HHPOPMAIIUE AOAKHA OBITH 3allHIeHa OT AI0OOTr0, KTO MOXET ee
[epeXBaTUTb. APYTHMI CAOBaMH, KOAUPOBAHHOE [IOCAAHKE Tpeby-
ercs 3amuposaTs. HakoHell, 3aKOHHBII [IOAyIaTEAb AOAXKEH OBITH
crrocobeH pacir$ppoBaTh IMOAYIEHHOE IIOCAAHHE.

KoaupoBanue, wmndpposaHne un pewndpos-
Ka — 3TO OCHOBHbIE MNa B «TaHLe uHGopMaLyun»,
KOTOPbIii NTOBTOPAETCA MUINOHDI pa3s B CEKYH-
AY, KaXAYI0 MAHYTY, KaXKAblil Yac KaXK0ro AHA.

A «<MY3bIKa>, COIIPOBOXXAAIOMasl 9TOT TaHEL], — MaTE€MaTHKa.



KoA U WWNoP

ITr$poBaABIIMKY U CHEIJHAAMCTDI II0 KPUNTOIPAaGUH HCIIOAD-
3YIOT TEPMHH «KOAHPOBATb>» B HECKOABKO HHOM CMBICAE. AASI HUX
KOAUPOBaHME — 3TO MEeTOA HAIMCAHUSI C UCIIOAb30BAHUEM KOAQ,
KOTOPBII COCTOUT U3 3aMeHbI OAHOTO cAOBa ApyruM. C ApyToii cTo-
POHBI, HCIIOAb30BaHMe MUPPA, UAH IIHPPOBAHIE, BKAIOYAET 3aMeHy
OYKB HAU KaKHUX-TO APYTHX OTAEABHBIX 3HAKOB. C TeueHHEM BpeMe-
HH B IIHPOKOM CO3HAHUH TIOCAEAHSIST $OpPMa CAEAAAACD IIPEBAAUPY-
IOIllel, IIPHYeM B TAKO CTeIleHH, YTO CTaAd CHHOHHMOM <« HAIIHCa-
HUSL C HCIIOAB30BAHHEM KOAQ>», HAU «3aKOAMPOBAHHOTO IIHChMa>.
OAHAKO ecAU MBI BO3bMeM GOAee CTPOroe Hay4HOE OIPEAEAEHHE,
TO AASI BTOPOTO METOAA IIPAaBUABHBIM TEPMHUHOM OyaeT «IIudpo-
BaTb> (MAM «pacuudpoBbIBaTh>, B CAydae 0OpaTHOro Iporiecca
IOCAAQHHE,

AaBaiiTe IpeACTaBUM, UTO MBI OTIPABASIEM 3AIUIIEHHOE IIO-
caanne «ATAKOBATD>. Mpl MOXXeM CAeAATb 9TO ABYMs OCHOB-
HBIMH IIyTSMU: 3aMEHHUTb CAOBO LJEAUKOM (KOAI/IPOBaHI/Ie), 3ame-
HHUTb HEKOTOPbIE MAY BCe OYKBBI, KOTOPBIE COCTABASIIOT 9TO CAOBO
(mn(]_)pOBaHne). ITpocroit coco6 KOAMpOBaHMS CAOBa — IIEpe-
BECTH €r0 Ha S3bIK, KOTOPBI He 3HAIT MOTEHIIMAABHbIE AIOOHTE-
AU TIOACAYIIATh HAW IIOACMOTPETh. B caydae mupoBanus 6yaer
AOCTaTOYHO, HALIPUMep, 3aMEHHUTh KOKAYIO OYKBY ApPyroit (To ecTp
CTosielt B APYTOM YacTu aAc]_)aBHTa). B arom caydae HEOOXOAUMO,
9TOOBI IIOAyYaTEAD 3HAA MICIIOAB30BABLIYIOCS IIPOLIEAYPY AASL TOTO,
9TOOBI AEKOAMPOBATb HMAM AEMHPPOBATH TEKCT, HAM IIOCAAHHE
morepsieT CMbICA. ECAM MBI y>Ke AOTOBOPHAHCH C IIOAyYaTeAeM,
9T0 GyAE€M HCIIOAB30BATh TOT HAW HHOM CIIOCOO — IEPEBOAUTH
Ha APYTO A3BIK HAM 3AMEHSTh KaXKAYI0 OYKBY, — TO BCE, 4TO OT HacC

Tabnuyka, HalldeHHas Ha Kpume,
Ha KomopoU UCnosb3yemca mak
Hasbleaemoe «/1uHeliHoe NUCbMO b»




naBa |. KognpoBaHue u wuppoBanue

TpebyeTcst, — 9TO COOOLIUTH HAIIEMY IIOAYYATEAIO0 O BHIOpAaHHOM
A3bIKE MAU KOAMYECTBe ITO3HI[HI, Ha KOTOPbIE MBI IIPOABUHYAHCDH
B aAQaBHTe AAS 3aMEHbI KAXKAON OYKBBL

B npuBOAMMOM IpHMepe, eCAM IIOAYYATEeAb IOAYYaeT 3alrmd-
posanHoe mocaanue «BOBIPAB®IO» u 3Haer, uTo mpu 3ameHe
KOKAOM OYKBBI Mbl CABUTAANICh HA ABE IIO3HIIUU BIepéA B aadaBuTe
PYCCKOTO SI3BIKA, TO OH CMOYKET C ASTKOCTBEO [IOBTOPHTH LIPOLIECC, ABH-
rasich B 0OpaTHOM HAIIPAaBAEHNH, U YCIIENTHO PACIIHPPOBATH IOCAAHHE.

YcraHOBAGHHOE HAMH pasTpaHHYeHHE MeXAy IIPaBHAOM
mudposanus (IpUMeHseMas CUCTeMa) U MapamMeTpoM mHuPpoBa-
HUA [MeHsomeecs ykasaHue (MHCTPYKUHS), KOTOpPOe SBASETCS
CrIenUUIeCKUM AASL KOKAOTO MOCAAQHHS AU HabOpa MOCAAHUI]
OYeHb IIOAE3HO, OTOMY YTO IOTEHIIHAABHOMY IUIIHOHY AAS pac-
MUPPOBKHU HY>KHO 3HATD H TO, K APYTOE.

Takum 06pa3oM, IIIMOH MOKET 3HATD, 4TO KAIOY K IIUPPY — ITO
3aMeHa KOKAOH OYKBBI ADYTOI, HAXOASIIIIEHCS AdAee B AAdaBHTe Yepe3
onpeAeAéHHOe KoANYecTBO mo3uLuii (x). OAHAKO ecAM OH He 3HaeT,
KAKOMY YHICAY COOTBETCTBYET X, TO eMy IIOTpeOyeTcs IlepernpoboBarb
BCe BO3MOXKHBIE KOMOMHAIIHH AAST KOXKAOH OYKBbI aadaBura. B aTom
npuMepe mMUQpP OYeHb MPOCTOH, M HCIPOOOBATH BCE BO3MOXKHO-
CTH — AASI 4€T0 TpebyeTcsi IPOCTO yCepAre — He TaK YK U CAOXKHO.

OTa TexHHKA AeIIHPPOBKU HA3BIBAETCS MEMOO0OM MOMAALHO-
20 nepebopa. OpHaKO B 60A€e CAOXKHBIX CAYYasiX TAKOM THII BBAOMA
Kop2 (KpUITOAHAAM3) MPAKTHYECKH HEBO3MOXKEH — IO KpaiHel
Mepe, BpyuHyIo. Boaee Toro, Ha IepexBaT U pacIIMPPOBKY IIOCAA-
HUIT OOBIMHO HAKAAABIBAIOTCS JKECTKHE BpeMeHHbIe OTPAHMYEeHMS.
Beab MHPOPMAIIHIO HY>KHO IIOAYYHUTD U IOHSTDH IPeXAe, YeM OHa
CTaHeT 6eCIIOAe3HOM HAM IIUPOKO U3BECTHOM APYTHM.

Obmee mpaBrAO MHU(GPOBAHISI OOBIMHO HA3bIBAETCS AA0PUMMOM
wudposanus, B TO BpeMs KaK CIeli$pUIecKuil IapaMeTp, UCIIOAb3Y-
eMBIil AAS IIHPPOBAHKS UAM KOAMPOBAHMS [IOCAQHIISI, HA3BIBAETCS
xato4om (B ipuMepe mUPOBAHKS, PHBEASHHOM BbIIIE, KAKY — 2.
Kaxxpast 6ykBa HCXOAHOTO CAOBa 3aMeHSIETCSI APYTOMl, KOTOpast pac-
TIOAOYKEHA Yepes ABe IO3HULIUHU B aAQaBHTe PYCCKOTO SI3bIKA).



CKOJIbKO HYXKHO KJTIOYEIN?

Kakoe MHHIMaAbHOe KOAMYECTBO KAIOUEll HEOOXOAHMO B CH-
creMe ¢ AByMst moab3oBateasimu? Tpems? Yersipemsa? YToOs1 ABa
[IOAB30BATEAS] MOTAH TAfHO OOIIATBCS APYT C APYTOM, HEOOXOANM
TOABKO OAMH KAI04. B caydae Tpéx moapsosareaeii (A, B u C) Heo6-
XOAVMBI TPH KAIOUa: OAUH AASL 00mmeHrs A u B, emé opun AAst Tapsr
Au C, arpernit — pas mapsl B u C. TodHo Tak >ke 4eThIpEM IIOAb-
30BaTeAsIM IOTpebyercs mrecTb Karoueit. Takum obpasom, ecan
06006IIUTH, TO AASL 11 TIOAB30BATEAEH [IOTPeOyeTCsI CTOABKO KAIOUeT],
CKOABKO CyIIleCTByeT KOMOMHALIUI [Iap U3 1, TO eCTh:

n_nn—1)
2 2
B pesyabTare AASL OTHOCHTEABHO HEOOADBLIOM CHCTEMBI
n3 10000 cBs3aHHBIX MeXAy cO000 MOAb30BaTeAeil MOTpebyercst
49 995 000 xarouest. Ecan B34Th HaceAeHHe 3eMHOTO IIapa, COCTaB-
AsIoIITee IeCTh MUAAMAPAOB YEAOBEK, TO OT KOAMYEeCTBa KAI0YeH ro-
AOBa MOMAET KPYTrOM:

17 999 999 997 000 000 000.

OueBUAHO, YTO AAS KAKAOTO AATOPHTMA IMIHPPOBAHUS BO3-
MOXXHO OTPOMHOE€ KOAMYECTBO KAIOYeH, II03TOMY 3HaHHE OAHOTO
AATOPHUTMA MOXeET ObITh GEeCIIOAe3HBIM, €CAM MBI He UMeeM IIpeA-
CTaBAGHHS, KaKOH KAIOY HYXeH AAd pacmm¢posku. Ilockoapky
KAIOYM OOBIYHO Aerde 3aMEHUTH U PACIPOCTPAHHTb, KAKETCS AO-
THUYHBIM AASL OOecIiedeHuss 0e30IIaCHOCTU CHCTeMbl MH(pPOBAHIS
COCPEAOTOUHMTBCSI HA TOM, YTOOBI XPAHUTh KAIOYH B TaflHe U yAe-
AATb MUMEHHO 3TOMY MaKCHMAaAbHOe BHMMaHHMe. Tako¥ HpHHIUII
6b1A ycTaHoBAeH B KOHITe XIX CTOAETHS FOAAAHACKUM AMHIBHCTOM
Orrocrom Kepxropdpcom pon Huepenxodom u mosromy ussecres
kak npuHnun Kepxroddea.



APUHLUWMN KEPKTOOO®CA

B coorercTBuu ¢ mpunnunoMm Kepkropgca, karou — aro oc-
HOBHOI1 9AeMeHT, 0beCIedHBaoONIil 6e30MaCHOCTh KpUITOrpadu-
9eCKOM CHUCTeMbl. AO OTHOCHTEABHO HEAABHErO BPEMEHH KAIOYH
OTIIPABUTEAS] M IIOAYYaTeAS] BO BCEX BO3MOXKHBIX KPHIITOrpadude-
CKHX CHCTEMAX AOAKHBI OBIAU OBITH HAGHTUYHBIMU HAY 10 KpaiHel
Mepe CHUMMETPUYHBIMHU, TO €CTb HX HEOOXOAMMO OBIAO HCIIOAB30-
BaTh U AAS ITHGPOBAHU, M AAS paciIMPpoBKH nocaaHus. IToaTomy
KAIOY SIBASIACSI O011jef TAMHOM OTIIPABUTEAS U IIOAYYATEAS], U, TAKKM
06pa3oM, UCIIOAB3yeMasi KpUIITOrpadudeckast CuCTeMa OblAa ysI3BU-
MOI ¢ 06eHX CTOPOH. DTOT TUII KPUITOrPAQHHU, KOTOPBII 3aBUCUT
OT KAIOYA, IMEIOIeTOCs KaK Y OTIIPABUTEAS], TAK M Y TIOAyYaTeAs], Ha-
3BIBAETCS <IIHPPOBAHIE 3aKPBITHIM KAIOUOM>.

310 6bINO CBOICTBOM BCeX Kpuntorpadpuue-
CKMX CIICTeM, N306peTEHHDBIX NIOABMMU C HaYana
BpeMéH, He3aBUCUMO OT MCMONb3yeMoro an-
ropuTma u CnoXKHocTu. Caenartb K4 OAHUM
1 TeM Xe AnA nonyvyatens M oTnpaBuTens Ka-
JKeTCA eAVNHCTBEHHO Pa3yMHbIM M MOJIHOCTbIO
COOTBETCTBYIOLMM 34PaBOMY CMbICIY.

Kax MbI BUAEAM BbIIIe, AASI KAACCHYECKOM KpunTorpaduu Tpe-
00BaAOCH OTPOMHOe KOAMYeCTBO Karoueil. OpAHAKO B CAydae OT-
KpbIToit (061EeAOCTYTIHO!) KPUNTOrpadUuecKOil CHCTEMBI AIOGBIM
ABYM IIOAB30BaTeAsIM, KOTOpPbIe 0OMEHMBAIOTCSI IOCAAHHSMH, Tpe-
OYIOTCSL TOABKO YeThIpe KAKOYA: HX COOTBETCTBYIOLIHE OTKPbITbIE
M 3aKphIThle KAIOYHM. B 3TOM cAyyae KOAMYECTBY HOAb3OBaTeAeit
n TpebyeTcs 2n KAIOUeil.

B xoHIle KOHIIOB, pa3Be MOXET OAMH YeAOBeK KOAMPOBATh ITO-
CAaHME B COOTBETCTBUH C OAHHMM KOAOM, a BTOPOH pacIH(pPOBbI-
BaThb €ro B COOTBETCTBUHU C APYTHM H HAACATHCS TIOHATH ITOAYYEH-
HbIi TeKCT? ThICSHM AT 9TO CYUTAAOCH IIOAHBIM a0CypaoM. OpHAKO,
KaK MbI YBHAUM HIDKE, BCETO ILITh AGCATHAETHI Ha3ap abCypA cTaa
a6COAIOTHO BO3MOXKHBIM U TeTIepb UCIIOAb3YETCsI IIOBCEMECTHO.

B mamm AHM aAropuTMmbl IMMPPOBAHMSA, KOTOpPbIE HCIIOAb-
3YIOTCS B OOABIIMHCTBE KOMMYHHKAIIMOHHBIX CBSI3€H, COCTOST,
KaK ITPaBHAO, U3 ABYX KAIOYEH: 3aKPBITOTO KAIOYA, KOTOPBIN yxe
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Jlokmop Oztocm Kepkeogc

CTaA OOBIYHBIM AEAOM, U OTKPBITOTO KAIOYA, KOTOPBII 3HAIOT BCe.
MexaHN3M IepeAaqd COCTOUT B CACAYIONIEM: OTIIPABUTEAD ITOAY-
JaeT OTKPBITHIN KAIOY IIOAy4aTeAsl, KOTOPOMY XO4eT OTIIPAaBUTb
IIOCAAHMeE, U UCIIOAB3YeT ero AAS MuPpoBKY Mocaanus. [Toyda-
TeAb HCIIOAb3yeT CBOM 3aKPBITBIH KAIOU AASL pacIIUPPOBKH TTOAY-
YEeHHOTO IOCAAHHUA.

Bonee Toro, aTa ccTeMa MMeeT o4YeHb Ba)KHOe
AONONHMNTENbHOE MpenMyLiecTBO: HU OTnpa-
BUTENIO, HN MONYyYaTenio He HY)XXHO 3apaHee
BCTpevaTbCs 11 fOrOBapNBaTbCA HI O KAaKNX NC-
nonb3yembiX K/louax, noaTomy 6e3onacHocTb
CncTeMbl ropaspo Bbille, Yem 6b1/10 BO3MOXKHO
paHee.

OTa HOAHOCTBIO PeBOAIOIIMOHHASA GOpMa U3BECTHA KK « UG-
pOBaHHe OTKPBITBIM KAIOYOM>» H CETOAHS COCTAaBASET OCHOBY
6e30IacHOCTH B KOMMYHHKAIIMOHHBIX ceTsiX. QakTHIecKH, KaK MblI
HOAPOOHO BBUSICHUM HIDKe, COBpEMEHHAsT KPUIITOTPAQIsT ACPXKUTCS
Ha ABYX KuTax. [lepBbIii — MoAyAbHas apu$MeTHKa, a BTOPOH —
TEOPHS YHCEA M B OCOOEHHOCTH Ta €€ YaCTb, KOTOpas 3aHUMAEeTCs
M3y4eHHeM IIPOCTHIX YHCeA.
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TEJIETPAMMA TEPMAHCKOMY nocny

Kpunrorpagus — aro oaHa u3 obAacTeil IPUKAAAHOM MaTe-
MaTHKH, B KOTOPO# HanboAee OUeBHAEH KOHTPACT MEXAY IIepBO-
HAYaAbHOM 4eTKOCTDIO, AeXallleif B OCHOBE TeOPUH, ¥ TYMAaHHBIMU
MIOCACACTBHSMMU €€ BHeAPeHMs U IIpUMeHeHH s Ha IIPaKTHKe.

A BeAb MHOTAQ OT yCIlexa MAH IIPOBaAa B obecrieueHNH 3allu-
ThI CBSI3M M KOMMYHUKAIIUH 3aBUCUT CyAbOa IeAbrx Hanuit. OAHEM
U3 CaMbIX BIIEUATASIONIMX IPUMEPOB TOTrO, Kak Kpunrorpadus us-
MeHHAA KyPC HCTOPHH TIOYTH CTO AeT Ha3aA, ABASETCS TaK HasbIBae-
Moe «AeAo0 o Teaerpamme LTummepmanas.

7 mast 1915 roaa, xorpa moaoBuHa EBporbl Obiaa BoBAede-
Ha B KpoBaBblil KOH(AUKT [lepBoit MHPOBOM BOMHBI, HeMeIKas
ITOABOAHASI AOAKA TOPIIEAMPOBAAA TPAHCATAAHTHYECKHI ITACCAXKUP-
CKUPl AafiHep «Ay3UTaHHS>», WEAWNH [0A OPUTAHCKUM paarom
Hepaaeko oT Oeperos Ipaanaun. Pe3yapTaToM cTara OAHA U3 Had-
00Aee Y>KACHBIX TPareAuit B BCTOpUH: moruban 1198 rpaxxpasckux
Anti, 124 13 KOTOPbIX OBIAM aMepPUKAHIJAMIL

HoBocrs BbI3BaAa spocts B obmecTBeHHOM MHeHnH Coepn-
HeHHbIX [IITaTOB AMepuKH, 1 AAMUHHCTpALUs Ipe3uAeHTa Byapo
Buabcona npeaynpearaa HeMeIKoe IIPaBUTEAbCTBO, YTO €CAH II0-
Ao6Hoe nosropurcsi, CIIIA HeMeAA€HHO BCTYILAT B BOMHY HA CTO-
pOHe cO03HHKOB. B pormoanenue x sTomy Buabcon morpe6osaa,
9TOOBI HEMELIKIE TIOABOAHbBIE AOAKH IIPHAEPXKHUBAAKCD IIPABUA Be-
AEHHUS MOPCKOM BOMHDI, YCTAaHOBACHHBIX ['aarcKiMy KOHBEHITHAMU
1899 u 1907 roaoB, 4TO CTaBUAO IIOA YIPO3y IIPEUMYIECTBO He-
MeIKoro ¢AOTa, IPUMEHSIONIEro II0 OTHOIEHHUIO K TPaXKAAHCKUM
CYAQM TaKTHKy HeOTPaHHIEeHHOM TOABOAHOM BOMHBL

B Hosi6pe 1916 rosa Iepmanis Ha3HAYMAQ HOBBIM MUHUCTPOM
HMHOCTPAaHHHIX AeA ApTypa lJuMMmepMaHa, UMeBIIEro perryTaIfHio
HpekpacHoro aumaomara. HoBocTb Ob1Aa TOAOKUTEABHO IPHUHATA
npeccoit CIITA, xoTopasi HOCYNTAaAd 3TO Ha3HAYEHHE OAArOIPHUIT-
HBIM 3HAKOM AASI aMepUKAHO-TePMAHCKHUX OTHOIIEHHUH.

B sauBape 1917 roaa, MeHee 4eM Yepe3 ABa FOAQ ITOCAE TPareArr
¢ «/Ay3uraHueli», KOrA2 BOIHa 6blAa B caMOM pasrape, mocoa Iep-
MaHun B Bammarrone Moranu ¢on beprcrop¢ moayuna or um-
MepMaHa CAGAYIONIYIO 3aKM(POBAHHYIO TEACTPAMMY C YKa3aHHEM
TalHO IIepeAaTh ee KOAAEre, FePMAHCKOMY IocAy B Mexcuke, I'en-
puxy GoH DKKAPATY:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

«Mbt Hamepenvt ¢ nepsozo Pespars 80306H08UMb He-
ozpanuennyio nodsoduyio eoiiny. Tem He menee, cae-
dyem npednpunsmo 6ce nonvimKu K momy, 4mobwu
CHIA u darvuse coxpansiu neiimparumem. OOHaxo,
ECAU MaKue NONbLIMKIU OKANCYMCs 0e3yCneuHbIMU, Mbl
npedrowcum Mekcuke 3aKA0MUmy co03 HA CAEOVIOUWUX
YCAOBUSIX: COBMecHOe Bederue Doesbix deiicmauil u co-
BMECTIHOE 3AKAIOHeHUe MUPA; Cepve3Has PuHAHCo8as
noddeprucka ¢ Hauleli CMOPOHbL U NOHUMAHUE HAMU
cmpemaenus Mexcuku no 8036paujeHut0 ympavennoix
meppumopuii 8 Texace, Hoto-Mexcuxo u Apusone. Ae-
MAAU COZAQUIEHUS OCIABASIOMCS HA BalLE YCMOMPeEHLe

[pon Dxxapdmal].

Bot doaswcror dosecmu do ceedenus Ilpesudenma [Mex-
cuku] 0 8vlULEYKA3AHHOM C COBAIOOEHUEM MAKCUMANLHOTL
CIMeneHY CeKpernHoCmu, KaK mMoAbKo CHAHem mo4Ho Us-
secmHo o Hayaxe goiinvt ¢ CIIIA, u 6 donoanenue k amomy
npeorOHUMb emy 10 COOCMBEHHOT UHUYUAMUBE NPULAG-
cumv Anoruto 0As HemeOreHH020 NpUCOeOUHEHUS K CO103Y
u crnamb nocpednuxom meacdy Anonueil u namu.

Ho%ca/tyﬁcma, 06pamume BHUMAHUe Hpesuaenma
Ha mom 56a1<m, 41O UCNOABL308AHUE HAWUX 100800HBIX
A000K 8 NOAHOIL Mepe omKpbleaemn nepenekmusy 3acma-
suUMb AHeAUIO 8 MeUeHUe HECKOALKUX mecayes 3aKAto-
UUMov Mup > .

Ecau 651 copepyKaHIe TeAeTPAMMBI CAEAAAOCH AOCTOSIHHEM 00-
I[eCTBEHHOCTH, 9TO HABEPHSIKA ObI IIPUBEAO K HAYaAY BOMHBI MEXKAY
T'epmanmeit u CIIA.

Kaiizep Buabreasm II, pasymeercs, MOHMMaA, YTO IOCA€ TOTO
KaK HeMeIlKHe IIOABOAHBIE AOAKH HAYHYT ACHCTBOBATD C HAPYIICHHUEM
T'aarckux KOHBEHLIIHIA, BOMHA CACAAeTCS HeH30eKHOR, OAHAKO OH HaAe-
SIACSI, 9TO K TOMy BpeMeHU Beankobpuranus kanuryaupyert, u CITIA
HOIIPOCTY He YCIIeIOT BKAIOYUTBCS B 3aBEPIIMBIIHFIICS BOSHHbIN KOH-
¢aukr. K ToMy >ke aKTHBHAs yrpo3a cO CTOPOHBI MeKCHKH Y I0KHBIX
py6exeit CIIIA 3acTaBUT aMepHKaHIIEB CTO pa3 IIOAYMATh, IIPEXAE
4eM BCTYTIATh B KOHPAMKT, IPOUCXOASIIIUI BAAAH OT MX IPAHHUILL.
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Tenecpamma L{ummepmana,
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Ho Mexkcuxe Tpe60BaAOCh HEKOTOPOE BpeMst AASL TIOATOTOBKH
CBOHX BOOPYXXeHHBIX CHA. IT09TOMY 6bIAO KU3HEHHO HEOOXOANMO,
4TOOBI TaliHBle HAMEPeHHUs IepMaHUN OCTABAANCD HEU3BECTHBIMU
aMepHKaHIIaM AOCTATOYHO AOATO.

OaHaKo y GpUTAHCKOTO IPABUTEABCTBA OBIAM APYTHE IAAHBL
Bckope mocae Hadaa BOMHBI OPHUTAHIIBI ITepepe3aAr IOABOAHBIE
TeAerpadHble KabeAn, KOTOpble COeAHMHSANM IepMaHMIO C 3ammaa-
HBIM MTOAYIIApHeM HarpsiMylo. TakuM o6pa3oM CBsi3b AOAXKHA ObIAa
OCYIIeCTBASITHCSI Yepe3 APYTHe KabeAn — Te, FAe OPUTAHIIBI MOTAU
nepexsaTsiBath coobmenust. CIIIA mpITaAuCh AOOUTBHCS IIEPETOBO-
POB 00 OKOHYAaHHU BOMHBI U [TO3TOMY I103BOAsIAM epManuu mpo-
AOMKATDh IlepepaaBaTh AMIIAOMATHYeCKHe IIOCAaHusA. B pesyabraTe
nocaasve IluMmepMaHa OBIAO ITOAYYEHO HEMEIIKUM IIOCOAbCTBOM
B BammmHrTOHE B 11€AOCTH M COXPAaHHOCTH.

bpurtanckoe mpaBHTEABCTBO OTIPABHAO IlepexBadeHHOE II0-
CAaHME B OTAEA, 3aHMMABIIMFICA ACIIHPPOBKOM U B3BAOMOM KOAOB,
KOTOPBIH HasbIBaACsS «KoMHaTa N2 40>,

HeMmup! ncroAb30BaAM CBOI OOBIMHBINA AATOPHUTM UIHPO-
BaHMSA, KOTOPBIM IIOAB30BAAOCh MUHHCTEpCTBO HHOCTpPaHHBIX
AeA, a Taioke mudp, u3BecTHbIH, Kak 0075, KOTOPBIN dKCIIEPTHI
u3 KOMHAThI N2 40 y>ke 9acTUYHO B3AOMAAH. YKAa3aHHBIN aATOPUTM
BKAIOYaA 3aMeHY cAOB (KoAMpOBaHue), a Takxe 6yks (mu¢posa-
HHe). DTa IPaKTHKa 6b1Aa TOAOOHA TOl, KOTOPas HCTIOAb30BAAACH
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PRO kpuntorpaduio ((umBON — MaluMHa — KBaHT)

L oamcns  TELEGEAM RECELVED.
i deaE

Ta xe menezpamma, e
HO 8 paCWU(pPOBGHHOM suode ‘IrA;"‘-"j el Frow 2ad frea Loatsn & 3747
e

“Fe intéwd 1o begin on the flrst of Pebruary
URreULTClod vutmarine Fnriare. W ehadl endesvos
in spite of this to keep the United Btates or
amaricw meutral. In the sveni of this not succsed—

Ihg, 7o make Mexicd o proposal of alliance on the
followlng besié: mAaKe =ar together, make poaco
togothar, FERETOUD fiZunclal support et en under
etanding on sur port thet Mexieo i to reconguer
the lost tarritery in Texse, New Maxico, sod
AFiZoRe, The Settlesirt in detall fe loft to you.
You will 1iTera tho Prestdent of tne sbove moat .
secrotly s meon au the outbresk of war with the
Unitsd States of Anerice 18 certain amd 4dd the
suEgzEiion that he should, oh hin sown initiative,
SUEE yopon te (smedistc edhsrence and aL the sine
tine medinte beluscn Jopan and suraelves, Please
2041 the Frosident's aitenilon te the Iect that
the ruthlase employmeni of our submacliéd now
sffers the prospect of compolllng Bu 4 In &
few nonsha to meke peace.”  Slphed, RROIRIAN

HEeMIIAaMH B ellle OAHOM IIH(POBAABHOM MHCTPYMEHTe TOTO Bpe-
meny, muppe ADFGVX, koTopsiit MbI 60Ae€ TIOAPOOHO PaccMOT-
PHM HIDKe.

Bpuraniam He HOTPe6OBAAOCH MHOTO BPEMEHH AASL pacIund-
poBku Teaerpammsl. [IpaBaa, OHE He XOTeAM Cpasy jke AOBOAMTD ee
COAepIKaHUE AO AMepPHKAHIIeB. AAS STOTO MMEAMCD ABE IIPHYHHbL

Bo-mepBbIx, ceKpeTHast TeAerpaMMa ObIAQ OTIIPABAEHA [IOA AHL-
[AOMaTHYecKUM IpukpbitieM, kotopoe CIIA obecneunBasn
HeMeLKMM IIOCAAHMSM, a OPUTAHIBI 9Ty IPUBHUAETHMIO HAIPOUb
[POUTHOPUPOBAAN. BO-BTOPBIX, ecAn Obl TeAerpaMMy CAeAdAU
AOCTOSIHHEM OOIIeCTBEHHOCTH, TO HeMeLKoe IIPABHTEAbCTBO Cpa-
3y JKe Y3HAAO OBI, YTO ero KOAbI B3AOMAHbI, X HEMEAACHHO U3MEeHHAO
cucTeMy IUPOBKH.

ITosToMy OpHTAHIBI pelIMAM COOOIMTD aMepUKaHIaM, OYA-
TO OBI Pa3AOODBIAM COAEPIKAHIE TeACTPAMMBI, IIOAYYeHHOMN $OH K-
KapATOM, YTOOBI TaKUM 0Opa30M YOEAUTD HEMIIEB, UTO TeACTPAMMA
IepexBayeHa yxe paciiu$poBaHHOM, B Mekcuke.

B xoHILe $peBpass mpaBUTEAbCTBO BrabcoHa mepeparo copep-
JKaHHe TeAerpaMMbl Ipecce. HexoTopble mpescTaBuTeAnm mpec-
CBl, B YACTHOCTH Ta3eTbl, IPUHAAAEXKAIINE H3AATEABCKOMY AOMY
«Xepcr» (Hearst), koTopblit 6bIA HaCTPOEH NMPOTUB BO3MOXKHOI
BOJHBI U IIPOT€PMAHCKH, BHA4aAe OTHECANCh K Hell BeCbMa CKeIITH-
geckn. OpHAKO K cepepauHe MapTa LluMMepMaH ITyOAHMMHO IPH3HAA
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naBa |. KognpoBaHue u wuppoBanue

aBTOPCTBO IPOTUBOPEYMBOrO IocAaHus. IyTh Goaee ABYX HeEAEAb
crycrs, 6 anpeas 1917 roaa, Korrpecc CIIA 06bs8ua Boiiay Tep-
MaHHH.

ITO peleHne UMeAO AAAEKO HAYIITHE IIOCAEACTBUS AAst EBpomb
U MHpa...

B sakaroueHue oTMeTHM, 4TO, XOTs Teaerpamma LluMmepmana
M CTaAd YPe3BbIYAIHbIM COOBITHEM CBOEIO BpeMeHH, HO 9TO BCETo
AUIIb OAHA HCTOPHYECKAsI CTPAHMYKA, B KOTOPOX BAXKHYIO POAD ChI-
rpaaa Kpunrorpapus.

Ha nporspkeHny 9To¥ KHUTH MBI yBUAUM HEMAAO APYTHX IIPH-
MepOB, Pa30POCAHHbIX IT0 CTOAETHSIM U KYABTYPaM.

TeM He MeHee, MbI IIOYTH HaBepPHSIKA MOXKEM YTBEPXKAATB, UTO Ad-
AEKO He BCe 3HaeM O CAMBIX BKHBIX HCTOPHYECKIX COOBITHSX.

Begb Gnarogapsa cBoeii npupope McTopusA
KpunTtorpadpum — 3To NCTOPUA TallH.




PRO kpuntorpaduio ((umBON — MaluMHa — KBaHT)

MOCJIAHUE U3 BABUJIOHA

Aprentuackuil nucareab Xopxe Ayuc bopxec mpeacraBua
B KOPOTKOM pacckase «BaBuaoHCKas 6ubAHOTEKa>» TaKoe OrpoM-
HOe KHHUTOXPaHHAMINE, YTO HA TIOAKAX CTOSAM BCe BO3MOXKHbIE
KHUTH: POMaHBI, IIO3MBI U AMCCEPTAI[MH, a TAKXKe OIPOBEPKEHUS
3THX AUCCepTaIlMH, 1 OIPOBEPKEHNUs OIPOBEPKEHHUH, U TaK AdAee,
AO 6eCKOHEYHOCTH.

KpunroanaauTuk, myrém mpob 1 omHO0K IIBITAIONUNACS pac-
mudpoBaTh COOOIIEHNE, 3aMUPPOBAHHOE C IIOMOLIBI0 «OAHOpPa-
30BOro HAOKHOTa>», CTOAKHETCS C IIOAOOHOM e curyanuet. ITo-
CKOABKY IIHQP TIOAHOCTDHIO IIPOU3BOAEH, BO3MOXKHAS pacln$poBKa
OyAET COAEPKATh BCe BO3MOKHBIE TeKCTHI TOH JKe AAMHBI: ICTHHHO®
ITOCAAHHE  KOPOTKOE OITpOBepsKeHHe IIOCAAHMUS, U TO JKe CaMoe I10-
CAaHMe, B KOTOPOM BCe ITPaBHAbHbBIE CyIjeCTBUTEAbHbIE 3aMeHeHbI
APYTHMH CYILeCTBUTEABHBIMU TOM JKe AAMHBI, M TaK AaAee A0 Oec-

KOHE€YHOCTH ...




FMABA 2.

KPUMNTOINPA®UA
OT AHTUYHbIX BPEMEH...

«Hcemopus x0dos u wudpos — amo mHozose-
K08as ucmopus noedunxa mexcdy cozdamersmu
wudpos u memu, Kmo ux é3ramviéaem... Tpa-
euneckas kasvv Mapuu Cmiwoapm, xopoiesot
Ilomaanduu, seuracy Opamamu4eckosi UAMO-
cmpayueil caabocmeti 00HOAAPABUMHOL 3AMEHDL;
04esuUdHo, 4mo 8 noedurke mexcdy Kpunmozpada-
MU U KPUNMOAHAAUMUKAMU NOCAEOHUE 00eprcarut
sepx. Aw00oti, KMo oMnpPasAIA 3auudposanHoe
coobuyerue, dorxncer Obia omdasams cebe omuem,
4O ONbIMHBLLL OeUUPPOBAILUUK NPOMUBHUKA
MONCEM NEPEXBAMUMb U PACKPLIMb CAMble YeH-
Hble cexpempl>>.

Cunex Catimon. «Knuea wugppos>



CKPbITbIE NOCJIAHUA

ApesHerpedeckuii yuéHbli [epoAOT yrIOMIHaeA B cBoel 3HaMe-
uuroit «Mcropun>, NOCBAMEHHON ONMUCAHUIO I'PEKO-TIePCHACKHX
BOH B V Beke AO H. 3., ABa AIOOOIIBITHBIX CAyYasi [PUMeHEHHUsI CTe-
raHorpaduu, KOTOpble CBHAETEAbCTBYIOT O OOABIION HAXOAYMBOCTH
AIOAEH TOTO BpEMEHM.

B mepsom mpumepe, KOTOpHIH copepkuTCA B «Taaun>, Tpe-
Thel kHure «Mcropun>, ucrueit, Tupan ropopa MuaeT, mpukasaa
OAHOMY UeAOBeKy IIOOPHUTb OAOBY. 3aTeM OH HAIMCAA Ha OPUTOM
TOAOBE ITOCAAHME M CTaA KAATh, IOKA Y MY>KYMHBI CHOBA BBIPACTYT
Boaochl ITocae TOro Kak OHH OTPOCAHM, IMOCHIABHOTO OTIIPABHAU
B Aarepb Apucraropa. AOOpaBIIKCh TYAQ, ITOCBIABHBIA OOBSICHHA
CyTb AeAd APHCTaropy, 1 BOAOChI CHOBA COPUAH, OTKPBIB, TAKIM 00-
PasoM, coobLieH e, KOTOPOTO 3AECh AABHO XKAQAHL

Bropoii npumep, ecan aT0, KOHEYHO, IIPOUCXOAUAO B ACHCTBH-
TEABHOCTH, MIMEET IOPa3A0 OOABIIYIO MCTOPUYECKYIO BaXKHOCTD,
ITOCKOABKY MO3BOAMA AemapaTy, napio CHapTbl, HaXoasmieMmycs
B ccoiake B Ilepcum, mpeAympeAuTh CBOMX COOTeUeCTBEHHHMKOB
O I'psAyIIeM BTOpeHuH nepcuackoro raps Kcepkca. Oty ucro-
puto Tepopor pacckaseiBaeT B «IloaurumMHHMU>», ceAbMON KHHTre
«HcTopun>:

«<Aemapam e moz omkpoimo npedynpedums ux, nos-
MOMY eMY NPULLAG 8 20A08Y NAKAS MbICAL: OH 8354 NAPY
mabauuex [Ors nucomaj, cockobAUA ¢ HUX BOCK U HANU-
caAr 0 NAGHAX YAps HA OepessHHOLL NOBePXHOCMU Mao-
Auex. 3amem OH CHOBA NOKPLIA UX PACNAABAEHHBIM
B0CKOM U makum 0bpazom ckpui coobuyerue. B pesyap-
mame KA3asuwiLecss NYCMuimu MAaOAUMKY He 8bi3bl8AAU
HUKAKUx n0003peHuti y cmpaicHuxos & dopoze.

Kozda mabauuxu naxoney oxasaruce 8 Aaxedemore
(Cnapma), mamowinue xumesu He Mo2AU NOHSMB,



naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

8 4éM Mym cexpem, nokd, HACKOAbKO 5 noHumaro, Topeo
[... ] ne npedroxcura cockobaume sock ¢ mabauuex, no-
momy 4mo nod HuUM — Kax ona nodckasara — Hatidym
HanucanHoe Ha depese NOCAAHUE>.

PacripocrpanenHoe creraHorpaguyeckoe CpeaCcTBO, KOTOpoe
BHIAGPYKAAO UCTIBITAHHME BpeMeHeM, — 3TO CUMIaThdeckue (HeBH-
AUMble) YepHHAA. VIX IpUMeHeHHe ONHMCAHO B THICSAX PAcCKa3oB
u ¢uabMoB. Fcrmoabsyemble MaTepmaAbl — AMMOHHBIN COK, COK
PACTeHHIT U AQKe YeAOBeueCKas MOYa — OOBIYHO OPraHHIECKOTo
IPOMCXOXAEHHUS M C BBICOKMM CopepKaHMeM yraepoaa. Ilostomy
BBICOXIIIHE YePHHAA UMEIOT CKAOHHOCTD K IMOTEMHEHHMIO, KOTAA OKa-
3BIBAIOTCS TI0A BO3ACHCTBHEM YMEPEHHO BBICOKMX TeMIIepaTyp, KakK,
HaTIpuMep, Xap OT maameHu cBedd. [losesHocTs creranorpaduu Her
CMBICAA OCITapHMBaTh, XOTS OHA AGAAETCS COBEpIIEHHO HEeIIPUTOAHO-
i, KOTAQ pedb HAET O OOABIINX KOAUECTBaxX IocAanuit. Boaee Toro,
€CAH ee HCIIOAb30BATh HATIPSIMHK, 0€3 AOIIOAHHTEABHDIX yXULIPEeHHI],
y Hee 0OHAPY KHBAETCS CYIeCTBEHHBIN HEAOCTATOK: KOTAQ IIOCAQHIE
OAHAXXABI BCE-TaKH IePeXBaTAT, COACP)KAHHE ero Cpasy ke CTaHeT
usBecTHbIM. [1o aToi npuynHe creraHorpadus B OCHOBHOM HCIIOAD-
3yeTcsl Kak AOTIOAHEHHe K KPUIITOrpaduu, KaK CPEACTBO YCHACHHUS
0€30I1aCHOCTH CBEpPXCEKPETHBIX IIePEeAA.

Bo Bpems x0AOAHOM BOMHBI B IIOAHBIX APaMaTH3Ma IIIMTHOH-
CKUX TPHUAAEPAX T€POHU YACTO OTIPABASAM IIOCAAHHS IIPHU ITOMO-
M CPeACTBA, HA KOTOPOM OYKBBI OKA3BIBAAHCH CAHIIKOM MeA-
KHMH AASL YTEHHS HeBOOPYXXEHHBIM IAa3oM, — MHKPOQHAbMA.
TexHuKa POAMAACH 32 HECKOABKO AET AO HAaYaAd XOAOAHOM BOH-
HBI, B TOABI BTOpO# MUPOBO#, KOrAQ HEMeIIKHe areHThl HCIIOAD-
30BaAM CTeraHOrpadHUIEcKyI0 TEeXHUKY, H3BECTHYIO0 KaK MHKpO-
$OTOCHUMOK, TO €CTh CHUMOK C OUeHb OOADBIINM yMeHbIIeHIEM.
OH cocTosiA u3 pororpaduu KOPOTKOTO TEKCTA, KOTOPAsI CBOAHU-
AACh AO pa3Mepa TOYKH, KOTOPYIO 3aTeM BKAIOYAAH B BHAE OAHO-
rO U3 MHOTOYHCAEHHDBIX CHMBOAOB B 6€300MAHBIN TEKCT.

BoopyxenHble KOHPAUKTBI SBASAMCH MOIHBIM CTHMYAOM
U IIOOYAUTEABHBIM MOTHBOM AASL PasBUTHSL 0€30IaCHOCTH HHPOP-
MaLHOHHBIX cOO0OmeHuit. [10aTOMy HeyAUBUTEABHO, 9TO TAKHe BO-
MHCTBEHHbIE AIOAM, KaK CHApTaHIbl (ecau Beputh LepopoTy, oHu
ABASAMCh MAacTepaMH CTETaHOTPadHM), TAkKe CTAAU HepPBONPO-
XOALJAMH U B Pa3BUTHH KPUITOTpadHH.
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CNAPTA NPOTUB AOUH

B mepuoas BOOPYXEHHBIX KOHQAMKTOB MeXAY CHAPTaHIJAMH
U apUHAHAMH 33 KOHTPOAb Hap IIeAOIIOHHECOM 4acTo MCIOAB30-
BAAKCb AAMHHBIE [IOAOCKH [IepraMeHTa, 00EpHyThle BOKPYT LIUAUH-
ApHYeCKOJ TTAAKH, KOTOPYIO Ha3bIBaAH cKuTaAa. [locaanue mucasu
Ha [lepraMeHTHO [I0A0Ce, KOTOPOit obopaunBasu HUAMHAD. Koraa
HepraMeHTHYIO IIOAOCY Pa3MaThIBAAM, IOCAAHME CTAHOBHAOCDH He-
MOAAQIOIIUMCS IPOYTEHHMIO. Ad)ke eCAU IIPOTHBHHUK 3HAA, KAKas HC-
TIOAB30BAAACh TEXHUKA MUPPOBAHKSA (TO €CTb AATOPUTM), 2 TOYHBIE
pasMepbl CKUTAABI He OBIAU M3BECTHBI, TO AI00OI, KTO [IepeXBaThI-
BAA COOOIIIeHNe, CTAAKUBAACS C OTPOMHBIMH TPYAHOCTSIMU IIPH €T0
pacmudposke. TOAIMHA B AAMHA CKMTAABI IIO CYTH SBASAMCH KAIO-
4OM IMUPPOBAABHOMN CUCTEMBL

CkuTaAa [TO3BOASIET IIOAHOCTBIO MEHSTH IIOPSIAOK OYKB B IIO-
cAaHu. YTOOBI OAYYHTD IIPEACTABACHHE 00 3TOM METOAE, KOTO-
Pblil Ha3bIBAETCS TPAHCIIO3UIMEH, PACCMOTPUM IIPOCTOM IpUMep
C IIlepecTaHOBKOI Bcero Tpéx Oyks: A, O u P. He Tpebyercs Huxa-
KHX PacyéToB, YTOOBI BBLICHUTD, YTO 3TH OYKBbI MOT'YT OBITb pac-
CTaBAEHBI MIECThIO BO3MOXKHBbIMU criocobamu: AOP, APO; OAP,
OPA; POA, PAO.

A = COOBLLEHVE C NomMoLlbO CKUTATIbI
B = CMMKEOOVO LUTBECBbALL HOJIEN bIHOC

A — nocnaHue, kKomopoe npedcmoum nepedams,
b — Ho ecnu nonocKy 6ymazu paseepHymes, mo nosyyaemcs
nosHas 4yywe, HA60p HUYe20 He 3Ha4Yaujux 6yke

Ecau roBopurp abCTpakTHO, TO MPOLIECC CACAYIOLIHUIL: IIOCAE
TOIO KaK OAHA M3 TpéX BO3MOJKXHDBIX 6YKB CTAaBUTCs Ha nepBoe Me-
CTO, IIO3BOASA TpPI paSAI/I‘IHbIX BapPIaHTa paCCTaHOBKI/I, MBI OCTaéM-
CciacC ABYMF[ 6YKBaMI/I, KOTOPbIe, B CBOIO oqepeAb, MO>XHO paCCTaBPlTb
ABYMS Pa3AHMYHBIME CIIOCOOaMH, YTOObI IIOAYYUTH HOBBIA OOIIHI
pesyAbTar: 3 X 2 = 6 BApHAHTOB PacCTaHOBKH. B cayuae 6osee pAuH-
HOro IIOCAaHUA, HanpnMep, us 10 GYKB, KOANYECTBO BO3MOJKHDBIX
PacCcTaHOBOK OYAET PaBHSTHCS:

1I0X9IX8X7X6XxS5x4x3x2x1.
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naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

Taxas oneparys HaspiBaeTCs $aKTOPHAA, BHIPAXKAeTCSA MaTeMa-
THYecKUM 06o3HaseHneM 10! u AaéT oOmmit pesyasrar 3628800.
Ecau roBopurts B 00111eM, 0 KOAUIeCTBe OYKB 1, TO CTh n! pasAmd-
HBIX CIIOCOOOB HX ITepecTaHOBKU. TakuM 00pasoM, MOCAAHHE, KO-
TOpOe cOCTOHT Bcero u3 40 OYKB, MOXET AATh TaKOe KOAMYEeCTBO
BO3MO’KHBIX CITOCOOOB IepeCcTaHOBKH GYKB, 4TO pacItndpoBaTh ero
BPY4HYIO CTAHOBUTCS IIPAKTUIECKH HEBO3MOXKHO.

Heyenu mbl Hawnu mpaeanbHbIl KpunTorpa-
dunuecknin metop?..

Y81, He coBce. ITo cyTH aAropuT™ HepecraHoBKH (TpaHcIo-
SULMK) HayTap AQET HauboAee BHICOKMil ypOBEHb 6€30MacHOCTH,
HO 4TO OYAET IPEACTABASITh COOOI KAIOY, KOTOPBIH IIO3BOAUT Pac-
MmuPpOBaTh IOCAAHHE?!

CnyyvailHOCTb NpoLecca — 3TO U ero cuna, u cna-
60CTb.



OTEL AHAJIUTUYECKOI KPUMTOIPA®UN

Eskawmp, (325265 rr. o0 H.3.) —
APEeBHErpeYecKMi MaTeMaTHK, aB-
TOp HEpPBOTO M3 AOIIEAIINX AO HaC
TPAKTAaTOB II0 MaTeMaTHKe, CYMTAeT-
Csl OTIIOM AaHAAWTHYECKON KPHIITO-
rpapun. OcHOBHast ero pabora
«Havara» (B AaTUHM3UPOBAHHOM
dopme — «DaeMeHTBI> ) COACPXKHT
M3AOXKEHHE MAAHMMETPHUHM, CTepeo-
METpUH M PSAA BOIPOCOB TEOPHH
4YHCeA; B HEl OH IIOABEA UTOT ITPEA-
IIECTBYIOIEMY Pa3BUTHIO MaTeMa-
THKH 1 CO3AAA PYHAAMEHT AAAbHEH-
Iero pasBUTHUA 3TOH Hayku. XOTs
B 00I1jeCTBEHHOM CO3HAHHUU €ro PaboThI OOAbIIIE BCETO ACCOLIUHUPY-
IOTCA C TeOMeTpHUel IPOCTPaHCTBa, OHA CBA3aHA U C apudpMeTHye-
CKMMHU OTI€PALUSMU C KOHEYHBIM KOAMIECTBOM YHCEA, MAU MOAYAS-
MU, U [IPEACTABASIET COOOI OAUH U3 OCHOBHBIX TPYAOB, H3y4aeMbIX
coBpeMeHHOI kpurrorpadueil. Apabckie y4éHble AQBHO 3HAAU
M BOCXHIIIAAKCH paboTamu EBKAMAA, HO IIepBOe H3AAHME ero paboT
B EBpomne mosBusoch B Beneruu Toabko B 1482 roay. Aymaercs,
HEeAD3sI CIUTATh COBIIAAEHIEM TO, UTO H APAOBL, X BeHEI[HAHIIBI ObIAK
BEAMKUMH MacTepaMu KPUITOTPaQUHL.
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WnoP NoNnenA

OauMH 13 TIepBbIX U3BECTHBIX AATOPUTMOB IIOACTAaHOBKH — 3TO
Tak HasbiBaeMsbiil mudp IToAn6wUs, HA3BAHHBIA B YECTb IPEYeCKOro
ncropuka IToan6us (oxoro 203 — oxoao 120 IT. AO H. 3.), KOTOPBIt
OCTaBHA HAM €ro OnMcaHue. DTOT IHPpP — OAMH M3 CTapeHuIux
CpeAd TeX, O KOTOPBIX MbI UMeeM MOAPOOHYI0 uHpopMarimo. Ox
OCHOBaH Ha BbIOOpe ILITH 6YKB aAGaBUTA, YTOODI T CAYIKHAM B BUAE
«IIAIIKI> AASI CTOAOIIOB U CTOSIAM IIEPBBIMU B CTPOKAX TAOAHI[bI ILSITh
Ha IIITD, 3aTeM STYeHKY TAaOAMIIBI 3AIIOAHSIOTCS GykBaMu aAdaBHTA.
[Inp cKOHCTPYUPOBAH TAK, YTO KKAASL OYKBa COOTBETCTBYET Iape
OyKB, B 3aBUCHMOCTH OT CTPOKH M CTOAOIIA TAOAMI[bI, IO KOTOPBIM
OHM U OIIPeAeASIOTCS. LI3HaYaAbHO MCIIOAB30BAACS IPEUECKUH aA-
¢aBuT, KOTOPBIH BKAIOYaeT 24 OGyKBbl, 10aToMy I 1 J U3 aHramiickoro
aadaBuTa, cocTosero us 26 6yKB, 0OBIMHO OOBEAHHSIIOTCS B OAHOM
staerike. TabAmMIIa 3aIIOAHSIETCS B IOPSIAKE, O KOTOPOM AOTOBApPHBAIOT-
Cs1 OTIIPABUTEAD U MOAyYaTeAb. OOpaTuTe BHUMAHUE, YTO B MUPPO-
BaABHOM aadaBuTe AOAKHO 6b1Tb 25 6yKB (S X S). IllndposasbHbrit
aAQaBUT TaKoKe MOXKET OBITh PasMeIéH B TabAMIIE, TAe <« IUAIIKOM>
cayxar nudposbie sHavenus (Hanpumep, udpet 1,2,3,4,u S). B ta-
KOM CAy4ae IIOAYIUTCS CAEAYIOIIast TaOAHIIA:

1 2 3 4 5
1 A B C D E
2 F G H I-J K
3 L M N O P
4 Q R S T U
5 \Y W X Y z

AapaiiTe pacCMOTPHM IpHMep ABYX BEPCHI HCIOAb30BAHMSA
mudpa [Toanbus. Mcxopnoe nocaanre — BLANKS. M3 Tabauript
HOAyYaeM:

B 6yaer 3ameHsIThCS Hapoit udp 12

L 6yaer 3amensTbes mapoit 31

A 6yper 3aMeHsIThCS Mapoit 11

N 6yaeT 3amensTbCs mapoit 33

K 6yaeT 3ameHsThCs MTapoit 25

S 6yaeT 3aMeHATHCA Hapoit 43

IToayuaeTcs samudpoBanHoe mocaanue 123111332543.



LUNOP LIE3APA

«Veni, vidi, vici»
(Ipuwiea, ysudea, nobedu.r).
IOauii Lesapo

I1Iu¢psl, B KOTOPBIX UCIOAB3YeTCs 3aMeHa (TO ecTb MHUPPDI
3aMeHbl MAM IHUPbl MOACTAHOBKH), Pa3BHBAAMCH [APAAAEABHO
¢ mu¢pamMu, B KOTOPBIX HCIIOAb3YeTCS TIePeCTAHOBKA (TPAHCIIO3U-
LMOHHbIMU mHU$pamu). B oTAndme 0T TpaHCnosUIMY, IPK CTPOTrO
3aMeHe OAHA OYKBa 3aMEHSIETCSI APYTOM HAM CHMBOAOM AIOOOTO
THIA. B OTAMYHME OT TPaHCIOSMIMM, IPH 3aMeHe HeoOsI3aTeABHO
[IOAB30BAThCSI TOABKO OYKBAMH, H3 KOTOPBIX COCTOMT IIOCAQHHE.
Ipu Tpancrosumuy OyKkBa MeHseT [O3HLIUIO, HO COXPAHSET CBOIO
poab. Ta ke camast 6yKBa MMeeT TO JKe caMoOe 3HaueHHe B MCXOA-
HOM U B 3amu$pOBaHHOM mocAaaHuu. IIpu 3ameHe 6ykBa OCTaér-
Cs1 Ha CBOell TIOBULMK, HO MeHseT CBOIO0 poab (Ta e camas 6yksa
HAU CMBOA MeeT OAHO 3HaueHHe B ICXOAHOM IIOCAQHHH U COBCEM
APYroe — B 3amHPPOBAHHOM [IOCAQHHUH).

B mepBoM Beke A0 H. 3. IOSIBUACS OAMH IMH(P, B KOTOPOM
HCIIOAB3yeTCsl HNpUHIMI 3aMeHbl. OH HM3BecTeH IIOA Ha3BaHUEM
«mudp Lesapsi>», nockoasky IOanit Ifesapp Ob1A OAHIM U3 CAMBIX
M3BECTHBIX AIOAEH, KOTOPBIe ero ucroabsosasu. ludp Llesaps xo-
POIIO M3y4YeH, OH SIBASETCS HCKAIOUUTEABHO IOAE3HBIM, IIOTOMY
4TO HAAIOCTPHPYeT IPUHITMIBI MOAYABHON apHU(PMETHKH, OAHOM
M3 MaTeMaTHYeCKUX OCHOB HAIIMCAHMs 3aKOAMPOBAHHBIX [IOCAAHHI.

Wndp Liesapa ocHoBaH Ha NpuHUMNe, Korpa
KaXablil CUMBOJ1 B Ha4YaZlbHOM TeKCTe 3aMeHsA-
€TCA CMMBOJIOM, HAXOAALWMMCA Ha HEKOTOPOM
MOCTOAHHOM uucC/e NO3NUMIA NeBee wan npa-
Bee Hero B andasute. Hanpumep, B wundpe
co casuirom 3 A 6bina 6bl 3ameHeHa Ha I, B cTra-
Het [, n TaK panee.

ITo caoBam Beamkoro ucropuka Cseronus, apropa « Kusuu
aBeHaanatu Lesapeii», FOamit Lle3app KoAMpOBaA CBOM AMYHBIE
IMCbMa [IPU TIOMOIIM AATOPHTMA 3aMEHBI CACAYIONIEro THIIA: Ka-
Kaasl OyKBa OpPUTMHAAA 3AMEHSIAACh HA APYTYIO, KOTOpasl CTOSIAQ
B aAdaBHTe Yepe3 TpHU IO3UIMU IOcAe Heé: A 3aMeHsaaach Ha D, B
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naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

Ha E, u T. A. W 3amensiaach Ha Z, U, B KOoHeuHOM cuéTe, X, Y u Z 3a-
mensiiorcss Ha A, B u C.

KoaupoBaHie 1 A€KOAMPOBaHHe IOCAAHMS, 3AMIHYPOBAHHO-
rO TaKMM METOAOM, MOXKHO IIPOBECTH C UCIIOAb30BAHHEM IIPOCTOM
TabAUIIBL:

A|B|C[D[E|F|G|H|I[J[K[L[M|N|O|P|Q[R[S|T|U|VIW|X]Y|[Z
DIE|F|G|H|I[J]|K[LIM|N[O|P|Q|R|S|T|U[VW[X[Y]|Z]|A|B]|C

Bepxuuit psip OyKB IpeacTaBasieT co60i M3HAYaAbHBIN aada-
BUT, a HIDKHUH psip — TPaHCGOPMUPOBAHHBIM, TIOAYYEHHbIH B pe-
3yAbTaTe MCIoAb3oBaHus mudpa Lesaps.

Koraa ABa aadaBuTa, HCXOAHBIN U IHPPOBAABHBIH, pacrioAara-
IOTCSL TaKUM 06pa3oM, To mudpoBaHie IOCAAHUSI — ITO IPOCTO
BOIIPOC 3aMeHBI OYKB oaHOro OykBamu apyroro. Katou k mudpy
HAa3bIBAeTCs MO OyKBe, KOTOPasi COOTBETCTBYeT 3AIMPPOBAHHOM
A (mepsoit 6yxBe ncxoaHOTO ardasuTa). B paHHOM caydae aTO
D. Kaaccuueckoe soipaxkenne AVE CAESAR (3ppascrsyit, Lle-
sapp) 6yaer sammdposano kax DYH FDHVDU. U wao6opor,
samudposanHoe nocaanne WUHH mocae pacmudposku paér
TREE (aepeso).



AJlIb-KUHAWN: B3JIOM LLNODOPA

Caamennas kaura MycyabMad Kopas cocTouT u3 cTa 4eThIp-
HaALATH TAaB (Cyp), KaKAasl U3 KOTOPBIX H3AAraeT OTKPOBEHHS
npopoxa MaroMera. OTH OTKPOBEHIUS OBIAM 3ATIMCAHbI IIPU SKH3HH
IPOPOKA €ro CIIOABIDKHHKAMHU M B AAAbHEHIIeM COOpPAHbI IIePBbIM
xaaupom A6y Bakpom. Ymap u YeMan, BTopoit i TpeThit XaAubI
COOTBETCTBEHHO, 3aBEPIIHMAH €T0 HAYHHAHME.

OQparmeHTapHas IpPUPOAA H3HAYAABHBIX TEKCTOB IpPHBEA
K POXAGHHIO BETBH TEOAOTHH, 3aHHMAIONEHCS AATHPOBAHHEM
PpasAMYHBIX OTKpoBeHMH. CpeAr APYTHX TeXHHK AATHPOBAHUS y4é-
Hble, 3aHMMaloIecs u3ydeHueM KopaHa, BBIMMCASIAM YaCTOTY ITO-
SIBAGHMS OIPEeACAHHBIX CAOB, KOTOpPbIE CUMTAIOTCS BO3HUKIIMMH
TOABKO B TeUeHHe [IepHoAa HanucaHusa. Ecau B oTkpoBeHnu Berpe-
9AAOCH AOCTATOYHO TAKUX HOBBIX CAOB, TO OBIAO Pa3yMHO CAEAATb
BBIBOA, YTO 9TO OTHOCHUTEABHO ITI03AHEe OTKPOBEHHe.

3Ta MHMUMaTMBa OKasalacb NepBbiM cneyu-
duYeCKMM WHCTPYMEHTOM KpuntoaHanusa,
unu gewmppoBKu, N3 Koraa-nnéo nso6peTén-
HbIX. OH Ha3bIBaeTCA «YaCTOTHbIM aHaIN30M»,

IlepBbIM 4eAOBEKOM, KOTOPBIH OCTaBUA IMCbMEHHOE CBHACTEAD-
CTBO 00 3TOI PEBOAIOLIOHHOM TexHHKe, cTaa ¢praocod Aby IOcyd
Siy6 n6n Mcxax n6u Cab6ax aap-Kunaw, yrorpebureasHOe cokpaiite-
Hye nvenn — Aab-Kunau (oxoao 801-873 ) — apabexmit praocod, ma-
TEMATHK, TEOPETHK MY3bIKH, aCTPOHOM. POAMACS, IO pas3HBIM AQHHBIM,
B Ky¢e mau B Bacpe, aercrBo mposéa B Bacpe, paboraa B Aome Myapo-
cru B Baraase. SIBasiaca dpaBopurom xaandos ar-Mamyna (813-833)

Pykonuce KopaHa,
Feunem, 803MOXHO,
DGamumuoel, X sek;
8bINOJTHEHA BOCMOYHbIM
Ky¢hudeckum noyepkom
KOpUYHegbIMU
yepHUNAamu

Ha nepeameHme




naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

u  arMyracuma (833-842),
KOTOpble ObIAU TTOKPOBUTEASIMU
IPeACTABHTEACH PAHHErO KaAa-
Ma — MYTa3HAUTOB.

B 1987 roay asxsemmasip
Tpakrata Aab-Kunan, o3a-
raaBaeHHoro «O  pacmug-
POBKe  KpUNTOrpaQuuecKHx
MOCAQHHII», BCIIABIA B apXHBe
B CramOyae. B HéM copepxuT-
Cs1 O4eHb KPaTKOe H3AOXKeHHe
IIePBOIIPOXOAYECKOM TeXHHUKH.

«O0dun u3 cnocobos pacuuPposku 3auudposanHozo
NOCAGHUSL, eCAU Mbl 3HAEM, HA KAKOM S3bike OHO HAnuca-
HO, — 310 HAlimu 00bIHbIL He3auiugposanHbviil mexcm,
HANUCAHHBIG HA MOM JKe A3biKe, NPUEM 00CHAmouHo
OAUHMHDLT, NOMMOM COCHUMAMY, CKOALKO Pa3 8 HEM NOSEAS-
emcs kaxdas 6yxea. Bykey, xomopas ecmpexaemcs Hau-
boAee Hacmo, Mol HA3bIBAEM <Nepeoli>; OYKeY, uacmoma
nos6AeHUS KOmOpoii cAedyem 3a nepeoti, Mbl HA3bIBAEM
<6MOpOLi>> ... U Max daee, NOKA Mbl He OXEAMUM BCE
scmpeuaroujuecs 8 mekcme 6ykevt. 3amem mvt paccma-
mpusaem mekcm, pacuupposxoii Komopozo 3aHuma-
emMcsl, U KAGCCUPUYUPYeM BCMPeHAousuecs 6 HEM CuMm-
oAbt makum e obpasom. Haxodum cumson, xomopotii
scmpedaemcs HauboAee 4acmo, U 3ameHsem ez0 <nep-
80ti> OyK80ii U3 HAWlE20 MeKcmd, deAdem MO JKe CAMOe
€O <6MOpoti> 1 Max daee, NOKA He OXBATNUM BCE CUM-
80AbL 8 KPUNIMOZPAMME, KOMOPYI0 pACUUPPOsbIBaAEM> .

Bemme B ToM ke TekcTe Aab-KuHAM yIIOMHHAET, 4TO IIPH HCIIOADB-
30BaHUM CII0co0a MM(POBAHUS, TA€ [PUMEHSETCS 3AMEHa, KOKAAS
OyKBa HCXOAHOTO MOCAQHHS «OCTAaéTCSl Ha CBOEM MeCTe, HO MeHs-
eT CBOIO POAb>, H HMEHHO 9TO IIOCTOSIHCTBO, «COXpaHEHHe II03H-
UM >, AeAAeT BO3MOXKHBIM YaCTOTHBIH KPUIITOAHAAN3. [eHHaABHOCTD
Anp-Kunau 3MeHnAa paBHOBecHe B CpeAe IIMPPOBAADBIIUKOB U Ae-
i POBIINKOB, U Yallla BECOB, II0 KpaiiHell Mepe, Ha KaKoe-TO BpeMs,
CKAOHHAACH B [IOAB3Y TeX, KTO IOACAYIINBAET U IIOACMATPUBAET.
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LIMOPOBAHME CJIOBA BOXbEIO

CpeaHeBeKoBbIe KPI/IHToaHaAI/ITHKT oo
cyTcTBYIOT B BerxoMm 3aBere, u oHU H il

oty
13 m h- ol
HECKOABKO ¢ParMeHTOB CBAI€HHBIX T€
M"’“ﬂmﬁ {
HBI C TOMOIIBIO MK$Pa 3aMeHBl, KOTOP];

mHUpP COCTOUT U3 3aMEHBIX AI0OOM Oy. “,'E;%l% fﬁ%
HAXOAMTCSI Ha TOM K€ PACCTOSIHUH OT | ,@f
bw-m

N HaXOAUTCS OT ero Hadaaa. Hampum
s3pika A MenstercsiHaZ, BHaYur. a. B:
3aBeTa 3aMeHbI TIPOUBBOAATCA OyKBan
ckoro si3bika. Takum o6pasom B Kuure
Babel (BaBuaon) B 3amupposanHOM BH
HapexHocTb M npocroTa anrc — Y1
eMOoro ana 3ameHbl KNIO4eBOTo CHOBa, F
rue cronetus cpenanu 3ty g%%’z “(gg 5::;6;“;5/%
cacTemMy npeano4YMTaemomn
cucremomn wmdpoBaHus.

B T0 Bpems, 10 061eMy MHeHHIO, IUPPOBAABIIUKH OOEXKAA-
AU AT (POBITUKOB.



YACTOTHbIN AHANIN3 HA MPAKTUKE

Ecau uaTH OT Hanb0A€ee 4acTO BCTpeYaroleiicst K HauMeHee Ya-
CTO BCTPEYAOLIeHCs], TO OYKBBI B AHTAUFICKHMX TEKCTaX HCIIOAB3YIOT-
CSI CACAYIOLIUM 0Opa3oM:
ETAOINSHRDLCUMWEFGYPBVKJXQZ.
IIpoueHT MOSIBACHUS KOXXAOM OYKBBI [IPEACTABAEH B CAEAYIO-
el YacTOoTHOM TabAulle:

A 8,17% H 6,09% O 751% V 0,98%
B 1,49% I 6,97% P 1,93% W 2,36%
C 2,78% J 0,15% Q 0,10% X 0,15%
D 4,25% K 0,77% R 5,99% Y 1,97%
E 12,70% L 4,03% S 6,33% Z 0,07%
F 2,29% M 2,41% T 9,06% G 2,02%
N 6,75% U 2,76%

Ecan mocaanue 3amudpoBaHO IPU IMOMOLIM AATOPUTMA 3a-
MeHBI, aHAAOTHYHOTO TOMY, YTO OOCYXKAQACS BBIIIE, OHO MOXET
OBITh PacHIUPPOBAHO B COOTBETCTBUH C YACTOTOM HCIIOAb30BAHMS
OYKB B HCXOAHOM ITOCAQHHHU. AOCTATOYHO [TOCYUTATH, CKOABKO pa3
BCTpevaeTCst KaXKAAsL U3 OYKB B 3amn(pOBAHHOM TEKCTe, U CPaB-
HUTD MX C YaCTOTHOM TabAHUI[elt AASI SI3BIKA, HA KOTOPOM IIHCAAOCDH
nocaanve. TakuM 00pasoM, eCAM TEKCT HAIKCAH HA aHTAHHCKOM
A3bIKe M HanOOAee 4aCTO BCTPEYAIoIIasics B 3aMKMPPOBAHHOM TeK-
cre 6yKBa — 9TO J, TO OHa, BepOsITHee BCETO, COOTBETCTBYET OyKBe
E. EcAu BTOpOI1 10 4aCTOTe ITOSIBACHHS SIBASIETCSI OYKBa Z, TO Te 3Ke
PACCY>KAEHHSI IIPUBOAST HAC K BBIBOAY, UTO i HanboAee BEpPOSTHO
cootsercrByer 6ykBa T. [Iporjecc moBTOpsieTcst AAS BCex OYKB 3a-
K $POBAHHOTO TEKCTA.

AemndpoBKa ¢ IOMOIIBI0 YACTOTHOTO AaHAAM3a — 3TO HCTO-
PH, TIOAHAS APAMATH3Ma, IPUBAEKIIAs BHIMAaHUEe HEMAAOTO KOAH-
JecTBa IucaTeAeil. BO3MOXHO, caMbIM H3BECTHBIM IIPOM3BEACHHUEM,
OCHOBAaHHbBIM Ha KPHIITO-aHAAU3E IIOCAAHMSA, SBASETCS <30AOTOM
xKyk> Oarapa ITo. Apyrue aBropsl, Takue kak JKroab Bepr u Aptyp
Konan Aorfia, ncroap3oBasu mopo6HbIe TIPUEMBL, YTOOBI AOOABUTD
HAIPsDKEHUS B CI0)KeTHbIE AMHHH.
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PYKOBOACTBO AJiA IOHbIX JIEAU

Kamacytpa — 3T0 mpocTpaHHOe PyKOBOACTBO, KOTOpOE IIO-
CBSIL[EHO, CPEAH IIPOYEro, TOMY, YTO HEOOXOAUMO 3HATh KaXKAOMH
JKeHIIMHe, YTOObI OBITH XOpOILIeil XeHOH, co3paHHOe oKoAo IV B.
AO H. 3. bpamunoM Maaaanara Barcesisina. B Hem pexomenayercs
AO 64 PasAMYHBIX HABBIKOB, B TOM UHCA€ IIO My3bIKe, KyAHHAPUH
u maxmaTax. Ocobblit HHTEpeC AAS HAC MMeeT HaBBIK II0A HOMe-
poM 45, MOTOMY YTO OH OH IOCBSIIIIeH HCKYCCTBY TAfHOTO IIMChMA,
HAM <«MAEKYUTA-BUKAAIIA». APEBHUIl MyApel] peKOMEHAyeT He-
CKOABKO METOAOB, B TOM UHCA€ TAKOI: Pa3ACAUTDH aAQaBHUT Ha ABe
9ACTH M PACIPEACANTb OYKBbI IO IIApPaM CAYYaiHBIM OOPasoM.
B aroil cucTeMe KaXKpO€ COOTBETCTBHE IIAp IIPEACTABASET COOOM
Kafou. Hampumep, 0OAMH U3 BApHAHTOB AASL AATHHHUIIBI MOXET OBITH
CAEAYIOLINM:

ABCDEFGMLK]JIH

TUVWXYZSRQPON

YT06bI HANIMCATH TANHOE [IOCAAHME, TPeOYeTCsI BCero AMIIb 3a-
MEHSITh KOXKAYI0 OykBy A B usHauaabHOM Tekcre Ha T, G Ha Z, H
Ha N U T. A., 1 HLO6OPOT IpH pacHUPpPOBKe.

TpeboBaacs criocob mudppoBaHs, KOTOPHIIA AAA OBI KAIOYH, SIB-
ASIIOIIHECS] OAHOBPEMEHHO IIPOCTBIMHU, ASTKUMHU AAS 3aTIOMHUHAHHS
U IlepeAadH, HO B TO JKe BpeMs He TpelyIollie KepTB, CBI3aHHBIX
¢ 6e30macHOCTDbIO. B pesyAbraTe HAYAACS IIOUCK MAEAABHOTO AATO-
PHUTMa, U IIePBBIX YCIIEXOB B 9TOM AOCTHIAM PUMCKEIE HMIIEPATOPBL.



LLINOPOBKA U3 "30JI0TOIO XKYKA"

Yuabsam Aerpas, repoit pacckasa «30A0Toit xyk> (1843) Ja-
rapa Aaana Ilo, HamreA MecTO, TAe 3apBIT CYHAYK C COKPOBHIAMH,
HocAe pacupPOBKU HAAIIMCH Ha KAOUKe IIepraMeHTa. AerpaH uc-
IIOAB30BAA CTATUCTHYECKHI METOA, OCHOBAaHHBIA Ha YacTOTe IO-
SIBAeHHUs OYKB, KOTOPBIe COCTABASIIOT TEKCT HA QaHTAHICKOM SI3bIKe.
3amuppoBaHHOE TOCAAHIE OBIAO CACAYIOLINM:

53+$1305)) 6*;4826) 4+.) 4%);806%;48189 60)) 85;1+
(;:4*8183 (88) 5*t;46 (;88%96*?;8) *+ (;485);5%t2:*+
(;4956*2 (5*_4) 89 8%*4069285);) 618) 4++;1
(¥9;48081;8:8+ 1;48185;4) 4851528806*81 ($9;48;
(88;4 (¥734,;48) 4+;161;:188;%?;

AerpaH HavdaA C IPEATIOAOSKEHHS], YTO HCXOAHBIN TEKCT ObIA
HAIIMCAaH Ha AHTAMACKOM sI3bIKe. B aHramiickoM daie Bcero BCTpe-
qaeTcst 6yKBa «e>. 3aTeM OH COCTAaBUA CIIMCOK OYKB, OCHOBBIBASICH
Ha YacTOTe HCIIOAB30BaHMS, OT HanGoAee 9acTO BCTPEYAIOLiercs
K HalIMeHee 4acTo BCTpevatomerics: a, 0,1, d, h,n, 1,5, t, u, v, ¢, f, g,
i,m,w,b,k,p,q,x,z

Tepoil cocTaBUA Ha OCHOBAHWMM KPUIITOIPAMMbl TabAHMLLY.
B nepBoM psipy — 3Haxu 3amnQpOBAHHOTO [IOCAAHNS, BO BTOPOM
PSIAY — YaCTOTA X IIOSIBACHUSL.

8|;|4[#%|)|*|5/6|(|T][1]/0]9]2]|:|3]?2]|9 _
33/126(19/16|16|13{12(11|10/8 |8 |6 |5|5|4 |4 |3 |2 |1

IToatomy «8» — ckopee Bcero OykBa «e>. 3aTeM repoi Ha-
IIIeA TPH 3HAKA, KOTOPBIe MOTAM ObI 0603Ha4ath the, onpeseseHHBIIH
ApTHUKADb, KOTOPBIM TaK)Ke OY€Hb YaCTO BCTPEYAETCS B AHTAMHCKOM
SI3BIKE, YTO [IO3BOAMAO /AeTrpaHy IlepeBeCTH 3HAKHU ";", «4>» U «8>.
OH AOTaAAACS, UTO O3HAYAET COYeTaHHUe <«; (88>, OCKOAbKY 3HAA,
9TO 00O03HAYAIOT TPHU 3HAKA U3 4eThipex. I, moAyuus coueranue
«t(ee», OH cAeAaA BBIBOA O TOM, KaKyto 6ykBy 0o603HadaeT «(>». 1o
MOXKET OBITh TOABKO <I'>, & B PE3YABTATe IIOAYIHAOCH CAOBO «treex
(aepeBo). HakoHer, HCIIOAB3YS AaAee AHAAOTHYHYIO KDUIITOAHAAH-
THYECKYIO0 TeXHHKY U IPOSIBUB HeMaAoe TepIieHue, /AerpaH CcoCcTa-
BHUA CACAYIOIIUH YaCTHYHBIN I PPOBAABHBIN aAaBHUT:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

5/t 83|46 | * % ( ; ?

a|d| e|g|h i n | o r t | u

OTOro AOCTATOUHO AAS PaCIIN(POBKE [IOCAAHMS:

«A good glass in the bishop's hostel in the devil's seat forty-
one degrees and thirteen minutes northeast and by north main
branch seventh limb east side shoot from the left eye of the deaths-
head a bee line from the tree through the shot fifty feet out>.

Pyccxuii mepeBoa:

«Xopotiree CTeKAO B TPAKTHPE €IICKOIIA HA YeTBEPTOM CTYAE CO-
POK OAMH TPaAyC TPUHAALIATD MUHYT CeBep-CeBepPO-BOCTOK TAABHBI
CYK CeAbMast BeTBb BOCTOYHAS CTOPOHA CTPEASIEt 13 A€BOT'O TAA3a MEPT-
BOI1 TOAOBBI IIPSIMAst OT AePeBa Yepe3 BBICTPEeA Ha IITbAECST $yTOB> .

OueBUAHO, UTO YACTOTHBINA METOA He BCErAA MOXKET IIpHMe-
HSTBCSI CTOAb HEIOCPEACTBEHHBIM 00pasoM. JacToTsl B Tabaurie,
[PEACTABACHHOI BBIIIIe, — 9TO TOABKO CPEAHHE [IOKA3ATEAN.

K npumepy, B KOpoTkux TeKcTax Trma « Visit the zoo kiosk for
quiz tickets>» OTHOCHTeAbHAS 9ACTOTA IIOSIBACHHS OYKB OUeHb CHAD-
HO OTAMYA€TCSI OT SI3bIKOBBIX XaPAKTEPHCTHUK B IIEAOM.

IToaToMy AAsl TEKCTOB, BKAOYaromux MeHee 100 3HaKoB, 3TOT
[IPOCTOM aHAAU3 HCIIOAB3YETCSI KPAiHe PeAKO.

OAHAKO YACTOTHBIM AHAAM3 He OTPAHMYHBAETCS H3yUeHHEM
6yxB camux 110 ceOe. XOTS Mbl COTAALIAEMCSI C T€M, YTO MAAOBEPO-
STHBIM SIBASIETCsI HarboAee dacToe nosiBaeHue 6ykssl E B kopoTkoM
3amKMPPOBAHHOM TEKCTE, Mbl C OOAbIIEHl YBEPEHHOCTBIO MOXKEM
CYUTATD, YTO ILITH HaOOAee YaCTO BCTPEYAIOLUXCS OYKB — 9TO,
BepositHee Bcero, A, E,,OuT (nyCTb AQKe He 3HaeM, KaKasi U3 HUX
KOTOpO#i COOTBeTCTBYeT). A 1 | HUKOIAQ He BCTpedaroTcs B Hape
B aQHTAMICKOM SI3BIKE, B TO BpeMs, Kak Apyrue OYkBbI MOryT. Bo-
Aee TOTO, TAaKoKe BEPOSITHO, YTO KAKUM OBl KOPOTKHM HH OBIA TEKCT,
TAACHBIE UMEIOT TEHAEHIIHIO ITOSIBASITHCS IIePeA, U TOCAE CKOTIACHUI
APYTHX OYKB, B TO BpeMsI KaK COTAACHBIE MMEIOT TEHAEHIIHIO IPYII-
[IMPOBATbCSI C TAACHBIME MAM C HeOOABIIIHM YHCAOM COTAACHBIX. Ta-
KUM 06pa3oM, Mbl, BO3SMOXKHO, cyMeeM otaeauTs T oT A, E, Tu O.

ITo xoay ycremHos paciuppoBKH MHCEM CTAHYT IOSIBASTbCS
CAOBa, B KOTOPBIX HAM HYXXHO PacIn$pOBaTh BCETO OAUMH HAM ABA
3HAKa, YTO II03BOAUT CTPOHTb THIIOTE3bI O TOM, YTO 9TO 32 OYKBBL
CKOpOCTh ACMMPPOBKU YBEAUYMBAETCS IO Mepe AeMHPPOBKU
GOABIIIET0 KOAMIECTBA [IHCEM.
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WPUOT MAPUN CTIOAPT

8 ¢eBpaas 1587 ropa moraanackas kopoaesa Mapusa Crioapt
Ob1aa obesraaBaeHa B 3aMke QPorepuHreil MocAe TOro, KaK eé Impu-
3HAAM BUHOBHOM B TOCYAQPCTBEHHOM H3MeHe.

PaccaepoBanMe, KOTOpOE IMIPUBEAO K CTOAD XKECTOKOMY IIPHUTO-
BOpY, ITOKA3aA0 BHE BCAKUX COMHeHHi: Mapus u B caMoM peae Aefi-
CTBOBAaAA B CrOBOPE C IPYIIIOH apUCTOKPATOB-KaTOAMKOB, KOTOPYIO
BOBTAABASIA MOAOAOY DHTOHU BaOHHITOH. 3aroBOPIIMKY AQHHPO-
BAaAM NOKyIIeHMe Ha aHTAMMCKYIO KopoaeBy Eamsasery I c meanio
Bo3BecTH Mapuio Ha TPOH KaTOAHMYECKOTO TOCYAAPCTBA, BKAIOYAIO-
mero 1 Aurauto, u IlloTaanmuro.

Pemrarome AOKa3aTeAbCTBA IPEACTABHAA CAYXKOa KOHTppas-
Beaky EAM3aBeThl, KOTOPYIO BO3TAABASIA AOPA YOACHHTeM. Aokasa-
TEABCTBA BKAIOYAAH LIEABIH PSIA IIMCEM, KOTOPBIMHE OOMEHHBAAKCH
Mapus u Babunrron. 13 Hux O5IA0 COBEpIIEHHO SICHO, YTO MOAO-
Aast IIOTAQHACKAsl KOPOA€BA 3HAAA O IAAHHPYIOIEMCs youiicTse
1 0A00psiAa ero. YIIOMSIHYTbIe [IMCbMA OBIAY 3aIIPPOBAHBI C IOMO-
IIbI0 AATOPUTMA, KOTOPBIN COEAHHSIA B ceOe mudpsI i KoAbL VIHbI-
MU CAOBaMH, OYKBBI OPUTMHAAQ He TOABKO 3aMEHSAUCH APYTHMHU
3HAKaMH, HO MCTIOAb30BAAMCDH TAKOKe M YHHKAABHbIE CHMBOABI, KO-
TOpBIe 0003HAYAAH OIIPeACAEHHBIE, YACTO BCTPEYAOIINeCs: CAOBA.

Flroesfuduomoy i e FAoprA s msnnrtya i Saipe g ona gy

FofuiveAmpainiae &mase Famingis

' < ;
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e - """*M—f’u‘w 4—5—“—{1?_;;‘_1:55.1"‘5""-\-&

/
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DOpazmeHm 00HO20 U3 hucem womiaaHockol koponesel Mapuu Cmioapm
3@2080pUWUKY IHMOHU babuHzmoHy — mex nucem, KOmopeie 8 KOHYe
KOHU08 npugedym K CMepmHOMy Npu2o8opy

I posasbusiit asapasut Mapuu CTI0apT IPUBOAUTCS HIDKE:

abcdefghikI nopgqrstuxyz
of N#orcfhoign TS miAECc TSI
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Ecau ve cyuTaTh TOrO, YTO B mMHPpOoBasbHOM aspasuTe Mapun
CrroapT BMecTO GYKB HCIIOAB3YIOTCSI CHMBOABI, OH HITYeM He OTAH-
9aeTcs OT APYTUX aAQaBUTOB, KOTOPHIMU Ha IIPOTSHKEHUH CTOACTHI
ITOAB30BAAMCH KPUITOTPadbl IO BCEMY MHUPY.

KoncnupaTops! 65141 yBepeHbI B HAAKHOCTH MU Pa, HO, K CO-
KaAeHHUIO A Mapuu, Ayymuit kpunroaHaauTuk Eanzasersr, Tomac
Deanrriec, 6bIA CIIEIMAANCTOM II0 YACTOTHOMY aHAAM3Y U He3 oco-
6oro Tpyaa cymea pacmudposars nucbMa. Takum 06pasoM ObIA pa-
300Aa4éH Tak HasbIBaeMblit 3aroBop BabUHITOHA, a IPABUTEABCTBA
U CeKpeTHbIe areHTHI 110 Bcell EBporie IMOAYYHAM CHTHAA: TPAAUIIU-
OHHDIi1 AATOPUT MIOACTAHOBKH (3aMeHbl) 60AbIIIe He sBAseTCS 6e30-
ITACHBIM M HAAEKHBIM.

Kpuntorpadbl okasanucb 6ecnomoLyHbl nepep
cunoii HoBoro AewndpPoBOUHOro MHCTPYMEHTa.



MPOPLIB AJIbBEPTU

OaHaxo pelireHIe POOAEMBI, KOTOPYIO IIOCTABUA TIepeA M-
POBIIHKAMYU YACTOTHBI aHAAM3, OBIAO HAMAEHO elllé 3a BeK C AMII-
HHUM AO Toro, Kak Mapus CTioapT CAOXKMAA TOAOBY Ha ITAaXe.

CospaTesem HOBOro mudpa cTa yuéHsit amoxu Bospoxaenns
Aeon Bartrcra AapbepTH, 06AaAQBIIMEL CAMBIME PAa3HOOOPA3HBIMU
TaAQHTaMH. AABOEpPTH IIePBBIM HM3AOXKHA MAaTeMAaTHYeCKHe OCHO-
BB yUeHHs O IepcrekTuBe. Takoke OH BHeC CYIeCTBEHHBIN BKAAA
B pa3BHUTHE KPUITOrpadHH, IIPEAAOKHB B KHUre 1466 r. «TpakraT
0 mmpax> UAI0 MHOTOAA(GABUTHOTO MHUPPa, KOTOPHIM COCTOSA
U3 AOOaBAE€HMS BTOPOTO MHPPOBAABHOTO aAdaBHUTA K IIePBOMY,
KaK [IOKA3aHO B CAeAyIOIIef TabAuUIIe:

(1)A|B|C|/D|E|F|G|H|I LIMINIO|P|Q|R|S|T|U|V|W[X|Y|Z
(2Q)D|E|F|G/H|I|J|KILIM|N|O|P|Q|R|S|T|UIVWX]|Y
(3)MIN|B|V|C|X|Z|L|K|J|H|G|FID|S|A|P|O|I|U|Y|T|R|EW|Q

—
~

N
lon]
N

Cmpoka (1) — obbl4HbIl angasum.
Cmpoka (2) — nepeseiti angasum, Komopeili UCnoe3yemcsa 0718 WUGPOBAHUS.
Cmpoka (3) — smopou angasum, ucnosie3yemeiti 0118 WUGPOBAHUA.

MoXHO IIOIlepeMeHHO MCIIOAb30BaTh ABAa IMH(POBAABHBIX
aadasura. Hanpuwmep, B cayuae caosa SHEEP (oBua) aast mep-
BOI GyKBBI MCIIOAB3yeTCs TepBblil muposaabHbril aapasur (V),

JleoH bammucma Anvbepmu




PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

AASL BTOpOI1 6YKBbI — BTopoit mudposabhbiit ardasut (L) u T. A.
B namem npumepe SHEEP 6yaet samudposana kak VLHCS.

[IpeumymecTBo MoAMaA(ABUTHOIO MUGPOBAABHOTO AATOPHT-
Ma, B CPAaBHEHHH C IIPEABIAYIIIUMIE, O4eBUAHO: OYKBbI ABoiHOrO EE
U3 HMCXOAHOTO TeKCTa IHUQPYIOTCS ABYMS PAa3AMYHBIMU ITyTSAMH,
H u C. Yro6b! emé 60AblIe 3ayTaTh AI0OOTO KPHIITOAHAAUTHKA,
KOTOPOMY IPEACTOUT paboTa ¢ 3amHU(PPOBAHHBIM TEKCTOM, OAHA
U Ta Xe OyKBa B IIHPPOBKE IPEACTABASIET ABE PA3AUUIHbIE OYKBBI
B HCXOAHOM TeKcTe. [T0aTOMy 4acTOTHBII aHAAN3 TepsieT OOABIIYIO
4acTb CBOEH IIOA€3HOCTH.

AApbepTH HUKOTAQ He IIPEACTABASIA CBOIO HACI0 OQHI[HAABHO,
a B AaAbHedIeM Tako# mudp ObA paspaboTaH IPUMEPHO B OAHO
U TO e BpeMs, HO He3aBUCHUMO APYT OT APYTa, AByMs aKaAeMH-
kamu, HeMuieM MoranHom Tpuremuem u ¢pannysom Baesom ae
Bmxenepowm.



AUCK ANTbBEPTU

Ipakrudeckuit ciocob mpuMeHeHHUsI MOAMAAPABUTHOTO MIKG-
pa — 9TO HCIIOAB30BaHMeE IPUCIIOCOOAEHNSI, U3BECTHOTO KaK IIH-
pOBaAbHBIA AMCK AApOepTH. DTO MOPTATHBHOEe MHUPPOBaABHOE
[PUCIIOCOOACHUE COCTOUT U3 ABYX KOHIJEHTPHIECKUX AMICKOB, OAUH
13 HUX 3aQUKCUPOBAH U Ha HEM BbIIPAaBHPOBAH OOBIYHbIN aAPaBUT.
Bropoii Auck Bpaiaercs, Ha HeM aAQaBUT IOBTOPEH.

OTmpaBuTeAb MOXKET, Bpaljasi AUCK, COBMECTUTD OOBIYHBIN aA-
$aBUT ¢ TAKUM KOANYECTBOM IHMPPOBAABHBIX aAPABUTOB, CKOABKO
Pa3 MOXXHO CABHUHYTH IIOABIDKHBII KPYT, MEHSS [IOAOXKeHHE OYKB.
MaxkcuMaABHOE YHCAO PaBHSETCSI KOAMYECTBY OYKB HCIIOAb3YEMOTO
aadasHTa.

IMu¢p, moAydaeMslil C IOMOLIBIO AMCKa AABOEPTH, OYeHDb CTO-
€K K YaCTOTHOMY aHaAu3y. AAs paciiupOBKU [OCAQHUS IIOAYYA-
TEAb AOAKEH TOABKO ITOBEPHYTb AUCK TaKOe JKe KOAMYECTBO pas,
Kak caeraa oTmpaBuTeAb. HapexxHocTs mmdpa, Kak M BCeraa, 3a-
BHICUT OT COXPAHEHUs B TallHe KOAOB, TO €CTh YCTAHOBKHY aAdaBHTa
Ha BpalLIAIOIEMCS AMCKE U KOAMYECTBa CABUIOB. Auck Aabbepru
C eAMHCTBEHHBIM IIOABIDKHBIM KPYrOM, Ha KOTOPBII HaHeCeH 00bId-
HbII aAQaBHUT, II03BOASIET HCIIOAB30BaTh mndp Llesapsi mpu kaxxpoM
BpameHny. [T0A0GHbBIe IPUCIIOCOOAEHHS HCIIOAB30BAAKCH He B Ta-
KOM Y3K OTAQA€HHOM IIPOIIAOM, HaIIPHMEP, BO BPeMsI I'PaXKAAHCKOM
Boitubl B Amepuke (1861-1865).

Juck Anvbepmu,

KOMOpbIM N06308A/1UCH
CMOPOHHUKU KoHgedepauuu
80 8PEMA 2PAXOAHCKOU 8OLIHbI
8 Amepuke
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KBAAPAT BUXKEHEPA

B mu¢pe Llesapsa ucmoabayeTcs MOHOAA(aBUTHAs CHUCTEMa:
TaM NIPUCYTCTBYeT OAMH IMQPOBAABHBIA aAdaBHUT, KOTOPHIH CO-
OTBETCTBYeT aAQABUTY UCXOAHOTO TEKCTa TAKMM 0OpasoM, 4To 3a-
mudpoBaHHas OyKBa BCErAa COOTBETCTBYET OAHOM H TOM JKe OykBe
HCXOAHOTO TekcTa (B Kaaccudeckom mudpe Llesaps D — aTo Beer-
a2 A, E — Bceraa B u T.a.). C ApyToit CTOPOHBI, B HOAMAAABUT-
HoOM mmudpe ornpepeaéHHass OyKBa B IOCAAHUE MOXET 3aMEHSTbCS
TaKUM KOANYECTBOM OYKB, CKOABKO MCIIOAB3YeTCs MH(pPOBAABHBIX
aadaBuTOB. AAS MUPPOBAHIA TEKCTA, II0 Mepe TOro Kak IHdpo-
BAABIIHK [IEPEXOAUT OT OAHOI OYKBBI HICXOAHOTO TEKCTa K APYTOL,
Ka>KADIA Pa3 MCIIOAB3YeTCsI APYTOM IINPPOBAABHBIN AAPABHUT.

MepBas N camaa N3BecTHas cUCTeMa nonunan-
daBuTHOrOo WINppa N3BecTHa Nop Ha3BaHMEM
«KBagpaT BmxeHepanr.

BuxeHep — $paHITy3CKHIT AMIIAOMAT, KPUITOIPad M AAXHMUK.
B 1549 roay ¢ppanitysckoe mpaBUTEAbCTBO OTIIPABHAO €TO C AUIIAO-
MaTH4eCcKOH MUCCHel B PHM, A€ OH 3aMHTepecoBaACs KPUIITOIpa-
¢ueit. B 1585 roay BivkeHep Hammcas OCHOBOIIOAATAOIIYIO paboTy
«TpakTar 0 nu$pax v TaHHOMMCH>, B KOTOPOI OMUCBHIBAETCS CH-
cTeMa MUPPOBAHN, IOAYYHBIIAs ero UM B 1854 roay.

brie3 0e BuxxeHep




naBa 2.

Kpuntorpadusa ot aHTUUHbIX BpeMeH. ..

Keagpat BuxkeHepa

A C E I|J/K/LIMNOPQ|R|S TUVWX Y Z
1 a d e iljlk{lI'm/njolplg|r|s|t|jujviw|x|y|z
2 b d f jlk|{lIminjo|p|g|r|s|t|ju|viw|x|y|z|a
3 c e g killminjo|p|q|r|s|tjulv|w|x|y|z|al|b
4 d f h Il'minjo|p|q|r|s|t|ulv|iw|x|y|lz|al|b
5 e g i minjo|p|g|r|s|tju|viw|/x|y|z|la|b|c|d
6 f h j njolp|g|r|s|tjulviw|x|y|z|alb|c|d]|e
7 g i k o|plqlr|s|tju|viw|x|y|z|a|lb|c|d|e
8 h j | plglr|s|tjujv|iw|x|y|lz|a|b|lc|d|e|f|g
9 i k m glr|s|tjujviw|x|y|z|la|b|c|d|e|f|g
10 j | n ris|t{ulviw|x|y|lz|la|b|lc|d|e|f|g|h
1n ki l|m o s|tjulviw|x|y|z|a|b|lc|d|e|[f|g|h]|i
12 | n p tjujv|iw|x|y|z|la|b|c|d|e|f|g| h|il]]
1BIMm o q ulviw|x|ylz|la|blc|d|e|[f|g|h]i|j|k
14(N|n p r viw|x|y|z|a|b|c|d|e|f|lg|/h|i|j|k|]|m
15/0 | o q s wix|y|zla|b|c|d|le|f|g|h|i|j|k|]|m|n
16/ P | p r t x|y|lzla|bjc|d|e|f|g|h|i|j|k|I|m|n|o
17/Q | q s u ylz|la|lb|c|d|e|f|g|h|i|j|k[l|m|njo|p
18 r t v zla|b|c|d|e|f|g|h|i|j|k|[I|m|njo|p|q
19 s u w alblc|d|e|f|g|h|i|j|k|{I|m|n|o|p|q
20 t v X blc|(d|e|f|g|h|i|j|k|l|m|njo|lp|qg]|Tr
21 ujviwix|y cidje|f|g|h|i|j|k|I|m/n|fo|p|lq|r]|s
2|V v X z dle|[f|lg|h|i|j|k|{I mn|o|p|lq|r|s|t|u
3 Wiw| x|y a elfiglhli|j|k|{I|m/njolp|q|r|s|t|u|V
24| X | x z b filglhli|j|k|I|m|njo|lp|q|r|s|t|iujv|w
25 Y|y a C glhliljlkllI|m[nfojp|g|r|s|tju|v|w|x
261z b d hii|jlk{I|m/njolp|lq|r|s|t|ujv|iw|x|y




PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Tabanna asdpaBuToB BrokeHepa cocTosiaa U3 aadpaBHUTa HCXOA-
HOTO TeKCTa U3 N OYKB, II0A KOTOPBIMH MOSIBASIAUCH IHUPPOBAAbHBIE
aApaBUTHI B KOAMYECTBE N

ITepememenne (CABHT) HPOXOAMAO LUKAUYHO, IO OAHOM GyK-
Be, BA€BO, B CPaBHEHHHU C IIPeAbIAymuM AeficTBueM. VHbIMU cao-
BaMH, 9TO ObIAA KBAAPATHAS MaTpUlla U3 26 CTPOK U 26 CTOABIOB.
Owma npepcraBAeHa B Tabaurje. O6parure BHIMAaHIe HA CHMMETPHY-
HOCTb B cooTBeTcTBuH 6ykB. [lapy cocrasasior (A, R) = (R, A),
TO )K€ CaMOe OTHOIeHKe IIPUMEeHHMO Ko BceM OyksaM. He Tpyaro
3aMEeTHTb, YTO KBaApaT BrokeHepa cOCTOUT U3 aAdaBUTa HCXOAHOTO
TEKCTa U3 N OYKB, KKAAS U3 KOTOPBIX TPAHCPOPMHUPYETCst B COOT-
BETCTBHU C YBEAMYMBAIOIIMMUCS MapaMerpamu. Takum o6pasoM,
HepBbIi IIPPOBAABHBIA AAGABUT CAYXKHT AAS TPUMeHeHHUs udpa
Lle3apst c mapameTpamu a = 1 u b = 2; BTopoit 9kBUBaAeHTeH MUPPY
Hesapsicb=3ur.a.

Karou x xBappary BivkeHepa cocToMT U3 HHGOPMAIIMHU O TOM,
Kakue OYKBBI [IOCAQHIS 3aIIH$POBAHBI X HA CKOABKO CTPOK BHU3 MBI
CITyCKaeMCsl, YTOOBI HafTH COOTBETCTBYIOIYIO OYKBY AAs mudpo-
BaHus. CaMblil IPOCTOM KAIOY COCTOHT B CABUI€ Ha OAHY CTPOKY
BHH3 AASL KOXKAOM OYKBBI MCXOAHOIO IOCAaHMsL. TakuM o6pasom,
xaaccuyeckas dppasa VENI VIDI VICI («ITpumeéa, ysuaea, moe-
AUA>» ) GyAeT IUPPOBATHCS CACAYIOIUM 06Pa3oM.

Yro651 3amndpoBaTh MepBYI0 6YKBY V, HAXOAMM COOTBETCTBY-
oyt 6ykBy B crpoke 2: W. Yro6s1 3ammdposars E, Haxoaum co-
OTBeTCTByIOLyIo 6ykBy B cTpoke 3: G. Yro6s! samudposars N, Ha-
XOAMM COOTBETCTBYIOIIYIO OYKBY B cTpoke 4: Q.

| (cTpoka 5): M
V (cTpoka 6): A
| (cTpoka 7): O
D (cTpoka 8): K
| (cTpoka 9): Q
V (cTpoka 10): E
[ (ctpoka 11): S
C(ctpoka 12):N
[ (ctpoka 13): U

W3 ucxopnoit ppasni mocae mudpopanus noayyaercs: WGQM
AOKQESNU
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naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

Cpasy xe BUAHO, YTO IIOBTOPSIOIUECS B UCXOAHOM IOCAAHHU
OYKBBI ICY€3AIOT.

OaHako KaXABIH KpunTorpad xeaaeT H300pecTU TAKOH KOA,
KOTOPBII A€TKO 3a[IOMHHATD, COOOIIATh MAPTHEPY IIO MepeIncKe
U IIePHOAITIECKY OOHOBASITD.

Yr06bI CO3AaTH MeHbIIHE, HoAee AETKHE AASI HCIIOAB30BAHI
KBappaThl BibkeHepa, HCIIOAB30BAAMCH KAIOUEBbIE CAOBA C TEM e
HAU MEHBILINM KOAMYeCTBOM OYKB, YTO U PacHIMPPOBbIBAEMOE II0-
caanne. KaroueBoe cA0BO $OpMHPOBAAO IIEPBBIE OYKBBI B KAXKAOH
cTpoke (CM. CAeAyIOIyIO TabAMITy), 32 KaKAO M3 HUX CAEAOBAA
OCHOBHO# aAdaBuT (Tak, KAK OH MPEACTABAEH B IIOAHOM KBappa-
Te). 3aTeM CAOBO NHCAAM IOA HCXOAHBIM TEKCTOM, MOBTOPSS
CTOABKO Pa3, CKOABKO TPe60BaAOCh. 3aTeM HYKBa KAIOUEBOTO CAOBA
IOA KaXKABIM M3 3HAKOB MCXOAHOIO TEKCTa HAIPaBASAA KPHIITO-
rpada K CTpOKe B KBappaTe, U3 KOTOPOI CAEAOBAAO B3SITh OYKBY
AAast IIQPOBAHMUS.

KBaapat BuxeHepa co ctpokamu, onpefienfieMbiMu KNKOYEBbIM
cnosom JACKSON

A/BC|/DEF|GHI|J KLMNOPAOQR|STUVWXY|Z
JijlklIImin|jo|p|q|r|s|tjulv|iw|x|y|z|a|b|c|d|e|f|g|h]|i
Ala|bjc|d|e|f|glh|i|j|k|I|m|njop|lg|r|s|t|u|v|w|x|y|z
Clic|d|e|f|glh|i|j|k|I|m|njo|p|qg|r|s|t|u|lv|w|x|y|z|la|b
Kkl |minjo|lp|g|r|s|t|u|viw|x|y|z|a|b|c|d|e|f|g|h|il]
Sis|t|lulviw|x|y|z|a|b|c|d|e|f|g|h|i|j|k|[lI|m|njo|p|q]|Tr
Olo/p|q|r|s|tjulv|iw|x|y|z|a|bljc|d|e|f|g|h|i|j|k|]|m[n
N olp|g|r|s|tjulviw|x|ylz|la|b|c e|flglhlilj|lk|]lm

Hanpumep, mp1 xoTuMm 3amudposars mocaanue BUY MILK
TODAY (Kymu MOAOKA CeroAHsi) IpH MOMOIIU KAKOYEBOTO CAOBa
JACKSON:

McxopgHoe
nocnaxve

KnioueBoe cnoso | J A|C K|S |O]|N J Al C| K|S

3awndpoBaHHoe K
nocnaHue




PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

[Toaygaercs samudpoparnHoe nocaanue: kuawazxcofkq.

Kak 1 B cAydae Bcex KAACCHYECKHX ITHPPOBAABHBIX CHCTEM, 3a-
muPpOBaHHOE TIOCAAHHUE, KOTOPOe OBIAO0 0OPABOTAHO C IOMOILIBIO
KBappaTa BivkeHepa, cuMMeTpruHO HcxOAHOMY TekcTy. Hanpumep,
MbI X0THM pacmudposars nocsanne WZPKGIMQHQ npu nomo-
mu KaroueBoro caosa WINDY:

McxogHoe nocnaHue ? ? ? ? ? ? ? ? ? ?
KntoueBoe cnoso w | N D Y | W | N D Y
3awndpoBaHHOe

nocnarne W | z P K G | M | Q H Q

AaBaiiTe IOCMOTPUM Ha IIepBbIil cTOAOel. Mbl XOTHM Ha#TH
HeusBecTHOe «2» Hpu ycaosun, uro (2, W) = W. Aad atoro mbi
umeM crpoky W B kBaaparte BivkeHepa, mpeacTaBA€HHOM B TaOAM-
Ie, IPUBEASHHOM BhINIe, IIOKA He HaAéM W, B CMOTpPUM, KaKOMY
CTOADITy COOTBeTCTBYeT HafiaeHHast OykBa. OTBeT — A. 3aTeM MbI
umieM 6yKBYy «?>, IOATBepxAatoyto, uto (2, 1) =7Z, To ectb cTpoky
I, a B Hei1 6ykBY Z, 1 moay4aeM R, u Tak pasee.

IToaygaercs ucxopnoe nocaanne: ARCHIMEDES.

Hcropuyeckass BaXHOCTb KBappara Brokenepa, koTopyio oH
AGAMT C APYTHMH TOAMAA(ABUTHBIMU IMHPpaMH, KaK, HaIpuUMep,
mudpom Iponcdeabpa (koTopslit 6bIA paspaboTaH NPHMEPHO
B TO ke BpeMsi M IIOAPOGHO ONUCBIBAETCS HIKE ), — 3TO POTUBO-
AeHCTBHE YaCTOTHOMY aHAAHU3Y.

Ecau opHy 1 Ty ke OYKBY MOXHO 3aIHpPOBaTh HECKOABKUMHU
CII0cobaMu 1 B AAAbHeHIIeM [TOCAAHIe MOXHO 0e3 TpyAa paciung-
poBaTh, Kak B TaKOM CAy4Yae IPOBOAMTH KpunroaHaamus? C aroit
CHCTeMOM IMKUPPOBAHUSA HUKTO He MOT CIIPaBUTHCS B Te4eHHe ABYX
C MOAOBUHOM CTOAETHI, TIOKa B ee pacmuppoBKe He IPeyCIIeA aH-
rangaHuH Yapan3 Ba66upx B 1854 ropy.

B Espone XVII Beka mMHUPOKO PacHpOCTPAaHUACS MeHee Ha-
AEXHBII, HO 60Aee IPOCTOi MeTop muposanus — mudp Iporc-
¢eabpa. ITOT MUPp MPHAYMAA TOAAAHACL Ak03T Makcumuanas
bpounkxopcr, rpa¢ I'poncdeana. 1o moanasdpaBuTHbIHM mHIPP, aHa-
AOTHYHBIHM KBappaTy BinkeHepa, Ho MeHee TPYAHBIH.
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LWNOP rPOHCOENIBAA

Yr06b!1 3a11nppoBaTh MOCAAHIE, HAYMHAEM CO CAEAYIOLIeH Ta-
6AUIIBL:

A|B|C/DIE|F|IGH|I|J|K|L|M|N|O|P|Q|R|S|T|U|V|W|X|Y|Z
O|CID|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|VIW|X|Y|Z|A|B
1/DIE|F|G|H|I]|J|K|LIM|N|O|P|Q|R|S|T|UIVWX|Y|Z|A|B|C
2| F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|VIWX|Y|Z|AB|C|D|E
3/H/I'|J|K|LIM|N|O|P|Q|R|S|T|U|VIW|X|Y|Z|A|B|C|D/E|F|G
4|LIM|N|O|P|Q|R|S|T|U|VIW|X|Y|Z|A|B|C|D|E|F|G|/H|I|J]|K
5|N|/O|P|Q|R|S|T|U|VIW|X|Y|Z|A|B|C|DIE|F|G|H|I|J|K|L|M
6|R|S|TIUVIWX|Y|ZA|B|C|D|E|F|G/H|I|J|K|L|M|N|O|P|Q
7|T|IUIVIW|X|Y|Z|A|B|C|D|E|F|G|H|I|J|K|L/M|N|O|P|Q|R|S
8|VIW/ X|Y|Z|A|B|C|ID|E|F|G|H|I|J|K|L/M|N|O|P|Q|R|S|T|U
9/X|Y|Z|A|B|C|D|E|F|G|H|I|J|K|L|M|N|O|P|Q|R|S|T|U|VW

Caeayromuit mar — BbIOpaTh Hayrap IucA0 oT 0 A0 9, uT06BI
3AMEHHUTD KOKAYIO OYKBY B [TOCAAHHH, KOTOPO€E Mbl XOTHM 3aIli$-
posatb. Ecan ucxopnoe nocaanne — MATHEMATICAL, To mb1
BbIOMpaeM Hayrap 12 uucea, Hanpumep, 1,2, 3,4, 5,6,7,8,9,0, 1, 2.
ITOT psiA dKceA OYAET CAYXKUTD KAIOYOM K IHUPPY. 3aTeM MbI 3aMe-
HsIeM KXAYI0 OYKBY ITOcAaHIUs 6yKBOI, KOTOPAsi COOTBETCTBYET et
B BbIOPaHHOM CTPOKe B TaOAHMIIE.

MNMocnaHne M|{A TIHIE/M A|T|I|C|A|L
Kntoy 1123456789012
3awmndpoBaHHoe

HoChaHme P/F|/A|S|R|D|T|O|F|E|D|Q

M mudpyercs kak P (6epércs 6yksa us crpoku 1 B croabue
«M> ) 1 Tak pasee. Bcé mocaanme mudpyercs kax

«PFASRDTOKFDQ>.

byxsa A B mocaanuu mudpyerca xak F, T u D.

Kak u 06br4HO B cAydae mOAMAA(GABUTHBIX MIPHPTOB, 9TA CU-
cTeMa KM PPOBAHMS OTAMYALTCS CTOMKOCTDIO K METOAY TOTAaABHOTO
nepebopa 1 yacTorHOMy aHaAu3y. KoaudecTBo xaroueit Aast mugpa
I'porcdesppa B caydae aadasura u3 26 6YKB COCTaBASIET

26! x 10 = 4,03 x 1026 kntoueli.



«YEPHbIE KABUHETDI»

XoTs mporiecc M 3aHSA IIOYTH BOCEMb CTOAETHH, IIOAMAAQa-
BUTHbIe IHPHI THIA KBappaTa BrokeHepa HakoHeI] OAepXKaAU
mobepAy Hap YaCTOTHBIM aHAAU30M. AIOGOIBITHO, YTO MOHOaA(a-
BHUTHbIE CHCTEMBI, HECMOTPSI Ha UX CAAOOCTh, IMEAH OIIPEAEAEHHOE
[PeNMyIeCTBO — OHM OBIAM OYeHb HPOCTHIMU AASL BHEAPEHIS.
Kpunrorpagpl 3aHHMaANCh OTTAUMBAaHHEM METOAOB, HAIIOAHSA
paspabarsiBaeMble aATOPUTMBI BCIYECKUMH XUTPOCTSAMH, HO B OC-
HOBHOM HCITIOAB30BAAH Te K€ KOHIIEIIIINY, YTO M B CAMBIX IIPOCTBIX
mudpax.

OaHNM 13 HanboAee YCIIENUIHBIX BAPUAHTOB MOHOAAPABUTHOM
CH.CTEMBI SBASIACS TOMOQOHHBIH MMM P ITOACTAHOBKIL.

C ero moMomuipio 6bIAa IPEAIIPHHSTA IIONBITKA COUTD C TOAKY
IIOTEHIIMAABHBIX ACIIH(POBIIUKOB, KOTOPbIe HCIOAB3YIOT CTATH-
CTHYECKUI KPHUIITOAaHAAM3. BYKBbI, KOTOpbIe BCTPEYAIOTCS Hanbo-
A€e 9acTo, 3aMeHSIAU II0 MHBIM cucTeMaM. Hampumep, ecan 6yksa
E cocraBaset, B cpepHEM, OKOAO AGCATH IMIPOIIGHTOB TEKCTA HA AO-
60M s13bIKe, TOMOQOHHBIH MHUPP IOACTAHOBKH IIBITAACS] U3MEHUTD
9acTOTY HOSIBAEHVSI B TEKCTe 3TOI 6YKBbI, 3ameHsist E pecsiThio mmo-
IepeMeHHO MEeHSIOMYMHCS 3HaKaMHU. Takue MeTOABI HCIIOAb30Ba-
Auch emé B XVIII croaeTun.

OaHako AeAo IoOCTeleHHO ABUTaAoch Brepéa. [losBaeHue Be-
AVKHUX AEP>KaB U COIIPOBOXAAOIee 9TOT IIPOILIeCcC pa3BUTHE AUIIAO-
MAaTHH BBI3BAAY 3aMeTHOE YBEAHUeHIe CIIPOCa Ha HAAEKHYIO CBSI3b.
OTa TeHAEHIMS ellé 6oAee YCHAMAACH C OSIBACHHEM HOBBIX TEXHO-
AOTHH, TAKHX KaK TeAerpad, 4TO IPUBEAO K PE3KOMY YBEAUYEHHIO
06péMa KOMMyHHKanuil. EBporefickie rocypapcrsa 060pyaoBasn
TaK Ha3bIBaeMble «4EpHbIe KAOUHETHI>, HEPBHBIE LIEHTPHI AESTEAD-
HOCTH, TA€ KOAMPOBAAUCH CaMble CEKpeTHble COOOIeHHs U pac-
IMUQPPOBHIBAANICH ITepeXBayeHHbIe Bpa)KecKue TeAerpaMmsl. IIpo-
peccroHaabHasi paboTa «4YEPHBIX KAaOMHETOB» BCKOpE IMpUBEAd
K TOMY, 4TO Af06ast $opMa MOHOAAPABUTHOTO MHUPPa IOACTAHOBKH
CAeAAAACh HeHAAEKHOM He3aBHCHMO OoT Moanukanum. [Tocrenen-
HO y4yacTHUKH Urpsl «O6MeH HHPOpMALe» CTaAM IPUMEHSITH
TOABKO ITOAHAAQABUTHBIE AATOPUTMBIL. JaCTOTHBIN aHAAU3 yTPaTHA
CBOIO CHAY, ¥l ACIIUPPOBIINKHY OISTh CTAAY Ge33alIUTHBI IIEPEeA AU-
IJOM HACTYTAIOMUX ITH(GPOBAABIINKOB.
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KPUNTOIPA®bI NP ABOPE «<KOPONA CONHLE»

Xors 3a IpeaesaMH  ABOpIIA
AropoBuxa XIV Maso kT0 3HaA o cy-
IeCTBOBAaHMU OpaTbeB AHTyaHa
u bonasenTypsl Poccunboaeit, atu
ABa YEAOBEKA BXOAMAM B CITHCOK TeX
Atopeit EBporel, xoTophix 6oAbine
BCEro OOSIAMCH B IIePHOA IIOTpsICe-
Huit XVII Beka. Criocob6HOCTD pac-
mKUPOBBIBATh IOCAAHUSA IPOTHUB-
HukoB ®pannyuy (M AMYHBIX Bparos
MOHapxa) He yCTymaaa MX u3obpe-
TaTEAbHOCTH KaK KpUITOrpadoBs.
Omu paspaboTarn Tak Ha3bIBAEMBI
Grand Chiffre (Beauxuit mu¢p),

«Koposib ConHue» Jlrodosuk X1V

CAOXHBI AATOPHTM 3aMEHBI CAOTOB, KOTOPBI HCIIOAB30BAACS
AASL ITMPPOBAHMS CaMBIX BaXKHBIX IIOCAAHUE Kopoas. OpHAKO, KOT-
Aa 6paTbsi yMepAH, KPP BBILIEA U3 YIOTPeOEACHHS U CTAA HETIOA-

AarommMcs B3aoMy. 1 Toabko B 1890 roay cnernmasuct
10 KPUOTOrPadUH, BBILEAIIH B OTCTAaBKY BOEHHOCAY-
>Kamui JTheH baszepu B3siAcs 3a TpyAHOE AeA0 aAemmHd-
POBKHU 3amIMPpPOBAHHBIX AOKYMEHOB M IIOCA€ MHOTHX
AET HaIpsDKEHHOM paboTsl pacunpoBas TalHble [MO-

caanns «Kopoas Coannes.

SmobeH
basepu
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HEW3BECTHbIVN KPUNTOAHAJIUTUK

Bpuranckuit Maremarux Yapans Bab66uax (1791-1871) — BbI-
Aatomuiicst yuébiii XIX croaerns. OH H300péA OAUH M3 IEPBBIX
MeXaHMYEeCKHX KOMIIbIOTEPOB, KOTOPBII Ha3bIBAACS «Pa3HOCTHOM
MaIIMHOM>, U AAAEKO oIlepeauA cBoé Bpems. Ero unrepecs oxsa-
THIBAAU BCE Pa3AEABl MATEMATUKH U TEXHOAOTHH TOTO BpeMeHH.

Ba66max pemna 3aHITHCS ACIMHPPOBKON IMOAMAAPABUTHBIX
AATOPHUTMOB, HCIOAB3YS KBaApaT BrokeHepa. AAs aTOro oH co-
CPeAOTOYHA BHUMAHKE Ha OAHOM M3 CBOMCTB mmdpa. Bemomunm,
9TO IPH HCIIOAb30BaHMM wndpa BivkeHepa AAMHA BBIOPaHHOTO
KAIOUEBOTO CAOBA OIIpeAEAseT KOAMYECTBO HMCIIOAb3yeMBIX MIHG-
poBaAbHBIX aAdaBUTOB. TakuM 00pasoM, €CAM HCIIOAB3YETCS KAIO-
yepoe croBo WALK (mporyaka), To kaxaas 6ykBa HCXOAHOTO
[IOCAQHMS MOXKET OBITh 3alIN(POBAHA YETHIPbMSI PASAUIHBIMU CIIO-
cobamu. To 5xe caMoe OTHOCHTCS U K CAOBaM. DTO CBOHCTBO CTaHET
TOYKOM OIIOPBI, C IOMOIIBIO0 KOTOPOit Ba60MAX TOMbITaeTCS IIEepe-
BepPHYTb MHUP IIOAHAAPABUTHOTO MHUPpA.

PaccMoTpuM cAeayIOImuil IpUMep MOCAAHHUS, 3AIIHPPOBAHHO-
T IIpHY IIOMOIIH KBaapaTa Brokenepa.

WcxogHoe
nocnatue B|Y|L/A|N/D/O/R|B|YS E A

KnioyeBoecnoso | W | A | L | K W|A|L K W|AL K

3awndppoBaHHoe
HoChaHe X|Y W|K|J|D|Z|B|X]|]YD O

Yapnes b6366udx — aHenulckuld mame-
mamuk, uobpemamens nepgol 8bl4UC-
AUMesbHol  MAwuHel.  VIHOCmpaHHsIt
unieH-KoppecnoHoeHm  Vimnepamopckol
akademuu Hayk & CaHkm-llemepbypee
(1832). imeem mpydel no meopuu ¢yHK-
yud, mexaHu3ayuu c4éma 8 SKOHOMUKE.
CkoHcmpyuposan u nocmpousn (1820-
1822) mawuHy 0na  mabynupo8aHus.
C 1822 200a paboman Hao nocmpolikol
pasHocmHoU MawuHel. B 1833 200y pa3pa-
6oman npoekm yHueepcaneHol Uugpo-
8ol 8blYUC/IUMETbHOU MAWUHLl — Npo-
06paza cospemeHHoU IBM.




naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

Hamme BHEMaHHe cpa3y e IpHBAEKAeT TOT $aKT, 4To cAoBo BY
U3 HCXOAHOTO ITOCAQHUS 3aIUPPOBAHO OAHHMH M TeMH e OyKBa-
Mu B 0boux caydasx — XY. OTO IPOU3OLIAOC IIOTOMY, YTO HAYAAO
BTOpOro BY B MCXOAHOM IMOCAQHUM TTOSIBASIETCS Yepe3 BOCeMb 3Ha-
KOB IIOCA€ Ha4aAa NepBOTo, a BOCeMb — 3TO YHCAO, KPaTHOE KOAH-
vecTBy 6ykB (deTpipe) B KAtoueBoM caose (WALK).

C Takoit uH$pOpManueit 1 IPU YCAOBUHM AOCTATOYHO AAUHHOTO
HCXOAHOTO TeKCTa BIIOAHE MOXKHO AOTAAAThCS O AAMHE KAIOYEBOTO
caoBa. [Iporjeaypa caeayromras: Bbl 3aITHChIBaeTe BCe IIOBTOPSIOMIH-
ecs 3HaKM M OTMedaeTe, Yepes3 Kakoe KOAMYECTBO 3HAKOB OHM ITO-
BTOPAIOTCS. 3aTeM HINeTe LjeAble ACAUTEAU STUX IIOCACAHUX YHCEA.
Obmue AeAUTeAH — 9TO YHCAQ, KOTOPbIE SBASIOTCS KAHAMAATAMH
Ha TO, YTOObI IIPEACTABASITD AAUHY KAIOU€BOT'O CAOBA.

IpeamoaoxuM, 4T0 HanbOAEe BePOSITHbIN KAHAMAAT — 9TO S,
IIOTOMY 4TO 9TO OOIIHII ACAHTEAb, KOTOPBIH ITOSIBASIETCST HanboAee
gacro. Terreps HaM HY)KHO AOTAAQTBCS, KaKUM OyKBaM COOTBETCTBY-
eT KOKAAS M3 ILITU OYKB KAIOUeBOTO cAOBa. Ecam MbI BcrioMHHM
nporiecc mu$poBaHUs, TO KaXKAasl 6YKBa KAIOUEBOIO CAOBA B KBa-
Apare Brpkenepa ycraHaBAMBaeT MOHOAA(ABUTHBIHM MU AASL CO-
OTBETCTBYIOLIeH OYKBBI HICXOAHOTO ITOCAQHHIL.

B cAydae Hamero runoTeTHYeCKOro KAIOYEBOrO CAOBA U3 IIATH
6yxs (C1, C2, C3, C4, CS) mecras 6yksa (C6) mudpyercs c mo-
Mombio TOro xe ardasuTa, uro u mepsas 6yksa (Cl), cepbmas
6ykBa (C7) — c moMompio Toro xe aadasuta, uto u sropas (C2),
uT. A. IloaToMy B A€HICTBUTEAPHOCTH KPUNITOAHAAMTHUK 3aHUMACTCS
ISTHIO OTAGABHBIMI MOHOAAQABUTHBIMU IIHPPAMH, KOKADBIH U3 KO-
TOPBIX YA3BHM AASL TPAAUIIHOHHOTO KPUIITOAHAAM3A.

ITpouecc 3aBepimaercss COCTaBAGHHMEM YaCTOTHOM TAaOAHIfbI
AASL KOXKAOM 13 OyKB 3ami(pOBAHHOTO TEKCTA, COOTBETCTBYIO-
X OAHHM U TeM Xe 6ykBaMm katouesoro caosa (C1, C6, C11...
1 C2, C7, C12...), HOKa BB He OAYYHTE MATh TPYII GYKB, KOTO-
pble B LIeAOM COCTABASIOT OOIIYIO AAMHY ITOCAQHHMS. 3aTeM CpaB-
HHTe 3TH TAOAMIBI C [IOMOIIBI0 YACTOTHOM TaOAUIIBI AASL SI3BIKA
HCXOAHOTO IIOCAAHMS, YTOOBI pacmmpoBaTh KAIOUEBOE CAOBO.
EcaAm pABe rpynIbI AQHHBIX He COBIIAAAIOT, aHAAN3 HAYMHAETCS CHa-
HaAa CO BTOpPOIl HanOoAee BEePOSITHON AAUHOIM KAIOUEBOTO CAOBA.
B xoHIle KOHIJOB MBI OIIPEAEAMM, ITO KpaliHeil Mepe, OAHO Bepo-
ATHOE KAIOUeBOe CAOBO, M HaM OCTaHETCs] TOABKO pacmudpoBaTh
IIOCAQHUE.
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C mOMOIIBI0 9TOr0 MeTOAA U OBIA B3AOMAH ITOAHAAQABUTHDIN
kop. OaHako mopasureAbHOe OTKpbITHE Bab0mpXa, KOTOpoe OH
COBEpIINA TAe-TO OKOAO 1854 ropa, ocTaroCh HeM3BeCTHBIM. JKC-
[IeHTPUYHbIN OPUTAHCKHUI HHTEAAEKTYaA HUKOTAQ He ITyOAMKOBAaA
CBEAEHUI O HEM, M TOABKO HCCAEAOBAaHME €ro 3aMeTOK IO3BOAHAO
Y3HATh, YTO MMEHHO OH OBIA IIEPBOIPOXOALIEM B PacIIHPPOBKE I10-
AMaA(aBUTHBIX KAIOUEBBIX CAOB.

K cuacTbio Ana KpUNTOaHaNUTNKOB BCero Mupa,
yepes HecKonbKo net, B 1863 roay, npycckuin
oduuep Opugpux Kacnckm onybnukosan no-
AOOGHDBIN MeToA.

HesaBucumo oT TOro, KTo IepBbIM B3AOMAA IIOAMAA(ABUTHBIH
mudp, OH IepecTas ObITh HeysI3BUMbIM. C 9TOTO MOMEHTa HAAEXK-
HOCTb I ¢Ppa CTaAa B MeHbIIIel CTeIIeHH 3aBUCETh OT BEAUKHX aATO-
PUTMIYECKUX HHHOBALUI H B OOADIIIe} CTelleHH — OT YBeAUIeHHs
KOAHYECTBA IOTeHIIMAABHBIX IH(POBAAbHBIX aAdpaBuTOB. Mx Tpe-
60BaAOCH HACTOABKO MHOT'0, YTOOBI YaCTOTHBII aHAAHS3 U €T0 BapHa-
ITHM He CIIPABASIAMICh CO B3AOMOM.

Apyroit BaXXHOH ITIeABIO CTAaA IIOUCK ITyTell yCKOPeHMs KPHIITO-
anaamnsa. O6a HaIlpaBAEHHS HCCACAOBAHMUIT AY Ha COATDKEHIeE, CXO-
ASICb K OAHOI TOUKe, 1 IOPOAMAM OAMH H TOT e IIPOIjecC: KOMIIbIO-
TEePU3ANHIO.



KPUNTOAHAJIUTUK LLUEPJIOK XOJIMC
M METOA NOABOPA

IToMHHUTE YAUBUTEABHYIO UCTOPHIO C IASIIYIIMMH YeAOBEeUKAMH, pac-
ckasaHHYI0 3HaMeHHUTHIM [1lepaokoM XoaMcoM cBOeMy APYTY AOKTOpPY Bat-
coHy? MbI IpuBeAeM CTpPaHHbIE 3AIUCKH, KOTOPbIe MPECTYIMHUK IIOCHIAAA
CBOETI XKepTBe, 2 IIOTOM HATIOMHUM KOHeI] paccKasa.

Bor aTu 3anmcku:

2SI 81907950109
ELRA B I

RIRK XALTY

Ha mepBBblit B3TASIA IASIIIYIIIIE YeAOBEYKH MOI'YT IIOKA3aThCs POCTO
3abasoit. Ho Ilepaok X0AMC, XOPOIIO 3HAKOMDII C Pa3AMYHBIMU BHAAMU
TAlHOIIUCH, CPasy OIPEACAHA, YTO IepeA HUM Iup, U MOHAA: PUIYPKU
ob6o3HavaroT OykBbL. HeobxoarMO 05140 TOABKO HariTh Karo4. Koraa emy ato
YAQAOCH, 3HAMEHHTBII ChIIMK CMOT He TOABKO IIPOYECTD 3aIliCKH, HO U 110~
CAQTb IIPECTYIHUKY CTPOYKY IASIIYIIUX YeAOBEUKOB,

R TA R, JAN

HIOCA€ 4ero MPecTYNHHUK MOMaA B PyKu mpaBocyaus. Ilasurymue durypku

O3Ha4YaAHU CAOBa: <<HPI/IXOAI/ITC CIOAQ CerYac>.



YOUBUTEJIbHAA PELLUETKA

Ha xapTuHKe IpeacTaBAeH OAMH U3 IIPHMepOB TAaHHOIKCH,
TECHO CBSI3aHHbIN ¢ MaTeMaTHKoit. IToHAT Takoit mudp 6e3 KAlo-
42 HeBO3MOXKHO. UTOOBI IIPOUYECTb MOCAAHKE HA KAPTHHKE, HY>KHO
IpoAeAaTh caepyommee. Bospmute Ancrok 6ymaru. Hapucyiire 64
IIaXMaTHbIe KAeTKH. Terepb BBIpe)XbTe OTBEPCTHA TOYHO IIO PUCYH-
Ky, moAyunTcsi pemerka. HaaoxuTe ee riudpoit 1 BBepx Ha becriopsi-
AOYHO HamucaHHble 6yKBbI KBappaTa. [TocMoTpuTe: B OTBepCTHIIX
MOSIBUIACS] TEKCT — JAKTPOHHAs BhIYMC... Termeps moepHuTe pe-
IIETKy II0 YACOBOI CTpeAKe Ha yeTBepTh 0bopoTa. [ToayunTe caepy-
IOITYI0 YacTh $ppasbl: AUTEAbHAsS MallyHa p... Eme Takoi mosopor:
elllaeT CAOXHbIe MaTe... I, HakoHer, Ipu mocaepHeM IOBOpOTe:
MaTHYeCKHUe 3aAa4H.

Omn6xoit 65140 OBI AyMaTh, YTO CYIIECTBYET TOABKO OAMH THIT
pelleTKH, UMeHHO C 16 OTBepCTHAMH, C PacIIOAOXKEHHEM KaK y Hac
B IpuMepe. B TakoM cAyuae KaKABIM A€TKO Obl MOT 4HTAaTh 3a-
MmUGPOBAHHDIN TeKCT. IHMCAO OKOIIEK M UX PACIIOAOKEHHE MOXKHO
MeHATh. AaXke eCAM OCTaBUTb B pelleTKe 16 OKOIIeK, TO M TOTAQ
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naBa 2. Kpuntorpa¢ua ot aHTUYHbIX BPEMEH. ..

MOXHO HaOpaTh HEBEPOSTHO OOABIIOE YHCAO CIIOCOOOB HX PACIIO-
AOKeHHsT — OoAee UeM deThIpe MUAAHApAQ. Pasrasars Takoit mudp
6e3 kAtOua (B HallleM CAy4ae pelleTKH) 6bIAOC bl KpailHe CAOXKHO.

AASt TOTO YTOOBI CKPBITh PEIeTKY OT IMOTeHIIMAABHBIX IIITHO-
HOB, ObIAM IIPHAYMAHBI Pa3AMYHBIE CIIOCOOBI XPaHEHMS pelleTKH
B mamaATU. V1 TyT Ha nomMomp nmpumisa Maremaruka. Ecau mocraBursp
B KAETKAX pelleTKH, TAe HeT BbIpe3a, HOAH, a B MeCTaX BbIpe3a —
€AMHUIIBI, TO IIOAYYHM BOCEMb PSIAOB LIUPP:

Ilepsonit — 01010010

Bropoit — 00001000

Tpernit — 10100010

Yerseprsiit — 00010000

ITarprit — 01000100

ITecrort — 10001000

Ceabpmoit — 00100010

Bocemort — 00010001

CymecTByeT MHOTO pasHbIX cucTeM muposanus. K vHumM npu-
0eraioT B BOGHHOM A€A€, HA AUIIAOMATHYECKOM CAy)KOe U B AIOOBIX
APYTHX CAYyYasiX, KOTAQ HY>XHO COXPaHHTb B TailHe COAep)KaHHe Ie-
pemucku. IHuppamu MoAb30BAAKCDH M HAIIN PEBOAIOLIMOHEPHI-TIOA-
HOABIIMIKY, BBIHY)KAEHHBIE BECTU IEPEINCKY TaK, YTOOBI [lapCcKue
XKAaHAAPMBI He MOTAM ee YHMTaTh. V13 paccMOTpeHHBIX Bbllle HpH-
MepOB BHUAHO, 4TO B IIepBoM caydae [Ilepaoky XoAMcCy IpHIIAOCH
TPYAHO, OH HIMEA AEAO CO MHOXKECTBOM CHMBOAOB — C IASIIYIUMH
JeAOBeUKaMU. PeBOAIOIIOHEPHI Jke Mu(POBaAU IPYIIIIBL OYKB, Me-
HSSL MX PACIIOAOXKEHHE, 4 CaMa PellleTKa KOAMPOBAAACh TOABKO C IO-
MOIIIBIO ABYX CHMBOAOB.



OT KPUNTOTPAOUN — K CTEHOTPAOUN

Kpunrorpagus — 3To BecbMa ApeBHsA HAyKa, BEPOSATHO, CTOAD e
APEBH:IA, KaK M CaMa IMMCbMeHHOCTDh. OAHAKO 3TO AAAeKO He eAMHCTBEHHBIN
BO3MOXKHBIH CII0CO6 TafHOM nepeaadu uH$opMaruu. B xoHIle KOHIIOB, AfO-
0¥t TEKCT MY POYUTHIBAHMEI AOAKEH BOCIIPHMHUMATHCS KaK TEKCT, 4 €CAH
BO3MOXXHOCTb MPOYUTHIBAHHA CKPbITA OTO BCEX, KPOMe IIOAy4aTeAs], TO MbI
Aocturau neau. Hayka o ckpbIToit mepepaye MHGOPMAIIMH ITyTEM COXpaHe-
HHSL B TaitHe CaMOro $aKTa epeAady HasblBaeTcs creraHorpadueit (0T rped.
Steyavoo — CKpbITBI 1 rped. Ipagw — nuiy, 6yKBaAbHO «TaftHOIKCD> ).

XOTs 3TO U MOXKeT MOKa3aThCsl MAPAAOKCAABHBIM, HO Pa3BUTHE HOBBIX
TEXHOAOTHI IIPUBEAO K BO3POXACHUIO cTeranorpaduu. K npumepy, cexper-
HOE IIOCAAQHHE MOKHO 3aIPSATATh B TPAAMITOHHBIN ayAno(aiiA, IPHIEM CAY-
IIaTeAb He 3AMEeTHT HUKAKOJ PasHULbI B 3By4aHuU. Dafiabl ¢ n306paskeHs-
MH TaKKe MOTYT OBITb HCIIOAb30BAHbI AASL IIEPEAAUH CKPBITOM HHGOPMALIHIL
TIprmep nudpoBoii cTeraHorpaduu: YHCAO «e>, OCHOBAHHE HATYPAaAbHOTO
Aorapu¢Ma, A0 TPEX 3HAKOB ITOCAE 3aILATOH CKPBITO B KPOLIEYHOM pparMeH-
Te 6oAee KpymHOTro u3o6paxeHust. CAeBa — KaxyIyasics 06bMHON $poTo-
rpadusi, ClipaBa — IMHMKCEeAb], BHIYA€HEHHbIE U3 OAHOTO MAAEHBKOT'O YYaCTKa,

B KOTOPOM CKPbIBA€TCS 9MCAO 2,718.




KWHO U KOOUPOBAHUE
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B xaaccuyeckom HayuHO-daH-
TacTU4eckoM ¢uabMme «2001:
Kocmuveckass Opaucces»> (1968)
Cranan Kybpuxa Ha ocHoBe po-
maHa Aprypa Kaapka HapeA€HHBIN
CO3HaHMEM CyTIepKOMIIbIOTep KOC-
MUYeCKOTO KOPabAsl, KOTOPBIi Ha-
spiaeTcsa HAL 9000, cxopuT c yma
U IIBITAETCS yOUTD SKUITAXK, COCTO-
SIIUI U3 AToAeH. A Terlepb IIpoaHa-
Aunsupyitte caoBo HAL rak, 6yaro
nepea HaMHU IIOCAAHHe, 3amH(pPoO-
BaHHOe ITpH nomornu mudpa Lle-

3aps c katodoM B. B atom cayuae 6yxsa H 6yaer coorBeTcTBOBaTH
oykse I, A coorBercrByer B, a L coorBerctByer M. Iloayuurcs
ab6pesuarypa IBM, B TO BpeMsi — KpyIHEMIIHIT IPOU3BOAUTEAD
KOMIIBIOTEPOB B MUpe. A MOXET, 9TO IIPOCTO COBIIAAeHHE?

B cayuae ncrioabsoBanus onucansoro mudpa Llesaps, npu ne-
pexBaTe NOCAAHUS, €CAU ACIIHQPOBIIUK 3HAET AMIID, KAKOH aA-
FOPUTM HKCIIOAB30BAACS, HO He 3HAeT KAIOYa, eMy MOTpebyercs
HCIIOAB30BATh BCE BO3MOXKHbIE BAPUAHTBI, [IOKA He MOAYYHUTCS IO-
CAaHMe, UMelolee CMBICA. AAsI 9TOTO, caMoe boAblIIee, eMy IOTpe-
Oyercs mpoBeputs Bce Katoun. Ecan aadasur cocrour us n 6yks,
TO KOAMYECTBO BO3MOXKHBIX 3aMeH AACT 11 KOAOB.



LWNOPOBKUW B TPAHLUEAX

CaMmpIifl U3BECTHBIN CHUTHAA,
mepepaBaeMblil € IIOMOIIBIO
kopa Mopse, — aro curHaa
SOS. On 6b1A yupexaéH B Ka-
4yecTBe IpPHU3bIBA O IIOMOIIU
IPYIIION €BPOIENCKHUX CTpaH
B 1906 roay u3-3a IpOCTOTHI
nepepasu  (Tpu  TOYKM, TpH
THpe, TP TOYKU — IepeAaéTcs
6e3 MeXOYKBEHHBIX HHTEpBa-
AOB), M €My TOTAQ He PHIIHChI-
BAAOCh HHKAKOTO CAOBECHOTO
cmpbicaa. OAHAKO AIOAM BCKOpe
AQAM CUTHAAY pa3Hble 3Ha4eHMUs.
Haun6oaee usecTHbM cTaro Save our Souls (criacure Hamm Aymm).
B paspHefineM, Mo Mepe YacTOTO UCITOAB30BAHMS B MOPE, TIOTIYASIp-
HOM caeAanach U Apyras Bepcus pacmmposku SOS — Save Our
Ship (cnacure Ham kOpabab). B pycckom si3bike mOAB3YIOTCS 3HaYe-
HueM «Cracure oT cMepTH>.




FMABA 3.
NCTOPUA LULMOPOBAHUA
HA PYCU

«Aaxce borvuioti macmep He moxcem 00yuUmMb
Opy2020 macmepa: pasiuHHble KA4U nodx00sm
K PaASAUHHBIM 3AMKAM>.

Havs Tpuzopvesuy Jpenbype

«B nawiem mexcme mnozo yudp,
He cMyuyaticss — amo wudp>.

Muxaur Koncmanmunosuu Ilepbaxos
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TPEPFRABLY I abaﬁ OQAP_PAP S
IBR SHPIL F LB A TOYIFLY-

n pocu Ms TA M pa?b HAMD

AR FBH "€ PR+ TBR

Aace ¥ T W TBOM BB COAfAL
AR TonIpoALIPaBDENS,
npueMb BALE AOLTOM HKU 6y
TPEPIWHBLYIF JLIRCYIPLAP LY

AeM>® OMMUWYEeHWA TBOEro

JbIRR SEHPL LB A TOYIFY-

Mpocums T (€6) A r (ocnog) n gaTb Hamb.[la CBb
(Tu) Tb (cA) n (n /(a) TBOM BB coapb (?) npuemsb BALe
[ocToiiHn 6yaeMb ounLLIYeHUA TBOEro.

Yacme mekcma u3 OpegHeliwel enazonudeckol pykonucu X geka
«Kuesckue ompbl8Ku».

030p pasBUTHS WHPPOBAABHOTO AeAd OBIA OBI HETIOAHBIM,
ecAn ObI MBI He YIIOMSIHYAM 00 HCIIOAb30BAHHH IHUPPOBAHIS
Ha Pycn. Aroboe rocysapcTBO BBIHYKAEHO 3alUINATh HHPOpMa-
IIMIO, KCIIOAB3YeMYI0 B AMIIAOMATHYeCKOi pabore. Pasymeercs,
He U30eXXaAH 9TOTO U PYCCKUe IOAUTHIECKIE ACSTeA.
IIpaBaa, B CHAY MCTOPHYECKMX NPHYMH MHPPOBAABHOE ACAO
B HallleM OTedecTBe IOSBUAOCH ToAbKO B CpeaHue Beka. Bepb ncro-
pudeckas HayKa yTBep)KAAeT, YTO TOCYAAPCTBEHHOCTb y BOCTOY-
HOCAABSHCKHUX IAeMEH OSBHAACh TOABKO B IX Bexe. Hapo moaarars,
9TO B Te JKe BpeMeHa BO3HHKAA M IIOTPeOHOCTD B MUPPOBAABHOM
Aeae. Kak 5xe HamM IpeAKH MOCTYIIAAH, KOTAQ TPeOOBAAOCD 3AIIIU-
THUTD IIEPEIHCKY OT IOCTOPOHHUX IAa3?
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CAMOE NPOCTOE — UCNOJIb30OBATb
MAJIOU3BECTHbIN ANOABUT

Pych reorpadudecku HAXOAUAACH AAAEKO OT POPIIOCTOB 3aIaA-
HOM nuBHAM3anuu. 1 MOHATHO, YTO B MHO3eMHbIX a30yKax 6OAb-
IIMHCTBO HAIIKX IIPEAKOB COBEpIIEHHO He pasbumparocs. OAHAKO
TO JKe CaMOe MOXKHO CKa3aTb U O AIOASIX, KOTOPBIX HBIHE IIPHHATO
HAa3bIBaTh 9AMTOM. Pycckre KHA3BS U MX Pa3HOIO POAA COBETHHKH
TOXXe OBIAU He IHMOKO IPaMOTHBI, YTOOBI < ypasyMeTb Ty>KAbIE [IHCh-
MeHa>.

Ho na camoii Pycu B AaBHHE BpeMeHa CyIIleCTBOBAAU CIIOCO-
OBl IIMCBMEHHOCTH, AOBOABHO OBICTPO 3a0BITble OOABIIMHCTBOM
BOCTOUHBIX CAaBsiH. OAHOM H3 IIepPBBIX CAABSIHCKHX a30yK CTaAa
raaroamnia. IIpearnosaraercs, 4To UMEHHO e€ CO3AAA CAABSIHCKHUI
npocserureab cB. Koncrantun (Kupnaa) ®@uaocod aag sammucu
LJepKOBHbIX TEKCTOB Ha CTAPOCAABSHCKOM SI3BIKE.

VcToprdecku raaroAuia uMeAa ABe pOpMbI: OKPYTAasi, U3BECT-
Hasl TIOA HA3BAHHEM «BOATapCKasi>, U yraoBatas («XopBaTcKas» ).

B pycckoit mcbMeHHOCTH UCIIOAB30BAAACh TOABKO «Oo0Arap-
ckas>. ITo Bceft BUAUMOCTH, BEIYYPHOCTD 3HAKOB IIPHBEAA K TOMY,
9TO TAATOAHI]A He BBIAEPXKAAQ KOHKypeHLHUH C 6oree ya0OHOIM
AASL TIOBCEAHEBHBIX HY)XA KUPHAAUIIEH H AOBOABHO OBICTPO OTO-
IIAQ Ha BTOPOH IAAH, a IOTOM BOBCE OCTAAACh AUIIb B BOCIIOMH-
HAHHAX.

Bo BcsKOM cAyyae HMCTOPHKH YTBEPXKAQAIOT, YTO K KOHIFY
XV Beka ObIAO y3Ke TaK. DTOT PaKT U IO3BOAMA UCIIOAB30BATH TAQ-
FOAMITY B poAr Hpa. 3aMeTHM, YTO 0COOOI 3aIUMEHHOCTDIO Ceit
CII0CO6 TAFHOINCH He 00AAAAA, & IOTOMY 1 OOABIIIOrO PacIpoCTpa-
HeHMs He MOAYYHA. VI3BeCTHO BCero HeCKOAbKO KHHT, HAITMCAHHBIX
TAATOAHIIEH.

ITomMuMmo rAaroAmipl Ha TeppuTopuu Pycm cymecrBoBasa
U3 COOCTBEHHBIX aAQABUTOB eIfé U ApeBHEIIePMCKasl IHCbMEH-
HOCTb (M3BECTHAS TaKXKe MOA HasBaHUeM «abyp>» MAH «aHOYp> ).
Ty a36yKy HMCIIOAB30BAAM KOMU3BIPSIHE, KOMHIIEPMSIKH, PYCCKIe
U HeKOTOpbIe APYTHe HapOABI, KHBIIIKe Ha CeBepo-BocToke Bocrou-
Ho-EBpomnerickoit paBauHbl B XIV-XVII Bekax. ApeBHenmepMcKuit
aAQaBHUT OBIA CO3AAH IIPOMIOBEAHHUKOM U ITpocBeTUTeAeM Komu Cre-
¢panom Ilepmckum B 1372 roay Ha OCHOBE KUPHAAHIIbL, TPEYECKOTO
aadaBHTA U APeBHEIIEPMCKUX PYHUYECKUX CHMBOAOB.
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Kak u mpoune He cAMIIKOM H3BeCTHbIe aAQABUTEHL, A0yp HHOTAA
HCITOAB30BAACS AAS ITHPPOBAHISL

PazymeeTcs, ApeBHepycckue MacTepa IIH(QPOBAABHOTO AEAd
He MOTAM ITPOATH MUMO Ipedeckoro aapasuta. [Tockoabky HekoTo-
pole pycckue 6yKBbI (4, X, 1, 10, 51) He UMEIOT AHAAOTOB B IPEYeCKOM
aAdaBuTe, BMECTO HUX MCIIOAB30BAAKCH AOO N3MEeHEHHbIe KUPHA-
AndecKye 6YKBbI, AUOO IOAHOCTDIO IPHAYMAHHbIE 3HAKHL

ITosiBAeHUe 3TOrO Crocoba TAMHOIMNCH, IT0-BUAUMOMY, BbI3Ba-
HO OXHBAeHHeM Hadapmuxcs ¢ koHna XIV Beka cromenuit Mo-
cxoBckoit Pycu ¢ rpekamu. Kpome Toro, ero cBs3bIBaloT c ompepe-
AEHHOH MOAOH, KOTOpas Ipomiaa K koHiry XVI Beka.

Hecxoapko mosxe Ha Pycum B kadecTBe MeTOoaa MHQPOBKH
CTaAM HCIIOAb30BaTb AATHHCKMH aadaBuT. Pacnpocrpanenue 3a-
ITAAHOEBPOIIEHCKON KYABTYPBI K AUTEPATyPBI IIPOMCXOAUAO, TAAB-
HbIM 00pasoMm, B koHIe XVI u B Tedenne XVII Bexos. IToatomy
CpeAM PYCCKMX TaMHOIMCeH AATHMHHUIIA CTaAd HOsABAATbCA B XVII
u emé yamte B XVIII Bekax. ITOT MeTOA OOBIMHO BHEAPSIAU B SKH3Hb
IIPEACTABUTEAN KHEBCKOTO AyXOBeHCTBA. OTMETHM Takke, 4TO Aa-
THHCKas a30yKa B KadecTBe MMQpPa HCIIOAb30BAAACH B MEPEIIHCKe
ITocoabckoro npukasa.

B Hamre BpeMs MBICAD HCTIOAB30BATh B Ka4eCTBe MH(Pa AATHHH-
Iy MOXKET BBI3BaTh YABIOKY. O Kako¥l 3aiuTe HHPOPMAIIUMH MOXKET
HATH pedb, €CAU 3T 3HAYKH Ha KOMITBIOTEPHOH KAQBHAType U3BeCT-
HbI AF060MY mKOABHUKY? C pacrpocTpaHeHHeM AATHHCKOTO aAda-
BUTa 110 Pycu oH Kak CPeACTBO MUPPOBAHIS yMep caM II0 cebe.

VM HeMeAA€HHO BOSHHK BOIIPOC: KAKHM OOPasoM eIrié MOXHO
CKPBITb CMBICA IOCAQHHSA OT HEXKEAATeAbHBIX TAA3?

Mp1 He 3HaeM TOYHO, KOMY IIPUIIAA B TOAOBY HAeS IIOCTPOUTD
mudp Ha OCHOBE POAHOM KUPHAAHMIIBI, IPOCTO-HAIPOCTO U3MEHHB
HadepTaHHe OyKB, HO II0 PYCCKUM PYKOIIMCHBIM [IAMSTHHUKAM SICHO,
YTO TaKasl TAHHOIIKCH CyIecTBOBaAa yoxe B XIV Beke. B crporoii Ha-
yKe OHa Ha3bIBAETCS CHCTEMOM «M3MEHEHHBIX 3HAKOB>». BripeAsioT
ABe e€ pa3HOBUAHOCTH:

a) CHCTeMy 3HAKOB, H3MEHEHHBIX «ITyTEM IPH6ABOK>» K 0ObIY-
HBIM HauepTaHMAM;

6) CHCTeMy, TOCTPOEHHYIO HA MPHUHIIUIE, CXOAHOM C Ipede-
CKOM Taxurpadueil, KOraa BMECTO OYKBbI [IUILETCS AMIID €€ JacTb.

IlepByro pasHOBHAHOCTb TAaKOHM TaHHOIIMCH M3BECTHBIH CAa-
Buct M.H. Cnepanckuit otkppia B Cmoaerckoit Ilcaarsipu
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1395 ropa. Ota Ilcaarsipp Onexckoro KpectHoro MoHacThIps Xpa-
HHAACh B CBOE BpeMs B ApXaHI'€AbCKOM MeCTHOM oTAeAeHHH Lep-
KOBHO-ApXeoAoruyeckoro komurera. E€ mucel], cMOASIHUH, HHOK
Ayxa, mpeKpacHO BAAAEBIIHIT HCKYCCTBOM IIHCbMA, AIOOHA, BUAIMO,
U TaitHomuUCh. [Ipy cospaHMy TalHOMUCHOTO aadpaBUTa MHOK AyKa
HCIIOAB30BAA CACAYIOLIUE IPUEMBI:

[epeBOPOTHI OYKB

N->U->U->lul
M-> N —»\h/—b)\/—bgf
Ed R B

Aedopmaruio 6YKB

Fr->¥->r
3> & —>IO—>"D—>"0
4 -0l 01->0L->0V
B>E+>£&+A+>X
A>AN> AN
B>R->A

ypesaHue JacTy OYKBBI

B+>3+»3
P>pP->P

ocobbie HavepTaHHsI

0-»>®
Y+>C
cC-»>V
N=>IM>1->0

Ko BTOPOﬁ PaSHOBHAHOCTH OTHOCHUTCSA TaK Ha3bIBaeMas IIO-
AyCAOBHIIA. XapaKTeprIe IIOCTPOEHM 3HAKOB ITIOAYCAOBHIIBI:



PRO kpuntorpaduio ((umBON — MaluMHa — KBaHT)

e BMeECTO I1eAO#T OYKBBI [THIIETCS €8 XapaKTepHas 4acTh, YTOOBI
pasHble GYKBBI He COBIIAAAAM CBOUMHU 3HAKAMH;

e 3HAKH [IEPeBOPAYMBAIOTCS B OOPATHYIO CTOPOHY;

e B BHAE BAPHAHTOB BCTPEYAIOTCS 3HAKH, TIOAyYeHHbIe Aedop-
Maljuei HCXOAHBIX OYKB.

ABBIYERSS

4 TF AJNC B &l b B E A B
W CAMBMNOGMP 1{,7&:51-'* 7
yc»-cnn-r..ra-,@é—m@asgﬁ%ﬂ

ey dyEgaa TN

€« T N NG wWYyu

CymecTBoBaAa TakKe «TAACHAS IIOAYCAOBHUI]A> — PAa3HOBHA-
HOCTb <«IIOAYCAOBHIIBI»>, TA€ MEHSIOTCSI TOABKO TAACHBIE OYKBBI,
a COrAACHBIE OCTAIOTCSI HA CBOUX MeCTax 6e3 H3MeHeHHsL.

B xasecTBe mpuMepa — HeboabIras 3amuch Ha «Ilomopckux
oTBerax>» B pykorucu N¢ 3006 Hcropuueckoro myses (XVIII sex).

BJWLPL. BAIP.PAN] MK,
PN OATIOANLYTI
El. HCTINI

XKITLAI

BJWLPL. BAIP.p.A 11 MK
ONI. OVPIOANLYT)
Bl HCTINII

XKITLAI

d— ™ L
<EZOoMmWD

Ballereo 6naropogHa Noko
PHU. CAYrU ONOHELTN
BIII.I'IyCTIIIHIIIIII

xutenm



HO BEAb 3HAKWN AJ1A1 SAMEHbI BYKB MOXXHO
N NPUAYMATD!

Ecan peacTaBUTD cebe AOTHKY Pa3MBILIACHUI YeAOBEKA, CTpe-
MAIErocs 3alJUTUTh CBOE IIOCAAHKE OT IIOCTOPOHHHEX, TO BIIOAHE
HOHSTHO BO3HUKHOBEHUE HAEH O TOM, YTO KMPUAAMYECKHe OYKBbI
npu mu$pPOBAHUK MOXHO He IIPOCTO MEHAThb 10 $OpMe, HO H IO-
IPOCTY 3aMEHHTb CIEIIMAAbHO IPHAYMAHHBIMH 3HaKaMu. Peaau-
3alH 9TOM MAEU M CTAAA CACAYIOIIMM LIATOM B Pa3BUTHU WIHPPO-
BaAbHOTO Aeaa Ha Pycu. Cyas 1o MccAepAOBaHHAM HCTOPUKOB, 3TO
npousoniro B XVII Bexe.

i ih B wEEA
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

B 1619 roay us nmoabckoro maeHa Bozsparuacs Pépop Pomanos,
oTer aps Muxanaa, nocrpmwkenHbiit bopucom I'opyHOBBRIM B MO-
Haxu op uMeHeM Quaaper. Cras nmarpuapxom, oH GaKTHIECKH OBIA
comnpasuTeAeM cTpaHbl. PUAapeT AUYHO 3aBEAOBAA BHEIIHEl [TOAH-
THKOM TOCYAQPCTBA M, CTOAKHYBIINCH C HEOOXOAMMOCTBIO 3aIUThI
AHUITAOMATHYECKOIT TTeperrcky, B 1633 roay paspaboTaa «AAs CBO-
HX TOCYAQPEBBIX H [IOCOABCKUX TAHbIX AEA> OCOOBII «CKAAA 3aTel-
HBIM IIHCBMOM >

Becnoi Toro xxe 1633 ropa ¢ punmaomarudeckon muccuen B I11se-
M0 OBIA ITOCAQH BoeBoAa AMurpuit Opannbexos. B coxpanusimmx-
CsI AOKYMEHTAX TO IOpPBI uMeeTCst prka3 OpaHi0ekoBy, KOTOPBIH
3aKaHYMBAETCS TOBeAeHHeM: «/Aa uTo oH, AMuTpuii, 6yayuu B Caee,
IO ceMy TAalHOMY HAaKa3y O TeX MAM HHBIX O HAINUX TAHHBIX AEAAX
Y HaIIUX TaFHBIX BECTAX IIPOBEAAET U eMy O BCEM IIHCATH KO TOCYAQ-
PIo LIapIo ¥ BeAUKOMy K310 Muxariay epoposuay Bces Pycu x Mo-
CKBe II0 CeMY TOCYAQpeBy TAHHOMY HAaKa3y 3aKPbITHIM IIFICBMOM>>.

B 4yepHOBuHKe 9TOrO HaKa3a, Haxopdmerocs B apxuBax [Tocoap-
CKOTO IIPUKAa3a, CAOBO «3aTelHOe>» Be3Ae 3aUuéPKHYTO U 3aMEeHEeHO
APYTHM — <«3aKpbITOE>.

Taxum o6pasoM, 1633 roa BIIOAHE MOXHO CYUTaTh IOAOM
poxaAeHHA mudpoBasbHOTO Aeaa B Poccum. TaitHomuch nepecrasa
OBIT 326aBO [TMICIIOB-YMHHKOB U CAEAAAACH OAHUM U3 BKHEHIIIX
CPEACTB COXpaHeHHA I'OCYAAPCTBEHHOM TalHbL

Boobme, B XVII Beke AMIAOMaTH4ecKas TAMHOIMCh CTaAd
YIOTPEOASITBCS AOBOABHO IIHMPOKO. TallHOMUCAME IMUCAAU M «IIa-
MATH>, TO €CTb HHCTPYKIUH IOAbsuMM Ilpmkasa TalHBIX Aea,
€3AMBIINM 32 IPAHUIY C Pa3HOOOPAa3HbIMH, HHOTAA C OYeHb BaXK-
HBIMH NOPY4eHISIMU. Tak, Hanmpumep, moAbstunil [Ipukasa TaiHbIx
aea I Hukudopos orsosua aymuomy ABopsinuHy A. A. Opaun-Ha-
I[OKHUHY, PYKOBOAUTEAIO PYCCKOM A€AeTaIlHH, BeAlllel TeperoBOphl
B IloAbmie, HaIMCaHHOE <XHUTPBIM> IICHMOM IIPEAIINCAHUe Iapsi
Anexcess MuxaifAOBHYa, <yKasHYI0 a30yKy ¥ IPOTHB TOH a36yku
TailHOe ImICcbMO>. CoraacHo noseaeHuto naps, Opaun-Hamoxun
AOAKeH OBIA «II0 TOM a30yKe O... TaHbIX U BCIKUX AAAX> IIUCATh
B IIpukas TaitHbIX AeA.

A.A. Opaun-HamoxkuHs, B 9T0 BpeMs 3aBepoBaBIIuil Ilocoas-
CKUM [IPHKA30M, YK€ U AO TOTO IIPUMEHSIA 0COOYI0 TaitHomuCch. Oa-
HAKO [TOAOOHbIE IHUPPHI HCIIOAB30BAAUCH HE TOABKO IIPH AMIIAOMA-
THUYEeCKOMH ITeperncKe.

64



naBa 3. Uctopua wudposanua Ha Pycu
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Kmtou madHonucu A. J1. OpouH-HaujokuHa

B 1667 ropy B uecrs npuespsa B Mocksy Bceaenckux [arpuap-
XOB TOCYAApeB ITyIIEYHBIX 1 KOAOKOABHBIX A€A MacTep AAeKCAHAD
I'puropreB oTAMA caMblif 3HAMEHHUTBbIN koaokoa CasBuHO-Cropo-
>KeBCKOTO MOHACTBIPS], 4TO I0A 3BEHHIOpOAOM, — bBoabmoit baa-
roBecTHBI — BecoM B 2125 mypoB. Koaokoa obaapan HeoOb4ail-
HO TAYOOKHM U KPacHBBIM 3BOHOM, PaBHOro KoTopomy B Poccum
He 051A0. ITo BHeIIHE CTOpPOHE KOAOKOAQ AW HAAIIVICH B A€BSITH Psi-
AOB: BepXHHUe IIeCTb Ha CTAPOCAABSIHCKOM SI3bIKe, a HIDKHIE TPH —
TaMHOIIICH, cocTosmye U3 425 3HaKkoB. TeKCT HapTIHCelt ITPeAIIOAO-
JKMTEABHO COCTaBA€H AUMHO LJapéM AAaekceeM MuxafiAOBUYEM.

A BoT 1 emé opuH npuMep wudpa, paspabOTAHHOTO IO pac-
CMaTpUBaeMOMy MeTOAY. OTO TaK HasbiBaeMasl «peméTka». Eé
y4€HBIE OTBICKAAU Ha OTACABHOM AvcTe [larpuapireit 6nbAroTekn
Ne 93 (Bropas moaosuna XVII Beka).

3aech MeTOA IIMPPOBAHUS 3AKAIOYAETCS B 3aMeHe OOBIYHBIX
OyKB $purypamu, B3sSTBIMU U3 PELIETKH, COCTABACHHON U3 ABYX IIa-
PAAAEABHBIX AMHUI, TIePEeCeYEHHBIX MOA MIPSIMbIM YTAOM ABYMSI Ta-
KHMU 5Ke AUHISIMU. B [TOAy4YeHHBIX KA€TKAX ITOMeIIeHO II0 YeThIpe
U II0 TpH OYKBBI B IIOPSIAKE a30YKH: B TANHOIICH OYKBBI 3aMEHSOT-
Csl, IIPU 9TOM IIepBasi — YKUCTOH QUIYPOI, 2 CAEAYIOLIe — TOM JKe
$uUrypoit c OAHOI, AByMsI MAU TpeMsi TouKaMu. I TockoAbKy B peméT-
Ke [IOMEeCTHAUCH He Bce 6ykBbl, Oykso S, i, U, b u ¢ura mucasucs
«B OTKPBITYIO>.
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Mpumep wugpa «peLumexa»




«OJIONALEBCKAA A3BYKA»,
«A3BYKA KOMNUEBA» U APYTUE

Mertoab!l mudpoBaHus, OCHOBAHHbIE HA 3aMeHe KHUPHUAAMYe-
CKHX OYKB CIIEIIHAABHO IPHAYMAHHBIMH 3HAKAMH, AOATOE BpeMs
Ob1Au BecbMa momyAsipHbl. CrrenjiraabHbIe aAQaBUTHI pa3pabaTbiBa-
AUCDH HeopHOKpaTHO. 1o cpaBHeHHIO ¢ y>Ke pacCMOTpPeHHbIMH ITPH-
MepaMu HX AeAaar 6osee cAOHBIMEL KpoMe Toro, HaydHble HccAe-
AOBAHISI AOKA3bIBAIOT, YTO ABTOPBI TAKUX IMPPOB OBIAK 3HAKOMBI
C paboraMu ApPYT Apyra. UToObl yOeAHUTbCS B 9TOM, AOCTATOUHO
O3HAKOMHUTDCS C HECKOABKUMH ITHPpaMH, KOTOpble HCTOPUKH Ad-
tupyoT XVII Bexom.
Ha noasx pyxomucu Pymsanuesckoro myses Ne460 («xpo-
Horpad XVII Beka>» ) 06HAPYXHMAU MACCY 3aMETOK TaitHOMUCHO
a306yKoi1, 9aCTHYHO 0Ope3aHHBIX IIPH [I03AHEFIIeM ITepellAeTeHHN
pyxomnucu. M3yuus atu 3ameTky, u3BecTHbIN ¢puaoror A.X. Boc-
TOKOB COCTaBHA aA(aBUT 3TOHM TaHHOMMCH. AUCTOK C 3THM KAIO-
10M OBIA BAOKEH B CaMy PYKOIIHCh. S3HAKU 3TOM TAHHOIIMCH OCHO-
BaHBI:
e Ha ABEHAAIATH H3MeHEHHDIX KHPHAANIECKUX bykBax — M,
3,11, X, I, 'b, b, 1O, 4, K, Y u L;

e Ha IIPHAYMAHHBIX 3HaKax AAs AeBsiti OykB — A, T, A, XK, P,
T, Y, omera u M;

e Ha TpeYeCKUX CKOPONMCHBIX HAYePTAaHUSAX AAS IIeCTH
6yxs — A, E,M, H, ITu C;

e Ha ITOAYCAOBHIfE AASI ABYX 6ykB — b u B;

e 2 TaKKe Ha AByX IepeBEPHYThIX bykBax — b u 3.

Kpome Toro, oA geTsIpHAALIATH OYKB UMEIOTCSI HEOAUHAPHBIE
(ABOJiHbIE 1 TPOJiHbIE) HAYEPTAHHS 3HAKOB.

SIBHO NpPUAYMaHHYIO TaMHONHCHYIO a3byKy OOHApyXuAn
Ha Aucre 129 B pykomucu 6ubanorexu 6. Mockosckoit CHHOACKOM
tunorpaduu. HekoTopsie 6ykBbI 9TOr0 Inppa MMEIOT ABOMHBIE
HAM TPOMHBIE COOTBETCTBYIOIHE 3HAKU. JacTb 3HAKOB SBASETCS
BAPUAHTAMHU APYT APYTa, HO GOABIIMHCTBO — CMECh U3 IOAYCAO-
BHIIbI, TPEYECKUX M TAATOAMIECKHX OYKB U AepOPMUPOBAHHOM KH-
PHAAHITBL.
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A BoT Tak HasbiBaeMasi «<a3byka KormneBa» u3 pyxonucu Mo-
ckoBckoit [Narpuapmeit 6ubanorexu N 993 (na aucre 99):
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U, HakoHell, PyKOIMCh, U3BeCTHAS KaK «(AOIIsIeBCKast a3by-
ka» u3 Poccuiickoit HarmonaabHOM 6u6An0oTeK] [O. XVI. 2 (ToAcT.
111, 27) A. 94 06.].
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

AECSITH IPeYeCcKux O6yKB — «AeAbTa» AAsL O6yksbl E, «uncu-
AOH» AAs16YKB A, B u 11, «omera» pas6yx 1, Y u O, «<po»
Anst OykBol P, «curma» past Oyksor C, «du» aast 6yxsst O,
«XH» AASL PYCCKOM OYKBBI «KCH» M <IICH>» AAS PYCCKOMH
OYKBBI <IICH>»;

AEBSITH CAydaeB 3aMeHbl KHpHAAUIBI — OykBa DI 3amerster
oyksy K, 6yxsa I — K, 6yxsa U menster 6yxBy A u 6yxsy b,
oyxsa 3 merser 6yksy O, M — I11, BapuanTs 6yxss1 E — bl
u b, 6yksa K menser 10;

ImecTH raaroandeckux — Aasi 6yks B, I, A, A, M uIL

Kpowme Toro, aast pecsitu 6yks — B, I, A, U, A, M, O, I1, P

1Y — a3byka AaéT 10 HeCKOABKY HadepTaHuil. M3 Hux msars — B,
W, A, O u P — u3 nepBoro aecsTka caMbIX 9aCTO HCIIOAb3YEMBIX
OyKB COBPEMEHHOT'O PYCCKOTO sI3bIKa. ECAM IIPUHSATD, 4TO B ApEeBHe-
PYCCKOM sI3bIKe YaCTOTHbIE XapaKTEPUCTHKU YIOTpebaeHus OGyKB
OTAMYAAVCH He HAMHOT'O, TO BBIOOD AECATKA «YCAOKHEHHBIX > OYKB
He TIPEACTABASIETCS CAYYAHBIM.

YT06bI 0OHAPY>KUTD CBSI3b MEXKAY BCEMH IeTHIPbMs IIHPPaMH,

AOCTAaTOYHO CPABHUTD UX MexAy co60ii. Ha puBeA8HHBIX HIDKe pU-
CYHKaX IH$Pbl 0603HATEHBI CACAYIOIINM 00pa3oM:

u3 xpororpa¢a XVII exka — X;

us pykomucu 6ubavorekn CHHOACKOM TUIOrpaduu
Ne1028 — C;

u3 «a3byxu xomresa» — K;

U3 «$AOILIIEBCKOI a30yku> — O.

ﬁ \ Ha 3mom pucyHke 0aHo
KO/IUYeCms0 0OUjUX 3HAKO8
¢ @ c DA3HbIX WUGPO8
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Ha smom pucyHke 8ce wugpsl caedeHsbl 8 00Hy mabuyy,
8 komopoli sbldesnieHsl bykabl-aHanoeu. Obujux 3HaKo8 MHOZO.

Haun6oabmee xoanmdecTso obmux 3Hakos (71) nmeer mudp
us3 pykonucu 6ubanorexn Cunopckoit Tunorpadpuu Ne 1028. Hau-
6oAee OPUTrMHAABHBIN KOMIIAGKT 3HAaKOB (MeHblIle CBS3eil C ApyTH-
mu a36ykamu — 31) umeer mup us xpororpada XVII sexa.

ITpomesxyTounsle 3HadeHus (68 u 66 COOTBETCTBEHHO) HMe-
10T «a3byka KomIjeBa» M «(AOILIIieBCKas azbyka». ITockoabky
BO BCex WHUPpAx HAPSAY C OOLIUMM MMEIOTCS M OPUTMHAAbHBIE
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PRO kpuntorpaduio ((umBON — MaluMHa — KBaHT)

HeoaonHapHblie 3HakM B andaButax
abBragoXs3umMKNMONPC XY *
Xa6 rAa 3 nmonpcxu 135
ca BTraA M nmon 9 5
Ka BrAX MKnmonp 4 136
(s ] BrAa M nmMmonpP 4 105

Ha 3mom pucyHke nokazaHel 6ykael,
Komopele Umeiom HeoOUHdpHOe Coomeemcmaue 3HAKO8.
* Konuyecmeo 6yks ¢ HeOOUHAPHbIMU 3HAKAMU.
** Konuyecmeo yacmeix 6yk8 ¢ HEOOUHAPHEIMU 3HAKAMU.

3HaKH, MUQPPHI HEAb3S] CUMTATh BAPHAHTAMH OAHOM Pas3pabOTKIL
Ho 60AbII0e KOAMYeCTBO CXOAHBIX 3HAKOB ITO3BOASIET IIPEAIIOAO-
JKUTB, YTO ABTOPbI OBIAU 3HAKOMBI C PAOOTOM APYT APYTa.

IIpeacraBAeHHe OYKB HECKOABKHMHU 3HAKAMH MOXET ObITb
KaK Pe3yABTATOM KOMITHASIIIUY 3HAKOB U3 APYTHX a30yK, C KOTOPBI-
Mu OBIA 3HAKOM Pa3pabOTUHK, TaK M MOIBITKON HAMEPEHHOTO YC-
AOKHEHHsI a30yKu — 4TOObI 3a1IiPOBAHHbIN TEKCT OBIAO TPYAHEE
IIPOYMTATD TOMY, AASI KOTO ITOCAAHHE He IIpeAHa3HavaA0Ch. B aTom
MOXXHO YCMOTPeTb 9AeMEHT PasBUTHA MHIPPOBAABHOTO AeAa B Iie-
AOM.



A NMMOYEMY bbl KUPUNTNLLY HE 3BSAMEHUTbD...
KUPUINTUALEN?

WTax, MBI paccMOTpPeAH, KaKMM 06pa3soM ApPeBHYE OTeYeCTBEH-
Hble IMUPPOBAABIIUKI UCIIOAB30BAAU AASL COKPBITHSI CMBICAA IIOCAQ-
HUI OT HeXeAATeAbHbIX TAA3 TykHe aAdaBUTDI («<UyKABIE THChMe-
Ha» ) U CIeIMAAbHO PUAYMAHHBIE AASL 3TO Hleau 3Haku. Ho Beab
MOXHO MONPOCTY 3aMEHUTh OAHY KUPUAAMYECKYIO OYKBY ApY-
roit. Tak popuAcs mUdp, U3BECTHBI [I0A HA3BAHUEM <AUTOpES»
(ot Aar. Littera — 6yxksa).

Ipyu mudpoBaHUK C TOMOLIBIO IPOCTON AUTOPEH BCe COTAAC-
Hble OYKBBI CHAYaAA Pa3OMBAIOTCS HA ABA PSIAQ:

6 B r A X 3 K n m H
W w v T} X ¢ T C p n

IToroM BepxHIe GYKBBI HCIIOAB3YIOT BMECTO HIDKHUX, U HA060-
pot. [racHsle ocTaroTCst 6e3 3aMeH.

K npumepy, caoBo «Ha-
CTyIIA€HHE>» OYAET BBITASAETH
Kak <«IaAKyHcenue». Iloxo-
KMH KAIOY AASL AQTHHCKOTO
aadaBUTa MBI PacCMaTpPHBAAK
B raaBe 2 (paspea «Pykosoa-
CTBO AASL IOHBIX A€AH> ). DTOT
MeTOoA UPpPOBKH (M3BECTHBI
TakKe KaK «Tapabapckasi rpa-
MOTa») 6bIA pacrpocTpaHeH
B koHnre XIV-XV Bekos. Oa-
HAKO MOAA Ha HCIIOAb30BaHUE
ero B ObITY He IPeKPaIaAaCh
A0 XVIII Bexa BKAIOYUTEABHO.

AAs TpuMmepa mHpuBeAEM
muchbMo Lapsa Aaexcest Muxaii-
AOBHYA CBOEMY ABOIOPOAHOMY

e
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Opary cTOAbHHKY AdaHACHIO A 7y “Tehrvind
Maromkusy, —3amudpoBaH- CEOme:
HO€ MMEHHO C IIOMOUIbIO Ta-

pabapckoit rpamorsl. Kowneu- Iucbmo yaps

HO, IpocTras AWTOpesl OblAa Anekces Muxadnosuyda



PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

He CAMIIKOM CAOXHBIM IIpHPTOM. boaee cAOKHOM cyMTaAach AM-
Tepes MyApasi, KAIOY K KOTOPOU 3aKAIOYAeTCsI B CACAYIOI[eM: MMeI0-
IVe YHCAEHHOe 3HaYeHHe OYKBbI [[EPKOBHOCAABSIHCKOTO aAaBUTa
0003HaYAANCh TOYKAMH, Y€PTOYKAMHU U KPY>KKaMu. BykBbl, He yII0-
TpeOAsIoIIecs B 3HaYeHNU U POBBIX 3HAKOB, 2 UIMEHHO: 0, )X, b, b,
Bl, 10, 1, OCTABASIACDH Ha CBOMX MeCTax 6e3 3aMeH.
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naBa 3. Uctopua wudposanua




PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

OaHOI U3 Pa3HOBUAHOCTEH MYAPOH AUTOpPEHU SIBASETCS IH(-
poBaHHe B «KBapparax>, ussectHoe ¢ XVII Bexa. Katou aas aToro
MeTOAQ NIPEACTABASIET COOO0M TabAUIlY M3 COpOKa KBapAparoB. B ka-
JKAOM U3 KBaAPaTOB U300PaXKaAKCh ABe pasHble OYKBbI aadaBuTa.
ITpruyem opHU OYKBBI OBIAM OKpAIlEHBI KMHOBapbIO (KpaCHbIe),
a ApyTHe IPOCTO HamucaHsl YepHuAaMH. KpacHble 6yKBbI (ma pu-
CyHKe — qepHme) — 9T0 OYKBBI OOBIYHOTO aAdaBUTa, Cepble —
UX 3aMeHa ITpY IUPPOBAHUH.

A30Oyka-mudp HAYMHAETCS C YETBEPTOH IO3UIUH OOBIMHOIL
WupiMu cAOBaMH, CABHHYTa Ha TpH OYKBbI BIIPaBo: O6yKBa A cOOT-
BercTByeT OykBe I' 06b14HOrO aadaBura (BcromMEMM mudp L[esapﬂ).

IIpome kAfoY AAsL 9TOro MUPPOBAHUS MOXHO IPEACTABUTbH
B BHA€ ABYX CTPOK COOTBETCTBHSL.

Ksﬁrﬂemsguinam
WEVAS BT AERS 5H

uonpc¢w¢xﬁq1mm
KAUN 0T g ¢ Tayd x &4
ZabFOwHAROV SV

YWY TWHM&RD

BecbMa OXOXUIT METOA MN(POBAHIS UCIIOAB30BAA AASI CBOET
nepenucku I1érp Ilepsorit. OpHAKO y HEro ecTb U CyleCTBEHHOE
OTAMYHE — HEKOTOpBbIe OYKBbI H3HAYAABHOTO [TOCAAHIS IIPH M-
POBKe 3aMeHsAMCD Ha LieAble caord (oM. c. 81).

OTo uepepOBaHHE CAOTOB M OAMHADHBIX OYKB B IIH(pPOBKe
HCIIOAB3YeTCSl M B HAIIIM AHH, IIOCKOABKY CYILIECTBEHHO 3aTPYAHS-
eT B3AOM mudpa nmocroporHuM. K ToMy sxe mudpoBaHHBIN TeKCT
He nMeA po6eaos. Ho mudpoobosHadeHns mop06paHbl TakuM 00-
PasoM, YTO IpH paciudpPOBKe CBEAYLIHM YEAOBEKOM 3TO He BBI3bI-
BaAO TPYAHOCTEM.
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naBa 3. Uctopua wudposanua Ha Pycu
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Memod wugposaHus lNempa lNepgozo

B 3akAroueHune 3aMeTHM, YTO IIO CYTH CBOEH AUTOpES SBASETCS
mu$pOM IPOCTOH 3aMeHbl, KOTOPBIH AETKO AeIIN(PYyeTCs COBpe-
MEHHBIMH METOAAMH.

B mepmos pycckoro CpepHeBEeKOBbsS HaNIUMH —IpeAKaMH
ellé He MCIIOAb3OBAAUCH apabckue rudpsL. YicaoBoe 3HaUeHME HMe-
A¥I HEKOTOpbIe OYKBbI KHUPHAAHIIBI, TAKasl CUCTEMA Ha3bIBAAACH <«IfH-
¢upp>. OHa BIOAHE II03BOASIET HCIIOAB30BATh PH MNP POBAHHH Me-
TOA, 3AKAIOYAIOLIHFICS B CAOYKEHNH LIPPOBOTO 3HAIEHIS OYKB.

ITpumep: 6yksa A (aropn) o3Havasa uncao 30, 6yxsa M (mbic-
aete) — 40. Ecan B mudposke Hanucano AM, o, caoxus 30 u 40,
noayanm 70. Yucao 70 o6o3nagarocs 6yxsoit O (om). HbiMu cao-
BaMH, COueTaHue B IHPPOBKe ABYX 6yks AM 03HAYAAO B HICXOAHOM
tekcTe 6ykBy O. Takum >ke 06pazoM 3amKUPPOBBIBAAUCH U OCTAAD-
Hble OYKBBI TOCAQHHSL.



BOCMOJIb3YEMCA LUOUPLIO

Camblit cTapblil U3 M3BECTHBIX 00PA3I1[0B TAKOH TANHOIKCH Ha-
xopurcs B ickockoM Anocroae 1307 1. (Co6panue Boabmoit Ila-
Tpuapmeii 6u6anorexu, N¢ 722). Takast cucrema TaitHOmucH 6b1aa
norryAasipHa Ha Pycu poaroe Bpems: ¢ XIV mo XVII Bek.

CymecTBOBaA U APYTOI METOA MCIIOAb30BAaHUSA ITUPUPH — TaK
Ha3bIBAEMBIH ONMCATeAbHbIN Pa3psiA. 3AeCh, KaK SBCTBYeT U3 Ha3Ba-
HIL, IMMPPOBKA BEAACh C IIOMOIIBIO OTKCAHMS, CAOBAMHL.

IIpumepom moxcem cAyKumo mekcm u3 pyKonuc-
Hozo cobpanus Kupuaro-Berozepckozo monacmuips
XV 8.: «Auje xowjewiu y8p0amu ums nucasuiazo KHu-
2y culo, u mo mu Hanucyio: <Aecsmepuya cyzybas
(10+10=20) u namepuya 4emesepuyero (S x 4 =20,
cymma 40) u eduns (1); decamepuya dsawu (10 x 2 =
20) u edun (1); decamas uemvipe cyzy6o u wemovipexncdu
nonamu (10x 2x 4 +4x S5 =100); déausu dsa co edu-
Hems (2X 2+ 1 =5); edunuya wemsepuyero cyzy6o (1 x
4x2=8); 6 cemb uMEHU CLOBD CeOMeEPULA, MPU CHOANDL
umpu dywu, yapv. H ecezo e wucaa 6 cemv umeny POE

(175)>.

Tyt 3amm$poBano umsa «Makapeit>.

Cymma OYKB-1idp AeficTBUTEABHO 175 1 ceMb OYKB, 3 KOTO-
PBIX TPU TAACHBIE U TPU COTAACHbBle M OAHa (i1) moayraacHas. Hc-
ITOAB30BAHBI KOAMIECTBEHHbIe YUCAUTeAbHbIe 1 cyMMa. [Tocaepnss
9aCTh CAYXKHUT KaK ObI POBEPKOI AASI BCEHT MHUPPOBKIL

Haxomner, cymecTsBoBaa elé OAMH MeTOA IMHPPOBaHMsSI — TaK
Ha3bIBAEMBIN 3HAYKOBBIN paspsp. Ilpu ero mcrmoapsoBaHuH HeKo-
TOpBle OYKBBI-LUPPHI 3alIHPPOBBIBAANCH YCAOBHBIME 3HAYKAMU.
Hanpumep, nudupu u3s paspsiaa eAMHHUI] 3AMEHSANCh COOTBETCTBY-
IoIMM yrcAoM Todek. Ludupu us paspsipa AeCATKOB 3aMeHSIANCH
COOTBETCTBYIONIUM YHCAOM BEPTHUKAABHBIX 4€PTOUEK, COTHU 3aMe-
HSAAMCh KpyxXkamu. Hampumep, deTbipe TOYKM COOTBETCTBOBAAU
nudpe «deTpipe» U OykBe A, CeMb BEPTHKAABHBIX IEPTOIEK —
nudpe 70 1, caepoBaTebHO, Oykse O, Tpu Kpyxka — nupe 300 u,
CAEAOBaTeABHO, eé OyKkBeHHOMY 0603HateHmo — T.
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HE CBA3ATb JIN HAM LLMUOPOBOYKY?

IToMuMO OOBIMHOTO HAMMCAHUSI PYCCKUX CAOB CYIIECTBOBAAA
TaK HasblBaeMasi «Bsi3b». OHa IpeACTaBAsieT COOOM THII IIMCHMA,
B KOTOPOM OYKBBI COADKAIOTCSI MAU COEAMHSIIOTCS OAHA C APYTOM
U CBS3BIBAIOTCA B HeIpepBIBHbIA OPHAMEHT. TaKkoil MeTop TOXe
HHOTAQ IIPUMEHSAH C L}eABbI0 3alINPPOBATD TEKCT.

AAs ipuMepa puBeAEM «Bs3b 3HaMeHH Epmaxa» (oHa ykpa-
IIAeT OAHO M3 3HAMEH, Ioa kKoTopbiMu Epmak B 1582 roay moxopua
Cubupckoe xancrso Kydayma).

IToMumo aTOrO MpUMepa U3BECTHbI TAKKE: BA3b 3HAMEHH AMHU-
Tpus Iloxxapckoro, moMopckasi Bs3b, BSI3b MOAMTBBI «/AOCTOHHO
€CTb SIKO>, MOHOKOHAUA H AD.

[z

rpoal-lbm ax'rpa'rurua

e

BOeBoOaa MUXa

Fpo3HbIX BOeBOaa
a(p)x(uc)rparurna Mux(amn)a

«BA3b 3HAMEHU Epmaka»



PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

B xauecTBe MeTOAa MUPPOBAHUSA HeAb3s ellé He YIOMSHYTb
akpoctux. OH HpeAcTaBAsieT cO0OM CTHXOTBOpEHHE, IO ITePBHIM
OYKBaM CTPOK KOTOPOTO MOXHO IIOAYIUTD ONPeAeAEHHYI0 HHOP-
MaITHIO.

AAst IpuMepa mpuBeAéM caepytommmit akpocTux I. AepxauHa:

Podsce om naamenu, Ha Heb0 8038bIULAIOCH;
Ommyoda na semar0 800010 6038payarocy!
C semAU MeHS BAEUEM NAGHEM

cex KHA3b K 36€30aM;
A 6e3 MeHS MOCKA CMePMeAbHAS YBEMAM.

Kax BupHO, 3pech 3amudpoBaHo cA0Bo «poca>. OpHaKo Ipak-
THYeCKasl IOAE3HOCTb 9TOIO METOAA AAS KPUIITOrpaduu MU3EpHA.
Ckopee OH ABASIeTCS 3aHUMATEABHBIM YIIPAXKHEHHEM AASI TIO3TOB.

PaccMoTpeHHbIe B 9TOM rAaBe HCTOPUYECKIE MaTepPHAABI yoe-
AUTEABHO AOKA3BIBAIOT, YTO HAIIU IIPEAKH He OCTAAMCh B CTOPO-
He OT IIPOIlecca Pa3BUTHS MHPOBOH KPUNITOrpadpHH, XOTs, B CHAY
HCTOPHYECKHUX U reorpaguIecKux IPUINH, OOpeTsi TOCYAAPCTBEH-
HOCTb T03Xe 3armasHoi EBpombl, cOOTBEeTCTBEHHO NO3XXKe U IIPH-
AN K HEOOXOAMMOCTHU HCIIOAB30BaTh IIMPPOBAHME B FOCYAApP-
CTBEHHBIX A€AAX.



FMABA 4.
LWNOPOBAJIbHbIE MALUUHDI

«Ecau 0v1 wupposarvhvie mauiuHbl UCHOAb3O-
BAAUCL KAK NOAONEHO — 0e3 NOBMOpSIouuxcs
pasosvix KAwuet, 6e3 cuaeil, 6e3 o2panuMeHut
10 YCMAHOBKAM HA WMENCEALHOT KOMMymayu-
OHHOI NAHEAU U PACNOAONEHUIM UUPPAMOPOs
1 0e3 WAOAOHHBIX COOOUjEHULI, O BNOAHE BepoSm-
HO, 4Mo ux 8000uje HUK020a Obi He CMOZAU 83A0-
MaAmv>>.

Cunex Caiimon. «Knuza wipudmos>



A3BYKA MOP3E

XIX Bexe npuMeHeHHe KOAOB PACIIMPUAOCD U BBIIIAO 33 IIpeAe-

ABI 0OMeHA TaFHbIMH ITOCAAHISIMHL

PasBuTne Teaerpada B IepBOIl TPETH CTOAETHS H H300pe-
TeHHe MHOTIOKAaHAaAbHOro Teaerpada Tomacom AaBa DAMCOHOM
(1847-1931) mpousseAn HACTOSLIYI0 PEBOAIOLMIO B CPEACTBAX
CBSI3H U KAPAMHAABHO H3MeHHAH Mup. [TockoAbky pabora Teaerpa-
¢da ocHOBaHa Ha Iepepade dAEKTPHUIECKHX HMITYAbCOB, TpeboBa-
AOCb BHEAPHTD CHCTEMY, KOTOPasi IePEBOAMAA OBI COAepIKAHMUE I10-
CAQHMII Ha S3bIK, AOCTYIHBIN Tako¥ nmepepaye. APyruMH CAOBaMH,
HOTPeb6OBAACS KOA.

Cpeart pasAMYHBIX TPEAAOXKEHHM BBIMIPAAA CHCTEMA U3 TO-
4eK U THpe, KOTOPYIO U300PEA aMePUKAHCKUI XYAOXKHHK U H30-
operareap Comioaa Ouruan Bpus Mopse.

Mopse yumacs B eabckom
YHHUBEpPCUTETe, TA€ IPOCAyIIAA
KypC A€KLHil 110 HOBOI TOraa 06-
AACTH QUBHKH — IAEKTPUIECTBY.
VlaTepec K aAeKTpHYECTBYy M Te-
aerpa¢uu BosHUMK y Mopse, kax
noaararoT, B 1832 roay, koraa oH
Bo3ppamaacs us Esponsr B CIIIA.
Ha 6opry cyaHa 3amea pasrosop
06 omsrtax Dapases 1o aAeKTpoO-
MarHeTU3My —  <«H3BA€UEHUIO
UCKp M3 MarHuTta». Mop3se mpu-
IIIAO B TOAOBY, UTO COYETaHHUE HCKP
MOXXHO HCIIOAB30BAaTh KaK KOA AAS
nepepadn coobmenuit. Bo Bpems
Camio3n1 Mopse MECSYHOTO IIAABAaHMs OH CAGAAA
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naBa 4. lludppoBanbHble MaLIMHbI

HECKOABKO IIPEABAPHTEABHBIX YepTexKeil, a [0 IPHOBITUY B AMepH-
Ky IOCTPOHA SAeKTPOMAarHHTHBIN TeaerpadHbIi ammapar. B 1837
TOAY OH IIPOAEMOHCTpHpoBaa n3obperenue B Hoio-Hopkckom yHu-
Bepcurere. B 1838 roay Mopse paspaboTan creruaabHbIit Ko, (as-
6ykxa Mopse) 1 mocaaa mepBoe TeaerpadpHoe coobumenme:

«YyaHbl gena teou, focnogum!»

Kop (asbyka) Mopse MOXeT CYMTAaThCS IPEAECTBEHHUKOM
TeX KOAOB, KOTOpble MHOTO A@CSTHAETHUH CIIyCTS CTaHYT UCIIOAD-
30BaThCsl BCEMH HaMU AASI BBEAGHHU S AAHHBIX B KOMIIbIOTEPHI U II0-
AydeHHs HHPOPMAIIUHU OT HUX.

Asbyxa Mopse npeacTaBasieT 6yKBbI aAQABUTA, HUCAA U ADYTHE
3HAKU B BUAE KOMOMHAIHIT TOUeK, THpe U Ipobeaos. Takum obpa-
30M OHa [TePEBOAUT AA(ABHT B TO, YTO MOXKET OBITH BBIPAXKeHO Ha0o-
POM IIPOCTHIX CBETOBBIX, 3BYKOBBIX MAU SAEKTPHIECKHX CUTHAAOB.

Kaxkpast TouKa IIpeACTaBAsieT cOH0# KOPOTKIL IIOCHIA, TIPOAOAXKEL-
TEABHOCTb KOTOPOI'O COCTABASIET IPUMEPHO 1/25 CeKyHABL; THpe HMe-
€T YTPOEHHYIO IIPOAOAKUTEABHOCTD. IIpobeab: MesxaAy GykBaMu Tak-
e MeIOT YTPOEHHYIO [IPOAOAKUTEABHOCT, & AAS IIPOOEAOB MEKAY
CAOBAaMH HCIIOAB3YIOTCS! ITOCBIABI IIITUKPATHOM IPOAOAKUTEABHOCTH.

Buawsaae Mopse orkasaau B maTeHTe Ha ero kop B CIITA u Es-
pome. Haxoner, B 1843 roay npaBuTeAbCTBO NPOPUHAHCHPOBAAO
CTPOUTEABCTBO TeAerpadHOi AMHMU MexXAy Bammarrosom u baa-
tMopoM. B 1844 roay 6siaa mpoBepeHa IepBasi 3aKOAUPOBAHHAS
mepeaada, a BCKOpe IOCAe 3TOTO YUPeXAeHa KOMITAHIS, TlepeA KO-
TOPOM IIOCTAaBUAM IjeAb: IIPOBECTH TeAerpadHble AMHUH IIO BCeit
Cesepnoit AMepuxke.

K 1860 ropy, xoraa Hamoaeon III marpapna Mopse opaeHOM
IMouérroro Aernona, u CIITA, u EBpomna y>ke GbIAK IIOKPBITHI TeAe-
rpadHBIMU ITPOBOAAMH.

K momenty cmeptun Mopse B 1872 ropqy B Ame-
puKe HacunTbiBanocb csbiwe 300000 Kunome-
TpoB Kabenei1 gna cBA3N.

M3HagaABHO AASI OTIIPABKHU U ITOAYYEHHS TeAeTrpadHbIX cO006-
IeHUI HCIIOAB30BAACS IPOCTOM aNIapaT, U300PeTEHHbIN CaMUM
Mopse B 1844 roay. AnmapaT cCOCTOSA U3 TeAeIrpadpHOro KAKYA,
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

KOTOPBIH CAY>KHA AASI BKAIOUEHHS U BBIKAIOUEHHS SACKTPUYECKOTO
TOKA, ¥ 9AeKTPOMArHUTa, KOTOPBIN PUHNUMAA BXOASIINE CUTHAADL
KaskAblit pa3 [py Ha)KaTHH KAKOYa — OOBIMHO 9TO AEAAAOCH YKa3a-
TeAbHBIM MAU CPEAHHM ITaAbIIeM — YCTAaHABAMBAACS 3ACKTPHIECKUI
KOHTAKT. I IpephIBaroIyecs UMITyAbCBI, IPOU3BOANMBIE BO3ACHCTBH-
€M Ha TeAerpadHbIN KAIOY, IIEPEAABAANCH HA KabeAb, KOTOPBIH CO-
CTOSIA 3 ABYX MEAHBIX IIPOBOAOB. DTH IIPOBOAR, IIPUKPEIAEHHbIE
K BBICOKUM AEPEBSIHHBIM «TeAeIPadHbIM>»> CTOAGAM, COEAHHSIAU pa3-
AVYHBIe TeAeTpadHbIe CTAHIIUH B CTPaHe U 9aCTO TSHYAUCDH Ha COTHH
KHMAOMETPOB, He IIPephIBasICh.

B npuéMHuKe TAABHOM A€TAABIO OBIA 9AEKTPOMArHUT, H3IOTOB-
ACHHBI U3 MOTKa MEAHOM IIPOBOAOKH, OOEPHYTOrO BOKPYT Ke-
Ae3HOM cepalleBHHBL. Kak TOABKO IIPOBOAOKA IOAYYaAd MMITYABCBI
9AEKTPUYECKOTO TOKA, COOTBETCTBYIOIE TOUKAM 1 THPe, )KeAe3Has
CepAlleBHHA HaMarHUYMBAAACh U IPUTATHBAAA ABIDKYIYIOCS 9acTb,
TaloKe CAGAAHHYIO M3 KeAe3a. [Ipu yaape o MarHHUT moaydaacs oT-
9ETAMBBIN 3BYK. IIpH IIOAYYEHUE TOYKU OH IIPEACTABASIA COOOI KO-
POTKHIA <II[eAYOK>, B CAyYae TUPE 3BYK ObIA O0A€e AAUHHBIM.

ITepBoHAYaABHO IIPH OTIIPAaBKe TEACTPAMMBI C IIOMOIIBIO TaKO-
ro ammapara TpeGOBaAKCh OIEPATOP-YEAOBEK AASL «HAOMBAHHSI>
KOAMPOBaHHOM B€PCHUHU IIOCAAHHS HA OAHOM KOHIle AMHUU U APYTOH
OIIepaTOp AAS IIOAYYEHHA U paciIHPPOBKU Ha APYTOM KoHIle. Tpa-
AULIHOHHBIE 3HAKH IIePEBOASITCA B a36yky Mop3ae B COOTBETCTBUH
CO CAeAyIOIer TabAUIIeIt:

EXESEVITT n:;$;gmﬁ Kog Mopse 3H|;ll'(lj|;(lb E E;I('allﬂm— Kog Mops3e
A A .= 1 -
B B =000 2 oY P
B w Sy 3 000= =
r G —=0 4 0000=
i D =00 5
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Taxum 06pasom, mocaanme «Yaum kop Mopse» GyaeT 3akopu-
POBaHO CAEAYIOIIUM 00pa3oM:



PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Y 4| n | M K1o,| 4 M| O|P |3 E

Ha aToi1 KapTHHKe HANKCAaHO CAOBO «3IAEKTPO-" C IIOMOILIBIO
a3byxu Mopse. Ecan BHUMareAbHO paccMoTpeTs asbyky Mopae,
MO>KHO 3aMeTHTb, YTO HEKOTOPbIe OYKBBI IIEPEAAIOTCS OAHUM-ABY-
M 3Hakamu: E — rouxoi, T — Tupe, A — Toukoi, Tupe, M1 — ABe
TOYKH U T. A., & APYTHE — UeThIPbMsI U AXKe IIThio: JK — ueTsIpe
tupe, X — 4eTbIpe TO4kH, 1 — TpH THpe, TOUKa, D — ABe TOUKH,
THpE, ABe TOUKH.

AaBaiiTe OIpeAeANM, U3 CKOABKUX 3HAKOB AOAXKHA COCTOSITD KO-
AOBAsI TPYIIIA, YTOOBI MOXKHO OBIAO 3aIIMCHIBATh BCe OYKBBI OAMHA-
KOBBIM KOAMYECTBOM, HOAEH M EAUHHUII.

Buavaae BosbMeM ToAbKO ABa 3Haka — O u 1. TToAyunm:

A=00

b=01

B=10

r=11

Ha sToM Hamu BO3MOXXHOCTHM OKAa3aAMCh HMCYepHaHbl: 22=4.
BospmeMm Tpu 3HaKa:

A=000 A=100

b=001E =101

B=0102>K=110

I'=0113=111

U omarp mopomau k mpepesy — 23=8.

BosbMmeM ueTbIpe 3HaKa, moAyyuM 24=16. I1pu 1Ty 3HaKax, Ha-
KOHeI], AOCTUTHEM HY>KHOTO pe3yAbTaTa — 25=32, a 9TO yKe AaeT
TO YHCAO KOMOHMHAIINI, KOTOpPOe HEOOXOAUMO AASL KOAMPOBAHHS
Bcex OYKB B HaieM aAdaBuTe.

Bor opuH 13 TpUMEPOB TaKOTO KOAA:

A=00000 | )K=00110 | O=01101 | X=10100 | O=11010
b=00001 | 3=00111 | M=01110 | U=10101 | A=11011
B=00010 | M=01000 | P=01111 | Y=10110 | N=11100

88




naBa 4. lludppoBanbHble MaLIMHbI

=}

C nomouweto 03y>< CUMBOJI08 — MOYKU U mupe MOXHO 3anucame

6ot mekcm
=00011 K=01001 | C=10000 | W=10111 | b=11101
O0=00100 | 1=01010 | T=10001 | W =11000 | b=11110
E=00101 | M=01011 | Y=10010 | bI=11001 | 2=11111
H=01100 | ®=10011

Tenepp moacunTaeM, U3 CKOABKHX 3HAKOB AOAKHA COCTOSTD
KOAOBasl TpyIa, 4To6sl Bee rudpsl oT 0 A0 9 3alHCHIBATh TOXe
OAMHAKOBBIM KOAUYECTBOM HOAEH U eAuHHUIL. 1 3AeCh OKasbIBaeTcs,
ABYX U TPeX 3HAKOB MaAO. A BOT 4eTbIpex pAocTaTouno. OHu patoT 16
KOMOMHALMI, a HaM Haao Bcero 10.

BoT Kak OYAyT BBITASIA€TD LUPPbI B 3aKOAUPOBAHHOM BHAE:

0=0000 5=0101

1=0001 6=0110
2=00107=0111
3=0011 8=1000
4=01009=1001
Ot KOoABI aadaBuTa U IUPP He EAUHCTBEHHBI, NX MOXKET OBITh

O4Y€Hb MHOTO.

Bocnoap3yeMcsl HAIIUMU KOAAMH U 3aKOAMPYEM TaKOe CAOBO,
KaK «KHOepHETHKa>», i YUCAO «13>.
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CA0BO GyaeT BBITASIACTD KaK IPYIIIbI HOAeH 1 eanHuIy: 01001
01000 00001 00101 10000 01100 00101 10010 01000 01001
00000.

Yucao 13 sarmmmercs tak: 0001 0011.

AASL 3amicH ABY3HaYHOTO YHCAQ TOHAAOOMAOCH BOCEMb 3HAKOB.
MOoXHO AM OOOMTHCh MEHBIIMM KOAMYECTBOM 3HaKOB? MOXKHO.
AASL 9TOrO TOABKO HY>KHO H300Pa3UTh YHCAO OILTH C ToMoIbio O u 1,
HO y>Ke He KOAOBBIMY I'PYIIIIAMH, & B ABOUYHOM CUCTEMe CUHCACHHL

Kak ynomuHanocb Bbiwe, Kop Mopse 6bin,
B onpeAeneHHOM CMbicne, NMepBoil Bepcueil
umndpoBbIX cNcTeM CBA3M Gyaywero.

AASI TOATBEP>KAEHHS 9TOI MBICAM AOCTATOYHO [lepPeBeCTH a30y-
Ky Mopse B iudpsi: Touka crader 1, a Tupe — 0. Otu rpymmst u3 1
1 0 OYAyT BCTpeYaThCsl HaM B ITOCAEAYIOLIVX TAABAX.

B XX Beke TpapAULIMOHHYIO TeAeTrpadpHIO 3aMeHHAA 6eCIIPOBOA-
Hasl CBsI3b, KOTOpas BBIIIAA HA IIepBBI IAAH GAaropapsi usobpe-
TEHHUIO papuo. BuepamHue TeaerpaduCTbl CAEAAANCH PAAMCTAMHU.
HoBas TexHOAOTHS O3Ha4aAa, YTO MOCAAHHS MOXHO IIepeAaBaTh
Ha 6oAee BbIcOKOM ckopocTH. OAHAKO ITOCAAHHS, OTIPaBAsieMble
B BUAE 9AEKTPOMArHUTHBIX BOAH, OTHOCHUTEABHO AETKO IlepexBa-
TBIBaTb. JTO O0OECIIEYMAO KPHITOAHAAUTHKAM OOABIION O00BEM
3aIKPPOBAHHOTO MaTepHaAd AASL PAOOTBI M IIOMOTAO YKPEIUTDb
HX AOMHHHPYIOLee IIOAOKeHUe B OUTBe ¢ Kpunrorpadamu, TeM 60-
Aee 4TO GOABIIAS YACTD MKUPPOB, KOTOPHIMU IIOAB30BAAKCH IIPABU-
TEAbCTBA U YaCTHBIE areHTCTBA, OCHOBBIBAAKCH HA YK€ M3BeCTHBIX
AATOpHTMAX.

Jr0, HanpuMep, oTHOCKUTCA K mudpy [aefidepa, koTopsit u30-
6pean 6puraHns! 6apoH Aarion Ilaeiipep u cap Hapans Yurcros.
Tudp Iaeiidepa 6514 04eHb XUTPOYMHOI Bapuanueit mudpa ITo-
AMOMS — OAHAKO, B KOHIje KOHI[OB, TOABKO BapHaIiHer.



HEBEPBAJIbHAA CBA3b

Y Tomaca AaBbr DAMCOHA, BCe-
MHPHO U3BECTHOTO AMEPHKAHCKOTO
n3o0peTaTeAs U IPeATIPpHHUMATE-
Asl, IMEAVCD TIPOOAEMBI CO CAYXOM,
U OH o0maacs ¢ xeHo#, Moapu
CruaBeas, mpu momomu asbyku
Mopaze. Koraa DAnCOH emré yxaxu-
Baa 32 Mapu, oH cAeAaA eif pepAo-
>KeHUe, BBICTYKUBAsI CAOBA AETKHMH
KacaHUSIMH ee AapOHH, a Mapu or-
BETHAA TaKUM ke obpasoM. 3areM
TeAerpadHbI KOA CTaA OOBIMHBIM
CIIoco60oM OOIjeHNsT 3TON MapBl.
Ipu moceleHnn TeaTpa IAUCOH KaaA pyKy Moapu cebe Ha KoAeHO,
9TOOBI OHA MOTAQ «<TeAerPadUPOBATh>»> MY AUAAOTH AaKTEPOB.

BerxoBeH — elrlé OAMH YeAOBeK, UIMEBIIUIT IIPOOAEMbI CO CAYXOM
U aCCOLMUPYEMbIH C TeAerpadpoM, XOTS U HECKOABKO KOCBEHHO: TIep-
BBIe YeThIpe HOTHI ero Bhipatomeiics [1a9Toi cuMpOHIM HMEIOT PUTM,
HAITOMMHAOIIMI ITOCAAHUE a3-
Oyxoit Mopae: Touka, TOUKa,
Touka, THpe. B a3byxke Mop3ze
«TOYKA TOYKA TOYKa THpE CO-
OTBETCTBYET aHTAMICKOM GyKBe
V, iepBoii 6ykse B cAOBe victory
(mo6epa). Vimenno nostomy pa-
auocrannus bu-bu-Cu Bo Bpe-
M BTopoil MHpOBOH BOIHBI
ucnoassosasa Ilaryo cumdo-
Hio berxoBeHa Bo Bcex cBoMX
mepepadax AAS OKKYIIHPOBaH-
Hoit EBpomnsL




IWOP MJIENOEPA

Cosparean atoro mudpa, 6apon Aaiton Ilaeiipep u cap
Yapab3 YUTCTOH (SBASIOIMIICS TaKKe COBAATEAEM TeAerpadHOro
anmapara, Ha3BaHHOTO €ro UMeHeM), GbIAM APY3bSMHU H COCeASIMH,
1 00a YBAEKAAKCh KpUNITOrpadueil. ITOT METOA HATOMUHAET CBOE-
IO 3HAMEHHUTOTO IpealecTBeHHuKaA, mudp IToanbus. B Hém Tarke
HCIIOAB3YeTCsl TAOAMIIA U3 ILITH CTOAOLIOB M ILITH CTPOK. IlepBbiit
IIar — 9TO 3aMeHa KAXKAOTO 3HaKa HCXOAHOTO TeKCTa Ha Iapy OyKB
B COOTBETCTBHU C IHPPOM U3 5 pasAUdHbIX OYKB. B Hamem mpume-
pe mudpom byaer cayxurs JAMES. B cayuae aadasura u3 26 6yxs
y HAC [IOAY4AeTCsl CAeAyIOIast IMUPOBAAbHAS TAOAUIA:

J A M E S
B @ D F G
H I-K L N 0]
P Q R T u
\Y W X Y z

Caepymuii mar — 3To paspeAeHHe HCXOAHOTO TeKCTa Ha Iaphl
OykB, AU AUTpadBbl. ABe OYKBBI, U3 KOTOPBIX COCTOUT KKADBII AU-
rpa¢, AOAKHBI OBITh Pa3HBIMH, & AASI TOTO YTOOBI M36€3KaTh BO3MOX-
HbIX COBIIAAEHUI, MBI HCITOAB3yeM OyKBy X. MBI TakoKe HCIIOAB3YEM
aTy OYKBY, 4TOOBI 3aBepIINTD AUTPad B CAydYae, ECAU OCTAETCS OAHA
nocaepHHst 6ykBa caoBa. Hampumep, ecan mcxopHOe mocaaHue
THRILL, To AeAeHHe Ha AUTPAgbI AACT:

TRILLX
Caoso TOY aeanTcs Ha AMTpadbI KaK:
TOYX

ITocae TOTO, KaK MBI IIOAYIHAU HCXOAHOE IIOCAAHHE B pOpPMe AH-
rpa¢oB, MbI MOXKeM HayaTb ero Mu(poBaTh, YIUTHIBAS TPU YCAOBUS:

(a) Ose 6ykBbl Anrpacda HaxofATCA B OLHOW CTPOKe

(6) OBe 6ykBbI AMrpada HaxoAATCA B OAHOM CcTON6LE

(B) He BbIMOHAETCA HY OAHO 13 BbllLeYKa3aHHbIX YCIIOBUNA
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Ecan y Hac cayvait (a), To 3HaKM B aurpade 3amMeHSIOTCS OyK-
BOI, PaCIIOAOXKEHHOM CIIpaBa OT KaXAOM (<<CAeAy10Lue171>> B ecTe-
CTBEHHOM IIOPsIAKE B Tabamrie). Taxum obpaszom mapa JE 3amens-
ercs Ha AS:

0 oA m [ e | s |

B cayuae (6) sHaku aurpada sameHsiorcs GyKBOIL, KOTOpas
PpacIoAoyKeHa cpasy ke 1oa Heil B Tabaurte. Hanpumep, aurpad ET
mudpyercsa kak FY,a TY — YE:

<|=-|zZz|m|m

B cay4ae (8), 4To6b1 3amudpoBats nepsyio 6yksy Aurpada, Mpl
CMOTPHM Ha eé CTPOKY, II0Ka He AOXOAUM AO CTOAOIIA, KOTOPBIIL CO-
Aepxut Bropyio 6yksy. IIIudp AAs ICXOAHOTO TeKCTa — 3TO OyKBa,
KOTOpast HAXOAUTCS Ha IIepecedeHHH CTPOKHU 1 cToAbLa. UTo0bI 3a-
MU POBaTh BTOPYIO OYKBY, MBI CMOTPUM Ha CTPOKY, IIOKa He AOXO-
AHM AO CTOAOIIA, B KOTOPOM COAEPIKUTCS IepBast OyKBa.

IIndp AAS HCXOAHOTO TEKCTa CHOBA HAXOAMM Ha IlepeceyeHUH
CTPOKH H CTOADIIA.

Hanpuwmep, B cayyae purpadga CO C mudpyercsa xak G,a O —
Kak I man K.

J A M E S
B C D F G
H I-K L N o
P Q R T U
vV W X Y Z

Yro6s! 3amuposars nocaanre TEA ¢ Kalo4eBbIM cAOBOM
JAMES, MBI A€TICTBYeM CAEAYIOIIHM 06pasoM:

e Bripaxkaem nocaanue B Bupe aurpada: TE AX
o T mudpyercs xak Y
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o E mm¢pyercs xax F
o AxaxM
o XxakW

3amposannoe nocaanue: YEMW.

HecMoTpst Ha M300peTaTeAbHOCTb CO3AATeAel, Aemn(pPOBKA
3THX ITyCTh U YCOBEPIIEHCTBOBAHHBIX, HO PaKTHUECKU HCIIOAb3Y-
eMBbIX TOBTOPHO MH(POB B KOHEYHOM C4éTe Oblaa BOIIPOCOM Bpe-
MEHH U BBIYHCAMTEABHBIX BO3MOXHOcCTedl. Kpumrorpapuyeckas
ucropust IlepBoit MUpOBO# BOMHBI IIPEKPACHO 3TO HAAIOCTPHUpPYET.

Hemenxuit AMIIAOMAaTHYECKUI UIMPP He OTAUYAACS 0CO6OI
caoxHOCTbIO. OAHAKO CaMU HeMIJbI He IOAO3PEeBaAH, YTO elllé OAMH
npuMeHseMblit My mup, ussecTHIN kak ADFGVX u ucnoassy-
eMBIiT AAS IIMPPOBKU CAMBIX BXKHBIX COOOIIEHNU, IpeAHa3HAYeH-
HBIX AAS OTHPaBKH Ha QPOHT, HECMOTPS Ha €ro IMPeAOAaTraeMyIo
HeYsI3BIMOCTD, TAK)Ke MOXKET OBITh B3AOMAH KPHIITOAHAAUTHKAMHU
IIPOTUBHUKA. ABOMHOI IIpoBaA HeMelKux KopoB IlepBoit MupoBoit
BOJHBI 3aCTABHA BCEX IOHSATh HEOOXOAUMOCTb O0Aee HAAEKHOIO
MHPPOBAHIS. DTOM LIEAN MOXKHO OBIAO AOCTUUD, 3ATPYAHHUB paboTy
KPHUIITOAHAAUTHKOB, TO €CTh CAEAAB ACIIHPPOBKY bOoAee TPYAHOIL.
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HEOANEKO OT NAPUXA

B urone 1918 roaa HeMeljkue BOMCKa TOTOBHUAKICD K HACTYTIAE-
HHIO Ha QpaHIfy3cKylo cToaury. Coro3HUKaM ObIAO OYeHDb BaXKHO
[ePeXBATUTD COOOIIe s IPOTHBHUKA, YTOOBI BBIICHUTD HAIIPABAE-
Hue yaapa. Hemerikue coobimenust, mpeaHa3Ha4YaBIINeCst AAS POH-
TOBBIX YacTeit, mudpposasuch ¢ momompio muppa ADFGVX, xoro-
phlil B BepAnHe cunTaAy He MOAAQIOIIUMCS B3AOMY.

Ham uaTepec k aToMy mUQPY HCXOAUT U3 TOTO, 4TO B HEM CO-
4eTAIOTCs AATOPUTM IIOACTAHOBKY M AATOPHTM TPAHCIIO3UITHHU. JTO
OAMIH U3 CaMBIX CAOXKHBIX METOAOB KAACCHYECKOH KPHITOrpadpHu.
Hemuipr Havaan npuMeHATh ero B MapTe 1918 ropa. Ya3Has o cyme-
CTBOBAHMH 9TOr0 WHPa, GPaHITY3bl TYT XKe IOIBITAAUCH €T0 B3AO-
Marb. K cuacTsio, B jeHTpasbHOM mMU(POBAABHOM 0I0pO paboTaa
TaAQHTAUBBIHA KpunTroaHaanTux JKopsx IaituBuH. YopHas pabora
IIAA ACHb U HOYb.

Beuepom 2 urons 1918 ropa IlsitaBuny yaaroch pacmudpo-
BaTb IIepBOe [IOCAAHME. DTO OBIA IIPHKA3 GPOHTOBBIM YACTSIM:

«ITomoponumecy ¢ docmaskoti 6Goenpunacos. Aaxce
OHEM, ecAU NPOTNUBHUK He CMOIICEN 3aMEMUNb>>.

Taroke YAQAOCH [TOHATD, YTO COOOIIEHHE OTIIPABACHO U3 KAKO-
ro-To MecTedka Mexay MonTaupbe u Komnbenem, mpumepso B 80
KHAOMeTpax K cesepy or Ilapmxka.

3Tot ycnex M3iiHBMHa no3Bonun ¢paHyysam
copBaTb aTaKy NpPOTMBHMKA U OCTaHOBUTb
HacTynneHve HeMmueB.

Kax yxe rosopuaoce, mudp ADFGVX cocTout us AByx 4a-
CTeil: IOACTAaHOBKA M TpaHcro3unus. Ilepsriii aTam — mopcTa-
HOBKa. MBI HCIIOAB3yeM TabAHIy, B IIEPBOH CTPOKE U IEPBOM
croabrie koropoii crost 6ykssr ADFGVX. OcraBmuecs sueiiku
TAOAMIBI HAyrap 3aIlOAHSIOTCS TPHALIATBIO IIECTHIO 3HAKAMM:
ABapmaTh mectb 6ykB aadasura u nudpst or 0 a0 9. Pacmoro-
JKeHHe 3HAKOB COCTABASEeT KAIOY K IHUQPY, U IIOAYIATEAIO0 SBHO
Heo0XoAMMa 9Ta HHPOPMAIIHS AASI TIOHUMAHHUS COAEPXKAHMS I10-
CAQHHAL
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A D F G \" X
A 0 P F 0 VA C
D G 3 B H 4 K
F A 1 7 J R 2
G 5 6 L D E T
Vv Vv M S N Q I
X u W 9 X Y 8

Iudp cocTouT U3 mepeBoAd KAXKAOTO 3HAKA IOCAAHHUSI B KO-
OpAHHATHI, HCrIoAb3yst Oykssl u3 rpymmsl ADFGVX. Ilepsas xo-
OpAHHATA — 9TO OyKBa, KOTOPasi COOTBETCTBYeT CTPOKE, BTOpast
cooTBeTcTByeT cTOAOITY. Hamprmep, ecan Mpr xoTuM 3amudpoBaTs
qucao 9, o noayunm XF. [Tocaanme Target is Paris («neap — Ila-
PIK> ) 6yAeT 3aPpOBaHO CACAYIOIUM 06pasoM:

Tla|r | gle | t|i]|s|Plaj|r]|i]|s
GX|FA |FV |DA|GV |GX|VX|VF |AD|FA | FV | VX | VF

AO 9TOTO MOME€HTA Mbl HMEAU AC€AO C HpOCTOfI HOACTaHOBKOfI,
U AN PaCI.UI/Iq)pOBKI/I 3TOTO IIOCAAHMA OBIAO GBI AOCTAaTOYHO 4YaCTOT-
HOTI'O aHaAH3a. OAHaKO HII/Iq)POBaHI/Ie BKAIOYA€T U BTOPOﬁ Tall —
TPaHCIIO3UIHIO.

Tpaucnoslnu,vm 3aBMNCAT OT KJIlOYEeBOro cCjsioBa,
O KOTOpOM npepBaputesibHO [AoroBopuincb
oTnpaBmnTesib N nony4yartesb.

ITOT 3TaM MHUPPOBAHIUS IIPOUSBOAUTCS CACAYIOIIUM 0OPa3OM.
Bo-mepBbIX, MBI COCTaBASIEM TAOAHITY C TAKMM KOAMYECTBOM CTOAD-
I10B, CKOABKO OYKB HACUHTHIBAET KAIOYEBOE CAOBO, M 3allOAHSIEM
SYeHKU 3alMPPOBAHHBIM TEKCTOM. DyKBBI KAIO4eBOro cAOBa IH-
IIyTCs B BEPXHei CTPOKe HOBOI TabAMIbL B Halem mpuMepe KAfo-
4eBbIM cA0BOM OyaeT BETA.

MsI co3paéM HOBYIO TabAHITY, B KOTOPOIL IlepBasi CTPOKa CO-
CTOHT U3 KAIOUEBOTO CAOBA, & CACAYIOIe CTPOKU COAepXKar OyK-
Bbl, IIOAyYeHHble IyT€M KOAMPOBAHHUS IOCAAHHUS IPH IOMOINH
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IIOACTAQaHOBKHU (SS.MEHI)I). Arobas Imycras sTYerKa 3aITOAHSIeTCS I.IPI(l)—
pOfI HOADb, KOTOpasl, Kak Mbl BUAHM U3 nepBoﬁ Ta6AI/II_H)I, 0603Ha4a-

erca AG.

Takum 06pazoM, 4TOOBI MPUMEHUTD BTOPOI ITAIl K HAIIIEMY I10-
caanmio Target in Paris, Mbl BHaYaAe BCIOMMHAEM, YTO IMHPpOBaHLE
ITyTéM [OACTAHOBKH (3aMeHbI) AAAO HaM:

|GX |FA [Fv |DA |GV |GX |vX |VF |AD [FA |FV VX |VF |

3arem Mbl ucnoab3yeM BETA B KadecTBe KAIOYEBOTO CAOBa,

H'y HaC IIOSBASIETCSI HOBAsL Ta6AI/II_la.

B E T A
G X F A
F Vv D A
G Vv G X
Vv X \'% F
A D F A
F Vv \'% X
Vv F A G

Mp1 mpopoAKaeM, UCTIOAB3YS TPAHCIIO3UITMOHHBIHN mudp, 1 13-
MeHsIeM [IOAOKeHIe CTOAOI[OB, YTOOBI GYKBbI KAIOY€BOI'O CAOBA PaC-
ITOAOXKHAMCD B aAQaBUTHOM ITOPSIAKE.

OTO0 A2ET HAM CAEAYIOIITYIO TaOAUITY.

QOIX|> M| X|> | >|>

<T@ I<OTmmO | ®

NI<| O X |I<|[<|X|m

>I< | m< OO m| 4
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IToaygaeTcss 3ammdppoBaHHOE MOCAAHHE, KOTOpOE IIMIIETCs
[0 CTOAOIIAaM — IIepBBIil CTOAOEL] CBepXy BHH3, BTOPOIl cTOAbeI]
CBepXy BHHU3 U T. A. B Hamem npumepe noayyaercs:

AAXFAXGGFGVAFVXVVXDVFFDGVFVA

Kak MbI BUAMM, TOCAQHIE COCTOUT U3 OYEBUAHO B3SITHIX HAYTAA,
oyks A, D, F, G, V u X. Hemus! BoiOpasu 911 11ecTb OYKB, IOTOMY
9TO OHU CHABHO OTAMYAIOTCS APYT OT APYTa IIO 3BYKY IIPH OTIIPaBKe
¢ noMoIsio a30yku Mopae. DTO IIOMOTaAO ITOAYYATEAIO C TOPA3A0
GOADIIEH AETKOCTBIO OIPEAEASITH BO3MOXKHBIE OILIMOKH IIpHU Iepe-
Aade. Boaee TOro, HOCKOABKY IIOCAQHUSI COCTOSIAM BCEI'O U3 LIECTH
6YKB, mepepaya Mo Teaerpady 6blAa HECAOXKHOI AQXKe AAS HEOIIbIT-
HbIX TeAerpaductoB. Ecan Mb1 obparuMmes x Tabaure ¢ azbykoit
Mopse, TO YBUAVM CAEAYIOLIHE KOABL AASL KXKAOH U3 6yKB mudpa
ADFGVX:

A=.—
D=—-=e«
Fzeer.
G=——=«
Voeoo—
X=—oo—

I[Toaydareato TpebyeTCst TOAbKO H3HAYaAbHAsI 0a30Basi TAOAMIIA,
B KOTOPOI HAYTaA PacCTaBACHBI OYKBBI U IJPbI, K KAIOUEBOE CAOBO
AASL TOTO, 4TOOBI pacmudpoBaTh HOCAAHHE.



MALWWHA SHUTMA

B 1919 roay HeMenKuit ©306peTaTeAb U IIPeAIIPHHIMATEAD Ap-
Typ llep6uyc 3araTeHTOBaA MAIIKHY, CIIEL{HAABHO Pa3pabOTAHHYIO
AASL 0OecIIedeHust aGCOAIOTHO HAAXKHO CBSI3HL.

Ee nassanue — Enigma (3arapgka) — c Tex op cAeAaA0Ch CH-
HOHHMOM BOEHHbIX ceKpeToB. Kak MbI yBUAMM HIDKe, « DHUIMA>,
HeCMOTPs Ha O4eBUAHYIO CAOKHOCTD, ITO CYTH IIPEACTABASIAA CO0OI
YCOBepIIeHCTBOBAHHYIO BePCHIO AuCKa AabbepTu. I3-3a orHOCH-
TEABHOM AEIKOCTH B MCIIOAb30BAaHMH U M3-32 CAOXHOCTH ITOAy4Ya-
IOIErocsi B pe3yAbTare Indpa HeMeIKoe IPaBHTEAbCTBO BRIOPAAO
«OHHUTMY> AASL IUPPOBAHHUS OOABIION YACTH BOEHHBIX COOOIIe-
HUH B Teproa Bropoit MupoBoit BOMHEL

HeyausureabHo, uYTO pacmmpoBKa KOAQ, MCIIOAB3YEMOrO
B «DHHUTMe>, CAEAAAACH IPHOPUTETHOH 3apadeil AAST COIO3HUKOB,
BOIOIONIMX IIPOTUB HallMCTcKo# I'epmannu. M koraa ycrex HakoHerj
OBIA AOCTHTHYT, [lepexBadeHHbIe U pacIIn$pPOBAHHbIE COIO3HBIMU
PasBeAKaMH ITOCAAHHS CHIIPAAY PEIIAIONIYI0 POAb B IPUOAKEHUH
KOHIIa BOMHBI.

Hcropus B3aoMa kopa «DHUTMA» OYeHDb YBAeKaTeAbHa. B aTom
AeAe YIaCTBOBAAH pasBeabIBaTeAbHbIe CAYKOBI [Toabmn u Beanko-
OpUTaHHH, CPEAH TepOeB MOXKHO Ha3BaTh TeHHAABHOTO MaTeMaTHKa
Anana Thropunra, 4eAoBeKa, KOTOPBIH CIUTAETCS OTIIOM HHPOpPMA-
THKH U TEOPUH UCKYCCTBEHHOTIO HMHTEAAEKTA.

CpaxeHre ¢ KOAOM «JHHUIMa» TAKXKe [IPUBEAO K CO3AAHHIO
IepBoro HUPPOBOro KOMIIBIOTEPA M MOXET CYHUTATbCS CaMBIM
BIIEUATASIONTHM 3IIM30AOM B AOATOM M SAPKOH MCTOPHM BOEHHOTO
KPHIITOAHAAM3A.

Cama 1o cebe «DHHUIMa» IPEACTABASAA AEKTPOMArHUTHbIN
anmapaT, BHeNIHe HAIOMUHAIOmMUE mumynrylo MamueKy. Oco-
OeHHBIM €r0 ACAAAM POTOPbI, KOTOpble MEHSAHM CBOE IIOAOXEHHE
[PH K&KAOM HOKATHH KAQBHIIH, IIPUYEM TAKUM 00pa3oM, 9T0 AdKe
€CAU ITOCAEAOBATEABHO BBOAHAACh OAHA U Ta JKe OYKBa HCXOAHOTO
TEKCTa, TO KAXADBI Pa3 OHa KOAMPOBAAACh mo-ppyromy. Pusuye-
CKHIA IIPOIece MUPPOBAHIUS ObIA OTHOCUTEABHO IPOCTHIM.

OTnpaBuTeAb yCTaHABAMBAA INTEKEPHl M POTOPHI MANIMHBI
B COOTBETCTBUH C UCXOAHBIM IIOAOKEHHEM, KOTOpOe YKa3bIBaAOCh
B CIIeIIMAABHOM HHCTPYKLUHU IO IIHPPOBAHMIO, AEHCTBOBABIIEHN
B TO MAM MHOe BpeMs (9TH MHCTPYKLMH PeryAspHO MeHSAHUCH).
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

3areM OH ITeyaTaA IepBYI0 OYKBY HCXOAHOTO TEKCTA, M MAIIHHA aB-
TOMATHYeCKU BBIAABAAA AABTEPHATHBHYIO OYKBY, KOTOPAsl IIOSIBASI-
Aacbh Ha CBETOBOY ITAHEAH, — 9TO ObIAA ITepBasi 6yKBa 3aMKUPPOBaH-
HOT'O ITOCAQHUL.

IepekatoyaTeAb IepBOro poropa oOOecIedruBaA IIOBOPOT
(cABHUI), KOTOPBDIi1 [IEPECTaBASIA POTOP B OAHO U3 ABAALIATH IIECTH
BO3MOJKHBIX IIOAOXKeHHI. VI3MeHeHHOe MOAOXKeHHe POTOpa H3Me-
HSIAO MH(P, X TOTAQ OIIEPATOP BBOAUA BTOPYIO OYKBY U TaK AdAee.

AAst pacindpoBKY ITOCAQHHUSI OBIAO AOCTATOYHO BBECTH 3HAKH
MOAYYEHHOTO 3alIMPPOBAHHOTO TEKCTA B APYTYIO MAIINHY <« JHHI-
Ma> IIPH YCAOBHH, YTO HCXOAHBIE IIApaMeTpPhl Ha BTOPOM MallllHe
OBIAM TAKHIMU K€, KaK Ha IHPYIOLLed.

HMcrioAb3ysl IpeaCTaBAGHHYIO CXeMy-PHCYHOK, MBI MOXeM
IPEeACTAaBUTh B OYEHb YIPOIEHHOM BHAE CXeMy IIH(PPOBAABHO-
IO MeXaHH3Ma «JHHIMBI>». Kak Mbl BUAMM, KOTAQ POTOP MAIIMHBI
«DHHUIMa>» HAXOAHUTCS B HICXOAHOM IIOAOYKEHHH, K&XXAAst OYKBa Hc-
XOAHOTO ITOCAQHHUS 3aMeHSIeTCS APYToii, KpoMe A, KOTopast OCTaeT-
cs HensMeHHOM. [Tocae muposanus mepBoit 6yKBbI pOTOp AeAaeT
[IOBOPOT Ha OAHY TPeTb. B 3ToM HOBOM IIOAOXKeHUH OYKBBI Tellepb
3aMEHSIOTCS APYTHMH, OTAUYHBIME OT IlepBoro mudposanus. [Ipo-
I1ecc 3aBepIIaeTCs Ha TpeTheil 6yKBe, IOCAE 4ero POTOP BO3BPAIIa-
€TCsI B ICXOAHOE TIOAOYKEHHeE, U IIOCAEAOBATEABHOCTD IMMPPOBAHIS
HOBTOpsIeTCs. B cTaHAAPTHOM MallllHe «HHUIMa>» MepeKAIOYeHHUS
POTOPOB AQIOT ABAALIATh LIECTDH IIOAOKEHHUH AAS KOXKAON U3 OYKB
aadpasuTa. CAeAOBATEABHO, OAUH POTOP MOXKET IPOBECTH ABAALIATH
IIeCTh PA3AUYHBIX IIHPPOBOK.

HcxopHOe mOAOXKEHHe POTOpa — 3TO KAIOY. AAS yBeAUYEHHS
KOAMYECTBA BO3MOXKHBIX KAIOUEH «OHHIMa>» H3HAYAABHO HMeAA
AO TPEX pOTOPOB, MEXaHUYECKH COEAUHEHHBIX APYT C APYTOM.

IToaToMmy, KOraa epBBIit pOTOP 3aBepIIas 060POT, B ACAO BCTY-
IIAA CAEAYIOIIHIL, H TaK AdAee, IOKA He COBEPILIAAY IIOAHBIH 060pOT
BCe poTopsL B rieAoM aTo AaBaro 26X26x26 = 17576 BO3ZMOXKHBIX
mudpos. B poomoanenue k aToMy paspaborxka Illepbuyca moszsoas-
Aa MEHSTh IIOPSIAOK [IEPEKAIOIeHH, X TAKUM 0OPa30M KOAMIECTBO
KOAOB, KaK MBI YBUAUM HIDKe, eIljé OOABIIIe YBEAIHBAAOC.

Ilomumo poTOpoB B MexaHHM3Me <«ODHHIMbI» HMEAACh
emé ¥ KOMMYTAIIMOHHAsI IIAHEAb, PACIIOAOKEHHAsT MEKAY IIePBBIM
poropoM u KAaBuaTypoil. KoMMyTalMoHHas IaHeAb HMO3BOAS-
Aa MeHSITb MeCTaMHU Iapsl OyKB IepeA IOAKAIOUEHHEeM K POTODY,
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naBa 4. lludppoBanbHble MaLIMHbI

Y TaKUM 06pasoM K MUPPY AOOABASAOCD €Ié 3HAIUTEABHOE KOAH-
YECTBO KOAOB.

Y cTaHAQPTHO MAIIMHBI « DHUIMa> OBIAO IIecTh Kabeaeit, Ko-
TOpbIe MOTAU MEHSTb MECTaMHU AO LitecTH map 6yks. Takum o6pasom
A menstercs mectamu ¢ C,BcA,a CcB.

C aobaBAeHHMEM KOMMYTAL[IOHHOM IIaHEAU YIPOIEHHAS Bep-
cusl «DHUIMBI» C TpeMsi OykBaMu OyaeT QpyHKIMOHUPOBAThH CAe-
Ayromum 06pa3oM. CKOABKO JKe AOTIOAHHTEABHBIX KOAOB obecIe-
YUBAAO KaXKYIleecs TPUBHAABHBIM AOGABACHHE KOMMYTALHOHHOM
nmanean? Ham Hy>»XHO paccMOTpers KOAUYECTBO CIIOCOOOB COEAU-
HeHWs LIeCTH Hap OyKB, BBIOPAHHBIX M3 PYIIIbI B ABAALIATD LIECTh
OyKs.

BoamoxxHOe KOAMYeCTBO TpaHCPOpMALHil n Iap 6YKB U3 aada-
Buta 13 N GyKB OIpeaeAsieTcs IO caepyioltelt popmyae:

N!
(N—2n)n!2

B namem npumepe N =26 un = 6.

9710 gaer Ham 100391791500 KomOGUHaLni!

BocbMUpOmMopHas eepcus
«IHU2MBbI»
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Takum obpasom, obiee KoAMIeCTBO MU(PPOB, KOTOpbIe 0be-
CIleYrBaeT MAllMHA «ODHUTMa» C TPeMsl pOTOpaMH Ha ABAALIATh
IIeCTb OYKB KaXKABIN H KOMMY TAIIHOHHOR ITAHEADIO C 1IIeCTDIO Kabe-
ASIMH, CAepyIolee:

EcAn cuuTaTh BpamjeHMs HepeKAlodaTeAeidl poTOpoB, 263 =
26Xx26x26 = 17576 xombuHaLUIL.

TouHo Tax xe Tpu poTopa (1,2, 3) MOTYT 3aMeHATb APYT APY-
101 ra, 1 mepeKAIOYeHHUS C OAHOTO Ha APYTOM MOTYT IIPOUCXOAUTD
B cAeayromeM mopsiake: 1—2—3, 1—3—2, 2—1—3, 2—3—1,
3—1—2,3—2—1. 310 AQéT HaM elé MIEeCTh BO3MOXKHbIX AOIIOA-
HUTEAbHBIX KOMOMHAIIHIL.

Haxoner, Mbl IOACYMTAAH, YTO U3MEHEHHE YCTaHOBKM IIECTH
KabeAefl Ha KOMMYTAI[IOHHOM ITAHEAM II0 CPABHEHHIO C HCXOAHOM
Aaér HaM 100391791500 AOTIIOAHUTEABHBIX IIHQPOB.

Obmee xoAndecTBO MU(POB, IIOAYIAEMbIX B PE3yABTaTe pas-
AMYHBIX CIIeln$pUIecKUX KOMOUHAIMIL, COCTaBASIET

6 x 17576 x 100391791500 = 10586916764424000

ITosToMy MaIuHBI «JHUIMa» OBIAU CIIOCOOHBI LIMPPOBATH
TEKCT, HCIIOAB3YsE 0OAee AECSTU THICSY TPHAAMOHOB Pa3AMYHBIX

HauaneWos nonoweHne

Jlna npocmomel Ha 3mom
DUCYHKe UCNomb3ylomca
pOMOpeI C Anghagumom 8cezo
u3z mpéx byks. B pesynemame

Y Kax0020 pomopa umeemcs
MOJILKO MPU 803MOXHbIX
nosIoXeHuUA eMecmo osaouamu
wecmu 8 pedsieHoU MawluHe
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Ha unnocmpayuu

nokasaHa paboma

nepecmaHo8oyHoU

KOMMYMAayuoHHOU naHesnu,

ONAMeb 8 ynpowéHHou : @
opme — MosbKo : _

¢ mpems 6yK8amu u mpema - i
Kabenamu

KOM6PIHaLIHﬁ. HpaBI/ITeAI/I repMaHI/II/I BEPHAH B TO, ITO UX CBA3b NME-

€T 3alIUTY CAMOI'0 BPICOKOTO YPOBHA 1 abCOAIOTHO HaAé)KHa.

9710 6bIN1a rIMraHTCKan ownbKa.
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B3JIOM WWNOPA MALLUNHbI «<9HUTMA»

A1060i1 KAIOY MAaIIMHBI « DHUIMa>» BHAYAAE YKa3bIBaA Ha KOH-
$uUrypanuio KOMMyTAIIMOHHOH ITAHEAH AASI KOXKAOF M3 BO3MOXHBIX
nepecraHoBok 6yxs — uampumep, B/Z, /Y, R/C, T/H, E/O
u L/]J. 910 03HayaAo, YTO HepBbIil KabeAb HepecTaBasieT OykBbl B
U 7 ¥ TaK paAee.

Bo-BTOpbIX, KAIOY MOKa3biBaA MOPSIAOK POTOPOB (Hampumep,
2-3—1), u, HaKOHel], KAI0OY BKAIOYAA HCXOAHOE TIOAOKEHHe POTO-
pos (manpumep, R, V, B, uto 03HayaA0, kakas 6ykBa CTOUT Ha HC-
XOAHO# MO3UIMHK). DT YCTAHOBKH COOUPAAUCH B CIIPABOYHHKAX
mUPPOB UAM HHCTPYKLUSIX IO HUCIIOAB30BAHHIO KOAOB, U CaMHU
HHCTPYKIIUU TOXe IePeAaBaAKCh B 3amudpoBaHHOM Buae. OHU
MOTAU MEHSITHCS KAKABII AHb AU KOTAQ TOrO TpeboBaAu 06cTo-
STEAbCTBA.

K npumepy, onpeaeA€HHBIE KAIOYH TIPEAHA3HAYAANCH AASL OTIpe-
AEAEHHDIX BHAOB ITOCAAHUIL. UT0O6BI M36€KaTh IIOBTOPEHUS OAHOTO
U TOTO >Ke KOAQ B T€UeHUe AHsI, Ha MPOTSDKEHUU KOTOPOTO MOTAU
OTIIPAaBASITBCSL THICSYM COOOIEHUI, ONEepPaTOPhl «HUIMbI>» HC-
IIOAB30BAAU PSIA XUTPOYMHBIX YAOBOK AAS IIEPEAQYN HOBBIX KOAOB
OIPaHMYEHHOIO KCIIOAb30BaHUSI — 0e3 HeOOXOAMMOCTH MEHSTb
BCIO HHCTPYKIUIO C OOIIMMHU KOAQMIL.

Taxum 06pasoM, AUCIIETYEP OTIIPABASIA COOOILIEHHE U3 MIECTH
OYKB, 3aKOAUPOBAHHOE B COOTBETCTBUH C IIPUMEHUMBIM B TOT A€Hb
KOAOM, KOTOPO€E B AeHCTBUTEABHOCTH IIPEACTABASIAO COOOIL HOBYIO
IPYIIITY HCXOAHBIX IIOAOXKEHHUI AASI pOTOPOB, Harpumep, T — Y —J

AASL 60ABIIEN HAAEKHOCTH OTIIPABUTEAD KOAUPOBAA 9TH YKa3aHUS
ABKABIL, OTCIOAQ H TIOAYYAETCsl ecTh 6YKB). 3aTeM OH KOAHPOBaA
HAaCToOsIIee COOOIeH e B COOTBETCTBHH C 9THM HOBBIM YKa3aHUEM.

IToAydareab moAy4as coobIjeHHe, KOTOPOE HE MOI paciuud-
pOBaTh, TIOAB3YSICh KOAOM TOTO AHS, HO 3HAA, YTO IlepBbIe IIEeCTb
OYKB — 9TO GaKTHIECKH HHCTPYKIIS AASL TOTO, YTOOBI TOCTAaBUTD
PpOTOpHI B Apyroe nmoAoxeHue. [ToayuaTeAb poeAaA 3TO, IPHIEM KOM-
MyTAIlMOHHAs [AHEAb UM MOPSIAOK HCIIOAB30BAHMS POTOPOB OCTa-
BAAKMCbh HEM3MEHHBIMU. 3aTeM OH MOT IIPAaBHABHO pacurdppoBaTh
coobeHue.

CO03HVKI TOAYYHAH [IEPBYIO LIeHHYI0 NHGOPMAILIHIO 06 « HHUT-
Me>» B 1931 ropy or Hemenxoro mmmoHa lanca-Tmao IIImuara.
OHa cocrosiAa U3 PasAMYHBIX PYKOBOACTB IIO IIPAKTUYECKOMY
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naBa 4. lludppoBanbHble MaLIMHbI

MapuaH Adam Peesckuti

ucroab3oBanuio Mamuasl. Kontakr ¢ IIIMuaToM ycTaHOBHAQ $paH-
ITy3CKasi Pa3BEACAYXKOa, B AAAbHeMIIEM $PAHI[Y3bI IIOACAHAUCH UH-
¢opmarueit ¢ MOAbCKUMU KoAAeraMu. TTOAbCKHIT OTAEA KPHIITOAHA-
Anza, Biuro Szyfréw (mmdposasbHoe 610po), mpuUHSAACS 3a paboTy
¢ pokymenTamu IIIMHATa U TakKe 3alOAYYMA HECKOABKO MAIIMH
«DHHArMa>, IOXHIIEHHBIX y HEMLIEB.

B nonbcKyio KOMaHAy, 3aHUMaIOLWYIOCA B3J10-
MOM KopjoB, BxoAauna Gonbluas rpynna mare-
MaTNKOB, YTO ANA TOro BpeMmeHu 6bU10 BecbMa
HeOObIYHbIM.

Cpear HUX OBIA TAAAHTAMBBIIN H CKPOMHBII MOAOAOH YeAOBEK,
koToporo 3Baau Mapuan Peesckuit. OH cpasy >ke cocpeAOTOYHA
CBOU YCHAHS Ha KOAQX 3 IIeCTH OYKB, [IPeAIIeCTBOBABIIHX B Tee-
HMe AHSI MHOTHM COOOIIeHHSIM, KOTOPbIMU 0OMEHMBAANCDH HEMIIBL.
PeeBckuil BbICKAa3aA IPEAAOXKEHHE O TOM, UTO BTOPbIE TPU OYKBBI
KOAQ SIBASIAUCH HOBBIM IIHPPOM IIePBbIX TPEX, H II03TOMY YeTBEP-
Tasl, IATas U MeCTast OYKBBI MOTYT AQTh KAIOY K BPAIEHHIO POTO-
poB.

Ha ocHOBaHMM 3TOTO OTKPHITHS, XOTS OHO U MOXKET ITOKa3aThb-
Csl OYeHb He3HauMTeAbHbIM, PeeBckmit caeAaA HECKOABKO BechMa
Ba>KHbIX BBIBOAOB, KOTOpbIe B KOHEYHOM HTOTe IIPUBEAH K pasTaske
MeXaHU3Ma «HHUIMbI». [ToApOOHOCTH 3TOrO IMpoljecca CAUIMIKOM
CAO>XHDI, MBI He CTaHEM Ha HUX 3AeChb OCTAaHABAMBATbCS, HO HEAb-
35 He OTMEeTHTD, YTO Yepe3 HeCKOAbKO MecAreB PeeBckuil CHU3HA
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

KOAMYECTBO BO3MOXHBIX KOAOB, KOTOpPbIe TpeOOBaAU pacuuppos-
KH, C A€CSITH THICSY TPUAAHOHOB AO Bcero Auib 105456. 1o 6b1a0
PE3YABTATOM aHaAM32a Pa3AMYHBIX KOMOUHAIUI POTOPOB U UX Bpa-
IeHUH.

Y106b1 BbINONAHNTDb 3aAauy, PeeBckuii nocrpoun
annapar, KOoTopblii n3BecTeH Kak «Kpunronoru-
Yyeckasa 6ombanr.

On paboTas MoA0OHO «IDHUIMe>» M MOT KOIHMPOBATh Al0OOe
U3 BO3MOXKHBIX ITOAOXKEHHI TPEX POTOPOB B ITOHUCKAX AHEBHOTIO
Kopa. Yxe B 1934 roay IllupposasbHoe 6I0pO BZAOMAAO «DHMT-
My> H MOTAO paciudpoBarb Af060e OCAaHYe B TedeHue 24 JacoB.

XOTst HeMIbI U He AOTAABIBAAKCD, UTO IIOASIKM IIPOHUKAH B Tafl-
HY «JHHUIMBI», OHH BCE PABHO MPOAOAXKAAU COBEPUICHCTBOBATDH
crcTeMy — Beab OHa paboTaAa yxxe 6osee pecsiti AeT. B 1938 roay
OIIEPATOPBI « DHUI'MbI»> [IOAYIHAU B AOOABACHME K TPEM CTAHAAPT-
HBIM ABA AOIIOAHHTEABHBIX POTOPA, a BCKOPE IIOCAE ITOTO IIOSIBU-
AVICb HOBbIe MOAEAM MAIIMHBI C KOMMYTALIMOHHBIMH IIAHEASIMH
Ha AeCsTb Kabeaeil.

BHe3anHo KO/INYeCTBO BO3MOXHbIX KOJOB BO3-
pocCno npuMepHo A0 159 KBUHTW/IbOHOB.

ToAbKo 0AHO AOOaBAEHIE ABYX AOTIOAHHTEABHBIX POTOPOB yBe-
AMMHAO KOAMYECTBO BO3MOXKHBIX KOMOMHAIINI YCTAHOBKH ITOPSIAKA
nepexatodeHus ¢ mectu Ao 60. To ecTp A060it U3 IATH POTOPOB
B NepBOM MOAOXKeHuU (TIATh BAPUAHTOB) YMHOXAeTCS Ha OAMH
M3 YeTBIPEX OCTABUIMXCSA POTOPOB B MOAOXKEHHH ABa (deThIpe Ba-
PHAHTa), YMHOXKA€eTCsl Ha OAMH U3 TPEX POTOPOB B IOAOKEHUH TPU
(Tpu BapmanTa) = S X 4 x 3 = 60. Xors B [lludpposarbHoM 610po
3HaAH, KaK pacIIn$pOBaTh KOA, Y HUX He OBIAO BO3MOXKHOCTeIH, He-
0OXOAMMBIX AASI aHAAN3A HOBBIX KOHQHIypariuil pOTOPOB.
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SCTAOETY NPUHUMAIOT AHITINYAHE

YcoBeplIeHCTBOBaHHE CHUCTEMbl «JHHUIMa» IIPOHCXOAHAO
He cAydaiiHo: I'epmanus HavaAa akcmascuio B EBpore ¢ aHHexcuu
YexocaoBakun 1 ABCTpUH U TAAHHPOBaAa Bropkenue B [Toapmry.

B 1939 roay maams BOMHBI y>Ke TIOABIXaAO B IieHTpe EBpomsr,
u IToabma 6piaa 3aBoéBaHa. OAHAKO IIOASIKM YCIIEAH IIePeAATDH
MMeIONINecs. Y HUX MalldHbl «JHUIMa» U BCe CBOU HapabOTKH
[0 TeMe OPHUTAHCKMM COIO3HHKAM. B aBrycre OGpuTanIisl perau
00BEAVHUTD CBOU KPUIITOAHAAUTHYECKHE HOAPABAEAEHUS], KOTO-
pble A0 3TOro paboTasu pazobmeénHo. B pesyabraTe 6bira cO3paHA
IIpaBuTEAbCTBEHHAS IKOAA KOAOB 1 mu¢pos (aHra.: Government
Code and Cypher School, GC&CS).

AAs pasMmeleHns] HOBOI OpraHM3AIMU BBIOPAAK OCOOHIK,
pacIoAOXeHHbIH B Ipuropope AOHAOHA, B moMmecTbe bBaer-
qyau-TTapk. B cocras rpynmsr, paboraBmeit B Baeruau-Tlapk,
BOINEA ¥ HOBBIM KPUIITOAHAAMTHK, 6AECTAIUIT MOAOAOI MaTe-
Mmaruk u3 KemOpupsxa Aaan Toropunr. TolOpHHT cYMTAACS MU-
POBBIM aBTOPUTETOM B OOAACTH BHIYUCAMTEABHOMN TeXHUKH, KO-
TOpast B TO BpeMs eIé mpeObiBaAd B 3aPOABIIIEBOM COCTOSHUH,
U UHTEepPeCOBAACS BCEMHU HOBBIMHU M PEBOAIOIIMOHHBIMH paspa-
6oTKaMu.

Pacumcbpom(a KoAa YCcOBepLIeHCTBOBAHHbIX
MaWnH «DHUrMa» oKasanacb TONYKOM ANA He-
CKOJIbKNX FMraHTCKMX Waros B pa3Butun Bbl-
YnCcANTENbHOMN TEXHUKN.

Cl'[eI_II/IaAI/ICTbI, CO6paHHbIe B BAeT‘lAI/I—HapK, COCpeAOTOYH-
AVICh HAa KOPOTKHX (l)paI‘MEHTaX SaHJPI(]?pOBaHHOFO TEKCTa, KOTOpble,
KaK OHH IIOAO3PE€BAAH, COOTBETCTBOBAAU CErMEHTAaM HCXOAHOIO
TEKCTa. HanpnMep, 6AaI‘OAaPH AHTAUNCKUM pa3BeAdrKaM, KOTOpbIe
pa6OTaAI/I Ha (l)pOHTaX, OHHU 3HAAH, YTO IIPUMEPHO B IIECTH YaCOB
Beyepa KaXXABI A€Hb HeMIIbl UMEeIOT IIPUBBIYKY IIepeAaBaTh KOAU-
PpOBaHHbIE COO6IH€HI/I}I O MEeTEOPOAOTUYECKHUX YCAOBUAX B Pa3ANY-
HBIX M€CTaX BAOAb AMHUHU (l)pOHTa. HOC—)TOMY HNMEAUCh OCHOBAHHA
CYMTaATh, 4YTO coo6meHne, [IepexBaYeHHOe BCKOpe II0CAe 3TOrOo
BpeMeHHU, COACPXKUT SaIJ.[I/I(l)pOBaHHYIO BEpCHIO TAaKHUX HMCXOAHBIX
CAOB, KaK «<IIOTOAQ>»> H <AOXADb>>.
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

AnaH MamucoH TetopuHe

ThrOpUHT H300PEA IAEKTPUIECKYIO CUCTEMY, KOTOPAsI [IO3BOASI-
A2 BOCIIPOU3BOAUTD KXKAYIO U3 1054650 BO3MOXKHBIX KOMOMHAITHI
B3aMMHOTO PACIIOAOXKEHUS TPEX POTOPOB MeHee, 4eM 3a ILSITh YaCOB.
B aTy cucreMy BBOAMAM 3amm@pOBaHHBIE CAOBA, KOTOPBIE, CYAS
I10 AAMIHE 3HAKOB U APYTHM IIOACKA3KaM, MOXKHO OBIAO IIOAO3pEBATh
B COOTBETCTBUY HEKOTOPHIM $pparMeHTaM HCXOAHOTO TeKCTa — Ta-
KHM, KaK YIIOMSIHYThI€ BBIIIIE «IIOTOAQ>» H «AOXKAD>».

ITpeATIOAOXKHM, CIIEILIMAANCTHI 3aALIOAO3PUAH, YTO OOHAPYKEH-
Hb1# B mu¢poske TekcT FRTGY — aTo 3ammudposanHas Bepcus
croBa Regen («Aoxab»). [ludp BBOAMAM B MAUIMHY, U €CAM
HAXOAMAACh KOMOMHAIMS POTOPOB, KOTOPasi B Pe3yAbTaTe AABaAd
CAOBO regen, TO KPUITOAHAAMTHKU IOHMMAAM, YTO HAIIAU KOABI,
KOTOpble COOTBETCTBYIOT 3aAAQHHOH KOHQUIYpaLUM POTOPOB.
3areM omepaTop BBOAHA 3aIIN(PPOBAHHBIN TEKCT B PEAABHYIO Ma-
IIUHY «DHUTMa» C POTOPAMH, YCTAHOBAEHHBIMU B COOTBETCTBHHU
c kopoM. Ecan MammHa AeMOHCTPHUPOBaAa, HAIIpUMep, paciudpo-
BAHHBII GParMeHT B BUAE CAOBA neger, ObIAO SICHO, YTO YaCTh KOAQ,
OTHOCSILIETOCS] K IIOAOXKEHHUIO KabeAell KOMMYTal[IOHHOM [TAHEAH,
BKAIOYaeT nepectaHoBky OykB R u N. Taxum o6pa3om, crierjpasu-
CTBI TOAYYAAHU BECh KOA.

CexpeTbl «OHUTMbI>» IIOCTEIIEHHO PACKPBIBAAUCE.

B nporecce pa3pabOTKH 1 OTTAYMBAHIS yKA3aHHBIX BBILIE aHA-
AUTMYECKUX MeXaHM3MOB KOMaHAA u3 Baeruam-ITapx mocrpomaa
IIepBbIl B UICTOPUU HUPPOBOI IPOrpaMMHUPYEMBbIit KOMITBIOTEP, KO-
Topbiit HasBaAu «Koaoce>.
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LUndpbl apyrux cTpau

SInonns paspaboTasa ABe CBOM COOCTBEHHbIE CUCTEMBI KOAH-
posanust, u3BecTHble Kak Purple u JN-25. ITepsas ncroaszoBasacno
AASL AMTIAOMaTHYEeCKOM CBSI3H, 2 BTOPas — AAsI OTIPaBKU BOEHHBIX
coobmenuil. B ofenx cucreMax HMCIIOAB30BAAKMCh MeXaHHYECKIe
npucnocobaenns. Hanpumep, JN-25 BKAIOUAA aATOPHUTM IIOACTA-
HOBKH, KOTODBIil TIePEeBOAMA 3HAKH SITOHCKOTO si3bika (a0 30000
3HAKOB) B PsIA YHCeA B COOTBETCTBUM C COCTABACHHDBIMU HAyTaA Ta-
OAMIIAMM U3 TPYIIII 10 IIITh YHCEA.

HecMoTpss Ha mpeAnpuHATbIE SIOHIAMH IIPEAOCTOPOXKHO-
CTH, OpUTAHIIbI 1 aMepPHKAHIbI B3AOMaAn U kop Purple, u ko JN-
2S. Pa3BepAaHHBIE, IOAYYeHHbIE 6AATOAAPS [IEPeXBATy MHPPOBOK
Ha Purple u JN-25, umean xopoBoe Hassanue Magic («Marnsa»)
U CYIeCTBEHHO IOBAMSAM Ha MCXOA Ba)KHEHIIHX CTOAKHOBEHHI
BO BpeMs1 60eBbIX AeficTBHIL B THXOM OKeaHe, B YaCTHOCTH, CpasKe-
uue B KopasroBoM Mope u cpaskenue y aroasa Muaysii, KoTopbie
Impou3ouAn B 1942 roay.

PasBeppannbIe Magic MCIOAB30BAAMICh M AASL TIAQHMPOBAHIS
cTparernyeckux Muccuit. K mpumepy, AAsl opraHusanuy nepexsaTa
U YHUYTOXeHHus B arpeae 1943 ropa caMoA€Ta, Ha KOTOPOM A€TeA
FAQBHOKOMAaHAyIoIuii simonckuMu BM® apmupaa SImamoro.

«Kosiocc», npeduwiecmeeHHUK COBPeMeHH020 KOMNblomepd,
€030aHHbIt cneyuanucmamu uz bremunu-flapk
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

3aKOAMPOBaHHbIe pasrosopbl UHAeliLeB-HaBaXo

B To Bpems xax CIIIA ycrenmHo BOCIOAb30BaAMCh HHPOPMA-
IjieH, IepexBayeHHON y IPOTHUBHUKA Ha THXOOKeaHCKOM Tearpe
BOEHHBIX AGHMCTBHH, CaMM aMepHKAHCKHe BOEHHOCAYXKallue IC-
[IOAB30BAAU HECKOABKO BeCbMa HEOOBIUHBIX «KOAOB>» AAS ITEPeAa-
49U cooOIeHnit. AATOPUTMBI IIIPPOBKK PabOTAAH C PEAABHO CY-
I[eCTBYIOIMMH CAOBaMHU. DTH KOAbI — YOKTO, KOMAHYH, MECKYaKU
U, HauboAee YaCcTO, HABAXO — He OBIAM A€TAABHO IIPEACTABAEHBI
B CAOXKHBIX PYKOBOACTBAX, OHH BOOOIIje He OBIAU Pe3YABTATOM Pas-
PabOTKM OTAeAd KPHIITOIPadoB — ITO MPOCTO OBIAU S3BIKU CeBe-
PpOaMepUKaHCKUX HHACHCKUX MAEMEH.

Apwmusa CIIIA HazHavaAa papMCTaMU AIOACH U3 3THX IAEMEH,
OTIPaBASAA MX B Pa3sAMYHbIEe TOAPA3AEACHHUS Ha QpOHTe U IIPUKa-
3bIBaAQ IIEPEAABATh COOOMIEHNS Ha MX POAHBIX SI3BIKAX, KOTOPBIX
He 3HAAU He TOABKO SIIOHIIBI, HO U BCE OCTAAbHBIE COAAATHI aMepH-
KAaHCKUX BOMCK.

PapMCTBI HCIIOAB30BAAM HEM3BECTHOCTD SI3bIKA 33 IPeACAAMH
CBOMX J3THHUYECKUX TPYII, AOIIOAHHUTEABHO 3aMeHsS 3HAYMMBbIe
CAOBA Ha OCHOBe OQUIIMAABHO HAH HEOPUIIHAABHO pPa3paboTaHHO-
IO KOAQ. OTH HHAEHIIBI, «BeAylllre 3aKOAUPOBaHHbIE Pa3rOBOPLI>,
CAY)XMAM B aMEPHKAHCKHX IIOAPA3ACAEHUSAX BIAOTb AO BOMHBI
B Kopee.
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WNOP XUINA

i po1, 0 KOTOPHIX MBI PACCKA3BIBAAU AO 3TOTO
MOMEHTa — TA€ OAMH 3HAK KaKMM-TO IIPEABAPHTEAD-
HO YCTaHOBAEHHBIM O0pa3oM 3aMeHsSeTCs Ha APY-

OBITh B3AOMAHbI KPUIITOAHAAUTHUKAMH.
B 1929 . A HemHoeo
TOAY AMEPUKAHCKUHA MaTeMaTuk AeCTep  oquneimol
XuAA H300pEA, 3aIIATEHTOBAA M BBICTABHA HA IIPO- aneebpel
paxy (mpaBpa, GesycremHo) HOBYIO MHQPOBAABHYIO
CHCTEMY, B KOTOPO MCIIOAb30BaAACh MOAYAbHAsl apudMeTHKa CO-
BMECTHO C AMHEHHO aATeOpOii.

Kax Mb1 y6eArMcs HiDKe, OUeHb [TOA€3HBIM HHCTPYMEHTOM AAS
MUQPPOBAHNUS MTOCAAHHS MOXET ObITb MATPHIIA, HCIIOAB3YIOIAs
cocTaBAeHHe IMap OyKB M3 TEKCTa M ACCOLHMALIMIO KAKAOH OYKBBI
C OTIPEAEACHHBIM YHCAOBBIM 3HAYEHUEM.

AAst 3amGPOBKY TOCAAHHS UCIIOAB3YEM MaTPHIY:

a b

A= ,
c d
C OrpaHMYeHHUeM, YTO ee ONpepeAnTeseM (A AeTEPMUHAHTOM) 6y-
Aer 1, To ects ad — be = 1. Aast paciuppOBKY ITOCAAHUS UCIIOAD-
3yeTcsi oOpaTHasi MaTpHIIa:

(b

_c a .

OrpannyeHre 3HAYEHUS ACTePMHHAHTA YCTAHABAMBAETCS Ta-
KUM 00pa3oM, 4To6bI 0OpaTHast MaTpuLa GYHKIHOHUPOBAAA B Ka-
4ecTBe MHCTPyMeHTa AAst pacinpoBki. Kak mpasrao, aast aada-
BUTa U3 N 6yKB Heobx0oAnmo, 4To6s1 HOA (AeTepmunant A, n) = 1.

EcAM HCTHHHO IPOTHBOIIOAOXKHOE, TO CYIIIeCTBOBAHIE 00PaTHO-
IO YKCAQ B MOAYABHO! apUdMeTHKe He MOXKET ObITh TApAaHTHPOBAHO.

Ipopoaxast aTOT mpuMep, Mbl OepeM aadaBur u3 26 6yks
C «Ipo6eAOM>, AASL 0OO3HAYEHUS] KOTOPOTO B AQHHOM IIpUMeEpe
HCIIOAB3yeM CHMBOA @. MBI IPHUIMCBIBAEM KXKAOM GYKBe YHCAO-
BOe 3HaueHMe, KAK II0KA3aHO B CAEAYIOIel TabAuIe:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

A|B|C|D|E|F|G|H|I|J|KILIM|N|O|P|Q|R|S|T|U|V|WX|Y|Z| @
0 1]2(3[4[5(6]7|8]9(10{11(12{13|14{15{16{17|18|19|20|21|22|23|24|25|26

Yro6bI moAyuMTD 3HAUeHMS MexAy O 1 26, MbI 6yaeM paboTaTh
IO MOAYAIO 27.
ITponecc mudpoBanus ¥ pacUPPOBKU TEKCTA CACAYIOIIHIL.

Brauaae MbI ompepesseM IHGPOBAABHYIO MATPHIY A C AeTepMH-
HaHTOM 1.

1 3
Hanpumep, A= 2 7|

AemppoBodHOI MaTpHIe GyaeT 06paTHASI MATPHUILA

17-3
A=_21.

Taxum o6pasom, A 6yaeT karouoM K mudpy, a A~ — xarouom
K pacIudpoBKe.

AAs mpuMepa HIDKe MBI IIOKa)XeM, KaK 3alu(ppoBaTh HOCAAHHE
«BOY>». Byksbl nocaanus rpymnupyorcs mapamu: BO Y@. Hx
HCAOBbIE 9KBHBAACHTHI B COOTBETCTBUM C TAOAMIIEH — 3TO Iaphl
gucea (1, 14) u (24, 26).

3aTeM MBI YMHOXKaeM MaTpHUITy A Ha KOXXAYIO U3 IIap YHCEA.

Inpposanne «BO>:

o 2] o )
BO = = = (mod 27),
2 7)114 100 19

4TO, B COOTBETCTBUH C Tabauteit, coorserctsyer 6yksam (Q, T).

IIMndposanne «Y@>:

(1 3\ (24) _ 102 _ 21
Y@= (2 7] (27] = [230]—[14)(m0d27),
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naBa 4. lludppoBanbHble MaLIMHbI

yTo coorsetcTByet byksam (V, O).
ITocaanne «BOY>» mudpyerca xak «QTVO».

AAst paci$pOBKU OCYIeCTBASIETCS 0OpaTHAS OLEPALIHS C HC-
ITOAB30BAHHEM MaTPHUITbL:

7 =3
-2 1

Al=

Me1 6epem napy 6yxs (Q, T) 1 Hiem MX YNCAOBbIE SKBUBAACH-
b1 B Tabane (16, 19). 3atem ymuoxkaem nx Ha A~! 1 noaydaewm:

7 =3)(l6 55 1
-2 1 19 -13

(mod 27),

yTo cooTsercTByet bykBam (B, O).
To ke camoe pon3BoAMM co Bropoii mapoit (V, O) 1 ux 4ucao-
BbIMH 3HaueHusME (21, 14), u moAydaem:

7 =3)(21 105
-2 1 14 -28

(mod 27),

uto coorserctsyer 6yksam (Y, @).

Mg AOKa3aAH, YTO KAIOY pacinpoBKU paboTaerT.

AAst 3TOTO TIpHMepa Mbl PAaCCMaTPHBAAM IIaPhI 3 ABYX CHMBO-
AoB. ITporecc mudposanus O6yaeT 6oree HAAEKHDBIM, €CAH CTPYII-
nupyeM OYKBBI II0 TPU AU AQKe IT0 YeTbIpe. B Takux caydasix pacué-
ThbI OYAYT A€AQTBCS C MATPHIIAMHU 3 X 3 1 4 X 4 COOTBETCTBEHHO. DTO
BecbMa TPYAOEMKO, eCAH pacy€TaMH 3aHUMAThCs Bpy4dHyto. OpHaKO
COoBpeMeHHbIe KOMIIBIOTePhI CIIOCOOHBI pabOTaTh C OOABIINME Ma-
TPHUI}AMH M COOTBETCTBYIOIMMHI UM OOPATHHIMU MATPHUIIAMIL

Y mmdpa Xuara nmeercs caaboe MeCTO: €CAM Y HOAyHATeAs
€CTb MAaAeHbKHI QpparMeHT HCXOAHOTO TEKCTa, MOXKHO pacmudpo-
BaTh U BCE MocAaHue. Tak 9To mouck uaeasbHOTo mudpa eme pase-
KO He 3aKOHYEH.

113



KPUNTOINPAOUYECKUE MPOTOKOJIbI

3apaua Iepepaun CEKPETHOIO COOOIIEHIUS MEXAY ABYMSI ITOAD-
30BaTeAsIMH — TAABHAsl, HO He eAMHCTBEHHAs 3apaya KpHUIITOrpa-
¢un. CymecTByeT emé psip BXHBIX 3344, OAUSKUX II0 T€XHOAO-
ruasmM ux pemenus. CoraacoBaHHbIe AEHCTBHA IIOAb30BaTeAeH,
IPHBOASIIIHE K PelleHHIO IIOAOOHO 3aAa4H, Ha3bIBAIOTCS KPUIITO-
rpadudgeckum nporoxkosoM. IIpuBeaéM 3pech HECKOABKO IIPHMEPOB
MOAOOHBIX 32434

ITpoToxoA pacnpeaeseHNs KAIOUEH CTaBUT CBOEH 1]eAbl0 TeHepa-
LTMIO OOIIIEro CAYYaHOTO KAIOYA MEKAY ABYMSI IIOAB30BATEASIMH C YC-
AOBHEM TOT'O, YTOOBI OH OBIA M3BECTEH TOABKO MM H HUKOMY APYTOMY.
Haanarie mop06HOTO KAIOYA HY>KHOI AAUHBI IIPAKTHIECKU O3HAYaeT
BO3MOXXHOCTDb FApaHTUPOBAHHO CeKPEeTHOMH IepeAav AAHHbIX.

Takum oGpasoM, 3apgavy reHepauvum kKinio4va
MOXHO CUMTaTb 3KBMBaJIeHTHON 3agave nepe-
AaYN CeKpeTHoro C006I.I.|el'llllﬂ.

IIpoTOKOA MOANMCAHMS KOHTPAKTa penlaeT 3aAaqy, BO3HUKAIO-
IIYIO TIPU IIOATIMCAHHMH COTAQIIEHHI YAAASHHBIMU A00HEHTaMH: ABA
HE AOBEPSAIONIUX APYT APYTY YEAOBEKA ITPH MOANIMCAaHNH KOHTPAKTa
He XOTSIT AOITYCTUTD CHTYALIUIO, IIPU KOTOPOI OAUH 13 A00HEHTOB
MTOAYYHA IIOATIUCH APYTOTO, 3 CaM HE MOAITMCAACS.

ITporokoa ayTeHTHUKALUY PabOTAET CO CACAYIOIIIETT 3aAadeil:
IIPH B3aMMOAEICTBUM ABYX YEAOBEK Y KaXKAOTO M3 HMX MOTYT BO3-
HUKHYTb OIIACEHMU], YTO HX CODECEAHHUK He TOT, 32 KOTO Ce0si BBIAA-
ér. 3apaua ayTeHTUHKAIIMH COCTOUT B TOM, YTOOBI yOeAUTD cobe-
CeAHHKA B COOCTBEHHOM AMYHOCTH.

Hanboaee pacnpocTpaHéHHON KpUNTOrpaduIecKoil 3apadeit
SIBASIETCSI TIepechIAKa CeKPeTHBIX AAHHBIX. ITpu aToM 3apaua mepe-
AQroljeil CTOPOHBI COCTOUT B IePeChIAKe COOOIIEHNs IPHHIMAIO-
mei CTOpPOHe TakuM 06pa3oM, YTo6bI IIHOH (IIpeATpUHAMAIOIINIA
OTIPEeACASHHBIN HA6ODP OTBEASHHDIX eMy AeHCTBHIl) He MOT TOAY-
9UTh AOCTATOYHO MHPOPMALIMH 00 HCXOAHOM TEKCTe COODIIeHHs.
B xa)xAOM KOHKPETHOM CAy4ae MOTYT AOITYCKAThCsI pa3Hble HaOOpPbI
AEMCTBUM HIITMOHA, TaK KaK BO3MOXXHOCTH ITPEAITOAATaeMbIX IIepe-
XBATUMKOM PA3AMYHBI: 9TO MOT'YT OBITh M XYAHTQHbI, I MOIIIHbIE LO-
CYAAQPCTBEHHbIE CTPYKTYPBL
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MABA 5.
OBLLEHUE NMPY MOMOLL
HONEW U EQUHULY

«Mpt nouumaem écex Hyrsmu, a eOUHUYAMU —
cebs>.

A. C. ITywxun «Eeszenuii Oneaun>
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ABOWYHbIA BUHAPHbIN KOJ,

Yro6s! KOMIBIOTEP HOHSIA M 00paboTaa MHPOPMALMIO, OHA
AOAXKHA OBITH IIepeBeAeHa C SI3bIKA, HA KOTOPOM 3aIIMCaHa, HA TaK
HAa3bIBaeMblil OMHAPHBIH, HAU ABOUYHBIMH, SI3bIK. DTOT SI3BIK COCTOUT
Bcero us AByx nu¢p: Ou 1.

Hzobperenne xoMmnproTepa «KoAocc» 1 B3AOM KOAQ MALIVHbI
«DHHUrMa>» IPUBEAN K CaMOIl MacIITAOHOM KOMMYHHKAIIMOHHOM
PEBOAIOLINY B UCTOPHU YEAOBEYECTBA.

OTOT TMraHTCKUI WIAr BIEPEA B OTPOMHOM CTelleHH OIHPAACS
HA PasBUTHE CHCTEMbl IMMQPOBAHIS, [O3BOAHBILEI OCYIIECTBASITD
HapA@XKHYI0, 9P PeKTHBHYIO I OBICTPYIO CBS3b BHYTPH CETH, KOTOPOI
YIIPaBASIIOT ABA2 OCHOBHbIX OIIEPATOpa: KOMIIBIOTEPDI M HX IOAB30-
Barean. KcraTn, HeAb3st He 3aMeTHTD, UTO, HCIIOAB3YSI CAOBO «be30-
[IACHOCTb>, MBI MME€eM B BHAY CETOAHSI He TOABKO KPUIITOrpadpuio
u cekpeTHOCTb. CAOBO 3TO Teleph UMeeT OOAee MHPOKOe 3HAYEHNUE,
KOTOPO€ OXBAaThIBAET eIl U MOHATHS HAASKHOCTH U 9P PEKTUBHOCTH.

OCHOBY TEXHOAOTHYECKON PEBOAIOLIMU COCTABASIET ABOMYHAS
(6unapHas) cucrema. ITOT CyNepIPOCTOit KOp GOPMHUpPYETCs ABY-
MsI 3HAKAMH, HOAEM U €AVHUIIeH, U MCIIOAb3YeTCS B BBIYUCAUTEAD-
HOJ TeXHHKe H3-32 CBOEH CIIOCOOHOCTH IPEACTABASITH B3AUMOAEH-
CTBUE 9AEKTPOHHBIX LjeTieii B KOMIIbIOTepe (<«ecTb CUTHAA B LJeTH »
COOTBETCTBYeT 1, a «HeT CUTHaAa B LjeMH» COOTBeTcTByer 0).

baiiTbl n TepabainTbl

BO3MOXHOCTU MamMATU 1 06bEMA COXPaHAEMbIX B KOMMblOTEPE AaHHbIX N3MepsA-
10TCA MHOXeCTBaMu 6ainToB:

Kuno6awr (kB): 1024 6anTa
Merab6ant (MB): 1048576 6aiiToB
Tvra6awnT (GB): 1073741824 6anta
Tepabait (TB): 1099511627776 6antos

Kaxapti1 O 1 kaxaast 1 Ha3bIBAIOTCS «OUT> [TEPMUH MPOU3OMIEA
OT QHTAMIICKOTO CAOBOCOYeTaHus «binary digit> (ABomaHOe ancao)].
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KoA ASCIl

OAHUM 13 MHOTOYHCACHHBIX IPUMEHEHHH ABOMYHOMN CHCTEMBI
sABAsieTCs criejuduyecKkas TPyIa 3HAKOB, AAMHA KAXKAOTO U3 KOTO-
PBIX COCTaBASIET BOCEMb OHT, — M3BECTHAs [I0A TEPMUHOM «0aiT>.

O1u aadpaBUTHO-IIUPPOBBIE 3HAKU IIPEACTABASIIOT cOHOIt 6a30-
Bble CMBOABI, KOTOpbIe HCIIOAB3YIOTCS IIPH COBPEMEHHOM CBS3H.
Onu HaspiBaroTcs «Kop ASCII» (amra.: American Standard Code
for Information Interchange — amepHKaHCKuIT CTAHAAPTHBIE KOA
AAs obMeHa nHPopManuert). 3 BOCHMU HOAH U eAMHHI] MOXHO
cocTaBuTh 28 = 256 pa3sANYHBIX UPPOBBIX IPYIIIL

Koa ASCII mo3BoAsieT ITOAB30BATEASIM BBOAMTDH TEKCT B KOM-
nbiorep. Koraa MsI mevaTaeM 6ykBeHHO-IHUGPOBOI 3HAK, KOMIIBIO-
Tep IpeBpalllaeT ero B 6aiT — IenouKy u3 BocbMu O6uros. K mpu-
Mepy, eCAu BBl HabepéTe Ha KaaBHaType OGyKBy A, TO KOMIIBIOTEp
IIpeBpaTUT e€ B ABondHoe yrcao 01000001.

Asomunsie sHavenmst B ASCII aatoTcst Bcem 06b1MHO yrioTpe6-
AsIeMBIM 3HaKaM: 26 3arAaBHBIM OYKBaM aHTAMEICKOTO aAdaBuTa, 26
crpouHbiM OykBaM, 10 nudpam, 7 3HaKAM ITYHKTYALUU M HECKOAD-
KHM OCOOBIM 3HAKaM. AASI KXKAOTO ABOMYHOTO KOAQ 3HAKA AQETCS
COOTBETCTBYIOIIee AECATHIHOE YHUCAO:

Ecau BbI Habupaere, k npumepy, «GOTO 2>, dppasy Ha si3bike
nporpammuposanust BASIC, To koMnbioTep nepeBeAET 3HaKU B CO-
OTBETCTBYIONIYIO ABOMYHYIO IOCAEAOBAT@AbHOCTb:

B pesyabTaTe KOMIIbIOTEp BBIAACT CACAYIOIIYIO TIOCAEAOBATEAD-
HOCTb LIu$p:

CumBonbl G (0} T (0} Mpo6en 2
MNepeBop Ha

KomnbtoTep-| 01000111 01001111|01010100 01001111 00100000 | 00110011
HbIl A3bIK

010001110100111101010100010011110010000000110011
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

AMepUKaHCKNI CTaHAaPTHbIN Ko AnA o6MeHa nHdopmaumen
(Hanbonee yacTo ncnonb3lyemblie CUMBOJIbI)

Cum- | 1BONYH. Eﬁgﬁ Cum- | [1BOUYH. Eﬁf@ Cum- | [1BOMYH. Eﬁgﬂ'

e e ancno | BON o ancno | B0 . umncno
%Fg- 00100000 | 32 @ | 01000000 | 64 ! 01100000 96
! 00100001 33 A 01000001 65 a 01100001 97
" /00100010| 34 B 01000010 | 66 b 01100010 98
# [00100011| 35 C 01000011 67 C 01100011 29
$ |00100100| 36 D 01000100 68 d 01100100 100
% | 00100101 37 E 01000101 69 e 01100101 101
& |00100110| 38 F 01000110 70 f 01100110 102
! 00100111| 39 G 01000111 71 g 01100111 103
( 100101000| 40 H 01001000 72 h 01101000 | 104
) 00101001 | 41 | 01001001 73 i 01101001 105
* 100101010 42 J 01001010 74 j 01101010 106
+ 00101011 | 43 K 01001011 75 k 01101011 107
, 00101100| 44 L 01001100 | 76 | 01101100 | 108
= 00101101 45 M 01001101 77 m 01101101 109
. 00101110| 46 N 01001110 78 n 01101110 110
/ |00101111| 47 (0] 01001111 79 o 01101111 111
. 00110000 48 P 01010000 80 p 01110000 112
0 |[00110001| 49 Q | 01010001 81 q 01110001 113
1 00110010| 50 R 01010010 82 r 01110010 114
2 00110011 51 S 01010011 83 s 01110011 115
3 |00110100| 52 T 01010100 84 t 01110100 116
4 100110101 53 U 01010101 85 u 01110101 117
5 [00110110| 54 Vv 01010110 86 \Y 01110110 118
6 00110111 55 w 01010111 87 w 01110111 119
7 100111000, 56 X 01011000 88 X 01111000 120
8 | 00111001 57 Y 01011001 89 y 01111001 121
9 |00111010| 58 YA 01011010 90 z 01111010 122
00111011 59 [ 01011011 91 { 01111011 123

; 00111100| 60 \ 01011100 92 | 01111100 124
< 00111101 61 1 01011101 93 } 01111101 125
> 00111110 62 A 01011110 94 ~ 01111110 126
?7 100111111 63 _ 01011111 95 DEL | 01111111 127
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WECTHAAUATEPUYHAA CUCTEMA

B BBIMMCANTEABHON TeXHMKe UCIIOAB3YeTCS eIé OAUH AOCTOMH-
HbIIl BHUMAHHS KOA — IIECTHAAIIATEPUYHAS CUCTeMA. JTa CHCTeMa
CUYHCAEHHS OIEPUPYeT C IIECTHAAIIATBIO YHUKAABHBIMM YHCAAMH
(oTcroaa u HasBaHMe), B OTAWMHE OT OGBIYHOM, TAE UCIIOABYETCS
AecaTb mudp. IlecTHapnaTepHYHAS CHCTeMa — BTOPOM KOMIIBIO-
TEPHBIH A3BIK II0CAE ABOUYHOTO.

B uéM eé npumedaTeAbBHOCTD?

Bcromumy, 4TO 6a30Bast eAMHMUIIA B pabOTe KOMITBIOTEPA, OaiiT,
COCTOMT U3 BOCbMH OUTOB, YTO AQeT BIIAOTH AO 28 = 256 pasAHYHBIX
xoM6buHanumit O u 1.

28=24x2%=16x% 16.

ApyruMu caoBaMH, OAHOMY 6aiTy paBHa KOMOHMHAIIMS ABYX
IIeCTHAAIIATEPUYHBIX ITP.

IMMectHapaTh LUPP IECTHAALATEPUYHON CHCTEMBI — 3TO
tpapunuonnste 0, 1,2, 3,4, 5, 6, 7, 8, 9 u emé mecTs, ycTaHOBAEH-
Hble 10 coraamenuio A, B, C, D, E F.

Yro0B!I CYUTATh B IIECTHAALATEPUYHON CHCTEME, MBI ACAAEM
CAeAyIOIIIVe 3aMeHBI:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

010p7015:0,1,2,3,4,5,6,7,8,9,A,B,C,D,EF
0116 8031:10,11,12,13,14,15,16,17,18,19, 1A, 1B, 1C, 1D, 1E, 1F
Ot 32 un panee: 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 2A, 2B, 2C...

B mMmenax cAy>xeOHbIX $pariAOB, aBTOMATUYECKH TeHEPUPYEMBIX
OTIepallMOHHOM CHUCTEMOMN COBPEMEHHOIO KOMITbIOTEPa, HCIIOAb3Y-
eTCsl IeCTHAALlATepUYHAs CHCTeMa.

lecTHapnaTepuynbie IMPPHl He Pa3AMYAIOT MPOIMCHBIE
u crpounsie 6yksbl (1E osHadaer T xe camoe, uTo u le). B mpu-
BOAMMON HIDKe TabAHMIje ITOKA3aHBI IepBble 16 ABOMYHBIX UHCeA
U UX IeCTHAAIIATePHIHbIe SKBHBAACHTDI:

I'IepeBon ABOUNYHbIX Yncen B WecCcTHaguaTepunyHblie

[lBonyHbIEe LllectHaguaTepuyHble

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

MmO N | >0 |00 NV WN—= O

YT06bI HIEpEHTH OT ABOUYHOTO KOAQ K LIECTHAALIATEPUIHOMY,
MBI IPYIIIApYeM OHTbI B YeThIPe IPYIIIIb IT0 YeThIPE CIIPaBa U 3aBep-
IIIaeM ITepeBOA B COOTBETCTBHH C IIpeAbIAyIIeit TabAumeit. Ecan ko-
AMYECTBO ABOMYHBIX YHCEA He SBASETCS MHOXXECTBOM M3 YeTBIPEX,
MBI 3a110AHsIeM pasHuIfy 0 caeBa. UTo6bI epefiTH OT MeCTHAALATE-
PHUYHOTO KOAA K ABOMYHOMY, MBI IIpeBpaljaeM KaXAoe IecTHAALA-
TepHYHOE YHCAO B IO ABOMYHBIN 3KBUBAAEHT, KaK B IPHBOAUMOM
HIDKE IpuMepe.
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[naBa 5. 06weHue npu nomoLLn HoNeil U efuHuL

9F2 , — aTo $popmasbHOE 0HO3HAYEHHE MeCTHAAIIATEPUIHO-
ro yncaa (BHPakaeMoro MOACTPOYHBIM HHAeKCOM 16). Becriomuure,
4TO COOTBETCTBYIOIee ABOMYHOE YHCAO — 3TO:

9 F 2
1001 1111 0010

Taxum o6pasom 9F2 = 100111110010, (o6parure BHuMa-
HHe, 4TO IOACTPOYHbIN HHAEKC 2 YKa3bIBaeT Ha TO, YTO YHUCAO BBIPa-
JKEHO B ABOMYHOM CHCTeMe).

AaBaiite mpoBeaéM obparusiil nporecc: B 11101001102 ae-
carp mudp. [loaTomy MBI 3aBepiIaeM YHCAO ABYMsS HOASIMU CA€Ba,
4TO06BI 05140 12 1HdP, KOTOPBIE MBI MOXKEM CTPYIIIHPOBATH IIO de-
THIpe.

Mze1 npeobpasoBbiBaeM:

1110100110,=0011 1010 0110, = 3A6,,.

Kakne B3aHMOOTHOIIEHHUsS] CYLIECTBYIOT MEXAY LIECTHAA-
naTepuuHbiMU 3HakaMu B kopamu ASCII? Kaxaprit xop ASCII
BKAIOYAeT BoceMb 6uToB (OpAMH 6ailT) UHPOPMAIMH, MOITOMY
natb ASCII 3HakoB BKAro4aoT 40 6uTOB (MATH 6aitTOB), U, MO-
CKOABKY IIeCTHAALJATEPUYHbIN 3HAK BKAIOYAeT YeThlpe OUTa, MbI
AeAaeM BbIBOA, uTO msATh ASCII sHakoB — aTo 10 mecrHaaliare-
PpHUYHBIX 3HAKOB.

AaBafiTe paccMOTPUM IpUMep C KOAUPOBaHUEeM $pasbl LIECT-
HapllaTepudHBIM KopoM. K mpumepy, mompobyem mpoaeaars aTo
¢ HazBauueM kommanuu «NotRealCo Ltd>», mocaepoBaTeAbHO BbI-
TIOAHSISE CAEAYIOIIHe [IArH:

1. TlepeBoaum «NotRealCo Ltd» B ABOHMUHYIO Bepcuio
no craapapty ASCIL

2. Tpynmupyem nupsl o deTsipe (€CAM AAMHA ABOMYHOTO
PsiAa He KPaTHA YeTbIPEM, TO AODaBASIEM CAEBa HOAH).

3. lsmenseM KOp C TIOMOIIBIO TabAHIbI IIpeoOpasoBaHMsS
ABOMYHBIX U IIECTHAALIATEPHUYHBIX YHCEA.

PesyabTar paboTsI IpeACTABAEH B TabAHIIe:
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PRO kpuntorpaduio ((umBON — MaluMHa — KBaHT)

CoobueHne N o t R e a |
SKBMBANEHT | 1001110 | g1101111 | 01110100 | 01710010 | 01100101 | 01100001 | 01101100
B ASCII
MNepesop
B 16-UHbIli KO 4E 6F 74 72 65 61 6C
CoobueHne
(npoponxeHue) c o L t d
SKBUBANCHT | 1100011 | 01701111 | 00100000 | 01001011 | 01110100 | 01100100
B ASCII

MNepesop B
16-uHbIli KOA 63 6F 20 4B 74 64

TaxoMm obpaszom, Ha3Banue kommannu «NotRealCo Ltd>, 3a-
muQpPOBAHHOE B IECTHAALIATEPUYHON CHCTeMe, BBITASIAUT CAEAYIO-
UM 00pa3oM:

4E 6F 74 72 65 61 6C 63 6F 20 4B 74 64
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CUCTEMbI CHUCJIEHUA N 3AMEHA OCHOBAHUA

ToBoOpAT, 4TO CHCTeMa CYMCAEHHS M3 Nl YHCEA TaloKe UMeeT OC-
HoBaHMe n. Ha yeroBeuecKuX pyKax AecsATb IIAAbIIeB, H OYeHb Bepo-
ATHO, YTO MUMEHHO MO3TOMY ObIAQ M300peTeHa AeCSTUYHAS CHCTe-
Ma: CYUTAAM IIPH IIOMOIIY ITAABIIEB.

Aecaruynoe uncAo Tuma 7392 TpeacTaBAsSeT KOAMYECTBO,
paBHOe 7 ThICSIYaM, 3 COTHAM, 9 AecATKaM U 2 eAMHHUIaM. Thicsadu,
COTHH, A€CATKH, EAMHULBl — 3TO NOPSAKH (CTeNeHH) OCHOBaHHS
CHCTeMBI CUHMCAeHHS, B AaHHOM cAydae 10. IToaTomy umcao 7392
MOXeT OBITh BBIPXKEHO eIljé U CAEAYIOIIIM 0OpasoM:

7392 =7-103+ 3-10% + 9-10" + 2-10°.

OaHako IMPUHATO MMCATh TOABKO KO3(QUITHMEHTDI IIPH CTerle-
wax (7,3,9u2).

Kpome pecsTudHOM CHCTeMBbI CyIecCTByeT MHOTO APYTHX CH-
cTeM cumcAeHHs (Ha CAMOM AeAe UX 0fljee KOAUYeCTBO OMPOCTY
6eckoHeYHO). B aToil KHHTe MBI yAeAsleM 0CO60e BHUMaHHE ABYM
cHCTeMaM: ABOMYHO! (OCHOBaHHO! Ha 4MCAe 2) U IIeCTHAALATe-
puuHoit (ocHOBaHHOM Ha umucae 16). B ABomuHOi1 cucTeme cumc-
A€HUSL Y K09 UIIMEHTOB MOT'YT OBITh TOABKO ABa 3HadeHws: 0 u 1.
IIudpsr ABOMYHBIX YHCeA — 3TO KOIQHUIMEHTHI IPH CTeNeHsX
no ocHosanuio 2. Taxum o6pasom, wucao 11011, Tarke Moxer
OBITH 3aIIHCAHO H CACAYIOLINM 00pasoM:

110112=1-24+1-23+0-22+1-21+1-2°.

Ecau MpI BBIYHCASIEM BBIpa)KeHHE CIIPaBa OT 3HAKa PaBeHCTBa,
TO ITOAYYHM 27, YTO ABASIETCS ACCATHIHOMN OPMOI ABOMIHOTO YHC-
Aa 1101 12. AAst 06paTHOTO Iporjecca Mbl IIOCAEAOBATEABHO ACANM
AECSITUYHOE YHCAO Ha 2 (OCHOBy ABOMYHOR CHCTEMBI) H OTMedYaeM
OCTaTKH, IIOKa He IOAyIuM KoadduuueHT 0. ABOMYHOE IUCAO Oy-
A€T UMeTb KOHEYHBIN KO3QUITHEHT B BUAE CBOEH IepBOi I PHI,
3a Hell GyAYT CAEAOBATb OCTAaTKH, HAUMHAS C IIOCAEAHETO B CITHCKE.

Yro0BI BU3yaAH3HPOBATh IPOLIECC, 3AIIUIIEM YHCAO 76 B ABO-
UYHOM CHCTeMe:

76 Npu geneHnm Ha 2 umeet KoadpdurumeHT 38 n octaTtok 0
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

38 npu geneHun Ha 2 nmeet KoadduumeHT 19 n octatok 0
19 npu geneHun Ha 2 umeeT Ko3pPrLMeHT 9 1 ocTaTok 1
9 Npwu feneHnm Ha 2 MeeT KO3GPULIEHT 4 1 OCTaTOK 1

4 npu geneHnn Ha 2 nmeet KodbouumeHT 2 n octaTok 0

2 npwu peneHnu Ha 2 nmeet KoadouumeHT 1 n octatok 0

IToaToMy umcao 76, 3alncaHHOe B ABOUYHOM CHCTeMe, OyAeT
BBITAsIAETD Kak 1001 1002.

Kousep‘mposal-me 4yucna, Bbipa>XeHHoOro B oa-

HOW CCTEMeE CUNC/IeHns, B APYryio Ha3biBaeTcA
Nn3mMmeHeHNem oCHoBaHunA.
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KAK UBMEPUTb UHOOPMALUIO

Koapl, 0 KOTOpBIX BKpaTIle pacCKa3aHO BhIIe, ACAAIOT BO3MOX-
HbIM 6Ge30macHyI0 1 9$pPEeKTUBHYIO CBI3b MEXAY KOMIIBIOTEPAMU,
IPOrpaMMaMH U IIOAb30BaTeAsIMU. OAHAKO 3TOT OHAANHOBbIM A3BIK
OCHOBbIBAETCS Ha 00IIell TeOpHU HHPOPMALIUH, KOTOPAS SBASETCS
¢$yHAAMEHTOM CaMOii CBSI3H.

Ilepspiit mar B GOpMyAHMpPOBAaHHH 3TOM TEOPHH SBASETCS
HACTOABKO 3A€MEHTApHbIM, YTO HHOTAA M B TOAOBY He IIPHAET:
KaK MOXHO H3MepHUTb HHPOpMAIUIO?

TeMm He MeHee mpocras ¢ppasza «IIpuroxxeHne 06HEMOM B ABa
KHAOOaTa>» POXKAEHA [IEABIM PSIAOM OAECTSIIUX OTKPBITHEL, KOTO-
Ppble HAYMHAIOTCSI CO CTaThU, ONyOANKOBaHHOM B 1948 ropy amepu-
kauem Kaopom 3. IllennoHoM u o3araaBAeHHON «MaTteMaTnue-
CKasl TeopHs CBA3U>». B aToll OcHOBOIOAararomeil HOBaTOPCKOM
crarbe IlleHHOH IpPeAAOXKHA TIOAB30BATHCS eAMHHIIEH M3MepeHuUs
KOAM4YeCTBa HHPOPMAIIHHY, KOTOPYIO OH Ha3BaA OHT.

Pa6ora IllenHoHa 6bAa TOPOXAEHA IPOOAEMOH,
3HAKOMOI MHOTUM COBpeMeHHbIM unTaressm. Kakoit [=] E
CI10c06 MHPPOBKYU ITIOCAAHIS AY4IIIe BCETO HCIIOAB30-

BaTb, YTO6bI OHO He IOCTPAAAAO BO Bpems Mepechir-  [m]

ku? IlleHHOH MpUIIEA K BBIBOAY, YTO KOA, KOTOPBIH 00 LU
Bceraa GyAer samumath OT moTepu MHGOpMALHH, O 5 eHi/HC/Hg;
OTIpEAeAUTb HeBO3MOXKHO. MIHBIME CAOBaMHM, KOTAA  «HoGesesKu»
nepeaaéTcst THGOPMAL[Es, OMIIOKY HeU30eXHbL.

OaHaKo 3TOT BBIBOA HE OTMEHHA IOMCK CTAHAAPTOB KOAUDH-
KaIluH, KOTOpbIe, Aa’Ke eCAM 1 He IIPEAOTBPAIIAIOT BCe BOSMOXKHbIE
npobAeMbl, MOTYT, IO KpafHell Mepe, 00eCIeYnTh CaMblil BBICOKUI
YPpOBEHDb HaAEKHOCTH.

IIpu mudposoit mepepade MHGOpPMAIHH, IIOCAE TOTO KaK CO-
obmenne 6bIA0 CO3AAHO OTIpaBUTEAeM (9TO, KCTATH, MOXET GbITh
¥ He 4eAOBeK, a, K IIPUMepy, KOMIIbIOTep), OHO IHUPPYeTCs B ABO-
HMYHOM CHCTeMe U IIOCTyIaeT B KaHaA cBs3H. IlocaepHmit cocTouT
U3 KOMITBIOTEPA-OTIIPABUTEAS, KOMIIIOTepa-TIOAyYaTeAs] U QU3H-
4eCKOTO ITepeHOCYHKA CHIHAAQ, KOTOPBII MOXeT ObITb U KabeaeM,
¥ 6eCIIpOBOAHBIM cOeArHeHHeM (paAHMOBOAHDI, HHPPAKPACHOE H3-
AydeHHe M T.II.).

ITyremecTsue Mo KaHaAy — CaMbIi IyBCTBUTEABHBIMH IIPOIIeCC,
[OTOMY 4TO B HEM COOOIIeHHe MOXeT OBITh HOABEPXKEHO BCEM
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

BHAAM IIOMEX, BKAIOYasl CMENIMBAaHHE C ADYTMMH CHUI'HaAaMH, OT-
PHUIATEAPHOE BAHUSHHE TEMIIEPATYD B CPEAE, ocrabAeHHEe CUTHaAa
II0 M€p€ ITPOXOXXAEHHS CKBO3b CPEAY IIPOBOAHHKA.

TN NCTOYHUNKIN NOMEX Ha3biBalOTCA wymom.

Yr068BI CBECTH K MHUHHMYMY BAMSIHHE IITyMa, HY’)KHO HE TOABKO
3aIMTHTDb COEAMHEHNE, HO TaKOKe 1 YCTAaHOBHTD crocob OIIpEAEAE-
HHS OIIUOOK U HCIIpaBACHHS UX, KOTAQ OHH BO3HHKAIOT.

OgviH ns cnoco60B HasbiBaeTcA AVGJ'IIIIPOBaHIIIeM.

Ay0AvpoBaHHe COCTOHT U3 [OBTOPEHUS], IO OIPeACAEHHBIM
KPHUTEPHAM, OIpPEACACHHBIX XapaKTePUCTUK IMOCAAHIA. Bor mpu-
Mep, KOTOPBI ITIOMOXeT IIPOSCHUTH IIPOIiecc.

AaBaiiTe IIpeACTaBUM TEKCT, B KOTOPOM Ka’KAO€ CAOBO COCTOUT
13 4eTHIPEX OUTOB, B leA0M 16 cA0B (24 = 16), KaXkp0e UMeeT BUA
al a? a3 a4. Ilepea TeM Kak OTIPaBUTH COOOIEHIE, MBI AOOaBASTEM
K CAOBY TPH AOIIOAHHTEABHBIX OuTa cl c? c3, 4T06BI 3aKOAMPOBaH-
HOe coO00IjeHNe, TOCTYNaollee B KaHAA CBSA3H, UMeAo dopmy al a2
adadcl

OaemenTsl cl ¢ ¢3 obecredar 6e30mMacHOCTh COOOMEHUST —
OHY Ha3bIBAIOTCSI KOAAMH C KOHTPOAEM YETHOCTH — M 00pa3yroTcs
CAEAYIOIINM 06pa3oM:

c,= 0, ecnmn a,+da,+a; 4étHoe
1, eama,+a,+a, HeYETHoe
0, euwm a,+a,+a, yétHoe

c, = .

2 1, ecn a, +a,+a, HeuéTHoe

¢,= 0, ecwm a,+a,+a, 4étHoe
1, ecn a,+a,+a, HeuéTHoe

Mp! npunuIeM cAeAyroIye KOAbL coobmenmo 0111:
Mockonbky 0+ 1+ 1 =2 4étHoe, uncnoc, =0

Mockonbky 0+ 1+ 1 =2 4yétHoe, uncno c, =0
MockonbKy 0+ 1+ 1 =3 HeuétHoe, uncno ¢; =1
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[naBa 5. 06weHue npu nomoLLn HoNeil U efuHuL

CaepoBateabHo, coobmenne 0111 Oyaer mepepaBaTbCs B BHAE
0111001. M3 caepyromux 16 «CAOB>» MBI TAKUM 00Pa30M IIOAyYaeM

TabAMIy:

McxopgHoe cooblieHune

OTnpaBneHHoe coobleHne

0000 0000000
0001 0001011
0010 0010111
0100 0100101
1000 1000110
1100 1100011
1010 1010001
1001 1001101
0110 0110010
0101 0101110
0011 0011100
1110 1110100
1101 1101000
1011 1011010
0111 0111001

1111

1111111

IIpeAIoAOXHM, YTO MPHUHUMAIOMAS] CHCTEMA IIOAYYaeT cO00-
menue 1010110. ITpepanioaoxxuM, YTO IpUHMMAIOIAS CUCTEMA IIO-
Ay4daeT coobmrenne 1010110. Obparure BHIMaHIeE, 9TO 3TOH KOM-
6unanuu O u 1 HeT B psiAy BO3MOXKHBIX COOOIIEHHI, [I09TOMY OHa
AOAKHA SIBASITHCSI OIIMOKOM repepadn. Uro6s1 monpoboBars UcIpa-
BHTb OLIMOKY, CHCTEMa CPAaBHUBAET KOXKAYIO UPPY C psiaaMut TUPP
BO3MOXKHBIX COOOIIeHHI, YTOObI HAMTH HanbOAee BEPOSTHYIO aAb-
TepHATHUBY. AAS 9TOTO CHCTeMa IIPOBepPsieT, CKOABKO ITU(P KaXKyTCs
HeIIpaBUABHBIMH, KaK IIOKa3aHO HIDKe:

KaXk0il no3uumm

BosmoxHoe 0000000 0001011 0010111 0100101 1000110
coobLieHne
MonyyexHoe
cobuene 1010110 1010110 1010110 1010110 1010110
Konuuectso

Pa3NUYHbIX LUPP Ha 4 5 2 5 1
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Bo3moxHoe
cooBuuieHne 1100011 1010001 1001101 0110010 0101110
TonyuexHoe
coobuieHne 1010110 1010110 1010110 1010110 1010110
Konuuecreo
pasauuHbIX uup Ha 4 3 4 3 4
Kax<aou no3uuuu
Bo3moxHoe
coobuuieHme 0011100 | 1110100 | 1101000 | 1011010 | 0111001 mmm
MonyuenHoe
coobuieHme 1010110 | 1010110 | 1010110 | 1010110 | 1010110 | 1010110
Konuyectso
Pa3NNYHbIX UM 3 2 5 2 6 3
Ha Ka)K}ZlOVI nosuyun

Oumbounoe caoBo (1010110) OTAMYAETCS OT APYTOTO CAOBA
(1000110) oaHo#t udpoit. [IoCKOAbKY pasHHIlA HAUMEHbIIAS, CU-
CTeMa IIPEeAAOXKHT ITOAYIATEAIO 3TY BTOPYIO, HCIIPABACHHYIO BEPCHIO.

AHanornyHo pa6otaeTr nporpaMma B TeKCTO-
BOM npoueccope, npoBepsiouias opporpadpmio.

Korpa mporpaMma 3aMedaeT CAOBO, OTCYTCTBYIOIjee BO BHY-
TPEHHEM CAOBape, OHA IIPEAAAraeT psip OAMDKAMIINX aAbTEpHA-
tB. KoAnyecTBO mMo3unuil, KOTOPBIMU COOOIIEHKE, TOHIMaeMOe
KaK ITOCA€AOBATEAbHOCTb 3HAKOB, OTAUYAETCSI OT APYTOTO, U3BECT-
HO KaK < PacCTOSHIE MeXAY ABYMS IOCACAOBAT@ABHOCTSIMU>. DTOT
criefupIECKIil MEXaHU3M OOHAPY>KeHUS U UCIIPABACHHS OMNOOK
OBIA IIPEAAOKEH aMepHKaHIleM Pudappom XaMMUHIOM, COBpeMeH-
HuxkoM Kaopa [Ilennona.

B MHPOPMALMOHHBIX TEXHOAOTHSIX, KaKk U B AIOOON APYroi
00AACTH YEAOBEYECKOHN AESTEABHOCTH, MAAO OOHAPYXXUTb BO3-
MOXXHbIe ONIIMOKH — HUX Tpebyercs emé u ucrnpaButh. Ecaw,
KaK B IIOCAEAHEM IIPUMepe, B KOAE UMEeTCSI TOABKO OAUH KAHAUAAT
Ha MHUHFMAaABHOE PaCcCTOSIHUE, TO IPOOAEMA AOCTATOYHO IIPOCTA.
Ecau MbI 0003HaYUM CHMBOAOM t MHHMMAaABHOE KOAMYECTBO Pa3,
Korpa 1 MOSBASIETCA B ITOCAEAOBATEABHOCTHU (BbIHYCKaﬂ IIOCAEAO-
BaTeABHOCTb, KOTOPAsi IOAHOCTBIO COCTOUT U3 0), TO MBI MOXeM
IIOATBEPAUTD, UTO:
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[naBa 5. 06weHue npu nomoLLn HoNeil U efuHuL

Ecau tuéTHOE, TO MBI MOXEM UCITPABUTD =1 omubox.

2

Ecant He‘-IéTHoe, MBI MOJKEM HCIIPAaBUTb T OIINOOK.

B cayuae, koraa o6Hapy>KeHIe OMUOOK — HaIlla eAMHCTBeHHAsI
I1eAb, MAKCHMAABHOE HX KOAMYECTBO, KOTOPOE MBI MOXXEM OIIPeAe-
AUTDB, cOCTaBuT t — 1.

B 16-3HaKOBOM s13bIKe, KOTOPBIN PACCMATPUBAACS BbIIIE, t = 3,
U3 4eTo MBI A€AdeM BbIBOA, YTO MEXAHU3M CIIOCOOeH 0OHAPYKHUTH
3-1=2 omubku 1 ucnpasuts (3—1): 2 = 1 ommoKy.
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NPOTOKON A1 BE3ONACHOW NEPEAAYN

B 1997 roay 6blA BBEAEH IIPOTOKOA AASI 6€30IIACHOR IepepadH
HHPOpMAIUU Yepe3 OeCIPOBOAHBIE CeTH, KOTOpbIit HasBasu WEP
(or anra. «Wired Equivalent Privacy>» — osHauaet «O6ecnedenme
6e30macHOCTH KabeAbHOTO 9KBHBaAeHTa» ). B obuxoae — mporo-
KOA 3amuThl AAHHBIX WEDP, nau mpocro WEP. OToT npoToxoa Bkalo-
JaeT aArOpUTM MUQPOBKH, KOTOPbIit HasbiBaeTcs RC4, u ABa THma
kopoB u3 S u 13 sHakoB ASCII coorercrBenHo. Takum 06pasoM, MbI
nMeeM AeA0 ¢ Kopamu 13 40 mau 104 61TOB HAY, B Ka9eCTBE aABTED-
HaTusbl, 13 10 MAK 26 1MIeCTHAAIIATEPUYHBIX 3HAKOB.

5 6yKBeHHO-LM(poBbIX 3HaKOB = 40 6UT =
10 wecTHaALATEPUYHDIX 3HAKOB

13 6ykBeHHO-LUPPOBbIX 3HaKOB = 104 6uta =
26 wecTHaALaTePUYHBIX 3HAKOB

ITpoBaiipep, 0OecIeYHBaIOIIHIT COEAUHEHHE, TOCTABASIET KOABI,
XOTsI TIOAB30BAaTEAb MOXKET UX MeHsTb. [lepep ycTaHOBA€HMEM CBSI-
34 KOMITBIOTEp CIIPAlINBaeT KAIOU. B caepyioleM AMAaAOTOBOM OKHe
MBI BUAUM coobmieHue 06 omubke i o katoge WEP ¢ ykasaHueM ero
AAMHBI B 6uTax, 3Hakax ASCII v mecTHaAIaTEpUYHBIX 3HAKAX:

KoHthuny paums BecnzoBofHoR CRRIN

CeTeeoil napons Ronwen cocTaanaTs 40 Gutos unw 104 GuTa, B 3ABNCMMOGTR OT KORGHIYPALME CETH.
Ot moeT Buire sanwcan kax 5 wniu 13 sHaxos ASCH, nubo 10 wan 26 WecTHAAUATEPHYHBO SHAKOE.

(o ]

Ha camom peae peasbHble Katoun (mapoan) asunzee. Havas
C TeX, KOTOpbIe IPeAOCTaBAsIeT [T0Ab30BaTeAb, RC4 0b6pasyeT HOBBII
KAIOY C OOABIINM KOAUYECTBOM OHUTOB, UMEHHO OH H HCIIOAB3YeTCs
AAS I PPOBAHUS MTepeAadt. JTO KPUNTOrpadus OTKPHITOTO KAIOYA,
6oAee IOAPOOHO MBI 00BsICHUM eé B raaBe 6. [ToabzoBaTeas, KoTO-
Pblii )KeAaeT 3aMEHHTD KAIOY, AOAXKEH ITOMHHUTD, YTO KAIOY M3 Aecs-
TH IIeCTHAAIIATEPUYHBIX 3HAKOB OyAeT 60Aee HAASKHBIM, YeM KAIOY
U3 IITU OyKBEeHHO-LPPOBBIX 3HAKOB, XOTS pasMep B OHTAX OAUH
H TOT Xe.
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FMABA 6.
KOANPOBAHUE
B MPOMBbILWJIEHHbIX
M TOPITOBbIX MACLWUTABAX

«Toavko amaxu duremanmos HayeseHvl HA Md-
WUHBL; AMAKU NPOPecCUOHALO8 HAYEAEHbL HA AI0-
3612».

Bpioc Llnaitep

«Xoms cyxue kodvl 6ankos, cynepmapkemos
u Opyaux KpynHolx UzpoKos 8 IKOHOMUKE 6bl3bi-
saiom 8 dyuie 4eroseka 20pazdo meHvlie 04apo-
BaHUS, Hem KPpUnmozpadus uiu bunapHas mame-
MAMUKA, HO UMEHHO OHU SIBASIOMCS COANAMY,
1000epHUBAIOUUMY  YCMOTMUBOCHb  COBPEMEH-
Ho20 00wjecrmea. ThasHOTl yeAbl0 UCNOAL308AHUS
amux k0008 s6Asemcs obecneHeHue YHUKAALHO-
cmu u mouHoti udenmupuxayuu npodykuyuu, 6yov
Mo baHKOBCKUE CHEMd, KHUZU UAU SOLOKU>.

Buxmop de Kacmo



KPEAUTHDLIE KAPTbI

AebeToBBIEe 1 KPEAUTHBIE KapThl, KOTOPbIE IPEAAATAIOT KPYII-
Hble OAaHKU M TOPrOBBIE CETH, [0 CYTH MACHTHYHbI 3aAQHHBIM IPYII-
1AM YHCeA K 00PabaThIBAIOTCS IPH IIOMOIIH OIIPEASAEHHOTO AATO-
PHUTMa U CHCTeMbI IOATBEP>KAEHUSI, BCe OHU Ga3HPYIOTCS Ha Hallled
CTapoii MOAPYTe, MOAYAbHOI aprudMeTHKe.

BoabmuHCTBO KapT MMeIOT 16 1P, KOTOpBIe COCTOAT U3 YKC-
AoBoro pspa MexAy 0 u 9. Yucaa crpynnuposass! 110 4 nudpsl Tax,
9TOOBI UX OBIAO A€TYe CIUTHIBATH. A\ASI HAIIKX IjeAeHl MBI 3aAQAUM UX
CAEAYIOLINM 00pasoM:

ABCD EFGH IJKL MNOP

Kaxxpas rpynma nudp KoAUpyeT KaKylo-TO 4acThb HHPOpPMa-
nuu: nepsas rpymia (ABCD) coorserctsyer ID (upenTnduKa-
LIMOHHOMy HOMepy) 6aHKa (MAM APYTO#l OpraHM3alHH, KOTOpas
IIPEAOCTaBASIET YCAYTY). Y KaKAOTO GaHKa MMeeTcsl CO6CTBeHHbI
HOMep, KOTOPBII MOXeT BapbUPOBAThCS B COOTBETCTBUM C KOHTH-
HEHTOM U KOTOPBIH TakKe CBSA3aH C MAPKOH U YCAOBHMAMM KapThL
Hanpumep, B caydae VISA 11 HeKOTOPBIX H3BeCTHbBIX 6aHKOB IIEpBble
4eTbIpe UPPHI CACAYIOLIHE:

ABCD MpoBangep
4940 CntnbaHk
4024 baHk Amepukmn
4128 CutunbaHk (CLLA)
4302 HSBC («3114-3¢-6m-cu»)
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[naBa 6. KogupoBaHue B NPOMbILIIEHHbIX M TOProBbIX MacwTabax

ITatas qudpa (E) cooTBETCTBYeT THITY KapThI U yKa3bIBaeT, Ka-
Koe pUHAHCOBOE YUpeXACHHUE YIIPABASET CUETOM:

Tun MpoBangep
3 American Express
4,0,2 Visa
50 MasterCard
6 Discover

Kax MbI BUAUM, 9TO He XE€CTKOE IIPaBUAO.
Caeayromue aecsirb iudp (FGH IJKL MNO) — yHUKaAbHBI
HMACHTHPHKATOP AAS KAKAOH KapThl. DTa UACHTHUPUKAIIUSA He TOAD-
KO AQET HOMEp AAS CCBIAOK HA CUET KaXKAOTO KAMEHTA, HO TAKKe
CBS3aHA U C BHAOM KapThl — KAACCHYECKasl, 30A0Tasl, IIAATHHOBAS
U T. A., @ TAKOKE YKa3bIBAeT HA KPEAUTHBIH AMMUT, IPOLIeHTHBIE CTaB-

KU 1 AATy OKOHYAHHS CPOKA ACHCTBHA.

Hakonen, ectb konrpoabHas nupa (P), xoro-
past CBsi3aHa C MPEABIAYIIMMHU LUPpaMU B COOTBET- o3
CTBHH C AATOPUTMOM AyHQ, Ha3BAHHbIM B uecTs Xanca  [a]p
ITerepa Ayna (1896-1964), nmxenepa, KOTOpbIit ero
paspaboraa.

T

Aas xapTe! ¢ 16 qu$pamu 9TOT aAropuT™ paboTaer
CAEAYIOLINM 06pasoM:

1.

Aas xaxpoi HUQPH], 3aHUMAIOIeH HEeYETHYIO IIO3HU-
ITHI0, HAYMHAS C IMepBOi LUQPHI CAeBA, MBI PACCYUTHI-
BaeM HOBYIO Hupy myTém yMHOXeHuUs Ha 2. Ecau pe-
3YABTAT 9TOTO YMHOXEHHS GOAbIIIe 9, MBI CKAAABIBAEM
ABe LB HOBOTO 4KcAa (MAM COBepIIaeM ONepaLiuio,
SKBMBAaAeHTHYI0 BbruuTanuio 9). Hanpuwmep, ecan mpl
noaydaem 18, To ckaappsaem 1 + 8 = 9 (wau mpousso-
AMM BblunTaHKHe 18—9 =9).

3areM CKAaABIBaeM BCe YHCAQ, KOTOPbIE ObIAM PACCUUTA-
HBI TAKUM 00pa3oM, i LUPBLI, PACIIOAOXKEHHbIE HA IET-
HBIX MO3UIMAX (BKAIOUAS TOCAEAHIOI KOHTPOABHYIO

uudpy).

Aneopumm
JlyHa
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

3. Ecau obmas cymma kparsa 10 (To ecTb eé sHaueHue
0 mo moayao 10), uncaa Ha KapTe AeHCTBHTEABHBL.
O6paruTe BHEMaHHE, YTO HMEHHO ITOCAEAHSST KOH-
TpOAbHas ITMPPa B KOHIIE KOHI[OB AQET CyMMY, KpaT-
Hyo 10.

K npumepy, B cayuae kapThl, UMeloIIell HOMep
123456789012 3452

B COOTBETCTBHUH C AATOPUTMOM AyHa:

IITar nepBbiit:

1-2=2
3-2=26
5:-2=10=1+0-=1
7-2=14=1+4=3>5
9-2=18=1+8=29
1-2=2
3-2=26
5:-2=10=1+0-=1

Iar sTOpOI:

24+46+1+5+9+2+6+1=32
2+4+6+8+0+2+4+2=28
2+28=60

B pesyabrare moayunaocs 60, uto kparHo 10. [ToaTomy xapra
AEHCTBUTEABHA.

Emé oAHEM CIIOCOOOM IIpUMeHeHUs AATOPUTMA AAyHa SIBASET-
cs caepyromuit: Homep kaptel ABCD EFGH IJKL MNOP mnpa-
BUABHBII, €CAU ABOITHOE 3Ha4eHHe CyMMbI IU(p Ha HEUETHOM II0-
3UITMM ¥ CyMMa ITM$P Ha YETHOM IO3UITHHU IIAIOC KOAMYECTBO TP
Ha He4€THOH IIO3UIIMH, KOTOpble 6oabie 4, kpaTHsr 10.

2:(A+C+E+G+I1+K+M+0) + (B+D+F+H+J+L+N+P)+ konuuectso undp
Ha HEeUYETHO No3unumm, Kotopble 6onbe 4 =0 (mod 10).

IIpuMeHNM BTOPYIO BEPCHIO AATOPUTMA K PacCMOTPEHHOMY
BbIIIIE IPUMEPY:
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[naBa 6. KogupoBaHue B NPOMbILIIEHHbIX M TOProBbIX MacwTabax

1234567890123452
2(14+345+7+9+14+345)+(2+4+6+8+0+2+4+2)+4=
=100=0 (mod 10)

Y6exxpaeMcsl, UTO YHCAO, B3SITOE AASL LIPHMeEpPA, — AeHCTBYIO-
IUA HOMEP KPEAUTHOM KapThl U YTO KaXKYIHeCs B3ATHIMU HayTap
KPEAMTHbIE KOABI CAEAYIOT CTPOTOMY MaTeMaTUYECKOMY CTaHAAPTY.

A BO3MOXXHO AU BOCCTAHOBUTDb LUQPY, KOTOPOH
He XBaTaeT B KOAe KapThl? Aa, €CAU MbI HIMEeM ACAO
C AeHICTBYyIOIIeN KpeAUTHON KapToi. AaBaiiTe ompe-
AeAanM 3HadeHue Z B Homepe 4539 4512 03Z8 7356.

Hauném mporecc, yMHOXasi Ha 2 4HCAQ Ha HEYET-
HbIx nosurusx (4—3 — 4—1—0— Z — 7—3),
CBeAS MX K EAMHIYHOM Iudpe.

Diner’s Club

42=8
32=6
42=8
12=2
02=0
72=27

7-2=14;14—9=5
52=10;10—9=1.

Tenepb ckaapbiBaeM IUQPHI Ha YETHBIX IOSHIUAX M HOBbIE
1 PhI U3 HEIETHBIX IIO3ULIUM U IIOAyJaeM:

30+41+2Z=71+2Z.
ITpu oTOM 7142 Z, KaK Mbl 3HaEM, AOAXHO ObITH KpaTHO 10.

Ecau 661 sHavenue Z 6p1a0 6oabme 4 (u membme 10), 27
66100 651 uricaoM MexxpAy 10 u 18. 3nauenue 27, cBeAGHHOE K eAU-
HUYHOI Ludpe, — 310 2Z — 9, TakuM 06pasoM, HpeAbIAyIast
cymma 6yaer 71 + 2Z — 9. EAuHcTBeHHOe 3HaueHHe Z, KOTOpOe
Aact BolpaxkeHue kparHoro 10 uncaa, — aro 9. Ecau, Haobopot, Z
MEHbIIIe HAU PaBHO 4, MBI BUAYIM, UTO HeT 3HAYeHH:, KOTOPOe AOKa-
3bIBaAO 0L, 4T0 71 + 2Z — 310 KpaTHOe 10 yncao. CAeA0BaTEABHO,
noTepsiHHAs HUdpa — 9TO 9, U IIOAHBIN HOMEP KPEAUTHOM KapThl:
4539451203987356.
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MPUMEHEHWE MPOrPAMMDI EXCEL
ANA PACHETA KOHTPOJIbHOU LLUO®PDI
KPEAUTHOU KAPTbI

Homep, acconumpyeMblii C KpPeAHUTHOH KapTOH, COCTOUT
u3 1S5 nudp MAIOC KOHTPOABHBIH KOA. HKcAa CrpynmnupoBaHsl B de-
ThIpe Ipymbl 1o YeTsipe nudpsl. KonTpoabHas nudpa paccuursl-
BaeTCsl B COOTBETCTBUH C IPUBOAMMBIM HIDKE AATOPUTMOM.

cel - Npumenen

(M) oain Doaea Bu Bon Fopar  Copevc  Jawmie  Crow Crpamwa  Adobe POF

NEHISSSVRE kDB S0

MRS T R e =R R

a_ s

{ bl ¢y = 0z KN Oferandt | E W | o 00 5 £ 0FEEE IO S A
230 ] &
B [cTo[ETFI6IHT T [JTKILIMIN]JoPTalRIS]TIUl v |
1
3 Wrar
3 [Homoprpaawruoimaprs [ 5 5 2 1| [4 5 7 2| [6 16 2] [2 s 2 4
[ 4 |
Wenoneayemaie undpu 5121 4 |5 | 7|2 & 1|6 2 3|6 |2
:: Llvsehiaea tiar 4 Trcdl nociuiin 2 A 7 & & 3 2
| T[Sy uidp 1 e Tnoi fhodingin 30
| & |Kennuecteo undp wa wetnon nosinin Sonsawe 4 3
_[Cyman geyx npeAeagyugins romive cTe EE]
P s i 5 1 5 2 1 2 g
10 oo
|11 [Cymam upichp 1wa meueTHoi nosiupn 2
L e p—— | 5%
|13 [Ocraros genenns npeguayyero peayneana wa 10 &
14 | Konnponbsian widg = 310 0, coni npe gy pespmurar 0, e ngp i 3T 10 by n e ynusar 4
&
E
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MEPBbLIE LUTPUXKOAbI

IlepBast cucTeMa IITPHXKOAOB OBIAQ 3aIIATEHTOBAHA 7 OKTA-
6ps 1952 ropa amepuxannamu Hopmanom Byasanaom u Beprap-
aoM Cuasepom. IlepBbie KOABI CHABHO OTAMYAAMCD OT CETOAHSII-
HuX. Bmecro 3nakompix mrpuxos Byasarnp u Cuasep npepsarasu
KOHI[eHTpUYecKre Kpyru. OTo OblAa QHUIypa, MOXOXKAsS HA MHU-
meHb. [leppoe opunmasbHOE UCIIOAB30BAHME IITPUXKOAA B Mara-
3uHe Ipou3oIAo B 1974 roay B Tpoe, mTaT Oratio.

CoBpeMeHHDII ITTPUXKOA COCTOUT U3 PsIAd YEp-
HBIX IITPUXOB (KOTOpbIe KOAUPYIOTCS Kak 1 B ABOMH-
HOI1 cucTeMe) U Mpo6eroB MexxAy HUMHU (KOTOpble
xopupytorcs Kak 0). [IITpHXKOABI HCTIOAB3YIOTCS AASL
HMACHTHQHKAIIMK ITIpOAABaeMbIX IpepMeToB. Koabr Hopuan
O6BIMHO NeYaTAIOTCS Ha OTMKETKAX M CUMTBIBAIOTC  Byngnd
C IIOMOIIBIO ONITHYECKOTO IIPHCIIOCOOAEHHSL.

ST0 mpucnocobaeHme, MOAOOHO CKAHEPY, AOBUT OTPAXKAIO-
IMACS CBET U IpeBpaljaeT 4épHble U OeAble IOAOCH B OYKBEH-
HO-ITUPPOBOH KAIOY, KOTOPHIH 3aTeM OTIIPaBAsieTCs Ha KOMITbIO-
Tep.

CymecTByl0T MHOTOYHCACHHbIE CTAHAAPTHI IITPUXKOAOB: Kop
128, Koa 39, Codabar, EAN (Esporeiickuit HoMep TOBapa — OH
nosiBuAcs B 1976 roay B Bepcusix us 8 u 13 nudp) u UPC (Yau-
BepPCAABHBIN KOA TIPOAYKIIHH, KOTOPbIi, B OCHOBHOM, HCITOAB3YeTCS
B CIIIA u umeer Bepcuu u3 12 u 8 uudp). Hauboaee acro scrpe-
yaromuiics Kop — 310 Bepcrst EAN us 13 nudp.

Hecmotpa Ha pasHoo6Gpasue cTaHAapToB,
WTPpUXKOA MoO3BoOAAeT uaeHTUGUUUPOBaTb
mo6ylo npoayKuMio B No60oil yacTm 3eMHOro
wapa, 6bicTpo 1 6e3 60bLUOI NOrpeLHOCTI.

Bom mak monwuHa Wmpuxos u npobesos
8 WMpUxKoOe coomeemcmayem Yucaam
0s8ouyHOU cucmemsi

1 01001
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WTPUXKOA EAN-13

Kop EAN — a10 ab66peBuarypa ot European Article Number
(EBpomneiickuit HoMep ToBapa). Tak ero HasBaAM IPU CO3AAHHH,
B 1976 roay. Temeps oH u3BecTeH Kak MeXAyHAPOAHBIH HOMep
TOBapa. DTO CaMblil PACIPOCTPAHEHHBIN CTAHAAPT IITPUXKOAA, OH
ucroabsyercs 1o Bcemy mupy. Koast EAN 06bI4HO cOCTOST U3 TpH-
HAALlaTH IUQP, IPEACTABACHHDBIX YEPHBIMH IITPUXAMH M OeABIMU
npobeAaMy, KOTOpble BMECTE COCTABASIOT A€TKO CUHTBIBAEMBIH
ABOUYHBIM KOA.

EAN-13 npeacTaBaseT 3TH TPHHAALATh IMPP IPU ITOMOIIH
TPHALIATU IITPUXOB 1 po6eaoB. LTudpsl paciipeseseHs! Ha TpH da-
CTH: IlepBasi COCTOMUT U3 ABYX MAU TPEX IUQP M YKA3bIBAET Ha KOA
CTPaHBbI; BTOPAsi COCTOUT U3 ACBSTU HAU ACCATH IIUPP U MACHTUU-
IIpYyeT KOMIIAHMIO U [P OAYKIHIO; TPEThsI COCTOMT TOABKO M3 OAHOM
111PBI, OHA HA3bIBAETCS KOHTPOABHOMN IIMPPOM M IIpeAHA3HAYCHA
AASL TIDOBEpPKM IPABHABHOCTU CYMTBIBAHMSA KOAQ CKAHHPYIOIIMM
YCTPOMCTBOM.

Aast kopa AB CDEFG HIJKL M a1u gactu paspeAsioTcst caepy-
FOIUM 06pasoM:

« Ilepssie aBe (AB) ¢popmupyroT KOA CTpaHbBl, B KOTOpOI
3aPETrHCTPUPOBAHO IIPEAPHSITHE, BHITYCTUBIIEE TIPOAYK-
nuio. OHO MOXXET HAXOAMTBCS U He Ha TePPHTOPUM 3TOM
crpanst. Hanpumep, kop Beanko6puranuu — 50, xop Hp-
AaHauH — 539, kop Poccun — 460.

«  Caeayromue mars (CDEFG) upenTudumpyror komnasuio,
KOTOpasi IPOU3BEAA IIPOAYKIIUIO.

.  Caepyrompue arp (HIJKL) yxasbiBaror ko mpoAyKum, Ko-
TOPBII IIPHUIINCAH KOMIIAHHIL

« TTocaepmss (M) — sTo koHTpOABHAS HUpa. YTO6BI pac-
CYUTATD €€, HyXKHO CAOXHTD LPpbl HA HEYETHBIX MO3H-
LMIX, HAYMHASL CAeBa M He cuuTast KOHTpoAbHOM. K moay-
YHBIIEMYCS. 3HAYEHUIO 3aTeM AODABASIETCS yMHOXKEHHAs
Ha TpH CyMMa [udp Ha Y€THBIX Mo3umsix. KoHTpoabHas
nudpa — 3TO 3HaUEHHE, KOTOPOE AeAdeT OOILIYI0 CyMMY,
KOTOPasi TOABKO 4TO OblAa BbIYHCAEHA, KpaTHOI 10.
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[naBa 6. KogupoBaHue B NPOMbILIIEHHbIX M TOProBbIX MacwTabax

Kak BHAHO, CHCTEMA KOHTPOAS MITPHUXKOAOB OY€Hb CUABHO Ha-
TIOMHHAET TY, YTO MCIIOAb3YETCA AAS KPEAUTHDIX KapT.

I

AaBaiite y6eAMMCS, YTO 9TOT IITPUX-KOA ASHCTBUTEAEH:

8413871003049

8+1+8+1+0+0+3@4+3+7+0+3+4)=18+3(21)=
18 + 63=81

IIpaBuabHas KOHTpOAbHas udpa AoAKHA 61T 90—81 = 9.

MaremaTideckass MOAEAb AATOPHTMA OCHOBBIBAETCSI HA MO-
AyabHOI apudmeruke (MO MoAynio 10) caeayromum o6paszom:

3uauenue, paccuutanHoe aast kopa ABCDEFGHIJKLM, naso-
Bem N

A+C+E+G+I1+K+3B+D+F+H+J+L)=N

3nauenune N o moayaso 10 0603HaumMM Kaxk N.

Konrpoasnas nuppa M onpeseastercst kak M = 10 — n. B Ha-
mem npumepe Mbl umeeM 81 = 1 (mod 10), mosTomy KOHTpOAbHAS
nudpa Ha camoM Aeae 6yper 10—1 =9.

IIpeABIAyIINIT AATOPUTM MOXeT OBITH CPOPMYAMPOBAH U KaK
9KBHMBAAEHTHBINl CIIOCOD, HCIIOAB3YIOIIMI KOHTPOABHYIO LUGPY
B pacuerax. CaeAylomas TeXHHKA ITO3BOASET HaM IIOATBEPAUTD
AEHICTBEHHOCTb KOHTPOABHOTO KOAA 6e3 HeOOXOAMMOCTH BHAYaAe
BBIYMCASTD €TO.

A+C+E+G+1+K+3B+D+F+H+J+L)+M=0
(mod 10)
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Aast kopa o6pasia
5701263900544

IToayuum

5+40+2+3+0+5+3(7+1+6+9+0+4)+4=100
100 =0 (mod 10)
HOC—)TOMY KOA AeﬁCTBHTEAEH.

M3 Ar060mBITCTBA MBI IIONIPOOYEM OILIPEACAUTD 3HAUEHHE YTpa-
4eHHOTO YKCAA B IITPUXKOAE. B IIprBOANMOM HIDKe Koae OHO 060-

3Ha4yeHo Z:

4013320032497

HOACTaBI/IM I.lI/I(l)pr B COOTBETCTBHHU C 3aAaHHBIM aAI‘OpI/ITMOM:
4+1+3+0+3+40+3+2+0+Z+9+7=64+37Z=0
(mod 10).

ITo mopyato 10 MBI TOAy4aeM cAeAyIolee YpaBHEHHE:

4 +37Z=0(mod 10)
3Z=-4+0=-4+10x1=6 (mod 10)

ObparuTe BHUMAHMe, YTO 3 HMeeT OOPATHYIO BEAMYHHY, TaK

xak HOJ] (3,10) = 1.
IToaToMy MbI HaxoAMM, 4TO Z ponxeH ObiTh 2. [ToaToMy mpa-

BHABHBII KOA GyAeT

4013320032497.
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NMPUMEHEHUE NPOrPAMMbI EXCEL
ANA PACHETA KOHTPOJIbHOU LINOPbI
KOAOA EAN-13

IIrpuxxop Tuma EAN-13 — 210 HOMeEp, KOTOpPbIN COCTOUT
u3 12 iudp matoc 13-5, koutpoashas nudpa (KLT).
13 up pacnpeaeAsroTcs Mo YeThIpEM rpyIImam:

CrpaHa KomnaHunsa Mpoaykuusa KL,
8 |al||1]1]3]4]9]||o]a]s5]1]2]] 6

AAI‘OPI/ITM pacqéTa COCTOHT U3 CACAYIOITNX IIArOB:

[

c |[DIE|F[GIH[1[J[K[L [m[N[O[P|[Q]| R | s | T
13| Crpana __ Komnanua Npogykuma KonTponeHan undpa
41 3 |4 1/0/3/5]¢9 1]205l912 2|
5 | [ 1 | [ | |
| 6 CymMa UMGp HA HeueTHOM NOZUMN
| 7 |Cymma NP Ha YETHOM NOSHLLIAN M PE3YALTAT,
8 |
EN
10/

C_yMMa ABYX NPEARAYWWX PE3YNLTATOE | |
OcTaTok AeNEHNA NPebiAYIIEro pesynbTaTa Ha 10 |8
Kgﬂmanﬂﬂﬂ undpa - 310 0 nav 10_!\.'?1!'1(!"?&;1%(.&1“'“ [ 2|
] I 1 [

ITpu ucnoavsosanuu Excel aToT aAroputMm 6yaer 3ammcaH cae-
AYIOIIMM 00pa3oM:

s s

_ JclDlE[F[G[H[I[J]KIL][MIN]O][P]a R E
3 | Crpama Komnawna Mp Kowry yudpa

4] 3 |4 103 |5]9 1|2|5]|9] 2 =R10

5

| 6| Cynusa UMGP HA HEMETHOM NO3MUMKM =Cd+Fd+Hd+ )4+ M+ 04

T |Cymasa umdp Ha w i Hpesy Ty Ana 3 | ={D4+GA+1d+Ld+NA+PA)"3 |
|8 | Cymatd ABYX NPEaB Oy LUK PesyNLTATOR =R6 + R7

9 |OCTaTOK ALNEHNA NPEANAYWLEro pesynbTaTa Ha 10 =RESIDUG{RE;10)

10 [KoHTponbHas undpa = 310 0 uan 10 Munyc npeas aywmi SI(RS=0:0;10-R9)

11
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KOoAbl QR

B 1994 ropy simoHckast kommanus «Denso-Wave» paspabora-
Aa TpadUIecKyro CHCTeMy ITHPPOBAHIUI AAT UACHTUPHUKAIINH AeTa-
Aeit aBTOMOOMAEI Ha COOPOYHOM KOHBelepe.

Cucrema, kotopyto HazBaau QR (a66pesuarypa ot anra. Quick
response, 6bICTpPOE pearupoBaHue), 6AArOAApsl CKOPOCTH CYUTHIBA-
HMS CKaHepaMH, pa3paboTaHHBIME AAS 9TOH IJeAH, PACIIPOCTPAHHU-
AACh AAAEKO 32 IIPEAEAbI aBTOMOOHAECTPOUTEABHBIX 3aBOAOB. Beero
Yepe3 HECKOABKO AT OOABIIAs YaCTh SITOHCKHX MOOUABHBIX TeAe-
($OHOB MOrAa MTHOBEHHO CUMTBIBATh HHPOPMAIIUIO, COAEPIKAILYIO-
Cs1 B KOAC.

QR mpeacraBasieT cO60t MATPUYHBII KOA, KOTOPBI GOpMUPY-
eTCsI C IOMOIIBI0 MEHSIIOLIEroCsT YHCAQ YEPHbIX U OEABIX KBAAPATH-
KOB, KOTOpBIe, B CBOIO OYePeAb, PACIIOAOXKEHBI B popMe OOAbIIETO
KBappara. KBapparuku mpeacTaBAsioT co00it ABOMYHOE 3HAYeHHe
(0 uam 1) u MOSTOMY TOXOXM HA IITPUXKOABL, XOTS A0GaBAeHUe
BTOPOTO U3MePEHISI AAET KOAY CIIOCOOHOCTb XPaHHUTb OOAbIIIEe KO-
AMYeCTBO HHPOPMAIIHHL.

lpumep QR-ko0a
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MPOCTbIE YACJIA U MAJIAA TEOPEMA OEPMA

IIpocTble 4ncAa — 3TO MOArPYIIIA HATYPAABHBIX YHCEA, KOTO-
past BKAIOYaeT BCe 9AEMEHTHI OOABIIEr0 MHOXKECTBa, OHH OOAblIe
1 1 He MMEIOT APYTHX ACAUTEAEH, KpOMe Ce0sl CaMUX U eAMHHMIIBL.
dyHpaMeHTaAbHAS TeopeMa apHPMETHKU YCTAHABAMBAET, YTO AIO-
60e HaTypaAbHOE YHCAO, KOTOPOe GOABIIE EAMHHIBL, MOXET OBITH
IIPEACTABACHO KaK Pe3YAbTAT CTeIIeHeH IIPOCTBIX YHCEA, U 3TO TIPeA-
CTaBAEHUe (@aKTopnsaunﬂ) sIBAsIeTCs yHUKaAbHBIM. Hampumep:

20=22 x5
63=32x7
1050=2x%x3x52x7

Bce npocTrie uncaa, 3a HCKAIOYEHHEM 2, IBASIOTCS] HeYeTHBIMIL
EavHCTBEHHDBIE ABa IIOCAGAOBATEABHBIX ITPOCTHIX YMCAA — 3TO 2
u 3. HeueTHble, caeayroniye APyT 3a APYTOM YHCAQ, TO eCTb YHCAQ,
PasHOCTb MeKAY KOTOpbIMH paBHa 2 (Harpumep, 17 u 19), Hasbisa-
FOTCSI IIPOCTBIMH YncAaMu-6au3Heramu. [TpocTsie urcaa MepcenHa
u OepMa TOXKe IIPEACTABASIIOT OCOOBII HHTEpeC.

ITpocToe uncAo sBASIETCS IPOCTHIM YUCAOM MepceHHa, ecan
IIPU CAOXKEHHH ero C 1 pesyabTaTroM siBAseTcs cTenesb 2. Hanpu-
Mep, 7 — 3T0 mpocToe uncao Mepcenna, nockoasky (7+1 =8 =23).

IToaTomy mepBbIME BOCEMBIO IIPOCTHIMU uMcAaMu MepcenHa
SIBASIIOTCSL:

3;7;31; 127, 891; 131071; 524287; 2147483647

Ceropns Mpl 3HaeM TOAbKO 40 HMAM OKOAO TOTrO IIPOCTBHIX
ancer Mepcenna. Camoe 6OAbIIOE — 9TO THTAHTCKOE YHCAO:
243112609—1, BbraucaenHoe B 2008 roay. AAs cpaBHeHHS: KO-
AMYECTBO 9AeMEHTAPHBIX YaCTHI] BO Bcell BeeAeHHOI oljeHMBaeTCs
MeHee yeM B 2300.

C Apyroii cTropoHsl, mpocToe 4ucao Pepma — 9TO YHCAO B cae-
AyIOIIleM BHAE:

Fn=22n +1, rae N — HarypaAbHOE YHCAO

HOCAeAOBaTEAbHOCTb IIPOCTBIX YHCEA q)epMa HAQUMHACTCs TaK:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

3 (n=0), 5 (h=1), 17 (n=2), 257 (nh=3), 65537 (n=4)...

IIpocrsie uncaa QPepma Ha3BaHBI B 4eCTh bOaecTsmero ¢ppaH-
ITy3CKOTO IOPHCTA M MATeMATHKa, KOTOPBIA UX OTKpBIA, IIbepa pe
®epma (1601—1665). OpaHLys cAeAaA MHOTOYHMCAEHHbIE M BaXK-
Hble AOTIOAHUTEABHbIE OTKPBITHS, CBSI3aHHBIE C IIPOCTBIMH YHCAQ-
Mu. Beipeasiercs Tak HaspiBaeMas Maaas Teopema QPepma, KoTopas
yCTaHABAMBAeT:

ecnn p — npocTtoe Yyncno, To gnAa nwb6oro uesnoro
yncna aP=ano moaynio p.

PesyAbTar mMeeT OGOABIIYIO BAXKHOCTb AAS COBpPEMEHHOI
KpUNTOrpadum.
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FMABA7.
KPUMNTOINPA®UA
CCNOJIb3OBAHUEM
KOMMNbIOTEPA

«Hugposvie dannvie mosxunHo cderamsv Hexonupy-
eMbIMU HACMOALKO, HACKOALKO 800y MOMHO COe-

AGMb CYXO0U> .
Bpioc Llnaitep
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MEPBbIE WWATU NCKYCCTBEHHOIO MHTEJUJIEKTA

B 0 BpeMs OBICTPOrO pasBUTHS KOMIIbIOTEPHBIX TEXHOAOTHIt
o kpunrorpa¢uu He 3a6b1Basn. 11 HeyAMBUTEABHO — HCIIOAD-
30BaHMeE KOMITBIOTEPa AASI IIUPPOBKE ITOCAAHIS — 3TO B OOABIIElt
HAM MeHbIIeH CTeIIeHH TOT e CaMblii IPOoIlecc, 4To U MHudpoBaHIe
B AOKOMIIbIOTEpHYIO 310Xy. OAHAKO TYT UMeIOTCS TpU PyHAAMEH-
TAABHBIX OTAMYHSL.

Bo-nepBpIx, KOMITbIOTEP MOXKHO 3aIIpOrpaMMUPOBATh Ha MMH-
TaKIO0 PabOTHI TPAAMIMOHHOM MH(POBAABHOM MAIIMHBI (HATIpH-
mep, 1000-poTopHO#) 6e3 HEOBXOAMMOCTH CTPOHTH PeaAbHYIO
TaKyI0 MAaIIKHY. Bo-BTOpBIX, KOMIIBIOTEP paboOTaeT TOABKO C ABO-
HYHBIMU YHCAAMH, U IIOTOMY IIpoLjecc MUPPOBAHMSI OYAET IpOKC-
XOAUTD Ha 9TOM ypoBHe (Aae eCAM MpH IOCAeAyIomlel pacmud-
poBke 1upoBas uHPopMaLus NpeobpasyeTcss 0GPaTHO B TEKCT).
W B-TpeTbHX, KOMIIBIOTEPHI IPOU3BOAAT MHPPOBKY U pacmudpo-
BBIBAIOT IIOCAQHHSI YPE3BBIYAMHO OBICTPO.

ITepsrie mudps1, mpesycMaTpuBaromue UCIIOAb30BAHMIE IpeH-
MyIIeCTB IIOTEHIIHAABHBIX BBIYMCAMTEABHBIX MAIINH, OBIAM Pa3pa-
60Tanbl B 1970-e roabl.

Mpumepom aBnsaerca «Jlioundep», wmndp, Ko-
TOpbIN pasfenan TeKCT Ha 6nokm o6bémom
B 64 6UTa M NpM NOMOLYM C/IOKHOII 3aMeHbl
wndpoBan HeKOTopbie U3 HNX, 3aTeM CHOBa X
rpynnupoBan B TONIbKO 4TO 3awmdpoBaHHbI
6n10K GUTOB 1 NOBTOPAN NpoLecc.

CucreMa Tpe60BaAa HAAMYHS U Y OTIIPABUTEAS, M ¥ IIOAYYATEAS
KOMIIbIOTEPA C OAMHAKOBOH I POBAABHOM IPOrpaMMOii i ofire-
'O YHCAOBOTO KAIOYA.
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Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

Bepcus «Arorudepa» us 56 6utos mop HazBanuem DES 6b1aa
npeacraBaena B 1976 roay. DES (ot anra. Data encryption standard,
CTaHAAPT MUPPOBKH AAHHBIX) HCIIOAB3YETCS M CETOAHS, XOTS 3TOT
aATopuTM 6BIA B3AOMaH B 1999 roay i HouTH Besae 3aMeHEH BepCu-
eit AES (Advanded encryption standard, ycosepmencrsoBaHHbIit
cTaHAapT mudpoBku) u3 128 6uros B 2002 roay.

HecomuenHo, aTo mudpoBaHre MaKCHMAABHO HCIIOAB30BAAO
CIIOCOOHOCTD KOMITBIOTEPA K 00pabOTKe AAHHBIX, HO TOYHO TaK e,
KaK Y UX [IPeAlleCTBEHHHKH TBICAUY AT Ha3aA, KOMIIbIOTEPH30BaH-
Hble KOABI IIO-TIPEKHEMY OCTABAAMCH YSA3BUMBIMH — OIIACHOCTb
TOTO, YTO HEYIIOAHOMOYEHHbIN IIOAY4ATEAb CMOXET PasA0ObLITH
KOABI M, 3HasI AATOPUTM, paciIupyeT IIOCAAHNE, HUKYAA He ACAAC.

9Ta OCHOBHaA cnabocTtb Mob6ON «Knaccnue-
CKOIil» cucTemMbl Kpuntorpadum m3BecTHa Kak
npo6nema pacnpepeneHns Kniouei.

Huxro ne CIIOPpHT: yTO6BI 06ECTIEYnTD CEKPETHOCTD KOAQ, KAIO-

qn H.[PI(]?POBaHHﬂ AOAKHBI 65ITDH 3alllUIIICHbI B 6oAbIIeN CTECIICHH,
YE€M aATOPHUTM.
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KAK BE3OIMACHO PACMPEAEJNINTb KJTIO4YWN?

Aaxe B CaMbIX IPOCTBIX CAYYasiX 9TO MOXKET IPUBECTU K CAOXK-
HEJIINM AOTHCTHYECKHM IIpobAeMaM — Kak, Halpumep, obeciie-
YUTb GOABIIYIO APMUIO THICSMAMH HINPPOBAABHBIX CIIPABOYHHKOB?
VAn xakuM 00pasoM CHabGAMTD MMHU LIeHTPHI MOOHABHOMN CBSI3H,
KOTOpble PaGOTAIOT B 9KCTPEMAABHBIX YCAOBHSAX (K IPHMepy, SKHU-
TI2)XU OABOAHBIX AOAOK HAH [IOAPA3AEACHHS B Pasrap CpaskeHHs)?

He umeet 0co60ro 3Ha4eHNMS, HACKOABKO CAOXKHA KAACCHYECKAsT
cucTeMa MHPPOBAHMS, — BCE OHU YSI3BUMBI AAS IIEPEXBATA COOT-
BETCTBYIOIIUX KAIOUEIL.

Vpest 6e30macHOr0 ob6MeHa KAIOYaMU MOXKET Ka3aTbCsl COAEP-
Kaleil BHyTPeHHee IPOTUBOPEYHe: KAKON CMBICA IIOCBIAATD KAIOY
K ITOCAQHUIO, KOTOPOE Y3Ke 3aIHPPOBAHO — KAIOIOM, KOTOPBIM pa-
Hee 0OMeHSIANCh 00BIMHBIM 06pazoM? OAHAKO, eCAH OOMEH OpraHu-
3yeTCsl KaK CBsI3b C MHOTOYHUCACHHBIMH OOMEHaMH, BIIOAHE MOXHO
IPEACTABUTH PellleHHe IIPOOAeMbI — II0 KPaiHel Mepe B TEOPHHL.

AaBariTe IIpeAIOAOKHM, YTO OTIIpaBUTeAs 30ByT Oabra. OHa 3a-
m$POBBIBAET IOCAAHHE C IIOMOIIBIO KAKOYA U OTIIPABASIET €r0 I10-
Ay4areato ITasay. ToT 3aHOBO 3amMQPOBBIBAET yKe 3aIHPPOBAHHOE
HOCAQHME C TIOMOIIIBIO CBOETO KAIOYA M BO3BPAILIAET €T0 OTIPABHUTe-
Ato. Oabra pacmudpoBbIBaeT IIOCAAHME C IIOMOIIBIO CBOETO KAIOYA
U OTIPABASIET 3TO HOBOE [IOCAQHIE, KOTOPOE Tellepb 3anUPPOBAHO
TOABKO C TOMOIIbIO KAoua [TaBAa, a TOT ero pacimmdpoBbIBaeT.

Crapas, kak MUp, IpobaeMa 6e30IIaCHOTO OOMeHa KAIOYAMHU
BHe3anHO pemeHa! Heysxean aTo Moxer 6biTh mpaBpoit? K coxa-
AEHUIO, HET.

B A060M CAOKHOM aATOpUTMe MK POBAHUS IIOPSIAOK, B CO-
OTBETCTBUH C KOTOPBIM IIPUMEHSIOTCS KAIOYH, SIBASIETCSI CAMBIM
BQXKHBIM 3BEHOM, a Mbl YBUACAH B HAIlleM T€OPETHIECKOM IIPHU-
Mepe, uro OAbra AOAXKHA pacmrppOBBIBATH IOCAAHIE, KOTOPOE
yoKe OBIAO 3aIIHPPOBAHO C IOMOLIBIO APYTOTO KAIOYA.

Korpa nopaaok wndppoB MeHATCA Ha NpoTul-
BOMOJIOXKHDII, pe3ynbraTom 6yaer 6eccmbic-
nuua.

TEOPI/I}[ Ha CaMOM ACAE€ HE 06BsACHIeTCA HpI/IBEAéHHbIM BbIIIC
Cll€éHapueM, HO IIPOAMBAE€T CBET Ha cnocob penieHns HPO6A6M]>I.
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Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

B 1976 roay ABa MOAOABIX aMEPHKAHCKUX YYEHBIX, Beian Yurduap,
Andou 1 Maprun XeaaMmaH, HalIAM CIIOCOO, KOTOPHIM ABa 4€AO-
BeKa MOTYT ITepeKHABIBATHCS 3alINPPOBAHHBIME [TOCAAHISIME 6e3
KaKOH-AM60 HeOOXOAMMOCTU OOMEHHBATBCS CEKPETHBIM KAIOUOM.
OTOT MEeTOA HMCIIOAB3YET MOAYABHYIO apHPMETHKY, A TAKKe CBOM-
CTBa MPOCTBIX YHCEA.

Haes cocTouT B cAepyIomIeM:

1. OAbra BBIOHpaeT YHCAO M XpaHUT ero B TaitHe. HazoBéM aTo
amcao N

2.TlaBeA BBIOMpaeT HAyrap APyroe 4HCAO, KOTOPOe OH TOXe
OCTaBAsIeT B ceKpeTe. MBI Ha30BEM 9TO YHCAO Np1 .

3.3arem Oapra u IlaBeA paccUUTHIBAIOT QYHKIMIO THIIA
f (x) = ax (mod p) o CBOMM YKMCAAM COOTBETCTBEHHO, IPHYEM P —
IPOCTOE YHUCAO, KOTOPOE 3HAIOT OHHU 06a.

« B pesyabrare aroit onepanuu OAbra IOAyYaeT HOBOE YHCAO
KOTOpOe OHa oTnpasaseT [lapay.

o TaxuM >xe myTém [TaBea moaydaeT HoBOE YHCAO sz, KOTOpOe
ornpasaseT Oabre.

4. Onavra pemaet ypasHenue B dopme (mod p) 1 moaydaer HO-
Boe uucao, C..

S. TlaBea pemaer ypasHenue B popme (mod p) u moaydaer
HOBOE YICAO, Cp.

XoTs Takoe KaXeTCs HeBO3MOXKHBIM, CJ. n Cp — 9TO OAHO
H TO 3Ke.

U reneps y Hac eCTb KAIOY.

Obparute BHuMaHue, uTo Oabra u ITaBea 06MeHHUBAAUCDH HH-
dopmanueit Bcero ABa pasa — KOIAQ OHHM AOTOBAPUBAAMCDH O pac-
yéte ¢pynxumn f (x) = ax (mod p) 1 KOraa OTHPABASAM APYT APYTY
N2 u NP2,

B o6oux cayuasx mHGOPMAIHS He SBASAACD KAIOUOM, H IOTOMY
[IOCTOPOHHMIL [IepeXBaT He GyAeT yrpoXKaTh 0€30I1aCHOCTH CHCTEMbI
mudposanus. Katod aToit cucreMsl 6yaeT MMeTh 06111yI0 popMy:

.

aNJI.NPl
II0 MOAYAIO P .

Taxxke BaxHO YIHUTbIBATh, 4YTO HCXOAHASL q)yHKHI/I}[ nume-

eT 0coboe CBOMCTBO — OHa He SIBASIETCSI OOpPAaTHMOM, TO eCTb,
3Hasg U QYHKIUIO, M Pe3yAbTaT IIPUMeHeHHs ee K IepeMeHHOMN
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

X, HeBO3MOXHO (HAH, 110 KpaiiHell Mepe, O4eHb TPYAHO) IIOAYYHTD
HCXOAHYIO IIEpPEMEeHHYIO X.

Oco60e CBOCTBO 9TOrO THIIA YPABHEHUI COCTOUT B TOM, 4TO
HX TPYAHO CAEAATb OOPaTHBIMU — OHHU aCHMMETPHYHbL

Aas 3Havennit p, npesbimaromux 300, 1 a, npesbimaromux 100,
pellleHHe — ¥, COOTBETCTBEHHO, B3AOM KAIOUa — CTAaHOBSITCA Upes3-
BBIYAMHO TPYAHBIMIL

3TOT anropuTm ABNSAETCA OCHOBOI1 COBpeMeH-
Holi KpunTorpadun.

A Temepn, 4TOOBI OAYEPKHYTb CYTh, MBI IIOBTOPUM IIPOIECC
C OTIpeAeACHHBIMU YHCAOBbIMU 3HaueHUsMH. Mcroabsyemas QyHK-
IS — 3TO:

f(x) =7*(mod 11)

1. Oapra soibupaer uucao, N.,, Hanpumep 3, u BbIHCASIET
f(x) =7*(mod 11), moaywas f (3) =73 =2 (mod 11).

2. Tlasea Bribupaer wncao, N, Hanpumep 6, u Borancaser
f(x) =7* (mod 11), moayyas f (6) = 7°=4 (mod 11).

3. Oapra ornpasaset IlaBay cBoit pesyabrar, 2, a ITurep ot-
mpaBasieT AxxeiMCy CBOH, 4.

4. Onvbra Beraucaser 4°=9 (mod 11).

5. TlaBea Boramcasier 2°=9 (mod 11).

9710 3HaUeHMUe, 9, i OyAET KAIOUOM CHCTEMBL
Asxeitmc u Tlutep obmensanch ¢yukuumeit f (x) u uncaamu
2u4.

MonesHa nu 3Ta HGopmaLnA ANA TOro, KTo ee
nepexsarur?

AaBaiiTe IPEATIOAOXKIM, YTO HAII HEKEAATEABHbIN IIOAYYATEAD
3HaeT ¥ QyHKUMIO, U 4icAd. Ero mpobaema Temepb 3aKAKOYaeTCs
B pelleHUH Nj1 u N, o moayaro 11, tae Nj1 u N, — oro uncaa,
KoTOpble U AxkefiMc, u Ilutep XpaHAT B ceKpere — AQXe APYT
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Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

ot Apyra. Ecau mmmony ypaeTcst ux o6Hapy»KUTb, TO y HETO OyAeT

Nj1oNpy

KAIOY TOABKO AAS PeIHeHI/Iﬂ a I10 MOAYAIO p

KCTaTI/I, pemeHHe 9TOH 3aAQ4YH Ha3bIBA€TCA B MaTeMaTHUKE auc-
Kkpemuvim Aozapudmom. Harpumep, B caydae

f(x) =3* (mod 17)

MbI BUAUM, 4TO 3* = 15 (mod 17), 1, npo6ys pasandHble 3HAYEHHS
X, MbI HAXOAUM, YTO & = 6, 1 IIOATBepXKAaeM oTHoureHue 3* = 15.

AATOPHUTMBI TAKOTO TUIIA U IIPOHAEMA AMICKPETHOTO AOraprMa
He YAOCTamBaAMCh GOABIIOrO BHUMaHHS A0 Hasaaa 1990-x roaos,
U CIIEIJUAAVICTBI TOABKO B IIOCAEAHIE TOABI 3aHSAMCDH UX IPOPabOT-
KOI. B IprBOAMMOM BbIlle TpUMepe MBI TOBOPUM, YTO 6 — 9TO AMC-
KpeTHsIit Aorapudm 15 ¢ ocHoBanuewm (6asucom) 3, o moayato 17.

Audpdun um XeaAMaH TPEACTABHAU  CBOIO
Hupel0 BO Bpems paborsi HarmoHaabHONM KOM-
IbIOTEPHOH KOH(EepeHI[MH, Ha CeMUHape, KOTO-
pbIil HeAb3sl He Ha3BaThb HOBATOPCKUM M Pa3pylla-
IOIM [PHBbIYHBIE KAaHOHBL Ix paboTy MOXHO
H3Y4UTD B IIOAHOM 06béMe Ha caiiTe www.cs.berkeley.
edu/~christos/classics/diffiehel man.pdf, ona Hassr- 100U
Baercsa «New Directions in Cryptography» (Hossie
HATPaBAEHHUS B KPUITOTpadun).

Aaropurm Aupdu — XeaaMaHa IPOAEMOHCTPHPOBAA BO3-
MOXXHOCTb CO3AQHHUS KPUITOIPAaPUYECKOTO METOAA, KOTOPBIH,
C OAHOI CTOPOHBI, He TpebyeT oOMeHa KAIOUAMH, a C APYrO,
KaK 9TO HHU IIAPAAOKCAABHO, AASL YACTH IPOLIECCA OCHOBBIBACTCS
Ha 00IeAOCTYIIHOM CBSA3U — MMEHHO TaK IepeAaéTCs HCXOAHAS
Iapa YruceA, KOTOPbIe CAYXAT AAS OIIPEAEACHHUS KAIOYA.

VHpIME CAOBaMM, AATOPHTM CA€AAA BO3MOXKHBIM UMeTb 6e30-
IIACHYIO CHUCTeMy WIHPPOBAHUSI MEXAY OTIIPABUTEASIMHU U IIOAyYa-
TeASIMH, KOTOPBIM COBEpIIEHHO He TPeOyeTcsi BCTPedarbCst, YTOOb!
TaflHO AOTOBOPUTDCS O KAIOYeE.

OaHaKo Koe-KaKasa npo6nema Bcé e mmeer-
cA... ecnn Onbra ornpaBuna Maeny nocnanume,
Korga MaBen cnuT, eil NpUAETCA XKAaTb, NOKa
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

TOT I'IPOCHéTCﬂ, YTOO6bI BKIOUNTbCA B npouecc
co34aHNA Kno4a.

OrTbickuBasi HOBble, O0Aee 3 PpeKTHBHBIE AATOPUTMBL, AudPu
paspaboTaA B TEOPUH CHCTEMY, TAe KAIOY IHPPOBAHMS OYAET OTAH-
YaThCs OT KAIOYA PACIINPPOBKH, U IIOITOMY BBIBECTH OAUH H3 APY-
roro 6yaeT IIPOCTO HEBO3MOXHO. B aT0l TeopeTHueckolt cicTeMe
y OAbru OyaeT ABa KAIOYA: KAIOY IIHPPOBAHUS U KAIOY pacindpos-
ku. M3 aTux AByx xaroueit OAbra cpeAaeT OTKPBITBIM TOABKO IIep-
BbIH, YTOOBI AI0OOIL, KTO 3aX0YeT OTIPABUTD €ff II0OCAAHHE, MOT €T0
samudposarb. IToayuus mocaanme, Oabra ero pacmudpyer, uc-
MIOAB3YSI KAIOY PacIIMPPOBKH, KOTOPHI HUKOMY, KpoMe He€, He U3-
BeCTeH.

Ho B0o3MOXXHO AM IIpHIMeHeHHe 9TOM CUCTEeMBI Ha IIPAKTHKe?

Bupycel
U 63K00pel
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HA MOMOLLDb MPUXOAAT
MPOCTbIE YHAC/IA

B aBrycre 1977 ropa usBecTHbIN aMepHKAHCKMIL ITHCAaTeAb U TIO-
myasipusarop Hayku Maprun [apasep, Beaymiuit pyOpuKy o 3aHMMa-
TEABHOM MaTeMarHKe B JKypHaae «Scientific American>, o3araasua
CBOIO OYepeAHyIo cTaThio «HoBbIit Ty mm¢pa, Ha B3AOM KOTOPOTO
HOTPeOYIOTCS. MUAAMOHBI AeT>. OH OOBSICHHA TIPUHIUITBI HOBOM CH-
CTEMBI C OTKPBITBIM KAIOUOM, IIPEACTABHA 3amK(POBAHHOE ITOCAAHME
M OTKpBITBIT KAI0Y N, KOTOPBII HCITOAB30BAH AASI CO3AQHI IHpa:

N = 114.381.625.757.888.867.669.235.779.076.146.612.010.
218.296.721.242.362.562.561.842.935.706.935.245.733.897.83
0.597.123.563.958.705.058.989.075.
147.599.290.026.879.543.541.

TapaHep IpeAAOXKHA CBOMM YHTAaTEASIM PacIUppOBATh IIOCAA-
HHe Ha OCHOBAaHUH AAHHON HHPOPMAIIMH U AQXKE AAA TIOACKA3Ky —
petenue Tpebyer paxTopusanuu N B mpocTsie dncaa p u q. Ko Bee-
My B ipuaady, [apasep noo6emaa npus 8 100 pooarapos (mprandnas
CyMMa B TO BpeMsl) TOMY, KTO TIepBbIM HalAeT IIPABHABHBII OTBET.

TapAHep Hammcaa, YTO BCSIKHMIL, KTO 3aXO4YeT ITOAYYMTH Goaee
HOAPOOHYI0 HHOPMALHIO O mHppe, AOAKEH OTIPABUTH 3AIPOC
cospareasm mudpa Pony Pusecty, Aau lllamupy u Aeny Jitaeama-
Hy 13 Aaboparopuu HHPopMariuu MaccadyceTcKOro TeXHOAOTHYe-
CKOTO MHCTHTYTA.

ITpaBuABHBI OTBET OBIA IIOAYYEH TOABKO Yepe3 CEeMHAALATh
AeT, 1 AAST €TO HAXOXKAEHHS IIOTPebOBAANCD YCHANS M COBMECTHAS
pabora boAee L1eCTU COTEH YeAOBEK.

Karou okasaacs: p = 32.769.132.993.266.709.549.961.988.19
0.834.461.413.177.642.967.992.942.539.798.288.533 u q = 3.49
0.529.510.847.650.949.147.849.619.903.898.133.417.764.638.49
3.387.843.990.820577, a 3amn$ppoBaHHOE OCAAHHE OBIAO:

«Mazuueckue cA08a — 3mo Ope3zAusblii 2pud>.
IIpeacTaBaennsiii aaropur™m lappnepa msBecten xak RSA —

a66peBuarypa us nepsbix Oyks pamuanit Rivest, Shamir n Adelman.
OTo mepBOoe IpaKTHYeCKOE IPHMEHEHHE MOAEAH OTKPBITOIO
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

KAIOYa, IPeAAOXKEeHHON ANPQH, 1 CeTOAHS €10 peTryAsSPHO IIOAB3Y-
forcst. OHa obecreunBaer OYTH AOCOAIOTHDBIE 6€30IIACHOCTD U Ha-
AEXHOCTD, IIOTOMY YTO IIPOLIeCC PAacIIHPPOBKH IIPEACTABASET CO-
60¥1 HeBEpPOSITHO TPYAHYIO PabOTY, XOTSI H BO3MOXKEH.

Aasee MBI pacCMOTPUM OCHOBBI CHCTEMBI B YIPOIIEHHOM

dopme.
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HALEXHbIA ANTOPUTM RSA

Anaropurm RSA, HasBaHHBIH Tak B 4eCTh ero aBTOPOB — aMe-
pHKaHCKKX MareMaTukoB Pusecra, Illamupa u ApeabMaHa, — oc-
HOBBIBA€TCS HA OIPEeAeAEHHBIX CBOMCTBAX IPOCTBHIX YHCeA. MbI
3ACh OTPAHHYHMCS IIPEACTABACHHEM 0a30BBIX IIPEAIIOAOKEHMI],
KOTOpBbIE AEKAT B €r0 OCHOBE.

« ['pynma uncea MeHble, 4eM 11, KOTOpbIE TAKOKe ABASIOTCA IPO-
CTBIMH BMeCTe C N, Ha3bIBaeTCs QyHKIMen Dfiaepa M BHIPAXKAETCS
¢ (n).

« Ecau n = pq, mipu TOM, 4TO p U @ — HpOCTHIe 4KcAa, TO ¢ (1)
=(p—1)(q@—1).

« VI3 Manoit reopemsr Depma MBI 3HaeM, UTO AI0OOO€ HATYPAAD-
HOe 9HCAO, KOTOpOe GOAbIIe eANHHUIIBI, MOXET OBITh IIPEACTABAE-
HO KaK Pe3yAbTaT CTeleHel IIPOCTBIX YHCeA, H 9TO IPEACTABACHHUE
(pakropusauus) sBasercs yHukaabHbiM. Hanpumep:

20=22x5
63=32x7
1050=2%x3x52x7

Bce npocrpie uncaa 3a MCKAIOUEHHEM 2 SBASIOTCS HEYETHDI-
Mu. EAMHCTBEHHbIE ABa TTOCAEAOBATEAbHbIX IIPOCTHIX YHCAA — 3TO
2 u 3. HeuéTHble, cAeayIomre APYT 32 ADYTOM YHCAQ, TO €CTb YHCAAQ,
PasHOCTb MeKAY KOTOpbIMH paBHa 2 (Hanpumep, 17 u 19), Hasbsa-
FOTCS IIPOCTHIMU YHCAAMU-OAUSHEL]AMI.

Ecana — neaoe uncao 6oabire 0, a p — IPOCTOE IHCAO, TO MBI
uMeeM

ab =1 (mod p).

B cooTBercTBUE C TeOpeMoOit Diiaepa, ecAU HOA(n,a)==1,10
a®™ =1 (mod 1).

Kax ynoMuHaAOCh Bblllle, IPH CHCTEME C «OTKPBITBHIM KAIO-
9OM>» KAIOYU MUPPOBAHUS AAETCSI AI0OOMY OTIIPABHTEAIO, 3aHH-
TepeCOBAaHHOMY B IlepecbiaKe coobmenuit. KaxAblit moAydaTeAb
HMeeT CBOM COOCTBEHHbIN OTKpPBITHIA KAIo4. ITocAaHHs Bceraa
OyAyT TIlepeAaBaThCs IepeBEASHHDBIMU B YHCAQ, KAK IIPH HCIIOAB-
soBauuu Kopa ASCII, Tak 1 A106051 APYTOH CHCTEMBIL.
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Beprémca k nepenmcke Oapru u ITaBaa.

IlepsoiM aeaoM OAbra co3paéT 3HaYeHME 71 KaK Pe3YABTAT ABYX
IIPOCTBIX 9KcCeA p U q (1 = p q), 1 MbI BbIOUpaeM 3HAYEHHUE € TAKUM
o6pasom, uro HOA ((n), e) = 1. Bcomuum, uro o) (n) = (p —1)
(q— 1)

AaHHBIe, KOTOPBIE ACAAIOTCS OOIIIEAOCTYIIHBIME, — 3TO 3Hade-
HHe 71 ¥ 3HaYeHHe e (MBI HU TIPU KaKUX 06CTOATEAbCTBAX HE OTKPO-
eM 3HAYeHUs p U q).

ITapa (1, €) — 3TO OTKPHITHII KAIOY K CHCTeMe, 2 3HAYEHHUS P U q
usBecTHb! Kak uncaa RSA. ITapassearHo aTomy OAbra BeIYHMCASIET
eAMHCTBEHHOE 3HaYeHuUe d 110 MOAYAIO ¢ (1), KOTOpOe COOTBETCTBY-
er ToMy, 4TO d-¢ = 1, TO ecTb OOPATHYIO BEAMYHHY € II0 MOAYAIO @
(n). Mbl 3HaeM, 4TO 3Ta O6paTHAs BEAMYMHA CYLIECTBYeT, HOTOMY
uto HOA ((n), e) = 1. 3nauenue d — 3To 3aKpbITHIA KAIOY K CH-
creme. Co cBoefi cToponsl, IlaBeA HCIOAB3yeT OTKPBITHIH KAIOY
(n, €), uro6p1 pacmposars nocaanre M mpu noMomyu PpyHKIUKI
M =me (mod n).

IToayuus nocaanue, Oabra nposoput onepanuto Md = (me)d
(mod n).

Oro BhIpaxenue aksuBarenTHO Md = (me)d = m (mod n), uto
AOKA3BIBaeT: TOCAAHIE MOXKET ObITh pacmudpoBaHo.

Kaxnm sce 06pasom obecrieunBaeTcst HAAEKHOCTb AATOPUTMA
RSA?

IToTeHIMAABHBIN IIIMMOH 3HAET 3HAYEHUE 1 U e, IIOTOMY 4TO
OHHU SIBASIIOTCSE 06mmepocTynHbMU. UT06BI pacmudpoBars mocaa-
HUe, eMy TpebyeTcst d, 3aKPBITBII KAIOY.

3HaueHue d obpasyercsi U3 n 1 e.

BcriomMHuM, 9TO AAsl mocTpoeHusi d HeOOXOAUMO 3HATh
o] (n) = (p —1) (q —1),B JaCTHOCTH p U . AAS 3TOTO «AOCTaTOY-
HO> Pa3AOXUTDb HA COCTaBHbIE YACTH 11, KAK PE3YABTAT ABYX IIPOCTBIX
qrceA p u q. [IpobaeMa AAS IIIIHOHA COCTOUT B TOM, YTOOBI $paKTo-
PH30BaTh OOADIIOE YMCAO KAK PE3YABTAT ABYX IIPOCTBIX YHCEA, & 3TO
MeAASHHBIH 1 TPyAoéMKuil mporecc. Ecan n aoocTarouno 6oabmroe
(6oaee coTHu HUPP), HET UBBECTHOTO CIOCO6A HAXOKACHHUS P U q
3a PasyMHBIH ITlepHOA BpeMeHH. A B Hallle BpeMs IIPOCTBIE YHCAQ,
HCIIOAb3yeMble IIPY IHPPOBAHUU IOCAAHHUI BBICIIEH CTEIIeHHU ce-
KkpeTHOCTH, npesbimaoT 200 nudp.
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PA3YMHAA CEKPETHOCTD

Aaroputm RSA Tpebyer MHOTrO BpeMeHHU Ha BbIYHCACHHS, A AAST
TAKMX BBIYMCACHHN HYXXHbI OBICTPOAEHCTBYIOLIE IIPOIIeCCOPBL
Ao 1980-x TOAOB TOABKO ITPaBUTEABCTBA, APMHUU U KPYITHbIE KOMIIa-
HUH UMeAH AOCTATOYHO MOIJHYIO TeXHUKY, 4TOOBI paboTarb ¢ RSA.
B pesyasraTe oHU (paKTHUECKH 0OAAAAAN MOHOIOAMEH Ha 9 dek-
THBHOE IN(POBAHHUE.

Aertom 1991 ropa ®uaumnm lummepMmaH, aMepUKaHCKUIL Ipo-
rPaMMHCT M aKTHBHBIA Oopel] 3a IIpaBa YeAOBeKa, B YaCTHOCTH,
34 IIPaBO Ha TAHHY YaCTHOR KH3HH, 0€CIIAATHO IIPEAAOXKUA CUCTEMY
PGP (ot anra. Pretty Good Privacy — Hap&kHas KOHUAEHIHAAD-
HOCTb ), AATOPUTM IHUPPOBAHHUS, CIOCOOHBI pabOTaTh Ha AOMAIL-
HUX KoMnbioTepaXx. PGP ucIoAp3yeT KAaCCHYECKYI0 CHMMeTpPHY-
HYI0 KOAMUKAINIO — U obecIieunBaeT efl OOABIIYIO CKOPOCTDb
Ha AOMAIIHUX KOMIIBIOTEPAX, — HO IMHPPYeT KAIOUH C IIOMOIIBIO
acummeTpuyHOoro RSA.

Ouannn Llummepman (pop. 1954) — amepuKaHCKuit HHKe-
Hep-TIPOrPaMMUCT, CTABUIMA MHHUIIMATOPOM U BO3LAABUBIIHI ABH-
XKeHHUe, I]eAb KOTOPOTO — CAEAATb COBPEMEHHYI0 KPHITOIpadpHIo
AOCTYIIHO AASI BCEX.

Kpome usobperenns cucremsr PGP o cospas B 2006 roay
Zfone, mporpaMmy AAsl obecIiedeHHs 3aIUTI TOAOCOBO CBS3U
gepes MuTepHer. fBaserca mpesuaeHToM OTKpHITOrO AAbSHCA
PGP, rpymnmsl, A060upyromeii mporpaMMHoe obecriedeHue C OT-
KPBITBIM KOAOM. B HacTosimee Bpems LluMMmepMaH mpepocTaBaseT
KOHCYABTAIHH II0 [IOBOAY KPHUIITOrPaguy OOABIIOMY KOAMIECTBY
KOMIIAaHUI U IPOMBINIACHHBIX OPTaHU3ALU, a TAKXKe SBASETCS
4AEHOM IieHTpa Io Aeram cetu Mureprer u Obmecrsa CraHa-
$OPACKOTO IOPHANYECKOTO YHHBEPCHTETA.

ITuMMepMaH OOBSICHHMA IPUYMHBI 9TOH MepHI B OTKPHITOM
IIKCbMe, KOTOPO€e CTOUT 3ACh IPOLIUTUPOBATD, XOTS ObI YACTUIHO,
IIOCKOABKY IIPOTPAMMUCT IPEABHUAEA, KaK MBI OyA€M SKHTb, pabo-
TaTh 1 OOIATHCS ABA AECSITHAETHS CITyCTSL:

«Auunoe. Taiinoe. H Huxozo He kacaemcs, kpome sac.
Bot moscerme naanuposams noAUMUECKy0 KAMRAHUIO,
06cyndamn pasmep C60UX HAAO208 UAU UMEMb MATIHYIO
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)
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A10608HY10 c8513b. FIAu MOxceme 3anumamocs mem, 4mo,
10 8auleMy MHEHUIO, He HAPYUIAEM 3AKOH, X0, C MoY-
KU 3peHus sAacmu, Hesaxouno. dmo 6vt 3mo Hu Oviro,
BAM COBCEM He XOUEMCs, 4mobbl ALy AUMHYI0 nepenti-
CKY 10 2AeKMPOHHOI noume uAU KOHPUOEHYUALbHbLE
doxymenmut wuman kmo-mo ewyé. Hem nuuezo naoxozo
8 obecnevenuu matinol sauieti wacmuoti susnu. Tatina
uacmuoii susny — amo, xax u Koncmumyyus, mpadu-
YUOHHAS AMEPUKAHCKASL YEHHOCMD...

Mot udém 6 6ydywyee, ko20a cmpana 6ydem sdorv u no-
nepék nepecevenda MOUHbIMU ONTMOBOAOKOHHbIMU Ce-
msmu, Komopvle CoeduHAM emecme 8ce HAWLU nepco-
HAAbHbIE KOMNLIOMEPDL, 4 OHU NOAYHAOM 6CE OoAbLUee
pacnpocmpanenue. JAEKMPOHHAS NOYMA  CMaHem
He HOBULECMBOM, KAK Ce200H3, a HOpMmoti 0As écex. ITpa-
BUMEABCINGBO NPUMEMCS 3AUUWAMb HAUWU IAEKINPOH-
Hble NUCLMA NPUOYMAHHBIMU UM Jce, NPABUMEALCINBOM,
npomoxoramu wuposanus. Bepoammo, 6orvuuncmso
Atodeti Ha amo moma cozaacames. Odnako Hexomo-
pbie A100U, 803MOXCHO, NPednoUmym céou cobcmeeHHble
Mepot 3awumot... Ecau cexpemnocms cmanem eHe 3a-
KOHA, M0 MOAbKO e, KMo 8He 3aKoHa, Oydym 3aujuiye-
HbL CEKPemMHOCIbIO.

Passedazenmcmea umerom docmyn K xopouwium Kpunmo-
epaduueckum mexrorozusm. Touro max e umu érade-
10M U me, KIMO Mopyem 6 KpynHulx macumabax opy-
scuem u Hapxomukamu. To e camoe moxHo ckasamo
U npo mex, kmo pabomaem Ha 000POHHYI0 NPOMbIULAEH-
HOCMY, HepMsHbIE KOMNAHUU U NPOYLE 2ULAHMCKUE KO-
nopayuu. Ho npocmote A00u u Hu308ble noAumuHeckue
opeanusayuy, no bosviueil yacmu, He umeiu docmyna
K Kpunmozpaduueckum mMexHoAOUIM C OMKPbINbIM
KAIOHOM 11020 YPOBHS, KOMOPbIL UCNOAL3YIOM B0EHHDIE.
Ao cezoduawnezo oua ne umeiu. PGP noszeorsem aro-
0SM 3AUUMUMb CB010 HACHHYI0 HCUSHD CBOUMU PYKAMU.
Ha maxue sawummnvie cpedcmea 6 obujecmee pacmém
cnpoc. Fimenno noamomy 5 ux u co3oar>.



Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

W3 pasmpimaenuit LlnmMepmana MbI BUAMM, YTO Bek HHPOpMa-
IIUM HeC€T Yrpo3y HAIIUM TPAAUIIMOHHBIM MPEACTABACHHSM O 3a-
IIUTE YaCTHOM XKU3HH.

CnepoBaTenbHO, Xopollee NMOHNMaHuMe mexa-
HU3MoB Kogudunkauum n wmndppoBaHua, Ko-
TOpble Hac OKPYXKaloT, He TONIbKO cAleNlaeT Hac
o6pasoBaHHee, HO 1 MOXKET OKa3aTbCA HeBepo-
AITHO NOJIe3HbIM, KOrga fiesio AOXOANT AO 3alym-
Tbl TOrO, YTO ANA HAC LLeHHO.

PGP mHavaaa pacmpocTpaHATbCA C MOMEHTa e€ CO3AAHHS

U IIPEeACTaBASIET COOOM CaMbIil BaXKHBIM HHCTPYMEHT YacCTHOM
KPHUNTOrpadyu, KOTOPBIA AOCTYIIEH CETOAHS.
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YAOCTOBEPEHUE NOAJIMHHOCTIU
COOBLEHUN U KJTIOYEN

PazAmynble cHCTeMbI MKMPPOBAHMA C OTKPBITBIM KAIOYOM —
HAH C 00'beAUHEeHIeM OTKPBITOTO U 3aKPBITOro Kafowa Tiita PGP —
0becIeunBalOT BbICOKUI ypOBeHb KOHPHAEHIIMAABHOCTU IIPH IIe-
peaade urpopmariun. OAHAKO 6€30IIACHOCTD KOMITAEKCHBIX CHCTEM
cBs3u THIA [HTepHeTa He OCHOBBIBAETCS TOABKO Ha KOHPHAECHIIU-
AABHOCTH.

Ao MOsIBAGHHUS COBpEMEHHbIX KOMMYHHKAIJMOHHbIX TEXHOAO-
TUI IOAABASIIONee GOABIIMHCTBO IHCEM IIPUXOAMAO K IOAyYaTe-
AIO U3 XOPOIIO M3BECTHDBIX ICTOYHUKOB (YACHDI CEMbH, APY3bsi HAH
xoasern). OAHAKO CETOAHS Ha KaKAOTO YeAOBeKa OOpyIIHBaeTCs
AABMHA IIOCAAQHHMI OT ThICSAY OTIpaBuTeAeil. IIpocro mpounTriBas
9THU IIOCAAHUS, YACTO HEBO3MOXHO OIIPEACAUTD X IIOAAMHHOCTD,
a U3-32 3TOrO BIIOAHE MOTI'YT BO3HHKHYTb mpobaemsr. K mpume-
PY; Kak HaM IIPEAOTBPATUTD COBEPLIEHHOE KeM-AH00 HCKaKeHHe
appeca, C KOTOPOTO MPHUIIAO SIAEKTPOHHOE ITHChMO?

Aunddu u XeaaMaH IPEAAOKUAN BECBMA XUTPOYMHBIH CII0CO0:
KaK HCIIOAb30BaTbh MHU(POBAHKE C IIOMOIIBI0 OTKPBITOTO KAIOYA
AASL YAOCTOBEpEHHMS IOAAMHHOCTY HOocAaHuA. B cucreme xpumnro-
rpa¢uy TaKOro TUIIA OTIIPABUTEAD ITHPPYET IOCAAHHE C IIOMOIIBIO
OTKPBITOTO KAIOYA ITOAYYATeAs], KOTOPBIH, B CBOIO OUepPeAb, HCIIOAD-
3yeT CBOM COOCTBEHHBIN 3aKPBITHIN KAIOY AASL PacHIH(POBKH IIO-
caanmst. Audpdu n Xeaaman oOparuan BHEMaHMe Ha TO, 4To RSA
U ApyTHe IIOAOOHbBIE AATOPUTMBI AEMOHCTPUPYIOT HHTEPECHYIO
CHMMETPUYHOCTb.

3aKpbITbIil KJI0Y MOXeT NCNOoNIb30BaTbCA U AN
wndppoBaHNA NOCNAHNA, a OTKPbITbIN KoY —
ANA ero paclwmn¢$poBKu.

OTa omeparusi COBepIIEHHO He ofecIednBaeT 6e30IACHO-
CTH — OTKPBITBIN KAIOU A€TKO AOCTYIIEH AASL BCEX, HO ybexxaaer
MOAyYaTeAsl TOCAAHHS B TOM, YTO OHO IIPUIIAO OT ONIPeAeAEHHOTO
OTIIPaBUTEAS], BAAAEABI]A 3aKPBITOrO KAI0Ya. UTOOBI YAOCTOBEPUTD
MOAAMHHOCTD OTIIPABUTEAS AOCTATOYHO, B TEOPUH, AOOABHUTb AO-
[OAHHUTEAbHOE MU(POBAHME K OOBIMHOMY, HCIIOAB3YSI CACAYIOLIUI
mpoIiecc:
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Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

Otnpasuteap (Oabra) mmpyer mocaaHue ¢ MOMOIIBIO
OTKPBITOTO KAIOYA IIOAyYaTeAsl. JTOT HepBbIi mar obe-
CIIeunBaeT KOHPHUACHITMAABHOCTb.

Oabra cHOBa mHUpyeT MOCAAHME, Ha Cell pa3 C IOMOIIbIO
CBOETO 3aKpPBITOro Katoua. Taxum 06pazoM, ITocAaHHUE YAO-
CTOBEPSIETCS], UAU «IIOAITHUCHIBAETCS».

IToayyarean (ITaBea) MCIIOAB3YeT OTKPBITBIL KAIOY OTIIPa-
BUTEAS], YTOOBI «B3AOMATh>» WHPPOBKY u3 mrara 2. Takum

06p3.30M TIOATBEPIKAQETCS ITIPOUCXOXKACHUE ITOCAAHMA.

3arem IlaBeA HCIIOAB3yeT CBOM CEKPETHBIH KAIOY, YTOOBI
«B3AOMaTh> IMMPPOBKY M3 mara 1.
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Xaw-noanuchb

OaHa 13 Ipo6AeM, CBSI3aHHBIX C TEOPETHIECKIM IIAAHOM, IIPeA-
CTaBAGHHBIM BbIIlle, COCTOUT B TOM, YTO AAS MUQPOBAHUS C ITO-
MO0 OTKPBITOIO KAIOYA TPebyeTCs KOMIIBIOTEp 3HAYHTEABHOM
MomHocTu. Kpome Toro, nosropenue mporjecca € IjeAbl0 TIOATIH-
CaHMA U MMOATBEP)KAEHHUS KaXKAOTO MOCAAHMS 3aMMET OYeHb MHOTO
BpeMeHH.

VmeHHO O3TOMY Ha IpaKTHKe TTOATMCAHHUE TIOCAAHMS BBIIIOA-
HSETCS C IOMOIIBI0 MaTeMaTHYeCKHX PecypcoB, M3BECTHBIX KaK
xou-gpyHKkimu. HaunHas ¢ MCXOAHOTO IOCAQHUS, 3T AATOPHTMBI
CO3AQIOT IIPOCTyIO Lenb 6utos (06praHO 160), KOTOpas HasbiBaeT-
Cs1 X9III, U IIPOUBBOAST 3TO TaKUM 0OPa3oOM, UTO BEPOSTHOCTD, 4TO
pasAMYHbIE TTIOCAAHUS CBSI3aHBI C OAHHMM U TeM e X3IleM, IOYTH
paBHa HoAto. Taxke NpaKTHYECKH HEBO3ZMOXXHO OTMEHHUTD ITPOIlecc
U IIOAYYHUTD HCXOAHOE IIOCAAHME, €CAU HadaTh TOABKO C €r'o X3IIa.

Xom aAro6oro mocaanus 3amuposbiBaercss OAbroit ¢ momo-
I[bI0 €€ 3aKPHITOrO KAIOYA M OTIPABASETCS BMECTe C 3alH(pPOBaH-
HBIM IIOCAQHHEM TPAAHULHOHHBIM 0OpasoM. ITaBea pacmmdpossr-
BAaeT ITOCAAHHE, KOTOPO@ COAEPKHUT X3II, C IIOMOIIBIO OTKPHITOTO
katoga Oapru. 3areM, IpU YCAOBHUH, YTO eMY M3BECTHA XOUI-QyHK-
ITHs, KOTOPYIO MCIOAb30BaAa OAbra, OH MpUMEHSeT 3Ty QYHKITHIO
K ITOCAQHUIO U CPAaBHUBAET ABa Xama. EcAu oHM COBIAAQIOT, TO AMY-
HOCTDb OTIIPaBUTEAS TOATBEPIKAEHA.

bonee Toro, craHoBMTCA onpenenémlo n3BecT-

HO, YTO K ICXOAHOMY MOCNAHNIO HUKTO NOCTO-
POHHMIA He NpuKacanca.

Xow-byHKumA

MocnaHne
Kpachbiih S DKJD 1242 AACB 7838B 761A
HbIN =
P 696C 24D9 7009 CA99 2D17
KpaCH b LiBET COOTBET- 0896 56BB ZC7D CBE2 823C
cTByeT Camou HU3KOM =>
yacTtoTe ADD7 8CD1 9AB2 JJ6J 8ABC
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Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

KpacHbIn LBeT cOOTBET-
CTBYeT CaMOW HU3KOM
yacToTe

KpacHbIn LBeT cooTBeT-
CTBYET CaMOW HN3KOW
yactoTe

FCD3
1799

D401
76B1

7FDB
7D88

COA9
79A9

D588
ACDE

7D9A
0DA4

4C75

92B9

46AF
AEFE

4BF4
6A6C

FB45
4819

He6oabIite H3MeHeHMUSI B COAEPIKAHHH IIOCAAHIS CO3AAIOT CO-
BepIIEHHO APYTHe «X9IIM>». TakuMm 0O6pa3oM IOAydaTeAb MOXKET
OBITb yBepeH, YTO C TeKCTOM HUKTO He MAHHITYAHPOBAA.
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CEPTUOUKATbI OTKPbITbIX K/TIOYEN

OaHako camasi BOXHasi HMpoOAeMa, C KOTOPOH IIPHUXOAHUTCS
CTaAKMBATbCs, UCIIOAB3YS KPUITOTPadUIECKyIO CUCTEMY C OTKpbI-
TBIM KAKOYOM, — 3TO HE YAOCTOBEpEHHE MOAAMHHOCTH IIOCAAHHH,
a CaMM OTKPbITBIE KAIOUM.

Kax Oasre u I1aBAy y3HaTb, YTO OTKPHITHIH KAIOU APYTOTO Aeii-
CTBUTEACH?

AaBaiiTe MPeAIIOAOXKHM, YTO MIHUOH oOMaHbiBaeT OAbry,
AaB eil CBOM COOCTBEHHBIN OTKPBITHIA KAIOY, OAHOBPEMEHHO 3a-
CTaBAsiA €€ NMOBEPUTH, UTO 3TO KAIOY MoAydaTess. Ecan mmuony
YAA€TCs IepexBaTUTh MMOCAAHME, OH MOXET MCIOAb30BaTh CBOM
3aKPBITHIA KAIOU AAsL ero pacmudpoBku. Uro6sr u3bexars pac-
KPBITHS, HIMHOH MCIOAb3YET OTKPBITHIA KAIOYU IOAYYaTEAS AAS
HOBOM MM(POBKU MOCAAHUA M OTIPABKH €T0 B HCXOAHOE MeCTO
Ha3HaYeHMs.

VIMeHHO 103TOMY U TOCYAQPCTBEHHBIE YIPEXACHHS], M YaCTHbIe
KOMITAaHMH 3aHMMAIOTCsI He3aBUCHMOM cepTHHKaluel OTKPBIThIX
katoyesl. CepTHHKAT TaKOTO pOAA COAEPXKHT, KpOMe COOTBeT-
CTBYIOIIETO KAIOYA, UHPOPMALIUIO O IOAYYATEAE U AATY OKOHYAHHS
AeficTBUSL. AepiKaTeAM STHUX THUIIOB KAIOUeHl A€AAIOT MX OOIIeAo-
CTYIHBIMH, U C ONPEACAEHHON CTEIeHbI0 HAAEKHOCTH UX MOXKHO
HCIIOAB30BATb U MU MOKHO OOMEHHBATHCSL.

bBoApmMHECTBO MIMOHOB M XakepoB, KOTOPbIe ACHCTBYIOT OH-
AQiH, MAAO HHTEpPeCYIOT IOCAAHHS, KOTOPBIMH OOMEHHBAIOTCS
OOBIYHBIE AIOAH,

3a OAHM BaXHbIM NCKJIIOYeHnemMm — HomepoB
NX KpeanTHbIX KapT.

Cucrema kpunTorpaduu, KOTOpas 3allUITAeT Mepeaady TaKoi
cexpeTHOI uH$opmanuy, usBectHa kak TLS (or anra. Transport
Layer Security — 6esomacHOCTb TpaHCHOpTHOTO Yy3aa). Oma
6blaa  paspaboTaHa Kopmoparueit Netscape, 3aHHMaromefCs
[porpaMMHBIM obecriedeHueM Aast Muteprera B 1994 ropy, u npu-
HSTa B KaUecTBe MHPOBOTO CTaHAAPTA ABA I'OAQ CITYCTS.

ITporokoa TLS 06peaunsieT OTKpBITbIE K CAMMETPHYHBIE KAIO-
91 B AOBOABHO CAOXKHBIM ITPOIIeCC, KOTOPBIN 3AeCh IIPeACTaBASIeTCS
B CXKaToH popMe.
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Tnaga 7. Kpuntorpaua c ucnonb3oBaHuem KomnbioTepa

Bo-mepBbIx, bpaysep OHAQNH-IIOKYTIATEAS IIOATBEPXKAAET, UTO
OHAQAHH-TIpOAABel] UMeeT AHCTBYIOIUM CepTUPHKAT Ha OTKPBITHIH
Kafo4. Ecar 9TO Tax, TO MOKYyIATeAb HCIIOAB3YeT OOIeAOCTYIHBIH
KAIOY AASL IIPPOBAHUA BTOPOTO KAIOYA, KOTOPHIA SBASIETCSA CHUM-
MeTPHYHbIM, U OTIIPABASIET IIPOAABITY. 3aTeM IIPOAABEI] HCIIOAb3YeT
CBOM CEKPETHBIN KAKOY AAS PacIIMPPOBKM MOCAAHMSA U IOAydaeT
CUMMETPUYHbIN KAIOY, KOTOPBIHA OYAET HCIIOAB30OBATBCS AASI IIH -
PpOBaHUsI BCeit 06padarbiBaeMot HHPOPMALIHIL

B pesynbrate, 4TO6bl MONYuUNTbH HOMEp Kpe-
AUTHOWN KapTbl, ucnonb3yemoir B nio6on cpen-
Ke OHnaliH, WNNOoHY NoTpebyeTca NPOHNKHYTb
He B OfiHY, a B iBe Wn¢dpoBanbHbie CUCTEMbI.
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LWNOPOBAHME BO BPE[R

CeropHs BCé 60AbIIee PacCIpOCTPAHEHUE [IOAYYAIOT BPEAO-
HOCHBIE IPOTPaMMBbl, CO3AaBaeMble 3A0YMBINIAEHHUKAMH C Ije-
ABIO AMYHOTO OborameHust. AeAO 3aKAIOYAeTCS B MM POBAHUY
Bcex QafiA0B Ha KOMIIBIOTepe-)XepTBe C IOCAeAYIOIUM TpeboBa-
HueM BbIKyna. PopMaAbHO Takue IPOrpaMMbl OTHOCATCS K BUAY
Trojan-Ransom, cymecTByeT um Apyroit o0meymorpebuMblit
u éMKuH TepMuH — mudposasbmuku. Illndpposaspmuxu crasn
BeCbMa CepbE3HOM MPOOAEMOIT AASI TIOAB30BaTeAEl, 0COOEHHO
KOPIOPaTHBHBbIX.

B 6arxariimee BpeMst AEIKOM ITOOEABI Ha MIMPPOBAABIIUKAME
0XupaTh He cTout. Ha aTo ecTh Kak MUHMMYM ABe BeCOMbIe IIpH-
YHHBI:

1. IIn$ppoBaAbIUKY HENPEPHIBHO 3BOAIOLIHOHUPYIOT. JTO
OuTBa «MeYa M IUTa>»: COBEPUIEHCTBYIOTCS CPEACTBA
3aIJUThI — COBEPIIEHCTBYIOTCS CPEACTBA HallaACHHS.

2. ATtake moaBepraerci He KOMIIBIOTED IIOAB30OBaTeAs,
a CHCTeMa KOMIIBIOTep + IIOAb30BATEADb, TO €CTb OAHHM
M3 KOMIIOHEHTOB BEKTOPA aTaKH SBASETCS YeAOBeK.
YeAroBeKy CBOMCTBEHHO IIOAAABATHCS AMOLMAM U AeH-
CTBOBAaTb HepPaIMOHAABHO. JeAOBeK crocobeH mpowur-
HOPHUPOBATh IIPeAyIpeXAeHHe 3aIUTHBIX CPEACTB HAH
BOBCE OTKAIOYHTD UX. FIMEHHO Ha 9TO M PaCcCUYUTBHIBAIOT
3AOYMBIIIA€HHUKH.

PaCCMOTpI/IM 9BOAIOITHUIO I.LII/I(l)pOBaAbH.II/IKOB B aCII€KTE IIpHMe-
HAEMbIX UM METOAOB IJ.II/I(l)POBaHI/IH H KPHIITOCXEM. B zaBucumocru
oT I/ICHOAI:SYCMOPI KpHUIITOCXEMbI cocoba TIOAYY€HHM I KAIOYA, B OA-
HHUX CAyYasIX MOXXHO A€I'KO ,/_\eH.[I/I(l)POBaTb SaH.II/Iq)POBaHHbIe AQHHDIE,
B APYTHX CAY4YasIX 3a pa3yMHO€ BpEMS 9TOT'O CACAATb HEADB3.

Blnpycomnca'remn PEerynapHo MeHAIT Kpunto-

rpadunueckme cxembl, cpefcrBa 06dyckauum
n popmaTtbl ucnonHAembix ¢palinos.
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LWMOPOBAHME C MOMOLLbIO ONEPALIMUA «XOR»

HaunéMm ¢ nporpaMm, ocymecTBASIOMUX CaMOe MPHMHTHUB-
Hoe mupoBaHue. IpKUM IPeACTABUTEAEM TAKHUX BPEAOHOCHBIX
ImporpaMM siBasercsa ceMelcTBo Trojan-Ransom.Win32.Xorist.
OHO 06AaA2€T CACAYION[UMH XapPAKTEPHBIMU 0COOEHHO CTSIMH:

«  Xorist — oAMH U3 HEMHOTHX MIUPPOBAABITMKOB, KOTOPBIH
BBITIOAHSIET CBOIO YIPO3y M IOPTUT ParABI MOAB30OBATEAS
IPU MHOTOKPaTHOM HeIPaBUABHOM BBEACHHH ITapOASL.

o Aaa mmépoBaHusA wHcHoab3yercss omepanust «XOR».
Y43BUMOCTBIO 3TOM KPHITOCXEMBI SIBASIETCS TO, YTO BO3-
MOXHO A€TKOe AelMppoBaHHe $aFAOB 32 CUET U3BECTHBIX
CTaHAAPTHDIX 3aTOAOBKOB $afia0B. UTOOBI IPOTHBOCTOSTH
aToH arake, Xorist mudpyer Qariabl He C CAaMOTrO Ha4aAa,
a C HEeKOTOPBIM OTCTYIOM. ITo yMOAYaHMIO 9TOT OTCTYI
cocTaBasieT 104 h 6aitt, Ho MOXeT OBITh U3MEHEH IIPH KOM-
MMASLIUM COMIIAQ.

o AAd yCAOXHEHMS aATOPUTMA IMHPPOBAHUS UCIIOAB3YETCS
PAHAOMUBALINS KAIOYA C IOMOIIbIO IIepBOil OYKBbI Ha3Ba-
Hus dariaa.

B jeaoM, HecMOTps Ha Bce yxumpeHus cospareaeit Xorist, 3a-
mudpoBaHHbIe UM $aFABI BIIOAHE YCIIEIIHO IIOAAABAAKCH CPAaBHU-
TEABHO AErKoil pemudposke. BosaMoXxHO, T03TOMY B HaCTOSIHI
MOMEHT 3A0BPeABI ceMercTBa Xorist TpaKTHYeCcKU He BCTPeYaroTCsl.
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CMMMETPUYHOE LWULMOPOBAHME

CummMeTpuyHOl cxeMoN mMHMPPOBAHUSA HA3BIBAETCS CXeMa,
IIPU KOTOPOM AAS IMMPPOBAHUA M PACIIUPPOBKU UCIOAB3YETCS
mapa KAIO4Yei, CBA3aHHBIX COOTHOUIeHHeM CUMMeTpuH. B mopa-
BASIIOIIeM OOABIIMHCTBE CAyYaeB B TAKHX CXeMaX AAS IHPPOBa-
HHUA ¥ paclIMPPOBKH UCIIOAB3YETCS OAUH U TOT K€ KAIOY.

Ecan kAt04 «BIUT> B TeAO MHUQPPOBAABIIMKA, IPU HAAMYUH
TeAa 3A0BPEAQ MOXHO AOCTaTh M3 HEro KAIOY M CO3AATh apdex-
TUBHYIO YTHAUTY AASL paciinpoBku ¢ariros. Takue BpeAOHOCHbIE
[pOrpaMMBbI OOBIMHO CTAPAIOTCS YAAAUTD Cebs ITocAe MUPPOBaHIS
¢atiros. IIpumepom nporpaMm 3TOTo THITA MOTYT CAY>KUTb HEKOTO-
pyie Mopuduxaruu cemericrsa Rakhni.

Ecan xe KAIOY MOAydaeTcs ¢ cepBepa 3AOYMBIIIACHHUKOB
AM0O TeHepHPYeTCsl U OTIPABASIETCS Ha HEro, TO HaAMdHe 006-
pasiLja BpeAOHOCHOI IIPOrPaMMbl MAAO YTO AQET — HeOOXOAUM
9K3EMIIASIP KAIOYA, HAXOASAIETOCSA Ha CepBepe 3A0YMBIIIACHHU-
koB. EcAM Takoil KA yAQ€TCS BOCCTAaHOBUTbH (BPeAOHOCHAsS
MIpOTrpaMMa, 10 MOHATHBIM IPUYMHAM, CTAPAETCS YAAAUTDb TaKOK
KAIOY TIOCA€ HCIIOAB30BAHHU), TO CO3AATh YTHAUTY AASL AeHING-
POBKHM BO3MOXHO. B aTOM cAyyae Takxe MOTYT OKa3aTbCs ITOAE3-
HBIMU CHCTE€MbI, KIMHUPYOINe HHTEePHET-TPaQUK IMOAb3OBaTe-
Aeit.
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ACMMMETPUYHOE LLMOPOBAHUE

AcuMMeTpUYHON cxeMoi MHUQPOBAHMSA Ha3bIBAaeTCs CXeMa,
IpU KOTOPOM KAIOYM IMMPPOBaHMA U PacIIHPPOBKM He CBA3aHBI
OYEBHAHBIM COOTHOLIeHHeM cUMMeTpuH. Karou aas mudposanHus
HA3bIBAIOT OTKPHITBIM (MAM ITy6AMMHDBIM), KAKOY AASL PACIIHPPOBKH
HA3bIBAIOT 3aKPHITHIM (MAM TIPMBAaTHBIM). BbluncAeHHe 3aKPHITOTO
KAIOYa IO U3BECTHOMY OTKPBITOMY — OYeHb CAOXKHAs MaTeMaTH-
Jeckas 3aAaya, He pelllaeMas 3a PasyMHBIN CPOK Ha COBpeMeHHbIX
BBIYMCAMTEABHBIX MOITHOCTSIX.

B ocHoBe acMMMeTpPHYHBIX KPUIITOCXEM AEXKHT TaK HasbIBae-
Mas OAHOHAINpaBAeHHas QYHKIMA C cekpeToM. [oBops mpocThiM
SI3BIKOM — 3TO HeKasi MaTeMaTH4ecKas QyHKITHS, 3aBUCAITas OT Ia-
pamerpa (cexpera). EcAn cexpeTHbIit TapaMeTp HeM3BeCTeH, 3Ha-
yeHHe QYHKIUM OTHOCHTEABHO AEIKO BBIYHCASIETCS B «IIPSMOM>
HarpaBAeHUH (MO U3BECTHOMY 3HAYEHHMIO apryMeHTa BBIHCASIET-
cs1 3HaueHMe QYHKIHMHM) U 4Pe3BbIYANHO TPYAHO B «OOPATHOM>»
(mo 3HaveHMIO QYHKIMH BHMUCASIETCS 3HAYeHHe aprymeHTa). Op-
HAKO BCE MeHseT 3HaHHe CeKPeTHOIo MapaMeTpa — C ero IIoMo-
IIbI0 «MHBEPTHPOBATh> (YHKIHIO HE COCTABASIET 0COOOTO TPyAa.

AcummeTtpuyHoe WwudpoBaHue C 04HOII KNoYeBoil Napoii

EcAu OTKpBITBIIN KAIOW 3aIIHT B TEAO BPEAOHOCHOH Iporpam-
MbI, TO HAAMYHe TeAd BPEAOHOCHOM IIPOrPaMMbI B OTCYTCTBHE 3a-
KPBITOTO KAIOYA IIPaKTHIeCKH HUKAK He IOMOTaeT B AeAe PacIIn-
poBKH (aiiros (HO HOMOraeT AeTEKTHPOBAHUIO ITO} IIPOrPaMMBL,
a Takoke MOXOXXUX Ha Heé IIPOrPaMM B AAAbHEHIIEM).

OAHAKO €CAU CTAaHOBUTCS M3BECTEH 3aKPBITHII KAIOY (a OH AOA-
KeH, Kak MUHHUMYM, COAEP>KaThCs B AelndpaTope, KOTOPHIH Ipea-
AQraloT KyIHUTb 3AOYMBIIIACHHUKH), TO HOSBASETCS BO3SMOXXHOCTD
pacumpoBaTh AaHHbIE y BCeX ITOAb3OBaTeAel, ITOCTPAAABIINX
OT MOAMQUKAITMK IPOTPAaMMbl, COAEPXKAIllell COOTBETCTBYIONIMI
OTKPBITBIN KAIOY.

IIpumMep BpeAOHOCHBIX IpOrpaMM 3TOTO BHAA — Trojan-
Ransom.Win32.Rector. Bor xapaxrepHble 0cO6€HHOCTH 3TOrO Ce-
MENCTBa:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

Hcrioapsyercst acuMMeTpUYHOe MH$POBAHIE, [Ty OANIHbII
KAIOY XPaHUTCS BHYTPHU TeAa IHPPOBAABIITHIKA.

Aad yckoperns mudpoBaHUs GpaiAbl 3aUPOBHIBAIOT-
Csl He IJeAUKOM, 2 HeOOABIIMMHU KyCcKaMu. 3amudpoBaH-
Hble KYCKHM AOIMCBIBAIOTCA B KOHell ¢aiiaa, a UX MeCTO
3alIOAHSAETCS ITOCACAOBATEABHOCTSIMHU IIEPUOAUIHOCTDIO
B oauH 6aiit. M3-3a aToro samudposaHHbIl $paila mpu-
obpeTaeT XapaKTepHBI «IIOLjapallaHHbINA>» BHA.

AAsl 3AOYMBIIIAEHHHKOB HEAOCTAaTKOM O3TOH CXEeMbl SB-
ASIETCSL TO, UTO AASL AIIH(POBAHMS $aAOB HEOOXOAUMO
PACKpBITHE 3aKPHITOrO KAIOYA, C TOMOIIbI0 KOTOPOTO BIIO-
CAGACTBHMH MOXKHO pacmH$poBaTh Bce $aiibl, 3aumuppo-
BaHHbIE OAHOM MOAMHKAITHEH 3A0Bpeaa.

CooTBeTcTBEHHO, XOTA NpsIMOe AeITHPpoBaHKe PparAOB HEBO3-

MOXXHO, HECKOABKO IIOAb30BaTeAel, IIOCTPAAABIIMX OT OAHOM
U TOM ke MOAU(HKAIIH 3A0BPEAd, MOT'YT OOBEAUHSTHCS U IIOKY-
IIaTh OAMH AeIIHPPaTOp Ha BCeX.

Ecan OTKprTbeI KAIOY ITOAYYA€TCA C C€pBepa 3AOYMbBIINACHHH-

KOB (‘ITO MO03BOASET 06ecIeYnTh YHHKAaADPHOCTD OTKPBITOI'O KAIOYA
AASL KQOKAOTO HOAbSOBaTeA}I), TO HAAUYHE TE€AQ BpeAOHOCHOﬁ Ipo-
T'PaMMbI TAK)KE HE IIOMOI'A€T B ACAE PaCIJ.II/Iq)pOBKI/I AQHHBIX — Heob-
XOAMO 3HaHHE 3aKPBITOIO KAIOYa. OAHaKO TEAO IIPOrpaMMBbI I10-
MOTaeT BbIYHMCAUTD U 3a6AOKI/IPOBaTI: BpeAOHOCHbeI CEPBEP U TEM
CaMbIM 3allTUTUTDb APYTHUX IOAB30BaTEAEM.
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LWWA®POBAHUE C UCMNOJIbBOBAHMUEM
HECKOJIbKUX KJTIO4EN

YT06bI OOECIIeINTh YHUKAABHOCTD ACIIHPPATOPA AAS KAXKAO-
O IIOAb30BATeAs], IIPUMEHSIOTCS CXEMBI C HECKOABKHMH KAIOYaMH.
ITpu aTOM KAIOY AASL IIMPPOBAHMS AAHHBIX FeHEPUPYETCs Ha KOM-
IbIOTEpe KePTBBL. JTO MOXKET OBITb KAK CHMMETPHYHBII KAIOY, TAK
U aCMMeTpPUYHAs KAIOUeBas [apa. AATOPUTM AAS FeHepPaljiU KAIO-
4a BBIOMPAETCS TAKKM, YTOOBI ITOAYIMBIIHFICS KAIOY OBIA YHHUKAACH
AASL KQXKAOTO IOCTPAAABIIETO IIOAb30BaTeAs. FIHbIMU cAOBaMy, Be-
POSITHOCTD TOTO, YTO 3TH KAIOUM COBIIAAYT B ABYX Pa3HBIX CAYYasX
mUPPOBAHIS, AOAKHA OBITh KpaiiHe Mara. OAHAKO CAy4aeTCs Tak,
9TO 3AOYMbIIIACHHUKH AOITYCKAIOT OIIMOKH, B KAIOY T€eHepHPYeTCs
U3 OTHOCHTEABHO HEOOABIIOIO AMAIIA30HA BO3MOXKHBIX 3HAYEHHIL.
B aTOM cAydyae paHHbIE IIOAB30BATeAs YAAETCS pacuIMppoBaTh, Ie-
pebpas Bce Bo3MOXKHBIe 3HaueHms Kaoda. Ho B mocaepnee Bpems
TaKHe CAYYaH AOCTATOYHO PEAKHL.

C nomomipio CreHepUpOBaHHOTO KAIOYA IMHUQPYIOTCS AAHHbIE
HOAB30BaTeAs. 3aTeM KAIOY, KOTOPBIA HEOOXOAUM AASL pacIIudpo-
BAaHMS AAHHBIX, 3aIM(POBBIBAETCS HA APYTOM OTKPBITOM KAIOYe.
ITOT OTKPBITHIN KAIOY CTeHEepUPOBaH 3apaHee,  COOTBETCTBYIOIIe-
IO eMy 3aKPBITOT'O KAIOYA B TeAe IMPPOBAABIIUKA HET, 3aTO TOT 3a-
KPBITBIA KAIOY U3BECTeH 3A0yMbIIIAeHHHKY. [Tocae aToro opurunas
KAIOYa, HEOOXOANMOrO AASL PACIINPOBAHUS AAHHBIX, YAAASETCS,
U Ha KOMIIbIOTepe IOAb30BATEASl OCTAETCS TOABKO €ro 3ammdpo-
BaHHAs BEPCHSL

Teneps, MOAyYHB 3aIHUPPOBAHHYIO KOIHIO KAIOYA, 3A0YMBIII-
AeHHHK MOXeT U3BA€YUb U3 Heé KAIOY, HEOOXOAMMBII AAsI paciind-
POBaHUS AQHHBIX ITOAB30BATEAs, H BCTPOHUTD €ro B Aemndparop.
Ipu sToM aemudparop 6yaer GecroreseH AAS APYTHX IIOCTpa-
AABIINX IOAb30BaTeAei. UTo, ¢ TOYKM 3peHHS 3A0YMBILIACHHHKA,
BBITOAHO OTAHYAET CXeMY C AByMs KAIOYAMH OT IIe€pPEeUYHCAEHHBIX
BBIIIE.

HeBosMoxxHO 3a mpueMAaeMoe BpeMsl pacIIM$poBarb (aiAbl,
3amudpoBaHHble aATOpuT™MOM RSA ¢ poannoit katoua 1024 6ur.

IIpuMep BPEAOHOCHBIX IIPOTPaMM, HCIOAB3YIOIIHX CXeMy
C HecKOAbKMMH Karodamu, — Trojan-Ransom.BAT.Scatter. Cemeit-
cTBO Scatter 06AapaeT HECKOABKUMH CYIIeCTBEHHBIMH OCOOEHHO-
CTSIMH:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

ITpumensiercs: 60oAee coBeplleHHAs] KPHUIITOCXeMa C ABY-
M TIapaMH aCUMMETPHYHBIX KAIOYeH, 4YTO IIO3BOASeT
3AOYMbIIIAGHHMKAM PacmUPpPOBBIBATh (aMAbl KEPTBbI,
He PacKpbIBasi CBOM 3aKPBIThIN KAIOY.

CoaMnAbI U3 3TOro ceMeicTBa HAIMCAaHbI HA CKPUIITOBBIX
SI3bIKAX, 3TO IIO3BOASIET AETKO MEHATb BPEAOHOCHDI PYHK-
roHaA. CKPHUIITHI Ay4lile TI0AAQIOTCS 06 yCKAINM, U 9TOT
IpoIlecc Mpollle aBTOMATH3HPOBATh.

CaMIABI IMEIOT MOAYABHYIO CTPYKTYpPY. Moayan cxaunBa-
IOTCS C CAaliTOB 3A0YMBINIAEHHHKOB BO BpeMs HCIIOAHEHMS
CKpHIITA.

Aast mudpoBaHus U yAaAeHHs PalAOB KAIOYEH HCIIOAb3Y-
I0TCS IIepeMeHOBAHHbIe ACTHTHMHbIE YTHAUTDL.

AOCTHUTHYT BBICOKMII ypPOBeHb aBTOMATH3ALMU IPOLiecca.
ABTOMATH3aIMH IIOABEP)KEHO IPAKTUYECKH BCE: aBTOMA-
TUYeCKU T'eHEePUPYIOTCS BPEAOHOCHBIE OOBEKTBI, aBTO-
MaTHYeCKU PacChIAAIOTCS IHCcbMa. Boaee Toro, mo 3ase-
PEHMAM 3AOYMBIUIAGHHHMKOB, aBTOMATU3HPOBAH IIPOLecC
00paboTKM IHCeM OT JXePTB U AAABHEHIINX KOHTAKTOB
C IIOCTPaAABIIMMHU. ABTOMATHYECKH IIPOUCXOAUT PACIIH(-
POBKa TeCTOBBIX $aFIAOB SKEPTBbI, OIleHKA CTOMMOCTH HH-
¢$opmanu, BRICTaBACHHE CYETA, IPOBEPKA OIAATHI, OTCHIA-
Ka aemudparopa. Ham TpyaHO mpoBepUTh IpaBAMBOCTD
aTON MHPOpMAIIMH, HO C YYETOM AAHHBIX, IIOAYYEHHBIX
npu u3ydyeHun moayaer Trojan-Ransom.BAT.Scatter, mer
IPUYUH He BEPUTD STUM 3asiBAeHIAM. KOCBEHHBIM HX MOA-
TBEP)KACHHEM TAKKe CAY KUT BOT 9TOT aKKayHT B Twitter.

CewmeiicTBo Scatter MOSBHAOCH OTHOCHUTEABHO HEAABHO: II€P-

BbIe COMIIABI OBIAM OOHApY>KeHBI B KOHIle HIoAst 2014 roaa. 3a xo-
pOTKOe BpeMs OHO YCIEeAO 3HAaYHTEABHO 3BOAIOIMOHHMPOBATE,
063aBepsich $pynknuoHaAbHOCTHI0 Email-Worm u Trojan-PSW.
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FMABA 8.
KBAHTOBAA
KPUNTOIPA®UA

«To, umo mvL noka He moxem merezpaduposams
cXemy veAo8eKd u3 00H020 Mecma 6 Opyzoe, c8s-
3aH0, 6 OCHOBHOM, C MeXHUYeCKUMU MpyoHOCMm -
MU... >

Hop6epm Bunep

«3aseAenue, 4mo Keanmosas Kpunmozpadus
A6A9€MCA  CMOIIKOLI, KAYeCmeeHHO OmAUYAen-
ca om ecex npexcHux 3asesenuti. Keanmosas
Kpunmozpadus S8ASEMcs He NPOCMO NPaAKmMuHe-
CKU HEPACKPbIBAEMOTL, OHA HEPACKPbIBAEMA COBED-
wenno. Keanmosas meopus — camas ydaunas
meopus 8 ucmopuu Pusuku — nodpasymesaem,
umo Eea Hukoz0a He cmoxcem be3ouinboumo nepe-
xX8aAMmume KpunmozpaduHeckuii ka4 00Hopaso-
8020 UCNOAL30BAHUS, KOMOPbITL OblA c030an AAu-
coii u Bobom. Esa ne cmoxcem dasxce nonvimamocs
nepexsamums Kpunmozpadureckuii kA4 00Ho-
PA308020 UCNOAL308aHUS be3 M020, ¥mobbL Aruca
1 Bo0 e bviau npedynpexcdenvt o ee deticmeusx>.

Cunex Catimon. «Knuea wugppos>
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HEMHOIO KBAHTOBOW TEOPUU

K QXKETCSI OYeBUAHBIM, YTO SAEKTPOHBI AMCKPETHBI, OHH — BO-
[AOIeHYe OHATHS «9acTUlbl». O cBeTe, HATPOTUB, HANOO-
Aee eCTeCTBEHHO AyMaTh KaK O BOAHE, U yxke 60oaee 200 AeT u3Bect-
HO, 4TO OH CIIOCOOEH POSIBASTD Ce6sl B BOAHOBBIX 9 PeKTax, TAKUX
KaK MHTeP$epeHIHs 1 AUPPAKIIHL

KsanroBast Teopust HHPOPMALUHN HAXOAUTCS HA CThIKE ABYX
HanboAee 3HAYUTEABHBIX Teopuil XX Beka: KBAHTOBOU MeXaHHU-
Ky u Teopuu uHopManuu. OHa UMeeT AeAO C KBAHTOBO-MeXa-
HUYECKHMH COCTOSHMSIMH M PacCMAaTPUBAET HX CIIOCOOHOCTD
y4acTBOBaTh B IlepeHOCe U 00paboTke nHPOpMAIMU. JTa HayKa
nosiBUAach B 60-e TOABI IPOIIAOTO BeKa, BO BpeMeHa OypHOTO
Pa3BHUTHS BbIYUCAMTEABHON TEXHHKH, KaK CAEACTBHE TOTO, 4TO
IpH IOCTOSIHHOM YMEHBIIEHHU pPasMepOB BbIYHCAMTEABHBIX
YCTPOJCTB CO BpeMeHeM Hen36eXXHO BOBHUKHET HeOOXOAUMOCTD
HCIIOAB30BATh OAMHOYHBIE KBAHTOBBIE COCTOSIHHS B KauecTBe
MHPOPMALIMOHHOTO pecypca. B To Bpems mopoOHast mepcrek-
THBA O3HAYaAd HOBbIE CAOXKHOCTH, B IIEPBYIO OUYEPEAb CHABHOE
BAMSIHUE KBAaHTOBOTO IIyMa, KOTOPBIA CYMTAACS OAHO3HAYHO
paspyuaromumM paxropom. OpAHAKO IIpH 60Aee TOAPOOHOM H3Y-
YeHUH 9TOTO SBACHUS BBUSICHUAOCD, YTO KBAHTOBBI LIYM MOXET
OKa3bIBaTh CYLeCTBEHHYIO [IOMOILb IIPH IIepepade i 06paboTke
uHGOPMALIUH: TaK, SBACHHEe KBAHTOBOIO «Pa3Ma3bIBAHUSI» Ha-
CTHIBI [0 HECKOABKMM TOYKAM IIPOCTPAHCTBA OOAAAAET CBON-
CTBOM HMHTeppepeHIIH, CIOCOOHBIM B PSIA€ CAyYaeB IIPUHECTH
OOABIIYIO IIOAB3Y.

KsanroBast Teopus nH$OpMALUM KaK HOBas HAayKa paboTaeT
C KBaHTOBBIMHU sIBA€HISIMU. OKa3bIBaeTCs, ITO IpUMeHeHHe KBAHTO-
BBIX COCTOSIHHUII CIIOCOOHO BBIBECTU CKOPOCTDb BBIMHCAEHHIT Ha HO-
BBIIl YPOBEHb OAArOAApsi HA€E KBAHTOBOI'O KOMIIBIOTEPA, & TAKXKE

174



naBa 8. KBaHToBaa kpuntorpadua

rapaHTHPOBATh AOCOAIOTHYIO CEKPETHOCTD PACIIPOCTPAHEHHUS KAIO-
yeil B KBAHTOBOH KpHUIITOrpaduu.

B,ETEKTMPOBaHMe N KBAHT (BeTa

Ilpu A1060M AETEKTUPOBAHME IIEPBOHAYAABHO PACCeSHHBII
CBeT BeAST celsl TaK, KaK eCAM Obl OH COKMMAACS AO MEABYAMIINX
pasMepoB, MOABASISICH MOMEHTAABHO B OAHOM MecTe. Bcé aTo Mosxxer
CBHUAETEAbCTBOBATh O AICKpeTHOM mpupoae caeTa. [lepsoe ompeae-
AeHUe CBeTOBBIX Ay4el, AanHoe Fcaakom HrioToHOM, COOTBETCTBY-
€T 9THM COBPeMEeHHbIM IPeACTaBACHHAM:

«[Tod Ayvamu céema s NOHUMAIO €20 MeAbHatiuiue 4a-
cMmuybl, Komopole cAedyiom opye 3a dpyzom 600Ab 00HUX
U Mex e AUHUTL U 00HOBPEMEHHO HECKOALKUX AUHUTI>.

C Tex mop kax amepukanckuit xumuk JK. H. Aptouc 8 1926
TOAY AQA UM Ha3BaHUe, IIPUHATO OTOXXAECTBAATD STH <MeAbYail-
IIFe YaCTULBI»> ¢ GOTOHAMHL.

Onpeneneume HbloTOHa BbLIFMAANT KaK npopo-
YyecKoe npegBnpeHune KBaHTOBOMI Teopun.

MpuHumn HeonpepenénHocTy leii3eHbepra

YacTo, KOrAa Mbl YTO-TO M3MEpseM, TO BO3AEH-
CTByeM Ha 00beKT usMepeHus. UTo6bI IOCMOTpPETH
HOYbBIO Ha CILILEro peGEHKA, HaM IPUAETCSI OTKPbITH
ABEpb U BKAIOUUTb CBET, BOSMOXHO, Pa30yAUB MaABI-
1ma. AHAAOTHYHO, YTOGBI U3MEPUTH [IOAOXKEHNUE ATO- Asmop
Ma, HYXHO, 4TO6bI Ha aToMe paccesiacsi cBeT (HAH Heogg?mejew
YTO-TO elIé), YTO, OYEBUAHO, [IOBAMSET Ha Hero. Bcé
9TO YMCTO KAACCHYECKHE PACCYXKACHUS.

B paMkax kAaccHYecKoi1 GUBNKH CYIIECTBYeT ABa CII0co6a 060ii-
T 9Ty po6AeMy. C OAHOI CTOPOHBI, MbI BCETAQ MOXKEM YMEHbIIHTD
BEAMYNHY BO3ACHCTBHS HACTOABKO, HACKOABKO 3aXOTHM, YMEHBIIUB
MHTEHCUBHOCTDb CBeTa, Hampumep. C APyroil CTOPOHBI, IIOCKOABKY
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A1060€e BO3AEHICTBUE YIPABASIETCS ACTePMUHHUCTHIECKAMH 3aKOHA-
MM KAACCHYECKOH QHU3MKH, MbI MOXKEM BHECTH COOTBETCTBYIOIIYIO
nomnpasky. [irpa Ha 6MABsIpAe, HATIPUMED, 3aBUCHT OT TOTO, HACKOAD-
KO XOpOIIO MbI MOXXeM IIPEACKa3aTh BAMSHHE BO3ACHCTBHSA PasHbIX
¢$axTOpOB. AHAAUSHPYS KOHEUHYIO SHEPTHIO M UMITYAbC, MBI MOYXKEM
OIIPEAEAHTD, KAK [IEPEeMECTHUAUCH OUABSIPAHBIE IAPBI, AAXKe He HAOAIO-
Aast 32 CAMHMH CTOAKHOBEHHSIMU. MBI MOXeM II09TOMY CA€AATb 00-
PATHBI PAcYéT ¥ CKOPPEKTHPOBATD HAIIIM U3MEPEeHMS C AI0OOI TO4-
HOCTBIO, KaKast HAM Hy>KHa. A0 CHX ITOp He GbIAO HUYero HEOOBIMHOTO.
Ocnosras upest Ieiisen6epra cocTosiaa He B TOM, YTO U3MEPEHHS BAU-
SIIOT Ha U3MepsieMylo cucTeMy. Pedb 1Aa 0 IPH3HAHMK HOBbIX IIPUH-
IJUIIMAABHBIX H3MEPUTEAbHBIX OTPAaHNIeHHUH, CBSA3aHHbIX C <KBAHTOM
aeiicTBus > . CyIecTBYIOT ABa TaKHX IIPEAEAQ.

Bo-nepBbiX, B TO Bpems KaK, COFflacHO Knaccu-
yeckoin pu3MKe, Mbl MOXKeM caenatb Bospeii-
CTBME CKONb YrofHO ManbiM, COFNacHO KBaHTO-
BOI1 MeXaHNKe, 3TO HeBO3MOXHO.

BosaeificTBue ceTa, HanpuMep, KBaHTOBAHO, ITO3TOMY POTOH
He MOXXeT He TIOBAMATD Ha YaCTHUITY, C KOTOPO OH CTAAKHMBAeTCs.

Bropoe orpaHnyeHmne, Hajaraemoe KBaAHTO-
BOI MeXaHNKOl, COCTOUT B TOM, 4YTO 3TO BO3-
Aencreme HeynpaBnAemMo n Henpepckasyemo.

Ecau roBopuTh 60A€e KOHKPETHO, TO HEBO3MOXKHO OIIPEAEAHTb
C Kako#-An00 CTeneHbI0 TOYHOCTH ONPEACASHHBIE AOIIOAHUTEAD-
HbIE CBOMCTBA YaCTHUITHI B AI0OOI AAHHBIM MOMEHT. AaBaiiTe, Hanpu-
Mep, pACCMOTPHUM CAy4aii ¢ OTOHAMH.

OaHO U3 X $yHAAMEHTAABHBIX CBOMCTB — 3TO IIOASIPU3AIIHS,
TEXHUYECKUI TEPMUH, KOTOPBIA OTHOCHUTCS K KOACOAHUSIM HAU
BHOPALIN 9A€KTPOMArHUTHON BOAHBL. XOTsS (OTOHBI BHOPHPYIOT
BO BCEX HaIIPaBAGHMSX, AASL HAllero KOPOTKOIO IIpHMepa IIPeATIo-
AOXHM, YTO OHH BUOPHPYIOT B YeTHIPEX: BEPTHUKAABHO, [OPHU30H-
TaABHO, AMATOHAABHO BA€BO, AMArOHAABHO BIIPaBo. B Takom cay-
Yae, B COOTBETCTBHHU C IPUHUUIOM leii3eHbepra, eANHCTBEHHDIN
CIIOCOO TIOATBEPAUTD IOASIPH3ALUIO OIPEAEAEHHOTO (POTOHA —
9TO IPOBECTHU ero yepe3 QUABTP HMAM <«IeAb>, KOTOpas, B CBOIO
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Ecnu mbl nponycmum pAad omoHo8 pasnuyHol Nosspu3auuu yepes 2opu-
30HMAsILHBIL HUILMP, MO YBUOUM, YMO NOJIOBUHA U3 MEX, KOMOPbLIE OpUeH-
MUpPOBAHs! OUAOHATbHO, NPOUOEM CKBO3b hUILMP C U3MEHeHUEM NOAAPU-
3aUUU HA 20PU3OHMATIBHYIO

OuepeAb, MOXET ObITb MAM TOPHU30HTAABHOM, HAM BEPTHKAABHOIL,
HAU AMIATOHAABHOM C HAIIPAaBACHHEM BAEBO MAH BIIPABO.

Ioastpu3oBaHHbIE TOPH3OHTAABHO $OTOHBI OYAYT IPOXOAUTH
FOPU3OHTAABHBIN GUABTP 6e3 M3MeHEHMIl, B TO BpeMs KaK IIOASI-
PH30BAHHBIE BEPTHKAABHO (GOTOHBI OYAYT 3abaokupoBaHbl Uro
KacaeTcss GOTOHOB, KOTOPbIE MOASPU3OBAHBI AATOHAABHO, ITOAO-
BHHA U3 HUX IIPOHAET Yepe3 QUABTP C U3MeHEHHEM MOASPHU3ALINK
Ha TOPH30HTAABHYIO, 2 BTOPasi IOAOBHHA OYAET OTCKAKUBATb COBEP-
IIEHHO HelTPOH3BOABHO. BoAee TOro, mocae TOro Kak pOTOH BBIFAET
U3 QHABTPA, C ONIPEACASHHOCTDIO Y3HATD €0 MCXOAHYIO IIOASIPHU3a-
HI0 6yAeT HEBO3MOJKHO.

Kaxoe oTHOmIeHMe mOAspU3aMsa pOTOHOB MMeeT K KPHUIITO-
rpa¢un? OueHb CyIIeCTBEHHOE, KAK Mbl YBUAUM HIDKe. AAS HavaAa
BO3bMEM Ha Ce0s1 POAb HCCAEAOBATEAS, KOTOPDII XOYeT Y3HATh II0-
ASIPH3ALIHIO Psiad $OTOHOB. AASI 9TOTO OH MOXKET BBIOPATh PUABTP
TOABKO C PUKCHPOBAHHOMN OpHeHTanuelt (K IpuMepy, FOpU3OHTaAD-
HOi1). [IpeAnioA0Xk1M, 9TO GOTOH IIPOXOAMT CKBO3b GuabTp. Kakyto
MHPOPMAIIMIO M3 ITOTO IIOAYYHT HMCCAepOBaTeAb? KoHeuHo, oH
MOXET IIPEATIOAOKHTD, YTO HCXOAHAS HMOAspusarus GoToHa Obiaa
He BePTHUKAABHON. MOXET A OH CAEAQTb eIlé Kakoe-AnDO IpeAIIo-
aoxenne? Hert.

Brayare MOXXHO OBIAO OBI [OAYMATb, YTO CYIECTBYET OOAb-
IIasi BEPOSITHOCTb TOTO, YTO UCXOAHBIA (POTOH ObIA OPHEHTUPOBAH
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FOPH30HTAABHO, & HEe AMATOHAABHO, OTOMY YTO IOAOBHMHA <AMa-
FOHAABHBIX> He IPOHAST CKBO3b GHABTP. OAHAKO KOAMYECTBO AM-
arOHAABHO OPHMEHTHUPOBAHHBIX (pOTOHOB TAKKe B ABA pasa OOAbIIe
KOAMYECTBA TOPU3OHTAABHBIX. BasKHO MOAYEPKHYTH, YTO TPYAHOCTD
OIIpeAeAeHHs IIOASIPU3ALMU $OTOHA — ITO HE PE3YABTAT KAKOTO-TO
TEXHOAOTHYECKOTO MAM TEOPETHYECKOTO HEAOCTATKA, KOTOPBII MO-
KeT OBITh UCIIPaBAEH B OyAyIeM.

OTO cAeACTBHE IIPUPOADL CAMOI CyOaTOMHOR peaAbHOCTHL.

EcAu 9T0 CBOFICTBO AOAXHBIM 0OPAa3OM HCIIOAB30BATD, TO OHO
MOJXeT OBITb IIPUMEHEHO K CO3AAHUIO COBEPILIEHHO He MOAAAIOILe-
rocsi B3BAOMY K0AQ, aTakoro Cesiroro I'paaast kpunrorpadum.

(TpaHHaA KoLuKa

Ha cemunape mo xBaHTOBOM (u3HKe, KOTOPBIHA IPOBOAMACS
B 1958 roay, Huanc bop BrickazaA cBO€ MHeHHe IO ITOBOAY TIPEAAO-
JKEHHSI OAHOTO 3 BBICTYIIABIIMX CACAYIOIIMM 0Opa3oM:

«MBp! Bce coraacHsl ¢ TeM, 4TO 9Ta Teopus besymua. Bompoc,
IO KOTOPOMY MbI HE MOXKEM IMIPHUATH K COTAAIIEHHUIO, 3aKAI0YAETCs
B TOM, AOCTaTOYHO AH OHa Ge3yMHa AASI TOTO, YTOOBI MMETD LIAHC
OKa3aThCs TPAaBUABHOM >

M B caMoM AeAe, HACKOABKO ke be3yMHa KBaHTOBasI MEXaHHKa?
B xavecrBe mpumepa AaBaiiTe BO3bMEM IPHHIUII CYIIEPIIO3UITHU
cocrosiuit. JacTula mpeacTaBAseT co6Oft CYIIepPIIO3ULIHIO COCTO-
SIHUTL, €CAU B OAMH U TOT XK€ MOMEHT 3aHHMaeT 00Aee OAHOI [T03H-
LIMH HAM €CAM OAHOBPEMEHHO 00AaAdeT PasAMYHBIMU KOAMYECTBa-
Mu 9Heprun. OAHAKO KOTA2 HAOAIOAQTEAD H3MepsIeT YaCTHUILY, BCeIAd
OYAeT Kas3aTbCsl, YTO OHA 3aHHUMAET OAHY IIO3UIIHIO MAU 0bAapaeT
COBEPUIEHHO OIPEeAEAEHHBIM KOANYECTBOM IHEPTHUM.

Cam IlIpépunrep npuayMas MbICAEHHBIN 9KCIIEPUMEHT, «KOII-
Ky IlIpéaunrepa>, 4TOOBI IPOHAAIOCTPHPOBATD ITY KaXKYIYIOCS
abCypAHO HAEIO.

IIpeacTaBbTe KONIKY, KOTOPYIO 3aTOYMAU B CTAABHYIO H30AUPO-
BAHHYIO KaMepy. BHyTpu KaMepbl HAXOASTCS KOAGA C CHHHABHOM
KHCAOTOH M c4éTumk [efirepa, ¢ moMompIo peAe YIPaBASIOMIUI
MOAOTKOM. EcAM IPOMCXOAUT paciiap 9acTHIbL, peae cpabaThiBaeT,
MOAOTOK OITyCKaeTCs Ha KoAOy 1 pasbusaer eé. B pesyabrare xom-
Ka oTpaBAeHa. Pacmap gacTuIfbl, 0 KOTOPOIt HAET pedb, 3a IepHOA,
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Kowka

UpéduHeepa —
MbICIeHHbIU
3KCnepumeHm,
Komopelt
wcmpupyem
KOHYenyuio
K8aHMOoBOU meopuu
0 cynepno3uyuu
cocmosaHul

OIIpeACAEHHBIH AAS 9KCIIEPHMEHTA, MOXKeT IIPOH30HTH C BepOSTHO-
crpio 50%.

Bcst 9Ta KOHCTPYKIIHSA, 3aBUCAIIAS OT IIOBEACHHUS OAHOM-EAUH-
CTBEHHOI YaCTHUIIBI, PAOOTaeT B COOTBETCTBHH C 3aKOHAMH KBaHTO-
BOH QU3HKH.

AaBaiiTe IPEAIOAOKHM, YTO OIPEACASHHBIN AASL SKCIIEPUMEH-
Ta IIepUOA BpeMeHH UCTEK. Bonpoc: sxuBa komka nau meprsa? Maw,
€CAM TOBOPHTD Ha XXaproHe KBAHTOBOH MEXaHHKH, B KAKOM COCTO-
SIHMM HAXOAMTCS CHCTeMa «KaMepa—Kollka>»? OTBeT TakoB: IOKa
HaOAIOAQTEAb He OTKPBIA KaMepy U He «H3MepHA» COCTOSHUE CH-
CTeMbl, YaCTHI}A MOTAQ PACHACTBCS, a MOTAA U He pacnacTbcs. MHbI-
MU CAOBAMH, CUCTEMA OTpPa’KaeT IPHHIIUII CYTIePIIO3UIIMU COCTOS-
HHI: CTPOTO rOBOPs, KOIIKA He JKHBA U He MEPTBA, 3 OAHOBPEMEHHO
Y 5KHBA, ¥ MEPTBA.

AAsl Bcex, KTO IIOCYHMTAeT CYIEpIO3ULHUIO COCTOSHHUM
IPUTSHYTON 33 YIIM IMIIOTE30H, HYXXHO OTMEeTHTb, YTO yBa-
JKaeMble IOCIOAA (QU3HMKM IIPEAAATaAM AAbTEPHATHBHbIE HH-
Teprnperanuu. Hampumep, Teopus o MHOXeCTBe NMapaAA€Ab-
HBIX BCEACHHBIX YTBEpPXXAAeT, YTO HAeS O CYIepIO3HIUH
COCTOSIHMI — 9TO HEIIOAKPEIASHHBIH AOKA3aTeAbCTBAMHU
TE3HC, & B PEAABHOCTU AEAO OOCTOMT TaK, UTO AASL KAXKAOTO
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13 BO3MOJKHBIX COCTOHHHﬁ, B KOTOPBIX MOXKET OKal3aTbCA Ya-
CTHIIa, — IMO3UIIKS, KOAUYECTBO 9HEPTHHN H T. A. — CYIIECTBYET
AAbPTE€pHATHBHAs BCEAE€HHAs, A€ YacTHIla IIPHHHUMAET ApPYyroe
COCTOAHHE.

WHbIiMM cnoBamu, B OfHOI BCeNIeHHOIl KolIKa
B Kamepe X1Ba, a B fpyroil — mepTBa.

Koraa HabAOpaTeAb OTKpBIBAET KaMepy U YOeXKAAETCs, 4TO
KOIIIKA )KHBA, eT0 AHCTBHE ABASETCS HEOTheMAEMOM JaCThIO TOAD-
KO OAHOM M3 BO3MOXHBIX BCEAGHHBIX. B mapasseAbHOM BceAeH-
HOJt — IIOAHOCTBIO 3aIIOAHEHHO CBOUMHE COOCTBEHHBIMHU 3BE3AA-
MU, MEPaMH, TOPOAAMHE 1 AIOABMH, — TOT K€ CAMBIIl HAOAIOAATEAD
CMOTPHT B KaMepy U C BEAHKOH CKOPOBIO yOeXKAAeTCsl, YTO KOIIKA
OTpaBAeHa.

CTOpOHHUKH TEOPHH IMAPAAAEABHBIX BCEAEHHDIX, ITPaBAQd, BCE
emé He OODBSICHUAHM, KaK 9TH BCEACHHBIE B3aHMOAEHCTBYIOT APYT
c ApyroM... Tem He MeHee, TeOpHsT 0OBSICHSET, TI0YEMY KBAHTOBbIE
PEeaABHOCTH BeAyT Ce0s1 CTPaHHBIM 00Pa3oM, a CaMO 3TO ITOBEAEHHUE
OBIAO TIOATBEPYKACHO B XOA€ MHOTOUMCACHHBIX YOEAUTEABHBIX 9KC-
IepUMeHTOB.

KBaHToBblE Hepa3pywiaouiue nsmepeHua

B xaaccuueckoit $pu3rKe MBI MOXXEM HECKOABKO Pa3 U3MEPHTD
OAHY BeAMYHHY. MBI MOXeM M3MEPHTb AAMHY CTOAA H, H3MEpHB
eé emé pas, IIOAYYHUTD TOT JKe Pe3yAbTaT. MBI MOXXeM IIOCYUTATD
U 3aTeM IlepeCcYuTaTh KOAMYeCTBO suIj B yrakoBke. Ho kBaHTOBas
MeXaHHKAa HAAaraeT OIPAaHMYEHHS Ha BO3MOXHOCTb IIOBTOPHO-
ro M3MepeHMs TOM >Xe BEAMYHMHBL. AefCTBHTEABHO, U3MepeHHs,
COTAACHO KBAaHTOBOH TEOPHM, MOTYT MMeTb paspyllaiolee Aei-
crBue. [IoBTOpHBIE H3MepeHH KOOPAMHATHI MOTYT He COBIIAAATD
M3-3a IPHHIMIA HeollpeAeA€HHOCTH. IloBTOpHas perucrpanus
$OTOHA MOXKET OKAa3aThCsI HEBO3MOXHOM H3-3a TOTO, YTO OH ObIA
YHHUTOXeH IIpH epBoM usMepeHnu. OAHaKO OBIAM pa3paboTaHbI
CITOCOOBI IIPEOAOACHHSI ITHX OTPAaHHUYEHMUIL.

ITo caoBam Ouamnma Iummepmana, koTopsie Caiimon CuHrx
IIPUBOAUT B cBOell «KHure 0 kopax>:
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«COBPCMGHHQS! KpunmozpagSuﬂ moxcem co3dasamo
Luugﬁpbt, Komopuvle Ha CamMom deAe Haxo0amcs 6He npe-
0eA0B BCex U3BECHBIX SﬁOpM Kpunmoanaiuda>.

Kax MbI 0TMe4aAH, B3AOM aATOPUTMOB IIHPPOBa-
Hus tuma RSA uan DES u paoxe cMelmaHHbIX CHCTEM
tura PGP, ucrmoassys MeToa TOTaAbHOrO Iepebopa,
HAXOAMTCS BHE BBIYMCAUTEABHBIX BO3MOXKHOCTEH
AQXe CaMBIX OBICTPBIX KOMIIBIOTepoB. MoxkHo am  Caumon
IPEeANIOAATaTh, YTO KAKOH-TO BHA MAaTeMaTHYeCKOTO Jlexa Curex
COKpaIlleHHsI [IPOLiecca IIO3BOAUT LIMHOHAM OyAyIIe-

IO CHU3UTb CAOXKHOCTb KPHIITOaHaAM3a? XOTS HCKAIOYATD 9Ty BO3-
MOXXHOCTDb HEAb3sl, OUeHb BePOATHOMH e€ HUKTO He CUMTAeT.

"pOTOKOH bl KBAHTOBOI0 COCTOAHUA

K 1984 roay HakoIAeHHBIX PE3yAbTATOB OKa3aAOCh AO-
CTATOYHO, 4YTOOBI CHOPMYAHUpPOBATH IPHHIUIBI KBAaHTOBOM
KPUIITOTpadUH U IPEACTABUTD, XOTSI HA TOT MOMEHT U He CTPO-
rue, HO MHTYUTHBHO IIOHATHbIE AOBOABI B IOAB3Y CEKPETHOCTH
MOAOGHOro crmocoba pacmpepeAeHHUs] KAIOUeH. 3aTeM IPUIIAO
BpeMsl AAS pasBUTUSL COOCTBEHHO (OpPMaAM3Ma KBAHTOBOM
Kpunrorpaduu: ObIAM OIMCAHBI TpebyeMble ACHCTBUS A€TH-
THMHBIX IIOAb30BaTeAel, GpOPMAAM30BAHB AEHCTBHS IINHOHA,
a TaKKe OBIAQ AOKA3aHA CEKPETHOCTH [IePBOTO IIPOTOKOAA pac-
mpepeAeHHs KAlovyel, HasBaHHOTO BB84.

OcnosHble paKThl KBAHTOBOM TeOpHU MHPOPMAIIHH, Ha KOTO-
PBIX OCHOBBIBAaeTCs KBAHTOBas KpUITOrpadus, — 3TO CBA3aHHbIE
MEeXKAY COOOM YTBEpXKAEHHS O HEBO3MOXXHOCTH KOIMPOBAHHS
IIPOHM3BOABHBIX KBAaHTOBBIX COCTOSHMH M O HEBO3MOXHOCTH AO-
CTOBEPHO Pa3sAMYUTb HEOPTOTOHAAbHBIE COCTOAHMA. B codeTanuu
3TH $aKThI AAIOT TO, YTO TIOMBITKH Pa3AUYEHHUsS] KBAHTOBBIX COCTO-
SHUP U3 HEOPTOTOHAABHOIO HaOOpa BeAyT K IIOMeXaM, a 3HAUMT,
AEMCTBHS [IePeXBATIHMKA MOT'YT ObITb A€TEKTUPOBAHDI II0 BEAMYHHE
OIIMOKY Ha IIPHEMHON CTOPOHE.

BaxxHO OoTMETHTD, 4YTO KBAaHTOBAas KPUNITOTpadus He AeAaeT
HUKAKUX IMPEATIOAOXKEHHUH O XapaKTepe AHCTBHI IIOACAYIIHBA-
TeAsl U BEAMYHHE AOCTYIIHBIX €My PecypcoB: IPEATIOAATaeTcs,
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9TO [epeXBaTYUK 00AAAAET AIOOBIMU pecypcaMu M AeAdeT Bce
BO3MOXKHbIE AHICTBUSA B paMKaX H3BeCTHBIX Ha CETOAHS 3aKOHOB
HOPUPOABL. DTO CYIIeCTBEHHBIM OOPa3oM OTAMYaeT KBAHTOBYIO
KPUIITOrpagHIO OT KAACCHYECKOM, KOTOpas ONMpaeTcs Ha orpa-
HUYeHHS B BBIYMCAUTEABHOM MOITHOCTH ITOACAYIIHBATEAS.
HedopmasbHO IPHHITUII AEHCTBHS BCeX IIPOTOKOAOB KBAHTO-
BOM KpHUITOrpaduu MOXKHO OIMCATh TaK: Iepeparomas CTOpOHa
(Oabra) Ha KaXKAOM INare MOCBIAAET OAHO M3 COCTOSIHUII U3 MX
HEOPTOTOHAABHOTO Habopa, a npuHnmaromas cropona (ITasea)
IPOUBBOAUT TaKOE H3MepeHHe, YTO [IOCAE AOTIOAHHTEABHOIO 006-
MeHa KAACCHUYeCKOM HHPOpMaIie MexXAy CTOPOHAMH OHU AOAXK-
HbI UMeTb OUTOBBIE CTPOKH, IIOAHOCTBIO COBIIAAQIOIIME B CAydae
HAEAABHOTO KaHaAd M OTCYTCTBHs IlepexBardmka. Omubku sxe
B 3THX CTPOKAX MOT'YT TOBOPUTD KaK O HEHMACAABHOCTH KaHAAQ, TaK
U 0 AEHICTBUSIX ITOACAyIIHBaTeAsL. IIpu BeAnurHe omu6OKY, IpeBbI-
Aol el HeKOTOPBIN IpeAeA, AeHCTBHIe IPOTOKOAQ IIpephIBaeTCs,
MHaYe ACTUTHMHbIE IIOAb30BATEAU MOT'YT H3BA€UD IIOAHOCTBIO Ce-
KPEeTHBIH KAIOY U3 UX YACTHYHO COBIIAAAIONINX OUTOBBIX CTPOK.

Konnanc BonHoBoW ¢pyHKLMK

BaXHBIM 3aKOHOM KBAaHTOBON MEXAHHKH SIBASIETCSI PEAYKIIUS,
HAYL KOAAQIIC BOAHOBOM QYHKITMM. OTO CBOKCTBO HA3bIBAETCS TAKKe
peaykueit por HeliMaHa 1 03HaYaeT IEPEXOA COCTOSIHHS ITOCAE H3-
MepeHHsI B OAHO M3 COOCTBEHHBIX COCTOSIHHIT OIIePaTOpa U3MEPEHHSI.
Tak, npu usmepenun {M} 1 OAY4eHHH Pe3yAbTaTa i HCXOAHOE CO-
CTOsIHHE OYAeT IpeoOpasoBaHo B

pf _ V sz V M’i
. TI'M.,,p )

OTO OAHO U3 BAXHEHIINX AAS KBAHTOBOH KpuITOrpaduu
cBoicTB. ITocKOABKY OHO TOBOPHUT O TOM, UTO IOMNBITKU U3MEPHUTh
CHCTeMy BAEKYT IIOMEXH, U3 Yero CAeAyeT, UTO ITOTIBITKH IIepexBaTa
HMHPOPMAIIUH BCETAA MOXKHO BBIIBUTD ITO AOIIOAHHTEABHBIM OLINO-
KaM Ha puéMHoit cropoHe. IIpu o6HapysKeHUHU MOIBITOK IIOACAY-
IIUBAHUSA II0 UX KOAMYECTBY AAIOTCS OIeHKH BO3MOXHOM yTEedKU
MHQOPMAIIMH K TIePeXBaTYHKY.
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HeBo3MOXHOCTD KNOHNPOBaHUA

IToxaxceM YacTHBIN pPe3yAbTaT U3 TEOPUU COCTABHBIX KBaHTO-
BBIX CHCTeM, Ba)XHBIN AASl KBaHTOBOM KpunTorpa¢uu. Kak nssecr-
HO, HEOPTOTOHAAbHbIE KBAHTOBbIE COCTOSHUS HEAb3S AOCTOBEPHO
pasanunThb. 3AeCh GyAeT MOKA3AHO, YTO UX HEAb3sI KAOHHPOBATh —
HaIpuMep, YTO0BI COOPaTh HOAee MOAHYIO CTATHCTHKY PE3yABTATOB
HM3MepEeHHUI.

IIpeo6pasosanue U, KAOHHpYyIOLlee IPOH3BOABHOE UHCTOE
KBaHTOBOE coCTosiHUe >, MOXHO omucarh Tak:

Uly) ® |4) = [4) ® |4,

rae JA> — mcxopHOE COCTOSIHHE BCIIOMOTIAaTeAbHOM CHCTEMBL.

Yr005! MOKa3aTh HEBO3MOXKHOCTH TAKOT'O [IPe0OPa30OBaHILs, AO-
CTaTOYHO PACCMOTPETD €ro AeHCTBUE Ha HasucHble cocTosHus 10>
nll>

Ul0) ® |4) = |0) ®10),
Ul @4) = 1) @ 1),

a TaKkxe Ha cocTosHue 1/ \/2 (IO>+ I1>. B cuay auHelHOCTH oIle-
paropa U u mpHBeASHHBIX YyTh BbIle COOTHOIIEHUIN AOAKHO BBI-
IIOAHATHCS

1 1
U(—=(|0 1 A)=—(|0 0 1 1
(710 +1) @14) = Z5(0) 20 +[h) @ 1))
C apyroii cTroponbl, 1o onpepeser o U, AOAKHO TTOAYYaThCs
1 1
U( 510 +11))® |4 =5(0) +11) @ (0) +[1)).
IToayyenHOE IpOTHBOpPEUHE AOKA3hIBAET HEBO3SMOXKHOCTD KAO-

HHUPOBaHM ITPOU3BOADPHBIX KBAHTOBBIX COCTOSIHUM.
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

OrMeTHM, YTO KAOHMPOBATh COCTOSIHUSI U3 OPTOrOHAABHOTO
Habopa MOXKHO: AASL 9TOFO AOCTATOYHO, HALIPHMeEP, U3MEPUTD UX
U IPUTOTOBHUTD COCTOSIHIE, COOTBETCTBYIOIIEE PE3YABTATY U3MeEpe-
HHSI, — B 9TOM CAy4ae OH 6yAeT 6e301I10OYHbIM.

CocTaBHble KBAHTOBbIE CUCTEMDI

PaccMoTpeHne KBaHTOBBIX CHCTeM, COCTOSIIMX M3 HECKOABKHX
qacTHL (MX Ha3BIBAIOT COCTABHBIMU CHCTEMAMH), MOXET MOPOit pH-
BECTH K MHTEePEeCHBIM CBOMCTBAM, He BCTPEYAONIIMCS B KAQCCUIECKOM
caygae. Emé B 1935 roay B mepenmcke Oitaimreitna, Ilopoabckoro
u PoseHa ObIAM OTMeuYeHbI OYeHb MHTEPEeCHble CBONCTBA COCTABHBIX
KBAaHTOBBIX CHCTeM, IPOTHBOpeYalljiie AOKAABHOCTH: BBIXOAMAO, YTO
AEHCTBHS Hap OAHOM 13 TIOACHCTEM MOTYT MITHOBEHHO OKa3aTb BAMSA-
HHe Ha APYTYIO [IOACHCTeMy, KAaKOBO ObI HI ObIAO PACCTOSIHHE MEXAY
HuMu. OIMcaHNe 3TOTrO CBOMCTBA INPHBEAO K BOSHUKHOBEHMIO op-
MaAM3Ma COCTAaBHBIX KBAHTOBBIX CUCTEM U CBOMCTB COBepIIaeMbIX HaA
HHMH ACACTBUIL.

TEH30pH09 npouspeaeHue

OrmpeaeArM TO, B KAKOM IIPOCTPAHCTBe OOHTAIOT COCTABHBIE
KBAaHTOBbIE CHCTeMbL. PacCMOTPHUM AASl HAYaAa HAUOOAEe 9IAeMeHTap-
HBIF CAy4ait AByX KyOutoB. Ha MHTYNTHBHOM ypOBHE OYEBHAHO, UTO
BO3MOXHBI 4 BAPHAHTA MX COBMECTHOTO COCTOSHHUS:

« obaky6bura B cocrosiun [0>;
IepBblii KyouT B cocrosinuu 10>, Bropoit B cocrosiauu 11>;
+  IIepBbIi KyOuT B cocTosiuu 11>, Bropoit B cocrosianu 10>;
« obaky6bura B cocrosiHun [1>.

Vmenno atu 4 BekTOpa OYAYT SIBASITHCSL GA3HCHBIMU B IIPO-
CTPaHCTBE ABYX yKa3aHHBIX KyOUTOB.
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BUTbl U KYBUTDI

OaHako Kakoe ke OTHOIIEHHe CYIePIIO3HIIHs COCTOSHHI Ja-
CTHI] UMeeT K BBIYMCACHHAM — AQXKe €CAU He TPOraTh KpHUIITOrpa-
¢uro? Ao 1984 ropa HUKTO He AyMaA BBICKA3bIBAaTh IIPEATIOAOXKEHM I
0 B3aHMOOTHOIIIEHISIX MEXAY 9TUMHU ABYMst obAacTsmu. ITpumepHo
B TO BpeMsi OpHTaHCKUM QUSHK AIBUA AOMY BRICTYIIHA C PEBOAIO-
IIMOHHOM HAeef: KAKMMH OBl CTAAM KOMITbIOTEPBI, €CAH Obl, BMECTO
TOTO YTOOBI PABOTATh [0 3aKOHAM KAACCUYECKOM (UBHKH, OHH Ha-
JaAM TIOAYMHSTHCS 3aKOHAM KBaHTOBOM MexaHuku? Kak Bbramcae-
HUSI MOTAH ObI BBIUT'PATh OT CYIIEPIO3HIIMI COCTOSHHUM YaCTHII?

BcroMHIM, YTO TPaAUIIMOHHBIE KOMIIBIOTEPH! PAOOTAIOT C MU-
HUMAABHBIMU EAMHHITAMH HMHQOpPMAIMH, KOTOpPble Ha3bIBAIOTCS
OHUTBI 1 CIIOCOOHBI TPUHUMATS 3HadeHns 0 1 1.

C Apyroit CTOpOHBI, AASL KBAHTOBOTO KOMIIBIO-
Tepa MOXHO 3aAaTh B BHAE HAMMEHbIeH eANHHUITbI
MHQOpMAIINM JAEMEHTApHYI0 YaCTHILy, KOTOpas
CIIOCOOHA HAXOAHTBCS B ABYX BO3MOXHBIX COCTO-
sauusax. K nmpuMmepy, ciiH sAeKTPOHA MOXXET MMeTb
ABa HaITpaBAeHM:1, BBepX AU BHU3. B pesyabrare a1y
YJaCTHUITy MOXHO HCIIOAB30BAaTb AASl IIPEACTaBAEHHUS
sHavenns O (crm BHU3) MAu 3Havenus 1 (crun BBepx). Ho ecan
BCIIOMHHUTD O CYIEPIO3UI[MU COCTOSIHHI, TO 9AeKTPOH CIIOCOOeH
IPEACTABAITD 004 3HAUEHNST OAHOBPEMEHHO.

[=]

[=]

13810 [lody

3Ty HOBYI0 eAuHULY UHOpMaLUM HasBanm
«KyouT» (COKpalWéHHO OT KKBAHTOBbIN 6uT»,
unu q-6ut). MaHunynaymm ¢ Helww MOryT OT-
KpbITb fiBEpU B MNP CyNnepMOLHbIX KOMAbIO-
TepoB.

B pesyapraTe MOHCK HY>XHOTO 9YHCA2 OYAET IIPOBOAUTHCS
IO BCEM AO €AMTHOM BO3MOXXHBIM OILIMAM OAHOBpeMeHHO. Ecan Mb1
YBEAUYMM KOAUYECTBO KyOUTOB A0, CKaxkeM, 250, KOAIeCTBO OAHO-
BpeMeHHbIX OIlepalliii, KOTOpble MOI'YT OBITh IIPU ITOM BBIIIOAHE-
HBI, COCTaBUT 0K0AO 1075, HeMHOIMM MeHblIIe, YeM, TeOpeTHIeCKH,
HaCYUTHIBAEeTCSI aTOMOB B Hamied BceAeHHOI.

TpaAUITMOHHBIN KOMIIBIOTEP BBIIIOAHAET BBIYMCACHHA ITOCAE-
AoBaTeAbHO. AaBaiiTe B KadecTBe IpUMepa BO3bMEM UHCAOBYIO
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

nH$opManuio, copepxkamyrocs B 32 6urax. C aTHM KOAUYECTBOM
6UTOB MBI MOXKeM 3amPppoBaThb urcaa 0T 0 40 4292967295, Ecan
TPAAULIMOHHOMY KOMIIBIOTEPY HY>KHO HalTH B 9TO IPYIIIIE OIIpe-
AEAEHHOE YHCAO, eMy IIPHAETCS IIPOBOAUTD IIOUCK OUT 32 OUTOM.
OAHaKO KBaHTOBbII KOMIIBIOTEP MOXKET BBLIIOAHUTD TaKyI0 3aAaqy
ropaspo 6sicTpee. AAS HAAIOCTPALIMK 9TOH BO3MOXHOCTH IIPeA-
craBbpTe cebe, YTO MBI IOMeINaeM 32 3AeKTPOHA B CIEIJHAAbHBII
KOHTEHHEP U 3arOHseM HX B CYIEPIO3UIUIO COCTOSHHI. 3aTeM
BO3AEICTByeM Ha HUX 9AeKTPUYECKIMH UMITYAbCAMHU, AOCTATOYHO
MOII[HBIMH AAS TOTO, YTOOBI I3MEHUTD CIIMH 9AEKTPOHA C «BBEPX>
Ha «<BHH3>». OTH 32 9AeKTPOHA — KyOUTHI HAIIETO KBAaHTOBOIO
KOMIIbIOTEpa — OYAYT IIPEACTABASITH BCe BO3MOXKHbIe KOMOMHa-
uuu cnuHa «BBepx>» (1) u criuna «BHU3>» (0) OAHOBpEeMeHHO.

PaccMarpuBaAy M ADYTHe THIIBL IPOCTBIX CHCTEM C ABYMsI BO3-
MOXXHBIMH COCTOSTHHSIMU:

¢ 9AEKTPOHBI CO CIIMHOM BBEPX HAH BHU3;

¢ aTOMbI B OCHOBHOM HAH BO30Y>KAEHHOM COCTOSIHHY;

¢ }OTOHBI, OTPKEHHBIE HAH IIPOIIEALIIE YEPE3 ACAUTEAD AYYa;

¢ OTOHBI FOPU3OHTAABHON MAU BEPTHUKAABHOM IIOASIPH3ALIHHL.

Kasxpoe 13 9THX COCTOSHUM MOXKHO pacCMaTpUBaTh KaK 3aIiCh
O¥Ta U MCIIOAB30BATDh AASI IlepeAad nHGopMaru. Msr Morau Obl,
HAaIPHMep, CAEAATDb MAIIIHY, B KOTOPOU SAEKTPOH CO CIIMHOM BBEPX
o6o3navaer 0, a co cmuroM BHu3 — 1. Takum crioco60M Mbl MOXKEM
0603HaYnTh Bce OYKBbI aadaBHTa HAOOPOM 3HAYEHHI IPOEKIIHIL
CITFHOB 9AEKTPOHOB.

Taxas MamuHa 6yAeT KBaHTOBO, a He Kaaccudeckoil. Ksanro-
BO€ KOAUPOBaHHE OTAHYAETCSI OT KAACCHYECKOTO BO3MOXXHOCTHIO
cynepriosunui. KpoMe ABYX cOCTOSIHMIL, BO3BMOXXHBIX AASL KAACCH-
4eckoro OuTa, A06ast U3 BBHINIEYIIOMSIHYTHIX CHCTEM MOXXET HAXO-
autbcs B cynepriosunun q = a (0) + B (1), rae a u p — xommaexc-
Hble K09 PHIHEHTHL. DTO eCTb KyOUT, TepMIH, BBeASHHbI BeHoMm
Iymaxepom B 1995 roay.

C moMOLIBIO MPOCTBIX PUBMYECKUX BO3AEHCTBUIL MBI MOXKEM
H3MEHSITb cocTosiHMe KyburoB. Hampumep, ecan mpomycrurs ¢o-
TOH C FOPU3OHTAABHOM Hoasipusanueit H depes 4eTBEPTHBOAHOBYIO
IIAACTHHY, OHa CABHHeT $asy Ha 90 IpaAyCcoB, YTO U3MEHUT IIOASIPU-
3anuio poToHa. Ecaut MbI ckakeM, 4TO pOTOH FOPU3OHTAABHOM HOAS-
pusanuu H o603HagaeT 0, a ¢ BEpTHKAABHOM moAsipu3anueit V o6o-
3HadaeT 1, To aTo M3MeHeHHe COCTOSIHUSA POTOHA
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naBa 8. KBaHToBaa kpuntorpadua

g initial = (0) > g final = 1/4/2 [(0) +i (1)]
MOXXHO paCCManHBaTb KaK UBME€HEHNE COCTOSSHUA Ky6HTa.

B xauecTBe KyOHTa MOKHO HCIIOAB30BATh HE TOABKO COCTOSTHIS
C pasHOM NOAApH3aIiKeli, HO ¥ C pa3HBIM HaITpaBACHHEM ABHKEHHSL.
Cocrosiane oTOHA, pacCIIpOCTPAHAIONIETOCS B HEKOTOPOM HaIlpaB-
Aenuu (0), CTAHOBUTCS CYTIePIIO3HIHETt COCTOSHMI TOCAE IIPOXOXK-
AGHHUS AEAUTEAS Ay4a:

g initial = (0) > g final = 1//2 [(0) + (1)],

KOrpaa (l)OTOH HMEET KOHEYHYIO BEPOJATHOCTb ABHIATHCSI KakK
B II€pBOHAYAaADPHOM HaIIpaBA€HHH, 0603HavaeMOM (O), TakK
H B NEPIIEHAHUKYASIPHOM K HEMY HAaIlpaBA€HHH, o603HagaeMoM

(1).

Pa6oTta [loiiua foKa3ana, YTO KBAaHTOBbIE KOM-
NblOTepbl TEOPETUUECKN BO3SMOXHbI.

VM aest kybuTa, KaK M B 1]eAOM KBAHTOBBIX BBIYUCAECHUI, MOXKET
OBITH IIPOMAAIOCTPHPOBAHA MHOXeCTBOM IpuMepoB. OAHa U Ta e
TEOpPUSI M OAHHM H Te K€ AATOPUTMBI MOTYT OBITh IIPUMEHeHbI
KO MHOTHM KBaHTOBBIM CHCTEMaM.

AIOXHHBI MHCTUTYTOB M HCCA@AOBATEAbCKHX TPYIII IO BCEMY
MHPY CTPeMSTCS IPEeBPATUTb KOTAQ-HUOYAD TEOPHIO B IIPaKTHYe-
CKyI0 peaAbHOCTb. OAHAKO IIOKA OHM He CMOTAM IIPEOAOAETH TeXHH-
JeCKUe TPYAHOCTH Pa3paboTKH KM3HECIIOCOOHOTO KBAHTOBOIO KOM-
npioTepa. HekoTopsle 9KCIepThl IIOAATAIOT, YTO MOTpedyeTcs emé
OKOAO YeTBePTH BeKa AASI AOCTIDKEHISI TAKOM IleAr. Apyrue BooOIie
COMHEBAIOTCSL, 4TO 3TO BO3MOKHO.
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BbIHUCNIAEM KBAHTAMMU

B mocaepnne pecsarumaerrs XX Beka IIOSBHANCH KBaHTOBBIE
BBIYHCAEHHS, HOBBIH U PEBOAIOLMOHHBII CIIOCOO IPOEKTHPOBAHIS
U YIIPaBAGHHS KOMIIbIOTepaMHU. XOTs KBAaHTOBBIN KOMIIBIOTEp BCE
elé HAXOAUTCS HA 9TAlle TEOPHH, OH MOXXET 00AAAATH BBIYHCAU-
TEABHOH MOIIbIO, CIIOCOOHOI METOAOM HPOO M OmMHUO0K pacund-
POBaTh CErOAHSINIHME aArOpUTMbI mudpopanus. 1 xoraa-Hubyab
KPUIITOAHAAUTHKY CMOTYT BHOBb BKAIOUHTBHCS B MIPY. JTa HAXO-
ASIIAsCS MOKA B 3a4aTOYHOM COCTOSIHUM TEXHOAOTHYECKasl peBo-
AIOLIUSI OCHOBBIBAETCSI HAa KBAHTOBOI MeXaHMKe, TeOpEeTHIeCKOM
3AQHHH, IIOCTPOEHHOM B HayaAe IPOIIAOTO CTOAETHS YYEHBIMH,
B YHCAO KOTOPBIX, IOMUMO MHOTHX APYTHX, BXOAMAM AATYaHUH
Huasc Bop, 6puranern [Toas Aupak u Hemist Makc ITaank, Bepuep
Tefizen6epr u Jpsun IlIpéaunrep.

Bupenue BceaeHHOM B COOTBETCTBHM C IOCTYAaTAMHU KBaH-
TOBOM MeXaHHKH HACTOABKO IIPOTHBOPEUUT YEAOBEUECKON HHTY-
HIINH, YTO 3HAMEHUTOM CTaAa LUTaTa U3 AapbepTa DHHIITEHHA:

«Boz ne uzpaem 8 Kocmu>.

HecMmoTps Ha coMHeHMS U CAepXXAaHHOE OTHOIIeHHe OMH-
IITefHa, TEOPHS KBAHTOBOI MeXaHUKM ObIAQ YCIIEITHO IIPOTECTHU-
poBaHa 6eCKOHEYHOe KOAUYECTBO pa3, U eé paboTOCIOCOOHOCTD
Terepb He BbI3bIBaeT coMHeHui. HaydHoe coobmecTBO B IeAOM
IPUHUMAET, 9YTO Ha MAKPOCKOIIMYECKOM ypoBHe — TO ecTb Bce-
A€HHas 3BE3p — NPHACPKUBACTCA 3aKOHOB KAACCHYECKOH Ppu3H-
ku. OpHAKO B KBaHTOBOM MUPe — (aHTaCTHIeCKH MAAOM IJapCTBe
9acTHI], KOTOpble MeHbIlle aTOMOB, TaKHX, KaK KBapKH, POTOHBI,
9AEKTPOHBI U T. A., pab0OTaeT cOBCeM APYIOi HaOOp MpaBUA, KO-
TOPBIA BEAET K NOPA3UTEAbHBIM IapapokcaM. bes aroit Teopun
He OBIAO OBI TAKHUX Belllel, KAk aTOMHBbIE PeaKTOPHI HAU Aa3ePHBIe
cunThIBaromue ycTpoiicrsa. Heapsst 6610 6b1 0OBSCHUTD SIPKOE
cusHUe CoAHIla uAM pyHKimonuposanue AHK.
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NEPEAAYA NHOOPMALUM NO KBAHTOBbIM
KAHAJIAM

IIpu nccaepoBanmy Mmepeaayrt HHPOPMAIMH C IIOMOIIbIO KBaH-
TOBBIX COCTOSIHMM BO3HUKAET PSIA BOIIPOCOB, CBSA3aHHbIX C XapaKTe-
PHCTHKAMY HCIIOAB3YIOLIUX KBAHTOBbIE 00beKThI KaHAAOB. OCHOB-
HOJ1 U3 9THX BOIIPOCOB CBSI3aH C IIPOITYCKHOM CIIOCOOHOCTBIO TAKUX
KaHAAOB, TO €CTh C MAKCHMAABHOM CKOPOCTBIO 6e30MIO0YHOI IIe-
peAaun AAHHBIX.

CaMmblit 00Imuit CAy4ail KBAHTOBOTrO KaHAAd — 9TO OTOOpa-
JK€HHE€ KBAaHTOBBIX COCTOSHHN BO MHOXECTBO KBaHTOBBIX CO-
crosiuuit. Takoe oToOpaskeHHe MOXKHO PACIIMPUTb HAa CAydai
IIPOM3BOABHBIX OIIEPATOPOB B I'MABOEPTOBOM IIPOCTPAHCTBE:

& T(H) > T(H).

IToa T(H) noHuMaeTcs HPOCTPAHCTBO OIEPATOPOB CO CAEAO-
BOM HOPMOM:

I'T [h="TxT],  |[T|=vTT,T € T(H).

TToAOGHDIIT TOAXOA ABTOMATHYECKH AQET ABA TPeGOBAHMS, CBSI-
3aHHBIX C TEM, 9TO OTIEPATOP AOTHOCTH AOAXKEH [IEPEXOAUTD B OIIe-
PaTOp MAOTHOCTH:
+  TIOAOXKMUTEAbHbIE OTIEPATOPbI AOAKHBI IEPEXOAUTD B IIOAO-
JKUTEABHbIE;

AOAKEH COXPAHSATbCS CAeA OIIepaTopa;

+  TaKKe eCTeCTBEHHO Tpe6oBaTh adpMHHOCTh OTOGpasKeHHS
®: cTaTHCTHYECKHe aHCAMOAM COCTOSHHIL AOASKHBI Tlepe-
XOAUTDb TakKe B CTATUCTUYECKUe aHCaMbAM MX 06pasos,
TO ecTb AASL Habopa BeposTHOCTeH { pi}

‘I’[Z:Pwi] = ZP@[Pi], pi >0, Zp,- =1.

Boaee ¢opmaabHO TpeboBaHus K orobpaxenuio O
Ha nmpocrpancrse T(H) omepatopos B ruabbeproBoM mpo-
CTPaHCTBE TAKOBBI: AMHEHHOCTD, IOAOXKHUTEABHOCTb M COXpa-
HeHMeE CAeAA.
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Aast kaxxporo orobpaxkeHust O, AeHCTBYIOIEro Ha MHOXeCTBe
KBAHTOBBIX COCTOSIHMI 1 cOOTBeTCTBYyIomero Kapture IlIpéaunre-
Ppa, ompeaeasietcs conpspkéHHoe cocrosine O, coorBeTcTByIOMmEe
KapTuHe leiizenbepra u AeficTByIolllee Ha MHOXeCTBe M KBaHTO-
BbIX HAOAIOAQ€MBIX. DTH OTOOPaXKEHHSI CBS3AHbI COOTHOIEHHEM:

Tr®[p] M = Trpd*[M].

ConpspxéHHOe OTOOpakeHHe AEHCTBYeT HAa IIPOCTPAHCTBE
OIIepaToOpOB C ONlePaTOPHON HOPMOH

| BlI=]l B llo= max [[Bg].
¥ellvll=1
ITpu mopo6HOM OmpepeAeHHE COPsDKEHHOE 0TObpaskeHne O*
AOAKHO O0AAQAATD CAEAYIOIIMMH CBOMCTBAMH: AMHEHHOCTD, IIOAO-
JKUTEABHOCTb, COXPaHEHHe EAUHUIIB (YHUTAABHOCTS ).

JlnHeiHbie Kopb!

OmnpepeAnM BaKHOe ITOAMHOXECTBO KAACCHYECKHUX KOAOB,
KOTOpOe YAOOHO TeM, 4TO er0 MOXKHO 33aAAaTh C [IOMOIIbIO MATPHUI]
CPaBHHTEABHO HeOOABIIOro pasMepa. Takue KOABI HA3bIBAIOTCS
AnHenHbIMU. [cxopHOE cOOOIIeHIe AAMHBI Nl IPe0OpasyeTcs B KO-
AOBOE CAOBO AAHHBI K ¢ IIOMOIIIBIO YMHOKEHISI Ha TIOPOXKAAIOIIYIO
Marpuly pasMepa n X k, cocrosimyo us Hyaeit u eannu. Taxk, xop
C IOBTOPEHHEM AASL BXOAHBIX CAOB AAMHBI 2 OITHCHIBAeTCs C IIOMO-
IO MAaTPHUIBI pa3Mepa 2 X 6:

OO - ==
el e ===

Aerxo BHACTD, YTO AeﬁCTBI/Ie 9TOM MaTpHIIbl Ha BXOAHBIE CAOBa
COOTBETCTBYET KOAY C IOBTOPEHHUEM:
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G(UTO) = (010?01 0'—'0? U)'—' G(OJ 1) = (010!0? ]‘J 11 1)?
G(]“!O) = (11]‘?]‘1 OIOJ 0)'—' G(]'J ]') = (111! 1? ]‘? 11 1)'

CymecTBeHHOE IIPENMYIECTBO AUHENHBIX KOAOB B TOM, YTO
BCsl nHPOpPMaIHsl, HEOOXOANMAS AASL KOAUPOBAHUS 2" KOAOBBIX
CAOB, COAEPIKHUTCSI BCETO AHIIb B kn aaeMeHTax MOpOKAAOIeit
MaTpHIIbl, YTO IIO3BOASIET CHABHO 3KOHOMHTH KOMIIBIOTEPHYIO
MTaMATb.

IIpouecc o6HAPY>KEHUS U UCIIPABAEHUSI OIIMOOK OIMCHIBAETCSI
B 9TOM CAyYae APyroil MaTpulleil, KOTOpas Ha3bIBAETCSI IPOBEPOY-
HOM. D10 Marpuua H, SApDOM KOTOPOIt SIBASIIOTCSI KOAOBBIE CAOBA
M TOABKO OHH, TO ecTh Hx = 0 BBIIOAHSAETCSA TOTAQ U TOABKO TOTAQ,
KOTA2 X — KOAOBOE CAOBO. B aTOM cAydae mpoBepodHasi MaTpHLa
6yaet umern pasmepst (k-n) X n.

OueBHAHO, YTO €CAM HCXOAHOE KOAOBOE CAOBO X IIPH nepeAaqe
I10 KaHaAy IpeoOpa3oBaA0Ch B OIINO0YHOE CA0BO Y + €, To Hy =
+ He = He. OT0 AaéT BO3MOXXHOCTb, UMeSI 3HAYEH U He AASL Ha6opa
{e} BCEBO3MOXXHbIX N-MEPHBIX BEKTOPOB C €AMHHUIIEH 'Beero aumb
Ha OAHOT1 j-71 IO3HIIHH, OIIPEAEAUTD, B KAKOM HMEHHO [TO3UIIUH IIPO-
M301IAQ OIIMOKA, U HCIIPABUTD €€.

AVHEIHBII KO, TA€ KKAOE U3 COOOIEHIIT AAMHBI NI KOAHPYET-
cs1 ¢ moMombio k 6UTOB AaHHBIX, HasbiBaeTcs [n, k]-kopom. OcHOB-
HOE CBOYICTBO AMHENHBIX KOAOB 3aKAIOYAETCS B TOM, YTO CYILIECTBY-
et [n, k]-xoa, cioco6HbIi1 Py 6OABIINX N KCIPABHUTH  OIMMUGOK B N
6UTaxX UICXOAHOTO COOOIEHHS, eCAX

n 2q
—2>1—-h(—).
2> 1- ()

OTOT BaXXKHBIH Pe3yAbTAT Ha3bIBaeTCA rpaHumIieli Bapmamosa —
I'mabepra.

Taxoke BaXXHO OTMETHTD, YTO AAS BCAKOTO AMHEHHOTO KOAQ
C ero mposepounyio maTpuny H mocae TpaHcmoHupoBaHUS
MOXXHO HCIIOAB30BaTh KaK MOPOXAAIOINYI0 MATPHUIY APYIrOTO
KOAQ, KOTOPBIH B 9TOM CAyYae Ha3bIBAETCS ABOMCTBEHHBIM K KOAY
C. Ero noposxaatomas marpuna HY, a nposepounas — GT. Oue-
BHAHO, 4TO KOAOBbIE CAOBA IIPOBEPOYHOI MATPHIBI OYAYT OpPTO-
TOHAABHBI KOAOBBIM CAOBAaM HCXOAHOM MaTpuIisl C.
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NEPEAAYA CUTHAJIbHbIX COCTOAHUN

+:z) =10}, ly)=[1),
_ 1 1

X |u) ﬁ(|0>+ll)), Iv)=ﬁ(|0)—ll))-

Aerxo mpoBepuTb, UTO 3TH 0A3UCHl YAOBAETBOPSIOT YCAO-
BUIO HECMEIEHHOCTH:

—
=

g
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KOTOpOe HePOPMAABHO CBOAUTCS K TOMY, YTO C TOYKH 3PeHHS
OAHOTO 6a3nCa COCTOSAHUS B ADYTOM PACIIOAOXKEHB! CUMMETPHY-
HO.

Ha sTane moproroBku cocrosiauit OAbra cAy4aitHbIM 06pasom
BbIOMpAET OAUH U3 YKA3aHHBIX 6A3KCOB, a 3aTeM CAYYAIHO BBIOHpa-
er 3HadeHue 6urta: 0 MAM 1, ¥ B COOTBETCTBUM C 9THM BHIOOPOM II0-
CBIAQET OAVH U3 YeThIPEX CUIHAAOB:

e Ix>,ecanaro 6asuc «+>» U 3HaYeHHe 6uTa paBHO 0;

e Iy> npu ToM e 6asuce u 3HaYeHnH 6uTa 1;

e  Ju> npu BeimapeHnu 6asuca «x» u 6uta 0;

o Iv>, ecau B 6asuce «X> BblmaA 6ur 1.

Ipu mochiAKe KQXKAOTO U3 9TUX CHUrHaA0B OAbra 3allOMHUHAeT
CBOIL BBIOOp 6asuca U BBIOOp OHTA, YTO IPUBOAHT K IOSBACHHIO
ABYX CAyYailHBIX GUTOBBIX CTPOK Ha eé cropoHe. IlaBea, moaydas
KaXKABIH U3 IpUCAAHHBIX OABrOi CUTHAAOB, IIPOM3BOAUT HAA HUM
CAy4aiTHBIM 06Pa3OM OAHO U3 ABYX H3MePEHHUI, KaXKAO€e 13 KOTOPBIX
CIIOCOOHO AQTb AOCTOBEPHDIN PE3YABTAT M3-32 OPTOTOHAABHOCTU
COCTOSIHMIT BHYTPHU KaXAOT0 6asrca OAbru:

M =z)(z|, M= |y)yl,
Mg = |lu)(u|, M = |v){v|.
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naBa 8. KBaHToBaa kpuntorpadua

B pesyapraTe y Hero oxaspiBaeTCsi ABe CTPOKH: C TeM, KaKue
U3 06a3UCOB OBIAM BBIOPAHDI AAST U3MEHEHIS], F C HICXOAAMH 3THX U3-
MepeHHH.

ITocae mepepaun Bcex COCTOSHMI M ITPOBEAGHHUS M3MepeHuit
Onrra u IlaBea uMeIOT IO ABe CTPOKH. 3AeCh IIPOMCXOAMT COTAQ-
coBaHHe 0a3uCOB: 0 OTKpbITOMY KaHaAy Oabra u [TaBea o6bsBAS-
IOT APYT APYTY CBOU CTPOKH C BbIOOpOM 0a3KCOB 1 BBIOPACHIBAIOT
IOCBIAKH, B KOTOPBIX 0asucsl He coBmaau. IIpu aToM, ecan 6asmuc,
HCITOAB3YEMBIH AASI TIOCBIAKH cOCTOsIHMS OABroH, COBITAA C H3Mepe-
HyeM 6asuca [TaBaa, TO B cAyYae OTCYTCTBIS IIOMeX B KaHAA€ CBSI3H
Pe3yABTaThI B MX OHTOBBIX CTPOKAX Ha COOTBETCTBYIOLIEl O3HIINK
OyAyT COBIIaAaTh, [IO3TOMY IIOCA€ ITalld COTAACOBAHHS 0Aa3MCOB
B CAy4ae MAEAABHOTO KaHaAa M OTCYTCTBHS AEHCTBUI CO CTOPOHBI
nepexsBaTunka Oabra i ITaBea AOAKHBI 06A2A2Th OAHUMH H TEMH 5Ke
OHTOBBIMHU CTPOKAMU.

OaHako, ecAr B KaHaAe OBIAM OIIMOKM AV INIIHOH IIBITAACS ITe-
pexsaTuth uHpOpMaruio, burossie crpoku Oasru u ITaBaa MoryT
He COBIIAAATD, TIO3TOMY AASL POBEPKH OHU AOAYKHBI COTAACOBAaHHO
PACKPBITh MPHMEPHO IIOAOBHHY CBOMX OHTOBBIX CTpoK. OmmOka
B PACKpBITOM OUTOBOI IIOCAEAOBATEABHOCTH AQET AOCTATOYHO TOY-
HYIO OL|eHKY OIIMOKY BO BCell [I0CA€AOBATEABHOCTH, H IIO Heil MOXKHO
AOBOABHO TOYHO OLIEHUTb BEPOSTHOCTD OLIMOKH B OCTABIIMXCS I1O-
surmsix. Ecan BearrdnHa ommbky OkasbIBaeTcsi OOAbIe HEKOTOPOI
BeAMYMHSI (ITapaMeTpa IIPOTOKOAR), TO IePeAada AAHHbIX IPeKpala-
eTCsl: 9TO O3HAYAET, YTO IIePEXBATIUK O0AAAAET CAMIIKOM OOABLION
uHPOpMaIHel o Kaloye.

B nporusHOM caydae mepea Oabroit u ITaBaoMm cTouT 3apaya moay-
"4eHusT OOIIIEro CeKPeTHOTO KAIOYA, DTy 3aAATY MOXKHO Pa3OHTh Ha ABA
9Talla: CHAYaAA IIPOMBBOAUTCS KOPPEKIIHS OMHOOK, B pe3yAbTaTe KO-
Topoit B pacniopspxerny Oabru 1 ITaBaa oxaspiBaroTCs coBmaparoniyie
OuToBBIEe CTpOKHU. BTOpoii aTar, ycraeHre CeKpeTHOCTH, CTABUT CBOEH
LIEABI0 MCKAIOYUTh MH(POPMALIMIO O KAKOYe, KOTOPasi MOTAA IMOMACTh
K IIIHMOHY B PE3yAbTaTe ACHCTBUM Hap KBAHTOBBIMH COCTOSHMSMU UAU
B XOA€ KOppeKIuu omubok. B pesyabrare 9Toft OIeparjuyl y IIIHOHA
He AOAKHO OCTaBaThCsI MHPopMaruu 06 ob1mert 61ToBoit crpoke OAb-
ru u ITaBaa.
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KBAHTOBbIE KOAibl KOPPEKLI OLLUBOK

Kaaccrueckne Koabl KOPPEKIMH OMEIOOK UCIIOAB3YIOTCS AAS
0e301HOOYHOM IIEPeAAIN AAHHBIX II0 KAHAAAM C ToOMexaMu. Tak,
€CAH B KaHaAe AOIIYCTHMA ITIOMeXa B OAHOM IIPOU3BOABHOM OHTe,
TO [IPOCTEHIIIM KOAOM AASI 6€30IIHO0YHO IIepeAaIn AAHHBIX OY-
AET KOA € IIOBTOpeHHeM: BMecTo curHaaa 0 6yaem mocsiaars 000,
a BMecTo 1—111. Ha npuéMHO# cTOpOHe IpHHUMAETCS pelle-
HIHE O IIEPEAAHHOM CHUTHAA€e 110 OAM30CTH B MeTpuKe XeMMUHTa:
CUTHAA, COAEPIKAITUH ABAa MAM TPH HOAS (000, 001, 010, 100),
TpakTyeTcs Kak 0, a CHI'HAaA C AByMS HMAM TpeMs eAMHUIIAMU —
KaK eAMHHUIIA. YKA3aHHBIN IIOAXOA HEBO3MOXKEH AAS IIPUMEHEHUS
B KBaHTOBOM cay4ae. [lepBoe >ke mpemnsaTcTBUe 3TOMY — 3amper
Ha KAOHHPOBaHMe KBAHTOBBIX COCTOSHH.

Koabl, ucnpaensiowye owubKy B ogHOM KyouTe

OTAnunsa KBaHTOBOTO CAy4Yas BOCCTAaHOBACHHS HHQOPMAIUM
OT KAACCHYEeCKOTO BUAHbI YoKe IIPH OIIMCAHHH OLIHOKU: €CAH B KAAC-
CHYECKOM CAy4ae EAMHCTBEHHBIM BAapHAHTOM OIIMOKH SIBASIETCS
cMeHa 6ura 0 <> 1, TO B KBAaHTOBOM CAy4ae BO3MOXKHBIE ONIMOKU
00pasyioT HempepbsiBHOe MHOXecTBO. IIpocTefimuM mpuMepom
KBAaHTOBOI OIIHOKY SIBASETCS pa30Bast OMHMOKA:

10> > 10>
11> > —11>

O6parim BHUMaHYE, 9TO eCAM OUTOBasI OLIMOKA MEHSAET MeCTaMU
cocrosHus u3 MHoxectBa {10>, 11>}, To ¢asoBas ommbKa ocraBaser
TaKye COCTOSIHHSL HETPOHYTBIMH (32 HCKAIOUEHHeM HecyIlecTBeHHOR
obmeit pasbr), HO MeHsIeT MeCTaMu CocTosiHus B Habope {1/4/2 (10>+
11>), 1/4/2 (10>- 11>}, ycToiamBom k 6HTOBIM OIHOKaM.

3aMeTHM, YTO IIPOM3BOABHOE KyOHTOBOE  COCTOSIHHE
V¥ = al0> + B I1> MoxxHO 06€30MacUTh OT OUTOBOI OMMOKH C IT0-
MOII[bIO CAGAYIOIIIEro KOAA (3ampeTa Ha KAOHHPOBaHUe OPTOTOHAAD-
HBIX COCTOSHUIA HET):

10> > 1000>
11> >1111>
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naBa 8. KBaHToBaa kpuntorpadua

HOKa)KeM, KaK 3TO IIPOHCXOAUT. Ha BBIXOA€ KaHaAa MOXKHO
IIpOU3BECTH H3MEPEHHE

M, = |000)(000| + |111)(111],
M, = [100)(100| + [011)(011],
M; = |010)(010] + |101)(101],
M; = [001)(001| + |110)(110].

Il

Il

He TpyaHO BUAETD, UTO Takoe U3MepeHHe He MeHAeT HCXOAHO-
rO COCTOSIHIMSL M 4TO [P OTCYTCTBUE OLINOKHY BBIITAAAET PE3yABTAT
M,, a mpu omr6Ke B i-i MO3uIUH pe3yAbTaT M..

PesyAbTaT TaKoro usMepeHUs Ha3bIBAIOT CHHAPOMOM ONIHOKH.
Toraa, 3Hasi, B KaKOJ ITO3UIfMHU IIPOHM30IIAA OMMOKA, MOXHO IIPO-
M3BeCTH KoppekTHpyroniee npeobpasosanue K, sakarouaromeecs
B HHBEPCHUH i-T0 KybuTa. B pesyapraTe Ha BBIXOA€ OKAXKETCS HICXOA-
HOe COCTOSIHHE.

HTak, 1jeAbio IpOIieAyPBI KOPPEKIUE OMMOOK SBASIETCS IIOAY-
JeHHe U3 YaCTUYHO COBIAAAIOMUX 6uToBbIx cTpok Oapru u Ilas-
AQ IIOAHOCTBIO HAGHTHYHBIX CTPOK. JTa OObIYHAS MPOIjeAyPa, OHA
HMeeT AeAO AHIIb C KAQCCHYECKHUMY OUTAMK U OTKPBITHIMU KaHAAQ-
mu cBsisu. Hanboaee addexTuBHas mporieAypa KOPPEKIUK OIIY-
OOK CBOAMTCSI K HCIIOAB30BAHHIO CAYYAMHBIX KOAOB. IIporyckHas
CIIOCOOHOCTD KAACCHYECKOTO KAHAAA C BEPOSTHOCTBIO omuoku Q
paBHall2 L

Cclas (Q)=1—h (Q),
rae h (Q) — 6unapuas surponus llenHoHa.

3Hast BePOSITHOCTD OIIMOKHU B KaHAAE M HMesl IIOCAEAOBATEAD-
HOCTb AAMHBL n, Oabra renepupyer 2 B crenenu n (Cclas — §)
CAyYafHBIX KOAOBBIX CAOB. ITapameTp § MOXHO caeAaTh MaABIM
npu 6oabiux 3HaveHmsix n. K aromy crmcky Oapra mpucoeans-
eT U CBOIO TIOCAGAOBATEABHOCTD OUTOB, IIOCAE Y€T0 OTKPBITO CO00-
maeT Habop koA0BbIX cA0B IlaBAy (a 3HAUHMT, OHM CTAHOBATCS M3-
BECTHBI ¥ IIMHOHY). 113 OAy4eHHOTO criMcKa KOAOBbIX cA0B IlaBea
BbIOMpaeT OArDKaiillee K CBOEH IIOCAEAOBATEABHOCTH B METPHKe
XeMMuHra. AASI KaHaAQ C ITyMOM IIPU TAKOM BbIOOpe KOAOBBIX CAOB
ITaBeA c BepOSITHOCTBIO €AMHHUIIA BbIOepeT OUTOBYIO CTpOKy OABIHL
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

OTMeTHM, OAHAKO, YTO IIOAHOCTBIO CAYYaHHBIE KOABI TPYAHO
peaAnsoBaTh Ha MPAKTHKE, TAK YTO IPH UX UCIIOAb30BAHHU HeOD-
XOAMMO XPAHHUTD B IIAMATH 3KCIIOHEHIMAABHO 6oabInoe (B 3aBHCH-
MOCTH OT GMTOBOI CTPOKH N) YHCAO KOAOBBIX CAOB. B peaabHbIx
CXeMaX HUCIOAB3YIOTCS APYTHe, KOHCTPYKTHBHbIE KOABI, 3 peKTHB-
HOCTb KOTOPBIX HIDKE.

Ycunenue C(EKPETHOCTU

3apaua STama yCHAEHUS CEKPEeTHOCTH COCTOMT B TOM, YTOODI
HOAYYUTh M3 YACTHYHO CEKPETHBIX OOMHX OUTOBBIX CTPOK OAb-
ru 1 [1aBAa ITOAHOCTBIO HEM3BECTHBIN IIIHOHY CEKPETHBIN KAIOY.
OO6bI4HO B XOA€ TaKOM IPOIIEAYPBI AAMHA KAIOYA CYIIECTBEHHO
YMEeHbIIAeTCSL.

OCHOBHBIM METOAOM Ha AQHHOM 3Tare SIBASIETCS UCIOAB3O-
BaHMe KAACca yHHUBepCaAbHbIX Xom-gyHkuuit C. O10 PyHKimm,
orobpaxarome Habop n-6MTOBBIX CTPOK A B Habop m-6uTO-
BBIX CTPOK B Takum 06pasom, 4TO AASl CAyYaHHO BHIOPAHHOM
xom-$yHkuun g € C u AI06bIX HeCOBNAAAIOIUX 3AeMeHTOB a !, a2
€ A BeposTHOCTD coBrapeHus ux o6paszos g (a!) = g (a?) ne mpe-
BocxoauT 1/IBIL. To ecTp 3apa4a HAXOXKAEHUS IPOOGPA3OB ABYX
PA3AMYHBIX 9AeMEeHTOB B B He MoxeT pemmurscsi 6osee apdek-
THBHO, YeM C IIOMOIIbI0 IIepe0opa MAM YraAbIBAHHS. AeTHTHM-
Hble TIOAb30BATEAH, UMesl OIleHKY MHQOpPMAIMH IIIIMOHA, BCETAQ
MOTYT BbIOpAaTh AAMHY (HUHAABHOTO KAIOYA 11 HACTOABKO MAAOH,
4TO HEONPEACAEHHOCTh IIIMHOHA OTHOCHTEABHO (HHAABHOTO
KAIOYa OYAET CKOAb YTOAHO OAM3KA K HEOIPeAeAEHHOCTHU IPOCTO-
IO YTaAbIBAHUS, UYTO COOTBETCTBYET ero MMOAHOM CEeKPEeTHOCTH.

Takum 06pasoM, B CHTyalluH, KOrA2 B3auMHasi MHpOpMArius
Oapru u IlaBaa mpeBocxoauT B3amMmHyI0 HHPopMaruio OAbru
U IIIHMOHA, BCETAA MOXXHO H3 HCXOAHOTO YAaCTHYHO CEKPEeTHOIO
KAIOYa ITOAYYHTD IIOAHOCTBIO CEKPETHBIH KAIOY, CKaB ero IIpH I0-
MOIIIY YHUBEPCAABHOM X9II-pyHKIIUH.

HcrioAb3yeM onucaHHbIe BbIlle IPOCTbIe MIPEACTABACHHS, YTO-
OBI CO3AATD HAIIy IIePBYI0 KBAHTOBYIO MAILIKHY, KBAHTOBOE YCTPOH-
CTBO IHU(POBAHIAL
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KAK USBEXATb NOACNYLWNBAHUA

O61ien3BecTHO, KaK TPYAHO 3AIUTHTHCS OT HOACAYIIMBAHISL
Ecau ornpasurean (Oabra) mocsiaaer noaydareato (ITaBay) coo6-
IIleHue, KAK MOT'YT OHHM OBITh yBePEHBI, YTO KTO-TO HX TAlHO He [O0A-
cAymuBaer? MBI ONHIIEM ABA CIIOCO0A, KaK MOXHO U30€XKaTh II0A-
caymumBanmst. O6a crocoba MCIIOAB3YIOT 0COOEHHOCTH KBAaHTOBOM
MEeXaHMKH: IIePBbIii — CYIEePIO3ULMIO COCTOSHHI OAHOM YaCTHIIbI
U BTOPOM — IepelyTaHHble COCTOSHUS ABYX dacTull. IIpeamoso-
XKUM CHadaAa, 4TO COOOLjeHIe HAIMMCAHO HA AHTAMICKOM SI3bIKe.
MO>XHO IIPOCTO 3aIIeYaTaTh ero B KOHBEPT U IIOCAATD II0 IIOYTe HAH
HepeAaTb ToA0COM Mo TeaedpoHy. Ho mmuon moxer mepexsarurhb
IIMCHMO M IIOACAYIIATD TeAePOH.

OAbra MOXeT BAIUTUTBCS OT ITOTO, MepeBeAst COoobIjeH:e
Ha HEKOTOPBIH APYTOi SI3bIK, HO B 9TOM CAy4ae HY>XHO HMeTb yBe-
PEeHHOCTD, 4TO 3TOT S3bIK M3BeCTeH TOAbKO e¥t u IlaBay. 3HaumT,
OHM AOAKHBI CO3AATb COOCTBEHHBIN CIILMAAbHBIN SI3bIK. EAMH-
CTBEHHBII CIIOCO0O CAEAATh 9TO — HCIIOAB30BATD TO, YTO M3BECTHO
KaK «KAIOY> M <«OAHOPA30Bast KAABHATYPa>.

ITpeanoaoxum, 4TO Bce GyKBbI aAdaBuTa (AHIAMIICKOTO) MpPO-
HyMepOBaHbI YHCAAMH OT 1 A0 26 U, YTOOBI BKAIOYUTD 3HAKH IIPEIIH-
HaHUsI, A0OABAECHO elné HecKOABKO urceA. Toraa aro6oe cooburenue
MOXXHO 3aIlUCaTh KaK IIOCAEAOBATEABHOCTDb IIEABIX 4HCeA. AoIIy-
cruM, 4To coobmenre Oabru — 910 mpocTo yes. [Tockoabky y —
25-s b6yxBa aadaBura, e — 5-1 u s — 14-51, TOCAGAOBATEABHOCTD
qriceA, 0003HAYAOMINX AAHHOE IIHCbMO, OYAET TaKoit:

25,5,14.

EcAu mnmoH mepexsaTya 3TO COOOIIEHNE, OH MOXKET AETKO AO-
raparbest, uro OAbra MCIIOAB30BaAd OUEBHAHYIO CBSI3b MEXAY OyK-
BAMH M YMCAAMH, H TaKHM 0OpasoM pacmudpoBaTh COOOIIeHHe.
Yr0651 n36€3KaTh 3TOr0, OABra HCIIOAB3YET BTOPYIO IIOCAEAOBATEAD-
HOCTb YHCeA, Ha3bIBAEMYIO «KAIOU>, K&XKABLA YAEH KOTOPOU A0DOaB-
ASIeTCS K COOTBETCTBYIONIEMY YACHY IepBOii ITOCAEAOBAT@AbHOCTH.
B pesyabrare moay4yaeTcss KpUNTOrpaMMma, HAM 3aH$pPOBaHHOE CO-
obmenve. Ecan, HanpuMep, KAIOUOM SBASIETCS IIOCAEAOBATEABHOCTD
1,1,1,1... To oTpaBuTeAb AOOABHUA 6BI 1 K KOXKAOMY U3 IPUBEAEH-
HBIX BBIIIE YHCEA 1 TOAYYUT KPUIITOTPaMMy
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

26,6,15.

EcAu mIioH HaYHET IIePeBOAUTD 9TO OOPATHO Ha AHTAHMCKHUI
S3BIK, TO IOAYYHUT Zzft, 4To sABAsieTcs Tapabapmuroii: Oabra obecre-
9HAQ CEKPETHOCTD CBOETO COOOIIIEHNS.

KoHeuHO, 3TO He O4YeHb HAAEKHASI CEKPETHOCTb, IOCKOABKY
KA10Y TpuBHaAeH. IIIMHOH MOXeT AerKo HalTH ero u pacumdpo-
BaTb coobmenue. Aas OAbru HapEXXHee MCIIOAB30BaTh B KA4eCTBE
KAIOYa CAYYaNHYIO II0CAEAOBATEABHOCTD YHCEA.

Aast 6oaee POPMAABHOIO MOAXOAQ IIPEACTABUM COOOIjeHHe
KaK Habop LIeABIX YHCeA {Pv Py Py - Pn} M HaIll KAIOY KaK ApPY-
roil HabOp CAYYaiHBIX LJEABIX YHCEA {kl, k, ks, ..., km}. Ecau MbI
XOTHM ITIOAHOCTBIO 3aCEKPETUTD IIePeAady, TO HEOOXOANMO, YTOOBL
KOAMYECTBO II€ABIX YHCEA B KAIOUe OBIAO GOADIIE HAM PAaBHSAOCH UX
KOAMYECTBY B COOOIEHNH, TO €CTh M GOAbIIIE AU PABHO 1.

IToka3aHo, 9TO IIOAHOCTBIO 6Ge30IacHOe MHPPOBAHUE MOXKET
OBITH BHIITOAHEHO, €CAYL CAOXKHUTD ABa HA60Pa APYT C APYTOM. ¢=p;+
k.- mod B, rae B — 4HCAO HCIIOAB3YeMBIX CHMBOAOB, OTAUYHBIX Apyr
oT Apyra (26 aast 6yKkB aadaBuTa U 2, €CAM Mbl HCIIOAB3YeM GHHAD-
HBII KOp). ECAM OTTIpaBUTeAD U MOAYYaTEAb MMEIOT OAMHAKOBYIO
[IOCAEAOBATEABHOCTD CAYYalHBIX 4YKCEA, TO OTIIPABUTEAb MOXKET
KOAMPOBATh COOOIIIeHNE, a IOAYYaTeAb — paclupOBaTh KPUIITO-
rpammy. TpapHLIMOHHO AAMHHASI IOCA€AOBATEABHOCTD CAYYaiHBIX
qHCeA, IBASIOIIAsICS KAIOYOM, 0603HadaeTcst Ha KaaBuarype. ucaa
HCIIOAB30BAAUCH TOABKO OAMH pa3. [locae MCIIOAB30BaHUS CTpaHU-
I}a BBIPBIBAAACH M YHHYTOXKAAACh, OTKYAQ Ha3BaHKE «OAHOPA30BasI
KAQBUATYPa>» AASL 9TOTO METOAA IUPPOBAHMA.

B aTOM MeTOA€ ABASIIOTCSI ABa TpebOBaHMUS:

1. Oabra AOAKHA HafTH CIIOCOO IepeaaTs CBOi Karo4 ITaBay,

9TOOBI OH MOT pacmuppoBaTh COObLeHHE.

2. Toabko ITaBeA MOXET 3HATbh KAIOY: 3TO AOAXKHO OBITD Tali-

HOM OT IIMHOHA.

ITpobaeMa cOCTOUT B TOM, YTOOBI rAPAHTUPOBATD TANHY KAIOYA.
B aroM MOXeT OMOYb KBAHTOBOE PACIPOCTPAHEHHEe KAIOYA.
Omno paér Oasre u ITaBay 6esomacHsiit ClIoco6 MOAYIUTD 06-
MU KAIOY 6e3 ero PEaAbHON IepeAadM, UCKAIOYAIOMIMKA BO3-
MOXHOCTb [TOACAYLIHBAHIS.
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KBAHTOBbIE U3BMEPEHUA

B 1984 roay Yapass bBenner u JKuap Bpaccapp omybankosasn
IIPOTOKOA AASI TIePeAQYH IHPPOBAABHOIO KAIOUA, [IOAHAS Oe3ormac-
HOCTb KOTOPOTO 00eCIednuBaeTcst 0COOEHHOCTSIMY KBAaHTOBBIX U3-
Mepenuil. ITpenmymecTBo 9TOro KBAHTOBOTO IPOTOKOAA COCTOUT
B TOM, 4TO IIOAYYaTeAb BCETAA MOXKET Y3HATb, YTO IIITHOH TOACAYIIH-
BAeT, TaK KaK AAS [IEPEAATH COOOIIEHNUSI HCIIOAB3YIOTCSI KBAHTOBBIE
gacTuipl. Boaee Toro, on Moxxer coobmuTs OABre, MOACAYIINBAET
IIMHOH AU HeT, mpexaAe 4eM OAbra MomAET eMy Kaky-AHO0 Bax-
Hylo uapopMariuio. V1, HakoHel, IIITHOH HUKOTAA He OYAET yBepeH,
SBASIIOTCSL AU IlepeXBayeHHble M AAHHbIe LIeHHOH HMHpOpManuein
HAU MyCOPOM.

IIpoTOKOA HAUMHAETCSI C KOAHPOBAHHS KAIOYAa B OMHAPHOM
KOA€ U 3aTeM IIOCBIAAETCSI IIOCAEAOBATEABHOCTD KyOUTOB, KOTOPOI
3aIIMCaH 9TOT KAIOY. B paAbHelinreM MbI OyA€M HCIIOAB30BATh TOPH-
3oHTaAbHO noaspusoBanHbil (H) $poToH AAs 0603HaveHus «0>»
¥ BepTHKaAbHO moaspusosanHbil (V) $OTOH AAs 0603HAdeHHS
«1>». Oabra AAS mepepaun KAIOYA ITOCBHIAAET IIOCAEAOBATEABHOCTD
FOPH30HTAABHO U BEPTUKAABHO IIOASIPH30BAHHBIX $OTOHOB.

Jorapaswuncb o metoge nepepaun, WNNOH Mmo-
KeT nepexsaTnTb COOGI.I.IeHIIIe C nomMmoubio no-
NApnN3alnoOHHOro gennTtensa ny4va.

OH MOXeT oIpeAeAUTD MOASPHU3ALUIO KAXKAOTO $OTOHA U Ta-
KHM 00pa3soM y3HATb COAepIKaHHe COOOIeH s, IIOCAAHHOTO B Ou-
HApHOM KOAe IoAy4aTeAlo. [locae aTOro mMIMoH MOXXeT IIepecAaTh
MIOAYYaTeAIO IIOTOK (pOTOHOB B TOH 3Ke II0CAEAOBATEABHOCTH ITOASI-
pH3anuy, KOTOPbI OH MePeXBaTHA B IIOCAAHHH, TakK uTo HU OAbra,
Hu ITaBeA He CMOTYT AOTAAATHCS, UTO COOOIIEHNe OBIAO IIepexBa-
gyeHo. Ho mmuon MoxeT aTo cpeaars, Toabko ecant Oabra u ITasea
HCIIOAB3YIOT TOABKO OAMH 0a3HC IIOASIPU3ALIHML.

B mpoTokoae bennera — Bpaccappa Oavpra uIlaBea poorosopu-
AVICh FICTIOAB30BATb He OAMH, a ABa 6a311Ca C ANHEHHO ITOASIPH3aLiH-
eit. AByMs 6asrcaMut MOT'YT OBITD, HAIIpUMeP,

1. TopH3OHTAABHO U BEePTHKAABHO IOASpPU3OBaHHbIE (O-
tousl (HV).
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2. AuHeiiHad moadpu3anus, MOBEPHYTad Ha 45 TpaaycoB
x nepsoit (H'V’)

Yro6s! npepoTBpaTuTh MOACAymuBanue, Oabra u ITaBea Gec-
HOPSIAOYHO [EPEKAIOYAIOT MAILIMHY MEKAY STHMH ABYMsI 6a3ucaMu.
Kaxxabit pas, koraa OAbra mocsiaaeT Apyroit pOToH, OHa HCIIOAB3Y-
eT An60 He NOBEpHYTYyIO (mepByIo), An60 MoBEPHYTYIO (BTOpYIO)
OpHEHTALNIO, BbIOHpas MxX HecropsiaouHo. Tak 4o THIHMYHOE co-
obieHve, mocaanHoe ornpasureseM, 6yaer HHV'VH'VVV'H' ...

BHadare moAyvareAb He MMeeT MHPOPMALUU O TOM, KaK
Oasbra opueHTHpOBaAa CBOW moasipusaTop. OH mpocro 6Gecro-
PSIAOYHO OPHEHTHPYET CBOH AAQTYUK IIOASPU3ALUM MAU B II€p-
BOM, MAM BO BTOPOM HAIIPaBA€HHH, U 3AIUCHIBAET IIPOEKIUIO
noaspusauuu (H nau V), kotopyio usmepsier. Toraa B cpeaHenm,
B [IOAOBUHE CAy4aeB, OHU [IOBEPHYTHI APYT OTHOCUTEABHO APYTa
Ha 45 rpapycos. Ho moayuareAp He 3HaeT, AASL KAKHX KOHKpPeT-
HO GOTOHOB opueHTanuu coBmasn. OH 3HAET TOABKO, 4TO, €CAU
OpHUEHTALiU COBIIAAAIOT, OH MOKET OBITh yBepeH B IPABUABHO-
CTH [IOAYYeHHOTO coobumenus. Ecan opueHTanuu He coBIaparor,
TO MOAy4YeHHbIH, HanpuMep, H ¢poToH nmeer Toabko 50% Bepo-
STHOCTHU GBITH 3apeTrUCTPUPOBAHHBIM KaK H.

Cuavaaa ITaBea mpoBepsieT, He HepPeXBaTbIBAAUCH AU IIPHCHI-
AaeMble coobmeHust. Aast aToro oH coobmaer OAbre, Kakoe U3Me-
peHHe C OBEPHYTHIM U He IIOBEPHYTHIM IIOASPU3ATOPOM OH ACAAA
AASL KQXKAOTO (OTOHA MOCAEAOBATEABHOCTH (IIPH 9TOM COXpaHSS
B TailHe Pe3yABTaThl M3MEPEeHHIl). 3aTeM OTIPABUTEAb COOOIIAeT
IOAYYATEAID, B KAKHX U3MEPEHHUSIX ero 6asyc COBIAA C 6a3UCOM I1O-
AydaTensl.

MNaBen ncnonb3yeTt 3Ty MHGopmaumio, 4TO6bI
oTo6paTb Te N3 CBOMX AAHHBIX, ANA KOTOPbIX
OpueHTaUnN cOBNaAaloT, TO ecTb NpaBuibHble
AaHHble.

Yr06bI IPOBEPUTSH, He OBIAO AM TOACAyImBaHuS, Oabra u Ila-
BEA CPaBHHBAIOT OTOOpaHHBIE «IIPaBHAbHbBIE AaHHbIE». Ecau atu
TIpaBHABHBIE AQHHBIE MOAHOCTBIO (C y4ETOM OBGBIYHOTO HCKaxKe-
HHS CHTHAAQ) COBIIAAAIOT, OHM MOTYT OBITb yBepeHSl, 4TO HUKTO
He IlepexBaThIBaA Iiepepady coobmermst. Kak oHu aTo MoOryT 3HaTh?
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ITop06HO mOAyYaTeAlo, IIMHOH Taloke He 3HAET [IOCACAOBATEAb-
HOCTb OPHEHTAINH, HCTIOAb30BAHHOM OTIIPAaBUTEAEM AAS IIepeAadr
urdopmanuu. Kak cAepACTBHe, OH IIOAYYHT HeNPaBUAbHbBIE AAHHbIE
AASL 4ETBEPTH CAydaeB (B OAOBUHe CAy4aeB OH GyAeT HCIIOAB3O-
BaTh HEIIPAaBHUABHYIO OPHEHTAIIMIO U B ITOAOBHHE U3 3THX CAydaeB
noasipusanus $oToHa GyaeT usMepeHa HermpasuabHO). Koraa mmu-
OH 3aTeM IepeAacT MOAYYATeAI0 TO, YTO OH CYMTAeT KOMHeH AaH-
HBIX OTIIPABUTEAS], OH AOITYCTUT OIIMOKY B YeTBEPTH CAydaeB. JTa
OIMOKA OOHAPYXKUTCS KK PasAMYMe MeXAY Y€TBEPTHIO IIPABHAB-
HBIX AAHHBIX, TOCAAHHBIX OABroit 1 mosydeHssix ITaBaom.

Ipu cpaBHeHHN STHUX AQHHBIX OHH OOHAPYIKAT, YTO HEKHI IIITH-
OH IlepexBaThIBAA UX QOTOHbI, €CAU HECOBITAACHHE IIPEBbICUT OXKH-
AQeMYIO IIOTpeIIHOCTh u3MepeHuil. Ecant ske 0TOOpaHHbBIe AQHHBIE
coBmapyT, Oabra u ITaBea MOTyT GBITH yBepeHSI, YTO HUKTO He IIepe-
XBaTBIBAA COOOIIeHMe, 1 IPABHABHbIE AQHHbIE MOTYT OBITH HCIIOAD-
30BaHbI AASL CO3AAHMSA KAIOYA, KOTOPBIH 3HAIOT TOABKO OHH.

Bcero 3a Heckoabko aeT nporokoa bennera —bBpaccappa npo-
MEA IyTh OT UAEH M GOPMYA Ha AOCKEe K SKCIIepUMEHTAAbHOM pea-
AMBAIMK M AQKe K KOMMEpPYeCKOH peaAnsaliiil B HeOOABIINX Mac-
mrabax. BblAo MOKa3aHO, YTO CHTHAABL, KOAUPOBAHHBIE C IIOMOILBIO
HOASIPH3ALINY, MOTYT OBITh IIepeAAHBI Ha paccTosiHie Goaee 70 KM.
OpHO M3 (YHAAMEHTAABHBIX OTPAaHUYEHMI TEXHOAOTHMH CBS3aHO
C CaMUM HMCTOYHUKOM eé mpenmyects. OObIMHO CUTHAABL, TTepeAa-
BaeMble II0 ONTHIECKOMY BOAOKHY, YCHAMBAIOTCS B PETPAHCASTOPAX
depes KaxAble 30—S50 KM, YTOOBI KOMIIEHCHPOBATh HeH30eXHOe OC-
AabAenne curHaAa mpu nepepade. Ho kaaccideckue perpaHcASITOpDI
He MOT'YT OBITD HCITOAB30BAHBI AASI IIEPEAAUN KBAHTOBOIO CUTHAAA 3~
33 HeOOPATUMOH PeAYKINY CYIIEPIIO3UIIUY IIPU U3MEPEHHH.

I'Iepep,aqa KBAHTOBOro Kito4a
nocpeacTsom nepenyTaHHbIX COCTOAHMIA

Bropoit MeTOA cO3AAHKS HE30MACHOTO KAIOYA HCIIOAB3YET CO-
crosuue JIIP (Ditamreitna — [Topoabckoro — Posena). Cambrit
npocToit ciocob npepsoxuau benner, Bpaccapa u Mepmun. Pac-
CMOTPHM II€peIlyTAHHOE COCTOSIHIE

N2 (1)1 (12 + (W1 (1)2].
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Aast o603Hauenns 6utos 0 1 1 BMecTO moAspusariu $pOToHA
MBI OYAEM HCIIOAB30BATh IIPOEKIfUH CIIMHA

142 [(0)1 (1)2 + (1)1 (0)2]

(cnun BBepx 0603Havaer 0, a criuH BHU3 — 1).

Hcrounuxk coszpaér taxyro OIIP-mapy u mocriaaeT opHY 4acTH-
Iy OTIIPAaBUTEAIO, ADYTYIO ITOAy4aTeAl0. 3aTeM BCe aHAAOTHYHO IPO-
TokoAy bennera — Bpaccapaa:

o Oapra u IlaBeA KaxABI U3MEPSAIOT IPOEKITHIO CIIMHA
CBOeFl YaCTHUIIBI BAOAb AIOOOTO U3 ABYX HAIpaBAEHHI,
MepIeHAUKYASPHBIX HAIIPABACHHUIO ABIDKEHHS YacTHU-
ITBL.

«  OHU H3MepSIIOT 6eCIIOPSAOYHO 9TH HAIIPABACHHSL.

«  Yepes 0bLeAOCTYIIHBII KAHAA CBSI3H OHU COOOIIAIOT APYT
APYTY OPHUEHTALIIM CBOUX AHAAU3ATOPOB B IIOCACAOBATEAD-
HOCTH CBOMX M3MepeHHI, HO COXPAHSIOT B TallHe Pe3yAbTa-
ThI THX H3MePeHHIL.

«  3Has, KaKHe U3 UX U3MePeHMUIT OBbIAM CACAAHbI IIPY OAKHA-
KOBOH OPHEHTAIUH, OHU COXPAHSIOT PE3YABTATBI TOABKO
9THX H3MEPEeHHI i OTOPACHIBAIOT APYTHE.

Bcnomamm, uro B OTTP-cocTosHUM pe3yAbTaTh H3MEPEHHH, CAe-
AQHHbIE KOKABIM M3 HAOAIOAATEAEH, COBEPIIEHHO CAyYaiiHbl. Takum
o6pasom, u Oabra, u ITaBea 06aaparoT mocaepoBaressHocTso 0 1 1,
KOTOpasi CAy4YaiHa, 4TO BaXKHO AASl CEKPeTHOCTH Katoda. Ho Tak xak
aHTHKOppeAsIus rapanTuposasa B DI1P-cocTosuum, To koraa Oapra
obuapyxusaer 0 (crmn BBepx), [Tapea o6Hapysxusaer 1 (cnus BHu3),
u xoraa Oabra obnapysxusaer 1, ITaBea obnapysxusaer 0. Ecan Te-
neps [TaBea mpocro uuBepTHpyet cBou pesyasrarst (0) > (1) u (1)
> (0), KaXKABIL TIOAYIMT CAYHAiHyIO, HO OAUHAKOBYIO TIOCACAOBA-
TEABHOCTD HOA€H 1 eAMHHL. To eCTb OHHU IIOAYYAIOT OOIHIT KAIOY AAST
mudpa.

Yro nmpou30oNAET, eCAM IIIIHOH IePEeXBaTUT OAUH YAEH ITIaphl,
M3MEPHT ero U IOIbITaeTcs mepecAars Ilapay mopaeAbHbIH oTOH
C TeMH Xe caMbiMH cBo¥cTBaMu? ITOCKOABKY COCTOSIHHE 3TOro
$oTOoHA 6OABIIE He IEPEIyTAHO C COCTOSHHEM BTOPOIO YA€HA
OIIP-mapsl, 9TH COCTOSHHUS He SIBASIIOTCS OOABIE KOPpEeAHpO-
BanHbIME. Kak u npexxae, ecau ITaBea u OAbra cpaBHAT HCXOAHbIE
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HaOOPBI CBOUX IIPABHABHBIX AAHHBIX, OHH OBICTPO OOHAPYKAT, 4TO
AMHUS mpocAymmBaeTcs. TakuM obpazoM, MeTop obecrednBaer
0e30IacCHYIO IepeAauy KAIoUa. JTO BOSMOXKHO OAaropaps mapa-
AOKCaAbHOMY HEKAACCUYECKOMY HOBEACHUIO KBAHTOBON CHCTEMBbI
IIPU U3MepEeHHMH, ITAIOC IIePeITyTAHHOCTb.

Ho He mepenocurcs An MHPOpPMaLus B METOAE II€PEAAUH
KAo4Ya, ucnoabsytomem IIIP-koppeasnuio? ITo AeHCTBUTEAD-
HO mpoucxoauT. Ho nndopmanusa ucxopur He or Oapru. Ona
ucxoAuT u3 ucrounuka JIIP-map. Hu Oasrra, uu Ilasea He BbI-
OMpalOT CBOM KAIOY: OHU IIPOCTO Y3HAAH €ro, KOTAQ M3MepPHAU
cBou 9acTHULBL. KAIOY OBIA CO3AQH YHCTO CAYYAHHDBIM IIPOLIECCOM,
KOTOpPHIN He KOHTpoAupoBaacs Hu Oabroit, Hu ITaBaoMm.

AOIIOAHUTEABHON HHTEpPeCHOH OCOOEHHOCTBIO IPOTOKOAQ
SIBASIETCSL TO, YTO KOPPEASIis BO3HUKAET TOABKO BO BpeMs H3-
Mmepenus. [Ipeanoroxmum, uto cozpannt 100 SITP-map, u kaxayio
M3 YACTHUI] APl OCBHIAAIOT COOTBETCTBYIOLIEMY IIOAb30BATEAIO:
nmoaoBuHy Oabre u noaosuny Ilasay. Ilpeamosoxum pasee, yToO
Hu Oabra, Hu [laBeA He A€AQIOT HUKAKUX ITOIBITOK U3MEPUTH CO-
CTOSIHHE CBOMX YaCTHI], 3 BMECTO 9TOIO PEIIAIOT COXPaHUTb UX
COCTOSIHHE B TedeHHe HEKOTOPOro BpeMeHH. MBI ysxe 3HaeM, 4TO
usMepernsa OIIP-gacTuipl He HecyT HUKaKoOM MHPOPMALIUH, HU-
KaKHX CKPBITBIX IIApaMeTpoB. Aaxke IIPU TOM, YTO KaXKABIH (OTOH
€CTb YacTh IEePEIyTAaHHOTO COCTOSHUS ABYX YaCTHI], CaM I10 ceOe
OH HAXOAHUTCSI B HEOAHO3HAYHOM COCTOSIHUU U 6eCIIoAe3eH Kak AAST
Onrry, Tak u pAss ITaBaa. MH$opMarius, koTopas ABASETCS KAIO-
9OM, CO3AAETCS TOABKO B IIPOIlecce U3MePeHH s, IIPU KOTOPOM IIpO-
HCXOAUT KOAAQIIC CYIEepIIO3HLIUH U HCYe3aeT HeOIPeACASHHOCTb.

Msr MoxeM TIpeACTaBUTb cuTyanuio, korpa Oapra peaa-
eT OecropsiAOuHBIe H3MepeHMsT BAOAb oceit X mam Z Habopa
100 TIP-vacTuL, XpaHsIUXCSL Y He€, TOABKO KOTAQ KAIOY He06-
XOAUM, B TOBOPUT I1aBAy, 4TO6BI OH IMPOBEA AHAAOTUYHbIE U3MeE-
pesus cBoux dacTull. OHU COCTABASIOT NPOTOKOA U IIOAYYAIOT
KAIOY. B oTAMYMe OT 0OAHOPa30BOIl KAQBHATYPbI, KOTOPAsl CO3Aa-
éTCsI B OAHOM MeCTe H 3aTeM AOAXKHA OBITh AOCTaBAEHA B APYTOe
MEeCTO 33 AOCTATOYHO IIPOAOAKUTEABHOE BpeMs, 9TOT KAIOYU AQJKe
He CYIleCTBOBAA AO MOMEHTA ero HMCIIOAb30BAHHUS.
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KBAHTOBAA TEJIEMOPTALINA

B mayynO-daHTacTHYECKHX POMaHAX IOA TeAeIopTaluel Io-
HHMAeTCsl BOSMOXKHOCTD IIepeMelaTh HeKOTOPble 0OBEKThI U3 OA-
HOTO MeCTa B APYTOe, He IPeOAOAEBas PACCTOSIHUE MEXAY HUMH.

Ho moxHo TPpaHCNOPTNpPOBaTb He 06beKT KakK
TakoBOM, a VHCTPYKLIO NO €ro n3rotoBJieHunio.

BoobpasuTe, HampuMep, 4TO B OYAyIeM MBI OYA€M CTPOHTb
ABTOMATH3UPOBAHHYIO YHUBEPCAaAbHYIO $pabpuky Ha Mapce. Ham
HY’KHO TeAeIIOPTHPOBATh Ha 9Ty IIAAHETY HOBOTO pobOTa, Ha30-
BéM ero PoBep, 4TOOBI C €ro IOMOIIBIO U3YIHTh T€OAOTUYECKYIO
ucropuio naaneTsl. [Ipocro Tpancnopruposars PoBepa — popo-
ro. Bropas Bo3MOXXHOCTb — CO3AATh TOYHOE OIMCaHHE YCTPOH-
crBa PoBepa u mocaaTs Ha MapcuaHckylo ¢abpuky. Pabpuxa
cMoraAa ObI €TO CA€AATh, U, B KOHEYHOM CUETe, U3 €€ ABeperl BbIKa-
turcsi PoBep, rOTOBBII IPHCTYIUTD K UCIIOAHEHUIO CBOMX 00sI3aH-
HocTeit. MbI MOXeM CKa3aTb, 4TO pOOOT ObIA AOCTABAEH C 3eMAM
Ha Mapc, He nepeMemasch MeXAY STUMHU IIAAHETaMH.

Heuro mopo6HOe ysxe mpuMeHsieTcs Ha pakTuke. YTo0sI mo-
cAaTh $aKc, Mbl CKAHUPYEM OPHMIHHAA U II0ChIAAeM UHPOPMAIUIO
O pesyAbTaTaX CKAHUPOBaHHU Ha YAAAEHHDBIN IPUEMHUK, KOTOPHIA
co3paéT xomuio. OpUruHAA OCTa€TCs HeM3MEHHbIM, a HOBas KO-
IIM5] I3TOTOBAEHA I10 IIOAYYeHHOMY Ia0AOHY. Pazanine ¢ «UCTHH-
HOI>» TeAeIopTaLieli 3AeCh 3aKAI0YAETCSI B TOM, YTO B 00OUX IIpU-
Mepax OPMI'MHAA OCTA€TCs HeM3MeHHBIM. B HayuHOM dpanHTacTHKE
OH HCYe3aeT IIOCAe TOTO, KaK IIPOLIeCC 3aBepIIEH.

3aMeTnM, YTO HEOOXOAMMBIM IIEPBbIM LIATOM TEAEIIOPTALIUH
SIBASIETCS CKaHMpPOBaHMe opuruHasa. OKasbIBaeTcs, YTO, COTAACHO
KBAaHTOBOI MEXaHHKe, 3TO HeBO3MOXKHO. Taxum 06pa3om, orpaHude-
HIS, HAKAQABIBAeMble KBAHTOBBIMHU M3MePeHISIMH, Ka3aA0Ch ObI, HC-
KAIOYAIOT BO3MOXKHOCTD TeAeNOPTAlK KBaHTOBBIX cocTosHMM. Oa-
Haxo 3T0 He Tak. O6CYANM CHaYaAa OrpaHUYEHHs], HAKAAAbIBAEMBbIe
KBaHTOBOM TeOpHel Ha BO3MOXKHOCTb ITPOYECTh KBAaHTOBYIO HH(OP-
MAIHIO, 4 3aTeM HAMAEHHbII CII0C06 0OONTH 9TH OrpaHIYeHHL.

ITpu obcyxAeHHN IHepeAaur KAIYa C IIOMOIIBIO CYIIepIIO-
3UIIUM OAHOM 4YacCTHMIBI Mbl OTMEYAAH, YTO KBAHTOBAs MeXaHU-
Ka 00eCIIeYNBaeT CPEACTBO AASL 0€30IIACHOM Iepepadr AAHHBIX,

204



naBa 8. KBaHToBaa kpuntorpadua

HO OAHOBPEMEHHO OTpaHMYMBAET 0OAACTh UCIIOAB3OBAHHUS ITO-
ro MeTopa. OTO OTpaHUYEHHE BO3HUKAET BCAGACTBHE TOIO, YTO
AI00OOM peaAbHbIN CHUTHAA HeM30EXHO OCAabAsieTCs IpH Iepe-
Aade Ha GOABIIME PACCTOSHUS U HYXAAETCS B PeTPAHCASILIUMA —
HO KBaHTOBAas MeXaHHKA AEAAeT KAACCHYECKYI0 PeTPaHCAS-
ITHI0 HEBO3MOXXHOH.

YT06bI 3TO IIPOUAAIOCTPHPOBATH, BEPHEMCS K HAIlEMy IIepBO-
My IIpUMepY, B KOTOPOM KAIOY KOAMPOBAACA HoAsipusanuedt ¢poTo-
Ha. ITpeATIoAOKIHM, YTO MBI XOTHM CAEAATh YCTPONCTBO — HA30BEM
9TO «KAACCHYECKUM PEeTPAHCASITOPOM>» — YTOOBI BOCCTAHOBUTD
TAKOM CHUTHAA, IIPOLIEANINH HOABIIOE pacCTOsIHUE. DTOT PeTPAHC-
AATOP AOAKEH CAGAATH ABE Bellu:

1. ompeaeAuTb MOAAPHU3ALUIO KAKAOTO GpOTOHA;
2. co3paTh HOBbIM QOTOH C TOM >Ke caMOil IOASIpHU3aIuein
1 IIOCAATh €T0 AAABIIE.

ITpobaeMa BO3HHKAET C IEPBbIM IIATOM: KBAHTOBAsI MEXaHHKA
OrpaHUYMBAET HAIY CIIOCOOHOCTD OLPEACAUTb COCTOSIHIE IIOASPH-
3aruu GOTOHA.

ITO MPOUCXOAUT 1O AByM npuunHam. IlepBas cBa3ana ¢ npuH-
LIUIIOM HEOIPEeACAEHHOCTH: AI00Oe HM3MepeHHe BEeAMYMHBI HeU3-
0eXHO M3MeHsSIeT 9Ty BEAMUMHY CAYYaiHBIM U HeIpPeACKa3yeMbIM
obpasom. Bropoe orpanndenne cBI3aHO C IPOLIECCOM U3MePEHISL.
ITpeAnOAOKUM, UTO MOAYYEHHBIH GOTOH IMOASPU30BAaH BAOAD OCH,
KOTOpasl HaKAOHEHa OTHOCHTEABHO OCH HAIIer0 PeTpPaHCASTOpa.
OT0 3HAUMT, 9TO B GasHCe PETPAHCAITOpPA COCTOSIHHE POTOHA SIB-
aseTcs cynepnosunueit. Ho pesyabTrar nsMepeHus peTpaHCcASTOpa
He SBASIETCs CYIIePIIO3MITHeH, a ONMPEACAEHHBIM Pe3YAbTaTOM, KO-
TOPBII TOAYYEH CAYYAHBIM 0OPa3OM, C BEPOSITHOCTBIO, OIIPEAEAS-
eMoil KoadPuIreHTaMu Cyneprosunun. boaee Toro, HeT HHUKaKOM
BO3MOXKHOCTH Y3HATh H3 PE3YABTATOB H3MEPEHHs, OBIAO AU IIOAY-
4eHHOe COCTOSIHHE CYIePIIO3UIIUel HAM COOCTBEHHBIM COCTOSIHH-
eM. Kax MpI BHA€AM, H3MepeHHe IIPUBOAUT K KOAAAIICY CyTIepIIO-
3UIMH, PAAMKAABHO M3MEHsS COCTOSIHUE — HAH, €CAU HU3MepeHre
COOTBETCTBYeT COOCTBEHHOMY GAa3HCY COCTOSIHIS, HUKAKOTO H3Me-
HEeHHs He IIPOUCXOAUT!

ITO OrpaHMYeHHEe HMMeeT MeCTO He TOABKO B CAydae IIOAS-
pusanu  poronHa. KsaHTOBas MeXaHHKAa OTpaHMYMBAET HAIIy
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CIIOCOOHOCTD OIIPeAeAUTh AI00Oe cocTosiHue. UTOOBI 9TO IPOHA-
AIOCTPHPOBATh, PACCMOTPHM BTOPOM BHA PeTPaHCAITOpPA, IPeAHa-
3HAUEHHbIM AAS BOCCTAHOBAGHHMS papuocursasa. IIpeamoaoxum,
yro curHaa UM (4acTOTHO MOAYAMpPOBaH), TO €CTb ero 4acTOTa H3-
MeHseTCs BO BpeMeHH. MbI Mo)keM IIPeACTaBUTh IIOTOK (pOTOHOB,
IIepPBBIH C YACTOTOH V1, BTOPOI € YacTOTOM v2, U T. A. PeTpancasTop
AOMKEH U3MEPUTD JaCTOTY KaXKAOTO IIPUHUMaeMoro ¢poTOHa 1epep
€ro peTpaHCASIHe.

Kak u mpesxae, IpUHITUII HeONpeAeASHHOCTH OTPaHUYHBAeT
BO3MOXHOCTb CAEAATh 3TO. AAS OIpPeAeA€HHOCTH IPEATIOAO-
XKHM, 4TO PETPAHCASITOP — MHOTOYPOBHEBBII aTOM, C HAOOpOM
snepruit nepexopa AE1 = hwl, AE2 = hv2, u 1. A. Toraa, nocae
[OTAOIIeHHsT OTOHA, aTOM OCTAéTCsi B HEKOTOPOM BO30YX-
ACHHOM COCTOSIHMM: PETPAHCASATOP AOAKEH OIPEACAUTD dHep-
TUI0 3TOTO cocTosiHus. EcAm AAs u3MepeHHs Tpebyercs BpeMs
At, To pe3yAbTaTOM SBASIeTCS HEONPEACAEHHOCTb H3MepeHHus
AE = h/At, npuBopsIas K HEYCTPAHUMON omunbOKe U3MepeHus
gacToThl. Bo-BTOpHIX, ecAMm IpuHHUMaeMbli GOTOH HAXOAUTCA
B CYIIePIIO3UIINH, & He COOCTBEHHOM COCTOSHUHU 9HEpPIUH, ATOM
oCTaéTCsl B CYNepIIO3ULUE BO30YXKAEHHBIX cocTosHuit. lsme-
peHHe SHEPTUH aTOMa AAET TOABKO OAHY BEAMYHHY, BBOAS HAC
B 3a0AyXKAeHHe, YTO HPHUHATHIA (OTOH HMeA OIPeACASHHYIO
dacTory. V1 cHOBa HeT HHKAKOTO CII0CO6a y3HATDh M3 pe3yAbTaTa
3TOTO U3MepeHHs, OBIAO AM COCTOSHHE M3MEHEHO B IIpoIiecce
HU3MepeHNUs.

W3 otux IIPUMEPOB M 110 3TUM IIPUIHHAM Mbl BUAHUM, YTO:

] MbI He MOXEM Y3HaTb O KBAHTOBOM COCTOSIHHH U3 PE3YAb-
TaTOB €TI0 U3MEPEHH.

. B Imponecce N3MEPEHNI IEPBOHAYAAPHOE COCTOSHHE H3-
MEHSETCA.

Qusyyeckoe COCTOSIHME YEPHHMA HA ITOM CTpaHHUIlE HECET
onpepea€HHYI0 MHopManuio. UuTas CTpaHuIly, Bbl YUTaeTe 3TY
uaopmarmio. Ho ecan 6b1 uepHIHAQ OBIAM KBAHTOBOM! CHCTEMOL,
9TOTO HeAb3s 6b1AO OBl caerars. KBanTOBast MHGOpMAaLHT HeunTa-
GeAbHa B KAQCCHIECKOM CMBICAE.

OTO He 3HAYHT, OAHAKO, YTO KBAHTOBAs HHPOpMaIUs He Cyle-
cTByeT. boaee Toro, okaspIBaeTcs, YTO, €CAU MbI YCTOSAU IIPOTUB
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JKEAAQHHS IPOYeCcTb KBAaHTOBYIO MH(POPMAIIHIO, MBI MOXeM IIepe-
AATh €é€.

Mpbl BUAMM, YTO IPHHIMII HEONPEACACHHOCTU U KOAAAIIC
BOAHOBOH QYHKITHH II0APA3yMeBalOT, YTO MBI IIOHATUS He HMe-
€M, COOTBETCTBYIOT AU PE3YABTAThl HAIIUX U3MePEeHHH PpaKTUIe-
CKOMY cocTosHuIo cucteMbl. B 1993 roay bennerT ¢ koaseramu
HameéA, Kak MOXXHO OOOMTH 9TO NPEISITCTBHE AASL TEAEIIOPTa-
LM, U BCKOpPe IIOCA€ 3TOTO AAHHAs HMAes OblAa OCyIecTBAe-
Ha 9KCIIEPHMEHTAABHO AByMs rpymmamu. CTpaTerusi COCTOUT
B TOM, 9TOOBI BO3AEPIKUBATHCS OT U3MepeHus cocTosiHus. Oka-
3bIBA€TCSI, YTO MBI MOXeM, TeM He MeHee, IlepeAaTb AOCTATOY-
HYI0 HHPOPMALIUIO 06 9TOM COCTOSIHUU AASL €70 PEKOHCTPYKIJUH
B OTAQAGHHOM MecTe. DTa CTpaTerus Takke OTKPHIBaeT BO3MOX-
HOCTb AASL KBAHTOBOH PeTPaHCASIIUH, IIPH KOTOPOI KBaHTOBOE
cocTosiHHe He u3Mepsercs. [lo upee, mpeproxennoit benner-
TOM u Apyrumu, otnpasuteab (OAbra) AOAXEH MepepaTh IMo-
ayuateato (ITaBAy) cocTosHUe CBOeH KBAaHTOBOMN YaCTHIIBI AAS
BOCIIPOM3BEACHHS, [I0CAAB €My KBAaHTOBYIO YaCTHUIYy B COCTOS-
HHM, COBIIAAAIOIEM C COCTOSHHEM €r0 YaCTHUIIBI.

B aToM mpomecce HCxOAHOE KBAaHTOBOE COCTOSIHUE paspylla-
€TCsl, AeAAs] eTO «HCTUHHBIM>» CAy4aeM TeAeropTaruu. [Tockoas-
Ky KBaHTOBas WMHQoOpMarys HednTabeAbHa, HU OTIIPABHTEAD,
HH [TOAYYaTeAb He 3HAIOT, B KAKOM COCTOSHUH HX YaCTHUIIBL OBIAH
nan ectb. O6a TBEPAO YBEPEHBI TOABKO B TOM, 4TO B KOHIJe IIPOIle-
AYPBL COCTOSIHHE KBAHTOBOM JAaCTHIIBI IIOAYYaTEeAS SBASETCS TOY-
HOM KOIIHeH COCTOSIHIS, B KOTOPOM HaXOAMAACh dacTuria OAbru.

Oabra usmepster cocrosuue Beara (BSM), onpeaeasromee ot-
HOIIEHISI MEXAY HEU3BEeCTHBIM KBAHTOBBIM COCTOSIHUEM €T0 YaCTH-
b1 ¥ OAHOTO U3 4AeHOB JDITP-maphl. 3areM OH HCIIOAB3YeT KAACCH-
YecKHil KaHaA, YTOObI IIepeAaTh pe3yabrar usmepenus Ilasay. 1o
Aaér TlaBay aocraTouHO MHGOpMAIIMH, YTOOBI [IPEBPATUTh CBOM
yaeH OITP-mmapbl B TOYHYIO KOIIHIO HAYAABHOT'O COCTOSHIS, HICIIOAD-
3ysl OAHO M3 YETHIPEX YHUTAPHBIX peobpasoBanmit U.

HoBriM siBAsIeTCST McITOAB30BaHHe BcrioMoraTreAbHor JITP-ma-
PBl AASL CO3AQHHISL AOIIOAHHUTEABHON IIEpPENyTaHHOCTH, 0e3 u3Me-
perus xBanTOBOro cocrosuus. Kpome OIIP-map, Oabra u IlaBea
HCIIOAB3YIOT KAACCHYECKHUI KaHAA AAS TIEPEAAYH KAACCHYEeCKOH HH-
¢opmanuu. Oabra BBITOAHSET COBMECTHOE HM3MEpeHHe YaCTHUIIDI,
KOTOPast AOA’KHA OBITh TEACTIOPTHPOBAHA BMECTE C OAHOM YacTHLIe
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u3 OIIP-mapsl, — u3MepeHHe, KOTOpoe AJET el MHQOpMalHio
He O HEeM3BeCTHOM COCTOSIHHH, & 00 OTHOLIEHHH MeXAY 9THM CO-
crostHUeM U cocrosHneM eé DIIP-vacTunpl 3aTeM OHA HCIIOAB3yeT
KAQCCHYECKHUIT KAHAA AAST COOOIIIEHIST [IOAYIATEAI0 PE3YABTATOB 3TO-
ro usMepenust. ITocae moaydenns aToro coobmenns ITaBea obaapa-
eT AOCTATOYHOM HHpOpMAIHel, YTOObI IPeobpa3oBaTh CBOM YAeH
OIIP-mapsl B cOCTOsIHIE, KOTOPOE SBASETCS MAGHTUYHBIM C TIepBO-
HAYaABHBIM COCTOSIHHEM 4JacTHIhl OAbIH. DTO COCTOSIHHE YaCTHUIIBI
HOAyYaTeAs] OCTAéTCsl eAMHCTBEHHBIM B KOHIje TIPOLIeAyPbI, TaK Kak
usMepenne OAbIY pa3pyIrAO HeU3BECTHOE COCTOSIHUE er0 YaCTHUIIBL.

B Teaenopraruu IpHHEMAIOT y4acTHe TP YacTuLbL IlepBas
JacTHUIla HAXOAUTCS B COCTOSTHMH, KoTopoe OAbra Xo4yeT TeAenop-
THUPOBaTh nmoAy4aTeAto. CocTosHNE HEeN3BECTHO M OCTaHeTCs HeH3-
BECTHBIM IIOCAE TeAeIIOPTALUH. ABe APYTHX YACTHIIbI COCTABASIIOT
OITP-mapy, oAuH 4AeH KOTOpoit moayyaer Oabra (4actuua 2) u Apy-
roit [Tasea (actuna 3). CocTOSHHSA 3TUX TPEX YACTHL] OTPeAeAs-
I0TCSI BBIPOXKEHUAMH

pl=a(0)1+B(1)1;
OIIP23 =1/+2[(0)2 (1)3 — (1)2 (0)3],

rae OIIP23 — cocrosuue DIIP-mapbl, ”HAEKCH CHU3Y YKa3bIBAIOT,
K KaKo¥ YacTHIje OTHOCHTCA paHHOe cocrosHue; (0) o6osHavaer
TOpUBOHTAAbHYIO MoAaspusatmio u (1) BepTHKaAbHYIO MOASpH3a-
LTHIO.

Obparure BHHMAaHHe, YTO, BCAGACTBHE II€PeIyTAHHOCTH,
9acTUIBl 2 U 3 He HMEIOT OTAEABHBIX COOCTBEHHBIX BOAHO-
BbIX QyHKnmid. Taioke 3amersre, uTo cocTossHMe JIIP23 aH-
TUCHMMETPHYHO IIO OTHOIIEHHMIO K IepeCTaHOBKe YaCTHI:
OIIP23 = — 3TIP32. M3 paccMoTpeHus NeperyTaHHbIX COCTOS-
HUH U3BECTHO, 4YTO €CAM YaCTHUIIA 2 IPOeIMpyeTCs H3MepeHHeM
Ha cocrosuue (0), TOrpa MTHOBEHHO U C [IOAHOH ONpeAeASHHO-
cTbio yacTuna 3 6yaer HaiipeHa B coctosiuuu (1), u Hao60poT.

Tprox TeaemopTanuu 3akarodaeTcs B ToM, 9ro Oapra mepemy-
THIBA€T COCTOSIHHE YaCTHIBI 1 ¢ COCTOSHHEM YacTHUIBI 2, KOTOpOe
yoKe MeperryTaHo C COCTOSHHeM 4acTHIbl 3, mockiaaeMor [Tapay!
He paccmarpuBas mmoka, Kak 9TO AeAdeTCsl, CKaXeM, YTO, B KOHed-
HOoM cuéTe, OAbra 6yseT UMeTb 9aCTULBI 1 1 2 B OAHOM U3 YeTBIPEX
HepemyTaHHbIX COCTOSHUI, TAK Ha3bIBAeMbIX COCTOSTHUAX Beana:
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Y12=1/42[(0)1(1)2 £ (1)1(0)2]
©12=1/+42[(0)1 (0)2 £ (1)1 (1)2].

B 25% cayuaeB Oabra moay4aeT aHTHCHUMMETPHUYHOE COCTO-
sane ©12. B aTHX cAydasx cocTOsSHHUA dacThl 1 U 3 HACHTHUYHBI
APYT APYTY, TaK KaK 4acTHIja 2 TepelyTaHa C YacTHLeH 3 U C Ya-
cruneit 1 opnHakoBeiM o6pasom. IToaTomy, ecan yacTurja 1 Os1aa
B COCTOSHUM @1, TO 9acTuIla 3 IpoeLupyeTcs B COCTOSHUE CyTIep-
MIO3UIIUH, HAEHTUYHOE 3TOMY COCTOSHHIO YaCTHUIII 1, Yepes aHTH-
CHMMETPHUYHYIO IepelnyTaHHOCTh cocTostHuM 1 1 2. Ecan Oasra
HOAYYHUT AI060€ U3 APYTHX TPEX cocrosiHuil Beaaa, cymecTByoT
oInpepeAEHHBIE IpeoOpa3oBaHus, IPIMeHUB KOTOPSIe, [TaBea Mo-
XKeT IIepeBeCTH CBOIO YACTHIY B COCTOSIHHE, MACHTHYHOe ¢1.

3KCHepMMEHTaHbHaﬂ peanusauunAa KBaHTOBOIA Tenenoprayun

OTH TeopeTUIeCKUe HACU OBIAM PEAAN3OBAHbI ABYMsI TPYIIIIAMH,
B Pume u MucOpyke. MbI pacckakeM 06 aKCIIeprMeHTe HHCOPYKCKOH
TPYTIIbL, B KOTOPOM HCIIOAb30BAAMCD IIOASPHU30BaHHbIE POTOHDL

IlepenyTanHas mapa co3paBaAach 3HAKOMBIM HaM CIIOCOO0M
CIIOHTAHHOTO IIApaMeTPUYECKOro [IOHIDKAIONIero Ipeobpasosa-
Hus. DOTOHbI, IOAyUYeHHBIE TAKUM CIIOCOOOM, HMEIOT HAEHTUY-
Hble AAMHBI BOAH, HO AMHEHHO IIOASPU30BaHbl B OPTOrOHAABHBIX
HAIIPaBAEHHUSIX, YTO TAPAHTHPYET HEeOOXOAUMYIO IIeperryTaH-
HOCTb ux cocrosuuit. Opun us Hux (poron 2) mocaaau Onsre,
y KOoTOpoil 6bIA $OTOH, IIPEAHA3HAUYEHHBIH AAS TeACIIOPTAL[HH
(¢poron 1). ITn ABa OTOHA OAHOBPEMEHHO, B IPEACAAX IKCIIe-
PHUMEHTAABHOTO pas3pelleHHs, HAalPaBASAMCh B AEAMTEAb Ayda
U ABUTAAHCDH IIOCAE 3TOTO B OAHOM HampaBaeHHH. IIpu aTux yc-
AOBHSIX OHH OBIAM HEPA3AHYUMBI U, 3HAUUT, [IepeIryTaHbL.

B nporecce mepenyThiBaHMS C OAMHAKOBOM BepOSTHOCTBIO
BO3HMKAaeT OAHO H3 YeThIp€X cocTosHMil Beasa. B anTucumme-
TpuyHOM cocrosiiun Y12, xak OBIAO HAIMCAHO BbIIIe, ITOCAe
usMepernsa OAbroit yacTuia 3 OKa3bIBaeTCs B IEPBOHAYAABHOM
cocrosinun yactunpl 1, u or [TaBaa He TpebyeTcst AOIIOAHHUTEAD-
HbIX IIpeobpasoBanuil. Tak Kak mpeoOpa3oBaHusl, HeOOXOAUMBIE
B CAydae TPEX OCTAAbHBIX COCTOSHUM BeAaa, ABASIOTCS CAOXKHOM
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9KCIIepUMEHTAABHO IIPOOAEMOTt, HHCOPYKCKAsl TPYIIIa OTPaHu-
YHAACh AEMOHCTpAljUell TeACOPTAIIUM TOABKO AASL CAydas aHTH-
cumMeTpryHOro cocTosHusa V12, BosHukaromero B 25% caydaes,
OTAOXHB Ha Oyayllee 3apady TeAelOpTanuyu GpOTOHOB B CAYHasX
MOSIBAGHMS CUMMeTPUYHbIX IIePeIryTaHHBIX COCTOSHUH.

XapakTep cUMMeTpHUH COCTOSHMI beara BAuseT Ha To, Kak
$OTOHBI BBHIXOAAT M3 AeAuTeArs Ay4ya. Ecan BoaHOBas QyHKIUS
CHMMeTpU4HA, pOTOHBI BHIXOAAT B OAHOM HAIpaBAEHMH; €CAU
OHa SBASETCS] AHTUCHMMETPUYHOM, OHM BBIXOAST B IIPOTHBOIIO-
AOXKHBIX HAIIpaBAGHHUSX. JTa 0COOEHHOCTD OblAQ HCIIOAB30BAaHA
AAs obHapyxeHus: cocrosiHus Y12, Tak Kak TOABKO OHO SIBASI-
eTcst aHTHCUMMeTpudHbIM. OABTa, IMOChIAAs 002 pOTOHA B CBOM
AEAWTEADb Ay4a, BBIOMpPAaAa TOABKO Te CAy4ad, KOTAQ Ha ABYX BBI-
XOAAX AGAUTEAH OAHOBPEMEHHO AeTeKTHPOBAAMCDH IO OAHOMY
¢orony 1 u 2. ITO rapaHTHpYeT OIpeAeAeHHEe COCTOSHHUS, TaK
KaK B APYTHX COCTOSHMAX beara ABa $OTOHA AOAXKHBI ACTEKTH-
PpOBaThCsA Ha OAHOM BBIXOAE AGAUTEAS AyYa.

OO6HapyxuB $OTOHBI Ha ABYX BBIXOAAX ACAHTEAS, LINHOH
COOOIaeT MOAYYATEAI0 Yepe3 KAACCHYECKHUI KAHAA CBSI3H, YTO
65100 moayueno cocrosinne Y12. IToayuenue ITaBaom $poroHa
3 B 9TOM CAydYae O3HAYaeT PeaAM3aITHIO TeAeIOPTaIlMH, TaK KaK
nocae usMepenus Oabroit cocrosuus Y12 poron 3 oxaswiBa-
€TCsl B TOM Ke CaMOM COCTOSIHHHM, B KOTOPOM HaXOAMACA $OTOH
1 ao usmepenus. Mucbpykckas rpynma He paboTara ¢ Tpems
CHMMETPUYHBIMU COCTOSHISIME BeAaa, Tak Kak He OblAO em[é
CrIoco6a OOHAPYXXUTb KAXKAOE U3 ITUX COCTOSHHH U OCylIe-
CTBUTb Heobxopumoe mpeobpasoBanue. Teaemopramus ocy-
I[eCTBASIAACh TOABKO B 25% cAydaes.

HHcbpykcKast IPyIIa TeACIOPTHPOBAAA TPH PA3AMYHBIX CO-
crosuus GporoHa 1: +45° ,—45 u xpyrosas noasipusanus. Ilepe-
nyTanHoe cocrosiHre Y12 $oToHOB 2 1 3 6BIAO IOAYYEHO C ITO-
MOILIBI0 I[IAPAMETPHYECKOTO IIOHIDKAIOLEr0 IpeoOpasoBaHus
B HEAUHEMHOM KPHCTaAA€e, 0003HAYeHHOM KaK «OIIP-ucTouHuK>.
®oron 2 Hampasasacsa Kk Oabre, a poron 3 x IlaBay. Oabra «usme-
psaa cocrosiHua beara>, meperyTas poToHBI 1 1 2 B AeAnTeAE AyUA
U BBIAGASIS CAYYal COBIIAAEHHUS CUTHAAOB B AATYMKaxX 1 u 2, pacrmo-
AOXKEHHBIX Ha ABYX BBIXOAAX AeAuTest Ayda. IIpu oOHapysxkeHuu
COBIIAACHIUSI OHA ITOCBIAAET [IOAYYATEAI0 KAACCHIECKOe COObIIeH e
06 0bOHApYXXeHHH aHTHCUMMETPUIHOTO cocTosiHus. C IIOMOIbIo
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CAOXHBIX TPEX- U YeTHIPEXKPATHbIX CXeM COBIIAAeHHS I'PYIIIIa I0Ka-
3aAQ, YTO B 3THX CAYYAsIX COCTOSHME POTOHA 3, TOAYYEHHOTO TIOAY-
qaTeAeM, OBIAO MAEHTHYIHO TOMY, B KOTOPOM 6bIA cO3AaH poToH 1.

KBaHTOBas Tenenoprauusa CBA3aHa CO CTpaH-
HbIM pa3fBoeHeM UH$popmaLun.

Mexpy Bpemenem, korpa Oabra paspymusa cBo€ HeH3BeCT-
HOe COCTOsIHMe, U BpeMeHeM, koraa [laBea BoccTaHOBHA ero,
HHPOpPMAIKs, OIMCHIBAIONIAS 9TO COCTOSHMe, ObIAA paspeAeHa
Ha aBe yacTu. OAHA 4acTh SBASIETCS IIPOCTO KAACCHYECKOH: OIHca-
Hrre OABIOJ1 pe3yAbTaTOB U3MepeHHs.. DTO OIMCAHKe MOXeT OBITh
IepeAaHo B BeUePHUX HOBOCTAX, mocAaHo [laBay B muchbMe mAm
KaK YTOAHO: 9TO eCTb HHPOpPMALHsI B 0OBIYHOM BHAE, C KOTOPBIM
MBI AQBHO 3HAKOMBL

Bropas 4acTb eCTh YMCTO KBAaHTOBAsI HUHGPOPMALIHS: a6COAIOT-
Has aHTHKOppeasnus, npucymas IIIP-mape. Jta yacTp uEPOP-
MAaIliM [IePeAAéTCSl MTHOBEHHO Ha GOABIIINeE PACCTOSIHISL, HO HEAb-
351 AyMaTb 06 9TOM KaK O IepeHoce coobmeHus. ToAbKO KOTAA 3TH
ABe ¢popmbl nHPOopManuK 0bbepAuHeHbl, [1aBeA 3aBepimaer mpo-
I1eCC TeACIOPTALIUH.

IIprMmeyaTeAbHOM OCOOEHHOCTBIO TEACIIOPTALIMH SIBASIETCS TO,
9TO OHA BO3MOXKHA HE3aBUCHUMO OT TOT'O, 3HAET AU OTIIPABUTEAD, TAC
Haxoautcs ITaBea. ITpeArIoAoKuM, YTO IIOCA ITOAYYEHHUS CBOETO YAe-
Ha JITP-nape1 ITaBea mepeexaa Ha HOBOe MecTo, HenzbecTHOe OAbre,
B3sIB CBOIO wacTuify ¢ coboit. Ecan Oabra omyOAnKyeT pesyAbTars
CBOEro M3MepeHus B rasere, ITaBea MOXET IPOYMTATh 9TO COOODIIIe-
HHMe U BOCCTAaHOBHTb IIepBOHAYAAbHOE KBAHTOBOE COCTOsHME. B aTOM
3aKAIOYAETCS OTAMYME OT CAMOTO IIPOCTOTO M3 BCEX METOAOB ITOCAATD
KBAaHTOBOE COCTOSIHHE IIOAYYaTEAIO, KOTAA €My IIOCBIAAeTCS Herlo-
CPeACTBEHHO 4acTuija. UTOOBI CA€AATH 3TO, OTIIPABUTEAb AOAXNKEH
OBIA ObI 3HATD MECTOHAXOXXAEHIE IIOAYYATEAS], YTOOBI HAIPABUTD €My
YaCTHLY.
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CTPATErM NOACNYLLUUBATENA

AOKa3aTeAbCTBO CeKpeTHOCTH IpoTokora BB84 crpouTtcs
HA TOM, YTO IIPH BeAMYHHEe OMHUOKHU Ha IIPUEMHON CTOPOHE Me-
Hee 11% Bo3MOXHa ceKpeTHas Iepeaada AaHHBIX. B To jxe Bpems
He TOBOPUTCS O TOM, KAKUM 00pasoM IPOTOKOA TepsieT CeKpeT-
HOCTb Ipu 6oAbineit BeanunHe omubku. [ToctponmM cxemy aTa-
KH, IIPU KOTOPOIt AOCTUTAETCS TEOPEeTHIECKHI IIPeAeA OMHOKY
Ha npuéMmHOi cTopoHe B 11%. PaccMoTpuM U ApyTHe cTpaTeruu
MIOACAYLINBATEAS] H HAMAEM KPUTHUYeCKHe BEAUYHHBI OIIHOKH AAS
KaXKAOM U3 HUX. 3apaHee OTMETUM, YTO HanboAee OOIIUM CAyda-
eM TIOACAYIIMBAHHS SBASETCS KOAAGKTHBHAs aTaKa: MpH He3Ha-
YUTEABHOM HM3MEHEeHUH IPOTOKOAA OoAee 00Imjasi KOTepeHTHAs
aTaka He AA€T AOITOAHUTEABHOH BBITOABI ITePEeXBATUHKY.

Mpuém-nepenocbin

Hanboaee mpocThiM cljeHapueM AEHCTBHI IIMHOHA SIBASET-
Cs U3MepeHMe IIepepaBaeMOro IO KBAHTOBOMY KAaHAAY COCTOS-
HHSI C AAABHEHMIITNM IepechIAOM TIOAYYEHHOTO Pe3yAbTaTa AAABIIE,
ViMeHHO TakuM 06pa3oM MOIYT IIPOCAYIIMBATHCS KAACCHIECKHe
KaHaAbL B KBAaHTOBOM cAydae 9Ta CTpaTerys He CpabaThIBaeT.

EcAn mmumoH cTpeMuTCs BBIIOAHUTD Te e AeHCTBHSA, 4TO
Ha cBoel cTopoHe npousBoAuT IlaBes, TO, He 3Hast HCXOAHOTO CO-
CTOSIHHS, OH HEM30€XXHO CTAAKMBAETCS C HepelllaeMOi pobaeMoit
pasAMYeHMsT COCTOSIHUI U3 HeOPTOroHaAbHOro Habopa. Tax, mpu-
MEHSIS CAYYafiHbIM 06Pa3oM OAHO U3 M3MepeHHIT

+: M, =|z)z| M,=|y)yl,
X My=lu)(u] M,=|v)|

K TIOCAQHHOMY COCTOSIHUIO, IPUMEPHO B IIOAOBHHE CAYYaeB IIIHOH
OYAeT HeBEepHO YTaAbIBATh 0a3KC: IPUMEHATD U3MepeHUe «X> IPH
MTOCAAHHOM COCTOSIHMU | X> HUAM |y> HAY TIPUMEHSTD U3MEPeHHne
«+> Hap coCTOsIHUeM u3 Habopa { | u>, | v>}.

B cuAy cBOMiCTBa HeCMEIEHHOCTH Oa3HCHBIX COCTOSHMIT
IpU HEBEPHO YTAAQHHOM 0asvice BepPOSTHOCTh OIIMOKH IIIHOHA
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cocrasaster 50%, TO eCTb LIIMOH He IIOAYYAeT IIOAe3HOM HHGOpMaru
o currae. OAHAKO 9TO eimé He Bce poOaeMmsl nmroHa. HeBepHo yra-
AaB 6a3UC IPU U3MEPEHNH, BCACACTBHH CBOFICTBA PEAYKIIHH BOAHOBOM
YHKIHH OH HEM3OEKHO MOIAET omrbouHoe cocrosiHue [Tasay. Tax,
IpY IPUMEHEHUH U3MEPEHHS «+> He3aBUCUMO OT HCXOAHOTO COCTO-
SHUS AAAbIIe GYAET IIOCAAHO OAHO M3 COCTOSIHUI { | x>, | y>}, a npu
MPHMeHEeHUH U3MEPeHHUsI «X> — OAHO M3 COCTOSHMI { |u>, | v>}.
V3mepsist 9TH COCTOSIHUSI B «BEPHOM>» AAsl HUX Gasrice, ITaBea moay-
9T OMIMOKY, 10 KOTOPOI MOXeT ObITh OOHAPYXKEHO BMELIATEABCTBO
LIIHOHA.

Beanunny omunbku Ha MPUEMHOM CTOPOHE MOXKHO BBIYKC-
AWTb TaK: AOIyCTHM, IUIIHOH IIOABEPraA aTaKe He BCe COCTOSIHMS,
a HEKOTOPYIO X YaCTb, aTAKYsI KAXKABIA CUTHAA C BEPOSTHOCTBIO
p. Toraa aoast B 1 — p curnaros mpuxopur K ITaBay 6e3 omu6-
ki IIInnoHy ke IPUXOAUTCS IPOCTO YraAbIBaTh 3HaYeHHe 6uTa
B K&XKAOU TaKOM [IOCHIAKE, a 3HAYHT, B €€ OIIHOKY 9TO AACT BKAAA,
pasubtit (1 — p)/2. B T0 xe BpeMs AASL CUTHAAOB, ATaKOBAHHBIX
LIITOHOM, CYLIEeCTBYEeT ABA PABHOBEPOSTHOCTHBIX IOBOPOTA CO-
OBITHI:

+  IInnoH yrapaa 6asuc usMepeHus, a 3Ha4YHT, IIOAYYUA TOY-
HyI0 HHPOPMALIHIO O [IepeAABAEMOM CUTHAAE M He BHEC Ka-
KOT'0-AH60 BO3MYIIEHHUS B IIepeAAUy.

o Illnwon omubest B BeIGOpe 0Oasuca U3MepeHMH, a 3Ha-
9HT, C BEPOSTHOCTBIO 1/2 IIOAYYHA OLIMOOYHBII Pe3yAb-
TaT U IepepaA ommbouHOe cocrosiHue ITaBAy, 4TO AaAO
OLIMOKY Ha €r0 CTOPOHE C BEPOSITHOCTBIO OILSTH e 1/2.

BeposITHOCTD KaXKAOTO M3 MOAOOHBIX CLieHapHeB paBHa p/2,
U [IPH TaKOJ CTPATETHH AOAS OLINOOK Ha IIPUEMHON CTOPOHE byaeT
paBHa p/4, a AOASt OIUOOK y IIITHOHA COCTABHUT

ITO 3HAYMT, YTO IIPH BCeX 3HAYEHMSAX ITapaMeTpa P, MEHbBIINX
€AMHHIIBL, IIITHOH HMeeT 6oabine omuOok, veM ITaBes, a sHaunT, ero
HMHPOPMAIIKS O ITepeaaBaeMOM KAIOYe CTPOro MeHbure. B To xe Bpe-
M ipu p = 1 poast ommbox y ITaBAa i mmmoHa coBIIapaeT U paBHa
25%. Tak xak ommubxa ITaBAa OAHO3HAYHO CBsI3aHA C ITAPAMETPOM
P, MOXKHO CUMTATh, 4TO 25% — MOPOroBasi BEAMYHHA OMIHOKHU IpH
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

TaKOM aTake, AO KOTOPOi BOSMOXHO CEKpeTHOe pacIpOCTpaHeHHe
KAIOYEH.

OTMmeTnM, 4TO OmHOKA HA IPHEMHOM KaHAAE MOXET ObITb BbI-
3BaHA He TOABKO AEHCTBMSAMM IIIHMOHA, HO U HEMAEAABHOCTDIO Ka-
HaAa MAM AeTeKTOpoB. OAHAKO IPH OIleHKe CTOMKOCTH IIPOTOKOAQ
IPEATIOAAraeTCs], YTO BCe OMMOKY ObIAM BHI3BAHDI ITePEeXBATIMKOM:
OYEeBHAHO, 9TO AYUIIHI AAS HETO BAPUAHT Pa3BUTHS COOBITHIL.

Taxum 06pasoM, KpUTHIECKast OLIIOKA HA IIPHEMHOI CTOPOHe —
OCHOBHAsl XapaKTePUCTHKA MPOTOKOAOB KBAHTOBOM KPHIITOTpaduu.
B obmem cAyuae OHA 3aBHICHT AWIIb OT CAMOIO IIPOTOKOAQ, OAHAKO
B PSIA€ CAY4YaeB aTak MOXKHO BBIYHCAUTD KaXKAYIO U3 HUX. IIporoxoa
KBaHTOBOJ KPUIITOrPAHH TeM Ay4llle, 4eM GOAbIIle ero KPHTUIeCKast
OIIMOKA: B 9TOM CAydYae OH Aydllle IPOTHBOCTOMT IIOMeXaM B KaHAAe
CBSI3H U CIIOCOOEH TeHepHPOBATb CEKPETHBII KAIOY C OOABIIIelt CKOPO-
CTBIO ¥ Ha GOABIIINX PACCTOSIHISIX.

K crpaTerusaM moACAymIMBaHMSA OTHOCAT TaKXe <IIPO3payHOe
HHAVBHAYAAbHOE IIOACAYLIMBAHUE>, <«KOAAEKTHBHYIO aTaKy>,
«KOTepeHTHYIO aTaky>, PNS-aTaky.

KpVITVILIECKaﬂ ANUHA NUHUK CBA3K

BaxupIM paKTOPOM B CXeMaxX aTaKU SBASETCS KOMITCHCALIA
AOIIOAHHUTEABHOTO 3aTyXaHHs, BBIBBAHHOTO OAOKHPOBKOM 4acTH
HMITYAbCOB IIITMOHOM: ITPY OTCYTCTBUH TAKOH KOMIIEHCAITHH IIIITH-
OH MOXXeT ObITh OOHAPY>KeH II0 TTOKA3aTeAsIM 3aTyXaHus. Tak Kak
HCXOAHBIE TIOTEPHU B KAHAAE 3ABHCST OT €TI0 AAUHBI, IIITHOH MOXeT
KOMITEHCHPOBATh OAOKHPOBKY BCEX OAHO(OTOHHBIX HMITYABCOB
TOABKO IIPH UCIIOAB30BAHHM AOCTATOYHO AAMHHOTO KaHAAA MeX-
Ay Oasroit u ITaBaom. IToxaxem, kak oljeHHBaeTCss KpUTHYECKas
AAuHa KanHaaa (mpotokoa BB84, araka PNS).

AetictBusa mmuoHa npu mposepeHuu PNS-ataku csopsTcs
K caepyromemy. He Mensas pocrurarompux ITaBaa IIOCHIAOK, IIITHOH
AOAXKEeH OAOKHMPOBATh KaK MOXKHO GOAbIle OAHOQOTOHHBIX CHIHA-
AOB, OCTaBASISL y ce0st OAMH 13 pOTOHOB B CAy4ae MHOTOPOTOHHOIO
HMITyAbCa. B MA€aABHOM AASI IITIMOHA CAY4Yae OH AOAKEH OAOKHPO-
BaTb BCe OAHO(OTOHHDBIE KOMIIOHEHTHI, TAKUM OOPa3soM IIOAy4ast
BCI0 HHYOPMAIHIO O TlepepaBaeMoM Katode. OH MOXET 3TO CAeAaTDb
B TOM CAy4ae, KOTAQ KOAMYECTBO HCIyCKAeMbIX MHOIOQOTOHHBIX
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naBa 8. KBaHToBaa kpuntorpadua

HMITyAbCOB OKa3bIBAe€TCS HE MEeHbIIe KOAMYECTBA AOCTUTAIOUIMX
MPUEMHOM CTOPOHBI CUTHAAOB.
Yucao $OTOHOB B Aa3ePHOM UMITYAbCE PACIIPEAEACHO II0 3aKO-
Hy [lyaccona.
e Hu"
TA€ L — CpeAHee IHUCAO pOTOHOB, OOBIMHO IPHOAMDKEHHO paBHOe 0,1.
BeposarrocTp ucnyckaHus ¢ oAHUM GOTOHOM paBHA

P = pe™H,

a4 BEPOATHOCTD I'€HEPAITNH MMITYAbCa C HECKOABKHMMH (Il > 2) CPOTO-
HaMH paBHa

pr2=1—e"—pe

B oTux BbIpaKeHMSIX € " — BepOsSTHOCTb BAKYYMHOM KOMIIO-
HEHTBI, TO €CTb COCTOSIHIUA 6e3 pOTOHOB. AOAST OTOHOB, KOTOpBIE
AOCTHUTHYT IPUEMHOM CTOPOHBI B KaHaAe AAMHBI L ¢ xoad dpurien-
TOM IIOTAOIIEHHS 0, PaBHA

(pl 4+ p22) 10—aL/10.

AAsL  CTAaHAAPTHBIX COBPEMEHHBIX OAHOMOAOBBIX BOAO-
koH Thrma SMF-28 koa¢dunueHT moraomeHus COCTaBAseT o =
0.18—0.2 A6/xm. B npuBepéHHON PpopMyAe GblAQ HCIIOAB3OBAHA
KOHCepBaTHBHAs B IIOAb3Y IIIMOHA OI[eHKA, TaK KaK BepOATHOCTH
AOCTIDKEHMS HPHEMHON CTOPOHBI OTAMYAIOTCS AASL COCTOSHHIM
C pa3HbIM KOAMYECTBOM QOTOHOB, a YeM MeHbllle BepOSITHOCTb AO-
CTIDKEHMS IPHEMHIUKA, TeM 6OAbIIe BO3MOXHOCTH LIIIMOHA I1O ITe-
pexsary.

Tax xak BeAMYMHA B IIOCAeAHEH GOpMyAe IBASETCS KOHCTAaHTOH
IIPOTOKOAQA ¥ 3aBUCHT OT AAMHBI KaHaAa CBA3U L, MOXXHO roBOpuUTD
0 KpUTHYECKOH BeAnmduHe paccTosHus Mexay Oabroit u ITaBaowm,
Ao xotoporo PNS-araxa siBasiercst HerlpuMmeHuMoit. Takum o6pa-
30M, IleAblo NpoTuBopeicTBHs PNS-arake sBAseTcs yBeAndeHHe
KPUTHYECKOI AAMHDBI AMHHE CBSI3H: 4eM OHa 0oAble, TeM Goaee
YCTOMYUBbIM SBASIETCS IPOTOKOA.
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3TOT WWA®P HE OAOJIETb

B 1984 ropy amepuxanen; Yapaps bennert u xanaper JKuap
Bpaccapp mpuaymaau cucremy mudpoBaHHa, OCHOBAaHHYIO Ha Ie-
peAade MOASIPH30BaHHBIX OTOHOB.

Wsnavaapno otmpasureab (Oabra) u moaydareab (Ilasea)
AOTOBAaPHBAIOTCS, KAKOH MMEHHO ITOASPHU3ALUU IIPHUIIUCHIBAIOTCS
0 wmam 1.

B npuBopumoM 3pech mpumepe npunuckiBarne 0 u 1 Oyaer
QYHKIHEN ABYX AUarpaMM HAY 0a3KCOB IIOASIPU3ALMH: IIEPBBIi 6a-
31C, KOTOPBIN Ha3bIBAaeTCS MPSIMOANHENHBIM U IIPEACTaBACH CHMBO-
AOM +, IPeACTaBAseT | B KauecTBe COOTBETCTBHS TIOASPU3ALHH |,
a 0 — moasipusanuu <. Bropoii 6asuc, KOTOPbI Ha3bIBAETCS AU-
arOHAABHBIM H IIPEACTaBACH CUMBOAOM X, IPHUITUCBIBaeT 1 moasipu-
3allUH «AHATOHAABHO BAEBO>, 2 0 — IOASIPU3AIINY «AMAarOHAABHO
BIIPaBO>.

Hanpumep, coobmenne 0100101011 MoxeT 6bITh IepeAaHo
CAEAYIOIINM 06pa3oM:

(oobuieHne 0 1 0 0 1 0 1 0 1 1

basuc X + + X + X X + X +

MNepenava Nj T e N T IN]| 2] 72T

EcAu mIIMOH HepeXBaTUT IlepeAady, eMy HOTpeOyeTcs HCIIOAD-
30BaTbh PUABTP C PUKCHPOBAHHON OpHeHTarHe X.

WcxopHoe

coobiuieHme N ! o N ! N 7 « 7 !

OunbTp X

06Hapy»eHHas

nonApH3aLuA N[N NN [N AR Vg B N Ve

Bo3mosxHoe B NV RN RN B NN o, ANV
coobiweHne Nl 1T ] 1e| « /HI [ R I S 17

Kax MbI BUAMM, He 3HasI HICXOAHOTO 0a3ica, IITHOH He MOXeT
HOAYYHUTD U3 OOHAPYKEeHHOM IIOASIPH3AIIMU BOOOIIle HIKAKOIL pe-
AeBaHTHOM uHopManmu. Aaxe 3Has cxeMy cooTseTcTBusa O u 1,
KoTOpYIo ucrnoab3osaau Oabra u IlaBea, ecan nepsbIit HoMeHseT
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naBa 8. KBaHToBaa kpuntorpadua

0asuchl Hayrap, TO LIIMOH OYyAeT OMMOATHCS IPHMEPHO OAHY
TpeTh BpeMeHH (B TabAMIe IOKA3AHO pacyAeHeHHe BCeX OTIIPaB-
AsIeMBIX U IIOAyYaeMbIX KOMOMHAIIHMI, BOBMOXHBIX IIPH OIHCaH-
HbIX ycaoBusx). OAHAKO MMeeTcs BechbMa O4eBHAHAS Mpobaema:
ITaBeA oka3pIBaeTCsI B HUCKOABKO He Ay4dIeM IOAOXKEHUH, YeM
IIIHOH.

Aobpasmmics a0 aToit Touky, Oasra u ITaBea MoryT oboritu
Ipo0OAeMy, OTIIPAaBUB APYT APYTY IIOCA€AOBATEABHOCTD UCIIOAB3Y-
eMbIX 6a3HCOB C IpUMeHeHHeM KaKOro-TO 6e30I1aCHOTO CPeACTBa,
Kak, Hanpumep, mudposanue ¢ nomomsio RSA. Ho Toraa pucky
HOABEPrHETCs 0€30IIaCHOCTD MHUPPA, 3T YTPO3a HCXOAUT OT THIIO-
TeTHYECKUX KBAHTOBBIX KOMIIBIOTEPOB.

Yro6b1 npeoponetb nocnegHee NpenATcTBUe,
Bpaccapa n BeHHeTT f06aBUAN K CBOEMY MeTO-
AY ellé ofAHY TOHKOCTb.

BcnomuuM: axmasecoBod mATON NOAMAA(ABUTHBIX IMHPPOB
U3 TPYIIIbI, UCIIOAB3YIOIel KBaApaT BrokeHepa, OBIAO TO, YTO HC-
ITOAB30BAHHE KOPOTKHX, MOBTOPSIONINXCS KAIOUEH IIOPOXKAAAO pe-
I'YASPHOCTb B IKQpe, ¥ TIOBTOPEeHHe MIPEAOCTABASAO KPUIITOAHAAH-
THKaM OIpeAeAEHHbIe BOSMOXKHOCTH AAS B3AOMA.

OAHaKO 4TO CAYYMTCS, €CAU HCTIOAB3YEMBbIi KAIOY ITPEACTABAS-
eT co0011 BBIOpAHHBII HayTaA PsiA 3HAKOB, KOTOPBII OKAXKETCS AAMH-
Hee, ueM caMo coobrenue? 11 4ro, ecan, Aast 60AbIIelt HAAEKHOCTH,
KaXKAO€ IIOCAQHHUE, KAKUM OBl He3HAUUTEABHBIM OHO HH OBIAO, UG-
PYeTcs ApYTHUM KAIOYOM?

OTBeT — Mbl nonyumm wndp, KoTopblii B3NO-
MaTb MNONPOCTY HEeBO3MOXHO. OfHOpa30Bblil
wndp-6NoKHOT.

IlepBbIM YeAOBEKOM, KOTOPBIH IIPEAAOIKUA HCIIOAB30BATD IIOAH-
aAQaBUTHBIA WHPP C YHUKAABHBIM KAIOIOM, O0b1a Avko3zedp MoboOpH.
Bcxope mocae IlepBoit MUpOBOIL BOFHDI, KOTAQ OH PabOTaA HAYAAb-
HHUKOM OTA€AQ CBSI3M B AMEPHKAHCKOH IIM(PPOBAABHOM CAyKOe,
MobopH mpeACTaBHA TaK Ha3bIBAEMBIN «OAHOPA30BbIi MIHPP-OAOK-
HOT>, COCTOSIIIUI U3 KAIOU€H, COCTABACHHbIX 13 BbIOPAHHBIX HAyTaA
PSIAOB U3 60Aee COTHU 3HAKOB KaXKABIHL.
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

baokuoT poaxeH mpepocTaBaarbcs Oabre u IlaBay ¢ ykasanu-
eM BCSIKHI pa3 YHUYTOXATb UCIIOAb30BAHHBIM KAIOY M IIEPEXOAUTD
K caepyromeMy. Takas cucTeMa ABAsieTCS, KaK MBI y>Ke TOBOPHAH,
He IIOAAQIOIIENCS] B3AOMY, M 9TO €€ CBOHCTBO MOXET OBITH IIPOAe-
MOHCTPHPOBaHO MaTeMaTUYeCKU.

3ameTum, YTO CBA3b MeXAYy rnaBamu rocy-
AApPCTB, KOTOpaA [O/MXHa 6bITb B BbiCLIel cTe-
NeHN CeKPEeTHOM, OCYLLeCTBIAETCA C MOMOLYbIO
3Toro cnocoba.

BrpoueM, ecar mudp «OAHOPa30BOro MHUPP-OAOKHOTa» Ha-
CTOABKO HaAEXeH, IOYeMYy ero MCIOAb30BaHHME He MOAYYHAO IIH-
poxoro pactpocrpanenusi? M moyemy Hac 6eCIIOKOUT MOIIHOCTD
KBaHTOBBIX KOMITBIOTEPOB M AQXKe YIIOMUHAHHE O MaHHITYASIIMAX
¢ poroHamu?

EcAu He yuuTBIBaTH AOTHICTHYECKHE TPYAHOCTH, CBA3aHHbBIE
C COCTaBAGHHEM TBICSY B3ATBIX HAyTap OAHOPA3OBBIX KAOYEH,
MHUPP «OAHOPAZOBOrO MHPP-OAOKHOTA> UMeEET TO JKe CAMOE CAa-
60e MeCTO, YTO U APYTHe KAACCHYEeCKHe AATOPUTMbI IH(POBAHHS:
pacnpocTpaHeHne KAIYeHd — CaMbl¥ BaXXKHBIA BOIPOC, KOTOPHIH
CTPEMUTCS PEIIUTh COBpEeMEHHAsl KPUITOrpausL.

Oanaxo nepepaya nHGOpPMAIIMHU TOAIPU30BAHHBIMU POTOHAMMU
SIBASIETCS HACAABHBIM KAHAAOM AASI 0€30IIACHOTO IIPEACTABACHHS
YHHKAABHOTO KAIOYa. UTOOBI 9TO IPOH30ILIAO, HEOOXOAUMBI TPH
IIara A0 MepeAaqr MOCAAHUS:

1. Bo-mepssix, Oabra OTChIAQ€T ITOAYYATEAIO BEIOPAHHYIO Ha-

yTaa MOCA€AOBaTeAbHOCTD 1 u 0 Mpu NOMOIIU pa3AMYHBIX,
TOYHO TAK JKe BBIOPAHHBIX HAyTap, GHABTPOB BEPTHKAAD-
upbix (1), ropusonTaspubix («<>) u Aaronaasusx (N, /)
BBICTpauBaHUM.

2. TlaBea m3MepseT MOASPHU3AIMIO IOAYYEHHBIX (OTOHOB
IpH TIOMOINY BRIOPAHHOIO HAyTaA YepeAOBAHMS IIPSIMO-
AuHefHbIX 6a3ucoB (+) M AnaroHaabHbIX 6asucos (X).
ITockoAbKy OH He 3HaeT IIOCAEAOBATEALHOCTDb QHABTPOB,
KOTOpast HCIIOAb30BaAach OABroit, 60AbIIAs YACTD IIOCAe-
AoBareabHOCTH U3 0 1 1 TOXKE GyA€T HEIIPABUABHOIL.

3. Haxonen, Oarra u IlaBeA ycTaHaBAMBAIOT KOHTAKT AIO-
OBIM CIIOCOOOM, KOTOPBIIT IIPEAIIOYUTAIOT, He HEeCIIOKOSICh
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naBa 8. KBaHToBaa kpuntorpadua

O TOM, YTO KaHAA HEHAAEKEeH, 1 OOMEHHBAIOTCS CACAYIO-
el HHPOpMaITHelt:

Oabra 06psICHSIET, KaKO# 6a3HC, IPSIMOAMHENHBII HAK
AMArOHAABHBIN, AOAKEH OBITh HCIIOAB30BaH AAS IIpa-
BHABHOT'O IPOYTEHMS KaXXAOr0 $OTOHA, HO Oe3 pac-
KPBITHSL €ro ToAsipusanuu (TO ecTb HCIIOAB3YeMOTO
puasrpa);

ITaBea coobmaer OAbre, B KakMxX CAy4asix OH IIpa-
BHABHO BbIOpaa 6asuc. Kax Mbpl BUAUM 13 TabAMIbI,
€CAH OTIIPABUTEAD U IIOAYYATEAb IIPABHABHO IIOAYYH-
AU CBOM COOTBETCTBYIOIIHE OA3KChl, MBI MOXKEM OBITH
yBepeHsl, 4To mepeaada 0 u 1 6blaa 3aBepiueHa mmpa-
BHMABHO;

HakoHel] (M TaitHO) Ka>KABIit U3 HUX BHIOpACHIBAET
OUTBI, COOTBETCTBYIOmHE $OTOHAM, KOTOPbIE ITOAY-
9aTeAb HACHTUPUIIPOBAA C OIIKOOIHBIM OA3UCOM.

PesyabTaT aroro mporecca sakarogaercs B ToM, 4ro Oabra
u ITaBea Tenmepb UMEIOT ITOCAEAOBATEABHOCTD U3 1 1 0, cocTaBAeH-
HYIO COBEpIIEHHO HayTaA: BBIOOP IIOASIPH3ALMOHHBIX (QHABTPOB,

bur | Otnpa- |[letektop| [letektop flBnerca mu
BasBMMch;r;pa otnpasu-| BuTenb | nonyya- | cpabotan n:;z:;;i’}b Emp;nﬂyqa 6 nonyuatens
Tena |nepenaét| Tena | npaBunbHo? NpaBWbHbIM?
) 1 na
HeT
; / nd 0 HeT
==
-]
= na /! 1 Aa
~
==
o ) 1 HeT
2
L] HeT
=
= N < 0 Aa
na o 0 na
a 1 a
° A I A
z ! N 0 HeT
= HeT
= /! 1 na
=
s Aa — 0 Aa
=
= < Va 1 HeT
= HeT
A 0 Aa
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

KOTOpPBIE€ HCIIOAB3YET OTIIPABUTEAD, IIPOU3BOAEH. Kak IIPON3BOACH
u BbI60p 6a314c013, KOTOPDbIE€ HCIIOAB3YET IIOAYIaTEAD.

HPI/IMep Imponecca, OIMMCaHHOIO BBIIIE, CO BCEIO AMIID ABE-
HaALIQaTbIO 6uramMu IIPpEACTAaBAEH Ha CXeEMe:

Srmbanrens | O [ 11|01 [1][1]o]ofolo]n
ﬁg;iﬁg?gn " x| x|+ x|+ x|+]|+]x|+]x
Hlonyuarent 111 |of|1|ofl1]|o]ofo|o]1
g%SaHéHHHe ~ ol |l -lolololol1

[NocsiedogamenbHOCMb NOFPU30B8AHHbIX (POMOHOB HA PUCYHKe
coomaemcmayem cmonbyam mabnuysl (6EpMUKasTbHbIE YEPMOYKU)

O6parure BHUMaHMe Ha TOT $aKT, YTO U3 OCTABIIUXCS B KOH-
Ije KOHIIOB OUTOB HEKOTOPble OTOPACHIBAIOTCS, AQXKE €CAU OBIAU
IIPaBUABHO HHTEPIIPETUPOBAHBL JTO IPOUCXOAUT IOTOMY, 4TO
[IOAyYaTeAb He MOXKET ObITh YBEPEH B TOM, YTO, HCIIOAB3YsI Hellpa-
BHUABbHbIE 6a3KChl, BBIIBHA HX IIPaBUAbHO. Ecan ncxopHas mepepada
COCTOUT U3 AOCTATOYHOTO KOAMYECTBa (OTOHOB, TO MOCAEAOBA-
TeAbHOCTb U3 0 1 1 OyA€T CAMIIKOM AAMHHOM, YTOOBI COCTaBUTH
mudp «OAHOPA30BOro MHUPP-OAOKHOTA>, IPUTOAHDINA AAS UG-
POBaHMUS OCAQHUI OOBIYHOM AAVHBL

Tenepb rmocTaBUM cebst Ha MECTO LIITOHA, KOTOPBII IIepexBa-
THA U OTIIPaBAeHHbIe (pOTOHBI, U OTKPBITHIE IIEPErOBOPHI OTIIPa-
Bureast (Oabru) u noayuareas (ITasaa).

MbI y>xe BUAEAH, YTO, He 3HAsl TOYHO, KAKOH IMOASIPU3AIINOH-
HBIA QUABTP UCIOAB30BaACS OABroil, HEBOZMOXXHO OIIPEAEAUTD,
TAe MBI BBLIBHAU IIPaBHABHYIO moasipusanuio. He momoxer TyT
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naBa 8. KBaHToBaa kpuntorpadua

U HHPOPMAIs, KOTOPOIt OOMEHHBAIOTCS OTIPABUTEAD U IIOAYYA-
TeAb, IOCKOABKY OHHM HHKOTAQ He IIepeAaloT HHPOPMAIIHIO O KOH-
KPeTHOM IOASIpU3aITHH.

Emé 6oAbllle MITMOH PACCTPOUTCS, KOIAA IIOCA€ TOTO KAaK OH
He CMOT OTIPEAEAMTb PABUABHBII 6a3Kc (a M3-3a STOTO IIPaBUABHOE
M3MeHeHHe TOASPH3alMH (QOTOHA), ero0 BIOpPXeHHe emé u obHa-
pyxart. Beab eMy HMKak He CKpHITh CBOE BMemarTeAbcTBO — Oabre
u [TaBAy AOCTATOYHO TIPOBEPUTH YACTh KAIOYA AOBOABHO GOABIIOM
AAVIHBI, YTOOBI BBISIBUTD AI0OYI0 MAHUITYASIIIHIO C IIOASIpH3aLiueit $po-
TOHOB TeM, KTO ITbITAACS ITepeXBaTUTh HHPOPMAIIHIO.

Aast atoro Oasra u ITaBeA AOrOBapHBaIOTCS 06 OYeHb IIPOCTOM
IPOTOKOAE TIPOBEPKH. 3aBepIIMB TPU IIPEABAPHTEAbHBIX IIara, Ko-
TOpble TIPEACTABAGHBI BbIle, M IIPU AOCTATOYHOM KOAMYECTBE CO-
XpaHEHHBIX 6uTOB, OABra IPH OMOIY KAKOTO-TO TPAAULILOHHOTO
CpeACTBa yCTaHABAMBAET KOHTAKT ¢ ITaBAOM, M OHM cOBMeCTHO Ipo-
BepSIIOT IPyITy, cKakeM, u3 100 6UTOB, BBIOPAHHBIX HayTas U3 00-
meit Maccol. Ecant onu coBmaparot, To 1 Oabra u ITaBea MoryT 6biTh
MOAHOCTBIO YBEePEeHbI, 4TO IIOCTOPOHHEr0 BMEIIaTeAbCTBA B IlepeAady
He ObIAO U MOXKHO CUUTATh AAHHYIO IIOCAEAOBATEABHOCTD XOPOIIMM
opHOpas3oBbiM mudpoM. B mporusHoM caygae Oavre u Ilapay npu-
AETCsI HAYMHATD BecCh IIPOIiecC CHOBA.

Kparko mporieaypy MOXHO OIMCaTh TakK: IlepepaBaeMoe Co-
obLieHHe 3aIKCBIBAETCS B ABOMYHOM $OpMaTe, a 3aTeM Oepércs
IIOAHOCTBIO CAYYAMHBIN KAIOY TaKOH K€ AAMHBI M IIPOH3BOAUTCS
HOOUTOBOE CAOKeHHe coobmeHns u Kaooda. IToaydareas, 3Has
KAIOY, IIPOM3BOAUT Ha CBOEH CTOPOHEe MOOHUTOBOE CAOXKEHHE,
HOAy4asi B TOYHOCTH UCXOAHOe coobmenue. ITocae BBIIOAHEHHS
9THX OIlePAIHIl KAIOY [IEPeCTaéT UCIIOAb30BATHCS, €M 1 OOBSICHSI-
€TCsI Ha3BaHHe METOAQ < OAHOPA3OBBI MHPP-OAOKHOT .

Or CAHTUMETPOB K KWJIOMETPam abconioTHoit C(EKPETHOCTU

Metop Bpaccapaa u Bennerra 6e3ynpeueH ¢ TeopeTHIeCKO
TOYKHM 3peHHsI, HO KOTAA TeOPHS IePeKAAABIBACTCA Ha IIPaKTHIe-
CKHe PEeABCHI, € BCTPEYaloT C OOABIION AOAEH CKeNITHIIU3MA.

B 1989 ropy, mocae MHOTHX MecsijeB HAIIPSDKEHHOMN paboTsl,
DBeHHeTT HacTpoMA CHCTeMy, COCTOSINYIO U3 ABYX KOMIIBIOTEpPOB,
YCTaHOBAEHHBIX Ha paccTosiHuM 32 cM. OAMH M3 HUX MIPaA POAb
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

OTIpaBUTeAS], a APYTOil — IoAy4aTeas. Yepe3 HECKOABKO JacOB Ha-
CTpOEK U P00 SKCIIEPHMEHT ObIA IIPU3HAH YCIIELIHbIM.

Onvpra u ITaBea 3aBepIMAY Bce CTaAMHM ITPOITECCa U AQXKe CMOT-
AV TIPOBEPUTH CBOU IMHPPBL

KsanToBas kpunTorpadus okasasach BO3MOXKHA.

Hcropuueckuit  skcnepuMeHT DeHHeTTa uMeA o4eBHA-
HBII HEAOCTATOK: IIPOM3BOAMAACDH OTIIPABKA CEKPETHBIX IIOCAAHMH,
AAMHA KOTOPBIX MeHbIe CTpaHulbl. BeposTHo, He MeHee apdek-
TUBHON OblAa OBI Iepepada MHPOpManuu mEmoToM... OAHAKO
B TIOCA@AYIOIIHE TOAbI APYTHE TPYIIIbl HCCAEAOBATEACH YBEAMYUAL
AAUHY TIepeAAyH.

B 1995 ropy mccnepoBatenn u3 eHeBCKO-
ro yHuBepcutTeTa WNCNOJb30BajAM ONTOBONO-
KOHHbI Kabenb AnA oTNpaBKM COOGLIEHUNNA
Ha 23 Km. B 2006 rogy rpynna u3 Jloc-Anamoc-
CKOW HayunoHanbHom naboparopun B CLUA, BbI-
MONHAA TY Xe npoueaypy, AOCTUINAa paccTon-
HunA B 107 Km.

XOTsI 9TOT MeTOA elIlé MaAO TIOAE3eH AAS 00IIIepacIIPOCTPaHEH-
HOI1 CBSI3H, TIOCKOABKY AEHCTBYeT Ha HeOOABIIMX PACCTOSHHAX, OH
HCIIOAB3YeTCSl B MAABIX MAcIITabax TaM, rAe HeOOXOAMMa BBICHIAS
crenenb cekpeTHocTH. K mpumepy, B IpaBUTEAbCTBEHHBIX 3AAHMAX
U TOAOBHBIX O Cax KOPIOPAIUHL.

OcTaBAsIs B CTOPOHE COOOpAKEHNMsI, CBS3AHHbIE C PH3MIECKAM
OrpaHHYeHNeM OTIIPABKU COOOIIeHNMIT, HeT HUKAKOM BO3MOXHOCTU
cabOTHPOBATD IIepeAAdy, AKe Ha KBAHTOBOM YPOBHE.

YIIOMSIHY TIft KBAaHTOBBII KOA IIPEACTABASIET COOOF OKOHYATEAD-
HYI0 [I00€eAy CeKPeTHOCTH HaA HEOCTOPOXKHOCTBHIO M HeOAAropasyMu-
eM, KpunTorpaduu Hap KpUNTOaHAAH30M. Terlepb HaM HY>KHO Oec-
IIOKOUTBCSI TOABKO O TOM, KAKHM 00pa3oM IPUMEHSITh 9TOT MOIIHBIH
HMHCTPYMEHT Ha ITPAaKTHKe M KTO OT 3TOTO BHIMIPAeT.

N BbI npeKkpacHo nNOHMMaeTe, 4YTO 3TO —

HM B KoeM cJ/iyyae He BTOPOCTEMNeHHbIil
BOMpocC.
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FMABA 9.
N, HAKOHELU, YTO XE 3TO —
KBAHTOBbI KOMIMbIOTEP?

«A ymeepaoat, 4mo KeaHMOBblE KOMNbIOMIeE-
Pyl — YCmpoiicmed, nomeHYUAaAbHO cnocobHble
83roMamb Bce Ce200HSUHUE WUPPLl, — HAXO-
0SMCs HA CAMOM HAYAALHOM IMane pazpabomiu,
HO He UCKAIOHEHO, 4MO MAKOL KOMNblomep yiuce
Kem-mo co3dan. Te, kmo edurcmeento cnocoben
YKA3amp Ha MOU OUWUOKY, — INO 8 MO Hce Bpems.
e, KMo He B0AEH 311020 COeAAMb>>.

Cunex Catimon. «Knuea wugppos>

«Mawuna moxcem ceeHepuposamso COO6M4€HH€,
a C006L{4€HM€ MOCEM CCEHEPUPOBAMb MAUUUHY >

Hopb6epm Bunep

m



( : OAepIKaHUe IIPEABIAYLIUX TAAB YOEXKAQeT Hac, 9TO IIAESIAQ CO-
BpEMEHHBIX YYEHBIX HAAEXKHO OOOCHOBaAa... TO, 4€ro Her.
Wau moxa ner.

«IloAnoyennbili K8anmosbili Komnvlomep s6Ademcs
noKa 2UNOMemu4ecKum ycmpoticmeom, cama 803mox-
HOCMb NOCMPOEHUS KOMOPO20 CBA3AHA C CEPLESHBIM
passumuem Keanmosoti meopui 8 00AACHU MHOUX
HACMUY U CAONCHBIX IKCHEPUMEHNOB; Ia paboma Ae-
UM Ha nepedHem kpae cospementoii pusuxu. Oepanu-
uennvie (00 S12 Ky6um06) K6aHmMoeble KOMNvromepol
yie nOCpOoeHbl>>.

(Bukunedus)

TeopeTndyeckoe OOOCHOBaHHME KBAHTOBBIX BBIYMCACHUI AAA
AsBup Aoitu B csoeit pabote The Fabric of Reality («Crpykrypa
PEaABHOCTH > ):

<19 4106020, KMO He 3HAKOM C IINUM HPEOMEIMOM, KEAH-
1M060€ BbIUCAEHUE 384U KAK HA3BAHUE HOBOLL MeXHO-
02U, BOIMOKHCHO, CAMOTL HOCAEOHET 6 3HAMEHUMOM P30y,
BKAIOHAIOU4EM MEXAHUHECKOE BLIHUCAEHUE, MPAHIUCIOP-
HO-AEKIMPOHHOE BbIMUCAEHUE, BbIHUCAEHUE HA KpeMHLUe-
svix kpucmarrax u m.o. Ho ucmuna e mom, wmo daxce
Cyujecmeyiouyue KOMNbIOmepHble MexXHOAOUL 3aBUCSM
0 MUKPOCKONUHMECKUX KBAHIOBO-MEXAHUMECKUX Npo-
yeccos (koHe4ro, 6ce PusuHeckue npoyeccol SBAIIOMCS
KBAHMOBO-MEXAHUMECKUMY, HO 30eCb s UMe 6 BUdy
MOALKO e, OASL KOMOPbIX KAACCUMECKAS — M. €. HEKBAH-
mosas — Pusuka 0aém oueHvb HemouHvle npedcKasa-
nus). Ecau cyujecmeyem mendenyus x nosyuenuio daxce
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[naBa 9. !, HaKoHeLl, YTO e 3T0 — KBaHTOBbIit KOMNbloTep?

boAee ObICMpbLX KOMNBIOMEPOS ¢ B0ACE KOMNAKIMHBIM aNl-
napammoim obecnedeHies, MexXHOA0US OOANCHA Cramb
8 3MOM CMbiCAe Oaxce BoAee ,,KBAHMOB0-MEXAHUYECKOIL"
NPOCIo NOMOMY, HIMO KBAHIMOBO-MEXAHUMECKUE IPpeK-
Mot JOMUHUPYIOM 80 8Cex JOCMAMO4HO MAAEHBKUX Cli-
cmemax. Ho ecau 6v1 dero 6v1A0 moAvKo 8 31MOM, KEAH-
mogoe BbitucAeHUE B8P0 AU CMO2AO Obl Puypuposams
8 A1000M PYHOAMEHMAALHOM O0BICHEHUU CIPYKMYpb
PEALbHOCY, NOCKOALKY 8 HEM He ObiA0 Obi HUte20 PyH-
damenmarvto Hosozo. Bce cospementvie komnviomepol,
Kaxue 0l KEAHIMOBO-MEXAHUHECKIUE NPOUECCHL OHU HUL UC-
NOAb308AA, — BCE20 AUULL PASAUMHDLE MEXHOAOZUHECKUE
UCNOAHeHUS. 00HOU U MOil e KAACCUHeckoil udeu yHu-
sepcarvtoii mawunvt Toropunea. menno noamomy ece
CYUeCmeyioLyiie KOMNbIOMepbl UMEIOM 8 CYUHOCHU 00UH
U 1MOM e Penepmyap BbidUCAeHUTI: OMAUMUE COCOUM
MOALKO 6 CKOPOCHU, EMKOCIU NAMSMU U YCMPOTiCMeax
8600a—6b1600d. Dm0 6C¢ PasHo 4mMo cKa3ams, 4mo ddsie
Camblil HENPUMS3AMeAbHblil COBpeMEHHDITE domawuHuii
KOMNLIOMED MONCHO 3aNpoepamMmuposas OAs peuteHus
10608 3adayu uru nepedaqu A1000ii cpedui, KOMopy1o mo-
2ym nepedamv HAUL CAMble MOUfHbIE KOMNBIOMEPbL, NPU
YCAOBUL YCIMAHOBKY HA He20 JONOAHUMEAbHOT NAMAML,
docmamouno dorzom epemeni 00padOMKU U HAMUMUL an-
napammnozo obecneenus, nodxodsuyezo ors demoHcmpa-
YU pe3yAbmanios paponivl.

Ksanmosoe sviuucrerue — 3mo Heumo 60Abm€e, uem
npocmo boaree 6btcmpaﬂ U MUHUAMWOPHASL 1TMEXHOAO-
2us peasudayu Mauiux Tb?OPUHZCI. Kesanumosotii xom-
nvtomep — 1o MAaiuHa, UCnoAv3youial YyHUKaAvHole
KB8AHMOB0-MeXAHUUECKUE 3¢¢€K1’Ylbl, 8 ocobenrocmu
uHmepgbepqumo, 0ASL BbINOAHEHUS COBEPULEHHO HOBBLX
81008 BbmuCAEHuﬁ, Komopule daxce 6 npuxyune Heso3-
MOXCHO BbINOAHUMb HU HA 00HOT MAuiuHe TbFOPUHZCI,
a C/leaOBame/thO, HU HA KAKOM KAACCUHECKOM KOMNbIO-
mepe. Taxum 0619(130/\4, KB8AHMOB0€ B8bIMUCAEHUE — IO
He 4mo UuHoe, KaK NpuHyunuaibHo HOBbILL CNOCcob uc-
NnoAb308aHUS npupoam».
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BO3MOXHOCTb CO3JAHNA KBAHTOBOI'O
KOMMbIOTEPA

M3-3a upe3BbIYAHO MUPOKOH PACIPOCTPAHEHHOCTH AATOPHT-
Ma RSA opAHUM U3 BaXXHEHIIHX IIPEATIOAOXKEHHH KpUNITOrpadHH SB-
ASIETCST CAOXKHOCTbD 3aAa4M PAKTOPU3AIME OOABIINX drceA. M aeit-
CTBHTEABHO, AO HACTOSIIETO BPeMEHM He HAMAEHO aArOpPHTMA,
AOCTaTOYHO OBICTPO pemmaromero oty 3apady. Opnaxo B 1994 roay
Illop (Shor P.W.) mpepAOXMA AATOPHTM, C MOAMHOMHAABHON
CAOXKHOCTBIO PEIIAONIUil 3Ty 3aAady Ha KBAHTOBOM KOMIIBIOTEpE.
I'xaBHAast mpuyYMHA HOAOOHOTO (EHOMEHAABHOTO YCKOpPEHMS —
B BO3MOXHOCTH HCIIOAB30BAHHS TaK HA3BIBAEMOIO <«KBAaHTOBOIO
[apaAAeAr3Ma> AASI IPOBeAEHHs ObIcTporo npeobpasoparus Dy-
pbe, Ha KOTOPOM OCHOBAHBI HartOoAee 3¢ PeKTHBHbIE U3 U3BECTHBIX
AATOPUTMOB GaKTOPUIALIH.

IIpuMeHeHHe 9TOrO AATOPUTMA IIO3BOASIET CBECTH 3aAAUy
PakTOpU3aLUK K TEXHOAOTHYECKOH 3aAaue MOCTPOEHHs KBAHTO-
BOTO KOMIIBIOTEpA: €CAH €r0 YAACTCS IIOCTPOUTD, cXeMa Iudpo-
Bauns RSA oxaxkeTcs HeHaAEXHOH. DTO CTABUT BO3MOXXHOCTH
MU PPOBAHIS C OTKPHITBIM KAIOYOM ITOA 60AbLIyIO yrpo3y. Crout
OTMETHUTD, YTO 3a MOCACAHEE AECSTHAETHE He OBIAO AOCTHTHYTO
CYILIIeCTBEHHOTO IPOTpecca B IIOCTPOEHHH KBAHTOBOIO KOMIIBIO-
Tepa. OAHAKO IMPOTOKOABI KBAHTOBOTO PACIpPeASACHHs KAIOYei
IIO3BOASIIOT Ha IIPUEMAEMOM CKOPOCTHU reHepHPOBATh IOAHOCTBIO
CeKpeTHBIe KAIOUH MEeXAY YAAAEHHBIMU a6 OHEeHTaML.
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YCTPOUCTBO KBAHTOBOIO KOMMbIOTEPA

l_[pe>I<Ae 4YE€M pacCKa3aTb, KaK K€ yCTpOE€H KBAaHTOBBIN KOM-
IIbIOTEP, BCIIOMHHUM OCHOBHDbIE 0CcO06EeHHOCTH KBAaHTOBBIX JacCTHII.

AnA NOHMMaHUA 3aKOHOB KBAaHTOBOro mMupa
He cnefyeT NPAMO ONMPaTbCA Ha NOBCefHEB-
HbIN ONDIT.

O6brynbIM 06pa3oM (B XKUTEHCKOM MOHMMAHUM) KBaHTOBbIE
ACTHIIbI BEAYT Ce0Sl AMIIb B TOM CAyd4ae, €CAU MBI IIOCTOSHHO
«IIOATASIABIBAEM> 32 HHIMH, HAH, FOBOPSI 60Aee CTPOro, IOCTOSH-
HO U3MepsieM, B KaKOM COCTOSHHM OHHU HaxopsaTcs. Ho crour Ham
«OTBepHYTbCsA» (IIPEKPAaTHTh HAOAIOACHHE), KAK KBAaHTOBBIE 4a-
CTHIIBI TYT K€ IIePeXOAAT U3 BIIOAHE OIIPEAGAEHHOTO COCTOSHUS
Cpasy B HECKOABKO Pa3AMMHbIX Uriocraceil. To ecTb aaexkTpoH (Man
A10601 APYTOi KBaHTOBBIN O6BEKT) YACTHIHO GYAET HAXOAUTBCA
B OAHOM TOYKe, JACTUYHO B APYTOH, YACTHYHO B TPeTbel M T.A.
ITO He O3HAYaeT, YTO OH AGAMTCS Ha AOABKHM, KaK aneAbcuH. Tor-
AQ MOXKHO OBIAO OBI HAAEKHO M30AUPOBATh KAKYIO-HHOYAD 4acTb
9AEKTPOHA M UI3MEPUTH e€ 3apsA MAU MACCY.

Ho onmiT moxaspIBaeT, YTO MOCAe U3MEPEHHMS SAeKTPOH BCETAA
OKAa3bIBAETCS «IIEABIM M HEeBPEAMMBIM> B OAHOMH-EAMHCTBEHHOM
TOYKe, HECMOTPSI Ha TO, YTO AO 9TOTO OH YCIIeA IOOBIBATD OAHOBpE-
MEHHO IIOYTHU Be3pe. Takoe coCTOsIHME 9AeKTPOHA, KOTAQ OH HAaXO-
AWTCS CPa3y B HECKOABKHX TOYKAX IIPOCTPAHCTBA, HA3BIBAIOT CYIIep-
HO3HIIHel KBAHTOBBIX COCTOSIHUIL U OIIMCBIBAIOT OOBIMHO BOAHOBO
¢ynkuueri, BBepéHHON B 1926 roay O.IlIpéaunrepom. Moayab
3HaYeHUsI BOAHOBO QYHKIIUH B AF0OOI TOUKE, BO3BEAEHHBIN B KBa-
ApaT, OIpeAeAsieT BepOSTHOCTb HAWTH JaCTHUIy B 9TOM TOUKe B AAH-
HbI MOMeHT. ITocAe nu3aMepeHs TOAOXKEHHA JACTHUIIBI €€ BOAHOBAs
dyHKIHMA KaK 6b1 cTATMBaeTCs (KOAAAIICUPYeT) B Ty TOUKY, TA€ Ya-
cTHIa ObIAd OOHAPYIKEHA, A 3aTeM OILITh HAYMHAET PACIIABIBATHCSL
CBOI1CTBO KBAHTOBBIX YaCTHI] OBITH OAHOBPEMEHHO BO MHOTUX CO-
CTOSIHUSX, Ha3bIBaeMOe KBAHTOBBIM IIAPAAACAM3MOM, YCIIENIHO KC-
IIOAB3YeTCs B KBAHTOBbIX BHIYMCACHHSX.

Cer Anoiip, mpodeccop MaccauyceTcKOro TeXHOAOIHYe-
CKOTO MHCTHTYTA, TaK MAAIOCTPHUPYET CyTb KBAaHTOBOTO KOM-
mploTepa:
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

«Kaaccuueckoe sviuucieHue noxoxe Ha COAbHY1O nap-
mutw 001020 MY3bIKAADHO20 UHCPYMEHMA — omdeAn-
Hble CMPOKU YUCMBLX 1TOHO8. Ksanmosoe sviuucierue
noxoxce Ha cuMgﬁoumo, CoCmosufyro u3 mHozcecmaea mo-

Ho8, unmepPepupyrouux opyz c dpyzom>.

KBaHTOBBIIi GUT

OcHoBHas s4eiika KBAaHTOBOTO KOMIIBIOTEpa — KBAHTOBBIH
OHT, MAM, COKPAIIEHHO, KyOHUT (q—6HT). DTO KBAHTOBAS YACTHIIA,
nMeronias ABa 6a30BBIX COCTOSHUSL. ABYM 3HAYeHHSIM KyOHTa MO-
I'yT COOTBETCTBOBATH, HAIIPUMEP, OCHOBHOE U BO3OYXKAEHHOE CO-
CTOSIHHA aTOMA, HaIIpaBA€HISI BBepX U BHH3 CIIMHA aTOMHOTO SIADA,
HallpaBA€HHE TOKAa B CBEpPXIIPOBOASAIEM KOABIIE, ABa BO3MOXKHBIX
ITOAOXKEHUS S9AEKTPOHA B IIOAYIIPOBOAHUKE H T. I

KBaHTOBbIi peructp

KBaHTOBBII perucTp ycTpOeH IIOYTH TaK e, KaK M KAaCcCHJe-
CKHit. DTO I]eII09Ka KBAHTOBBIX OUTOB, HaA KOTOPBIME MOXKHO IIPO-
BOAHUTb OAHO- Ml AByXOHTOBbIE AOTHYECKH e oneparuu (op06HO npHu-
menenuto onepanuit HE, 2 I-HE u T. 1. B KAACCHYECKOM Perucrpe).

K 6a30BbIM COCTOSIHMSM KBAHTOBOTO PEerHCTpa, 0OpasoBaH-
Horo L xyOuTamu, OTHOCSTCSI, TaK e KaK M B KAACCHYEeCKOM, BCe
BO3MOJKHBIE IIOCACAOBATEAbHOCTH HyA€H M eAMHHI] AAMHOM L. Bee-
ro MoxeT 0b1Th 2 L pasamdsbix koMbuHanuit. FIx MOXHO cunTarh
3aIMCBI0 4uceA B ABomyHOH ¢popme oT 0 po 2 L-1. OpHaxo aTH
6a30Bble COCTOSHUS He UCUEPIIBIBAIOT BCEX BO3MOXKHbIX 3HAUCHMUIT
KBAaHTOBOTO PEerucTpa (B OTAMMME OT KAACCHYECKOTO), IOCKOABKY
CYLIECTBYIOT eIé M COCTOSHHUS CYIepIIO3HIIMH, 3aAaBaeMble KOM-
IIA€KCHBIMU aMIIAUTYAAQMH, CBSI3aHHBIMH YCAOBHEM HOPMHPOBKH.
Kaaccuueckoro aHaaora y GOABIIMHCTBA BO3SMOXKHBIX 3HAYeHHI
KBAaHTOBOTO PerucTpa (3a UckArOYeHHeM 6a30BbIX) POCTO He Cy-
mecTByeT. COCTOSHHUS KAACCHYECKOTO PerucTpa — AMIIDb JKaAKas
TeHb BCEro HOTaTCTBA COCTOSIHUIT KBAHTOBOIO KOMIIBIOTEPA.

IIpeacTaBbTe, YTO HA PErHCTP OCYLIECTBASETCS BHeIN-
Hee BO3AEICTBHE, HAIpUMep, B 4YacTb IIPOCTPAHCTBA IIOAAHBI
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[naBa 9. !, HaKoHeLl, YTO e 3T0 — KBaHTOBbIit KOMNbloTep?

9AeKTpUYECKHe MMITYAbCHI HAHM HAIIPAaBACHBI Aa3epHble Ayud. Ecan
9TO KAACCHYECKHUI PEIUCTP, UMIIYAbC, KOTOPBI MOXHO PacCMaTpH-
BaTh KaK BBIYMCAUTEAbHYIO OINEpaliMIo, U3MeHUT L IepeMeHHBIX.
Ecau >ke 9TO KBaHTOBBIN PETHCTP, TO TOT K& MMITYAbC MOXET OA-
HOBpPEMEeHHO IIpeobpa3oBaTb AO MepeMeHHBIX. TakuM obpasoM,
KBAaHTOBBII PETHCTp, B IIPHHIIUIIE, CIIOCOOeH 00pabaTsiBaTh HHPOP-
MALJHIO B Pa3 ObICTpee 110 CPABHEHHUIO CO CBOMM KAACCHYECKUM aHa-
sorom. OTcropa cpas3y BUAHO, YTO MaA€HbKHE KBAHTOBbIE PETHUCTPHI
(L<20) MOryT CAY>KUTD AMIIb AAS ACMOHCTPALIUU OTAEABHBIX Y3A0B
U IIPUHIIUAIIOB PabOTHI KBAHTOBOIO KOMIIBIOTEPA, HO He IPHHECYT
0OADIIO¥ MPAKTHYECKON [IOAB3BI, TAK KaK He CyMeIoT 06OrHaTh CO-
BpeMenHble IBM, a crouts OYAyT 3aBeAOMO AOpOKe. B aeficTBuU-
TEABHOCTH KBAHTOBOE YCKOpeHHe OOBIYHO 3HAYUTEABHO MeHbIIIE,
YeM MpHBeASHHAS IPy6as oLieHKa cBepXy (3TO CBA3aHO CO CAOXKHO-
CTBIO TIOAYYEHMsI GOABIIOTO KOAMYECTBA AMIIAMTYA M CUHTHIBAHMS
Pe3yAbTaTa), MIOSTOMY MPAKTUYECKU TIOAE3HBIN KBAaHTOBBI KOM-
IBIOTEP AOASKEH COAEPKATh ThICsTau KybuToB. Ho, ¢ apyroit cropo-
Hbl, IIOHATHO, YTO AASl AOCTIDKEHHS ACHICTBUTEABHOTO YCKOPEeHHS
BBIYHCACHHI HeT HeOOXOAMMOCTH COOMPATh MUAAOHBI KBAHTOBBIX
OHTOB.

KomnbloTep ¢ namsaATblo, N3MepsAeMoii Bcero
nuwb B KMAOKY6MTax, 6ysleT B HeKOTOPbIX 3a-
Aavax Hecomsmepumo 6bicTpee, Yem Knaccuue-
CKMii cynepKommnbloTep ¢ TepabaiiTamu namaTu.

Crout, 0pAHaKO, OTMETHTD, YTO CYH]ECTBYeT KAACC 3aAa4, AAS
KOTOPBIX KBAHTOBbIE AATOPUTMBI He AQIOT 3HAYMTEABHOTO YCKOpe-
HMSI [I0 CPABHEHHUIO C KAACCHYeCKHMHU. PaboTa KBAHTOBOTO KOM-
IbIOTEPa PAAUKAABHO OTAMYAETCS OT PAbOTHI OOBIYHOTO BBIYHC-
AUTEABHOTO YCTPOMCTBA IpPEXAE BCEro TeM, YTO Bbl He MOXKeTe
OCTaHOBUTD IIPOIIECC BBIYUCACHMS U IIOCMOTPETh IPOMEXYTOY-
HBIN pe3yAbTaT. AI060e BMeLIATEeABCTBO B PabOTy KBAHTOBOTO
KOMIIbIOTEpA IPEBPATHT «<IlepeliAeTeHNe TeHel BepOATHOCTH>»
B ImpocToit 6uT. 1 910 ryOuTeABHO MOBAMSET Ha KOHEUHBIH pe-
3yAbTaT. EAMHCTBEHHDIN CIIOCOO Y3HATH PE3YABTAT BBIYHCACHHI
0e3 HCKaXKeHHUI — AOXKAATHCSI OKOHYAHHSI KBAHTOBOM PaOOTBL

KBanTOBas AOTHKA TaKOrO KOMIIBIOTEpA PAAMKAABHO H3MEHs-
eT XapaKTep BHIYMCAMTEABHOTO Tpoljecca. KBaHTOBbIN KOMITbIOTEP
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PRO kpuntorpaduio ((uMBON — MaluMHa — KBaHT)

CII0CO6EH BBIIOAHATD ABE OIIEPAIL[HU OAHOBPEMEHHO, & KBAHTOBBIIH
KyOHT CIIOCOOeH XPaHHTb OAHOBPEMEHHO Pe3yABTATHI 3THX OIlepa-
. OTa CIOCOOHOCTb AEAATb ABE BEIM CPasy IPUCYIA HMEHHO
KBaHTOBOI MexaHMKe. B AByxmeaseBoM akcrepumeHTe GpOTOH IpoO-
XOAUT depe3 o0e IeAH, 3Ta CIIOCOOHOCTD CBS3AHA C er0 BOAHOBOIM
npupoaoil. BoaHOBas mpupoaa KBaHTOB NO3BOASIET MM MHTepde-
PHPOBaTh APYT C APYTOM, IIPOU3BOAS Ka4eCTBEHHO HOBble GOPMBI
U SSBACHMAL

U TeM He MeHee HET COMHEHHs, YTO KOMIIBIOTEPHI, paboTaio-
e IO 3aKOHAM KBAaHTOBOM MeXaHMKH, — HOBBIN M pellaromfuii
3Tall B 3BOAIOIMHU BBIYMCAUTEABHBIX cucTeM. OCTaAOCh TOABKO MX
IOCTPOUTb.
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KBAHTOBbIE KOMIMbIOTEPbI CEFOAHA

ITpoTOTHIIBI KBAHTOBBIX KOMIIBIOTEPOB CYILIECTBYIOT YyKe
ceropnsi. IIpaBpa, IOKa 4TO OKCIEPHMEHTAABHO YAAETCS cobu-
paTb HeOOABIIME PETHCTPBI, COCTOSIIIINE BCETO U3 HECKOABKHX KBAH-
TOBBIX 61TOB. Tak, HEAABHO TPy, BO3rAABASIEMAsI AMEPHKAHCKAM
dusuxom Y. Yanrom (IBM), 06bs8rAa 0 c6opke S-6uTOBOTO KBaH-
TOBOrO KoMmbioTepa. HecomueHHO, 910 60ABIION yeIex. K coxxaae-
HUIO, CYIIeCTBYIONIIe KBAHTOBbIE CUCTEMBI el He CIIOCOOHBI 0be-
CIIeYUTb HAAEKHBIE BBIYUCAEHHS, TaK KAK OHH AHOO HEAOCTATOYHO
YIpaBAsieMbl, ALOO OYeHb IIOABEPIKEHbI BAUSHUIO LIIYMOB.

OpHako ¢u3MyecKnX 3anpeToB Ha MNOCTpoe-
He 3¢¢PeKTBHOro KBAHTOBOrO KOMMblOTe-
pa HeT, Heo6XoAMMO NULLb NPEoAoNeTb TeXHO-
nornyeckue TpyAaHOCTH.

CymecTByeT HECKOABKO HAEH M IPEAAOKEHHH, KaK CAeAaTb
HaAGKHBIE U AETKO YIIpaBAsieMble KBaHTOBbIe 6OutbL V. Hanr pas-
BHUBaeT HA€I0 00 KCIIOAB30BAaHHMM B KadeCTBe KyOMTOB CIIMHOB
sAep HeKOTOPBIX OPraHMYeCKHMX MOAeKyA. Poccumiickmil mccaepo-
BaTeab M. B. Qefireapman, paboraromuit 8 FIHCTUTyTe TeopeTude-
cxoit ¢pusuxu uM. A. A. Aanpay PAH, npepaaraer cobuparp KBaH-
TOBbIe PETHUCTPBI U3 MMHHMATIOPHBIX CBEPXIIPOBOAHHKOBBIX KOAeI].
Kaxxpa0e KOADBIIO BBIIIOAHSIET POAb KybuTa, a cocTosirmsiM 0 u 1 co-
OTBETCTBYIOT HAIPABACHUS OASKTPUYECKOTO TOKA B KOAbIIE —
II0 YaCOBOI CTpeAke U IpoTuB Heé. lepekarouaTs Takue KyOUTDI
MO>XHO MarHHTHBIM ITOAEM.

B ®usuko-rexnosoruyeckoMm uHcturyTe PAH rpynma mog
pyxoBoacTBoM akapeMuka K. A. BaaueBa mpepAoxuAa ABa Bapu-
aHTa pasMeljeHUs] KyOUTOB B IOAYIIPOBOAHHKOBBIX CTPYKTYPax.

B mepBoM cAydae poAb KyOUTa BHITOAHSET IAEKTPOH B CUCTEMe
U3 ABYX IOTEHIJMAABHBIX 5IM, CO3AABAaeMBIX HAIIpsDKeHHEM, IIPHAO-
JKEHHBIM K MHHH-IAEKTPOAAM HA IOBEPXHOCTH IIOAYIIPOBOAHH-
Ka. CoctostHusa 0 u 1 — TOAOXKEHHS AeKTPOHA B OAHOM U3 3THX
am. IlepexatouaeTcss KyOUT HM3MeHeHHEM HAIPSDKEHMS HA OAHOM
U3 9AEKTPOAOB.

B apyrom BapuaHTe KyOHTOM SIBASETCSI SAPO aToMa ¢oc-
dopa, BHEAPEHHOTO B OIPEAECASHHYIO TOYKY IOAYIIPOBOAHHMKA.
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Cocrostins 0 u 1 — HampaBAeHHMS CIIMHA SIAPA BAOAb AHOO IIpo-
TUB BHENIHErO MAarHUTHOTO TIOAS. YIIpaBAeHME BEAETCA C ITOMO-
b0 COBMECTHOTO AEHCTBUS MarHHTHBIX MMITYAbCOB PE30HAHC-
HOM JaCTOTbI 1 UMIIyAbCOB HAaIIPSDKEHHS.

TaxuMm 06pa3oM, HCCAEAOBAHMS AKTHBHO BEAYTCSI H MOXHO
[IPEATIOAOKHTD, YTO B CAMOM HEeAAAEKOM OyAyIleM — AeT depe3
AecaTh — 3¢ PeKTUBHBIN KBAHTOBbIN KOMIIBIOTEP OYAET CO3AQH.
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B3rnAA B bYAYLIEE

Iompobyem mpeACTaBUTb, KaK MOT OBI BBITASAETb OYAyIIMit
KBAHTOBbI1 KOMITbIOTep. BeposiTHO, 60Abmoit (MacmTabupyemblit)
KOMIIBIOTEP OYAET COAEPIKATb THICSYH YIPABASIOIIMX 9AeMEHTOB,
AECTBYIOIINX AOKAABHO Ha KaXXAbIN Kyout. Kakum obpasom Mor-
AO OBI OCYIIECTBASITHCSI 9TO BO3AEHCTBHE?

Ckopee Bcero, ¢ IOMOIIBIO SAEKTPHIECKHUX UMITYAbCOB, TT0AQ-
BaeMbIX HA MUKPOJAEKTPOABI, TIOABEAEHHDIE K KybuTam. Bosmoxio
TaKKe ONTHYeCKOe yIpaBAeHHe ITyYKaMU CBeTa, COKYCHpPOBaHHbI-
Mu Ha Kyourax. OAHAKO B 9TOM CAydae TPYAHO M30€XKaTh IIapasHT-
HOTO BOBAEHCTBHS Ha COCEAHHE KyOUTbI ANPPAKIIMOHHBIX KPaéB
cdoxycupoBaHHOTO ImyyKa. ITo KacaeTcs sAeKTPUYECKUX METOAOB,
TO OHH y>X€ AABHO M ITMPOKO INPUMEHSIOTCSA B MUKPO3AEKTPOHHUKE
AASL YIIPaBA@HHS KAACCHYECKHMH AOTHYeCKUMHU dAeMeHTaMu. I1oa-
TOMY UX HCIIOAb30OBAHHE IIPEACTABASETCS HanboAee [ePCIIeKTHB-
HBIM H AASL CO3AQHMS MACIITAOHPyeMBIX KBAHTOBBIX KOMIIBIOTEPOB
(BO3MOXXHO, KOHEYHO, YTO B pe3yAbTaTe KAaKOTO-HUOYAb TEXHOAOTH-
9eCKOTO IPOPHIBa MOSIBUTCS €Ié U TPETUH BapHAHT, OAHAKO peBo-
AIOIIOHHBIE OTKPBITHS TPYAHO OAAQIOTCS IIPOTHO3Y ).

Takum o6pasoM, BeCbMa BO3MOXKHO, UTO B [IEPCIIEKTHBE KBAH-
TOBBle KOMIIBIOTEpPHI OyAyT H3TOTABAHMBATBHCS C HCIIOAB30BAHHEM
TPAAUIIMOHHBIX METOAOB MHKPOIAEKTPOHHON TeXHOAOTHH U CO-
Aep>KaTh MHOXKECTBO YIPABASIONINX 3AEKTPOAOB, HAIIOMHHAS CO-
BpeMEeHHbIN MHUKpOIporieccop. UTo6sl CHU3UTh yPOBEHD LIYMOB,
KPUTHYECKH BOKHBIA AAS HOPMAABHOH PabOThI KBAHTOBOIO KOM-
IBIOTEPA, TIePBbIe MOAEAH, TTO BCEHM BUAMMOCTH, IIPHAETCS OXAQXK-
AQTb SKUAKUM TeAHEeM.

Bepo;rrHo, nepBblié KBaHTOBbI€ KOMMNbIOTEpPbI
6yny1' rpomosgkmmum n gopornmm yCTPOﬁICTBa-
MU, He ymMmeuwalwnmnca Ha NMCbMeHHOM cToNe
n Oscny)KlllBaeMbIMIll 6onbwMm wWITaTOM CUI-
CTE@MHBIX NporpaMmMmunucToB N Halag4unkos 060-
pyAoBaHuA.

AOCTYH K HHM IIOAyYaT CHa4aAa AHMIIb IOCYyAApCTBEHHbIE
CTPYKTYPbI, 3aTeM 6orarblie KOMMEp4YECKHE OpraHHu3alnH.
Ho IIPpHUMEPHO TAaK )K€ HAaYNHaAaCh M 9pa O0OBIYHBIX KOMIIbBIOTEPOB.
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A 9YTO Ke CTaHeT C KAACCHYECKHMMM KOMIIbIOTEpaMu?
OTtompyT Ant oHM? Bpsip an. M AAsT KAQCCHYIECKMX, M AASI KBAHTOBBIX
KOMIIBIOTEPOB HAHAYTCS CBOM Cdephl MpuMeHeHHUs. XOTs, 110 Bcel
BUAMMOCTH, COOTHOIIEHHe HA PhIHKe OYAET BCE JKe MOCTEleHHO
CMEIATbCS B CTOPOHY ITOCACAHHUX.

BreppeHMe KBaHTOBBIX KOMIIPIOTEPOB He IIPUBEAET K pellle-
HUIO IPHHITUIIHAABHO HePellaeMbIX KAACCHYECKHUX 3aAa4, 3 AHIIb
YCKOPHUT HeKOTOpble BhrducAeHus. KpoMe Toro, craHeT BO3MOX-
Ha KBAaHTOBAas CBSI3b — IepeAaua KyOUTOB Ha PacCTOSIHUE, YTO
IpUBEAST K BO3HHKHOBEHHIO CBOETrO poaa kBaHTOBOTO MHTep-
Hera. KBaHTOBas CBA3b I03BOAUT 0becrednTd 3amuménHoe (3a-
KOHAMM KBaHTOBOi1 MEXaHUKH) OT IOACAYIIMBAHUS COEANHEHHE
BCEX JKEAQIOIUX APYT C ApyroM. Bama nH$opmarus, XxpaHuMas
B KBAHTOBBIX 0a3aX AQHHBIX, OyAeT HapéXHee 3alllUIeHa OT KO-
MUpOBaHus, yeM ceitdac. KoMmmanuu, npoussopsmue mporpam-
MBI AASI KBAHTOBBIX KOMIIBIOTEPOB, CMOT'YT ybepedb UX OT AI000-
ro, B TOM YHCA€ H He3aKOHHOTO, KOIIPOBAHHS.

C ApYTOI1 CTOPOHBDI, TOCAEACTBHS Pa3pabOTKI PeaAbHOTO KBaH-
TOBOI'O KOMIIbIOTEPA He OYAYT OrPAaHHYHBATBCS TOABKO KpPaxoM
Kpunrorpaguu B TOM BHAE, B KOTOpOM MbI eé 3HaeM. Ecau Takue
BBIYMCAUTEAbHbIE BO3MOXKHOCTH OKXYTCSL Ha CAyXXOe 4buX-AHOO
nHTepecoB (6yAb TO FOCYAAPCTBEHHbIE HAU YaCTHbIE OPraHU3aLIML),
TO 9TO MOXXET MI3MEHHUTDb PABHOBECHE MEXAY MUPOBBIMH ACPKaBaMH.

BuTBa 3a NMepBeHCTBO B pa3paboTKe TaKoro
KOMMbloTepa fierko NpuBenéT K 6esypeprxHoii
TeXHONOrNYeCKoll cnellKe, KOoTopas CMOXeT
NoCconepHUYATb C FOHKOI BOOPYXKeHuii n 60pb-
60i1 3a AINAEPCTBO B KOCMOCe BO BTOpOIl nono-
BUHe ABaALATOro BeKa.

ITousaruoe A€AO, IYTO COXpaHEHHE B CEKpPETE PEIINTEAbHBIX ITIa-
TOB Bl'IepéA B 3TOM 0OAACTH UCKAIOUMTEABHO COOTBETCTBYET HHTEPE-
caM HaLII/IOHa.AbHOfI 6e3omacHoCcTH. A IIOTOMY BIIOAHE BO3MOXKHO, YTO
I‘Ae-HH6yAb B ITOA3€MHBIX TalMHBIX Ka3eMaTax YK€ IIOSABHACS PEAADb-
HBIN KBAaHTOBBIHN KOMIIbIOTEP, TEPIIEAHBO X(AYIJ.II/II:I, IIOKa €ro BKAKYaT
Ha ITOAHYIO0 MOIITHOCTD, 4TO6BI HaBCE€TrAa U3MEHUTD Hallly JXH3Hb.

Kmo 3naem?..
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