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AJITOPHTM HIU®POBAHMA 3JIb-I'AMAJIA
HEJb PABOTBI

[onmy4enne HABBLIKOB CO3JaHHA 3aIH(POBAHHOTO CO UEHNA DK
NIOMOITH anropuTMa mudposanud Ine-Tamans.

1. TEOPETUYECKASA YACTb i
|

Anroputm mu¢posanus Onp-T'amans ABngeTca mav__..n_uqu:uon
anroputMy RSA ¥ MpH PaBHOM 3HAUEHHHM K04 00eCTCHHBACT Ty Xe
KPUITOCTOHKOCT. 3nb-I'aMallb yCOBEPIICHCTBOBA m:Bqu_ Budpdu —
XesuiMaHa W TIONYYH] AITOPHTMBI Ui IIMQPOBaHUA ¥ 1A oman:«#xﬁ
ayTeHTHHKALMK. ANTOPHTM OCHOBaH Ha mpobieme NMOHCKa ndnnwﬂ.mog
norapudma. Ecni BO3BOAHTH LIENOE YHCIIO B CTENEHb AOCTATOYHO JIETKO, TO
BOCCTAHOBHTH LEJNOYHNCICHHBIM apryMeHT MO 3HaueHmo (TO |ecTb HaWTH
norapudM) JOBONBHO TPYAHO [2]. “

Jlna remepawyy napsl kmodel cHayana BhIOHpaeTCA IPOCTOE
YHCTIO p ¥ /Ba ClydalfHBIX 9HCNa, g U X, 002 MeHbIIIe p. 3aTeM BLITUCIACTCS

y =g modp.

OTKpHITHIM KJIOYOM SBIIAIOTCA y, g U p. BeNHIHHb g H p MOXKHO
clenaTh OOmEMH U4 TPYNNBl Tonb3oBaTeNei. wmn_uzdnz KITI0HOM
ABIACTCH X.

Jina mudposanusa coobmenHa M cHavana w:mxvuogm cydaiHoe
yucyno A, B3aUMHO TpocToe ¢ (p — 1). 3aTeM BEMHUCIAOTCA

a=g"modp,
b=y* Mmod p.

Tapa (a, b) sBnserca mmpporekcrom. [lomyuaempiil mUppoTeKCT
B BAa pa3a JUIMHHEE OTKphITOro Tekcta. Jiia newmmdpmposanus (a, b)
BBHIYHCIAETCH

M= bla* mod p.

Tak kak @* = g* (mod p) :w\%m‘am\h«mm%g\mﬁnﬁﬁaon&,
TO BCe JAeMCTBHTENHHO Tak u nonmygaercs. Mnn unave:

@ mod p =y  mod p = (g mod p)* mod p = (g*mod p)* mod p.

Kaxpgas moamuck Wi mu(poBaHue anropuTMoM Onb-Tamanst
TpeGyeT HOBOTO 3HaueHHAk, W 3TO 3HAYEHHE JOMKHO ObITE BHIOpaHO
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cryuakHbiM o6pasoM. Ecan koraa-aubyIb WMIOYMBIIIEHHAK PackpoeT K, OH
CMOXeT DACKDBITH 3aKPBITEIH K04 X. ECHH 3NOYMBIOUICHHHK KOT/Xa~
Hubysp CMOXKET MONYHMTh B2 COOOIIEHWA, TMOANMCAHHBlE W
3amuQ)poRaHHBIE C TNOMOIISI0 ONHOTO M TOrO ke k, TO OH CMOXET
PacKpiITh X, A@Ke He 3Has 3uadedne k [3].

FaccMOTpHM aITOPHTM KPHITTOCHCTEMBI DMb-I"aMans.

Boibupaem omxpuimotii Kioy p u g:
P — NPOCTOe YHCTO (MOKeT GrITh OOLIMM ISt IPYIIIBI nonb3oBartene),
g <p (vtoxcet GbITH 0611MM 24 IP)YTITIBL MONb30BaTENeH).

EBuibupaem 3axpeimbiil Kiloy X <p.
Beruucngesm y =g* mod p.

LUugpposanue:
BRIGUpaeM cirydaltHoe &, KOTOPOE B3aMMHO NpocToe ¢ p—1;
a (mmpporeket) =g*mod p,
b (muppotexer)= M (F mod ).

Llewugpposanue:
M (oTiphiThil TekcT) = b/a* mod p.

Tlycts uMerorcs aGoHeRTH A, B, C, ..., KOTOpBIE XOTAT NepeflaBaTs
ApYT Ipyry 3ammnpoBaHHbIE COODMEHNA, He HMes HHKAKHX 3aIHIICHHLIX
kaHanoB cBi3H. (DakTHYuecKH 3fech ucnonbsyerca cxema Jlud¢m-
Xennmasa, 9To6sl copmupoBaTe OOUMIT CEKPETHHIA KmoY AW ABYX
aGoHeHTOB, NMepealoIMX Ipyr IPYry cooOmeHHe, W 3areM coolmenue
mudpyercs MyTeM YMHOKEHHAA ero Ha 3ToT Kmod. I Kaxaoro
CEXyIoulEro cooBLIESHHA CeKPeTHbIH KoY BRIYHCIAETCA 3aH0BO.

Lins Bceil rpymnmsl a00HEHTOB BBIOHpAlOTCA HeKoTOpoe OOMbmoe
IpOCTOe HHCAO P U YHMCIO g TaKue, 4TO pasiudHble CTeNeHM g CYTh
pasnIMuHBIe YHCHa Mo Moaymo p. Yucna p M g mepefatorca abOHEHTaM B
OTKPBHITOM BHAE. 3aTeM KdKILIM abOHCHT TIpynmsl BhIOHpaeT CBO®
CEKpeTHOe 4HCho ¢j, 1<ci<p-1, W BHMUMCIAET COOTBEICTBYIOWIEE €My
OTKpbITOE YHCNO di

d; = g'modp. (1)

B pesynstare nomyuaem TaOmHILy:

Kimouit nosssosaresieit B cricreMs Dns-T amans
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[TokaskeM Teneps, kak A nepesaeT coobiueHne m aboncuTy B.
Bynem npeanonarars, 4ro coobmenne npencrarieHo s BHIE YHCNA EA”P
llaz 1. A popmupyer cnywaittoe ucio k, 1<k<p - 2, BB1aKCHAET
qACTa
r=gmodp, ()
e=m-d*smodp 3)
H nepenaet napy uucen (r,e) abonenry B.
lliaz 2. B, nomyqms (r,e), BEHCATCT
m'=e-r" " PBmodp, 4

Cxema mudposaunn

-.> mﬁ_

Temcpanms xmouch
G w .w. .». .............. Drifepure p (overs Soms-
| OfmegocTym . e 1IpocToe)
_wOm wualt xmr: (&) Brifepure g nepsoofpas-
@ 1 KOp eHE)
&Y) JBerfepure x : y=g"x modp
* X

o

M= b*(a"x)"{-Lymodp

b—a i
HJemupommane  Hexomusi m

TEKCY

Caoiicra mudpa dan-Tamans

1. A6orenT B nomyumn coobmense, T.e. m’ = m.
2. IlpoTuBHuK, 3Has p, 2, d, T H €, He MOXKET BRIYHCIATS m.

s e i e ﬁwﬁm@. Hepenamium coobmerne m=150r A k B. BriGepem
= o,_.mnmy QE@EH napaMeTphl: p=23, g=5. Ilyctes aGoueur B BEIOpan s cebs cekpeTHoe
- £ T quCno cg=13 ¥ BbIYMcaHA no (1)
: : =513 -
: ce = dg=5"mod23=31.

L
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>9T¢5 A suifupaer crmydaiino umcnok, manpmmep k=7, U

spiauciger no (2), 3):
r=5"mod23=17,
e=15-21"mod23=15-10mod23=12.

Teneps A mocsu1aeT K B 3amm¢posanHoe coobuieHHe B BHJIE NIaPHI

YHCEN Qq.uﬁ. B puiancigeT no (4)
m'=12-172"1"Bmod23=12:17°mod23=12-7mod23=15.

Mui __wEH.:z. yto B cMor pacumdposarh nepeiaHtoe coobmenue.

slcHO, YTO TO AHAIOTHYHOH CXeMe MOryT nepelaBarh coobreHuA
Bee aGOHEHTHI B CETH. 3aMeTHM, 4To oGoi aboHEHT, 3HAIOLLMI OTKPRITHIHA
K04 aGoHeHTa B, MOXKET NMOCHUIATH €My COOOMIEeHU, samudpoBaHHbIe ©
[IOMOLLBI0 OTKPBITOr0 Kio4a ds, HO TONBKO aboHeHT B, ¥ HHUKTO IPYTO#,
MOXeT pacmm{poBark 3T co0BIIeHHS, HCTIONE3YA H3BECTHBIH TONBKO eMY
ce HBIN KJTHOY CB.

e OTMeTHM Takoke, uTo 0GbeM mudpa B /1Ba pasa NPEBIMIACT 00BEM

coobmieHns, Ho Tpebyercsa TOMLKC O/IHA Mepefava AaHHBIX (Tipu ycOBHH,
410 TabIHLA C OTKPHITHIME K/TI09aMH 3apaHee H3BeCTHA BCCM aboHeHTaM).

InexTpoRHas UHPPOBAT NOANHCH CXeMOH uap-Tamans

Jlns Toro uTo6bl MOANKCATH coobmieHHe M, CHadana OTIpaBHTeh
X3UIMPYET er0 ¢ oMb Xam-PyHKuwH h(-) B Heioe TMC0 m:
m=h(M), I<m <P -1),
# reHepupyeT crydatiHoe tenoe 4ucno K, 1<K<(P - 1), Taxoe, uto K u
(P — 1) #BAMOTCA B3AMMHO MPOCTHIMH. 3aTeM OTMNPABHTENb BEIMMHCIAET
Lenoe 4YMCJIo al
a=GXmodP
¥, TIPMMEHAs PAacIUMPeHHbIH anroput™ EBKIHA, BEIMHCIAET C MOMOMIBIO
cekpeTHOTO Kmowa X LieJoe YHcio b H3 ypaBHeHus
m=(X*a+K*b)(mod (P-1)).

[lapa uncen (a,b) o6pazyet undpoByro NoANHCEH S:
S = (a,b),
NPOCTABJIAEMYIO HOJl ROKYMEHTOM M.

Tpotika uucen (M,a,b) nepenaetcs nomydatemo, B TO BpeMs Kak
napa uncen (X,K) nepxurcs B cexpere.

Ilocne npuema nommucansoro coobmenus (M,ab) nomydarenn
JIOJDKEH IIPOBEPUTh, COOTBETCTBYET JH nommuch S = (a,b) coobmenmo M.
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Jins 3TOro MOTyYaTeNh CHAYANA BLITHCIAET IO IPHHATOMY no._meaan M
9HCI0

m = h(M),

T.€. X3MUPYeT MpUHATOE coobmenne M.

3areM noTy4aTeNns BHIMHCIAET 3HAYSHHE
A =Y*2a®(mod P) |
4 nipu3HaeT coolimeHre M MOLTHHHEIM, CJTH H TOIBKO €CITH
A = G™ (mod P). _

Huaue roBops, IONy4YaTelh TPOBEPAET  CIPABEIIHBOCTH
COOTHOINEHUSA _

Y* a® (mod P) = G™ (mod P). m

MoxHO CTpOrO MareMaTHYecKH JoKa3aTh, 4TO | HOC/ACHHEE
paBeHCTBO OYJA€T BHIMONHATBCA TOTZA@ M TONLKO TOTA4, KOGAA MOIMHCH
S=(a,b) mom noxymenToM M moONyuYeHa ¢ TIOMOLIBIO Evnmmo TOTO
CEKpeTHoro kmoda X, M3 KOToporo GbUI MONyYeH OTKpHITHIH Kmow Y.
Takum o6pazoM, MOXHO HAJEXHO YHOCTOBEPHTHCA, HTO o.?umu:,_gox
coobmenus M 6rin o6nafaTen’s IMEHHO JAHHOTO CEKPETHOTO Kmoua X, He
PackpeiBasi IPH 3TOM CaM KHOY, H YTO OTAPABHTENb MONNMCAT HMEHHO
9TOT KOHKPETHBIH JoKkyMeHT M.

B HacTosALlee BpeMs KPHITTOCHCTEMBI c k OTKPBITBIM
KTOYOM CUHTAIOTCA HaHOONee mNepcleKTHBHBIMH. K HHM OTHOCHTCA H
cxema Onb-Tamans, KPHIITOCTORKOCTH KOTOpOi OCHOBaHa
Ha BBEIYHC/IHTETBHON CJIOXHOCTH npobiemst OUCKPETHOTO
NOrapH(MUpPOBaHHA, TA¢ TI0 M3BECTHBIM p, g Uy TpeOYeTc:A BRITHCIATS X,

YAOBNETBOPAIOWIMH CpaBHEHHIO: _

y =g~ (mod p).

FOCT P34.10-1994, npunsteiti B 1994 romys Poccmiickoi
Defiepauyy, PpErNaMEHTHPOBABLIMI  MPOLEXYPHI dopvuporanus u
MPOBEPKH JIEKTPOHHOM LM(POBOI MOATMCH, GbLT OCHOBAH Ha CXeMe iib-
lamans. C2001 ropa ucnonssyerca Hopw#i T'OCT P 34.10-2001,
HCTIONB3YIOIHHA apHOMETHKY JLTHNTHIECKHX KPUBBIX, ONPeNeeHHEIX Haj
IpOCThIMU nmoNAMH ['arya. CymecTByeT Gonbmioe KOMMIECTBO ANTOPHTMOB,
OCHOBaHHBIX Ha cXeMe Omb-I'amana: 310 amroputmel DSA, ECDSA,
KCDSA, cxema IlIxoppa.
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2. OITMCAHHUE PABOTHI

e |lindposaHue
1. lo:tyetim, 9TO HYXHO 3arIH(poBaTh coobmenue M = 5.
2. [lpousseseM reHepanuio KmodeH.

ITycrs p=11,g=2. Brbepem x=8 - ciiyqalinoe Leloe 9HCHo X Takoe,
yto 1-<x<p.

Begucnam y = g mod p =28 mod 11 =3,

MTaK, OTKPLITLIM KJIKOYOM ABIAETCA Tpoiika (p, g, y) = (11,2, 3), a
3aKPHITHIM KIIOUOM - UHCIO X = 8.

3. Bribupaem ciydaiinoe uenoe 1ucio k takoe, yro 1<k<(p-1). ITycts k=9.
4. BriaucnseM uncsio a = g* mod p =2°mod 11 =512 mod 11 = 6.
5. BerasciseM uncio b =y* Mmod p = 3° 5mod 11 = 19683*Smod 11 = 9.
6. IToayusHHag napa (a,b) = (6,9) spaserca WHHPOTEKCTOM.

e Pacmudposaniue
1. Heo6xoammo nomyauts coobruenre M = 5 1o H3BeCTHOMY MHQPOTEKETY
(a, b) = (6, 9) u 3aKkpeITOMY KTIOUY X = §,
2. Beraucasiem M no gopmyne: M = b(a*)! mod p = 9(6%)" mod 11 =35.
3. Mo.aygwid ucxogHoe coobmenne M = 5.

Tak Kak B cxeMy Dix-I'amans BBOIUTCS ciydaifHad BeHduHa K, TO
urudp Dnb-I'amMans MOXKHO Ha3Bath WHPPOM MHOTO3HAYHOM 3aMeHsl. H3-3a
ciydaiiceTd BeiOopa 4dwcia k Takyro cXeMy elle HasbiBalOT CXeMo#
BEPOATHOCTHOTO IIMdpoBanns. BeposTHOCTHbIA XapakTep LUH(POBAHHA
ABNSETCA JIPEMMYIIECTBOM OJ5i cXeMbl Onb-I'amand, Tak Kak y CXeM
sepoATHocTHOro mmdponapus Habmojgaerca Oonbiuas CTOHKOCTE TI0
CPaBHEHMIO CO CXeMaMH ¢ OfpelleNleHFbIM MpoleccoM INH(poBaHuA.
Henoctatkom cxembl mudposans 3ib-I aMas ABIsSeTCH YABOCHNE ATHHE
3aMA(QPOBAHHONO TEKCTA [0 CPABHEHMIO C HavadbHBIM TekcToM. Jins
CXeMbl BEPOATHOCTHOro mudposanus camo coobmenne M u KIDoOU He
OTpeneaatoT MUPPOTEKCT CAHOZHAYHO. B cxeme Onb-Iamans Heobxoaumo
HCTIONB30BATE  PAjiMYHBle 3HAYEHHMA cCiay4adHoM BemuuwHel kK g
UMGPOBKH  pasmHYHBIX coobplenmit M w M. Ecim  mcnons30BaTh
OMHaKOBBIE K, TO 1% cooTseTcIByromuX mudporekcTos (a, b) u (a', b')
BBINIOJIHACTCA cooTHOLeHKe b(b')! = M(M')!. U3 3T0oro BeIpaXeHHs MOXHO
JIETKO BeIMHCIINTE M, ecan miBectHO M.

7

3. MPAKTHYECKAA YACTH

3anaya 1
BBIMHCIHTS OTKPBITHI KT0Y Y, ecitn p=19, g=5, x==11.

3apava 2

Boraucmuts mudporexet a u b s coobmerma M=5, ecr p=23, g7, x=3,
k=13,

3anaua 3
[To usBectHoMy mudporexcty a=10, b=19, Henone3ys ko p=23, 3=7,
X=5, ONpeaeIHTE HCXOAHOE CoobIIeHAe M.

3apava 4

Ipoussectn rumpposanue u nemudposarvic M=7 HpH 3aJaHHBIX KI0YAX
p=23, g=5, x=10, k=12,

3apaya 5
ChopmupoBats M mnposeputs IIUT 3np-T'amans NpH  CHENYHIIHX
HA3YaNbHBIX yenosuax: p=11, g=2, cexpeTHslii knrou x=8§.

KOHTPOJILHBIE BOITFOCHI

1. Ha 9&m ocHOBaH anroput™ mH@posanus ms-T'amann?

2. Kak 6511 nonyuen anroput™ Snp-Tamana? B 4éM ero ormzume
oT anroputMa RSA?

3. Kak ocymecTBIseTCH MeHepaums Kiodei?

4. Yro npexacraBnteTr cofoi anropHTM muppOBaHAL MO CXeMe
Dnp-Famang?

5. Yrto mpexctaBuser cofoit anropiT™ aemudpoBaHuA MO cxeme
One-Tamana?

6. Kax ocytecTBseTcs paboTa No AITOPHTMY B PEXHME DUI?
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JIa6oparopHas paGora Ne 2

M3YYEHUE AJITOPHTMOB IIOMEXOYCTOHYHMBOTO
KOJAWPOBAHUSA HA OCHOBE KOJIOB X3MMHHI'A

HEJIb PABOTHI

VsyyeHHe METOJOB M  QITOPHTMOB  [OMEXOYCTOHYHBOTO
KOOHPOBaHWS, 4 TAKKE NMPHHUMIOB MOCTPOSHMA M (YHKUHOHWPOBAHHMA
IOMEXOYCTOMIHBEIX KOJEKOB Ha MPHMepe KOAOB XIMMHHTA.

1. TEOPETHYECKAA YACTb

1. 1. DyHKUHOHAJIbHAA CXEMA CHCTEMbI _EEE._:“_

_
OGo6menHas (yHKIMOHANBHAS CXEMa CHCTEMBI, HCTIQUB3YylOmeH
NOMEXOyCTOMUMBOE KOAWpOBaHWe, NpuBeseHa Ha puc. L. - VICTOMHHK
uadopManMH  GOPMHpYeT NBOMYHBIM TOTOK, KOTOPHIH rpeoGpasyercs
xonepoM. MoaynsTop oTofpaxaeT BRIXOIHbIE :oohabog._d:wmow._ﬁ KoJepa
B HENMpEepHIBHOE MHOXECTBO CHTHANOB. B KaHane CBA3H no_mmuaaoqou
NOMEXH, BO3HHKAIOT PpasNHYHble MCKOKEHHA CHIHAIOB BCICACTBHE
OrpaHM4EHHs MO 4YacToTe, BO3NEHCTBHA HeAHHEHHBIX  (aKTOPOB,
MHOTOJIyYeBOro  PAcnpOCTPaHeHHA CHTHaioB W T.4.  JemomynsTop
dopmupyeT OHEHKy TiepefaHHOTO CHMBONA Ha OCHOBE HabmoneHns
BLIXOZHOTO CHCHANa pajuokaHana. Jlexodep NPOH3BOAHT :ONEPALHH,
06paTHble KOZAMPOBAHHIO, M OCYLIECTBIACT HCHPABICHHE omuboK Ha
OCHOBaHUMM uMelomeiics u30nITogHOCTH. BhIXomHON curHanN Jekozaepa

TI0CTYNaeT B MPUEMHHK HHGOpMaLuy.

MeroyHuk ‘rlL

unchopMaLMH *‘4

Koaep Moaynstop

L,
_|¢

__ x..q_._nvoetﬁvsng:ds r|.|_‘_ Aexonep

Demoaynatop [

A

Puc. 1. O6o6meHtas pyHKIHOHAIBHAL CXEMA CHCTEMEI
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[ToMexoycToiumBOe  KOAUPOBAHHE CBA3AHO C  BBEJIEHHEM
H3OLITOUHOCTH CHMBOJIOB, YTO IMPH TMOCTOAHHON CKOPOCTH MCTOMHHKA
HHQCPMATMH OPHBOAMT K YMEHBLIICHHIO [UTHTENLHOCTH CHMBOJIOB H NpH
NOCTOAHHON MOIIHOCTH NepenaTyHka — K YMEHBIICHHIO 3HEPIHH,
npuxojsuweiics Ha OMHH CHMBON. IIpH 3TOM BEPOATHOCTh omHOKH
yBemrdmsaercs, OfHaK0 33 CUYET HCOpaBieHWHA OMMOOK  NpH
JEKO,JHPOBAHAH pe3yNbTHPYIOINas BEPOATHOCTH OMMOKA Ha BbIXOZS
Aeko,1epa 6yieT MeHsIle, YeM NPH HeKOAHPOBAHHON Tepezade.

Baxuol XapaxkTeplcTHKOH KOAa ABJIAETCA €ro OTHOCHTENbHAs
ckopocTs T = k/n, rae kK ¥ n - 9HCI0 CHMBOJIOB COOTBETCTBEHHO Ha BXOIE H
Beixozie kopepa (k<n). Bennuana, mpomopuHoHabHad 1/r, XapakrepHiyeT
W36LITOYHOCTE KOJAa M onpenesieT Ko3M@HIUeHT pacmivpeHHA MONOCHI
gactor. [lokasatemem  3bJieKTHBHOCTH  KOAHPOBaHHMA  ABIAETCA
3HepreTyyecKrii BHArpIL (Q), NoTydaeMblil NP KOXMPOBAHMH, KOTOPBIH
ompeJeAeTcA KAaK PasHOCTH MEXIAY OTHOUICHHAMH CHTHAL/MIYM MpH
HEKO,IHPOBaHHOM Qua’ M KONHPOBaHHON <’ Tepenade, obecrieqmBarolei
OJIMHAKOBOE 3HAYECHHE BEPOS THOCTH OMIMOKH Pom: Q = Qi — Q.

1. 2. Knaccudnanisa noMexoycroiYuBhbIX KOI0OB

B nacrosiee BpeMs pazpaboTaHO MHOXRECTBO Pa3IMYHBIX KIaCCOB
OMEXOYCTOWUMBEIX  KOJOB, OINMYAXOIMXCA  JpPYr OT  Opyra
H30BITOYHOCTEIO,  CTPYETYpoif,  QYHKUHOHANBHBIM  Ha3HAYCHHEM,
aNrOpHTMaMHK KOIMPOBAaHWA M lNekoguposaHms H T.4. [11]. O6o6mennan
KIaccH(pUKanHEA MOMEX0YCTOMYUBEIX KOMOB TIPeicTaseHa Ha puc. 2 [10].

Puc.2. Knaccudukauns nomexoy:ToiiHBOro KOAHPOBAHNA
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BrokoBelif kox cocToMT M3 Habopa BEKTOPOR (DHKCHPOBAHHOM
JUTHHBL Ny, Ha3bIBAeMBIX KOZOBRIMH CIIOBAMH. JNEeMEHTH KOZOBOTO CIOBa
Bel0upaioTcs w3 andasuta ¢ q 3neMeHTamu. Ecam andasur comepkuT aBa
anemenTa 0 ¥ 1, KO HA3RIBAETCA JHBOMMHBIM, & 3JIEMEHTHI TI060T0 K2Z0BOro
clIopa HasbiBatoTcd Omramu. Eciu aneMeHThl KOZ0BOro cloBa BhIOHpaioTCs
H3 m._.—@m.w:.ﬂmu HMEIOIIETO q >2 a7 [EMEHTOB, KOO Ha3bIBa€TCA HE ABOHIHBIM,

B anoudHOM 0N0KOBOM KOJE JUTHHOM Ny MOXHO Oaﬂwwcmuﬂ.m Maw KOJOBBIX

C/IOE, W3 KOTOPBIX MOXHO BHIGpaTh 2k kogonerx cnoB (ky < ny), 91068
chopmuposats koA, 34ech Ky - AIHEA HHPOPMAUMOHHONW YaCTH.
Peaynerrpyromuti 6nokoserit ko ofo3Hauaerck Kak (nk, Ki), a oTHOIIRHHE
k/ni = r HaseBaeTcA KOJOBOH CKOpPOCTHIO. BIOKOBBIE KOHB! MIHPOKO
HCOONB3YKOTCA B PagHOCHCTEMAX TMEpelavu Emn—uomuzg H JpyTHX
obnacTax. BaxHONW XapakTepHCTHKOH KODOB, HCIPABILIONMX OLMOKH,
ABNAeTcA paccTosHue XoMMuHra [12].

OnHHMH M3 caMBIX [IPOCTBIX ABMIIOTCH ONOKOBBIE  KOMBI
XsMmuHTa, npeacTasiieEHsle XaMMEETOM 8 1950 r. [6]. K manusM xonam
OTHOCATCA NHHeHHBIe 6/10KOBbIC KONBL C HapaMeTpaMu (n,k) Buma (2™ — 1,
2™ —m — 1), rie m = n — k - MHCI0 NPOBEPOUHLIX CHMBONOB KoAa. Komer
XsMMHHra 06/1a1a10T KOJOBBIM PACCTOSHHEM dnyy = 3 H MO3TOMY CLOCOOHE
HCIPABNATE TONLKO OQHY MK OGHAPYKHTh 1BE JINHOKH.

Komet XoMmuHra ofnanaoT oueHb cnaboif KOppekTUpyromei
cnocOGHOCTBE) MW OTAENBHO TMPAKTAYECKH He HCHONb3yoTed. OnHako
NpHMEHEHAE JaHHBIX KOJOB B (OCTABE KACKAIHBIX CXeM KOAMPOBAHHA
NO3BONACT MONYHHTh O4YEHb XOpOIIME pe3ynbrathl. Bosee mompofiHoe
onHcaHue KOMOB Xd3MMMETAa MOHO mnonydurs B [6]. Komst Boyza —
Yoymxypu — XokxsuHrema (BUX) [6] mnpeacrasimor coboff knacc
MUHEWHBIX DMKIMYECKAX KOJOB, MCHPABJIAIOINUX KpaTHble OWMOKH, H
ABNAIOTCH 0000IIEHHEM paHee OIHCAHHBIX kojoB XammuHra. Korm 3YX
o0BIMHO 3aJaKTCA Yepe3 KOPHH NOPOXKAAKIIETO MHOroWIeHa g(X) cTelleHH
n-k.

Cpenu GnoKOBBIX KOROB Haubonee MIMPOKOE MpHMEHEHHe HalltH
HeABOMUHbIe OO0KOBBIe Koawl Puma -- ConoMoHa, OTHOCAIHECH K

TOTHHOMHAIBHBIM, KOMIIOHeHTHl KONOBEIX CJIOB KOTOPHLIX paBHEI
3HAYEHHAM ONpefeNeHHbIX nonuHOMoB. CilocoGHOCTE HCMpaBeHUA
OIMHOYHBIX omuOOK, a TaKXKe NAKETOB OLUHOOK onpeaeneHHoN ANHHBI U
HanpyHe 3((eKTHBHEIX AITOPHTMOB  JeKOJHPOBAHHA  OOBACHAIOT
HOIYJIAPHOCTS ACIONB30BAHAA JAHHBIX KOIDB.
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hj wm..ﬁ_.ESoEsmcnuwpn:oxwmmumxam_o.aE:ourwwﬁ.ou
CBepTOUHOE | KO;TUPOBaHHe, ABNAIOMICSCA MOMHEIM CPEACTBOM 6opsOEI €
OJMHOYHBIMH O1MOKamMH. OCHOBHOM XapaKTepHCTHKOH CBEPTOMHLIX KONOB
ABNACTCA hw_::m KOHOBOTO OrpaHHYcHHA, TOKa3bBAOWIAd, Ha Kakoe
MAKCHMANbHOE  9HCIO  BHIXONHBIX  CHAMBOJIOB  BIMAET  JAHHBIH
:meovzﬁ:mwmﬁ.m cuMBoN. CHNOXKHOCTh /JEKOAHPOBAHHA CBEPTOYHBIX
KOZIOB 110 =+=mo=on BLITOJHOMY C TOYKM 3PEHHA peaid3aliiH airopHTMYy
Burepbu w%ﬁ%ﬁﬁ 3KCTIOHEHLHAIBHO C YBEJNIMUEHHEM JAJIHHBI KOJOBOTO
orpanndeHis. HanGObIHH BHIMIPHILI CBEPTOMHBIC KOZbI obecnieHHpalOT
Np¥ OMMHOYHBIX (CiydaifHbiX) OIIKOKaX B KaHane. B kanamax ¢
3aMHpaHMAMM HEOGXOXMMO HCIOMNb30BaTh CBEPTOYHOE KOAHMPOBAHHE
COBMECTHO ¢ nepemexxeHMeM. HenocTaTKoM Takoro THNA KOIHMPOBAHHA
gBaseTcA 3G¢eKT pasMHOXEHHs OuHOOK, TO €CTh NPU OrpaHHICHHOM
yHciie OMBGOK B KAHATE CBS3M BO3HAKAET HEOTPAHHYSHHOE YHCIIO0 OWKMGOK
nexonupopaus. ITossrneHue Takoro 3¢dexra CBA3AHO C XapaKTEPUCTHKAMH
KOJIa, IOITOMY Ha MPAKTHKE CTAPAIOTCA HE HCMONB30BATE KO/BI, CIJIOHHBIC
K Pa3sMHOXEHHIO OLIHOOK.

CoctaBHple HIH TNPOM3BOAHEIE KOJBI JAIOT KOMIPOMHCCHOE
pelleHne 3afadM; M3 HHX OCHOBHO® 3HAYCHHE HMEIOT KACKAJHEIC KOAEL,
KOmbl TpousBepeHuws M TypGokoast [6]. TIpom3BonHhe KOEI CTPOAT Ha
OCHOBE HEKOTOPOrO HCXORHOTO koja, K KOTOpoMy WM [0GaBImOT
CHMBOJIbL, YBCNHYNWBAaA  PacCTOAHHE, HIM  COKpallalT  4acTh
HHQOPMALMOHHLIX  CHMBONOB  0e3  HM3MEHeHHA  pacCTOSHWA, WM
BHIOPACEIBAIOT HEKOTOPBIE CHMBOJIBL

PaspaGoranneie B 1993 romy napauieibHble COCTaBHBIE KOADI
(TypGoKoaBl) OBNANAOT BBICOKOH >PHEKTHBHOCTBIO B OGNAcTH HHM3KMX
orHoweHuit curran-mym (OCIL). OHM CTPOATCA HA OCHOBE IBOMYHBIX
CBEPTOYHBIX KOJNOB M  METONOB  HTEPAaTHBHOIO  JEKOIMpOBAHHA,
3 (EKTHBHOCTh KOTOPBIX MOBBUIACTCA C POCTOM HHCHTA HTepaipii.
HenocTaTKOM TAaKOTO &IrOpPHTMA MOMEXOYCTONYMBOTO KOJMPOBAHHA
sBiAeTCA O0JIBINOE BPEMA ACKOAUPOBAHHA.

KackafHble KOOBl OCHOBaHBL Ha COBMECTHOM HCIONb30BAHHH
HECKOJIbKMX COCTABMIOMMX KOMOB, COeHHEHHBIX MOCIEN0BATENLHO, MTO
MO3BOJIAET CYWIECTBEHHO MOBBICHTh I(PEeKTHBHOCTE  NPHMEHEHHA
KOAHMpPOBAaHHA IO CPaBHEHHMIO ¢ 0Ga30BHIMH HEKACKAJIHBIMH METOHAMH.
Takue KOAB! 3HAYUTENTHHO npesocxomAT TypGoxosl mpH Bbicokux OCILL
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IIpoctelimuM cnocoboM  KOMOMHHPOBaHHA monoL ABNIAETCA
nocnenoBaTenbHoe (IIOBTOPHOE) KoaupoBaHue. Peanm3anus sTol HueH s
IBYX KOAEepOB NokasaHa Ha puc. 3 [6].

Ug Vo= Uy
—_— Kogep C, -

Vi

-

Kopep C;

Puc. 3. Ipunupn opraHu3aliii TOBTOPHOTO xon:ﬁowwrn

Bo3MOXHBI pasiHyHbIe BADHAHTHI MOCTPOEHHA COCTaBHBIX KOZIOB.
CnenyeT COeMHHUTE BBIXOA TIEPBOTO KOAEPA CO BXOAOM w.EvoB_ konepa, C,
Ha3bIBAETCA BHELTHHM KOIOM, a C; — BHyTpeHHMM KojoM. Kox C;, wmm Cz,
WIH 06a MOryT GBITh CBEPTOYHLIMH WM GnokoBsiMH KopamH. Eciu G v
G2 — mopoxparollie MaTpPHUbl KOMIIOHEHTHBIX KOZOB, TO TOPOXKIAIOMAS
MaTpHlla POU3BEACHHA KOIOB ecTh MX KpoHekepoBckoe :ﬁoﬁmrho.ﬁn.

TIpOM3BENiEHHE KOJOB MOXKET ObiTh MWHTEPIPETHPOBAHO KaK
TIOCIEIOBATENIbHOE ~ COeJMHEHHe  KONEPOB  uepes :av__"zsnsaonr.

CxeMaTudeckH 3T0 uzobpakeHo Ha pHc. 4 [6].

Baoxoswit
IICPEUCHHTEN,

hcosbuely | goyep o N > Komp(  |TeRgEsR
aAnHciH ky q “ OB JHAHCE 1y

Exopoex iy coobmenmii
chot ol 1 jawnod £y |

Puc. 4. CTpyKTypHas cXema MPOH3BEIEHHS KOIOB

IMepemexurens sABnfeTcA YCTPOHCTBOM, KOTOpPOE H3MEHAET
TIOPANIOK Nepefiadd IMOCNeN0BaTeIbHOCTH CHMBOIOB HEKOTOPBIM B3aHMHO

ONHO3HAYHBIM  HETePMHHHPOBAaHHEIM criocoboM. Ilpuuumn  paboTs
nepeMeXuTENa MOKa3aH Ha PHC. 5.

_ 44,.4, _ 66y £, _ _ dd,..d, —

<,

ety _ ac,..d, _ _ agc,.d, _

Puc. 5. IIpuruun paGoTel nepeMexuTens
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[epemencureny 1o o60:CTH MPUMEHEHNA BO3MOXKHO pas/IeNATh Ha
CIeIyIonie TPy sl

1. KanameHeI# nepemexures.

2. BiokoBbIi M CBeTOULII MEpeMeKHTENH.

3. Cnyqaiisble nepeMexuTelH.

B GosbIIHHCTBE CTy2asB KaHANBHEIC TIEPEMEXHTENH MPEACTaBIAIOT
coboti vaTpHiy pasMepoM (a,b) B MIPAMEHAIOTCA A YCTPAHEHHA BIMAHHA
nakera olHOOK B KaHale CBA3H. BIOKOBHE M CBEPTOUHBIE ITEPEMEKUTENH
HCHOMB3YIOTCA TIPH NOCTPOCHHH NOMEXOYCTONYHMBRIX ANFOPHTMOB, TaKHX
kak TypGokombl, KOAB! NpoM3BeAcHUA ¥ T.I. CrydaliHbie nepeMexHTeNH B
OCHOBHOM MpeNHa3sHaueHn! 1A ofecreueHrA 3aHUTH HHYOpMAalHH.

CymecTBYIOT chneuManbHble KOJbl, KOPPEKTHPYIOUIHE MaKeTHBIEe
omnbrii  Gomplmel  KpaTHOCTH, dYeM KPaTHOCTh  KOHTPONHMPYGMBIX
CIy HafiHBIX OMKOOK, ONHAKO HA MPAKTHKE JAINE HCNONB3YIOT NepeMeNeHHe
[6]. PaunumaroT GroxoBoe, CBePTOUHOE I TICEBAOCIyYalHOe TIEpEMeXECHIe.
[Tpu 610KOBOM ITepeMeKeHWH GHTh KXKI0r0 KOAOBOTO CII0BA MOCKUIAIOTCA
B KAHA He JIPYT 33 APYrOM, 3 Yepe3 HHTepBabl, NMPeBHIIAIOMAE ATHHY
nakera omubok. B npomexytkm Mexay Ouramu ogHOTO  (JIOBa
BCTABJUIIOTCA GHTHI APYTHX KOJOBBIX CIIOB, KaK MOKA3aHO Ha puc. 6 [6].

T aunnu..ba
22— ¢c,..c,

Bxoa
nepemMamuTerns

a ———l dd,..d,

n

12b
Beixopg
nepeMexxuTensa

Pyuc. 6. BiiokoBblif nepemMexuTens

AJITOPHTM TepeMexeHid MOXKET ObITh 3aJaH AHANMTHUECKH, ITyTeM
COOTBETCTBHA BBIXOMHBIX OHUT IIEPEMEXHTENA BXOAHBIM OHTAM Cpndj) =
=Cux(i), ONpeNenAeMbIM EBIPAKSHUEM:

J=1+{a-iymodb),i=1,2,3,...,b. n

Ecmu cronbupl va puc. 6 cumThiBaTh B NMOpAKE, ONpeAenAcMoM
CEKPIETHBIM KIIOYOM, TO NOAYYHTCA WHPPOBAHHE NAHHBIX METOAOM
NEPECTEHOBKH.
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HenpepriBaoe  cBeprousoe TNEPEMEKCHEE 10 CPaBHEHHIO ¢
ONOYHBIM CTIOCOO0M MepeMexXeHH NAHHBIX MOBOMSET 6onee uem B ;1Ba
Pasa CokpatHTh OGbeM namsaTH. CTPYKTYpHSIE CXEMb CBEPTOYHOrO
TEPEMENKCHTENIA H IIETIEPEMEXKUTEN NOKA3AHE Ha PHC. 7.

Cxeua ynpasnesis Cxema ynoasnenns
KouOM e B
Bxoguas unchopmayn | 3axow _ mnmnmgL HMoxagras mpopMaupn
PEROMER ~r—
“ . /ﬁ’/ \\ | | |
2z -
B xanan W3 kanars IH —
a
Mepemawene Denepomexsqne

Prc. 7. CeeprouHstii mepeMexuTes u ZenepeMexHTe1h

Iybuna mepemexxenus, T.e. mepecrancska ABYX COCENHHX GHT
(Gaift) naxera rnocne kommpoBamms, cocramnser K our (Gattr). B
COOTBETCTBHM C 3THM NApameTpoM KOAEp INEPEMEXEHNA NAaHHBIX COCTOMT

m K cumxponno KOMMYTHPYEMBIX IO BXD,1y H BRIXOAY NapaieibHLX
BETBeH.

Hexonep mepeMexeHus JaHHsx CTPOHATCA AHANOFHYHEIM 06pa3oM,
HO C OOpaTHEIM TIOPAAKOM BKIOYEHHA. Crixponnsaums W (asuposanue
KOAepa M 1eKoJepa MEPEMEKECHHA NaHHBIX HPOIBBOIATCH IO CTapToBoH
CHHXpOrpynne nakeTa - npd o0HapyxeHW1 craproBoff CHHXPOIT/YITIBI
BXOZHBIE M BBIXOLHEIE KOMMYTATOpBI BeTBE KoZepa U Aexonepa
YCTaHaBIHBAKOTCA B MOJIOKEHHE BETBH C HOMEPOM N yersy = 0.

1.3 Kox XammuHIra

B xozme X>MMHHTa BBODMTCA NOHATHE KONOBOIO paccrosuus d
(paccrosHua Mexay mByMs kopamu), PEBHOTO MMCNy pa3spanos ¢
HCONMHAKOBEIMH  3HAYCHHAMH. BO3MOXHOCTH HCTIpaBNeHHS omMGOK
CBA3AHBI C MHUHUMANbHBLIM KOZOBBIM DAacCTOIHHEM dmi. Hcnpaenssoresa
OUIMOKH KDaTHOCTH T = ent (dmw-1)/2, O0HAPYXHUBAIOTCS OLHGKH

KpaTHOCTH dmin-1 (31€CH ent o3HauaeT "nenaq gacTh"). Tak, mpu xoxrpone
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Ha :a:o\_,za_o.; duin = 2 ¥ OOHApYXUBAIOTCA OJMHOYHBIe ommuOku. B kxone
XomMuHra ' Gmin = 3. JlomoymarensHo K MHGOPMAIHOHHEIM pa3psiaM
sBoauTca L = log;K m30GbITOYHBIX KOHTPONHPYIOWMX pa3panos, rae K -
uucno uHGOPMAUMOHHBIX paspafos, L oxpyrsercs no Omwkaitmiero
GoNbIIero Leaoro 3HaueHMd. L-paspanHsili KOHTPONHPYIOMIMH KO €CTh
MHBEPTHPOBAHHBIH PE3YJBTAT MOPA3PALHOTO CIAOXKEHHUS (T.€. CIOKEHHA IO
MOIY/TIO 2)!HOMEPOB TeX WH(POPMAUHOHHBIX Pa3PALOB, 3HAYEHUA KOTOPBIX
paBHsl 1.

Komsl X3MMHHTa NO3BONAOT OOHAapy)KMBaTh H MCNPaB/ATH BCe
onuHO4HEIE omubKku (npm di = 3), a Tarke o0HApYKHBAaTL BCe NBOMHBIE
omubky, HO He Mcnpasnats ux (dx = 4). PaccmoTpuM ko XaMMHHTIa,
06HApYKHBAIOIUMH H HCTIPABNAIONUIMH BCe ONHHOIHLIE OLIMOKH (Gobn - quen™
= 1). B kauectBe MCXONHOro Koaa Oepercd NBOMUYHBIA KOO Ha BCe
coYeTaHHad ¢ 9MCIOM HHQOPMALHOHHBIX CHMBONOB K, K KOTOpOMY
nobaBnseTcs m KOHTPONbHBIX cHMBONOB. Takum o6pa3om, JUTHHA KOAOBOH
koMOuHanpH n =k + m.

[Ipu nepenade AMCKPeTHOM HHQPOpPMALIMH N0 KaHATY C MOMeXamH
MOXeT GbITh JHOO MCKaXKEH ONMH W3 N CHMBOJOB Kona, JNHGO Koxosas
KoMmOpHamus MOxeT ObiTh MpHHATa Ge3 HckaxeHnH. Takam ofpasoM, MpH
nepefade MoXKeT ObITH N+1 BapHAHTOB, BKITIOYAA Tiepeaady 6e3 HekaKeHHH,
Hcrone3ys m KOHTPOJBHBIX CHMBOJIOB, Mbl JOJDKHBI Pa3siMuHTh Bee n+l
cayuaeB. To ecTb HeOOXOAMMO 06eCTIEYHTh BEITIOIHEHHE YCIIOBHA:

2m >=p+l = ktm+l.

B tabn. 1 npeacrasmeHa 3aBUCMMOCTE MeXIY k U m, momyueHHas

H3 9TOT0 HEPABEHCTBA.

Tabmuua 1
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pacnojiararoTcs Ha OCTaBlIMXCA Mectax. Hanpumep, ans Sza._.ruaznﬁmcn
KOI0BOH KOMOHHALIHH MOXHO 3alMCaTh: .
mis,mz ke ms ks ko Ky, @
rae Ky - crapumvii (9eTBepTHIi) paspax HCXOAHOM KOZOBOM KOMOHHAIHMA
IIBOMYHOTO KOAA, a k) - Mrammmit (nepssiif) paspaz K. A
OnpenencHue TOro, Kakoli CHMBOA JIOJDKEH CTOATH Ha
KOHTpOARHOH no3vuuu (1 win 0), NpoM3BOAHTCA MO xomeesnrog npe
NMOMOIIM  TPOBEPKM HA  YETHOCTh. PacCMOTPHM  ompezeneHme
ko3¢ unrnenToB Ha npumepe komGunamm#h (2). CocraBnaerca Tabn. 2, B
KOTOPYHO BBIMTHCHIBAOTCA BCe KONOBBIE KOMOHHALHH ?ﬁ:oamT HYJIEBYIO)
AN YEeTBIPEXPA3PANHOTO OBOHYHOTO KOJA HA BCE COYETAHWA, @ DPALNOM
CTpaBa, CBEpXy BHH3 IIPOCTABISIOTCA CHMBOJIHM XOMOHHAUMH Koja
XoMMuHra, 3anMCcaHHbIe B MocnexosatensHocTH (2). Ha ocnose Tabi. 2
coctaBnsercs Tabn. 3, coaepxaman 3 ctpoka (m = 3), B :ovwv;o CTPOKY
Ta61. 3 3aNUCHIBAIOTCA CHMBOJBI KOJAa XOMMMHra, MPOTHB KOTOPBIX CTOAT
€IMHHLBI B MadiueM (nepsoM) paspsne KOMOHHALMK TBOHYHOrO koaa (ki)
B Tabn. 2. _

| Ta6mua 2

k |1 ]2}3 145671819 ] 1011 }12]13

m |2 (3 (3|3 |4]|4]4|4(4]| 4 | 4 | 5|5

MecTo pacTioNIOXKeHis KOHTPONbHBIX CHMBOJIOB 3HAYEHHA He
uMeeT. X MOXHO NpHITHCHIBATH nepel HHGOPMAIMOHHBIMH CHMBOJIAMH,
nocyie HUX H Yepelys HHGOPMaLPOHHBIE CHMBONB]I C KOHTPOJIbHBIMH. [I1a
ynobctea  o6HapyxXeHHA  MCKRKEHHBIX CHMBOJOB  IlienecoolpasHo
pasMemark KOHTPOJbHBIE CHMBOJIBI Ha MECTAX, KPaTHBIX cTeneHd 2 (To
eCcTh Ha _..o_.uEEhx 1, 2, 4, 8 u T1.8). HndopMamuoHHBIE CHMBOJE

Paspsasl ABOHYHBIX THCEN _
4 (ko) 3 (ks) 2 (k2) 1) CHMBOIIH KOAa

0 0 0 1 m
0 0 1 0 mx
0 0 1 1 _r
0 1 0 0 m3
0 1 ] 1 ks
0 1 1 0 ka
0 1 1 1 ki

Bo BTOpYI0 CTPOKY NPOBEPOMHBIX K03()(HIMEHTOB 3aUCHBAIOTCS
CHMBONBI k0Ja XIMMHMHIA, MPOTHE KOTOPHIX CTOAT €AMHMLEI BO BTOPOM
paspane JK (kz) B 1abn. 2. B Tperhio cTpoky Tabi. 3 3ammMceiBaioTCH
CHMBOJIBI, IPOTHB KOTOPLIX CTOAT €[MHULELI B TpeTheM paspaze JIK (ks B
Tabn. 2). Yueno mposepok, a 3Ha9MT, YMCNO CTPOK Tabn. 3, PaBHO YHCITY
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KOHTPOJIBHBIX CHMBOJIOB m = 3. HaxoxiIeHHe COCTaBA KOHTPOJLHBIX
cuMBOsioB M0 Ko3ddunuerraM Tabn. 3 Npy NOMOMM NPOBEPKH HA YETHOCTH
ocyiuecreaserca caenyonmm ofpazom. CyMmupyiores no soaymo 2
HH)OpMaHOHHEIE CHMBOJI:, BXOASHINE B KAXIYI0 CTPOKY Tabn. 3. Ecnu
CyMMa eJHHMI| N0 NaHHOH CTpOKe 4eTHad, TO 3HAYCHHWe CHMBOJMa m,
BXOLALISTO B 3Ty CTPOKY, pasuo 0, ecnu HeuerHas, 1o - 1. [Ipu nomomm
nepeoi cTpokH Tabn. 3 onpegersercs 3HaUEHHe CUMBONA M;, IPH NOMOIIH
BTOPOH CTPOKH - 3HAYEHKE CHMEOQA My, TpeThel - ms.

Tabmna 3

m; = Ky(Hks(+H)k;

m; = ky(H)k(+)k:

m; = ks(H)ka(+)k

B rafin. 3 (+) - onmeparop croxenus no Momynmo 2.
ITycTe HyXHO mepeaarh koMOHHALHIO ABOMYHOTO Koza 1101, T.e.

k = 4. CormacHo Tabn. 1 4HCI0 KOHTPONBHKIX CHMBOJIOB m = 3. OHH
JO/M%HBI OBITL pasMelteHs! a mosuumax 1, 2 u 4, a URGOPMAIHOHHEIE - Ha
nosuoaAx 3, 5, 6 u 7. 3Ty NocnenoBaTeNbHOCTs B O0MEM BHIE MOXKHO
3aMMCaTh CIEAYIOMAM 00paioM: .

mnnkamskskaki.

P2 1?2100
Ja onpeneneHnsa 3HaUeHEM KOATPOJIBHELY, CHMBOJIOB COCTABHM Tab. 4 B
COOTBETCTBHH ¢ Tabu. 3.

Tabnena 4

m; = IH1EH)1

m; = 1(H1(H1

m; = 1(+)0(H)1

IMpouseeséM Opo3EpKy HAa TOYHOCT, HO CTpokaM Tabm. 4, B
pe3yibTare Hero ONpeAsisioTC KOHTPOAbHele CHMBOJK (m=1, m,=0,
m3=0), KOTOphIE JO/DKHBI ADNOIHATH KAXIYI0 CTPOKY HO UETHOTO 4HCHA
ennHul. Takum oOpasoM, B numMIO cBasd Gyner mepenaHa koMOuHaims
Kona X3MMHUHTA:

mumkamskakaky.
10910100
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JUIA  NOBEIEHHA MOMEXOYCTONYHBOCTH MEPBHYHOIY  Koja
Heo0X0aMMO NOCELTaTh AOTIONHHTEMbHEIE KOHT]POJNEHbBIE CHMBOJIBL, KOTOpBIE
YBETHYHBAIOT WIHHY KOHOBOH kOMOHHALINH, BCJEICTBHE Yero NOABISIOTCS
HOTIONHHTE/LHBIE HMAM  M30BITOUHBIE KOMOBMIE KOMOMHALUAM, He
HCNIONE3YEMBIE  HEMOCPEACTBEHHO JUIA Tepelayd HEpopMamun. Tax,
CeMHpaspANHbIH KO NPHHLMIUANBHO oGecrnednEaet nepenay Ny = 27=128
KOJOBBIX KOMOMHaumit, Komuvecrso undopmammi CEeMHPA3PATHOM KOZe
XovmuHra k=4, T.€. 9ACIO MONE3HBIX HAGOPMAUHOHHBIX KOMGHHAIMIH
cocrarsieT Ny = 2°<64, octamehrie 112 konoseix xomMGuHammlt i3 128
Npe1Ha3HaYeHBbl Ul 00ecneyeHn OMEX0yCTONIHBOCTH KONA M A3/OTC
sanpem@dHbiME.  CllefoBaTensHo, M3OLITOYHOCTE Koma  XOMMHMIG
AOCTATOYHO BeNMKA M MOXeT OHTh ONpejleNeHa U3  CHeIyIOLIero
BBIPAKEHHS;

I=(n-k)/k = m/A,
rae I - m3GBITOYHOCTD KOAA, M - YHCHO KOHTPOILHBIX CHMBOJIOB, K - uHciI0
MHQOPMALMOHHLIX CHMBONOB, N - ofllee 4YHCIO CHMBOJOR. s
PacCMOTPCHHOTO BbILlIe CEMUPA3PANHOTO Xona XoMMHHTa 1=3/4, mpwagm c
YBEIHYEHHEM Pa3pANHOCTH K0Ja H3GBITOHHICTS YMEHBIIASTCA.

2. OITACAHHE PABOTBI

MomycTiM, 9TO NMpH NPOXOXKIOEHWH CHTHATA OT NepeaTIHKa K
TNPHEMHUKY Ha HEro MHe#CTByeT alWTHEHAS TIOMEXA, HKBHBAICHTHAK
AobasneHuo BekTOpa OWHOKH € . B 3ToM cirywae npu NEePEMHOKEHNI Ha
NMPOBEPOUHYIO MaTPHIY MBI [IOMyYaeM CHEApoM ¥ omubkH [7]:

CHT =(c+e)HT =cHT +eH” =eH™ =5.

Ecni uncno HemyneBrIX paspsamos BekTOpa OWMGOK e He Gonee
ORHOTO (T.e. BEKTOp OMMOOK YIOBIETBODPAET YCIHOBMIO HCIMPaBIE HHA
omHG0K), TO KaKIOMY BEKTOpY OIIHGOK COOTBETCTBYET CBOH CEHAPOM.
Ansg  ucnpaenemns  ommbok HCHONE3YIOT — TaONHIy — CHHIPOMOB,
PacCuUHTaHHYK) 3apaHee.

Takum ofpasoM, @ITOPHTM Tep¢AaYH CHTHANA COCTORT 3
CIIEAYIOMIMX ITYHKTOB.

1. Jina Bcex BO3MOXHBIX BEKTOPOE OWHMGOK PAaCCYMTHIBAIITCH HX
CHHAPOMEI H COCTaBMfeTCA TalNHIa CHEAPOMOB.

2. TIpOM3BOIMTCS NEPEMHOXKEHHE HHOPMALUMOHHOTO CNOBa Ha
TOPOKAAIOITYI0 MATPHLY KOAA.
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3. | Ha npuemHOH CTOpOHE NpPHHATYI0 NOCNEAOBATENLHOCTD
TlepeMHOXAOT Ha IPOBEPOYHYIO MATPHITY ¥ NOJNYYAlOT CHHAPOM OIIHGKH.

4, Tlo ra6Mie CHHAPOMOB HAXOIAT BEKTOP OITHOKH.

5. BeIMHTAIOT M3 NPHHATONO CJIOBa BEKTOP OMHOKH M MOIYYaloT
MOCIAHHYIO| KOMOHHALMIO.

6. Tlo nocnaHHOW KOMOHHAUMH BOCCTAHABIHBAIOT [EPEaHHOe
-—jﬁmmon coobImeHnHe.

unpopma
3. MPAKTHYECKAA YACTb

Jinn  wu3ydenHs HCOpaBIMOIMX cBoiicTB koda X3MMHHIa

npeyiaraeTcs KCrob3oBath koA (7,4) ¢ nopokaamen MaTpHueH
10 0110

(=T =T
L= = =
—_— S

01 1
00 1
11 1

0
0.
1

1. Heob6XxomuMo COCTABHTH OPOTPaMMY BHIYHCIIEHHMA KOLOBOTO COBA

no HHPOPMAUHMOHHOMY CJ0BY H TOpOXZamowWed MaTpHie G,
3nauenne UAGOPMALMOHHOTO ciioBa Geperca u3 Taba. 5 cornacHo

¥ IIpOBepOuHOl MaTpuueit

11011
H= 0110
0

[=T

0111

BapHaHTYy.
Tabnuua 5
Bapnant 1 | Bapmant 2 | Bapuanr 3 | Bapuanr 4 | Bapwanr 5
0110 0111 1110 1000 1111
1101 0001 0010 0111 0011
1110 1100 0101 1001 1010
0010 1010 1010 1100 1011
Bapwuanr 6 | BapuanT 7 | Bapnant 8 | Bapnaut 9 | Bapuant 10
1110 1100 0001 1010 1010
o110 0001 0110 0001 0011
0001 1110 1100 0000 0010
1110 0101 1110 0111 1111
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2. CocTaBbTe NpOrpaMMy BHIYHC/ICHHS Ta6mampl o:Eﬁo—.ou omnbox

AJIA 3aAaHHO NPoBepOHOH MaTPHIIBI H,

3. B T1abn. 6 npuBeneHs 3HaUEHHs MPHHATHIX NMOCKLTOK. Brraucaure
CHHIPOM [AaHHBIX TOCBUINK, ONpeIenuTe HAH4YHe| OmHOKH B
APUHATOH MOCBUTKE H, NOJB3YACEH TAbNHLEH CHHAPOMOB, pa3pss, B
KOTOPOM MpOH30ULIA AaHHAA OMHOKa. A

: Tabmana 6
Bapuanr 1 | Bapuant 2 | Bapuanr 3 | Bapuaunr 4 | Bapuasr 5
0001011 1101110 | 1011011 | 0110100 0101001
1011100 | 0111010 | 1111100 | 1011101 _&_88
0101000 0110010 0010100 1111160 oﬁ: 101
1001010 1000001 1001111 0110100 1001100
Bapuaur 6 | Bapuant 7 | Bapuant 8 | Bapuant 9 | Baprant 10
1011000 0110001 0011110 0100001 _QJ_SO_
0100110 1110010 1101001 0111110 1110010
0010100 1011101 0111010 1101001 0101001
1101000 0101000 0001101 1100111 8_?8
_

4. Tlo pesynprataM paboTel caenalite BBIBOABI H adu%u_:,o HX B
oTdere. A

KOHTPOJILHBIE BOITPOCHI

1. H3obpasure CTPYKTYpHYIO CXeMy CHCTEMEI Nepeadl
nepeducinTe GYHKIMH OTAEIBHEIX e€ GI0KOB. m

2. HasHaveHHe IOMEX0YCTONIHBOrO KOAHWPOBAHHA.

3. Ilepeqncnure OCHOBHBIE XaPaKTEPHCTHKHA KOAA.

4. Kaxo#i xoa HasuBaercA GnokoBeiM? [lepewmciure BHABI
6/10KOBBIX KOJOB.

3. Yro coboit MpencTaR/IMOT CBEPTOYHbIE KOK?

6. Y0 co60it MPeACTaBNAOT KAaCKALHEIE KOIBI?

7. Yto coboit npeacrasnser cocrasHo kon?

8. TIlpuBenmure CTPYKTYpHYIO CXeMy H o6bscHuTe paboTy
CBEPTOUHOIO ITePeMEKEHHA.

9. Kak dopmupyerca kon Xommuura? Ero ocHOBHbE
XapaKTePHCTHKH.
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YKA3AHHWS K COCTABJIEHHIO OTYETA

Or14er JOMKEH CONSPHATE:

1) CTPYKTYPHYIO CXEMY CHCTEMbI EPEIavH;

2) COCTaBICHHYIO [IPOrpaMMy M pe3yJbTaTh pacdeTa CHEAPOMA;
3) «paTkuii aHaJTH3 NPOBEAEHHBIX UCCIENOBAHHHA H BHIBOJBI.
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AJITOPHTMBI MACKHPOBAHUSA PEYEBOH HHO®OPMALIMU
B MHOTI'OKAHAJIbHBIX TEJTEKOMM YHUKAILIMOHHbLIX
CHCTEMAX

IIEJIb PABOTDbI

W3yuenHe OCHOBHBIX AITOPUTMOB  MACKHPOBAHMSA  peueBOM
MH(OPMALKHE i KX CPaBHUTENBHBII aHATH3.

1. TEOPETHMECKAA YACTH

B peueBsIX cHCTeMax CB3H H3BECTHHI [Ba OCHOBHEIX Merola
3aKPHITHA PEYEBBIX CHIHAIOB, PasNesIOLKXCA [0 cnocoly mepefayu no
KaHATaM CBA3H: aHAIOTOBOE CKPeMONHpOBRAHHE M AMCKPETH3ALMA PedH C
nocnemyromuM mugpoanHeM (uudposoe ckpemOmuposanue) Ilox
cKpeMONHpOBaHUEM (MackupoBaHueM) TOHHMAIOT HIMEHeHHe
XapaKTepHCTHE pPEYeBOro CHrHana TakuM obpazoM, 9To0Bl momyueHsmIi
CHTHAJ CTAHOBWICA Hepa3bOpYMBBIM H Hey3H:BAGMEIM, 3aHMMas Ty e
nojocy cmekTpa, 4ro M ucxoasmi. Ilpm mcmoar3oBaHME ckpembGhepa
o0ecleynBaeT s 3alATa TeneOHHBIX IEPErOBOPOB OT JMOOEIX CpencTs
ceema uHpopMaumn [1].

Hawbonbmas dacTe anmaparypbl 3aceKpeddBAHMA pEHEBBIX
CHTHEJIOB  HCTIONL3YyeT B HacToAdiee BpeMsl METO) aHAJICTOBOTO
CKpeMOMHMPOBA HUA, IOCKOMBKY:

= 3TO [EIIeBO;

- HeolXogMMas JUI4  3TOT0  ANIAPATYpa INDHMEHAETCA B
GONBIUAHCTBE ClIy49aeB B CTAHNAPTHLIX Tele)OHHKMX KaHaNaX ¢ monocok 3,1
Ko

- obecrieqnBaeTC KOMMEPECKkoe Ka1eCTBO ISl POBAHHO peTH;

- FapaHTHPYeTCsA AOCTATOYHO BEICOKAA CTORKOCTD 3aKPHITHA.

AHanoroBeie  CkpemOnepsl mpeolpasyloT HCXOAHBIA  peuenoi
CHTHaJ TIOCPENCTBOM H3MEHEHMA €ro aMIUIHTYOHLIX, 9acTOTBRIX K
BPEMCHHBIX NMapaMeTpoB B PasM4YHbIX koMOHHAIMAX. B armaparax taxoro
THNA HCOONBIYETCA OOMH WIH HECKOIbKO CHocob0B  aHAIOrOBOTO
CKpeMOTHPOBaHHA H3 YHCHA CIEAYIONIHX:




24

-C GnupopaHne B 4acTOTHOU 06NacTH — 4acTOTHaA HHBEpPCHA
(npeoGpa3oBaHKe CHEKTpa CMIHANA ¢ MOMOIIBI0 TeTepoAMHa M GHILTPA),
HacTOTHAS PpCcHSA H CMEHICHHe (YacToTHAd HHBEPCHA ¢ MEHMOMAMCA
CKauKkoo0pasHo cMemeHHeM HecymeH YacToTsl), pa3feeHHEe MONOCH
YacTOT pedeBoro CHrHala Ha pAj NOANMANa30HOB ¢ MOCHEAYIOmEH HX
NepecTAHOBKOH ¥ HHBEPCHEH;

- ckpemOnupoBanye o BpeMeHHOH o0nmacTu — pa3buenne Groxo
WIH HacTedl |peUH Ha CEIMEHTHI C IEPEMCHIMBAHHEM HX BO BPEMCHH C
AOCNERYIO HX TPAMBIM M (WIH) PEBEPCHBHBIM CUATHIBAHHEM;

- KOMOWHALHA BPEMEHHOTO H YacTOTHOro ckpeMOiuposanns [6].

Kak nmpaBuno, Bce TIiepecTasOBKH kakuMm-n1ubo  ofpasom
BBIIENIEHHEIX CETMEHTOB WIH YYaCTKOB peud BO BPeMeHHOM H (wiH) B
4acTOTHOM 00NacTAX OCYWMIECTRAAIOTCA MO 3aKOHY InceBnociaydaiHol
nocieqoBareNlbHOCTH, BhipaGarsiBaeMolt mudparopoM 0O  KmOWY,
MEHAIOMEMYCA CT OIHOIO COOOMEHHA K APyTOMY.

Ha cropoHe mpHeMHMKa BHIIONHAETCA AeMH(ppoBaHHe IAGPOBHIX
KOJOB, MOMyYeHHBIX W3 KaHala CBA3M, H NpeoOpa3oBaHHe B aHANOTOBYIO
¢opmy. CucteMnl, paboTa KOTOPHIX OCHOBaHAa Ha TAKOM MeToze, ARILAIOTCA
AOCTATOYHO C/AOKHBIMH, TIOCKONBKY ANIA ofecreveHHs BBICOKOIO KavecTBa
nepenapaemMoif peun Tpebyercs BHICOKAA 4acTOTa HHCKPETH3ALMU BXOJHOTO
aHAIOIOBOIO CHTHANIA M COOTBETCTBEHHO BBICOKAA CKOPOCTh MeEpefaiy
HaHHBIX WO KaHamy cBa3d. KaHane! CBA3H, KoTophle ofecmeuHBarOT
CKOpPOCTb Nepefadd JaHHeIX Tomsko 2400 bBopn, HasmBawooTcs
Y3KOTIOTOCHBIMH, B TO BpeMs Kak JApyrHe, ofecneuMBaIOINHE CKOPOCTH
nepenays ceie 2400 boz, 0THOCAT K INHPOKONONOCHEIM.

AHaroropeie ckpeM6iepst 1o pexxuMy pabGoTel MOXHO pa3feliHTh
Ha [Ba CIEAYIOWHX Kiacca:

- CTarM4eckWe, CXeMa KOOHPOBaHMA KOTOPRIX OCTaeTcA
HeH3MeHHOH B TeueHHe Beel nepenadn peueroro cooOmeHns;

NHHAMHYECKHE, TIOCTOSHHO  TICHEPHDYIOIHE  KOAOBEIE
MOACTAaHOBKH B XONE¢ Nepemadd (KOX MoxeT ObITh H3MEHEH B mpoLecce
nepenavy HECKONBKO pa3 B TEYCHHE KamI0# CEeKYHIRI).

OueBuaHO, YTO AMHAMUUECKHE ckpemOneprl obecneunBaioT Gonee
BBICOKYIO CTENEHD 3alIMTh], MOCKONbKY PE3KO OPaHHYMBAIOT BOSMOXKHOCTh
JIETKOTO NPOCAYIIMBAHHA NIEPEroBOPOR IMTOCTOPOHHHMM JTMLIAMH.

HpeoGpazoBanke pedeBOr0 CHTHANA BO3MOXKHO TIO TPEM
napaMeTpaMm: aMILIMTYfle, YacToTeé M BpeMeHH. Cuwraercs, dT0
HCTIONb30BaTh AMIVIHTYXY HEIenecoo0pa3Ho, Tak Kak H3MEHSAIOIIHECH BO
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BPEMCEHH 3aTyXaHHe KaHala M OTHOIEHHE CHTHAVIOYM OENAlOT ClIOMHBIM
TOYHOE BOCCTAHOBJICHHE aMIUTMTYABI NepefaHHoro curHasa. [lo3romy
NPaKTHIECKOe NMPUMEHEHHE MOMy4YMNH TONBKC 9acTOTHOE H w?:n_Eoo
CKpeMOMpoBaHTe H X KOMOHHAUMH, .

I [

34 fxIu 0 ; 3.4 fxlyg

Puc. 1, ITpusnmn Hum@uar HHBEPTOPA CIEKTpa pevud

CywecTByloT 1Ba OCHOBHBIX BH/Ia 9ACTOTHBIX CKpEMONEpoB:
MHBEPCHBLIH M MnonocoBoi. O6a OCHOBaHN Ha NpPeoOpa3soBaHHAX chiexTpa
HCXOIHOTO PE€BOTO CHIHANA I CKPbITHA nepenaBacMol HHGOpPMAIHH H
BOCCTAHOBJICHHs TMOJYYEHHOTO PEYeBOr0 COOGINEHHA IyTeM oOpaTHBIX
npeobpasosanui. MHBepCHEIH CkpeMONep OCyLIECTRIAET NpeoGpasoBarue
Peyes0ro CreKTpa, PaBHOCKHIBHOE NMOBOPOTY JACTOTHOW MONOCH PRYEBOTO
CHTHANZ BOKPYr Hekoropo#t cpejHedf Touxu (pmc. 1). Onpuaxo jasHbIl
cnoco® obecrieIHBaeT HEBHICOKMH YPOBEHB 3aKDHITHA, TaK Kak IpH
TIEPEXBATE JIETKO YCTAHABNHMBACTCHA 3HAYEHHS ACTOTHI, COOTBETCTEYIOMICE
cpendeii TOYKe MHBEPCHM B NMONOCE PEUEBOr0 CHrHama. Peuenoit CIIEKTP
MOXHO Takoke pasjeNHTh Ha HECKOJIBKO YACTOTHLIX MOJ0C B MPOHIBECTH HX
nepeMemBaHie 4 HHBEPCHIO 110 HEKOTOPOMY Npasuny (KIHOTY CHCTEMSL).
Tax dynxuuonupyer nonocosoit cxpembiep (puc. 2).

Aparinivna

—

sz 0 = 3.4 £xla
-1
Puc. 2, HE:EE: PaboTsl HETHIPEXIONIOCOBOIC CKpeMOiiepa peys:

a - HCXO[HBIN pevesol cuekTp; 6 - mpeoOpa3opaHHbIHN CrieKTp

Swzmmom.xﬂ Kmo4a CHCTEMB! I[IO3BOSISET IIOBBICHTH CTeIeHs
3aKpHITHA, HO TpebyeT BBECHHMA CHHXPOHEGAI)IH Ha NPHEMHOM CTOpOHE
cucteMsl. OCHOBHAA 4acTb SHEPTMHM PEYEBONO CHIHANA COCPEJOTOYeHa B
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:&o._d.Eo_w ofnacTH HHM3KOYACTOTHOTO CIIEKTpa, [O3TOMy BhIGOp
BapHAHTOB MepeMelTABAHNAA OTPaHAYEH.

CyIecTBeHHOE TNOBBIIEHHE CTENEHH 3aKPHITHA PeYH MOXET OBITH
OOCTHTHYTO TYTEM peajM3allid B NONOCOBOM CcKpemOnepe ObiCTporo
npeobpasosanus @ypbe (BII®). [Ipy 3TOM 49HCMO  JONMYCTHMBIX
NEepeMEINMBAHHA YAaCTOTHBIX MONOC 3HAYHTENHHO YBEIHYMBAETCH, 4TO
omnoam::um*s BBICOKYIO CTeIICHb 3aKphITHA 063 yXyHmEeHH. KadecTBa PedH.
MoXHO MONCNHHUTENHHO IMOBBICHTL CTENICHb 3aKPHITHA  3aJEpPXKKOH
pasHYHBIX 9aCTOTHBIX KOMIIOHEHT CHIHAJIA Ha pasnuyHoe Bpems. IIpumep
peaTH3alMH Tako# CHCTEMB! TOKa3aH Ha pHc. 3.

I'maBHIM  HedOCTaTkOM  Hcmoib3oBaHud  BIID  aeigercs
BO3HHKHOBEHHe B cucTeMe Oonbmioi 3anepiku carHana (mo 300 wmc),
ofycrnoeneHHOH HeOGXONMMOCTBIO HCTIONMBL30BAHHA BeCOBEIX QyHKuM. D10
TIPUBOJMT K 3aTPYIHEHHAM B paboTe AyMIeKCHBIX CHCTEM CBA3H.

o HEs e s

|
h_ = Fprsias uacrs

Crpeufiamposanien

Pt

1

[ Heeme (=
Nepanaouas sects

Pruc. 3. OcHoBHas dopMa peanH3alliH aHANOTOBOro ckpemGnepa
peuu Ha ocHose BIID

B cxkpembnepax ¢ BpeMeHHOH HHBepCHEH peueBol CHIHAN AEAHTCH
Ha IOCHEOBATENHLHOCT BPEMEHHBIX CErMEHTOBR M KAXARIHA W3 HHX
mepeiaeTcd MHBEPCHO BO BpeMeHH (¢ koHua). Takue ckpemOieph
obecreyuBalOT OrpPaHHYCHHBIX YPOBEHb 3aKpPBITHM, 3aBHCAIUMH OT
IJIATEIBHOCTH CETMeHTOB. JIjd MOCTHXKEeHHs HepasGopUHBOCTH MeIeHHOH
peuH HeoOXxoauMo, YTOOH! AIHHA CerMeHTa cocTaBisna okono 250 Mc. 3to
O3HAYAeT, 4TO 3aJiepkKa cHcTeMbl Oyger pasHa npumepsHo 500 Mc, 91O
MOKET OKA3aThCHA HEMPHEMIIEMBIM B HEKOTOPRIX CJIydasX.

Jins noBbINIEHWS YpPOBHA 3aKpHTHA mNpuferalor K crocoby
NEPECTAaHOBKH BPEMEHHBIX OTPE3KOB pEYEBOr0 CHTHaNa B Mpelenax
buxcuposanroro kampa (puc. 4). IMpaBuno meEpecTaHOBOK ABNSETCH
KIIO90M CHCTEMBI, H3MEHEHHEM KOTOPOTO MOXHO CYHIECTBEHHO IOBBICHTH
CTeNeHb 3aKpuiTHA pedyd. OcTatoyHat pasGOPYHBOCTE 3aBHCHT OT

|
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IHTETLHOCTEH OTPE3KOB CHTHANA H Kaipa M ¢ yBEIHYESHHEM MOCIEHEro
yMeHbmaeTcs [7].

[naBHbIM HeNOCTaTKOM cKpemOiepa ¢ (PHKCHPOBAHHEIM KampoM
ABIAETCA OONBIIOE BpeMA 3aJEPKKH CHCTEMBI, PpaBHOE |YIBOEHHOM
IVIMTENIBHOCTH Kafpa. DTOT HENOCTATOK YCTPaHAETCH B oxLozmnnen c
MEpeCTaHOBKOH BPEMEHHBIX OTPE3KOB PEYEBOT0 CHTHANA €O CKOMB3AIIHM
OKHOM. B HeM uMClIO KOMORHALWMH BO3MOXHBIX NEPECTAHOBOK 48253_3
TakuM 00pa3oM, 49T0 3aiepkKa /00GOTO OTpe3ka He MOpEeBOCXOIHT
YCTaHOBICHHOIO MaKCHMAIbHOINO 3HadeHMd. Kaxmsif OTpezok, HCXOmHOro
peueBoro CHrHana kak Obl HMEET BPEMEHHOE OKHO, BHYTpPH snmgouoa OH
MOXET 3aHHAMaTb NMPOM3BONILHOE MECTO NPH CKpeMOMHpOBaHHH, 3T0 OKHO
CKOIB3UT BO BPEMEHH MO MEpE MOCTYIUIEHWA B HErO KaiIOro HOBOMO
OTpe3Ka CHrHANA. 3a[iepkKa IIPU ITOM CHIDKAETCA A0 LIHTENEHOCTH OKHA.

(t]2fs Js b F | ENHENTE NN

] t ]

Puc. 4. Cxema paGotsl BpeMeHHOIrO ckpembiepa ¢ NepecTaHoBKaMH
B (PHKCHpOBaHHOM Kampe
|

KombunupoBanubi ckpemGiiep HaMHOIO ClOXHee OBBLIYHOTO M
TpefyeT KOMIPOMMCCHOTO pelIeHHs [0 BHIGODY YPOBHA A3aKPHITHA,
OCTATOYHOH pa3’GOPYMBOCTH, BPEMEHH 3a/IEPKKH, CIOKHOCTH mnﬂazv_ H
CTeNeHH HCKaXEHHH B BOCCTAHOBIECHHOM CHTHale. B kadecTBe mpHMepa
TakoH CHCTEMBI pacCMOTPHM CkpeMOJiep, CXeMa KOTOpOro MpefCTARIeHa Ha
pHC. 5, e  omepalMs  YaCTOTHO-BPEMEHHBIX  NEPECTAHOBOK
NHACKPETH3MPOBAHHEIX OTPE3KOB PEYEBOr0 CHTHANA OCYHIECTBAACTCA C
NOMOUIBIO YETHIPEX NPOLECCOPOB LMQppoBol 00pabOTKH CHTHAIOB, ONHH H3
KOTOpEIX MOXET pealnH3oBbIBaTh (YHKIMO TreHeparopa cCiTydaifHol
M0CTIeOBaTeNbHOCTH (KJIHOUa CHCTEMBI 3aKphitus) [7].

B TakoM ckpemGiepe CrieKTp OLE(POBAHHOIO AHANOTO-IMGPOBBIM
mpeobpasosarenem (ALIIT) pedeBoro CHrHala pasMBaeTCs MOCPEACTBOM
HCIIOB30BAHHA aNropuTMOB IHppoBol 06paboTki CHrHANOR HAa YaCTOTHO-
BPEMEHHBIC JIEMEHTHI, KOTOpbIe 3aT€M NEPEMEIIMBAIOTCA Ha YAaCTOTHO-
BPEMEHHOH IUIOCKOCTH B COOTBETCTBHM C OIHHMM W3 KPHITOrpadudecKuX
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aMropATMOB (pHUC. 6) H CYMMHPYIOTCA, He BBIXOAA 33 mpefelibl YaCTOTHOTO
AMANAa30HA HCXOMHOTO CHIHAJKL

YscToTa Yacrora
1 2 3148 5|13l |18 |15
L] T 8|9 [+] 3je|l2(|12|8
1] 12 13| 14| 1= 0|71 ]|14]19
1817 1E| 198 | 20 o204 11|17
t=0 t t=0 t

Purc. 6. Ipurmun paGoTs koMGHHApOBaHHOTO CKpeMbepa
CO CTOMKOCTEIC CHCTEM LH(POBOTO 3aKPBITHS PedH

Ha npuemHOM KoHIE NpOW3BOLATCS OOpaTHHE ONEpAlHH IO
BOCCTAEOBJICHHIO MONYYEHHOTO 3aKPhITOTO PEIEBONO COOBIIEHHS.

CkpemOriepsl BceX THIIOB, 3a HCKMIOYEHHeM mpocTeimero (c
9aCTOTHON MHBEPCHei), BHOCAT MCKAKEHHS B BOCCTAHORNIEHHBIN peueBoH
CHTEAN. ['paHAUEI BpeMEHHLIX C2IMEHTOB HapyIIaloT NeIOCTHOCTh CHIHANA,
YTO HEH30€XHO NPHBOMHT K IOABIEHHIO BHENMONOCHBIX COCTABSIONIMX.
PesynbTaToM HCKaXKeHHs SBAETCA YBENHIeHAe MHHUMAJLHO [OTYCTHMOIO
OTHOWIEHHA CHTHAN/IIYM, NPH FOTOPOM MOXKET OCYIECTRIATHCA HANeKHAA
CBA3b.

JIMCKPETH3aUHA PedH ¢ NIOCIeAYIOWAM WH(POBAHHEM

ANBTEDHATHREBIM  AHIONOBOMY CKPeMONHPOBAHHIO METOLOM
nepefayd pevyd B 3aKpHITOM BHIE sBNAeTCH MAQPOBAHME pEYEBHIX
CHTHAJIOB, MPeoGPa3OBAFHBIX B UHPPOBYIO (OPMY, Mepel MX Mepeadei.
Otor Meron oGecmeuHsaeT Gonee BHICOKME YpOBEHS 3aKpBITHA 1O
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CPAaBHEHINO ( ONKMCAHHBIMM BBIIE AHANOIOBEIMH MeTOZaMM. B ocHoBe
YCTpOHCTB, paloTaromMX IO TakoMy MNPHHIMIY, JNEKHUT NPEACTABNCHHE
PEyYeBOro CHrHaia B BHAE IM(POBOH MOCIEHOBATENBHOCTH, 3aKPhIBAEMOH
N0 OQHOMY M3 KpuNTorpadudeckux amroputmor. [lepesava JaHiBIX,
TPELICTARNAIOMMX JHCKPETH3HPOBAHHEIE OTCYETH PEUeBOr0 CHTHANA K ero
NapaMerTpsl, N0 TeNeOHHBIM CETAM, KaK M B CHydae YCTpoXcTB
mudpoaHus  andaBUTHO-UKGbpoBOX M rpaduteckoit  HEpOpMaUMH,
OCYUIeCTBIBIETCA uepe3 ycTpolcTBa, HasblpaeMbie MofeMamu. OcHomHol
UeJbI0 Npu pa3paboTke yCTpoiicTB HUQPOBOrC 3aKpHITHA peYM ABMASTCH
COXpaHEHHE TeX €€ XapaKTepHCTHK, KOTOpbie Haubonee BaxXHL! I
BOCIIPHATHA chymateneM [1].

Coxpanenue QopMBl cHrHana TpedyeT BBICOKOM CKOPOCTH
Tiepesadd @ COOTBETCTBEHHO HCIONB30BAHMA [NMPOKOMOMOCHRIX KAHAJOB
cBA3M. JljIs y3KOTIONIOCHBIX KaHaI0B TpeGyIoTCA YCTPOiCTBa, HCKITIOYAK0 He
M30BITOYHOCTH pedd [0 ee nepefadd. CHIDKeHWe MHPOPMAUMOKHOM
M30BITOUHOCTH pEdH NOCTHTAeTCA TapameTpHiauMell peuesoro CHTHana,
npH KOTOPOH XapaKTepUCTHKH Pe4H, CYLUECIBSHHEIE IS BOCHPHATHA,
COXPAHAIOTCA.

OcHOBHOM OCOGEHHOCTEIO HCIIONE3OFAHUA CHCTEM ULMGPOBOrO
3aKPBITHA PEYEBHIX CHIHANOB ABJIACTCH HEOOXOZMMOCTH TNPHMEHEHHA
MONeMOB. B  mIpuHUMIE BO3MOKHLL  CHETVIOIHE MOAXOABI  NpH
MPOEKTHPOBAHHH CHCTEM LH(PPOBOTO 3aKPHITHA PEUCBHIX CHIHANIOB:

- MppoBas NOCAEHOBATENIBHOCTh TAPAMETPOB PEYM ¢ BLIXOA
BOKO,IepHOTO YCTpOHCTBa NMOKaeTcs Ha BXOJ MUPDATOpa, rae noaBepracres
npeobpasoBanvio MO OOHOMY H3 KPHIITOrpA(HYECKHX aNrOpHTMOB, 3aTeM
NOCTYNaeT 4Yepe3 MOJAEM B KaHA/l CBA3M, HA MPUSMHON CTOPOHE KOTOPOro
OCYLIECTBIIAIOTCA OOPaTHHIE ONEpalMH MO BOCCTAHORJIEHHMIO PEYSBOTO
CHIHANa, B KOTOPBIX 3afedicTsoBansl MogeM H pemmHdparop. Hludpyroinue
(nemnppyromue) ¢yHxkuuH ofiecneduBaroTcs JM60 B OTASIBHRIX
ycTpoicTBax, M0 B TIPOrpamMMHO-aNIAPATHON pPEATHIAUHH CaMoro
BOKOJEpa;

- mudpyiomue (nemmdpyromme) ¢yaxuun obecmeunparres
CaMHM MOAEMOM (TaK Ha3blBAaeMblA 3aCEKpeYHBIOIIH MoaeM) 06BITHO 1o
W3BECTHBIM KpHITTOrpapmueckuM anroputMaM Tena DES u mp. udposoi
NOTOX, HeCymu# MHYOPMAUMIO O MapaMeTpax pedn, ¢ BHIXOJA BCKOJEpa
HENOCPeNCTBEHHO MOCTYMAaeT Ha TakoH Moiem. OpraHHIamua CBA3H IO
KaHaITy aHaJIOTHYHA BRIINENPHBEACHHOM,
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ACHHXPOHHOE MACKHPOBAHHE PeH Ha OCHOBE AJINOPHTMA
Xypruna — SlkoBneBa

CyliecTBylolue MeTofbl Mackmpopanua PC  3HAYHTENHHO
YMeHBIIAIOT MUHaMAdecknif auanason PC. B ciy 37010 BOCCTAHORIEHHBIH
Ha npreMHol cropone PC ofnajiaeT K0CTAaTOYHO HU3KOH pa3bopiHBOCTEIO.

Omae W3 myTell pEmEHHs NEPEYHCNEHHSIX Bhme npotueM
BOIMOXEH Ha OCHOBe amroputMa Xypruia - SfAxosnesa [l1],
HCTIOAB3YIOMEro NMpeACTaBIeHHe HCXONHOH HHPOPMALMH B BUIIE OTCUETOB
CHTHATA H €rc Npom3BofHoH. Mcrone3oBamme anroput™a XypraHa -
SikoRieBa B HHTEpecax MACKHPOBAaHHMA PEYeBLIX CHIHAIOB MO3BOJUT
[OBBICHTh TOMEXOYCTOMIHBOCTE H  PEATH3ALMOHHBIE  BOIMOKHOCTH
CHCTEMBI MACKHPOBaHEA,

Ausroprrv Xypruea - SIkoBlieBa paccMaTpHBACT NPEACTABICHHE
PC ¢ GWHHTHLIM CHEKTpOM K BepxHelf rpammunoil wacroroit F B Bume
COBOKYMHOCTH OTCY€TOB CHIHANA M €ro N-1 nepBeIX MPOM3BOAHBIX, B3STHIX
¢ "acroroli muckpernsanud f, = 2F/N=f, /N , mae f,, = 2F - vacToTa
JHCKDeTH3aWH, ONpeeNseMas B COOTBeTCTBMH C Teopemod B.A.
Korensrukosa. Mcxomusi#t curnan f(t) Ha ocHoBe anroputMa Xyprusa -
SIxomnepa MoxeT 6bTh mpeacTanneH B Buge [, 12]:

N=l oo
f) =Y > f9ENAY—nNAY [sinc(e)]" / kL,

k=0 n=—co
roe sinc(a)=sin(a)/o, o=n(t-nNAYNA, f®@mNA) - orcuernt k-#
NpOM3BOAHON CHWTrHaNA, A = 1/2F - B [12] paccMoTpeHa BO3MOXHOCTH
ACHONB3OBAaHHA aMropHT™Ma XypraHa — Skosnesa mpH N=2, uroO
nozipasyMesaeT npejcrasienne Hexomsoro PC f{n) B Buae npopekeHHsIX
orcaerop curaaia f(n) m npoussomHoit fi(n). B atoM ciyuae ycrpolictso
(pHc. 7) BOCCTAHORJICHWA HMCXONHOrO CHTHANA BKIIOYACT B2 KaHama, B
KOTOpHIX oOcymecTiseTca o00paboTka NOCIeNOBaTENbHOCTH OTCYETOB
curHana f(n) # npomsBonHo# fi(n) B CHATESHPYIOIHX (QHIBTPax c
MMIyJBCHEIMH  XapaktepucTukamu  sinc(®) u  (t-nNA)-sinc*(a)
COOTBETCTBEHHO.
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!
Puc. 7. Cxema anroput™a Xyprusa - Slkosiesa s =2

Ha puc. 7 BBenienst o6o3naverms: ] — mddepe p, (] -
nenpmarop, K.C. — xanan ceasu, [T - umrepnomsrop, 1 1 @2 —
CHHTE3MpYIOUIHe (UIBTPHl CHTHANA M ero NPOH3BOAHOMN B| anropHTME
Xypruna - SIxosnepa, h(2n) - npopexeHHbIe OTCHETHI szﬂ B KaHale,

A A A
f(2n),f'(2n) u m,. «(n),f’, (n) - OTCUETHI CHTHANA H nwcﬁwohmwm Ha BXome

OTCHETH CHrHa/la 4 ﬂﬂoawoﬁaﬁ Ha BXOA¢ H Ha BREIXOJe K{Hala CBA3H

cootBercTBeHHO, f) (n), f,(n) - OTCYETHI CHTHANA HA BBIXOZ

H Ha BHIXOJIC MHTEpHIONATOpa cooTBeTcTeRHo, f(20), £(20) g f(20), flen).
Mwnovuc_d u

BTOPOTO CHHTE3HPYIOIIHX (DHILTPOB.
2. MPAKTHYECKAS YACTH 7

1. McenenoBanue ckpeMGIHPOBAHAN B 4ACTOTHOMN ofnacTH
1.1. 3anycTiTe NPOrpaMMy MOJENHPOBAHHA. ,.

1.2. Bribepure 4acTOTHEE METO/IbI H YaCTOTHBIA HHBEPTOP.
1.3. Orxpoiire 3sykoBo# daitn “filel.wav”, npeacTapasiomp
coboif ofpaser] 4eN0BEIECKON peun.

1.4, YCTaHOBHTE BRICOKOE OTHOLICHHe CHTHAN-YM (mopsaxa 40-
100 gb) u N, pasroe 10.

1.5. THNpoBemHTe KOJHPOBAHHA em&.am TpHA pa3sHBIX 3HAYEHHIX
cpenHel uacTOTHl HHBepCHH (BO3BpamleHME K MCXOMHOMY aiiry
OCYLIECTBIAETCA HAXKATHEM KHOTIKH “BepHyThC K HCX. dainy™).

1.6. Ilpu 3TOM MOCHE KaX OO CEaHCa KOXHPOBAHMA NpOCHymaliTe
nony4eHHbi#t ¢aji ¥ OLEHHTE €ro OCTAaTOMHYI0 Pa3bopIMBOCTE MyTEM
SKCTEpTHOH oOmeHKH 0o rmATHGwwbHOM mkane  (CyOBEKTHBHO).
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3adukcrpyiiTe naHHYI0 oOlleHKY B order. Kpome TOrO, A KaKIOro
KoaMpoBaHHOro ¢aiina uKCHpYHTe B 0OTYeT OOBEKTHBHBIC MOKA3aTENH
OTIHYMS MCXOMHOTO OT KOZMpOBAHHOTO daiina:

- mpocieauTk 3a n3verenneM BK® B Tedenne skcnepuMenTa;

- cpenHee (MOOTCHE THOE) pasiinine pabodHX CHrHANOB,

1.7. Cnenaifte BHRIEOA, KaK¥e HAcTpOHKH ckpemGnepa no3sonsioT
CHH3WTH OCTATOYHYI0 pa3fiopdMBOCTS W IOBHICHTh YPOBEHbL 3aKPBITHA
HHOOPMALMH 474 JAHHOTO THIA CHTHAJIOB.

CyOBeKTHBHYIO COLUEHKY Lenecoo0pasHO YYWTHIBATh, KOIHa
OCHOBHas 3Heprud npeoGpaioBAHHOTO CHIHAIA JIEXUT B AMana3oHe YacToT
40 — 14000 T'u, Tak Kak 6cJiee BHICOKHE MACTOTHI ¢ TPYAOM PasiHyalOTCA
YeJI0BEeYSCKHM CIYXOM H MOTYT NpeTepreBaTh 3HAYHTE/NbHbIC ACKAXKEHHA B
KaHATaxX CBA3IH.

1.8. ITosropure ni. 1.5-1.7 aua N, pasHoro 100, 1000, 10000,

1.9. Orxpo#ite 3Bykonoii datin “file2.wav”, npescraBnsroiTaii
coboit oflpaser; yenopeuecke# peun.

1.10. Hoetopwre 1y parHOro daitna mm. 1.5-1.8,

1.11. Orxpoiite zBykoBO (aiin “file3.wav”.

1.12, ITorropute 174 ZaBHoro aitna mm. 1.5-1.8.

1.13. BeiGeprTe 9acTOTHbIE METONIE H TIONOCOBOH CKpeMbuep.

1.14. Veranosure 3HaueHHs M um N nopsanka 10 @ npoeenure
KopHpOBaHHAE (haiina.

1.15. Bemmonswre nm. 1.6, 1.7.

1.16. IlyteM xoapoBAHMA W BCTaBKW H3 Monel Ui KIIOYEBBIX
TIOCNEN0BaTebLHOCTEN Kofieka KaMeHHTe (2-7) 3HaueHult, UMUTHpYs patoTy
1o noabopy Knoya. .

1.17. 3adurcupyii~e B OTYET YCHAOBMA H pe3yNbTaThl AAHHOTO
IKCEPHMEHTA.

1.18. Veranosure 3natennss M u N nopamxa 100 u mposepure
KonMpoBaHue daiina.

1.19. Bemomaure . 1.6, 1.7 1 1.16-1.18.

1.20. Veranopure sHagenna M u N nopaaka 1000 B nposepute
KOIHpoBaHHe (aiina.

1.21. Bemonuwre nm. 1.6, 1.7 m 1.16-1.18.

1.22. Bouifeprte  MacTOTHBIE  METONBI H  TOMIOCOBOIA
WHBENTHPYIOMHIA ckpeMb.1ep.

1.23. Bemonupre na. 1.14-1.21.
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2. HccnexoBaHue ckpeM(VIEpoBaEns B0 BpeMeHHoi o61acTi

2.1. BeiGepuTe BpeMEHHBIE METOIL! 11 BPEMEHHOH HHBEPTOP.

2.2. Verasosute N, pasHoe 10, w orkpofite 3BykoBoit daiin
“filed.wav”.

2.3. I[poeaute xogupoBaHuA ¢afyia 1pH pasHeIX 3HadeHUAC N
(100, 1000, 10000).

2.4. Bemnonuure m. 2.3 i nm. 1.6, 1.7.

2.5. Beibepure BpeMeHHBIS METOH 11 B['€MEHHEIE NTEPECTAHOBKH.

2.6. Bemoanure nn. 1.14-1.21.

3. HcciaegopaHHe BOIMOKHOCTEH CKPBITHOH  nepenaun
coodIeH I

3.1. Ilo pesynsrataM BeimoNHeHHCH paforst BeibepuTe AyquIMHi
ckpeMOnep H ero ONTHMANBHBIEC MAPAMETPhI 10 COBOKYINHOCTH OMHCAHHBIX
BBIINE KPHTEPHEB. .

3.2. Orxpoiire 3BykoBo# aitn “file] . wav”.

3.3. Bribepute BpeMeHHBIE MeTOON! H pexHM paboTel 0Oe3
KOOHPOBAHUA.

3.4. YMeHbINANTE OTHOMEHHE CHTHILT-ILYM (M HaKHMaHTe KHOITKY
“Komposares ¢aitn™) gmo Tex mop, ncrka e€nie MoxHO pasobpars
nrdopMamio B coobmenuH (noka He OyneT 110TepaHa pa3GopInHBOCTS).

3.5. Hactpoitte ckpemOaep B COOTBETCIBHE ¢ 1. 3.1 » nposenure
KoaupopaHue. [IpH 3TOM He HCTIONL3YHTE Ciryda, KOria OCHOBHAA IHEPTHA
npeo(ipa3oBaHHOTO CHIHaJa JIEKHT B Juanasode uactor 40 — 14 000 ',

3.6. OueHuTe OCTaTOUHY!O pa3bopurBocTk Ha OCHOBE IL. 1.6.

KOHTPOMBHBIE BOITPOCHI

1. NafiTe onpeneneHue MacKUpaTopa.

2. Buap!l ckpeMOnepoB, ¥X OCHOBHEI¢ OCOCEHHOCTH.

3. MckakeHHS CHTHAJIOB NPH HCMONE30BAHUM CKpeMOIepos.

4. IoCTOMHCTBA M HETOCTATKH CKPEMOIEPOB.

5. VKaxuTe CBA3b MEXITY METOAaMH 3aKPHITHA PEUeBbIX CHTHANOB
H CTEIEHBIO CEKPETHOCTH.

6. ITpueeauTe GYHKIHOHANBEBIE CXEMBI HATOOBBIX
cxpemO1epoB.
7. HocrouncTsa anroputMa Xypruua — Kosiesa.
8. Cxema anroputMa XypriHa - Axosnera g N=2,
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JiaGopaTopHas paGora Ne 4

PE)XXMMBbI PABOTBI F'OCT 28147-89

HEJIb PABOTBI _

AHaJIH3 HEKOTOPHIX peXXUMOB pabotsl TOCT m«_ﬂ-mw..
1. TEOPETHYECKAS YACTb _

FOCT 28147-89 — coBercxkmif w poccuifckuif = CcTaHmapT
CHMMETPHYHOTO mu(poBanus, BBefEHHbH B 1990 roxy, Taike ABifeTca
crangaproM CHI'. Ilonnoe wmassamme— «I'OCT 28147-89, Cucrems
obpaborku uHGpopMaumu. 3ammTa KpUITOrpadHueckas. | ANTOPHTM
KpHITOrpadieckoro npeobpazopanmsm.

T'OCT 28147-89 — 6ounsii mudp ¢ 256-6HTHEIM KIIOYOM H 32
LMKIaMH NpeoOpa3oBaHHs, ONePHPYIOUIHA 64-OHTHRIMHI Groxamu.

Ssaserca npumepom DES-nofo6HEIX KpANTOCKHCTEM, ocunmﬁEx
1o Knaccuieckoit Hrepaumonsoit cxeme Peitctens.

Crannapt oT™MeH8H Ha Teppuropuu Poccun u CHI ¢ m_ Masn 2019
roxga B CBA3M c TIPHHATHEM HOBBIX TOHOCTBIO ero
3aMEHAIONIAX MEKTOCYIAPCTBEHHBIX cragaproe 'OCT 34.12-
2018 (ormceiBaer mudpsr «Marma» H  «Kysneunx») uI'OCT 34.13-

2018 (onuceiBaet pexcnMbl pabOTHI G10YHBIX WHGPOB).

Jloruka nocrpoenus mugpa 0 CTPYKTYpa KAl04eBoi ==eav=s===
I'OCTa

Ecnu sHuMatensHo m3yauts opurunan F'OCT 28147-89, moxHO
3aMETHTb, 4TO B HEM CONEPXKHTCA ONHCAHWE ANITOPHTMOB HECKOJBKMX
yposHeHd. Ha camom BepXHeM HAXONATCA NpPaKTHYECKHME ANTOPHTMBI,
NpeAHa3HAYCHHbIe WA WH(POBaHHUA MacCHBOB NAHHBIX H BHIPabOTKH Ans
HUX HMHTOBCTaBKH. BCe OHM ONHMpAlOTCS Ha TPH AITOPHTMA HH3MIETO
YpoBH, HaseBaeMmeie B Tekcre ['OCTa minamu. OHH HMEIOT CleayiomHe
Ha3BaHUA H 0003HAYCHHA:

Yurn 3amughposanun (32-3);
yuxn pacuiugpposanun (32-P);
yuxn esipabomxu uMumoscmagru (16-3).
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B cBolo ouepent, Kai(IelH W3 0a30BRIX LMKIOB IIpeICTaBIAET
cofoif MHOIOKparHoe [IOBTOPEHHE OHON EIHMHCTBEHHON INpPOLEAYDHL,
Ha3slBAEMOH 1)I4 ONpeAeNsHHOCTH Jajee B HacToamed pabore OCHOBHBIM
maroM KpumronpeoSpa3losaHus.

Takum obpasom, wrobsl pazobparscs 8 'OCTe, HagoO NOHITE TPH
CleNyIOLIHE BEILH:

a) 4TO TaKoe OCHOBMON War Kpunronpeobpa3oBaHus;

) KaK M3 OCHOBHBIN. INATOB CKJIANBIBAIOTCA 0a30BHIe LHAKIEL,

B) KaK H3 TpeX 6a3CBLIX UHKIOB CKIAIBIBAIOTCA BCE MPAKTHYECKUE
anroputMel 'OCTa,

[Ipexnae deM mNepeWTH K H3YIEHHIO 3THX BOMPOCOB, CIEIYET
TOTOBOPHTE O KIIOYEBOH HHOOPMAUMH, HCIONL3YeMOH IrOPUTMAMH
I'OCTa (puc.1). B cooreerctsra ¢ mnpamuumoM Kupxroga, koTtopomy
YIOB.IETBOPSIOT BCE COBpEMEHHbLIC H3BECTHBIE ITMpOKOH 00MECTBEHHOCTH
mwHpL, HMEHHO ee  CeKPEeTHOCTh O00ecnedMBaeT  CEKPeTHOCTh
sawHdpoesanroro coobmenns. B [OCTe wodesas HHPOPMAIMA COCTOMT
M3 AByX CTPYKTYp AaHHbX. ITomumo coficreeHno kmoua, HeoGXOIAMOTO
JUIA BCEX IHMQPOB, OHA COAEKILT eme | Tabnuuy 3amer. Hipke nprBe ieHB
OCHOBHBIE XapaKTEPHCTHKH 1INCUEBEIX ¢TpyKTyp ['OCTa.

1. Knioy gBngercad MacCHBOM 43 BOCEMH 32-GHTOBBIX 3MEMEHTOB KOJa,

aanee B HacTosAmed pabore oH obo3navaerca cumeonioM K: K= {Kijo </

< 7. BI'OCTe snemeHTH KI0Ya MCIONB3YIOTCH KakK 32-paspajHEle [elkie

uncia Ge3 3Haka: 0 < K; < 2%, Taxum 006pa3oM, pasMep KIoda COCTaBseT

32-8 =256 6ur unu 32 Gaitra.

2. Tabiiuya 3amen MOXeT SLITL NPENCTaBIEHa B BUAE MATPHIIBI Pa3MELOM
8x16. coaepiameit 4-GHTOBLIC IMEMEHTBI, KOTOPbIE MOKHO NP EACTABHTE B
BuAe uesix wucen ot 0 no 15, CTpokH mab/uysl 3amen Ha3biBAKOTCA
y3namu ramMen, OHH JNOIKHE CJ1epKaTk pa3vIHiHBIe 3HAYEHHA, TO eCTh
KK/ v3en 3aMen JOJhKeH cogepxats 16 pasmmassix qucen ot 0 go 15 B
MPOHiBOJIBHOM mopsanke. Takum oOpa3oM, obmmil oObeM TaGAMIBI 3aMeH
paBen: 8 yanoB 16 snemeHroB/y3en 4 Gura/znement = 512 6ur Anu 64
Baitra.
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Puc. 1. CtpyxTypHas cxemMa airoput™a

Haunnas cxema cogepxur:

. YeTripe HakonuTens no 32 Gura: Ny, N;, N3, Ni.
. ABa 32-paspanubix HakonuTens: Ny B Ns -— ¢ 3aIHCAHHBIMEA B HUX
NOCTOAHHBIMH 3anonHeHuAMH Cs 1 Cy COOTBETCTBEHHO.
. Kitovesoe sanomupatomee yctpoiicrso (K3Y) na 256 6ur. K3V
COCTOHT M3 BOCEMH Hakomutene# no 32 paspana kaxusiit: Xo, Xi, Xz, X3,
Xa, Xs, Xs, X37.
. 32-paspaanbiif cyMmmaTop no Momyno 2: CM,.
° Eme omuH cymmatop mo Momymo 2, KOTOpeIH He Wmeer
OrpaHHYCHKA Ha Pa3PANHOCTE (HO ACTONb3yercs 64 6ura): CMs,
. Mea cymmaropa mo momymo 232 paspagsoctd 32 Gura: CM,
CMs.
° Cymmarop mo Moxymio (232-1): CM..
. Brok noncranosku K: BoceMb y3:108 samenst Ky, K, Ks, K4, Ks,
Ks, K7, K, Kaxpiit ¢ maMaTtsio Ba 64 6ura.
. Peructp nmkirdeckoro cxpura Breno Ha 11 6ur R.

OcHosa anroputma muppa — cetb Peftcrens. Beimensror JeThipe
pexuma pabote FTOCT 28147-89:
1) npocroii 3ameHsl,
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2) HPOBaHUE,

3) HpoOBaHHe ¢ 00paTHOH CBA3LIO,

4) pexuM BeIpabOTKA HMHTOBCTABKH.

bazopeiM pekumoM mmdpoBaHus 1o 'OCT 28147-89 saensercs
PERHM i 3aMeHbI.

Jina | 3amudpoBaHus B 3TOM PEXMME OTKDHITHI TekCT cHayana
pasbusaeTcs Ha Be MONOBMHB (MAanmue GHTE — A, crapiune 6uTsl — B.

Ha i-m 1 ACTIONB3YETCA MOAKITOY K;:
Ait1=BiBf(Ai,Ki) (D = aBoHuHOE «HCKIIOYAIOIIEE HIH»)
Bi+1=Ai.
|

JUis reHepauMH TORKMOYEH WCXOMHBIM 256-OMTHEI KmoY
pazbuBaercs Ha BoceMb 32-6uTHHIX 6nokoB: K;...Ks.

Kmoun Ko... K4 ABASIOTCA UHKIMMECKHM IOBTOPEHHEM KIoUeil
Ki...Ks (Hymepytorcs or maanmux OuToB K crapmmM). Kmoun
Kas... K3 asnsiotes kmoyamu K. Ks, HayimmMu B o6paTHOM nopsizxe.

Iocne BhimosHeHHA BceX 32 payHOOB airoputMa Gnokd Ass M
Bs; ckneuBaroTes (06paTHTe BHHMaHME, 9TO CTADIIMM GHTOM CTAHOBHTCA
As3, a MIa oMM — B33) — pe3ysbTar ecTh pe3y/nsTat paboTsl aropuTMa.
Jemudpopanne BBIMONHACTCA Tak e, Kak W IA(QPOBAaHAE, HO
HHBEPTHPYETCS NOPANOK noakmouei K;.

DOynkuua f(Ai, Ki), Hecnoasayemas B cetn @elicrens
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Puc. 2. Dynxuus f(A;, Ki), aenonssyemas B cetu Deticrens
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Dyuxuus f{A,K)), (puc.2 ), Bsmucisercs CIeayIo obpasom:
Aj u K cxnasiBatotes mo Momymo 232,

Pesymptat pasbuBacTca Ha BOCEMB 4-6HTOBBIX
NOANOCTICNOBATENHOCTEH, KakAast M3 KOTOPHIX NOCTYMaeT Ha BXOA
CBOCro yana mabauysl 3amen (B mopsamKe BO3pacTaHus ,T.%E_Enqﬁm
6utoB), HasbiBaeMmoro S-6rokom. Obmee KonuaecTBo S-6rokop NOCTa —
BOCEMB, TO €CTh CTONBKO X€, CKONBKO H IOATIOCHeN0BATENLHOCTE,
Kaxppiit S-6nox npeacrasnser coboit nepecTaHoBky 4yucen or 0 mo 15.
IlepBas 4-6uTHas mOANOCTENOBATENLHOCTE NONAKAET Ha BXOZ, nepeoro S-
61oka, BTOpas — Ha BXOJ BTOPOTO H T. 1, .

i Ecnu S-6nox surasnuT tax:

11,15,13,0,5,7,10,4,9, 2,3, 14,6, 11,8, 12 :

H Ha BXozie S-6noka 0, To Ha BeIxoze 6yzer 1, ecnu 4, 10 Ha uixono O6ymet
5, ecnu Ha Bxozie 12, To Ha BEIXOiE 6 M T. 1L, _

Brixonsr Bcex BocMu S-6n0KkoB 06beIHHMOTCA B 32-OutHOE
CJIOBO, 3aTeM BCE CNIOBO LWIKIMYECKH CABMIA€ICH BJEBO (K CTapImnM
paspszaam) Ha 11 Guros. ;

Bce Bocems S-6110k0B MoryT GuITh paznuunsiMu. daktyugecku ouu
MOTYT ABIATBCA [OTMOJHHTENBHLIM KITHO9EBBIM MaTepHalioM, HO uame
AB/LHOTCA TapaMETPOM  CXeMbl, OOmMM IS  ONpeAeNcHHON TPYNIBI
TIoNL30BaTenei,

PeskuM IpocTolt 3aMeHBI HMEET CleNyIONIHe HelOCTATKYL:

. MoXeT MpPHMEHATECA TONBKO  IyiA IH(POBAHUA  OTKPBITHIX
TEKCTOB C JUIMHOMH, KpaTHOH 64 Guram. _

. Ilpr  wmdposannn oxauHakoBeix 610KOB OTKPBITOTO TEKCTa
nojyJaloTcA  onuHakoBele OokH mIMGPOTEKCTa, YTO MOXKET JaTh
OTPENIeTICHHYIO HHPOPMALHIO KPHIITOAHATHTHKY.

Taxum oBpasom, npumenerue 'OCT 28147-89 B pexHME [POCTOR
3aMCHBI XeJIaTelIbHO JIHIG 11 ITH(POBAHHA KIIFOYEBBIX JAHHBIX.
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T'amMmHpoBaHHe

BrokompeiTore

i
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Puc.3. Cxema paBoThl B pexxuMe raMMEPOBAHHA

ITpu paGote TOCT 28 147-89 B pexkuMe raMMHpoBaHis, (puc. 3 ),
dopvupyercs Kpuntorpagiriecxas ramma, koTopas 3areM
NOOHTHO CKNIANBIBAETCA 110 MOJLY:THO 2 ¢ HCXOMHBIM OTKPHITHIM TEKCTOM VIS
nomyuyenus mugpporexcra. lllapposanne B pexume raMMHPOBAHHSA
JIMIIEHO HENOCTATKOB, IIPHCYIIMX PpeXHMY MpocToi 3amennl. [laxke
HIEHTH'HBIE OJOKH MCXO,IHOTO TEeKCTa AAIOT PasHblii mHpPOTEKCT, a WA
TEKCTOB ¢ ITHHOW, He KpatHoit 64 Ouram, "mumHme” OWTBL raMMBl
orbpacsisatores. Kpome Toro, raMma Moxer OmTH BeIpaGoTaHa 3apaHee,
YTO ¢OOTBETCTBYET pabote 1Hpa B HOTOYHOM PeXXHME.

BeipaboTka raMMbsl I[POMCXOHMT HAa OCHOBE KIOYa ¥ TaK
Ha3biBAEMOW CHHXPOMOCHIIKH, KOTOpas 3adaeT HavalbHOE COCTOSIHME
reHepatopa. AJrOpUTM BEIpaGOTKH CEAYIOMHI:

L CuHXponocsiiKe IH(PYeTCS ¢ HCNOB30BAHHEM OMHMCAHHOTO
anropHTMa MPOCTOH 3aMEHBl, ITONYYCHHbIC 3HAYCHHA 3aAIMCHIBAIOTCH BO
BCMIOMOT aTeNIbHbIe 32-paspsanneie perucTpsl N3 H Ny - MiTaJniie u crapinde
GUTEL COOTBETCTBEHHO.

2 N3 cymmupyetes no monymo 2°2 ¢ korcranToit C; = 101010156

3. N4 cymmupyetes no Monymo 2°2-1 ¢ korctanroit C; = 10101046,
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4. N; 1 N4 nepenuceipalorcs cootBeTcTBeHHO B Nin N2, koTopsie
3aTeM WMPPYIOTCA € HCIONB3IOBAHHEM &JTOPHIMa MPOCTOH 3aMeHH.
Tlony4eHHbI pe3ynbTar asngercs 64 OUTaMy raMMEL

3. Illary 2-4 MOBTOPAIOTCA B COOTBETCTBHH ¢ JTHHOM mmbpyemMoro
TEKCTA.

Ans pacuikdpobsiBanAs HeoOXomiMo BsIpaboTaTh TaKYIO Ke
raMmy, Tociie 4ero NoOHTHO CIOKHTE €€ 0 MOAY/MO 2 € 3aH(POBAHHLIM
TekcToM. O4YeBMAHO, 14 3TOr0 HYKHO UCIIONB3OBATE Ty IKe
CHHX[POMOCHIIKY, 4T0 H nipd umkbposadun. Ilpu stoM, ucxens uz
TpeGOBaHMH  YHUKANTBHOCTH TIaMMbl, H2Nb35  HCOOJIb30BATh  OfHY
CHHXPOMOCBHINKY NI MM(ppPOBaHMA HECKO!LKMX MacCHBOB JaHHBIX. Kak
NPaBuUJIO, CHHXPOMOCKUIKA TEM WIH MHBIM 00pa3oM [EpegaeTcs BMECT: C
WH(pPOTEKCTOM.

Ocob6entocTs paborel TOCT 28147-89 B pexuMe raMMHpOBAEHA
3aKIoYaeTcs B TOM, 9TO IIPM HIMEHEHMH ONHOro OWTa mudporekcTa
H3MEHAETCA TOJIbKO OJHH OMT pacumdpoBavHoro texcta. C omHol
CTOPOHBI, IJT0 MOXET OKasbiBaTh IO.JIONKMTENbHOE BAHAHAS Ha
NMOMEX03alIHIEHHOCTE, € APYroH - 3JIOYMBIILIEHHHK MOXET BHECTH
HEKOTOPbIE UIMEHEHHA B TEKCT, JAKE He ﬁﬂﬁﬁux.&_xuﬁﬂwmﬂ €ro.

T'amMMmupoBaHUe ¢ 06paTHoi CBA3bLIO

A b ]
=
= i)

!

Puc. 4. CxeMa paboTsl B pexkiiMe raMMHpCBar 1 ¢ o6paTHOM CBA3LI0
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AnropAT™ muQPOBAHUA TIOXOK HA PEXHM raMMHPOBAHHA, OHAKO
raMMa (OpPMHpYETCH HA OCHOBE NpeNbiAymero Gnoxa 3amHppOBAHHBIX
JaHHBIX, TaK UTO pe3ynbTaT MH(PPOBAHHA TEKymero 61oka 3aBUCHT Takke
A OT mpenmayuux 6noko. Ilo 3Toit mpwaHHe HaHHEBINA pexuM paboTsl
TaKXKe Ha3bIBAICT raMMHPOBAHHEM C 3aLleIUIeHeM 6I0KoB,

AnropHT™ mMpoBaHNA NMPEACTARIEHHBIA Ha PHC. 4 ClleTyIOIIHi:
1. CHHXpOMOCKLTKA 3aHOCHATCA B perHcTpsl N H Na.

2. Copepxumoe pervctpoB Nj H Nz mudpyeTcd B COOTBETCTBHH ¢
anropuTMOM mnpoctofl 3aMeHsl. IlomydeHHBIH pesyabtaT aBAeTcs 64-
OHTHBIM 60KOM TaMMBL.

3 Brok ramMMel MOGHTHO CKIAABIBAETCA MO MOAYO 2 ¢ Gnokom
OTKpBITOro TeKcTa. ITomyueRHsIN ITAGPOTEKCT 3aHOCHTCA B perHcTprl N H
Na.

4. Onepaunn  2-3  BBHINOAHAKOTCE  JUIA  octaBmumxcx  OjokoB
Tpebyroniero Wx(poBaHUA TEKCTA.

Hpu wusmereHwH opmHoro OWra WHGPOTEKCTa, MOIYYEHHOIO C
HCTIONB30BaHAEM aNTOPHTMAa TaMMHpOBaHMA ¢ oOpaTHOH CBA3BIO, B
COOTBETCTBYIOLteM OJIOKe pacmH(ppOBaHHOTO TEKCTAa MEHAETCA TOJIBKO
olnuH OHT, Tak e 3aTparHBaeTca nocneAylolui GJOK OTKPHITOrO TeKcTa.
IlpH aTOM BCe OcTanbHbIE OJIOKH OCTAIOTCA HeH3MEHHBIMM.

IpH ECNOMB30BAHMH JAHHOIO PEXKHMA CIeIyeT HMETh B BHAY, 9TO
CHHXPOTIOCBUIKY HEAB3s MCTONL30BATH MOBTOPHO (HANpHMeEp, TNpH
IA(QPOBAHUH JIOTHYECKH pasfelibHBIX ONOoKOB HHOPMALMA - CETEBBIX
NAKETOB, CEKTOPOB XKECTKOTO AMCKA H T. M). IT0 00YCIOBNEHO TeM, UTO
nepBsiii OIOK IWHPPOTEKCTA MOMYYEH BCEro JIMIL CIOKEHHEM MO MOAYIIO
IOBa C 3amHA(PPOBAHHON CHHXPOMOCBUIKOM; TakuM o6pa3oM, 3HAHHE BCEro
qumb 8 mepBblX 6GalT HexoaHOre M MIMGPOBAHHOTO TEKCTa IMO3BOJNAET
4yuTaTh NepBbie 8 GalT moboro Apyroro mH$pPOTEKCTa NOCHE NOBTOPHOTO
HCIIONB30BAHMA CHHXPOIOCHUIKH.
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PeknM BbIpaGOTKH HMHTOBCTABKH

Omrpomeiit
TERCT
OTxprITBii 16 paynos s\ | 16paynace
rexcr [ | rocT 7 rocr [
|
16papwaos | i
ez L e rocT HmuToscTaska

Puc. 5. CxeMa BeIpabOTKH HMHTOBCTABKH m

Oror pexuM, (puc. 5), He ABJIAETCH B OBIIENIPHHATOM CMBICITE
pexxumom mudposanud. [Ipu pabore B pexrMe BhIpabOTKH :z_zqowo.-,mmg
C03AaéTCA HEKOTOPBIH JONOMHHTENBHBIH OGN0k, 3aBHCAMME OT BCErO TEKCTA
H KIIOYEBBIX AaHHBIX. JlaHHEIH 60K HCMONB3YETCR A NPOREPKH TOTO, YTO
B mHQPOTEKCT CnyyaliHO WM NpPeJHAMEPEHHO He ObUIM BHECEHHI
HCKaXKEeHHMA.

MMuToBcTaBka BhipabarbiBaetcs i M > 2 GnokoB 3.6533
TeKcTa Mo 64 oura.

ATTOPUTM Cie XYFOLHIA:

1. BNOK OTKpBITBIX [JAHHBIX 3aNHCHIBACTCA B vma_oduz Niu N,
nociie Mero MoABepraerca npeobpasoBanHIo, nooéoeoqw%.oﬁnzw NIEPBBIM
16 muknaM mugpoBaHUg B peXXHUMe TIPOCTOH 3aMEHBL.

2 K nomyueHHOMY pe3ynbTaTy MOGHTHO M0 MOXymo 2 IpubaBnseTcs
cremyromuit 6a0K  OTKpHITHIX AaHELIX. [locnenuwit  Glok  mpw
HeoGXOOUMOCTH JOMoAHAeTca Hy/Mu. CyMma Taioke wmmdpyerca B

COOTBETCTBHH C IMTyHKTOM 1.
3. Ilocne poGaBneHns H muQpoBaHHUA mMocieaHero Onoka H3

pesylbTaTa BHOHpaeTCs UMHTOBCTaBKA ANHHOM L 6uT: ¢ Guta HOMep 32-L
no 32 (otcuér HauumHaercs ¢ 1). CrangapT pekoMeHmyeT BhiOwpats L
MCXOJA M3 TOrO, Y4TO BEPOSTHOCTH HABA3LIBAHHA JIOKHBIX NaHHBIX paBHA
2-L. IMUTOBCTaBKa NepefaeTcs MO KaHATy CBA3W TOcHe 3amMM(pPOBaHHBIX
6noxoB.
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s mpoBepkH NPUHMMAIOMAN CTOPOHA NMPOBOAMT AHANTOTHIHYIO
npoueaypy. B choyuae HecoBmameHus pesynsTata ¢ nepelaHHOM
MMHTOBCTABKOH BCe cOOTRETCTBYIOMME M 6/10KOB COHTAIOTCA JIOXKHBIMH.
CriemyeT OTMETHTBb, 4T0 BbIpabOTKA HMHUTOBCTABKH MOXET MPOBOAMTHCS
napanieabHO E:GUONQIE.O C HCIOJL30BAHHUEM OOHOIC M3 ONMHCAHHBIX
BBILIIE PEXHMOB paboTHL

Kpunroananus

B mmdpe I'OCT 28147-89 menmonssyerca 256-0HTOBBIH KI0OY H
ofbeM KIOYEBOTO MpOCTpaHCTBA cocTaBiseT 22, Hu Ha ogHOM W3
CYIIEeCTBYIOIMX B HACTOsIIIe¢ BpeMd KOMIMBIOTEPOB 0GILEI0 MpUMEHEHUs
Henban nopgobpaTh KMCY 2 BpeMd, MeHbIIEe MHOTBX COTEH JIET.
Poccutickmii cranpnapr I'OCT 28147-89 mnpoektupoBaics ¢ Gonbmum
3a1aCOM H M0 CTOMKOCTH Ha MHOTO TIOPANKOB MPEBOCXOAHT aMEPHKAHCKHH
cranpapT DES ¢ ero peanshsiM pasMepoM Knoda B 56 GHT M 06neMoM
KI0Y€BOTO MPOCTPaHCTEa Beero 256 [4].

CymecTBYIOT aTaK# H Ha noasopayuposeiii TOCT 28147—89 6e3
KaKux-nu60o Moauduxauuit. OHA U3 NEPBBIX OTKPHITHIX PadoT, B KOTOPHIX
GBI IPOBENEH aHAIM3 aNrOpATMa, HCMOFB3yeT cnafocTH Mpouesypsl
pacul¥peHHs KIoYa pANa W3BECTHBIX anroputMoB wmMdposanis. B
YacTHOCTH, monuopayrLosblii anroputM I'OCT 2814789 moxer GhiTh
BCKPBIT ¢ TIOMOINBI0 AH(EPSHIHANEHOIO KPHITTOAHANN3A HA CBA3AHHBIX
KIN04aX, HO TONBKO B CMy4as MCIOAB30BaHHA cnabeix Tabmuy samed. 24-
payHAOBbIA BapHAKT aJiMOPHTMA BCKDHIBAETCA aHAIOTMYHBIM 00pa3oM IpH
JooOplx TabJMUaX 3aMeH, OJHAKO CWIbHbIE TAGNMIEI 3aMEH NIENAI0T TaKylo
aTéxy A0COMOTHO HEelpakT U HOA,

B 2004 rogy rpynna crrenmanncTos u3 Kopen mperpioxuna artaky,
C TNOMOLUIBIO KOTOPOli, HCTIONL3Ys AH(depeHIHANBHBI KPUNITOGHANN3 Ha
CBS3aHHBIX KIIOYAX, MOXKHO [MONy9HMTh ¢ BeposTHocThio 91, 7 % 12 6ur
cexperHoro kmoda. [l arakm Tpefyerca 2°° BRIOPaHHBIX OTKpBITHIX
Tekctos u 2% onepannii umpposarms. Kak BHAHO, NaHHAA aTaKa
NPAKTHYECKH OECronesHa I PealbHOr( BCKPHITHA alrOpUTMa.

Tabmuua 3aMeH  ABAAETCA  JONTOBPEMEHHBIM  KIHOYEBBIM
JNEMEHTOM, TO €CTh JeHcTByer B TeucHHe ropasno Gones UTHTENLHONO
CpoKa, 4YeM OTHeNbHEIN Kkmow. OT kauectsa 3ToH TaGMHMIBI 3aBHCHT
KkasectBo wHbpa. Ipu "cunsaol” Tabimue 3amen crolikocts wudpa He
OITYCKESTCA HHMKE HEKOTOPOI O JOMyCTHMOTO npenena gaxke B CiIydac ce
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pasrnamenus. M HaoGopoT, Hcnombiopaude "cnaloi" Tabmaiupl Moxer
YMEHBINHTH ¢TONKOCTE MH(Pa A0 HETOMYCTHMO HH3KOTO NIpeena.

2. NIPAKTUMECKAA YACTD

B naunoii naGopaTopHoit padoT: MLl PacCMOTPHM TONBKC 1Ba
pexxuma paboTHl (TIPOCTOH 3aMeHs B TaMMHPOBaHUL).

1. B nanke «naboparopras padora FOCT» npencramisHb jBa
pexuMa pabotel. OTkpoliTe dail1 «pexHM NMpocTas 3aMeHa» B IPOrpaMme
«DEV C++».

2. Tocne OTKPLITHA co3paliTe BXONHOH (paitn HeGonbwore paimepa
(mywme WCMOIL30BaTh TEKCTOBBIE BBIPAXKCHWA), 3aMYCTHTE TPOrpaMMy H
npoaHanM3MpyiiTe, Kak Iporpamma sawApposasa u Aemupposana
ucxoauslil daiin. Caenalite BHIBOMbL.

3. B Takoii xe nocrneaoBaTeNbHOCTH MPOBEARTE 3-5 HCCTIETOBAHKM
VIS APYTHX HCXOAHBIX (aiino. Crenaiite RuBOIBL

4. Ortkpot#ite Qaiin «pexuM raMMHPOBaHHA» B AporpaMme «DEV
C++». Ilocne 3amycka nporpaMma 3anpocdT B3¢CTH HCXOMHbIE JaHHbE. B
KagecTBé HHX MOXKHO HCIONB30BaTL (ppaskl, cnosocoderaHus. [anee
HeoOXO0ANMO BBECTH CEKpeTHBIN KoY (MOXHO MCNONb30BaTh 1060 Habop
mubp). ITocne TOro xak BBEJIM CEKPETHBIH K'Y, NpOrpaMMma BHIBEAET Ha
9KpaH 3AUIMQPOBAHHBIC NAHHBIE, 3aTeM IOTPEOYST BBECTH CEKPETHBIN
xmoy  (HeofXOQMMO BBECTHM TOT K€ KIOY, 9TO HCOONB30BaNH
nepBOHAYANLHO) U Ha 3KpaH OyayT BhIBEIedEl paclIH(pOBaHHbIE JaHHbIE,
Cpenaiite BBIBOL.

5. Jna peXAMa raMMHPOBAHUA HEOOX0HMO TaKkKe MPOBecTH 3-5
HCCNeJOBAHMH A pasiMuHBIX HCXOMHBIX (aillloB W PasHBIX CEKPETHRIX
wnodelt. Caenafite BLIBOM.

KOHTPOQJILHBIE BOITPOCHI

1. Pexumsl pabotet [OCT 28147-89,

2. lMoscHuTe NPHHOMN PaGoTE! PeXHMa INPOCTOH 3aMEHBL,

3. Ocobennocte pabotat TOCT 28147-89 B pewume
raMMHpPOBaHHA.

4. AropuT™ IHQPOBaHKA B PEXKHME raMMHMpPOBaHUA ¢ ofiparHOH
CBA3BIO.

5. Peikum BRIpabOTKH MMHTOBCTABKL
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YKA3AHUA K COCTABJEHHIO OTYETA

OT9eT B JNEKTPOHHOM HWIM OyMaxHOM BHAe NpeACTaBATE
npenojasatesio. B order HeoOXomMMO BCTaBUTL M3OOpaKeHHA C
:nxchﬁim. 3aMU(pPOBAHHEIME M JeIIM(POBAHHBIMH JaHHBIMH. Bce
Eo@wﬁ@? MOJDKHBL OBITH MOANMMCAHEL

Oruer o naboparopHoit paGoTe fHomkeH comepxars:

* [IeNTh ﬁmm_ﬁ.zu

* KpaTKue CBENEHUS TeOPHH;
* u3oBpakenns;

* BBIBOJIBI 1O ITYHKTaM.
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