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Jla6opaTopHas paGora N 1 _
AJITOPUTM IIM®POBAHUA 3JIb-TAMAJIA
LEJb PABOTEHI

[onmyyeHre HABBIKOB CO3JaHHA 3allIH(POBAHHOTO CO MUEHNA NPH
MOMOIIM AIropuT™Ma myppoBaHus Onb-T'amani.

1. TEOPETUYECKAS YACTb i
!

Anroput™ mudpoBanus Onb-I'amans ABageTCA E_v_amuzwaﬁon
anroput™My RSA ¥ NpH paBHOM 3HAYeHHH KIOYa 00ECHCYHBACT TY XKe
KpHMOTOCTOHKOCTh. Ofb-I'aMab ycOBepIICHCTBOBAM m.:ﬁov:.i Oudpdu —
Xe/UIMaHa ¥ TIONYYHA ANTOPHUTMBI WA IUAQPOBAHUA M 1 OOecneyeHn
ayTeHTH(HKALHA. ANTOPUTM OCHOBaH Ha mpobJieMe MOHCKa numovaEoﬁo
norapudma. Ecnu BO3BOAWTH 1IENIOE YKCIIO B CTENEHb IOCTATOYHO JIETKO, TO
BOCCTAHOBHTb LEJOYMCICHHBIM apryMeHT Mo 3HayeHmo (TO |ecTh HalTH
JorapuM) JOBOJBHO TPYAHO [2]. “

Jina reHepaumy napbl kmodel cHauana BhIOMpaeTCA IIPOCTOE
YHCTIO p 1 [1Ba CydaliHbIX 9HCA, g M X, 002 MeHbIe p. 3aTeM BEITHCIACTCA

y=g'modp.

OTKpHITHIM KITFOYOM ABJIAIOTCA V, g ¥ p. BENHIHHBI g H P MOXKHO
caenars OODIMMM /UIA TPYNNbl ToNb30BaTeNed. 3aKpHITBIM KIOUOM
ABJIIETCA X.

Jlna mudposanua coobmeHns M cHavana BHOHpaeTcs cnydaiHoe
ypcno k, B3aMMHO 1pocToe ¢ (p — 1). 3aTeM BRYHMCIAIOTCA

a=g‘modp,
b=y* Mmod p.

Tapa (a, b) sBnsercs mudporekcrom. [lomydaempiii mudpoTexcT
B [BA pasa JUIMHHEE OTKphITOro Tekcta. Jlia newu¢ppnposanus (a, b)
BBIYHCIIAETCA

M= bla* mod p.

Tak Kak & = g* (mod p) u b/a* = y* M/a* = g* M/ g&*= M (mod p),
TO BCe AEMCTBHTENHHO Tak U noxydaercs. Miu uhave:

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

Kaxnas noanuce WiM mu(ppoBaHue anroputMoM Onb-Iamand
TpeGyeT HOBOTO 3HA4YeHHA K, W 3TO 3HaueHHe JOKHO ObITH BBIGPaHO
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cayyaibiM obpasom. Eci koraa-HuGy b WIOYMBIIIEHHAK PackpoeT k, OH
CMOXeT DACKpBITh 3aKPBITEIH K04 Xx. ECHM 3NOYMBIOUICHHHK KOT/a-
aubysh CMOXET MONYuMTh IBa COOGIIEHWS, MNOANMCAaHHble WIH
3amuQpoBaHHBE C TMOMOIISI0 OJHOTO M TOrO Xek, TO OH CMOXET
PacKpiITh X, AaXe He 3Has 3Hadenne & [3].

FaccMOTpHM aIrOPHTM KPHITTOCHCTeMBI DMib-I"aMans.

Beibupaem omxpoiimatii KBoy p u g:
P — MPOCTOE YUCIO (MOKET GrITh OOLIMM s rPYITIBI nonb3oBarenei),
g <p (voxceT ObITh O6IUM 1JId IP)yITIBI nose3oBarenel).

Evibupaem 3axkpuimbiil KiloY X <P.
BoruucnseM y =g* mod p.

LUugpposanue:
BHIGUpaeM cirydqalHoe &, KOTOPOE B3aMMHO NpocToe ¢ p—1;
a (madpoTexet) =g*mod p,
b (mupporexct)= M () mod p).

Llewugpposanue:
M (orxpeirsiil TeKCT) = b/a* mod p.

Tycts umerotes adolieHTs! A, B, C, ..., KOTOpbIE XOTAT NepefaBaTh
ApYT Lpyry 3amnpOBaHHbIE COODMEHH, He MMes HHKAKHX 3aIHILCHHLIX
kaHamoB cBA3K. (DaKTUYeCKH 316Ch ucnonsdyercs cxema Juddm-
Xennvasa, 9To0bl CHOpPMHpOBaTH OOIIMIT CEKPETHBIA KmMOY A ABYX
aGOHeHTOB, NMEpelaloIMX Ipyr IPyry cooOIleHHe, W 3areM coolmenue
wudpyerca IMyTeM YMHOKEGHAS €ro Ha 3TOT Kmod. JId Kaxaoro
CHEYIOUIETr0 COOOIIEH S CeKPETHBIH K09 BEIYHUCAETCH 3aH0BO.

Lins BCeit rpymnisl aGOHEHTOB BBHIOMPAIOTCA HEKOTOpOe 0ONbINOe
IpOCTOE YHCIO P M YHMCIO g TaKue, 4TO pasNMuHble CTeNeHM g CYTh
pasnMuHBIe YHCAa 10 MOAYMo p. Ywcna p ¥ g mepefatoTca abOHEHTaM B
OTKpHITOM BHAE. 3aTeM KakIbid abOHEHT rpynmbl BHIOHpaeT CBoe
CEKpEeTHOE 4YuCho Cj, 1<ci<p-1, ¥ BHUMCISET COOTBETCTBYIOWIEE €My
OTKpbITOE YUcHo d;:

d; = g'modp. (1)

B pesynsTarte nomydaem TabmuiLy:

Kimouu monps3oBatesiei B cicreMe Dnb-T'amans

AGOHEHT CekpeTHBIH KITIOY OTKpHITHIH KTHOY
A CA da
B CB dp
C cc dc
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. [Tokaxkem TEMEPb, Kak A mepejaeT cooblueHHe m abou:zHTY B.
YACM NPEANONAraTe, 9T0 COOOIICHHE NPELCTARICHO B BHIE THCNA BA.P

Iliaz 1. A popmupyet cryuaiitoe tuciio k, 1<k<p - 2, Bh1gmCHAET
qHCIa

r=g“modp, 2
=m-d*smodp Muw
H nepesaeT napy 4ucen (r,e) abonenty B.
llaz 2. B, nonyuws (r,e), Beraucases
m'=e-r" ' Byodp, “

Cxema mupposannn

-.> NE

Fenepanng kooust
s 4 4 H ............. JBeiepure p (owers Goums-
i ) e IIpocToe)
w Obmenoctymuat ko (,g.5) Q Beitiepnre g mepsootpas-
® it KopeHs)
W&¥) Jer6epure x : y=g~x modp

T lped @

["a=g"k modp
M & by k*M modp CHlD V'~ e hmoap]
Smﬂﬂﬁ Ilindposanue Plemnbponane  Mesomut|
TEKCY

Caoiicra mwudpa an-Tamans

1. ABorerT B nonyuun coobmenue. T.e. m’ = m.
2. IlpoTuBHYUK, 3Has P, &, dB, T H €, K& MOXET BEIYHCIHTS m.,
Tlpumep. Tlepepanum  coobmenne m=15or A k B. BriGepem
napaMeTphl: p=23, g=5. Ilycts aGoHenr B BEIOpan ;
mia cebs cek
9HCo cp=13 ¥ BBIYHCaHA N0 (1) e

dg=5"mod23=Z 1.
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>@o*.~.$5 A BeiGupaer ciydaiftio umcno k, manpumep k=7, H

peiaucsgeT no (2), (3):
r=5"mod23=17,
e=15-21"mod23=15-10mod23=12.
Tenephb A 1OCBUIALT K B 3ammudpoBarHOe cOOOLICHNE B BA/IE Naphl
) praHCIAeT 1o (4

e GQ,NWWM.NNTT:E%MMVS.:oao%uu_u.qao%uu_m.

Msl __Eh:z. yto B cMor pacimmgposars nepeaaHHoe coobmeHHe.

mo:a. yTO 1O AaHAJIOTHYHOM CXeMe MOryT IepeAaBaTh coobmeHns
Bce abOHEHTH! B CETH. 3aMETHM, 4TO m060# a6OHEHT, 3HAIOIMUI OTKPLITHIHA
oy aGoHeHTa B, MOXET TOChUIaTh eMy COOOMeHHMS, 3amu¢poBaHHbIE C
MOMOILBIO OTKPBITOr0 KIFOYa ds, HO TonbKO aGOHEHT B, ¥ HUKTO Ipyro#,
MOXEeT pacum(poBaTh 3TH COOOIIECHHS, HCTIONE3YA U3BECTHBIH TONBKO eMY

THBIM KTHOY CB.

e OTMeTHM TaKke, 9To o0beM mubpa B ABa pa3a NpeBbIMIACT obneM
coobueHns, Ho Tpebyercs TOJIbKO O/IHA mepefaia AaHHBIX (pu ycnoBuH,
410 TaGIHLA C OTKPHITHIMH K/II09aMH 3apaHee H3BECTHA BCEM aboHeHTaM).

JnexTpoRHas WPOBaA NMOANHCH CXeMOH Jab-Tamans

s Toro uTo6bl MOANKCATh coobmeHne M, CHadana OTIpaBuTeNh
XIILIMPYET €0 C NOMONILIO X3~y HKIHH h(-) B uenoe YKCIO M:
m =h(M), 1<m <(P-1),
¥ reHepupYyeT CiTydalHoe Len0e YHCI0 K, 1<K<(P-1), Takoe, uro K u
(P — 1) sBIAOTCA B3aUMHO MPOCTHIMH. 3areM OTNpPaBHUTENb BBHIYUCIIAET
LEI0€ YHCJIO al
a=GKXmodP
¥, IPUMEHAs PACIIMPEeHHBIH anroput™ EBKINJA, BHIYHCIACT C MOMOLIBIO
ceKpeTHOro Kmoua X Lejoe YHCiIo b U3 ypaBHEeHHA
m=(X*a+K*b) (mod (P-1)).

INapa aucen (a,b) o6pasyet undposyio Noanucs S:
S =(a,b),
NPOCTABJIAEMYIO 1OJ AOKyMEHTOM M.

Tpotika uucen (M,a,b) nepenaercsa mnonydaremo, B TO BpeMs Kak
napa gucen (X,K) nepxurcs B cexpere.

Iocne npuema noamucanHoro coobmenus (M,ab) nomydarenn
JOJDKEH IPOBEPHUTh, COOTBETCTBYET JH MOAMACE S = (a,b) coobmenmio M.

5 |
_
J1st 3TOrO MoMTydaTeNh CHaYala BLIYHUCIAET N0 OPHHATOMY oo.meo:Eo M
9HCIIO
m = h(M),
T.€. X3MIUPYET NPUHATOE CoobmeHHe M. ﬁ
3aTeM nmosTy4aTenb BEIYHUCIAET 3HAUECHHE ;
A =Y*a"(mod P) |
4 TIpH3HaeT coobmerne M NMOLTHHHBIM, €CJIH H TOIBKO €CITH
A = G™ (mod P).

Wuaue roBops, monyyarelb TpPOBEPAET  CIPABELTHBOCTH
COOTHOIICHHS m
Y* a° (mod P) = G™ (mod P). !

MoxHo CTPOr0 MaTeMaTWYeCKH I0Ka3aTh, JHO.“ 1ocjieaHee
PaBeHCTBO OyJAET BBIMONHATBCA TOTAA M TONBKO TOTAA, KOLAA MOMIHCH
S=(a,b) mom noxymeHToM M TmONy4YEHa € TIOMOLIBIO Efammo TOTO
CEeXpeTHOro kmoda X, M3 KoToporo ObUI MONyYeH OTKPHIThiH kmod Y.
Takum 06pasoM, MOXHO HAJEXHO YHOCTOBEDHTHCH, HTO o?vggoz
coobmenus M 611 o6n1anaTesls IMEHHO JAHHOTO CEKPETHONO Kmova X, He
PacKpeiBasi IPH 3TOM CaM KJKOY, ¥ YTO OTAPABHTENH MOMNMCAT UMEHHO
9TOT KOHKPETHBIH HoKyMeHT M.

B HacTosuiee BpEMs KPUIITOCHCTEMBI c OTKDBITBIM
KIIOYOM CYHTAKOTCA Haubonee nepcneKTMBHBIMH. K HHUM OTHOCHTCS H
cxema Onp-T'amans, KPHUNTOCTOHKOCTH KOTOpOM OCHOBaHa
Ha BLIYHCJIMTETEHON CIIOXHOCTH npo6aeMsr IHCKPETHOTO

NIOrapHMUPOBAHHA, TAE MO H3BECTHBIM p, g H y TpeOyeTcA BBIMHCIHTS X,

v\hogo.ﬂwOﬁgE& CpaBHECHHIO: _

y = g" (mod p).

FOCT P34.10-1994, npussateiéi B 1994 romys Poccuiickoii
Qefiepatyy, PerNaMEHTHPOBABWIMH  Npouesypsl (QOPMHPOBAHMS U
MPOBEPKH JJIEKTPOHHOM LM(PPOBOI MOMNKMCH, GbUT OCHOBAH Ha cXeMe Diib-
lavans. C2001 ropma ucnmonssyerca Hopuii TOCT P 34.10-2001,
HCTIONB3YIOINKHA apHGMETUKY FUTHNTHIECKHUX KPUBBIX, ONPEAENeHHBIX Hal
MpOCTHIMH nONAMH ['arya. CymecTByeT Gonbmoe KOAMYECTBO aNrOpPHTMOB,

OCHOBaHHBIX Ha cxeMe Omb-I'amanma: 310 amroprtmel DSA, ECDSA,
KCDSA, cxema llIHoppa.
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2. CIITMCAHUE PABOTHI

e |Ilndposanue
1. lo:tyctM, 4TO HyXHO 3aviugpoBaTh coobmenue M = 5.
2. IIponsseneM reHepanuio Kioded.

Iycts p=11,g=2. Bribepem x=8 - cirydai{Hoe LieJI0e IHCIIO X TaKOe,
yto 1-<X<p.

BeuucanM y = g* mod p =28 mod 11 = 3.

MTaK, OTKpLITHIM KJFOYOM sBseTcA Tpoitka (p, g, y) = (11,2, 3), a
3aKPEITHIM KIOYOM - YHCIO X = 8.

3. Beibupaem cayuaitioe nenoe 1ucio k takoe, uro 1<k<(p-1). ITycts k=9.
4. BeraucnseM gncio a = g mocé p=2°mod 11 =512 mod 11 = 6.
5. BerarcasieM yucao b =y* M mod p =3° 5mod 11 = 19683*5mod 11 = 9.
6. Ilo.1yusHHas napa (a,b) = (6,9) spngerca WHGPOTEKCTOM.

e PacmudpoBanue
1. Heo6xoaumo nostyants coobruenre M = 5 no u3BecTHOMY WHQpPOTEKCTY
(a, b) = (6, 9) 1 3aKprITOMY KTIOUY X = 8.
2. Beruucasiem M no gopmyne: M = b(a®)! mod p = 9(6®)' mod 11 = 5.
3. TMo.1y9wiA ucxogHOe coobueHue M = 5.

Tak kak B cxeMy is-I'amans BBOAUTCA cydaliHad BelHduHa K, T0
urudp Dne-I'aMans MOXKHO HA3BATH IM(PPOM MHOTO3HAYHON 3aMeHs!. H3-3a
ciygaiHceTH BhOOpa urcna K Takylo CXeMy elle HasbiBAalOT CXeMOH
BEPOATHOCTHOTO (HppoBaHAs. BeposTHOCTHBIN XapakTep LUM(poOBaHMA
ABSETCA YIPEMMYLIECTBOM [UIsi cXeMbl Onb-T'amand, Tak Kak y CXeM
BEPOSTHOCTHOrO mmudponapua Habmonaercs Oonpiuas CTOHKOCTH 11O
CPaBHEHRIO CO CXeMaMH ¢ OfpelleIeHHBIM MNpoueccoM IuudpoBaHuA.
HepoctaTkoMm cxeMbl mrH@posanrs Siib-I'aMalis ABIIETCA yABOSHHE LIHHEI
3aMU(GPOBAHHONO TEKCTAa D CPABHEHMIO C HavYadbHBIM TekcToM. Jins
CXeMbl BEPOATHOCTHOrO INM(pposaHua caMo coobmenne M u o He
onpeneaatoT mMUPPOTEKCT CAHOZHAYHO. B cxeme Dnp-Iamans Heobxoaumo
HCTIONB30BaTh pa3iMYHble 3HAYSHUA CHyvalHOM BenuuumHnl kK Juig
UWHGPOBKH pasTH4HBIX coobuienmit M ® M. Ecam wmemons3oBaTh
OJIMHAKOBBIE K, TO U1 COOT3ETCTBYIOWMX mMdporekcTos (a, b) u (a', b")
BBITIOJIHAETCA cooTHOMeHKE b(b')! = M(M'). U3 3TOro BEIpaXeHHA MOXHO
JIETKO BbIMHUCIUTE M', ecaw usBecTHO M.
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3. MPAKTHYECKAA YACTH

3apaya 1
BBIYHCIHTS OTKPBITHI KIH0Y Y, ecuti p=19, g=5, x==11.

3apava 2

Boruncnnts mudpoteket a u b s coobmerns M=5, ecom p=23, g=7, x=3,
k=13,

3anaua 3
[To usBectHoMy mudpotekcty a=10, b=19, Henone3ys kmown p=23, 3=7,
X=35, ONpeNeTHTH HCXOOHOE COOBIIeHAE M.

3anaua 4

[Mpoussectu ruMdpopanue u newudposarve M=7 IPH 33JaHHBIX KJIH09ax
p=23, g=5, x=10, k=12.

3apaya 5
CdopmupoBats W mnposeputs DI  Ijib-T'amans NpUA  CIIeJyHOIIHX
HaYaNbHbIX YCNoBMAX: p=11, g=2, cexpeTHpIii Koy x=8.

KOHTPOJILHBIE BOTIFOCHI

1. Ha uém ocHOBaH anroput™ mHpoBanus Ims-Tamans?

2. Kak 611 nonyuer aroput™ Snk-Tamana? B 4éM ero cmizane
oT aropuTMa RSA?

3. Kak ocymecTBiseTcs neHepawms Kuoveh?

4. Yro mpezactaBnseT cobOM anropHTM MH(PPOBAHHA MO CXeMe
Onp-Famana?

5. Yro mpexcrasiser cotodt anropHT™M AemHKpPOBAHAA MO cXeMe
Onp-Tamana?
6. Kak ocyntectsnsercs paboTa o AropaT™My B pexume UMY
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Jla6opatopxas paGora Ne 2

W3YYEHME AJITOPUTMOB IOMEXOYCTOHYHBOTO
KOJAUPOBAHUSA HA OCHOBE KOJIOB X3SMMHHI'A

HEJIb PABOTHI

H3yueHHe METOJOB M  airOPHTMOB IOMEXOYCTOWYHBOTO
KOOHPOBaHWA, 4 TAKKE MPHHUMNOB MOCTPOEHMA M (YHKUHOHWPOBAHHA
TIOMEXOYCTOMIMBEIX KOJIEKOB Ha NMPHMepPE KOJOB XIMMHHIa.

1. TEOPETHYECKAS YACTb

1. 1. DyHKLHOHAJIbHASA CXEMa CHCTEMbI MepenayiH|

M
OGo6menHas (yHKIMOHAIBHAA CXE€Ma CHCTEMBI, HCnonb3ytomeH
NIOMEXOYCTOMYMBOE KOAMpOBAHWE, NPHUBEACHA Ha pHC. 1. McTo4HHK
uHpopMaMH (OpMUpYeT JBOMUHBIH NOTOK, KOTOpBIA npeobpasyeTcs
xoziepoM. MoxysTop oTo6paxaeT BRIXOIHbIC :ooannoww._d?mowas Kojepa
B HENMpepHIBHOE MHOXECTBO CHTHANOB. B kaHane CBA3H mLmuwhaoana
[OMEeXH, BO3HHKAIOT pAa3jM4Hbie HCKaXCHWA CHIHAIOB BCJICACTBHC
OrpaHM4eHHs TI0 YacToTe, Bo3lielicTBUS  HEIMHEHHBIX  (aKTOpOB,
MHOTOJIy4eBOr0 pPAcOpOCTPaHeHWsS CHTHaloB M T.A.  JeMomynsTop
¢dopMHpyeT OHEHKy TepelaHHOro CHMBOJAA Ha OCHOBE Habmoaenns
BBLIXOZHOTO CHCHaNa pamuokanana. Jlekomep NPOM3BOAMT : ONEpALHH,
o6paTHble KOXMPOBAHMIO, M OCYLIECTBIACT MCIPABICHUE omubox Ha
OCHOBaHHMM WMelomelics u30HITOYHOCTH. BrIXOAHONW cHrHaN Jekozepa

110CTYnaeT B MPHEMHMK HH(pOpMaLMH.

ﬁ McrouHuk _rll.l,

uHopMaumu —l -

|

Koaep

-

MoaynsTop _‘_VIL_

_ MpuemHnk >I|w f||_
M

Dexonep = Demoaynatop  [—
nHpopMaLu ‘|_ A—

Puc. 1. O600mennas pyHKUMOHATEHAA CXeMa CHCTEMBI
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[ToMexoycToHuHBOE  KOAMPOBAaHHME CBA3aHO C  BBEJCHHEM
W3OLITOYHOCTH CHMBOJIOB, YTO NPH MNOCTOAHHONW CKOPOCTH MCTOMHHKA
UHOPMAUMH TPHBOAMT K YMEHBINCHMIO LTUTENBHOCTH CHMBOJIOB H MPH
NOCTOSHHOM MOIIHOCTH 11€PeNaTyHKa — K YMEHBINCHHIO 3SHEPIMH,
npuxojsweiica Ha oauH cuMBon. IIpH 3TOM BEPOATHOCTR omHOKH
yBemiuusaercs, OfHAK0 33 CUET HCTpPaBieHWH OMMOOK  NpH
JEKO,JHPOBAHHHM pe3yNbTHPYIOINas BEPOATHOCT OMMOKH Ha BBIXOZE
Aeko,1epa 6yzeT MeHsIle, YeM NP HEKOAHPOBAHHON nepenaye.

BaxHodM XapaxTeplCTMKOH KOAa ABJIACTCA €ro OTHOCHTEJIbHAA
ckopocTs r = k/n, rae K ¥ n - 9HCIO CHMBOJIOB COOTBETCTBEHHO Ha BXOIE H
BhIxofle koaepa (k<n). Bemmuuna, npomopusoHanbHas 1/r, XapakTepHiyeT
H36LITOYHOCTE KOJA M Onpeme)sieT Ko3(M@HIMEHT pacHmiMpeHHA NOMNOCH
gactor. [lokasareneM  3JiekTMBHOCTH  KOJHPOBaHHA  ABIACTCA
SHEpIreTHYeCKHi BHIArpsiD (Q), NoydaeMslil NPH KOAMPOBAHMH, KOTOPBIH
OmpeenieTcs Kak pasHOCTh MEXAY OTHOIIEHHAMH CHTHAL/MYM MPH
HEKO,JMPOBAHHOM (i’ W KOJHPOBAHHOK qx’ Tepenade, obecreqmBaroiiei
OMHAKOBOE 3HAYEHHUE BEPOS THOCTH OMMOKH Pom: Q = Qi — Qx’.

1. 2. Knaccudnianis noMex0yCcroiYuBbIX KOAOB

B Hacrosiee Bpems paspaboTaH0 MHOXXECTBO PasiMYHbIX KJIacCoB
NOMEXOYCTOWUMBEIX  KOJOB, OTIMYAXOMMXCA  OpPyr OT  Apyra
H30BITOYHOCTEIO, CTPYKTYpOif, (yBKUHOHATHHBIM Ha3HAYeHMEM,
QITOpPHTMaMK KOQMPOBAaHWA M liekoaupopaHus H T.A. [11]. O6oCmennas
KIacCH(PAKaLHA HOMEX0YCTORYBHIX KOAOB Ipe/ICTaBNeHa Ha puc. 2 [10].

TIotaXOyCTOMR ALY
L
>
> s
_|_5§t53! _ CaoiTouwisile kg
e
Cocranisse w0k
e [
Koas nposseesy —, TypG Kackagsue kons

Puc.2. Knaccudukauus noMexoy: ToH4HBOro KOANPOBaAHMS
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BnoxoBeli KO COCTOMT H3 Habopa BEKTOPOB (PHKCHPOBAHHOM
JUTHHBI Ny, HA3bIBAEMBIX KOMOBBIMH CJIOBAMH. ‘DNIEMEHTH KOZOBOIO CIIOBa
BeIOWpatoTCa M3 andaBuTa ¢ q 3neMeHTaMH. Ecan andasuT comep:xuT asa
aneMenTa 0 H 1, XOZI Ha3BIBACTCS HBOMYHBIM, a 3IEMEHTHI TI060Tr0 KOJOBOro
ClIOBa HasbiBaloTCA Omramu. ECIM 3/I€MEHTh! KOJOBOTO CIIOBa BHIGHpalOTCA
H3 paeg«—.ﬂw. HMEIOLIETO q >2 31 [CMEHTOB, KO Ha3bIBa€TCA HC ABOHYIHBIM.

B 1BOWYHOM G10KOBOM KOJ€ [THHOM Ny MOXKHO 06pa3oBarh 2™ KOAOBBIX

CJIOB, W3 KOTOPBIX MOXHO BhIGpaTs 2k komonkx ¢ioB (ky < my), 4106H
chopMHpoBaTh KOX, 34eCh Ky - MIHEA ¥HPOPMAUMOHHOM YacTH.
Peaynerupyronuit 65okoBeiit kox o6o3Havaerc: kak (nk, Ki), a oTHOWEHHE
ki/ni = r HaspiBaeTCA KOJOBOM CKOPOCTHIO. B:IOKOBbIE KOIBI MIMPOKO
HCHONB3YKOTCA B PafHOCHCTEMAX IEpeiavyM ::eovgg H Opyrux
obnacTsax. BaxHOH XapakTepHCTHKON KODOB, WCIPABJMIONAX OLIMOKH,
ABnAeTcs paccTosHue XomMMuHra [12].

OnHHMMH M3 CaMBIX MpPOCTBIX ABAAIOTCA ONOKOBBIE  KOMBI
X3mmuHTa, MpeacTaBiedHbie X3MMHHTOM 8 1950 1. [6]. K manssmM xoxam
OTHOCATCA NHHeHHbIe 610KOBBIE KOIBI ¢ NapaMeTpamu (n,k) suma (2 — 1,
2™ —m — 1), rae m = n — k - YHCI0 NPOBEPOUHLIX CHMBOJIOB Koga. Komel
X3MMHHra 061a4a10T KOJOBBIM PACCTOAHMEM Opyy = 3 H MO3TOMY CIOCOOHB!
HCTIPABJATH TOJNILKO OJHY WIH OOHAPYKHTh N1BE OMIHOKH.

Komi XoMMmuHra ofnajmaroT oueHb cnabod KoppexTupyrourei
CMOCOGHOCTBED M OTAENBHO MPAKTAYECKH He2 HCMONb3yloTca. OnHako
NPYMEHEHAE NaHHBIX KOJOB B COCTABE KACKAUHBIX CXeM KOXMPOBAHHA
NO3BOJIAET MOJNYUHTh OYEHb XOpolnMe pe3ynbraThl. Bonee mompofiHoe
onmcaHWe KOMOB X3MMMHTa MoXHO noaydurs B [6]. Komer Boyza —
Yoymaxypu — Xoxsuhrema (BUX) [6] npencraBmsmor cobGoff kmacc
JIMHEWHBIX LMKINYECKMX KOJOB, MCHPABJLLOIIMX KpaTHbEe OMmMHOKH,
ABNAIOTCS 0000IEHKEM paHee ONHCaHHBIX kojoB XammuHra. Kozm BUX
00bIMHO 337aK0TCA Yepe3 KOPHH MOPOXAAKIIETO MHOrowIeHa g(X) cTeleHH
n-k.

Cpenu 6710k0BBIX KOAOB Haubosee MIMPOKOE NMPHMEHEHHe HallIH
HeABoMuHbie OiokoBhle Koasl Puma -- ConoMoHa, oTHocamuect K

NOJTHHOMHAIBHBIM, KOMIIOHEHTHl KONOBHIX CJIOB KOTOPHIX PAaBHEI
3HAUeHHAM ONpefeNeHHbIX MNOMHHOMOB. Ci10COOHOCTE HCHpABACHUA
OMUHOYHBIX OEEQO-@ a TaKXe NakeToB OLUHOOK O—-ﬁohn.:o:mon IUTHHBI H
HanmpgHe  3()QeKTHBHBIX AJITOPHTMOB  [CKOJHPOBAHHA  OOBACHAIOT
NOIMyJIAPHOCTH UCIIONIB30BAHMA NAHHBIX KOXOB.
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EJ_ 3aI0HTH OT OIUMOOK B pafMOKaHaIaX TaKXKe HCIIONb3yeTcs
CBEpTOYHOE | KO,TUPOBaHHe, SBNAIOMICEC] MOIIHBIM CPEACTBOM 60ppOBI C
OMHOYHBIMH OlIHOKkami. OCHOBHOM XapaKTepPUCTHKOH CBEPTOMHEIX KOJAOB
ABNACTCA JJIAHA KOJOBOTO OTPAHHYEHHS, TOKA3GLIBAIOWAL, HA Kakoe
MAKCUMANbHOE  YHMCHO  BHIXONHBIX  CHMBOJIOB  BIHSAET  JIaHHBIH
:meovzmnswmmzm cuMBON. CIOXHOCTh JIEKOAHPOBaHMSA CBEPTOYHBIX
KOZIOB 11O =+=mo=om BBLITOJHOMY C TOYKH 3PEHHs peajii3aliH ajrOpuTMYy
Butepbu BO3pacTaeT JKCTIOHEHIHAIBHO C YBEJIMYECHHEM JJIHHBI KOJOBOTO
OrpaHHYEeHHA. HauGoplHi BbIMIPHII CBEPTOUYHBIE KOMbI 0becnedHBalOT
NpH ORMHOYHBIX (CIyYaiHBbIX) omubkax B kaHane. B xaHamax ¢
3aMHpaHMAMM HEOGXOMMMO HCIONB30BaTh CBEPTOYHOE KOAHWPOBAHHE
COBMECTHO C mepeMmexxeHMeM. HenocTaTKOM Takoro THNA KOAMPOBAHHA
gBaseTcA 3¢GdeKT pa3MHOXEHHA OmWHMOOK, TO €CTh NPU OrpaHHICHHOM
yHC/Ie OMEBOK B KAHANTE CBS3H BO3HHKAET HEOTPAHHYEHHOE YHCIIO OLWIHGOK
nexonupopauus. IToseneHue Takoro s3¢dexra CBA3AHO C XapaKTePUCTHKAMH
KOJa, IOITOMY Ha MPAaKTHKE CTapalOTCA He HCMOJNB30BaTh KOJbl, CKIOHHBIC
K Pa3sMHOXEHHIO OIIHOOK.

CocTaBHble HIH NpPOW3BOAHBIE KOABI JAIOT KOMIIPOMHMCCHOE
pelleHne 3afladM; M3 HHX OCHOBHOE® 3HAYCHHE MMEIOT KAaCKaJHBIC KOIBL,
KOMb! Tpou3BeneHus M TypGokoast [6]. TIpom3BoaHbie KOAB! CTPOAT Ha
OCHOBE HEKOTOPOIrO HCXOAHOro Koja, K koropoMy wiM [0GaBIfiOT
CHMBOJIbI, YBENHYMBad  PacCTOSAHHE, HIM  COKpaUIaloT  YacTh
WHGOPMALMOHHLIX ~ CHMBOJIOB  0e3  M3MEHEHMA  pacCTOAHHMA,  HIH
BHIOPACHIBAIOT HEKOTOPbIE CHMBOJIBI.

Paspa6otannbie B 1993 rogy napauieibHbie COCTaBHBIE KOABI
(TypGokoapl) 0GNAaNaloT BBICOKOH 3QPEKTHBHOCTBIO B o6nacTH HH3KHX
orromenuit curhan-mym (OCLI). OHH CTPOATCA Ha OCHOBE ABOMYHBIX
CBEPTOYHBIX KOJAOB M  METOJOB  HTEPaTHBHOTO  [AEKOAHpOBaHHA,
3 (EKTUBHOCTS KOTOPHIX TOBBINACTCA C POCTOM YHCIA HTEpaimh.
HemocTaTkoM TaKOrO &IrOpMTMa MOMEXOYCTONYHBOTO KOJMPOBAHHA
ABJIAETCA OOJBIIOE BPEMs ACKOAUPOBaHUA.

KackafiHble KOAbl OCHOBaHbI Ha COBMECTHOM HCHONb30BaHHH
HECKOJIBKMX COCTABJAIOMMX KOMOB, COCIMHEHHBIX NOCNENOBATENRHO, YTO
MO3BONAET CYWECTBEHHO MOBBICHTh 3(PEKTUBHOCTE NPHMEHEHHA
KOAMPOBAHHA MO CPaBHEHMIO C (a30BBIMH HEKACKAJHBIMH METONAMH.
Takue KoJIbl 3HAYHTETLHO TPEBOCXOIAT TypGokobl mpH Bhicokux OCILL
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IMpocrefimyM croco6oM  KOMOHHHPOBaHMA xohow ABJIAETCA
nocnenoBaTenbHoe (OBTOPHOE) KOAUpOBaHHe. Peanusanus 3ToH HaeH s
IIBYyX KOJEpOB Noka3zaHa Ha puc. 3 [6].

o Vo= Up

— Koaep C, Vit

Koaep C;

.

Puc. 3. IIpuHUMN opraHU3alliy MOBTOPHOIO xon:vowurx

BO3MOXHBI pa3/idyHble BaDHAHTHI MOCTPOSHHA COCTaBHBIX KOZIOB.
CnenyeT coeIMHUTH BBIXOA TIEPBOro KOAEpa CO BXOAOM weovo_.o_ kozepa, C,
Ha3bIBAeTCA BHELIHHM KONOM, a C; — BHyTpeHruM KogoM. Koxn C;, wim Cz,
HIH 062 MOTyT OBITh CBEPTOYHBIMU WM GnokossiMH koaamu. Eciu Gy
G2 — nopoxpgaroIye MaTPHUBI KOMIIOHEHTHBIX KOZOB, TO (TOPOXKIAMOIIAA
MaTpulia NPOM3BEACHUS KOMOB ecTh MX KpoHekepoBckoe :ﬁosuprbozso.

ITpousseieHHEe KOJOB MOXeT ObITh E*._.mvmvoﬂsvmwwmo KaK
[OCNIENOBATENLHOE  COCJHHEHHEe  KONEepoB  uepes :o?_.‘Zoiﬁgr

CxeMaTHuecku 3T0 u3obpaxeHo Ha puc. 4 [6].

Baoxosni
DCPEUCRHTEN,

krcoobmeny ] gogen ¢, n KowpC,  |Lmsgoma!
JUTHHOH &, “ ﬁ OB JHOH 1y

kxonoesx  ny coobmenwii
0B il ny  Aawnol & |

Puc. 4. CTpykTypHas cXeMa MpOU3BENECHHS KOAOB

IlepeMexuTens sBnAeTCA YCTPOHCTBOM, KOTOPOE H3MEHAET
TIOPAZOK NiepeNa4H IOCNEeNOBATEILHOCTH CHMBOJOB HEKOTOPBHIM B3aHMHO
OJHO3HAYHBIM  [CTEPMHHHMPOBAHHBIM crocobom. IlpuHumm  paGoTs
nepeMexuTed NMoKa3aH Ha puc. 5.

e o |

4

# ac,..d, _ ac,.d, _\ agc,.d,

Puc. 5. IIpuaumn paGoTs! nepemMexuTens
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[Tepemexuren 10 5602CTH NPUMEHEHHUA BO3MOXKHO pa3/IeinTh Ha
Clle IyIOUIHe Py

1. KaHanbHei# nepeMexXuTeNs.

2. BIOKOBBIN ¥ CBE[TOUHLIN MEPEMEKHTENH.

3. Cnyyalisble nepeMex uTeNu.

B GosBIIHHCTBE CMy4asB KAHANBHBIE IEPEMEXHTENH IPEACTABNAIOT
coboii vMaTpHy pasMepoM (a,b) ¥ MPAMEHAIOTCA I YCTPAHEHHA BIIMAHHA
nakera omHOOK B KaHale CBA3H. BIOKOBEE M CBEPTOYHBIE IEPEMEXHUTEH
HCNOJB3YIOTCA TIPH NOCTPOSHHH NOMEXOYCTOHYMBRIX JITOPHTMOB, TaKHX
Kak TypOOKOmpbl, KOABI NPOM3BeAeHUs ¥ T.m. CiydaliHele NepeMexHTENH B
OCHOBHOM MNpeHasHaueHsl 11 obecnedeHHA 3aUTH HHGOPMaIHH.

CymecTBYIOT cneuHajibHbIe KOIbI, KOPPEKTHPYIOIIAE MaKEeTHbIE
OmHOkH Oomblmedl KpaTHOCGTH, 9YeM KpAaTHOCTh KOHTPOJIHPYEMBIX
crydafiHbiX OMMO0K, ONHAKO HA MPAKTHKE Jallle HCIONB3YIOT NepeMeXeHHe
[6]. PaunuqaroT 610K0BOE, CBEPTOUHOE K MCEBAOCITydalHOS TIEPEMEXECHIE.
[Tpu GnokoBoM nepeMexeHUH GHTBI KaX/I0ro KOJOBOIO CI0BA MOCHUIAIOTCS
B KAHAT HE JPYT 3a APYrOM, 3 9epe3 HHTEePBAbI, NMPEeBHILNAIOMME ATHHY
nakzta omubok. B npoMmexyTxu Mexay OdTaMH OOHOrO ClOBa
BCTABJUIOTCA GUTBI APYTHX KOJOBBIX CIIOB, KaK MOKa3aHO Ha puc. 6 [6].

B
1——»! aaq,...a,
2—> cc,..c,

Bxoa
nepemMaXxuTerns

a dd,..d,

n

125b
Beixon

nepemMexmrenn

Pyc. 6. EnoxoBbI# NepeMexHTeNs

AJITOPHTM TepeMexeHiA MOXKET GbITh 3aJaH AHANMTIHYECKH, ITyTEM
COOTBETCTBHA BBIXOMHBIX OUT IIEPEMEXHTENA BXOAHBIM OHTAM Cpnlj) =
=Cyx(i), ONpENENACMBIM EBIPAKSHUEM:

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

Ecin ctonbupr ma puc. 6 cumThBaTE B NOPSZKE, ONpeNENIEMOM
CEKPETHBIM KIIOYOM, TO NOJMYYHTCA IMUPPOBAHHE HNAHHBIX METOAOM
NEPECTIHOBKH.

S R R,
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Herpepsisroe cBeprounoe mepemexenve mno CPaBHEHHIO ¢
GNOYHBIM CTIOCOBOM TepeMeXeHHs TAHHBIX No:BOJIsET OoNee yeMm B jiBa
paza cokpatuth 00beM namatH. CTIPyKIypHsIE CXeMbl CBEPTOYHOTO
TIEPEMEKHTENIA H IETIEPEMEXUTENA NOKA3aHb Ha PUC. 7.

Cxeua ynpasnexus Cxeua ynasnenm
KNiOdOM oo
3axon Simon HUexagran
BXORHas WHDODMAL A ABnepeiiEaHiN OAHES WHCOF MaLytst

o /
! B -
n B xanan W3 xanars IH —
o IIL uu 2

Liaks

Mepemexenve Denepomexanne

Prc. 7. Ceeprounsiit nepemexures u ZenepEMEXHUTEND

Iry6una nepemexernus, T.e. mepecranceka ABYX COCEOHHX OMT
(aift) nakera mnocne kommpoBaums, cocramnser K Gur (6att). B
COOTBETCTBHM C 3THM NApameTpOM KOAEp IEPEMEXEHMS NAaHHBIX COCTOMT

m K cunxponno KOMMYTHPYEMBIX IO BXO,1y ¥ BBIXOAY MNAapaiieibHhLX
BETBEH.

Jlexonep nepeMexeHHs JAHHBIX CTPOATCA AHANOTHYHBIM ofpa3om,
HO ¢ 0OpaTHBIM TIOPAAKOM BKTIOYEHHMA. Crnxponnsauns u pasuposanue
KOE€pa M AeKoaepa MEpEeME)CHHA NaHHBIX HPOMBBOATCA MO CTApTOBOH
CHHXpOrpynne nakera - npu oGHapykeHW? crapToBoHf CHHXPOIT'YITIBI
BXOMHLIE X BBIXOAHBIE KOMMYTATOphI BeTBE(i kozepa u jpekojepa
YCTaHABIIHBAIOTCA B TOJIOKEHHE BETBH C HOMEPOM Nyeray = 0.

1.3 Koa XammuHIra

B xome X>MMHHTa BBOZMTCS NOHATHE KONOBOIO paccrosuus d
(paccrosua  mexay mByms kopamu), PEBHOTO YHMCITy paspsmoB ¢
HCONMHAKOBEIMH ~ 3HAYCHHAMH. BO3MOXHOCTH HcTIpaBneHHs onmGok
CBA3AHLI C MUHMMAIbHBIM KOMOBBIM PACCTOAHHEM dmin. Hcnpasnszorca
OUMOKH KpaTHOCTH © = ent (dmn-1)/2, u OOHAPYKHBAOTCH OILHGKH

KpaTHOCTH dmin-1 (32€Ch ent o3HayaeT "nenas gacTh"). Tak, mpu xoxrpone
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Ha :oco...:o“o._.r dmin = 2 ¥ OOHapYXHBAIOTCA OAHHOYHBIE omHOku. B kozne
XoMMuHra dmin = 3. JIOMOMHHTENEHO K HMHGOPMAIMOHHEIM pa3psaaM
sBomuTcs L = log;K M30BITOUHBIX KOHTPONHPYIOUIMX pa3psnos, rae K -
yucno MHGOPMAUMOHHBIX paspsanoB, L oxpyriserca no Omwkaiiuero
GONBIIEr0 LEA0ro 3HaueHMd. L-paspAnHblif KOHTPOMMPYHIOIMHA KOA €CTh
MHBEPTHPOBAHHBIN Pe3yNbTaT MOPa3pANHOro CIOXKEHHs (T.e. CAOXKEHHA 1o
MOIY./IO 2) HOMEPOB TeX UHYOPMAIHOHHBIX Pa3spsioB, 3HAYEHUA KOTOPBIX
paBHsl 1.

Kompl X3MMHHTA NO3BONAIOT OOHApy)XWMBaTk H HCNPABIATH BCE
onuHouHble onubxu (mpm dx = 3), a Tawke oOHApY)XHBaTh BCE NBOHHbLIE
omubky, HO He McnpaeiaTs ux (dx = 4). PaccmoTpuM kon X3MMHHTa,
06HapyKABAKOLUMI ¥ HCTIPABJIAIOIMH BCE ONMHOYHbIE OLIMOKH (qobn - quen™
= 1). B kauectBe HMCXOHHOro Koaa Oepercd IBOMYHBIH KOI Ha BCe
COYeTaHHsd C 4YHCIOM HH(POPMALMOHHBIX CHMBOJNOB K, K KOTOpOMY
no6aBseTcs m KOHTPONbHBIX cMMBONOB. TakuM 06pa3oM, IUTHHA KOMOBOH
xoMOuHanuu n =k + m.

IIpu nepenade QUCKPETHOM MHQOPMALMH 10 KaHALY C IOMeXaMH
MOXeT ObiTh JHOO0 MCKaXeH OOMH M3 N CHMBOJIOB Koza, JHOO KoxoBas
KoMOHHaNEs MoxeT 6bTh NpuHATa Ge3 uckaxennd. Taxum o6pa3oM, MpH
nepegade MOXeT ObITh n+1 BapHaHTOB, BKIIOYAA niepenady 6e3 HeKaKEeHHH.
Hcrons3ys m KOHTPOJBHBIX CHMBOJIOB, Mbl NOJDKHBI Pasid4uTh BCe n+l
caydaeB. To ecTb HEOOXOAUMO 0GECTIEYHTh BEIMIOJIHEHHE YCIIOBHA:

2" >=p+l = k+tm+l.

B 1abx. 1 npeacrasieHa 3aBUCMMOCTh MeXIy k 1 m, moTy4eHHas

H3 9TOTO HEPABEHCTBA.

Tabmuma 1

k (1 ]2}3(4]|5]6]7|8}9]| 10 ] 11|12]13

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

MecTo pacmoIOXeHHs KOHTPOIbHBIX CHMBOJIOB 3HAYEHHA HE
uMeeT. X MOXHO NpUITHCHIBATH NepeR HHGOPMAIMOHHBIMM CHMBOJIAMH,
OC/Ie HAX H Yepexyd HHPOpPMaLMOHHBIE CHMBOMbI ¢ KOHTPOJIbHBIMA. [l
yoo6ctea OOHapyXeHHA  MCKaXKEHHBIX CHMBONOB  IienecoobpasHo
pasMemarb KOHTPOJNBHBIE CHMBOJLI Ha MECTaX, KpaTHhIX CTeneHH 2 (To
ecTh Ha :%:ES* 1, 2, 4, 8 u 1.8). HUHbopMamuoHHBIE CHMBOJH
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pacnonaraioTcs Ha ocTaBlIMXcsa Mectax. Hampumep, mwis naz:w:ozoﬁmon
KOJZOBOK KOMOMHAIIMH MOXKHO 3alKCaTh:
mim2 Ka,ms ks ka2 K, )

rae K4 - crapmmii (9eTBepTHIiL) pa3psAx HCXOAHOM KOAOBOM KOMOHHAIMA
ABOMYHOTO KOAA, a K; - Maanmuit (nepssiif) paspazx OK. ﬁ.é

OmnpezneneHne TOro, KakoM CHMBOM JOJDXEH ATb Ha
KOHTPOJIbHOH no3uuuy (1 wim 0), Dpou3BOAKTCA No xouee::rn:a»z NpH
MOMOIIM  TIPOBEPKH HAa  YETHOCTh. PacCMOTpAM  OmpezeseHHe
ko3 drmmenToB Ha npumepe koMbunaumi (2). CocraBngerca Tabn. 2, B
KOTOpYIO BBIMHMCHIBAOTCSA BCE KONOBBbIE KOMOMHAUMH Au.ccoamT HYJIEBYIO)
AN YeTHIPEXPaspANHOTO JBOHYHOIO KOJA Ha BCE COYETAHHA, a PALNOM
CTpaBa, CBEPXy BHH3 IPOCTARIMIOTCA CHMBOJM KOMOHHALMH Ko&a
X3MMHUHra, 3alMCaHHBIe B MociegoBarebHOCTH (2). Ha ocHoBe Tabn. 2
coctapnsgercs Tabn. 3, cogepxamas 3 ctpoku (m = 3). B :ovvvao CTPOKY
Tab1. 3 3amUCHIBAIOTCA CUMBONBI KOAa XOMMHHIa, IPOTHB xSWowEx CTOAT
€IMHMII B MJajieM (IIepBOM) paspsazie KOMOHHALMH Ewo:.Eo_? xoza (ki)
B Tabu. 2. :

1}

w
| Ta6mma 2

Pa3psanpl ABOUYHBIX YHCEN _
4 (k) 3 (ks) 2 (ko) 1 (k) CuMBOIH K02

0 0 0 I m
0 0 1 0 B~
0 0 1 1 K
0 1 0 0 ms
0 1 0 1 ks
0 1 1 0 k2
0 1 1 1 ki

Bo BTOpYI0 CTPOKY NpoBepodHBIX K03()HUIMEHTOB 3AMUCHBAIOTCS
CHMBONIbI k0Ja XIMMHMHIA, MPOTHB KOTOPHIX CTOAT €AMHMUEI BO BTOPOM
paspaze JK (k2) B Tabn. 2. B Tpersio cTpoky Tabi. 3 3anmceiBarorcs
CHMBOJIbI, NIPOTHB KOTOPBIX CTOAT €IHHMUBI B TpeTheM paspane JIK (ks B
Tabn. 2). Yucno nposepok, a 3HAYMT, YMCHO CTPOX Tabn. 3, PaBHO YHCITY
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KOHTPOJIBHBIX CHMBOJIOB m = 3. HaxoxiIeHHe COCTaBA KOHTPOJLHBIX
cuMBOioB M0 Ko3ddunuerraM Tabn. 3 NpH NOMOMM NPOBEPKH HA YETHOCTH
ocyiuecreaserca caeayionmm ofpazom. CyMmupyiores no soaymo 2
HH)OpMaHOHHEIE CHMBOJI:, BXOASHINE B KAXIYI0 CTPOKY Tabn. 3. Ecnu
CyMMa eQHHMI[ MO NaHHOH CTpOKe 4eTHad, TO 3HAYCHHWe CHMBOMa m,
BXOLALISTO B 3Ty CTPOKY, pasuo 0, ecnu HeuerHas, 1o - 1. [Ipu nomomm
nepeoit cTpokH Tabn. 3 onpegerserTcs 3HaUEHHe CUMBONA M;, IPH NOMOIIH
BTOPOH CTPOKH - 3HAYEHKE CHMEQA My, TpeThel - ms.

Tabmna 3

m; = Ky(Hka(+)k;

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

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

B rafin. 3 (+) - omeparop croxenus no Momynmo 2.
ITycTe HyXHO nepeaarh koMOHHALMIO 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 NocnenoBaTeabHOCTs B O0MEM BHIE MOXKHO
3aMHCaTh CIEAYIOMAM 00paioM: .

mnnkamskskaki.

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

Tabneua 4

m; = IH1EH)1

m; = 1(H1(H1

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

IMpouseeséM Opo3EpKy HAa TOYHOCT, NO CTpokaM Tabm. 4, B
pe3yibTare Hero ONpeAsisioTC KOHTPOAbHele CHMBOJK (m=1, m,=0,
m3=0), KOTOphIe JO/DKHBI AONOIHATH KAXIYIO CTPOKY HO UETHOTO 4HCHA
ennHul. Takum oOpasoM, B numMIo cBasd Gyner mepenaHa koMOuHaims
KoJa X3MMHUHTA:

mumzkamsksbaky.
10910100
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JUIA  NOBHIMEHHA MOMEXOYCTONYHBOCTH MEPBHYHOIY  Koja
Heo0X0aMMO NOCELTaTh AOMONHHTEMbHEIE KOHT]POJNEHBIE CHMBOJIBL, KOTOpBIE
YBEHYHBAIOT WIHHY KOHOBOH kOMOHHALINY, BCJEICTBHE Yer0 NOABIISIOTCS
HOTIONHHTE/LHBIE HMAM  M30BITOUHBIE KOMOBbIE KOMOMHALUAM, He
HCNIONB3YEMBIE  HEMOCPEACTBEHHO JUIA Tepeladd HEpopMamun. Tax,
CeMHpaspANHbIH KO NPHHLMIUANBHO oGecrnediEaet nepenay Ny = 27=128
KOJOBBIX KOMOMHaumit, Komuvecrso undopmammi B CEeMHPA3PATHOM KOZe
XovmuHra k=4, T.€. 9ACIO MONE3HBIX HAGOPMAUHOHHBIX KOMGHHAIMH
cocrarnsieT Ny = 2°<64, octamehrie 112 konoseix xomMGuHammlt i3 128
Npe1Ha3HaYeHBl Ul 00ecneyeHnT OMEX0yCTONIHBOCTH KONA M A3/OTC
sanpem@HHbiME.  CliefloBaTensHo, M3OLITOYHOCTE KOoma  XOMMHMIA
AOCTATOYHO BeNMKA M MOXeT OHTh ONpejeNeHa U3  CHeIyIOUIero
BBIPAMKEHHS;

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

2. OITACAHHE PABOTBI

JomycTiM, 9TO NMpH NPOXOXKIOEHWH CHTHATA OT NepeaTIHKa K
TNPHEMHUKY Ha Hero MHe#CTBYyeT aliWTHEHAS TIOMEXA, SKBHBAICHTHAK
AobasneHuo BekTOpa OWHOKH € . B aToM cirywae npu NEePEMHOKEHNI Ha
NMPOBEPOYHYIO MaTPHIY MBI [IOMyYaeM cHEpoM ¥ omubk [7]:

CHT =(c+e)HT =cHT +eH” =eH™ =5.

Ecni uncno HemyneBrIX paspsamos BekTopa OWIHGOK e He Gonee
ORHOTO (T.e. BEKTOp OMMOOK YIOBIETBODPAET YCIOBHIO HCIMPZBIE HHA
omHG0K), TO KaKIOMY BEKTOpY OIIHGOK COOTBETCTBYET CBOH CEHAPOM.
Ans  ucnpaenemns  ommbok HCHONE3YIOT — TaONHIy — CHHIPOMOB,
PacCcuUHTaHHYK) 3apaHee.

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

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

2. TIpOM3BOIMTCS NEPEMHOXKEHHE HH(OPMALUMOHHOTO CNOBa Ha
TOPOKAIOITYI0 MATPHLY KOAA.
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3. | Ha npueMHOH CTOpPOHE NpPHHATYIO MOCIEAOBATENLHOCTD
TepeMHOXAOT Ha TPOBEPOYHYIO MATPHITY ¥ NOJYYal0T CHHAPOM OIIHOKH.

4, Tlo Tabauue CHHIPOMOB HaXOAAT BEKTOp OTHOKH.

5. BLIMHUTAIOT M3 NPUHATONO CJIOBa BEKTOP OMHOKM H MOTY4aroT
MOCIaHHYIO| KOMOHHALMIO.

6. ITo nocinaHHO¥ KOMOMHAUMHM BOCCTAHABJIMBAIOT IEPEAAHHOE
ﬂLcmmoo coobmmieHHe.

uHpopma
3. MPAKTHYECKASA YACTb

Jina wv3ydeHHs HCOPaBIMIONMX CBOMCTB koda X3MMHHra
IpeyIaraeTcs Henosb3oBaTh Koa (7,4) ¢ nopoxnaromer MaTpuuei

1000110
100101
G= .
0010011
0001111
M IIPOBEpPOYHOMN MaTpuueH
1101100
H=(1 01101 0f.
0111001

-
1. Heobxoammo cocTaBHTH nporpaMMy BbIYHMCIICHHA KOLOBOIrO CJIOBA

no HHPOPMAOMOHHOMY CJOBY H MOPOXMHAIOWIEH MaTpHie G,
3nayende UHPOPMALIMOHHOTO ciloBa Gepetcs u3 Tabx. 5 coriacHo

BapHaHTy.
Tabnuua 5
Bapuant | | Bapuanr 2 | Bapuant 3 | Bapnanr 4 | Bapuasr 5
0110 0111 1110 1000 1111
1101 0001 0010 0111 0011
1110 1100 0101 1001 1010
0010 1010 1010 1100 1011
Bapuanr 6 | Bapraut 7 | Bapuanr 8 | Bapranr 9 | Bapnasat 10
1110 1100 0001 1010 1010
0110 0001 0110 0001 0011
0001 1110 1100 0000 0010
1110 0101 1110 0111 1111

SR
R
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2. CocTasbTe IpOrpaMMy BBIYHCJICHHS TabJHIBI CHHIPOMOB OMHGOK
A 338JaHHOH NMPOBEPOYHON MATPHIIBI H,

3. B Tabn. 6 npuBenensl 3HaueHNA MPUHATHIX MOCHUIOK. Beraucanre
CHHAPOM [aHHBIX TIOCBUINK, ONpEIENHTe HAIMYHE| OMHOKU B
TIPHHATOM TOCKUIKE M, MOJIb3YACEH TabuIel CHHAPOMOB, pa3psk, B
KOTOPOM MpOHM30ILIa JaHHAA OHOKa.

: Tabnuma 6
Bapuanr 1 | Bapuant 2 | Bapuanr 3 | Bapuanr 4 | Bapuant 5
0001011 1101110 | 1011011 0110100 05_8_
1011100 | 0111010 | 1111100 | 1011101 1000001
0101000 | 0110010 | 0010100 | 1111100 0101101
1001010 1000001 1001111 0110100 1001100
Bapuaur 6 | Bapuaut 7 | Bapuant 8 | Bapuant 9 | Bapyanut 10
1011000 | 0110001 | 0011110 { 0100001 _oJ:co_
0100110 1110010 1101001 0111110 1110010
0010100 1011101 0111010 1101001 0101001
1101000 | 0101000 | 0001101 1100111 co__goo

4. Tlo pesynpratam paboThl chemaliTe BBIBOABI H c%.__raﬁo HX B
oT9ere. .

KOHTPOJILHBIE BOITPOCHI

1. M3006pazure CTPYKTYpHYIO CXEMy CHCTeMbl TNepeads H
nepevrcanTe GyHKIUHH OTAENBHEIX e¢ GI0KOB. A

2. Ha3Haverue OMEX0yCTOHIHBOIO KOAHPOBAHHSA.

3. Ilepeuncnure OCHOBHLIE XapPaKTEPHCTHKA KOJA.

4. Kakodf xon HasmBaerca OnokosniM? [lepewnciure BHABI
6710KOBBIX KOJOB.

5. Yro co60if NpeACTaB/IMOT CBEPTOUHBIE KOBI?

6. Yro co60it NMpeACTaBNAIOT KACKAJHBIE KOIBI?

7. Yro coboif npeacrasiseT cocTaBHON kxox?

8. Tlpueemure CTPYKTYpHYIO cXeMy H o06bscHuTe paboTy

CBEPTOYHOIO IepPEeMEKEeHHA.
9. Kax dopmupyercs kox Xommuura? Ero OCHOBHbIE
XapaKTepHCTHKH.
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YKA3AHUS K COCTABJIEHUIO OTYETA

OT14er JOMKEH CONSPXKATE:

1) CTPYKTYPHYIO CXeMY CHCTEMbI epeJavs;

2) COCTaBJICHHYIO IPOrpaMMy ¥ pe3yJbTaThl pacdeTa CHHAPOMa;
3) KpaTkui aHas3 MPOBEACHHBIX HCCIIEIOBAHHH ¥ BEIBOMDI.
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AJITOPHTMBI MACKHUPOBAHMSA PEYEBONA HHOOPMALIMU
B MHOI'OKAHAJIBHBIX TEJEKOMM YHUKALIMOHHLIX
CHUCTEMAX

IIEJIb PABOTbI

W3yuenHe  OCHOBHBIX AJTOPUTMOB  MACKMDOBAHHA  peueBOMH
MHOOPMAUMHU H HX CPaBHUTENBHbII aHAIH3.

1. TEOPETHYECKAA YACTH

B peueBbIX cHCTEMax CBS3H HM3BCCTHHI ABa OCHOBHBIX METOXA
3aKpHTHA PEYCBBIX CHIHAJIOB, PasNELUOLXCA 10 cnocoly mepenayu no
KaHAJIaM CBA3H: aHAIIONOBOE CKPEMONHPOBAaHHE H JMCKPETH3ALMA PEYH C
nocnefylomuM mupposarueM (uudposoe cxpembimpopanue) 1lox
cKpeMONHpoBaHHEM (MackupoBaHueM) I0HAMAIOT HIMEHEeHHE
XapaKTepHCTHK PEYeBOr0 CHrHaNa TaKMM o6pa3oM, 9TOOH momy-eHHBIH
CHTHA CTaHOBWJICA HEpa30OpYMBBIM H HEYy3H:BAEMBIM, 3aHMMast Ty Xe
nojiocy cmekTpa, 410 M Mcxoaneii. Ilpn Hcmoan3oBanmu ckpembGiepa
obecrieyrBaeTCs 3amATa TeNe(OHHBIX MEPEroBOPOB OT JMOOEIX CPENcTB
cpeMa uHpopMaumu [1].

Haubonbmas d9acTs anmaparypbl 3aceKpedMBAHHA pEYEBBIX
CHUTHaJIOB  UCMONB3YeT B  HACcTOANIES BpeMsi METOX aHaJICTOBOIO
CKpeMOIMPOBaHUA, HOCKOJIBKY:

- 3TO JleLIeBO;

- HeoOxoaWMas IA  3TOT0  aNNaparypa NpHAMEHAeTcs B
GOJIBIIMHCTBE CJiy4aeB B CTAHAAPTHBIX TeleJOHHBIX KaHANaX ¢ nonocod 3,1
Kl

- obecrieqnBaeTCa KOMMEpECKkoe Ka1eCTBO JeliudpOBaHHO peH;

- TapaHTHPYeTCsl AOCTATOUHO BRICOKAA CTOMKOCTB 3aKPBITHA.

ARBasoroBbie  CkpemOnepsl mpeo6pasyloT HCXOAHBIM  peuenoX
CHrHAal TIOCPEACTBOM H3MEHEHMA €ro aMIUIMTyAHBIX, YacTOTHBIX W
BPEMCHHBIX TMapaMeTPOB B Pa3NMYHLIX kOMOHHaIMsX. B armaparax Taxoro
THIIA HCNONBIYETCA OJMH WIH HECKONbKO Cnocob0B aHAJIOrOBOIO
CKpeMOTHPOBaHHA M3 YHCHA CleAyIOIIHX:
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- CKpeMOnMpoBaHAe B 9aCTOTHON 06MacTH — 9YacTOTHas HHBEPCHA
(npeo6pa3oBaHue CHEKTpa CMTHANA ¢ MOMOIIBI0 NeTepOAMHA ¥ (QHILTPA),
4acTOTHAs pCHA H CMeIeHHe (JaCTOTHAd MHBEPCHA C MEHAIOMUMCH
CKa9Ko00pa3sHO CMemeHUeM HecymeH 49acToThl), pa3feleHHe MONOCH
9acTOT pedeBord CHrHajla Ha psj NOANHANa3’0HOB ¢ MOCHERYIOmEH HX
MepeCTAaHOBKOH ¥ HHBEPCHEIH;

- cKpeMOnMpoBaHue N0 BpeMeHHOH obnactu — pazbuenue GI0KOB
WIH qacTeil |[peYH Ha CEIMEHTH C MNEepEeMEMMBAHHEM HX BO BPEMEHH C
NOCJERYIO HX IPAMBIM H (WIH) PEBEPCHBHBIM CINTHIBAHHEM;

- KOMOWHALMA BPEMEHHOTO M YaCTOTHOTO CKpeMOIupoBaHHs [6].

Kax nmpaBuno, Bce TmiepecTasOBKH KakuM-nubo ofpasom
BHIIEJICHHEIX CErMEHTOB WIH YYacCTKOB peud BO BpeMeHHOH Hu (Wwix) B
YaCTOTHOM 061acTAX OCYIIECTBIAIOTCA IO 3aKOHY IICeBROCTyHaiHOM
NOCAEAOBaTe/IbHOCTH, BbipabarbiBaeMolf mudpaTropoM 10O  KIOUY,
MEHAIOMEMYCH T ONHOIO COOOMEHHS K IPYTOMY.

Ha cropoHe nmpHeMHMKa BBHINONHAETCA AeMH(poBaHHe IAGPOBHIX
KOJIOB, MONMYYEHHBIX W3 KaHaJia CBf3HM, H NMpeoOpa3oBaHHE B aHANOTOBYIO
dopmy. Cucremel, paboTa KOTOPHIX OCHOBaHZ Ha TakOM METOe, ARILAIOTCA
HOCTATOYHO CJIOKHBIMH, TIOCKOJIbKY /UIA OOecreyeHrs BBICOKOIO KavecTBa
nepenasaeMoi peun TpebyeTcsa BHICOKaA 4acTOTa AUCKPETH3aLMH BXOAHOIO
aHAJIOrOBOIO CHTHANlAa W COOTBETCTBEHHO BBICOKAA CKOPOCTh Mepefady
JaHHBIX TO KaHaTy cBsa3d. KaHanel CBA3H, KoTOophie obecneduBaioT
CKOpOCTh nNepenadd JaHHeix Tombko 2400 DBopa, Ha3mBaloTCA
Y3KOTIOJIOCHEIMM, B TO BpeMs Kak ApyrHe, ofecneuuBalOIHe CKOPOCTH
nepenayH cseite 2400 Box, OTHOCAT K IIMPOKONOJIOCHBIM,

AHanorossie ckpeM6reps! 10 peXxuMy paboTsl MOXHO Pa3fesIuTh
Ha JBa CIEAYIOMHMX KIacca:

- CTarM4ecKHe, CX€Ma KOINHPOBAHMA KOTOPHIX OCTaercs
HEH3MEeHHOH B TeueHHe BCel nepenadn peueBoro coobmeHns;

-~  NMHAMHYECKHE, TOCTOSHHO TICHEPHPYIOIME  KOJOBEHIE
NOACTAaHOBKH B XOHe Nepemad (Koa MoxeT ObiTh H3MEHEH B IpoLecce
nepeaay¥ HECKONBKO pa3 B TEYCHHE KaXKI0H CEKyHIEI).

OueBHaHO, 94TO AUHaAMUYeCKHe ckpembaepsl obecneyunsalior Gonee
BBICOKYIO CTEMNEHb 3aLIMTHI, NIOCKONbKY PE3KO OrPaHHYMBAIOT BO3MOXHOCTh
JIETKOT0 NPOCTYyNIMBAaHAA NIEPErOBOPOB NMTOCTOPOHHMMH JIHLEMH.

HpeobpazoBaHHe pEYeBOrO CHTHaNA BO3MOXHO 1O TpPEM
mapameTpaM: aMIUIMTYAE, 4YacToTe M BpeMeHH. Cuuraercs, dTO
HCMONB30BaTh aMIUTHTYRY HeNenecooOpa3Ho, Tak Kak H3MEHSIOIMHMecs BO
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BPEMEHHU 3aTyXaHHe KaHala H OTHOICHHC CHTHAJI/IOYyM [ENaloT CJOXHBIM
TOYHOE BOCCTAHORICHHE AMILTMTYAB NePeAaHHOro curHaiga. I[lo3romy
[IPaKTHYECKOE NPHUMEHEHHE MOMY4YMIH TONBKC FacTOTHOE H &xzeion
CKpeMOIMPOBaHAE H MX KOMOHHALMH,

[ [ ]

34 fxI'u 0 ; 34 fxIy

Pxc. 1. Ipuxnmn vmmoaz HHBEPTOPA CIIEKTPa peyr

CyuwlecTByloT 1Ba OCHOBHBIX BHJIa 9aCTOTHBIX CKpeMO/epoB:
MHBEPCHBLIH M MnosocoBoi. O6a 0CHOBaHH Ha Npeo0pasoBaHUAX ChieKTpa
HCXOQHOTO PE4eBOTO CHTHANA 1A CKPhITHA NepenaBaeMol HHYOpMALH K
BOCCTAHOB/ICHHA MOJYYEHHOTO PEYEBON0 COOBIUEHHA ITyTeM OOpaTHBIX
npeobpasosanuif. HBEpCHEIH CkpeMONep oCynieCcTRATET npeobpasoBaxue
PedYes0ro CNeKTpa, PaBHOCHIBHOE MOBOPOTY H9acTOTHOHM MONOCH! PE4EBOro
CHTHAN2 BOKDYI HEKOTOpo# cpejnel Touxu (pmc. 1). Onxaxo ;JaHHBIH
criocof obecriedMBaeT HEBHICOKMH YPOBEHb 3aKPHITHA, TaK KAk npHu
NepEXBaTe JIETKO yCTAHABIMBACTCA 3HAYEHHS YACTOTHI, COOTBETCTEYIOMEE
Cpemdell TOYKS WHBEDCHH B MONOCE PeYeBOro ChrHana. Pedepol criekTp
MOXHO TaKoke pasfeIiTh Ha HECKOJIBKO YaCTOTHLIX N0JI0C K MPOH3BECTH HX
NepeMEmHBaH¥e U HHBEPCHIO M0 HEXOTOPOMY NPaswy (KIMOTY CHCTEMbI),
Tax (yHxumonupyer nonocoBol cxpembiep (puc. 2).

Amnnuvoa

[Tooe, | =LET

34 €= [o] 3.4 xI'g

Puc. 2. Ev:::.:: PaboThI YETHIPEXIONC COBOTC oxvnzgnvm peun:
a - HCXO/HBIH peveBoit cuekTp; 6 - npeoGpa3oBaHHbIHN CrieKTp

M3MeHeHHe KIOYa CHCTEME! MO3BOISIET TOBHICHTH CTENeHb
3aKpBITHA, HO TpeGyeT BBEACHMA CHHXPOHEKBAIMH Ha NpHEMHOH CTopoHe
cucTeMsl. OCHOBHAs JacTh SHEPTMM PEYEBONO CHIHANA COCPEJOTOYeHa B
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=ame=.E04 0o0nacTH HH3KOYACTOTHOIO CMEKTpa, MO3TOMY BhIOOp
BapHAHTOB [IepeMELIABaHNA OTPaHHYEH.

CymiecTBEHHOE MOBLINIEHNWE CTENCHH 3aKpPHITHA PEYH MOXKET ORITh
AOCTUTHYTQ TYTEM peaIM3aldd B NONOCOBOM CcKpemOnepe OICTporo
npeobpasoganus  PDypee (BIIP). I[Ipy 3TOM YHCHO JOMYCTHMBIX
NepeMeMnBAaHUM YacTOTHBIX MOJIOC 3HAYHTENBHO YBENIHYUBAETCH, YTO
o?o:@:ioa BBICOKYIO CTENeHb 3aKphITHA 0e3 yXyAIIEeHNI Ka9ecTBa peyH.
MOXHO MONCNHHMTENHHO IMOBBICHTL CTENEHb 3aKPhITHA  3aNEPXKKOH
pa3THYHbIX 9YaCTOTHBIX KOMIIOHEHT CHTHAJIa Ha pasnuyHoe Bpems. IIpumep
peayH3alluM Tako# CHCTEMBI NOKa3aH Ha puc. 3.

InaBHeIM  HepocTaTkoM  Mcmoib3oBaHua  BII®  sengercs
BO3HHKHOBEHHE B cHcTeMe Oonbimod 3anepxkku curHana (mo 300 mc),
00ycnoBAeHHOt HEOOXOANMOCTBIO HCIIONB30BAHHA BECOBEIX (PyHKIM. 31O
MIPUBOIMUT K 3aTPYRHEHHAM B paboTe AYIUIEKCHBIX CHCTEM CBA3H.

Crpessbrmposaien

ped

; Baceraso

[ oo T (o 22 o s
Nepanaousan secr

I
;_ ~  [ipnsassas yacs
Puc. 3. OcHoBHas opMa peann3aliii aHAJIOTOBOIO cKpeMbiepa
peus Ha ocHose BIID

B ckpeMbrniepax ¢ BpeMeHHOM HHBepCHEH peueBoli CHrHAN AeIUTCA
Ha TMOCNENOBATENBHOCTS BPEMEHHBIX CErMEHTOBR M KAXARMN W3 HHX
nepeaaeTcs MHBEPCHO BO BpeMeHH (¢ koHua). Takue ckpemOiepsi
obecrneynBarOT OrpaHHYEHHBIX YDOBEHb 3aKpLITHA, 3aBHCAIUMH OT
JUTHTETBHOCTH CErMeHTOB. Jj1a NOCTHXEHHs Hepa3GopYHBOCTH MeIJIEHHOH
peyH HeobxoauMo, 4ToOb! UIHHA CErMeHTa COCTaBIIANa oKkojo 250 Mc. Do
O3HA4aeT, 4YTO 3alepXKa CHCTeMHl Oyner pasHa mpumepHo 500 Mc, uTto
MOXET OKa3aThCs HEMPUEMIIEMBIM B HEKOTOPBIX CJIydasX.

Jins nOBBIMIEHWS YpPOBHA 3aKpHITHA npuerator K crocoby
NIEPECTAHOBKH BPEMEHHBIX OTPE3KOB pEYEBOIO0 CHTHANA B MOpeaenax
¢uxcuposamnoro kagpa (puc. 4). IIpaBuno nepecTaHOBOK ABNAETCH
KIIOYOM CHUCTEMBI, H3MEHEHHEM KOTOPOTrO MOXKHO CYHIECTBEHHO IOBBICHTH
CTeneHb 3aKpuiTUA pedd. OcrartoyHas pa3GOPYHBOCTL 3aBHCHT OT

2 |

ITHTETLHOCTE! OTPE3KOB CHTHANA M Ka/lpa M C YBENHYEHHEM NOCIETHEro
yMeHsmaercs [7].

InmaBHbIM HenoCTaTKOM ckpembiepa ¢ (PHKCHPOBAHHEIM KampoM
ABNAETCA OONBIIOE BpEMA 3aJePKKA CHCTEMbl, PaBHOE |yABOEHHOM
IMJIMTENIBHOCTA Kagpa. JTOT HENOCTAaTOK YCTPAHAETCH B ni«i@%n c
NEpeCTaHOBKOH BPEMEHHBIX OTPE3KOB PEYEBOT0 CHTHANA CO CKOMB3AIIHM
OKHOM. B HeM 4HCcIO KOMORHAUHH BO3MOXHbIX [I€PECTAHOBOK 43»::@5
TakuM 00pa3oM, 9TO 3alepkka JOGOr0 OTpe3ka He MPeBOCXONHT
YCTaHORJIEHHOIO MaKCHMA/IbHOTO 3HadeHHA. KaxIbIf OTpe30K, HCXOZHOINO
pedeBoro CHrHaja kak Obl HMEET BPEMEHHOE OKHO, BHYTPH .am:ouoa OH
MOXET 3aHAMaTb MPOM3BOJILHOE MECTO NPH CKpeMOMHpOBaHWH, 3TO OKHO
CKOJIB3UT BO BPEMEHH NO MEpEe MOCTYIUIEHMA B HEro g@ﬂo HOBOIO
OTpe3Ka CHTHaNA. 3a[iepXKa IIPU 3TOM CHIDKAETCA [0 JUIMTENLHOCTH OKHA.

Lalzp b b F] [l2REF]

0 t 0 _ v
Puc. 4. Cxema pa6orsl BpemeHHOro ckpembnepa ¢ nepeCTaHOBKaMH
B GMKCHPOBaHHOM Kajpe *
|

Kom6unupoBanHbi#i ckpeMOiiep HaMHOIO CJIOXKHEE OOLIYHOTO H
TpebyeT KOMIDOMMCCHOTO pemeHHs MO BHIGOPY YPOBHA 3aKpBITHA,
OCTaTOYHOH pa3bOpYMBOCTH, BPEMEHH 3a/IEPKKH, CIOKHOCTH Tﬁazz |
CTeNeHH HCKaXEHHH B BOCCTAHOBIECHHOM CHTHale. B kadecTBe mpHMepa
Takol CHCTeMBI paCCMOTPHM CKpeMOJiep, cxeMa KOTOPOro NMpeAcTaBlIeHa Ha
pHC. 5, IAe  omepaluA  YaCTOTHO-BPEMEHHBIX  NEPECTAHOBOK
AHCKPeTH3UPOBAHHLIX OTPE3KOB PEYEBOI0 CHTHANA OCYMIECTBIACTCA C
NIOMOIIBIO YETHIPEX NMPOLECCOPOB LMPPOBOH 06pabOTKH CHTHANIOB, OIMH W3
KOTOPEIX MOXET pealH30BhIBaTh (YHKIIO TreHeparopa CydalHOM
MOCTIeAOBATENLHOCTH (KJII0Ya CHCTEMBI 3aKphitas) 7).

B TakoMm ckpembiepe crnekTp oLM(POBAHHOIO aHANOTO-UM(POBHIM
npeobpasosarenieM (ALITI) peveBoro curmana pasbusaercs MOCPEACTBOM
HCIIONIB30BaHHA JITOPUTMOB IH(PPOBOY 06pabOTKH CHIHAIOB Ha YaCTOTHO-
BPEMEHHEIE BIIEMEHTH!, KOTOphIE 3aTeM IIEPEMENIMBAIOTCS HAa YacTOTHO-
BPEMEHHOH IUIOCKOCTH B COOTBETCTBHH C ONHHM M3 KPHIITOTPAHUECKHX
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aropurMoB (pHcC. 6) U CyMMHPYIOTCSA, He BBIXOAS 32 TpeAesibl YaCTOTHOIO
AvanaldHa UCXOOHOI'0 CHIHald,

Puc. 5. CrpyxtypHas cXxeMa KOMOHHHPOBAHHOIO CKpemOGnepa

Yacrora Yacrora
102 3alafs s [1a]1e]1e]1s
6|7 8|9 -0 a[le|2]12]s
NEEIREE 10|71 [14l1e
EM 17 €[ 19 |20 o |20 4 [11] 7
t=0 1 t=0 t

Puc. 6. Ipurmun paGoTsl koMG#HUpoBaHHOTO CKpeMbepa
CO CTOMKOCTEIC CACTEM LH(POBOTO 3aKPHITHA PEdr

Ha npnemHOM KoHIe NpOW3BONATCS OOpaTHHE ONEpAMH IO
BOCCTAEOBJICHHIO MOTYYEHHOTO 3aKPHITOr0 PEIEBON0 COOOMIEHHA.

CxpeMmOriepsl BCEX THIIOB, 3a HCKITIOYEHHEM npocreitmero (¢
4acTOTHON MHBepcHel), BHOCST MCKOKEHUS B BOCCTAHOBJICHHEIH pedeBon
CHTE@N. ['paHAUEI BpeMEHHMIX C2I'MEHTOB HapyINaloT NeJIOCTHOCTh CHIHANA,
YTO HEH30EXHO NMPHBOAHT K IOABIEHMIO BHEMOIOCHBIX COCTAaBMIONIMX.
Pe3ynsTaToM uckaXeHHs SBASETCH yBENTHICHHE MHHUMAJIBHO HOIYCTHMOIO
OTHOWISHHS CHTHAI/IIYM, NPH KOTOPOM MOXET OCYMECTRIATHCA HANEKHAS
CBA3b.

JAMCKPETH3aUHA PeyH ¢ NOCTeAyOmEM mn(pPOBaHHEM

ANBTEPHATHBEBIM  AHJIOTOBOMY CKPeMOIHPOBAHKIO METOLOM
Nepefayd pedd B 3aKpbiTOM BHIE sBIAETCHA IMH(pPOBaHME pEYEBHIX
CHIHaJIOB, MPeoOpa3oBakkbiX 3 UHOPOBYIO GoOpMy, Iepen ux nepeaaye.
O10T1 MeTon ofecneumsaer Gomee BICOKM YPOBEHb 3aKpbITHA IO
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CPaEHEHMIO ¢ ONMCAHHBIMHM BBUILE AHANOIOBEIMH METOAaMM. B ocHoBe
YCTPOUCTB, paboTalomyX 1O TakoMy MNPHHIINIY, JEXHT NPEACTABICHHE
PeyYeBoOro CWrHana B BHAC LM(POBOH MOCIEHOBATENIBHOCTH, 3aKphIBA¢MON
O ONHOMY H3 Kpurmorpapudeckux amopuTMoB. Ilepenada JamibIX,
NPELCTARNAIOMMX JAHCKPETH3IHPOBAHHBIE O1CYETH PEYeBOr0 CHTHAJMIA K ero
napameTpsl, 0O TeNeQOHHBIM CETAM, aK M B Ciy4ae YCTpoMcrs
wnppoBaHus  andaBuUTHO-UMbpOBOX M rpadutueckoil  MEpOpMauMM,
OCYUIECTBIIAETCA uYepe3 YCTpoMCTBa, HasblBaeMeie MoxeMaMH. OCHOBHOM
UeJbI0 NpH pa3paboTke ycTpolfcrB HU(POBOrC 3aKPHLITUA PEYH ABNAETCH
COXpaHEHHE TeX €€ XapaKTepHCTHK, KOTOpble Haubonee BaXHL! yIn
BOCIIPHATHA chiymateneM [1].

Coxpasenue (opMBl CHTHAIA TPe3YeT BBICOKOM CKOPOCTH
nepefaid H COOTBETCTBEHHO HCHONB30BAHMA |NHPOKOMOJOCHBIX KAaHANOB
cBA3M. Jl1s y3KOTIOIOCHBIX KaHaI0B TpeGyIOTCA YCTPOKHCTBA, HCKITIOAKO He
M30BITOYHOCTH pedd 10 ee nepefadd. CHIDKeHWe MHPOPMALMOKHOM
M30BITOYHOCTH pedH JOCTHTAeTCA TapaMeTpH:auMell peueBoro CHTHana,
NpH KOTOPOH XapaKTepUCTHKH PEYH, CYLUSCTIBSHHBIE IS BOCHIPUATHA,
COXPaHAIOTCA.

OcHOBHOY OCOGEHHOCTBIO HCIIONE3OFAHMA CHCTEM LM(POBOro
3aKpHITHA PeYeBBIX CHIHATOB SBIACTCH HEOGXOZMMOCTH TNPHMEHEHHS
MONeMOB. B  mNpHHUMNE BO3MOXHLI  CNETYIOMHE MOAXOABI  NpH
MPOEKTHPOBAHHH CHCTEM LH(POBOTo 3aKpHITHA PEUEBEIX CHIHANIOB:

- uapposas TOCIENOBATENHHOCTh TAPEMETPOB PEYH C BHIXOJAA
BOKO,JEPHOTO VCTPOHCTBa NMoAaeTca Ha Bxon mmMdpaTopa, riae NoaBepracTes
npeobpa3soBanvio 10 OJHOMY H3 KPHNTOrpapHueCKHX aNrOpPHTMOB, 33TeM
TNIOCTYTaeT Yepe3 MOLEM B KaHail CBA3M, HA MPUSMHON CTOPOHE KOTOPOro
OCYLIECTBIAIOTCH OOpaTHbIE ONEPalMH MO BOCCTAHOBJIEHHMIO PEYSBOrO
CHIHana, B KOTOPbIX 3aieicTBoBansl MoneM U nemmHdparop. Hludpyroinue
(mewndpyromue) Pynkuuu obecneduparorca HM60 B OTASIBHEIX
yCTpo#cTBax, 1M60 B TNPOrpaMMHO-AMIAPATHON peaTM3aUMH  Camoro
BOKO/1€pa;

- mudpyomue (memudpyrowme) ¢GyHKkuMH obecmeunBaKTCa
caMuM MOJIeMOM (TaK Ha3bIBACMbIi 3aCEKPEIUBEIOIMH MoaeM) OBBITHO No
M3BECTHBIM KpurTorpapuueckum wiroputmad Tuna DES u ap. Hudposoi
NOTOK, Hecymu# MHGOPMAUMIO O MapameTpaX pedr, C BHIXOAA BCKOJEpa
HEMOCPENCTBEHHO NOCTYMAeT Ha TakoH MoaeM. OpraHu3amps CBA3M IO
KaHaJTy aHaJIOrHYHA BHIIIENPHBEECHHOM!,
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ACHHXPOHHOE MACKHPDOBAHHE PeYH Ha O0CHOBE AJINOPHTMA
Xypruna — SIkoBiesa

CymecTsylolue MeTofbl Mackupoanus PC  3HAYHTENBHO
yMeHBIIAIOT AuHaMpdecknit quanason PC. B cuny sToro BOCCTAHOBITEHHBIH
Ha npreMHoM cropore PC ofnajlaeT 10CTaTO9HO HU3KOH Pa36opIHBOCTEIO.

Omue W3 myTel pEmEHHs NEPeYHCNCHHBIX BHE NpobieM
BO3MOXEH Ha OCHOBe ayroputmMa Xyprusa - Sxosnesa [l1],
HCNONB3YIOMEr0 NMpEeACTABIEHHE HCXONHOH HHPOPMALKH B BHIE OTCYETOB
CHrHAI2 M €ro npowsBofHOH. Mcrone3opamue anroputva XypruHa -
SixopneBa B HMHTepecax MACKHDOBaHHMA pEYeBHIX CHTHAJIOB MO3BOJUT
[HOBBICHTh TIOMEXOYCTOMYHBOCTE H  pEAH3alMOHHBIE BO3IMOXKHOCTH
CHCTEMBI MACKHPOBaHHA.

Asroprrv Xypruea - SkoB/ieBa paccMaTpHBACT NpPEICTABICHHE
PC ¢ GWHHTHEIM CHEKTPOM H BepXHel TpaHH4YHOH 9acTOTOH F B Buze
COBOKYMHOCTH OTCYETOB CHIHANA M €ro N-1 nepBhIX MPOM3BOAHBIX, B3STHIX
¢ "acroToi muckpernsaumn f, = 2F/N=f,, /N , mae f, , = 2F - yacTora
HHCKDeTH3AaIWH, ONpeeNseMas B COOTBeTCTBHH C Teopemod B.A.
Korensuukosa. Mcxomusit curnan f(t) Ha ocHoBe airoputMa Xyprusa -
SlkorneBa MoxeT 6bITh peacTasieH B Buze [, 12]:

N=1 oo

f0)=), ) fYmNAY —nNA) [sinc(e)]" / k!,
k=0 #=-co

roe sinc(a)=sin(a)/et, o=n(t-nNAYNA, f®¥@mNA) - orcuern k-#
NpOM3BOJHON cWrHana, A =1/2F . B [12] paccMoTpeHa BO3MOXHOCTH
ACIIONB30BaHHA airopuT™Ma Xypraka — JSlkosnesa mpH N=2, uyro
nozpasyMesaeT npejicTapienne uexomHoro PC f(n) B Buae npopexeHHsIX
orcueros curraia fi(n) u npoussomHoit fi(n). B atoM ciyuae ycrpo#cTBo
(puc. 7) BOCCTAHORJICHWA MCXOJHOrO CHTHANA BKIIOYACT ABA KaHana, B
KOTOpHIX oOcymecTBaserca o6paboTka NOCIeNOBaTENbHOCTH OTCYETOB
cursana fi(n) ¥ npomsBogHOM fi(n) B CHHTEIHpYIOIHMX (QHIBTpax c
MMITYTbCHEIMH  XapakrtepucTukamu  sincX(@) #n  (t-nNA)sinc¥(a)
COOTBETCTBEHHO.
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Puc. 7. Cxema anropur™a Xyprusa - SIkoBiiesa s .uw

Ha puc. 7 BBeziens! 06o3Havernus: ] — mudpdepen p, (O] -
penpmatop, K.C. — xasan cessu, [ -] - unrepnonarop, P1 n @2 -
CHHTE3MpYlOUMe (HUIBTPH CHTHANA M €ro NPOM3BOAHOM B aNrOpHTME
Xypruna - Sxonepa, h(2n) - npopexeHHblE OTCHETH! E%v.ﬁ B KaHaje,

A A A
£ (2n),f'(2n) u fu(n),f’, (n) - OTCHETH! CHIHANA W IPOM3BOXHOH Ha BXOJE

4 Ha BEIXOJe MHTEpIOJATOPa cooTBeTcTBerHo, f(20), f(20) y (f(20), flon) .
OTCYETH! CHTHANA W MPOM3BOAHON HA BXOAE M Ha BHIXOAC xﬂgm CBA3H

cootserctBerHo, f,(n), f,(n) - oTcueTHl CHrHANA Ha BBIXOAC NMEPBOTO H
BTOPOTO CHHTE3HPYIOMMX (HILTPOB.

2. MPAKTHYECKASA YACTD _

1. MccnenoBanue ckpemGAHpOBAHAS B YACTOTHOH ofuiacTH

1.1. 3amycTuTe nMporpaMMy MOJEITHPOBAHHUA. :

1.2. BuiGepure 4acTOTHBIE METO/IB! H YACTOTHBIH HHBEPTOP.

1.3. Orxpoitre 3sykoBo# ¢aitn “filel.wav”, npencramisiouAi
coboit obpaserl 4eoBeIECKOM peun.

1.4. YCTaHOBHTE BHICOKOE OTHOLIEHHEe CHTHAN-IOyM (rmopanxa 40-
100 nB) u N, pasHoe 10.

1.5. TpoBegure KomupoBanus ¢aiia mpu pasHBIX 3HaYeHHAX
cpenHed YacTOTHI MHBEpCHH (BO3BpAlleHHE K HCXOMHOMY daiiry
OCYIIECTBIAETC HAKATHEM KHOTIKH “BepHyThCA K MCX. patimy”).

1.6. Ilpu 3TOM moCITE KaXAOTO CEaHCa KOXHPOBaHMA NpociymaiTe
nomydeHHb# (a1 ¥ OLEHWTE €ro OCTAaTOMHYI0 pa3bopIMBOCTE MyTEM
SKCTIEPTHOH OmEHKH 0o rmATHGambHOM mkane  (CyOBEKTHBHO).
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Sadukcrpyiite naHHYI0 oOlleHKy B order. Kpome TOrO, MiA KaKIOro
KOAMpOBaHHOro (aiina QHKCHpYHTe B OT9eT OOBEKTHBHBIC MOKa3aTelH
OTIIMY¥St HCXOAHOTO OT KOAMPOBAHHOrO (aiina:

- mpocneauTk 3a u3verenneM BK® B Teqenne skcnepHMenTa;

- cpenHee (MOOTCYETHOE) padinyie pabodHX CHrHANOB.

1.7. Cpenaifte BBIEOJ, KaKMe HACTPOHKH ckpemOuepa no3soasioT
CHM3UTh OCTAaTOYHYIO pa3s(opuMBOCTL M INOBHICHTH YpPOBEHb 3aKPBITHA
HHOOPMALMH A7 JAHHOTO THIIA CHIHAJIOB.

CyObeKTHBHYIO ClIEHKY Lenecoo0pa3sHO YYHTHIBATH, KOIZA
OCHOBHas 3Heprus Nnpeodpa3oBaHHOTO CHIHAMA JEXUT B AUana3’oHe JacToT
40 — 14000 T'u, Tak kak 6cuiee BHICOKME YACTOTHI C TPYAOM PasiiM4alOTCA
4eJI0BEYSCKMM CIIYXOM M MOTYT NpeTepresaTh 3HAYMTENbHbIC NCKAKEHIAA B
KaHamax CBA3H.

1.8. Mosropure ni. 1.5-1.7 ana N, pasroro 100, 1000, 10600.

1.9. Orxpoiire 3Bykosoii daiin “file2.wav”, npencraBasioImHiA
coboit ofpaser yenopeuecket peun.

1.10. HNosropwre 1y AarHOro ¢daitna mn. 1.5-1.8.

1.11. Orxpotite zBykoBOi ¢atin “file3.wav”.

1.12. INoTopure 1179 KanHoro ¢aiina m. 1.5-1.8.

1.13. BeiGepure 9acToTHLIE METOMIB! H TIONIOCOBOH CKpeMOep.

1.14. Vcranosute 3HaueHus M u N nopaaka 10 u nposepute
KOAHpPOBaHHKE (aitna.

1.15. Bemmonaute nm. 1.6, 1.7.

1.16. Ilyrem xolmapoBaHMA ¥ BCTaBKM H3 NoieH AN KIIOYEBBIX
nocieoBaTebHOCTEN Koeka HsMeHuTe (2-7) 3HaueHHH, UMHTHpYA patorty
no noabopy Knoya.

1.17. 3aduxcupyiire B OTYET YCHOBHA M Pe3yNbTaThl JaHHOIO
SKCNEPHMEHTA.

1.18. Vcranosure 3nasennas M u N mopsnka 100 u mposepure
KonMpoBaHue Paiina.

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

1.20. Vcranopure tHausnus M 1 N nopaaxa 1000 m mposepure
KOIHpoBaHHe aiina.

1.21. Bemonuzre . 1.6, 1.7 m 1.16-1.18.

1.22. Beoifepute  MacTOTHBIE  MeTOOkl H  TIOJOCOBOI
WHBEPTHPYIOMHN cKpeMb.1ep.

1.23. Bemonupte ma. 1.14-1.21.
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2. HccaenoBaHue ckpeMiVinpoBass Bo BpemeHHo# obaacTi

2.1. Bribepure BpeMEHHBIE METO/IB! 11 BPEMEHHON HHBEPTOP.

2.2. VcranoBute N, pasHoe 10, u orkpoire 3BYKOBO d(aiin
“file4.wav”.

2.3. IlpoBeaute komupoBanus (a¥yia 1MpH pasHBIX 3Ha4eHUAK N
(100, 1000, 10000).

2.4. Beinonuure . 2.3 urm. 1.6, 1.7.

2.5. Beibepute BpeMEHHBIE METOAEL )1 Bf€MEHHBIE TIEPECTAHOBKH.

2.6. Bemoasure nn. 1.14-1.21.

3. HccaegoBaHue BO3MOXKHOCTEH CKPBITHOH  mepenaun
co001eHHH

3.1. Ilo pesynsraramM BbIMONHeHHCH paforsi BriGepuTe Ny4nIHH
ckpeMOnep U ero ONTHMANbHbIE MAPAMETPhl 10 COBOKYIMHOCTH OMHCAHHBIX
BBIIIE KPHTEPHEB.

3.2. Orxpoifre 3BykoBO# aiin “file] .wav”.

3.3. Bribepure BpeMeHHbBIE METOHBI H peXHM paborel Ge3
KOQUPOBAHUA.

3.4. YMmeHblIalTe OTHONIEHHE CHTHAT-IUYM (M HaXHMAHTe KHOITKY
“Koamposare ¢altn”) pno Tex mop, nCka e€nie MOXHO pasobpars
nH$opMaImIo B coobmenuy (roka He Oyaer 11oTepaHa pa3topunBOCTS).

3.5. Hactpoiire cxpemOnep B COOTBETCTBHH ¢ II. 3.1 B mposenuTe
KoaupoBaHHe. [IpH 3TOM He HCTIONL3YHTE CMydaH, KOria OCHOBHAA IHEPTHA
npeolpa3cBaHHOIrO CHIHaJIa JIEXHT B Jinanasode uactor 40 — 14 000 I'u.

3.6. OueHHTe OCTATOUHYIO pa3bopurBoCcTE Ha OCHOBE 1. 1.6.

KOHTPOJIBHBIE BOITPOCHI

1. Jlajite onpeneeHHe MacCKHpaTope.

2. Buppl ckpeM0i1epoB, HX OCHOBHEIE OCOCEHHOCTH.

3. VicKaKeHHS CHTHAJIOB TIPH HCMOJE30BAHUM CKpeMOIepoB.

4. IOCTOMHCTBA M HEIOCTATKYH CKPEMOIEPOB.

5. VKaxuTe CBA3b MEXIY METOAAMH 3aKPHITHA PEUYEBBIX CHTHANOB
¥ CTEIIEHbIO CEKPETHOCTH.

6. ITpuBeauTe QYHKIHMOHANBEBIE CXEMBI AHATOTOBBIX
ckpemMbi1epoB.
7. HocToHHCTBA aNroput™Ma XypraHa — JKosnesa.
8. Cxema anroput™a Xyprusa - fIkosnesa mis N=2.
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JIaGopaTopuas paGora Ne 4

PE)XXHUMbI PABOTBI 'OCT 28147-89
IEJIb PABOTBI ﬁ
AHaH3 HEKOTOPHIX peXXUMOB pabotsl TOCT 28147-89.

1. TEOPETHYECKASA YACTb i
|
FOCT 28147-89 — coserckmift M  poccmickui CTaHzapT
CHMMETPHYHOTO mH(poBanus, BBeAEHHbIH B 1990 romy, Taioke sBnsgerca
crangaprom CHI'. Ilonnoe Hassamme— «I'OCT 28147-89 CucteMsi
obpabotku wuHGpopMaumu. 3ammTa KpUITOrpadHueckas. | ANTOPHTM
KpHIITOrpaduueckoro npeobpa3opanmsmy».
I'OCT 28147-89 — 6no4nbIl mudp ¢ 256-GHTHBIM KIIO4OM H 32
LUMKIaMH NpeoOpa3oBaHus, ONEPUPYIOLIHK 64-6UTHRIMH GIIOK aMu.
SAsnsierca npumepom DES-nofo6HEIX KpHNTOCKCTEM, oounwmzzx
1o KNacCHYEeCKOH HTepalMoHHOM cxeme DeicTens. M
Cranpapr ormenén Ha teppuropus Poccum u CHI ¢ 31 mas 2019
roxga B CBA3H c NPUHATHEM HOBBIX TOTHOCTBIO ero
3aMEHAIOMHUX MEXIOCYIapCTBEHHBIX crasgaproB 'OCT 34.12-
2018 (ormceiBaer mupsr «Marma» u  «Kysneunx») uIT'OCT 34.13-
2018 (onuceiBaeT pexxHMBI paGOTHI 611049HKIX IHPPOB).

Jloruka nocrpoeHns inGpa U CTPYKTYpa KAl04eBOMH HHdopMannn
IrOoCTa

Ecmi sHuMaTensHO m3yauth opuruHan FOCT 28147-89, mMoxHO
3aMETHTB, YTO B HEM CONEPKHMTCA ONHCAHHE AITOPHTMOE HECKOIbKHAX
yposHeH. Ha camMoM BepXHeM HaXOJATCS NpPaKTHYECKHE AITOPHTMBI,
TNpeHa3sHAYCHHbIe U1 WH(POBAHHS MACCHBOB JAHHBIX H BEIPaGOTKH AJiA
HUX HMHTOBCTaBKH. BCe OHM OMUPAalOTCs HA TPH AITOPHTMA HM3IIETO
YPOBHS, HassiBaeMbie B TekcTe ['OCTa umknamu. OHR MMEIOT Clieayiomue
Ha3BaHuA ¥ 0003HaAYECHMA:

Yurn saumudposanun (32-3);
yurn pacwugposanus (32-P);
Yuxn esipabomku umumoscmasxu (16-3).
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B cBolo ouepenmt, Kaw¢aeli W3 0a30BRIX LMKIOB INpENCTaBISET
co00#f MHOIOKpaTHOE [IOBTOPEHHE OHHOM ENMWHCTBEHHON NPOLEAYDHL,
Ha3bIBAEVION [UiA ONpENENSHHOCTH Aajiee B HacTosmed paboTe OCHOBHBIM
arcM Kpunronpeopa3oBaHms.

Taxum obpazoM, 4706k pasobparscs B 'OCTe, Hamo NOHATH TPU
CNIEXYIOLIHE BELH:

a) 4TO TaKOe OCHOBHOM (War KpHUIrTonpeobpa3oBaHus;

0) KaK M3 OCHOBHBIY. IIATOB CKIAARIBAIOTCA 0a30BHIE LHKIIBL,

B) KaK H3 TpeX 6a3CBbIX UHKIOB CKIabIBAIOTCA BCE NPAKTHYECKUE
anroputMbl 'OCTa.

[Ipexpae d9eM mNepedTH K HM3YYEHHIO 3THX BOMPOCOB, CNEAYET
OOTOBOPUTE O K/IIOYEBOK HH(OPMAUMH, HCIONb3yeMON AINOPHTMAMH
I'OCTa (puc.1). B cooreercrsun ¢ mpanumnom Kupxroda, koTopomy
YAOB.IETBOPSIOT BCE COBPEMEHHLIC H3BECTHbIE IMMPOKOH 00MECTBEHHOCTH
mWHdpPE, HMEHHO ee  CEKPETHOCTh O6ECreYMBaeT  CEKPETHOCTh
3awHpoBanHoTro coobmenns. B TOCTe xmoueBas HHPOPMALMA COCTOMT
M3 JBYX CTPYKTYp JaHHBIX. IToMuMo coficTBeHHO KIO4a, HEOOXOIAMOTO
IV BCeX HIMGPOB, OHA COACNKIT eme U Tabauuy 3amed. Hubke npuseneHs!
OCHOBHBIE XapaKTePUCTHKH 1umcHeBIX cTpyKTyp 'OCTa.

1. Kniow sgBnsercs MacCHBOM 43 BOCBEMH 32-GHTOBBIX 3JEMEHTOB KOjIa,

nanee B HacToAweH pabore oH oDo3Havaercs cuMBojioM K: K= {Ki}o <:

< 7. B I'OCTe 3neMeHTH K044 MCMIONB3YIOTCH Kak 32-paspajHble Lenkie

ymcia Ges 3Haka: 0 < Ki < 2*2, Taxem 06pasoM, pa3Mep KI0Ya COCTaBIseT
32-8 =256 6ur wna 32 Gatira.

2. Tabauya 3amen Moxer SbITh NPEJCTABICHA B BUAE MAaTPHLbI Pa3MELOM
8x16. cogepxameit 4-GHTOBbLIE MEMEHTHI, KOTOPhIE MOXKHO IMPEACTABHUTE B
Buze uesbix yucen ot 0 po 15. CTpoku mabiuysl 3amen HasblBAIOTCA
Y3aamu lamMeH, OHU [NOIKHEI CO1EPXKATh Pa3fIMYHBIE 3HAYEHHS, TO €CTh
KaXILA v3en 3aMen oJhKeH coaepxarh 16 pasmmasbix qucen or 0 go 15 B
NpOUsBOJIEHOM nopsake. Takum obpasoMm, ofumi o6beM TaGnuupBl 3aMeH
paBer: 8 y3noB 16 anemeHvos/y3en 4 Gura/anement = 512 Gur mwnm 64
Gatita.
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Puc. 1. CtpykrypHas cxema airopurma

Hannas cxema CoOxepKHT:

. YeTripe Hakonurens no 32 Gura: Ny, N;, Ni, Ni.
. ABa 22-pa3paaaeix Hakonwurens: Ni 1 Ng —— ¢ 3aNHCAHHBIMA B HHX
NOCTOABHBIMH 3anonHeHUAMH C; ¥ C; COOTBETCTBEHHO.
° Kntoyepoe 3anomusaromee yctpoiictso (K3Y) Ha 256 6ur. K3V
COCTOMT H3 BOCBMH HakomureneH mo 32 paspana kaxmsit: Xo, Xi, X3, X3,
Xa, Xs, Xe, X3.
° 32-paspanHbiit cyMmmMarop no Momymo 2: CM,.
. Eme omin cymmarop mo momymo 2, KOTOpPHIA He HMeer
OrpaHHYeH¥A Ha PA3PANHOCTH (HO ACTIONB3yeTcs 64 6ura): CMs,
® HBa cymmaropa no Moaymo 232 paspagHoctH 32 6ura: CM,,
CMs.
° Cymmarop no Moayimio (232-1): CM..
© Bnox noacrarosku K: BoceMb y3:108 3amenst K, Ko, K3, K4, Ks,
Ks, K7, Ks, kaxapiit ¢ maMaThIo Ba 64 Gura.
U Peructp umknmryeckoro cxpura Bieno Ha 11 Gur R.

OcHosa anroput™a mwudpa — cets Pedfcrens. Beugensior eThipe
pexuma pabotst FOCT 28147-89:
1) npocroii 3ameHsl,
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2) HPOBaHUE,

3) HpOBaHHE ¢ 0OpaTHOH CBA3LIO,

4) pgxuM BeIpabOTKH HMHTOBCTABKH.

bazopeiM pekumoMm mmdpoBanus no I'OCT 28147-89 sasnsercs
pexuM i 3aMEHBI.

Hna | 3amu¢poBanns B 3TOM peXHMe OTKPBITHIN TEKCT CHayana
pa3buBaeTcs Ha NBe NONOBMHB! (MIamIHe GATHL — A, cTapmue 6uTH — B.

Ha i-m 1 HCTIONB3YETCA NOAKTIOY Ki:
Ait+1=BiDf(Ai,Ki) (P = ABoMHHOE (HCKITIOYAIOLIEE HIH»)
Bi+1=Ai.

Jis  reHepauMM TOAKMIOYEH MCXONHHM 256-GHTHHIE KMoy
pa3buBaeTcs Ha BoceMb 32-6uTHEIX 6n0k0B: K;...Ks.

Kmoun Kp...Kz4 ABASIOTCA LHMKIMYECKHM IOBTOPEHHEM KIOYei
Ki...Ks (HyMepytorcs  or muanmmux OuToB K crapmmuM). Kmoun
Kos... K3z asnsiores xmoyamu K. Ks, Haymymn B o6paTHOM nopsiake.

Hocne BeinonHeHHA BceX 32 payHAOB anropurMa Onoku Ass M
Bs; cxieuBatoTes (o6paTHTe BHHAMaHHE, UTO CTapIIMM GHTOM CTAHOBHTCA
Ajs3, a MuanmM — Bs;) — pe3yJbTaT ecTh pe3ynsTar paboThl AropuTMA.
HemudpoBanue BBHIMONHACTCA TaK e, Kak W IH(PPOBAaHHE, HO
HUHBEPTHPYETCS NOPAAOK monkmoueit K;.

Dynxuma f(A;, Ki), ncnonssyemas B cern ®elcrens

[t ]

Kntom K, -+
BRI R ARSI RAER

g e o ]

_ << 11 6mt *

[

Puc. 2. dynxuus f(A;, Ki), Henonesyemas B cetu Delicrens
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Pynkuus (A Ki), (puc.2 ), Bsrucasercs CIeqYrO obpaszom:
Ai u K cxnansiBatotes no momxymo 232,

Pesynprar pasbuBaeTca Ha BOCEMb 4-GHTOBBIX
NOANOCNE/I0BATENLHOCTEH, KakKAas M3 KOTOPBIX MOCTYTIA€T HA BXOX
CBOETO yana mabnuyvi 3ameH (B TOPANKE BO3PACTAHHUA ?vE::Snm
6uTOB), HasbiBaeMoOro S-610KoM. ObWee KONUIECTRO S-6moxos 'OCTa —
BOCEMB, TO €CTh CTONBKO X€, CKOJNBKO M IOATOCIENOBaTeNbHOCTEH.
Kaxnpiit S-6nox npencraBnser co6oit nepecTaHoBKy uucen or 0 po 15.
Ileppas 4-6uTHas moanoOCTeOBATENBHOCTE NONajaeT Ha BXOJ NepBoro S-
61oka, BTOpas — Ha BXOI BTOPOTO H T. 1,

Ecnu S-6nox seirnanur Tak:

m,-_m.l_u,,o. 5,7,10,4,9,2,3,14,6, 11, 8, 12: :
M Ha BXozle S-6110ka 0, To Ha BeIxoae 6yzer 1, ecu 4, 10 Ha BBIXOZIE OyzmeT
5, ecnu Ha BXoZie 12, To Ha BEIXOfE 6 M T. I, ;

Brixomet Bcex BockMH S-610KOB 06BEXHHAOTCA B 32-GHTHOE
C/IOBO, 3aTeéM BCE C/IOBO IMKIMYECKH CIBMIAeTCH BIEBO (K CTapmuM
paspsaam) Ha 11 6uros. ;

Bce Bocems S-6110k0B MOTYT GBITh paznuunsiMu. Daktygecku ouu

|
MOTYT ABJIATHCA [OOTOJHHTENIBHLIM KITIOYEBBIM MaTe€pHalnoM, HO yame

ABIIOTCA I1apaMeTPOM CXeMbI, O6muM s onvnne_ommrn Ipynmsl
TI0Nb30BaTeNei.

PexuM IpocTolf 3aMEHBI HMEET ClIEMIONIHe HENOCTATKY
. MoXeT mpHMEHATBCA TONBKO  Iyis IWHGPOBAHUA  OTKPBITHIX
TEKCTOB C JJIUHOM, KpaTHOM 64 6uram.
° Ilpr  wudpoBanun oONMHAKOBBIX 610KOB OTKPHITOTO TEKCTa
f07y9al0TCA  OnuHaKoBhble 0ok WIMQPOTEKCTA, 4YTO MOXKET JaTh
ONpPENEIEHHYI0 HHPOPMALMIO KPHIITOAHATHTHKY.

Taxum o6pasom, npumenere MOCT 28147-89 B p€XuME NpoCToit
3aMCHBI XKeJIaTe/IbHO JIMLIG 11 ITH(POBaHHSA KIIFOUYEBbIX NAHHBIX,
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I'aMmupoBanue

Baox oTkpwTOra
TeKITR
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Puc.3. Cxema paGoThl B pexuMe raMMHUpPOBAHHA

ITpu pa6ore F'OCT 28147-89 B pexxuMe raMMupoBanus, (puc. 3 ),
dopmupyercs Kpuntorpagirieckas ramma, KoTOpas 3aTeM
NOOHTHO CKJIANBIBAETCA 110 MOLY.THO 2 C MCXOMHBIM OTKDBITHIM TEKCTOM IUIA
nonyyenus mugpporexcra. llladpposaHne B pexuMe raMMHPOBAHHSA
JIMIIEHO HENOCTATKOB, NPHCYIIMX PpEeXHMY TpOCTOH 3ameHnl. [laxe
HIEHTH'HbIE GIOKH MCXO,JHOTO TEKCTa AAIOT pasHbid mudpoTeKcT, a A1s
TEeKCTOB C [UTHHOW, He kxpatHo# 64 OnraMm, "mumupe" OWTBI raMMbl
otpacsBatorcs. Kpome Toro, raMmMa Moxer 6uTh BhipaGoTaHa 3apaHee,
4TO COOTBETCTBYET paboTe Mdpa B HOTOTHOM PeXXHUME.

BoipaGoTka ramMMsl IHPOMCXONMT Ha OCHOBE KJOYa M TaK
HasbBAEMOW CHHXPOMOCBUIKH, KOTOpas 3afaeT HadajlbHOE COCTOSIHME
reHepatopa. AJIrOPHTM BBIPabOTKH CIIEAY IO
1. CuHXponocsuikea JUM(pPYeTCS ¢ HCNOAB30BAHHEM OMHCAHHOTO
IropHTMa MOPOCTOH 3aMEHbl, JTOMYYCHHbIC 3HAYEHHMA 3alMCHIBAIOTCS BO
BCTIOMOT aTeNbHbIe 32-paspsnHEle perucTpsl N3 H Ny - Miajuiie u crapioue
OUTE COOTBETCTBEHHO.

2 N3 cymmupyertcs no monymo 232 ¢ korcraaToit Co = 1010101 6.
3. N4 cymmupyetcs no Monymo 232-1 ¢ xosctantoit C; = 1010104 .
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4, N3 1 Nj nepenucelBaloTcs cooTBeT:TBEHHO B Nin N2, KoTopbie
3aTeM WHUGPYOTCA € HCHONL3IOBAHHEM &JFOPHIMA TMPOCTON 3dMEHBI.
IMony3eHHbI pe3ynbTaT aBigerca 64 OuTamy: FaMMEL.

5. Illara 2-4 MOBTOPAIOTCA B COOTBETCTBHHU ¢ JUTHHOM mMpyeMoro
TEKCTA.

Hns pacuiudpoBeiBaHAs HeoOXomdMo BsIpaboTaTh Takylo ke
raMmy, Tocjie 4ero NoOUTHO CIOXKHTB €€ IO MOAY.TO 2 C 3aH(pPOBAHHEIM
TeKCTOM. OuYeBMIAHO, U 3TOrO HY/KHO HCIOJB30BAaTh Ty XKe
CHHXPOMNOCBIIKY, 4TO H npu wkdposanun. I[Ipu 3ToM, Hcxons u3
TpeOOBaBMM  YHUKATBHOCTH TIaMMbl, H2Nb38 MCHOOIb30BATH  OI(HY
CHHXPOMOCBUIKY MIA IIM(POBaHM:A HECKO/ILXKHX MACCHBOB AaHHBIX. Kax
NpaBuJI0, CHHXPOMOCHLUIKA TEM WIH MHBIM C0pa3zoM [EepeaaeTcs BMECT: ¢
IHPPOTEKCTOM.

Ocob6ennocts paborel TOCT 28147-89 B pexuMe raMMHPOBAFHHUA
3aKIIOYaeTcs B TOM, 4TO IIPH HM3MEHEHMH onmHoro Omrta mudporekcra
M3MEHAETCA TOJIbKO OAHH OMT pacummdpoBaiHoro Texcra. C oxeo#
CTOPOHBI, 3TO MOXET OKasblBaThb MO.IOKUTENbHOE BIHAHAS Ha
NMOMEX03alIHINEHHOCTb, € JAPYroll - 3MIOYMBIILICHHHK MOXET BHECTH
HEKOTOpHIe U3MEHSHHA B TEKCT, JaXke He pacLundPOBHIBas €ro.

T'amMmHpoBaHHe ¢ 06paTHoii (Bs3bI0

B0k oTKpMITOFO
TeKCTS

P e
10¢T J[\v _ 2 h%hﬂ”.ﬂﬁ
TSQ:GISE 1
TeKcTa
any |7 Baox
il Y T—

]
|

P I————to

Puc. 4. Cxema paGoTsl B peXxuMe raMMEpPCBaRiAs ¢ 00paTHOH cBA3LI0




42

>.=_8v§,z mu¢poBaHUS TIOXOXK Ha PEXHMM rAMMHPOBAHHUSA, ONHAKO
rammMa (OpMHpYeTCA HAa OCHOBE NMpembIAymero Gioka 3amuGppOBAHHBIX
JIAHHBIX, TAK YTO pe3y/bTaT MH(POBAHAA TEKYIIEro 610Kka 3aBUCHT TaKke
u oT mpemmayunx Gmokos. Ilo 3Toit nmpuamHe HaHHBIA pexuM paboTh!
TaKXKe Ha3bIBAICT raMMHUPOBAHHEM C 3alleIUIeHHeM GII0KOB.

Anroput™ mM(ppoBaHKUA NPEACTABICHHBIN Ha PHC. 4 CleXyIOIui:
1. CHHXpONOCBUTK 3aHOCATCA B perdcTphl N H Na.

2. Conepxumoe peructpoB Ny v N; mudpyerca B COOTBETCTBHH C
anropuT™MoM mnpocrofl 3aMensl. IlomydeHHbIH pesyasrar aABIgercs 64-
OUTHBIM 67IOKOM TaMMBI.

3 Brox ramMMel NMOOMTHO CKJIaabIBaeTcs NO MoOAyno 2 ¢ OGIoKoM
OTKphITOro Tekcra. ITomyyeHHsIH IAQPPOTEKCT 3aHOCHTCA B peTHCTpH N H
Na.

4. Onepanuu  2-3  BBINOJHAKOTCA JUIA  ocTaBmuxca  6JIoKkoB
Tpebyrouiero mxdpoBaHHUs TEKCTa.

Ilpu u3MeHeHuH oaHoro Owrta WKGPOTEKCTa, MOTYUEHHOrO C
HCIIONB30BAaHHEM ANTOPHTMa TIaMMHpOBaHMA C o00paTHOH CBA3bIO, B
COOTBETCTBYIOLEM OJioKke pacHHpOBaHHOIO TEKCTAa MEHAETCA TOJIBKO
olMH OHWT, Tak )€ 3aTparuBaeTcsd NocieyroluHi GJIOK OTKPHITOIO TEKCTa.
Ilpu 3TOM BCe OCTanbHBIE OJIOKH OCTAIOTCA HEH3MEHHBIMH.

Ipyu BCHOIB30BaHUHK JAHHOIO PeXUMa ClIeNyeT UMeTh B BHAY, 4TO
CHHXPOIIOCBUIKY HENb3S MCHOJb30BaTh IOBTOPHO (HANpUMEp, NpH
INA(QPOBAHUH JIOTHUECKH pa3felibHBIX ONOKOB MHOPMAaLMA - CETEBBIX
NAaKeTOB, CEKTOPOB XECTKOTO AMCKAa H T. M). 3T0 0OYCIOBIEHO TEM, 4TO
TIepBbIHA OIOK IHMPPOTEKCTa MOMYYEH BCEro JIMILL CIOXKEHHEM 110 MOIYJIIO
IBa C 3amHA(ppOBaHHON CHHXPOMOCBUIKOM; TakuM 06pa3oM, 3HaHHE BCEro
mumb 8 mepBhIX 6alfT HCXOAHOIO M LIHOPPOBAHHOTO TEKCTa IMO3BOJIAET
yuTaTh NepBhie 8 GaiiT moGoro Apyroro MmMMGpPOTEKCTa MOCHE TOBTOPHOIO
HCTIONB30BaHNA CHHXPOIMOCHUIKH.
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Pexxnm BbIpaboTKH HMHTOBCTABKH

OTrpITHiA
TEHCT

16 payraos

OTKPhITHIN 16 payupos ,\
N

N
]
|

16 payaos
wep =M ey Il.mxixgcs_

Puc. 5. CxeMa BbIpabOTKH HMHTOBCTaBKH

|

OtoTt pexuM, (puc. 5), He ABNAETCA B OGIIENPUHATOM CMBICIIE
pexumom muposanud. [Ipu pabore B pexume BHpabOTKH :z_sqowoawwxs
€03AaéTCA HEKOTOPBIN JONOTHHTENBHBIN O0K, 3aBUCAIIME OT BCETO TEKCTa
¥ KIIOYEBBIX JaHHbIX. J{aHHBIH 610K HCMIONB3YeTCS AJis MIPOEEP fH TOTO, 4TO
B mMQpPOTEKCT CNy4alHO WIK [peJHAMEPEHHO He mz.E_* BHECEHBI
HCKaKEHHMA.

MMutoBCcTaBKa BhIpabarthiBaetcs Lt M > 2 GnokoB 3_6!.83
TekcTa 1o 64 Oura.

AJIrOpUTM CJie XYIOLHIA:
1. BNOK OTKPHITBIX JAHHBIX 3aMMCHIBACTCA B PErHCTPhl NiH No,
Nocjie 4ero noJBepraeTcs npeodpa3oBaHMHIO, nooéoaﬁww.oEon NEpBHIM
16 nuxnaM mudpoBaHUs B peXHUME NPOCTOH 3aMEHBL.
2. K nomydeHHOMY pe3yabTaTy NMOOHTHO Mo MOZYMO 2 npHubasseTcs
cnemyromuit 6MOK  OTKpHITHIX JaHHLIX. [locnenmmit Gnox  mpu
HeoOXOoaMMOCTH momonHseTcs HyjiMH. Cymma Taioke wudpyercd B
COOTBETCTBHH C ITYHKTOM 1.
3. ITocne no6GaBneHus H mMppoBaHMA TMocieAHero Oyoxka H3
pesy/bTaTa BHIGHpaeTCs MMHUTOBCTaBKa IHHOM L 6uT: ¢ Guta HoMep 32-L
a0 32 (orcuér Haumnaercs ¢ 1). Cranzapr pekoMeHmyer BhiOWpath L
MCXOJs M3 TOTrO, 4TO BEPOATHOCTH HABA3LIBAHHSA JIOXHBIX JAHHBIX paBHA
2L, IMHTOBCTaBKa MepelaeTcs 1Mo KaHady CBA3W Tocie 3alMppOBaHHBIX

06710K0B.
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Jns mpoBepkH NPUEMMAIOMAN CTOPOHA NMPOBOAUT AHATOTHIHYIO
npoueaypy. B cayuyae wHecoBmajmeHms pesyabTaTa C  nNepelaHHOM
HMHTOBCTABKOM BCE COOTBETCTBYIOMHUE M 610KOB CIHTAIOTCA JIOKHBIMH.
CriemyeT OTMETHTb, 4To BbIPabOTKA MMUTOBCTABKH MOXET MPOBOJUTHCS
napanienbHO E:GUOWNIEO C HCMONL30BAHHEM OOHOIoO M3 OIMHCAHHBIX
BBIIE PEXUMOB PabOTEL

Kpunroananus

B mugpe I'OCT 28147-89 mcmomeayercs 256-GUTOBBIM KIHOY H
00peM KIOYEBOTO MPOCTPEHCTBA cocTaBiseT 226, Hu Ha omHOM M3
CYIIECTBYIOIMIMX B HACTOsMIEE BPEMA KOMMBIOTEPOB OOLIEN0 MPHMEHEHHsS
Henb3st momobpaTh KMCY “a BpeMdA, MeHbIlee MHOIKX COTEH JIeT.
Poccuticknit cranpapr I'OCT 28147-89 npoektuposanca ¢ GonbmiuM
3aI1aCOM M 10 CTOHKOCTH Ha MHOTO TIOPALKOB IPEBOCXOAHT aMEPHKAHCKHUHN
crangapt DES ¢ ero pearsHeiM pasmepoM kmoda B 56 GHT U o6beMoM
KIIOY€ BOTO MPOCTPAHCTE Beerno 2% [4].

CymecTBYIOT aTakd ¥ Ha monxopayHnoseii TOCT 28147—89 6e3
Kakux-nubo Moauduraumid. OHa U3 NEPBBIX OTKPBITHIX PadoT, B KOTOPHIX
Obll 1POBENIEH AHAIW3 WITOPHTMA, HCMOL3yeT cNaboCTH MPOLEXYPHI
pacuI¥peHHs KJIo4d pANa W3BECTHBIX aNroputMoB mmmdpoBaHus. B
YaCTHOCTH, MONHOpayrLoBbli amroput™ I'OCT 28147—89 moxer ObITh
BCKDBIT C TOMOIIBI0 AH(PEPSHIHANEHOIO KPUITOAHAIN3a HA CBA3AHHBIX
KMo4ax, HO TOJIBKO B CMy4Yae MCIONB30BaHUA cnabbix Tabami 3amed. 24-
PayHAOBBIA BapHAHT aJiMOPATMA BCKPHIBAETCA aHATOTMYHBIM 00pa3oM NpH
7ro06bIx TabJNHUAX 3aMeH, OMHAKO CWIbHbIE TAG/MIEI 3aMEH NENAI0T TaKylo
aTaxy A06COMOTHO HETPAKTHY HOM.

B 2004 roay rpyrna cnenunanrcTos u3 Kopeu mperoxuna ataxy,
C NOMOLWIBIO KOTOPOM, MCTIONL3Ys AHppepeHIMANLHBIN KPHIITOAHANN3 Ha
CBS3aHHBIX KIIOYaX, MOXHO IONYYMTh C BEpOATHOCTHIO 91, 7 % 12 Gur
cexperHoro kmowa. [{ns araku Tpefyercs 2°° BHIOpaHHBIX OTKPBITHIX
TekctoB 2% onepanmii umpposarms. Kak BHmHO, NaHHAs araka
NPAKTHYECKH Oecrione3Ha Wis PLanbHOr(Q BCKPLITHA arOpHTMa.

Tabmuna 3aMeH  ABIAETCS  JONTOBPEMEHHBIM  KIHOYEBBIM
JNIEMEHTOM, TO €CTh AeHcTBYET B TeuecHHe ropasgo 6onec MIHTENbHOrO
CpoKa, 4eM OTHeNbHB Kmou. OT kxavecTBa 3ToM TabMHLBI 3aBHCHUT
KavecTBo wrdpa. Ilps "cunsHoi" Tabauue 3ameH crolikocTs wudpa He
OITYCKEETCA HHXEC HCKOTOPOIO JOMyCTHMOIO npeacsa aaxe B Cirydac €e
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pasrnamenus. ¥ HaoGopoT, mcnomb3oBauHe “"ciaGod" Tabmaipl Moxer
YMEHBIIHTH ¢TOUKOCTh MH(pa A0 HEAOMYCTHMO HH3KOrO Npesena.

2. MPAKTUYECKAA YACTb

B nauHol naGopaTopHod padoT: ML PacCMOTPHM TONBKC [JBa
pexumMa paboThl (MPOCTOH 3aMeHBl ¥ raMMMPOBAHUA).

1. B nanke «iaGoparopras padora 'OCT» npeactaBnsHb! jBa
pexuma pabotsl. OTkpoliTe dail1 «pexuM NMpocTas 3aMeHa» B NPOrpaMme
«DEV C++».

2. Tlocne OTKpLITHA co3paliTe BXONHOH (haitn HeGonblIOro pazmepa
(Iydimie WCTCIB30BAaTh TEKCTOBBIE BBIPAXKCGHHA), 3aMyCTHTE NPOTpaMMy H
npoaHanm3mWpyiiTe, Kak nporpamma zawnposasa u aemuadposana
ucxogubi#t atin. CpenaiTe BHIBOMIBL.

3. B TaKoii ke NocIeA0oBaTeIbHOCTH MpoBeauTe 3-5 HCCeI0BAHUMA
IUIS IpYTHX HCXOJHBIX (aiinos. Caenaiite RLIBO DI

4. Orkpoiite dain «pexuM raMMHpoBaHHAa» B nporpamme «DEV
C++». Ilocne 3armycka nporpaMma 3anpociT BRECTH HCXOMHBIE JaHHbe. B
KadecTBé HHX MOXHO MCIONB30BaTh (paskl, ciioBocodeTaHus. [Janee
HeoOXONUMO BBECTH CEKPETHBIM KoY (MOXXHO HCIIO0NB30BaTh JH060H Habop
muép). ITocne Toro xak BBENM CEKPETHBIH K/IKY, NPOrpaMMa BHIEEIAET Ha
9KpaH 3alIM(QpOBaHHBIC NAHHbIE, 3aTeM 110TPEOYST BBECTH CEKPETHbIN
Koy (HeofXOAMMO BBECTH TOT e KIOY, 9YTO HCMOJNbL30BATH
nepBOHAYaNbHO) U Ha 3KpaH OymyT BeIBEIcHEl paclIH(POBAHHbIE NaHHbIC.
Cpenatite BBIBOA.

5. s pekuMa raMMHpOBaHUs HEOOX0IHMO TaKkxKe MpOBECTH 3-5
UCCNENOBAHMI U PasiiMyHBIX HCXOAHBIX (ailJloB ¥ pa3sHBIX CEKPETHRIX
xmoded. Caesaiite BbIBOLL

KOHTPOJILHBIE BOITPOCHI

1. Pexxumsi pabotet TOCT 28147-89.

2. MoscuuTe MpUHOMN paGoThl peXHMa IPOCTOH 3aMEHS.

3. Ocobennocte pabotat I'OCT 28147-89 B pexume
raMMHpOBaHUA.

4. Asroput™ MIHPOBAHMA B PEKHME raMMUpPOBaHuA c ofiparHOH
CBAIBIO.

5. Peixum BhIpabOTKH MMHTOBCTABK.
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YKA3AHHUSA K COCTABJIEHHIO OTYETA

OT4eT B IJNEKTPOHHOM WIM OyMaXHOM BHAe NpeaCTaBUTH
npenojasatesio. B ordeT HeoGXOmMMO BCTaBUTH M3OGpaKEHHA C
:oxObELF 3aM(pPOBAHHEIMH M [NeIM(POBAHHBIMH JaHHBIMH. Bce
W306PAXKEHAS IODKHBL GBITH MOAMHCAHBL.

Order o nabopatopHoit paGoTte NOMKeH CoNePKaTh:

* 1eb paBoThi;

* KPAaTKHe CBEIEHHA TEOPHH;
* u306paxkeHns;

* BHIBOZIBI N0 ITYHKTaM.

BUBJIMOTPA®UUECKHI CITUCOK

1. TOCT 28147-89 Cuctems: o6pa6orku uudpopMaumy. 3amuta
KpunTorpadguyeckas. ANropuTM KpHNTOrpaduueckoro npeobpa3zoBaHus.
ITocranosnenue 'ocynapcrsennoro kxomurera CCCP mo CTaHZapTaM OT
02.06.89. Ne 1409,

2. TocynapcrBennsiii cTaumapt Coioza CCP. CucreMms! o6paborku
AHOOPMAUHH. 3amura KpunTorpaduueckas. AJrroput™
KpHnTorpadHieckoro npeodpasosanus. - Mananme oduuHanbuoe, — M.:
HIIK U3JATEJILCTBO CTAHJIAPTOB, 1990. - 28 c.

3. TOCT 28147-89. ~ HauwonamsHas GuGnmorexa uM. H. D.
Baymana, 2016. - 15 c.

4. bacanosa I'. B. OcHoBbl kpunmorpaduu: yae6. nocobue. — M.:
HWHTYHT, 2016. - 282 c.

5. Jlaposcxkudt B. B. OcHoBH Teopuu HHPOPMaUMH H
kpunrorpadun. — M.: HHTYHUT, 2016. — 141 .

6. Mamok A. A. Teopus 3ammrsr uudopmauuu — M.: I opAgas
JmHus-Tenexom, 2015. — 184 c.

7. Kammpckas E. H. Kpunrorpadudecku#t amamus wu METOobI
3aIuThl HHQOPMAIMK: yueb. nocobue. — M.: MUPDA, 2020. - 91 ¢.

8. Kpakosckuit FO. M. Mertoasi 3ammtsl uHpopMauun. — CIT6.:
Jlans, 2021. -236 ¢.
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