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AJITOPHTM HIU®POBAHMA 3JIb-TAMAJIA

LEJb PABOTEI L
[oyqeHne HABHIKOB CO3JAHHA 3aIH(PPOBAHHOTO CO UEHRA MK
TIOMONIM aNropuT™Ma mudposanus Onb-I'amans.

1. TEOPETUYECKASA YACTb i
_

Anroputm wmmubposanus Onp-T'amans ABrgeTcA mhv_._.numm._.ﬁom
anroputMy RSA # MpH paBHOM 3HAueHMH KOua obecrieumBaeT Ty X*e
KPHUOTOCTOHKOCTS. Dnib-I'aMallh yCOBEPLIEHCTBOBAT AINOPUTM Dudpdu —
Xe/UIMaHa U TIONY4M] AITOPHTMBI ZUTA MUGPOBAHHA H AyiA obecneyeHns
ayTeHTHHMKALMK. AJNTOPHTM OCHOBaH Ha mpobneme mMoHcka JIACKPETHOIO
norapudma. Ecnu Bo3BOAWTE 1EN0E YKC/IO B CTENCHb JOCTATOYHO JIETKO, TO
BOCCTAHOBHTh LEJOYHCICHHBIH apryMeHT Mo 3HayeHio (TO [eCTb HAHTH
norapuM) JOBOJIBHO TPYAHO [2].

Jlna reHepauuu napsl Kmodel cHagana BbIGMpaeTCA IPOCTOE
YHCTIO p ¥ [1Ba CITydalfHbIX YHCNa, g H X, 062 MEHBIIE p. 3aTeM BEITHCIACTCA

y=g-modp.

OTKpHITBIM KIIOYOM SABJIAIOTCA y, g U p. BeNHIHHBI g H p MOXHO
clenarh OOMMMHM aid TPYNNBl NoNb3oBareNed. 3akKpHITBIM KIOHOM
SABNTAETCH X. ;

Jlna mudposasua coobmeHns M cHayana BHOHpaeTCs CrydaiHoe
YyuCII0 k, B3aMMHO MpocToe ¢ (p — 1). 3aTeM BEIYHMCIAOTCA

a=gmodp,
b=y* Mmod p.

Tapa (a, b) aeaserca mmdporexcroM. [Tomyqaembidi mWHPpoTeKCT
B JBa pa3a JUIMHHee OTKpbITOro Tekcta. Jlna nemmdpwposanus (a, b)
BLIYHCIIAETCA

M= bla* mod p. .

Tak Kak a* = g (mod p) u b/a* = y* M/a* = g* M/ ¢g¥= M (mod p),
TO BCe JelfCTBHTENBLHO TaK H nonydaercs. Minn unave:

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

Kaxpas moanmuce WiM mm(poBaHMe airoputMoM Ob-I'amans
TpeGyeT HOBOTO 3HAYeHHA K, W 3TO 3HAUYCHHE NOIDKHO OBITH BIOpaHO
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ciyuaiabiM 06pasoM. Eci koraa-HHOY Ik ‘WIOYMBILIEHHAK packpoeT k, OH
CMOXeT pAcKpBITh 3aKpBITBIR K04 X. ECHH 3nOyMBImneHHWK KOria-
RUOYJh CMOXET MONYYHTh B2 COOGLICHWd, NONMVCAHHBIE WA
3aMMQpOBAHHBIE C TNOMOIIBI0 OJHOTO M TOr0 Xek, TO OH CMOXET
PacKpiITh X, AaXe He 3Han 3uaenne k [3].

PaccMOTpHM ITOPHTM KPHITTOCHCTEMBI DMb-T'amans.

Ruibupaem omxputmitii Koy p u g:
P — MPOCTOE YKCIO (MOKeT GHITh OOLIMM 15 IPYIIBI nojb3oBaTene),
g <p (voxeT 6biTb 061UM A TPyITIBL NoNs30BaTeNeH).

Bvibupaem 3axpuimb!ii Kilo4 X <P.
BoiuucnsgeM y =g* mod p.

LUugpposanue:
BHIGUpaeM ciIydalHoe &, KOTOPOE B3AHMHO 1pocToe ¢ p-1;
a (madpotexer) =g*mod p,
b (muppoTtexct)= M (* mod ).

Hewugposanue:
M (otipriTsiii Teket) = b/a* mod p.

Tlycts uMmerotea adonenTs! A, B, C, ..., KOTOpBIe XOTAT NepefasaThk
ApYT Zpyry 3ammnpoBaHHbIe COODMEHHA, He HMeA HHKAKHX 3aIHIICHHLIX
KaHanoB cBA3H. (DakTHueckH 34ech Mcrnonesyerca cxema Jupdu-
Xennmana, 9To6El chopmupoBarth OOWMIT CEKPETHBIA KmOY MIA JIBYX
abGOHeNTOB, MepefaoIMX J(pyr IpYry cooOlieHHe, W 3aTeM coolmenue
wuppyerca IMMyTeM YMHOXKECHHS €ro Ha 3T0oT Kmod. JUid KaXaoro
CJIeTYIOU1:T0 COODIIEHMA CeKETHBIH K09 BEIYHCIIAETCH 3aHOBO.

Lins BCeit rpymmel a0OHZHTOB BbIOMpAIOTCA HexoTOpoe Gosbmoe
NpOCTOe 4HCAO P M YHCIO g TakHe, 49TO pasiMdHbie CTENeHW g CYTh
pasMYHBIE YHCA TIO MOAY/LO p. Ukcna p M g mepefaloTcs aGOHEHTaM B
OTKPHITOM BHAE. 3aTeM Kk aOOHESHT TIpynmel BeIOHpaeT CBoOe
CEKPETHOE YMCIIO Cj, 1<ci<p-1, M BBHYMCASET COOTBETCTBYIOMIEES €My
OTKpBITOE YHCHo d;:

di = g°'modp. )]

B pesynsrare nomyuaeM TabmHLy:

Kimoun nons3oBarened B cucreMe Dns-I amais
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. [Tokaxem Teneps, kak A mepegaer coobmenue m aboneHTYy B.
YACM NPEeANONaraTe, 970 COOOIIEHHE NPEACTARNCHO B BHIE YHCA m<p.

llaz 1. A popmupyer cnywaiiHoe wucio k, 1<k<p - 2, Bh1uncnser
qucia

r=g“modp, (¥))
=m-d*smodp 3)
H NiepefiaeT napy 4ucen (r,e) abonenty B.
Llaz 2. B, nomyqms (r,e), Beraucae T
m'=e-r"Bmodp, @

Cxema mudposaunn

B g -\

. Tewepanms xmosict
|||||| .w L*. H L Jsifepare p (ovems Grum-
i PR 18 IIpocToe)
_w OSmenoctymmt som: (,.Y) | JBriiepnre g nepsoobpas-
o it Kopems)
5] HBetfepure x : y=g"x modp
v

x

X

Mi= b*(@"x)"-ymodp |

..II' !
Jemugppommne  Hexomuu m

TEKEY

napaMeTpai: p=23, g=5. Ilycts aGoHeut B BHIG

9HCno cp=13 u seryncawn no (1)

AbGoneHT (CexpeTHBIH KII0Y OTKpBITHIH KIOY
A CA da
B B ds
C cc dc

Csoticraa wnpa Jiap-Tamaas

1. A6oHerT B nonyyun coobmense, T.e. m' = m.

2. NpoTuBHAK, 3Has p, £, d, T ¥ €, K& MOXET BRIYMCIHTS m.
llpumep. Tlepenanum coobmenne m=150r A x B. Bribepem

pan mns ceba cexperHoe

dg=5"mod23=7Z 1.
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>aoTwm_q A Buifupaer ciydaiiHo 4ucnok, Hampumep k=7, #

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

Teneps A nocsulaeT K B 3aIH¢poBarHoe coo0lIeHHe B BHAE Maphl

upcen (17,12). B BLIYHCIIAET IO @)
m'=12:175 1 Bmod23=12+17°mod23=12-7mod23=15.

M1 BumaM, uto B cMor paciuudposarhk nepeiaHHoe coobmeHwe.

SIcHO, YTO TIO AHANOTMYHOM CXeME MOTyT [€peAaBaTh coobiIeHHA
Bee aGOHEHTH B CETH. 3aMeTHM, 4To Mo60# aGOHEHT, 3HAKOLIMK OTKPBITHIN
o4 aboHeHTta B, MOXeT NOChUIATh EMY coobmenus, 3amMppoBaHHbIE C
NIOMOLUBIO OTKPbITOro Kmoua ds, HO TONBKO aboHent B, ¥ HMKTO IOpYroii,
MOXeT pacmmpoBaTh 3TH COOGIICHHS, HCTIONB3YA H3BECTHBIH TONBKO eMYy
CEKPETHBIN KoY C.

OrMeTHM Taioke, uTo 0GbeM mudpa B 182 pasa MPEBLIMIAET 0GBEM
coobuienns, Ho TpefyeTca TOJBKO OfHA mepefada NaHHBIX (npH ycnoBHH,
yT10 TAaBGIHULA ¢ OTKPHITHIME KIIOYaMH 3apaHee M3BECTHA BCEM aboHeHTaM).

JneKTpoRHas UHGpPOBan MOANHCH CXeMOH Jun-Tamans

Jinst Toro 4ToOH MOANKCATE cooOmeHne M, cHagasia OTNpaBHTENb
X3UIUPYET ero ¢ HOMOIIBIO X3m-byHKIHH h(-) B Le0e IHCTIO m:
m = h(M), 1<m < (P -1),
¥ regepupyer cirydalHoe Lejioe JHCIIOo K, 1<K<(P-1), Takoe, uro K #
(P — 1) ABIMWOTCS B3AUMHO TPOCTHIMH. 3aTeM OTMPABHTE/b BEIYUCIACT
LEJIOe YHCIIO a:
a=GKXmodP
¥, IPHMEHAA PACIIHPeHHBIH anroput™ EBKINAA, BEIYHCIACT C MOMOIIBIO
ceKpeTHOro Kmo4a X 1eloe YHciIo b u3 ypaBHeHHA
m =( X*a+ K *b) (mod (P -1)).

ITapa uucen (a,b) o6pasyer undpoByio NoANUckH S:
S =(a,b),
NpOCTABJIAEMYIO HOJ AOKyMeHTOM M.

Tpoiika uucen (M,a,b) nepenaercs nomygaremo, B To BpeMs Kak
napa uncen (X,K) nepxurcs B cexpere.

[Mocne mpuema moamucanHoro coobmends (M,a,b) momyuarens
JOJDKEeH IpOBEPHTh, COOTBETCTBYET JH NOANKCE S = (a,b) coobmenmo M.

m |
Jinst 3TOrO MOJTy4aTeNs CHAYANA BLIYHUCIAET TIO IPUHATOMY ooa_van:Eo M
qHCI0

m = h(M),

T.€. X3MMpPYeT NpUHATOE coobmenue M. .

3areM moMyYaTeNns BEIMUCIAET 3HAYECHHE
A=Y*2"(mod P) 7
U TIpH3HaeT coofimeHHe M MOLTHHHBIM, €CJTH M TONBKO ECJIH
A =G™ (mod P). _

ViHaue roBopa, nonydaTelb OPOBepAET nnvwwnu.m:woﬁr
COOTHOIIEHHA _

Y* a° (mod P) = G™ (mod P). !

MoxHo cTporo MareMaTHYeCKH OOKasaTh, 4YTO | IIOCJENHEE
PaBeHCTBO GyJeT BHIMONHATBCA TOTZA M TOJNBKO TOLAA, KOLAA MOMMKCH
S=(a,b) mom nokymentoM M moNyueHa ¢ TOMOLIBIO €HHO TOrQ
CEeKpeTHOro kmoda X, M3 KOToporo ObUT NMONyYeH OTKphITHIH wmod Y.
Takum o6pazoM, MOXHO HAaIEXHO YNOCTOBEPHTBCA, 4TO om:ﬁmwﬁgoz
coobmenus M 6b11 o6nazaTens MIMEHHO JAHHOTO CEKPETHOTO Jc:oﬂ_m X, He
PackpeiBas NpPH 3TOM CaM KMOY, H YTO OTOPABHTENb MOMMMCAT UMEHHO
3TOT KOHKPETHBIH JoKyMeHT M. [

B HacToALIee BpeMs KPUITTOCHCTEMBE c _ OTKPBITBIM
KIIOUOM CYHTAIOTCA Hanbojee NepcneKTHBHBIMH. K HHM OTHOCHTCA M
cxeMma Ome-Tamans, KPHIITOCTOMKOCTE KOTOpOi OCHOBaHa
Ha BHIYHCIIHTeNBHON CIIOXHOCTH npoGiemst AUCKPETHOTO
NIOrapHMHPOBAHHA, TA€ MO H3BECTHBIM p, g H y TpebyeTc BBIMHCIHTD X,

YAOBNETBOPAIOUIMHA CpaBHEHHIO: _

y = g" (mod p).

FOCT P34.10-1994, npunsteii B 1994 romye Poccuiickoit
DelepauyH, PErNaMeHTHPOBABLIMK  MPOLEMYPHI dopvupoBanus
MPOBEPKH 3NCKTPOHHON LM(PPOBO MOANKMCH, ObLT OCHOBAH Ha cXeMe DIb-
lamans. C2001 ropaucnomssyerca woemit TOCT P 34.10-2001,
HCTIONB3YIOIKMH apHPMETUKY SJUTUNTHIECKHX KPUBBIX, ONpPE/eeHHEIX Haj
MpOCTBIMK moNAMH Taya. CymecTByeT 60IBIOE KONMYECTBO ANTOPHTMOB,
OCHOBaHHBIX Ha cxeme Om-I'amana: 310 amropatvel DSA, ECDSA,
KCDSA, cxema LlIxoppa.
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2. OIIMCAHHUE PABOTBI

e |lindpopanue
1. Jo:tycTuM, 4To HyXHO 3arIndpoBaTh coobmenne M = 5.
2. IIponsseaeM reHepauum Kirodel.

ITycts p=11,g=2. Bribepem x=8 - ciiydaliHoe Lieloe IHCIO X TaKoe,
y10 1-<X<p.

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

JATaK, OTKPHITHIM KOUOM sBIAeTCA Tpoiika (p, g, ¥) = (11,2, 3), a
3aKPEITHIM KIIOYOM - YHCIO X = 8.

3. BuiGupaem ciyuaitioe Lenoe 1ucio k Takoe, uro 1<k<(p-1). ITycts k=9.
4. BriancnseM uucio a = g moc p =2°mod 11 =512 mod 11 = 6.
5. BotarciseM gncao b =y* M mod p = 3° 5mod 11 = 19683*5mod 11 =9.
6. IMo.ryucHHan napa (a,b) = (6,9) senserca WHGPOTEKCTOM.

e PacmudposaHue
1. HeobxomuMo noyants coobruenne M = 5 110 H3BeCTHOMY [WHGpPOTEKCTY
(a, b) = (6, 9) 1 3aKpeITOMY KTIOUY X = 8.
2. BeraucasieM M no opmyne: M. = b(a*)! mod p = 9(6%)" mod 11 = 5.
3. To.ayywid uexomnoe coobmenne M = 5.

Tak KaK B cxeMy ms-I"amans BBOJUTCA cliydaiiHad BeJiHauHa K, T0
mrudp Dnb-I'aMans MOXKHO HA3BATH INMPPOM MHOTO3HAYHOH 3ameHsl. H3-3a
ciygaiiHccTd BhIGopa 4rcia k TaKylo CXeMy elle HasbIBalOT CXeMOH
BEPOATHOCTHOTO [IH(POBaHAs. BEepOATHOCTHBIA XapakTep UM(POBAHHS
ABAfETCS YIPEHMMYLIECTBOM JUIst cXeMbl Ofb-I'amans, Tak Kak y CXeM
BEPOATHOCTHOro mmdiponapua Habmonaetcs Ooipuas CTOHKOCTE 110
CPaBHEHHMIO €O CXeMaMH C OfpellelleHHbIM MNpoueccoM IHGpoBaHuA.
Henoctatkom cxemsl mndposanrs Sb-T'aMans ABIseTCA YABOCHHE UTHHEI
3aMH(pPOBAHHOIO TEKCTa [0 CPABHEHWIO C HavanbHBIM TekctoM. [Jlns
CXeMBbl BEPOATHOCTHOTO IndposaHHa caMo coobmenue M H KIDOY He
OTpeaeasoT IWHPPOTEKCT 0AHOZHAYHO. B cxeme Dnp-I'amans HeobxomnMo
HCTIONB30BATE pPA3IMIHBle 3HAYEHHMA Cay4afiHOM Bemwumibl Kk g
WH(POBKH pasnu4YHbIX coobpienuit M ¥ M. Ecau  wucnons3oBaTh
ONMHaKOBbIC K, TO AJA COOTBETCTBYIOMHMX mIMdpoTeKcToB (a, b) 1 (a', b")
BBINIOJIHAETCA cooTHOMEHKE b(b')! = M(M')". U3 3T0ro BEIpaKECHHA MOXHO
JIErKO BBIMHCIUTE M', ecnm wisecTtHo M.
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3. IPAKTHYECKAA YACTh

Zagaya 1
BBIMHCIIHTS OTKPBITHIH KTOY Y, eciti p=19, g=5, x==11.

3apaya 2

BoraucaaTs mudporexct a u b z11 coobmerys M=5, eciu p=23, g=7, x=3,
k=13.

3agaua 3
[To usBectHoMy mudporekcty a=10, b=19, Henons3ys kmoun p=23, =7,
X=3, ONpeNeIHTE HCXONHOE CO0GNIEHAEe M.

3anava 4

Ipoussectn ruudpposanue u newudposarre M=7 MpU 3aJaHHBIX KIHOYAX
p=23, g=5, x=10, k=12,

3anaqa 5
Coopmuposate u mnposeputs OLIT Snp-l'amans npu CleNyRIIHX
HavaNbHBIX YCNOBHAX: p=11, g=2, cexpeTHsIii Kntoy x=8.

KOHTPOJILHBIE BOTTFOCHI

1. Ha 9&m ocHOBaH anroput™ WHOpoBanug mb-I amassn?

2. Kak Gbin nomyder ammoput™ Snn-Tamana? B uéM ero crmpune
oT anroputmMa RSA?

3. Kax ocymecTBiseTcs reHepaums Kodeti?

4. Yro mpexacrabiser cofo#t anropuTM mHMQPOBAHHA MO CXeMe
One-Famang?

5. Yro mpencrasiiser coboit anropiT™ AemHOpPOBAHHA MO cXeMe
Onp-Tamana?

6. Kax ocymiectsisercs paboTa o anmroparmy B pexcume 117
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JIa6oparopnas pabGora Ne 2

HM3YUYEHHE AJITOPUTMOB —AOZHNO%OQOEOHO
KOJUPOBAHUS HA OCHOBE KOJIOB X3MMHHI'A

HEJIb PABOTBI

VisydeHHe METOJOB H  QITOPHTMOB  IIOMEXOYCTOHYHBOTO
KOAMPOBAHWSA, & TAKKe TPHHIMIOB MOCTPOSHAA M (YHKUHOHMPOBAHHA
TIOMEXOYCTOHIMBBIX KOJIEKOB Ha MPHMepe KoNoB XoMMHHTa.

1. TEOPETHYECKAS YACTb
1. 1. @yHKIHOHA/ILHAS CXeMa CHCTEMbI =avn§a=m

O606menHas QyHKIMOHANbHAS CXEMa CHCTEMBI, HCIIQUE3YlouIeH
MOMEXOYCTOHINBOE KOAMPOBAHWE, MPHBEAEHA HA pHC. 1. HcTOYHHK
unpopMaiin  GopMupyeT ABOMYHBIH TOTOK, KOTOpHIH TipeoGpasyeTcs
xonepoM. Momynarop oroGpaxaeT BEIXOIHbIC NOCHeIOBATENLHOCTH KOJIepa
B HEMpEPHIBHOE MHOXKECTBO CHIHANOB. B XkaHane CBA3H anmwuaoaox
AOMEXH, BO3HHKAIOT Ppa3IHYHBIE HCKOKEHHA CHIHAIOB BCNIEACTBHE
OrpaHM4YeHHs MO YacToTe, BO3feHCTBHA HeNMHEHHBIX  (aKTOpOB,
MHOTOJIYY€BOrO PACOpPOCTPAHeHWA CHTHaloB M T.A.  JleMOxynsTop
dopMupyeT OIEHKY TepefJaHHOTO CHMBONA Ha OCHOBE HabmoneHns
BHIXOQHOTO CHIHANA paiuokaHana. Jlekolep NPOH3BOAMT ' ONEpaLHK,
obpaTHsle KOJMPOBAHMIO, H OCYWIECTBIACT HCIpPABICHHE omuboK Ha
OCHOBaHHMM HMelomelics U30HITOYHOCTH. BhIXOAHOW CHrHan nekoaepa
ToCTynaeT B MPHEMHHK HH(YOPMALHH.

McTouHuK '~| Y | I—| _!...L,

KHopmaLu _I.J.” —J Mogynstop *l._,

| dunyeckuit

| sv_...ﬁmun_..__ns Th” Aexonep 1.II|_14 [DemoaynaTop |TJ

kaHan

Puc. 1. O600mmesHas QyHKUMOHAIBHAA CXeMa CHCTEMEI
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[ToMexoycTOluHBOE  KOAHPOBAHME CBA33HO C  BBEJEHHEM
MRGBITOYHOCTH CHMBOMIOB, YTO TPH MOCTOAHHOH CKOPOCTH HCTOYHHKA
MHQOPMALMA PHBOJMT K YMEHBUICHHIO MTUTENBHOCTH CUMBONIOB H MPH
NOCTOSHHAON MOINHOCTH 11IepeNaTiHKa — K YMEHBIIEHHIO DHEPIHH,
npuxomAmetics Ha OAMH CHMBON IIpH 3TOM BEPOATHOCT OMIMOKH
yBemiumsaetcs. OfHAXO 33 CUYET HCOpaBieHWd OWHOOK  NpH
KO, IMPOBAHMH PpE3yNBTHYIOI[Ad BEPOATHOCTh OMMOKH Ha BBIXOZE
aeko;1epa 6yaer MeHsIue, SeM NP HEKOXHPOBAaHHO! nepezaye.

BaxHO# XapaKTepMCTUKOH KOA@ ABJAETCA €ro OTHOCHTE/IbHAA
ckopocTsh T = k/n, rae k 1 n - 9HCI0 CHMBOJIOB COOTBETCTBEHHO Ha BXOIE H
BEIXOZe Kogepa (k<n). Beinymsa, mpomopuHoHabHas 1/r, XapakrepHiyer
H36LITOUHOCTE KOJA M OnpemeisieT KodDGHuueHT pacmiMpeHHA IMONOCH
gactor. [lokasartemeM 3¢ JekTHBHOCTH  KOAHPOBaHHMA  ABJAETCA
3HEpreTHYecKuii BHIArPSIL (Q). MoMydaeMblif PH KOAMPOBAHMH, KOTOPBIH
OmpeeAeTcA KaK PasHOCTh MEXAY OTHOUICHHAMH CHIHA/MYM MpH
HEKO;JMPOBAHHON Qmd ¥ KOAHPOBAHHOH o\’ Tepenade, obecredmparoieh
OJMHAKOBOE 3HAYEHHE BEPOS THOCTH OMMOKH Pom: Q = Gl — G’

1. 2. Knaccudnicannsi noMexoycroHYHBbIX KOA0B

B Hacrosiuee Bpemst paspaGoTaHO MHOXECTBO PA3NIHYHBIX KIACCOB
OMEXOYCTOWYHMBEIX  KOJOB,  OTAMYAXOIMMXCd  Jpyr OT  Opyra
H30bITOYHOCTBIO, CTPYETYPOIif, GyHKIMOHATBHBEIM Ha3HAYEHHEM,
ANrOpHTMAMH KOIHPOBAHEA M lekoguposaHua H T.A. [11]. O6o6mennas
K1accH UKalms NOMEX0yCTOHYABBIX KOIOB NpecTaBneHa Ha puc. 2 [10].

TIotRXOYCTORMRLY
L]
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e

—lm...s.n..ta su-._\_ CamTousse KDL
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CocTan-se K0k
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e el I et

Puc.2. Knaccudpukanus noMexoycToiuuBoro KOAMPOsaHus
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BrnoxoBelfi KOO COCTOMT H3 Hadopa BeKTOpOB (HKCHPOBAHHOMN
JJIHHBI Ny, HA3BIBAEMBIX KONOBBIMH CJIOBAMH. DNIEMEHTH KOZOBOIO CIOBA
BEIGHpatoTca K3 andasuTa ¢ q 3neMenTamit. Ecau andasut comep:xut asa
aneMeHTa 0 4 1, KOA Ha3bIBAETCA HBOHMHEIM, @ 3IEMEHTHI TF00OT0 KOIOBOro
ClloBa Ha3biBaloTCA Ouramu. Ecau /neMeHTh! KOA0BOrO ClIOBa BHIOHPaOTCH
H3 m.naumw:q.mu HMEIOIIEro q >2 MNIEMCHTOB, KOO HA3BIBACTCA HE OBOHYHBIM.

B mBowdrOM G110KOBOM KOJe [LTHHOM Ny MOXKHO 06pa3oBath 2'* KOZOBBIX

CNOE, H3 KOTOPBIX MOMHO BhIGpATH 2% xomosrix cios (ki < m), 9106BI
chopMHpoBaTh koi, 30eck ki - JUIHKA ¥H)OPMAUHOHHOM J&aCTH.
PeayneTHpyromubt 6nokoBelit kox o6o3HavdeTcH kak (ng, ki), a oTHOIDHHE
ki/nk = r HaselBaeTCA KOJOBOM CKOpPOCTEiO. B:IOKOBEIE KOIBI MIHMPOKO
HCIIONB3YIOTCA B PagHOCHCTEMaX Mepeladd HHQOpPMaUMH M ApYyTHX
obnacTax. BaxHON XapakTepHCTHKOM KODOB, HCHPAB/AIOMMX OMBOKH,
ABNIseTcA paccTogHre XomMukra [12].

OnHMMH H3 caMBIX [POCTBIX #ABAMIOTCA ONOKOBBIE  KOMBI
X3mmuHra, npeacrasieHHble X3MMHHIOM 8 1950 r. [6]. K aanHeM xonam
oTHocaTcd NuHelHBIe 60KoBbIe kOBl ¢ NapaMerpaMd (n,k) Buga (2 — 1,
2™ —m — 1), rie m = n — k - YHCI0 NPOBEPOUHBIX CHMBONOB KoAA. Komml
X>MMHHra 061a1aI0T KOJNOBBIM PACCTOSHHEM dnyix, = 3 H MO3TOMY CNOCOOHE!
HCOpPaBJATE TONLKO OOHY WIH OGHAPYKHTb IBE OIDHOKH.

Komet XommuHra ofnmajgaroT ouesb cnaboift koppekTHpyromen
CrocOOHOCTEIO M OTAENBHO MPAKTHYECKH He HCMONB3YIOTCA. OIHako
NIPMMEHEHAE JaHHBIX KOJAOB B COCTABE KACKAIHBIX CXEM KOAMPOBAHHA
MO3BOJIACT MONYYHTh OYeHb XOpollMe pe3ynbraTel. Bonee mnojpoliHoe
omHcaHWe KomoB X3MMHEHTAa MOXHO monydwrs B [6]. Komet Boyza —
Yoyaxypu - XoksuHrema (BUX) [6] npeacrasimmor coboff knacc
JHHEHHBIX LMKIMYECKMX KOJOB, MCNPABJLLOIIHX KpaTHBE OMHOKH, H
ABNsIOTCH 000OIEHHeM paHee OIMCaHHBIX KopgoB XamMHuHTa. Kozmi HUX
00BLIMHO 33JaKTCA 9epe3 KOPHH NOPOKAAIIETO MHOroWIeHa g(X) ¢TeIeH
n-k.

Cpenun 610k0BBIX KOXOB Haubojee MIHPOKOE NMPHMEHEHHe HalUTH
HeaBOWuHble OsiokoBble koasl Pupa — ConoMoHa, OTHOCAMECA K
NONHHOMHAIBHBIM, KOMIOHEHTE KONOBEIX CJIOB KOTOPHIX paBHBI
3HAUeHHAM ONpeleNeHHEIX [OJHHOMOE. CI0COGHOCTE HCTIPABACHHA
OJIMHOYHBIX OMUOOK, a TaKxKe NAKETOB OlUHOOK onpeaeNeHHON NIHEBI H
HanpgHe 3(QeKTHBHBIX aITOPHTMOB JCGKONHMPOBAHHA  OOBACHAIOT

NOITYJIAPHOCTH UCIMONB30BAHHA NAHHBIX KOIOB.
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FL umEES.oﬁmonungoggmxagannngﬁwqan
CBEPTOUHOE | KO;INPOBaHHE, ABNAIOMIEECS MOMIHEIM CPEACTBOM GopuOHl ©
OIMHOUHBIMH 010H6KaMH. OCHOBHOMN XapaKTEPHCTHKOH CBEPTOYHBIX KONOB
gBNAeTCA JJIMHA KOAOBONO OrpPaHMYEHH#, IIOKa3piBAIOmMAi, HA Kakoe
MAKCUMANbHOE  YHCJIO  BBIXOMHBIX  CHMBOJIOB  BIHSET  JAHHBIH
xm&onzm:s&mmzm ciMBOJ. CJIOKHOCTh JACKOAHPOBaHMA CBEPTOYHBIX
KOZOB 110 z+=mo=mn BLITOJHOMY C TOYKH 3pPEHHA peald3alH alropuTMy
ButepOu BO3pAcTaeT IKCTIOHEHIMANLHO C yBENMYEHHEM JUTMHBI KOAOBOTO
orpannuernA. HanGopimii BHIMIPHII CBEPTOYHBIC KOZbI obecneuuBaloT
MpM OJMHOYHBIX (CIyYaHHBIX) omubkax B kaHane, B kaHanax ¢
3aMHpaHMAMM HEOGXOMMMO HCIONb30BaTh CBEPTOYHOE KONMPOBAHHE
COBMECTHO ¢ mepeme)xeHHeM. HelocTaTKOM Takoro THNA KOAHPOBAHHA
aBnserca JQQeKT pasMHOXKEHHA OIMOOK, TO €CTh MpH OrpaHHICHHOM
YHCIE OMABOK B KAHATE CBA3H BO3HHKAET HEOrPAHHYEHHOe YHCIO OLHGOK
nexonupopaus. [TossrneHue Takoro s¢dexra CBA3AHO C XapaKTEPHCTHKAMH
KOJIa, IOITOMY Ha MPAKTHKE CTAPAIOTCA HE HCMONB30BATh KOABI, CKJIOHHBIC
K Pa3MHOXEHHIO OIIHOOK.

CocraBHble HJIM NpPOW3BOAHBIE KOABl NAIOT KOMIIPOMHMCCHOE
pelleHne 3aiady; M3 HHX OCHOBHOE 3HaYeHHE HMEIOT KAaCKaJHEIe KOIEL
KoZbl Mpou3sepeHus M TypOokoas: [6]. ITpom3BonHbie KOABI CTPOAT Ha
OCHOBE HEKOTOPOTO HCXOAHOro Koja, K koropoMy win K0baBisioT
CHMBOJIbI, YBEeJHYHMBaA  pacCTOAHHE, WM  COKpalawT 4acThk
HHDOPMALMOHHLIX ~ CHMMBOJIOB  0e3  M3MEHCHHA  pacCTOAHWA, HIH
BHIOPACHIBAIOT HEKOTOPHIE CHMBOIBL.

Paspaboranneie B 1993 romy napajieNbHbie COCTABHBIC KOMbI
(TypGoKomBI) 0GNMANArOT BBHICOKOH 3pdEKTUBHOCTEIO B OONAaCTH HH3KHX
orHomrenuit curHan-myM (OCIL). O CTPOATCA Ha OCHOBE JBOHYHBIX
CBEPTOYHBIX KOJNOB M  METOJOB  HTEPATHBHOTO  [EKOMMPOBaHMA,
3((EKTHBHOCTh KOTOPBIX MOBBINACTCA C POCTOM YHCNIA MTepauyi.
HemocTaTKkOM TAKOTO &NrOPHTMAa MOMEXOYCTOHYHBOIO KOOHPOBAHHA
ABJAeTCA GONBINOE BPEMA AEKOAUPOBAHUA.

KackagHbie KOOl OCHOBaHBI Ha COBMECTHOM HCIONL30BaHHHM
HECKONBKHX COCTABJMIOMMX KOJOB, COEIHHEHHBIX INOCIEN0BATE/ILHO, 9TO
MO3BOJNAET CYWIECTBEHHO MOBBICHTh I(QPEKTHBHOCTD NPHMCHEHHA
KOAMPOBaHHA IO CPABHEHHIO ¢ $a3’oBBIMH HEKACKAJHBIMH METOIAMH.
Takue KOMIbl 3HAYMTETLHO TIPEBOCXOMAT TypOoxoas! npy Beicokux OCILL
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HpocretimuM cnocoGoM  KOMOMHHpOBaHHA KOJOB ABJIAETCA
nocnenoBaTesbHOE (IOBTOPHOE) KopupoBaHue. Peanusanus sTol Hue 1w
IBYX KOJEepOB NokasaHa Ha puc. 3 [6].
|

Koaep C, T. -

Puc. 3. IpuHupMn opraHu3aiy NOBTOPHOTO KOAMPOBAHHA

Uy Vo= U
—_— Koaep C, -

Bo3MOXHE! pa3iTH4HbIe BapHAHTH MOCTPOSHHA COCTABHBIX KOZOB.
CnelyeT COEIMHUTE BRIXOA MEPBOTO KoJepa co BXOAOM EduoB_ kozepa, C
Ha3pIBAETCA BHELIHHM KOAOM, a C; — BHyTpeHHHM kogoM. Kon C;, wmm C,,
HIH 0062 MOryT 6bITh CBEPTOYHBIMH WM GnokoBeiMH XoaamH. Eciu G H
G2 — mopoxparomie MaTpHIBI KOMIIOHEHTHBIX KOZOB, TO TOPOXIAOMas
MaTpHIa NMpou3BeAeHHA KOZIOB ecTh HX KpOoHexepoBCKOe MPoU3BENEHHE.

ITpoussefieHHe KkoJOB MOXeT ObITh Eﬁﬁvnﬁﬁmvwwmzo KaK
MOC/NeNIoBaTeNbHOE  COeQHHEHHe  KOAEPOB  4epe3  IEPEMEKHTEIb.
CxemarHdecku 3T0 uzobpakeHo Ha puc. 4 [6].

Brokosuit
CPEMCHHTEND

_*.,So@!___n.
AnHuGi k)

cnoB ANAROR 1)

Koxep € Hr n q- KoppC, | TRgomn)

bxonoesx  my coolmentii
cooR Dol 7y Znwnad &

Puc. 4. CTpykTypHas cxeMa MpOH3BEACHHA KONOB |

IlepeMexuTens sBAAETCA YCTPOHCTBOM, KOTOpO€ H3MEHAET
TIOPANOK Tepejadf INOCIENOBATEILHOCTH CHMBONOB HEKOTOPEIM B3aHMHO
OJHO3HAYHBIM  [CTEPMHHHDOBaHHBIM cnocoboM. IlpuHmun paGoTel
nepeMeXHuTeNA MOKa3aH Ha PHC. 5.

_ aa,.a, _ 6,08, _ * dd,..d, _

_ ac,...d, ‘ a,c,..d, _ ; agc,.d, _

Puc. 5. ITpuaumn paboTts! nepemexurens
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Tlepemexurenn 1o 26nzCTH NPHMEHEHHA BO3MOXHO pasJeNATh Ha
CJie TYIOIIMe TPy b

1. KananpHeiit nepeMexurens.

2. BrioxoBbIi H CBEPTOW LI ITepeMeXHTENH.

3. Cnyualinble mepeMexNTENH.

B GosbIIMHCTBE CMy9qasB KaHANBHEIE NIEPEMEXHTENH NPEACTABNAIOT
coboli vaTpHLy pa3MepoM (a,b) H MPAMCHAOTCA IIA YCTPAHEHHA BIIVAHASA
nakera olHOOK B KaHalle CBA3H. BIOKOBHE M CBEPTOYHBIE IIEPEMEKHTENH
HCHOIB3YIOTCA TIPH MOCTPOEHHH MOMEXOYCTONYHMBEIX AITOPHTMOB, TaKHUX
Kak TypOoKOIB!, KOABl HPOM3BeAeHHS U T.IL. CiydaliHble NepeMexHTeIH B
OCHOBHOM Tpe/IHa3HavueHsl 111 o0ecnedeHHA 3aMThl HHpOpMaLHH.

CymecTBYIOT CreUHalIbHBIE KO,IbI, KOPPEKTHPYIOIINE MaKEeTHbIE
omnbk4  Gomplmel  KpaTHOCTH, dYeM KpaTHOCTh  KOHTPOJIHPYEMBIX
cryqadHbIX OMHGOK, OIHAKO Ha MPAKTHKE Jamle HCMOJB3YIOT epeMeXeHHe
[6]. Paunugaror 61I0KOBOE, CBEPTOUHOE H NCEBAOCTYYalHOE NepeMeKcHMe.
[Ipu 6noxoBOM mepeMexeHWH GHTBI KaX10Tr0 KOJOBOIO CI0OBA NOCEUIAIOTCA
B KAHA1 HE JIPYT 33 APYTOM, A Yepe3 HHTepBabl, PEBHILIAIAE LTHHY
naksta omubok. B npomexkyTku wMexay OuramMu OOHOTO CNOBa
BCTABIUIOTCA GHTHI APYTHX KOOBBIX C/IOB, KaK MOKa3aHo Ha pHc. 6 [6].

1 aaq,..qa,

—_—
Bxo,1 2 C\C;-.C,

nepemMexuTerns

a8 ——»| dd,.d,

i

12b
Bruixos
nepemexmTens

Puc. 6. BinokoBslit niepemexuTens

AJITOPHTM MepeMexeHiti MOXeT GhITh 3aJaH aHATUTHYECKH, IyTeM
COOTBETCTBHA BBIXOAHBIX OHT IIEPEMEXKHMTENA BXOAHBIM OHTaM Caux(j) =
=Cux(i), ONIpeenaeMbIM EbIpaKEHUEM:

J=1+({a-Hmodbd),i=12,3,...,b. n

Ecin ctonbupi ka puc. 6 cunTeiBaTE B NOPAIKE, OMNpENENAEMOM
CEKpPETHBIM KJIIOYOM, TO NONYYHTCA WHPPOBAHHE HAHHBIX METOAOM
NePecTa HOBKH.
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Henpepsieroe cBeprousoe mepemesxenve mo CPaBHEHHIO ¢
GnoYHBIM CTIOCOGOM mepeMexeHHs NaHHBIX TOIBONSET GoNee YeM B JBa
Pasa cokpatuth oGbeM namaATH. CTIPYKTYpHSIE CXEMBI CBEPTOYHOTO
TEPEMEXHTEIIA H JeTIEPEMEXUTEIIA OKa3aHbl Ha PHC. 7,

Cxeua ymoasnenms
KHOMOM KO 40M

. — ‘ awon U
BxoHan uHpopMaL i . 3aKom ____naoomtss_:.; CXOQHEA WHGOEMaLp
H .
n ’ E kaxan W3 kanara lH

Mepemenenne Aenepimexarme

Puc. 7. Ceeprounsiit nepemexurens u nencpemexurens

Iy6una nepemexenus, T.e. mepecranceka ABYX COCEAHHX GUT
(baift) nakera nocue Komuposaums, cocrasnger K 6ur (Ga#tr). B
COOTBETCTBHM C 3THM NapameTpoM KOAEp INEPEMEXEHNS NAHHBIX COCTOMT

m K cuxxponno KOMMYTHPYEMBIX IO BX0O,1y H BbIXOAY NAPAIENbHLX
BETBeF.

Hlekoep nepeMexeHns JaHHBIX CTPOATCA aHATOTHIHBIM ofpazom,
HO C OOpaTHEIM TOPAAKOM BKIIOYCHHA. Cunxponnsauus u ¢asnposanue
KOAepa M JekojJepa MEPEeMEKECHHA NaHHBIX HPOMIBOAITCH 10 craprosoii
CHHXpOTpynne nakeTa - npu obHapyeHW: crapToBolf CHHXPOTTYITIBI
BXOAHbIC i BLIXOAHBIE KOMMYTATOPI BeTBeif Koiepa M HeKozepa
YCTaHABIHBAKOTCA B MOJIOXKEHHE BETBU C HOMEPOM Nersy = 0.

1.3 Koa Xommunrra

B kome X5MMHHTa BBONMTCA MOHATHE KONOBOrO paccrosiug d
(paccTosHHA Mexay AByMA Kojamu), PEBHOTO WHMCIy pa3spsmoB ¢
HEOIMHAKOBEIMH  3HAYCHUAMH. BO3MOXHOCTM HCIIpaBleHHS ommBok
CBA3AHBI C MHUHHMAIbHBIM KOXOBBIM DACCTOAHHEM dmi. Hcnpasnszores
OUIMOKH KpaTHOCTH ' = ent (dun-1)/2, u o0HapyXuBaKTCA OmHOKHA

KPaTHOCTH dmin-1 (35€Ck ent 03HayaeT "nenas gacts"). Tak, mpu korrpose
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Ha HEYeTHOCTh dmin = 2 H 0OHapYKHBAIOTCA OAMHOYHBIE olmuOku. B kozme
XommuHra dmin = 3. JlononuuTeNbHO X WHGOPMALHOHHEIM pa3psaaM
eBoguTcA L = log,K WM36BITOYHBIX KOHTPONHPYIOMHMX pa3panos, rae K -
yHcno HMH(OPMAUMOHHBIX paspanoB, L okpyrnserca no Gmmkaiiiero
GoNnplIero LeEJoro 3HadeHus. L-paspAmHblif KOHTPONHMDYIOINHH KO €CTh
MHBEPTHPOBAHHBIN Pe3yNbTaT MOPA3PANHOrO CIOKEHHA (T.e. CHOXKEHHA 10
MOIY/O 2) HOMEPOB TeX HH(OPMAUMOHHBIX Pa3pAILOB, 3HAYEHUA KOTOPBIX
paBHsI 1.

Konsl X3MMMHTa 0O3BOIAIOT OOHapyXHBaTh H HCIPABIATL BCE
onuHoyHble omuOxu (nmpu dx = 3), a Takke oOHApY)XHBATh BCE ABOMHbIE
omubky, HO He uenpapnats uX  (dx = 4). PaccMoTpuM kox X3MMuHra,
0OHapyKMBAIOLUMI H HCIPABNAIOLMH BCE OANHOYHbIE OLIMOKHA (Gosn - quen™
= 1). B kayectBe HCXORHOro Koaa Oepercs RBOMUHBIH KO Ha BCe
COYeTaHHd ¢ 4HCIOM HHPOPMALMOHHBIX CHMBONOB Kk, K KOTOpOMy
no6aBnseTcs m KOHTPONbHBIX CHMBONOB. TakuM 06pa3oM, JUTHHA KOAOBOH
xomOuHanmM n =k + m.

[Ipu nspenave AMCKPeTHOM HHPOPMALIMH MO KaHATY C NMOMeXaMu
MOXeT ObITh MO0 HCKaXeH OOWH M3 N CHMBONOB KoJa, JHOO konosas
KoMOHHanMa MoXeT GbITh TIpHHATa 6e3 uckaxenui. Taxum ofpasoM, NpH
nepenade MoXkeT ObITh N+1 BapHaHTOB, BKIOYad nepeaady 6e3 HCKakeHH.
Hcnone3ys m KOHTPONLHBEIX CHMBOJIOB, MBI JOJDKHBI pasnu4YuTh Bee n+l
cnyyaeB. To ecTh HeOGXOAHMO 0GECTIETHTh BHIMONHEHHE YCIOBHS:

2" >= p+l = k+m+1,

B tabn. 1 npeacTasneHa 3aBUCHMOCTh MEXAY k U m, MOTyueRHas

H3 JTOI'0 HEpPABEHCTBA.

Tabmuua 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|35

MecTo pacnoNOKeHHA KOHTPONIbHBIX CHMBOJIOB 3HA4YEHHA HE
uMeeT. UX MOXHO NpPHITHCHIBATH Iepell HHGOPMAIHOHHBIMH CHMBOJIAMH,
nociie HAX H uepexyd WH(GOPMaLMOHHBIE CHMBOJEI C KOHTPOJILHBIMH. [l
ynofctea oOGHapyKeHMA  MCKaXKEHHBIX CHMBOJIOB  LienecooGpa3Ho
pasMeliaTh KOHTPOJBHBIE CHMBOJNbI Ha MECTaX, KPaTHBIX CTemeHH 2 (To
ecTh Ha no_umnﬁx 1, 2, 4, 8 u 1.8). HUHbopMauMOHHBIE CHMBOJH

17 !

pacnoNaraioTcs Ha OCTaBUIMXCA MecTax. HanmpumMep, Ui CeMBBJIEMEHTHOM
KOZOBOH KOMOMHAILIMH MOXHO 3alHCATh:
my ke ks ke ko, )

rae kq - crapminii (9eTBEpTHIIL) pa3spAx HCXOAHON KOAOBOH KOMOHHAIHA
IBOWYHOTO Koz, a k) - Mrammuit (nepsstiit) paspsag K. __

OmpenenenHe TOro, Kakod CHMBON JO/KEH CTOATH Ha
KOHTpONbHOH no3uuuH (1 win 0), npoH3BoOAKTCA Mo zowe%::rn:._,mz TIpH
NOMOIIM  TpOBEPKH HA  9ETHOCTh. PaccmMoTpuM  ompenencHue
ko3¢ unneHToB Ha npumepe komGuHauwmh (2), CocraBmaerca Tabn. 2, B
KOTOPYIO BEINHCHIBAOTCA BCE KOOOBBIE KOMOHHALMH AEcuonmr HYJIEBYIO)
AN YETBIPEXPAPALHOTO OBOMYHOTO KONA HA BCE COYETAHWA, @ PANOM
CmpaBa, CBepXy BHH3 IPOCTABISIOTCA CUMBOJE KOMOHHAUMH Kona
X3MMHHT2, 3alHCcaHHble B NociaefoBatenbHocTH (2). Ha ocHoBe Ta6n. 2
cocrapnfgeTca Tabn. 3, comepxkamas 3 crpokd (m = 3), B :nvwﬁo CTPOKY
Tab. 3 3aNHCEIBAIOTCA CHMBOJBI KOJa X3MMMHIa, MIPOTHB xE_EEx CTOAT
€IMHUIBI B MIaIIeM (ITIepBOM) paspsiae KOMOHHAIHH nuo_zmofd xona (ki)
B Ta6I1. 2. _

7 Tabmma 2

Paspsijs! ABOMYHBIX 9HCEN |

4 (k) 3 (k) 2 (ko) 1 (k) CHMBOH KOAA
0 0 0 1 m
0 0 1 0 Bw
0 0 1 1 F
0 1 0 0 ™
0 1 0 1 -
0 1 1 0 o
0 1 1 1 N

Bo BTOpYIO CTPOKY NPOBEPOUHBIX KO3(DDHIHEHTOB 3AIHCHBAIOTCA
CHMBONIEI kOAa XIMMHHIA, TPOTHB KOTOPBIX CTOAT €AMHHUEI BO BTOPOM
paspane K (kz) B Tabn. 2. B Tpersio cTpoky Tabn. 3 3ammceiBaioTcs
CHMBOJIBI, NPOTHB KOTOPBIX CTOAT €AMHHLEI B TpeTheM paspsaae K (ks B
Tabn. 2). Yueno npoBepok, a 3HAUMT, YUCIO CTPOK Tabil. 3, PaBHO YHCITY
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KOHTPOJIbHBIX CHMBOJIOB m = 3, HaxoxaeHHe cOCTaBa KOHTPOJBHBIX
CHMBOMOB N0 Ko3ddurmerraM rabi. 3 Npu NOMOMM NPOBEPKH HA YETHOCTH
ocyLuecteiferca crenywommM obpazoM. CyMmupyoTca no momymo 2
HHPOPMAHOHHBIE CHMBOJLI, BXOMALINE B KKAYIO CTPOKY Tabn. 3. Ecnu
CyMMa €JHHMI[ MO NaHHOH CTrpOKe YeTHad, TO 3HAUEHHe CHMBOJa m,
BXOLALLUSTO B 3Ty CTPOKY, paBHo 0, ecnu HedeTHad, 10 - 1. [Ipu nomomu
nepeoH CTpokH Tabn. 3 onpeaersieTcs 3HAYSHAE CUMBOJIA M), MPH NOMOIIH
BTOPO# CTPOKH - 3HAYEHKE CHMECQIA My, TPeTheH - m3.

Tabsma 3

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

mz = ky(H)kz(+)k:

ms = ks(H)ka(+)ki

B rabn, 3 (+) - oneparop caoxkeHna no Momgyio 2.
ITycTe HyXHO mepeaarh komMGHHANMIO JBOMYHOro Koza 1101, T.e.

k = 4. CormacHo Tabn. 1 4HCNO KOHTPOJABLHEIX CHMBOJIOB m = 3. OHH
JIO/MEHE! OBITE pasMeLleHs! 1a To3uuuax 1, 2 1 4, a ~IHGOPMANHOHHEIE - HA
nosumMaAx 3, 5, 6 u 7. D1V NOCNENOBAaTENLHOCTh B OOIMEM BHIE MOXKHO
3anHcath CASAYIOMIMM 06paitoM: .

mynkanskskaky.

2?21?2100
Jlns onpenenenya 3Ha9CHEI KOATPOJBHELY. CHMBOJIOB COCTABAM Tabl. 4 B
COOTBETCTBHHE € Tab. 3.

Tabnema 4

m; = 1(+)1(+)]

m; = 1(H)1(H)1

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

TpousBengM MpoBepKy HAa TOYHOCT MO CTpOKaM Tabm. 4, B
pe3y/bTare 4Hero OmpeAessiioOTci KOHTpOAbHble CHMBOABL (m=1, m;=0,
m3=0), KOTOphle JODKHBI JONOIHATh KAXIYO CTPOKY JO UETHOrO YHCHA
eauHNl. Takum oOpasoM, B numMIO cBA3d Gyzer mepenaHa koMOMHAIMs
KoJa Xd>MMHHIa; .

mumzkamskbaky,
1910100
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Ang  NOBRINEHHA NOMEXOYCTOIMHBOCTH NEPBHYHOr®  Koaa
HEO0XOAMMO IOCHLIATh AOTIONHETENBHEE KORTPONBELIE CHMBOJEL, KOTOpbIe
YBOIMYHBAOT IHHY KOHOBOH KOMOMHALWH, BCJTEICTBHE YEro NOABISIOTCS
HONONHHATENLHEIE HIH  W3OBITOYHBIE  KONOBBE KOMOMHAM, He
MCOOJE3yeMbIC HENOCDEACTBEHHO JUIS IlepefadH HHQoOpMaumu. Tak,
CeMHpaspsHbLA KOA MPHHUMIHANBHO ofecredieaer nepenaqy Ny = 27=128
KOZI0BBIX KOMOHHaIWH. KonivecTso uEGOpMAIIM B CeMUPa3PAIHOM Kome
XommuHra k=4, T.e. 9MC/IO MONE3HBIX HAGOPMAUMOHHBIX KOMOHHAIMH
cocraBmster N = 25=64, ocranshsie 112 kogoBeIX koMmGuHammii K3 128
MpeIHasHaYeHBbl 1A 00ecneYeHHA TOMEX0yCTONIHBOCTH KOIA H ABAMOTCS
sanpemiHHbiMA.  ClefoBaTeNsHO, M30LITOYHOCT Koga  X9MMHHIa
AOCTATOYHO BENHKA H MOXeT ObTh ONpelIeNeHa U3 CNeAyolIero
BBIPAKEHHS:

1= (n-k)/k = m/k,
rae I - m6BITOIHOCTD KOAa, M - YHCHO KOHTPOILHBIX CHMBOJTOB, k - wiacio
MHQOPMAIMOHHBIX CHMBONIOB, 1 - ofluee 4HCIO cHMBOMOB.  Jlns
PACCMOTPECHHOTO BbllIE CEMHUPA3PAAHOTO Kona XaMMHHTa 1=3/4, npuadmM ¢
YBENHICHHEM Pa3pANHOCTH K03 H3OBITOUHICTE YMEHBIIALTCA.

2. OITACAHHUE PABOTBI

HomycTuM, 9TO NMPH NPOXOXKEEHHH CHrHANA OT nepefaTyuka x
TNPHEMHHKY Ha HEro HeWCTBYeT allWTHBHAS TIOMEXAa, HSKBHBAICHTHAS
RoGaBneHHIO BeKTOpa OMHOKH € . B atoM Cy'iae MpH NEPEMHOKEHHA Ha
NPOBEPOUHYIO MATPHI MBI [IOy4aeM CHHOPOM * omubku [7]:

CHT =(c+e)HT =cH™ +eH” =eH =35,

Ecnu 4necno HeHyneBBiX paspsgoB BekTOpa OMGOK e He Gonee
ORHOTO (T.e. BEKTOpP OMMOOK YHOBJETBOPAET YCIOBHMIO HCIIP&BIIE HHS
OmHOOK), TO KaXIOMY BEKTOPY OLIHGOK COOTBETCTBYET CBOM CHHAPOM.
Ans  wucnpaeneHns  ommGok HCHONE3YIOT ~ TabNHIy  CHHIPOMOB,
PaccUHTaHHYIO 3apaHee.

Taxum oOpasoM, alrOPHTM TNepeNaul CHTHANA COCTORT U3
CIEAYIOUIHX NYHKTOB.

1. Jina Bcex BO3MOXHBIX BEKTOpOB OmHGOK PACCYHTRIBAKITCA MX
CHHJIDOMBI H COCTaBJIfeTCA TabMHIa CHEAPOMOB.

2. TIpOM3BOIMTCA NEPEMHOXKEHHE HH()OpMalUHOHHOIO CJIOBA Ha
MOPOXKIAIOITYI0 MATPHILY KOJa.
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3. | Ha mnpHeMHOH CTOpOHe NpHHATYIO IIOCIEIOBATENBHOCTD
IIepeMHOXaOT HA TPOBEPOYHYIO MATPHILY H TOJy4aloT CHHAPOM OIITHOKH.

4, To Tabnuue CHHIPOMOB HAXOAAT BEKTOp OITHOKH.

5. BuI9MTAOT M3 NPHHATOrO CJIOBA BEKTOP OMHOKHM H MONYYalOT

NOCIAHHYIO| KOMOHHALMIO,
m..Luo nocjJaHHOH KOMOHHAUMH BOCCTAHAB/IHBAIOT IEpeHaHHoe

MH(}OPMAUHOHEOE COODIICHHE.
| 3. IPAKTHYECKAS YACTb

Jina wu3y4eHHs HCOPaB/MONIMX CBOMCTBE Koja X3MMHHIa
npeiaraeTcd KCronb3oBath koA (7,4) ¢ nopoxaalomen MaTpHueH

1000110

0100101
=loo10011

0001111

H IIPOBEPOIHON MaTpHuel

1101100
H={1 011 01 0f

0111001

1. Heo6X0auMO COCTABMTH POrPaMMY BBIYHCIICHHA KOJOBOTO C/IOBA

no HHPOPMAIMOHHOMY CJIOBY M IOPOXIAOIed MaTpHie G,
3navenue HHPOPMALMOHHOTO cJioBa OepeTcsa 3 Tabnl. 5 cornacHo

BapHaHTy.
Tabnuna 5
Bapuanr 1 | Baprant 2 | Bapuant 3 | Bapuant 4 | Bapuanr 5
0110 0111 1110 1000 1111
1101 0001 0010 0111 0011
1110 1100 0101 1001 1010
0010 1010 1010 1100 1011
Bapwuant 6 | BapuanT 7 | Baphant 8 | Bapnant 9 | Bapuant 10
1110 1100 0001 1010 1010
0110 0001 0110 0001 0011
0001 1110 1100 0000 0010
1110 0101 1110 0111 1111

P 3
B
s
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2. CocraBbTe POrpaMMy BbIYHCJIEHHS TabIHIBI o::.nuorou omubok
Ui 38JaHHOH MPOBEpOYHON MaTpHIb H,

3. B Tabn. 6 npHBeneHs 3HaUeHMA MPHHATHIX MOCLUTOK. BEraucanTe
CHHEPOM J[aHHBEIX TOCBUIOK, ONpENeNTHTe HAJMYAE| OnIAGKH B

:uﬁsgmnoomuwm:.:génnrﬁmnxnnnnézw.vmwvmh.w
KOTOpOM MpPOH30LLIa IaHHaA OmHOKa.

Tabmana 6

Bapuant 1 | Bapuant 2 | Bapuanr 3 | Bapuaur 4 | Bapuasat 5
0001011 1101110 1011011 0110100 0101001
1011100 | 0111010 | 1111100 | 1011101 | 1000001
0101000 | 0110010 | 0010100 1111100 0101101
1001010 1000001 1001111 0110100 1001100

Bapuanr 6 | Bapuant 7 | Bapuanr 8 | Bapuaut 9 | Bapsant 10
1011000 | 0110001 0011110 { 0100001 1011001
0100110 1110010 1101001 0111110 :__oc_o
0010100 1011101 0111010 1101001 0101001
1101000 | 0101000 | 0001101 1100111 oEFSc

|

4. Tlo pesynprataM paboTel cienaliTe BBIBOObI H aﬂfﬁa HX B
orgere. _

KOHTPOJILHBIE BOITPOCHI

. H3o6pasure CTPyKTypHYIO CX€My CHCTEMEI Nepefjad H
nepevHcanTe PYHKIMH OTAENBHEIX e GJI0KOB. m

2. HasHageHHe IOMEX0YCTOHYHBOrO KOAHPOBAHHSA.

3. Ilepeuncnnre OCHOBHbIE XapaKTEPHCTHKHA KOJA.

4. Kaxoli xox HasmiBaerca GnoxoBeiM? [lepewmcanTe BHABI
610KOBBIX KOJOB.

3. Yro coboit mpencTaBNsioT CBEPTOYHBIE KOIHI?

6. Yro coBoit MpeACTaBIAIOT KaCKaAHEIE KOIBI?

7. Yro cobolt npeacrasiser cocrapHol kox?

8. TIlpusemure CTPYKTYpHYIO CXeMy H 0GbACHHTe paGoTy
CBEPTOYHOrO MepeMeKeHH .

9. Kak dopmupyerca kox Xommumra? Ero ocHOBHbiE
XapaKTepHCTHKH.
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YKA3AHHWSI K COCTABJIEHHIO OTYETA

OT9eT AOKEH CONPRKATE:

1) CTPYKTYPHYIO CXeMY CHCTEMbI NepeJaT;

2) COCTaBIEHHYIO IPOrpaMMY M pPe3yJIbTaThi pacdeTa CHHAPOMA;
3) kparkuit aHanE3 OpoBeJeHHBIX HCCIENOBAHAH H BHIBOJIBI.

BUBJIMOI'PAOUYECKHUM CIUCOK

1. Bepeskun E. ®. Ocuopbl TeopHH HHYOPMAaLMK M KOAHPOBAHHA:
y4e6. mocobue. — CIT6. Jlamn, 2019. - 320 ¢.

2. Urnatees E. B, OcuoBel kpunrorpadum: yue6. mocobue. —
Hparioso: VBaHOBCKME rOCyda))CTBEHHBIH JHEPreTHYECKHH YHHBEPCHTET
nMmern B.H. Jlennna, 2020. - 88 c.

3. Bypcuan E. I0., Bypakos JI. T1. OcHossl koauposanua. . 1:
yue6. nocobue. — CIIG.:Jlam, 2018. - 70 c.

4, Jlumoscku#t B. B. OcHOBEI TeOpHH HHPOpDMAlMH M
xpuntorpaduun. — M.: HHTYHT, 2016. — 141 c.

5. Bacanosa I'. B. Ocossl xpumrorpaduu: yue6. mocobue — M.:
HHTVYHUT, 2016.-282 c.

5. Cepmoxos ILH., Bempumkos A.B., Jlponos A.E. u zp.
3aupueHssle paguocHcTeMsl LHpoBoii mepenaud unadopmaumE. — M.
ACT, 2006. —403 c.

7. 3Bonorapés B.B., Oseaxun TI.B. Ilomexoycroiuneoe
KOAMpOBaHME. METOMBI U aITOPHTMBL: CIPaBOYHHK/ Nof peA. wi.-kop. PAH
10.B.3y€apesa. — M.: I'opsauas juanus — Tenexom, 2004. — 126 c.

3. Kupwuwios C.H.,, Kpsicses [[.E., mutpmes B.T. Anmropurm
KIaccHUKXalMH THTIOB  IOMEXOYCTOMYMBOIC KOOMpOBaHHA //  5-a
MEX(YHAPOJHAA HAydHO-TexHHIecKas koHdepermua «K.O. Linonkosckyit -
150 ner co pHa poxieHrs. KocmoHaBTHka. PamnosnekTpoHHKA.
I'eonndopmarukar. — Paszaus: PIPTY, 2007, — C. 158-1539.

9. INpokne k. lludporas cease: nep. ¢ aurn./ mox pea. JLJL
Knosckoro. — M.: Paamo 1 csa3s, 2000. — 300 c.

10. Caenos H. CnTHKOBOIOKOHHBIE CHCTeMbl JambHeif cssAsu //
Onexrponuka: Hayka, Texdonorus, Busnec, 2005. Ne6. — C.70-74.

11. Mopenoc-Caparoca P. HMckycctBo MOMEXOyCTOHIHEOrO
KoaupoBaHus. Meronss, arropurMsl, npuMeHenme. — M.: Texsocdepa,
2005.-319c.

2. Baelixyr P. Teopus M NpakTHKa KOAOB, KOHTPOJHPYIOIIHX
omntiku. — M.: Mup, 1986. -- 575 c.

23
JlaGopaTopuas paGora Ne 3

AJITOPUTMBI MACKHPOBAHMS PEYEBOA HHOOPMALIMH
B MHOI'OKAHAJIbHBIX TEJTEKOMM YHUKAIITMOHHLIX
CHCTEMAX

LEJIb PABOTBI

M3ydenHe OCHOBHBIX @ITOPUTMOB  MACKUPOBAHMA  peueBOM
HHGOPMalUMH i HX CPaBHHUTENBHBLH aHATH3.

1. TEOPETHYECKAA YACTD

B peveBrIx cHcTeMaX CBASH H3BECTHSI [Ba OCHOBHBIX METOHNA
3aKPHTHA PEYESBHIX CHTHANIOB, paslle/IoEXCA [0 cnocoly mepefayd mo
KaHATaM CBA3H. aHAJIONOBOE CKPeMONMpOBaHHE H JUCKDPETH3ALHMs PEIH C
nochaepyiomuM mu¢poanHeM (mudposos ckpemOmuposanue). 1lox
CKpeMONUpoBaHHEM (MackupoBaHHeM) TOHAMAKOT HIMEHEHHE
XapaKkTepHCTHK pPedYeBOro CHrHana TakmM obpazoM, 9To0Bl MomycieHHSIH
CHTHAJI CTAHOBWICA Hepa3sOOpUMBLIM H HEY3H:ZBABMEIM, 3aHMMas Ty e
Nojocy CHeKTpa, 4T0 M HMCxoaHeif. Ilpy McrmoIs3oBaHHH cKpemGnepa
obecneynBaeTCs 3aliMTa TeNe(OHHBIX MEPErOBOPOB OT JHOGBIX CpencTs
ceeMa HHQopmauuu [1].

Haubonbmas w9acTe anmaparypbl 3aceKpedMBaHHA PpeEHEBBIX
CHTHAJIOB  HCMOJNL3YeT B HACTOANICE BpeMsa METOA  AaHAJICTOBOTO
CKpeMOMHpPOBA HUA, IOCKOJNBKY:

- 3TO HElIEBO;

- HeoOXOmMMas A JTOrO  andaparypa NpPHMEHSETCA B
GOMBIUAHCTBE C1y4aeB B CTAHAAPTHBIX TeNe()OHHKX KaHaaX ¢ monocok 3,1
Kl

- obecrieqBaeTcs KOMMEpIECkoe Ka1ecTBo Aelu(poBaHHOY peTH;

- FapaHTHPYeTCs AOCTATOYHO BHICOKAA CTOHKOCTD 3aKPHITHA.

AHanoroBele CkpeMOnepsl npeoGpasyloT HCXOmHBIA peuenoH
CHrHAN TIOCPENCTBOM HM3MEHEHMA €ro aMIUIMTYAHBX, 4YacTOTHEIX K
BPEMEHHEIX NMAapaMeTPOB B PAa3IMYHBIX koMOuHAINsX. B anmaparax Taxoro
THIIA HCHONBIYETCA OJMH HIH HECKONbKO CHNOCOG0B aHAIOTOBOTO
CKpeMOTHPOBaHHSA M3 YHCHA CIEAYIONIHX:
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- ckpeMOnMUpOBaHAE B 9aCTOTHON OOMACTH — YaCTOTHAA WHBEPCHA
(npeobpa3oBaHue CHEKTpa CHIHANA ¢ MOMOIUBK NeTepOAMHA M GHILTPa),
4acTOTHAA epcuA H CMeEMieHHe (JacTOTHAd HHBEPCHA ¢ MEHAIOMHMCA
CKagko00pa3sHO CMeIIeHHEM HeCymeH 9acToThl), pa3fiefieHHe MOJOCH
YacTOT pedeBord CHTHajla Ha pAA NOAAHANA30HOB € MOCHEAYIOMEH HX
TepecTaHOBKOH ¥ HHBEPCHEH;

- CKpeMOIHpoBaHKe N0 BpeMeHHOH ofnactu — pa3buerue 6nokos
WIH dacTeil |[peYH Ha CEIMEHTRI C NEPEMEHIHBAHHEM HX BO BPEMEHH C
MOCIIEAYIO HX ITPAMBIM H (HJIH) PEBEPCHBHBLIM CUHTHIBAHHEM;

- KOMOPHALHA BPeMEHHOTO H YaCTOTHOTO cKpeMOimpopaHaa [6].

Kak nmpaBwio, Bce NepecTaHOBKH KakuM-nubo obGpasom
BBIJEICHHBIX CEeTMEHTOB WIH YJacTKOB peud BO BpeMeHHoM u (i) B
4acToTHOM 067acTAX OCYIIECTRBIAIOTCA MO 3aKOHy INceBHocTydaifHol
NOCAeN0BaTeILHOCTH, BhIpabarpiBacMoli mMdparopoM 10O  KITIOUY,
MEHAIOEMYCA CT OHOIO COOOMIEHUA K APYTOMY.

Ha cTopoHe nmpHeMHMKa BBHIIONHAETCA AeMH(pOBaHHE WHA(GPOBHX
KOJOB, MOJNYYEeHHBIX W3 KaHaja CBA3M, H npeolpa3oBaHHe B aHAIOIOBYIO
¢dopmy. Cucremrl, paGoTa KOTOPHIX OCHOBaHa Ha TakoM MeTOfe, ARIIOTCA
AOCTATOYHO C/IOKHBIMH, TIOCKONBKY JUIA obecreueHHs BBICOKOTO KavyecTBa
nepenaBaeMoit peur TpefyeTcs BBHICOKaA YacTOTa JHCKPETH3ALMH BXOJHOIO
aHATOTOBOTO CHTHANA U COOTBETCTBEHHO BHICOKAaA CKOPOCTh MNepeAaay
JaHHBIX 1O KaHaTy cBa3H. Kanann! cBA3H, Xoropele obecneudBaior
CKOpOCTh  NHepefiadd  JaHHBIX Tomeko 2400 Bon, HasmBaioTcA
Y3KOTIONIOCHBEIMH, B TO BpeMsA KaK Apyrue, ofecrneuHBalOmue CKOPOCTH
nepenady ceeie 2400 boa, OTHOCAT K IIHPOKONOAOCHBIM,

AHnajoropsie ckpeM6meps1 Mo pexxuMy paboThl MOXKHO PasfeNuTh
Ha [IBa CIEAYIOMHX KIacca:

CTATHYECKHE, CXeMa KOIHDOBAaHHA KOTOPRIX OCTAeTCA
HeH3MeHHOH B TeueHHe Bcel mepenadn peueBoro coobmeHns;

-~  OMHAMHYECKHME, TIOCTOSHHO TI€HEpUpYIOIHEe  KOJOBBIE
TIOACTAaHOBKH B XON¢ Mepejadd (Ko& MoxeT ObTh H3MEHEH B Ipolecce
nepeaayy HeCKONBKO pa3 B TeUSHHE KaXA0H CEeKyHIHI).

OueBHAHO, YTO OHHaMHUIecKue ckpembaepsr obecnequBaior Gonee
BBICOKYIO CTEMEHb 3alllMThl, TOCKONbKY PE3KO OTPAHHYHBAIOT BO3MOKHOCTh
JIErKOro MpoCAyIIMBAHHA NEPEroBOPOB MOCTOPOHHMMH JIHLAMH.

IlpeobpazoBaHne ped4eBOTO CHTHANA BO3MOXHO 10 TpeM
nmapaMeTpaM: aMIUIMTYNEe, 4YacToTé M BpeMeHH. CumTaercs, 4TO
HCIIONB30BaTh aMIUVIHTYAY Helenecoo0pa3Ho, Tak KaK H3MEHAIOIIHECH BO
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BPEMEHH 3aTyXaHHe KaHala H OTHOIIEHHE CHIHEJV/INYM JENaloT CHOMHBIM
TOYHOE BOCCTAHORJICHHE AMIUIMTYAR INePEJaHHOro CHrHaga. Ilo3romy
NPaKTHYECKOEe NMPHUMEHEHHE MONYYIIH TONBKC %aCTOTHOE M wunzn_ioo
CKpeMOIHPOBAHHE H UX KOMOHHALHH. ,

I [

34 fxI'n 0 34 fxTy

Puc. 1. ITpusuun vmmoem HHBE]TOPA CNIEKTPa peyr

CywlecTByloT 1Ba OCHOBHBIX BHJIa YaCTOTHBIX CKpeMONEpoB:
MHBEPCHBIH M moocoBod. O6a ocHOBaHB Ha NpeoOpas’oBaHHAX cnekTpa
HCXOIHOTO PEeBOT0 CHTHAJA 1A CKPHITHA mepenaBaeMoit HHGOpMaUHH H
BOCCTAHOB/ICHHA MONYYEHHOTO PEYEeBOr0 COOBILEHHA ITyTeM OOpaTHbIX
npeobpasosanui. MHBEpCHBIH CKpeMGep 0CYyLIECTRIAET NpeobpasoBaue
Ppevesoro CreKkTpa, PaBHOCKHIBHOE MOBOPOTY 9aCTOTHOH MONOCH! PEeBOro
CHTHAJIa BOKPYr HEKOTOpoH cpejpHelf Towu (puc. 1). Onmuako JaHHbIf
crnocof o6ecneduBaET HEBHICOKHH YPOBEHb 3akpHITHA, TaK KakK npu
NePEXBATe JIEIKO YCTAHABNMBACTCA 3HAYCHHS YACTOTHI, COOTBETCTEYIOmIEE
Cpemdeii TOUKS MHBEPCHHM B MONOCE PEYeBOro CHrHama. Pedepolf criexTp
MOXHO TaKoke pas/ieliTh Ha HECKOJIBKO YaCTOTHLIX MOJIOC M MPOM3IBECTH HX
NepeMEBAHME ¥ HHBEPCHIO N0 HEKOTOPOMY Dpashiy (KIHOTY CHCTEME).
Tax dynxunonupyer nonocoBoi cxpembnep (pue. 2).

AmMnnuvoa

]
I_./_J —]
I
1}l 2 |3 | a4 _ 230 | 1m| 4u]| 2a
0.3 34 fixl'u Q 0.z

3.4 fxT'a

-3
Puc. 2. ITpuHLEnI paboTel 4eTHIPEXNOICCOBOTO CkpeMOiepa pedn:
a - HCXOIHBIA peuesoii cnektp; 6 - npeoGpa3oBaHHbIH CrIeKTp

Hi3aMeHeHHe Kmoua CHCTEMB! IIO3BOJISIET TMOBEICHTE CTEIIeHb

3aKpBITHA, HO TpebyeT BBECHMA CHHXPOHBAINI Ha NPHEMHOM CTOPOHE
cucTeMbl. OCHOBHAA 4acThb JHEPTAM PEYEBOTO CHYHANA COCPENOTOUEHA B
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HeGonpmo}f o06macTH HH3KOYACTOTHOTO CHEKTpa, MO3TOMY BHIOOp
BAPHAHTOB MEPEMELIABAHNA OTPAHHYCH.

CymecTBeHHOE NOBHIMEHHE CTENECHH 3aKPLITHA peuH MOXKeT OHITH
HOOCTHFHYTO IYTEM pealu3alHd B IOJIOCOBOM ckpembOnepe OhmicTporo
npeobpazopanni  Pypee (BII®). Ilpm 3TOM 9HCHO AOTYCTHMBIX
NepeMEINBaHHA YacCTOTHBIX NOJOC 3HAYHTENLHO YBEIHYUBACTCH, HTO
omonnnaﬁmn._, BBICOKYIO CTelleHb 3akphITHA 0e3 YXyHAIIeHHA KadecTBa peyH.
MoxxHo n_onoamﬁugmmo NOBBICHTL  CTENEHb 3aKPHITHA 3a0CPKKOH
_umuE.EEx_ 4acTOTHBIX KOMMNOHEHT CHTHAJla Ha pasnHyHoe BpemdA. IIpumep
peaTH3aliK TakoH CHCTEMBI IIOKa3aH Ha puc. 3.

ImaBHbBIM ~ HeflOCTAaTKOM  HMcnonb3oBaHMa  BIID  seiserca
BO3HHKHOBEHHe B cHcteMe Oombimod samepxkn curHanma (no 300 mc),
ofycnoBneHHOH HEOOXOMUMOCTBIO HCTIOMB30BAHHA BeCOBRIX (yHKIM. 1o
IIPUBOAMT K 3aTPYAHEHHAM B paboTe MyIIeKCHBIX CHCTEM CBA3H.

Crpeubianpotasien
pera
1
[ Hee (=12
Nepenaouias vacr

!
h_ *  Mpwsasian yacr
Puc. 3. OcnoBHas ¢opMa peanH3alliH aHAIOTOBOTO CKpembnepa
peyu Ha ocHoBe BI1®D

B ckpembnepax ¢ BpeMeHHOM HHBepCcHeH peueBoli CHIHAN AENHTCA
Ha MOCICAOBATENIbHOCTh BPEMEHHBIX CErMEHTOB M KaXABH M3 HHX
nepefaeTcs MHBEPCHO BO BpeMeHH (¢ koHua). Takue ckpemGieps!
ofecreynBaOT OFpPaHHYEHHbIM YPOBEHb 3aKPHITHA, 3aBHCAIUMNA OT
JUTATEIBHOCTH CETMEHTOB. Jlia noCTHXeHHA Hepa3OOpUHBOCTH MeJIEHHOM
pedH HeoOxomuMo, uTo0B! IIMHA CErMEHTa COCTaBIIAIA OKoJo 250 Mc. B1o
03HAaYaeT, 4TO 3aflepXkKa cHCTeMbl Oyger paBHa npuMepHo 500 Mc, 9To
MOXKET OXA3aThCA HEMPUEMIEMBIM B HEKOTOPBIX CJIyJasX.

JUts nOBBINIEHHWS YPOBHA 3aKPHITHA MPUGEraloT K crocoby
NIEPEeCTAHOBKA BPEMEHHBIX OTPE3KOB pPEYEBOTO CHTHANA B Ipelenax
¢uxcuposannoro kagpa (puc. 4). IlpaBWio NEpecTaHOBOK ABNAETCA
KIFO90M CHCTEMBI, H3MEHEHHEM KOTOPOTO MOXKHO CYNIECTBEHHO NOBHICHTH
CTeNeHb 3aKpuITHA pedd. OcTaroyHas pa3GoOpYMBOCTE 3aBHCHT OT
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JUIATETbHOCTEH OTPEe3KOB CMIHANA M KaIpa M C YBENHUCHHEM MOCIeXHEN0
ymensmaerca [7].

I'naBHbIM HeZOCTaTKOM cKpemOiepa ¢ (PHKCHPOBAHHBIM KagpoM
ABNAETCA OONBIIOE BpeMA 3aJePKKH CHCTEMbI, PaBHOE |YABOEHHOH
JUTMTENIBHOCTH Kafpa. DTOT HEJOCTATOK YCTPaHAETCH B onLozmnmﬁn c
NepeCTaHOBKOH BPEMEHHBIX OTPE3KOB PEYEBOTO CUTHANA CO CKOJB3ALMM
OKHOM. B HeM 4HC/IO KOMOHHAUMI BO3MOXKHBIX NEPECTAHOBOK 43@:.3_5
TakuM o6pa3oM, 9TO 3alepkkKa JMOGOT0 OTpe3ka He NpPEeBOCXONHT
YCTaHOBJICHHOIO MaKCHMaNbHOIO 3HadeHMdA. Kaxmuli OTpe3ok, HCXOMHOIO
peueBoro CHrHana Kak Obl HMEET BPEMEHHOE OKHO, BHYTpH _&qdwoa OH
MOXET 3aHHAMaTh IPOM3BOJILHOE MECTO NpH CKpeMONHpoBaHuH, 3T0 OKHO
CKOJIB3NT BO BPEMEHM N0 MEpE MOCTYIUIEHHA B HEro Kaiaoro HOBONO
OTpe3Ka CHTHaNA. 3afiepXKKa MPU ITOM CHIXKAETCA JI0 JNIHTENLHOCTH OKHA.

(2lzfs ]+ b b | [2l2fs s b b |

-
o

!

0 t o t

Puc. 4. Cxema pa6oTsl BpeMeHHOTO ckpeMOiiepa ¢ nepecTaHOBKAMH
B (PUKCHpOBaHHOM Kanpe
|

Kom6unuposanubiii ckpembiiep HaMHOIO ClOXKHEe OOBIYHOTO H
TpeOyeT KOMIIPOMMCCHOTO pemIeHHs [0 BHIOOPY YPOBHA 3aKpHITHA,
OCTaTOYHOM pa3bOpYMBOCTH, BPEeMEHH 3alEPKKH, CIOXKHOCTH ._EQREE H
CTeNeHH HCKaKEHHH B BOCCTAHOBIECHHOM CHrHale. B kavecTBe mpumepa
TaKOH CHCTEeMBI PaCCMOTPHM CKpeMOnep, cXeMa KOTOPOro IpeAcTaBieHa Ha
pHC. 5, IAe  oOmepalMs  YacTOTHO-BPEMEHHBIX  NEPECTAHOBOK
IOUCKPETH3UPOBAHHLIX OTPE3KOB PEYEBOI0 CHTHANA OCYMECTBIACTCA ¢
MOMOMIBIO YETHIPEX MpOLECCOPoB X (poBoit 06paboTKH CHTHAIOB, OIHH H3
KOTOPBLIX MOXET peallM30BhIBATE (YHKIDOO TIeHeparopa ClydalHOH
HocneNoBaTeIbHOCTH (KJI0Ya CHCTEMSI 3akphitus) [7].

B TakoM ckpemGiiepe crieKTp OLM(POBAHHOIO aHANOTO-UM(POBBIM
npeobpasoBareniem (ALITT) pegeBoro cHrhana pas6uBaeTcs MOCPEACTBOM
HCIONB30BaHHA AIOPHTMOB NU(poBol 06paboTKH CHrHAaNOB Ha YacTOTHO-
BPEMEHHEIE JEeMEeHTHl, KOTOpHIe 3aTeM IIePeMEMMBAIOTCA HA YACTOTHO-
BPEMEHHOH ITUIOCKOCTH B COOTBETCTBHH C OJHHM H3 KPHIITOTpadHuecKux
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aIrOpuTMOB (PHC. 6) H CyMMH]PYIOTCA, He BHIXOIA 3a Hpeleibl YaCTOTHOTO
JHANA30HA HCXOIMHOTO CHIHAJIA,

Puc. 5. CrpyktypHast cxeMa KOMOHHHPOBaHHOTO CKpeMOiiepa

YscTora YacToTa
102 3flals s [1a]1.]1e]1s
e |7 8|90 38|22
) 1" 12 13 | 14 15 10 T 1 14 | 19
1@ 17 1€ | 19 | 20 9 20 a4 1) 17
t=0 1 =0 t

Prc. 6. Iparnun paGoTs! xoMGHHUPOBaHHOIO CkpeMGiepa
CO CTOMKOCTBIC CACTEM LM(POBOTO 3aKPHITHS PedH

Ha npuemHOM KoHIE NpOW3BONATCA OOpaTHHE ONEpAlHE IO
BOCCTaHOBJICHHIO MONYYEHFOT0 3aKPBITONO PEIeBOT0 COOOMICHHA.

Cxpem0niepsi BCEX THIIOB, 3a HCKIIOYEHHeM npocreiimero (c
9aCTOTHOH HHBEpCHel), BHOCAT MCKKEHHA B BOCCTAHOBIEHHBIH pedcBoit
CHTE@N. [DaHAUB! BpEMEHHLIX C2IMEHTOB HApyILAIOT LENOCTHOCTh CHTHANA,
YTO HeM3OEXHO NPHBOAMT K NOABIEHHIO BHEMONOCHBIX COCTABJITIONIMX.
Pe3ynsTaroM HCKaXeHH SBAETCA YBENHICHHE MHHUMAJILHO [OIYCTHMOTO
OTHCINEHHA CHTHAI/IIYM, NPH FOTOPOM MOXET OCYIMECTRAATLHCH HALENKHAS
CBA36.

JAMCKPETH3aUHA pedH ¢ NOC/IeAYOWHM WHPPOBAHHEM

AJNIETEDHATUBFEIM  AHWIOTOBOMY CKpeMGIHDOBAHKIO METOLOM
Nepefayn pevyd B 3aKpPHITOM BHAE ABNAeTCA MHUQPPOBAHME pETEBBIX
CHTHAJIOB, NMPeoOpa3oBakkbiX 3 UHOPOBYIO GoOpMy, TlepeN MX mMepeaadeti.
Otor meron obecnewHsaeT (onee BRICOKMH ypoBeHB 3aKpHITHA [0
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CPAaBHEHIIO ( OINKMCAHHBIMHM BBILIE AHANOIOBEIMA MeTOaMH. B ochoBe
YCTPOHCTB, paloTaromMX NO TAaKOMY MPHHLMIY, JEXHT NPEACTABICHHE
pedyeBOro CMrHana B BHAe UM(POBOH MOCIEHOBATENBHOCTH, 3aKphIBAEMOM
[0 ONHOMY W3 KpHumTorpapudyeckux amoputMoB. Ilepesaga IaHMBIX,
NPELICTARNAIOMHX JHCKPETH3HPOBAHHEIE OTCYETH PeueBOr0 CHTHAJIA K ero
napaMeTpsl, 10 TeNeQOHHBIM CETAM, XaK M B CiIyd9ae YCTpPOXCTB
muppoBaHns  andaBuTHO-UMbpoBOM M rpaduueckoi  MHpOPMAUMH,
OCYLIECTBIIi€TCA 4Yepe3 YCTpoMcTBa, HasbipaeMble MoxeMamu. OcHonHoM
LeJbI0 NpH pa3paboTke yCTPOfCTB HM(PCHONG 3aKPHITHA PEYH ABNAETCA
COXpaHEHHE TeX €€ XapaKTepHCTHK, KOTOpble Haubonee BaXHBL! JUIA
BOCTIPHATHA CymaTtenem [1].

Coxpanenne ¢opmsl curHana TpeSyeT BBICOKOH CKOPOCTH
Tiepesad U COOTBETCTBEHHO HCIIONB30BAHMA IIHPOKOONOCHBIX KaHANOB
CBA3H. [l y3KOTIONOCHBIX KaHANOB TPeGyIOTCA YCTPOICTBa, HCKITION Ao He
M3OBLITOYHOCTE PeYd A0 ee nepefadd. CHIDkeHWe HHPOPMAUMOKHOM
M30OBITOUHOCTH pEYH JOCTHTAeTCA TapameTpusauMedl peyesoro CHrHana,
NpH KOTOPOH XapaKTepPHCTHKH PEYH, CYLUECTBSHHBIC IS BOCHIPUATHA,
COXPAaHAIOTCA.

OcHOBHOM OCOGEHHOCTBIO HCMONE3OEAHUA CHCTEM LHM(POBOTO
3aKpHITH pPeieBBIX CHIHATOB ABIAETCH HECGXONMMOCTh TNPHMEHEHHA
MOneMOB. B OpHHUMIIE BO3MOXKHEL  CIETYIONIHE TONXOBI  NpH
TIPOEKTHPOBAHMH CHCTEM 1IHGPOBOTO 3aKphITHSA PEUEBHIX CHIHAJIOB:

- UA(ppoBas TOCIEAOBATENHHOCTD HAPaMETPOB PeYM C BHIXOLA
BOKO,IePHOTO VCTPOHCTBA MOAaeTcs Ha BXoN mWHppaTopa, rae moasepracTes
npeobpa3oBaHMIo MO OXHOMY H3 KPHNITOrpadHIeCKHX alrOpHTMOB, 3aTeM
NOCTYNAeT 4Yepe3 MOJAEM B KaHall CBA3H, Hi MPUSMHOM CTOPOHE KOTOpOro
OCYILECTBIAIOTCS OOpaTHBIE ONEpAlMH NO BOCCTRHOBIEGHHIO PEYEHOro
CHMIHaMa, B KOTOPbIX 3afeidcTBoBankI MofeM u aemmMdparop. Lludppyromue
(newuppyromue) ¢ynxkuuu obecmequparorcs MM60 B OTASABHEIX
ycTpoiicTax, 1M60 B TNPOrpaMMHO-aMIAPaTHON peaTusauMH  Camoro
BOKOjIepa;

- mudpyronme (nemmdpyiomme) ¢yaxuun obecneunpaicrcs
caMPM MOAEMOM (TaK Ha3bIBASMBIA 3aCeKPEeYHBZIOIIHN MozieM) OOBIIHO 1o
M3BECTHBIM KpHITTOrpapnyeckuM atroputMav tuna DES n mp. Hudposoii
TNOTOK, HeCyuH HHQOPMALMIO O NapameTpaX ped, ¢ BHIXOZA BCKOAepa
HENOCPENCTBEHHO TNOCTYNaeT Ha Takod Moaem. OpraHusamus CBA3M IO
KaHaTy aHaJOIHYHa BhIIENPHBEACHHOM,
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ACHHXPOHHOE MACKHPOBaHHE PeYH Ha OCHOBE AJINOPUTMA
Xypruna — SIkoB/esa

CymecTByioide MeToasl MackupoBahus PC  3HAYHTENbHO
yMeHbIAIOT AuHaMudecknit ananason PC. B cuny aToro BOCCTAHOBJIEHHBIH
Ha npreMHol cropore PC ofnajaeT K0CTaTOYHO HU3KOH pa3GopIHBOCTEIO.

Onue W3 mTyTel pemeEHHs MEPeYHCNEHHBIX Bhime Mpobiem
BO3MOXEH Ha OCHOBe ayroputMa XypruHa - Sxosnesa [11],
HCTIONB3YIOMIEN0 NPEACTARICHHe HCXONHOH WH(OPMAlH B BUIE OTCUETOB
CHrHANA M erc mpomssoxHoH. Vcronesopanme anropurMa XypraHa -
SikoReBa B HHTEpecax MAcCKHPOBAaHHMA PEYeBHIX CHIHAJIOB MO3BOJIHT
MOBBICHTE TIOMEXOYCTOMUMBOCTD H  pEAIH3ALMOHHBIC BO3MOXKHOCTH
CHCTEMBI MACKHPOBaHHEA.

Anroperm Xyprusa - SIkoBlieBa paccMarpHBaeT NpPEACTaBICHHE
PC ¢ (UHHMTHLIM CHEKTpOM M BepxHeH rpanuuHoH wacroroif F B Bmie
COBOKYMHOCTH OTCYETOB CHIHAJA ¥ €ro N-1 mepBeIX MPOM3BOAHBIX, B3ATHIX
¢ 9acroTol auckpernsaumu f, = 2F/N=f, /N , e f,, =2F -vacrora

HHCKDeTH3AaNMH, ONpejenseMas B COOTBETCTBHH C Teopemod B.A.
Kotenbuukosa. Mcxommsitt curnan f{t) Ha ocHOBe anropHTMa XypruHa -
SlxomneBa MoxeT OBITh IpecTaneH B Buae [, 12]:

N=l oo

f0)=Y, > t¥@NAYr—~nNAY [sinc(a)]" /&1,
k=0 n=—co

roe sinc(a)=sin(a)/e, o=n(t-nNAYNA, fO@NA) - orcuernt k-#
NpOM3BOJHON CHWrHaMa, A =1/2F . B [12] paccMoTpeHa BO3MOXHOCTH
ACIIONB30BaHHA anropuTMa Xypraka — JSkosnesa mnpH N=2, uro
nozpasymesaet npeacTasienne Hexomsoro PC f(n) B Buae npopexkeHHbIX
orcueros curaaia fo(n) u npomssomHoit fi(n). B aToM ciydae yctpoiicTso
(puc. 7) BOCCTAaHORJCHWA HCXONHONO CHIHaNA BKTIOYAET JBa KaHANA, B
KOTOpHIX ocymecTsaserca o6pafoTka NOCNENOBATENBHOCTH OTCUCTOB
curHana f(n) ¥ npomsBogHOH fi(n) B CHHTEIHPYIOMHX (HILTPax c
MMIyNBCHBIMH  XapaktepucTukamu  sinc (@) m  (t-nNA)-sinc*(o)
COOTBETCTBEHHO.
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Puc. 7. Cxema anropurMa Xyprusa - SIKkoBiesa s =2

Ha puic. 7 BBeiensi 0603naverns: [l — muddepermmatop, (] -
penumarop, K.C. — xanan cessu, [T ] - wnrepnomsrop, P1 1 @2 -
CHHTe3UpylouMe QWIBTPH CHTHAJAa H ero NpOM3BOAHOMN B aNrOpHTME
Xypruna - Skomnepa, h(2n) - OpopeXeHHBE OTCYETHI szh B KaHaje,

i

A A A
f(2n),f'(2n) u f « (n),f’, (n) - OTCUETHI CHIHA/A H MPOM3BOAHON HA BXO/E

A Ha BBIXOZE MHTEpIIONATOpa cooTBeTcTBeRHo, (20, £(20) y | f(20), flen).
OTCUeTH CHrHANA M MPOM3BOAHON Ha BXOJe H Ha BBIXOJE -w.vn._ﬂ cBA3M

coorserctsenHo, f, (n), f,(n) - oTcdeTH CHrHANAa Ha BHIXOAC NMEPBOTO H
BTOPOTO CHHTE3HPYIOIIMX (QHIBTPOB. !

2. MPAKTHYECKASA YACTDH |

|

nNngohcwmznmaavnaaazvown-inwsngoa o@..nn._.a
1.1. 3amycTHTe NporpaMMy MOAEJIHPOBAHUA. :

1.2. BribepuTe 9acTOTHHE METO/IBI H YACTOTHRIH HHBEPTOP.

1.3. Orxpoitre 3sykoBoH dattn “filel.wav”, npeacrapnsiowmi
coboit o0pasern JyenoBedeckol peun.

1.4. YCTaHOBHTE BHICOKOE OTHOLICHHE CHTHAI-ITyM (TopAnxa 40-
100 gB) u N, pasHoe 10.

1.5. IlpoBegure KONHPOBAHHA ema.zm OpH pasHBIX 3HaYEeHHAX
cpenHel uacTOTHl HHBepCHH (BO3BpallEeHME K MCXOQHOMY daiiry
OCYIIECTBIIAETCA HAXKATHEM KHONKH “BepHyThed K HCX. painy™).

1.6. Tpu 3TOM nocie KaXAOTO ceaHca KOAMPOBaHHA NpoCiymaliTe
nonydeHHsi# (a1 ¥ OLEHHTe €ro OCTATOYHYI0 Pa3bOPYMBOCTH IyTEM
JKCTIEPTHOM OmEHKH To0 mATHOwuIbHOM mkane  (CyOBEKTHBHO).
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3apuxcrpyiiTe AaHHyl0 oOleHKy B oruer. Kpome TOro, A Kakuoro
KOAMpOBaHHOTO (aiina QuKCHpyHTe B OTYeT OOBEKTHBHBIC MNOKA3aTeNH
OTIHYUA HCXOQHOTO OT KCAWPORIHHOIO daiina:

- mpocieanTh 3a m3verenaeM BK® B Tedenne skcnepuMeHTa;

- cpennee (MOOTCYETHOE) pasiiHyie paGoYHX CHIHANOB.

1.7. Caenaifre BBIEOH, KaKHe HACTpOHKH ckpembnepa no3sondiOT
CHHU3WTh OCTaTOYHYH pa3lopyABOCTE W TIOBRICHTL YPOBEHB 3aKPhITHA
HHOOPMALIKH UIA JAHHOTO THIa CHTHAIOB.

CyOBeKTHBHYIO OUEHKY LenecooOpa3sHO y4MTBIBATH, KOrza
OCHOBHaf 3HePrud npeofpa3oBaHHOTO CHIHANa JIEKUT B AUana3oHe JacToT
40 — 14000 T'u, Tak kak Gcuiee BHICOKHE YAcTOTHI ¢ TPYAOM PasiiHYaOTCA
YeJI0BEYSCKHM CIYXOM M MOTYT NPETepresaTh 3HAYHTEIbHbIE HCKAXKEHIA B
KaHaMax CBA3M.

1.8. Hosropure mn. 1.5-1.7 mia N, pasxoro 100, 1000, 10000.

1.9. Orxpoiire 3Byxopoif daiin “file2.wav”, npeacraBnmoImiA
co6oit ofipasern uenoBeuweckeH pedn.

1.10. Hoeropnre 1y pasHOro ¢aiina mm. 1.5-1.8.

1.11. Orkpotite zByKoBO# aiin “file3.wav”.

1.12. [osTopuTe 11 AanHoro Qaiina mm. 1.5-1.8.

1.13. BeiGepuTe 9acTOTHLIE METONIE H TIONOCOBOH CkpeMOiep.

1.14. VcranoBure 3Hauenus M u N nopamka 10 u npoeepure
koxmpoBanue (aitna.

1.15. Beimonswre nm. 1.6, 1.7.

1.16. ITyreM KONM4pOBaHHA ¥ BCTaBKM M3 MONEH U KIOYEBBIX
NOCEA0BATEMbHOCTEH Kocka kHaMeHHTe (2-7) 3HadeHul, HMHTHPYA paboty
1o nonbopy Kmoya. .

1.17. 3aduxcupyiie B OTYET YCNOBHA H DPe3YALTATHl AAHHOTO
9KCNEPHMEHTa,

1.18. Vcranopure 3nadenss M u N mopsaka 100 u mposenute
KoMpoBaHHe (aiina.

1.19. Bomnonuure mi. 1.6, 1.7 1 1.16-1.18.

1.20. Vcranopurte tHaueaua M u N nopaaka 1000 B mposenure
KOZIHpOBaHHe ¢aiina.

1.21. Bemonuere on. 1.6, 1.7 1.16-1.18.

1.22. Bsuifeprte  MacTOTHBIE  METOHBI H  TIOJIOCOBO
WHBEPTHPYIOMIHIE cKkpeMb1ep.

1.23. Bemonuute ma. 1.14-1.21.
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2. HceaepoBanne ckpeMiinpoBaEns B0 BpeMeHHo# oGaacTi

2.1. BoiGepuTe BpEMEHHEBIE METOABI i BPEMEHHONH HHBEPTOP.

2.2, Vcranoeure N, pasHoe 10, w oTkpofire 3BykoBoii daiin
“file4.wav”.

2.3. Ilposeaure xomupoBaHuA (aPia 1IPH pasHBIX 3HaveHuAx N
(100, 1000, 10000).

2.4. Beinonnure m. 2.3 u . 1.6, 1.7.

2.5. Beibepure BpeMEHHBIS METOALL H B'€MEHHBIE TIEPECTAHOBKH.

2.6. Bemonaure nn. 1.14-1.21.

3. HcchaepoBaHHe BO3MOKHOCTEHd CKPBITHOH  nepenavud
coobireHnit

3.1. Ilo pesynsraTaM BbIMONHEHHCH pafoTsl BRIGepHTE AydDIHIH
CKpeMOniep 4 ero ONTHMANbLHBIE NAPAMETPLI 10 COBOKYMHOCTH OITHCAHHBIX
BBIIIE KPUTEPHEB. .

3.2. Orxpoifre 3BykoBoif ¢atin “file] . wav”.

3.3. BniGepure BpeMmeHHBIE MeTOOR! H pexHM pabotel Ge3
KOJMPOBAHHA.

3.4. YMeHblIaliTe OTHOWIEHHE CHTHAN-IYM (M Ha)kKHMalTe KHOITKY
“Komiposare (aitn™) mo Tex mop, NnCka e€Die MOXHO pasobpats
HHpopMaIno B coobmenHud (Toka He Gyner nmorepana pa3bopIHBOCTS).

3.5. Hacrpoiite ckpemOuep B cOOTBETCIBHH ¢ I 3.1 ¥ nposenure
KoaupoBaHue. [IpH 3TOM He HCIONL3YHTE CTyday, KOrna OCHOBHAA IHepTHA
npeopa3soBaHHOr0 CUTHAJNA JEKHT B Juanasode yactor 40 — 14 000 I'u.

3.6. OueHHTE OCTaTOUHYO pa3bopurBOCTE HAa OCHOBE II. 1.6.

KOHTPO.IbHBIE BOITPOCHI

1. JlaliTe onpeneneHue MacKHpaTope.

2. Buapl ckpeMOiepoB, KX OCHOBHEIE OCOGEHHOCTH.

3. VickaxXeHHs CHTHAJIOB NPH HCMOJE30BAHHH CKPeMOnepoB.

4. JIoCTOMHCTBA H HEAOCTATKH CKPEMIIEPOB.

5. YkaxuTe cBA3L MEXIY METOAAaMH 3aKpHITHA PEUEBLIX CHIHANOB
H CTEIEHBIO CEKPETHOCTH.

6. ITpusenuTe QYHKIMOHANBHBIE CXEMBI AHATIOTOBBIX
ckpembiepos.
7. HocTOHHCTBA aNroput™Ma XypruHa — S xosjiesa.
8. Cxema anroputma Xyprisa - fxoenera g N=2.
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JlaGopaTopuas paGora Ne 4
PEXXHMbI PABOTBI I'OCT 28147-89

LIEJIb PABOTbI

AHaNH3 HEKOTOPEIX pexxuMoB pabotsl TOCT 28147-89.
1. TEOPETHYECKAS YACTH

FOCT 28147-89 — coBerckmif ¥ poccHiCKHif © CTaHmapT
CHMMETPHYHOTO H(poBaHud, BBeAEHHLIH B 1990 roay, Takke ABIAETCA
crangaproM CHI'. ITonnoe wnassamwe— «I'OCT 28147-89, Cucrems
obpaborkn HHpOpMaumM. 3amMTa  KpHITOTpadHYEecKasd. Anropur™
KpHITOrpadieckoro npeobpazopanusy.

T'OCT 28147-89 — 6iounsiit mudp ¢ 256-6HTHBIM KIIO4OM U 32
LHKIaMH NpeoOpa3oBaHusA, ONepHPYIOLIHH 64-6HTHRIMH GIIOKAMH.

SBnserca npumepom DES-nogo6HbIX KPANTOCHCTEM, CO3MAHHBIX
10 KIIACCHYECKOH HTepalMORHOI cxeme PelcTend.

Crannapr orMeHgH Ha Tepputopuu Poccyuu u CHI ¢ 31 Man 2019
romga B CBA3H c TIPHHATHEM HOBbBIX NOJTHOCTEIO €ro
3aMEHMOIHAX MEXIOCYIapCTBEHHBIX cragaapros 'OCT 34.12-
2018 (omuchiBaer mudpel «<Marma» u  «Kysneumk») uI'OCT 34.13-
2018 (omuchiBaeT pexuMbl paGoTs 6104HBIX WHGPOB).

Jloruka nocrpoenus mHppa 1 CTPYKTYpa K1l04eBoH HEpopMALAH
I'OCTa

Ecnu BHuMatensHo m3yauts opurunan F'OCT 28147-89, moxHO
3aMETHTE, 4TO B HEM CONEPKHTCA ONHCAHWE AITOPHTMOB HECKOJNBKHX
yposHeil. Ha camMOM BepXHeM HaXoIATCA NpaKTHYeCKHe aIrOPHTMbL,
NpeAHa3HAYeHHbIe VA WHQPOBaHHA MaCCHBOB NAHHBIX H BHIPAaGOTKH Ans
HUX MMHTOBCTaBKH. BCe OHH OMMpAIOTCS HAa TPH AITOPHTMAa HU3IIETO
YpoBHs, HaseBaemeie B Tekcre 'OCTa umknamu. OHH HMEIOT CleyiomHe
Ha3BaHHA H 0003HaYCHHUA:
yurn 3amugposanun (32-3);
yuka pacwugposanun (32-P);
yuxn esipabomxu umumoscmaexu (16-3).
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B cBoio ouepent, KaiIplii H3 6a3OBBIX LMKIOB IIpeNCTABIIAET
co0o#i MHOrOKpaTHOe [OBTOPCHHE OAHOM €IMHCTBEHHON IpoLEeaypHl,
HasslBaeMoOH NJiA ONpeeNSHHOCTH fajiee B HacTosmed pafoTe OCHOBHBIM
IarcM KpHIronpeoGpa3osaius.

Takum ofpazoM, 471066 paszobparscs B [OCTe, Hafo NOHATL TPU
CIEMYIOLIHE BEMIy:

a) YTO TaKoe OCHOBHOM mar Kpunronpeobpa3oBaHus;

0) KaK M3 OCHOBHBIX. IIArOB CKIABIBAIOTCA 0a30BHIE UKL,

B) KaK H3 TpeX 6a3CBBIX UHKIOB CKIANBIBAIOTCS BCE NPAKTHIECKHE
anroputbl TOCTa,

IIpexpe 9eM nepedTi K H3YYEHHIO 3THX BONPOCOB, CNELYeT
MOTOBOPUTE O KIOUEBOH HB(OPMaLHE, HCIONB3yeMOH aIrOPHTMAaMH
I'OCTa (puc.1). B cooreercrsua ¢ mpanumnoM Kupxroda, xoropomy
YHOB.IECTBOPAIOT BCE COBPEMEHHbIE H3BECTHbIE IIMPOKOH 00mMECTBEHHOCTH
mHOPLE, HMEHHO €  CeKPEeTHOCTE 00ecTedMBaeT  CeKpeTHOCTh
sawkpposanHoro coobmennd. B [OCTe xmoveBas HHPOpPMALHA COCTOUT
M3 JEYX CTPYKTYp AaHHbIX. ITomiMo cofcrBeHHO Kmoua, HeOGXOIMMOTO
Ins BeeX MMGPOB, OHa COAEKIT ente u Tabuuuy 3amer. Hinke npuseneHs:
OCHOBHBIE XapaKTEPHCTHKH KIICHEBBIX cTpYKTYp ['OCTa.

1. Koy smnserca MacCHBOM H3 BOCEMH 32-GHTOBBIX 3JEMEHTOB KOjIa,
nanee B HacToAmed pabore oH obo3Hagaercs cumsonoM K: K= {Ki}o <:
< 7. B I'OCTe aneMeHTHl KI0Yd HCOONB3YIOTCA Kak 32-pa3psjiHEle Lelibie
gucia 6e3 3raka: 0 < Ki < 2%, Takum 06pasom, pazMep KIoda COCTaBNseT
32-8 =256 6ur wnu 32 Gaiira.

2. Tabiiuya 3amen MOXeT 5LITh NPENCTABIIEHA B BHAE MaTPHLEI pa3MepoM
8x16, coepiameit 4-GUTOBLIC INEMEHTHI, KOTOPhIE MOXKHO IPEACTABHTE B
BuIe uesmix yucea or 0O po 15. CTpoxy mabiuyst 3ameH Ha3blBaIOTCA
y3aamu rameH, OHHU NOJLKHEI COJepkKaTk pasfiIHyHBIE 3HAYEHHH, TO ECTh
Kaxti vaen 3amen NoIbKeH coaepkaTh 16 pasmmaHsIx aucen ot 0 zo 15 B
nponsBosibHOM nopanxe. Takum obpasoM, ofumit ofbeM TabnHUBI 3aMeH
paBen: 8 yanoB 16 snemeHroB/y3en 4 Gura/snement = 512 6uT win 64
Gatita.

Puc. 1. CTpyxTypHas cxeMa ajiropurma

Hannas cxema comepxur:

. HeTripe Hakonurens no 32 6ura: Ny, Ny, N3, Ni.
. ABa 32-paspanubix Hakonurens: Ns 1 Ng —— ¢ 3aIHCAHHBIMH B HHX
NOCTOAHHBIMH 3an0aHeHUAMH C2 ¥ C| COOTBETCTBEHHO.
. Kmouepoe 3anomusaromee ycrpokicrso (K3Y) na 256 6ur. K3V
COCTOMT M3 BOCEMH HakomuTenei 1o 32 paspana kaxusii: Xo, Xi, Xz, Xa,
Xa, X, Xs, X3
. 32-paspagubiit cyMmaTop mo Momynio 2: CM,.
. Eme omun cymmarop mo moxymo 2, KOTOpLIH He HNneer
OrpaHHYCHA HA PAa3pPAIAHOCTh (HO ACHOMb3yeTes 64 6ura): CMs.
. Mea cymmatopa mo momymo 232 paspsgmoctd 32 Gura: CM,,
CMs.
. Cymmarop mo Moaymo (232-1): CML..
. Bnox moacranosku K: BoceMb y3:108 3amenst K, Kj, Ks, Ks4, Ks,
Ks, K7, Ks, Kaxapiif ¢ naMaTeio Ba 64 6ura.
. Peructp umximyeckoro cxsura Bieno Ha |1 6ur R.

OcHxosa anropurma mudpa — cets Deficrens. Bsioensior JeThipe
pexuma pabotsi TOCT 28147-89:
1) mpocroii 3aMeHsl,
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2) rqMMHpOBaHHe,

3) raMMupoBaHue ¢ 06paTHOM CBA3BIO,

4) peumM BeIpabOTKH HMHTOBCTABKH.

BasoseiM pexxuMoM mudpoBanns mo I'OCT 28147-89 sensercs
pexHM Ip it 3aMeHBI.

J | 3amu¢poBaHid B 3TOM peXHMe OTKPBITRIM TeKCT CHavyana
pa3buBaeTcs Ha JBe NOJOBMHB (Mammue GHTH — A, crapmiue 6HTEH — B.
Ha i-M nuiie Henonssyeres noaxmod Ki:

Aif 1=BiDf(Ai,Ki) (B = mBOMMHOE KHCKIOYAIOIEE HIHY)

Bi+1=Ai.

Jns  reHepaupM NoaKmOYed HMCXOOHHWHM 256-6GMTHBIH KMo
ﬁmumﬁmmaow Ha BOCeMb 32-GHTHBIX 6110K0B: K;...Ks.

Kmoun Ko...K24 ABASIOTCA LMKIHYECKHM IOBTOPEHHEM KITIOUeif
Ki...Ks (HyMepyiorcs o1 miagmux OHTOB K crapmmM). Kimouu
Kas... K3z asmsiiotes kmouamu K. Ks, Hioyiuwumu B o6paTHoM mopsiaxe.

Iocne BHINONHEHHA BceX 32 payHNOB aaroputMa ONOKH As; H
Bs; ckneusatotres (o6paTHTe BHHMaHHe, 4TO CTAPIIMM GHTOM CTAHOBHTCH
As3, a MMM — Bj3) — pe3ysbTaT ecTh pe3yasrat paboTsl anropuTMa.
HeninppoBaHue BHINONHACTCA TaK JKe, KaK M IOH(pOBaHHE, HO
HHBEPTHPYETCA NOpANOK mopkmodei K;.

Pynkuun f(Aj, Ki), icnonssyemas B cetd ®elicrens
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Puc. 2. Dynxuus f(A;, Ki), HenonbssyeMan B cetn ®elicrens
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Pynkuus (A, Ki), (puc.2 ), Bsmucasercs cIeaylomuM o6pasoM:
Ai u Ki cknageiBaiotes no moxymo 232,

PesynsTat paszbuBaerca Ha BOCEMb 7 4-6HTOBBIX
TNOANOCNCAOBATENLHOCTEH, KaXAads M3 KOTOPbIX MNOCTYMAaeT Ha BXOX
CBOCTO y3na mabnuysi 3ameH (B TOPAAKE BO3PACTAHHA PIIHHCTBA
6uToB), HasbiBaeMoro S-6r0kom. Obmee KoaMIECTBO S-6710k0B TOCTa —
BOCEMB, TO €CTh CTONBKO €, CKONBKO M IOANOCIENOBATeNbHOCTEL.
Kaxnpitt S-6rox npeacrasnger coGoit nepecTaHoBKy 4ucen or 0 mo 15.
Ilepsas 4-6uTHas moxnocneROBATENLHOCTH MONAKAET Ha BX0A nepeoro S-
6110Ka, BTOpas — Ha BXOX BTOPOTO M T. 1, .

) _Ecnu S-6n0x Beirnaput Tak:
1,15,13,0,5,7,10,4,9,2,3,14,6,11,8,12 _

M Ha BXozie S-6nioka 0, T0 Ha BeIxOne Gymer 1, eciu 4, To Ha E“,_xonn 6yner
5, ecii Ha BXozie 12, To Ha BBIXO/1€ 6 M T. 1. i

Beixonsr Bcex BoceMu S-6n0koB 06benHHAIOTCA B 32-OurHoe
CIIOBO, 3aTeM BCE CNOBO IMKIHYECKH CHBHTaeTCA BNEBO (K CTapIIMM
paspsnam) Ha 11 6HTOB. i

Bce BoceMs S-6110k0B MOTyT GBITb pasTHIHBIMH. n.mixamnxs OHH
MOTYT ABJATHCA [ONOJHHTENBHEIM KIFOYEBbIM MaTepHaioM, HoO game
ABIUIOTCA  NAPaMeTPOM  CXeMbl, OOIMM 119 ONpefeNCHHON IpPymNmbl
MoJb30BaTeNeit.

PesxuM IpocToif 3aMeHBI HMeeT ClIeNyIoNHe He0CTaTKY:

. Moxer mpumenateca Tombko i mmdpoBanus OTKPBITHIX
TEKCTOB C JUTMHOM, KpaTHOH 64 Gutam. .

. Ipu  wndpoanum onuHakoBbIX 670KOB OTKPEITOrO TexcTa
NONyJaloTCs  onuHakoBhle OAOKH WIMQPOTEKCTa, YTO MOXKET JaTh
ONPENeNIEHHYI0 HHPOPMALIIO KPHIITOAHATHTHKY.

Takum o6pasom, npumeneitne FOCT 28147-89 B pexumMe npocToi
3aMCHBI JKEJIATeIBHO JIHIIb U1 ITHGPOBAHHA KIFOYEBEIX TAHHBIX.
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Puc.3. Cxema paGoTsi B pexcme raMMHpOBAHHS

ITpu pabore F'OCT 28147-89 B pexkuMe raMMupoBans, (puc. 3 ),
dopmupyercs xpunrorpagireckas ramma, KoTopas 3areM
NOOHTHO CKNANBIBAETCA 110 MOJLY.TIO 2 C MCXOMHBIM OTKPEITHIM TEKCTOM 1A
nonyyenus mupporexcra. llapposaHHe B pexuMe raMMHPOBAHHA
JIMUIEHO HeJOCTATKOB, TPHCYIIMX peXHMY mpocToi 3aMennl. [laxe
HAEHTH'HbIE GJIOKH MCXO,IHOTO TEKCTa AAIOT PasHbli MHPPOTEKCT, a Jis
TEKCTOB ¢ IIMHOM, He KpaTHOH 64 Ouram, "mumHuHe" OUTBI TaMMBI
otbpachBalorcs. Kpome Toro, raMma Moxer ObiTh BbIpaGoTaHa 3apaHee,
YTO COOTBETCTBYET PaboTe 1MH(pa B [IOTOIHOM pexKHMe.

BeipaboTka ramMMbl IIPOMCXOAMT Ha OCHOBE KIOYa M Tak
Ha3bBaEMOM CHHXDOMOCEIIKH, KOTOpafd 3aJaeT HavdalbHOE COCTOSIHHE
renepaTopa. AJIFOPUTM BEIPaGOTKH CleXyIOmmii:

L CHHXpOTIOCBIIKE |IM(PYeTCs ¢ MCIONb30BAHHEM ONHMCAHHOTO
aNropHTMa HPOCTOM 3aMEHbl, JIOMyYeHHble 3HAYCHWA 3alHCHIBAIOTCS BO
BCTIOMOT aTeNIbHbIe 32-paspsmHeie perucTpsl N3 H Ny - MIaanile ¥ crapiue
OHTE! COOTBETCTBEHHO.

2. N3 cymmupyetes no monymo 22 ¢ korcranToit C; = 1010101 6.

3. N cymmupyetcs no Momymio 2°2-1 ¢ xoHcranTo# C; = 1010104 6.
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4, N3 1 Ny nepenuceiBaloTcs COOTBETCTBEHHO B Nim Nz, KoTopsie
3aTeM WHPPYOTCA C HCNONL3OBAHHEM aJFOPHTMA MPOCTON 3daMEMBI,
IlonydeHHBI pe3ynbTaT ABiderca 64 GuTaMmy raMMEl,

5. lllaru 2-4 MOBTOPAIOTCA B COOTBETCTBHH ¢ JTHHONK mudpyemoro
TEKCTA.

Ana pacumudposbiBands HeoOXomamo BsIpaboTaTe TaKylo ke
raMmy, 1ocjie 4ero NoOHTHO CIOKHTE €€ 0 MOAY. MO 2 C 3amH(pPOBAHHLIM
TekcToM. O4YeBMAHO, MIf 3TOr0 HYAKHO MCMOJNB3OBATE Ty IKe
CHHXPOMOCBUIKY, 4TO H npH wHdposannu. ITpu 3ToM, wHcxons m
TpebOBaHMH  YHHUKAJIBHOCTH TIaMMbl, H2Ib34 MHCOOTB30BATH  OI(HY
CHHXPOMOCBHINIKY I IIM(pPOBaHHA HECKO.ILXMX MAacCHBOB JNAaHHEIX. Kak
NPaBuJI0, CHHXPOMNOCKUIKA TEM WIA HHBIM C00pa3eM MepeaaeTcs BMECT: ¢
IWHPPOTEKCTOM.

Ocobennocts paGotel TOCT 28147-89 B pexumMe raMMHPOBaFHS
3aKIK0YaeTcs B TOM, 9TO NPH HMIMEHEHHH onHoro OWTa mmdporekeTa
H3MEHAETCA TOJNBKO OOHH OMT pacumdposarHoro Texkcra. C  omnoit
CTOPOHBI, 3TO MOXET OKasblBaThb IMO.IOMKHTENBHOE BIHAHHS Ha
NOMEX03aIIHIIEHHOCTE, € APYroll - 3MOYMBIIUICHHHK MOXKET BHECTH
HEKOTOpbIE H3IMEHEHHA B TCKCT, JaXe He H.Nﬁ.mu:&wun:pzwg ero.

T'ammHpopaHaue ¢ o6paTrolt ¢B3bIO

Encw oTHpsITOTO
TENCTR

|

aH

Puc. 4. Cxema paGoTs! B pe)xsMe raMMHEPOBAHIS ¢ 0GpaTHOM CBA3LIO




42

Anropat™M mH(POBAHKA TIOXOX Ha PEXKHM raMMHPOBAHHA, OIHAKO
raMmMa (GopMHpyeTcs Ha OCHOBE NpeNbIAYmEro 6joka 3amH(pPOBAHHBIX
HaHHBIX, TaK 9TO pe3yNnbTaT MH(POBAHHA TeKymero 6ioka 3aBHCHT Takxke
A oT mpensmymux 6nokoB. Ilo 3Tol mpwanHe JaHHEIN pexuM paboTHI
TaKke Ha3BIBAICT raMMHPOBAHHEM C 3alleIUIeHHeM 6I0KoB.

AnTopHT™M MKM(pPOBAHUA NPEACTABNCHHEIN Ha PHC. 4 CleXyrOIIMiA:
1. O:Tco:onzamw 3aHOCHTCA B perBcTpsl Nj H N,

2. Conep:xumoe peructpoB Ny v Nz mu(pyeTcs B COOTBETCTBHH C
anropuT™MoM mpoctoil 3aMeHsl. IlonmydeHHBIN pesynsTar sABIfeTcA 64-
OHMTHBIM GJIOKOM raMMBI.

3. Bnok rammel moOMTHO criapbiBaeTcs no Moxymo 2 ¢ Onoxkom
OTKpbITOro Texcra. IlomydeRHsI# IHPPOTEKCT 3aHOCHTCS B perHcTphl Ny H
Na.

4. Onepamuu  2-3  BBINONHAKOTCA JUIA  ocTaBmuuxcd  Giokos
TpeGyroniero urddpoBaHus TEKCTa.

Ilpy wu3MeHeHHM onHOro OHTa UIM(PPOTEKCTA, MOIMYYEHHOIO ¢
HCIIONIB30BaHHEM ANTOPHTMa TaMMHpOBaHMA C oOpaTHOH CBA3BIO, B
COOTBETCTBYIOIEM OJNOKe pacIIH(GPOBAHHOIO TEKCTa MEHAETCH TOJIBKO
oiuH OHT, Tak K€ 3aTparHBaeTcA MOCIeAYIOWHA 6NOK OTKPHITOrO TEKCTa.
ITpu 3TOM BCE OCTaNbHEIE OJIOKH OCTAIOTCA HEM3MEHHBIMH.

IIpy HCIOMB30BAHHH JAHHOIO PeXKHMa CIeLyeT HMETh B BHAY, 9TO
CHHXPOTIOCBUIKY HEAb3s HCOOJb30BaTh TNOBTOPHO (HampuMep, NpH
IH(POBAaHUH JIOTHYECKH pa3fliesibHbIX OJIOKOB HMHGOPMALHH - CETEBBIX
NAKETOB, CEKTOPOB XECTKOrO AMCKA M T. M). IT0 0OYCIOBAEHO TEM, YTO
nepBblH GJIOK IMMPPOTEKCTa MOMyYeH BCETo JIMIUG CIOKEHHEM 10 MOIYJIIO
IBa ¢ 3amH(ppPOBAHHON CHHXPOHOCBUIKOH; TakMM 00pa3soM, 3HaHHe BCero
nump 8 mepBHIX 6aMT HCXOKHOTO M HIHGPOBAHHOIO TEKCTa IO3BOJIAET
4YHTaTh MepBeie 8 Galit moGoro Apyroro mH$poTeKcTa NOCHe MOBTOPHOIO
HCTIONB30BaHHA CHHXPOTOCHUIKH.
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PexkHM BbIPabOTKH HMHTOBCTABKH

Ovrporreii

TERCT
OTRpbITHIA 16 paynpos Na 16 paywpos
N

16pamace |
— = Trocr | tmaroscramaa]

Puc. 5. Cxema BpIpabOTKH HMHTOBCTaBKH

DroT pexuM, (pHC. 5), He ABNAETCS B OOIIENPHHATOM CMBICITE
pexcumom mudposanus. [Ipu paGoTe B pexcuMe BhIpabOTKH UMUTOBCTABKH
CO3AaéTCA HEKOTOPHIH JOMONHHTENBHBIH 60K, 3aBHUCAIINIE OT BCETO TEKCTA
M KI0YEBLIX AaHHBIX. JaHHABIH O/IOK HCNONB3YETCH id IPOBEPKH TOrO, YTO
B mHQPOTEKCT chydaliHO MWIM NPEJHAMEPEHHO He sz_“ BHECEHBI
UCKaXKEeHHA.

HmuroBcTaska BeipaGathiBaetcsd A M > 2 GNOKOB OTKPHITOrO
TeKcTa no 64 Gura. :

AJITOPUTM CJe IYIOIHIA: ”

1. BIOK OTKPHITBIX MAHHBIX 3alACHIBACTCA B PErHCTpHl Nju N,
nocyie yero nojpepraerca mpeobpasoBaHHIO, COOTBETCTBYIOIIEMY NEPBBIM
16 muknaM mUQpoOBaHUA B PEXXHME MPOCTOH 3aMEHEL ’

2. K nomyueHHOMY pe3ynsTaTy NOGHTHO 10 MOXYIO 2 NprbaBnseTcs
ciemyromuit 670K  OTKpHITHIX HaHHLIX. [Ilocnenwwii  Giox  mpw
HeoOGXoMuMOCTH HomodHsAeTcs HyJsiMH. CyMMa Take Indpyerca B
COOTBETCTBHH C IMYHKTOM 1.

3. Ilocne noGaBneHHa M- mUQpOBaHHUA MocieaHero Onoka H3
pe3y/bTaTa BHIGHpaeTCsi HMUTOBCTaBKA ANHHOM L 6uT: ¢ 6uta HoMmep 32-L

o 32 (orcudr maummaerca ¢ 1). Cranpapr pexomeHmyer BhiOWpath L
HCXOA M3 TOrO, 9TO BEPOATHOCTh HABA3KIBAHMA JIOXKHBEIX JaHHBIX paBHa

2L, IMHTOBCTaBKa TepejaeTcs Mo KaHaly CBA3M MOCHE 3aMM(POBAHHBIX
610K0B.
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Jns mpoBepkH NpHHMMaOMast CTOPOHA MPOBOAMT AHATOTHIHYIO
npoueaypy. B cmyuae necosmamedms pesynbTaTa C TepelaHHOM
MMHTOBCTABKOM BCE COOTBETCTBYIOMHAE M G/I0KOB CIHTAIOTCA JIOXKHBIMH.
CriemyeT OTMETHTH, 4To BhIpabOTKA MMATOBCTABKH MOXKET (POBONMTHCA
napanielbHO Exn—u—uommmaﬁ_ C HCMONL30BAHHEM OOHONO M3 OITHCAHHBIX
BBIILIE PeKUMOB paboTEL.

Kpunroananmus

B mugpe I'OCT 28147-89 Henoms3yerca 256-6MTOBBIN KI0Y H
00beM KIOYEBOTO NpOCTpaHCTBA coctaBiger 225, HH HA OfHOM M3
CYIIECTBYIOIIHX B HACTO:lEe BPEMs KOMNBIOTEPOB 001Uer0 MPHUMEHEHHUA
Helb3st MmogoOparh KMCY %a BpeMd, MeHbIIee MHOTHX COTEH JIET.
Poccuticknit cranpapr I'OCT 28147-89 npoekTuposancs ¢ Gonsmum
3aIIaCOM M IO CTOHKOCTH Ha MHOTO NOPANKOB IPEBOCXOMHT aMepPHKaHCKUH
crangapt DES ¢ ero peatsHeM pazMepoM kmoda B 56 OHT M o6beMOoM
KII0YeBOr0 MPOCTPaHCTEA Beero 236 [4].

CymecTBYIOT aTaxy  Ha nonHopayHnossii TOCT 28147—89 6e3
Kakux-u60 Moguduxaunit. OHa W3 NEPBBIX OTKPHITHIX PatoT, B KOTOPHIX
OBl JIPOBENEH aHAIU3 AIrOPHTMa, HCMOFh3yeT cnaboCTH MpOLEAYPbI
pacuIHpeHHa KI0Ya pAXa H3BECTHBIX alIrOpuTMoB mmMpoBaHHi. B
YaCTHOCTH, nonsopayrroselit anroputM I'OCT 2814789 moxer GvITh
BCKPBIT C MOMOIIBI0 DH(PEPSHIHANEHOIO KPHITOAHANIM3a HA CBA3AHHBIX
KmMo4aX, HO TOMBKO B CIy4ae UCMONB30BAHMA cHabbIX Tabmui 3amed. 24-
PayHAOBBIA BapHaHT aJilfOPHTMA BCKPHIBAETCA aHANOTHYHBIM 06pa3oM IpH
yr06sIx TabNMUAX 3aMEH, OJHAKO CHIbHbIE TAGNMII 32MEH JAENAIOT TaKylo
aTéXy A6COMOTHO HENPaKTHY HOIA.

B 2004 roxy rpynma cnennanncToB u3 Kopen npernoxmna ataky,
C MOMOUIBIO KOTOPOH, HCronhays AuddepeHUHaTbHBIN KPUNITOAHANH3 Ha
CBs3aHHBIX KIIOYAX, MOKHO IONYYMTh ¢ BepoATHocThiO 91, 7 % 12 GHT
cexpetHoro kmoda. JUia araku Tpebyercs 2°° BHIOPaHHBIX OTKpBITBIX
TekctoB W 2% onepaumii umdposanus. Kak BHAHO, NaHHAA aTaka
OPAKTHYECKH GecrionesHa s peanrbHOr( BCKPLITHA alrOpHTMA.

Tabmuua 3aMeH  ABNAETCS  JNONTOBPEMEHHBIM  KIIOYEBBIM
JNEMEHTOM, TO €CTh JAeHcTBYeT B TeueHHe ropasno Gonee MIATENLHOro
CpoKa, 4YeM OTHeNbHEIN Kmod, Or kadectsa 3ToH Tabmuub! 3aBHCHMT
xavecTBo wHpa. Ilpy "cunsuol” Tab.Mie 3ameH cToMKoCTb WHGOPa He
OITYCKEETCA HHMXE HEKOTOPOI O JOMyCTHMOIO npenena naxe B Ciy4dae ee

45

pasrnamenms.. U HaobopoT, HCmombioBauMe "cnaGod" Tabnuiel Moxer
YMEHBIIHTH CTOMKOCTD MHK(Pa 10 HEAOMYCTHMO HH3KOTO IpeAea.

2. MIPAKTHYECKA YACTD

B nmauHo# nabopatopHoii paGoT: MBI pacCMOTPMM TONBKC [Ba
pexuMa paboTel (MPOCTOMH 3aMeHEl B TaMMHDOBAHHUA).

1. B nanke «rmaboparopHasa padora 'OCT» npencraensHb: jBa
pexuma pabotel. OTkpolite ¢ail1 «pexHM NpocTas 3aMeHa» B IporpaMme
«DEV C++»,

2. Ilocne OTKpBITHA co3patite BXOJHOH (paitn HeGonpluoro paimepa
(Tyvme MCMOIL30BaTh TEKCTOBBIE BBIPAXCHHA), 3aMyCTHTE TPOIPaMMy H
NpoaHANH3MpYliTe, KaK IporpamMa sawnposasa M aemndposana
ucxoaubti ¢aiin. Cpenaiite BHIBOOBI.

3. B TaKoif e nocrnenoBaTebHOCTH IpoBeauTe 3-5 HCCNIEI0BAHMIT
IS ApYTHX HCXOAHBIX ¢aiinop. CaenaliTe RLBC B

4. Orxpotiite dain «pexuM raMMHPOBaHAA» B nporpaMme «DEV
C++». Ilocne 3arycka NporpamMma 3arnpocyiT BBECTH HCXORHBIE JaHHbE. B
KauecTBE HHX MOXHO HCIONB30BaTh (Ppask;, crosocoueTaHus. [anee
HeofX0aMMO BBECTH CEKPETHBIH KoY (MOXCHO HCNOAB30BaTh JHoGcH Habop
mubp). [Tocne TOro xak BBENH CEKPETHBIH KIK4, NporpaMMa BHIBEAET Ha
9KpaH 3alIHQPOBAHHBIC NAHHBLIE, 3aTeM IOTPEOYeT BBECTH CEKPETHbIH
o4 (HeofXOAMMO BBECTH TOT JK€ KIIOY, 4YTO HCMONL30BAIH
NepBOHAYaNbHO) M Ha 3KpaH OyXyT BhIBEI¢HE! paclIH(POBAHHBIE AaHHbIE.
Caemnaiite BbIBOJ.

5. Jy1ia pekuMa raMMHpPOBaHUA HEOOXDIHMO TaKkKe MPOBECTH 3-5
HCCNENOBAHMIT IS PasiIMYHBIX HCXONHBIX (aiiJloB W pa3sHBIX CEKPETHBIX
kmoueit. Caenaiite BoIBOA.

KOHTPOJILHBIE BOITIPOCHI

1. Pexxumsl paGotsl 'OCT 28147-89.

2, ToscuuTe MPHHIMN PaboTh pEXHMa IPOCTON 3aMEHBI,

3. Ocobennocts paboret I'OCT 28147-89 B  pexume
raMMHpOBaHUA.

4. Anroput™ mHQpOBaHKA B PEKHME FaMMHpPOBaHHA C ofiparHOi
CBA3bIO.

5. Peixum BBIPaGOTKH HMHTOBCTABKH.
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YKA3AHMSA K COCTABJIEHHIO OTYETA

OT4eT B 3NEKTPOHHOM HIH OymMaxxHoM BHAe mpencTaBATH
mperiofasatesio. B order HeobXommmo BeTaBUTh M3OOpaeHHs ¢
HCXOIHBIMY, 3alIMQPOBAHHEIMM M JeIH(POBAHHEIMH HaHHBIMH. Bce
M300paKEeHNT HOIDKHB! ObITh MOAMHCAHBL.
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