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BBenenune

YuebHoe mocobre HATMCaHO Ha OCHOBE OfHOCeMecTpoBoro 108 yacoBoro
Kypca JIeKIIN 1 MaTEePUaJIOB IJIsT TPAKTUYIECKUX 3aHSITUN, UCIOIb3YEMBbIX
aBTOPOM B y4eOHOI paboTe CO CTYIEHTaMU-TPETHEKYPCHUKAMU B TEUECHUN
seT Ha Kadenpe “MonenupoBanue cucTeM u THGOPMAIIMOHHBIE TEXHOIOT N
«MATHU» — Poccuiickoro rocy1apcTBEHHOTO TEXHOJIOTTUECKOTO YHIBEPCH-
Tera nM. K. 9. Iluonkosckoro.

HacTosiiee mocobue mocTaTOYHO MOITHO OCBEIIAET OCHOBHBIE ITOJIOXKE-
HUs Teopuu MHGOpPMAIIUU B COOTBETCTBUU C ['ocymapcTBeHHBIM 0Opa3oBa-
TeabHBIM cTagmapToM PP ot 1995 r. mo crnemmaibHOCTH “ABTOMATU3UIPO-
BaHHBIE cucTeMbI 06paboTku nudopmanun u ynpasieaus” (220200). Conep-
XKaHUe HEKOTOPBIX T1aB (2, 9, 33-36) mocobust BLIXOMUT 33 PAMKU CTAHIAD-
Ta IJI O3HAUEHHON CIIENNAIbHOCTY, HO 3ATPOHYTHIE B HIX TE€MbI aKTYaJIbHBI
7 OPraHWYHO BIKCHLIBAIOTCS B MaTepUasl MOCOOUSI.

Comnepxkanue ocobust BO MHOIOM 0a3upyeTcsl Ha HEKOTOPBHIX BBOIHBIX
MOHSATHUSX Kypca “Teopus BeposTHOCTeR : OUCKPEeTHAas CJIydaiiHas BeIndu-
Ha (II.C.B.), 3aKOH PACIpEIeSIeHIs. BEPOSITHOCTEN, MATEMATUIECKOE OXKUIA-
uue (M.0.) u T.1. Kpome Toro, ot unraresns TpeGyeTcsl yMeHUe BBIMOIHSITh
COOTBETCTBYIOIIINE ONIEPAIINN C MATPUIIAMI, MHOTOUYJIEHAMU 1 OyJIEBBIMU Be-
JTIMITHAMA.

B rmaBax ¢ 1 mo 9 paccMoTpeHBI OOIIE BOIIPOCHI, OMPENEIISIONIre
MIPAK TUYIECKUE TTONXOMbI K UCIIOIB30BAHUIO TOHITUASI UHPOPMAYUL, T.€. TaHO
orrpenesieHre OCHOBHBIX TEPMUHOB, UCIOJIB3YEMBIX TIPU paboTe ¢ mHDOpMa-
e, OYepUYeH KPYT BOIIPOCOB, pACCMaTPUBAEMBIX B Teopuu WHGOPMAIINH,
IpUBENEHbI CHIOCOOBI XpaHeHUsI, 00pabOTKU, IIpeoOpa3oBaHus, epenadyu u
n3MepeHusT NHPOPMAaIn.

B rmaBax 10-18 paccMaTpuBarOTCs CIIOCOOBI CKATUs WHOOPMAIIAN.
Paccmorpennt kak cratuctuyeckue meronsl (Illennona-Psno, Xadbdmena,
apudMeTUUeCKull), TaKk u cjaoBapHbie MeTonbl Jlemmnena-3usa. g crarn-
CTUYECKIX METONOB MPUBENEHBI BAPUAHTHI IaIITUBHBIX aJITOPUTMOB KOJIH-
poBanus. [IpuBonmsaTcs GoOpMyIIbI MJI OIEHKU TPENeIbHON CTEIeHU CXKATUS
nadopmaruu. O630pHO pacCMaTPUBAIOTCS CIOCOOBI CxKaTUs THHOPMAIIUA C
MIOTEPSIMU U TUITHI DANIIOB, COMEPKAIINX CKATHIE NaHHBIE.

['naBa 19 mocesiiena Gu3nyecKOMy yPOBHIO Hepenadn MHPOPMAIIAN IO
KaHaJIaM cBs3u. PaccMaTpuBaioTCs METONBI pacueTa IMIPOILYCKHON CIIOCOOHO-
ctu (emkocTn) Kanaia, TeopeMa lllennona u o6paTHast i TeopeMa, CrIoCOObI
KOMUPOBAHUS OUCKPETHON mHDOpMannu s nepenayu. [lomHoe packpbiTue
Ha3BAHHBIX TeM TpebyeT MPUBJICUECHUs MOIITHOTO alllapaTa CPEOCTB TeOPUN
BEPOSTHOCTEN U TEOPUU CBSI3U, BBIXOMSIIINX 33 PAMKU COOTBETCTBYIOIIMX
KyPCOB CTYIEHTOB BTY30B, TIOSTOMY 5THU TE€MbI PACKPBITHI JIUIITb YACTUIHO,
B 0030pHOM TOpSIOKE.

B rmaBax 20-27 paccMaTpuBaiOTCs CIIOCOOBI MIOCTPOEHUS U UCIIOJIB30-
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BaHUS M30BITOYHBIX KONOB IJIS 3aIlMTHI OT momex. [lpuBomsaTcs pyHnamen-
TaJIbHbIE XapaKTEePUCTUKN TaKuX KomoB. Iy moHmMaHms MaTepuana 23-1
rJIaBBI HEOOXOIMMO 3HAKOMCTBO C HAUAJIBbHBIMU 3JIEMEHTAMU TEOPUU TPYII.

['naBer 28-32 mocBsIIEHBI BOIpOCaM TEOPUM 3AIMTHI MHHOOPMAIIIU.
PaccmaTpuBatoTcs kak Kilaccmueckre KpUITOrpaduyuecKre CUCTEMBI, TakK
U CUCTeMBI, TOCTpoeHHbIe Ha unesx Hudpdu n Xemmmana. KpaTko maTema-
TUYIecKuit GyHIAMEHT 3TUX MeTOomoB m3jaraercs B [Ipumoxenun 1.

B 3akmiounTespbHBIX TJIaBaX PACCMOTPEHBI HEKOTOPHIE BOMPOCHI UC-
oJTb30BaHUs nH(popManmu B Internet.

Ucnonws3yembre 0003HaUEHNsI, HE ONpENeIeHHBIE SBHO B OCHOBHOM Ma-
Tepuaite, mpuBonsaTcsa B [Ipumoxenun E.

Ccpuiku Ha guTepatypy u3 lpunoxenus 2K, comepxariryio o60cHOBa-
HUs TPUBENEHHBIX (PAKTOB WM OOMOJTHUTETbHBIE TOMPOOHOCTH, 3aKII0Ua-
IOTCS B KBaJIpaTHBIE CKOOKM.

Bricokas TpeboBaTETHHOCTD CTYIOEHUYECKON ayIUTOPUU SBIISETCS IIO-
CTOSTHHBIM CTHUMYJIOM B IIOUCKe 60JIee TIPOCTHIX, MOXOMUNBBLIX U SCHBIX CIIO-
co00B m3s10KeHms1. ABTOpP HaZeeTcst, ITO 3TO yueOHOoe mocobue, hGOpMUpPOBaB-
IIIeecsl B IIpoIlecce XKUBOTO OOIIEHUs CO CTYOeHTaMU, He IOJIyYUuIoCh dpes3-
MEPHO CIIOXKHBIM.

ABTOp cunTaeT HEOOXOMUMBIM BBHIPA3UTH UCKPEHHIOK 0JIaromapHOCTH
BCEM T€M, KTO ITOMOT €My B CO3MaHWUU 3TOTO mocodus, B ocobernnoctu, [lan-
teneeBy 1. A., Jlunosckont B. B. u Bypamuukosy C. P.

1. IIpenmeT M OCHOBHBIE pa3iesibl KNOEPHETUKM

Teopus naHGOpMAIIINT PACCMAaTPUBAECTCSI KAaK CYIIIECTBEHHAS YaCTh KU-
OepHETUKN.

Kubeprnemurxa — 510 Hayka 06 OOIINX 3aKOHAX ITOJTYYEHUsI, XPAHEHNS,
nepenavun u mepepaboTKu mHpopMaruu. e OCHOBHOW TpenMeT MCCIIeNoBa-
HIS — 3TO TaK Ha3bIBaeMble KNOEPHETUUECKUE CUCTEMBI, PACCMATPUBAE-
Mble aOCTPAKTHO, BHE 3aBUCUMOCTHU OT MX MAaTEpPUAIILHOU mpupombl. [Ipu-
Mepbl KHOEPHETUIECKUX CUCTEM: aBTOMATUYECKIE PETYIISITOPHl B TEXHUKE,
OBM, Mo3r uenoBeka WM XKUBOTHBIX, OMOTOTUYUECKAS TIOMYJIISIINAS, COITITY M.
YacTo KubepHETUKY CBA3BIBAIOT C METOIAMU MCKYCCTBEHHOTO MHTEJIJIEKTA,
T.K. OHa pa3pabaThIBaeT OOIIMe TMPUHIIUIBI CO3MAHUS CUCTEM yIPaBIICHUS
U CUCTEM 1T aBTOMATU3AINN YMCTBEHHOTO Tpyna. OCHOBHBIME pa3ieiaMu
(oHE axTIUIecKn abCOIIOTHO CAMOCTOSTEIbHBI U HE3aBUCUMBI) COBDEMEH-
HOW KMOEPHETUKN CUUTAIOTCS: Teopus WHOOPMAIINU, TEOPUs AJITOPUTMOB,
Teopusl aBTOMATOB, UCCIENOBAHNE ONEPAIINH, TEOPUs ONTUMAILHOTO YIIPaB-
JIEHUSI U TeOpUs Paclo3HaBaHUS 0OPa30B.

PononauanbaukamMun kubGepHeTukn (DATON ee POXKIEHUS CUNTACTCS
1948 rom, rom COOTBETCTBYIOMIEN TyOIMKAINN) CINTAOTCS AMEPUKAHCKIE
yaensie Hopbept Burep (Wiener, on — mpexne Bcero) u Kmon llennon
(Shannon, o e OCHOBOIIOJIOXHUK TeOPUU WHGOOPMAIINN).
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Bunep BB 0OCHOBHYIO KaTeropuio KUOEPHETUKT — YNPasaeHUE, TIOKa-
3aJ1 CYIIIECTBEHHBIE OTJINYUS DTON KAQTErOpuy OT OPYTUX, HAIPUMED, SHEP-
TUM, OIMMCAJI HECKOJBKO 3a/ad, TUIIUYHBIX /I KUOEPHETUKW, U ITPUBJIEK
BceoOIIiee BHIMAHME K OCOOOW POJIM BBIYUCIUTEIBHBIX MAIIIUH, CUNTAas UX
nHIuKaTopoM HacTymieHus HoBon HTP. Brimenenme xaTeropum yrpaniie-
HUS TTO3BOJIIIO BuHEpY BOCIOIB30BATHCS IMTIOHATIEM NTHOOPMAITANT, TIOJIOXKUB
B OCHOBY KMOEpPHETUKU M3yUEeHUE 3aKOHOB IIepenadn U Tpeodbpa30BaHUS WH-
dopmanun.

CyIIIHOCTDH TPUHIIAIIA YIIPABIECHNIS 3aK/TI0YAETCS B TOM, UTO OBUKEHIE
1 gericTBUE OOJIBIIINX MacC UJIN Nepenada n npeodpa3oBaHue OOJIHIINX KOJIN-
JIeCTB DHEPTUU HAIIPABIISETCSI U KOHTPOIUPYETCS ITPU ITOMOIT HEOOITBITTIX
KOJTMUECTB SHEPIruM, HECYITUX WHGOPMAIINO. DTOT MPUHIIAN yIPABICHUS
JIEXKUT B OCHOBE OPTaHW3AINU M NEWCTBUS JTIOOBIX YITPABIISIEMBIX CUCTEM:
aBTOMATUYECKUX MAIINH U XKUBBIX OpraHum3MoB. [lomob6HO TOMYy, Kak BBeme-
HUE TTOHSITHUS YHEPTUU MTO3BOJIMIIO PACCMATPUBATH BCE SIBJIEHUS IIPUPONLI C
€INHON TOYKH! 3PEHUSI U OTOPOCUIIO HEIbIN PO JIOXKHBIX TEOPUil, TaK U BBeE-
TeHre TOHSITUSI MHQOPMAIINY TTO3BOJISIET TIOMONTH C €MWHON TOUKN 3PEHUST K
M3YUIEHUIO CAMBIX PA3INYIHBIX IMPOIECCOB B3aNMONENCTBUS B TPUPOTIE.

B CCCP 3maunTenbHBIN BKJIAI B Pa3BUTHEe KNOEPHETUKN BHECIU aKa-
mevuku bepr A. U. u I'mymkos B. M.

B nareint crpane B 50-e ronbl KubepHeTHKa ObliTa 00BIBIICHA JIXKEHAY KO
1 ObITa MPAKTUIECKU 3allpeIreHa, ITO He MeMIajio, OMHAKO, Pa3BUBATHCS
BCEM €€ BAXKHBIM pas3fesiaM (B TOM UYUC/Ie U TeOpUU WHOOPMAIINN) BHE CBSI3U
¢ 0DOOIIAIOIIM CJIOBOM “KumbepHeTHKa’ . DTO OBIJIO CBSI3aHO C TeM, UTO
camMa 1o cebe kubOepHeTHUKa MOpeNncTaBiseT cobou pon dusocodpum, B Koe-
yeM KOH(DIMKTHON ¢ TOTHAITHel O(QUIINAIILHON NOKTPUHON (MapKCUCTCKO-
JIEHUHCKOH QUAJICKTIKOM ).

Teopus mHGOpMAIIIU TECHO CBI3aHA C TAKUMU pa3fejaMu MaTeMaTH-
KNI KaK TeOpHusl BEPOSTHOCTEN U MaTeMaTHdecKas CTATUCTHUKA, a TaKiXKe
npukKagHas ainrebpa, KOTOpble MPEIOCTABISIOT /s Hee MaTeMATUIECKUT
dyamamenT. C Ipyroit CTOPOHBI TeOpPUs MHOOPMAIINT UCTOPUIECCKN U TTPAK-
TUYECKU TIPENCTaBIsIeT cOOON MaTeMaTUIeCKNl GyHIAMEHT TEOPUU CBS3MU.
YHacTo Teopuio mHGOpMAIIIU BOOOIIE PACCMATPUBAIOT KAaK OMHY W3 BETBEN
TeOpU’ BEPOSITHOCTEN MU KAaK YaCTh TeOpHUu cBsa3u. T'akmM oOpa3oM, Ipen-
MeT “Teopust mudopmaluu” BeCbMa Y30K, T.K. 3aKaT MEXKIY ‘“UUCTONW Ma-
TEMaTUKON U MPUKIIATHBIMA (TEXHUYECKUME) aCIeKTaMU TEOPUU CBSI3M.

Teopus ungopmayuu TpencTapiaseT coboll MaTeMaTUIECKYIO TEOPHIO,
MIOCBSIIIIEHHYIO M3MePEeHnIo WHGOPMAINN, €€ TOTOKa, ‘PasMepoB’ KaHAJa
CBSI3U U T.II., OCOOEHHO MPUMEHUTEIBHO K panuno, Tejerpaduu, TeleBuie-
HUIO 1 K IPYTUM cpencTBaM cBs3u. [lepBoHavuaabHO Teopus ObIIa MOCBSIIIEe-
Ha KaHAITy CBSI3U, OIPENeIIseMOMY IJIMHON BOJHBI U YACTOTOMN, PeaIN3aIIns
KOTOPOTo ObIjIa CBsI3aHa C KOJeOAHUSIMU BO3MyXa UJIU 3JIEKTPOMArHUTHBIM
m3nnydernrneM. OOBIYHO COOTBETCTBYIOIINI IPOIECC OBII HEIPEPBIBHLIM, HO
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MOT' OBITH U OUCKPETHBIM, KOrna MHPOpMAIUsI KOOUPOBaJIACh, & 3aTeM Iie-
KonmpoBaJsiachk. Kpome Toro, Teopus mHGOpMAIIIN U3yIaeT METOIBI IIOCTPO-
€HUsI KOOOB, 00JIaMalOIINX ITOJIE3HBIMUI CBONCTBAMIU.

2. @opMmasibHOE IpPeACTaBJIEHNE 3HAHUN

[Ipu dopmanbHOM TpenCTaBICHUN 3HAHUN KaXKIOMY OIUCHIBAEMOMY
00BEKTY WJIU TOHSITUIO CTABUTCS B COOTBETCTBUE HEKOTOPBIN UKNCIOBON KOI.
CBs31 MEXIY KOOUPYEMBIME CYIITHOCTSIMEU TaKXKe MPEICTABISIOTCSI KOOAMI
(ampecamu u yxazatersivu). Iist Takoro mepeBona HehOPMATBHBIX TaHHBIX
B hOpMaJIbHBIN, Mu(POBOI BUO MOIXKHBI UCIIOIB30BATHCS CIEINAIbHBIE Ta-
OIUITBI, COMMOCTABIIAIOIINE KOONUPYEMBIM CYIITHOCTSM WX KONObI 1 Ha3bIBae-
MbIe Mmabauyamt, Koduposku. IIpocTeiimit mpuMep Takol TabIUIIBI — 3TO
ASCII (American Standard Code for Information Interchange), wncnomssy-
eMasl TIOBCEMECTHO C BBIUNCINTENbHON TexHukoi. OHa comocTaBIseT medar-
HBIM ¥ YIPABJIOIIIM CHMBOJIAM (YIPABIIOIIMMI SIBIISIFOTCS, HATIPUMED,
CHMBOJIBI, OTMEYAIOIIIIEe KOHEIl CTPOKU WK CTpaHuibl) ancia ot 0 mo 127.
Crenytortias mporpamMMa Ha s3bike [lackab BbIBEmET Ha DKPaH BCe MedaT-
HBbIE CIMBOJIBI 9TON TaOJIUILI I UX KONOBI:

var i: byte;
begin
for i := 32 to 126 do
write(i:6, chr(i):2);
writeln

end.

Ha npaxTuke o6bruno ucnosns3yioT He cam ucxonubiii ASCII, a Tak Ha-
spiBaeMbill paciupennbiit ASCII (ASCII+), onuckiBarorumit Komsr 256 cuM-
BoJioB (o1 0 no 255). Ilepsoie 128 nosunuit paciupenroro ASCII coBnamaroT
CO CTAHIIAPTOM, & IOMOJTHUTENbHBIE 128 MO3UINil OMpPenesISIOTCs TPOU3BO-
nuTeneM o0OPYIOBaHUS WIIN CUCTEMHOIO IIPOTpaMMHOT0 obecredenus. Kpo-
Me TOro, HeKOTOphIM yrupasiistoniuM cuMmBojiaM ASCII unorma HazzHauarT
IIpyroe 3HaJYeHNeE.

XoTst TabIuIbl KOMUPOBKY UCIIOIB3YIOTCS T (popMam3anuu wHbOpP-
MAaIlUU, CAMU OHU UMEIOT HeDOPMAJIBbHYIO IPUPONY, SIBISISICH MOCTOM MEXKITY
peanbHBIMEU 1 (popMasibHbIMU manHbiMu. Hampumep, komy 65 B ASCII co-
OTBETCTBYET 3arjiaBHAas JIaTUHCKas OykBa A, HO He KOHKpPeTHas, a JIrobas.
OTtomy komy OymeT COOTBETCTBOBATH OykBa A, HaOpaHHAs XUPHBIM IIPs-
MbIM TrIpudTOM, 1 O6ykBa A, HabpaHHas HEXKUPHBIM C HAKJIOHOM BIPABO HA
9.5° mpudrom, m maxe 6ykBa 2 rorwueckoro mpudTa. 3amada COIOCTAB-
JIeHUsI peaJIbHON OyKBe ee KOolla B BBIOpAHHOU TaOJuIile KOOUPOBKU OYEHDb
CITOXKHA U YACTUYHO PEIIaeTCsl IPOrPAMMaMU PACIO3HAHUS CIMBOJIOB (Ha-
npumep, Fine Reader).



» Yupaxuenue 1
Kaxkos xon 6ykB W u w B ASCII?

3. Bunbr maHdOopManium

Nudopmarnus MoxeT 6bITH ABYX BUIOB: duckpemuad (yudposasd) u ne-
npepvienad (anasoeosas). IluckpeTHas uubOpMANNs XapaKTEPU3yeTCsl II0-
CJIeIOBATEILHLIMYI TOYHBIMI 3HAYEHNSAME HEKOTOPON BEJIMYUHBI, & HEeIpe-
PBLIBHAs — HEIIPEPBLIBHBIM IIPOLIECCOM M3MEHEHMsT HEKOTOPO Bemunubl. He-
IIPEPLIBHYIO NHOOPMAIINIO MOXKET, HAIIPUMED, BBIIABAThL JaTUUK aTMOChep-
HOI'O HABJICHUs WM OaTYMK CKOPOCTH aBTOMAaIlnHbL JuckperHyio nadOp-
MAaIIIO0 MOXKHO IIOJIYYUTh OT JIF060T0 MIMPOBOTO MHANKATOPA: SJIEKTPOHHBIX
YaCoOB, CYETUYNKA MArHUTO(POHA U T.II.

HuckpeTHas mapopmarus ynobHee mjIs oOpabOTKM YeJIOBEKOM, HO He-
IpepbIBHAsS NHOOPMAIUS YACTO BCTPEUYAETCS B IMPAKTUUIECKON paboTe, IO-
5TOMY HEOOXOOUMO YMETH IEPEBONUTHL HEIMPEPLIBHYIO MHMOPMAIINIO B IUC-
KpeTHYIO (muckpeTusanus) u Hao60poT. MomeM (5To CIIOBO TPOMCXOMUT OT
CJIOB MOIYJISIIINSI ¥ [IEMOIYJISIINS ) TIPEICTABIIET COOON YCTPONCTBO IS Ta-
KOO IIEPEBOMda: OH MepeBOOUT IU(POBBIE MaHHLIE OT KOMIIBIOTEPA B 3BYK
UM BJIEKTPOMAarHUTHBIE KOJIeOAHUS-KOUN 3BYKa U HA0OOPOT.

[Ipu mepeBome HenpepbIBHON MHMOPMAIMU B OAUCKPETHYIO BaKHA Tak
Ha3BIBaeMasl uacmoma Juckpemu3sayuy v, omnpenessiomias mepuon (11 =
1/v) oupenerneHus 3HAUCHNS HEIIPEPLIBHON BEIUIUHLL (CM. puc. 1).

lcxXomERMI CUTHAI

t

Puc. 1

YeM BBIIIIE YACTOTA OUCKPETU3AINN, TEM TOUYHEE TMPOUCXOMUT II€PEBO]T
HeTpepBIBHON MHOpMaIuu B nuckpeTHyo. Ho ¢ pocToM 5Toll 9acTOTHI pac-
TEeT W pa3Mep OUCKPETHBIX MaHHBIX, MTOTyIaeMbIX IIPU TaKOM IIepeBone, W,
CTTEMOBATEJILHO, CIIOXKHOCTH UX 00paboTKu, mepemadn u xpaHerns. OoHako
TSI TIOBBIMIIEHUS TOYHOCTU TUCKPETU3AIINU HeoOs3aTeIbHO Oe3rpaHMJIHOE
YBEJIMYEHNE €€ YACTOTHI. DTy YacTOTy Pa3yMHO YBEIHUIUBATH TOJIBKO IO
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mpenesia, OIMpeneIseMor0 TeOpeMOW O BbIOOpKax miam 3akoHOM HalkBucta
(Nyquist).

JItobast HempephIBHAS BEIMYNHA ONUCHIBAETCS MHOXKECTBOM HAJIOXKEH-
HBIX NPYT Ha Ipyra BOJHOBBIX IIPOIECCOB, HA3BIBAEMBIX T'apMOHUKAMM,
ompenesnseMbix GyHKiuaMu Buna A sin(wt 4+ @), rme A — sTo ammuTyna,
W — YacToTa, t — BpeMd U ¢ — (da3za.

Teopema o 6bl6OPKAT TIIACUT, UTO IJIST TOYHON OUCKPETU3AIUU €€ Ta-
CTOTAa NOJIXKHA OBITH He MEHee YeM B OBA Pa3bl BHIIIE HAMOOJIBIIIEN YaCTOThI
rapMOHUKH, BXOIAIIEH B MUCKPETU3UPyeMyIo Benmuuny [17].

[IpumepoMm mcnonb30BaHUS 3TOU TEOPEMBI SBIISIOTCS JIa3€PHBIE KOM-
MaKT-OUCKW, 3BYKOBas WHOOPMAIWS HA KOTOPBIX XPAHUTCA B Hu(GPOBON
dopme. Hem BrIlIe OymeT 9acTOTa OUCKPETU3AIUN, TEM TOUHEe OYIOyT BOC-
MIPOM3BOAUTLCS 3BYKM W TE€M MEHbBIIle UX MOXKHO OyleT 3amucaTh Ha OOUH
IUCK, HO YXO OOBIYHOTO YeJIOBEKA CHOCOOHO pa3iandaTh 3BYKU C YaCTOTOU 110
20 KI'tr, mosTOMy TOYHO 3aIMCBIBATH 3BYKHU € OOJIBIIIEN 9aCTOTON O€CCMBIC-
smernHo. CorstacHO TeopeMe O BBIOOPKaX YaCTOTY MUCKPETU3AIUN HYXKHO BhI-
6path He Menbieidl 40 KI'n (B mpoMbIljieHHOM CTaHmapTe Ha KOMITAKT-
nucke ucnosib3yercs gactora 44.1 Kl'm).

[Tpu mpeobpazoBaHuM MUCKPETHON MHOOPMAIINN B HEITPEPBLIBHY IO, OIIpe-
TIENSIIOIIEN SIBIISIETCSI CKOPOCTH 3TOTO MMpeoOpa30BaHMUs: YeM OHA BBIIIE, C TEM
60Js1ee BEICOKOYACTOTHBIMYU TaPMOHUKAMU TTOJTYUNTCS HETTPEPhIBHAS BEJTNIN-
Ha. Ho uem Gosbllime 9acTOTHI BCTPEYAIOTCS B 9TON BEJIMYNHE, TEM CJIOXKHEe
¢ Henl paboraThk. Hanmpumep, oObrunbie TejedOHHBIE JIMHUN ITPEIHA3HAYCHEI
mias mepenadn 3ByKoB uacToTon mo 3 KI'm. CBs3b ckopocTu mepemadm u
HanOOJIbIIIEN MOMYCTUMOU YacTOTHI TOAPOOHee OyIeT pacCMOTPeHa IaJee.

YcrpoiicTBa mis mpeobpa3oBaHUs HENPEPBIBHON WHMOPMAIIUU B OUC-
kpeTHyo ob6o6rarorie HasbiBaloTcs Al (amamoro-mmdposoit mpeobpaszo-
sarens) win ADC (Analog to Digital Convertor, A/D), a ycrpoitcTBa mis
npeobpa3oBaHus NUCKpeTHON mHGopMmarnmu B anajgorosyio — ATl (uud-
po-aHasoroBeiil npeobpaszosaress) uwiin DAC (Digital to Analog Convertor,

D/A).

» YupaxxHeHue 2

B mudpoBerx maraumrodomax DAT wactora muckpermsarmum — 48 KI'm.
KakoBa makcumasibHas 9acTOTa 3BYKOBBIX BOJIH, KOTOPBIE MOXKHO TOYHO
BOCIIPOM3BOONTE HA TaKNX MArHUTOMOHAX?

4. XpaHenue, n3MepeHue, oopaborka u nepemnadya mHPopMaIum

s xparenus nHGOPMAIINT UCIIOIB3YIOTCS CIIeIaIbHbIE YCTPONCTBA
naMsTh. [uckpeTHy0 MHOOPMAIINIO XPAaHUTH TOPA3[I0 MPOIIEe HEIPEePhIB-
HOI, T.K. OHA OMNUCHIBAETCS ITOCIEIOBATEILHOCTHIO umcen. Ecmu mpencra-
BUATH KaxJI0€ UUCJIO B JIBOMYHOU CUCTEME CUMCIEHUSI, TO OUCKPETHas WH-
dbopMmarus mpeacTaHeT B BUOE MTOCIEIOBATEILHOCTEN Hy el u enuHuil. [1pu-
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CyTCTBUE WJIU OTCYTCTBUE KAKOTO-I1O0 MPU3HAKa B HEKOTOPOM yCTPONCTBE
MOXET OMNUCBIBATH HEKOTOPYIO NUGPY B KAKOW-HUOYOb U3 DTUX TOCIIENO-
BaTenbHOCTelN. Hampumep, mo3uiius Ha MUCKETE OIMUCHIBAET MECTO IudpHhI,
a TOJIIPHOCTh HAMArHUYEHHOCTU — ee 3HaueHume. l[j1g 3ammcm muckper-
HOU MHAOPMAIIUN MOYXKHO MCHOJIB30BAaTh PsI IEpeKIodaTenen, mepdokap-
ThbI, TIePHOJIEHTHI, PA3JIMYHbIE BUIBI MATHUTHBIX U JIA3€PHBIX TUCKOB, DJIEK-
TpOHHBIE TpUrrepsl u T.1. OmHA TO3UIUS MJIS TBOMYHON ITdpPLI B OIMUCA-
HUW QUCKPeTHON nHbopManun HasbBaeTcs 6umom (bit, binary digit). Bur
CITYXKUT Iy m3MepeHus nwHbopmaruu. Uuadopmatius pazmMepoM B oouH OUT
CONEePXKUTCsI B OTBETE Ha BOMPOC, Tpebyromnii oTBeTa “ma”’ mnaum “Her’.

XpaHuTh HENPEPLIBHYI0 WHOOPMAIINIO OYeHBb CHOXKHO. OOBIYHO I
ATOrO UCIOJTBL3YIOT AJIEKTPUUECKe CXeMbI HA OCHOBE KOHIIeHcaTopa. Hempe-
PBIBHYIO MHGOPMAIIIIO TOXKE U3MEPSIOT B OMTaX.

but — »5T0 OUeHb MaJleHbKas €MUHUITA, TOATOMY YaCTO MCIOIb3YeTCS
BesmmanHA B 8 pa3 Gombinas — 6atm (byte), cocTosiast u3 AByX 4-OHTHBIX
moTyOanT unu TeTpan. baiT oObITHO 0003HAUAIOT 3arjIaBHON OyKBOW B uin
b. Kak u njsg mpoumx cTaHOApTHBIX €OIUHUIL U3MEPEHUs MJisd OuTa 1 Oaii-
Ta CyIIeCTBYIOT TPOU3BOOHBIE OT HUX €IWHUIILI, 0Opa3yeMble IPU ITOMOITIN
npuctaBok kmwio (K), mera (M), rura (G umu I'), Tepa (T), nera (P wmm 1)
u npyrux. Ho nns 6utoB u 6aiiToB OHI O3Ha4UalOT He cTereHu 10, a cTeneHn
mBoiikm: ko — 210 = 1024 ~ 103, mera — 229 ~ 109, rura — 23° ~ 107,
tepa — 240 ~ 10'2, mera — 2°° ~ 10'°. Hanpumep, 1 KB = 8 Kbit =
1024 B = 8192 bit, 1 Mb = 1024 Kb = 1048576 b = 8192 Koéwur.

s 06paboTku nHGOPMAIINY UCTIOIB3YIOT BEIUNCIUTEIbHBIE MAIITAHHI,
KOTOpBIe 6b1BatoT ABYX BumoB: IIBM (mudpoBast BEIMACIUTEILHAS MAIIITHA)
— 1y o6paboTku muckperHon nabopmanun, ABM (aHamoroBas Beraucu-
TeJIbHAsI MAIIINHA) — 7T 06paboTKU HempepbiBHOM mHopMarmm. [[TBM —
VHUBEPCAJIbHBI, HA HIX MOXHO PEIaTh JIIOObIEe BEIYUCIUTETLHBIE 3a0a9N C
J1I000I1 TOYHOCTBIO, HO C POCTOM TOYHOCTU CKOPOCTH UX PabOTHI yMEHbIIIa-
eTcs. [IIBM — 5T0 oObI9HBIE KOMIIBIOTEPHI.

Kaxmas ABM mnpennasnadueHa TOJIBKO I Y3KOrO KJIacca 3aad, Ha-
IpuMep, THTETPUPOBaHUS nin nuddepeHnnpoBanus. Ecam Ha BXOI TaKoOn
ABM mnonats curuas, onucsiBaeMbil Gyukimein f(t), To Ha ee BBIXOIE IMO-
sutcs curuai F'(t) win f/'(t). ABM paboraior oueHb GBICTPO, HO UX TOU-
HOCTH OTpaHMYEHA W He MOXeT OBITh yBeandyeHa Oe3 ammapaTHBIX Iepe-
nmenok. IIporpamma miiss ABM — 510 smekTpudeckas cxema 13 3a0aHHOIO
HabOpa 3JIEKTPOHHBIX KOMIIOHEHT, KOTOPYIO HYXKHO (PU3MIECKU COOPaTh.

briBaroT erte m rubpunHbIe BHIYUCIATEIbHBIE MAIITNHBI, COYETAIOIIINE
B cebe omemenTsl Kak [IBM, Taxk 1 ABM.

Ha puc. 2 uzobpaxena cxema nepenadn WHGOPMAIIUA.

Konupopanuem, Hampumep, sBiasgeTcs IMIPPOBKa COOOITIEHUsI, NEKOIN-
pOBaHMEM — €ro IeImn@poBKa.

[Iponienypsl KoQUpPOBaHUS U NEKOMUPOBAHUS MOTYT MOBTOPSTHCS MHO-
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ro pa3. Omubku mpu nepenade WHGOPMAIIUKM TPOUCXOMAT U3-3a: IIyMa, B
kKaHaje (aTMocepHble U TEXHUYECKHE [TOMEXN), OIIMOKN KOMUPOBAHUS I
mexkonupoBaHus. Teopust nHOOpMAIINN U3yYIaeT, B YJaCTHOCTH, CIIOCOOBI MU-
HIMM3AaIUN KOJINYEeCTBA TAKNX OMINOOK.

KOINPOBAHNE KAHAJI CB4A31  JTEKOINPOBAHUE

! ! !
NCTOUHUK —IIEPEJATUUK —IIPUEMHUK —IIOJIYUATE/JIB.
Puc. 2

CkopocTh mepenadn nHGOPMAIUN U3MEPSIETCS B KOJINIECTBE ITepemaH-
HBIX 3a OmHy ceKyHmy ouT mwiau B 6omax (baud): 1 6om = 1 6ut/cex (bps).
[IpousBonHbIe enuHUIIBI OJIsd OOma TakuWe Ke KakK 1 Ijs Ourta m OaiiTa, Ha-
npumep, 10 Kbaud = 10240 baud.

Nudopmalinio MOXHO IepenaBaTh nocaedosamesbHo, T.e. OUT 3a Ou-
TOM, U NAPAALEALHO, T.€. TPynHaMu PUKCUPOBAHHOTO KojnmdecTBa ouT. I1a-
paJIIeIbHBIN cITocOO ObICTPee, HO OH YaCTO TEXHUUECKU CIOXKHee U MOPOXKe
0COOEHHO TpU Ilepenade MaHHBIX Ha Oojbllume paccTosHus. [lapammenbHbrit
crocob Tepenadyn UCIOoIb3YI0T, KaK ITPaBUjIo, TOTHKO Ha PACCTOSHUN HE 60-
jlee 5 MEeTPOB.

» YupaxHeHnue 3
CKOIBKO OUT B OMHOM KuJjobanTe?

5. Ba3zoBbie noHsATHUS Teopuu MHPOPMAITUNI

Ungpopmayugs — HEeMaTepuaabHas CYIIHOCTH, IPU IIOMOIII KOTOPOI C
OO0 TOYHOCTHIO MOXKHO OIUCHIBATH PEAJIbHBIE (MATepUaIbHBIE), BUPTY-
ajbHBbIE (BO3MOXHBIE) U TOHSITHUIAHBIE cylHOCTH. WNHDOpMammMs — mpoTu-
BOITOJTIOXKHOCTH HEOIPEIeIEHHOCT.

Kanaa cea3u — 510 cpema nepenadn mHGOPMAIIIN, KOTOPas XapaKTe-
pU3yeTCs B IEPBYIO OUepPEIh MAKCIMAJILHO BO3MOXKHON IJIsI HEe CKOPOCTHIO
nepenavn NaHHBIX (eMKOCMbl0 KAHAIIA CBSI3H).

IlIym — 5TO TIOMEXUW B KaHAJIE CB3M IpU mepenade mHGOPMAIIN.

Kooduposanue — npeobpasoBaHue TUCKPETHON MHPOPMAIIUY OMHUM U3
CTIEMYIOIINX CIOCOOOB: ITIMPOBAHIE, CXKATHUE, 3aIIINTa OT IIIyMa.

O6rmas cxema mepemaun wHGOPMAIINKT M300paKeHa Ha PHUcC. 3.

EmxocTh kaHama cBs3u 6e3 mryMa MOXHO TPUOIN3UTEIHHO BEIUNCINTD,
3HAsS MAKCHMAJILHYIO YACTOTY BOJIHOBBLIX IIPOIECCOB, MOIMYCTUMYIO B 3TOM
kaHajge. MoXHO cuMTaTh, 9TO CKOPOCTH HEpemadun MaHHBIX MOXKET ObITh
He MeHbIIle, YeM 5Ta JacToTa. Hampumep, mpu mpeneabHOR 1acToOTe, paB-
vort 1000 I'm, MOXHO 0OecneunTh CKOPOCTH Mepemadu MaHHBIX He MEHbBIIe
1 Ko6om.

[Ipumeps! KaHAJIOB CBSI3U U CBSI3aHHBIX C HUMUI MIPEOEILHBIX YaCTOT:
renerpad — 140 ', Temedon — no 3.1 KI', koporkue Bosasr (10-100 M)
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— 3-30 MI';, YKB (1-10 m) — 30-300 MI'u, coyTHEK (CaHTHMETDPOBBIE
Bostabl) — 10 30 ['T'u, ontuueckuit (nabpakpacubit nuamnaszon) — 0.15—
400 TT'n, onrwaeckuit (Bunumsbrit cBer) — 400-700 TT'w, onrwaeckuit (yib-
Tpaduonerossril quanazon) — 0.7-1.75 T

‘ CXOoOoHadA ‘ ‘ ITyMO3allInTHOE ‘

—>‘ mmppoBaHTE ‘—>‘ cxKaTue ‘—>

‘ KOOUPOBAHUE |

!

KaHaJI

MYM== " .pasm
!

‘ JCKOONPOBAaHME |

| nHOpMaIs ‘

‘ IIOJIy YeHHAs ‘

%‘ nermundpoBKa ‘<—‘ pacmakoBKa ‘<—‘ HIyMO3aIIMTHBIX ‘
| nHpOpMaIIs ‘
‘ KOOB |

Puc. 3

TunuuHble cCOBpeMEHHBIE KaHAIBI: Tejlerpadubil n TeaedonHbIi. [lep-
CIIEKTUBHBIE, BHEIIPAEMbIE HBIHE: OITOBOJIOKOHHBIN (Tepabonbl) u mudpoBoil
renedounsnii (ISDN, Integrated Services Digital Networks) — 57-128 K6op.

B peanbHBIX OITOBOJIOKOHHBIX CHCTEMaX CKOPOCTH IOpPa3mo HIUXKE TeO-
peTuueckux mpeneios (pemko npesocxomut 1-10 T'Gom).

Haubonee mumpoko Moka WCHOIB3YIOTCS TeledOHHbIE JIMHUU CBSI3W.
3meck mocTurayTa ckopocTh 6osee 50 Ko6ox!

6. Conocobb1 n3MepeHusi nHPOpMALINT

[lousTue komumuecTBa WHOOPMAIIUM €CTECTBEHHO BO3HUKAET, HAIPU-
Mep, B CIIEMYIOIINX TUIOBBIX CIIyYasX:

1. PaBeHCTBO BellleCTBEHHBIX TEPEMEHHBIX @ = b, 3aK/II09aeT B cebe uH-
dopmanuio o ToM, 4To a pasuo b. IIpo paBeHcTBO a? = b? MOXKHO cKa3aTh,
YTO OHO HECET MEHBIITYIO0 MHOOPMAIINIO, YeM MePBOe, T.K. U3 IEPBOTO CJIEMY-
eT BTOpOe, HO He Hao60poT. PaBencTBo a® = b3 HeceT B ce6e MHPOPMAITIIO
0 00BEMY TAKYIO XK€, KaK U MEePBOE;

2. IlycTtb mpoucxoosaT HEKOTOPBIE M3MEPEHUSI C HEKOTOPOW TOTPEIITHO-
cTbio. Torma gwem OosbIie OymmeT ITPOBEOEHO M3MEPEHUM, TeM OOJIbIle WH-
dopMmariuu 06 m3MepseMon CYITHOCTU OyOeT IOJIYyYeHO;

3. M.o. HEKOTOPOH Cq.B. comepxkuT B cebe MHGPOPMAIIIIO O CAMOU CJI. B.
s cin.B., pacupeneeHHON IO HOPMAJTBHOMY 3aKOHY, C M3BECTHOU MUCIEP-
cueu 3HaHUWe M.O. JaeT MOJHYI MHPOpMAIUIO O CJI.B.;

4. PaccmoTpum cxemy niepenadn napopmatuu. [IycTs nepenaTauk onu-
CBIBaEeTCs CJI.B. X, TOTIa m3-3a MOMEX B KaHAJIE CBSI3U HA IMPUEMHUK OyIeT
IPUXONUTH CII.B. Y = X + Z, rme Z — 5TO CJ1. B., OIUCBIBaOIas moMexu. B
ATON cXeMe MOXXHO FOBOPUTH O KOJIMYIeCTBe MHGOPMAIINN, COOEPKAIIIENCS B
ci.B. Y, orHOCHTENbHO X . UeM HuXe ypoBeHBb mmoMex (mucmepcusi Z Majia),
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TeM 60JIbIlle MHOOPMAIIUY MOXKHO TOyduTh u3 Y. [Ipu oTcyTcTBUT mTOMEX
Y comepxut B cebe Bcio mHDOpManuio 06 X.

B 1865 r. memenkuit ¢puszuk Pymoned Kmaysmyc BBen B cTraTtmcTuue-
CKyI0 PU3UKY TOHSATUE SHTPONUU WA MEPHI YPABHOBEIIIEHHOCTHU CUCTEMBIL.

B 1921 r. ocHOBaTe b OOMBINEN YAaCTH MaTEMATUIECKON CTATUCTUKMN,
aHrImIaHH Ponann Puitep BIiepBbIe BBEJ TEPMUH “wWHOOpMAIUs B Ma-
TEeMATUKY, HO TIOJIyYeHHbIE UM (POPMYJIBI HOCSIT OYEHb CITEINAIbHBIN XapaK-
Tep.

B 1948 r. Kmon Illernon B cBomx paboTax MO TEOPUU CBSI3U BBININ-
CBIBAET (POPMYJIBI [JIsI BHIUUCJICHUS KOIUYECTBA MHPOPMAIIUS U SHTPOIUNA.
Tepmun “suTponus’ ucnonb3yercs [lleHHOHOM O COBETY maTpuapxa KOM-
nbIOTEpHON 5phl hor Helimana, oTMeTuBIIEr0, 4T0 onydeHuble [llerHOHOM
IIJIsT TEOPUU CBsI3U (DOPMYJIBI MIJIsl €€ pacueTa COBIAJIU C COOTBETCTBYIOIIIN-
MU POPMYJSIaMU CTATUCTUIYECKON (PU3UKU, a TAKXKE TO, UYTO “TOUHO HUKTO
HE 3HAET UTO YXKe TaKOe SHTPOIHS.

» YupaxueHue 4
Kakoe u3 coorHomienuii HeceT B cebe 6Gombiile mHDOpPMAIA T = O WA
x> 37

7. BepoATHOCTHBIN TIOAXOH K M3MEPEHUIO NUCKPETHON U
HeNpepbIBHON MHPOPpMAIIAN

B ocnose Teopun nrdopMmanmuy geKuT Tpenyioxennsil llennornom cmo-
cob U3MepeHns KOIN4IecTBa NHDOPMAIIUN, CONEPKAIIEICI B OMHOI CJI. B. OT-
HOCUTEIILHO OPYIORl CJI.B. DTOT CIOCOO MPUBOOUT K BLIPAXKEHUIO KOJIMUe-
CcTBa MHPOPMAIIUT UNCIJIOM.

Hns n.c.B. X u Y, samannabix 3akoHamu pacupeneneaus P(X = X;) =
pi, P(Y =Y}) = q; u coBmectubiM pacupenenenuem P(X = X, Y =Y;) =
Dij, Koauuecmso ungopmayuu, conepxarreiics 3 X OTHOCHUTENILHO Y, pABHO

Pij
I(X,Y)=> pijlog, ﬁ
i,j v

II71 HempepBIBHBIX CJI.B. X 1 Y, 3alaHHBIX IJIOTHOCTSME pacIpene-
nenus BeposTHOCTEN px (t1), py (t2) u pxy (t1,t2), anamoruuuas dhopmysa
nMeeT BUI

pxy (t1,t2)
IX,Y:// t1,t2) 1o dtdts.
( ) /4 pXY( 1 2) 251 px(t1)py(t2) 1012

OueBumHO, YTO

I ) npu i 7 j
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n, cjJenaoBaTeJIbHO,

Di
I(X,X) =) pilog, . > pilog, p;.

Onmponug n.c.B. X B Teopuu wHGOPMAIINK ONpeneisseTcs GopMyIIon
HX)=HX =I1(X,X).

CpoiicTBa Mepbl MHOOPMAIIN 1 SHTPOITIIA:

I(X,Y)>20,I(X,Y)=0 < X unY He3aBUCHMBI;

I(X,Y) =I(Y, X);

HX =0 < X — KoHCTaHTa;

I(X,)Y)=HX+ HY —H(X,Y), rme HX,Y) = — Zz’,jpij logs, pij;
I(X,)Y)<I(X,X). Ecmm I[(X,Y) =I(X,X), o X — dyukuus ot Y.
1) JlorapudmMumpoBaHmemM M3 OUEBUAHOrO AN BCEX L HEPABEHCTBA er—1 =T
(paBeHcTBO ycTaHaBnMBaeTcs ToNbKO Npu & = 1) nonyyaercs HepaseHcTBO & — 1 >

—1
Inz wnn T— > log, =.

QU =~ W DN =
N N N N N

Pidi _ q
_ L biq;  DPij _
—IXY) —me tog Pij S pr In2
2¥) 1,7
_ Didj — Pij :ZipiZij_Zi’jpij :1—1:0
In 2 In 2 In 2 ’

2%}

T.e. I(X,Y) = 0 Tonbko npu p;j = p;iq; Ans BCeX i U j, T.€. PN HE3ABUCUMOCTH
X nY.Ecm X nY HesaBucumbl, To p;j = Pig; W, CNeaoBaTeNbHO, apryMeHTHI
norapudmos pasHbl 1 u, cnesosaTenibHO, camu norapudmbl pasHbl 0, 4TO O3HauaeT,
uto I(X,Y) = 0;

2) CnepyeT U3 CUMMETPUYHOCTU HOPMYJST OTHOCUTENIBHO apryMEHTOB;

3) Ecnu HX = 0, To Bce unenbl cymmsl, onpeaensitowen H X, ponxHel bbiTh
HYJIW, UTO BO3MOXXHO TOJILKO TOrAa W TOJBbKO TOrAa, korna X — KOHCTaHTa;

4) N3 ueTbipex O4EBUAHBIX COOTHOLLEHMUIA

d pig=pin > pii =4
j i
HX = —Zpi log, pi = —Zpij logs pi,
i 1,J
HY = —qu logy q; = _Zpij logy gj
J 0]
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noJsiyyaeTcs

HX + HY — H(X,Y) = p;;(logy pij — logy ¢ — logy pi) = I(X,Y);

1,

5) HyxHo mokaszate [(X,Y) = HX + HY — H(X,Y) < HX wmwm
HY —H(X,Y) <0.

HY —H(X,Y) = _sz‘j logy g5 + sz’j logy pij = Zpij log,(pij/a));

2] 1,J 1,J

o pi; = P(X = X;,Y =Y;) < ¢ = P(Y =Yj), a 3HaunT aprymenTbl y BCeX
norapudmoe He bonblie 1 u, cnegoeaTenbHO, 3HaueHus norapudmos He bonbuie 0, a
3TO M 3HAUMUT, YTO BCSA CyMMa He bonbuie 0.

Ecm HX = I(X,X) = I(X,Y), To ans kaxgoro ¢ p;; pasHo nubo ¢;,
mbo 0. Homs p;; = P(X =X,,Y =Y;)=P(X=X,/)Y =Y;,)P(Y =Y)) €
{¢;,0} cneayer P(X = X;/Y =Y;) € {0,1}, uto BosmoxHO Tonbko B cryuae,
koraa X — dyHkuusa oT Y.

IIpu mesaBucumocTu cia.B. X 1 Y omHa m3 HUX HUYEM HE ONUCHLIBAET
OPYTYIO, UTO U OTPAKAETCA B TOM, 4TO il Takux c¢i.B. [(X,Y) = 0.

PaccmorpuMm mpumep m3MepeHusl KOandecTBa WHPOPMAIIMU ITPUA IIOM-
OpacbIBaHUU NBYX UTPAITBHBIX KOCTEN.

IIycTes 3amanbr o.c.B. X1, Xo u Y. X7 mw Xo — KoIMIecTBa OUYKOB,
BBIMTABIIINX COOTBETCTBEHHO Ha 1-T 1 2-U UTpaJIbHON KOocTH, a ¥ = X7+ Xs.
Hairu (Y, X1), (X1, X1), I(Y,Y).

3akKOHBI pacCIpeneIeHns BEPOITHOCTEN M O.C.B. X1 1 X9 COBIIAOAIOT,
T.K. KOCTA ONWHAKOBBIE U 6€3 U3bsIHOB.

X; 123456
p | 1/6 , T.e. ipu j = 1...6 ¢; = P(X; = j) = 1/6.

3akoH paciupenesieHust BEPOITHOCTEN I O.C.B. Y,

PY=1i)=P(X1+Xo=1), i=2.12,
BCJIEICTBHUE TOTO, YTO X1, Xo — HE3aBUCUMBI U TTO3TOMY

P(X1 :TL,XQ :m) :P(X1 :n>P(X2 :m),

OynetT
pi=PX1+Xo=i)= Y PXi=nPXo=m)= Y 1/36.
<o Ve

Tabmuisl, onpenensoiue Y :
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w\Xt 123 4 5 6

1 2345 6 7

2 345 6 7 8

3 456 7 8 9

4 567 8 9 10

5 678 9 10 11

6 789 10 11 12
Y=X+X,| 2 3 4 5 6 7 8 9 10 11 12
p ‘ 1/36 2/36 3/36 4/36 5/36 6/36 5/36 4/36 3/36 2/36 1/367

T.e. pu ¢ = 2...12, p; = P(Y =i) = (6 — |7 —i|)/36.

3aKOH COBMECTHOTO PACIIPEAeICHUs BepoaTHOCTel A.¢.B. X1 un Y 6ymeT
pij =P =i,Xy =j) = P(Y =i/X1 = j)P(X1 =),
HAIIpUMED,
P(Y=2,X,=1)= P(Y =2/X; = )P(X; = 1) =

— P(X, =1)P(X; = 1) = 1/36.

B obiem ciygae mosryunTcest

pij:P(Y:i,Xlzj):{l/%, nmpu 1 <7 — 7 <6,

0, HaJe.
«\Wl|l2 3 4 5 6 7 8 9 10 11 12
1 Yse s Yse Yse Yse e O 0O 0 0 0
2 0 ‘Y ‘a6 se Yss 'se Yse O 0 0 0
3 0 0 ‘s a6 Yas ‘e Yse Yass O 00
4 0 0 0 1hss ‘s Yas ‘e s 'se 0 0
5 0 0 0 0 1Yhe Yas Yas Yas ‘s Yse O
6 0 0 0 0 0 ‘s Y6 Yas Yae se Yae
Torna
6
[V, X)) =Y Y pylog, 22 =
j=11<i—;<6 Pig;
S
T 364w L 9B, T
7=11<i—35<6
| 8 11 12 .
:%(ZlogQG —|—Zlog2F+~-~+Zlog26 —I—Z:log26 ) =



1 6 6 6 6 6 6
= gg((logy 7 +logy 5+ +logy o)+ +(logy o +logy o+ - +logy 7)) =

1 3 6
= %(210g26+410g23—|—610g22—|—810g2 3 + 10log, = +6log, 1) =

= (2+2log,3+4log,3+6+8logy 3— 8+ 10log, 3+ 10 — 101log, 5)/36 =
= (10 + 241og, 3 — 10log, 5)/36 ~ 0.69 6ut/cumBOIL.

I(X1,X1) = I(X5,X2) = —35_ ¢jlogaq; = logy 6 = 1+ log, 3 ~
2.58 6uT/cum.

IY,Y) = =322, pilogy pi =
1 36
= %(2 log, 36 + 41og, 18 4+ 61og, 12 4+ 8log, 9 + 10 log, 5 + 6log, 6) =

= (444 log, 3+4+8log, 3+12+6log, 3+16 log, 3+20+4-20log, 3—10 log, 5+
+ 6 + 6log, 3)/36 = (46 4+ 601og, 3 — 101og, 5)/36 ~ 3.27 6ut/cum.
Bnecy 0 < I(Y, X1) = I(Y, X2) < I(X1,X1) = [(X5,X5) < I(Y,Y),

YTO COOTBETCTBYET CBOMCTBaM MHMOPMAIIAN.

IonuexnyToil wien 5-2logy 6 = I(X1, X1)/18 B pacuere I(X1,Y) co-
OTBeTCTByeT mHGOpMAIUU O OBYX ciaydasx u3 36, korna ¥ =2 u Y = 12,
KOTOpBbIe omHO3HAaUHO ompenensioT Xi. IllecTs ciyuaes, korma Y = 7, He
HeCyT HUKakoi mHpopManuum 06 Xi, 9TO COOTBETCTBYET MOMUYEPKHYTOMY
areny 6 log, 1 = 0.

PacueTbl MOXHO TpPOBOOUTH, UCIONB3YS 4-€ CBOMCTBO WHGOPMAIINH,
Uepe3 SHTPOIUIO.

H(Y, Xl) = — Zi,j Dij 10g2pij = log, 36 = 2(]. + log, 3) = 2HX, ~
5.17 6ut/cum.

I(Y,X1)=HX:+HY-H(X;,Y)=HY —HX; ~3.27—2.58 = 0.69
6ut /cuM.

Pacuer xonuuecTBa mHGOpMAININU ¢ UCHOIB30BAaHUEM 4-TO CBONCTBA, &
He ompeniesieHnsi, OObIYHO TpeOyeT MeHbIE BBIUNCIEHNI.

Paccmorpum 6omnee mpoctonr mpumep. Ilycts n.c.B. X paBHa Kommue-
CTBY OYKOB, BBIMTABIIINX HAa WTI'DAJIBHON KOCTH, a I.C.B. Y paBHa 0, ecin
BBIMIABIIIEE KOJIMYECTBO OYKOB HEUETHO, U 1, €Cii BBINABIIEE KOJIUIECTBO
oukoB uetHo. Haittu I(X,Y) u I[(Y,Y).

CocTaBuM 3aKOHBI pACIPENETICHNST BEPOITHOCTER m.¢.B. X 1 Y.

X|123456 Y |01
p | 1/6 p | 1/2
Taxum obpaszom, ipu i@ = 1...6 p;, = P(X = i) = 1/6 u, coorBeTCTBEH-
Ho, ipu j =0...1 ¢; = P(Y =j) = 1/2.
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CocTaBuM Tax:Ke 3aKOH COBMECTHOTO PAaCIpENeNIeHUsT BEPOSITHOCTEN
ATUX I.C.B.

135246 135246
000111 111000
| 1/6

SR
O = Ot

0, ecmu -+ j — YeTHO,
1/6, unaue.
I(X,Y) =3, pijlog, % = 6% log, 2 = 1 6uT/cm.
1

IY.Y)=—->"_yqjlogyq; = 21 log, 2 = 1 6ur/cum.

TouHOEe KOMMYECTBO BBLIMABIIMX OYKOB NAET TOYHYIO MHMOPMAIIIO O
yetHocTH, T.€. 1 6ur. U3 I(X,Y) = I(Y,Y) = 1 6ur/cum u 3-ro cBOiicTBA
uHbDOpMAIUY caenyer, 9To nHGopManus 06 X MOTHOCTHIO ompemesseT Y,
HO He Haobopor, T.x. [(X,Y) # I(X, X) = 1+log, 3 = 2.58 6ut/cum. Iei-
CTBUTEIBHO, Y (QYHKIMOHAJIBHO 3aBUCAT OT X, a X oT Y QYHKIMOHAILHO
HE 3aBUCHT.

PacueTst uepes sHTpONuo GYAYyT CIAEMYIOIIMMA

H(X,Y) = — %, , pijlogy pij = logy 6 = 1 + log, 3 = HX,

I(X,)Y)=HX+ HY —HX = HY =1 6ur/cum.

» YupaxueHue 5

Haiitu saTponuto m.c.B. X, 3a0aHHON pacIIpeneieHneM

X1 2 3 4 5 6 7 8
p| 01 02 01 005 01 005 03 0.1

Takum o6pasom, p;; = P(X =4,Y =j) = {

» YupaxHeHue 6
3uadeHus m.c.B. X1 u X9 ONPENensioTCs TONOPACHIBAHUEM OBYX HUOCATH-
HBIX MOHET, & I.C.B. Y paBHA CyMMe KOJm4IecTBa “TepOOB”, BBIIABIINX IPU

nonopacbiBaHun >TuX MOHeT. Ckombko muHDOpMaIuum 06 X| COmEpP:KUTCS B
Y?

» YrupaxHenue 7
Cxonbko mHbopManmm o6 X comepxkures B 0.¢.B. Z = (X1 +1)% — Xy, roe
HE3aBUCHUMBIE I.C.B. X1 1 Xo MOI'YT C PABHOI BEPOSTHOCTBLIO MPUHUMATH
saauenue ju6o 0, mu6o 17 Hattu H X, u HZ. KakoB xapakTep 3aBUCUMO-
ctu Mexny X, u Z?

» YrupaxHeHue 8

I.c.B. X7, Xo — 3aBUCHUMBI U PACIpENEIEHbI TAKXe KAaK U COOTBETCTBY-
IOIe 1. C.B. u3 npensinyineir 3agaqun. Haittu (X7, X2), ecniu coBMecTHOE
pachpenenerre BeposaTHocTeln X1 n X9 ONMUCBIBAETCs 3aKOHOM

Xl 0o 0o 1 1
Xol 0 1 0 1
p | 1/3 1/6 1/6 1/3.
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» YupaxHeHue 9
I.c.B. X1 u X9 ompenenstoTcss mOmOpachbIBAHUEM MIBYX WOCAJIBHBIX TET-
pasopoB, TPAHU KOTOPBIX moMedeHbI unciiamu oT 1 mo 4. I.c.B. Y pas-

Ha CyMMe YHCeJI, BBIIABIINX IpPU HOAOPACHLIBAHUU 3THUX TETPAdIPOB, T.e.
Y = Xj + Xo. Boruucnurs I(X5,Y), HX; u HY .

» Yupaxnenue 10
[ToncunTaTs ckonbko mHGOpMAaIM 00 X1 conepKuTcs B A.C.B. 4 = X1%xXo,
a Takxke HZ. Il.c.B. X1 u X, OepyTcsl U3 NPEOBIAYIIIErO yIIPaXHEHNUS.

» Yupaxunenue 11

I.c.B. X1 MoxkeT npuHUMaTh Tpu 3HadeHus —1, 0 u 1 ¢ paBHBIME BEpOSITHO-
ctamu. [.c.B. X2 ¢ paBHBIME BEPOSITHOCTSIMUA MOXKET IPUHAMATH 3HAUCHUSI
0, 1u2. X1 u Xo — mesapucumnr. Y = X7+ X,. Hattru I(X1,Y), [(X2,Y),
HX,, HX,, HY.

» YupaxHeHue 12
Haiitu suTponmum nm.c.B. X, Y, Z um xonudecTBO MHGOPMAIIUU, COOEPKA-
miericss B Z = X + Y orHocuTenbHo Y. X m Y — He3aBUCHUMBI U 330al0TCS

pacupenegeHnsIMn
X/ o 1 3 4 Y| -2 2
p| 1/8 1/8 1/4 1/2 p| 3/8 5/8.

8. Cwmbica sHTponuu IllenHona

Onmponud II.c.B. — 3TO MUHIMYM CPEIHETO KOJIMIECTBa OUT, KOTOPOE
HYKHO TIEpeIaBaTh MO KAHAJIY CBS3W O TEKYIEM 3HAUYEHWUU ITAHHOU II.C.B.

Pacemorpum npumep (ckaukum). B 3ae3ne yuacTBytoT 4 momanu ¢ pas-
HBIMU IITaHCAMU Ha MOOEIy, T.€. BEPOITHOCTDH MOOEIbI KaXKIOM JIOIIAINA PaB-
Ha 1/4. Beemem m.c.B. X, paBHYIO HOMEpPY MOOEMUBIIEH JIOMIAMN. 3IECH
HX = 2. Ilocne xaxmoro 3ae3ma II0 KaHAJaM CBS3U IOCTATOYHO OyIeT
repenaBaTh OBa OMTa mHODOpPMAIIMM O HOMepe IobemuBIIer jomramu. Ko-
IUpyeM HoMep Jiommanu cienyrormMm obpaszom: 1—00, 2—01, 3—10, 4—11.
Ecmu BBecTu dyukimio L(X), KoTopast BO3BpAILIAeT IINHY COOOIIEHUST, KO-
oupyoIero 3ananuoe 3uadenne X, To M.0. M L(X) — oT0 cpenusst nusa
coobr1rienns, kogupytoriero X . Moxuo ¢gopMaIbHO onpeneanTs L yepe3 nBe
dyukunn L(X) = len(code(X)), rne code(X) xaxnomy 3nadenuto X cra-
BUT B COOTBETCTBHUE HEKOTOPLI OMTOBBLIN KOO, TPUUYEM, B3AUMHO OTHO3HAU-
HO, a [en Bo3BpallaeT NJIUHY B OUTaX MJIsl JTIOOOTO KOHKPETHOTO Koma. L —
5TO (QYHKIUS OT II.C.B., T.€. TOXe I.C.B. B sTom mpumepe M L(X) = HX.

[IycTs Teneps o.c.B. X mMeeT ciemyroliee pacupeneeHue



T.e. JomIaab ¢ HoMepoM 1 — sTo dasoput. Torma

3 4 1 1 19 3
HX = 1 10g2 g + g 10g28 + g 10g2 16 = § — Z 10g23 ~ 1.186 6I/IT/CI/IM.
Bakonupyem HOMepa noramein: 1—0, 2—10, 3—110, 4—111, — T.e. Tak,

9TOOBI KAXKION KOm He ObLI mpeduKCOM IpYyroro Koma (momoGHOe KOmu-
poBaHUE Ha3BLIBAIOT npegdukcubim). B cpemrem B 16 3ae3max 1-s somans
noJikHa 1mmobenquTh B 12 m3 Hux, 2-9 — B 2-X, 3-9 — B 1-Mm u 4-9 —
B 1-m. Takum obpa3om, cpemHss IJIWHA COOOIIEHUs O mobenuTesie paBHA
(1%1242%2+3*%x14+3x1)/16 = 1.375 6ur/cum wiu m.o0. L(X). Heir-
creuTenbHO, L(X) ceftuac 3aMaeTcs CIEYIONIIM PACIPENeSIEHIEeM BEPOsT-
wocren: P(L(X) =1) = 3/4, P(L(X) =2) =1/8, P(L(X) = 3) = 1/8.

CremoBaTenbHO,

ML(X) ="+

11
4+ - = = 1.375 6ut/cum.

e~
ol N
ol w

Wrax, ML(X) > HX.

MoxknO mokasaTb, 4TO 6osee >DPEKTUBHONO KOOUPOBAHMS OIS OBYX
PACCMOTPEHHBIX CJIy9aeB He CYIIECTBYET.

To, uro surponus IllerroHa COOTBETCTBYET UHTYUTUBHOMY IIPEICTAB-
JICHIIO O Mepe MH(MOPMAIMK, MOXKET OBITh IIPOJEMOHCTPUPOBAHO B OIIBITE
10 OIPENEICHUIO CPEIHEr0 BPEMEHHU MCUXMYecKnX peakmmii. OIBIT 3aKIIIo-
YaeTCsI B TOM, YTO Iepell UCHOLITYEMBIM YeJIOBEKOM 3aXKUTACTCSI ONHA M3
N jaMIIoueK, KOTOPYIO OH IOJDKCH YKa3aTbh. IIpoBomMTCs GOJIBINAS CEPU
ICIIBITAHNI, B KOTOPBIX KAXKIas JIAMIIOUKA 3a3KUTAeTC C OIPEIeIeHHON Be-
POSATHOCTBIO P; (Ei\f pi = 1), rme i — 510 HOMeEp sTammouku. OKas3bIBaeTCs,
CpemHee BpeMsl, HeOOXOMMMOE I IPABUILHOIO OTBETA UCILITYEMOTO, IIPO-
OPIIIOHAILHO BEJINYINHE SHTPOINN — Zi\il p; logs p;, & He YuCITy JaMIoYeK
N, Kax MOXHO ObLIO ObI MOOMyMAaTh. B 5TOM ONBITE IpeOmosaraeTcs, ITO
yeM GobIre nHGOPMAINK OYIeT IIOIYy9eHO YeJOBEKOM, TeM NOJIbIIe OymeT
BpeMs ee 0OpabOTKM U, COOTBETCTBEHHO, peaKIluu Ha Hee.

» Ynupaxnenue 13
Hatitu suTponuio m.c.B. X 1 CpemHion MINHY KaXXIOTO U3 IIPUBEOEHHBIX
KOIIOB IJIsI TOU [I.C.B.

X 1 3 4 5 6

D 04 02 01 02 01
(X)| 000 001 010 011 111

code2(X)| 0 100 101 110 111
(X)
(X)

00 01 110 10 111
0 10 1110 110 1111.
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» Yupaxuenue 14

I.c.B. X paBHa KOIUYIECTBY ‘TepOOB”, BLIMABIIUX HA ABYX UIEAILHBIX MO-
HeTkax. Hanitu saTponuio X . [IpunymaTs MUHUMAIBHBIA KOO M1 X, BHI-
YUCIUTDH €r0 CPEIHIO OJINHY U 000CHOBATH €10 MUHUMAJILHOCTD.

» YupaxHeHue 15

H.c.B. X 3amana pacupenenenuem P(X =2") =1/2" n=1,2,... Haittu
SHTPOMMIO 3TON M.cC.B. I[IpuaymMaTs MUHMMAILHBI KOO Oy X, BEIYUCIUTH
€r0 CPENHION IJINHY U 060CHOBATH €r0 MUHUMAJILHOCTD.

» YnupaxHeHnue 16

IIpo n.c.B. X m3BeCcTHO, UYTO ee 3HAUEHUSIMU SBIISIOTCS OyKBBI KIPUJIITATIH.
[TpousBenen psm mocienoBaTeIbLHBIX N3MepeHU X, pe3yIbTaT KOTOPhIX —
“TEOPUANHDPOPMAIINN”. CocTaBuTh HA OCHOBAHUU HTOTO pPE3ysIbTa-
Ta OpubIM3UTENLHBI 3aKOH pACIpeNesieHnsT BEPOsITHOCTEN 3TOU HO.C.B. U
OIEHNTH MUHUMAJIBHYIO CPENHIOI IINHY KOMOB I X .

9. CemanTuueckas mHbopMaus

B 50-x romax XX Beka MOSBUINCH II€PBBLIE IMOIMBITKIA ONpPEeOeIeHusT ab-
COJTFOTHOTO WHGOPMAIIMOHHOTO CONEPKAHUS IPEIIOKEHNN eCTECTBEHHOTO
a3pika. CTouT OTMETUTDL, 9TO caM IlleHHOH omHaXKIBI 3aMETHI, YTO CMBICIT
COODIIIEHNI HE MMeeT HUKAKOrO OTHOIIEHUS K €r0 Teopuu WHGOPMAIINH, I1e-
JIMKOM TIOCTPOEHHON Ha TOJIOXKEHUSX Teopuu BeposiTHocTelr. Ho ero crocob
TOYHOTO U3MepeHust MHGOPMAIINY HABOMMII HA MBICITb O BO3MOXKHOCTH CYIIe-
CTBOBaHUsI CIIOCOOOB TOYHOTO M3MepeHus: uHpopMarmu 6osiee OOIIero BuIa,
HapuMep, WHGOPMAIIMN U3 IPENJIOKEHNI eCTEeCTBEHHOTO sA3bIKa. llpmMe-
pOM OmHOI m3 TakuxX Mep sBisercs Gyukuus inf(s) = —log, p(s), roe s
— 9TO MPEJIOKEHNe, CMBICIIOBOE COIEPKAHUIE KOTOPOTo m3MepseTcs, p(s)
— BEpPOSATHOCTb MCTUHHOCTU S. BOT HEKOTOpPBIE CBOMCTBA 5TOM (DYHKIINM-
MEpHhI:
1) ecnu s1 = s9 (U3 $1 cienyer So) — ucTUHHO, TO inf(s1) = inf(s2);
2) inf(s) = 0;

3) ecnu s — uctunHO, TO inf(s) = 0;

4) inf(s1s2) = inf(s1) +inf(s2) <  p(s1-s2) = p(s1)p(s2), T.e.

HE3aBUCUMOCTH S1 U So.

SuaueHue >TON PYHKIUSI-MEPBI OOJIbIE I MTPEIJIOKEHUN, UCKII0Ya-
IOIINX OOJIBIIIEe KOJIMYECTBO BO3MOXKHOCTel. Ilpumep: u3z s1 — “a > 3”7 n
So — “a = 7" cnemyer, 4TO So = s1 win inf(sy) = inf(s1); ACHO, UTO So
UCKJII0UaeT OOJIbIlle BOBMOXKHOCTEN, UEM S7.

it w3MepeHuss CeMaHTUIECKON WH(GOPMAIINN TaKXKe WUCIIOIb3YeTCs
dyukms-Mepa cont(s) = 1 — p(s). Scro, uro cont(s) = 1 — 27" (5) yun
inf(s) = —logy(1 — cont(s)).
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» Yupaxueuue 17
Boeraucnuts inf(s) u cont(s) npemmoxenus s1, IpoO KOTOPOe U3BECTHO, UTO
oHO mocToBepHO Ha 50%), 1 IpemIoXenns Sg, JOCTOBEPHOCTEL KOTOporo 25%.

10. CxkxaTue nHGOpPMAIIUNA

[Hens cxxaTus — yMeHbIIEHE KOJIUYIeCTBa OUT, HEOOXOMUMBIX IS XPa-
HEHUs WK Tepenadn 3aIaHHoN nHpOpMaIlni, YTO JaeT BO3MOXHOCTD IIepe-
naBaThb cOOOIIeHns 60jlee OBICTPO U XPAHUTH OOJiee SKOHOMHO U ONepaTUB-
HO (moCsIemHee O3HAYAET, UTO OMEPAIUs W3BJIEUEHUS MAHHON MHOOPMAIUIHT
C YCTPOUMCTBA ee XpaHeHUs OyneT MpOXOOUTh ObICTpee, YTO BO3MOXKHO, €C-
JI1 CKOPOCTH PACIaKOBKU HAHHBIX BBIIIIE CKOPOCTHU CUNTHIBAHUS MAHHBIX C
HocuTesst uabopmarun). CxkaTue MO3BOJISIET, HATIPUMED, 3alUCATH GOIIbIIE
nHGOPMAIIN HA IUCKETY, “YBEJIUYUTH pa3Mep KECTKOTO OUCKA, YCKOPUTD
paboTy ¢ momemoM u T. 1. [Ipu paboTre ¢ KOMIBIOTEPAME IITUPOKO UCIIOJIB3Y-
I0OTCSI TIPOTPAMMBI-apXUBATOPLI MaHHbIX hopMmaTa ZIP, GZ, ARJ u npyrux.
Metonbr cxaTus wHDOpMAIUKN ObLIM pa3paboTaHbl KaK MAaTEeMaTHUIECKAas
Teopus, KOTOpas MOJroe BpeMs (o mepBoil MooBUHBI 80-X TOHOB), MaJo
HCIIOJT30BaIaCh B KOMIIBIOTEPaX Ha MPaKTUKE.

CxaTue MaHHBIX HE MOXKET OBITH OOIBIITUM HEKOTOPOTO TEOPETUIECKIE
npenena. s dopMasbHOTO OmpenesieHnsl 3TOTO Ipenesa PacCMaTpPUBaEM
Tr060€e MHPOPMAIIMOHHOE COOOITIEHNE IJINHBI 11 KaK MOCIIEIOBATETLHOCTD He-
3aBUCUMBIX, ONMHAKOBO PACIPENEIEHHBIX MO.C.B. X; UM KaK BHIOOPKU JTH-
HBI 1 3HAYEHUN OMHOM I.C.B. X.

Hoxkazano [20], aTo cpemHee KOMMIECTBO OUT, MPUXOMAIINXCS HA OTHO
KOOUPyeMoe 3HadeHNe . C.B., He MOXKET OBITh MEHLIINM, UeM SHTPOIHS
5TON I.c.B., T.e. M L(X) > HX pmns moboit a.c.B. X u m000ro ee Kona.

Kpome Toro, nokaszauo [20] yTBepKIeHrEe O TOM, UTO CYIIIECTBYET TAKOEe
konupoBauue ([lernnona-Psuo, Fano), uro HX > ML(X) — 1.

Paccmorpum o.c.B. X7 m X9, He3aBUCUMBIE I OMUHAKOBO PacCIpeneseH-

uete. HX1 = HXy u I(X;, X5) = 0, cienoBaTesnbho,
H(X1, Xo) = HX: + HX» — (X1, X2) = 2HX,.

Bmecro X7 m X5 MOXHO TOBOPUTH O OBYMEPHON II.C. B. X = (X1, X5).
AnasloruaabIM 06pPa30M s N-MEPHOI . C. B. X = (X4, Xo,...,X,,) MoxHO
MIOJTYYUTh, UTO HX =nHX;.

Iycrs L1 (X) = L(X)/n,tone X = (X1, Xa,..., X,), T.e. L1(X) — 510
KOJIMYECTBO OUT KOHA HA E€OUHUIY COOOILIEHIS X. Torna M Ll(X' ) — 9TO

CpemHee KOMTaecTBO GUT KoM Ha eINHUITY COOOITIeHNs TpU Iepenade GecKo-
HEYHOIO MHOXKECTBA COOOLIEHII X.Us M L(X )—1< HX < ML(X) nnx

xona Illerrona-®oro mas X cmemyer MLy (X) — 1/n < HX; < ML (X)
IJIST 9TOTO XK€ KOfa.
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Taxum o6pa3oM, TOKa3aHa 0CHOBHAT MEOPEMA O KOOUPOBAHUU NPU OM-
CYmMcmeul, nomexr, a MMEHHO TO, UTO C POCTOM IJIMHBLI N COOOIIEHUsI, TTPU
konupoBaHuu MeTonoM lllernona-P3HO BCero COOOITIEHUS TIETUKOM CPETHEe
KOJIMYECTBO OUT Ha eOUHUITy COOOINeHUs OyOeT CKOJIb YTOMHO MaJio OTJIIN-
JaThCS OT DHTPONUN eqUHUIILI coobttieHns. [lomobHoe KommpoBaHMe TpaKTH-
JeCKU He PeaIn3yeMO 13-3a TOTO, YTO C POCTOM IJINHBI COOOITIEHNS TPYIOEM-
KOCTBH TIOCTPOEHUS STOTO KOMa CTAHOBUTCS HENOIyCcTHMO Oojsbimon. Kpowme
TOTr0, TaKOoe KOOUPOBaHUE NejIaeT HEBO3MOXKHBIM OTIIPABKY COOOIIIEHUS IO
JacTsAM, YTO HEOOXOOUMO JIsSI HENTPEPBIBHBIX ITPOIIECCOB TIepenadn JTaHHBIX.
IoOMHUTETHHBIM HEIOCTATKOM 3TOTO CIIOCO0a KOMWPOBAHUS SIBIISIETCS He-
06XOOUMOCTH OTIIPABKU MJIN XPAaHEHUSI COOCTBEHHO MOJTyYeHHOTO KOIMa BMe-
CT€ C ero UCXOMHON IJINHON, UTO CHIKAaeT 3(pdekT oT cxkatusa. Ha mpakTuke
IIJTST TIOBBITIIEHUsSI CTEIEHN CKATUS UCIIOIB3YIOT MeMod 640KUPOBAHUL.

ITo BeIOpanHOMY 3HaueHWIO £ > () MOXXHO BBIOpPATH TAaKOE S, YTO €CITU
pas3buTh BCce cooOIeHNe Ha GJIOKK MINHOM § (Bcero GymeT m/s GIIOKOB), TO
konupoBanueM [llennona-PsH0 Takux OJIOKOB, PACCMATPUBAEMBIX KaK €IIU-
HUIIBI COOOIIIEHMS, MOXXHO CHIe/IaTh CPemHee KOJMYIEeCTBO OMT HA €qUHUILY
coobrieHust OGIBIIINM SHTPONUKN MeHee, ueM Ha €. JeficTBUTENbHO, IIyCTh

—

Y = (}717}727 o 7?n/s)a Y_il — (X17X27 .. °7XS>7 }72 — (Xs—|—17Xs—|—23 o 7X23)
u T. 0., T.¢e. Y; = (Xou—1)+1, Xsi—1)+2,---» Xsi). Torna HY; = sHX;| n
sMLl(l?l) = ML(}?l) <HY, +1=sHX, + 1, cremoBaTenbHO,

ML, (Y)) < HX1 + 1/s,

T.e. IOCTATOYHO 6paTh s = 1/e. MuHUMYM S [0 3aJaHHOMY € MOXET OBITH
ropasno MeHbImM 1/¢.

[Tpumep. Ilycte m.c.B. X1, Xo,...X,, HE3aBUCUMBI 1 OOWHAKOBO PacC-
IpeesIeHbl U MOTY T IIPUHUMATD TOIBKO nBa 3Hauerus P(X; = 0) = p = 3/4
u P(X;,=1)=q=1/4 opu i or 1 mo n. Torna

3 4 1 3
HX,; = 1 log, 3 + 1 logy4 =2 — 1 log, 3 ~ 0.811 6ut/cum.

MuHuManIbHOE KOOUpPOBaHME 31ech — 3T0 Konbl 0 m 1 ¢ muHOM 1 6UT KaxK-
neiii. [Ipum TakoM KommpoBaHUM KOJIMYECTBO OUT B CPEMHEM HA €NUHUILY CO-
obrirenust paBHo 1. PazobbeMm coobirieHue Ha OJI0KU MJIMHBL 2. B%KOH pacupe-
IeJIeHrsl BEPOSITHOCTe U KonupoBaHue st 2-mepHoit m.c.B. X = (X1, X3)

X 00 01 10 11
p | 9/16| 3/16] 3/16] 1/16
code(X) 0 10 110 | 111
L(X) 1 2 3 3.
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Torma mpu TakOM MIHIMAJIBEHOM KOIUPOBAHUY KOJIUMIECTBO OUT B CPEII-
HEM Ha €IUHUILY COOOIIeHUs OynmeT yxe

L 9 3 3 27
ML (X)= (1= +2°> 4+ 3> 2= _0.84
1(X) (16+ m*456+3mw = 0.84375,

T.e. MEHbIIle, YeM MJjIs HeOJIOUHOTO KonmpoBaHus. [ 6JI0KOB OJIWHBI 3 KO-
JINYIEeCTBO OUT B CpeIHEM Ha eIUHUITY COOOIIeH!s MOXKHO crenaThb ~ (.823,
st 6710k0B muHbl 4 — ~ (0.818 u T.m.

Bce m3moxenHoe panee mompasyMeBaJio, YTO PACCMaTPUBAEMBIE 1. C. B.
KOMUPYIOTCS TOJIBKO AByMs 3HadeHusMu (06bruno 0 u 1). ITycTs m.c.B. Ko-
AUpYIOTCst M 3HadeHnsMu. Torma mis 1. c. B. X; 1 J1I000T0 ee KOMUPOBAHUS
BepHO, uTo ML(X) > HX/logom u ML;(X) > HX1/10g2m Kpowme
TOTO, CYIIECTBYET KOMMPOBAHUE TAKOE, UTO ML(X)—-1< HX/log,m n
ML, (X ) —1/n < HX;/logom, rme n = dim()f).

DopMynBl TEOPETUUECKUX MPUMIETIOB YPOBHS CXKATUS, PACCMOTPEHHBIE
paHee, 3aal0T Ipenes IJIs CpelHel MJIWHBI KOMa Ha €OUHUILY COOOIIeHUN,
repenaBaeMbIX MHOTO pa3, T.€. OHU HUYEro He TOBOPSIT O HUXKHEN I'DaHUIle
VPOBHSI CXKATUs, KOTOPas MOXKeET IOCTUTATHCI HA HEKOTOPBIX COOOIIIEHUIX
1 OBITH MEHBIIIEN SHTPONNHA I.C.B., PeaJn3yolien COOOIIeHNE.

11. IIpocTeniiime aaropmTMbI C2KaTusi HHPOPMAITUN

Meton Illennona-PsHO COCTOUT B CIAEOYIOIIEM, 3HAUECHUS . C. B. PACIIO-
JIaraioT B MOpsake YObIBAHUS UX BEPOSITHOCTEN, a 3aTeM IIOCJIeIOBATEIHLHO
TIeNIAT Ha OBe YaCTHU C TPpUOIN3UTENBHO PABHBIMU BEPOSTHOCTSIMU, K KOOV
nepBoil yacTu nobasssaoT 0, a Kk komy BTOpor — 1.

s mpenIecTBYIOMIEr0 TPUMEPA, TTOTY IIM

—

X D code(X)

00| 9/16 0

01| 3/16 10

10| 3/16| 110

11| 1/16 111, ML, (X) = 27/32 = 0.84375 6ur/cum.

Eie onun mpumep. Kom cocraBiseTcs mociie COpTUPOBKH, T.€. IIOCTIE
mepecTanoBku 3Hadenur B u C.
X| p | code(X)
Al 04 0
B| 0.2 11 ML(X)=ML,(X)=1.6 6ur/cum,
C| 04 10, HX =log,5 — 0.8 ~ 1.523 6ur/cum.
Meton Xaddmena (Huffman) paspaboran B 1952 r. On Gosee mpaxTu-

YeH W HUKOTOa MO CTelmeHu cxkaTus He ycTymaeT Metony lllemnona-dswo,
6oJtee TOTO, OH CKMMaeT MaKCUMAJTbHO MI0THO. Kom cTponTes nmpu momMortin
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IBOMYIHOTO (GMHAPHOTO) mepeBa. BeposiTHOCTU 3HAYEHU 1. C. B. TPUIKACHIBA~
IOTCSI €T0 JINCThIM; BCE IEPEBO CTPOUTCS, OMUPAICH Ha JIUCThI. BenununHa,
IpUNUCAHHAs K y3JIy IepeBa, Ha3bIBaeTcs BecoM y3ia. IIBa jucra ¢ HAmW-
MEHBIINMHI BeCaMU CO30AI0T PONUTEILCKUN y3ell ¢ BECOM, PABHBIM CyMMe
X BECOB; B MAJIbHEMIIIEM 3TOT y3€JI yUNTBIBAETCsS HapaBHE C OCTABIIIMUCS
JINCTBIMH, a 00pa30BaBIINE €r0 y3JIbI OT TAKOTO PAaCCMOTPEHUs YCTPaHs-
foTcs. [locite mocTpoliky KOpHS HYKHO IPUIINCATH KaXKIION 13 BETBEN, NCXO-
ISAMIAX U3 POOUTETHCKUX y3710B, 3HadeHns 0 unu 1. Kon kaxmoro 3HaUeHUs
II.C.B. — 5TO YHCJIIO, TOJIydyaeMoe Ipu 00Xole BeTBeil OT KOPHS K JIICTY,
COOTBETCTBYIOIIEMY ITaHHOMY 3HAYEHUIO.

g metomoB Xaddmena u lllennona-PsH0 KaKIBIN pa3 BMeCTe ¢ COO-
CTBEHHO COOOIIIEHIEM HYXKHO IlepenaBaTh 1 Tabnuiry komoB. Hampumep, mis
ciydasl U3 IIpuMepa 2 HYXKHO COOOUIUTh, YTO Kony 10 cooTBeTCTBYeT CHUM-
Boi1 C, xonmy 0 — A u T.1.

[TocTpoum komer XaddMmeHna 01 3HAUEHAN . C. B. U3 ABYX MPEIBIIYIIINX
IPUMEPOB.

X 00 01 10 11
D 9/16 3/16 3/16 1/16
O\ 1 /1
16
0\4 . /1
16
0\ /1
1
code(X) 0 10 110 111

—

MLy (X)=ML(X)/2 = 27/32 = 0.84375 Gur/cum.

X A B C
p 0.4 0.2 0.4
0\ /1
0.6
0\ /1
1
code(X) 0 10 11

ML,(X)=ML(X) = 1.6 6ur/cum.

> Ynpaxsenue 18

Boeraucnuts M Ly (X) mis 6nounoro kona Xadhdmena mus X . liuua 610Ka
— 2 6ura. I.c.B. X 6epercsa u3 mocieqHero mpumMepa.

» YnupaxnHenue 19
Beraucianrs HX u M L(X) nns xonos Xadbdmerna u llennona-Posno mms X.
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II.c.B. X 3amaeTcs CIeOyIOIINM paclpeneeHneM BepPOSTHOCTEN:

X1 2 3 4 5
p‘ 7/18 1/6 1/6 1/6 1/9-

12. ApudpmeTnueckoe KOnupoBaHUE

Anropurm komupoBauus XadbdMeHa, B JIydIlleM CIIydae, He MOXKET IIe-
penaBaTh Ha KAXJIIBIN CUMBOJI COODITIEHUS MeHee OMHOro buTa nHpOpMAaIIUU.
[IpennonoxuM, M3BECTHO, UYTO B COOOITIEHUN, COCTOSIIIEM W3 HYJIEW U €IIu-
HUII, eOUHATBI BecTpedatoTces B 10 pa3 ugarte mystei. [I[pu xomupoBanum me-
TonoM Xaddmerna n Ha 0 1 Ha 1 mpumeTcs TPATUTH HE MEHee OIHOrO OUTA.
Ho suTponust m.c.B., reaepupyioieit Takue coobuerus == 0.469 6ut/cum.
Meton XadbdmeHna maeT OJis MAHUMAJIBHOTO CPEIHErO KOJIUYEeCTBa OUT Ha
OIIMH CUMBOJI cooOIIeHns 3HaueHne 1 6uT. XoTeaoch ObI UMETh TaKyIO CXe-
MYy KOOUPOBaHUS, KOTOPasl MO3BOJIsIIa OBl KOMUPOBATH HEKOTOPHIE CUMBOJIBI
MeHee yeM omHuM OmToM. OmHON M3 JYUIINX CPEON TAKUX CXEM SIBIISIETCS
apudMeTIecKoe KomupoBaHue, padpaboranuoe B 70-x rogax XX Beka.

[Io mcxomuomy pacmpeneeHni0 BEPOSITHOCTEW JIsT BBIOPAHHON MJIs
KOOUPOBAHUS [I.C.B. CTPOUTCS TabJMIlA, COCTOSIIAs U3 IMEPECEKAIOIITIXCS
TOJIBKO B T'PAHUYHBLIX TOUYKAX OTPE3KOB MJIS KaXKOOTO U3 3HAUEHUU 3TOU
1. C. B.; OOBEIUHEHNE STUX OTPE3KOB NOJIKHO 06pa3oBbBaTh oTpe3ok [0,1], a
X [JIMHBI JOJIKHBI OBITH ITPOMOPINOHAIBHBI BEPOSITHOCTSIM COOTBETCTBY-
IOIUX 3HAYEHUN I.C.B. AJTOpUTM KOOUPOBAHUS 3aKJII0YAETCS B IIOCTPO-
€HUU OTpe3Ka, OMHO3HAUYHO OIPENESISIONIEro NaHHYIO ITOCIeN0BATEILHOCTD
3HAYEHNH II.C.B. 3aTeM IJIS TOCTPOEHHOTO OTPE3Ka HAXOMUTCS UNCIIO, IIPU-
HaJJIexkalllee ero BHYTPEHHEN YaCcTU U PaBHOE IIEJIOMY YUCITY, OEJIEHHOMY
Ha, MIHIMAJIEHO BO3MOXKHYIO MOJIOXKUTETHHYIO IeJIYI0 CTEeHb TBOUKI. DTO
YHUCIIO 1 OyIeT KOOOM IJIs pacCMaTPUBAEMOU OCIenOBaTeIbHOCTH. Bee Bo3-
MOXKHBIE KOHKPETHBIE KOMIBI — 3TO YMUCIIa CTPOrO OOJIbIIINE HYJIS U CTPOTO
MEHBIITNE OMHOTO, TI03TOMY MOXKHO OTOpachIBATh JUAUPYIOININUA HOJb U Oe-
CATUYHYIO TOYKY, HO HYXKEH eIlle OOWH CIeNUaJIbHBIN KOO-MapKep, CUTHAa-
AU3UPYIOMINT 0 KoHIle coobirenns. OTpe3ku cTposTes Tak. Ecan mMeercs
OTPE30K IMJII COOOITIEHUS IIIUHBI 12— 1, TO JIJIs TIOCTPOEHUSI OTPE3KA, [III COO0-
IIeHUs IJINHBI 17, Pa30UBaeM €ro Ha CTOJIBKO XKe JacTell, CKOJIbKO 3HAUECHUN
nMeeT paccMaTpuBaeMas I.C.B. JTO pa3bueHune OeiaaeTcst COBEPIIIEHHO TaK-
XKe KaK U caMoe MepBoe (C COXpaHEHWeM TOPSIIKa). 3aTeM BBIOMPAETCs U3
MOJIYY€HHBIX OTPE3KOB TOT, KOTOPBIA COOTBETCTBYET 3aJaHHOU KOHKPETHOI
MOCJIEIOBATEILHOCTU IJIUHBI 7.

[IpuaIUNIIAIBEHOE OTINYNE YTOTO KOOUPOBAHUS OT PACCMOTPEHHBIX Pa-
Hee METONOB B €r0 HENPEPBLIBHOCTHU, T.€. B HEHYXKHOCTU OJIOKUPOBAHUS.
DddekTUBHOCTL apnGMeTUIECKOTO KOOUPOBAHNISI PACTET C POCTOM JITUHBI
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CKUMAEMOro coobtrenust (mitst konuposauus Xaddmena uiu [lennona-Pouo
5TOTO HE MPOUCXOMUT). XOTS apudMeTUIECKOe KONUPOBAHIE MAeT OOBITHO
JIydIee cxkaTue, yeM KogupoBaHune XaddMeHa, OHO MOKa MCIIOJIb3yeTCs Ha
MIPAKTUKE CPABHUTEITHHO PENKO, T.K. OHO MOSBUJIOCH TOPA3II0 MO3XKe M Tpe-
O6yeT OOJIBINNX BBIYUCIUTEBHBIX PECYPCOB.

[Ipu cxxaTum 3a1aHHBIX DaHHBIX, HATPUMED, 13 ¢aiijia Bce pacCCMOTPEH-
HbIE MeTOObI TPeOYIOT OBYX MpoxonoB. [lepBerit njist cbopa IacTOT CUMBO-
JIOB, UCIIOJIB3YEMBIX KaK MPUOINKEeHHbBIEe 3HAUEHU ST BEPOSITHOCTEN CUMBOJIOB,
1 BTOPOU IJisi COOCTBEHHO CXKATHI.

[Tpumep apudpmernaeckoro komupoBanus. [IycTs o.c.B. X MmoxeT mpu-
HIMAaTb TOJILKO nBa 3Hauenus 0 u 1 ¢ BeposTtHocTsME 2/3 1 1/3 cooTBet-
crBenno. Comocrasum 3Havenuio 0 orpesok [0,2/3], a 1 — [2/3,1]. Torna

—

I 1.C.B. X,
dim(X) =3, HX = HX /3 = log, 3 — 2/3 ~ 0.9183 6ur/cmu.,

TabIUITa TOCTPOEHUST KOOOB —

NuTepBanbl n KOOI BepostraocTs | Kon Xadbdmena

111[28,1] 5 &5 = 0.11111 Yoz 0000

11[8,1] 110[3,2%] > 15 = 0.1111 2/or 0001
101[32, 8] 5 £ = 0.111 2for 010
112,1] 10(3,8] 100[2,%2]> 3 =0.11 4or 001
011[32,2] > 2 =0.101 2l 011

01[3,2] 010[3,32] > 3 =0.1 o7 100
0013, 5] 2 2 =0.011 Yoz 101
0[0,2] 00[0,5] 000[0, ] > § =0.01 8 /o7 11.

—

ML, (X) =65/81 ~ 0.8025 6ut/cum. (apudmerndeckoe),

—

ML;(X)="76/81 ~ 0.9383 6ut/cum. (6mounsrii Xahdbmena),
MLy (X)=ML(X) =1 6ur/cum. (Xabdmena).

Cpentee KOmMmuecTBO OMT HA €OUHUILY COOOIIEHWS HJIs apudmMeTude-
CKOTO KOMUPOBAHUs IOJIYYUIOCH MEHBIIE, UeM SHTPOMUSI. DTO CBS3aHO C
TEM, UTO B PACCMOTPEHHOU HPOCTEUINEN CXeMe KONWPOBAHUS, HE OMUCAH
KOII-MapKep KOHIIa COOOIIIeHM s, BBeAeHNE KOTOPOrO HEMUHYEMO CHEIaeT 3TO
cpenHee KOJIMYeCTBO OUT OOJIBIINM 3HTPOIUN.

[TomyueHue mCXOmMHOTO COOOITIEHNS U3 €T0 apUPMETUIECKOTO KO TPO-
ACXOOUT TIO CHENYIOIEMY AJITOPUTMY.
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[llar 1. B Tabmume njisi KOMUPOBAHUS 3HAUEHUU II.C.B. OMPENEIIeTCs WH-
TEPBAJI, CONEPKAIINN TEKYIIUN KO, — II0 TOMY MHTEPBAJIY OITHO-
3HQYHO OMPENENIeTCs] ONUH CUMBOJI MUCXOMHOTO cooOIeHus. Fcmau
3TOT CUMBOJI — 3TO MapKep KOHIIa COOOIIIEHUsI, TO KOHETI.

[lTar 2. U3 Tekyiero xoma BBIYUTAETCS HUXKHSS T'PAHUIA COMEPIKAIIIETO
€ro MHTepBaJja, HNOJIydeHHas PAa3HOCTh NEeJIUTCI Ha OJIINHY 3TOTO
ke mHTepBaja. [lomydenHoe umesio cuuTaeTCss HOBBIM TEKYIIIMM
3HaueHmeM koma. Ilepexon x miary 1.

» Yupaxueuue 20

BeruncnuTh cpemmee KOIMYECTBO OUT HA €OUHUILY CXKATOTO COOOIIIEHUS O
3HAUEHUN KaXXIOW U3 II.C.B., U3 3aJaHHLIX CJICOYIOIIAMU PaCIPeneIeHn -
MU BeposTHOCTel, nmpu cxkatum metonamu lllennoma-®sno, Xadbdmena u
apuPMeTUIECKNM.

X1 2 3 4 X1 2 5 6 7
p | 1/3 1/3 1/6 1/6, p | 02 01 03 025 0.15,

Xz 1 4 9 16 25 36 49
p | 01 01 01 03 01 0.1 0.2

X4 2 -1 0 1 2
p | 1/3 1/4 1/5 1/6 1/20.

» YupaxuHenue 21
Beruncnuts nnauabl KomoB XaddmeHa n apudMeTUIeCKOro HJIs COOOIIeHU ST

AAB, monyuensoro ot m.c.B. X €O CIEMYIOIIUM pacCIIpeneieHneM BepOsIT-
socreit P(X = A) =1/3, P(X = B) =2/3.

» YupaxHeHue 22

CocraButh apudmerudecknit kon njist coobirienuss BAABC, momydensoro ot
m.c.B. X €O criemyrommmM pacrupeneienueM Bepositiocteir P(X = A) = 1/4,
P(X =B)=1/2, P(X = C) = 1/4. Kako Gyner apudmMeTuyecKuii Kom
IJIsL 9TOTO Ke coolIienus1, eciim X pacrpemnenena mo 3akony P(X = A) =
1/3, P(X = B) = 7/15, P(X = C) = 1/57

» YupaxHenue 23

I.c.B. X MoXeT MpUHUMATH TPU PA3INYHLIX 3HauUeHus. [Ipum mocTpoenun
6moaHOTO KOma ¢ mymHOu Osoka 4 mins X HeoOxommMo OyOeT pacCMOTPETH
necs X — BBIOOPKY ueThipex 3HadeHuin X . CKOMBKO Pa3IUUHBIX 3HATE-
Huit MokeT mMeTh X? ECiu cumTaTh CIOKHOCTD IIOCTPOEHUS KOMa IIPO-
MOPIUOHAJIBHON KOJIWYECTBY PA3IMYHBIX 3HAUEHUN KOOUPYEMOHU I.C.B., TO
BO CKOJILKO Pa3 CJIOXKHee CTPOUTH OJOUYHBIA KOIm I X TI0 CPaBHEHUIO C
HEOIOUHBIM !

» Yupaxuenue 24
CocraButsh kombl Xahdmena, 6rmounsrit Xabdmena (mis GI0KOB MINHBL 2 1
3) u apudmermdeckuit mis coobiieruss ABAAAB, BerancnuTh X IIIHHEL
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[Tpubnu3uTenbHBIN 3aKOH paCIpeeieHns BEPOSITHOCTEN . C. B., CTEHEPUPO-
BaBIIIEN COOOIIIEHNE, ONTPENeInTh aHAIN30M COOOIIEHNS.

13. AmanTuBHbIe ajiropuTMbI ckaTusa. KonupoBanue Xadpdpmena

JlBNseTCs MPaKTUYHBIM, OMHOIPOXOMHBLIM, HE TPEOYIONINM Iepenadn
TabIUIIBI KOMOB. Kro cyTh B MCIIONMB30BAHIE a0anmuého20 a420pumma, T.e.
aJITOPUTMa, KOTOPBIA MPU KaxKJIOM COIMOCTABIIEHUU CHUMBOJY KOOa, KPOMe
TOTO, U3MEHsIeT BHYTPEHHUN XO BBIYUCIIEHUN TaK, UTO B CJIEOYIOIINN pa3
ATOMY K€ CUMBOJTy MOXKeT OBITH COOCTAaBJIEH OPYTOU KO, T.€. TPOUCXOIUT
amanTalus aJIroOpuTMa K IMOCTYIAOIINM MIJIsi KOOUPOBaHUs cuMBoJiaMm. [Ipu
MEKOMMPOBAHNN ITPOUCXOOUT aHAJIOTUUHBIN IIPOIIECC.

B mauame paboTbl anropuTMa OEPeBO KOOUPOBAHUS COOEPKUT TOJIb-
KO ONVH CIIEIMAIBHBIN CUMBOJI, Bcerma uMewornit vactoty 0. OH HEoOXO-
IUM I8 3aHECEeHUs! B JIePEBO HOBBIX CHMBOJIOB: IIOCJIE HErO KOII CHMBOJIA
nepenaeTcs HemocpencTBeHHO. OOGBIYHO TAKOH CHMBOJI HA3LIBAIOT escape-
cumBosiom ((ESC)). Pacmmpennsnit ASCII komupyoT Kaxmblil cuMBOJ 8-
OUTHBIM YHUCIIOM, T.e. unrcjaoMm oT 0 mo 255. IIpu mocTpoennu nepeBa Konupo-
BaHUS HEOOXONMMO IJIs BO3MOXKHOCTH IIPABUJILHOTO NEKONMPOBAHUS KAaK-TO
VIIOPSIOOUYNBATE CTPYKTYPY IepeBa. Pacmomoxum mucThs IepeBa B MOPSIIKe
BO3paCTaHUs YacTOT U 3aTE€M B IOPsIKe BO3PACTAHUS CTAHIAPTHBIX KOOOB
CAMBOJIOB. Y 3JIbI COOMPAIOTCS ClIeBa HAIIPaBO 0e3 IPOIYyCKOB. JIeBble BeTBI
noMmevatoTcs 0, a mpaBble — 1.

PaccmorpuMm mporiecc mOCTpOeHUsT KOMOB 1O AMallTUBHOMY AJITOPUT-
My Xadodmena s coobienuss ACCBCAAABC, koTopoe cooTBETCTByeT
BbIOOpKe 10-u 3HaUeHUN m.c.B. X m3 2-ro mpuMepa Ha MOCTPOEHNE Healall-
TUBHOTO Koma XaddmeHa:

1 2

BXOLHBIC | | | AJIHA Ne '/\
IIaHHbIC KOIa | Iepesa /A 1 1/C

A A 3 1 0/(ESC) m

C 0C’ 9 2 0/<ESC>

C 1 1 3

B 00’B’| 10 4

C 1 1 5

A 001 3 6

A 01 2 7

A 01 2 8

B 001 3 9

C 01 2 0/(ESC) 1/A
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0/(ESC) 1/B 0/(ESC) 2/B.

Bmecy L1(ACCBCAAABC) = 4.1 6ur/cum. Eciu He ncnonb3oBaThb
ckarust, To L1(ACCBCAAABC) = 8 6ur/cum. Insg paccMaTpuBaeMoit
I.c.B. panee 6bun nonydensl 3Hadenus M Li(X) = 1.6 6ur/cum u HX =~
1.523 6ur/cum. Ho ¢ pocToM mimHBI COOOIIEHMS CPEIHEe KOIUIECTBO OUT
Ha CHMBOJI COOOITIEHUST TPU ANAITUBHOM aJTOPUTME KOOUPOBAaHUS OyneT
MaJI0 OTJIMYATHCS OT 3HAUEHUsI, TIOJIYYEHHOTO TP MCIOIH30BAHUN HEAoall-
TuBHOTO MeTona Xaddmena unu [llernona-PsHo, T.K. aadaBUT CUMBOJIOB
OTPAHUYEH U TIOHBIN KON KaXKIIOTO CHMBOJIA HYXKHO TePenaBaThb TOJIBKO
ONUH Pa3s.

Tenepb paccMmoTpuM mporecc mekomupoBauus coobienust “A’0’C’100
'B’1001010100101. 3mecy 1 mamee cMMBOJI B amocTodax O3HAYaeT BOCEMb
OUT, IPenCTABIIAIONINX COOON 3aIlCh OIBOMTHOTO YKUC/Ia, HOMEPa CUMBOJIA, B
rabymuie ASCII+. B maugase mekomupoBaHust mepeBo XaddMeHa COOEPKUT
TONBKO escape-cuMBoJI ¢ yacToTon 0. C packomupoBaHUEM KaxKIIOTO HOBOTO
CUMBOJIa EPEBO 3aHOBO TIEPECTPAUBAETCS.

BXOIIHBIEC Ne
CHMBOJI
MaHHbIE mepeBa
A’ A 1
0’C’ C 2
1 C 3
00’B’ B 4

BribpanHuBITI crioco0® amanTaluyd aJropuTMa OdeHb Hed(PHEeKTUBHBIN,
T.K. Iocse o0paboTKU KaxKOOTO CHMBOJIA HYXKHO IIepecTpauBaTh BCE Nepe-
Bo kommpoBaHusa. CyIIeCTBYIOT TOpa3mo MeHee TPYIOEeMKHe CIIOCOOBI, TIpH
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KOTOPBIX HE HYXKHO MepecTpamBaThb BCE HEPEBO, a HYXKHO JIAIIL HE3HAUN-
TeTbHO M3MEHSTh.

BunapHoe nepeBo Ha3BIBAETCS YNOPAJOUEHHBIM, €CTTA €TO y3IIbI MOTYT
OBITH IIEPEUNCIIEHBI B MOPSIKE HEYOBIBAHUS BeCa W B 3TOM IepedHe y3JIbl,
rMeroIe OOIIero POOUTENs, JOJKHBI HAXOMUTHCS PSOOM, Ha OTHOM SIPY-
ce. IIpryem mepeunciieHre MOMXKHO UATHU MO sSAPyCcaM CHU3Y-BBEPX U CJIEBa-
HAITPaBO B KaXKIIOM sIpycCe.

Ha puc. 4 mpuBenen nmpumMep ynopsimoueHHOTO nepeBa XaddmeHa.

Ecnu nepeBo xomupoBaHUS yIOPSIOYEHHO, TO TP U3MEHEHUHU BECa Cy-
IIIECTBYIOIIETO y3J1a JEPEBO HE HYXKHO IEJIMKOM IlepecTpanmBaTh — B HEM
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IIOCTATOYHO JIUIIH IIOMEHSTh MecTaMU IBa y37a: y3eJl, BeC KOTOPOro Hapy-
IIIUJT YIIOPSIIOYEHHOCTD, U TTOCTIEMHNAN U3 CIEAYIOIINX 33 HIM y3JI0B MEHBIIIEe-
ro Beca. Iloce mepemMeHBI MecT y3710B, HEOOXOOUMO IEepeCcuYnTaTh Beca BCeX
X Y3JI0B-TIPEOKOB.

Hampumep, eciu B mepeBe Ha puc. 4 mob6aBuTh eire aBe OYKBBI A, TO
y37a6l A 1 D mosmkHBI mOMEHITHCS MecTaMu (CM. puc. 5).




Ecnu mo6aButh erte mBe OykBbI A, TO HeoOXomuMo OymeT IMOMEHSATH
MecTaMu CHadaJja y3ea A u y3en, poonuTenbekuil miis y3moB D u B, a 3aTem
y3en E u ysen-6par E (puc. 6).

IlepeBo HYXKHO TepecTpamBaTh TOJBKO IIPU IOSBJIEHNN B HEM HOBOT'O
y3M1a-JIucTa. BMecTo IMOTHON MTePeCTPONKNA MOXKHO TOOABISTH HOBBIU JIUCT
cupasa x nucty (ESC) m ymopsnounBaTh, eciin HEOOXOMMMO, MOJIYIEeHHOE
TakuM oO0pa3oM IepPeBO.

[Ipormecc paboTsl aganTuUBHOTO ajropuTMa XaddMeHa ¢ yHOOpPSOOIEH-

HBIM JI€EPEBOM MOXKHO M300pa3UTh CIEOYIOIIEN CXEMOM:

BXOLHBIC | | | AJIHA Ne METOLI
IaHHbIE KoOa | mepeBa IOJTy YEHIST
A A’ 8 1 mobaByIeHe Y3714
C 0'C’ 9 2 nobaBIleHHUE y371a
C 01 2 3 YIIOPsIIOUeHTE
B 00’B’| 10 4 nobaBieHne Y314
C 1 1 5 HE MEHSEeTCs
A 01 2 6 HE MEHSIeTCS
A 01 2 7 YIIOPSIIOYEHIE
A 11 2 8 yIIOpSIIOUeHTE
B 101 3 9 HE MEHSIeTCS
C 11 2
3
1 2/C
1/A
0/(ESC)

0/(ESC) 1/B

0/(ESC) 1/B

/N

0/(ESC)

0/(ESC)1/B

0/(ESC) 1/B  0/(ESC) 1/B  0/(ESC) 2/B.

Bmecw momyuntes L1 (ACCBCAAABC) = 4.1 6ur/cum.

» YupaxuHeHnue 25
BakonupoBaThk coobirierne BBCBBC, mcmonb3ys aganTUBHBIA ajrOPUTM
XahdMmeHa ¢ yIOpsSIOYEHHBIM JEPEBOM.
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» YupaxuHenue 26

Bakonuposath coobiienus “AABCDAACCCCDBB”, “KUBEPHETUKI”
n “CUHAA CUHEBA CUHW”, ucnonb3ys aganTUBHBIA ajropuTM Xadbd-
MEHA, C YIIOPSOOYEHHBIM I€PEBOM. BBIUNCINTD MJIMHBI B OMTAX MCXOMHOTO
coobrennst B kome ASCII+ u ero mosydeHHOrO Koma.

» YupaxHenue 27

PacmakoBaTs coobienne A’0’F’00°X’0111110101011011110100101, mmosmy-
YEeHHOE 110 AHAITUBHOMY aJIrOpuTMy XaddMeHa C yIOPSOOYEeHHBIM Iepe-
BOM, PACCUYNTATH IJIMHY KOMA CXKATOIO M HECKATOTO COOOIIEHUs B OUTaX.

14. ApanTuBHOEe apudmMeTUUYeCKOe KOANPOBAHUE

s apudmeTnaecKoro KOMUPOBaHUS, KaK 1 IJI KOONMPOBAHUS METOIOM
XapdmeHa, cyIecTBYIOT alallTUBHBIE ajiropuTMbl. Peanm3anus ongHoro u3
HUX 3anaTeHToBaHa dupmon [BM.

[TocTpoenne apudmMeTHIECKOTO KOMIA IJIs TMOCIIENOBATETHHOCTH CUMBO-
JIOB U3 3a[IaHHOTO MHOXKECTBa MOXKHO PeaJIM30BATDh CIIEMYIOIINM aJITOPUT-
MoM. KaXnoMy cuMBOIy COMOCTaBIISIETCS €rOo Bec: BHaUajle OH IIJIS BCEX
paBen 1. Bce cuMBOIBI pacmosaraloTcss B €CTeCTBEHHOM IIOPsIOKe, HAIPU-
Mep, II0 BO3pacTaHUIO. BeposiTHOCTH KaXKIOTO CUMBOJIA YCTAHABINBAETCS
pPaBHOI €ro Becy, IeJIeHHOMY Ha CyMMapHBIN Bec Bcex cuMBOJIOB. [locre mo-
JIy4eHUsI OYepPeIHOTO CUMBOJIA U IOCTPORKN MHTEpBaJIa IJIsl HETO, BEC 3TOT0
CUMBOJIa, YBEJIMUIMBAETCSI HA 1 (MOXKHO YBEJIMUMBATL BEC JIFOOBIM PEryJIsip-
HBIM CIIOCOOOM ).

4 9 0 11 12 13 14
1 1 1 1 1 1 1
1120 5040 16800 46200 277200 900900
E|1l 1 1 1 A1 el
C|1 4 4.7 12 47 |4 5
B|Y 2 2 2 2 3. |3
All R0 N SN C U Bl LB &
A A A A B C E
0 | [o 804174013 100327
’ 105 16800/ 122176 554400
1o 913 434747 1304249
5° 5040 2402400 7207200
Lo 2787 2120739 " 13042491
105 15400 50450400 7207200
Puc. 7
BamaHHOe MHOXECTBO CUMBOJIOB — 5T0, Kak mpaBuyio, ASCII+. Ias

TOTO, UYTOOBI 00ECIeYnTh OCTAHOBKY aJIrOPUTMAa PACIaKOBKU BHAYAJIE CXKU-
MaeMOro COOOITIeHns HAI0 MOCTABUTDL €r0 MJINHY WA BBECTU JIOMOJIHUTEIb-
HBII CHMBOJI-MapKep KOHIa coobiienus. Ecnu 3maTs dopmar daina mms
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cXKaTus, TO BMECTO HA4YaJIbHOI'O PABHOMEPHOTO PACIIPENesIeHAsT BeCOB MOXK-
HO BBIOpATBH pacIpeneseHre ¢ yueToM 3Tux 3HaHui. Hampumep, B TekcTo-
BOM (ailjle HeoOmyCTUMBI Pl YIPABJISIOIINX CUMBOJIOB I NX BEC MOXKHO
3aHYJIUTh.

[Ipumep. Ilycrs 3amarsoe MHOX)KeCTBO — 5T0 cuMBOJIbL A, B, C. Cxnu-
maemoe coobirierne — ACCBCAAABC. Beenem mapkep KOHIIa COOOIIIEHUST
— E. KonupoBanue corsracHO IpUBEOEHHOMY aJITOPUTMY MOXKHO IIPOBECTH
COTJIACHO CXeMe, ITPUBEIEeHHON Ha puc. 7.

B cjaencrsue Toro, 4Tro

759021
222 = 4194304

9129739 1304249
= (0.0010111001010011101101, € ( );

50450400 7207200

code(ACCBCAAABC) = 0010111001010011101101 n

L(ACCBCAAABC) = 22.

[Tostomy L;(ACCBCAAABC) = 2.2 6ur/cum. Pesynsrar, nomnytues-
HBIl ANalTUBHBIM anropuTMoM Xaddmena — 4.1 6ur/cum, HO ecam Ko-
nupoBaTh GYKBBI HE 8 Gurtamu, a 2, TO pesyabrar Gymer 2.3 6ut/cum. B
IIEPBOII CTPOYKE CXEMBI BBHIMINCAHBI CYMMapHBIE BeCa CUMBOJIOB, & BO BTOPOI
— OJIUHBI TEKYIIUX OTPE3KOB.

Crrocob pacmakoBKM adallTUBHOTO apudMeTUIeCcKOro Koma MOUTHU aHa-
JIOTUYEH MMPUBEOCHHOMY MJjIs HeamanTuBHOro. OTjuyre TOJIBKO B TOM, YTO
Ha BTOPOM IIIare IIOcJje IIOJIyYeHUsI HOBOTO KOfa HYKHO IIepeCcTPOUTh pa3bu-
€HIEe eqUHUYHOI'O OTPe3Ka COTJIACHO HOBOMY PACIIPENEICHUIO BECOB CUMBO-
soB. Ilomydenne mapkepa KOHIIA WM 38 JaHHOTO HAYAJIOM COOOIEHUS IUCTIa
CUMBOJIOB O3HAUaeT OKOHUYaHUE PabOTHI.

[Tpumep. Pacmaxyem xom 0010111001010011101101, 3Has, uTOo MHOXKe-
cTBO cuMBOJIOB coobienus cocrouT u3 A, B, C u E, nmpuuem nocmemumit —
5TO MapKep KOHITa COOOIIIeHMS.

759021

0.00101110010100111011015 = 1194304
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» YupaxHeHnue 28

CocTaBuTh aganTUBHBIA apudMETUIECKAN KOI C MAPKEPOM KOHIIA IJIsS CO-
obrmenus BAABC.

15. IloncTaHOBOYHBbIE MJIA CJIOBAPHO-OPUEHTUPOBAHHBIE AJITOPUTMbI
cxkatus nadpopmamnuu. Metonnl Jlemnesna-3uBa

Metons! [llennona-Psuo, Xadhdmena n apudmMeTnIecKoe KOTUPOBAHIE
0600IIIa10IIIe HA3BIBAIOTCS cmamucmuyeckumy MeTogamu. CroBapHbIE aJl-
COPUTMBI HOCAT MEHee MaTeMaTUdeCKn OOOCHOBAHHBIN, HO 0O0Jjiee TpaKTU4-
HBIII XapakKTep.

Anropurm LZ77 6611 ony6iukoBasn B 1977 r. Paspaboran u3panibCcKu-
Mmu MaTemMaTukamu ko6om 3uBoMm (Ziv) n ABpaamom Jlemmenom (Lempel).
Muorue mporpaMMbl CKaTus THPOPMAIINT UCIIOIB3YIOT TY WU WHYIO MOIIU-
dukaruio LZ77. OnHol 3 TpUYIuH MOMy/IIPHOCTY aaropuT™MoB LZ aBrsercs
X UCKJIIOYUTEJIbHAS IPOCTOTA IPU BBICOKON 5(PPEKTUBHOCTI CXKATU.

OcnoBuas unest LZ77 cocTonT B TOM, YTO BTOPOE U MOCIEMYIOIIINE BXO-
XKIOEHUST HEKOTOPOU CTPOKU CUMBOJIOB B COOOITIEHUN 3aMEHSIIOTCS CChLIKAMU
Ha ee TIEPBOE BXOXKIICHIUE.

LZ77 ucnonb3yeT yx)e IPOCMOTPEHHYIO YaCTh COOOITIEHUS KaK CJIOBAPb.
YUToObI mMOOMTHCS CXKATUS, OH MBITAETCS 3aMEHUTH OUYepPemHON (parMeHT
COOOIIIeHNUS Ha YKa3aTellb B CONEPIKUMOE CIIOBAPS.

LZ77 ucnonb3yer “ckomb3siiee”’ MO COOOIIEHUIO OKHO, Pa3deeHHOe Ha
nBe HepaBHBIe dacTu. [lepBas, 6osbInas Mo pa3mepy, BKIIOUYAET YkKe IIPO-
CMOTPEHHYIO YacThb cOOOIIeHus. BTopas, HaMHOTO MeHbIIas, sBJIseTcs Oy-
depom, comepKAIUM eI1le He3aKOMMPOBAHHBIE CUMBOJIBI BXOMHOTO ITOTOKA.
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O6bIYHO pa3Mep OKHA COCTaBJIsIeT HECKOJIBKO KUJI00AHnT, a pasmep Oydepa
— He 6omee cTa GaiT. AIropuTM IBITAETCS HANTH B cioBape (GObIIert
YaCTH OKHA) (PPArMEHT, COBIAMAIOIINAN C COMEPKUMBIM Oydepa.

Anropurm LZ77 BbImaeT KOObI, COCTOSIIINE U3 TPEX DJIEMEHTOB:

- CMEIIIeHNE B CJIOBApPe OTHOCUTEIILHO €r0 HavaJia MOACTPOKN, COBIIAIa-
IOIIIEN ¢ HaYaJIOM colepKuMoro oydepa;

- OJIAHA 3TON TMONCTPOKU;

- IEPBBIN CUMBOJI Oydepa, CIeqyIonnil 3a IOICTPOKOU.

[Ipumep. Pazmep okna — 20 cumBOJI, cioBaps — 12 cuMBoOJIOB, a 6yde-
pa — 8. Komnupyercs coobiienne “ITPOI'PAMMHBIE ITPOIY KThHI ®UP-
MBI MICROSOFT”. IlycTs cnoBapb yxe 3amosHeH. Torma OH coOmepKuT
crpoky “ITPOI'PAMMHBIE 7, a 6ydep — ctpoky “IIPOIYKTHI”. IIpo-
CMaTpUBas CJIOBAPb, aJITOPUTM OOHAPYKUT, UTO COBHAIAIOIIEN TTOICTPOKOMN
oymer “IIPO”, B cimoBape oHaA pacmosioxkeHa co cMerienneM 0 m mMeeT M-
HY 3 CUMBOJIa, a CJEOyIOINIUM CUMBOJIOM B Oydepe sBiasercsa “II7. Taxum
06pa3oM, BEIXOOHBIM KomoM Oymet Tpotika (0,3,”I17). [Tocse sToro anmropurm
CIBUTAET BJIEBO BCE COMEPIKUMOE OKHA Ha IIMHY COBITAIAIOIIEH TOICTPOKN
+1 m OMTHOBPEMEHHO CUMTHIBAET CTOJBKO K€ CUMBOJIOB U3 BXOMHOTO ITOTOKA
B Oydep. [lomyuaem B crnoBape ctpoky “PAMMHBIE TTPOIT”, B 6ydepe
— “YKTbBI ®NP”. B nanHO! cuTyannu COBIAIAOIIEN TONCTPOKU OOHAPY-
XKUTH HE ymaThbcs u anroput™ BeimacT koxm (0,0,’Y’), mocie wero caBuHeT
OKHO Ha, OOUH CHMBOJI. 3aTeM cjoBaphb OyneT comepxkath “AMMHBIE ITPO-
Y’ a oybep — “KTbhl PUPM”. 1 T.1.

HexonupoBanue komoB LZ77 mporite nx mosydeHus, T.K. He HYKHO OCY-
IIIECTBIIATH TOUCK B CJIOBapeE.

HemocraTkm LZ77:

1) ¢ pocToM pa3smMepoB CIOBaps CKOPOCTH PAGOTHI AJITOPUTMA-KOIEPa, TIPO-

MOPIIMOHAITEHO 3aMeNJISIeTC;

2) KOmMpOBaHWE OMUHOYHBIX CHMBOJIOB OU€Hb HEIGHEK TUBHO.

[Ipumep. BakomupoBarh 1o amroputmy LZ77 crpoky “KPACHAY
KPACKA”.

CJIOBAPL(8) | BYQEP(5) Koo

. " | "KPACH" <0,0,’K’>
ML K" | "PACHA" <0,0,’P’>
. KP" | "ACHAA" <0,0,’A’>
.. KPA" | "CHAA " <0,0,’C’>
"....KPAC" | "HAA K" <0,0,’H’>
"...KPACH" | "AS KP" <5,1,’8°>

" .KPACHAA" | " KPAC" <0,0,’ ’>
"KPACHAS " | "KPACK" <0,4,’K’>
"AS KPACK" | "A...." <0,0,’A’>

B mocnenmein crpouke, 6ykBa “A” 6epercs He m3 ciioBaps, T.K. OHA
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ITOCIIeITH SIS

[nuHa Koma BBIYKUCISIETCS CIAEOyONInM 0O6pa30M: MJITUHA MONCTPOKHU He
MOXKeT OBITH OOJIbIIIE pa3Mepa Oydepa, a CMeIlleHne He MOXKeT ObITh OOJIbIIIe
pa3Mmepa crnoBapsi —1. CremoBaTenbHO, MJINHA TBOMTYHOTO KOMA CMEITICHUS
OyIeT OKpyTJIEHHBIM B GOJIBIIYIO CTOPOHY log,(pa3mep cioBapsi), a IJIMHA
MBOMYHOIO KOMA IJIS IIJIMHBI MMOACTPOKHU OyIIeT OKPYTJIEHHBIM B OOJIBIIYIO
cropony log,(pasmep 6ydepa+1). A cumBoi KonupyeTcst 8 Gutamu (HaIpU-
mep, ASCIT4).

B nocsiemaeM mpuMepe IJIMHA MOy YeHHOTO Kona paBHa 9+ (3+3+8) =
126 6uT, mpoTtus 14 * 8 = 112 O6UT MCXOMHON OIMHBI CTPOKMU.

B 1982 r. Cropepom (Storer) u [llumanckum (Szimanski) ua 6aze LZ77
6b11 paspaboran agroputm LZSS, koTopwiit ormmuaercs oT LZ77 mpousso-
MUMBIMI KOIAMU.

Kon, BoimaBaembrii LZSS, HaunnaeTcss ¢ ogHOOUTHOTO IpeduKca, pas-
JIMYAIOIIETO COOCTBEHHO KO OT HE3aKOOUPOBAHHOTO CUMBOJIa. Kom cocTouT
13 Mapbl: CMeIlleHre W [IInHa, TakuMu ke kKak u mias LZ77. B LZSS ok-
HO COBUTAETCS POBHO Ha MJINHY HaWOEHHON IMOACTPOKU WM Ha 1, eciu He
HaOeHO BXOXKIEHUE MONCTPOKHU u3 Oydepa B ciioBapb. naumHa momcTpoku B
LZSS Bcerma Gombille HyJIs, OSTOMY OJINHA OBOMYHOIO KOMA OIS IJIMHBI
MOICTPOKU — 3TO OKPYTJIEHHBIN N0 OOJIBIIIETO IIeJIOT0 JBOUYHBIN JTOrapudM
OT ImJIUHBI Oydepa.

[Ipumep. 3akomupoBarh mo ajroputmy LZSS crpoky “KPACHAYA
KPACKA”.

CJIOBAPL(8) | BYQ®EP(5) KOI IJTMHA KOIOA
e " | "KPACH" 0’K’ 9
P K" | "PACHA" 0’P’ 9
oo KP" | "ACHAS" 0’A’ 9
ool KPA" | "CHAS " 0’C’ 9
"....KPAC" | "HAS K" 0’H’ 9
"...KPACH" | "Ad KP" 1<5,1> 7
"..KPACHA" | "SI KPA" 0’4’ 9
".KPACHAA" | " KPAC" 0>’ 9
"KPACHAST " | "KPACK" 1<0,4> 7
"HAS KPAC" | "KA..." 1<4,1> 7
"ASL KPACK" | "A...." 1<0, 1> 7

3mech OMHA MOy YEHHOTO Koma paBHa 7% 9+ 4% 7 = 91 6ur.
LZ77 u LZSS obnamaioT CIeqyoninMyI OYeBUIHBIME HEOOCTATKAMIL:
1) HEBO3MOXKHOCTBH KOMUPOBAHUS MOACTPOK, OTCTOSIIX APYT OT APYTra Ha
paccTosHu, GOIbIIEM IJIUHLI CJIOBaPS;
2) IIIHA TONCTPOKU, KOTOPYIO MOYXKHO 3aKOMUPOBATH, OTPAHIYEHA Pa3Me-
pom Bydepa.
Ecnun MexaHmyecky dpesMepHO yBEJINUMBATL Pa3Mephl CJIOBaps u Oy-
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depa, TO 5TO IpUBENeT K CHINKEHNIO 3G(MEKTUBHOCTI KOOUPOBAHUS, T.K. C
POCTOM STHUX BeJIUYUH OyOyT PACTU U MJINHBI KOIOB IJIS CMEIIIeHUs U IJIN-
HBI, 9TO CHeaeT KOMbI IJIS KOPOTKUX IOACTPOK HEIOILyCTUMO OGOJIBIIIIMIA.
Kpome Toro, pe3ko yBenuuuTcs BpeMs paboThl aJropuTMa-Komepa.

B 1978 r. aBTopamu LZ77 6111 paspaboran agroputMm LZ 78, muieHHbIN
Ha3BAHHBIX HEMOCTATKOB.

LZ78 He ucmonb3yeTr “ckomb3siiiee”’ OKHO, OH XPAHUT CJIOBapPb U3 YKe
IPOCMOTPEHHBIX (pa3. [Ipu cTapre amropmTmMa 3TOT CIOBAPb COMNEPXKUT
TOJIBKO OIHY MYCTYIO CTPOKY (CTPOKY IJIMHBI HYJIb). AJICOPUTM CUNTHIBAET
CUMBOJIBI COOOITIEHUSI O TeX IOp, MTOKa HaKaIlIMBaeMas MOICTPOKA BXOMOUT
IIeJIUKOM B omHY u3 (pa3 ciaoBaps. Kak ToOIbKO 5Ta CTpOKa MHepecTaHeT
COOTBETCTBOBATh XOTs ObI OmHOU (pase cjoBaps, aJTOPUTM IeHEpUpyeT
KOII, COCTOSIIIINY U3 MHOEKCA CTPOKU B CJIOBape, KOTOPas M0 TTOCIIEIHETO BBe-
IIEHHOTO CUMBOJIa COMEPKaJIa BXOMHYIO CTPOKY, U CUMBOJIA, HAPYIIIUBIIIETO
COBITaJIEHUE. 3aTeM B CJIOBaphb M00aB/IsSeTCs BBeOeHHAs MONCTPOKa. Kcim
CJIOBaph YK€ 3aIl0JIHEH, TO U3 HEro MPeqBapUTEeIbHO YOAISIOT MEHee BCeX
HCTIOJIb3YyEMYIO B CPABHEHUIX (Qpasy.

KitoueBbIiM 15t pa3Mepa Moy daeMbIX KOMIOB SIBJISETCSI Pa3Mep CJI0Baps
BO (paszax, IMOTOMY UTO KaXKIBIA KON TPU KommpoBaHUU 1Mo Metomy LZT78
COMEPXKUT HOMED (Ppa3bl B cjoBape. VI3 mMocIenHero ciemyeT, YTO 3TU KOIbI
IMEIOT TMMOCTOSHHYIO IJIMHY, PABHYIO OKPYTJIEHHOMY B OOJIBIITYIO CTOPOHY
IBOMYHOMY Jiorapudmy pasmepa ciioBaps +8 (3T0 KoimuecTBO 6UT B GailT-
kone pacumpernoro ASCII).

[Ipumep. BakomupoBaTth 1o ajroputmy LZT78 crpoky “KPACHAA
KPACKA”, ucnons3ys ciaoBaphb oiauHoin 16 dpas.

BXOIHASI ®PA3A xon | MO3MLIAS
(B CIJIOBAPBH) CJIOBAPS
0
nyn <0,’K’> 1
npu <0,’P’> 2
npn <0,’A’> 3
el <0,°C’> 4
ngn <0,’H’> 5
nAg" <3,°9> 6
"non <O,) ’> 7
ngp <1,’P’> 8
llACIl <3’JCJ> 9
NKAN <1,’A’> 10

YxkazaTenb Ha 100y Gpa3y Takoro ciaoBaps — 3T0 uncyio ot 0 mo 15,
IIJIsl €r0 KOOUPOBAHUS OTOCTATOYHO UeThIPeX OUT.

B nocrenrem npumepe mimHA MOy YeHHOTO Koma paBHa 10 * (4 4 8) =
120 6uram.
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Anropurmer LZ77, LZ78 u LZSS paspaboTanbl MaTeMaTUKAMU U MOTYT
HCIIOTH30BaTHCSI CBOOOMIHO.

B 1984 r. Yomuem (Welch) 6bu1 myrem momudukauvu LZ78 cosman
agroputMm LZW.

[TomraroBoe onucanue aaropuTMa-Komepa.

[MMar 1. Maununaau3aiums cjaoBapsi BCEMU BO3MOXHBIMEU OTHOCUMBOJIbHBIMUI
dpaszamu (06brunO 256 cumBosiamu paciupentnoro ASCIID). Uun-
UAIIN3AIAs BXOMHON (pas3bl W MEPBBIM CUMBOJIOM COOOITIEHMSI.

[Tar 2. Cuutath ouepenuoit cuMBosI K 13 KomupyeMoro cooOITeHus.

[MTar 3. Eciu KOHEI_COOBINEHNUA

BreimaTts xom miast w
Konen

Ecnu dpaza wK yxke ectb B citoBape
[IpucBouTs BXOmHOU (paze 3HadeHme wkK
[TepetiTu x Hlary 2

Nuaue
Breimats xonm w
Hobasuts WK B croBapb
[IpucBouts BxOmHOU dpaze 3HaueHUIE K
[lepeniTn x llary 2.

Kaxk u B cnyuae ¢ LZ78 nna LZW kntoueBbIM 1 pa3zMepa MoJIy YaeMbIX
KOJIIOB SIBJISIETCST pa3Mep ciioBaps Bo ¢pas3ax: LZW-konbl nMeOT ITOCTOSTHHY IO
IJINHY, PABHYIO OKPYTJIEHHOMY B GOJIBIIIYIO CTOPOHY IBOMYIHOMY JIOTapuMy
pa3Mepa ciIoBaps.

[Ipumep. BakomupoBath mo ajroputmy LZW crpoky “KPACHAA
KPACKA”. Pasmep cioBaps — 500 dpas.

BXOMHAS [I03ULNA
®PA3A, wK KOO mnsg w CITIOBAPSI
(B CIIOBAPB)

ASCII+ 0-255
"Kp" 0’K’ 256
"PA" 0’p’ 257
"AC" 0’A’ 258
"CH" 0°¢C’ 259
"HA" 0’H’ 260
"ASA" 0’A° 261
"o " 0’4’ 262
"R 0’ 263
"KPA" <256> 264
"ACK" <258> 265
"KA" 0’K” 266
"A" 0’A°
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B »ToMm mpuMmepe nymmHa mosy4ueHHOro koma paBHa 12 % 9 = 108 6uram.

[Ipu mepenomHeHUU cnoBaps, T.€. KOrIa HEOOXOMMMO BHECTU HOBYIO
dpa3y B MOTHOCTHIO 3AIOTHEHHBIN CIIOBAph, U3 HETO YIAISIOT MO0 HAW-
boitee pemKo MCIoONb3yeMyro (pasy, mmbo Bce Dpasbl, OTIIMIAIONIAECST OT
ONMHOYHOTO CAMBOJIA.

Anropurm LZW sBrisleTcst 3armaTeHTOBAHHBIM 1, TAKAUM 00OPa30M, IIPe-
CTaBIIIET COOON MHTEIIEKTYAITBHYIO COOCTBEHHOCTD. Firo 6e3muiieH3noHHoe
HCHIOJIb30BaHE OCOOEHHO Ha allapaTHOM YPOBHE MOXKET IIOBJIEYb 3a cOOOU
HEITPUSITHOCTH.

JTro6onbiTHa uctopus narentoBanus LZW. Baseky na LZW nonamu mo-
UTU OMHOBpeMeHHO nBe ¢pupMbl — cHadasa IBM u 3aTem Unisys, HO nmepBoit
Obl71a paccMOTpeHa 3asBKa Unisys, koTopas u moayumia matent. OmHako,
errie 10 naTeHToBauus LZW ObLI UCIIOMB30BaH B IIIMPOKO U3BECTHOW B MUPE
Unix mporpaMme caTus ODaHHBIX COMPress.

» YupaxHeHue 29
BakomuposaTh coobienus “AABCDAACCCCDBB”, “KUBEPHETUKI”
n “CUHAY CUHEBA CUHW”, BoluucauTh OIUHBL B OMTaX ITOJIYYEHHBIX
KOJIOB, MCIIOJIL3Y S aJITOPUTMEL,

LZ77 (cnosaps — 12 6aiit, 6ydpep — 4 Gaiita),

LZ78 (cnoBaps — 16 dpa3s),

LZSS (cnoBaps — 12 6aiiT, 6ydep — 4 Gaitra),

LZW (cmoBaps — ASCII+ u 16 dpas).

» Yunpaxuenue 30

MoxeT nu Ojs mepBoro cUMBOJIA coobieHus Konm LZ78 ObITH KOpode KO-
na LZW mpu onumnakoBbIX pasmepax cjaoBapein! O6ocuoBats. s LZW B
pasmep cioBapst He BKIiouaTh mo3umuu oiist ASCII4-.

16. LZ-anroputmbl pacnakoBku maHHbIX. IIpumepsnl

1. LZ77, nnuna cnoBaps — 8 GaitT (cumBosos). Kombr cxkaToro coob-
menns — (0,0,’K’) (0,0,’P’) (0,0,’A”) (0,0,°C’) (0,0,’H’) (5,1,’4") (0,0,” ")
(0,4K’) (0,0,”A”).

BXOIHO# KOO | TEYATH CJIOBAPBH

<0,0,’K’> "K" oo K"
<0,0,’P’> "p" oo, KP"
<0,0,’A’> "A" oL, KPA"
<0,0,’C’> "c" "....KPAC"
<0,0,’H’> "H" "...KPACH"
<b6,1,’4°> "AS" " .KPACHAA"
<0,0,’ ’> e "KPACHAS "
<0,4,’K’> "KPACK" | "Asl KPACK"
<0,0,’A’> "A" "9 KPACKA"

40



2. LZSS, nmnuna cmoBapss — 8 6aitT (cumBonos). Konsr cikaToro co-
obienuss — 0’K’ 0'P” 0’A” 0°C’ 0’H’ 1(5,1) 0’4’ 0’ * 1(0,4) 1(4,1) 1(0,1).

BXOIOHO#l KOI | IEYATH CIIOBAPH
0 ’K’ "K" .. K"
0 P’ "p" PR Kp"
0 ’A° "AM "L KPA"
0 ’C’ "c" "....KPAC"
0 ’H’ "H" "...KPACH"
1 <5,1> "A" ". .KPACHA"
0 4’ "o " KPACHA4A"
o’ e "KPACHAS "
1 <0,4> "KPAC" | "HASA KPAC"
1 <4,1> "K" "Ad KPACK"
1 <0,1> "AM "s KPACKA"
3. LZ78, nmuua ciaoBapss — 16 dpa3. Kombr cxxaToro coobineHus —
(01) (0.P7) (074) (0°C) (0H) (35T (0. (17PY) (3°C) (174,
BXOIHOH | IIEYATEH 103U
KOO (CJIOBAPL) | CJIOBAP4
n 0
<0,’K’> "K" 1
<0,’P’> "p" 2
<0,’A’> "A" 3
<0,’C’> "c" 4
<0,’H’> "H" 5
<3,’d’> "AS" 6
<0,’ > non 7
<1,’P’> "Kp" 8
<3,’C’> "AC" 9
<1,’A’> "KA" 10

4. LZW, nnuna cioBaps — 500 dpa3. Konbr cxxaToro coolirieHus —
OK’O’P’ 0’A” 0°C’ O’H” 0’A” 0’9’ 0’ 7 (256) (258) 0'K’ 0’A’.

[Ipu pacmakoBke HYXHO MPUAEPKUBATHCS cllenytorero mpasuia. Cro-
Bapb IOMOJIHSETCS TOCJIe CANTHIBAHUS IIEPBOTO CIMBOJIA UAYIIIETO 3a TEKY-
IITIM KOMa, T.e. U3 ¢ppa3bl, COOTBETCTBYIOIIEN CIEAYIOIIEMY TIOCTIE PACKOIN-
POBAHHOTO KONy, GepeTcs MepBBI CUMBOJI. DTO MPABUJIO MO3BOJIIET u36e-
XKATh OECKOHEUHOTO IIMKJIa TPU PACKOOUPOBAHUM cOOOIeHnn Buma wKwkK,
rme w — ¢dpas3a, a K — cumBos. KoHKpeTHBIM TpuMepoM TakKoro cO00-
IIIEHNS SBIISIETCS JTI00as MOCIeIOBATEILHOCTD TPEX ONMUMHAKOBBIX CIMBOJIOB,
mapbl KOTOPBIX paHee He BCTPEYAJIUCH.
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BXOZIHOJ KOI | IEYATH | CTIOBAPb | NIO3MINS CIIOBAPS

ASCII+ 0-255
0K’ "K" "KPp" 256
0P’ "p" "PA" 257
0°A’ A "AC" 258
0°¢C’ e "CH" 259
0’H’ "H" "HA" 260
0°A’ A "AS" 261
0’5’ ng "o 262
0 "o " K" 263
<256> "KP" | "KPA" 264
<258> "AC" | "ACK" 265
0K’ "K' "KA" 266
O)A) |IA|I

» Yupaxuenue 31

PacnakoBaTh Kaxk/moe MpUBENEHHOE COOOITIEHUE W PACCUNTATH MJIMHY KOOA
KaxKIOTO CKaTOro coobitenus B burax. Coobiienue, cxatoe LZ77 (cmoBapb
— 12 6aitt, 6ydep — 4 Gairra), — (0,0,’A’) (0,0,’F’) (0,0,’X’) (9,2,’F"’)
(8,1,’F?) (6,2,'X") (4,3,’A’). Coobtienue, cxatoe LZSS (cnoBaps — 12 GaiiT,
6ydep — 4 6aitta), — 0'A’ 0’F’ 0'X’ 1(9,2) 1(8,2) 1(6,3) 1(4,4) 1(9,1). Coob-
iene, cxkaroe LZ78 (caoBaps — 16 dpas), — (0,’A’) (0,’F’) (0,/X") (1,’F’)
(2,°X7) (5,’A’) (3,A%) (2,)F’) (0,’A’). Coobienne, cxaroe LZW (croBapb
— ASCII+ u 16 dpa3), — 0’A’ O’F’ 0’X’ (256) (257) (257) 0’A’ (258) O’F’
0O'F 0’A’.

17. Oco6eHHOCTHU IIPOTPaAMM-apXUBaATOPOB

Ecmu xomer anropurmos tuna LZ mepenats mitst komupoBaHuUs (amarm-
TUBHOMY) aJropuT™my XadbdMeHa win apudMeTHIeCKOMY, TO MOTy YeHHBIHN
IBYXIIIATOBLIN (KOHBENEPHBIN, a He IBYXIPOXOMHBIN) aJIrOpUTM HACT pe-
3yJILTATHI CKATHUSI TTOMOOHBIE IITUPOKO U3BeCTHBHIM mporpammam GZIP, ARJ,
PKZIP un momoOHBIM.

HawubormpIiryto cTeneHsb cxKaTusl OAIOT ABYXIIPOXOMHBIE AJITOPUTMBI, KO-
TOpble UCXOOHBbIE NAHHBIE IOCIIENOBATEIbHO CXKUMAIOT OBa pa3a, HO OHUI
paboTaloT N0 OBYyX pa3 MeIJIeHHee ONHONPOXOOHBIX IPU HE3HAUUTEJIHHOM
YBEIUYEHUN CTENEHU CXKATUS.

BonbimmHCTBO TpOrpaMM-apXruBaTOPOB CXKUMAET KaXKIbIN (Haiii mo oT-
TIeJIbHOCTU, HO HEKOTOPBIE CXKUMAIOT (Pailyibl B O0IIEM ITOTOKE, YTO IaeT yBe-
JIMYEHNe CTEIleHU CXKATUsI, HO OMHOBPEMEHHO YCJIOXKHSET CIOCOOBI pabOTHI
C MOJIy4YeHHBIM apXUBOM, HAIIpUMEDP, 3aMeHa B TaKOM apXuBe (paijia Ha ero
00JIee HOBYIO BEPCHUIO MOXKeT NOTPeb0oBaTh IIePEKOOUPOBAHUS BCETO apPXUBA.
[Ipumepom mmporpamMmbl, IMEIOIIIEH BO3MOXKHOCTE CXKUMAThH (PAIbl B 00ITIEM
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noroke, siBisiercss RAR. Apxusaropsr OC Unix (gzip, bzip2, ...) cxkumaroT
(partIpl B O0IIIEM NTOTOKE MPAKTUYECKN BCErIa.

B 1992 rony ¢upma WEB Technologies 06bsBUIa 0 BBIXOIE HOBOI TPO-
rpammbl ckatust DataFiles/16, koropast sKOGbI MOXKET TP HEOTHOKPATHOM
MICTIOJIB30BAHUN CXKATh JTI000e KommuecTBO maHHBIX mo 1024 6aiT. MudOp-
MaIus 06 3TOM ITPOIIIA W3 COJUIHOTO M3MaHmUs, XKypHaaa Byte.

Koneuno xe HUKaKOW aJrOpUTM CXKATUs HE MOXKET YIJOTHUTH ITPOU3-
BOJIbHBIE MaHHBIE. /1715 MOKa3aTeIbCTBa 3TOTO MPONEIAeM CIIEMY IO MBIC-
JIEHHBIN 5KcrepuMeHT. [Ipenmnosmoxmm, 4To Ha KECTKOM OUCKE KOMIbIOTEPa
XPaHIATCSI BCe BO3MOXKHBIE pasHble dailsbl minHoi poBHo 100 GaiiT (Takmx
daitinos 6ymer Bcero 2500). M mycTh cymmecTByeT mmeanbHas IPOTpaMMa,
CXKaTUs MTAaHHBIX, KOTOPas COXKMeT KaXXIbI U3 HUX XOTs Obl Ha OMUH OANT.
Ho Torpa, Tak kxakx Bcero pa3HbIX (aijioB mimHou MeHbIenn 100 6aiiT cy-
mecTByeT He Gomee wem 1 + 28 4 216 ... 4 2792 — (2800 _ 1) /955 < 2800
TO HEM30EXKHO MOJIYIUTCS, IYTO ABA PA3HBIX (aljia YIaKyIOTCsI B UIEHTUY-
uble dairel. CriemoBaTeTbHO, HE MOXKET CYIIIECTBOBATH MIPOTPAMMBI CXKATHS
TTAHHBIX, KOTOPas MOXKeT CXKaTh JTI00ble UCXOMHBIE TAHHBIE.

dopmaT daityia, cComepKaIlero JaHHbIE, KOTOPBIE EPE NCIOIb30BaAHN-
eM TpebyeTcs pacrmakoBaTh COOTBETCTBYIOIIEN ITPOr PAMMOM-aPXUBATOPOM,
KaK IPaBUJIO, MOXKET OBITH UICHTUPUIINPOBAH pACIIIPEHNEM IMeHN (haiiia.

B crmenyroriein Tabnuie TpUBOMSATCS HEKOTOPBIE TUMUYHBIE PACIIIIPE-
HUsI, COOTBETCTBYIOIINE WM IIPOTPAMMBI-apPXUBATOPHI W METONBI CXKATUI
TTAHHBIX.

Pacmmmupenus [IporpamMmbr Tun xommpoBaHUTs
7 compress LZW
arc arc, pkarc LZW, Xadbdmena
zip zip, unzip, pkzip,
pkunzip LZW, LZ77, Xadbdpmena, [llernona-Psr0
gz gzip LZ77, Xabdmena
bz2 bzip2 Beppoyza-Yunnepa, Xabdpmena
arj arj LZ77, Xabdmena
ice, Izh lha, lharc LZSS, Xabdpmena
pak pak LZW

[IpakTuuecku Bce popMaThl DARIOB M1 XpaHEHUS TpaduIecKOn WH-
dbopMalum MCIOIB3YIOT CXKaTue MaHHbIX. Popmar rpaduueckoro daiiia
TakxkKe, KaK IpaBuia, NICHTUPUIIUPYETCS pacIllupeHrneM UMeHU (aiisa.

B crenyroriein Tabnuie TPUBOMSATCS HEKOTOPHIE TUMUYHBIE PACIIIIPE-
HUs Tpadumdeckux GaijoB W COOTBETCTBYIOIIE UM METONBI CXKATUSI HaH-
HBIX.
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Pacmmupenns | Tun komupoBauus
gif LZW
jpeg, jpg cxxaTue ¢ morepsamu, XadhdmeHa uian apudMeTIIecKoe
bmp, pcx RLE
tiff, tif CCITT/3 nnsa dakcos, LZW unu npyrue
Cxatue RLE (Run Length Encoding — xomupoBanume mnepemeHHOI
IJIMHBI) — 5TO HMPOCTEHIINI METON CXKAaTUs, B OOIIeM Ciydae OYeHb He-

9 PEeKTUBHBIN, HO NAIOIMINY HEIJIOXWE Pe3yJIbTaThl HA TUINYHOU rpadude-
ckont naopMmariur. OHO OCHOBAHO B OCHOBHOM Ha, BBIAECJICHUN CIIEITUAIBHOTO
KOIa-MapKepa, YKa3bIBAIOIIETO CKOJIBKO pa3 MOBTOPUTH CJIEAYIOIIAN OANT.

CxkaTue u pacrakoBKa B PeajIbHOM BPEMEHU UCIIOJIB3YETCS B IIPOTPaM-
Max-IpafiBepax oI “yINIOTHEHUs] HOCUTEJe WHMOPMAIINH, TTO3BOJISIOIIITX
YBEJIMYINTH EMKOCTb HOCUTEIIS MTPUOIN3UTETHHO B 2 pa3a. Haubosee u3Bect-
HOII ITPOrpaMMOI Takoro poma ssiistercs DriverSpace mias MS-DOS u Mic-
rosoft Windows.

18. CxkxaTue mHPOpPpMAINHU C TIOTEPSIMU

Bce paHee paccMOTpeHHBIE aJITOPUTMBI CKaTusd wHDOpMaIum obecre-
YUBAJI BO3MOXXHOCTB TTOJTHOTO BOCCTAHOBJIEHUS MCXOOHBIX NaHHBIX. Ho mHO-
rOa JJIs TIOBBIIIEHNS CTEEHN CXKATUS MOXKHO OTOPaChIBATH YaCTh UCXOTHON
nHbOpMAIIIN, T.€. IMPOU3BONUTE CXKATWE C MOTepsMu. KcTecTBEHHO, YTO
Takoe CKaTue Helb3s MPOBOOUTH, HApUMep, Ha (GUHAHCOBON Oa3e MaHHBIX
banka. Ho B Tex cnydasx, xkorma cxmmaeTcss WHOOPMAIIAs, UCIOIb3yeMast
JIUIIB IS KAYeCTBEHHON OLEHKU (9TO, KAK IIPAaBUJIO, AaHAJIOTOBas nHGOpMa-
s ), CKATHUE C TIOTEPSIMU SBIISIETCSI OUEHB TIOMXOMSIIINM.

CxkaTue ¢ MOTepsIMU UCIIOJIL3YyeTCS B OCHOBHOM IIJIs TPEX BUIOB TaH-
HBIX: OJTHOIIBETHAs I'paduka (224 ~ 16 MJIH. IIBETOB), 3BYK U BUIEOMH(HOD-
MaIlns.

Cxkartue ¢ morepsMu OOBIYHO HPOXOOWUT B OBa dTama. Ha mepBoM u3
HIX UCXOMHAS WH(DOPMAISI TPUBOAUTCS (C TOTEPsAMU) K BUAY, B KOTOPOM
ee MOXHO 3(PDEKTUBHO CKUMATL aJITOPUTMaAMU 2-TO dTalla CXKaTusa 0e3 Io-
TEPb.

OcHoBHas nnes c:kaTusg rpaduaecKorn THGOPMAIINN C TIOTEPSIME 3aKJTIO0-
JaeTcs B ciaemyorneM. Kaxmas Touka B KapTUHKE XapaKTePu3yeTcs TPeMs
PaBHOBaXXKHBIMI aTPUOyTaMu: SPKOCTBIO, IIBETOM U HACBHIIIEHHOCTHIO. Ho
rJ1a3 9ejIoBeKa BOCIPUHUMAET 3T aTPUOYTHI HE KaK paBHBIE. |'71a3 Bocmpu-
HUMaeT TOJTHOCTBHIO TOJIBKO WH(GOPMAIIAIO O SPKOCTU W B TOPA300 MEHBIIIER
CTEIleHU O IBETE W HACBIINIEHHOCTH, YTO ITO3BOJISIET OTOPAChIBATh YaCTh WH-
dopMmaruu 0 AByX MOCjieqHUX aTpubyTax 6e3 moTepu KadecTBa M300paxke-
HIISI. DTO CBOINCTBO 3PEHUs UCIOIb3YETCsI, B YaCTHOCTH, B IIBETHOM TeJIeBU-
30pe, B KOTOPOM Ha 0a30BOe uepHO-Oesioe m300pakeHne HAHOCSAT IIBETOBYIO
packKpacky.
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s cxaTtus rpadudeckonl nHGOpMaII ¢ oTepsMu B KoHie 1980-x
ycranoiier onus crannapt — dopmar JPEG (Joint Photographic Experts
Group — HazBaHme obbenwHEHUWs ero paspaborumkos). B stom dopmare
MOYXHO PEryJIMpOBaTh CTEMEHDb CXKATUS, 3a0aBasl CTEIEHb TOTEPU KAYECTBA.

CxaTre BumeomHMOPMAIMU OCHOBAHO HA TOM, UYTO MPHU IEPEXONe OT
OITHOTO Kaapa puiabMa K OAPYTOMY Ha SKpaHe OOBIYHO IMOYTH HUYETO HEe Me-
HieTcsa. TakuM obpa3om, cxkKaTas BuUIeormH(POpMAIIUS ITPEICTABIIET COOOI
3alICh HEKOTOPBIX 0A30BBIX KAOPOB W IMOCIENOBATEILHOCTH W3MEHEHUN B
uux. [Ipu sToM vacTh nHGOPMaInu MOXeT 0TOpackBaThHCI. CXKATYIO TOTO0-
HBIM 00pa30M MHPOPMAIIUIO MOXKHO OAJIee CKUMATH U IPYTUMU METONAMU.
XOTs CyIIeCcTBYeT He OOUH CTAHOAPT IS CXKATUS BUOCONAHHBIX, HamboJiee
pacmpocTpaneHHbME sBIsIOTCs crannaptel MPEG (Motion Picture Ex-
perts Group), mepBbIil U3 KOTOPBIX ObLT omyGiukoBan B 1988 ronmy. MPEG
— TPAKTUYECKU €NUHCTBEHHBIN CTAHOAPT IJIs 3alUCU BUMIEO U 3BYKOBOW
uadopmariur Ha CD-ROM, DVD-ROM u B niudpoBOoM CIIy THUKOBOM TeJie-
BuneHun. BumeonrdopMalimo MOXHO CKaTh HEOOBIKHOBEHHO MJIOTHO, 10 100
n 6oJiee pa3, UTO IMO3BOJISET, HAIIPUMED, HA OMHY BUIEOKACCETY, 3aINCATDH
boitee cTa Pa3ImIHBIX XYI0XKECTBEHHBIX (GmiTbMOB. HO 13-3a OYeHb CII0KHBIX
po0JIeM, CBSI3aHHBIX C TPAaBAMU Ha WHTEIIEKTYAJIbHYI0 COOCTBEHHOCTD, pe-
AJTbHO BO3MOXKHOCTHU CXKATUSI MHPOPMAIMU TAKUM 0OPa30M UCIIOIB3YIOTCS
CPaBHUTEJIBHO PENKO.

Ins cxxaTuu 3ByKOBOW MHPOPMAITUU C TIOTEPSIMU CYIIIECTBYET HECKOIThb-
kKo ctaumapToB. Haubosee mupoko ucmonb3yeMmbiin u3 Hux — 310 MPEG
6e3 Buneonauubix. Cranmapt LPC (Linear Predictive Coding) ucronb3syet-
csa mins cxaTtus peun. Anproputm LPC nertaercs mpomomenupoBaTh pede-
BOII TPAKT UeJIOBEKa W BBIIAET HA BBIXOHE OYKBAJBLHO TEKYIIIEE COCTOSHIUE
YYaCTBYIOIIUX B (POPMUPOBAHUY 3BYKOB OPTAHOB.

19. uadopManmoHHbIA KaHAJI

Kanaa ungopmayuonmvbiti — 3TO COBOKYIHOCTH YCTPOWCTB, OOBEIU-
HEHHBIX JIMHUSAME CBS3M, MPEIHA3HAYCHHLIX I ITepenadn THOOPMAIAN OT
UCTOYHUKA nHDOPMAINU (HAUAALHO20 YCMPOUCMmEa KanaLa) OO ee TPUeM-
HUKA (KOHEUH020 Ycmpolicmea Kanaaa,).

Jlunuu c643u 06ecIIednBaiOT MPOXOKICHIE MHPOPMAINOHHBIX CATHA-
JIOB MEXIY yCTpOUCTBaMH KaHaja. VIHopMaims 0ObLIYHO IepenaeTcs Ipu
TIOMOIIIN BJIEKTPUIECKOr0 TOKa (M0 MpoBOmaM), cBeTa (IO OMTOBOJIOKHY ),
5JIEK TPOMATHUTHBIX BOJIH PAAMONUAIIA30HA (B IPOCTPAHCTBE) U, PEIKO, 3BY-
Ka (B IUIOTHOI cpene: armMocdepe, BOME U T.II.) U IPOUNX.

Yempoticmea kanaaa — 5TO, KaK IPABUIIO, PENUMeEpPdl, IIPOCTO Mepe-
MAIOIE YCUIIEHHBIM IIPUHATHIA CUTHAJ (IPUMED, PAAMOpESIeHbIE JIMHUN ).
K ycTpoiicTBaM KaHaIa MHOTIA OTHOCIT U KONEPHI/IEKOIEPhI, HO B TOIBKO
Tex CilydasX, KOrIa KOOUPOBAaHUE/IEKOMUPOBAHKNE MIPOUCXOMUT C BBICOKOI
CKOPOCTBIO, He TPeOyIomiell ee CIeNUaJbHOTO ydeTa, KaK 3aMeIISIOIIero
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dakTopa; OOBIYHO K€ KONEPbI/IEeKOmepbl OTHOCSIT K MCTOYHUKAM WU IIPU-
eMHUKaM THPOPMAIIUU.

Texnuueckue zTapaxmepucmury KaHAJIa ONPENeISIOTCS ITPUHITATIOM
NEeNICTBUS BXOMOSIINX B HErO YCTPOUCTB, BUIOM CHUI'HAJIa, CBOMCTBAMU U CO-
CTaBOM (PU3UYUECKON Cpenbl, B KOTOPOI PAaCIPOCTPAHSIIOTCS CUTHAJIBI, CBOU-
CTBaAMU IIPUMEHSIEMOIr0 KOMa.

OPPexmusnocmsd Kana.aa XapaKTEPU3YETCI CKOPOCTHIO 1 OCTOBEPHO-
CTBIO Nlepenayn nHPOpMaINN, HAAEKHOCTHIO pabOTHl YCTPOUCTB U 3a1ePiXK-
KO CUTHAJIa BO BPEMEHU.

3adepacra cuenanra 60 6pemeny — STO UHTEPBAJ BPEMEHN OT OTIIPaB-
KII CATHAJIA MEePeIaTYnKOM OO €ro IprueMa IPUEeMHUKOM.

MaTtemMaTudecku KaHaj 3a/1a€TCs MHOXKECTBOM JIOMYCTUMBIX COOOIIe-
HUUI Ha BXOIEe, MHOXKECTBOM [OIIYCTUMBIX COOOIIIEHUN Ha BBIXOOAE U HADOO-
POM YCJIOBHBIX BepoOsiTHOCTe P(y/x) oIy JeHus: CUrHaIa, y Ha BBIXOIE IPH
BXOIHOM CHUTHAJIE T. Y CJIIOBHBIE BEPOSITHOCTU OMUCHIBAIOT CTATUCTUYECKUE
cBoricTBa, “mryMoB” (MM TTOMEX), MCKAaXKAIOUINX CUTHAJ B MPOIEcce mepe-
naun. B cayuaae, korna P(y/x) = 1 opu y = x u P(y/x) = 0 npu y # =,
KaHAaJI Ha3bIBACTCS Kanatsom 6e3 “wymos”. B cooTBeTCTBUU CO CTPYKTY PO
BXOJITHBIX U BBIXOOHBIX CUTHAJIOB BBLIEISIOT OUCKPETHLIE U HEIPEPBLIBHBIE
KaHaJbl. B MUCKpeTHBIX KaHAJaX CUTHAJIBI Ha BXOJE W BBIXOIE TMPEICTaBIIsI-
10T COBOI TIOCIIENOBATEIFHOCTE CUMBOJIOB OMHOTO WX ABYX (IIO OIMHOMY [IJIsI
BXOIIa U BBIXOMa) asiaBuTOB. B HEmpepLIBHBIX KaHAIAX BXOMHOW U BBIXOI-
HOU CUTHAJIBI IPENCTABISIOT cOOO PYHKIINN OT HEITPEPBIBHOTO ITapaMeTpa-
BpeMeHU. BBIBAIOT TakxkKe CMeIaHHbIe WM TUOPUIHBIE KAHAJIbI, HO TOTOa
OOBIYHO pACCMaTPUBAIOT UX OUCKPETHBIE U HEIPEPhIBHbIE KOMIIOHEHTHI Pa3-
nenbHO. Ilajlee paccMaTpPUBAIOTCS TOJIBKO MUCKPETHBIE KAHAJIHI.

CnocobHOCTh KaHa/Ia mepenaBaTh THPOPMAIINIO XapaK TePU3yeTC s InC-
JIOM — NPONYCKHOU CNOCOGHOCMbI0O W eMKOCTMbIO Kanasa (0O03HAUEHTE
— ).

Ins coydas karaina 6e3 mrymMa opmysia pacueTa eMKOCTU KaHAJIa MMe-

. log, N(T
et Bung C' = lim Og%(), raoe N (1) — 4mcso Bcex BO3MOXKHBIX CUTHAJIOB
T—oo

3a Bpems 1.
[Ipumep. IlycTs andaBut kanaia 6€3 “rryMoB” COCTOUT U3 ABYX CUMBO-
0B — 0 u 1, OJIUTEIBHOCTD T CEeKYHI KaXXIbIN. 3a BpeMs 1’ ycreeT IponTH

n = T /T curuanos, BCero BO3MOXHBI 2" Pa3InIHbIX COOOIIEHUN IITNHOMN N.
. log, 27/7

B stom ciayuae C' = lim =%82-— = 1/7 Gon.

T

— 0
Ha puc. 8 npuBenena cxema, Ha KOTOPOU M300paxKeH MPOIECC ITPOXO-

XKIIeHUs THPOpMAaLU 10 KaHAJy C ONMCAHHBIMHI B IPUMEPE XapaKTEePUCTHU-
KaMU.

3mech s KOMUPOBAHUS UCIOJIB3YETCs YPOBEHb CUTHAJIA: HU3KUH [T
0 u BeIcOKUE nys 1. HemocTtaTku »3Toro crmocoba MpOSBASIOTCS B CIydYasX,
KOTa HYXKHO TE€pPelaBaTh MHOTO CIJIONIHBIX HYyJIel wim enwHui. Masen-
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IIee paccorjIacOBaHUE CUHXPOHM3AIUM MEXIy NPUEMHUKOM U IlepenaTdu-
KOM IIPUBONUT TOTOa K HEMCIIPABUMBIM ommmOkaM. Kpome Toro, MHOTue HO-
cuTesnm mHPOpMaAIUM, B YaCTHOCTU, MArHUTHBIE, HE MOTYT IOOIEPXKNBATH
IJINTEJIbHBIYA IIOCTOSIHHBIM YPOBEHb CATHAJIA.

o o010 O O O}1 1,0 0 O

Puc. 8

s nepenadan mHGOPMAIIIT UCIIOIB3YETCS OOBITHO IPYTON CIIOCO0, KO-
roa ams npencrasienns 0 m 1 MCIONB3yIOTCS OBE pa3sHBIE YaCTOTHI, OT-
JUYAIOIMecss APYr OT APyra POBHO B mBa pasa (cM. puc. 9) — 5TO Tak
HasbiBaeMast uacmommuad mooyagyug (UM o FM).

1 0 0 0 1 1
Puc. 9

Taxum o6pa3zoM, Tpu TAKOM KONWPOBAHUM, €CIIM CUTHAJ 1 MMeeT mjiu-
TEeIBHOCTh T, TO 0 — 27.

Paccunraem emkocTs sToro kanasa. Hyxwuo paccanrars N (7). Ilycrs
n = T/7, Torma mosydaeTcs, 9TO HyXKHO PACCYUTATH CKOJIBLKUMU CIIOCO6a-
MU MOXKHO pas30UTh OTPE30K IMHBI 1 oTpe3kamu miuHbl 2 u 1. [Tomyuaewm,
arto N(T) = S, = C" + C"~2 4 C"5 + ---, I'lle IepBOE CIaraemMoe —
9TO KOJIMYIECTBO CIIOCOOOB, KOTOPBIMEU MOXKHO Pa30UTh OTPE30K MJTHHBI 7 N
OTpe3KaMU MJIUHBI 1, BTOpPOEe cllaraeMoe — 5TO KOJUIECTBO CIOCOOOB, KO-
TOPBIMI MOXKHO Pa30UTh OTPE30K IJIMHBL 1 (N — 2) oTpe3KaMu IJIMHBI 1 u
OMHUM OTPE3KOM JIJIMHBI 2, TPEThE CJIaraeMoe — 5TO KOJIMIECTBO CIIOCOOOB,
KOTOPBIMI MOXKHO Pa3OUTh OTPE30K IIMHBL 1. (n — 4) oTpe3kaMu IIuHbL 1
1 OByMs oTpe3kaMu OiauHbl 2 u T.m. Takum obpaszom, S = 1. Benencrsue
Toro, uro C¥ + CF+l = Crlflfl 171 JIIOOBIX k < M, HOJIydaeTcs, 4To

Spo1 = Cry o+ CrTs o+ O o+
S, = C* + C'Z? + "5 + S o4+ ...,
Spy1 = CHl + cnto+ oortd o+ Croy o+
T.e. Spy1 = Sp + Sp—1 mpu n > 1. Eciun momoxuts, uto So = 1, TO
So, 51, ... — 5TO mocaenoBaTenbHOCTD 1,1,2,3,5,8,13,21,34,..., T.e. uuc-

na Puoonauun. C XIX Beka M1 BBIYUCJIEHUS N-TO YJIE€HA MOCIIEIOBATEIb-
HocTu PruboHaUYIM U3BeCTHA POpMYyIa

S5 055),

Sy =
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log, N(T log, S log L++/5
Takum o6pasom, C' = lim log; N(T) _ iy 108252 _ &2 = 2~ 0.69/7

T—00 T n—oo N7

oom.

[Ipu mcnonb3oBaHWU YACTOTHOW MOMYJISIINM Ha IMPAKTUKE HYJIH, Kak
IPaBUJIO, KOOUPYIOTCS B OBa pa3a IIOTHEE. OTO MIOCTUTAETCS TeM, UTO
YUUTBIBAIOTCS HE YPOBHU CUTHAJIA, 8 CMeHa ypoBHs (mosmspuocTn). Ecan
JacTOTa U COOTBETCTBYET 1, TO C 9aCTOTOW 2V IIPOU3BOOUTCS IIPOBEPKA
YPOBHS cuUTHaJIa. Ecim oH MeHseTcs, TO »TO curHaja 1, ecam HET, TO —
0. Ha mpakTuke gacToTa ¥ — 5TO YacTOTa CHUHXPOHU3AIINU, T.€. YaCTOTa
IMITYJIbCA, KOTOPBI HE3aBUCUMO OT MAHHBIX MEHSET IOJIIPHOCTH CUTHAJIA.

0 He reHepupyeT UMILYJIbCA CMEHBI MOJISIPHOCTH, a 1 reHepupyeT (CM. puc.
10).

s bs DbDSDSDSDSDSD S D S D

1 0 0 0 0 0 0 1 1
Puc. 10

Hns 3anucu nHGOpMAIUN Ha IEepPBble MArHUTHBLIE OUCKU U JIEHTHL HC-
nosb3oBasicss Meton FM. Ha rubkume mucku 5.25” u 3.5” mudopmarus 3a-
nuceiBaeTcs Meronom MFM (Modified FM) — momudukanueit metoma FM,
IIO3BOJISIIOIIENl B 2 pa3a MOBBICUTH IIOTHOCTH 3aIUCH. OTO IOCTUTAETCS
TeM, UTO JYacTOTa CHHXPOHM3AIuN yBeanuusaeTcs Basoe. MEFM moxHO nc-
II0JIb30BATh C TeMu ke pu3mdyeckumu Kanasigamu, u4to u FM, moTromy urto
IMITYJIbCHl CHHXPOHM3AIUN He Iepenaiorcs nepen 1 m nepseiM 0 B cepun
Hysein (cm. puc. 11).

SDSDSDSDSDSDSDSDSD

t
1.0 0 0 0 0 0 1 1
Puc. 11
Meton 3amucu c¢ rpynnoBeiM kKomumpoBarumeM, RLL — Run Limited

Length, He ucmoabp3yeT UMIIYIbLCHI CUHXPOHU3AIIAY, IPUMEHSIETCS, B YaCT-
HOCTH, B XKE€CTKUX OUCKaX “BUHYECTEP U CYIIIECTBYyeT B HECKOJBKUX PA3HO-
BunHocTsax. OmHa m3 HUX OCHOBaHa Ha 3aMeHe TeTpam OaiTa Ha H-OMTHBIE
CPYIIBLI. DTU I'PYIHLI TOOOUPAIOTCS TaKUM 00pa3oM, ITOOBI TP IIepemate
MAHHBIX HYJIN HE BCTPEYAJNCh HNOAPsO Oojee OByX pa3, UTO Me1aeT KOI ca-
MocuHXpoHu3upyooiuMmcs. Hanpumep, Terpana 1000 3ameHsieTCsT TPYIIIION
6ut 11010, a rerpama 0001 — 11011 (cMm. puc. 12). Takoe konupoBanme mO3-
BOJIsIET 6€3 YBeIMUeHUs YacTOThI CUTHAJIA B CPETHEM HA HECKOJITBKO TIPOIIeH-
TOB TOBBICUTH CKOPOCTH Iepenadn maHHbIX no cpaBHeHnio ¢ MFM. Cyie-
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CcTBYIOT pasHoBumHOCTI RLL, B KOTOPBHIX 3aMEHSIOTCS MOCIENOBATETBHOCTH
o6ut pasznuunon miauHbl. KonupoBanne MFM nnum FM mMmoxHO mpencTraBuThb
kak JacTHbI ciaydann RLL.

1 1.0 1 0 1 1 O 1 1
Puc. 12

[Ipu HEOOXOMUMOCTU Tepenavm 3amUCAHHBIX C ITOMOIIIBIO HEKOTOPOTO
KOMIa COOOIIEHNI II0 JAHHOMY KaHaJIy IPUXOOUTHCS IIPeoOpa30oBBIBATH ATHU
COOOIIIEHNUs B JIOMYyCTUMbIE CUTHAJIBI KAHAJA, T.€. MPOU3BOMUTHL HAJJIeXKa-
11ee KOOMUPOBaHUeE, & TIPU IIPUeMe MaHHBIX — nekonupoBaHue. KomupoBaHnue
11€J1eCO0OPA3HO TPOU3BONUTE TaK, YTOOBI CPEMHEe BpeMs, 3aTPadnBaeMoe Ha
nepenady, ObIJI0 KaK MOXKHO MeHbIre. [lomydaeTcs, 9TO HCXOMHOMY BXOMHO-
My ajDaBUTy HYKHO OTHO3HATHO COMOCTABUTHL HOBBIN ajihaBUT, obecreun-
BAIOIINI OOJIBIIIYIO CKOPOCTH IIepenadn.

Cnenyrowmii, ochosrot darm meopuu nepedav uHGoPMayUY M OC-
HOBHAT MEOPEMA 0 KOOUPOBAHUL NPU HAAUYUY TOMET TIO3BOJISIET IIPU 3HA-
HIYW €MKOCTU KaHaJIa U SHTPOIMUN MEPEIaTINKA BEIYUCINTD MAKCUMAIbHYIO
CKOPOCTB Tlepefavn MaHHBIX B KaHAJE.

Teopema Illennona. IlycTs ncTounuk xapakrepusyercs n.c.B. X . Pac-
CMATPUBAETCSI KAHAJ C IIIYMOM, T.€. IS KaXXIOro IepenaBaeMoro coodItie-
HUS 3al1aHa BEPOATHOCTH € €r0 UCKAXKEHUS B MPOIecce mepenadn (BeposT-
HOCTBH OmmubKu). Torma cymecTByeT Takas CKOPOCTH IepPenadn U, 3aBUCS-
1as TOJILKO oT X, uro Ve > 0 Ju’ < w ckonb yromHo 6im3kas K u Takasd,
YTO CyIIECTBYET CIOCO0 ImepenaBaTh 3HaueHnss X CO CKOPOCTHIO U’ 1 ¢ BEpO-
ATHOCTBIO OMMOKU MeHblel €, npuyeMm u = C'/HX. YnoMmsauayToiii cnocob
oOpa3yeT MOMeXOYyCTOMUNBBIN KOII.

Kpome Toro, ®suo mokasama [20] cremyrommas obpamuag meopema o
Koduposaruy nNpu Hasuvuy nomexr. g v’ > u MOXHO HaTH Takoe II0JI0-
XKUTEIbHOE YHUCTIO €, YTO B CIydae nepenadyu nHPOPMAIlUU 0 JIUHUU CBI3U
CO CKOPOCTBIO 1 BEPOATHOCTD OMINOKH £ IePEeHadn KaxKIoro CUMBOJIA CO00-
IIIeHUS TIPU JIIOOOM METOIEe KOMUPOBAHUS U NEKOMUPOBAHUSI OyIeT He MEHBIIIE
£ (€ oueBUIHO pacTeT BCIEN 3a POCTOM u').

» YupaxHeHue 32
Ilo xamamy cBs3u 6e3 IrymMa MOTYT IEpemaBaThbCs UeThIpe CUTHAJIA MJTH-
TEILHOCTBIO 1 MC KaXXObIf. BEIUNCINTE eMKOCTh TAKOrO KaHAJIA.

» Yunpaxuenue 33
Tpu mepemarumka 3aMaf0TCS CIIYYAWHBIMEU BEIUYUHAMU CO CJICOYIOITIMK

3aKOHAMU PACIpENeeHISIMI BEPOSITHOCTEN:
1) P(Xy=-1)=1/4, P(X; =0)=1/2, P(X; =1) =1/4;
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2) P(Xo=-1)=1/3, P(Xo=0)=1/3, P(Xy;=1) =1/3;

3) P(Xs=n)=2""n=1,2,...
EmxocTs xkanana csa3u ¢ mrymom paHa 4000 6on. BeraucnuTs MakcuMaiib-
HYIO CKOPOCTH Ilepefadn JaHHBIX 110 3TOMY KaHAITy KaxKIbIM U3 IepenaTan-
KOB, 00eCeunBaloIyl0 CKOJIb YTOIHO BBICOKYIO HaIEXKHOCTDH Iepenadn.

20. ITomexo3aimTHOE KOOUPOBAHUE

[IpocTetituii ko my1st 60PLOBI € IITyMOM — 3TO KOHTPOJIb YeTHOCTH, OH,
B YaCTHOCTM, IIIMPOKO UCIIOJIB3yeTCs B MomeMax. KonmmpoBanue 3aKiTrogaeT-
csl B MOOABIEHNN K KaXXJIOMy OaillTy meBsSTOro OmTa TakuM oOpa3oM, IYTOOBI
TIONIOJTHUTH KOJIMYECTBO eOUHUIl B OallTe MO 3apaHee BLIOPDAHHOTO IJIsI KO-
na geTHoro (even) mnu wedeTHoro (odd) smauenwus. Mcmomesys sToT Kom,
MOXKHO JINIITL OOHAPYXKUBATH OOJIBIINHCTBO OIINOOK.

[IpocTediiuii Kom, NCIPABIISIONINT OIITIOKM, — 5TO TPOWHOE ITOBTOpEe-
HUe Kaxxnoro oura. Ecimm ¢ ommubkoi mpon3onaeT mnepemnada OmHOTO OuTa u3
Tpex, TO ombKa OymeT ucupaBjieHa, HO €CJIN CIIyUYUTCS NIBOWHAS MU TPOU-
Has oIImOKa, TO OYMOyT MOJIyUeHbl HeMPaBUJIbHBIE MaHHBIE. HacTO KOMBI MJIs
HCIIPaBJIEHUS OIINMOOK MCIIOIB3YIOT COBMECTHO C KOMAMMU IIJIsl OOHAPYKEHUS
onOoK. [Ipu TpoitHOM TTOBTOpPEHUN MJIsT OBBIIIIEHUS] HAJIEXKHOCTY TPU OUTa
pacmojiaraloT He MOAPsI, a Ha (UKCHUPOBAHHOM PACCTOSHUU OPYT OT IOAPY-
ra. Mcnomb30oBaHrEe TPOMHOTO TOBTOPEHUST 3HAYUTETHHO CHIIKAET CKOPOCTh
nepenadyu NaHHBIX.

Lleouunbiti cummempuunbil Kanas N300paKEH Ha,

puc. 13, Ttoe p — 5TO BEePOSITHOCTH 0OE30ITMOOTHON 1 - 1
mepenadn O6uTa, a ¢ — BEPOSTHOCTH Tepenadu Ou- q q

Ta ¢ ommbkoi. [Ipenmonaraercs, 9To B TAKOM KaHAJE

OImmOKN MPONCXOmsAT HesasucuMo. Hasee pacemarpn- O L 0
BAIOTCs TOJILKO TAKUE KAHAJIEL. Puc. 13

IBOMYHBITT CUMMETPUYIHBIN KaHAJ peajan3yeT cxeMy bepHysiu, mosTo-
MY BEPOSITHOCTH Iepenadu n OUT IO ABOMYHOMY CUMMETPUYHOMY KaHAJIY C
k ommbkaym pasaa P, (k) = CFpr=—FgF.

[Ipumep. BeposTHOCTE epenaun omHOTO OMTa MHGOOPMAIIAN C OIITUOKON
paBHa ¢ = 0.01 mw Hac mHTepecyeT BepPOSITHOCTH 0€30IIMMOOTHON ITepenadn
1000 6ut (125 6aiiT). MckoMyio BEepOSITHOCTH MOYKHO IOACUATATH IO GOp-
myite Progo(0) = C%0p1"%Y¢" = 0.991990 ~ 4.32 % 107°, T.e. ona HUITOKHO
MaJa.

HobuThcsi MUHUMAJIBHOCTA BEPOSITHOCTU OIIMOKU TIPU Tepenade MaH-
HBIX MOXKHO WCIIOJIB3Ysl ClienuabHble KOmbl. OOBIYHO UCIOB3YIOT CUCTE-
MaAMuYecKue TOMEX03alluTHBIE KONbI. Vmes cucTreMaTuaecKux KOOOB COCTO-
AT B 0OOABIEHNN K CHMBOJIAM UCXOOHBIX KONOB, IIPEITHA3HAYEHHBIX IJIs IIe-
penauu B KaHaJle, HECKOJIBKIX KOHTPOJIbHBIX CHUMBOJIOB IIO OIpeNeIeHHON
cxeMe KonwpoBaHus. [[puHaTas Takas ymIImHEHHAS TTOCIEN0BATEIbHOCTD KO-
TIOB IEKOOUPYETCS IO CXeMe NEKONUPOBAHUS B IIEPBOHAYAIILHO EPENAHHYIO.
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[TpueMHUK CrOCO6GEH PACIO3HABATH /WM WCHOPABIISTH OMINOKM, BBI3BAH-
Hble IITyMOM, aHAJIN3UPYS IOMOJTHUTEIbHYI0 NHPOPMAIINIO, CONEPKAIIIYIOCS
B VIUIMHEHHBIX KOIaX.

Hsouunbim (m,n)-xodom HA3BIBAETCS Tapa, COCTOSIIAS U3 CXEMbI KO-
nupoBaHus E: 75" — 7y n cxeMbl nekonupoBanus D:ZYy — 25, roe 245 —
MHOK€ECTBO BCEX IBOMYHBIX TOCIIENOBATEILHOCTEN IINHLL 1, m < 1 (Ciydai
M = n pacCMaTPUBAETCS B KPUIITOTPADUN).

Oy D n F BeibupaioTcs Tak, 9ToObl pyaknus H = Dol o E| rne
T — Pynkyug owubokr, ¢ BEPOSITHOCTHIO, OJIM3KON K eNuHuIe, ObliIa TOX-
nectBeHHOU. dyuKu D u E cunTaioTcs 0e30ImmO0IHbBIMT, T.€. QyHKIINAS
D o E — toxnecTBeHHas (cM. puc. 14).

E T D
Ncxonrnoe — KonupoBanHOE — [IpuasToe — IlekomupoBaH-
COOOIIIeHIE coobrieane  JBomuHBI cOOOIIIEHNE HOE COOOIIIeHTe
CUMMETPUY-
HBIN KaHaJI

Puc. 14

» Yupaxuenue 34
[IycTh nBOMYHBIN CUMMETPUIHBIA KAHAJ UCIIOIB3YETCs OIS TTepenayn CTPOK
n3 nByX out. [locTponTh TabaUIly BEPOSITHOCTEN IIpUEMA.

» YupaxHeHue 35

I[lo mBowYHOMY CHUMMETPUYHOMY KAHAJIY IEPEMAIOTCS CTPOKU MIUHBI 14.
KaxkoBa BepoOsATHOCTHL TOTO, UTO POBHO MHATH CUMBOJIOB OYIyT MPUHATHI He-
npaBu/IbHO? KakoBa BEpOSATHOCTHL TOrO, UYTO MEHee MSATU CHMBOJIOB OYIyT
IPUHATH HenpaBmwIbHO! CKOJIBKO MMEETCS CTPOK, OTIMYIAIONINXCS OT MaH-
HOU He OOJIbIIe, YeM B UeTHIPEX MO3UIIUIX !

21. MaTremaTunueckas MoOAOeJIb CICTEMBI CBA3M

Komwr nensares wa na Gombinmx kitacca. Kodvl ¢ ucnpasaenuem ow-
60% HUMEIOT IEeJIbI0 BOCCTAHOBUTL C BEPOSTHOCTLIO, OJIM3KON K EIMHUIIE,
mocsianHoe coobirienune. Kodvl ¢ oonapyaxrcenuem owuborx MMEIOT IeTbIO BbI-
SIBUTH C BEPOSATHOCTHIO, OJIM3KON K €OQUHUIE, HAJINUUE OITUOOK.

[IpocToit kom ¢ obHApyKeHueM OIIMMOOK OCHOBAH Ha CXEMe NPOBEPKU
YemHocmu, TPUMEHAMOU K COOOILIEHUSIM @ . . . Ay, JI000U (PUKCUPOBAHHON
mauabl m. CxeMa KOOUpPOBAHUS OMPENesIsieTCs CAeqyonmMu GoOpMyTaMu:

E(Cl,l - .Cl,m) =aj...0m0m+1,

m
0, ecmm )., a; — UeTHAST;

a 1 = m
mt 1, ecmm ) . | a; — HeUeTHAs.

m+1 o
Taxum 06pasoM, Y ret ' a; MOMKHA GBITH UETHOL.
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CooTBeTCTBYyIOIIIAs CXeMa, NeKOMUPOBAHNUS TPUBAAIbLHA!

m—+1
ai...Qm, €CIN ZZ:J{ a; — YeTHA;

D(ay...amam+1) = {

(owubray, ecomm 71 a; — meuerna.

a3yMeeTCs, ITO YeTHOCTH » . ) @; He rapaHTupyeT 6e30ImO0THON Iepe-

TTAY.

[Tpumep. IIpoBepka weTHOCTH TIPM M = 2 peEATU3IYETCS CIEOYIOIINM
konom (dyukuumenn £): 00 — 000, 01 — 011, 10 — 101, 11 — 110. B aBonu-
HOM CUMMETPUYHOM KaHaJIe NOJIsI HEBEPHO MPUHSATHIX COOOIEHUH JIJIsi 3TOT0
koma, (xoTs 6bI ¢ omHOI ormbKoit) paBHa ¢° + 3pg? + 3p*q (Tpu, mBe UM
omHa oubKa COOTBETCTBEHHO). V3 HUX HE3aMEUEHHBIMU OKAXKYTCSI TOIBKO
omOKM TOYHO B IBYX OMTaX, HE M3MEHSIONIEe YeTHOCTU. BeposaTHOCTE Ta-
Kux omuboK 3pg?. BeposaTHOCTE OMIOGOYHON Mepeady COOOIICHIS U3 IBYX
6uToB paBHa 2pq + ¢2. IIpum MaibIX ¢ BepHO, uTO 3pg? <K 2pq + ¢>.

Pacemorpum (m, 3m)-kom ¢ mpotinbim noemopenuem. Kombr ¢ moBTo-
peHusIMu OodeHb Hed((GEKTUBHBI, HO IIOJIE3HBI B KaUeCTBE TEOPETUIECKOTO
IpuMepa KOMOB, MCIPABIISIOIIUX omInoku. JIroboe coobiieHue pa3bmBaeTcs
Ha OJIOKM MJIMHOW 1 KaxKOoe 1M KaxXIbI OJIOK IlepemaeTcs TPUXKIBI — 3TO
onpenensetr Gyuakiuio E. Oyukmnus D ompenenseTcs CIeMyIOIIM 00pa3oM.
[IpunsTas cTpoka pazbuBaeTcs Ha OJIOKM OJIMHOU 3m. buT ¢ HOMepoMm ¢
(1 <9< 'm) B IEKOOUPOBAHHOM GJIOKE TOJIYYAETCs U3 AHAIIN3a OUTOB C HO-
MepaMmu %, 1+m, 1+2m B OTydeHHOM OJI0Ke: OepeTcs TOT OUT U3 Tpex, KOTO-
PBIT BCTpedaeTcs He MeHee MBYX pa3. BeposaTHocTh TOTO, UTO OUT B MAaHHON
Ho3UIuy GyIeT IPUHAT TPUXKIEI IPABIILHO PaBHA p°. BeposTHOCTE OmHOM
ommbKy B TPOitke paBHA 3p2q. I109TOMY BEpOSTHOCTEH IPABWILHOTO IIPHE-
Ma, OIIHOTO 6MTa paBHAa p° + 3p?¢. AHAIOrTYIHBIM 06PA30M IIOTYUAETCS, ITO
BEPOSITHOCTD ITPHEMa, OIINO0YHOTO 6UTa paBHA ¢° + 3pg?.

[Tpumep. Ilpennonoxum ¢ = 0.1. Torma BepoOSITHOCTL OIIMOKM ITPU TIe-
penauu omHoro buta — 0.028, T.e. 3TOT KOI CHIKAET BEPOSITHOCTH OMTUOKNI
¢ 10% mo 2.8%. Ilomo6ubiM 06pa3oM opraHn30BaHHASL IIEpemada, ¢ IS TUKPAT-
HBIM IIOBTOPEHUEM JIaCT BEPOSITHOCTH OMIMOKU Ha OUT

¢ + 5pg* + 10p¢® = 0.00856 = 0.856%,

T.e. meree 1%. B pesyabTare BepOSTHOCTL NMpaBUIILHON IEepemadn CTPO-
kn mmmEoi 10 Bospacter ¢ 0.910 ~ 35% mo 0.9721° ~ 75% mpu TpoitEbIX
nosTopernax u 10 0.991441° ~ 92% npu maTEKpPaTHLIX TOBTOPEHUSX.
TpoitHoe moBTOpEHME OOecIeunBaeT WCIIPABJIEHUE OTHOW OINMOKW B
KaXXIOW TO3UIINHU 33 CUET TPEXKPATHOTO YBEINIYEHUS BPEMEHU TEPEIaTN.
Pacemorpmm (2048, 2313)-kom, nCHOIB3YEMBIil IPY 3aIIICH TaHHBIX HA
MarauTodoHHy0 JIeHTy KommbioTepamu Apple II. K kaxnomy GaiTy mc-
XOMHBIX TAHHBIX TpUOABIIeTCs OUT UeTHOCTH W, KPOME TOTO, IOCIIe KakK-
IIBIX TAKUX PACIITPEHHBIX OMTOM YeTHOCTHU 256 6alT MmoOaBIIIETCS CITEIN-
AJILHBIN 6alT, TAKXKe PACIIIPEHHLIA OUTOM YETHOCTH. JTOT CIEHUAJILHLIN
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6ailT, KOTOPBI HA3BIBAIOT KOHMPOAbHOU cymmot (check sum), ecTb pe-
3yAbTAT MPUMEHEHUS MOPA3PSIHON JIOTMYECKON OePaIlnil “UCKJIIOUAOIIee
NJIN” (XOR) k 256 mpeminecTByOMIM PACIIIMPEHHBIM 6afiTaM. DTOT KOI
crocobeH KaK OOHApPYXWBaTh OMIMOKN HEYETHONW KPATHOCTHU B KaXXIOOM U3
OTHEJIBHBIX 0alTOB, TaK U MCIPABIISATH OO 8 OMMOOK B OJIoKe miImHON 256
banT. Mcnpapnernne ommbOOK OCHOBAHO Ha TOM, YTO €CJIM B OOHOM 13 OUT
onHOro m3 6amuT 256 GaitToBOTO OJI0KA IIPOM30IIeT cOOM, OOHADYKUBAEMbII
MIPOBEPKON YETHOCTHU, TO 3TOT K€ COOU MPOSIBUTCS U B TOM, UYTO PE3yIbTAT
oneparuu “uckirodatoriree NJIN” mam BceMu COOTBETCTBYIOIIUMU OUTAMU
6710ka He OymeT COOTBETCTBOBATH COOTBETCTBYIOIIEMY OUTY KOHTPOJILHON
cymMbl. COOMHBIN OUT OMHO3HAYHO OMPENeIsIeTCsl IepecedeHrneM COOMHBIX
KOJIOHKU OaliTa M CTPOKU OmTa KOHTPOJIbHOU cyMMbI. Ha puc. 15 m3obpa-
JKeHa CXeMa yJacTKa JIEHTHI, COOepKaIlleTo POBHO 9 ommbOK B MO3UIMSAX,
0003HAUYEHHBIX D1, P2, ..., P9. PacCIIUpeHHBIH OAWT KOHTPOJIBHON CyMMBI
obozuauen CS, a 6ut mapurera (B manHoM cirydae yetHoctu) — PB (parity
bit). Ommbka B mo3unuu p; MoxkeT GbITH ucnpasiieHa. OUIMOKY B TO3UIISIX
D4, P5, P6, P7 MOXKHO OOHAPYKUTH, HO He UCHPABUTH. OIMUOKYM B TO3UITUAX
P2, P3, Ps, P9 HEBO3MOXKHO JTaxKe OOHAPYKUTh.

1 2 3 4 5 6 256 CS 1
O 2 S i
2(p2r o |
s par o
R U
sl s L r o ipe|
R
B < B )
I
pPs: T Tipgi [

Puc. 15

[IpuBenennbie pamee TPUMEPHI MPOCTEUINNX KOMNOB MPUHAMIEKAT K
Kjtaccy 6.uounbir. 1lo onmpenenenuio, OIOYHBIN KO 3aMEHSET KaXXObIN OJIOK
13 M CUMBOJIOB 60jiee MNIMHHBIM OJI0KOM 13 1 cuMBOJIOB. CrienoBaTenbHO,
(m,n)-komsl sBistoTCS G0uHbIME. CYIIECTBYIOT TakkKe dpe606udnble U
nocaedosamenbHbie K00bl, B KOTOPBIX 3HAUYEHUE OYEPEIHOTO CUMBOJIA 3aBU-
CAT OT BCEro IPEeNIIecTBYIONIEro dparmMenTa coobinenus. PaboTa ¢ npesBo-
BUIHBIM ITYMO3AIIUTHBIM KOIOM HMeeT CXONCTBO ¢ paboToil ¢ apudmMeTu-
TEeCKUM KOIIOM IJIsl CXKaTUS MHPOPMAIIUN.

Pacecmosanuem (Xommunea) mexncdy 060UUHbIMY CA080MU TITAHBL 1 HA-
3BIBAETCSI KOJIMIECTBO MO3UINN, B KOTOPBHIX 5THU CJIOBA PA3INUAIOTCSI. DTO
OITHO U3 KJIIOUEBBIX MOHSITUN Teopuu KomumpoBaHus. Eciu 0603HAUYUTDH TBO-
MYHBIE CJIOBA KaK @ = @1 ...a, 1 b= b1 ...b,, TO paccTossHUE MEXIYy HIMUI
o6o3raaaercs d(a,b).
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Becom dsouunozo caosa a = ai ...0an HA3BIBACTCA KOJINMYCCTBO COMHIIIL

B Hem. O6oznadenne w(a). Moxno ckazaTs, ato w(a) =Y . | a;.

[Tpumep. [Iycts a = 1001 u b = 0011, Torma w(a) = w(b) = 2, d(a,b) =

Ianee onepanus + Mpu IPUMEHEHUN K OBOMYHBIM CJIOBaM OymeT O3Ha-

YaTh [OPA3PsIHOE CIIOXKEHUE 6e3 MEePeHOCa, T.e. CIIOXKEHUE II0 MOIYIII0 2
mm “unckmouatornee UJIN” (XOR).

PaccrosiHue Mexmy NBOMYHBIME CIIOBAMU @ 1 b DABHO BECy UX MOPas3-
psimHO# cyMMBL, T.e. d(a,b) = w(a + b).

Ecnu aga cnoea pasnuuatoTca B Kakom-nnbo paspsge, To 3To A0baBnT eanHuLy
K BECY MX MOPa3psaaHON CyMMbI.

CnemoBaTenbHO, ecmu ¢ U b — cJI0Ba IJIUHBL 71, TO BEPOSITHOCTH TOTO,
YTO CJIOBO @ OyIIeT IPUHSATO Kak b, paBHA pr—d(a.b) gd(ab),

Hapuwmep, BeposTHOCTBH TOTO, uTO c/1oBO 1011 6ymeT mpuusTo kak 0011,
paBHa p3q.

7151 BO3MOXKHOCTH OOHAPYKEHUSI OIITNOKY B OMHON MO3UITNY MUHUMAJTb-
HOE PACCTOSHIE MEXKIY CJIOBAMU KOMa MOJIXKHO ObITH OOmbIIM 1.

NHaue owmnbka B 0AHOM NO3MUMM CMOXKET NPEBPAaTUTb OLHO KOAOBOE CJIOBO B
ApYroe, 4TO He AaCT ee ObHapPYXXUTb.

s Toro, 9TOOBI KO MaBaJjl BO3MOXKHOCTb OOHAPYKUBATH BCE OITIOKMT
KPaTHOCTH, He OoJbIiei k, HeoOXOMUMO 1 JOCTATOYHO, YTOOLI HAMMEHbIIIee
paccTosiHe MEXIy ero cioBamu Ob110 k + 1.

JocTaToOUHOCTL [0Ka3bIBAETCA KOHCTPYKTUBHO: €C/M YC/IOBUE YTBEPXKAEHMA
BbiNONIHeHO Ha F/, To B KauecTse aekoampytowen dyHkumn [ cnepyeT B3aTb yHK-
umio, coobuatoutyto ob owmnbke, ecnu AEKOAMPYEMOE COBO OTJIMUaeTCsA OT Jitoboro
n3 cnoe u3 obpasza F/. HeobxoammocTb AokasbiBaeTCA OT MPOTUBHOMO: €CIN MUHM-
ManbHoe paccTosiHne k' < k + 1, To owmnbka B k' nosuumsx cmoxeT npeBpaTUTb
OAHO KOAOBOE CJIOBO B ApPYroe.

Ins Taxoro Kkoma BEpPOSTHOCTH TOTO, YTO OIITUOKU B COOOITIEHUU OCTa-
HYyTCsI HeOOHAPYKEHHBIMU, PABHA

n
i, n—i 1 _ ok+1 _n—k—1 _k+1 n—1,_ n—1 N
> Cip" i =CFp R & A
i=k+1
~ [IpW MaJIBIX ¢ W He CIIMITKOM MajleHbKUX k] ~ CF+tipn=Fk-lgk+l

s Toro 4To6BI KOMm maBajl BO3MOXKHOCTBH HCIHPABJIATH BCE OIIMOKU
KPaTHOCTH, He 60JbIell K, HeOOXOMUMO U JOCTATOYHO, YTOOBI HAMMEHBIIIEe
paccTosiHIEe MEeXIy ero cioBamu Obrio 2k + 1.
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,D.OCTaTO‘-IHOCTb AOKa3bIBa€TCA KOHCTPYKTUBHO: €CNin YCJIOBUE YTBEPXACHUA
BbINOSIHEHO Ha F/, To B KauecTee aekoampytowen dyHkumn I cnepyeT B3aTb yHK-
uMIo, BO3BpaLLaloLLyto bnanxanliee K AekoanpyeMomy crioeo u3 obpasa F. Heobxo-
AUMOCTb A0Ka3biBa€TCA OT NPOTUBHOIO. rlyCTb pPacCTOoAHNE MeXay Bb|6paHHb|M|/|
cnoeamn B Koae pasHo 2k. Torpa ecnu npu nepeaaye KaXkaoro M3 3TUX CJIOB Cy-
UYNTCA k OLL|V|6OK, KOTOpPbIE USMEHAT 6V|Tb|, B KOTOPbIX pPa3/inyatoTCA 3TU CJIOBa, TO
NMPUEMHUK NONYUYUT ABa UACHTUYHbIX COO6LLI,EHI/IFI, UYTO CBNAOETENBCTBYET O TOM, UTO
B AAHHON CUTyauuu ucnpasneHune k owmnbok HesozmoxHo. CnenosaTenbHO, MUHM-
MasIbHOE PacCTOSHUE MEXAY CNOBAaMMW KOAA AOSKHO bbiTb 66abwmnm 2k.

[Tpumep. Pacemorpum (1, 3)-xom, cocrosumit w3 E, 3anatorteit oroGpa-
xenme 0 — 000 m 1 — 111, u D, 3amarorrenn orobpaxeunue 000 — 0,001 —
0,010 — 0,011 — 1,100 — 0,101 — 1,110 — 1,111 — 1. Dot kom (C
TPOMHBIM MOBTOPEHUEM ) UCIIPABIISET OMINOKYU B OMHON MO3UINY, T.K. MUHU-
MaJILHOE PACCTOSHIE MEXIY CJIOBAME KOIa PaBHO 3.

Ecnu xom mcnpapiiseT Bce OMIMOKW KPATHOCTH K W MEHBIIEH, TO Be-
pOSITHOCTb O]_T_II/I60‘IHOI‘O IIpreMa, CJI0OBa, MJINHBI 77 OYEBUIHO HE ITPEBOCXOIUT

. 41 Cilp"~'q'. BepoaTHOCTb MPaBWILHOTO TPHEMa B TOM CiIyduae He
MEHbIIIe, UeM

[lepenauy maHHBIX YacTO yHOOHO pacCMATPUBATH CIEAYIOITUM OOpa-
3oM. IlycTs mcxomuoe coobitieHue a = aj . . . 4y, Koogupyercs dyHKIuen F B
KOIoOBOe cJIoBO b = by ... b,. Kanan cBs3u nmpu nepenade noOaBiseT K HEMY
dyakumenn T' cmpory owubox € = e ...€e, TaK, YTO NPUEMHUK MOJTyIaET
coobIeHne 1 = 11...7,, voe r; = b; + €; (1 < i < n). Cucrema, ucupas-
JISTFOITIAST OIINOKY, TIEPEBOMUT T B HEKOTOPOe (0OBITHO GiimKaiiiee) KOIOBOE
cioBo. CucTema, TOJIBKO OOHAPY KUBAIOIIIAsI OIITNOKY, JTUIIL TTPOBEPSIET, SB-
JISIETCSI JIU TIPUHSITOE CJIOBO KOMOBBIM, I CUTHAJIM3UPYET O HAJIUIUU OIIUOKH,
€CJIN 9TO He TaK.

[Ipumep. IlycTs mepenaBaemoe cinoBo a = 01 komupyeTcs: ciioBoM b =
0110, a crpoka ommbok — e = 0010. Torma 6ynmeT TpWHSATO CJIOBO I =
0100. Cucrema, mcupasnasioinas ommubku, mepesemeT ero B 0110 u 3aTem
BOCCTAHOBUT nepenanHoe cjioBo 01.

Ecmu cuctema Tombko oOHapyX)mBaeT OMIMOKM U PACCTOSHUE MEXKIY
JTFOOBIMU KONOBBIMU CJIOBaMu k > 2, TO jro0as CTPOKa OIMUOOK € C emH-
CTBEHHOW €OUHUIIEH TpuUBeNeT K CJIOBY r = b + e, KOTOpOe He SIBIISETCS
KOIIOBBIM.

[Tpumep. Pacemorpum (2, 3)-kom ¢ mpoBepkoit 1eTHOCTU. MHOXKECTBO
konoBeix cioB — {000,011,101,110}. Hu omgra u3 crpok ommubok 001, 010,
100, 111 me mepeBOOUT OMHO KOMOBOE CJIOBO B npyroe. [losToMmy omHOKpaTHAS
1 TpOUHAas OMINOKM MOT'YT OBITH OOHApPYKEHHI.
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[Tpumep. Cremyrommmit (2, 5)-kom oGHAPYKUBaET [IBE OIINOKMU:
a1 = 00 — 00000 = bl, ao = 01 — 01011 = bg,

as = 10 — 10101 = b3, ag =11 — 11110 = by.

OTOT XKe Ko CHOCOOEH MCIPABIATH OMHOKPATHYIO OIINOKY, IIOTOMY HYTO
M06bIe IBa KOMOBBLIX CJIOBA OTJIMYAIOTCS [0 MEHBIEH Mepe B TPeX I03H-
nusx. U3 toro, aro d(b;,b;) > 3 mpu ¢ # j, cremyer, 9TO ONHOKpATHAS
omubKa MPUBEIET K IPUEMY CJI0Ba, KOTOPOe HAXOMUTCS Ha PacCTOSHAU 1
OT KOIIOBOTO CJIOBa, KOTOpOe ObLIO mepemano. IlosTomy cxema HEKOIMpPOBa-
HUS, COCTOAINAs B TOM, YTO MPUHSITOE CJIOBO MEPEBONUTCI B OmKaiiiiee
K HEMYy KOIOBOe, OyIeT MCIPAB/IATHL OMHOKPATHYIO OmmbOKy. B mBomasOM
CUMMETPUYHOM KaHaJje BEPOSATHOCTDL NMPABUJILHON MEpemadn OMHOTO 6JI0Ka
6ymeT He MeHbIIe deM p° + 5piq.

Ycranosneno [20], auto B (n — r,m)-Kome, MUHUMAJILHOE PACCTOSHIE
MeXy KONOBBIME CJIOBaMM KOTOporo 2k + 1, wmcma n, 7 (4ucio momos-
HUTEIbHBIX Pa3PSIOB B KONOBBIX CJIOBaX) U Kk HOJKHBI COOTBETCTBOBATH
HEPABEHCTBY

r>logy(CF+CE ... 4 CL +1),

HA3BIBAEMOMY HEPABEHCMBOM WU Hudchel 2paruyet Xommumnea. Kpome
TOTO, €C/TU YUCIa N, r 1 kK COOTBETCTBYIOT HEPABEHCTBY

r>logy(CM 4+ C2F 24+ CL_y + 1),

HA3LIBAEMOMY HEPABEHCMEoM WIN eeprHeti epanuyeti Bapwamosa-Iuav-
6epma, TO CyIIECTBYeT (1 — T,M)-KOM, MCIPABIISIOIINN BCE OMINOKU Beca
k u menee [20).

Huxnsa rpanuna 3amaeT HeOOXOOMMOE YCIOBUE IJIS IIOMEXO3AILITHOTO
KOI& C 3aJaHHLIMU XapaKTEPUCTUKAMMI, T.€. JIFOOOI TAKON KO IOJIKEH €My
COOTBETCTBOBATH, HO HE BCErIla MOXKHO IOCTPOUTHL KOI IO MOMOOPAHHLIM,
YIOBJIETBOPSIOIIAM YCIOBUIO XapaKTePUCTUKaM. BepxXHssa IpaHna 3a0aeT
IOCTATOYHOE YCJIOBUE MJIS CYIIECTBOBAHMA IIOMEXO3AILITHOIO KOMIA, C 3a1aH-
HBEIMI XaPAKTEPUCTUKAMI, T.e€. IO JIOOBIM IONOOPAHHEIM, yIOBJICTBOPSIIO-
IIIM YCIIOBHIO XapAKTEPUCTUKAM MOXKHO IOCTPOUTH UM COOTBETCTBY IO
KO,

» YupaxHeHnue 36

Nmeercs (8,9)-Kom ¢ MpoOBEPKOIl Y€THOCTH. BBIYNCINTE BEPOSITHOCTD TOTO,
UTO B CJIydae OMIMOKM 3TOT KOI ee He OOHAPYXKUT, €CJI BEPOSITHOCTD OITHO-
KU IIPU Iepemade Kaxaoro 6ura pasua 1%. BorancanTs Takxke BepOoITHOCTD
oImubOYHO epenayn 6e3 UCIoIb3oBanus Kona. CaenaTh aHAJIOTMYHBIE Pac-
YeThI MJIs CJIy4asi, KOTOa BEPOSTHOCTDH OIIUOKU B MECITHh pa3 MEHBIIIE.
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» Yunpaxuenue 37

BorancmuTh MUHIMAIBHYIO 1 MAKCAMAJIBHYIO OIEHKHU KOJIMYECTBA IOIOJI-
HUATEIbHBIX PA3PsIIOB 1 IS KOOOBBIX CJIOB IJIUHBI N, €Cju TpebyeTcs, ITo-
Obl MUHIMAJILHOE PACCTOSHIE MeXIy HuMmu Ob1io d. PaccMoTpeTs citydan
n=32,d=3un=23,d="1.

22. MaTpuyHoe KoaupoBaHUE

Panee xaxxnmas cxema KOMUPOBAHUS OIMMCHIBAJIACH TAOJUIIAMU, 3a0aF0-
IIIIMY KOJIOBOE CJIOBO MJIMHBI N MJIS KaXKOOTO MCXOMHOTO CJIOBA IJIWHBI M.
s 6710Kk0B OOBINION JIMHBI 5TOT CIIOCOO TpebyeT OOJIBIIIOro 0bbeMa Ia-
MATH 1 To3TOMy HempakTuueH. Hampuwmep, st (16, 33)-kona morpeGyercst
33 x 216 = 2162 688 6ur.

I'opasmo Menblllero ob6beMa MaMsATH TPEOyeT MampuuHoe Koouposa-
nue. IlycTts B/ MaTpuia pasMepHOCTH 1M X 1, COCTOSIIIAs U3 3JIEMEHTOB €;;,
rme ¢ — 9TO HOMEpP CTPOKHU, & j — HOMep cToJiOna. KaxXoulil u3 371eMEeHTOB
MaTPUIBI €;; MOxkeT ObITh aub0 0, mubo 1. Konuposanue peanusyeTcs ore-
panueii b = al nnm b; = ajeq; + azeg; + -+ + A€y, TOE KONOBLIE CIIOBA
paccMaTpPUBAIOTCSA KaK BEKTOPBI-CTPOKH, T.€ KaK MaTPUIILI pa3mepa 1 X n.

[Ipumep. PaccmoTpuMm cnemyroriryio 3 X 6-MaTpuiry:

E =

SO =
o~ O
— o O
— O
— = =
— = O

Torna xommpoBanme 3amaercs TakuMu oTobpaxenusmu: 000 — 000000,
001 — 001111, 010 — 010011, 011 — 011100, 100 — 100110, 101 —
101001, 110 — 110101, 111 — 111010.

PaccMmoTpenHBITT TpuMeEp MOKa3LIBAET MTPEUMYIIIECTBA MATPUIHOTO KO-
MUPOBAHUS: MOCTATOYHO 3AIIOMHUTD 17 KOMOBBIX CJIOB BMECTO 2" CJIOB. 9TO
obrmit pakKT.

Konupopanme He NOMKHO TPUIKUCHIBATH OMHO U TO YK€ KOIOBOE CIIOBO
Pa3HBIM UCXOMHBIM coobrrieHusM. [IpocToit crocob mobuThCs 3TOT0 COCTOUT
B TOM, 4TOOBI 1M CTOJIONOB (B MPENBIIYIIEM IPIMepPe — MePBBIX) MATPUIILI
E obpazoBbBaiu enuHUYIHY0 MaTpuity. Ilpn ymMHOXEHUU 1I060TO BEKTOPA,
Ha eITHIIHYIO MATPUILY MOJIYIAETCSI DTOT XK€ CAMBIN BEKTOP, CIIEIOBATE b
HO, Pa3HBIM BEKTOPAM-COOOITIEHUSIM OYIIyT COOTBETCTBOBATDH Pa3HbIE BEKTO-
pa CUCTEMATUIECKOTO KOIA.

MaTpudHble KOObI HA3BLIBAIOT TAKXKe AUHEUHbIMU Kodamu. s muHe-
HBIX (72 —17, M )-KOIOB C MUHIMAJIBLHBIM PACCTOSHIEM XOMMUHTA d CYyIIIECTBY-
eT nuscnag epanuya Ilaomruna (Plotkin) [14] mis MuUHUMAIBHOTO KOJTIIe-
CTBa KOHTPOJIBLHBIX Pa3psmoB r mpu n > 2d — 1,

r > 2d—2 —log,d.
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» Yunpaxuenue 38

BorarcnuTh MUHUMAIIBHYIO OHEHKY 1O [IJOTKWHY KOMudyecTBa MMOMOTHU-
TEJILHBIX PA3PSIIOB I TSI KOMOBBIX CJIOB MaTPUYIHOTO KOMa, eciiu TpebyeTcs,
YTOOBI MUHUMAJIBHOE PACCTOSHIE MeXKIy HuMu Ob110 d. PaccMoTpeTs ciy-
Yam U3 MPENbIIYINero YIpaKHeHUs.

23. I'pynmoBbie KOObI

MHO0KeCTBO BCeX NBOUUHBIX CJIOB @ = a1 . . . O, IJTAHBI M 0Opa3yeT abe-
7eBy (KOMMYTATHUBHYO) TPYIITY OTHOCUTEIBLHO MOPA3PSIHOTO CIIOXKEHUS.

[Iycte E — xomumpyrtomias m X n-MaTpuila, y KOTOPOU e€CTb M X M-
TOMMAaTPHUIIA C OTJIUMIHBIM OT HYJIS OIpeneIuTeIeM, HalpUMep, eIuHTIHAS.
Tornma orobpaxkenne a — aF mepeBOOUT TPYHIITY BCEX MBOUYHBIX CJIOB IJTH-
HBI M B TPYIIY KOMOBBIX CJIOB IIJIUHBI 7.

Mpeanonoxum, yTo @ = @Ay ...0y, = a' +a”’. Torsaanab="0,---b, = aF,
b =dE, V' =d'FE, nonyuaem

bj = aie1j + agezj + -+ amem; =

= (a} + ab)er; + (ah + a3)ea; + -+ + (a,, +al)em; = b;- + b;'/a

T.e. b = bV + V. CneposaTensHo, B3auMHO-OHO3HAUHOE OTOBpa)keHWe rpynmbi
LBOMUHBIX CJIOB AJIMHbLI 770 MPU NMOMOLUM 3aAaHHON MaTpuubl [V coxpansieT ceoncTea
rPynnoBoOM onepaLun, 4TO O3HAYaeT, YTO KOLOBbIe CJIOBA 0bpasytoT rpynny.

Biounbiii Kom HA3BIBAETCS 2PYNNO6biM, €CII €TO KOIOBBIE CJI0Ba oOpa-
3yIOT TPYIIIY.

Ecmu xon sBiisieTcss TpynmoBbIM, TO HANMEHBIIIEE PACCTOSHUE MEXKITY
IIBYMsI KOIIOBBIMU CJIOBAMU PABHO HAMMEHBIIIEMY BECy HEHYJIEBOTO CJIOBA.

OT0 cnepyeT us cootHowenus d(b;,b;) = w(b; + b;).

B mpenpimymniem mpuMepe HaMMEHBINUNA BEC HEHYJIEBOI'O CIIOBA PaBEH
3. CremoBaTebHO, STOT KO CIIOCOOEH MCHPABISITH OMHOKPATHYIO OITUOKY
nn OOHAPYKUBATH OMHOKPATHYIO U OBOWHYIO.

[Ipu mcnonb3oBaHWU T'PYMIIIOBOIO KOMIA HE3AMEUYEHHBIMU OCTAIOTCS Te
I TOJBKO T€ OIMUOKM, KOTOPhIE OTBEYAIOT CTPOKAM OIINOOK, B TOYHOCTH
PaBHBIM KOOOBBIM CJIOBAM.

Takue cTpokn oWMBOK NEpPEeBOAAT OAHO KOAOBOE CJIOBO B LPYroe.

CrenoBaTenbHO, BEPOSITHOCTH TOTO, YTO OIMINOKa OCTAHETCS HEOOHAPY-
JKEHHOI, paBHA CyMMe BEPOSITHOCTEN BCEX CTPOK OIMOOK, PABHBIX KOMOBBIM
CITOBaM.

B paccMOTpeHHOM IIpIMepPe BEPOSTHOCTE OmmOKy pasHa 4p3q> + 3p2q.

PaccmoTpuMm 3amauy onTuMu3anum NeKOOUPOBAHUS I'PYIIIIOBOTO KOMA C
ITBOMYHON MaTpurenn konupoBanus F. TpebyeTcss MUHUMU3UPOBATH BEPO-
saTHOCTB TOrO, uTo D(T(aF)) # a.

o8



CxeMa meKOOUPOBAHUS COCTOUT 13 TPyHnbl (G BCEX CJIOB, KOTOPBIE MO-
ryT ObiTh npuHATH (#G = 2"). Tak kax komoBble cjioBa B 06pa3yoT HOp-
MaJIbHYIO (HOPMAJILHOCTH CilemyeT u3 KomMmyTaTusHocTu () monrpynmy G,
TO MHOXKeCTBY (G MOXKHO IIPUOATH CTPYKTYPY TaOIUIb: OyoeM 3aliChIBATh
B OIIHY CTPOKY Te€ dJIeMeHTHI (G, KOTOPBIE SIBJISIOTCS WIEHAME OIHOTO CMEXK-
mHoro kiacca G mo B. IlepBas cTpoka, COOTBETCTBYIOIIIAs HYJIEBOMY CJIOBY
u3 (G, 6ymeT TOrma BCEMU KONOBBIME cjioBaMu u3 B, T.e. by, b1, ..., bom_1.
B o6rtiem ciryuae, ecnu g; € G, TO CTpOKa, comepikarias ¢; (CMeXHBIN KITace
g;B) mmeer Bun by + g;, b1 + giy ..., bam_1 + g;.

JIudepom Kaxxmoro n3 TaKUX IMOCTPOEHHBIX CMEXKHBIX KJIACCOB Ha3LIBA-
eTCsI CJIOBO MUHUMAJILHOTO BeECa.

Kaxnwriit snemenT g u3 (G OOHO3HAYHO MPEOCTABISIETCS B BUAOE CYMMBI
gi+b;, roe g; € G — aumep COOTBETCTBYIOIIETO CMEXKHOTO Kiacca n b; € B.

MHOXECTBO KNIAaCCOB CMEXHOCTW Fpynnbl obpasyloT dakTop-rpynny, KoTo-
pas ecTb (akToOp-MHOXecTBO MHOXecTBa (7 MO OTHOLUEHUIO 3KBUBANEHTHOCTMU-
NPUHALNEXXHOCTU K OAHOMY CMEXHOMY KflacCy, a 3TO O3HAUaeT, YTO MHOXECTEa,
cocTasasoLme 3T0 hakTOP-MHOXKECTBO, obpasytoT pazbuerune G. OTcrona cneayeT,
UTO CTPOKM NOCTPOEHHON Tabnuupbl nonapHo nubo He nepecekatroTcs, NMbo coenana-
oT.

Ecnu B paccmaTpuBaeMori Tabiauile B IIEPBOM CTOJIONE 3alKUCaTh JIAOE-
PBI, TO TMOJIy4YeHHAas TaO/InIla Ha3bIBaeTCsa mabauyeti dexoduposanug. Oua
uMeeT BUII:

bo b1 bo bom _1
g1 g1+ b g1+ b2 g1+ bam_4
gon-m_1 gan-m_1+b1 gogn-m_ 1 +by - Gon—m_1 + bam_1.

To, uro cTpok Gymer 2"~ ™ crmemyer u3 Teopemsl Jlarpamxa [1], T.x. 2"~ ™
— 5710 nopsinok bakrop-rpynnsl G/B (#(G/B) = #(G)/#(B), #B = 2™).

HexonupoBaHue cjioBa g = b; + g; COCTOUT B BEIOOPE KOIOBOT'O CJI0BA b
B KQUeCTBE MEPENAHHOIO ¥ IOCJIEMYIOIEM IIPUMEHEHNN OIEPAIn, 0O6paT-
HOll yMHOXeHmo Ha F. Takasa cxema IeKOOUpPOBaHUSA CMOXKET UCIPABIIATH
OITIOKM.

s (3,6)-koma u3 paccMaTpUBAEMOro IpuMepa TabiIuia IeKOIUPOBa-
HUsl OyOeT CIIeayIoIIen:

000000 100110 010011 110101 001111 101001 011100 111010
100000 000110 110011 010101 101111 001001 111100 011010
010000 110110 000011 100101 011111 011001 001100 101010
001000 101110 011011 111101 000111 100001 010100 110010
000100 100010 010111 110001 001011 101101 011000 111110
000010 100100 010001 110111 001101 101011 011110 111000
000001 100111 010010 110100 001110 101000 011101 111011
000101 100011 010110 110000 001010 101100 011001 111111.
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[lepBas cTpoka B HEL — 3TO CTPOKa KOMOBBLIX CJIOB, & IMEPBBIA CTOIIOEI] —
ATO JIUIEPHI.

Yr1o6bl mekonupoBaTh €I0BO b; + e, clemyeT OTBICKAThb €ro B TabIuIle
7 BBIOpaTh B KaUeCTBe IEPENAHHOIO CJIOBO B TOM K€ CTOJIOIEe U B IEPBON
CTPOKE.

Hampuwmep, eciau npusasTo cioBo 110011 (2-s crpoka, 3-it cromberr Ta-
GIIUIBL ), TO CIUTAETCS, 9TO ObLTO TTepenano csioBo 010011; anamoruyasno, ecan
npuasITo ctoBo 100101 (3-s cTpoka, 4-it cTombernr TabIuib), mepeqaHHbIM
cuutaetcs cioro 110101, u T. 1.

['pynmoBoe xommpoBaHUE CO CXEMOW MEKOMMPOBAHUS ITOCPENCTBOM JIN-
TIEPOB UCIIPABIIIET BCE OMIMOKM, CTPOKIA KOTOPBIX COBIAIAIOT C JIUIIEPAMU.
CrenoBaTebHO, BEPOSATHOCTH IPABUILHOTO MNEKOMMPOBAHUS TEPEIAHHOTO
[0 OBOMYHOMY CAMMETPUIHOMY KaHAIIy KOOa pPaBHA CyMMe BEePOSTHOCTEN
BCEX JINNIEPOB, BKJIIOYas HYJIEBOU.

B paccmoTpenHOM cxeMe BepOITHOCTH TPABUIBHON ITepenadn cjaoBa 0y-
ner p® + 6p°q + p'q®.

Konosoe cnoBo mroboro cronbra TabIUIBI OEKOMUPOBAHUS SIBIISETCS
ONMMAKANIIIUM KOOOBBIM CJIOBOM KO BCEM ITPOYUMM CJIOBAM HAHHOTO CTOJIOIIA.

MycTb nepenaHHoe cnoso b; npunaTo kak b; + e, d(b;,b; + €) = w(e), T.e.
3TO pacCcTOsiHME PAaBHO BECY COOTBETCTBYloWero nuaepa. Pacctosuue ot b; + e no
noboro Apyroro KoAoOBOro CfoBa bj PaBHO BeCy MX NOPa3psaAHON CyMMbI, T.e€.

d(bj, b; + 6) = w(bj + b; + 6) = d(b] + bi,e) = d(bk, 6) = w(bk + 6) > w(e),

T.K. € — Nnaep CMEXHOrO KJlacCa, K KOTOPOMY NpuHaanexaT Kak by + e, Tak u
bz‘ + e.
Iloka3aHo, Ipu cxeMe MTeKOOWPOBAHUS JIUOCPAME IO MOJIYUYEHHOMY CJIO-

By OepeTcs Omkaiiliiee K HEMY KOIIOBOE.
» YupaxHeHnue 39
1 0 0 1
1 01 01
s xonupytorrux matpun Fp = [0 11 1 O]’ Ea2=10 1 0 1
0O 0 1 0
1. IocTpouTs coorBeTcTBeHHO (2,5)-K0m 1 (3, 4)-KOm.

2. OnmcaThb OCHOBHBIE XaPAKTEPUCTUKU TOJIYIEHHBIX KOOOB: MUHUMAJIb-

HO€ PacCTOSIHUE MEXOY CIIOBAaMU; BEPOSITHOCTH HEOOHAPYKEHUS OIIN0-

KI1; MaKCIMAaJIbHYIO KPATHOCTBH OIIMOOK, MO KOTOPOW BKIIOUUTEITHHO

OHU BCE UCIIPABIISIOTCS UIN OOHAPYKUBAIOTCH.

[TocTpouTs TabIUIBI NEKOOUPOBAHUSI.

4. YTOUHUTH XapaKTEPUCTUKU TOJYUEHHBIX KOIOB, IIPU KCIIOJIHE30BAHUL
UX OJIs8 UCHpaBjieHUs OITUOOK, T.€. HAT! BEPOSTHOCTH HPABUILHON
Tepenadyy u ONUCATh OITMOKY, MCIIPABIIEMbIE STUME KOIAMM.

5. Bo uto 6ynyT mexomupoanb! cioa: 10001, 01110, 10101, 1001, 0110,

11017

oo
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24. CoBepllleHHbIE I KBAa3MCOBEPIIIEHHbIE KOOI

['pymnmosoit (1, 1)-Kom, NCIPaBIIAIONINN BCe OIIMOKN Beca, He GOIIBIIEro
k, 1 HUKAKUX OPYTUX, HA3BIBACTCS COBEPULEHHbIM.

CpolicTBa COBEpIIEHHOrO Koma [1]:

1. lnst coBepitieHHOTO (1M, N)-KOma, UCIPABIISIONIEr0 BCe OINOKY Beca,

He OOJIBIIIEro k, BBINOJHSAETCS COOTHOIICHUE Z,’;:O C! = 2"~™_ Bepuo u
00paTHOE yTBEPXKIEHUE;

2. CoBepIIeHHBIN KO, UCIIPABIISIONININ BCe OMINOKU Beca, He OOJIBIIIETO
k, B cTonbax TabInIIbl EKOOUPOBAHUS COMEPXKUT BCE CIIOBA, OTCTOSIIIAE OT
KOMOBBIX Ha PaccTOsHUM, He 6osbineM k. BepHo m o6paTHOE yTBEPKICHUE;

3. Tabnuua mekommpoBaHUsS COBEPIIIEHHOTO KOMa, MCIIPABJISIONIETO BCE
ombkm B He 60s1ee ueM k TO3UIUSIX, UMeEeT B Ka4eCTBE JIUIEPOB BCE CTPOKH,
comepxkaiiue He Oostee k equaui. BepHo m o6paTHOE yTBEpXKICHUE.

CoBeplIIeHHBIN KOI — 3TO JIYUIINA KOI, 00eCIeunBAIOIINA MAKCAMYM
MIHIMAaJIBHOTO PACCTOSHUS MEXKIY KOOOBBIMU CJIOBAMU TP MIHUMYME JTU-
HBI KOOOBBIX CJI0B. COBEPIIEHHBIN KO JIETKO OEKOOUPOBATE: KAXKIOMY IOJIY-
YEeHHOMY CJIOBY OMHO3HAYHO CTABUTCS B COOTBETCTBUE OJIMKalIIIee KOOOBOE.
Yucenm,nuk (1 <k < ”T_l), VIIOBJIETBOPSIIOIINX YCJIOBUIO COBEPIIIEHHO-
CcTHU Koma oueHb MaJio. Ho u mpu momobpasHbIX m, n U k COBEPIIEHHBIR KO
MOXKHO TTOCTPOUTH TOJIBKO B MCKJTIOUNTEIbHBIX CIIyYasX.

Ecau m, n u k He yooBIETBOPSIOT YCIOBHUIO COBEPIIIEHHOCTH, TO JIyU-
I TPYTIHOBOU KO, KOTOPBIA UM COOTBETCTBYET HA3BIBACTCS KEA3UCOBED-
WenHbiM, €CIII OH MCIPABIsSeT BCe OIIMOKM KPATHOCTHU, He Oojblien k, u
HEKOTOpBIe OImmbku KpaTHocTu k + 1. KBa3sucoBepIIIeHHBIX KOIOB TaKkKe
OYEeHBb MaJIo.

HBowaHbIil 6I0UHBIA (11, N )-KOI HA3BIBAETCS ONMUMAALHIM, €CIIH OH
MUHIMUI3UPYET BEPOSTHOCTH OMIMOOIHOTO mekomupoBaHusi. COBepPITeHHbIN
TN KBa3UCOBEPIIIEHHBI Kom — onTuMasieH. OOImit crmocob MOCTPOeHUs
ONTUMAJILHBIX KOIIOB TTOKA HEM3BECTEH.

s 1106070 1Ie0T0 TTOIOKUTETHLHOTO YUCIa T CYIIIECTBYET COBEPIIIEH-
HBIA (1M, N)-KOII, UCIPABIISIONINI ONHY OIINOKY, HA3BIBAEMBIN K0JdoM XoM-
munza (Hamming), B kotopom m =2" —r —1un =2" — 1.

DNencTenTensHo, 22:0 Ch=1+4+2"—1=2"=2""m

[Topsimok mocTpoeHus Koma XoMMUHTa CJIETYFOIITIIA:

1. Beibupaem nenoe monoxurenbHoe unciio r. CoollieHus 6yoyT Clo-
BaMu OauHBL m = 2" — r — 1, a KomoBbIe CcI0Ba — MJIUHBI n = 27 — 1;

2. B kaxnom komoBoMm cioBe b = biby...b, r OUT C MHIEKCAMU-
cremersvu msoiikn (20,21, ..., 2"71) — gpagroTCa KOHTPOTBHBLIME, OCTAITH-
Hble — B €CTEeCTBEHHOM TOpsake — OuTamu coolOiieHus. Hampumep, ecim

r = 4, TO OUTHI bl, bg, b4, bg — KOHTPOJIBHEIE, a bg, b5, b6, b7, bg, b107 b117 b127
b13, b14, b15 — U3 UCXOMHOTO COOOIIIEHUS;
3. Ctpoutcs marpumia M u3 2" — 1 ¢Tpok u r cTosnbuos. B i-oit cTpoke
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cTOosAT MuGPHl IBOMYHOIO MpPEACTaBIeHUs ducaa ¢. Marpunsl oas r = 2, 3
11 4 TaKOBBI:

- 0001 7
0010
0011
0100
001 7 0101
010 0110
01 011 0111
M3><2 = 10 M7><3 = 100 M15X4 = 1000 ;
11 101 1001
110 1010
[ 111 1011
1100
1101
1110
[ 1111

4. 3amuceiBaeTcs cucteMa ypaBuenuin bM = 0, rme M — maTpura u3
npenbinyiero myakTa. Cucrema coctouT u3 v ypaBuHenuii. Hampumep, mis
r=3:

by +bs +bg +b7r =0
b + b3 +bs +b7 =0 ;
b1 + b3 + b5+ b7 =0

5. Utobbl 3akomupoBaTh cooOlleHne a, OepyTcs B KadecTBe bj, j He
PaBHO CTEIMEHU TBONKU, COOTBETCTBYIOIINE OUTHI COOOIEHUS] U OTHICKABA~
I0TCs, UCIOIB3Ys MOIyUYeHHYIO CUCTeMy ypPaBHEHUM, Te b;, IJIs KOTOPBIX j
— cTemeHb NBOWKM. B Kaxmoe ypaBHeHMe BXOMUT TONBKO OMHO bj, j = 2°.
B Bwimmucannoit cucteme by BxOOUT B l-e ypaBHEHHME, by — BO BTOpPOE U
by — B Tperbe. B paccmorpennom mpumepe coobiienue a = 0111 6ymet
3aKOOMPOBAHO KOMOBBIM cjoBoM b = 0001111.

IlexonupoBanue Koma XdOMMUHTA IIPOXOOUT IO CJEOVIOIIEN CXeMe.
[Iyctes mpunasaTo cioBo b + e, rme b — mepemaHHOE KOIOBOE CJIOBO, & € —
crpoka ommnbok. Tak kak bM = 0, to (b+e)M = bM + eM = eM. Ecin
pe3yabTaT HYJIEeBOW, KaK TPOUCXONUT IPU ITPABUILHON Iepenade, CInTaeT-
csl, 9TO omunbOoK He Obwio. Ecnum cTpoka ommmbOK mMeeT enquHUITY B -1 IO-
3UIUU, TO PE3yAbTATOM Ipou3Benenus: eV Oymet i-s cTpoka maTpuiibl M
WU TBOMYHOE TPENCTABJIEHNE UNCIa ¢. B 3TOM ciydae CilenyeT U3MEHUTD
CUMBOJI B ¢~ TIO3UIIAM CJIOBA b + €, cumTas MO3UIINU CJIeBa, C €IUHUIIH.

[Tpmmep. (4,7)-xkon XoMMUHTA IMeET B Ka4eCTBE ONHOTO M3 KONOBBIX
cioB b = 0001111. Marpuma M7y 3 OIpuBemeHa Ha IIare 3 Xoaa MOCTPOEHI
korma XommuHra. Jcuo, uto bM = 0. [HobaBum K b cTpPOKy oOmIOOK € =
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0010000. Torma b+ e = 0011111 u (b + e)M = 011 = 349, T.e. ommbKa
HaxonuTcs B TpeThenn mo3uruu. Ecimu e = 0000001, To b+ e = 0001110 u
nosurust ook — (b+e)M = 111 = 71¢ u T.11. Ecnu ommbka nomyiieHa B
OoJiee yeM B OOHOUM MO3UIINU, TO NEKOOUPOBAHUE NACT HEBEPHBIN Pe3yIbTaT.

Kon XsMmMmuHaTa — 3TO TPYIIIOBOR KOI.

JTO crneayeT U3 TOro, yTo (m,n)—Ko,n, X3MMUHra MOXHO MONYYUTb MaTpUu-
HbIM KOAUWPOBaHWEM, NPU NMOMOLLU 17 X Nn-maTpuubl, B KOTOpOVI CTOJ'I6LI,bI C HOMEpaMu
He cTeneHsimn 2 obpasyoT eanHmuHyto nogmaTpuuy. OcTanbHble cTonbubl COOT-
BETCTBYIOT ypaBHEHUAM Lwara 4 nocTpoeHuss koga XaMMmuHra, T.e. 1-my cTonbuy
COOTBETCTBYET YpaBHEHWE AN BblYUCNEHUSA 1-FO KOHTPOJILHOrO paspana, 2-my —
ans 2-ro, 4-my — ansa 4-ro v T. 4. Takas maTpuua ByaeT npu KoaMpPoBaHUM KOMMPO-
BaTb 6V|Tb| COO6LL|,eHMﬂ B NMO3NUMNN HE CTENEHU 2 KO4a M 3anOJIHATbL Apyrue no3nuunn
KOAA COrflaCHO CXeMe KOAMPOBaHUS X3IMMUHIa.

[Tpumep. Konupyrtoras matpuna st (4, 7)-koma XsoMMuHTa —

1110000
1001100
0101010
1101001

Ee cTonbubr ¢ Homepamu 3, 5, 6 1 7 06pa3yT eOUHUYIHYIO ITOOAMATPUILY.
Crombrer ¢ HOMepamu 1, 2 u 4 COOTBETCTBYIOT YPABHEHUSIM IJISI BBIUKCIIC-
HIIST KOHTPOJIBHBIX OUT, HAIIpUMEp, ypaBHeHuio by = bs + bs + b7 cooTBeT-
ctByeT cTosibert 1101, T.e. ns BEIYucaeHns IePBOTO KOHTPOILHOTO pa3psaa
6epyTcs 1, 2 m 4 GUTHI UCXOMHOTO COOOITIEHUST U OUTHL 3, O U 7 Koma.

K (m,n)-xony XsMMuHTa MOXKHO HOGABUTDH IIPOBEPKY deTHOCTH. [lo-
ayuntcst (m,n + 1)-KOm ¢ HAMMEHBIIIIM BECOM HEHYJIEBOTO KOIOBOTO CIIOBA
4, crioOCOOHBIN MCIPABIISTHL ONHY M OOHAPYKUBATH OBE OIIUOKM.

Konbr XsMMmuHTa HaKIaObBIBAIOT OTPAHNYEHUS HA IJINHY CJIOB COOOIIe-
HUS: 5Ta IJINHA MOXKeT OBITh TOJbKO umciiamu Buma 2" —r — 1: 1, 4, 11,
26, 57, ... Ho B peanbHBIX cucTeMax mHDOpMAIIs NepenaeTcs banTaM Uin
MAaIITMHHBIMU CJIOBaMU, T.e. nopiusamu o 8, 16, 32 umu 64 6uta, 9To mesa-
eT UCIIOJIb30BAaHUE COBEPIIIEHHBIX KOMOB He Bcerma mnonxonsimuM. [losTomy
B TAKMUX CJIyYasX YacTO UCIONIb3YIOTCS KBA3UCOBEPIIEHHBIE (772, 11)-KOMIBIL.

KBasucosepierusie (1, 1)-KOMbI, UCIPABIIAIONINE OMHY OIINOKY, CTPO-
STCS CIIEnyIonmM obpazoM. BeibmpaeTcss MUHUMAIBHOE N TaK, YTOOBI

2?’L
> 2™,
n+1

Kaxnoe xomoBoe cj10BO Takoro koma 6ymmeT conepkaTb k = n—m KOHTPOJIb-
HBIX pa3psmnoB. V3 mpenbIoyImX COOTHOIIIEHUN CIIEMYET, UTO

ok —on™m >4 1=C +C° =m+k+1.
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Kaxmomy m3 n paspsmoB mpucBamBaeTCsl ClIeBa-HAMIPaBO HOMEp OT 1 1o
n. Ias 3a0aHHOTO CJIOBA COOOIIEHUS] COCTABIISIOTCS k KOHTPOJIBHBIX CYMM
S1,...,S; O MOmyIIO 2 3HAUEHWH CHEIUajbHO BBLIOPAHHBIX PA3PSIOB KO-
IIOBOTO CJIOBA, KOTOPBIE MOMEIIAI0TCS B MO3UIIUKN-CTENeHn 2 B HeM: I S;
(1 < i < k) BHIOUPAOTCSI paspsiobl, ComepKaIlue GUThI UCXOMHOTO COOOIIe-
HISI, IBOMIHBIE UNC/IA-HOMEPA KOTOPBIX UMEIOT B ¢-M paspsne enuuuiry. s
CyMMBI S 9TO OyOyT, HAIIpUMED, Pa3psambl 3, b, 7 1 T.H., I CyMMBL Sy —
3, 6, 7u T.n0. Takum obpa3om, I CIOBa COOOMIEHUS G = @7 .. .Gy, OyIeT
IIOCTPOEHO KOMOBOe cJIoBO b = S153a;153a2a3a4540as5 . . . ap,. O603HATIM S
CyMMY TIO MOMYJ/TIO 2 Pa3psIOB MOy YEHHOTO CJI0BA, COOTBETCTBYIOIINX KOH-
TPOIBHOH cyMMe S; I caMOH 9TOH KOHTPOJIbHOI cyMMbl. Ecmu S ... ST = 0,
TO CUMTAETCs, YTO Tepemada mpolnia 6e3 ommbok. B cioydae onmHapHON
ommokn S}, ... S] OymeT paBHO OBOMYHOMY YHCITy-HOMepy COOHMHOro 6mTa.
B caygae ommbkwn, kpaTHOCTH Oombieil 1, xorma Sy ... 5] > n, ee MOXKHO
obuapyx)uTh. IlomobHas cxema NEKOMUPOBAHUS HE MO3BOJISIET UCIPABIISITH
HEKOTOpPBIE BOWHBIE OIMIMOKM, Uero MOXKHO OBbLJIO Obl JIOCTUYbL, UCHOJIB3YS
CcXeMy MeKOMUPOBAHUS C JUIEPAMU, HO TOCIEOHS 3HAUNTETHHO CJIOXKHEE B
pean3anuy 1 gaeT He3HAYUTEIbHOE YIIyUIeHne KauecTBa KOMIa.

[Tpumep mocTpoOeHUsT KOMOBOTO CJIOBa KBA3UCOBEpPIIIEHHOTO (9, n)-Koma,
HCITPABIISIONIETO BCe OMHOKpaTHBIE ommbku, niis coobirenus 100011010.

212 4096 213 4096
= <99 =512 — = —— >512, T.e. n = 13.
3 13 Ty T Ty oo men
1 23456 7 8 91011121
Nckomoe konoBoe cioBo umeeT Bum S152 1530 0 0541 1 0 1 0. Hanee

HY2KHO BbIYUCJ/INTHL KOHTPOJIBHBIE CyMMEI.

1190 = 00005
210 = 001049
310 - 00112
410 = 01009
210;81(1)(1)2 S1=0bs+ b5+ b7 +bg+ b1 +bz3=0
ol Se=bstbg+br +big+ b =0
818:10003 S =0bs+bs +b7r +bia+biz=1
9,0 = 1001, Sy =0bg+bio+b11 +bi2+biz3=1
1050 = 1010,
1150 = 1011,
1219 = 11004
1310 = 11015

Taxum obpazom, nckombiir koo — 0011000111010. Ecu B mporiecce niepemna-
91’ 3TOro Koma OyneT MUCIOPUEH ero MATHI OUT, TO IPUEMHUK TTOIyYUT KOI
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0011100111010. Hnsa ero meKoOWpPOBaHWS OHATH BBIYUCISIOTCS KOHTPOIIb-
HbIE CYMMBI:

ST =0b1 +b3+bs+by+bg+bi1+biz=1
S5 =ba+b3+bs+ by +big+bi1 =0

S5 =bys+bs+bs+ by +bia+biz=1

Sy =bg+bg+biog+b11 +bi2+b13=0

S3S5S5ST = 01015 = 510.

[TpuemuuK mpeobpasyeT W3MEHEHUEM MISTOro OGUTa MOy YeHHOe COOOIIIeHre
B OTIPABJIEHHOE MEPENATUIMKOM, U3 KOTOPOrO 3aTeéM OTOPACHLIBAHUEM KOH-
TPOJILHBIX Pa3psIOB BOCCTAHABINBAET UCXOMHOE COOOIIIEHUE.

CoepitieHHbII KO XOMMUHTa, TaKXKe MOXKHO CTPOUTH 0 PACCMOTPEH-
HOIl cxeMe, T.K. mis mero 2" /(n + 1) = 2™.

s mcmpaBjeHne ONMWHAPHON OIMMOKM K S-paspsmHOMY KOMY MOOCTa-
TouHO mpumucaTh 4 paspama (212/13 > 28), k 16-paspanromy — 5, kK 32-
paspsnaOMYy — 6, K 64-pazpsmaomy — 7.

» Yupaxuaenue 40
Moxet nu (6, 14)-kxon, MUHIMAIILHOE PACCTOSTHIE MEXKIY KONOBBIMU CJIOBA-
MH KOTOPOTO 5, OBITH COBEPIIIEHHBIM !

» Yupaxuenue 41

[TocTponTh KOMOBBIE CITOBA KBA3UCOBEPIIEHHOTO (9, 11)-Koma, MCIIPABIISIOLIe-
rO OOHOKPATHBIE OMIMOKM, OJIs Te€X COOOIIEHUI, KOTOPbIE COOTBETCTBYIOT
quciaaM Hd, 200 m nekomupoaTs ciaosa 1000001000001, 1100010111100, mo-
JIydeHHbIe IO KaQHAJIy CBSI3U, UCHOJIL3YIOIIEMY 3TOT KOII.

25. IlonmnuaoMuasIbHbBIE KOIBI

[Ipu noauromuasbrom KOOUPOBAHUU KAXKIOE COODOIIEHIE OTOXKIECTB-
JITeTCsl ¢ MHOTOYJIEHOM, & CaMO KOOWPOBAaHUE COCTOUT B yMHOXKEHUU Ha
dukcupoBaHHBIT MHOTOWIEH. [lommHOMUaIBEHBIE KOOI — OJIOYHBIE W OTJIIN-
JaloTCs OT PACCMOTPEHHBIX paHee TOJIBKO aJrOpUTMaMU KONMPOBAHUS U
TIEKOMMPOBAHUS.

I[Iycts @ = ag...a,—1 — OBowdHOE coollrieHme. Torma cormocTaBUM
eMy MHOTOWICH a(x) = ag + a1x + -+ + @y 12™ L. Bee BRIYMCICHNTS TIPO-
HCXOISAT B TIOJI€ KIIACCOB BBIYETOB 10 MOMYJIIO 2, T. €. OT pe3yJIbTaTa JI00n
apudmMeTUIeCcKon onepainuu 6epeTcss OCTATOK OT €ro JejeHus Ha 2.

Hanpuwmep, mocnenoBatenmbrocTr 10011 mpum m = 5 COOTBETCTBYyET
muOrouteH 1 + a3 + x4,

BadukcupyeM HEKOTOPBI MHOTOUWIEH cTerneHu k,

g(x)=go+gix+ -+ gz’ go#0, gr#O.
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IHoaunomuasprbrli K00 ¢ KOQUPYIOIIIM MHOTOUYIEHOM ¢(X) KOOUPYET CIIOBO
coobmenns a(x) muorounenom b(z) = a(x)g(x) = by +byx + -+ b, 12"}
IJI KOOOBBIM CJIOBOM 13 KOX(PPUIIMEHTOB 3TOr0 MHOTOWIeHa b = by ... b, 1.
YenoBust gg # 0 u gx # 0 HEOOXOOUMBI, IIOTOMY YTO B IMIPOTUBHOM CJIyYae
bop u b,_1 He OyOyT HECTU HUKAKOW WHDOpMAIINU, T.K. OHU Bcermga OymyT
HYJIAMI.

[Ipmvep. Pacemorpum xommpytormit Muorownes g(x) = 1 + z? + 3.
Coobmenme 01011, oTseuatoree MHOTOWIeHY a(z) = x + x° + 2%, Gymer
3aKOMIPOBaHO KoaddurmenTamu MEorounesa b(x) = g(z)a(z) = z+2°+27,
T.e. b =01000101.

[MonmrHOMUATBHBIT KO ¢ KOMUPYIOIIUM MHOTOUJIEHOM ¢(x) cremenu k
SBJISETCS MATPUIHBIM KOIOM C KOMUPYIOIIel MaTputieir G pa3sMepHOCTH 1M X

(m + k):

90 91 92 -+ Gk 0 0 0
0O g9 o1 -+ Gg-1 g O 0
G=10 0 go - g2 Gr-1 Gk 0
0o o o .. ... cee e e g

T.e. HEHYIEBBIE 3JIEMEHTHI B j-W CTPOKE — 3TO MOCIIENOBATEITHEHOCTE KOd(D-
GUIMEHTOB KOMUPYIOIIEr0 MHOTOUYJIEHA, PACIIONOKEHHBIX C j-T0 10 (j + k)-i
CTOJIOax.

Hampmvep, (3, 6)-Kom ¢ KOMUPYIONAM MHOTOWICHOM 1 +2 4123 oTBeuaeT
MaTpUIle

G =

o O =
O = =
_ = O
—_ O =
oo
—_ o O

nnu otobpaxkenmto: 000 — 000000; 001 — 001101; 010 — 011010; 011 —
010111; 100 — 110100; 101 — 111001; 110 — 101110; 111 — 100011.

[MomuHOMMAIBEHBIE KOMBI ABIISIIOTCS TPYIIIOBLIM.

DTo cneayeT U3 TOrO, UTO KOABI, MOSTyYaeMble MaTPUUHBIM KOAUPOBaHNEM, —
rpynnoesie.

Paccmorpum (m,n)-kon ¢ xomupytomum muOrowienoM ¢(x). Ctpoka
OoImboK € = € . .. €, _1 OCTaHeTCsI HEOOHAPYKEHHOU B TOM U TOJILKO B TOM
clly4ae, ecjii COOTBETCTBYIOIIM eil MHOrouwIeH e(x) = eg + exx + -+ +
en_12" ! memures ma g(x).

DenctenTensho, a(z)g(x) + e(x) nenvtea Ha g(x) Toraa m Tonbko Toraa,
koraa e(x) peantca Ha g(x). MoaTomy nobas ownbka, MHOrOUNEH KOTOPOII He Ae-
NUTCA Ha g(az) byneT obHapyXxeHa U, COOTBETCTBEHHO, Ntobas owmnbka, MHOrouneH
KOTOpOit aenuTca Ha g(T), He MoxeT BbITh obHapy>keHa.
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Taxum o6paszoM, OOHAPYKEHUE OMINOKM TIPU KUCIOIB30BAHUU TIOTMHO-
MUIAJIBHOTO KOMA C KOOUPYIOIIMM MHOTOWIEHOM ¢(x) MOXKeT ObITh peasiu-
30BaHO IIPU MOMOIIM aJTOPUTMA [EJIEHUsT MHOTOUIEHOB C OCTATKOM: €CJII
OCTaTOK HEHYJIEBOW, TO IIPU IIepenade MPOM3O0III0 NCKAKEHNE TaHHbBIX.

Konbr XaMMuHra MOXHO CTPOUTH KaK MOJIMHOMUAJIBHBIE, HAIIPUMED,
KOMUPYIOMIIi MHOTOUIeH 2° + 22 + 1 ompenmesnseT cosepmienHbIit (4, 7)-Ko,
OTJINYHBIA OT PACCMOTPEHHOTO pPaHee.

Boobirie ke, eciu KOmupyomuit MHOTOWIeH ¢ (&), MOPOXKTAOIIII COOT-
BETCTBYIOIIWI (111, 1)-KO, HE SBIISIETCS MeTNTENIeM HI OMHOTO U3 MHOTOUJIe-
HOB BuAa =’ + 1 Ipm j < N, TO MEHIMAJIBHOE PACCTOSHIE MEXKITy KOIOBBIMI
CJIOBaMU TTOPOXKIIEHHOTO UM KOIa HE MEHBIIE 3.

I_IyCTb d — MWHUMAJIbHOE PACCTOAHUE MEXAY KOAOBbLIMU CJZIOBAMU, OHO PaBHO
MUHUMYMY Cpeayu BECOB HEHYNEBbIX KOAOBbIX cniog. [Mpeanonoxum d = 2. Toraa
cywecTteyeT a(x) Takon, uto a(x)g(x) = b(x) u cTenens b(x) He Bonbwe n. Bec
b pasen 2, nostomy b(z) = 2™ + 2! u Il < m < n. CnenosatensHo, b(x) =
' (x™~! 4 1), yTo oszHauaet, uto ™! + 1 momxen menuTsca Ha g(x), a 37O
HEBO3MOXHO no ycnoeuto. Ecnu npeanonoxuts, uto d = 1, To 3TO npueeneT K
YTBEPXKAEHUIO O TOM, 4YTO :Cm AOJNIXKEH AOEJINTbCA Ha g(:C), UTO TOXE NPOTUBOPEYYNUT
ycnoeuio. Utak, d > 3.

Komupyrormii morowtes 't + 2% + 27 + 2% 4+ 2% + x + 1 onpenenser
cosepirennbiit (12, 23)-xon 'omes (Golay) ¢ MUHEMAIBHBIM DaCCTOSHUEM
MEXIY KOMOBBIMU CJIOBAMU 7.

B 1971 rony ¢wHCKIMEI 1 COBETCKUMU MaTeMaTUKaMU ObLIO JTOKA3aHO
[20], uTo kpome koo XoMMuHTa u ['os1est IPYTUX COBEPIIIEHHBIX KOIOB HET.

Haubosee mHTEpeCcHBIMU Cpeou MTOINHOMUAIBHBIX KONOB SIBIISIOTCS
yuKrauueckue Kodvl, B KOTOPBIX BMECTE C JIFOOBIM KONOBBIM CJIOBOM BHIIA
bo...b,_2b,_1 ecTb KOODOBOE CJIOBO b,,_1bg ... by _2.

» YupaxHeHue 42
[To xomupyroIlIeEMy MHOTOWIEHY TS fr+1 IIOCTPONTH HOJIMHOMUAIIBHBIE
Kombl Myt mBomvHBIX coobrrernir 0100, 10001101, 11110.

» Yupaxueuue 43

[Ipunannexar mu komy ['ones komoswre citoBa 10000101011111010011111 m
110001110111100100111117

26. IlousTue o konax Bboy3a-Hoynxypu-XokkeHrema

OcTajicss OTKPBITBIM BOIPOC O METOOUKE IIOCTPOEHUS KOIOB, MUHU-
MaJIbHOE PACCTOSHIE MEXKIY KOOOBBIMIU CJIOBAMU KOTOPBLIX PABHO 3aaHHO-
my amciay. B 1960 rony meszaBucumo Boys (Bose), Hoynxypu (Chaudhuri) u
Xokxkernrem (Hocquengem) oTkpbiin crioco6 TOCTPOEHNUS IOIMHOMUAIIBHBIX
KOIOB, yIOOBJIETBOPSIOIINX TaKUM TPEOOBAHUSAM. OTU KOOLI HOJIYYWIN Ha-
3BaHmIs KonoB boy3a-Yoynxypu-Xokkenrema nimun BYX-komos (BCH codes).
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BUX-konbr MOTyT OBITH HE TOJBKO MBOMYHBIMU, HAIIPUMEDP, Ha IPAKTU-
Ke IOCTATOYHO IITHPOKO UCIIOIB3YIOTCS HemBowdHble Konbl Puna-CosmoMmomna
(Reed, Solomon), o masee 6ymyT pacCMAaTPUBATHCS TOIBKO IBOUYHBIE.

Muorounien g(x) crenenu k Ha3LIBACTCS NPUMUMUSHbIM, eciu x7 + 1
nemmrcs Ha g(x) 6e3 ocTaTka mus §j = 28 — 1 u He memmTcsa HE A Kakoro
MEHBIIIETO 3HAYEHUS j.

Hanpumep, muorowter 1 + z2 + 23 opumurusen: on nenut z + 1, HO
we nemut x/ + 1 mpu j < 7. IlpuMunTuBen Takxke MHOrOwIeH 1 + 3 + 4 —
oH memmtT x1° + 1, Ho He memuT x’ + 1 pnm j < 15.

Konupyrormit muorowten ¢(x) mis BUX-koma, mivHa KOMOBBIX CIIOB
KOTOPOTO 7, CTPOUTCS TakK. HaxomuTcs TPUMUTUBHBIA MHOTOUIEH MUHU-
MaJILHON cTemeHu ¢ Takoir, 9ro n < 29 — 1 wm g > logy(n + 1). IlycTs
(¢ — KOpPE€Hb 3TOTO MHOTOWIEHA, TOTOa PACCMOTPUM KOOUPYIOIIUNA MHO-
rowted g(z) = HOK(mi(z),...,mg_1(x)), tme mq(x),...,mg_1(x) —
MHOTOYJIEHBI MUHUMAJIBHOU CTENEHN, MMEIOIe KOPHSIMUI COOTBETCTBEHHO
a,a?,. .., a0t

[TocTpoeHHBITT KOOUPYIOIINIT MHOTOUYIEH MTPOU3BOMUT KON C MUHIMAITh-
HBIM PACCTOSTHIEM MEXKIY KONOBBIMU CJIOBAMU, HE MEHBIIUM d, W OIIMHON
KOIIOBBLIX CJIOB 1 [1].

[Tpumep. Hyxmo moctponts BYX-kon ¢ miamHONM KOOOBBIX CIIOB N = 15
U MUHUMAJIBHBIM PACCTOSHUEM MEXIy KOmOBbIMEU cjoBamu d = 5. CTemneHb
IPUMATHBHOTO MHOTOUIEHA paBHa ¢ = logy(n + 1) = 4 u cam oH paBeH
z* + 23 + 1. Ilycts o« — ero Kopesb, Torma o m o — Takxe ero KOpHIN.
MuHIMAJILHBEIM MHOTOWICHOM Wit o 6yner x* 4+ 23 4+ 22 4+ x + 1. Crenosa-
TEJTHHO,

g(x) =HOK(z* + 23+ L,2* + 23+ 2> + 2 +1) =
=@+ 2+ D)+ 23+ e+ ) =28+t 2 a4+ 1

CremneHb MOJIyYEHHOIO MHOTOW/IEHA PAaBHA 8, CIIENOBATEILHO, IIOCTPOEHHBIN
BYX-xon 6ymer (7,15)-komom. Croso 1000100 mwmm a(z) = z* + 1 6yner
3aKOMMPOBAHO KOmoBBIM ciioBoM a(x)g(x) = x1? + 28 + 2° + 22 + v + 1 nm
111001100000100.

Mozxkuo noctpouTts [1] nBomunbiit BUX-kom ¢ KOMOBBIME CJIOBAMU IITH-
Hbl n = 29 — 1 m HEeYETHBIM MUHUMAJILHBIM PACCTOSHUEM d, ¥ KOTOPOIO

YKICJIO0 KOHTPOJIBHBIX CUMBOJIOB HE OOJIBIIIE w

[Mepeeiit BYX-kom, mpuMeHeHHBIN Ha TpakTuke, 66wt (92, 127)-k0moMm,
VICIIPABIISIONINM OIIIOKA KPATHOCTHU OO O, HO HamboJjee IUPOKOe PacCIpo-
crpanenue nosyuni (231, 255)-kom, oGHAPYKUBAIOIINI OMTUOKN KPATHOCTH
1o 6.

bYX-kxonbl yMepeHHOI JITMHBI HE CIIUIIKOM HAJIEKU OT COBEPIIIEHHBIX
TN KBA3WCOBEPIIIEHHBIX KOMOB. Kombl XsMMUHTA, HAIIPUMED, SBIISIOTCS
bYUX-konamu, a BUYX-xonbkl ¢ MUHUMAJILHBIM BECOM KOIIOBOT'O CJIOBA 5 —
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KBa3nCcoOBepIeHHbI. Ho ¢ pocTOM MIMHBI KOMOBBIX CJIOB KadecTBO bYX-komos
nanaet. Kon ['ones, manpumep, — »10o He Kom bYX.

» YupaxueHnue 44

Haiitu konupyrtoruit muaorowiesr bBYX-kona ¢(x) ¢ mimuHO KOMOBLIX CI0B 15
U MEHUMAJIBHBIM PACCTOSTHIEM MEXKIY KOMOBBIMU cjioBamu 7. Vcnomb3oBaTh
MPUMUTUBHLI MHOrOUmeH mi(z) = 1+ x + 2% ¢ xoprem «. IIposepuTs,
6ymyT u > U ° KOPHAMHU COOTBETCTBEHHO MHOTOUIeHOB m3(x) = 1+ +
22+ 23+t mums(x) =1+ + 22,

27. Hukandeckue n30bITOYHDLIE KOObI

Hukauueckutd uzdvimounviti kod (Cyclical Redundancy Check — CRC)
nMeeT GUKCUPOBAHHYIO MJIMHY W UCIIOIb3YeTCS TSl OOHAPYXKEHUS OIIOOK.
HauGonbiree pacupoctpanenns nonyuuin Kookl CRC-16 u CRC-32, numero-
e niuHy 16 u 32 6uta coorBercTBernto. Kon CRC crpoutcs mo ucxomuo-
MY COOOITIEHUIO TPOU3BOJILHON JIUHEI, T.€. 5TOT KOI He SBIIIETCS OJIOTHBIM
B CTPOTOM CMBICJIE 5TOTO ¢jIoBa. Ho mpy KaxkmoM KOHKPETHOM MPUMEHEHIN
5TOT Ko — Gnounsit, (m,m + 16)-xox gt CRC-16 umu (m, m + 32)-xon
nis CRC-32.

Boruaucienne smadenuns xoma CRC mpomcxomuT HOCPEOCTBOM Oejie-
HIIST MHOTOUJIEHA, COOTBETCTBYIOIIETO MCXOMHOMY COOOIIEHUIO (ITOIMHOM-
cooOiieHne), Ha (QUKCUPOBAHHBI MHOrO4YIeH (mosjmHoM-rereparop). Ocra-
TOK OT Takoro meneHuss u ecThb konm CRC, cooTBeTCTBYOIIMI UCXOMHO-
My coobrrernto. as xoma CRC-16 mommHOM-TeHEepaTop nMeeT CTeleHb
16, a gms CRC-32 — 32. [lonmuuoMBbI-reHepaToOphbl TOOOUPAIOTCS CIEIINaIThb-
HeIM 06paszom u s konoB CRC-16/32 crarmapTusupoBansr MexmyHapom-
HBIM KOHCYJIbTAQTUBHBIM KOMUTETOM IO TejlerpadHOil u TeredOHHON CBSI-
su (CCITT). Ina CRC-16, manpumep, CTaHIAPTHBIM SBJISETCS TOIXHOM-
renepaTop 0 + 22 + 25 + 1.

[Ipumep moctpoenuss CRC-4 xoma mitst coobiterust 11010111, ncmons3y st
IIOJIMHOM-T€HEePaTOP rr a3 +x? 41, Ucxomuomy cOOOITIEHTIO COOTBETCTBYET
nomuaoM 2 + 28+t + 22+ + 1, T.e. mymepanms OUTOB 30eCh HAUMHAETCS
CIIpaBa.

'+t 2?41 |2+ 232241
z’ + 2% + 2° + 23 ‘3334—:1:
P+ttt r+1
A i A
2 +1
[MomuuoMy 22 + 1 cooTBercTByIOoT 6uTH 0101 — 2T0 1M ecTb CRC-4 xO7I.

Cy1trecTtBytoT O6bIcTpBIE agaropuTMbl miis pacaera CRC-konos, ucmonb-
3YIOIINE CIIeMuAIbHBIE TaOIUIIbI, & He MeJeHne MHOTOUWIEHOB ¢ OCTATKOM.

CRC-xombI crtocoOHBI OOHAPY KUBATH ONWMHOYHYIO OITUOKY B JTFOOOM TIO-
3UIUIN U, KPOME TOT0, MHOTOUKC/IEHHBIE KOMOWMHAIINY KPATHBIX OIITIOOK, PAC-
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MIOJIOXKEHHBIX OJTM3KO OpyT oT npyra. Illpm peambHOUN mepenmate mim XpaHe-
HUU uHGOpMAIUM OIIMOKM OOBIYHO TPYHIUPYIOTCS Ha HEKOTOPOM ydacT-
Ke, a He PACHpEeNenssioTCsS PABHOMEPHO MO BCEW NJIMHE NAHHBIX. ['akum o0-
pa3oM, XOTs OJIs UOEAJIbHOTO CiIydas OBOMYHOTO CUMMETPUYHOTO KaHaJIa
CRC-xombl HE UMEIOT HUKAKUX TEOPETUUECKUX MPEUMYIIIECTB IO CpaBHE-
HUIO, HAIIPUMED, C TPOCTBIMU KOHTPOJIBHBIMUA CYMMAaMU, IJIs PeaJIbHBIX CHU-
CTEM 5THU KOOBI SBJISIOTCS OY€Hb ITOJIC3HBIMU.

Konbr CRC ucnonb3yoTcst O4eHb IMIUPOKO: MOIEMAMU, TEJIEKOMMYHUKa-
OMOHHBIMU IIPOTpaMMaMU, IPOTpaMMaMU apXWBAIAM U IIPOBEPKU IIEJI0CT-
HOCTHU IAHHBIX I MHOTMMU OPYTUMMHI IPOIPAMMHBIMUI 1 alllIapaTHBIMI KOM-
IIOHEHTAMU BBIUNACIUTEIbHBIX CUCTEM.

» YupaxHenue 45
[Toctpouts CRC-4 xom mmis coobmrerunin 10000000 m 101111001, ucmonb3ys
HosmHOM-TerepaTop '+ + 1.

28. OcHOBBI Teopuu 3alUThLI THQOPMAIIUNT

Kpunmoepagusg (TallHOOUCH) — 5TO pasmesl MaTeMATUKN, B KOTOPOM
M3yJaIoTCs U pa3pabaThIBAIOTCS CUCTEMbBI I3MEHEHUS MIChbMa C IEJTbIO Clie-
JIaTh €r0 HEMOHSITHBIM [JIs HEMOCBIIIeHHBIX aull. V3BecTHO, 9TO erre B V
BEKe JI0 HAIllel 5pbI TAWHOIMCH MCIOJIb30Basiachk B ['penuu. B coBpemen-
HOM MWUpe, TAe Bce 0OJbIe u OOMbINE YCIIYT TPENOCTABIISIETCS Yepe3 WC-
TIOJTE30BaHNE MHPOPMAIIMOHHBIX TEXHOJIOT N, TpobyieMa 3aiuThl HPOopMa-
MU MeTONaMu KpunTorpaduu mMeeT ImepBocTereHHoe 3HaueHue. Ceromus
OombIas 9acTb 0OOMeHa MHGOPMAaIIIEN ITPOXOIUT MO KOMIBIOTEPHBIM CETSIM
u yacTo (B GU3HeCe, BOEHHBIM U MpPOYEe) HYKHO 06eCIeunBaTh KOH(PUIEH-
IUAJIbLHOCTh TAKOro obMeHa. TeopeTmdecKkme OCHOBBI KIIACCUYECKOW KPUII-
Torpadum BruepBble ObLTH m3I0xkeHBI Kmomom Illemnonom B konie 1940-x
TOJIOB.

[IpocTeitmas cuctema mmGpPOBaHUS — DTO 3aMeHa Ka)XOOro 3HaKa
MICHbMa Ha, OPYToi 3HaK 1o BbiOpanHoMy mpaBuiry. FOmui Ilesaps, mampu-
Mep, 3aMeHsJI B CBOUX CEKPEeTHBIX NMHUCbMaX IepByI0 OYKBy ajipaBuTa Ha
YEeTBEPTYIO, BTOPYIO — Ha MATYIO, MOCIEIHIOI — Ha TPETHIO U T.1I., T.e. A
va D, Bra E, Z va C u 7.1. Ilomo6ubre mmudpbl, Ha3bIBaeMbIe TPOCTON 3a-
MEHOW WJIM MOJICTAHOBKOH, OMUCAHBI B pacckazax “llmsurymie uemoBeuku”
A. K. Hoina, “3omoron xyk” 9. Ilo u npyrux.

[MMudpsr npocmot 3amenbl JETKO TOMOAIOTCSI PacIII@POBKe, IPU 3HA-
HUU UCXOMHOTO SI3bIKa COOOMIEHUS, T.K. KaXKIBI MICbMEHHBIN SI3BIK XapaK-
TepU3yeTCs YaCTOTON BCTPEUYAEMOCTHU CBOMX 3HAKOB. Hampumep, B aHTIUii-
CKOM $13BIKe Uallle Bcero BcTpeuaercs 6ykBa E, a B pycckom — O. Takum
obpa3oM, B M(GPOBAHHOM MOICTAHOBKOWN COOOITIEHNN Ha PYCCKOM sI3bIKE Ca-
MOMY YaCTOMY 3HaKy OymeT ¢ OONbIIION BEPOSTHOCTHIO COOTBETCTBOBATH
6ykBa O. BeposTHOCTb OymeT pacTu ¢ POCTOM IJIMHBI COOOITIEHMS.
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Y coBepIIeHCTBOBAHHBIE IMU(MPHI-TIONCTAHOBKN MCIIOIB3YIOT BO3MOXK-
HOCTB 3aMEHSITH CIMBOJI ICXOOHOTO COOOIIEHUS Ha JIIOOON CIMBOJI 113 3aaH-
HOTO IIJI51 HETO MHOXKECTBA CUMBOJIOB, UTO TIO3BOJIIET BBIPOBHSITH YACTOTHI
BCTPEUAEMOCTHU PA3IUIHBIX 3HAKOB IT@Mpa, HO MOMNOOHBIE ITUMPHI VIJINHS-
IOT COOOIIEHNEe 1 3aMeJISIIOT CKOPOCTh OOMeHa MH(pOpMAaIUen.

B mmudpax-nepecmanosrar 3HAKU COOOIIEHUS CHEIUATBEHBIM 00Pa30M
MIEPECTABIISIOTCS MEXIy COOOH, HAIpUMEp, 3aIlKChIBas COOOIIIEHNEe B CTPO-
KI 3aJaHHON IJIUHBI U Oeps 3aTeM IOCIeNOBATEIBHOCTH CJIOB B CTOJIOIIAX
B kauecTBe 1mudpa. Coobirenne “TEOPUANMHPOPMAIINN” | ucnons3ys
CTPOKU OuHBI 4, O6ymeT B MudpPOoBAaHHOM TaKUM METOIOM BUIE BBHITJISIETH
kak “TUPAEJAOINOUPUPHMMNM”, moTomy uTo mipu mmdpoOBAHUU UCIIOh-
30BaJICS CJIEMYIOITAN TPSIMOYTOIbHUK:

TEOP
USANMH
®0PM
AN .

[MIudper-nepecTaHOBKI B OOIIEM CiIydae MPAKTUYECKHW HE MOMIAIOTCS
nemugpoBke. g ux memmdpoBKU HEOOXOMMMO 3HATH JIOMOJTHUTEILHYIO
nHbopMalmoo. KpynoHBIT HEIOCTATOK IMOOOOHBIX IHIMMPPOB B TOM, YTO €C-
JIN yOACTCs KaKUM-TO 0Opa3oM paciiudpoBaTh XOTsS ObI OOHO COOOILIEHUE,
TO B JaJIbHEWIIIEM MOXKHO pacimdpoBaTh u Jr00oe npyroe. Momuduka-
e 1mu@poB-IIEPECTAHOBOK SIBIISIOTCS IMUQPPHI-TIEPECTAHOBKA CO CIIOBOM-
KJTFOYOM, KOTOPOE OmpenesieT MOPSOOK B3ITHUs CJIOB-cToab61moB. Hampumep,
eCcJI IJIsE paccMOTpeHHOoro 1mmdpa B3aTh K104 “PBIBA”, To mmdposansoe

coobrrtenne 6ynet BoiraneTs kKak “PHMUOUPUTUDPAEAOILL”.

CucTeMsl ¢ KITFOUYEBBIM CJIOBOM UJIA IIPOCTO KJTIOUOM, U3BecTHbIEe ¢ X VI
BeEKa, MIMPOKO TPUMEHSIOTCS 10 cux mop. VX 0cOOEHHOCTHIO SIBJISIETCS IBa
YPOBHS ceKpeTHOCTH. [lepBBIl ypoBeHb — 3TO COOCTBEHHO CHOCOO COCTaB-
JIEHUST KONla, KOTOPBIN MOCTOSTHHO U3BECTEH JIUIIaM, NCTIOIb3YIOIIAM NJaHHbII
mmdp. BTopoit ypoBeHb — 5TO KITIOY, KOTOPBIN MOCBIIAETCS OTHEIBHO OT
OCHOBHOT'O COOOIIIEHUS IO OCODO0 3aIlUIIEHHBIM KaHajlaM u 06e3 KOTOpPOro
pacim@poBKa OCHOBHOT'O COOOIIIEHUSI HEBO3MOXKHA.

Haubomnee mpocToii crmoco6 MCIIONMB30BAHUS KJTIOUa XOPOIEro Imdpa
CITEY IO IO CUMBOJIAMU COOOITIEHUS 3AIINCHIBACTCS Pa3 3a Pa3oM K0,
3aTe€M HOMEpPAa COOTBETCTBYIOIINX 3HAKOB COOOIIIEHUS W KJIIOUa CKJIAObIBa-
10Tcsa. Ecau momydennast cymma, O0JIbIe OOINero 4mcjia 3HaKOB, TO OT Hee
OTHUMAETCs >TO obiriee yucio 3HakoB. [lomydennnsle uncsia OynyT HOMeEpa-
MHI CcUMBOJIOB Koma. C pocTOM OJIMHBI KJII0Ua TPYIOOEMKOCTH HerIndpPOBKM
monoOHOro Mmudpa CTPEeMUTETHHO pacTeT. Hampumep, paccMoTpeHHOE pa-
uee coobienne ¢ kiaouoMm “KUBEPHETUKA” B mmdposannoMm Bume Oy-
met Boriinets kax “IOOPIIBHOBIOBCHINIIIOB” . Mponece mmbposKn

OIIUCHIBACTCA CXEMOI:
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T E O P N d N H P O P M A Il N A
20 6 16 18 10 33 10 15 22 16 18 14 1 24 10 10
K 1MW b EPHUE TN KA KWW B E P
1210 2 6 18 15 6 20 10 12 1 12 10 2 6 18

32 16 18 24 28 15 16 2 32 28 19 26 11 26 16 28

10O P I BH OB IKDBCIIMU IO b

Ecmu B kxauecTBe KJIIoWa WMCIOIB30BATH CIIYYANHYIO ITOCTIENOBATEb-
HOCTb, TO TIOJIYUUTCS Hepackpbisaembiti wudp. IIpobaema sToro mmdpa —
3TO CIIOCOD Mepenavn KJrova.

B wHDOpMAIIMOHHBIX CETSIX WCIIOIB30BAHUE TPAOUIIMOHHBIX CUCTEM
mu(GPOBaHUS C KJIOYOM 3aTPYOHEHHO HEOOXOMMMOCTBIO MMETH CIEINasTh-
HBIT 0CO00 3aITIUITIEHHBIN CITOco0 1 mepenayn kiroda. B 1976 rony Y. Hud-
du (Diffie W.) u M. Xemmman (Hellman M.) — uHXeHepbI-3IeKTPUKU U3
Crandopackoro yHuBepcuTeTa, a Takxke cTymeHT KamaudopHuiickoro yHu-
BepcuTeTa P. Mepknn (Merkle R.), mpensoxuin HOBBII MPUHIIATT TOCTPO-
eHUsI KPUIITOCUCTEM, He TPeOyIouil mepeiaun KJrovua IPUHIMAIOIIEMY CO-
oOITIeHnEe 1 COXPAaHEHUs B TaiHe MeTona mudpoBanns. B nagbHenIeM, B Ka-
JeCcTBe IPUMEPOB, PACCMOTPUM TPU CUCTEMbBI, OCHOBaHHBIE Ha unesx luddu
n XesIMaHa: 0e3 mmepenadn KITIdell, C OTKPBITHIM KJII0UOM U SJIEKTPOHHYIO
MIONNNCHL — BCE OHU B CBOIO OYepPENb OCHOBAHBI HA MaTEMATUIECKOM (DYyH-
ITaMeHTe TeOPUU UUCETT.

» YupaxnHeHnue 46
Bammpposars coobienne “KUBEPHETUKA” kmouom “HIUCK”.

29. Kpunrocucrema 6e3 nepegauym KJIrOo4den

[IycTs abouenter A, B,C, ... yCIOBUINCH OPraHM30BAThL MEXIY COOOM
CEKPEeTHYIO mepenucky. Ijis 5Toll mean oHM BBIOMPAIOT IOCTATOYHO OOJIb-
II10€ TPOCTOE YUCIIO P TaKoe, 9TO p — 1 XOpoIro pas3naraeTcs Ha HE OUYEHb
OOJIbITIIE TTPOCTBIE MHOXKUTEIN. 3aTeM KaXXIbIl 13 aOOHEHTOB HE3aBUCUMO
OOUH OT IPYTOTO BhIOUpaeT cebe HEKOTOpPOe HATYPAIIbHOE UNCJI0, B3AUMHO
npoctoe ¢ p — 1. Ilycrs uncno abowenta A — a, abomenra B — b u T. 1.
Yucna a,b, ... COCTABIISIOT MEPBbIE CEKPETHBIE KITIOUN COOTBETCTBYIOIIIIX
aboueHTOB. BTOphie cexkpernble Kimoun (o mias A, f miust B u T.1.) HAXO-
naTcs u3 ypasaenuii: it A mz ac =1 (mod p(p)), 0 < a <p—1; nna B
—m b =1 (mod ¢(p)), 0 < B <p—1u 7. 0 [lepecbutaembre coobire-
HUsI, KOIBI-UKICJIa, NOJIKHBI OBITH MeHbIlle p— 1. B ciyuae, korma coobirieHne
O0JIBIIIE UM paBHO P — 1, OHO pa3zbuBaeTCs Ha YACTU TAKUM 00pa3oM, ITOOBI
KaxK[as 9acTh ObljIa YUCIOM, MEHbITUM P — 1.

[Tpennonoxmm aboreHT A pemmit oTIpaBuTh coobitierune m (m < p—1)
B. Ilns sToro oH cHauaJsa 3aindpoBbIBAET CBOE COOOIIIEHIE KITIOUOM @, II0-
nydas o hopmyse mp = m®  (mod p) mmdpoBarHHOE COOOIIIEHNE 1M1 , KOTO-
poe oTmnipaBaseTcsa B. B, momyduB m1, 3ammudpoBbIBAET €r0 CBOUM KJTFOUYOM
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b, momy4as 1o dopmyie mo =m?  (mod p) mmdbpoBaHHOE COOBIIICHTE Mo,

KOTOpOe oTmpasiisseTcs obpatuo Kk A. A mmdpyer momydennoe coobIienne
KiTIouoM « 1o popmyste mg = m§  (mod p) ¥ OKOHUATETHLHO OTIPABIISIET
ms3 K B. B, ucnons3ys K04 3, CMOXeT Telepb paciImdpoBaTh MCXOMTHOE
coobmmerne m. IeiicTBuTenbro, my = my = m*% = m  (mod p), T.x.
aabf = 1 (mod p(p)), crenoBarensuo, aablS = kep(p) + 1 mus HEKOTO-
poro nemoro k u m**PFL = (meP)H)km = m  (mod p), T.x. m*®) =1
(mod p) mo Teopeme Ditsiepa-Pepma.

ITpumep. A6orentsl A u B BMmecTe BoiOpamu p = 23 (¢(23) = 22), A
BoIOpast a = 5, a B — b = 7. 3arem u3 ypasuenus 5a = 1 (mod ¢(23))
A waxomut o = 9, a B u3 nmomobuoro ypapuenus maxoguT § = 19. Ilpnm
mepemnade coobrienus m = 17 or A xk B cragaia A orupasiaseT Kk B mq =
175 =21 (mod 23), u3 m; = 21 B Beraucaser mg = 217 =10 (mod 23)
I OTTIPaBIIAET ero o6paTHo A, w3 my = 10 A Beruncnser mas B ms = 10° =
20 (mod 23), makomen, B MOXeT MpOYNTATH MOCIAHHOE €My COOOIIIEHUE
2019 =17 (mod 23).

» YupaxuHenue 47

Mexny abonenTamu A u B yCTaHOBIIEH CEKPETHBIN KaHAJ CBs3u 0Oe3 Tie-
pemadm KIovel mpu 3a0aHHBIX p = 167 m mx mepBBIX Kiaodax 15 m 21.
Omnucats npouecc nepenaun coobernit 22 (or A x B) u 17 (ot B x A).

30. KpunTocucrema ¢ OTKPBITBIM KJIIOYUOM

[lepByro u Hambosee M3BECTHYIO CUCTEMY C OTKPBITHIM KJIIOUOM Pas-
paboramu B 1978 romy amepukanusl P. Pusect (Rivest R.), O. Ilamup
(Shamir A.) u JI. Apgmeman (Adleman L.). Ilo ux nmenam sTta cuctema
oty uniia HasBanue RSA.

[Iycts abonenThl A 1 B pemmiu opraau3oBaTh Ml ¢e6sl BO3MOXHOCTD
CeKpeTHOU nepenucku. I[s 3Toro KaxXOblil W3 HUX HE3aBUCUMO BBIOMpPAET
nBa GOJIBIINX IPOCTHIX YUCia (PA,, PA, U PB, s PB, ), HAXOMUT UX MPOU3BEIe-
Hue (r4 u rp), GysKImo Ditsepa oT sToro npousseneHus (p(ra) u ¢(rg))
u cayuaiiHoe uucio (a u b), MEHbIIee BBIYUCIEHHOTO 3HAUEHUs (DyHKIUN
Oiurepa u B3auMHO mpocToe ¢ HuM. Kpome Toro, A m3 ypaBHeHus ac = 1
(mod ¢(r4)) maxomutr a (0 < a < ¢(ra)), a B u3 ypasuenus b3 = 1
(mod ¢(rp)) maxomut [ (0 < B < ¢(rp)). 3atem A u B meuaTaioT DOCTYII-
HYIO BCEM KHUTY MapoJiedl BUIA:

‘ A: rg,a |

‘ B: rp,b |
Tenepb KTO-yrooHO MOXKET OTIPABIISATH KOH(DUIECHIIMAIBLHBIE COOOIIe-
uns A mwmum B. Hampumep, eciu monmb30BaTeb KHUTH HAPOJIEN XOUeT OT-
npaBuTh coolireHne m st B (m momxHO ObITH MEHBIINM T'p, WA Oe-
JIUTHCS. HA KYCKU, MEHBIIINE 7' 3 ), TO OH UCIOJIB3yeT KU b 13 KHUTH Tapo-
it mIs mostyueHns mudpPOBAHHOTO COOOIIeHMs m, 1o dopmyrte m, = mP
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(mod rp), koTopoe u ormpasisiercss B. B s memumdpoBKA 1711 WCHOTb-
3yer K04 3 B GopMyiie m/f = m"® = m (modrp), T.x. bF = 1
(mod ¢(rp)), cnenoBarensuo, b3 = ky(rp) + 1 mis mekoToporo nesoro k u
mFere)+l = (B =m  (mod rg), T.x. m?("8) =1 (mod rp) mo
teopeme Oitniepa-Pepma. [lokazano [12], uTo 3amaua HaXOXKIEHUs CEKPET-
HOTO KJTI0Ya, (3 110 JAHHBIM U3 KHUTHU [IapOJIell UMEeT TY JKe CJIOXKHOCTb, UTO
1 3a[a4a PA3JIOKEHUs YNCIIa I'g Ha MPOCThIE MHOXKUTEJIN.

ITpumep. Ilycts o A pa, = 7Tupa, = 23, Torna rqa = pa,pa, = 161,
©(161) =6%22 =132, a =7, « = 19 (u3 ypaBrerus 7o =1 (mod 132)).
CremoBaTenbHO, 3aMUCh B KHUTE maposein mias A 6ymnet nmers Bun A: 161, 7.
Ecnu xTo-TO 3axoueT ormpaBuTh A cekpeTHoe coobirieHue m = 3, TO OH
IOTXKeH CHAYaJIa MIPeBPATHUTE ero B II(POBKY My 1o GopMyile my = 3 =
94 (mod 161). Korma A momyunt my = 94 ou nermmudpyet ero mo Gopmyiie
m =94 =3 (mod 161).

» YupaxHeHue 48
Hyxmo mocmats cekpernbie coobrenus 25 u 2 mas JB um 14 mns CIA,
IICIIOJIB3YSI CIIEOYIONINE 3aliC OTKPBITON KHUTY MapPOJell KPUIITOCHCTEMBI
RSA:

JB: 77.7;

CIA: 667,15.

» YupaxHeHue 49

[Tonb3oBaTens cucrembr RSA BriObpan p1 = 11 u py = 47. Kakue u3 uncen
12, 33, 125, 513 om MoxkeT BBIOpPATH MHJIsI OTKPBITOrO KiTioda?! BerauciaunTs
IIJIsl HAX 3aKPBITHIA KITIOY.

» Yupaxuenue 50
[Tonb3oBarens cucrembr RSA, BoiGpasmmin p1 = 17, po = 11 mw a = 61,
oIy umJT mmdpoBaHHOe coobirieHune my = 3. [emudpoBats my .

31. DnexTpoHHAasA MOAINUCH

Kpunrocucrema ¢ OTKPBITBIM KITFOYOM OTKPBITA IS IIOCBIJIKKA COOOITIe-
HUU 0J1s1 aDOHEHTOB M3 KHUTHY TapoJiel s JII000ro xesatorrero. B cucteme
C DJIEKTPOHHON MOMMNUCHIO COOOITIEHTEe HEOOXOMMMO “TIONMUCHIBATE , T.€. SIB-
HO YKa3bIBaTh HA OTIPABUTENS U3 KHUTHU TIaPOJIEl.

I[Iycte W1, Wy, ..., W, — abOHEHTBI CUCTEMBI C BJIEKTPOHHON ITOMIIN-
cbio. Bce oHm HezaBuCcMMO OpPyT OT OpPYyTra BBIOUPAIOT W BBIYUCISIOT P
YHUCcesI TOYHO TaK XKe KaK U B CUCTeMe C OTKPBITBIM KjIouoM. IIycTs ¢-brit
aboreHT (1 # i < n) BeIOMpaeT nBa GOIBIINX MPOCTHIX YUCIA P;1 U Pio,
3aTeM BBIUNCIISET WX MPOU3BEIEHUE — T; = P;1Pi2 U QyHKIUO Diepa OT
Hero — (7;), 3aTeM BEIOIpAET MEPBBI K04 a; u3 ycmoBuil 0 < a; < ¢(r;),
HOI(a;, p(r;)) = 1 u, HAKOHeI, BLIYUCIIIET BTOPOU KITFOY (v; U3 yDABHEHMUSI
a;jo; =1  (mod ¢(r;)). 3anucu B kHUre maposeit 6ymayT UMeTh BUL:
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Ecmu abonenT Wi pemraer ormpaBuTh cekpeTHOoe mucbMo m Wy, TO
eMy CleIyeT MPOoIeaTh CICOYIONIYIO TOCIENOBATEILHOCTD OEPAIIHi:

1) Eciu m > min(ry,ry), To m pasbuBaeTcss Ha YACTH, KAXKIAT U3 KOTO-
PBIX MEHBIIIE MEHBIIIErO U3 UUCeIT 71 U T3]

2) Ecnur; < rg, To cooblierne m cHadaIa MudPyeTCes KITOUoM g (my =
67 — a2
m*  (mod 71)), a 3aTeM — KiouoM az (me = mj* (mod ry)), ecan
xKe 11 > 'y, TO COOOILIEHNE M CHAYANIA MIM(PYETCs KII0UoM ag (my =
a — (65} .
m?®  (mod 72)), a 3aTeM — KII0UOM 1 (me = mJt  (mod ry));
3) Iludposannoe coobitienue mo orupasisercs Ws.

Wo nns memmmudpoBKY COOOIIIEHNS 1M OJIKEH 3HATH, KTO €10 OTIPAaBUII,
IIODTOMY K 1Mo MIOJKHA ObITH NOOABJIEHA DJIEKTPOHHAS IOMINICH, YKA3hIBAIO-
mast Ha Wi, Eciou 1 < ro, To miisa pacimdpoBKI My CHAUAJIA, IIPUMEHSIETCS
KJTIOY (v, & 3aTEM — a1, €CJIN XKe 7| > Ty, TO IJIs PacIIudpPOBKU 1Mo CHa-
JaJia IPUMEHsIeTCS KU a1, a 3aTeM — Qso. PaccMoTpuM ciay4gai v < ra:
ms? =mi**? =my  (mod ro) mmi* =m** =m (mod r1) mo Teopeme
Onnepa-depma.

[Tpumep. Ilycte Wi BeIOpa um BBIYUCIWII CHEOYIOIINE YUCIA P11 =
7,p12 = 13,71 = p11ip12 = 91,0(91) = 72,a7 = 5,1 = 29, a Wy — caeny-
orme po; = 11, pog = 23,19 = 253, p(253) = 220, a2 = 31, as = 71. Tocme
3aHeceHus 3amnucent o Wy u Wy B oTKpBITYIO KHUTY maposeir, Ws perraet
rocaaTh coobiienue m = 41 noua Wi, T.x. ro > r1, To coobIlieHne cHaYaIa
mudpyeTcs KI0UOM a1, a 3aTeM KIIoUoM ag: mi = 41° = 6 (mod 91),
mo = 61 =94 (mod 253). Coobmmenme my ormpasagerca Wi. Iomyuns
mo = 94, W1, 3Has, uT0o oHO mpuIio ot Ws, memmdpyer ero cHavasIa KiTro-
90M ag, a 3aTeM KmodoM aq: 9431 (mod 253) = 6, 629 (mod 91) = 41.

Ecnmu nmonnucaTts coobitieHne OTKPBITBIM 00pa30M, HAIIpUMEDP, IMEHEM
OTIIPABUTEsI, TO TakKas “MOONUCH OylIeT HUYEM He 3aIIUIIeHa OT ITOoOe-
KI1. 3aIuTa SJIEKTPOHHON MOAINCH OOBITHO PEAIN3yeTCs C UCIOIb30BAHIEM
TaKUX XK€ METOIOB, YTO B KPUITOCUCTEME C OTKPBITHIM KJTFOTOM.

OJEeKTPOHHAs TOMNNICH TEHEPUPYETCS OTIPABUTENIEM TIO TTePelaBaeMO-
MY COOOIIIEHUIO 1 ceKpeTHOMY Kitouy. [lomyuaTesnb cooOIeHnss MOXeT mpo-
BEPUTH €r0 ay TEHTUYHOCTD II0 MPUJIaraeMoil K HeMy 3JIeKTPOHHON MOATINCHA
1 OTKPBITOMY KJTIOUY OTHPABUTEIIS.

CranmapTHBIE CUCTEMBbI SJIEKTPOHHON MOMMUCH CUUTAIOTCS HACTOIBKO
HAJOEXKHBIMI, 9TO 3JIEKTPOHHAS MONIINCH IOPUANYECKN ITPUPABHEHA K PYKO-
MIACHON. DJIEKTPOHHAS MONIUCH YaCTO WUCIOIB3YyeTCsI ¢ OTKPBITHIMU, He3a-
Mu(PPOBAHHBIMU 3JICKTPOHHBIMU NOKYyMEHTAMMU.
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32. CraunapT mudpoBaHUs OAHHBIX

B 1977 romy B CIIIA 6bu1 mpenyioxked cTagmapT DI IndpOBAHUS TaH-
ueix — DES (Data Encryption Standard), paspa6oranusiir 8 IBM. B 1980
OH OBbLTT OmMOOpEH Bemyllell MIUPOBOI opraHm3amueil mo cragmapram — AN-
SI. B macTosiee Bpems ajaroputMm DES mmmpoko ncnomb3yeTcest st 3aiuThl
KOMMEPYECKON MHGOPMAIINN.

DES — »T0 knaccumueckass KPHUITOCUCTEMA C OTKPBITBIM CIOCOOOM
MIPPOBKU U IenGPOBKU, CEKPETHOCTH KOTOPOW 00ECIEeYMBAETCS UCKJITIO-
ynTeabHO KiaouoM. OcHoBHBIE mocTomHCTBa DES:

® UCIIOJIL3YEeTCs TOJBKO ONUH KITI0U (DUKCUPOBAHHON MInHBEI 56 6uT (B

CCTeMaX C OTKPBITBIM KJTIOUOM [JIMHA KJTIOYa JOJKHA ObITH Ooitee

300 6ur);

e 3arm@poBaB COOOIIIEHNE C TTIOMOIIIBLI0 OMHON ITPOrPaMMBI, IJIs1 paciIud-

POBKI MOXKHO KCIIOJIB30BaTh IPYTYIO;

® OTHOCHUTENbHAas IIPOCTOTA aJITOPUTMa OOECIIeUNBAET BBICOKYIO CKO-
pocTh paboThl (KAK MUHUMYM, Ha TOPSIIOK BBIIIE CKOPOCTU PAbOTHI

AJITOPUTMA 11 KPUIITOCUCTEMBI C OTKPBLITBIM KITFOUOM );

® [IOCTATOYHO BBICOKAsI CTOMKOCTH aJrOpuTMa (CTONKOCTH KOHKPETHOTO
3a1mmM@pPOBAHHOTO COOOIIIEHNSI 3aBUCUT OT BBIOOPA KJII0Ya).

I'nasuswiit memoctaToxk DES cBs3aH ¢ ero xiaccuueckoil opraHu3aliei,
T.e. ¢ HeOOXOOMMOCTBIO OOecIeunBaTh CBEPXHAMEKHBIN KaHaJ OJIs Iepea-
9 KJIIOYenl.

Anropurm DES mpenuassaden njist mmdpoBKu poBHO 64 GUT MCXOI-
HBIX MaHHBIX — 0o0Jiee MJIMHHBIE COOOIIEHNST NOJIXKHBI pa30UBATHCS Ha YaCTU
nauaon 64 6uta, a 60jlee KOPOTKUE MOMOTHSITHCS HYIIIMU WA ITPOOETaM;.
Cob6crBenno mudpoBka n memndpoBKa 00eCHeUYnBACTCS MHOTOKPATHBIMI
O TOBBIMU TTEPECTAHOBKAMHI B MCXOMHOM COOOITIEHNN, OITPEeIsIeMbIMI CTaH-
MapPTHBIMU MTEPECTAHOBOYHBIMU MATPUIIAMU U KJIIOUOM.

[Ipumepom mporpammbl, peanu3yorreir agroputMm DES, aBisercs mpo-
rpamva DISKREET u3 makera Norton Utilities.

33. Madpopmarniusa B Internet

CaMblil pacIpOCTPAHEHHBIN TUM JAHHBIX B KOMITBIOTEPHOM MUPE — 3TO
mexcmosvle paniibl, KOTOpPble HEMTOCPENCTBEHHO B TOW WJIM MHOU Mepe II0-
HSTHBI [JIS U€JIOBEKA, B OTJINYNE OT OunapHbir GaiioB, OPUEHTIPOBAHHBIX
MCKJTIOYNTEIHHO Ha KOMIBIOTEPHBIE METOMbI 00paboTku. C NCIOIb30BaHIEM
TEKCTOBBIX (DAlJIOB CBSI3aHBI IBE IPOOJIEMBI.

IlepBast 3akiovyaeTcss B CIIOXHOCTU €IMHOOOPA3HOTO IIPENCTABIICHUS
CIMBOJIOB TekcTa. I mpemcTaBeHns aHT/IMACKUX TEKCTOB IOCTATOYHO
ASCII. s paboThl ¢ OPYTUME S3bIKAMI HA OCHOBE JIATUHCKOTO aJihaBu-
Ta, A3BIKAMI Ha OCHOBE KUPUJIINAILI U HEKOTOPBIMU APYTUMU HYXKHO yXKe
HECKOJILKO HecaTKOB Habopos pacimupennoro ASCII. DTo o3mauaer, uro
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OMHOMY U TOMY Ke Komy, OomnbitteMy 127, B KaxXnooM HabOpe COOTBETCTBYET
cBol cuMBOJI. CUTyaInio yCaIOXKHIET U TO, UTO IJIT HEKOTOPBIX SI3LIKOB, B
JACTHOCTH, PYCCKOTO CyIecTByeT HeckKonbKo HabopoB ASCII+. Kpome To-
ro, HeOOXOMMMO, UTOOBI BCE CHUMBOJIBI KaXXIOTO SI3BIKA TMOMEIAJINCH B OOUH
Ha0Op, UYTO HEBO3MOXKHO [JII TaKUX SI3bIKOB, KaK KUTANCKUNA WU SITIOHCKUA.
Tabnuma konuposku Unicode, mpemuasHaueHHas OJIs ITOCTEIIEHHON 3aMEHBI
ASCII, — 16-paspsmHast, 4TO MO3BOJIsAeT mpemcTaBuTh 65536 komos. Ona
IIIMPOKO mcroIb3yercs B Linux u Microsoft Windows. BapuamnTer Unicode
TIO3BOJISIOT UCIOJIB30BaTh 31-pa3psanHoe konupoanue. Mcnonap3oBarnue Uni-
code TpeOyeT mepemesiKum BCEX MPOTPaMM, PACCUMTAHHBIX IS PabOTHI C
rekcramu ASCIL.

s TOro, YTOOBI YBUIETH CUMBOJIBI, COOTBETCTBYIOIIIIE KOOAM 13 TEK-
CTOBOTO (halijia, KaXXI0OMy KOOy HYXKHO COIOCTaBUTH BU3yaJIbHOE TTPENCTaB-
JIeHe CUMBOJIA M3 BBIOPAHHOTO IIIPU@TA.

Komnvromeprvili wpugdm — >To HAOOP MMEHOBAHHBIX KOOAMU PUCYH-
KOB 3HAKOB.

Taxum ob6paszom, 4TOOBI THTEPAKTUBHO Ppab0TaTh C TEKCTOBBIM (haIoM
HeOOXOMMMO 3HATH €ro KOOUPOBKY (M3 TEKCTOBLIX (DailyIoB, KakK MPABUIIO,
IPSIMON MHGOPMAIIUN O KOMUPOBKE MOIIyUYNTh HEJIB3S — €€ Hallo 3HATh WIIN
yragaTh!) 1 UMeTh B cUCTeMe MIPUMT, COOTBETCTBYIOIINN STON KOTUPOBKE.

Bropas mpobitema cBsi3aHa ¢ TEM, YTO TaKle CPENCTBA KaK KYPCUBHBIN,
MIOJTY KUPHBIN WM TOMYIEPKHYTHIA TEKCT, a TakKxXe Tpadukr, OuarpaMMBbl,
IPpUMeYaHUs, 3ByK, BUIEO 1 T.II. DJIEMEHTHI 3JIEKTPOHHBIX TOKYMEHTOB, BbI-
XOOSIT 3a PAMKHN €CTECTBEHHBIX, MHTYUTHUBHBIX JIEMEHTOB TEKCTa W TpPe-
OyIOT COTJIAlIEeHU! IO WX MCIOIB30BAHUIO, UTO IPUBOAUT K BO3HUKHOBE-
HUIO Pa3/INYHBIX (POPMATOB TEKCTOBBIX MaHHBIX. IlocimenHue mHOTma maxke
He OPMEHTUPOBAHBLI HA HETOCPEICTBEHHYIO PAa0OTy C HUMU UejIoBeKa, (hak-
TUYECKN HE OTINYAsCh N0 HA3HAUEHWIO B TAKUX CIyYasX, OT OMHAPHBIX
TTAHHBIX.

Brecenne B mpoctoit TekcT (plain text) momomHUTENHHON MHOOPMAIIN
006 ero 0opOpPMIIEHNN WITN CTPYKTYPE OCYIIIECTBIISETCS IIPU ITOMOIIHA PaA3MEM -
xu mexcma (markup). Pasnuuator gusuueckyro umu npoyedypryo pasmer-
Ky U 402UYeCKy10 Wi OOOOIIIEHHYIO Pa3METKY.

[Ipu Pusmyeckont pazMeTKe TOUHO YKA3bIBAETCsI, UTO HYXKHO CIIENIATh C
BBLIOpAHHBIM (PpArMEHTOM TEKCTa: IMTOKa3aTh KYPCUBHBIM, IPUMNOIHITD, II€H-
TPUPOBATh, CXKATh, MOMYEPKHYTH U T.1I. [Ipm moruydeckoir pa3mMeTKe yKasbl-
BaeTCs CTPYKTYPHBIN CMBICIT BLIOPAHHOTO (pparMeHTa: IpuMedaHue, Havuailo
pasnena, KOHeIl TTofpa3esia, CChIJIKa Ha APyrou ¢parMeHT W T.II.

s mevaTu MOKyMeHTa Ha MPUHTEPE WU TOKa3e Ha SKPaHe UCIOITb3Y-
eTcs pusmueckas pazMeTka. McTopuyecku oHa TOSBUIIACH TTEPBOI, HO MMe-
eT oueBumHLIE HenocTaTku. Hampumep, B Amepuke u EBpore cyiecTByroT
pa3Hble CTaHOAPTHI HA pa3Mep mucdeir Oymaru, HaOOpbI IIPUGTOB U pas-
Mep SKpaHa MEHSIOTCS OT CUCTEMBI K CHCTeMe, — IOHOOHBIE 0OCTOSTENb-
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cTBa TPeOYIOT TPYHOEMKOTO U3MEHEeHUsT (PU3MIECKON pa3MeTKU TEKCTa Ipu
HCIIOJT30BAHUN OMHOTO U TOTO XKe NOKyMEHTa Ha Pa3HbIX KOMHObIOTEpax.
Kpowme Toro, pusmdueckas pazmeTka, KaK MPaBUJIO, IPUBI3aHa K KOHKPET-
HBIM ITPOTPAMMHBIM CPEIICTBaM, BPeMs XXKM3HU KOTOPBIX OTPAHUYIEHO, ITO
He II03BOJISIET BECTU apXUBBI NOKYMeHTAIUu 6e3 pucka uepe3 HeCKOJIBKO Jie-
CSITKOB JIET OCTAThCs 0e3 CpencTB sl paboThl C HUMM.

Jlormyeckyo pa3mMeTKy Bcerma MOXKHO ITpeoOpa3oBaTh B (QU3UUIECKYIO,
UCTIONTB3YSI MabAuyy cmuet, KOTopas IPeacTaBiIseT cOOOH MepevunceHre
CITOCOO0B OTOOpaKEH!ST KaXOOTO JIOTMYECKOTO djieMeHTa. TakuM obpa3oM,
nMes HaOOPBI MOKYMEHTOB B JIOTMUECKOU pa3MeTKe MOXKHO BCeria Ipu neva-
THU NIpuUOaBaTh UM HauboOJee MPUBJIEKATEILHBIN BUI, CBOEBPEMEHHO TOJIY-
Jasg OT CIEINAJIUCTOB-IU3aTHEPOB HOBeUIe Tabaumbl cTuiei. IIpeobpa-
30BaHIE (PU3UUIECKON pa3METKU B JIOTMUECKYIO0 (OPMAJIbLHBIMU CPEICTBAMU
MIPaKTUYeCKN HEBO3MOXKHO.

OcHoBHBIE HOPMATHI TEKCTA C PA3METKOM:

1) HTML — Hyper Text Markup Language, 361K pasMeTKu rUmepTeK-

CTa;

2) XML — eXtensible Markup Language, pacimupsieMbIit sSI36IK pa3MeTKH;

3) SGML — Standard Generalized Markup Language, cranmapTHbIi
sI3BIK OOOOIIIEHHON Pa3METKNU;

4) TEX;

5) PostScript;

6) PDF — Portable Document Format, dpopmar mis mepeHOCHMBIX HOKY-

MeHTOB, uiau Acrobat (dacTuaHO GHHADHBIIT).

HoxymeHnTs! B Internet wacto mybmukyroTcs B 06paboTaHHOM IIPOTPaM-
MaMHI CXKaTus NaHHBIX Buae. Hambonee ncnonb3yemble GOpMaThI CXKATUAST —
5TO zip u tgz (tar.gz). Popmat tgz — 5TO pesynbTaT KOHBEHEPHOTO NpU-
MEHEHUsT KOMaHI cHadasa tar (cobupaeT (ailyibl 1 KATAJIOTH B OMUH (harii
C COXpaHEHWEeM CTPYKTYPBI KATAJIOTOB) U 3aTEM EZip.

YacTo B Internet my:x)xHO mpeobpa3oBLIBATH OMHAPHBIE NaHHLIE B TEK-
CTOBBIE ([JIsI OTTIPABKE IO JIEKTPOHHOI TIOUTE, HAIIPUMED) U 3aTeM HAao6o-
pot. Iljist 5TOro, B 4aCTHOCTH, CIIyKaT MPOrpaMMbl uuencode (mepeBecTu B
tekcT) u uudecode (mepeBecTu u3 TekcTa). B TekcToBOM (hailsie 3aKOMUPO-
BaHHBI TEKCTOM OMHAPHBINA (Halyl IIOMEIIaeTCsI MeXKAy CJIOBAMU, HAUNHAO-
mmMu cTpoku, begin u end. Ctpoka begin momxkua comep:kaTh aTpuOyThHI
1 nMs OmHapHOTrO (daua.

34. HTML, XML n SGML

World Wide Web (WWW, Bcemupras mayTuna) 6a3upyercs: Ha TPex
craamaprax: URI (Universal Resource Identifier, yuuBepcanbubiilt unenTu-
duxaTop pecypca, panbire HasbBasicss URL) — npemocrasnsier cranmapt-
HBI CITOCOO 3amaHus MeCTOIOJIOXKeHus jboro pecypca Internet, HT'TP
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(Hyper Text Transfer Protocol, mporokon nepemaun runeprekcra), HTML
— sa3b1K cTpanui; WWW.

HTML — s3bIK JTOTTYeCcKOl pa3MeTKN, XOTS U IO CKAIOITAN BO3MOXK-
HOCTb DEKOMEHIOBATH TY WM UHYIO QU3NIECKYIO Pa3METKY BBLIODAHHOTO
dparmenTa TekcTa. KoHKpeTHas puiamueckas pa3MeTKa MNOKYMEHTa 3aBU-
CUT OT IIpOrpaMMbI-6pay3epa (browser), UCIOIB3yeMOll [IJIst €0 IIPOCMOTPA.
HoxymenTtsr HTML wu3-3a comepxkarmxcs B HUX, KaK ITPABUIIO, OOJIBIIIOTO
KOJIMYeCTBa CChIJIOK Ha npyrue nokyMeHThl HTML, ¢ koTopbiMu oHEI 0Opa-
3YIOT €OUHOE TIeJI0e, MAJIO TPUCIOCOOIIEHBI MIJIs pacliedaTK Ha MIPUHTEPE.

Nwmsa daiina ¢ mokymenTom HTML mmeer ob6brunOo pactiupenue html
i htm. CytriecTByIOT psim mporpaMM, MO3BOJISIONTIX CO3IaBATDH MOKYMEH-
et HTML B Bu3syasibHOM pexume U He TPEOYIOIUX OT WX TOJIb30BATEs
suanuss HTML. Ho co3maTh cloXHBIT WHTEPAKTUBHBIN TOKYMEHT 0Oe3 Ta-
KOT'O 3HAHUS HEIIPOCTO.

Onementsl pasmerku HTML cocrosit u3 mezos (tag). Tern 3akimoua-
IOTCS B YTJIOBbIE CKOOKW, Y HUX, KaK MPABUJIO, €CTh UM I OHI MOTYT UMETH
nonosiHuTeNnbHBIe aTpubyThl. Hampumep, Ter (A HREF="http://www.
linux.org”) umeer ums A (anchor, sikops), arpubyr HREF co 3mauenuem
“http://www.linux.org”.

HexoTopbrle Term camMomocTaTOYHBI, HAIPUMEDP, TET pPa3pbiBa CTPOKU
(BR) (break), HO GOJIBIIMHCTBO TErOB — 5TO MAPLI U3 OMKPbLIBAIOULEL0
(start tag) u zaxpwisaroweeo (end tag) Teros. Mms 3axpbiBaroiero tera
OTJIMIAETCSI OT UMEHU OTKPBIBAOIIIETO TOJIBKO TE€M, UTO TePe HUM CTABUT-
cs HakjoHHAas yepra (slash). Hampumep, eciim ums oTkpbiBatoriero tera A,
TO uMs 3akpbiBaoiero — /A. OTKPBLIBAIOIIMI U 3aKPBIBAIOIINI TETH 06-
pPaMIISIIOT HEKOTOPHI (hparMeEHT TEKCTa, BMECTE ¢ KOTOPBIM OHU OOpa3yIoT
SAEMEHM, MEKCMEG. DTTEMEHTHI TEKCTA MOTYT OBITH BIIOXKEHHBIMU.

[Tapuete Teru EM (emphasis, seimenenue), STRONG (oco6o Bbime-
muts), CITE (murara mwnn cceika), CODE (kommbroTepHas mporpamma),
SAMP (sample, Tekct npumepa), STRIKE (3auepkHyTh) 1 HEKOTOpPBIE IPY-
r'e TO3BOJISIOT JIOTUYECKHU BBIIEIUTH PPArMEHTHI TEKCTa, a MapHbIe Tern
B (bold, momyxwupssrit), I (italic, kypcus), U (undelined, momuepkuyThiit),
TT (typewriter, mumryias marmmaka), SUB (subscript, Humkuarit nHmexc),
SUP (superscript, BepXHUil HHIEKC) U APYTHE — PEKOMEHIOBATEH QU3MIECKN
BBIIE/TUTH (PArMEHT TEKCTa YKA3aHHBIM OOPa30M.

[TonuBIT DOKyMEHT mpencTaBiseT cobon onuH 3reMeHT TekcTa HTML.
BaronoBku — sto snementsl H1, H2, H3 u . 1. Yucmo moce H (header)
— BTO yPOBEHb BJIOKEHHOCTU 3arojioBKa, T.e. H1 — 5TO 3aroioBoK Bcero
nokyMenTa, H2 — 3aromoBok paszmena mokymenTa, H3 — monpasmena u T. 1.
A6zaubr — 510 smementsr P (paragraph). Onementsr PRE (preformatted)
TOJIZKHBI 0TOOpaXKaThCs Opay3epoM ¢ TaKUM XKe pa3bueHneM Ha CTPOKU KakK
U B UCXOIHOM JIOKYMEHTE.

CrernuabHble CHMBOJIBI MOXKHO BBECTHU B [MOKYMEHT, UCIIOJIB3Y S UX UMe-
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Ha (entity), 3akioUeHHBIE MEXIy 3HaKaMu & U TOuka ¢ 3amnsaToit. Hampu-
Mep, caM 3HaK & MOXHO BBeCTH Kak &amp;, a 3HaK KaBbluka — &quot;.

Ccobltku 1 MapKepbl, 00bABIAIOTCS mpu momorru atpudyToB HREF u
NAME coorsercreenno. Hampumep, snement (A NAME="chapter3”)(/A)
— 9TO MeTKa, Ha KOTOPYIO MOXKHO CCBIIATHCS MO mMeHu chapter3, mcmoss-
3ys1, nanpumep, cceiiky (A HREF="#chapter3”)['masa 3(/A).

Ter IMG (image, o6pa3) mo3BoJIsleT BCTABUTH IPAPUIECKYIO KAPTUHKY
B IIOKYMEHT, UCIOJIb3Ys MBa OCHOBHBLIX aTpubyra: SRC (source, ncrounuk)
s ykazarus URI ¢aitna ¢ rpadukoir u ALT (alternative, ansrepuatusa)
IS YKa3aHUs allbTEPHATUBHOTO TEKCTa, TTOKA3BIBAEMOTO BMECTO KAPTUHKH,
B ciy4dae, korga daia ¢ rpadukoll HEOOCTYIEH UJIN €ro TUIl HEU3BECTEH
Opay3epy.

Hoxymertsr HTML wMoryT OBITH MCHOTB30BAHBI IJIS WHTEPAKTUB-
moit paboTwl. Hampumep, smemerr FORM mo3BosseT mosnb3oBaTenio web-
CTpaHUIILI TEpPenaTh BBeNeHHYO B cTpanuily wmudopmaruoo zHa HTTP-
ceppep. DaemenT FORM MoxeT comep:kaTh pa3HOOOpa3HbIe KHOIMKY, CITHC-
KU, BCIJIBIBAIOIIIIE MEHIO, OMHOCTPOYHBIE U MHOTOCTPOUYHBIE TEKCTOBBIE TTO-
Jist 1 apyrue KoMmoHeHThl. O6paboTKON BBEIEHHBIX MTEPEIaHHBIX Ha CEepPBep
MaHHBIX U co3manHueM nuHammdeckux HTML-nokymMeHTOB B OTBeT Ha HUX
3aHUMAIOTCs crenuaiibabie mporpammbl, CGl-ckpunTor (common gate in-
terface), ycTaHOBIICHHBIE HA CEPBEpE.

KommeHnTapuu BBOOATCS MeXIy cuMBOiamMu (l-- u --).

HTML comep:xxut cpemcTBa oJis ONUCAHNUS OAHHBIX B BUIIE TAOJINUIL U 1IC-
nostb30BaHUs TabmuIl ctuner. HT'ML ucnonmb3yeT cranmapTHBIE CUCTEMHBIE
MIPUPTHI, T.€. HE CYIIECTBYET MIPUPTOB CIEMUATBLHO MIJIsI WWW-CTPAHNAII.

Nwena daitnos-mokymenToB SGML, kax mpaBuiio, UMEOT PACIITTPEHIE
sgml. SGML c¢ magama 1970-x paspabarsBascs dupmon IBM, a ¢ 1986 roma
IPUHAT B KQUecTBe MeKIyHapomHoro craumapra (ISO 8879) nns dopmara
MOKYMEHTOB C jjorndeckorr pazMmerkoit. CHauasa mokymeHT SGML comep:xxut
ONUICAHUE BUMIa KOOUPOBAHUS W PAa3METKHU TEKCTa W 3aTeM CaM pa3MedeH-
el TekeT. HTML — sto SGML ¢ ¢ukcuposaunoi pasmerkoin. Co3maresnn
rexuojorun WWW orkaszanucs oT nomaon nmogmepxkku SGML Tonbko mo-
Tomy, uTo B Hauase 1990-x cuctembr, KoTophie Morim paborats ¢ SGML B
peasbHOM BpEeMeHU ObLIU OUEHb HOPOTT.

OnemenTsl SGML mensTcst Ha YeThIpe KaTETOPUN:

1) ommcaTesabHbIE MAPKEPBI — OMPENESAIOT CTPYKTYPY JOKYMEHTA — UM
cooTBeTCTBYIOT djemMenThl padMeTrku HTML Tuma H1, P, A, IMG u
T.T.;

2) CCBUIKE Ha JaHHBIE — UM COOTBETCTBYIOT 5iieMeHThl pazMeTku HTML
Tumna &amp;

3) ommcareNbHbIE KOHCTPYKIINNA KOMIIOHEHT [IOKYMEHTA B X CTPYKTYPHOI
B3auMocBs3u — oHu He BxonsaT B HTML, Ho onpenesnstorT ero. x pexo-
MEHIIYeTCs HAUMHATH ¢ KOMOWHAINN 3HAKOB (! 1 3aKaHINBATH 3HAKOM

80



). [Ipumepom KoHCTpYKIMuU, onpenessonieil ccobky &ref; Ha cmoBoco-

getanue “The Reference” 6ymer (!lENTITY ref "The Reference");

4) MHCTPYKIUEA TI0 00pabOTKU TEKCTA — MX PEKOMEHIYeTCs 3aKII0YaTh
MeXIy 3HaKaMu (7 U ) — OHHU BBOMOAT DJIEMEHTHI TEKCTa, OPUEHTH-
POBAHHOI'O Ha KOHKPETHYIO, 3aBUCAIIYI0O OT CHUCTEMBI 00paboTky. B
HTML c ux momortibio, HapuMmep, BCTABIAIOT KO IJiss 0OpabOTK! Ha
cepepe WWW crpanuir.

Hoxymerntsr SGML MOXHO KOHBEPTUPOBATL KaK B TUMEPTEKCT, TaK
n B 0001 hopMaT, OPUEHTUPOBAHHBLI Ha pacnevaTky, Hampumep, 1TEX
it Microsoft Word. Benenue moxymenTtanuu B popmare SGML Bo MHOTIX
OTHOIIIEHUSX OIMTUMAJIBLHO.

C 1996 odpunmanabuo nmoeT paspaboTka dopmara XML — mooMuOXKe-
ctBa SGML, koTopoe mpenmnosraraeTcs UCIOIB30BAThL B Internet Hapsmy c
HTML. IIpeumyiiectBo XML mepen HTML B ero uerkoit cssi3u ¢ SGML,
YTO TO3BOJISIET CTAHIAPTHBIM 00pa3oM BBOMNUTH B NOKYMEHT HOBBIE KOH-
CTPYKIuu, n3beras TeM CaMbIM HEKOHTPOJIMPYEMOTO BBENEHUS B S3BIK HO-
BBIX BO3MOXHOCTEN, Kak 3T0 mpoucxonut ¢ HTML.

» YupaxHeHue 51
Kax ma HTML onucaTts 3aronoBok nmepBoro ypoBHs “I'itaBa 2”7, Ha KOTOPBIT
MOXKHO OyImeT CChbUIAThCS IT0 mMeHn “277

35. TEX

N3BecTHBIT aMEepPUKAHCKUN MATEMATUK U TEOPETUK ITPOrPAMMUPOBA-
uust Homamen Kuyr (D. E. Knuth) 6omee 10 mer ¢ xorma 1970-x romos
paspabaTtbiBai cuctemy BepcTku KHur TEX (mpomsunocurest “rex”). Cytre-
CTByeT MHOXKECTBO PACIIIpEeHnit BO3MoxHOcTel 6a3oBoro (plain) TEX. TEX
IOy JISTPEH TTPEX e BCETO B aKAJIEMUUYECKUX KPYyraxX, T.K. B IIEJIOM OH BeChb-
Ma CJIOXKEH [JIs M3ydeHus. B oTjauume OT CUCTEM, OPUEHTUPOBAHHBIX HA
nHTepIpeTanuio pasmerku, momoousrx Microsoft Word uiaum Sun Star Writ-
er, TEX — xoMmumaumpyroIas cucreMa. Pe3yibTaT KOMIUISIINN TOKYyMEH-
ta TEX — 510 daitn B 6unapuom dopmare dvi (device independent), xo-
TOPBIN MOXKHO, UCHOJIB3Ys OIpailBePhl KOHKPETHBIX YCTPOUCTB (IIPUHTEPOB,
9KpaHa), pacmedararh. TEX HUCHOIB3yeT COOCTBEHHYIO CHCTEMY MACIITAa-
6upyeMbIxX MIpuTOB, KOTOPbIE MACIHITAOUPYIOTCS HE B PEAJIHLHOM BPEMEHU
naTepupeTanueinn kak mpudTel True Type umaum PostScript, a kommumsiu-
el mpu momorr mmporpamMmmbel METAFONT. B Internet mocTymHBI TeKCTHI
nporpamMmm TEX m METAFONT — onm Hanucaubl Ha [lackase. IlpudTer
METAFONT HamnmucaHbl Ha CIEIIUAJILHOM A3BIKE, C IeKJIapaTUBHBIM CUHTAK-
cucom. TEX mo3BosIsgeT Takxke UCIOIbL30BaTh MipudThl True Type u Adobe
Type 1 u Type 3. lIpounTaTh 1 NOHATH comepxkuMoOe MOKymeHTa TEX He-
CJIOXKHO, HO CKOMIIIJIIPOBATh U paclevaTaThb, a TeM 0ojlee cO3MaTh HOBBIN
IOKyMeHT 0e3 ITOMOIIY CIEeNUAINCTa WIN OCHOBATEIHLHON ITONTOTOBKU He-

81



npocto. Onrako TEX [0 cux mop sBJISIeTCS MOYTH IUHCTBEHHON TOCTYITHON
OeCIIaTHO CUCTEMON, MO3BOJISIONIEN OIyYaTh NOKyMEHTHI TUIOTPadCKOTO
kadecTtBa. B plain TEX mcnomb3yercs ¢umsmueckass pa3MeTKa, a B HambO-
jee momysisipHOM ero pactmmpennu NTEX Takxke u norudeckas. TEX — sTo
SI3BIK MaKPOCOB, OOJIBIIIMHCTBO M3 KOTOPBIX HAYMHAIOTCS C CUMBOJIa 00paT-
Has KOcasl YepTa ! COCTOST 3aTeM u3 OykB. Hanmpumep, 3anucek B TOKyMeHTe
plain TEX \centerline{OTo {\it moii} 3aromoBok} o3HaUaeT EHTPUPOBATH
CTPOKy-ab3aIr “9To MOI 3arojioBOK” , HamedaTaB CJIOBO ‘MO’ B HEM KypPCH-
BoM, a 3ammchk $$\int_1"x{dt\over t}=\In x$$ — dopmymy

/wdt
— =Inux.
1t

TEX — 9T0 0co0bIii A3bIK TpPOrpaMMupoBaHus. JHTY3nacThl TEX Hamwmca-
JIM Ha HEM MHTepupeTaTop a3bika baticuk. IokymenTrsl TEX MOryT mmMeThb
OYeHDb CJIOXKHYIO CTPYKTYPY U U3-3a 5TOTO UX B OOIIEM CIIydae Hejb3s KOH-
BepTupoBaTh B apyrue ¢opmatsl. HHokymenTsr HTML unun Microsoft Word
TEeOPEeTUYECKN MOXHO BCEr/Ia KOHBepTUPOBaTh B dopmaT TEX.

Cuctema GNU texinfo ocuoBana wa TEX, HO UCIIOTIB3YEeT COBEPIIIEHHO
Ipyro HaboOp MakpocoB. Makpochkl B 3TON CHUCTEME MOJIXKHBI HAUMHATHCS
co 3Haka @. JlokymeHnTnl texinfo MoxHO mpeobpaszoBaTh KakK B MOKYMEHT
HTML, Tax u B kauecTBeHHYIO pacrnedaTky. B orimuuane ot SGML, cpencTra
IIJIsT TAKOTO TTpeobpas3oBaHms — 5TO YacTh cucTeMbl texinfo. BosmoxunocTn
texinfo mjs BepCcTKU MOKYMEHTOB HECKOJIBLKO OTDAHUUECHHEN O CPABHEHUIO
C IPyruMu pa3BUTHIMU TEX-crCcTeMaMu.

Pacmupenns nmen daitnoB nokymenToB TEX — tex; IATEX — tex,
latex, 1tx, sty (ctuwmm) u mp.; METAFONT — mf (ucxomabie mporpamMMbl
mpudToB), tfm (MeTpuku mpudTOB, HYKHBI HA STale KOMIUISAIUIN [TOKY-
menTa TEX), pk (MaTpuis! mpudToB, HyKHbLI pu medaTu dvi-daiia); tex-
info — texi, texinfo.

36. PostScript u PDF

PostScript — 5T0 yHEUBEpCAJIBHBIN SI3bIK MTPOrPAMMUPOBAHUS (IMeeT
MHOTrO0 o6trtero ¢ si3bikamu Poprt u Jlucn), npemocrasistomuit GOIBIION Ha-
60p xKoMmaHM Oyt paboThl ¢ rpadukon u mrpudramu. OH sBaseTCs PaxTU-
YEeCKUM MEXTYHAPOMHBIM CTAHOAPTOM M3IATEIbCKUX cucTeM. Pa3pabaThi-
BaeTcs dupmont Adobe Systems c¢ mepsoit mosoBunbl 1980-x. Ucnonbiyer-
Csl, KAK BCTPOEHHBIN S3bIK TPUHTEPOB IJIsI BEICOKOKAUYECTBEHHON MEYATH, &
Takxke HeKOTOpbiMu cucTemMaMu X Window mpu BBIBOIE MAHHBIX Ha DKPAH
nucties. CyliecTByIOT U IPOrpaMMbI-UHTEPIPETATOPHI s13biKa PostScript.
Jyuamras w3 aux — 510 Ghostscript. IIporpamma GhostView mpemocTas-
qsieT ymobubil OokOHHBIN mHTepderic mias Ghostscript u cymecTByer mis
6onbinmacTBa OC.
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PostScript-mporpaMMbl MOXHO OHCATH BPYYHYIO, HO OOBIUYHO TEKCT
PostScript remepupyercs aBTroMaTHYeCcKn IIPOrpaMMaMi BBIBOOA HAHHBIX.
Pacmmupenns numen daitnos ¢ PostScript-mporpammoit — 5T0, Kak mpaBu-
10, ps, eps (Encapsulated PostScript, daii-kapTunka ¢ 3amaHHBIMEA pa3-
mepamu), pfa (mpudr), pfb (6uraproe mpencrasnenue pfa), afm (meTpu-
K mpudTa, MOTYyT OBITh YaCTUYHO IIOJIYYEHBI U3 COOTBETCTBYIOIIEro pfa-
daitna), pfm (6unapuoe npencrasierune afm).

[IpenmytiiectBo dopmarta PostScript B TomM, uTo OH, Kak um dopMaT
DVI, mezaBucumMm oT puzumuecKux yCTPORCTB BocupousBenenus. OOuH u TOT
ke PostScript-daiin MOXXHO BBHIBONUTH KaK HA DKPaH C pasperreHumeMm 72
dpi (dot per inch, Touek Ha mIO¥iM) WK JIA3EPHBIA TPUHTEP Pa3pEIIEHTEM
600 dpi, Tax u Ha TEHDOrpadcCckyo anmaparypy ¢ paspemrerauem 2400 dpi,
uMes TApaHTHUN, YTO n300pakeHue OymeT HAWIYUIIero KauecTBa, BO3MOXK-
HOTO Ha BbIOpaHHOI ammapartype. Bosmoxuoctu PostScript mepekprbiBaioT
Bo3MoxkHOocT DVI, mosTomy mHekoTopble TEX-cuCTeMBI TpU KOMITUJISIIAN
MOKYMEHTOB IIPOU3BOOAT cpasy ¢aiiel B popmaTe PostScript umu PDF.

daiier PostScript MOXHO BPyUYHYI0 KOPPEKTUPOBATH, HO M3-38 CJIOXK-
HOCTHU SI3BIKA — 3TO OYE€Hb HE IMPOCTO, OCOOEHHO €CJIN UCIOIB3YIOTCS CUM-
BoJtbl, He Bxomsamme B ASCII. ®akTudeckn 5Ty Gaiibl MOXKHO pPacCMaT-
pUBaTh KaK “TOJILKO IJIS YTE€HUS W UCIOJIB30BATH IJIsS PACIPOCTPAHEHUS
nabopMalun, He monexarrein n3mernennio. Komventapuu B PostScript, kak
u B TEX, HAUMHAIOTCS 3HAKOM 70 M 3aKAHUYMBAIOTCS KOHIIOM CTpPOKu. [lep-
Basi cTpouka PostScript-mporpaMMbl 0OBIYHO COOEPKUT TOUHOE HA3BAHUE
dopmara daiiia. CoOCTBEHHO IporpaMMa HaAUNMHAETCSI B (pailjle ¢ CUMBOJIOB
%! n 3akamumBaerca cumsomamu % %EQOF. PostScript-mporpaMMer Kkpome
COOCTBEHHOU CUCTEMBI HIPUMPTOB MOTYT MUCIOIB30BaTh mIpudThl True Type
dupm Apple u Microsoft.

Pasmuuaror yposuu (levels) sisbika PostScript. Y posens 1 moxker mom-
IEPAKUBATH TOJIBKO UYepHO-6enyio rpaduky. Y poBeHb 2 MOXKET paboTaThb C
IIBETOM. Y POBEHBb 3 — 5TO COBPEMEHHOE COCTOSHUE SI3BIKA.

Hauubre u3 daina PostScript M0oxXHO mMOKa3bIBATH MO Mepe UX MOCTYII-
JIEHWs, YTO yOOOHO I UCIOIb30BaHus B Internet. Onuako ecTh nBe npuyan-
HBI, TT0 KOTOPBIM MOKYMeHTHI PostScript cpaBHUTENBHO PEIKO BKITIOUAIOTCS
B web-cTpaHums::

1) oHE BechbMa BEJIMKHI IO pa3MepaM (5TOT HEHOCTATOK CHUMAETCS IIPO-
rpaMMaMi CXKaTHUsI, pabOTAIOIINMI B PEATILHOM BPEMEHN );
2) OHU MOTYT CONEPKATH B cebe MIPUGTHI, 3AIUIIIEHHbIE ABTOPCKUMU IPa-

BaMu (IIPUMTHI UX BIIAMENEI] MOXKET UCIOIb30BATH IPU MeYaTH, HO He

PaACIIPOCTPAHITS ).
Paitiner B popmaTe PDF nuiiensr nByx 03HAUEHHBIX HENOCTATKOB: OHU
CXATBI U W3 HUX CJIOXKHO M3BJIEYb OTHEIbHBIE HMIPUGTHI, — IMMOITOMY OHU

cTtanu pakTUIecKuM cTammapToM Internet mias oOMeHa MOKyMeHTaMu, HE
romyIeXkarmmMu n3MeHennto. [Iporpamyer oiist mpocmotpa PDF-daitnos mo-
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crynubl 6ecriaTao. Haubostee ucnonbs3yemas u3 aux — 510 Adobe Acrobat
Reader. IlepBas cTpouka daina B dopmare PDF mauunaerca co 3maxa %,
3a KOTOPBIM CllenyeT uaeHTuUKaroHHas 3anuch Bepcuu popmara PDEF,
HCIIOJTb3yeMOi B 9ToM daiise. [laee, Kax IpaBuiio, Uy T OMHAPHBIE TaHHBIE.
Pacmmmupenne nmenun PDF-daiima — pdf.

Mexny nokymenTamu PostScript w PDF M0oxXHO ocyIiecTBIsSTH B3amM-
HO-OMHO3HaUHOEe Ipeobpasosanue, xoTss PDF B ornuume ot PostScript —
ATO He SI3BIK MTPOTPAMMUPOBAHUS, a CKOpee SI3BIK OMUCAHUS JTOKYMEHTA.
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[Mpumoxenue A. OTBeTHI HA BCe yIPaKHEHU S

. 87 119.

. 24 KI'm.

. 8192.

. T =0.

. HX =0.9+log, 5 — 0.31log, 3 ~ 2.75 6ur/cum.
. I(Y, X1) = 0.5 6ur/cum.

7. 1(Z,X,) = I(X1,X7) = HX; = 1 6ur/cum, T.e. Z TOITHOCTHIO
ompenenseT X W, CIeOOBaTeIbHO, X1 — »5TOo QyHKIUEH oT Z. HZ = 2
6ut/cum.

8. I(X1,X2) = (5—3logy3)/3 ~ 0.08 6ur/cmm.

9. I(X;,Y) = (10 — 3log, 3)/8 =~ 0.66 6ur/cum, HX; = 2 6ut/cum,
HY = (26 — 3log, 3)/8 ~ 2.65 6ur/cum.

10. I(Z,Xy) = (22 — 3log,3)/16 ~ 1.08 6ur/cum, HZ = (54 —
3log, 3)/16 ~ 3.08 6ut/cum.

11. I(X,,Y) = (3log, 3—2)/9 ~ 0.31 6ut/cum, I(X2,Y) = (3log, 3+
4)/9 ~ 0.97 6ur/cum, HX; = HX; = log,3 ~ 1.58 6ur/cum, HY =
(12logy 3 — 2)/9 ~ 1.89 6ur/cum.

12. HX = 7/4 = 1.75 6ur/cun, HY = (24 — 3log, 3 — 5log, 5)/8 ~
0.95 6ur/com, HZ = (328 — 121og, 3 — 35log, 5 — 17log, 17)/64 ~ 2.47
6ur/cnm, I(X,Y) = (216 — 121og, 3 — 35log, 5 — 17log, 17)/64 ~ 0.72
6uT /cuMm.

13. ML1(X) = 3 6ur/cum, ML2,3,4(X) = 2.2 6ur/cum, HX =
logy 5 — 0.2 &~ 2.12 6ut/cmm.

14. code(0) = 10, code(1) = 0, code(2) = 11 — »T0 omuH U3 BAPUAHTOB
konupytoreir dyuaxmuun. M L(X) = HX = 1.5 6ut/cuwm.

ULk Wi

15. code(2™) = 1---10 wm code(2") = 0---01. HX = > n/2" =
M v n=1

n—1 n—1
ML(X) = 2 6ut/cum.

16. ML(X) > HX ~ 3.25 6ur/cum.

17.inf(sl) =1, cont(sl) =2, inf(s2) = 0.5, cont(s2) = 0.75.

18. 1.56 6ut/cum.

19. HX =~ 2.17 6ut/cum, ko Xadbdmena ML(X) ~ 2.22 6ur/cum,
kon lennona-®sno M L(X) ~ 2.28 6ut/cum.

20. Hlennona-®dsuo, Xaddmena: M L1 (Xq) = 2 6ur/cum., M L1(X3) =
2.25 6ut/cum., M Li(X3) = 2.7 6ur/cum., MLy(Xy) = 23/ 6ut/cum.
Apubnvermaeckuit: M Li(X1) = 1°/5 6ut/cum., M Li(X3) = 2.05 6ut/cum.,
MULq(X3) = 2.3 6ur/cum., M L1(Xy) = 2'/s0 6uT/cum.

21. Lxagpgmena = 3 0UTa, Lapupmernuecknit = 4 OUTA.

22. 010001011, 0O1011111.

23. 81, B 27 pas.
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24. Cuwurast, 9TO KOI reHepupyTcs O.c.B. X ¢ pacupeneinenuem P(X =
A) = 2/3, P(X = B) = 1/3, MOXHO HOIyYuTh HAWIYYIINE KOIbI, IJIs
KOTOPLIX LxXappmena-1(ABAAAB) = 6 6utr, Lxappmena-2(ABAAAB) = 5
6uT, Lxappmena-3(ABAAAB) =5 6ut, Lapupmernuecxuiz(ABAAAB) = 1 6ur

25. 'B’10°C’1101

26. code(AABCDAACCCCDBB) = A’10’B’00°C’000°’D’00011001111
100110011001, L(AABCDAACCCCDBB) = 62 6ur, miuHa ucXomHOrO CO-
obtrenus — 112 6ut. code( KUBEPHETUKN) = "K’0'’00°’B’100°’E’000°P’1
100°'H’1111000°T’100110111, L(KUBEPHETUKW) = 85 6ur, miuna wuc-
xomHOTo coobirenus — 88 6ut. code(CUHAY CUHEBA CUHN) = 'C’0’'I’
00’H’100’41°001100° ’101001011100’E’11000'B’10100’A’1010101101101111,
L(CUHAY CUHEBA CUHU) = 114 6uT, mimrHa MCXOMHOTO COOOIIEHUsT —
136 6ur.

27. Pacmakosaunoe coobirenne — AFXAFFXFXAXAFFA, ero mmmna
— 120 6uT, nouHA CXKATOTO KOoma — 92 OuT.

28. 01000010111001.

29. AABCDAACCCCDBB, LZ77: (0,0,’A’) (11,1,’B’) (0,0,°C’) (0,0,
‘D) (7,2,C") (11,2,°C’) (5,2,’B’) (0,0,’B’), mmuna 8 x 15 = 120 6ur; LZSS:
0’A’1(11,1)0'B’0’C’0’D’1(7,2)1(8,1)1(11,1)1(10,2)1(5,1) 1(3,1)1(11,1), mm-
Ha 8% 7+ 4% 9 = 92 6ur; LZ78: (0,’A’) (1,’B’) (0,°C’) (0,’D’) (1,’A’) (3,°C’)
(6,’D’) (0,’B’) (0,’B’), mnuua 9 % 12 = 108 6ur; LZW: 0°’A’0’A’0’B’0’C’0’D’
(256)0’C’(262)(259)0’B’0’B’, mmuua 11 x 9 = 99 6ur. KUBEPHETUKU,
LZ77: (0,0/K’) (0,0,W), (0,0,°’B’) (0,0,’E’) (0,0,’P’) (0,0,H’) (9,1,"T")
(5,1,’K’) (0,0,’’), mnuua 9% 15 = 135 6ur; LZSS: O’K’0'I’0'B’0’E’0’P’0’H’
1(9,1)0°T"1(5,1)1(5,2), mmuna 3 * 7+ 7+ 9 = 84 6ur; LZ78: (0,’K’) (0,’W’)
(0,’B’) (0,’E’) (0,’P’) (0,/H’) (4,T") (2/K’) (0,’W’), mmuua 9 * 12 = 108
our; LZW: OK’OWW0O'B’0O’E’0’P’0'H’O’E’0’T’0'W’(256), mmuna 10 « 9 =
90 6ur. “CUHYAYA CUHEBA CUHW”, LZ77: (0,0,°C’) (0,0,’A’) (0,0,’H’)
(0,0, (11,17 ’) (6,3,’E’) (0,0,’B’) (0,0,’A’) (5,4, W), nnuua 9 * 15 = 135
6ur; LZSS: 0'C’O0OH'0'SI'1(11,1)0° *(6,3)0°E’0'B’0°A’1(5,4)1(10,1), mn-
Ha 4 %7+ 89 = 100 6ur; LZ78: (0,°C’) (0,) W) (0,/H’) (0,’9") (4, ")
(1, °) (3, E’) (0,/B”) (0,’A’) (0,”) (6,’H") (0,’W1"), mmuna 12%12 = 144 Gur;
LZW: 0'C'OI0'H0°ST0’ST°0” *(256)0'H0E 0B’ 0’ A’ (261) (257)0'’, mimma
14 %9 = 126 Onr.

30. Her. D10 ciemyeT m3 04eBUOHOTO HEPABEHCTBA MJISA MJINH KOIOB
log,(Lp + 256) < log,(Lp) + 8, rme Lp — 5T0 pasmep caoBaps.

31. Bo Bcex cinyuasx coobierne — AFXAFFXFXAXAFFA, nnunaa
kona LZ77 — 105 6ur, LZSS — 62 6ur, LZ78 — 108 6ur, LZW — 99 6ur.

32. 2000 6o1.

33. 1) 8000/3 =~ 2666.67 cum/cexk; 2) ~ 2523 cum/cexk; 3) 2000 cum/ cex.

34. Ilycte X — m.c.B., onpenesnsiolias mepenaTduk, a ¥ — m.C.B.,
onpenemsirorass npuemank. Torma P(Y = 00/X = 00) = pp, P(Y =
00/X =01)=pq, ..., P(Y =00/X =11) =gqq, ...
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35. C,p°¢°, Yoo Clap™ ¢’ Yo Ciy = 1471

36. ~ 0.3%, ~ 7.7%; ~ 0.004%, ~ 0.797%.

37.r=06, 11 <r < 16.

38.r>22,r>209.

39. Fy: 1. 00 — 00000, 01 — 01110, 10 — 10101, 11 — 11011;
2. mind = 3, Pucoouapyxenus ommbxku = 2p2q3 + pq4, KOIl UCHOPABIIIET WA
00HapYXKUBaeT BCce OIMUOKM KPATHOCTU COOTBETCTBEHHO MO 1 uiam 2;

3. 00000 01110 10101 11011
00001 01111 10100 11010
00010 01100 10111 11001
00100 01010 10001 11111
01000 00110 11101 10011
10000 11110 00101 01011
00011 01101 10110 11000
10010 11100 00111 01001;

4. Prpapunbuoit nepenaun = p° + 5p*q + 2p3¢?, xonm mcmpasiseT Bce OmuUOKH
kpatHoctu 1 n 2 n3 10 ommbok xpartHocTm 2; 5. 10001 — 10, 01110 —
01, 10101 — 10. E»: 1. 000 — 0000, 001 — 0010, 010 — 0101, 011 —
0111, 100 — 1001, 101 — 1011, 110 — 1100, 111 — 1110; 2. mind =
1, Pacosuapysenus omuoxn = P°¢ + 3p°¢® + 3pg>, xonm He ucmpaBiser u He
OOHapyKUBaEeT BCe OIIUOKN HUKAKON KPATHOCTU;

3. 0000 0010 0101 0111 1001 1011 1100 1110
0001 0011 0100 0110 1000 1010 1101 1111;

4. Prpapunbuoit nepenaun = p*+p3q, kon ucopasnser 1 u3 4 ommG0OK KPATHOCTH
1; 5. 1001 — 100, 0110 — 011, 1101 — 110.

40. HeT, T.X. Z?:o Ci, # 28.

41. 55;p = 001010101 — 0001001010111, 200;, — 100011001000,
1000001000001 — 000100101, 1100010111100 — 001011101.

42. 0100 — 01100010100, 10001101 — 110011101011001, 11110 —
10011110110.

43. IlepBoe — HeT, BTOpOE — HA.

44. g(z) =1+ x+ 22 + 2* + 25 + 28 + 21°.

45. 1000, 1111.

46. IITYPXYYIOH®DHI.

47. 22: A orupasnser B 58, B Bo3BparaeT 94, A OKOHYATEIBHO OT-
npasiser 115; 17: B ornpasisier A 135, A Bo3Bparmaer 15, B OKOHYaTETHHO
oTmpasisgeT 143.

48. 53, 51; 247.

49. nng a = 33 o = 237.

50. a = 21, 124.

51. (H1)(A name="2")(/A)'nasa 2(/H1).
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[Ipunoxenune b. ¥YnpaBnsommue koanbl ASCII

Kom llonmoe uMsa xoma B Unicode

10-1 | 16-1 | KnaBuaTypHbIX (xpaTkoe mmMs B ASCII)

H€p€60& UMeHU Ko0da — OIUCAHNE HCIIOIbL30BAHNIL Kooa.

Brrmre mpencrasien 1mabiioH OIS CIEMYIONIER majiee TaOIUIbl YIIPABIISIO-
mux cuMBosioB. Ilon KmaBraTypHBIM KOIOM ITOApPa3yMeBaeTCsl KOMOWHAITIS
neyx kmasui, Ctrl (Control, B Tabmuie 5To 3HAK ~) U IPUBOMUMON, OIl-
HOBPEMEHHOE HaKaTue KOTOPBIX NOJIKHO IIPOU3BONUTH COOTBETCTBYIOIINMN
KOII.

0 00 ~Q NULL (NUL)
IIycmo — 3TOT KO MCIIOJIB3YETCs KAK 3aBEPIIAIOIINN B TPENCTABICHAN
CTPOK MHOTUMU CACTEMAaMU IIPOrpaMMupoBanust, Hanpumep, Cu, mosTo-
My €ro UCIOJIb30BaHUE B TEKCTOBBIX (palljiaxX KpallHe HeXKeJlaTeIbHO.

1 01 ~A START OF HEADING (SOH)
Ha%(mo 3020408KA — HpaKTI/IT{eCKI/I HE I/ICHOJIb3yeTC$[.

2 02 “B START OF TEXT (STX)
Haucmo mexecma — HpaKTI/I‘{eCKI/I HE I/ICHOJIb3yeTC$I.

3 03 ~C END OF TEXT (ETX)

Koney mexcma — B Unix u MS-DOS BBon »sToro cuMBosia ¢ KJaBHa-
TYPBI CITYKUAT CATHAJIOM [IJIsT IPEKPAIIIEHUs BBITOJIHEHUS TPOTPAMMBI.

4 04 "D END OF TRANSMISSION (EQT)
Koney nepedauu — B Unix u PostScript o3mauaer koHeIl BBOOMMBIX
ITAHHBIX.

5 05 “E ENQUIRY (ENQ)
Kmo mam? — mpaxTudecku He UCIOIb3YeTC.

6 06 °F ACKNOWLEDGE (ACK)
Iloomeepacdenue, da — TPAKTUIECKN HE UCIIOJIb3YETCH.

7 07 ~G BELL (BEL)
36onox — mpu ero medatu Ha kKoHcoau MS-DOS mam Unix pomxken
IPOU3BONUTHCS 3BYKOBOW CUTHAJI.

8 08 “H BACKSPACE (BS)

Boszspam Ha wae — o3HaUaET, YTO CIEOYIOIINI CAMBOJI CIIEIyeT Ieva-
TaTh C IPENIIeCTBYIOIIEN TO3UIIUN.

9 09 ~I HORISONTAL TABULATION (TAB)
Iopuzonmasvnad mabdyasyusd — TEePEXON Ha CIIEMYIONIYIO TTO3UIINI0 Ta-
OyJsamnuu.

10 OA ~J LINE FEED (LF)
Iodaua no8ot cmpoku — mepexon Ha HOBYIO CTPOKY. B TekcTOBbBIX (aii-
max MS-DOS u Microsoft Windows ¢ coxpamenueMm TeKyIeil TOPU30H-
TaJbHON mo3utuio. B TekcToBbIX daiitax Unix ¢ mepexomoM Ha MIEePBYIO
TOPU3OHTAIBLHYIO TTO3UIIIIO.
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11 OB “K VERTICAL TABULATION (VT)

Bepmuxaasvrnads mabyigyus — UCIOIB3YETCs OUeHb PEOKO, KaK IPaBU-
JI0, TPUHTEPAMMU.

12 0C "L FORM FEED (FF)
Ilodaua o801t opmbl — NIt KOHCOIIH, KAK IPABUIIO, O3HATAET OUUCTKY
DKpaHa, IJId IIPUHTEpPa — 3aBepIIeHue IeYaTHd Ha TEKYIIeM JIICTEe U
3aIIpOC HOBOTO.

13 OD M CARRIAGE RETURN (CR)

Boszspam xkapemxu — mepexon Ha MEPBYIO TOPU3OHTAIBHYIO MO3UIIUIO
ctpoku. B TtekcToBbix daitmax MS-DOS u Microsoft Windows ¢ coxpa-
HEHIEM TeKYIIel CTPOKH, a B TEeKCTOBBIX (daitiaax Macintosh OS ¢ mepe-
XOIOM Ha HOBYIO CTPOKY. B TekcToBbIX daitinax Unix He MCHOIB3yeTCs.

14 OE “N SHIFT OUT (S0)
Bvixod — ucnonb3yercst O4eHb PenKo, KakK IPABUJI0, IIPUHTEPAMI.
15 OF ~0 SHIFT IN (SI)
Bzrod — ucnonb3yercs 04eHb PeOKO, KaK IIPABUIIO, IIPUHTEPAMI.
16 10 “P DATA LINK ESCAPE (DLE)
Asmope2ucmp 1 — TpPaKTUIECKN HE UCIIOJIB3YeTCH.
17 11 ~Q DEVICE CONTROL ONE (DC1)

MCHOHBSyeTCﬂ HEKOTOPBIMHI TEJICKOMMYHUKAIIMOHHBIMU IIPOTOKOJJIaMU

kak 6ant X-ON.

18 12 "R DEVICE CONTROL TWO (DC2)
[IpakTryeckn He UCIOIB3YyeETC.
19 13 °S DEVICE CONTROL THREE (DC3)

HCHOJ’IBByeTCﬂ HEKOTOPBIMHI TEJICKOMMYHUKAIINMOHHBIMUA IIPOTOKOJIaAMU

kak bant X-OFF.

20 14 T DEVICE CONTROL FOUR (DC4)
[IpakTryecku He UCIOIB3YyETCH.

21 15 ) NEGATIVE ACKNOWLEDGE (NAK)
Hem — mpaxTudecku He UCHOIBL3YETCH.

22 16 vV SYNCHRONQUS IDLE (SYN)
Cunrponusayud — TPAKTUIECKN HE UCIIOIb3YeTCs.

23 17 "W END OF TRANSMISSION BLOCK (ETB)
Koney 640Ka — TpaKTUIECKU HE UCIIOIB3YETCs.

24 18 ~X CANCEL (CAN)

AHHYAUPOBAHUE — HUCIOB3YETCsI OUEHb PEIKO, KaK MPABUJIO, IIPUHTE-
paMu.

25 19 "Y END OF MEDIUM (EM)
Koney nocumens — mpakTUIECKN HE MCIOJIB3YETCS.
26 1A ~Z SUBSTITUTE (SUB)

Bamena — B MS-DOS, Macintosh OS u CP/M — 510 Mapkep KOHIIA
TEKCTOBOTO (haua.
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27 1B ~[ ESCAPE (ESC)
Asmopea2ucmp 2 — yka3biBaeT Ha TO, YTO HEKOTOPOE KOJIMYECTBO KOIOB
IOCJIe HeTO W OH caM 00pa3yioT T'PYIIY, pacCMaTPUBAEMYIO KaK OOUH
KOI.

28 1C “\ FILE SEPARATOR (FS)
Paszdeaumenv Patinos — mpaxTUIECKN HE UCIIOJIb3YETCH.

29 1D ~] GROUP SEPARATOR (GS)
Pazdesumenv epynn — mpakTUYIECKN He UCIOJIB3YETCS.

30 1E ~ RECORD SEPARATOR (RS)
PCL35€JLum6JLb 3anucelt — HpaKTI/I‘{eCKI/I HE I/ICHOJILBYGTCH.

31 1F ~_ UNIT SEPARATOR (US)
PCL3(96JLum€JLb INEMEHT OB — HpaKTI/IquKI/I HE I/ICHOJIb3yeTCﬂ.

127 TF DELETE (DEL)
3a601 — ynajeHne MOCIeIHEr0 BUAUMOIO 3HAKA [T€YaTAEMON CTPOKI.

B “amcto” TekcToBbix (plain text) daiisax mOMyCTUMBI TOIBKO YIIPaB-
JISIIOIITAE CUMBOJIBI, OTMEYAIOIIe KOHIIBI CTPOK UM, KaK MPABUJIO, MEPEXOIbI
Ha mosuruu Tabyssuu (kom 9). Mapkep konna crpoku B Unix — 5T0 Kom
10, 8 Macintosh OS — 13, 8 CP/M, MS-DOS u Microsoft Windows —

nocaenoBaTeIbHOCTE 13, 10.
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[Ipunoxenune B. KonupoBka BunumMbix cumBosioB ASCII

Kono Mg cuMBoIIa
CuMBonI

10-z | 16-1 B Unicode 3.2
32 20 SPACE
33 21 ! EXCLAMATION MARK
34 22 " QUOTATION MARK
35 23 # NUMBER SIGN
36 24 $ DOLLAR SIGN
37 25 A PERCENT SIGN
38 26 & AMPERSAND
39 27 - APOSTROPHE
40 28 ( LEFT PARENTHESIS
41 29 ) RIGHT PARENTHESIS
42 2A * ASTERISK
43 2B + PLUS SIGN
44 2C , COMMA
45 2D - HYPHEN-MINUS
46 2E . FULL STOP
47 2F / SOLIDUS
48 30 0 DIGIT ZERO
49 31 1 DIGIT ONE
50 32 2 DIGIT TWO
51 33 3 DIGIT THREE
52 34 4 DIGIT FOUR
53 35 5 DIGIT FIVE
54 36 6 DIGIT SIX
55 37 7 DIGIT SEVEN
56 38 8 DIGIT EIGHT
57 39 9 DIGIT NINE
58 3A : COLON
59 3B ; SEMICOLON
60 3C < LESS-THAN SIGN
61 3D = EQUALS SIGN
62 3E > GREATER-THAN SIGN
63 3F ? QUESTION MARK
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Kom

CuMBOII

Mg cumMBoiia

10-z | 16-1 B Unicode 3.2

64 40 @ COMMERCIAL AT

65 41 A LATIN CAPITAL LETTER A
66 42 B LATIN CAPITAL LETTER B
67 43 C LATIN CAPITAL LETTER C
68 44 D LATIN CAPITAL LETTER D
69 45 E LATIN CAPITAL LETTER E
70 46 F LATIN CAPITAL LETTER F
71 47 G LATIN CAPITAL LETTER G
72 48 H LATIN CAPITAL LETTER H
73 49 I LATIN CAPITAL LETTER I
74 4A J LATIN CAPITAL LETTER J
75 4B K LATIN CAPITAL LETTER K
76 4C L LATIN CAPITAL LETTER L
77 4D M LATIN CAPITAL LETTER M
78 4E N LATIN CAPITAL LETTER N
79 4F 0 LATIN CAPITAL LETTER O
80 50 P LATIN CAPITAL LETTER P
81 51 Q LATIN CAPITAL LETTER Q
82 52 R LATIN CAPITAL LETTER R
83 53 S LATIN CAPITAL LETTER S
84 54 T LATIN CAPITAL LETTER T
85 55 U LATIN CAPITAL LETTER U
86 56 ' LATIN CAPITAL LETTER V
87 57 W LATIN CAPITAL LETTER W
88 58 X LATIN CAPITAL LETTER X
89 59 Y LATIN CAPITAL LETTER Y
90 5A Z LATIN CAPITAL LETTER Z
91 5B [ LEFT SQUARE BRACKET
92 5C \ REVERSE SOLIDUS

93 5D ] RIGHT SQUARE BRACKET
94 5E - CIRCUMFLEX ACCENT
95 5F _ LOW LINE
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Kom

Mg cumMBoiia

CumBoII

10-1 | 16-1 B Unicode 3.2

96 60 ¢ GRAVE ACCENT

o7 61 a LATIN SMALL LETTER A
98 62 b LATIN SMALL LETTER B
99 63 C LATIN SMALL LETTER C
100 64 d LATIN SMALL LETTER D
101 65 e LATIN SMALL LETTER E
102 66 f LATIN SMALL LETTER F
103 67 g LATIN SMALL LETTER G
104 68 h LATIN SMALL LETTER H
105 69 i LATIN SMALL LETTER I
106 6A j LATIN SMALL LETTER J
107 6B k LATIN SMALL LETTER K
108 6C 1 LATIN SMALL LETTER L
109 6D m LATIN SMALL LETTER M
110 6E n LATIN SMALL LETTER N
111 6F o LATIN SMALL LETTER O
112 70 p LATIN SMALL LETTER P
113 71 q LATIN SMALL LETTER Q
114 72 r LATIN SMALL LETTER R
115 73 S LATIN SMALL LETTER S
116 74 t LATIN SMALL LETTER T
117 75 u LATIN SMALL LETTER U
118 76 v LATIN SMALL LETTER V
119 77 W LATIN SMALL LETTER W
120 78 X LATIN SMALL LETTER X
121 79 y LATIN SMALL LETTER Y
122 TA z LATIN SMALL LETTER Z
123 7B { LEFT CURLY BRACKET
124 7C | VERTICAL LINE
125 7D } RIGHT CURLY BRACKET
126 TE - TILDE
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[Ipunoxenue I'. KonupoBka 6yKB pycckoro ajihpaBuTa

B macTositiee Bpemst Hanbosiee IIMpOKO UCIONb3YIOTCS IATh (1) pasmmd-

HBIX TaOJIUIl KOOUPOBKY MJIs (POPMATIBHOTO MIPENCTABICHUS PYCCKUX OyKB:
I. ISO 8859-5 — MexayHapOOHBIN CTAHOAPT;
II. KomoBast crpanuna 866 (Microsoft CP866) — wucmombsyercst B MS-

DOS;

III. Komosas crpanmua 1251 (Microsoft CP1251) mis Microsoft Windows;
IV. Ha 6a3e 'OCT KOU-8, koi8-r — mpumensiercs B Mupe Unix;
V. Unicode — ucnons3yercs B Microsoft Windows, Unix u kiaonax Unix.

Ocuosuast konuposka ['OCT (rocymapcrsennniii crannapt CCCP) ot
1987 roma cosmana ma ocHOBe pexkoMmenmaruit ISO u B manmbHeIeM cTa-
Jla OCHOBOW IJIsl MPENCTaBJIeHNs 3HaKOB pycckux Oyks B Unicode. B meir un
B konupoBkax II, III m V Bce OykBbl Kpome € u E pacmomoxeHbl B anda-
BUTHOM Topsinke. Ha mpakTuke 5Ty KOOMMPOBKY MOXKHO BCTPETHUTH TOJIHKO
ua cTapbix IBM PC coBmecTumbix xkommbioTepax EC-1840 u B HEKOTOPBIX
npuHTepax. Internet 6pay3epbl OOBITHO TOMOEPKUBAIOT €€ HAPSIAY C KOMU-
poBkamu [1-1V.

Konuposka CP866, pazpaboTantas Ha OCHOBE aIbTE€PHATUBHON KO-
poBku ['OCT, co3mana cnenuanbao mias OC MS-DOS, B xkoTopoii 9acTo
HCTIOJTB3YIOTCSI CUMBOJIBI TICeBIOTpaduku. B 9Tolt KooupoBKe 3T CUMBOJIBI
IMEIOT Te XKe Kombl, uTo u B cTanmapTaom IBM PC coBmecTuMOM KOMITBIO-
Tepe.

Ansreprarusnas komuposka ['OCT, korTopas mmeer mBa BapuaHTa,
coBramaeTr ¢ CP866 mo mosurnusam st 6yKB PyCCKOTO ajipaBUTa U 3HAKAM
ncesnorpaduku. OcuoBras konuposka 'OCT cosnamaet ¢ ISO 8859-5 Tob-
KO TI0O BCEM 3HAKaM PYCCKIX OyKB, KpoMe 3arjiaHoul OyKBbI E.

Ucnons3oBanume CP1251 06ycoB/IEHO TTOYTH UCKIIOUNTEILHO BIIUSHI-
eM Ha KOMIIbIOTEpPHBIE TEXHOJOTUM pa3paboTok ¢upmbr Microsoft. B meit
Hanbosiee moHO no cpaBHenuio ¢ I, II, IV mpencraBieHbl Takme CHMBOJIBI
kak (©), ®, N, pasnuuHble BUOLI KABBIYEK U TUPE U T. TI.

Konupoeka koi8-r ocHOoBaHa Ha cTaHmapTax Mo obMeHy mHGOpPMAIIU-
eil, UCIoJTb3yeMbIX Ha KoMibioTepax mof yrnpasienuem OC Unix, CP/M u
HEKOTOPBIX Opyrux ¢ cepenuubl 1970-x. B 1993 ona crammapTu3upoBana B
Internet moxymenTom RFC1489.

Komuporka Unicode onmupaercst Ha katanor cumBosioB UCS (Univer-
sal Character Set) crammapra ISO 10646. UCS moxeT comepxaTsh mo 231
paszauuubix 3HaK0B. Kombr UCS-2 — 2-6anitabie, UCS-4 — 4-6aiiTubre. Wc-
nonb3yoTest Takxke kombl mepemenHon miumabl UTF-8 (Unicode Transfer
Format) — 1-6-6aittable, HanbGomee coBmectumbre ¢ ASCIL, u UTF-16 — 2
unu 4-6anitabie. Unicode B TPUKIAMHBIX TPOTPAMMAX PEAIU3YETCs JIUIIh
JACTUYHO, U B TOJHOM OOBeMe TOKa HUTIEe He nommepxkuBaeTcs. B Linux
ucnosib3yercs UTF-8.
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HocTaTovHO IIIPOKO UCIOJIL3yeTcs Konupoanue Ha ocaoBe ASCII:
VI. Ha 6a3ze KOU-7 — MOXHO HCIOJIB30BATH MPU OTCYTCTBUU KUPUJIIU-

JecKuX IMpudTOB, KOO MOJyUaeTcs BeruuTanueM 128 OoT cOOTBETCTBY-

IOIIEro Koma B Koi8-r, 4To, Kak mpaBUio, NAaeT KO JIATUHCKON OYKBHI,

O5IM3KON (POHETUYECKU K PYCCKOU.

B xonuposke VI meT BuomMOro cmMBoJIa IS I b.

[anee cnemyer Tabmmiia, B KOTOPOW IPENCTABIIEHBI BCE IEPEYNCIIEH-
HBbIE CIIOCOOBI KOOWPOBaHUs OyKB pycckoro ajadasBuTa. B sTol Tabnurme B
KOJIOHKe 1 HaxomsTCs CUMBOJIBI OYKB, B KOJIOHKEe 2 YacCTb Ha3BaHUS OYKB B
Unicode 3.2 (Ha3BaHUs CTPOUYHBIX KUPUJLIMIECKUX OYKB HAUNHACTCS CIIOBA~
vu CYRILLIC SMALL LETTER, a zarmasasix — CYRILLIC CAPITAL
LETTER, 7. o., monuoe nazBauue 6yksol Il — CYRILLIC CAPITAL LET-
TER DE), B xomorkax ¢ I mo V Kombl mecsTUdHbIE U [IECTHAIIATEPIIHBIE
COOTBETCTBYIOIINX TaO/INIl KOOUPOBKM, a B KojoHkKe VI — cumson ASCII
mist KOU-7.

Kpome nepeuncneHHBIX MOXKHO BCTPETUTH €Ille UCIIOIB3YEMYIO IO BBe-
neuust kKonupoBok ["OCT 6omrapckyio KomupoBKy, HazbiBaeMyto Takxke MIC,
Interprog unu “crapwiii BapumantT BI AH CCCP”. Ha kommbroTepax mom
yrapasiieaueM Macintosh OS ucnonb3yercss Takxke CBOs COOCTBEHHAas Ta-
6mIIa KOOUPOBKY [JIs1 PYCCKUX OYKB, IO CBOEMY HaOOPY 3HAKOB MOYUTH COB-
nagatoras ¢ CP1251.
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1 2 II I11 IV \Y VI
a A 208 | DO | 160 | A0 |224| EO [193| C1 | 1072|0430 | A
6 BE 209 D1 |161| A1 225| E1 [194| C2 |1073| 0431 | B
B VE 210 D2 {162 | A2 |226| E2 |215| D7 | 1074 | 0432 | W
r GHE 211 | D3 |163| A3 |227| E3 |199| C7 |1075| 0433 | G
i DE 212 | D4 | 164 | A4 |228 | E4 [196| C4 | 1076 | 0434 | D
e IE 213 | D5 | 165 | A5 [229| E5 |197| C5 | 1077|0435 | E
e I0 241 | F1 |241 | F1 |184| B8 |163| A3 | 1105| 0451 | #
XK ZHE 214 | D6 | 166 | A6 |230| E6 |214| D6 | 1078 | 0436 | V
3 ZE 215 | D7 167 | A7 |231| E7 |218 | DA | 1079|0437 | Z
i1 I 216 | D8 | 168 | A8 [232| E8 [201| C9 | 1080 | 0438 | I
n| SHORTI |217|D9 |169| A9 (233 | E9 [202|CA [1081|0439 | J
K KA 218 | DA |170 | AA|234 | EA | 203 | CB | 1082 | 043A | K
1 EL 219/ DB |171 | AB | 235 | EB | 204 | CC | 1083 |043B | L
M EM 220 DC|172| AC 236 | EC | 205|CD | 1084 | 043C | M
H EN 221 | DD | 173 | AD | 237 | ED | 206 | CE | 1085 | 043D | N
0 O 222 | DE | 174 | AE | 238 | EE | 207 | CF | 1086 | 043E | O
I PE 223 | DF | 175 | AF | 239 | EF | 208 | DO | 1087 | 043F | P
p ER 224 | EO |224 | EO |240| FO |210| D2 | 1088 | 0440 | R
¢ ES 2251 E1 [225| E1 |241| F1 |211| D3 [1089| 0441 | S
T TE 226 | B2 |226 | E2 [242 | F2 |212| D4 {1090 | 0442 | T
y U 227 E3 |227 | E3 |243 | F3 |213| D5 [1091| 0443 | U
b EF 228 | E4 [228 | E4 |244| F4 {198 | C6 | 1092 | 0444 | F
X HA 229 | E5 |229| E5 |245| F5 {200 C8 | 1093 | 0445 | H
1T TSE 230 E6 [230| E6 |246| F6 |195] C3 | 1094 | 0446 | C
9 CHE 231 | E7 |231 | E7 | 247 | F7 | 222 | DE [1095| 0447 | ~
I SHA 232 | E8 [232| E8 {248 | F8 [219| DB | 1096 | 0448 | |
I] SHCHA 2331 E9 [233| E9 | 249 | F9 | 221 | DD | 1097 | 0449 | |
& | HARD SIGN | 234 | EA | 234 | EA [ 250 | FA | 223 | DF [ 1098 | 044A | _
bl YERU 235|EB |235 | EB | 251 |FB |217| D9 |1099|044B | Y
b | SOFT SIGN |236 | EC 236 | EC | 252 | FC [216 | D8 | 1100 | 044C | X
3 E 237 ED | 237 | ED | 253 | FD | 220 | DC | 1101 | 044D | \
10 YU 238 | EE |238 | EE | 254 | FE | 192 | CO | 1102 | 044E | @
s YA 239 | EF |239 | EF |255| FF |209 | D1 | 1103 | 044F | Q
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1 2 IT IT1 IV \Y VI
A A 176| BO [128| 80 |192| CO |225| E1 [1040| 0410 | a
b BE 177 B1 [129| 81 |193| C1 | 226 | E2 | 1041 | 0411 | b
B VE 178 | B2 [130| 82 |194| C2 | 247 | F7 |1042| 0412 | w
r GHE 179 B3 |131|83 [195| C3 |231 | E7 |1043| 0413 | g
11 DE 180| B4 [132| 84 |196| C4 | 228 | E4 [ 1044 | 0414 | d
E IE 181 B5 [133| 85 |197| C5 |229| E5 |1045] 0415 | e
E 10 161 A1 |240| FO|168| A8 |179| B3 |1025| 0401 | 3
2K ZHE 182 | B6 [134| 86 | 198 | C6 | 246 | F6 | 1046 | 0416 | v
3 ZE 183 | B7 |135| 87 [199| C7 | 250 | FA | 1047 | 0417 | z
n I 184 | B8 | 136 | 88 {200 | C8 |233 | E9 | 1048 | 0418 | i
| SHORTI |185|B9 [137]89 |201| C9 |234 |EA|1049]| 0419 | ]
K KA 186 | BA | 138 |8A {202 | CA |235| EB | 1050 | 041A | k
JI EL 187| BB [139|8B 203 | CB | 236 | EC | 1051 | 041B | 1
M EM 188 | BC |140|8C | 204 | CC | 237 |ED 1052 | 041C | m
H EN 189 |BD [ 141 |8D | 205 | CD | 238 | EE | 1053 | 041D | n
O O 190 | BE | 142 | 8E | 206 | CE | 239 | EF | 1054 | 041E | o
II PE 191 | BF [ 143 | 8F | 207 | CF | 240 | FO | 1055 | 041F | p
P ER 192 CO {14490 | 208 | DO |242| F2 | 1056 | 0420 | r
C ES 193] C1 [145| 91 |209| D1 |243| F3 | 1057 | 0421 | s
T TE 194 C2 [146 | 92 |210| D2 | 244 | F4 | 1058 | 0422 | t
N U 195| C3 [ 147|193 |211| D3 |245| F5 [1059| 0423 | u
D EF 196 | C4 [ 148|194 (212 D4 | 230 | E6 | 1060 | 0424 | f
X HA 197 C5 (149|195 |213| D5 | 232 | E8 | 1061 | 0425 | h
1T TSE 198 C6 | 150 | 96 |214| D6 | 227 | E3 | 1062 | 0426 | c
Y CHE 199| C7 {151 |97 |215| D7 | 254 | FE | 1063 | 0427 | ~
I SHA 200 C8 |152] 98 |216 | D8 |251 | FB | 1064 | 0428 | {
T SHCHA 201 | C9 [153]99 |217| D9 [253 | FD [1065| 0429 | }
‘b |HARD SIGN (202 | CA | 154 |9A | 218 | DA | 255 | FF | 1066 | 042A

bl YERU 203 | CB[155|9B (219 | DB [249 | F9 [ 1067 | 042B | y
b | SOFT SIGN |204 | CC | 156 |9C | 220 | DC | 248 | F8 | 1068 | 042C | x
C) E 205|CD|157|9D | 221 | DD 252 | FC | 1069 | 042D | |
IO YU 206 | CE | 158 |9E | 222 | DE | 224 | EO | 1070 | 042E | °
eI YA 207 | CF | 159 | 9F | 223 | DF | 241 | F1 | 1071 | 042F | q
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[Ipunoxenune . DmeMeHTHI Teopuu YuCesI

Kanonuueckum pasaodxrcenuem IUCIa M HA3BIBAETCS Pa3JIOKEHUE €r0
Ha IPOCTBIE COMHOXHUTEIN B BUIE M = Dy p5~---pp*, TOe pi1,p2,...,Dk
— BCE PA3JIMYHBIE TPOCTHIE METUTEIN UUCIA M, & 1, (g, . . . , X — TIEJIBIE
TOJIOXKUTEJIbHBIE YUCIIA.

Dynryuet isepa wHazbiBaeTcs, oTrobpaxenue p: N — N,

p(m) =pi* " (p1r = 1)p> H(p2 — 1) p* (o — 1),
pIipy? - pR® — KaHOHHYECKOE PA3IIOKEHHe M.

Hanmpumep, ¢(2) = 1, p(12) = ¢(223) =21(2-1)3°(3 - 1) = 2% 2 =4,
©(1000) = ¢(2353) = 22524 = 4 % 25 x 4 = 400.

Yucia m u n HA3BIBAIOTCS 63AUMHO NPOCMBIMU, €CITA Y HIX HET 00X
nenureneit 6onpiux 1, T.e. HOI(m,n) = 1.

dyukuua Ditsiepa OT YuCaa M paBHA YUCIY YUCE]T MEHBIIUX M U B3a-
MIMHO IIPOCTHIX ¢ m [7].

It B3aMMHO TIPOCTBLIX 11 U 1 BEPHO paBeHCTBO @(mmn) = ¢(m)p(n)
[7].

Yucmo IpUMUTUBHBIX MHOTOWIEHOB CTemeHu N Ham mosieM (Zs, 4, X)
pasuo ¢(2" — 1)/n [12].

Teopema Diaepa-Depma [7]. s B3aMMHO MPOCTHIX M U G UMEET Me-
cro paserctso a¥(™ =1 (mod m).

s perienns ypasuernus ax = 1 (mod m), rme HO(a, m) = 1, mox-
HO HCIIONB30BATH Teopemy Ditnepa-Pepma, T.e. x = a¥™ ™1 (mod m), mo
9TO BecbMa TpynoeMkuii crocob. [lomyuum perreHns nCKOMOTO ypaBHEHUS
yepes GOpPMyITy IJIs PEIIeHrs SKBUBAJEHTHOIO ypaBHEHUA ar — my = 1.

ITo ascopummy Eekauda mins monyuenuns HOIl nByx 3amaHHBIX ducert
HY>KHO OIHO YHCJIO OEJUThH Ha IPYroe, 3aTeM HNeJINTh OeJIUTelb Ha Moy da-
eMBIil OCTATOK [I0 TeX, ITOKA OCTATOK He CTaHeT PaBHBIM Hyiro. Ilocaemuunit
6omnbInuii HyIs ocTaTok O6ymeT mckombim HOII.

s amcen a m M MOCIENOBATENILHOCTD IIAr0oB ajropuTMa EBkinmma
BBITJIAONT KAk

a =mqo + ay,
m = a1q1 + az,

a1 = a2q2 + as,

Ap—2 = Qp—14n—1 + Ap,
Ap—1 = AnQdn,
a
rme ai,as,...,d, — OCTAaTKU. Pa3jloxeHne — B IEMHYIO OPOOHL IO IIOC/Ie-
m
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JIOBATEJIbHOCTU YaCTHBIX qq, - - . , §n UMEET BUJI
a aq 1 1 1
— =@t —=¢tm =420 = =q Tt
m m i as 1
aq Q1+ — q1 +
aq n 1
qz
q3 + e
O6o3uaunm 3a Py /Q) npobb, MoiydYaeMyto U3 TPUBEIEHHON IEMHON 1pobu
O0TOpACBIBAHIEM YJIEHOB ¢ WMHIeKcamu, 6onbimuvu k. Hanmpumep, Py/Qg =
q0, P1/Q1 = qo+1/q1 = (qoq1+1)/q1 u 7. n. Hucaurens, Py, u 3HAMEHATEID,
Rk, MOXXHO BBIYUCIISATH PEKYPPEHTHO IO CIEOYIONIAM (HOPMYJIaM:

Po=0,P1=10Q2=10-1=0;
npu k >0 Py =qpPr1+ Pr2, Qr = qxQr—1 + Qr—2.

ITo onpenenenuro P, = a u Q,, = m. Kpome Toro,
Fn=PQn-1—Pr1Qn = (nPr1+Pr2)Qn-1—Pr1(¢nQn-1+Qn_2) =
=P 1Qno+Pp2Qu 1 =-F,1=-=F, o= =(-1)"""F_, =

= ()" (P-1Q-2 — P-2Q-1) = (—=1)"*!

A
(_1)n+1PnQn—1 - Pn—l(_l)n+1Qn =1,
9TO O3HAYaET
a(—1)""Qu_1 —m(=1)""P,_; =1,
Te.x=(—1)"1Q,1uy=(-1)""1P,_ ;.
[Iportecc monmyuenus yuciauTenell n 3HaMeHaTenenn yanooHo oQOpMUTh B
BUEe TaOJIUIIL:

k|-2-10 1 2 ---n—-1 n
qk o 91 Q92 - Gn-1 (qn
P, |0 1 P P P, - P,y P,

Qe |1 0 Qo Q1 Q2 -+ Qn-1 Qn.

Takum obpasom, kopHu ypaBaeHus: axr = 1 (mod m) BBIYUCISIFOTCS

o dopmyne z = (—1)""1Q,_1.
[Tpumep. Perurs ypasuenue 1181z =1 (mod 1290816). Crauasa mo
aropuTMy EBKInma momsyvdaeTcs CIlemyonias MenovKa COOTHOITEHNI:

1181 = 1290816 * 0 4+ 1181,
1290816 = 1181 % 1092 + 1164,
1181 = 1164 1 4+ 17,
1164 = 17« 68 + 8,
17=8%2+41,
8=1x%8.
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BaTeM cocTaBiseTcss TaOMUIA I BHIYUCTIeHUs ()5:

k|-2-10 1 2 3 4 5
Gk 0 1092 1 68 2 8
Qe | 1 0 1 1092 1093 75416 151925 1290816.

Taxkmm obpazom, nckombll & paBeH 151925.

IN'mmoresa. 3amaua pasmokeHns 11JIOT0 YNC/Ia C 38 MaHHBIM UUCIIOM Pas3-
PSAIOB Ha MHOXKUTEIN ABJIAETCS TPYIHOPEIIaeMOn ™.

Ha ceroaHAwWHMI aeHb CyLLECTBYIOT BECbMa BbICTpbIE aNropuTMbl ANA NPOBEP-
KN OAHHOIo 4ncna Ha NpoCTOoTY, HO ANA Pa3JIOXKEHUA 200-3HauyHOro uncna Ha MHOXXU-
TEAN Ny4YLlLUM COBPEMEHHbLIM KOMMNbKOTEPAM NO NYyYLUMM COBPEMEHHLIM anropnTMam
MOXET I'IOTpe6OBaTbCFI MuUnnunapAabl NeT.

OTa rumoTesa JIexXUT B ocHOBe MeTonoB Huddu-Xemmmana.

* Bamaga Ha3LIBACTCA MPYOHOPEWaeMoti, eCIIn BPEMs €€ PEIICHUSI 3a-
BUCHUT OT 00BbeMa BXOMHBIX MAHHBIX II0 SKCIOHEHIINAJBHOMY 3aKOHY U HeE
MOXKET OBITH CBEIIEHO K MOJIMHOMUATILHOMY
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[Ipunoxenue E. Mcmosib3yemblie 0603HaAYEHNUS

P(A) — BeposTHOCTH coObITHUS A.

P(A/B) — BeposTHOCTB COObITHSI A, €Ciiu M3BECTHO, UTO cOObITHE B
IIPOU30IILTIO. Y CIIOBHAST BEPOSITHOCT.

P(A, B) — BepOSTHOCTb ONHOBPEMEHHOTO HACTYIUICHUs COOBITUN A 1
B.

N — MHOXEeCTBO HATYPAJILHBIX YUCEIL.

Zo — muOxkecTBo u3 0w 1 — {0,1}.

R — MHOXKECTBO BEIIECTBEHHBIX YUCEIL.

R? — 4ucsoBas MIOCKOCTD.

> ;i — CyMMa &; 10 BCEM BO3MOXHBIM 3HAUEHUSIM HHIEKCA {.

i Tij — CYMMAa I;j 1O BCEM BO3MOXKHBIM 3HAYEHIIM IIap UHIEKCOB
iumy.

Cﬁ — OmHOMUAJIBHBIN KO duiimeHT B popmyse buanoma HuioToHa

n

n _ o =k k _ n!
(p+q) —;C ) Cn—m
=0

UJTU 9KCIIO BO3MOXKHBIX PA3HBIX BBIOOPOK K 3JIEMEHTOB U3 MHOXKECTBA U3 7
BJIEMEHTOB, YHUCIIO COUeTaHuit 3 n 1o k.

dlm(X ) — pa3sMepHOCTB BEKTOpa X , THMCIIO KOMIIOHEHT X .

#X — KOIM4IecTBO 3JIEMEHTOB B MHOXKeCTBe X , MOIITHOCTh X .

HOIl(n, m) — maubombuinit OOl DeIUTETb 1 1 M.

HOK(n, m) — namMenbliiee obiiiee KpaTHOE 1. 1 1.

a=0b (mod n)— uuciaaau b cpaBHUMBI IO MOLYIIO 71, T. €. PA3HOCTH
a — b meauTCs Ha N HAIETO.

f:A — B — ¢yuknus f ¢ obimacTbio ompeneneHus A m 061acThIO,
comepakailren Bce 3uadeHus f, B

f o g — xommosunus dysxuuit f u g, T.e. (fog)(x) = f(g(z)).

(X, +, X) — mome Hax MHOXKeCTBOM X C aAQUTHUBHOI omepanueil + u
MYJIbTUIIJINKATUBHOU OIlepaIen X.
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14.

15.

16.

17.

18.
19.

20.

21.

22.

23.
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ADC (A/C) 8
ARJ 21,43

ASCIl 6, 76, 88, 91

BMP 44
bzip2 43
CCITT 44, 69
CGl 80
CP1251 94
CP866 94
CRC 69
DAC (D/A) 8
DES 76

FM 47

GIF 44

gzip 43
HTML 78
HTTP 78
ISDN 11
JPEG 44, 45
koi8-r 94
LHA 43
LZ77 35, 40
LZ78 38, 41
LZSS 37,41
LZW 39, 41
MFM 48
MPEG 45
PDF 78, 83

PostScript 78, 82

RAR 43
RLE 44
RLL 48
RSA 73
SGML 78, 80
TEX 78, 81
TIFF 44
UCS 94
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[Mpumoxenue 3. IlpenMeTHBIN yKa3aTellb

Unicode 77, 88, 91, 94

URI, URL 78

UTF 94

WWW 78

XML 78, 81

ZIP 21, 43

ABM 9

afanTUBHbLIA aNrOpUTM CXKaTUS WH-
¢dopmauun 28

anroput™ Eeknuaa 98

aHanoroeas MHpopmauus 7

apudmeTunUyeckoe koampoeaHue 25

AUl 8

bant (byte) 9

buHapHble dannsl 76

ouT (bit) 9

6nouHble koasl 53

6oa, (baud) 10

BUX-koabl 68

BEC ABOWYHOro cnoea b4

B3aMMHO NpocTble uucna 98

rMbpnaHble BbIUMCAUTENbHbIE MaLLK-
Hbl 9

rpynnoson kon 58

AsonuHblit (m,n)-kog 51

— CUMMeTpUUHbIA KaHan 50

JekoauposaHue 49

ANCKpeTHaa uHpopmauua 7

ApeBOBUAHbIE Koabl 53

eMKOCTb kaHana ceasu 10, 46

3a4ep>XKa CMrHana Bo BpemeHu 46

3anuMcb C TPYMMoBbIM KOAUPOBAHUM
(RLL) 48

nHdopmaumns 10, 12

— aHamnoroBasa [

— AucKpeTHaa {



HenpepbiBHaa 7
CeMaHTMyeckas

undposasa 7

KaHan 6e3 “wymos”

20

46

nHbOpMauunoHHbIn 45

cesasn 10
— OUCKPETHLIN

— HenpepbIBHbIN

46
46

KQHOHUYECKOE Pa3JIOXKEHUNE UnCia

KBa3ncoBepLUeHHbIN kog, 61, 63

kubepHeTuka 4

kKon, 6bnounbin 53

KOAMpPOBaHUE

[onea 67

rpynnoson 58

ApeBOBUAHbLIA 53

KBasucosepLUeHHbIn 61, 63

JINHENHBIN b7

onTumanbHbln 61

MNOJIMHOMMUANBbHbIN

66

nocnenoBaTenbHbln 53

COBEepLUEHHbIN 6

1

c npoeepkon yeTtHocTn 50, 51

— TpoWHbIM noBTOopeHnem 50, 52

XammuHra 61

umknuyeckum 67

LZ77 35
LZ78 38
LZSS 37
LZW 39
apudmeTmnyeckoe

— a4anNTUBHOE

10, 49

25
33

Ouddu-Xennmana 72, 100

MOMexXo3aLLUTHOe
npedukcHoe 19
Xapdpmena 23

— a4aNTUBHOE

50

28

104

— llleHHOHa-P3HO 21, 23

koaupoeka NOCT 94

KoAbl C UCnpaenieHmem owmnbok 51

— — obHapyxeHuem owmnbok 51

KOU-7 95

KOWN-8 94

KonuyectBo uHdbopmauum 12

komnbtoTep 9

KOMMNbIOTEPHbIN WpudpT 77

KOHTpoOJibHas cymma 53

kpuntorpagua 70

nnaep cmexHoro knacca 59

NuHenHble Koabl 57

NnHum ceasm 45

Jlormyeckas pasMeTka TekcTta (7

MaTpuU4YHOe KoaupoBaHue 57

MeTon bnokuposanus 22

MOAYyNAUMA YacToTHas 47

HenpepbiBHasA uHdpopmaumus 7

HepaBeHCTBO  (BepxHsAs  rpaHuua)
Bapwamoega-Iunsbepta 56

— (HuxHss rpannua) Xammutra 56

HepacKpbiBaeMbll wudpp 72

HUXHASA rpaHuua lNnoTkuHa 57

obpaTHas TeopemMa O KOAMPOBAHUM
npu Hanuuyum nomex 49

obwasi cxema nepesaun  MHdopMa-
umn 10

onTuManbHbIN Koa 61

OCHOBHasi TEOpeEMa O KOAUPOBAHUU MPU
Hanuuum nomex 49

————— OTCYyTCTBUU Nomex 22

OCHOBHOM (haKT Teopuu nepefauu UH-
¢dopmauun 49

NOJIMHOMUAJIbHOE KoampoBaHue 65

NOJSIMHOMUANBHBIN Kon 66

nocnenoraTenbHocTe PuboHauun 47



nocnepoBaTenbHble KOabl 53
npedukcHoe koauposaHue 19

68, 98
MPOMyCKHasi CnocobHOCTL (eMKOCTb)
10, 46

npoueaypHasi pasMmeTka Tekcta 77

NMPUMUTUBH bIl MHOIOYJIEH
KaHaJla
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