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IMPAKTUYECKOE 3AHATHE Ne2

CunTte3 U pacuyeT CTPYKTYP JHMHEHHBIX KOIOB

JIuHeliHbIE 0JI0YHBIE KOABI

Jlunelinple OJIOYHBIE KOABI — 3TO KJAacC KOJOB C KOHTPOJIEM YETHOCTH, KOTOpPBIE MOKHO
omucaTh apou uucen (n, k). B nporecce kogupoBanus 0JI0K U3 kK CAMBOJIOB COOOIIEHUS (BEKTOP
cooOIeHust) mpeoOpasyercs B OONBIINN OJIOK M3 7 CHUMBOJIOB KOJOBOTO CJIOBA (KOJIOBBIN
BEKTOpP), 00pa30BaHHOTO C MHCIIOJIB30BAHHEM D3JIEMEHTOB JaHHoro andasurta. Eciu andaBut
COCTOUT TOJBKO U3 ABYX 37eMeHTOB (0 u 1), Koa sBAsSETCS BOUYHBIM U BKJIIOYACT JABOUYHBIC
paspsiasl (Outhl). [locnenyromee o0CykICHUE JIMHEHHBIX OJIOYHBIX KOJIOB OyIeT MOApa3yMeBaTh
UMEHHO JTBOMYHBIC KOJIBI.

k-6utoBble COOOWEHHs (GOPMUPYIOT Habop u3 2% mociemoBaTenbHOCTEH  COOOLICHHS,
Ha3bIBaeMbIX k-xkopmexcamu (K-tuple) (mocmemoBarenpHOCTsMU k 1udp), k-OutoBbIe ONOKH
MoryT (GopMupoBarh 2" MOCIEN0BATENLHOCTH, TAKXKe UMEHyeMble K-kopmeowcamu. TIpouenypa
KOJIMPOBAHUSI COMOCTABIIAET C KAXKIbIM U3 2k JI-xoprexeil coobmeHus 0oun u3 25 I-KopTexei.
BiodHble KOABI MPEACTABIAIOT B3aMMHO OHO3HAYHOE COOTBETCTBHE, B cuiy dero 2° k-
KOPTEXEH COOOLICHHS 00HO3HAYHO OTOOPAKAIOTCS B MHOKECTBO H3 2° J-KopTexKeil KOMOBBIX
CJIOB; OTOOpa’keHHE MPOU3BOJUTCS COIVIACHO TaONHIIE COOTBETCTBUA. Jls jumelinvix K0008
peoOpa3oBaHre OTOOPAKEHUSI SIBIISETCS, KOHEUHO XK€, JIUHEUHBIM.

BekTopHbIe MPOCTPaHCTBA

MHOEeCTBO BceX JIBOMYHBIX N-KOPTEXKeH, VN, HA3bIBACTCS GEKMOPHbIM NPOCMPAHCINEOM HAJl
JBOMYHBIM ToJieM AByX aieMeHToB (0 u 1). B nBonuHOM mose omnpejaeneHsl JBE OIepalyi,
CIOKEHHE M YMHOXEHHUE, IpPUYEM pe3yJbTaT OSTUX OINepaluil NPUHAUIEKUT OSTOMY Ke
MHOKECTBY JIBYX DJJIEMEHTOB. ApH(PMETHUECKHE ONepaluu CIO0XKEHUS U YMHOXKCHUS
OTIPENIETISIOTCSI COTIACHO OOBIYHBIM MpaBWIIaM Jisg anreOpandeckoro moiss [4]. Hampumep, B
JIBOMYHOM T10JI€ TIPAaBUJIA CIIOKEHUSI M YMHOXKEHUS OyIIyT CIIEAYIOLUIMMHU.

Cnoxenne YMHOXKEHUE

0E0=00.0=0

0@El=1 0.1=0
1®@0=110=0
1®1=0 1.1=1

Orneparus cinokeHusi, 0003Ha4aemMasi CUMBOJIOM “”, — 3TO Ta K€ OMepalus CI0XKEHUS IO

MOJYJIIO 2, KOTOpas omuchiBanack B paszzaene 2.9.3. CyMMHpoOBaHME IBOMYHBIX N-KOPTEXKEN
BCerja MPOM3BOAUTCS MYTEM CIIOKEHUS MO MOAYNI0 2. XOTs JUIsl MPOCTOTHI MBI yaiie O0yaem
UCIIOJIb30BAaTh JUIsl 3TON ONeparui OObIUYHBIN 3HAK +.

BexkTopHBIE MOANPOCTPAHCTBA

[TonMHOXKECTBO S BEKTOPHOIO IPOCTPAHCTBA Vi HA3BIBACTCS HOONPOCMPAHCIEOM, €CIH IS
HEro BBIMOIHSIIOTCS CIEAYIONINE YCIOBHSL.

1. MHOXECTBY S NpHHAIJIEKUT HYJIEBOU BEKTOP.

2. Cymma JII00BIX IBYX BEKTOPOB B S TAK)K€ MPUHAICKUT S (C8OUCMBO 3AMKHYMOCMUL).

[Tpu anreGpandeckoM ONMCAHUM JIUHEUHbIX ONOYHbIX KOOO8 JIaHHBIE CBOICTBA SBISAIOTCA
¢dbynnamenTanbHbiMH. [lonmyctuM, Vi u Vj — 1Ba KOJOBBIX clioBa (MM KOJIOBBIX BEKTOpa) B
nBonyHOM OjiouHOM Koje (n, k). Kox HaswIBaeTcs sumetinbim TOTA U TOJIBKO Tornaa, koraa (Vi

Vj) TaK)Xe SIBISCTCA KOJOBBIM BEKTOPOM. JIMHEHHBIM OJIOYHBIA KOJ — 3TO TaKOW KOI, B



KOTOPOM BEKTOp, HE NPHUHAJUIEKAIIUNA MOANPOCTPAHCTBY, HEJb3s MOJIYUYUTh IIYTEM CIIOKECHHUS
JHOOBIX KOJOBBIX CJIOB, IPUHAUIEkKAIUX ITOMY HOJIPOCTPAHCTBY.
Hampumep, BekTopHOE TPOCTPaHCTBO V4 COCTOUT U3 CIEAYIOIUX IECTHAALATH 4-KOPTEXKEH.

0000 0001 00100011 0100 0101 01100111
1000 1001 1010 1011 1100 1101 11101111
[Tpumepom moamMHOKecTBa V4, SBISIFOIIETOCS ITOIITPOCTPAHCTBOM, OYIET CIICIYIOIIEe.

0000 0101 1010 1111

Jlerko mpoBepuTh, UTO CIIOKEHUE JTHOOBIX ABYX BEKTOPOB MOANPOCTPAHCTBA MOXKET JIaTh B UTOTE
JMIIb OJWH W3 BEKTOPOB IMOAIPOCTPaHCTBA. MHOXecTBO 13 2" n-koprexkeil HasblBaeTcs
JUHEUHbIM OJOYHLIM KOOOM TOTJla U TOJBKO TOIZa, KOI/Ia OHO SIBJISIETCSI HOJAIPOCTPAHCTBOM
BEKTOPHOTO TIPOCTpAaHCTBY Vn Bcex n-koprexked. Ha puc. 6.10 mnokazana mnpocras
reoMeTpUUEecKas aHaJloTus, IMPEACTaBIAOlas CTPYKTypy JHMHEMHOro OJOYHOro Koja.
BekTopHOE MPOCTPAaHCTBO VN MOXKHO INPEACTABUTH Kak COCTaBI€HHOEe U3 2" n-KOpTeKei.
BHYTpH 3TOTO BEKTOPHOTO IIPOCTPAHCTBA CYIIECTBYET MOAMHOXECTBO m3 2° I-KopTexeid,
06pa3yIONIHX TOAMPOCTPAHCTBO. ITH 2° BEKTOpa WM TOUKH [OKA3aHBI Pa3GpPOCAHHBIME CPEIH
00Jiee MHOTOUYHCIIEHHBIX 2" TOYEK, MPEACTABIAIONIMX JOMYCTUMBIE MJIH BO3MOXHBIE KOIOBBIE
cioBa. COOOIICHHE KOXMPYETCS OOHHM H3 2° BO3MOXKHBIX BEKTOPOB KOZA, IMOCIE HEro
nepenaercs. BenencTBue Hanuuus B KaHale IIyMa MPUHUMATBCS MOXKET M3MEHEHHOE KOJ0BOE
cinoBo (omuH u3 2" BEKTOPOB NPOCTPAHCTBA N-KOpTexkei). Eciu HM3MEHEHHBIH BEKTOp He
CIIMIIKOM OTJINYaeTcsd (JeXKHUT Ha HEOOJBIIOM pPACCTOSIHMM) OT JEHCTBUTEIBHOTO KOJOBOIO
CJIOBa, JEKOJep MOXKEeT OOHapyXkHuTh cooOmeHue mpaBuibHO. OCHOBHas 3ajada BbIOOpa
KOHKpPETHOH 4YacTH KojJa IMojoOHa Ienu BbIOOpa ceMelcTBa MOAYJIHPYIOIIMX CHUTHAJIOB, U B
KOHTEKCTE pUC. 2.1ee MOKHO ONpeAETUTh CIEAYIOUMM 00pa3oM.

2% N-KOpTeRkei COCTABIAIOT
MOATNIPOCTPAHCTBO KOOBBIX CIIOB

2% N-KOpTexen
T COCTABRJAIOT MOJHOC
npocrpancTeo Vn

Pucynok 2.1 — CtpykTypa JInHEeHHOro 0J104HOro Koja

1. Hanomusist mpocTpaHCcTBO Vn MaKCUMabHBIM KOJMYECTBOM KOJIOBBIX CJIOB, MbI Oopemcs 3a
3G GEKTUBHOCTh KOJUPOBAHUS. ITO PABHOCHIIBHO YTBEPIKICHHIO, YTO MBI XOTHM BBECTH JIMIIb
HebobUY0 U3061MouHOCMsb (N30BITOK TIOJIOCH).



2. MbI XOTUM, 4TOOBI KOJOBBIE CIIOBA OBUIM MAKCUMANLHO YOAieHbl Opye om oOpyed, TaK 4To
JaKe eCJIM BEKTOPhl OYIyT MCKaXKEHBI B XOJIe Tepefaun, UX BCe €lle MOKHO OyAeT ¢ BBICOKOM
BEPOSITHOCTHIO MTPaBUJILHO JIEKOIUPOBATh.

IIpumep JmHeiiHOTO 0J104HOTO0 Koaa (6,3)

[TpuBeneM HEOOXOaUMBIE IPEABAPUTENBHBIC 3aMEeUaHUsI OTHOCUTEIBHO Koja (6,3). OH cocTouT
u3 25 = 2° = 8 BekTOPOB COOGIICHHI 1, CIIEIOBATENBHO, BOCHMH KOIOBBIX CIIOB. B BEeKTOpHOM
npocrpancrtse V6 umeercs 2" (2° = mectpaecst YEeThIpe) 6-KOPTEKEH.

HetpynHo y0eauThbesi, 4TO BOCEMBb KOJOBBIX CJIOB, IMOKa3aHHBIX B Tabn. 2.1, obpa3yoor B V6
MOJMPOCTPAHCTBO (€CTh HYJIEBOW BEKTOp, CyMMa JIFOOBIX JBYX KOJOBBIX CIIOB JAeT KOJIOBOE
CJIIOBO ATOTO JK€ MOJANPOCTpaHCTBA). Takum o00pa3oM, 3TH KOJOBBIE CIIOBA IPEICTABISIOT
JUHEeHbI OI0UHbLI KOO, OTIPEACIICHHBI B pasneine 6.4.2. MoXeT BOSHUKHYTh €CTECTBEHHBIN
BOIIPOC O COOTBETCTBHH KOJOBBIX CJIOB M COOOmeHUN s 3toro kona (6, 3). OaHO3HAYHOTO
COOTBETCTBUS JJIsl OTIEIbHBIX KOJOB (N, k) HE CYLIECTBYET; XOTs, BIIPOYEM, 3/1€Ch HET MOJTHON
cB0OOIbI BEIOOpA. [logpoOHEe 0 TpeOOBaHUAX U OTPAHMUYCHHSIX, COMPOBOKAAIOIINX pa3paboTKy
Kofa, OyJeT pacckazaHo B paznene 6.6.3.

Tab6auia 2.1. CooTBeTCTBHE KONOBBIX CJIIOB U COOOIIEHUI

Bexrop coobuenns Kooroe ¢iogo
000 GOO000
100 110100
010 011010
110 101110
001 101001
101 011101
011 110011
111 000111

Martpuua reseparopa

[Ipu Oombumiux k peanuzauuss madIUYbl CcOOMEemcmeus KoJiepa CTAHOBUTCS CIMILKOM
rpomozakoit. s xonma (127,92) cymectByer 2% NpUOJIM3UTENBHO 5 X 10” komoBBIX
BEKTOpOB. Eciu koaupoBaHKE BBINOIHIETCS C MOMOIIbIO MPOCTOM TaOIUIIBI COOTBETCTBUS, TO
MPEACTABbTE, KAKOE KOJIUYECTBO NAaMSATH HYKHO JJIs1 TAKOTO OTPOMHOI0 yncia KoAaoBbix cioB! K
CYaCThIO, 3a/ladyy MOXKHO 3HAYUTENIbHO YIPOCTUTh, MO Mepe HEOOXOAUMOCTH TE€HEPHUPYS
HEOOXO/UMBbIE KOJIOBBIE CJOBA, BMECTO TOr0 YTOOBI XPaHUTh HMX B MHaMIATH IOCTOSHHO.
[TockonbKy MHOXECTBO KOJIOBBIX CJIOB, COCTABJISIOIIUX JTMHEHHBIN OJIOYHBIA KOA, siBIsieTcs k-
MEPHBIM MOJAIPOCTPAHCTBOM N-MEPHOTO JABOWYHOI'O BEKTOPHOIO IpocTpaHcTBa (k < n), Bcerna
MOKHO HAalTH Takoe MHOKECTBO N-KOPTEXeil (C YUCIOM AJIEMEHTOB, MEHbBIINUM 2k), KOTOpO€e
MOJKET TEeHEPUPOBATh BCE 2" KOZIOBBIX ClTOBA noanpocrpancTsa. O TeHEpUPYIOLIEM MHOXKECTBE
BEKTOPOB TOBOPAT, YTO OHO oxeamvléaem TOANPOCTpaHCTBO. Hawmmensmiee aunetino
He3asucumoe  MHOXECTBO, OXBaThIBaIOILlee MOJNPOCTPAHCTBO,  HAa3bIBACTCA  0OA3UCOM
MOJIMPOCTPAHCTBA, & YHUCIO BEKTOPOB B 3TOM 0a3MCHOM MHOKECTBE SIBJISIETCS pa3MEPHOCTHIO
noanpoctpancTBa. Jlroboe 0Ga3uCHOE MHOKECTBO k JTMHEMHO HE3aBUCUMBIX n-koptexe VI,
V2,..., VK MOXHO HCTIOJIb30BaTh JIJIsl T€HEPAIIMU HYXKHBIX BEKTOPOB JTUHEHHOTO OJIOYHOTO KOJa,
MOCKOJNIBKY Ka)/IbI BEKTOp KoJa sBIseTCsl NuHeiHoi koMmOuHamme V1, V2...., Vk. NabiMu
CIIOBAMH, KaXI0e M3 MHOKecTBa 2° KOZOBBIX €10B {U} MOXKHO MPEACTABUTEH CIIETYIONIAM
obpazom.

U =ml | +o b+ + ol

3neck mi = (0 unmu 1) — mudpsl coodmienus, a i = 1,..., k.



Boo06iue, mampuyy eenepamopa MOXXHO ONIpeIENUTh KaK MaCCHUB pa3MepoM K x n.

" Vg Vg oo Vg,
= Vz _ 1"'?1 L IR
% Vir Via ot Vi

2.1
Ko/ioBbIie BEKTOPBI IPUHATO MPEICTABIATh BEKTOPAMHU-CTPOKaMU. TakuM 00pa3oM, coOOIIeHHE
m (TOCIeI0BaTEILHOCTh kK OUT COOOIIEHNS ) MPEACTABIISETCS Kak BEKTOpP-CTpoka (Marpuna 1 x £,
B KOTOpO# 1 CTpoka u k cTOJIOIOB).

BE= B By L B
B MarpudHoi#i 3anucu reHepaiiis KogoBoro ciioBa U OyneT BRITISACTh Kak mpou3BeneHne m u G

U =mG, 2.2)

TAC YMHOXKCHNUE MaTpHUL] C = AB BrIOHAETCS IO cIeaAyromemMy nmpaBuily.
B
CH':ZfIiR_E?@' 3.:1,...,.!-il __f.:].,...,m
k=1

3nece A — martpuna pasmepom | x n, B — Marpuma pa3mepoM n X m, a pe3ylbTUpYIOLIas
Matpunia C umeer pasmep | x m. [ns npumepa, pacCMOTPEHHOTO B TPEABIAYIIEM pasielie,
MaTpula TeHepaTopa UMEET CIAEAYIOIINI BU/L.

F 110100
G=(, (=(011010
¥ 101001

(10

(2.3)

3necy V1, V2 u V3 — 1pu auneiino nezasucumovlx gexkmopa (IOJIMHOXECTBO BOCBMHU KOJIOBBIX
BEKTOPOB), KOTOPBIE MOTYT CT€HEPUPOBATH BCE KOJOBBIE BEKTOPh. OTMETHM, YTO CyMMa JFOOBIX
JIBYX TEHEPHUPYIOIIUX BEKTOPOB B pE3y/lbTaTe HE JAaeT HU OJHOTO T'eHEPUPYIOMIETO BEKTOpa
(IPOTHUBOIIOIOKHOCTh CBOWCTBY 3aMKHYTOCTH). [lokaxem, Kak C HCIOIb30BaHHEM MAaTpPHUIIbI
reHeparopa, NPUBEICHHOW B BbIpakeHun (2.3), reHepupyercs KomoBoe cioBo U4 mus
4yeTBepTOro BekTopa coobuienus 110 B Tabm. 2.1.

2
o= 1ol =10+ 400 =
Vs
= 110100+ 011010+ 000000 =

= 101110 {xodosee cacse das sexmopa cocbiygenus 110)

TakuMm o0pa3om, KOJOBBIN BEKTOP, COOTBETCTBYIOIINN BEKTOPY COOOIIEHUS, SIBISETCS JTMHEITHON
KoMOuHarmend ctpok Matpuilbl G. TToCKONBKY KO TMOJIHOCTBIO ompenensercss matpuueil G,
KOJIepy HYXKHO TNOMHHUTH JHIINb k CTpok MaTtpumbl G, a HE Bce 2% KkomoBBIX BekTopa. U3
IPUBEIECHHOTO IMPUMEPA MOXKHO BHUAETH, YTO MaTpulla I€HEpaTropa pPasMEPHOCTbIO 3 X O,



IpUBEIECHHAs B ypaBHEHMM (2.3), MOJHOCTBIO 3aMEHSIET UCXOAHBIM MAaCCUB KOJOBBIX CIIOB
pa3sMepHOCTHIO 8 X 6, MPUBEACHHBIN B Ta0. 2.1, 4TO 3HAYUTEIIBHO YIPOIIAET CUCTEMY.

CucremMaTnueckue JUHEHHbIE 0JI0YHBIC KObI

CucremaTudeckuii TUHEHHBINA OouHBIN KO1 (systematic linear block code) (n, k) — 310 Takoe
O0TOOpaKEHHE N-MEPHOTO BEKTOpa COOOIICHHsS B N-MEPHOE KOJOBOE CIIOBO, 4YTO 4YacTh
reHEePUPYEMO MOCIIEI0BATEILHOCTH COBMEIIAETCS ¢ kK CUMBOJIaMH cooOmieHust. OcranbHble (n -
k) 6GUT — 3TO OMTHI YEeTHOCTH. MaTpwuIila TeHepaTopa CUCTEMATUHIECKOTO JIMHEHHOTO OJI0YHOTO
KOJIa UMEET CHEAYIOLIUNA BU/L.

G=|P i I |=

Fu Pu ot Pue-n 10--0
Fa Pun o Pass 01--0

_pkl Fra ...p.‘:-l:?!—\‘:-:l 00 .- 1_ (24)

3necs P — maccuB ueTHOCTH, BXOIAUIMI B MaTpully resweparopa, pij = (0 wim 1), a Ik —
eAMHUYHAS MaTPHIA Pa3MEepHOCTHIO K X k (y KOTOpOii HaroHaabHBIC 3JIEMEHTHI PaBHEI 1, a Bce
octasibHble — ()). 3amMeTUM, YTO TPH KMCIOJb30BAHUH 3TOIO0 CHCTEMATHYECKOTO TeHepaTopa
MPOLIECC KOJAUPOBAHMUS €Ile OOJIBIIE YIPOIIAETCs, MOCKOIbKY HET HEOOXOJUMOCTH XPAHUTh TY
4acTh MAcCHBA, IJIe¢ HaXOAUTCS eauHM4YHas Marpunia. OObenuHsss BwipaxeHus (2.3) u (2.4),
MO>KHO MPEACTaBUTh KAKI0€ KOJOBOE CIOBO B CIEAYIOIIEM BHUJIE.

Fu P Pue-n 10 -0
Bpaligs oty :[ml,mz,..mk]x Pn Py v Papsy 010 0,

Frn FPra " FPriary 001

Trac

gy =mnpy TPy ot py ra i=1 (w—k)
dog i=in—k+10),. .»

= M ek
st nanHOTO K-KOpTEXa cooOIeHus
BE= B By L B
1 k-KopTexa KOJOBBIX BEKTOPOB
U =u,0,, . 0,

CHCTEMaTHUCCKUU KO)IOBI)IP'I BCEKTOP MOXKHO 3alrcaThb B CJICAYIONIEM BUJIC.

o= PLoByo Pucg 000 0

EEM}}E;MH&ME Eﬁmalﬂﬂvﬂﬁ&\!ﬂﬁx (2 5)
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Prok) TP Pypagy TP gy T E R Pl gy (2.6)

CucremaTtnyeckue KOJIOBBIE CIIOBa WHOT/IA 3allUCHIBAIOTCS TaK, 4TOOBI OMTHI COOOIICHHS
3aHUMAJIH JICBYIO YaCTh KOJIOBOTO CJIOBA, a OUTHI YeTHOCTH — TpaBylo. Takas mepecTaHOBKa HE
BJIMSICT HA CBOICTBA KOJa, CBSI3aHHBIE C MPOIEIypaMU OOHAPYKCHHS U MCHPABICHHS OIIMOOK,
II03TOMY JlaJiee paccMaTpUBaTHCS He OyierT.

st kona (6,3), KOJIOBOE CIIOBO BBITISITUT CIICAYIOIIAM 00pa3oMm.

110100
U=l [ 01131010]|=
101001

—

d % 2.7

=y b R bEny  mey bR R R B
[t P P

“ . R 2.8)

Boipaxxenue (2.8) 1mo3BoisieT MONY4YUTh HEKOTOPOE MPEICTABIEHUE O CTPYKTYpE JIMHEHHBIX
OJI0YHBIX KOZOB. BUiHO, 4TO M30BITOUHBIE OUTHI UMEIOT pa3HOE NMpoucxoxaeHue. [lepsoiit OuT
YETHOCTH SIBJISIETCSI CYMMOI MEPBOTrO U TPEThEro OMTOB COOOIIEHUS; BTOPOl OUT YETHOCTH —
3TO CyMMa IEPBOTr0 U BTOPOro OUTOB COOOIIEHNUS; a TPETUH OUT YETHOCTH — CyMMa BTOPOTO U
TpeThero OUTOB cooOIIeHNs. UHTYUTHBHO MOHSTHO, YTO, IO CPAaBHEHUIO C KOHTPOJIEM YE€THOCTU
METOIOM JyOJIMpOBaHUs pa3psAfa WIM C IOMOIIBIO OJHOTO OHMTa YETHOCTH, ONHCAHHAs
CTPYKTypa MOXET MPEOCTaBIATh O0Jiee MHUPOKUE BOZMOKHOCTH OOHAPYKEHUS U UCIIPABIICHUS
OLIMOOK.

IIpoBepounast MaTpuna

Omnpenenum Marpuny H, umenyemyro nposepounori, koTopas HO3BOJIMT HaM JE€KOAMPOBATh
nojy4deHHble BekTopa. Jlns kaxxnod marpuubl (k X n) rereparopa G cymectByer maTpuna H
pazMepoM (n - k) X n, Takasg, YTO CTPOKU MaTpullbl G OPTOrOHANBHBI K CTpokaM MaTpuibl H.
Wnpivu criosamu, GH'=0, e H' — mpancnonuposannas marpuna H, a 0 — Hynepast MaTpuma
pasmeprocThio k x (n-k). H'— 510 Marpuua pasmepom n x (n-k), CTPOKE KOTOPO# SBISIOTCS
cronbuamu Matpuiel H, a crombust — crpokamu marpuubl H. YtoOsl marpuma H
YIOBJETBOPsUIa TPEeOOBaHUSM OPTOTOHAIBHOCTH CHUCTEMATUYECKOTO KOJa, €€ KOMIIOHEHTHI
3aMMCHIBAIOTCS B CIEAYIOIIEM BUJE.

Hzlfx—s; : PTJ (2.9)

CJ'Ie,Z[OBaTeJ'H:HO, MaTpuna HT UMECT CJ'IeIIYIOH_II/Iﬁ BU .

(2.10,2)
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Frn P " Froaen

- = (2.10,6)

Hetpyano y0eauTbcesi, 4To MpoU3BEACHHE UH" moGoro kogoBoro ciosa U, reHepupyemoro G, u
MaTpPULBL H' gaer CIIEIYIOIIIEE.

iHT = P PPt Py P T P =1,

e 6utel yeTHocTH ¢ 112 Fack orpeneneHsl B ypaBHeHHH (2.6). Takum 00pa3oM, MOCKOIBKY
nposepounas mampuya H coznana tak, 4ToObl yI0BJIETBOPATH YCIOBUSAM OPTOrOHAIBHOCTH, OHA
IIO3BOJISIET MPOBEPSTH MPUHSATHIE BEKTOPBI HA MIPEIMET UX MPUHAISKHOCTH 3aJJaHHOMY Habopy
KO/I0BBIX cJIOB. U OyJeT KOJIOBBIM CIIOBOM, F'eHepHpyeMbIM MaTpulieil G, Torjaa u TOJIbKO TOrAa,
Korzga UH"=0.

KOHTPOHL C IOMOIIIBI0O CHHAPOMOB

PR T,

ITycTp — OpUHATBI BekTop (omuH u3 2" n-KOpTEXei), MOJyYeHHBIH MOoCie

U=ty sy, by (ommH u3 2n n-xoprexeit). Torma r MOXHO TMpEACTaBUTH B

nepeaadn
CJIETYIOIIEM BHJIE.

r=0U+eg (2.11)

= 8,84, .8
3nech * — BEKTOp OMIMOKHM HIIM OIMOOYHAs KOMOWHAIMs, BHECEHHAs KaHAJIOM.
Bcero B mpocTpancTBe W3 2n n-KopTeked cymiecTByeT 2n -1 BO3MOXHBIX HEHYJIEBBIX

omMO0YHBIX KOMOUHAIMH. CHHIPOM CUTHAJIA T ONIPEACIIIECTCS CISAYIOIIIM 00pa3oM.

S=rd’ 2.12)
CuHIpOM — 93TO pe3yiabTaT MPOBEPKU UETHOCTH, BBINOJHAEMON HaJ CHTHAJIOM I JUIS
OTIpeieNIeHUs] ero MPUHAUIEKHOCTH 33JaHHOMY Ha0Opy KOJOBBIX clIOB. Ilpu mosnoxurensHOM
pesyibTare npoBepkd cuHapoM S paBeH 0. Eciau r coxepXUT OMIMOKH, KOTOPbIE MOXKHO
UCTIPaBUTh, TO CUHAPOM (KaK U CUMIITOM OOJIe3HH) UMEET ONpe/IeNICHHOE HEHYJIeBOE 3HAYCHHUE,
YTO MO3BOJISIET OTMETHTh KOHKPETHYIO OIIMOOYHYI0 KOMOMHanuI0. /lexonep, B 3aBUCUMOCTH OT
TOT0, TPOU3BOJUT JIM OH MpPsSMOE HCHpaBlIeHUE OIMMOOK WM HucHoib3yer 3ampoc ARQ,
Y4acTBYeT B JIOKQJIW3AIMM W HWCIPABIECHUW OMMOKH (MPSIMOE HCIpaBIEHHUE OIMMOOK) WIN
MOCBUTAET 3alpoc Ha noBTopHyto nepeaady (ARQ). Ucnonw3ys ypasuenus (2.11) u (2.12), mbl
MO’KEM IIPEJICTaBUTh CUHJIPOM T B CIIEAYIOLEM BUJE.

S=(U+e)HT =
r r

Ho nns Bcex anemMeHTOB HaOOpa KOJOBBIX CIIOB UH'=0. [TosTomy



S=eH’ (2.14)

W3 cka3aHHOTO BbILIE OYEBHUJHO, YTO KOHTPOJb C IOMONIbIO CHHAPOMOB, IIPOBEICHHBIA HAJl
HCKQXCHHBIM BEKTOPOM KOJa WJIM HaJ OIIMOOYHON KOMOWHAIIMEH, BBI3BABIICH €ro MOSIBJICHUE,
JacT OJMH M TOT K€ CHHIPOM. BakHOI OCOOCHHOCTBIO JMHEWHBIX OJOYHBIX KOAOB (BEChbMa
BAKHOM B Mpoliecce JCKOAUPOBAHMS) SIBISIETCS B3aMMHO OJIHO3HAYHOE COOTBETCTBUE MEXK]Y
CUHAPOMOM U MCTIPABUMOM OMMO0YHON KOMOWHAITUEH.

HNHTepecHO Takke OTMETUTD JIBA HEOOXOUMBIX CBOMCTBA MMPOBEPOYHON MATPHUIIBIL.

1. B matpunie H He moxkeT ObITh cTOJIOIA, COCTOSILErO U3 OJHUX HYyJeH, MHaue omwudka B
COOTBETCTBYIOIIEH MO3UIMM KOJIOBOTO CJIOBAa HE OTPAa3UTCA B CHUHApPOME M He OyneT
oOHapy’KeHa.

2. Bce cron6mer marpunbl H gomkHbel ObITh pasnuunbiMu. Eciin B matpunie H Habimercs nBa
OJIMHAKOBBIX CTOJONA, OMMOKH B COOTBETCTBYIOIIMX TIO3HMIHSIX KOJOBOTO CJIOBA OyayT
HEpa3TUINMBI.

[Tpumep 2.1. KOHTpOIb C TOMOLIBIO0 CHHAPOMOB

[Tycts mepempano xomoBoe cimoBo U=101110 u3 mpumepa nuneliHoro Oiounoro konaa (6,3) u
npussT Bektop r=001110, T.e. kpaliHui JeBBIA OUT MPHUHAT ¢ omMOKOI. Hy)XHO HaliTH BEKTOP
curgpoma S = rH' u mokasats, 4to oH paex eH'.

Pewenue

S=rHT =
(10 0]
010

=[o [31119]001 =

110
011
101]

=[L, 1+ 1,1+1]=[101] (curapom nckakeHHOTO BEKTOpa KOJa)

Jlanee mpoBepuM, UTO CHHIPOM HCKA)KEHHOTO BEKTOpa KOJAAa paBEH CHHAPOMY OLIMOOYHOMN
KOMOUWHAIIMH, KOTOpasi BbI3Bajla 3Ty OLIHOKY.

r r
§=eH" =[100000]#" = [100] (cMBIPOM OIMOOYHON KOMOMHAIMH)

Hcnpasienune ommodoK

Wtak, Mbl OOHApYKWIM OTHAEIbHYIO OIIMOKY U TIOKa3ald, YTO KOHTPOJb C IIOMOIIbIO
CHUHPOMOB, BBIMIOJIHAEMBII KaKk Ha UCKaXCHHOM KOJIOBOM CIJIOBE, TaK M Ha COOTBETCTBYIOIEH
OIMO0YHOM KOMOHMHAIIMY, AeT OJUH U TOT K€ CHHIPOM. DTOT MOMEHT SIBJICTCS KIIOUEBBIM,
MOCKOJIBKY MBI HMEEM BO3MOKHOCTb HE TOJBKO OINPEAETUTh OMIMOKY, HO U (TIOCKOJBKY
CYIIECTBYET B3aUMHO OJHO3HAUYHOE COOTBETCTBHE MEXAY HCHPAaBUMOU  OLIMOOYHON
KOMOMHAIMEeW M CHHIPOMOM) MCIPABUThH MOAOOHBIE olmMOOuHble KOMOWHanuu. [laBaiite Tak
pacriono)kuMm 2" J-KOpTeXel, KOTOpble MpPEeACTAaBISAIOT c000il BO3MOXKHBIE NpPUHHUMAEMble
BEKTOPBI, B TAK Ha3bIBAEMOU HOPMAIbHOU MATPULE, YTOOBI IIEPBBIN Pl COAEPKa BCE KOJOBbIE
CJIOBa, HAUMHAS C KOJIOBOTO CJIOBA C OJHUMM HYJSIMH, a TIEpBBINA CTOJ0EI] — BCE UCIPABUMBIE



omnbouHbple KOMOHMHAIuKU. HamoMHMM, YTO B YHCIO OCHOBHBIX CBOMCTB JIMHEMHOI'O KOIa
BXOJIMT TO, YTO HAOOP KOJIOBBIX CJIOB JOJKEH COJEP)KATh WICH B BUJE BEKTOPA, COCTOSIIETO U3
onuux Hyne. Kaxnas ctpoka chopMupoBaHHONW MATPHIIBI, UMEHYEMAsl KIACCOM CMENCHOCMU,
COCTOUT W3 OIIMOOYHOM KOMOMHAIIMM B TIEPBOM CTOJOIE, HAa3bIBAEMOU 0Opaszyrouum
9NIeMEeHMOM KIACCA CMENHCHOCMU, 33 KOTOPOW CJEAYIOT KOJIOBBIE CJIOBA, IOJIBEpraroiiuecs
BO3JICUCTBHIO 3TON OmmMOO4YHOW KoMOmHanuu. HopmanpHas marpuna mis koxa (v, k) uMeer
CIEAYIOLIUN BU/L.

Ul Ug Uz Uﬂ*
2, U,y +e, U +e, Uy tey
é'3 U2 +E':'3 U!' +E3 Ugi +E3
QJ. Uﬂ +£,i" U!-+E':'J,- Ugi +EJ-'
Epm Uptegy oo Uite,, o Uyte,, (2.15)

OtMetum, uTo KogoBoe cioBo Ul (ko10BOE CIOBO CO BCEMH HYJSIMHU) UMEET JiBa 3HaueHus. OHO
SBIISIETCS. KOJOBBIM CIIOBOM, a TaKke MOXET pacCMaTpPUBAThHCS Kak OMMOOYHAs KOMOMHAIUS €,
— KOMOMHAIMs, O3HAYAIOIIast OTCYTCTBHE OMMOKH, Tak uTo r = U. Marpuua couepur Bee 2" n-
KOpTexel, umeronuxcs B mpoctpanctse Vn. Kaxaplil n-KOpTex YIOMSHYT mMOIbKO 0OUH pas,
IpHYEM HH OJHMH He IPOIYIICH H He MpoayonupoBan. Kaxplii Kiacc CMEXHOCTH coxepxkuT 28
n-koptexxeil. Cie1oBaTeNIbHO, BCETO KJIACCOB CMEKHOCTH OyIeT (2“/2k) =k,

ANropuT™M JEKOAMPOBAHMS IPEAYCMATPUBAET 3aMEHY MCKa)KEHHOTo BekTopa (Jroboro n-
KOpTEXka, 3a UCKIIOYCHHEM YKa3aHHOTO B IEPBOM CTPOKE) MPaBUIBHBIM KOJOBBIM CJIOBOM,
yKa3aHHBIM BBEpPXY CTOJIOIA, COJIEPIKAIEr0 UCKAXEHHBIH BeKTop. [Ipeanonoxum, 4To Ko10Boe
cioBo Ui (i = 1,..., 2% mepemaHo mo KaHanzy C MOMEXaMH, B De3ylIbTATe HYero MPHHST
(uckaxxennslil) Bektop Ui + ej. Ecniu co3nanHas kaHaioMm omnbOo4Hass KOMOMHALNSA €] SBIISETCS
06pa3yIOIINM ITEMEHTOM KITacca CMEXHOCTH ¢ MHACKCOM j = 1,....2" %, mpumsThIii BekTOp GyeT
IPaBWIBHO JEKOJIUPOBaH B nepenanHoe kojpoBoe cioBo Uil. Ecnu ommbounas komOuHanus He
ABJISIETCS 00PA3YIOIIMM JIEMEHTOM KJlacca, TO AEKOJUPOBAHKE 1acT ONIMOOYHBIN pe3ybTar.

CuHapoM KJj1acca CMesKHOCTH

Ecnu e) siBsiercst 00pa3yrommmM 3JI€MEHTOM Kilacca CMEKHOCTH WIJIM OMMOOYHONW KOMOWHAIMen
J-eo Kjacca cMeKHOCTH, TO BeKTop Ui + €] sSBIseTcs n-KOpPTEKEeM B ATOM KJIacCe€ CMEXHOCTH.
CHHJIIpOM 3TOTr0 N-KOPTEKa MOKHO 3alKCaTh B CIEIYIOIIEM BU/IE.

S=(U +e)H = UH +e,HT

IMockonbky Ui — 310 BekTop koaa u UiH' = 0, To, kak u B ypasHeHun (2.14), MbI MOXKEM
3amucarh CleyolIee.

_ r_ r
S=, +e)H =e,H 2.16)

BooOmie, HazBaHue wxnacc cmexcrHocmu (WU COMHOJCECMB0) — OTO COKpaIeHHE OT
"MHOMICECMB0 UWCeTl, UMEIOIINX COBMECTHBIC CBOWMCTBA". UTO k€ BCe-Taku OOIIEro MEXIy
YlieHaMU KaXIOW JTaHHOW cTpoku (kmacca cMmexHoctu)? M3 ypaBHenust (2.16) BuUgHO, 4TO
KaKJIbIN YJIeH KJlacca CMEXKHOCTU UMEET 00uH u mom dice cunopom. CHHIPOM KaxJ0ro Kiacca
CMEXHOCTH OTJIMYAETCS OT CHHAPOMOB JPYrHMX KJIACCOB CMEXKHOCTH; UMEHHO 3TOT CHUHAPOM
WCITOJIB3YETCS IJIs1 OTIPEICTICHUS OIMOOYHBIX KOMOMHAITUH.



JlekoanpoBaHue ¢ MCMIPABJIEHHEM OLIHOOK

[Tpouenypa nekoAUpPOBaHUS C UCIIPABICHUEM OIIMOOK COCTOUT U3 CIEIYIOIIUX 3TAIOB.

1. C moMouipto ypaBHEeHUS S = rH” Berancisercs CHUHJIPOM T.

2. OmnpenensroTcs 00pa3yromme 3JIEMEHTHI Kjlacca CMEKHOCTH (OMMOOYHBIE KOMOHWHAIMH) €,
CHUHJIPOM KOTOpPBIX PaBEH rH'.

3. Ilonaraercsi, 4TO 3TH OMMOOYHBIE KOMOWHAIIMH BBI3BIBAIOTCS HCKAKCHUSAMHU B KaHAJIE.

4. Tlomy4yeHHBI UCHPABICHHBIM BEKTOp, MM KOJOBOE CIOBO, ompenensercs kak U =1 + ej.
MOoHO CKa3aTh, 4TO B pe3yJbTaTeé BBIYUTAHUS OIPEIEICHHBIX OMIMOOK MBI BOCCTAaHOBWIIU
BEPHOE KOJIOBOE CIJIOBO. (3ameyanue: B apuPMETHUECKHX OINEpalMsIX 10 MOAYIIO 2 omepanus
BBIUMTAHUS PABHOCUJIbHA ONIEPALlUU CIIOKEHHS. )

Jlokaau3anus oIMo004YHOH KOMOMHALIMA

BosBpamasice k npumepy3, Mbl COCTaBIsieM MaTpully W3 2° = mecrupecstn 4yeTbIpex 6-
KOpTEeXeH, Kak 3TO IOKa3aHo Ha puc. 2.2. IIpaBuiibHbIe KOJAOBBIE CII0BA — 3TO BOCEMb BEKTOPOB
B IIEPBOWM CTPOKE, a ucnpasumvle owubOuHble KOMOUHAyuu — BSTO CEMb HEHYJEBBIX
006pasylowWux 2NeMEeHmMo8 KIACCO8 CMeJNCHOCmu B TIEpBOM cToiOLe. 3aMeTuM, 4YTO BCe
OJTHOOUTOBBIC OMIMOOYHBIE KOMOWHAIMH SIBISIFOTCS HCIIPaBUMbIMH. OTMETHM TaKKe, YTO MOCIie
TOr0, KaK HCYEPIBIBAIOTCS BCE OJAHOOUTOBBIE OIIMOOYHBIE KOMOMHALMM, €Ile OCTarTCs
HEKOTOpPhIE€ BO3MOXXHOCTH JUUIsl HCIIPABJICHUS OIIMOOK, ITOCKOJBbKY YYTEHBI €Ile HE BCe
HIECTHAECAT ueThIpe 6-kopTexa. Mmeercst oauH 00Opa3ylomMid 3JIEMEHT Kjlacca CMEXHOCTH, C
KOTOPBIM HHYETO HE COIMOCTABJICHO; a 3HAYUT, OCTACTCS BOZMOKHOCTh MCIPABJICHHUS €IIe OJJHON
OIIMO0YHOM KOMOUHAIIMU. DTy OMIMOOYHYI0O KOMOMHAIMIO (OJUH U3 N-KOPTEKEH B OCTABIIEMCS
00pa3yromeM 3JIeMeHTe Klacca CMEKHOCTH) MOYKHO BBIOpaTh POM3BOIBHBIM 00pa3oM. Ha puc.
2.2 9Ta mocieAHssl UCIpaBUMas OMIMOOYHAas KOMOMHalus BbIOpaHa paBHOW KOMOWHAIMU C
nBymst omnb6ouneiMu O6utamu 010001. [lexopupoBanue OyAeT MpaBUIBHBIM TOTAA U TOJIBKO
TOT/a, KOrja OIMOOYHAas KOMOMHAIUS, BBEAECHHAs KaHAJIOM, OyIeT OJHUM U3 00pa3yrolux
DIIEMEHTOB KJIACCOB CMEXHOCTH.

000000 110100 011010 101110 101001 011101 110011 000111

000001 110101 011011 101111 101000 011100 110010 000110
000010 110110 011000 101100 101011 011111 110001 000101
000100 110000 011110 101010 101101 011001 110111 000011
001000 111100 010010 100110 100001 010101 111011 001111
010000 100100 001010 111110 111001 001101 100011 010111
100000 010100 111010 001110 001001 111101 010011 100111
010001 100101 001011 111111 111000 001100 100010 010110

Pucynok 2.2 — [Ipumep HopManbHOM MaTpHIbl A5 Koaa (6, 3)



OHpGI[eJII/IM CI/IH,[[pOM, COOTBGTCTBYIOH_II/Iﬁ Ka)K,Z[Of/'I IIOCJICI0BATCIIBHOCTHU I/ICHpaBI/IMBIX OH_II/I60K,
BBIUVCIINB ejHT JUTSL KQXKJI0TO 00pa3yroIero IeMeHTa.

(100 ]
010
001

71110
011

101 |

Pesynbrarel npuBoastes B Tabn. 2.2. [TockonbKy Bce CHHAPOMBI B TaOIUIIE pa3IHUyYHBI, JEKOJEP
MOYKET ONpPEAEIUTh OIINO0UHYI0 KOMOMHAIUIO €, KOTOPOH COOTBETCTBYET KaXKAbIil CUHAPOM.

Tabnuna 2.2. Tabnauia cooTBETCTBUS CUHAPOMOB

Ommbounas komOuHarwss CHHAPOM

000000 000
000001 101
000010 011
000100 110
001000 001
010000 010
100000 100

010001 111

IIpuMep ucnipaBieHus: OIINOKHU

MBI [PHUHAMAaeM BEKTOp T M PacCUMTHIBAEM €r0 CHHIPOM C MOMOIIBIO BBIpaXeHus S = rH .
3areM, WHCHONB3ysd TaOMUIy COOTBETCTBHSI CHUHApOMOB (Tabn. 2.2), COCTaBIEHHYIO B
IpeblaylieM paszfelie, HaXOAUM COOTBETCTBYIOLIYIO OLIMOOYHYIO KOMOMHAIUIO, KOTOpas

SIBIISICTCSL OIICHKOM OIMOKH (fanee OyneM o003HauaTh ee uepe3 ¢ ). 3aTeM Jiekojaep mpuodaBiseT

€ K r ¥ OIICHUBAET MepeaHHoe Ko10Bo¢e ¢10B0 U.

U=r+e=(U+e)+e=U+{c+&) (2.17)

Ecan MMPpaBUJIbHO BbIYUCIINIINA OH_II/I6KyZ € = €, Torga OIICHKa UCOBHaHaCT C HepCaaHHbIM

Ko0BbIM cioBoM U. C npyroil cTOpoHbI, €CiaM OIleHKa OHMIMOKM HEBEpHA, EKOAEp HEBEpHO



ONpEeAeNUT TMEepPeaHHOE KOJIOBOE CJIOBO M Mbl TMOIYYUM HEOOHAPYHCUMYIO  OUWUOKY
0eKoOUPOBaHUsL.
[Tpumep 2.2. Ucnpasienue ommook
[Tycts nepenano komoBoe cioBo U=101110 u3 npumepa u npunst sexktop r = 001 I10. Hyxuo
MOKa3aTh, KaK JCKOJEP, HCIOJIb3Yys TaOJIMIy COOTBETCTBUS CHHIAPOMOB (Tabm. 2.2), MOXKET
UCIIPAaBUTD OIINOKY.
Pewenue
PaccuuTtbIBaeTCs CHHIIPOM T.

S=[001110]H"=[100]
C nmnomompro Tabn. 2,2  oreHuBaeTcss ommOOYHAas KOMOMHANMS, COOTBETCTBYIOIIAsS
NPUBEJICHHOMY BBIIIIE CHHAPOMY.

g=100000
VcnipaBiieHHBIN BEKTOP PaBEH CICAYIOMIEMY.
T=r+é=
=0011104+4100000=
=101110

[TockonbKy olleHEHHAs OMMOOYHAsE KOMOMHAIUS B 3TOM IPUMEpE COBIAAACT C ACHCTBUTEIHHON

OIMOOYHOW KOMOWHAIUEH, MPOIIeTypa UCIIPABIICHUS OIIHOKH JTAeT U = U. Moxuo BUJIETh, UTO
MpoLEeCcC JCKOJWPOBAHUA HMCKRXEHHOTO KOJOBOTO CJOBa IMYTEM  IPEIBAPUTEILHOTO
OoOHapyXeHHsI U TMOCIEAYIOIIEro HCIPABICHUS OLIMOKHM MOKHO CPaBHHTH C aHAJTOTUYHON
MEAMIMHCKONW mpouenypoid. IlanmueHT (MOTEHIMATbHO HCKAKEHHBIM BEKTOpP) MNPUXOIUT B
MeHIMHCKOE yupekaeHne (1exozgep). Bpad mpoBoauT cepmio TectoB (yMHOKeHHEe Ha H'),
4TOOBI OMpPEACIUTh CUMIITOMBI OOJie3HH (CHHApOM). JlomycTum, Bpay Hamiea XapakTepHBIE
ITHA Ha pPEHTreHorpaMMe nanueHTta. ONBITHBI Bpad MOXET HEMOCPEICTBEHHO YCTaHOBUTH
CBSI3b MEXJly CUMIITOMOM U 00Jie3HbIO (OMO04YHON KoMOMHanme). HaunHaromuii Bpad MokeT
00paTUThCS K MEIMLIMHCKOMY CIPAaBOYHUKY (Tabu. 2.2) ajs onpeaeneHusi COOTBETCTBUS MEXAY
CUMIOTOMOM (CHHApPOMOM) U Oone3Hpto (ommboyHON KoMOuHamwmei). I[locnennuit 1mar
3aKJIIOYAeTCs B HA3HAYEHUH COOTBETCTBYIOIIEIO JICUEHHs, KOTOpPO€ YCTpaHUT O0Jie3Hb
(ypaBuenue (2.17)). [Ipogomkast aHaJIOTHIO ABOMYHBIX KOJOB U MEJUIMHBI, MOKHO CKa3aTbh, YTO
ypaBHeHHE (2.17) — 3TO HECKOJbKO HEOObIUHBIH croco0 jeueHus. [lanueHT usznednBaeTcs B
pe3ynbTaTe MOBTOPHOTO 3a00JIEBaHUS TOM K€ 0O0JIE3HBIO.

Peanuszanus nexoaepa

Ecnu kox HeOobIIOH, HampuMep pacCMOTpEHHBIH paHee kKoa (6, 3), AeKoJep MOXKET ObITh
peann30BaH B BUE JIOBOJBHO IMPOCTOM CXeMbl. PaccMOTpHM Imaru, KOTOpbIE JOJKHBI OBITH
OpeanpuHsIThl  AekonepoM: (1) BbUMCIUTH CHHAPOM, (2) JOKaau30BaTh OIIMOOYHYIO
KOMOWHAIMI0 # (3) OCYHIECTBUTH CIIOXKEHHWE MO0 MOAYT0 2 OMHOOYHOW KOMOWHAIMH |
MPUHSITOTO BEKTOPA (UTO MPUBOAMT K YCTpaHEHUIO omnOKN). B mpumepe 2.2, nMes: nCKaKEHHBIN
BEKTOP, MBI MOKaXeM, KaK C MOMOIIBIO MOCJIEI0BATENIbHOCTH 3THUX IIarOB MOXHO TOJTYYHUTb
HCIIPABJIEHHOE KOJI0BOE ci0BO. Ceifuac Mbl pacCCMOTPUM CXEMy, MOKa3aHHYIO Ha puc. 2.3, rue
pean30BaHbl JIOTHYECKUE AIeMeHThl nekitouaroniero MJIM u U, kotopelie MO3BOISAIOT MOITYy4UTh
TOT K€ PE3YNbTaT AJIs M000M KomMOuHayuu ¢ 00HUM owubouHviM bumom B koae (6, 3). U3 tabm.
2.2 u ypaBHeHus (2.16 MOXXHO 3amucaTh BCE pa3psabl CHUHIAPOMA uepe3 paspsiabl NPUHATHIX
KOJIOBBIX CJIOB.



S=rHT
10 0]
010
001
110
011
101 ]

S:[”"l LTS ’"ﬁ]

sy =8+ t+rg

Sy =0y +ry g

gy =ty
Mpbl uCTONB3yeM S5TH BBIPAKEHHS Ui CHHIPOMOB MpPHU CBS3BIBAHMM CXEMbl Ha puc. 2.3.
Jlormueckuii anement "uckmoyvaromee MJIN" — 310 u ectb peanusanus Tol camoil onepauuu
CJIOKEHMS (MJIM BBIUMTAHUS) 1O MOAYNIO 2, NMO3TOMY OH O00O3Ha4YeH TeM k€ cuMBosioM "+
MasieHbKUH KPY)KOK B KOHIIE Ka)KIOH JIMHUM, BXOJsIeH B sneMeHT M, o3HavaeT omeparnuro
JIOTMYECKOTO JONOJHEHUs CUTHAIA.
MckaxeHHBI CUTHaJ NOJAeTCs Ha JEKOJep OAHOBPEMEHHO B BEpXHEW YacTH CXEeMbl, IJie
OPOMCXOOUT BBIYMCICHHE CUHAPOMA, W B HIDKHEW, IJe CHHApPOM mpeolOpasyercs B
COOTBETCTBYIOIIYIO OIMMOOYHYI0 KoMOMHanmioo. OmuOka yCTpaHseTcs IyTeM IOBTOPHOTO
n00aBIIeHUS €€ K IPUHATOMY BEKTOPY, YTO JJAeT B UTOT'€ NCIPABICHHOE KOJAOBOE CIIOBO.
3aMeTHM, YTO C METOAMYECKOW TOYKH 3pEeHHs pHUC. 2.3 COCTaBJIEH TakK, YTOOBI BBLICIHTH
anreOpandecKue dTarbl ASKOJUPOBAHNS — BBIYHUCIICHUE CHHIIPOMA M OITMOOYHON KOMOWHAIIHNH,
a TakXe BbIJIauy MCIPABJICHHBIX BBIXOJHBIX JaHHBIX. B peanbHoi curyauuu ko (n, k) oObIYHO
KOH(UTypHPYETCS B CHCTEMAaTUYECKOM BHJIE.

[MpuHATLIH BEKTOPp I——> Il —» 12 — I3 —-1[ rs

| I

| ]
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€, | 3 €
A 8 v - Y Y v L B
[IpiHATLiil BeKTOp r— + » + o4+ o+ S+ L+
‘ [ ‘ [ 1 I
v v v v v v

Henpaeneunsiit pesyastar U ", u, iy

Pucynoxk 2.3 — Cxema peanmzanuu aexozaepa st koaa (6, 3)



Jlexoepy He HY)KHO BBIJIaBaTh MOJTHOE KOJOBOE CIIOBO; HA BBIXOJIC Y HETO JIOJDKHBI OBITh TOJIBKO
Oouthl naHHBIX. [lo3TOMYy cxema Ha puc. 2.3 ympomaeTcs 3a CYeT YJaJICHUs 3allITPUXOBAHHBIX
aneMeHTOB. [[si Oojlee NMMHHBIX KOJOB Takas peajn3aiisi HaMHOTO CIIOXHEE, B JaHHOU
cutyaruu 0oJiee MPEANOYTHTEILHOW METOIUKON ACKOIUPOBAHUS SBISETCS MOCIEIOBATEIbHAS
CXeMma, a He pacCMOTPEHHBIN 3/eCh MapasuieNbHblil MeTo]l [4]. BaxkHOo Takke MOJAYEpPKHYTh, UTO
cXema Ha puc. 2.3 MO3BOJISIET ONPEICNIATh M HCHPABIIATH TOJBKO KOMOMHammu konxa (6, 3) ¢
OJIHUM OIUO0YHBIM OuTOM. McmpaBieHne KOMOMHAIMH C JABYMsI OIIMOOYHBIMHU OWTaMU
OTpeOyeT TOTOJTHUTEIIEHON CXEMBI.

BekTopHble 0003HAYeHUS

Berme KOJOBBIC CJIOBA, OIINOOYHBIE KOM6I/IHaLII/II/I, MNPUHATBIC BCKTOPBI W CHHAPOMBI
o0o3Havanuce Kak Bekropbl U, e, r u S. [l ynmpouieHus 3anucu MHAEKCHI, COIYTCTBYIOLIHNE
KOHKPETHOMY BEKTOPY, B OCHOBHOM, OIYCKalIHCh. XOTs, €CIU OBbITh TOYHBIM, KaXIbIi M3
BeKTOpoB U, €, I U S JOJKEH 3alMChIBAThCS B CIIEIYIOIIEM BHJIE.

X = {xl,xg,...,xi,...}

PaccMoTpuM mana3zoH WHACKCOB j M 1 B KOHTEKCTE kKoaa (6, 3), mpuBeacHHOro B Tadim. 2.1. [lns
KozoBoro cioa Uj WHIEKC j = 1,..2" mokaspiBaer, uto mMeercs 2° = 8 OTHENBHBIX KOZOBBIX
CJIOB, @ UHJEKC j= 1,...,n IEMOHCTPHUPYET, YTO KAXKI0E€ KOJAOBOE CIOBO COCTABIEHO U3 /1 = 6 OWUT.
JI7Ist HCTIPaBUMOiT OLIHGOYHON KOMOUHALNY €] HHAeKe j = 1,...,2"* o3Hauaer, uto nmeercs 2° = 8
00pa3yromux 3JIEMEHTOB KIJIACCOB CMEXKHOCTU (7 HEHYJEBBIX HCHPABUMBIX OIMIMOOYHBIX
KOMOHMHAIMIA), a UHJEKC 1= 1,...,n yKa3bIBaeT, UTO KaXKAasl OmMUOOYHAss KOMOMHAIIMS COCTaBlIEHA
U3 n = 6 O6uT. [y IPUHSATOTO BEKTOpA I, HHIEKC j = 1,...,2" MOKa3bIBAET, YTO UMEETCS 2° = 64 n-
KOPTEXKeH, IpreM KOTOPBIX BO3MOXKEH, a MHACKC i=1,...,n YKa3bIBaCT, UTO KaX b MPUHSITHIN N-
KOPTEX COCTOUT U3 n = 6 6uT. U Hakowen, mys cuaapoma Sj unaeke j = 1,...,n - k o3Hayaer, 9to
KXKJIbI CUHIPOM COCTOUT M3 h - kK = 3 Outr. B 3TO# Ty1aBe MHAEKCHI YacTO OIYCKAarOTCs, U
BekTopsl Uj, €j, Tj u Sj 3auacTtyro obo3Havarotcs kak U, e, r, u S. UuraTento cieayeTr NOMHUTb,
YTO ISl 9TUX BEKTOPOB MHJEKCHI BCET/Ia MOJPa3yMeBarOTCs, Jake B TeX CIydasX, KOTJa OHH
OITYIIICHBI JIJIS1 IPOCTOTHI 3aITHCH.



INPAKTUYECKOE 3AHSTHE 3.

OBPA3YIOIIMUE MMOJIUHOMBI 1 ®OPMUPOBAHUE IICEBJIOCIYYAWHBIX
MOCJIEJOBATEJIBHOCTEM

METO/IbI TEHEPAIIUM CJIYYAMHBIX YU CEJI

Hcnonb3oBaHue ciay4alHbIX 4ucell. Psaa anropuTMoB 3alllUThl CETH, OCHOBAHHBIX Ha CPEICTBaX
Kpunrorpadguu, mOpeArnoNaraeT MCIONb30BaHUE CclydaiHbIX uyucend. K Takum anropurmam
OTHOCSITCA:

1. Cxembl B3aumHOU uaeHTHUKanuu. CIeHapuu pacrpeaencHus kioueid (puc. 6.4, 6.5) B
Ipolecce YCTAHOBJICHMs COEAMHEHHs UCIONb3YIOT OKa3uu, 4TOObI MCKIIIOYMTH BO3MOXKHOCTb
aTaKy Ha OCHOBE BOCIIPOM3BEICHHS cOOOIIeHH. Vcnoap30Banne CirydaifHbIX Yucen i OKa3ui
HE JIaeT I1aHCa ONIIOHEHTY ONPEAEIUTh WM YraaaTh 3HaUeHUE OKa3HU.

2. 'enepupoBaHuEe CEaHCOBBIX KJIIOUEH, BBIIIOJIHAEMOE JTMOO LEHTPOM paclpeaeeHUs KIIUeH,
1100 OTHUM M3 YYaCTHUKOB COEIMHEHUS.

3. 'enepupoBanue kiroueit A anroputMa RSA-mudpoBaHus ¢ OTKPHITHIM KJIFOUOM.

N3 3TUX NpUIOKEHUI BBITEKAeT JBa YETKUX U HEOoOS3aTeNbHO COYETaeMbIX TpeOOBaHUS K
MCIIOJIb3YEMOM MOCIIEA0BATEIBHOCTHU CIIy4allHbIX YHCENI: CIIy4allHOCTbh U HENPEJICKa3yeMOCTb.
CnyyvaiiHocTh. TpaaullMOHHO NpU TE€HEPUPOBAHUU IIOCIIEOBATEIBHOCTU SIKOOBI CIIydailHbIX
yucen Tpedyercs, 4yTOOBI IOCIIEJOBATEIbHOCTh IOJIyYa€MbIX YHced Oblla ClydyallHOM B
HEKOTOPOM BIIOJIHE ONPEACICHHOM CTaTHCTUYECKOM cMbicae. Jlnsd npoBepku  J1r000i
MIOCJIEIOBATEIBHOCTH Ha CIIY4allHOCTh OOBIYHO CITYXAaT J[Ba KPUTEPUSL:

— OZJHOPOAHOCTD pacIpeesIeHus: pacipeeIeHUe YUCeI B [TOCIe10BAaTEIbHOCTH JI0JIKHO OBbITh
OJIHOPOJHBIM, T.€. 4aCTOTA IMOSBJICHUS B IOCIEA0BATEIbHOCTH KOHKPETHOIO 3HAYEHMSI J10JKHA
OBbITh IPUMEPHO OJJMHAKOBOM /Il BCEX 3HAUEHUIL;

— HE3aBUCHMOCTh: HM OJHO W3 3HAUEHUH TIIOCJIENOBATEIBHOCTH HE JIOJKHO JIOTMYECKU
BBIBOJIUTHCS U3 JPYTUX 3HAYECHHH.

CylecTBYIOT BIOJHE YETKHUE aJNrOpPUTMBI JUIsl TPOBEPKH TOro, 4YTO HEKOTOpas
MIOCJIE0BATENBHOCTD YHUCEI COOTBETCTBYET 3aJlaHHOMY DPACHPEICIICHUIO, HO BOT aJITOPUTMA,
MO3BOJIIONIETO  «A0Ka3aTbh» HE3aBUCHUMOCTb, HET. 3JeChb NPUMEHSETCS psAl TECTOB,
NO3BOJIAIOIIMX JIMIIb  IPOAEMOHCTPUPOBAaTh, YTO IOCIENOBATEIBHOCTh HE  SBIAETCSA
He3zaBucHMOM. OOmasi cTparervsi COCTOMT B NPUMEHEHHH TaKUX TECTOB JI0 TeX IMOp, IMOKa
yOexJieHre B HE3aBUCUMOCTH MOCIIeI0BATEIbHOCTH HE CTAHET JOCTATOUHO MPaBIONOA00HbBIM.

Hcnonb30Banne MOCieA0BaTENbHOCTH YUCEN, KAXKYIIMXCS CTATUCTUUECKU CIy4ailHbIMU, 4acTO
BBITEKAET U3 KpUNTOrpapruecKoi CTPYKTYphl CAMOTO aIropuTMa Mu(poBaHus.

Hanpumep, ogHuM U3 riaaBHbIX TpeOoBaHUN cxeMbl RSA-mm@poBaHus ¢ OTKPHITHIM KIHOYOM
ABJIAETCS BO3MOXXHOCTb T'€HEPUPOBaHUsA MpOCThIX uucen. [Ipm 3TOM coBceM HE NPOCTO
OTIpEeeNUTh, ABJISETCS U JaHHOE IOCTaTO4HO Oojbiioe yucio N npocteiM. Henocpencrsennas
TMpoBepKa MpejronaraeT fenenne uucaa N Ha kaxoe meoe umcio, menbmee \N. Ecim N
OKa3bIBaeTCs mopsiaka, ckaxem, 10150, 4ro He sABISIETCS HEpEAIbHBIM IS COBPEMEHHBIX
METO0B KPUNTOrpaduu ¢ OTKPHITHIM KJIIOUOM, TO TaKasi IPOBEPKA OKA3bIBAETCS CETOJHS JaJIeKO
3a paMKaMU aHAJIMTUYECKUX 3HAHUH YeJIOBEKa U BHIYMCIUTEIBHBIX BO3MOXKHOCTEH KOMIIBIOTEPA.
OpnHako cymecTtByeT ps 3()(PEeKTUBHBIX aIrOPUTMOB MPOBEPKU MPOCTOTHI YHUCIA C MOMOILBIO
HCIIOJIb30BAaHUs TOCJIEIOBATEIbHOCTH CIy4YallHO BBIOPAHHBIX ILIEJBIX YHCET B OTHOCHUTEIBHO
IPOCTBIX BBIUMCIEHMSAX. Ecim Takasg 1ocCieqoBaTeIpbHOCTh JIOCTAaTOYHO JJIMHHAs  (HO
CYILIECTBEHHO MEHBIIIE, YEM V10150), MIPOCTOTa TECTHUPYEMOTO YHCa MOXKET OBITh ONpesesieHa
MOYTH HaBEpPHSIKA.

Takoil moxX0/, N3BECTHBIM KaK PaHIOMM3ALMs, CIYKUT JUIsl CO3AAHMSI MHOTHUX aJITOPUTMOB.
[To cymectBy, ecnu mpoOjemMa Ype3MEpHO CJIOXKHA WM TpeOyeT OoueHb MHOTO BPEMEHM s
TOYHOTO pEIeHUs, TO Ui HAXOXKJICHHUS peIIeHHUs C JTI00W Tpedyemoil Joiei yBepeHHOCTH
MpuUMeHseTcs 0oJiee MPOCTON U 0oJiee OBICTPHIN CITOCO0, OCHOBAHHBIN HAa paHIOMHU3AIIHH.



Henpenckasyemocts. B nmpuioxeHusx THIa B3aMMHOM MACHTU(UKALUU WIM T€HEPUPOBAHUS
CEaHCOBBIX KJItOUel TpeOOBaHWE CTATHUCTHYECKOW CIy4aWHOCTH IOCIEAOBATEIIbHOCTH YHCEI
OKa3bIBACTCSI HE HACTOJIBKO BAXKHBIM, HACKOJIKO TpeOOBaHHME HEMPEICKa3yeMOCTH 3JIEMEHTOB
MOCJIEIOBATEIbHOCTH. B  «MCTHHHO» CIy4allHOW IIOCJIEIOBAaTEIbHOCTH KaXXJO€ YHUCIO
CTaTUCTUYECKM HE3aBUCHUMO OT JAPYTrUX YHCEN IOCIEAOBATEIBHOCTU U, TaKUM O00pa3oM,
HernpeackasyeMo. OQHAaKO HMCTUHHO CIy4YalHbIE 4YMCIIa HCIOJIb3YIOTCS OYEHb PEAKO, Yalle
IIPUMEHSIOTCS II0CJIEI0BATEIbHOCTH YACEII, KOTOPHIE BBITIIAIAT CIy4alHBIMU, HO HA CAMOM JIeJie
TEeHEPUPYIOTCS C TIOMOIIbI0 HEKOTOPOro airoputma. B aTom cimyuyae nmpuxoautcst 3a00TUTHCS O
TOM, YTOOBI TNPOTUBHUK HE HMeEJI BO3MOXXHOCTH TIPEACKa3aTh IOCIEAYIONINE 3JIEMEHTHI
MIOCJIEIOBATEIbHOCTH HA OCHOBE IIPEABIAYIIUX.

@uU3NYECKUE HUCTOYHUKHM CIy4dalHbIX yuced. Henp3s cka3arb, 4TO HMCTOYHHKA HCTUHHO
CIy4YalHBIX 4YHUCEN SBISIFOTCS OYEHb pacHpOCTpaHEHHbIMU ycTpoiicTBamu. lloTeHumanbHO
TAaKUMHU HUCTOYHMKAMU MOTYT OBITh (pM3UYECKHE T€HEepaToOpbl HIYMOB, TAKME KaK MMITYJIbCHbIC
JIETEKTOPbl MOHU3UPYIOLIETO0 W3JIyYEHUs], ra30pa3psAIHbIE JaMIbl U KOHACHCATOPHI C yTEUKOU
Toka. OaHAaKo Takue YCTPOWCTBAa MOTYT HaMTHM BechbMa OIPaHUYEHHOE IPUMEHEHUE B
MPUIOKEHUSAX 3allUThl CETH. 3/1eCh HMEIOTCS MpoOIeMbl Kak CO CIy4ailHOCThIO, TaK M C
TOYHOCTBIO TIOJTYYaeMBIX IPH 3TOM YHCEJI, HE TOBOPS yXe O MpolieMax MOAKIIOYEHHS TaKOTO
poJia yCTPOMCTB K KaXKJ10i crucTeMe B ceTH. (XOTsI U3BECTHBI CIIydau yJayHbIX PUMEHEHHUH UX B
TeHepaluu KI0Yel, HalpuMep, B POCCUHCKOM KpHUNTOrpadudeckoM ycTporcTBe «KpunTon»).
AnbTEpHATUBOIl MOXKET OBITh HCIOJNBb30BAaHHE KAKOTO-HUOYIh M3 MPOBEPEHHBIX H
OIyOJIMKOBAHHBIX HAa0OpOB cCilydalHbIX uucen. OJHAKO Takue HaOOphl MpeAsaraloT BechbMa
OTPAaHWYEHHBI MCTOYHHMK YHCET IO CPAaBHEHUIO C MOTCHIHAIBHBIMU TpPeOOBaHUIMU
NPUWIOKEHUH 3amuThl Oonbmioit cetn. K ToMy ke XOTsS umcina w3 MOJOOHBIX HaOOPOB
JEHCTBUTENIHO JIEMOHCTPUPYIOT CTATHCTHYECKYHO CIy4alHOCTb, OHU BIIOJIHE IPEICKA3yEMBlI,
TaK KaK ONIIOHEHT, KOTOPBI 3HAET, Kakoi HaOOp MPUHST 32 OCHOBY, MIPOCTO MOXET B3STh €r0
KOITHIO.

[ToaTomy kpunrorpapuueckue MpuiIoKeHUs 0ObIYHO MCHOJIb3YIOT alTOPUTMHUECKHUE METOIbI
TE€HEPUPOBAHUS CIIy4alHbIX YHCEl. CootBercTByrOmME aJITOPUTMBI ABJISFOTCS
JETEPMUHUPOBAHHBIMM M IO3TOMY IOPOKIAIOT IOCIEAOBATEIIBHOCTH YHUCEN, KOTOpPBIE
CTaTHUCTUYECKU HE ciydaiiHbl. OIHAKO €CIM aIrOpPUTM JIOCTATOYHO XOpPOIU, MOPOKIAEMBbIE UM
IIOCJIETIOBATEIbHOCTH YHCEJ BBIIECPKUBAIOT MHOTME pa3yMHBbIE TECThl Ha CIy4allHOCTb. Takue
YHCJIa YaCTO HA3BIBAIOT IICEBIOCITYYalHBIMHU.

I'eneparopsl nceBaOCIYyYaNHBIX OCIEI0BATEILHOCTEN

OcHoBHast Tpo0ieMa KJIaCCHYeCKON KpUnTorpaduu J0Nroe BpeMs 3aKIodaiach B TPYIHOCTH
TEHEPUPOBAHMS HEIPEACKA3yeMbIX JIBOMYHBIX IIOCJIEIOBATEILHOCTEN OOJIBIION JITMHBI C
MPUMEHEHHEM KOpPOTKOro ciy4yaiiHoro kitoda. CyIecTBEHHBIH Mporpecc B pa3paboTke U
aHaJIN3€ ITUX TEHEPATOPOB OBLI JOCTUTHYT JIUIIH K HaYaTy IMIECTHIECITHIX TOJOB.

[TonyyaeMble mporpaMMHO W3 KIIOYa CIy4ailHble WJIM TICEBIOCIYyYailHbIe PSAbl YUCET
Ha3bIBAIOTCSl HA >KaproHE OTEYECTBEHHBIX KpUNTOrpad)oB ramMMoOM, MO Ha3BaHUIO — OYKBBI Y
rpedeckoro andaBuTa, KOTOPOH B MaTEeMATHUYECKUX 3amucsIX 0003HAYAIOTCS choy4yaiiHbie
BEITNYUHBI.

WNurtepecHo ormeruth, uro B KHUTe «He3HakoMilbl Ha MOCTY», HalMCAaHHOW aJIBOKaTOM
pazBemunka AOens, MPUBOIUTCA TEPMHUH «TramMMay, KOTOphIM crneruanuctsl [[PY momermmm
KOMMEHTApUEM «MY3bIKAJIbHOE YIpaXHEHHue?», T.€. B MATUIECATHIE T'OJAbl OHM HE 3HAIHM €ro
CMBICIIA.

Crnenyer npu 3TOM NMOJYEPKHYTh, UTO 3aCIyra KOHCTPYUPOBAHUS IJIUHHBIX MCEBAOCTYyUYalHbBIX
PAZIOB C «XOPOIIMME» CTATUCTUYECKHUMH CBOMCTBAMHU MOTHOCTHIO TPHHAIICKHUT KPUNITOTpaduu.
He cnenyer nmymarb, 94TO OHM HYKHBI JHIIb Kpuntorpadgam — kaprorpadupoBanue Benepsl
CTaJl0 BO3MOXHBIM, KOTJla JJIMHA TMEepuoJa CIy4alHOro psga HMMMyJbcoB mpeBbicwiia 1040.
®dororpadupoBaHre STOW TUIAHETHI HENb3sl OBUIO CIeNaTh MOTOMY, YTO OHAa BCErja 3aKphiTa



IUIOTHBIM ciioeM 00akoB. Jlokarus ke ee ¢ 3eMiH 3aTpyJHeHa OOMIMeM MOMEX M BBICOKMMH
TpeOOBaHUSIMU K  paspermieHuto. [lodToMy 30HAMpPOBAHHWE  BBIOJHUIOCH  CITy4ailHOM
MOCJIEIOBATEIbHOCTBI0O UMITYJILCOB yKazaHHOro mnepuopa. Ilocine 300 3oHaupoBaHuii, Ha YTO
yuuio Gojiee moayrona, ObuIa IMONY4YeHa KapTa, TOe pa3indUMbl OOBEKTHI pa3MEpOM OKOJIO
KUJIOMETPA, a 10 BBICOTE PA3PELICHUE MOIYYEHO TaKOe, KaKOoe JOCTUTHYTO HE BE3Jle Ha 3eMile.
['enepaTopbl MceBAOCTyYalHBIX YUCEN MCIONb3YIOTCS OYEHb IIUPOKO B COTHSAX IMPOrPaMMHBIX
IPWIOKEHUH — OT KOHCTPYUMPOBAHHUS SAEPHBIX PEAKTOPOB U PaJAMOIOKALMOHHBIX CHCTEM
paHHero oOHapyKeHus 10 MOUCKOB HE(PTU U O MHOTOKaHAJIbHO CBS3U.

MoxHO c(hOpMHPOBATH TPU OCHOBHBIX OOIIMX TPEOOBAHUS, KOTOPHIM JIOJKHBI YIOBIETBOPSTh
KpunTorpaguuecku CTOWKHE TEHepaTopbl IICEBJOCIYYalHBIX MOCIEA0BATEIbHOCTEH U
[I0JIy4aeMBbI€ C UX TOMOLIbIO FAMMBI:

1. Tlepuon rammbl HOJKEH OBITH JIOCTATOYHO OONBIIMM JJisi IIUGPOBAaHUA COOOLICHHI
Pa3JIMYHON JIJIMHBI.

2. 'aMmMa nomkHa OBITH TPYAHO MpeAcKazyeMoOWl. DTO 3HAYHUT, YTO €CJIM U3BECTHBI THUI
reHepaTopa M KyCOK IaMMBbI, TO HEBO3MOXKHO IPENICKA3aTh CIEAYIOMUN 32 3TUM KYCKOM OWT
raMMbl WIH [PEAMIECTBYIOMUNA 3TOMY KYCKY OUT raMMBbl.

3. TI'enepupoBaHMe TraMMbl HE JOJDKHO OBITH CBSI3aHO C OOJNBIIMMH TEXHHUYECKHUMH U
OpPraHU3aIMOHHBIMH TPYTHOCTSIMH.

Camass BaxkHas XapaKTepUCTHUKAa TIeHepaTopa ICEBAOCIy4YaWHBIX 4YHCEl —  3TO
uH(pOpMallMOHHAS UTMHA €r0 Nepro/a, oCIe KOTOPOro yucia OyAyT JIU0O0 MPOCTO MOBTOPATHCS,
100 UX MOKHO OyZIEeT IIpeaCcKa3aTh.

OTta AnuHA MPaKTUYECKH OMpenessieT BO3MOXKHOE YHUCIO KIHYeld KpumTocucTeMbl. Yem sTa
JUIMHA OOJIbIIIE, TEM CII0KHEE M000paTh KIIIOY.

Bropoe 13 ykazaHHBIX BbIlI€ TPEOOBAHMI CBS3aHO CO CIEAYIOIIEH MPoOIeMoii: HA OCHOBAHUU
Yero MOXHO CJeJaTh 3aKIYeHHe, YTO ramMma KOHKPETHOTO TIeHeparopa JAEeWCTBUTEIbHO
ABJISIETCS] HENPEICKa3yeMOil?

[Toxa B MUpe HET YHUBEPCAIBbHBIX U MPAKTUYECKHU JOCTOBEPHBIX KPUTEPUEB AJIsI IPOBEPKU ITOTO
CBOMCTBA (CM. 00CYKJIEHHE 3TOTO BOIIPOCA BBIIIE).

YroObl TaMMa cUMTajach CIydyailHOM M HEmpelncKa3yeMoil, Kak MUHUMYM, HE0OX0IMMO, YTOOBI
ee mepuoj OblI O4YeHb OOJBIIMM, a pa3iuyHble KOMOMHAIMKM OWUT OINpEeNeNeHHOW UINHBI
PaBHOMEPHO pacIpelesuIuch MO Bced ee anuHe. JTo TpeOoBaHME CTAaTUCTUYECKH MOYKHO
TOJIKOBATh U KaK CJIOKHOCTH 3aKOHA F€HEpALUH IICEBIOCIYYallHOM MOCIEI0BATENIbHOCTH YU CEIL.
Ecnu no 1ocTato4yHo JUIMHHOMY OTPE3KY 3TOM MOCIEe10BaTENbHOCTH HENb3s1 HU CTaTUCTHUECKH,
HU QHAJUTUYECKU OIPENEIUTh OTOT 3aKOH TIEHEepalud, TO B NPHHLHIE OSTHUM MOXHO
YIIOBJIETBOPUTHCS.

W, nHakoHen, TpeTbe TpeOOBaHME JOJKHO TapaHTHPOBATh BO3MOXKHOCTb IPAKTHYECKON
peaM3allud TE€HEepaTopoB IICEBIOCIYYalHBIX IMOCIEI0BAaTEIBHOCTEN C ydeTroM TpedyemMoro
ObICTpOJCIICTBHS U Y100CTBA IPAKTUYHOTO UCIIOIb30BaHMUS.

[IpoGnema reHepanuu ICEBAOCTYYaHBIX MOCIEIOBATENLHOCTEH CYIIECTBYET YXKE TpPEThe
crosnerue. OHUM M3 MEPBBIX ObUIO MPEATIOKEHHUE MOJTyyaTh UX KAk 3HA4eHHUs JPOOHON yacTu
MHOTOYJICHA NIEPBOM CTEIICHMU:

Y(n) =Ent (a X n +b), a, b= const.

Ecnu n mpoGeraer 3HaueHUs: HaTypaJIbHOTO psiia YMcel, TO oBeeHre Y (n) BBITIIUT BeChMa
xaotnuHbIM. Eme Kapn Slkobu nokasan, 4To mpu paroHaIbHOM KO3 QHIIMEHTe a MHOXKECTBO
{Y(n)} koHe4HO, a Ipu UppaIOHATLHOM — OECKOHEYHO U BCIOY IUIOTHO B UHTepBasie oT 0 10
1. Jdns MHoOrowieHoB OONBIIMX CTENEHEH Takas 3ajmadya Obuta pemieHa jumb B 1916 1.
BBIJIAIONIMMCS MaTeMaTUKOM Tpoieanero Beka ['epmanom Beinem. Kpome Toro, oH ycTaHOBUI
KPUTEPH PaBHOMEPHOCTU paclpenesieHus: J1Io0oH (YHKIMM OT HATypaJlbHOTO psiAa YHCE.
Hebe3piHTEpECHO MPUBECTH €r0 B KPaTKO (popMyIrpoBKe.

KPUTEPUM BEWIA. Yto6wr psan X1, X2, X3, ... Gbul pacmpeneieH pPaBHOMEPHO B
uHtepBajge or 0 g0 1, HEOOXOAUMO W JOCTATOYHO, YTOOBI IS JIIOOOW WHTETPUPYEMOU IO
Pumany ¢ynkmun f(x) 6put0 cipaBeyuBo cootHomeHue P {f(M(x)) = Mf(x)} = 1.



OTO COOTHOIIEHHME BBIPAXKAET CBOMCTBO, Ha3bIBAEMOE 3PrOAMYHOCTBIO M 3aKJIIOUAIOLIEECs B
TOM, 4TO CpEAHEE IO pealu3alusM ICEBAOCIYyYalHbIX YHCENl PAaBHO CPEIHEMY II0 BCEMY HX
MHO’KECTBY C BEPOSITHOCTBIO 1.

Takum oOpazom, Beiinb qokazan, 4yTo 3proAUYHOCTh FApaHTUPYET OTCYTCTBHE SK30TUYHOCTU B
MIOBE/ICHNH TI0CIIEI0BATENBHOCTH XN.

OpnHako 3TH pe3yabTaThl NAJEKH OT MPAKTUKU MOJYYEHHs MCEBAOCIYYANHBIX PSIAOB UYUCEI.
Jleno B TOoM, uTO TeopeMa SIkoOu OTHOCUTCS K JEHCTBUTENBHBIM YHUCIAM X, KOTOPbIE HE MOTYT
OBITH UCIOJIB30BAHBI MPU BBIUUC-JICHUSIX, TIOTOMY YTO UpPALlMOHANIbHbIE IEHCTBUTEIbHBIC YK CIIA
TpeOylOT i1 CBOEH 3amucu OECKOHEYHOE 4YMCIO 3HAKOB. IlombITKM 3aMeHBl HACTOALIETO
UPPALMOHATLHOTO YHCIa ero npubiamxkeHneM Ha DOBM i TeHepaluu TICEBIOCTYYalHON
IIOCJIEZIOBATEIbHOCTU ONACHBI, TaK KaK IIOJy4YaeMble I1OCJIEOBATEIbHOCTH OKAHYMBAIOTCS
LIUKJIAMH C KOPOTKHM IIEPUOJIOM.

Haunbonee naBHMII BBIYMCIUTENBHBIA CIIOCO0 TeHEpalMu ICEBIOCTYYalHbIX uncen Ha OBM
npuHaiexkut [xony ¢bon Helimany um otHocutces kK 1946 r. OTOT criocob Oa3upyercs Ha TOM,
YTO KaXAOEe IMOCIenyrolIee CIyJailHOe 4YHCIO 00pa3yercss BO3BEACHHEM IPEIbIIYIIETO B
KBaJIpaT ¢ MOCIeAyomuM oTOpackiBaHueM udp ¢ oboux koHuoB. Crnocod Heiimana okasancs
HEHA/IeKHBIM U OYEHb OBICTPO OT HETO OTKA3aJIUCh.
3aBepliaroT J10Ka3aTeIbCTBO HEMPUTOJHOCTH MOJMHOMHAIBHBIX M APYTUX (PYHKIHOHATBHBIX
npeoOpa3oBaHUil  HATYpaJlbHOTO  psAga  uucen  JUIsl  MOJYYeHMs]  IICEBJIOCIy4YalHBIX
nocJeoBaTeabHOCTEN pe3ynbrarhl [lyankape. B yacTHOCTH, OH YCTaHOBMJI, YTO HENPEPHIBHOE
oroOpaxenne T oOmactu U(X) 9UCIOBOrO MPOCTPAaHCTBA B ce0s 00s3aTENBHO TPUBOAMUT K
KOPOTKON HUKIUYHOCTH Tpaektopuil T(x) ans Bcroay miotHoro B U MHOecTBa TodeK. Psibl
YHCeJl, CO3/laHHbIE TAKUMU METOJIaMH, OTATOLIEHBI HEPUOANYHOCTSIMH.

I'enepatop nocnenoBatenbHocTH OuboHauyn. HTEpecHbIE Ki1acChl T€HEPATOPOB CIyYalHBIX
Yrces HeOTHOKPATHO Mpearalich MHOTHMHU CIEIAATMCTAMH 10 LEIOYHCICHHOW apudMeTHKe.
B wuyactaoctn, [Ixopmx Mapcanmua u Apud 3eiimMaH NpeAsioKUIM Kiacc TI'eHepaTOpoB
MICEBAOCTYYatHBIX MOCJIeI0BATENbHOCTEH, OCHOBaHHBIN Ha MCIIOJIb30BaHUU
nocienosarenbHocTelt PuboHauU4YM, — B ITON MOCIENOBATEIBHOCTH KaXJIbli MOCIEAYIOIINN
YIEH, 32 UCKIIOYEHHEM IEPBBIX JIBYX €€ WIEHOB, paBEH CyMME ABYX MPEIbIIyIINX:

{0,1,1,2,3,5,8,13,21,34 ...}.

Ecnu s3Ta nocnenoBaTenbHOCTh PUMEHSETCS JUIsl HAYaJbHOTO 3allOJIHEHHS MaccuBa OOJIBIION
JUIAHBI, TO, UCIIOJIB3YsI 3TOT MacCUB, MOXHO CO3/1aTh I'eHepaTop cay4alHbIX yncen OuboHaqyuu ¢
3amas3/iblBaHUEM, TI€ CKJIaJbIBAIOTCSI HE COCEIHUE, a yJaleHHble yucia. Mapcanua u 3eliMaH
IPEUIOKUIN BBECTH B cxeMy dPuboHayuu «OUT mepeHoca», KOTOPBIH MOXKET UMETh HayallbHOE
3HaueHre 0 wiu 1. [locTpoeHHBINT Ha ATOW OCHOBE TEHEPATOpP «CJIOKEHHUS C TIEPEHOCOM)
npuoOpeTaeT MHTEPECHbIE CBOMCTBA, HA MX OCHOBE MOXKHO CO3/1aBaTh IOCIENIOBATEIbHOCTH,
nepuoj; KOTOPBIX 3HAYUTENbHO OOjbllle, YeM Yy MPUMEHSEMBbIX B HACTOsILEe BpeMs
KOHTPY?HTHBIX reHepaTopoB. [1o oOpa3sHoMy BbIpakeHMI0O Mapcaiua, reHepaTopbl 3TOro Kiacca
MOKHO paccMaTpuBaTh KaK YCHJIMTENIH CiydaHOCTH: «Bbl Oepere ciydaiiHOE 3aloHEHHE
JUIMHOW B HECKOJBKO ThICAY OUT M TeHepUpyeTe JUIMHHBIE IOCIIEA0BATENLHOCTH CIIydailHBIX
yrcen». OOUH U3 BapHaHTOB T'€HepaTopa rnocieaoBareabHocT PubOHAYYU
IIOKa3aH Ha puC.
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3nech KBagpaTaMu OOO3HAYEHBI pa3psabl T'€HEpaTropa, TPEYroJbHUKAMM — YMHOXCHHME Ha
ko3 urmeHTs (Ha MPaKTHUKE B 3aBUCUMOCTU OT Ko3dduireHTa TaM JMO0 €CTh COSTUHEHHE C
nocJyeyronel Jorukou, nmbo ero Her). [Imock B kpykkax — 310 onepanust XOR: 0+ 0 =0,
0+1=1,1+1=0.

PexyppeHTHBIE ~ JBOMYHBIE  MOCJIENOBATENbHOCTH.  JIMHEWHBIE  TOCIENOBATEIBHOCTH
MaKCHMaJbHOW JJIUHBI B OCHOBHOM IOJYYarOT C MOMOIIBIO T€HEPAaTOPOB, HCIOJB3YIOIIUX B
Ka4eCTBE OCHOBHBIX 3JIEMEHTOB N-KaCKaJHbIE PETHUCTPHI CIBUTA U CYMMATOPhI MO MOIYJIIO 2
(punptp Xaddmana). ['eHepatop COCTOMT U3 XOpPOIIO OTPAOOTAHHBIX CTAHIAPTHBIX
UMITYJIbCHBIX 3JIEMEHTOB M TPH MHUHHMAJIbHOM HX 4YHCIE OO0ECIeYMBaeT IMOJIyYeHHE
MOCIIE0BATEIBHOCTU ¢ MaKCUMaJbHBIM HepuoaoM (M-mocnenoBaTenbHOCTh). JlocTOMHCTBaMU
TAKOTO THUIIA T€HEpaTopa SBJISAIOTCS (UKCUPOBAHHAS aMIUIUTY/AA, JITKO U B BEChbMa LIMPOKOM
JUarna3oHe peryaupyemasi MIMpUHa CIeKTpa CUTHala, a TakKe BO3MOXKHOCTb IyTeM HEOOJBIINX
YCIIOKHEHUH TIOTY4aTh CABUHYTHIC MO MIKaJIe BPEMEHH CUTHAJIBI.

Ha puc. npencrapnena cxema N-pa3psiIHOrO perucTpa CIBUra, BBIXOJHbBIE CUTHAIIBI KOTOPOTO
nocie o0padOTKU MPHU MOMOIIX CIIENUATBHON MUPPOBON JIOTHIECKON CXEMBbI CHOBA BBOJSTCS B
pEerucTp, 3aMblkasi TEM CaMbIM LEMb PEUUPKYISIUU. OTOT PErucTp sABIseTcs 0a3oil ans
IIOCTPOEHUS TI'eHepaTopa IICEBAOCIyYalHbIX MocheaoBarenbHocTed. [Ipu 3TOM HeoOXxoaumo
BBITMIOJTHEHHE CIEAYIOIINX YCIOBHI:

— JIOJDKHO OBITH 33J1aHO MPABUIIO MOIKIII0UeHUsST cymmaTopoB (a0, 02, ..., aN);

— a0 u aN Bcerza paBHbl 1 (T03TOMY Ha CXeMe UX MOKHO HE YKa3bIBaTh);

—wu3 Bcex ai, i€ {1, 2, ..., N — 1}, X0Ts ObI OTHO TOJDKHO UMETh
3HayeHue ‘1°.
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Ounetp Xadpdhmana

[{uknndyeckue CBOMCTBA TeHEpaTopa MOCIEN0BATENIBHOCTH OINPEACIAIOTCS TaK Ha3bIBAEMbIM
XapaKTepUCTUUECKUM ITOJIMHOMOM
N
o(x)= 2akxk
k=0

rniea0=aN=1, e {0,1},j=1,2, ..., N—1.

Ilepuon mocnenoBaTenbHOCTH OyJeT MAaKCUMaJIbHBIM B TOM ciy4ae, KOorjaa MHorowieH ¢(X)
YIOBJETBOPSIET YCJIOBUSIM TMPUMUTHUBHOCTH U HENPUBOAUMOCTH. B HaxoXXIeHUM TaKoro
MHOIOYJI€Ha 3aKJIOYacTCsl OCHOBHAs 3ajada CHUHTE3a TIeHepaTopa ICEBIOCITYYalHBIX
nocneaoBarenbHocTel MakcumanbHo# anuHb! (I'TITIM/T).

I'TIIIM/I coCTaBisAOT OCHOBY TaK Ha3bIBAEMBIX I'€HEPATOPOB IICEBAOCIYYaWHbIX yucen. i
3TOTO K PErHCTPY CABUTa JOOABISAIOTCS CyMMAaTopsl o moayito 2. IIpu pabote perucrpa casura
Ha BBIXOJIE OSTHX OJJIEMEHTax o0pasyroTcs M-nocienoBarenbHOCTH {ak+s}, 3anepKaHHbIE
OTHOCHUTEIJIbHO MCXOJHOM IMOcienoBaTeNbHOCTH {ak}, MOJTydyeHHOW Ha BbIXOJE Ienu oOpaTHOM
CBSI3M, HA OINIPEIEIEHHOE YUCIIO TAaKTOB. BennunHy 3a€pKKH MOYKHO PEryJIUpOBaTh B MpeEeiax
or N+ 1 10 T = 2N — 1. IIpu 3TOM Ha BBIXOJI€ JAHHOTO I'€HEpPATOpa MOJYYaArOTCsI PABHOMEPHO
pacnpeesIeHHbIE NICEBOCTyYaliHble YHCIa.

bnaronaps cBoeMy CBONCTBY LMKIMYHOCTH, M-TOCIENOBATEIBHOCTU MOMYYWIH OOJIbIIOE
pacnpocTpaHEHHE B 3ajadax IOMEXOYCTOMYMBOIO KOAMPOBAHMS, YTO A0 BO3MOXHOCTb
UCNONb30BaHus QMIbTPOB Xap@pmaHa B KauecTBE NMPOCTHIX KOAUPYIOUIMX U AECKOAUPYIOLIMX
YCTPOMCTB.



Meton  nauHEMHOro  cpaBHEHMs  (KOHTPYIHTHBIE reHeparopsbl).be3ycioBHO,  caMbIM
MOMYJSIPHBIM aJITOPUTMOM JUIsl TEHEPUPOBAHUS TNICEBAOCTYYaHBIX YHCEI SBJSIETCS alrOPUTM,
MPEII0KEHHBIN
H.X. Jlemepom (Lehmer) m Ha3bIBaeMbIii METOIOM JIMHEHHOTO CpaBHEHUS (KOHTPYIHTHBIM
CIIocoooMm).

DTOT aJrOpPUTM UMEET YEThIpE CIAEAYIOUIUX MapaMmerpa:

T MOAYJb cpaBHEHUS m > 0,
a MHOXHUTENIb 0<a<m,
C TMpupalieHue 0<c<m,
X0 HayagbHOE WK MOPOXKAAIOIIEE YUCIO 0<X0<m.
[TocnenoBaTenbHOCTh CIIy4alHbIX yucen {X} MOIy4aeTcsi C HOMOIIBIO UTEPALUi COOTHOILLICHUS
Xn+1= (aXn + ¢) mod m.

[Ipu »Tom ecnu T, a, ¢ u X0 ABASAIOTCS LENIBIMU, TO OylIeT MOJIydeHa MOCIe0BaTEIbHOCTD
HeNBIX yucel n3 quanasona 0 < Xn <m.

Br16op 3HaueHuii a, ¢ ¥ m OKa3bIBAECTCS OYCHb BAXKHBIM B OTHOIIECHUU Pa3pabOTKUA XOPOIIETOo
reHepaTopa clydailHbIX YHCeT.

eab padoThI:

1. 3akpenuTh TEOPETUUECKNE 3HAHUS 110 FeHepaTopaM M-I10CiIe10BaTeIbHOCTEN;

2. 3yunTh METOAMKY U MOJIYYUTh IPAKTUUECKUE HABBIKU IO UCCIIEJOBAHUIO OCHOBHBIX
CBOMCTB M-1ocjIe/10BaTeIbHOCTEN;

3. Hayuutbcst  dopmupoBaThb  CTPYKTYpHbIE  CXEMbl  IE€HEpaTopoB M-
II0CJIEI0BATEIBHOCTEHN, IOCTPOCHHBIX HA OCHOBE PETMCTPOB CIIBUTra.

4. 3y4uTh NPUHIMIIBI HOCTPOEHUS PAIUONPUEMHBIX ycTporcTB ais npuema HITIC.

OcHOBHbIE MOJI0KEHHS 110 TEXHUKE 0e30aCHOCTH
B nmpubopax u ycTpoiicTBax, UCHOIb3yEMBIX B J1a0OPaTOPHOM YCTaHOBKE, UMEIOTCS
BBICOKHUC HAIIPAKCHHA, OIACHBIC JIA KHU3HH. HOSTOMy B TIIPONLECCE BLIITOJIHCHHA pa6OTI)I
CTYAEHTBl JIOJDKHBI COOJIOZAaTh BBICOKYIO JUCHUIUIMHY Ha 3aHATHM, TOYHO, YETKO U
CBOEBPEMEHHO BHITIOHATH BCE TPEOOBAHMUS MPENoIaBaTeisi U paOOTHHUKOB Ja00paTOpHU.
Bo n30exxanue nopakxeHus 3J1EKTPUUYECKUM TOKOM IPU BBIOJHEHUHU J1AOOpaTOPHOM
paboTHI 3anperaercs:

- CAaMOCTOATENIBHO BKJIIOYATh anmnaparypy;

- U3BJIEKATh U BCKPHIBATh OJIOKH JIAOOPATOPHBIX YCTAHOBOK U M3MEPUTENIbHBIX TPUOOPOB;

- 3aMEHSATh MPEJAOXPAHUTENN B OJIOKaX U M3MEPHUTEIbHBIX NMPUOOpaX MpU BKIOYEHHOM
anmaparype;

- TNpHUKacaTtbCsi pPyKaMH MM KaKUMHU-JIMOO mpeaMeTraMu (OTBEpTKAaMH, OTOJICHHBIMHU
KOHIIaMH MIPOBOJIOB U T.II.) K 32)KHMaM U THe3/1aM JabopaTOpHON YCTaHOBKH U U3MEPHUTENbHBIX
npuOOpOB.

B cnydae mopakeHHsI SIEKTPUYECKIM TOKOM HeMe/IJIeHHO:
- BBIKJIFOUUTH HaNpspDKEHUE CeTH, OCBOOOIUTH MOCTPAABIIEro OT TOKOHECYIUX LIeTei,
o0OecrieunB COOCTBEHHYIO O€30MacCHOCTb;
- TOJIOXKHUTh PYKOBOJUTEIIO 3aHATUH O CITyUUBIIEMCS;
- OKa3aThb nocrpagaBmieMy MEJUIUHCKYIO ITOMOIIb.

IKCIIyaTallHOHHbIE BONIPOCHI
1. Ilepen BkitOYeHHEM MPHOOPOB HEOOXOIMMO IMPOBECTH MX BHEIIHUH OCMOTp U
MOJFOTOBKY K paboTe, 00paTuB BHUMAaHHUE HA HAJIMYKME UX 3a3€MJICHHUSI.
2. Ilpu mpoBeneHNH UCCIIEAOBAaHUH HEO0O0XOAUMO COOMIOATh MOCIEI0BATEILHOCTD
BBINOJIHEHUS ONepalvii, YKa3aHHBIX B HACTOALIEM PYKOBOJICTBE.



Bblﬁop CUZHA/lA 6 nomexo3auiueHHbIX paduommaﬂax

[TocTostHHBI ~ OOJIBIION MHTEpEC K IIMPOKONOJIOCHBIM METOJaM U CHUCTeMaM
nepeaayn HMHGOpMaMKM OOBACHSIETCS B OCHOBHOM MX BBICOKOM ITOMEXOYCTOMUMBOCTBIO H
CKPBITHOCTBbIO  (TIOMEXO3alllMIIEHHOCThI0). Peann3anusi IIMPOKOIOJIOCHBIX  METOJOB U
CUCTEM IIPEANONAracT MPHUMEHEHUE IIUPOKOIIOJIOCHBIX CHUTHAJIOB, II0JIOCA YacTOT KOTOPBIX
CYIIECTBEHHO  IPEBBINACT  MOJOCY  4acTOT  IeperaBaeMoro  coobOmeHus.  basa
LIMPOKOIOJIOCHBIX CUTHAJIOB B, YAOBIETBOPSET CIEAYIOLIEMY YCIOBHIO

B, =F.«T,>>1 (D)

rae F. - mosoca 4acTOT CUTHANa,
T, - IIUTEIBPHOCTh CHTHAA.

Bennunna B, XxapakTtepusyeT KOJMYECTBO MH(OPMAIUMM, KOTOPOE MOXKET HECTH
CHUTHAJL

B TexHuueckoll JuTepaType YacTO HCIHOJb3YETCS IOHATHE LIMPOKOIOJOCHBIN
METOA WJIM IITUPOKOIONIOCHBIH KaHail. LlupokononsocHeM OyaeM Ha3bIBaTh TaKOH METO[
nepeaayn cooOIIEeHUl, NMpU KOTOPOM MCIHOJb3YETCs IIMPOKONOJOoCHbIM curHai. Ilo meromy
pacuMpeHusi CIEeKTpa pa3JIM4aloT CHUTHAJIBl C pACIIUPEHHEeM TOJOChl 4YacToT U ¢
pacuIMpeHreM IMOJIOChl YacTOT Hecylled CHurHajia (CIOXHbBIE CUTHAIbI).

CurHan c¢ pacHIMpeHHeM TIOJOCHl 00pa3yeTcst IyTeM VYIJTIOBOM MOAYISIUH C
OONbIIMM  MHJEKCOM CHHycoMzanbHOM  Hecymiedl. Takue curHansl umeroT  0a3sy,
yAOBIIETBOPSIONIYIO0 yciaoBuio (1). CurHaibl ¢ pacCHIMPEHHEM CIEKTpa HECylled MOryT ObITh
oOpa3oBaHbl JHMOO IIyTeM JIOMOJHUTENBHOM MOIYISLUM HECylled JIeTepMHHHUPOBAHHOM
¢yHKIMeH, aub0 MyTeM MCIOIb30BaHUS IIMPOKONONOCHOW Hecywiel. lpu pacmmpenuu
CIEKTpa CHHYCOMJAIBbHOM Hecyled MOXHO MOJYJIMpOBaTh paciuupstomed QyHkuueil ee
aMIUTUTYRy, a3y Wik 4acTtory. Toraa aHalIWTHYecKas 3aluCh HECYIIEH C paclIipeHHBIM
cekTpoM OyneT HuMeTb BHJ  (PacCMOTPUM TOJIBKO MOAYJSALUIO (a3bl)

Upn (1) = Accos[ apt + M,g(t) + @] (2)

rae A, - aMILIMTyJa HECYyIled CHUTHaa;
o - 4aCTOTa HECYIIEH;

(o - HavabHas (asa;

M, - unzgekc ¢dazoBoil MoaynALNU;

g(t) - pacmupsoomas QyHKIH.

Kak npasuno, pacmmpstomas (yHKIus sBisercss LUU(GPOBON JAeTEPMUHUPOBAHHOM
nepuomieckoil gpyHkuei. 1o 0oOBSACHSIETCA TEM, YTO MMEHHO Takue (pyHKIMM Hamboiee
TEXHOJIOTMYHBI MpPU HUX (GOpMUPOBaHUU M 00paboTke. MoXHO MO aHajmoruu ¢ (Hopmysoin
(1) BBectu monsiTHEe 0a3bl paCHIMPAIONMIECH (YHKIIHH

B,=F*T,>>1 3)

rae Fy —mnonoca wactor byHKIIMN g(1),
T, - nepuon QyHKIMH g(1).
Takum o00pazoM, MPOMOAYIHPOBAHHAS CUHYCOMAalnbHAas Hecymas Oymer cama
CJIOKHBIM CHTHAJIOM, 0a3a KOTOPOTO OIpeAensercs BoIpakeHuem (3).
B mudpossix cucremax cBszu anutenbHOcTh ITIC 1 ckopocTs nepenaun nHGpoOpMaIim
R cBsizanbl cootHomennem T=1/R. Tloatomy 6aza IITIC

B=F/R

xapakrepusyeT pacmupenue cnekrpa [ITIC oTHOCHTETEHO CIEKTpa COOOIIECHMS



B kauectBe pacmmpsitomux (QyHKIHNA, MOXHO HCIHOJIB30BaTh DPA3JIMYHBIE KOJIOBBIC
(4uCIOBBIE) TMOCIEIOBATEIBHOCTH, B COOTBETCTBUU C KOTOPHIMH IPOBOAMTCS MaHUIYJISIUS
napameTrpoB  Hecymeid. Eciu  ucnmonb3yercs  JIBOMYHAs — [IOCIIENOBATEIbHOCTb,  TO
chOopMUPOBAHHBIII Ha €e OCHOBE CHTHaj HOCUT Ha3BaHuEe OuHapHOro. B HacTosmiee Bpems
HIMPOKOE IPUMEHEHUE B IOMEXO3AIUMIIEHHBIX paJuoKaHalaX HaXoAAT JMHEMHbIE U
HEJIMHEWHbIE KOJOBBIE TIOcieaoBaTenbHOCTH. Cpeau JMHEHHBIX IOCEeI0BaTEIbHOCTEH
Haubosee 4yacTo MCHOJb3YyrOTCs Konabl bapkepa, I'onpa, mocnenoBarensHocTH Jlesxxannapa, M
— IMOCIIEJIOBAT€IbHOCTH U JApPYyrue, OTHOCSIIMeCSs K  JIMHEHHBIM  peKyppeHTHBIM
nocienoBarenbHOCTAM. OCHOBHbIE TpeOoBaHHMS K BBIOOpY THoOcienoBarenbHOcTed  g(t)
3aKJIIOYAETCsl B aHAIM3€ HUX KOPPENSILMOHHBIX CBOMCTB M pa3mepa aHCaMOIIs.

Ceoiicmea M — nocnedoeamenvnHocmu

MakcumanbHOCTh nIepuoja M — MocinenoBaTeNbHOCTH CIeAyeT W3 TOro, 4To B
npouecce ee (opMHpOBaHHS TEHEpaTop MPUHUMAET BCE BO3MOXKHBIE COCTOSIHHS 3a
UCKJIIOYEHHEM OJHOT0, KOrja BO BCEX pa3pslax IeHeparopa 3alHicaHbl HyJau, MO0 cymma
M0 MOJYJII0 [Ba JIOOOT0 KOJMYEeCTBa HYyJIEH paBHA HYIIO U TEHEpaTop U3 O3TOro
COCTOAHMS BBIMTH He MoxkeT. Iloatomy mepuony M — mocieoBaTENbHOCTH — PaBEH
L=2"-1.

Jlnst  nmanpHEWIEro  pacCMOTPEHMsI MaTepuaia CleayeT cjaeliaTb  HeOOoJbInoe
OTCTyIUIEHHE U OOCYIUTh BOIPOCHI, CBA3aHHBIE C KOppensuuoHHbIMU cBoiictBamu [ICIL
s WX  XapakTepUCTUKU  HUCIOJIB3YIOTCS  TJIaBHBIM ~ 00pa3oM  MEPUOJAMYECKHE U
anepuonnueckne AK®. I[lo omnpeneneHuro 3proJuyeckux MPOLECCOB, K KOTOPBIM IO
yMonyaHuto oTHocaT aerepmuHupoBanHbie [ICII, koppensiuuonHas GyHKUIUS OMpenesseTcs
KaK

1 %
k(z) = ?—([ S e @) * S e (t —7)dl. 4)

[Tockonpky IICII wu3MEHAIOT CBO€ 3HAYEHHE JIMIIb B JUCKPETHBIE MOMEHTHI
BPEMEHH, HUMEETCSI BO3MOXHOCTh pPACCUHTHIBATh 3HAUYCHHE KOPPENSAIMOHHOW (YHKIIUU
UL TOT/A, KOrja 3a7epKka T KpaTHa mauurenbHocTd sneMenta [ICIT 1, B mpomexytkax
MEXIy HHUMHU 3HAUYCHHE KOPPEIAIUOHHON (YHKIMM WU3MEHseTcss JuHenHo. Jlna pacuera
[ICIT nomxHBI OBITH TpEACTaBIEHBI B anredpanyeckoil (Gopme B COOTBETCTBUU C YKe
M3BECTHBIMU NPaBWJIAMHM MEPEXOJa.

W3BecTHO, 4TO 3Ha4YeHHE  KOPPESIHOHHOW  (YHKIMHM  pPACCUMUTHIBAIOTCS IO
CIEAYIOIEMY NpaBWIy: ISl KaXJO0TO AUCKPETHOTO BPEMEHHOIO CJIIBUTA MEXKIY OIOPHOM
I[ICIT wu caunyroit xommed (apyroit IICII B cinysae BK®) mnoxacuuteiBaercs
anreOpanyeckas cymMMma MOIMapHbIX IpousBeneHuil snemeHToB omnopHod I[ICII u caBunyTOM
KOnuu. JIerko 3amMeTuTh, YTO OHA paBHA PA3HOCTU MEXIAY KOJIMYECTBOM COBHAJCHUN U
HecoBnazeHnii 3Haka B omopHou [ICIT w komuu. OTcroga ciieqyeT BBIBOJ O TOM 4YTO
NEPUOANYECKHE KOPPEIALUOHHBIE (QYHKIIMM HUMEIOT mepuoj, paHbld mepuony IICII, a
arepuoNYecKue AEHCTBUTEIBHO anepUOINYHBI.

M — nmocneoBaTeabHOCTH  O0JIAAIOT PSAIOM TOJIE3HBIX CBONCTB, OMPENESIUBIINX HX
IIMPOKOE TPUMEHEHWE I I1eJIe paclIMpeHus CrnekTpa curdaioB. K HUM OTHOCATCS
CIEAYIOLIHUE:

1. HuknuaHOCTh. DTO CBOMCTBO 3aKJIOYaeTcs B TOM, 4YTO B M-TOCeI0BaTEILHOCTH
nepuoaa N aro0sie N 271eMEHTOB, B3SIThIE O, 00Pa3yIoT MEPHOI.

2. YpaBHOBEHIEHHOCTb. JTO CBOMCTBO 3aKJIKOYAETCA B TOM, YTO YHWCIO EIUHMI] 3a
nepuoa M-mocneaoBaTeIbHOCTH OTIMYASTCS OT YKCTa HyJel He Oosee, 4eM Ha eAHHHUILY.

3. CpotictBO cepuit. Uncno cepuii 3a mepuox M-mociaeaoBaTeIbHOCTH, COCTOSIINX W3
OJIHOTO CHUMBOJIA, ABYX, TPEX, U T.H., 00pa3yl0T T€OMETPUUIECKYIO TIPOTPECCHIO0 C MHOXKHTEIIEM
0.5. Cepueii Ha3pIBaeTCs TPYIA OJHOMMEHHBIX CIEIYIOMIMUX IPYT 3a APYTOM CUMBOJIOB.




4. CratucTHueckas HE3aBUCHUMOCTb. Pa3lnMyHble IUKIMYECKHE INEepecTaHOBKHM M-
MOCIIE0BATEIbHOCTH CTATUCTUYECKU HE 3aBUCAT APYT OT APYyra, YTO BbIpakaeTcss QyHKLIUEH UX
B3aMMHOW Koppersinuu. JTa (QyHKIUs MpH JIF0OOM MUKINYEeCKOM cABUTe paBHa — I/N, nipu
OTCYTCTBHHM caBura 1.

5. Ilpu cymmupoBanuu mo moayiwo 2 M-mocieoBaTeIbHOCTH € €€ HHUKIMYECKUM
CABUTOM oOpa3zyercs M-Toce10BaTeIbHOCTh TOM K€ CTPYKTYPBI C IIEPUOJIOM, PABHBIM IIEPUOLY
MCXOJHOM IOCIIEN0BATENIBHOCTH, HO OTIMYAIOLIASCS OT HEe LIMKIMYECKUM CABUTOM.

6. B pe3ynbraTe CyMMHpOBaHUSA IO MOAYIIO 2 JBYX M-mociegoBaTeabHOCTEN
pa3IMyYHBIX [1EpUOJ0B 00pasyercss M-1ociaen0BaTeNbHOCTh € IEPUOJOM, PaBHBIM HaMEHBLIEMY
NEepPUOAY CYMMUPYEMBIX M1OCIIEI0BATEILHOCTEH.

7. B M-mocnenoBaTeIbHOCTH COJAEPIKATCS BCE N-3HAYHBIE KOMOWHAIIMA CHMBOJIOB,
KpOME OJIHOH - 3alpelieHHOM, KaXK/1asi U3 KOTOPBIX BCTpeYaeTcs TOJIbKO OJIMH Pa3 3a MEepUO/I.

- oobem ancambini M — mocnenoBatenpHOCTEH  (KommuecTBO M —
MOCNIEOBATENbHOCTEH  Pa3sHOW  CTPYKTYpbl U OAMHAKOBOIO IEPUOJIA)  OIpeAemsieTcs
dbopmyroit

N, =9 2-1)/k (5)
rae (p(2k- 1) - pynkuust Disiepa, YUCIEHHO paBHAsl KOJMYECTBY LENbIX YHUCEN, B3aUMHO
MpOCTHIX (T.€. HE HMMEIOIIMX OOIIUX NETUTENCH) ¢ apryMEeHTOM A3TOH (PYHKIUU.

O6bem ancamOmsi M — mocnenoBaTeNbHOCTEH Hamboee YHoTpeOUMBIX MEPHOIOB

npezcTaBieH B Tabmure .

Tabauya 1.
k 516 |7 8 9 10 | 11 12 13 14 15 16
Ny 68 |18 |16 |48 60 |176 144 630 576 1800 2048

Jns uenoro psana mnpuMeHeHUH o0beM aHcamOias M — mocnemoBaTenbHOCTEH
HEJOCTaTOYeH M OocTpo BcTaeT 3azada cosnaHus [ICII, KkoppemnsiuoHHBIE CBOMCTBA
KOTOpbIX  ObTM OBl HE  HAMHOTO  XyXX€  KOPPEISLUOHHBIX  CBOMCTB M —
MMOCJIEI0BATENLHOCTEN, a 00beM aHcaMOJIsi OblI ObI 3HAYMTEILHO OOJBIIIE.

OnHuM M3 Haubosee  paclpoCTPaHEHHBIX  CHOCOOOB  MOJMYyYEHHsS — OOJIBIINX
ancambneit IICII sBnsercs mpumeHeHue mnocienoBatenbHocte [omma (IIT).  TIT
0o0pa3yloTcsi B pe3yibTaTe CJIOXKEHUS MO MOAYNII0 JABa JABYX M — mocienoBaTeiabHOCTEH
onuHakoBoro nepuoga. Koppemsiuonnsie cBoiictBa IICII mpu  sToM  yXyamaroTcs
HEe3HauuTeNnpHO, a nepexox Kk III' maer yBenmnyenue ancamOnst Oosnee yem B 6000 pas.
[TpumepHo BaBoe yBennuuBaioTcs BeIOpockl AK® um BK® u He3HauMTenpHO YXYIIIAIOTCS
NEPUOINYECKUE KOPPEIALMOHHBIE (YHKIUU.

Cunre3 reseparopos M-nocjiefoBaresibHOCT el

biaronapss  BBIIENIEPEYUCIICHHBIM  CBOWCTBaAM  M-IOCIEAOBATENIBHOCTH  IIMPOKO
INPUMEHSAIOT B PAAUOTEXHUYECKHX cHUcTeMmax. JUId MOSICHEHHsS HTHUX CBOMCTB pPACCMOTPUM
IIpuMep.

JlormycTuMm, YTO CABHUTAIOUINIl perucTp (pHUc. 1) COCTOUT U3 Tpex TPUITEpHbIX siueek 717,
T2, T3, KOTOpPBIE BBIIOJIHAIOT POJIb JUCKPETHBIX AIIEMEHTOB 3aIEPKEK, U CYMMAaTOpa M0 MOIYJIIO
2. Ha Tpurrepsl OCTyNarOT CABUTAIOIIME MMITYJIbCHI, KOTOpPbIE Ha puc. | He nokazansl. OHuU

CIEAYIOT C TaKTOBOM YacTOTOMU 1/ 7, - Kaxnaplii TakTOBBIM WMIYJbC BBI3BIBAET H3MEHEHUE

COCTOSIHUS (HampsDKEHUs Ha BbIXOJAE) Bcex TpurrepoB. llpu sTom HampsbkeHHE Ha BBIXOJE
Ka)XJI0OT0 TpUTTEpa (CUMBOJI) CTAHOBUTCS PAaBHBIM HANpPSKEHUIO (CHMMBOJY) Ha €ro BXOZAE AT



MNPpEAbIAYIICTO TAKTaA. CHUMBOJIIBI MOT'YT IpUHUMATL JIBa 3HAUYCHUA, KOTOPBIC YCIIOBHO 0603Ha‘II/IM
0 u 1. Ilpu cymmupoBaHUU JIOOBIX KOMOWHAIIMK BXOJHBIX CHMBOJIOB Ha BBIXOJIE CyMMaTopa
noJiyyarorcs: Toiabko cumBodibl 0 1 1. ITpaBuiio cymMMupoBaHusi CUMBOJIOB B IBOMYHON CHUCTEME
curcieHus (¢ 1ByMsi BO3MOKHBIMU 3HaYEHHUSIMU CIMBOJIOB) 0 MoAyI 0 2 (mod2) onpenensercs
Tabm. 2.

Tabnuua 2.

CymmupoBanue no mod 2
Cymma 0 1
0 0 1
1 1 0

o T s T2 » T3 >
)
Puc.1

BbIsicHHM, B KaKUX COCTOSIHUSIX MOXET HaXOJHUThCS CXeMa, IpeJicTaBlIeHHas Ha puc. 1.
[IpenmosnoxuM, 4YTO B HMCXOAHOM COCTOSHUM CHMBOJ Ha OJHOM M3 BBIXOJIOB TPUITEPOB
OTJMYaeTCs OT HYJIsA, HallpUMEp CUMBOJ Ha BbIXojAe Tpurrepa 17/ umeer 3HadeHue 1, a Ha
Beixosie 72 m T3 — 3uadenue 0. Torga HMCXOIHOE COCTOSHUE CIABUTAIOIIETO PETHUCTpA
Xapakrepusyercss KomOuHaruen BbxoaHbIX cuMBosioB 100. Ha Bxone 7/ cumBona paBeH 0, Tak
KaK COIJIACHO ¢ TabJ. 2 cUMBOJI Ha BbIxozie cymmaropa paseH 0+0=0. C nocTymnieHreM Ha BXOJ
cxeMbl ouepeHoro COBUTaroIIero UMIYJIbCa CUMBOJBI CO BXOJOB TPUITEPOB «IIEPEXOAIT» Ha
ux BbIXonabl. HoOBoe ycraHOBHUBIIEECS COCTOSHHME pErucTpa OINUCHIBAETCS KOMOWHalUen
BeIXOOHBIX cuMBoJIoB 010. Ha Bxome 7/ mosiBageTca 1, Tak Kak B COOTBETCTBHU ¢ Ta0mI. 2
BBIXOJHOM CHUMBOJI cymmaropa paBeH [+0=1. AHalOrM4HO ONpeAeNstoTCs BCE COCTOSHUS
perucrpa, npuBeJeHHbIE B Ta0I. 3.

Tabauya 3

Homep | Bxoa Boixoabl Homep | Bxoxa Buixoabl

Ttakta | T1 T1 T2 T3 takta | T1 T1 T2 T3
6 0 0 1 1
7 1 0 0 1

. . . 8 0 1 0 0

1 0 1 0 0 9 1 0 1 0

2 1 0 1 0

3 1 1 0 1

4 1 1 1 0

5 0 1 1 1

N3 paccmotpenus tabn. 3 BHAHO, UTO COCTOSIHHS peructpa (CUMMBOJIBI Ha Bbixoae 711,
T2, T3) pa3nuuHbl Ui TaKTOB 1—7, a /Ui MOCIENYIOIUX TaKTOB OHU MOBTOPSIOTCS. Tak Kak
YUCJIO pa3psAIoB peructpa k=3, a OCHOBAaHHWE CHUCTEMBI CUHCICHUS (YUCIO HCIOIb3YEMBIX
CHMBOJIOB) p=2, TO YHCII0 BO3MOXKHBIX Pa3IHUHBIX COCTOSHMIT pernctpa p* = 2°=8.

B Tabn. 3 orcyrctByer HyneBas komOuHanus 000, Tak kak €€ HalIU4Yue COTJacHO Tall.
2 IPUBOJIUT K OOpAILEHUIO B HYJIb BCEX CUMBOJIOB BO BCEX OCTAJIbHBIX KOMOMHanusax. [losTomy




B Ta0JI. 3 MpUBEAEHBI TOJIBKO BO3MOXHBIE Il HOPMAJIbHOM paboThl cxeMbl (puc. 1) cocTosHus
perucTpa, Yuciao KOTOPhIX 2’ 1=7. ITociie ceMy TAKTOB COCTOSHUS perucTpa nmoBTOPSIOTCA.

CHUMBOJIBI MOKHO CUUTBIBATH C BBIXO/A JIFOOOTO Tpurrepa. B aToM ciydae momyqarorcs
MOCJIEIOBATEILHOCTH, CIIBUHYTHIE BO BpeMeHH (Tab. 3).

Heo06xoauMo OTMETHTH, YTO MPH 33aJaHHBIX kK W p TEPUOJ TOCIEJOBATEILHOCTEH
OTpeIeNiIeTCs CXEMOW BKJIIOYEHHS] OTBOJOB CABHUTIAIOIIErO perucrpa (BBIXOIOB TPUITEPOB) B
nenb o0paTHON cBsA3u. OH MOKET OBITH MOJTY4YEH U MEHBIIIE MAaKCHUMAJIBHO BO3MOXKHOTO. BbIOOp
COCIMHEHUN OTBOJOB CJBUTAIOIIETO PETUCTpPa B LENH OOpaTHOM CBSI3U JJIs MOJy4eHUs
MaKCHMAaJbHOI'O IE€pPUOJA IOCIEAOBATEIbHOCTH IPU 3aJaHHOM YHCJIE Pa3psoB perucrpa u
OCHOBAHUS CHCTEMbI CUMCIIEHUS K HACTOSAIIEMY MOMEHTY MOJIHOCTBIO OMPEEIICH U PEIIaeTCs C
MOMOIIBIO TaOIHIl HEMPUBOIUMBIX MHOTOUYJICHOB.

[Ipu paccMmoTpenuu paboThl cxembl puc. 1 ObUIO ClieIaHO JOMYLICHHE, YTO MCXOJHOE
COCTOSTHUE peructpa xapakrepusyercs komounamuenr 100. M3 tabn. 3 BUAHO, 9YTO B KauyecTBe
HCXOJHOTO MOKHO B3ATh JII0OO€ COCTOSIHHE PErucTpa. DTO BBI3OBET JIHIIb CABUT IMOCIEHO-
BaTEIbHOCTH BO BPEMEHH.

Uucno eauHuIl W HyJEHl B MepUOJe IMOCIEI0BAaTeIbHOCTH COOTBETCTBEHHO 4 u 3,
IIpu4eM cyMMa ux paBHa N.

Cymma gaByx M-mocnenoBarenbHOCTEH, CABUHYTHIX JIPYr OTHOCUTEIBHO Jpyra,
SBIsIeTCS M-TI0CIIeI0BAaTEIbHOCTEI0. B 3TOM MOXHO yOeqUThCs, CyMMHUPYs COTIIACHO TPaBUIIaM
TadJ1. 2 Mr00BIE MTOCIIEN0BATENBHOCTH U3 Ta0J1.3.

OTO ABNSETCA CIEICTBHEM TOTO, YTO CIBHUHYTbIe M-TIOCIE€NOBATEIBHOCTH MOKHO
MOJIYYUTH C IIOMOIIIBIO OHON M TOM )K€ CXEMBL.

X[] ' Xk

g

XI ' X2-J X}'

A

T, T, T,

h 4
=
o

Puc.2

Hugpoeoii aemomam ¢opmuposanus M-nocnedosamenvnocmeint. OOmas cxema
uppoBoro aBromara, GopMupyroiero M-mocienoBaTenbHOCTh, NMpUBeAeHa Ha puc. 2. Ero
OCHOBY COCTAaBJISIET CIIBUTAIOLIUN perucTp ¢ Tpurrepamu 1’1, T2, ..., Ti, KOTOpbIE OCYIIECTBISIOT

3aACPKKY BXOJHOI0 CMMBOJIa HA OAWH TAKT JJIIUTCIBbHOCTBIO TO . HOHYCTI/IM, 4TO UCIOJB3YHOTCA

p paznumaHbIX cuMBoJIoB: 0, 1, 2, ..., p—1, KOTOpBIE 00pa3yIOT KOHEUHOE MHOXKECTBO CMBOJIOB
S=S(0, 1, ..., p—I). CumBOIBl Ha BBIXOJaX TPUITEPOB NPU j-M TakTe OOO3HAUYECHBI Yepe3

Xj js Xy jreees Xy, TIpHUCM X; ; € S'. Cumson Ha Bxoze nepBoro Tpurrepa obosHadeH X, Iz

CuMBoi Ha BbIXOJIE [-20 Tpurrepa Ha (j+1)-M TakTe X, i+ =X j» TaK KaK ¢ Ka/[bIM TaKTOM

CHMBOJI CO BXOJa «IIE€PEXOJUT HAa BBIXO. CHMBOJIBI C BBIXOOOB TPUITEPOB IMOCTYIIAIOT HA YM-



HOXHTEIH, C BBIXOJIOB KOTOPBIX CHUMAIOT CUMBOJIBI CX; i G X, FEXa C X, j MHox)uTEIH

C eSs.

YMHOKEHHE JTI000r0 YKciia Ha HYJIb O3HAYAeT, YTO CHMBOJ Ha BBIXOJIE YMHOKHUTEIS
BCErJa paBEH HYJIIO. OTO SKBUBAJIEHTHO pa3pblBy LIENM MEXIAY BBIXOJAOM TpUITEpPA U
cymmaropoMm. CreoBaTeIbHO YMHOXHTEIh MOXET ObITh omymieH. Hampumep mnpu p=2
(cumBobl 0 1 1) MHOXKHTENH ¢; MOXKET MpUHUMATh 3HaueHus | uinu 0, T.e. BBIXOABI TPUTTEPOB
WJIM TIOJICOEAMHEHBI K CYMMATOpaMm, WX HET.

MoskHO 3anucaTh, 4YTO CUMBOJI Ha BXxoje 7/ B j-TOM TaKT€ PaBEH:

Xoj =CX ;HCXy e CX)  F o F G X O ()

Bripaxxenue (5) sBiisieTcs TMHEHHBIM peKyppeHTHBIM ypaBHeHHEM. OHO MO3BOJISET IO
M3BECTHBIM k CHMBOJIAM Ha BBIXOJAX TPUITEPOB HAMTH CHMBOI X IT KOTOPBIH B OCTEAYIOLIEM

TaKTe nepeneT Ha Boixox 717.

Ananu3 paboTsl 1uQpoBoro aBromara (GopmMHpoBaHUs M-mocie-A0BaTEIbHOCTH Ha
OCHOBE PEKYppPEHTHOI'O ypaBHEHHUA (5) MOKa3bIBaeT, YTO paboTa 3TOro aBTOMara IOJHOCTHIO
OIpeIeNsIeTCsl XapaKTepUCTUYECKUM MHOTOUJICHOM

f(x)=a0xk + a;xk'l +... + apx+ag , (6)
KO3 UIUEHTBl KOTOPOTO CBSI3aHBI C MHOXUTEISAMH Cj, ..., Ck CIEAYIOLIUM
COOTHOIIEHHUEM:
1 k+1
¢, =(-1) a, (7)

OTtpunatenbHbie 3Ha4YCHUS ¢, (7) MOKHO CBECTH C TIOMOIIBIO CpaBHEHHS Mo modp K
MIOJIO’KUTEIBHOMY UUCILY MHOYKECTBA S.

Jnst mBoMyHBIX M-TIOCIIEIOBATENBHOCTEH, COCTOSIMUX M3 cuMBOjioB 0 u 1 (p=2),
MHOXHTEIH €, U KOOPPULUEHTHI a, cOTaacHo (7) paBHBL, T. €. C, = dp, IPUYEM C, = ap=1.

Takum oOpa3om, JJig ONpeAesieHus] CTPYKTYpbl HHU(PPOBOro aBTomMaTa (HEOOXOAUMO
3HaTh XapaKTEPUCTUYECKHM MHOrowleH creneHu k. M3 teopum M-mocnenoBaTenbHOETEN
U3BECTHO, YTO XapaKTEpPUCTUYECKUH MHOrousieH f(x) crenmeHu k, BO-NEPBBIX, JOKEH OBITH
HENPUBOJUMBIM, T. €. €r0 HEJb3s NPEACTaBUTH B BUJE NPOU3BEIECHUS MHOTOYJIECHOB MEHBLIMX
CTENEeHEW, a BO-BTOPBIX, OH JIOJDKEH OBITh MEpPBOOOpPa3HBIM (IPUMUTUBHBIM) OTHOCHUTEIHHO
ABywIeHa X —1, T. €. XapaKTePUCTHIECKMIT MHOro4IeH f{x) (6) momkeH aemuth X —1 6e3 oc-
taTtka. [loaTOMy XapakTepUCTMUECKUH MHOTOWIEH SBJISETCS IEepPBOOOPa3HbIM KOPHEM
ypaBHeHHs X —1. EciM XapaKTepuCTUYECKMI MHOTOYJIEH SBISETCSA IEPBOOOPA3HBIM, TO OH
ABIISIETCS M HETIPUBOJAUMBIM.

Taxkum 00pa3oM, yTOOBI MpH 3aaHHBIX N, k U p ONpeNeNuTh CTPYKTYpy perucTpa Juis
dopmupoBaHms M-TOC/IEOBATENPHOCTH ¢ TepuogoM N=p'—1, HeoOXOIMMO B KauecTBe
XapaKTEePUCTHUECKOTO0 MHOTOWIEHA B3STh IEPBOOOPA3HBIIl MHOTOUJIEH CTENIEHH K.

[Tockonbky nBOMYHBIE M-TTOCIIEIOBATEILHOCTH UTPAIM U UTPAIOT 0CO00 BAKHYIO POJh
B PaJIMOTEXHUUYECKUX CHCTEMax, TO MX CBOMCTBAa ObUIM M3Y4EHBI JOCTAaTOYHO TIyOOKO, B TOM
YyHhClie M XapaKTepUCTHYECKHME MHOTrO4jieHbl. V3BecTHBI TaOMUIBI B KOTOPBIX IPUBEICHBI
HENPUBOJUMBIE MHOTOWIEHBI N0 cTeneHu k=34. B Ilpunoxenun | npuBeneHbl B JIBOWYHOU
dbopme K03 OUITHEHTHI XapaKTEPUCTHICCKUX MHOTOWICHOB a, it k=3...11, T. e. N=7... 2047,
COBIAJAIONINE C MHOXHUTEISIMH ¢, B cXeMe IH(poBoro aBToMaTta (puc. 2), T. €. a,=c.
XapakrepuctuueckoMmy MHorowieHy f{x) (6) B Ilpun. 1 cooTBeTcTByeT moOCIeq0BaTEIHHOCTD
npezcTaBieHHbIX B Buae 1 unm 0. B kxaxmom crondiie ykazaHa CTEleHb MHOTOWIEHA k U €ro
koa¢¢umentsl. B [Tpun. 1 nmpuBeneHsl TOIBKO T€ XapaKTEPUCTHUYECKHE MHOTOUYIECHBI, KOTOPhIE
nopoxkaaroT  M-nocienoBaTenbHOCTH. COOTBETCTBEHHO IEpHoA  M-Iociie1oBaTeabHOCTH



N=2"—1. 3nanue k0>pPUIHEHTOB g, MO3BOISIET OTHOHAYHO IOCTPOUTH IH(PPOBOIl ABTOMAT
dbopmupoBanus M-nocienoBarensHocTed. Ecnu a,=c,=1, TO BBIXOJ n-20 TpUITEpa MOIKIIOUCH
K cymmaropy no mod 2, ecnu a,=c,=0, TO BBIXOJl n-20 TpUITEpa K cymmaTopy mno mod 2 He
MOJIKJIFOYEH.

B Ilpun. 1 npuBenens! 3HaueHus k+1 koapduuuenta a, N =0,k. Koadduument

a, =1 Bcernma mno onpemenenmio. Jns ompeneneHHs CTPYKTyphl HU(POBOro aBTOMATA,

M300PKEHHOTO HA PHC. 2, HEOOXOUMO YUHTHIBATE KOOQdumenTsr d, , 1N = Lk.

|—>T1—>T2—>T3—>T4—>T5—>T6—>

T7;T8—>T9—>T10
+

e
Puc. 3

Jlns mpuMmepa Ha puc. 3 uzoOpakeHa cxema nuppoBoro aBromara GopMupoBaHus M-
nociegosarensHoctd ¢ k=10 u N=2""—1=1023. B xauectse XapaKTEePUCTUYECKOr0O MHOTOUJICHA
B3AT MHOTOWICH ¢ kKoadduimentamu 10000001001 (mepswiii B cronbie ¢ k=10 IMpua. 1). B
COOTBETCTBUU € KOI(PPHUIIMEHTaMH MHOTOWIEHA Ha CyMMaTop 1Mo mod 2 mOCTymarT CUMBOJIHI C

BBIXOJIOB 7-r0 1 10-r0 TpUTTEPOB.
Jnumensnocms  M-nocrnedosamensrocmu T =Nrz,, rne N=p—1, 0 -
JUINTENHLHOCTh OJMHOYHOTO MMIyJbca (cuMmBona). Jjisi JBOMUHBIX M-HOCHEN0BaTENLHOCTEH

N=2k1. fT = 1/2'0 , TO

k
T = (2 —1) / f7 . B TaOn. 4 npuBeieHbl JUIMTENBHOCTH NEPHOAA M-TIOCIE0BATEIBHOCTH

Ecnu  TakToBasg yactora B CABUTAIOIIEM  PETHCTPE

st k=7... 89 ¢ TakroBoit yactroroi fr=1 MI'm.

Tabnuya 4
Peructp nnune! | [InuHa nocinenoBaTeIbHOCTH JnuTenbHOCTD nepuoaa
k IIOCJICA0OBATCIIBHOCTHU
7 127 1,2710% ¢
8 255 2,55%10" ¢
9 511 5,11%10" ¢
10 1023 1,023*%107 ¢
11 2047 2,047%103 ¢
12 4095 4,095%107 ¢
13 8191 8,191%107 ¢
17 131 071 1,31%10" ¢
19 524 287 5,24%10" ¢
23 8 388 607 8,388 ¢
27 134 217 727 13,421 ¢
31 2 147 483 647 35,8 MuH
43 879 609 302 207 101,7 s
61 2305 843 009 213 693 951 7,3%10" ner
89 618 970 019 642 690 137 449 562 111 | 1,95%10° ner

3AJIAHUE HA BBIITOJTHEHUE ITPAKTUYECKOM PABOTbI




1. M3yuuTh CTPYKTYpHYIO CXeMy TreHeparopa M-mociaeaoBaTebHOCTH M YSICHUTH
MIPUHITUTI €€ pabOTHI.

2. UccnenoBats mporece hopMupoBanust M-1ociie10BaTeIbHOCTH PETUCTPOM C/IBHTA.

3. CocTaBUTh peKyppeHTHYIO (hOpMYITy UCCIIETyEeMOM MOCIe10BATEIIbHOCTH.

4. ViccnenoBaTh CBOMCTBA MOJTYYEHHON MOCIIEIOBATEIILHOCTH.

IIOPSJIOK BBITIOJTHEHU S ITIPAKTUYECKOM PABOTEI

1. Hccneoosanue npouecca opmuposanus M-nocnedosamenvHocmu peucmpom
cosuza.

[ns sToro:

* TIOJIYYUTh Yy MPENoaaBaTes CIIPaBOYHBIH JIUCT;

*  WUCHOJB3yS TEOPETUYCCKUI MaTepual METOJAMYECKOTO MOCOOUSs, MOCTPOUTH CXEMY
reHeparopa M-IIOCIIeI0BaTEILHOCTH, COOTBETCTBYIOIIYIO HCXOJHBIM JIaHHBIM, YKa3aHHBIM B
CIIPaBOYHOM JIUCTE;

*  u300pasuTh B OTYETE MOJNYYEHHYHO M-TI0CIEN0BATENbHOCTD. JITUTENBHOCTD T,

IPUHSTH paBHOM 1 KieTKe;
. UMHUTHPYS MOAAady Ha BXOJ CXEMbl TaKTOBBIX HMIIYJIbCOB, H300pa3uTh
MOCJIEI0BATEIbHOCTH, CHUMAaEMBIE C BBIXO/I0B BCEX TPUITEPOB FEHEPATOPA.

2. Cocmasumu peKyppeHmmuyio hopmyiy ucciedyemoil nocied08amenbHoCmu.

3. Hccneodosanue ceoiicme noay4eHHOU nOC1E006amMeIbHOCIU:

* HCCIIEIOBATh CBOMCTBO IIUKINYHOCTH;

* HCCIIEI0BATh CBOMCTBO yPABHOBEUIEHHOCTH;

* HCCJeI0BaTh CBOMCTBO CTATUCTHUUECKOM HE3aBUCUMOCTH, ISl YETo:

1. eblyucIumb 63aUMOKOPPENAYUOHHBLE PYHKYUU UCCIe0YeMOU NOCIe008AMENbHOCIU C
ee YUKIUYeCKUMU cO8ucamu (nepeulil cO8U2 pageH Hyio);

2. nocmpoumv  3a6UCUMOCMb  DYHKYUU  B3AUMHOU  KOPPENAYUU Om BeNUUUHDbI
YUKIUYECKO020 cO8U2a.

1 N
* Pacuem npousgooums no ¢popmyne R(/l) = ﬁ Zanan_# ,
n=1

20e d,, 4, - CUMBOIbL M-nocnedosamenvrocmeti COBUHYMBIX OMHOCUMENILHO OpPY2

opyea. Buipasicenue noo 3maxkom cymmsr 6yoem pasHo KOIUYECm8y HeCOBNAOEHUU CUMBOILO08
MUHYC KOIUYECmE0 COBNAOEHUIL.

* HICCIIEIOBATh CBOMCTBO 5 M-1mocnemoBaTeIbHOCTH.
COIEPX)XAHUME OTYETA
Omuem 002151ceH codeprcamn:

1. Cxemy reneparopa uccieayemoi M-mociea0BaTeIbHOCTH;

2. Iloctpoennsie M-niociie10BaTE€NbHOCTH;

3. PexyppenTayto ¢hopmyny M-nocne0BaTeIbHOCTH;

4. Tpadux ¢yHKIUM B3aUMHON Koppensuuu M-TOCIenoBaTeIbHOCTH C €€
[AKJIMYECKUM CIABUTOM OT BEJIMYMHBI CIBUTA;

5. Pucynok 6 npuemnoro ycrpoiicrsa LITIC.

5. BeiBOABI O TOATBEPKICHUHN CBOMCTB M-TIOCI€10BATEILHOCTH.



KOHTPOJIBHBIE BOITPOCHI

1. UYro mHaspBaercs 0azoif curnama? Kak cBa3aHa 0a3za curHaia ¢ ero
MH(OPMATUBHOCTHIO?

2. IlpeumymiectBa LITIC mo OTHOIIEHUIO K Y3KOMOJIOCHBIM CUTHAIaM

3. YUro Ha3bIBaeTcs nepuogoM M-nocnenoBaTeabHOCTH?

4. CoiictBa M-1i0c1€10BaTEILHOCTEMN.

5. lnurenbHOCT, M-IOCIIEN0BATENBHOCTH.

6. UTo Takoe peKyppEeHTHBIN HETPUBOIUMBIN ITOJIMHOM?

7. Hpunuun popmupoBanus reneparopa M-mociae10BaTeIbHOCTH.

8. B uem ominume cxemsl PlIpY nns y3komnonocHelx curHanoB oT cxemsl PIIpY nns
npuema ITIC?

9. OT yero 3aBUCHUT KOJIMUYECTBO FeHEPUPYEMbIX M-1I0CI€10BaTENbHOCTEN?

10. 1y1st wero HeoOXoauMBbl ycTporicTBa cuaxpoHu3anuu B PIIpV HIIIC?



XapakTepucTHYeCKHe MHOTOYJIEHbI, MOpo:KIarue M-Toc/ieq0BaTeJIbHOCTH.

Ilpunoscenue 1

101001101
101011111
101100011
101100101
101101001
101110001
110000111
110001101
110101001
111000011
111001111
111100111
111110101

1111001011
1111001101
1111010101
1111100011
1111101001
1111111011

k=10

k=9

k=6

1000011
1010111
1011011
1100001
1100111
1101101
1110011

k=7

10000011
10001001
10001111
10010001
10011101
10100111
10101011
10111001
fo1l11111
11000001
11001011
11010011
11010101
- 11100101
11101111
-11110001
11110111
111101

k=8

100011101
100101011
100101101

1000010001
1000011011
1000100001
1000101101
1000110011
1001011001
1001011111
1001101001
1001101111
1001110111
1001111101
1010000111
1010010101
1010100011
1010100101
1010101111
1010110111
1010111101
1011001111
1011010001
1011011011
1011110101
1011111001
1100010011
1100010101
1100011111
1100100011
1100110001
1100111011
1101001111
1101011011
1101100091
1101101011
1101101101
1101110011
1101111111
1110000101
1110001111
1110110101
1110111001
1111000111

10000001001
10000011011
10000100111
10000101101
10001100101
10001101111
10010000001
10010001011
10011000101
10011010111
10011100111
10011110011
10011111111
10100001101
10100011001
10100100011
10100110001
10100111101
10101000011
10101010111
10101101011
10110000101
10110001111
10110010111
1011010000}
10111000111
10111100101
10111110111
10111111011
11000010011
11000010101
11000100101
11000110111
11001000011
11001001111
11001011011
11001111001
11001111111
11010001001
11010110101
11011000001
11011010011
11011011111
11011111101
11100010111
11100011101
11100100001
11100111001

11101000111
11101001101
11101010101
11101010110
11101100011
11101111101
11110001101
11110010011
11110110001
11111011011
11111110011
11111111001

k=11

100000000101
100000010111
100000101011
100000101101
100001000111
100001100011
100001110001
100001111011
100010001101
100010010101
100010011111
100010101001
100010110001
100011001111
100011010001
100011100001
100011100111
100011101011
100011110101
100100001101
100100010011
100100100101
100100101001
100100111611
100100111101
100101000101
100101010001
100101011011
100101110011
100101110101
100101111111
100110000011
100110001111
100110101011
100110101101
100110111001
100111000111
100111011001
100111100101
100111110111
101000000001
101000000111




[Iponomxenue npunoxenus 1

k=11

101000010011
101000010101
101000101001
101001001001
101001100001
101001101101
101001111001
101001111111
101010000101
101010010001
101010011101
101010100111
101010101011
101010110011
101010110101
101011010101
101011011111
101011101001
101011101111
101011110001
101011111011
101100000011
101100001001
101100010001
101100110011
101100111111
101101000001
101101001011
101101011001
101101011111
101101100101
101101101111

101101111101
101110000111
101110001011
101110010011
101110010101
101110101111
101110110111
101110111101
101111001001
101111011011
101111011101
101111100111
101111101101
110000001011
110000001101
110000011001
110000011111
110001010111
110001100001
110001101011
110001110011
110010000101
110010001001
110010010111
110010011011
110010011101
110010110011
110010111111
110011000111
110011001101
110011010011
110011010101
110011100011
110011101001

110011110111
11010000001 1
110100001111
110100011101
110100100111
110100101101
110101000001
110101000111
110101010101
110101011001
110101100011
110101101111
110101110001
110110010011
110110011111
110110101001
110110111101
110111001001
110111010111
110111011011
110111100001
110111100111
110111110101
111000000101
111000011101
111000100001
111000100111
111000101011
111000110011
111000111001
111001000111
111001001011
111001010101
111001011111

111001110001
1110011110¢1
111001111101
111010000001
111010010011
111010011111
111010100011
111010111011
111011001111
111011011101
111011110011
111011111001
111100001011
111100011001
111100110001
111100110111
111101011101
111101101011
111101101101

111101110101

111110000011
111110010001
111110010111
111110011011
111110100111
111110101101
111110110101
111111001101
111111010011
111111100101
111111101001




IMPAKTUYECKOE 3AHSATHE 4

CPEJACTBA BEISIBJIEHUSI KAHAJIOB YTEYUKH HHOOPMATIUU

e IHdpopMallMOHHbIE PECYpPChl, COAEpPKAIINE CBEICHHs, CBA3AHHbBIC C roCy-
JapcTBEHHOU TalHOM U KOHQ)H;[eHuHaHLHOﬁ nHpopManuen.

e CpezcTBa 1 nHGOPMaLHOHHBIE CHCTEMBI (CpeICTBa BBIUMCITUTENIBHON TEX-
HUKH, CEeTH ¥ CHCTEeMbI), TporpaMMHbIe cpeicTsa (OlepallOHHBIE CHUCTEMET,
CHCTEMBI YIIpaBieHUs 0a3aMM JaHHBIX, TPHUKIAAHOE NPOrpamMHOC obecrieye-
HHUe), aBTOMaTU3MPOBaHHbIE CUCTEMBI YIIPABJICHUS, CHCTEMBI CBA3H U Iepelain
NaHHBIX, TEXHUYECKHE CPeJICTBa TpuéMa, repefadn U 06paboTku MHbOpMaluu
OTPaHHYEHHOr0 JOCTYMa (3BYKO3allUCh, 3BYKOYCHIEHHE, 3BYKOBOCIPOM3BCIC-
HHE, TIeperoBOPHBIC U TEJIEeBU3MOHHBIE YCTPOWCTBA, CPEICTBA M3rOTOBJICHHMA,
TUPaXMPOBAHHE JOKYMEHTOB M [ApPyrve TeXHUUECKUE CPEACTBA 006paboTKu rpa-
duyecKoH, cMBICIOBOI U OyKBEHHO-LIM(PPOBOU UHpOpMAIMK), T.€. CUCTEMBI U
CpeJIcTBa, HEMOCPEICTBEHHO 0OpadaThiBarole KOHGUICHIHATBHYIO uHpopma-
VIO ¥ HHGOPMAIHIO, OTHOCSIIYOCS K KATETOPUM FOCY1apCTBEHHOM TalHBL. OTtHn
CPEJICTBA M CHCTEMBI JacTO Ha3LIBAIOT TEXHUYECKUMHU CPEICTBAMH npuéma, 00-
paboTku u xpanenust unpopmanuu (TCLHN).

e Texuuueckue cpeicTBa M CUCTEMBI, HE BXOIAIIME B COCTaB TCIIU, nHO
TepPPUTOPUATLHO HAXOJALIMECS B IIOMEIEHHAX 00paboTKu CEKpeTHON U KOH(DU-
NeHnuanbHOU MHpopMalyu. Takre TeXHUYECKHE CPeACTBA U CUCTEMbI Ha3bIBa-
[oTesl BCIOMOTaTedbHBIMM TexHWdeckuMH cpeacTeamu u cuctemamu (BTCC).
K HUM OTHOCSTCS: TEXHHUYECKHE CpecTBa TeeOHHOM, TPOMKOrOBOpSIIeH CB-
3W, CHCTEMBl MOXKApHON W OXpaHHOH CHUTHAIM3AUWY, paJHOTPaHCIIANHN, Haco-
dbUKaLWK, CPEICTBA U CHCTEMBI NEpe/iadn JaHHBIX B CHCTEME palHOCBA3U, KOH-
TPONIEHO-U3MEPHTEINbHAS alIapaTypa, SJIEKTPOOBITOBBIC npuOopel ¥ T.JI., a
TaKoKe CaMH TIOMEICHNs, MTpeJHa3sHadeHHble 111 06paboTKu HH(pOpMaluu or-
pPaHMYEeHHOTO paclpOCTpaHeHUs.

e TCIIM MOXHO paccMaTpuBaTh Kak CHCTEMY, BKIIOYAIONIYyIO CTallMOHap-
HOe 00opyIoBaHHe, NeprepuitHbIe YCTPOUCTBA, COEAMHUTEIBHEIC JIMHIH, pac-
MpeeNuTeNbHbBIE 1 KOMMYHHKAIMOHHBIE YCTPOHCTBA, CHCTEMBI SJICKTPONMTA-
HHUsl, CHCTEMBI 3a3eMJICHUS.

TexXHUUYECKHe CPEICTBA, MpeaHa3HayeHHble JUIs 00paboTKH KOHGHICHIHU-
anbHOM WHGpOPMAIWHU, BKItOUas MOMEIIEHHs, B KOTOPHIX OHH pasMellarTcs,
npexacrapistor oovekm TCIIH.

1.2. TexHu4ecKHe KaHAJIbI yTeUKH HHpoOpMaIH.
CTpykTypa, kjJaccuduKalus ¥ 0CHOBHbIC XaPAKTEPUCTHKI

Han6GonpIuuii HHTEpeC ¢ TOUKU 3peHHs oOpa30BaHUs KaHANOB YTEYKH HH-
GopManuy NMpeacTaBiIsioT TCIIA u BTCC, uMerolue BbIX0[ 3a NMPEAETIbl KOH-
mponupyemoii 301bl (K3), T.e. 30HBI C IPOMYCKHOM CUCTEMOH. Kpome coenunu-
tenpubix nuanit TCIIM u BTCC 3a mpejensl KOHTPOJIUPYEMO#M 30HBL MOTYT
MMETh BBIXOJ] NMPOXOASIME Yepe3 MOMENICHHS TOCTOPOHHUE NMPOBOAHNKH, HE
ceszanfble ¢ TCIIN u BTCC (puc. 1.1).
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30Ha ¢ BO3MOYKHOCTBIO IepexBaTa pa3BebIBaTeIbHBIM 000PY/I0BAaHUEM I10-
OOYHBIX 3JIEKTPOMArHUTHBIX H3JIYYEHUH, cojJepKalluX KOHPUACHIUATbHYIO
uH(popmaluio, Ha3bIBaeTcs onacxou 3onou. [IpoctpanctBo Bokpyr TCIIN, B ko-
TOPOM Ha CIYy4YalHBIX AHTEHHaX HABOJIWUTCA MH(OPMALMOHHBIN CUTHAN BBIIIE
JIOITyCTUMOI'O YPOBHSI, HA3bIBAETCS ONACHOU 30HOU 1.

BTCC

[Tocroponnue
IIPOBOJIHUKH

Puc. 1.1. VcTounuku o6pa3zoBaHusi BO3MOXKHBIX KaHAJIOB yTEUYKU HH(GOPMAIIIH

Cny4daitHpiMu aHTeHHaMHu MOryT ObITh e BTCC nnu nmoctopoHHue npo-
BOJHHMKHM, BOCIPHUHUMAIONIME MOOOYHBIE AJIEKTPOMArHUTHBIE WU3IYyUYEHUS OT
cpenctB TCIIW. Cnyualinble aHTeHHBI OBIBAIOT COCPEIOTOYCHHBIMU U pacrpe-
nenéHHpiMu. CocpeloTOUEHHas CilydailHasi aHT€HHa IpPEeJCTaBIseT cOOOM TeX-
HUYECKOE CPEACTBO C COCPENOTOUCHHBIMU NapaMeTpaMu (Tesie(poHHBIN anmapar,
I'POMKOTOBOPHTEIND PANUOTPAHCISIIIMOHHON CETH U T.1.). PacnipenenéHnsie ciy-
YailHple aHTEHHBbI O0Opa3ylT MPOBOJHUKH C PACHPEEIEHHBIMU apaMeTpaMu:
Ka0emu, COeIMHUTEIIbHBIE ITPOBOJIA, METAJUTMYECKUE TPYOBI.

NHdopMallMOHHBIE CUTHAJIBI MOTYT OBITh 3JIEKTPUYECKHUMU, JIEKTPOMAr-
HUTHBIMU, aKyCTHUECKUMHU U T.Jl. OHU UMEIOT B OOJIBIIMHCTBE CIy4yaeB KoJyieba-
TeNbHBIA XapakTep, a UHPOPMAIIMOHHBIMU MapaMeTpaMH SBIISIOTCS aMIUIUTY/a,
¢aza, yactoTa, JJIUTEIbHOCTD.

[Toxg TexunmueckuM kaHanom yTteuku nHpopmanuu (TKYUW) nonumaror co-
BOKYITHOCTb OOBEKTa pa3BeJKH, TEXHUUECKOro cpeactBa pa3senku (TCP) u du-
3UYECKOM Cpenbl, B KOTOPOW paclpOCTPAHSIETCS HHPOPMALMOHHBIA CUTHAI
(puc. 1.2). B cymnoctu, noxg TKYU nonumarot crnoco6 moiaydeHus: ¢ TOMOIIbIO
TCP pasBenpiBaTenbHOM nHGOpMaIuu 06 oobekTe [1].
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dusnyeckas cpena pac-
IIPOCTPAHEHUSI CUTHAJA

ITomexu
OGBEKT pa3BeaKH TexHuueckoe cpeacTBo

pa3BeliKu
Puc. 1.2. Texunueckuii kanan yreuku uadopmanuu (TKYHN)

B 3aBucumMocTu oT pusnueckoi mpupoabl CUTHAIIBI PACIIPOCTPAHSIOTCS B OII-
peneneHHbIX puznueckux cpenax. Cpenoit pacnpocTpaHeHUs: MOTYT ObITh Ta30-
BbI€ (BO3AYILHBIE), )KUJKOCTHBIE (BOAHBIE) U TBEpbIE cpeapl. K Takum cpemam
OTHOCATCSI BO3AYIIHOE MPOCTPAHCTBO, KOHCTPYKIHMH 3IaHUN, COCTUHUTEIbHbBIC
JIMHUU YU TOKOTIPOBOJIAIIMNE AJIEMEHTHI, TPYHT U T.II.

[IpoTuBOAEHCTBAE MPOMBIIIJIEHHOMY UM 3KOHOMHYECKOMY IIIMHAOHAXKY SIBJIS-
€TCSl HEMPEPHIBHBIM U aJ€KBATHBIM HOBBIM THIIAM YIpO3 MPOLIECCOM Pa3BUTHS
METOJIOB, CPEACTB U CIIOCOOOB 3aITUTHI HH()OPMAITHH.

Knaccudukanus kananoB yTeuku nHbopmauu npejacrasieHa Ha puc. 1.3.

OCOOEHHOCTH TEXHHYECKMX KAaHAJOB YTEUYKHM HH(POpPMALMK OMPEAEISIOTCS
buznyeckoi npupoao UHGOPMAIIMOHHBIX CUTHAIOB M XapaKTEPUCTUKAMU Cpe-
Ikl pAcCIpPOCTPAHEHUsI CUTHAJIOB yTekaemoi uHdopManuu. Huke npuBeneHb
HEKOTOPbIE 0COOCHHOCTH TEXHUYECKUX KAaHAJIOB YT€UKU MH(pOpMaIuu.

Texnuyeckue xananvl ymeuku ungopmayuu, oopabamwvieaemon TCIIH

1. DyeKTpoMarHuTHbIE:

® JJIEKTPOMArHUTHBIE U3ydeHus dneMeHToB TCIIU;

® )JICKTPOMArHUTHBIC M3JIy4YeHUs Ha vacToTax pabotel BU-reneparopon
TCIIY;

® M3JIy4€HHUS HAa YaCTOTaX CaMOBO30YKIEHUS YCUIUTENEH HU3KOU YaCTOTHI.

2. DIIEKTPUYECKHE:

® HABOJKH JJIEKTPOMATHUTHBIX M3iydeHur anemenToB TCIIN Ha mocTtoposn-
HUE MPOBOJIHUKHU;

® IpocayrBaHue MHGHOPMAIMOHHBIX CUTHAIOB B JIMHUM 3JIEKTPOINUTAHUS;

® [[POCAYMBAHUE MHPOPMAIMOHHBIX CUTHAJIOB B LIETIN 3a3€MJICHHUS;

® cheM MH(OpMaIIUU ¢ UCTIOIH30BAHUEM 3aKJIaITHBIX YCTPOUCTB.

3. Ilapamerpuueckue:

e [epexBaT HH(popMaIUU MyTEM «BbICOKOYACTOTHOTO 00yueHus» TCIIN.

4. BuOpauuoHHbI€:

® COOTBETCTBUE MEXKY PACII€UYaThIBAEMbIM CHMBOJIOM U €r0 aKyCTHYECKUM
00pazoM.
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TexnHuueckue Kananvl ymeuku ungopmayuu npu nepeoade ee no KaHaiam
ces13U

1. DneKTpOMarHUTHBIE KAHAJIBI:

® 3JICKTPOMATrHUTHBIE W3JIYYEHUsI TEPEaTUYUKOB CBSI3M, MOIYJMPOBAHHBIC
MH(POPMAIIMOHHBIM CHUTHAJIOM (ITPOCIYIIMBAHUE PaAUOTEIe(POHOB, COTOBBIX Te-
ne(OoHOB, palMOPEIICHHBIX JIMHUMN CBSI3H).

TEXHUYECKUE KAHAJIbI YTEUKU UH®OPMALIUN

A 4 A 4 Y A 4

TEXHUYECKWME KAHATbI TEXHHECKVIE KAHATBL TEXHUYECKME KAHATbI TEXHMECKVE KAHATTB
YTEYKN NUHOOPMALINA » YTEYKM BMOOBOU
YTEHKU NHOOPMALIN, NP NEPENAYE EE MO YTEYKM PEMEBOU MHOOPMALIMM
OBPABATBIBAEMOW TCIMA KAHATTAM CBS13/1 NHOOPMALINA
@ [ [
ONEKTPOMAIHUT- ONEKTPOMATHNT- HABJIIOJEHVE
A » » »
- HbIE ” HbIE > AKYCTUHECKME 7| 3A OBbEKTAMM
NAPAMETPW- BVBPOAKYCTW-
A . A - A - A .
> UECKUE »| OSJIEKTPUYECKUE > UECKUE »| CbEMKA OBBbEKTOB
< NAPAMETPW- CbEMKA
A N N »
»| BUVBPALUMNOHHLIE »| WMHOYKUMOHHbLIN > YECKME > [IOKYMEHTOB
AKYCTOQIJNEKTPU-
»| OJIEKTPUYECKME > flapasntHble > YECKWME
CBA3N
- OMNTWKO-3NEK-

” TPOHHbIV

Puc. 1.3. Texundeckre kaHaabl YTEUKH HHOOPMALIUH

2. DJIEKTPUUECKUE KAaHAJIBI:

® [TOKJIIOYEHUE K JIMHUSIM CBSI3H.

3. MHaOyKIIMOHHBIN KaHaT:

¢3(h(PeKT BOSHUKHOBEHHS BOKPYT BHICOKOYACTOTHOTO KaOesl 3JIeKTpoMar-
HUTHOTO TOJISI PU MPOXOKACHUU UH(HOPMAIIMOHHBIX CUTHAJIOB.
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4. ITapa3uTHbIE CBA3U:

® [1apa3UTHBIE EMKOCTHBIE, UHAYKTUBHBIE U PE3UCTUBHBIC CBSI3U U HABOJKH
OJIM3KO PacHOJIOKEHHBIX JPYT OT Apyra JIMHUN Nepeaadyn HHPOpMalUu.

Texnuueckue xananwl ymeyku peyesou uHpopmayuu

1. AkycTHueckue KaHajbl:

e Ccpe/ia paclpOCTPAHEHUS — BO3AYX.

2. BubOpoakycTtudyeckue KaHajbl:

e Cpe/ia paclpOCTPAHEHHS — OTPaKIAIOIINE CTPOUTENIbHBIE KOHCTPYKIIUH.

3. IlapameTpuyeckue KaHabl:

® pe3yJIbTaT BO3JEHCTBUS AKyCTUUYECKOTO TOJISI HA 3JIEMEHTHI CXEM, UTO
OPUBOAUT K MOAYJISILIMUA BHICOKOYACTOTHOTO CUTHAJIA MH(POPMALOHHBIM.

4. AKyCTO2JIEKTPUYECKHE KAHAIIBIL:

® [Ipeo0pa30BaHNE aKyCTUYECKUX CUTHAJIOB B 3JIEKTPUUECKHE.

5. ONTHKO-3JIEKTPOHHBIN (JIa3epHbIN) KaHA:

® 00JTy4YEeHHE JIA3EPHBIM JTy4OM BUOPUPYIOIINX MOBEPXHOCTEM.

Texnuueckue Kananwl ymeyku 6U0080U UHPoOpMayuu

1. Habmonenue 3a 00beKTaMH.

JIist HaOnroeHUsT AHEM NPUMEHSIIOTCS ONTHYECKHUE MPUOOPHI U TEIEBU3U-
OHHbIE KaMephl. J[J11 HaOII0AEHUST HOUBIO — MPUOOPHI HOYHOTO BUJICHMS, TEIIO-
BU30pbI, TEJIEBU3NOHHBIE KAMEPHI.

2. CbemMKa 0OBEKTOB.

JIiist chbeMKH 00BEKTOB MCIIONIB3YIOTCS TEIEBU3HOHHBIE U (oTOrpaduyecKue
cpenctBa. Jlisi cheMKU OOBEKTOB JHEM C OJIM3KOIO PACCTOSHUS MPUMEHSIIOTCS
nopTaTuBHbIE KaMy(daupoBaHHbIE (hoTOANIapaTsl U TeJIeKaMepbl, COBMEIICHHbBIE
C YCTPOMCTBAMH BUIEO3AIUCH.

3. CpeMKa JOKYMEHTOB.

CpeMKa JTOKYMEHTOB OCYLIECTBISIETCA C HCIIOJIb30BAHHEM IOPTATUBHBIX
doToanmapaTon

1.2.1. Texnnuyeckue KaHaJbl yTeYKH UH(popManmnu,
oopadarsiBaemoii TCIIN

DnekmpomazsHumHbvle Kauaivl ymeuku ungopmayuu

OCHOBHBIM KaHalloM yTeuku uHpopmanuu npu ee oopadorke TCIIN saBns-
€TCsl DJIEKTPOMArHUTHBIN KaHall, 00yCJIOBJICHHbI TOOOYHBIMU MH()OPMATUBHBI-
MU 3JIEKTPOMArHUTHBIMUA U3JTYYEHUSMH OCHOBHBIX TEXHMUECKUX CPEJCTB 00pa-
o0otkn uHpopmauuu. K anexmpomacnummuviv  OTHOCSATCS KaHalbl YTEUKHU
uH(pOpMaLMY, BO3HUKAIOLINE 3a CUET PA3IMYHOr0 BUAA MOOOYHBIX AJIEKTpOMar-
HUTHBIX u3nydeHuid TCIIA. TloOo4yHblE 3JIEKTPOMArHUTHBIE W3ITYYCHHS
(ITOMU) — 3TO0 mapa3uTHBIE JIEKTPOMArHUTHBIE W3IYUYEHHS paguoauana3oHa,
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co37laBaeMbl€ B OKPY>KAIOIIEM MPOCTPAHCTBE YCTPOUCTBAMHU, CHEIUAIBHBIM 00-
pa3oM JUIsl 3TOr0 He MpeaHa3HAYECHHBIMU.

PaccMoTpuM HEKOTOpbIE OCOOEHHOCTH M CBOMCTBA AJIEKTPOMArHUTHBIX Ka-
HaJIOB.

1.2.1.1. Quzuueckas npupooa no6oOUHBIX IJ1eKMPOMAZHUMHBIX
usyuenuil. OcnogHbvle YypaGHEeHUA I1IEKMPOMAZHUNIHO20 NOJIA

DIIEKTPOMArHUTHOE TI0JIe TIPEACTaBIISIET cO00M 0coObIit Bua MaTepun. OHO,
KaK U BEIIECTBO, 00Ja/JaeT HE TOJILKO IHEPruel, HO TaKKe Maccoil, KOIM4ecT-
BOM JBIJKEHUSI 1 MOMEHTOM KOJMYECTBa JBHXeHUA. [lone MoKeT npeBpaliarh-
Cs B BELIECTBO, KaK M BEHIECTBO — B MOJIE. DIEKTPOMAarHUTHOE IOJIE BO3AECHCT-
BYET C OIPENEIEHHON CUJION Ha 3apsKEHHBIE YACTHULIBIL.

DIEeKTPOMarHUTHOE MOJI€ ONPENEAETCS BO BCEX TOUYKAX JABYMSI BEKTOPHBI-
MU BEJIMYMHAMH — 3JIEKTPUYECKUM TOJIEM U MAarHUTHBIM I1OJIEM. DJIEKTPUYECKOE
II0JIE XapaKTEepU3yeTCsl BO3ICUCTBUEM Ha JIEKTPUUYECKH 3aPSKEHHYIO YACTHILY C
CUJIOM, MPONOPIMOHAIIBHOMN 3apsly YaCTULBI U HE 3aBUCSILICH OT €€ CKOPOCTH.
MarHutHOoe 1oJie BO3IEUCTBYET HAa ABMKYUIYIOCS YacTHIy C CHJIOW, IpPOIOp-
IAOHAJIBHOW 3apsly YaCTULBI U €€ CKOPOCTH.

Jlnst pacuera AIEKTPOMATHUTHOTO MOJS HamOoJiee MPUTOJHBI YPaBHEHUS
AJIEKTPOJIMHAMUKY B UHTETpalbHOU U tudpepeHmansHoi popmax [35].

BHeKTpOMarHHTHoe TMoJIe XapaKTepU3yeTCs YETHIPhMA BEKTOPHBIMH BEIIH-
unHaMH: E — HANPsHKEHHOCTh 3JIEKTPHUYECKOTO MOJIs (B/M) D — 3neKTpudecKas

MHAYKUHS (BEKTOP AJIEKTPUYECKOTO CMEIICHUS) ((KH/M ), H- HaPSKEHHOCTD

MarHuTHOTO 110J1s (A/M); B — MaruurHas uaaykuus (To).

Ornpenenenue mojisi B HEKOTOPOM 00JIaCTH MPOCTPAHCTBA TPEOyeT yKazaHUs
ATUX BEKTOPOB B JIIOOOM ee Touke. B o0mieM cirydae B3aMMOCBSI3b BEKTOPOB
AJIEKTPOMArHUTHOIO TIOJISI ONIPEIECIISICTCS CBOMCTBAMHU CPEJIbI:

D=¢FE; (1.1)

B=uH, (1.2)
e €=¢€,€y — AUDIICKTPUUECKAS MPOHUIIAEMOCTh CPEJbI; 8028,855-10_12 —
IUBJICKTPUYECKasl MPOHUIIAEMOCTh BakyyMa (DP/M); €,— OTHOCUTEIIbHAS JUAJICK-
TpUYECKasi MPOHULAEMOCTb CPEJIbl, B KOTOPOW HAXOIATCS 3apsipl; =L, o —
a0COJIFOTHAsl MAarHUTHasE MPOHUIAEMOCTb CPEJIbI; u0:4n-10_7 — MAar"HuTHas
poHULaeMocTh Bakyyma (I'H/M); W, — OTHOCHTENIbHasE MarHWTHas MPOHUIAE-

MOCTb CpE/IbI.
be3pa3MepHblie BEIUUUHBI €, U W, 15 BO3AYIIHON Cpelbl OJIM3KU K €AUHU-

ue. Hanpumep, ais Bo3aymHo# cpenbl nipu temieparype 0° g, =1,0006.
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OCHOBHBIMU YPAaBHEHUSIMU 3JIEKTPOMATHUTHOTO MOJIS SIBJISIIOTCSI YPaBHEHUS
Makcgenna. [IepBoe ypaBHeHne MakcBesia COOTBETCTBYET BUXPSIM MATHUTHOTO
MOJIsl U OTHOCUTCS K OJTHOMY U3 OCHOBHBIX YPABHEHUM 3JIEKTPOIUHAMUKHU:

- - oD
rotH =0+—. (1.3)

ot
DU3NYECKUI CMBICT 3TOTO YPAaBHEHHUS MOXKHO TOJIKOBATh CIEAYIOIIUM 00-
pa3oM: MarHUTHOE T0JIe€ BO30YKIA€TCSI COBMECTHBIM JICHCTBHEM TOKA MPOBOIH-

MOCTH C INIOTHOCTBIO O M M3MEHEHHEM BO BPEMCHH JJICKTPHUUCCKOI'O IT10JIA (BeK—

— oD
TOpa AIEKTPUUECKOTO cMmeleHust D). Bennunna > HA3bIBACTCS TUIOTHOCTBHIO
t

TOKa CMCHICHMHA. BCKTOp ) YKA3bIBACT HAIIPABJICHHUC ABMIKXCHHUA 3apsaa0B H 110

a0COJIFOTHOMY 3HAUYEHMIO PABEH Mpeaey
= .. Al
0= lim —, (1.4)
AS—0AS
rae Al — Tok yepe3 miomaaky AS, neprneHaukyispHyro O. [ImoTHocTh Toka

npoBoauMoOcTH O0=YE, rae y — ynenbHas IpOBOJAUMOCTb.

= 0D
Cymmy 6+0— Ha3bIBAIOT IJIOTHOCTHIO IIOJHOT'O TOKA.
4

Bropoe ypaBHeHne MakcBessa BEIpaKaeT CKOPOCTh U3MEHEHUS MAarHUTHOM

MHAYKIMU B 4epe3 mpocTpaHCTBEHHYIO NMPOM3BOAHYIO (Tot) HANPSHKEHHOCTH

BJIEKTPUYECKOTO ToJ E :
rotE=-98, (1.5)
ot

@U3NYECKNN CMBICII BTOPOTrO ypaBHEHHsI MakcBellia COCTOUT B TOM, YTO
ANEKTPUIECKOE TI0JIE MOXKET BO30YXKIAThCSI HE TOIBKO AJICKTPUYCCKUMHU 3apsi-
JlaMd, HO ¥ W3MCHCHHUSIMH BO BPEMEHHM MAarHUTHOTO MOJISt (BEKTOpa MarHUTHOM
UHIYKIUA B).

Eciu n300pa3uth B IPOCTPAHCTBE MPOU3BOJIbHYIO TOBEPXHOCTh S ¢ KOHTY-

poM L (puc. 1.4), To MOKHO ONpPEAECIUTh MOTOK BEKTOpa rotE dYepe3 3Ty IMOo-

BEPXHOCTb.
CornacHo (1.5) umeem:
[rotEdS =— [ 2243, (1.6)
S 5Ot

BeKTOpHBIH CHMBOT dS 0603HAYACT MPOM3BEICHIE IEMEHTA TOBEPXHOCTH
dS Ha eTMHUYHBIA BEKTOP HOPMAJIH K HEH 7 .
Ipumensis Teopemy Crokca ( [rotvdV =[fvdl, tne ¥ — m06oil BekTOp) U
S L
BBIHOCSI OTIEPATOp BPEMEHHON NMPOM3BO/IHON 32 3HAK MHTETPaia 3aMEHNM NOTOK
BUXpA rot E nupKymsiueil Bektopa E 110 KOHTYPY, OXBAThIBAIOLIEMY IIOTOK:
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PEdI =—£ [ Bds, (1.7)
L S

rae dl — ITPOU3BEAECHUE JIEMEHTA JINHUM d/ HAa KacaTENbHbIN K HEW €AUHUYHBIN
BEKTOP T(.
VYpasuenue (1.7) mpencrasisieT coboi BTopoe ypaBHEeHHe MakcBelia B UH-
TerpajibHON (hopme.
Ecnu noeepxHocth S (puc. 1.5) onupaerca Ha nmpoBOASIIMN KOHTYp L (Ha-
IIpUMEp, IMTPOBOJIOYHBIN ), TO BbIpakeHue (1.7) MOXKHO 3anucarh Kak
0D
ot
e UHPKYJSIus BekTopa E B 9TOM ciydae ecTh He uto mHoe, Kak DJIC

(1.8)

e =

€=UjEdl , HABOAUMasA B KOHTYPC U3MCHAOIUMCA ITIOTOKOM BCKTOPA MarHuTHOM
L

0,.= .= dD o

AHAYKLIWHU, a ——de =———, e @ — MarHuTHBIM NOTOK. B mrore mis pac-
Ls

CMaTpPUBAEMOI'0 CIIy4ass UMEEM XOPOIIO U3BECTHBIM 3aKOH AJIEKTPOMArHUTHOU
dd

AHAYKLIUU: €=——.
dt

rot E rot, E

oot}

Puc. 1.5

Btopoe ypaBHeHme MakcBemia MOXXKHO paccMaTpuBaTh Kak OOOOICHHBIN
3aKOH 3JIEKTPOMAarHUTHOW UHIYKIWH.

WNuterpanbHas ¢opma mepBoro ypaBHeHHUs MakcBeiia MOXKET OBbITh
MoJTy4YeHa MHTErpupoBaHrueM obOeunx dacteil ypaBHeHus (1.3) 1Mo nmpousBOIBHOMN
ITOBEPXHOCTH S C KOHTYpOM L 1 npuMeHeHneM Tteopembl CTokca:

1l =2 BdS + [345. (1.9)
L I's S
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—

WUurerpan [8dS =1 — moTok BeKTOpa O 4epe3 MOBEPXHOCTb S — SBISETCS
S

TOKOM IIPOBOAHMMOCTH, ICPCCCKAOIMIMM 3Ty IIOBCPXHOCTH, a COCTAaBJIAIOIIAA

0
— DdS =1 om — TOK cMmemenus. Cymma [ + 1, Ha3bIBAETCS IMOJTHBIM TOKOM.

oty
K ocHOBHbIM ypaBHeHMsM MakcBemia OTHOCST TaKXKe CleAyIoLlue JBa
ypaBHeHUs B nuddepeHnuanbHoi popme:

divD=p; (1.10)

divB =0. (1.11)

CornacHo mepBOMYy YpaBHEHHIO PACXOAUMOCTh AIEKTPUUECKON WHIYKIIUU
paBHa 00BEMHO TUIOTHOCTH 3aps/ia P — BEIMYMHE, ONPEAeIsIeMON MPpeaeTbHbIM

COOTHOIICHUCM:

Ag
= lim — (1.12)
AV—0AV

rae Ag —3apsij, COAepKaIIUiCs B 2JIeMEHTapHOM 00beme AV .

NurterpupoBanneM obeux uyacteil ypaBHeHus (1.10) mo HexoTopoMy
o0bemy V U mpuUMEHEHHEM K JieBOM dacTu gopmysibl OcTporpajackoro-I'aycca
MOJTYYUM

fDdS =q. (1.13)
S

3mech S — MOBEPXHOCTb, OrpaHHYUBaOLIas 00beM V, a g=[pdV — monHbIi
Vv

3apsig B ’TOM 00beMe.

PaBenctBo (1.13) siBnseTcs uHTErpasbHOl (popMoi ypaBHeHHs MakcBena
(1.10) u aBnsiercs hopMyIUPOBKON TeopeMbl ['aycca: MOTOK 3JIEKTPUIECKON WH-
TYKIIMHU Y€Pe3 3aMKHYTYIO ITOBEPXHOCTh PABEH 3aKIIOUEHHOMY BHYTPH €€ 3apsify.

HNurterpanbuyro gopmy ypaBHenus (1.11) mosyyaroT HHTErpUpOBAHUEM

divB 1o o0bemy V u npumenenuem dhopmyisl Octporpaackoro-I'aycca:

fiBdS =0. (1.14)
S
B 3axnrouenue mpuBeneM cucteMy ypaBHeHHM MakcBemia B auddepeH-
IIUAJTbHOW U MHTETpAJIbHOM (hopmax.
WNurterpanbHas dhopma:

—

Hdl —deS+j8dS

—

Edl = ——deS [[]DdS q, (1.15)

—

BdS =0.

Nt Nt= =
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HuddepenunanpHas Gopma:

—

rot H =aa—?+8,

rOtE:—Z—f,

divD=p,

divB=0, (1.16)
B=pH,

D=¢E,

5=vE.

[IpeobpaszoBanneM (uckmoueHneM DuB) cucremy ypapHeHuit (1.16)

MOXHO MpPHUBECTH K (¢opMe, B KOTOPOW MEPEMEHHBIMH OYIyT TOJBKO
HaIpsKEHHOCTH AJIEKTPUYECKOTO U MATHUTHOTO TTOJIEH:

rot H zsrsoa—EJrS, rotﬁz—uruga—H, divE=—P_ (¢, =const),
ot ot €,€0 (1.17)

divH =0 (u, =const), SzyE (pu ECTOP:O).

Cucremsl ypaBHeHuit (1.15)...(1.17) SBaAOTCS UCXOAHBIMHU MPU U3YUEHUU
AIEKTPOMArHUTHOTO TTOJIS.

JIns paJiuOTEXHUKU TEPEMEHHOE SJIEKTPOMArHUTHOE I0JI€ MPENCTABISET
OCHOBHOM WHTepec. J[JIsI N3y4yeHUs: yCTAaHOBUBIIUXCA SJIEKTPOMATHUTHBIX MPO-
I[ECCOB, KOTOPBIE XapaKTEPU3YIOTCSI TAPMOHUYECKUMHU BO BPEMEHHU KOJI€OaHMSI-
MH, BCAKYIO XapaKTEPU3YIOLIYIO IOJIE CKAISPHYIO BEIMYUMHY MOXHO IPEACTa-

BHUTb KaK Y =\ ,,cos(®f+Qy, ). Torna BCsIkuil BEKTOp mojst V' pasnaraetcs Ha
KOMITOHEHTBI, U3MEHSIOIINECS 110 aHAJIOTUYHOMY 3aKOHY:
V =&V}, cos(ot +@p )+ dr Vo, cos(wt +@r ) + a3V, cos(wt +¢3),  (1.18)
rae dp, dy, dz — OPThl HEKOTOPOW CUCTEMBI KOOPAUHAT ¢, 42, g3
Bennunna o=2nf Ha3bpIBacTCd KPyroBOM 4aCTOTOW IAPMOHHYECKUX KOJIE-
Oauni; y,, u Vi, — aMIUIATYIBL, @\, U (¢; — HAYaIbHbIC (a3bl.

AHaJIN3 TapMOHUYECKUX MPOLECCOB 3HAYUTENBHO YIIPOIIAETCS MPUMEHEHHU-
€M METO/Ia KOMIUIEKCHBIX aMILTUTY/, KOrJa M300pa)karloliuii BEKTOp paccMmar-
puBaeTcs Ha KOMIUIEKCHOM 1uiockoctu. [1o dhopmyne Ditnepa

/(P19 — cos(wt +¢)+ jsin(wf +¢)

BHUJIHO, YTO CKalsp W (CM. BBINIE) U BEKTOp V MOKHO BBIPa3UTh KAaK BELIECT-
BEHHBIEC YACTH BEJINYNH
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S j(otey),
V=Vme ’ (1.19)

‘7 — C‘il‘/lmej((ﬂl-i-([)l) +C—i2V2mej((0t+(p2) +C—i3v3mej((,0l+(p3)
KOTOpBIE Ha3bIBAOTCS MX KoMiuiekcamu. B (1.19) ap,ad;, a3 — opTsl HEKOTOPOiA

cucTeMbl KoopauHar. Takum obpazom =Rey, V=Re V.

BEIieuM B KOMIUIEKce V MHOXKHTEINb
1% =51V1m€J(Pl +a2V2m€J(p2 +673V3m€‘](p3 , (1.20)
KOTOPBIA Ha3bIBAIOT KOMIUIEKCHOW aMIUTATYAO0W. Uepe3 KOMIUIEKCHYHO aMILIH-

Tyly MOKHO BBIPa3suTh KomIuiekc V kak V=V, e’ of, JuddepenuupoBanue
KOMILIEKCA 110 BPEMEHU COOTBETCTBYET €M0 YMHOKEHHUE HA j(.

Ecnmm xommieke V' yaoBIETBOpSET HEKOTOPOMY JMHEHMHOMY nuddepeHiu-
aJbHOMY YPaBHEHHIO, TO JJAHHOMY YPaBHECHUIO YIOBJIECTBOPSIOT €T0 BEIIECTBEH-
Hasi © MHUMasl YaCTH.

C yueToM NpuBEAECHHBIX BBIIIE COOTHOIICHUH ypaBHeHHus: MakcBemna (1.17)
B KOMIUIEKCHBIX 3HAYCHHSIX IPUHUMAIOT HOPMY:

rot Flm = Sm + jmsrsoém;
rot Em =—jou rMOI:Im )
divH,, =0; (1.21)
div Em ~Pm_,
€,
S =YEn.
YpaBHenus (1.21) MoryT ObITH YNIPOLIIEHBI, €CJIM Y4€CTh, YTO
g, =1,0006.
Paccmorpum HekoTopyro obnacte V (puc. 1.6), B KOTOpo# pacrnpeseneH

3apsn (p#0) U NPUCYTCTBYET TOK (56+0). B HEKOTOPOU TOYKE M CyIIECTBYET

ANEKTPUUECKOE MOJIe, MOTEHIIMA KOTOPOro ¢ €cTh pelieHue ypaBHeHus Ily-
accoHa

2 2 2
0@+0@+0¢_ p

= (1.22)
ox> 0y? 072 &
U BbIpaxaercs GopmyJion
I .1
p=——-o7_—pdV, (1.23)
dney, r

-

a TaK’)K€ MarHUTHOE TI0JIE, XapaKTEPU3YyEMOE BEKTOPHBIM MOTEHUIHAIOM A, On-
penensieMbIM U3 PELICHUS] YPaBHEHUS VA= —ud Kak
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A= 15ay,
dmy, r
rae V=X, 9 + 50 9 + 20 9 _ oneparop ['amMmuibTOHA.
0x oy 0z
;
M
Puc. 1.6

Jlns pemienust cucteMbl ypaBHeHH (1.21) HE0OXOaUMO ONpenenuTh s
AIEKTPOMATHUTHOTO TOJISL AJICKTPUUECKAN (p U MATHUTHBIA A 3ama3bIBAIOIINE

INOTCHI M AJbI:

<p(t)——4 J p(t——)dV
(1.24)
- TR
A()=—] —8(r——)dV
dmy, r
rJie  — pacCTOsSIHKUE J0 TOYKHU HaOmoeHuss M ; v — pazoBast ckopocTh Oeryiiei
BOJIHBI, CBSI3aHHAS C MTOCTOSIHHOW PacTpOCTPaHEHUSI BOJHBI B HEOTPAaHHMUYCHHOM

—

®
IPOCTPAHCTBE kK COOTHOIICHHEM k =—. BeluuuHbl p M O CBSI3aHBI MEXIY

co0oli ypaBHECHUEM
divd=——. (1.25)
dt
B xomiuiekcHOM (opme BbIpaKeHHs 3ama3JbIBAIOIIMX MOTEHIMAIOB MPH-
HUMAKOT BHUA:

1 e o
4n8V r
_ (1.26)
P ;e—]kr
Az—f o dav.
4y, r

Ecnu paccMarpuBath 1mose, co31aBaeMo€ OJHUM JIUIIh KOJICOTIOMUMCS 3a-
panoMm q=p,,AV coswt=g,,cos®t, PacloIOKECHHbBIM B IpocTpaHcTBe AV, TO

coriacHo (1.26) KoMITJIEKCHAs aMIUIUTY/1a MMOTEHIMaa 3TOro Mojs Oyiet

— jkr
G, =dm & (1.27)
dnte r
da CaM IMOTCHI A paBCHZ
o=-3"_cos(wr—kr). (1.28)
dner
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B stom cnyuae mone umeer popmy cdepuueckoil BOJHBI, pacxojsliencs u3
TOYKH, B KOTOPOH PacoJIOKeH 3apsifl, CO CKOPOCTBIO V.
C ydetoMm mapameTpoB 4 U (p HANPSHKEHHOCTH MArHUTHOTO U JJIEKTpUYE-

CKOTO TO0JIEW MOXHO BBIPA3UTh KaK
o1 -
H=——-r0tA;
HUo

= oA grado,
ot

(1.29)

.

rae
do
dx
do
dy
do
Ldz

gradp=

1.2.1.2. Dnemenmapuslii 31eKmMpudecKuil u3ayuames

JIMI10J1b, MOMEHT KOTOPOTO M3MEHSIETCSI BO BPEMEHM, HA3BIBAIOT AJIEMEH-
TapHBIM M3JIy4daresneM. Pa3imnyaror 3JIeKTpUYECKUM M MAarHUTHBIM W3JIy4aTellu:
ANEKTPUYECKUA U MAarHUTHBIN AUNONH. J[MMOJIb, MOMEHT KOTOPOTO U3MEHSETCS
10 CUHYCOUJATbHOMY 3aKOHY, HAa3bIBAlOT TAPMOHUYECKUM.

DIIEKTPUYECKUIN U3IIy4YaTeIb COOTBETCTBYET JIEMEHTY AJIEKTPUUECKOTO TO-
ka. B 3TOM serko yoeauThes, €Cii pacCMOTPETh MPOU3BOAHYIO MO BPEMEHH OT
MOMEHTA 3JICKTPUYECKOTO TUMOJS. TaK Kak JIEKTPUUECCKAN MOMEHT (BEKTOPHAas

- op 0q- -
BeJIMUMHA) p=ql , TO ()_Zd_l =11, mpu 3TOM MOJOXUTEIHHOE HAIPaBICHUE
4 4

TOKa I coBImagaer ¢ p.
[lo anamoruu mpoM3BOJIHAS 1O BPEMEHH OT MOMEHTAa 3aMKHYTOTO BHUTKA C

TOKOM I’T’lZ—l,lI S Mar"HuTHOro AUTIOJIAA COOTBCTCTBYCT J3JICMCHTY MAI'HUTHOI'O

om =0l
TOKa ——=—-uS—.
ot ot
PaccMoTpyM 3ieMEHTapHBIN JIEKTPUYECKUM U3itydarenb. s aToro npea-
CTaBUM OTPE30K MPOBOJHUKA [, ODUEHTHUPOBAHHBIN BJIOJb KOOPAWHATHOU OCH

U 110 KOTOpoMy TedeT ToK I =1, coswt (puc. 1.7).

B [35] noka3aHo, 4TO MpH YCIOBUU MOCTOSHCTBA AMIUIATYJIBI TOKA BJAOJIb
BCETO YYacTKa MOXHO YCJIOBHO IIOJaraTb COCPEJOTOYEHHUE PAaBHBIX IO
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a0COJIFOTHOM BEJIMYMHE U MPOTUBOTMOJIOKHBIX IO 3HAKY KOJICOTIOIIMXCS 3apsiIOB
(puc. 1.8) ¢ KOMIUIEKCHBIMU aMIUIUTYJaMHU

. i
Gy =2 (1.30)
(V)
——I—> < — 4 49 z
! l
Puc. 1.7 Puc. 1.8

DTO 3HAYUT, YTO PACCMATPUBAEMBI OTPE30K C TOKOM MOXHO MPEJCTABUTH
KaK JUIOJIb, MOMEHT KOTOPOTO p,, =Zolg coBepillaeT rapMOHUYECKHUE Koyeba-
HUS C YaCTOTOM ® M MMEEeT KOMILJIEKCHYIO aMIUTUTY Ty

. A0
Pm=—J"27. (1.31)
()]

N3o0paxkeHHbIt Ha puc. 1.7 3eMeHT Toka (KOJICOIIOITUNCS JTUIIOb) pac-
CMaTpUBAETCA B KAYECTBE JIEMEHTAPHOI'O M3JIy4yaTelsi U HA3bIBAECTCS JIHUIIOJIEM
I'epua.

Pacnonioxup aunoiib B chepuueckoit cucreme koopauHat (puc. 1.9) momy-
YalOT KOMIUIEKCHYIO aMIUTUTYAy BEKTOPHOI'O MOTEHIIMAJA 3JIEMEHTA TOKA:

_ 11/ A
Amz(rocosg—sosmg)%e Jkr (1.32)
Z A
9
M S, Hq
i AT
0 N\ Egy

7

Puc. 1.9

KomrioHenTs! 10151, co3gaBaeMoro AumosieM ['epia B MpoOU3BOJIBHON TOYKE
npoctpanctBa M (r,9,0.) , ONIPEAEIAIOTCS TI0 MIPUBEICHHBIM BhIIIEe (hopMyliaMm U

IIpu ICpexoac OT KOMILUICKCOB K BCKTOPaM I1OJISA IPUHUMAIOT BU:
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kI,

[Lcos(cot —kr)—sin(ot —kr)]sin3;

H. =

Y dnr ke

E, = Ky 5 [isin(cot—kr)+cos(o)t—kr)]cosS;
2noer” kr (1.33)
2

Eg = K-l [ | —l)sin(cot—kr)+icos(03t—kr)]sin8;
Anwer 22 kr

H,=Hg=E,=0.

bnuoicnas 3oma  (30Ha KBA3WCTAIMOHAPHOCTH). |’ paHUUBI 3TOW 30HBI
ONPEACISIIOTCS yCIOBUSIMU r >> [ (I — jnuHA 3JIEMEHTa TOKa WM IUIEYO
BUOparopa) u kr <<1, unu r <<1/k. B cuity paBeHcTBa k = 27/A BTOpOE yCIOBUE
MPUHUMAET BUJ ' <<A/27 (yCJIOBUE KBAa3UCTAIIMOHAPHOCTH). JIj1s1 OmKHEH 30HbI
(Ha paccTOSHUSIX OT BHUOpaTOpa CYIIECTBEHHO MEHBIIUX JIJTUHBI BOJIHBI)
dbopmyinbl (1.33) MOKHO yHIPOCTUTH, OTOpPAChIBasi MaJIbIE YJICHBI B KBaJIPATHBIX
CKOOKax u mpeHeoperas (pa3oBbIM CABUTOM K7

H, = ”mz sinScoswt; E, = Pm 3 cosIsinwt;
4nr 2mer
(1.34)
9= 3 sindsinwt; p,, =—.
4mer ®

[Tone cornacHo (1.34) He UMEET BOJTHOBOTO XapakTepa, TaKk KaK BhIPAKECHUS
(1.34) nmosryueHbl B NMPEHEOPEIKCHUHN W3ITYUYCHHEM B OJMKHEW 30HE BCIIEIACTBUE
€ro He3HauuTeNIbHOCTU. [IpocTpaHCTBEHHOE pacHpeiesieHHe B 3TOM Ciyyae
CBOMCTBEHHO CTaTU4YE€CKOMY AuUNO0. Beipaxenus (1.34) comepxkar omHy co-
CTaBJISIFOIIYI0 BEKTOPA HAMPS)KEHHOCTH MarHUTHOTO TOJIS 3JIEMEHTA TOKA U JIBE
COCTABJISIIOLLME BEKTOpAa HAIPSIKEHHOCTH BJEKTPUYECKOro MoJisi BUOpaTopa,
XapaKTepU3YIOIIHECS B KaXbliI MOMEHT BPEMEHU KAK «CTAl[MOHAPHBIE» BEIIU-
yunbl. U3 (1.34) cnenyert, yto Benuuunbl E u H caBuHyThH 110 (paze Ha yroa 90°.

Hanvusa 30na. PaccMOTpUM TOJIE HA PACCTOSHUSAX, 3HAYUTENIBHO MPEBBI-
mIalouMX JAJMHY BOJHBL, kKoraga rU A wmkr(] 1. B 3TomM ciyyae MOXHO

npeHeOpeyb uJIeHaMHu TMOpsAKa 1/ Kr? u I/kr. Torma ypaBuenus (1.33)
NpUHUMAOT BUJ [35]:

H,=- Kl sin9sin(wt —kr);
4rr
E, =0; (1.35)
0
Egq = —le—Imsin 9sin(wz—kr).
Amtr
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B (1.35) BBemeno orHomenue ammutyn E, u H,,, KOTOpOE€ pPaBHO

o E .
W =H—m= E N HA3BIBACTCS BOJIHOBLBIM COHpOTI/IBHCHI/ICM HCOI‘paHI/ILICHHOI/I
e
m

cpenpl. s Bakyyma wO= |20 _120n [OwMm].
€0

VYpaBaenusa (1.35) cooTBETCTBYIOT MO0 u3NydeHUs. OHO MpEenCTaBISET
coboit chepudeckyro BonHy. Bextopst E u H pAaCIIONOXCHBI MEPIICHIUKY-
JIIPHO K HAMpaBJICHUIO PAaCIIPOCTPAaHEHHUS BOJIHBI, B3AUMHO NEPIEHANKYISPHBI U
cuH(paznbl. M3mydeHne MakCuMaabHO B SKBAaTOpUaIbHOU iockocTu (9=90°) u
OTCYTCTBYET B OCEBOM HarpaBiieHuH (3=0).

Bbosee nonHoe mpeacraBieHre 00 U3TYYEHUH JA€T JuarpaMmma HarpaBJieH-
HocTu (puc. 1.10), koTOpyr0 M300pa)karOT CIEAYIOUIMM MOCTpoeHueM. B mpo-
U3BOJIBHOM MEPUAMOHAIBHON TUIOCKOCTH OTKJIQABIBAIOTCS PSIi  OTPE3KOB,
MPONOPUUOHANBHBIX amruiuTyne E,, (unu H, ) B JTaHHOM HampaBi€HUU O AJIA
(buKcupoBaHHOTO paccTosiHus r. KOHIIBI 3TUX OTPE3KOB OYIyT JieKaTh Ha ABYX
CONpPUKACAIOIMIUXCS OKPYKHOCTAX. [lojHasi MOIIHOCTBH, HW3Tydaemas JUIOJIEM
I'epua, onpenensercs BeIpakeHUEM

= mo2 0,02
P=—I-W"(—)". 1.36
3 1m (k) (1.36)

OHO TOKa3bIBAET, YTO M3IYYCHHE PE3KO BO3pacTaeT MPH OCIIa0JICHUU YCIOBUS
KBa3WCTAIlMOHAPHOCTH MOJIs (I <<A).

g=0"
E=0
Z r
3=90°
E:EMaKC

Puc. 1.10. luarpamMmma HanpaBI€HHOCTH

1.2.1.3. dnemenmapusvtii MQZHUMHBLIL U3TYYaAmelb

B Teopuu 31€KTpOMArHUTHOTO MOJIA JOKa3bIBaeTca [35], YTO 3aMKHYTBHIN
BUTOK (puc. 1.11, @) ¢ MOCTOSHHBIM TOKOM Ha MPEBBILIAIONIUX €TO pa3MephI pac-
CTOSIHUSIX CO3/Ia€T TaKO€ >K€ MarHUTHOE T0JIe KaK €cu Obl Ha €ro MecTe Haxo-
JUJICS MarHUTHBIN aunoisb (puc. 1.11, 6) ¢ MmomenToM m=ZyluS.
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[Ipu rapMoHHYECKOM TOKE BUTKA [ =1, COSM! NIEPEMEHHBIA MAarHUTHBIN JU-

MOJIb XapaKTEepU3yeTCsl KOMIUIEKCHON aMIUTUTYJ0H MoMeHTa m=_Zgl,,uS. Ta-

KOM BUTOK HA3bIBAIOT AJIEMEHTAPHBIM MArHUTHBIM M3JIy4aTEJIeM WJIM MarHuT-
HbIM auroJieM ['epia.

Pemienne ypaBHeHnit MakcBesnna Uisi MarHUTHOrO Aunodis ['epra B KOM-
TUIEKCHOHM (hopMe UMEET BHU/T

E=—a M(l jk)e! @k gin g,
dnr r
= 1,8 _ 21 k (137
H =217 = (=+ jk)cos O+ 9o — (—+ ]——k 2)sin9]e/ (@D,
4m r2 r r
A z z
+q"
m
l{ m
I —
a 9] 1
Puc. 1.11
N3 (1.37) onpenenﬂeTCﬂ 3aliUCh KOMITIOHEHT 3JIEKTPOMArHUTHOTO MOJIS:
0
E, = ﬂ[ism((ot kr)+cos(wt—kr)]sin3;
4nr kr
H,= Imkg [Lcos((ot —kr)—sin(owt—kr)]cosI;
2mre kr (1.38)
2
nglmk S[( | —l)cos(oat—kr)—isin(oot—kr)]sinS;
Anr 22 kr

E,=Eg=H, =0.
CpasuuBas (1.33) u (1.38) ormeuaeM, uyTo ypaBHEeHUs1 MakcBesa Xxapakre-
PHU3YIOTCS EPECTAHOBOYHOM JBOWCTBEHHOCTHIO.
N3 (1.38) momyyaeM KOMIIOHEHTHI OJTMKHETO TOJIS:

1 ) )
E, = m“Szwsism(ot; H,=—"™" 3 cosdcoswt;
4mr 2mur
(1.39)
Hg= M Scosdeosor; my, =1IppS
4mur

U I10JIA U3JTYYCHUA:
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1kAswl

E, cos(wt—kr)sind; H, =0;
dnr
(1.40)
1,,k%S
Hgq=—""——cos(wt—kr)sin9.
dnr
ZA \H

3

v

B nanbHen 30HE 3JIEMEHTapHBIM MAarHUTHBIN U3JIy4aTellb CO34a€T BOJHOBOE
10JIe, KOTOPOE OTIMYAETCSA OT MOJIS AIEMEHTAPHOIO AJIEKTPUUYECKOrO M3Iydare-
751 TOJbKO opueHTauuent (puc. 1.12). Jlnarpamma HanpaBI€HHOCTA MAarHUTHOTO
W3JIy4yaTenss HE OTJIMYAETCS OT JAMarpaMMbl HAIPABICHHOCTH 3JIEMEHTapHOTO
aneKkTpuyeckoro usnyyarens (puc. 1.10).

Puc. 1.12

1.2.1.4. dnexmpomacnummnoie kananvl ymeuxku ungpopmayuu TCIITH

K no6ounbim s5ekTpoMarauTHeIM u3nydeHussM TCIIU otHocsTCS:

er3nydeHus aneMeHToB TCIIN;

®3JIyUYCHHMS] Ha 4YacToTax paboThl BhICOKOYAcTOTHBIX (BY) renepaTopos
TCIIN;

®U3IIyYCHHUSI HAa YacTOTaX caMOBO30YKJICHUsI yCHIINTENEH HU3KOW YaCTOThI
(YHY) TCIIN.

Inekmpomacnumuvle uznydyenus snemenmos TCIIH. B TCIIN, B yvacTHOCTH
U B JIMHUAX CBSI3U, BXOJSIIMX B UX COCTaB, HOCUTEJNIEM HH(POPMAIUU SIBISACTCS
AIEKTPUYECKUN TOK, XAPAKTEPUCTUKNA KOTOPOTO (CUjla TOKA, HAINPSKEHUE, dac-
ToTa 1 (paza) U3MEHSIOTCA 10 3aKOHY HMH(pOpMaIMoHHoro curHana. [Ipu mpoxo-
KJICHUU DJIEKTpUUeCcKoro toka mo mnpoBoaHukaM TCIIM Bokpyr HHX B OKpY-
KAIOLIEM IIPOCTPAHCTBE BO3HUKAET DJIEKTPUUECKOE U MarHutHoe noJie. I1o aton
npuuuHe 35eMeHTbl TCIIM MOXHO paccMaTpuBaTh KaK H3Ty4aTeNd 3JIEKTPO-
MarHUTHOI'O TOJIsl, COCTaBJISAIOIINE KOTOPOTO MOIYJIHUPOBAHBI TAKKE M0 3aKOHY
M3MEHEHUS] UHPOPMAIMOHHOT'O CUTHAJIA.

BpICOKOUAaCTOTHBIE 3JIEKTPOMATHUTHBIE WU3IYyUYECHUS MEPEAATYUNKOB CPEICTB
CBSI3U, MOJIyJIMPOBAaHHbIC MH()OPMAITMOHHBIM CUTHAJIOM, MOTYT MEePEXBATHIBATh-
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Csl TOPTAaTUBHBIMU CPEJICTBAMH PATMOPA3BEIIKN U MPU HEOOXOIUMOCTH Tepe/ia-
BaTbCsl B LIEHTP 00paOOTKH 715l UX PACKOJAUPOBAHUS.

JlaHHBII KaHan nepexBaTa MHPOPMALMK HauOoJiee NIMPOKO MCIOJIb3YETCs
JUIS TIPOCITYIIMBAHUS Tese(OHHBIX Pa3roBOPOB, BEAYUIMXCA MO paauoTenedo-
HaM, COTOBBIM Tele(OHAM WM TI0 PATUOPEIICHHBIM M CIYTHUKOBBIM JTMHUSM
CBSI3H.

DnekmpomazHumHbvle U3TY4eHuUs: NepcoHalbHulx Komnviomepos. COrjaacHo
OLICHOYHBIM JaHHbIM 10 KaHaity [IOMUH (moGouHbIX 37E€KTPOMAarHUTHBIX H3-
JY4YEHUU U HABOJIOK) MOKET OBbITh MepexBaueHo He Oosiee 1-2 MpOIEHTOB AaH-
HBIX, 00pabaThIBAaEMbIX HA MEPCOHAIBHBIX KOMITBIOTEPAX U JPYTUX TEXHUUECKUX
cpeactBax nepeaaun nHpopmaruu (TCITA) [33]. Ha nepBblii B3IJIs1 MOXET T10-
Ka3aThCs, YTO ATOT KaHAJ MEHEE OIAaCEH MO0 CPaBHEHUIO, HAIPUMED, C aKyCTHYE-
CKHM, TI0 KOTOPOMY W3 TIOMEIICHHS MOXKET OBITh MepexBayucHa peueBas HHPOP-
Malyy B MOJHOM oObeMe. Ho Heo0X0IMMO MOMHUTH, YTO B HACTOSIIEE BpeMs
HauOoJsiee BaxkHas HHGOpPMAIMs, COAEpKallas TOCYyJAapCTBEHHYIO TalHYy WIIA
TEXHOJIOTHUECKUE CEKPEThl, 00pabaThIBACTCSI HAa MEPCOHAIBHBIX KOMITbIOTEpaX.
Cnenuduka kanana [I9MUNH TtakoBa, 4yTo Te camble JBa MpoIlEeHTa UH(POpMa-
[[UU, YSI3BUMBIC JJIsI TEXHUUECKUX CPEJICTB MEpPeXBaTa — 3TO JIaHHBIC, BBOJAUMBIC
C KJIaBUATYPhl KOMITbIOTEPA WM 0TOOpakaeMble HA MOHUTOPE.

KoMmnbploTepsl MOpOXKAAIOT DJICEKTPOMArHUTHBIE H3JIYUYEHHS, KOTOPhIE HE
TOJIBKO CO3/IAI0T MOMEXHU [JIsi PAJUONpPUEMA, HO TAKXKE CO3[Ial0T TEXHUYECKHUE
KaHanbl yTeuku uHpopManmu. CoequHUTENbHBIC Ka0enu (JIMHUU CBsI3M), 00Ja-
JAIole WHIYKTUBHOCTBhIO U €MKOCThIO, 00pPa3ylOT pe30HAHCHBIE KOHTYPHI, W3-
Jy4YaroUIMe BbICOKOYACTOTHBIE JIEKTPOMArHUTHBIE BOJHBI, MOAYJHWPOBAHHBIMHU
CUTHaJIaMU JIaHHBIX.

AHaJIOTUYHas CUTyalllsl UMEET MECTO U MPU B3aUMHOM OOMEHE CUTHajIaMu
MEXy MapajieIbHO IPOIOXKEHHbIMU Kabemsimu. VcciaenoBaTensiMu mpo1IeMOH-
CTPUPOBAHO BOCCTAaHOBJICHHWE CETEBBIX HaHHBIX uepe3 TeNePOHHYIO JHHHIO,
npudeM TenedOHHBIN KaOeab MPOXOIU PAIOM ¢ KabelleM KOMITbIOTEPHOU ceTu
BCEr0 Ha MPOTSHKEHUH JIBYX METpoB. Eme oiHa OMacHOCTh UCXOIHUT OT "aKTHB-
HbIX'" aTaK (BBICOKOYACTOTHOE HABA3BIBAHME): 3JI0YMBILIJICHHHUK, 3HAKOIINUNA pe-
30HAHCHYIO 4acTOTy, HampuMmep, Kadessi KiiaBuaTypbl EPCOHAIIBHOIO KOMIIbIO-
Tepa, MOXKET O0JydaTh €ro Ha 3TOW 4YacTOTE, a 3aTEM PEruCTPUPOBATH KObI
HaXXaTUsl KJIABUII B PETPAHCIMPYEMOM PE30HAHCHOM CHUTHasie OJjlarojiapsi BbI-
3BaHHBIM MU W3MEHEHUSIM UMIIEJIAHCA.

Jus IIK BbICOKOYACTOTHBIEC M3TyYEHUSI HaXoasaTcs B Auanazone 10 1 [T ¢
MakcumymoM B miosioce S0-300 MTI'n. Illupokuit ciekTp 00ycloBIEH HATUYHUEM
KaK OCHOBHOW, TaK M BBICHIMX FAPMOHHK MOCIEAOBATEIBHOCTEN KOPOTKUX MIPS-
MOYTOJIbHBIX MH(OPMALIMOHHBIX UMITYJIbCOB. K TOSBIECHUIO AOMOIHUTEIBHBIX
COCTABJIIOIIMX B MOOOYHOM 3JIEKTPOMATHUTHOM HU3JIYYEHUHM MPUBOIUT TAKKE
MPUMEHEHUE B BBIUUCIUTEIIBHBIX CPEJCTBAX BBICOKOYACTOTHOM KOMMYTAIIUH.
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['oBOpUTH O KaKOW-TMOO AMarpaMMe HampaBiICHHOCTH 3JEKTPOMArHUTHBIX
m3nyueHui 11K He nmeer cmbicna, Tak Kak pacrojgoXEHHUE €ro COCTaBHBIX Yac-
Tei umeer MHOro komOuHarui. I1IK umeer nuHelinyro nonspusamnuio. OHa or-
peAeNsieTCsl PacloIOKEHNEM COCIMHHUTEIIBHBIX KaOeleu, SBISIOIINXCS OCHOB-
HBIMM HCTOYHMKaMH wu3nydyeHuid B I[IK ¢ MeTamnmueckuMm KOXyXOM Ha
CUCTEMHOM OJIOKE.

YpoBHU TOOOYHBIX EKTPOMArHUTHBIX u3nyueHuid BT pernmaMmeHTupoBaHbI
M0 YCJIOBUSIM 3JE€KTPOMArHUTHOM COBMECTUMOCTH LIEJIBIM PSAIOM 3apyOeKHBIX U
OTEUECTBEHHBIX CTaHAApPTOB. Tak, Hampumep, coryacHo nyOnukaruu «Ne 22
CISPR (cneumnanbHbld MEKIYHAPOIHBIM KOMUTET MO PaguoIrioMexaM) i Jaua-
na3zoHa 230-1000 MI'm ypoBeHb HaANpsSHKEHHOCTH 3JIEKTPOMATHUTHOTO IIOJIA,
usnmydaemoro oobopyaosanuem BT, Ha pacctosanm 10 M He TOJDKEH MPEBBINIATH
37 nb. OmHaKo U3ITy4YeHHUS] TAKOTO YPOBHS MOTYT OBITh IEpEXBadeHbl HA 3HAYU-
TENbHBIX paccTosHUsAX. CleAoBaTENbHO, COOTBETCTBHE AJIEKTPOMATHUTHBIX
m3nyyeHni cpeacts BT HopmaM Ha 37I€KTPOMAarHMTHYIO COBMECTUMOCTH HE
o0OecreynBaeT coxpaHeHue KOH(MUIECHIMATbHOCTH 00padaThiBa€MOW B HUX HH-
dbopmaruu.

dnexmpomacHummusle u3nyueHus Ha dacmomax pabomwvl BY eenepamopos
TCIH u BTCC. B cocras TCIIA u BTCC moryT BXOAUTh pa3aInyHOro pojaa BbI-
COKOYACTOTHBIE TEHEPATOPHI KAK-TO: 3aJIal0IINE N'€HEPATOPbl, TEHEPATOPHI TaK-
TOBOM 4aCTOTHI, TEHEPATOPHI CTUPAHUS ¥ TTOJAMArHUUYUBAHUSI MarHUTO(OHOB, Te-
TEPOJIUHBI PATUOTIPUEMHBIX YCTPOMCTB, T€HEPATOPHI U3MEPUTENIBHBIX MPHUOOPOB
U T.J.

[Ipu BHEWIHUX BO3AECUCTBUSAX WH(GOPMAIMOHHOTO CHUTHaNA (HampuMmep,
ANEKTPOMAarHUTHBIX MOJIEd) Ha 3nemeHTax BY reHepatopoB MHIYKTUPYIOTCS
ANEKTpUYECKUe curHaibl. [[ppeMHbIMU aHTEHHAMU JJ1s1 MATHUTHOTO TOJIE MOTYT
CIIY)KUTh KaTYyIIKH WHIYKTUBHOCTU KOJIEOATEIhHBIX KOHTYPOB, CIIIaKUBAIOIITHE
JIPOCCEIIN B LEMAX JICKTPONUTAHUA U T.J. [I[pueMHHKaMU 3JIEKTPUYECKOTO MOJISk
SBJISIFOTCSI IPOBOJIA BBICOKOYACTOTHBIX LIETIEN U JpyTrHUe 3JIeMeHThl. NHIyKTUPO-
BaHHBIC DJIEKTPUUECKUE CUTHAIBI MOTYT BBI3BaTh MOYJIAINIO COOCTBeHHbIX BY
KOJIeOaHUI TeHePaTOPOB U U3TYyUECHHUE UX B OKPYKAIOIIEe IPOCTPAHCTBO.

INneKkmpomacHuUmHble U3IY4UeHUs HA 4acmomax camososzoyxcoenus YHY
TCIIA. CamoBo30yxnenne YHY TCIIU (Hanpumep, yCUITUTENEH CHCTEM 3BY-
KOYCUJICHHSI U 3BYKOBOT'O COIPOBOXJEHUS, MATHUTO(POHOB, CUCTEM TI'POMKOTO-
BOPSIIEH CBSI3M T.II.) BO3MOXKHO 3a CYET MpPeoOpa3oBaHUM OTPHUIATEIBHBIX 00-
pPaTHBIX CBSI3€M (MHAYKTUBHBIX WJIM EMKOCTHBIX) B MAPa3UTHBIE MOJ0KUTEIbHBIE
B pe3yabpTaTe (Pa3oBOTo cBUra CUrHajga oOpaTHOM CBA3M HA OMPEIEIICHHBIX Yac-
TOTaX, YTO MPUBOJUT K MEPEBOAY YCHIMTENS U3 PEKUMA YCUIIEHUS B PEKUM aB-
TOT€HepaluK cUrHaioB. Yactora caMoBO30YyKICHHUST HAXOAUTCS B Mpejeax pa-
O0ounx yacToT 3nemeHToB YHUY (Hampumep, moympoBOJHUKOBBIX MPUOOPOB,
AIEKTPOBAKYYMHBIX JIAMIT U T.I1.), IEPEXOASAIINX B HEIIMHEHHBINH PEXKUM paOOThI
MIpU MEePErpy3Ke 3a CUET JICUCTBUSI MTOJOKUTEIBHON 00paTHOM cBsizu. CUTHAI Ha
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4acTOTaxX caMOBO30YKJICHHMs, KaK MPABUIIO, OKA3bIBAETCS MTPOMOIYIMPOBAHHBIM
nH(pOpMaIMOHHBIM cUTHaJOM. [lepexBaT MOOOYHBIX AIEKTPOMATHUTHBIX H3ITY-
yennit TCIIM ocymiecTBisieTcsl CpeacTBaMUu pavo-, PAAUOTEXHUUYECKOW pas-
BEJIKH, Pa3MEIICHHBIMU 3a MIPEJeIaMi KOHTPOJIUPYEMOM 30HBI.

30Ha, B KOTOPOU BO3MOXKEH MEPEXBAT MOOOUYHBIX JICKTPOMATrHUTHBIX U3ITY-
YEHUN C MOMOIIBIO0 Pa3BEIbIBATEILHOTO MPUEMHUKA C MOCIEAYIONIEeH pacimd-
POBKOM cojiepkalieiicsi B HuX nHopmManuu (T.€. 30Ha, B IIpeesiax KOTOPOMl OT-
HOIIIEHHE «WH()OPMALIMOHHBI CUTHAJI/TIOMEXa» MPEBBIIIAET JOMYCTUMOE
HOPMUPOBAHHOE 3HAYEHHUE ), HA3bIBAETCSI OACHOM 30HOU 2.

1.2.2. DnekTpuyeckne KaHAJbI YTeYKH HH(OPMALUT

DneKTpUYeCcKre KaHalbl YTeUKH HHPOPMAIH 00pa3yIOTCs 3a CUET:

® HaBOJIOK dJieKTpoMarHuTHbIX u3nydeHuit TCIIW Ha coenuHUTEIBHBIC JIH-
Hun BTCC u mocTopoHHHE MPOBOJHHMKH, BBIXOJAIIME 3a MPEACIbl KOHTPOJIH-
PYyEMOW 30HBI;

e MpocauyuBaHusl WH(OPMAIMOHHBIX CUTHAJIOB B IEMHU AJICKTPOMUTAHUS
TCIIU;

® IpocaynBaHus HHGHOPMAIMOHHBIX CUTHANOB B menu 3azemuienust TCIIN.

1.2.2.1. Haeooku rnekmpomaznumnwix usayuenuii TCITH

HaBonku Bo3HuKaroT npu n3nydeHuu sneMmeHtamu TCIIA (B Tom uucne n
WX COCIMHUTEILHBIMU JIMHUAMH) WH(POPMAIMOHHBIX CUTHAJIOB, a TaKXe IPHU
HaJIMYMM TaJIbBAaHMYECKOUN CBs3U coeauHuTeNnbHbIX JuHuil TCIIN u mocTtopon-
HUX TTpoBOJAHUKOB WK JuHu BTCC. YpoBeHb HABOJAMMBIX CUTHAJIOB B 3HAYM-
TEJIbHOM CTENEHM 3aBUCUT OT MOIIHOCTU M3JIy4a€MbIX CUTHAJIOB, PACCTOSIHUS J0
MIPOBOJIHUKOB, a TaKXKe JUIMHBI coeAMHUTENbHBIX JUHUN TCIIN 1 moctopoHHUX
MIPOBO/IHUKOB.

[IpoctpancTBo Bokpyr TCIIN, B mpenenax KOTOPOro Ha CaIy4alHbIX aHTCH-
Hax HaBOJIUTCS MH(POPMAIIMOHHBIA CUTHAJ BBIIIIC HOPMHUPOBAHHOTO YPOBHS, Ha-
3pIBaeTCA (OMacHOM) 30HO1 1.

Cny4yalinpiMu aHTeHHaMU MOTYT ObITh 1ienu BTCC uiu mocTopoHHHE MPo-
BOJIHUKH, CITOCOOHBIE MPUHUMATH TOOOYHBIE AJIEKTPOMATrHUTHBIC U3TyUCHUSI.

CnyyaliHble aHTEHHBI MOTYT OBITh COCPEIOTOYECHHBIMU U PacIpe/eICHHbI-
Mu. CocpedomoyenHnas cay4auHas aHmeHHa TPEJICTaBIseT CO00N TEXHUUYECKOEe
CpeACTBO HEOOIBIIOro 00beMa, HapuMep Tele(OHHBIN aImapar, TPOMKOTOBO-
pUTENb PaIUOTPAHCISIIUOHHON ceTH, penie u T.4. K pacnpeodenennvim cnyuau-
HbIM QHMEHHAM OTHOCSTCS CIIy4alHbIE aHTCHHBI C PACIPEICICHHBIMU ITApAMET-
paMu (IUTMHHBIC JIMHWH): KaOejau, MpoBOJia, METAUIMYECKUE TPYObl U APYrue
TOKOTIPOBOJAIINE YCTPONCTRBA.
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IIpocauuearnue ungopmayuonunvix cueHanos 8 yenu snekmponumarusi. I1po-
CauyMBaHHUE BO3MOXHO MPU HATWYMH B3aUMOMHIYKTUBHOMW CBSI3U MEXY BBIXOJ-
HbIM TpaHchopmaTopoM ycunutens (Hanpumep, YHY) u tpanchopmaTropom
BBINIPSAMUTEILHOTO yCTpoiicTBa. Kpome TOro, TOKM yCUIMBaeMbIX MH(pOpMaIu-
OHHBIX CUTHAJIOB 3aMBIKAIOTCS 4€pe3 MCTOYHUK DJICKTPONMUTAHUS, CO3/1aBas HA
€ro BHyTPEHHEM CONPOTUBJICHUU MAaJCHUE HANPSHKEHUS, KOTOPOE MTPU HENOCTA-
TOYHOM 3aTyXaHUU B (PUIBTPE BHIIPSIMUTEIBHOTO YCTPOUCTBA MOXKET OBITH 00-
Hapy>XE€HO B JIMHUU dJeKTponuTaHus. MHGOpMaIIMOHHBIN CUTHAJI MOXET IpO-
HUKHYTh B LIENHU JJCKTPONUTAHUSA TAaKKE B PE3yJbTaT€ TOr0, YTO CpEIHEE
3HaYCHUE MOTPEOJIIEMOTO TOKa B OKOHEUHBIX KacKajaxX yCUJIUTENe B OOJbIIeH
WM MEHBIIIEW CTENEHW 3aBUCUT OT aMIUIMTY/Abl MH(POPMAIITMOHHOTO CHUTHAAa,
YTO CO3JAC€T HEPABHOMEPHYIO HArpy3Ky Ha BBIIPSIMUTENDL U MPUBOAUT K U3ME-
HEHUIO MOTPeOIISIEMOro TOKa 0 3aKOHY U3MEHEHHS HH(POPMAIIMOHHOTO CHUTHAJIA.

HaBonku Ha Bropnunbie ncTouHuku nutanus (BUII), MoxxHO pa3aennTs Ha
TPU BUJA: HABOJAKHU B BHUJIC NMEPEMEHHOTO HAMPSKECHUS C YaCTOTOM MUTAIOIICH
CEeTU WJIH €€ TapMOHMK, BBICOKOYACTOTHBIE HABOJIKH, MOSBIISIONIMECS BCIEICT-
BHE aHTEHHOro 3¢ @dekTa MpoBOJOB MUTAIONICH CETU, HABOJAKU, BO3HUKAIOIIUE
BHYTpH OJIOKa BCJICICTBUE MOSIBJICHUS MMapa3UTHBIX CBsI3EH uepe3 o0Iue MmpoBo-
Jla TUTAHUS Pa3JIMYHbBIX SJIEMECHTOB.

OCHOBHBIMM MPUYUHAMM TOSBJICHUSA MMOMEXU C YACTOTOM MHUTAIOMIECH CETH
WJIH €€ TapMOHUK SIBJISIFOTCSI HEIOCTATOYHOE CriIakKMBaHue myibcauud B BUII,
Mapa3uTHBIE CBSI3M JJIEMEHTOB C IepBUYHBIMU HermsiMu BUII, HeskBunoreHuu-
aJTBbHOCTh TOYEK 3a3€MJICHUS, HAJTU4Yue OOIIUX MPOBOJAOB MUTAHMUS, 0 KOTOPHIM
BO3MO’KHA rajibBaHMYECKas CBs3b. 3 BCEX MPUUYUH TOJBKO MEPBAS HE SIBIISIETCS
CJIEICTBUEM IMAPA3UTHBIX MPOLECCOB. BennunHa HaBOAKHU 3aBUCUT HE TOJIBKO OT
BUJIa MApPa3UTHOM CBSI3M, HO U OT CXEMbl MOJKIIOUeHUs AByxda3zubix BUII k
Tpex(da3zHON MPOMBIIICHHOUN CETH.

B kanane cBsi3u npu €MKOCTHOM Mapa3zuTHOM CBs3M (puc. 1.13) mma cxembl
MATaHUs 0€3 HyJIEBOro IMpoBoaa momexa oyner [3]

Unn =(U1Cri ~UsCrig) Reon N1+ T oog, (141)
rie Cy1,Cyy — Hapa3uTHBIE €MKOCTH KaHala CBS3M ¢ ()a3HBIMH IIPOBOJAAMHU, B
obmem ciydyae Cyyp #Cro; @y — 4acToTa nurtaroien cetu; Ry,T, — BHYTpEHHEE
CONPOTHUBJICHUE U MOCTOSIHHAS BPEMEHU KaHajia CBSI3H.
N3 (1.41) BugHO, 9TO JUIS CHYDKCHHUS HABOJKH HEOOXOAMMO JTOOMBATHCS pa-
BeHCTBa Cj1 =Cp u Uy =U).
Jlnst BeimoniHeHust paBeHCTBAa Cp =Cp o HEOOXOAMMO TMOJBOAKY TMEpEMEH-

HBIX HAIPSYKEHUW BBIMOJHATH CHMMETPUYHOM JABYXIIPOBOJIHOW JINHUEHW C MUHU-
MaJIbHO BO3MOHBIM PACCTOSIHUEM MEXAY MPOBOAAMH, YaIle BCErO IJIsL ITOTO
MCIOJIB3YIOT BUTYIO Tapy. Beimonnenue paBencrsa Uy =U, He 3aBUCHUT OT IIO-

TpeOUTENS U B OOIIEM cllydae He 00eCIIeunBacTCHl.
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Puc. 1.13. Cxema eMKOCTHOU BHEIIHEW ITAPA3UTHOMN CBSI3H
¢ nepBu4HOM Lenbro BUII

[IoMexu B cxeMe C HyJIEBBIM ITPOBOAOM MOKHO paccuutath 1o (1.41), mon-
craBuB U BMecTO U, . B 3TOM Ciydae st CHUYKEHUS HABOJKU UMEETCS TOJIBKO

OJIVH IYTh — CHUKEHUE MAPA3UTHON eMKOCTH Cpj.

Bropas npuunHa NosiBICHUS HABOJAKHU C YACTOTOW MUTAKOIICH CETU 3aKIIIO-
YaeTCsl B HATMYUU OOIIUX MPOBOIOB.

IIpocauusanue ungopmayuonnvix cuenanos 6 yenu 3azemienus. Kpome 3a-
3EMJISIFOIIMX MTPOBOJAHUKOB, CIYXKaIllMX ISl HEMOCPEICTBEHHOIO COEOUHEHMS
TCIIN ¢ KOHTYpOM 3a3eMJIEHUS, TAIbBAHUYECKYIO CBSI3b C 3€MJIE MOTYT UMETh
pa3JIMuHbIe TTPOBOJHUKH, BBIXOJSIIUE 3a Mpeaeibl KOHTPOIUpyemoil 30HbI. K
HUM OTHOCSITCS HYJIEBOW TMPOBOJI CETH DJIEKTPOMUTAHUSI, SKPaHbl (MeTajInye-
CKre OO0OJIOUKM) COCAMHUTENBHBIX Kabenel, MeTaluIM4ecKue TPyObl cCHUCTEeM
OTOIJICHUS U BOJIOCHAOKCHUS, METaJUTMYECKasi apMaTypa >Kele300€TOHHBIX KOH-
CTPYKLMU U T.4. Bce 3T MPOBOHUKU COBMECTHO C 3a3€MIISIFOIIUM YCTPOUCTBOM
00pa3yloT pa3BETBICHHYIO CHUCTEMY 3a3€MJICHHS, B KOTOPOH MOTYT HABOJIUTHCS
uH(popMalMoHHbIe curHaibl. KpoMe Toro, B rpyHTe BOKPYT 3a3€MIISIIOILETO YCT-
pOICTBa BO3ZHUKAET AJIEKTPOMArHUTHOE MOJIe, KOTOPOE TaKXKe SIBJISETCS MCTOY-
HUKOM HH(OpMaIuu.

[TepexBaT MHPOPMAIMOHHBIX CUTHAJIOB IO 3JIEKTPUYECKUM KaHajlaM yTeu-
KM BO3MOXEH IMyTEM HEMOCPEJACTBEHHOTO MOJKIIOUYEHUS K COCIUHUTEIIbHBIM
muausiM BTCC 1 mocTOpOHHMM MPOBOJHUKAM CIEIUAIbHBIX YCTPOUCTB CheMa
undopmarmu. [l mepexBara 3JEKTPOMArHUTHBIX CHUTHAJIOB HCIOJIB3YIOTCS
CIIELIMAIBHBIE CPEACTBA PAUO- U PAAUOTEXHUYECKON PA3BEIKHU.
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Cvem uHopmayuu no s1eKkmpudecKkum Kanaiam ymedxku ungopmayuu. Jns
cbema nHpopmanuu, oopadarsisaemoi B TCIIN, npuMeHsOT TJ1aBHBIM 00pa3oM
AJIEKTPOHHBIE YCTPOMCTBA MepexBaTa MHMOOPMALUU — 3aKAAOHblE YCIMPOUCMEA.
DJEKTPOHHBIE YCTPONCTBA TepexBaTa HHQPOpPMAIMK, YCTAaHABIMBAEMbIC B
TCIIN, uHorAa HA3BIBAKOT annapamuvimu 3akiaoxkamu. OHU OPEACTaBISAIOT CO-
00l MUHHU-TIEpEaTUNKH, U3JIYYEHHE KOTOPBIX MOAYJIUpPYETCs MH(POpPMalUOH-
HbIM CUTHaJIOM. 3akijajgku ycrtaHaBiuBaroTcsi B TCIIM kak MHOCTpaHHOIO TaK
OTEYECTBEHHOT'O ITPOU3BO/ICTBA.

[lepexBayeHHasi C MOMOIIBIO 3aKIJIAIHBIX YCTPOMCTB MH(MOpMALU WIH He-
IIOCPEACTBEHHO IEPENAETCS MO paJrOKaHaly, WM CHadaja HaKalIMBAETCS Ha
CHELUAIbHOM 3alIOMUHAIONIEM YCTPOWCTBE, a YK€ 3aT€M [0 CUTHAIy U3BHE Iie-
pelaeTcs Ha 3alpPOCUBIIHNN €€ O0OBEKT.

DNeKTpUYECKUi KaHa TepexBaTa HHPOPMAIIHNH, TIepeaaBaeMoi 1Mo Kadeb-
HBIM JIMHUSIM CBSI3H, IPEANOJIAracT KOHTAKTHOE MOAKIFOYEHHUE aIllapaTypsl pas-
BEJIKU K KaOEJIbHBIM JIMHUSM CBS3H.

Camblif TPOCTOM CIOCOO — ATO HEMOCPEACTBEHHOE MapalieIbHOE MOJIKIIIO-
YeHue K JUHUMU cBA3u. Ho naHHbIN (akT JIeTKo 0OHapyKUBAETCs, TAK KaK MpH-
BOJAUT K MU3MEHEHUIO XapaKTEPUCTUK JIMHUU CBA3M 3a CUET MaJCHUS HampshKe-
Hus. [losTomMy cpencTBa pa3BeAKH K JIMHUM CBA3U MOAKIIOYAIOTCS WIH 4Yepe3
COTJIACYIOIIEE YCTPOUCTBO, HECKOJIBKO CHIIKAIOIIEE IaJICHUE HAIPSIKCHUS, WU
4yepe3 CHelUalbHble yCTPONWCTBA KOMIIEHCAUMU NaJcHUS HanpspkeHus. B mo-
CJIEIHEM CJIyyae alrmaparypa pa3BeIKM M YCTPOWCTBO KOMIICHCALMM NaJCHUS
HaIpsKEHUS BKIIFOYAKOTCS B JIMHUIO CBA3U MOCJIEN0BATENBHO, YTO CYLIECTBEHHO
3aTpyAHseT oOHapykeHue (aKkTa HECAaHKIIMOHUPOBAHHOTO MOJAKIIOUEHHUS K HEH.

KoHTakTHBIN cI0COO UCIONIB3YETCSI B OCHOBHOM JUIsl CHATUSA HMH(POPMALIMH C
KOAaKCHAJIbHBIX U HU3KOYACTOTHBIX Kabenel cBs3u. g kabeneld, BHyTpU KOTO-
PBIX MOAJIEPKUBAETCS MOBBIILICHHOE JABJICHUE BO3/1yXa, IPUMEHSIOTCS YCTPOil-
CTBAa, UCKJIIOYAIOIIUE €r0 CHW)KEHUE, B PE3YJIBTATE YEro MPEAOTBPAILACTCS Cpa-
OaTbIBaHUE CHEIUATBHON CUTHATTU3ALINU.

DNeKTpUYeCKUil KaHan HauboJiee 4acTO HCHOJb3yeTcs AJis NepexBara Te-
nedoHHBIX pa3roBopoB. IIpu 3ToM nepexBarbiBaeMas UHPOPMALIMS MOXKET He-
MOCPEJICTBEHHO 3aMMChIBaThCA Ha TUKTO(POH WIIM TEpeNaBaThCs MO PauoKa-
HaJy B IyHKT IpHemMa Uil €€ 3aliCu U aHallu3a. Y CTPOUCTBA, MOJKII0YaeMbIe K
Teae()OHHBIM JIMHUSM CBSI3M U KOMILJIEKCUPOBAHHbBIE C YCTPOMCTBAMU NEpeaadn
uH(bOpMALIMK TIO paJHOKaHAIly, YacTO HA3bIBAIOT MmenehOHHbIMU 3aAKIAOKAMU.

B cnydae ucCnosib30BaHHs CUTHANIBHBIX YCTPOMCTB KOHTPOJS LEJIOCTHOCTH
JIMHUM CBSI3U, €€ aKTUBHOTO U PEAKTUBHOT'O CONPOTUBIIEHUS (PaKT KOHTAKTHOI'O
NOJAKIIOYEHHUs K HeW anmapatypsl pa3Beaku Oyner oOHapysxeH. [lostomy cnerr-
CIIy0bl HanbOoJIee YacTO UCMOIB3YIOT UMHAYKTUBHBIN KaHA repexBara uHQop-
Maluy, He TPeOYIOUIMI KOHTAKTHOIO MOJAKIIOYEHUsl K KaHajlaM CBA3U. B naH-
HOM KaHajie ucrnosib3dyercss 3((EeKT BO3ZHUKHOBEHHS BOKPYr KaOens CBs3U
AJIEKTPOMArHUTHOTO TOJISI IPU MPOXOKICHUHU 110 HEMY UH(OPMAIIMOHHBIX 3JICK-
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TPUUYECKUX CUTHAJIOB, KOTOPBIC MEPEXBATHIBAIOTCS CIICIIMATBLHBIMUA UHAYKIIUOH-
HbIMU AaTYMKamMu. WMHIYyKIMOHHBIE NATYMKU HMCIOJIB3YIOTCS B OCHOBHOM IS
cheMa MH(OpPMaIIMKM C CUMMETPUYHBIX BBICOKOYACTOTHBIX KaOesnei. CUrHaibl ¢
JTATYUKOB YCHJIMBAIOTCS, OCYILECTBIISIETCS YACTOTHOE pPa3/IEJICHUE KaHaJoB, U
uH(popMalus, TiepeiaBaeMas 1o OTACIbHBIM KaHallaM, 3alMChIBACTCS Ha MarHu-
TO(OH WJIM BBICOKOYACTOTHBIM CHUTHAJ 3alUCHIBACTCSA Ha CTCIAATBbHBIM MarHu-
TO(OH.

CoBpeMeHHbIC WHAYKIIMOHHBIC TaTYUKH CIIOCOOHBI CHUMATh WH()OPMAIIHIO
c kabelel, 3allUIICHHBIX HE TOJBKO H3OJAIMEH, HO M JIBOMHOW OpoHEH u3
CTaJIbHOM JIEHTHI U CTaJbHOW MPOBOJIOKH, IJIOTHO OOBUBAIOIINX Ka0EIIb.

JInst 0ECKOHTAKTHOTO CheMa MH(OpMAIUU C HE3AUTUIIEHHBIX TeJIePOHHBIX
JIUHUM CBSI3M MOTYT MCIOJIb30BAThCS CIECHHAIbHBIE HU3KOYACTOTHBIC YCUIIUTE-
JI1, CHaO’KE€HHbIE MATHUTHBEIMU aHTEHHAMU.

HexoTopble cpeacTBa O€CKOHTAKTHOTO CheMa MH(pOpMaIiU, TiepeilaBacMoi
M0 KaHajaM CBS3W, MOTYT KOMILJIEKCHPOBATHCS C pPaJMOINEpPENaTUUKAMM JIJIs
PETPaHCIIAINY B LICHTP €€ 00pabOoTKHU.

Hcxons u3 Beime nepeunciaeHubix ocooennocret TCIIM u BTCC, a takxke
BO3MOYKHOCTEH COBPEMEHHBIX TEXHUYECKHX PA3BEOK MOXKHO 3aKJIFOYWUTh, YTO
BCEr/la CYIIECTBYET IMOTCHIMAJIbHAS OMACHOCTh BO3HHMKHOBEHHUSI TEXHHUUYECKOIO
kKaHana yreuyku nHpopmammu. M 3ta mpobiema mOmKHA pemaThesl 3a CUeT CO-
BeprieHcTBOBaHus nipumensemoro obopynoBanus (TCIIM u BTCC), tak u npu-
MEHEHHUS CPEJICTB aKTUBHOM 3aIIUTHI.

1.2.3. IlapameTpryecKuii KaHAJ YTeYKH HH(POpMALHUHU

[TapameTpudeckuii KaHaJl yTEYKH WHOOPMAIIUK HUCIIONB3YETCS I Tepe-
xBaTa oOpabaThiBaeMONl B TEXHHYECKUX CpEICTBaX WH(OOpPMAIMUA IyTEM HX
«8blCOKOYACMOMHO20 007 ueruss». 1lpu BO3ACHCTBUN OOyYaromero 3JeKTpo-
MarHuTHOro mnoJisi Ha 3neMeHThl TCIIN nmpoucxoauT nepersnydeHue SIeKTpo-
MarHuTHOrO ToJisi. B psijie ciiydyaeB BO3MOXKHA MOMYJISIIIUSL BTOPUYHOTO H3ITY-
Yalomero mnoyisi WHPOPMAIMOHHBIM CUTHAJIOM. [l MCKIIOYEHHs] B3aWMHOIO
BIUSHUST OOJTyYarOIIeTo U MEPEU3TyUYeHHOTO0 CUTHAJIIOB MOKET MCIOJb30BaThCS
UX BPEMEHHOE WJIM 4acToTHOe paszaeneHue. Hanpumep, mis obnydyenuss TCITNU
MOTYT MCIIOJIb30BaTh UMITYJIbCHBIE CUTHAJIBI, B IPOMEKYTKaX MEXAY KOTOPBIMHU
OCYILIECTBJISIETCS] IPUEM MEPEU3TYUEHHBIX CUTHAIIOB.

[Ipu nepeussiyyeHUU napaMeTpbl CUTHAIOB U3MEHSIOTCA. [103TOMY JaHHBIM
KaHaJl yTeUYKU WH()OPMAIIUU YACTO HA3BIBAIOT NAPAMEMPULECKUM.

Jlns mepexBata mHGOPMAIMK IO JAaHHOMY KaHATy MPUMEHSIOT CIEralb-
HbIE€ BBICOKOYACTOTHBIE T€HEPATOPHI C AHTEHHAMU, UMEIOIIUMU y3KUE Juarpam-
MBI HaIllPaBJIICHHOCTH, U CIICIIHMAIbHBIE PAJIMOTNIPUEMHBIE YCTPOUCTBA.

Nudopmanus mocie oopadotku B TCIIM MoxeT mepenaBaThCs Mo IPOBO/I-
HBIM KaHajaM CBSI3H, IJIe TaKKE BO3MOYKEH €€ MepexBar.
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