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1. HEJIb PABOTHBI

[lonyyeHnue HaBBIKOB IMpeoOpa3oBaHus HU(POBOrO MOTOKa 0€3 H3MEHEHUs
CKOPOCTH TIEpPEeNauu C HETbI0 MOJYYCHUSI CBOWCTB, OJMM3KMX K CBOWCTBAM CIy4alHOM

IMOCJICAOBAaTCIBbHOCTH

2. TEOPETHYECKAS YACTD

CkpemOnupoBaHre — 3To oOpaTUMoe Ipeodpa3zoBaHuEe U(PPOBOro MOTOKA O€3
M3MEHEHUSI CKOPOCTH TEpeadl ¢ IEIbI0 TOJYyYCHHsI CBOWCTB, OJIM3KUX K CBOMCTBAM
Cily4ailHOM mocnenoBaTelbHOCTU. VcxomHoe co0OIIeHrne MOXHO BOCCTaHOBHTH,
NpUMEHUB OOpaTHBIM anropuT™m. [IpUMEHHUTEN HO K TEIEKOMMYHHUKAIIMOHHBIM
CHUCTEMaM CKpEeMOJUPOBAaHUE TOBBIMIACT HAICKHOCTh CHHXPOHHU3AIMHA YCTPOUCTB,
MOAKIIOYEHHBIX K JIMHUM CBSI3M, M YMEHBIIACT YPOBEHb IOMEX, HM3JTy4yaeMbIX Ha
COCEIHHE JMHUU MHOTOXWIBHOTO Kabens. EcTh m wWHas o001acTh NPUMEHCHHS
CKpeMOJiepoB — 3amuTa MepenaBacMoil HMHGOpMAIMM OT HECAHKIMOHUPOBAHHOTO
J0CTyna.

Jns CMHXpPOHHOW mepenadyd JBOWYHBIA CHUTHAJ JOJDKEH YAOBJIETBOPATH IBYM
OCHOBHBIM TPEOOBAHUSIM:

1. gactora cmeHbl cuMBoJIOB (1, 0) HoMKHA 0OecreunBaTh HAJEKHOE BbIJICIICHUE
TaKTOBOW YaCTOTHI HEMIOCPEACTBEHHO M3 TPUHUMAEMOTO CUTHAJIA;

2. CTeKTpalibHAsI TNIOTHOCTh MOITHOCTH MEPEaBaeMOro CUTHaIA JIOJKHA OBITh,
M0 BO3MOXXHOCTH, MOCTOSSHHOM M COCPEIOTOYEHHON B 3aJaHHOM 00JIaCTH 4YacTOT ¢
IIEJIBI0 CHIKEHHUS B3aUMHOTO BIIUSHUS KaHAJIOB.

OpauM U3 cnoco0OB 00paOOTKM JBOMYHBIX TIOCBUIOK, YAOBJIETBOPSIOIIAM
JaHHBIM TPEOOBAHUSM SIBIIIETCS CKpeMOIupoBaHue (scramble — mepeMelnBanue).

[Tocne  ckpeMmOaupoBaHus  mosiBiIeHHME «1» ®m  «0» B BBIXOJHOHU
MOCJIEA0BATEILHOCTH MPUMEPHO PaBHOBEPOSATHO. CKpeMOIMPOBAHUE TaKXKE MOXKET
HCIIOJIL30BAThCS JIJISI ONPEISICHHON 3alUThI TIepeaBaeMoi HHOOpMaIINK, a TaKXKe IS

UJIeHTU(PUKAITUA a00OHCHTOB.
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CerM6HI/IpOBaHI/Ie IIAPOKO MPHUMCHACTCS BO MHOIMX BHAAX CUCTCM CBsA3U IJIA
YIYUIICHUA CTaTUCTUYCCKHX CBOICTB CHUTI'HaJIa. OOBIUHO CKp€M6J'II/Ip0BaHI/Ie

OCYIIECTBIISIETCS HA MOCIEAHEM JTare Mu(poBoi 00pabOTKH HEMOCPEICTBEHHO Tepe

Hemoaynarop |—>

Cxema
CHHKDDHHEEILI,HH

monysmuei (Puc. 1).

—l-r‘ Ckpembnep H Moaynatop }~——h-

Neckpembnep }-b

Puc. 1. Cxema BiItOYeHHS CKpeMOiiepa U JecKpemobiiepa B KaHall CBSI3U

CkpeMOmupoBaHUe MPOU3BOAUTCS HA TNEPEAAOIIEH CTOPOHE C IMOMOIIBIO
yCTpoiicTBa — ckpemOJepa, peaan3yoero JOrHuecKylo Orepaniuo CyMMUPOBAHUS 110
MOJIYJIIO 2 UCXOJHOTO U MPeo0pa3yroliero nceBaociIy4yaiHoro JBOMYHOro curnaia. Ha
MPUEMHON CTOpPOHE OCYIIECTBISIETCS OOpaTHas omepamnuss — BOCCTAHOBJIEHUE
YCTPOMCTBOM, Ha3bIBaeMbIM JeckpemOiepoM. [leckpemOnep BbLAEIsSET U3 NPUHATOM
MOCJIEIOBATEIbHOCTH UCXOIHYIO MOCIEI0BATENbHOCTD.

OCHOBHOIM 4YacThlO CKpemOliiepa SBISETCS TE€HEpaTop ICEBIOCIyYalHON

nocnenoBareiabHocTu (I1ICII) B BUle TMHEMHOrO N-KacKaJHOIO PErucTpa ¢ 0OpaTHBIMU

CBSI3IMU, (POPMUPYIOIIUHN TTOCIEA0BATEILHOCTh MAKCUMAJIBHOU JITTUHBI 2" —1.
PasnuyaroT 1Ba OCHOBHBIX THIA CKpeMOJIEpOB U  JIeCKpeMOJIepoB -
camocunxponusupyroimecs (CC) u ¢ yctaHOBKOH (agauTuBHbIC). B nuteparype takxe
MOKHO BCTPETHTb Jpyrue Ha3BaHUsA — CKpeMOJephl C HEH30JUPOBAHHBIM H
W30JUPOBAHHBIM oT JUHUU CBSI3U reHepaTopamu TICEBIOCTYYaiTHBIX
nocieaoBaTeabHOCTed. OCOOEHHOCTRIO CAMOCUHXPOHU3UpYIotierocs ckpemodinepa (CC
ckpeMOnepa) (Puc. 2) sBasercs TO, 4YTO OH YIPAaBISETCA CKPEMOJIUPOBAHHOM
MOCJIEA0BATEIBHOCTHIO, T.€. TOM, KOTOpas nepenaercs B kaHai. [loaromy mpu naHHOM
BUJIE CKpeMOJMpOBaHUS He Tpedyercs CHeuuaibHOM YCTAHOBKM  COCTOSTHUM
cKpembiiepa u Jieckpemoiiepa; CKpeMOJIMpoBaHHAs MOCIEA0BATEIbHOCTh 3aITUCHIBACTCS
B PErUCTphl CIABUTra CKpemoOiiepa M JecKpeMOiepa, yCTaHaBlIMBas MX B WACHTHUYHOE

coctosinue. [Ipu morepe CUHXpOHU3MA MEXIY CKPEMOJIEpPOM U JIeCKpeMOJIepOM BpeMs



BOCCTAHOBJICHUS CHUHXPOHHM3Ma HC IPCBBIMIACT YMCJId TAKTOB, PABHOTO YHCIY SAYCCK

peructpa ckpemonepa.
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Puc. 2. CamocuHXpoHH3UpYIOIIECs CKpeMOJep U IecKkpeMorep.
Ha npuemHol cTOpOHE BBIJIEICHUE UCXOIHON MOCIEA0BATEIIBHOCTH MPOUCXOIUT
MyTEM CJIOKEHUS IO MOAYJIO 2 MPUHATON CKPEMOJIMPOBAHHOM MOCIEA0BATEIILHOCTH C

IMOCJICAOBATCIILHOCTBIO HAa BEIXOAC CABHUI'OBOI'O PCTUCTPA. HaHpHMep, JJIA CXCMBbI Puc. 2

BXOJIHAs IIOCJIENOBATENbHOCTh &, C TIOMOIIBIO CKpeMOJepa B COOTBETCTBUHM C
cootHomeHHem B, = &, XOr (bk_GXOI’bk_7) npeobpasyercs B IOCHIIAEMYIO JBOUYHYIO

IIOCICA0OBATCIIbHOCTD bk . B IMPUCMHUKE M3 ITOM IIOCJICAOBATCIIBHOCTH TAaKHUM XK€

PETHCTPOM  CIBMIa, Kak Ha IpueMe, (DOPMHPYETCS  IIOCIENOBATENLHOCTD
*
Ay =ka0r(bk_6X0rbk_7). DTa MOCIENOBATENLHOCTh HAa BBIXOAE JECKpeMOnepa

HICHTUYHA HepBOHaanBHOﬁ IIOCJICA0BAaTCIBbHOCTH ak .

Kak cnemyer w3 mnpuHIuna JIeWCTBUS CXEMbl, MOpU OJHOM omudOKe B

IIOCICA0BAaTCIIbHOCTHU bk OITMOOYHBIMHU MMOJYYAar0TCA TAaKXKE IMOCICAYIOIINC HISCTON U

celbMOM CHUMBOJBI (B JaHHOM mnpumepe). B obmem ciydae BiIusiHUE OIIMOOYHO
NpUHATOrO OuTa OyAET CKa3blBaThCsd X pas, rae & - yucio oOpaTHbIX cBsized. Takum
obpazom, CC ckpemOiep-neckpeMoOiep o0agaeT CBOMCTBOM Pa3MHOXKEHHUS OIIMOOK.

Hanuwiii Hemoctatok CC ckpemOnepa-neckpemobiiepa OrpaHUYMBAET YUCIO OOpPaTHBIX

CBSI3CH B PErucTpe CABUra; IMPakKTUICCKU 3TO YMCJI0 HC IIPCBLIIIACT o= 2 .
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Bropoii aenoctatok CC ckpembiiepa CBA3aH ¢ BO3MOYKHOCTBIO MOSIBJIICHUS HA €T0O
BBIXOJIC MPU ONPEJEICHHBIX YCIOBHUSAX TaK HA3bIBAEMBIX «KPUTHUYECKUX CHUTyallUi»,
KOT/Ia BBIXOJHAS TIIOCJEAOBATEIBHOCTh MPUOOpPETAaeT TEPUOAMYCCKUN XapakTep C
nepuogom, MeHbliuM JIMHBL [ICII. YToOBI mpenoTBpaTuTh 3TO, B CKpemOiiepe H
JecKpeMOIiepe mpelycMaTpUBAIOTCS CHIEUAIbHbIE JOTOIHUTEIbHBIE CXEMbl KOHTPOJIS,
KOTOPBIE BHISBIISIOT HATUYHE MIEPUOANIHOCTH DJIEMEHTOB Ha BXOJI€ M HAPYIIAIOT €e.

Henocrarku, mnpucymme CC  ckpemOnepy-neckpemOiepy, MpaKTUYECKH
OTCYTCTBYIOT TIpU aJJAUTUBHOM ckpemOiupoBanuu (Puc. 3), omHako, 3TOT THUI
CKpeMOJIepOB-JeCKpeMOIepOB TpeOyeT MpeIBapUTEIbHON UICHTUYHON YCTaHOBKHU
COCTOSIHUI PEruCTPOB CKpeMOJepa u aeckpeMonepa. B ckpembrnepe ¢ ycranoBkoit (A /-
ckpembOiiepe), kak U B CC ckpeMOnepe, MPOU3BOJUTCS CYMMHPOBAHUE BXOJHOTO
curHasia u [ICII, HO pe3ynabTUPYIOIIMI CUTHAJI HE MOCTyNaeT Ha BXOJ peructpa. B
neckpeMoiepe CKpeMOJIMPOBaHHBIM CUTHAJ TaK)Ke HE MPOXOAUT Yepe3 PETUCTp CIIBUTA,

IIOOTOMY PA3MHOKCHUS OImMOOK HE IMPOUCXOJUT.

g

<[ =] [N -

Crpembnep HDeckpembnep

Verauos

pamCTpOR

Puc. 3. AnaqutuBHBIE CKpEeMOJIEp B IeCKpeMOIep.

CymmupyeMbie B CKpeMOJjiepe IMOCIIeI0BaTeIbHOCTH HE3aBUCHUMBI, MMO3TOMY HMX
MIEPHUOJ BCET/Ia PABCH HAMMEHBIIEMY OOIIEMY KPaTKOMY BEJUYHH ITEPHUOJIOB BXOTHOM
nocneaoBareabHOCTH U [ICII m KpHTHYECKOE COCTOSIHHE OTCYTCTBYeT. OTCYyTCTBHE
s dekTa pa3sMHOKCHHUS OIIMOOK M HEOOXOAMMOCTH B CICIHATLHOM JIOTHKE 3allUThI OT
HEKCJIATSIBHBIX ~ CHTYallMi  JENAloT  CIOCO0  a/JIMTUBHOTO  CKPEMOJIMPOBAHHUS
IPEIIOYTUTEIIbHEE, €CJIM HE YYHMTBIBATh 3aTpaT Ha peElICHHE 3aaaud (a3upoBaHUs

ckpeMOnepa u aeckpemoOnepa. B kadectBe curnana ycraHoBku B LICII ucnonb3yroT
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CUTHAJI LMUKJIOBOM cuHXpoHu3auuu. CKpemMOaupoBaHHE Tak K€ BIUSAET Ha

AHEPreTUYECKUM CIIeKTp TBOMYHOTrO curHana (Puc. 4).

Ad

fam

I :I"l -

T H I L Ak J;E——— T F

Pucynoxk 4 — CriekTp cursazia a) 10 CKkpeMOJIupoBaHus; 0) mocie
CKpeMOJIUpPOBaHUS
Ha pucynke 4, a. u300pa)keH NpHUMEp DSHEPreTHUYECKOro CIEKTpa s

IICPUOINYCCKOI'0 CHUI'HAJIa C IICPpHUOAO0OM T, COACpKaIuM 6 ABOUYHBIX 3JICMCHTOB C

n
JUIMTENBHOCTEIO 1. Ilocme ckpembmuposanus IICIT ¢ M =2" -1 snemenTamu
0

CHEKTp cymiecTBeHHO «oOoramaercs» (Puc. 4, 6). IIpu 3TOM 4YHCIIO COCTaBISIOMIUX
CIIEKTpa YBENMYWIOCH B M pa3, npudy€M, YypOBEHb KaXIOW COCTABIISIOLICH

YMCHBIIACTCA B TAKOC JKC YHCJIO pas.
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3. BAPUAHTHI 3ATAHUI

Ne | Tun ckpembiepa/ | Konm - | CIBUTOBBIN perucTp [TepenaBacmoe
neckpemoiiepa BO per - cooOIIIeHHE
OB
1 Camocuuxponusupytomiuiics | 10 I 0010010110
e
2 ATUTUBHBIN 10 piESEEEEEEEEE 0010010110
~g—
3 CamocunxpoHusupyrommiics | 10 rl ||| LILLELET = 10000100100
H""*f::":___-——--
4 AJUTUTUBHBIH 10 UL ||| LTI = 10000100100
H""*f::":___-——--
5 Camocuaxponusupyroomuiics | 10 el L1 ‘I‘ '[' [Tk |1111111111
“f _—
()
6 ATUTUBHBIN 10 o] ‘I‘ '[' [TT P |11111111112
wf _—
()
7 Camocunxponusupyoomuiics | 10 ] T [TTP [1111011110
‘.."\L:.J‘__.,_-"’Fff
8 AU TUBHBII 10 -] T [TT P |1111011110
‘.."\L:.J‘_ .,--""-Ff-f
9 Camocuaxponusupyromuiics | 10 " ]L_ L [ I I = |0000100100
- "‘l’f}-
10 | AXIUTHUBHBII 10 ™l ]L_ L | | I = 10000100100




10

No | Tun ckpembOnepa/ | Kon - | CABUTOBBIN perucTp IlepenaBaemoe
neckpemoiiepa BO per - coOOIIIeHHE
OB
11 | Camocunxponusupyromuiics | 12 = LI = 11111111111
12 | AJIUTUBHBII 12 = LTI = 11111111111
13 | CamocunxpoHuzupytomuiicst | 12 rLL ||| LTIl = 1000101001101
.H“‘---.T‘__.gi/___ ]
14 | A1AUTUBHBIN 12 L] ||| LT = 1000101001101
.H""-T‘—_{:/___ |
15 | CamocunxpoHu3Upyromuiics | 12 r |]| LLLITEEL = 1110101001001
‘Hr- _
16 | AqauTUBHBIN 12 el |]| [] ||| LI I 1110101001001
17 | CamocunxpoHuzupytomuiicst | 12 pEEEE lll L1111 = 1110001010001
—
18 | AxguTUBHBIN 12 pREEE lll [IT T = 1110001010001
Y~ —
19 | CamocunxpoHuzupytomuiicst | 12 S IIIITTIIITTIT» |001011010100
ﬂ:::{:__ -
20 | AnguTuBHBIN 12 11 I|I [TTTTTT = |001011010100
---""-::'_'q.:.;___ B
21 | CaMOCMHXpOHU3UpYOIMUiics | 8 | []] ]%'] | [IH- 00110010
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No | Tun ckpembOnepa/ | Kon - | CABUTOBBIN perucTp IlepenaBaemoe
neckpemoiiepa BO per - coOOIIIeHHE
OB
22 | AIIUTUBHBINA 8 - TTTTTTT M |00110010
|
23 | CamocuHXpoHM3UpYIOmuiics | 8 00101010
24 | AQOUTHUBHBIN 8 00101010
25 CaMOCHUHXPOHHU3UP YIOIIHIACS 8 00100011
26 AJITUTUBHBIHN 8 00100011
27 CaMOCUHXPOHU3UPYIOIIUICS 8 10010110
+.
28 | AuTUBHBIN 8 -~ | | [ [ | || = 10010110
)
L
29 CaMOCHHXPOHHU3HPYIOIIUHCS 8 1T [[T11|  |11100111
)
(+
30 AJITUTUBHBIN 8 - ] I [ ] ] I I E-. 11100111
l
T
&é'
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