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1. BBexenne

CHHXpOHM3AIMS aBTOKOJIe0aTEIbHBIX IPOLIECCOB MPEICTAB-
JisieT co00i OHO M3 PYHIaMEHTAIHHBIX HEJIMHEWHBIX SIBIIE-
HUU, KOTOpOE B TEUYCHHE YK€ HECKOJIbKHX CTOJICTUU CO
BpeMEH [toiireHca (BrepBble OMUCABIIETO 3TO SIBJICHHE HA
IpUMeEpE CBSI3AHHBIX MEXaHMYECKUX CUCTEM (MasTHUKOBBIX
vyacoB) [1]) mpuBiekaeT mpUCTaIbHOE BHUMAHUE MCCIICIOBA-
Teneit [2—16]. B mocinennne necsatuiieTs IEHTP MCCIIEIOBA-
HUI1 B 3TOM 00JIACTH CMEIIAETCS K MCCIICTOBAHIIO CHHXPOHH-
3aIlMM XaOTHYECKUX aBTOKOJeOaHUU, 4TO OOYCIOBJICHO
OOJIBIIIMM HMHTEPECOM B HEJIMHEHHOW (u3uke k mpoliieme
JIETePMHUHUPOBAHHOTO Xa0Ca U PA3IUYHBIM MPHIIOKEHHUSIM
Teopuu xaoca [12, 13, 17— 23]. [TloaTromy u3yuenue xaoTuuec-
KOU CHHXPOHH3AINH CTAJI0 €CTECTBEHHBIM PA3BUTHEM TEO-
pUU TMHAMUYECKOTO Xa0ca, YTO 00YCIIOBJIEHO KaK OOJIBIIINM
(yHIaMEHTAJIbHBIM 3HAYCHUEM UCCIICTOBAHUST XaOTUYECKOMN
cunaxponu3anmu [11, 13, 14], Tak 1 €€ MUPOKUMH MTPAKTUYEC-
KUMH TPHUJIOKEHUSIMU, HAIPUMED, TIPU CKPBITOW Tepenade
uHpopmarmu [24 — 35], B 6uonorunveckux [36 —43], pusuosio-
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ruyeckux [44—54] u xumuueckux 3agavax [55-59], npu
yupaBjieHUH XaocoMm [60—66], B ToM uucie, B cucTemMax
cBepxBbicokoyacToTHON (CBY) anekrponuku [67 —70] u T.11.

B mocnennee BpeMsi BHMMaHHME WHCCIeIOBAaTeIed BCE
6oJiee MPUBJICKAIOT HE TOJIBKO PAIUOPU3NUECKUE MOICITU
A CHCTEMBI, IJIi KOTOPBIX OBUIM TOJIyYeHbl OCHOBHBIE
pe3yiabTaThl B 3TO# obsactu (cMm. o0630pwl [11, 71]), HO u
CHCTeMBI XXuBOU mmpupoasl [46, 72, 73] (B wacTHOCTH, BO3IEH-
CTBHE BHEIIHETO CTHMYJa Ha JJIEKTPO3HIEDaIOrpaMMbl
mosra [74, 75], B3auMoIeliCTBAE PUTMOB PECTUPATOPHON U
CepICUHO-COCYTUCTON cucteMsl [45, 47, 53], cuHXpoHu3anus
JUHAMUKYA HEHPOHHBIX aHcaMOJiell pas3JIMYHBIX YYaCTKOB
TOJIOBHOTO MO3ra uejioBeka 00JIbHOTO 3nujerncuei [76, 77] u
np.). JaHHble MPUIIOKEHUs BECbMa BaXXKHBI U HAXOJSAT BCE
OoJiblliee TIpHMeHEHHE B (DU3HOJIOTUM W MeauIuHe, oOpa-
06OTKE IKCIIEPUMEHTAJIBHBIX TaHHBIX. OTHAKO BO3MOXKHOCTH
HCIOJIb30BAHUSI XaOTUYECKOM CHHXPOHM3AIMH HE OT PAaHIYM-
BarOTCsl (DPU3MOTIOTUUECKUMH W MEIUIMHCKUMHU TPHIOKE-
HussMH. OJTHIM U3 MHTEPECHBIX, BAXKHBIX 1 OYPHO Pa3BUBAIO-
IUXCSI HANPABJICHUN SIBJISIETCS] MPHUMEHEHNE XaOTHYeCKOU
CHHXPOHH3AIUH B TEJIEKOMMYHUKAIIMOHHBIX 3aa4aX, B Iep-
ByIO Oyepelb, IPU CO3JAHUU CHUCTEM CKPBLITOH mepeaadu
nHpopMmanuu. B To ke BpemMst 0030pHBIX paboOT MO MpUMEHe-
HUIO XaOTUYECKON CHHXPOHM3AIMH B MTH()OPMAIIMOHHO-TeJIe-
KOMMYHUKAIIMOHHBIX CHCTEMax OuYeHb Majo. B kauecTBe
HUCKJTIOYEHUST MOXHO OTMETHTh paboTsel [23, 78], omHako
CBEJICHUSI, COJICPIKAIIIECS] B HUX, BBUY OBICTPOTO pa3BUTHUS
9TOTO HANPaBJIEHUs, OKA3bIBAIOTCS JAJIEKO HE IOJIHBIMU.
Tak, TOJBKO 3a MOCIEAHNE NECATH JIET MO JaHHBIM IST Web
of Knowledge xonmiecTBO MyOIMKAIINAI ITO JAHHOW TEMATUKE
Bo3pociio Oosee weM B 50 pa3 (B YaCTHOCTH, MOSIBIIIUCH
pa6oTel [79—92]). [1pu 3TOM MHIOEKC IUTUPOBAHUS PabOT B
yKa3aHHON 00JIaCTH BO3pACTaeT MPAKTUYECKH IKCTIOHECHITH-
anpHO (puc. 1). HakoHel, BAXXHO OTMETHUTD, YTO B TIOCJICTHHE
roJpl MPOU3O0MIET MEPEXO] OT TEOPETHIECKOTO PACCMOTpe-
HUSI IPOOJIEMBI K CO3JaHIIO TPAKTUUECKAX 00Pa3I0B, II03BO-
JIMBIIMX OCYILECTBUTH Mepefavy MHOOpPMAIUM Ha OCHOBE
Xa0THYECKOW CHHXPOHU3AINU HA HECKOJIBKO JAECATKOB KUJIO-
METPOB € UCIOJIb30BAHUEM paHee CO3JaHHbIX CUCTEM TeJe-
koMmyHukarmu [93]. Bcé Bhllliecka3aHHOE CBUACTEIbCTBYET
0 B)XHOCTH M aKTYaJIbHOCTH PACCMATPHBAEMOTrO HAIPaB-
JICHUSI U HEOOXOJMMOCTH 0030pa 1O JAHHOH TeMAaTHKE,
KOTOpBIA OBl CYyMMHUpPOBaJ, 0000mIa7 W, 4YTO HE MeEHee
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Puc. 1. KoymuecTBO NIUTHUPOBAHMI B HEHTPAJIBHBIX pedepupyeMbix
HayYHBIX )KypHaJIaX MyOJIHKAIUi, TOCBSINEHHBIX HCTIOJIb30BAHUIO XaOTH-
YeCKOW CHHXPOHM3AaIMd B HH()OPMAIMOHHO-TEIEKOMMYHUKAIMOHHBIX
cucreMax, 1o rojaam (no paHubM IST Web of Knowledge Ha nexabpb
2008 r.).

Ba)XHO, IO3BOJISUI CPaBHUTH PE3yJIbTATHI, MOJIYYEHHbLIE B
9TOM HalpaBJICHUH.

BoJbIIMHCTBO COCOOOB CKPBITON nepenayn uHpopma-
[IUH C MCMOJIb30BAHUEM CHHXPOHHM3AIIK Xa0ca OCHOBAHO, B
MIEPBYIO OYepe/lb, HA PEXKHUME MTOJTHONH XaOTHIECKON CHHXPO-
Huzamu [94, 95], uyro Bueu€r 3a coboll TpeboBaHUE K
BBICOKOM CTENeHM UACHTUYHOCTU TI'€HEPATOPOB, PACIHOJIa-
TaFOIIUXCSl HA Pa3JIMYHBIX CTOPOHAX KaHaJa CBs3H. B cBs3n
C OTKDPBITUEM W HHTEHCHBHBIM H3YUYCHHEM APYTUX THUIIOB
CHHXPOHHOT'O TOBEJICHUS CBSI3AHHBIX XaOTHYECKHX CHCTEM,
TakuXx Kak QaszoBast cHHXpoHu3amus [96], ob6oOmEHHAas
cuHxpoHu3anus [97], CHHXpOHU3AIMS C 3amna3blBAHUEM
[98], cuHxXpoHM3anus, MHIYNIUPOBaHHAS IymMmoM [99—104],
COBEPIIIEHCTBOBAHNE METOJOB CKPBITON IMepeaud JaHHBIX
Ha UX OCHOBE CTAJIO OJTHOM N3 BAXKHBIX 33144 HCCIIETOBAHU B
obyractu co3nanus HHPOPMATUOHHO-TEJICKOMMYHUKAIIUOH-
HBIX CHCTEM Ha OCHOBE TMHAMUYECKOTO Xa0ca.

CtpykTypa o030pa cienyromasi. Paznmen 2 mocBsinéH
KPAaTKOMY OTIMCAHMIO PA3JIMYHBIX TUIIOB CHHXPOHHOTO MOBE-
JICHHS CBSI3AHHBIX XaOTHYECKHX CHCTEM, Ha OCHOBE KOTOPBIX
MOTYT OBITh CO3JTAaHBI CXEMBI CKPBITON Tiepenaun nHpopMa-
muu. [Ipexae BCero — 3TO PEXUMBI MOJHOMN, (a3oBoil u
00001IEHHON XaOTUYEeCKON CHHXpoHU3anuu. B pasgene 3
IPOBEJCHO PACCMOTPEHHE METOJOB CKPBITOW Iepeaavu
TAHHBIX HA OCHOBE IOJIHOW CHHXPOHHW3AalWU, B paszneine 4
o0cyxaaeTcss MpUMEHEHUe IPYTUX BBIIICHA3BAHHBIX THUIIOB
CHHXPOHHOT'O MOBEJICHUS [IJTs1 CKPBITOH Mepeavn JaHHBIX, a
TaKXe PacCMaTPUBAIOTCS METOABI Nepenaun nHpopManuy,
UCTIOJIb3YIOLIME HECKOJILKO THUIIOB CUHXPOHHOT'O MOBEACHUS
omHOBpeMeHHO. B pasgene 5 ommcaH cBepXyCTOWYMBBIA K
IyMaM CIoco0 CKPBITOH MepeAaauyd JaHHBIX, JIAIMIEHHBINA
psla HEIOCTATKOB, MPHCYIIMX BCEM paHee W3BECTHBIM
cXeMaM M YCTpOMCTBAM aHAJIOTMYHOTO Ha3HAuYeHWs. B
pasjene 6 MpOBOJIUTCS CPABHUTENIbHBIA aHAIN3 PA0OTOCHO-
COOHOCTH CIIOCOOOB CKPBITON Tepeayu JTaHHBIX, PACCMOT-
PEHHBIX B pa3/iesiax 3 — 5: Ha OCHOBE OIEHKH KOJTMYEeCTBEHHBIX
XapaKTepUCTUK PAOOTOCIOCOOHOCTH OTHUX CXEM BBISIB-
JITFOTCSl TIPUHIMITUATIBHBIE JOCTOMHCTBA CBEPXYCTOWYMBOMN
CXEMBI B CPABHEHUH C IPYTUMU cXxeMaMu. Pasien 7 mocBsAniéH
ONMCAHMIO PE3YJIbTATOB 3KCHEPUMEHTAILHON peasn3alun
CIOCOOOB  CKpBITOM TMepenauyd WHPOpPMAIMA HAa OCHOBE
Xa0THUYECKOW CHHXPOHU3ANUU B PagMOIuaNa3OHe, MUKPO-
BOJTHOBOM W ONTHYECKOM JHamna3oHax. B paszmerne § mpen-
CTABJICHBI UTOTOBOE OOCYX/ICHUE U BHIBOIBI.

CiienyeT OTMETHUTb, YTO YaCTh CIIOCOOOB CKPBITOH Mepe-
Jaun uH(POpPMAIMK, PACCMOTPEHHBIX B HACTOSIIEM 0030pe,
MIPUTOIHA [JIs IepeAady KaK aHaAJIOTOBBIX, TaK U MU(PPOBBIX
curHanoB. OJTHAKO YaCTh METOJI0OB MOXKET OBITh MPUMEHEHA
TOJNLKO JUIA Tepenaun IUQpoBbix curHajioB. C IeNbIO
JIOCTHXKEHUSI OOLIHOCTM M BO3MOXXHOCTHU COIIOCTABJICHUS
BCEX PACCMOTPEHHBIX CIIOCOOOB HAMH HCIOJB30BAJIHUCH B
Ka4ecTBe MH(POPMAIMOHHBIX TOJILKO IU(BPOBbIE CUIHAJLI |
OTMETHM TaxXke, 4YTO CTPOTO B COOTBETCTBHHU C HA3BAHUEM
0030pa MBI paccMaTpHBaeM TOJBKO CIIOCOOBI Iepenadn
“HPOPMAIIMA C HUCIOJIb30BAHUEM SIBJICHUST XAOTUYECKOU
CUHXPOHM3AINUA. ITU CIIOCOOBI OTHOCSATCS K CTeraHorpadu-
YeCKHM METOJaM 3allUTHl HHGOPMAIMH, KOTOPBIE, B OTJIH-
Yre OT KPUNTOTpauiIecKnx, CKPBIBAIOT He caMy UHpopMma-
nuro, a GaxT e€ mepegavu.

I OT™MeTnM, YTO aHAJIOTOBBIE CUTHAJIBI MOTYT OBITH MPEOOPA30BAHbBI B
mupOBBIE, YTO AENAET IOJ00HOE PACCMOTpPEHHE OOOCHOBAHHBIM M HE
MIPUBOJUT K OTEPE €0 OOLIHOCTH.
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[MpuHIMIUATIBHBIM JOCTOMHCTBOM METOIOB Ha OCHOBE
XaO0THYECKOW CHHXPOHHU3AINH M0 CPABHEHHUIO C TPaIUIHOH-
HbIMHU MeTonamu (MeTogom LSB (Least Significant Bit), axo-
METOJIaMH, METOJaMHU PACIHIUPEHHOTO CHEKTpa W JIp.) sB-
JISIFOTCS 3HAYATEJIPHOE MOBBIIIICHAE YCTOWYUBOCTH K IITyMam
1 MCKQ)KEHUSIM B KaHAJIE CBS3H, & TAK)KE YBEJIMYECHUE CKOPOCTH
nepenaun nHpopmanuu [105]. Kpome Toro, ucnosib3oBaHue
MMEHHO XaOTHYECKON CHHXPOHHM3AINY YPE3BBIYAIHO BaXXHO
IUJTSL TIOBBIIICHAS] KOH(DUACHIIMAIBHOCTH TIePeaud TaHHBIX.
VI3BeCTHBI 1 JPYTUe TOIXObI K CO3JAHIIO CIOCOOOB CKPBITOM
nepeaayn MHPOPMANUK C UCTIOIH30BAHUEM TUHAMHYECKOTO
Xaoca, PacCMOTPEHHMIO KOTOPBIX BO MHOTOM IIOCBSIIIEHA
monorpadus A.C. Imutpuea u A.W. INanaca [23], ctaBmias
ceiiuac yxe KJIACCHYeCKOW W aKTUBHO IMTHPYEMOH. DTO
MIPEXkJIe BCETO MPSIMOXAOTHYECKIE CHCTEMBbI CBSI3U, TPUHITHIT
paboOTHI KOTOPBIX 3AKJIFOYAETCS B HEIIOCPEICTBEHHOM TeHepa-
UM HECYIIMX HHPOPMALIUIO XaOTUYECKUX KOJIeOaHUii, B TOM
yuciie B CBU-muana3oHe, ¥ MOAYJISIMM 3TUX KOJeOaHUMH
MHOOPMAIIMOHHBIM CUTHAJIOM. Takue MeTOHbI SIBIISIFOTCS
CPaBHHTEJIBHO JIETKO PEAIN3yeMbIMHU U MO3BOJISIOT TOCTHYD
CKOpOCTH Tlepefaud JaHHbIX g0 200 M6 c~!. Opmako
KOH(UICHINATIBHOCT CXEM Ha OCHOBE XaOTHYECKOI CHHXPO-
HU3ALHY SIBJISIETCS 3HAUUTEILHO 00J1ee BBICOKOH.

HecmoTpss Ha MHOrOOOpa3sme paboT, MOCBSIIEHHBIX
WCTIOJb30BAHHUIO XaOTHUYECKOW CHHXPOHU3AIMU B MH(pOopMa-
[IMOHHO-TEJICKOMMYHUKAIIMOHHBIX CUCTEMax (CM., HAIpH-
mep, [106—110]), MOXHO C TOCTATOYHO BBICOKOW CTENECHBIO
YBEPEHHOCTH YTBEPXKIAaTb, YTO B OCHOBE OOJBIIMHCTBA
croco0oB mepenavyn MHPOpMaIlUU JIeKAT CaMble TMEPBBIC,
JIOCTATOYHO XOPOIIO HM3BECTHBIE CHOCOOBI CKPBITOM Tepe-
JIAaYM JTAHHBIX, MCHOJIB3YIOIIHE SBJICHUE MOJHON XaOTHYeC-
KOU CHHXPOHHU3aIuu. BriepBble OJWH U3 TAKUX METOI0B ObLIT
npemioxkeHn B pabore [95]. DTu METOIbI JIETJIM B OCHOBY
MOCJICAYIOIINX, OOJiee COBEPIICHHBIX METOAOB, KOTOpHIE,
TeM HEe MEHee, COXPAHSIOT Psi HEIOCTATKOB, CBOMCTBEHHBIX
ux npemecTBeHHnKaM. [1oaToMy B JTaHHOM 0030pe Hapsiy C
caMbIMH PAHHUMH METOJaMHU OyIyT PacCMOTPEHBI T€ Me-
TOJIbI, KOTOPBIC B HAMOOJIBIIEH CTENEHU OTIMYAOTCS OT HUX.

OpHolt U3 BaXXHBIX NPOOJIEM, C TOUKU 3PEHUS NepeJadn
nHbOpMAIMH, SIBISETCS BJUSHUE IIYMOB M HCKAKEHHI
CUTHAJIOB HAa pabOTOCIOCOOHOCTh CXeM Tiepeaun nHpopma-
uu. VI3BeCTHO, YTO IMIYMBI MPAKTHYECKU BCETIa OKA3BIBAIOT
BO3JIeliCTBHE HA JUHAMUKY CHCTEM, TPUIEM 3TO BO3IEHCTBIE
MOeET IIPUBOJIUTH K CYILIECTBEHHBIM U3MEHEHMSIM B IIOBEEC-
HUU cucrteM [111-122], 4TO TPUMEHHTEIIBHO K CXeMaMm
nepegavu nHGpopManum, OCHOBAHHBIM Ha SIBJICHUH XaOTHYEC-
KOW CHHXPOHHU3AIINHU, MOXET OTPUIATEILHO CKAa3bIBATHCS HA
ux paborocnocobHocTH. HennHeliHble HCKaXKEHUS TaKXKe
MOTYT MPUBOJUTH K CHIKEHHIO PAOOTOCIIOCOOHOCTH TAKHX
cxeM [23]. Mexay TeM paccMOTpEHHE CXeM Iepeaadu
nHbOpPMAIK, OCHOBAHHBIX HAa HCIOJb30BAHUU PEKHUMOB
SIBJICHUSI XaOTHYECKOW CHHXPOHU3ANUHU, B IOAABJIISIOLIEM
OOJIBIIMHCTBE CIIy4aeB MPOBOAUTCS B IPEANOIOKECHAN
OTCYTCTBHUSI IIYyMOB M WCKaXCHUH, YTO OCTABJISICT PsJ
BXHEUIIIMX BOMPOCOB O BO3MOXHOCTH MPAKTUYECKOTO
MPUMEHEHHS ITUX CXeM U UX 3()(HEKTUBHOCTU OTKPBHITHIMHU.
B nacrosiem 0630pe 3TH BOIPOCHI PACCMOTPEHBI AOCTa-
TOYHO MOAPOOHO (CM. pas3fe 6).

2. OcHOBHBIE THIBI Xa0THYECKOIi CHHXPOHHM3 AN
CBAA3AHHBIX JUHAMHUYCCKHX CHCTEM

Kaxk YIOMHHAJIOCh BO BBCIACHUH, OCHOBHBIMH THIIAMH XaO-
THUYECKOU CUHXPOHHU3AIWH, JIC)KAIIUMHA B OCHOBE COBPEMEH-

HBIX CHCTEM CBSI3H, SIBJISIFOTCSI PEXKHUMBI OJHOH, (ha30BOH 1
000011IEHHON cuHXpoHM3aIuK. s co3/aHusl LEJTOCTHON
KapTHHBI KPaTKO OCTAHOBHMCSI HAa ONHCAHMM ITUX TUIOB
CHHXPOHHOT O TTOBEICHUSI.

Pexxum noanoii cunxponusayuu [94, 95] o3Havaet TouyHOE
COBIIAZICHME BEKTOPOB COCTOSHHS B3aMMOJCHCTBYIOIINX
(OIHOHAIIPABJICHHO MJIM B3aUMHO CBSI3aHHBIX) CHCTEM
x(f) = u(t), U, CleIOBaTENbHO, 3TOT PEXKHM BO3MOXKCH
JIMIIb B CIIyYae WX MASHTUYHOCTH IO YIPABJISIOLINM Tapa-
MeTpaMm. Ecim ympasistromme mapaMeTpsl ciierka pasJid-
JAFOTCS, BO3SMOXHO BO3HHKHOBEHHE PEKIMA CUHXPOHUSAYUU
¢ 3anazoviearuem [98, 123], B KOTOPOM B3aUMOICHCTBYIOIIINE
CHCTEMBbI JEMOHCTPUPYIOT OJM3KHE K HICHTUYHBIM, HO
CABHHYTHIE HA HEKOTOPBIA BPEMEHHOW MHTEPBAJ T Kojeba-
Hus, T.€. X(#) =~ u(z + 7). C yBeJMYCHUEM CHJIBI CBSI3U MEXIY
CJIETKa PacCTPOCHHBIMH OCIMJLISITOPAMH, BPEMEHHOU CIIBUT
T CTPEeMUTCS K HYJIFO, @ PEKAM CHHXPOHH3AIWH C 3aIa3/Ibl-
BaHUEM — K PEXKHUMY IMOJTHOM XaOTHYECKONU CHHXPOHU3AIINH.
J1st AMarHOCTUKY peXuMa MOJHONW CHHXPOHU3ALUU J10CTa-
TOYHO YaCTO MPOBOJST HEMOCPEACTBEHHOE CPABHEHUE BEK-
TOPOB COCTOSIHUI B3aUMOIEHCTBYIOIUX CHCTeM X(7) 1 u(t),
paccuuThIBasi OMIMOKY CHHXpoHHU3anuu [124]:

(e) = Jw Ix() — u(o)] de. (1)

CiieyeT OTMETHUTD, YTO B JIMTEPATYPE JOCTATOYHO YACTO,
HAapSIy C TMOJHOW XaOTHYECKON CHHXPOHU3AIHNEH, paccMaT-
PHUBAIOT CHHXPOHHU3AIMIO Xa0THYECKUX CUCTEM, IIOJIYUYCHHBIX
B pe3yJibTaTe AekoMno3unuu [94] aBToKojIeOaTEeIbHOU
CHCTEMBI, WM "'XaoTHuecKuii CMEXpOHHBIA oTkiuk" [125]. B
pe3ysibTaTe JAEKOMIO3HIIUU aBTOKOJieOaTeIbHasl CHCTeMa
nproOpeTaeT BUJ KOJIBIIEBOW CTPYKTYPHI, B KOTOPOU MOJ-
CHCTEMBI 00pa3yroT eIUHOE KOJIbIIO 0OpaTHOW cBsizu. Ha
CJIC/TYFOILIEM IIIAre UCIIOJIb3YIOTCS ABE UICHTUYHBIC CHCTEMBI,
MOJIyYeHHBIC B PE3yJIbTaTe OAMHAKOBOM JACKOMIIO3UIINH,
OJTHY W3 KOTOPBIX OCTABIISIIOT B IEPBOHAYATHLHOM BHIIE
(Bemymmast aBTOKOJIeOaTeIbHAS, WJIM AKTUBHAS, CUCTEMA), a
B JPYroil KOJbIO OOpaTHOW CBSI3W Pa3pbIBAIOT (BeIoMas,
WM TaCCHBHAsI, cucTeMa). Ecu curHam ¢ BbIXoJa OXHOW U3
MOJCUCTEM BeIYyIIEeH CHCTEMBI MOJAaTh HAa BXOJ IPYrou
MOJICHCTEMBI BEIOMOU CHCTEMBI, TO IPHU OMPEACIEHHBIX
YCJIOBHSIX PA3HOCTh MEXJY BXOJHBIM W BBIXOIHBIM CHTHA-
JIAMH BEJIOMOM CHCTEMBI OyJIeT CTPEMHUTHCS K HYJIIO, T.C.
BO3BHUKHET IIOJHASl CHHXPOHHU3AIHUS MEXIY COCTOSIHUSIMHU
Be/IylleH U BegoMol cuctem [23].

0600WéHHas cunxpoHu3ayus, KOTOpasi BBOJUTCS B pac-
CMOTpEHHE sl CUCTEMBI BYX OJHOHAIPABIICHHO CBSI3aH-
HBIX XaOTHYECKUX OCHMJUIATOPOB — Beaywero x(7) u
BeIoMoro u(f), O3HAYaeT, YTO MOCJIE 3ABEPILCHUs Iepe-
XOMHOTO THpollecca yCTaHaBIuBaeTCs (DYHKIMOHAJbHAS
3aBHCUMOCTh MEX/y HUX COCTOSIHUSIMH, T.e. u(f) = F[x(1)]
[97]. TIpu aTom Buz 3aBucuMocTH F -] MOXKeT OBbITH T0CTa-
TOYHO CJIOKHBIM, a TMpoleAypa e€ HaxOXICHUS BecbMa
HETpUBUAJILHOH [126].

IIpenyioxkeHo HECKOJIbKO METOJMIOB ISl TUATHOCTHPOBA-
HUS pexxuMa 0000IIEHHON CHHXPOHHU3AINUU MEXKIY XaoTHYe-
CKMMH OCHMJUIATOPAMH, TaKhe KaK METOJ OJIMKaNIImX
coceneit [97, 127], meton pacuéra YCIOBHBIX JISITYHOBCKHUX
9KCHOHEHT [95, 128] 1 yacTo HCIOIb3yeMblil 1 OTHOCUTENIBHO
JIETKO OCYIIECTBHUMBIA Ha MPAKTUKE METOJ BCIIOMOTATEIb-
HOU cucTeMsl [129].

CyTh MeTOOa BCIIOMOTATEJIBHOW CHCTEMBI CBOIUTCS K
crenyromemy. Hapsimy ¢ Bemomoit cuctemoit u(f) paccmart-
pUBaeTCsl MACHTUYHAS eil BCIIOMOraTesbHasi cuctema v(7).
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HauvanpHble yCIOBHUS I BCIOMOTATEIbHOM CUCTEMBI V(Z))
BBIOMPAFOTCS OTJIMYHBIME OT HAYaJIbHBIX YCJIOBHU BEIOMOM
CHCTEMBI U(?)), OJTHAKO JISKAIINMH B OacceiiHe MPHUTSIKEHUS
TOTO X€ aTTPaKTopa (Ha MpaKTHKe 3TO 0003HayaeT HeOOJIb-
IIyI0 PacCTPOWKY HAYaJIbHBIX YCJIOBHI, KOTOpas peau-
3yeTCsl aBTOMATUYECKU M3-3a Hajauuus ¢aykryaumii). [1pu
OTCYTCTBUHU peXHMa OO0OOIIEHHON CHHXPOHHM3AIMUA MEXKIY
B3aMMO/ICUCTBYIONIMMH CHCTEMaMH BEKTOPBI COCTOSIHUS
BeJOMOH u(f) M BCIIOMOTATeIbHOMI V(f) cCHCTEM IIpUHAJJIe-
KaT OTHOMY U TOMY JXX€ XaOTHYeCKOMY aTTPaKTOpPYy, HO
SIBJISIFOTCSL Pa3JIMIHBIME. B TOM ciydae, Korjma uMeeT MecTo
pexuM OOOOIIEHHONW CHHXPOHHU3AIUH, MOCJE 3aBEPIICHUS
MEePEeXOHOrO MPOIecca COCTOSIHUSL BEIOMOW M BCIIOMOTa-
TEJIbHOM CHUCTEM JIOJDKHBI CTATh UICHTHYHBIMY, u(?) = v(1), B
CHJTy BBIIOJIHEHUS COOTHOIICHHIT u(?) = F[X(¢)] 1 coOTBeTCT-
BeHHO V(f) = F[x(¢)]. Takum 06pa3oM, 3KBUBAJICHTHOCTb
COCTOSIHUI BEIOMOI M BCIIOMOTATEJILHOW CHCTEM IOCTe
MEPEXOJTHOT O MPOIIecca SBJISICTCS KpUTEPUEM HAIMYKS 0000-
WEHHON CHHXPOHHM3AIMU MEXKIY BEAYIIUM U BEIOMBIM
OCIIJITISITOPAMH.

AHaym3 pexxuMa OO0OOIEHHON CHHXPOHU3AIMU MOXKET
OBITH MPOBEIEH TAKXKE C MOMOIIBIO BBIYUCICHHS YCIOBHBIX
JISMYHOBCKUX 3KcroHeHT [95, 128]. Ecim pasmepHocTH
(a30BBIX MpOCTpaHCTB Beayien (drive system) U BegqoMou
(response system) CHCTEM COOTBETCTBEHHO paBHbI N4 U N, TO
MOBE/ICHUE OJHOHANPABJICHHO CBSI3aHHBIX XAOTHYECKUX
OCIWJIIISITOPOB MOXET OBITh OXapaKTEPH30BaHO C IMOMO-
IIbKO CIEKTpa JISSMYHOBCKUX TMOKaszaTeled A; = A, >
> ... = An,1n,. BBUOY HE3aBUCHMOCTH TOBEIECHUS Bemy-
IIEeH CHCTEMBI OT COCTOSIHUS BE[IOMOTO OCIIIJLIATOPA CIIEKTP
JIAIMYHOBCKUX TOKa3aTejeld MOXET OBbITh pa3/eliecH Ha JiBe

YacTH: JIAMYHOBCKME MMOKa3aTelIM Bedylleldl CHCTEMBI
Ald = ... 2= )”](\jfd U YCJIOBHBIE JISAIIyHOBCKHE IIOKAa3aTeJU
A{ = ... = Ay . Kputepuem cymectsoBanus 0600I1IEHHOM

CHHXPOHHU3AIMK B OJHOHAIPABICHHO CBSI3aHHBIX AMHAMHU-
yeckux cuctemax [95, 126] sBisieTcss OTpHIATEIHLHOCTH
CTapIIEero YCIOBHOTO JISITYHOBCKOTO moKaszaTess 4;. OTme-
THM, YTO JJIS OJTHOHANPABJICHHO CBSI3aHHBIX XaOTHYECKUX
OCHMJIISITOPOB PEXUMBI ITOJTHOW CHHXPOHU3AIMH U CHHXPO-
HU3AIHU C 3aMa3bIBAHUCM SIBJISIFOTCS] YACTHBIMU CIIyYasMH
pexuma 06001EHHOM cHHXpoHM3anuu [126].

Dazosas cunxponuszayus [96, 130] o3navaer, 4To mpowuc-
XOJUT 3axBaT (a3 XaOTHYECKUX CHTHAJIOB, B TO BPEMs Kak
AMIUIMTYIbl 3THX CHTHAJIOB OCTAFOTCS HECBS3aHHBIMU
MEXy COOOI U BBITJISAST XaOTHYSCKMMHE. B OCHOBE KOHIIET-
UK Xa0TUYECKOU (ha30BOM CHHXPOHU3AIMH JICKUT HOHSITHE
MrHOBEHHO# (a3bl ¢(f) xaoTnueckoro currana [96, 130—
132]. CrreryeT OTMETHTD, YTO HE CYIIECTBYET YHHBEPCAIIb-
HOTO crnoco0a BBeleHHsI (Pa3bl XaOTHUYECKOTO CHUTHAJA,
KOTOpBIA Obl JaBajl KOPPEKTHBIC PE3YJbTAThI JJIS JIFOOBIX
JUHAMHYECKHX CHCTeM. Tak, CYIIeCTBYET HECKOJIBKO CIIOCO-
608 BBeIeHUS (Ba3bl, MOAXOSIIUX [JIS1 CHCTEM C JOCTATOYHO
MPOCTOM TOIOJIOTHEH XA0THIECKOTO ATTPAKTOPA, KOTOPHIE B
JIATEPATYPE HA3LIBAIOT "CUCTEMAMHU C XOPOIIIO ONPEEIEH-
Holt ¢azon" wm "cucremamum ¢ (PA30BO-KOTEPEHTHBIM
arrpaktopoM" [13, 133]. XaoTu4eckuil aTTPAKTOp TaKUX
CUCTEM JOJDKEH OBITh TakuM, 4TOOBI mMpoeknus (a3zoBoi
TPACKTOPUM Ha HEKOTOPYIO IIOCKOCTh COCTOSIHUIMA (X, ) BCE
BpEMsI BpaIllaJiaCh BOKPYT HEKOTOPOTO IIEHTpa, He IepeceKast
u He orubasi ero. Torga MraoBeHHast hasa ¢ (1) XaOTHIECKOTO
CHTHaJIa MOXET OBITh BBEICHA B PACCMOTPCHHE OJHUM W3
CJICAYIOIINX CIIOCOOOB: KaK Yros B MOJSIPHOW CHCTEMeE
koopauHat [98, 134], ¢ momolpto npeodbpazoBanus I wib-
Oepta BpeMeHHOW peanm3anuu curHana [96, 131] mmm ¢

HCIOJIb30BaHUEM NoBepxHocTH ceuenus [lyankape [96, 131].
O[HAKO ISl CHCTeM C TJIOXO ompeneiaéHHou (azon (cMm.,
Hanpumep, [133, 135]) atu meToasl He paboTtaroT [136]. Tem
HE MeHee B psjie ciyuyaeB (a3oBas CHHXPOHH3AIUS TO100-
HBIX CHCTEM MOJXKET OBITh BBISBJIEHA C TOMOIIBIO KOCBEHHBIX
Habsronennii [134, 137] u usmepenntii [138, 139].

dazoBasi CHHXpOHU3AIIMSI BO3HUKAET B TOM CJIyyae, Koraa
Pa3HOCTb MTHOBEHHBIX (a3 XaOTHYECKUX CHTHAJIOB X »(7),
BBEAEHHAS OJHHUM W3 BBIIIENEPEUNCIEHHBIX CITOCOOOB,
SIBJISIETCS] OTPAHMYEHHON BO BPEMEHU:

|1 (2) — §o(1)| < const. (2)

OrMeTtuM, yTo mnoHsTtve '"dazoBas cuHxpoHm3anus'
MOXET OBITh 00OOIIEHO BBEICHHEM B PACCMOTPEHHE MHO-
JKECTBa BPEMEHHEIX MAacIITa0OB § W aCCONMUPOBAHHBIX C
HUMH (a3 ¢,(f) XaOTHIECKOTO CUTHAJIA C IOMOIIBLIO Helpe-
PBIBHOI'O BEWUBJIETHOI'O NPeoOpa3oBaHUsl ¢ KOMILJIEKCHBIM
6a3ucom [140, 141]. Ecnu cymecTByeT auana3oH (Miu Habop
JIMATIa30HOB) BPEMEHHBIX MACIITA0OB Sy < § < Sp, I KaXK-
JIOTO W3 KOTOPBIX BBHITIOJHSETCS] YCJIOBHE 3axBaTa (a3,
aHajornuHoe (2), ¥ JOJs SHEPTHU BEUBJIETHOTO CIEKTpA,
OPUXOIALICHCS HAa 3TOT AUana3oH, OTJIMYHA OT HYJs, TO
BPEMEHHEIC MAcIITaObl § OKa3bIBAIOTCS CHHXPOHU30BAH-
HBIMH, a4 XaOTHYECKHE OCHUJUITOPHI HAXOISITCS B PEXUME
CUHXPOHHM3AIMA BpeMEHHBIX MaciuTaboB. Eciau xotst Obl
OJIMH BPEMEHHO# MacmTad OKa3bIBaeTCsl CHHXPOHU30BaH-
HBIM, TO B HEKOTOpPBIX cCilyyasix (cM., Hampumep, [142])
MOXHO TOBOPUTH O HajIuuuu (Ha30BOH CHHXPOHU3AIMH.
OJ1HAKO B CJIy4ae CHCTEM € pa30BO-HEKOTC€PEHTHBIM aTTpaK-
TOPOM, B KOTOPBIX (ha30BYI0 CHHXPOHHU3AINIO JHATHOCTUPO-
BaTh TPAIUIMOHHBIMHA METOJIAMH HE MPEICTABIISETCS] BO3-
MOJXHBIM, TOBOPSIT O BO3HUKHOBEHUM CUHXDOHUZAYUU BDe-
Mennvlx macwmabog [69, 77, 140, 143].

Cregyer Takke OTMETHTb, YTO CHHXPOHH3AIMs Bpe-
MEHHBIX MAacIITa00B MO3BOJISIET PACCMATPUBATHL C E€IMHBIX
TO3UINI BCE BBIICOMICAHHBIE TUIBI XAa0THYECKOH CHHXPO-
HU3anuu. XapakTep CHHXPOHHOTO PEXUMa TIPU ITOM OIIpe-
JIeJISIeTCS JTUIIIb IMANa30HOM CHHX POHU30BaHHBIX BPEMEHHBIX
maciuta6os [140, 141, 144].

3. Cnoco0b1 ckpbITOIl nepeaaun nHGopmanum,
OCHOBaHHbIE HA SIBJIEHHH
MOJIHOI XA0THYECKOiH CHHXPOHH3ALNH

IepeiinémM K pacCMOTPEHUIO CHOCOOOB CKPBITOW INepeaaun
nHpOpMAIUM HAa OCHOBE XaOTHUYECKON CHHXPOHHU3AIUU.
Hauném c paccMoTpeHus pexxuMa MOJTHOW CHHXPOHU3AIINH,
TIOCKOJIbKY OOJIBIIMHCTBO U3BECTHBIX CIOCOOOB M YCTPOUCTB
OCHOBAaHHO UMEHHO Ha 3TOM THUIIE CHHXPOHHOT'O IOBEJICHHUSI.

Hcnonp3oBaHue MOJHOW XaOTHUYECKOM CHHXPOHM3AIMU
JUIS1 CKPBITOM Nepenaun HHGpOpManuu noapa3zymeBaeT Hajlu-
yre, KaK MHHUMYM, [IBYX OJHOHAIPABJICHHO CBSI3aHHBIX
AICHTUYHBIX XAOTHYECKHX TeHepaTopoB. [IpemnoxeHo
JIOCTATOYHO MHOTO TaKUX CIOCOOOB CKPBITOH Iepenavu
JTaHHBIX. DTO, B MIEPBYIO OYEPE/lb, XAOTUUECKAs] MACKHPOBKA
[25], mepekiroueHe XaOTHYECKUX pexXUMOB [145], HeTmHel-
HOE MOIMEIINBaHNE MHPOPMAIIMOHHOTO CUTHAJIA K XaOTH-
yeckoMmy [146], Moy mMpoBaHue yIpaBJISIFOILUX HAPAMETPOB
TepeJAIOIIETr0 FeHePATOPA MOJIE3HBIM IIU(DPOBBIM CUTHATIOM
[147] u np. Ha ocHOBe 3THX METOJOB OBLIO MPEII0KEHO
MHOXECTBO CIIOCOOO0B CKPBITOH nepenaun faHHbIX. [ToaTomy
paccMOTpEHHE OCHOBHBIX MPUHIMIIOB pabOTHI TAKUX CXEM
SIBJISIETCS OYeHb BaXXHBIM. OCTaHOBHUMCSI Ha HHX OoJee
moIpoOHO.
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3.1. XaoTnueckasi MACKHPOBKA

XaoTuueckass MACKHPOBKa — OAWH U3 MEPBbIX U HamboJee
MPOCTBIX CIOCOOOB CKPBITOM mepeaaun naHHbixX [25]. [Tpun-
[UIMUAJIbHAS CXeMa peaiM3alluy 3TOTO crocoba mpuBeeHa
Ha puc. 2. Ha nepeparomieit ctopone nH(pOpManMOHHBIN
curran m(¢) TMOAMEIIMBAETCS B CyMMATOpe K HECyLeMy
CUTHAJy, TEHEPUPYEMOMY TIEpeIaroIIeil XaoTHUECKOU CUCTe-
Moii X(7), 1 rasee neperaéTesi Mo KaHary CBsi3u. B npuéMHuke
OCYIIECTBJISCTCS MOJHAS XaOTHYECKasi CHHXPOHU3AIMS
HAXO/sUIerocst B HEM XaOTHYECKOTO reHepartopa u(f) ¢
MMOMOIIIBIO NMPUHAMAEMOI'0 CHUTHAJIA, B PE3yJIbTAaTE 4Yero
JMHAMUKA TPUHUMAIOIIET0 TeHepaTopa CTAHOBHUTCS HCH-
TUYHOU TWHAMMKE Tepenaromiero. JeTeKTupoBaHHBIA CHUT-
Haut 71(f) TOJIydaeTcs MOCIe MPOXOXKICHHUS Yepe3 BbIUUTAIO-
1Iee yCTPOMCTBO KakK Pa3HOCTh MEXAYy NMPUHUMAEMBIM
CHUTHAJIOM M CHHXPOHHBIM OTKJIMKOM T€HEpaTopa xaoca B
npuéMHUKe (CM., Hanpumep, [23, 25]).

Takast cxema CKpBITOW Tepedavyd AaHHBIX paboraeT
JIOCTATOYHO 3(PPEeKTUBHO (T.€. MO3BOJISET KAYECTBEHHO Tepe-
aBaTh WHPOpPMAIMIO U AETEKTHPOBATH €€ Ha BBIXO/E) B
OTCYTCTBHE ILIIyMOB B KaHaJle CBSI3M B TOM Cllydae, Korjaa
MOIIHOCTb CHUTHajla, TeHEPUPYEMOIo Mepenarouieid cucre-
MO, MPEBBIIAET MOUIHOCTH MH(GOPMAIMOHHOIO CHTHaja
Ha 35-65 nb [148]. dobGaByieHue miyma B KaHaJ CBS3U
MPUBOJIUT K PE3KOMY YXYAIICHUIO KaYecTBa MepeaaBaeMoit
“HPOpMAIIMH, & CIIEOBATEILHO, K BHICOKMM OTHOIICHHUSIM
CUTHAJI/IIIYM, TIPH KOTOPBIX CXeMa ocTaércst paboTocrnocoo-
Hoii. Kpome Toro, BBeAeHHE DPACCTPOUKH YHPaBIISIOLIUX
napaMeTpoB MEXAY WACHTUYHBIMH XaOTHYECKMMH T'eHepa-
TopaMH (HAXOSIIMMIUCS Ha PA3JIMYHBIX CTOpOHAX KaHaja
CBSI3M) TaKXXe MPUBOJIUT K MOSIBJICHAIO HA BBIXOE TOTIOJTHH-
TEJIbHBIX IIYMOB JECHHXPOHHM3AIMA ¥ [eJIaeT Neperaady
uHpopManmu TpynHopeanuzyemoit [23]. bosee Toro, cymie-
cTByeT mpo0bJieMa KOH(QUICHIUAIBHOCTH Nepeaadn nHPop-
Manmu 2. HecMOTpst Ha HU3KHi ypoBeHb HHPOPMAIIHOHHOTO
CHTHAJIA TI0 CPABHEHUIO C YPOBHEM HECYIIETO, CYIIECTBYIOT
METOABI U TOJXO/bI, MO3BOJISIOIINE BOCCTAHOBUTH HCXOJI-
HBIA XaOTHUYECKUN CUTHAJ IO CHUTHAJY, IEepelaBacMoMy IO
KaHaJly CBS3M, a CJIEJ0BATEJIbHO, BBLACIUTbL IIOJIE3HYIO
uHpopmarmro [149—151].

Bce BolmeykazaHHble HEAOCTATKH ACJIAIOT CXEMBI CKPBI-
TOH nepenavn nHGOpManuu Ha OCHOBE XaOTHYECKOW MAaCKH-
POBKH MaJIOMPUMEHUMBIMI Ha TPAKTHUKE.

IMepenaroruee
YCTPOMCTBO

ITpunumaroiee
YCTPOMCTBO

Puc. 2. CxemMa CKpbITO# Tepefaun MHPOPMAIIUHU C TIOMOIIBIO Xa0THYEC-
Koit MackupoBkH (CS — moJiHast XaoTH4ecKasi CAHXPOHHU3AIIHUs).

2 3,£[CC]> H Janee nmoma KOHCI)I/I,Z[CHI_[I/IaJ'II)HOCTb}O MbI IOHUMAEM OTCYTCTBHUC
BO3MOXHOCTU NETEKTUPOBAHUS TpCTLefI CTOpOHOfI I/IHCbOpMH.I_IHOHHOFO
COO6H.IeHI/I$[ I10 curHaJjty, rnepegaBa€MomMy 1o KaHaJly CBS3HU.

3.2. Tepek/rouenne XaoTHYECKHX PEKAMOB

B nayane 90-x rogoB XX B. ObUIO NMPENSIOKEHO, TTOMHMO
Xa0THYECKON MACKMPOBKH €II€ HECKOJIBKO CIIOCOOOB CKPBI-
TOW Tepenayyl JTaHHBIX, OOBETUHEHHBIX OOIIMM HAa3BaHUEM
"nepekrouenue xaoTuaeckux pexumMos” [145]. Onna us cxem
MEPEKIIFOYCHIS] XaOTHYECKUX PEXKUMOB IPUBEJCHA Ha puc. 3.
Ilepenaroriiee ycTpORCTBO COEPKUT ABA XAOTUUECKUX Te€HE-
patopa, X () u X»(¢), KOTOpbIe MOT'YT OBITh PA3HBIMHU WU
OJMHAKOBBIMH, HO C PA3JIMYAIOIIAMUCS HapaMeTpaMy,
OJIHAKO B MHTEpecax KOH(PUIICHIUAILHOCTH MepeIayuu JTaH-
HBIX NPEINOYTHTEIbHES HCIOJIB30BaTh IIOCIEIHUE; Ooliee
TOT'0, CUTHAJIBbI, TeHEPUPYEMBbIE STUMHU CUCTEMAMH JOJDKHBI
AMETb CXOAHBIE CIEKTPAJIbHbIE U CTATHCTUYECKHE CBONUCTBA.
IMone3uplit nudpoBoii curua m(t), npeacTaBIeHHbI ToCe-
JIOBATEJIbHOCTbIO OMHApPHBIX OuTOB 0/1, MCONB3yeTCs s
HepeKJIFOUYCHHS NIepelaBaeMOoro CHTHaJIA, T.€. CHTHAJI, IPO-
M3BOJUMBIH EPBBIM XaOTHYECKUM I€HEPATOPOM, KOAUPYET,
Hanpumep, OMHapHBIA OuUT 0, a CUTHAJI OT BTOPOTO reHepa-
TOpa Xaoca COOTBETCTBEHHO — OuHapHbIil 6uT 1. [MomyueH-
HBII TAKUM 00Pa30M CUTHAJ TIepeaaéTcs 10 KaHATY CBSI3W Ha
MpUHUMAIOIee yCTpoUCcTBO. B 3aBHcMMoOcTH OT wmcia
reHepaToOpOB, HAXOASIINXCS Ha IPUHUMAIOLIEH cTOpoHE
KaHaJla CBSI3M, PA3JIMYalOT HECKOJIBKO CXE€M CKPBITOH Iepe-
Jlaud JAHHBIX HA OCHOBE MEPEKITIOYCHIS XaOTHYECKUX PEKH-
MoB. B cxeme, mpencraBieHHOW HA pHUC. 3, IpUHUMAOIIEE
YCTPOWCTBO COAEPKUT OJUH XaOTHUYECKH reHepatop X(7),
HAJCHTUYHBIN JIFOOOMY U3 MEPEAtoIInX, HAIPUMED MEPBOMY.
[TapamMeTpsl reHepaTOpOB AOJIKHBI OBITH BHIOPAHBI TAKUM
00pa3oM, YTOOBI TeHEPUPYEMbIE MU CUTHAJIBI TPUBOIMIIN K
BO3HUKHOBEHHUIO PEXHMMa IOJHOW XaO0THYECKOH CHHXPOHH-
3allii JIUOIb B TOM Cliydae, €ClId MepedaéTcs TOJIbKO
OuHapHbli 6uT 0 (MM TosIbKO OmHapubIi Out 1). Tak xe
KaKk M TPU XaOTUYECKOH MaCKUPOBKE, BOCCTAHOBJICHHBIN
curHai #i(t) moJy4aeTcs MOCie MPOXOXKICHUS Yepe3 BbIYHU-
Tarolee yCTPOWCTBO CHUTHANA, MEpedaBaeMOro Mo KaHally
CBSI3M, U CHHXPOHHOT'O OTKJIMKA XaOTHYECKOr0 TeHepaTtopa
MPHHAMATOIIETO YCTPOICTBA.

Jpyrue cxeMbl CKPBITON mepeaauyd WHPOPMAIUH C UC-
MOJIb30BAHUEM TIEPEKJIIOYEHUSI XAOTHUYECKUX PEXHUMOB,
KOTOpble OCHOBAaHBI Ha TOH e WHaee, OTIUYAIOTCS OT
ONMCAHHOW BBIIIE CXEMBI TOJBKO CTpOEHHEM U paboTOi
MPUHAMAIOIIETO ycTpoiicTBa. Hanmpumep, B cxeme, omnucaH-
HOH B pabote [23], nprHUMAarOIIIee yCTPONUCTBO COJIEPIKUT IBA
Xa0TUYECKUX IeHepaTopa, UICHTUYHBIX MEPEJAOUM IeHe-
patopam, u, cJIe10BaTEIbHO, IBA BEIYMTAIOIIUX YCTPONUCTBA
IUIsl AETEKTUPOBAHMS IOJIE3HOTO CHrHaja. B aTom cimydae
TOJIe3HBIN CUTHAJ TUATHOCTHPYETCS 1O HAJIUYUIO WJIH OT-

ITpunumaroiee
YCTPOUCTBO

|

|

|

|

TTepenaroriee |
YCTPOMUCTBO |
|

|

|

|

Puc. 3. CxeMa CKpbITON nepesayu HHGOpMAIMK Ha OCHOBE TIEPEKJIFOYe-
HUS XaOTUYECKUX PEKUMOB.
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CYTCTBUIO XaOTHYECKUX KOJIeOaHUH B cUrHajaX Ha BBIXOJE
TIPUHAMATOIIETO YCTPOMCTBA.

Takme cxeMbl Tepeqauyd AAHHBIX OKa3bIBAIOTCSl Oolee
YCTOMYMBBIMU K IIyMaM B KaHaJle CBSI3U, YEM CXEMBbI C
Xa0THUYECKON MaCKMPOBKOM, HO UX YCTOMYMBOCTH K IIIyMaMm,
TEeM HE MeHee, OCTAaETcsl BecbMa orpaHuyeHHou. [TpuHiumnm-
AJIbHBIM HETOCTATKOM TAaKHUX CXEM $SIBJISIETCS] BOSHUKHOBEHUE
MIEPEXOIHBIX MPOIIECCOB TPU NEPEKITFOUEHUHN (ITUTETHHOCTD
KOTOPBIX MOXET OBITh BeCbMa HPOMOJDKUTEIbHON [152,
153]), 9TO mpOSIBIISIETCS BO BPEMEHHOM 3aJepXKKe BKJIFOUE-
HUSI B CHHXPOHHBIA PEXHUM HPHUHUMAIOIIETO TE€HEpaTopa.
ITosToMy Takue CXeMbl SIBJISIOTCS JTOCTATOYHO MEJJICH-
HbiMHu [23]. Kpome Toro, creneHb ceKpeTHOCTH (KOH(puIeH-
UATTLHOCTH) TAKUX CXeM SIBJISIETCSI JOBOJILHO HU3KOI [154].

3.3. Hesmneiinoe noaMermBanue
HH(OPMALOHHOI0 CHIHAJIA K Xa0THYeCKOMY
VcoBepllleHCTBOBAHUSI METOJIa XaOTHUYECKONH MACKUPOBKH
OBLTM HANIPaBJICHbI HA TOBBIIIEHHE CEKPETHOCTH M KOH(H-
JIEHIUATbHOCTH Tepeayn mHpopmanuu. B pesyibrare
OBIJIO MPEIUIOKEHO HECKOJBKO CIOCOO0B, KOTOPBIE MOXHO
00BbeAMHUTH OOIIUM Ha3BaHKMEM "HEJTMHEHHOE MO MEIIINBA-
Hue UHOOPMAIIMOHHOTO CUTHAJIA K XaoTnieckoMy'. OcobeH-
HOCTBIO PabOTHI TAKMX CXEM SIBJISIETCS HETIOCPEACTBEHHBIN
BBOJ MTH)OPMAIIMOHHOT O CHTHAJIA B IIEPEIAFOIIYIO CHCTEMY U
€ro yyacTue B (pOpMHPOBAHUY BBIXOIHOTO cUrHama [23, 146].

Cpeau cxeMm, B KOTOPBIX NPUMEHSIIOTCS pa3JInYHbIC
onepanuu ("cioxenue —BblunTanue", "meseHue — yMHOXeE-
nue", "ciaoxenue mo Moayo ¢ ocuoBanueM 2", "upeoGpa-
30BaHU€ HaIpspKeHue —TOK'" U [p.), HaubOJIbLIee PaCIpO-
CTpaHEHHE CeiIac MOJIyUMIIM CXEMBI, UCTOJIb3YyIomHe "cto-
sxenue —Borautanue" [125, 146]. B takux cxemax uHpOp-
MAaIMOHHBIA CUTHAJ MOJMEIINBACTCS K XAOTHYECKOMY U
y4acTBYET T€M CaMbIM B (POPMHUPOBAHUU CJIOXHOTO TMOBEE-
Husl cucteMbl. HanGosee mpocThIM B TEXHUYECKH pean3ye-
MBIM CHOCOOOM obecrieuerrs "HETMHERHOTO TMOIMENTHBA-
nus" SBIIETCA yCTAHOBKA HA MEpENAIOLIEN CTOPOHE KaHalla
CBSI3H JIOMIOJIHUTEIBHOTO XaOTUYECKOTO TeHepaTopa, UIICH-
TUYHOI'O IIEPBOMY IEpeAaroleMy U B3AUMHO CBSI3aHHOIO C
auM. [IpuHIMIIATREHAS CXeMa pean3ali TaKoro crocoda
CKPBITOH Mepeaayn JaHHbIX MpUBEAeHA HA pucC. 4.

Hrak, nepenaromas CTOpOHa COACPKUT IBA HIICHTHIHBIX
[0 YIPaBJISIONIAM HapaMeTpaM XaOTHYeCKHX TeHepaTopa,
x1(?) u x3(¢). NHpOpMANMOHHBIA cUrHAT m(f) TOIMEIIH-
BaeTCsl K CUTHAJIY, IPOU3BOIUMOMY OJHUM U3 T€HEPATOPOB
TepeIaroIlero ycTpoicTea (MM K 00OMM CUTHAjaM OIHO-
BPEMEHHO). B pe3yibTaTe MpoXxoxkAeHUs 1O KOJIbIYy 00paT-

ITpunuMmaroiee
YCTPOHCTBO

Ilepenaroiee

YCTPOKCTBO

Puc. 4. Cxema ckpbITOl Iepeiauu HHGOPMAHU ITOCPEACTBOM HeJIHMHEl -
HOT'0 IIOIMEIIMBAHYS HHPOPMAIMOHHOTO CUTHAJIA K XaOTHIECKOMY.

HOM cBsi3U (0OecneunBaeMoro B3aUMHOM CBSI3bIO T'€HEPATO-
POB MepearoIIero yCTpOrHCTBAa) CUTHAT IpeTepIeBaeT Hellu-
HeifHble M3MeHeHHsl. TakuMm o0pa3oM, MO KaHAJly CBSI3U
OymeT mepemaBaThbCs CHTHAJ, TOJIYYCHHBI B pe3yibTaTe
HEJIMHEWHOTO TOIMEIINBAHUSI HHPOPMAIIMOHHOTO CHTHAJIA
K xaoTuyeckoMy. IIpuHumarolee ycTpoicTBo, Kak U B pac-
CMOTPEHHBIX BBIIIE CXEMaX, COIEPKUT XaOTHUECKUH IreHepa-
TOp X(f), WACHTUYHBIA IO YNPABISIOUMM IapaMeTpam
nepegaromuM resepatopamM. CHrHal, MOCTYHAIOIIUN IO
KaHajly CBS3M HA NPUHUMAIOIIEE YCTPOUCTBO, CHHXPOHH-
3yeT NPUHUMAIONINIA TeHepaTop B cllyyae repeaavyn OuHap-
Horo O6uTa 0 (M HE CHHXPOHU3YET MpPH Mepeaaye OMHAPHOTO
outa 1). [Tocie NpoxoxkACHUS Yepe3 BBIYMTAIOIIEE YCTPOWi-
CTBO CUTHAJIOB OT TI€PEIAIOIIEr0 U MPUHIMAOIIETO TeHepa-
TOPOB AETEKTUPYETCSl BOCCTAHOBJICHHBIH CUrHA 771(1).

BaxxHBIM NPEeNMYIIECTBOM TaKUX CXEM Iepes CXeMaMH,
OCHOBAHHBIMH Ha XaOTHYECKOW MACKHPOBKE, SIBJISIETCSI BO3-
MOHOCTb BapbHUPOBaHUs YPOBHS BBOAUMOIO HH(pOpMa-
OUOHHOTO COOOLIEHHUs, YTO MO3BOJISET YIPABJISATH KauecT-
BOM Tepenaun wHbopmanuu (T.e. BAPBUPOBATH TOYHOCTH
nemmbpanui UCXOTHOTO HH(POPMAIMOHHOTO COOOIIECHUS
npUHUMarouei cTopoHoif). ONHAKO yBEJUYEHUE KauecTBa
nepenayn nHGopmanuu BIeUET 3a coOON moTepro e€ KOH(H-
JIEHIUATBHOCTH, YTO SIBJISIETCS CYIIECTBEHHBIM HEJOCTATKOM
[23]. Kpome Toro, Takue CXeMbl XapaKTEpU3YIOTCSI JOCTa-
TOYHO HU3KOH YCTOWYMBOCTBIO K LIyMaM B KaHaJIe CBSI3U U
paccTpoiike ynpaBJsSIONMX IapaMeTpPOB U3HAYAIBHO HJICH-
TUYHBIX XaOTHYECKUX I'eHepaTopoB. HeoOxomumocTs obec-
NeYeHUs] WOCHTUYHOCTH TPEX IeHepaTOpoB Xaoca, ABA W3
KOTOPBIX HAXOMSITCSI Ha PAa3HBIX CTOPOHAX KaHaJla CBS3HW,
mpeacTaBiseT coOoil TPyTHOpEIIaeMyl0 TEXHHYECKYIO 3a-
Jlady, a cIeJ0BaTeIbHO, SIBJIAETCS elE OQHUM HEAOCTATKOM
TaKOU CXEMBI.

Kpome Toro, 3aBUCHMOCTb NMEPEIABAEMOr0 CUTHAJIA OT
UHGOPMAIIMOHHOT 0, TOCKOJIBbKY HEePeIarOIINii TeHepaTop Mo
CyTH SIBJISIETCSI HEABTOHOMHOM CHUCTEMOM, YTO HE TapaHTH-
pyeT GopMIPOBaHUS UM HIMEHHO XaOTHYECKOTO CHT'HAJIA TIPU
W3MEHEHHH TeX WJIM WHBIX IapaMeTpPOB CXEMBbI, MOXET
MIPUBOJIUTD K TOTEPE KOH(PUICHIINATHLHOCTH.

3.4. MoayJnpoBanie ynpaBJIsSIIOIMX NapaMeTpoB
nepeJaomlero reiepaTopa nHGpoOpMaNMOHHLIM CHIHAJIOM
CxeMbI Ha OCHOBE MOYJINPOBAHUS YIIPABJISIONIAX TapaMeT-
pPOB, UJIM AANITUBHBIE METO/IbI, — €CTECTBEHHBIN 3Tal Npu
nepexo/ie OT JUCKPETHOH MOAYJISIIMY YIPABJISIIOLIETO Mapa-
MeTpa HepeIaroiero reHepaTopa B CXeMe C IIEPEKJIFOUCHUEM
XaO0THYECKHX PEXKUMOB (CM. pasjmen 3.2) K MOIYJISIUU
HenpepbIBHBIM curHasiom [147]. Ilpu s3ToM posib MOAysH-
PYIOIIEr 0 CHTHAJIA UTpaeT HHPpOPMAIMOHHEIH curHall. Heoo-
XOIMMBIM YCJIOBHEM peajiu3allud TAKHX CXEM SIBJISETCS
IpeBapuTebHOE ONMpeAesIeHHe TOMYCTUMOIO auana3oHa
M3MEHEHMsI TapaMeTpa U HOPMHUPOBAHUE MOIYJIUPYIOLIETO
nHGOPMAIIMOHHOTO CUTHajla. YacTHBIM CITydaeM SIBJISIETCS
HCIIOJIb30BaHNE OMHAPHOTO MI(POBOTO CHTHAJIA B KaUeCTBE
nH(GOPMAIIMOHHOTO U MOAYJIMPOBAaHNE UM YIPABJISIOIIETO
nmapamMeTpa Inepeaaroliero regeparopa. CxemMa CKpbITOH
nepegayd MHGpoOpMaIUu TakKuM CocoOOM NpHUBEIAeHA Ha
puc. 5. Ipuanun e€ paboThl aHAJIOTHYEH MPUHIIAY PAOOTHI
CXeMBI Ha OCHOBE MEPEKIJIIOYECHHUSI XaOTHYECKHX PEXHIMOB,
onucanHoil B pasmenie 3.2. ITose3Hslil nmnudpoBoil curaa
m(t) MOIYJIHUPYET OOUH U3 MAPAMETPOB IMEPEIAIOICro
reHepatopa X(f) TakuM 006pa3om, YTOOBI B 3aBUCHMOCTH OT
nepenaBaeMoro ouHapaoro ourta 0 (1) Mexay nepeaaroIum
X(7) 1 NPUHUMAIOIUM u(f) TeHePaTOPAMHM CYILIECTBOBAI
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Puc. 5. Cxema ckpbITO#l epenayn MHPOPMAIUH Iy TEM MOIYIHPOBAHHAS
YIPaBJISIOIIETO ITapaMeTpa Mepeaaroliero reaepaTopa HHGpOpMannoH-
HBIM CUTHAJIOM.

(OTCYTCTBOBAJ) PEXKUM IMOJHON XaOTHYECKOW CHHXPOHM3A-
nuu. Torjga mociie NMPOXOXJIEHHUS 4Yepe3 BBIYUTAFOIICE
YCTPOMCTBO CHTHAJIOB MEPENAFONIEr0o U HPUHUMAIOLIETO
YCTPOWCTB JIETEKTHPYETCSI BOCCTAHOBIJICHHBIH CHIHAJ #i(f).
7151 BO3MOKHOCTH peain3aliuil PeKUMa TIOJTHOW CHHXPOHH-
3aIMy YIPaBJISIONINE MapaMeTphbl MPUHUMAIOIIETO TeHepa-
TOpa JOJDKHBI OBITH BBHIOPAHBI WACHTHYHBIMH YIPABIISIO-
MM HapaMeTpaM Iepefarollero (TouHee, OJHOMY H3
HAOOPOB MapaMeTPOB MEPEAAFOIIETO TCHEPATOPA, OTBEYAO-
eMy, Harpumep, OuHapHomy outy 0).

OcobeHHOCTH Pa0OTHI, JOCTOMHCTBA U HEIOCTATKHU CXEM,
OCHOBAHHBIX Ha MOJYJIMPOBAHUH YIPABJISIONINX MapaMeT-
OB, SIBIISIIOTCS TEMH XK€, YTO W B ClIydae CXeM C Iepe-
kiroueHusIME. OHAKO [UTS PACCMATPUBACMON CXEMBI TeXHHU-
YecKasl peayn3anus HECKOJIBKO YIPOINAeTcst Oiaromaps
HAJIMYAIO0 HA MEPEIAFOIell CTOPOHE KaHaja CBSI3U TOJBKO
OJIHOTO TeHepaTopa.

4. Ucnosb30BaHue JIPyrux THIOB
XA0THYeCKOl CHHXPOHH3ALMH
JUISl CKPBITOI nepexaun nugopmanun

B paznesie 3 MbI paccMOTpeJId OCHOBHBIE THIIBI CXEM CKPBITOM
nepefayy MHGopManuym Ha OCHOBE MOJIHOM XaOTHYECKOMH
cuaxpoHuzanuu. CylecTBYIOT U JPYTrue CXeMbl, HO OHH
SIBJISIFOTCSL PA3HOBUIHOCTSIMHU YK€ HM3BECTHBIX CXeM W HE
MPEACTABISAIOT MPUHIMIIMAIBHOTO UHTEPECa, OTpaxkasi CKo-
pee Te WM WHBIE OCOOCHHOCTH TEXHHYECKOH peasm3allii.
CxeMmbl, pacCMOTpPEHHbIE B pasjeiie 3, SBJISIFOTCS MPOCTe-
IIMMH CUCTEMaMH, NPEACTABISIOIIUMHE COOO OCHOBY IS
WCTIOJIb30BAHUS XaOTHYECKOW CHHXPOHU3ALUH JJISI CKPBITOM
nepeaauu JaHHbIX. [IOHATHO, YTO HU O/IHA U3 HUX HE JIMIICHA
HEJIOCTATKOB, O KOTOPBIX MBI YIOMHUHAJIU B paszueie 3.
HanbHelme nuccae10BaHns UAYT B HANIPABJIEHUM CO3JaHUS
HOBBIX CX€M, B KOTODBIX [EJAIOTCS MONBITKU YCTPAHUTH
yKa3aHHble HEJOCTATKU, MOBBIIIASI B HEKOTOPBIX CIIydasix
KOH(HUIEHINATEHOCTD CXeM, B HEKOTOPBIX — YCTONYMBOCTH
K IIyMaM, B HEKOTOPBIX — H30aBJISISICH OT HEOOXOIMMOCTH
HUJIGHTUYHOCTH T€HEepaTOpoB U obecreunBasi TEM CaMbIM
BO3MOXHOCTb 00JIee MPOCTONH TEXHUUYECKOH peaju3aluu
cxeM. EcTecTBeHHBIM IyTEM B 9TOM Cllydae SIBJISETCS mepe-
XOJI OT MOJIHOM XaOTHUYECKOW CHHXPOHHM3AUUHU K APYTUM
TANIAM CHUHXPOHHOTO ToBeneHus. ClieyeT OTMETHTh, YTO
ONHUCAHME TAKUX IOMbITOK, XOTS U HE 4acTO, BCTPEYAETCs B
smrepatype. Hanpumep, B pabote [155] npemsoxeHo uc-
[0JIb30BATh (Ha30BYIO CHHXPOHM3AIMIO 1JIsl CKPBITON Iepe-
Jla4Yd TaHHBIX.

[MpuHnMIManpEHas cXeMa pealM3alud TaKoro crocoda
npuBefeHa Ha puc. 6. Ha mepenaromieit ctopone kaHaja

IIpeobpa3oBateib
curHaIA

ITpunumaroree
m(r) YCTpOHCTBO

Puc. 6. Cxema ckpbITOH mepenaud MHGOpPMAIMU HAa OCHOBe (ha3oBOii
Xa0THYECKOH CHHXPOHU3AIHN.

CBSI3M HAXO[SATCS 1BA UACHTUYHBIX B3aMMOCBSI3aHHBIX Xa0-
THYECKUX TeHepaTopa ¢ 1,5 creneHsMu cBoOO b, XapakTepH-
3YIOIIUXCS] BEKTOPAMU COCTOSIHUI X1 2(f) = (X12, V12, Z12).
CBsi3b MEXK/IY [€HEPATOPAMH SIBIISICTCS IUCCHUIIATUBHOM, YTO
Mo3BOJIsIET obOecneynTh (PA30BYIO CHHXPOHU3AIMIO TpPU
JTOCTATOYHO MaJIOM mapameTpe cBsi3u &. OIMH U3 yrpasJisiio-
[UX TAPAMETPOB ITUX T€HEPATOPOB (O/IMH U TOT XK€ B 00enx
CHCTEMax) MOJIYJIMPYETCS IMOJIE3HBIM IH(POBEIM CHTHAJIOM
m(t). B xadecTBe mepesaBaEMOro CHIHAJA HCHOJIb3YeTCs
MrHoBeHHast ¢a3a ¢, (f) curHanga Xpm(f) = = (Xm, Ym, Zm),
MPEACTABIISIOLICTO COOOM CpelHee 3HAYCHHE CHUTHAJIOB
X1 2(f), TeHEPUPYEMBIX 3TUMH cHCTeMaMH ((a3a BBOIUTCS B
PACCMOTPEHUE HA INTOCKOCTH (X, Vm ), TAC Xm = (X1 + X2)/2,
Ym = (y1 +32)/2). Hony4eHnslit TakuM 0Opa3OM CUTHAI
b (1), comepxanuii mose3Hyro UHGOPMAIHUIO, HEepeaaéTcs
M0 KaHaJy CBs3H (B KOTOPOM OH IIOABEPraeTCs BIIMSIHUIO
[IYMOB) Ha MPHUHUMAIONIEE YCTPOUCTBO, COMEPKAIIEE XA0-
THyeckuit resepatop x3(7) = (x3,y3,23), MACHTUYHBINA TeHe-
paTopaM TepenaroIero yCTpOWCTBa, 4TO oOOecreymBaeT
BO3HHKHOBCHHE pekuMa (Hha30BOWM CHHXPOHHU3AIMU MEXKIY
HUMH. B kadecTBe CHTHAJIA, HEOCPEJICTBEHHO BO3/ICHCTBYIO-
[IEr0 HA MPUHUMAFOIIUIA TeHePaTOpP Xa0ca, UCMOJb3YeTCs
curnai s(t) = n(r3cos ¢, — x3), rae r3 = = (x3 +y3)1/2, n—
AMIUTUTY/1a CUTHAJIa. BoccTaHOBJIGHHBII CUrHAT /i(t) OJTy-
YaloT B pe3yJibTaTe aHaJIn3a IOBEICHUS Pa3sHOCTH a3
A¢p = ¢, — ¢3 COOTBETCTBYIOILIUX CUTHAJIOB.

Kaxk BugHO 13 NpUBEIEHHOTO OMUCAHUS CXEMBI CKPBITON
nepenavu nHPOPMAIIUU Ha OCHOBE (Pa30BOM CUHXPOHU3AINH,
npuHIUI e€ pabOThI CYIIIECTBEHHO OTJIMYACTCS OT IPUHIAIIA
paboTHI CXeM, PacCMOTPEHHBIX B pasfeine 3. Tem He MeHee
00JIBIIIast 9acTh HEAOCTATKOB, CBOMCTBEHHBIX CXeMaM Ha OC-
HOBE MMOJIHON Xa0TUYECKOU CHHXPOHU3AIINH, 31€Ch OCTAETCS.
Kpome Toro, 3ToT crnoco6 061aaeT CyI1eCTBEHHBIME JIOTIOJI-
HUTEJIBHBIME CJIOXHOCTSIMA C TOYKH 3PEHHS TEXHUYECKOU
peanm3anuy (HaIpuMep, SKCIEePHMEHTAIBHOE OIIpe/eIICHIe
(a3bl XaOTHYECKUX CHTHAJIOB, CO3JAHNE CUTHANA S(7), HAJH-
Ype JONOJHATEILHBIX HICHTUYHBIX TEHEPATOPOB Ha Pa3JIny-
HBIX CTOpOHAX KaHaya cBs3u). [103TOMY Ha 3TON CXeMe MBI
6o0J1ee MOAPOOHO OCTAHABJIMBATHCS HE Oy/IeM.
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MMeroTes Takke MONBITKU UCIOJIb30BATH [JI CKPBITON
Tepenauu JTaHHbIX, Hapsay ¢ (a3oBOil CHHXPOHHU3AIUCH,
00001ménny0 cuHXpoHn3aiuio [98]. Mcnoab3o0BaHue 3TOTO
THTIA CHHXPOHHOTO TIOBEJICHUsI OTKPBIBAET PsiJl HOBBIX BO3-
MOJHOCTEH, HEeXapaKTepHBIX, HAMpPHUMED, IS TOJHOW W
($azoBoii cuHXpoHM3aMU. Bo-miepBbIX, 00OOIIEHHAS CHH-
XpOHU3ALMS, B OTJINYME OT IMOJIHOW XaOTHUYECKON CHHXPOHU-
3aIMd, MOXET HaOJII0IaThCS B COBEPIIIEHHO Pa3HBIX B3aUMO-
JIEHCTBYIOIIUX TUHAMHYECKUX cuctemMax [126], uTo roBoput o
BO3MOXHOCTH YIPOILICHUS TEXHUYESCKOHN pean3aIiu Croco-
0OOB CKPBITOM TIepeTaun JAaHHBIX, OCHOBAHHBIX HA 3TOM THIIE
CHHXPOHHOT0 oBeieH!s1. Bo-BTOPBIX, BUI QYHKIIMOHATILHON
3aBUCHMOCTH, YCTAHABIMBAEMOM MEX Y COCTOSHUSIMH B3aH-
MOJIEHCTBYIOIINX CHCTEM WPH peanu3alud 0O0O0OIIEHHON
CHHXPOHU3AINHU, MOXKET ObITh OYEHb CJIOKHBIM, B TOM YHCJIE
(pakTanbHbIM [156], 4TO 3HAYUTETHLHO YMEHBIIIAET BO3MOXK-
HOCTb IIOJIYYEHUs] TPEThel CTOPOHON MHOPMALIUK O Xapak-
TEPHUCTUKAX TeHEPATOPa HA TPUHUMAIOIIEH CTOPOHE KaHaIa
CBSI3H 110 BpEMEHHOH peasn3aluy Nepe1aBaeMoro CUTHama,
T.€. TIOBBIIAET KOH(MUACHIIMAILHOCT. B-TpeThux, mosese-
HUE TPaHUIBI 000OIMEHHON CHHXPOHU3AIUHU, PacIoJjiararo-
IIEHCsI HA TIOCKOCTH MapaMeTpoB "'4acToTa paccTponKl —
HHTEHCUBHOCTDH CBSI3H'", SIBIISETCSl aHOMAJIBHBIM, CYIIECT-
BEHHO OTJIMYAIOLIUMCSI OT TOBEACHUS TPAHUIl BCEX M3BECT-
HBIX THUIIOB CHHXPOHHOT O TIOBeJIeHUs1. B wacTHOCTH, 17151 psiga
CHCTEM TMOPOT BO3HHKHOBEHHS peXMMa OOOOIIEHHON CHH-
XpOHHM3AIMK B OOJIACTH OTHOCUTEJIBHO CIIAOBIX 3HAYCHUN
pacCTPONKM 4YACTOT NMPEBOCXOAUT AHAJOTMYHOE 3HAYEHHE
0 MapaMeTpy CBSI3M B 00J1aCTH OOJIBIIIMX 3HAYSHUH YaCTOT-
HOH paccTpoilku mpumepHO B 1Ba pasa [157, 158]. Orta
0COOEHHOCTH IO3BOJISIET OOECHEeYNTh BO3HUKHOBEHWE HJIU
pa3pyllieHre CHHXPOHHOTO pEXHMa MNPH OYeHb CIadoi
MOJIYJISIIUK YIPABJISIOIErO MapaMeTpa, YTO TapaHTUPYET
3 (e TUBHYIO MOTYJISIIIMIO YIIPABJISIOIIET0 TapaMeTpa s
nepenayn uHGoOpManuu Mo KaHaidam cBsizu. Hakonen, kax
OyZIeT mokazaHo B pasjesie 5, IyM MpaKTHIECKH He BJIUSET Ha
MOPOT BO3HUKHOBEHHS pexXnMa 0OOOIEHHOW CHHXPOHU3A-
UK, T.e. CHHXPOHHBIA PEXUM BO3HHKAECT B OJHOHAIpA-
BJIEHHO CBSI3AHHBIX JUMHAMHUYECKUX CHUCTEMaX B OTCYTCTBUE
7 IIpU HAJUYUH ITyMa Opy OJIM3KUX 3HAYCHUSIX CUJIBI CBSI3U
Mexy cuctemMamu (cm. takxke [159, 160]). [Toaromy MOXKHO
0XHUJATH BBICOKOW YCTOWYHBOCTH CX€M HA OCHOBE peXUMa
0000IIEHHON CHHXPOHM3AIMK K IIIyMaM B KaHajlaX CBSI3U.
Bosee Toro, 10N0JHUTENBHBIN IIIyM MOXET OBITh UCTIOJIb30-
BaH JJIsl CO3JaHMs TOIOJIHUTEIbHON MacKUpOBKU Nepena-
BAaeMOT'0 M0 KaHAJTy CBSI3M CUTHAJIA.

TeMm He MeHEE HEOOXOIMMO OTMETUTE, YTO OOJIBIITHHCT-
BO WM3BECTHBIX CIIOCOOOB CKPBITOW Tepenayn MHGopManuu
Ha OCHOBE pexuMa OOOOIEHHOW CHHXPOHM3ALMU HE WUC-
MOJIb3YIOT B MOJIHOW Mepe BCEX TOCTOMHCTB 3TOTO PEeXHUMA.
OcCTaHOBUMCST Ha HEKOTOPBIX HamboOJiee WHTEPECHBIX U
BAXHBIX U3 HUX B pazaenax 4.1, 4.2.

4.1. Cnioco6 ckpbITOii nepeaun HHGpopmManuu

HAa OCHOBe 00O0O0LIEHHOI CHHXPOHH3AHU

OnHOW M3 HEMHOTHX paboOT, B KOTOPBIX HCIOJIb3YETCs
pexuM OOOOIIEHHON CHHXPOHM3ALUU [UJISI CKPBITOW Iepe-
naun uHpopmanuy, siBiseTcs padora [109]. [TpuHnnImab-
Hasl CXeMa peaM3aliy TaKoro crocoda CKpBITOH Iepenadn
NaHHBIX npuBeneHa Ha puc. 7. Ilepenaromas ctopoHa
COJICPIKHUT J[BA XAOTHUYECKUX T'€HEPATOpa, BedyIUui X(f) u
BEOMBIA u(f), KOTOpPbIE MOTYT OBITh HEUACHTHUYHBIMHU.
Cursa ¢ BeAyllero reHepatopa nepeaaércs Ha BeIOMBIN,
MPUYEM ero WHTEHCHBHOCTH MOIYJHPYETCS IOJIE3HBIM

Iepenaroiee
YCTPOUCTBO
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Puc. 7. CxeMa ckpbITO# nepeaayn HHGpOpMAaIMu ¢ MOMOIILIO 0000IIEH-
HOI XaOTHYECKOW CHHXPOHU3ALUH, TIpeIokKeHHas B pabote [109] (GS —
00001IEHHAS XaOTUYECKA sl CAHXPOHU3ALNS).

nubpOBBIM CUTHAJIOM m(!) TAKUM 0Opa3oM: eciid mepe-
naércst OMHapHBIA OUT 0, TO MEXay BEAYIIUM U BEIOMbBIM
TeHepaTOpPAMHM YCTAHABIIMBACTCS PEXUM OOOOIIEHHONW CHH-
XpOHU3AINH, A €CIIU NepeaaéTcst OMHApHBINA OUT 1, TO pexum
0000IIEHHON CHMHXPOHHM3ALUKN MEXAY HUMH pa3pyllaeTcs.
Ha nmpunuMmaromeir cTopoHe KaHajla CBSI3W HAaXOJUTCSI Tak
HA3bIBA€MBIH BCIOMOTATEIbHBI XaOTUYECKUH TeHEPATOP
v(), MOCHTHYHBIA BEJOMOMY IO YHPABJISIOIUM IapamMeT-
pam. CurHaji ¢ Beayllero reHepaTopa MO KaHaly CBSI3U
nepenaércs Ha BCIIOMOTATEIbHBIN, 4TO 00eCHeYynBaeT BO3-
HUKHOBEHHUE PEXKUMa OOOOIIEHHON CMHXPOHU3AIUN MEXIY
HUMH, IPUYEM HHTEHCHUBHOCTDH IEPEIaBAEMOro MO KaHaIy
CBSI3W CHTHAJla JOJDKHA COBNANATbh C MHTEHCHBHOCTBIO
CHUTHAJIa, IOCTYHAIOIIEr0 K BEIOMOM cucTeMe IpH Iepeaie
ounaproro ourta (0. Curaai ¢ BeOMOro reHepatopa yxe mo
pYroMy KaHaJly CBSI3U epeIaéTcs MPUHUMAIOIIEN CTOPOHE.
Tak ke kak M B cnoco0ax CKpBITOW Tepeaavyu JaHHBIX,
OCHOBAHHBIX HA PEKUME MOJTHON XaOTUYECKON CHHXPOHU3A-
WY, TPHHUMAIOIIAsI CTOPOHA UMEET B CBOEM PACIIOPSIKEHAN
KaK XaOTHYECKHI CUTHAJI, COJepKAIIMNA MOJIe3HYI0 HHPOP-
Malliio, Tak U curHan 6e3 He€. [1oaTOMY MOXKHO JIETKO
BBIJICJIUTh MOJIE3HbI NUGPOBOM CUrHAN 71(1) TPOCTHIM
BBIYUTAHUEM OJHOT'O CHTHAJIA U3 IPYIroro.

HetpynHo BumeTs, 4T0 B TaKOH CXeMe CKPBITOU epeaayun
THGOPMAIIMA AKTUBHO UCIIOJB3YETCS METO BCIOMOTATEIb-
HOHM cuCTeMBI (CM. paszfen 2), 4To TpeOyeT Hajuuus IBYX
UACHTUYHBIX 1O YIPaBJSIOIUM MapaMeTpaM XaOTHYECKUX
reHepatopoB. Tak ke Kak U B CXeMax, OCHOBAHHBIX Ha
peXuMe MOJTHOU XaOTUIeCKOW CHHXPOHU3AINH, 3TU TeHepa-
TOPBI PACIOJIATAIOTCS HA Pa3HBIX CTOPOHAX KaHaja CBS3H,
YTO MPEACTABIISIET COOOM CYIIECTBEHHYIO MPOOJIEMY C TOUKU
3pEeHUs] TEXHUYECKOW peanm3anuu aaHHoro merona. He-
Ooplasi pacCTpoiika 3HAYEHHWH YNPAaBIISIONIMX MapaMeT-
pOB B JTHX CUCTeMaxX HPUBOIUT K TOSIBJICHUIO IIIyMOB
JECHHXPOHU3AIHNH °, feast TAKyIo cXeMy HepaboTOCIocob-

3 Tox myMOM J€CUHXPOHU3ALMI TIOHUMAETCS CUTHAT AX = X, — X1, [JIe
X|2(f) — cHrHajbl, MOCTYMAIOIIUE HA BBIYMTAIOLICE YCTPOMCTBO, B
JIAHHOM CJIY4Ya€ CUTHAJIBI C BEJOMOTO U BCIOMOIaTEIbHOTO TEHEPATOPOB
Xa0ca IJIOC IYMbI KaHAA CBsi3U. [IpU HAJIMYUKM CHHXPOHHOTO PEXUMA
Ax = 0.
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Hoil. Kpome Toro, peannzanus 1ByX KaHAJIOB CBSI3U SIBJISIETCS
CYIIECTBEHHBIM HEIOCTATKOM HE TOJBKO W3-3a TOTOJHH-
TEIBHBIX 3aTPaT MPHU PeaM3alid, HO U BCIEICTBUE TOTO,
YTO HAJMYUE [IBYX KAHAJIOB CIIOCOOCTBYET TOSIBJICHHUIO
JTOTIOJTHUTEILHBIX IIIyMOB B KaHAJIE CBS3H (BO3MOXKHO, JTaxe
COBEPUICHHO IPYroi MpUPObI), HCKAKAIOIIUX HepeaaBae-
Mbil curHai. [losTomy Takasi cxema CKpBITOM Tepenadu
AaHHBIX XapaKTepH3yeTCsl TOCTATOYHO HU3KOW YyCTONYM-
BOCTBIO K IITyMaM B KaHAJIe CBSI3H U SIBJISIETCS TPYJHOPEAIH-
3yeMOH Ha IpaKTHUKE.

Bo3HHMKAIOT TaKKe MpoOJIeMbI ¢ KOHPUICHIIMATBHOCTHIO
nepegaun uHGopmauuu. I[IOHSITHO, YTO HCIOJIL30BAHME
JIPYroro TUNa CHHXPOHHOT'O MOBEICHHUS, a TaKKe HAJMYHe
JIOTIOJTHUTENILHOTO KaHajla CBSI3W, C ITOW TOYKH 3PEHUS,
UTPAIOT MOJIOKUTEIbHYIO poib. OMHAKO, TaK ke Kak U B
cXeMax Ha OCHOBE HEJMHEHHOTO MO IMeIMBaHus HHPOpMA-
IMOHHOT'O CUTHAJIa K Xa0THYECKOMY (CM. pazfe 3.3), HOBBI-
IIEHNe KayecTBa NepedaBaeMoill mHpopmanuu BiIeYET 3a
cob6oit motepro koHpuAeHIUaIbHOCTU. HO 3Ta mpobiema
3/IeCh SIBJISIETCSl MEHee CYIIECTBEHHOW IO CPaBHEHHIO C
AHAJIOTUYHOM MPOOIEMON Il CXeM, OCHOBAHHBIX Ha PEXH-
Me€ MOJTHOM XaOTHYECKOW CHHXPOHMU3AIUY (CM. pa3jael 3).

4.2. Vicno/ib30BaHue HECKOJIbLKUX THIIOB CHHXPOHHOIO
1oBe/IeHus1 /1151 CKPBITON nepeaaqu ungpopManuu
IToBBICHUTh KOHDUIACHIMAIBLHOCTD Mepeaayn WHPOPMAIUU
MOXHO C TOMOIILIO UCIOJIb30BAHUS HECKOJBKAX THUIOB
CUHXPOHHOTO MOBEACHMUSI OJHOBpeMeHHO. Hampumep, B
paborax [109, 161] npeanoxeHbl COCOOBI CKPLITON Tepe-
Jlaud JaHHBIX, UCIOJb3YIONINE OJHOBPEMEHHO PEXMMBI
0000MIEHHO U TIOJIHON XaOTHYECKOW CUHXPOHU3AIUH.
Cxema, npeayioxxennas B padote [109] (puc. 8), siByisiercst
Moaudukanyei cxembl, pacCMOTpeHHOl B pasgene 4.1.
IMpunnun paGoThl MEpearoliero yCTpOMCTBA aHAJIOTUYCH
MPUHIUIY paOoThl MEpeAarolero YCTPOHCTBA CXEMBI, OIH-
caHHOH B pazzaene 4.1. Momudukanus 3aKIIF0YAETCSI B TOM,
YTO HA TPUHUMAIOIIEH CTOPOHE KAHAJIOB CBSI3U HAXOMUTCS
JIOTIOJTHUTEIbHBIA XaOTUYECKUI TeHepaTOp X (f), UICHTHY-
HBIi BeIyleMy X (f) IO yIpaBIIsIOIIUM apaMeTpaM (jajiee
— BTOpO#l Beaymwmii reHepatop). CUrHAJ, TEHEPUPYEMBIid
BeyILIEH CUCTEMOI, IepeaaeTcs 1Mo MepPBOMY KaHaJy CBSI3H,

m(1)
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Puc. 8. Cxema ckpbITOil mepemaun MH(GOpPMamuu ¢ IOMOLIbIO 0000-
UIEHHOI ¥ TIOJIHOM XaOTHYECKOW CHHXPOHM3AINM, [IPEUIOKEHHAs] B pa-
6ote [109].
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HepeBoIsl BTOPOIl BeAyIIMil IeHEepaToOp B PEXUM IOJTHON
cuaxponm3anuu. KoHpuaeHInanbHOCTh MOKXHO MOBBICHTH
3a CYET TOrO, YTO CHTHAJBI, IOCTYMAOIINE HA BEAOMBIA U
BTOPO# BENyIINiA TeHEPATOPHI, MOTYT OBITH PA3JIMIHBIMU
(Hampumep, BEIOMON cHCTeMe TepenaéTcsl CUTHAJ, Mpe-
CTaBJISIONIMA COOOM X-KOOPAMHATY BEIYILEH CUCTEMBI, a
BTOPOW BEAYIIEW — CHTHAJI, MPEJACTABJISIOIIUNA COOOM )-
koopauHaTy)*. Ha mpuHuMaromieil CTOpOHE KaHAIA CBA3H
CHTHAJI OT BTOPOTO BEAYIIETO FeHepaTOpa, BO3IEHCTBYS Ha
BCIIOMOTATEJIbHBINA, 0OECIeunBaeT BO3HUKHOBEHUE PEXUMA
00001IEHHON cHHXpOHM3auK Mexay Humu. Curhan c
BEJOMOr0 TeHepaTopa IOCTyMaeT IO BTOPOMY KaHAIy
CBSI3M HA IPUHUMAIOIIYIO CTOPOHY. BenencTue naeHTH4HO-
CTH CHTHAJIOB, BO3/ICHCTBYIOINX HA BEIOMBIN U BCIIOMOTA-
TeJIbHBIN TeHEPATOPHI, KAK U B MIPEIBIAYIIEM CITydae, IPUHH-
Marolias CTOpOHAa HUMEET B CBOEM pACHOPSDKEHHU Kak
CHUTHAJI, COJEepXalluil MoJje3Hyro HH(POpPMALUIO, TaKk U
currai 0e3 He€. ITociae MpPOXOXKIEHUS Yepe3 BhIYUTAFOIICE
YCTPOWCTBO TOJIE3HBII CUTHAT MOXET OBITh JIETKO JETEKTH-
poOBaH.

IToHATHO, YTO Takasi cxeMa siBjsieTcst OoJiee IPPeKTHB-
HOMW C TOYKU 3peHUs] KOHPUAECHINAILHOCTH, T.€. CHIKAETCS
BEPOSITHOCTD JETEKTUPOBAHUS HHPOPMALIMOHHOTO cOoO0IIIe-
HUSI TpeThelt cTopoHoit. OAHAKO PsAI APYTUX TPOOJIEM 10 CUX
mop OCTa€Tcsl HepemEHHbIM. Hamnune naeHTHIHBIX TeHepa-
TOPOB B IMEPENAIOLIEM M INPUHUMAIOIIEM YCTPOUCTBAX
(Tenepb 3TO yXe JIBe Napbl HIACHTUYHBIX T€HEPATOPOB),
peanu3aiysl IByX KaHAJIOB CBSI3U, HU3Kasl yCTOMYMBOCTL K
mymMaM B KaHaJle CBSI3H, KOTOpasl CTAHOBUTCS €LIE HUXKeE
BCJIEJICTBHE PA3PYIICHUS TIOJTHON XaOTUYECKON CHHXPOHM3a-
1, BCE OTH HENOCTATKH NEeJal0T TOJOOHBIE CXEMBI
CKPBITOU Tiepeaaud JaHHBIX MaJONMPUMEHUMBIMUA HA TPaK-
THKE.

B pa6oTe [161] ObLT IpeAsIokeH APYroi cnocod CKphITOM
nepenayn “HGOPMAIMU, B KOTOPOM TAaKXKe HCIOIb3YKOTCS
JIBa THITA CHHXPOHHOTO TIOBe/IeHNS — 00O0OIIEHHAS 1 IOJTHAS
XaoTW4yeckasi CHHXpoHM3anus, Ho cxema [161] sBiseTcs mMo-
nuduKanyent OaHOM U3 CXeM IS CKPBITOH MepeIaun JTaHHbIX,
OCHOBAHHBIX Ha HEJIMHEHMHOM NOIMEIIMBAHUU HH(pOpMa-
IIMOHHOTO CUTHAJIA K Xa0TU4ecKomy (cM. pasnei 3.3).

IMpuHnumuanTbHas CXeMa peaiM3alud TaKoro CIocoda
CKPBITOH Iepenauu JaHHBIX pUBeAeHa Ha puc. 9. [lepenato-
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Puc. 9. Cxema ckpbITOi mepenaud MHGOPMALUKU C HCIOJIb30BAHHEM
KOMOMHUPOBAHHOTO Xa0THYECKOTO CHTHAJIA.

4 3TO MOXKET COOTBETCTBOBATH CHTHAJIAM HampsKeHUs, CHITBIM B pas3-
JIMIYHBIX TOYKAX paHHOTeXHH‘ICCKOﬁ CXEMBI Ir'eHepaTopa.
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111ee yCTPOICTBO, TaK ke KaK U B CXeME Ha OCHOBE HEJIMHEU-
HOTO MOJAMEIINBAHUS HHPOPMAIIMOHHOTO CUTHAJIA K Xa0TH-
yeckoMy (cM. paznen 3.3), COOepKUT JBa B3aMMOCBSI3aHHBIX
HJICHTUYHBIX XaOTHYECKUX reHepaTopa X(7) u y(¢) (mamee —
nepBblit 1 Bropoil). MHbopManmoHHblit curHan m(t) mom-
MEIIUBACTCS K CUTHAJIaM, IPOU3BOUMBIM 3TUMH [€HEPATO-
paMu, ¥ TeM CaMbIM IPETEPIEBAET HEJIMHEHHbIE N3MEHEHU .
Kpome TOro, Ha mepemaroleil CTOpOHE KaHAa CBSI3U
HaxoauTes e oauH rerepatop z(¢) (6yaem Ha3bIBATDH €ro
TPETHUM), HEUJCHTUYHBIA TEPBOMY M BTOPOMY IO yIpa-
BJISIFOIIAM TapaMeTpaM U OJTHOHANPABJICHHO CBA3aHHBIN CO
BTOPBIM. 3HAUYECHUSl YHPABJISIOUINX MapaMeTpOB I'eHepaTo-
pOB Tepedaroliero yCTpOWCTBa JOJDKHBI OBbITh BBIOpAHBI
TakuM oO0pa3oM, 4TOOBI BTOPOW M TPETUHl TEeHEPaTOPHI
HAXOJIIACh B peXuMe 00O0OIIEHHON XaOTUYECKON CHHXPO-
HU3AIUU, B TO BpeMsl KakK MEPBbIl U BTOPOU SIBJISUIUCH ObI
MOJIHOCTbIO CHHXPOHH30BAHHBIMH, T.6. HAaXOAMWJUCh B
pexume TOJIHON CHHXpOHM3amuu. TpeTudl reHepaTop Huc-
MOJIb3YeTCsl JJIsl TOBBILECHUS KOH(GHUICHIMATBLHOCTU: OH
(dbopMupyeT CHTHAJ, KOTOPBIA B MPOCTEHIIEM CiIydae mpo-
CTO mo0aBiseTcs K CHTHANY, COJEpXaIleMy IOJIE3HYIO
uHpopMaIMIO, YTO (HOPMHPYET yKe KOMOMHHPOBAHHBIN
CHTHAJI, CO3/1aBasi T€M CaMbIM JONOJHUTEIbHYIO MACKH-
pPOBKY.

Taxoit cioco6 nepenaun nHGOPMAIMKM B OPUTHUHATILHOMN
pabote [161] 61 Ha3BaH "ckphbITas nepegaya MHGOPMALIUH C
WCMOJIL30BAaHNEM KOMOWHHUPOBAHHOTO CHTHAJIA XaOTHYEC-
KHX CUCTEM B pexuMe OO0O0OIIEHHON cuHXpoHM3anuu"
(secure communication using a compound signal from
generalized synchronizable chaotic systems). KomOunupo-
BaHHBII CUTHAJI 110 KAHAJTY CBSI3H Mepeaa&Tcsl Ha MPUHAMATIO-
Iee yCTpoicTBO, coAepikalliee ABa TeHepaTopa: YeTBEPTHINA
— y,(f), MACHTUYHBIA IEPBOMY M BTOPOMY IO YIPABJISIFO-
LM [apamMeTpam, U OATbIid — Z; (1), HACHTHYHBINA B TOM XKe
CaMOM CMBICIIE TpeTheMy. UeTBEPTHIN U MSITHIN reHEPATOPHI
JTIOJDKHBI HAXOJUTHCSI B peXXUMe 0OOOIIEHHON CHHXPOHU3A-
muu. Torma coraacHO METOAY BCIIOMOTATENbHON CUCTEMBI,
BCJIC/ICTBHE HACHTUYHOCTH YETBEPTOM M BTOPOU CHUCTEM,
TPETHH M HATBIM reHepaTopbl OYAYT COBEpLIATH WIAEHTUY-
Hble KoJjieOanus. CurHajgbl M3 KaHajla CBS3M M IISITOTO
TeHepaTopa MOCTYMAIOT HA BbIYMTAIOLIEE YCTpoucTBO. Ha
YeTBEPTHIA TEHEPATOP M BTOPOE BBIYUTAIOIIEE YCTPOWCTBO
OyIoyT yXe MOCTYNaTh CUTHAJIBI, CBOOOTHBIE OT JOMOJIHH-
TeJIbHBIX COCTABJISIONIMX. B ciryyae Bo3eiicTBus Ha 4eTBEP-
TBIil FeHEPATOP ITOT CUTHAJI CUHXPOHHU3YET €ro IPH Iepegade
OunapHoro Omta 0 W HE CHHXPOHHU3YET MpHU Tepenaye
Oounapuoro 6uta 1. Ha BeIxoae OyJeT moJiyueH BOCCTAHOB-
JICHHBIHA curHAI 771(1), IPeACTaBIISIONIME co60il mocienoBa-
TEJIbHOCTh YYaCTKOB C CHHXPOHHBIM (OmMHapHBIA OutT 0) U
HECUHXPOHHBIM (OMHApHBIN OUT 1) mOBeIeHUEM.

W3 npuBea€HHOTO BBIINIE PACCMOTPEHHS CIENYET, 4TO
Takas cxema SIBJISIETCSl JOCTATOYHO KOH(PHUICHINAIBLHOM: 1O
KOMOWHUPOBAHHOMY CHUTHAJTy, IEpeJaBaeMoOMy IO KaHAIy
CBSI3M, B OOJIBIIIUHCTBE CIIy4aeB Jaxe B OTCYTCTBHE IIIYMOB,
JIMATHOCTUPOBAThL MHPOPMAIIMOHHOE COOOIIECHHE TPEeThe
CTOPOHOI He MpeacTaBsieTcss BO3MOXHBIM. OqHAKO, KaK U
B CXeMax Ha OCHOBE HEJMHEHHOrO IMOIMEIINBAHUS, Ka-
4eCTBO Iepenauyn MHpopManmu (a ciaemoBaTeIbHO, U BO3-
MOXHOCTb BOCCTAHOBJICHHSI KaueCTBEHHOU HH(pOpPMAIIH)
CHJILHO 3aBUCUT OT KOH(HUIACHIMAILHOCTH, & UMEHHO: YeM
BbIIIIe KOH(DUACHIIMAIBHOCTh, TEM HUXKE KauecTBO. B To ke
BpeMs MOHSTHO, YTO 3a CYET CO3JAHNSI KOMOMHUPOBAHHOTO
CHTHaja 3Ta 3aBUCHMOCTb OyIeT He CTOJb PEe3KOH, 4To
SIBJISIETCSL HEKOTOPOTO POJIa MPEUMYIIECTBOM 3TON CXEMBI

nepea apyrumu. OJHAKO OJHO JTOCTOMHCTBO HE 3aKPbIBACT
psan HepoctatkoB. Co31aHue MSATU TEHEPATOPOB, TP U ABA
U3 KOTODPBIX [OJDKHBI OBITh HMOCHTHYHBI MEXIy COOOM,
SIBJISIETCSI IPAKTHYECKU HEpelraeMoil TEXHHIECKOW 3a/1avet,
O0COOEHHO €CJIN TeHePaTOPBI PACIOJIATAIOTCS HA PA3JIMIHBIX
CTOpOHAX KaHajla CBs3U. BBeleHMe IOCTATOYHO MAJION
pacCTpONKM YNPABISIIOLUIMX MAapaMETPOB 3TUX I'€HEPATO-
POB cpasy ke Jenaer cxemy HepabotocmocobHou. Kpome
TOrO, IIYMBl B KaHaje CBSI3M, HECOMHEHHO, MPHUBEIYT K
HCKaXXEHUIO TIepe/IaBaeMOro CUTHAJIA, a CJIeIOBATEIbHO, K
Pa3pyIICHAIO PEKUMOB TOJHOW CHHXPOHU3AIUU MEXIY
BTOPBIM U YETBEPTHIM I'€HEpATOpAMU U OOOOIIEHHON CHH-
XPOHM3AIMKM MEXIY YEeTBEPTHIM M HATHIM. CHrHAJBI Ha
pa3HBIX CTOPOHAX KaHAJa CBS3M CTAHYT HEMICHTHUYHBIMH,
U JCTCKTUpPOBAaHUE WMH(DOPMAIMOHHOTO COOOIICHUS Ha
MPUHAMAONIEH CTOPOHE KaHAJla CBSI3W OKAXeTCs HEBO3-
MOJXHBIM.

Takum 00pa3oM, YaCTHUYHAS JIMKBAJAIMS OJHUX HEIO-
CTaKOB B OOJIBIIIEM YHCIIE CJTy4aeB MPUBOAUT K YCYT'yOJICHHIO
Npyrux. BBumy HH3KOW YCTOWYHMBOCTH K IIyMaM U pac-
CTpOIKe YIPABJISIOMINX MAPAMETPOB TEXHIYECKasl pealin3a-
U1 TAKUX CXEM, O0JIaIAFONIMX JOCTATOYHO BBICOKOI KOH-
(buaeHIMAaTBHOCTBIO, SIBIISIETCS OYEHb CJIOXHOW. [TosTomy
"3KCTEHCUBHBII" IyTh COBEPILIEHCTBOBAHUS CIIOCOOOB CKPbI-
TOH HepeIaynl JAHHBIX — UCIOJb30BaAHUE HECKOJIBKUX TUIIOB
CHHXPOHHOT'O MOBEICHUS IS TIepejaud NHPOPMAIUU — IO
BCEl BUJIMMOCTH, SIBJISIETCS HEONTHMAJIbHBIM.

5. CBepxycToiiuuBBIil K IIIyMaM crocod
CKpbITOIl nepexaun nudopmanun

AHam3 cxeM, pacCMOTPEHHBIX B pa3aeiiax 3 u 4, Mmokasbl-
BaeT, YTO, HECMOTPS HA UCIOJL30BaHUE PA3JIUYHBIX TUIOB
CHHXPOHHOT'O MOBEACHUS 1T CKPBITOH nepenaqyn nHpopma-
11", crienupuuecKue 0COOEHHOCTH 3TUX CIOCOOOB, UX Xapak-
TEpHBIE Pa3JINuusl, TOCTOMHCTBA M HEIOCTATKUA B TOU HJIA
WHOW CTENEeHM MPUCYIIN BCEM U3BECTHBIM Celdac CXeMaM.
DTO B EPBYIO OYEPEIb!

e TpeOOBaHME BBICOKOM CTENIEHN UIEHTUYHOCTH K XaOTH-
YeCKHM T€HEepaTopaM, PACIOIATAIOIIMMCS Ha PAa3HBIX CTO-
pOHAaX KaHaJja CBS3H;

e HU3KAs YCTOWYMBOCTB K IITyMaM B KaHAJIC CBSI3H;

e HU3KAas KOHDUIACHIMATHLHOCTh, T.€. BO3MOXHOCTH B
pslie cilydyaeB PEKOHCTPYKLMU NMAapaMeTPOB INEPEIaIOLLero
reHepaTopa Mo CUTHaJly, IepelaBacMoMy MO KaHAJy CBSI3U
(0cOOEHHO ISl CXeM Ha OCHOBE IMOJIHOM XaOTHYECKOW CHH-
XPOHM3AIUN), C MOCIEIYIOIIMM BOCCTAHOBJICHUEM HH(DOP-
MAaIMOHHOT'O CHTHAJIA.

B sTOoM paznmene MBI pacCMOTpPUM CIIOCOO CKPBITOM
nepenayn uHGopmanuu [162, 163], KOTOpBII BO MHOTOM
JIMIIEH BCEX BBILLEYMOMSHYTBIX HemocTaTkoB. bosee Toro,
3TOT crnocod o0JyiafaeT 3HAYUTEIBLHON YCTOWYMBOCTBIO K
mymMaM W, Kak CJIEJCTBHE, XapaKTepU3yeTcs JOCTATOYHO
BBICOKOH CTemneHbr KoHpuaeHuaibHocTH. Crocod ocHo-
BaH Ha 000OIIEHHON CHHXPOHU3AIMH, OJTHAKO B OTJIMYHE OT
crocoba, paccCMOTPEHHOT O B pasjeiie 4.1, OH yUUThIBAET BCe
OCOOEHHOCTH peXHMMa OO0OOIIEHHON CHHXPOHU3AIMH, YIIO-
MSIHYTBIE B pazfiesie 4, 1 mo3ToMy oOJaaeT MPUHIUIHAAIb-
HBIMH JJOCTOMHCTBAMHU I10 CPABHEHUIO C U3BECTHBIMH aHAJIO-
TaMHU.

IIpexne, yeM NepedTH K OIMUCAHUIO CAMOIO CcHocoda
CKPBITOH Mepeaaun JAHHBIX, KPATKO OCTAHOBHMMCS Ha MpH-
YMHAX CTPYKTYPHOW YCTOWYMBOCTU pEXUMa OOOOIIEHHOMN
CHHXPOHM3AIUH K IIIyMaM.
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5.1. YcroiitunBocTb pe:knma

00001IEHHON CHHXPOHH3AIMH K IIyMaM

M3BeCTHO, YTO PEKUM O00OOIIEHHON CHHXPOHU3AIMHA MOXKET
HaOJIIOIAThCSI B CHCTEMAX C JIMCCUIIATUBHBIM M HEJTUCCHUIIA-
THBHBIM TUTIAMU CBsI3H [126, 164]. [{11s cuctem ¢ AMCCUTIATHAB-
HOM CBSI3BIO YPaBHEHUSI, ONMUCBIBAIOLINE TUHAMUKY B3aUMO-
JICCTBYIOLINX CUCTEM B MPHUCYTCTBUU IIyMa, MOTYT OBIThH
MPEJICTABIICHBI B BU/IE

x(1) = G(x(1), g4) »
u(r) = H(u(r), g,) + A (x(t) —u(t) + D& (1)), (3)

rae X(¢) 1 u(f) — BEeKTOPBI COCTOSIHUSI BEAYIIEH 1 BEIOMOM
CHCTEM COOTBETCTBEHHO, § (¢) — mymoBoi curaai, Gu H—
BEKTOPHBIE OJIST B3aMMOJICHCTBYIOIIUX CHCTEM, gy U &, —
BEKTOPBI YIIPABJISIONINX MapamMeTpoB, A = {9;;} — marpuna
cBsizu, O; =0 mwmm §; =1, §;; =0 (i #/), ¢ — mapamerp
CBsI3U, D — WHTEHCUBHOCTB LIYMa.

MexaHu3Mbl BO3HUKHOBEHHS pexuMa 000OIIEHHON
CHHXPOHHM3AIMA MOTYT OBITh BBISBJICHBI C I[OMOLIBIO
MeToaa MOAM(MUIMPOBAHHON CHCTEMBI, BIEPBBIC MPEIJIO-
XKEHHOro B Hammx paborax [164, 165]. CoriacHo 3TOMY
METO/Iy, BeIoMasi CUCTeMa u(f) MOXKET ObITh PACCMOTPEHA
KaK HEKOTOpast MOAU(DUIUPOBAHHAS CHCTEMA:

(1) = H'(um(t), g:.¢), 4)
HAXOISILASICS 10/] BHEIHUM BoseiicTBuem &(AX(1)+DE (1)),
i (1) = H' (um (1), g;,¢) + &(4x(1) + D& (1)), (5)

rae H'(u(r)) = H(u(1)) — ¢A4u(r). Cnaraemoe —eAu(t) BHO-
CHUT JOTIOJHUTEILHYIO JUCCHTIAINIO B MOIU(PHUINPOBAHHYIO
cucremy (4).

Pexum 0000IIEHHONW CHHXPOHU3AINHU, BOSHUKAFOIIUI B
cucteme (3), MOXKeT ObITh PACCMOTPEH KaK CJICACTBUE JIBYX
B3aMMOCBSI3aHHBIX MPOIECCOB, MPOTEKAIOIINX OJIHOBpPE-
MEHHO: YBEJIMYEHWS JUCCHIIAUN B MOIUDUIMPOBAHHON
cucteme (4) U BO3pacTaHUsl aMIUIUTY/IbI BHEIIIHETO (XaoTH-
4ecKoro M ILIymMoBOro) curhaja. Ob6a mpouecca CBSI3aHbI
MeX1y coOOM MOCPECTBOM NapaMeTpa & U He MOTYT OBITh
peanu3oBaHbl B BeIOMOU cucteme (3) MO OTACIbHOCTH.
OmHako yBEJWYCHHE TUCCHIIAMN B MOJIU(PUINPOBAHHON
cucteme (4) IpUBOAUT K YIPOIIECHUIO €€ TIOBEJIEHHS U Mepe-
X0y OT XaOTHYECKUX KoJieOaHUH K NepUOINYECKUM (MU K
CTALlMOHAPHOMY COCTOSIHMIO). BHemnee Bo3aelcTBHe,
Ha000pOT, CTPEMUTCS YCJIOKHUTD TIOBEICHIUEe MOIUDUITUPO-
BAaHHOM CUCTEMBI M HABSI3aTh i CBOIO AMHAMHUKY. OUeBHIHO,
YTO BO3HHKHOBEHHE PeXHMa 00O0OIIEHHON CHHXPOHU3AIMA
BO3MOXHO TOJILKO TOT/a, KOT/Ia COOCTBEHHAs XaOTHUYeCKasi
JIMHAMUKA B BEIOMOM CUCTEME OKa3bIBAETCS IOJABJIEHHOU
BCJIEICTBHUE AUCCUTIAINH.

Taxum 00pa3oM, YCTOMYMBOCTH pexHuMa OO0OOIIEHHOMN
CHHXPOHU3AINHU OIPENEIsieTCs MPEeXIe BCErO CBOMCTBAMHU
caMoil MoaubUIMpOBaHHOW cHucTeMbl. [losTomMy mopor
BO3HUKHOBCHHS PEXUMa OOOOIIEHHONW CHHXPOHHM3AIMHM HE
JTOJDKEH CHIIBHO 3aBUCETh OT MHTEHCHUBHOCTH Iiyma DE (1),
BO3/ICHCTBYIOILETO HA OJHOHAMPABJICHHO CBS3AHHbBIE Xa0TH-
Yeckhe CHUCTeMbl. Eciy 1myM He M3MeHsIeT XapaKTepUCTHKH
MOUGHUIUPOBAHHON cUCTeMBI (4), TO OH HE JOJDKEH W
BJIUATH HAa TOPOT BO3HUKHOBEHHUS PEXUMa OOOOIIEHHON
CUHXPOHM3ALUHY.

JleiicTBUTENbHO, KAaK YIIOMHUHAJIOCH B pa3fese 2, Iuaruo-
CTUpPOBaHUE peXHMMa OOOOIIEHHOW CUHXPOHU3AIMH BO3-
MOXHO KakK C MOMONIbIO METOJa BCIIOMOTATEeJBbHON CHC-

3*

TEMBI, TAK U MYTEM pacuéTa yCIOBHBIX JISIMYHOBCKUX IKCIO-
HeHT. ITOHSATHO, YTO BeZOMAsi M BCIOMOTATe IbHASI CUCTEMBI
MOTYT OBITh PACCMOTPEHBI KAK ABE HICHTHYHbIC CHCTEMBI C
ONM3KUMM HAYaJIbHBIMU YCJIOBUSIMH. Bblumcienue mpo-
U3BOIHOHI OT PAa3HOCTH UX cocTosHuil A(?) = v(t) — u(¢) npu
Haymuuu (D > 0) u orcyrcTBum myma (D = 0), BciencTue
UJCHTHYHOCTH AETEPMUHUPOBAHHBIX H CTOXaCTUYECKHX CHTI-
HAJIOB, BO3CHCTBYIOIIMX HA OTH CHUCTEMbI, IPUBOAUT K
OIHOMY ¥ TOMY € yPaBHEHHUIO:

A(r) = (JH(u(1)) — 24) A(t) = JH' (u()) A1), (6)

rae J — matpuna Sxobu. Tak kak ypaBHeHue (6) MOXET
OBITH PACCMOTPEHO KAK YPABHEHHE B BapUALUSX NP BBIUH-
CJICHUH YCJIOBHBIX JISTTYHOBCKHX 3KCIOHEHT, MOXHO 3aKJTIO-
YUTh, YTO CTAPIIUE YCJIOBHBIC JISIITYHOBCKHE TOKA3ATENIH
(ompenesiroriyie MOPOr BOZHUKHOBEHUST peuMa 00O0OIIEH-
HOM CHHXpOHM3aMu) OyayT BecTH ceOsi CXOKHM 00pazom
Kak B OTCYTCTBHE, TaK W NpH Hajgmuuu myma. [loatomy
MOPOT BO3HUKHOBEHMS pexuMa OOOOIIEHHONW CHHXPOHU3A-
UM HE JOJDKEH 3aBUCETh OT MHTEHCHBHOCTHU IIyMa, a cam
THIT CHHXPOHHOT O TTOBEJICHUS IOJDKEH 00J1a1aTh 3HAYUTE b=
HON YCTOMYUBOCTBIO K IITyMaM.

CnpaBeUIMBOCTh TEOPETUUECKUX PACCYKACHUI Mmoa-
TBEPXKIAETCSl PE3yJIbTATAMHU YHCICHHOTO MOJIEIMPOBAHUS
[160, 166] u dusmueckoro skcnepumenTta [159]. Kak moka-
3BIBAIOT PE3YJIbTATHl MCCIEAOBAHUHN, PEXUM O0O0OOIEHHOM
CHHXPOHHM3AIUU 00JIAJTAeT CTPYKTYPHO# YCTOWYMBOCTBHIO K
IyMaM Kak B CUCTEMaX C MaJjbIM YHMCJIOM CTEHEHEH CBO-
6oabl [160], Tak U B NMPOCTPAHCTBEHHO pacHpe/IeIEHHbIX
cpenax [159]. DkcnepuMeHTaIpHOE IMOATBEPXKACHUE 1aH-
HOTO (paxTa OBLIO MOJYYEHO B paMKaxX pagHOTEXHIYECKOTO
9KCIIEPUMEHTA C HU3KOYACTOTHBIMU TeHEpATOPaMH Xaoca B
pabore [160].

5.2. Omcanne cnocoda
IMepeiiiéM K ONMMCAHUIO CBEPXYCTOMYMBOIO K IIyMam CIIO-
coba CKpbITON Tepefaun wHpopManmu. [IpuHIMIHATbHAS
cXeMa peasu3alny TaKoro crnocoba npuseieHa Ha puc. 10.
Crioco0 ckpbITO# Nepeaun HHPOPMALIUH 3aKIFOUACTCS B
creayromieM [162]. MadbopmannonHslil curuan m(t) Koau-
pyercs B Buae OmHapHOro koma. OOMH WM HECKOJIBKO
YHPABJISIFOIIMX TaPaMETPOB IEPearoIIero reueparopa x(f)
MOJYJIUPYIOTCS. OMHAPHBIM CHTHAJIOM TaKUM 00pa3oM,
4TOOBI XapaKTEPUCTUKH IMEpeIaBacMOro CHIHalla W3MEHs-
JIUCh He3HAYNTEJIbHO. 10 TyYeHHBI TaKUM 00pa30M CHIHAJI
mepeqaércss MO KaHally CBSI3U. 3/1eChb OH TOJBEPTaeTCs
HCKAXXCHUIO TIOJ] BJIUSHUEM IIyMOB. [IpHEMHUK, KOTOPBIiA
HAXOJIMTCSI Ha IPYTOi CTOPOHE KAHAJIA CBSI3H, IIPE/ICTABIISET
co0oii Ba NACHTHYHBIX reHepaTopa u(?) u v(t), CHocOGHBIX
HAXOJIUThCSI B PEXUME OOOOIIEHHOW CHUHXPOHU3AIMH C
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Puc. 10. Cxema peanm3anuy CBEpXyCTOMYMBOTO K IymMaMm croco0a
CKPBITOI Nepenaun nHpopmamu Ha OCHOBe 000OIIEHHON Xa0THYECKOI
CHHXPOHU3ALUY.
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nepeaarmM reaepatopoM. I[puHnun padboTsl npuéMHHUKA
OCHOBAaH HA IMATHOCTHUKE pEXHMMa OO0OOIIEHHON CHHXPOHH-
3aIUH C TIOMOIIBIO METO/1a BCIIOMOTATEIBHOM CUCTEMBI (CM.
paszen 2). CUrua ¢ KaHaja CBsI3U OCTYIAeT Ha TeHEPATOPbI
npuéMHnKa. [ToJyueHHbIe HA BBIXOJIE CHTHAJBI MPOXOMIST
Yepe3 BBIYUTAIONICE YCTPOMCTBO, M 3aT€M JETCKTHPYETCs
BOCCTAHOBJIEHHBII OJIE3HbIA curaan > 7i(t).

Moayismus yIpasisionX TapaMeTPOB MEPEeIArOIIero
TeHepaTopa MOJDKHA OBITH OCYIIECTBIICHA TAKUM 00pa3om,
YTOOBI B 3aBUCUMOCTH OT TIepeaBaeMoro OuHapHoro oura
0(1) Mexay TepearoIM 1 MPUHUMAIONIUM TeHEpaTOPAMHU
CYyILIECTBOBAJ (OTCYTCTBOBAJI) PEKUM OOOOIIEHHON CHHXPO-
Huzanuu. Hanpumep, ecin pexxum 0000IIEHHONW CHHXPOHU-
3a1my HaOJII0aeTCs B TOM ClIydae, ecii nepeaaércst OmHap-
Held Out (0, Torma o0a MPUHUMAIOIIHMX TeHepaTtopa OyayT
JIEMOHCTPUPOBATh UACHTUYHBIE KOJeOAHUs, a MOCJe MPo-
XOXKJICHUS Yepe3 BbIUMTAIOIIEE YCTPOWCTBO OyaeT HabIIro-
JATHCS] OTCYTCTBUE XaOTHIECKUX KOJIeOAHMIA, T.¢. OMHAPHBII
6ut 0. HaoGopoT, npu nepenaye Ounapuoro outa 1 0600-
IMEHHAS CHUHXPOHM3AIlMs He HaOJroaeTcs, a KoJieOaHus
MPUHAMAIONINX TE€HEPATOPOB SIBISIOTCS HEWJICHTHYHBIMU.
Toraa mocje NPOX0OXkKICHUS Yepe3 BEIYATAIOLIEE YyCTPOHCTBO
OyneT HaOJIFOAATBHCS HEHYyJIEBas aMIUIMTYJA XaOTHYECKUX
KoJiebaHui, T.e. OMHApHBIN OUT 1.

[MpUHIUIHATBHBIM TOCTOMHCTBOM PAcCMAaTpPUBACMOTO
croco0a CKpBITOM Tepeayn TaHHBIX SIBIISETCS OTCYTCTBHE
TpeOOBAHUS HICHTHYHOCTH TEHEPATOPOB HA Pa3HBIX CTOPO-
Hax KaHaya CBsi3u. [[Ba MICHTHYHBIX TeHEepaTopa pacroja-
raroTcsl Ha IpUHUMAROILLEH cTopone. CleAyeT OTMETHTb, YTO
HAJMYUC WICHTUYHBIX TCHEPATOPOB HA OJHOW CTOPOHE
KaHaJIa CBSI3M IIO3BOJISIET JIETKO OCYIIECTBHTH UX FOCTH-
POBKY, 4TO CHIXAeT TpeOOBaHME K CTENEHW UACHTUYHOCTH
TeHEPaTOPOB, a CIEIOBATEIBHO, YHPOINAeT TEXHUYECKYIO
pean3aIiio CXeMBI.

Kpome TOro, curHajbl, MOCTYMAOLINE HA T€HEPATOPBI
MIPIHAMAIOIIETO YCTPOICTBA, Beeraa OyIyT OAMHAKOBBIMH,
JlaXke TIPU HAJIMYHU [IyMa B KaHase cBsizu. ClieJoBaTeIbHO,
Kak o0Ocyxaajioch B pazzesne 5.1, npu IUCCUNIaTUBHOM CBSI3U
MEXJy TeHepaTOpaMH MEepPelarolliero M MPHHIMAIOIIETO
YCTPOICTB IIyM HE IOJDKEH OKa3bIBATh CHIILHOT'O BIIUSIHUS
Ha TIOPOT BO3HUKHOBEHUS pekuMa 000OIIEHHONW CHHXPOHH-
3ammu. 9Ta 0COOEHHOCTH O3BOJISIET TOBOPUATE O BOZMOXHO-
CTH CO3JIaHMSI YCTONYMBBIX K IIyMaM CIIOCOOOB CKPBITOU
nepeIavd JaHHBIX HA OCHOBE PEeXXUMa 000OIEHHON CHHXPO-
HU3AIMH.

6. CpaBHeHHe U3BECTHBIX CIOCO0OB
CKPBITOIi mepexaun nHopmamun

ITpoBenéM cpaBHUTENbHBIAN aHAU3 pabOTOCIOCOOHOCTH
CIIOCOOOB CKPBITOW Tepeaauyn UHPpOpMAIU C MOMOIIBIO
Xa0THYECKON CHHXPOHM3AIMU, PACCMOTPCHHBIX B HACTOS-
mem o63ope. 1151 mpoBepku dQGEKTHBHOCTH 3THX METOJIOB
MIPH HAJIMYUY [IIyMa UCTIOJIb3YEM YUCIICHHOE MOICIMPOBAHIE
U OIEHUM HEKOTOPbIE KOJHUYCCTBEHHBIC XapaKTEPUCTUKU
paboToCocCOOHOCTH CXeM. B KauecTBe reHepaTopoB Imepe-

3> Crie/tyeT OTMETUTD HEKOTOPYIO aHAJIOTHIO PACCMATPHBAEMOTO CIIOCO0A
CKPBITO# nepenayn nHpopMaImu 1 crocoda Ha OCHOBE MOJTYJIUPOBAHHS
YIPABJISIIOLIMX TTApaMETPOB, OMMCAHHOTO B pa3zjeie 3.4. B ocHoBe oboux
CIIOCOOOB JIEKHUT MOIYJINPOBAHUE YIIPABISIOIIUX TAPAMETPOB MepeIato-
IEr0 reHepaTopa OMHAPHBIM CHTHAJIOM, HO B PACCMATPHBAEMOM CIOCO-
6€ UCIOIb3YeTCsl peXuM 00OOIIEHHON CHHXPOHHU3AIIMH BMECTO MOJHOI,
YTO MO3BOJISIET IPEOIOJIETh Psi] HETOCTATKOB, YKa3aHHBIX B paszelie 3.4.

JAIOIIEr0 M NPUHUMAIOLLETO YCTPOICTB BO BCEX CIIydasix
BBIOEpEM OJTHOHAIIPABJICHHO CBSI3aHHBIE cUCTEeMbI Pécciiepa
¢ GIM3KUMH 3HAYEHUSMHU yIPABJISIONIUX MapaMeTpos ©, a B
KauecTBe HHPOPMAIIMOHHBIX CUTHAJIOB — MPOCTbIE TOCIIE0-
BaTEJILHOCTH OMHAPHBIX OMTOB. BHIOOp MMEHHO 3THX MOJIe-
JIell pagMOTEeXHUYECKUX I'eHEPATOPOB CBSI3aH C TEM, YTO:
1) cucrema Pécciiepa 1OCTATOYHO XOPOIIO UCCIIEAOBAHA, B
TOM YHUCJIE, ¥ C TOUKH 3PEHUST XaOTHYECKOH CHHXPOHU3AIINN
(cm., manpumep, [97, 129, 140, 157, 165, 167, 168]); 2) B
OJTHOHAMPABJICHHO CBS3aHHBIX cucTeMax Pécciepa BO3-
MOJKHO YCTAHOBJICHUE BCEX THIIOB CHHXPOHHOTO TIOBEICHUS,
Ha OCHOBE KOTOPBIX MOCTPOEHBI PACCMATPUBAEMBIE CXEMBI
CKpBITOM nepenaun nanubix [98, 131, 138, 140, 157, 164, 167 —
169]; 3) pacrosoxxeHne rpaHuIbl 00OOIMEHHO CHHXPOHU3A-
UM HA IUIOCKOCTH IapaMeTpoB "4acToTa paccTpoiikum —
HHTEHCUBHOCTH CBSI3HU" YIOBIIETBOPSET TpeOOBAHUSM, YKa-
3aHHBIM B pasueie 4 (cMm. Takxke [158]); 4) Bo3MOXKHO
MOCTPOCHUE PAAMOTEXHUUECKOTO TeHepaTopa, AMHAMHKA
KOTOPOTO OyIIeT OMUCHIBATHCS YPABHEHUSIMH CHCTeMBbI Péc-
ciepa [170]. Takoit BEIOOP TO3BOJIUT HAM KOPPEKTHO COTIO-
CTaBUTh PACCMOTPEHHBIE CXEMBI JPYT C JAPYroM u, Oolee
TOro, MPU HEOOXOIUMOCTH MPOBEPUTH IPPEKTUBHOCTH UX
paboThl HA peanbHBIX ycTpoiicTBax [170].

6.1. Uncnennasi peajn3auusi CBepXyCTOHYHBOIO K HIyMaM
cnocoba cKkpbITOl nepega4n HHGpopMAaHu

HawneMm ¢ paccMOTpeHHs YNCIICHHON peai3alny HandoJee
3¢ dekTUBHOrO MeToJa CKpPBITOW mnepeaauyn MHPOpMAIIMH,
0012 JAF0IIIET O CBEPXYCTONYNBOCTBIO K IIIyMaM U He TpeOyro-
LIETO HAJINYUS HICHTHYHBIX TeHEPATOPOB HA PA3HBIX CTOPO-
Hax KaHaja cBs3U (cM. paszaen 5.2, puc. 10). B atoMm ciydae
NepeTAfOIINi TeHepaTop ONMCHIBACTCS CIIETYIOIIEH chcTe-
Moii quddepeHIManbHbIX YpaBHEHUIA:

X] = =Xy — X3,
X2 = wyeX| 4+ axs, (7)
X3 =p+x3(x1 —c),

rae x(¢) = (x1,x2,X3) — BEKTOP COCTOSIHUSI HEPEIAFOLIETO
reHepaTtopa, ynpasJisromue napametpsel @ = 0,15, p =02 un
¢ = 10, o, — ynpaBisromuil napaMeTp, XapakTepu3yrOoIunit
COOCTBEHHYIO YACTOTY KOJIEOAHWIA CUCTEMBI.

Bennuuna mapameTpa y MOAYJIHMPYETCSl IOJIE3HBIM
UQPOBLIM CUTHAJIOM ClleAyrouM obpa3om. Eciu B 3aman-
HBIl MHTEpBaJ BpeMeHH mepenaércs OuHapHbli OuT 1, TO
oy = 0,95 Ha mpoTsbKeHMM Bcero 3Toro uMHTepBasta. Ilpu
nepenaye 6mHapaoro 6uta 0 w, = 1. CiemyeT OTMETHUTb,
YTO TAKOW BBIOOp 3HAYCHWI MapaMerpa @, NPOIUKTOBAH
HCKJIFOYUTEILHO JEMOHCTPAIMOHHBIME LEJSIMU U 00ycIo0-
BJIEH XapaKTepOM pPAaCHOJIOKEHHUSI TPaHUIbI 00O0OIIEHHON
CUHXpOHM3AINH, TOAPOOHO u3yueHHbIM B [158]. Ha camom
JieJie mapamMeTp wy MOXET MPUHAMATh JOCTATOYHO MPOU3-
BOJIbHBIC 3HAYEHUS (HAIIPUMED, Pe3yJIbTAThI, aHAJOTUYHBIC
ONHUCAHHBIM HIXKE, ObUIM MoJiydeHbl it o, = 0,91 mnpu
nepenaye GuHapaoro 6urta 1 u w, € [0,9, 0,91] npu mepenade
6unapHoro Outa (). HeoOXOOUMBIM YCIOBUEM SIBISICTCS
JIMIIb YepeToBaHne o0JIacTel ¢ aCHHXPOHHON JUHAMUIKOW 1
PeXUMOM OOOOIIEHHON CHHXPOHU3AIIMH.

IIpuHUMAaroIIIee YCTPONCTBO COMEPIKUT JIBA MICHTHIHBIX
Xa0THYECKUX TI€HEpaTopa, KaXAbld M3 KOTOPBIX OIMCHI-

6 MoapoOHOe ONMMCAHHME ITHX CUCTEM M 3HAUYEHHS YIPABJISIOLIUX Mapa-
METPOB NIPUBEAEHBI B pasaenax 6.1, 6.2.
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BaeTCs CIeAYIOLIEH CUCTEMON ypaBHEHUM:
U = —wuir — U3 + a(s(t) — ul) ,
iy = wyuuy + auy (8)
iy =p+us(u; —c).

3nech u(t) = (uy,uz,u3) — BEKTOP COCTOSHHS LEPBOIO
npuHuMaromtero reueparopa. Ilycte v(7) = (v, v, vs3),
TaKXKe yJIOBJICTBOPSIOMINN (8), SIBJISETCS BEKTOPOM COCTOSI-
HUSI BTOPOTO INpPUHUMAIOIIETO reHepatopa (cm. puc. 10).
Vpasisiroige napaMeTpsl d, p U ¢ BBIOEpeM UACHTHIHBIMA
COOTBETCTBYIOIIUM IapaMeTpaM IMepeaarouiero reHepa-
Topa. YIpaBJISIOUIMA HapamMeTp o,, XapaKTepPU3YIOIIHHA
COOCTBEHHYIO YaCTOTY NMPHHAMAIOIINX T€HEPATOPOB, BHIOE-
peM paBHBIM @, = 0,95 Ha TPOTSHKEHUU BCETO BPEMEHHU
nepeIavd CHrHaa.

Cursa, TEHEepHPYEMBIH MEePeJAloIUM YCTPOUCTBOM,
nepemaeTcs Mo kaHaiy cBsi3u. B uccnenyemoit moaenu (7),
(8) aTO peanm3yeTcs MOCPEICTBOM CBSI3U IMPWHUMAIOIIETO
TeHepaTopa ¢ MepeAaroluMu, T.e. J00aBJICHUEM KOMIIO-
HeHThI &(s(7) — uy) B mepBoe ypaBHeHue cuctemsl (8). 31ech
s(t) = x; + D& —9r0 curnan B kanase cs3u. Cnaraemoe DE
MOJICITUPYET IIyMbl B KaHaJe CBSI3H, {— CTOXAaCTHUYCCKUIA
rayccoB MPOIIECC, XaPAKTEPU3YIOIIUMACS CIICAYIOIIUM Pac-
TpeJieIeHNeM BEPOSITHOCTH:

exp [_@} , o)

202

1
V2no

rae &, = 0u o = 1 — cpennee u aucnepcus . [Tapamerp D
oTpeIesiieT HHTEHCUBHOCTD J0OABJISIEMOTO IyMa.

VHTEHCUBHOCTD CBSI3U MEXY MEPEHAIONINM U MPUHH-
MAIOIUM TeHepaTOpaMHU XapaKTEepU3YyeTCsl MapaMeTpoM &.
OH 0bL1 BBIOpaH paBHbIM ¢ = 0,14. B 3TOM Ccily4ae U3BeCTHO,
YTO B OTCYTCTBHE INYMOB M (DIYKTyaluii B KaHaJe CBS3U
(D = 0) pexxuM 0000IEHHOI CHHXpOHM3AIMH B cucteMe (7),
(8) umeer mecto npu @, = 1, B TO Bpems Kak 1pu o, = 0,95
000011IEHHASI CHHXPOHU3AIUsl He HaOJrogaeTcst (CM. moapo0-
Hee [158]).

Berumraromee  ycTpoMCTBO — BBIMIOJIHSIET — OMEPAIUIO
(g — vy )2. Torna nocie NpoxXoXxIeHUs Yepe3 HErO, COTJIACHO
METO/Ty BCIIOMOTATEJILHOU CHCTEMBI, JOJDKHO HAOIIOAATHCS
OTCYTCTBHE KOoJieOaHUM sl w, = | U HAJMYMe XaOTUYECKUX
koJsiebanuit st w, = 0,95. BoccraHOBJICHHBIH CUTHAM Oy1eT
MpeACTaBIsSITh COOOW TOCIEAOBATEILHOCTh O0JacTeilt ¢
Pa3IMYHBIMA THIIAMY TTOBEICHUS.

IIpocras mocienoBaTeIbHOCTL OWHApHBIX OuTOB 0/1,
BBIOpaHHAS B KAUECTBE UCXOTHOTO MHPOPMAIIMOHHOT'O CO00-
LIeHUs], TpuBeneHa Ha puc. lla. I uHTErpupoBaHUs
CTOXACTHUYECKOTO ypaBHEHHUs (8) BOCHOJIB3YeMCS METOJIOM
Ditnepa ¢ marom auckperuszanuu no Bpemenu /1 = 0,0001
[171].

Hauyném paccMoTpenue ¢ niean3npoBaHHOU CUTYAINH,
MpH KOTOPO# IIyMbI B KaHaje CBSI3M OTCYTCTBYIOT (T.e.
amrumatyna myma D = 0). TIoHSTHO, YTO Takoil ciiyyau
(dakTHyeCcKN Hepeaqu3yeM Ha NpPAaKTUKE, TaK KakK IITyMBbI
BCerga MPHCYTCTBYIOT B PEalIbHBIX YCTPOWCTBax. B To xe
BpeMsI IMEHHO Ha OCHOBE PACCMOTPEHUSI CXeM C Ueallb-

p(&) =

7 BaKHO OTMETHTb, YTO XaPAKTEP PACIPEICIICHUS CIIYYaiHOM BEINIHHbI
¢ He mMeeT 0co0O0TO 3HAUCHUS U MTOJOOHBIE PE3yJIbTATHI ObLIU MOJTyYEHBI
Ul OPYTMX THUIOB IUIOTHOCTH pacCHpeleNieHus BeposiTHocTei p(&)
(manpuMep, [JIs1 pABHOMEPHOTO).

m(r) a

Qnnanmoar

(1) e
10

Sy AB r| Spnb bis
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—40 | '
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Puc. 11. MutrocTpanus YMCICHHON peaM3anuy crnocoda CKpbITON nepe-
a4y MHGOPMAIMU Ha OCHOBE OOOOILEHHOW XaOTHYECKOW CMHXPOHHU3A-
IUH B OTCYTCTBHE IIyMOB W QuiykTyarmid B KaHane cBszu (D = 0):
(a) mHpOpMAMOHHBII cUrHAT m(t), IPEACTABICHHBIIA TPOCTOI MOCIe10-
BAaTEJILHOCTBIO OuHapHBIX 6uToB 0/1, (6) curHan x (), NPOU3BOIUMBII
MepearoliM TeHepaTOPOM ISl MOCIEAYIOIel Mepeaayd Mo KaHary
CBsI3H, (B) BOCCTAHOBJICHHBIN CUTHAJ /71(1) ¥ AeTeKTHPOBAHHBII HHOpMa-
LMOHHBIN curHai (irpuxosasi JuHUs). CHEKTPbl MOIIHOCTH CUTHAJIA B
KaHaJie CBsi3M (I) B OTCYTCTBHE IIymMa U (1) TIPH IIIyMe HHTCHCUBHOCTBIO
D = 10.

HeiMu ("OecinyMOBLIME") KaHAJaMU CBS3M OBLIM IPEIIIO-
JKEHbI U MPOTECTUPOBAHBI MPAKTHIECKH BCE CIIOCOOBI CKPBI-
TOW Mepeiauu JaHHBIX, a BJIMSHHUE IIIyMa Ha paboTOoCIoco0-
HOCTh TaKHX CXeM, KaK MpaBWJIO, HE AHAJU3UPOBAJIOCH.
[ToaToMy paccMOTpeHHEe HACATU3UPOBAHHON CUTyaluu
Ba)XHO KaK JJISl IPOBEPKHA PabOTOCHOCOOHOCTH CXEMBI, TaK
U sl e€ CONOCTABJICHUsI C U3BECTHBIMH paHee CXeMaMH
CKPBITOU Tepe/Iaud TAHHBIX.

PaboTociocoOHOCTH CXeMBbI B OTCYTCTBHE IIIYMOB HJLITFO-
crpupyet puc. 116, B. CurHan x(t), TeHepUpyeMblii Tepe-
JaroIIeil cucTeMol IJIsl mepelauu Mo KaHajly CBS3U, IpUBe-
néH Ha puc. 116. XapakTepUCTUKHA 3TOTO CUTHAJIA TPAKTH-
YEeCKH HE M3MEHSIOTCSI B 3aBHCHMOCTH OT HEPeIaBaeMoro
ounapHoro Oumrta 0/1 (M3MeHEHHMS MapamMeTpa y), 4YTO
OTYETJIMBO BUJIHO MO OTCYTCTBHIO CJIEJIOB aMILTUTYIHOU U
YACTOTHOM MOyJsinuK B curHaje x(¢). B crnexTpe MoIHO-
CTH TAKOr0 CHUTHajla OJjarogaps OTHOCUTENIBHO Majon
YACTOTHON PACCTPOMKe COAEPKUTCS TOJbKO OTHA YETKO
BEIpQ)XEHHAS] CIIEKTpajibHAash KOMIIOHeHTa (puc. 11r), 4to
JleNlaeT HEBO3MOXHOI Aermmdpanuo HHPOPMAIMOHHOTO
cooO1eHust TpeTbeld ctopoHoil. Ha pucynke 11B moxaszaH
BOCCTAHOBJICHHBII B MPUHUMAIOIIEM YCTPONCTBE CHUTHAJ
m(t), mociie MpOIyCKaHusi KOTOPOro 4epe3 QUIbTP HIDKHUX
YacTOT ¥ TPABIJIBHOTO BBIOOpPA MOPOTOBBIX 3HAUYECHUIA
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MOXET OBbITh JIETKO JETEKTHPOBAH MCXOJHBIM WHpOpMAa-
IMOHHEIHA chrHAN®,

PaccMoTpuM Temeph, Kakoe BIMSHIE OKA3bIBAET IIIYM,
HEM30EKHO MPHUCYTCTBYIOIIMIA B KAaHAJAX CBS3M PEAIbHBIX
yCTpoiicTB, Ha 3(h(HEeKTUBHOCTD paccMaTPUBAEMOTO Crlocoba
CKpBITON Tepefaun MHGOpPMAIMK HA OCHOBE OOOOIIEHHOU
cuHXpoHn3anuu. IToHSTHO, YTO IIyM Pe3KO MCKaXaeT mepe-
aBa€MBIl CHTHAJ, YTO MOXET CEPbE3HO OTPA3UTHCS Ha
KauecTBe nepeaaun nHpopManmu win, 6oJjiee Toro, creinaTh
e€ BOBCce HEBO3MOXHOM (Kak OyaeT moka3zaHo B pazzaeie 6.2,
Takas CATYaIus MPHUCYIA BCEM IPYTHM CXeMaX, OMHUCAHHBIM
B 0030pe). OHaKO, KaKk OTMevaJsioch B pazzeie 5.1, mym
MPAKTUYECKH HE BIIMSET HAa MOPOr BO3HUKHOBEHUS PEXUMa
0000IIEHHOW CHHXPOHU3AINY B TUCCUIIATHBHO CBSI3aHHBIX
XaOTHYECKMX CHCTEMaxX, T.e. CHHXPOHHBIA PEXUM H IIpU
HAJIMYUM, W TPU OTCYTCTBUU IIyMa BO3HUKAET B TaKHX
cUCTeMax MpH NPHOJU3UTEILHO OJMHAKOBBLIX 3HAYEHMSIX
mapameTpa CBs3U €. B To xe Bpems aHaIN3 YCTOUIMBOCTH
paccMaTpuBaeMOR CXeMBI K IIyMaM ITOKa3bIBaeT, YTO IPHU
JIOCTATOYHO OOJIBIINX AMIUIATYAAX IITyMa BO3MOYHA CUTYa-
Mst, KOTJa IITyM He TOJIBbKO He pa3pymiaeT pekuM 000O0IEH-
HOW CHMHXPOHHU3ALUU, HO M, HAOOOpPOT, NMPUBOAUT K €ro
BO3HUKHOBEHUIO MPU MEHBIINX 3HAYEHUSIX WHTEHCUBHOCTH
CBSI3U, TIPU KOTOPBIX B OTCYTCTBHE IIIyMa PEKUM 00O0OIIEH-
HOM CHHXpOHHU3AIMU He HaOromaeTcss. DTO MOXET OTpHIA-
TEJILHO CKa3aThCs Ha KayecTBe mepenayn MHGOopMaIum, T.e.
MPUBECTU K BOBMOXXHOCTH JIETEKTUPOBAHUS TOJIBKO OWHAD-
goro 6ura’ 0. OmHAKO JIMIIL IIyM C OYeHb OOJIBIION
aMILIATY 101 criocoGed "ycrmnTs" 0GOGIIEHHYIO CHHXPOHU-
3ammro. Kak ciemyeT u3 pe3yabTaToB MPOBEIEHHBIX HCCIIe-
noBaHUi, 1ist cucteMsl (7), (8) ¢ yka3aHHBIMH 3HAYSHUSIMH
VIPABJISIFONIMX TAPAaMETPOB TaKasi CHTYaIusl BOSHUKAET TPU
aMruaTynax mryma D > 400.

PaGoTocnocoOHOCTh aHAIM3UPYEMOTrO CHOCO0a CKpbI-
TOH Tepetauyr JaHHBIX IPHU HAJMYMH JOCTATOYHO CHIIBHBIX
yMoB B kaHaJie cBsi3u (D = 10) mokassiBaet puc. 12. Tax xe
Kak 1 Ha puc. 11, mpencraBieHbl HHOOPMAIMOHHBIA CUTHAIT
m(t) (puc. 12a), curnan s(z) (puc. 126), nepeaaBaeMslil 110
KaHaJly cBsi3U (T.e. CHI'HaJl, TE€HEpUPYEMBbIH mepenarorieit
cuctemMoit (puc. 1106) miroc mymMbl KaHajla CBS3M) U BOCCTa-
HOBJICHHBI CHTHAJ #i1(¢) 10 (CIUIOLIHASI JIMHUS) M TOCIe
(ITpuxoBas JIMHUS) MPOIYCKAHUS 4Yepe3 (QUIbTP HIDKHIX
YacTOT U BBIOOpa MOPOTOBBIX 3HAYeHUH. 3a cuét gobaBIe-
HUSl IIyMa C JOCTaTOYHO OOJIBIIONW aMIUIMTYAON CHrHAJ,
Hepe1aBaeMblil IO KaHaJly CBSI3U, CTAHOBUTCSI IPAKTHYECKU
HE OTJIMYAIOIIMMCS OT CTOXACTHYECKOTO, YTO OTYETIHMBO
BUJHO KaK IO XapaKTepy BpeMeHHO! peajn3aluy CUrHaja,
TaK U [0 XapakTepy paclpeesieHusI ero aMIUTATY T (KOTOpoe
sIBJIsIeTCSl OJIM3KUM K rayccoBy (cp. puc. 12r u 1, Ha KOTOPBIX
MIPUBECHBI TOJOOHBIE paclpesieleH!s] B OTCYTCTBUE U IpU
HaJMYUM IIyma). B CmekTpe MOIIHOCTH TAaKOIro CHrHaja
(puc. 11), Tak xe Kak U MpU OTCYTCTBUH IIIyMa B KaHaJe
CBSI3H, COACPKUTCS OHA YETKO BBIPAXKEHHASI CIIEKTpaIbHAs
KOMIIOHEHTa, a JOo0aBJieHWe INymMa MPUBOIUT JIHMIIL K
VBEJIMUCHUIO WHTCHCHBHOCTH IIIYyMOTO TbEAeCTalla, MpH-
CyTCTBYIOILIETO B HEM. B 3TOM ciywyae nerekTupoBaHue
MHYOPMAIMOHHOTO COOOIIEHUSI TPEThEH CTOPOHOM SIBJISICT-

8 BuaHO, YTO MCXOAHBIA MH(POPMALMOHHBIA CUIHAJ, TPUBEAEHHBIA Ha
puc. 1la, 1 neTeKTHPOBaHHBI MHPOPMALIMOHHBINA CUTHAN Ha puc. 11B
(IITPUXOBAas JINHUSI) B TOYHOCTU COBHAJAFOT, YTO CBUAETEILCTBYET O
BBICOKOM Ka4ecTBe Iepeaull HHPOPMAaIIH.

9 Korga Apyrue cXeMbl CTAHOBSTCS HEPAOOTOCIOCOOHBIMHU, BCETA Jie-
TEKTUPYETCsl TOJIbKO OMHAPHBINA OUT 1.

m(1) a
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Puc. 12. VimrocTpanus YMCICHHON peain3anuy Crocoba CKpeITOM mepe-
naun uHGOpMaIMu Ha OCHOBE OOOOIIEHHON XaOTHUYECKOW CHHXPOHHU3A-
IIMU TP HAJIMYMU CUJIBHBIX HIYMOB B KaHaJie cBsizu (D = 10): undpopma-
LOUOHHBINA cUrHA® m(f), TPEICTABJICHHBI IPOCTON IOCIIEI0BATEb-
HOCTBIO OnHapHBIX 6uToB 0/1 (a), curaa s(f), HepegaBaeMblil 110 KaHAITY
cBsi31 (6), BOCCTAHOBJICHHBIN CUTHAT /71() (B); IeTEKTUPOBAHHBII HHPOP-
MAaIVOHHBIA CHUTHAJI IOKa3aH IITPUXOBOI JmHueH. Paciipenenenue am-
IJIMTY/1 CUTHAJIA B KaHAJIE CBSI3M B OTCYTCTBUE (I') U IPU HAJIMYUM LLIyMa
MHTEHCUBHOCTBIO D = 10 B kaHaJe cBsi3u (11).

Csl MPAKTHYECKU HEBO3MOXHBIM. B TO ke BpeMsi KauyecTBO
uH(pOpMAIK, BOCCTAHOBJICHHOW B IPUHUMAROIIEM YCTPOW-
CTBe, OCTAETCS TAKUM XK€ BBICOKUM, KaK M B OTCYTCTBHE
IIIyMOB B KaHaJie cBsi3M (cp. puc. 11B u puc. 12B). AHanoruy-
Hasl CHUTYaIlWsl IMeeT MECTO IPH JFOOBIX 3HAUCHUSIX WHTCH-
cuBHOoCcTH Imyma D B auanazone 0—-400, uyto emgé pa3
MOATBEPXKAAET 3HAUYUTEJIbHYIO YCTOMYMBOCTD CIIOCO0A CKPBI-
TOW mepesaur nHGOoOpMaIi Ha OCHOBE OOOOIIEHHON CHHX-
pOHM3AIMM K IIyMY B KaHAJIe CBS3M U CBUACTEILCTBYET O
KOHCTPYKTUBHOW POJIM IIyMa B YBEJIUYCHUU KOH(DUICHIIM-
QIbHOCTH Tepelaydl HWHGOPMAIMH 3THM CIocoboM 06e3
MOTEPU KauecTBa.

6.2. Uncnennasi peaju3amusi Ipyrux paccCMOTPEHHBIX
c1oco00B CKPBITON Nepeaaqu uHGopManuu HA OCHOBE
XA0THYECKOIl CHHXPOHH3ALMH

Tenepnb mepeitiéM K YUCICHHOMY MOICTUPOBAHUIO APYTUX
CcrocoOOB CKPBITOW Tepenayu MHPOpPMAIMU Ha OCHOBE
Xa0THUYECKON CHHXPOHHM3AIUU, PACCMOTPEHHBIX B 0030De.
IIpexme Bcero ciieAyeT OTMETHTh, YTO YHUCICHHAS peasd-
3alsl CXeM Ha OCHOBE XaOTHYECKOW MAaCKUPOBKHU (CM.
pazzaen 3.1), mepexIroueHUus] XaOTHYECKUX PEXHUMOB (CM.
paszen 3.2), MOIyJIMPOBAHUS YNPABJISIONIMX NAapaMETPOB
(cM. paznmen 3.4), a Takke IBYX MPEIJIOKCHHBIX B pabore
[109] cxem, paccmoTpenHbIx B pazaenax 4.1 u 4.2, He
MPUBOJNAT K CYIIECTBEHHBIM W3MEHEHWSIM YpaBHEHWHA IS
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NepefarolX U NPUHUMAIOIUX reHepaTopoB. [TosTomy,
€CJIM He OTOBapHMBaeTcsi 0co00, Oy/IeM CUMTATD, YTO BCE OHU
ONHCBHIBAIOTCS cUcTeMaMt MU depeHInaTbHBIX YPAaBHEHUH
(7), (8) COOTBETCTBEHHO C YIPABJISIONIUMH apaMeTpaMu
a=0,15,p=0,2, c=10, w, = 0,95. 3naueHns ocTajJbHbIX
YIPaBJISIOMUX TapaMETPOB CUJIILHO 3aBUCAT OT TUIA CHHX-
POHHOTO TOBEACHUS, KOTOPBIH HMCHOJB3YeTCs B JTaHHOM
crocobe, U cnenupuKH €ro pealu3aluy, MO3TOMY OHHU
OynyT BbIOMpATbCS ISl KaXIOW cxeMbl pa3HbIMU. Kpome
TOT0, OT CXEMBI K CXEME MEHSIETCSI TAKKE XapaKTep CUTHAIA B
kaHayie cBs3u. OJIHAKO BO BCEX CIIyYasiXx MbI OyJIeM TaKxke
WCIOJIb30BAaTh IIU(PPOBOIA CUTHAIL, TPEICTABJICHHBINA TPOCTOU
MOCJIeIOBATEILHOCThIO OMHApHBIX OuTOB 0/1, B KauecTBe
“HGOPMAIIMOHHOTO W MPENoJiaraTth, YTO IIyMbI B KaHAJe
CBSI3M TIOJUMHSIFOTCS pactpenaeiaeanto (9).

Huist peanm3anuu criocod0a CKpeITO mepegaun wH)Op-
Mallly Ha OCHOBE XaOTUYECKOI MacKUPOBKH (cM. paznen 3.1,
puc. 2) HeoOXOAMMO HAJIMYME NBYX HUIACHTUYHBIX T'eHEepa-
TOPOB, MEPEAAIOLIETO U MPUHUMAIOIIETO, HA Pa3HBIX CTOPO-
Hax kaHaJia cBsi3u. IlosTomy BbeIOepeM w, = 0,95 Ha 1po-
TSDKEHHH BCETO BPEMEHW Mepeiayd CHrHajia. XaoThdecKas
MAaCKHPOBKa OCYILECTBJISIETCS. HENOCPEACTBEHHBIM HpUMe-
IIMBaHMEM HHPOPMAIMOHHOI'O CHTHaja K XaOTHYECKOMY,
T.. CHTHAJ B KaHaje CBs3M OyaeT umeTb Buia s(f) =
= x1 +m(t) + DE. Kpome Toro, it BOSMOXHOCTH peasiu-
3aIMA PEKUMA TTOJTHON XaOTUIECKOW CHHXPOHU3AIH HE0O-
XOJIIMO YBEJIMYUTh WHTCHCHUBHOCTDL CBSI3U MEXIy CHUCTE-
MaMmH, o3ToMy Bbeibepem ¢ = 0,25.

B cxeme Ha OCHOBE MEPEKIIIOYECHUST XAOTHYECKUX PEXKH-
MOB (cM. pazgen 3.2, puc. 3) mepemaroiiee yCTPOHCTBO
COJIEPXKUT JIBA TEHEPATOPA, OJWH U3 KOTOPBIX HAXOAUTCS B
PEeXUME TIOJTHOM XaOTHYECKO CHHXPOHU3AIINH C TPUHUMATO-
UM TEHEPaTOpPOM, T.e. SIBJISETCS €ro TOYHON Komuen
(wy =0,95) m xomupyer Ounapubiii 6ut 0. Bropoi mepe-
Ao TeHepaTop, KOTOPBIM HE UACHTUYEH HMPUHUMAIO-
eMy U He CHHXPOHU30BaH ¢ HUM (BbIOEpeM w, = | B 3TOM
citydae), KogupyeT OnHapHbI OuT 1. CUrHAJ B KaHAJIE CBSI3N
toraa Oymer uMmeTh Bua s(f) = x| + DE, a MHTEHCHBHOCTH
CBSI3M MEX]ly CUCTEMaMHU, 10 aHAJIOTMH CO CXEMOM Ha OCHOBE
Xa0TUYECKON MAaCKUPOBKH, BbIOepeM paBHOi ¢ = 0,25.

st cxeMbl Ha OCHOBE MOMYJIMPOBAHUS YIPABIISIOIINX
mapaMeTpoB (cM. pasgen 3.4, puc. 5) mnerecoodbpasHoO
BEIOpATH Te K€ 3HAYCHUs YIMPABJISIOMINX NapaMeTpPOB, YTO
1 JJIS1 CXeMBl Ha OCHOBE NEPEKJIIOUYECHUST XaOTUUECKUX PEXKU-
MOB, TaK KaK YHCJIEHHAsl peajiu3alysi 3TUX JIBYX CIIOCOOOB
CKPBITOH Tlepefavu JaHHBIX (MIPU BBIOOpPE B KAYeCTBE IMeEpe-
JTAFOIIMX TeHePATOPOB BYX UACHTUYHBIX CHCTEM CO CJIETKa
pasIMIaroNIMMICS TapaMeTpaMH B CXeMe Ha OCHOBE Tiepe-
KJIFOUCHUS XaOTHYECKUX PEXKUMOB) SIBJISICTCS OJMHAKOBOW.
IMoaromy BeiGepeM (1) = x1 + D&, ¢ = 0,25,

(095, m(1) =0,
¥ =11,00, m(r) = 1.

CxeMa Ha OCHOBE pexruma OOOOHIEHHOH XaOTHYECKOU
cuaxponu3anuu [109] (cMm. Takxe pazaen 4.1, puc. 7) Tpedyet
HaJMYUsl JTOMOJIHUTENILHOTO XAO0THYECKOro TeHepaTopa,
WACHTUYHOTO NPUHHUMAIOIIEMY, Ha MepeAarolleil CTOpOHe
kaHanma cBsisu. Kak m B pabote [109], Oyaem Ha3bIBaTh
TeHEPATOPHI MEPEAIOIIEro yCTPOWCTBA BEIYIIMM H BEIO-
MbIM, & UICHTUYHBIA BEIOMOMY I'e€HEPATODP Ha MPUHUMAO-
LIel CTOpOHE KaHajla CBSI3U — BCIIOMOTIaTeNIbHBIM. B aTOM
cllydae BEeQyIIHii TeHEPaTOP OMUCHIBAETCS CUCTEMOU ypaBHe-
Huil (7) ¢ BBIIEYKAa3aHHBIMU 3HAYEHHUSIMH YIPABIISIOLIUX
napaMeTpoB U o, = 1 (c 1esbro obOecrieyeHns: HenAeH THYHO-

CTH C APYIMMH T€HEPATOPAaMHM), a BEIOMBI M BCIIOMOTa-
TEJIbHBII TeHEPATOPBI — CUCTEMOH (8), HO BO3ACHUCTBYIOIIINE
HA HUX CUTHAJBI §(¢) OynyT pasiamaaeiMu: s(1) = n(t)xy, rae

0,9, m(t) =1,
ne) = { 1,0, m(t) =0,

B CJIyuae BO3JCUCTBUS HA T€HEPATOP MEePEeAIOIIero yCTpoil-
crBa u $(¢) = x; + D& npu nepenade curHajga mo KaHajy
CBSI3M Ha MIpUHUMArOIHIA TeHepatop. C nesibio obecrieyeHus
BO3MOXHOCTH BO3HUKHOBCHHS PEKUMa OOOOINEHHOW CHH-
XPOHM3AIMH MEXy HEMICHTHYHBIMU T€HepATOPaAMM BbIOE-
peM napametp cBsizu ¢ = 0,14 (kak u B crioco0e, MpeIIokKeH-
HOM B pasjede 6.1).

B cxeme Ha ocHOBE 0OOOIIEHHON U MTOJTHOM Xa0THYECKOH
cHHXpoHM3anuu, onucanHoi B [109] (cm. Takxe pasmen 4.2,
puc. §), Ha mNpUHUMAIOIIEH CTOpPOHE KaHaJla CBSI3U
HOSIBJISIETCSI JOMIOJTHUTEIbHBIN T€HEpATOP, UACHTUYHBIN Iep-
BOMY IEpeJaoIeMy IO YHOPaBISIOMUM IMapamMeTpam M
OJHOHATIPABJIEHHO CBSI3aHHBIM C HUM (Jajee — BTOpOH
BeAYIINI TeHEPATOP). DTOT TEHEPATOP OMICHIBACTCS CUCTE-
Mol ypaBHeHuit (7) ¢ poOaBieHHEM IOMOJHUTEIHLHOTO
cjaraemoro, T.e.

VI = —0xV2 — V3 +82<g(t) _y‘)7

Y2 =y +ay, (10)

yi=p+y:(y1—o),

rae y(¢) = (y1,¥2,y3) — BEKTOP COCTOSIHHSI 9TOTO IeHepa-
TOpAa, & = 0,2 — mapameTp, XapakTepU3yIOLIUI CUITy CBSI3U
Mexnay "semymumu" renepatopamu, g(f) = x; + DE —
CHUTHAJI, IepeIaBaeMblii IO MEPBOMY KaHaIy cBs3u. CUTHAI
s(f) B 9TOM Cilydae TaKXKe NPEeTepreBaeT HEKOTOPbIE U3MeHe-
HUSL: TeNepb Ha BCIOMOTATeJIbHBINA TeHepaTop OYIeT BO3/ICH-
CTBOBATh CUrHA $(1) = .

IIpr momenmpoBaHUU O0EWX CXEeM, MPEIJIOKEHHBIX B
pabote [109], HEOOXOUMO TPUHUMATH BO BHUMAaHUE HAJIU-
Yre BTOPOrO KaHajia CBs3W, T.C. MPHU Mepelaye CUrHaja OT
BEJOMOI0 I'eHepaTopa Ha IPUHUMAIOLLEE yCTPOUCTBO K HEMY
TaxXe MPUMEIINBAIOTCS IIyMbl. [103TOMY Ha BRIMHTAIOLIEE
YCTPOMCTBO OYAYT MOCTYNATh HE TOJBKO JETEPMUHUPOBAH-
HbIe CHTHAJIBI, IPOU3BOJMMBIE BEIOMBIM M BCIIOMOTATEIb-
HbIM TEHepaTopaMH, HO W CTOXaCTHYECKU CHUTHAJ CO
BTOPOrO KaHaja CBs3M. BOCCTaHOBJIEHHBIN CHTHAJ TOrAa
6yer umets B /(1) = (uy + DE —v)? , ecim He NPHUHH-
MaTh BO BHUMAaHHE, YTO IOYyMbl B JBYX KaHAJlaX CBS3U
SIBJISIFOTCSL  Pa3JIMYHBIMA (YU4ET ITOTO 3HAYUTENILHO YXYA-
aeT BO3MOXKHOCTD JIETEKTUPOBAHHMSI TIOJIE3HOTO CUTHAJIA).

I1pu ynciieHHON peasu3aluy CXeM Ha OCHOBE HEJIMHEHU-
HOr'0 MOJMEUIMBAHUS MHYOPMALIMOHHOTO CUTHAJIa K XaOTH-
yeckoMy (cM. paszzen 3.3, puc. 4) nepeaaroniee yCTpOHUCTBO
OTHCBHIBACTCS CIENYIOIMME cucTeMaMu audepeHnnab-
HBIX YPAaBHECHUIA:

X] = —WyX2 — X3 +8(y1 +m(1) 7X1) )
).62 = WxX] + axy ,

X3=p+x3(x1—c),

(11)
Y1 = -0 — 3 +e(xi +m(t) — 1),
V2= +ays,

y3=p+y:(y —o),
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T.€. IPEJCTaBIIsET cOOON ABA UIEHTUYHBIX B3aUMHO CBSI3aH-
HBIX XaOTHYECKUX TeHeparopa. 3aech X(f) = (x1,X2,X3) U
y(t) = (y1,¥2,y3) — BEKTODPBI COCTOSIHUI NEPBOTO U BTO-
POro MepearoIux IeHepaTOPOB COOTBETCTBEHHO, m(l) —
uHpOPMAIMOHHBIA curHall, w, = 1,00, ¢ = 0,25. [Ipuan-
MAaIOIIUN TeHEepaTOp OMHUCHIBAETCSI CUCTEMOUM ypaBHEHHI
(8), w, = 1. Curnan B xKaHaje CBSI3M B 3TOM clly4yae IMpej-
CTaBJISIET COOO MPOCTO CyMMY CHUTHAJIA, TEHEPUPYEMOTO
OJHOM W3 TepeNaroluX XaOTHYECKUX CHUCTEM, W IIYMOB
KaHasa cBsizy, T.€. s(1) = x1 + DE.

Peanmuzanus cnocoba ckpbITOi nepenayn uHGOpMaIMH,
npeIokeHHoro B pabote [161] (cM. Takxke paszmen 4.2,
puc. 9), ABIsSIETCS HEKOTOPOrO POAA YCIOXHEHHEM CXEMBbI
Ha OCHOBE HEJIMHEWHOT O TIOIMEITUBAHIS HH()OPMAITTOHHOT O
CHTHAJIa K XaOTHUYECKOMY, 3aKJIFOUYAIOIIUMCS B ITOSIBJICHUA
emié ABYX MICHTHYHBIX TEHEPATOPOB HA PA3JIMYHBIX CTOPO-
Hax kaHaja csizu. [ToaToMy ypaBHEHUs U HapaMeTphl TPEX
TeHEePATOPOB, MPHUCYTCTBYIOIIMX B 00EUX CXeMaX, OCTaBUM
TeMH Xe€ caMbIMHU. J{OTOJHUTEIbHBIA TeHepaTOp Ha Iepe-
JAFoIIell CTOpOHE KaHaJla CBSI3U OIMCBHIBACTCS CJIEMYFOIIeH
CHCTEMOM ypaBHEHUI:

21 =—w.zo —z3 +e(y1 — 21)

(12)

Zy = w,z) +azy,
Z3=p+z(z1—c),

rae z(t) = (z1,22,23) — BEKTOP COCTOSIHHSI 3TOTO T'€HEpa-
Topa, w; = 0,95. AHAJIOTUYHBIN reHepaTOp HAa NMPUHUMAIO-
1Ie CTOPOHE KaHaja CBS3U, XapaKTepU3YEMbId BEKTOPOM
cocrosius V(1) = (v1,v2,v3), TAKXKE yIOBIETBOPSET CUCTEME
ypaBHenuit (12) ¢ TOYHOCTBIO 10 3aMeHbl z(t) — v(1),
y(t) = u(t), rne u(t) = (uy,up,u3) — BEKTOP COCTOSIHHUSI
NPUHUMAFOIIETO TeHepaTopa, yIOBJIECTBOPSIOMIUI CHCTEME
ypaBHeHuii (8), HO B 3TOM ciyuae s(1) = y; + z; — vy + DE.
Curnan —v; He iepeAaéTcs o KaHAIy CBSI3H, a T00aBIIsIETCS
MocJIe MPOXOXKACHUST 4epe3 HEero, HO JIO MOCTYIUICHHS Ha
NIPUHAMAIOIINI reHepaTop.

UncieHHast peanu3anysi crnocoba CKPBITOH Tepeaayn
nH(pOpMAIK Ha OCHOBE (Pa30BOIl XaOTHYECKOW CHHXPOHHU-
3anuu (cM. paszen 4, puc. 6) Ha npumepe cucteM Pécciepa ¢
OJIM3KUMHU 3HAYCHUSIMH YIPABIISIOIIMX MapaMeTpoB ObL1a
ocymecTBiieHa B pabote [155]. B atom ciryuae reHepaTopsl
MePEIAFONIET0 U MPUHUMAFOIIETO YCTPOUCTB OMUCHIBAIOTCS
CJICAYIOIINMY CHCTEMaMU yPaBHCHHUIA:

X102 = —(0x + A0) y1p — z1p + &(X21 — X12) ,
Vip = (0 +Aw) x15 +ayi2,

Zipo=p+zia(xip—c),

X3 = —w,y3 — 23 +n(r3cos ¢, — x3),
V3 = oux3 +aysz,

Z3=p+z(x3—c),

rae Xip = (¥12,012,212), X3 = (X3,3,23) — BEKTOPHI
COCTOSIHUI T€HEPAaTOPOB MEPENAIONIer0 U IMPUHUMAIOIIETO
YCTPOMCTB COOTBETCTBEHHO, Wy =, = 1, 6 =5x 1073 u
n = 5,3 — mapameTtpsl cBsizu, Aw = +0,01 — paccrpoiika
napaMeTpa ,, MOAYJIHpyeMasi MOJIEe3HBIM U(PPOBLIM CHUT-
HaJOM (3HAaK IUIFOC COOTBETCTBYET Iepegade OMHAPHOTO
outa 1, Munyc — GunaprHoMy 6uty 0), 13 = (x7 + y32)1/2 —

aAMIUTATY1a CUTHAJIA, TEHEPUPYEMOTO MIPHHUMATOIIEH CUCTE-
moi. CiteryeT OTMETUTD, YTO OOJIbIIAS YaCTh Pe3yJIbTATOB,
HEOOXOIUMBIX IJIs1 CPABHEHHSI ATOH CXEMBI C PSIIOM aHaJIo-
T'OB, OIIMCAHHBIX B HACTOSIIEM 0030pe, COJIEPKUTCS B padboTe
[155]. TToaToMy pe3yJbTaThI, Kacaroluecss paboTocrmocoo-
HOCTH 3TOH CXEMBbI, MPEACTABJICHHbIC HUXE, BO MHOTOM
OCHOBAHBI Ha 3TUX MaTepuajax.

YucrieHHasi pealu3anus BCEX OCTAJNBHBIX PACCMOTPEH-
HBIX CIOCOOOB CKPBITOW Tepenauyd WHPOPMAIMU C BbIIIE-
YKa3aHHBIMU 3HAUYCHHUSIMU YIPABJISIFONINX MMAPAMETPOB eIIe
pa3 MOATBEpKIAeT, YTO BCE OHM O0JIaJalOT BeCbMa oOrpa-
HUYEHHOH ycToitumBocThio k mymam %, Bomee Toro, He-
CMOTpS Ha HCIOJB30BAHME B HUX PA3JIMYHBIX THIIOB CHHX-
POHHOTO TIOBEJICHUSI M COBEPIICHHO Pa3Hble MPHUHIUITBI UX
paboThI, KaYeCTBEHHO IIIyM BIIMSET HA HHUX COBEPIICHHO
OJIMHAKOBO.

HaunGosee HarnsigHO BiMsIHKE IIyMa Ha paboTocnoco0-
HOCTb crioco0a CKpBITOM mepegaun WHDOpMAIUU C TIO-
MOIIbI0 000OIIEHHONW Xa0TUYECKON CHUHXPOHU3AIMH, MPE/I-
JloxeHHoro B pabore [109], mmmroctpupyer puc. 13, Ha
KOTOPOM Hapsiay ¢ HMHGOPMAIMOHHBIM cHrHaioMm m(f),

Qe
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Puc. 13. BimsHue myma B kaHase CBs3M Ha 3¢QexTUBHOCTH crnocoba
CKPBITOI1 epe1aun HHOPMAIMHU C TOMOLIBI0 0000IIEHHO Xa0THYECKOiT
CHHXPOHHU3AIMH, NpeasIokeHHoro B pabdore [109]. MupopmanmoHHbIi
curHas m(t), NpeCTaBICHHBIH IPOCTO MOC/IEOBATEILHOCTBIO OUHAD-
HbIX OuTOB 0/1 (2) M BOCCTAHOBJICHHBIN CUTHAJ /1(f) TIPU PA3JIUIHBIX
3HAYEHUSIX aMIUTUTYIbI ymMa: D = 0 — OoTCyTCTBHE IIYMOB U (IIyKTya-
umii B kaHane cBszu (0), D =1,5 — mymel ¢ gocTaToyHO cinaboit
MHTEHCHBHOCTBIO (B), D =3 — myMsl ¢ OoJiee CHJIbHOIl HHTCHCHB-
HoCThIO (T). BumHo, 4uto B ciayyasx (6) u (B) HHGOPMAIMOHHBII CHTHAI
MOXEeT OBITh AeTEKTUPOBAH (IITPUXOBAsI JINHAUS), B TO BpeMsi KaK B Cliyyae
(r) muarHocTHpoBaTh MH()OPMANMOHHBIA CHIHAJ HE IPEICTaBIISECTCS
BO3MO>KHBIM.

10 J11s1 MHTErpUpOBAHUS CTOXACTUYECKUX AU(PEPEHIINATLHBIX YPaBHE-
HUii, MOJETHMPYIOIINX TEHEPATOPHI MEPEIAIOIEr0 W HPHHUMAIOIIETO
YCTPOICTB, BO BCEX CIIyYasix, KAk U B paszese 6.1, HCIOoIb30BaICsS METO/T
Dilniepa ¢ marom auckperusanuu mo Bpemenu 7 = 0,0001.
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MPEICTABJICHHBIM IPOCTON MOCJEI0BATEIbHOCTbIO OMHAP-
HbIX OMTOB (puc. 13a), mpuBeaCHBI BOCCTAHOBJICHHBIE CHUT-
Hautbl 7/71(t) (CIUIOLIHBIC JIMHUK) NMPH PA3JIMYHBIX 3HAYCHUSIX
aMmumTy el myma (puc. 136-r1). B oTcyrcTBHE 1IyMOB B
kaHaje cBsi3u (puc. 130) Takoii ciocod paboTaeT T0CTaTOYHO
appexTuBHO. MHGOPMAIIMOHHBII CUTHAT TOT /1A MOXKET OBITh
JIETKO IETEKTUPOBAH MO OTCYTCTBHIO/HAJINYUIO XaOTHYECKUX
KostebaHuil B curHasie #i(t). BoccTaHoBICHHBL TakuM 00pa-
30M CHTHAJ MOKa3aH IITPUXOBOH JmHuer. HeTpyaHo 3ame-
TUTD, YTO KAYECTBO Mepenaur HHYOPMAIUH SBIISETCS JOCTA-
TOYHO BBICOKHM, XOTSI B HEKOTOPBIX CIyYasiX M3-3a HAJUYKS
MEPEXOJHBIX IPOLECCOB OMIMOOYHOE NUATHOCTUPOBAHME
OuHapHOTO OUTa 1 OCTAETCS BOZMOXKHBIM.

[TosiBiIeHMe IIYMOB B KaHAJIe CBSI3M MPUBOJUT K BO3ZHUK-
HOBEHHUIO IIIYMOB JIECHHXPOHH3AIMA. EciM MHTEHCHBHOCTH
mymMa JOCTATOYHO MaJia, TO emé OCTaéTcsi BO3MOXKHOCTh
JIEKOINPOBaTh MHpOPMAaIOHHOE coobieHre M (1) O BOC-
craHoBieHHOMY curHany i(t). Kak BumgHO u3 puc. 138,
COOTBETCTBYIOIIETO cirydaro D = 1,5, HeCMOTps Ha HAJIUYHE
LIIYMOB JECHHXPOHHM3ALUK BO BCEM CHUrHasie /i(t), y4acTKH,
COOTBETCTBYIOIIMEe OMHapHOMY OuUTY 0, XapaKTepU3yrTCs
Oosnee HU3KOM amruUTymou. [losToMy mNpu HpaBHIBHOM
BBLIOOpE MOPOTOBOIO 3HAYCHUS MHGOPMAIMOHHBIA CHUTHAJ
MOXHO OyIeT HEeTeKTHPOBATh, BOCCTAHOBJICHHBIN CHUTHAJ
MOKA3aH IITPUXOBOM JIMHUAECH.

JanbHeiinee yBeJIMUYeHAE AMILTATY IbI IITyMa IIPUBOIUT K
"BBIPABHUBAHUIO" MHTEHCUBHOCTH aMIUTATY] KOJIeOaHMUA Ha
y4acCTKaX, COOTBETCTBYIOIIMX OuHapHbIM Outam O u 1 (cm.,
HanpuMmep, puc. 13r, Ha KOTOPOM MOKa3aH CUrHAJ 71(1) mpu
D = 3). HerpyaHo 3amMeTuTh, YTO B JAHHOM ClIy4ae He
MMeeTCsl HUKAKON BO3MOXHOCTH JIEKOAMPOBATH MHPOpMa-
IIOHHOE COOOIIICHIE.

KadecTBeHHO aHAJIOTMYHAS CHUTYyaIusi HAOJIFOaeTCs ISt
BCEX CIMIOCOOOB CKPBITOW Tepenayr UHPOPMAIMK, PACCMOT-
peHHBIX B paznenax 3 u 4. Takum oOpa3zom, mpoBeIEHHBIC
WCCIIEIOBAHUS TTO3BOJISIOT 3aKJIFOYUTH, YTO HA TOJABIISIIO-
1ee OOJTBIIIMHCTBO U3BECTHBIX CIIOCOOOB CKPBITOH Mepeaaun
HHPOPMATIHH IITYM BIIUSAET ASCTPYKTUBHO. OTHAKO, ISl TOTO
4TOOBI KOJIMYECTBEHHO CONOCTABUThL CXEMBI IPYT C IPYIOM,
HEOOXOAMMO OLIEHHTH HEKOTOPBIE APYTrue XapaKTEePUCTUKU
paboTOCIIOCOOHOCTH ITUX CXEM.

6.3. KomyecTBeHHbIe XapaKTEePHCTHKH
padoTocnocodHOCTH cXeM

OCHOBHBIMH KOJIMYECTBEHHBIMHU XapaKTepUCTUKaMU pabdo-
TOCIIOCOOHOCTH CXeM CKPBITOHW mepegaud UHPpopmaiuu
SIBJISIFOTCSI:

1. Kputnueckoe 3nauenne SNR; OTHOIIIEHUS SHEPT UM HA
OUT K CHEKTPaJbHOHU IUIOTHOCTU MouHOCTH Iyma (SNR)
[172, 173], npu KOTOpPOM cXema MepeJayd JIaHHBIX CTAHO-
BHUTCSI HEPAOOTOCIOCOOHOM, T.e. OKA3bIBAETCS HEBO3MOX-
HbIM BOCCTAHOBJIEHHE HCXOIHOTO IOJIE3HOTO IH(poBOTO
curHana m(t) 1o IOJIydaeMOMY Ha BBIXOJE CHTHAIy 7i(f).
OTHOIIIEHWE 3HEPTHH Ha OWT K CHEKTPAJbHOHN ILNIOTHOCTH
IIymMa, KOTOPOe BBOIUTCS B PACCMOTpEHHE JUIS MU(PPOBBIX
CHCTEM CBSI3H, SIBJISIETCS AaHAJIOTOM OTHOILEHUSI CUTHAJI/IITYM
B QHAJIOTOBOM CBSI3U:

SNR = 101g 2 [1B], (14)
No

rae Ep — 2Heprusi curHaja, mpuxoisiiasicss Ha OnuH OUT
nepenaBaemMoil maHpopmManuu, Ny — CIEKTpaJibHas IUIOT-
HOCTb MOIINHOCTH IuyMa. Ilpu 3TOM 3Heprus, mpuxons-

masicd Ha OJJUH 6I/IT, OIIMCBIBACTCA KaK

Eb:PsignT7 (15)
rae Psign — MOIHOCTH NEpeaaBacMOro Curhajia B OTCyT-
cTBUe myma, T — BpeMs nepeaayd OJHOTO OwuTa, a

CIICKTpaJIbHas MOIIHOCTD HIyMa OIPEACTIACTCA KaK

Ny = Foome. (16)

Af
e Ppojse — MOIIHOCTB IIIyMa B KaHaJie CBsI3H, Af — IMpuHa
MOJIOCHI MPOMYCKaHMs KaHala. Tak Kak IIyMbl Hen30eXHO
MPUCYTCTBYIOT B KaHAJIaX CBSI3H PEaJIbHBIX YCTPOUCTB,
OIleHKa PabOTOCHOCOOHOCTH CXeM Iepenayn WHGOopManuu
NP HAJIMYHMHA IIYMOB SIBJISIETCSI OUCHb BAXKHOM U aKTyaIbHOU
3a1avuei.

Pacuér mornocTH Kak AeTepMUPOBAHHOTO, TAK U CTOXA-
CTHUYECKOTO CUTHAJIOB OCYIIECTBIISUJICS IO WX BPEMEHHOU
peaym3anmu. [1pn MpoBeeHNH YHCIIEHHBIX PACYETOB TMPEII-
MoJjarajoch, 4YTO  IIUPUHA  MOJIOCBI  MPOIYCKAHUS
ANf=f—-/1=02, tone f1 =005 f,=0,25 — rpanuns
MOJIOCHl IPOIYCKAaHUSl KaHajla B CJIyyae MCIOJIb30BAHUS
reHepatopoB Pécciepa.

J7sl XapaKTepUCTUKY CTEIIEHN YCTOMYMBOCTH CXEM CKPBI-
TOW mepenayd WHGOPMAIUK MO OTHOIICHHWIO K BHEIIHUM
myMaM B OUQPPOBBIX CHCTEMAax CBSI3U JIOCTATOYHO 4YacTO
HUCTIOJIB3YIOT, HApsAy C XapaKTepUCTUKOW, OMHUCAHHOMN
BBIIIIE, 3aBUCUMOCTh BEpOSTHOCTHU ook Ha 6ut (BER —
Bit Error Rate) oT OTHOIIIEHHS SHEPTUHU HA OUT K CHIEKTPaJib-
HOH IUIOTHOCTH MolHocTH Inyma [174]. BepositHocTh
OIIMOKN HAa OUT XapaKTepuU3yeT KauecTBO Mepeaayn nHpop-
MaIlM ¥ MPEACTaBJIseT CO0O0# KOJIMYECTBO ONMIMOOK, OTHE-
c€HHOE K 4YMCIIy NepeaaHHbIX OMTOB. IIpeAmnoJiokum, 4To
cXeMa KOppeKTHO mepenaét OuHapHbIii OMT 0 ¢ BeposT-
HOCTBIO Py u OuHapHbBIA 6UT 1 ¢ BeposTHOCThIO Ppy. Toraa
OmMOOYHOE JAMATHOCTUPOBAHWE OWHApHOro Omrta 1 mpu
nepenaye OunHapHoro Oura 0 XapakTepusyeTcs BEpOST-
HOCTBIO Py; = 1 — Py, a BepossTHOCTBL Py = 1 — P} xapak-
TEpU3YET OMOOYHOE IMATHOCTUPOBaHUE OMHApHOTO Outa 0
npu mnepenade OunapHoro Outa 1. Ecim cuMBOJIBI
MOSIBIIIFOTCSL B TEPEeIaBaeMoOil  IMOCJIEOBATEIBHOCTH C
BEPOSITHOCTIMU Py U P; COOTBETCTBEHHO, TO BEPOSTHOCTH
OIIMOKY HAa OUT BBIYUCIISETCS CIEAYIOIIUM 00pa3oM:

BERIZ(P(HP()-FP]()P]), (17)
pu4éM BepOsITHOCTU Py 1 Py 3aBUCSIT OT TUIIA U TApaMET-
POB CUCTEMBI CBSI3U.

2. MakcumanbHoe 3HaueHue PM. paccTtpoiiku ympa-
BisirolX napamerpoB (PM, %) reHepatopoB, KOTOpBIE
M3HAYAJIBbHO TOJDKHBI OBITH HASHTHYHBIMU. Kak yxke o0cyxk-
JaJloch B pasfenax 3 U 4, B OOJBIIMHCTBE CIIyYaeB TaKHe
TEHEPATOPBI JOJIKHBI PACIIOIAraThCsl Ha PA3JIMUHBIX CTOPO-
Hax KaHaJia cBsI3U. BBUAY CII0KHOCTH TEXHUYECKOH pean3a-
MM TAKUX YCTPOWCTB BJIMSIHUE PACCTPONKU MX YHPaBJISIO-
KX mapamMeTpoB Ha 3((ekTUBHOCTH pabOThI CHOCOOOB
nepegavu HHPOPMAIMH SIBIISIETCS BECbMa aKTyaJbHON MPO-
61emMoit.

3. MakcumaibHblil ypoBeHb ND, HeJIMHEHHBIX HCKaXe-
HUI B KaHaJe CBSI3U, IPY KOTOPOM cXeéMa paboTaeT:

Py
ND = 101gp— [nB]. (18)
"y
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3nech P, — MOIIHOCTD CUTHANA X(f) HAa BBIXOJE MEPEIAt0-
IIEero reHepaTopa, P, — MOIIHOCTb CHTHANA )(f) Ha BXOJe
MPUHAMAIOLIETO YCTPOUCTBA. TpagWIMOHHO B YHCIEHHBIX
pacuéTax HCHOJIb3YIOTCS HEeJMHEHHBbIe MCKaXXCHUS B BUIC
Ky6uueckoii Hemmueitnoctn y = x(1 — ax?), re o — MaJbIii
napamMetp [23], mosToMy nanee OylIeM CUUTATb, YTO IPU
MIPOXOXKIACHUH Yepe3 KaHaJbl CBSI3W BCEX CXEM M YCTPOUCTB
CHUTHAJI IPETEePIEeBAET UCKAXKEHHSI TAKOTO POJIA.

Hns Toro 4ToOBI KOJMYECTBEHHO CPABHUTH CHOCOOBI
CKPBITOH Hepenavi HHPOPMAIH, OMICAHHbBIC B HACTOSIIIEM
0030pe, OIECHUM BBIIICYIIOMSHYTBIC XapaKTCPUCTHKH IS
BCEX PACCMOTPEHHBbIX cxeMm. ClieyeT OTMETHTbh, 4TO B
pabore [23] ObLiIa BBeCHA ApYTas XapaKTepUCTUKA pabOTOC-
MOCOOHOCTH CXEMBI Ilepe/laud JAaHHBIX, OCHOBAaHHAs Ha
OIICHKE CTENeHH OJIM30CTH CUTHAJIOB, KOTOpasl OIpese-
JIeTCS Kak

(19)

rae AP — MOUIIHOCTH IIyMa JAeCHHXpoHHW3amuu, P —
MOIIIHOCTh IIIyMa Ha BXoJe renepatopa. OgHako naHHAs
XapaKTEePUCTUKA UMEET CMBICI TOJIbKO JJISl CX€M, OCHOBAH-
HBIX Ha MOJIHON XaOTHYECKOM CHUHXPOHM3AIWHU, TO3TOMY B
LEeJSIX JOCTHKEHHUS! OOIIHOCTH M BO3MOXHOCTU CPaBHEHUS
Pa3JIMYHBIX METOIOB MEI €€ 3/IeCh HE PACCMATPHBAEM.

Pe3ynbTaThl pacu€ra KOJIMYECTBEHHBIX XapaKTEPHCTUK
paboTOCIOCOOHOCTH CXeM TPEICTABJICHBI B TA0JIHIIE.

Kax BumHO u3 Tabiumiel, cxema 9, onucaHHas B pasjie-
Jie 5.2, CTAaHOBUTCS HEpabOTOCHOCOOHOW MpPH OTHOIICHUU
9HEPTMM HAa OUT K CHEKTPAJIbHOH ILIOTHOCTH IIIyma
SNR. = —10,01 b, B TO Bpems Kak I APYIMX PaccMOT-
pernbIx Hamu cxeM SNR. oka3bIBaeTCsl MOJOKUTEIBHBIM.
To ecThb IpH HAJTUYUH B KAHAJIE CBSI3U IITYMOB OTPEACIEHHOTO
YPOBHS (1aXe €CIM MOIIHOCTb IIYMOB MEHBIIIE MOIIHOCTH
nepeIaBaeMoro CUrHajia) OOJIBIIMHCTBO CXEM CTAHOBHUTCS
HepaboTocmocoOHbIM. [IOHSTHO, 4YTO 3HAYEHHS TaKUX
XapaKTEePUCTUK OYAYT MEHSThCS OT CXeMbl kK cxeme. U3
cxeM | —8 JydImiMu B 3TOM OTHOILICHUU SIBJISIFOTCSI CXEMBbI
Ha OCHOBE MEPEKJIIOYEHUS XAOTUYECKUX PEKUMOB U MOAYJIH-
pOBaHMS YIPABJISAIONMX MapaMeTpoB (cxembl 2 u 4,
SNR, = 30,76 nBb). Ho noyioxkuTebHOE 3HAUYEHHE OTHOIIIC-
HUSl JHEPIrUM Ha OUT K CIEKTPaJbHOW IJIOTHOCTH IIyma
CBUICTEIBCTBYET 00 OrPAaHWMYCHHOW YCTOWYHMBOCTH K

LIyMaM M AeCTPYKTUBHOI poJiu LIyMa Ipu nepenaye uHGop-
MaIuH.

Cxema 9, oniicanHasi B pasjesie 5.2, 001agaeT 3HAYNTE T b-
HOHM yCTOMYMBOCTBIO K IIIyMaM B KaHaje cBsa3u. [1pu atom,
em€ OoJiee UCKaxkasi repeaBaeMblid CUTHAJ, LIyM TIPENsiT-
CTBYET TpeTbeil CTOpOHE AEKOAUPOBATH MHPOPMAIMOHHOE
cooOuienue. B 3ToM ciyyae MOXHO TOBOPUTH O KOHCTPYK-
THBHOHM pOJNM IIymMa B MOBBIIICHUU KOH(DUICHIMATIHLHOCTH
nepeaayn WHGOPMAIUK, TOTIAa KaK B OCTAJbHBIX CIyYasix
POJIb IIIyMa SIBJISIETCSI AECTPYKTUBHOM.

CrpaBeyIMBOCTD BBIIIETPUBEIEHHBIX PACCYKICHHM 1101~
TBEPIKIAETCS] TAKXKE 3aBUCHMOCTbIO BEPOSTHOCTH OIIMOKU
Ha OUT OT CHEKTPaIbHOW MIOTHOCTU MOIIHOCTH LIyMa JJIs
Pa3JIMYHBIX CXEM CKPBLITO Nepenayn nHpopManuu. YKazan-
HbIC 3aBHCUMOCTH IIpeacTaBiieHbl Ha puc. 14. I1pu pacuére
BEPOSATHOCTH OIIMOKM HA OUT MOPOroBOE 3HAUYEHUE, O3BO-
JISIFOILIEE  BOCCTAHOBUTH HCXOJHYIO IOCJIEIOBATEILHOCTD

1,0
BER

0,8

0,6

0,4

0,2

Puc. 14. 3aBucumoctu BeposiTHOCTH ommnOky Ha 6uT (BER) oT oTHOIIE-
HUS JHEPIrHMHM Ha OUT K CIEKTPAJBHOM IUIOTHOCTHM MOIIHOCTH IIymMa
(Eb/Np) Aanst pa3jinyHbIX CXeM CKPBITOM mepenaud mHGopMamum: o —
Xa0THYECKasi MACKUPOBKA, 4 — IEPEKJIIOYEHUE Xa0TUYECKUX PEKHUMOB
(MOIyTUPOBAHNE YIPABIISIFOIIMX NAPAMETPOB), W — HEJIMHEWHOE MO-
MEIIMBAHUE, ¢ — CXEMa Ha OCHOBE pexxuma (pa30BOIl CHHXPOHU3ALUU
(KpuBast YaCTUYHO HepeHeceHa u3 paboThl [155], A — cxema Ha OCHOBe
pexuMa 000OIIEHHON CHHXPOHU3ALNH, A — CXeMa Ha OCHOBE 0000IIEH-
HOIl M TOJIHOW CHHXPOHHM3AlUU, [ — CXeMa C KOMOHMHHUPOBAaHHBIM
CHUTHAJIOM, @ — CBEPXYCTOWYMBAS K LIIyMaM CXeMa.

Ta6mua. Kputuyeckue 3Ha4CHU ST OTHOIICHHUSI SHEPI UK HA OUT K CEKTPaJibHO# IIoTHOCTH 1ityMa SNR ., paccTpoiiku ynpasJsitolux napametpoB PM.
M3HAYAJIBHO UACHTHYHBIX [EHEPATOPOB M YPOBHSI HEJIMHEWHBIX HCKaXEHUH B KaHaJe cBsi3u ND,

Ne HasBanue cxembl SNR¢, n1b PM., % ND., nb Paznen* JIutepatypa
1 XaoTuueckass MAaCKMpPOBKa 56,48 0,30 1,03 3.1 [25]
2 TlepexiiroueHrEe XaOTUYECKUX PEXXUMOB 30,76 2,00 23,3 3.2 [145]
3 Henuneitnoe moaMenmBaHue 64,99 0,30 0,26 33 [146]
4 MoaynupoBaHue YIPABIISIOLINX APAMETPOB 30,76 2,00 23,3 34 [147]
5 Cxema Ha oCHOBe pexuma (Ha30BOU CHHXPOHU3AIINI 32,40 0,80 10,7 4 [155]
6 Cxema Ha OCHOBE pexuMa 000OIIEHHON CHHXPOHU3AIINT 39,52 1,00 7,75 4.1 [109]
7 Cxema Ha OCHOBe 00OOINEHHOM U TIOJTHON CMHXPOHU3AINH 39,24 0,50 4,83 4.2 [109]
8 Cxema co "ci10xHbIM cHTHAIOM" 61,47 0,20 2,63 4.2 [161]
9 CBepxycToiiunBasi K IyMaM cxema —10,01 2,00 27,2 5.2 [162]

* Pazgen HacTosmero o63opa.
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OGUHAPHBIX OUTOB MO CHrHATY #1(t), BEIOUPATIOCh (HUKCHPO-
BAaHHBIM HE3aBHCHMO OT WHTEHCHBHOCTH IIyMa, BO3[Eii-
CTBYIOIIETO HA CHUCTEMY, TOTJa KaK MpHU ONpeaesIeHHN
XapaKTepUCTHK, TPEICTABIICHHBIX B TaOJMIle, OHO MEHS-
JIock. B TO e Bpemsl, Kak BUJHO U3 puc. 14, it pa3IuuHbIX
croco0oB CKpbITOW mepeaaun uHpopmanuu (cxembr 1—8
TaO/MIIBI) BEPOSTHOCTh OIIMOKM Ha OUT JOCTATOYHO
OBICTPO CTAHOBUTCSI PABHOH 1, TOTa Kak JJIsl CBEPXYCTOM-
YABOTO K INyMy crmocoba (cxema 9) OHa OKa3bIBAETCS
6sm3Koit k 0, BHE 3aBUCHMOCTH OT MHTEHCHBHOCTHU IIyMa,
BO3JICHCTBYIOIIETO HA CHCTEMY, YTO JOCTATOYHO XOPOIIO
COTJIACYeTCsl C pe3yJIbTaTaMHU, IPEICTABICHHBIMH BBILIE.

OneHuM Temeph BIMSHUE PACCTPOMKH YHPaBIISIOLIUX
nmapamMeTpoB Ha 3(PQPEKTUBHOCTH PabOTHI PACCMOTPEHHBIX
Ccroco0OB CKPBITOH Tiepenaun JaHHbIX. JJIsl 9TOro BBEIEM
paccTpoiiky B mapameTp @, OMHON U3 JBYX HW3HAYAIBHO
UACHTUYHBIX CUCTEM (T.€. €CIIM UMEIOTCS ABE Maphl UACHTUY-
HBIX CHCTEM, TO PACCTPOUM MO MAPAMETPY ¢ KaXKAYIO Iapy).
Torma mapameTrp ® OTHOW U3 CHCTEM 3aMEHHUTCS MapamMeT-
pom (1l £n), rae n — paccrpoiika o ® (PM). s
ONpeZeIEHHOCTH BO BCeX Ciydasx OyaeM Opath 3HAK
"mroc" (aHAJOTMYHBIE PE3YJIbTATHI IOJIYYEHBI IIPH BHIOOpPE
3Haka "munyc").

[MomoOHbIe OLEHKHM TO3BOJISIOT 3aKJIFOYHATh, YTO CXeMa
Ha OCHOBe peXuma OOOOIIEHHOW CHUHXPOHHU3AIMHA (CM.
pasznen 5) OyaeT ocTaBaTbesl pabOTOCIIOCOOHOM 10 TeX TOp,
MOoKa TEeHEepaTOphl MPHHUMAIOIIETO YCTPOWCTBA HE OYyAyT
pacctpoens! 6oee yeM 110 2 % mo napameTpy o,. Koneuso,
9TO HE CTOJb OoJbllasi BeJIMYMHA, U B 3TOM OTHOILCHUU
paccmaTpuBaeMasi cxeMa MMeeT KOHKYPEHTOB, KOTOPBIMHU
CHOBA SIBJISIFOTCS CXEMBI TiepeIaull nHPOopMaIi Ha OCHOBE
MEPEKJTIFOYCHIST XAOTHYECKUX PEXKHUMOB W MOJIYJIHPOBAHUS
YOPABJISIIOLIMX HapaMeTpoB (cxembl 2 U 4 B Tabsuie
cooTBeTCTBeHHO). O/THaKO cxema 9 U ¢ 3TOW TOYKU 3peHUs
obajaeT MPUHIMIHAILHBIM HPEUMYIIECTBOM Mepesa Cxe-
Mamu 2 1 4. VI3HAYaIbHO UICHTUYHBIE XaOTHYECKUE TeHepa-
TOpbl B cxemax 2 u 4 Tabmunel (Tak e Kak M BO BCEX
OCTaJIbHBIX, KPOME CXeMbI 9) IOJDKHBI PACHOJIAraThCsl Ha
PA3JIMYHBIX CTOPOHAX KaHaja CBSA3M (I BO3MOKHOCTHU
peaqM3anyy peXHMa MOJHON CHHXPOHM3AIMH MEXIY
HUMH). B cxeme 9 naeHTHYHBIE TeHEPATOPHI PACIIOIATAFOTCS
TOJILKO HAa NPUHUMAIONIEH CTOpPOHE KaHajla CBSI3HM, YTO
MO3BOJISIET JIETKO OCYIIECTBUTH TNPU HEOOXOTUMOCTH WX
IOCTHPOBKY.

Yro kacaeTcst yCTONUMBOCTH K HEJIMHEMHBIM HCKA)KEHUSIM
B KaHaJle CBSI3H, TO U 110 3TON XapaKTePUCTHUKE PACCMOTPEH-
Hasl B pa3fiesie S cxema IpeBOCXOIUT BCE M3BECTHBIE AHAJIOTH.
TToHSATHO, YTO YeM O OJIbIIIE BIIUSIHIE HEJTMHEHHBIX HCKaXKCHU T
Ha CUTHAJI, TEM BBIIIE JOJIKEH OBITh MAKCUMAJIHLHO TOMYCTH-
MBIl ypPOBEHb HEJIMHEHHBIX HCKAKEHUH, IIPU KOTOPOM CITOCO0
CKPBITOH Nepe/iavul JaHHBIX Oy/IeT ocTaBaThes eg paboToc-
mocoOHbM. Kak BHIHO W3 TaOIMUIBI, MAKCUMAJIBHBIN ypO-
BEHb HEJIMHCHHBIX UCKaXXeHUH 111 cxeMbl 9 ND. = 27,2 nb.
Hawnbosee 6IM3KMMHU MOKA3aTEJSIMU OTSITH 00J1aAaI0T CIIO-
coOBI CKpBITOH mMepenaun MHOOPMAIMU HA OCHOBE Tepe-
KJIFOUCHHUSI XAaOTUYECKUX PEXKUMOB M MOJTYJIUPOBAHUS YIpa-
BJISIFOLLIUX TTApaMeTpOB (cxembl 2 1 4), 0JTHAKO YCTOUIMBOCTh
CXeMbI 9 K HeJTMHEHHBIM UCKAKEHHSIM OKa3bIBAETCS HECKOJIb-
ko Bolte. Kpome Toro, cxemsl 2 14 0671a1a10T OTpaHUYEHHON
YCTOHYUBOCTBIO K IIyMaM, B TO BpeMs KaK YCTOWYHBOCTH
CXeMBbI 9 SIBJISICTCS MPAKTUIECKH HEOTPAHUYCHHOW B peaib-
HBIX IIpeJesiax.

IlonsiTHO, 4YTO W3MEHEHHWE 3HAYEHWH YHIpaBIISIOIIUX
mapaMeTpoB U YpaBHEHHIA TeHEPATOPOB (HAIIPUMED, BO BCEX

caydasix B TMEpeJarolleM WM NPUHHMAIOIIEM YCTpoicTBax
MOHO HCIIOJIb30BaTh TeHepaTopsl Uya [175, 176], komblie-
BbIE T'€HEpPATOPBI Xaoca ¢ 3amasabiBanueM [151, 177-179],
TeHepAaTOPhl Xaoca Ha OCHOBe cHcTeM (a30BON aBTOIMO/-
crpoitkn [180—183], rermepaTopbl xaoca ¢ 2,5 cTeneHsSIMH
cBoOoanl [184] m T.4.), a Takxke HM3MEHEHHE XapakTepa
pacnpezesieHus cily4aifHoN BeJIMYMHBI ¢ MOXET IPUBECTH K
M3MEHEHNIO KOJIMYECTBEHHBIX 3HAYCHUH aHAJIM3HPYEMBbIX
XapakTepUCTUK. B TO xe Bpems MOPSAKH STHX BEJIHYHMH U
COOTHONICHUS] MEXY HUIMH BCer/ia OYAYT OCTABATHCS MPH-
MEpPHO OJTMHAKOBBIMH (CM., HanIpuMmep, [78]). bouee Toro, kak
OyneT mokasaHoO B paszeie 7, COOTBETCTBYIOLIHME Pe3yJib-
TaThl XOPOULIO COIJIACYIOTCSI C Pe3yJbTaTaMH 3KCIHEPUMEH-
TaJIbHBIX HCCIENOBAHUM mepenaun uHPOpMAIMKA Kak B
paauonuana3one, Tak U ONTHYECKOM AMana3one. B yacTHo-
CTH, CJIEyeT OTMETUTb, YTO TEOPETHYESCKU MOJTyYCHHBIN
BBIBOJI O CHJILHOW YYBCTBUTEIHLHOCTH PabOTOCIIOCOOHOCTH
CXeM, OCHOBAaHHBIX Ha MCIOJIb30BAHUU MOJHON U 0000IIEH-
HOW CHHXPOHM3AIUH, K PACCTPONKe MapaMeTpoB T'eHepaTo-
pPOB, PACIIONIOKEHHBIX HAa Pa3JIMYHBIX CTOPOHAX KaHaja
CBSI3H, TIOJITBEPKIAETCS PSIOM NMPOBEIEHHBIX B IHCTUTYTE
pamuoTexHuku U anekTponukun PAH mon pykoBoacTBOM
A.C. IMuTpueBa 3KCIIEpUMEHTALHBIX UCCIICTIOBAHUN, KOTO-
pble paccMoOTpeHbl OoJiee moapoOHO B pasznaene 7.1. 3mech
TOJILKO OTMETUM, 4YTO B paborte [23] 0OHAapyXeHO, UYTO
JIOTyCTHMAsI PACCTPONKa T€HEPATOPOB HA PA3JIMYHBIX CTO-
pOHax KaHaja cBsi3u 00braHO He mpeBbimaet 0,5—1 %. Tak,
ObLITO TOKA3aHO, YTO ISl CXEMbI, OCHOBAHHO! Ha XaOTUYeC-
KOM CHHXPOHHOM OTKJIMKE, YBEJIMYEHHE PACCTPOMKM Hake
oJHOTrO napamMerpa Ha 3—4 % NpUBOAUT K NOJIHOMY pa3py-
IICHUIO CHHXPOHM3AIMU U ToTepe pabdoToCmocOOHOCTH
cxeMbl. B kauecTBe reHEpaTOPOB Xaoca B JAHHOM JKCIIEPU-
MEHTE paccMaTpUBAIHCH cxeMbl Uya. Pa3pyiienne CHHXpOH-
HOTO peXHMa MPOMCXOIMIIO IO cueHapuro on-off-mepeme-
xkaemoctu [185—187], KOTOPBINA XapaKTepU3yeTCcsi CPbIBOM
CHHXPOHM3AINH B OT/IeJIbHbIE MOMEHTHI BpeMeHnu [185, 188].
CreryeT OTMETHUTD, YTO UCIIOJIB30BAHME KOJIBIIEBBIX TeHEpa-
TOPOB Xa0ca OOBIYHO MO3BOJISIET MPEAOTBPATUTH BOSHUKHO-
BEHHE TIepeMeXaroIerocst noseaeHus [23].

7. JKcnepuMeHTA/IbHASI peajn3anus cxeM
nepea4n HHpopManuu
HA OCHOBE XA0THYECKOil CHHXPOHU3AINH

Wrak, B pazmenax 2—6 ObUIM PACCMOTPEHBI TEOPETUYCCKHUEC
OCHOBBI U Pa3JINYHbIC KOHKPETHBIC CXEMbI PEaTU3AIIH TIepe-
JMavu nHGOPMAIMK Ha OCHOBE SIBJICHHSI Xa0THYCCKOM CHHX-
ponm3aryu. JleTa bHbBIN TEOPETUUECKUN W YNCIICHHBIN aHa-
JIN3 Pa3sHOOOPA3HBIX METOJIOB Mepenayn WHPOpMAIMH C
UCIOJIb30BAHMEM XaOTHYECKON CHHXPOHM3ALUH BbISBHII
OCHOBHBIC IPEUMYIIECTBA U HEJOCTATKY PA3JIMYHBIX CXEM, a
TAKXKE ITO3BOJIMII MPEIOKUTH HOBBIC METO/IbI IEPEIavd Ha
OCHOBE OOOOIIEHHON XaOTHYECKOW CHHXPOHH3AINU, KOTO-
pble CBOOOHBI OT psiJia BBISBJICHHBIX HeIoCcTaTKOB. HeoO-
XOJMMO OTMETHUTh, YTO TMOJIOKECHHBIH B OCHOBY 3TOTO
paccMOTpPEHHsI IOIXO0/T, OMMPAFOLIHIACS HA YHCICHHOE MOJIe-
JIUPOBAHNE W AHAJU3 PA3JIMYHBIX CXEM, MPEICTABISICTCS
BeCbMa BaXXHBIM, TaK KaK, C OJTHON CTOPOHBI, OH IMO3BOJIAI
MPOBECTHU aHAJIN3 OOJIBIIOTO YHCIIA CXEM C €MHBIX MO3UIIHIA,
BBISIBUTH OJTHOTHITHBIM 00pa30M HETOCTATKH U TOCTOMHCTBA
KaXJI0TO U3 PACCMOTPEHHBIX METOJIOB, UTO OBLIO OBI BeChMa
CIIOKHO ClejaTh, HAMPUMEP, MPU IKCIEPHMEHTATILHOM
ucciaeqoBanun. B mocienHeM ciydae Ob1I0 ObI Ype3BbIYANHO
CJIOXKHO PeajM30BaTh CXOMHBIE YCIOBHS IIOCTAHOBKH 3KCIIE-
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PUMEHTOB 1 CO3JJAHUSI MAKETOB JIJISl CAMBIX PA3JIMYHBIX CXEM.
C apyro# CTOpOHBI, METOIbI YUCICHHOTO MOACIUPOBAHHS U
aHaJIM3a CTAHOBSTCS BcE OoJiee CTAaHAAPTHBIMH METOIaMHU
MPOEKTUPOBAHUS U OTJIAJIKK COBPEMEHHBIX TEJICKOMMYHHUKA-
NHUOHHBIX CHCTEM, TO3BOJIsASI MPOBOJUTH TEPBBIC ITAIbBI
paboT ¢ TOMOIIBIO KOMITBIOTEPHBIX TeXHOJIOTHiA. VI3BeCTHBI
Ppa3IMYHbIe KOMILJIEKCHI IPOTPAMMHOT0 00ecneyeH s, TaK1e
kax MultiSim !', Micro-Cap '2, Microwave Office '3, mo3Bo-
JISFOIIIHE TPOBOIUTEH MOJIEIMPOBAHUE MOJOOHBIX CHCTEM Ha
YPOBHE HHXECHEPHBIX PACUETOB, UTO JAET BO3MOKHOCTD yXKe
Ha OCHOBE YHCJIEHHBIX PACUETOB CO3/1aBATh BIIOJIHE pAOOTOC-
MOCOOHBIE MaKeThl YCTPOHCTB. Bc€ 3TO menmaer 4ucieHHOE
MOJIETIUPOBAHNE BECbMa MOUIHBIM CPEACTBOM aHAIM3A U
WCCIIeIOBAHUS MPUJIOKEHUN TEOPUH Xaoca B 0OJIACTH Tepe-
nayn mHpopManuu. Y IauyHble MPUMEPHI HCIOJb30BAHUS
MOOOHBIX TEXHOJOTUN B HAYYHBIX WCCICTOBAHUSIX MPHBE-
JIeHBbI, B 4acTHOCTH, B MoHorpaduu A.C. Imurpuena,
A.U. Tlanaca [23]. Tem He MeHee HEOOXOAUMOCTD 3KCIIEPH-
MEHTAJIBHBIX UCCIIEOBAHUI MIPH TAKOM MOAXO0E HE TOJIBKO
HE CHHXAeTCsl, HO M 3HAYUTEIHHO MOBBIMAETCA. B 3TOM
CJIydae MCCIIeIOBAHUS IKCIIEPUMEHTAbHBIX MAKETOB IIO3BO-
JISIIOT, BO-TIEPBBIX, HOATBEPAUTH OCHOBHBIE TEOPETUYECKHE
BBIBO/IbI, & BO-BTOPBIX, YTOUHUTH MATEMAaTHYECKUE MOJIEIIH U
T€ MPEANOJIOKEHHUS, KOTOPbIe OBLIH TOJIOKEHBI B X OCHOBY.
[ToaTOMy TOJBKO AETAILHOE COMOCTABJIEHHWE NAHHBIX U
TECHOE B3aMMOCBSI3aHHOE MPOBEICHUE TEOPETUUYCCKUX U
IKCIEPUMEHTAIBHBIX PAOOT MOTYT JaTh OTBET HA BOIPOC O
peaIbHOCTU MPUMEHEHMS TeX MJIM UHBIX UK Ha IPaKTUKE.

[TosToMy HUXE B 3TOM pasjaeie Mbl OCTAHOBUMCS
nmoApoOHee Ha HEKOTOPBIX OCHOBHBIX Pe3yJIbTATAX IKCIEPH-
MEHTAJIBHOTO UCCIIETOBAHUS CXeM Iepenadn nHHopManuu ¢
WCMOJIL30BAHUEM XaOTHYeCKOW cuHXpoHu3armu. Cremyer
OTMETHUTD, YTO pabOT, MOCBSIIEHHBIX IKCIEPUMEHTATHLHBIM
HCCJIEIOBAHUSIM 3TOW TNPOOJIEMBI, CYIIECTBEHHO MEHBIIIE,
1eM paboT, coAepPKAILUX PE3yIbTAThI YUCIEHHOTO PACCMOT-
peHrs, YTO OOYCIIOBIICHO MPEXIEC BCETO CIIONKHOCTSIMH,
CBSI3aHHBIMH C TPAKTHYECKON peanm3anuell TaKhX CXeM.
OmHOW W3 OCHOBHBIX MPOOJIEM 37eCh SIBJSICTCS CO3JIaHUE
3G GEKTUBHBIX TE€HEPATOPOB XAOTHYECKUX CHUTHAJIOB JUIS
1o 100HBIX cucteM. OCHOBHBIC TPEOOBAHUS K TAKUM IeHepa-
TOpaM SIBJISIIOTCSI TOCTATOYHO OYEBUAHBIMU M MOTYT OBITH
c(OpMYIMPOBAHBI HA OCHOBE MPEIBLIYIIETO PACCMOTPEHUSI:
BO3MOXHOCTh Xa0THYECKOW CHHXPOHU3AINH, BO3MOXHOCTh
MOCTPOEHUS] UACHTUYHBIX JIETKO TUPAXUPYEMbIX I'€HepaTo-
POB, JIETKas ynpaBJisieMOCTh, YTO HEOOXOAUMO JJIs1 BBEACHUS
“HGOPMAIIMOHHOTO CHTHAJIA B XaOTHYECKHH CHTHAT U T...
Haunbonpime ycnexu 31eCh JOCTUTHYTHI B paIMOYACTOTHOM
7 ONTUYECKOM JMAIa30HaX JIJTUH BOJIH M 3HAYATETIHHO MEHb-
mme — B MukpoBoyiHOBoM (CBY) nmamazone, moaTomy
MpeJICTaBIIsAeTCS HauboJjee 1eecooOpa3HbIM pacCMOTPETh
IPUMEPBI IKCIIEPUMEHTAJBHBIX Peau3aluil CXeM Mepeaadu
rHGOPMAIMHA ¥ BO3MOXHOCTH TOJIYYEHUS CHHXPOHU3AINA
Xa0THYECKUX KOJIeOaHWIA OTACJIBHO TSI PATUOTEXHUUECKHUX U
OTITHYECKUX CUCTEM.

7.1. DxcnepuMeHTAJbHAS PeaH3amisi cXeM mepeaayn
nHdopManud B Paio- 1 MEKPOBOJIHOBOM HANAa30HAX
BobIIMHCTBO 3KCHEPUMEHTAIBHBIX paboT MO pean3anuu
Pa3JIMYHBIX METOJIOB Tepeiayn HHPOPMAIIMHU C HCIOJIb30Ba-
HHUEM SIBJICHUST XAaOTUUECKOW CHHXPOHM3AIMH BBITIOJHEHO HA

' www.ni.com/multisim
12 www.spectrum-soft.com/index.shtm
13 web.awrcorp.com/Russian

6a3e paguorexHuueckux cucreM. Ilpu 3ToMm ObLIM IIpeanpu-
HSTHI TOMBITKU PEATH3AIUH HEKOTOPBIX BBIIICOMUCAHHBIX
CXeM Ha OCHOBE IOJIHOM XaOTHYECKOW CHHXPOHU3AIUU.
HawnbGonee miuaHoOMepHBIE HCCIEHOBAHUS MO peaM3allidl 1
TEXHIYECKOHN ONTHMU3ANUHN CUCTEM Mepeaadn HHpopManuu
C IPUMEHEHUEM XaOTUYECKUX CUTHAJIOB B KQUECTBE HOCUTEJIS
uHGopManmu ObLIM NPOBEACHBI HA OCHOBE CXEM XaOTHYe-
CKOI MacCKUPOBKH (M MOIU(UKAIIMN 3THX CXEM, HCIOJIb3YIO-
IIUX TOHSITHE CHUHXPOHHOTO OTKJIMKA [94]), mepekroueHus
XaOTHYECKUX PEXKHMOB U HEJIMHEHHOTO MOIMEIIMBAHUS
“HPOPMATMOHHOTO CHTHAaJla K XaoTHueckomy. Mcropuue-
CKU OJHOMN M3 MEPBBIX NMPEIIOKEHHBIX CX€M CKPBLITOH mepe-
nauyd MHGOPMALUK C HCHOJIb30BAHUEM CUHXPOHHU3ALUU
Xaoca cTajla XaoTHYecKass MaCKHPOBKA, TOITOMY OOJIbIIIOE
KOJIMYECTBO JKCIEPHUMEHTATBHBIX pabOT OBLIO BBITIOJHEHO
AMEHHO JJISl 9TOM CXEMBI.

B pabGote [189] mpomemoHCTpupoBaHa BO3MOXKXHOCTH
nepenavyu MHPOPMAIMOHHBIX COOOIICHUN MPU UCTOJIb30Ba-
HUM TIEPEKJIFOUCHUS] XaOTHYECKUX PEKMMOB U XaOTHYECKOU
MAacCKApPOBKH Ha ocHOBe Hu3kowyacTtoTHOoro (HY) pagmorex-
HUYECKOTO TeHEPATOPAa, pealu3yrolero cucteMy JlopeHna.
Cxema pabotana B amanasoHe vactor 0—10 xI'm. Ha
pucyHke 15 moka3zaHbl XapaKTEPUCTUKUA PAOOTHI CXEMBbI:
TECTOBBI MHDOPMAIMOHHBIA CUTHAN m(t), TPEICTABIISIIO-
Ui co00i MOCIeJOBATEILHOCTh OUTOB, KOTOPBIA MOIYJTH-
poBall mapaMeTphl MEpeaoIIero reHepaTopa, U KBajapaT
BOCCTAHOBJIEHHOTO curHana 7 2(f). COCTOsSHME CHMTHANA
m =0 COOTBETCTBOBAJIO MOJHON CHHXPOHM3AIMU MPUHU-
MaroIIero yCTPOMCTBA, COCTOSIHUE M = | — aCHHXPOHHOM
nuHaMuKe. XOpOIIo BUAHO, YTO CUCTEMa JAEMOHCTPHUPYET
BO3MOXHOCTH Iepeaun udposoro curHaia. B padore [189]
Ha OCHOBE TE€X € PAJUOTEXHUYECKUX TEHEPATOPOB TaKXkKe
Oblla peajM3oBaHA CXeMa C XaOTHYECKOW MAaCKHPOBKOM,
KOTOpasi UCIOJIb30BaJIACh yXe IS Mepelaydl aHaJIoTOBBIX
CUTHAJIOB (peueBbIx cooOieHwuit). Ha pucynke 16a, 6 nokazax
MpUMeEp TepeaBaeéMOro M BOCCTAHOBJIEHHOTO 3BYKOBOTO
coobwenus "He has the bluest eyes". Jlannas cxema oka-
3ayack pabOTOCHOCOOHON TOJIBKO NMPH JOCTATOYHO OOJIb-
LIOM OTHOLLIEHUU MHOOPMALIMOHHBIN CUTHAJI/MaCKUP YoM

xaotuueckuid curan — nopsaka 20—-30 nb, uyro nmemaer
m(r) a
1+
| | |
0 0,1 0,2 0,3 tc
12 (1) . 5
1
a‘ [ Il I
o L _ K _ TRV _
| | |
0 0,01 0,02 0,03 t,c

Puc. 15. VumrocTpanysi 9KCIIEPUMEHTAIbHOM peajn3aiuu CXeMbl Tepe-
Jauu MHGOPMAIUH HA OCHOBE HMEPEKTIOYEHUS! XAOTHYECKUX PEeXUMOB:
(a) mHpOpMAMOHHBII cUrHAT m(t), IPEACTABICHHBIHA IPOCTOI MOCIe10-
BaTEJILHOCTBIO OMHApPHBIX OHTOB 0/1, (6) BOCCTAHOBIICHHBIH B HpPUHU-
MaloleM ycTpoiicTBe cursan >(7) (cinomsas muams). IITpuxOBOit
JIMHUEH TIPEeICTaBJIeH ACTEKTUPOBAHHBIA HH()OPMAIMOHHBIA CHIHAIL.
(U3 pabdorsl [189].)
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Puc. 16. Pe3ysbTaThl 9KCIIEPUMEHTOB I10 NIepeiauye aHaJIoroBoi uHGop-
MaIIH C IOMOIIIBIO METO/IA Xa0THYECKOM MACKHPOBKH: IIeperaBaemMoe (a)
U JeTeKTHpOBaHHOE (0) Ha BBIXOAE HMPUEMHOTO YCTPOICTBAa peueBoe
coOOIIeHNe, COOTHOIIECHHE CIIEKTPOB MOIIHOCTH MH()OPMAIMOHHOIO U
MAacCKHUPYIOLIEro xaotuueckoro curnasna (). (M3 padotsi [189].)

nepegaBaeMblii THPOPMAIIMOHHBIN CUTHAJI CON3MEPUMBIM C
YPOBHEM IIIYMOB KaHaJjia cBsi3H (puc. 168). B pabote [189] ne
OBLIM IPOBEIEHBI SKCIEPUMEHTHI IO aHAJIM3Y YCTOWYMBOCTH
JAHHBIX CXeM K HEHJEHTHYHOCTU TE€HEPATOPOB U YPOBHIO
IIYMOB B KaHalle CBsI3W. BrepBble mpoBen€HHBIE B paboTe
[148] cnenmanbHbIE SKCIEPUMEHTHI 110 BBISIBJICHUIO YCIIOBUI
paboTocrnoco6HOCTU cXeM Imepefayd HHpopMaunuu ¢ HUc-
MOJIb30BAHUEM IOJHONW XaOTUYECKOW CHHXPOHU3AIIH ITOKa-
3aJM, 4YTO CYIIECTBYIOT OYEHb XKECTKHE TpPeOOBAHMUS K
OTHOILICHHIO CUTHAJI/IIYM, HASHTHYHOCTH CHCTEM Ha OOOMX
KOHIAX KaHaja CBSI3W W T.J. JUIS CXeM TMEePEKJIIOYCHUS
Xa0THYECKUX PEKIMOB, XAOTHUECKONW MACKHPOBKU U HEJIH-
HEHHOro MOJMEIIMBAHUS, YTO IOJHOCTBIO COTJIACYeTCsl C
HAIIUM TEOPETUIECKUM PACCMOTPEHUEM.

HeTanpHble MCCIEIOBAHMS BONPOCOB Nepenayn mHGOP-
MAILMOHHBIX COOOIIEHUI C UCIOJIb30BAHUEM XAOTUYECKOU
CHHXPOHHM3aIUU ObUIM TPOBEAECHBI B pPadOTax TpYIIIbI
A.C. Imutpuea (MPD PAH), 06001m€nHBIX B MOHOTpaduu
[23]. B aTux paboTax, BO-TIEPBBIX, OBLIN MPOBEJICHBI IKCIIC-
PUMEHTHI N0 mepenadye MHGOpManuu ¢ HUCIOIb30BAHUEM
Xaoca B paJnoAnana3oHe Ha OCHOBE CXE€MBI ¢ HEJIMHEHHBIM
MOAMEIINBAHNEM WH(QOPMAIMU C WMCHOJIb30BAHUEM CTaH-
JTAPTHBIX CHUCTEM CBSI3U C aMILUTHTYTHOW MomyJjsmueit [146,
190]. OcHoBHOIi TPOOIEMON TAHHON CXEMBI CTaJIM UCKAXKe-
HUSl CUTHAJIOB, CBSI3aHHBIE C IepeHOCOM xaoTudeckux HY-
CUTHAJIOB B pauoiMana3on u oopaTHo. B kauecTBe paboueit
HECyIlel YaCTOTHI B OKCIIEPUMEHTE ObLIa BEIOpaHA YacToTa
27 MI'm. Bo Bpems 3Toil mpoueaypbl Haja CHTHAJIAMU
OCYIIECTBJSUTMCH JOMOJTHATEIbHbBIE MAHUMYJISIMA (KOTO-
pble He TPOBOAUIINCH B pacCMOTpPEHHBIX Bbllle HU-3kcnepu-
MEHTax): yCHJIEHHe, MOIYJSIus, GUIbTpanus, AeMOIYJIs-
U ¥ T.1., K&KAAs U3 KOTOPBIX IPUBOIUT K JTOMOJTHUTENb-
HBIM HCKQXXEHHSIM U T€M CAMBIM 3aTPYAHSIET MOJIyYeHHE B

MPUHAMAIOIIEM YCTPOUCTBE TOYHOW KOIHUH TEPEeTaHHOTO
Xa0THYECKOTO CUTHAJIa JJIsl 00ecedeH s OJTHOM XaoTHYec-
KO# cuHXpoHu3aluu. [103ToMy JOCTHXEHUE HEOOXOAUMON
TOYHOCTH TPSIMBIX U 0OPATHBIX TpeoOpa30BaHMil CUTHAIIA, &
TaKkKe YY€T IIYMOB W (QUIbTPAMU B KaHAJE CBSI3U INPHU
MOCTAHOBKE MOJOOHBIX IKCIIEPUMEHTOB BBIXOIAT HA Mep-
BbIIl IUIaH. BbLIO moOKa3aHO, YTO AJIsi KA4eCTBEHHOH Iepe-
naud MHGOPMALUN CyMMAapHbIe UCKAKEHHS BIOJIb HETIOYKU
peoOpa30BaHMil CUTHATIA B IEPEIAIONIEM U MPHHUMAIOLIEM
yCTpOMCTBAX HE TOJDKHBI IPEBIMATH | —2 %, 4TO IpeIcTaB-
JISIETCST OUeHb KECTKUM YCIIOBHEM C TOYKHU 3pEHUSI peasin3a-
IUU B JKCIepUMEHTe. Bmecte ¢ TeM skcnepumeHTHI [23]
MOKAa3aIM HMPUHIUNUAAIBHYIO BO3MOXHOCTb HMPOBOJHOW U
OecrpoBOIHOM Mepenauu MHGOPMAIUHU B pa Mo IMaIia3oHe ¢
WCTIOJIb30BAHMEM CXEMbl C HEJIMHEHHBIM IT0MEIINBAHUAEM.
OHaKO OTHOBPEMEHHO OBLITU BBISBJICHBI TAKXKE OMPEICTIEH-
HbIe CJIOKHOCTH W OTPAHUYCHHUS 3TON CHCTEMBI Tepelavn
uHbOpMAIIIH.

Tak, 6bLI0 MOKA3aHO, YTO TOYHOCTH COOTBETCTBHUS Hapa-
METPOB OAMHAKOBBIX MO (DYHKIMOHAILHOMY HA3HAYEHUIO
9JIEMEHTOB B IMEPEAIONIEM U MPUHUMAIOIIEM YCTPOUCTBAX
noikHa ObiTh He MeHee 0,5 %. OmHako Aaxe MpU TAKOM
YCJIIOBHM HE HAOJIFOAJIOCh XOPOIIEro KauecTBa IOJIHOU
XaOTUYECKOW CHHXPOHHU3ANUU. DTO OBLIO CBSA3AHO C HEY1a4-
HBIM BBIOOPOM T€HEpATOpa XaOTHUYECKOIO CUTHaja Ha Oase
cxembl Uya [176, 191, 192] nyist npuéMHOTO U nepenaroiero
yCcTpoWcTB. 17151 JaHHO# cXeMbI He HAOJIIoAaeTcs yCTONIn-
BOT'O OTKJIMKA, BO3HHKaroT 3¢dekTrl on-off-nmepemexaemo-
CTH, YTO PE3KO YXyIIaeT Ka4ecTBO NpuéMa HHPOpMalUOoH-
HOrO cooOuieHus. O4eHb CepbE3HBIM OrpaHMYCHUEM pabo-
TOCIIOCOOHOCTH CXEMBbI OKa3aJINCh W MCKAXXEHWSI CHTHAJIA B
KaHaJle CBSI3U, KOTOPbIE MPOSIBJISUIACH KaK B BUJIE HEPABHO-
MEpPHOCTH aMILIMTYIHO-YaCTOTHOM XapaKTePUCTUKU KaHaa
cBs13U ((haKkTHUECKH B (PUIIbTpAIMK TIepeaBaeMOro CUrHaia),
TaK ¥ B BHUJIC HEJIMHEHHBIX UCKaxeHnid. CrieruaibHO MpOBe-
NEHHBIE OJKCHEPUMEHTHI TOKa3ayiu, 4YTO 3((HEeKTUBHOCTH
CXeMBI OTpEAENSeTCS COOTHOIIEHHEM YacTOTBI Cpe3a
(pUIBTPa BLICOKUX YaCTOT, KOTOPHIM MOJCTHPOBAIUCH UCKa-
KEHUsI B KaHAJIC CBS3M, M BEpPXHEH I'paHMYHOI 4acTOThI 2
CHEeKTpa MOUIHOCTH CHTHAJa Ha BBIXOAE NePeIaroIIero
ycrpoiictBa. [lpu o, > Q ¢uiabTpanus He cKa3blBaJiach Ha
KauecTBe mepenavyd HHGOPMAINH, OJTHAKO COIOCTABUMOCTD
9TUX BEJIMUHH, . ~ 2, IPUBOJMJIA K YXYAIICHAIO Ka4eCTBa
JIETEKTUPOBaHUs MHPOpMaMoHHOTo curHaja [193].

Boszpacranue HeJIMHEHHBIX UCKAXEHNUI TAKXKe IPUBOIUIIO
K ObICTpO# moTepe paboToCmOCOOHOCTH cXeMbl. B 4acTHO-
cTH, Ipu KodpdunmenTe HeIMHEHHBIX HCKaxeHuit 1% ot
AMIUTATYIbI CUTHAJIA OTHOIIICHWE CHUTHAJI/IIIYM Ha BBIXOJIE
MPUHAMATOIIETO yCTpoicTBa coctaBisiio 35—40 nb, a npu
KoaddunuenTe HeTMHERHbIX uckaxenuit 10 % ymMeHbIaioch
no 10 nb. AHajorMYHy0 AMHAMUKY MOKA3bIBAJIa 3KCIEPH-
MEHTAJIbHASI CXeMa W TPHU YBEJINYCHUU BIIMSIHUAS aTATHB-
HOTO HOPMAJILHO PACIpeIeIEHHOTO IIyMa B KaHAJle CBSI3U
pu OecrpoBOTHOM Nepeiate HPOPMAIMHU: C BO3PACTAHUEM
MOIITHOCTH IIIyMa OTHOIICHHE CUTHAJI/IIIYM Ha BBIXOJIE
IPUEMHOTO YCTPOMCTBA YBEJIMUMBAETCS] 3HAUUTEIIHLHO OBICT-
pee, YeM OTHOIIICHUE CUTHAJI/IIIYM B KaHaJie CBSI3U (Ha BXO/JIE B
MPUHAMAIOIIEE YCTPONCTBO), YTO OOBSCHSETCS MOTEPSIMHU
KauecTBa TPU BBIIEJICHUM MOAMEIIAHHOTO WH()OPMAIMOH-
HOTO CHTHaj a M3 XaOTHYECKOTO MYyTEM YCTAHOBJICHUS pe-
KHMMa TOJIHOM XaO0THYECKOM CHHXPOHM3ALUHU B NPUEMHHUKE.
31ech ONsATh OOJIBIIYIO POJIb UTpajia HEOOXOIUMOCTh BBI-
6opa Gostee 3(p(PeKTUBHOTO UCTOUYHUKA XAOTUYECKOTO CHUT-
HaJla B IIEpe/IAroleM 1 MPUHUMAIOIIEM YCTPOHCTBAX.
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B cBsi3u ¢ atum B paborax A.C. JIMutpueBa ¢ coaBTo-
pamu OBLT UCCIEIOBAH BAXKHBI BONPOC 00 ONTUMAJBHBIX
PaIuOTEXHUIECKHUX TeHePaATOPaX Xa0THYECKOTO CUTHATIA JIJIsI
KOMMYHHUKAIIMOHHBIX TpuMeHeHnit. Kak oTMeuanoch B pa3s-
nesne 6.3, ObLI cAeslaH BBIBOJL O HAMOOJIBINEH MEepCHeKTUB-
HOCTH KOJIBIIEBBIX CXEM ITOCTPOEHHUSI TOJOOHBIX CHCTEM, YTO
CBSI3aHO C uX OoJiblliel CTaOMJIBHOCTBEO M OTCYTCTBHEM
CPBIBOB TOJTHON CHHXPOHM3AINH IIPU PACCTPOMKE MmapameT-
OB BeYIIETO U BEAOMOT0 TeHepaTopoB (on-off-mepemerxae-
moctn) [178]. UccaeqoBanus moka3aid, YTO YCTOHYMBOCTh
KOJIBIIEBBIX CXEM K PACCTpOiike MapaMeTPOB M BHEIIHUM
ryMaM MpUMEpPHO B 2—3 pasza BBIIIE, YeM KJIACCHUECKUX
PaIMOTEeXHUYECKUX MCTOYHUKOB Xaoca Ha OcHOBe menu Yya
[23, 178, 194, 195]. Takxe BaXXHBIM TOCTOMHCTBOM KOJIbIIE-
BBIX TEHEPATOPOB Xa0Ca SIBJISIETCS MX HMPEIM3HOHHOCTD, IO
KOTOpOIi aBTOPHI [23, 196] mOHUMAIOT BOCIPOU3BOIUMOCTh
CXOAHBIX XaOTHYECKUX PEKUMOB B PA3JIMYHBIX 00pa3Lax u
MIPH 3aMEHE OJHHUX DJIEMEHTOB CXeMOTEXHUYECKOT'O PELICHUS
JIPYTEUMH B OJTHOM TeHepaTope, HU3Kasi YyBCTBUTEIBHOCTD K
M3MEHEHMSIM BHEIITHUX YCJIOBUH (HAapUMep, TeMIepaTyphl),
a TaKkKe TO, YTO NPU PEasM3alUU CHHXPOHHBIX PEXHMOB
CHHXPOHM3UPYEMBIA HPEHU3UOHHBIM TeHepaTop Xaoca
JIEMOHCTPUPYET YCTOWUMBBIN OTKJIMK O€3 CPHIBOB CHHXPOHU-
3aIMd B T€ UJIM MHBIE MOMEHTBI BpeMeHHU. AJIbTePHATUBHBIM
perieEueM TpoOJieMbl BbIOOpAa TEHEPATOPOB Xaoca s
KOMMYHHUKAIIMOHHBIX CUCTEM CTAJIO TIPUMEHEHNE MUPPOBBIX
CHUTHAJILHBIX MPOIECCOPOB ISl PEaIU3AIMU CXEMBI IEPeIaun
rH(pOpMAIMK C HEJTMHEWHBIM TToAMeIInBaHueM [197].

HMTorom 3Tux MccieqOBaHUN CTAJIO CO3JAHUE IKCIEPHU-
MEHTAJIbHBIX MAaKETOB KOMMYHHKAIIMOHHBIX CUCTEM HHU3KO-
YACTOTHOTO AMAna3oHa W PaauoIuana3oHa, Ha KOTOPBIX
ObLIa MoKa3aHa MPUHIMMHATIbHAS BO3MOXHOCTh peajn3a-
WY Iepeaavn HHOOPMAIIUU Ha OCHOBE CXEMbI C HEJTMHEHHBIM
MOAMEIIMBAHNEM MH)OPMAIMOHHOTO CHTHAJa K XaOTHYeC-
komy [23]. CremyeT OTMETHTb, UYTO NPOTHUBOPECUYMBHIMU
TpeOOBAHUSMU 3/IECh CTAJIM TPeOOBAHUS BHICOKOTO KA4eCT-
Ba W KOHQUICHIMATHLHOCTH Nepeaud MHPOpMAIHU: YITyd-
IIICHHEe KayecTBa Mepeaavyd MHGOPMAIUH CHIXKAIO CKPBIT-
HOCTb Ilepefauu U Hao0opoT.

CreyeT OTMETHUTD, YTO POJIb BBHIIICONMHUCAHHBIX KOMMY-
HUKAIMOHHBIX XaOTHYECKUX CHCTeM, (YHKIMOHUPYIOLINX B
HU3KOYACTOTHOM JIMANa30HE W PaIMOIAANIA30HE, B OCHOB-
HOM OTPAaHMYUBAETCS ANpPOOMPOBAHMEM TEX WJIM WHBIX
TEXHUUYECKUX PELICHUl, BLIOOPOM ONTHMAJIbHBIX T€HEPaTO-
DPOB XaOTUYECKOTO CUT'HAJIA M CXEM IepeJadyu HHGOpMAaIHH.
OueBUAHO, YTO AJIS UCMOJIH30BAaHUSI HA MPAKTHKE METOJOB
CKPBITON Tepenaun WHGOPMAIMH C HCHOJb30BAHMEM CHH-
XPOHM3AIUH Xa0THUECKUX KOJIeOaHUN HEOOXOMM MEePeXo/1 B
MUKDPOBOJTHOBBII THANA30H, KOTOPHIA aKTUBHO JKCILTYyaTH-
DPYETCsl B COBPEMEHHBIX TeJIEKOMMYHUKAIIMOHHBIX CUCTEMAX.
OpnHako Mogo0HBIX paboT, B KOTOPBIX OBl HMCCIIEI0BAIACh
XaoTH4ecKass CHHXPOHU3AIMS ¥ METOJBI mepenaun uHpop-
MaIH Ha €€ OCHOBE B MHKPOBOJHOBOM JHATIA30HE, IPAKTH-
YeCKH HET, 4TO, MO-BUIUMOMY, OOYCIIOBJICHO CJIOKHOCTBIO
MPOBEJICHUS] COOTBETCTBYIOIIUX 3KCIIepuMeHTOB. OTHOBpE-
MEHHO BO3HMKAET MpoOJieMa AUarHOCTUKU PEXKUMOB Xa0TH-
YeCKOW CHUHXpOHM3aluu reHepaTopoB xaoca CBU-mmamna-
30Ha, KOTOpbIe TPeOYIOT HMCHOJIB30BAHUSI JOPOTOCTOSIIIEH
muppOBON M3MEPUTEIHHON ammapaTtypbl W pa3paboTKu
CrHenUaIbHBIX METOJOB aHajm3a. EMUHCTBEHHBIMH W3BECT-
HbIMH aBTOPaM HCCJIEJOBAHUSIMU B JAHHOM HaIpPABJICHUU
sIBJIIOTCS paboThl [198, 199].

B nokaze [198] Ob110 co0OIIEHO O TIEPBOA (U, BUIUMO,
MOKa eIMHCTBEHHO) OTBITKE CO3/IaTh 3KCIIEPUMEHTATbHBIN

MPOTOTHII CACTEMBI IIepeIaui HHHOPMALIUH C TeHEPATOPAMHU
xaoca Ha ocHoBe MoinHoro CBU-ycunuresns (LIMPOKOIO-
JIOCHO# Jiammibl Oeryiedi BoJiHbl (JIBB)), kKoTOpass MoxeT
MPUMEHSIThCS ISl Tepenayn wHbopManmuu Ha OOJbIINe
paccTosiHUSI, B TOM YHCJIE, B CIHYTHUKOBBIX cHUCTeMaX. B
KaueCcTBE MCTOYHMKA XaOTUYECKOTO CUTHAJIA BBICTYIIA TeHE-
paTop, MOCTPOEHHBIH 10 KOJIBIIEBOI cXeMe C 3amla3bIBaro-
et o0paTHO# cBsi3bIO Ha 6a3ze MorHoi JIBB auanazona 2 —
4 I'T'u, coznannblii B YHUBepcutete mrata Buckoncus [200].
I'enepatopsr xaoca CBUY-mmamazona ma ocHoBe JIBB ¢
3ama3/IbIBAOIIEl OOPATHOW CBSI3bIO, KOTOPBIE SIBJISIFOTCS
OJHUMH M3 NEPBBIX UCCJIECAOBAHHBIX UCTOYHUKOB XaOTHYeC-
KOro CHUTHaja, BIEpBbIe OBUIM TPEIJIOKEHbI B pabdorax
Kucmosa B.A. u np. (MPD PAH) [201-203] u mo3aHee
MOAPOOHO UCCIIEAOBANCH B PA3JIMYHBIX XaOTHIECKAX PEKH-
Mmax B paborax [200, 204—206]. Jo cux mop NOI0OHBIE
CHCTEMBI SIBJISIFOTCSI OJTHUMU M3 HanOoJiee HAIEXHBIX, MPO-
CTBIX ¥ MOIIIHBIX HCTOYHUKOB Xa0THYeCKOro curuaita B CBY-
Juana3oHe, TO3TOMY BEIOOP MIMEHHO TAKOTO TeHepaTopa s
MPOTOTHIIA TEJIEKOMMYHHKAIIMOHHBIX CHCTEM OBLT HanboJiee
omnpapaaH. B xavecTBe MeToma IS epeaavu HHGOpMAIIU
B pabote [198] ucronb3zoBajcs MpOCTEUIINIA METO XaOTH-
YeCKOW MacKupoBKM (cM. pazfest 3.1), KOTOpPbId MO3BOJIMII
MPOAEMOHCTPUPOBATL  NPHUHUMUIUAIBHYIO BO3MOXHOCTH
paboThI cxeMbl ¢ MOIITHBIME BakyyMHbIME CBU-nipubopamu
ISl Tiepeavyd MHQOPMAIUU C HUCIOJIB30BAHUEM PEXMMA
Xa0THYECKOW cMHXpoHU3anuu. CxeMa dKCIepUMEHTa TPAKTH-
YECKHU MOJIHOCTBIO COBMNAJAlIa C MpUBEIEHHON B pa3jese 3.1
(cm. puc. 2). Teopernuecku nmogoOHas cXxema ¢ TeHEpaTOPOM
Ha ocHoBe JIBB-ycunuTess panee Oblia paccMOTpeHa B pa-
6ote [207]. Buemnuii Buj skcnepumenTanbioir CBY-ycra-
HOBKH TpenctaBieH Ha puc. 17 [198]. MudopmannonHbii
CHUTHAJI CMEIIUBAJICS C XAOTHYECKHUM B IIETH 3a1a3/(bIBAIOIIEH
o0paTHO# CBsi3M, KoTOpo# ObL1 oxBaueH JIBB-ycuiurens.
XaoTtuueckuit CBU-curnasn c npuMeriaHHbIM K HeMy UHPOP-
MAIOHHBIM AHAJIOTOBLIM COOOIIEHHEM H3JIyqasicsi C TO-
MOII[bIO PYIIOPHO# aHTEHHBI (CM. puc. 17) 1 3aTeM MOCTyMal
B MPUEMHUK, KOTOPBIA COJIEpIKAT TIOUTH HICHTUIHYIO KOTIHIO
nepeaaroero reaepatopa. I[IpeaBapuTesbHbIE HCCIIEIOBA-
HUS TIOKa3aJi BO3MOXXHOCTb CKPBITOH Iiepeaayn uHpopMa-
MY B TAKOM, OCHOBAHHOM Ha SIBJICHMH IOJHOM XaOTUYECKOMH
CHHXPOHM3AINH, CXeMe, OJHAKO Pe3yIbTaThl JajIbHEHIInX
nccieoBanmii B padore [198] He mpeacTaBiIeHBL.

Puc. 17. DxcniepuMeHTaIbHAS YCTAHOBKA JIJIs1 CKPBITOM nepeayn uHPOop-
Maly ¢ TOMOIIIbIO METO/1a Xa0THUecKoit MmackupoBku B CBU-nanazone
(2—4 I'T'n) Ha ocHoBe JIBB ¢ 3ama3zpiBaroliieit oOpaTHOi cBsi3bro. (M3
pabortsl [198].)
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BMmecte ¢ TemM BOmpoc O HNPUMEHEHMU APYTUX TUIOB
Xa0THYECKOM CHHXPOHHU3ALUH [IJIs Iepe1aun HGOopMaIy B
CBU-uana3zoHe mo-npexHeMy OCTa€rcst OTKpbIThIM. Hau-
0oJiee BaXXHBIM 3/IeCb C TOYKH 3pPEHHSI CO3JAHUS CHUCTEM
nepenaynl MHGOPMAIMK SIBJISIETCS. peasi3alysl PEeXUMOB
00001IEHHON Xa0THYECKOW CUHXPOHU3AIMHA B MUKPOBOJIHO-
BOM JIMANla30HE B CHCTEMAaX, KOTOPbIE MOXHO OBLIO ObI
WCMOJB30BATh B KAauecTBE 33JAIOIUX ¥ MPUHUMAIOIIUX
TE€HepaTOPOB Xaoca B TEJEKOMMYHUKAIIMOHHBIX CHCTEMax.
Crenyer OTMETUTb, YTO U3 BCEX THUIIOB XaOTHUYECKOH CHH-
XpOHU3AIUN 0000IIEHHAS] CHHXPOHHU3AIMS XYKe BCEro u3y-
YeHa HKCIEPUMEHTAJIBHO M BCE OCHOBHBIE PE3YJIbTATHI IS
He€ TMOJIydeHbl B HHM3KOYACTOTHOM uamna3one [97, 156],
KOTOPBINA, KaK OTMEYAJIOCh BBIIIIE, HE MPEACTABIISIET CYILECT-
BEHHOTO MHTepeca ISl TeJIEKOMMYHUKAIIMOHHBIX CUCTEM, U
pOJIb TAHHBIX Pa0OT 3aKJIFOYAETCs] B 3KCIEPUMEHTAJIBHOM
HNOATBEPXKICHUM BO3MOXXKHOCTH peajn3aluy 000OIEHHON
Xa0THYECKON CHHXPOHHU3AIMHU, 4 TAKXKE PA3IMYHBIX METO-
JI0B €€ TUArHOCTHUKH.

IToka eqHCTBEHHON PabOTOi, B KOTOPOH ObLIN MPOBE-
JIEHBI COOTBETCTBYIOIIUE UCCIIEIOBAHUS, SIBIISETCS 3KCIEPH-
MeHTajbHas pabota [199]. B aroii pabote Obla mokazaHa
BO3MOXKHOCTb BOSHUKHOBEHHUS peXXxUMa 0000IIEHHON Xa0TH-
4eCKOW CHHXPOHHM3AIUK B CBSI3aHHBIX KJIMCTPOHHBIX TeHepa-
TOpax Xaoca CAHTUMETPOBOTO IMANA30HAa IJIMH BOJH. K-
CTPOHHBIE TEHEPATOPHI Xa0Ca, CO3/ITAHHbIE HA OCHOBE MHOT'O-

PE30HATOPHBIX KJIMCTPOHHBIX YCHJIMTEJIEH IO KOJIBLEBOH
cxeMe, IEMOHCTPUPYIOT CTAOMIBHYIO TeHEPALIUIO Xa0THYEC-
KHUX CHTHAJIOB B HIMPOKOM JHMANAa30HE YIPABISIONINX Iapa-
MeTpoB [208 —210]. Cxema akcriepuMeHTa, KOTOPBIA peasn-
3yeT OJIHOHATPABJICHHYIO CBSI3b MEXIY IBYMST MUKPOBOJIHO-
BBIMHU XaOTHYECKMMH FeHepaToOpamu, oka3aHa Ha puc. 18a.
C yBeJIMYEHUEM CBSI3HM B CUCTEME HAOJIFOAJIOCh YCTAHOBJIE-
HUE peXuMa OOOOIIEHHON XaOTHYECKOW CHHXPOHU3AIMH.
st e€ muarHocTuky ObLT mpemtoxkeH 3 (HeK TUBHBIA METOT
TSI MEKPOBOJTHOBOT'O JINAINIA30HA, OCHOBAHHBIA HA aHAJIN3E
CIEKTPOB IEHEPUPYEMBIX CHTHAJIOB, KOTOPBIH B MEPCIIEKTHBE
MOJET HaliTH MpUMEHEHNE B CUCTEMaXx nepenaqn uHpopma-
[IMU, OCHOBAHHBIX HA 00OOIIEHHO Xa0THYECKOW CHHXPOHHU-
3anuu [199].

Jns aHanW3a CHHXPOHHU3AIMU TAaKXKe HCIOJIb30BaJIaCh
Moau(pUKAIUST METOJa BCIIOMOTATEILHON CUCTEMBI, KOTO-
phlii moApo6HO omucaH B pasnese 2. Pe3ynbTaThl mpeacTas-
JIeHbl Ha puc. 180, B, rlie mOKa3aHbl AKCIIEPUMEHTAIbHBIC
BPEMEHHEIC PsIbl CHTHAJIOB BeayIero x(¢) u segomoro y(1)
TeHEPATOPOB, MOJIYYCHHBIE C TOMOIIBIO BEICOKOYACTOTHOTO
mudposoro ocmmiorpada. B xome sxcnepmMeHTOB OBLI
BBIOpaH BpeMeHHOW uHTepBasl T mmrtenbHOCThO 130 HC,
KOTOPBIA IPUMEPHO COOTBETCTBOBAJ BPEMEHH 3ala3blBa-
HUS B 1Ie OOpaTHOI CBSI3M reHepaTopa. 3aTeM BhIOUpaJIUCh
JBa BpeMeHHBX wuHTepBana: A, = (1;,h+7T) u Ay =
= (ty,t+ T), B KOTOPBIX OTpPE3KH CHIHAJA BEIYLIETO

Be):[yLuas{ cucreMa

0,6 | 0,6 - 6
X, B x2, B
0 oL
06y | | X2 | —0.6 [ I |
0 1000 2000 3000 t, HC -0,6 0 0,6
xi, B
02 |- I 0.2 -
»B X2, B
0 0r
=02 iy, | | | »2 —02 [ I
0 1000 2000 3000 t, HC -0,2 0 0,2
x1, B

Benomas cucrema

0,6 |- 0,6 |- B
x, B X2, B
0H 0
060 I I x| 06 | I
0 1250 2500 3750 t, HC -0,6 0 0,6
X1, B
0.2 0.2
».B y2. B
0 H 0
02 I ! | 02 1 1
0 1250 2500 3750 t, HC -0,2 0 0,2
»,.B

Puc. 18. (a) Cxema 3kcniepuMeHTa 1o HaOJIIOACHUIO0 0000IIEHHON CHHXPOHU3ALUMI B MUKPOBOJIHOBOM JIMaIa30He Ha 0a3e KIMCTPOHHBIX TEHEPATOPOB
xaoca ¢ JuHuel oOpaTHOi cBsizu. IITuXoBBIME paMKaMu 0003Ha4YeHbI KIUCTPOHHBIE TEHEPATOPBI Xa0Ca HA OCHOBE MSATHPE30HATOPHBIX MPOJIETHBIX
ximctponoB KY-12 ¢ 3ana3apiBaroieit 00patHoii cBsi3bro. F1— deppurtosslit BeHTUIH, PD — fenaurtesns MomHocTH, [ — BOJTHOBOIHBIN ATTEHIOATOD,
DSO — mudposoit BU-ocnmmnorpad (Agilent Technologies DSO81004B), DSA — cnexrpoanamu3atopsl, PC — mepcoHalbHBII KOMIBIOTED.
(6, B) BeigesieHHbIe (hparMeHTHI BPEMEHHBIX PSIIOB BBIXOIHBIX CHTHAJIOB BEAYILETro, X(7), H BEOMOTO, y(f), TEHEPATOPOB, & TAKXKE COOTBETCTBYOLLHE
KOPPEJISIIIMOHHBIE THarpaMMBI (X1, X2) U (1, y2) JJT MaJIoii i GOJIBIION CBSI3H & Mex Ay reHepaTopamu: (0) ¢ = 0,1 (oTcyTcTBHE pexxuMa 0000IEHHOM
cuHXpoHu3anun); (B) ¢ = 0,89 (pexuM 00600ILEHHON Xa0THUECKOH CHHXpOoHU3AUK). CBsI3b MEXY BEAYIIMM U BEJOMBIM I'€HEPATOPAMHU PEryJIMpoBa-

JIaCh BOJTHOBOJHBIM ATTEHIOATOPOM l"g, BKJIFOYEHHBIM B LIETIb.
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redepatopa x;(7) U x(¢f) OblmM OMU3KM MeXIy coboi,
(x1(7) = x2(¢)). OnHOBPEMEHHO pAacCMaTPUBAIINCH OTPE3KU
y1() 1 y2(2) curaana BeJOMOIt CHCTEMBI B TeX e BPEMEHHBIX
unTepBaiax. CoriacHO METO/y BCIIOMOTATEIbHOM CHCTEMBI
pexuM 0600IIEHHOM CHHXPOHU3AIUK COOTBETCTBYET CUTYa-
MU, TPU KOTOPOM COCTOSIHUSI BEIOMOU CUCTEMBI B UHTEP-
BaJibl BpeMeHH A 1 A, 6m3ku Apyr npyry: yi(t) = y,(t). 3to
WUTIOCTPUPYIOT Iuarpammsl (x1,x2) u (y1,)2), Opencras-
JieHHble Ha puc. 180,B 11 pas3inuHbIXx KodddunmeHToB
CBSI3U MEXy reHepatopamu. Juarpammsel (X, x;) HIUTIO-
CTPHUPYIOT GJIM30CTD BYX BBIOPAHHBIX COCTOSIHUIN BEIyIIEH
CHCTEeMBI, TUarpaMMBbl (y1, ;) OPEACTABISIOT METO AMAT-
HOCTUKHU 0000IIEHHO# CHHXpOHU3AIHK. XOPOIIO BUTHO, YTO
B Cllydae MaJjiodl cBsi3u coctostHust yi(f) u y2(t) BegomMoro
reHepaTopa B Te MOMEHTBI BPEMEHH, B KOTODbIE BEIyII[Hil
KJIUCTPOHHBIA T€HEpaTOp JIEMOHCTPHPYET HICHTUYHYIO
JUHAMHUKY, Pa3JIMYHBL, T.c. (YHKIMOHAIBLHON CBSI3H MEXIY
coctossHUsIME He HaOmromaercsi. C  yBEIMYCHUEM CBSI3U
MEXIy OIHOHAMPABJICHHO CBSI3aHHBIMH TI€HEPATOPAMH
CHTyamust MeHsieTcs: cocTosHusl yi(f) B y»(f) craHOBSTCS
UACHTHYHBIME, O YEM CBUICTEJILCTBYET HAJIMYUE TUAT OHATIH
Ha IUTOCKOCTH ()1,)s). JlaHHBIE pPeE3yJIbTATBI SIBISIOTCS
HEePBBIM 3KCIEPUMEHTAIBHBIM MOITBEPKIACHAEM BO3MOXK-
HOCTHU HaOJIr0/IeHUsT 000OIIEHHOM CHHXPOHU3AIIUU B MUKPO-
BOJIHOBOM [IHANa30HE M JAIOT OCHOBAHHS MPEAMOJIOKHUTH
BO3MOXKHOCTB 3 (DeKTUBHOI TMATHOCTUKH U, KAK CIICACTBHE,
UCIOJIB30BAHUSI PEXKUMOB OOOOIIEHHONW CHHXPOHHM3ALUH B
COBpPEMEHHBIX CUCTEMaX Nepeaayn u oopaboTku uHpopma-
LUH.

7.2. DxcnepuMeHThI N0 Nepeave HHGOPMALUH

¢ MOMOIIbIO Xa0THYECKOH CHHXPOHU3 AU

B ONTHYECKOM JHAana3oHe

B paszgene 7.1 MBI paccMOTpen HEKOTOPbIE BaXKHbIE IKCIIe-
pUMEHTAJIbHBIE UCCIIEIOBAHUS MO Mepeaaye NHHOopManuoH-
HBIX CUTHAJIOB C HCIIOJb30BAHUEM XAOTHYECKOW CHHXPOHH-
3aliM B pajio- U MUKPOBOJHOBOM JHama3oHax. B To xe
BpeMsl ceifyac MpeCTaBISIFOTCS BeChbMa NEePCIEKTUBHBIMU U
[O3TOMY aKTUBHO UCCJIEYIOTCSI U COBEPILEHCTBYIOTCS TE€HE-
pPATOPBI XAOTUUECKHUX KOJIEOaHMI B ONTHYECKOM AMANa3oHe
Ha OCHOBE PA3JIMYHBIX KOJIBLIEBBIX CXEM, UCIIOJB3YIOLINX B
Ka4yecTBE aKTUBHOTO 3JieMeHTa Jaszepsl [211, v. 2, ch. 4,
p. 353—427]. Psig skCcriepuMEHTOB MOKa3aJl, 4TO MOJ00HBIe
CHCTEMBI MOTYT pacCMaTpUBaThCs Kak 3()(HeKTUBHBIE JIETKO
yIpaBJisieMble T€HEPAaTOPhl XaOTHYECKUX aBTOKOJIeOaHUMI
JUTs. cUCTeM Tiepenaud uHpopmanuu (cM., Hanpumep, [93,
212-216]). TTo3aHee B ONTUYECKOM JUana3oHe ObLIN OOHA-
PYXKEHBI pa3jIMYHble THIbI XaOTHYECKOW CHHXPOHM3AINUH,
BKJIFOYAsl MOJIHYO, 0000meénnyro u ¢a3zosyro [121, 122, 215,
216—221], 4TO OTKPBLIO BO3MOKHOCTH HUCIOJIb30BAHUS
ONTHYECKUX CUCTEM B KayecTBe OA30BBIX 3JIEMEHTOB ISl
CO3JTaHMS CXeM Tepeaaund uHpopmanuu Ha ocHOBe 3 dexTa
Xa0TUYECKOH cuHXpoHU3amu [222 —225].

Vike nepBble 1a00paTOPHBIE IKCIIEPUMEHTHI O TiepeIaye
CHT'HAJIOB C IOMOIIBIO XAaOTHYECKON Hecylled Iokaszaim
paboTOCOCOOHOCTh TOJOOHBIX CXEM C HCHOJIb30BAHUEM
MOJTHOM XaOoTHU4ecKOod cuHxpoHusammu [226—229]. OcHoB-
HBIM JOCTOMHCTBOM peaJIN3alii MOJOOHBIX CXEM B OTITHYEC-
KOM JHana3oHe CJIeAyeT, BUAUMO, CUMTATh BBICOKYIO CKO-
pocth mepemaun uupopmamuu (o 1 T'6 ¢7!'), xoropas
HEOCTI)KUMA B TaKUX CHUCTEMax NP APYTUX AUANA30HAX
yacToT. Haubosiee yacto B MOgOOHBIX 3KCHEPUMEHTAX IO
nepeaaye MHGpOPMANUU UCIIOIB30BATACH TOJIHAS Xa0THYEC-
Kasi CHHXPOHH3AIWs, YTO HAKJIAJbIBAJIO BEeChbMa KECTKHE

TpeOOBaHUs HAa MHTEHCHBHOCTH IIYMOB B KaHaje CBSI3H U
paccTpoiKy mapamMeTpoB ONTUIECKUX TeHEPATOPOB Xaoca Ha
06oux koHnax kanaja cBs3u [230]. OmHAKO B ONTHYECKOM
JMana3oHe CYIIeCTBYEeT BO3MOXXHOCTh MPUMEHEHHS B Kaue-
CTBE KAaHAJIOB CBSI3M BOJIOKOHHO-ONTHYECKUX JIMHUHN, KOTO-
pble XapakTepu3yroTcsl BeCbMa HU3KUM YPOBHEM IIYMOB U
IIOMEX, BHOCUMBIX B II€peIaBAEMbIil CUTHAJI, YTO 3HAYUTEIIb-
HO OO0JieryaeT co3jgaHue paboTOCHOCOOHBIX CXEM CKPBITOMH
nepenauun uapopmanuu [231]. Bosee Toro, B JaHHOM Citydae
CYIIECTBYET BO3MOXHOCTH HCIIOJIb30BAHHS PaHEE CO3J/IaH-
HBIX KOMMEPYECKHX JIMHUNA BOJIOKOHHO-ONITHIECKO CBSI3H.

Haunbonee xopomo mnpopabOTaHHBIM M AOCTUTILINM
MPAKTUYECKUX PE3YJIbTATOB MPOEKTOM, HANPABJIECHHBIM Ha
H3YYeHHE BO3ZMOXXHOCTEH XaOTUUECKONH CHHXPOHHU3AINH JIJIsI
CKPBITOH TIepelaur Ha OOJIBIIINE PACCTOSIHAS HA OCHOBE YK€
CYIIECTBYIOIIMX KOMMEPUYECKAX BOJIOKOHHO-ONITUYECKUX Ka-
HAJIOB CBSI3U, CTAJIM UCCIICTOBAHUS, TPOBEIEHHbBIC MEXKTyHA -
ponHoil rpymmoit uccrnegoBateneil u3 I'penun, Wcnanum,
l'epmanvun m Benbrum, mo BBICOKOCKOPOCTHOHM Tmepenaue
TaHHBIX Ha pacctosiHre 120 KM IO BOJIOKOHHO-OUTHYECKOM
JINHUH CBSI3W MeTponosmteHa roponaa Acdwunst (I'pemwms) c
UCIIOJIb30BAHUEM XAOTHUYECKUX T€HEPATOPOB HA OCHOBE Jia-
3epHbIX An0n0B [232]. OcTaHOBUMCS HA ONHMCAHHUU 3ITOTO
JKCIepuMeHTa OoJiee MOJAPOOHO, TaK Kak JaHHYIO paboTy
ClleyeT NPU3HATH ONHOW W3 Hambojiee HMHTEPECHBIX Ha
CEeTOJIHSI IKCIIEPUMEHTAJIbHBIX pealu3anuil uiaei nepegavn
“HPOPMAIH HA OCHOBE TIOJIHOW Xa0THYECKO CHHXPOHU3a-
IIUM B OTITUYECKOM JTHATMIA30HE.

B kauecTBe UCTOYHMKOB XaOTUYECKUX CUI'HAJIOB C 0OJIb-
IIOM Pa3MEPHOCTBIO ATTPAKTOPA M BLICOKOI MHPOPMAIIMOH-
HOHM JHTpONHEH HCIOJB30BATINCh T€HEPATOPbI Ha OCHOBE
MOJIYIPOBOTHUKOBBIX JUOJIOB C 3aMa3 IbIBAIOIIEH 00paTHON
CBSI3BI0, KOTOpAasi Peain30BBIBANIACH JBYMsS Pa3IMIHBIMU
crnocobamMu, a HMEHHO, PAaCcCMAaTPHUBAJUCh 3JIEKTPOHHO-
onrtuueckas [233] u noHOCTBIO onTuyeckas [234] oOpaTHbie
cBs3U. Mcmonb3oBaHWe ABYX THIIOB OOpaTHOW CBSI3UM B
TeHepaToOpe Xaoca OITHYECKOrO AMamna3oHa MO3BOJIIIO
aBTOpaM paboThl [232] peanm3oBaTh ABA Criocoda mepeaadn
“HPOPMAINH, OMUCAHHBIX BBIIIE: HEJIMHEWHOE IO IMEIIINBA-
HUE HMH()OPMAIMOHHOTO CHTHAJIa K XaOTHYECKOMY (CM.
pa3zen 3.3) U MOJyJIMPOBaHKME MapPAMETPOB XaOTHYECKOTO
cUrHaja MHPOPMAIIMOHHBIM CUTHAIOM (cM. paszaen 3.4). B
MEPBOM cllydae (CxeMa COOTBETCTBYIOILIETO J3KCHEpUMEHTA
mpuBeJcHA Ha puc. 19a) m3iaydenue jasepHoro nmoaa LD
MPOXOJUT Yepe3 HHTETPHUPOBAHHBIA 3JIEKTPO-ONTUYSCKUN
unteppepomerp Maxa—3engepa MZI, koTophlil ympa-
BJISICTCSI 3JIEKTPO-ONTHYECKOW 3ama3ibIBarolield o0paTHON
CBSI3bIO (BKJIFOUAIOIIEH B ceOst imHUIO 3aaepxkku DL, poTto-
quon PD W 3eKTpOHHBIA yCHIUTENb A) U paboTaeT Kak
HEJIMHEWHBIA MOYJIATOP Ja3epHOro usinydenus. Mupopma-
LUOHHBINA CUTHAJ B 9TOM CJIy4ae MOAMEIINBAETCS K CUTHALY
00OpaTHOU CBSI3M 4epe3 BOJIOKOHHO-ONTUYECKUH CMECUTEIIh
OFC. BbIxoaHOM XaOTHYECKUN CUTHAJI T€HEpATOpPa, COMEP-
Kammii MHGOpMannoOHHOE COOOIIEHNE, TOTOJHUTEILHO
YCHJIMBAETCS MEPe]] Mo/1aueil B KaHAJ CBSI3U JIS1 TOCTUXKEHUS
HEOOXOAMMOro YpOBHS MOIIHOCTH. Bo BTOpoM ciyuae
(puc. 190) HCTOYHMKOM JIA3€pHOTO H3JIYYEHHUS CHOBA
sBJIsieTCsl J1a3epHbit muon LD, a omTuueckass oOpaTHas
CBSI3b peajiM3yeTcsl C MOMOIIbIO 3epkasia R, koaddunueHt
OTpa)XXeHHs] KOTOPOTO HEJIMHEWHO 3aBUCHT OT WHTEHCHUBHO-
CTH MAJIAOIIEro M3JIydeHus. JJIMHA BHEITHEro pe3oHaTopa
CUCTeMBI cocTaBisiia 6 M. B pe3onaTop momemiasics moJis-
puzatop P mis oGecrieueHus: HEOOXOIUMOM TOJISIPU3ANUAN
CBETa, OTPAXEHHOTO OT 3epKayia R ¢ mepeMeHHbIM K03 du-
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IMpuHUMAaroLIEe YCTPOWCTBO

Puc. 19. DxcnepuMeHTAJIbHBIE CXEMBI CKPBITON mNepenaud MHOOPMAIMU B ONTUYECKOM AMANA30HE HA OCHOBE (a) HEJIMHEWHOrO IMOJAMEIIMBAHUS
MHPOPMALMOHHOTO CUTHAJIA K XaOTUYeCKOMY U (0) MOIyJIMPOBAHMS ITAPAMETPOB MEPEIAOLIEro reHepaTopa HHYOPMAIIMOHHBIM CHUTHAJIOM: LD —
JasepHblit guoa, MZI — snekrpoonrtuyueckuit maTepdepomMeTp Maxa—3enaepa, OFC — BOJOKOHHO-ONTHYECKHMIA CMecuTeslb, R — 3epkalio ¢
HnepeMeHHbBIM K0adduireHToM oTpaxenusi, A — ycunuteib, PD u IPD — dportomnoast, DL — nuHuu 3aaepxku, P — nosnspuzatop, M — MoIysiTop.

nueHToM oTpaxeHus. MHGOpMAIIMOHHBIM CUTHAJT BBOIUJICS
MOCPEICTBOM MOJYJISIUHA HapaMeTPOB XaOTHYECKOTO CHT-
HaJIa ¢ IOMOIIbI0 MoAyIaTOpa M. 3aTeM nepeaBaeMblii 1o
ONTHYECKOMY KaHAJy CHTHAJ YCHJIMBAJICS, KaK U B NEPBOM
cxeMe. B cxemax Takke MMeJINCh HE MMOKa3aHHbIE HAa puc. 19
(UIBTPBI AT TONABJICHHUS BJIUSHUS IIYMOB, CBSI3AHHBIX CO
CIIOHTaHHOM sMuccueit [231, 235].

B o6eux cxemax moJie3HbId WHPOPMAIIMOHHBIN CUTHAT
JIEKOANPOBAJICS B MPUHUMAIOIIEM YCTPOUCTBE MYyTEM IOC-
TIDKEHHUS] PEeXUMa MOJHOW XaOTHYECKOW CHHXPOHHM3ALUU
MEX/Jy TeHepaTOpaMHM Ha DA3JIMYHBIX CTOPOHAX KaHaja
CBSI3H, KaK 3TO MOApOOHO 006cyxkaaiock B pazeie 3. OCHOB-
HOM mpoOJIeMOi KCIIEPUMEHTA CTAJIO CO3JAaHUE OJIM3KUX K
HUJCHTUYHBIM T€HEPATOPOB HA 00OMX KOHIAX KaHAja CBSI3H.
B 06enx cxemax HanOOJIbIIIKE CJIOKHOCTH MPHU TOCTUKEHUU
UJICHTUYHOCTH T€HEPATOPOB BbI3bIBAJIA AKTUBHBIE 3JIEMEHTHI
TE€HEPATOPHBIX CXEM, a MMEHHO IOJIyIPOBOJIHUKOBBIE JIa-
3epbl. B aKcepUMEHTax HCNOJIb30BAIUCH JIA3ephbl C M-
Hamu BoJtH 1552,0 u 1552,9 HM B npr€MHOM U Tiepe1aroiemM
YCTPOMCTBAaX COOTBETCTBEHHO. i1 obecrieueHnst OqMHAKO-
BBIX [UJIMH BOJIH M CTAOMIIbHOW PabOTHI JIAa3epHBIX AMOI0B
JUISI KQXXIOTO U3 JIa3epOB OA0MUPAJICS CBOY TeMIepaTypHbIN
PEXUM, KOTOPBIA IOAIEPKUBAJICS B TEUCHHE BCETO IKCIIEPH-
MeHTa. [1oa00p ¢ BBICOKO# CTENEHbIO MICHTUYHBIX ACCHUB-
HBIX 3JIEMEHTOB HE BBI3bIBAJ IPUHIUIUAIBHBIX CII0)KHOCTEH.
IIpu mocTaTovYHO TOYHOW HACTPOWKE MapaMeTPOB ONTHYEC-
KHX TEHEpaTOpOB Xaoca B OJIHOHAIMPABJIEHHO CBSI3aHHOU
cucremMe HabJIFOJIAJIOCh YCTOMYMBOE BO3HUKHOBEHUE PEXKH-
MOB IIOJIHOM XaOTHYECKOH CHHXPOHHU3ALUHU HPU JAOCTATOY-
HOM MOIIHOCTH CHTHaja, MOJAaBAEMOI0 Ha MPHHUMAIOIIEe
ycTpoicTBo [232]. Bputo moka3aHo, 4TO paccTpoiika reHepa-
TOPOB HA PA3JIMYHBIX CTOPOHAX KaHAJIa CBSI3U U1 YyCTOMYH-
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BOCTH pabOTHI CXeMbI TiepeTaun nHpopMauu (JJIsl TOCTH-
JKEHHUSI TIOJTHOW XAOTHYECKOW CHUHXPOHM3AIMH) HE MOXKET
npesbiiateh 3 %. Ilpu mepemave curHaiga Ha OoJbIMe
pPAcCTOSIHUSL BO3HMKAJa MpoOJleMa pa3pylIeHUs pexuMa
CHHXPOHM3AINN W3-33 BJIMSIHUS JHCIEPCHU B BOJIOKOHHO-
ONITHYECKOM KaHaJle CBSI3W (OHa COCTaBJsIa B paccMaTpH-
BAEMOM SKCIIEpUMEHTe nopsiaka —850 ic am~'). B cBssu ¢
9TUM Ha BBIXOJE KaHAJIA HUCHOJIb3yeMOH KOMMeEpPYECKOM
BOJIOKOHHO-ONTUYECKOW CEeTH Iepe]l Mojavedl curhajga Ha
MPUEMHOE YCTPOWCTBO BBOJUIINCH OTPE3KH BOJOKOHHO-
ONTHYECKUX JIMHUIA C TUCTIEPCUEH IPYroro 3HaKa, KOMIICHCH-
pylolllve [OUCIIEPCUOHHOE HCKAKEHHWE CHUTHaJlA, a Takxke
JIOTIOJIHUTENIbHbIE YCUJIUTENN JJIsl oOecredeHus] HeoOXo M-
MOTO YPOBHSI MOIIIHOCTH (JIAHHBIE SJIEMEHTHI HEe TOKA3aHbI HA
puc. 19).

Ha pucynke 20 npuBeJeHbI pe3yJbTaThl Tepeaadn
MHPOPMAITMOHHOTO COOOIICHNS C TOMOIIIBIO CXEMBI C JIEKT-
POHHO-ONITUYECKOH OOPATHOM CBSI3bIO, B KOTOPOH MpUMe-
HSJIOCh HEJIMHEWHOe MOoAMeIIMBanue HHPOPMAIUOHHOTO
CUTHaJa K xaoTuieckoMy. MHpopmanuonHoe cooOieHue,
MIpeICTaBIISFOIIee COOOM TICEBAOCTYYaHYIO MTOCIEA0BATE b=
HocTh 27 —1 GMTOB, MOIYJIMPOBAJIO XAOTUYECKHIl CHIHAJ,
KaK OINHUCHIBAJIOCH BbIlIe (puc. 19a). Pucynok 20a npeacras-
JISET TJIA3KOBYIO AMarpaMmy (OCHMJIJIOTpaMMy CYIepIHO3H-
Uy OOJIBIIIOTO YUCIIA TIEPeIaBAEMbIX /IPUHUMAEMBIX OUTOB)
nHpopMarmonHoro curnana m(t) (B BepxHeil wacTu pH-
CyHKa), TIepeaBaeMoro XaoTHIeCKOT 0 CUTHaJa ¢ nHpopma-
IIMOHHBIM COOOIICHUEM Ha BBIXOJE MEpelaTyhKa U KO-
JIMPOBAHHOE COOOIIEHUE /i(!) B MPUHUMAIOIIEM YCTPOUCT-
Be. BepostHocth ommbOku Ha O6ut (BER) ans manHou
SKCIIEPIMEHTATBHOM cXeMBbI cocTaBisieT 10~/ mpu ckopocTH
nepenaun uadopmanuu 3 I'6 ¢!, AHamornynble pe3yabTaThl
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Puc. 20. (a) ['1a3k0BbIe qUAarpaMMBblI Mepe1aBaeMoro nuppoBoro uHPop-
MAI[MOHHOTO curHaia m(t) (B BEpXHEH YacTH PUCYHKA), XaOTHYECKOTO
CHTHAJIA HA BBIXOJIE IEPEAAOIIEr0 YyCTPOUCTBA (B CEpeIHe) U IeKOAUPO-
BAaHHOTO MH(OMAIMOHHOTO CHrHasa 71(f) Ha BBIXOJEC NPUHUMAFOLIETO
yCTpoicTBa (B HIDKHEH 4YacTH PUCYHKA) NP HCHOJIB30BAHHU CXEMBI
HEJIMHEHHOTO MOAMEIINBAHUS HHPOPMALIMOHHOTO CHTHAJIA K XaOTHYeC-
KoMmy. (6) 3aBucuMocTb BeposiTHOCTH omnOku Ha 6uT (BER) oT ckopoctu
nepefayu MHPOPMAIUOHHOTO COOOLICHHS IPU MCIOIb30BAHUI CXEMBI C
MOYJISAMEH MapaMeTpoB Mepeaaronero regeparopa. CuMBoiaMu <
MMOKA3aHbI PE3yJIbTATHI AHAIN3A 3aKOAUPOBAHHOTO COOOIIEHHS HA BBIXO-
Jle U3 Iepelalollero yCTPOHUCTBA, O — pPe3yJbTaThl JJAOOPATOPHOTO
9KCHEpPHMEHTa IO Iepenavye MHGOpManuu Ha Majioe PAacCTOSIHUE, W —
Pe3yJIbTaThI SKCIEPUMEHTA 10 Nepeaye HHHOPMAOHHOT O COOOIICHHUST
¢ Maoit jumnoii (27 — 1) Ha Gosblnoe paccrosnue (mopsiaka 120 kM) 1o
KOMMEPYECKO! BOJIOKOHHO-ONTHIECKOW JIMHUU CBSI3U, [] — PE3YJIbTATHI
9KCHEPUMEHTA MO Mepefade MHPOPMANNOHHOTO COOOIUICHHS IHHOM
223 — 1 ma 6obioe paccrosaue. (U3 pabors [232].)

TIOJIYYeHBI ¥ IPH HCIOJIb30BAHIH CXEMBI C MOYJINPOBAHAEM
HapaMeTpoB, OJHAKO IpH Toii xe Bemmumne BER = 1077
CKOPOCTb IIe€peJlaud OKa3aJlach IOYTU B TPH pa3a MEHbIIE
(~1T6c ).

VuuTthiBasi BAXXHOCTH BOMPOCA YCTOMYUBOCTH CXEM Tepe-
Jayd HHGOpPMAIKU Ha OCHOBE XaOTUYECKON CHHXPOHU3AIINN
K pa3amyHbIM  (akTOpaMm, OCTAaHOBHUMCS NOApOoOHee Ha
BOTIpOCE Ka4ecTBa Mepeaavn nHpopMaun, KOTopoe yI00HO
OIICHUBATH B JIAHHOM SKCIHEPUMEHTE TAKOW XapaKTEepUCTH-
KO, KaK BEpOSITHOCTb OILIMOKM Ha OUT, NMpH Pa3IMYHOU
CKOPOCTH Tepenayn nHGopManuu. YMeHbIIEHIEe CKOPOCTH
nepegayn MHGOPMAIMU YAIUHSIET HHTEPBAJl BpPEMEHH, B
TEUEHNE KOTOPOro nepefaércs OJuH OUT, a CJIEA0BATEINBHO,

CYIIIECTBEHHO OO0JIEr4aeT JAMArHOCTUKY COCTOSIHUSI TPUHH-
Marolield CHCTEMbl ISl HAJEXKHOTO NpuéMa CoOOIIeHUSI.
ABTopamu paboThl [232] ObUIM NMPOBEACHBI MCCIICIOBAHUS
IPH Pa3JIMYHBIX CKOPOCTSX Tepenayn MHGpopMammm — OT
0,1 T6 ¢! 1o 2,4 I'6 ¢! — ana ABYX AJIMTeIBbHOCTEH
TepeaBaeMbIX TCEBIOCIYyYaUHBIX IOCIEA0BATEIbHOCTEMN
6utos: 27 —1 u 222 —1. Ha pucynke 206 IpuBe/IeHbI 3aBHCH-
mocTH BesimurHbl BER 0T ckopocTtu nepegaun uHpopmanuu
MPH HWCIOJIB30BAHUMA CXEMBl Ha OCHOBE MOMYJIMPOBAHUS
napameTpoB (puc. 196). Xopoiio BUIHO, YTO C BO3pacTa-
HUEM CKOPOCTH Tepenayn HHPOPMAIK Ka4eCTBO MepeIadn
OpicTpo yMeHbIaercs. KoaupoBaHue XaOTHYECKOTO CHI-
HaJIa IPOUCXOJIUT NMPAKTHYECKH Oe3 OIMOOK (CM. KPUBYIO C
poMOammu), OJTHAKO Najiee HEMIEHTHYHOCTh T€HEPATOPOB H
IIyMBbI B TeHEPATOPAX M KaHAJIE CBSI3M HAYMHAIOT OKa3bIBATh
JIECTPYKTUBHYIO POJIb, OTPAHUYUBASI CKOPOCTH TEpeIavn
JaHHbIX. [Tpruém JaabHOCTD MepeJadyu JaHHBIX MPAKTHYEC-
KM HE BJIMSUIA HA BEJIMYMHY OIIMOKH, a 3HAYUT, OCHOBHBIE
OrpaHUYCHHUS METO/Ia, 00YCIOBJICHHBIE TpPeOOBAHMEM Kaue-
CTBa W, KaK CJEJCTBUE, TPeOOBAHMEM BBICOKOW CKOPOCTH
nepeavn JaHHBIX, B PACCMATPUBAEMOM CIIyYae CBSI3aHBI C
HEUJEHTUYHOCTBIO T€HEPATOPOB HA PA3JIMYHBIX CTOPOHAX
KaHaJla CBSI3U U (pIIyKTyanusiMu, BOSHMKAIOUIMMH B CaMUX
TeHepaTopax.

IMonyvennsie B pabote [232] pe3yabTaThl IMpeACTaB-
JISIFOTCSl BECbMa BaXXHBIMU W OTKPBIBAIOT CEPbE3HBIE TEP-
CIIEKTHBBI TPUMEHEHUS CXeM Iepefauyd WHGOPMAIUN C
UCTIOJIb30BAHUEM XaOTHYECKOW CHHXPOHHM3ALUKN B ONTHYEC-
KOM JIMana3oHe B COBPEMEHHBIX HHPOPMAIIMOHHO-TEIEKOM-
MYHHKAIIMOHHBIX ~cHUCTeMax. Bce wuccienoBanus ObLH
BBITIOJTHEHBI HA OCHOBE YK€ CYIIECTBYIOIIUX TEJIEKOMMYHHU-
KAIIMOHHBIX CETEH, T.€. BHEAPEHNE COOTBETCTBYIOIINX TEXHO-
JIOTHH He TpeOyeT NPUHIMMUAJIBLHON 3aMEHbI YXKe CO3aH-
HOTO 000PYIOBAHMS, YTO YPE3BBIYAMHO BAXHO ISl TPAKTH-
4yecKoro ucnoib3oBanus. K HemoctaTkaMm paccMaTpuBaeMoit
CXEMBI CJIe[TlyeT OTHECTH CPAaBHUTEIBHO HHU3KYIO CKOPOCTH
nepeavd JaHHBIX, YTO, KaK 00CYXKIAJIOCh BHIIIIE, CBSI3AHO C
OOILIMMU HETOCTATKAMU MOJOOHBIX CXeM CKPBITOH Tiepe1aun
uHpOpMAaIMU, & UMEHHO C HEOOXOJUMOCTBIO JOCTUXEHUS
PEXUMOB TOJIHOW XAOTHYECKOUW CHHXPOHU3AIUU, KOTOPBIE
BeCbMa YYBCTBUTEJIBHBI K PACCTPONKE XaOTHYECKUX TeHepa-
TOPOB Ha Pa3JIMYHBIX CTOPOHAX TEJIEKOMMYHUKAIIMOHHOTO
KaHaJla W IIyMaM, BCErJa MPUCYTCTBYIOIIMM B PeaJIbHbIX
9KCIIEPUMEHTAX.

8. 3akarouenne

B HacTosmieM 0630pe MPOBEIEHO pacCMOTpPEHHE COCO0OB
CKPBITOH TIepeiay HHPOPMAIIH C UCIIOIb30BAHUEM Xa0TH-
YEeCKUX CUTHAJIOB, B OCHOBE KOTODBIX JIeXKAT DPa3JIMYHbIC
TUNBI CHHXPOHHOT'O IMOBEIEHMSI XAaOTUYECKUX CHUCTEM: MOJI-
Hasl XaOTHYECKasl CAHXpOHHU3anus, (ha30Basi CHHXpOHU3ALKS,
0000IIEHHAST Xa0THUYeCKasi CHHXPOHU3AIUS U HECKOJIBKO
THTIOB CHHXPOHHOTO TIOBEJICHUSI OJTHOBPEMEHHO (HaIpuMmep,
00001I€HHas ¥ TOJIHAsl CMHXpoHu3anuu). Kaxnas u3 cxem
XapaKkTepu3yeTcs CBOMMH OCOOEHHOCTSMH U HMPHHIUIIAMHI
paboThl 1 001a7a€T CBOWCTBEHHBIMHU TOJIBKO €H JTOCTOMH-
CTBAMH W HEJOCTAaTKaMHU. B TO ke BpeMsi OOJIBIIHHCTBO
HEJIOCTATKOB W TPYIHOCTEH TEXHUUYECKOW peanu3aluu
XapaKkTepHO JUIS PsAZIa CXeM M YCTPOICTB MOJ0OHOTO Ha3HA-
4YeHus. ITO, B MEPBYK ovepeb: 1) TpeboBaHME BBICOKOU
CTENeHN HACHTUYHOCTH T€HEPATOPOB HAa PA3JIMYHBIX CTOPO-
HaX KaHaJIa CBSI3W; 2) HU3KAs YCTOMYMBOCTH K IIyMaM B
KaHaJIe CBSI3M; 3) TOBOJIbHO HU3KAsl KOH(PUICHINATLHOCTD.
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PaccmoTpen criocob ckpbIToil niepenaun nHGOpMaIu ¢
MOMOIIBI0  OOOOIIEHHONW XaOTHUYECKOW CHHXPOHU3AIWH,
JIMIIEHHBIN BBINICYTOMSIHYTBIX HEAOCTATKOB. [TocpeacTBom
YHCJIEHHOTO MOJICJIMPOBAHUS OJJHOHATIPABJICHHO CBS3aHHBIX
cucteM Pécciepa, BbIOpaHHBIX B KauecTBE TIE€HEPATOPOB
MEepeIaloIero U MPUHUMAIOLIETO YCTPOMCTB, HPOBEACHO
CpaBHEHUE MeXy co00ii BceX criocoOOB, pACCMOTPEHHBIX B
o63ope.

PacuéT xoIMm1ecTBEHHBIX XapaKTePUCTUK PabOTOCIOCO0-
HOCTH CIOCOOOB CKPBITOM Tepenayn JaHHBIX MOKa3all, YTO
PACCMOTPEHHBI METOJ Ha OCHOBE pPeXHMa OO0OOIIEHHOMN
XaO0TUYECKON CHHXpOHM3alUu o00JIalaeT 3HAYUTEJIbHOU,
MPAaKTUYECKU HEOTPAHMYEHHOM B peaIbHBIX MpeJeiax yCTou-
YABOCTBIO K IIyMaM B KaHaJle CBSI3W, B TO BpPeMS Kak
YCTONYMBOCTD APYTUX PACCMOTPEHHBIX CXEM SIBIISIETCS OTpa-
HU4YeHHOM. KpoMe TOro, 3TOT METOT JOCTATOYHO YCTONYMB K
paccTpoiike yrnpaBJISIOIIUX HapaMeTPOB U3HAYATIbHO UIEH-
TUYHBIX XAaOTHYECKHX TeHEepaTOpoB (KOTOpbIE pacHoJia-
TAalOTCSl HAa OJHOM CTOPOHE KaHala CBSI3M, 4YTO TaKXke
SIBJISIETCSl IPUHIUIIMAIBHBIM JTOCTOMHCTBOM) U K HEJIMHEH-
HBIM HCKaXXCHUSIM B KaHAJIE CBSI3H.

Taxoit cnoco6 ckpbITOl nepegaun MHPOPMAIIUU OTKPBI-
BaeT PsAJ HOBBIX BO3MOXXHOCTEH ISl 9KCIEPUMEHTAIBHON
peanm3anyuy CKpBITON mepegaun MHGOpManuym Ha OCHOBE
XaoTHueckoil cmHxpoHm3anuu. OTCYyTCTBUE psiia HEAOCTAT-
KOB, CBOHCTBEHHBIX OOJILIIUHCTBY CXEM CKPBITOU Mepeaun
HHpOpMATIHH, JeJIAeT 3TY 33/1a4y aKTYaJIbHOW U IEPCIIEKTHB-
HOM.

TTpoBenéH 0030p pe3ysIbTATOB MO IKCHEPUMEHTAJLHON
peanm3anuy pa3NUYHBIX CIIOCOOOB CKPBITOH Tepeavu
nHpopmarmu. OOOOIIEHB OCHOBHBIE JKCIIEpUMEHTAbLHBIC
pe3yJIbTATHI U TPUBEACHBI KOHKPETHBIC MPUMEPDI peajin3a-
UM CXEM Ha OCHOBE XaOTHYECKON MACKUPOBKHU, HEJIMHEH-
HOTO MOJMEIIUBAHUS U MOJIYJUPOBAHMS YIPABISIOLINX
napaMeTpoB B paguoauana3oHe, MUKPOBOJIHOBOM M ONTH-
4ecKoM Amana3zoHaxX. OUHcaHbl MEPBbIE PE3YJIbTATHI JKCIIe-
PUMEHTATHLHOTO HAOJIOJEHUs pexuma OOOOIIEHHON CHH-
xponusaiuu B CBU-nuanasone.
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Research on the secure communication applications of chaotic synchronization is reviewed. A number of secure communication
methods and devices using different types of synchronous behavior are examined. For the purpose of comparison of existing
methods, quantitative efficiency characteristics are introduced and estimated. An extremely noise-stable, generalized synchroniza-
tion-based, secure information transmission method is proposed. All of the methods considered are systematically checked for efficiency
for the first time by numerically simulating unidirectionally coupled chaotic Rossler systems for use as transmitting and receiving
generators. Key advantages and disadvantages of secure information transmission schemes using synchronized chaotic oscillations are

discussed.
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