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BOJIOKOHHO-OIMTU4Y€CKOM CUCTEMbI
nepegayu (BOCII) 3a cyet yBenn4yeHnsi
ObICTPOAEVCTBUS 3/IEMEHTHOI 6a3bl
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BbicTpOoaencTBMe BOJIOKOHHO-
ONTUYECKUX CUCTEM

Kypaesaesa Jlro6o6v
Mouxatinoeéna — KaHou-
0am mexHu4ecKux Hayx,
douenm Mockoeckozo 2o-
cyoapcmeeHHo20 yHueep-
cumema nymeii coooujerus
(MHUT).

Kpyuunun Anexcandp
Cepeeeeuy — acnupanm
MUHUT.

3meesa Anacmacus Anex-
CanoposHa — acnupawm
MHUHUT.

Anactacns SMEEBA
Anastasia A. ZMEEVA

(dexTuBHOCTH BOJIOKOHHO-OTITHYE-
CKUX CUCTEM Tiepeauu nH(popmamm
(BOCII) Bo MHOTOM oOTpeaensieTcs
OOIIMMY TEHACHIIUSIMU PA3BUTUSI ONTUYECKUX
texHosoruit. [lox a2chheKTUBHOCTHIO B PhI-
HOUYHBIX YCJIOBUSX (PYHKIIMOHUPOBAHUS
BOCII moanMaeTcs rpexie Bcero 3KOHOMHU-
yeckas a(pdextuBHOCTh. OHA MpeaycMaTpu-
BaeT CHUKEHUE CTOMMOCTU EAVHUIIBI TIepe-
naBaemoit mHpopmanuu (OUT) U POCT exe-
MECSYHOTO TOTpebseHus nHdopManum
(GaiiT).
CHUXeHWEe CTOMMOCTH OuTa CBSI3aHO
C YBEJIMYEHUEM CKOPOCTH TIepeqaur CUTHa-
JIOB: ee yBennveHue B 4 paza yMEHbIIAeT
CTOMMOCTB OuTa B 2,5 paza. [1pr 5ToM BaxkHyIO
POJIb UTPAET MOBBIIIIEHNE CTIEKTPAITBHOM 2(h-
(bexTUBHOCTU CUCTEMBI.

HAMNPABJIEHUE PA3BUTUA

Co3naHue CBEPXOBICTPHIX ONTUYECKUX
CHUCTEM CBSI3U — 3TO TPeOOBAHME CO CTOPOHDI
notrpeoduteneitr ycayr BOCII. Bee 6onbine
KJIMEHTOB XeJaeT I0JydaTh He TOJBKO ay-
JIHMO-, HO U BUACOMHOOPMALIMIO BHICOKOTO
KaudecTBa [1].

[TpousBoguTeNbHBIE IIMPOKOIIOIOCHEIE
KaHaJIBl MOTYT CTPOUTHCS PA3HBIMU CITOCO0A-
Mu. Ho 0CHOBHBIX BAapMaHTOB JIBa:



1) UHTEHCUBHBII MYTh Pa3BUTHS OIITUYE-
CKUX TEXHOJIOTHUIA 3a CYET YBEJIMYECHUSI CKOPO-
CTU nepeaayr nHGopMalnu;

2) BKCTEHCUBHBII TTyTh Pa3BUTHS 3a CUET
TEXHOJIOTMI1 BOJTHOBOTO yrsIoTHeHUsSI WDM.

B nepBoM BapuaHTe IJIaBHBIMU BOITPOCAMU
SIBJISIIOTCSI TIOBBIIIEHNUE OBICTPOIEHACTBUS
9JIEMEHTHOU 0a3bl, COBEPILICHCTBOBaHMUE
(opMaToB ONTUYECKOM MOAYJISILIUN U KOI-
pOBaHMSI, a TAKXKE KOMIIEHCALIMST Pa3IMYHbIX
BUIOB Auciepcuu. bricTponeiicTBue
YCTPOMICTB 3JIEKTPOHUKY 1 ONITO3JICKTPOHUKH
3aBUCHT OT pa3MepOB 3JIeMEHTHOI 6a3bl. YeMm
OHa MEHbIIIe, TeM OOJIbIIEC CKOPOCTH Iepe-
Jauyu MHGOopMay MOXKHO J0CcThYb [2]. On-
HaKO CYIIECTBYIOT TEXHOJIOTUYECKUE, (husu-
YeCcKMe U OKCIUIyaTallMOHHbIE MPeaesibl CHU-
JKEHUSI pa3MepPOB U YBEJIMYCHUSI CKOPOCTU
rnepenayn.

Bo BTOpOM BapuaHTe CO3AaHUs IIIMPOKO-
MTOJIOCHBIX KAHAJIOB (3KCTEHCUBHOM ) TIPEIIIO-
Jlaraetcsl o0llee yBeJIMYeHUe MPONYCKHOMI
cnnocooHoctr BOCII mocpeacTBOM BOTHOBO-
ro yiuioTHeHusi. B aToM ciiyyae Kaxmomy
pa3psiay LIMPOKOIIOJIOCHOTO COOOIEHMS
MOXeET ObITh IPEAOCTaBICHA CBOSI YaCTOTHAS
noJsoca. [l peannsaluu TaKOro myTu pas-
BUTHUSI TPEOYIOTCS:

— IOBBIIICHNE KaHAJIbHOM CKOPOCTH I1e-
penayy IBOMYHBIX CUTHAJIOB 3a CYET YBEIM-
YeHUsI OBICTPOACHCTBUS ONTUYECKUX MOIY-
JISITOPOB,;

— yBeJIMYEeHUEe KOJIMYECTBA BOJIHOBBIX
KaHaJIOB IIPU CHUXEHUU MEXKaHalIbHbIX
MHTEPBAJIOB U POCT CITEKTPaTbHOI 3 (HEKTHUB-
HOCTH.

3amayn 3TU CBsI3aHbl C COBEPILIEHCTBOBA-
HueM (opMaTOB ONTUYECKON MOMYJISILIMU
Y1 KOOUPOBaHUsI, 00pHOOI ¢ TUCITEPCUOHHBI-
MU Y HETMHEMHBIMU UCKaXeHusMH [3].

KakuM mmyreM cTaHyT pa3BUBAaThCsl ONTH-
YeCKMe CUCTEMBI CBSI3U, 3aBUCUT OT IIPOJIBU-
HYTOCTU M KayecTBa MH(GOpPMaLIMOHHBIX
M HaHOTeXHoJioruii. [TpuyeM onpeaessonmm
CEToJHS BO MHOTOM CTaHOBSTCSI CIIOCOOBI
OITUYECKOI MOIYJISLIMU, CIIEKTpaibHast 3¢-
(beKTUBHOCTD ONTUYECKOI CUCTEMBI CBSI3H Y.
[Mapamerp y xapakTepu3yeT MOJIHOTY UCTIOJb-
30BaHus yactoTHoro nuamnazona BOCII. Yee-
JIUYUTH CIEKTPadbHYI0 3P PEKTUBHOCTD
MOXHO, HalIpUMep, YBeIMYCHUEM KaHaJIbHOI
ckopoctu B. OpHako moBbllieHUEe B compo-
BOXJIA€TCsl POCTOM MCKaXeHU B JIMHUU
cBa3u. [ToaTomy HanboJiee akTyajibHa 3a7a4a
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Puc. 1. Mogynstop Maxa-Llenaepa.

Moncka Takux hopMaToB ONTUYECKON MOTY-
JISSUMU, KOTOpbIe o0ecrevynsii 66l HaubOoIb-
1myto 3bGEeKTUBHOCTD Y MPU HAUMEHBIINUX
JIMCTIEPCUOHHBIX M HEIMHEWHBIX MCKaXKEHUSIX.

Croco0bl ONTUYECKOW MOAYISIUMUU IS
IM(POBBIX CUTHAJIOB MOTYT OBITH KJTaCCU(DU-
LIMPOBAHBI 1T0 METOAAM MOMIYJISILIAKA ONTHYE-
CKOW HeCylIel 1 napaMeTpy 3JIEKTPOMarHuT-
HO BOJTHBI, MCTTOJTb3yeMOI TIPU KOAMPOBAHUY
nHdopmanuu, a Takxke 1Mo dopmary JUHEHR-
HOTO KOJMPOBAHUSI.

[TpuHIUTIBI AEICTBUSI ONTUYECKOTO MO~
JiITopa

OmHUM U3 TJIaBHBIX JIEMEHTOB B 0OJIb-
IIUHCTBE CTPYKTYPHBIX CXEM MOIYJISIIIMU
CBETa SIBJISIETCS OMTUYECKUI MOIYJISTOP.
[To mpuHLIMTIIaM NeCTBUS TAKKE MOIYJISITOPBI
MOIPA3ESIIOTCSI Ha 3JIEKTPOONITUIYECKUE,
MarHUTOOTITUYECKHUE, YIIPYTOOTITUYECKIUE
u T. 1. Haubombuiee pacripocTpaHEeHUE B Bbl-
COKOCKOPOCTHBIX CHCTEeMaX BOJHOBOTO
YIUTOTHEHUS TToTydr Mmoaynsatop Maxa-LleH-
nepa [4]. OH npencrapisieT cO00i 1Ba BCTpey-
HO BKJIIOYEHHBIX Y- pa3BETBUTEJIS, COSAMHEH -
HBIX OTPe3KaMM OTIEJbHO YIpaBIseMbIX
BOJTHOBOJIOB, IO KOTOPBIM PAaCIIPOCTPaHSIETCST
CBET oT Jasepa (puc. 1).

PacnipeneneHHas CBs3b MEXIy CBETOBOIA-
MU OTCYTCTBYEeT. MOIyJsIINsI TTIPOUCXOIUT
B OJTHOM BOJITHOBOTHOM KaHaJie, pacTioI0XKeH-
HOM Ha 3JIeKTPOOITHYeCcKO nmotoxke. [Tpo-
MmycKasi 3JICKTpUYECKU CUTHA Yepe3 3Ty
MOJTOXKY, U3MEHSIIOT ITOKa3aTeJlb ITpesioMIIe-
HUS 5 BOJHOBOIHOTO KaHaja. Ha mpyroii
KaHaJl HUKAKOTO BO3/IECTBUSI HE OKa3bIBaeT-
cs1. OnTryecKre CUTHaJIBI B 3TUX BOJTHOBOAX
pacmpoCTPaHSIOTCS ¢ Pa3HON CKOPOCTHIO
U1 UMEIOT pa3Hbie Haberu das.

WNuTepdepeHiirst BOJH BbI3bIBA€T YMEHb-
IIeHUEe MOILIHOCTU ONTHYECKOTO CUTHaJIa
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An(n')

3.02

1
0 0.002 0.004 0.006 0.008

Puc. 2. 3aBucumocTs pa3HuLbl nokasaresne
npesiomseHNst KaHasoB OT PAyKTyauui n'.

(McTob3yeTcst MPUHLIMIT MOAYJISILIUA MHTEH-
CHBHOCTH OITUYECKOTo m3nmydeHus). Koad-
(puLMeHT Tepenayn ONTUIeCKON MOIIHOCTH
monyssitopa I'=(1/2)(1+bcosAD) (1) 3aBu-
cut oT Habera (asel AD=yAn L 27/ A (2),
rae b — KoaGUIIMEeHT cOaTaHCHPOBAaHHOCTH
( b=1I nnst CMMMETPUYHBIX BOJTHOBOIIOB); A —
JUTMHA BOJIHBI; j — BEJIMYMHA OMTUYECKOTO
¢akTopa Moabl; L— NIVHBI BOJHOBOJOB;

=p(n+n')’ (3) — n3MmeHeHNs MOKa3aTeNsA
MPEJOMJIEHUS; 3 — TOCTOSIHHBIN KO3hPULIU-
€HT, 3aBUCSIINNA OT 3JEKTPOOTITUUECKUX
CBOIICTB MaTepuaia, MPUIOKEHHOTO HATpsI-
JKEHMsI, pacrojiokeHusl aaekTpoaoB. Haber
dazpt AQ =7V /V_ Mexny CBETOBBIMU CUI-
HaJlaM¥ B JIBYX TapajuleJIbHbIX KaHajlax 3a-
BUCUT OT MPUJIOXEHHOTO HampsKeHusT V'
U BEJIMYMHBI [OJTyBOJTHOBOTO HANPSKEHUs V.
MOMIYJISIIMOHHOW XapaKTePUCTUKN MOJYJISI-
topa T(V')= f(An,V). CooTHOLIEHNE MEXIY
An v V HOCUT HEJMHEWHBIN XapakTep, 4To
TIPUBOJINT K CJIOKHOM 3aBUCUMOCTU K03hpu-
IMeHTa nepeaadyu 7 OT MOLYJIUPYIOUIETO
HanpskeHus V.

BenunuuHa TMHEIHOTO yuacTKa MOIYJISIIIN-
OHHO XapaKTePUCTUKH OTIPE/IEIISIeTCSI 3HAUe-
HMEM I0JIyBOJIHOBOTO HAaNpPsDKEHUA V1 Bbl-
060poM paboueit TOUKU Vp (6e3 yuera HampsiKe-
HUSI CMEILICHNMS BE/IMYMHA V) paBHa MOJIOBIHE
V). BemuuHa MonyBOJTHOBOTO HATIPSIKEHUS
TTOKAa3bIBAET KAUECTBO PAOOTHI MOIYJISITOPA, €TO
OBICTPONIEHICTBUE M 3aBUCUT OT TOYHOCTHU U3-
TOTOBJICHUST BOJTHOBOAHBIX KAHAJIOB T10 JIJTUHE
1 Ko DuImeHTaM rpeoMyIeHUs (UX CUMMe-
TpruHOCTH). ECIi cuMBoNTMYeCKY MpUpaBHSITh
Haber paspl AQ = nV/V K nepuoy KOCUHYCo-
naanbHOI yHKIMU 27t/ T, TO MOIYIUM, 4TO
T0JyBOJIHOBOE HaIpsiKeHue V_ecTb MoJoBUHA
nepuona, T.e. 17/2.

CrenoBarebHO, Jaxe HE3HAYUTETbHbBIC
OTKJIOHEHUsT KO3 pulieHTa mpeoMIeHUS
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Puc. 3. 3aBucumocTtb Habera ¢pa3bl OT paykTyaumii n'.

OT PACYETHBIX 3HAYEHU TPUBEAYT K YMEHb-
LIEHUIO UK yBEJIUWYEHUIO MapameTpa ¥,

(CXaTuIo UM PACTSIKEHUIO KOCUHYCOUIBI).
OTciofa u nosioxeHue paboyeil TOUKM Ha MO-
TyJSUMOHHON XapaKTepUCTUKE, 3aBUCALIEE
OT TOKa CMEIIEHUS, JOJXKHO U3MEHSTHCS.
[naBHOE, NMana3oH 3HAYEHUI MOIYJISLIUOH-
HOTO HanpsiXeHus He OyJeT COOTBETCTBOBATh
JIMTHETHOMY Y4acTKy. DTO MpUBEJET K UCKa-
XKEHUSIM, KOTOPbIE MOXHO OLIEHUTb C TOMO-
1bIO MHTErpajia nepekpbitust K=AV_, n'), rue
n' — u3MeHeHUs1 KOa(hOUITMEHTA MpesToMITe-
Hus. HTerpan nepekpbITUs PaBEH BbIpaxe-

o K = [ T,-T'dV (4), tre T~ xoop-
0

bumeHT nepenauyn mIs GUKCUPOBAHHBIX
3HAYCHUI KO3GhGUIMEHTa MTPeTOMICHUS
¥ JUTMHBI BOJTHBI COOTBETCTBEHHO /1, A 1 110-
JIYBOJTHOBOTO HANPsDKeHMs1 V, , @ TAKKe HEM3-
MEHHOI paboyeld TOUKU V V. /2 T

TO XK€, HO JUISt APY[HX KOS(I)(I)I/ILII/ICHTOB npe-
nomuienus (M +H7 ) u nonyBoJIHOBOrO Ha-
npsokeHus V.

Takum o6pa3zoM, MOXHO celaTb BbIBO/I,
YTO Ka4eCTBO U3TOTOBJICHUS OMITORJIEKTPOH-
HBIX YCTPOMCTB, OTIPENEsieMOe BO3MOXHO-
CTSIMU TTPOMBIIIIJIEHHBIX TEXHOJIOTHiA, OKa3bl-
BaeT BIIMSIHUE HAa CKOPOCTh pabOThI ONTHYE-
ckoro Monysitopa v acddekruBHocTs BOCII.

PE3YJIbTATbl UCCNNTEOOBAHUYA
MOAYJISLUOHHON
XAPAKTEPUCTUKU

OLIEHKY BJIMSIHUSI KAueCTBA U3TOTOBICHMS
BOJIHOBOJHBIX KaHAJIOB Ha ITOKa3aTellb Ipe-
JIOMJICHH51 MOXKHO OCYILIECTBHUTB C IIOMOLIBIO
cIieliMaybHO BBEAEHHOrO rmapameTpa | xa-
pakTtepusytomiero duykryauuu y . s co-
BEPLICHCTBOBAHUS MTPOU3BOJACTBEHHbBIX TEX-
HOJIOTHII HYXXHO MCCJIeq0BaTh 3aBUCUMOCTD



MOMIYISILIMOHHON XapaKTepPUCTUKU OT ITOKa-
3aTesIsl IPeJIOMJICHUS.

Ha puc. 2—5 uzobpaxkeHbl 3aBUCUMOCTH
pa3HUIIBI ITOKAa3aTeIel TpeIoMIICHIUS KAaHAJIOB,
Habera (a3bl, KoahGUIMeHTa Tepeaadyn Or-
TUYECKOI MOIITHOCTH 1 MHTETpasia mepeKphl-
T OT purykTyaunii n'. Ipaduky mocTpoeHbl
s 3HadeHuit A = 1310+ 10°m, n=1,44,
V. =54 V. =3B, V=2,5B [4]. Bux s1ux 3a-
BUCUMOCTEI1 CBUIAETEIBCTBYET O HATMYMU 3a-
METHOTO BJIMSIHMS MapameTpa 7' Ha MOIyJIsi-
LIMOHHYIO XapaKTePUCTUKY. Tak, IpeBBILLICHUE
baykryauuit n' KpUTUYECKOro 3HAYCHUS
n'=0,005 MoxXeT IPUBECTU K 3HAYUTETBHBIM
HMCKaXEHUSIM MOAYJIMPOBAHHOTO CUTHAaja.
BenmunHbBI 3THX MCKaXKEeHUI HATIAHO IEMOH-
CTPUpPYET KpUBast K=f(V,n) ua puc. 5,
KOTOpasi UMeeT IMMOPOTOBBIN XapakTep.

B xoHeyHOM MTOTE pacyeThl MHTerpaja
nepekpuITUs K 1o hopmyiie (4) matoT BO3MOXK-
HOCTBH 00Jiee TIOJIHO OILICHUTh MOTEPH 3a CUET
GayKTyanuii mokasaTesisl MpeJIOMJICHUS,
a TaKkke c(hopMyIUpOBaTh TPEOOBAHMS K Ka-
YeCTBY M3TOTOBJICHUS 3JIEMEHTHOM 0a3bl
MOIYJISITOpa C TOUKU 3PEHMST YUCTOTHI MaTe-
puana. UccnenoBaHust BAUSIHUS 3TUX DIIyK-
Tyaluii Ha MOIYJISIIIMOHHYIO XapaKTePUCTUKY
1 OBICTPOACICTBHE MOIYJISITOPA UMEIOT OOJIb-
1I10€ 3HAYEHME IS TIOBBIIICHUSI CIIEKTPasIb-
Hoii addexkTuBHocT BOCIT.

VirydiieHue KauecTBa U3TOTOBJICHUS BJie-
MEHTHOM 0a3bl ONTOJIEKTPOHUKU — BeChMa
aKTyaJIbHas 3a/1a4a, KOTopasl HeIOCPEACTBEH -
HO KacaeTcsl TpeOOoBaHUil 1o paspelalonieii
crocoOHoCTH HaHOoTexHoJoruii. K Hanbomnee
MePCIEKTUBHOMY HAaIlPaBICHUIO TEXHOJIOT Ui
M3TOTOBJICHMS U3ACIUI 71T OTITORIEKTPOHM -
K1, obecrieunBaonieMy He0OOXOAUMYIO YMCTO-
Ty MaTepuaJia ¥ BICOKYIO TOYHOCTb Pa3MEpPOB,

0.5 T T T T T T T T T
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VII
Puc. 4. 3aBucumocTts ko3 puymeHTa nepegayn
ot paykTyauniin’.
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Puc. 5. 3aBucumMocTb HOPMUPOBAHHOIO UHTerpana
nepekpbITUs oT paykTyauniin'.

OTHOCHUTCSI CETOTHSI M30TONMYeCKast HAHOTEX -
Hosorus [2].
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