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Vny4iweHHbI CUHTE3 ABYXKaHANbHbIX
COBEepLUEHHbIX OaHKOB pelueT4aTbiX
thunbTpoB 6€3 YMHOXUTENEM

Anexkcaupp Munrasud (Mocksa)

CtaTbsl NOCBsiLLeHa Npo6sieMe CUHTe3a ABYXKaHaNbHbIX COBEPLUEHHbIX
6aHKOB pelueTHaTbIX PUNLTPOB 6€3 YMHOXMUTENEI; NPeasioXKeHbl
anropuTMbl €é pelleHusl Ha OCHOBe BapuauMu UCXOAHbIX NapamMeTPoB.
OCO6EHHOCTbIO afirOPUTMOB SIBAISIETCA BKJIIOYEHUE B HUX npoueaypbl
Bbl6Opa BapmaHTa CreKTpanbHOl (pakTopu3aumm nepesaToyHol pyHKLUUN
chunbTpa. Ha KOHKPETHOM NpuMepe cMHTe3a 6aHKa NoKa3aHo,

4YTO 3TO NO3BOJSIET AOMNOJIHUTENbLHO YBENUYMTbL ocnabneHne AYX

B nosioce 3aAepXUBaHUsi W/UNK yNpocTUTb peanuaauuto. MonyyeHHble
pe3ynbTaTbl NPEBOCXOASAT M3BECTHbIE U3 NIUTEPaTypPbl PELLEHUs.

BBEQEHUE

banku 11m@ppoBbIX (PUIBTPOB (CHUCTE-
MBI AHAJIM34/CUHTE3d) HAXOHAT IPUME-
HEHHE B IN(PPOBOI 06pa6OTKE CUI'HAIOB,
B YaCTHOCTH, IIPH CKATHH 3BYKA B U300-
paxeHus1. OCOObIFI MHTEPEC NIPEACTABIIA-
IOT COBEPIICHHbIE GAHKU, I CHCTEMBI C
TIOJIHBIM BOCCTAHOBJIEHHEM. B coBepieH-
HOM 6aHKE (PHIBTPOB BBIXOJHOM CUTHAI
COOTBETCTBYET 3aJCPKAHHOM KOIHH
BXOJHOI'O CUTHAJIA U II03TOMY CBOOOJECH
OT AMIUTUTYAHBIX U (DA30BBIX HCKAXKE-
HHUI, 4 TAKKE OT IOIPENIHOCTH HAJIOKe-
HHUA CIIEKTPOB. MHOTOKaHAJIBHBIE COBEP-
IIEHHBIE CHCTEMBI MOT'YT OBITh BBITIOTHE-
HBI Ha 623€ IByXKAHAIbHBIX CUCTEM.

B pa6ore [1] mpeiiosKeH COBEPIICHHBIN
JIByXKAHAJIBHBIN GaHK perrerdaTbx KIX-
(UIBTPOB, CBOMCTBO COBEPIIEHHOCTH KO-
TOPOTO CTPYKTYPHO O6ycioBaeHO. Kan-
TOBaHUE KOA(P(PHUIIMEHTOB IIEpPeJaATOU-
HbIX (pyHK1M (I1P) DHIBTPOB aHAIN3a U
CHHTE3a CKa3bIBACTCA TOJIBKO HA AYX 1 He
BJIMAET HA BCIO CUCTEMY aHA/IN3a/CUHTE3A.
Kak 6aHK aHAIM32a, TAK ¥ GAHK CHHTE32 CO-
gepxxut @HY 1 @BY, KoTOphIE 06/1aJaI0T
CBOMICTBOM JOITIOJHEHHS IO MOITHOCTH.
IToaTOMY BCSI CHICTEMA OIHICHIBACTCS (haK-
TUYECKHU €IUHCTBEHHON IIE€PEAATOYHON
¢dynkumen. B cBa3u ¢ atum Tpedyercs
CHHTE3UPOBATh TOMBKO oguH PHY ¢ 3a-
JAHHBIM OCJIAGJIEHHEM B IIOJIOCE 3ajep-
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Puc. 1. Ctpyktypa peweryaroro unbrpa
AnAa 6aHka aHanusa

JKMBAaHWA M HECUMMETPUYHOM HMITYJ/IbC-
HOM XapaxkrepucTukon (MX).

J1g UCIIOJTHEHUN B BHUJE 3aKA3HBIX
WiIn 1noJjy3akasHeix CBHMC BecbMa 3KO-
HOMHYHBI PEATU3ZALNUN COBEPIICHHBIX
0aHKOB pemeTd4aTeix (QUIBTPOB Oe3
YMHOKUTEJIEH, KOIZIA BCE YMHOKUTEIN B
CTPYKTYPE 3aMEHAIOTCA CYyMMATOPAMU U
3JIeMeHTaMH caBUTA. C LIE/IBIO JOIIOTHHU-
TEJIbHOI'O YMEHBIIEHUSA  CJIOKHOCTH
CBHUC n norpebnsieMOil MOIIHOCTH, 4
TAKOKE TTOBBIIICHUS OBICTPOICHCTBIS Ta-
KHX PEAIM3ALMHI BAKHO HA JTAIIE PACdE-
Ta (PWIBTPOB MUHHUMH3HPOBATD IIOJTHOE
YHCIO CyMMATOPOB, BKIIOYAIONIEE CyM-
MaTOPBI CAMOM PEIIETYATON CTPYKTYPBI K
CyMMAaTODBI, 3AMEHAIOIINE YMHOXKUTE/IA.

JI71s1 3TOTO OBUI IPEITIOKEH METOJ, ITO-
MICKa IIO AEPEBY [2], COYETAIOMMI HEIN-
HEHMHOE KBAHTOBAHHE KO3(D(PHUITHEHTOB
B OIIPEAEIEHHON OYEPESHOCTU U IIOB-
TOPHYIO OINTHMH3ALUIO OCTAJIbHBIX
KO3(@PUIIMEHTOB HAa HENPEPBIBHOM
MHOXECTBE 3Ha4YeHuu. [Ipn aTom Bpe-
Ms BBIYHMCJEHHUH Ha II€PCOHAJIBHOM
KOMIIBIOTEPE MOJKET JOCTUIATh JECAT-
KOB 4aCOB. JIpyroy 1oaxoJ; OCHOBAaH HA
HETIOJTHOM ITepe6ope HETMHEHHO KBaH-
TOBAHHBIX KO3 duIeHTos [3], rae o6-
JIACTH BO3MOYKHOI'O M3MEHEHHA KO-
(PUIIMEHTOB OIPEJEIAIOTCA IIpeJBa-
pUTENBHO C NOMOIIBIO HEJIWHEHHON
ONTUMM3ALUH HA HEINPEPBIBHOM MHO-
JKECTBE€ 3HA4YEHUI Koa(d@uumeHToB. B
3aBUCHMOCTH OT TPeOOBAHUI K OAHKY
(PHUIBTPOB JAHHBII METOJ, MOXKET IIOTPE-
60BaTh COTHH MHUTMOHOB OIICHOK pe-
IIEHWH C JUCKPETHBIMHU (KBAHTOBAHHbBI-
MH) Ko3adduieHTamu. st 4acTHOTO

IIpUMepa aBTOPBI PpAGOTHI [3] MOIYIHIH
PE3yIbTAThI, COIOCTABUMBIE C JOCTHUTHY-
TBIMU [2], HO 32 60JIee KOPOTKOE BpeMsL.

JIBa aJbTEPHATHUBHBIX AJITOPUTMA
cHHTE3a OBIIN MPEJIOKEHBI B pabore
[4], rme BMecTO Bapuanuu Koadduiiu-
enToB (BK) mcmonb3yercs Bapuanusa
MCXOJHBIX ITapaMmeTrpos (BUIT) merona,
BK/IIOYAIOIIEIO B3BEIICHHYIO 4YeObIlIe-
BCKYIO aIIIIPOKCHUMAILIAIO U CIIEKTPAJIb-
HYI0 (PAKTOPHU3ANHIO IIE€PEAATOYHOM
dyskuyun prwisTpa. B nepsom aaropur-
M€ BAPBbUPYIOTCA TOJIBKO JBA IIapaMeT-
pa, TeM HE MeHee, JJII KOHKPETHOI'O
IIpUMEpPA OH IIPUBOJUT K PE3YJIbTATAM,
COIIOCTABUMBIMHU C HAWJEHHBIMU [3].
IIpu 3TOM TpeEbyeTcss MHOIO MEHBIIE
OLICHOK LIeJI€BOM (PYHKUIMH C JUCKPET-
HBIMU KO3(pduienramu. Bo sTopom
anropurMme crparerus BUIT o6benmne-
Ha ¢ npocror npouegypor BK. Takoe
COYETAHHE, KAK IIOKA3aHO HA IIpUMeEpe
M3 [2], TO3BOJIAET YIY4IIUTD PE3YIBTATHIL.

B manHOM CcTaThe CAeIaHO HPEAIIONO-
JKEHHE, YTO BKIIOYEHHE IIPOLIEAYPbI BbI-
60pa BapuaHTa CHEKTPATBbHOM (hakTO-
PH3AIUH B AITOPUTMBI CHHTE3a 6AHKOB
(HIBTPOB 6€3 YMHOXKHTEIEH MOXKET J10-
IOJIHUTEILHO YIYYIIMTh PElIeHue. DTO
MOATBEPKAECHO HA IIPUMEPE CHUHTE3A
MpeJIaraéMbpIMA AJITOPUTMAMH Ha OC-
nose BUIL

OBA NOAXOAA K CUHTE3Y
BAHKOB PELUETYATbIX
DPUNbTPOB

I1a ABYXKaAHAJIBHOI'O COBEPIIEHHOI'O
0aHKa pemeT4aThx (QHWIBTPOB HEOHXO-
JAMO CHUHTE3HUPOBATH JUIIb OauH KIX-
(GUIBTP HMJKHUX 4Y4CTOT C HECHMMET-
pyraHOM UX 1 niepegaTtogyHoN (pyHKITHEH
Hy(2) [1]. Punsrp JO/DKEH 00I3JaTh 3a-
JAHHBIM OCJIA0JIEHHEM B IIOJIOCE 3a/€P-
JKUBaHUA. OCTaJbHBIE IEPEJATOYHbBIE
GyHKIUH (QIBTPOB GAaHKA OIIPENEs-
10TCA 0 H()(2). Ha prucynke 1 nokaszana
CTPYKTypa PemeTdaToro (pmisrpa 6aHka
aHAIU3a IS JIBYXKAHAJbHOI'O COBEP-
IIEHHOIO 0aHKa. BepxHeMy BBIXOIy CO-
orBercrByer ®HY, a Hipkuemy ®BY. He-
9ETHBIN MTOPSAAOK (PrutbTpa paBeH 2N — 1.
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HenpepsiBHBIE KO(DDUITUEHTHI pe-
meTyaToro pmwibrpa o, i=0,1,..,N-1
(cM. puc. 1) MOryT OBITH HOJYYCHBI
IPAMBIM ITyTE€EM (METOAAMH HEJIHUHEM-
HOTO IIporpaMMupoBaHusdg). KocseH-
HBIH IIOJXO/] OIIPEJEIEHUA 0; OCHOBAH
HA CIEKTPAIbHON (PAKTOPU3ALUU
H(z) = z " 'Hy(2)Hy(z ") nmoaynoaoc-
Horo ®HY npsamort (popmMbl C CUMMET-
puuynonn MX wm pacuére ao; mo HUX
dunprpa ¢ Hy(2). Jna cunresda H(z)
YABOEHHOTO nopsAaka 2(2N — 1) ucromb-
3yeTCsl aATOPHUTM B3BEIICHHOM 4YeObI-
MIEBCKOM aNNPOKCUMAIIUH, a s Pa-
KTOPHU3ALUU — KEICTPAJIbHBIN METO/[,
WM NPOoLeAypa HAXOXKAECHUSA HyJIeH
H(2) ¢ nocaenyromum GOPMHUPOBAHH-
eM o HuM Hy(2). KencrpaabHblid Me-
TOJ, IIPUBOJUT K €IUHCTBEHHON H()(Z)
C YEepPEeYIOIMMNMHUCSI 3HAKAMU Yy KO-
(UIINEHTOB pemieTyaToro (GpuapTpa, a
npoueaypa HaxoXiaeHusa Hyaen H(z)
O3BOJIsAET C(POPMHUPOBATH OIpeIe-
JIEHHOE YMCJIO PA3JIMYHBIX BADUAHTOB
Hy (%), 9TO Ja€T JOMOTHUTEIBHYIO CTE-
IIE€Hb CBOOOABI IIPH CHHTE3C OAHKOB
GrIBTPOB 6€3 YMHOKHTEICH.

0Co06eHHOCTN KOCBEHHOro Mmetona
cuHTe3a

Anropurm BUII [4] ocHOBaH Ha KOC-
BEHHOM IIOJXOJ€ C IPHUMEHEHHUEM
KEIICTPAIBHOI'O METOJA (PAKTOPHU3ALIMH,
KOTOPBIA SIBISIETCA TPUOIMKEHHBIM.
Kak oka3zanock, pacdér Koa(dduireH-
TOB CTPYKTYDPBI, IIOKA3aHHOK HA PUCYH-
Ke 1, Ype3BbIYaHO YYBCTBUTEICH K TOY-
HOCTH 1onydeHuss HX, COOTBETCTBYIO-
men Hy(z). U3BeCcTHO, YTO TOYHOCTH
KEIICTPAJIbHOI'O METOJA CBA3aHA C KOJIH-
9eCTBOM TOYEK NPSIMOTO M OOPATHOTO
BII®, a peKOMEHJOBAHHOE 3HAYEHHUE, HE
IIPEJIIOIATaiouee MOUIEAYIOMEro pac-
4éTa KOa(h(PHUIIMEHTOB CTPYKTYPHI pHC. 1,
pasHO 8[2(2N — 1) + 1]. B Xoa€ BBIIIOA-
HEHHUs JAHHOH PabOTBI YCTAHOBJICHO,
4TO I OO€CIIeYEeHUsA IIPUEMIEMOM
TOYHOCTH pacdyé€ra Koa(p(PUIHUEHTOB
JAHHON CTPYKTYPbl YKA3aHHOE 3Ha4de-
HHE JOJDKHO OBITh IIPEBBIIICHO B HeE-
CKOJIBKO Pa3. DTO yBeIUYHBAET HEOOXO-
JMMYIO IAMATH JAHHBIX U CyIIECTBEHHO
3aMeUIsAET IIPOLECC BBIYMCIEHUSA Ha
KOMITBIOTEpE. 711 YMEHBIICHHUSA OOBE-
Ma IIaMATH M YCKOPEHUA DPACYETOB
IIpeIaraeTcsa UCIONIb30BaTh penerda-
TYIO CTPYKTYDY, IIOKa3aHHYIO HA PUCYH-
K€ 2, KOTOPaA COBMAJAET CO CTPYKTYPOI
puc. 1, korga koadduimeHTs! 1;=0, 1= 2,
4,..,2N = 2.

Ha niepsom 3Tane 1o X Haxoamum Ko-
3(PULHEHTHI y; CTPYKTYPHBI PUC. 2, 4 3a-

TEM H4a MX OCHOBE II0JIy9a€M HCKOMBIE
o0y =v1,0;=Y2i+1, L= 1, 2,..., N— 1. 910T
MOAXOJT 06ECIIEUYNBAET HEOOXOAUMYIO
TOYHOCTb U IIOJIHOCTBIO COITIACYETCS C
Teopuer [1], 3a UICKIIIOYEHUEM TOTO, YTO
CTPYKTypPa PHUC. 2 OTJIMYAETCA OT CTPYK-
TyphI pUC. 4 [1] 3HaAKAMH ¥; A1 YMHOXKH-
TeJEeH, BXOAbl KOTOPBIX IOAKIIOYEHBI K
BBIXO/IAM 3JIEMEHTOB 3aJ€p:KKU. i
CTPYKTYpPHI U3 paboTsl [1] Bce koadhu-
HUEHTBl y; HMMEIOT OTPHUILATEJIbHBIN
3HAK, B TO K€ BPEMs HA PHUC. 2 OTPHUIIA-
TEJIbHBIA 3HAK UMEIOT TOJIBKO KO3 Phu-
IUEHTBI y; C HEYETHBIMH HMHJEKCAMH.
3aMeTUM, 4TO YETHBIE KACKAAbBI CTPYK-
TypbI, IPUBEAEHHOM HA PUC. 2, MOTYT
OBITh PEATM30BAHBI HA OJJTHOM YMHOKH-
Tene [5].

LETANbHbLIA AHANU3
M3BECTHbIX PELLEHUNA

IIpoanajM3upyeM pe3yabTaTbl CHHTE-
3a [2—4], mOJy4EHHBIEC JJIA ABYXKAHAJIb-
HBIX COBEPHICHHBIX OAHKOB peEmIeTda-
TBIX (DUIBTPOB 6€3 YMHOKHUTEICH IIPH
HOMMHAQJIBHBIX I'DAaHHUYHBIX YaCTOTAX
J1,=0,18n/5,=0,5 - f1,,= 0,32, HopMH-
POBAHHBIX OTHOCHTEIBHO YaCTOTHI
JUCKPETU3ALINH.

B pa6ore [2] mOpsAJOK peneT4aToro
dunsrpa paseH 2N — 1 =27, a2 KOJIM4YECTBO
HEHYJICBBIX OUT JIJI1 KAKIOT0 KO3 driy-
€HTA COCTABJIAET 72 = 2, 94TO IIPeAoIpee-
JIAE€T IOJHOE 4YHCIO CyMMaTOpPOB B
¢unsrpe, paBHoe ¥ = 56 = 28 + 14 x 2.
371eCh U Jajiee IEPBOE CJIATAEMOE COOTBET-
CTBYET YHUC/Ty CYMMATOPOB B CTPYKTYPE, 4
BTOPOE — IIOJTHOMY YHCJIy CyMMaTOPOB,
3aMEHAIONIMX BCE IIAPbl YMHOKUTEJICH
(cMm. puc. 1). g pacdéra UCXOAHBIX
HENPEPBIBHBIX KO (HUIIMEHTOB pe-
IIETYATOTO (PHIBTPA HUCIIOJb30BAH MeE-
TOJT, HEITMHECHHOM OIITHUMH3AIUH, KOTO-
PBIF IPHUBOAUT K OCTAGIECHHIO B IIOJIOCE
3agepskuBanys a = 60,17 ab. Ha pucyH-
Ke 3 IIOKa3aHa KapTa HyJIeH epegaroyd-
HOM (PyHKIIMH 3TOTO (PUIABTPA, PACCUU-
TaHHAsA 110 KO3(@UIIMEHTAM, B3ATHIM
U3 pa6oTsHI [2]. HYIDKHASA 9aCTh KAPTHI HY-
JIEH HE ITOKA3aHa, IIOCKOJIbKY OHA4 CHM-
METPUYHA BEpXHEN yacTu. Hynn Haxo-
JATCA BHYTPU M HA €IUHUYHOM OKPYXK-
HOCTH. 3aMETHM, 4YTO KOCBEHHBIHN
IIOAXO/, HA OCHOBE KEIICTPAJIBHOIO Me-
TOZAQA AAET IPUMEPHO TAKOE K€ PACIO-
JIOJKEHHE HYJICH.

ABTODBI [2] C TIOMOIIBIO IIPOLIEAYPHI
TIIOMCKA IO JE€PEeBY MAKCHUMHM3UPOBAIN
ocabienne (GUABTPA IPH JJIHHE CI0BA
MaHTHCCBHI KBAHTOBAHHBIX KO3 pHIH-
eHTOB M = 10 1 MOMy4YWIu PELUICHUE C
dy=45,45 nb. 3HaKk ~ 03HAYAET, 94TO Ia-

Puc. 2. Peweryarasn cTpyKrypa
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Puc. 3. Kapra nyneii I® ana HenpepbIBHbIX
KoaththuumenToB, HaliAeHHbIX B pabore [2]
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Puc. 4. Kapra nyneii [I® ana AMCKpeTHbIX
KoaththuumenToB, HaliAeHHbIX B pabore [2]
npu M=10um=2

paMeTp OLEHEH /I KBAHTOBAHHBIX KO-
3 punreHTOoB. 3aTPaYEHHOE KOMITBIO-
TEPHOE BPEMA COCTABUIO 55 4. Pacmu-
peHue O6IaCTH MOHUCKA YBETHUYUBACT
Bpems cuéra 70 120 9 1 60s1€€ U HE 1103
BOJISIET IIOJIy9UTHh OOJbIICE 3HAUCHUE
dg . Ha pucyHke 4 moxkaszaHa KapTa Hy-
JIEH JUIS 3TOT'O PELIeHMs, TIOCTPOECHHAA
1o koagdunuenram us [2]. Cornocras-
A PUCYHKH 3 U 4, MOKHO 3aMETHUTD,
4TO HY/IH PACIOIATAIOTCA YK€ HE TOJIb-
KO BHYTPHM M HAa €JUHHYHOHN OKPYXK-
HOCTH, HO U BHE €€ IIPEJEIOB, IIPUIEM
3TO OTHOCHTCA U K OJHOMY U3 HYJIEH,
HAXOJUBLIEMYCS BHYTPH €JUHHYHON
OKPYKHOCTHU [JO KBAHTOBAaHHA KO3(]-
(PUITHEHTOB.

ITo-BUIMMOMY, H3-32 OIPOMHOI 00-
JIACTU BO3MOJKHBIX JUCKPETHBIX 3HAYe-
HU K03 HUIIEHTOB aBTOPHI [3] OTKa-
3a7ITUCh CHHTE3UPOBATH (DUIBTP CBOUM
MeTOAOM IIpU 2N — 1 = 27; TOPSAAOK ObLT
YMEHBIIEH 10 2N — 1 =21, HO KOJIN4eCT-
BO HCHYJIEBBIX OUT B KO3 PUIIHMEHTAX
IIPUILIOCH YBEJIUYUTDb C M = 2 10 m < 3.
3aMeTuM, YTO YBEJIMYECHHUE 772 IIPUBOJUT
K (prUIBTPY C MEHBIIMM OBICTPOACHCTBHU-
eM. /I pacdéra MCXOAHBIX HEIIPEPHIB-
HBIX KO((HUIIMEHTOB PEMIETIATOrO
(HIBTPAa HCIIOJIB30BAH YIIOMSIHYTBIH
BBIIIE€ KOCBEHHBIN OAXO0/, KOTOPBIN J1a-
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et ay = 47,85 1Bb. O61aCTh BO3MOKHBIX
3HAYEHUU KO3(PHUIIMEHTOB OKa3a/1aCh
OUYCHB OOJIBIION U TIO3TOMY ObLIA pa3/ie-
JieHa Ha 1o061acTh. IIOMCK B 3THUX I1O-
JOONIACTAX COOTBETCTBYET HEIIOTHOMY
nepedopy U 1npu M = 9 NO3BOJSAET IIOTY-
9UTh do=45,78 AB UL =56=22+17x 2.
IIpu atom Tpebyercsa 6omee 285 MIIH.
OIICHOK C JUCKPETHBIMH KO3 dHUIineH-
TaMu. OZHAKO BpeMsA CYETA COCTABHIO
1,14 4, 9TO 3HAYUTEJIBLHO MEHBIIE BpeE-
MEHH, 3aTPAYEHHOI'O HA BBIIIOJHEHHE
anropuTma [2].

B pa6ore [4] ipu Tex :xe N, m 1 M, Kak 1
B (3], mpu nomomy anropurma BUII, mc-
TI0JIb3YIOIIETO KOCBEHHBII IIOIXOI, IIOJTY-
4eHO dp=4501 tbux=56=22+17x 2,
9TO COIIOCTABHMO C pe3yabraraMu [3].
OJIHAKO IIPH 3TOM IIOTPEOOBAIOCH MHO-
Iro MEHbIIE (BCEro 789) OLEHOK C JHC-
KPETHBIMU KO3(D(PHUIIMEHTAMU. DTO TOBO-
PHUT O TOM, YTO OOJIACTD IIOMCKA B AJII'O-
puTM™e [3], BO3MOKHO, CJIMIIKOM BEJIHUKA.
Cnengyer OTMETUTD, YTO PENIEHHUE, ITOJTY-
YeHHOE B pa6oTe [4], He MOXKET ObITh 00-
HAPYKEHO HHU B OHOM U3 IIATH I10J00-
JIACTEU ITOMCKA, UCIIOJIb3YEMBIX B [3], T.K.
OHO NPHUHAJIEKUT CPa3y JABYM COCE]-
HUM I10JO0IACTSM.

BosBpamasice Kk padore [2] U pac-
CMaTPpHUBAsI KBAHTOBAHHBIE KO pHITH-
C€HTBI PEMIECTIATOrO (PUIBTPA, HAUICH-
HBIE IIPU M = 2, MOKHO 3aMETHUTDb, 4YTO
OHM 3HAYUTEIBHO OTIMYAIOTCA OT HEIl-
PEPBIBHBIX KOA(M(PUIITMEHTOB HCXO/HO-
ro pemenus. ITo3ToOMy Tak BEJIMKO Bpe-
MsA C4Y€Ta I ONMHMCAHHOI'O JIrOPUTMA
[2]. Kpome TOro, y KBAaHTOBAHHBIX KO-
3PPUIMEHTOB HAPYUIEHO Ye€peIoBa-
HHUE 3HAKA, CBOMCTBEHHOE HEIPEPHIB-
HBIM KO3(M(HUITHEHTAM HCXOJHOTO pe-
meHus. M3 3Toro MOXXHO 3aK/IIOYMTD,
4TO UCXOJHOE PELIEHNE HEYJAaYHO U HU
anroputm (3], Hu aaropurtm BUII [4]
NPUHIUIINAIBHO HE MOTYyT O6Hapy-
JKUTb HAUJEHHbIE KBAHTOBAHHBIE KO-
adpunuenTs! [2]. Jeno B TOM, UTO B pa-
6ote [3] yepenoOBaHHUE 3HAKA «HABSI3a-
HO» M3HAYAJIbHO, IIOCKOJIbKY OTPOMHAs
0061aCTh U3MEHEHUSI JTUCKPETHBIX KO-
3¢ punmeHToB cTana 661 eni€ 6OJIbIIE, A
B pa6ore [4] anroputm BUII 11 puibt-
pa € 4epeayIomUMHUCA 3HAKAMH KO3(]-
(PUUIMEHTOB NPUHIMIINAIBHO HE MO-
JKET ITOBJIUATD HA 3TU 3HAKH.

Eciii BBINOTHUTH CHHTE3 OOCYXKIae-
MOro (PUJIBTPA ¢ HOMOMIBIO AJITOPUTMA
BUII + BK [4], TO I HANJEHHOI'O JIy4d-
LIETO PEIMICHM C d = 40,98 nb Hapyma-
eTcs yepeJoBaHNe 3HaKa KoadduiineH-
TOB, HO JIMIIb Yy 0 _ , Koy _ 1 (CM. pHC. 1).
B xauecTBe npoueaypsl BK B [4] ncnions-

30BaH MOKOOPAMHATHBIN IOHCK, KOTO-
pOMY CBOMCTBEHHO «3aCTPEBATH> HA JIO-
KaJbHBIX ONITUMYMaX, U, KAK BUJIHM, OH
HE TO3BOJIIET JOCTUYD WIH YAYIIIUTH
peumenue [2] dg = 45,45 nb.

Kak ITOKa3pIBAIOT NPEABAPUTEIBHBIC
pacyéTsl, I3MEHEHNE BAPUAHTA CIIEKT-
panbpHOM (PAKTOPHU3AIMH IIEPEIATOU-
HOHM (DYHKIIMM WJIHN IIepepacrpezesne-
Hue HyneH Mexny Hy(2) u Hy(z ') npu-
BOAUT K HAPYIIEHUIO YePeJOBAHUSI
3HAKOB KO3(P(PHUIIMEHTOB PEUIETYATOI'O
dunprpa. I1o3TOMY, YIHUTHIBAs IIPOBE-
JAEHHBIM AHAJIMW3, MOKHO MPEAIOJIO-
SKHTb, YTO BKJIIOUYCHUE IIPOLEAYPHI BBI-
60pa BapuaHTa (PAKTOPU3AIINH B AJITO-
PUTMBI CHHTE32 OOCYKJACMBIX GAHKOB
GHIBTPOB 6€3 YMHOKHUTEICH MOKET
MPUBECTH K YAYUIIEHUIO penieHus. JJa-
Jiee 3To OyJeT MOATBEPKACHO IS Pac-
CMOTPEHHOTO IIpUMeEpPa CHHTE3a O0aHKa
(unabTpoB.

BO3MOXXHbIE BAPUAHTbI
CMEKTPAJIbHOM
DPAKTOPUIALIUU

Xopomo u3BeCcTHO, 4TOo Ansa KHX-
(UIBTPA CyIIECTBYET 2" PA3IMYHBIX Ba-
puaHTOB HeCcUMMeETpUYHbIX WX nin
KOMOMHAIUU HyJAEH IepesaTOdYHON
(YHKIMU HA Z-IVIOCKOCTHU (BAPHUAHTOB
CIIEKTPAIbHON (PaKTOpHU3AIIUN), KOTO-
PBIM COOTBETCTBYIOT A6COMIOTHO H/ICH-
TuuHble AYX. 31ech 7 — KOJIHUYECTBO
HEKPATHBIX JEHCTBUTE/IbHBIX HYJIECH U
HEKPATHBIX IIAP KOMILIEKCHO-CONPS-
JKEHHBIX HYJIEH IIEPEJATOYHOH (PyHK-
Uy PUIBTPA, HE JIEKANUX HA €JUHHY-
HOH OKPYKHOCTH. DTH BAPHUAHTHI O0Y-
CJIOBJIEHBI TEM, YTO OTPAKEHHE TOT'O WIH
HHOI'O HYJII OTHOCHTEIBHO €JUHUYHOM
OKPY’KHOCTH HA Z-TUIOCKOCTH HE IIPH-
BOAUT K usmeHeHuio AUX. ITosokeHue
HYJIA HA Z-TUIOCKOCTH XaPAKTEPU3yeTCs
paanycoM u yrioM. OTpakeHHE 3aKIIO-
4aeTCs B U3MEHEHUH 3HAYCHUA PAJTUY-
ca Ha 06paTHOE MIPH COXPAHECHUH YIJIA.

Bce ynomsaHyTbIE BAPHAHTBI MOKHO
TIOJTYYUTb U3 OJHOTO BAPHAHTA, COOTBET-
CTBYIOIIETIO, HAIIPUMEDP, BCEM N HYJIAM
epesaTOIHOH (DYHKITHH, PACTIONIOKEH-
HBIM BHYTPH €JUHHYHOU OKPYKHOCTH,
nyTém nepe6opa 272 KOMOMHAIUI HY-
JIER NepeJaTOYHON (DYHKIIUH, OT/INYa-
IOIIMXCA Pa3MEMEHUEM UX BHYTPH WIN
BHE €JUHUYHON OKPYKHOCTH.

YTOGBI XapaKTEPHU30BATh PEIICHHA,
TIOJTyYEHHBIE JUIS TOI'O WM MHOT'O BApH-
AHTA, BBEJEM KOJI CIIEKTPAILHOM (PAKTO-
pusanyu C, KOTOPBIF MOYXKET IIPUHUMATD
3Havenusa 0, 1, 2, ..., 2". Ilpumem 4
OIPENENIEHHOCTH, YTO 3HaYeHue C'=0 co-

OTBETCTBYET HYJIAM BHYTPHM €JUHHYHOU
OKPY>KHOCTH, M OIIPEJEIHAM 72 IIAP KOMII-
JIEKCHO-COTIPSKEHHBIX Hysen H((2) Kak
RnCXp(ij(pn), Rn - 16Xp(ij(pn - 1)7 e
Ryexp(Fjoq), TOIaras ¢,, > ¢, _ 1 > ... >Qq.
31ech R; — painyc, a ¢, — Yro i-ro HyJIs1 Ha
Z-TIJIOCKOCTH.

Ilycts 7 = 7, 1 jyia Kojga (paxkropusa-
nuu C =0 (WIH B JBOUYHOM IIPEACTABIIC-
Huu C = 0000000) nmeem paguycChl Hy-
el Rg, Rs, ..., Ry. Tpebyercsa yCTaHOBUTD
paguycel, HanipuMep, i Koga C = 33. B
JABOUYHOM IIpeacrasiaeHnu C=0100001,
M IIO3TOMY JIJIA 3TOT'O KOJA IOJTY4HUM Pa-
JTHyCBI Ry, Rsl, Ry, .., Ry, R,. Takum o6pa-
30M, €JUHULIC B IBOUYHOM IIPEICTABIIE-
HUU C COOTBETCTBYET OOPATHBIN pajgu-
YC. AHAJIOTUYHO MOKHO YCTAHABIUBATH
PasnyChl U1 JPYTUX KOJOB.

Ciegyer OTMETUTD, 9YTO U3 2" BApHUAH-
TOB MX I110710BMHA ABIAETCA B3AaUMHO
OOpaméHHBIMU BO BDEMEHH, M Ka3aJI0Ch
OBI, YTO MOKHO OJ/IHY IIOJIOBHHY OTOPO-
CUTb U PACCMATPUBATH 2" ' BAPUAHTOB.
910 omnpasgaHo a1 KUX-Guasrpos
npsaMo¥ (popmbl. OJJHAKO IS pemieTda-
TOH CTPYKTYPBI, KAK MOKHO yOEIUTHCH,
obpamenne MX O3HA4YaeT CMEHY BCEX
3HAKOB y KO pumenTos o, i =0, 1, ...,
N —2wu3aMeny oy _ 1 Had y_ 1 6€3 CMEHBI
3HaKa. [ToaTomMy [y1d pemeT4aTon CTPyK-
TypbI BCE K€ UMeeTcsa 2" BAPUAHTOB C
pasHeIMHU HabopaMu KO3 HUITHEHTOB.

CWHTE3 BAHKOB ®UJIbTPOB
BE3 YMHOXXWUTEJIEX U BbIEOP
BAPUAHTA ®AKTOPU3ALUNU

3agaya CHMHTE3a COBEPHICHHBIX OaH-
KOB pEHIETYAThIX (PUIBTPOB 6€3 YMHO-
JKUTeNer ¢ momompio BUIT cpopmynn-
poBaHa B [4] 1 3aKITI0OYAETCA B HAXOXK/IE-
HUH TAKMX HCXOJHBIX IIAPAMETPOB [
(unu f, = 0,5 — f1) ¥ 1, paCYET IO KOTO-
PBIM IIPUBOAUT K MUHUMAJILHOMY I1OJI-
HOMY YHMCJy CYMMAaTOPOB B (DHIBTPE X
pU yAOBJIETBOPEHHUH JOIYCKA Ha
OC/1aBIeHHE d () B HOMHUHAIBHOI I10JI0CE
3aIEPKUBAHUA OT f5,, 10 0,5. 31€ech f1 1
/> — TPAaHUYHBIE YACTOTHI IIOJIOCHI IIPO-
IIyCKAHUA U 33J€P/KUBAHUA, A 7' — BCIIO-
MOT'ATEJbHBIA MAPAMETDP, BIAHAIOMINI
Ha ocnabinenue AUYX B IOI0CE 33 PKH-
BaHUAL.

BO3MOXKHBI PA3TUYHBIE AJITOPUTMBI
BUII. ITponeaypa MOMCKA PEMIEHMs, 110~
J06GHas [4], KOTOPYIO MBI HIDKE HCIIONb-
3yeM JUIA IPUMEPA CUHTE3a, 3aK/II0YaeT-
CA B CJIEAYIOIIEM. 3QJAF0TCA 3HAYECHUA M,
m u Ko paxkropuszanuu C. Bappupyercs
apamerp # B JUAMA30HE Vi < 7 < Fipaxe
Ilar u3MeHeHUA 7 AJANTHUPYETCA TaK,
4TOOBI IIEpedpaTh BCE BO3MOKHBIE pe-
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IIEHHS B 3TOM IMAMIA30HE JIJIs1 BBIOOpA M3
HUX JJOIYCTUMBIX IO ¢ () BADUAHTOB. DTa
MPOIIEAYPA BBIIOTHACTCA ISl KAXKIOTO
3HAYEHHUA [ M3 JMANA30HA i, < f1 <
< f1max C 33JJaHHBIM IIarom. Jlajiee BBIOH-
paroTCs pemeHus ¢ MUHUMAJTBHBIM UHC-
JI0M 2. EC/IH IOTTy CTHMBIE PELIEHHSA OTCYT-
CTBYIOT, TO 3Ha4YeHUe M WA 1M yBEJIAYIN-
BAIOTCA Ha €IUHHIy W Ipoueaypa
ITOMCKA ITOBTOPSETCS.

11 mpeaBapuTEIbHOIO BBIOOPA IIOJ-
XOZSAMIETO KOJAA CHEKTPATBHOH (PaKTO-

pusanuu U3 guanazoHa C = 0..2" !

uc-
MOJIb3YETCA YIPOIEHHBIN AJITOPUTM
BHII. VipoimieHue 3aKIr049aeTcsa B BbI-
IOJIHEHUH AJIOPUTMA TOJBKO JIA OJI-
HOI'0 HOMHHAJIbHOT'O 3HAa4Y€HMA f1 = fi,,.
Hanee pna psaga C, KOTOPBIM OTBEYAIOT
MAKCHUMAJIBHBIC 3HAYCHUSIMU d, IPH-
mensercsa aaroputm BHIL B mponecce
pa6oTs! anropurma BUIT onipenenstoTcs
HYJIM TEPEAATOYHON (DYHKIHMH (DPHIIBT-
Ppa, 1 oHa GOPMUPYETCA 3AHOBO, B COOT-
BETCTBHH C KOJOM (DAKTOPHU3AIUH.
Coueranue anropurmos BHUII m BK
MOKET YIY4YIIUTb PE3yJbTaThl. B Kaue-
cTBE npoueaypsl BK npuMeHuM mnoxo-
OPJAWMHATHBIN NTOUCK. IIpy 3TOM HApALY
C HAYaJIOM MOHCKA OT OOJIBIIEro Mo a6-

COJIIOTHOI BEIMYMHE KO3 (pHUIeHTa K
MeHbIIEMY [4], MCIIONB3yeM HA4YaIO B
O6PATHOM MOPSI/IKE.

KogprcC=2" '+1,2" '+2, ..., 2" COOT-
BETCTBYIOIIHE YIIOMSAHYTBIM BBIIIC O6-
paméHHBIM X, B OOCYXKJAEMBIX aJITO-
puTMax He 33JeMCTBOBAHbBL. BMeCTO 3TO-
ro obpaniesne X BBIITOTHICTCS TOBKO
JUIA TIPHUEMJIEMBIX PEIICHUM, HAWJEH-
HbIX ¢ moMmouipio BUII + BK. 11 aTOTO
TpebyeTcsa CMEHUTDh 3HAKH BCEX KOA(-
(PUITHEHTOB o; CTPYKTYPBI, IOKA3aHHOH
Ha puC. 1, KpoMe a _ |, U 3aMEHUTD €TI0
Ha oy _ 1. Takoe o6pamenne UX s 1o-
CTABJICHHOH 33/]JaYM MOKET MOKa3aThCA
6€eCCMBIC/ICHHBIM. [I[eMICTBUTEIBHO, B
CJIydae paBeHCTBA oy _ | CTEIIEHU JIBOM-
KH TIOJIyYUM T€ K€ Camble d 1 X. Kpome
TOTO, B CJIy4a€ HEPABEHCTBA oy _ ; CTa-
HOBHUTCSA HE KBAaHTOBAHHBIM. O/IHAKO
CMBICI OOPAIICHHS 3AK/IIOYACTCS B TOM,
9TOGBI B OKPECTHOCTH O _ 1 TIOTIBITATD-
Cd HAUTH KBAHTOBAHHOE 3HAYCHHE,
MPUBOJSINEE K YBEJIHMYCHUIO o /WA
YMEHBIIECHUIO X. Bce 3Tn AericTBuA i
IIPOCTOTHI HA30BEM IIPOILIEIyPOH 06pa-
menusa UX (OUX).

Hrak, A1 WUIIOCTPALIUU BIANSHUA
BBIOOpa BapuaHTa (HhaKTOPU3AIIUH Ha

KnemMbl 1 coeguHUTENN

And nevyarHoiX nnar

waco

INNOVATIVE CONNECTIONS

PROSOFT®

PE3yabTaThl CUHTE3a HMCIOAb3yeM TPH
anroputma: BUIT, BUIT + BK n BUII + BK
+ OUX.

PE3YNbTATbI CUHTE3A

B Tabnune 1 npuBeI€HbI PE3YIbTAThI
CHHTE32 COBEPIICHHBIX GaHKOB pe-
IIETYATBIX (DUIBTPOB, IMOTyIECHHBIC
npufi,,=0,18,/5,=0,32,M=7,..,10,m=2,
m< 31 m< 2 PaA3HBIMUA AITOPUTMAMH.

Hosple pemeHus HANUAEHBI C IIO-
MOIIBIO IIPEJIOKEHHBIX AJTOPUTMOB
BUIIL, BUII + BK u BUIT + BK + OUX npu
2N — 1 = 27. UcxoaHasa nepesaTodyHas
dysxuma Hy(z) ¢ HEIIPEPBIBHBIMH KO-
adpueHTaMu UMEET OJJUH JICHCTBU-
TEJBHBIA U 13 11ap KOMIIJIEKCHO-COIPsI-
KEHHBIX HyIen (CM. puc. 3). M3 Hux
OAWH JEHCTBUTEIbHBIN HYJIb YU IIECTb
Iap KOMIUIEKCHO-CONPSKEHHBIX HYJIEH
JIEKAT BHYTPHU €JUHUYHOMN OKPYKHOC-
TH. IToaTomy cymectyer 2’ = 128 Bapu-
AHTOB CIIEKTPAIBHOH (DAKTOPH3AIIUH.

Ynpoménnsblr aaroputm BUIT mpume-
HEH 11 KoAoB (pakropuzanuu C = 0, 1,
<er, 63, anropurrm BUIT — jy1s1 € = 0, 10, 24,
31, 33,40, 51, 61, anropurm BUII + BK —
A C=0wu C=33,a anropurm BHUIT + BK
+ OUX — Tonbko aia C = 33. Kak caenyer
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Puc. 5. Kapra nyneii 1® gnsa pewexns
¢ 4 = 48,10 nb, HaiiAeHHOr0 anropuTMoM
BUN + BKnpn M=10um < 2

3 Tabmune! 1, npu C = 0 anropurm BUIT
mo3BossieT 6osiee yem Ha 13 ab, a BUII +
BK 60s1ee uem Ha 15 1B yBeITHIHUTD OC/IA6-
JICHHE d (), TOTYI€HHOE B CIydIae IIPOCTO-
ro okpymieHus (I10) koapdureHToB.
s anroputmMoB U3 [2—4] 310 yBenude-
HHE COCTABJIACT IpUMepPHO 20 ab.
Opnako npu C = 33 aaropurm BUII
mo3Bosser 6osnee yem Ha 21 ab, anro-
pwurm BUII + BK mouytn Ha 23 1b, a an-
roput™m BUII + BK + OUX - 605ee yem
Ha 23 1B yBEJIMYUTh 3HAYCHUE d , 1O~

Puc. 6. Kapra nyneii I® gns pewexns
¢ 4, = 48,91 b, HaliAEHHOrO anropuTMOM
BUM + BK + OMX npu M=10um < 2

aygyenHoe merogom ITO. Kpome Toro, B
CPaBHEHUH C pe3yabTaTraMu [2—4], Hai-
J€Hbl pEHIeHUsA TP MEHbIIUX M U .
Hnsa C = 33 ¢ IOMOIIBIO AJITOPUTMOB
BUII, BUII + BK u BUIT + BK + OHUX no-
JIydeHBbl M JPYIu€e pelleHHs, IIPEBOC-
XO/ISIIIYIE PE3YJIbTATHI U3 paboT [2—4],
HO B Tabinune 1 mpuBeJeHBI JydlIne
pemenus. Ilpu C = 33 B Tabnuue 1 Tak-
JK€ IIOKA3aHbl PEIIEHHUs, KOTOPbIE He-
CKOJIBKO YCTYHAIOT PE3yAbTaTaM paboT
[2-4] o ocnabieHuIo d j, OJHAKO OHU

Ta6nuua 1. Pe3ynbTartbl CUHTE3A COBEPLIEHHBbIX 6aHKOB pewweT4artbiX (UNbLTPOB

Anroputm 2N-1 € M m fiyr 4, 16 %
no[2] - 25,38
27 10 | 2 56=28+14x2
Mownck no aepesy [2] . - 45,37*
HenonHbi nepe6op [3] - 45,19*
21 9 | <3 56=22+17x 2
BIN [4] 0,18053; 3 45,01
0 | 10 0,1950; 0,1683 38,85 52=28+12x2
BUN - 8 0,1788; 0,1367 46,79 54 =28 +13x 2
7 0,1794; 0,1429 44,06
50=28 +11x 2
0 0,1780; 0,4398 40,98
27 10 | <2 0,1788; 0,1367 48,10 56=28+14x 2
BUN + BK 0,1800; 0,1481 47,81 54=28+13x2
33 0,1786; 0,1377 46,08 50=28 +11x 2
7 0,1810; 0,1600 44,38 44 =28 +8x 2
BN + BK + OUX 0,1786; 0,1377 48,91 52=28+12x2

*3HayeHns OLeHeHbI 0 KO3uuneHTam n3 [2, 3] M HECKOTIbKO MEHbLUE, YeM MPEACTaBIEHHbIE [2, 3].

Ta6nuua 2. Koathdmumentbl o; ANa pewenus ¢ ocnabnennem 3, = 48,10 nb

o BapuanTbl npeficTaBNeHus 3Ha4eHni KoathdMUUEHTOB o

(oS —2+2° -1,875 -1920q
o 2'+27 0,5078125 520q
Oy 2'42° 0,53125 544q
Oy 2°0-2¢ 0,02734375 28q
Oly 2'42° 0,515625 528q
g 291 7 7168q
g 2'-27 -0,5078125 -520q
oy 27-2° 0,234375 240q
Olg 1-27 0,9921875 1016g
Ol 26428 -0,01171875 -12g
Oy 23425 -0,09375 -96q
Olyq 2°042° 0,140625 144q
Oy 24+2° -0,046875 -48q
Oig 26_21 0,0146484375 15q

XapaKTEPHU3YIOTCA MEHBIIMMHU 3HaJe-
HUAAMU M 1 X.

B Tabnuiie 2 npUBECHBI HANACHHBIC
KO3(UIIHEHTBI o; I PEUICHUA C
dy = 48,10 ab (Tpu BapHaHTA IIPEICTAB-
JICHWSI 3HAYEHU). B 4eTBEpTOM CcTON61IC
q=2"=2" OrMerum, 4To 4Y1CJIO HEHY-
JIEBBIX OUT B KO PpurinenTax m= 2. Kap-
Ta HyJIEH IE€PEIATOYHON (DYHKIIUH IIPH-
BEJICHA HA pUCYHKe 5. [To1e3HO CPaBHUTH
€€ C KapTOMH, MIOKA3aHHOU HA PUCYHKE 4.

s pernenwsi ¢ dy = 46,08 nb xoadbdu-
IIMEHTHI PABHBI 03 =2 °, 09 =—2 0113 =2 ¢,
a JUIs1 penieHust ¢ dg = 46,79 1b numeem
aq3 = 2 °. 3HAYEHHUA OCTATLHBIX KO-
(UITMEHTOB COBMNAJAIOT C IIPUBEACH-
HBIMH B TA0IUIIE 2.

PemeHHI0o ¢ MaKCUMAaJIbHBIM 3HaUe-
HUEM d = 48,91 1B COOTBETCTBYIOT KO-
addunmenTr 0, 7=0, 1, ..., 12 pemennus
c ocmabieHueM d = 46,08 1b, B3srTBIC CO
3HAKOM MHHYC, ¥ o153 = 2° + 2° KapTa Hy-
JIeY mepeAaTOYHOM (DYHKIINY IIPUBE/IC-
HA HA PUCYHKE 6.

Bce dy Tabnuiet 1, Kpome dy = 25,38 1B,
OILICHEHBI IS KOPPEKTHOCTH CpaBHE-
HHUS HA OJHOM M TOM K€ KOJIMYECTBE
4aCTOT B 11os1oce 3aaepxxkusanud (1000).

SAKIIOYEHUE

CyIecTBYIONINE AITOPUTMBI CHHTE3a
JBYXKAaHAJIBHBIX COBEPIICHHBIX OaH-
KOB pemeTdaThix (PHUIBTPOB 6€3 YMHO-
SKHTEJIEH HE YIUTBIBAIOT BO3MOXKHOTO
BJIMSTHUS BBIOOPA BAPHAHTA CIIEKTPATb-
HOH (pakTOpH3alUu IIE€PEJATOUYHOH
(YHKIIMH HA PE3Y/AbTATHL B JaHHOM pa-
60Te MPEIOKEHBI AITOPUTMBI HA OC-
HOBE BAaPHAIIMHU HCXOJHBIX IapaMeT-
POB, B KOTOpPBIE BKIIOYEHA IIPOIEIypa
BBIOOpA BapuaHTa (pakropmusdanuu. Ha
KOHKPETHOM IIPHUMEpE IOKA3aHO, 4TO
3TO IO3BOJISIET YAYYIIUTH PENICHHE.
ITonydeHHBIE PE3YIbTATH B CDABHEHUU
C M3BECTHBIMH U3 JINTEPATYPHI XaPaK-
TEPU3YIOTCSI OGOJIBIIMMHU 3HAUYCHHAMH
ocnabeHusT B MOJIOCE 3aeP>KUBAHUS
W /VIJTH MEHBIIHNM IOJTHBIM YHUCIOM CYyM-
MaTOPOB B CTPYKType OaHKa (PHUIBTPOB
6e3 yMHOXXuTenaeH. OTHAKO 3TO HE ra-
PaHTHUPYET, YTO HANHJEHBI ONTHMAJIb-
Hble pemeHusA. ClaeayeT Takke OTMe-
THTb, YTO /I (DHJIBTPOB BBICOKHUX ITIO-
PAJKOB  3HAYHUTEJIBHO BO3PACTAET
KOJHMYECTBO BAPHUAHTOB (DAKTOpPH3a-
IIUM ¥ HE ACHO, KAKHE U3 HUX CJIeJIyeT
BBIOPATH, 4 KAKHE BO3MOKHO CPa3y OTO-
pocuts. Tpe6oBanue 6amzoctu PUX
(GUIBTPOB 6AHKA AHATN32 K MUHHUMAJIb-
HO-()a30BOMH, XapAKTEPHOE /IS CUCTEM
CBSI3M, MOXKET 3HAYUTEIBHO COKPATHTH
KOJIMYECTBO 3THUX BAPHUAHTOB.
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ESA nokasbiBaeT Mapc B 3D

EBponenckoe KocMMYeckoe areHTCTBO
(ESA) npepcTaBuT B VIHTEpPHETE HOBbIE AAH-
Hble 0 Mapce, Momy4YeHHble MpW MOMOLL
crtepeokamepbl Mars Express High Reso-
lution Stereo Camera (HRSC), kotopas
yCTaHOBNIEHa Ha 6GOPTY KOCMWYECKOro KO-
pabns Mars Express. Brnarogaps kamepe,
KOTOpasi Cnoco6Ha He MpOCTOo AenaTb CHUM-
KW C BbICOTbI, HO 1 AaBaTb NPeACTaBneHne o
Tonorpacdun mectHoctu, ESA cmorna nog-
roToBUTb UNPOBYIO MOAeNb penbeda
KPacHOW MiaHeThbI.

Mcnonb3ys Takyto Mofenb, nccnefosare-
NN MOTYT U3y4aTb KPYTU3HY CKITOHOB, BbICO-
Ty CKan v rny6buHy paccenvH. Takme faHHble
MOMOratoT JlyyLle MOHSATb, KaKk BoAa unv na-
Ba NepemMeLlanvcb no NOBEPXHOCTU NiaHe-
Tbl. Lincbposas mopens penbeda nomoraet
B W3YYEHWN W APYrvX AaHHbIX O KpacHoW
nnaHerte, Nosly4eHHbIX NPV NOMOLLM pajapa
M OPYrux yCTPOWCTB.

Lindbposas mopens penbeda co3gaHa Ha
OCHOBE OrpOMHOrO KONNYeCcTBa BbICOKOKA-
YeCTBEHHbIX hoTorpadmii, KOTopble AenaeT
Kamepa no mepe Toro, kak Mars Express 06-
netaet Bokpyr Mapca. [Mpepnonaraetcs,
41O Kamepa 6yget pabotatb go 2009 r., 6na-
rogaps 4emy Ha 3emnio 6ygyT mocTynaTb
BCE HOBblE W HOBblE CBEfEHUs 06 0COGEH-
HocTAx Tonorpadum Mapca.

Ha wnnioctpaumm nokasaHa 4acTb Umd-
poBOV Mopgenu mnoBepxHocTu Mapca —
Onumn, cambli BbICOKUIA BYNKaH MiaHeTbl,

BbICOTa KOTOPOro COCTaBMAET OKOSO 25 KM
MO OTHOLLIEHUIO K CPeAHEMY YPOBHIO MOBEPX-
HocTn. 306paxeHne MOKpbIBAET TEPPUTO-
puto 600 000 kB. kM. LiBeTa Ha HEM 0603Ha-
YaloT pasHyl BbicoTy. lNpexae yem 6bIno
nony4eHo 310 n3obpaxeHne, Mars Express
obnetan nnaHeTy 18 pas, 1 Kaxapin pas Ka-
Mepa fenana HOBble CHUMKW, KOTOpble 3a-
TeM ObINN 06bEeONHEHBI B €AUHOE LIENOe.
www.esa.int

CospaH ronorpaduyeckumn
AUCNNEN C BO3MOXHOCTbIO
nepe3anucu paHHbIX

XKypHan Nature coobLiaet 06 n3obpeTe-
HUWM aMEePUKAHCKNX YHYEHbIX, KOTOPOE MOXET
OTKPbITb HOBblEe 06M1acTU ANA NPUMEHEHUS
roniorpamMm. [1o cvx nop ux NpuMeHeHue 6bl-
J10 CUIbHO OrPaHWYEHO, MOCKOIbKY MPOU3BOA-
CTBO rofiorpamm 6b110 JOCTAaTOYHO TPYAO0EM-
KM npoueccoM. B YHuBepcuteTe Apr30oHbI
co3daH TPEXMEpHbIN ronorpaduyecknin
OVICnnen, faHHble Ha KOTOPOM MOryT ObITb
yaaneHsl U nepesanuncaHbl 3a CHUTaHHbIe
MUHYTbI.

YCTpOMCTBO COCTOUT M3 creumnanbHon
NIaCcTUKOBOW NIIEHKM, PACMOSIOKEHHOW MEX-
Oy ABYMs (oparMeHTaMu CTekna, KaXkKapli 13
KOTOPbIX MOKPBIT MPO3pPa4HbIM 3NEKTPOAOM.
/1306paxeHnsi «3anucbiBalTCcsa» Ha CBETO-
YyBCTBUTESbHbIN NNACTUK NPV MOMOLLYM Na-
3epa. Y4éHble MOryT genatb CHUMKU UHTe-
pecyloLLmX UX O6BLEKTOB C PasHbIX paKyp-
COB, a pucnnen cobupaeTr UX B OfHY
TPEXMEPHYI0 KapTuHKy. Npouecc 3aHnmaet
He 6ornee HeCKOMbKMX MUHYT, a MonyYeHHoe
n306paXKkeHne MOXET MoKa3blBaTbCA OKOMO
TPEex 4acos.

[Moka 4To co3paH TONbLKO NPOTOTUM YCTPOR-
ctBa. Ero pasmep — Bcero nuwb 10 x 10 cwm,

1 OH MOXET MOKa3bIBaTb N306PaXKEHNS TOSb-
KO B KpacHom LiBeTe. OfHaKo yxe cenyac Be-
OETcA paspaboTka AWUCTIIEEB CremyoLLero
nokoneHus paamepom 30 x 30 cm. B nepcriek-
TVBE UX pasmMep MOXET ObiTb YBENMNYEH eLLé
6onbLue.

Takue gucnnewn, Kak npegnonararT, cTa-
HYT O4eHb BOCTPEBGOBaHbI BO MHOIMX obnac-
TSX, B TOM Y1CIE B MEAULIMIHE, BOEHHOM Je-
e 1, KOHe4YHo, B cdepe pasBrieyeHuin 1 B
pekname.

3dnews.ru

NEC paspa6oTana nevyatHble
HaHOTPAH3UCTOPbI

Komnanua NEC coobuuna 06 ycnew-
HOW pa3paboTke TPaH3UCTOPOB Ha 6ase
yrnepogHbiX HaHoTpy6ok (carbon nan-
otube, CNT), monyyaembix Mpu MOMOLLM
TexHonorun ctpyriHon nevartn. CoobuiaeT-
€S, YTO KOMMOHEHTbI BbIFOAHO OTNNYalOTCA
OT co34aBaemblXx [0 CUX Mop Ha 6ase
KPEMHUNOPraHM4yeckMx marepuanos mne-
YaTHbIX MOMYNPOBOLHMKOB XapakTepucTu-
KamMy MPOV3BOAMTENBHOCTU, WM pasHuua
aTa npubnuautensHo B 100 pa3. Kpome
Toro, ceorictBa CNT-TpaH31CTOPOB MOXHO
3ajaBatb, U3MEHAS ANNHY U NIOTHOCTb Ha-
HOTPYBOK, 1 COOTBETCTBYIOLLIAS TEXHOMOT S
Takxe Obina paspa6oTtaHa. OxupaeTtcs,
YTO 3TO U306pETEHME B MEPCMEKTUBE MO3-
BOJIUT CYLLECTBEHHO PacLUMpUTb AvManasoH
NPUSTOXKEHUI, B KOTOPbIX MOXET UCMOJIb30-
BaTbCA «HamneyaTaHHas» 9NIeKTPOHMKA.

BonbLuon MHTEpec K TEXHONOrMsAM co3fa-
HWS NOMYNPOBOAHMKOB C MOMOLLbIO METOA0B
CTPYWHOW neyaTu, B HaCTHOCTU, OO BbACHSET-
Csl TEM, YTO OHV MPELCTaBNAT COH60M OANH
13 Cnoco6oB COBMECTUTH YAOBIIETBOPEHME
BCE 6ofiee pacTyLLero cnpoca Ha SneKTpo-
HUKY C HEOOXOAMMOCTLIO CHUXEHWUS Bpef-
HbIX BbIGPOCOB BO BHELLIHIOW Cpefy Npu npo-
M3BOACTBE. ANbTEPHATMBHBI METOL CO3Aa-
HUSI 9NIEKTPOHHBIX KOMMOHEHTOB MO3BONSET
KapAvHasbHO YNpOCTUTb MPOV3BOACTBEH-
Hble NMPOLIECChI MO CPABHEHMIO C TPAANLIMOH-
HbIMW TEXHONOTUAMUN KPEMHUEBBIX MOJTYMNpPO-
BOJHVKOB, CHU3UTb KONIMYECTBO OTXOAOB, a
BbIGPOCHI ABYOKWUCU yrnepofa YMEHbLUUTb
6onee 4em Ha 90%.
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