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1. BBEAEHHE 

KoA~POBaH~e ~H$0PMa~HH a rOAOCKOOH4eCKHX cHcTeMax HMeeT_ 

~enb~ COKpa~eHHe KaHanOB C4HT~BaHHR AaHH~X H npeACTaBneHHe HX 

B $OpMe, YA06HoH An~ a~nOnHeHHR HaA HHMH paanH4HOf0 POAa one

pa4HH, TaK KaK CHrHan~ OT AeTeKTOpOB 3aPR*eHHYX 4aCTH4, KaK 

npaaHnO, OOCTyna~T B BHAe YHHTapHOfO KOAa. npo6neM~ OOTHManb

HOfO KOAHPOBaHHR B03HHKa~T Ta~e B CBR3H C TeM, 4TO 3TH CHr

Han~ HMe~T pa3nH4HY~ $H3H4eCKY~ OPHPOAY· HanpHMep, CHrHan~, 

OOCTyna~He OT C4HHTHnnRTOpOB, 3neKTPH4eCKH HeHTpanbH~, H noa

TOMY KOAHPOBaHH~ AaHH~X B C4HHTHnnR4HOHHYX fOAOCKOOaX MO~HO 

B~nonHRTb AO npoxomAeHHR HMH ~3Y C OOMO~b~ rH6KHX CBeTOBOAOB, 

a TO apeMR KaK cHrHanY, nocTyna~~He c npoaono4eK HnK, HY*Aa

~TCR B npeABapHTenbHOM YCHneHHH, H TOnbKO nocne 3TOrO B03MOm

HO HX HBAemHOe KOAHPOBBHHe. B ABnbHeHweM, B npo~ecce H3no*eHHR 

HCT04HHKH CHrHanoB /npOBOn04KH MnK, C~HHTHnnRTOp~ H npo4./ 

6yAeM HB3~BaTb AaT4HKBMH. 8 HBCTOR~ee epeMR OCHOBH~M ycrpoHcr

BOM KOAHpoeaHHR ABHH~X B rOAOCKOnH4eCKHX CHCTeMax RBnReTCR 

npHOpHTeTH~H WH«bparop. 3T.O ycrpoHCTBO RBnReTCR YHHBepcanbHbiM, 

TBK KBK no3BOnReT npoH3BOAHTb KOAHPOBBHHe CHrHanoB C npOH3-

BOI1bHOrO 4Hc.na (t) OAHOBpeMeHHO cpa6oTaBWHX AaT4HKOB. 0AHBKO 

3Ta YHHBepCBilbHOCTb AOCTHraeTCR aa C4eT yBei1H4eHHR epeMeHH 

npeo6pa30BBHHR, TBK KBK KOAHPQBBHHe BblnOnHReTCR napallllenbHO

nOCileAOBaTellbH~M cnoco6oM. 0o3TOMY e rex cny4aRx, KOrAa npe*Ae 

ecero rpe6yeTCR B~COKOe 6wCTPOAeHCTBHe, npHMeHROTCR napannenb

Hble WH~paTOpbl, y KOTOpbiX AaHHble Ha BYXOAe OORBnROTCR llHWb no 

HCTe4eHHH epeMeHH T,KQTOpoe 3BBHCHT TOilbKO OT 3BAeP*KH CHrHa-

1108 e norH4eCKHX cxeMax. 

8 Ka4eCTBe npHMepa MOmHO HB3BBTb WHPOKO H3BeCTHOe ycrpoH

CTBO Af1R npeo6pa30BBHHR YHHTapHorO KOAB B o6biKHOSeHHbl~ ABOH4-

Hb1H KOA, y KOToporo 4HCI10 BbiXOAOB N=log 2 n, rAe D- 4HCI10 BXQ

AOB. 0AHaKO ~PH t > 1 TBKOH WH«bPaTOP He pa6orocnoco6eH. Eionee 

TOro, AB*e npH t=l, KOrAa 4BCTH4B npoXOAHT nOA yrllOM K nnoc

KOCTH C4HHTHnnRTOPQB, Ha HX CTbiKe MO*eT B03HHKHYTb HeAonyCTH

MaR OWH6Ka B OnpeAelleHHH KOOPAHHBTbf. 003TOMy B TaKHX rOAOCKO

nax WHPOKOe npHMeHeHHe HBXOAHT KOA fpeR/1-~KOTOpbiH, TaK *e, 

KBK H 06biKHOBeHHbfH ABOH4Hb1H KOA, OOTHMalleH. 0AHBKO npHMeHeHHe 

KOAB fpeR o6ecne4HBBeT OAH03HB4HOe onpeAelleHHe KOOPAHHaTbf TOnb

KO OAHOH 4BCTH4~• noaTOMY npaKTH4eCKHH HHTepec npeACTBBilROT 

TBKHe KOA~, C noMO~bO KOTOpbiX MO*HO 6~no 6~ napannenbHO WH¢po-
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B6Tb HH¢QpMa~~~ C t OAHOBpeMeHHO cpa6oT6BWHX AaT4HKOB. AnR 
TaKHX wH$paropos a ny4weM cny4ae AOil*HO a~nonHRTbCR ycnosHe 
N=tlog2n. npH 3TOM npeAnonaraeTCR, 4TO t.<<n • B npOTHBHOM 
cnyl.lae HX nPHMeHeHHe He4enecoo6paaHo. Ha npaKTJ.1Ke 3TO yc-
noaHe, K6K npaBHilO, B~nO~HReTCR. 

KaK noKaaaHo a pa6ore1 41, AllR nocrpoeHHR napannenbHbiX wH<tJ
paropos MO*HO HCnOJlb3086Tb TeOpH~ KOAHPOBaHHR, KOTOP6R 6aaH
pyeTCR Ha xopowo paapa6oTaHHOM MaTeMaTH4ecKoM annapare. HMeer 
CMbiCJl HCnOJ1b3088Tb 3TY TeOpHD AllR OnTHM6JlbHOro KOAHPOBaHHR 
A6HHbiX a roAOCKonH4ecKHX cHcTeMax. Cyrb npo6neMbl aaKI1D4aercR 
B TOM, 4TO B H8CTOR~ee SpeMR B TeOpHH KOAHPOB6HHR BbiAeJlRDTCR 
TpH paaAeJla/5/:TeOpHR anre6paH4eCKHX KOAOB, TeOPHR CBepT04-
H~X KOAOB ~ Teop~R KOAOB, ~CnOnbayeM~X B ap~~MeT~4eCK~X 
YCTpO~CTBax. H XOTR 3T~ pa3Ae~ TeCHO CBR3aH~ APYr C APYroM, 
OH~ B TO *e apeMR xapaKTePH3Y~TCR Ka*A~H C06CTBeHH~M nOAXOAOM 
K npo6~eMe KOA~POBaHHR. no3TOMY B03H~KaeT Bonpoc: KaKoH paaAen 
Teop~H KOAHPOBaHHR RBnReTCR HaH6o~ee nOAXOAR~HM AnR OnTHManb
HOrO KOAHPOBaHHR AaHH~X, nocTyna~~~X OT AeTeKTOPOB 3apRmeHH~X 
4aCTH~7 8 HaWHX pa6oTaX OCHOBHOe BHHM6HHe YAenReTCR anre~pa~-
4eCKO~ TeOpHH KOAHPOBaH~R, KOTOpaR B H6CTOR~ee apeMR XOPOWO 
paapa6oTaHa/6,7/.oAHaKo a 3TO~ TeopHH paccMaTpHsaeTcR CTPYK
Typa H cnoco6~ nOCTpOeHHR MHO*eCTB6 pa3nH4H~X KOAOB, B CBR3~ 
C 3THM 803HHKaeT BTOpoH BOnpoc: Ha K6KOH H3 3THX KOAOB cne
AYeT o6paTHTb BHHM6H~e npemAe acero? 4aCT~4HO OTBeT Ha 3TOT 
sonpoc H6MH 6~n AaH a pa6oTax, rAe noKaaaHa soaMomHOCTb np~
MeHeHHR TeopHH 64X-KOAOB AnR CmaTHR A6HH~X H onpeAeneHHR KQ-
0PAHH6T co6~T~H/s,gf.CneAyeT OTMeTHTb, 4TO paan~4HOro POAa Ko
A~ npH C03AaH~~ KOOPAHHaTH~x AeTeKTopoa aaPR*eHH~x 4aCTH~ 
B RAepHO~ 3neKTPOHHKe HCnonb30Ban~Cb Ha npaKT~Ke He MeHee 
AB6A4aTH neT. no*anyH, HaH6onee paHHeH H3 paapa60TOK B 3TOH 
06naCT~ cneAyeT C4HTaTb C4HHTHnnR4HOHH~H rOAOCKOn Anbsape4a, 
8 KOTOpOM HCnOnb3YeTCR KOA fpeR C ~enb~ YMeHbWeHHR 4Hcna ~3Y 
H paapeweH~R HeonpeAeneHHOCTeH npH npoxomAeH~H 4aCTH~~ Ha CT~Ke C~HHT~nnRTOPDB nOA yrnoM K HX nnOCkOCTH/l~QnpeAeneHHy~ 
nonb3Y MOmeT npHHeCTH H3y4eHHe aonpoca npHMeHeHHR paanH4Horo 
POA6 KOAOB B rOAOCKOnH4eCKHX C~CTeMaX H COBpeMeHHOe COCTOR~e 
WH~pa~HH AaHH~X 8 T6KHX CHCTeMaX. 

CneAyeT oTMeTHTb, 4TO a ToH HnH HHOH cTeneHH MeTOA~ TeopHH 
anre6paH48CKOrO KOAHpOSaHHR /S03MO)I(HO, B HeRBHOM B~Ae/ npHMe
HRnHCb 8 RAePHO~ 3ne~TppH~Ke H B AeTeKTOpaX 3aPR*eHHWX 4aCTH4. 
0AHa H3 paHHHX pa5oT/17/nOCSRLqeHa C03A6HH~ C~HHTHnnRU,~OHHOrO 
rOAOCKOOa CO CBeTOBOH KOAHPOBKO~ C 4enb~ yMeHbWeH~R o6~qero 
4Hcna ~3Y np~ perHcTpa4HH OAH04aCT~4H~x co6wTH~. 

B pa6oTax11t,t21noKa3aHa ao3MO*HOCTb npHMeHeH~R HH~opMa4HOH
HO~ H36WT04HOCTH 4HCen $H6aHa4W B 3neKTPOHHWX YCTpOHCTSaX aBTO
M6TOB Ha 3flT AnR KOHTPOflR nHHe~HOCTH BWXOAHWX xapaKTepHCT~K 
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npeo6paaosaTene~ HH¢qpMa~HH. HecoMHeHH~~ HHTepec npeAcTaenR

IOT pa6oTbl ll.M. CopoKoltS,l~ a KOTOpbiX Hcnon•ayeTcR KOA AAaMapa 
AflR CHH*eHHR OWH6KH H3MepeHHR $0Ha 8 C~HHTHnnR4HOHH~X C4eT4H

KaX 48CTH4 H AflR nocTpOeHHR MynbTHnneKCH~X CHCTeM perHCTpa4HH 

4aCTH4. ApyrHe, aHanorH4H~e npHMep~ 6YAYT pacCMOTpeH~ HH*e· 

Uenb AaHHoH pa6oT~ cocTOHT a TOM, 4T06~ noKaaaTb, 4TO Me*

AY anre6paH4eCKO~ TeopHeH KOAHPOB8HHR H eonpocaMH onTHManb

HOfO KOAHPOBaHHR AaHH~X B roAOCKOOH4eCKHX YCTPO~CTBaX Cy~eCT

eyeT CHCTeMa aHanorHH, C OOM~b~ KOTOPOH MO*HO C03A8BaTb KO

AHPY~He yCTpoHcTBa /napannenbH~e WH~paTop~/ C 3aAaHH~MH 

csoi1CTB8MH. 

2. CHCTEMA AHAllOrH~ AllrE5PAH4ECKOA TEOPHH KOaHPOBAHH~ 
H TEOPHH roaoCKOnH4ECKHX CHCTEM 

C 4enb~ 6onee a~eKTHBHoro npHMeHeHHR anre6paH4eCKoH Teo

PHH KOAHPOBaHHR K fOAOCKOnH4eCKHM CHCTeMaM HMeeT CM~Cn pac

CMOTpeTb OCHOBH~e OOHATHR H napaMeTp~, HCOOnbayeM~e B anre6-

paH4eCKOH TeopHH KOAHPOBBHHA H OOCTBBHTb HX B COOTBeTCTBHe 

onpeAeneHH~M napaMeTpaM roAOCKOnH4eC-KHX cHCTeM. B Ta611H4e 

npHBeAeHa npeAflaraeMaR CHcTeMa aHanorH~, KOTopaR 6onee Ae

TBJlbHo paCCMaTpHBaeTCA HHme. 

1. 6noKOB~H KOA- 3TO KOA, 8 KOTOpOM HCnOnbayeTCR nocneAo

saTenbHOCTb H3 n CHMBOJlOB. KOAOB~H BeKTOp 6JlOKOBOro KOAB CO

CTOHT H3 k HH¢oPMB4HOHH~X H m~n-k H36~T04H~X KOHTpOJlbH~X paa

PRAOB. BeKTOp, COCTOR~H-H H3 OAHHX HyneH, Ha3~saeTCA. HyneBbtM 

BeKTOpOM. HyneBOMY eeKTOPY COOTBeTCTByeT Hynesoe C110BO, C4H

TbtBaeMoe C AeTeKTOpa HnH C rOAOCKOOH4eCKOH CHCTeM~ 8 TOM cny-

4ae, KOrAa HeT cpa6oTaBWHX AaT4HKOB. 

2. 8 np04ecce nepeA84H ABHHbtX no KaHany K KOAOBOMY BeKTOpy 

MO*eT A06aSHTbCA BeKTOP OWH60K e.3TOMY seKTOpy B TeOpHH rOAO

CKOOH4eCKHX CHCTeM COOTBeTCTSyeT ~H3H4eCKOe C06bfTHe, B pe3YJ1b

TBTe perHCTP84HH KOTOpOrO C A8T4HK08 OOCTyna~T CHrHaJl~ nO Ka

HanaM C4HT~BaHHA. 

J. 0aKeTy OWH60K B KaHanaX nepeAa4H COOTBeTCTByeT KnacTep, 

KOTOp~H B03HHKaeT B pe3y11bTaTe cpa6aT~BaHHR rpynn~ COCeAHHX 

ABT4HKOB. 003TOMY TeOpHR KOAOB, HCnpaBnR~HX naKeT~ OWH60K, 

MO*eT 6b1Tb npHMeHeHa AflR OOCTpOeHHR ycTpOHC_TB, COOC06HbiX pe

rHCTPHPOB8Tb KOOPAHHBTbl KJ18CTepos. 

4. OapaMeTp t ecTb TO KOJ1H4eCTBO HCKB*eHHbiX HH~OpM84HOHHbiX 

CHMBOJlOB, KOTOpoe MOmeT HcnpaBnRTbCR AaHHbiM KOAOM. 

B TeOpHH rOAOCKOOH4eCKHX CHCTeM Be11H4HH8 t onpeAeJlReT MBKCH

MBJlbHOe 4HC110 cpa6oTaBWHX AaT4HKOB, K00PAHH8Tbl KOTOPbiX OAH0-

3Ha4HO onpeAenR~TCR napannenbHbiM wH~paTopoM. 
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Ta6mw;a 

TeopHH KOAHPOBaHHH TeopHH ro~ocxonH~eCKHX CHCTeM 

I. Ko~oB~I sexTop 6noxosoro Ko~osoe cnoso, c~HThlBaeMoe 
KO~a, COeTOH~fr H3 n eHM- C D ~aT~HKOB. 
Bonos. 

2. BeKTOp oma6KH e. 

3. IIaxeT oma6ox. 

4. KoppeKTHpyro~aH cnoco6HoCTb 
xo,n;a t. 

5. 't!Hcno npoBepO~HbiX CHMBO
nOB xo,n;osoro cnoBa N = mt . 

6. 3~eKTHBHOCTb KO,D;a. 

7. KOAHPYID~ee YCTpoHCTBO. 

8. IIpoBepo~HaH MaTpH~a. 

9. Kop;oBoe paccTOHHHe d • 

1 0. Bee xop;osoro BeKTopa w • 

II. Bee CTon6~a nposepo~HOH 
MaTpHIJ,bi b • 

~3H~ecxoe co6biTHe, saperHcT
pHposaHHoe B MHQrOKaHa.JibHOM 
p;eTeKTOpe. 

KJiacTep. 

KonH~eCTBO O,D;HOBpeMeHHO cpa6o
TaBmHX p;aT~HKOBt~ KOOPAHHaThl 
KOTOphlX O,ll;H03Ha~HO mHWpHpyroTCH. 

qHcno paspxp;oB Ha BhlXOp;e na
pannenbHoro mHWPaTopa. 

Ko94xlm~HeHT CJKaTH.f.l K 0 • 

ITapannenbHhlH mHWPaTop. 

MaTpH~a CB.f.lseil. 

Ko,n;oBoe paccToxHHe d • 

Bee CTpOKH MaTpH~ CB.f.l3efr W • 

Ko9~eHT passeTBneHH.f.l eHr
Ha.rxa ,n;aT"tU~Ka K P • 

12. ITonHOCTbiD acHMMeTpH~HhlH KaHanN nepe,n;a'tffi p;aHHhlX B rop;o-
KaHan. eKOTIH~eCKOfr CHCTeMe. 

13. ABYMepHhlfr HTepaTHBHhlH xop;. KoAHpOBaHHe ,n;aHHhlX B ABYMepHoM 
rop;ocxone. 

5. Ba*H~M napaMeTpOM KOAa RBnReTCR 4HCnO npoaep04H~X CHMBO
noa N /c~HAPOM KOAa/. 3Ta aenH4HHa aaBHCHT KaK oT 6noKoaoH 
AllHH~ KOAa, TaK HOT napaMeTpa t .TaK, eCnH B3RTb WHPOKO H3BeCT
H~~ KOA XeMMHHra, B KOTOpOM t=l. TO 6nOKOBaR AJlHHa n =2m-1 

m ' a 4HCJ10 J.1H¢OpMa~HOHH~X CHMBOJlOB k=n-m:c2 -1-m • EcnH *e ae-
nH4HHa t> 1, TO 4HCnO npo;aep04HbiX CHMBOilOB N=mt. 

6. 3$¢eKTHBHOCTb KOAa /cKopocTb nepeAa4H/ v 9npeAenReTCR 
H3 OTHOWeHHR V = k/ n • 8 rOAOCKOnJ..t4eCKHX C~CTeMaX 3TOMY napaMeT
py cooTBeTCTByeT K03¢l¢H~HeHT c>KaTHR Kc : K 0=n/N. 3To OAHH H3 
aa~HeHWHX napaMeTpOB rOAOCKona, TaK KaK OH xapaKTepHayeT CTe
neHb cmaTHR AaHHbiX. 
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7. KOAHPYJO~.qee ycTPoi:icTao ·cny>KHT A!lR ¢opMHpoaaHHR nposepoi.I

H~x CHMBOJlOB Ha nepeAaJO~.qeH CTOPOHe yCTPOi:iCTBa. 8 rOAOCKOnH4e

CKHX CHCTeMax aHanoroM KOAHpyiO~.qero YCTPO~CTBa MO>KeT CJlY>KHTb 

napanne!lbH~~ WH¢JpaTop. B CU,HHTHJlJlRL.tHOHHbiX rOAOCKOnax KOAHPOBa

HHe MO>KeT B~nOJlHRTbCR AO yCHJlHTene&il, HanpHMep nyTeM COOT.BeTCT

BYIOI.qHX CBR3e~ npH nOMO~H CBeTOBOAOB Me>KAY Ct..tHHTHJlJlRTOpaMH J.1 

<1>3Y. 

8. CTPYKTypa KOAHPYJO~.qero ycTpo~cTaa saAaeTCR npoaepo4Hoi:1 

MaTpHu,e~, COCTORI.qe~ H3 Hyne~ J.1 eAHHHL.t H COAepma~e~ N CTPOK 

J.1 n CTOJ16t..tOB. npHMepbt TaKHX MaTPH-U. npHBeAeH~ B CJleAYIOtqeM pa3-

Aene, rAe noKa3aHo, 4TO AJ1R nocTpoeHHR napannenbH~x WH¢paTo

poa C 3aASHHbiMH CBO~CTBaMH MO>KHO HCnOJlb30BaTb COOTBeTCTBYIOLqHe 

npoaep04Hble MaTpHt..tbl, KOTdp~e npr.1MeHHTeJlbHO K rOAOSKOnJ."'I .. IeCKHM 

Cr.1CTeMaM M~ 6yAeM Ha3~BaTb MSTPHU,aMI-1 CBR3e~. no MaTpHu,aM CBR-

3e~ MO>KHO onpeAenRTb ocHOBHbte napaMeTpbl napannenbHbiX wr.1¢lpaTo

poa H HX J10rH4eCKYIO CTPYKTypy. Bee CTOJ16U,bl MaTpHU,bl CBR3eH paa

J11o14Hbl, 

8. Ba>KH~M napaMeTpOM B TeOpHH KOAHPOBaHHfl fiBJlfleTCfl KOAOBOe 

pacCTORHHe d ·Anfl ABOH4HOro KOAa pacCTOfiHHe Me>KAY ABYMR KOA09bi

MH BeKTOpaMH paBHO 4HCJ1Y eAHHHL.t B CyMMe 3Tio1X BeKTOPOB no MOAy

!110 ABa, HanpHMep, 

+ 1110110 
0101010 
1011100 

mod 2, 

T.e. 3TO paccTORHHe pasHa 4eT~peM. Ecn1o1 noMeHRTb MecTaMI-1 a Ko

AOBOM seKTOpe eA1o1Hio1U.Y H Hy!lb, TO BeJ1H4HHa d H3MeHHTCfl Ha ABe 

eAHHHU,bl. TaK, ecnH noMeHRTb MecTaMH ABa KpaHHHx paapRAa cnpa

aa a nepaoM cnaraeMoM, nony4HM: 

1110101 
+ 0101010 

1 0 11111 
mod 2. 

3TO CBO&i!CTBO KOAOBOrO paCCTORHHR MO>KeT 6b1Tb HCnOJ1b30BaHO np1o1 

nocTpoeHHH WH¢paTopoa A!lR onpeAeneHHR KOOPAHHaT KnacTepos /eM. 

HH>Ke MaTpHU,bt caRae&il H1 H H2 I. CneAyeT OTMeTHT b, 4TO KOAoaoe 

paCCTORHio1e d CBfl3aHo C napaMeTpOM t CJleAYIOI.qHM npOCTbiM COOTHO

WeHHeM: 
d-1 

t~-2-. 

CMbiCJl 3TOrO Bbtpa>KeHHR COCTOio1T B TOM, '-ITO eCJlH Mbl XOTHM nocTpo

HTb KOA, HCnpaBJlfiiOI.qH&il OAHY OWH6Ky, He06XOAHMO, 4T06bl MHHHMaJlb

HOe KOAOBOe paCCTORHHe, 83RTOe no BCeM napaM KOAOBbiX CJlOB, 6bt

J10 He MeHbWe 4eM 3. napaMeTpOM d Mbl 6yAeM nOJ1b30BaTbCR TSK~e 

B TeOpHH rOAOCKOnH4eCKHX CHCTeM. 
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10. Bee Ko,qosoro seKTopa w onpe,qenReTeR KaK 4Heno HeHyne
BbiX KOMnoHeHT 3Toro seKTopa. KonHl.leeTBO eAt.1HH4 e eTpoKe npo
sepol.IHoH MaTPio14bl TaK me, KaK 14 B eTpoKe MaTPH4bl eBR3eH, xa
paKTepH3yeT cnomHOCTb peanH3a41o1t.1 KOAHPY~~HX ycTpoHeTB. 

11. Bee eT01164a npoBepO'-IHOH MaTPH4bl H MaTPH4bl eBR3et1 TaKme 
HMeeT OTHOWeHHe K CilOmHOCTH peanH3a4HH KOAHPY~~ero ycTpoHeTaa 
H napannenbHoro wH~PaTopa. Bee eTon64a MaTPH4bl eaRaet1 onpe,qe
nReT K03~$H4HeHT paaseTaneHHR eHrHana Kc .4eM MeHbWe 3Ta aenH-
4HHa, TeM npo~e CBR3H Mem,qy ,qaTl.IHKaMH H norH4eCKHMH 3neMeHTa
MH H YCHilHTellRMH napannenbHOrO WH~paTOpa. 

12. nonHOCTb~ aCHMMeTpH'-IHbiM RBilReTCR KaHan, B KOTOPOM HMe
eT MeCTO TOilbKO O,QHH BHA OWH60K, T.e. B03MOmHO I1H60 TOilbKO 
npeo6pa30BaH~e HyneH 8 eAHHH4bl, J1H60, Hao6opOT, TOilbKO e,QHHH4 
a HYilH. B 3TOM eMblene KaHanbl e4HTbiBaHHR ,qaHHbiX s ro,qoeKom11.1e
eKHX eHeTeMax RBilR~TeR '-IHeTo aeHMMeTpH'-IHbiMH. Heo6xo,qHMoeTb 
BBeAeHHR TSKOH SHallOrHH AHKTyeTCR TeM, 4TO AI1R aeHMMeTpH4HbiX 
KaHallOB HMeeTeR PRA KOAOB e XOPOWHMH napaMeTpaMH H TaKHe KOAbl 
nerKo peanHay~TcR. 

13. ,[lByMepHbiH lo1TepaTHBHbiH KOA HCnOilb3yeTCR AilR OnTHMallbHO
ro KOAHPOBa7HR ,qaHHbiX KaK B e4HHTHI111R4HOHHbiX ro,qoeKonax/17/, 
TaK H 8 MnK 18~pH perHCTPa4HH OAH04aCTH4HbiX eo6biTHt1. npH Ta
KOM Cnoeo6e KOAHPOBaHlo1R n HeT04HHKOB eHrHSilOB pacnonara~TCR 
B BHAe K8a,qpaTHOt1 MaTPI44bl, Co,qepma~et1 K eTpOK H K CTOI1640B, 
H BbiYHCilRtoTCR nposepo4Hble cooTHoweHHR I CHHAPOM/ no cTpoKaM H 
cTon64aM. B peaynbTaTe 4Hcno ycHnHTeneH cHrHano8 /HnH ~3Y/ 
YMeHbWaeTCR 8 2yil paa. 

3. nAPAMETPbl nPOCTE~WHX MATPHI.j CBR3E~ 
PaccMoTpHM npoeepoYHY~ MaTPH4Y H1 ,qnR ABOH4Horo KOAa XeM

MHHra c napaMeTpaMH n=15, k= 11 , m=:4 H t=1. 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 N1 

0 0 1 1 0 0 1 N2 
0 0 0 0 1 1 1 N3 

0 1 1 0 0 -1 1 
Hl~ 0 0 0 1 1 1 1 

0 0 0 0 0 0 0 1 1 1 1 1 1 N 4 ol 02 "s n4 n5 06 07 ng 0 9 °t0n11Z12 °13 °14°15 
BXOAW 

3,qeCb KOAOBOe paCCTORHHe d=.3, no3TOMY 3TOT KOA n038011ReT HC
npaBilRTb Il~Y~ OAHH04HY~ OWH6Ky npH nepe,qaye KOAOBOrO cnoea 
no KaHany, 8 HaWy aa,qaYy He BXOAHT onHeaHHe TOro, KaK BblnonHR
eTCR KOAHP08aHHe H ,qeKO~HpoBaHHe KOAOBOro BeKTopa. 3TH BOnpo
C~ AeTanbHO paecMaTPHBa~TC~ 8 H3BeeTHbiX KHHrax nO TeOpHH KQ
AHpOBaHHR/5-7/. no.nb3yReb CHCTeMo£1 aHa110rHH, npHae,q.eHHOi1 8 
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Ta6n~~e,MomHO ycTaHOB~Tb, 4TO MaTp~4a H1 OAHOBpeMeHHO npeA

CTaBnReT co6o~ MSTp~~y CBR3e~, C nOMO~b~ KOTOPO~ HeTPYAHO no

CTPO~Tb CXeMy o6~KHOBeHHOro ABOH4HOrO WH¢paropa, HMe~~ero 

15 BXOAOB ~ 4 B~XOAa. B o~eM BHAe MaTPH~a THna Ht CTPO~TCR 
npocro: ee cron6~bl npeAcrasnRK>T co6o~ ynOPRA04eHHYIO nocneAo

sarenbHOCTb ABOH4H~X 4HCen, XOTR B npHH4Hne OHa He RBJlReTCR 

o6RaarenbHm1, KaK 3TO noKaaaHo HJ.1)f(e npH paccMorpeHI-!1<1 MSTPI-1~~ H2. 

ECJll-1 KS)f(AOMY CT0116~y MSTpH~~ H1 OOCTaBI-!Tb B COOTBeTCTBHe 

OAHH AaT4HK, TO MO)f(HQ n011Y4HTb CHCTeMy H3 4 ypasHeHH~,C no

MO~biO KOTOP~X MOmHO B~OOJlHHTb CBR3H B~XOAOB AaT4HKOB CO sxo

ASMH nor~t~4ecKHX 3neMeHTOB napannenbHoro wH¢paropa. 

/1/ 

N4 =ns +D9 + 0 to+ 0 u+ 0 t2+ 0 fs+014+ 0 15 

.llonycrHM, 4TO cHrHan nocryn~;~n or AST4HKa nt'o. TorAa H3 paseHcr

sa /1/ HMeeM: N1 =0 , N 2==1, N3=0 H N4=1.4TO coorsercreyer ~H¢
pe 102 I N1 - MnaAWH~ pa3PRA/. Tenepb AOnycr~M, 4TO OAHospeMeH

HO nocrynaiOT CHrHaJlbl OT AST4HKOB n 1 Ill n 2 ,TOrAa nony4HM N 1=Ng=l 
H N3 =N4-0, 4TO cooreercrsyer 3 2 • Apyr~MH cnosaM~, cyMMa no 

MOAY11K> 2 nepsoro H eroporo cron6~a Marp~~bl H1 pasHa rperbeMy, 

TeM C~MbiM nOATBepmAaeTCR TOT ¢aKT, 4TO ABOH4H~~ WH¢parop pa-
6oraeT sepHo ronbKO npH noRsneHHH OAHoro cHrHana Ha era sxo

Aax. 06pa~aRCb CHOBa K ra6nH~e H K MaTpH~eH1 , MOmHO CAenaTb 

CJleAYKl~He B~BOA~· Bee KamAO~ 113 CTpOK MaTPH4bl H 1 paseH BOCbMH, 

K03¢¢H~HeHT pa3BeTBneHHfl CHrHana Kp He nOCTORHeH H HSXOAHTCR 

8 npeAenax 1-4. npH4eM CHrHan OT nepsoro AaT4HKa He pa3BeTBJlR

eTCR, a or 15-ro pa3sersnReTcR Ha 4eT~pe. KonH4ecrso pa3PRAOB 

CHHAPOMa N paBHO 4eTblpeM H paBHO K03$¢H~HeHTy cmaTHR Kc.CneAy
er CAenarb e~e OAHO aamHoe aaMe4SHHe, Koropoe KacaercR ABOH4-

Horo KOAS XeMMHHra: CBO~CTBa MaTpH~bl H1 He H3MeHRTCR, eCJlH B 

ypasHeHHRX /1/ onepa~HIO CYMMHpOBSHHR no MOAY1110 2 3SMeHHTb HS 

onepa~HIO 6yneso~ CYMMbl, AHanorH4HOe 3SMe4SHHe OTHOCHTCR H K KO

AY rpeR, 4TO n039011ReT npOH3BOAHTb KOAHPOBSHHe ASHHbiX B C~I<1H
THn11R~HOHHbiX rOAOCKOnax AO npOXO)f(AeHHR HMH ¢3Y, npH OOMO~H 

CBR3H C~HHTHJlnRTOpOB H ~3Y rH6KHMH CBeTOBOASMH, EcnH HCOOJlb3Q

BSTb KOA rpeR, TO MSTPH4a CBR3e~ 6yAeT HMeTb BHA: 
110011001100110 

H2= 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0 
0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
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MaTpHU.a H 2 OTJH14aeTcr~ oT MaTplo1L.J.bl H 1 111-lWb nepecTaHOBKOa::i cTon6-
u.oe TaKHM o6pa30M, '-lTO 3TH CT0115U,bl npe,QCTaBJlRIOT 4-aHa'-lHble 3ne
MeHTbl KO,Qa rpeR/2,15/, C TeopeTI-14eCKOti T0'-4KH 3peHH.R MHHHMBJlbHOe 
KO,QOBOe paCCTO.RHHe B KO,Qe rpe.R 50J1bWe, 4eM B 06bi'-4HOM ABOH4HOM 
KOAe XeMMHHra. 3To npeHMy~ecTBo ,QOCTHrHyTo TOJ1bKo 5naro.QapR 

• 6onee pau,HOHBJlbHOMY pa-cnono)l(eHHIO CTon6u.oe MaTPHU.bl H 1 , '-lTO npH-
eeno K yBeJ1H'-4eHHIO KO,QOBOrO paCCTORHH.R, TaK, eCJlH B MaTpHLJ,e 
H 1 6yneaa CYMMa ABYX COCe,QHHX CTOJ16U,OB n 11 V: n

12 
=n

15
,TO B MaT-

PHU.e H2 6yneea CYMMa n106blx ABYX cTon6u,oe pasHa OAHOMY 
H3 cnaraeMblX. TaKHM o6paaoM, ecnH e cu,HHTH1111.RU.HOHHOM ro,QOCKo
ne HCnOJlb3yeTC.R KOA rpe.R, TO perHCTpau,H.R KOOp,Qio1HBTbl 4aCn1L.J.bl, 
npoxO,QR~ea::i nO,Q yrJlOM K niJOCKOCTH CU,HHTHJlJl.RTOpOB Ha HX CTbiKe, 
npOHCXO,Qio1T 6011ee T04HO, 4eM B Cllyt.tae HCnOJlb30BaHio1R o6bi4HOrO 
,QBOH'-lHOrO KO,Qa. 0,QHBKO HMeeT MeCTO COBna,QeHHe TaKHX 6y11eBbiX 
CYMM, KaK n 1 v:n2 H n 2 v:n3 ,n 4 vn

5
wn 5 vn

6
.n

9
vn

10
nH n

10
vti11 ,n

12
'11

13 
H n

13
·v: n

14
.4To npHBO,Qio1T K yxy.qweHI-110 npocTpaHCTBeHHoro paapewe

HHR K00p,Qio1HaT B 3THX n03HU,HRX nO CPSBHeHHIO C ,QpyrHMH. ~JlR paa
peWeHHR 3THX Heonpe,QeJleHHOCTea::i MO)I(HQ BBeCTI-1 e~e OAHY CTpOKY 
s MaTPHU.YH2.PaccMoTplo1M HeCKOJlbKO npHMepoa. Ha p1o1CYHKe npHse
,QeHa cxeMa KOAHPOBaHio1R 16-3neMeHTHoro ro,QocKona, paapa6oTaH
Horo Anbeapeu.eM1 11.Ha 3TOM Plo1CYHKe aaTyweeaHHbte nonocKH H3o6pa
maiOT C4HHTH1111RTOPbl_, a He3aTyweeaHHble ~ cseTOBO,Qbl, HeTPYAHO aa
MeTHTb, '-lTO pacnOJ10)1(eHHe CL.J.HHTHJ111RL.J.HOHHbiX nOJlOC HS PHC. la co
OTBeTCTByeT n03HU.HRM e,QHHHU. 8 MSTPHL.J.e H2 .BH,QHO, tHO ,QBe t.tac
THU,bl, BXO,QR~He B rO,QOCKOn no,Q pa3HbiMH yrnaMH, HMeiOT O,QHHBKO
BOe KO,QOBOe 3Ha4eHHe, 0,QHSKO pa3Jllo14HTb TaKHe KOM6HHSL.J.HH C no
MO~biO 3JleKTPOHio1KH HeB03MOmHO. 8 rO,QOCKOne Allbsapeu.a KOAHPOBa~ 
Hlo1e BblnOJlHReTCfl ~yTeM C03,QaHHR 06beMHOa::i MaCKH H3 Clo1L.J.HTHJ111RTQ
pOB H CBeTOBO,QOB. 3,QeCb CLJ,HHTHJlJlRTOpbl conpHKaCaiOTCR Henocpe,Q
CTBeHHO C ¢3Y, lo1 no3TOMY K03$$HU.HeHT paaBeTBJleHHR Clo1~HanaKP:l, 
nplo1MeHeHHe HaXOART TaK>Ke KOHCTPYKU.Io1H CU,HHTHJlJlfiL.J.HOHHbiX rO,QOCKO
nos, B KOTOpbiX CU.HHTio11111RTOPbl BblnOJlHeHbl B BH,Qe H,QeHTHI.IHbiX no.no
COK, a CBfi3H CL.J.HHTH11J1RTOPOB C ~3Y ocy~eCTBJlfiiOTCR npH nOMO~H 
rH6KHX CBeTOBO,QOB/ts/,Ha pHc.16 npHBe,QeHa CXeMa rO,QOCKOna, 
y KOTOporo CBR3H CU.Io1HTHJ111RTOPOB C ¢3Y npH nOMO~~ CBeTOBO,QOB 

a/ 

1i00 HOD 

8 

CxeMa KO,n;HpOBaHHR B CWiHTWUIRIJ;HOHHOM ro.n;ocKone AnbBa
peiJ;a B COOTBeTCTBHH C KO.D;OM fpeR. a/ Crroco6 KOAHPOBa-
HHR C TIOMO~biD 06~eMHOli MaCKH, 6/ CTIOC06 KO,n;HpOBaHHR 
C TIOMO~biD CBeTOBO.D;OB, 



BblnOI1H€Hbl B COOTBeTCTBt.H1 C MaTP14U.€~ CBR3e~ H 2 , TaKaR KOHCTPYK

U.14R rOAOCKOna Tpe6yeT pa3eeTBJ1eHI4R C14rHana, 14 MaKCI4MSilbHOe 

3Ha4eH14e 3Toro paaseTeneHHR e HaweM npi4Mepe paeHo 4. 3Aecb 

CTpeilKSMH yCJ108HO noKa3aHbl CBeTOBOAbl, 

4. nP~MEPbl MATPMI.l CB~3EA 
An~ 05HAPY~EH~~ ~ PEr~CTPAI.\~H KOOPA~HAT KnACTEPOB 

npH peweHJ.1J.1 PRAS 4SCTHbtX 3SAS4, CBR3aHHbiX C 06Hapy>KeH~tteM 

J.1J1H per14CTPS~J.1e~ TOJlbKO KOOPAJ.1HST KilSCTepos onpeAeileHHOH Aillti

Hbl, MO*HO np~t~MeH14Tb, KSK 3TO Mbl Y*e OTM€4SJ114 BbiWe, TeOpt.1~ KO

AOB, 14Cnpa811R~LI.\l-1X naKeTbl OWJ.160K, H3 3TOH TeOpHH CI1€AY€T, 4TO 

AilR o6Hapy*eHHR KOAOM AllHHbl n scex naKeTos ow~t~6oK AllHHbl b 

J.1I1J.1 MeHbWe He06XOAHMO J.1 AOCTaT04HO b nposep04HbtX CltiMBOJ108, 

a AllR HCnpaBJ1€HHR BC€X naKeTOB OWI460K AI1J.1Hbl b 141114 MeHbWe JlH

HeHHbtH KOA A0Il*€H YIMeTb no KpaHHeH Mepe 2b npoeep04HbiX CHM-

801108. B Ka4ecTse npHMepa paccMOTPHM MaTpH~Y csRaeH H3 , c no

MOLI.\b~ KOTOpoH MO*HO peaJ11430BSTb CXeMy napannellbHOrO WH¢paTo

pa AI1R o6HSPY*6Hl-1R KllSCTepos A111-1HOH 5 14 MeHbWe: 

1 
0 

H • 0 
3 0 

0 

0 0 0 
1 0 0 
0 1 0 
0 0 1 
0 0 0 

0 
0 
0 
0 
1 

1 
0 
0 
0 
0 

0 
1 
0 
0 
0 

0 
0 
1 
0 
0 

0 
0 
0 
1 
0 

0 
0 
0 
0 
1 

1 
0 
0 
0 
0 

0 
1 
0 
0 
0 

0 
0 
1 
0 
0 

0 
0 
0 
1 
0 

0 1 
0 0 
0 0 
0 0 
1 0 

0 
1 
0 
0 
0 

0 
0 
1 
0 
0 

~11J.1HY KllaCTepa MO*HO onpeAe11J.1Tb no eecy CYMMSpHOrO CTOn6u.a, 

npH4eM nopa3pRAHOe CYMMHPOBaHI.1e MO*HO BbtnOJlHRTb no CXeMe J.1JlH, 

napaMeTp Kc Alll=l 3ToH MaTpl-1~bl paeeH 4. HeTPYAHO 3aMeTHTb' '-ITO 

MaTpl-1~a H
3 

J.1MeeT perynRpHy~ cTpyKTYPY· CneAY~LI.\l-1~ npHMep no

Ka3btsaeT, KaK1.1M o6pa30M MO>KHO nOCTPOHTb MaTp14~Y CBF13ei:1 AJ1R 

perHCTpa~HH KOOPA14HaT TpOHHbiX KilSCTepos 1.1 M€HbWe. 

PaccMoTpl-1M MaTpH~Y H4 

1 x x2 .•..• x14 .... x9o .... x1o4 

H
4 1 y y2 •••. y 14 •... y90 .•.. y 104 

1 z z 2 ...• z 14 .•.. z9o ... z 1o4 

Ka>KAbJH CTOJ16eu. 3TOi:1 MSTP14U.bl COCTOJ.1T 1-13 TpeX 3IleMeHT08 nonei:i 

ranya: GF(24) ,CF(2~ "CF(2~.KOTOPble o6pa30BaHbl HaA HenpHBOAHMbl
MH MHOr04JleHaMH X +X+l, yS+Y+l 1o1 Z 2+Z+l COOTBeTCTBeHH0/21( 

none ranya GF(2 4) COA6P*Io1T 15 HeHyJleBbiX 3JleMeHT08: X 0 = 1 = 1 o.o' 
X= 0100 X2= 0010 X3= 0001 X 4= 1100 X5= 0110 X6 = 

= 0011, 'x 7 = 1101, 'x8 = 1010, 'x 9 = 0101, 'x10= 111o,'x1!. 01'1, 

X12 = 1111, X13= 1011,X14 = 1001. npH4eMX 90=x15x 6 ~x 0 " 
x104=x15x 6+14=x 14 s c1o1ny tti4KJ1H4HocTl-1 nonR. none ranya GF(2 3 ) 
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COCTOHT \.13 CeMH 3JleMeHTOB: Y0 =1=100, yl= 010, Y2= 001, 
ya = 110, Y4 = 011, Y 5= 111, Y6= 101. np"4eM yl4= y7X 2=y0, 
y 90=y7x12+6= y6 1o1 ytO'\:,y 6• J1, HaKoHeLt, none ranya ·GF(22) 
BKJ1104aer TPH 3J1eMeHTa: Z0 = 10, .Zl= 01 Y1 .Z2= 11 ,.zl~.z8X4+2=z~ 
z90= z8x30· = zopz104"" z2. Ecm1 renepb a MaTpH~e H4 aaMe
HHTb 311eMeHTbl nonea:i ranya Ha J.1X ABOJ.14Hble 3KBHBaJleHTbl H pacno
JlOmHTb HX no sepTHKaJlH, TO nony4HM MaTpH4Y CBR3eH H5,COCTOR
~YIO 113 104 CTOJ1640B H 9 CTpOK, y KoropoH CYMMbl no MOAYiliO 2 
scesoaMomHbiX rpex coce,qHHX cron6~.tos, raK me KaK H aHanorH4Hble 
CyMMbl no MOAYiliO 2 ABYX COCeAHYIX CTOJ16LtOB, He cosnaAaiOT KaK 
MemAY co6oa:i, raK H CO CTOJ16LtaMH MaTPYII.tbl H5 

1 0 0 ....• 1..... 1..... 1 
0 1 0 ..... 0..... 0..... 0 
0 0 1. ..... 0 ......• o ••..• 0 
0 0 0 ...... 1. ...... 0 . . . . 1 

H
5

= 1 0 0 ...... 0 ....... 1. .....• 0 
o 1 0 ...... 1 ....... 1 .... 1 
0 0 l. ..... o ....... l. .... 0 
1 0 1. ..... 1. ...... 1. ...• 1 
0 1 1. ..... 1 .. o ••••• 1 

Koa~HLtHeHT cmaTHR Kc=104/9=11. EcnH 6bl M~ aaAaBa!lHCb ~.tenbiO 
nOCTpOHTb MaTpHLtY CBRaeH AJlR perHCTpa~.tHH TpeX HeaaBHCHMbiX Cpa-
6aTb1BaHHH ,qar4HKOB HilH o,qHoro rpoHHoro Knacrepa a coorsercr
BHH C TeOpHe~ 64X-KOAOB/9/, TO K03¢¢HLtHeHT C~aTHR COCTaBHJl 6bl 

27 K0 =---:o 6. 
3x7 

~pyrHe cnoco6bl nocrpoeHHR MaTPHLt csRaeH AJ1R perHcrpa~.tHH 
Knacrepos 60J1bWHX paaMepos MOmHo nony4HTb, Hcnonb3YR nopomAaiOW.He nOilHHOMbl/22/, 

B aaKnl04eHHe paccMoTPHM MarpHLtY CBRaeH HS,c nOMOW,biO KOTo
poH MOmHO OnHcaTb CXeMy KOAHPOBaHHR, HCnOJ1b3YeMyiO B CLtHHTHJ1J1R
ltHOHHOM rOAOCKOne/17~AHa!lOrH4HbiH CnOC06 KOAHPOBaHHR npHMeHeH 
a pa6orelts/a ycrpoHcrse C4HTb1BaHHR AaHHbiX, nocryna10w,Hx or npo
sono4eK MOK. OpH n=16 MarpH~.ta caRaeH H6 HMeer BHA: 

1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 
0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 2 
0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 3 lfe= 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 4 
1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 5 
0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 6 
0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 7 
0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 8 

HoMepa ~3Y 

2 3 4 5 6 7 8 9 1011 1213141516 ~ HOMepa 
CLtHHTHJ111RTOpOB 
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Koa¢¢H4~-teHT pa3seTs.neHI-111 Cl-irHana Kp=2, a Ko3¢¢11U.r.1eHT C)l(aTJ.'ISl 

Kc = n/2V11 = 2, H 3Ta noc.neAHSlfl se.nHLIHHa pacTeT c ysenHLteHI-!eM 
n. TaK, npH D= 1024 Kc=16. HeTPYAHO nposepHTb, 4TO ecm1 Mbl 
cpaBHHM Me)l{,qy C06o~ 6yneBbl CYMMbl ABYX coce,qHHX CTOJ1640B MaT
PH.4b' H6 , TO YBJ'1Ar.1M, 4TO OH\.'1 pa3JlH4Hbl \.'1 OTJ11-14aiOTCS1 OT CTOJ16U,OB 

HCXOAHO~ MaTPH4~. TaK~ootM o6pa30M, KOAHPOBaHHe B C4HHTHJ1Jlfi4HOH
HOM rOAOCKOne B COOTBeTCTBHH C MaTpHLJ,e~ H6 rapaHTHpyeT perHCT
pa4HIO KOOPAHHaT~ ABO~HOfO KJlaCTepa. 0AHaKO npHMeHeHI-1e KO,qa 
rpeR, KaK 3TO CileAyeT H3 MaTPH4~ H2,AaeT 60JlbWYIO 3KOHOMI-110 ~3Y, 

HO KOHCTPYK4\.'Ifl fOAOCKOna npH 3TOM YCJlO)I(HfleTCfl. CxeMa KOAI-1PO
BaHr.1fl B COOTBeTCTBr.1H C MaTpH4e~ H 6 n03BOJlfleT, KaK 3TO HeTpy,q

HO nposepHTb C T04HOCTbiO AO eAHHH4bl C4HHTHJ1JlfiTOpa, perHCTpH
posaTb KOOPAr.1HaT~ TpO~HbiX KJlaCTepoa. 6o.nee B~COKYIO TOLIHOCTb 
,qaeT CXeMa KOAr.1POBaHHR, npHHRTafl B pa6oTe/t~/npr.1 np04HX pas
HbiX napaMeTpax MaTPH4bl CBR3e~. 3Ta T04HOCTb nOJly4aeTCfl BCJleA
CTBHe 6o.nee pa4HOHaJlbHOrO pacnOJlO)I(eHHR CTOJ1640B MaTpHLJ,bl CBS1-
3eH. AHaJl\.'13HPYR MaTPH4~ THna H6 ,MO)I{H0 CAellaTb BbiBOA, LITO npH 

Kp =2 LIHC.flO CTOJ1640B MaTPH4bl MOmHO ysem'I4HTb AO ·C:= ~ = 28, 
LITO npVIBOAHT K ysenHLteHHIO se.n~-tLtHHbt Kc AO 3,5. TaKHM o6pa3oM, 
aHaJlH3 MaTpH4 CB113e~ n03BOJlfleT no.nyLiaTb OnTHMaJlbHble napaMeT
pbl rOAOCKOnH4eCKHX Cr.1CTeM. npH 60.flbWHX n H aHaJlH3 MO)I{HO npo
BOAHTb C noMO~biO 38M. H e~e OAHO 3aMeLiaHHe. KaK 3TO c.neAyeT 
H3 TeOpHH KOAHPOBaHHSl /19,20/, BeJ1H4HHa KOAOB"OrO paCCTOfiHHfl B 
KOAaX C Ma.noH nJlOTHOCTbiO nposepKH Ha LleTHOCTb aCHMnTOTH4eCKH 
pacTeT C BeJlHLI\.'IHO~ n.no3TOMY npH 60JlbWHX n nORBJlfleTCfl B03MQ)I{

HOCTb perHCTPHPOBaTb KJlaCTepbl 60JlbWO~ AilHHbl, eCJlH HCnOJlb30-
BaTb Allfl KOAHPOBaHHfl MaTPH4bl THna H 6 • 

3AK11104EHHE 
0CHOBHafl 4eJlb AaHHO~ CTaTbH COCTOHT B TOM, 4T06bl npHBJle4b 

BHHMaHHe cne~HaJlHCTOB, 3aHHMa~HXCR pa3pa60TKO~ AeTeKTOpOB aa

pRmeHHbiX LlaCTH4, H coa,qaTene~ npH6opoa RAePHO~ aneKTPOH~KH 
K 6o.nee WHPOKOMY npHMeHeHHIO TeOpHH H npaKTHKH KOAOB, HCnpas
nRIO~HX OWH6KH, B rOAOCKOnH4eCKHX CHCTeMaX. HeCMOTpfl Ha TO, LITO 
CTOHMOCTb \.'IHTerpanbH~X MHKPOCXeM HenpepbiBHO yMeHbWaeTCR, B TO 
Me speMR pacTeT CJlOmHOCTb H LIHCJlO KaHaJlOB CLIHT~SaHMR B HC
KPOBbiX cneKTpoMeTpax.KaK noKaaaHo Ha npHMepax,aonpocbi.G>nTHManb~ 

HOrO KOAHPOBaHHfl ASHHbiX B fOAOCKOnH4eCKHX CHCTeMaX HaXOARTCfl 
B 4eHTpe BHHMaHHfl ~H3HKOB He MeHee 20 .neT, npH 3TOM CileAyeT 
BbiAenHTb ABa cnoco6a KOAHPOBaHHfl: 1/ Ha ypOBHe ee~eCTBa AeTeK
TOpa /rOAOCKOn A.nbaape4a HAp./, 2/ nyTeM B~nOJlHeHHR COOTBeTCT

ay~~HX CBR3e~ Be~eCTBa AeTeKTOpa CO BXOAS~ CMeCHTene~ CHrHa

nos /~3Y ~ npo4./. 

ll 



Hcnonb30B8HHe TeOpHH KOAHPOB8HHR npeAnonaraeT ABS acneKTa 
npo6.1)eMbl, KOTOpbte B3aHMHO npOTHBOnOnO>KHbl; a/ npvtMeHeHHe MeTo
,QS CHHAPOMHOrO KOAHPOBSHHR ,QJlR C>KSTHR AaHHb!X B MHOrOKSHSTibHbiX 
CHCTeMaX H 6/ BBe,QeHvte HH$0PMS4HOHHO~ H36~T04HOCTH C 4e11b~ 
YI1Y4WeHHR npocTpaHCTBeHHOro paapeWeHHR ,QeTeKTOPOB. 

PaCCMOTpeHHSR 8 ASHHOM pa60Te CHCTeMa aHa110rHH, no HaWeMy 
MH€HH~, MO>KeT CTHMYI1HpOBSTb ,QSJlbHeHwee HCnOnb30BaHHe anre6-
pavt4eCKOH TeOpHH KO,QHpOB8HHR ,QJlR 4e11eH OnTHMSJlbHOrO nOCTpOeHHR 
annapaTyp~ ,QJlR $vt3HKH Bb!COKHX VI cpe,QHHX 3HeprHH, 3,Qecb MO>KHO 
OTMeTHTb TPH Tpe60BSHHR, B03HvtKa~~HX npH peweHHH 3TOH npo6J1eMbl, 
KOTOpble Hepe,QKO npoTvtaope4HBbt: 1 I o5.ecne4eHvte perHCTP84HH MHoro
TpeKOBbiX C06biTHa:i ,2/ BbiCOKOe 5b1-CTpO,QeHCTBHe C4VITbfBSHHR ,QSHHbiX 
c AeTeKTopos, 3/ 3KOHOMH4HOCTb coa,QaeaeMoH annapaTypbl, Ko,QHpo
saH~~te ,QSHHbiX AO YCI-1111-1Te11ei1 n03BOJ1ReT 3KOHOMHTb 4lltCJ10 KaHaJlOB 
YC~~tJleHHR H 4TeHHR ASHHbiX B ,QeTeKTOpax. ~JlR 3TlltX 4e11eH Tpe6yeT
CR nOHCK 1ft H3j4eHHe T8KHX KO,QOB, B KOTOpb!X coX.paHRJ10Cb 6bt ,QO
CTaT04HO 6onbwoe KO,Qosoe paccTORH~~te np~~t BblnonHeHHH onepa4H11t 
6yneeol1 cyMMbl HaA CTon64aMH MaTPH4 CBR3ei1. novtCK TSKlltX KOAOB 
Tpe6yeT BblnOnHeHHR rpOM03,QKlltX SHaJ1HTH4eCKHX Bbi4HCJ1eHHH Ha 38M, 

KaK noKaaaHo a AaHHO~ pa6oTe, npvtMeHeHvte anre6paH4eCKoH 
TeOpHH KO,QHPOBaHHR n03BOJ1ReT TSK>Ke C03,QaBaTb YCTpoi1CTBa ,QJlR 
6biCTporo OT6opa C06b1TYU:::, no KOJ11o14eCTBY Cpa60TSBWHX ,Q8T4HKOB, 
AI1R Bbi,QeneHHR 6npe,QeneHHoro co4eTaHHR cpa6oTaBwvtx ,QaT4HKOB 
H npo4. 
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