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1. !10CTAHOBKA 3.A,[(Aqlf 

B pa6oTe 111 6hmH Ol!HCaHbi 6biCTphie MeTO/Ihi perneHHR onpelleJIHTe
neH 1 -;- 4-ro nopR.U.KOB H KOOp.UHHaTHhiX ypasHeHHii BTOpOH H TpeT&eii CTe

neHH B none Panya OF(2'"), HcnoJih3yeMhie MH nocTpoeHHR Ma>KopHTapHbiX 
cxeM coana,u;eHHH H cnerutanH3HpoBa.HHLIX npoueccopoa .nnn cneKTpoMeT
poa 4>H3HKH BbiCOKHX 3HeprHH. 

llpH 3TOM paccMaTpHBaiiHCL MeTO,llbl perueHHR npH MHO:>KeCTBeHHOCTH 

1 < t ~ 3. KaK 3TO cne~~yeT H3 pHAa pa6oT no TeopHH anre6paaqecKoro 
KO,UHpoBaHHH I2.S/ , MeTO)J.bl Ta6JIHliHOrO peweHHH ypaaHeHHH BTOpOH 
H TpeThefl CTeneHH RBJIIDOTCJI 6330BLIMH MR annapaTHoro pemeHHH ypaaHe

HHH qeTseproH: H WIToH cTeneHH. B ;:J;aHHoH pa6oTe anropHTMhi ,rmR peweHHR 
ypaBHeHHi:f: MJI t = 4 H 5 llpe.llCTaBJieHbl T8KHM o6p8.30M, tffO JUIR 3all0MH

HaHHR T86nHU peweHHH ,[(OCT8TOliHO HCllOJib30B8Th 6LICTpo.U.eHCTiiyiOlUHe 
!1!13Y H !1JIM, COAep>KaJ.UHe 2mBXOIIOB MH nepeMeHHbiX. 

KoopnHHaT&t cpa6oTaalllHX no3HIJ;HOHHo-qyscTBHTeJILH&rx JJ;aTtmKOB 

MHOrOKaHaJlhHOfO .r:teTeKTopa 38pR)KeHHLIX '18CTHU HaxO.U.JITCR H3 ypasHe

HHH 

(X) X' x•-t xt-2 
(I = +U1 +U2 +u•Ut• (1) 

B CBOIO oqepe,nL, CB.FI3b Me)I(J];y CHMMeTpHqeciGIMH cflYHKUHJIMH S j, KOTOphie 

no cyLUeCTBy npe/ICTaBliHIOT COOOH KOII CHHIIpoMa, CO/Iep>KaJ.Uero B ce6e 
HHtl>OpM81J.H}O KaK 0 KOJIHtlecTBe cpa6oTaBWHX .naTqHKOB, TaK H o6 HX KOOp

JUiHaTax, H 3JieMeHTapHbiMH CHMMeTpHtleCKHI\fii cflYHKUHJIMH OnHChiBaeTCJI 

c noMOLUhiO ypaaHeHHii HLIOTOHa 14•51 

st 1 0 0 ..... 0 1 

Ss ~ st 1 "t 

~2 (2) 

82t-s "t 

C HCnOJI&30BaHHeM MeTo.na Tpaac<jlopMSUHH nepeMeHHblX I 41 B paOOT~ 1/ 
nonyqeHbl CJie;zytOlllHe COOTHOWeHH.FI AJl.fl MHO:>KeCTBeHHOCTH t = 4 pemCT

pHpyeMblX CHrHaJIOB: 
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u3 = Rs + R1u2, 

R7 + R6u2 

Rs 

2 
Ra= s 3 + 8 1 s 1 , 

2 
R5 = B&+ 8183, 

2 2 7 
R7 = s 7 + 8 18 6 + 8 1s 3 + s1. 

2 3 & R 9 = 89 + 8 18 7 + 8 3 + 8 183, 

2 2 8 2 62 
R

11
= 8

11 
+ S 1 Sg + 8 3 8 5 + S 1 8 5 + 8 1 8 6 + 8 18 3 • 

(3) 

(4) 

HSH6onee Tpy,noeMKHM HBn.REITCH npo:uecc BbiiiHCJieHHR 3JieMeaTapHblx 

CHMMeT£H'IeCKHX <jlyH~HH U t • 0):1HaKO MeT0/1 TpaHC<jlopMaWfH nepeMeH· 
HblX/l, I ll03BOJl.fleT no Ha~eHHOM)' 3HRlleHHIO a2, I<OTOpoe BblllHCJIHeTCH 

OTHOCHTeJJLHO npOCTO, 3aTeM ITO <jlopMyllaM (3) OITpe/1eJJHTL 3Ha'!eHHH Ug 

H u 4 . 
C npaKTHt~ecKoii TOtiKH 3peHHH TaKoH: no.IJ.xon rroaaonHeT PauHOHanhHO 

ITOCTpDHTL KOOp/1lfilaTHblH npOI.IOCCOp npH t ~ 4. 

2. T ABJ111'1HbiA METO):I PEIIIEHIDI 
KOOP}lHHATHOrO YPABHEHHH 'IETBEPTOA CTEllEHH 

3Ha'leHHe u2 npH t ~ 4 paaao 
11

•
31 

8 7 6 s s 8 1 + 81 + s 1 S3 + s 5 

8~ + 8 18 5 + s1
3

8 3 + 8 ~ 

HJIH a co Kpa.Illemmii aanHCH 

s~ + T + s~s3 +83S5 
(5) 

r.ne 3HalleHIDJ R, a, H H L BbltlHCJUUOTCJI aapaH\e npH onpenenellliH MHO)Ker-

BeHHOCTH111 . TaK, R = st ; a = S1 S5 H = s 1S 3 , T = s ,s 1 a L = 8 3 . 
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B Jl8JibHefiweM C u;eJiblO yrrpo~eHHH H3JI0)1(eHH.R: IIOJIO)KHM, liTO KOJIHllecTBO 
II03HIUIOHHO·<ryBCTBHTeJibHbiX )l3T'IHKOB B )leTeKTope D ~2m- 1 = 26 - 1 = 63. 
3To 3HallHT, uo Mhl 6yAeM onepHpoaaTh aneMeHTaMH nona ranya 
GF (26 ), o6pa30BaHHbiMH Ha)l HenpHBO.UHMbiM IIOJIHBOMOM x 8 + X + 1. 
Ta6nHQa 63 HeHyneaLix 3JieMeHTOB GF(26 ) .uaaa B npHJio>KeHHH/1/ . MaTpH
ua npoaepotrnbiX coomomeailli H ls 30 a coKpamemwH 3aiiHCH, nocraToli
HOH MR peweHH.R: npHMepos, HMeeT BH.D: 

100000 100000 100000 100000 100000 a0 

* 010000 000100 000001 011000 000110 a1 

• 001000 110000 000011 001010 111100 a2 

• 000100 000110 000101 110111 011100 aS 
His, 30 000010 101000 001111 001110 011010 a4 

* 000001 000101 010001110100 100110 a5 

100001100111111111 111110 111010 a82 

' 
Ss 87 

CHMsonoM * o6o3HalleHbi cpa6oTaBWHe AaTliHKH, npHlleM npH t = 4 ,n;ocra
Totmo HcrroJIL3osan 3Ha1Jemm 81, Sa, 85 H 87. ,norryCTHM, liTO cpa6oTanH 
)l3T'IHKH c Koop.uHHaTaMH x1 = 3° ' X 2 = a2 ' X s= a 0 H x4 = a5 • lloJIHO
CTbiO ace 63 aneMeHTa nons GF (2 6 ) .!laHLI a npHJio>KeHHH/1/ • Tor.ua HMeeM 

81 = u1 = X1 + X2 + Xa + X4' 

HJIH 

100000 
+ 001000 
: 000100 

000001 

101101 

mod2 

113 npHJio>KeHnd11 
nony'IHM 101101 = a 44 . s 3 3 3 

AH81IOrH'IHble BblqHCJieHHfl .llJifl 83 = X 1 +X 2 + x3 + x4 

6 6 6 7 7 7 7 48 21 +X 2 +X3 +X4 nS7 =X 1 +X 2 +Xg+X 4 .UaiOT8g=a ;8 5 =a; 

H 87 =a31 (eM. Hls,so) . 
.[(anee H3 (5) HMeeM u2 = a7 . llo.ucraamm 3HaqeHHe u2 B paaeHCTBO 

( 3 ), IIOJiyqHM 
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10 
u4 = a 

c YlleToM aHaqeuu:H 

44 
Rl = s1 ~ "i = a 

B peaynbTaTeypaaHeHHe (1) npH t = 4 HMeeT BH.!I 

x4 + a44 xs + a 7 x2 + 849 X + a 10 = o. (6) 

Mo>KHo nposepHTh, <rro KopHIIMH ypaaHeHHII (6) liBJliiiOTCII KoopwrnaTLI 

x 1, x 2, x 8 H X-t 

4. AJirOPHTM BblqJ1CJIEHIDI KOOP.lli1HAT 11PI1 t = 4 

llpH t = 4 ypaBHeHHe HMeeT BHil 

4 8 2 
u(X) = X + u1 

X + u
2

X + u8X + u4 • (7) 

ABTopoM 6Lmo HccneaosaHo asa noaxoaa K pemeHHJO ypaaHeHHR (7) Ta6-
nH'IHLIM MeTO.llOM !2.3/ . Pac'leTbi noKaaanH, 'ITO npH Hcnon~t30B8HHH anro~ 
pHTMa, OnHCaHHOrO B pa6oTe 13 I , B03HHK8lOT HeonpeaelleHHOCTH npH BblOOpe 

KOOpllHHRT KBallpaTHb!X ypaaHeHHli, nonyqaeMb!X B npoqecce pemeHHII. 
llyTeM noacTaHoBKH X = ( 1 I Y + ( u 3 I a 1 )) li nonyqHM 

f(y) 0, y4 
... 0 

+ <72 y2 +uSY+u4t 

r,<~e 

' - u21u2 X!- + <74 2 Alur, <70 + 1 1 <71 

of ... 0 

q, - 1. 
4 

EcnH BBecTH ellle OllHY noaCTaHOBKY 

g(X) - z4 
+ z2 

+ cz + o, 

4 

(8) 

(9) 

(10) 

(11) 



rile 

c (12) 

(13) 

lloCKOJih><y l ~ 4, TO ypaaHeHHe ( 7) /lOJilKHO HMeTh qeTh!pe pa3JIHqahiX 
KO-pHH, fl03TOMy HMeeM 

g(X) ~cz2 +aZ + f3 1)(Z 2 +aZ +~), 

I'll<! 

a2 + {31 + fle ~ 1' 

a(/31+/32) ~c. 

/31{32 =D. 

(14) 

(15) 

• 

lh nepBhiX llBYX ypasaeasii norryqsM aS + a + C 0, KOTopoe pewaeT
CR Ta6JIHtrHbiM MeTO,ll;OM, npH H3BecTHbiX 3H8lleHHRX a H f3 HaxO.r:uiTCR H3 
pa.BeHCTB 

(16) 

9TH KBa.n;paTHhle ypasHeHHR: peiiHUOTCII TafinHt[HbiM MeTO,UOM. llo3TOMY B 
KOHeliHOM HTore peWeHHR ypaBHeHHR (7) CBO,LVITCR T8K)Ke K Ta6JIH'IHbiM 
MeTO,lJ;aM. fipo.D;On:>KHM paCCMOTpeHHe liHCJieHHOrQ ripHMepa. 

113 <jlopMyJI (9), (12), (13) HMeeM 

u' = (a49 ) 21888 812 
0 

"2 855 

c 862 

D 828 

B pe3yJI&TaTe T8KRX npoMe:>KYTOqablX BblliHCJieHHH norryqaeM ypasaease 
TpeThefl CTeneHH 

a3+a+a82 O. 

/1/ 37 39 113 TaMHI.Ibi HaxO/lHM a1 ~ a H a2 = a . Tor11a ypasaease (16) 
MQ)KHQ 38ImC8Tb B BH,D;e 
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/3f + a2& /31 + aea = o. (17) 

PeweHHH KBBApaTHoro ypamumHJI ( 17) ,llaiOT 

. 1& 
H fl2 = a • 

B pe3YJlbTaTe nonyqaeM ,llBa KBBApaTH"""IX ypaBHeHHa ,llnH Bbi'IHCJieHHH 

z1.,. Zt 

:~;2 + aS7 z + alS = 0, 

e1 y. = 8 &8 
y3 = a M ~ 

llonyqeHHble 3Ha'leHHH X1 COOTBeTCTBYJOT KOOp,llHHRTaM CpaOOTaBWHX no-

3HllHOHHO·qyBCTBHTenbHbiX ,llaT'IHKOB. 

Ha pHc. 1 npHBeAeHa 6noK-cxeMa KOOp,llHBaTHoro npoueccopa ,llnH 

t = 4. CxeMa COCT8BJieHS TSKHM o6p830M, IIT06bl WlR BblqHCJJeHHH COOTBeT

CTBYJOIUHX npoMe>KYTO'IHbiX 3HaqeHHif MOli<HO 6bmo npHMeHHTb llll3Y, 

HMeiOIUHe 2m BXO,IIOB ,llnH nepeMeHHbiX. KpoMe TOrO, 3,1leCb Ta10Ke 3¢J<jleK

THBHO HCDOJlh3YeTCH MeTon BhiDOJIHeHWI COBMem;eHHbiX OneJ28IXHH: B none 

ranya GF(2ID) . HanpHMep, TaKHe Bbipa>KeHHH, KRK (Cg/C1)l> H 

(C 2/C 
0

) \0 , Bbi'IHCJIHIOTCH COOTBeTCTBeHHO C nOMOlllbiO O,llHOrO llll3Y. 

MaKcHMaJibHOe speMH peweHHH ypaaHeHHH qerseproH cTeneHH MO)K}fo Bhi

QHCJIHTb H3 <jlopMYllbl 

T4 = 9Tnn3Y + T2 + Ts + 2Te' 

r,11e Tnn3 y- 3BAeplKKa B llll3Y, T2 H T 3 - speMH peweHHH KBBApaTHoro 

H Icy6HqecKOro ypa.BHeHH:i% COOTBeTCTBeHHO, T c- BpeMH CYMMHpoBa.HHH 110 

MoeyniO ,llBa. 
EcnH npHMeHHTb MHKpocxeMbi 500 cepHH, TO speMH peweHHH T4 cocTa

BHT = 320HC. 

TABnWIHbiR METO)l PEIIIEHIUI 

KOOP )lHHATHOrO YP ABHEHIDI IDITOA CTEITEHM 

Koop,IJ,HHamoe ypasHeHHe runoH cTeneHH HMeeT BH.Il 

u(X)=X6 +"1Xt+ueX3+"aX2+"4X+a6, 

6 

(18) 



X t t II x~t X4 I 
l + [ 1/'tt + + I fL. j L 

+ I 
2 • " 

Z1 1/'t;l y3 ... y3 +15'3 I 1/lt4 I 
,..---3 I ' I 

Yi+Yd'z I Z3 I f ~2/0~ Z4 l 
d'2t, I L f f I 
bf/a~ b~ l I 

! + l I I I 
I 

LJ !f r bt I Zd 
(Yt JL. 

+ I Y/+Yt+'tt I 
~~tIt L:f L fC1 C/Ot 

I I C2. I + ,a1 Clz 
I f/lt2l II a3 .. a+c "V G'. B+ozl lL '---

'c D I 
r-vc2 /Co II c IV6!!o~ D I r I + I 

1 T::T rl-, 
~ 63 s,zc2.1 Ot' q I I G'1

2 G"2.I I Ot B I 
l 1 l I ' f 

6t B 
6't 

Puc. 1. BllOK-CXeMa peweHUR KOopiJunarnozo ypaeneHwt rteteeproU crenenu e 
n011e FMya OF (2"') • 
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MeTOIIOM TpaacljlopM~ nepeMeHHhix111 nonyqeHhi cneiiYIOil.IHe cooTHo

weHHIIMll "s•"4 H '\ npHH3BecTHOM "2 (ul = 81): 

llyTeM no)ICTaHOBI<H X = y + v ypasHeHHe (18) npHBOIIHTCll K BHey 

f(y) = y-~;+uY3 +HY2 + Iy + r, 

(19) 

Ec.nH paBeHCTBO HMeeT Il.fJTh pa3JIHq}fbiX KOpHeH:, TO ero MO)J(HO npeACTaBHTb 

B BUlle 

r11e 

0 v2 + b + d; H = vd + vb + c; I = bd + vc ; 

J = cd. 

Bonee AeTanhHO annapaTHhiH MeTOA peweHHH ypasneHHJJ runoH cTeneHH 

CM. a121 • 

rHBPH.llHhiA METO~ PEWEHHR: 
KOOP~ATHOrO YPABHEHHR nPH t > 5 

Ta6nii'IHble MeTOIIhl peweHHll KoopiiHHaTHoro ypaBHeHHll (1) npH 

I > 5 aHTOpy HeH3BecTHbl. ~~~ peweHHll llOllHHOMOB, CTeneHb KOTOpbiX npe

BOCXOIIHT WecTb, B pa6oTe 121 OnHCaH ru6pHIIHbtii MeTO)I, KOTOpbtii npeMa

r&eTCR HCDOJih30B8TL ,IV:UI H&XO)K,[teiUUI KOOpAHHaT ll03HllHOHHO-qyBCTBHTeJib

HbiX lleTeKTopoB. PaccMaTpHBaeMbtii MeTOII 6a3HpyeTCll Ha cneiiYI<Jllleli TOO· 

peMe "06 op6HTe", )IOKa3aTen&CTBO KOTOpoH npHBOIIHTCll a121 • 

TeopeMa. llycTh HMeiOTCll nonHHoMhi u (X ) H u '(X) Hall noneM OF(2 m) : 

(X) X' x•-1 x•-1 
" = + u 1 + "2 + ... u t ' 

t 2 t- 1 2 2 
ao'(X)-X + a 1 X + u 2 X + ••• u,. 

(20) 

(21) 

EcnH f3 - 3neMeHT pacWHpeHHll non11 OF(2 m), To f3 ecTb KOpeHb nonHHoMa 

u(X) TOr)la H TMhKO TOr)la, KOr)la f32 ecTb KOpeHb u'(X). CYT& TOOpeMbl 

H ee npaKTHqecKoe npHMeHeHHe pacCMOTpHM Ha KOH)(peTHOM npHMepe. 
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llpHlleM c ~enLro ynpow;eHHH H3no)l(eHHH paccMaTpHBaeM nonHHOM runoH 
CTeneHH 

(22) 

TorAa 

cr(X) = x5 + a11 X4 + a49 Xs + a9 x2 + a• X + a22. (23) 

B COOTBeTCTBHH C TeopeMOH ''06 op6HTe", fiOCKOnLKy<7(X )H<7'(X) HMeiOT 
no KpaiiHeii Mepe OAifH 06ll1Hii KOpeHb. ll03TOMY y HHX AOnlKeH 6LITL H&HOO· 
nee 06ll1Hii AeJIHTeJIL (HO,ll) , cTeneHL KOToporo OTJlH'IHa OT HynH. B COOT
BeTCTBHH c anropHTMOM EBKJIHA& HO,ll nonHHOMOB (22) H (23) paaeH 

(24) 

llonHHOM !(X) nony'leH nyYeM AeJieHHR nonHHOMa (22) Ha nOnHHOM (23), 
a none I'anya OF (2m). 

KaK HeTp~rotO nPQBepHTL, KOPJIHMH nonHHOMa (24) RBnHIOTCH aneMeH
Tbl nonH OF(2 ) &0 H a2 . TaK, npH X 1 = &0 HMeeM 

a20 + 3s2 + 322 = o. 

,llanee, pa3AeJIHB nonHHOM (22) H& nonHHOM (24), nony'IHM 

P(X) = xs 343 + x2 3ss + 3se X +&52 

(24~ 

KopHH ypaaHeHHH (24), KaK H3BecTHo, pemaJOTcH MeTOAaMH Ta6nH'IHoii 
apH$MeTHKH. Tal<HM o6pa30M, MH pemeHHH Koopro<H&THhiX ypaaHeHHii cTe
neHH 6onee '!eM nHTL rH6pHro<LIM cnoco6oM Heo6xoro<Mo coaA&HHe 6b1CTpo
AeiiCTByJOIIIero cneUHanHaHpofaHHoro npoQeccopa MH Bhi'IHCJieHHH HO,ll 
H AeJieHHH e none I'anya OF (2 ). 

llOCJIE,llOBATEJibHhiA: METO,ll PEIIIEHHR: 
KOOP,!U1HATHOI'O YPABHEHIDI B OBII(EM BmlE 

,llJIH H&XO)f()lelfiVI KOOp)IHH&T cpa6oTaBII1HX n03HUHOHHO·qyBCTBHTeJih· 
HhiX )leTei<TOpoB no MeTO)Iy llHTepcoHa HapH)Iy C Bhi'IHCJieHHeM 3H&'IeHHH 
Ype6yeTCH t CXeM YMHO)I(eHHH B B03Be,neHHH B CTeneHH nepeMeHHbiX C UOw 
CJie.tzyiOillHM 8HaJIH30M paseHCTB8 (1) Ha "o". 

B pa6oTe171 c QeJihiO ynpollleHHR AeKorotpoBaHHH sqX-K0,110B npeMO
)I(eH 6onee 3KOHOMHtffi:biH: ~ropHTM ,nJIR: pemeHHH KOOp,t:UiHaTHOrO ypasHew 
HHH (1), B KOTOpoM a<!><l>eKTHBHO HCnOnL3YeTCH QHKJIH'IecKHH xapai<Tep no-
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n11 ranya. qame acero 3HatieHHII u t BbipaJKalOTCII ttepe3 3HatteHHII S J" OnHa

KO H3BeCTHbi H /lpyrHe npegCTaBJieHHH Ut qepe3 KOpHH {3J ypaaHeHHJJ (1) 
t 

u 1 ~ ~ X j, 
J~1 

t 

u2 ~ XJ ·/3k' ua 
i.k ~ 1 

j < k 

TaK, npH t = 3, HMeeM 

t 

~ {31 /3j /3k. (25) 

i,J.k~ 1 

0CHOBHbiM CBOftCTBOM paaeHCTB (26) KBnlleTCII TO, 'ITO HX 3HatieHHe He 3a

BHCHT OT TOI'O, KaicyiO KOOp.II.HHaTy X 1, X'2 H Xs CJie,nyeT C'IHTaTh nepaoH, 

BTopoH HJIH TpeTbeH, TaK KaK cym;ecmeHHhiM IIBnHeTCII He nopa,nOK HH.II.eK

COB x_j, a HX 3Hat~eaHe. HanpHMep, ecnH X 1 =a 0 , X2 = a
1 

H Xs = a 2 a none 

GF(24 ) , TO aaatieHHe a 1 7 a 3 ae H3MeHJreTCII npH nepeCTaHOBKe HH.II.eKcoa 

1, 2 H 3 B 3HatieHH.fl'X x1 7 X a. TaKoe CBOHCTBO (Tt nonoiKeHO 3a OCHOBY 

orrnchmaeMoro anropHTMa. 

ilyTeM TpaHc¢>opMaUHH Xi ~ a X J nonyqaeM cnegywmee ypaaHeHHe 

(27) 

rge 

- k ak = a a k, k = 1, 2, ••. t. (28) 

B o6meM BH/Ie nocne r TpaHc¢>opMauHi\ ( r - q.,cno UHKJIHqecKHx C/IBHroB) 

nonymM 

xJ 
T 

a XJ, j =1,2, .... t. 

Tk 
k = 1,2, ••.. t. 

(29) 
uk a uk' 

m n m 
CnegyeT OTMeTHTb, qTQ B none ranya OF (2 ) a ~ 2 - 1 ' H JI03TOMY 

nocne UHKIIHtieCJa:IX 2m -1 C,IUJHI'OB llOJiytiaeTCII CTeneHb HCXO.Il.H~I'O 3JleMeH

Ta. HanpHMep, 3neMeHT a19 a none OF(24 ) (n ~ 15) paaeH a
1 · a4 ~ a4 . 

Ha pHC. 2 npHBel(eHbl 3HaqeHHJJ KopHeil ypaaHeHHil xs + ax 2 + a14 X+ 

+a8, KOTOpbie llOKa3aHbl B KOHUeHTpHtlecK.Hx OKpyiKHOCTIIX .II.O C,nBHI'OB ·H 

llOCJie nsyx C,l\BHI'OB COOTBeTCTBeHHO. ):(nil Harn:fi,IUIOCTH paCCMOTpHM KOHK

peTHbiH npHMep. ilycTh n ~ 24 - 1 ~ 15, T.e. m ~ 4, H cpa6oTanH l(aTq.,

KH c KOOPJlHHaTaMH x1 = a 3 ' x2 = a 8 H Xs = a 12 ' KaK 3TO noKa3aHO Ha 

pHC. 3, rge u1 ~ 81 ~ Xl ~ aS , U 2 ~ a14 H U3 ~ a8 /8/ . AJiropHTM Ha-
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Puc. 2. KopHU ypaeHeHUH X3+a1 X2+a14X+ s/J 
e no11e Fa/lya OF(2m) 0o rpaHc¢ofJM1114UU ( Clleea, 
8 KOHqeHTpU'IeCKUX OKpyJKHOCTHX) U TIOC/Ie rpex 
quKI!uqecx:ux caeuzoe ( cnpaea} . . 

Puc. 3. Marpuqu npoeepoomou: coor
HOUieHuil OllJI ECfX-KoOa, ucnpaemuo
Ujezo t = 3 ozuu6x:u OA.R t = 4 u 
t = 15. 3HaKOM * OT.Me'leHbl cpa
f5oraezuue OanuKu. 

Lla.T~MU 

I 
C1° a' ' I 1000 I 000 I 000 
a' a• 2 0100 0001 otto 
a• a10 3 octo 0011 1110 
a9 a• •4 coot OtOt tOC10 
a" a• s 110a It 11 otto. 
a• a"' 6 one I()Q() Itt() 
a' a' = 1 0011 coot t coo 
a1 a• 8 HOt 0011 0110 
a9 a.. "9 1010 OtOI t 110 
a" a• tO 0101 1 tt t tooo 
a' a• 11 1110 1000 011 o 
a' a10 12 0111 no01 1110 
a• n• ><13 lift 0011 1000 
a9 a' !'<tOll 0101 OliO 
a" Q

10 
15 1001 H II I f"O 
• o dot o .'o1 100 
• tOtO Q_tOI If t 

i..l.!!n!.l S,• Of00S,•OOif5s•11t 

XO)i(,!(eHHH KOpHeH ypaBHeHHH (1) 3aKJIIoqaeTCH B CJieAYIOl.UeM. ,ll;onyCTHM, 
~o OIIHH H3 ><opHeii aToro ypasHeHHH paseH a 0 

= 1. Tor11a HMeeM 

H 11anee 

I 

l: "k 
k=l 

0'1 +0'2+ ••• ut =l. 

HanpHMep, npH t = 3 u1 + u2 +"a 

(30) 

II 



ECJIH )Ke KOpeHb xj He pa.BeH eJnfHHD;e, HanpHMep, xl = a 12 'TO nyTeM no
CJienosaTeJlbHbiX yMHo)KeHHH Ha a~, nonyqaeM a12 al al al = a 0 = 1. 

3To 3Ha1JHT, trro cTeneHh xopHR: X 1 paaHa 15 - 3 = 12, a 3HaqeHHe 

KOpHR X 1 p3BHO a12 • llpH Ka>K,llOM t = 3 B Ka>K,llOM TaKTe He06XO,llHMO 
YMHO:>K8TL U l Ha al , u2 Ha a2 , US Ha 8 S H npoBepHTD BhlllOJIHeHHe COOTHOWe

HHJI (30). Ecrrn 3TO paseHCTBO pasHo 1, TO creneHb KOpH>I paBHa 15 MHHYC 
<rucrro TaKToB TpaHc<jJopMauHH. PaccMoTpHM Ta6rrH<~Y. 

"1 

Ha118JihHOe COCTOHHHe a 1 

llocne nepaoro wara 

llocrre BToporo wara 

llocrre TpeThi!ro wara 

llpoBepReM paBeHCTBO ( 3()) : 

1100 
0110 

a' -1- a» + a2=0010 mod 2 • 

1000 

B peayrrLTaTe norryqaeM, QTO creneHb o,llHoro H3 KOpHeii paBHa 15 - 3 = 12 
HT./1. 

TaKHM o6pa3oM, HapMy c npocToToii ycrpoiicrsa, onpe11errmomero cre
neHH KOpHeH: KoopnHHamoro ypaaHeHHR, OJlHOBpeMeHHo nonylliUOTCR nora
pucpMhi 3Ha1JeHHH KOpHeH Xj, HJIH,nonpoccy,nonyqaJOTCR: .IlBOH'IHbie KOAhi 
CTeneHeH:, liTO ll03BOn.ReT HCllOJih30BaTb 3TH ,llaHHble B CllellH8JIH3HpDBaHHDIX 

npoueccopax IIIT" .llaJibHeiiwnx BblqncrreHHii. 

3AKfliO'lEHHE 

KaK noK8.3aJia npaKTHKa
1 9 1 

, MeTon CHH)l.poMHoro KO.z:utpoBaHHH HB
JIR:eTCR: MOinHbiM H ~eKTHBHbiM HHCTpyMeHTOM ,llJIR: C03.IlaHHR: p83JIHIIHOro 
pD,ll& yCTpDHCTB, Ope,llH&3HaqeHHblX AJIR Cll<aTHR H o6paOOTKH ,llaHHbiX B 
CITeKTpoMeTpax <jJH3HKH Bb!COKHX 3HeprHii. llpH 3THX OTHOCHTeJibHO HeOOJib· 
WHX 3Hat;eHHHX MHO»CecrseHHOCTH 1 ~ t ,S: 5 HMeeTCR B03MO)I(HOCTh .IUU1 
BblliHCJieHWI 3H8tfeHHJI t H KOOp.ltHHST Cp860TaBWHX ASTtUfKOB Xj HCllOJib30-

B&Tb 6biCTpo,lleHCTBYIOIUHe llll3Y. llpH t ~ 5 MOli<HO HCITOJIL30B&Tb rH6-
pH,llHLIH MeTO,ll peWeHHJI ypaBHeHHii B none rarrya OF(2 m). 

12 



IIocKonLI<Y HeH3BeCTHLI 6LICTpble npoJ~eccopLI )J.JIH Haxo)J(,!Iemm HO.ll 
.[{BYX IIOnHHOMOB, .IVHI llOHH:>KeHHH CTeneHH ITOnHHOMa 6onee rrpe)l,II011THTe:riL
HbiM MO)KHO ClJHTaTb MeTo,n/S/ , OCHOBaHHbiH: Ha CBOifcmax IIORH ranya 
OF(2m). 
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