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B pac'!eTax ~HHaMHKH ny'iKOB 3ap1DKeHHbiX qacTHI.J, H B 
TeopHH YCKOpHTene8 '!aCTO HCllOllb3yeTCH npeACTaBneHHe 
MarHHTH08 /HnH 3lleKTpOCTaTH'ieCK08/ llHH3bl B BHAe 
coaoKynuocTH TOHKo8 nHH3hi u ABYX cao6oAHhiX npoMe)l(yT
KOB H pe)l(e - B BHAe ~BYX TOHKHX llHH3 H OAHOrO CB060AHOrO 
npoMe)l(yTKa. KoMnaKTHOe onucauue TaKoro npeACTaaneHHH 
nonyqaeTcH npu ucnonh3oaauuu annapaTa cKo6oK raycca/1-3z 
06o6meuue nocneAHHX 6onee BhiCOKo8 pa3MepuocTH npuao
AHT K llOHJITHIO Ma TpH'iHOrO KOpTe)l(a H peK!.pCHBHhiM one
pal.I,HJIM HaA HHM - qenHOK- cyMMHpOBaHHI0/3 · 

llonyqaeMhie peKypcHBHbie anropHTMbl B pHAe cnyqaea 
OKa3hiBaiOTCJI BeChMa 3<lJ<iJeKTHBHbiMH B TaKHX o6naCTJIX, 
KaK perneuue nuue8HhiX anre6pauqecKHX cucTeM 6onhrnoro 
nopJI~Ka C pe~K08 MaTpHI.J,e8 K03<1J<PHI.I,HeHTOB H perneHHe 
CHCTeM ~u<lJ<PepeHI.J,HanhHbiX ypaBHeHH8. llpOCTOTa H AOCTa
TO'iHO o6rnHpHaJI o6naCTh npHMeHeHHH peKypCHBHbiX one
pai.J,H8 Ha KOpTe)l(aX ll03BOllJIIOT peKOMeHAOBa Tb HX K HCllOllb" 
30BaHHJO B MO~ynhHbiX CHCTeMaX nporpaMMHpOBaHHH. 

BaeAeM cne~y1011.1,He o6o3Ha'!eHHJI: I - eAHHH'!HaJI({3, {3)-
MaTpHI.J,a,i(j)- j-8 CTOn6ei.J,I, i(j)- j"JICTpOKal 
I(j) - MaTpuua pO)I(AeHHJI, I(-j) - MaTpuua yHH'iTO)I(eHHJI, 

rAe 

I(j) =i(j)i(j) , I(-j)=I-I(j); /1/ 

H(a(j))- j- JI 3neMeHTapHaH MaTpuua, oTnH'iaiOII.J,aJICJI OT I 
caoe8 j -8 CTPOKOH /BeKTop-cTpOKOH a I 

H( a(j)) = i(j) a +I( -j) . /2/ 
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llycTb A({J.{J) - KBa.LJ.paTHa.ll ( {3. fJ ) - MaTpuua, uanpuMep 

MaTpHIJ,aHT HJIH MaTpHI..{a B 3a)J,a1.JaX TpaHCUOpTHpOBKH nyq

KOB Jap.ll)f{CHHbiX qacTHU. llycTb A(r) 03Ha1.JaeT (r,r) -MaT

puuy, COCTO.IILQYIO H3 nepBblX r CTpOK H CTOJI6IJ,OB MaTpHIJ,bl 

A , onpe)J,eJIHTCJib KOTOpOH OTJIH1.JeH OT HYJIJI )J,JIJI r =1: {3-1. 
Mo)f{HO noKaJaTb, 'ITO TOr.LJ.a MaTpuuy A <{3.{3) MO)f{HO 

npe)J,CTaBHTb JIH60 B BH)J,C UpOH3BCJJ.CHHJI {3 3JICMCHTapHhlX 

MaTpuu I H1 - paJJIO)f{CHHel, JIH6o a BHJJ.e npoHJBe.LJ.eHH.II 

({Jd) -ii 3JieMeHTapuoii MaTpHULI I H 2 -pa3JIO)KCHHel. Ha

npuMep, JJ.JI.II {3=3 HMeeM: 

A A A 1 0 0 1 0 
0 II" a a 11 12 13 11 12 J 

A A A -· 0 1 0 a a a 0 1 0 
21 22 23 21 22 2 

! 
A A A I a a a 0 0 1 uo 0 1 

31 32 33 I 31 32 33 
II 

131 

IIAtt Al2 Ajg I I b" b12 b 'i 100110 0 
b11 b12 b ji' 

A21 A22 A231 ~: 0 1 0 0 1 0 jl b21 b22 b23 0 1 0 i 
I 

~ A31 A32 A331 i 0 0 1 I b31 ~2 b33 il 0 0 1 0 0 1 i 
I. 

141 

CocTaBHM H3 3JieMeHTOB a u b JJ.Be MaTpHUbt, KoTopwe 

6y.LJ.eM Ha3biBaTb KOpTC)f{aMH H 0603Ha'-!aTb 

a a a b b b 
r 1 12 13 11 12 1 

a a a b b b 
< a(3/1) I = II 21 22 23 <b(4/1)1= 21 22 23 

a a a 
31 32 331 I b b b 31 32 33 

b b b 
41 42 43 

/51 
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llyCTb Bhlpa:>KeHHe a + (j) T, r )J,e a- 0- MepHbiH BCK-

Top-cTpoKa, T- (fJ,r) -MaTpuua, o6oJHa1.JaeT HOBYIO MaT

puuy, noJiy'leHHYIO H3 MaTpHULI T nyTeM JaMeHbi ee j - ii 

CTpOKH (j =1: {3) Ha BCKTop-cTpOKY a 
a +(j)T=i(j)a+IC-DT. 161 

Onpe.LJ.eJIHM onepauHIO YMHO)f{CHH.II KopTe)f{a <a(n;i) I ua 

({3. {3) - Ma TPHU:Y T CJICJJ.YIOIUHM peKypcHBHLIM o6pa3oM: 

<a(n/1)\·T =T<nl, 171 

T<jl=aj.T<j-1\t(j)·T<j-11. T<O\~T. IB/ 

aj=\la ,a , ... ,a 11. 
n i2 iO 

j~1: n. 191 

Tor.LJ.a pa3JIO)f{CHH.II 131 u 141 MO)f{HO JanucaTb a BHJJ.e: 

A ~/a(3/1)\·I =<b(4/1) \·I. 1101 

llpOH3BCJJ.CHHe KOpTe)f{a Ha C)l,HHH'IHYIO MaTpHUY Ha30BCM 

Ma Tpuueii '-ICJIIIOK- cyMM )J,aHHoro KopTe)f{a. KopTC)f{H < a(3/1) I 
H < b(4/1) I a Bblpa)f{eHHH I 101 Ha3oBeM cooTaeTcTaeuuo H 1-

KopTe)f{eM-o6pa3oM H H2 -KopTe)f{eM-o6pa30M MaTpHUbi A c 

nopo)KJJ.aiOLQHMH MaTpnuaMH a H b. llpouecc noJiy'-leHHJI no 

.nauuoii MaTpuue A<f1,{!) 3JieMeHTOB ee KopTe)f{eii-o6pa3oB 

MO)f{HO JaDHCaTb CJICJJ.YIOLQHM o6pa30M: 

j j ( ') a =A J • 
j -1 

Ai(j+1) =Aj(j)·(Ai (j)), /lll 
j 

Ar(j+l)=Ar(j)-Aj(j+l)Ar (j). r~j, A(l)=A, r,j=l:/3, 

/3 j 
fi Det a . • Det A . 
j~l J 

A=<a(f3/l)I·I. /121 
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3.n.ecb Aj u A - cooTBeTCTBeHHO j -11 cTpoKa H r -if 
r 

CTOJI6eu MaTpHUhl A. 

1 j -1 j j j-1 j i 
b j = (b 1 ) • ( A j - b j - . L b i • A j ) , 

1 =2 
1131 

b j+ 1 = Aj+ 1 (j + 1) , A r (h 1) = A r (j) - A j (j+ 1) b jr , r ~ j , 1141 
0 0 j {3-t 1 1 . 

Aj(J+1):oAj(J)bj, A (1)=A. A =A r,J=1:/3. 1151 
/3+1 j 

A =<h(/3-+ 111) I· I. ll Det bJO =DetA. 
]=1 

1161 

llpu 3TOM nopo:>K,IJ.aiOmaH MaTpuua b TaKoBa, qTo ee 
.n.uaroHanhHhie 3JieMeHThi .n.n11 nepBhiX (3 cTpoK I bJ .n.m1 j=l:f3 I 
JIBJIJIIOTCJI npOH3BOJibHblMH lux MO:>KHO DOJIO:>KHT:b\ HanpHMep, 
paBHblMH 11. 

llycTh umeTCH perneHue Ja.n.aqu Kornu .n.nH nuHeifHoro 
,II.H~~epeHIJ;HaJibHOrO MaTpHqHorO ypaBHeHHH: 

d (/3 ,r) (/3 ./3) ((3, r) 
ds X (P, s/s 0)= P (s)X (P. s /s 0 ), 1171 

({3 'r) 
X (P, s 0 /s 0 ) =X (0), 1181 

r .n.e P( s)- KycoqHo- HenpephiBHaH orpaHuqeHHaH ({-3, (3) -MaT
puu;a - ~YHKUHJI C HyneBbiMH ,IJ.HaroHaJibHbiMH 3JieMeHTaMH, 
X= Rv(P, s/s

0 
)X(O) ,R(P,s/s

0
)- MaTpHUaHT, Y.D.OBJieTBOpH

IOil.{HH ypaBHeHHIO 

ds 
P(s)R, R (P. s

0
/s

0
)= I. 1191 dR --= 

llycTh K=(s0,s1, .... ~)- pa36HeHue JaMKHyToro npoMe:>KyT
Ka [SO, Sn) Ha OTKpbiTble qacTHqHble npoMe:>KyTKH Jj =(~_1,.~) 
,IJ.JIHHhl hj =Sj -sj_1 c MeJIKOCThlO IKI:omoaxhj ,j=l: n. 3Haqe
HHe ~YHKUHH P(s) B HeKOTOpOH TOqKe npdMe:>KyTKaJj o603Ha-
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quM qepe 3 P(j). B p11.n.e cnyqaeB y.n.o6uo nonara Th P(j) = 

1 
P(sj +"2hj) 

CocTaBHM ,IJ.Ba KOpTe:>Ka: 

-
l+h1 P(1) P(1) 

<a(n$/1)1=11°. 0 

•• 

0 II <b(n($+1)/1)1= 

I+ hnP(n) p (n) 
1201 

r.n.e 
II 

1 .l. p (j) h. 
2 12 J .... -~ Fl{i (j)hj 

P 21 (j)hj 1 0 0 0 f2nU> hj 

P(j)=ll .............................. II 121/ 

Pf1[D h j Ffi2(j)h j 0 0 0 1 

1 t p12 (j)h j 0 0 0 ~ P1[fj) h j 

Tor.n.a HenpephlBHhie aHanoru .n.nH H1 - H H
2 

-paJno:>KeHHH 
,II.JIJI Ma TPHUaHTa R ( p, s/ So) HMelOT BH,IJ.: 

fi(P,s /s )o:;,<a(n(3/l)J.I :;<b(n({3+1)/1)J·I. 
n 0 1221 

TaKHe MeTO.D.hl BblqucneHHJI MaTpuu;aHTa /unu X I 6y.n.eM 
Ha3hlBaTb H1 - H H2 -MeTo.n.aMH qenHoK-cyMM . 

Pa3HOCTHa11 cxeMa H1 - MeTo.n.a HBJIJieTcJI cxeMoif I no
PH.D.Ka, paJHOCTHaH cxeMa H2 - MeTo.n.a - cxeMoif II nopH,D.Ka 
,IJ.JIJI 1- if cTpoKH Ma TPHUaHTa H cxeMoif I nopH,IJ.Ka ,IJ.JIJI 
OCTaJibHblX CTpOK. 

0TMeTHM O,IJ.HY oco6eHHOCTb 060HX MeTO,II.OB qeJIHOK
CYMM. llpu Pii (s)=O .n.n11 i=1:/) onpe.n.enuTeJib npu6nH:>KeH
Horo MaTpuu;aHTa cTporo paBeH 1 Ha Ka:>K.IJ.OM mare Bhlquc
neHHH, qTo JIBJIJieTCJI OCHOBHblM OTJIHqHeM OT MeTO)).OB 

7 



3unepa, PyHre-KyTTa HJIH A,D.aMca. TeM caMblM no MeTo,D.y 

'ICJIHOK- CYMM MO:>KHO IlpOH3BO,D.HTh IlpH6JIH:>KCHHble Bbl'IHCJie

HHJI c coxpaHeHHeM 4la3osoro o6heMa ua Ka:>K.IJ.OM ware 

Bbl'IHCJieHHH. 

MeTO,D. 'ICJIHOK- CYMM MO:>KCT 6hiTh HCIIOJih30BaH H ,D.JIJI 

peWeHHJI CHCTCMhl HCJIHHCHHblX .D.HcllcilepeHUHaJihHhiX ypaBHe

HHH, ,D.JIJI qero ypasHeHHe 

~ (~ ,l) = f (X) 

He06XO,D.HMO 3aiiHCa Th B cilopMaJihHO- JIHHCHHOM BH,D.e 

d 
dt :j -ro ar 

ax 

X 

X 

/23/ 

/24/ 

IIOCJIC qero MO:>KHO BBCCTH IIOHJITHC cilopMaJihHOrO MaTpHUaHTa 

,D.JIJI ypaBHCHHJI /24/. 
IJpe,D.naraeMhiH MCTO,D. IlpHMCHJIJICJI KaK ,D.JIJI peWCHHJI 

3a,D.a'l KoWH, B 'laCTHOCTH ,D.JIJI :>KCCTKHX CHCTCM, H pii,D.a 

3a,D.a'l ,D.HHaMHKH 'laCTHU, TaK H ,D.JIJI KpaeBhiX 3a,D.a'l · 4! H B 

paCCMOTpCHHhiX CJiy'laJIX OKa3aJICJI BCChMa 34lcileKTHBHhiM. 

CocTasneHa nporpaMMa Ha J13hiKe <I>OPT PAH no peweuHto 

MCTO,D.OM 'ICJIHOK- CYMM JIHHCHHhiX CHCTCM npOH3BOJihHOro 

nopH,D.Ka, KOTOpa.R peaJIH30BaHa ua 3BM .63CM -6 H 

CDC-6500. 
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