


1. BBEAEHHE 

npH o6pa60TKe ,qaHHbiX 3KCnepHMeHTa NA4/l/ npHWJlOCb CTOJlKHYTb-

CR c npo6neMoA coa,qaHHR cxeM~ xpaHeHHR 6onbwHx /HanpHMep, 
300x300/ pa3pR>KeHHbiX MaTPI-11..1*, KOTOpaR B ceoeA o6~eA peallH3ai..IHH 
MO>KeT HaATH npHMeHeHHe H B pR,qe ,qpyrHX 3KCnepHMeHTOB. 8 4acr
HOCTH, C y4eTOM orpaHH4eHHOA paapewa~~eA cnoco6HOCTH 3KCnepH
MeHTaJlbHOA ycTaHOBKH H ee BllHRHHR Ha onpe,qeneHHe CTpyKTypH~X 
<!JYHKI..IHA HYKllOHOB HeKOTOpble HCKOMble pacnpe,qeJleHHP pacceRHHbiX 
4aCTHI..I RBllRIOTCR peweHHeM Clle,qy~~eA CHCTeM~ HHTerpaJlbHbiX ypaeHe
HHA: 

f f(x) dx. f dx J u(x') p(x',x)dx' 
i\s; tls; s /1/ 

i• 1,2, ... ,N, 

r,qe X' H X npe,qcTaBJlR~T C060A KaKy~-nH60 <!JH3H4eCKy~ BellH4HHy; 
npH 3TOM X - H3MepeHHOe 3Ha4eHHe, a WTPHXOM 0603Ha4eHO H,qeanb-
HOe /HCTHHHOe/ 3Ha4eHHe; U(X') - HCKOMOe pacnpe,qeJleHHe /HanpH-
Mep, pacnpe~eneHHe co6~THA - aKTO~ pacceRHHR/: p(x',x) - ee

poRTHOCTb nOJly4eHHR B 3KCnepHMeHTe CMe~eHHOA BellH4HHbl X, COOT
BeTCTBY~~eA HCTHHHOA BeJ1H4HHe x'; f(X) - CMe~eHHOe pacnpe,qeneHHe, 

0 KOTOpOM H3BeCTeH JlHWb ero HHTerpaJl no .-\S; - pe3yllbTaT H3Me
peHHR B H3MepHTeJlbHOM HHTepeane i\S; ; 1\S; - i -TbiA HHTepean H3-
MepeHHR /no,qo6nacrb H3MeHeHHR x HllH x' I, i =1 ,2, ... , N ; S 
nOJlHaR 06JlaCTb B03MO>KH~X 3Ha4eHHA <!JH3H4eCKOA BellH4HH~ X, npH 

N 
3TOM U ~S; • S. 

i·l 
npH H3BeCTHOA <!JyHKI..IHH p(x',x) ypaeHeHHe /1/ pewaeTCR nyTeM 

npHMeHeHHR CTaH,qapTH~X MeTO,tiOB anre6paH3a1..1HH HHTerpallbH~X ypae

HeHHA H nyTeM peweHHR noi1y4eHHOA npH 3TOM CHCTeM~ JlHHeAH~X ypae
HeHHA. 

EcnH eepoRTHOCTb p(x'. x) HeHaeecrHa e ceoeA aHallHTH4eCKOA 

<!JOpMe, TO Ha OCHOBe H3BeCTHOA HH<!JOpMai..IHH 06 H3y4aeMbiX B 3KCne

PHMeHTe npOI..IeCcax CTPOHTCR nPOI..Ie,qypa /B o6~eM Clly4ae MeTO,tiOM 

*Paape>KeHHOA Ha3~BaiOT MaTPHI..IY, HMe~~y~ Mall~A np01..1eHT HeHy
JleB~X 3JleMeHTOB. npH 3TOM OTHOCHTellbHO MeCTOnOJlO>KeHHR HylleA 
HHKaKHX anpHOPH~X npe,qnOJlO>K€HHA HeT: OHH MOryT 6~Tb paCnOllO>KeH~ 

coeepweHHO cny4aAH~M o6paaoM. 
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MoHTe-Kap.no/, KOTopaH reHepHpyeT nepexoAbl x'-+ x. B PHAe c.nyLiaee 
MeTOAOM MoHTe-Kap.no HeBo3MOlKHO onpeAe.nHTb ~YHK~HH p (x',x) c 
YAOB.neTBOpHTe.nbHO~ TOLIHOCTbiO; TOrAa npHXOAHTCH HaXOAHTb cnoco6 
a.nre6paH3a~HH, npH KOTOPOM HeT He06XOAHMOCTH HMeTb p(x',x) 

8 aHa.nHTHLieCKO~ ~opMe. B pa6oTe/V npeA.naraeTCH MeToA o6pa6oTKH 
AaHH~X 3KCnepHMeHTa, xapaKTepH3YeMoro ypaeHeHHeM THna /1/, 
KOrAa npHMeHHeTCH MaTpH~a, 3.neMeHTaM KOTOPO~ COOTBeTCTByeT B 
HaWHX o6o3HaLieHHHX c.neAYIO~ee B~palKeHHe: 

f dx f u(x') p(x', x) dx' 
~s· ~s· . 

aij • f u(x') dx' 
/2/ 

Mi 

B HaCTOH~e~ pa6oTe H3.naraeTCH o6~a~~ cxeMa, o6ecneLIHBaiO~a~~ 
KOMnaKTHOe AHHaMHLIHOe H306palKeHHe MaTpH~~ THna /2/ B 6~CTpo
Ae~CTByiOII\e~ naMHTH 36M A.nH c.nyLiaH, KOrAa HH~OpMa~HH 0 aepOHT
HOCTH p(x',x) no.nyLiaeTcH nyTeM nocTeneHHoro c6opa nepexoAOB 
x' ... x, no.nyLieHHbiX H3 pacLieTOB no MeTOAY MoHTe-Kap.no. 

2. onPEAEnEHHE MATPH4H~X 3nEMEHTOB H CXEMA HX XPAHEHH~ 

B KaLiecTee npHMepa paccMOTPHM c.nyLia~ ABYX nepeMeHH~x, T.e. 
KorAa ae.nHLIHHa x npeAcTaa.nHeT co6o~ ABe nepeMeHHble, cKa
lKeM, xi H x 2 . MeTOA MoHTe-Kap.no reHepHpyeT nepexoA~ 3THX ne-
-. ...... ~,... ...... ,, ,,,... Jl,, _ __..,.,,.,,.,,,ll v' ''" VI r"' ll, .. ..,.~...., .... nolllll....,ll V , .. V n-,..."0 
... ~o·o~""won .,_ ••~ "'""won .. 1 " ":! - 00 - 00 -I"-""W'~ '' 1 " ";l' 

00
-: .. -

reHepa~HH no MeTOAY MoHTe-Kap.no No nepeXOAOB pacnpeAe.neHHH 
~H3HLieCKHX ee.nHLIHH Xt H X2 AO nepeXOAa H XIH x 2 noc.ne Hero CBH-
3~BaiOTCH c.neAYIO~HM B~palKeHHeM: 

j m IIXkmiiX b 

• ~ ~ n 'k q" 'k' j•l k·I I rmJ 

/3/ 

*3AeCb 1-1 a Aa.nbHe~weM caMH pacnpeAe.neHHR H HX HHTerpa.n~ no 
H3MepHTe.nbH~M nOA06.naCTJIM 6yAeM pa3.nHLiaTb TO.nbKO B c.nyLiae, ec.nH 
3TO Heo6xOAHMO A.nH noHHMaHHH TeKCTa. 
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i max- LIHc.no noAo6.nacTe~ no xf; kmax- LIHc.no noAo6.nacTe~ no x2; 
n~ - LIHC.no co6~TH~ noc.ne reHepa~HH nepexoAOB e o6.nacTHX H3Me
peHHH f no XI H m no X2; n~k- LIHC.nO C06~TH~ B o6.n~CTHX j no 
XtH k no x2; Mjkfm- LIHc.no to6biTH~, nepeweAWHX H3 o6.nacTH jk 

B o6.naCTb fm; qfmjk - AO.nH C06biTH~, xapaKTepH3YIOII\aH nepeXOA 
jk -+ fm. 

H3 ~opMy.nbl /3/ BHAHO, LITO AOCTaTOLIHO o6ecneLIHTb 3KOHOMHoe 
AHHaMHLIHOe xpaHeHHe MaTpH~bl M jkfm B CH.ny TO~O, LITO OHa no.n
HOCTbiO onpeAe.nHeT q fmjk npH noM~H BeKTOpa n jk • 

Ha OCHOBe B~WenpHBeAeHHOrO C~OpMy.nHpyeM 3aAaLiy, a HMeHHO -
Ha~TH 3KOHOMHbl~ cnoco6 H3o6palKeHHH MaTpH~bl M jkfm , LIHC.no HeHy
.nee~x 3.neMeHTOB KOTOpO~ AHHaMHLIHO B03pacTaeT npH paCCMOTpeHHH 
LleT~pexMepH~X nepeXOAOB. HCXOAH l-13 HaLia.nbH~X yc.nOBH~: 

npoBeAeM c.neAYIO~He onepa~HH A.nH ecex nepexoAOB ( rt • 1 +No ) : 
npH nepexoAe jk- Pm 

Mjkfm • M jkem + 1 • 

11 a 1 nfm • npm+ ' 

a npH nepexoAe jk ... ~ /T.e. AnH HeH3MepHeM~x c.nyLiaee/ M H n" 
b b 1 He MeHRIOTCJI, a ll jk • ll jk + • 

Cne~H~HLIHOCTb cxeM~ e~palKaeTcR HMeHHO a ee AHHaMHLIHOCTH -
LIHC.no HeHy.neB~X 3.neMeHTOB H nOPRAOK HX HeH3BeCTH~, B 3TOM c.ny
Liae CTaHAapTH~e cnoco6~ xpaHeHHJI/3/ HenpHMeHHM~ A.nR AOCTaTOLIHO 
6o.nbWHX MaTpH~. 

3. AHHAMH4HA~ CXEMA An~ H306PA*EHH~ MATPHUM M 

npeACTaBHM ce6e CeTKy, LIHC.no y3.nOB B KOTOPO~ paBHO fmaxXffimax• 
B KalKAOM y3.ne nycTb 6yAeT pacno.nolKeHa noc.neAYIO~aR ceTKa, ~eHT

poM KOTopo~ HB.nReTcR a~6paHH~~ y3e.n. AaoHLIHaR ceTKa H3o6palKeHa 
Ha pHc.l. KOHCTPYK~HJI BTOPHLIHO~ CeTKH o6ecneLIHBaeT OAH03HaLIHOe 
COOTBeTCTBHe MelKAY 3.neMeHTOM M jkfm MaTpH~~ M H OAHHM y3.nOM 
BTOPHLIHO~ CeTKH, pacno.nOlKeHHO~ B y3.ne fm nepBHLIHO~. 

npH HaKon.neHHH 3.neMeHTOB MaTpH~~ M, A.nR KalKAO~ nap~ HHAeK
COB fm HaXOAHTCJI ae.nHLIHHa R~m - paAHYC CMe~eHHJI, KOTOpbl~ on
peAe.nHeTCJI c.neAYIO~HM o6pa30M: 

Rpm• Jkax(!i-f!, !k-m!), 

3 



Pnc.J. ~BOH~HaH ceTKa y3~0B AflH xpaHeHHH MaTpHupi M. 

rAe j 11 k npoXOART no seeM HeHyneSbiM 3IleMeHTaM MaTPI1Lib1 M c HH
AeKCaMH r H m. TaK11M o6pa30M' HeHynesble 3IleMeHTbl MaTPHI.Ibl M Mo>K
HO nOMeCTHTb Ha 4HCI1e MeCT 

Pmaxmmax 
K • '£ '£ (2Rp + 1) 2, 

f•l m•l m 

H AllR perHcTpa1.111H HaXO>KAeHHR nOAMaTPHLI c HHAeKcaMH fm /T.e. 
STOPH4HbiX ceTOK npH nepsH4HOM Y3Ile em I AOCTaT04HO HMeTb Aallb
HeHWHe fm 11 x xmm 11 x MeeT. 

Ha npaKTHKe AHHaMH4HaR cxeMa H3o6pa>KeHHR 4eTblpexMepHoi1 MaT
PHI.Ibl peanH3yeTCR cneAY~~HM o6pa30M. Ha4HHaeM npo1.1eAYPY co 
3Ha4eHHH Rpm =0, P =1 ,2, ... , Ymax , m =1 ,2, ... ,mm 11x H war 3a 
waroM ysenH4HsaeM Rfm s 3aSHC11MOCTH OT nocTyna~~Hx npH reHepa-
1..11111 nepeXOAOS jk -+ fm. noAMaTPHI.Ibl C paAHyCaMH CMe~eHHR Rfm CKOpO 
AOCTHrHyT CSOHX xapaKTepHbiX pa3Mepos S 3aSHCHMOCTH OT CHilbl 
CMe~eHHR, nocne 4ero HanOI1HeH11e 3IleMeHTOS pe3KO YCKOpHTCR. 
Ha 38M MaTPHI.Ia M H3o6pa>KaeTcR OAHOMepHbiM MaccHsOM, a aApeca 
noAMaTPHLI xpaHRTcR OTAellbHO. 8eni1411Hbl Rfm MO>KHO Bbi4HCI111Tb H3 

] 

aApeCOS ASYX noclleAOSaTellbHbiX nOAMaTpHI.I H C 1.1e11b~ YCKOpeHHR 
npOI.IeAYPbl xpaHHTb OTAellbHO. 

4. AHHAMH4HAH CXEMA H306PA~EHHH 3KCTPEMAnbHO 
oOilbWHX MATPHU M 

8 3aSI1CHMOCTH oT 3KcnepHMeHTa HllH sb16paHHoro 4HCila 3KcnepH
MeHTallbHbiX noAo6nacTei1 HeKoTOpble RPm MoryT 6b1Tb CllHWKOM 6onb
WHMH AllR Toro , 4T06bl 11MeTb S03MO>KHOCTb coxpaHRTb 1.1e11y~ MaTPHLIY 
B onepaTHBHOH naMRTH KOHKpeTHOH 38M. 8 TO >Ke speMR nepexOAbl, 
cooTseTCTBy~~He 6onbWHM pa3HOCTRM I j-fl HllH I k-ml, cpasHH
TellbHO peAKH. 3To AaeT S03MO>KHOCTb peweHHR npo6neMbl c noMo~b~ 
SHeWHeH naMRTH. npeACTaSHM ce6e, 4TO S XOAe c6opa nepexOAOS 
OAHH nepeXOA Tpe6yeT paCWHpeHHR nOAMaTPHI.Ibl f IICt , ID act TaKHM 
o6pa30M, 4TO noclleAH~~ nOAMaTpHI.IY pI ast , ID I ast npHAeTCR Sbl-
4epKHYTb H3 onepaTHSHoi1 naMRTH. 8blnHweM TOrAa 3Ty nOAMaTpi11.1Y 
S OTAellbHbiH ~ai111 /~ai:in-1/, a nepeXOAbl, KOTOpble npH AallbHei1WeM 
4TeHHI1 SXOAHOH HH~OpMai.IHH 6YAYT OTHOCHTbCR K Hei1, SblnHWeM S 
APyroi1 ~ai111 /~ai1n-2/. TaKHM o6pa3oM, nocne npo4TeHHR nonHoro 
SXOAHOrO ~ai111a nepeXOAOS nOilY4aeM TPH THna HH~OpMai.IHH: 

1. 8 onepaTHSHoi1 naMRTH: (Ol 
4aCTb MaTpHI.Ibl M jkfm • rAe ~- 1,2, ...• r s p rn ftX 

m • 1,2, ... ,m(O) Smmax• 

/~ai:in-1/: 

4aCTb MaTPHI.Ibl M ikVm , rAe p.p(O)+ 1, ... ,p<ll ~fmax, 
(0) 1 \1) < m • m + , ... ,m - m max . 

3. 8 OTAellbHOM ~ai1ne /~ai1n-2/: 
napaMeTpbl nepeXOAOS, COOTSeTCTSy~~He nOAMaTPHI.IaM, 
xpaHR~HMCR S ~ai1ne-1. 

AanbHei1wHe war~-1: 

- 4aCTb MaTpHI.Ibl M, HaXOAR~ei1cR s onepaTHSHOH naMRTH, TpaHc
~opMHpyeM s ASYXHHAeKCHY~ ~OPMY H SblnHWeM S OTAellbHbiH ~ai111 
/~ai:in-3/; 

- sseAeM s naMRTb 4aCTb M, coxpaHeHHY~ a ~ai:ine-1, npH 
3TOM Rfm =0, e =1,2, ... , f(O) 'm=1,2, ... ,m<Ol. nOCKOilbKY AllR 
3THX HHAeKcoe see nepexOAbl y>Ke 6bi11H co6paHbl B M jkPm ; 

- npo4HTaeM c ~ai:ina-2 nepexOAbl H HanonHHM Mjkfm ; 
- STopy~ 4aCTb MaTPHI.Ibl M jkfm TpaHc~OPMHpyeM TaK>Ke a ~opMy 

ABYXHHAeKCHOH MaTPHI.Ibl H Ao6asHM ee K nepsoi1 4aCTH Mjkfm /MaT
PH4Hble 3IleMeHTbl M jkfm- aAAHTHSHble senH4HHbl/. 

H3 nonHoi1 MaTP11Libl M H seKTopa nb MO>KHO nolly4HTb MaTPHLIY 
q fmjk HllH ee ASYXHHAeKCHbiH sapHaHT q ts• OT MHOr04HCileHHbiX 

HyneSbiX 3IleMeHTOS qts MO>KHO OCS060AHTbCR ClleAY~~HM o6pa30M. 
HMeR S SHAY, 4TO qts 2:;0, 11~6y~ CTPOKY t MaTPHI.Ibl q: 

a b c 0 d 0 0 0 e f 0 0 0 0 g ••. 
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Tiepexo~ 

/BBO~ 
D;aHHhiX/ 

Iho6paJK. Coxp 

Mjkfm IIOJIH 

B ,!V!OH'IH. M 

CeTKe B ¢a .Hne 

t 
"KoHJJ;eHcanHH 11 

ITO /4/ BO 

BTOpH'IHOH CeTKe 

TpaHc¢opMau;HH H3o6p. 

"KoHJJ;eH-

M jkfm-> qts 
CHpOBaH-

HOil: 11MaT-

PHJ..Ibl qts 
B rraMHTH 

llpOBe~eHHe 3TOil: 11KOH~eH
Call,HH11 IlpH 3KCTpeMaJibHO 

6oJibWHX rro~aTpHIJ,ax 

3KOHOMHT IIaMHTb, HO He-

CKOJibKO 3aMe~HeT XO~ 

rrpoll,e~ypbi. 

PHc. 2. BnotiHaH cxeMa rrpo11,e~ypb1 rronytieHHH MaTpHu; 
M H q. 

MO~HO COXpaH~Tb np~ yMeHbWeHHOH An~He B B~Ae: 

a b c -1-d -3 e f -4 g ... /4/ 

"KOHAeHCal.I~R" T~na /4/ o6ecne4~BaeT 3Ha4~TenbHYIO 3KOHOM~IO, OA
HaKO AnR AanbHeHwero np~MeHeH~R nonbaosaTenb AOn~eH s~pa6oTaTb 
cne1..1~anbH~e npolleAYP~ MaTp~4H~x onepali~H AnR TaK~x KOHAeHc~posaH

H~x MaTp~'-1· 

6no4HaR cxeMa nonHoH npo1..1eAYP~ ~ao6pa~eHa Ha p~c.2. 

5. PEAnH3AUHH HA 3BM COXPAHEHHH MATPHU M H q 

Opo1..1eAypa, npeAno~eHHaR B npeA~AY~~x naparpa~ax, B HacTOR~ee 
speMR ~opMneHa Ha R3~Ke ~opTpaH AnR 3BM CDG-6500. 

CaMa nporpaMMa pean~aosaHa AnR 4aCTHoro cny4aR o6pa6oTK~ AaH
H~x 3Kcnep~MeHTa NA4/ 4/ - ~3MepeH~R A~~~epeHLI~anbH~x ce4eH~H 
rny60KOHeynpyroro pacceRH~R MIOOHOB np~ 3Hepr~RX 120+ 280 r38 
~ nerKo MomeT 6~Tb np~cnoco6neHa AnR o6pa6oTK~ APYrHx 3KcnepH
MeHTOB, 

CBeAeHHR o6 3TOH nporpaMMe 6YAYT ony6nHKOBaH~ a OTAenbHOM 
coo6~eHHH AnR nonbaosaTeneH 38M OHHH. 

B 3aKnl04eH~e xo4eTCR s~paaHTb 6naroAapHOCTb y4aCTHHKaM 
NA4Konna6opal.IHH aa CTHMynHposaHHe npoBeAeHHR AaHH~x paapa6oToK. 
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