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IlperrpKHT E~H-1309(4)-91 

8.M.MA.ll.YHU,P.T.k!HHA 

PE.ZUGH1 Ml!.'TOJ{ CI'Jl.AJrnBAHHH 8KCilEPJ.1MEHTAJibHblX 

.ll.AHHblX 

Ilpe;zr,noxeH MeTO;n, crnallG1BaIDIH SKCrrepKueHTaJUiHblX ;Il,aHHblX, OCHO­

BaHHblH Ha ~YHK4KOHane EenJIMatta. IlpoBe;n,eH ero atta.ID1a. HccneAOBa­

HO H3MeHeHKe crreKTpa KCXO;Il,HblX ;Il,aHHblX, H3Jl{8HO ycpe;n,HeHHe KX 

myua. IlonyqeHbl peayJUiTaTbl, xapaKTepH3YDUV1e K3MeHeHHe HOpMaRbHOH 

~YHKUIDI pacrrpe;n,eneHHH. HaH;n.eHbl rrpe;n.eJIH rrapaMeTpOB M8TO;n,a, OITTK-

1W3HPYDUlHe rrpouecc crnaXHBaHHH. OT.llHllHTenbHOK oco6eHHOCTbD ;n,aa­

Horo rro.mco;n,a HB]!HeTCH rrpOCTOTa rrporpaMMHOH peairnaauKH K HCITOJlli-

30BaHHe UHHHMaJil>HblX BblllHCJU'IT6]lbHblX pecypcoB. 

EpeBaHCKKa q,HaHqecKHK KHCTKTYT 

.KpeBaa I99I 

BBe;zr.emrn 

ArrrrpOKCHMaI.UiH 3Kcrrepm.iettTa1I:bHblX ;n,aHHblX MeTO~OM Hru!MeHbWHX 

KBa;n,paTOB c HCITOn1'30BaHHeM coBOKyrrttocTH opTorottanl>tthlX WYHKUHH 

H]!K CWHBaeMblX ;n,pyr c ;n,pyroM crrnaHHOB (1) HB1IHeTCH 3WCJ!eKTHBHbiM 

crroco6ou aaa.ID1THqecKoro rrpe;n,cTaBnettHH rronyqaeuoH HaiopMliUHH. 

Enaro;zr,apH rrorpewaocTHM HawepettHH, KO.ID1qecTBO ~YHKUHH HJlK crrnffii­

HOB paayMHblM o6pa30M orpaaHqvrBaeTCH K arrrrpOKCHMHPYD~aH 3aBHCK-

M OCTb oKaab!BaeTcH 6onee r,na;n,Ko~, qeM KPHBM, rrpoBe;n,eattM qepea 

Bee aKcrrepHMettTaJUiHble TOqKK. O;n,aru<o rrnaTo~ aa aaamiTKqHOCTb 

rrpe;n,cTaBneHKH HBnHeTCH 3HatrnTeJI:bHliH 06'.beM BblqHCJU'ITen:bHOJ.1 pa60Tbl. 

c ;zr,pyroli CTOpOHbl, BO MHOrHx cnyqaHX, HaIIPHMep, ;n,nH ITOCTpoe­

iHH rpa~HKOB, Tpe6yeTCH .ID1ill:b crnallHBaHHe peayJil>TaTOB B ycnOBK­

nc, Kor;n,a AJIH CTaTHCTHqecKOH o6pa60TKH ae;n,ocTaToqao KOJIKqeCTBa 

;zr.aHHblX H 1IH Bb[qKCJIK Te Jl:bHblX pecypco:e. IlpH STOM BblHJlll:,ll,e HHO rr {MMe­

HHDT paaJlKqHble Manoo60CHOBaHHble MeTO;Il,bl. IlpHMepOM MOlleT cnyiKHTb 

ycpe;zr.HeHHe no rpyrrrrau TOqeK, qTO rrpHBO,ll,HT K yueH:bWeHHD paape -

WaD~e~ crroco6HOCTH H ITOTepe HH~OPMauHH. 
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3aaq1t1Te Jll>HO 6oJiee rrpltlBJICKU1'0JlhllLIM DIH'JlH)\ltl T MaJIOltl3BeCTHhlR 

MeTO;ZJ., J.13JIOl!CeHHhl!ti P. EeJIJIMaHOlol D CDllDltl c llOJ<OTOphllol!.1 3 ~aq&11t1 OII­

Tlt!MH3au1t11t1 [2) • B HacTO.flll(eJ.\ puc5oTu 011 11ooc·ropoHHe 1.1ayqeu 1.1 ;n.o­

Be;n.eH ;n.o rrpaKTHlle c Koro 1.1crroJ1i.~onomrn. H 11011nx cyU1eCT!leHHOro 

yrrpOll(eHltlR pacqeTOB rrpHBJICl.!011 ltlllUt\, •tOM 11 OpHrnHaJie' aJII'OpltlTM 

pe meHHR B03Hlt! KaJOll(eH CIIeUHW1t140CKOU Clr!CTOMLI ypaBHe ID1 li , a TaK~e 

yToqaetthl r paHH llHhle ycJIOBHR 1t1 11poa11aJ11r1a1r1 µouuHbl rro Jiyt.Iaeuhle pe -

ayJII> Ta Thl B 3a:Blt1 CJ.1MOCTltl OT 
0

lt1CXOAHWC •r pe6ona1rnU K c r Jial!GlBaHltlil 

3KCII e p ltlM8HT aJll>HhlX ;n.a HHhlX . 

PeaJI1t1 a au1t1.fl Me To;n.a 

EcJIH tteKOTopyD rrocJie;n.o:eaTeJII>HOCTI> ;n.e licTBHTeJII>HhlX trnceJI (RK) 

K = I,2, .•• , n. Heo6xo;ZJ.Huo arrrrp0Kc1t1M1t1po:ean ;n.pyro!ti rrocJie;n.o-

BaTeJII>HOCTI>D (XK) ' K= I,2, •• , n TaKltlM o6paaoM, llT06hl 

Klll'.;n.oe trncJio XK 6hlJIO 6JIH3KO KaK K .AK , TaK It! K 6Jlltlll8HlUltlM 

COC8,7VDI XK-1 

OHaJI 

H XK+1 .. TO CJie;n.yeT MHHHMltl3HpOBaTI> ~YHKUH-

n+t n 2 

Q = L Ci.(Xi. -XH)i.,. ?=Di (Xi -.Ai.)' (I) 
l: 1 L"'1 

rAe :see Ci 1t1 Dt. aeorpiu~aTeJll>Hhl. 

l!Hc11a Xo H x n+1 - KOHCT~Tbl K uoryT 6blT:L 3aAaHhl rpaHHq­

HhlUH YCJIOBKBMK 

X0 = 2.A 1 - .Az Xn+1 = 2.An - .An-1 (2) 

4 

c ueJil>il coxpaHHTl> Bem14HHY ;ZJ.HCKpeTHO~ rrp0!.13BO)J.HOW B Hat.IaJie It! 

KOHue MaCClt!Ba TOt.IeK. 

ITocJie rrp1t1pa:ea1.1:eaa1.111 K HYJID qacTHhlX rrpo1.1aBOAHblX Q no Bceu 

( X1,) , L = I ,2, •• , n B03HJ.1KaeT aJire6paH40CKaR CltlCTeMa Jlltl-

HeJ.\HhlX y pa:eaeHHK 

Hi._1X1._1+GLXi. + HLXi.+1= Fi., i.=1,2, ... ,n; 

Gi.=(Ct+Dt+Ci.+1)/Dt I 
L= 112, ... ,n; 

(3) 

Hi.=-Ci./DL 7 i.=1,2, ... ,n-1; Ho= Hn = 0 ; 

Fi.= .At 1 
i.=2,37 ••• , n-1; 

F1 = .A1+C,Xo/D1 1 
Fn =.Rn+ Cn+1 Xn+1 /JJn; 

~1aTpHua Koa<MJ1t1U1t1eHTOB Hi. It! Gi. 3TOH Clt!CT0Mhl - Tpex;ZJ.Haro 

HaJII>Hafi. no rJiaBHOH ;ZJ.HarOHaJlltl CTO.flT K03iMJ1t!UltleHTbl Gt ' Bblllle It! 

H~illte ee - Hi, , a ocTaJII>Hhle aJieMeHThl - HYJlltl. STa crreUHcli~rna 

II03BOJI.fleT ltlCIIOJI1>30BaTI> )J.JIR peweHltl.fl ltl3B6CTHlIB ueTO)J. rrporOHKltl [3i 

\OTOphlH :eeCI>Ma 3~qJeKTltlB8H B KOMIIl>ilTepHhlX BhltrnCJieHltl.flXo Ero aJiro­

lltlTM IIpltlBO;ZJ.lt!TCR HltllKElo 

Bhlq1t1cJIRJOTC.fl olz= H1/G1 It! ,Pz = F1/G1 

~. IlocJieAOBaTeJII>HO )J.JIR K = 3 ,4, •• , n onpe;n.eJl.flilTCH 

«K=- Hl<_,/(HK-t cx:K-1 ..- GK-1) It! ~K = ( Fl(-1 - HK-2j3K-v/<HK-tc:(1<-11-GK-1)., 

3. Haxo;ZJ.lt!TCR Xn = (Fn-Hn-1,n)/(Hn-1CX:n-t-Gn)· 

4. c IIOMOUll>D orrpe;n.eJieHHhlX paaee K03¢4llt!UltleHTOB cl.K It! 'K B 00-

paTHOH IIOCJie,AOBaTeJil>HOCTltl K=n-1 , n - 2 , •• ,I HaxO)J.HTC.fl 

XK = ot'.K+1 x K1"1 + ~K+1 
Koa~¢~u~eHThl Ci. 1t1 Di , c nouomI>~ KOTOphlX Bhlq1t1cJIR~TCR 
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aneMeHTli Tpex]U1arOHanbHOlt MaTpH~li, MOryT 6liTb HHTepnpeiHpOBaH~ 

cne;nyIODtHM o6paaoM. 

SaaqeHHR Di nponoplUIOHanDHli Becy OT]J.enDHOro H3MepeHHH 

.At • B CBOIO oqepeiU>, KoacW.>HIU16HTli Ci. xapaKTepHay~T cTerreHb 

paBHO~epHOCTH H3M6H6HHH KaKOrO-nH60 napaMeTpa npH H3M6peHHflX 

Jli • HanpHMep, ecnH TO'-IKH .Ai. aa rpa¢HKe B c"¥YHKIUIH OT 3TO-

~o napaueTpa z aKBH.ll.HCTaHTHli, TO Bee Ci. paBHli Mell;ny co-

6oi1. B HHOM cnyqae' ecnH OTcqeT i. -1 OTCTOHT OT OTCqeTa 

L Ha BenHT{HHY Zi. , TO Ci.= F( 1/Zi , 1/Zi.H) '· nocKOnDKY 

c6IDilK6HH6 T01{6K zi. H Zi.-:-1 ]J.0Jl]i[H0 6liTb T6M 60nbill6' qeM 

M6Hbme paccTORHHe ue~ HHMH. BH.n. ~YHKIUIH F - npCM3BOJlbHl:il1 , 

H ecnH npHHHTb o6paTHO rrporropIU10HaJlbHhli 3aKOH,T0 

Ci= ( 1/Zi.),/(t/zi. + 1/Zi+f) = 1/( 1-t- zi. /Zt+1) . (4) 

PeweHHe CHCT6Mli ypaBH6HH~ (3) 3aBHCHT TOnbKO OT COOTHOW6HHH 

ke~;ny KOa~<l!H~HeHTaMH Ci. H Di • 0npe;m1nHM, KaK ero BenHqHHa 

BmrneT Ha CT6Il6Hb crnaliil1B8HHH. TaK KaK rrocne,ll.OB8T6JlbHOCTb 

(Xi.) ' L = I ,2, •• , n ,ll.OCTaBJ1H6T MHHHMYM ~YHKIUIOHany (I) 

H HBJ1H6TCH 6)4HHCTB6HHliM peweHHeu (3), !O cnpa11e~nHBO HepaBeH­

CTBO 

n+1 n+f n 

L.C,(Ri.-Ri.-1)t- ?..ct<xt-xi.-t)2 ~ LDi.(XcR;.)t. 
i.::1 L=1 . l.=1 

(5) 

Ero liOAHO D.OJJy'lB'U, DO;ACTaBJlHH B (I) .Ri BM6CTO Xi. H cp8B­

HllB8H DOJJy'l6HH06 3H8'16HH6 Q C UHHHU8Jll>HYI. 3TO H6pa116HCTJIO 

UOllHO YCHJUJ1'b, OT6pacH11aH CY•Y co 3HaKOll MllHYC B neBOlt ero 

I) 

qaLrH. 

,Una ynpomeHHH ]J.aJibHei1lllHX paccyJK;lJ.em1i.1 rroJIOlttHM cHaqana Bee 

Ci. , a TaK·&e H Dt paBHliMH ]J.pyr }J.pyry H cooTBeTCTB6HHO 

BeJIH"l{HHaM C H D . IIocKOJlbKY MO.D.YJib paaaocTH .R1 -Rt-f 

i. = I,2, •• ' n B KOH6"l{HOi1 nocneAOBaT0 •l bHOCTH Bcer]J,a inteeT 

Bepxmi~ rrpe.n.en, paBHli~ , .n.onycTHM, M , TO ttepo.BettcTBO (5) .n.a­

eT HaM cne;nyIOIJ\YIO o~eHKY cBepxy CYMMli: 

rt 2 c L (Xt-.Ai.) < ]Jrl M (6) 
i.=1 

TaKHM o6paaoM, npH cTpeuneHHH D/C K 6eCKOH6l{H0CTH rrocne.n.o-

BaTenbHOCTH (XL) H (.At) cnHBaIOTCH, TO ecu "crnallCHBaHHH HeT. 

IlpHM6HHH aepaBeHCTBO ~OWH-EyHRKOBCKOro K HCXO]J.HOMY COOTHOWe­

HHIO (6), MOlttHO, IlOBTOpRH .rrpe]J.li.D.YllU1~ nyTb paccyllC,ll.6HH~. IlOKa3aTb, 

l!TO Illl'i paanHqHblX KOa!M>Hl.UlerlTax Ct H Di. yBenHqettHe cooTtto-

wettHH Di./c-.. npHBO}J.HT K c6JIH.l!!eHHIO Bnnou AO cnHRHHH ai:iaqe-

HHi1 xi. H R-.. ]J,nH nI06oro i. • Bnpoqeu, STU cpaay BH,ll.HO H3 

cHcTet.rn ypaBtteHH~ (3), TaK KaK ecnH Dt/Ct - oo , TO Gl-1 

H . Ht - 0 , qTO sKBHBanettTHO qacTHOMY peweHHD X1 =.At 

kinmocTp8IUIH M6TO}J.a EenJlllatta npHBO]J.HTCH Ha pHc.I, r.n;e c pa3-

1!H"l{HOi1 cTenei:ibXl Blill0Jl.H6HO crnall!ll.BaHH6 3y6qaTO~ KpHBOll, o6pa30-

BaHHOH npHMIDIH JlHHHHt.lH co cnyqai1Hl&H HaKnottrurn. 

lllccne.n.oBaHHe CBOJ.iCTB M6TO,ll.8 

rexaHH3M ]J.6MCTBHH i.;eTO]J.a crna;tG!BaHH!l cne.n.yllui,H~. I!OCKOJlbKY 

npeo6paaollattHe (3) mttteirittoe, peayJ1bTaT ero rrpmtetteHHH K cy1arn 

ABYX pa3i:iliX IlOCJ18AOBaTeJ1bHOCT6~ q~cen OJJ>1H8KOBOH AnHHli paBeH 
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CYMMe pesynbTaTOB B03,ll8HCTBHH Ha Kaii(,14y!O H3 HHX. 8TO .naeT B03 -

MO~HOCTb MliCneHHO pasnOlKHTb rrocne,noBaTenbHOCTb Ha CJMMY a6co -

nIOTHO T04HblX ,naHHblX H HanoiKeHHblX Ha HHX WJMOBblX ,no6aBOK. Crna­

i!GIBattHIO IlO,llBepraJOTCH o6e COCTa:BnH!OUUie, HO CT8Il8Hb ero 6y,neT ' 

KaH a To ylf.e BH;ntto Ha pHc. I, B a Halli\ TenbHOH Me pe aa:eHcen OT 

6liCTpOTli H3W8H8HHH BenH4HHli lll!Cen B rrocne;noBaTenbHOCTH. QqeBH;n­

HO, 4TO lliYMOBWI COCTa:BHHIDlllaH 6yAeT crnaJIQ1BaTbCH 6onee CHJil>HO. 

lli3Y4HM STOT MexaHH 3M KOnH48CTBeHHO. Jlooy10 rrocne.z.10BaTe1lbHOCTb 

4HCen, UHKHH48CKH IlOBTOpeHHy10, MOlKHO pasnolKHTb B ,lijiCKpeTHliH pH~ 

<l>ypbe. OrpaHH4HMCH CHMM8TpH4HblM cnyqaeM H l'ICCneJ.l.YeM crnaitG!BaHHe 

MaKCHMy~a KOCHHYCOH;Qli 8,LUIHH4HOH aMIInHTy;nu npH H3MeHeHHH 4HC1la 

COC~a:B}JH!OUUiX ee ' T048K OT 256 ;no 5. Ha pHc.2 IlOKa3attO, HaCKOJll>KO 

CMe111aeTCH MaKCHMYM crnaiKeHHOH KOCHHYCOHAli A11H pa3HblX OTHOW8HHH 

JJ/C • Vis Hero cne.nyeT, Harrp1111ep, 4TO ecnH ocuHnnm::i;1rnttHaH oco­

OeHHOCTb B rrocne;noBaTenbHOCTH 4Hcen o6pasoBaHa, ;nonycTHM, ;ne -

CHTb!O T04KatJH' TO IlpH crnal!G!Bafilrn c D/ c = 4 OHa ycpe,llHHTCH 

He 6011ee 48M Ha 1%. 
B CBOIO 04epe,nb, ,norrycTHM, 4TO WYM HMeeT raycc0By10 npHpo.ny. 

~ccne.nyeu rroBe,neHHe ero ,nHcnepCHH. Ha pHc.3 ,nnH wecTH,necHTH 

pasJIH4HblX Ha6opoB cny4aiiHwc ,llByxcoT copoKa HOpuanbHO pacrrpe.ne­

neHHblX 4HCen nO,llC4HTaHO OTHOllieHHe cyMMli HX KBa,llpaTOB rrocne H 

.no crnamtBaHHH. ~3 pHcyttKa cne.nyeT, 4TO ,lijiCnepCHH yM8HbmaeTCH 

no 1o1epe yi.:eHbWeHHH D/c , HO .itna oT;neJll>HblX Ha6opoB aTa aaKo­

H01aepttocTb napy111aeTCH. 0,nHaKO rr"o a6C01lllTHOH B811H4HHe OTHOllleHMe 

Bcer.na M8HbWe 8,llHHHUli. Ycpe,nHeHHOe no meCTH,ll8CHTH Ha6opaM OTHO-

meHMe ,llHcnepcHH B 3aBHCHMOCTH OT D/C IIOKa3aHO Ha p.r&c.4. 

ClcHOBblBaacb Ha ;nanHwc aToro H npe.llblJU'~ero PHCYHKOB, uenecoo6-

D83HO BJ:i6HpBTb D/C B o6nacTH OT O.I ,no I, 4T06li nony4HTb 

8 
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OIITHManbHlia a@cpeKT OT crnaJKHBaIDIH H83a:BHCHMO OT cneKTpa lllyMa. 

BaiKHO TaKlKe 3Han, rrpHBO,llHT nH ycpe,n.HeHHe K HCKaiKeHHX> CI>YHK-

1\HH Hop11anbHoro pacnpe,l\eneHHH. Ha pHc.5 rrpHBe,nettu TPH cpyHKI.\HH 

pacrrpe ~eneHHH. O.ntta H3 HHX - HCXO,llHaH, OTB84aJOlllaH HOPMaJlbHOMY 

pac11peAe11em110 240 cnyl.!aiiHblX trncen, a ;nBe ;npyrHe rrocTpoeHu H3 

rrpeo6pasoBaHHblX rrocne.z.10BaTenbHOCTeH. BH;nHo, 4TO pacnpe;nenett.r&e 

OCTaeTCH HOpManbHliM, HO ero ,lUICIIepcHH yMeHbWaeTCH, 4TO corna­

cyeTCH c rrpe.nu.ny1JU1M. 

B 3aK11!0481i' Ie MOlKHO yKasan Ha JIJ060IIliTHYIO CBH3b M8"1K.JJS crnaJKH· 

BaHHeM c II OMOlllblll il?YHKUHOHana (I) EenmaaHa H ero ttenpepliBHblM 

attanoroM 

G:: J ((dx/dt)2 + (x-a(t))2)dt. 
(7) 

BapH~HOHHafl aa,nal.!a, 3aK11l04a!Olllaf!CH B IIOHCKe MHHHYyYa ~YHKUH­

OHana .(?) no TeopeMe I'H111>6epTa [4] , HMeeT rna,nKoe pemeHHe .na­

~e B Knacce KYC04HO-,llHqxpepeH1.U1pyeMmc WYHKUHH. 

AllTopli 6naro,napHu C.A.Ax:IHuY aa nonesHue o6cylK)(eHHH. 
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