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·I 

llaHHajl pa6oTa npe.ncTaBJijj;eT Co6oii o6o6IUCHHC MCTO.Ua. H aJiropHTMOB, peaJJ.H30BaH· 

uwx s [1], ua c..'ly<JaH no.nromm: pacnpe.neneuHH s Meuee THnHqm.rx 3a.naqax, 'l.feM KJiaccn· 

q:ecime, HO B TO :a.e speMjl npellCTaBJijj;IOlUHX 6oJihlliOii npaKTH<JCCKHH HHTepec. MareMa· 

TH'I.fCCKHJ1. ¢opMaJIH3M B [1] 6wn C.Tie.nylOIUHH: .naua perpeccHa y(xj ), j = 1, ... , m: H .naua 

Mone.% f(xh P), 3aBHcamaa oT napaMeTpos P. Mx oueHKH uaxo.nmmci> MHHHMH3auHeH 

¢yHKUHOHaJia 
m 

L;w;(Y;- f(x;,P)) 2
, 

j=l 

npH )'C.nOBJIH 

h(x,y,P)::; 0, 

r.ne Wj • seca (s q:acruocru, o6o6meuuwe). 

K HOBblM 3a.naqaM OTHOCjj;TCjl: 

• ApryMeHThi perpeccm1. Xj • CJiy'l.faiiHI>JC senwmubl. 

(I) 

(2) 

• ApryMeHThJ perpeccHH x;- ueonpene.neHHblC BC.'lll'l.iHHbl, ~asuc~mHe oT KaKHx-;:n~6o 

.llOTIOJIHHTeJ'IbHblX )'C..lOBHif KaK ¢opMyJlhHOro, TaK H He¢0pMyJII>HOro THTia, HanpH

Mep, aB.iJjj;JOlUUCCa UCJIO'IHCJieHHhiMH BeJIH'IHHa~m H3 3a.rt.aHHblX MHO)I(CCTB. 

Bee 3TH 3a}l.a'IH MoryT 6biTh perneHbl c nOMOlllhlO MHHHMH3allHH MHK-$yHKUHOHana TH

na (1)·(2), HO nporpaMMa GFIT, ony6;IHKosaHHM s [1], Tpe6yeT HeKoTophlx .nononueuuii. 

r.'laBHOC JJ.OTIOJIHCHHC 6blJIO o6ycJIOBJICHO Heo6XOJ.l.HMOCThlO CO'I.fCTaTh MCTO.ll HaHMCHhlllHX 

KBa.npaTOB H MCTO.ll CTaTHCTJI'-ICCKJIX JICTib!TaHHii: TIOC,..lCJlHHif jj;BJiaCTCjl !'eHCpaTOpOM Ha

"--aJJ.hHh!X 3Ha<JeuuH napaMeTpos, yroqHjiCMbiX .nanee c noMOIIJ.hlO MHK-npoue.nyphl, Ko

ropaz, B CJiy'lae CXOJJ.HMOCTH, .naeT O.UHY H3 803!\.iO:lKHhlX OTITRMa.TlhllblX OUCHOK, a ll3 HHX 

Bhi6Hpaercz caMaa ny<Jlllrui, KOTOpa.s~ H 6y.neT oKOH'-IaTeJII>Hoii MHK-oueHKoH. EcJJH Ha· 

'la..'li>Hhie 3Ha<JeH»z 6epyrca H3 O"iCHh 6oJII>UlO:H: o6nacTn, TO, J<aK npasu:no, MHK-npouecc 

He 6y.ner CXOJljllllHMCa. LLna 3JWHOMHH speMeHH uecxo.nj!UlJieca HTepall.lB1: HY:lKHO npeKpa

maTh KaK MO:lKHO paHblllC l{.TlH MCHSI.Th CTpaTerHlO (mar, .neMn¢ep, seca) MHHHMH3aUJfli. 

11MeHHo TaJme .no6asnem1a H 6hiJJH snecenw B nporpa!liMY GFIT. 

Hmt•e npnseneHbl npHMepw 4 rnm~>mhiX 3a.lla'-l 1 HJWJOCTpnpylOIUHX pa6oTy nporpaMMhl 

GFIT B HOBhiX )'C.ilOBJijj;X. 

1. CJiyqaHHbli'i apryMeHT. Ilyc.Tb 3an.aHa perpeccHa f(x, P), rn.e x E X~ n-MepnwH 

BCKTOp p jj;8,'Ijj;CTCa MHO)}(CCTBOM ero napaMeTpOB. Ha6JilOll.CHHC 31'011 perpecom: .naeT 

MHOJKCCTBO 3Ha'-leHHif Yj, j ::::; 1, 2, ... , m, KOTopoe MhJ OTHOCHM K 3Ha"iCHHaM apr)'MCHTa 

Xj. llOC..'IC.nHHC MoryT 6h!Tb HCH3BCCTHhlMH T01.fH0 1 HO TIOJIY'-lCHHhlMH 3h:CTICpH!11CHTaJlbHO 11. 

npe.ncTaB.il&Th TO'IHhiC 3Ha'l.feHml !IHUih C onpe.neJICHHOii cTaTHCTH'ICCKOif norpeUIHOCTblO. 

Tpe6yercg Ha ocnosaHHH perpeccnounoM Moll.eJJH f(x, P) u MHO:lKecTBa 3KcnepHMCHTa.'li>

HhiX .naHHhlX Yj 1 Xj, KOTOpb!C npe.nno.naralOTCa B~aHMHO HC3aBHCHMhiMH, TIOJJY'-IHTb OUCHKH 

napaMerpos P. 
B KOH¢JilOCHTHOM ana.'lH3e HCCJie.nosa.'IaCh 3aJJ.a'la nna npocreihnero cnyqaa JIHHeifnoM 

perpeccHH c HOpMa.TlhHO pacnpe.ne.'lCHHhlMM x, Yi .uaHHaJl pa6ora npe.uJiaraeT yHHBepcani>

HhlH Jl npaKTH'"IeCKH 3cp¢eKTHBHhlif MCTO.U .UJla npOH3BO:IhHOif. He..'lHHeiinoii perpeCCUH. 

ByneM C'-IHTaTI>, "iTO MaTeMaTH'ICCKHe O)Kn.nauHa x; u Yi cyTI> X; u J(x, Po), a JJ.HcnepcHn 

- Vxj H Vyj COOTBCTCTBCHHO. 3.necb Po gsJJaCTCjj; JICTliHHblM 3Ha'"ICHHCM napaMeTpOB. 

HaM HY*HO nocrpoHTh o.nHospeMCHHO ouem<H KaK napaMerpos P, TaK H apryMeHTOB x;. 

1 



Bo3I>MeM n + m-MepHwH seKTop Q 

q; = Pt: pz, ... , Pn, Xt, •.. , Xm, 

H m + m-MepHbtll: seKTop T; ero 1\0MDoHeHTbl t; cyTb 

i; = YtlY2•···:Ym,XJ: ... lXm· 

Ero MO.II.e.-1bl0 aBJJJ~eTCK m + m-MepHbtH seKTop S 

s; = fb Jz, ... , fm, :Ell···• x-,.., 

r.ue KaJK.O.<UI h = f(x;, P), a .UHcnepcH& 

lV = Vyt 1 Vyz, ... , Vym 1 t"xtl ..• , V:rm· 

Ila.1ee Mhl MOJKeM .ueHcTsosaTb KaK o6bi'I.JHO u cTponTh MHK-ouemm BCKTopa Q MHHIJ

MtnauneH BhlpaJKefm}J 
2m 1 
:L -;:(I;- s;(Q))' 
j=l W; 

(:l) 

no napa!'.JeTpaM qk, k = l,2, ... ,n + m. (3) .IIB.'I.II€TC)! o6bt'I.JHblM !\1HJ<-¢yuKUJiOHa.JJ0!\1 1 

a .Ua.JJhHei1wne .uef1cTBH£ .l!BJJ)!lOTCJI cTamrapTHhJ!'.m: ;:mq>q)epcHUJ:py}! (3) no qk, :-.1w no

.Tiy"lac:-.1 HopMa.'lbH)'lO CI1CT€:'.1Y ypaBHCHJH':i 1(.1.11 ?VJHK-oueHOI\. l..J.<l.CTHbiMII llj)OH3BO,UHbl!'-.111 

s;(q;) no 9k .l!B.'l.lll01'C.II 

fls; _ ( 
aq, 

!'.!,_ . ,, 
!'.!,_ 
&r, 
1 
0 

if k = 1,2, ... ,n;j = I,2, ... ,m; 

if k = n + 1, ... , m + n;j = 1, 2, ... , m; 

if k = n + l, ... ,m+n;j = m+ 1, ... ,2m; 
if k = l, ... ,n;j = m + 1, ... ,2m. 

AHa.1onJ'I.JHbi:>.1 o6pa30M MeTOJI. MO:-KCT 6I>ITh pacnponpaHeH ua Mnoro:>.lep11hll1 c.1)''Jai1. 

fiycTb <l>YHKiliUi .f(X, P) 3a.UaHa, r11e X .sJB.l$!:€TC$!: ~"-!'.!CJ)lihli>i JH?K:ropo::-.1. 06o6utcmw 

BCl\TOpa Q CCTb n· + k · 7n-MepHbll':i BCKTOp 

q; = Pt, ]J2, ... , p,.,, .TJ h ... , X rr.t, X12, ... , .T mk 1 

i'IJIT11 HHa'IC 3alllfCb!Ba51 ( rpyll011p)'5! KOOpJlHHaTbl TOI.J€}()
1 

q; = P11P2, ···:Pn,XJJ.:t'J2, ... ,XIk:Izt, ... ,Xm!:· 

YpasHeime (3) swr.15!.UHT c.1e.U)'JOlll11M o6pa3o.\1: 

(k.+l)m l 
L -(1;- s;(Q))2. 
j=l Wj 

(4) 

3aTe!\1 MhlllO.TJ)'"::ae:-.1 MHK-oncHKH BeKTopa Q MHHII.\Jil3allllcH (4) no u+km ll<ip~t!llt>Tj)<IM: 

n napaMeTpoB p; n km napaMeTpOB - X -KOOPJ.J.HHaThr. 

Ro3HHKaeT sonpoc, KaKoBo J<a'ICCTBO no.'lyYae!-.fblX oueHOJL DocKoJihKY HE'Jlll'lllllht X 

)!8."l)!JOTCl! y;.Kc He JJe3aBMCHMhlMJi apry.\!eBTa!'.OL Ho napar.w-rpa:-.m, pcrpccCJ1}! .f(X, P) 

CTanosnTcg BCJlllHCiiJlOi'i, Jtall\C ec.1H oua .1HHeiiHa TJo P. llo3TO!'.ty !'.ll>l y;.r,:c He :>lOil\<'!'-.1 
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rapaHTI:lpOB3Th H€CM€IU€HHOCTb OUeHOK napaMeTpOB p l MHHHM3.llbH0CTb HX ,zm:cnepcnll: 

lf HX COCTO.I!TeJlbHOCTb. TeM H€ MeHee Ha npaKTMK€ C.)'IU€CTB)'€T 60JiblliO€ KOJilfli€CTBO 

cnyqaes, KOr.lla MeTO.ll pa6oTaeT xopomo. B [2] naHhl yCJIOBHJI .llJHI BhlmeynoMJ~HyTOro xo

powero 1\all:eCTBa MHK-oueHoK napaMeTpos He..1JiHeiiHhiX perpeccuH, no KpaHHeH Mepe, 

B acHMDTOTMI\e. Mx o6nuul CMbiCJI: MaJlOCTh .uucnepcml.naHHhiX u 6JIM30CTh H3'llaJlbHhiX 

DapaMCTpOB K HCTHHHblM 3Ha'ieHHJIM. 

CJJe.nyeT )''iMThiBaTh, 'iTO s o6meM cnyqae perpeccHK co c..'lyqaJ1:HhiM apryMeHTOM CO.llep

if\HT M€Hhwe HH<popMaUHH, "<JeM perpeccHK c n3secTHhiMH apryMeHTaMH. MHor.Zla npoH3-

BOJibH<UI $HKCaUIHl apryM€HTa MOJKeT DpHBeCTH K M€HblllHM CHCT€MaTH'i€CKHM OlUii6KaM, 

'i€M 06Ula.ll O'i€Hb 601lblll<Ul .UHCD€pCHJI perpecCMH CO C1l)''iaJ1:HbiM apr.)'MeHTOM. 

l1o3TOMy HlDK€CJI€Jl)'lOWHJ1 MeTO.U Jl:BJIJI€TCJI aJlbT€pHaTHBOJ1: K BbllU€0DHCaHHOMy DO.UXO.II.)'. 

3a¢HKCUpyeM Xj, HO DOBb!CHM .II.HCDepcim Yi DO ¢opM.)'Jie 

' aj(x;,P) v,;+v,;. 
Vy; = Ox 

Tor.na Mbi nMeeM o6btt{H)'l0 perpeccmo 

y(x;) = f(x;, P) + e(x;), 

r.ne e(x) $!:B!IaeTcll: onm6KoH c nncnepc:neH V(x), :n .na..11ee HCTIOJih3yeTc& o6hl'iHhlii MHK

MeTo.n: MliHHMH3HpOBaTb 
m 1 
L -::-(y;- ];(P))' 
j=l Vj 

(5) 

no napaMeTpaM Pk 1 k = 1, 2, ... , n . 

2. Heonpe.n.eneHHblii apryMeHT. IlycTb .naHa perpeccnll: y = f(x, P), rne n

MepHwH BCKTOp p - B€KTOp napaMeTpOB1 HO .U.'1Jl: 3:KCTI€pHMCRT<t.TJbHO H3MCpeHHhiX OpJlH

HaT Yi> j = 1, 2, ... , m, HX 3Ha'I.J:CHU& X $!:B.'1.1110TCJI H€ll3B€CTHhlMH HH T"O'I.J.H0 1 HH Tip»6JIM

)KCHH01 a H3BecTHO !!Hlllb To, "::.TO x E X, rne X - .!Ul.CKpeTHoe MHoJKecTso 3Ha'ieHn:H 

Xk, k = kt. kz, ... , k1. 
PaccMOTpHM cne.uyiOmnH pea.<lbHbi:H npnMep. 

llycTb H3 K3..TJH6pOBO'I.JHOI'O H3MepeHH$!: H3BCCTHO, "::TO li30TOTI HM€€T CJle.D.)'lOIUHif CllUCOK 

3HepntH raMMa-nepexo.noB: E;, i = 1, 2, ... , im· llpyroe H3MepeHHe .naeT CTIHCOK KaHa..."IOB 

Xj,j = jt,jz1 ... 1 jm, B I<OTOpbtX 6blJIH 3aperHCTpHpOBaHbl llHKH HHT€HCMBHOCTH 1 H H3BCCT

H01 '"ITO 3TH KaHaJlhi COOTBCTCTBYlOT 'I.JacTM K3..'1H6pOBO'liHOI'O CllHCKa 3HeprHJ1:. Tpe6yeTC}J: 

1. onpe.UeJlHTb aBTOMaTli'I.J€CKM COOTB€TCTBYlOlllii€.Upyr .npyry napbl ":;1HeprH5!- KaHa.."ll 

H3MepeHMll:" j . 

2. ocywecTBHTb Ka.rm6poBKY ::~Heprna - KaHan , T .e. ouennrh napaMeTpbt P Ka.JI»6po

BO"HOJ1 <j>opMynhl E(x) = J(x,P). 

3a.na'"ly MO)I(HO peiDHTb c noMOlllhlO cne.uy10IUero nrepaUMOHHoro npouecca. IlycTb Ha 

k-H HTepalllm Mhl H!'.IeeM oueHKY napaMeTpOB Pk; Mhl ¢opMHpyeM BeKTop apryMeHTOB H3 

ycnOBH5! 

X;= ARG(MINIIE;- j(x,P,)II),i = 1,2, ... ,im, 
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r.ue Xi- a.pryMeBT MHHHMyMa no X- HWeTOJ cpe.UH (xj),j = j 1 , ... ,jm. Ila.rJ.ee, 1\al\ 

o6httmo, c noMOill.hlO MHK nonyqaeTCJI YTO'liHeHHOe 3Ha'l:eHHe napaMeTpoB Pk+t. T.e. 

MHHHMA3aUHeft 
m 

L;w;(E;- f(x;,P))'- (6) 
i=l 

Y cnex 3TOH npOU€JI)'pbi 3aBMCHT OT 6.'JH30CTH OU€HKH napa.~eTpOB K HCTHHHbiM 3Ha':leHH

JJM. 06blqHO o6.'laCTb B03MOJKHblX 3Ha':I€HHH napaMeTpOB MOJKCT 6blTb 3all.aHa HepaBCH· 

CTBaMH 

Pi15p;5Piu (7) 

l1 HalJaJibHblH BeKTOp napaMeTpOB 6epe'fCSI H3 :noM o6.'laCTH. 

O.uHaKo 3Ta o6naCTb MOiKeT OKa.JaTbc.sr: C.'lUIDKOM 6o.'lblllOH H npoH3BOJibHI>IH HCXO.UHhni 

BCKTOp MOiKCT He DpHB€CTH K CXO,!lHMOCTH HTepaunif. B 3TOM C..1ytJae H€06XO.UHMa cepug 

I!CllbiTaHltH- DOC.."'e.llOBaTeJibHOCTh C.'lyqaHHo Bbl6paHHbiX HCXO.UHbiX BeKTOpOB H3 (7) H HX 

npo6Hoe HTepaiiHOHHoe YTO':IHeHJ.i€1 tJTO .st:B.1$1€'!'Ca e,nHHCTB€HHblM cpe.UCTBO.\f .UJl.sl )'Cfl€li1-

HOI'O pemeHH.l!: 3a.Ua':IH. 

3. Pacno3HaBaHHe TOl.lel.IHbiX o6pa3oB KpHBblX Ha nJiocKocTH. IlycTb 3a.D.aHo 

MHO:a<eCTBO TOtJeK Ha DJJOCKOCTM (Tj),j = l, ... ,m, r.ne Ka)K,nag TO'IKa HMe€T J\OOpll.HHaThl 

x i• Yi H :m6o npHHanneJKHT (s npe.neJJax onpe.ne.1enHoH norpemHocru) onnOJ1 H3 KpHBbiX 

J;(x, y, P;) = 0, 

i = 11 ... 1 71 1 3aBUC.sllllliX OT HeM3BeCTHbiX napaMeTpOB pi 1 .'JH60 .s!B.n.s!eTC.l!: C!l)'YaHHOJi. 3a

.Ua'I.Ja 3aK."lJOtJacrca: 

e B onpe.D,e.llCHMH TOI'01 l\al\OJ1 H3 onHOH HJIH HeCKO.'lbhHX 1\pHBblX l13 3anaBHOrO MHO

:?KeCTBa npHHa.D.:rie)KHT (umi He nprma.nne)KUT BH onHoH) Kaif\.D,a.ll TO<JJ\a Tj; 

• B ouenJ.:e napaMeTpos KpHBblX P;. 

)]:Hl Toro, ~To6bJ peumTb 3TY 3a.IJ.a.<Jy c DO!I-10TllbJO nporpa:-.tMbl GFIT, aa110 c¢opMy.'1upo· 

BaTh €€ KaK 3all,a'I.Jy MHHHMH3aJXliH KBa,apaHJ'I.JHOI'O $.)'Hl<UHOHaJJa liHTerpa..r!bi!OI'O TJ-!lla B 

npocTpaHCTBe 3Ha'lenHH napaMeTpoB. 

BbJBe.ne~f npell.BapHTeJ!hHO Mepy CBKJIM.UOBO:il 6.'1H30CTH npOH3BOJll,HOi1 TO'lKH .r1 , !It Ha 

ll.lOCKOCTH K KpHBOJ':j, 3a,aaHHOil ypaBHeHlieM f(x,y) = 0. 
0'1.J€BHJlHO, 'lTO TaJ\aa TOtJKa 6yJJ.eT Y.IJ.OBJ1€TBOp$1Tb C.'le,U.)'JOllleMy Tpe60BaHHJO: 

min ((x- x1)
2 + (y- yi)2

) 

np." ycnoBllll f(x, y) = 0 

Tipii:-.1CH€Hif€ K ueft M€TO.Ua JfarpaHiKa flJ)I1BOJl.l1T }( OY€Hb C:IOIKHOJ':i CUCTCM€ ypaHI-IC'Hl1li 

OTHOCHTe:JbliO KOOj)JlliHaT If MHO)KiiTeml, ll03TOM)' Mhl TIOCTYIJHM HHaY€. Dpe,anonOjj.:JH1, 

'ITO TOY:Ka Xt 1 Yt HaXO.UHTC}! B Ma~OJ1 oKp€CTJiOCTH KjJllBOJ':j, TaK YTO )lOJT)'CTHMa. mmeapH· 

3aUH$1 yC.lOBH$1 

f(xy)-f(x y)+f!f(x,,y,)l +f!j(x"y')J -0 
, h 1 Ox ).~ 8y ty - ' 
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r.ne h~ = x- x 1; hy = y- y1. Tor.na npHMeHCHll€' ~leTona JlarpaHif\a npnsoJIHT K c:u:-ny

IOIUeii CHCTeMe ypaBHemni: 

f!f(,·,.yt) h - iJj(.r,.yt} h, = 0. 
8y r a.r 

8j(J·"yd h,.
fJ.r 

fJj(x,.yi)h = f(.r
1
.yt). 

' fJy 

Ee pewenne no3BOmieT 

UTepaiUIOHHblM D.YTC!\J ): 

nony':IIITL TO'-n.:y .r, y (KoTopyJO. ec1n Ha.uo. :'>.Jon.: no yTO':IHIITh 

.1· = .r1 - ~~~;y = y1 - ~~:. 
rne / 1 = /(,·1 .y1), aD 
Kpm~orl 

= j~2 + f~2 B TOYJ.;:e .!'t-.1/t; II I!Op~I.Y j)ii.C('"IO.s!!lll.s! OT TO'Il\11 JlO 

f' 
' /') 1'2_.:....!.. 1' (.rt•Yl· I = I- j)' (8) 

Ec.TJJ-1 61>1 ~1hl 3HaJIH, K Kii.J\1-!M KJHlHhl!\1 npLJI!all.'Wil\ii.T TOYl\11 Ij. TO <l>YHI\Uilolla:J l\<I'I<'CTHa 

Jl..1.sr )'TO'-illt'IHHI napal\leTpo» 1\lbl liJOL"lll Gbi H32"Th H TaJ.;:o:-.llnute: 

F(P" 1'2 • ... ) = L; ,.; + L; ,.; + ... + L; ,.;, , ( !)) 
iEh iE/-z iEI, 

r.ne /i - )11110/Kecrso lii!JX('J\COB TO'I<'K. ~!C'iK<IllliiX ua 1-f1 K]mHoii. a r; • Hhtpail\<'1111<' rnna 

(8). Ec.111 J\aJ\JIC·JJJI6o 1WIKII JJ(' npliHaJlJJ<'n.:aT HJJ o.nnor1 Kpmmil .f;. Ollll H c.ni:'>.IC (q) JH' 

)''Iii.CTBYJOT. 

<I))'Hl\IUIOJia.lJ (9) He }lB,'I~eTC.s! KHa)lj)<lTll'lllhl!ll 110 n~p<IM('Tpa!ll. 110 011 )1\0ih<'T 6hJTh C)lC

JlaH TaKJJ:-.1, {'CJlJI TIO.llC'"fiiHIITh H('J\OTOJ>YlO aJJpliO]HI)'IO 011('111\}' ll<lj)O!\Wl"j>OH B :lll<l:'>.H'l!aT\'."111 

D Bhlpan.:enHH (8) n T('M ca!I·ILIM ·la<}>nK<"JtpOBii.Th ux. 13J.JpaiK('IIll<' (!J) c-rauoBun·~ TO· 

rJlil J\al!OIIll'l('Cl\JIM !\tllJ\-<]>)'llKUIJOIJtl."J0!\·1, B J.;:OTOpO!II :~Hll'I<'JJ\1~ ]WI"j)Ct"Cllll j)ilBllhl ll_\'."110. 

f;{T;, P;) lwpaKn po.:Jh MOJl('!Jeii p<'q)('cntll. a Be:JJI'Iilllhl n- HH."J)IJoTOI H<'Cil!\11!. 

' 0J\011'1aTt'.1bllhlrl ii.Jli'OJ)J1TM JlC'lii('IIHH "!il}l<l'lll 6_'-".llC'T HJ.II'.;JHJlt'Th Tal\. 

1. B!>J6npaCTOI ueJ.;:oTopoc ua<Jt'l.'lh1Jot' :~na'J('l!IW uapaliH'l"JlOH /~·- ll<lllp!L.\I<'P· <"- l.\"'!a il

BI,l:'>.1 BJ.JGOpO~t H3 o6JJ<ICTII B<nli10)K\JblX Jlla'J('JIIIII :lTILX llil)M:'>.H'T)H>t\ ('l('!\1 _'-"iM' "I l"il 

o6:JaCTh, TC:'>.1 .il)"'llliC, IJO i'OJUITCSI. 1\0II<'YIIO, ."]J06aH). 

2. C JJ0!110Ulbl0 K<lKOI'O·.i\J-160 <lJll'OJl1lT!\1a ("0JH11J)()Bl.;:)\ '1"0'11\11 11Jlli1111<"1,1HC\101<"H ], hJll1B!.l!\l 

_(; J1H60 o61,}!B.lJ.)IlOTOI HC'l\Jl('lJTIHjmllliJlOHa!JJIJ.l!\111. 

:3. Jl<'~tacTc.sr CTaiiJl<IJlTHhllilllar ~1111\-npow·;Lypl>l, c uo:-.1<>11thlo J.:<nopom YlW111HIOTI'H 

napa~1eTphl P;. ;m6o, <'C.'lH npoll<'<'<" II<' cxoJUITOI. i\1111~-npow·Jl.\"JM c Jl<lll!ll,1:'>.111 na

J>i1.!'>1C"J"\)a!\1H o6pb1Ha<'TOL ()f>pi>!H Jl<'.'J;t('T(")I Ttll.:il\t', CC.1lll CO)HHpnH~<l 01\inJ,H\<W l"\"H 

l!."!OXOi1 {COJIHJJJ\0!11 M;tJIO IIJl<'IIT\1tJll11ll1J)OBa11111>1X '1'0'1('1.:), 

-~. Ec.iJI1 llj)Oll<'C'(' o:0)\1-IT<"H, TO JI<'P<'t"'II1TJ.ltHllt>TOI B<'<"a Jt-. Jlt'."lill<l·,···H lll)fi<IH t"oJlllllltlH· 
' 

J\<1 11 HOBhli1 mar r-.·11IK-upow•Jl.YP"'· ltOJ.:a ue -~~J.:OIJ'lliT<"H y·zo•zJI<'IIJlt'. 

:i. )LiM J\fljj\JlOI1 l\pllBI)I1 IIJ><HWpHeTcH, oGt•t"ll<"IIIB<Uor .:111 YTO'l1Jt'1111J,1t' zJap<l!\!t'lil1·1 -'1_\"'1· 

uJ_yJo Gmnocn. TO'I('K "Troii 1\]HJHolt s <"~11>1<'.'1<' (:\). 11 ct·:nl ;la. ro ·1 n1 IIHpiL\11' rp1>1 

:~a 110~1 HI I il l<lTCM. 
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6. 3areM nosropgiOTCJI rnarn 1-5 JJ.O rex nop1 nona He 6y.uer no.1yYeHo .YJJ.OBJieTsopn

T€.%Hoe perneHne Ja.IlaYH pacnoJHaBaHug. 

ITpocreifrnHM a..1ropnTMOM coprHposnH gsngerol C.leJJ.yJOw.mi. 

• Bbi•mc.'lgJOrcg paccrogHH.II (8) or j-H TOYKH no i-H. l\pnsoH r(j, i), n onpeneJHUOTOI 

MenuaHbl 3THX paccTogHHH JJ..1g J\aiKnoH KpHsoH m; = M EDJ ANj(r(j, i)). 

• j-JI TOI.UOa OTHOCHTCJI K i-ii KpHBOJ1:, ec;m: 1/ (8) JJ..i'Jj! H€'€ j!B.'UeTcg MIIIHI!\f<'IJibHb!M; 

2/ oHo MeHhwe m;. MHa'le TOI.J.Ka CI.JHTaeTcg nen.o.eHnHl>HUHposaHHoiL 

.IlaHHblJ1: a..1rOpHTM .IIB.1.$1CTCJI, J\aK H B npeD.biJJ.)'lUCM CJlyi.Jae, KOM6HHauneii MeTOD.a 

HaHMCHbWHX 1\Ba.apaTOB H MCTO.ll.a CTaTHCTlfi.JCCJ\lfX HCTib!TaHiiii, HO HMecT OC06CHHOCTh, 

Bbl38aHH)'lO TCM, I.JTO 3.ll.€Cb BCC napaMeTpbl MOf.YT 6b!Tb pa36HTbl Ha HC3aBHCHMbJe rpyn

flbT, H Janm.umaTb, B C..1_y1.Jae )"Cfl€Xa, HMCCT CMbTCJI H€ BCCb B€1\TOp napaMeTpOB, a TOJlbJ{Q 

Te rpynnhi, flO KOTOpb!M fl0Jl)'1.J€HO )'.'lYI.JlllCHHe. 3To C)'WCCTBCHHO 31\0Hm.UIT HCflblTaHHJI. 

0 MaTeMaTH'-ICCKOM KOppeKTHOCTH Jan,a'-l.H MOiKHO <:Ka3aTb C:J.Cll)'lOUJ.€€. Tio~UMO 06bt'-!

Hb!X yc.'IOBHH.: HCBb!pOiK.ll.CHHOCTb MHI<-MaTpHUbl n pery~"JgpnocTb OlllH6oK,J.Uecb ecTb nsa 

JJ.OTI0.1HHTC.-1bHblX )'C.1.0BH.II: 

• K KaiK,lla}i KpHBOJ1: B XOJJ.C COpT!ipOBKli Jl0.1:iJOlO 6hJTb llpliOUCaHa KOmt1.J.CCTBO TO'-ICK 

Ai, ue MCBblllce, I.Je.\i JaJJ.aHHhle anpnopH se.'lH':IUHhl ai: 

Ai 2: a;; 

• KplfBbl€ j; llOJliKHbl 6bJTb 3Ha•·H!Ma pa3Jllf'4"HY.bl. 

l1HaGe Ja.UaGa MHHHMH3aUJm H€ MOfl\CT HM€Tb KOppeXTHOTO peillCHJ),;. 

Onncannhni a.::tropHTM ~BJJ.s!CTCJI )'HHBepcanhHbiM n B TO iKe caMoe speMJI O'-ICHb MOW

Hhl!'.f CpC.UCTBOM pacn03HaBaHYHI TOYe"'Hb!X o6pa30B CaMhTX pa3H006pa3Hb!X I<pHBbiX H aT

:JJt"'HOli a..lbTCp11a.THBOJ1: li.'llf JJ.Olla-1JICHH€M 1\ TaKH!\f !\fCTOJJ.aM, KaK MeTa.Ubl nepuenTpaHa, 

HCJipOBHhlX CCTe:H 11 T .JJ., 

OnlfcaHHhlli anropliTM nonyci<acT ·raKn;:c npocTae H ecrecrseHHOe o6o6rueHne ua c.Tly"'aJi 

n-MepHbiX KpHBhiX, IIJ>Ii'<iCM na.ny1.J.aeTCJI npa.KTHI.JCCKH BCCbMa 3<l><l>CKTHBHblJ1: MCTO.U. 

4. 3HTpamni:HblC MeTpVJKlL MeTa,llbl fl0Jl)'4€HH.JI OUCHOK napa:-.teTpOB C flOMalllblO 

11pi1HUHTia MHHI1Ma..rJbllait (H::IH MaKCHMa..'lbHOJ1:, B 3aBHCHMOCTH OT 3HaKa) 3HTpOllHH Ma

TCMaTH'<iCCKif pa3pa6oTaHbl soa6u.te-TO JJ.JI.II <J>yHKUUJ1: H fl-'10THOCTCJ1: pacnpene.1eHH.sl CJl)'-

1.JaJ1HhiX BCJIHI.JHH, Ha HX nony.1JipHOCTb (He3aBHCiiMO OT Taro, o6oCHaBaHa OHa HJIJf HeT) 

.ue:JaeT aKTya..'lbHbiM sonpoc o cnoca6ax nepeHcceHHJI :noro npHHUMna na c.'ly4aH perpec

cH:H. Ea:~ee TO'-IHO:H H o6me:H IIOCTaHOBKOJ1: 3a.Il.a'4"U 6yJJ.eT, ll0-Blllll1MO!'.f)', TaKa.ll: noc-rpo

HTb :-,1CTpHKY (H,111 HJI)'JO Mepy 6mqOCTH), J\OTOpaJI B npHCM.'lCMOif CTCllCHJf ycTynaJJa 61>1 

\JifK-MCTpiiKC B CMhlC.le :><P<l>eKTHBHOCTH, HO npeBOCXO.UJ1.Tia 6Lt ee B OTHOIUCHHH .upyrnx 

Ka'ICC'fB (HallpliMCp, po6aCTHOCTH). 

llycn. a(x) 11 b(x)- '):JeMeHTbl MeTplt'-lecKora npocrpauc-rsa, e(x)- "omn6Ka" OJJ.Horo n3 

'):J(~MCilTOB a, b c Hy.'leBhl!'.t cpeJ.IHHM H nucnepcuel1 \l(x), ax= x;, i = 1, 2, ... , m. PaccMo

'J JHf:-.f Bl•lpa;+;CHIIC 

p(a,b) = f (a(x;)- b(x;))' 
i=l V(x;) (~xp( 

(a(x;) - b(x;))' 
V(x;) ), ( 1 0) 
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BbipaJKeHne (10) MO)f(HO paccMaTpHBaTb I<aK MeTpH'I.JeCKYIH aua.nar HenHrponnH [3]. By

JJ.)''-IIi arpaHH'-IeHnoH, 3Ta MeTpnKa, ecrecrseHHo, 6onee po6acTHa, '4:eM !v1HK-MeTpHKa. B 

nee MOJKHO BKJIJOYHTb BCCOB)'lO <J>ym:UlllO w(x;), a B llOC .. l1C.UHJOJ01 naoie COOTBCTCTBYIOIUe:J1:: 

HOpMHpOBKU, H MHOJKHTeJib . 

exp( 
(a(x;)- b(x;))') 

V(x;) ' 

U, CJie.UasaTCJibHO, MHHHMH3aUHJO (HJIII MaKCHMH3ai.U:ilO) B 3TOH MeTpHKe Ma)f(HO OC)'III€

CTBJIJ!Tb c noMOIUhlO nparpa.MMhi GFIT. 
fJpe,llCTaBJHI.lOT UHTepec H .upyrHe MCpbl 6JU:I30CTH, JI:BJl&IOWHCC.si <J>yBKUHJIMYf OT f(a(x;)

b(x;))ln(f(a(x;)- b(x;))), HanpHMep: 

_ ~ lfa(x;)- b(x;)lf In(( lla(x;)- b(x;)lf)). 
p,(a,b)- 6 Jv(x;) Jv(x;) 

BeJIHGHHa p1 TIOXOJKa Ha MCTpliKY1 HO OTJIH':IaeTCJI OT see, HanpHMep, HCCJJ.HHCTBC:HHOCThlO 

H)'.:IJI:: p1(a,a +e)= 0, XOT~ a+ e He pa.BHO a. 
.llpyrnMH CJIOBaMn, aHa pasHa HyniO s n.syx OI}''-Ia.siX: 

1. CCJIH a paBHO bj 

2. CCJIH a OTJIH'I.JaeTCJI aT b Ha CTaH.UapTHOC OTK.IJOHCHHe. 

Mbi Ha3oseM p1 KBa3HMeTpm<OH. 0Ha He JIBJIJieTc& orpaHH'-IeHHOii, HO aHa Manas o6JiacTH 

a± 2e u pacreT cyruecrseHIJO MenJieHHee, <:~eM MHK-MeTpnKa, H, c.Tle.nosaTeJibHO, 6y.ner 

6o.'lee po6acTHaH, 1.J.CM llOCJie,llH.SJJI. 

3Ty H. :mo6yl0 J.mTerpa.JJ.bHYlO Mepy 6!J.Y.i30CTH }J{a{x)- b{x)) MOJl<Ha npe.ncTaBHTh npn-

6JIH)f(eHHO TaK: 

L;W(&(x), b(x))(a(x)- b(x))', (11) 
X 

rne 1¥( u, v) - secosa.si ¢YHKUHJI, y1.J.Yl:TbtBaiOma.SJ KaK HopMy norpelllHOCTH a(x ), b(x) (sMe

cro HHX MOJKHa TIOCTaBHTb HX OUCHKH), Tal< H HOp~mposaHHbl€ KOMTIOHCHThl M€phl lvf, 
''MelllaiOume" eM 6hlTb Ksa.upaTH'-InoH. 8ro ne.'JaeT npauenypy "'aCTHhlM C.'1)''-la€M o6o6-

menHoH no.nroHKH. 0Ha Mon:eT 6blTh acymecTBJieHa nporpa!'.iMOH GFIT c ncnoJib30BaHH

eM rH6Knx secas. 

IlpHMepbi 

1. Vlcc.TJe.nyeTcJI JasnCHMOCTb Te~meparypbi csepxnposo.u.xmero nepexona OT KanueH

rpauuYl: .nonHpyiOmero 3.'1eMeHra. <PopMyJia perpeccHn 

y(x) = a(l- b(x- c)'), 

rne a, b, c - napaMerphi, a x - apryMeHT, gs.'lJIIOillHikJI cJiy"GaiiHoH se.TJH'-IH»Oii. 

2. ABTOMaTH'-ICCl<Oe TIOCTpOCR"He Ka.m16pOBO'iHaM KJ>lfBOi'f. "')Repn~g- KaHa..:"l". Jlana Ta-

6JlHUa H3BeCTHhlX Ka..1.H6pOBO'-IHhlX Jll-iHUH pg,lla H30TOTIOB H pe3yJlbTaTbl o6pa6oTKH 

raMMa-cneKTpa, conepJKaw.ero cpenu npoqnx Yf JIIiHlm Ka-'1u6poBOYHblX H30Tonos. 

Tpc6ycrcJI onpe.uenHTb, Kaxne JlHHHH npHnan:~e)KaT HMeJOJUHMcx s ra6:mue H30TO

naM H 0JJ.H0BpCM€HHO OUCHHTb napaMeTpbl l\a.JJH6posa'I.JI-IOH KpHBOI1. 
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3. LlaHbl 50 TO"<JeK, H3 HHX 20 Jie)KaT (HeTO'tJHO) Ha "<JaCTH :m:mnca ll=.!& = Jl- ~~:.a?, Wy Wz 

20 .upyrnx (TOace HeTOquo) Ha <t>panteHTe Kpnsoii y = asin(wx) + c, 10 ToqcK • 

CJiy"<JaJ1Hble. IlporpaMM3 B OCHOBHOM npaBHJlhHO paccopTHpOBaJla TO'IKU If BCCh· 

Ma TO'<IHO oueHHJia napaMeTpbl xo, W:r, Yo, w11 , a, w, c. HecKO.'lbKO ToqeK, O.lll1HaKoso 

6JIH3KHX K o6CHM KpHBblM
1 

6blJIH OTHCCCHbl K O.UHOJ:i H3 HHX llpOH3BO.'lbHO. 

4. IlapaMCTpbl JIHHeJ1HOii perpecCHH C Bbl6pocaMH OUCHHBaJIHCb C TIOMOlllblO TIO.UI'OHKH B 

MeTpHKax: 3HTponHiiHoii, HaHMCHbillHX Ksa.upaTOB H MHK c o6o6weHHbJMI:I secaMH. 

To"<JHblC OTBCThl: 1,10. BH.nHo, '-ITO ~"IY'-IUJHe OTBeTbl nony"<JCHbt s TpCTbeM cj]y~me. 

HHa<e npnse,neH KpaTKHH JIHCTHHr Bbl.lla'<ln nporpaMMbt GFIT. 
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********** RANDOM ARGOMENT **************** 
Ch2/df= .31 eps= .3 3 + 0 iter. RF=1.00 

Parameters and their errors 
97.4282 .1280 .1407 

1. 2543 .0059 .0131 

Parameter b = 50.500 9.376 
Experimental and fitted arguments and their errors 

.0570 .0600 .1200 .1240 .1400 .1900 .1940 

.0560 .0614 .1186 .1244 .1394 .1831 .2016 

.0045 .0044 .0077 .0089 .0092 .0100 .0111 

Chdev= 

********** UNORDERED ARGUMENT **************** 

. 71 Ch+= .45 

Ch2/df= 1.00 eps= .2 10 + 0 iter. RF= .90 Chdev= .50 Ch+= .28 

Found channels 
279.103 548.540 767.232 

1912.933 2125.412 2394.927 
Parameters and their errors 

.456 -5.735 

.000 .330 
Data Fit Chi2 

121.78 121.61 .11 
244.69 244.55 .08 
344.27 344.34 .02 
443.94 444.03 .03 
778.91 779.05 .07 
867.38 867.10 .32 
964.07 964.05 .00 

1085.83 1087.03 5.67 
1112.06 1111.77 .35 
1407.97 1407.39 1.36 

985.708 1719.957 
2449.159 3097.047 

Graph 

* 
* 

* 
* 
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********** POINT PATTERN RECOGNITION ******** 
3000 tries, chi1, chi2 .008 .002 

-----------------------------------------------------------------------
* 

2 2 
1 

2 1 

1 2 

1 

2 2 

1 2 
1 

1 

* 2 
2 

• 
• 

1 1 1 

2 

* 

1 2 2 2 

2 
2 

2 22 2 
2 

2 

1 1 

• 

2 

1 

2 

1 

1 - points of ellipse, 2 - of sine, * - random 

1 
2 

2 

2 
2 

2 

-----------------------------------------------------------------------
Obtained parameters 

4.94 4.01 6.02 2.97 4.01 1.25 5.09 

True parameters 
5.00 4.00 6.00 3.00 4.00 1.26 5.00 
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********** MAXIMUM ENTROPY FITTING ********* 
............... . The fitting quality is not good 
.. .............. Minimization accuracy not reached 

Ch2/df= 5.76 eps= 1.6 7 + 5 iter. RF= .60 Chdev= .33 Ch+= .87 
Parameters and their errors 

1.141 
.044 

Data 

12.49 
10.99 
13.25 
13.71 

.00 
16.19 
17.62 
16.82 
20.23 

100.00 
19.89 
21.25 
23.39 
23.75 

.00 
26.58 
27.88 
26.96 
30.27 
31.23 

8.262 
.577 

Fit 

9.40 
10.54 
11.68 
12.82 
13.96 
15.11 
16.25 
17.39 
18.53 

Chi2 

12.73 
.26 

3.26 
1.06 

260.01 ,+ 
1.57 
2.51 

.43 
3.88 

19.67 8604.45 
20.81 1.13 
21.95 .66 
23.09 .12 
24.23 .31 
25.37 858.19 .+ 
26.51 .01 
27.65 .07 
28.79 4.47 
29.93 .15 
31.07 .03 

Graph 

* + 

* .. 
* 
* .. 
* 
* 
* 
* + .. 
* 
*+ 

* 
* 
• 
• 
• 
• 
• 

................ The fitting quality is not good 
Ch2/df= 531.05 eps= .0 7 + 5 iter. RF= .25 Chdev= .33 Ch+= .85 
Parameters and their errors 

.917 13.000 

.034 .402 
................ The fitting quality is not 

Ch2/df= 3.23 eps= .0 
Parameters and their errors 

1.026 
.035 

9.812 
.425 

7 + 5 iter. RF= 

11 

good 
.70 Chdev= .33 Ch+= .39 
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3;10K<i30B B.E. 
]"v1eTO.J HaJ{MeHblllV.X KBa.JpaTCB ;l'l.SI perpeccnii CO C1)1t.!ai1:HblMH 

H.1H HeOnpe.Je.1eHHblMH 3pf)'MeHTa.MH 

P11-98-45 

B pa6ore pacC~'>IO·;penoi c.!e;:ryiOmv.e nono.1HHTe.1hHble pc)101Mhl nporpaMMbl non)ltJeHH.SJ 

!\1HK-oueHoK napa.,~erpos perpeccJ!i1: l) apry.-.leHr- C.1)'~·1ai1Has! Be.awuma; 2) api')'MeHr 
HeH3BtCTeH, HO V.3BCCTHO MHO:::KCCTBO ero B03~lO)Kt-:b!X 3Hat:IeHmi; 3) BeCOBa.SI cjJ)'HKUH5l 

crpOI1TC.SI cneuHa.'l!>HO rtl£ 3a.J.alJ pacno3Hasruma roqeqHbiX o6pa3oB KpHBhJX; 4) secoaaJI 

Q)'HKlW.:t 11Cfl0.1b3)'CTC.SI lJ...'!jj, pea1H3aUlm flO!tr~H:iKH B HHbiX, He:lKe.ilH KBa,upaTHt:IHast, MeTpHK3X. 

3aJ<?.'ili 2, 3 npHBO,J~T K He06X.O.JHMOCTH COI.!CT3Tb MeTO.U H3HMCHbllHIX KBa.::tpaTOB H MCTOJl 

CTaTV,CTH~eCKY.X v.cnblTaHV.\i.: DOC:lemm\i. SIB.>151eTC~ reHepaiOpOM H3'-!2w1bHhlX 3H2.'-l.eHHH napa
MeTpOB, )'T<'YH51eMbiX na1ee c no!-.lOI.UhiO MHK-npoue.nypo1, Koropa51, s C.1)1tJae cxo.rtHMOCTH, 
J.aeT O.JH)' H3 1303~lC:.!-:HbiX OnTI1Ma..1bHbiX OUCHOK, a H3 HHX Bhi6Y.paeTC51 CaMa51 .. 1)"1Wa.SI, 

Koropas: · 11 6y.uer oKOHYaTe..1bHOJ1 MHK-oueHKOH. n.151 3KOHOMHH speMeBH HecxO.!l5lWHec.st 
!Hcpau;m 11peK pamamrc51 ca~\OH nporpaM~iOH 

MBHI!MH3ZUHH (war, .JeMncpep. Beca). 
HJH asTOMaTH'·:ICCKH MCH.s!.eTCSI CTpaTenur: 

Pa6o;a BW10.1HeHa B Jia6oparopHH HeHrpoHHOH Qm3HKH HM. H.M.<DpaHKa OI15U1. 

I npe.lpHHT 06be.:mueHHOrO !lHCTHT)'Ta 51'.:1epHbiX iiCC.'lC;IOBaHHH.lly6Ha, 1998 i 

nepeBo.J asropa 

Zlokazo\' V.B. P11-98-45 
Least Squ~:c \1ethod for Regressions with Random or Indefinite Arguments 

T:-:e :;a per co:1siders the fo!lowing additional modes of the program for building the least 
!'quare e~timatcs of regressi(Ji1 parame!ers: 1) the argument is a random quantity; 
2) the argument is unknown. however, the set of its possible values is known; 3) the weight 
function !~ bui:t specifically for tbe recognition of point patterns of the curves; 4) the weight 
function is used for the fitting in other tha:1 quadratic metrics. The problems 2, 3 lead 
to the necessity of combining methods of leaq square esrimation and that of statistical trials: 
the latter is a generator of initial guesses of parameters, which then are refined with the help 
of the least square procedure 1hat in case of con\·ergence gi\'es one of the possible estimates 
and o:..tt of these the best one is selected and considered as the final estimate. To spare 
the computation tim.e the incom·crgent iterations are broken-up by the program itself. or. 
au:omatic-ully :he :-.tratcgy of th~ minirmzation (step. damper . .,~ .. eights) 1s changed. 

The in\'cstigation has been performed at the Frank Laboratory of :-.ieutron Physics, JINR. 

f-reprint of 1hc .1oin: b~!i!Utc fe-r :\'uclcar Rest.' arch. Dubna. 1998 


