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BBE.I(EHHE 

IloJiyqemrn . AOCTOBepHOM J1H<pOpMau;1111 113 3Kcnep11MeHTaJibHblX 

crreKTpOB rrpeAIIOJiaraeT OIITJ1MJ13au;mo npl1HHTblX MOAeJieH cneKTpa J1 

aHaJIJ13 IlOJiyqeHHOro MHO'1<eCTBa pemeHJ1M C yqeTOM CTaTJ1CTJ1qecKOH 

ou;eHKJ1 napaMeTpoB MOAeJieii. Ilp11. 3TOM Ha Bcex 3Tanax 06pa60TKJ1 

crreKTpOB u;eJiecoo6pa3HO' .. :, :,np11MeHeHJ1e , . 3<p<peKTJ1BHbIX 

BblqJ1CJIJ1TeJibHblX rrpou;eAyp. CrreKTµ npl1 3TOM YA06HO npeACTaBJ1Tb 

KaK OAHOMepHbIH Macc11a {Xi}, Ka'1<AhIH 3JieMeHT KoToporo 
,, 

COOTBeTCTByeT onpeAeJieHHOMY 3HaqeHJ1IO CKaH11pyrorn;ero, .. rrapaM~Tpa .. 

Ha1160Jiee qacTo AJIH orrTJ1MJ13au;1111 np11MeHHIOT,. MeTOA .Ha11MeHbIIIJ1X 

KBap;paToB c u;eJieaoii cpyHKu;11eii onpeAeJieHHoro Bl1Aa. ,HeKoT9pb1e 

MeTOAbl MJ1HJ1MJ13au;1111 u;eJieBOH cpyHKll;J1l1 paccMOTpeHbl B pa3AeJie 2. 

TaM me orr11caH KoM611H11poaaHHbIH aJiropl1TM aHaJI113a cneKTµoa, 

coqeTarorn;11ii MeTOAbI MJ1HJ1MJ13au;J1J1 HyJieBoro J1 BTOp?ro nopHAKOB. 

Ilpl1 113yqeHJ1J1 peaJibHblX o6'beKTOB C, IlOMOIIl;blO 

crreKTpOCKOilJ1qecKJ1X MeTOAOB Heo6XOAJ1MO J13BJieKa Tb. J1H<pOpMau;J110 06 

l1X CTPYKTYPHhIX napaMeTpax. CneKTpb1,· noJiyqaeMble npl1· 

J1CCJieAOBaHJ1J1 MeTOAaMJ1 Al1<ppaKu;J111 HeiiTpOHOB, peHTreHOBCKJ1X 

:nyqeti, 8IIP, flMP l1 '.flTP, OT CJIO,KHbIX o6'beKTOB, TaKJ1X KaK CilJiaBbI, 

aMopq>Hbie coeAJ1HeHJ1H, HeKoTopbie npupoAHbie Ml1HepaJibI l1 AP-, 

'rrpeA~TaBJIHIDT co6oii cynepno3J1ll;J1IO MHomecTBa KOMilOHeHT C 

6JIJ13KJ1MJ1 3HaqeHJ1HMJ1 napaMeTµoB, qTo o6ycJIOBJieHO KaK, 

cooTBeTcTayrorn;J1MJ1 aapJ1au;J1HMJ1 B cTpyKrypHoM OKpymeHJ1J1 aTOMOB, · 

TaK J1 BHelliHJ1MJ1 cpaKTopaMJ1 .(MOHOXpoMHOCTb J1CTOqHJ1KOB, rpaAJ1eHTbl 

TeMnepa TypHoro J1 3JieKTµOMllfHHTHOro IIOJieii, OTKJIJ1K .n;eTeKTopa J1 

T . .n;.) . .r(JIH on11caHJ1H TaKJ1X cneKTpoa ·Mo.n;eJIHpyroT pacnpe.n;eJieHJ1H no 

COOTBeTCTBYIOIIl;J1M napaMeTpaM. B pa3,D;eJie 1 J13JiaraeTC.H IlO,ll;XO,ll; K · 

orrJ1cam1;10 crreKTpoa cl~~E~8eJie~
1
.m:,J~~-:;;''aMeTµaMJ1, ocaoaaHHbIH 

f,,f~ ♦:_. tl••'-. ~lt- : rt.l•l.:lrii) • 

lll\~>1Si.!X lite .,~i~~;u,~Q ' 
E=:MSHi-!OTEHA , .. ~- .--..__... 



Ha Aonyrn;emrn: o HecJ1MMeTpJ1"IHOM rayccoBoM xapaKTep_f . 

pacnpeAeJieHJ1H onpeAeJIHIOrn;ero napaMeTpa AJIH Ka:>KAOH KOMTIOHeHTbI, 

J1MeIOrn;e:n CBOH Ha6op·3Ha"!eHJ1M 9cTaJibHbIX napaME!TpOB .• 

l.-AHAJil13 CIIEKTPOB C Pt).CIIPEJ:J;EJIEH-, _ 

HbIMM IIAPAMETPAMM. 

KaK . 6b1JI0 yme CKa3aHO BO BBeAeHJ1J1, cneKTpbl 

- MHOfOKOMTIC>_HeHTHblX · coeAJ1HeHJ1M; KaK npaBJ1JIO, npeACTaBJIHIOT co6oii 

cynepno3J1qJ1IO MHO:>KeCTBa ' KOMTIOHeHT C 6JIJ13KJ1MJ1 . 3Ha qeHJ1~MJ1 

napaMeTpoB, J1 npl1 .. OTCYTCTBJ1J1 AOCTaTO"IHOM J1HcpopMaqJ1J1 ' . . 0 

CTPYKTypttoM ynopHAO"leHJ1J1 B 3TJ1X _ coeAJ1HeHJ1HX BO3HJ1KaeT 

'Heo6xoAJ1MOCTb BOCCTaHOBJieHJ1H cpyHK~l1l1; pacnpe~e_JieHJ1H. ,l(aJiee 

6yAeT pacCMOTpeHa MeTO~J1Ka OTIJ1CaHJ1H Mecc6ay3pOBCKJ1X c,neKTpOB B 

npeATIOJIO:>KeHJ1J1 HaJIJ1"IJ1H ·. cpyHKqJ1J1 . pacnp~AeJieHJ1H onpeAeJieHHOro 

BJ1Aa 6e3 ee HenocpeACTBeHHOro BOCCTa!fOBJieHJ1H [l]. A~aJI9rJ1"IHble 

nocTPoeHJ1H MO:>KHo npoBeCTJ1, J1 , AJIH. APY.rHx cneKTpoMeTPJ1qecKJ1X 

MeTOAOB. 

PaccMoTpHM BO3MO:>KHbie _ J13MeHeHJ1H KBaApynoJibHoro 
; ~, ... ,· 

pacrn;emleHJ1H, ; BeJIJ1"IJ1Hbl JIOKaJibHOro MarHJ1THoro TIOJIH J1JIJ1 KaKoro

JIJ160 Apyroro napaMeTpa . Xk B 3aBJ1CJ1MOCTJ1 OT . HeKOToporo 

CTPYKTypHoro napaMeTpa t , B Ka"!eCTBe KOTOJ)Oro,, HanpHMep, MO:>KeT 

BbICTynaTb CTeneHb 3aMern;eHJ1H aTOMOB ~aTpl1qbI Ha. aTOMbl npJ1MeCJ1 

J1JIJ1. Apyroii; TIOA06HbIH napaMeTp, OKa3bIBaIOrn;J1:n HaJ160Jiee CJ1JibHOe 

BJIJ1HHJ1e Ha 'J13MeHeHJ1H napaMeTpa Xk. 1Ipl1 3TOM He06XOAJ1MO 

Y"Il1TbIBaTb; - BepOHTHOCTb peaJIJ13aqJ1J1 KaKoro-JIJ160 3Ha"!eHJ1H 

napaMeTpa t, 3aAaBaeMyIO 6J1HOMJ1aJibHbIM pacnpeAeJieHJ1eM, KOTOpoe 

AJIH AOCTaTO"IHO 6oJibIIIOro K()JIJ1"IeCTBa He3KBJ1BaJieHTHblX COCTOHHJ1M 

2 

MO:>KHO annpoKCJ1MJ1poBa Tb HOpMaJibHbIM 

cxeMaTWIHO J1306pameHHblM Ha pHc.l.lB [2]: 

1 t - t 2 
N(t) = exp[--(--m-) ] 

2 cr 

pacnpeAeJieHJ1eM, 

(1.1) 

EcJIJ1 npeATIOJIO:>KJ1Tb JIJ1HettHbIM xapaKTep 3aBJ1CJ1MOCTJ1_ Xk(t), TO 

AJIH cpyHKqJ1J1 pacnpeAeJieHHH P(xk) noJiy"IHM cooTBeTcTBeHHo: 

TaKHM 

P(xk) = P
0 

exp[-I_(xk - xk )2] 
2 crk 

o6pa3oM, p~cnpeAeJieHJ1e P(xk) 

HOpMaJibHblM J1 6yAeT OTIJ1CbIBaTbCH rayccOBOM Kpl1BOM. 

(1.2) 

TaKme 6yAeT 

TeM He MeHee AOBOJlbHO qacTO BCTpeqaIOTCH cJiyqau, KOrAa 

3aBJ1CJ1MOCTb Xk(t) He TOJibKO He npeACTaBJIHeTCH JIJ1HettHOM, HO 

oKa3brnaeTcH Aame HeMOHOTOHHOM. B pHAe cJiyqaeB 3TY 3aBJ1CJ1MOCTb 

MO:>KHO npeACTaBJ1Tb KBaApa TH"!Hoii, npH"IeM HeCJ1MMeTpl1"IHO 

pacnoJiomeHHOM no OTHOIIIeHJ1IO K cpeAHeMy 3Ha "!eHJ1IO CTPYKTypHoro 

napaMeTpa tm {pHc.1.16), "ITO o6ycJIOBJieHO BJIJ1HHJ1eM BTOpl1"IHbIX 

3cpcpeKTOB cTpyKTypHoro ynopHAO"IeHJ1H: 

xk(t} = xk(t0 )- ak(t-t0 )
2 (1.3) 

C yqeToM TaKoii 3aBJ1CJ1MOCTJ1 Xk(t) pacnpeAeJieHJ1e (1.2) 

npeo6pa3J1TCH K BJ1Ay: 

3 



Xk a Xk(t) 

P(xk) 
N(t) 

to 

tm 
PHc.1.1. )];HarpaMMa pacnpeAeJieHHSI BepoSITHOCTH P(xk) B 

cJiyqae HeMOHOTOHHOM 3aBHCHMOCTH Xk(t) 

6 

_!(k-x~)2 _!(Xk-x~)2 

P(xk) = P0 { 11(xk - x~ )e 2 cru + 11(x~ - xk )e 
2 

crL } , (1.4) 

t 

t 

H, KaK BHAHO H3 pHc.l.la, pacnpeAeJieHHe yme He OKa3bIBaeTCSI 

Cl1MMeTpHqHbIM H MomeT xapaKTep1130BaThCSI ABYMSI 3HaqeHHSIMH 

AI1cnepc11ti cru H crL . 4 

Tam1M o6pa3oM, BO MHOrHx cJiyqanx cpyHKI.l;J-ISI pacnpeAeJiemrn 

'P(xk) MomeT 6bITh annpoK~l1MI1pOBaHa Ha6opoM HeCI1MMeTp11qHhlX 

rayccOBhIX cocTaBJISIIOilJ;l1X. Ilp11 3TOM B03MOmHa COOTBeTCTByIOrn;an 

annpOKCI1Ma1'I1Sl Mecc6ay3pOBCKOro cneKTpa HafiopoM HeCI1MM~TpHqHQ 
, : f '~ ' ' l 

ynrnpeHHhlX rayccoBO-JIOpeH1'eBhIX KOMilOHeHT: 
- - - ,m Ak 

Li(V,G,A,s,h)= L .. . 2 , (1.5) 
k=ll +Pk+ hpk 

rAe 
Vi -Vk 2 l 

Pk= ( Gk )_ l+lslh11(ls(Vi -Vk)) ; 

' 3AeCh 11( ) - cpyHK1'11fl XeBHcatiAa; h - rrapaMeT}) rayccoBocTH \, 

KOMilOHeHT; s - napaMeTp HeCHMMeTpHqHoro yufopemi!_l; m -

KOJIHqecTBO JIHHHM · AaHHO_ti KOMnoHeHThI (2 - AJISI ;-Ay6~;TOB H 6 - AJISI 
, r•· 

ceKcTeTOB); 1 ~ 1 AJISI k <, m/2 H 1 =-1 AJISI k > m/2; V ;_ .G, A -· 

f . ' 
cooTBeTCTBeHHO noJiomeHHSI JIHHHM, noJiynrnpHIIhI H aMnJIHTYAhI 

•;-

OTAeJihHhlX JIHHHM, Vi - TeKyrn;ee 3HaqeHHe cKopocTHOM IIIKaJihI 

Mecc6ayspoBcKoro cneKTpoMeTpa; i · - HOMep · KaHaJia cneKTPOMeTPa. 
i - , ~: , .. , • .• .-. : ., r ~.. • , L , . ,. , ::; 

Bech · cneKTP, TaKHM o6pa3oM, MomH<> npeAcTaBHTh cyMMOM Q 

KOMilOHeHT: " 
--- Q 

Yi(Noo,{V,G,A,s,h}) == N<Xl - LLn 
l=l 

(1.6) 

:KaK MO,KHO BHAeTh H3 COOTHOIIIeHHM (1.5) H (1.6), TaKoe OilHCaHHe - . . ' 

cneKTpa SIBJISieTcSI, B cyrn;HOCTH,, AHCKpe'.J'HhIM. 3TO 3HaqHTeJihHO 

COKparn;aeT o6'beM BhlqHCJIHTeJihHhIX npo1'eAYP, orpaHHqHBaSI, OAHaKo, 

AHana30H npHMeHeHHSI AaHHOro IlOAXOAa · · yKa3aHHhIMH BhIIIIe 

AOnyrn;eHI1SIMI1. 

Ha pHc.1.2 IlOKa3aH npHMep onHcaHHSI C HCilOJih30BaHHeM .(1.6) 

cneKTpa, npHpOAHOrO rHAporeTHTa, B KOTOpOM , JIOKaJihHOe noJie 

y6hrnaeT no Mepe BxomAeHHSI B cTpyKTYPY BOAhI. IloAo6HhIM me 
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o6pa30!YI . orrn:cbrnaroTc.H cneKTpbI, co,n;epmall\11e KpoMe 

Marnwropacm;eIIJieHHOli ell\e 11 KBa,n;pynOJibHYIO KOMTIOHeHTY (,n;y6~eT). ..... 
Tpa,n;11~110HHOe KBa311HenpepbIBHOe on11caH11e TaK11X cneKTpOB np11BeJio 

6bI K pe3yJibTary, TJ)e6yrom;eM)' 

,n;pymMl1 cpe,n;CTBaM11. 

-6 -4 :_2 

,n;onoJIHl1TeJibHYIO 11HTepnpeTa~11ro 

0 2 4 

P11c.l.2. Mecc6ay:3poBcK11ti cneKTP reT11Ta, o6pa6oTaHHbIH c 
' _; '.t t ~. ! ,: ~ ;' - . . <. _: • ' 

11CTIOJib30BaHl1eM (1.6) 

TaKl1M o6pa3oM, on11caH11e Mecc6ay:3poBcK11x cneKTpoB c 

11cnoJib30BRHl1eM KoMnoHeHT (1.5) BO MHor11x cJiy'la.Hx ,n;ocTaTo'!Ho 

o60CHOBaHHO. B TO·. me BpeM.H Ta KOH "no,n;xo,n; ' .fIBJI.HeTC.fI 6oJiee r116K11M, 

qeM o6bI'IHOe KBa311HenpepbIBHOe on11caH11e, TaK 'KaK TI03BOJI.HeT 

Bb1,n;eJI11Tb B cnewrpe 

pa3Jil1'1HbIM ' Ha6opoM 

OT,D;eJibHbie KOMTIOHeHTbl C ' cyll\eCTBeHHO 

Mecc6ay:3pOBCKl1X napaMeTPOB, 11Me10ll\11e 

pa3Jil1'!HbIH · B11A pacnpe,n;eJieH11ti P(xk) AJIH onpe,n;eJIHIOll\ero 

napaMeTpa. 

6 

\I 

2. METO,IJ;bl MJIHJ1MJ13AD;J1J1 D;EJIEBOH 
".•, 

<I> YHKD;J1J1 
t' 

Ha1160Jiee qacTo ,n;JIH on-r11M113a~1111 npm.ieHHIOT MeTo,n; Ha11MeHbII111x 

KBa,n;paTOB, KOrAa B Ka'!eCTBe ~eJieB9H cpyHK~l111 11CTIOJlb3YeTC.fI 
,, 

cTaTl1CTl1'!eCKl1H Kp11Tep11ti [3]: 

1 N • 
F(X,x) = ---L{Xi -Yi(x)]2roi 

(N :- n) i=l . . ,' 
(2.1) 

r,n;e xi - MaCCl1B :3Kcnep11MeHTaJibHbIX 3Ha'!eHl1H cneKTpa P,a3MepHOCTl1 

N; X - BeKTOp napaMeTpOB •Mo,n;eJil1 pa3MepHOCTl1 n, KOTOpbIH, .B 

COOTBeTCTBl111 C np11H.HTOH cpyHK~l10HaJibHOH 3aB11Cl1MOCTl,~ '., Yi(x), 

3a.zi;aeT MaCCl1B Yr.pacqeTHblX 3Ha'!eHl1H cneKTpa; .COi - CTa:r11cTl1'!eCKl1H 

Bee i-ro 113MepeHl1.fI, B Ka'!eCTBe KOTOporo, corJiaCHO HOpMaJibHOMY 

3aKoHy pacnpe,n;eJieHl1.fI oTKJIOHeHl1H (Xi - Yi), 11cnoJib3yeTc.H BeJI11'!11Ha 

1/Xi 11JI11, ,n;JIH pem11Ma c penepHbIM 113MepeH11eM XR , cor.= 1/[Xi(l + 
XifXR)]. BeJI11'!11Ha F(X, x) on11cbrnaeTCH x,2 - pacnpe,n;e;r:ieHJ:ieM c (N 

- n) CTeneH.HMl1 CB060,n;b1, 11 TI0:3TOMY: ,D;Jl.fl o~eHKH Ka'!eCTB~ on11caHl1.fI 

cneKTpa np11MeHHIOT Kp11Tep11ti Ill1pcoHa [2]. 

.HeKOTOpbie MeTO,D;bI Ml1H11Ml13a~l111 .~eJieBOH cpyHK~l111 (2.1) 

paccMaTp11Ba10TC.fI no,n;po6Ho ,n;aJiee. On11caH TaKme KOM~l1H11pOBaHHbIH 

aJirop11TM aHaJil13a cneKTpOB, coqeTalOll\11H MeTO,D;bI . Ml1H11Ml13a~l111 

HyJieBoro 11 BToporo nopH,n;KoB. 

Ilpo~e,n;ypa M11H11M113a~1111 . F(X, x) (2.1) ,n;oJimHa 6bITb 

,D;OCTa TO'IHO Ha,n;emHOH 11 :3cpcpeKTl1BHOH, T.e. 3aBeprna TbC.fI B 

6JI11matiII1eM JIOKaJibHOM M11Hl1MyMe C ,D;OCTaTO'IHO BbICOKOH TO'IHOCTblO 

ero onpe,n;eJieHl1H np11. 3a Tpa Te np11eMJieMoro KOJil1'lec.T13.a BpeMeH11. 

7 



McxO,lVI 113 nepeq11cJieHHbIX BbIIIJe coo6pameHl1H 6bIJil1 
• 

npoaHaJil1311pOBaHbl HeCKOJibKO MeTOAOB onT11Ml13aq1111. OnT11M11aaq11a 

MOAeJil1 cneKTpa C 11cnOJib30BaHl1eM Kp11Tep11R (2.1) npeACTaBJIReT 

co6oti '3aAa qy HeJI11HeHHOro nporpaMM11poBaHl1R C cy~eCTBeHHbIM ee 

ycJiomHeH11eM BBl1AY Toro, 'ITO 3Ha '!eHl1R xi 11MeIOT CJiy'!aHHblH 
' ~ . , 

xapaKTep [4]. IloBepXHOCTb qeJieBOH cpyHKq1111 (2.1) B n-MepHOM 

r11nepnpocTpaHCTBe 11MeeT B 3TOM CJiyqae O'!eHb CJIOJKHbIH B11A 11 

COAepm11T MHOJKeCTBO JIO~,aJibHblX Ml1Hl1MYMOB 11 OAl1H rJio6aJibHblH 

Ml1Hl1MYM, B KOTOpoM cpyHKql1R . (2.1) AOCT11raeT CBoero Ml1H11MaJibHO 

B03MOJKHoro 3Ha'!eHl1R. Pa3Jil1'!Hble acneKTbl no11cKa rJio6aJibHOro 

M11Hl1MyMa pacCMOTpeHbI, Hanp11Mep,. B pa6oTe [5 ]. IIpeAnOJiaraa, 'ITO 

TaKaR · CTpaTer11R onpeAeJieHa, OCTaHOBl1MCR Ha 3aAaqe no11cKa 

6JI11matiIIJero JIOKaJibHOro '' : Ml1Hl1MyMa, KOTOpbIH np11 HeKOTOpblX 

npeAnOJIOJKeH11RX AOJIJKeH OKa3aTbCR rJio6aJibHbIM. 3Ta 3aAa'la 

peIIJaeTCR C ITOMO~bIO KaKoro-JI1160 MeTOAa onTl1Ml13aq1111. 

,ll;ocTaTO'IHO nOJIHO MeTOAhI onTl1Ml13aq1111 paccMaTp11BaIOTCR B 

pa6oTe [4], HeKOTOpbie' acpcpeKT11BHbie MeTOAbl onT11M11aaq1111 

paccMciTpeHbI Tai<me B pa6oTe [6]. 

Ma npRMbIX MeTOAOB "no11cKa Ml1Hl1MyMa F(X, x) Ha1160Jiee 

3cpcpeKT11BHbIM, Bl1A11MO, CJieAyeT C'll1TaTh MeTOA XyKa-,ll;m11Bca (MeTOA 

KOH<pirypaq11ti), CTpaTemR KOTOporo noAp06Ho on11caHa B pa6oTe [7]. 

B 3TOM MeTOAe nol1CK np0113BOAl1TCR Ha'' OCHOBe l1H<pOpMaq1111 0 

noBeAeHl111 qeJieBOH: cpyHKq1111 B OKpecTHOCTl1 6a311CHOH TO'IK11 X B· B 

3TOM np11Hq11n11aJibHOe npe11My~eCTBO AaHHoro MeTOAa no : cpaBHeHl1IO 

C MeTOAaM11, 11CnOJib3YIO~l1M11 np0113BOAHhle OT qeJieBOH cpyHKq1111, T.K. 

B nocJieAHeM CJiy'Iae Mbl 11MeeM l1Hq:>OpMaq1110 TOJlbKO O JIOKaJibHOM 

noBeAeii1111 F(X, x) B AaHttoti TO'IKe. 

'lTo icacaeTCR MeTOAOB; 11cnOJib3YIO~l1X np0113BOAHhie, TO 3AeCb, 

O'leB11AHO, CJieAyeT OTAa Tb npeAnO'!TeH11e MeTOAaM KBaApa Tl1'1HOH 

8 

i 
,] 
V 

~· 

annpoKC:nMaq:n:n, nocKOJibKY 0Hl1 l1G,nOJib3YIOT MaKCl1MYM :nHcpopMaq:n:n 

o JIOKaJibHOM noBeAeH:n11 qeJieBoti cpyHKq:n11 B AaHHoti TO'IKe. 

AHaJIOrl1'!HbIH BbIBOA CAeJiaH B pa6oTe . [3], rA~ TaKme npoBOAl1JICR 
; ' 

cpaBH:nTeJibHblH aHaJI:n3 HeCKOJibK11X MeTOAOB nOl1CKa. B 3TOH pa6oTe, 

OAHaKo, l1CTIOJib30BaJI:nCb q:ncJieHHbie · MeTOAbI AJIR Bbl'll1CJieH:nR 

npOl13BOAHhIX. MeJKAY TeM B pa6oTe. [6] noKa3aHo, 'ITO TaKoe 

Bbl'll1CJieH:ne npci:n3BOAHhIX cy~eCTBeHH0 . CH:nmaeT 3cp<peKTl1BHOCTb 

npoqeAYPbl no:ncKa, nofrroMy HaM:n Bbl'll1CJieH11e npOl13BOAHbIX 

3aAaBaJIOCb aHaJI:nT:nqecK:n. Bo3H:nKaIO~ee np11 3TOM HeKOTOpoe 

ycJiomHeH:ne nporpaMMHOfO o6ecneqeH:nR onpaBAbIBaeTCR 

COKpa~eH:neM BpeMeH:n ; C'leTa :n 6oJibIIJeti TO'IHOCTbIO HaxomAeH:nR 

Ml1Hl1MyMa. 

PaccMOTp:nM 6oJiee rioAp06Ho aJirop11TMbl :ncnoJib30BaHHbIX HaM:n 

MeTOAOB no:ncKa [1]. 

IIo:ncK B MeTOAe 'KOH<p:nrypaq:nti npo:ncXOA11T CJieAyIO~:nM 
·' ·-." - "' 

o6paaoM . (p:nc.2.1 ). · Ctta qaJia npo:n3BOAl1TCR' :nccJieAyro~:nti no:ncK :n3 

6a3:ncHoHTO'!K:n x B nooqepeAHO no BCeM KOMTIOHeHTaM x, :n B cJiyqae 

yAa'IHoro no:ncKa AaJiee npo:n3BOAl1TCR nepeMe~eH:ne no. 06pa3ey: 

x:· = 2x: - x:B , (2.2) 

rAe x - ·BeKTop napaMeTpoB B pe3yJihTaTe :nccJieAyroajero. no:ncKa. 

3aTeM' . x rip:nH:nMaeTcR B Ka'!eCTBe oqepeAHOH 6a3:ncHoti .. To'IK~, a 113 

-I V ' 

TO'IKl1 X npo:n3BOAl1TCR :nccJieAyIO~l111 no:ncK,:11 ecJI:n OH OKa3bIBaeTCR 

ycneIIJHbIM,TO BHOBb npOl13BOAl1TCR nepeMe~eH:ne corJiaCHO (2.2): E,cJI:n 

me :nccJie,tiyroin;11ti Il011CK 113 x' He np:nBeJI K yMeHbIIJeHl1IO F(X, x),,TO 

KOHcp11rypaq:na paapyIIIaeTCR/ 11 ' npoqecc BHOBb Ha '111HaeTCR C 

:nccJieAyIO~ero no11cKa 113 nocJieAHeti 6a311CHOH . TO'IK11, ECJI11 11 3TOT 

Il011CK He np:nBOA11T K ycnexy, TO npo11CX0AJ-1T .. yMeHbIIJe1me 

npRpa~eHRH di , ecJil-1 oim He M:HhIIJe HanepeA 3aAaHHhIX BeJIR'IHH, B 

npoT:nBH0M CJiyqae npoqecc no:ncKa 3aBepIIIaeTcR. 
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Ii 
i 

I, 
I 

I 

i 
I 

,, 
rrycK 

BI>~i-i:CJieH~e 'F(xa) · 
B 6asttiCHOit TO<rKe 

HCCJierr.yrom;~ rIOHCK 
i-13 6a3HCHOii TO<rKH k---------, 

F(x) <"F(x'a) 

HeT rr.a 

d 1 < &1 

i ~' 1,-,n 

3arr.aHHe HOBOii 
6as~CHOii TO<rKPI · 

F(xa) = F(x) 
HeT I I rr.a 

CTOII 

yMeHI,IIIeHHe 
rrpi-i:pam;em:,rii 

.di 

rrepeMem;eHi-i:e 

rro 06pa3a;y 

i-i:cCJierr.yrom;i-i:Iil: 
IIOHCK 

F(x) < F(xa) 

PMc.2.1. BJioK-CXeMa MeTo~a XyKa-,n::ml'IBCa (KoHqmrypaa;Mti:) 

CJiep;yeT OTMeTMTh,. tJ:To :TaKoii:: aJirop~TM Ml1:Hl'IMM3aa;MM F(X;.x) 

MOJKeT 11J)l1:BeCTl'I K CMryaa;HM, Korp;a 11PM 3Ha qJ1TeJibHOM 

y~aJieHl'Il'I OT MHHHM)'Ma . Mbl 6yp;eM HMeTb • yme ,IJ;OBOJibHO MaJible 

11pHpaia;eHJ1fl, l1 B pe3yJibTaTe 11pop;oJIJKHTeJibHOCTb .. 110HCKa 

cyia;ecTBeHHO 'yBeJIHqJ1BaeTcfl. · · HaMH ·· B p;aHHhIM .aJiropMTM ,,~hIJIO 

BBep;eHo 11paBHJIO, corJiacHo KOTopoMy.· 11pHpam;eHJ1fl, 11pmmp;Ria;J1e B 

. l'ICCJiep;yroia;eM 110l'ICKe .. K . ' yMeHbUieHl'IIO a;eJieBOM cpyHKl\Hl'I, 

yi3eJil'I'rnBaJIHCb CJiep;yIOia;l'IM o6pa3oM: 

di =diexp[l/(1+ F~)-F(xi) )] 
,. , . F(xB) - F(xi) 

' . ' . 

(2.3) 
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3p;ecb F(xB) - 3HaqeHMe F(X, x) B 6a:mcHOM TOqKe, F(x) - TeKyia;ee 

3Ha{ieHJ1e B HCCJiep;yroia;eM llOHCKe, F(xi) - yJiyqIIIeHHOe 3HaqeHMe B 

pe3yJibTaTe 11pHpaia;eHHfl di , i - l'IH,IJ;eKc napaMeTpa. Bo3MOJKHOCTb 

yBeJIJ1qeHHir' 11pHpaia;eHHM p;aJia 3HaqJ1TeJibHbIM ·BbIHrpbIIII 110 BpeMeHM, 

T.K.\:p;eJiaJia 11poa;ecc 110HCKa MHHMM:yMa 6oJiee ni6KHM H ,D;HHaMJ1qHblM. 

MeTO,D;bl' ' KBap;paTJ1qHoM: a1111poKCHMaIJ;Hl'I . OCHOBaHbl ' .• Ha 

11pep;cTaBJieHHH q:>yHKIJ;HH 1
" (2.1) , . B OKpeCTHOCTH ToqKJ1 XQ 

KBaApa TJ1qHoti: cpyHKI]HeM:: 

q>(s:i) = F(x0 ) + (x"._ x 0 f g(x) + .!ex - x~)T G(x0)(x .:_ x,i') , (2.4) 
. . ' 2 . . 

'~ ~' 

_ 8F(x0 ) _ 82F{3c0 ) . . . . 
rp;e gi(x0 ) = ---, GiJ•(x0 ) = , - MaTpMa;a recce, l;J = l, ... ,n. 

OX· ·ox: ·ox• · , · ·· · 
I I' J 

Yc~oBMe Ml'I~HMyMa cpy~KIJ;Hl'I (i4) MOJKHo 31micaTb B BH,D;e [6]: 

g(x0 ) + G(x0 )(xm - x 0 ) = O, 

OTKyp;a: 
=-1 

xm = x 0 - G (x0 )g(x0 ) (2.5) 

J1c110Jib3Yfl COOTHOUieHHe (2.5), MOJKHO opraHH30Ba Tb 

MTepaa;HoHHhIM 11poa;ecc, 110JiomeHHbIM B ocHoBy MeTop;a HhIOToHa

PacpcoHa [6]: 

. =-1 ., 
Xk+l = xk - Ak G (xk )g(xk) (2.6) 

MHOJKl'ITeJib "-k 011pep;eJIReTCfl 0,IJ;HOMepHblM 110HCKOM B 
=-1 

Ha11paBJieHJ1H G (xk )g(xk ). BecbMa 3cpcpeKTHBHblM flBJifleTCfl 

HCl10Jlb30BaHMe B Ka qecTBe O,D;HOMepHoro 110HCKa Ky6J1qecKOM 

l'IHTep110JiflIJ;Hl'I 110 MeTOAY ,lJ;aBH,D;OHa [6]. 
11 



I! 
ii 
:·1 

KaK 6bIJIO noKa3aHO [6), npou;e,n;ypa Ml1Hl1Ml•13all;l1l1 B COOTBeTCTBl1l1, C 
' •l ! "~_, 

(2.6) JIBJIJieTCJI scpcpeKTl1BHOM, ecJil1 BbIIlOJIHJieTCJI ycJIOBl1e BbIIlYKJIOCTl1 
=-1 . '• . . ' ;• 

u;eJieBoti , cpyHKll;l1l1 , ( G ( xk) - noJiom11TeJibHo onpe,n;eJieHa ). Mem,n;y 
. ..u. ' ' 

TeM noaepXHOCTb. F(X, x) ,D;JIJI Hepa3perneHHbIX cneKTpOB. l1MeeT 
~ • •• ' • ••. , , , ; ,: ; :_• I • - > 

.CJIO:>KHbIH,·Bl1,D; l1 ,n;ame. B OKpecTHOCTl1 Ml1Hl1MyMa MO:>KeT oKa3aTbCJI 
. , . ' .. .'it ,, .•• 

HeahmyKJioti. O,n;Hl1M . l13 cnoco6oa npeo,n;oJieHl1H STl1X TPYAHOCTeH 
,-· J ' 

HBJIHeTCH .l1CnOJib30BaHl1e;_, KOM6l1Hl1poaaHHbIX MeTO,D;OB nol1cKa. EcJil1 
=-1 

BMeCTO OTp11u;aTeJibHO onpe,n;eJieHHOH .G (xk) l1CnOJib30BaTh 

e,D;l1Hl1'iHYIO MaTp11u;y; TO, KaK Bl1,D;HO l13 (2.6), MeTO,D; HhIOTOHa-
~ ;·- :' l 

PacpcoHa 6y,n;eT 3aMeHHThCH MeTo,n;oM Hal1cKopetirnero cnycKa. 

Bo3MO:>KHO nocTpoeHJ1e TaKme A?yroro KOM6l1Hl1pOBaHHOro aJirOpl1TMa, 

Kor.ria Ha Ha qaJibHO?d T•:frane l1CnOJih3yeTCH MeTOA K~Hcp11rypai\J1H, a 
' ' .. 

B6Jil13l1 OT MYIH_l1MYM;~ iiaq~HaeT pa~oTaTb MeTOA HbIOTOHa-Pacpcc:_n,m, 

06ecneq11aan 6bicTpoe 3aaeprneHJ1e npou;ecca noYicKa. 
Ta6m1ua 2.1 

PeayJibTaThl onT1,1M1,1aa111m MO/lCJIII cneKTpa HilH+Fe pa3JI1,1•rnb1MJ,1 
MeTOAaM1,1 ( F(X, xlttaq. = 22.l np1,1 (N-n) = 72 ) 

----------------------------
I ti.F !0T11oc. I rIOJIO)KeHHe JIMHHH, KaHaJibl 

MeTOA 1----,o/olapeMH l--·-------------
1 Fe icqe'rn I · HilH 

napaMeTphl 
CTaHAapTHblX 
norJioT1,1renefi 

H~ro.:c;Ha-
Paq,coHa+ 
+HallCK.CnycK 

AaanAoHa-
<t>JieT'lepa-
Ilay:ma 

KOHcp1,1ry-
pau1,1fi 

KOHq>~~ 
pau1,1»+· 
HbIOToHa-
Paq,coHa 

-26.69 
± 0.06 

-----------------
-26.57 

26.7 I.I ± 0.20 

------------
-26.62 

0.22 3.6 ± 0.14 

---------
0.13 5.2 -26.66 

± 0.12 
----

-26.70 

0.00 1.0 ± 0.12 

----------

12 

8.83 
± 0.06 

8.87 
± 0.19 

8.82 
± 0.14 

8.79 
± 0.12 

8.81 
± 0.12 

Fe 

-20.97 13.72 
'± 0.18 ± 0.18 

---------------
-20.93 13.87 
± 0.33 ± 0.35 

-21.04 13.76 
± 0.21 ± 0.22 

-21.07 13.66 
± 0.19 ± 0.19 

-21.05 13.69 
± 0.19 ± 0.19 

3,n;ecb LlF = F(X, x)min '- F c, F(X, x)min- noJiyqE::HHoe 3HaqeHl1e . 

F(X, x) AJIH ,n;aHHoro MeTo,n;a, F c = 1.377 - MYIHYIMYM, Hati,n;eHHbIH 

MeTo,n;oM KoHcpYirypau;Yiti+ HbIOTOHa-PacpcoHa. 

,Upyroti Mepoti ,D;JIJI o6ecneqeHl1H ycTotiq11aocTJ1 npou;ecca 
=-1 

noYICKa HBJIHeTCH . J1CnOJib30BaHJ1e, BMeCTO G ·, (xk) HeKOTOpoti 
= 

annpoKCYIMYipyroiu;eti MaTpYill;bl. 1 Hk , KOTopaH o6HOBJIHeTCJI no 

onpe,n;eJieHHOMY npaBYIJIY Iia · iam,n;oti l1Tepau;YIYI, HO Bcer,n;a ocTaeTcJI 

noJIO:>KYITeJibHO onpe,n;eJieHHOH. O,n;HHM J13 y,n;aqHbIX: B :3'.l'OM rpynne 

MeTO)];OB cqJ1TaIOT MeTO,D; ,UaBYI)];OHa-cl>JieTqepa-IIaysJia (,U<l>II) [6]. B 

KaqecTBe Haqa.nhHOH MaTpl1ll;bl Ho 6epyT o6bJqHo e,D;J1HJ1qHyIO MaTpYiu;y. · 

BamHoe )];OCTOYIHCTBO MeTo,n;a_ ,Ucl>II 3aKJIIOqaeTCH B J1CnOJib30BaHl1l1 

caoticTBa conpnmettHhIX HanpaaJieHYIH, cornacHo KoTopoMy H~J160Jiee 

6namnp:irn:THOe HanpaBJieHYie nOYICKa JIBJIHeTCJI conpnmeHHbIM no 

OTHOilleHYIIO K npe,D;bI,D;ylll;eMy HanpaBJieHl1IO [6]. 

)XJIH cpaBHYITeJibHOH ou;eHKl1 . scpcpeKTJ1BHOCTl1 paCCMOTpeHHbIX 

MeTO,D;OB 6bIJia npoae,n;eHa OnTJ1Ml13all;l1H MO,D;eJil1 cneKTpa, 

npe,n;cTaBJIHIOiu;ero co6oti HaJiomeHYie ,n;ayx nepeKpbrnaroiu;11xcn .. 
,n;y6JieTOB, . noJiyqeHHbIX OT cTaH,n;apTHbIX norJIOTHTeJie:ti: HIIH 11 

BttyTpeHHHX • JIHHHH . meJie3HOH q)OJihrn. OnTl1Ml13l1pyeMaJI MO,D;eJib 

co,n;epmaJia ,n;Ba ,n;y6JieTa, noJiomelll1H' Jll1Hl1H KOTOpbl:X: l13HaqaJibHO 

noII~pHo coana,n;aJIH. Pe3yJihTaThI onTYIMYI3au;1111 · · sToti Mo,n;eJIH 

pa;.irnqiibIMl1 MeTo,n;aMYI npHBe,n;eHbl a Ta6JIHll;e'·2.l. 

KaK BYI,D;HO J13 STOH Ta6JIJ1ll;bl, ace MeTO)];bI )];OCTJ1fJil1 rJio6aJibHOro 

MJ1Hl1MyMa, 0 qeM CBl1,D;eTeJibCTByeT np11MepHOe . COOTBeTCTBHe 

Ha:ti,n;eHHbIX noJiomeHYIH Jll1HJ1H noJiomeHYIJIM ,D;JIH CTaH,n;apTHbIX 

norJioTYITeJieti. Mem,n;y TeM HaJ160Jiee y,n;aqHhIM, oqeBl1,D;Ho, cJie,n;yeT 

npYI3HaTb KOM6l1HYipoBaHHbIH MeTO,D; KOHq>Yirypau;11:ti+ HbIOTOHa-
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PacpcoHa, c IlOMO~blO' KOToporo-- 6blJia ,n;ocn1rHyTa MaKCHMaJibHafl 

TO'lHOCTb 3a MHHHMaJibHOe KOJIH'leCTBO . BpeMeHH. 
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Ba.rrn:ymmu A;A:, 3apHnoBaJL,n::, Jlyrn;HKOB B.vL 
Aua.nH3 ciieKTPOB c pacnpeAMeHHhlMH napaMeTpaMH: 
MeTOAhl MHHHMH3a~HH ~eJieimft cpyHKIJ,HH · 

·· ·: ITpeA~o~eu MeTOA anaJIH3a CJIO)KHhlX c·neKTPOB c pacnpeJ:1eJie1111bIMH napa
MeTpaM11: TaKHe cneKTpbI 11aCTo no.riyqaIOTCSI npJi HCCJie/ioBaHHH HeKOTQPhlX. 
MHOIUKOMilOHeHTHbIX CHCTeM KaKHMH-Jm6o cneKTpOCKOilHlleCKHMH MeTOAaMH, 
TaKHMH KaK ueiiTpoirna51' H pe11TreH011cKa~ AHcppaK~HSI,.3ITP,·.5IMP, Mecc6ay-
spoBCKaSI cneK-rpocKonHSI H T,A, 3TOT Me_TOA ociioBan Ha npeAnOJIO)KeHHH 
aCHMMeTpHl!HOro rayccoBoro pacnpeAeJieHH51 OCHOBHOro cneKTPOCKOilHlleCKOro 
'.rrapaMeTpa;ITapaMeTpbI pacnpeAeJieHH51 OilTHMH3HPYIOTC51 B npo':u;.ecce o6pa-
6oTKH crreKTpa. OTBeTCTBeHHhlM ¥OMeHTOM npH o6pa6oTKe. cneKTpa irnJISieTCSI 
'OIITHMH3ariH51 npHH5ITOH MOAeJIH cneKTpa. CpaBHHBaIOTC51 H o6cy~aIOTC51 ue-
, KOTOphle MeTOAhl OIITHM_H3a~HH. YcTaHOBJI.eHO, -9TO 11a1160Jiee YAal!HbIM 5IBJI51-, 

eTC51 KOM6HHHpcmaHHbIH a.nropHTM aHaJIH3a crreKTPOB, co11eTaIOW:HH MeTOAhl 
'", ~ ,, . . . , . - . -, . - ~ . . . 

MHHHMH3a~HH HyJieBoro H BTOporo IIOPSIAKOB;· _ . . • 
. Pa6oTa BbIITOJIHeHa BJla6opaTOpHH HeHTpOHHOH cpH3HKH HM. t1: .M. <DpaHKa .. 

OIUII1. . . . . . . . . - . . . 

- . ~ ~ - , • 

. Coo6ll.\l;'me Qm,e,1m1e1moro 1111cnnyrn ~,1ep11b1x itcciie,10na1i11ti, ,Uy6mi, .1995 
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The method of theanalysis of the. c6mpiicated spectra withdistribut~d 
parameters _: is proposed .. Such. spectra are often obtained when som·e 
multicomponent system is studied by any spectroscopic method s·uch

0

as neutron 
and X-ray diffraction, EPR, NMR, Mossbauer spectrbscopy and SCl on. This 
method is based on the assumption of the asymmetric Gaussiandistribution,of 
the principal· spectral para~eter. The· distribution parameters ar~ optimized 
during fitting.process. The crucial point of the fit procedur{isthe optimization 
of the chosen· spectrum model. Some optimization methods· are· compared and 
discussed. !tis.ascertained that the IllOresuccessful is,tlie method c~mbining 
.the zero and second order methods. . . . . . 
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