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A;= IW°'nk ( i,k = l, ... ,N ). (2) 
k 

3.a:ecb A; - ynoMllHYTbIH Bblllle COBOKynHblH cneKTp, a nk - m:maeCTHbIH cneKTp HCTHHHblX 

pe30HaHC0B. 

MaTpHl.la CHCTeMbl .!{nll He,QHaronanbHbIX 3neMeHT0B paa11a Bep0llTH0CTH 3apen1-

CTpHp0BaTb i - e n0'lKH0e 06'be,!{HHe1me B'1;0PHqHblX qacr111.1 B npe.a:noJiaraeMbie pe30-

HaHCbl npH HCTHHH0M K - . M 06'be,!{HHeHHl1 [ 2, 3 ]. H!i,QeKCbl i 11 k HyMepy10T C0B0Kyn

H0CTb xapaKTepHCTl1K napbl pe30HaHC0B: HX 3HaqeHHe TeM 6onhllle;qeM· 6onbme HMnynbC 

pe30HaHCa C MeHblllHM H3 .O:BYX HMnynbC0B,q(iM 6onbme ero Macca,'leM 6onbllle l1MnyJibC_11' 

. Macca .a:pyroro peJoHattca H,HaK0He1.1,qeM 6oJibllle K0CHHyc yrna Me'lK.QY peJoHaHcaMH. Bee 

3T0 ananom'IH0 T0My,KaK BenHqHna,JaBHClll.l.{all OT .QBYX 11H,!{e~C0B j H k ( i,k = l, ... ,m), 

npe.QCTaBnlleTCll KaK aenHqHHa,3'.1BHClll.l.{all OT 0,!{H0ro H!i,!{eKcaj = (k-l)m+i . (j=l, ... ,m2 
). 

,/J;HaroHanbHblH 3neM,eHT MaTpl1l.lbl CHCTeMbl npe.a:CTaBnlleT co6oii CYMMY I+ W;; -

cyMMY H0pMHp0BKH aepOllTH0CTeii (e.QHHH[lbl) 11 aep0llTII0CTl1 3apemcrpHpoaaTb i • e 

JI0'lKH0e 061,e,QHHeHHe np11 11CTHHH0M, C00TBeTCTBYIOl.l.{eM i - MY 'lKe HHTepnany 0606-

1.1.{eHHbIX HH,!{eKC0B. 

lfa H3R0'lKeHH0ro B11,!{H0,qTQ .!{HaroHanbHblH 3neMeHT Ma:rpHl.lbl 6onbllle cyMMbl 

0CTanbHblX 3neMeHT0B H3 TOH lKe CTp0KH (TaK KaK cyMMa aepol!THOCTeii He. 6oJihllle H0p

_MHpOBKH), qTQ o6ecneqHaaeT YCTOH~HBOCTb H CX0,!{HM0CTb pemeHl1ll Cl1CTeMbl (2) MeT0,!{0M 

MoHTe-Kapno [4). 

Tipo1.1e.a:ypa perneHHll c11creMhI nHHettHbIX ypaBHeHHii MeTO.QoM· MoHTe-Kapno co

rnacHo [4] npe.a:nonaraeT nocrpoeHHe cnyqaiiHhIX TpaeKTopnu (1.1enoqeK) - nocne.a:oaa

Tem,nocTeii T0'leK B IDITl1MepH0M! npocrpaHCTBe H3MeHeHHll xapaKTepHCTHK napbl pe30HaH

COB,TaKoii, qTQ Bep0llTH0CTb nepexo.a:a 113 Ka'lK.!{0H npe.Qbl,Qyl.l.{eii TQqKH B nocne.a:y101.l.{y10 He 

paBHa Hyn10. B HallleM cnyqae 3T0ro M0'lKH0 ,!{0CTH%, ecn11 B03M0'lKHa n~'lKHall KOM6n~a-

1.1Hll BTOpH'iHblX qaCTHI.I, ,cooTBeTCTBYIOl.l.{all nllTHMepHOll TQqKe i+ I np11 YCJIOBHH; qTQ HC

_T11HH0H JIBnl!eTCll KOM6HH!IWill,· Ko,opott C00TBeTCTByeT TQqKa i. _MO'lKHO, Hanp11Mep, KaK 

3T0 c.a:enaH0 B ,QaHHOH pa6oTe,ilbI6HpaTb nocne.a:oaaTeJibHble TQqKH 1.1enoqKH,MeHllll aJH~ 

MYTanbHbie yrnbl Bbint::Ta BT0pHqHblX qacr111.1 B KaJK.D;0ll <pHKCl1poaa1rnoii, HCX0,!{H0H .!{nll 

,QaHH0H TpaeKTOpH11 3KC~epHMeHTanbH0 3apemcrp11poaaHHOH K011qmrypa1.1H11 qaCTHI.I, TO 

ecrh, noaopaq11aa11 nocJie.a:oaaTenhH0 KaK 1.1eJioe_ [5] .QByxnyqeab1e 3BeJ.QbI OT pacna.a:oa 

npe.a:nonaraeMbIX peJ0HaHCOB Ha cnyqaiiHble yrnhI B0Kpyr BeKTop' ·HMnynbC0B pe30HaH

C0B. Tor.a:a Me'lK.Qy nocne.a:oBaTeJibHblMH "no'lKHblMH" coqeTaHHllMl1 B03M0'lKHa 1.1enoqKa • 

Tpae1<Top1111. 

i Otrt .. U,,d~i;.:twO 1.1;~ry-Y i 
ij .. :::~~n:.~~~t~ , 



,[l;aJiee, IlO om1caHHhlM B [4] ITpaBlfJiaM BBOJV!TCll BeCOBhle <pyHKI.IHH Ka)KJ{OH TpaeK

TOpHH, 3aBHCll111He OT MaTJ)Hl.lhl CHCTeMhl (2), OT ITJIOTHOCTH BepollTHOCTeH,C KOTOpOH re

HepttpyroTCll CJiyqaHHhie ToqKH TpaeKTopm1,11 OT JieBOH qaCTH CHCTeMbI: YcpeJ{Hllll OITpe

J{eJieHHYIO [4] cnyqaHHYIO BeJIHqHHY OT 3THX BeCOBhIX <pyHKI.IHH ITO MHO)KeCTBy MOJ{eJIHpo

BaHHhIX TpaeKTOpHH, MO)KHO ITOJiyqHTh HeH3BeCTHhlH CITeKTp .JIH6o,ecJIH He06XOJ{HMO, He

KOTOpblH <pyHKI.IHOHaJI OT Hero (HaITpHMep,HHTerpaJibHhlH CITeKTp ITO qacrtt H3 xapaKTepH

CTHK pe30HaHca). 

B J{aHHOH pa6oTe HCITOJih3OBaH CITOC06 ITepexoJ{a K COITPH)KeHHOMy (2) ypaBHeHHIO 

(CM.[4]). Ilptt 3TOM <pyHKI.IHOHaJI OT perneHHll CHCTeMhl ,(2), ITpeJ{CTaBJilleMhlH J{aJiee KaK 

CKaJillpHoe ITpOH3BeJ{eHHe (<I>, n), ITOJiyqaercll ycpeJ{HeHHeM ITO TpaeKTOpHllM BeJIHqHHhl 

A ~ • 
• =·__fhl_ L wi <t>(Qi) • 

S(A( PiQ,) j=O 
(3) 

3J{eCb PiQ,) - BepoHTHOCTh,COOTBCTCTBYIOlllall TOqKe Qo ,MOJ{eJittpyeMOH B ITHTHMepHOM 

ITpOCTpaHCTBe, <I>(Q) - <pyHKI.IHll,<pOpMttpy10111a» <pyHKI.IHOHaJI OT perneHHll, w; - BeCOBall 

<pyHKI.IHll, cooTBCTCTBy10111a» MaTJJHl.le coITpH)KeHHOH 3a){aqtt [ 4, 2.6 ] H TpaeKTopttH c 

qHCJIOM 3BeHheB,paBHhIMj. TaKHM o6pa30M, ITpH 60JihlllOM qHCJie M TpaeKTOpHH 

1 Mr* 
(<I>,n)ss- I 1-:,(A) . 

Ms=l s 
(4) 

3aMCTHM, qTo A(Q) B Bhipa)KeHHH (3) - 3TO COJ{ep)KHMOe 6ttHa rncrnrpaMMhl COBO-

KYITHOro CITeKTpa, COOTBCTCTByro111ero TOqKe' Qi_3Ta I'HCTOrpaMMa CTJJOHTCll ITO BCeM Ha-

6JIIOJ{aeMhIM 3KCITepttMeHTaJihHO BO3MO)l(HhlM ITapaM ( nN ). TorJ{a ITPH ITOJiyqeHHH /;~Al B 

(3) eCTeCTBeHHO Bee OCTaJihHhle COMHOlKHTeJIH (KpOMe A(Q,)) HHTepITpCTttpoBaTb KaK Bee, 

C KOTOphIM Ka)KJ{all H3 TaKHX ITap ( TOqeK Qo) BXOJ{HT B 6HH rHCTOrpaMMhl. 

IlpeJ{ITOJIOlK~M,qTo TOqKa QoBCTJJeqaCTCll ITpH reHepa1.1HHX HCXOJ{HhIX ToqeK Tpa

eKTOPHH [4] C TOH )Ke BepOllTHOCThlO, qTo H 3KCITep11MeHTaJihHO, B COBOKYITHOM cITeKTpe 
- - --- ' . 

(TC)f){a OTl!OllleHHe A(Qo)/P(Qo) paBHO KOHCTaHTe - eJ{lfHHI-le).B TaKOM ~ae J{Jill ITOJiyqeHHH 

CYMMbl- -H3 BblpaJKeHHll (4) MOlKHO H3-iWKJioii 3KCITepttMeHTaJll,HOH ToqKH Qo reHepnpoBaTb 

TpaeKTOpHIO,Bh)qncJIHTh ITO <popMyJiaM 113 [ 2;4 l wi· n, ecJIH BeJinqlfHhl, ITO KOTOpbIM 

CTJJOIITCll HHTerpaJihHhlH CITeKTp pe3oHaHCOB ( BeJilllJHHhl Mace HJIH HMITyJihCOB pe3OHaH

COB,a TaKlKe yrna MelKJ{y HIIMII) COBITaJ{aIOT C aHaJIOflfqHblMH H3 ITllTIIMepHOH TOlJKH Qo, 

TO BKJIIOqaTb wi· B cyMMY (3). To eCTh ITpllMeHllCTCll MCTOJ{ ITOCTJ)OeHHll OJ{HOH, COOTBCT

CTBy10111ett TOlJKe Qo KOMnoHeHThl perneHHll [4, 5.3]. <l>yHKI.IHll <I>(Q) ITPII 3TOM ITpeJ{CTaB-. 
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JillCT co6ott BeKTOp, ace KOMITOHeHTbl KOTOporo paBHbl HYJIIO, KpOMe paBHOH eJ{HHlll.le 

KOMnOHeHThl, COOTBeTCTBy10111ett 611Hy perneHHll, COJ{eplKa111eMy TO'lKY Qo. B (4) npo11cxo

J{IIT ycpeJ{HeHlle no MHOlKeCTBY H3 A(Q,) TOlJeK H3 :noro 6HHa. 

TaKIIM o6pa30M, eCJIII J{Jlll KalKJ{OH H3 no,1yqaeMblX 3KcnepttMeHTaJI~HO TO'leK Qo 

CTJJOHTh Bee f w;<I>(Q,), TO nOCTpOeHHall C TaKIIMII BecaMII 3KCnep11MeHTaJihHal1 fHCTO-
~o J ' 

rpaMMa 6yJ{CT coorneTcTBoaaTh 11cTIIHHOMy 'cneKTJJY peJOHaHcoB. B 3TOM ITpettMy111ecrao 

MeTOJ{a ITepexoJ{a K conplllKeHHOH 3aJ{alJe - OHa CBOJ{HTCll K 06111eITpHHllTOH MeTOJ{lllJeCKOH 

npo1.1eAype BBeJ{eHl!ll BeCa naphl pe3OHaHCOB, KOTOpblH BhllJIICJillCTCll aHaJIHTHlJeCKII Ha 

TOlJKax MOJ{eJI11pyeMOH TpaeKTOPHII. 

PeJyHhTaThl ITpOBepKII anropllTMa 

,[l;nll npoaepK11 11JJIOlKeHHOH MCTOJ{IIKII no anrop11TMaM 113 [5] MoJ{enttpoaa,111ch 113O

TJJOnHhie B CIICTeMe ITOKOll pacnaJ{hl J{Byx ~- pe3OHaHCOB, TO eCTh paccMaTpllBaJIIICh IIC

KYCCTBeHHhle 1JCTb1pexny1Jea1,1e co6bITllll, coCTOllllllle 113 J{Byx HYKJIOHOB '11 J{Byx n11OHOB. 

Macca KBa311- ~-pe3oHaHCOB reHep11poaa,1ach no HOpMaJihHOMY 3aKOHy co cpeJ{HIIM 

1232 M3B II J{11cnepC11ett 80 M3B. 

HMnynhCHhlH cneKTp pe3OHaHCOB COOTBeTCTBOBan pacnpeJ{eneHHIO BIIJ{a 

w(P)ap = C exp(-(P / 0)2) 8P ( p > 0 ), 

TO eCTb B KalJeCTBe 3HaqeHl1ll 11Mnyn1,ca 6paJIOCb a6COJIIOTHOe 3Ha1JeH11e MOJ{e,111poBaHHOi1 

no HOpMaJibHOMY pacITpeJ{eneHHIO BeJill'lllllbl P. 3J{eCb D = 0,7 f3B/c' a C - K03<p<p111.111eHT 

HOpMllpOBKII. 

YrnoBoe pacITpeJ{eJieH11e pe3oHaHcoa B n.c., B OTn111J11e OT [l],6panocb He 113OTpon

HhIM, a B BHJ{e COBOKynHOCTII J{BYX "cryneHeK": 

. ll/0,6; 
p(co,y) = 0, . 

1/0,6; 

-l<cosy <-0,7, 

-0,7 < cosy < 0,7, 

0,7 <cosy< 1. 

3TO J{eJiaJIOCb J{Jlll Toro, lJT06bI (pOHOBOe pacnpeJ{eJieHtte no KOCIIHycy yrna Me)K)-ly pe3O

HaHCaM11 cos \jl 6onee 3aMCTHO OTJIHlJaJIOCb OT IICTIIHHoro. 

K noJiylJeHHhlM TaKIIM o6pa30M HCKYCCTBeHilbIM CC>6bITllllM np11MeHl!nacb Bblllle

on11caHHal1 MCTOJ{IIKa. CTpOIIJIIICb 11HTerpanhHbte cneKTphl no IIMITYJibCY, 3<p<peKT11BHOH 
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Mlicce 11 · KOcm1ycy yrna pa3nern pe30HaHcoa. ITonyIJeHHbie c 11cnoJib30Bam1eM npetl

JIOJKeHHbIX 3,leCb BeCOB, a TaKJKe <jJOHOBble Ii IICTIIHHble, HOpM11poaaHHble Ha e,[l11Hlll.(y rn

CTorpaMMbl npe,lCTaBJieHbl Ha p11c. l-3. 

PacnpeAeJieH11e no 3<jJ<jleKTIIBHOH Macce (p11c. I) nnoxo np11r0,1lHo Mll ,leMOHCTpa- · 

l.(1111 np11MeHl!MOCTII MeTO,ll!KII, TaK KaK IICTIIHHOe II <jloHOBOe pacnpe,leJieHl!ll OTJil!lJaJOTCll 

cna6o. Otto npllBO,ll!TCll BBlltlY ero BaJKHOCTII Mll npllJIOJKeHIIH. l·fa p11c. I Bll,[lHO, lJTO 11 

"Bbl'IIICJieHHOe" pacnpe,leJieHl!e He CIIJibHO OTJIIIIJaeTCll OT IICTIIHHOro. 

Pacnpe,leJieHl!ll no 11Mnynhcy II no Kcic11ttycy yrna pa3nern nyIJllle ,leMOHCTpllPYJOT 

np11MeHIIMOCTb MeTO,lllKII: <jJOHOBoe pacnpe:U,eneH11e no cos 1j1 OTJil!lJaeTCll OT IICTIIHHOro 

6onee aCIIMMeTplllJHOH <jlopMOH II 6onee BblCOKIIMII 3HalJeHl!llMII BepOllTHOCTII B cepe,1l11He 

06JiaCT11 113MeHeHl!ll; <jJOHOBOe pacnpe,1leJieH11e no IIMnyJibCY 3aMe-J;HO OTJil!IJaeTCll OT IIC

TIIHHOro a o6JiaCTII MaJiblX l!MnyJibCOB. 

113 pllc.2,3 Bll,[lHO, '!TO BbllJIICJieHHble pacnpe,leJieHllll 3aMeTHO 6Jil!JKe K IICTIIHHOMY 

no cpaaHeHl!JO C <jJOHOBblMII. 

BbllJIICJieHl!ll noKa3aJIII, lJTO pe3yJibTaTbl paClJeTOB cna6o 3aa11c,1T OT MaKCl!MaJibHO

ro IJl!cna ToIJeK B TPaeKTop1111. ITo-Bf!JlllMOMY, 3TO cne,1lcTB11e Toro, IJTo MaTP111.ta c11creMbI 

xoporno o6ycJIOBJieHa (nOlJTII ,lllar◊HaJibHa) II Mll ee pellleHl!ll ,1lOCT3 fOlJHO HeCKOJibKIIX 

11Tepa1.t11fi. 

3aKJIJO'leH11e 

Pa3pa6orntta HeCJIOJKHall, CBO,[lll~al!Cll K Bbl'IIICJieHIIJO BeCOB Me'fO,[ll!Ka, no3B0-

JilllOll.{all Bbl,leJillTb cneKTPbf pe30HaHCOB 113 KOM611HaTOpHoro <jloHa. ITocne o6o6~eHIIH [2] 

Ha co6MTl!ll'c' 6om,lllHM lJIICJIOM pe30H3HCOB H yqern HeKOM6HH3TOpHoro qmHa ee MO:lKHO 

6ytleT np11MeHl!Tb K peaJibHblM C06bITllllM CIIJibHOro B3allM0,1leHCTBl!ll. O1..teHKH cneKTPOB, 

nonyIJeHHble C ee nOMO~bJO,n03BOJIHT 6onee aKKypaTHO npl!MeHHTb no,1lX0,1l 113 pa6oTbl [I], 

YIJIITblBall np11 OT6ope IICTIIHHOH KOM6HHal.(HII He TOJibKO YCJIOBHYJO BepOHTHOCTb ,1lJill yma 

MeJK.[ly BTOplllJHblMII '!aCTIII..laMI! OT pa3HbIX pe3oHaHCOB,06Jia,1laJO~IIX 113MepeHHbIMII xa

paKTepl!CTIIKaMII, HO II BepOllTHOCTII 3TIIX xapaKTepllCTIIK (TO eCTb Ol.(eHKII cneKTPOB pe3o

HaHCOB ). 
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