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§1. BBE,llEHI1E 

0AH11M 113 OCHOBHbiX 11CT04H11KOB 11H(j)OpMa~l111 0 pO>KAeHI111 pe3o
HaHCOB B CTOnKHOBeHI1RX aAPOHOB C aAPOHaMI1 11 RAPaMI1 cny>KaT 
pacnpeAeneHI1R KOHe4HbiX npOAYKTOB no 3(jJ(jleKTI1BHOH Macce ( M 3q;q.). 
AHanl13 3TI1X pacnpeAeneHI1H Tpe6yeT, KaK npae11no, anp11opHor:i 
11H(j)OpMa~l111 0 pe30HaHCaX 11 Hepe30HaHCHOM (jJOHe. 06Hapy>KeHI1e 
HOBbiX pe30HaHCOB CBR3aHO C npo6neMOH o6ecne4eHHOCTI1 Ha6mo
AaeMbiX n11Koe HaA ypoeHeM o6bt4HO Hei13BeCTHoro (jloHa. 

,llnR npeOAOneHI1R 3TI1X TPYAHOCTeH Mbl 11Cnonb30Banl1 np11 11CCne
AOBaHI111 pacnpeAeneHI1H no M 3¢q. 113BecTHbtH e y -cneKTpocKonl111 
MeTOA t1Jypbe-aHanl13a, Ha3biBaeMblr:i (jlypbe-anropi1TMOM /tlJAj/11. OA
HaKo o6bt4HO npi1MeHReMbiH tlJA He no3BOnReT 11AeHTI1(jJI1~11poBaTb 
CI1HrneTHY~ CTPYKTypy HeCI1MMeTpi14Horo ni1Ka, COOTBeTCTBy~~ero, 

Hanpi1Mep, OA11H04HOMY pe3oHaHcy; HaMI1 npeAno>KeH MOA11tll11~11poeaH
HbiH tlJA /MtlJA/. CyTb ero MO>KHo npoAeMoHcTpl1poeaTb Ha npi1Mepax, 
cxeMaTI14eCKI1 noKa3aHHbiX Ha p11c. 1a·l1 2a.Ha p11c. 1a 11306pa>KeHa 
CI1HrneTHaR CTpyKTypa HeCI1MMeTpi14HOroiPe3pHaHca, Ha p11c.2a 
CTPYKTypa, COAep>Ka~aR ABa pe30HaHca C BKnaAaMI1 a 1 11 a 2 .Ecn11 
npi1MeHI1Tb K 3TI1M n11KaM npo~eAYPY CI1MMeTpl13a~l111 11X npaBbiX 
11 neBbiX 4aCTeH OTHOCI1TenbHO nono>KeHI1R M8KC11MyMa /OCI1 00 1/, 
TO CI1MMeTpi14Hble Kpi1Bble.Ha PI1C.16 11 1B, COOTBeTCTBY~~I1e pacnpe
AeneHI1~ 1 a, 'fiYAYT o6naAaTb CI1HrneTHOH CTpyKTypor:i, a Kpi1Bbte 
Ha p11c.i6-11 2e, COOTBeTCTBY~~I1e AYfineTHOH CTpyKType, fiYAYT 
npeACTaBnRTbB o6~eM cny4ae CI1MMeTpi14Hble Tpl1nneTbl. nony4eHHbte 
TaKI1M o6pa30M CI1MMeTpi130BaHHble pacnpeAeneHI1R RBnR~TCR 06'beK
TOM 11CCneAOBaHI1R C noMO~b~ tlJA. 

Bo3MO>KHOCTb 11AeHTI1(jJI1Ka~l111 CI1HrneTHor:i 11 MynbTI1nneTHor:i CTpyK
TYPbt n11KOB o6ycnoeneHa pa3ni14HbiM noeeAeHI1eM 11x (jlypbe-o6pa3oB 
/tlJO/: MOHOTOHHO-y6btBa~11M AnR CI1HrneTa 11 OC~11nn11py~~I1M AnR 

MynbTI1nneTa. np11 3TOM 3HaHI1e OCHOBHbiX nep110AOB OC~I1nnR~I111 no 
11Maccoeor:111 4acToTe no3BonReT onpeAeni1Tb nono>KeHI1e KoMnoHeHT 
MynbTI1nneTHOH CTPYKTYPbl OTHOCHTenbHO OCI1 CI1MMeTpl13a~l111. noKa
>KeM 3TO Ha npi1Mepe Tpl1nneTOB Ha PI1C.26 11 2B. ,llnR yKa3aHHOH 
~en11 KOMnoHeHTbl AYfineTHOH CTPYKTypbl p11c.2e-MO>KHO C411TaTb CI1M
MeTpi14HbiMI1 OTHOCI1TenbHO nono>KeHI1R CBOI1X MaKCI1MYMOB. TorAa 
Tpl1nneTbl MOryT paCCMaTpi1BaTbCR KaK COCTOR~I1e 113 fiOKOBbiX KOM.:.. 
noHeHT, npeACTaBnR~~I1x cneKTp OAHoro 113 pe3oHaHcoe AYfineTa 
11 ~eHTpanbHOH KOMnoHeHTbl, KOTOpaR AnR PI1C. 26 11 1!!. MO>KeT 6btTb 

*npeAnonaraeTCR 11cnonb3oeaHI1e C11MMeTpi14Hor:i t1JyHK~I111 pa3peweHI1R. 
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a) 

5) 

6) 

PHc.l. CxeMa CHMMeTpHsa~HH 
~HHrneTHoro nHKa, ero CHM
MeTpHsoeaHH~e npaeaR /6/ 
H neeaR /e/ 4aCTH. 

a) 

0) 

4.4 6t 6} 

P11c.2. CxeMa CHMMeTpH3a~HH 
nHKa, o6naAa~111ero AY6neTHOH 
CTPYKTYPOH /a/: ero CHMMeT
PH30Ba~H~e npaaaR /6/ 11 ne
aaR /a/ 4aCTH. 

onHCaHa KPHBbiMH (BCD-Br.C 1D 1) H -(BCD-B 1C 1D 1).CM~cn napaMeTpOB 
~1 H ~2 RCeH H3 PHCYHKOB, nepeXOAR K ~ypbe-o6pa3aM pacnpeAene

HHH 26 H ~' nony4aeM AnR HX MOAyneH cneAY~He ~opMynbr: 

I F1 (ru) I= I P(ru) + 2a 1 1 R
1

(ru) I cos(ru~ 1 ) I, 

IF 2 (())) I= 1-P(ru) +2a2 j R2 (ru) I cos(ru!J.
2

) [, 

/1/ 

. /2/ 

rAe ru- MaCCOBaR 4aCTOTa, P(ru)- ~0 ~eHTpanbHOH KOMnoHeHTbl 
TpHnneTa Ha PHC,26, R1(ru) J.1 R2 (ru) - ~0 HCXOAH~X KOMnOHeHT 
AY6neTa*. ~YHK~HH I F1 (ru) I H IF 2(ru) I HMe~T oc~HnnHPY~Uiee noBeAe
HHe. 3TO o6ycnoaneHO KaK ~YHK~HeH KOCHHyca, TaK J.1 TeM, 4TO 
a o6111eM cny4ae P{ru) RBnReTcR pa3HOCTb~ ~0 ~YHK~HH, 6nH3KHX 
K TpeyronbHOH ~YHK4HH /T.e, HMe~eH pasp~B npOH3BOAHOH/, H co-

*BcneACTBHe CHMMeTpH4HOCTH BCeX KOMnOHeHT TpHnneTa OTHOCH-
TenbHO nonomeHHH CBOHX MaKCHMYMOB P(ru) , R~ru) , R

2
(ru) - AeH-

CTBHTenbH~e ~YHK4HH, R1(ru) H R2 (ru) - $0 CHHrneTOB, MeAneHHO 
y6~aa~UIHe ~YHK~HH, 

2 

~ 

AepmHT CC~HnnR~HH noCTORHHOrO nepHOAa. 0AHaKO HH¢gpMaTHBH~MH 
OTHOCHTenbHO nonomeHHR KOMnOHeHT HCCneAyeMoro pacnpeAeneHHR 
RBnR~TCR nHWb OC~HnnR~HH, o6ycnoBneHH~e KOCHHYCH~MH 4neHaMH 
c 4aCTOTHbiMH nepHoAaMH ru01 1-1 ru

02
• HeHH~opMaTHBH~e oc~HnnR~HH 

HC4esa~T e cyMMe I F1 (w) + F.
2 

(ru) I, BblpameHHoi1 cooTHoweHHeM 

I F1 {ru) + F 2 (ru) I= 12 a1[R t<ru>l cos(()) ~.1) +2 a
2

1R
2 

(()))[cos( ru ~ 
2

) [. 131 

TaKHM o6pa30M, 1-13 cpaBHeHHR nepHOAOB OC~HnnR~HH no KOOPAHHaTe 
ru AnR paaeHCTB /1/ H /3/, a TaKme /2/ H /3/ nony4a~TCR OCHOB

Hble 4aCTOTH~e nepi-!OAbl ru01 1-1 ru 02 , 4To noseonReT onpeAeni-ITb 
napaMeTpbr !J. 1= TT I ru 0 1 , !J. 2= TT I ru02 , a cneAOBaTen bHO, 1-1 nonome
HHR KOMnOHeHT AY6neTa. 

PaccMoTpeHHbiH anropHTM MomeT 6~Tb npHMeHeH AnR 1-!ccneAoaa
HI-IR 3KCnepi-!MeHTanbHbiX pacnpeAeneH~H no M 3<lJ<P . npH 3TOM Heo6-
XOAHMO CAenaTb HeCKOnbKO 3aMe4aHHH: 

1. Y4eT ~YHK~HH paspeweHHR, AnR ~ypbe-npeo6pasoaaHHR saKn~-
4a~UIHHCR a Heo6xoAHMOCTH paccMaTpHBaTb OTHOWeHHR IF 1(ru) I/ IG(ru) I 
H [F2 (ru)f/IG(ru) 1. rAe noA F 1(ru) H F 2 {ru) Tenepb noHHMa
~TCR ~0 3KCnepHMeHTanbH~X CHMMeTpH30BaHH~X pacnpeAeneHHH, a nOA 
G( w) - ~0 ~yHK~HH paspeweHHR, He BHOCHT B npo~eAYPY onpeAe

neHHR nonomeHHR KoMnoHeHT HH4ero npHH~HnHanbHO Hoeoro. AeHCTBH-
TenbHo, G{ru) - MeAneHHO cnaAa~aR ~YHK~HR raycCOBCKOrO THna, 
KOTOpaR He OKa3~BaeT BnHRHHR Ha 4aCTOTH~e OC~HnnR~HH, BMeCTe 
C TeM ~yHK~HR paspeweHHR onpeAenReT rpaHH4HY~ 4aCTOTY rurp , 
Ha4HHaR c KOTOPOH G( ru) "' 0, a noB.eAeHHe I F1 (ru) I/IG(ru) I H 
I F2 (w) [/[G(ru) I cTaHoBHTCR HeperynnpH~M; ru rp o6ycnoenHBaeT 
norpewHoCTb o a onpeAeneHHH napaMeTpoa A 1 H !J. 2 , o= "I rurp • 

2. M~A nosaonReT CHH3HTb epeAHOe enHRHHe ~oHa. B pesynbTa
Te npo~eAYP~ CHMMeTpH3a~HH CHMMeTPH3yeTCR H ~OH, npeAnonara
eTCR, 4TO OH HMeeT CHHrneTHY~ CTpyKTypy, KpoMe TOro, KaK npa
B~no, ~OH WHpe HCCneAyeMOH o6naCTH pe30HaHCOB, no3TOMY B MO
AYne ~ypbe-o6pasa 3KcnepHMeHTanbHoro pacnpeAeneHHR ~0 ~oHa 
COCPeAOT04eH a6nH3H ru "' 0. ~0 pe30HaHCOB npOCTHpaeTCR B o6-
nacTb 6onee B~COKHX 4aCTOT. AanbHeHwee CHHmeHHe anHRHI-IR ~oHa 
B 3TOH o6naCTH B npo~ecce o6pa60TKH CHMMeTpH30BaHH~X pacnpe
AeneHHH Ha 38M OCYUieCTBnReTCR nyTeM peanH3a~HH C!MnbTpa BbiCOKHX 
4aCTOT, 

3. AnR HAeHTH~Ka4HH CHHrneTHO~ CTPYKTYPbl CYUieCTBeHHO 
COBnaAeHHe OCH CHMMeTpH3a4HH C nonomeHHeM ee MaKCHMyMa, 0AHa
KO H3-3a 3KCnepHMeHTanbH~X OWH60K B ero nonomeHHH MOmeT B03HH
KaTb nomHaR TpHnneTHOCTb AnR OAHOro H3 CHMMeTpH30BaHH~X pac
npeAeneHHH, EcnH OWH6Ka B nonomeHHH MaKCHMyMa He npeBbiWaeT o, 
TO OCHOBHOH nepHOA ~0 nomHoro TpHnneTa npeB~CHT Wrp , a ero 

~-t ~~7,c;J:}.~l.iuW~ C:!tmry'i 
' ; ;i;z:,:;:prJ:;UI m:oJenon~!ioO 
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~0 6yAeT HAeHTH~H~HPOBaTbCfl KaK ~0 CHHrneTa. AJifl OWH60K, 
6onbWHX 8, cneAyeT npoBeCTH CHMMeTpH3a~H~ OTHOCHTenbHO He
CKOnbKHX B03MO>KHbJX nono>KeHHH MaKcHMyMa. KpHTepHeM npoxo>KAeHHfl 
4epea nono>KeHHe MaKCHMyMa CHHrneTHoro nHKa flBnfleTcfl nepeMeHa 
xapaKTepa CHMMeTpH30BaHHbiX pacnpeAMeHHH C CHHrneTHoro Ha 
TpHnneTHbiH H Hao6opOT npH paanH4HbiX BbJ6opax OCH CHMMeTpHaa
~HH. 

§2. nPOBEPKA nPEAflO~EHHOfO AflfOPHTMA 

AJifl npoeepKH pa6oTbJ M<I>A 6bmo HcnonbaoeaHo MOAenbHoe pacnpe
AeneHHe, npeACTaeneHHoe Ha pHc.3a. CHMMeTpHaa~HH ero npaeoro 
H neeoro <!>POHTOB OTHOCHTenbHO nono>KeHHfl MaKCHMyMa npHBeAeHbl 
Ha PHC. 36 H 3B, npH4eM pHc.36 COOTBeTCTByeT CHHrneTHOH, a 
PHC. 3B - TpHnneTHOH CTPYKType. CHMMeTpH30BaHHbJe pacnpeAeneHHfl 
CABHranHCb B CTOPOHy 6onbWHX M3¢¢ H 3KCnoHeH~HanbHO 3KCTpa-
nonHpoeanHCb AO no4TH HyrieBbiX 3Ha4eHHH B o6e CTOPOHbl. B Ka-
4eCTBe ~HnbTpa BbiCOKHX 4aCTOT HCnonb30Banacb <I>YHK~Hfl C <1>0 
( 1+(0,04/(<.)) 2]-l, a B Ka4eCTBe OKHa 6bJnO BbJ6paHO OKHO 
X3MMHHra 121 • MoAynH ~0 pacnpeAeneHHH 36 H 3e noKaaaHbJ Ha pHc. 4 
COOTBeTCTBeHHO 4epHbiMH H CBeTnbJMH T04KaMH. MOHOTOHHO cnaAa~~HH 
MOAYnb ~0 HaXOAHTCfl B nonHOM cornaCHH C CHHrneTHOH CTPYKTYPOH 
KPHBOH 36. no nono>KeHH~ MaKCHMYMOB OC~Hnnfl~HH MOAYnfl <1>0 BTopo
ro pacnpeAeneHHfl, xapaKTepH3y~~HXCfl nOCTOflHHbiM nepHOAOM (Uo= 
= 0,45 /paA/KaHan/, HAeHTH<!>H~HpyeTCfl TPHnneTHafl CTPYKTypa c na
paMeTpoM 1'1=11/(<)0 =(7 ± 1) KaHanoe, 4TO TaK>Ke HaXOAHTCfl a corna
CHH C TpHnneTHOH CTPYKTypoi1 pHC. 3e. 0TMeTHM, 4TO MaKCHMYMbl, 
CBfl3aHHbJe C pa3pbJBOM npoH3BOAHOH ~eHTpanbHOH KOMnoHeHTbl, B AaH
HOM cny4ae OTCYTCTBY~T BCneACTBHe 3Ha4HTenbHOH eenH4HHbl CHHr
neTa H nnaeHoi1 ~opMbl onHCbJBa~~eH ero KPHBOH. npoBeAeHHafl npo
eepKa noATBeP>KAaeT npHrOAHOCTb M<I>A Anfl aHanHaa cneKTpa M 3~ , 
coAep>Ka~ero peaoHaHcbr H ~oH. 

§3. nOHCK 6APHOHHWX PE30HAHCOB 
B CnEKTPAX 3<1><1>EKTHBHWX MACC (TT±p)-nAP, 
06PA30BAHHbiX B 11 -P- H 11 -C-B3AHMOAEtlCTBH~X 
nPH P -= 40 f3B/c 

11 

M~A 6bln npHMeHeH Anfl noHcKa 6apHOHHbtX PE;!30HaHcoe. 3KcnepH
MeHTanbHbte pacnpeAeneHHfl no M 3¢¢ ( "± p) -nap a 11-p- H "-c
B3aHMOAeHCTBHflX, nony4eHHbte B pa6oTe /3/, · crna>KHBanHCb TeKy~HM 
ycpeAHeHHeM no 9 nocneAOBaTenbHbiM T04KaM H HOpMHPOBanHCb Ha 
OAHY TPeTb MaKCHMyMa pacnpeAeneHHfl. Onepa~Hfl CABHra H 3KCTpa
nonfl~HH npoBOAHnacb TaK >Ke, KaK H Anfl MOAenbHoro pacnpeAene
HHfl, OAHaKO npeABapHTenbHO pacnpeAeneHHe nHHeHHO 3KCTpanonHpo-
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PHc.5. PacnpeAeneHHe no 3¢¢eK
T'i1'B'Hi:iM Mac caM nap ( 11p) H3 pa-
6oTbi131· OyHKTHpoM OTMe4eHo 
Ha4ano 3KcnepHMeHTanbH~x pac
npeAeneHHH. 

Ta6nHI.la 

eanOCb B CTOPOHY MeHbWHX 
M3cpcp Ha 3 KaHana. B Ka-
4eCTBe ¢yHK1.1HH, '¢HnbTpy~
lllei1 BbiCOKHe l.faCTOTbl, HC
nonb30Banacb ¢YHKI.lHR c ¢0 
[1+(0,04/w) 6J-1 , a e Ka-
4ecTBe ¢yHKI.lHH paapewe
HHR - ¢yHKI.lHR paspewe
HHR'4to cpeAHei1 WHPHHOH. 

OonomeHHR KOMnOHeHT 
Myn bTHnneTHOH CTPYKTYPbl 
npHBeAeHbl B TafinHI.le, a TaK
me OTMe4eHbl CTpenKaMH 
B HOpMHPOBaHHbiX, crnameH
H~X H 3KcnepHMeHTanbHbiX 
cneKTpax M3cpq: Ha pHc.5. 
0wH6Ka B nonomeHHH KOM
noHeHT yKaaaHa HaA CTpen
KaMH B BHAe OTpeaKa, HaA 
KamAOH CTpenKOH npHBeAeHO 
TaKme aHa4eHHe Maccbl 6n~a
Koro K ee nonomeHH~ nHoH
HYKnoHHoro peaoHaHca. 

§4. 3AKilf04EHHE 

OpeAnOmeHHbiH MeTOA CHM
MeTpH3al.lHH AnR HCnOnb30Ba
HHR ¢ypbe-aHanH3a npH HC
cneAOBaHHH cneKTpOB 3¢¢eK
THBHbiX Mace npoeepeH Ha 
MOAenH. OpH ero npHMeHeHHH 

XapaKTepHCTH Ka .OonomeHHR KOMnoHeHT no OCH /r3B/c 2/ 
co6~THH 

(11+ p) B 11- C 

(77-P) B TT-C 

( 1T -p) B 1T-p 

( TT-P) B 11-p 

6 

M3cp¢ 

1 • 16,:t0 • 11 . 1 • 57 ,:tO' 11 

1 • 16_:!:0. 11 1 '53_:!:0. 11 

1 • 18_:!:0 , 11 1 • 53_:!:0. 11 

1,21_:!:0,11 1 • 58_:!:0. 11 

1,63_:!:0,11 

1 , 6 32:;0 , 1 1 

1,98_:!:0, 11 

1 '83,:t0. 11 

K aHanHsy 3KcnepHMeHTanbHblx pacnpeAeneHl1H nony4eHbl yKaaaHHR 
Ha pOmAeHHR pe30HaHCOB t'1(+if}(1,232), L'l(+lh,650) B 1T- C -eaaHMO-

~ (++) (++) (++} (++) -
AeHCTBHRX H 1'1 ° (1,232), 1'1 o (1,650), 1'1 ° {1,670) , 1'1 0 (1,910) B 1T P -
CTOnKHOBeHHRX npH P 

17
_ = 40 r3B/c. 

AeTopbl npHsHaTenbHbl M. H. noAropel.lKOMy a a o6cymAeHHe H no
neaHble saMe4aHHR H A.n.4ennaKoey aa noMOlllb B pa6oTe. 

JlHTEPATYPA 

1. CopoKo ll.M. OH~H, 1-6030, Ay6Ha, 1970. 
2. Pa6HHep 11., roynA 6. TeopHR H npHMeHeHHe l.ll1¢poeoi1 o6pa6oT

KH cHrHanoe. 11MHp11
, M., 1978. 

3. AHOWHH A.H. H AP· OH~H, P1-80-313, Ay6Ha, 1980. 
4. AHrenoe H. HAP· OH~H, P1-9810, Ay6Ha, 1976.' 

PyKonHcb nocTynHna e H3AaTenbCKHi1 OTAen 
19 aerycTa 1980 roAa. 

7 


