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I 

I BseaeaHe 

ITnoaoTBopHOCTb KoHuenuHH nonrocoB Pea~e B penRTHBHCTCKoA Teo

pHH CHnbHbiX B38HMO.O.eACTBHA B -TeqeHHe HeKOTOpOI'O BpeMeHH He rrpea

CTaBnRnaCb 6eccnopaoa. Bcne.o. 3a •6ypHbiM pacuBeToM* 1962-1963 ro.o.oB 

9TO aanpasneHHe npomno qepe3 rrepHOU OTHOCHTenbHOI'O 38CTOR 1 Bbi3B8HHO-

I'O B OCHOBHOM Tpy.O.HOCTRMH OIIHC8HHR HMeBlliHXCR 9KCllepHMeHT8nbHhlX 

aaHHhiX c noMOllibiD ae6onbmoro qHcna nonrocos Pe.o.~e. 

B rrocneayromHe roahl B CBR3H c aaKonneHHeM 6onbmero KOnH'ieCTBa 

9KCrrepHMeHT8nbHblX aaHHbiX H llpORCHeHHeM pR.0.8 TeopeTH'ieCKHX acrreKTOB 

KOHuerrUHR nonrocos Pea~e mar 38 maroM 3aBoeBbiBana see 6onee npo'iHbie 

1103HUHHo 

B H8CT0Rlliee speMR OCHOBH8R H.O.eR MeT0.0.8-B38HMOCBR38HHOCTb pe30H8H

COB1 OTnH'i8IDlliHXCR ,o.pyi' OT ,o.pyra 3H8'ieHHRMH yrnoBOI'O MOMeHT8 llpH COB

na,o.arolliHX OCT8nbHbiX KB8HTOBblX 'iHCnaX1 C OUHOA CTOpOHbl ( pe30H8HCbl 

B -KaHane, orrHCbJBaeMbie TpaeKTopHeA Pe.o.~e a ( t ) llpH t > 0 ) 1 H 

CTpyKTyphl .O.H¢paKUHOHHOI'O KOHyca B BhlCOK09HepreTH'ieCKOM pacceRHHH 

B nepeKpecTHOM s -KaHane ( 6onblliHe s , Manbie oTpHuaTenbHbie t ) , 
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c Apyroi!: CTOpOHbl 0 HBmreTCSI OOIIIeiipHSH.!'IHHOil::o .I:::S SHa'iHTenhHOi!:: CTeiieHH 

rrpOSICHSIIOTCSI TaK>Ke H IIpH'iHHbl BpeMeHHbiX Hey.naq MeTO.lla, CBHSaHHbie C cy

ruecTBOBaHHeM Hapsr.ny c rron10caMH paspesos Pen>Ke, a TaK>Ke co cno>KHoi!:: rrpH-

poAoi!:: aMrrnHTY.ll pacceHHHH T ( s , t) npH s .... oo , KoTopbie B t -KaHane 

HMe!OT BaKyyMHbie KBaHTOBbie 'iHCna. CTpyKTypa BaKyyMHbiX OCOOeH~OCTei!: 

PeA:>Ke AO CHX IIOp He HBnsreTCSI Bb!SICHeHHOil:o 

B rrepsoi!: qacTH o6sopa ( § § 1, 2) naHa cso.nKa aKcrrep~~:MeHTanhHbiX 

AaHHbiX IIO TpaeKTOpHSIM IIOniOCOB Pe,ll:>KS 0 IIony'ieHHbiX KaK B o6naCTH qac-

THU [a ( l ) II pH l > 0 ], TaK H B o6naCTH paccesrHHSI [a~ t) II pH t < 0]. 

~pH 9TOM yrrop .nenaeTCSI Ha paCCMOTpeHHe TeX TpaeKTOpHi!:0 IIO KOTOpb!M 

HMe!OIIIHil:CSI 9KCIIepHMeHTanhHbii!:: MaTepHan CKna,llbiBaeTCSI B IIpOCTYIO OOIUYIO 

KapTHHYo B rrepByiO O'iepe.nh 9TO OTHOCHTCSI K p -M930HHOi!:: TpaeKTOpHH 

H IIHOH-HyKnOHHbiM TpaeKTOpHSIM !':! 8 , N a Ny 

llanee ( §§3,4) paCCM8TpHB810TCSI BOIIpOCbl COOTB9TCTBHSI 3KCII9pHMeH-

TanbHbiX ABHHblX HeKOTOpbiM TeopeTH'ieCKHM KOHUeiiUHSIM - CIIeKTpanhHbiM 

IIpeACTBBneHHSIM H TBK Ha3biB8eMoMy YABOeHHIO IIO 'i~THOCTH 6apHOHHbiX 

TpaeKTOpHfi 0 - a TBK:>Ke IIpo6neMa BCHMIITOTHKH TpaeKTOpHil:o B saKn!O'i9HHe 

(§5) o6cy:>KAa!OTCSI H9KOTOpbie 001IIH9 CBOfiCTBa. TpaeKTOpHfi PeA:>Ke, KOTOpbie, 

IIO-BHAHMOMy, OKa3biBaiOTCSI OCOOeHHO IIpOCTbiMH B nHHefiHOM IIpHOnH:>KeHHH, 

COOTB9TCTBYIOIU9M IIpeHe6pe:>KeHHIO MHHMbiMH 'iaCTSIMH ( IIpHOnH:>KeHHe 6eCKO

H9'iHO ysKHX pesoHaHcoa). B caMoe rrocne.nHee apeMsr nHHefiHhie TpaeKTopHR 

Pe.n:>Ke Ob!JtH BeCbMa acpcpeKTHBHO HCIIOnbSOBBHbl B TaK HaSbiBBeMoi!: MOAenl! 

BeHeuMaHo. 

§ 1. 3KCDEPI1MEHTAflbHbJE llAHHbiE no ME30HHbiM 

TPAEKTOPI1.HM 

1.1. Po - Me 3 o H H a sr T p a e K Top H sr HBnHeTCSI Hal!6onee rronHo 

MsyqeHHoii cpe.nM MeSOHHhiX TpaeKTOplli!:. Ha rpacpHKe Lfy-<Ppay'iH HMeJOTCH 
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l -l lli.IJU,JJ.IUUJJIJLJI.WWU!Jill.ji'IJJ!II""'""_, ___ '_'I'""''I" r .•.•• .> •. ~.~-

,llBe Ha.ne:>KHO ycTaHOBneHHbie 'iaCTHUbi, H O.llHH "KaH.llH.llaT' ( CMo Ta6n. J) • 

LfacTHUa 

p 

g 

T 

Jp 

3-

? 

TaonHua 1 

TpaeKTopHsr p -Mesoaa 

M (Mas) 

765::!:..10 

1660::!:_20 

2190 

tot 
r (Maa) 

125::!:_20 

110::!:_30 

"' 85 

CcbmKa 

Ill 

111,121 

Ill 

fpacpHK Lfy-<l>pay'iH, IIpOBeileHHblft 'iepes TO'iKHe COOTBeTCTBYIOIII:lle p- H g -Me

xl 
SOHaM, OIIHCbiBaeTCSI cpopMynoi!: 

p (t) Jo,46 + o,o3\:r_(0,92 + o,oa) 
ChF r - ,,, - ( 1.1) 

H .nnsr fa 5 .naeT M - 2220. TaKHM oopasoM, T -Mesoa HBnSieTCSI xopo-

p -
lliHM KaH.llH.llaTOM 'iBCTHUbl C J "' 5 , 

B o6nacTH pacceHHHSI cae.neHHSI o p -MesoaHoi!: TpaeKTopHH ObinH rron 

'ieHbl HS psr.na peaKUHi!: ( CMo Ta6n. 2) • 

xl 
3.neCb H .nanee, B OTnH'iHe OT IIpHHSITOro, Mbl 0003Ha'iaeM TpaeKTOpH 

CHMBonoM ee HH.lleKca: p ( t) BMecTo a p ( t) H T • .n. · IT PH. aTOM HH.lleKC "ChF 
COOTBeTCTByeT aiiiipOKCHM8URH IIO .llBHHbiM rpacpHKa Lfy- <l>pay'IH, a HH,lleKC 

"s c " - aiiiipOKCHMBUHH IIO ,llaHHbiM pacceSIHHS!o 
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PeaKIIHSI 

rrN ,KN,KN 

.11N, CH. EX. 

rrp' pp' p p 

KN 

rrN CH.EX 

rrN 

11HTepsan 
-t 

0 - 1 

0 - 0,28 

0 - 1,1 

0 - 1 

0 - 1 

FESR 

ODC 

Taonuua 2 

p (0) 

0,58 _.:. 0,54 

0,58 :!:. 0,01 

0,57 :!:. 0,01 

0,57. ;. 0,58 

0,56 

0,55 :!:.. 0,58 

0,55 :!:.. 0,07 

0,56 

p '(0) CcbmKa 

0,65 .;. o, 78 /3/ 

1,00 :!:.. 0,11 /4/ 

q,91 :!:. 0,06 
, 

0,94 ; 1,01 /5/ 

1,05 /6/ 

- 171 

- /8/ 

- /9/ 

B nepBbiX miTH cTpO"'Kax TaonHIIbi npuseAeHbi AaHHbie o6pa6oTKH pacce-

HHHH H8 M8nbi9 yrnbi npH HMnynbCe HaneT810li!Bro ny"'K8 6 fas/c<p < 
L 

< .. 20 fas/c. nse cneAyJOli!He CTpO"'KH COA9p)K8T pe3ynbT8T oopaOOTKH 

aKcnepHM9HT8nbHblX A8HHblX C noMOll!bJO HOBOrO MO!IIHOrO M9TOA8 Teope.

TH"'BCKOrO 8H8nH38 8MnnHT.YA pacceHHHS! - .,npaBHn CyMM npH KOHB"'HOft 
/10/ 

aHepruu" ( FESR) • HaKoHeu, nocneAHHA pe3ynhTaT nony"'eH npu 

noMO!IIH oopaTHbiX AHCnepCHOHHbiX COOTHOlii9HHft fHnboepTa (On C) • 

3a HCKnJO"'9HH9M A8HHbJX C8MOft p8HHeft p800Tbi 1 see OCT8nbHbJe pe3ynh

T8Tbl Taon. 2 MOryT Ob!Tb npeACT8Bn9Hbl B BHAB 

P sa ( l ),0,57 _:!- 0,02)+ ( 0,95 ± 0,1 )t , 

.fq,, tt} ... (D. 'f6 to~ +~~~D.D$> t 
( 1.2) 

,.~ 
CpaBHHB8S! ( 1.1) H ( 1.2) 1 BRAHM 1 "''FO H8KnOHbl He npoTHBOp9"18T Apyr 

Apyry; OAH8KO .,BbiCOTbi" p (0) OTnH"'8JOTCS! npHMBpHO Ha 0,1. 0TM9THM1 "'TO 

aTO OTnH"'He BbiCOT SIBHO CY:.II(BCTB9HH_o npeBbllii89T B03MO)I{Hbl9 OliiHOKH 

s onpeAeneHHH p (0) • K aToMy <jJaKTy Mbi ellle sepHeMcH. 

·8 

... ,._ 

('1 
·: 

___ ¥J~ !Ill I II' I Ill I I 

1.2.TpaeKTOpH~ w(JGP,.O--) B oonaCTH pacCeS!HHSI T8K)K9 

u3y"'anacb s · pHAe paooT nyTeM o6pa6oTKH pacceHHHSI aa Manbie yrnbi s o6-

nacTH 6 fas/c < p < "" 25 fas/c~ ( CMo Taon. 3) 0 L 

TaonHua 3 

TpaeKTopHSI w 

PeaKIIHH 11HTepsan w (0) w, (0) CcbmKa 
-l 

rrN, KN,KN 0 - 1 0,50 - 0,52 0,5 - 0,6 /3/ 

"-P -+7Jo n 0 - 0,85 0,37 - 0,40 0,6 - 0,8 Ill/ 

rrp, pp' pji 0 - 1 0,21 - 0,47 0,32 - 1,66 /5/ 

KN 0 - 1 0,32 - 0,36 0,8 - 1,0 /6/ 

BHAH0 1 "'TO p830p0C A8HHbiX B aTOM cny"'ae 1 B OTnH"'HB OT p (t ) , oonee 

3H8"1HTeneH. YcpeAHBHHbie 3Ha"'eHHH MoryT ObiTb npeAcTasneHbi B BHAe 

W ea ( t) -(0,4 ± 0,1)+ (0,7 :!: 0,3) l. ( 1.3) 
r 

B oonacTH "'BCTHU nHHeAHaSI HHTepnonHIIHSI Me)KJ:ly nono*eHHeM w -Me3oHa 

H w (0) = 0,4 t_ 0,1 A89T 

w (t) '(0,4 ± O,V+ (1,0 :;: 0 ,15) l . ( 1.4) 

TaKHM o6pa30M1 ABHHbie npH t > 0 H t < 0, no-BHAHMOMy, He npoTHBope"'aT 

Apyr Apyry. 

9 



. GP ~+ 
1.3. T p a e K T o p H sr A 2 (I = I ) ( Ha3biBaeMaSI TSK>Ke R -Tpa-

eKTOpHeA) onpeaenSieTCSI H3 SKCnepHMeHTOB no paCCeSIHHID C 6onbWHMH 

OWH6KaMH ( Ta6no 4) • 

PeaKUHSI HHTepsan 
-t 

Ta6nHua 4 

TpaeKTOpHSI R 

R(O) R '(0) CcbmKa 

rrN, KN,KN 0 - 1 0,31 :!:.. 0,01 0,55 :!:.. 0,80 /8/ 

161 

161 

KN 0 - 1 0,34 0,35 

n 0 - 1 0,48 0,60 

YcpeaHsrsr npHseaeHHbte aaHHbte, nony'laeM 

R (t) • 0,4 + O,I + (0,6 + 0,2)t. 
eo - -

( 1.5) 

B o6nacTH 'laCTHil nono>KeHHe He O'leH& npocToe. C oaHoA cTopoHbt, peao

HaHc A 2 HeaasHo "pa3QBOHncsr': 

A ( -I270, I 0 = I- , J P. N ) , 
2 L • "' A (1300) 

2 '- A 2 H(I3I5. IJ0
p -I2-+ ). 

C apyroA CTOpOHbl1 K8HQHQ8Tbl S (1930 ), U (2380) He ycTaHOBneHbl QOCTa-

TO'IHO HaQe>KHOo fpatPHK t{y-$pay'IH 1 nocTp09HHb!A Ha A .s H u, 
2L,H 

HMeeT BHa: 

R (t) .. (0,37 + 0,05) + (0,98 + 0,02)t. 
ChF - - ( 1.6) 

10 

'~i, 

j 
t 
~-:~ 
l; 

]J 

IIIIIIIIII .... IIII!Ul1U llU.UUJ.L-U.l_..! I!/\ Ill I I I Ill"'"""""!"""" I II Ill ,.'.·'t;]". 

BHaHo, 'ITO HaKnOHbi R ' B ( 1.5) H ( 1.6) oTnH'ISIDTCSI apyr oT apyra 

6on&me1 '19M COOTBeTCTBYIDWHe (snpo'leM, QOBOnbHO 6onbWHe) HeonpeaeneH-

HOCTH, 

1,4. B a K yy M H bl e T pa e K T 0 pH H H8XOQSITCSI B "HaH6onee He6na-

ronony'IHOM" COCTOSIHHHo nnsr o6~SICH9HHSI OC06eHHOCTeA noBeQeHHSI nonHhlX 

H QH.ptPepeHuHanbHblX Ce'leHHA1 COOTBeTCTBYlOIIIHX BaKyyMHb!M 'IHCnaM 

B t -KaHane, Hapsray C noMepaH'IYKOBCKOA BaKyyMHOA TpaeKTOpHeA 

a (t) : p ( t ) , o6ecne'IHBaromeA noCTOSIHCTBO aCHMnTOTH'I9CKHX nonHblX p. .. 

Ce'leHHtt ( p (0) • I ) , BBOQSIT eme BTOpyro BSKY:YMHYID TpaeKTOpHID a ,• p (t) 
P I 

(a HHoraa H TpeT&ID a P ,,. P
2 

) • 

Ta6n. 5 coaep>KHT aaneKo He nonHbiA nepe'leHh peayn&TaToB no 

onpeaeneHHID HSKnOHa OCHOBHOA . BaKyyMHOft TpaeKTOpHH p '(0) 
1 

a T8K>Ke 

napaMeTpOB p (0)• H p' (0) BTOpoA BaKyyMHOA TpaeKTOpHHo 
l l 

PeaKUHSI 

"~.KN,KN 

rrN,NN 
rrp, pp ,pp 

rrN 

rrN 
KN 

rrN 

rrN 

KN 

Ta6nHua 5 

DapaMeTpbl BaKyyMHblX TpaeKTOpHA 

HHTepaan 
p '(0) P1 (0) PI <o> -t 

0 - 1 0,34 0,50 0,34 

0 "':' 1,5 0,33 - 0,49 0,62 -0,66 1,3- 1,6 

0 - 1 0 - 0,3 0,57-0,75 1,5-2,2 

0 - 1 0, 7:!:_0, 15 - -
-- -----··------~-

noseaeHHe a tot 0,31 :!:_0,2 -
nHcn. COOTH, 0,89 :!:_0, 1 -

FESR 0,41 :!:.. 0,1 -
-~~- 0,49 :!:_0,02 -

h 0,65 :!:_0,05 -

11 
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/5/ 

/J3/ 

/14/ 

/15/ 

/16/ 
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na~e 6ernoro BarnRaa HB STY Ta6nHUY aoCT8TO~H00 ~T06hl y6eaHTbCSI 

B oTCYTCTBHH cxonbKO-HH6yab Rcaoit xapT>lHbi. HaxnoH noMepaH~yKoBoit Tpa

eKTOpHH Kone6neTCR OT 0 ao 0,7. HaKnOH BTOpoft BaKyyMHOit TpaeKTOpHH 

p' (0) Kone6neTCR OT 0,3 ao 2,2. 0THOCHTenbHO MeHbiiiHft pa36poc B nono-
1 

~eHHH BTopoft TpaeKTOpHH P1 (0): MO~Ho1 BHaHM0
1 

npHHRTb0 ~TO 

pI (0) ,. 0 ,5 + 0,2 . ( 1. 7) 

8 HaCTOHIIIee BpeMH Haae~HO ycTaHOBneHbl TOnbKO aaa peaoHaHca, npHHaa-

. OP ++ OP ++ 
ne~aiiiHX "BaKyyMHOMy CeMeitCTBy"' f (1260, IJ = 02 ) H f '( 1515, IJ = 02 ). 

EcnH npoeecTH noMepaH~YKOBCKylO TpaexTopHlO ~epea f -MeaoH, a P 
1 

_ -

'!epea f' t TO C Y'i~TOM ( 1. 7) Mbl nony'iHM B nHHeftHOM npH6nH~eHHH: 

p (t) = 1 + 0,64 l • ( 1.8) 

'p (t) .. (0,5 + 0,2) + (0,65 -+ 0,1 )t . 
I - ( 1.9) 

CyweCTByeT apyrag TO'iK8 apeHHH1 cornaCHO KOTOpOH rnaBH8R BaKyyMH8H 

(rroMepaH'iyKOBCKaH) oco6eHHOCTb rrpeacTaBnHeT co6oit nH60 TpaeKTOpHlO 

C O'ieHb ManbiM H8KnOHOM 0 He conep~8IIIY10 peaoHaHCOB, nH6o CTOH'iYlO 

oco6eHHOCTbo B STHX cny'!aHx,npoeonH P 1 'iepea nono~eHHe f -MeaoHa,rrony~aeM: 

p t (t) .. 0,5:!: 0,2 + (0,95 + 0,12 ) l. (1.10) 

12 
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1.5. fHITOTeaa 0_6MeHHOI"O Bbipo~aeHHSI H CTp8HHbie 

T p a e K T 0 pH Ho 06pawaeT Ha ce6g BHHM8HHe 6nH30CTb TpaeKTOpHit 

.jP + 
p (I P- I -) H R ( 1 -1 ). A 2 Meaou npaKTH~ecxH ne~HT Ha nHHeitHoA. 

p -TpaeKTOpHH ( 1.1) o 3TOT .4JaKT MO~eT 6b!Tb HCTOnKOB8H KaK CBH-

/ 19 20/ 
.ueTenbCTBO TaK Ha3b1BaeMOI"O "o6MeHHOI"O BblpO~eHHR" ( CMo ' ) t 

BCne.UCTBHe KOTOpOI"O TpaeKTOpHH 0 OTnH'ialOIIIHeCH G -~~THOCTblO H CHI"Ha

Typoit, non~bi cosnanaTb. 

EcnH rrpHHSITb STy I"HITOTeay, TO OK83biB8eTCR B03MO~Hb!M ITOCTpOHTb 

/21/ 
B o6nacTH ~acTHU nee CTpaHHbiX MeaoHHbiX TpaexTopHH ! K - Tpaex-

-· + 
TopHlO, npoxonHIIIYlO ~epea K (49~0 ) , K* (1230, 1 ? ) 

L 
K (s)=-0,19+0,78s 

( 1.11) 

ChF 

HnH '!epea K ( 495 , 0 - ) , K * (1320, 1 + ? 

H 
K ( s) =- 0,16 + 0,66 s , 

ChF 
( 1.12) 

H 
* .. + K * - TpaeKTOpHlO, npoxo.UHIIIYlO '!epea K (890, 1 ) , K,.... ( 1420, 2 ) 

K * ( s ) .. 0,33 + 0,82 s . 
ChF ( 1. 13) 
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§2. 3KCf1EPI1MEHTAnbHbiE nAHHbiE no BAPI10HHbiM 

TPAEKTOPI1.HM 

2. 1. T p a e K T o p H sr 1:!. 5 
p + 

• 3Ta TpaeKTOpHsr I =3/2 , rrpoxo-

asrwasr qepe3 <jlepMHeBCKHtf pe3oHaHc 1:!. 33 , sisnsreTcsr HaH6onee "'6oraToA' 

qacTHUBMH Ha rpa<jluKe l.fy-<flpayqu. Ha Hetf ne>KaT cneayiOIIlHe pe3oHaHChi 

( CM. Ta6n. 6) , 

Pe3oHaHc J p 

/). ( 1236) 3/2+ 

/). ( 1950) 7/2+ 

/). ( 2420) 11/2+ 

/). ( 2850) ?+ 

/). (3230) ? 

Ta6n11ua 6 

TpaeKTopusr 1:!. 5 

M 

1,236 

1,95 

2,42 

2,85 

3,23 

r s 

120 1,53 

220 3,80 

310 5,86 

400 8,12 

440 10,4 

B o6nacTII qacTIIU TpaeKTopusr l:!.s IIpeKpaCHO OIIHChiBaeTCSI nHHetf-

Hb!M IIpH6ni!>KeHHeM 
/22/ 

ChF 
1:!.

8 
(u) = 0,15 + 0,90 u ( 2.1) 

KOTopoe aaeT MaCChi C IIOrpelllHOCTbl0 1 He npeBhiWaiOIIle.tf 20 Mas ( MaKCHManbHasr 

OWH6Ka B WKane u- M 2 
He 6onbwe 0,08 ras 2). 

B o6naCTII paccesrHHsr 'rpaeKTOpHsr f). 5 6hma H3y'leHa BaprepoM 
" /23/ + + 

H KnaHHOM Ha OCHOBe peaKUHtf 17-p-+ p 1T - IIpH 9HeprHSIX 6-14 faB 

14 

·~'·I 
< .. Jf!l ... ' ~.~.' ,, 
. ;,. I 

;;.;"! 
·:,•:11 
!, 

·lilt 

.ii.'' "'!# 
,\:, 

I· 

:~1: 
.'1_ 

I 
I 

I 

\ 

' I II "'"••••<-JUIIIIUIUILUIJUI, .J Ilk.--· ~-~........!__.._---....J.I.,WIIJII!>""""'"'"'II"III!!".'U"!!ilj"lj,IW.,:.Iol.o .... __________ ----------·---....:._ 

2 
B HHTepsa.ne rrepeaa'l - l fas < U < 0. l1x peaynbTaT: 

'"" f). fj (u) "'0,19 + 0,87, u • 
( 2.2) 

To'IHOCTb orrpeaeneHHSI Koa<jJ<jJHuHeHTOB s <jlopMy.ne ( 2.2} aBTOphi oueHHBaiOT 

B ±. 20%. 

HaKoHeu, H3 aHanH3a "- p .... P" /24/ 
IIpH 8 H 16 faB liiHX HeaaBHO 

IIOliY'IHll: 

'"" 1:!. 8 (u) • 0,05 + 0, 76 u • ( 2.3) 

XoTsr B rrpeaenax, owH6oK <jlopMyna ( 2.2) cosrraaaeT c ( 2.1), ee cpaBHeHHe 

C (2.3) 38CTaBliSI9T OTHOCHTbCSI C OCTOpO>KHOCTbiO K TO'IHOCTH OIIpeaeneHHSI 

/). fj (0). M hi ysHaHM HH>Ke ( §4.2) 1 'ITO STOT MOM9HT MO>K9T HMeTb IIpHH-

UHIIHallbHOe 3Ha'leHHe. 

2. 2. T p a e K T o p H sr N y 
·p 

HOCTbiO · I .. l/2 - ne>KaT asa 

WH.X KaHanaaTa ( Ta6n. 7). 

• Ha aTOM TpaeKTopHH c H30CIIHH-'I~T-

ycTaHosneHHhiX pe3oHaHca H asa xopo-

Ta6nHua 7 

TpaeKTopHsr .N y 

Pe3oHaHc J p M r M2 

--
N (1518) 3/2- 1,515 115 2,30 

N (2190) 7/2- 2,19 300 4,80 

N ( 2650) ? - 2,..65 360 7,02 

N (3030) ? 3,03 400 9,18 
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Sl 

bl 

c 

llii 

/22/ fpacfJHK 'tJy-cJ>payqH annpoKCHMHpyeTCSI nHHeAHbiM Bbipa>KeHHeM 

ChF 
N ( u) .. - 0,94 + 0,92 u , y 

TaonHua 8 

( 2.4) 
CTpaHHbie 6apHOHHbie TpaeKTopHH 

2 2 1 TpaeKTOPHSI KOTopoe xoporuo onHCbiBaeT TPH cTapmHx peaoHaHca ( TO"'HOCTb L\ M'"'±_0,02fss ) • 
Bbi"'HcneHa no peaoHaHcaM 

OaHaKo Ny (1518) aaMeTHo BbmaaaeT Ha nHHeAHoro npHonH>KeHH.sr (.1M 2 = 
2 

0,33 fss ). 

B oonaCTH pacceSIHHSI H3y"'eHHe STOA TpaeKTOpHH aaTpyaHeHo Ha-aa 

HH3KOI'O nonO>K9HHSio 
p ,.. 

2.3. T p a e K Top H Sl N (I ·1/2 ) , npoxoaSirua.sr qepea HyKnoH N (938), 
a a 

coaep>KHT ewe oaHH peaoHaHc N a(l688) : J p .. 5/2 +. M -1690 • r .. 125. 
2 

M =2,86 • JlHHeAHaSI HHTepnonSIUHSI B oonaCTH "18CTHU HM99T BHa: 

ChF 
N ( u) "' - 0,39 + 1,01 u . a ( 2.5) 

napaMeTpbl STOfi TpaeKTOpHH B oonaCTH paCC9SIHHSI H3BeCTHbl H3 paoo
/23/ 

Tbi Baprepa H KneAHa : 

·~. 

so 
N ( t)._ 0,38 + 0,88 t • 

a 
( 2.6) 

To"'HOCTb HX onpeaeneHHSI aBTOpbi oueHHBaiOT B ;;j 10%. 06paruaeT Ha ce6.sr 

BHHMaHHe 3aMeTHOe OTnH"'He HaKnOHOB B ( 2.5) H ( 2.6) • 

2.4. C T p a H H bl e T p a e K T 0 pH Ho 8 H9CKOnbKHX cny"'aSIX C nOMOlllbiO 

rpa¢HKa 'tJy-IPpay"'H MoryT ObiTb nonyqeHbi nHHeAHbJe rrpHonif:lKeHHSI. anSI 

oapHOHHb!X TpaeKTOpHfi CO CTp8HHOCTbiO (eM. Ta6n. 8). 

16 

~ 0 .. -0,25+0,91 u ~ ( 3/2: 1385), ~ ( 7 I 2 +, 2030) 

A a = -0 1 70+0,97 u A(1/2+, 1115), A (5/2+, 1815) 
+ 

~a= -0,78+0,90 u + ~(112 1 1190), ~ (5/2+, 1915) . 
~y = -0,90 + 0,87 u ~ ( 3/2-, 1660) 1 ~ ( ?, 2250) 

E = -1,26+1,01 u E( 1/2+, 1318), E ( ?, 1930) 
a 

3aecb o6paruaeT Ha ce6SI BHHMaHHe To OOCTOSITenbCTB0 1 'ITO HaKnOHbl Tpa-

eKTOpHH ~ O H ~y onH3KH K 0,90, T.e. K H8KnOH8M L\ O H NY' 

a HaKnOHbi A a H E a- K 1,0, T.e. K HaKnoHy N a • 

B o6nacTH pacceSIHHSI nepsa.sr rronbiTKa o6pa6oTKH HeaasHo rronyqeHHbiX 

sKcrrepHMeHTanbHbiX aaHHbiX no "pacceS!HHIO" Hasaa anSI peaKUHH 11-p ... K0 
A 

npH SHepi'HSIX 4,0 H 6,2 rss/c Obin8 npeanpHHSITa BaprepoM, KnafiHOM 
/43/ 

H MaTocoM • 

,I 
a 

nonaraSI, 'ITO STOT rrpouecc onpeaenSieTCSI o6MeHoM 

H C"'HT8S! STH TpaeKTOpHH BbipO>KaeHHbiMH 1 STH 8BTOpbl nony"'HnH: 

"" ~ (u) =- 0,84 + 1,0 u . 
ay 

H 
;' 

~y 

CpasHeHHe c aaHHWMH Taon. 8 noKaawsaeT, 'ITO nHHefiHwe npHonH>KeHH~ 

anSI STHX Tp89KTOpHfi B oonaCTH "18CTHU H B oonaCTH paCC9S!HHSI 1 nO-BHnHMO-

My, He npoTHBopeqaT npyr apyry. 

2,5, 3 cp cp e K T bl Hey n p y r 0 C T H, npeJlCTBBnSIIOT HHTepec naHHbl9 

no H3MeHeHHIO csoficrs yrrpyrocTH peaoHaHCOB snonb TpaeKTOpHfi. Ha 

pH c. 1 rrpencTaBneHa 38BHCHMOCTb fn X ( X - r .. e I r tot ) OT MOMeHTa 

•. 
i 
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ansr TpaeKTOpHii 1'!.8 H N y· BHa~o, 'ITO ece peaoHaHChi H3 

rrpaKTH'19CKH ne)!(8T Ha OJlHOH KpHBOH 0 KOTOpllSI IIpH f > 4 

arrrrpOKCHMHpOBaHa Bb!p8)!(9HH9M 

-0,9 f 
fn X "'2,5 - 0,9 f , X = 12,2 e 

!'!. 8 H N y 

M0)!(9T 6b!Tb 

( 2. 7) 

TaKaH 38BHCHMOCTb H8XOJlHTCSI B COOTB9TCTBHH C TeopeTH'I9CKHMH CIIeKynsr-

/25/ /26/ 
UHHMH Jl)!(OHC8 H TerrnHua ( CM, T8K)!(e ) , HCXOJlHBlliHMH H3 Tpe6o-

B8HHSI IIOnHHOMHanbHOH orpaHH'I9HHOCTM 8MIInMTyJlhl IIpM 6eCKOH9'1HO B03pac

T8!0lliMX p9Jl)!(9BCKMX TpaeKTOpHHXo 

0TM9TMM 3Jl9Cb 0 'ITO ecnH <f>opMyna ( 2, 7) HBnHeTCSI Jl0CT8TO'IHO aK

KypaTHOH B o6naCTH f =10 0 TO H3 Hee CneayeT, 'ITO 8KCIIepHMeHT8nbHOe 

o6aapy)!(eHHe "N -peaoaaacoe c f >_ 10 SIBnSieTcsr qpe3Bhi'Iaiiao cno)!(HhiM, 

ecneacTBMe qero IIMoH-HyKnoaaaSI 'laCTb Ta6nn:u Poaea<f>enbaa, BMJlHMo, y)!(e 

aarronaeaa IIO'ITM uenMKOM, 

§3. CDEKTPAflbHblE DPE.llCTABnEHHH I1 DPOBnEMA 

BbJl·IHT AH I1 H 

3,1, Me 3 0 H H hie T p a e K T 0 p M M, 06bi'IHO IlpMHHM8!0T
0 

'ITO M930H

Hbl9 TpaeKTOpHM HBnSI!OTCSI aaanMTH'IeCKHMM <f>YHKUHSIMM B KOMIIneKCHOJi 

IInOCKOCTM MHB8pH8HTHOlf rrepeMeHHOJi S C pa3p930M Ha '18CTM IIOnO)!(H-

TenbHOlf aelfcTBHTenbaolf rronyrrnocKoCTM sthr < s < oo • Haqano paapeaa 

s thr coerraaaeT c aeyxqacTM'IHhiM rroporoM aerrpepbiBHoro crreKTpa peaKUMH. 

/27,28/ YcnoBMe aeyxqacTM'IHolt yHHTapaocTM rroaeonsreT orrpeaenMTb 

BMJl rroporosoro rroeeaeHMSI Ima 

lma(s) I .,c(- )a("thr)+l/2 

""' " thr- s s thr 
( 3.1) 
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Dpo6neMa orrpeaeneaHsr acHMIITOTH'IecKoro rroeeaeaHsr TpaeKTopHA 

PeA)!(e rroKa He IIOAA89TCSI K8KOMy-nH60 IIpOCTOMy TeopeTH'I9CKOMy 

MCCneAOB8HM!Oo 

B Te'leaHe rrocneAHero roAa ece 6onblliY!O rrorrynsrpaocTb rrpHo6peTaeT 

rHrroTeaa aeorpaHM'Ieaaoro pocTa a(s) IIpH S -o 00 • ,3Ta KOHUeiiUHS11 

C OAHOA CTOpOHbl He IIpOTHBopeqHT y)!(e IIpMBeAeHHOMy 8KCIIepHMeHT8nbHOMy 

MaTepMany no '6oraThiM qacTHil8MH" TpaeKTopHsrM 1'!.. 8 • N,y (a TaK)!(e p ) , 

C Jlpyrolt CTOpOHhl - IIpHBOJlHT K aeKOTOpbiM KpaCHBbiM TeopeTH'I9CKHM cnea
/28/ 

CTBHSIM ( H8IIpHMep 1 MOJl9nb BeHeUH8HO ) o 

Dpearronarasr, 'ITO 

a(s) ... sn ,O<n< 1, 

rronyqaeM: 

a ( s) • ,a (0} + ..!.J' 
"" thr 

ds' Im a(s ') 

s' s - .5 ( 3.2) 

B cnyqae 6onee cHnbaoro pocTa a (s) aeo6xoan:Mo BTopoe Bhi'IHT8HHe: 

( 

2 00 

as) .. a (0) +sa'(O) +!.. J.~ lma(s ') 
TTs s'2 ··'· 

thr s - s 

( 3.3) 

Cornacao <f>opMyne ( 1.1), cTerreab pocTa Rep(s) paeaa eAMHMue MnH 

6nM3K8 K aelt, I1crronb3YH COOTHOlli9HHe 

2 tot , 2 
Im a ( m I ) = Ml r. a (m I). 

(3.4) 

Bbi'IHCnHM · Jm p B TO'IK8X S p H ST 0 DonyqaeM: s 
g 

Imp(m~ )=0,09z0,02, Imp(m! ).,O,l5t.0,05, lmp(m;),.O,l7 •. ( 3.5) 
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EcnH sepHTh TpeTbelt TO'IKe s T , TO Im P pacTeT no Kpaltaelt Mepe 

ae. 6hiCTpee Vs. Toraa MO;)KHO 6bmo Obi nonhsosaTbCH npeacTasneaHeM 

(3.2). 0aHaKO He COCTaBnHeT Tpyaa y6ellHTbCHo 'ITO HHKaKoro nOllOOHH 

nHaeltaoro poeT a Re p ( t ) BHlla ( 1.1) B aTOM cnyqae Mhi He rrony'IHMo 

I1HhiMH cnosaMH, cosaaeTCH srreqaTneHHe, 'iTO rroseaeHHH Im p (t) 

H Rep rrpoTHBope'laT apyr apyry. 

3aecb HM9IOTCH llBe B03MO;)KHOCTH: 

2 A. Ha'IHHaH c t~4MN xapaKTep rr·oseaeHHH Im. p pesKo M9HHeTCH0 TaK, 

'ITO acHMIITOTH'IeCKH Im p pacTeT IIO'ITH nHHell'Ho, scneacTBHe qero Rep 

onHChiBaeTcH !flopMynolt c llBYMH Bhi'IHTaHHHMH (3.3). B rronhsy TaKolt 

B03MO;)KHOCTH HM9IOTCH IIO Kpaltaelt Mepe llBa C006pa;)K9HRH: 

1) aHanorHsi c rroseaeHHeM Im' !l 8 H Im N y (eM. HH*e §4), 

2) CYMMHpOBaHH9 norapH!flMH'I9CKHX llHarpaMM B TeOpHH C narpaH;)I(Ha-

HOM 
2 /30/ 

A(rr rr ) IIpHBOllHT K IIOniOCaM (a TaK;)K9 CTOH'IHM OC009HHOCTHM) a a 

Pea*e• so scex Tpex HSOTOIIH'IecKHX l - aMIInHTyaax I,0,1,2 . f1pH 

aToM rron10c I "'I ne;)KHT HH*e rron10ca I= 2 . .llnH OTHOCHTenhHoro noaasne-

HHH noniOCa I = 2 OKa3biBa9TCH H900XOllHMbiM yq~T nHOH-HyKnOHHoro B3a-

HMoaeti:CTBHH g (N raN) rr a , T.e. yq~T N N npoMe;)KyTO'IHhiX cocToHHHll', 

B. Bbi'IHTaHHe nHHell'aoro qneHa He csHsaHo c pac XOllHMOCThiO oa

HoKpaTHO Bbi'IT9HHOrO HHTerpana B npascA 'laCTH (3.2) H HBnHeTCH
0 

TaK CKa3aTb 0 .,H3nHWHeA pOCKOWbiO .. o 

f1peacTasneHHe (3.3) B aToM cnyqae MO;)KeT ObiTb nepenHcaHo 

B BHae: 

Im a ( s ' ) "" 
a ( s ) =a (O) +sa ' ("" ) + ..!!. f ds' 

( 3.6) 
" s "thr 

s , - s 

npH'IeM 

a ' ( oo ) =a ' (0) - ~ j ~ . Im a (s ) • 
" " s2 thr ( 3. 7) 

20 
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Bon poe o rrpHpone .. nHW.lfero .. Bbi'IHTaHHH H 'IHcneaaoM sHa'leHHH 

HBnH~TCH COBepweHHO OTKpb!TbiMo 

3.2. T p a e K Top H H p • 3KCttepHM9HTanbHbi9 ll8HHbl9 IIO paCC9HHHIO 

HBnHIOTCH
0

- no Bee it BHllHMOCTH 0 llOBOnbHO H8ll9;)1(HbiM CIIOCOOOM onpeaene-

HHH p (0) 
p (0) = 0,57 ::t 0,01 

3KcTpanonHpyH no !flopMyne (1.2) B o6nacTb nopora, aaxoaHM: 

p ( 4p 2 
) = 0,64 ±. 0,02 . 

f1oaToMy cornacH.o ( 3.1) 

1,14 

Im P (s) I 2 "' c ( s -4 JL 
2 

) • 
8 .. 4JL 

(3,8) 

( 3.9) 

f1oporosoe noseaeHHe (3.9) npHBOllHT K ocooeHHOCTH noseaeHHH Rep(s) 
2 

OKOnO TO'IKH s = 4 JL 

!l Rep (s) = 
c 1,14 2 

----(4JL 2 -s) , s<4!l; 
0,14 "' r ( 3.10) sin " 

2 1,14 2 
=- c.ctg0,14rr• (s-4JL ), s >4p. 

"' 

113 9THX !flopMyn cneayeT, 'ITO HHTerpan OT Imp HMeeT T9Hll9HUHIO 

COKpaTHTb sepTHKanbHyiO' wenb B 0,1 M9;)KllY !flopMynaMH ( 1.1) H ( 1.2) o 

OaHaKo 'IHcneHHhifi pacq~T noKa3hiBaeT, 'ITO aTa wenh sanonaHeTcH He 

6onee qeM Ha 0,03 • .lleno s TOM, 'ITO rroporosaH anrrpoKCHMllUHH ( 3.9) 
2 

.QOBOnbHO ObiCTpO HapywaeTCH Y*e rrpH s "' l ras • 
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B caMOM aene, omrpaSICb Ha 'IHcneHHbie aHa'leHHSI ( 3.5), nerKo 

4 2 2 I 2 t/s 
yoe):lHTbCSit 'ITO B 00li8CTH 1'- < S <, 3 faB m p "' 0,1 (s-4p. ) 

0TCIOJ:l8 BHJ:lHO, 'ITO He TOllbKO IlOpOI'.OBb!il: pe)KHM O'leHb 6biCTpO HapymaeTCSit 

HO H aoCOli!OTHbie 3H8'1eHHSI Im p OK83b!B810TCSI M8llb!MH. 3To H IlpHBOJ:lHT 

K TOMYt 'ITO 80COli!OTHbie 3H8'1eHHSI HHTerpallbHOI'O 'llleHa B IlpaBoil: '18CTR 

( 3.6) T8K)Ke OK83biBSIOTCSI M8llb!MH (~ 0,05 ) B 00li8CTH 0 < s < 3 faB 
2

, 

'ITO B CBOIO oqepe!lbt npHBOJ:lHT K HeB03MO)KHOCTH 38IlOliHHTb 'menb' 
1, 

5onee qeM Ha 0,03. 

IToaToMy Mbi npHXOJ:lHM K BbiBoay, 'ITO aKcnepHMeHTanbHbie aaHHbre 

no M8CC8M H liiHpHH8M p - H g -Me30HOB, C OJ:lHOA CTOpOHbl 1 H J:l8HHbie 

no onpeaeneHHIO TpaeKTOpHH p (t ) B 00li8CTH pacceSIHHSI 1 C J:lpyroA CTOpOHbi, 

npoTHBope'laT apyr apyry a paMKax cneKTpanbHoro npeacTaaneHHSI (3.2), 

( 3.3). 

3TO npOTHBOpe'IHe 1 BepOSITH0 1 SIBliSieTCSI yK838HHeM H8 H8liH'IHe J:l0-

/30/ /31/ 
nonHHTellbHOfi OliH3KOfi ocooeHHOCTH (cTOSI'Iero HliH J:lBH)KyllieroCSI 

paapeaa). 

§4. CITEKTPAnbHOE ITPEnCTABnEHHE BAPHOHHWX 

TPAEKTOPHA 

4.1. CneKTpallbHoe npencTaaneaHe H paaaaoeHHe no 

q e T H 0 c T H. CornacHo OObl'IHOMy peuenTy pea)Ke38UHH aMnliHTYJ:l MeaoH-

/32 33/ 
oapHOHHOI'O pacceSIHHSI 

1 
t Y'IHTbiB8JOliieMy KOpHeByJO KHHeMaTH'IeCKyJO 

OCOOeHHOCTb Vu t CBSI38HHYIO C H8liH'IHeM cnHHa, oapHOHHbie TpaeKTOpHH1 

0TliH'1810liiH9CSI J:lpyr OT J:lpyra 'leTHOCTbl01 OK83b!B810TCSI TeCHO CBSI38HHbiMHo 

TaKHe napbi TpaeKTOpHtl: r a+ ( u) H a_ (u), J:lOli)KHbi coanaaaTb npH u = 0, 

a npH U < 0 OK83b!B810TCSI KOMnlleKCHO conpSI)KeHHbiMH 

a ( u ) = (a (u)) * 
+ -

( IIpH U < 0), ( 4.1) 

T.e. 

22 

A 
,',11~~ 

a+(u)= a
1

(u) ± ia
2 

(u ), ( 4.2) 

rae a 1 H a 2 - aeAcTBHTellbHbi J:lliSI u < 0. IT pH aToM acHMnToTHKa 

aMilliHTYJ:lbl Me30H-oapHOHHOI'O. pacceSIHHSI H838J:l onpeaenSieTCSI OJ:lHOBpeMeHHO 

Tp89KTOpHSIMH a+ H a T8KHM Oop830M 1 'ITO 

du 2a (u) __ ,.. s l (4.3) 
dO 

B oonacTH u > 0 TpaeKTopHH, aoo6me roaopSI, He paBHbi apyr apyry. OaaaKo 

OHH MOI'YT Ob!Tb IIpeUCT8BlleHbi K8K !IJyHKUHH OT nonHbA aaeprHH w :: yu; 
IlpH aTOM OHH CBSI38Hbi TaK H83biB89MbiMH yCliOBHSIMH CHMMe.TpHH MaK

nayanna: 

a(w) =a (-w). 
+ 

TaKHM o6paaoM, ooe TpaeKTOpHH MoryT ObiTb caeaeHbi K OJ:lHOA !IJyHKUHH 

- /32/ 
a ( y u ), Y!lOBlleTBOpSI!OliieA cneKTpanbHOMY npeacTaBneHHIO : 

3aecb 

H 

a(w),.a+bw+ 

w2 
+--I 

1T wo 

Im a + ( w ' )d w ' 2 00 

~J 
lm a -(w') 

+ 
w ' 2 ( w,- w ) 

a+ (u) =a ( Vu) 

1T wo 

IlpH 

=a ( i y=-ii) IlpH 

23 

w''w'+w) 

u ~ 0. 

u < 0 

dw ' 

( 4.4) 

(4,5) 



a- (u) =a(-,;-;; rrpH u > 0, 
(4,5) 

=a (- i ,_;-.:::;-) rrpH u < 0. 

.1106HO rrpeo6pa30B8Tb ( 4.4) 1 Bbl.llenHB SIBHO 'I~THYIO H He'I~THyiO ITO w 

8CTH: 

a (u)=a+ 
1 

a ( w ) = a (u) + w a ( u ), 
1 

"" ~ J du' I Im a+ ( V ;-; ) + Im a- (- v'il') I 
1T w J u '( u , - u ) 

2u 00 

a(u) = b +- J d,j~ 1 Im·a+(,j;')-Ima-(-,j;;-)1. 
17 w2 

0 
u '(u '- u) 

(4.6) 

( 4. 7) 

(4.8) 

3KcrrepHMeHT8nbHbie CBe,lleHHSI 06 orrpe,lleneHHOfi 6apHOHHOfi TpaeKTOpHH 1 

ne,llOBaTenbH0 0 MOryT"' C06Hp8TbCSI H3 3-X HCTO'IHHKOB": 

) PeaoHaHCbi rrono>KHTenbHOtl: 'I~THOCTH orrpe.11enHJOT ljlyHKUHIO 

+ -a (u) .. a (u)+ ,Ju a (u) 
1 

npH u > 0. 

) PeaoHaHCbi oTpRuaTenbHotl: 'I~THOCTH orrpe.11enHJOT ljlyHKUHJO 

a-(u)=a (u)- Vu a(u) 
I 

IlpH u > 0. 

(4.9) 

( 4.10) 

B) llR«iJijlepeHUH8nbHOe ceqeHHe Me30H-HyKnOHHOrO pacCeSIHHSI B OKpeCTHOCTH 

0"' 180 ° ,ll8eT CBe,lleHHSI 0 BenH'IHHe 

Re a ( w ) = a , ( u) rrpH u < 0. ( 4. 11) 
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Dpo6neMa cornacoBaHHH cooTB&TCTBYJOIIlHX aKcrrepRMeHTan&HhiX .llaHHhiX 

OK83hlB8eTCSI HeTpHBH8nbHOtl:, 

4,2, nHoH-HyKnOHH8SI TpaeKTOpHS! C I~3/2. B oTnH'IHe oT 

TpaeKTOpHH C IIOnO>KHTenbHOtl: 'I~THOCTbiO f'l 8 TpaeKTOpHH I =3/2 c oT-

pHU8TenbHOii: 'I~THOCTbiO f'ly B o6naCTH '18CTHU IIp8KTH'IeCKH He Ha6nJO.ll8-

P -
eTcH, B rrocneAHee apeMH 6binH o6Hapy>KeHbi .llBa peaoHaHca I =3/2 : 

p - p -
f'l (1630 , J = 1/2 ) H f'l (1690, j =3/2 ) . C Y'I~TOM CHrHaTypbl TOnbKO /'l{l690) 

MO>KeT 6b!Tb OTHeCeHa K TpaeKTOpHH f'l y . npHBe,lleHH8SI B §4 nHH9tl:HaSI 

ljlopMyna Baprepa-Knatl:Ha 

l'l 8 ( u) = 0,15 + 0,90 u 

,ll8eT OIIIH6Ky B j IIOpSI,llKa :!:.0,05, Do TO'IK8M rpaljJHK8 qy.:.$pay'IH MO>KHO 

rrpoBeCTH pSI.ll rrapa6on l + b W + C W ~ KOTOpb!e 6y.llyT ,ll8B8Tb OIIIH6KH 

rrpHMepHo Toro >Ke rropSI.llKa, Mo>KHO TaK Bbi6paTb Koa«il«iJHUH9HTbi a , b , 

c' 'IT06bt rronyqeHHaSI rrapa6ona rrpR w = -1,69 rrpolllna qepea l'l (1690): 

l'l ( w ) .. - 0,25 + 0,35 w + 0,83 w 2 • 

$opMyna (4,12) ,llnSI BC9X f'll) pe30H8HCOB H f'l(l690) 

B MoMeHTe Jl'l J I~ 0,05 . 0Ha npe.llCKa3hiBaeT peaoHaHc 

Macce !I 2340. B o6nacTH pacceSIHHSI, O.llHaKo, OHa .11aeT 

Re l'l ( u ) = - 0,25 + 0,83 u , 

( 4.12) 

{' 

,ll89T OIIIH6Ky 

J P rc 7/2 - II pH 

'ITO CyiUeCTBeHHO paCXO,llHTCSI C 8KCII9pHM9HT8nbHbiMH ,ll8HHbiMH ( 2,2) H ( 2,3), 

PaayMeeTcSI, He cne.11yeT rrepeoueHRBaTb TO'IHOCTH rrocne.llHHx, a TaK>Ke 

Ha,lle>KHOCTH IlpH6nH>KeHHSI ( 4,12), llnSI C paBHeHHSI yKa>KeM 0 'ITO ljlopMyna 

ll>Ketl:Mca 
/34/ 

l'l(w)=- 0,19+0,37w + 0,8l w 2
, 
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HMeJOUlaSI 'ITepece'I9HH9' tJ. (0) Ha Ul9CTb COTbiX Bb!Ule 1 ITO TO'IHOCTH IIHUlb 

H9MHoro ycTyiTaeT Hame.tl' cf>opMyne ( 4.12). 

• Y.osoeHHe TpaeKTOpHH N IJ. 
a,t-' 

4.3. n H 0 H - H y K 11 0 H H a S1 ITO 

'I~THOCTH HMeeT 3.09Cb 1 Ka381I0Cb Obl1 OTHOCHT91IbHO oonee CHIIbHble IT03H-

UHHo .ileno B TOM, 'ITO peaoHaHCbl Na (1688, 5/2 + ) H N rJ.1680, 5/2-) 

ITpaKTHtJeCKH Bblp0)!(.Q9Hbl ITO 'I~THOCTHo 0'1eBH.QHaSI Tpy.QHOCTb 3aK1IIO'Ia9TCSI 

B OTCYTCTBHH ITapTH9pa N{3 (., 1000, 1/2 -) C OTpHUaT91IbHOti 'I~THOCTbiO 

.onH HyKnoHa. CTopoHHHKH BhlpO)!(.QeHHH OOhl'IHO ITonaraJOT (eM. CChliiKH 

/34/ 
B paoOT9 ) 1 'ITO B CHny TeX HIIH HHblX ITpH'IHH pe.Q)!(9BCKHtl' Bbi'I9T {3 (w) 

paaeH HYIIIO anSI N {3 (1000, 1/2- ). 
/35/ 

BTopaS! B03MO)!(HaSI TotJKa 3p9HHSI CBO.QHTCSI K TOMy1 'ITO TpaeK-

To pHS! N IJ. cHIIbHO acHMMeTpH'IHa, coaiTa.oeHHe Mace N (1688) H N IJ.(l6BO) 
a,f---1 a f---1 

HOCHT cny'laii:Hblfi xapaKTep, ITapTHepoM ITo 'leTHOCTH anH N ( 940, 1/2 +) a 

SIBIISieTCSI N (1550, 1/2- ). 

DepByiO B03MO)!(HOCTb ( BblpO)!(.Q9HHe) 1 KOHe'IH01 He1lb3SI HCKJIIO'IHTb 

rrpoCTblMH COOopa)!(eHHSIMHo 0.QHaKO pellieHHe BOITpoca 00 OTCyTCTBHH 

N (1000,1/2 -) 3.Qecb HOCHT HecKonbKO HcKyccTBeHHhitl' xapaKTep. KpoMe 

Toro, ITOJIO)!(eHHe, rrpH KOTOpOM TpaeKTOpHSI N a HMeeT BblpO)!(.QeHH9 1 

a NY H tJ. O ero He HMeiOT1 rrpe.QCTaBnHeTCSI T8K)!(e He OtJeHb OOHa-

.Qe)!(HBa!OUlHM C TeopeTn'leCKOfi TO'IKH 3peHHSio 

/35/ 
BTopaSI TO'IKa 3peHHSI He ITpe.ocTaBnSieTCH HaM ITpHeMneMoA. .ileno 

B ToM, 'ITO MaCChi 'laCTHU N ( 1550) H N tf-1680) .. H9IT03BOJIHTeJibHO OJIH3KH': 

cpe.QHHfi HaKnoH TpaeKTopHH 3.09Cb paaeH N~~5. BBH.OY ycTaHoaneHHoro 

OTCyTCTBHSI pe30H8HCa N f3 ( 9/2l c Maccofi < 2 raa cpe.QHHfi HaKIIOH 

TpaeKTOpHH N ~ Bb!llie TO'IKH N(l680), BO BCSIKOM CJiy'lae M9HbUl9 1,5. no-

3TOMy TpaeKTOpHSI .QOJI)!(Ha HM9Tb pe3KHfi IIOKaJibHbitl' MaKCHMYM B ITpOH3-

BO.QHOfi rrpH w .. 1600 . CornacoB,aTb TaKofi MaKCHMYM co ciTeKTpanbHhiM 

ITp9/lCT8BJI9HH9M H9 rrpeJlCTaB1ISI9TCSI B03MO)!(Hb1Mo 
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TaKHM o6pa30M 1 M~I ITpHXO.OHM K BbiBo.oy o TOM, 'ITO aa.oatJa corna

coBaHHH 3KCIT9pHMeHTa1IbHhiX .OaHHblX ITO ITHOH-HYKIIOHHbiM Tp89KTOpHSIM 

C .QHCrrepCHOHHb!Mll COOTHOUleHHSIMH (4.4) 1 B03MO)!(H0 1 HaTaJIKHB89TCSI 

Ha orrpe.oeneHHble Tpy.OHOCTH. 8TH Tpy.QHOCTII 1 KaK Mbl BH.QeJIH
1 

SIBHO 

rrpOSIBIISIIOTCSI B TpaeKTOpHH tJ. O • Do3TOMy ITOJiy'leHHe OOJiee Ha.Qe)!(HOti 

3KCITepHMeHT8JlbHOii: HHcf>OpM8UHH 0 ITOBe.QeHHH TpaeKTOpHH tJ.(u) ITpH u< 0 

H3 aKciTe.pHMeHTOB ITO TT N -pacceSIHHIO Ha3a.o HBnSieTcH ceii:'lac O'leHb 

aKTY8JibHb!Mo 

/23 24/ 
B cny'lae rro.oTaep)!(.QeHHH pe3yJibTaToB paooT ' rrpHHHTaH cxeMa 

peJl)!(H38UHH oapHOHHbiX 8MIT1IHTY.O BCTyiTfteT B ITpOTHBope'IHe C 3KcrrepHMeH-

TOM. 

/23 24/ 
C .opyroii: cTopOHbi 1 rrpH HcrrpasneHHH ¢opMyn paooT ' 

( tJ. (0) < - 0,10 ) H: rro.QTBep)!(.QeHHH arrrrpoKCHMaUHH THITa ( 4.12) Mhi rrony'IHM 8C ~ 

oo.Uly!O KapTHHY ITHOH-HyKIIOHHbiX TpaeKTOpHii: 1 CTp8.Q810UlYIO orrpe.oeneHHOfi 

rrecTpoToii:. B aToM cny'lae OKa)!(eTcH 
1
'1TO 

1) TpaeKTOPHSI N a SIBIISieTCSI ITO'ITH HaeaJibHO CHMMeTpH'IHOfij 

2) TpaeKTOPHH tJ. o H NY SIBIISIIOTCSI Cyii!eCTBeHHO 8CHMMeTpH'IHbiMH! 

tJ. 0 == - 0,25 + 0,35 w + 0,83 w 2 
' 

( <l>opMyna ( 4,13) 

NY (2200, 7 /2- ) 

N = - 0,57 + 0,25 w + 0, 73 y 
2 

w 

ITOIIy'leHa C ITOMOII!b!O pe30HaHCOB 

H N 0(1860,3/2+). 

( 4"1-12) 

(4,13) 

N y(l525 , 3 I 2 -) , 

4.4. A C H MITT 0 T H 'I e C K 0 e IT 0 Be !I e H He. 0op8THMCSI K BOITpocy 

8CHMITTOTH'IeCKOrO ITOBe.QeHHSI HyKIIOHHhiX TpaeKTOpHii: H rrpooneMe Bbi

qrrTaHHSio DpH aTOM 6y.oeM HrHopHpoBaTb He'I~THYIO '18CTb !IB8)!(J:Ibi Bbi'I.

TeHHoro aHcrrepcHOHHoro HHTerpana. PaccMoTpHM 
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00 

Ba(u)=....!!.... f 
du ' 

Im a+ (u ' ) + Im a- ( u ' ) I . ( 4.14) 
1T 2 '( , ) 

(M+It) u u -u 

Ha pHc. 2 oTno:>KeHhi MHHMbie qacTH TpaeKTopHit 11 8 H NY a ToqKax 

H3B9CTHhiX pe30H8HCOB, 

EpocaeTCSI a rna3a 1 qTo MHHMbie qacTH Im 118 H lm NY npaKTHqecKH 

ne:>KBT Ha oaHoit KpHBOi%:1 oqeHb 6nH3KOit K liHHeitHOit ~YHKUHH 

lm a 0,14 (s -1,17 ). ( 4,15) 

TaKHM o6pa30M 1 B9CbMa B03MO:>KH0 1 qTQ HHTerpan ( 4,14) He CyiiJeCTByeT 

anSI 118 H N y H aHcnepcHOHHoe cooTHollleHHe Tpe6yeT eme oaHoro 

BhJqHTBHHSI, 

EcnH CT8Tb H8 TaKyiD TQqKy 3p9HHSI1 TO KOHCT8HT8 lJHHeitHOrO 

(no 
2 

u =w BblqHT8HHSI SIBlJSI9TCSI H938BHCHMbiM ( OT fiOBeaeHHSI fm ia ) 

HOBhiM rrapaMeTpOM, <l>aKT rrpH6nH:>K9HHOrO paBeHCTB8 H8KliOHOB 6apHOHHhiX 

H ( C M9Hbllleit TOqHOCTbiD) M930HHhiX TpaeKTOpHit B 3TOM cnyqae 8CCO

UHHpyeTCSI CO CBOero poaa yHHBepC8llbHOCTbiD KOHCT8HT liHH9itHOrO BbJqH-

T8HHSI, 

C apyroit CTOpOHhli MO:>KHO- rrpearronO:>KHTb, qTo MHHMbJe qacTH TpaeK

TOpHit pacTyT HecKonbKO cna6ee 1 qeM nHHeitHo 1 6naroaapSI qeMy HHTerpan 

(4,14) XOTSI H CXOaHTCH 1 HO B lliHpOKOft o6naCTH rrepeM9HHQit aeaeT 

ce6H "rroqTH nHHefiHo". B aToM cny~ae yHHBepcanbHOCTb HBKnoHa. Rea 

CBH3hiBaeTCSI c yHHBepcanbHOCTbiD Im a rrpH 6onblliHX 3HeprHSIX, TaKoit 

BapH8HT MO:>KHO HlllJIDCTpHpOB8Tb cneayiDIIJHMH MOaenbHblMH rrpH6lJH:>K9HHhiMH 

Bbip8:>K9HHHMH anH 8a (u ) 
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a) 
8a (u) = - --

1-a 

6) 
Ba ( u) 

c (u- u o ) 
-------- + 

du' oo u'-uo u- uo 

J V ----;;-;-- (u ~u0 )(u ~u) 71 uo 

1- ( 

c(u
0

-u) 
I 

I-t 
+ cuo 

cuo 

du oc 
uo f 

1+a- 17u-u 
71 uo u 0 

ITonaraH c "' 0,95 U '"1,2 I a = 1rc = 0,15 1 nonyqHM xopolllee 

'HicneHHoe orrHcaHHe KaK Im 111 8 , I im N y , TaK H KBa3HliHHefiHhiX qneHoB 

B Rc 11 0 1 Re N y ( CM, pHc, 2 If 3). 

§5, OElliAH KAPTI1HA 

5,1, Y H H Be p Call b H 0 C T b n H He H H 0 r 0 rr p H 5 ll H l!< e H H Sl. KaK 

OTMeqanocb B §§ 1 H 21 liHHefiHoe npu6nH:>KeHHe anSI aocTaToqHo xopolllo 

H3yqeHHbiX TpaeKTOpHH p 11 8 H NY SIBlJHeTCSI 'yaHBHTelJbHO "cna6o 

HapyllleHHbiM". l13 paccMoTpeHHH § §3 H 4 cneayeT1 qTo nocne npoaeaeHHSI 

BToporo BbJqHT8HHSI liHHeHHOe rrpH6lJH:>KeHHe COOTBeTcTayeT fiOliHOMy rrpe-

He6pe:>KeHHID I m a 
1 T,e, rrpH6nH:>KeHHID "6ecKoHeqHo Y3KHX pe3oHaHcoa" 

( EYP). ITocKOllhKY HBKliOHhi yKa3aHHhiX TpaeKTOpHit oqeHb 6nH3KH apyr 

apyry~ 

p , = 0,92 • 11 8 0,90 , N 'y = 0,92 , ( 5,1) 

H, T,K, H8KlJOHhl apyrHX Me30HHblX H 6apHOHHhiX Tp89KTOpHH ( CM, ( 1,4) 1 

( 1,5) 1 (1,6) 1 (2,5) 1 (2,6) H Ta6n, 4) OTlJHqaiDTCSI OT (5,1) 1 K8K rrpaBHll0
1 
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He 6onee qeM Ha ~0~1 (T.e. B rrpeaenax ToqHoCTH ux orrpeaeneHHH coarra

aaiOT) 
1 

so3HHKaeT srreqaTneHHe 1 qTo B rrpu6n;nKeHHH EYP see TpaeKTopHH 

HMeiOT OL!HH H TOT )l(e YHHBepcanbHbdi HaKrioH. 

a'"' 0,90. ( 5.2) 

B § 4.4 6bmo 3aMeqeHo 1 qTo caofkTBO paaeHCTBa HaKnOHOB 6apHOHHbiX 

TpaeKTopufl B rrpu6nH)I(eHHH EYP MO)I(eT 6biTb CBHGaHo c YHHBepcanbHOCTb!O 

MHHMblX qacTefl 6apHOHHblX TpaeKTOpHfl B 8CHMITTOTHqeCKOfi o6naCTH. 8 9TOII 

TOqKH 3peHHH ~8KT paBeHCTB8 HaKnOHOB Me30HHblX TpaeKTOpHfl rrpeaCTBBnHeTCH 

BeCbM8 38MeqaTenbHbiM1 ITOCKOnbKy ITOBeaeHHe MHHMOfi qaCTH p -Me30HHOfi 

TpaeKTOpHH Imp COBeprneHHO He COOTBeTCTByeT KB83HnHHefiHOMY pOCTy HyK-

nOHHbiX TpaeKTOpHII I m tJ.8 , I m N y ( 4.15). 

Ecnu cquTaTb 1 qTo ~aKT paaeHCTBa HaKnOHOB He HBnHeTCH cnyqafiHbiM 1 

TO B03M0)1(Hbl cneayiOIUHe TOnKOB8HHH: 

a) MHHMbie qacTH BCeX TpaeKTOpHfl (KaK 6apHOHHbiX1 TaK H Me30H-

HbiX) B aCHMITTOTHqeCKOfi o6naCTH yHHBepcanbHbl H pacTyT IIpHMepHO 

nuHefiHo. 

Ilpu aToM I m p B Ha6niOaaeMofl o6nacTH 
2 

0 < s < 4 (faa/c) e.rue 

He Bbillina H8 CBOIO 8CHMITTOTHKy. CneayeT 0)1(HaaTb1 qTo ,HaqHHaH C HeKo-
2 . 

Toporo s .. 4 M N , Imp BbixoaHT Ha pe)I(HM BHaa ( 4.15). B aToM cnyqae 

B o6nacTH s > 4 M ~ cneayeT O)I(HaaTb lliHpOKHX MesoHHbiX pesoHaHCOB 

1 tot"' 0 15M 
I ' I 

6) l1CTHHH8H 8CHMITTOTHK8 MHHMbiX qacTefl .CyiUeCTBeHHO cna§ee 

nHHefiHofl ( HarrpHMep1 Im a .. ..;-;; ) 1 oaHaKo B cHny KaKHx-To HeHsaecTHbiX 

ITpHqHH B crreKTpanbHb!X rrpeacTaBneHHHX HMeeTCH "nHlliHHfi" nHHefiHblfi qneH 1 

ITpOHBnHIOU!Hfl CBOHCTB8 yHHBepcanbHOCTH. 
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,L,-lJ,. 

BecbMa B8)1(HOII rroaToMy HBnHeTcH saaaqa TeopeTHqecKoro orrpeaene

HHH aCHMIITOTHK TpaeKTOpHfl. l1ccneaOB8HHH1 ITOCBHIUeHHbie orrpeaeneHHIO 

acHMITTOTHqeCKHX CBOfiCTB TpaeKTOpHfl1 B rrocneaHee BpeMH IIOHBnHIOTCH 

. /86/ 
see qarue. 0TMeTHM H3 HHX BeCbMa nJ060ITbiTHYIO pa6oTy THKTOITynoca • 

l1cxoaH H3 KB83HITOTeHUH8nbHOrO ypaBHeHHH llJpeaHHrepa anH rrapuH

anbHbiX BOnH pacceHHHH 1 THKTOrrynoc HccnenoBan ycnOBHH B03HHKHOBeHHH 

KB83HCT86HnbHblX COCTOHHHft C 6onblliHMH op6HT8nbHbiMH qHcnaMH. B cnyqae 

KB83HllOTeHUHana V ( S' r) 1 He HMeJOIUero CHHrynHpHOCTefl llpH ManbiX r 

u pacTyruero c aHepruei\1 

V ( s , r ) "' v ( s ) u ( r ) , v ( s ) .... oo rrpH s .... oo , 

on rronyqun1 qTo cTaprnaH TpaeKTopHH Pea)l(e pacTeT KaK 

~ e (s) ... [ v ( s ) ] 

( 5.3) 

( 5.4) 

Ecnu Terrepb rrpHHHTb 1 qTo KsasH:rroTeHuuan ( 5.3) npu s ... oo onpeaenH-

/37/ r 
eTCH ITOMepaHqyKOBCKHM pea)I(HOHOM H V ( S ) = s 1 TO H3 ( 5,4) Mbl 

rronyqHM 8CHMITTOTHKY TpaeKTOpHH 

~ 
e( s) .. s 

Ba)I(HOCTb aToro pesynbTaTa saKnJOqaeTcH B ero yHHBepcanbHOCTH. 

IlocKonbKY nnH n106oro yrrpyroro pacceHHHH B KaqecTBe V (s, r ) Mbi HMeeM 

llOMepaHqyKOBCKHfi pea)I(HOH1 TO 8CHMITTOTHKH BCeX CT8plliHX TpaeKTOpHfl 

(KaK M , TaK H B ) HMe!OT O)lHH H TOT )l(e BH)l1 OTnHqaJOIUHfiCH TOnb-

KO qucneHHbiM K09~~HUHeHTOM. 
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K CO)I{aneHHl0
0 

OIIHCaHHbiM IIyTeM He yaaeTCSI rrony'IHTb nHH9AHblX 

aCHMIITOTHKe 0.QHaKO 3TOT CIIOC06 pacCy)I{.Q9HHSI IIpOnHsaeT orrpe.QeneHHhlA 

CBeT Ha o611lHOCTb aCHMIITOTHK pa3iJH'IHblX Me30HHblX H 6apHOHHbiX TpaeKTO-

pHA, 

5. 2. M o a e n b B e H e u H a H o H c B o A c T B a n H H e A H bl x T p a -

e K T 0 pH A. nnHeAHoe IIpH6nH)I{eHHe .QnSI TpaeKTOpHA C yHHBepcanbHbiM 

HaKnOHOM B Te'leHHe nocneaHero roaa rrpno6peno 6onbwyl0 rronynS!pHOCTb 
/29/ 

6naroaapS! . ycrrexaM TaK Ha3bJBaeMoA Moaenn BeHeunaHo anSI aMnnHTY.llbl 

pacceSIHHSI. 

3Ta MO.Qenb CyllleCTB9HHbiM o6pa30M OCHOBaHa Ha nHH9AHOM IIpH6nH-

)1{8HHH .QnSI TpaeKTOpHA H COCTOHT B KOHCTpyHpOBaHHH HHBapHaHTHblX COC

TaBnS!lOIIlHX aMIInHTY.llbl pacceSIHHSI H3 nHHeAHblX KOM6HHaUHA "o6o6rueHHbiX' 

6eTa-ljlyHKUHA 3Anepa, apryMeHTaMH KOTOpblX S!BnS!lOTCSI nHHeAHbl9 TpaeK-

TOpHH, 

r (l- a 1 (s)) r (l- a I ( l )) 

8 N( a 
1 
(s), a I ( t)) ( 5,5) 

r ( N - a I (s ) - a j ( l )) 

3aecb N - uenoe nono)I{HTenbHoe 'IHCno. 

Bblpa*eHne ( 5.5) o6naaaeT cneayJOIIlHMH csoAcTBaMn: 

1) B o6nacTH l < 0, s > 0 coaep)I{HT non10ca B TO'IKax a 1 (s) .. n , 

T,e, OIIHCbiBaeT pe30HaHCbl s -KaHana. 

2) B acHMIITOTH'IecKoA o6nacTH pacceSIHHSI t < 0 , s .. - u ->- oo nMeeT 

pea)l{eBCKHA BH.ll. HarrpnMep, 

-> 

B 
1 

( a 
1 

(s) , a 
1 

( l )) -> 

r (1 - a I (- u )) r (1- a1 (t)) 

r (I - a I ( -u ) -a j ( l )) 

.... (a ' u 
I 
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a
1 
(t) 

) r {1- a / t)) . (5.6) 

3) 06naaaeT KpOCCHHr-CHMMeTpHeA 8 .-+ l 

KpoccnHr-cHMMeTpH'IHaSI nHHeAHaSI KOM6HHaUHS! Bb!pa)l{eHnfi ( 5,4) 

nMeeT pe.Q)I{eBCKYlO aCHMllTOTHKY C IIpaBHnbHblM CHrHaTypHbiM MHO)I{HTeneM, 

/38/ . 
a TaK*e yaosneTBOpS!eT rrpasnnaM cyMM rrpH KOHe'IHOA aHeprnn ( FESR ). 

0Ha, O.QHaK0 0 o6na.QaeT O.QHHM CyllleCTB9HHblM HeAOCTaTKOM:, peaoHaHCbl 

B npS!MOM KaHane, COOTBeTCTBYlOIIlHe TpaeKTOpHH a I (s) 0 cne.QylOIIlH9 apyr 

3a .QpyroM, OTnH'IalOTCSI Ha O.llHY e.QHHHUY yrnosoro MOM9HTa, llnS! lfCKnlO'Ie

HHSI nHWHHX IIOnlOCOB aMIInHTY.llhl MO)I{HO HanO)I{HTb ycnOBHe BH.Qa 

a ( s) +a (t) + a ( u ) 
I I I 

cons( • ( 5. 7) 

TaK, ycnoBHe 

a 
1 

(s) + a 
1 

(t)+a".(u) 
l 

1 

HCKniO'IaeT H3 CYMMbl 

H (a (s) , a ( l )) + B (a ( 8 ) , a ( u )) 
J I j I I 

see non10ca rrpn He'leTHbiX a
1 

( 8 ) .. 2 n + 1 . 

B Moaenn anSI npouecca 77+77 .... 11 + w, paccMoTpeHHofi B opnrnHanbHoA 

/29/ 
pa6oTe BeHeunaao , ycnosne 

p(s)+ p (u)+p (t) =- 2 

HCKnlO'IaeT IIOnlOCa IIpH 'leTHbiX p ( s) ., 2 n, 

llnS! o6ecne'leHHSI pe.Q)I{eBCKOA aCHMllTOTHKH ( 5,6), K8K Blf.QHO, He

o6XO.QHMO HMeTb nnHefiaoe rroseaeane TpaeKTOpHH a 
1 

( s ) . npH I s I -> oo • 

y CJIOBHe KOMIIeHC8UHH nHWHHX llOnlOCOB ( 5,5), O'leBH.QHO, Tpe6yeT He TOnbKO 

JlHHefiHOCTH B o6naCTH He6onbWHX 3Ha'leHHA S U , HO H paBeHCTBa 

HaKnOHOB a ; ,. a~ .QByX pa3nH'IHbiX TpaeKTOpHfi, Jlpn paCCMOTpeHHH Me30-
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6apHOHHOf'O paCC9HHHH 6apHOHHhl9 TpaeKTOpHH S - H u - xaHanos oxa-

SbiBaiOTCH CBH3aHHhiMH YCliOBHeM BHAa ( 5. 7) C M930HHOft TpaeKTOpHeft t ..;Ka

Hana. DoaToMy MoAenb BeHeunaHo Tpe6yeT paBeHcTBa HaxnoHoB scex MeaoH

HhiX n 6apnoHHhiX TpaexTopnit ( T.e. BhiiiOnHeHHR ycnoBHR ( 5.2)). TaxnM 

o6pa30M 1 Bee TpaeKTOpHH OKa3bJBaiOTCSI napannenbHh!MHo 

0Ka3b!B89TCH 1 Aanee, 'ITO HCI10llb3YR AOI10liHHT9llbHbi9 yCliOBHSI CHMMeT-

pHH1 MO)KHO_ 110liY'IHTb ,CBSI3H M9)KAY pa3liH'IHh!MH napannenbHblMH TpaeKTO-

pHHMHo 

5.3. K BaHT 0 BaH He T p a e K T 0 p H fi, TaKHe CBSI3H B paMKaX MOA9liH 

/39/ 
BeHeu~raHo 6hmH nony'leHhi AAeMonno, BeHeuHaHo H BaftH6eproM , HCXOAHB-

IIIHMH H3 Tpe6oBaHHR caMocornacoBaHHOCTH AAnepa AliR aMI1liHTYAhi pacceRHHR 

J 
c MHf'KHM 11HOHOM. BBOAR 110HRTHe .. HopManbHOCTH" TpaeKTOPHH, paBHOii: P(-1) 

J-1/2 
A liS! 6030HOB H p (-1) AliR !jlepMHOHOB ( f'A9 p - 'leTHOCTb), OHH npH-

IllliH K Bh!BOAY, 'ITO "9CliH 'laCTHUa, li9)KaiUaR Ha TpaeKTOpHH a 
1 1 

M0)1{9T 

pacnaAaTbCH Ha llHOH H 'laCTHUY npoTHBOllOliO)KHOfi HOpMallbHOCTH
1 

li9)Kallly10 

H8 TpaeKTOpHH a 2 , TO 9TH TpaeKTOpHH AOli)I{Hbl 6b!Tb 118p8llll9llbHhl 

H HX "Bb!COTbi" (intercepts ) a 1 (0) AOli)I{Hhi OTliH'I8TbCR Ha nonyuenoe 

'IHCIIO (paBH09 l /2 ) "o DOA06Hhl9 napb! TpaeKTOpHii: COC':'aBliSIIOT p H TT 

K * H KL, 11 8 H N a • 8xcnepnMeHTanbHhie paaHOCTH cooTBeTcTBYJO-

lllHX "Bb!COT" OKa3biBaiOTCH paBHhiMH 0,48j 0,53; 0,54 COOTB9TCTB9HHOo 

/40/ . 
B HeAaBHeii: pa6oTe 6biliO OTMe'leHo, 'ITO "xBaHTOBaHne" TpaexTo-

" /39/ 
pHH HM99T 6onee 06lllHfi XapaKTep, '19M 8TO 6biJIO YCT8HOBli9HO B • 

llnH aHannaa nnHeii:Horo npn6nH)K9HHH TpaexTopnii: oxaabiBaeTcsr yAo6-

/41 42/ 
HbiM HCI10llb30BaTb MaCCOBYIO IIIKany 1 BB9A9HHYIO B 1 : 

2 2 ( 5.8) 
X lk s -m -m 

I k 
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3AeCb s - KBaApaT M8CCbl pe30H8HCa, m I H m k - MaCChi 11p0AYKTOB 

OCHOBHOf'O ABYX'I8CTH'IHOf'O paCJ18A8o 

TpaexTopH!O Pea)Ke B nnHeftHoM npn6nH)K9HHH aannmeM qepea nepe

MeHHYIO x: 

a (s)•a +a' (s- m 2 -m 2
). 

lk lk lk I k (5.9) 

BseaeHHhre B ( 5.9) "a6coniOTHhie BhiCOThr"' TpaexTopnA: a lk o6naaa-

JOT lll06011biTHhiMH CBOftCTB8MHo C XOpoweA: TO'IHOCTbiO OHH SIBIISIIOTCH OAHHa

KOBbiMH AliH TpaeKTOpHA:, BXOAHIIIHX B OAHH H TOT )1{9 MYllbTHI1li9T rpyl111bi 

SU(3), n, TaKHM o6paaoM, HBnReTcH npocToA: xapaxTepHcTnxoA: csoA:cTB 

TpaexTopnA:, npoXOARIIIHX 'lepea MYllbTHnneT J P 

/40/ 
H ero pexyppeHUHH. n PH 

9TOM OK83h!B89TCH 

AliH 6apHOHOB 

a 8 = a [ 10 ( 3/2 + ) f= l , 

a = a [ 8 ( 1 /2 +) ] : 1/2 , 
a 

a =a[8(3/2-)] i1: 0, 
y 

AilS! M930HOB 

a (1-) l'l:l/2, 

( 5.10) 

a (0} ~ 0. 

0TKJ10H9HHH .OT Cp9AHHX 3H8'19HHA:, KaK npaBHliO, He npeBbiiii810T :!:.. 0,05. 

TaxnM o6paaoM, 'npaBHna KBaHToBaHHH' (5.10) BhillOliHHIOTCH c TaxoA: 

)Ke TO'IHOCTbiO, c xaxoA: onpeaeneHhi xo~nuneHThi TpaexTopnA: Pea)Ke 

B liHHeA:HOM 11pH6liH)K9HHHo 

Y CliOBHe ( 5.10) SIBIISI9TCSI 6onee 06IIIHM1 '19M COOTB9TCTBYIOIIIH9 

/39/ 
cpopMynbi pa6oThi • 
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Bo-rrepBbiX JlJISI HHX HecymecTBeHHO 'ycnoBHe rrpoTHBorrono:nmoft 

HOpMaJihHOCTH ... TaK, oKTeTHbie TpaeKTopHH 8 (l/2"1H 8(3/!C)o6naaaJOT 

OJlHHaKOBOft "HOpMaJibHOCTbJO' t OJlHaKO pa3HOCTh HX Bh!COT paBHa l/2 • 

Hao6opoT, TpaeKTOpHH 10 (3/2+) H 8(3/2-) o6naaaJOT rrpoTHBorrono:nmoft 

"HOpMaJihHOCTh!Ou, CBSI3aHbl .rrepeXOJlOM C lfCIIYCKaHHeM IllfOHa, TeM He MeHee 

pa3HOCTh lfX ·Bb!COT paBHa }, 

Bo-BTOpbiX, B YCJIOBiflf KBaHTOBaHHSI ( 5.10) BXOJlSIT TpaeKTOpHH C 6ec

IIIfOHHh!Mif paCIIaJlaMH ( ¢ - TpaeKTOpHSI), a TaK)Ke C TpeX'IaCTH'IHbiMH 

pacrraaaMH. Co3aaeTcSI srre'laTneHHe, 'ITO ycnoBHSI KBaHToBaHHSI TpaeKTOpMif 

He CBSI38Hbl C MO.Ilellb!O BeHeUHaHO H IlpH6JIH)KeHHeM MSirKHX IIMOHOB, 

a lfM910T 6onee rny6oKyJO IIpHpOJly • B HHX, B 'laCTHOCTH, SIBHO OTpa)KaeTCSI 

SU ( 3 ) - ClfMMeTpHSio 

5.4. 3 a K n 10 'I e H He. Pe3JOMHpySI, cneayeT cKa3aTh, 'ITO <fleHoMeHonorH'Iec

Koe OIIHCaHHe aJlpOHHbiX B381fMOJlei!:cTBHft C IIOMO!Ilh!O IIOJIJOCOB PeJl)Ke rrpeJl

CTaBJISieT C06oif BeCbMa IIJIOJlOTBOpHyJO KOHUeiiUHJO, OCHOBHbie IIOJlO)KeHHSI 

KOTOpOif B H8CTOSIUiee BpeMSI He Bbi3biBaJOT COMHeHHH. 

Depe'IHCJIHM ceftqac HeKOTOpbie IIpo6neMbi, pemeHHe KOTOpbiX SIBJISieTCSI 

Ba)KHbiM anSI aanhHeftwero rrporpecca cxeMbi rronJOcos Pea)Ke: 

1) rrpo6neMa BaKyyMHbiX IIOJIJOCOB, lfJIH, TO'IHee, Be.llylJJeif oco6eHHOCTH 

DoMepaH'IyKa; 

2) IIpo6neM a aCHMIITOTHKH TpaeKTOpHft H CBSI3aHHaSI C Heft 

3) IIpo6neMa yHHBepcanhHOCTH HaKJIOHOB B JIHHeifHOM IlpH6JIIf)K9Hiflfi 

4) rrpo6neMa yasoeHHSI no 'leTHOCTH 6apHOHHbiX TpaeKTopHif; 

5) rrpo6neMa CBSI31f pa3JIH'IHbiX HapyrueHHft ClfMMeTpHif ( SU ( 3) - ClfM

MeTpHH, XMpaJibHaSI CHMMeTpMSI) CO CBOftCTBaMH JIHHeftHbiX IIpH6JIH)KeHHtf H 

IIpHpOJla KBaHTOBaHHSio 

BrronHe B03MO)KHO, 'ITO rrepe'IHcneHHbie rrpo6neMbi CHJihHee CBSI3aHbi 

Jlpyr C JlpyroM, '!eM STO MO)KeT IIOKa38TbCSI Ha rrepBblft B3rJIHJlo Hx pewe

Hife (Jla)Ke '!aCTif'IHOe) 6yaeT CllOC06CTBOBaTb rrpeBparueHHIO $eHOMeHOJIOrH'I9C

KOH CXeMbi, KaKOBOft C9ft'laC SIBJISI9TCSI TeopHSI llOJIJOCOB PeJl)K9, B llOJIHOUeHHYIO 

TeopHJO. 
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