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·I 
l 

;epHhlX HCCJieAOB8HJdt 

:T~ H~epHbiX nccnenosa- .

1

1 
11n:,_QHM M3ll8IOTCSI B C0-
)13 oT coo6meHnfi saKnro- · 
:TBMM BOCITpOM3BeneH B -·~ 
c6opHMKe. 

nnKaunn OI1HI1 nMeroT 
TaBnHromyro nocneJlHMe 

rb ripencTaBnea B 3 sa-

HCKOM Sl3biKaX. 
ronbKO B . CTpaHbi-yttaCT~ 

' onpenenHeT TeMaTntte
\e_C:Kli':C. KaTeropnfi nsna-

.,. 

\ 

j 
I 
I 
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AMfinHTY~M PEAKUHH TrN~1t1tN 

BB~H3H TIOPOrA C yqETOM q~EHOB 

TPEThErO TIOPHLIKA 
TIO OTHOCMTE~bHhlM HMTIY~bCAM 
KOHEqHhiX qACIJ1U 



. ~ ' 

BseJleHue 

HccneJlosaime peaKuuit "N ... · "" N s6nuau nopora npeJlcTasnneT 

co6oii OllltH ua cnoco6os nay'leHun. saauMoJleitcTsun " -Meaonos. KaK 

· r 111 · 6 · snepsLre 6Lrno noKaaaHo pu6osLIM · , a snocneJlCTBIIH noJlpo no uccneJlo-

BaHo AHucosu'leM u AHcenbMOM 121, aMnmnyJla pmKJleHun Tpex qacTuu, 

RBnRJOWaSICR lf!YHKU~eii K'aaJlpaTOB OT~CUTe~bHblX HMnynbCOB H IIOnllOH KHlleMa

TH'IeCKOH . aHepruu E • s6nuau nopora peaKUHH npeJlCTasnSieTCSI s BUlle 
~ . . . 

paanoJKenun no cTeneHnM E • 3ToT PM COJlepiKHT ananuTH'ICCKHe no 

OTHOCHTenbHbiM HMilynhcaM 'lneHbl, KOTOpble BXOJlSIT. C HeKOTOphiMH neonpe

neneHHbiMH Koa!fl!fluuueHTaMH, H CHHPyriSipHbre 'lneHbl, nocireJlHHe o6SI3BIILI 

· CBOHM npOIICXO/KJleHUeM nepepacceSIHHIO H 3aBHCRT ·oT JlirHH paccenliHsi o6pa-

30BaBWIIXCR 'laCTHU, BbiJleneHHe CHHPynSipHblX 'lneHOB B aMnnuTyJle po1Kile-
. . 

HHSI Tpex 'laCTHU B npHHUHne n03BOnSieT npH cpaBHeHHH C 3KCnepHMeHTOM 

onpeJlenuih JlnHHhl pacceSIHHSI. 

B pa6oTe 
131 

6Lrnu nony'leHLr !flopMynLr Jlnn MaTpH'IHLrx sneMeHTOB 

peaKuliii "N ... " "N c TO'IHOCThJO JlO qneHoB BToporo nopMKa no E
. ~ 

a B pa6oTe 141 - Ky6uqecKue qneHbl JlnSI KaHanos "+p .. "" N 

3 

·i ., 
l 
I ., 



B aacTosuuefi pa6oTe BhittHcmnoTCSI aMnnnTy.llhi .~:tnarpaMM, onpe.~:temuo-

IUHX ttneHhi TpeTbero nopSI.IlKa a aMnnnTy.lle peaKUHfi IT N ... IT IT N , · H npn:-

BO.IlSITCSI COOTHOIUOHHSI, CBSI3biB8IOIUHO 8MUnHTY.Ilbl USITH KaHanoa: 

+ 
ITP->IT ITn 

([} 

IT .. p -+ IT
0

1T
0

n 
(II) 

p ... - 0 (lll) 
IT IT IT p 

IT +p -+ IT+ IT +n (IV) 

IT +p -+ IT +IT 0 P (V.) 

BhittHcneHhi TaK*e Ky6HttecKne .ttneHhi e KBa.~:tpaTe MaTpHttHoro sne-

MeHTa peaKUHH 
+ -

1T p -+ IT IT n, 

. . 
AMrmHTYBhi nHarpaMM c TpeMSI nepepacceSIHHSIMH 

KaK y>Ke ynoMHHanocb BhiiUe, CHHrynSipHhie ttncHhi B. aMnnHTyne po*nc

HHSI TpeX ttaCTHU CBSI38Hbl C nepepaCCGSIIIHOM '!SCTH U B KOHO'll!OM COCTOSIIIHII. 

Ka*.llOe nepepaccesmne .llS(;!T nH!llHIOIO cTeneHb napa·M.e'Tpa B CHnrynnpayro 

'!SCTb aMnnHTYBhi, U09TOMY Y'!OT ttnel!OB BO TpOfbOI'O nopSJBKS BKniOttHTenbHO 

CBOBHTCSI K Bbl'!HCneHHIO AIIai'paMM ? OBHHM, ABYMH H TpOMSl nepepaCCOSI:

HHSIMH, H306pa>KOH!Ih!X liS pHC. 1, Cnoco6 Bbl'lHC~eHHH AHarpaMM C OBHIIM, 

ABYMSI nepep~ccestllHst~u H neficTBHTenbHhiX q·acTefi nHarpaMM c TpeMSI nepe-

pacce stllH SIMH, 
OCHOBaHHblll 118 HCUOnb30B8HHII JlHCIIepC~OHHb!X COOTHO!ll~-

HHfi, onncan e pa6oTe 
121 

4 

# A . -.;.A 

~Q. 

{a 

~· 
lx 

a 

1 

2 

3 

J 



,J JlHarpaMM, onpeJlemno-:: 

rr N .. rr rr N , H npn~ 

rH KaHanos: 

(lJ 

(II) 

(Ill) 

(IV) 

(V.) 

are MaTpHqHoro sne-

paccesi!IHSlMH 

::!Hhi B aMnnHTyJle pom]le-

U B KOHeql!QM COCTOSlHHH, 

~eTpa B CHIII"ynSlpHyiO 

ro JIOpS1/lK8 BKniOqHTenhHO 

.H rpeMSl nepepacceSI:-

HSl JlU8I"paMM c, 0/lHIIM, 

JlHarpaMM c TP(3MSI ~epe-, 

:epC~OIIHbiX COOTHOIIIe-
a {3a 

{3" 
2 {3 

1T 
3 13 

N 

( 

· • L ' fZ3ZS._ 
·~·If 
· · ie 

fu 

Ta6nnua 1 

,l' HoMeJ2a nnHHii 
£a 

1 2. 3 

·{3 N 1T TT 
TT 

13 TT TT N 
N 

{3 TT N 1T 
'N 

5· 



a 

2 

3 

4 

5 

Tla 

{3" 

'{3 
.•. .N 

{3 
1T 

{3" 

{3N 

a 

2 

3 

'a ( 

{3" 

{3 
1T 

{3TT 

{3 . 
N 

{JN 

{3a 

{3TT 

{3TT 

{3 
N 

Ta6nnua 2 

H OMeila nuanii 

a 1 2 3 4 5 

{3" 1T 1T N N 1T 

{3 1T N 1T N 1T 

TT 
{3N N TT 1T TT TT 

,f3 N TT TT N . 'TT ·N 

{3N TT N TT TT N 

Ta6nnua 3 

HoMeila nuHHH 

( 1 2 3 
a 

( f3/f3
17

/ N 1T TT 

{3N/f3TT TT TT N 

({3N){3 l TT N TT 
' 1T 

nuarpaMM8 la npeACT8BliSieT co6oii aMnnHTYAY pO~AeHHSI TpeX qacTHU 

H8 nopore, 0Ha paBH8 UOCTOSIHHOH, KOTOpyiO Mbl 0603H8qHM .\ , nng pa3Hb!X 

K8HanoB .\ pa3Hble; OHH CBSI38Hbl 1',1elKAY C06.0H H30.TOUHqeCKHMH COOTHOllle

HHSIMH / 2 /, AMUnUTYAhl OCT8llbHbiX AHarpaMM' SIBliSI!OTCSI !!JyHKUHSIMH UOliHOH 

.BhlAeneHHOH aaeprHH B u 6eapa3MepHbiX aenuqua x .. = k .. lv21l .. E,rlle 
. '1 '1 '1 

k i' -OTHOCHTenbHbiH HMnynbC 1 jl .. -npHBeAeHH8SI M8CC8 pacceHB8!0lllHXCSI 
1 '1 .. 

qaCTHU. AMnnuTyAa AHarpaMM c OAHHM nepepacceSIHHeM paaaa: 

6 

2(Mo~ 
i:>..a v~ 

rAe M -Macca HyKnol 

+ l), ecnu nepep~cce, 
. . . 

ecnu nuou pacceuaaeT 

pacceSIIIHS!• 

AMnnuTyAa Allar: 

BHTellbi!YIO, T8K II Mill 

J a (x) ->.a a 2E 
I 2 

lz J[J . --;;n E 6(1+21 

rAe {3 no-npe)I<HeMy a. . 

nepcpacceSinuii: {3 = t 
. 1 

nuarpaMM8, 1 r 

PSIAKa, 011 BXOAHT B ·, 

KOMnneKCI!biM) KOa!jl4ll 

rAe f3 
1 

= f3 ~ , f3 
2 
.=f. 

l!OB (KaK 6yAeT UOKa: 

H 38BHCSIT AOUOliHHTe 

nng npOCTOTbl KOa!jl!jJE 

KYil8 OHH BXOASIT1 . Hal 



!Hid~ 
"'·· 

4 5 

N TT 

N TT 

TT TT 

'TT N 

TT N 

3 

17 

N 

17 

p02f<aeHHSI Tpex '18CTHU 

)3H8'111M >., , nng, pa3HbiX 

ronHlJeCKIIMH COOTHOWe

rcst ~YHKUIISIMII nonHOH 

I .= k .. /.j2.1L.
1
E,rae 

1 11 · I 

cca pacceHBaJOIUIIXCSI 

f!eM paaua: 

2(M + 1) 
i>..a .J E .Jf3 x 

M+2 a 
(a I, 2, 3), 

(I 6} 

rae M -Macca HyKnoua ( B eaiiHHuax m = 1); Q = Q = 0.5 ( M + 2) I ( M + 
TT ~-'a ~-'17 

+ 1), ecnu nepepacce11B8JOTCSI niiOHhi 11 f3 = f3 = M ( M + 2) I ( M + 1) 2 

a N 
ecn11 llHOU pacceiiBaeTCSI B KOHelJHOM COCTOSIHIIII Ha HyKnOHe; a -an11Ha 

pacce.IIHIHI. 

AMnnHTyJla auarpaMM c anyM.II nepepaccestHII.IIMII In IIMCCT KaK aaiicT-

Bl!TenhHyiO, TaK ll MHUMYIO qacTn: 

] a (x) I · 2 x arr· cos x I - 4 {3 
->.a a 2E, M/(M + 2) I I f3 + x 2--~u I 

1 2 17 .JJ-x2 a J 

(a= /,2,3), 

rae {3 a _no-npe)I{HeMy npUHIIMaeT anaqennst l3 TT II l3 N B 311BIICIIMOCTU OT llBYX 

nepcpacce.sinufi: 13 = 13 = 13 , 13 = 13 a 11 a -an11nh1 pacceSIHil.II, 
. 1 2 TT J • N 1 2 

nllai'p8MMa 1 I' npeacTaBn.IIeT C06ofi 8H8niiTII'IeCKI:IH qneH BTOpOro no-

pSiaKa, On BXOaiiT B aMnniiTyay C HeKOTOpblM HOBh!M (aoo6rue ronopst, 

KOMnneKCHhiM) KOa~~IIUIIeHTOM C • Ee aMnniiTyaa panna: 

2(M+ 1) 
>..C·· E·f3 x 2 

M + 2 a 
( 1 r) 

rae 13 = 13 , 13 = 13 = 13 ; KOa~~IIUIIeHThi C paaHhie an.II paanhiX Kana-
1 TT 2 J N 

nOB ( KaK 6y aeT ll0K838HO Hllme, OHU, . K8K ll A , CB.II38llhl Me)l{ay C060fi) 

U 38BUCSIT aonOnHUTenhHO OT BUJl8 '18CTHU, UCXOa.IIIUUX U3 oanofi TO'IKU, 

nnst npoCTOThl K0:3cfl~IIUUeHThl C aaeCb U B 8MnnuTyaax apyrux auarpaMM, 

Kyaa OHII BXOastT, H8TIUC8Hbl 6ea HHJleKCOB, 

7 



' 

AMnmuyna JlHarpaMM ln paaHa: 

3h -- 1 1~4~ 
T (x)= -A.a a a 2y2M(M+J)/(M+2)• E V£ xl-

6 
(1+2~ )+x

2
----a+ 

a 123 a a 3 

2xarccos x 1-4{3 
1 

· 
1 

· 
1 

. 1-4{3 (ln) 
+ i[-~====;=- ( f3 + x .2 · . a)..:. -ln ..,-(-(1 +2 ~ )+ x 

2 
_ a )] I. 

2 a 3 "E6 a 
rrv1-x 

11HJleKc a npnHHMaeT TPH 3Ha'ieHnsr ( a = 1 ,2,3) a 3aBHCHMOCTH OT 

TOrO, KaKaSI 'i8CTHU8 ( Tr -Me30H HnH HyKnOH) COOTBeTCTByeT npoHyMepo

B81IHb!M Ha nnarpaMMe 1 n nnHHSIM (eM. Taonnuy 1 ) • B Taonnue 1 rrpnBene-

Hbi 3!Ia'ieHIHI nenn'iHH 13 n £ • AMrrnnTyna nnarpaMM 1 e paBna: 
a a 

' 3h - 2 • 
W (x}=-'Aa a a 2y2M(M+1)/(M+2)E v< lrrx(R x +R)-

a 123 . a 2 o 

arccos x 
4 2 · 1 .;a 

-i[ (P x ·+P x +P )+x(Q x 2+Q )+xln-(R x +R )]I 
y1 - x2 4 2 0 2 0 'E 2 • 0 

( a = 1 ,2,3,4,5; CM. Ta6nHUY 2). 

KosclJqm:uHeHTbi R
0 

, R 
2 

, P 0 
p;, p 

4 
, Q O , Q 

2 
, 38BHCSIIU!Ie TOnbKO 

OT MaCC 'i8CTHU1 pa3nH'iHbl )lnH pa3Hb!X a i OIIII HMeiOT BHJl: 

Ro 
1 1 

--(- + '11 + ( 
3rr 2 a a 

- 1 
(1- 411 )(1-2( ), 

3 1r a a 4'11 ( ) ' 
a a 

R 
~ 2 

p 
0 

1 1 I 2 1. 1 arCCfJS v (a 
-(- +- ( --.,., ( ) +- (7} + -) --====== 

Tr 4 6 a 3 a a Tr a 4 v( (1-' ) 
a a 

8 

p 
2 

2 
-3rrf3 11 +2( a . 

1 1 1 
Q = -(- +-' o 1r 4. 6 a 

2 2 8. . 2 
- --' +- .,., . ,, ) 3 a 3 a a 

2 ' 
Q' = - (1 - 47} )[ 

2 3 Tr a 

3Ha'ieHHl1 17 , ( 
a G 

AMnmiTyna nHarJ: 

C • V (x) = C • i'A a , . 

( a = 1 12,3) i 3Ha'ieHIISI 

npe)!(ne, KOsciJclJHUHeHTbl 

AMnniiTyna JlHarp 

i'ACa [2(M+1)'1 

rne {3=(3.{3=1 
1 Tr 2 

TaKoit )!(e BIIJl, E 

lH, conep)!(a!Ilero B 3a 

'ineH, KaanpaTH'iHhii1 n 

pan11yc aMnnHTYJlbi ne] 

III 



. 1-4{3 (lJl) 
{3 )+x2 a )]1. 

a . 3 

3) S 38SHCHMOCTH OT 

~TCTSyeT npoHyMepo-

8 Ta6nuue 1 rrpuseJle-

1 . e pasntJ: · 

x
2
+R")-

2 0 

clnL(R x.:a+R )]l 
'E 2 • o 

2 
, aasucmuue TonhKO 

JOT SHJl: 

-4TJ )(1-2(, ), 
a a 

(I;_() 
a a 

p 
2 

2 . 
--(3TJ +2(, -BTJ (, ), P =-2R 

3TT a a a a 4 2 

Q l...r..l + .1~;, 2 TJ' J+ ."1r41- 271 '-o TT 4 6 a-T a a a· a 

2 arccasy(,a 
- d~;, 2 +..!!.. 7j .• :~;, ) --===== 

3 a 3 a a y(, (I-(,) 
a. a 

Q 
2 

2 1 1 1 2 arccos y (,a 
-{I-47j )[---(, +(--2(, +2(, )---========], 
3rr a 4 2 a 4 a a ..j(, (1 -(, ) 

a a 

3HatieHIHI 71 1 (, 1 € a = 112 13 14,5) rrpuseneHbr B Ta6nuue 2; 
a a a 

AMrrnuTyJla nuarpaMM l)K pasHa: 

. 312 - 2 
C·V (x)= C-i>..aE yE x[(1-2{3 )x +{3] 
' a a a a 

( 1 )K) 

(a = 1 ,2 13); 3Ha'leHHSI !3a H € a npuseneHbi s ra6nuue 3, 3JleCh, KaK H 

rrpe)K)le 1 K09tPqJHUHeHTbl C HaiTHC8Hbl 6ea HIIJleKCOB, 

AMnnuTyna JlHarpaMM 1a pasHa: 

312 
i>..Ca [2(M+J)'E (:3 /(M+2)] 

a 

{3 '= {3 ' {3 = {3 = {3 . 
1 TT 2 3 N 

3 
X ' 

(1a) 

TaKOfi )Ke BHJl 1 KaK H aMITnHTyJla 13, HMeeT 8MITllHTyJla JlH8I'paMMbl 

lu, COJlep)KaiUei'O B 38IIITpHXOB8HHOM 6nOKe rrepepacceusaJOIUHXCSI '18CTHU 
. . 

tineH 1 KsanpaTH'IHbifi no ux HMrrynhcy. 06oaHa'laSI qepea r a$$eKTHBHbrfi 

p8JlHyc aMITnHTyJlbl rrepepacceSIHHSI JlSYX '18CTHU1 rrony'IHM JlnSI JlHai'paMMbl 

lH 

9 



1 2 312 3 
- i >-. • · 2 a r [ 2 ( M + 1 ) 'E f3 a / ( M + 2)] x · . (a ],2,3)· (lu) 

rne /3
1 

= f3 " • f3 2 = f3 3 = f3 N • 

llaoTonu'IecKue cooTHO!lleHust Memny paanH'IHhiMH 

KaHanaMH peaKUHH 

npHaeneHHhJe rpa<jlHKH cocTaanstiOT aMnnuryny c nonHbiM op6HranhHbiM 

MOMeHTOM L = 0. B 3TOM cny'Iae aoaMOJKHhi TOnhKO naa Ha'I·anhHbiX cocrost-

HHst CIICTeMhi "N : P
11 

H P 
31 

(nnst "+p .. "rr N -TonbKO P 31 coc:Tost-

Hile) x/. nycTb A • -CHMMeTpH'IHast, a A a -aHTHCHMMeTpH'IHast no 
2T 2T ' 

uHneKcaM ni!OHOB 1 11 2 aMnnHTyna c H3ocnunoM T • O'IeBHnno, A 2 T 

cooraeTCTByeT 'IeTHOMY cyMMapHOMY uaocnuny, a A a -ne'IeTHOMy. AMn-
2T 

nHTYAhl KaHanoB ( [ - V ) , COOTBeTCTBYIOlllHX CTOnKHOB9HHIO 3apst1K9HHOI'O 

nuoHa C npOTOHOM, paBHhl! 

x/ 

A+-n 
I 

--4 Jvs' 3 

v 2 A 
- 3 

A 
oon 

2 ' s y2 s 
-=.A +--A 
3y5 3 3 1 

s I a 
A =--=A --=A 

-op ylO 3 3y2 3 · 

A ++n 

A 
+01> 

s 
4 

-'-A v 5 3 

,j-1- A s /,;;J.. A a 
- 10 J . 2 3 

I a I a 
+-A --A 

3 3 3 

v2 a 
-A 

3 

Hcnonh3YIOTCst o6!llenpuHstTbie o6oana'IeHJist: L 2 r. 21 

10 

(2) 

,~ 

\1. 
!I. 

if 
ll 

Ha nopore aHTH 

3alOT H aMnnUTYAhl Kll 

H T,A,) Bh!paJKaiOTCSI 1 

CTpyKTypa anan1 

nuTyn 'A·s u A a 
. 2T 2T 

HMnynbCaM · k r f " 
' .. 12 1; 

. ., p 
s .Ju1· 1 

'A'· = e 
1 

A '.a = 
io p. 

e II· 

1 
io p 

A'" J. = e '3' 

A' a = e 

io J 

3 

3 
p 

rne 8 -<jlaaa P 
2T. 1 

T , a F , F 
11 31' 

crayro!lleli nopory pm 

. onpeneneHHhle. nelicTE 

lll9HHH (2).CBst3aHhl < 

C ,, BXOASIIUHX B aN 

I'A9 npHBOAHTCSI KB8A 

3tPtPHUH9HThl C Bb!pa: 

caMoe MOJKHO nponen 

TaKHM o6paaoM 

B COCTOSIHHH C L = 0 

est 'Iepea Monymt aM 

B aMnnHTYAY BOHneT 

pa6ory /2/) H !ll9CTI 

v , w • KpoMe :: 
3 ' 3 



1.2,3)· (lH) 

~3nH"'HbiMH 

C nonHb!M op6HT8nbHhiM 

0 llB8 Ha"'anhHb!X COCTOSI

-.TOnhKO p 
3 

I COC:TOSI

rHCHMMeTpH'IH8SI no 

s 
' • O'!eBHilHO,. A 

2 
T 

A a -He"'eTHOMy. AMn-
2T 

onKHOBeHHIO 38pSI1K9HHOI"O 

a 
A 

(2) 

2T.2] 

~·· 

a a 
Ha nopore aHTHCHMMeTpH'iHb!e 'i8CTH aMnnHTYil A H A 

I 

38IOT H 8MIInHTYilhl KaHanoa ( f ) - ( V ) ( o603H8'iaeMbie H8MH 

H T.ll.) Bblp81K8IOTCSI 'iepe3 llBe H30TOnH'i9CKHe aMnnHTYilhl A, • 
I 

C ,. A' • TpyKTypa 8HanHTH'i9CKHX '18CTen 
2

T H A ' a H30TOnH"!eCKHX aMn-
2T 

nHTYil 'A. • H 
. 2T 

A a C TO'iHOCTb!O llO KB81lP8TH'iHhiX no OTHOCHTenhHb!M 
2T 

HMn~nhC8M 

'A, s 

I 

.k 

A ,_a 

I 

A, s 

J 

I2 

e 

e 

, k IJ ' k nHOHOB a6nH3H nopora 
23 

io P 
k 2 + (k2+k2)] I I F [I + u v 

II I I2 I I 3 23 

io p 2 2· 
11 F w (k -k ) 
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