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1. B B e .a e H H e 

B rrocneaaee speMH aaaqHTenbaoe BHHM8HHe yaenHeTCH aKcrrepHMeHTanb-

HOMY H TeopeTHqeCKOMY H3yqeHHIO rrpouecca TOpM03HOrO H3nyqeHHH B Hy!mOH

/ 1-9/ 
HyKnOHHbiX CTOnKHOBeHHSIX ( B aanbHeAmeM 0603HaqaeMoro COKpameHHO 

NNB- Nucleoa - Nucleon Bremsstrahlung ) . 

/6 7 9/ 0JKHaaeTcSI ' ' , qTo HayqeaHe aToro rrpouecca rroasonHT rronyqaTb 

HOBYIO HH<PopM8UHIO 0 HyKnOH-HyKnOHHOM B38HMOUeii:CTBHH, B qaCTHOCTH, CBe-

aeHHSI o rroBeaeHHH aMIIIIHTya N N -pacceHHHSI BHe Maceo BoA noBepxHOCTH. 

OaaaKo ao cHx rrop rroqTH see TeopeTHqecKHe pacq~Thl NNB rrpoBoaH

/6-8/ 
B MOU91IH C ~HKCHpOB8HHbiM IIOTeHUH81lOM , 1IH60 B MOUenH nHCb nH6o 

/5/ 
oaaoqacTHqaoro o6MeHa • 

Bbmo 6bi JKenaTenbHO rrpoBeCTH aaanHa NNB, ae orpaaHqeHHbiA paMKa-

MH orrpeaeneHHOA MOaenH, H Bb!SICHHTb xapaKTep HOBOA HH~OpMaUHH, coaep-

JKameAcH B aToM rrpouecce, a TaKJKe B03MOlKHb!e M9TOUbl ee H3BileqeHHSI. 

B aacToHmee BpeMsr 6onee HIIH Meaee rrocneaosaTenbHbiA aaanH3 NNB 

MOJKHO rrpoBeCTH, nHmb paanarasr aMrrnHTyay aToro rrpouecca B psra rro aaep-

I'HH ljloTOH8 W : 

(-1) -1 (0) 0 (I) 
M =M w + M w + M w + .•• (1) 

NNB 
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3JieCb M NNB - 8MfinHTYJl8 TOpM03HOrO H3ny'leHHSI 1 a 

UHH HyKnOHHbiX nepeMeHH~X, He 38BHCSIIUHe OT W • 

M<~ -HeKoTOp~e ~yHK-

I 101 
CornacHO noy • nepBbie JIBS 'lneHa paanoJKeHHSI ( I) -

M M
(-1) -1 M(O) 0 

L• Q) + Q) 

nonaocTbiO onpeJienaiOTca noaeJieHHeM aMnnHTYJI~., ynpyroro N N ":"' pacceaHHSI aa 

M8CCOBOA noaepXHOCTH 1 H HHK8KOA BHeMaCCOBOA HH~OpM8UHH He COJiep:lKaT. 

TaKHM o6pa30M1 HOB8SI HH~OpM8UHSI MOJKeT COJiep:lK8TbCSI TOnbKO B cne-

(I) (II) 
JIYIOIUHX 'lneaax paanoJKeHHSI1 T.e. M , M H T.JI. 

nosToMy npeJICTasnaeTca uenecoo6paaH~M H3Y'I8Tb NNB npH Man~x 

saeprHax )" -KB8HTOB H BbiJienSITb H3 SKCnepHMeHTSnbHbiX Jl8HH~X BenH'IHHY 

fim 
Ctl~O 

M NNB (exp) - M L 

Q) 

(I) 
M 

AMnnHTyJia M L , cornaCHO CK838HHOMY B~We 1 MOJKeT 6~Tb B~'IHCneHa, 

ecnH HaaecTHa aMnnHTYJla N N -pacceaHHSI H ee H3MeaeHHe c HaMeHeHHeM 

saeprHHo 

B H8CTOSIIUeA pa6oTe nony'leHO SIBHOe BbipS:lKeHHe aMnnHTYJl~ noy JlnSI 

.. 
NN B npH MSnbiX w - 01 << E k , rJle E k - KHHeTH'IeCK8SI 9HeprHSI 

CT8nKHB8IOIUHXCSI HyKnOHOBo 

K aonpocy o xapaxTepe HH~pMauHH, coJlepJKameAca B aMnnHTyJie M ,(1). 

8BT0p HS)leeTCSI BepHyTbCSI B nocneJiyiOIUHX pa60T8Xo 

2. ITapaMeTpH3BUHH aMrrnHTYilbl rrpouecca 

llpouecc Hany'leHHSI TOpM03HOrO ~TORS npH pacceHHHH JIBYX HYKnOHOB 

6yJieM paCCM8TpHB8Tb B CoUoMo CT8nKHB8IOIUHXCSI HyKnOHOBo 

4 

3apHJibi rrepaoro H BToporo HyKnoHoa a nonHx aneMeHTapHoro aapHJia 

__ e_2_ 

4 , 
-1 

= 137 ) 6yneM o6oaHa'I8Th e ( 
£ 1 • £ 2, a HX rronHbie MarHHTHbie 

MoMeHTbi ( B swepHbiX MarHeToHax)-cooTBeTCTBeHHO 11. 
1 

•IL 
2

• Macca HyKnoHa m. 

Llmr HMIIynhCOB '18CTHU, Y'I8CTBYIOIUHX B IIpouecce, IIpHMeM cneJiyiOIUHe 

o6oaHa'leHHsr: p , p - 4-HMrrynhcbr rrepaoro HyKnoHa no H rrocne rrpouecca I 2 

B38HMOJiefi:CTBHH , q I , q 2 -COOTBeTCTBYIOJUHe 4-HMIIy.rihCbl BTOporo HyKnOHa, 

1<- 4-HMITYnhC 4JOTOH8 

p
1 
=IE, p 

1 
l q I •I -+ 

E '- P l. -+ -+2 2 
E•E(p ) .. yp + m 

I 1 

p = I E ( p-+ ) ' p l 
2 2 2 

q •IE(q ),q }, 
2 2 2 

2 E .. E ( p-+
2 

) + E ( q 
2

) + f<J 

p +q +k-0 
2 2 

ka { Q) ,k} 

( 2) 

CorrocTaBHM c JIBHHhiM aeyrrpyrHM rrpoueccoM yrrpyrHI% rrpouecc (NN -pac-
1" 

CeHHHe) 1 B KOTOpOM HMITynhCbl CT8nKHB8IOIUHXCH '18CTHU p l , q l COBIT8Jl8IOT 

C aHanorH'IHbiMH aenH'IHH8MH COOTBeTCTBYIOIUero Heyrrpyroro rrpouecca ( NNB), 

a HMrrynhCbl p8CCeHHHbiX '18CTHU p ' , q ' 
2 2 

orrpeJienHIOTCH cnenyiOWHM o6pa-

30M: 

... -+, p ' • l E , p' l q •l E, -p -
(3) 2 2 2 2 

... ... ... , p2 - q 2 
I "P 1 I p - I 'P2 - ~ I 2 

2 
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B aan&HeA:weM 8MfinHTya&I NNB B npHonHlKeHHH noy OYllYT Bblp8lK9Hbl 

x/ 
qepe3 8MfinHTya&I T8KHM 00p830M onpeaeneHHOI'O ynpyf'OI'O npoueCC8 • 

BaeaeM opTOHOpMHpOB8HHY~ CHCTeMy BeKTOpOBt CBH38HHy~ C B9KT9P8MH 

/18 
ynpyroro npouecca (cM.TSKlKe ): 

.. 
m 

.. , .. 
p 2 - pI 

1 
.. , .. I 
p 2 - pI 

.. 
t -

.. , .. 
p 2 + p 1 .. 

1 -tx i: .. , .. I 
p 2 +pI 

(4) 

nnoCKOCTbt 00p830B8HHY~ B91CTOp8MH ·i: , 
"~ ,:.,:...!...~ 

l, Y 6yaeM aaa&IBST& a aan&aea-

weM nnocKoCTb~ pacceKHHK. BaeaeM TSKlKe eaHBH'IHbiA aeKTop B aanpaeneHHH 

BblneTa ljloTOH8 

.. 
.. It 

I( -

OnpeaenHM yrn&l fJ , v • rp 

cos () -
( 

.. , 
P2 • P .. l) \ 

IP '
2 

I • I P .. 
1 
I 

.... 
sl.u v cos rp - <t I( ). 

&I 

cneay~IIIHMH COOTHOW9HRKMH 

cos v - (Ji"K. .. ) 

sl.u V sin rp • (,: K. .. ). 

7 
X Hama napaMeTpH3BUHR (3) ynpyroro npouecca, COROCTBBIIR9MOro C 

/lBHHbiM HeynpyrHM npoueCCOM, H6CKOI1bKO OTI1H'l86TCR OT napaMeTpH3BUHH0 

npHHHTOif B OpHrHHBI1bHOif pa6oTe noy/ 10/: 1) HBpBM6TpH3BUHR ( 3) CHMM,;TpH'l

HB no HMnyn&CBM OOOHX HYKI10HOB; 2) BMI1I1HTy/lbl ueynpyroro npoueCCB Bbl

paJKaiOTCR qepes aMnnHTYilbi ynpyroro npouecca npH TOif JKe HB'lBn&Hoif sHep

rHH. 

6 

(5) 

( 6) 

Toraa aMnnHTyaa npouecca NN .. NN Y MOlKeT IS biT& aanHcaua, aanpHMep, 

B cneay~llleM aaae: 

.\ .. .. .., 
M ·M (p -q ,a. 

NMB 2 I 
.. " .\I .. 1 .. "* ... ,p)•"-11 a+b(unHvR)+ 

1 l•l,l I I I 

+ i c I [( U I :) + (u1i:)] + id
1 

( (U r: I- (d IIi:)) + e I (l 1.: )( U 2;: ) + . 

~ ~ ~ ~ 

+ fiC; 1f)(a 1 f) + gl[(a 1t )(u 2it)+(d 1itH3 1 t )] + 

.. I .. .. 2 .. .. I.. .. 2 .. 
+ h 

1 
[ ( a t ) ( a m ) - ( a m ) (a t ) ] I + 

+I ~~~ ik 1 [<~ 1~>+<~2.tn + tt1[(a 1:> -<a 2i:>l + 
1•1,2 

( 7) 

[ ~ t! .. 2.. ( .. 1.... ;'2.. ] [ .. .. .... .. .. .. .. .. ] + m
1 

\tl mHa R)+ tllll(a m) + Ill (a lm)(a •n)- (a 'ii)(a2m) + 

.. 4 ~ ... ... ... 

+ i pI [ ( 3 1 f ) + ( a .. 2 f ) ] + i q I ( ( a 
1 

f ) - ( tl 2 f ) ] + 
r 

.. ... .. .. 
+ r 

1 
[ (a .. 1 t )( c12:) + (c11'it )( ~ 2 t) ] + s

1 
[ (c11 t )(c12:) - (;; lit)(~ f ) ] I 

3lleCb 
.\ .\ .. 

cz 1 •(lf> 
.\ 

Cl 2 -

R.\ [ .. .\ .... 
,..

1
•( f x~e)t>, ( .. .\ .. ) 

f m , 

.\ [ .. .\ .. .. .. A /1
2 

• ( f XK.) m ) , f BeKTOp nonRpH38UHH ~OTOH8 B COCTOHHHH .\, 

i/ 1 , iJ 2 - CfiHHOBbl8 M8TpRUbl nepBOI'O R BToporo HyltnOHOBi •a·~····•rt,•t-

ICOMMeKCHble ~YHICUHH fiRTH nepeMeHHbiX E, &~ ,fJ,v, rp ( 8BTOp H8lle8TCR1 

'ITO RCfiOnb30BaHH8 OllHHX H TeX lK8 oyiCB llnH 0003H8'1eHHH 083HbiX BenR'IHH> 
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HanpHMep, p 1 ' P.2 
q 

1 
, q 

2 
-HMnynbCbl H p 1 , p 

2 
,q 1 ,q 2 - CKanHpHbie 

aMTinHTyahl -He 6yaeT npHBOaHTb K aeaopa3yMeHHSIM 1 llOCKOnbKy BMeCTe STH 

senH'IHHbi HHKoraa He BCTpe'laiOTCSI), 

Tpe6osaaHe P -HasapHaHTHOCTH MaTpH'IHoro aneMeHTa B cnyqae HeKoM-

nnaHapHbiX npouecCOB He npHBOaHT K COKpameHHIO 'IHCna CTpyKTyp1 a nHWb 

HaKnaabtBaeT HeKoTopbte orpaaH'IeHHH aa cKanHpHbie aMnnHTyabi, 

rJocKOnbKY npH OTpa>KeHHH nonHpHbie BeKTOpbl 
.. ,\ .. 
f , K 

.. e .. 
,m Me-

(£ .. xit> .. .. 
HSIIOT 3HaK 1 a aKCHanbHble a , n , ae MeaHJOT, aettcTBHe onepa-

TOpa OTpa>KeHHSI Ha aMnnHTyay (7) CBOaHTCSI nHWb K 3aMeHe 

cos (} .. cos (} COS II -o - cos II 

sin 11 cos (sin ) ¢ ..,. sin 11 cos (sin) cp 

B CKanHpHbiX aMnnHTyaax, 

Ma HHBapHaHTHOCTH aMnnHTyahl npouecca OTHOCHTenbHO OTpa>KeHHA cne-

LiyeT, 'ITO 

a (II) • a(rr-11), .... s(ll)•s(rr-11 ), 

T.e. BCe CKanHpHbie aMnnHTyabi HHBapHaHTHbl OT}l:OCHTenbHO OTpa>KeHH.st B 

nnocKOCTH pacceHHH.st, 

3. AMIInHTyaa rrpouecca B IIpH6nHJKeHHH noy 

Mayqag npouecc Hany'leHHH MHrKoro ~oToaa npH pacceHHHH 6eccnHHO-

Bb!X 3apSI>KeHHbiX qaCTHU H '18CTHUbl CO CDHHOM 1/2 Ha 6eCCDHHOBOtt 'laCTHUe 1 

I 101 
floy DOK83an, KaK 1 HCXOaH H3 Tpe6oBaHHft rpaaHeHTHOft HHBapHaHTHOCTH 

aMnnHTya aTHX npoueccos, MO>KHO Bbtpa3HTb asa nepBbiX qneaa paano>KeHHH 

8 

' ,: 
'!; 

,.1 

·~-

*'! 'i; ,,.., 

')'·~'"' .. ~. 

',,,, 

~
,·~ 

' 
", 

aMnnHTya TOpMoaaoro HanyqeHHH no aaeprHH ~TOHa qepea aMnnHTYllbi coo 

BeTCTBYIOillHX ynpyrHX npoueCCOB H HX npOH3BOaHbie no HHB8pH8HTHbiM nep 

MeHHbiMo 

06o6meaue npoueaypbi floy aa ni06oA npouecc, conpoBO>KllaiOUIHAc 

HcnycKaHHeM MHrKoro ~Toaa, ae npeJlcTasnHeT npuauunHanbHbiX Tpyaao 

I 11,12/ 
CTeA • 

OnycKaH aeHHTepeCHbie TexHH'IeCKHe noapo6aocTH, Mhl npHBelleM aaec 

aMnnHTYllY N N B B npH6nH>KeHHH floy Cpa3y B aByXKOMDOHeHTHOA aanHC 

6onee yao6aoA anH Bbi'IHcneaHH aa6nJOllaeMbiX senH'IHR: 

..\ .. .. ,. .. .., .. A A .. .. .,. .. 
M (p -q ,)[ p ). M(pft, p

1 
)t +M

0
(p -qft,Jt ,p 

1.2 2 1 • 2. 1 

3aecb M ( P;' .. 
p 1 I - aMnnHTylla ynpyroro npouecca c napaMeTpaM 

onpeJleneHHbiMH COOTHOW9HHSIMH ( 3): 

M(p;, p
1

) .. a+ b (if 1Jt)( 'J 2 ;i) + 

.. .. x/ 
+ i c [ ( ~ 1 ~ ) + ( il 2B">] + e ( ;; 1 iri ) ( il 2 iri ) + f ( ; 1 e ) ( a .. 2 f ) • 

rae a • b • c • e • f - KOMIJn9KCHbie ~YHKUHH E H (J • 

x/ HawH o6o3HB'leHHH aMnnHTYil NN -paceHHHH coBna!lBIOT c o6o3HB-

qeHHHMH pa60Tbl/ 18/, 38 HCKniO'leHHeM 8MflnHTYilbi c, KOTOp8H OTnH'l88TCH 

OT COOTBeTCTBYIOIL!e/! aMnnHTYilbi p860Tbi/ 18/ MHOJKHTeneM i , 
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p 
1 

It , p 
2 

It , q 
1 

k , q 
2 

It - 'leTb!peXMepHbie CK8llSipHbie npOH3Be,lleHHSI BeKTOpOB 

p 1 • p 2 q 1 • q 2 H k. .. 
AMnnHTy.lla 

,\ (.. .. 
Mo P2-q2 . k ... p 1 ) npe.llcTasnSieT qneH nopSI.IlKa 

0 B M,\ .. 
w B pa3llO)KeHHH aMnnHTY.Ilbl NNB no w. 0 BeKTOpbl p2 

pa3nO)KeHhi soKpyr HX ynpyrHx aHanoros p~ • q~ no cTeneHSIM 

0 
H B OKOH'I8TenbHOM pe3yl1bT8Te OCT8Bl1eHbl TOllbKO 'llleHbl • W 

.. 
H q 2 

"'· 

,\ 
AMnnHTY.IlY M0 ( p 2 - q 2 , k , P 1 l 6y.lleM npe.llcTaBnSITb s BH.Ile (7), 

llnSI <I>YHKUHA a1 , b 1 r I ' •I i • 1 , 2 ) nonyqa lOTCSI cne.llylOIUHe 

Bbtpa)KeHHH qepe3 aMnnHTY.Ilbi a , b , c , e , f ynpyroro pacceHHHH 

•, 

a • A 
I I 

a E a 

""FE 
+A' a. 1~+2A" C117 I c 

b 
aEb , ch 2A, 

1•A1~ +At-au-+ 1c 

c • A 
I I 

a E c 

a E· 
+ A, 

I 

d 1 • D I (a - b ) 

a E e 

aE + e I • A I 

Be 
afJ 

a e A' 
I ,..,--

10 

A"(a+b) 
I 

' 
!, I 

:'I 

h
1
-H

1
(e+f) 

k
1
-K

1
(a+el+M

1
c 

t 1 • L 1 (a-e)+ N 1 c 

( 11) 

m I • M 1 (b - e ) - IC 1 c 

o
1
-N

1
(b+el-L

1
c 

p
1
•P

1
(a+f) +R

1
c 

q • Q (a-fl+S c 
I I I 

• R (b -f ) - P c 
I I 

•
1
.s

1
<h+fl- Q

1
c 
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BenH'IHHbi A 1 ,A'1 ,A'j' , D 1 S I - JleftCTBHTenbHble (jlyHKUHH 

E,fJ, v ,f/> H napaMeTpOB '1' 1 2'"1'"2 

.Rsaoe Bbipa)f(eHHe JlnH HHX npuseaeao B llpHnO)f(eHHH, 

0TM9THM 1 'IT01 XOTSI H9KOTOpble H3 BenH'IHH A I 

-1 (J 
rynSipHbl9 3H8M9HSTenH THIIS cos -r • -1 (J 

SID '2 

'5 I COJlep)f(ST CHH

y -I ( V • + -CKO-

pOCTb HyKnOHOB B c,u,) 1 B IIOnHoft SMIInHTylle OHH KOMIIeHCHpyJOTCSI HynSIMH 

KOM6HH8UHft b-e , b -f , e -f c llpH COOTBeTCTBy~mHX 3H8'19HHSIX nepe-

M9HHbiX. 

HaKOHeU 1 OTMeTHM pSill CneJlyiOmHX H3 llpHHUHna DaynH COOTHOWeHHft 

M9)f(Jly (jlyHKUHSIMH A I • , , • • S I B cnyqae, KOI'Jl8 CTanKHBSIOTCSI TO)f(Jl9CTBeH-

Hbl9 HyKnOHbl, 

BaeaeM o6oaHa'leHHSI 
~ , 
A 1 (6,v,f/>) -A 1 (rr-6, ,_.., ,---r--.4> 

H T,Jl, Toraa npH f I • f 2 H P.l-1'2 .. 
A

1
--A

2
, 

"D --H~, 2 

.. 

.. 
A' .. A' 

I 2 

~ • G 2 I 

.. 

A" -A'' 
I 2 

.. 
D •- H 

I 2 

.. 
K .. p 

I 2 

... 
• K .. p 

2 I 

- .. 
L I .. - N 2 L.2 --N 1 ,-M

1 
.. R

2 
,-M

2 
• R 

1 . 
.. .. 
Q I ""S 2 . Q 2 • S I 

Bbipa)f(eHHSI anSI ea6niOaaeMbiX aenH'IHH B NNB B 11pH6nH)f(eHHH flay 

6yJlyT 11pHB9Jl9Hbl BO BTOpoft 'ISCTH 8TOlt pa60Tbl, 

ABTOp 6naroaapHT fl,H,flaiiHJlyCa 38 IIOCTSHOBKY npo6neMbl H none3Hb19 

12 

o6cy)f(Jl9HHSI 1 C.M.BHneHbKoro, B.M .ronoBHHa, P .M .PbiHJlHHa, B.H.OrHeseuKoro-

aa pSIJl ueHHhiX aaMet~aault. 

npHnO>K9HHe 

B aToM npuno)f(eHHH npuaeaeHbi SIBHbie Bbipa)f(eHHSI an.11 aenH'IHH A 
1 

, 

A; ..... S 
1

, onpeaeneHHbiX a TeKcTe ( 11). 

BseaeM npe)f(Jle acrroMoraTenbHbie (jlyHKUHH nepeMeHHbiX E , 8 , v, f/> : 

8 l ( i 1,2,3,4) .\k,vk(k 1, 2,... 8, ., e • ee< e ... 1,2>. 

-: ... ... ... -1 8 1,2 • I 1 - v [ cos 8 I 2 ( L K ) ~ sin 6 I 2 ( m K ) ] I 

... 
8 8 ·" .. 1 1 + v [ cos e 1 2 < e ~ ... ... ] -1 + sin e I 2 ( m K ) I 

A E sin 
2
8/2 + mcos 

2 812 
v ( iif K ... ) sill (J I 2 

+ 1,2 

A 
8,4 

A cs,e -

AT -,8 

v -1,2 

E-m 

2E 

E col 

E-m 

2E 

2E 

sin (J 

e ,.--

v ( iit K ... ) cos e 
2 + 

• 1- 6 + ms1n 2 ... 
- v < e ~ >cos 012 

2E + 

sin (J 
...... iJ 

- v ( f K ) sin -
+ 2 

v sin JL - <iit it ) 
2 + 

13 



8 .... 
II •YCOs...,..--(tiC) 

1,4 " + 

11 • ala J!._ 
••• 2 

- y (;: /( .. ) 

+ 

() .... 
II '.. ·•Ia T + , ( t IC ) 

(Jnec& eepXKHA 3H8K COOTBeTCTBY8T HHll8KC8M 1,3,5,7, HHlKHHit - HHll8KC8M 

2,4,6,8) 

., -
I 

m cot~ 1 8/2 + Eaiall 8/2 E cos 1 8/ 2 +mala ll8/2 

{ -I 

. ., - ( 
p sin 8/2 1 p cos 8/2 4n) 

pain6/2 

E + m 
e,- p cos6/2 

E +m (5n) 

OnpenenHM eenH'IHRbl 41 1 ( x , y , z , u l H lfl
2
(x,y,z,ul 

( rae x , y , z , o B CBOIO 0'18p8llb 0 RBnRJOTCR 4JyHKUHRMH E , f) , 

"·" COOTHOW8HHSIMH 

~I • 41m [alI' I X + al I' I y + a I I'll a + a 4 I' II D ) 

(6n) 

~ --1 -[B~ x+ 31 y +3 l a+ 8 I a 
I •• I I I I I I 4 I 

14 

Torna an11 eenH'IHH A 1 , A 'i , A I , D 1 • • • • S 1 nony'laJOTCR cneny-

1011lH8 Bblp8lK8HHR 

2mv 
A1•-E-- coa8/2 ~~ (-1,0,1,0) 

A' 
I 

2m ·---p 
~~ (ve, v 1 .-v1 , -v 8 ) 

A 'I • ~. ( - v1 , -11 1 , v1 , v 2 l + 

p 
+ "Y+'"iil ~( '\ • "a, -v1 , -v8 l 

2mv 
A

1 
• ---r- ala 8/2 ~ 1 ( 1, 0, -1 , 0 ) 

, 2. ... (' - ) A
2

• -P-- ... 
2 

v,, -v,. -va, v8 

(7n) 

A "• ~ ( -11 , II , II , -II ) + _P __ ~ (II , -11 , -11 , II ) 
ll 1 a a 4 4 E +m 1 T T a a 

() 
n 1 -~ 1(v2 , "I' v 1 , v 1 l+{1 ••ia vsla(T- " ) ~. ( 1 • -1 • -1 • 1 l+ 

a 11 8 
+hsia8/2~11 (-1,0,-1,0)+2Y sia -(miC )~1 (-1,0,1,0) 2 

8 
D2• ~~( lla, -lla , Jl4 , -114) + { 1 Y sin (y-- fJ ) ·~ ( -1 , -1 , 1 , 1) + 

a 1 8 + 2 Y ala A (2 IC ) ~2( 1 , 0,- 1 , 0) 
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1 
Glmel>I(-1:'2'VI,VI,-V2 )+-v-Cl>2(V8,-VG ,-V6,V6) 

1 
G

2 
.!ll

1
(-v

8
,-v

8
,v

4
,v

4
l+-v-Cl> 2 (v 1 ,v 1 ,-v8 ,-v8 ) 

H I ~ cil I (- V 
2 

, VI , - V I , V 2 ) + e 2 v sin V sin ( 7 -cp ) cil 2 ( 1 , -1 , -1 , 1 ) 

+ 2 v 2 cos 2 0/2 (~ ,t) ell:~ (1,0,-1 ,0) 

H
2 

acll
1
(-v

8 
,-v

8
,-v

4 
,-v 

4
) + e 1 v sin II sin(+- cp) cll 2(-1,-1,1,1) 

() 2 2 () • 
+2vcos-

2
-cll

2
(1,0,1,0)+2v cos -

2
-(t1Clcll 2 (-1,0,1,0) 

K
1

-<ll
1

<A,,A 8 ,A 8 ,A 4 l +e 1 <ll1 <-v1 ,-v1 ,-v 1 ,-v 1 l 

• 
K 2 • clli(A6,-AG,.\8,-A8) +elcll2(-v8, 11a ,-!14' 11 4 

L 
1

.cll
1
(A

4
,1.

8
,-.\ 1 ,-.\ 4) + e 2 cll1 (- v 2 ,-v 1,v 1,v2 ) 

L I • ell, ( .\ G , - .\ G , - A 8 • .\ 8 ) + e 2 ell 2 ( - Va , II 8 ' V 4 ' - v 4 ) 

M I • <Ill (- A I' - .\ I' - A I ' - .\ 2 ) + IJ I <Ill ( V I ' VI ' 11 1 ' 11 1 ) 

16 

M 1 .~ 1(-A1 ,A 1 ,'-A 1 ,A 8 ) +'I, ~ 1(v 8 ,-v1 , 11
4 ' -II 

' 

N 
1 
.~ 1 (-A 1 ,-A 1 ,A 1,A 1 l +e,~ll(v1 , v 1 ,-11 1 ,-11:1) 

N 1 .~ 1 (-A 1 ,A 7 ,A 8 ,-A 8 l +e 1~ 1 (v 8 ,- v8 ,-v4 ,v4 ) 

p 1 .cll
1

(A 1 ,-A
1
,A

1
,-A 1 l +e1 ~1 1 -v1 ,v 1 , -11 1 ,v 1 l 

P:~ • cll 1 ·(A,, A,, A 8, A 8 l + e, cll 2 (-v8 , -v1 , -v,, -v,) 

Q
1

• cll
1
<A 1 ,-A

1
, -A 

1
, .\ 1 ) + e 1 ~:1 ( v1 , v 1 ,-v 1 , -11 1 ) + 

+2vshl 6/2 ell ( -v1 ,0 ,v 1 ,0) 

0 1 • cll1 (A,, .\ ,. -A 1 , -.\ 8 ) + e 1 ell:~ ( 11 8 , -v8 , -11, , v,) + 

+2vshl6/2~ 1 (-v 8,o,v,,O) 

R1 • ~,< A
4

, -.\1 ,A8 , -.\ 4 ) +'I 1 cll 1 ( -11:1, v 1 , -111 , ":~) 
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r 

I ~ 

i 

I 
1-

R 2 = <P 1< .\ 5 • .\ 5 • .\ 8 • .\ 6 > + "'2 (f) 2 ( -va •- v a . -~.~4.-v_. 

s 1 "" <PI< .\ 4 • -.\ 8 • -.\ a • .\ 4 > + e-2 <P 2 < v 2 • v 1 ·- v 1 ·- v 2 ) + 

+ 2 v cos (J /2 (f) 2 ( v 
3 

, 0 , -v 
1 

, 0 ) 

s2 • <P 1 < .\ 6 • .\ 6 • -.\ 8 • -.\ 8 > + e 2<P 2 < va • -va • -II 4 • +11 4 > + 

+ 2 v cos fJ/2 (J) 2 ( -118 , 0 , II 
4 

, 0 ) 
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