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Summa~y 

The spin effects in the elastic P-IIe
4 

scatterinG at Tp = 
600 MeV are studied in the Glauber approximation. 

·It is shown that if the spin structure of the N-N amplitudes 

is included to the consideration.the products of the profile func­

tions r ( r, 7, ' . . -~ )IS/ in ordinary Glauber Is expression 
,_ ) "' 

fo.r the amplitude F of this process are replaced by symmetrized 

products of the uncommutative operators .r . 
The amplitude F may be l~ritten as a function of the scalar 

N-N- amplitudes (see the expressions ( 2), · ( 3), ( 4) of this paper). 

The calculations of the differential cross-section indicate 

(see Fig. 1) that the spi~ effects give the significant contribution 

to the differential cross-se~tion at large momentum .transfers (let 

us:compar·,. curves ''a"'~nd ·rr'Orr, rr8rr, curye "a" of.Fig. 1 is dc//d.!l 

for spinless nucleons; curves rr G"rr, ;,g .. are the differential cross­

sections·with the spin dependence of N-N amplitudes included for 

nuclear' radia R;= 1. 31 fm, R = 1. 2 fm, respectively). 

The 1nclusion of the spin dependence of the N-N amplitudes 

.suc~eed~ in describing the experimental data/2/ provided the nuclear 

density distribution of the type (6) with parameters D = Q.858, ~ 2 = 

0;308, R = 1.2 fm is used (see curve rr8rr of Fig. 1). 

The polarization P ··~nd the quantities R cos ~ + A sin e,. 
R sin e - A. cos e /ll/ ar~ also calculated.. The analysis o~ this 

calculations shows that in the large momentum transfer region the 

polarization effects are sensitive to the form of the nuclear density 

distribution. 

BBeJleHH e 

3KcnepHMeHT8nbHbie Jl8HHbie 0 CelJeHHSIX yttpyrH 

T P . = 600 M aB, nonylJeHHbie · Ha ycKopH'l pacceSIHHii npn 
/2 3/ . 

HHH ' , CpaBHHBanHCb C peaynbTaTaMH paClJeTOB no 4 
B. lhoKa H ·n.· ne~HSIKa /41. nocnenHHe' nonylJeHbl: B pal'. 

6~pa I _I, 10/ npn cneny10nmx ynpomeHH~Ix npeJlnono~eHIIH 
N ·- N pacceHHHH II cTpyKType H!lpa: a)· aMnnnTy!lbi · p - . 

COBnanaJOT; 6) liX CllHHOBOH 3aBHCHMOCT~JO MO)I(Ho npeHej 

CSIIUHe OT CllHHa lJaCTliU aMnnHTYLlbl N -N -pacceHHHH MC 

MHpoBaHbi c'nenyJOIIIHM o6pa30M! 

f (q) 
+a 2 . 

pa e-aq/2 
tot 4}.. 

rne: P -nMnynbc HaneTaJOmeii lJacTmrhi B na6opaTopHoii 

a= Ref(O)/lmf (0) q -:-nepenaHHhiii ·nMnynbc, 

lJeHne pacceSIHHH; senHlJHHa a ·xapaKTepnayeT HaKnoH cE 

N ·- N -pacceSIHHH; r) BonHoBaH cfJyHKUHSI H!lpa npencTaBl 

nponaBeneHHSI rayccnaHoB. 
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ltterinr; at T 
p 

:1. 

f the N-N amplitudes 

f the ·profile func­

;lauber's expression 

i by symmetrize~ 

~nction of the scalar 

(4) of this paper). 

ss-section indicate 

:tificant contribution 

:tttun transfers (let 

:if Fig. 1 is dc//d!l 

differential cross­
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ively). 

che .N-N amplitudes 

provided the nuclear 
. 2 . 

eters D = ().858, ~ 

~· 1). 

R 2o~ e + A.sin e, 
analysis of this 

cransfer. region the 

of the nuclear density 

BBeJleHH e 

3KcnepnMeHTanhHhie JlaHHhie o ce'leHH.HX yripyrnx ~-He J H P -:-He 
4 

pacce.HHHil: npn T P = 600 M aB, nony'leHHbie · aa ycKopnTene B BnpmKH-

HHH 
12

•
31

, cpaBHHBanHch c pe3ynhTtiTaMH pac'leToB no <jlopMynaM paooThi 

B. l{H~<a H n.' ne)I{H.HKa /4/. nocneJlHHe· nonyqeHhl. B paMKax Monenn fnay­

o~pa 1 .I, 101 
npn cnenyiOumx ynpomeHHhiX npennono*eHH.Hx oo aMnnnTyttax 

N ·- N pacce.HHH.H H cTpyKType .HJlpa: a)· aMnnnTyJlhi p - p H p - n pacce.HHHt:l 

COBnanaiOT; o) HX CnHHOBOf:l 38BHCHMOCT~IO MO:lKHO npe.Heop9'1h; B) HE' 38BH­

C.HIIIH9 oT cnnaa qacTHU aMnnnTyJlhi N -N -pacce.HHH.H MoryT OhiTh· annpoKcH­

MnpoBaHbi c·nenyiOIIIHM o6pa3oM: 

f (q) 

rJle: P -HMnynhc HaneTaiOIUet:l '18CTHUbl B naoopaTOpHolt. CHCTeMe KOOpJlHHaT 
.... 
q -:-nepeJlaHHhit:l HMnynhc, a = Re f(O) /I m f (0) (J 

tot -nonaoe· ce-

qeane pacce.HHH.H; aenH'IHHa a xapaKTepnayeT naKnon ce'leHH.H ynp'yroro 

N·-N -pacce.HHH.H; r) aonnoaa.H !J>yHKUH.H .HJlpa npeJlCTaBn.HeTC.H B BHJle 

npoH3BeneHH.H rayccnaaoB. 

3 



Dnsr JlOCTH:lK9HHSI HaHnyqmero COI'naCHSI TeOpiiH C 8KCIIepHM9HTOM 

aBTOpbi pa6oTbi 121 BapbHpoBanu napaMeTp· a 

TiepBoHatJ:anbHO Teopusr fnay6epa npu ucnoni>aoBaanu yKaaaHHbiX ycno­

BHii: npnMeasrnacb nnSJ onncaHHSI . npoueccoB pacceSJHHSJ 6biCTpbiX qacTnu 

T •> 1 faB) na Sinpax. TeopeTnqecKue npencTaBneliHSJ o MexaHH3Me 

N- ~ pacceSJHHSI npH BhlCOKHX aHeprHSJX ne npoTHBopetJ:aT ycnoBIISJM (a)­

(a ) , a liM9IOIIlii9CSI 8KCOepliM9HTanbHbl9 naHHbl9 06 8THX B3aliMOil9ii:CTBIISIX 

npn T •> 1 faB, H9JlOCTaTO'lHbl JlliSI YCTaHOBneHHSI TO'lHOCTII 8TliX IIpli-

6nli:lK9llliii:o 

Tipn cpenHIIX aHeprnsrx ( T < 1 faB) npn6mnKeliiiSJ (a) - (B) He 

. .t. . ' N 'N 191 cornacyroTCSI c peaynbTaTaMn ~aaoBoro aHannaa - _ -pacceSJHIISI • 

·KpoMe. Toro, nMeromnecs aKcnepnMeHTanbHhie naHHbie o e_ -lfe 
4
-pac'ceg­

Hnn /5,6/ yKa3biBaiOT Jia. 6onee cnO:lKHhlii: BliJl pacnpeneneHHSI llyKnOHOB B . 

snpe, 'l'¥M npennonaraeTCSI ycnoBHeM ( r). 

TioaTOMY CMbiCn YJlOBneTBOpHTenbHOI'O. TeopeTli'J9CKOrO OIIHCaHHSI' 

aKcrrepuMeHTanbHbiX naHHhiX o6 ynpyroM p- He
4 

-paccesrHHH rrpn T . p 

. = 600, M aB c rroMOIIlbiO ynpomeHnoii: Monenn 14!, rronytJ:eHHoro aBTo-

paMn- /2j, OCTaeTCSI ·He~CHbiMo 
. I 

DnH · IlpOBepKn; IIpHM9HHMOCTII TeOpHH fnay6epa K aHanH3y B3aHMOJleii:CT-

BHSI tJ:aCTHU C HllpaMH IIpii cpeJlHHX 8ll9pi'HSIX He06XOJl.HMbl '6onee aKKypaT­

Hbie paC'J9Tbi, y'lHTbiBaiOIIlHe KaK CIIHHOBylO H H3DCIIHHDByiO aaBHCHMOCTH 

aMrrnnTyn N - N -paccesHHH, TaK n coBpeMeHHbie naHHbie o .·cTpy~Type 

Hllpa 15/ • 0nHaKO BBeneHHe B. paCCMOTpeHHe Jl9CHTH CKanSipHbiX aMIInHTYil 

(no OSITH JlnSI JlBYX 3HatJ:eHHii: H30TOOH'leCKOI'O CIIHHa) BM9CTO DJlHOii: 3aTpyn-
. . 

. HseT pacqeTbi_ rrpoueccoB pacceHHHH nyKnoHoB Ha TR:lKenbiX · sritpax. '3anatJ:a 

HeCKOnbKO yrrpomaeTCSI IIpH paCCMOTpeHHH peaKUIIii: Ha nerKHX SIJlpax. 

I 

·i 

-l 

-· 

I 
-,~ 

.:''. 

- ~-

I'; B HaCTOSIIIleii: pa6oTe npnBonsrTcSI peaynbTaTbi a 

pacceSIHIIH npoToHoB c · T P = 600 M aB !JS S:!npe If e 4 B j 

6epa c yqeToM cnnHoBoii: aaBHCHMOCTH aMnnnTyn pacceSJ 

TaK KaK B npn6nn:lKeHnH rnay6epa aToT npouecc 1 

HeOJlHOKpaTHO paCCMaTpHBancsr· /4,5/, COIIHOM HyKnOHOB 

HYIO tJ:aCTb OpOMe:lKyTO'lHbiX BbiKnanOK H KpaTKO OCTaHOBl 

pblX neTanSI~ ytJ:eTa COHHa. 

KaK naBecTHo, B cnyqae.paccesHHH Ha Hnpe qacTn 

iiHTYAbl B.3aUMOJleii:CTBUSI ee C pa3HbiMII HyKnOHaMH,. Boof 

THpyroT npyr c npyroM, npn ·aToM non:lKeH 6biTb _aanaH· r 

COMlJO)I<ll:renefi B IIpOH3BelleHHSIX aMIIn~TyJl, OOHC.biBaiOIIlH: 

HHSI qaCTHU·:.B si:tpe. EcTeCTBElliHO npennono:lKHT~, IIO ana 

CHTyauneli B. TeOpHH nons, 'ITO 06bi'lHbl9 OpOH3BeJleHIISJ ~ 

nH'lHH non:lKHbi 6biTb aaMeHeHbi T - ynopsnotJ:eHHhiM npc 

. Tnpyromnx BenntJ:nH. B cTaunoHapHoli Teopnn pacceSJHHSJ, 

TeopHSI fnay6epa, ponb BpeMeHH nrpaeT z -rrpoeK 

TO'lKH BaanMoneii:cTBHH·Ha HanpaBneHne'nBn:lKeH~SI·qacTHl 

CTpOI'OI'O ,paCCMOTpeHHSI /8/ IIOJlTB9p:lKJlaiOT aTO rrpenrron 

B paccMaTpnBaeMoM _C:Jiyqae aMnnnTyna yrrpyroro f 

.-B n.c., cor nacHo 18/, aarrnmeTcs:r B Bnne: 

........ 
F(q)• f~16 b J.d7 ... d7 o3 ("i.-; /4)1J1 ~ 

_ 1 4 I · 0 

x ·I 
J. 

(2>.. )2 

4 
"i. 

.{= 1 

_-to -+ -+) -+ ~ 
'2-+. -iq1(b -si f(q} +.. ' 

d q e i . ·r 2 1\ 1 

.. 
4 

x"i. O(z -z )fd2-+ d2-+. ·.-~q;(t--:·.-J -1; (l 
i o·; q 1. q 2 e : '. e 2 

i-h 



C 3KCnepHMeUTOM 

•Bamm yKaaaHHbiX ycno­

sr 6b!CTpb!X 'laCTHU 

meHHH 0 MexaHH3Me 

.ope'laT yCl!OBHHM (a)­

~THX B3aHMoneil:CTBHHX 

TO'lHOCTH 3THX npH-

:meUHH (a) - (B) He. 

-IY . .;.paccesrHHH 191• 

:e o e .. -l!.e 4-pac.cesr­

eneneunsr HYKl!OHOB B., 

i'leCKOrO onHCaUHH . 

1Ccesrunn npn T 
11 

= 

nony'leuuoro aaTo-

K aaannay BaanMoneficT­

:on'HMbi :6one·e aKKypaT­

~HoByro 36BHCHMOCTH 

' :lUUb~e 0 . CTpyKType 

r CK6l!HpUb!X aMnl!HTYll 

) ~MeeT~ onHofi aaTpyn­

r}KenbrX· sr.ilpax. 3ana'la 

lfa · nerKHX · srapax. 

• J· 

I 
!; 

.• 

t B uacTosrmefi pa6oTe npnBoasrTcsr peaynhT6Tbi aHannaa ynpyroro 

pacceHUHH npo~OHOB c ·r p = 600. M 3B !J6 srape f!e 4 B paMKax TeopHH rnay-

6epa C y'leTOM ci'nHUOBOfi 36BHCHMOCTH aMnl!HTYll pacceHHHst. 

TaK K~K B npn6nnmeHHH rnay6epa 3TOT npouecc B ripeHe6pemeHHH 

cnnHoM HYKl!OHOB UeO,l:IHOKpaTHO p~CCM6TpH~al!CSI / 4•51 , Mbl onycTHM OCHOB-

gyro 'l6CTb npoMemyTO'lHbiX Bb!Kll6,l:IOK H Kp6TKO 'ocTaHOBHMCH l!Hillb Ua HeKOTO­

pb!X aeTal!H?C y'leTa cnnaa. 

KaK naaecTuo, B cny'lae. paccestHHst Ha stape tJaCTUUbi co cnnuoM aMn­

iJHTYribi B.36UMOnefiCTBllst ee C pa3Hb!Mll liYKliOH6MH 1 B006IUe roaopst, He KOMMY_: 

THpyroT apyr c apyroM, npn ·aToM aonmeH 6biTh aaaaH nopstnoK cneaoBaHHst 

COMUo:>KnTellefi B npOH3Be,l:leHHSIX 6Mnl!HTyll 1 onHCb!BaiDIUHX Kp6THb!e CTOl!KHOBe­

HHSI _-JaCTHU :.B smpe. EcTeCTBeuuo npeJlnonomHTh 1 no auanorHH c noao6uofi 

cHTyaunefi B TeopHH nonst, 'ITO o6bi'lHbre nponaaeneHust KOMMyTupyromnx · ae­

l!H'lHH JlOl!mllbl 6b!Tb 3aMeHeUbl ·r - ynopHJ:IO'leHHb!M npOH3BeneuHeM ueKOM!'v1,Y-

. THpyroiUHX Bel!H'lHU •. B CT6UHOUapuofi TeOpHH paccestHHH 1 KOTOpbfi HBl!HeTCH 

TeOpHst fnay6epa 1 pOllh BpeMeUH nrpaeT z -npoeKUHst paanyca aeKTopa 

TO'lKH saanMoaeficTBHst·ua uanpaaneune liBHmeHHH tJacTuu. PeaynhTaTbi 6onee 

cTpororo paccMoTpeHHH /8/ noaTaepmnaroT aTo npeanonomeuue. 

B paccMaT'pimaeMOM c.iiytJae aMnl!HTyna ynpyroro ·p-He4-pacc~HUHH 

.B n.c., cornacuo /8/, aanuweTcsr B BHJle: 

...... 
F'r-qJ. J~~~bfdr ... dr o3 ri-: /4)'1' x 

. 1 4 i 0 

x I 

4 
xi 

i=/i 

4 

I 
,j= 1 
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1 4 
X f; ( q1 ) f j ( q 2) - _·_ . 4 2 ::£ {} ( Z l - Z j ) {) ( Z rJ 

(2 A) p ; h 
z e; x 

i-M 

~ ...,.. . ...,.. _,. _,. .... -+ ~ ...,.. 
x fd2q d2q d2q e -lq1(b -slJe-lq/b -·siJe-iq/t>-sp_Jx 

1 2 .3 

4 
...,.. (-+ -+ ' 

x f,(q1Jf 1 q2J fe (q,J- 5 .3 };' O(z
1
-z

1
) X 

' " (2 A ) p i f. I 

1 t e 
e " ,. 

.... .... .... {}( ){} { JJ 2-+ 2-+ -iq (b -s J X · z
1

-zp_ Zp_ -zA: d q 1 ... d q
4 

e 1 i x 

.... "* .... .... .... .... -iq (t>-s J -iq (b-s 0 } 
xe 2 1 e .3 £ 

-1; (b -s-+ J 
e 4 A: x 

X f i ( q-+1 ) f i ( q .... 2) f e' ( q ~) f A: { q .... 4) I . "'0 

...,.. _,.-+ -+-+ 

rae: q = P - P' ; P • P '-nMnynbChi npoToHa ao n nocne aaanMoaeflcTBHH; 

f 1 ( q) -aMnnnTyJlhl N -N -pacceHHHH 1 KOTopbie B paccMaTpnaaeMoM cny-

qae He KOMM'fTllpyiOT Jlpyr C apyroM ; 
.... 

s i' .z 1 -nonepeqHaH n_ npoaonbHaH 

KoMnoHeHTbi paanyca BeKTOpa; 1/J O -nonHaSI BOnHOBag ¢yHKUllSI. OCHOBHOro 

cocToHHHH He 4 • Ecnn if! 0 cnMMeTpll'IHa OTHocnTenbHO nepecTaHoBKn ·Koop­

ami:aT nro6ofl napbi HyKnoHoB, KaK sTo o6bi'IHO npeanonaraeTcH. B cnyqae 

nerKnx Haep, To llHTerpnpoBaime { 1) ,no d z 
i 

npeapamaeT npoHaaeaeHnH 

aMnnnTyJl N-N - pacceHHliSI B CliMMeTpH30B8HHhle OTHOCllTenbHO nepecTBHOB­

Kll aMnnnTyJl npOll3B9Jl9HllSI. 

B 

. I 
I 
I 

TaKnM o6paaoM, npn yqeTe cnnHoBofl aaancnMoCTll 

Bblpaxmime JlnH aMnJillTYilbl ynpyroro '. p ::.. ·He 4. --pacceHHE 

paHee B pa60T8X 8BTOpOB 1~1, ll3M9HllTCSI cneJlYIOlllllM 0 

HliSI npo¢nnHPY.IOlll?X ¢YHKUllii JlOn:>KHbl paccMaTpllB8TbCH 1 

no CnllHOBOii qaCTll BOnHOBOii ¢YHKUllll CliMMeTpll30B8HHbl 

STliX Benll'IllH. . 
0THOCllTenbHO CnllHOBOii ·. CTpyKTypbl .SIJlpa Mbl 6y.cie1o. 

npeanonaraTb1 'ITo napa npoToHoB n. napa HeiiTpoHoB HaJ 

HOM COCTOSIHHH. 

nocKOJ1bKY npn Cp9JlHHX ~Heprnm~ _aMnnHTYJlbl f Nl 

npeJlCTaBneHbl. npOCTblMU Bblp8)1{9HHSIMH -Tnna (B) 1 TO HH1 

no BHyTpHSiaepHblM HMrrynbC8M npHXOallTCSI npoBoaH:b rrp 

3To npn6nH)I{9HHe COCTOHT B rrpeHe6pe)l{eHHH BenH'Il 
2 . 2 ' . 

d I R · ,- rile d -cpeaHnii paanyc N-N- B3aHMoaeiicTBH! 

HJlpa •. ORo npnaoanT K cneayromeMy peaynbTaTy:. a cnart 

B ( 1), orrnchiBaromnx -~ -KpaTHbie cTonKHoBeHHH Han~TaJ 
HyKnOHaMH SIJlpa, npOH3BeaeHHSI 

HHT_erp~na B TO'IKe ·. q in · , rae 

HJlpy • 

n aMITnHTya BbiHOCSITCf 
-+ 
q -peaynbTHpyromaH _!1 

llpyri!Mll cnoBaMH, B Ka)l{aOM U3 n rrocneJlOBaTen 

c HyKnoHaMH napa, · ncnhiTbmaeMbiX aaneTaromeii: qacTnue1 

·HMrrynbc q I n • 

npeacTaBHM aMnnHTyay yrrpyroro p-lfe4- pacceHHlll 

F(;,;; =C(p,_q) +iB 
........ 
a·n 

",. 
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<->,-t --· '-iq.(b-so) 
e :' L X 

( Z i ~ 'Z l) X 

-> -> 
ql(b 

X 

1 nocne aaauMoneficTBHsr; 

~CCMaTpHBaeMOM cny­

~p9'lHaSI n npononbHaSI 

OBaSI ljJyHKUHSI. OCHOBHOl'O 

oHO nepeCTaHOBKH ·KOOp­

:onaraeTCH B cnyqae 

•pamaeT nponaaenennsr 

IOCHTenbHO nepeCT8HOB-

j 

l 
J 

I 
: 
I 

I 
l-' r· 
', 

I 

\ 

I 
~r 

l 

... ,_ .. 

TaKHM o6paaoM, npn y'leTe cnnnoBoii aaancnMocTn f NN o6mee 

BbJpa)l{eime nnsr aMnnn:Tyllhl ynpyroro 'p -~He4 ··-pacceflaiiSr., paccMoTpennoe 

panee B pa6oTax aBTopoB 141, n:aMeHHTCSI cnenyromn:M o6paaoM: npon:aaen~­
HHSI npoljJHJIHpyromnx ljlyHKUHH llOmKHbl paccMaTpHBaTbCSI KaK ycpenHeHHble 

no cnnHOBOfi qaCTH BOnHOBOM !flyHKUllll CHMMeTpH30B8HHbJe,npoH3B9lleHHSI 

9THX BenH'lllHo 

0THOCHTenbHO CIIHHOBOM · CTpyKTypbl .g.npa Mbl 6yaeM B nanbHefiliieM 

npennonaraTh, 'ITO rrapa npoTOHOB n: napa nefiTpoHoB HBXO.llHTCH B cunrneT-

HOM COCTOHHHH. 

nocKonhKY rrpn cpennnx aneprnsrx: aMnnnTy.llbi f NN .He MoryT 6biTb 

npencTaaneHbi npocTbiMH. Bbipa)l{eHHHMH .Tuna (B), TO HHTerpnpoaanne B ( 1) 

no BliyTpnsrnepllblM HMIIynbC8M npHXOllllTCSI npoBOllHTb npn6nH)I{eHHO. 

3TO npn:6nH)I{9HHe COCTOHT B npene6pe)l{el!HH BenH'lHH8Mll nopst.llK8 
2 . 2 

d I R · ; r.ue d -cpennn:ii: pannyc N-N· Baan:Mo.ueficTBHH, R -pa.unyc 

nnpa. Ono npnaonnT K cnenyromeMy peaynhTaTy: B cnaraeMbix, axonnmnx 

B ( 1), . orrnchmaromnx ·n -KpaTHbW cTonKHoBeHHH naneTaromeii: qacTHUbi c 

HyKnOH8MH SI.llp8 1 npOH3BeneHHH 

HHT.erp~na B To'lKe ·. q I n · , rne 

stnpy • 

n 8MllnHTYll Bb!HOCHTCH H3-non 3H8K8 
-> 
q -peaynhTHpyroman nepenaqa HMrry.nbca 

ilpyrnMH cnoBaMH 1 B K8)1{ll0M H3 n nocne.noBaTenbHblX CTOnKHOBeHHH 

c ayKnonaMn n.upa, ncnhiTbiBaeMbiX naneTaromeii. qacTn:uen, eii nepe.uaeTcH 

·n:Mnynhc q I n • 

flpe.ncTaBnM aMnnHTyny ynpyroro p-lfe4- pacceHHHH B Bnne:· 

C(p,_;) +iB 
-> -> 
a•n ( 2) 
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HaneTaromero npOToHa; q ·=·p-+-:- p""'!, i!' ~HMnynhc pacceSIHHofi; 'IaCTHUbi B 
, '•. ~_:··".'l"' 

' , Dns1 aenn'IMH C n B nocne· Hecno>KHhiX, HO iloaonhHo' rpilMo~nKnx · ~ ,_-
n.c. : .\''~·.-

Bhi'IMCnemii! nony'IaroTcSI BbiJ:ia>KeHnSI qepe3 cKaiiS!pHhie aMnmiTy!lhi paccesi- ·.: ,·;·J·f 
HHSI a 1 b d g • e 1 K~TOpbie IIpHB9L\£!Hbl B 1IpHnO>K9HIIII~ -·~·~ :~.~j . 

.. B COOTBeTCTBIIH c ·BbiliieCKa38HHbiM ;CKansipHbie SMIInHTY!lbl a • ~ b • g, :'::i:):~ 

d','ii, BXO!lSIIllHEl a~(3) II (4), niiH9HHO 3aBHCSIT OT q 1 KBMp8THliH0-'0T•:<::y;~,~~ 
q/ 2 II- To!lo 

l13 <jlopMyn .(3), (4) npHno>KeHIISI andHol 'ITO 8 6eccmmonofi 'IBCTH 

- 'nonHoit aMnniiTY!lhi (2) · p '-Be ~..;.pacceSIHIIsr 'IneH, cooTBeTcTayromiifi onlio­

KpaTHOMy pacceSIHIIIO, He 3SBIICIIT OT •C:'niiHa ayKnOHOB, Ci<amJpHbie aMnmi;,:. 

TY!lhi a ,- b , g -, .d , e·naiOT BKnan niiiiih B MHoroKpaTHbie nepepac-

cesiHI1H,- IlocKonhKY rrpii ManbiX pacceiiaaeMbiX yr'iJ:ax 'ocHOBHyro· ponh-nrpa­

eT onHoKpaTHoe, •a·np11 Bo3pacTalinl1 nepena'II1 nocnenoEiaTeni:.Ho yaenii..;. 

'II1B89TCSI BKnan _ MHOrOKp8THhiX ~ CTOnKHDB9HI1H1 TO cnenyeT D>KH!l8Tb
1 

'ITO 

BIII1SIH11e cniiHQJnimno'abiX 'I8CTeif aMnn~TY!l N -N .::.pacceSIHIISI 6yneT' H8116Dnh­

IIIIIM np11 6onhiiii1X nepenaaaeMbiX HMnynhcax. 3aBIICSIWBSI "oT· cnnHa 'IacTi:. 

aMnnnTy!lhi ( 2) npn MaiihiX yrnax pacceSIHHSI 113-38 ManocTI1 CKanSipHbiX 

· aMrrni1Tyn g , g npeHe6pe>KIIMo Mana 11· BD3pacTaeT no Mepe p n . yaen11'Ie-_ 

HilS( nepenaaaeMoro nMnynhca. 

Pe3yiihT8Thl pac'IeToB !ll1<jJ<jlepeHU11arrhHoro ce'IeHnSI 

d a . , c :I 2 
+ :I' B I 2 

( 5) 
d n 

II nonSip1138UI1DHHbiX 8QJQJ9KTOB1 IIpi1B9!l9HHbi9 Ha pile, 1-5, II03BOIISIIOT cne­

n8Th 6onee nonpo6Hoe II 'I9TKOe 38KniO'I9HI1e 0 ponn Cfli1H8 HYKIIOHOB B 

p8CCM8Tpi!B89MOM Dpouecce. 

~- .• ~_n"; 
,, ·.·>~ ··' ..... 

·,..~-:·~ 

~ ~.J 

··\'~ 
';!j 

... '\. ~~ 
~ ~-.',~\~ .. ~~i 

I 

I 
. '! 
... : 

,. 

.._ 1,j,::: 

~:8-J, 
-'·1 l .-·, 

• ' ... 11 . 

··j>>:·_.(j<· 
·.1: .. : ;j .... ,., 

Ilpn pac'IeTax 11Cnonh3oaanach nporpaMMa Bbi'IHCI 

aMnni1TY!l a , b , n T.n., no pe3ynhTaTaM QJa3oBoro· a 

pa3pa6oTaHH8SI E.M. ronoBI1HbiM 11 A.M. Po3aHDB?H /9 

SJnepHaSI DnO'fHDCTh p Bbi6Upanacb B TaKOM. >Ke B1 

P. EaccenSI H K. BHnKI1Ha 151 

4 
p ( r 

I 
, ... , r ) = N 

4 
ll exp ( - r 2 I R 2) [ I - D exp { 

i = 1 . 

Ha p11c. 1 rrpnaeneHbi 3Ha'leHHSI yrnoaoro: pacrrpe! 

c SI!lepHofi nnoTHDCThiO, BHJla. ( 6) rrpn D I= 0 _'. 3Ha~e 
R ,· D , r2 

B3SITbi 113 pa6oTbi aBTopoB /5/. 

R = 1,31 f m , D = 0,858 ; y 2 = 0,308 :' 

Kp11B8SI "a" P,UC, 1 · npencTaBnSieT· pe3ynhTaTbi 'pa< 

B nJ?eHe6pe>KeHI1II cnUHOM HYK~OHDB ( b = g ,:, d = .e =. 0 

8Mflni1TYilbi a ' p 
6panHCh 113 pa60Tbi.aBTOpOB /9/ a 

n 

Kp11B8SI "6" COOTBeTCTByeT rronHDH 8MIInHTyJle (2 

npouecca c y'IeToM cni1HoBofi 38BHC11MocTI1 / 
NN 

B1 

Ha HyKnoHoB no3BDnSieT ynoBneTBopnTenbHD on11caTh aK 

nanHhie npu acex -q 2 , 3a ncKnJ<iiwnneM o6nacTn MIIHH 

BaphHpoBaHneM 3Ha'!eHI1SI paanyca Hnpa . R MD)I\:HC 

B 'aToit o6naCTI1 rrepenaaaeMbiX 11Mrrynhcoa. 3To nnnroc1 

( R = 1,2 f m · ) , . 

Bbi'IIICnHnoch n11<jJ<jlepeHu11anbHoe ce'!emw d a/ d ! 

HOCTbl01 IICnonb3yeMOH aBTOp8MI1 12•41 , T,e, BUlla ( 6) 

1,25 f m (puc, 2), · 

Pac'IeT d a I d n B npeHe6pe>KeHI1ll CIIIIHDM HY 

'I~O aMDni1TY!lbl { N N np(O!!lCTaBnSIIOTCSI Bblpa>K~HlieM Til 

= 0,43, a pn = 0, Hl 12, 7 I, noKa3an yaoaneT!'JOPIITenhHC 



. . . . i ' 

~ 6eccmmoaoit qacTn 

lB. Cifan.apHbJe aMnmi~ 

otoK~a~nwe·nepepac-

(; ·ocnoanyro ponb ··nrpa-

3llOJ::iaTenl,ao yaenn..;. 

renyeT o>KnnaTh 1 'ITb 

::ceRtmst 6ynEd iian6onb- ·· 

::mua5!: ·:oi' cnnfiil qacTi, 

M81IOCTII CK81l.llpHbiX 

aeT no Mepe ·yaenn'le-

3HII.II 

·.· .. 
( 5) 

1-5, II03B01ISIIOT Clle­

CIIIIH8 HYK1IOROB B 

"' 
'·"· 

flpii pBC'I9T8X HCII01lb30B81l8Cb nporpaMMa Bbl'IIIC1leHIIH CK81lSipHbiX 

aMnnHTYll a , b , n T,Jl, 1 no peaynhTinaM <Paaoaoro ananiiaa paccemmst 1 

paapa6oTaHH8H B.M. ronoBJiflblM II A.M. Poaanoaott 191 

Hnepna.a II1IOTHOCTb p Bbt6npanacb B TBKOM >Ke BUlle,, K8K H B pa6oTe 

P. BaccenH n K. BnnKnHa /5/ 

p(r
1

, ..• , r
4

)=N 
4 

n 
I = I 

exp ( - r 2 I R 2) [ 1 - D exp (- r ~I R 2y 2
)]. ( 6) 

1 

Ha pnc. 1 npiiBeneHbl 3Ha'lef!HH yrnoBoro pacnpeneneHII; d a I d n 
c Hnepaott nnoTHOCThiO, mrna ( 6) nprr D I= 0 .• 3aaqeJ;HH !napaMe~poB 
R , D y

2 
B3HThi na pa6oThi aBTopoB /5/. 

R 1,31 f m D = 0,858 ; y 2 = 0,308 : 

Kpnaag , a" P,HC. 1 ·rrpencTaBnHeT pe3y1lbTaTbl pac'!eTOB d a I d n 
B ll!JeHe6pe>KeHHH ClliiHDM HYK1IOHDB ( b = g ~ d = .e = 0 ) ; CK81IS1pflbl9 

a 6panrrcb na pa6oTbi. aBTopoB 191 • 
n 

KpnBaH "6" cooTBeTCTByeT nonaott aMnnnTyne (2) paccMaTpnaaeMoro 

npouecca C yqeTOM CllHHOBOH 3aBHCHMOCTH f 
NN 

Bnnao, 'ITo y'leT cnn-

na ayKnoHOB rro3B01IH9T ynonneTBopnTenbHO orrncaTb aKcrrepnMeHTanbllbie 

naHHbte rrpn acex ·q 2 
1 3a ncKnro'lenneM o6nacTn MHHHMyMa ceqennH, 

, ~apbnpoBaaneM aaa'leHHH pa.onyca st.opa . R MD >KilO yny'llllJ!Tb cornacne 

B 3TOH o6naCTII nepe.QaBaeMblX IIMilY1lbCOB, 8TO H1l1IIOCTpiipyeT KpiiBaH "B" 

cR=l,2fm ). 

Bbl'IHC1IH1l0Cb .on<jl<jlepeaunanhHOe ceqe~rre d a I d n c Hllepaoii IIllDT-

/2,4/ ( ) aocTbro, ncrronb3yeMott aBTopaMn 1 T.e. Bnna 6 rrpn D = 0 R. = 
1,25 f m ( pnc. 2), 

PactieT d a I d n B 1Ipeae6pe>KeHHH CIIHHDM llYK1IOHDB II 1Ip11 yC1IDBIUI1 

'ITO 8Mil1IHTYllbl f'N N npe]lCTaB1lHIOTCH Bbipa>K9HII9M TUlia (B) C a 
PP 

0 143 1 a pn = 0 1 Hl /21 7 l, rroKaaan y.ooBneTBopnTenhHDe cornacne c a~crre-

9 
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~ 10'2 
ro 
0 
~ 
(l)' 

.- 0 I 
~ l 
u 

' lo -
~ 100 ~9 

~ \;. , h 

d 

< -1 c: 10 
~ 

Cl lo 0-2 . I 
u 

-3 I 

10 0.~ 0.1 0.3 0.4 o.s 0.6 0.7 
(\..'1. { l-3 S /c )'L 

Pnc. 1. nn¢¢epeHuHaJihHoe ceqenne c smepnoii: nnOTHOCTbiO mlna ( 6); 
D = 0,858; y 2 = 0,308; R = 1,31fm /5/; "a"- B npelie6pe.lKeHHH cnn­
HOM HyKnoHoB, "6" - c y'IeToM cnnnosoii: 3aBHCHMOCTII N -N -aMnnnTyn·, 

"s" - To .lKe, 'ITO 11 KpnBaSI "'6"', no npn R = 1,2 [ m , 9 - a-Kcnep11.,.. 
MeHTBJibHbie llBHHbie /27. -

10 

L 
l\ 

l 
'· 

t 

){ 
~1:' 

' 
\1, 

.;1 

1 
·I 

l 

II 

\ I 

I 

~ f, 

I 
11 

I 
j 
'{ 

! 
~ 

i 

""": 

~ 10' 
a.. 
llJ 
E 
0 

......... 
k; 100 
s: 
'-" 

\.o 
d 

d.< 10-' 

~ 
t.o ., 

10-1 

' 0.1 oz 0.3 0.4 0,5 
q,.l. cr~8/c)2 

-+ -+ ) 
Pnc. 2. Yrnosoe pacnpenenenne. c p( r , .•• r 

4 
snna I . . 1 

R = 1, 25 f m 2!, "'r" -:- llJISI 6eccnHHOBhiX · aMnJIHTYll 
CTaBJieHHhiX B BHlle (s); "'ll" - ·llJISI 6eccnHHOBhiX aMnJil 
,CeSIHIISI1 B3SITbiX 113 pe3yJibT8TOB ¢a30BOI"O aHaJIH38 /9/ 
cnl!Ha HYKJIOHOBj 4 -aKcnepnMeHTBJibHbie llBHHbie /2/ • 

11 



o.s 
L 

0.6 0.7 

THOCTbiO anna ( 6); 
- a npeue6pe)KeHnn cnn­

)CTn . N- N -aMnnnTyn·1 
,2 fm ·~ - ai<cnepn-

,..... 
ro· 
(j 10' 
a.. 
OJ 
E 
0 

' \.<) oo xl 
'-

0.1 02. 

Q ;, ~ 
Q ~ 

q q 9 
9 

(i! 

g. 
~ 

0.3 0.4 0,5 0.6 0.7 
q.l. cr~8/c)2 

( .... .... 

Pnc. 2. Yrnoaoe pacnpeneneHne. c P r , · • • r ) anna ( 6) npn D == 0 1 
R = 1125 f m 12! 1 "r" -:- nmr 6eccnnkoabiX ~MnnnTyn f NN , npen -

cTaaneHHhiX a anne (a); "n" - ·nmr 6eccnnaoabiX aMnnnTyn N-N -pac­
ceHHnH1 a3HTbiX n3 pe3yJibT8TOa.~a3oaoro 8H8Jln3a /9/; "e"- C yqeTOM 
cnnHa HyKnoHoa; ; -aKcnepnMeHTaJibHbie .uaHHbie /2/. 

11 



,, i 

I 

'·· 

pHMeHTOM rrp11 ManhiX q 4 n 6onbllloe pacxo*.UeHne ( "'B 10 paa) s o6nacTn 

MliHHMyMa 

aMnnnTy.u 

Ce'leHIIH ( CM. KpiiBYIO "r." pnc. ··2) •· Y'leT CUIIHOBOil: 3~BIICIIMOCTII · . 

N-N pacces:Hns: npH Bbi6paHHofi sonHosoil: ljJyHKnn:~ He 
4 

He .uan 

ynosneTBopnTenbHoro onucaHJIH 8KcnepnMeHTanbHhiX_ naHHhiX up~ 6onhirinx 

nepena'lax (eM. KpHBhie " g " u • e ,. p11c. 2). 

KaK UOK838HO aBTOpaMU 151. ncnoiibSOBaHiie--Sin.epHofirrnoTHOCTH -(6) .,.._ 

c D = 0 He noasons:eT onucaTb 8KCnepnMeHTanbHbie · naliHbre. o6 ynpyroM 

e - He 4 -pacces:Hnu. M O*Ho noCTII'lb cornacns: 

ncrronbaysr s:ne-·-- • · 

Bbillle. Ilo8TOMy pacrrpeneneHue liyKnOHOB B s:npe, ncrronbayeMoe B HacTos:-
'~ ,-

meil: pa6oTe, s:sns:eTcs: 6on~e peanncTH'lHhiM, "!eM s:nepHhifi ljJopMijJaKTop, 

rrpHMeHSI9Mblll 8BTOp8Mli 121 • 

AHanna KpiiBhiX pnc. 1 n 2 rroasons:eT cnenaTb cnenyromnil: Bbison oT­

HocnTenbHO nnljJijJepeHunanbliOro ce"!_eHns: paccMaTpnsaeMoro rrpouecca: 

·1. Y'leT 38BliCliMOCTll OTHOllleHIIH peanbHOil: K MfillMOil: 'l8CTH aMrrnnTyn 

N -N- pacceHHHH OT rrepenasaeMoro llMrrynbca ll CIIIIHOBOil: 38BIICllMOCTli 

rrocnenHnx rrpu · Hcrronbaosal!un sinepHoil: rrnoTno'cTH suna ( 6) rrpn · D · f 0 

rroasi:ms:eT, B uenoM, ynosneTBopnTenbHO omrcaTI> nMeromuecs: 8KcrrepiiMen-
. . 

TanbHbie naHHhie 12~. 

2. BKnan aasucs:mux oT crrnna 'lacTeil: aMrrnHTyn N -N- · pacces:Hns: 

·s yrnosoe pacrrpeneneHne oKa3biBaeTcs: cymecTBeHHhiM B o6nacTn rrepena-
. 2. 2 

BaeMbiX llMrrynbCOB q ' •> 0,2 (f8Bic) • 

3aMeTUM, 'ITO B H8CTOHIIIeil: pa6oTe rrpeHe6peranOCb 81jJijJeKT8Mll rrepe­

~apH.UKll 151 
HaneTaromero rrpoioua Ha HYKnoHax s:npa u aKcrrepHMeHTanbHhi_­

MH ollln6KaMH aMrmnTyn N -N pacces:uus:. 

Pacc'lHTbiBariucb TaK*e rrons:pnaauu s: P0 ( CM. puc. 3), senn~IIHbi 

R cosO - A sin 0 • Rsin e + A cos 0 ( CM. puc. 4)' rne R ' A -rra-

paMeTpbl BonbljJeHlliTeiiHa I 11 I, c ucrronb30BaHHeM .Hnepuoil: rrnoTHOCTH sun a. 

(6) rrpn D = 0 u D /:0 

12 

:·.-: 

0.1 
-0.1 

.... -,.·-: ., 

· o 2 0.3 o·~ 

. q; crj Blc.>2 

Pnc. 3. Ilons:pnaauns: ; P 
0 

c ncnonbaosauneM ¢opMijJaK~ 
n D -:/ o • "1" - cooT!'leTcTsyeT D = o , R = 1,25 
npn D = 0,858; y 2 = o;308; · R = 1,131[m 151; ;_ · 
Y 2 = 0,308; R = 1,2fm 

0.8 
' ,,~ 

CD 
Vt 
0 
0 
<( u. + 
CD 

3 ... o.4 
IJ) 

ct! -0.8 
0.2 0.3 o.lt . 0.5' 

q; crJslc>'2. 

Pnc. 4. 3Ha'leHHH Benii'lliHbl Rsin o_ + A cos 0 npn pa3Hbl 
neHIIH HyKnOHOB _ B s:npe. ~ 1 r - COOTB9TCTByeT D = 0 ; 
s· (6) "2' - rrpn D.;, 0,858i y 2 = 0,308; R = 1, 

- -npn D = 0,858; y 2 = 0,308; R = 1;2 f_m_ 

13 



(•B 10 paa) s_ o6nacTH 

I9T CllHHDBOH . 3~BHCHMOCTH · . 

Boil: <flyHKUH~ He 4 He JlBn 

b!X JlBHHbiX IlpH 6onblliHX 

) . 
a .IIJlepHOH IlnOTHOCTH ( 6) .,.._ 

!Ihie JlBHHhle o6 ynpyroM 

eopHH C 9KCnepnMeHTOM 1 

. . . /5/ . 
rapaMeTpoB , yKaaaHHhiX 

HCriOnhayeMoe B HBCTO.II­

.IIJlepHbiH ,<jlopMtPBKTop, 

iTb CneJlyiOIIIHH BhiBOJl OT­

lHBBeMoro npouecca: :· 

K MHHMofi •IaCTII B)\1IIniiTYJl 

::niiHoBoil: ·aaancJii\.wcTH 

BHJlB ( 6) npn · D ·f= 0 

iiM910!IlHaC.H 9KCilepMMeU-

iiTYJl N -N- _pacceSIUH.H 

mhiM B o6nacTJI nepeJla-

~ranocb a<jl<jleKTaMn nepe~ 

<Jlpa H 9KCilepHM9HTBnbllbi_-

M. pH C. 3) 1 BenH'!HHbl 

~. 4), rJle R , A -na-

HJlepaoil: nnoTHDCTH BHJla. 

fo I 0 
0.8 

o.G 
O.l.t 

0.7. 

o. 

-0.1 
0.1 o 2. o.\~ o Lt o. s 0.6 0.7 

· q_2. Cr:> S/c)'l. 
Pnc. 3. non.11pnaaung -·. P0 c ncnonbaoaaaneM <jlopM$aKTopa ( 6) npii D = 0 
n D of 0 • "1"- cooTaeTCTByeT D=O , R = 1,_25 fm 121 "'2'"- P0 

np11 D = 0,858; y 2 .. o;so8; R = 1,131[m /5/; ;.. ~- -npn D = 0,858; 
y 2 = 0,308; R = 1,2[m 

CD 
Vl 
0 
0 

<C 
+ 
CD 

0.8 

o. 

.~ -o.~ 

cL. -0.8 

--------i 

o.z o.3 o.lt 0.5" Q.6 
q,t crJslc>'l 

Pnc. 4. 3Ha'!eHH.II BenH'lliHhl Rsin e. + A cos (J npH pa3HhiX BHJlBX pacnpeJle-
neHH.II HyKnOHDB B SillP«;l. ~ 1" - cooTBOTCTByeT D = 0 ; R = ~ 25 f m 1'21 
a· (6) .. 2 .. - npH D = 0,858i y 2 = 0,308; R = 1,31 fm 15 __ ; 

- - - -npn D = 0,858; Y 2 = 0,308; R = 1,2 f_m 
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r·. 

PesynhTaTbl STHX Bbi'UfCneHIIti IrOK83biB810T0 'ITO nomipii3aUIIOHHbie 

aqJtfleKTbl pe3KO ·'IYBCTBIITenhHbl ·.K BIIlly pacnpeneneHIIS'l HyKnOHOB B Rllpe 

npii 6onhllHX nepenaqax IIMnynhca. 

noaToMy llnR npOBepKII TeOpiiii npellCTaBnSieTCSI O'leHb B8:1KHblM IIX 

aKcnepiiMeHTanhHoe uccnenoBaHne. 

B saKniO'IeHue aBTOphr Bb1pa:1KaiOT rny6oKyiO 6naronapHoCTh II IIcKpeH­

HIOIO npH3HaTenhHOCT~ sa noMomh npH qncneHHhiX pac'leTax B.M._ fonoan­

ny, A.M. PosaHOBOii, a TBK:1Ke n~H. nannnycy sa none3Hble o6cy:llineHHR 

If 3aMe'laHUR. 

np1In0:1KeHHe 

2 2 
c = 2G 1 (ap +a,)+ G 2 [ ap, b 2 - d2 

p p e P + 

+a 2_ b2 
n " 

2 
x[a,(ap 

d2-
n 

b2 
p 

e 2 +4(a 
n p 

g g ) 
p n n 

a 

d 2 
p 

2 2 
ep)+ ap(a, 

. 1 

b 2 
n 

+ 2G X 
3 

d 2 
n 

2 e 2) 2 gp g ( a + a - b ·· n p n p b,)+TG 4 [2( a -p n 

-b2 
p 

d 2 
p 

e2 }(a2- b2 
P • n · n 

d 2 - e 2 ) + (a 2 - b 2 ) x 
n n P ··p 

x (a 2 - b 2 ) + ( e 2 - d 2) ( e 2 ::._ d 2 ) 
n n p p n n 

(~2+d2)(a2+ 
p p n 

2 . 2 2 
+ b,.+2g,)-(e, d ; ) ( a : + b : + 2 g P

2 
) - .12 ( a P - b p ) X 

x g g (a 
p n n 

b ) . 
n 

- ( 3) 
"·'. 

14 

rne 

' . 

B 2 G ( g + g ) + 2 ·c 
2 

[ g. ( a - b ·) + g 
1 p n P P" n 

- b n ) + 2 a p g n + 2 an g-; ']•+·-~--·c;--r--·t·;r3::-ar 

2 2 
-3 b - d ' . p p. 

+ 6 g· (a . p p 
b ) a + 6g (a · 

p n It n 

x[g (a -b 
p p p 

· x ( 3 a! - 3 b! 

)( 3 a2 
n 

d 2 
p 

3b 2 d 2 
n n 

e 2 ) ] ' p 

b J a 1 
n p 

e 2 ) 
.. n . 

... -+ . ., -+ . -l 

G ( q' 0 ' 0 ; 0 ) = f'G ( q I ' 0 ' 0 ' 0 ) 8 ( q G I ( q) 

15 
~ ~ 



. ' 
ITO nonllpli38UHOHHbie 

HHil HyKnOHOB B llnpe 

C.ll OtteHb B8)f(Hb!M !IX 

6n~ronapaocTh n IIcKpea­

pactteTax B.M._ ronoBH~ 

rionesHbie o6cyN<nemm 

+ 

] + 2G X 
J 

... ~ :, : 
.2 d 2 ) 

n n 

G 
4 

[ 2 ( ' 2 
a -p ' 

2 
p 

b 2 ) . X · .. 
·P 

) -~12 ( a 
' p b p) X 

(3) 

rne 

-. 

B 2G (g +g)+ 2G
2

[g (a -b-)+ gn( an 1 p n p p p 

b ) 2 2 ] + 2__ G [ 'ir n ( 3_ a 2 
n + apgn+ angp 3 .l 6 p 

2 2 2 2 2 2 
-3bp-dp_-ep)+ gp(3an-3bn-dn 

2 
en ) + 

+ 6 g· (a · 
. p p b ) a + 6g (a 

p n n n 

d 2 
n 

x[g (a -b )(3a2 
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