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§t. B Te'leuue p.t1.na neT SU3 -cHMMeTpHR HHTeHCHBHO 

HCDOJiblyeTCJI B TeopHH CHJibHbiX B3aHMO.IJ.eHCTBHH. Knac

CH41uKaUHJI 'laCTHU B MYJibTHDJieTbl/1/, BbiBO.ll. MaCCOBbiX 

clK>PMYJI H p.ti.IJ.a COOTHOWeHHH Me)I(.IJ.Y aMDJIHTY.IJ.aMH H ceqe

HHJIMH peaKUHB /2/ OTHOCJITCJI K WHpOKO H3BeCTHbiM .li.OCTB

lKeHHJIM rpynnw S U 3 • 

HeCMOTp.tl Ha TO, 'ITO B llpHpo.ne 3Ta C:HMMeTpHR OKa-

3b1BaeTCJI uapyweuuoi, ee ucnoJibJOBaHHe B colfeTauua 

C onpe.neJieHHbiMH cilHJH'IeCKHMH npe.IJ.DOJIO)f(eHHJIMH ftBJifteTCJI 

secbMa noneJHbiM. B qacTHOCTH, npH nocTpoeHHH cllenoMe

uonorH'IecKHX Mo.nenei TaKoi .no.nxo.n noJsonseT ynpoCTHTb 

paCCMOTpeuHe paJJIH'IHbiX .KaHaJIOB pea.KUHH. 

B .nauuoi pa6oTe .nenaeTcJI nonwTKa uccne.nosaTb ua 

OCHOBe rpynnbl S U J H npe.IJ.DOJIO)f(eHHJI 0 HaJIH'IHH "JIH.li.HPYJO· 

IUBX" 'lacTHU B npoueccax MHO)f(eCTBeuuoro o6paJoBaHHJI 

a.npoHOB COOTHOWeHHJI Me)I(.IJ.Y ueynpyrHMH CelfeHHJIMH 

peaKUHH B 06JiaCTH BbiCOKHX 3HeprHH. IlpH 3TOM BOA· 

pa3yMesaeTCJI, 'ITO .KapTHHa MHO)f(eCTBeHHOrO po>I<,AeHBJI 

qacTHU peaJIHJyeTCJI cornacuo Mo.nenu.nsyx MexaHBJMOs/3/. 

Mw npe.nnonaraeM, 'ITO a .Ka)f(.IJ.OM ·aKTe sJaHMO.IJ.eiicTBBJI 

'laCTb BTOpH'IHbiX 'laCTHU MO)f(eT 6b1Tb npe.IJ.CTaBJieHa Ka.K 

npO.IJ.YKTbl .AHCCOUHaUHB JIH.li.HPYIOIUHX CTaJIKHBaiOIUJIXCJI qac

THU, a .npyra.tl qacTb - KaK npo.nyKTW pacna.na a.npouHWx 

accouuauui /KnacTepos/, He JaBBCJIIUHX oT cTan.KHsaJOIUBX

CJI o6'beKTOB. PaccMoTpeuue Ja.naqa npoBOABTCJI a paMKax 

MeTo.na, npe.nno*euuoro s pa6oTe /4/. 

§2. IlycTb 'l'in =I ab > - Ha'lanbuoe H 'I' out= I cde£..7 
KOHe'IHOe COCTOJIHHJI MHOrO'IaCTH'IHOH peaKUBB 

/1/ 

3 



Tor.na aMnnuTy,na 3Toro npouecca uMeeT su.n: 

A = 'II* • 'II 
in out 

= < abl cdef. •• > , 

r,ne 'laCTBUbl a, b, c,d,e, •.• npuua,nne>KaT SU3 ·MynbTBnneTaM. 
0603Ha'IBM qepe 3 'II a , I{Jb , 1{1 c , 'II d , . . . S U 3 • clJyHKUHB 

yqacTBYIOIUBX B peaKUBH 'laCTBU lno,n BH,neKCaMB a, b, ... 
no,npa3yMeBaeTCJI ua6op KBaHTOBbiX 'IBCen COOTBeTCTByJO· 
IUBX qacTHU B SU3-npe,ncTaBneuuu, T.e. p,q,J ,J

3
, Y 1. 

B 3TBX o603Ha'leHBJIX Ha'lanbHOe COCTOJIHBe MO)I(HO 
npe,ncTaBBTb B cne,nyJOI.l.\eM su.ne: 

'II = 'II • ---'11 = I em n 'II . 
in a b a b m n 121 

m,n 

3,necb mo=(p,q) , n=(J,J3,Y), a C~b SU3 ·Ko3cllclJBUBeHTbl 
Kne6wa- rop,noua. 

Kouequoe cocToJJuue peaKuuu 111 3anuweM, Bbi.D.enJJJJ 
JIBHO S U 3· clJyHKUBH 

'II (a b .... c de£. •. ) = B • (a b .... c de f. .. ) .1{1 'II 
1 

'II . . . 131 
out (' ( (' 

0TMeTBM, 'ITO BHclJOpMaUBJO 0 npOCTpaHCTBeHHO· BpeMeHHbiX 
nepeMeHHbiX npouecca ueceT clJyHKUBJI B '(a b .... c de£. •. ). 

llpe,nnonO>KBM, 'ITO npB BbiCOKBX 3HeprBJIX 'laCTHUbl C 

u d B peaKuuu 111 JJBnJJJOTCJI nu,nupyJOI.l.\BMB Ia c.u.M.I. Cne
.noaaTen&uo, Bbl,neneHHbiMB 6y,nyT He TOnbKO HMnyn&Cbl 3THX 
'laCTBU, HO B BX KBaHTOBble 'IBCna. ICTanKBBaiOIUBeCJI qac
THUbl a B b B pe3yn&TaTe B3aBMO,neBCTBBJI nepexo,nJIT B qac
TBUbl c B d , npuua,nne)l(aJUBe, K TeM >Ke SU3 -Myn&TBnneTaM, 
'ITO B 'laCTBUbl a H b: J38 + J 3b = J 3c + J 3d, ya + y b = y c + yd j. 

113 121 u 131 a paMKax c.nenauuoro npe,nnono>KeHBJI I cne
,nyJJ pa6oTe /4/ I nony'IBM 

A (ab .... cde£ ... ) ='II* 'II 
in out 

I 
mn mn 

CabCad Bm 1 y(ab .... cde£. .. ) 

14/ 

m,n 

r.ne 

A(ab .... cde£...) ='V:nB'(ab .... cdef. .. )I{Jmnqtc 'lid ... 

4 

~ 

113 SUa-CBMMeTpHB cne,nyeT, 'ITO BmJY(ab->cd ... ) ue 3aBBCBT 
oT J 3 . cl>opMyna 141 no3BOnJJeT nonyltBTb cooTuoweuue Me)l(· 
,ny ceqeuuJJMB u aMnnuTy,naMH ueynpyrux Kauanos pa3nH'IHbiX 
peaKuui. Ecnu yqecTb TOT clJaKT, 'ITO S U3 ·J<o3cllclJuuueuTbl 
Kne6wa· rop,noua cllaKTOpB3YJOTCJI ua H30CKanJJpHble seca 
H su2 ·Ko3cllcllHUHeHTbl Kne6wa-rop,noua, ueTpy,nuo 3aMe· 
THTb, 'ITO coxpaHJIJOTCJI B30Ton:HqecKue cooTuoweuuJJ I 4/ 
Me>K,ny ceqeHBJIMH peaKUHB: 

mJY mJY 
A (a b .... c de f. •• ) = I lm J y , m bj byb • Im J Y , m d J d Y d x 

Jy aaa ccc 
m' ' 

151 
JJ3 JJ3 

X B m J y{ a b .... c de f •••) ' 7
3 

C J a J 3a J b J 3b C J c J 3cJ d J 3d, 

m J Y -
r,ne lmaJaYambJhYh H30CKanJJpHble su3-Ko3cllclJBUBeHTbl, 

J .I 3 

a C.JaJ3ah.l3h s u 2 - K03cllcllHUBeHTbl Kne6wa- r op,noua. 

HeKOTOpble COOTHOWeHBJI Me)l(_ny aMnnuTy,naMB B ceqe
HBJIMB, BbiTeKaromue H3 clJopMynbl 151, npuae,neubl B Ilpu;w
xeHuu. 

llpB nony'leHBB COOTHOWeHBB npe,nnonaranOCb, 'ITO Mac
Chi 'laCTBU, npuua,nne>KaiUBX O,nBHaKOBbiM SU3 ·MynbTBnne

TaM, paBHbl. 
CooTuoweuuJJ, nonyqaeMble no clJopMyne 141, MO>KHO 

nony'IBTb ,npyruM cnoco6oM, a BMeuuo, c noMOIUbJO npe.n
cTaaneuuJJ aMnnuTy,nbl npouecca B au.ne cyMMbl uuaapuaHTHbiX 
aMnnuTy,n/5/, B cnyqae Me3ou-6apuouuoi peaKUBB 

B+ P -• B'+P'+NP; 161 

(B, P,B ·,p ') -qacTBUbl, npuua,nne>Kamue K 6apuouuoMy u Me3ou
HOMY uaqanbHbiM B KOHe'IHbiM OKTeTaM COOTBeTCTBeHHOI, 
aMnnuTy,na A( ... ) HMeeT su.n: ' 

7 . 
A = I L I Ai ( B p .... B 'P 'N p ) ' 17 I 

i = I 

r.ne NP o6o3uaqaeT N qacTBU, npuua,nne)l(aiUBX pa3nB'IHbiM 
SU3·Myn&TunneTaM, Ai co,nep)I(BT .nuuaMB'IeCKYJO u Kuue-
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MaTH'IeCKYIO HHI!>opMaU,HIO 0 npOCTpaHCTBeHHO- BpeMeHHhiX 

nepeMeHHbiXo 8 l!>opMyne 171 Ko31!>1i>HU.HeHTbi Li HMeJOT 

CJie)J.yiOIIJ,HH BH)J.: 

I 2 
L = Sp(B ',B)·Sp(P'·P); L Sp(Bo·P')·Sp(B·P) 

3 - - 4 - -
L =Sp(B'·P)·Sp(B·P '); L = Sp(B'B·P ·.p) IBI 

s 
L 

7 
L 

- - 6 -
Sp(B '·B·P·P '); L =Sp(B·B'P·P') 

--' - -
Sp(B·B ·.p.p '). 

3)J.CCb B, P- Ma TpHU,bl npe)J.CTaBJieHH.R OKTeTOB 6apHOHOB H Me-

30HOB, COOTBeTCTBeHHO/~> 0 

B cnyqae peaKu,HH Tuna 

B ,-1 B:! -· B i I B~ I N p 
B I 8 -· 8 ° 1- B . I N p 

l6apuou-6apuouua.R peaKU.H.RI, 

l6apuou-auTu6apuouua.R peaK-

U.H.RI 

)J.Jl.ll llOJiy'leHH.R COOTHOWeHHH MO>KHO HCllOJib30BaTb Bbipa>Ke

HHe 17 I, npoHJBe.LJ..R JaMeHbi 

P -· B 2 ; P • __, Bi a P ... B p. __. B' 191 

§30 PaccMoTpHM cny'laH npou.ecca, conpoBO>K.LJ.aiOIIJ,eroc.R 

)J.HCCOU,Hau,ueu JIH.LJ.HPYIOIIJ,HX 'laCTHU,o 

3anuweM peaKU.HIO I 11 a ynpomeuuoM BH.LJ.e: 

a+b-->c+d+¢ 1101 

I <P BKJIJO'IaeT ace po>K.LJ.aJOIIJ,Hec.R qacTHU.bl, Ja HCKJIJO'IeHHeM 

'laCTHU. c u d I, Tor .LJ.a I 41 npuuuMaeT l!lopMy 

mn mn 

A= I. Cab' Ccd .:smJY(ab __, cd¢). Ill I 
mn 

6 

·t 
' 

i 
1 

8 CJiy'lae peaKU,BB C )J.HCCOU,HaU,Heii JlH)J.HpyiOilJ,HX 'laCTHIJ, 

MO>KHO Janaca Tb 

a + b __, c* + d* + ¢; 1121 

3)J.CCb c* H d * -uo36y>K)J.CHHhle 'laCTHIJ,hl C TeMH >Ke KBaH

TOBbiMH 'IHCJiaMH, 'ITO a qacTHU.hl c u d H3 peaKu,uu I 10/ 
I la HCKJIJO'IeHHeM yr noaoro MOMeHTal. ' 

AMnJIHTy.LJ.a A(ab--> c*d*¢) npHHHMaeT B 3TOM cnyqae 

CJie)J.yJOIIJ,HH BH)J.: 

C mn cmn ( '"d'"l) 
b • ·t 1 *' B J y a b -• c - c l • a c· t m. 

A(ab __, c*d*<l>) I. 
rnn 

1131 
lh I 131 nony'laTc.R Te >Ke cooTuoweuu.R, 'ITO u H3 «iJopMyJILI 

141, C TOR JlHWb pa3HHU,eH, 'ITO 3TH COOTHOWeHH.R HMeiOT 

MeCTO )J.Jl.R llpOU,CCCOB C O)J.HHaKOBbiMH .LJ.HI!lpaKU,HOHIIblMH 

'laCTRMH I c 1 H d-t 10 
TaK KaK npu .LJ.HI!lpaKU.HOHHLIX BoJ6Y>K.LJ.eHH.RX ue npoucxo

)J.HT H3MCHCHH.R KBaHTOBhiX 'fHCCJI, KpOMe yrJIOBOro MOMCHTa, 

TO B Ka'ICCTBe .LJ.HI!lpaKU,HOHHOrO B036y>K)J.CHH.R 'faCTHU., npu

Ha)J.Jie>Kalli,HX K MC30HHOMY OKTeTy, MO>KHO paCCMaTpHBaTb 

peJOHaHCbl C TCMH >Ke KBaHTOBhiMH 'IHCJiaMH, npHHa)J.JIC>Ka

IIJ,He K OKTCTY BCKTOpHbiX MC30HOB H OKTCTY 2-+ -MeJOHOB 

H T o.Ll.o A )J.JIJI 'laCTHU,, npHHa)J.Jie>Kalli,HX K 6apHOHHOMY OKTeTy, 

.LJ.HI!lpaKU,HOHHO B036y>K)J.CHHhlMH 'faCTHU,aMH MO>KHO C'fHTaTb 

peJOHaHCbl, npHHa)J.Jie>Kalli,He K OKTeTy 6apHOHHhiX peJOHaH

COB C BbiCWHMH CllHHaMH, a TaK>Ke peJOHaHChl, npHHa)J.Jie>Ka

IIJ,He K )J.eKanJieTy 6apHOHHbiX peJOHaHCOB C TeMH >Ke KBaH

TOBhiMH 'IHCJiaMH, 'ITO a H b I Ja HCKJIJO'IeHHeM cnuual 0 

flpH BhiCOKHX 3HeprHJIX S U3 -CHMMeTpB.R 3JieMeHTapHbiX 

'laCTHU,, BH)J.HMO,HapywaeTC1Io3TOHapyWeHHCCBJI3aHOCTeM, 

'ITO JlH.LJ.HPYIOIIJ,He 'laCTHU,hl MOryT OKa3aTbCJI JIJ06hiMH 'laCTH

u,aMH, npuna.LJ.Jie>KaiiJ,HMH Ha'laJibHbiM MYJILTHnneTaM lc Tpe-

6oaauueM J 3 _ + J,b= J 3 . + J , 1 , Y + Yb = Y. + Y d I, Ho d ,, . c ,)( a c 
KaHaJILI C 06MCHOM runep3ap11)J.aMH H CTpaHHHOCTbiO JIBJIJI-

IOTCJI no.LJ.aBJieHHhiMH. YKa>KeM, uanpHMep, npou,ecc 

TT-p --> k + I.- + N TT • 

TaKaJI llO,IlaBJICHHOCTb HCKOTOphiX KaHaJIOB, BB)J.HMO, JIBJIJleT

CJI ,llHHaMB'ICCKOH. flO:JTOMY MO>KHO C'IHTaTh, 'ITO npB CTOJIK-

7 
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HOBeHHH a.QpOHOB BhiCOICHX 3HeprHi B3aHMO,QeBCTBHe JIBnJI

eTCJI CKanJJ.pHbiM B OTHOWeHHH CTpaHHOCTH B rBnep3ap.II,Qa. 

llpe.QCTaBnJJ.eT HHTepec Bbi'IBCneHBe B paMKaX SU 3 -

CHMMeTpBB COOTHOWeHHJI Me)I(,Qy 'IHCnOM 3apJJ.)I(eHHhiX H Hei

TpanbHbiX 'laCTBU, HeiCOTOpble acneKTbiiCOTOpbiX paCCMOTpe
/6 I 

Hhl B pa6oTe · I • 

§4. B xaqecTBe npBno)l(eHHJJ. paccMoTpBM npBMep AH

clJpaKu;BoHHoi ,QBCCOIJ;BaiJ;BB nH.QHPYIOJ.UHX HyKnOHOB B peaJCIJ;BH 

rr- N .... rr- N * ( m rr )17/. llonaaJJ. 3HeprBJJ. N * B 3TOM npHMepe 

MHOrO MeHbWe nepBOHa'lanbHOB 3HeprHH CTanJCBBaiOJ.UBXCJI 

qacTBU, a B npe.Qene nonaoi clJparMeHTau;HH 3Ta 3HeprHJJ. 

He 3aBBCHT or'nepBOHa'lanbHOB 3HeprBB, n03TOMY, BB,QHMO, 

npe,QnOnO)I(eHHe 06 S U 3 - CHMMeTpBB JJ.BnJJ.eTCJI pa3yMHbiM. 

llyCTb N * ,QBCCOIJ;HHpyeT no cne.QYJOIUHM JCaHanaM: 

1 2 3 4 5 

p* .... pJl nrr+ l I +kO, I 0 k +, A0 k + 1141 

n* .... n rr 0 
' 1T p , 2 k+,l I 0 k0 ,I Ao ko . 

wi lrAe i ,= 1 "'" 5 I - aepoJJ.THOCTH AHccou;Hau;HH no 3a.Qaa-

HhiM JCaHanaM - MO)I(HO onpe.QenBTb, HCXOAJI H3 npHBe,QeHHbiX 

HB)I(e coo6pa)l(eHHi. 

PeaKUBJJ. 1312-.... 112 + + 0- I HMeeT cne.QYJOIUHi Ma

TPH'IHbli 3neMeHT: 

Fi = qi u (p2) Ys ufL(p1) gil ¢(g)' 1151 

r,Qe U ( p 2 ) , u J1 ( p 1) , ¢ (g) - BOnHOBaJJ. clJyHKIJ;HJI 6apHOHOB 

112+ , 312- B Me 30Ha cp (g) C HMnynbCaMH p 2, pI , g H Macca

MH M2 , M 1 , m ( p 1 = 0, E I= M I) , q i - KOHCTaHTbl pacna.Qa 

Ha 3a.QaHHWe KaHanbl I i = 1 " 51. 113 Tpe6oaaHHJJ. S U 3 -

BHBapHaHTHOCTH ,QnJI q i cne.QyeT COOTHOWeHHe: 

8 

2 
I q I I 

2 
I q 2 I 
-2-

2 
I q3 I 
2-

2 2 
lq 4 1 =lq 5 l · 1161 

BepoJJ.THOCTb pacna.Qa no 3a.QaHHOMY Kaaany ,IJ.nJJ. MaTpH'IHoro 

3neMeHTa 1151 HMeeT BB,Q: 

w 

r.Qe 

k 

~i , (MI - M ) 2 

24. 1T •• -

2 

Ml 

2 
- m 3 

I k I 

2 2 2 2 
M1 . (MI + m ) 
-·yl-2·-~--+ 

2 M 1 

(M2 - m 
--~-

Ml 

117/ 

113 I 17 I BHAHO, 'ITO npH 6onbWHX M1 cooTHOWP.HHJJ. 

Me)I(.QY BepOJJ.THOCT JIMH pa3nH'IHbiX JCaHanOB 6y.QyT onpe.Qe

nJITbCJI ICOHCTaHTaMH pacna,QOB, T .e. 

w2 w 3 
WI = -2- = -2 = W 4 = W 5 • 1181 

EcnH npe.Qnono)I(BTb, 'ITO M1 ::: 2 F3B, TO cooTHoweHHe 

Me)I(.QY BepOJITHOCTJIMH nJITH JCaHanOB 1141 npHHHMaeT BHA* 

w2 
W1 = 2--~W 3 =2·W 4 ""'2·W 5 . 1191 

CooTHoweHae 1191 Haxo.QHTCJI B cornacHH c .QaHHbiMH no 

AHCCOUHau;aa HyKnoHa I 141 B rr- p -- H TT- n - peaKUHJIX npH 

40 F3B/c /7 I . 
TaiCHM o6pa30M, npe.Qnono)l(eHHe 0 s u3- HHBapHaHTHOCTH 

xapaKTepHCTHIC AHclJpaKIJ;HOHHOH ,QHCCOIJ;HaiJ;HH HyKnoaa npH 

cooTBeTCTBYJOJ.UeM Bbl6ope MaCCbi M 1 I cpe.Qaei nHHeiHoi 

3clJclJeKTHBHOH MaCCbii n03BOnJieT nony'IHTb COOTHOWeHHJI 

Me)I(,Qy BepOJITHOCTJIMH BCeX JCaHanOB ,QHCCOIJ;HaiJ;HH HyKnOHa, 

HaXO,QJIIIJ;HeCJI B pa3yMHOM COrnaCHH C 3KCnepHMeHTOM. 

B 3aKnJO'IeHHe aBTOpbl Bblpa)l(aJOT rny6oKyro 6naro.Qap

HOCTb A.H.TaaxenH.Q3e, B.A.MaTBeeay 3a nocTOJIHHoe BHH-

* llpH Bbi'IHCneHHH Mbl C'IHTanH, 'ITO MaCCbl 'laCTHIJ;, npH
Ha.Qne)l(aJ.UHX O,QHOMY H30MynbTHnneTy, paBHbl H 6panH cpe,Q
HIOIO Macey 3THX 'laCTHIJ;. 

9 
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MaHHe K pa6oTe H ~eHHble coseT&I; a TaiOKe A.B.rosopKosy, 
r.M.3HHOBbeBy, C.ll.Kynewosy, P.M.MHp-KacHMOBY, 
JI.A.Cnen'leHKO 3a HHTepeCHble o6Cy)J(,neHHJI. 

llpHJIO)I(eHHe 

Me3oH-HYKJIOHHble peaK~HH: 

A ( 1/ p _. 11 + p N 11) -A ( 11- p ... "- p N 11) = y 2 · A ( 11- p ... 11° n N 11) 

( + + ) (() 0 (0 + ) A . k p ... j p N 11 - A k p _. k p N 11) = A k p ... k n N 11 , 

/ll.l/ 
a(11-p -•11°nN11) = a(11-n ->1T0 pN11,); 

.I - 0 ) ;- - 0 ) v3·A(k p ... " AN11 +y2A(" p ... " nN11 = 

=A(k-P_,"+I.0N11)-A(k-p ... lc0 nN11), 

+ + + - + -
A(" p->k I N11)-A(11 p --k I N11) 

= v 2 • A ( 11- p _. k0 I 0 N 11 ) /0.2/ 

a(11+p _, k+I_+N") +a(11-p-> k+I_-N 11)::;; 

.s.: 2a ( 11° p _. k + I 0 N 11 ) , 

-0 + - 0 a ( k p ... 11 A N 11 ) = 2 • a (k p _. 11 A N 11 ) 

( k - +~ - ) - o ,_o a p->11""' N11 =a(k p ->k ~ N11) 

H ,np. 

10 

liapHOH-6apHOHHble peaK~HH: 

A(pp -• ppN11)- A(pn ->pnN11)~ A(pn..-npN11),/ll.3/ 

+ + t + 
A(pp ... ppN11) = A(I p ... I p N 11 )+A(I p->pi N11), 

+ + + + 
a(pp--ppN11)~a(I. p ... I, pN11)+a(I p ... pi, N11) 

H ,np. 

liapHOH-aHTH6apJlOHHble peaK~HH: 

a(pii -• pnN11),., a(np ... npN" ), 

A(pn _, pnN 11)- A(nn ... nnN11) ""A(nn ... ppN11 ), 

a(pp ... k+k-N 11):;; a(p p ... 11+11-N 11) + 

- + + - /0.4/ 
+a(I p ->k 11 N11) 

' 

a ( p p ... I-I- N 11 ) = a ( p p ... E 0 E0 N 11 ) 

H ,np. 
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