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B ¢11a11Ke Hnpa .HeT-xoporno ycTaHoaneHHoro aaKoHa HnepHoro 

B3811MOneiicTBIIH MelKJly HYKnOH8Mllo LlalKe Bonpoc O TOM, HBnlleTCSI 

nil B3811MoneiiCTB'l!e nayx· HyKnOHOB B Hnpe TOnbKO ·nByX'l8CT'll'lHblM, 

ewe He UOHHTeH no KOHUa, 

8 H8CTOHIUee BpeMH HaM 113BeCTHbl nHillb HeKOTOpb1e CBOiiCTBa 

HyKnOH-HyKnOHHblX cnn, T8Kl!e K8K-· cymecTBOB8Hl!e KOpOTKoneiicTBy

lOIUero OTTanKHB8HIIH, nan&HoneiiCTBYIOIUero Upl!THlKeHHH, TeH30pHbIX 

cun, 11, BepOHTHO,. Ha116onee. KOpOTKoneiiCTBYIOIU'l!X L . s C'lln, 

Ha naHHbIX no ¢aaoaoMy aHan11ay HyKnoH-HyKnOHHoro. pacce

HHHH ¢opMa nayx'laCTll'lHOro B381!MoneiicTBIIH OAH03H8'1HO He BOC

CTaHaBnl!BaeTCH, 8 CBH311 C 3TIIM 113y'leHl!e ManoHyKnOHHbIX CIICTeM 

npencTaBnHeTCSI BeCbMa IIHTepeCHblM C uenblO nony'leHHSI Heno

CT8101Ueii 11H¢opMau1111 0 HYKnoH-HyKnOHHblX cnnax. 

CncTeMa 113 3 HyKnOHOB npe.ncTaBnHeT YHl!KanbHYIO B03MOlK

HOCTb 6onee rny6oKoro 11ayqeH11H KaqecTBeHHb1x··caoiicTB nayxqac

Tll'lHOro- aaanMoneiicTBHH II perneHnH· aonpocoa, TaKnx KaK nocTa

TO'lHOCTb ABYX'l8CTll'lHblX cun B OUl!CaHIIII 6onee cnolKHbIX HnepHbIX 

Cl!CTeM, 

I 1/ /2/ 
C noHBneHneM pa6oT <l>anneeaa , naaneca II BeiiH6ep-

/3/. 
ra HaMHoro pacrn11p11nac& o6nacTb 11ccnenoaam1ii npo6neMbI 

Tpex Ten- B HnepHOI1 ¢11a11Ke, Bo3Hl!Knll HOBbie npo6neMbI, CBH38HHble 

co CBOiiCTB8MII BHeMaCCOBOii aMnn11Tynb1 pacceHHIISI, Ecnn · nnH aMnnn

TYAbl Ha· M8CCOBOii noaepXHOCTII aanaqa O nonHOM OilbITe HyKnoH

HyKnOHHoro B381!MonellcTBIIH c¢opMynnpoBaHa II B 3H8'llITenbHOii 

CTeneHII nponenaHa, TO nnH BHeMaCCOBOH aMIInIITYAbl aHanorll'lH8H 

aana'la nalKe He nocTaBneHa, B HacToHmee ape~rn MbI He aHaeM 
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3KCnep11MeHTOB, 113 KOTOpbIX MOlKHO 6binO 6bI naane'lb noaenen11e 

nayxqaCTH'IHOii -MaTpHUbl Ha BHeMaccoaoii noaepxHOCTH. 

PacnpocTpaHeHHhlM cnoco6oM nponneHnsi t -MaTpHUhI Ha 

aHeMaccoayro noaepxHOCTb siansieTcsi perneHne ypaBHeHnsi nnnnMa

Ha-lliannrepa c noTenunanoM, aocnponaaonmunM nayxnyKnoHHhiii 

3KcnepnMeHT B onpenenennoii 66nacTn 3Heprnii. 

npn pernenn11 aanaqn 3 Ten a qiopMynnpoaKe ~anneeaa npn

xonnTcsi CTanKHBaTbCSI C npyroii TpynnocTbro, casiaannoii co cno)K

HOCTblO 'IHCneHHOI"O perneHHSI 3THX ypaanen11ii. Lleno B TOM, 'ITO 

na)Ke•nnsi naxoJKnen11si pernen11si ypaanen11ii ~anneeaa c onpenenen

HhIM MOMeHTOM neo6xon11Mo pernaTb CHCTeMy. nayMepHbIX IIHTer

panbHblX ypaanen11ii. 

Pernen11e ypaaHen11ii· ~anneeaa cywecTaenno ynpowaeTCSI; ecn11 

npencTaBHTb IlBYX'laCTH'IHOe B3aHMoneiicTBHe acenapa6enbHOii 

qiopMe. B 6onbWHHCTBe pacqeTOB HCXOilSIT ·H3 Tpe6oaaHHSI: 'IT06bI 

$aKTOpHaoaannaH TaKHM o6pa30M nayx'laCTH'IHaH - MaTp11ua 

Ha Maccoaoii·noaepxHOCTH onHCbIBana HH3K03HepreTH'l0CKOe HyKnOH

HyKnOHHOe pacceHHHe. OnHaKO H0SICHO, SIBnSieTCSI nH 3TO Tpe6oaa

Hlle nocTaTO'IHblM nnH pacqeTa CBOHCTB TpexHyKnOHHbIX Cl!CTeM. 
/4/ 

Eonee -Toro, pac'leTbl Oc6opHa . noKa3bIBaJOT, 'ITO I -MaTpnueii 

Tuna .HMaryqn MOJKHO nonb30BaTbCSI nl!llib nm1 cna60CBH3aHHbIX 
/5/ 

c11cTeM. PacqeThI KyKa yKaahrnaroT Ha 6onbrnyro ponb aneMacco-

aol\ qaCTH aMnn11TynhI 2 Ten B Tpex'laCTl!'IHbIX 3<p!p0KTax. Llayx

HyKnOHHOe aaal!MoneiiCTBl!e B ynpoweHHOii <!iopMe HMary'll! HCKa)KaeT 

npaa11nbHoe noaenem1e aMnn11Tynh1 BHeMaccoao.li noaepxHOCTl! n na

eT TonbKO KaqeCTBeHHOe onncan11e TpexqacTH'IHhlX 31j,¢eKTDB. 

CywecTayeT M·aTeMaT11'1ecK11 6onee Kpacl!Bbiii MeTon o6mero 
/6/ 

cenapa6enbnoro npencTaaneHHH nayx'laCTl!'IHDli t -MaTpHUhI 

TaK: naahIBaeMoe paanoJKen11e no co6cTaeHHhIM qiyHKUHSIM Hnpa 

fHnb6epTa-llIMHnTa. OnHaKO BO MHOI"l!X cnyqasix, Korna nnH naHHOI"O 

noTeHu11ana ypaBHeH11e llipen11Hrepa aHan11TH'lecK11 He·pewaeTcsi, 

nayxqacTH'IHyro -MaTp11uy B aHanHTH'leCKOM s11ne, s·s11ne paano-

l!<eHHSI' no co6cTB0HHbIM qiyHKUHHM r11nb6epTa-illM11nTa, npencTa

Bl!Tb HeITb3Slo 3To 03Ha'laeT, 'ITO B TaKlfX cnyqagx nsyx'laCTl!'IHYIO 

4 

... 
1 

I 
i. 
' 

aana'ly ·Heo6xon11MO pernaTb qncneHHO ·.H nonbaOB8TbCSI HHTepno--· 

ITHlll!OHHOii npouenypoii • 

. B § 3 rnaahI I HBCTosiweii 1mccepTaunn npennolKeH . 

npyroii,· 6onee npocTOii MeTon perneHl!SI Cl!CTeMbl l!HT0I"panbHblX 

ypaBHeHHii ~anneesa C noKanbHbIMH peanl!CTl!'10CKHMH ''nOTeHUHana-
/11/ 

MIio OH OCHOBaH Ha MeTone EefiTMaHa , KOTOpbIH noasnnSieT 

annpOKCl!MlfpoaaTb <pyHKUHIO nsyx ne,peMeHHblX - qiypbe-o6paa 

noKanbHOI"O noTeHUHana V ( q ,q, '-coBoKynHOCTblO <paKTOpl!30BaHHblX 

qiyHKUHii OT 3THX nepeMeHHbIX. 

B OTITil'II!e OT cymeCTByrouini MeTon·os qJaKTOpnaau1111' B MeTone 

EeliTMaHa <pyHKUHII, no KDTOpbIM pa~naraeTcg ~ypbe-o6paa noTeH-
. · · ·.. · /12/ 

u11ana; npocTbIM o6paaoM Bb1palKa10TCS1 qepea caM noTeHu11an 

v ( q , q ' ) = Sp [ d 0 ( 11 , q ' ) ] { 1) 

rne 
-I ·'· 

(d ) =·v(s ,s 
ij I j 

) , 0 ( q ,q ') = v(s , q' ) v (q, s·), i,j =1,2, •• , n. 
ii I i 

3TO o6cTOHTenbCTBO O'leHb BalKHO nng·npaKTH'leCKIIX pacqeTOB. 

C pDCTOM nopsinKa np116n11)KeHIISI n 'qiaKTOp1!30BaHHblH •no 

MeTony Eel\TMaHa noTeHUHan iip116n11JKaeTCH K TO'IHOMY ·rroTeHu11any 

He TOITbKO B CMbICne 

min l J [ v ( q , q ' )- ~ ( q , q ') ]
2 

dq , dq' I , ( 2) 

HO npn 3TOM BOCCTaHaBITI!BaeTCSI II n_osep.XHOCTb qiyHKUIIII V (q, q ') 

B npOCTpaHCTBe IIMUYITbCOB q . 'i/\1'; .· :·. 'l'.;:O BeCbM8 lKe;JaTeITbHO 
J • • •• • 

B 11ccnen0B8HIISIX aaBII~·~MOCTII TpexqaCTil'IHbIX 3cpqleKTO~ OT. !pop.Mb! 

noTeHu11ana. Jihsi scex KopoTKoneiicTsyrom11x noTeHI111anos, ncnonb

ayeMbIX B OITIICaHIIII B3aIIMOileiicT.BII~ ··2 -i-e~; 6bITb .M0)KElT 1 aa 

I!CKITIO'l0HH0M paapbiBHbIX, Meion· 6~ICTpo· cxomi'TcSI. Bo scex. npaK-
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T11qecK11x pacq~Tax, K0T0pb1e npoaon11n11c& B naHHDii n11ccepTau1111, 

oKaaanoc& nocTaToqHwM qeTaepToe np116n11lKeH11e. 

/ 11 12/ 
TToKa38HO ' , qTo, np116n113IIB - qiaKTOpH30B8HHblii noTeHullan 

K ioqHoMy ii CMb1cne ( 2), nonyqaeM aMnn11Tyny l- C TOqH0CTblO 

Toro lKe nopHnKa. PeweH11e ypaBHeHll!I llHnnMaHa-lJ.IBHHrepa C no

T8HUH8ITOM ( 1) 

~ ( q , q ' , z ) = Sp [ C ( z ) 8 ( q, q 'fJ 

ynoaneTBOp!!eT ycnoBHIO yHHTapHOCTH, He38BIICHMO OT BHna KOpOTKO-

neiicTay10mero 

nax M8ITblX q 

noTeHUHana, II Ha MaCCOBOii noaepXH0CTII B npene

ll88T o6b!qHoe Bb!p8lK8HH8 np116n11lKeHII!! "'a¢¢eKTIIB-

Horo pallllyca"'. 

3necb lK8 ITOK838H00 - qTO npennaraeMblii 11eTon on11HaKOBO XO

pOWO np11MeHHM KaK nnH ueHTpanbHblX c11n, TBK H nnH TeH30pHblX, 

B § 1 rnaBbl II HanaraeTcH pacqeT aHeprH11 CBH3H 3 6ec-

cnHHOBhIX qacTHU Ha ocHoae naHHoro MeTona, Hccnenoaanac& 

38BHCHM0CTb IIX 3Hepr1111 CB!l3ll oT·rny6HHhl napHoro_noTeHuµana. 

. Ml 
3TOT pacqeT cpaBHHB8ITC!I C ToqHbIM pacqeTOM Oc6opHa • no-

K838HO, qTo ylKe BO BTOp0M np116nmKeHHH 3T8 38BIICHM0CTb npaK-
. - M~ 

THqeCKH coananaeT C TOqHoii,.TTpH 3TOM, K8K H B pacqeTax 
1 

B CHCTeMe 1303HHK8IOT Tpll ypOBH!!, 

B § 3 rnaab1 II npHBeneHbl peay-nbT8Tbl pacql!TOB 3HeprHII 

CBH3ll TPIITll!I C peanHCTHqeCKHMII noT8HUl!8IT8MH, 3HeprHH _CB!l3ll 

/8/ 
TpllTll!I C noTeHUHanoM Mopae 

v,\ (r) = V0 ,\ I exp [ -2lr -r,\ )/a,\ ]-2 exp {-(r-r,\ )/a,\ JI, (3) 

OITl!CblB8l0InHM ¢a3bl HYKITOH-HYKITOHHoro pacce!IHll!I annoTb no 

400 Maa, ciKaaanac& paaHoii 9, 1 Msa. Ho npll s~oM napaMeTpbl 

CIIHrneTHOro noTeHuHana (T.e, B {3) ,\ = s '> T8KOBbl, qTo 

na10T nnH c11HrneTHoro 3<!>¢eKTIIBHoro pan11yca aen11q11Hy, paBHy10 

2.44 f m , KOTopaH He cornacyeTcH c rHnoTeaoii .aapHnoaoii eeaa-

6 

.\ 

I 

~. 

1 
Ii 
1, 

1i, 
1,',; 

I' 
j< 
'! 

I 
( 
); 

l 
1.-'.i 

\:l \'.• 
\' ., .. __ . 
,1 
,,, I 

! 
I 
I 
•I 
i Ir 
I'; 
I 

l .!{ 

I' 
,j 

/7,12/ 
BIICHM0CTH. TToK838HO I qTo 3Heprll!I CBH3ll aec&Ma CIIITbH0 

38BIICHT OT aen11qHHbl CHHrneTHOro 3<1>¢eKTIIBHOro pan11yca. nn!I 

aHaqeH11H c11HrneTHoro 3<!>¢eKTIIBHoro pan11yca 2. 8 fm aHeprllH 

CB!l3ll 
3 

ff yMeH&waeTCH Ha ~ 1 Msa. 

nnH nocnenHero aHaqeHIIH cm1rneTHoro 3¢¢eKTIIBHoro pan11yca 

3Heprll!I CB!l3ll 
3 If , paccq11TaHH8H C noTeHU118IT0M B Bline cynep-

• /9/ 
n0311Ullll nayx n0T8HUllanoB IOKaBbl 

,\ ,\ 
,\ ,\ exp(-µAr) ,\ exp(-µ 5 r) 

U (r)=-A ----+B · 
r (4) 

on11CbIB8IOinllM Is O II 
3S I - ¢a3bl HYKITOH-HyKnOHHoro paccestHH!I 

OT HYITH llO" 300 Maa, OKaaanacb paBHOii 8,56Maa, qTO Haxon11TC!I 

B xopoweM cornaCHH C SKCnep11MeHTOM, 

B § 4 rnaB~• II npo1135eneH COBMeCTHblii l!H8ITll3 3KCnep11-

M8HT8ITbHblX ll8HHblX no 3Hepr1111 CB!13ll r1mepTpl!Tll!I H ceqeHIIIO 

A -p -pacce!IHHH, He 38BIICHW11ii HI! OT KBKIIX npe)lnonolKeHHii 

H OCHOB811Hblii 11a T0ql!0M peweHHII n11HaMHqeCKllX ypaaHeH11ii 4>anne-
3 

eaa nnH HJlpa AH , ToqHoe pewe1111e ypaaHeHHii 4>anneeaa nnH 

a 
rHnepTpllTIIH A fl npe.acTaBnHeT· B03M0lKH0CTb nonyqe1111S1 JlO-

non1111TenbHhlX cBe)leHllii_ 0 npupoJle A-N- B3811MO)leiicTBll!I, 

3a)laqa_ CT8BIIIT8Cb cne.nyroWIIM o6pa3oM: napaMeTpbl noTeH

UHanoB A-N -B38IIMOJleilcTBH!I Bbl611pa,,11Cb TaK, qT06H Bocnpo

ll3B0n11n11cb KaK 3KcnepnMeHT8ITbH0e 3HaqeH11e s11epr1111 CBH3ll r11nep-

TpllTll!I BA 0, 18 MsB • T8K II xon ceqeHIIH A--p -pacceHHIIH 

np11 Hll3KOii :rneprH11, PacqeTbI npoaon11n11c& c noTe11u11anoM Mop-

ae ( 3)' yq11TblB8ITOCb T0ITbK0 s -C0CT0!!Hlle 0TH0CIIT8ITbH0r0 JlBl!lKe- . 

Hll!I KaJKnoii napbl qacTllU, 

PacqeTbl IT0K83!1ITII, qTo nnH onTIIMBITbHOro on11caum1 A- N -

pacceHHIIH H auepru11 ·ca_H3ll 311 
A Heo6xonHMO BBeCTII B A-N -no-

TeHUH8ITbl 0TT8ITKIIBarowyro 'MHrKylO cepnuea11uy paimycoM ue MeHb

we, qeM B HyKn0H-HyKn0HHOM n0Teuu11ane. 
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8 rnaBe Ill Ha OCHOBe- TOqHblX BOnHOBblX <jiyHKUlll! l!/lep 

3 He II 3 11 . • nonyqeHHblX. B pe3ynbTaTe perneHl!l! ypaBHeHl!ll 

<l>anneeBa c a¢<jieKTIIBHbiMII noTeH1111anaMII (3)_ 11 (4), npo!!-~BOl!ll

nHCb pacqeTbl aneKTpoMarHIITHblX 11 cna6b!X <jiopMcpaKTOpOB B' STllX 

TpexHyKnOHHblX CllCTeMaX, 

<l>opM<jiaKTOpbl 3apS1/lOBb!X pacnpeneneHllll napHbiX ll · Henap-

HblX 
HyKnOHOB nnll noTeHullana Mop3e•· (3) OK83anl!Cb 38Bbl-

rneHl!bIMII no cpaBHeHl!IO C !IX aKcnep11MeHTanbHblMII 3HaqeHl!l!Mll, 

a nm1 n0Te111111ana , l!Bnl!JOWerocl! cynepno3HU!!el! i:JoTeH1111anoB - . -
IOKaBhl ( 4), 0611apy)KeHO xopornee cornac11e, 

PaccqHT8HHb!0 3Haqel!lll! cpenHeKB8/lp8TllqHblX aneKTp11qeCKIIX 

3 3 
11 MarHIITHblX pan11ycoB l!/lep He II H C noTeHUl!anoM ( 3) OK838nHCb 

38Hl!)KeHHb!Mll no cpaBHeHIIIO C l!X aKcnepnMeHTanbHblMII 3HaqeHlll!

MH, PacqeT c noTeHuHanoM (4) naeT cornacy1011111ecS1 c aKcnepn

MeHTOM 3HaqeHl!l! cpenHeKBanpaTHqHbIX panHyCOB, 
,. -

Ilnll Ben11qHHbl np11Mec11 S ' ..:coCTOSIHHSI noTeHUll8flbl 
(3) 

II (4) /l8IOT 0 COOTBeTCTBeHHO Pg, 4, 7% H P
8

, = 2%, Cnerio-

BaTenbHO, ecTeCTBeHHO, qTo 3HaqettHe aKcHanbHoro MaTpHqHoro 

aneMeHTa f3 -pacnana 
3 

II nnll noTeH1111ana (3) He cornacy-

eTCH C SKCnepnMeHTOM II paBHHeTCH 2,63, TeopeT:1qeCKOe 3Haqett11e 
3 H nnH · no-

aKCl!BnbHOrO M8TpllqHoro aneMeHTa {3 -pacnana 

TeHuHana ( 4) p'aBHO 2,83, ~TO H8XO/l~TCSI B xop~rneM COOTBeT-
. - /10/ 

CTBHH C SKcnepHMenTanbHblM 3HaqeH11eM 2,84:!:,.0,06 

HcXO/ll! 113 SToro o6cTOSITenbCTBa H cq11TaH, qTO C T8KIIM 

noTeHu11anoM IJUP KaK QYHKUHSI 
2 

q 6yneT npaBHnbHO Bhl-

ql!CnHTbCll, npo113B0HHTCSI pacqi\T aKCl!anbHOrO M8TpllqHoro aneMell-
·~ - 3 -, - 3 ; 2 2 , 

Ta /WH npouecca µ + lie -➔ H + v, T.e. np11 q = 0.273 fm - • 

TTo 113BeCTHOMY 

aToro npouecca 

..... 
SKcnepHMeHTanbHOMY 3HaqeHHIO BepOHTHOCTII 

Hal!neHO cne~-~iiwee a~~qeH;~- nnH ri~~~nocKanl!p-

HOH KOHCT8HTbl CBH311 ( g p/ g i = 5,33, 

Pac'-!eTbl yKa3b!B8IOT Ha npe11My111ecTBO noTeHuriana B BH/le 

cynep11031i111111 ·11Byx noTeHuHanoB IOKaBhI nepen noTe
0

ilu11anoM · Mop-

3e, HecMOTpH Ha To/ ~TO H3MeH.eHl!eM ( yBen~q~HHeM') CIIH~neTHOrO 

a<ji<jieKTHBHoro pan11yca a noTettuiane Mop3e ·i.:ioiirno, no:..BHl!HMoMy, · 

8 

f 

no6HTbCSI n_p116nll31!TenbHO SKCnep11MeHTan_bHOI'O 3HaqeHHSl SHepr1111 

CBSl3H TPIITIISI, Bee )Ke STOT noTeH1111an He B COCTOSlHllll.y/loBneT

BOpllTenbHO on11caTb cna6b1e· II aneKTpoMarHIITHbie CBOllCTBa Tpex

HyKnOHHblX CIICTeM', 3To CBSl38HO C TeM, qTQ nm1 3Haqemrn CIIHI'-

neTHoro a<ji<jieKTIIBHoro pan11yca, paBHoro 2.8 fm, pa3HIIU8 Me)!{-

llY napaMeTpaM!! · c11HrneTHo_ro II Tp11n{leT11oro noTeHu11ana Mop3e 

B03pacTeT, T,e. COOTBeTCTBeHHO, B STOM cnyqae np11MeCb S , -coc

TOSIHIISI CTaHeT ewe 6onbwe B TO BpeMSI, KaK 113 aHan113a pe3ynb

T8TOB nnll ynoBneTBOpllTenbHOro on11caHHSI aneKTpoMarHHTHhlX 

11 cna6blX a<ji<jieKTOB TpexHyKnOHHb!X CIICTeM, cnenyeT o6paTHoe. 

TaKHM o6pa30M, B HBCTOS!Wel! pa6oTe noKa3aHo, qTo on11ca 

HIie CBH38HHoro COCTOSIHII~ TpexHyKnOHHbiX CIICTeM a<ji<jieKTIIBHbIM 

peanHCTllqecKHM noTeHUHanoM l!Bnl!eTCSI xopOIIIIIM np116n11)KeHHeM, 

T,e, a<ji<jieKTIIBHhlll yqeT BKnana Bb!CIIIHX. Bona 38 cqeT TeH30pHblX 

Clln l!Bnl!eTCSI llOCTaToqHhlM, ilnll YllOBneTBOpllTenbHOro OllllC8Hlll! 

pacCMOTpeHHoro Kpyra l!BneHHl! He Tpe6yeTCSI BBeneHHSI HOBblX 

nOHSITHl!, T8KIIX KaK TpexqacTHqHble Cllnbl 11n11 )Ke qHCTO BHeMac

COBbiO .cllnbl, KOTOpb!e 6b! 11cqe3n11 Ha M8CCOBOii noBepxHoCTII, 

a T8K)Ke np11Mec11 COCTOSIHIISI C 1130CnllHOM' T = 3/2 B OCHOBHoe 

COCTOS!Hlle TpexHyKnOHHOl! Cl!cTeMbI,· 

OcHOBHble pe_:;iynbT8TbI, B0111en11111e B n11ccepTaUHIO, ony6nllKO

/ l 2-16/ 
B8Hbl B pa6oTax ' HeonHOKpaTHO 113naranHCb Ha ceMIIHa-

pax nT<I> OH.HH, Ha BCeCOI03HblX KO!llpepeHUlll!X II COBelllaHIISIX, 
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