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1. BeeoeHue 

YcxopeHHe .D;eiiTOHOB .D;O pemiTHBHCTCKHX JHeprHii noJsonHno Ha'laTb 
Hly'leHHe B3aHMO.D;eHCTBH.R .R.D;ep C .R.D;paMH /I/ H B HaCTO.R~eii pa6oTe 
HaMH HCCne.D;OBanHCb Q6~He xapaKTepHCTHKH ,D;eHTOH- .R.D;epHbiX B3aHMO
.D;eHCTBHH. 

llony'leHHLie peJynLTaTbl o6pa6aTLIBanHcb Ha 3BM, npH'IeM co6bi
TH.R paJ.D;en.RnHcb Ha xnaccLI, 6blnH nocTpoeHLI pacnpe.D;eneHH.R, .D;n.R 
KOJ:.OpbiX npOBe.D;eH aHanH3 H YCTaHOBneHbl HeKOTOpble, paHee He Ha6mo
,D;aBWHeC.R, csoiicTBa .R.D;epHbiX pac~enneHHii. llpose.D;eHo cpaBHeHHe 
C KaCKa.D;HO- HCDapHTenLHOH MO.D;enbiO /2/. 

2. YcAoeu.R 3KcnepwweHtlla 

3MynbCHOHHble KaMepbl H3 cnoes HHHXHMCI>OTO liP-2 o6nyqanHCb 
aa caaxpo4Ja.JoTpoae OHJIH BbiBe.D;eHHbiM ny'IKOM .D;eiiToHoB c'HMnynLCOM 
9,38 r3B/C. finOTHOCTb o6ny'leHH.R COCTaBmma - 2J04qacT/CM

2 
· fiOHCK 

co6biTHii ocy~ecTBn.Rnc.R npocMoTpoM B.D;Onb cne.D;a hi . Bcero npo
CMOTpeHo 604 M cne.D;a a aaii.D;eao 2650 co6biTHii. Cpe.D;H.R.R .D;nHHa .D;O 
B3aHMO.D;eiicTBH.R OKaJanaCb paBHOB 22,8±0,4 CM. llocne HCKniO'IeHH.R 
235 Bla&Mo.D;eicTBBI c e.D;HHCTBeHHbiM pen.RTBBBCTCKBM cne.D;oM I cpe.D;B 
KOTopLix B03MOlKHbl cnyqaa ynpyroro pacce.RHB.R aa .R.D;pax/ cpe.D;H.R.R 
.D;n&Ha .D;O B3aBMO.D;eBCTBBB COCTaBn.ReT ,\ =25,0±0,5 CM. ,lJ;n.R B3Mepe
HBI acnonLJosaao 1650 co6biTBii. llonosaaa co6biTBii BJMep.Rnacb aa 
M&xpocxone Mll3 -1 141. B co6b1TB.RX peracTpaposanHCb 8 -JnexTpo
Hbl a .R.D;pa oT.D;a'IB. Bee cne.D;bl ,D;enHnHCL aa 3 rpynnbl no cne.D;YJO~BM 
KpBTepH.RM: 

a/ cne.D;LI c nnoTHOCTLIO crycTxos B < 1,4 8 0 I 8 0 - nnoTHOCTb 
cryCTKOB aa cne,D;e nepBB'IHOi 'laC TRULl/ C'IBTanBCb cne,D;aMB nBBHeBLIX 
'laCTBil; 
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6/ cne,nLI B > 1 ,4 B 0 c npo6eraMu R > 3000 MKM oTHocunucL 
K qacTuu;aM npoMe)KyTO'iHhiX 3Hepruii /"cepble" cne,nhl/; 

B/ cne,IJ;bl C 5 MKM < R < 3000 MKM OTHeceHbl K "qepHbiM" cne,naM; 
r/ cne,nbl C R < 5 MKM C'iUTanUCb JI,IJ;paMU OT,IJ;a'IU. 
)J;aHHble 0 BCeX C06b1TUJIX 6blnU JanucaHbl Ha MarHUTHble neHThl 3BM 

MuHcK- 32 u CDC 3170. 

3. PacnpeoeAeHue co6brmuu no 'IUCAY <~acmut~ 

P acnpe.neneHue co6LITUii no qucny qacTuu; npe,ncTaaneHo Ha puc .1, 
r .ne ,naHo qucno co6b1TUH c ,naHHhiM qucnoM nuaHeBhiX qacTuu; N s npu 
,naHHOM qucne N b= Ng + N b /qucno "cephlx" + qucno "qepHLIX" cne
.noa/. Pacnpe.neneHUJI no qucny nuaHeBhiX qacTuu; ,nnJI acex co6b1TUH, 
,nnJI co6b1Tuii c Nb ;:: 7 u ,nnJI 190 KBaJuHyKnOHHLIX co6LITuii /6e3 JI,npa 
oT,naqu u 8 - 3neKTpoHa N b =0, N g =0,1/ npe,ncTaaneHLI Ha puc. 2 
/a,6,a/ COOTBeTCTBeHHO. Cpe.IJ;HUe 3Ha'ieHUJI <N s> ,!J;llJI3TUXpacnp~.n,
neHUH paBHhl 3,09±0,04 /'ITO coami.,naeT c pac'ieTHhiM JHa'ieHUeM I 2 

/, 

3,J'S±0,08 U 2,06±0,10 COOTBeTCTBeHHO. 
3KcnepuMeHTanLHLie ,naHHhle 6blnu annpoKCUMupoaaHLI pacnpe,nene

HUeM IIyaccoHa, y,noaneTaopJIIOIIJ;UM MUHUMYMY X 2 
· 

Haunyqwee cornacue I X 2 =8,85 .nn11 12 cTeneHeii cao6o,nhl/ Ha6mo
.naeTCJI .nn11 pacnpe,neneHUJI c NhL. 7. Hau6onLwue OTKnoHeHUJI U3 ,nayx 
,npyrux pacnpe.neneHuii ,naiOT co6LITUJI c N s =0 u 1. 

Ilpu aHanuJe ycTaHoaneHo, 'ITO pacnpe,neneHue co6LITuii no qucny 
qacTuu; N h /puc. 3/ Ha ypoaHe X 2 =37 npu 24 cTeneHJIX cao6o,nhl 
coana.naeT c aHanoru'iHLIM pacnpe,neneHueM ,nnH npoTOHOB c 3Heprueii 
25 r3B /5-Io(Cpe,nHee 3HaqeHUe <Nh > =7,8±0,1coana,naeT CO 3Haqe
HUJIMU < N h > ,!J;llJI npOTOH- JI,IJ;epHhiX B3aUMO,IJ;eHCTBUH B WUpOKOM UHTep
sane 3H~pruii I sl, HO cyiiJ;eCTBeHHO oTnuqaeTCJI OT pac'ieTHoro <N h> = 
=5 ,6 I 21 . 0TMeTuM, 'ITO pac'ieTLI npouJao,nunucL ,nnH cpe,nHero Jl,npa 
<boT03MynLcuu ( G d 70

) u 3To MO)KeT 6b1Th o,nHoii U3 npU'iUH pacxo)K,ne
HUJI. 

113 puc. 3 cne,nyeT eiiJ;e o,nHa Ba)KHaJI oco6eHHOCTh pacnpe,neneHUJI 
IIO 'iUCny Me,nneHHbiX 'iaCTUU N b• KOTOpaJI paHee 6Lma He U3BeCTHOH 
- a HHTepaane N h =8 723 aepoHTHOCTh noHaneHUJI co6LITUJI c ,naHHhiM 
\' h H3MeHJieTCJI llUHeHHO, npu'ieM 3TO UMeeT MeCTO KaK ,IJ;llJI ,neiiTOHOB 
9,4 r3a/c, TaK u .nmi npoTOHOB 6,2 I wl u 25 r3a. 

HaMU Haii,neHO 94 C06biTUJI /5,7±0,60/o C N h ;::: 24, B TO BpeMJI KaK 
,!J;llJI npOTOHOB 25 r3B UX /3,0±0,4/o/o, 'ITO B paMKaX KaCKaJJ;HO·ucnapu-
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tfs 
0 I 2 3 4 5 6 7 8 9 IO 

0 0 77 52 23 I7 IO 8 0 0 0 0 
I 2 79 33 26 5 9 6 0 0 0 0 
2 2 33 36 29 I7 II 5 I 0 0 0 
3 3 I9 34 22 II II 7 3 2 I 0 
4 6 33 25 23 26 I7 5 3 I 3 0 
5 5 I7 I9 36 27 IO II 4 2 0 0 
6 2 IO 32 I7 IO I2 5 I 0 0 0 
7 0 14 18 I2 13 6 ~ I I 0 0 
8 2 9 2 9 8 I2 4 I I 0 0 
9 I 4 6 I3 4 6 2 I 2 0 0 

IO 2 3 IO 9 7 7 5 3 I 0 0 
II 5 6 9 II I4 5 4 I I 0 0 
I2 2 2 IO I3 3 9 5 2 0 I 0 
I3 2 3 6 I2 I5 7 0 I 0 0 I 
I4 2 2 5 II 9 IO I I 0 0 0 
15 0 2 3 7 14 5 5 I I 0 0 
I6 0 0 4 7 6 6 3 0 I 0 0 
I7 I 4 4 5 7 8 2 4 I 0 I 
I8 I I 6 4 4 2 4 I 2 2 0 
I9 0 3 5 I 4 4 3 I 0 I 0 
20 I 2 0 4 8 4 3 2 0 I I 
2I 0 I 4 5 4 2 I 0 I 0 0 
22 I 0 4 3 3 5 3 3 0 0 0 
23 0 I 3 5 3 2 2 I 0 0 0 
24 I 0 2 3 I 0 2 2 0 0 0 
25 I I I I 5 2 I I 0 0 0 
26 0 I 3 2 2 5 2 I 0 0 0 
27 0 0 0 2 I I 0 2 0 0 0 
28 0 0 3 2 0 0 0 2 0 0 0 29 I 0 3 0 0 0 I 0 0 0 0 30 0 2 I I 0 2 0 0 c 0 0 3I 0 0 0 0 I 0 0 0 0 0 0 32 0 I I I 0 .0 0 0 0 c 0 33 0 0 I 0 I 0 0 0 0 0 0 

rrh a. 0 0 I I 0 0 0 0 (; 0 0 35 0 2 0 0 0 0 0 0 0 0 0 

PHC. 1. Pacnpe,IJ;eneHHe co6LITHH no qHcny Nh B 3aBHCHMOCTH OT 
qHCJla JlHBHeBbiX qacTHD; N s· 
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PHc.2. a/ Pacnpe.neneHHe scex co6hiTHi no 'IHCJIY JIHBHeBhlx qacTHU. 
ropH3dHTaJILHhle qepTO'IKH - HaH.IIY'IWee pacnpe,neJieHHe. IIyaccoHa, 
cooTseTCTB}'IOIUHe MHHHMYMY _X 2 .6/ . Pacnpe.neneHHe co6hiTHi c N 6 ~ 7 
no 'IHCJiy JIHBHeBhiX qacTHU N s · s/ Pacnpe.neneHHe KBa3HHYKJIOHHhiX 
co6LITHi no 'IHCJiy JIHBHeBhiX qacTHU N s • 
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1\ -
• 

Pac. 3. Pacnpe,lleneaae 1650 coowTal no 'IBcny cne,lloB N11 • To'IKB -
6618 B3&BMOJleiCTBBI' npOTOBOB 25 r3B C .RJlp&MB 3MYnbCBB ,,_JO~aop• 
MBpOBaHO Ha 1650 COOWTBI/ • 

., 
• 

. j 

Pac. 4. 3asacauocTb <N
1
•
1
> npa .ll&HHOM 'IRene nasaeswx qacTau; N • • 

racTorpauua - pac'leT 2 .R,IlepHOI'O xacxa,lla D - .R.IlPO 3MynbCBB 
npa 3Bepraa 5 r3B/BYKnOH. To'IBOCTb pac'leTa =5~. 
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TellbHOB MO,nenH MO:lKeT paccMaTpUBaTbC.R KaK yKa3aHUe Ha pa3BUTUe 
a HaweM cnyqae KacKa,na U3 ,nayx ueHTpoa. 

113 puc. 1 cne,nyeT, 'ITO pacnpe,neneHue no N h ,nn.R N s =0 pe 3KO 
oTnuqaeTC.R oT pacnpe,neneHu.R ,nn.R N s =1. Ka3anocb 6LI, 'ITO pa3HU¥ 
B OAHY llUBHeByiO 'laC TUllY He ,D:On:lKHa 'J'aK CUllbHO BllU.RTb Ha ucnycKaHUe 
Me,nneHHLIX qacTuu. AHanoru'IHa.R KapTuHa Ha6mo.naeTCR u npu pacmen
neHuu 11,nep npOTOHaMU 25 r3B 19-lO{qTo; O,D:HaKO, He 6binO OTMe'leHO 
a npe:lKHHX ny6nHKaUHJIX. Cpe,nHHe :lKe aenH'IUHbl <N g > H < N h > ,nn.R N s =0 
npaKTH'IecKu coana,naroT co cpe,nHUMU xapaKTepucTHKaMu acero Ha6opa. 
,lJ;nJI co6biTUB c N s > 1 3TH aenU'IUHbl MOHOTOHHO pacTyT c Ns · Jlyqwe 
BCero 3TO MO:lKHO rrpocne,nuTb Ha 3aBUCUMOCTU <NiNJ'/cM. puc. 4/, 
a TaK:lKe cpaaHUTb ee c xacKa,nHLIMU pac'leTaMu /2/ . CKa'IOK npu ne
pexo,ne OT Ns =0 K N s .. =1 ,na H. ,nanLHeBwHi xapaKTep JaaucuMoCTH 
He cne,nyiOT 3TUM pac'leTaM, XOTJI Cpe,nHHe 3Ha'leHHR6nU3KH <Ng SKcrt= 
=2,47±0,13, <Ng pacq>=2,7 

4. YzAoe&re pacnpeoeAenuJi 

~ Yrnoabie pacnpe,neneHUJI nuaHeBLIX qacTuu .nnn acex co6LITHB u ,nnJI 
KBa3HHYKllOHHbiX co6biTUH, npuae,neHbl Ha puc. 5. Yrnbi e y, ' co,nep
:lKamue nOllOBUHY BCeX .'laCTHU, paBHbl 27,5 H 16 ° COOTBeTCTBeHHO, 
npu'leM nepaoe JHa'leHue coana,naeT c paccquTaHHLIM no Mo,nenH JI,nep
Horo KacKa,na I 2l. Yrnoaoe pacnpe,neneHue JIHBHeBLIX qacTHU, HMeiOmux 
yron MeHLWe 5°, HMeeT,pe3l<UB nUKBUHTepaane,no1,5° /puc. 6/, 'ITO 
yKaJLiaaeT Ha cymecTaeHHYIO ponL CTpunnuHra a Mexanu3Me reHepauuH 
JIUBHeBbiX 'laCTUU 112,131. ; . . 

Yrnoaoe pacnpe,neneHHe qacTHU npoMe:lKyTO'IHhlx 3HepruB: /"cepLie" 
cne,nLI/ npuae,neHo Ha puc. 7. Auanoru'IHLie pacnpe,neneHUR ,nn.R aJaHMO
,neii:CTBUB TT- - Me30HOB 60 r3a/c U npoTOHOB 20,5 r3a/c 6biJIU 
onucaHbl I 141 3Mnupu'leCKOB «<JopMyJIOB au,na exp (a cos e) ' r.ne a 
=0,96, KpuaaJI ,nnJI KoTopoB: npuae,neHa ~):(eeL :lKe. Mo:lKHo aH,neTL, 'ITO 
yrnoaLie pacnpe,neneHu.R "cepLix" cne,noa He 3aBHCJIT OT 3HepruH u npH
po,nLI HaJieTaiOIUUX 'laCTHU. 

Yrnoaoe pacnpe,neneHue Me,nneHHLix qacTuu /"qepHLie cne,nLI"/ 
noKa3aHo Ha puc. 8. II8:~aMeTp acuMMeT~uu A = (F -B)I(F + B) 
=0,145±0,004. /3.necL F u B ~ <1-ucrio qacTuu, ucnycKaeMLIX a ne
pe,nHIOIO H Ja,nHIOIO nonyc«<JepLI/. Yrnoaoe pacnpe,neneHue Me,nneHHLIX 
qacTUU ,nnJI• co6LITUB c N ~ 24 ue oTnH'IaeTCJI OT npuBe)J.eHHoro· ,nnJI 
acex co6LITHH. 0TMeTu·M T~K:lKe cernacue c pac'leTaMu l:z! B ~ , ,nnJI 
N N . 

g U h 
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Puc. 5. MHTerpanbHoe yrnoaoe pacrrpe,neneHHe nHBHeBbiX qacTHU H3 
H,nepHbiX/IIYHKTHp/H KBa3HHYKllOHHblX B3aHMO,IJ:eHCTBHH. 

N 

300 

200 

-'100 

PHc. 6. Yrnoaoe pacrrpe,neneHHe nHBHeawx qacTHU c yrnoM awneTa 
MeHbiiie 5°· 
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... 
Pac. 7. Yrnosoe pacnpe.QeJieHBe "cepwx" cne.Qos. OJI,BHaJI KPHBaJI • 
3aBBCBMOCTh BB.Qa COliS I+ e~ (a. cos() ),r.Qe a

0 
=.0,96/ 14 . 
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Puc. 8. YrnosLie pacnpe.n;eneHHJI "qepHLIX" cne.n;os scex co6LITHB H co-
6b1THB c Nb ~24 /ITYHKTHp/. 
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5. YzAOBble KoppeAJif#UU 

flony'leHbl pacnpe,IJ,eJieHHJI no yrnaM Me)I(,IJ,y napaMH 'laCTHU O,IJ,Horo 

THDa. )J.JIJI JlHBHeBbiX 'laCTHU H 'laCTHU npoMe)l(yTO'IHOH 3HeprHH Ha6mo

,IJ,aeMOe yBeJIH'IeHHe 'IHCJia KOM6HHaUHB C MaJibiMH yrnaMH ecTeCTBeHHO 

06'bJICHJieTCJI npeHMYIUeCTBeHHbiM BbiJieTOM 3THX qacTHU Bnepe,IJ,. )J.JIJI 

Me,IJ,neHHbiX qacTHU /46839 nap/ Ha6mo,IJ,aeTcJI 6onee pe3KHii nHK snepe.IJ., 

a TaK)I(e nHK Ha3a,IJ, /pHC. 9/. 

)J.JIJI C06biTHii:, HMeiOIUHX TOJlbKO O,IJ,Hy JlHBHeByiO qacTHUY H mo6oe 

'IHCJIO ,IJ,pyrHX 'laCTHU, 6biJ10 C,IJ,eJiaHO npe,IJ,OOJIO>KeHHe, 'ITO 3Ta JlHBHeBaJI 

'laCTHUa ecTb nepBH'IHbiH ,IJ,eHTOH, HCnbiTaBWHH ynpyroe pacceJIHHe Ha 

HyKnoHe JI,IJ,pa. Tor,IJ,a, 3HaJI 3HeprHIO nepBH'IHoii qacTHUbl, no yrny 

swneTa JIHBHeBoi qacTHUbl MO)I(HO Bbi'IHCJIHTb HanpasneHHe npe,IJ,nonara

eMOrO HYKJIOHa OT,IJ,a'IH, a 3aTeM yrJibl BCeX OCTaJibHbiX 'laCTHU OTHOCH· 

TenbHO 3Toro HanpasneHHJI. Pacnpe,IJ,eneHHe ,IJ,JIH HHX npHBe.IJ.eHo Ha 

pHC. 10 H o6Hapy)I(HBaeT KOppeJIJIUHIO C TaKHM HanpaBJieHHeM/napaMeTp 

acHMileTpHH A =0,23±0,03/. 

)J.JIJI .IJ.BYXJiy'leBWX C06biTHH Bbi'IHCJIJIJICJI napaMeTp KOMnJiaHapHOCTH. 

)J.JIJI KOMnnaHapHbiX C06WTHH OH ,IJ,OJI)I(eH CJie,IJ,OBa Tb pacnpe,IJ,eJieHHIO. 

X 2 npH O,IJ,HOH CTeneHH CB060,IJ,bl. flony'leHHOe pacnpe,IJ,en_eHHe noKa_3bl· 

BaeT, 'ITO B 3Ha'IHTeJibHOB ,IJ,OJie ,IJ,ByXJiy'leBWe C06WTHJI KOMnJiaHapHbl. 

)J.JIJI KOMnnaHapHbiX C06WTHi 6wn Bbi'IHCJieH KPHTepHi cornaCHJI C KHHe

MaTHKoii yn~yroro pacceJIHHJI, pacnpe,IJ,eneHHe .IJ.JIJI KOToporo, o,IJ,HaKo, He 

CJie,IJ,yeT X pacnpe,IJ,eneHHIO H OKa3aJIOCb npaKTH'IeCKH paBHOMepHbiM, 

'ITO, B03MO>KHO, CBJI3aHO C c)epMHeBCKHM ,IJ,BH)I(eHHeM HYKJIOHOB B JI,IJ,pe. 

6. 3aKAIO'I€HUe 

06Hapy>KeHo cxo,IJ,CTBO pacnpe,IJ,eneHHJI no Nb c aHanorH'IHWMH 

pacnpe,IJ,eneHHJIMH npB B3aBMO,IJ,eiCTBHJIX C JI,IJ,paMH npOTOHOB 25 r3B. 

flpB conocTaBneHBH c pac'leTHbiMH ,IJ,aHHWMH / 2/ o6Hapy)l(eHo cor na

CHe yrJIOBbiX xapaKTepBCTHK B 3Ha'leHHJI <N 5 > H paCXO)I(,IJ,eHHe ,IJ,JIJI <N
11
> 

H 3aBHCBMOCTH < N ( N )> . 
If s 

Yrnoswe pacnpe,IJ,eneHHJI "cepblx" cne,IJ,oB npH paciUenneHHH JI,IJ,ep 

,IJ,eHTOHaMH, TT- ·Me30HaMH B npOTOHaMH BbiCOKHX 3HeprHii He OTJIH'Ia

IOTCJI ,IJ,pyr OT ,IJ,pyra. 

06Hapy)l(eHbl KoppenJIUBH B yrnax Me)I(.IJ.Y cne,IJ,aMH Me,IJ,neHHblx qac

THU, He 06'bJICHJIIOJUHeCJI MO,IJ,eJibiO HCnapeHHJI. 
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Puc. 9 .. Pacnpe.IJ;eJieHHe no yrnaM Me)f(.IJ;Y aceMH napaMH "qepHblx" 
CJie,IJ;OB. 
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50 

-t 0 +I 

cosS 

Puc. 10. Yrnoaoe pacnpeneneaue "cepblx" u "'lepHbiX" cnenoa oTuo· 
cuTen~aao aanpaaneHHR BblneTa HYKnoua OT.Qa'lu npu ynpyroM D-N -
pacceRHHH a co6biTHRX c N s =1. 

' 
• 

• 

Puc. 11. Pacnpeneneaae nayxny'leBbiX co6biTBi no napaMeTpy KOMnna
HapHOCTB B KpHTepB~. cornaCBI C ynpyrol KBHeMaTBKOB /nyHKTBp/. 
To'IKB - O>KH,QaeMoe pacnpeneneaae nn• X 2 . 
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Cpe~H ~syxnyqesbiX co6b1THH 3Ha'IHTeJILHYJO ~omo cocTasmnoT 
KOMITJiaHapHbie C06biTHB, 1He Y~OBJieTBOpBIOIUHe, O~HaKO, KHHeMa THKe 
ynpyroro pacceBHHB. 
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