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Coo6maroTCH .HeKOTOpbie pesynbTaTbi HccneJloBaHIHI o6pasoaaHHH "'eTbtpex 

CTpaHHblX "18CTHU B K8CK8JlHbiX npoueccax, Bbi3B8HHbiX CTOIIKHOB9HHHMH 

rr~-M930HOB C HJlp8MH yrnepOJl8o B H8CTOHIIIee Bp9MH npaKTH"'9CKH OTCyTcT

ByiOT CB9Jl9HHH 0 nOJl06.HbiX B38HMO)leitCTBHHX - HX C9"19HHHX1 yrllOBbiX H 

HMnyllbC.IIbiX xapaKT9pHCTHK8X o6pasyiOIIIHXCSI "18CTHU H T,n. 

ITpH H3y"'eHHH asaHMOJleAcTBHA rr--Mesoaoa c HJlpaMH yrnepoJla Ha 

MeTpOBOA npona.HOBOA KaMepe na6opaTOpHH HJl9pHblX 
/1/ 

npo6neM npH P ,r = 
/2/ 

5 rsa/c 6blllH OT06pa.Hbl C06biTHSI C JlBYMH H 6onee yo -"'aCTHU8MH B KO-

' H9"'HOM COCTOHHHHo 

B pesyn~:>TaTe npocMoTpa H H3MepeHHA 230000 4>oTorpa4>HA 6blllO 

HaAJleHo H HJleHTHtPHUHpoBaHo 32 co6biTHH c JlBYMH A0 
-rHnepoHaMH - co6bi:

THH THna , A
0 

A
0 +. • • ': 

' 
._11'3-38 norpeWHOCTeA H3MepeHHA "18CT_b V0 -"18CTHU HJl9HTHtPHUHpyeTCH 

HeoJlH03Ha"'Ho, T.e. H KaK Ao 1H KaK K
0 

• ITosToMy Bee co6biTHH THna 

,A
0 

A0+ ••• "6blllH pas)lelleHbi Ha JlBe rpynnbi: A - o6e Y0
-"'aCTHUbi HJleHTHtPHUH-

poBaHbi- OJlH03Ha"'HO - KaK A 
0 

-rHnepoHbii B OJlHa Y
0

-"'aCTHUa HJleH-

THtPHUHpoaaHa OJlH03Ha"'.HO - KaK A 0 
-rHnepoH, a BTopaH - HeoJlH03H8"1Ho, 

OJlHaKo, no CBOHM Ka"'eCTBeHHbiM xapaKTepHCTHKaM oHa 6nH>Ke K A 0 
-rHnepo-

HY: 
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1) (p_ /p+ )yo < 0,3' 

2) X~o <X~ 

OueHKa npnMecn K
0 

-MeaoHoB B co6biTR.IIX · rpynnbi B nponaBo.nnnacb 

cne.nyiDIIlRM o6paaoM. BbinR B3HTbi 2-ny'leBbie ,'11-P "-co6biTRH c Heo.naoaHa'IHO 

n.neHTn¢nunpoBaHHoil: yo -qacTnueii:, RMe10meil: xapaKTepncTRKR rpynnbi B. 

3Tn co6biTR.II aaannaHpoBanncb nporpaMMoil: .. fit -KaaanoB peaKunil:" .nBam.nbi: 

1) c yo -qacTnueil: - KaK Ao -rnnepoHoM; 

2) c yo -'laCTRlleil: KaK Ko -MeaoHoM. 

B' peayni:ITaTe TaKoro aaannaa 6i.wo· ycTaHoBneao, 'ITO .non.11 K 0 -Me

aoHoB cpe.nn HeO.llHOSH8'1HO R.lleHTR¢RURpOB8HHbiX yo -'ISCTRU COCTaBnHeT 

.. 10% (no 14c fit .:.:co6biTR.IIM). 3ToT peaynbTaT xopomo cornacyeTcH c 
/8/ 

.ll8HHbiMR .llPYI"RX pa60T • 0CHOBbiB8.11Cb Ha T8KOil: OUeHKe Mbl C'IRTaeM 1 'ITO 

npnMeCb K 0 -MeaoaoB BO Be ex co6biTHHX THna A 0 A0 + ••• He npeBbiiilaeT 4%. 

Bbin oueaea ¢oH "'cnyqail:aoro aanomeHHH" - Kor.na ·yo -'lacTnua, oTao

CHIIlaHCH K O.llHOMY B38RM.O.lleil:CTBR101 na-aa 6onbiiiOI"O 'IIICna C06biTRil: Ha 

Ka.npe ( > 4) R norpeiiiHOCTeil: R3MepeHIIil: MOmeT 6b!Tb R.lleHTR¢IIURpOB8H8 
"' 

R OTHeCeHa K .npyroMy B38RMO.lleil:CTBR10a. llononHIITenbHbiil:. npOCMOTp II' R3Me

peliiiH 2500 co6biTHil: c o.naoil: n .llBYM.II yo -'laCTl!Ua~m noKaaanii, 'ITO ¢oa 
. x/ 

"cnyqail:aoro aanomeHR.II" ~ 0,2% • 

HaKoHeu, 6bin paccMoTpea ¢oa, BbiaBaliHbiil: BaKyyMaoil: pereaepau11eil: 

K
0 
-MeaoaoB, T~e." npoueccaMn Tnna 

A 

~ 'It Ao o B 
-+ 1 + K + ·_: • Ko. + fJ 

KO:"'*·. Ko 

----------------------~~ 

0 

.... A,. + ••• 
..; 

x/ . . "AOAO .·" Co6biTRH Tnna .. H · + ... ·. 6bmll cneunanbao npocMoTpellbi1 n ae 6bmo 
}l8il:.lleliO liR O.llHOI'O .llpyroro B38RMO.lleil:CTBII.II ( BKn10'18.11 aeil:Tpanbllbie 3Be3.llbi) 1 

K KOTOpOMY MOmeT 6b!Tb OTlleCeH XOT.II 6bi O.lliiH R3 A 0 
-rllnepOHOB, 
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npH aTOM He06XOJlHMO, 'I{T06b! B3aHMO)leiiCTBHe E "He Ha6mo)lanocb' 

( Toe• He conpOBO>K)lanOCb o6paaoBaHHeM BTOjJH"iHbiX aapSDKeHHbiX "iaCTHU) 1 a 

A; -rHnepoH Mor 6b!Tb HJleHTH<jmuHpoBaH KaK oTHOCSIUIHiicst K aaaHMoJleiicT

BHIO A. 

Ha ocHoBaHHH aKcnepHMeHTanbHbiX JlaHHbiX no o6paaoaaHHIO A° KC!nap 

( HMnynbCHbie pacnpeJleneHnst Ko -MeaoHoB, ce"leHnst nx aaaHMOJleiicTBHst, 

JlnHHbl nponeTa JlO pacnaJla) 6bmo oueHeHo "lncno co6biTnii Tnna. "A 
0 

A 
0 + ... ", 

o6ycnoaneHHbiX aaKyyMHoii pereHepauneii K
0 

-MeaoHoB. 0Kaaanocb, 'iTO BKnaJl 

no)lo6HbiX aaaHMOJleiicTBHii Man ( "' 3%). Bee Bbiruenepe"iHCneHHoe noaao

nsteT. c~nTaTb, 'iTO B co6biTnstx Tnna "A 0 A 0 + ••• " : 

1) o6a A 0-rHnepoHa o6paaoaamiCb B OJlHOM SIJlpe; 

2) JlOnSI K 0 -MeaoHOB He npeBbiiUaeT 4%. 

PaccMoTpnM Tenepb B03MO)I(Hbie Me?CaHH3Mbi . o6paaoBaHHst JlBYX A~rn

nepoHoB npH aaanMoJleiicTBHH rr -MeaoHOB c stJlpaMH yrnepoJla. TaKne co-

6biTHst MoryT o6paaoBaTbCst B peaynbTaTe xacm JlHbiX npoueccoB Tnna: 

I. rr- + N ... a K K + ... a - uenO"iKa) 

L_ + N --.. A~ +A~ + ••• 

II. TT- + N ... A; K TT + ••• 
1.----+N ... A~ + K + ••• , 

rr - ueno"iKa) 

npOHCXOJlSIUIHX B stJlpe yrnepoJla, 

Ha ocHoBaHHH )laHHbiX no po)I(JleHHIO ::. -rnnepoHoB B rr-p -aaanMo-
. /4/ 

)leiiCTBIISIX npn p - =5 faa/ C 1 a TaK)KO )laHHblX 0 B3aHMOJleiiCTBHH a -
TT /5/ -

rnnepOHOB C HyKnOHaMH SIJlEJl Mbl OUeHHnH KOnH"ieCTBO C06b!Tllii '~rT +C ... 

... A 0 +A 0 + ... ~, o6ycnoBneHHoe KaCKa)lHblMH npoueccaMH Tnna 1 ( a -ueno"iKa). 

3aTeM, ncnonbayst 3Ha"ieHnst ce"ieHnii peaKunii rr- p ... Y K + ••• 

(rJle Y .. A0
, I , Y* ••• ) B HHTepaane nMnynbcoB rr- -MeaoHoB ( 1,5-t4,2) 

/6/ . 6 , - C. Ao Ao , faB/C 1 Mbl OUeHHnH O)J{ll)laeMOe "iHCnO CO b!Tllii TT + ... + + .. • 1 

Bbi3BaHHbiX KacKaJlHbiMH npoueccaMn Tnna II ( rr -ueno"iKa). 3To 'iHCno 6bino 

OTHOpMHpOBaHO no "iHCny aaperHCTpllpOBaHHbiX C06biTHi1 B TeX KOHe"iHbiX 

COCTOSIHHSIX, rJle BKnaJl " a -ueno"iKH" MHHHManeH ( < 1 C06biTHst). 
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J/1]~ 
nrr 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

ro. 
II. 

I2. 

D. 
I4. 

B Ta6nH~e I npe~cTaaneHH pe3ynDTaTH HamHX o~eHOK H COOTBeT-
CTBYD~He 3KCOepHM8HTanDHHe 3Ha'IJeHHHX/ ' 

Ta6mr~n I 

KoHe'IJHI>Ie pe- N Olirn)l;. N OJ!I:H,lt. N Olll:l1,lt. N 3KCOe- XX/ rr1cTpHpyeMue • rr-KaCK~ . E KaCKa)l; ITOJIHOe PHM. 17 MKO COCTORHl1lt C HOp~.mp. A+E 

1\o 1\o K o K o I O,I I, I 0 
1\o /\a Ko(O) 4 0,2 4,2 I+I I7,8,:ti2,5 
1\o A o Ko K+ 2 I 3 I+I I7,8,:ti2,5 
f\Of\0 (+,0) 4 3 7 5+2 2I,3,:t8,0 

' f\0 f\0 (+. +) 4 I -s I+I 6, I,:t4, 3 
f\0 f\0 (0,0) 4 o,s 4,5 I2+7 58, I,:tD, 3 
1\o A o + ... rronH. 25 20.12 98,I,:ti7,3 

-1\oKoKoKu o,s - 0,5 I ;:,49,6 
1\o Ko Ko(O) 4 O,l 4,I 5 85, O,:t38, I 
1\oKoKoK+ I - I 2 33,9,:t24,0 
Aor." Ko(O) r - I I ;1: 5,9 
1\o l:- Ko (0) 2 - 2 0 

' 1\o Ko Ko K- I - I I ?' I7, 0 
Ko Ko KoKo o,I - o,I 0 
Ko Ko j(o (OJ I I I :>32,2 

OE03HAtffiHIDI: (0) - He 3aperHCTpHpoaaH Ko -Me30HJ ( +0) - He 
3aperHCTpHpOBaHH K+- H Ko -M830HH, HO B. C06HTHH 8CTD H8H~8HTHifJH
~HpOBaHHHI Tpex OOnOlrHTenDHO 3apltJ:8HHOI. 'IJaCTH~, KOTOpalt JlOJ:eT 
6HTD K+-Jl830HOMJ (+,+) -He 3aperHCTpHpOBaHO ~Ba K+ -Jl830Ha, HO 
B C06HTHH eCTD: ,ltBa HeH~eHTHifJH~HpoaaHHHX Tpexa nonOJ:HTenDHO 3aplt
J:eHHHX 'IJaCTH~, ROTOpHe MoryT 6HTD K+ -Me30HaJlHJ (0,0) - ~e 3ape
rHCTpHpOBaHO ~Ba K0 -M630Ha. 

_ . X/ O~eHKa 'IJHCna. Ka,i)Ka~HHX B3aHMO~·eiJCTBHI, BH3BaHHHX 'OPHM8CDD 
K -ll830HOB B OY'IJKe " 1 OOKa3ana,, 'IJTO ~OnH TaRHX B3aHMo~el!CTBHI B 

C06HTHIIX THOa "JI.oAo+ •. .'"He Opea&maeT J%. · ... ' ' .· 

. XX/IlpH BH'IJHcneHHH C6'1J6H~I: I)· He BBO~HnOCD rrorrpaBRH Ha He3a
perHCTpHpoaa~HHe 'IJaCTHn&; 2; yxa3aHH(TonDRO cTaTHCTH'IIecxHe no
rpemHOCTH{ 3) uo =0,744 wx6/co6&THe 6e3 yqeTa aifl!fleKTHBHOCTH p~ 
rHCTpa~HH). 
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Bemt"'RHbi N Jlnsr rr - 11 E -ueno"!eK oueHIIBanllcb TaK>Ke no 
0~ 

<jJopMyne ( 20) pa6oTbi • ITony"!eHHbie SHa"!eHIIH xopomo coril:acyroTcSJ c 

nimseJleHHbiM 11 B Ta6n11ue 1. 

KpoMe Toro, HaMil 6bma npoBeJleHa x 2 
oueHKa JlaHHbiX Ta6nHilbi 1. 

nnSJ Bcex KOHe"!HblX COCTOHHIIA, sa IICKniO"!eHIIeM , A0 A 0 (0,0)+ ••• , ' Mbl 

nony"lllnll x.2 
=13,3 npn O>KIIJlaeMoM 13. Ecnn BSSJTb N=O,B, 1,511 ~ N , 

O>KHJl, 
TO SHa"!eHIISJ )( 2 paBHbl 6, 5311 97 COOTBeTCTBeHHOo :Bee aTo, KaK HaM Ka-

>KeTCSJ, CBRJleTenbCTByeT 06 onpeJleneHHOA HaJle>KHOCTII nony"!eHHhlX HaMil 

oueHOK N ( Ta6n. 1) • 
O>KIIIlo 

TaKRM o6pasoM,npiiBeJleHHbie B Ta6n11ue 1 pesynhTaT:bi npe>KJle scero 

noKaSbiBaiOT, 'ITO npoueCCbl C o6paSOBaHIIeM 'IJeTbipex CTpaHHbiX 'IJaCTIIU B 

" TT . -yrnepoll"' BSaiiMOJleACTBIISJX npR aHepi'IIII B HeCKOllbKO, faB IIMeiOT 

saMeTHbie Ce'IJeHHSi, 6onbiii11HCTBO RS KOTOl;lbiX BnepBbie IISMepeHo B JlaHHOA 

pa6oTe. 

06pamaeT Ha ce6sr BHIIMaHRe HeKOTOpblfi RS6biTOK ( ... 8 CTaH]lapTHbiX 

OTKnoHeHnsr) Konll"!eCTBa co6biTIIA "A0 
A

0 
(0,0)+ ••• "no cpaBHeHIIIO c O>KIIJlaeMbiM 

'IJIICnOM KOHe"!HbiX COCTOHHIIA nOJl06HOI'O Tllna. 

BosMo>KHOCTb o6~srcHeHIISJ aToro srBneHRH sa C"!~T TaKIIX npoueccos 

KaK: 

' 
2) rr-+N -+E K K' 

1 
• + N -+If + A 0 + rr'' 

3) 

4) -+A° K rr 
-+ N .. A 0 + K + TT ' 

no-BRJlRMOMYt MO>KeT 6b!Tb RCKniO"!eHa. 
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.UettcTaRTenhH01 xax noxaaano Mo.nenRpoaaHHe peaxuiiA ( 1-4) 
1 

Bbmon-

H9HHoe C nOMOlllblO nporpaMMbl FOWL 
1 yron paaneTa A 0 

-rHnepoHoB 

B peaxuHR (1) aaxnro~eH B npe.nenax 

BO 3aperHCTpHpOBaHHbiX C06biTHA THna 

0 
8 AA =60 -90 1 Tor.na xax 

"A
0 

A
0
(0,0)+ .. 'ifMelOT ®AA 

xpoMe Toro1 pac~~THbie pacnpe.neneHHH SlP.PexTHBHbiX Mace M AA 

60.IlblllHHCT

< 60°; 

B peax-

UHHX (1-4) 3aM9THO OT.IIH~alOTCH OT 8Ha.IIOI'H~HOI'O pacnpe.neneHHH .ll.IIH aape

I'HCTpHpOBaHHbiX co6biTH1!: (eM. pHc. 1). YxaJKeM1 HaxoHeu
1 
~To ce~eHHH , 

peaKUHA ( 1-4) 1 no HaiUHM OU9HKaM1 C.IIHIUKOM Ma.llbl1 ~T06bi 06'bHCHRTb Ha-

6nro.naeMbii!: H36biTox "A 0 A 0(0,0)+ •• ''Co6biTHA (eM. Ta6nHuy 1). 

O.nHo Ha aoaMoJKHbiX o6'bHCHeHHi!: sToro HBneHHH cocToHT~ B ToM, ~To 

npoHcxo.nRT BaaHMo.nettcTBHe HaneTaromero • -MeaoHa c HyxnoHHbiM xnac-. 

TepoM B H.npe yrnepo.na1 npHBo.nHmee x o6paaoBaHHIO nH6o . .nonroJKRByiUero . . 

MeaoHa, nH6o ocxonxa H.npa co cTpaHHOCTblO S =+2; peaxuHH 5) '~rr- + d " ... 

_. A
0 

+A 
0 

+X ''5mnHeTCH npHMepoM no.no6Horo aaaRMo.neAcTBRH. 

Ha pHc. 2 npe.ncTaBneHo pacnpe.neneHRe no aenH~HHe MM d .nnH aa-

perHcTpHpoBaHHbiX "A0 A!? ••• "co6biTHA, Bbi~HcneHHoA B npe.nnonoJKeHHR
1 
~To 

A 
0 

-rHnepoHbi o6paayroTCH B peaxuHH ( 5); xax BR.nHo Ha pHcyHxa
1 

Ha6nro-

.naeTCH H9KOTOpaH KOHUeHTpaUHH C06hlTHA B o6.naCTH Mace 1,9-21 1 raa. 

KpRBasr ( 5) Ha pHc. 1 cooTBeTCTByeT pacnpe.neneHRIO M AA 
1 
pac~R-

- 0 0 
TaHHOMY .lli:IH peaKURR TT d ... A +A + X npH M X =119-2,1 raa. 

HanR~Re H36biTO~Horo (no cpaBHeHHJO c OJKR.naeMbiM) ~Rena ."AoAo(O,O)+ ... 

C06biTHi!: BMeCTe C peaynbTaTaMR1 npe,ncTaBneHHbiMR Ha pRC, 1 R 2
1 

He 

npoTRBope~aT1 Ha HaiU B3I'.IIH.ll1 B03MOJKHOCTH o6pa30BaHRH .llO.III'OJKRBYll19I'O 

HeATpanbHOI'O M930Ha c M .. ( 119-211) raa H s =+2 npR B3aRMO.neACTBRR 

TT -Me30Ha C "'KBa3H.lleATOHOM 11 B H.llpe yrnepo.na •. 

B HacToHmee apeMH npo.nonJKaeTcH Ha6op cTaTHCTHKH "A0 A0 + ••• " 
+ 

,Ao~- , 
C06biTRi!:1 a TaKJKe H3y~eHlle Jl ~ +... KOHe~HbiX COCTOHHH1!:. 
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N 

MSfJf 
Ill\ 

.~~~~~~~~~~~~~-
·~ 

Puc. 1. CrreKTP a<jlcjleKTHBlihiX Mace ·llBYX Ao -rnrrepol!oB. 9l coobiTHH ,Tnrra 
, A 0 A0 (0,0) , c e M < 60 ° • ~ COObiTHH THIIa "A oAo (0,0) c eAA > 6() 0 

I 

0 OCTanblible COOb!THH. KpHBb!e COOTBeTCTBYIOT MOJlennpoBaliliblM peaK- . 

UHHM ( 1-5) (He liOpMnpoBal!bi) • 

11 

Pnc. 2. CrieKTP HeAocTaromnx Mace · MM d K JlBYM aaperncTpnpoBaHHhiM A 
0 

-

rnrrepoHaM, rrony'ieHHhiii B rrpeJlrrono)l{eHim, 'iTO A 
0 

-rnrrepoHbi o6paaoBanncb 
B peaKunn TT- + d-+ Ao +A0 +MM d. ~ ~- COObiTHH, T~rra "A0 A 0 . (0, 0) c 
0M<60° ,~ -·co6biTHH.THIIa'A0 A 0 (0,0). c''0J\A ,2:60°. 

0 - ocTanbHbie coohiTnn. 
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B saKmoqeaRe abTOpbi Bbipa>KaiOT rnyooKyiO onaro.napaocTb B.M. IToH

TeKopso, C.M. BRneHbKOMy, n.H. nanR.nycy J{ M.H. ITo.nropeuKoMy sa nones

Hbl9 SaMe'iaHR.II J{ OOCY>K.ll9HR.II, a TaK>Ke 6naro.nap.IIT oonhWYIO rpynny naoo

paHTOB nRIT J{ nBT A sa RSMepeHR.II J{ oopaOOTKy SKCnepRMeHTanbHblX .naHHbiX. 

ABTOpbl npHSHaTenbHbl COTPY.llHHKaM OT.llena CRHXpo<flasoTpol:la nBs. OHSJH, 

ooecne'iRBWRM pe>KRM oony'ieHHH nysbiphKoBoil: KaMepbi, a TaKme coTpy.nHR

KaM RS,IlaTenbCKOI'O OT.llena, ooecne'iRBWRM CB09BpeM9Hl:lblil: BbinYCK .llaHHOil: 

paooTbi, 

nRTepaTypa 

1. A.B. BoroMonoa, IO.A. By.naroa, A. T. B aarnel:IKo, B.IT • .llmenenoa, H.H • .llhH

KOB, B.r. HBal:loB, B.c. Kna.llHHUKRil:, B.H. nenHnoB, 10.4>. noMaKRH, B.H. 

B.H. MocKaneB, B.B. CZ>n.III'.Rl:l, T.H. illeTeT, rr.B. illn.IIITHRKOB. ITT3, .L 
61, 1964. 

2. B.C. Kna.nHRUKRil:, B.B. 4>nHrRH. ITpenpRHT OHSJH, 1501, .lly5Ha, 1964. 

3. M.P. ATaHl:l, )K,K. KapaMHH, A.A. KysHeu oa, H.H. MenhHRKoBa, B. lJa.n

paa. ITpenpRHT OHHH, 1-3779, .lly5Ha, 1968. 

4. IO.A. By.naroa, B.B. BRHorpa.nos, A.r. Bono.nhKo, B.rr • .llmenenoa, B.CZ> • .lly

- weHKO, B.C. Kna.nHRUKRi!:, 10.4>. noMaKRH, r. MapTRHCKa, B.B. CZ>n.III'HH, 

rr.B. illn.IIITHRKOB. ITRCbMa )K3T4>, lL 28, 1970. 

5. G.Boutang and P.Beilliere. Preprint Ecole Polyt, Paris, 1969, 

6. 0.1. Dahl, L.M. Hardy, .R.I. Hess, J. Kirz, D.H. Miller. Phys. Rev,, 

163, 1377, 1967. 
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PHc. 3. Po)KJleHHe 4-x cTpaHHbiX 'laCTHU s "-C -cTonKHoBeHHH: 

1T + c ... Ao +Ao o + o +K +K +TT +. 

1\~ /\~ {\- f) 1\ 
p+ 1T p +TT 1T +TT 1T +l10 y + }:' 

~+ ~- ~-p. +v e e e e 

~ 
e+ +v~ 
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