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nporpeCC S!Il9pHOfl cpH3HKH H B qacTHOCTH tPH3HKH :me!>-49HTBpHbiX qaCTHU B 3Haqwrenb

HOJI CTeneHH Ol1p9Jl9J1SI9TCSI C03JlBHH9M MOIUHbiX yCKOpHTenell qBCTHU, HeOT'b9MJ19MOli COCTBB

HOi! qacTbiO COBp9M9HHbiX YCKOpHTenell SIBJ1SI9TCSI 3BIUHTB OT pa!lHBUHH, KOTOpBSI OOecneqH

B89T 0930nBCH09 npOB9Jl9HH9 3KCnepHM9IITOB H CHH)!{9HH9 cpoua B M9CTBX pB3M9Ill9IiHSI 

perHcTpHpyiOIUeil annapaTypbi, Xopowo cnnauHpoaafluaSI H acpcpeKTHBHBSI 3BIUI!Ta !lBeT aoa

MO)!{HOCTb HBHOOJtee nonHO H r'HOKO HCnonb30B8Tb YcKOpHT9Jlb Il/ISI cpHaHqeCKHX HCCJ19IlOBa

HHli, C !lpyroil CTOpOHhi, nnoxo cnpoeKTHpOBBHHBSI 3BIUHTB M0)!{9T Ob!Tb cepb93Hb!M HCToq

HifKOM nOM9X npH npOB9Jl9IiHH 3KCnepHM911TOB H orpaUHqHBBTb KBK KOJ1HqeCTB911Hb!9, TBK H 

KBqeCTB9HIIbl9 p93YJlbT8Tbl uayqllb!X HCCJ19IlOBaHHli, 

TeuneuuHR K coa!laHHIO ycKopHTeneil qacTHU 6onee BbiCOKHx aueprHl! H ua ace 6onb

lllHe TOKif npKBOilHT K TPMY, qTo B auaqHT9JlbiiOil CTeneUH yaenHqHBBIOTCSI KBK pa3Mepbl 

3BIUHTIIbiX 3KpBIIOB, TBK H HX CTOHMOCTb, JlnR BblllOJ1H911HSI OOOCIIOBBHIIbiX pacqeTOB 3BIUH-

1"bl nOSIBHJlBCb I1900XOilHMOCTb B HB!l9)!{110il H noJJHOl!' HHcpOpMBUHH 0 npOHHKBIOIUHX H3JJyqe

HHSIX, B03HHKBIOIUHX npH pa6oTe ycKopHTenell, B aToil CBR3H 6hiJJ Bbll10nHeu H ony6nHKOBaH 

!19llblil pllll paooT, noCBIIIU9HHbiX npoOJ19M9 HBB9!19HHOli pB!lHBKTHBHOCTH, M9TOilOM pacqeTa 

II H3M9p911HII uel!TpOHHhiX noTOKOB OT YCKOpRTenel!, a T8K)!{9 3KCnepHM9HTBJ1bHbiM IlBHdbiM 

00 OCJ1BOJ19HHH nOTOKOB H9l!Tp0110B B 3BIUHT9, 3uaqHT9JlbHBII 'IBC't'C, lliC.CJ19itOB8HHJI H8lllJ18 

oTpa)!{eHKe a Tpy!lax I M9)!{!lyHapO'IliiOil KOHcpepeuuHH no aamHTe ycKopHTeneil Ha 6onbuiHe 

Ill 
aueprHH 

B npe!lcTaaneuuoil IlHccepTauuH o6o6meHhi peaynbTBTbi uccne!loaauull no Il03HMeT

pHH H aaiUHTe OT uanyqeHHli, Bh!l10nHeUIIbie aaTopoM coaMeCTIIO c E.C.C~oiqeabiM, B,H.Me

xe!lOBhiM, B.n.AtjlaHaCb9BbiM H l{)!{oy-wy Ha CHHXpOUHKJ10Tpoue naoopaTopHH ll!l9pllb!X 

npo6neM Ovhil-1 a nepHOil c 1953 no 1963 rr. JlaHHbie, npe!lcTaaneuubie a IlHCcepTauHH, no

cny)!{HJ1H OCHOBOli pacqeTa 3BIUHTbl OT H3J1yqeHHli npOTOHHOr'O penRTHBHCTCKOr'O UHKJ10TpOH8 

/2/ 
ua aueprHIO 700 Mae • 

B rnaae I onHcaua MBTOilHKa H3MepeuuR ueliTpoHHhiX noToxoa H npe!lcTaaneHbi IlBH

Hhie o a 0Ixone H npocTpaHCTBeHHOM pacnpe!leneHHH HeliTpOHOB OT paanuqHLIX MHweueil. 

rnaaa 2 noCBSIIUBHB HCCJ19Il0BBHHIIM OCJ1BOJ19HHII nOTOKOB H9iiTpOHOB 6 3BIUHT9, 

npiiBOiliiTCII 3KcnepHM9HTBJ1bllbl9 IlBHHbl9 0 pacnp9!19J19HHH nnOTHOCTH noTOKOB H9liTpOHOB 

paanHqHb!X 3H9pr'9THq9CKHX rpynn B 3Kp8HBX H3 09TOHB C p33J1HqHblM COCTBBOM H B 3BIUHT9 

H3 CTBJ1H H qyryHa, ]laiOTCSI M9TO!l H peaynhTBTbl pacqeTOB npOXOl!<;lleHHII H9i1Tp0HOB Bbi

COKHX 3HeprHll B 38IUHTe. 
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B rnaae 3 paccMoTpeUbl aonpocbi aKTUaaunu MaTepnanoa, o6opynoaaaug ycKopuTeng 

H B03.Uyxa, a TBK>Ke BOUpOCbl aalUHTbl OT raMMa-RanyqeUUSI naae.nennol! pa.nuoaKTHBHOCTU, 

B aaKmoqeauu npuae.nenhl ocnoanbie peaynbTaTbl u KpaTKUe BblBOtlbl pa6oThl, 

MaTepuan nacTO!IlUeil .nnccepTauuu ocnoaan na pa6oTax
13

-
91

• OcnoBHbie peaynbTaTbl ' 

pa60Tbl 6binU .nono>KeHbl aa Me>K.nynapo.nnoM CUMnoauyMe no aonpocaM ruruenbl Tpy.na 

UpH pa60T9 C pa.UUOaKTHBnblMH B9lU9CTBaMH U HCTOqnHKaMH HOnH3HpyiDlllHX Hanyqe!IHH 

(MocKaa, 1961 r.), a TaK>Ke na Me>K.nynaponnoil Kon<Pepenuuu no ycKopuTen!IM (Dy6na, 

1963 r.). 

I, J-1aMepeHU!I pacnpenenenH!I UOT<JKOB nel!TpOHOB B UOM9lUOnU!IX cunxpOUHKIIOTpona 

OT paanuqnb!X MUWeneli U B 3alURTe npOBOJlHII HCb B OCHOBHOM .U9T9KTOp3MU, yKaaannblMU 

a· Ta6nuue I, 

Ta6nuua 

XapaKTepucTnKa .neTeKTopoa nel!TpOHOB 

No No DeTeKTOp . 3neprug nuanaaoH PerucTpnpyromull 
nn Hel!TpOHOB nel!TpOnOB perUCTpaUIIU nponyKTbl npu6op 

llllOTnOCTU peaKUHH 
noTOKa. 
Hel!TJ20H 

ceK M2 

2 3 4 5 6 

1. <l>onbra. H3 Un.UIISI Peaonanc- YcTanoaKa 
TO/llU,3•10-:.lcM II nag u 

106-1012 
BeTa-l!a- B-2 co cqe-r-

JlUaM, 3 CM Tennoaag nyqeaue qnKoM lellrepa 

2. <l>Oilbl""B U3 UH.UUSI Peaonanc-
106-1012 B lJ:eXne H3 K8.0MHSI nag ~-

_,_ 
3. Ta6neTKa H3 cMecn CunnTnnnRun-

opranuqecKoro cTeKila OHnblJ!. cqeT-
U _cepHHCTOI""O UUnKa > 0,5 Mas 2•10

3
-10

7 
npoTOnhl qHK THUS 

JlHaMeTpOM 4 CM H OT.z:tBqH PH-3 
TolllUHHOll 1,2· CM 

4. a) lpa<iJI!Toaag .nnac- ycTanoaKa 
THna C pa3MepaMH 

to8-lo16 
BeTa-:Ua- B-:.l co cqeTqu-

2x2x0,5cM > 20,5 Mas nyqenue KOM lellrepa 

6) Taep.Ublll cuunTun-

I0
6-to 12 

CuiinTunnRuuon-
ilRTOp JlHaMeTpOM 

_,_ _,_ 
nhll! cqeTqUK 

6 CM U TOillUHnOil 2 CM 

B) )KULtKIIli CUUHTHililRT;p 

5·10
4-to11 06'bOMOM I ilHTp -·- _,_ _,_ 

4 

• 

,J 

' ·I 
~1 
'i 

1 

• 
2 3 4 5 6 

5, YfOHII38UHOHH8SI KaMe- 0cKC.1Kll nene- YcTanoaKa .nn>1 
pa, aneKTpO.Qbl KOTo-

>50 Mas 10
6
-10

10 nlf!l BliCMyTa perncTpauuR 
poil UOKpb!Tbl TOnKifM npoayKTOB .ue-
cnoeM aRcMyTa neHHSI 

6. ToilcTocnol!aag npo.QyKTbl pac-
<iJOTOaMyilbCifSI 

20-10
9 

mennenug gJ:tep MnKpocKon 
K-200 >50 Mas <iJoTOaMyil.bCUU 

Ha puc. I npuae.ueubi peaynbTBTbl uaMepenul! ypoanel! uanyqenng a noMemenugx 

cunxpouuKnoTpona, B neaol! qacTu pucynKa qucna, CTO!IlUUe a6nuau ToqeK uaMepenug
1
oa-

H8t{8IOT: lJ:HCnHTenb - HOMep TOqKH; 3H8M9H8Tenb UOTOK qacTHU B OTnOCIIT91lbnbJX e.nunu-

UBX, _H3Mepennblli C UOMOlUbiD KaMep C BliCMyTOM U rpa<iJUTOBblX UiiB.CTUn, B npaaoil UOIIO

BHne puc. I npnn!ITbi cnenyromue o6oanaqenng: qucnuTenb - noMep ToqKu, nepaoe qucno 

B anaMenaTene - UOTOK 6blCTpblX nel!TpOnOB B C9K na CM 
2

, BTOpOe qUCUO - MOlUnOCTb 

.noah! raf1Ma-uanyqenug a· MKp/ceK. 

2. YrnoBbie pacnpe.nenenn>1 u noTOKU nel!Tponoa Bb!COKUX anoprul! uaMep>!UUCb OT 

6epunnueaoll u CBHHUOBOJI Mnweneil npu o6nyqenuu ux npoTOHBMH c naqanbnh!MU aneprug

MU 660 Mas, 0THOWenue UOTOKa neilTponoa, BbllleTaiDlUHX U3 TOnKOH 6epH111IHOBOli MHWOHU 

B TenecnoM yrne 1,13 CTep B nanpaanenHH .UBI'l>Kenug nyqKa UpOTOnOB K UOTOKy UpOTOnOB) 

cecTaBn!leT aenuquny 0,04- 0,07. Wv.puna na nonoaune BhlCOTbl yrnoaoro pa<;:npenenenug 

neilTponoa c aneprUSIMH 6onee 50 Mas nall.uena paanol! 0,51 :!:_0,02 pa.u, 

0Tnowenue UOTOKa Hel!Tponoa, ilOT!IlUHX B TenecnOM yrne 1,13 CTep H3 TOilCTOJI 

CBHnUOBOli MUWenu, yc;aaoanennoll Ha BnewneM nyqKe n pOTOnoa; K llOTOKy llrJOTOnOB. 

paano 0, 7-0,72, 

PaccqUTBHnble Bb!XO.Ubl KaCKa.z:tnbiX' nel!Tponoa H3 oepllililiiOBOll U CBHnUOBOl!. MHWeneli 

Y.UOBi19TBOpHT9ilbHO CO!""/laCyiDTCR C H3MepellnhlMII BO/lllqunaMH llOTOKOB neJITpOnOB, 

Ha ocaoaaaua pe3yilbT/l.TOB H3Mepenall yrnOBhiX pacnpe.neneHHli nel!Tponoa BhlCOKHX 

aneprall, nonyqennblx na canxpounKnoTpone OHHI-1, a Tai<>Ke na npyrHx ycKopnTenRx 
/4,10-13/ . . . ' 

npoTonoa . , ycTanoaneaa aMnnpnqecKaSI aaaucnMOCTb nn<P<Pepeaunanbaoro ceqeaug 

o6pa3oBaHl!SI aeliTpOHOB 'c aaeprHRMH 6onee 20 Mas du/dU OT.yrna Bbl.'leTa.aeJ!TpOHOB 

11 aaeprnn uanaromnx aa MHWeHb npoToHoa E P • B HHTepaane OT 170 .no 660 Mas: 

du 

dU 

S/4 - ~1 
32· v. :A • 10 

ff<O)·an ·f(O), 
H9liTJ20H • CM

2 

CTep 

3necb v - qncno KBCKa.UHhlx nel!Tpoaoa (E~·20 Mas), o6pa3yromuxcg npn o.unoM ·aeynpy

roM coy.uapenuu· npoTonoa c RJlpoM, BTOMHhlli sec KOToporo paaea A • <PynKUHR yrnoaoro 

pacnpe.uenennR f(O) annpoKCHMHpyeTCR ·cne.nyrolUHM Bbipa>KeaneM: 
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f (0) = E 2/s 

{

cos [ 1,05 .!!__ ] 
0% 

Y,exp{-4,2( 66~) (0-0y,)l 

.o :50 :;: Oy, 

Oy, :S 0 .:S "ll-

2/8 
q ( ~0) ,. rae E• - aHeprHSI 

p 
nonyWHpHH8 yrnOBOI'O pacnpeaeneHHSI 0 Y, pBBH8 

npoToHOB e Mae, a Koacjlcj:muHeHT q paeeH 0,27 anSI !laep 6epHJIJlHSI H 0,3 - anSI A}?. 27. 

8 H3MBpBHHSIX yrJIOBOI'O pacnpeaeneHHSI liOTOKa HBl!TpO!IOB 1 pacceSIHHblX CTBHKBMH 

KOJlJIIIMaTopa, ycTaHoaneHo, 'ITO n.noTHOCTb noToKa Hel!TpoHoa c aHeprHSIMH 6onee 20 Mae 

UponopUHOHBJlbH8 KOTBHreHCY yrna Me>Kay H8llp8BJleHHBM p8CCBSIH!IOI'O HBl!TpOHB H OCbiO 

KOJlJlHMHpOB8!1HOI'O Uy'IK8, 

II • 

J, 3KCUBpHMBHT8JlbHbiB HCCneaOBBHHSI OCJlBOJlBHHSI HBl!TpOHllbiX UOTOKOB e 3BUlHTB 

UpOBOtlHJlHCb B yCJIOBHSIX, OJlH3KHX K yCJIOBHSIM1 UpH KOTOpb!X JlJlOCKHl! MOHOHBUpBBJ1BliHb!l! 

HCTO'IHHK pacnono>KeH Ha rpaHMue nony6ecKoHe'IHOl! cpeabi. MaTepHanoM 3BWHTbl SIBJISIJICSI 

OBTOH C p83JlH'IIIOl! UJlOTHOCTbiO H CTBJlb, noTOK HBl!TpOHOB I'BHBpHpOBliJlCSI B 6epHJIJlHBBOl! 

MHWBHH npoTOHBMH c aHeprHSIMH OT 170 ao 660 Mae, PeaynbTBTbi M3MepeHHl! JI03BOJIHJIH 

UpHHSITb aKCJlOHBHUH8JlbHbll! xapaKTep OCJllloJlBHHSI IIOTOKB HBl\TpOHOB H8 3H8'11ITBJlbHOM Y'lliCT"" 

KB TOJlillHHbl 38illHTblo J:l T80JlHUB 2 aaHbl aJIHHbl OCJlliOJlBHHSI UOTOKOS HBl\TpOHOS C aHep-

I'HSIMM 6onee :.10 Mas Ha yqacTKe TOJlillHHbi 38UlHTbi OT A ao (3-6) A • npH paeHOMep-

HOl\ JlJIOTHOCTH 38illHTbl anMHB OCJl80JlBHHSI llOTOK8 HBl\TpOHOS UpHoJlH3HTBJlbHO nponopUHOH8Jlb

Hll AJIHHe anSI Heynpyroro e3BHMonel!CTBHSI Hel!TpoHos c llapaMM. 

MaTepMan 

38IllUThi 

EeToH 

CTanb+ 

qyryH 

nnHH8 OCJ180J1Bl!HSI 

nnoTHOCTb 

(KI'/M
3 

2350:!:. 50 

3200;!:.100 

4100;!:.150 

7500;!:.300 

Ta6nMua 2 

A eM) anSI pasnH'IHbiX cneKTpoa aellTpoaos 

170 

42;!:.3 

35:!:.3 

27:!:.3 

3aeorMSI nooToHos, Mae 

250 350 

49:!:.3 

32:!:.2 

55;!:.3 

49;!:.3 

43:!:.3 

480 660 

62:!:.4 61;!:.1,5 

52:!:.3 52:!:.3 

48:!:.3 46:!:.3 

23;!:.0,9 

2, Pac'leTbl npoxo>KaeHHSI Hel!Tpoaos s 3BillHTe SblllOJIHBHbl 6e3 y'leTa yrnoebiX oTKno

HBHMl! S llp0UBCC8X S38HMO.!lel!CTSHSI HellTp'OHOB C llapaMH, nnll MOHOaHepreTH'IBCKOI'O IIOTO

KB HBl!TpOHOS, naaB!OillHX H8 3BillHTY1 llJlOTHOCTb UOTOK8 H aHepreTH'IBCKHl! CllB!<Tp Hell-
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J, 
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TpoHoe c aHeprMSIMH 6onee 80 Mae onHCbiBliiOTC.SI cjlyHKUHSIMI1 Eeccen11 MIII1Moro apryMeHTa 

Hyneaoro H nepaoro nopHll.K8 COOTB9TCTB9HHO. 0THOWeHHe noTOKD H9li:TpOHOB C 3HeprHSMH 

oT.-:0 ao 80 Mae K noToKy uel\Tpouoa c aaeprHHMH 6onee 80 J'v\ae nnaeHo yaempmaaeTcH 

OT Hynll ao 0,3 npM H3MBHBIIHH TOJIUlHHhi 38illHTbi oT HYJISI ao ;:teyx anMH ·anSI Heynpyroro 

e38MMo.:tel!cTBHSI HeliTpaHoe c llapaMM A H 1 .OCT8B8SICb 38T9M llOCTOHHHhiNi C B03p8CTB.HHeM 

TOllillHHbi 38UlHTbi, PeaynhTBTbi aKcnepMMBHTOB ·H pacqeTOB U0!<83biB810T, 'ITO npM To.~ llUIHe 

38illHTb! 1 npeBb!W810.1JlBJi 2AH , noTOK Hel!TpoHoe c sHeprMeli 6onee 20 ['.\aa MO>KBT ob!Tb 

OllHC811 cneay!OWHM Sb!p8>KeHHBM: 

·X:· X ·3 ------
<i>(x) = 1,3e H,I0(2y'XH •1,3·10 (E0 -·80) ). 

3aecb x TOJlillMHa 38UlMTbl, I o - cjlyHKUHH Eeccem1 MHMMoro apryMeHTa Hyneaoro 

nopHaKa, E 0 - aHeprM!I HBJITpoHoe e MoHoaHepreTM'IeCKOM nyqKe, naaaromeM Ha 38UlMTy, 

Ha6nroaaeTcll xopowee cornacRe MB>K.!ly aaHHbiMH pacqeToe H aKcnepMMBI!TOe anSI 

38BHCHMOCTH llJlOTHOCTH llOTOK8 HeA:TpOHOB K8K OT TOJllUHHbl 38IllHTbl 1 T8K H OT ~aaq8JlbHOii 

aaeprM~ ael!Tpoaos. Ha pHc. 2 anSI npMMepa npeacTaeneHbi 38BHCHMOCTH noTOKOB HBJITpo

aoe OT TOJlillHHb! 38UlHTbl H3 CT8JlH H qyryHa, Ha KOTopyro U8ll8IOT HeJITpOHbl 1 OopmyroLUMe

CSI npM 6oM6apnMpOeKe 6epHnnMeeoll MHWei!H npoTOli8MR c aaeprHell 660 Mas. nyHKTMp-

1!8!1 H CllJlOWllliH KpMebie npeaCT8eJl!IIOT 38SHCHMOCTH llOTOK8 HeJITpOHOB C aueprHSIMH oo.~ee 

80 Mae H 6onee 20 Maa, cooT!leTCTeeaao, OT TQJILUMHbi 38!llMTbi. 

III, 

VfCCJ19.UOB8Jl8Cb H8B9.ll9HH8SI r8MM8-p8.0H08KTHBHOCTb1 B03HHK8IOlll8SI B pa3nHqHhiX 

M8Tepl!anax npR o6ny'IBHHII IIX npOTOH8MH c 9HeprMeli 660 1\-ias. Ha pRe, 3 npeacTasneHa 

yaeJibH8!1 paali08KTIIBHOCTb IICCJieaosaHHb!X Be!lleCTB B p83Hb!e MOM9HTbl BpeMeHII OT KOHU8 

' nn>~TenbHoro o6nyqeHMSI, HM>KHMe Kpllsbie npeacTasn!IIOT. co15ol! cnaa paauo11KTMBHOCTM oT 

BpeM9HH Oe3 yqeTa aonrO>KIIBylllHX KOMUOHBHT1 BepXHHB KpRBb!B - C y'leTOM aOJII'O>KHBYlllel\ 

8KTHBHOCTH. llnH Cp8BH9HHSI Kp8CTHK8MII 0603H8qeH8 KpHB8Sl CII8)l8 MOUUlOCTH ,a03bi raMMa

HanyqeiHISI, rronyqeaaag a6nH3H cHHxpouHxnoTpoaa, npopa6oTaawero a TeqeHHe 6-TH neT. 

YcTaHoaneao. 'lTO ypoaHH raMMa-H3nyqeHHSI aaae.aeaaoii a ycKopHTene pa.nltOaKTHBHO

CTH CT8HOfHITCSI Cp8BHHMbiMH C npe.aenbHQ-,aOIIYCTHMOti .ll030;i:, KOr.[la IIJlOTHOCTII llOTOKOB 

HeJ!TpOHOB l!nll UpOTOHOB aocTHI'li!OT B9JlH'IHH 10
8-10

9 
HeliTpOHfM

2
ceK, a no,~Hbll1 IIOTOK 

10 
H<:t!TpOHOB OT YCKOpHT9JlSI 10 HeJITpQH/ceK, nyTeM pacqeTa llOJly'leHbl Kp!<Bble OCJllloneHHSI 

.ll03bl r8MM87"'H3nyqeHHSI Haae.aeHHOfi p8llH08KTHBHOCTH B 38UUIT9 H3 >K€11838 1 CBHHUOBOrO 
. /14/ 

cTeKna H CBHHUa (cM,pMc. 4). CneKTp raMM8-KB8HTOS 38HMCTSO!l8H H3 pa6oTbi • JlaH-

Hbie p8C'IBT8 COI'Jl8Cy!OTCSI C. pe3yJibT8T8MH H3MepeHHll ypoBHSI I'8MM8-H3Jly'leHHSI H8B.eaeHHOl\ 

e ayaHTB CHHXpOUHKJlOTpOHa paaH08KTHBHOCTH 38 aKp8H8MII 113 CBHHUOBOI'O CTeKna p83JlH'I

HOl\ TOJllUHHbl, 
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npR !13MepeHRR aKTHBaJIRII B03Jlyxa Hei!TpOHaM~t: H 11pOTOHaMR OT CHHXpOUHKIIOTpOHa 

yCT8HODneH0 1 qTo OTBeTCTB9HHbiMH 38 pa.nH08KTHBHOCTb B03.llyxa HBnstlOTCSl H30TOflbl 0
15

1 

13 11 41 
N , C 11 Ar • PacnpeneneHiie aKTIIBHOCTR aoanyxa no noMellleHHJO, qepea KOTo-
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