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B oca:osy ,rmccepTa111111 nonoJKea 1111Kn pa6oT, BhlnonaeHHbIX aa 11poTSilKea1111 He

cKon&KIIX neT; aaqnHas:r c 1958 roAa. IlpeAMeToM nayqea:ns:r s:rsnsmoc& ynpyroe n 

ney11pyroe saanM0JleilcTBIISI MepHb!X qaCTllll. Ollb!Tbl 110 ynpyr0MY II a:eynpyroMy 

B3811MOJleilcTBIISIM 11p11 Bb!C0KHX anepr11gx, 6yJly= CBSI3aHHbiMII C 0CH0BHJ,IMII B0npo

caM11 qlll3HKII aneMeHTapHbIX qaCTllll, npeJlCTaB.JISilOT 6on&moil HHTepec II H8H3M8HH0 

aaH11MaIOT BalKH0e MeCT0 B PMY /lpyrax 8KCllep11MeHTallbHl>IX pa60T. 

8KC11epl!M8HTJ>I 6bl.JIII Bl>III0.J!HeHJ>I C II0M0llib!O JlBYX M6T0/ll!K: qJOTOaMyllhCIIOHHOil 

a KaMepHoil, O6mell: xapaKTepa:oii: qePToil CAena_HHhlX pa60T smns:reTCSI npaMeHeH11e 

c11e11aan&H0 paapa6oTaa:a:oro MeToAa 11011cKa aayqaeMh!X cnyqaea BaaHMOJlell:C'l'B11s:r -

M8T0/la ycKopea:a:oro np0CM0Tpa. 8 HaCT0R!Ilee BpeMSI 8T0T MeT0/l, KaK II BCSI qJOT0-

8MYnbCH0HHaSI MeT0.[U!KS Boo6me, l!MeeT Y3KYIO o6naCTb npaMea:eHl!SI, B CB0e Bp8MSI, 

0/lHaKo, K0I'Aa qJ0T03MynbCHOHHaSI M8T0.[U!Ka HMena map0K0e pacllpOCTparrerrae~ Me

TOA rraxoAan ycnemrroe npaMerrea:ae BO MHornx na6opaTopas:rx, B pSIAe pa60T oa: no

cnylK11n BSlKHOll: C0CTaaa:oll: qacTbIO MeT0.[U!KII B 0lll>ITax no ynpyroMy H . a:eynpyrOMY 

aaaaM0AeilCTBHSlM qacTHll Bb!C0KI{X aa:epraii: C MPllMH qJ0T08MYllbC.IIH, 

8KcnepHM9HTbI, on11caHHble B JlHCCepTa11aa, B OCH0BH0M 38TparaBana aKTYanb .. 

Hbl8 B0llp0Cl>I qJH3.IIK.11 aneMeHTapa:b!X qacTHll .II Aan.11 .II0Bble peaynbTSTlJ. HeKOTOpb!e 

.11a pa6oT (ynpyroe paccega:ae npOT0H0B aa Mpax) 0Kaaanach 0/lH.IIMH aa nepBhlX, 

npeAmecTB0BaBWIIX 11enoli. cep11a HHTepeCHl>IX 3KCIIep.llM6lIT0B, BhlII0mieHHl>IX B paa

.Jlll'IHl>IX na6opaTop1rnx c 11enb10 nayqea:n:g pea.Jlbaoil 'laCTn aMnnnTYAhl pacceia:1I11n. 

PeaynbT8Tl>I pa6oT, 110.JI0lKeHHblX B 0CII0By /lHCCepTa11n11, 6J>UIH ony6nnKOBaHJ>I 
/1-8/ 

B CTaTbgx H Jl0Kn8Jlb!Ban11Cb !Ia MelKJlyHap0llllb!X K0HqiepeJIIJHSIX no ql.113.IIKe Bhl-

C0K.IIX aa:epr11il ()Kea:eaa 1958 r. a Po'!eCTep 1960 r.) n a:a MelKJiya:ap0/lH0M C0Be

maa1111 110 HAepno~ ljJ0Torpaq,IIH (MocKBa 1960 r.) • 

.LlnccepTaIJHSI C0CTOHT .113 '18Tl>!p8X rnaB H npnnolKSimSI, 
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B rnaae 1 paCCM8TpllB80TCS! MeTOA yCKOpeaaoro IlPOCMOTpa cpOT09MYllb -

/1/ 
cnll: • MeTOA npeAH83lUl'leH AllS! TIOHCKa paann•rnoro POAa C06bITHH na cneAaX 6bIC-

Tpb!X 'lSCTlUJ. C OTHOCJiT0llbHO He6oru,mnM yrnOBblM paa6pocoM. 

HAeS! M0TOA8 COCTOHT B TOM, 'ITO 38Aa'la TIOHCKa cny'laeB B38HMOA0HCTBRH CBO

AHTC5! K o6aapylKemno H3ll0MOB Hl!H HC'Ie3HOBeHall: cneaon nepBH'lHbIX '!SCTHU, TioHCK 

R3llOMOB ann HC'l03HOBeaall: npOH3BOAHTCS! OTHOCHT91IbHO nerKO npn 6bICTpOM BH3yallb

HOM npocMOTpe cneAOB, BbICTaBneHHbIX npn6nnanTellbl!O napannenbl!o Hanpannmome.A 

CTOllHKa MHKpOCKona. 

Tipn 06bI'lHOM npocMOTpe qJOT09MYllbCHil: /'BAOllb cneAa' / CKOpOCTb npOCMOTpa 

AOCTarana 0,5 - 1 MlrteHb, MeTon ycKopeHHoro npoCMOTpa TI03B0llB8T B9CTR npOCMOTp 

co CKOPOCTb!O 5-6 MlrteHb ll perncTpllpOBSTb Ha cnettax. OTKl!QH0HHB OT IlpSIMOllH

HeHHOCTH nopgn1rn O, 1 ° -0,2 °. CooTBeTCTBY!OlllHe oneHKH noKaaana, 'ITO acpcpeKTHBHOCTb 

npOCMOTpa npn 9TOM 6nH3Ka K 100%. 

YcKopeHHbiil: npoCMOTp. B006me ronopB, He Tpe6yeT KaKllx-nn6o AOTIOllHHT8llb

HbIX npncnoco6nem1il: ana npn6opoB KPOM8 Tex, KOTOpbie 06bI'lHO npnMeHS!IOTCSI B cTaH

AapTHOil: MHKpOCKOTIHOA TeXHHKe. OnHaKo, ecnn HCTIOllb30B8Tb npncnoco6neHHe, 8BTO

M8TR'leCKH nepeMemaromee CTDnllK MHKpocxona, MOlKHO ):(0B9CTH CKOpOCTb npoCMOTpa 

no 8 MIAeHb, 

B rnaBe II naHo onncarrae aKcnepaMeHTOB no ynpyroMY pacceBHHIO npoTOHOB 

/2·3/ 
Ha Sinpax qioTOaMyllhcnn: npa aHeprnn 8 faB ' • 

K HS'lany TIOCTaHOBKH ASHHblX. axcnepnMeHTOB B npyrnx na6opaTopHS!X yJKe 6bmO 

naMepeHo ynpyroe pp -paccerume npn aHeprn:Bx OT 1,5 AO 6,2 ran. 06aapyJKanaCb 

AHq!p8KIIHOHH8SI KSJ)TRHa pacceSIHRS!. EOllbIDHHCTBO 9KCnepHM9HT8llbHbIX _yrnOBb!X pac

npeneneHHH B RHTepnane MSnbrx yrnoii xopomo cornaconanocb c onTn'!ecKoil: Mone.nbro 

'!HCTO nornomaromero AllCKa, B TO lKe Bp9MSI B HeKOTOpb!X pa60TaX IIPHBOAHllHCb yKa-

38HHS! Ha cymecTBOBaHll:0 B nponecce pp -CTOllK~0B9HHS! IIOT9HUH8llbHOro pacceSIHHB, 

B nponecce nayqeausr ynpyroro pacceBHllSI '!aCTan Bhlcoxoil: aHeprnR npaxonaT

cg CT8l!KHBaTbC1t C H3B9CTHb!MH M8TOAH'l9CKHMH TpyrtHOCTSIMH, CBS!38HHblMH C MallO

CTh!O yrnoa paccegansr. ITpa cymeCTBOBaBmeM COCTOS!HHH 9KCIIepnMeHT8llblIOH Tex

HHKH COOTB9TC1'Byromne H3MepeHHll npertCTSBllS!llll 0'19/Ih CllOlKHyro aana'ly. Y'lHTb!BBS! 

aTy cn:Tyannro, xaaanocb HHTepecHbIM npoBeCTH accneAoBaHne yrrpyroro paccesraasr 

npOTOHOB Ha SIApax qJOT09MYllbCHH, IIOCKOllbKy qJOT09MynhCHOHaasr M9TOAHK8 noanonsrna 

npOBOrtHTh H3MepeHHS! AOCTSTO'!IIO MSllb!X yrnoB. KpoMe Toro npn Bb!COKHX aaeprn11x, 
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AOCTlilKliMblX Ha ycKopnTelle OH.Hl1, YIIY'lWallHCb YCIIOBH!l npnMeHllMOCTll 0IlTll'l0CKOli 

MO.[lella, 3To Il03B0/l!l/10 Hall9!1TbC!l Ha ee ycneWHOe npnMeHeHne C Il9/lbl0 IlOIIY'lllTb 

naHHbie 06 aMil/IHTyne paCC9!lHHSI npoTOHa Ha HyKIIOHe, 

C11enyeT oTMeTHTb TaKlKe, 'ITO onhITbI no paccemmro aa S!llpax o6nanaroT on-

pene11eHHhIM npeHMyWeCTBOM no cpaBH9HlllO C onbITaMH no HYK/lOH-HyKIIOHHOMY pac-

ce S!HlllO. B nocnenHeM CJJy'lae npn:xonnTCSI Y'lHTbIBaTb CJJHHOBYIO 38BHCHMOC'I'b, 

B3aHMoneiiCTBHll, B TO BpeMll KaK B onbITaX 110 pacceml'.llro npOTOHOa Ha gnpax 

¢oT03MY11bCllll MOJKHO npeHe6pe'lb CllllHOBOli CTpyKTypoii B38llMOll9liCTBllll. 3TO ynpo-

waeT aHallH3 pe3y11bTaTOB, 

B pa6oTe n:cnonb30BaJJllCb 3 3MY11bCllOHHbie KaMepbI, o6JJy'leHHble BHYTP9HHttM 

ny'!KOM npOTOHOB C 3Heprneii 8 f3B Ha CllHXpocpa30TpOHe 011.HH. 
/2/ 

Eb111ll nponenaHbl npensapnTeJ!b1Ii,1e 3KCnepHM0HTbl C nenbIO ycTaHOBHTb B03-

MOlKHOCTll pa3pa6aTb!B89MOli M0TOJlllKll II Bbl6paTb cnoco6 H3MepeHHll yrnoaoro pac

npenenean11. ilpnMeHRJJltCh 2 cnoco6a ll3MepeHHii, Ilepsb1l!: cnoco6 - cpaBHeHHe yr-, 

/IOBb!X pacnpeneneHnii ny'!Ka 'lSCTHil Ha pa3HbIX paCCTO!lil'.Hl'IX OT MeCTa Bxona l!y'IKa 

s 3Mynbcnoaayro KaMepy. BTopoii cnoco6 - ll3MepeHne yrnoa paccesumg a npet:tsapn

TeJ!bHO HaiineHHblX cny'lal'IX ynpy:r-n:x B3.8HMoneiiCTBHli, BTopoii cnoco6 OKa3811Cll 60-

11ee 'lYBCTBllT0/1bHb!M, 

l13MepeHHOe yrnosoe pacnpeneneHne cpasansanOCh c paco'!HTaHHb!MH no Oll'rtt

qecKoii Monenn. 06HapylKHIIOCb pacxolKJ:teHHe c pac'!eToM, • Bbltt0/1Hemn,1M s npennono

lKeHnn 'lHCTO MHIIMOJ'!: aMnnn:Tyllbl pacce!lHllSI. Xopomee cOrJlaCn:e ObIJIO nony'leH~ npn: 

aMnnnTy)le pacce11HH11, nMerome!'!: aemecTseaHyro qacTb, 

Tipei:monarag onHoponHoe pacnpe)leneHne Mepaoro semecTSa, MO)!Ul:O 6b!JIO BbI

'lHCJillTb 3q>q>eKTHBHblli UOTeHnaan B3aHMOJl0llCTBHll HYKJJO:Ha C SinPOM V .. 30 MSB• 

CTaTHCTl!Ka 3KCnepHM0HTa, K COlK8JI0HRIO, ObI/la H9B011HKa l ~ cnyqag), KpOMe 

Toro npn pac'!eTe He Y'lll'.Tb1B8Jl0Cb B/lll!lHH9 KYJIOHOBCKoro paccellHHll. C nenbIO }'TO'l
/3/ 

HliTb nony'leHHblB p93YllbT8Tbl ObIJlll npe,llnpHH!lTbl JlaJlbHeiimne 1!:3Mepem,rn • 

Cnyqaa ynpyrax B3aHMOJlel!:cTBaii acKaJJHCb' MeTOJlOM ycxopeHHOro npocM.OTpa 

q>OT03My11bcan. PerncTpapoaanocb KA:lKJ:toe ynp.yroe paccellll'.Ke c npoe:ioxne:ii: ¢ 

yrna paccenmrn Ha JJJIOCKOCTb 3MYJlbCHll np:noJJH3HT9JlbHO OT 0,1° ll Bb!We. Om:noKB 

H3MepeH:nSI yrna cf, COCT8B1l!lll8 .6.¢ .. 0,04 °. 
Bcero ohm aaii)leH 201 cnyqafi paccesi.HHSI c yrnoM ¢ B mrrep:aane· 

0,2°< cf, < 2,0°. BMeCTe C paHee Hal!:)leHHb!MH CJIY'l8l'IMH IIOJIH08 'lHCJIO. COCT8BH110 
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263 cnyqa11, YrnoBoe pacnpeuenem1e npeucTaBneHO B Bl!Ue rHCTOrpaMMhI Ha p11:c. 1. 

3uecb .lKe npHB0U0Hhl KpHBbie, paccq11TaHHhie no onTnqecKOil Mouen11 C y'ieTOM HHTep

qiepeHUIIH KynOHOBCKoro H 11uepHoro paccelIHHII. OnTnqecKall .Mouenb Il03BOITIIeT CBSl-

3aTb aMnnnTyuy pacce1IHHII Ha IIUpe C aMnnnTyuoll HyKITOH-HyKITOHHoro paccelIHlllI 

TIO.Cl ov (Bnepe.Q). PacqeTbl IIpOBOUllITI!Cb B npeunono.lKeHHII, qTO B na6opaTOPHOll: 

CHCTeMe KOOpUHHaT peanhHall ~aCTb aMIIITHTYUhl ayKnOH-HyKnOHHOro paccelIHIIII BIIe

peu obma paBHa 

Ref (0°)= 0; + 14, 4f; -14, 4f. 
NN 

OlllllOKll B paccqHTaHHblX ceqeHHSIX Ohlnl! noplIUKa 5% B oonaCTH Manb!X yr

noB cf,, 

CpaBH0HHe 9KCnep11MeHTanbHOil rHCTorpaMMbl C TeopeT11qeCKl!MII Kpl!Bb!MH no 

2 
Kpl!Tepmo X IIOKa3ano, qTO 9KCnepl!M0HTanbHbl0 TOqKII cornacy!OTCSI C TeopeTl!-

qecKoll Kpl!BOil Anll Ref ( 0 ° ) = + 14, 4 f C BepOIITHOCTblO 0,3 ' nn11 Re f ( 0 °) = 0 
NN NN 

c BepQS!THOCTb!O 0,001 H nnsi Re f w" (0 o )= -14, 4 f - c BepoSITHOCTbIO « 0,001. 

nonyqeHHhie uaHHble yKa3b!BalOT Ha cymeCTBOBaH11e peanbHOil qaCTII aMIInHTYAhl pac

Celll!l!II, Mo.lKHO Bl!A0Tb, KPOMe Toro, qTo OOnhlllHe OTp1maTenbHhie 3HaqeHl!II peanb-

HOil qaCTII ( ~-}4,4 f 11cKnroqaroTc11. CTaTHCTaqecK11e Ollll!OKH, a TaKJKe Heonpene-

neHHOCTb B paccqaTaHHhlX KPHBhIX, He ll03BOnSIIOT C.QenaTb oonee TOqHhie Bh!BOUbl 

0 BenaqHHe Re f N N. ( 0 °) l!lIH. XOTSI Ohl O ee 3HaKe. 

rnaBa III IIOCBSIIIJeHa ynpyroMy paccesiHIIIO 1T -Me30HOB C 'l!MIIynbCOM 

. 141 a.a fsB/c Ha IIUpax yrnepona , .UaHHblil 9KCIIepHM0HT Ohm IIOCTaBneH C uenb!O 

npoBepHTb O.QHO H3 xopOIIIO H3B0CTHblX npeACKa3aHllil MeTo.Qa .QBHlKYilll!XCSI nonm

COB, TaK Ha3bIBaeMoe cyJKeHl!e AmjlpaKUHOHHoro KOHyca, CyJKeane OhinO IIOATB9plK-

AeHo npa 1!3Mepea1111 ynpyroro pp -pacceSIHHII, HHTepeCHO ObinO XOTSI Obi Kaqe-

CTBeHHO npoBepHTb noBeAeHne aMnnHTY.Qbl paccelIHIIII nnsi 17- -Me30HOB, TaK KaK, 

cornacHO MeTOAY AB11licym11xc11 nonrocoB, OHO He UOITlKHO 38BIIC0Tb OT Tl!lla qaCT!Uihl, 

Kpo~e Toro, B .QaHHOM 9KCIIepHMeHTe JKenaTenbHO ObinO nonyql!Tb CBeAeHl!II O pe

anbHOil qacT11 aMnmrTyAhI ynpyroi-o pacceS11I1111 non yrnoM o0
• OneHKe ee Ben11qHHhI 

OhinO IIOCBSIIIJel!O HeCKOnbKO paooT, BblllOnHeHHhlX llpH oonbllll!X 9Heprn11x B npyrn:x 

na6opaTop11six. B pesynbTaTe oob1qHo nonyqanH aeoonhlllYIO Ben11qn:ay II n·p11xo.Q11n11 

K Bb!BO.Qy, qTQ npn 9Heprmi: 1T -Me30HOB >>l fsB BKnan peanbHOl!: qacTI! B 

n11qi~epeHuHanhHoe ceqeHne no.Cl yrnoM 0° H11qTOlKHO Man. 
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Pa6oTa npOBO,turnacb c IlOMOmbro 24-nHTpQBOl!: nponaHOJlOll: ny3hlpbKOBOll xaMe

pbl na6opaTop1rn Bb!COKIIX :rnepI'Hll OHHH, o6nrieaaoii nyqKOMIT-,;_Me30HOM C HMilyllbCOM 

6,8 ±.0,6 raBIC. MeTOAHKa o6pa60TKH KaMepHbIX CHHMKOB 6bma BO MHorOM CXOJKa 

C H3Mepe!IHSIMH B cpOT03MYJlbCHH H noKa3b!BaeT B03M0:1KHOCTH M8TOA8. YCKOpeHHOro 

npOCMOTpa cpOT03MyJibCHl!: .B npnMeHeHHH K o6pa6oTKe KaMepHbIX CHllMKOB. 

ITOl!CK cnyqaeB pacceSIHHSI H H3MepeHHSI IlpOH3BOAHJincb Ha llpOCM~TpOBOM MH

KpOCKOile MBH-0. ITp11MeHSIJICSI cnoco6, 8.HaJIOI'Jf'IHbill: R3MepeHHSIM MHOI'OKp8.THoro 

pacceSIHHSI qacTHn B cpoT03MYllbCHH. BTOphle pa3HQCTll A8B8JIH yr-on pacceSIHllSI B npo-

eKnHH ef, 
. 0 

Ha IlJIOCKOCTb Ha6JIIOA8HHSI c TO'IHOCTb!O 0,00 • 

Hann:11n:e pa3Jlll'IHOI'O poAa HCKa:1KeHHl!: CJI8AOB IT -Me3PHOB He ll03BOJlllJIO U:3-, 

MepHTb yrnoaoe pacnpeAeneHHe B n:HTepBane yrnoB HH:1Ke 0,5°. 

Bcero 6bmO ll3MepeHO 3250 M CJieAOB IT- -Me30HOB. ITpn 3TOM 6bmo Ha:ll:AeHO 

218 cnyq:aes paccesrHHSI Ha yron ¢ > 0,5°, 8KcnepHMeHT8.JlbHOe mi:cpcpepeHnn:am.

aoe ceqeHne np11ae.t1eHO Ha. pile. 2. KpHBble 1, 2, 3 npeACT8.BJISI!OT paCC'IllTllH.llbl8 

cornacao qJOPMYJISM 0IIT!l't8C:KO:ll: MOAenn: nmbdiePeHl!ll8JlbHbie CeqeHHSI llJIII 3HS'I8HH:ll: 
0 , . ..;.13 

peanbHOii qacTlt SMillllITYAbI 1TN -paccesrHllSI BnepeA Re flTN( 0 }-5,0 • 10 CM; 

-6,9. 10-
13 

CM; o. ITpnMeHeHHe KPHTepn:sr X 2 IlOKaaano, 'Iro 3KCnep11MeHTaJibHbie 

TOqKH cornacyIOTcsr C TeopeTH'I8CKHMH KpHBblMH 1 i 2, 3 COOTB8TCTBeHHO C BepOSIT

HOCTSIMH 0,05; 0,05; 0,02. C yqeTOM aeonpeAeneHHOCTll B paCC'IHT8HHbIX KPRBbIX 

nony11eHHbie pe3ynbT8.Tbl Il03BOJISI!OT orpaHH'IllTb o6naCTh 3HaqeHll:ll: Re f ( 0 °) 
77 N 

6 0 10-13 f (O o) :S 5 0 10-13 - , • CM :':: Re 7TN + 1 • CM • 

Ha pnc. 3 Il0Ka3SHO AHcpcpepeHUHallbJtOe Ce'IeHHe da / d q B 38BHCHMOCTll OT 

IlpOeKilHH q nepeAaJtHoro HMllyllbca Ha nnocKOCTb Ha6nro.t1eaasr. 3necb :1Ke npHBO-

A!ITCSI COOTBeTCTB!)"IOmee ceqeHHe npn HMnym,ce 17--Me30HOB 2,8 raB/c, nony'IeH-
/4/ 

aoe aaanornqHh!M cnoco6oM • CoBna.t1eHae AHqicpepeannanbHhIX ceqea11:ll: noKa3hIBa-

eT, qTo B npe.t1enax omn6oK ynpyroe paccesrane ae aaBHCHT OT nepBnqaoro HMnynb

ca H onpenensreTCSI nepeAaHHbIM HMIIyllbCOM, OTO 03HaqaeT, 'ITO OllTH'I8CKHe napa

MeTpbl 17N -B38llMOAeiiCTBIISI B o6naCTH q OT 60 AO 200 MaBIC He MeHSIIOTCSI 

c naMeHeHn:eM nepBH'IHO:ll: aaepran. 

rnaBa IV IlOCBsrmeaa aeynpyI'llM pp -B3SllMO.tieiiCTBllSIM. npn 3Heprnsrx 2,26 
/5/ 

11 9,0 raB c Manoii nepenaqeii nMIIym,ca PSIA BOnpocoB aeynpyroro pp -naan:Mo-

AefiCTBHSI npn: BbICOKllX 3HepI'IISIX CBSI38H C KOHnenn11eii nepncpepn:qeCKHX CTOJIKHOBe-

HHii n, B qaCTHOCTH, C llHTeHCHBHbIM po:1KneHH8M nao6apbl 3/2, 3/2. 
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8 .CBSl3H C STIIM npe.QCTaBnsino llHTepec nonyqnTb SKCnepllMeHTanhHhie CBe.QeHHSI- 0. 

pOlK.QeHHll ll306ap B PP -CTOllKHOBeHHSIX C MallbIM nepe.QaHHhlM RMnynbCOM. 

3cjJqleKTllBHOe ceqeHHe pp -CTOllKHOBeHHil c ManhIM nepe.QalIHbIM llMnynbCOM 

COCTaBnSieT OTHOCHTenbHO 1Ie6onbmyro qacTb OT nonHoro ceqeHllSI. Jlng nonyqeJillSI 

y.QOBneTBOPHTenhJIOil CT8TllCTllKll aeo6xo.QHMO 6binO npocMOTpeTb 6onbUIOe q11cno 

cne.QOB npOT0HoB. ilpHMeHea11e MeTo.Qa ycKopeaaoro npocMOTpa cymecTBeHHo ynpo

CT11no STY 3a.Qaqy. 

Jlng pa60Thl HCnonb30BanUCb 2 SMYnbCllOHHbie KaMepbI, o6nyqeHHhie npOTOH8Mll 

Ha CHHXpO<p830TpOHe OIUil1 npH SHepr11gx 2,28 If 9,0 rsB. CyMMBPHhlil npOCMOTpe!I

Hbiil npo6er npoTOHOB COCTBBHn 8249 M. 11cKanHCb cnyqaH aeynpyrnx B38HMOAeilcTBllil 

nepBHqffbIX npoTOHOB - 3Be3.Qhl. 3Be3.Qbl IlO.QBepranHCb OT6opy no PHAY npll3HaKOB, 

CBOilCTBeHHb!X PP -CTOnKHOBeHUSIM. TToCKOnbKy npe.QMeTOM u:ayqe1111g SIBnSinllCb 

neynpyrne B3a11MO.Qe.ilcTBllS1 c Manoil nepe.11aqeii HMnynbca, B aanbJieiiweM paccMaTp11-

Ban11cb pp -CTOnKHOB9HlllI, HMeromne cpea11 BTOpnqHb!X qaCTHU .QOCTaTOqHO Me.QneH-

Hhlil npoTOH p<750._MsB/c). 

Ehlnll npo.11enl1Hbl xapaKTepHbie .Qnll <pOTOSMynhCHOHHOii MeTO.QllKll ll3MepeHlllI, 

qT06bI npoBeCTll ll.Q9HTll<pllK8UHID BTOpnqHblX Me.QneHHhIX qaBTHU II onpe.QenHTb saep

r11ro II yron 11cnycKaH11lI npoT.OHOB. 

3aaqnTenbH8lI qacTb <pOHOBbIX B38HMO.QeliCTBllil 6hlna CBlI38Ha co 3Be3):18Mll1 HMeIO-

UIHMH B CBOeM COCTaBe npOTOH, IlOSIBllBWHliClI npn ·•11cnapeHUu• ocTaToqaoro ru:1pa, 

B CBlI3ll c STUM 6binO BBe.QeHO o6pe3aHue no npo6ery Me.QneHH0ro npOTOlla. OT6pa-

Ch!Banncb Bee 3Be3.Qhl, UMeromae B CB09M COCTaBe npoT0irbI C npo6eroM_ R < 1 MM 

(npu 2,28 rsB) II R <2 MM (npll 9,0 rsB). 

E 6 6 
/6/ 

binll npo,qenallbl ll3Mepellllll no OB B 3Be3.QaX • TTOJt 6no6oM IlOHUMan11 cne.11, 

6epymuii aaqano B ueHTpe 3Be3.Qhi', 11Meromuli .11n111Iy oKono 1 MK un11 MeHbme, npn

Ha.11neJKam11il qacTaue, np11po.11a KOTopoii ae Morna 6hITb Toqao ycTaHoBnena. Ehmo 

.. IlOKa3aH0, qTo 6no6hl B 3B93.QaX o6pa3yroTClI B OCHOBHOM 38 cqeT H.Qep OT.Q8'Ill. Pe-

3ynbl'8Thl ll3Mepeanil Il03BOn11im yCT8H0BllTb . onpe.11eneHHhlii KpllTepuii OT6opa pp -

B38llMO.rteilcTBUil ll oneHllTb B03MOlKHbie noTepu B ux qucne. 

8 pe':3ynbT8Te U3Meplll[llil 6binll BbI.QeneHbl nepucpep11qec1rne pp -B38llMO.rteii-

" 2 2 2 
CTBlllI ( /t,. <'24 /L .. 0,47 (rsBIC ) np11 saeprusix 2,28 ll 9,0 rsB. Pe3ynbT8Tbl OT6o-

pa np11Be.Qe1Ibl B Ta6nHne 1. Ceqemrn nepucpepll'IeCKllX B38llMO.QeilCTBHii npll .QBYX sHep

rusix OKaaanllCb C TOqHOCTbro 8KcnepnMeHT8llbHblX 0Wll60K npuMepHO O.QHH8KOBbI, BO 
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BCIIKOM cny,i:ae AO nepeAaHHhlX l!MnynbCOB, COOTBeTCTBYIOIIll!X Kl!HeTl!'leCKOH 3Hep1'1!1!, 

P~B!IOH., 150 MaB (To eCTb AO. 1::,.
2

" 14,3µ 2 .. Q,28 (faB/c)
2

). 

TIOny'lell!lhili MaTepl!an 6bm npoaHa/lH31!pOBaH c TO'lKn 3peHnH npocToli n3o6ap

noli MOAenn. TipnMeHnnnch ABa cnoco6a o6HapyJKellnn H3o6ap B npeAnonolKeHnn, 'ITO 

B HccnenyeMhIX cnyqaruc PP -B381!MOAelicTBl!H BCer)la o6pa3yIOTCH H306aphl! 

1. no Benn'lnHe nMnynhca n yrny BhmeTa npoToaa, naMepeHHhIM, B n.c.K., 

HaXOAHnacb He)lOCTaromal! Macca ll306apbl M • Tipa 3TOM npeunonaranocb, 'ITO 
HeA 

np0TOH l!BJisreTCH ttpOTOHOM 0T)la'll!, a OCTanbHbie 'laCTl!Uhl nonBnnncb npn pacnaue 

1!306aph1 0 

2. CTponnocb pacnpeAeneHl!e cnyqaeB no Ben11'l11He M x , noupo6Ho paccMoT-
/7 / 

peHHoli B pa6oTe . , B npennonoJKe!lnn, 'ITO npOTOHhI 6hmn ncrtymeHhI npH pacnane 

H3o6ap. BenH'!HHa M x paCC'lHTbIBanacb no qJOPMYne: 

MX .. 
E 

~----;:::=;;=:::::;;===-- , 
( n I< (p 2 --+, --) -1 
£Op ( Op 

I'Ae E - nonHaH 3HeprHH CTanKnBaIO!IlllXCH npoTOHOB B c.u.M., £ P II l OP - 3Heprnn 

npoToHa COOTBeTCTB8HHO B c.n.M. n B CHCTeMe nOKOH ll306apbl. Benl!'ll!Ha l 6bJ
O p 

na nony'leHa B npeunonolKeHHII, 'ITO Macca n3o6aphI paBHa 1238 MaB, 3nepr11n npo-

Tona BhI'lncnnnacb no 11Mnynbcy n yrny BhineTa npOTOHa, H3MepeHHhIM B 

n.c,K. Tipnaeuennan qiopMyna B oqeHb rpy6oM npn6nl!lKeHlm naeT aenn'lnHy MllCChI 

H306aphlo 

Pacnp~uenean:e Benn'lHHhI cnyJKnno yno6HhIM cpencTBOM o6aapylKeHnn 

H306a'p ttplf OJ:tHOKpaTHOM pOlKASHIIH. B nocnenHeM cnyqae B pacnpeneneHHif M 
" 

AOnlKeH npncyTCTBOBBTb 'l8TKIIH MaKCIIMyM, o6ycnoaneHHhifi HeB036ylK)l8HHh!Mll npo

TOH8Mll OT)laqn. 

3Kcnep11MSHT8nbHhl0 pacnpeueneHl!II HSAOCTaromett MaCChI I! Benll'lHHhl M x cpaB

HHBanHCb C paCC'll!TaHHhlMI! no 1!306apHOH MOAenH nl!HAeH6ayMa I! lllTepnxaliMepa
18

~ 

!Inn nnnroc,Tpaunn Ha_ pnc. 4 B BIIJ:18 I'llCTOI'PaMMhl noKa3aHO 8KCnep11MeHTanbHOe 

pacnpeneneHne I,! x , nonyqenHoe npn 8Hepr1m 2,26 faB. BnneH OT'leTnllBhili MaK-

Cl!MyM, o6ycnoBneHHhlll HeB036yJKAeHHh!Mll npOTOll8Mll OTJ:ta'ln. Pacnpeuene1me aenn-

'lllHhl M 
X 

, paccqnTaHHOe no 1!306apaoil MOAenH nm1 OAHOKpaTIIO_ro pO)l{AeHHll, npl!-

BeAeno Ha pHc. 4 B BHA e nnaanoil KpHBoli ( 1). OHo xoporno cornacyeTcn c I'HCTo

rpaMMoil, KpHBall (2) paCC'll!TaHa Anl'I J:tByKpaTHOI'O pOlKA9Hllll. MOlKl!O BIIJ:teTb, 'ITO 

Olla 'MOlKeT onHCaTb B ny'llll9M cnyqae He6onblllYIO 'laCTb 3KCnepl!Mel!TanbHhIX naHl!hlX, 
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TTy-reM cpaBH0HJISI 9KCil0p11M0HTSnbHb!X pacrrperteneHHl! C paCC'IHTSHHbIMH 5b!ll0 

ycTaHOBneHO, 'ITO np11 sHeprHH npOTOHOB 2,26 rsa B PP -CTOnKHOBemm: C MSnbIM 

nepeJlSHHblM HMilynhCOM o6paayeTCSI rnaBHblM o6pa30M O.QHa H306apa (c HyKnOHOM 

OT)laqa). TTpa 9 rsB HanpOTHB - 9TOT KaHan peaKual! CHnbHO IlO)lSBneH, B cany psr

.r,.a Ilpa'IHH Henb3SI 6bmO C)lenaTb CTOnb lKe onpe)leneHHOe 3SKmoqeH11e O JlBYKPSTHOM 

pOlK!leHHH npa 9 rsB. 3KcnepaMeHTanbHbie pacnpeJleneH11n M a M ae npoTHBope-
ReJl X 

'lanH npennonoJKeH1110 o TOM, qTo B 3HS'laTenhHOll qacTa cnyqaeB npa sHepraa 9rsB 

HM~ST MSCTO !IBYKPSTHOe pOlK!10HH0 H306ap. OnHaKO ·oKaaanoCb H800XO!ll!Mb!M yqecTb, 

B03MO lKHOCTb Toro, qTO cymecTBeHHSSI qaCTb 3Be3JJ. Morna 6b!Tb o6paaosaHa 38 

C'leT HHbIX ( B TOM' 'IHCne He aao6apHb!X) MeXSHH3MOB PP -B38HMOrtellcTBHSI, 

TTony'ISHHOMY peaynbTaTy He npOTHBOpeqHT OTHOmeane 'lllcna rtByXny'l0BblX 

3B03!1 n 
2 

K qacny qeTb1pexnyqeBbIX n 
4 

• CornacHo naooapHOl! MonenH, npa onHo-

KPSTHOM pOlK!ISHHH B006me He nonlKHO 6bITb '10TblpexnyqeBblX 3B03!1, TTj)H llBYKPBT-

HOM polKJlSHHH OTHOmeH11e n 2 / n 4 = 7 /3. Ha onb1Te 6bm o nony'leHo n / n 4 =8±.3 

rrp11 2,26 f:crn a n2 /n 4=1,4:t_0,3 npa 9 rsB, Cornacae B o6meM ynoBneTBopaTenbHoe, 

XOTSI Ha6n10rtaeMbl0 OTHOlllSHHSl HSCKOnbKO OTnH'IS!OTCSI OT pac'IeTHbIX. 3TO nerKO 

MOlKHO 061,ncHHTb, ecna npennonolKRTb, qTo o6pa30BSHHe HSKOTopol! qaCT.11 qeTb!pex

nyqeBblX 3Be3n np0Hcxon1rno nyTeM KSKOrO-TO npyroro MeXSH.113M8 PP -B3a.llMO!l0ll

CTBHSl, 

TTpHnoJKeHHe K naccepTauaH coneplK.IIT pacqeTbI yrnoBbIX p,1cnpeneneHHif ynpyro

ro paccesrHan 6bICTPbIX qacTau Ha nnpax, 

0CHOBHb!0 peaynbTSTbl a Bb!BO!lbl, nonyqeHHble B naccepTaUHH, 

1. Paapa6oTaH MeTon ycKopeHHoro npocMOTpa cpoTosMynbcal! no cneny, MeTOrt 

o6nartaeT BbICOKOfi 9<p<peKTliBHOCTb!O peracTpauaa B3SHMO.ll0IlCTBHll H no3BonneT B0CTII 

npOCMOTp cnenoB co CKOpOCTb!O OKono 1 M B qac. Ha cnenax 6bICTpblX qacTHU MOlKHO pe-

r11cTpapOB8Tb0 OTKnoneHl!Sl OT npnMon.11ael!HOCTl! Ha yrnbI IlOPSl)lKa 0.1 °. 
2. Paapa60T8HS. MeTO)ll!Ka 1!3Mepea11ft paccenHHll 'l'SCTl!U HS MS,JJbie yrnbI (ao 

0 
0,2 ) B sMynbCl!OHHol! KaMepe. AHanor11qHan MSTOJI11Ka 6bma npnMeHeHa B nponaHo-

BOll nyablpbKOBOft KSMepe ann IlOHCKa H 1!3Mep0HHH cnyqaeB paCC0SlHIISI qaCTHU Ha 

yrnbI 6onhme 0,33°, 

3. l13y'l'eHbl HeKOTOpb!e BOilpOCbl <pOTOSMYnhCl!OHHOl! M0TO)ll!KH, CBll38HHbie co 

3B03)l8MH, HMeIOml!Mlil B CB00M COCTSBe 6no6. TToKa3SHO, qTQ 113 q11cna TSKl!X 3B03!1 

MOlKHO l!CKnJOql!Tb OCHOBHY!O qaCTh cnyqaes B3Sl!MO!lel!cTBl!fi npOTOHOB C ll/IPSMH. 
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4. PeaynbTaTb! H3MepeHHii ynpyroro paccesrnuSI B qioToaMynbcau noKaaanu, 'ITO 

ynpyroe pacceSIHHSl npOTOHOB Ha SIJ:lpax MOllieT 6b!Tb ycneWHO n:cnonb30BaHO nnSI n:ay

"leHHSl CTpyKTypbl aMnnn:TyJ:lhl pacceSIHHSl npoTOHOB Ha HyKnOHaX , 

5. HaMepeHO yrnoBoe pacnpeneneHue ynpyroro pacceSIHllSI npoTOHOB c aaeprn:

eii 9 faB Ha Mpax !pOT03Mym,cn:n (B npoeKTillll Ha nnoCKOCTb),' HaMepeHUSl npoBene

Hbl B HHTepBane yrnoB OT 0,2 no 1,7°. 

Xopowee cornacue aKcnepn:MeHTanbHoro pacnpeneneHHSI u pacc•mTaHHoro Ha oc

HoBe OTITH"!eCKOll Monenn: MOllieT 6b!Tb nony"leHo TOnbKO B TOM C/Iy"lae, ecnu npen

nonOlliHTb, 'ITO peanbHaSI 'J.aCTb aMnnuTyJ:lbl pacceSIHllll OTnH"!Ha OT HynSI. 

Tiony"leHa a6coruoTHaSI Benn:"ln:Ha aqiqieKTHBHOro TIOTeHun:ana B3aHMOneiiCTBHSl npo

TOHa c SinpoM I VI ,. 30 MaB. 

6, C IlOMOWb!O nponaHOBOH TIY3b!pbKOBOll KaMepb! ll3MepeHO yrnoBoe pacnpe

aeneHn:e ynpyroro pacceSIHUSI rr -Me30HOB c llMnynhCOM 6,8 faB/c Ha Sinpax yrne

pona. YrnoBoe pacnpeneneHHe n:aMepSinocb B npoeKnuu Ha nnocKOCTb Ha6n10neHun. 

HHTepBan ll3Mepel!Hb!X yrnoB: 0,5 - 1,8°. 

CpaBHeHn:e peaynhTaTOB ll3MepeHHii C peaym,TaTaMU aHa/IOrH"IHOll pa60Tbl npu 

2,8 faB/c noKaaano, 'ITO B npenenax own:6oK naHHoro aKcnepn:M_eHTa ynpyroe pac

ceSIHlle He 38BHCHT OT nepBll"IHOrO HMTiym,ca- H onpenenSieTCSl nepenaHHblM HMnynb

COM. 8TOT BbIBOn 6hm cnenaH A/Ill HHTepBana nepeAaRHbIX HMnym,coB OT 60 AO 
0 

200 MaBlc. 

AHann:a ynpyroro pacceSIHnn rr -· -MeaoHOB noaBonan orpaHH"IHTb o6naCTb 3Ha-

"leHl!ll peanhHOll "18CTH BMTillHTyJ:lbl 

AenaM11: 

-13 -6,9• lQ, CM 

-pacceSIHHSI Bnepen Ref ( 0 °) 
rr '""N 

<Ref:., (0°) <_+5,0·l0-13
cM. 

rr N 

npe-

7. C TIOMOWb!O QlOT03MY/IbCHll npn 3Heprnnx 2,26 R 8 faB Obinll Bb!Ae/IeHbl 

nep11qiepa"leCK11e Heynpyrn:e pp -Baan:MoneiicTBllll c KBanpaTOM nepeAaHHoro HM-
2 ' 2 

nynbca t.. < 24µ 2-=0,47 (faB/C ). Ce"leHllll 3THX 'aaaHMOJ:{eHCTBIIH npa yKa3aH-

!lblX aHepr1111x npnMepHO paBHb!, 06pa60TKa aKcnep11MeHT8/IbHb!X naHHb!X llOKa3alla, 

'ITO OCHOBHblM MeXaHH3MOM nepaqiepn:"leCKoro PP -B3811MOAeiicTBIISl npn 3Hepr1m 

OKono 2 faB SlB/ISieTCSl o6pa30BaHHe OJ:lHOH aao6apbl T"' J "' ~ ( C HYKIIOHOM 

OTJ:{8"111 ) , Ce"!eHn:e 3TOH peaKUHII nanaeT C yBen11"!eHneM nepeAaHHOro HMTIY/IbCa. 
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Tipn aHeprnn 9 raa Ha6n10naeTcg 6onee cnoJKHag KapTnHa. ITpouecc o6pasoaaHng on-

aoJ nso6apbI (c HyKnOHOM oTnaqn) cnnbHO nonaaneH. Tio-BnnnMOMy, B saaqHTenb-

aou cTeneHR nMeeT MecTo nayKpaTHoe poJKneHne nao6ap. KpoMe Toro cymecTBeH

ay10 ponb nrpaIOT npyrne ( BOSMOJKHO He H306apHbie) MeXaHHSMbl pp -asant..lonel!

CTBHg. 

Ta6naua 1 x) 

t.Incno nyqel! .. 2 4 6 2, 4, 6 

rpynnh1 cnyqaea ane- ane- ane- Bne-Hasan Hasan Hasan Hasan 
pen pen pen pen 

9 raa 

YnoaneTBopg10T aceM 
KpHTepngM OT6opa: 

a) MenneHHbil! npOTOH 
OCTaHOBnncg B 
9MynbCllll - - - - - - 148 16 

6) nonHoe qncno 
cnyqaea 113 13 76 5 7 1 196 19 

He ynoaneTBopg10T 
KpHTepHIO · Ng 8 (cny-
qan c "6no6oM") 28 7 21 2 5 0 54 9 

2,26 raa 

YnoaneTBopg10T BCeM 
KpllTepngM OT6opa 129 - 15 - - - 144 

---
x) CnMBOn (-) o6oaaaqaeT OTCYTCTBHe COOTBeTCTBy10max naHHbIX. 

12 



n ll T e p a T y p a 

1. E.n. EaaanK, M.11. TTonropeuKnli. TTperrpnHT 011.HH P-333, ,lly6aa 1959; 
TTT3 Ni 3, 38 (1960). 

2. E.IT. EaHHllK, B.r. fpmIIllH, M • .H. ,llaHbIW, B.E. nro6nMOB, M.11. nonropeuKnli. 
TTperrpnHT 011.HH P-377, lly6Ha 1959; )K3Tcf>, n_, 1575 (1959). 

3. E.n. Eauani, B.r. fpnwnu, n.B. CnnbBecTpoB. TTperrpnHT 011.HH P-654, lly6aa 
1961; )K3Tcf>, 40, 1653 (1961) • 

4. E,n. EaHHllK, A.M. ranbrrep, B.r. fpnwnH. n.n. KoTeHKO, n.A. KysnH, E.n. Kys
H0UOB, r.11. Mepsoa, M.11. TTonropeuKnli, n.B. CnnbBecTpoB. TTperrpnHT 011.HH 
ll-743, ,lly6aa 1961; )K3Tcf> il., 1394 (1981). 

5. C.A. A3HMOB, E.n. EaHHHK, T. BHWKH, Y.r. fymIMOB, llo 11H Ce6, B.r. PaXHM-
6aeB, n.11. 'IepHoBa, TTperrpnHT 011.HH P-1731, lly6aa 1984; .Hnepaan cpnsnKa 1, 
676 (1965). 

6. E.n. EaHHllK, T. BnwKn, .!lo 11H Ce6. TTperrpnHT 011.HH P-1430, lly6aa 1963; 
TTT3, N9 5, 70 (1.964). 

7. J. Bohm, v. Petrzilka, M. Suk. MeJKnyaaponHall KOHcpepeHUllll IIO BOIIpocaM 
cpll3llKll BbICOKllX 3Heprnli. TnxaHb, 1962, CTp. 53. 

8. C.J. Lindenbaum, R. M.Sternheimer. Phys. ~ev., 10S, 1874 ( 1957 ). 

PyKOIIllCb IIOCTyrrnna B nsnaTenbCKHli OT)len 
24 llHBapll 1967 r. 

13 



f9II 

f2IJ 

/OD 

to 

,o 

fO 

20 

42. 

........... uy,tHI 
'.,.,..~,~- 41" 

q~ 4, 4B (0 t2. 
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(ff (G ,, ~o 

Pac. 1. YrnoBoe pacnpeneneHHe ynpyroro pacceHHHH npOT0H0B Ha HApax ~0To
aMym,c1rn. KpHBbie paCC11HT8Hbl nnH Tpex 3H8'IeHHll: peanbH0ll: 'I8CTH 
aMnnHTYAbl HyKn0H-HyKn0HH0ro pacceHHHH an_epen: 

( ) -13 
+ -ReLJ0}e+l4,4•10 CM 

{ ) -13 - - Ref (0)-,-14,4 • 10 CM 
NN 

(0) - Ref (0,-0 • 
NN 
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,.,q3 

Pnc. 2 • .llmpcjlepemiHtUlhHOe Cet.J:eHHe ynpyror"o pacceHHHR rr-:.Me30HOB C HMnynbCOM 
6,8 raa/c Ha smpax yrnepo.tta, KpHBbie pacct.J:nTaHbl ·JWR Tpex aHat.J:eHnl!: 
Re f

7
TN ( 0) 

15 

-.13 + 5,0• 10 CM 

-.6,9 • l0-l 3 CM 

0 

(1) 

(2) 

(3) 



_ _j 

d.<r MO 
~ M38/c 

Q25 I I 
A Ir I 

1 I 
a~·-~~--~:---~~--~ . so ioo ,so 200 9- M1ri /c 

PHc. 3 • .Umpqiepem:tHBllhHOe ce11eHHe da I dq B 3BBHCHMOCTI! OT npoeKnl!H q 

nepeABHHOro HMllyllhCB Ha nnOCKOCTb HaonIOA8HHH 

f - P.,-= 2,8 raa/c 

l- P.,-•6,8 raa/c. 
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.so 

2.0 

10 

1/UCAO 
c.n11vae6 

N 

,.o f.2 

2,26136 
(1) 

f.4 f.6 1.8 .2.0 2.2 2.4 

Pnc. 4. PacnpeL1ene1rne aenn'IlIHhl M,,. npH sHeprnn 2,26 fsB, KpnBaH ( 1) 
paCC'IllTaHa ~nl! OLIHOKpaTHOl'O pOlKLleHHI! nso5ap, (2) - L{nl! LIBYKP8THOl'Q, 
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