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B 1846 rony BHllb COHOM I 11 anepabre 6brno yKa3aBo Ba B03MO>KBoc Tb npHMe

BeBHg TH~<el!b!X 3apmKeHHb!X '!aCTHU BbiCOKHX 3HeprHii nnH o6ny'!eBHH rny60KO pac-

nono>KeHHbtX onyxonerr H 6brno OTMeqeno, '!TO TaKHe ny'!KH o6nana>OT pgnoM oco6ea

BOCTeii, BbirOnBo OTl!H'!a!OIUHX HX OT y -KBaHTOB H 3l!eKTpOHOB. 3TH OC06eHHOCTH 

MOHOXpOMaTH'!eCKHX ny'!KOB 3apH>Kef!Hb!X '!aCTHU, TaKHX KaK npOTOHbi , neiiTOHbt, a 

'!aCTHUbl H np. KpaTKO MOryT 6biTb C)'MMHpOBaHbl cneny!OIUHM o6pa30M: 

1) TaK iie ny'!KH ropa3nO Cl!a6ee paCCeHBa!OTCH B TKaHHX no Mepe npOHHKHO-

aenag B rny6b Tena; 

2) OHH HMeiO'l' XOpOIUO l!OK8l!H30BaBHb!H npo6er, IT03B0l!HIOIUHH 3qxpeKTHBHO CQ

·cpenOTO'IHTb no3y o6ny'!eHHH Ha 3anaHHOH rny6HHe; 

3) l!HHeiiHag rrepena'la 3 HeprHH TaKHX IT)''!KOB B03paCTaeT C rny6HHOfi rrpOHH

KHOBeHHH, o6pa3yH Ha KOHUe rrpo6era TaK Ha3braaeMbtii "rrHK Ep3rra•, rrpa'!eM OTHO-

CHTel!bH8H 6HOl!OrH'!eCKaH 3¢¢eKTHBHOCTb '!aCTHU B 3TOM ITHKe MO>KeT rrpeBblillaTb 

enHHHU)' . 

To6aaru, AHrep H JloypeHc 12 1 nepBbiMH B 1852 rony HCITOl!b30BOl!H ny•IKH TH~<e
l!blX 3apH>Ke HHbtX qacTHU OT CHHXpOUHKl!OTpoHa B EepKnH nnH panHo6HonorH'!eCKHX 

HCCnenoBaHHH. nono6Hbte pa60Tbl Ha'lal!H npoaonHTbCH B illBeUHH C 1856 rona Jlap

COHOMI31 H B C ili A c 1858 rona KHnh6eproM H np. 141. 

EcnH B KoprrycKynHpHoii TeparrHH HCITOl!b30BaTb B Ka'!eCTBe 3apg>KCHHbtX qac

THU rrpOTOHbi, T O HaH6onee rronxongrnHMH nng 3THX uenei1 6ynyT rrpOTOHbi c 3HeprH

eii OT 100 no 2 00 M3B, HMe!OtllHe rrpo6er B TKaHH OT 10 no 25 CM. 8 CBH3H C Te M, 

'!TO B CoaeTCKOM Co>03e B uacTomuee apeMg HeT rrpoTOHHoro ycKOpHTenH c 3Hep

rHeii oKono 200 M3B, B Jla6opaTOpHH HnepHbrx rrpo6neM OYI.HH a KOHue 1965 rona 

H B Ha'!ane 1866 rona 6btl!H rrpoaeneabt rrpenaapHTenbHbre 3KCrrepHMeHTb/51 no 
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Bbl!lCHeHHIO B03MO>KHOCTH nony"!eHH!l npoTOHHbiX ny'lKOB c sHeprHeil oT 100 AO 200 M s a 

TiyTeM TOpMO>KeHHSI B llOAXOASIIUeM BeiUeCTBe BbiBeAeHHOrO H3 yCKOpHTenSI llpOTOHHO

ro nyqxa c sHeprHeil 670 Msa. Pe3ynbT8Tbi s THX s xcnepHMeHTOB oxa3anHCb o6Ha

Ae>KHB810IUHMH, H B ABnbHeilweM C uenbiO C03A8HHSI H8H6onee 6naronpHS!THblX ycnOBHH 

AnSI npoBeAeHHSI B na6opaTOpHH SIAepHblX npo6neM OYISU1 MeAHKo-6aonorH"!eCKHX HC

cneAOB8HHH 6bmo npeAno>KeHo/6/ BbiBeCTH 3aTopMo>KeHHbiH nyqox npoTOHOB B H30nH-

poaaHHoe sxcnepHMeHTanhHO-KnHHH'lecxoe noMeiUeHHe, pacnono>KeHHoe He paccToR

HHH OKOno 35 MeTpOB OT K8Mepb! yCKOpHTenSI 38 HaAe>KHOH 6eTOHHOH 38IUHTOH, a An!l 

yaenH'leHHSI HHTeHCHBHOCTH npOTOHHoro nyqxa B MeCTe pacnono>KeHHSI o6beKTa o6ny

'leHHSI yCT8HOBHTb ~OKyCHpy!OIUHH KaHan H3 pSIA8 KB8ApyTIOnbHblX nHH3 COBMeCTHO C 

BBKyyMllpOBOAOM. 

B HacToSimee apeMSI ace Heo6XOAHMbie CTpOHTenhHhie H MOHT8>KHble pa60Tbl 

38KOH'leHbl H 06IUaSI CXeMa <IJOpMHpOB8HHSI H TpaHCllOpTHpOBKH npOTOHtlOrO 

TIY'lK8 C SHepraell OT 100 AO 200 Msa Bbirn!lAHT TaK, K8K STO TIOK838HO He pHC, 1, 

BbiBeAeHHbiil H3 aaxyyMHOH KaMepbi ycxopHTenSI npoTOHHbill ny'loK c sHeprHeil 

670 M 3 B QJOKyCHpyeTCSI napoll MarHHTHblX KB8ApynonbHblX nHH3 He TOpM03HlUHH 

QJHnbTp H3 BOAbl TOniUHHOH OKOiiO 160 r/CM2, 3aTOpMO>KeHHble llpOTOHbl OTKnOHSIIOT

CSI MarHHTOM H8 BXOA QJOKYCHpyiOIUero ~SHane, O'lH!U8SICb llpH STOM OT llpHMeCeH 

llOCTOpOHHHX 'l8CTHU, H 38TeM TpaHCllOpTHpy!OTCH H8 paCCTOSIHHe OKOnO 30 MeTpOB B 

SKCTiepHMeHT8nbHO-KnHHH'leCKOe llOMeiUeHHe, nnSI TIOny'leHHSI He06XOAHMOll HHTeHCHB

HOCTH npOTOHHOro TIY'lK8 B MeCTe pacnono>KeHHSI o6nyqaeMOro 06beKT8 He BCeM TiyTH 

Tp8HCI10pTHpOBKH Tiy'lK8 yCT8HOBneHbl CeMb MarHHTHblX ~OKYCHpy!OIUHX nHH3 C ane p

Typoll 12 CM, a AnH HCKnJO'l e HH!l pacCe!lHHSI llpOTOHHOrO Tiy'lK8 B B03Ayxe CMOHTHpo

B8H BBKyyMllpOBOA C TIOnHOH AnHHOH 26 MeTpOB, OTK8'lHBaeMblH AO ASBneHHSI HH >Ke 

MM pT.CT, 

3xcnepHMeHT8nbHO-KnHHH'leCKOe llOMeiUeHHe BKnl0"!8eT B Ce6SI HeCKOnbKO OTAenb

HblX KOMHaT, KoMHaTa "1' - npoueAypHaH, nnomaAb!O 18 M
2 

npeAH83Ha'leHa AnSI 

p83MeiUeHHSI o6nyqaeMOrO 06beKT8 H He06XOAHMOrO A03HMeTpH'leCKOrO o6opyAOB8"HHSI, 

113 KOMH8Tbl '2' - nynbTOBOH, TinOIU8Ab!O 10 M 
2 

> OCyiUeCTBnSieTCSI A03Hp0BK8 npOTOH

HOrO nyqxa. KoMHaTa '3' BbiAeneHa AnSI MeAHUHHCKoro KOHTponSI 3a nauHeHTaMH, 

3xcnepHMeHT8nbHo-KnHHH'leCKOe llOMeiUeHHe HMeeT OTAenbHblH Bb!XOA H3 3 A8HHSI yc

KOpHTenSI H MOlKeT 6 b !Tb TIOnHOCTb!O H30nHpOB8HO BO apeM!l CeaHCa o6ny"!eHHSI OT 

OCTSnbHOH 'l8CTH KOpllyCa CHHXpO!IHKnOTpOH8 , 

4 



llnH o6ecneqeHHH panaauaoHHOM 6esonaCHOCTH o6~nyN'HBaKllllero nepcoHana KOM

HaTa "2" OTnenHeTCH OT KOMHaTbl "I" 6eTOHHOM 3aliJHTOl! TOnliJHHOM OKOno I MeT-

pa, a npoxon MeN,ny aTHMH KOMHaTaMH Ha BpeMH ceaHca o6nyqena H nepeKpbiBaeT-

csr nonBHN<HOM 3aliJHTOl! H3 6eTOHa TOnliJHHOll OKOnO 60 CM, noMeliJeHHS! HHN<Hero aTa-

~,a, pacnonomeHHbie non KOMHaT aMH • 1 • H "2", HMeiOT aHanoraqHyiO nnaHHpOBKY a 

OCHaliJeHbl peHTreHOBCKHM o6opynoBaHH8M nnH CpaBHHTenbHOrO H3yqeHHS! panHo6Hono

raqecKOrO B03neHCTBHS! y - KBaHTOB H npOTOHOB, 

Ha Bbixone BaKyyMHOH KaMepbi CHHXpOUHKnOTpoua npoT OHHbiH nyq oK c aHeprHe» 

670 Mas HMeeT nonepeqHbie pa3Mepbi OKano I CM H yrnosy10 pacxonHMOCTb !_0 ,5°; 

3uepreTHqeCKHH pa36poc npOTOHHoro nyqKa cocTaBnHeT a E = 3 Maa17 1 , a ero 

cpenHHH npo6er B sone nocTaraeT senHqHHbi 180 rlcM2. BpeMeHHaH CTpyKTypa Bbi

seneHHor 0 nyqKa npOTOHOB/8 / XapaKTepH3yeTCH HanHqHeM cryCT KOB qaCTHU, HM81011JHX 

cpenHIOIO nnaTenhHOCTb 160 MHKpoceKyHn H nepHonaqeCKH cnenyiOlllHX npyr 3a npy-

roM qepe3 KaN,nbie 8 MannaceKyHn. Kamnbiil TaKoii crycTCK , B cso10 oqepenb, pas-

6asaeTCH Ha MHKpocryCTKH nnaTenbHOCTbiO OKOnO 15 HaHOCeKyn H paCCTOHHHeM 

Memny nocnenosaTenbHbiMH MHKp ocrycT KaMH 7 1 HaHoCeKyHna. 

BbiBeneHHbiH H3 saKyy MHoii KaMepbi ycKopHTenH npoTOHHbiH nyqoK passasaeT 

npH CBOeM TOpMON<eHHH B BeliJeCTBe 3aMeTHbiH TennOBOH a¢¢eKT, H aTO 06CTOHTenb-

CTBO 6binO HCITOnb30BaHO nnH H3MepeHHH a6COniOTHOrO 3JiaqeHHH HHTeHCHBHOCTH nyq-

Ka KanopaMeTpaqecKHM MeTonoM. Pa6oqee Teno KanopaMeTpa npencTaBnHno co6oil 

CBHHUOBYIO nnaCTHHY BeCOM OKOnO 400 r H TOnliJHHOH 11,2 r f CM2 . nnaCTHI: a yeT a-

HaBnHBaeTCH B TepMOCTaTe nepneHnHKyngpHO npOTOHHOMY nyqKy H COITpHKaCaeTCH 

c qyscTBHTenbHbiM TephiO,.:eTpOM. Kana6poBKa KanopaMeTpa B 3aBHCHMOCTH OT ape-

MeHH HarpeBaHHH H MOlllHOCTH HCTQqHHKa Tenna npOH3BOnanaCb C ITOMOlllbiO BCTpO

eHHOrO B CBHHUOBYIO nnaCTHHY aneKTpOHarpeBaTenbHOrO aneMeHTa, qepe3 KOTOpbiH 

nponycKancH TOK onpeneneHHOii MOlllHOCTH . Pe3ynbTaTbi aTHX H3MepeHHil npaaeneHbi 

na pac. 2 . BpeMH penaKcauru! TeMnepaTypbl B TaKOM TepMOCTaTe 3a cqeT Tenno

nposonHoCTH CTeHOK COCTaBnHeT OKOnO 1, 3 qaca H ITOaTOMy npH BpeMeHaX H3Mepe

HHH CBb!We 5 MHHYT He06xonHMO yqHTb!BaTb HenHH8HHbiH xapaKTep yaenaqeHHH TeM

nepaTypbl B 3aBHCHMOCTH OT BpeMeHH neiiCTBHH npOTOHHOr!J nyqKa, nepBH'lHb!H npo

TOHHb!H nyqoK c aHepraeii 6 7 0 Mas pacceasaeT B CBHHUOBOH nnacTHHe cpenHIOIO 

TennOBYIO MOliJHOCTb OKOnO 1,2 BdTTa H yaenHqeHHe TeMnepaTypbl B KanopHMeTpe 

COCTaBnHeT, npHMepHO, 5° 3a BpeMH npoxomne HHH nyqKa paBHOe 5 MHHyTaM . npa 
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OIIpeueneHHH HHTeHCHBHOCTH IIpOTOHHOro rryqKa T8KHM MeTOUOM CneuyeT yqHTblB8Tb, 

qTQ H3Mep51eMb!H TerrnOBOH 3<jl!jleKT o6ycnoBneH He TOITbKO HOHH38llHOHHblMH IIOTepH

/17 I 
MH rrepBHqHblX IIpOTOHOB, H3BeCTHblMH C TOqHQCTb!O OKOITO 1-2 IIpOUeHTOB ,HO 

T8K)!{e rrornomeHHOil U030H OT BTOpHqHblX qaCTHU, B 03HHK810ll!HX B HeyrrpyrHX HUep-

Hb!X B38HMOUeHCTBH51X rrepBHqHblX IIpOTOHOB. 3Ta IIOIIp8BK8 MO)!{eT 6 b!Tb paCCqHT8H8 

/9/ 
MeTOAOM MoHT e -Kapno 11nH rronyqeHa 113 3KCrrepi!MeHTanbHhiX KpiiBhiX Ep3rra 

110,11/ 
IIpl! TOpMO)!{eHI!I! . IIpOTOHOB B CBI!HUe • lln51 paCCM8TpHB8eMoro cnyqag OH8 

COCT8BIT51eT (20 ± 10)% H ee HeorrpeueneHHOCTb orp8HI!qi!B8eT TQqHQCTb UBHHOrO 

KanopHMeTpHqecKoro MeToua B rrpeuen a x 10%. C yqeTOM 3TOli rrorrpaBKH 3 HepreTH

qecKHe IIOTepH OUHOrO I1pOTOH8 B CBI!HUOBOH rrnaCTI!He COCT8Bn51IOT Benllqi!Hy ~E = 
-12 

={18, 1:t_1,8) M3B HnH (2,91!_0,29)· 10 U)!{ , I! rronHa 51 HHTeHCHBHOCTb rrpOTOHHoro 

rryqKa CB5138Ha c rrpHpameHHeM TeMrrepaTypbi ~ T B rpauycax UenbCH51 38 BpeM51 

113MepeHI!51 MIIHYT rrpOCTblM COOTHOllleHIIeM 

~T . II 
(4,0!_0,4) ·10 IIpOTOHOB/CeK • (I) 

p 
t ( 1 - 1, 1 10 - 2 t . ) 

ITonHaH HHTeHCHBHOCTb BhiBeUeHHOro rrpoTOHHOro rryqKa, 113MepeHH8H Kanopii

MeTpHqeCKIIM MeTOUOM B HeCKOnbKIIX Ce8HC8X pa60Tbl yCKOpHTeng, KOne6neTCH B rrpe-

11 
uena x 15-20 rrpoueHTOB II COCT8Bn51eT B CpeUHeM 4•10 rrpOTOHOBfCeK IIpll MBKCII-

11 
MBnbHOM 3HaqeHIIII 4,5•10 rrpOTOHOB/CeK. 

TopMO)!{eHHe rrepBHqHoro rryqKa rrpOToHOB B ToncToM 3aMeuniiTene corrpoBO)!{Ua

eTcH p51UOM rro6oqHblX rrpOUeCCOB, KOTOpb!e He06XOUIIMO yqi!Tb!B8Tb H IIO B03MQ)!{HQ

CTII CBeCTI! K MIIHHMyMy , eCnl! Tpe6yeTC51 IIOnyqHTb 38TOpMO)!{eHHb!ll IIpOTOHHblH rry-

qQK C yUOBneTBOpHTenbHblMII I18p8MeTp8MII. 

CpeuH 3THX rrpoueccoB oco6eHHO Ba)!{Hbi cneuyiOll!He. 

Bo-rrepBbiX, rrepaHqHbie rrpoTOHbi I!CITbiTbiBaiOT B38HMOUellcTBII51 c aTOMHbiMH HA

paMH aemecTBa 31\MeunHTenH. ITp11 KB)!{UOM BKT e TaKoro B3BI!MOUeiicTBH51 3HeprHH 

I! H8IIp8BneHHe ABI!)!{eHII51 rrepBHqHoro I1pOTOH8 pe3KO MeHHIOTCH II MQ)!{HQ CqHT8Tb 

TaKoll rrpOToH rrpaKTIIqeCKII Bbi6biBlliHM 113 rryqKa. KaK cneucTBHe 3Toro B03HHKaeT 

38rpS!3HeHHOCTb 38TOpMO)!{eHHOrO rryqKa Hel!TpOHBMH H y -KB8HT8MH. 

Bo-BTOpbiX, rrepallqHbie rrpoTOHbi B rrpouecce 3aMeuneHHH HCIIhiTbiBBIOT MHOro

KpaTHOe KynoHOBCKOe pacce51HHe, B pe3ynbTBTe qero rrepBOHaqanbHO rrapannenbHbill 

rryqOK IIpOTOHOB nocne Bb!XOU8 H3 38MeUnHTen51 p8Cll!l!p51eTC51 IIO ll1!8MeTpy I! CT8HQ-

BI!TC51 paCXOUHIUHMC51. 
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B-TpeTbHX, BCneacTBHe CTaTHCTH'IeCKHX ~YKTyauHa noTepb oHepr HH, a TaK*e 

HCKpHBneHHa TpaeKTOpHa 3apa*eHHhlX 'IBCTHU oHepreTH'I8CKaa aHcnepCHa 38TOpMo-

*eHHoro npoTOHHoro ~Y'IKa 3 Ha'IHTenbHO B03pacTaeT,H TIHK Epo rra B KOHUe npo6era 

TaKOrO TIY 'IKB CTaHOBHTCa MeHee Bblpa*eHHbiM. MOMHO caenaTb TipH6TIHM8HHYJO KOTIH-

'18CTB8HHY JO OU8HKy BTIHaHHa paCCMOTpeHHbiX Bblllle npoueCCOB Ha napaMeTpbl ny'IKa 

c TeM, 'IT06bi Bbi6paTb HaH6onee noaxoaa111ee BellleCTBO aaMeanHTena. 

VIa paaa oKcnepHMeHTanbHbiX aaHH bix / 1:.!• 13•141 cneayeT, 'ITO nonHbie ce'leHHa 

B3aHMOaeacTBHa TipOTOHOB C aapaMH pa3TIH'IHbiX oTieMeHTOB cna6o MeHaJOTCa B aHa

na30He oHeprlia HaneTaJOiliHX npOTOROB 150-700 MoB. <P aKTOp ocna6neHHa HHTeHCHB-

HOCTH nepBH'IHOrO TIY'IKa npOTOHOB B o TOM cnyqae MO*HO OTIHCaTb TipOCTbiM Bblpa*e-

e - ~1 n 1 U n °HCTIO "aep/CM:.! ,· '· HHeM , rae ~ ~ -ro copTa ana HCnonhayeMon 

TOTIIliHHbl 3aMeaTIHTena, a 0 
1 

- TIOTIHOe C8'18HHe B3aHMOaeacTBHa nepBH'IHbiX npOTO

HOB C HapaMH i -oro COpTa npH oHeprHH TipOTOHOB OKOTIO 5U0 MoB, COOTBeTCTBYJO

Illea B paCCMaTpHBaeMOM cnyqae 3Ha'I8HHJO oHeprHH 3aTOpM0*8HHbiX TipOTOHOB npH

MepHO B cepeaHHe aaMeanaJOillero BellleCTBa. PacC'IHTaHHbie no oToa cjlopMyne <jlaK

TOpbi ocna6neHHa HHTeHCHBHOCTH npOTOHHoro nyqKa npH TOPMO*eHHH nepBH'IHbiX 

TipOTOHOB B paae TipOCTbiX H C TIO*HbiX BeWeCTB OT oHeprHH 670 MoB ao KOH8'1HOa 

oHeprHH 180 MoB npeacTaBneHbi B 3 CTpoKe Ta6nHU bi 1. 

BnHHHHe MHoroKpaTHoro KynoHOBCKoro pacceaHHa npoTOHOB B 3aMeanHTene 

MO*HO OU8HHTb cneayJOiliHM o6pa30M. LJ.na npOTOHOB C HMnynbCOM p H CKOpOCTb!O 

~ B cnyqae aocTaTO'IHO TOHKOrO pacceHBaTena TOniliHHOH cpeaaHa KBaapaT yr-

na MHOrOKpaTHOrO KynOHOBCKOrO paCCeHBaHHa OnpeaenaeTCa cneayJOiliHM TipH6nHMeH

/1b/ 
HbiM BbipaMeHH8M 

4 ~ 
0, 157 z ( z + 1) t ln ( L 13 10 z s 

-I 
A t ~-2 l 

(:.d 

2 
B o6naCTH oHeprHH npOTOHOB OT IOU ao 1000 M oB aaBHCHMOCTb ( p ~) OT ocTa-

R TO'IHoro npo6era 

U 8 HTOB cjlyHKUHea BHaa 

MOMHO annpOKCHMHpOBaTb C TO'IHOCTb!O B H eCKOnbKO npo-

2 I+ q 

( p {3 ) a R 
{3) 

TIOKa3aHHOH ana pa3nH'IHbiX B8UI8CTB B 4 CTpOKe Ta6nHUbl I. nonaraSI B oHepreTH

'18CKOM HHTepBane 100-1000 M 9 B norapH<jlMH'IeCKYJO cjlyHKUHJO B BbipaMeHHH {:.!) no

CTOaHHOH H paBnoa 15, MOlKHo nony'IHTb cneayJOlllyJO npoc TyJO cjlopMyny ana oueHKH 
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CpenHef'O KBanpaTa yrna MHOf'OKp8TI!Of'O KYJlOHOBCKOf'O pac ce!riHI!H C y'!eTOM 1!3-

MeHeHI! !ri 3H8pf'HH npOTOHOB B 11pOU8CCe TOpMO>KeHH!ri / 16/: 

< e 2 > 
k 

0, 157 z ( z + 1 ) 15 

A a 

Ro 

f 
R 

I 

d R 

R I + q 

k 

q Rq 
I 

___ 1 __ ) 
R q 

0 

(4 ) 

BenH'-IHHa ..; < e 2 
> 

k 
llJ151 p83Jli!'-1Hb!X Be!ll8CTB B cny'-lae TOpMO>KeHH51 11pOTOHOB OT 

3 He pi' HH 670 M3B no 3 He prHH 180 M3B n pencTaaneaa a 5 cTp oKe Ta6nHUhi . TaK KaK 

caM !!OpBH'-!Hblil ny'-!OK HMeeT Y l ' JlOBy!O pacXOlli!MOCTb ..; < e 2 
> ~ 0, 5° 

0 ¥ 

TO 38TOpM0)K8HHblit ny'-IOK npOTOHOB 6yneT X8p8KTepH30B8TbC51 I!OJ1Hb!M CpenHeKBBI-l -

2 2 2 
paTH'-IHb!M yrnODbiM pa36pocoM < 0 > = < e > k + < B > 0 • n oKa3a HHb!M B 6 CTp oK e 

Ta om'!Uhl 1. 

Cpem mf1 KaanpaT panHyca nonepe'-laoro paCillHpeHHH ny'-!Ka, o6ycnoaneaaoro 

M HoroKpaTHbtM KynonoBCKHM pacce!riHHeM , c Y'IeTOM H3M OHeiiH51 3HeprHn npo-ronoa 

n npouecco 3aMenneun51 MO>KHO oueHI!Th 113 cnenyiOmeii QJOPMYJ•h/16/ 

2 
< r > 

k 

R 
0 2 

f (R - R
1

) 

R 
I 

2 
d < e > k 

k 

Ro 

f 
R 

I 

(R- R )
2

dR 
I 

1 + q 
R 

rne ace o6o3Ha'-!eHH$1 TBKI!e >Ke KaK B <jJopMyne (4) . llnS! cny'-laH R 
1 

<< R 

< r 2 > 
k ( 2 - q ) Rq 

0 

2 - q 
[ R o- (-- ) Rl 1 

l - q 

\5) 

(6 ) 

TaK KaK rrepDH'-IHhifl ny'-IOK npoToHOB !!MeeT nHaMoTp 2,j< r
2
>= 3 CM , To nonHhiii cpen
o 

Hllfl KBanpaT pan11yca 38TOp MO)I(eHHOf'O ny'-IKB npOTOHOB 6yneT xap8KT8p1!.30BilTbCH 
----- -------

BOJlii'-IIIHOM<r2>=< r 2 >k+<r
2

>
0

• P ac '-l e TH hl e3Ha'-leHJHI ,j<r
2

> t 11 ,l <r 2 
> 

n nH pS!na nellleCTn a cnyqae TOpMO"<eHI!SI npoTOHOB OT 3HeprnH 670 M3B ao 3HeprnH 

180 M3B noKa3aHbl n 7 11 8 cTpoKa x T a6nHUhi 1. 

3HepreTI!'-!eCK851 J1HCnepCH51 3 8 T OpMO>KeHHOf'O ny'-IK8 npOTOHOB onpenenHe TCSI 

Bblp8)KeHHeM 

a 2 = [ a 2 ( T = 670 M3B - a 2 
( T 

E c P nc p 

8 

180 M 3B )+a2l ( dE 2 
k ~) + 

02 
OE \ 7) 



r.oe .llHCnepCH R npo6e ra (CTparrnHHr'), o6ycnoBne HHaR CTaTHCTH'ieCKHMH 

" ~nyKTyaUHRMH nOTe pb 9 H e pr'HH B npone cce TOpMO~eHHR, 

r e TH'ie CKa R .llHCnepC H R n e pBH'iHOr'O ny'iK a n pOTOH OB, dE/ d x 

2 
u

2 
= 9 M a B - a H e p

OE 

- HOHH3a UHOHHbie no-

T e pa n poTOHOB npa a HeprHH 180 MaB , a u: - .oHcnepCHR n p o6e r a aaTopMo~eHHbiX 

npOTOHOB H3-3a HCKpHBne HHR TpaeKTOpHll: 'iaCTHU, H C n biT biBaiOII!HX MHOr'OK p a THOe 

KynOH OBCKOe p aCCeRHH e B npouecc e 3 a Me.one HH R. llnR OU eHKH CT~ HCnOnh3 0Ba-

n HCb Ta6nH'if!ble 3Ha q eHH R CT 
0 

/ 17/ , npHBe.lleH Hbie B l:J CTpOKe T a6nHUbl 0 a CT k 

onpe.oen Rnacb H3 Bbtpa~eHHR 

Ro 
1 

(1 -2- f < (J 2 > dR, 
k 

R l 

r.oe 

<82> _k_ ( 1 __ 1_ ) 

~ k q 
I 

R
1
«R

0 

k 
------::,--- [ 1 -
2(1- q )R" 

0 

PaccqaTaHHbie no aToll: ¢>opMyne 3Ha'ieHHR 

qecKOH .llHCnepCHH u 2 , onpe.oeneHHbie 
E 

H 11 CTpOKaX Ta6nHUbl 1. 

R" 
0 

R 
0 

R 
In l. 

R I 

{8) 

Mar HKT Hoe none , OTKnOHRIOII!ee aaTopMo~eHHbte npoTOHbi Ha yron 14° Bcnea-

CTBHe 3H8'iHTenbHOr'O nonepe'iHOr'O paCII!HpeHHR nyqKa Ha, BbiXOL{e 3aMeLtnHTenR, 

npaKTH'ieCKH He yMeHblliaeT 9HepreT H'ieCKYIO .llHCnepCHIO nyqKa, O.llHaKO nonHOCTbiO 

O'iHII!aeT ny'iOK OT npHMeCH HeHTpOHOB, Y -KBaHTOB, a T8K~e 3apR~eHHbiX 'i8CTHU 

C HMnynbCOM, OTnH'iaiOII!HMCR 0T HMnynbC8 38TOpMO~eHHbiX npOTOHOB. 

Ha- aa MHOr'OKpaTHoro KynoHOBCKoro pacceRHHR npOTOHOB B npouecce TopMo

lKeHHR nnOT HOCT b nOTOK8 npOTOHOB 6biCTpO yMeHblli8eTCR nO Mepe yaan eHHR OT 38-

MeAn HT enR. T a K, Ha BbiXO.lle aaMeanaTe n R , ecn a pa.oa anbHaR aaBHCHMOCTb nnOTHo-

CTH n OTOK8 38TOpMO~eHH biX npOT OHOB pacnpe.ll~eHa no 38KOHY 
2 r 

F(r )dr • --- e- <r 2> rdr , 
<r2 > 

TO nnOTHOCTb nOTOKa H 8 OC H n y qKa ( r e 0) COCTaB nRe T 
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(r=O, ZaO) = 
I -I "1u o e 

" < r 2 > 
npOTOHOB 

CM
2 

CeK 
( 10) 

rae I = 4·1o
11 

0 

-1 
ceK HHTeHCHBHOCTb nepBHqHoro ny'IKB npOTOHOB. llnH pgaa Be-

!lleCTB 3HaqeHHe j ( r = 0 , L,., 0) npHBelleHO B 12 CTpOKe Ta6nHUbl 1 H MeHHeTCH 

B npenenax 2•10
8 

-2· 109 npOTOHOBfCM2 CeK. 

EcnH Tenepb BbtqgcnHTb nnoTHOCTb noToKa 3aTOpMO>KeHHbiX npOTOHOB Ha pac-

CTOHHHH L =30 MeTpoa oT 3aMennRTenH, npHHHMBH ao BHHMaHHe, 'ITO yrnoaoe pac-

npeneneHHe npOTOHOB OnHCb!BaeTCH Bblpa>KeHHeM 

62 
e- < 62> 

TO HMeeM 

3Ha'!eHHH 

p(6)d0= 
2 

< e 2 > 

j(r=0,L=30M) 

6d6, 

e -I n 1 (7 I 
1 

7T<62:><L2 

npOTOHOB 

CM2 CeK 
(11) 

i ( r =0, L =30 M) npHBeneHbl JlnH p83nHqHbiX BeiUeCTB B 13 CTpOKe 

T86nHUbl 1. l1CKniO'I8H BOilOPOJ:l, 3TH 3H8'IeHHH npHMepHO H8 J:lBB nopHJ:lK8 MeHbiUe 

nnOTHOCTei! UOTOK8 npOTOHOB, Tpe6yeMblX HOpM8nhHb!MH ycnOBHHMH npoaeneHHH Me

llHK0-6HOnOrHqecKHX 3KCUepHMeHTOB. 

K8K cneayeT H3 T86nHUbi 1, H8H6onee nonxonHIUHM aemeCTBOM, KOTOpoe no3ao

nano 6bl CBeCTH K MHHHMYMY OCna6neHHe HHTeHCHBHOCTH npOTOHHOro nyqKa B npo

uecce 38Me):lneHHH, o6ycnoBneHHOe HJ:lepHb!MH B38HMOJlei!CTBHHMH H MHOrOKpaTHblM 

KynoHOBCKHM pacceHHHeM, HBnHeTCH BOilOPOJ:l. 0J:lH8~0 KOnH'!eCTBO BOJlOpOJla, Heo6xo

J:lHMOe nnH c6poca 3 HeprHH nepaHqHoro ny'!Ka no aenHqHHbi 170 Maa, coCT8BnHeT 

OKOnO 80 r/cMf . npH nnOTHOCTH >KHJ:lKOrO BOJ:l0p0Jl8 0,07 r/cM3 J:lnHH8 T8KOrO 38-

Me):lnHTenH npeBblCHn8 6bl 11 MeTpOB H ero HeB03MO>KHO 6btn0 6bt p83MeCTHTb B 38-

ne CHHXpOUHKnOTpOH8 nepen OTKflOHHIOIUHM MBrHHTOM. l1CUOnh30B8HHe JlnH 38MeJlnH

TenH Be!lleCTB, COJlep>K8lllHX 60nbiUOe KOnHqeCTBO XHMHqeCKH CBH38HHOrO BOJlOpOJlB, 

TBKHX KBK BOlla ( H 
2 

0 ), H8Cbi!IleH Hble yrneBOJ:lOpOJlbl ( CH
2 

)
11 

H Jlp. C OllHOBpeMeH

HblM UpHMeHeHHeM MeTOilOB KOMUeHCBUHH MHOrOKp8THOrO KyflOHOBCKOrO pacCeHHHH 

n03BOnHeT KOMUpOMHCCHO peWHTb 3 TOT BOnpOC. npH 3TOM H8H60nee uenecoo6pa3HO 
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acnonbaoaaTb *HAKHe aemecTaa, TaK KaK a aTOM cnyqae n erKo yaanBIDTCB raaoo6-

pa3Hbte npoayKTbi paaaonaaa. B TBepAhiX, XHMH'leCKH cno)I{HhlX aemecTaax npa ac

nonbayeMoli HHTeHCHBHOCTH. Bhl BeAeHHOrO nyqKa npOTOHOB npOHCXOABT Heo6paTHMbte 

!jlH3HKD-XHMH'leCKHe nponecCbi, ITOCTeneHHO MeHBIOmHe CBOliCTBa 3THX BemeCTB. 

nnB KOMITeHC8UHH paCXOAHMOCTH 3aTOpMO)I{eHHOro ITY'lKa npOTOHOB, o6ycnoane H-

HOH MHOrOKpaTHbiM KynOHOBCKHM pacce siHHeM B npouecce 3aMeane HHSI, C Ue llbiO 

nony'leHHSI He06XOAHMOH HHTeHCHBHOCTH nyqKa B MeCTe paCUOflO)I{e HHB 06beKTa 06-

ny'leHHH 6btn cnpoeKTapoaaa161, paccqaTaa a aarOToane a !jloKycapyromali KaHan aac

KpeTaoro Ta.na. B KaqecTae ¢loKycapyromax sneMeHTOB KaHana 6btnH acnollbaoaaHhi 

MarHHTHbl e KBaApynOilbHble nHH3bi, p aapa6oTaHHble B na6opaTOpHH HAepHblX npo6neM 

OY! HY! A.A. KponaHbiM a ap. 1 18/. MaraaTHbie naaaht npeacTaanSIIDT co6oli CHMMeT

PH'lHbte KaaapynonbHbte TpHnneTbt . Kpaliaae ceKUHH TpanneTa aMeiOT anaay 20 CM, 

cpeAHHSI - 40 CM, paCCTOSIHHe Me)I{Ay CeKUHS!MH paBHO 10 CM H anepTypa nHH3 CO

CTaBnSieT 12 CM. 

3neKTpaqecKoe conpoTaaneaae TOKoaecymeli o6MOTKH oaaoro TaKoro TpanneTa 

paaHO 0,3 OMa, MaKCHManbHO AOITYCTHMblli TOK B036y)I{AeHHSI - 400 aM H MaKCHManb

HO pacceaaaeMaSI MOmHOCTb - 50 KBT. 

<POTorpa!jlHS! qaCTH !jloKy CHpyiOmero KaHana C nHH3aMH OT N> 3 AO Nil 6 H BCTaB

n eHHbiMH B HH.X Tpy6aMH aaKyyMnpOBO.lla ITOKa3aHa Ha pHC. 3. 

Ha pac. 4 aao6pa)l{eHa onpeaeneHaaSI sKcnepaMeHTanbHO aaaaCHMOCTb rpaaaeaw

Ta MarHHTHOro nonS! OT TOKa B036y)I{AeHHSI AnSI cpeAHeli H KpaliHHX CeKnHli HCnonb

ayeMblX nHH3. flpH TOKe . B036y)I{AeHHSI CBhiWe 200 8MJ!ep Ha'lHHaeT CKa3hiBaTbCSI Ha

CbiiUeHHe MarHHTHOrO nOTOKa, HeCKOnbKO 6onbmee B Kpal!HHX CeKUHSIX TpHnneTa. 

MaKCHManbHbtll rpaaaeaT MarHHTHOro nonSI a cpeaaeli c eKUHH naaabt aocTaraeT aaa

'leHHSI OKOnO 1QQQ 3pCTfCM npH TOKe B036y)I{AeHHSI 400 aMn~p. 

YfaMeHeHHe rpaaaeaTa MarHHTHOrO nonS! BAOnb OCR nHH3bl npH TOKe B036y)I{Ae

HHSI 200 aMnep noKaaaao aa pac. 5. AaanorH'lRbte H3M epeHHSI 6htna caenaabt npa 

ApyrHX 3Ha'leHHSIX TOKa B036y)I{Ae HHSI. Yfa nonyqeRHb!X AaHHbiX 6btnH Bbl'lHCneHbl s!jl

!jleKTHBHhi e AnHHhl cpeaueli H Kpa l!HHX CeKUHH TpHnneTa, a TaK)I{e s!jl¢eKTHBHOe pac

CTOSIHHe Me)I{AY CeKuHSIMH. 3TH aenH'lHHhl p8BHbl COOTBeTCTBeRHO: f 2 3 !jl =;44,2 CM, 

f 1s!jl = :.!4,8· CM H 

B036y)I{AeHHSI nHH3bl. 

d s !jl = 10,6 CM H C TO'lHOCTb!O OKOnO 1% He 3aBHCSIT OT TOKa 
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HailaeHHbie 3Ha'IeHHfl a<jJ!jleKTH B HblX JlflHH H 3 8BHCHMOCTb rpaaHeHTa MarHHTHoro 

nOflfl B CeKUHf!X TpHnn e T a OT TOKa B036y}I{JleHHfl 6blfl H H CnOIIb30BaH bl Jlflfl paC'IeTa Ha 

aneKTpOHHQ-B bl'IHCflHTeflbHOH MaWHHe OnTH M8flbHblX napaMeTpOB !jloKyCHpyJOIUer'O KaHa

na. XOTfl K saapynonbHble TpHnne T bl H f!Bnf!IOT Cf! M e Hee a KOHOMH 'IHbiMH no pacxoay 

aneKTp03 HeprHH no cpasaeHHIO c KBaapynonhHblMH ay6neTaMH c Toil }l{e caMoil cyM-

119,20 / 
MapHOH JlflHHOli nOfl!OCOB , OJlHaKO T aKHe CBOHCTBa KBBJlpynOflbHbiX TpHnneTOB 

KaK paBHble K03cjlcjJHUHeHTbl yaenHqeHH fl B JlBYX B3a H MHo-nepneH JlHKynf!pHb!X nnOCKO

CT f!X !jloKyCHpOBKH (pH C . 6), a TaK }I{e 3aMe THO 60flblliaf! 3cjJ!jleKTHBHaf! anepTypa onpe-

)leflf!IOT !IX f!B HOe npeHMyiUeCTBO no OTHOWeHHIO K KBaJlpynOIIbHb!M Jly6neTaM, HMe!O-

IUHM pe3KO OTflH'IHbie ysenH'IeHHfl a asyx nnocKOCT f!X !jlOKYC HpOBKH. KaaapynonbHbie 

TpHnne Tbl 06b !qHO npHMeHf!IOTCf! npH TpaHc nopTHpOBKe 3apg}l{eHHblX 'IaCTHU Ha 60nb

WHe p aCCTOf!HII fl H pa60Ta!OT no CXeMe nepeHOCa 'IaCTHU OT npeJlMeTa K H306pa}l{e-

/ 21/ 
HHIO • EcnH, KpOMe TOr'O, HCTO'IHHK 'IaCTH U HMee T KOHe'IHble pa3Mepbl ( KaK B pac-

CMaTpHaaeMOM cnyqae H3-3a nonepeqaoro pacwHp eHHfl ny'IKa, o6ycnosneHHoro MHoro

KpaTHblM KyflOHOBCKHM paCC e HBaHHeM B npouecce 3aMe)ln eHHfl) , TO B MeCTaX 06pa-

30BaHHfl npoMe}l{yTO'IHOr'O H306pa}l{eHHfl ycTaHaBflHBa!OTCf! JlOnOflHHTenbHble fli!H3bl, 

Ha3b!BaeMble noneab!MH / 22/. 

Jlae B03MO}I{Hble 3KBHaaneHTHbie onTH'IeCKHe cxeMbl !jloKycHpyJOIUe ro KaHana no

Ka3aHbl H a pHC . 7 a)H 6) ·. B TaKoil 3KBHBaneHTHOli cxeMe Mar'HHTHble Kaaapynonb-

Hble TpHnne T bl 3aMe Hf!IOTCf! TOHKHMH C06Hpa!OIUHMH flHH3aMH, paCnOflO}I{eHHb!Mif Ha 

paBHblX paCCTOf!HHf!X Jlpyr OT Jlpyra. B cxeMe a) nHH3bl pa3MeiUeHbl aa OJlHOKpaT-

HOM !jloKycaoM paccTOf!HHH apyr oT apyra, npH'IeM nHH3bi Ndw 1, 2, 4, 5, 7 f!Bflf!IOT

cg !jloKyCHpy!OIUHMH, a nHH3b l N9N9 3 If 6 - noneBblMH. B cxeMe 6) flHH3bl pacnona

raJOTCf! aa aaollaoM !jloKyCHOM paccTof!HHH. B 3 TOM c nyqae flHH3 b l N9N9 1 , 3, 5, 7 

f!Bflf!IOTCf! !jJOKyCHpy!OWHMH 0 a flHH3bl l\~N? 2, 4 H 6 - noneBblMH . 

CxeMa 6), XOTf! H o6naaaeT 6onbWHM K03!jl!jJHuH eHTOM 3axaaTa ang BHeoceabiX 

ny'IKOB, Tpe6yeT Jlflfl CBOer'O OCyiUeCTBfleHHfl CTpOr'Oli KOMn eHCaUHH aCTHr' MaTH3MB B 

Ka }l{)l0H OT)lenbHOH flHH3 e H 60IIbWer'O (npHMepHO B V 2 pa3) TOKa B036y}I{Jle-

Hlff!, qeM B CXeMe a ). LJ:H c n e HHble paC'I e T bl , B b inOnHeHHble Ha a neKTpOHHD-Bbi 'IHCflH

TeflbHOH MaWHHe, nOKa3anH ( pHC. 6), 'ITO Jlflfl OTJleflbHOli flHH3 bl B cnyqae CXeMbl 6 ) 

ocTaToqHbie a6eppauHH npHBOJlf!T K H ecoanaaeHHIO H3o6pa >KeHHli a npeaenax ±)0% B 

JlBYX B3aHMHo-nepneHJlHKYflflpHb!X nnOC KOCTHX !jloKyCHpOBOK npH OJlHHaKOBOM 3Ha'Ie

HHH rpaJlH e HTa Mar'HHTHOr'O nOflfl B CpeJlHeli H KpaliHHX C e KUHf!X paCCMaTpHBaeMblX 

12 



nnaa. Y'!eT pearrbHOA 38BHCHMOCTH rpa~neaTa MarHHTHoro norrH B cpe~aeA H KpaA

HHX CeKUHHX IIHH3bl B o6rraCTH 60nbWHX TOKOB B036Y*UeHHH CHIIbHO yBeiiH'IHBaeT 

3TO paCXO*~eHHe (pHC. 8). YKa3aHHbiH aCTHrMaTH3M KBaupynOIIbHbiX TpHnrreTOB MO*-

HO norrHOCTbiD yCTpaHHTb, eCIIH 38nHTaTb pa3UeiibHO Cpe~HIDID H KpaHHHe CeKUHH IIHH-

3bl. 0~HaKO KOHCTpyKTHBHhle oco6eHHOCTH HCnOIIb3yeMblX KBa~pynOIIbHbiX TpHnrr e TOB 

uerraiDT TaKyiD onepaunro eeCbMa cno*HOA H TPY~HOBhmorrHHMOH. 

B cnyqae *e 3KBHBarreHTHOA onTH'!eCKoA cxeMhi a) B Ka'IeCTBe ljJoKycapyrome-

rO 3IIeMeHTa HCnOIIb3yeTCH napa IIHH3, H eCIIH BKIIID'IHTb 3TH IIHH3bl TaK, 'IT06bl 

nrrOCKOCTH ljJHKYCHpOBOK B HHX nocne~OBaTeiibHO '!epe~OBaiiHCb, TO OCTaTO'!HblH 8CTH

rMaTH3M B Ka*~OH nape IIHH3, BKniO'!eHHhiX yKa3aHHbiM o6pa30M, nOIIHOCTbiD KOMneH

CHpyeTCSI, H ny'IOK npOTOHOB, 38XBB'!eHHblH Ha BXOUe CHCTeMbl, TpaHCnOpTHpyeTCSI 

no eceMy ljJoKycapyromeMy Kaaany ~o o6nyqaeMoro o6beKTa no'!TH 6ea noTepb. 

Kos¢¢a uaeHT aaxeaTa aaTopMO*eHHhiX npOToHOB npH Bbi6paHHOM pacnono*e

HHH IIHH3 ljJOKyCHpyiDUiero KaHana H BHyTpenHeM ~HaMeTpe BaKyyMnpOBO~a 2 r O 

= 11 CM onpe~errSieTCSI npH6IIH*eHHbiM Bblpa*eHHeM 

K = < 

r 

r 
0 2 

f --e 
< r2 > (12) 

0 -2 
r~e0 0 = -- =15·10 H f • f uQ,8 COOTBeTCTBeHHO yrrrOBa9 H sljJijJeKTHBHaSI anep-

Typa o~HHO'!Horo ~Ba~pynorrbHoro TpnnneTa. 3Ha'!eHHSI 

Ka3BHbl B 14 CTpOKe Ta6rrHUbi 1. 

~n11 pMa eemecTB no-

Ecna TpaacnopTHpoaKa aap!!*eHHbiX '!aCTHU ljJoKycapyromHM KaHarroM rrpoacxo~HT 

nocneuoeaTenbHO OT npeuMeTa K aao6pa*eHHID no cxeMe a) 6ea a6eppauaA H rro

T e pb, TO B ljJOKarrbHOH niiOCKOCTH nocrre~HeH IIHH3bl MO*HO 6biiiO 6bJ O*H~aTb crre

uyromeA BeiiH'IHHbl nnOTHOCTH nOTOKa npOTOHOB Ha OCH ny'!Ka : 

) = np¥0HOB 

CM CeK 
(13) 

a nonHaSI BeiiH'IHHa HHTeHCHBHOCTH npOTOHHOrO ny'!Ka B 3 TOH niiOCKOCTH onpe~e-

IIHTCSI Bblpa*eHHeM 

I BbiX. ( L = 30 M ) = I o e 

-! 
1 

n a 
1 1 

K 
npOTOHOBf ceK. (14) 
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O>IU!.UaeMbie 3HaqeHHSI 3 THX aenHqHH noKa3aHbi B 15 H 16 cTpoKax Ta6nHUbi I. 

B cepe.uHHe MapTa 1967 ro.ua 6binH nonHOCTbiO 3aaepweHbi ace pa60Tbi no 113-

roToaneHBIO H MOHTa)l(y ljloKyCHpyiOwero KaHana, H a TeqeHHe nocne.uyiOwero MecSiua 

KaHan 6bin HCnbiTBH Ha nyqKaX npOTOHOB pa3nHqHOH 3HeprHH, nonyqaeMbiX nyTeM TOp

MO)I(eHHSI B BO.UHOM 3aMe.unHTene. Ha pHc. 9 npHse.ueHbi pe3ynbTaTbi nposeaeHHbiX HC

nbiTaHHil np11 pa3nHqHbiX cnoco6ax BKnJOqeHHSI ljloKyCHpyiOillHX nHH3. DpH yaenHqeHHH 

TOKa B036y)I{JleHHSJ, OllHHaKOBOrO BO BCeX nHH3aX ljloKyCHpyiOiliero KaHana, nonHaSI 

KHTeHCHBHOCTb npOTOHOB c 3HeprHeil 185 M3B Ha Bbixoae KaHana B03pacTaeT, npH

MepHo, B 10 pa3, llOCTHraSI MaKCI!ManbHOrO 3HaqeHHSI npH TOKe 300-400 aMnep B 

3aBHCHMOCTH OT · cnoco6a BKnJOqeHHSI nHH3 ljloKycHpyiOwero KaHana. HaHnyqwHe pe3ynb-

TaT hi, I<aK H O)I(H.Uanocb, 6binH nonyqeHbi npH BKnJOqeHHH nHH3 no cnoco6y, Koraa 

nnocKOCTB ljloKyCHpOBOK B HHX nocneaosaTenbHO qepe.uyiOTCSI. DpH 3TOM npe)l(ae ace

ro peanH3yeTCSI 3KBHBaneHTHaSI OnTHqeCKaSI CXeMa a) pHC. 7, TaK KaK MaKCHManb

HaSI HHTeHCHBHOCTb aoCTHraeTCSI npa 3aMeTHO MeHbllieM TOKe B036y)I(J:IeHHSI. OTHOCH

TenbHbie H3MepeHHSI nnOTHOCTH nOTOKa npOTOHOB Ha BbiXO}le ljJOKyCHpyiOlliero KaHana, 

BbiUOnHeHHbie C nOMOllibiO npoljJHnHpyiOlllero CUHHTBnnSIUHOHHOrO cqeTqlfKa C pa3MepOM 

CUHHTHnnSITOpa OKOnO I CM, noKa3anH ysenHqeHHe nnOTHOCTH nOTOKa npOTOHOB llO 

40-50 pa3 npH TOKaX B036y)I(JleHHSI 300-400 aMnep no OTHOilieHHIO K nnOTHOCTH no-

TOKa npH HyneBOM TOKe B flHH3aX. 

llKaMeTp nyqKa npoTOHOB, onpeaeneHHbiH no ljJOTorpaljJHH nyqKa Ha peHTreHOB

CKoil nneHKe, 3KCnOHHpOBaHHOH B ljJOKaflbHOi\ nnOCKOCTH nocne}lHeil nHH3bi, COCTaBflSI

eT 4-5 CM. B 3THX ycnoBHSIX yrnoBaSI pacxoaHMOCTb nyqKa npH6flH)I(aeTCSJ K ~1°. 

DpoaeaeHHbie HCnbiTaHHSJ saKyyMonpoaoaa noKa3anH, 'ITO nonHaSJ HHTeHCHBHOCTb npo

TOHHoro nyqKa c 3HeprHeil 120 M3B, H3MepeHHan Ha BbiXoae ljloKycHpyiOmero KaHa

na, yMeHbwaeTc n npHMepHo B 3 pa3a npH 3anonHeHHH aaKyyMnpoaoaa B03ayxoM .uo 

}laBneHHSI 760 MM J:T.CT. 

A6coniOTHaSJ HHTeHCHBHOCTb noTOKa npoTOHOB Ha Bbixoae ljloKyCHpyiomero KaHa

na 6bma H3MepeHa c noMOlllbiO HeCKOnbKHX MeToaoa. B OllHOM MeToae Ha nyTH nyq

Ka ycTaHaBnHBanaCb n nOCKOnapannenbHaSl HOHH3aUHOHH8SI KBMepa C ljJHKCHpOBaHHblM 

pacCTOSIHHeM Me)l(ay 3neKT poaaMH, ycTaHoaneHHbiMH nepneH.UBKynnpHO ny'IKY . KaMepa 

HanonHSJnaCb qHCTbiM aprOHOM llO }laBneHHSl 1,06 aTM. H HOHH3aUHOHHbiH TOK KaMepbl 

B ycnoaHSIX HaCbillleHHSJ TO'IHO H3MepSinCSI 3nei<TpOMeTpHqecKoi1 cxeMoi1. TaK KaK 

ang 'li!CTOro aproHa BenHqHHa 3HeprHH, 38Tpa'!HBaeMOi\ Ha o6pa30BaHHe napw HOHW, 
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onpeaeneHa C TO'IHOCTb!O, 6nH3KOH K 1%
1231

, 8 HOHH38UHOHHb!El I10TepH npOTOHOB 

Bbl'IHCneHhl B H8CTOI!IUee BpeMH C TO'IHOCTb!O B HeCKOnbKO npOUeHTOB/1 7 /, TO 

BenH'IHHa nonHero noToKa npoTOHOB, npoxoaHwero qepe3 KaMepy, onpeaenHeTCH c 

noMOWbJO cneayJOwero Bbipa>KeHIIH 

(L=30M)= 
Bb!X, 3KCn, 1, 6 10 

e 
= 6,7 · 10 J npOTOHOB/CeK, 

19 
dE/dx ~x 

(15) 

rae k = 2,4·10-7 a - 113MepeHHblH TOK HaCbiilleHII51 HOHII38UIIOHHOfi KaMepbl; W = 

=26,4 3B - 3HeprHH, 3a-I"p8'111B8eMaH npOTOHOM Ha o6pa30BaHHe OJlHOH napbl IIOHOB 

B aprOHe; dE/dx = 3,36 •J0
6 

3B/rfCM2 - HOHH3aUHOHHbie nOTe pll npOTOHOB C 3Hep-

rHeil 185 MaB a aproHe; /'>,x = 1,753.10-
2 

r/cM2 - TonwHHa cno5! ra3a aproHa 

MelKJly aneKTpOJiBMII KBMepbl, 

nony'leHHaH Benii'IIIHB nonHOH HHTeHCIIBHOCTH npOTOHHOrO ny'IKa JlOnlKHB 6biTb 

IICnpaBneHB Ha a¢¢eKT IIOH1138UIIII OT BTOpii'IHbiX qaCTIIU, B03HIIKBIDWIIX B pe3ynbTaTe 

HeynpyrHX CTOnKHOBeHIIH npOTOHOB C 51JlpaMII Ar II BeWeCTBOM aneKTpOJlOB KaMe

phi, OueHKa no MeToay MoHTe~Kapno/24/ aaeT anH a Toro acjl¢eKTa BeJIH'IIIHY 

- ( 10 :t_5) %, II HCnpaBneHHOe Ha 3TOT a¢¢eKT 3Ha'leHIIe nonHOrO nOT OK a npOTOHOB 

COCTaBIIT 

I (L=30J' (6,0:t_0,3)• 10
8 

npOTOHOB/CeK, (16) 
Bb!X,3KCn, 

Benii'IHHa nonHero nOToKa npoTOHOB 6hma TaK>Ke onpeaeneHa no 113MepeHHJO 

'IHCna npOTOHOB, pacceHHHbiX B peaKUIIH p + p -+ p + p Ha yron 43°20' B na6o-

paTOpHOil CHCTeMe, COOTBeTCTBYJOWIIil yrny 90° B CHCTeMe U eHTpa MaCC CTanKIIBaiD

WHXC51 'laCTIIU, nH¢¢epeHUHanbHOe Ce'leHHe 3TOH peaKUIIII 113BeCTHO B HaCTOHWee Bpe

MH c TO'IHOCTbJO, 6nH3Koil K 5%1251• B H3Me peHIISIX 6hinll HCnonb30BaHbi MIIWeHII 113 

nonH3TIIneHa II yrnepoaa TOnWIIHOH OKOnO J r /cM2 II TeneCKOn 113 TpeX CUIIHTHnnSI

UIIOHHbiX C'leT'IHKOB C pa3MepOM 0!1peaen51JOWero T eneCHbi H yron CUHHTHnnSITOpa 

12 X 12 x0,2 CM3 • Pa3HOCTI!biH a¢¢eKT C'leTa OT MllilleHeil C H 
2 
-C COCTaBnSin 

oKono 30% . nonHbiil noTOK B 3TIIX H3MepeH1151X onpeaenSinCH no ¢opMyne 

I 2 BbiX.3KC!I. ( L 

N ( 1 + ry ) 
30M) 

( 1 - () n da/ d P i\P. 
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rAe N = 1020 ceK - 1 
pa3HOCTHblH C'leT TeneCKOna OT MHllleHei1 CH 

2
-C ; 1J =0,04-

l- ( =0,79 - AOnSI non-nonpaDKa HB SIAepHOe norn oweHHe paCCeSIHHblX npOTOHOB; 

Horo noTOKa npoTOHOB, naAaiOWH X Ha MHllleHh ; n =7,82 • 1022 CM-2 - '!Hcno npOTo

HOB Ha CM2 noaepXHOCTH MHlll8HH; du/ dfl =10,7·10-27 CM2 /cT epaA - AHcp<jlepeHUH-

anhHOe ceqeHne ynpyroro p + p - pacceSIHHSI a na6opaTopHoli CHCT eMe AnSI yrna 

8 =43°20' H aueprHH HaneTaiOWHX npOTOHOB 185 Man, t.O =2,86· 10-
3 

- TeneCHbii! 

yron, CTSif'HBaeMblH T eneCKOilOM . 

B Tpe Tbe M MeT OAe onpeAen eHH SI nonHoi! HHTeHCHBHOCTH npOTOHHoro ny'lKa H OHH-

3aUHOHHaSI KaMe p a H T eneCKOn H3 TpeX CUH HTHnflSIUHOHHblX C'l8T'lHKOB yc T aHaBnHBa-

nHC b Ha BblXOAe QJOKyCHpyiOW8f'O KaHana. YfHT8HCHBHOCTb ny'!Ka 6btna yMeHblll8Ha 5o

nee '18M B 104 pa3 A O 3Ha'leHIISI , KOf'Aa nepeC'leTHBSI CXeMa MO>KeT C'lHTaTb 6e3 npo-

C'leTOB, H 6btnH npOB8A8Hbl 0AHOBp8M8HHbl8 H3MepeHHSI TOKa HOHH3aUHOHHOM KBMep bl 

H KOnH'l8CTBa npOTOHOB, n pOXOASIWHX qepe3 KBMepy II T e n eCKOn, 3 TO Il03BOnHnO H83a-

B HCHMblM CllOC060M OnpeaenHTb KOnH'l 8CTBO nap HOHOB, KOTOpOe o6pa3yeT B KBMepe 

OAHH npOToH. Bem!'lHHa nonHoli HHTeHCHBHOCTH npoTOHHoro ny'!Ka, onpeaeneHHaSI 3TI!M 

MeTOAOM B npeAnOnO>KeHHII, 'ITO TOK HBCbl lll8HHSI KBMepbl TO'lHO npOTIOpilHOHaneH HH-

T eHCHBHOCTH npOTOHHOf'O ny'lKB , COCTaDnSieT: 

I! (L c 30M)= 6,2· 10
8 

npoToHoa/ceK. 
BblX. 3KCTI, 

( 18) 

TaKH M o6pa30M , ace TPH MeTOAa npHaenH K pe3ynhTaTaM, coanaAaiOWHM a npeAenax 

1U% , H 3 T Y T O'lHOC Tb, TIO- BHAHMOMy, MO>KHO 6yAeT yny'llllHTh , eCnH AnSI H3MepeHH11 

a6coniOTHOM HHTeHCHBHOCTH npOTOHHOf'O n y qKa HCIIOnh30BaTb UHnHHAp cPapaAeSI, 

nn o THOCTb noTOKa npOTOHOB 6btna onpeaeneHa nyTeM H3MepeHHSI paAHanbHOi! 

3aB l!C H MOCTH HHT8HCHBHOCTI! ny'!Ka Ha BblXOAe cPOKYCHpyiOmero KaHana C nOM01llblO 

noABH>KHoro CUI!HTHnnSIUHOHHoro C 'le T'lHKa, pa3MepoM OKono 1 CM, EcnH C'li!TaTh, 'ITO 

pacnpeaeneHI!e HHT8HCHBHOCTI! He OT nH'laeT CSI OT rayCCOBCKOii KpHBOM CO CpeAH8KBaA

paTH'lHblM paAI!yCOM < I 
2 

> = 6 , 25 CM
2

, T O TOrAa nnOTHOCTb IlOTOKa Ha OCH ny'!Ka 

COCT aBnSieT 

j 
I BblX.3KC . ( T = 9, L = 30 M ) = 

a 
5, 9. 10 

"< r 2 > 
=30·10

7 

' 
npOTOHOB 

CM2 CeK 
( 1 9) 

n noTHOCTb IlOTOKB llpOTOHOB 6btn8 TBK>Ke 1!3MepeHa Apyri!M CTIOC060M , nyTeM 

C'leTa Tpe K OD OTUGflbHblX npOTOHOB B SIAepHOU 3MYflbCI!Ii, 3KCilOHI!pOB8HHOH nepneH

A HKynSipHO ny'lKy . no ABHHbiM B.H. EapaHoaa nnoTHOCTh noToKa npoToHoa ua oc11 nyq-

Ka COCTBBnSieT 
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2 eb!X.aKC. 
r =0, L 30 M) n~OTOHOe 

CM CeK 
(20) 

C TO'lHOCTb JO OKOJlO 10%. 

3TH aKcnepaMeHTa1lbHO nonyqeHHble eeJIH'lliHbl CneayeT CpaeHHTb C paC'leTHOH 

ee1lH'lHHOH ).11!5! eO).IHOrO 3aMe!l1lHT e1lSI 

r = 0 
ebiX 

L =30 M) 

np.aeeneHHOii e 15 CTpOKe T861IHUbl I . 

3 ,3 . 10 7 n~OTOHoe 
CM CeK 

(2 1) 

3KcnepaMeHTa1lbHble 3H8'leHHSI ecero H8 10- 20% MeHbWe pacqe THbiX, a, XOTSI 

TO'lHOCTb CaMHX paC'leTOe epSin Jlli 1lY'lWe 20-30%, aTO CeaneTe1lbCTByeT 0 TOM, 'iTO 

onaCaHHbiM CnOC06 non y 'leHHSI aaTOpMO)Ke HHbiX npOT OHOe MO)KHO paC C'lHTaTb C !lOCTa-

TO'lHOli ll1lSI npaKTH'leCKIIX ueneii TO'lHOCTb!O, nonHaSI HHT e HCHeHOCTb npOTOHHOrO nyq-

Ka H IT1lOTHOCTb nOT OKa npOTOHOe 6bll!H TaK)Ke aaMepeHbl npa MeHbWHX 3Ha'IeHHSIX 

a nepr11a aaTOpMO)KeHHbiX npOToHoe a nony'leHHbie p esynbT aTbi npaeeneHbi Ha pac. 10, 

3aMeT HO MeHbW8SI eeJIH'li!Ha ITOJlHOM liHT eHCHeHOCTH ITOTOK8 npOTOHOe npa anepri!H 

IS5 Mae no cpaeHeHaJO c pacqeTHbiM aHa'lermeM Ka'leCTBeHHO o6bSICHSieTCSI yMeHb-

weHI!eM KOa<tl(!muaeHTa saxeaTa npoToHoe nnSI eHeoce ablX ny'lKOe e cny'rae, Korna 

pea1lH3yeT CSI a·KeHea1leHT HaSI OITTH'leCKaSI CXeMa a), pac . 7, 

npa OITTHMa1lb HOM pe:>!(I{Me nHTaHHSI 1lHH3 cpoKyCapyJOWero KaHana C nOMOWbJO 

neyX n1lOCKOnapanne1lbHbiX HOHH3aUHOHH LIX KaMep 6binH npoeeneHbl H3MepeHHSI KpH

eblX Eparra • e cjlaHTOMe H3 nneKCHrnaca , KOTOpbrli no ceoefi T OpMoanoi1 cnoco6Ho

CTH MeHee '!eM na 3% OT1la'laeTCSI OT MSirKofi TKana 1 17 I . Ep arroecKae KpH Bbie , CIHI

Tbie e TaKax ycnoeHSIX npa anepra5IX aaTopMOll<eHHbiX npoT OHOe IS5 H tiS Mae, no

Ka3aHbi Ha pHc . 11 H 12 . CKopocTb HaKonne HHSI noabi e 6parroeCKOM MaKCBMyMe 

COCTaenSieT OKOJlO 200 pan IMHH npH a HeprHH npOTOHOe I S5 M a e H OKOJlO 90 pan/MaH 

np!I aHepr1111 npoTOHOe tiS Mae. 

OrHoweHHe noabi e 6parroecKOM nHKe K exonHoii noae npa aneprHa npoTOHoe 

1S5 Mae cocTaenHeT e HCn01lb30eaHHOM MeTone cjlopMHpoeaHHH n y'lKa ecero 

JlMaKC / .[leX = 1,63 li o6ycnoeneHO 601lbW011 3HepreTH'leCKOM nacnepcaeii 38TOpMO)KeH

HOro ny'lKa, HaKannaeaeMoil B npouecce aaMennenHSI n e peH'lHbiX npoTouoe. 

KaK y )!(e OTMe'lanocb ebiWe , MarHHTHoe none, .oTKnoumowee 3aTOpMo:>~<eHHbie 

npoTOHbi Ha yron 14°, npaKTI!'leCKH He enaHeT na a u epr eTB'lCCKyio nncnepcmo ny'lKa 
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BCneACTBHe ero 6onbllJHX nonepe'!Hb!X p83MepOB, npa HCI10nb30B8HHH llJeneBb!X KOITITH

M8TOpOB, ycT8HOBneHHbiX aenocpeACTBeHHO nocne 38MennaTena H H8 axone ¢oKyca

pyromero K8H8IT8, UeHOH 3H8'1HTeiTbHOr'O yMeHbllleHHH HHTeHCHBHOCTH llpOTOHHOr'O rry'l-

K8 MO~HO HeCKOITbKO yMeHblliHTb 3HepreTH'!eCKyiO nacnepCHIO H yBeiTH'IHTb OTHOille

/Jl 
HHe A03bl B 6p3r'r'OBCKOM ITHKe K BXOAHOH no3e no 3H8'1eHHH JlM8KC BX = 1,81 , 

EpsrroscK8R KpHB8H, nony'leHH8H B 3THX ycnosaax, noK838Ha H8 pac. 13 . CnenyeT 

OTMeTHTb, 'ITO speMeHH8H CTPYKTyp8 ny'IK8 38TOpMO>KeHHbiX npOTOHOB He rrpeTeprre

B8eT CKOITb-HH6yAb CyiUeCTBeHHb!X H3MeHeHHH !10 Cp8BHeHHIO C BpeMeHHOH CTpyKTy

pol! BbiBeAeHHbiX H3 K8Mepbi ycKOpHTena rrepBH'IHbiX npOTonos. Mo>KHO O>KHn8Tb TOITb-

KO He3H8'1HTeiTbHOr'O yBeiTH'IeHHH AITHTeiTbHOCTH MHKpOcryCTKOB '18CTHU no aenH'IHHbi, 

IlpHMepHO, 17 H8HOC e KyHn, 

T8KHM o6p830M, B J186op8TOPHH HAepHbiX rrpo6neM OYI.HYI B H8CTOHIUee speMH 

c¢opMHpOB8H H BbiBeneH B H30nHpOB8HHOe, ClleUH8ITbHO o6opyAOB8HHOe IlOMeiUeHHe 

HHTeHCHBHb!H IlpOTOHHb!H ny'!OK c 3HeprHeil OT 80 AO 185 MsB. n8p8MeTpb! 3TOr'O 

Ily'IK8 !103BOITHIOT IlpHCTyiTHTb K rrposeneHHIO Heo6XOAHMb!X MeAHK0-6HOITOr'H'!eCKHX 

3KCnepHMeHTOB ITO H3y'!eHHIO B03MO>KHOCTH llpHMeHeHHH npOTOHOB B KOpnycKynapHOfi 

Tep8I1HH OHKOITOr'H'!eCKHX 60ITbHb!X, Jl8ITbHeilmee CyiUeCTBeHHOe yny'!IUeHHe I18p8MeTpOB 

38TOpMO >KeHHOr'O I1Y'IK8 llpOTOHOB npH HCI10ITb30B8HHH p8CCMOTpeHHOr'O Bb!llle MeTOA8 

¢opMHpOB8HHH MO>KeT 6biTb AOCTHr'HYTO TOnbKO B cny'!8e 3H8'1HTeiTbHOr'O ysenH'IeHHH 

HHTeHCHBHOCTH BbiBeneHHOr'O rry'IK8 npOTOHOB, KOTOpOe npeArrOn8r8eTCH OCyiUeCTBHTb 

n1160 pa3p860TKOil HOBOil CHCTeMbl BblBOn8 I1Y'IK8 0 ITH60 llOCITe peKOHCTpyKUHH BCer'O 

YCKOpHTenH, p8CC'IHT8HHOH H8 nony'!eHHe r'Op83AO 60ITbWero BHyTpeHHero TOK8 npo-

TOHOB. 

B 38KITIO'IeHae aBTOpbi Bblp8>K8IOT 6n8rOA8PHOCTb npo(jleccopy Jl.YI . J18I1!U!ycy, 

npo¢eccopy A . Yf. PyAepM8HY H M.Yf. 88lfH6epry 38 llOCTOHHHYIO llOMOIUb B p860Te, 

KonneKTHB8M coTpynHHKOB Jl.Hll OY!.HYI H U3M OYI.HYI, B03r'IT8BnaeMbiX K.A. E8il'!e

poM, A.Yl. CMHpnosbrM, H . T. fpexoBbiM a M.A. J1H6epM8HOM, KOHcTpyKTOp8M KE JJ.Hn 

YI.X . Ho3npHHY H B.YI. CHAOposofi 38 npoeKTHpOB8HHe, H3r'OToanenHe, MOHT8)1( H 

H8n8AKY B C>K8Tble CpOKH BCero KOMITneKC8 CITO>KHOr'O o6opyAOB8HHH, neo6XOAHMOr'O 

AITH p83BepTb!B8HHH HCCnenOB8HHH ITO HCI10ITb30B8HHIO llpOTOHOB Bb!COKHX 3HeprHil B 

MenHUHHe, 
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T a 5 n H u a 1 x) 

N! N9 Bemee TBO H H 0 (CH ) Be c Al Cu Pb 
aaMennHTenH 2 2 n 

R o ( r /eM
2

) BB,5 1BO 172 223 204 ,6 231 265 353,5 

2 R I 
2 

(r/ eM ) 10,3 21,3 20 ,2 26 ,3 24,2 27 .7 32 ,4 45 

3 e - ~n t Ut _I_ _ 1_ _ 1 _ _ 1 _ _1 _ _ I_ _I _ _ I _ 

4 , 1 11,5 10,5 27,1 15 16 ,3 14 r4 ,9 

2 
(MsB

2
) 9Hl0 Rl. 09 4100 R1

' 01140oJi•01 3300 R1
'
08 3450R'!a 2800 R'• 11 2230 R'• 121380R 

1
'
15 

4 ( p f3) 

5 v < 0 2 
\ ( rpan.) r,63 3,40 2 ,93 2 ,7B 3 ,25 4,95 7,6 r3 ,6 

6 v< o 2 > (rpan.) r ,70 3 ,44 2,9B 2,B2 3 ,30 5,00 7,6 r3,6 

7 V < r 2 > k (eM ) rs,o 3,B 3,4 2 , r5 2,53 2,6 r ,3B 2 ,44 

B v< r ~ > (e M) r3,1 4,r 3,7 2 ,62 2,93 3 ,0 2 ,04 2,B7 

9 100 (] " I R 0 0,90 0,9r 0,96 r,o I,OB 

10 100 (] k I ( R 0- R I ) 0,04 0,06 0,12 0,30 0,96 

rr a E ( Ms B) B,4 B,6 B,5 9,4 12 

r2 J(r c O,L z Of I B· 6 ,6 · B,9 · 6 9· 9 9 · B 6 · 2,2· r O· 
(eM- 2 eeK- ) ·10B ·roB ·10B . ioB ·ioB • roB . 109 · l'o9 

r3 J ( re 0 , L =30 M) 3,B· 3 ,4 · 5. ro5 2,2· 2 B· 
r ,2· 10

5 5,B· I 7· 
(e M- 2 eeK- r) 106 105 . 105 io5 .104 1'o 4 

14 K 0,02B 0, 042 0,060 0,073 0,052 0,023 0,010 0,0032 

15 J ( r = 0 , 3 ,2 · 3,~· 6,q · 5, 1 54 · 2 ,~· 2 , ~· 3 3 · 
B_!o!X 

2 · 107 107 1'o7 106 
L -;.30M) (e M- eeK- ) 10 10 ro ro 

16 I ( L = 30 M) 2~ · I 5· 2 ,3 1,1· 1,4· 5 ,7· 10B 2,~· B 6· 
Bb!X -I 10 109 109 109 109 10 107 

(eeK ) 

x) f1 o HeHeHHH eM . B TeKeTe . 

r 8 
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Pac. 1. 06maH cxeMa !jlopMHpOBSHHSI npOTOHHoro nyqxa a pacnonolKeHHSI sxcne

pHMeHTSnbHo-KnHHH'I:ecxoro DOMemeHHSI B KOpnyce CHHXpOUHKnOTpOH8 na-
6opaTOpH.H SUtepHbiX npo6neM OHSIH. BKY - BSKYYMHSSI xaMepa ycxopa

TenH; OH - O'rKnOHSIIODlH9 HaCaAKH; p - Bb!BeAeHHbill npOTOHHbill ny'IOK 
c s aeprael! 670 MsB; MKn - Mai"HHTHaSI KBaApynonhHaSI naaaa AnSI !jlo
xycapoBKH nepaa'l:aoro nyqKa; T<t> - TopM03HmHll ¢HnhTp; OM - OTKn<>
HSIIOmHll Mai"HHT; K - xonnaMaTOpbij B'J)o.saxyyMHblll TpaxT; M<t>nnK -
MBrHHTHble !jloxycapy!ODIHe nHH3bl npOTOHHOI"O KaHana; 38 - 3aDlHTHbl8 
BOpOT8j JlA - A03HM9TpH'19CKaSI annapaTypa; PllJ - pOTaiUIOHHb!ll WTaTHBj 
'1'- npoueAypH8Sij '2'- nynbTOB8Hi '3'- KOMH8Ta AnSI OCMOTpaj 
'4' - DOAC06Hoe DOM9Dl811B8. 
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PHc. ~. KanH6pOBKa KanopHMeTpil. a) aaBHCHMOCTb npHpameHHSI TeMnepaTyphi oT apeMeHH 

HarpeBSHHSI npH ITOCTOSIHHOJ! MOillHOCTH W = 0,675 BT, 6) 3aBHCHMOCTb 

npHp8IlleHH51 TeMnepaTyphl OT MOillHOCTH npH ITOCTOHHHOM BpeMeHH H8 -

rpeB8HH51 I = 6 MHH. 
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Pac. 6. PacqeTHbte napaMeTpbt KBSJlpynonbaoro TpanneTa B 38BHCHMOCTH OT 
rpaJlH6HT8 MSr'HitTHOr'O nonll, OJlHHSKOBOr'O B cpeJlHell H .KpaliHHX C6KU1tl!X 
nHH3bt, IT -paccTOl!HHe OT aaaaell &!\l¢eKTHBHOli rpaHHUbi MaraaTaoro 
nonl! no nnocKOCTH aao6pa*eHHll; K - Ko&¢¢auaeHT nonepeqaoro yaena
qeaal! aao6pa*eHitll naH3bt; H - Ko&¢¢auaeHT yrnoaoro yaenaqeaal!; 
HB)l9KC ¢I - COOTB9TCTByeT CnyqaJO, KOr'JlS nepBSR CeKUHH nHH3bl 
HBnHeTCll ¢ oKycapyromeli, HHJleKc D - cooTBeTCTayeT cnyqaro, Korns 
nepaall ceKUHH naaabt gangeTCH ne¢oKycapyromel!. 
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P11c. 13. EparroacKaH KpaaaH 3aTOpMo~eHaoro npoToHaoro nyqKa npH 9Hepraa 

rrpoTOHOB Hl4 Maa, H3MepeHHaH aa Bbrxone !j>oKyCHpyiOJUero KaHana npH 

HCIIOIIb30B8HHH JUeneBb!X KOnni!M8TOpOB IIO II IIOCne OTKnOHH!OIUero 

M8rHHT8. 
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