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co 1976 06'bedUHeHHbiU UHCIIIUIIfYB JldepHbiX UCCAedoeaHUU ,[!y6Ha 

I. BBEilEHHE 

ilo CH:X nop nOH:CK MarHHTHbiX 3ap5IJ]OB, ITpeJlCK838HHbiX 

BnepBbie ilH:paKOM I I I, unu MOHon one if ilapaKa, ITP OH:3BOJlH:JIC 5I 

K8K B KOCMH:qeCKH:X nyqax, TaK fl Ha yCKOpH:TeJI5!X JIH:60 ITO 

O~H:JlaeMOH CH:JlhHOH H:OHH:3H:pyromell: CITOC06HOCTH: 

( - 8 fsB cr-flr ) , na6o no HaBeneaaoll: s.n.c. B 3aMKHyToM 

cBepxiTpOBOJl5!IIJeM KOHType ITpa ITponeTe qepe3 Hero MarHH:T

aoro 3ap5!Jla 121. 
B 3KCITepaMeHTel3 •41 BnepBbie H:CITOJih30Banach B03MO~

HOCTh ITOH:CKa pe115!TH:BH:CTCKH:X MarHH:THhlX 3ap5!Jl0B ITO 

H:3JiyqeHH:ID BaBH:JIOBa-YepeHKOBa. TaKaS! MeTOJlH:Ka noH:cKa 

IT03BOJI5!eT ITpOH:3BOJlH:Th 3KCITepaMeHT ITpH: 3HaqaTeJihHOM 

~OHe 3ap5!~eHHhlX qaCTH:U 6naronap5! JlBYM o6cT05!TeJibCTBaM: 

1. ~HTeHCH:BHOCTh H:3JiyqeHH:5! BaBH:JIOBa-YepeHKOBa 

OT MarHH:THOrO 3ap5!Jla C g=68,5 e • n npeBOCXOJlfiT H:HTeHCH:B

,;OCTh H:3nyqeHH:5! oT qacTH:Ubi, o6nanaromell: sneKrpaqecKH:M 

3ap5!JlOM cornacao151 B 104 n2 pa3 (ITpa onaHaKOBhlX 

CKOpOCT5!X H: JlJlH:HaX ITp06erOB). 

2. non5!pH:38Ull5! H:3JiyqeHH:5! BaBH:JlOBa-4epeHKOB8 OT 

MarHH:THOrO 3ap5!Jla, KaK 3aMeTH:Jl ¢paHK
16\ JlOJl~Ha OTJIH:

qaTbC5! oT ITOJI5!pH:3aUH:fi H:3nyqeHH:5! sneKrpaqecKoro 3ap5!Jla 

IToBopoToM sneKrpaqecKoro BeKTopa Ha yron 90°.3To co3na

eT 6naroiTpH:5!THhle B03MO~HOCTH Jl115! JlOITOJIHH:TeJibHOH JlH:CKpH:

MH:HaUH:fi ~OHOBOrO H:3JiyqeHH:5! OT 3ap5!~eHHhlX qaCTH:U. 

KpaTKo MeTOJl ITOH:CKa MarHH:THhlX 3ap5!JlOB no H:3JiyqeHH:ID 

BaBH:JIOBa-YepeHKOBa onacaH paaee B
171 

ll.On~CAHHE YCTAHOBK~ 

OcymecTBJieHae aneH: ITOH:CKa MarHH:THhlX 3ap5!JlOB no 

o~H:JlaeMoii 3HaqaTeJibHoii BCllbiiiJKe H:3JiyqeHH:5! BaBanoBa

YepeHKOBa c cooTBeTCTByromell: non5!pH3auHeii rroTpe6o-
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Bano coaaaHug cneuuanbHOH ycraHOBKR ang pa6oTbi Ha 
BHyTpeHHeH MRlli8HR npOTOHHOrO CI1HXporpoHa Ha 9HeprRID 
70 fsB I1 HCTRTyTa cpi1311KR Bb!COKRX 9HeprRH. 

YcraHOBKa no noucKy MOHonong ll11paKa (YflMll) 6bJna 
paaMerneHa B 46-oM npoMe:tKyTKe KOnhUa ycKop11reng 

( p 11 C • 1) • 06WRH BRA ycraHOBKR ll0K838H Ha p R C • 2 11 3 

(BRA npOTRB ny"!Ka R R3HyTpR KOnbUa COOTBeTCTB8HHO). 
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P 11 c. 1. Baa Konbua nporoHHoro C11HXporpoHa I1<PB3 
B paHoHe 46 npoMe:tKyTKa: 1 - Mecro pacnono:tKeHug YflMll; 
2 - Mecro pacnono:tKeHug perucrpupyrorneH annaparypw. 
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p 11 c. 2. 06WHH BHA YflMll ( BI1A npor11B nyqKa Ha 46-M 
npoMe:tKyTKe ycKopureng I1<PB3): 1 - Ml1rneHh-paauarop; 
2 - BaKyyMHag KaMepa; 3,4,12 - CU11HTHnngU110HHbl8 C"leT
"lHK11 MOHI1T0p0Bj 5 - BOC8Mb OA11H8KOBhlX C"l8T"lHKOB YepeH
KOBa; 6 - CBHHUOBag 38lliHTa; 7 - cpepMa-onopa; 8 - MeXa
HR3M BBOA8 MHlli8HHi 9 - llOBOpOTHag nn11ra; 10 - OllOpHag 
nnHra; 11 - penhcw; 13 - aononH11TenbHhlH ruraHOBhlH 
Hacoc; 14 - reneBH3HOHHag ycraHOBKa flTY-101; 15 - o6-
MOTKa 45-ro 6noKa MarHura ycKop11reng. 

YflMll cocrogna 113 cneaymrn11x ocHOBHbiX "!aCTeH: 
1 ) Ml1lli8HI1-p8A118 TOp a, 2) B8KYYMHOH KaMepbi, 3) C"l8T"li1-
KOB YepeHKOBa, 4) MeXaHI13Ma esoaa MI1WeHI1, 5) nynhra 
ynpaBneHI1g, 6) MOHHTOpOB, 7) CHCT8Mbl C11HXpOHI138UHH 
11 perucrpaUH11, 8) 6wcrpoH aneKTpOHI1KR. 
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Puc. 3. Bua YTIM.ll H3HyTpu Konhua ycKopuTemr: 1 - <jloTo

YMHO:>KUTenh 58 AVP ; 2 - KOHU"IeCKoe 3epKano; 3 - wTopKa; 

4 - cocTaBHoe rrnocKoe 3epKano, aarrbiJieHHoe Al 
5 - IIOJI.HpOll):lblj 6 - QlOKyCHpyiOWa.H J1HH38 C f = 115 CMj 

7 - BhliiYCKHOe OKHO B8KYYMHOA KaMephlj 8 - COe):IHHHTeJih

HaS Tpy6a ):lll8M8TpOM 200 MMj 9 - CB8TOHerrpOHHU88MbiA 

KO:>KyXj 10 - M8f'HllTH85I 38WHTa <f>3Y j 11 - B8KYYMH8.H 

KaMepa YTIM.ll; 12 - MHweHh-paauaTop; 13 - Tpy6a; 

14 - THT8HOBbi8 HaCOCblj 15 - B8KYYMHbiH IIOCTj 16 - CBHH

UOB85I 38WHT8 <f>3Y j 17 - OTBepCTUe, qepe3 KOTOpOe BBO

AHTC.H MHW8Hh B KaMepy ycKOpHTen.H. 

1. MuweHh-paauaTop 

JlJI.H TOf'O, 'l:T06b! Ha6JIIO):I8Th 8KTbl p0:>KA8HH.H KaK CT86HJII: 

HbiX, TaK H HeCT86HJ1hHbiX M8f'HHTHbiX 38p.HAOB C T 53.10" 11 c, 
g 
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Puc. 4. MuweHh-paauaTop: 1 - rryqoK rrpoTOHOB 70 faB; 

2 - MHW8Hh - yce'l:eHHbiA KOHyC ll3 KBapua, 3 - H3JIY'i8HH8 

BaB unoBa-LJ epeHKOBa. 

HCIIOJ1h30B8J18Ch COBM8W8HH85I MHW8Hb-p8J:IH8TOp (pH C. 4), 
H3f'OTOBJI8HH8.H H3 paaHaUHOHHO-CTOAKOf'O OIITH'i8CKOf'O 

KBapua ( "'Herasil-1 ") B QJOpMe IIOJIOBHHbl yce'ieHHOf'O KOHyCa 

c yrnoM pacTBopa rrpu Bepwuae 2a = 96°. 
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MarnaTnwe 3apSinw, po*nennwe npa B3aaMoneAcTsaa 
TipOTOHOB C 9HepraeA 70 faB C UyKnOHaMa SIAep ~ a 0 
MallleHa, K8K TIOK83b!B8IOT KHHeMaTa'leCKHe paC'l8Tbi, B OC
HOBHOM aMeiOT CKOpOCTa {3 > 0,9, 'ITO cymeCTBeHHO npeBbl
lllaeT nopor B03HHKHOBeHaSI H3ny'leHaSI BasHnosa-4epeHKOBa 

s KBapue {3 rrop = 0,68. 
l13ny'leHae OT nap MOHOTIOnb-aHTaMOHOTIOnb aon*HO 6binO 

acnyCK8TbCSI 'lepe3 nonapOB8HHyiO KOHa'leCKYIO TIOBepXHOCTb. 
ITnocKaSI rpaHb MallleHa 6wna 3a'lepnena a nornomana 
'laCTb KOHyca a3ny'leHaSI OT nepBH'lHOrO TIY'lK8 npOTOHOB. 
PanaauaonnaSI anana KBapua X0 (Si02 ) = 12,4 eM. BeplllHHa 
Konyca 6brna o6pe3ana, 'lT06br H36e*aTb 6onblllOA pacxo
aaMocTa a3ny'leHaSI, B pe3ynbTaTe qero a~~eKTasnaSI Ton
mana MallleHa no nanpasneHaiO ny'!Ka npoTonos cocTasana 
-3 CM {- 6,75 r/cM 2 ). 

2. BaKyyMHaSI KaMepa YITMll 

BaKyyMHaH KaMepa YITMll, KOTopaSI SIBnSinacb oaHospe
MeHHO a 'l8CTbiO KOnbUa npOTOHHOrO CaHXpOTpOHa I1<t>B3 , 
o6ecne'lasana saKyyM - 10"6 MM pr.cT. 0Ha 6brna a3ro
rosneHa U3 Hep*aBeromeA cranH. llnH BbmycKa H3nyqeHHSI, 
B03H11Karomero B MHllleHa-paaaarope, KaMepa HMena 8 rpa
neueananbHhlX OKOH, s Ka*noe H3 Koropwx nonanana qacTb 
KOHyca a3ny'leHHSI B npenenax a3HMyranhuoro yrna /1¢ = 
= :!:_3,5 °. 3TO n03BOnSinO XOpOlllO aHanH3HpOB8Tb H3ny'leHHe 
no nonSipa3aUHH. KaMepa aMena nsa rrarpy6Ka. 4epe3 OAHH 
H3 nax nposonanocb ua6nroaeuae 3a MHllleHbiO-panl1arnpoM 
c noMOlllbiO renesi13110HHOA KaMepbr ITTY-101. 4epe3 npyroA 
OCyllleCTBnSinCSI AaCT8HUI10HHhlfi BBOA 11 BhlBOJl M11llleHa. 

3. C q e T q aKa 4 e p e H K o sa 

C'!eT'laKa 4epeHKosa ananH3Hposana a3ny'leH11e no nonSI
pa3auHa a aMnn11ryae. Ka*AbrA c'!eT'laK ( p a c. 5) aMen 
~oKyc11pyromyro naH3Y ( 3) a3 nneKcarnaca c f = 115 MM, 
no nsa nonHpoana ( 4) c B3aaMHO nepneHnaKynHpnoA nonSI
pi138UHeA, CMeHSIIOlllaXcSI nacraHuaoHHO. Ha6opHbie nnocKae 
3epKana ( 5), CMOHTaposaHHbie Ha o6meA nna T~opMe c pery-
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P 11c. 5. C'!eT'l11K 4epeHKOBa: 1 - M11llleHb 113 Si0 2 ; 

2 - BhlTIYCKHOe OKHO B8KYYMHOA KaMepw; 3 - ~OKYCHpyiO
lll8SI nan3a; 4 - nonSip011Jlbii 5 - na6opnoe nnocKoe 3epKano 
C perynl1pOBO'lHbiMH BHHI'8MI1 -6 i 7 - lllTOpKa C MeX8HI13-
MOM Jli1CT8HUHOHHOrO nepeMellleH11Hi 8,9 - co6apaiOllli1A 
3epKanbHbiA KOHyc; 10- <t>3Y58AVP ; 11- M8rH11TH8SI 
9Kp8HI1p0BK8 <t>3Y; 12 - CB11HUOB8SI 38llli1Ta <t>3Y i 13 -
CI1CTeMa Jl11CT8HU110HHOrO nepeMellleHaSI nonHpOHJlOBi 14 -

MeXaHI13M BB0Jl8 M11llleHI1. 
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nHpOBO'JHbiMH BHHT8MH (6), OTp8)!(8nH H3ny'IeHHe K <!Joro

YMHO)!(J:!TenSIM 58 AVP (10). nnSI OTCe'JKH H3ny'JeHHSI Ba

BHnOBa-4epeHKOBa OT nepBtl'IHOrO ny'!Ka llpOTOHOB 70f38 

B <!JoKanbHOH nnOCKOCTH nHH3b! ycTaHaBnHBanaCb AHCTaHUHOH

HO nepeMellla!OlliBSICSI IliTOpKa ( 7) IlltlpHHOH 65 MM. ¢3Y 

58AVP C AHaMeTpOM ¢oToKaTOAa 110 MM 3KpaHHpOBanHCb 

MHorocnoliaoli MarHHTHoli 3BlliHToli (11). Or ¢oKanbHoli nnoc
KOCTH nHH3bi Ha <!JoTOKBTOA ¢3Y H3ny'IeHHe C06HpanOCb 

KOHH'JeCKHMH 3epKanaMH (9). 
Tio a3HMyTy C'IeT'IHKH 4epeHKOBa pacnonaranHCb 'Iepe3 

0 

18 raK, KaK noKa3aHo Ha pHc. 2. B C'IeT'IHKax 1,2,3,6,7,8 

CTOSinH nonSipOHAbi, KOTOpbie AOn)!(Hbl 6bintl nponycKaTb 

H3ny'IeHHe OT MarHHTHbiX 3apSIAOB C nepneHAHKynSipHOH 

nonSipH38UHeH ( "-1- ... ), a B C'JeT'ItlKaX 4 tl 5-nonSipOHAbi, KOTO

pb!e AOn)!(Hbl 6binH nponycKaTb H3ny'IeHHe OT 3apSJ)!(eHHb!X 

'IaCTtlU c napannenbaoli ( ... II ... ) nonSipH38Utleli. 3ro no3BOnSino 

6onee HaAe)!(HO aaanH3HpOB8Tb AeTeKTHpyeMhle 'JaCTHUhl. 

Cny'IaiO pO)!(AeHHSI MOHononSI B MHilleHH aon)!(HO 6hino 

COllyTCTBOB8Tb llOSIBneHHe 6onblliHX HMllynbCOB B C'IeT'JtlK8X 

1,2,3,6,7,8 H OTCyTCTBHe TaKOBbiX B C'JeT'JHKaX 4 H 5. 

4. MexaHH3M BBOAa 

06mHli BHA MeXaHH3Ma BBOAa (MB) llOKa3aH Ha pH c. 6. 

8 CBSI3H C TeM, 'ITO B MOMeHT J:IH)!(eKUHH npOTOHOB C 3Hep

rHeH 100 M3B B Konbuo ycKopHrenH npoTOHbi 3aHtlMaiOT 

BeCb 06beM B8KYYMHOH KaMephl, MHilleHb-p8AHarop AOh)!(Ha 

HaXOAtlTbCH BHe KaMepbi. Tio Mepe YCKOpeHHH npoTOHOB 

H YBenH'IeHHH MarHHTHOrO nonH ny'JOK npOTOHOB C)!(HMaeTCH 

AO AHaMeTpa 7 +-10 MM 38 BpeMH t :! 1 C. C 3TOrO MOMeHTa 

MO)!(eT 6wTb AaH crapr MHilleHH. <l>a3w npouecca BBOAa 

MHmeHtl, CHHXpOHH30BBHHhle no BpeMeHH C UHKnOM YCKOpe

HHH llpOTOHOB, HnniOCTpHpyiOTCH pH C. 7. 

MHilleHb (1) HaXOAHnacb Ha non3yHe (2) KpHBOiliHnHo

Illaryaaoro MexaHH3Ma (5). Xoa non3yHa BMecre c MH

IlleHbiO COCTaBnHn 114 MM. TipHBOA B03BpaTHO-llOCTynarenb

HOrO ABJ:I)!(eHHH ocymeCTBnHnCH 3neKTPOABHrareneM (12) 

MOiliHOCTbiO - 180 BT 'Iepe3 Ban (6), ynnoraeHHbiH sa Ba

KYYM O-o6pa3HbiMH pe3HHKaMH (7), peayKrop H 6e3yaapHbiH 
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pH C • 7. ¢a3bl BBOna MH!lleHH. 1. VlcxonHoe rronmKeHHe 

MHilleHH. VlH)KeKUH51 rrpoTOHOB c sHeprneii 100 MsB ( H 
= 73 3) B KOnbUO ycKopHTen51 (t=O). 2. CTapT MHilleHH. 

3HeprH51 ycKopeHHblX rrpoTOHOB E p"" 40 rsB ' t = 
= (1,5 +- 1,7) c. 3. Pa6oqee rrono)KeHHe MH!lleHH. R = 
= +5 MM ( MHilleHb He noxon liT no ueHTpa KaMepbl ycKOpii

Ten51 5 MM C BHelllHeii CTOpOHbl KOnbUa ycKOpHTen51, 

E ""70 rsB, t = (2,4+-2,6)c). 4. "EaMI1
11 

HaBeneHII51 rrpOTO

Hot B pe)KH:Me "cTona". Ep = 70 fsB ( H = 12 K3). 

3a!llTpHXOBaHHa51 o6naCTb - BpeMeHHhle "BOpOTa" pa60Thl 

sneKTpoHH:Kif YllMn. 5. BosBpa!lleHHe MH!lleHH: B H:cxonHoe 

rrono)KeHH:e K Ha'lany cnenyiO!llero UH:Kna. 
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MeXaHH3M ( 10), KapnaHHbiH Ban ( 9) H penyKTOp ( 8). nn51 

6onbllleH Hane)KHOCTH nBHf'aTenb TOpM03HnC51 rrpH ITOMOillH 

neHTO'lHOf'O Maf'HHTHOf'O TOpM03a. nocTaBKa MH:IlleHH-panHa

TOpa B HcxonHoe rrono)KeHHe H3 !llniOsa (4) ocy!lleCTBn51nacb 

CH:nOBbiM IllTOKOM (3) OT MOTOpa MOillHOCTb!O -500 BT. 

JlpH 3aMeHe MH:IlleHH qepe3 OKHO !llni03a ( 4) Bb!COKHH 

BaKyyM B KaMepe yCKOpHTen51 nepeKphlBanC51 !llH6epOM (13). 

Bee orrepaUHH c MB ocymecTBn51nHCb nHcTaHUHOHHO. C no

MOillbiO MB 6hwo cnenaHo -120 000 BBonoB MH!lleHH: 6es 

OTKa30B B pa6oTe. 

5. IlynbT yrrpaBneHH51 

JloCKOnbKY rrocne OKOH'laHH51 Ka)Knoro ceaHCa pa60Tbl 

YllMn Ha BHyTpeHHeM rry'lKe rrpoToHoB rrpn HHTeHCH:BHOCTH 

no -t012rrpOTOHOBfUHKn Mlflll8Hb-panH:aTOp HMena aKTHBHOCTb 

no ( 100+-200) p;q, Bee orrepaUHII c YllMn rrpoBonHnHCb 

nncTaHUIIOHHO C rrynbTa yrrpaBneHH51. JlynbT yrrpaBneHH51 

IT03BOn51n aBTOMaTH'l8CKH rrpOH3BOnHTb BCe orrepaUHH C Me

XaHH3MOM BBOna, !llH6epOM, a TaK)K8 nHCTaHUHOHHO rrepe

MelllaTb rron51pOHnbi
1 

IllTOpKH, KOHTpOnHpOBaTb H Bbi51Bn51Tb 

pa3nH'lHhle HeHCITpaBHOCTH B pa6oTe MeXaHH3Ma BBOna. 

IlynbT yrrpaBneHH51 BKniO'lan B ce651 sneKTpOHHYIO norH

qecKyiO cxeMy, BbmonHeHHYIO Ha cneunanbHO paspa6oTaH

HbiX nOf'H'leCKHX 51'l8HKaX, aBTOMaTH'leCKH H B orrpeneneHHOH 

rrocnenoBaTenbHOCTH nonKniO'laiOmyiO sneKTporrpnBonbi pa6o

'IHX ysnOB K H:CTO'lHH:KaM 11HTaHH511 a TaK)Ke 1103BOn51IOillYIO 

BBOnHTb MHllleHb
1 

CHHXpOHHO C MOMeHTOM HH)KeKUHH rrpoTo

HOB, B KOnbUeByiO KaMepy yCKOpHTen51 C ni06biM cnBHf'OM 

BO BpeMeHH H Ha ni06yiO KOOpnnHaTy 110 panHYCY KOnbUa. 

Jlono)KeHH51 BCeX nBH)!(YillHXC51 qaCTeH ycTaHOBKH HHnHUHpO

BanHCb B uH¢poBoii nec51TH'IHOH ¢opMe. Bee owH60'lHbie 

BKniO'l8HH51 rronBH)!(HbiX qacTeH, KOTOpbie MOf'nH 6bi rrpHBe

CTH K aBapH51M, CB513aHHbiM C MeXaHH'l8CKHMH rronOMKaMH 

HnH HapymeHHeM BaKyyMa B KOnbUe, 6nOKHpOBanHCb sneKT

pOHHOH nOf'HKOH, HCTO'lHHKaMH CHf'HanoB an51 KOTOpOH 

cny)!(HnH COCT051Hif51 KOHUeBb!X HnH HHnYKTHBHbiX JJ.aT'lH

KOB/8~ 0TKpbiBaHHe wH6epa, npenwecTByiOmee rrepeMemeHHIO 

MeXaHH3Ma BBOJ].a B pa6oqee COCT051HHe, 6wno B03M0)KH0 
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-3 
n!illlb IIplf JlOCTif}KeHiflf B WJ1103e BaKyyMa -10 MM.pT,CT, 

Wn103 oTKa•maancSI ¢opaaKYYMHbiM HacocoM, a JlaTqlfKOM 

aaKyyMa cny*ana aaKyyMMerpaqecKaSI naMrra nma MT-6 

c npa6opoM BCE-1. 

6 • M 0 H If T 0 p bl 

llnSI onpeJleneHifSI nonHoro qacna npoTOHOB, npoweJlWifX 

qepe3 MlfWeHb-p8JllfaTop, lfCIIOJlb30BaJllfCb JlBa CUifHTifJlJlSI

UifOHHbiX TeneCKOIIa, Ka}I{Jlb!H 11:3 KOTOpb!X COCTOSIJl 11:3 Tpex 

CUHHTHJlJlSIUifOHHhlX cqeTqlfKOB, BKJlJOqeHHhlX Ha COBIIa)leHif~ 

B cqeTqaKax acrronb3oaanacb ¢oroyMHO*IfTena ct>3Y -30 co 

CTaHJlapTHblMif JleJl!fTeJlSIMif. ilnSI IIOnyqeHHSI IIpHeMneMb!X 

3arpy30K cqeTqRKOB CUifHTifJlJlSITOpb! lfMena pa3Mep 

8 X 8 X 50 MM 3 . flpaMeHeHHe TaKifX CUifHTifJlJlSITOpOB, 

a TaK*e B03JlyWHhlX CBBTOBOJlOB II03BOJ1SIJ10 a<j-J¢eKTHBHO 

perHcrpHpoaaTb qacTifUhl TOnbKO or MlfWeHif. KanH6poaKa 

cqeTqHKOB llp011:3BOJlHJlaCb IIplf IIOJIHOM C6poce yCKOpeHHbiX 

IIpOTOHOB TOJlbKO Ha MlfWeHb-paJllfaTOp (qacno IIpOTOHOB 

B KOJlbUe C TOqHOCTbiO -10% H3MepSIJIOCb rpynnoft 8KCIInya

T8UHif ycKopaTenSI Ha rnaBHOM rrynbTe). B naana3oHe lf3Me

HeHHSI lfHTeHCifBHOCTif IIpOTOHOB B pa3JIHqHbiX 8KCII031fUHSIX 

OT- 5.1010 JlO 2.10 l2 C -I cqeTHbiB XapaKTeplfCTRKH MOHifTO
poB 6biJlH m1HeHHbiMH. 

KoHrponb 3a c6pocoM npoToHoa Ha MaweHb rrpoa3ao

JllfJICSI C IIOMOillbiO CUifHTifJlJlSIUifOHHOrO cqeTqaKa C 4>3Y-29, 

BhlXOJlHOH ClfrHaJI C KOTOporo lfHTerpapOBaJICSI C IIOCTOSIH

HOH BpeMeHH r> 100 MKC, 3TOT cqeTqHK BKJIJOqaJICSI B Ueiib 

o6paTHOH CBSI3H If ynpaBJISIJl aMIIJlHTYJlOH "6aMna" (6noKa 

8MIIJIHTYJlHOH MOJlYJISIUHH MarHHTHOrO IIOJISI), HaBOJlSIIllero 

nyqoK Ha MHweHb, M3MeHeHHeM HanpSI*eHHSI naraHHSI Ha 

8TOM cqeTqHKe MO}KHO 6biJ10 Bapb11:pOBaTb KOJl!fqeCTBO npo

TOHOB, c6pacbmaeMbiX Ha MlfWeHb YITMll. 

7. CHcTeMa caHxpoHa3aUHH H perHcrpauHH 

flp11: Ha6ope CT8TifCTHKH IIpOif3BOJllfJ18Cb peracTpaUHSI 

CJleJly!OillHX IIapaMeTpOB: 1) IIOK83aHifH 1-ro If 2-ro MOHHTO

poa; 2) qHcna rpexKpaTHhlX coananeHifH oT Ka*noft H3 
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JlBYX rpynn cqeTqHKOB 4epeHKOBa; 3) qHCJla 6-KpaTHhlX 

COBIIaJleHHfi; 4) lfHTeHCifBHOCTif IIpOTOHOB B K8}1{Jl0M URKne; 

5) lfHTerpana lfHTeHCHBHOCTH; 6) HOMepa UHKna; 7) CKO

pOCTif cqeTa B OTJleJlbHhlX cqeTqHKBX. 3Ta lfH¢opM8UifSI 

rronaaanacb a crofiKy "fleqarb", pa6oraJOillYJO B "cTapT

cronHoM" pe*HMe ClfHXpOHHO C UlfKJ18MH paBHOMepHOrO 

c6pocA nporoHOB Ha MaweHb. BpeMSI cqera, era Haqano 

If KOHeU 38JlaBaJIHCb ClfCTeMOH T8HMepOB C TOqHOCTbiO 

JlO 1 MC. 3TO II03BOJ1SIJ10 lfCCJleJlOBBTb BpeMeHHyJO CTpyK

Typy c6poca npOTOHHOrO nyqKa If "oTpe3aTb" KaK yqaCTKH 

c6poca "Hepa36aHqlfpOB8HHOro" nyqKa,TaK If yqaCTKH 

c6poca Ha creHKif ycKopHTenbHOfi KaMephl. BcSI HH¢opMaUHSI 

co CTOHKH "fleqarb" cqHTbiBanacb UH¢poneqaraJOmeA 

MawaHoH: UITM-1 • CoananaJOmHe B wecrH cqeTqHKax 

4epeHKOBa HMIIynbChl ycanaaanacb ycanareJISIMH Y3-11 

If IIOJl8B8JllfCb Ha BepT11:K8JlbHO-OTKJlOHSIIOIUHe IIJiaCTHHbl 

JlBYX 6biCTpbiX IISITifJlyqeBbiX OCUHJinorpa¢oB /9~ flocneJlHife 

qepe3 CXeMy C8M06JlOKHpOBKH 3aiiyCK8JlHCb HMIIYJlbCaMH 

6-KpaTHbiX coananeHafi. OcuannorpaMMbi ¢ororpa¢apoeanacb 

KaMepaMif Pct>K-5, pa6oTaJOilllfMif B *JlyWeM pe*lfMe. Ha 

K8}1{Jl0M K8Jlpe, KpOMe OCUifJlJIOrpaMM, perlfCTp11:pOBaJICSI HO

Mep UlfKJla, qro II03BOJ1SIJ10 COIIOCTBBJlSITb Jl8HHb!H KaJlp C 

OTaeqaJOmeft eMy aH¢opMauaeft Ha neHTe UITM-1. 

8. E hi c T p a 5I a n e K r p o H 11: K a 

EnoK-cxeMa aneKTpoHaKu noKa3aHa Ha puc. 8. MM

nynbCbi c aHOJlOB 4>3Y 58A VP cqerquKOB 4epeHKOBa 

1,2,3,6,7,8 qepe3 JllfCKpHMHHBTOpb! d 1, 2 ,3,6,7,8 

u nirHiflf 3anep*eK DL 1 ,2 ,3 ,6 ,7 ,B nonaaanuci:, Ha nee cxeMbi 

3-KpaTHbiX COBIIBJlBHifH eel H Ce2 C pa3peWa!OillHM 

apeMeHeM r = 5 HC. MMnynbcbi coananeHHH or aTux 

cxeM nocrynanu Ha cxeMy naofiHhlX coananeHufi ee3 
c r = 10 HC. MMnynbCbi 6-KpaTHbiX coanaJleHifH 3anycKana 

pa3BepTKif JlBYX 6hlCTphlX IIHTifJiyqeBhlX OCUHJlJIOrpa¢oB 

5 RO -1 u 5 R0-2. C noMOillbiO arax ocuannorpa¢oa perucT

pupoaanacb lfMIIyJibCbi, IIOCTyiia!OillHB C IIOCJlBJlHHX JlHHO

JlOB BOCbMif ¢oroyMH0}KifTeneft 58AVP. 
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L lh_-

_n_ 

P 11 c. 8. EnoK-cXeMa 3JieKrpoHHKH: A 1D1 -'- A 8 D8 - aHOJlbl -

JlHHOJlbl <P3Y 58AVP i d I-;- dg - JlllCKpHMHH8TOpblj DL,-'-DLB
JIHHHH aaaep)KKHj CC 1 -;-CC 5 - cxeMbi cosnaneHHii; 5 R 0 
DHTHJiyqeBhlB OCUHJIJIOrpa¢hlj S - nepecqeTHhl8 6JIOKHj 

D P - UH¢poneqaTb; M
1 

H M 
2

- MOHIITOpbl. 

Cnyqaro pO)KJl8HH51 MOHononH llllpaKa c g = 68,5 e 

JlOJI)KHO 6bll10 COJiyTCTBOB8Tb nOHBl18HH8 60JibWIIX IIMDYllbCOB 

c N ;:: 400 ¢.3n. ( N - qucno ¢oTosneKTponos, Bbi6HBaeMbiX 

C ¢oTOK8TOJl8 ¢3Y) OJlHOBp8M8HHO B cqeTqHK8X 1,2,3,6,7,8 
H OTCyTCTBH8 TaKOBhlX B 4 If 5 cqeTq!fK8X. 

Kanll6poBKa BenuquH HMnynbCOB c ¢oToyMHO)KHTeneii 

58 AVP (s q11cne ¢oTo3neKTpoHOB, Bbi6HBaeMbiX uanyqeHueM 

BaBHJIOBa-4epeHKOBa c ¢oToKaToaa) npouaBOJlHJiaCb craH

aapTHoA M8TOJlHKOH/lO/no OTHOW8Hll10 nonHOH WHpHHhl Ha 

nonyBb!COTe 8MDJIHTYJlHOrO pacnpe)lel18HH51 K ero aMnnuTy

Jl8 B M8KCHMYM8. l13MepeHH51 npOH3BOJlHl1HCb C nOMOlUblO 
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HMnynbCHhlX CB8TOBhlX HCTOqHHKOB, OnTHqeCKOrO ycTpoA

CTBa c non51pOHJl8MH H aHanuaaTopa NTA-512. Toqnocrb 

T8K0ll npOUeJlypbl K8l11i6pOBKH, no H81IIHM pacqeraM, COCT8B

l151l18 :!:_20%. 
H eKOTOpbie oco6eHHocra, CBH3aHHbie c pa6oToil <P3Y 

(Yf1Mll) B ycnOBHHX 60l1bWHX aarpy30K, onacaHbi pa
Hee B /II' 12 . 

ill.3<P<PEKTI1BHOCTb YTIMll 

BepoHTHOCTh aaperucrpapoBaTb B ycTaHOBKe TIMll 

peaKUHlO 

P+N-+ p'+N'+ g+g, ( 1 ) 
KOTOp851 1 K8K npeanonaraeTCH, npHBena 6hi K B03HHKHOB8HH10 

I18pbl qacTHU g , g , 06l18Jl8101UHX MarHHTHb!Mll 38p51Jl8MH 

pa3HOrO 3H8Ka, Bhlp8)K88TCH K8K OTHOW8HH8 HHTerpallbHOrO 

Bblp8)K8HHH 
4 d3-+ 4 ~z/A 

S(h) =I II _ __E_i_ o 1 (p.-p
0

) I dx dy dz V (x,y) c F(p ,p ,x,y,z,h) 
I 2 E i I 1 

( v) 3 4 ( 2 ) 

K TaKOMY )!{8, B KoropoM, oaHaKo, nono)KeHo F = 1. 
3aecb p. , E . - HMnynbChi 11 nonHhie 3Hepn:t:H qacruu 

I I 

B nopHJlK8 HX Cl18JlOB8HHH B npaBOll qaCTH peaKUHH (1); 
p O- HMnynbC U8HTpa T51)K8CTH CHCT8Mbl qaCTHU ( 1) ( Ha

CTOHIUH8 pacqeThl npOBOJlllliHCb B npe)lnOJ10)K8HHH, qTo HyK

JIOHhl MHW8HH H8XO)l51TCH BO BHyTpH51Jl8pHOM JlBif)K8Hllll 

C HMnynbCHhlM pacnpeaeneHH8M ¢epMH ll M8KCHM8l1bHOH 

rpanuueii PF = 0,22 fsB/c; x,y ,z - rrpocrpancTseHHhie 

KOOpJlHHa Tbl 1 onpeJl8l1H10lUH8 TOqKy B38HMOJl8llCTBHH B 06'beMe 

(v) MHW8HH-paaHaropa; V(x,y) - nnoTHOCTb pacnpeae-

neHHH npOTOHOB B nnOCKOCTH, nepneHJlHKynHpffOll nyqKy 

npOTOHOB (3T8 ¢YHKUH51 OI1p8Jl8l151l18Cb 3KCnepHM8HT8l1bHO 

npH nOMOlUH KOHT8KTHOrO o6nyqeHH51 peHTreHOBCKOH ¢oTO

nJI8HKH MHWeHbiO-paaHaTopoM a nocneayroruero ee MHKpo

¢oTOMeTpapoBaHH51); >.. = 39,5 eM - cpeaHaii cBo6oJlHhifi 

npo6er npOTOHOB c 3HeprHeH 70 rsB B Si02 no OTHOW8HH10 

K HeynpyrHM npoueccaM, 3Ta B8J1HqHH8 H8XOJlHl18Cb Ha 

OCHOBe pacqeTa no T80pHH fnay6epa/l3/coOTB8TCTBY10lUHX 

ceqeHHH HeynpyrHX npouecCOB, Bhl3B8HHhlX npOTOH8MH Ha 

51Jlpax MHWeHu-paaHaTopa; F(p
3

,p 
4
,x,y ,z, h)- nnoTHOCTb 
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aepOSITHOeTH Toro, 'ITO npoueee ( 1) e HMnynbeaMH p3 , p 4 
qaeTHU g H g, npoHeWelliiiHH B TO'IKe (X , y, z) BHYTPH MHWe
HH, 6yneT 3aperHeTpHpoaaH yeTaHOBKoli, eenH nopor pe

rHeTpaUHH eoeTaanSieT h ~oToaneKTpoHoa, Bhl6HaaeMhlX 

H3 ~OTOKaTO/lOB <l>3Y B 1,2,3,6,7 H 8 eqeT'IHKBX l.JepeH

KOBa (6-KpaTHhle eoana)leHHSI), 

Bhlpa•eHHe (2) npeneTaanSieT eo6oH: HHTerpan no ~a3o
aoMy 06beMy ( B npoeTpaHeTBe HMnynbeOB p i ) 4-'Iae
TH'IHOH eHeTeMbl B npaBOH qaeTH ( 1). KaK BHilHO H3 (2), 

npH pae'IeTe a~~eKTHBHoeTH Ha6nroneHHSI npoueeca (1) 

npennonaranoeb, 'ITO B03MO*Hble eoCTOSIHHSI eHeTeMbl ( 1) 

0/lHOpO/lHO 38IIOliHSIIDT ~H3H'IeCKYID 'IaeTb ~a30BOPO npOCT

paHCTBa, T.e. IIpHHHM8liOCh, 'ITO KB8/lp8T 8MilliHTYilbl npo

uecea ( 1) I M 2 1 dTaKoe npennono•eHHe SIBliSieTCSI pe3ynh

TaTOM Toro, 'ITO He cyweeTayeT CKOllh-HH6yllh o6oeHoaaH

HbiX npe)leTaaneHHH OTHOCHTenhHO llHH8MHKH rHnOTeTH'IeeKO

ro npoueeea (1). 
PacqeT a~eKTHBHOCTH yeTaHOBKH npOBOilHliCSI no 

MeTOilY MoHTe-Kapno. DporpaMMa pac'IeTa 6bwa eo3/laHa 

Ha oeHoBaHHH H3BeCTHOii: nporpaMMbi FOWL 1 1 ~1 DpH aToM 

MeTO/lOM 6liOKHpOBKH pa3biPpbiB8liHCh eny'IaHHbie 3Be3)lbl 

aeea 1. C uenhro onpeneneHHSI 3Ha'IeHHH ~YHKUHH F nyTh 

K8*1l0PO MOHOnOliSI OT TO'IKH ero B03HHKHOBeHHSI llO TO'IKH, 

B KOTOpOH ero eKOpOeTb CT8ll8 HH*e nopora aenycKaHHSI 

H3lly'IeHHSI Baaanoaa-LJepeHKoaa ( f3 "' 0,682 B cnyqae SiO 2 ) , 

pa36HB8liCSI H8 HeCKOllhKO )leeSITKOB (MaKeHM8llhHO 50) 

KOpOTKHX yqacTKOB. Ha npoTSI*eHHH Ka•noro H3 HHX yron 

HcrrycKaHHSI H3lly'IeHHSI BaaRnoaa-LJepeHKOBa npHHHManeSI 

He H3MeHSIIDWHMeSI If paBHbiM TOMY, KOTOpbiH HMen MeCTO 

B cepenaHe yqacTKa. BeprnHHa KOHyca H3lly'IeHHSI noMema

nacb B cepe/lHHY yqacTKa, H B8Ch KOHye pa36HB8liCSI Ha 

360 nyqeli, OTliH'I8IDWHXeSI Jlpyr OT Jlpyra Ha 1° no 83HMyTy • 

C KB*IlbiM CB8TOBbiM lly'IOM CBSI3biB8liOCb HeKOTOpOe aeeo

BOe 'IHeno, onpenenSirowee a ellHHHuax ~oToaneKTpoHoa, 

Bbi6HBaeMbiX H3 ~OTOK8TO/l8 <l>3Y 58AVP, B031lelieTBHe 

llBHHOPO nyqa B cnyqae ero nona)l8HHSI Ha ~OTOKBTOil <l>3Y. 

DyTeM TpHrOHOMeTpH'IeCKoro pac'IeTa acenenoaancSI xon 

nyqa B OIITH'IeCKOH CHCTeMe yeTaHOBKH. TaKOH pacqeT 

npoH3BOilHliCSI llliSI acex yqaeTKOB nyTH o6oax reHepapoaaH

HbiX a naHHOM eo6biTHH MOHononeH:. Docne aToro no eyMMaM 
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BeeOBbiX 'IHeen /lliSI <l>3Y B OT.IlellbHbiX C'IeT'IHKBX l.JepeHKO
Ba H B cornaCHH e HenOllb30BaHHOH SlleKTpOHHOH liOPHKOH 

aKenepHMeHTa onpe.oenSinoeb 3Ha'IeHHe ~YHKUHH F, T.e. 

BhlSieHSiliOeb, 6hlliO liH llSHHOe eo6hlTHe 3aperHeTpHpOB8HO 
HliH HeT. 

Pae'IeTbi a~~eKTHBHOeTH npoao.oHnHeb a npe.onono•eHiw, 

'ITO MarHHTHblll 3apSI.Il MOHOIIOliSI paaeH BeliH'IHHe g= (137 /2)e 
( e -aneKTpH•IeeKHH 3apSI.Il aneKTpOHa) H 'ITO OTHOrneHHe 

HHTeHeHBHOeTeil H3lly'IeHHSI BaBHllOBa-l.JepeHKOBa OT MOHO

nonSI e MBPHHTHbiM 3apSiilOM g H OT SlleKTpH'IBCKOPO 3apSI/l8 

e npH onuHaKoaoil eKopocra o6oax paaHo g 2 tIe 211 1~1 
( /1 - MaPHHTHaSI H ( -llH9llei;:TpH'IeCKaSI npOHHUaeMOCTb 
epenbi). 

Pe3yllhTaThl pae'IeTa a~~eKTHBHOCTH anSI Mace MOHono

neti 3,4,5 H 5,5 ITpOTOHHb!X Mace, llllSI MaPHHTHbiX 3apSI)lOB 

g=g 0 ,(g o=lf?e),g~~ g 0 , a raK•e g = 2 g0 .llllSI m g =5 m 
rrpH noporax perHerpaUHH 250 H 400 ~oroaneKrpoHoa rrpale
neHbi a r a 6 n. 1 pa6oTbi / 4/. 

3JleCb •e yKa•eM TOllbKO TO, 'ITO a~~eKTHBHOeTb yeTa

HOBKH K perHerpaUHH MaPHHTHbiX 38p51/lOB 1 gO H 2 gO 
e MaeeaMH m oT 3 no 5,5 m rrpu rropore h > 400 ~.an. 

g p -
paBHSlliBCb T} ~ 0,1. ¢H3!I'IeeKHB pe3yllhTaTbl ITO ITOHCKY 

MOHOITOliH ilHpaKa, llOeTHPHyThle Ha STOll yeTaHOBKe, ITpHBe
JleHbl ro•e a pa6oTe /4/. 

B 3aKnroqenHe cnenyeT OTMeTHTh, qro yenernHaSI 

aKerrnyaTaUHSI YDMll Ha auyrpeaneil eoaMeweunoti MHWeHH
panHarope npoTonuoro eHHxpoTpona rroKa3ana BhleoKyro 

S~~BKTHBHOCTb If rrepeneKTHBHOeTb TaKoro MBTO/la IIOHeKa 

MOHOIIOliH ilHpaKa, C B03paeTaHHeM SHepPHH yeKopeHHhlX 

rrporonoa npeHMywecTaa H ao3MO*HOeTH MeTona cymeeTaen

no Bo3paermor ( CM., HanpuMep, npoeKr aKcnepHMeHra 1151). 

Aaropbl 6naro.oapHbl llHPBKTopy na6oparop!HI SiilepHbiX 

npo6neM qneny-Koppecnonneary AH CCCP B.D.ll:tKenenoay, 

npo~eceopy A.A.TSIITKHHy 3a pa3nocroponaroro rroMOillh npH 

eo3/l8HHH YDMll; KonneKTUBaM aKcnepHMeHTallbHbiX Ma
erepCKHX na6opaTOpHH SitlepHbiX npo6neM H UearpallbHbiX 

aKerrepHMeHTanhHbiX MacrepeKHX OM.HH, oco6enno K.A.Eai1-

'Iepy, B.E.CaaHHy, H.l1.CeMeHoay, C.l1.MenbHHKOBy, 

B.A.EoroMonoay, A.I'.MaKapoay, IO.H.Ky3Herway, B.A. 

v. H.A.Mopo30BbiM, E.l1.MenhHHKOBy, H.A.DeTyxoay, 
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H.E.flaceHKo, B.D.KoM8pqeHKO a f.H.AneKceeaofi; coTpya
HaK8M rrpearrpaSITaSI ".UaoriTp8" (r,TypHOB, l.JCCP) 38 
a3roToaneHae orrTaqecKax H:3AenH:fi K YDM.U; AOKTopy 
¢a3aKO-M8TeM8TifqecKax H8YK B.E.¢nSiraHy 38 coaeficTaae 
a rrpao6peTeHalf ¢oToyMHO)!{IfTenefi 58AVP If p8Aa8uaoHHO
CTORKoro KB8pU8i K8HAHA8TY ¢a3,-M8T, H8YK C.M.Enaceeay 
38 IIOJie3Hhie o6cy)!{AeHH:51 pacqeTOB, a T8K)!{e fl.C.BepTorpa
AOBY a fl.illaHAOpy 38 IIOMO!llb rrpa OCBOeHaa rrporpaMMhl 
FOWL. 
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