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1. MarHHT 

B KalJeCTBe IicTO'IHHKa MarHHTHoro rromi llmi 100-cM BOilOPOilHOi1 rry-

3hipbKOBoi1 KaMephi/1/ Ohin BhiopaH MarnnT MC-12/2/, 

Ha pnc. 1 rroKaaana cxeMa pacrronomenmi KaMephi B MarnnTe MC-12. 

OcnoBHhie xapaKTepncTHKH MC-12: 

Bee MarHHTa 

IToTpeonHeMaH MOlliHOCTb 

. 11HilYKTHBHOCTb 

ConpoTHBnenne ooMOTKH 

Oxnamllenne 

CTaonnhnocTb no ToKy 

fpallHeHT Mar~HTHOI'O rronH B 
nanpaBneHHH OCH Z 
MarnnTnoe none npn T.oKe 
15000 8MIIep B.cpellHei1 nnOCKOCTH 

150 TOHH, 

•3 MeraBa'tia npn ToKe 
15000 l;lMnep. 

0,06 renpn • 

0,103 OMa, 

BOilHHOe, 

He xyme 0,05%
131

• 

50 ape Tell I CM,. 

nopHilKa 18000 apcrell. 

nnaei1Hhie rnapHKOBhie aarrpaBnmomne noaBonmo:r nepeMeiiiaTb MarHHT no 

ripHMOH nHHHH, 

illapHKOBhiH riOillliHriHHK fiT3-5QQ, ycTaHOBneHHhiH HBMH B llOnonHeHHe K 

npoeKTy1 noaaonSieT noaopa'IHBaTb MarmiT oKono ero aepTHKanhHoi1 ocn. 

Ko~yXH OOMOTOK H TOKOIIOilBOilOB MarHHTa ooopyllOBB,Hhl CHCTeMoi1 npo

llyBa lJHCThiM B031lY?WM, 

3 



2. XapaKTepHCTHKH MarHHTHoro nonH 

MarHHTHoe none ( ero KoMnoneHTa Hz ) H3Mepsmocb c IIOMDIUb!O JlBT'IHKa 

Xonna, 38KpenneHHOI'O Ha CII9UHanbHOM KODpJlHH8THOM ycTpOHCTBe, II03BDnHBlli9M 

COXp8HRTb HeH3MeHHOH OpHeHTBURIO KpRCTanna R B TO *e BpeMH rrepeMeiUaTb 

ero B Tpex B38HMHO rreprreHJlHKynRpHbiX HarrpaBneHHRX, 

llaT'IHK Xonna rpaJlynpoBancR no RJlepnoMy MarHHTOMeTpy/3/, DnTaHne 

ABT'IIl:Ka ocymecTBnRnOCb OT cneunanbHOI'O CT86HnH3HpOBBHHOI'O IIO TOKY HCTO'I

Hil:Ka/4/o TeMrrepaTypHaR CTa6nnH38UHR rrpo~OJlHnacb C IIOMO~b!O BOJlRHOI'O Tep-

MOCT8T8 C TO'IHOCTb!O 0,2°C, .~ 

DoKa3aHHR anc Xonna CHHManHCb c UH~pOBOI'O BDnbTMeTpa c TO'IHOCTb!O 

10-6 BOnbTa. Ha pnc. 2 IIOK838HO pacnonO*eHHe CHCTeMbi OTC'I~Ta 1 a HB 

puc. 3a, 6 n 4 npencTaBneHbi peaynhTBTbi H3Mepeunu MarHHTHoro nomt, Marun

THOe none B cpennefi nnocKOCTH KaMepbi, ycpennennoe no BceMy nonepe'IHDMY 

Ce'leHHIO MBI'HHTHOI'O IIOTOKa B pa6o'lefi o6naCTH 0 COCTaBnHeT 18580~ 9 9pCTeJ::(. 

fpanneHT Hz no nanpaBnennro Z paBeH 47 apcTen/cM, MaKCHManbHoe OTKno-

+650 
Henne oT Hz _

750 
apcTen. 

lleTann 100-caHTHMeTpOBOH BOAOpOAHOH IIy3blpbKOBOH KaMepbi H3I'OTOB-
./5/ u 

neHbl H3 Hep*aBeJOIUHX CTanen 1 lf3B9CTHbiX CBDHMH BHTHMBI'HHTHbiMH CBOHCT-

B8Mifo Opn npoBepKe oTnHBOK neTaneu KaMepbi oKa3anocb1 'ITO co}::(ep*anne B 

HHX lfleppll:THOH ~83bl HH*e 4%, C uenb!O rrpoBepKH B03MO*HOI'O BnHRHHR 9TOH 

~83bl HB none 6binH IIpOBeJleHbl H3MepeHHR MBI'HHTHOI'O IIOnR B 12 KOHTpOnh

HbiX TO'IKax npn nanH'IHH B o6'beMe nonR neTaneu KaMe phi., B npenenax ornn6oK 

H3MepeHHH CHCTeMaTH'IeCKHX OTKnoHeHHH OT paaee nony'leHHbiX 3H8'1eHHH He 

na6nronanoch, 

llnH OUeHKH napaMeTpOB MBI'IIHTHOH 381Uil:Tbl aneKTpDJlBHraTenefi CTepeo~OTD-, 

KaMep/6/ 6bmo H3Mepeao pacceRHHoe none B aoue pacnono*eHHR nBnraTeneu;' 

OHO OK838nOCh MeHee 000 9pCTeJl 0 'ITO If 6bmO Y'ITeHO IIpH H3I'OTOBneHHH 

M8I'HHTHhiX aKpaHOB, 

llnR TOI'0 1 'IT06bJ OT'b!OCTHpOBBTh IIY3blphKOBYIO KBMapy BM9CTe C MBI'HH-

TOM IIO rry'IKY 0 6binO H3MepeHO pacceRHHOe MBI'HHTHoe none B o6naCTH BBona 

rry'IK8 B KaMepy, 0KaaanOCb, 'ITO 38KOH CII8Jl8HHH H8IIpR*9HHOCTH MBI'HHTHOI'O 

nonR no Tpacce ny'IKa Memny nnocKoCTHMH KaTymeK MarHHTa 6nnaoK K nuneu-

HOMy, 

4 

3. lOcTirpoBica MarHHTa no nytrKy 

Ha pnc, 5a noKaaaao H3MeHenne Hz BJ::(Onh 'rrepBH'l 

IIy'IK81 . Y'IHTbiB8JOIUeecg HBMII B UpH6nn*eHHb!X pac'leTaX IIBJ 

pnu 'IBCTIIUbi c liMIIYnhCOM 5 faBle B KaMepe~ Ha. Y'IBCTKe 

CH nuneuno. OT 0 no 1850 0 apcTen no aaKony Hz =A ·X , 
1 

na y'laCTKe X>- 80 eM, Hz = KoHcTaHTa = 18500, 'ono paE 

'IeHuJO nonR B nnocKocTn rry'IKa no Bceu Jlnune nonroca Marr. 

Ha puc. 56 noKaaana pac'leTHaR TpaeKTopnR ny 

H rrono*eHHe KaMepbi1 Bb!CTaBneHHOH BJlOnh' TpaeKTOpiiH COl 

J::(8HHbJM, lOCTHpOBKa IIO IIY'IKY MBI'HIITa C KaMepou B c6ope II 

JlBYX onepaunil:: IIDBDpOTa Ha 7° OTHOCHTenhHO DCII l H rrepe~ 

neHHH OCH Y Ha 7 CM, Ha pnc, 6 IIOKa3aHa ~OTOI'pa~HR UJ 

'lepea KaMepy. 

4, flpoBepKa IIp8BHIIbHOCTH a6comqTHOH KanH6poBKH 

IIOIIH IIO H3MepeHHIO M8CCbl KO -Me30H8 

OnpeJlemm Macey uenTpan~non 'IaCTHUbi no peaynhTaTm 

JlOB 'IBCTHU ee pacnana B KaMepe, MDlliHO rrony'IIITb ~U9HKy 

OIUH6KH Cpennero 3H8'19HHR MBI'HHTHOI'O IIOnH, 

Ha puc, 7a II 76 noKaaana aaBHCIIMOCTh MaCChi K0 -:-Me: 

poHa OT CHCT9M8TH'I9CKOI'O CJlBIII'a B 3H8'19liiiH MBI'HHTHOI'O 

B cny'lae nei'KOH Heil:TpanhHOH 'IBCTHUbl 'IYBCTBIITenhHOCTh ME 

uo Bbirne, 'leM B cny'lae THmenoil:, 

Cpenu co6bxTnfi, aaperncTpupoBaHHbiX B. lOO;-caHTIIMeTJ: 

KaMepe, npomenll!HX o6pa6oTKy no nporpaMMaM THRESH 

6binO OT06paHo 510 BHnOK, YJlOBneTBOpRBIUIIX K80HHOH !:IIIIOTe3 

0 nnR KOTOpbiX oTcyTCTBoBana conpoBomnaroman A -rnrroTeaa, 

K
0 

-Meaona, Bhi'IHcneuuoe c ne~nTnpoBaHHhiMII napaMeTpaMn: JlJ 
' ,. ' ., 

na, nony'Innoch paBHbiM: 

M 0 =0,4973+0,0004 M aB • 
K -

0yCTh p83HOCTh H3~epeHHOI'O If. Ta6nii'IHOI'0/ 7 / 3H8'19HIIH nom 

nena cn.cTeMaTn'lecKoti · ornn6Koi1: ~ MarunTnoM: none: 
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:ocb c noMOIUbJO naT'IMKa 

CTpoilcTBe 1 IT03BOmlBIU9M 

>Ke ~peMSI nepeMeiUaTb 

IHTOMeTpyl3 l, nnTaHHe 

sanuoro no TOKY ncTo'l

noMo~bro BO.QSIHOI'O Tep-

OnbTMeTpa C TO'IHOCTbiO 

fCTeMbl OTC'I~T8j a HB 

arHHTHoro nonst. Maruu-

no BceMy nonepe'IHOMY 

IBmieT 18580±. 9 apcTe.o. 

t. MaxcnManhHoe DTKno-

. oaofi lcaMepbi naroToB

H'rnMarunTHbiMM CBOHCT

iOCbj 'ITO conep>Kanne B 

3MO>KHOI'O BnHSIHHSI 9TOH 

0 nonS! B 12 KOHTpOnb

pblo -B npenenax omu6oK 

~>ny'leiiHbiX anaqeanii He 

onBnraTenefi cTepeo~oTo

molw>KeHHH nanraTeneii; 

·eHO npH H3I'OTOBneHHH 

aMepy BMecTe c Marnn

none B o6nacTH BBona 

pSI>KeHHOCTH MarHHTHoro 

arunTa 6nnaoK K nuueii-

3. !OcTHpoBKa MBrHHTa no IIY'IKY 

Ha pnc. 5a noxaaauo naMeaeane Hz anonb nepBH'IHoro nanpaBneHnH 

ny'!Ka, · y'IHTbiBaromeecsr uaMn B npn6nn>KeHHbiX pac'leTax napaMeTpoB TpaeKTo

pnn qacTHUbi c liMnynhCOM 5 faBle B KaMepe. Ha yqacTKe OC none MensreT

CSI nnneiiuo, oT 0 no 1850 0 apcTen no aaKoHy Hz .. A •X , rne A = 18500181; 

na y'laCTKe X>- 80 eM, Hz = KOHCTaHTa = 185001 ono paBuo cpenneMy aua

qeunro nonS! B nnocKocTn ny'!Ka no Bceii nnnue nomoca MarnnTa. 

Ha pnc. 56 noKaaana pac'leTHaSI TpaeKTopnH ny'IKOBO:ii 'laCTHUhl 

n nono>Kenne KaMepbii BhiCTaBnemwii n.oonb- TpaeKTopnn cornacuo pacqeTHbiM 

nanHbiM, IDcTnpoBKa no ny'IKY MarnnTa c KaMepoii B c6ope npoBonunacb B·aune 

.OBYX onepauuii: ITOBOpOTa Ha 7° OTHOCHTenbHO OCH l H nepeMeiUeJUISI B HanpaB

neHUH ocu Y ua 7 CM, Ha pnc. 8 noKaaana tjloTorpa!jJUH npoxo>K.oennH ny'IKa 

qepea KaMepy. 

4. flpoBepKa IIp8BHnbHOCTH aoconroTHOH K8nH6poBKH MarHHTHOro 

nonn no JI3MepeHJim MaCCbi K 0 -Meaof{a 

Onpe.oensrSI Macey uenTpan~uon 'laCTHUbi no peaynhTaTaM H3Mepeunfl· cne

noa '18CTHU ee pacnana B KaMepe 1 MO>KHO nony'IHTb OUeHKy CHCTeMaTH'IeCKOH .. 
ornn6Kn cpennero auaqeunsr MarHHTHoro nonsr. 

Ha puc, 7a n 76 noKaaaua aaBHCHMOCTb MaCChi K 0 ~Meaona II A 0 -rnne

poua OT CHCTeMaTH'IeCKOI'O C.QBHI'a B 3H8'1eHHH MarHHTHOI'O nonH, Bnnno
1

, 'ITO 

B cnyqae nerKOH UeiiTpanbHOH '18CTHUbl 'lyBCTBMTenbHOCTb M9TO.Q8 CYlil9CTBeH

HO Bbilile 1 '!eM B cnyqae TH>Kenoii. 

Cpenn co6biTHii, aaperncTpnponannciX B 100-caHTHMeTpoBoit Bo.ooponuoii 

KaMepe, npornen~nx o6pa6oTKy no nporpaMMaM THRESH n , GJPNf! .
1 

6bmo oTo6pano 510 nunoK 1 y.oonnernopsrarnnx Kaouuofi rnnoTeae c P (x) 2 >0,05 
1 

anSI KOTOpbiX oTcyTcTBoBana conpoBo>K.oarornaSI . A 0 -rnnoTeaa. 3na'lenue Maccn,I 

K 0 
-Meaoua 1 Bbi'Incnenuoe c · uetjlnTnpoBaHHhiMH napaMeTpaMn .omi, 'laCTI!U pacna-_ 

.oa 1 nony'lnnoch paBHbiM: 

M Ko =014973±.010004 M aB • 

nycTb pa3HOCTb H3~epeuuoro II Ta6nH'IIIOI'017 I 3Ha'leHJIH non,HOCTbiO o6cynoB

neua CHCTeMaTM'IeCKOi1. OlilJI6Koii ~ Mai'HHTHOM none: 
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f!t.M = M Taon. -MKo =0,00043 Maa. 

Toraa II3 pnc. 7a cneayeT, 'ITO 

l:l.H = l:l.M tg a =30 apcTea, 

'ITO COCTaBnHeT npnMepHO 0,2% OT CpenHero 3H8'19HHH M8I'HHTHOI'O nonH B Ka-

Mepe. 

5. 3rjJrjJeKTbi asapHiiJioro OTKnroqeJIHH MfJrHHTa MC-12 

llnH M8I'HHTOB1 npHM8HH9MbiX nnH BOAOPOAHbiX nyabipbKOBbiX KaMep, B8CbM8 

Cyll!eCTBeHHbiM Tpe6oBaHH9M HBnHeTCH nnaBHOCTb HapaCT8HHH H y6biB8HHH Mar

HMTHOI'O nonH npM BKniO'leHMH H OTKJIIO'l9HUH ( B TOM 'lHCne H aaapniiHoM) Mar

HHTa. B MarHnTe MC-12 nnaBHOCTb B HopManbHOM pa6o'leM pexmMe o6ecne

'lUBaeTCH CHCTeMOfi nMT8HHH/S/, B cnyqae aBapHfiHOI'O OTKnro'leHMH H900XOAMMO 

HMeTb OUeHKM TennOBb!X H AHH8MH'!9CKHX Harpy30K 1 KOTOpb!e MOI'YT B03HHKHyTb 

B KaMepe. 

llnH oueHO'lHbiX paC'leTOB paCCMOTpltM !flnaHeU M KOpnyc KaMepb! KaK TpH 

aeTann, pnc. 8. ITepBbie aae aeTaJIM 6yaeM paccMaTpiiBaTb KaK M8CCiiBHbie 

KOpOTK03aMKHYTbie BHTKII B MeHHIOII!eMCH M8I'HHTHOM none, a llHO KaMepbl KaK 

MaCCHBHYIO nnaCTIIHY T8KX<e B MeHHIOII!eMCH MarHHTHOM none, 

f1p11 113MeHeHIIIi M8I'HIITHOnf> IIOTOKa, Bb!3B8HHOM, H8IIp11Mep1 OTKnro'l9HI!eM 

M8I'HIITa, !flnaHeU H Koprryc OYAYT HarpeBaTbCR IIHllYKUIIOHHbiM TOKOM 1 a llHO 

KaMepb! - TOKaMII <l>yKOX/, 

f1p11MeHRR 3aKOHbl aneKTpOMarHIITHOfi IIHAYKUIII! <l>apaaeg II aaKOH neHua 

11 llllioynH 11 rronaraH, 'ITO MarHIITHoe none crraaaeT rrplloniillieHHo ananorii'lHO 

crranaHIIIO aneKTpll'leCKOI'O TOKa B OOMOTKaX Mai'HIITa - penaKCaUIIII TOKa -

i = io e -te' , rae T = MHllYKTIIBHOCTb/ COIIpOTIIBneHIIe 1 Mbl IIOJIY'IIIJIII, 

IICIIOnbayg 0003Ha'leHHH piiC, 8, cneayroll!lle !flopMyJibl l:{nH OUeHKII KOJlll'leCTB8 

Terrna, BbinenHeMoro B neTanHX KaMepbi rrpn aaapllfiHoM OTKnro'leHIIII MarmiTa: 

x/ OueHKn rroKa3hiBaroT, 'ITO nnH .Pnanua n nepn<f>epnn Kopnyca rnaBHhifi 
BKI181l B Haq:ieBaHl!e Jl8IOT l!HilYKUl!OHHbie TOKI!1 a He· TOKll <l>yKo, HarpeBaiOII!lle 
sTn neT ann. 3To cnenyeT 113 aaBncnMoCTII Q .. R4· (eM. <f>opM 2). 

6 

.. . 

I 

0,24 If H~ s2 1 1 
Q( 1+2) = (--+ ) 

2r TIP r Kop, 

2 2 Rz4 L 0,24 K H::IJ h 1T 
Q3 .. 

16 r 2 p 

PaCCMaTpiiBaR CIIny, aeii:CTBYIOIIXYIO CO CTOpOHbi M8I'HIITHOI'O m 

Kopnyca KaMepbi C IIHllYKUIIOHHbiM TOKOM B MOMeHT aaapiiiiHC 

MarHIITa, Mhi nony'lHIIII oueHKY a!fl!fleKTa1 IIMIITIIpyromero yaen11 

a KaMepe. PeaynhT8Tbi 8TIIX pac'leToa npiiBeaeHbi a Ta6niiue. 

Ha npiiaeaeHHhiX oueHoK cneayeT, ttTo aaapiill:Hoe aaTyxaH: 

HIITe MC-12 c co6cTBeHHbiM apeMeHeM penaKcauiiii He MOJK 

cepbeSHbiM aaapiiiiHbiM ycnoBIIRM a KaMepe~- OnbiT aKcnnyaTaUIII 

aan1 'ITO H8II001Ibll!ll8 HeiTpiiHTHOCTII C TO'lKII apeHIIR M8X8HII'leC 

caHaaHbi c TOHKIIMH MellHbiMII aKpaHaMII, II co6cTaeHHoro apeM 

MarHIITa H8AOCTaTO'lHO lliiR TOI'0 1 'lTOObi 8Kp8Hbi OCTaBanllCb H' 

HhiMII nocne aaapiiiiHoro oTKnrotteHHR MarHHTa, 

HaM npllRTHO no6naroaap11Tb n.n. BacnneacKyro II IO.H. lleJ 

II! IIX HaM ITOMOiub B npoaeaeHIIII TOttHbiX 113MepeHIIii: nang , 

nnTepaTypa 

1. A,V, Belonogov, A.A. Belushkina, R. Vinaver, V,N, Vinog 

V.V. Glagolev, E,l, Dyachkov, A,G, Zeldovich, N,K, Zeld 

E,V, Kosubsky, R.M, Lebedev, M. Maly, N,N, Melnikova, 

ev, I,S, Saitov, Ju.A. Turbin, E,P. Ustenko, I,V, Chuvilo 

Ju.A. Shishov, Nuclear Instruments and Methods, _gg 1' 

2• 3neKTpo<f>nanqecKaH annapaTypa rrpoMhiWnennoro naroToBnenns 

nnK). rocaToMnanaT, 1963, cTp. 64, 

3. E.ll. OMenb'leHKO, nT3, N95, 142, 1970, npenpnHT OHJIH, 13. 

Ha, 1970. 
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3. 

!HI MBI'HIITHOI'O nomt B Ka-

MarHHTa MC-12 

lY3blpbKOBbiX K8M9p 1 B9CbM8 

.paCT8HIISI II y6b!B8Hl!SI MBI'· 

'll!Cne 11 aBaplliilrOM) M8I'

pa60'IJ9M pe~l!Me 66ecne

>I'O OTKniO'I9lrl!SI neo6XOJll!MO 

i<:oTopbte MoryT B03llliKHYTb 

H KOpnyc K8M9pb! K8K Tpll 

<18TpHB8Tb K8K M8CCriBHbl9 

M none; a nao KaMepbi KaK 

:HoM ·none, 

>M 1 Hanpl!Mep, OTKniO'IJeHneM 

llYKUHOHliblM TOKOM 1 8 JlliO 

llll <Pap8Jl9SI ll 38KOII neHU8 

1T npn6n11~enuo aHanorn'l~o 

!IHTa - penaKC8Ullll TOK8 -

pOTHBn9HH9 1 Mbl nony'IHnH, 

'nbl )lnSI OU9l1Kll KOnH'IJ9CTB8 

£HHOM OTKnrotieHHll M8I'Hl!Ta: 

nepn<pepllll Kopnyca rnaBilhifi 
He TOKII <l>yK0 1 Harpena!OII!I!9 

:4· (eM. <jlopM 2). 

1 
I 
' 

1 

I 
1 

1 
1 

'\ 
l 

·l 
' l 

l 
I 
I 

I 
·I 

If y2 s2 0,24 1 1 
Q( l+2) 

%() (--+ ) 
2r '4J T KOp, 

(1) 

L 
2 2 R4 0,24 K H%0 h TT 

Q3 
1 

16 r 2 
p 

( 2) 

PaccMaTpnBa.H e~my, J:teiiCTBYIOIIlYIO co cTopOHbi MarHl!Taoro nomt aa sneMeliT 

KOpnyca KaMepbi C HHllyKUHOliHblM TOKOM B MOM9liT 8B8plliiHOI'O OTKJIIO'IJ9Hll.II 

M8I'HHT81 Mbl nony'IHJIH OU9HKY s4J4JeKTa1 HMHTHpyiOUl9I'O yBeJIH'IJ9liH9 Jl8BJI9HH.II 

B KaMepe. PeaynhT8Tbl STHX pac'IJ~TOB UpHB9Jl9Hbl B Ta6nHU9o 

Ha npnBelleHHhlX ouenoK cneJ:tyeT, 'ITO aBapHiinoe aaTyxanHe TOKa B Mar

HHTe MC-12 c co6cTBeHHbiM BpeMeneM penaKcauHH ne Mo>KeT npHB~CTH K 

cepbe3HbiM aBapHiiHbiM ycnoBH.HM B KaMepe~ OnbiT sKcnnyaTaunH KaMephl noKa

aan, 'ITO HaH60JibWHe HenpH.IITHOCTll C TO'IJKH apeHHSI M9X8Hli'I9CKHX ll94JopM8UHii 

CB.II38Hbi C TOHKHMH M9llHbiM11 SKp8H8MH1 H C06CTB9HHOI'O Bp9M9HH penaKC8UHH 

M8I'HHT8 H9llOCT8TO'IHO JlJISI TOI'O, 'IT06bl SKp8Hbl OCT8B8nHCb H9Jle4JopMHpOB8H

HblMH UOCJI9 8B8pHiiHOI'O OTKJIIO'IeHHSI M8I'HHT8o 

HaM npHSITHO no6naroJ:tapHTb n.rr. BacHJI9BCKY!O H IO.H. lleHHCOBa, OK838B
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