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1. BaeOeHue 

Me)J.JieHHbie HeiiTpoHLI mupoKo ucnoJILJYIOTCB npu uccne

.LJ.OBaHHBX B o6JiaCTH B)J.epHOH ~H3HKH H ~H3HKH TBCp)J.oro 

TCJia. 0'-leHb UeHHyiO, HHOr)J.a YHHKaJibHYIO, HH~OpMai..{HIO 
06 OC06CHHOCTBX B3aHMO)J.eHCTBHB, CBB3aHHbiX C HaJIH'-IHeM 

y HCHTpoHa cnuHa, y)J.aeTCB H3BJie'-lb npu ucnoJib30BaHHH 

ny'-IKOB noJIBpH3ooaHHbiX HeuTpoHoB, T.e. ny'-IKOB c npo

cTpaHCTBeHHO ynopB.LJ.O'-IeHHOH opueHTauueu HeuTpoHHbiX cnu

HOB. Pa6oTM no nony'-leHuiO ny'-IKOB nongpu3oBaHHMX Heu

TPOHOB 6biJIH Ha'-laTbl C llOBBJieHHeM nepBbiX MOI.l.lHbiX uc

TO'-IHHKOB HeHTpOHOB - B)J.epHbiX peaKTOpOB H BC)J.YTCB )1.0 

HaCTOBil{ero BpeMeHH. Bee MeTO)J.bl llOJIBpH3aUHH Me)J.JICHHbiX 

HCHTpOHOB OCHOBaHM Ha HCllOJib30BaHHH CllHHOBOH 3aBHCH

MOCTH B3aHMO)J.eHCTBHB HeHTpOHOB C Bell{eCTBOM, CO)J.ep

)f(all{HM llOJIBpH30BaHHbie '-laCTHUbl. 

,L(JIHTeJibHOe BpeMB B CBB3H C TPY.ll.HOCT BMH B llOJiy'-leHHH 

llOJIBpH 30BaHHbiX B)J.epHbiX MHilleHHH llOJIBpH3aUHB HeHTpOHOB 

ocymecTBJIBJiaCb C HCllOJlb30BaHHeM MarHHTHOrO pacceBHHB 

HeHTpOHOB Ha MarHHTHbiX MOMeHTaX aTOMOB HaMarHH'-IeHHbiX 

~eppoMarHeTHKOB. Pa3pa6oTaHHMe Ha 3TOH OCHOBe MeTo

)J.bl ·J.· ll03BOJIBIOT cpaBHHTeJibHO JierKO llOJiy'-laTb ll}"'KH 

HeHTpOHOB C O'-leHb BbiCOKOH llOJIBpH3aUHeH. 0)J.HaKO pe3KOe 

ocna6neHue MarHHTHoro pacceBHHB npu ooJpacTauuu 3Hep

ruu HeHTpOHOB He )J.aeT B03MO)f(HOCTH HCllOJib30BaTb 3TOT 

MeTo.LJ. npu 3Hepruu HeuTpOHOB BLime ::: 10 3B. HHTepecHaB 

C TO'-IKH 3peHHB B)J.epHOH ~H3HKH 06JiaCTb pe30HaHCHbiX HeH

TpOHOB /h 10
4 3B/ ·oKa3MBaJiaCb /B CMMCJie B03M0)1(}{0CTeH 

llOJiy'leHHB llOJIBpH30BaHHMX DY'-IKOB/ MeTO)J.H'IeCKH He o6ec-
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neqeHHOH. 3TOT npo6en y.n;anOCb BOCnOllHHTb B cepe.n;HHe 
/2 I 

60- x ro.n;oa, Kor.n;a B JIH$ 011JIH 6bln npe.n;no)l(eH · H pea-
nu3oBaH / 3/ HOBbiH MeTOJ]; nonRpH3a.l.lHH ny4KOB Me.n;neHHbiX 

ue:HTpouoa. B MeTo.n;e ucnonb3oaaua ~HnLTpauHR ue:HTpoH

uoro nyqKa qepe3 nonRpH30BaHHYIO npoTOHHYIO MHWeHb. 

Ero peanH3a.l.lHR OKa3anacb B03MO)I(HOH B CBR3H C pa3BHTHeM 

J];HHaMH4eCKOrO MeTOJ];a nonRpH3a.l.lHH npOTOHOB, Ha3BaHHOrO 

"MeTo.n;oM conH.n;- 3~~eKTa" /4/. MeTo.n; nonRpH3a.l.lHH HeiiTpo

uoa nponycKaHHeM qepe3 nonRpH30BaHHYIO npOTOHHYIO MH

weHb no.n;po6Ho H3llO)I(eH a pa6oTe /S/. Mbi npuae.n;eM nHWb 

ocHOBHble c~o6pa)l(eHHR, KacaromuecR nonRpH3a.l.lHH pe3o

HaHCHbiX HeHTpOHOB, He06XOJ];HMble J];llJI OnHCaHHR pa6oTaro

l.l.leB c 1974 ro.n;a B JIH$ OHJIH Mo.n;epHH3HpoaaHHOH ycTa

HOBKH J];llR non.HpH3a.l.lHH nyqKOB TaKHX HeHTpOHOB. 

MeTOJ]; OCHOBaH Ha HCnOllb30BaHHH CHllbHOH CnHHOBOH 

3aBHCHMOCTH B3aHMOJ];eHCTBHR Me.n;neHHbiX HeHTpOHOB C npo

TOHaMH. B HHTepecyiOme:H Hac o6nacTH 3Hepru:H onpe.n;enRro

l.l.lHM npO.l.leCCOM B n-p B3aHMOJ];eHCTBHH RBnReTCR S -pacceR

HHe, T.e. pacceRHHe, u.n;ymee 6e3 yqacTHR op6uTanbHoro 

MOMeHTa KOllH4eCTBa J];BH)I(eHHR. 3TOT npouecc HJ];eT no 

JJ:BYM cnHHOBbiM KaHanaM: j =0 H j = 1, H nonHOCTbiO 

onpe.n;enReTCR COOTBeTCTBYIOI.l.lHMH c.eqeHHRMH B3aHMO.n;e:ii

CTBHR a
8 

H at , Ha3biBaeMbiMH Ce4eHHRMH CHHrneTHOrO 

H TpHnneTHoro pacceRHHR. B paccMaTpuaaeMoii o6nacTH 

3HeprHH as, at OT 3HeprHH npaKTH4eCKH He 3aBHCRT H COOT-
161 

aeTcTBeHuo paBHbl 70,5 H 3,6 6apH/cM., HanpuMep; ·I. 
llOCKOllbKY CHHrneTHOe ceqeHHe 3Ha4HTellbHO npeBOCXOJ];HT 

TpunneTHoe, ~HnbTpauHR HenonRpH3oBaHHoro nyqKa Heii

TPOHOB qepe3 nonRpH30BallHYIO npoTOHHYIO MHWeHb npHBe.n;eT 

K OTHOCHTellbHOMY o6orameHHIO nyqKa HeHTpOHaMH CO CnH

HOM, napannenbHbiM nonRpH3a.l.lHH npOTOHOB B MHWeHH. Ta

KHM o6pa3oM, ~HllbTpoaaHHbiH nyqoK HeHTpOHOB OKa)l(eTCR 

nonRpH30BaHHbiM B HanpaaneHHH npOTOHHOH nonRpH3a.l.lHH 

MHWeHH. 
Hecno)I(Hoe paccMOTpeHHe npouecca npoxo)I(J];eHHR nyqKa 

HenonRpH30BaHHbiX HeHTPOHOB qepe3 npoTOHHYIO MHWeHb 

TOlll.l.lHHOH t C llllOTHOCTbiO npOTOHOB n H npOTOHHOH nonR
pH3a.l.lHeH f P .n;aeT cne.n;yiOI.l.lHe Bblpa)l(eHH.H .n;nR nponycKaHHR 

MHWeHH T H nonRpH3a.l.lHH ~HnbTpoaaHHoro nyqKa f : n 
-na t 

T =e 
0 

chf Pn apol t, 

4 

f 8 = th fp n apolt . /1/ 

3.n;ecb a0 = l/4as +3/4a1 = 20,4 6apH - nonHoe ce4eHHe n -p- · 
paCCeRHHR B OTCyTCTBHe nonRpH3a.l.lHH, a apoJ= l/4(a

8
-a1) = 

= 16,7 6apH - TaK Ha3biBaeMoe nonRpH3a.l.lHOHHoe ceqeHue. 

EcnH HaPRAY C npOTOHaMH B MHWeHH llpHCYTCTBYIOT H .n;py

rHe R.n;pa, KOTOpble He llOllRPH30BaHbl, TO B Bblpa)l(eHHH AllR 

T B noKa3aTene 3KcnoHeHuHanLHoro MHO)I(HTenR na0 cne.n;y

eT 3aMeHHTb Ha cyMMapHoe no seeM R.n;paM 3Ha4eHHe ~ni ai. 
113 COOTHOWeHHH /1/ cne.n;yeT, 4TO C yaenuqeHHeM TJlll.l.lH

Hbl MHWeHH nonRpH3a.l.lHR lPHllbTpOBaHHOrO nyqKa B03paCTaeT, 

npH6llH)I(aJICb K 1, a ero HHTeHCHBHOCTb na.n;aeT. 3TO npu

BOAHT K CYI.l.leCTBOBaHHIO OllTHManLHOH TOlll.l.lHHbl MHWeHH, 

o6ecnequaarome:H npoae.n;euHe H3MepeHHii Ha nonRpH30BaH

uoM nyqKe C MaKCHManLHOH CTaTHCTH4eCKOH T04HOCTLIO. 

,LI;n11 uccne.n;yeMLIX o6LI4HO 3~eKTOB, nponopuuoHanLHLIX 

HeHTpOHHOH non11pH3a.l.lHH, TOlll.l.lHHa MHWeHH OllTHManLHa npH 
2 

MaKCHMallbHOM 3Ha4eHHH npoH3Be.n;eHHR f n T . OnTHManLHaR 

TOlll.l.lHHa t opt 3aBHCHT OT COOTHOWeHH11 Me)I(AY napul H ~n iai 
v f I H OT npOTOHHOH nonRpH3a.l.lHH p . 

Hu4JopMa.l.lHJO o6 oco6eHHOCTRX B3aHMo.n;eiicTBHR non.Hpu-

30BaHHbiX ueii:Tpouoo c oemecTBOM y.n;o6Ho H3BneKaTL H3 

conocTaonenHH pe3ynLTaToB, nonyqeHHLIX .n;nR .n;ayx pa3-

nH4HbiX opueHTauu:H nonRpH3a.l.lHH nyqKa. 06bi4HO ucnonL-

3yiOTC11 non11pu3auuu napannenLHaR H aHTunapannenLHaR 

no OTHoweuuro K HanpaoneHHIO MarHHTHoro nonR ua o6pa3ue. 

TaKoe H3Meueuue HanpaoneuuR nonRpH3aUHH nyqKa Ha3b1Ba

eTcR peoepcoM u ocymecTBnReTcR cneuuanLHbiMH MeTo.n;aMH. 

EcnH He npeA'bRBll11TL llOBbiWeHHbiX Tpe6oaaHHH K CTa6unb

HOCT 11M xapaKTepHCTHK nyqKa H perHCTPHPYIOI.l.leH annapaTy

pbl, TO J];llJI npoBe.n;eHHR C llOllRpH30BaHHbiM llY4KOM T04HbiX 

3KCnepHMeHTOB peBepc nonRpH3a.l.lHH J];Oll)l(eH llpOBOAHTLCR 

6biCTpo. H3oecTHbi .n;aa MeTo.n;a peoepca nonRpH3a.l.lHH ny4Ka 

HeMOH03HepreTH4eCKHX Me.n;neHHbiX HeHTpOHOB. flepBbiH Me

To.n;/1/, pa3pa6oTaHHbiH All11 HeHTpOHOB ManbiX 3HeprHH, 

HCllOllb3yeT a.n;ua6aTH4eCKHH npocTpaHCTBeHHbiH llOBOpOT 

nonRpH3a.l.lHH nyqKa B CllHpanLHOM MarHHTHOM none. 3TOT 

MeTOA o6ecne4HBaeT AOCTaT04HO 6biCTpb1H peBepc /3a ue

CKOllbKO CeKyHA/, OJ];HaKO C yaenH4eHHeM 3HeprHH HeHTpOHOB 

6LICTpO paCTYT TeXHH'IeCKHe TPYAHOCTH ero peanH3a.l.lHH. 

Bo BTOPOM MeTo.n;e 171 ucnonb3yeTCR npucymaR MeTo.n;y 
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conH,IJ,- 34l4leKTa B03MO:>KHOCTL H3MeHJITL 3HaK npOTOHHOH 
nonJipHJauuu, T.e. nony'laTL nonJipH3aUKID, HanpaaneHHyiD 
KaK napannenLHO, TaK H aHTHnapannenLHO nonw Ha npoToH
HOH MuweHH. 3,IJ,ecL peaepcupoaaHue nonJipuJauuu nyqKa npo
ao,IJ,HTCJI 6eJ ee npocTpaHCTBeHHoro noaopoTa u ocyiUecTanJI
eTcJI o,IJ,uHaKoBo xopowo ,IJ,nJI HeiiTpoHoB acex 3Hepruil. 
3ToT MeTo,IJ,, o,IJ,HaKo, Tpe6yeT ,IJ,nJI peaepcupoaaHHJI nonJI
puJaUHH ny'IKa cpaBHHTenLHO MHoro apeMeHH /:1 t4ac/, 
'ITO JaTpy,D,HJieT npoBe,IJ,eHHe C ·TaKHM ny'IKOM TO'IHbiX 
3KcnepuMeHTOB. B onucwaaeMoil ycTaHoaKe npHMeHeH Ho
BLiil MeTO,IJ, _.peaepca HeiiTpOHHOH nonJipH3aUHH, CB060,iJ.HbiH 
OT HC,II,OCTaTKOB HCUOnL30BaBWHXCJI paHee MCTO,IJ,OB. Peaepc 
ocymecTBnJieTCJI Ja cqeT noaopoTa Ha 180 ° pa6oTaiDIUeil 
npOTOHHOH MHWeHH BMeCTe C MarHHTOM H yqaCTKaMH 

MarHHTHoro KaHana. MeTo,IJ, no,D,po6Ho paccMoTpeH HH:>Ke, 
B pa3,IJ,ene, nOCBJifUeHHOM OnHCaHHIO CHCTCMbl peaepca nonJI

pH3aUHH. 

Bo uJ6e:>K~Hue .u.enonJipHJauuu Heii:TpoHHoro nyqKa cny
qaiiHLIMH MarHHTHLIMH UOnJIMH Ha nyTH OT DOnJipHJaTopa ,IJ,O 
o6'LeKTa aJanMo,IJ,eii:cTBHJI nyqoK ,IJ,On:>KeH npoBO.IJ.HTLCJI B cne
uuanLHOM MarHHTHOM Kauane. B 3TOM KaHane coJ,IJ,aeTcJI 
MarHHTHoe none /se,IJ,yi.Uee none/, uanpaaneHuoe a.u.onL 
nonJipHJal.lHH Dy'IKa H JaMeTHO npeBOCXO,IJ,JIIUee BOJMO:>KHble 
cnyqaiiuble nonJI. 

,nnuTenLnoe npe6biBaHHe o6cny)I(HBaroiUero nepcoHana 
a6nu3u ycTaHOBKH ,IJ,nJI nonJipu3al.lHH HeiiTpoHHoro ny'II<a 
HC,IJ.OnycTHMO, noCI<OnLKY ycTaHOBKa pa6oTaeT B 30He no
BbiWCHHOH pa,IJ.Hal.lHH. Ilo3TOMY ,IJ.On:>KHa 6biTL o6ecneqeua 
B03MO:>KHOCTL )J.HCTaHI.lHOHHOrO ynpaaneHHJI ycTaHOBKOH H 
KOHTpOnJI Ja ee pa60TOH. 

YcTaHOBKa pacnono:>KeHa ua O,IJ,HOM H3 Heii:TpOHHbiX Ka
Hanoa uMnynLcuoro peaKTopa lUi P- 30, Ha paccTOJIHHH 
"'30 M OT peaKTopa. Oua BKniD'IaeT a ce6JI nonJipHJaTop 
Heii:TpOHOB, nonJipH30BaHHYIO UpOTOHHYIO MHWCHL H CHCTeMy, 
o6ecne'lliBaiDIUYID coJ,IJ,anue ae,IJ,yiUero nonJI u peaepca nonJI
pu3al.lHH ueiiTpOHHoro nyqKa. ,nnuHa nponeTnoil 6a3bl ua 
KaHane, o6opy,D,oBaHHOM nonJipHJaTOpOM ueiiTpOHOB, ,IJ.OCTH· 
raeT 120 M. 
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II. liOAJIPU3oeaHHaJI npomoHHaJI MUWeHb 

OcHOBHble Tpe6oaaHHJI K nonJipHJoBaHHoil npoTOHHoil 
MHWeHH - nonJipHJaTopy ny'IKa Me,IJ,neHHbiX Heii:TpOHOB CBO· 
,I(JITCJI K o6ecne'ICHHIO AOCTaTO'IHO BLICOKOH npoTOHHOH nonJI· 
puJaUHH H npHeMneMOrO COOTHOWCHHJI MC:>K,ny n a I H 

po 
~ n i a i . IlOCKOnLKY npOTOHHOe nonJipH3al.lHOHHOe ceqeHHe 

o\-HoCHTenLHO aenuKo, nocne,nHee Tpe6oaaHue - He oqeHL 
:>KeCTKoe. 0Ho .nonycKaeT npuMeHeHue B Ka'lecTae MaTepuana 
npOTOHHOH MHWeHH BeiUeCTB CO cpaBHHTenLHO 6onLWHM 
I<onuqecTBOM ,npyrux /npuMeCHLix/ JI,nep. ,nnJI ueneii Heii
TPOHHoii nonJipH3al.lHH BnOnHe npHeMneMOH OKaJLIBaeTC.R 
"npoCTeHWaJI" nonJipHJOBaHHaJI npOTOHHaJI MHWeHL, HCnOnL
JYJOI.UaJI MOHOKpucTann .naoiiHoro nauTau- MarHueaoro HH
TpaTa C He6onLWOH npHMeCLIO HeO,I(HMa. 

(La0,995 Ndo,oos )2Mg3(N03)12 x 24 H20. 

B 3TOM MOHOKpHCTanne, HaJLIBaeMOM 06LI'IHO JIMH, MeTo
,I(OM COnH,n·3414leKTa cpaBHHTenLHO nerKO y,naeTCJI ,I(OCTH'IL 
nonJipH3al.lHH npOTOHOB KpHCTannuJaUHOHHOH BOALI f p = 
= 0,6-:-0,7. XoTJI npuMecHLIX JI,nep aJIMHno'ITHBABoe6onL
we, 'leM npOTOHOB, 3TO CYI.UeCTBeHHO He nopTHT xapaKTe
pHCTHK nonJipH3aTopa, nOCKOnLI<y OCHOBHOe ocna6neHHe 
ny'IKa u,neT ua npoToHax /aKna.n na0 B ~ n i ai cocTaBnJI-

• . 
eT = 700/o/. OnTuManLHaJI TOni.UHHa nonJipHJOBaHHOH npoToH-
uoii: MuweHH HJ JIMH, npe,nHaJHa'leHHoil ,nnJI nonJipHJauuu 
pe 30HaHCHbiX Heii:TpOHOB, t opt :::: 17 MM. IlpH 3TOM nonJipH Ja
l.lHJI <llnnLTpoaaHHoro ny'IKa npuMepHo paaHa nonJipHJauuu 
UpOTOHOB B MHWeHH, a ero HHTeHCHBHOCTL COCTaBnJieT 
15 7200/o OT HHTeHCHBHOCTH na,naromero nyqKa ISj • ,nnJI ,I(O
CTH:>KeHHJI MeTOAOM conu,n- 3414leKTa BLICOKOH npOTOHHOH 

nonJipu Jauuu oxna:>K,neHHLiii: .no TeMnepa TYPbi 1° K MOHO
KpucTann noMemaroT B o,nHopo,nHoe MarHHTHoe none H o6ny
qaJOT HHTeHCHBHLIM nOTOKOM KBaHTOB CBl.J HJnyqeHHJI. llac
TOTa u nonJipuJal.lH.R CBl.J HJnyqeHHJI ,non:>KHLI cooTBeTcTao
BaTL OAHOMY H3 Janpei.UeHHbiX nepeXO,I(OB B CnHHOBOH CHCTe
Me npOTOH-aTOM napaMarHHTHOH npHMeCH /B HaWeM cnyqae 
Nd I. BLICOKa.R npoTOHHaJI nonJipuJal.lHJI .nocTuraeTcJI npu 
HaCLII.UeHHH TaKoro nepexo.na. 3HaK npoTOHHOH nonJipHJauuu 
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onpe,D,enJieTCJI TeM, KaKOU H3 ,IJ,BYX B03MO>KHbiX 3anpell\eHHbiX 

nepeXO)J,OB HaCblll\aeTCJI. 

PaccMOTPHM OT,IJ,enhHble yJnbl nonspu3oBaHHOB npo

TOHHOB MHWeHH: KpHCTann, MarHHT, KpHOCTaT, CBq CHCTeMy 

H CHCTeMy KOHTpOnJI nonJipH3aUHH. 

KpucTann 

MoHoKpHcTann JIMH - poM6o3,IJ,PH'IeCKHB H BbipacTaeT 

B BO,IJ,HOM ~aCTBOpe B BH,IJ,e nnOCKOB WeCTHyronbHOB 

nnaCTHHbl C 6onhWOB rpaHbiO, nepneJI,IJ,HKynJipHOB KpHCTan

nH'IeCKOB ocu z' • CaoB:ci-aa MOHOKpHCTanna, onpe,D,enJIJOII\He 

ycnOBHJI OCyi.QeCTBneHHJI B HeM COnH,IJ,- 3clMl>eKTa, CHnbHO aHH-

30TponHbl /H3MeH.tiiOTC.fl C H3MeHeHHeM yrna Me)I(,IJ,y OCbiO 

Z' H HanpaaneHHeM MarHHTHOrO non.ti/. JTO npHBO,IJ,HT 

K TOMy, 'ITO npH Ha6ope MHWeJIH H3 HeCKOnbKHX MOHO· 

KpHCTannoB ,IJ,n.fl O,IJ,HOBpeMeHHOrO ocyi.QeCTBneHH.fl B HHX 

conu,IJ,- 3clMl>eKTa Heo6xo,IJ,HMO c BbiCOKOB TO'IHOCTbJO /::.0,5° I 
o6ecne'IHTb napannenhHOCTb oceB: z' OT,IJ,enhHbiX KpHcTannoa. 

MaKCHManhHa.ti non.tipH3aUH.fl npoTOHOB a JIMH npH Ja,IJ,aH

HOB aenH'IHHe MarHHTHoro non.ti ,IJ,OCTHraeTC.fl npu Hano)l(eHHH 

non.ti nepneH,IJ,HKyn.t~pHo ocu z' KpHcTaJUia. IIpuMeHHTenhHO 

K HCnOnb30BaHHIO JIMH ,IJ,n.fl nony'leHH.fl HeiiTpOHHOrO ny'IKa 

c nonepe'IHOB non.tipHJauueB: 3TO o'leHh y,IJ,o6Ho, nocKonhKY 

n03BOn.tieT H3rOTaBnHBaTb MHWeHb H3 uenbHOrO MOHO· 

KpHCTanna MHHHManhHbiX pa3MepoB. )l.eBCTBHTenbHO, Hy)I(

HaJI TOnll\HHa MOHOKpHCTannH'IeCKOB nnaCTHHbl HeBenHKa 

I= 20 MM/, a 6onLwa.ti nnoll\a,IJ,b nnacTHHbl MO*eT 6LITh 

ucnonL30BaHa ,IJ,n.fl nponycKaHH.fl wupoKoro ny'IKa. IIpu TaKoB: 

OpHeHTaUHH MOHOKpHCTanna B MarHHTHOM none C Hanp.ti· 

)l(eHHOCTbiO 20 K3 He06XO)J,HMaJI ,IJ,n.fl OCyll\eCTBneHH.fl COnH,IJ,-

3cilcileKTa . ,IJ,nHHa BOnHbl CBq H3ny'leHH.fl COCTaBn.tieT :::: 4 MM. 

MarHHT 

MarHHTHOe none c Hanp.ti*eHHOCTLIO =20 K3 COJ,IJ,aeTC.tl 

Ha MHWeHH cneuuanbHbiM 3neKTpOMarHHTOM C ,IJ,HaMeTpOM 

nOniOCOB = 260 MM H Me)l(nOnroCHbiM 3a30pOM 85 MM. Mar

HHT HMeeT ropH30HTanbHOe none H C -o6pa3HYIOcilopMy .tlpMa 
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,IJ,nH YA06CTBa pacnonO)I(eHHJI Ha HeM KpHOCTaTa C MHWeHbiO 

H npoao,IJ,KH HeiTpOHHoro ny'IKa. CTa6unbHOCTb MarHHTHoro 

non.ft: He Xy)l(e 2 •10-
4 

H 06ecne'IHBaeTCJI CTa6HnH3aUHeB 

ToKa MarHHTa cTaH,D,apTHbiM ycTpoB:cTBOM Tuna ET-6. 

11MeeTC.fl B03MO)I(HOCTb ,IJ,HCTaHUHOHHOrO KOHTpOnJI H pery

napoBaHH.fl TOKa MarHHTa. MarHHT pacnono)l(eH Ha HeB:

TPOHHOM ny'IKe TaKHM 06pa30M, 'ITO OCb ny'IKa npOXO,IJ,HT 

qepe 3 ueHTP MarHHTHoro 3a3opa nepneH,IJ,HKyn.tipHo Hanpaa

neHHJO MarHHTHOrO non.ti. B cpe,IJ,HeB 'laCTH 3a3opa WHMMH· 

poBaHHeM C03,IJ,aHa o6naCTb, pa3MepaMH 20 MM B,IJ,Onb nyq

Ka H 50 X 100 MM 2 nepneH,IJ,HKynHpHO nyqKy, C HeO,IJ,HO· 

po,IJ,HOCThJO He xy*e 3 · Io-4 • C yMeHhWeHHeM nepneH,IJ,HKy

nHpHbiX ny'IKY pa3MepOB o6naCTH O,IJ,HOpO,IJ,HOCTb non.ti 
6biCTpo ynyqwaeTc.ti. TaK, a o6nacTH SOx 70 MM 2 ueo,IJ,

uopo,IJ,HOCTb non.ti ue npeaocxo,IJ,HT 1o--4. PaJMepaMH o6-

nacTH O)J,HOpO,D,HOrO non.ti 3a,IJ,aJOTC.tl MaKCHManbHO B03MO)I(Hble 

B ycTaHOBKe pa3Mepbl non.tipH30BaHHOB npOTOHHOB MHWeHH. 

MarnHT ycTaHoaneH Ha ropHJOHTanbHOB noaopoTHOB nnaT

~opMe, 06ecne'IHBaiOII\eB B03MO)I(HOCTb nOBOpOTa MarHHTa 

ua 180 • npu peaepce non.tipH3aUHH ueB:TpoHHoro ny'IKa. 

KpuocTaT 

KpuocTaT ,IJ,n.fl oxna*,D,eHH.fl npoTOHHOB MHWeHH ,IJ,Oll)l(eH 

o6ecnequaaTb TeMnepaTypy :::: 1° K a ycnoBH.tiX noBbiWeHHOB 

TennoaoB: Harpy3KH Ja C'leT no,IJ,a'IH Ha MHWeHL CBq MOII\

uocTH. 3THM Tpe6oaaHH.tiM y,IJ,oaneTaop.tieT KpuocTaT c *H,IJ,-
4H u u 

KHM e C )J,OCTaTO'IHO npOH3BO,IJ,HTenbHOH CHCTeMOH OT· 

Ka'IKH napoa renHH. B Bb16paHHOM HaMH MeTo,IJ,e peaepca 

nonHpHJaUHH HeBTpOHHOrO ny'IKa )J,Oll)I(Ha 6b1Tb o6ecne'leHa 

B03MO)I(HOCTb nOBOpOTa pa6oTaiOIJAero KpHOCTaTa Ha 180 °. 

IlOCKOnbKY Bpai.QaTb BMeCTe C KpHOCTaTOM TJI)I(enble H rpo

M03)J,KHe HaCOCbl CHCTeMbl OTKa'IKH renH.ti He npe,D,CTaBn.fl· 

eTC.fl B03MO)I(HbiM, He06XO,IJ,HMO nOBOpOTHOe COe,IJ,HHeHHe 

nHHHH OTKa'IKH KpHOCTaTa C HaCOCaMH. 

CxeMa ucnonbJOBaHHoro HaMH KpuocTaTa npe,IJ,cTaaneHa 

ua puc. J. KpHOCTaT COCTOHT H3 JaKnro'leHHbiX B 0611\HB 

BaKYYMHbiB KO)I(YX /1/ aJOTHOB H ,IJ,BYX renHeBbiX BaHH. 

Hapy*Ha.ti, aJOTHa.ti BaHHa /2/ eMKOCTbiO =50 A no,IJ,BeweHa 
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Puc. 1. CxeMa Kpuocmama: 1 - eaKyyMHblil KOJICYX, 2 - a3om
Ha.JI eaHHa, 3 - nAuma Kpuocmama, 4 - AUHUJI omKa'lKU· He , 
5 - 4°- Ha.JI ze;rueea.JI eaHHa, 6 - 1° - HaJI -ze;rueea.JI eaHHa, 
7 - 3MeeeUK, 8 - opocceAUPYIOJIIUU BeHIIfU.IIb, 9 - menAoo6-
MeHHUK, 10 - MeOHbiU 3KpaH, 11 - COCOK U3 aAIOMUHUe6020 
cnAaea, 12- 3KpaH U3 aAJOMUHueeozo cnAaea, 13- nampy-
6oK, 14 - COAbHUKOBble ynAOI/IHUI/IeAU. 

K nn8Te /3/ Kp80CTaTa 8 3a~8~aeT renHeBble BaHHbl OT 
Tennonp8ToKa cuapy::lKH /KaK 83ny'laTem.8oro, TaK 8 H.nYme
ro no KOHCTPYK~80HHbiM 3neMeHTaM/. Ha nHH8IO OTKa'IK8 
/4/, 83roTooneHHYJO 83 uep::lKaBeiO~eii cTanH, no.noeweHa 
4° -HaJI renueBaJI BaHHa /5/. B 3TY oaHHY, BbiXO.ll 83 Ko
To poi no.ncoe.naHeH K ra3ronL.nepy, 3anuoaeTcJI =25 A ::lK8.D;-
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Koro renuJI. B HIDKHeii qacT8 n8H88 OTI<a'IK8 pacnono::lKeHa 
BaHHa /6/ He6onbWOH eMI<OCT8 j: 1 A/, 3anonHeHHaJI 8Cna
pJIIO~HMCJI no,D; OTI<a'IKOH renHeM B npe,D;Ha3Ha'leHHaJI ,D;llJI 
pa3Me~eH8JI pe3oHaTopa c MOHoi<p8CTannoM JIMH. XC8.D;K8ii 
ren8ii B oaHHY /6/ HenpepbiBHO nocTynaeT 83 BaHHbl /5/ 
no 3MeeB8KY /7 I, Ha I<OH~e I<OToporo 8MeeTcJI ynpaonJieMwii 
CHapy::lK8 I<p80CTaTa ,D;pOCCeJ.IBPYIOllt8B BeHT8llb /8/. 3MeeB8K 
no.na'l8 renHJI pacnono::lKeH B nHHH8 OTI<a'II<8 8 cny::lK8T .nnJI 
npe.noapHTenLHoro oxna::lK.D;eH8JI nocTynaiOmero B oaHHY ::lK8.D;
I<oro ren8JI OTKa'IHBaeMbiM8 83 BaHHbl napaMH. C nOMOIUbiO 
.npoccen8PYIOutero oeHTHnJI MO::lKHO ypaBHJITb noTepu ren8JI 
83 BaHHbl /6/ 3a C'leT HCnapeHBJI H no,D;nHTKY ::lKH,D;KOCTbiO 
83 oa~Hbl /5/. Tai<HM o6pa3oM, np8 HeH3MeHHoii Tennoooii 
Harpy3Ke MO::lKHO .no6HTbCJI nocToJIHCTBa ypoBHJI ren8JI 
8 OTKa'I8BaeMOH BaHHe. llp8 83MeHe888 TeDnOBOH Harpy3K8 
a ue~3MeHeHHOM conpoT&BJJeHBB .npoccenapyJOUtero BeHTBnJI 
ypooeHL renHJI B BaHHe, ecTecToeuuo, 6y.neT H3MeHJITbCJI. O.n
Hai<o B Bb16paHHOi HaM& KOHCTpyi<~BB I<p80CTaTa cymecTBy
eT Tenno8aJI CBJI3b Me::lK.D;Y BaHHaM8 /5/ 8 /6/, CTa6Hn83&
pyiO~aJI ypoBeHb ren8JI B BaHHe /6/. ~eHCTB8TellbHO, npa 
Kone6aHHH Tennoooii Harpy3I<B oaHHbl /6/ ypoBeHL renuJI 
8 Heii 6y.D;eT MeHJITbCJI Tal<, 'ITO 3a C'leT H3MeHeHBJI .D;eii
CT8YJOIUeH .D;nBHbl Tennoooro MOCTa Me::lK.D;Y BaHHaMH 6y,D;eT 
803HHKaTb KOMOeHCHpyiO~ee H3MeHeHHe B Tennonepe,D;a'le 
no MOCTY. 3To o3Ha'laeT, 'ITO He6onbWHe Kone6aHHJI Ten
no8oii Harpy3KH BaHHbl /6/ npH ~HKCHpOBaHHOM CODpOTHB
neHHH .npoccenupyiOmero BeHT8nJI He np8BO.D;JIT K nepenon

ueHHIO /un8 ocyweu&IO/ oaHHbl, a Bbl3biBaiOT n8Wb nepexo.n 
ypoBHJI renHJI B ,D;pyroe CTa~80HapHOe COCTOJIH8e 8 COOT
BeTCTBYIOIUee H3MeHeHHe TeDnOBOH Harpy3KB BaHHbl /5/. 
TaKaJI c'ra6Hn&3a~BJI ypoBHJI renuJI B oTKa'I8BaeMoii oaHHe 
O'leHb cyuteCTBeHHa, DOCKOllbKY 003BOnJieT pa6oTaTb 6e3 
DO,D;CTpOHKH ,D;poccenupyiO~ero BeHTBllJI B ycnOBBJIX 
He O'leHb CTa6HllbHOH TennOBOH Harpy3K8 OT CBq 83nyqeHHJI. 
B cpe,D;Heii 'laCT8 llHH8H OTKa'IKB /4/ Ha.D; BaHHOH /5/ 8MeeT
CJI Tennoo6MeHHHK /9/, npe,D;Ha3Ha'leHHbiH ,D;llJI yMeHbWeH8JI 
Tennoooii uarpy3KH oaHHbl /5/ 3a c'leT TennoeMI<OCT8 OTI<a
ttHBaeMoro H3 oaHHbl /6/ ra3oo6pa3Horo ren8JI. 3Toii ::lKe ~e
nu cny::lKBT 8 no.ncoe.naneHHblii K Tennoo6MeHH8KY Me.D;Hblii 
3KpaH /10/, pacnono::lKeHHbiH Me::lK.D;Y a30THOH BaHHOH 8 BaH
HOB /5/. BaHHa /6/ 3a~a~eHa oT Tennonp8TOI<a co CTOPOHbl 
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COCKa /11/ BaKYYMHOrO KO~yxa 3KpaHOM /12/, no~coe~H
HeHHLIM K a3oTuoii aauue. CocoK /11/ H 3Kpau /12/ H3ro
TOBJieHLI H3 amoMuuueaoro cnnaaa, Mano ocna6nBrom:ero 
HeBTpOHHLIB ny'IOK, H HMeiOT TOJIJU:HHbl CTeHOK 3 H 1 MM 

COOTBeTCTBeHHO. BaHHa /6/ - Me~HaB, C TOJIIU:HHOB CTeHOK 
1 MM. ~JIB pa3Mem;eHHB B orpaHH'IeHHOM 3a3ope MarHHTa 
npOTOHHOH MHIIIeHH MaKCHMaJibHbiX pa3MepOB 3a30pbi Me~~y 
COCKOM /11/, 3KpaHOM /12/ H BaHHOB /6/ C~eJiaHbl MaJibiMH 
/1 ,5+2 MM/. BHyTpeHHHB ~HaMeTp BaHHbl /6/, orpaHH'IH
BaiOIU:HB pa3Mep npOTOHHOB MHIIIeHH, COCTaBJIBeT 65 MM. 

llO~COe~HHeHHe JIHHHH OTKa'IKH reJIHB Bpam;arom;erOCB KpHOC
TaTa K He'nO~B~HOB CHCTeMe OTKa'IKH ocym;eCTBJIBeTCB 
qepe3 naTpy6oK /13/ Ha repMeTH'IHbiX CaJibHHKOBbiX ynJIOT
HeHHJIX /14/. JlHHHJI BbiXO~a reJIHJI H3 BaHHbl /5/ CBJ13aHa 
c ra3rOJIL~epoM ru6KHM IIIJiauroM. Ypoauu reJIHJI a aauuax 
KOHTpOJIHpYJOTCJI nonJiaBKOBbiMH YPOBHeMepaMH. 0TKa'IKa 
napOB reJIHJI H3 KpHOCTaTa npOH3BO~HTCJI nOCJie~oBaTeJibHO 
BKJIIO'IeHHbiMH HaCOCaMH .6H-4,5 /CKOpOCTb OTKa'IKH 
=4,5• 10 

3 A/c/ H BH -6. 
KpuocTaT o6ecne'luaaeT B03MO~HOCTL no~~ep~aHHJI 

TeMnepaTypbi "'0,9 ° K npH caq Harpy3Ke 100+200 MBm 
B Te'leuue cyToK 6e3 ~OJIHBKH reJIHJI. Bo apeMJI ~OJIHBKH 
reJIHB B BaHHY /5/ pe~HM pa60Tbl OTKa'IHBaeMOB BaHHbl 
npaKTH'IeCKH He MeHJieTCJI. llpH pa6oTe KpHOCTaTa ~HCTaH
UHOHHO KOHTpOJIHpYJOTCB: 1/ ~aBJieHHB B BaKyyMHOM KO~yxe 
H B OTKa'IHBaeMOB BaHHe, 2/ KOJIH'IeCTBO HCnapeHHoro H3 
aauu reJIHB, 3/ ~OCTH~euue ypoaueM reJIHJI B OTKa'luaaeMoii 
BaHHe ~onyCTHMbiX MHHHMaJibHOrO H MaKCHMaJibHOrO 3Ha'le
HHB. 

CBq cucTeMa 

~JIJI HaCLIJU:eHHB 3anpem;eHHbiX nepeXO~OB CJiy~HT CBq 
CHCTeMa, COCTOBJU:aJI H3 CBq reuepaTopa, BOJIHOBO~HOrO 
TpaKTa, pe3ouaTopa c KpHcTaJIJIOM JIMH u ycTpoiicTB Kou
TPOJIJI u cTa6HJIH3au;uu 'laCTOTLI. B KaqecTae reuepaTopa 
HCnOJib3yeTCB JiaMna o6paTHOH BOJIHbl /JIOB/ 4-MHJIJIH
MeTpOBOrO ~Hana30Ha C BLIXO~HOH MOIU:HOCTblO B HeCKOJibKO 
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BaTT. lllHpHHa JIHHHH, COOTBeTCTBYIOJU:aB 3anpe~eHHOMY ne
pexo~y, O'leHb Mana /~JIB JIMH !'iv/v :3•10- /. B CBJI3H 

C 3THM ~JIJI noJiy'leHHB BbiCOKOH nOJIBpH3ai.J;HH MHIIIeHH Tpe-
6yiOTCJI CTa6HJibHOe H O~HOpO~HOe no BCeMy 06'LeMy KpHCTaJI
Jia MarHHTHOe none H CTa6HJibHOe no 'laCTOTe CBq H3Jiy'leHHe. 

qacToTa reuepaTopa cTa6HJIH3HpyeTcJI no onopuoMy pe-
30HaTopy. CxeMa cTa6HJIH3aUHH auanoruqua ucnoJIL30Bau
uoii B pa6oTe/S/ H o6ecne'IHBaeT CTa6HJibHOCTb 'laCTOTLI 
He xy~e 10-4 . ~JIJI yMeHbiiieHHJI noTepb CBq 3HeprHH 
B BOJIHOBO~HOM TpaKTe OCHOBHaJI 'laCTb TpaKTa BblnOJIHeHa 
B BH~e Kpyrnoro Me~HOrO BOJIHOBO~a, no KOTpOMY CBq 
Mom:uocTL nepe~aeTCJI sonuoii Tuna TE01 . BuyTpeuuuii 
~HaMeTp Kpyrnoro aonuoso~a paseu 10 MM. llpeo6pa3osa
uue BOJIHLI TE 10 s npJIMoyronLHOM sonuoao~e a aonuy 
TE01 B KpyrnoM sonuoso~e ocym:ecTBJIJieTCJI cneuuanLHbiM 
npeo6pa30BaTeJieM / 9/, H3rOTOBJieHHbiM H3 Me,!lH MeTO,!lOM 
raJILBauonnacTHKH. B Kouue Kpyrnoro BOJIHOBO,!la, nepe.n 
pe3ouaTopoM, auanorH'IHhiM npeo6pa3oBaTeJieM ocy
m:ecTBJIBeTcJI o6paTuoe npeo6pa3osauue BOJIHbl. lloJiy'leu
uaJI nocne o6paTuoro npeo6pa3osauuJI aonua no.naeTcJI B pe-
3ouaTop no 0Tpe3KY npJIMOyrOJibHOrO BOJIHOBO,!la OCHOBHOrO 
ce'leHHJI /1,8x3,6 MM 2 /. TennonpHTOK B KpuocTaTnocTeu
Ke KpyrJIOrO BOJIHOBO,!la yMeHLIIIeH 3a C'leT BBe~eHHJI yqacT
KOB, H3rOTOBJieHHbiX 83 TOHI<OCTeHHbiX Hep~aBeiOIU:HX Tpy-
601<. KpucTann JIMH noMem:aeTcB a Me.IlHhlii ueuacTpausae
MbiH npJIMoyroJILHhiH pe3onaTop c pa3MepaMH 57x70x25 MM 3. 
~HI<Cai.J;HJI I<pHCTaJIJIOB B pe30HaTope ocym;eCTBJIJieTCJI Tetilno-
HOBbiMH pacnopi<aMH. ~JIJI Y.Il06CTBa nepBOHaqaJibHOrO 3a
nyci<a MHIIIeHH B BOJIHOBO~HYIO JIHHHIO BI<JIIO'IeH HanpaBJieH
HbiH OTBeTBHTeJIL, OT6Hpa10IU:HH = 10o/o OTp~eHHOH MOIU:
HOCTH. 3TO .naeT B03MO~HOCTb HaXO,!lHTb noJIO~eHHe 3llP
JIHHHH Nd 3+ I<pHcTanna JIMH u ocym:ecTBJIJITL 6hlcTpyro 
uacTpoiii<y ua HY~HbiH 3anpem:euublii nepexo.n. B CBJI3H co 
CJIO~HOCTbiO H3MeHeHHJI 'laCTOTbl JIOB uacTpOUI<a npOH3-
BO,!lHTCJI H3MeHeHHeM BeJIH'IHHbl MarHHTHOrO nOJIJI. flpH 
pacceuaaeMOH B pe30HaTope caq MOIU:HOCTH OI<OJIO 100 MBm 
npOTOHHaJI nOJIJipH3ai.J;HJI f p = 60o/o ,!lOCTHraeTCJI 3a 40 7 

.;- 60 MUHym.Mom;HOCTb CBq reuepa TOpa H pa6oTa ycTpOHCTBa 
CTa6HJIH3ai.J;HH qaCTOTbl I<OHTpOJIHPYIOTCJI ,!lHCTaHI.J;HOHHO. 
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CucTeMa KOHTponB nonBpH3aUHH 

flonBpH3aUHIO MHWeHH He06XO,IJ;HMO KOHTpOnHpOBaTb KaK 
npu pa6oTe c MHWeHLIO, TaK H a npouecce Janycxa. llpu 
HCnOnb30BaHHH nonBpH30BaHHOH npOTOHHOH MHWeHH B Ka
'!eCTBe nonBpHlaTopa ueuTpouuoro ny'!Ka HMeeTCB y.IJ;o6uaB 
B03MO>KHOCTb KOHTpOnB nonBpH3aUHH no H3MeHeHHIO npo3pa.'I
HOCTH MHWeHM ,IJ;nB ueihpouuoro ny'!Ka, onpe.IJ;enBeMou no 
CKOpOCTBM C'ieTa MOHHTOpOB, pacnono>KeHHbiX nepe,D; MH· 
weHbiO H nocne Hee.~eHCTBHTenbHO,H3 COOTHOWeHHH /1/ 
nerKo nony'iHTb Bbipa>Keuue, CBB3biBaiOwee H3Meueuue npo-

~ u 

3pa4HOCTH MHweuu c nomipH3auueu ifJanLTpoaauuoro ny'!Ka: 

fu~ y'l-(~T, /2/ 

r,IJ;e T 0 - npo3pa'!HOCTb MHweuu B oTcyTcTBHe npoTouuou 
non.llpHJaUHH H T - npoJpa'iHOCTb MHweuu c npoTouuou 
non.llpHJauueu f p , npHBO.IJ;JIIUeu K non.llpH3aUHH ifJunLTpoaau
uoro ny'!Ka f n. llpOTOHHaJI non.llpH3aUHJI H3 H3BeCTHOH non.11· 
pH3aUHH ny'!Ka MO>KeT 6bJTb nony'!eHa C nOMOI.QbiO COOTHO· 
WeHHH /1/. flpH :HOM, ecTeCTBeHHO, ,IJ;OIDKHbl 6bJTb H3BeCTHbl 
xapaKTepHCTHKH npOTOHHOH MHWeHH: n , a I po 
ManLIX non.llpHJauuu T:: T 0 H, c BBe,IJ;eHHeM 
~ T = T-T 0 , cooTuoweuue /2/ MO>KeT 6LITb 

~I-_!_r 2 

T - 2 °. 

, t . B cny'!ae 
o6oJHa'!eHHJI 
nepenucauo: 

/3/ 

CooTuoweuue /3/ noKa3biBaeT, '!TO KOHTponb 3THM MeTO.IJ;OM 
MallbiX non.llpH3aUHH Hey,IJ;o6eH, nOCKOllbKy Tpe6yeT H3Me
peHHH nponycKaHHJI c BbiCoKou TO'!HOCTLIO. B To >Ke apeMJI, 
KaK yKa3aHO BbJWe, HMeeTCJI He06XO,IJ;HMOCTb KOHTpOllJI 
HMeHHO ManLIX non.llpH3aUHH npH JanycKe MHWeHH. TaKOH 
KOHTponb ocywecTBn.lleTcJI c noMOIUbiO ua6mo.IJ;eHHJI curuana 
npoTouuoro MarHHTHoro peJouauca OT KpHCTanna JIMH. 
Curuan npoTouuoro MarHHTHoro peJouauca perucTpupyeTCJI 
npH nOMOIUH CXeMbl Q ·MeTpa C nocne,IJ;OBaTenbHbiM KOHTy
pOM /10/. flnOCKaB pa,D;HO'iaCTOTHaJI KaTyWKa Q·MeTpapaJ· 
Meweua a peJouaTope, uenocpe.IJ;cTaeuuo ua.IJ; aepxueu rpa
HLIO KpHCTanna, H CBJI3aHa C HaXO,IJ;JIIUeHCJI CHapy>KH KpHOC· 
TaT a 3neKTpOHHOH CXeMOH 'iepe3 HaCTpOeHHbiH KOaKCHanbHbiH 
Ka6enb. flpH ManbiX nonJipH3aUHJIX ,IJ;llJI nOBbiWeHHJI'!YBCTBH· 
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TellbHOCTH Q·MeTpa HCnOllb3yeTCJI 3anHCb CHrHana Q ·MeTpa 
ua caMonucue. llocne uaKa'iKH nonJipH3aUHH ao3pocwuH: 
curuan Q-MeTpa ua6mo.IJ;aeTCJI uenocpe,D;cTaeuuo ua 3Kpaue 
ocuunnorpaifJa. 3ToT curuan, nerKo ua6mo.IJ;aeMhiH ,IJ;HcTau
UHOHHO, HCnOllb3yeTCJI ,IJ;llJI onepaTHBHOrO KOHTpOnJI npoToH· 
uou nonJipH3aUHH B npouecce pa60Tbl c MHWeHLIO ua ny'!Ke 
ueuTpOHOB. UeHHbiM Ka'!eCTBOM JIMP- MeTO,IJ;a KOHTponJI 
npOTOHHOH nonJipH3aUHH JIBllJieTCJI ero 'iYBCTBHTenbHOCTb 
K 3HaKy nonJipH3aUHH. Cpe.IJ;HIOIO no o6'beMy MHWeHH nons
pH3aUHIO 3THM MeTo.IJ;oM H3MepJITb TPY.IJ;HO. llo3TOMY TO'!HLie 
H3MepeHHJI nonJipH3aUHH B pa60'!HX ycnOBHJIX npOBO,IJ;HllHCb 

no H3MeHeHHIO npo3pa'!HOCTH MHW~HH. 

CucTeMa peaepca nongpa3aUHH ny'!Ka 

CyTb ucnonL3oBauuoro uaMH MeTo,IJ;a peoepca non1lpH-
3aUHH ueihpouuoro ny'IKa npounniOcTpHpooaua cxeMou, npu
oe,IJ;euuoH: ua puc. 2. Ha cxeMe npe.IJ;cTaaneu BH.IJ; caepxy 

3 2 1 4 0 5 

n 

Puc. 2. CxeMa cucmeMbl peeepca noAliPU30tiUU ny'!Ka: 
J - nOAJipU3060HHOJi npOIIIOHHOJi MUUleHb; 2 - 3/leKIIIpOMaz
HUm; 3, 4, 5 - Y'!OCIIIKU MOZHUIIIHOZO KaHaAa; 6 - I/IOK060Ji 
,PoA~tza. CmpeAKaMu o6o3Ha'!eHbl HanpaeAeHUJi MaZHuiiiHbiX 

no11eu u HeumpoHHOZO ny'!Ka. 
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Ha nOJUipH30BaHHYIO npOTOHHYIO MHWeHb /1/, pacnono:>KeHHYIO 
a MarHHTHOM 3a3ope 3neKrpoMarHHTa /2/, yqacTKH MarHHT· 
Horo KaHana /3, 4, 5/ u ToKoayro !llonLry /6/. ManLIMH 
crpenKaMH yKa3aHLI HanpaaneHHB MarHHTHoro nonB a pa3-
HLIX qacrBx ycraHOBKH, a 6onLwoil crpenKoil - HanpaaneHHe 
HeilrpoHHoro ny'IKa. Henon.JipH30BaHHLIH ny'IOK qepe3 yqac
TOK MarHHTHOrO KaHana /3/ ~OXO~HT ~0 nonBpH30BaHHOH 
npOTOHHOH MHWeHH. llpOH~B qepe3 non.JipH30BaHHYIO npo
TOHHYIO MHWeHb, ny'IOK non.JipH3yeTC.Jl H nona~aeT B yqacTOK 
MarHHTHoro KaHana /4/. B none 3Toro yqacrKa, coana~aiO
Il(eM no HanpaaneHHIO c noneM a 3a3ope 3neKrpoMarHHTa, 
ny'loK a~ua6a:fuqecKH ~oao~HTC.JI ~o TOKOBOH !llonLrH. ToKo
aa.JI !llonLra pacnono:>KeHa nocepe~HHe Me:>K~y yqacrKaMH Mar
HHTHoro KaHana /4/ H /5/. TeKyll(HH qepe3 !llonLry TOK 
jaepTHKanLHO, CBepxy BHH3/ C03~aeT Me:>K~y HMelOII.(HMH 
aHrunapannenLHLie non.JI yqacrKaMH MarHHTHoro KaHana 
/4/ H /5/ o6nacrL pe3Koro H3MeHeHHB HanpaaneHH.JI Mar
HHTHoro nonB. 3ry o6nacrL non.JI nonRpH3oaaHHLIH ny'IOK 
npoxo~HT Hea~ua6aruqecKH /He H3MeH.JI.JI HanpaaneHH.JI no
nRpH3auuu/ H nona~aer a yqacroK MarHHTHoro KaHana /5/ 
c Hanpaane~HeM non.JipH3auuu, coana~aiOII.(HM c HanpaaneHH
eM npOTOHHOH non.JipH3ai.J;HH B MHWeHH. )J.nR peaepca nonRpH· 
3ai.J;HH pa6oTaiOII.(a.JI npOTOHHa.JI MHWeHb BMeCTe C MarHHTOM

0 

noaopa'IHBaeTC.ft Ha 180° BOKpyr BepTHKanLHOH OCH, nep
neH~HKyn.JipHOH HanpaaneHHIO ny'IKa H npoxo~.JIII.(eil qepe 3 
cepe~HHY MHWeHH. O~HoapeMeHHO noaopa'IHBaiOTC.JI H 3a
KpenneHHLie Ha MarHHTe y'laCTKH MarHHTHOrO KaHana /3/ 
H /4/ H TOKOBa.JI !llonLra. B pe3ynLTaTe TaKoro noaopoTa 
HanpaaneHHe non.Jipu3auuu npoTOHHOH MHWeHH /aMecTe c Ha
npaaneHHeM nonB MarHHTa/ H3MeHHTC.JI Ha o6paTHoe. Y'lac
TOK MarHHTHOrO KaHana /4/ H TOKOBa.JI !llonLra nepeMeCT .JIT· 
C.Jl B o6naCTb Henon.JipH30BaHHOrO ny'IKa, r~e OHH Ha DY'IOK 
He anH.JIIOT, a K yqacTKY MarHHTHoro KaHana /5/ no~oil~eT 
yqacToK /3/. Tenepb ny'IOK, nonBpH30BaHHLIH MHWeHLIO 
a o6paTHOM HanpaaneHHH, a~ua6aTH'IeCKH npoao~HTCB a Mar
HHTHOM KaHane, HMeromeM no aceil ~nuHe none Toro :>Ke 
HanpaaneHH.JI, 'ITO H none 3neKTpoMarHHTa. TaKHM o6pa3oM, 
nonRpH3aUHB ny'IKa oKa:>KeTc.JI peaepcupoaaHHOH. B 3TOM 
MeTO~e peaepc nonBpH3ai.J;HH ny'IKa pe30HaHCHbiX HeHTpOHOB 
oT ux 3Hepruu He 3aaucHT. BpeMB, Heo6xo~Moe ~nB pe
aepca, 3a~aeTc.JI apeMeHeM noaopoTa cucTeMLI H MO:>KeT 
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6LITL c~enaHo ~ocTaTO'IHO MamaiM. Tipu npoae~eHHH, c uc
nonL3oaaHHeM 3Toro MeTo~a peaepca nonRpH3auuu, TO'IHLIX 
3KCnepHMeHTOB MO:>KeT MeWaTb '' annapaTypHa.JI" aCHM" 
MeTpH.JI, CB.JI3aHHa.JI C noBOpOTOM MHWeHH. ACHMMeTpH.JI 
npO.JIBn.JieTC.Jl B CKOppenHpOBaHHblX C nOBOpOTOM MHWeHH 
H3MeHeHH.JIX HHTeHCHSHOCTH ny'IKa H BenH'IHHbl ero non.JI· 
pu3auuu. 0Ha B03HHKaer 3a cqer B03MO:>KHoro He6on~>woro 
ornH'IH.JI yrna noaopora oT 180 °, a TaK:>Ke 3a c'leT B03MO:>K
HLIX HeO~HOpO~HOCTeH ny'IKa H MHWeHH. 3Ta aCHMMeTpH.JI, 
o~HaKo, He npe~cTaBn.JieT cepbe3HOH onacHOCTH, nocKonL
Ky, C O~HOH CTOpOHbl, npH Tll.(aTenLHOH Hana~Ke ycTaHOBKH 
oHa Mo:>KeT 6LITL c~enaHa ~ocTaTO'IHO Manoil H, c ~pyroil 
CTOpOHbl, ee MO:>KHO 3KCnepHMeHTanLHO y'leCTb C HCnOnL· 
30BaHHeM ynOMHHaBWeHC.Jl BbiWe B03MO)I(HOCTH H3MeH.JITb 
3HaK npOTOHHOH non.JipH3ai.J;HH MHWeHH. 

KoHCTpyKTHBHO CHCTeMa peaepca non.JipH3ai.J;HH HeH • 
TPOHHoro ny'IKa ocymecTaneHa cne~yiOIUHM o6pa3oM. Tio
nRpH30BaHHa.JI npOTOHHa.JI MHWeHL pa3Mell.(eHa B KpHOCTaTe, 
:>KecTKo 3aKpenneHHOM Ha RpMe 3neKTpoMarHHTa. K RPMY 
3neKTpoMarHHTa c ~ayx cTopoH npuKpenneHLI yqacTKH 
MarHiiTHOrO KaHana ~nHHOH 600 MM Ka:>K~LIH, B KOTOpbiX 
co3~aeTc.JI MarHHTHoe none =200 3, no HanpaaneHHIO coa
na~aromee c noneM a 3a3ope 3neKTPOMarHHTa. Pa3MepLI 
Me:>KnonrocHLIX 3a3opoa yqacTKOB MarHHTHoro KaHana 
COCTaBn.JIIOT 150 I MM no ropH30HTanH H 300 MM no DepTH· 
Kanu. Ha KoHue o~Horo H3 yqacTKOB 3aKpenneHa aniOMH
HHeBa.JI TOKOBa.JI !llonLra C pa3MepaMH 300 MM no ropH30H • 
TanH, 400 MM no BepTHKanH H TOnll.(HHOH 1 MM. llepe3 
!llonLry Te'leT TOK aenH'IHHOH 2000 A. 3neKTPOMarHHT 
HH:>KHeil nnocKoCTLIO RpMa ycraHoaneH Ha noaopoTHYIO nna T-
4lopMy H MO:>KeT noaopa'IHBaTLC.ft Ha 180° BOKpyr DepTH· 
KanLHOH ocu, npoxo~.Jimeil qepe 3 ueHTP MarHHTHoro 3a3opa. 
TioaopoT nnaT!llopMLI ocyll(eCTBn.JieTC.JI qepe3 pe~yKTop cne
uuanLHLIM :meKrponpuao~oM. llpuao~ o6ecnequaaeT noaopor 
Ha 180 o cucTeMLI, HMeromeil cyMMapHLIH sec oKono 8 m, 
3a apeM.JI = 10 c. To'IHOCTL yrna nopoTa He xy:>Ke ±0,2°. 

Ill . 3aKA10'1eHue 

llepBble 3KCnepHMeHTbl Ha non.JipH30BaHHOM HeHTpOHHOM 
ny'IKe, nony'leHHOM c noMOIULIO onucaHHOH awwe ycra-
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I 

HOBKH, npOBO.IJ.HllHCh C HCnonL30BaHHeM MOHOKpHCTanna JIMH 

nno~a.IJ.LIO ::25 CM2 H TOllll\HHOH ""'-15 MM. Cpe.IJ.HJIJI no o6'heMy 

KpHcTanna npoTouuaB nonBpn3aU.HB, HJMepeuuaB no H3Me

ueHHIO npo3pa'IHOCTH MHUieHH .IJ.llJI ny'IKa HeHTpOHOB, .IJ.OCTH

rana 607700/o. KouTponL u ynpasneuue pa6oToii sceii ycTa

uoBKH ocy~eCTBllJillHCL C .IJ.HCTaHU.HOHHOrO nynLTa, pacno

llO)KeHHOrO ua paccTOHHHH = 1 KM OT ycTaHoBKH. CTa6nnL

uocTL nO.IJ..IJ.ep)KaHHH npOTOHHOH nonHpH3aU.HH MHUieHH npH 

py'IHOH KoppeKU.HH ycnoBHH CBq HaKa'IKH .IJ.e)KypHLIM one

paTOpOM OKaJanacL Y.IJ.OBneTBOpHTenLHOH. IJoTepH HHTeH

CHBHOCTH HeHTpOHHOrO nyqKa B KOHCTPYKU.HOHHLIX 3neMeHTaX 

nonHpH3aTopa /KpHOCTaT, pe30HaTOp, ~OnLra, B03.IJ.YX/ 

COCTaBnHeT 40-':-500/o . .LJ.n» nOBLIUieHHH CTa6HllhHOCTH MHUieHH 

no.IJ.roTosneua cucTeMa cTa6unuJau.uu non» 3neKTpoMaruuTa 

no npoTouuoMy pe Jonancy. IlnauupyeTCH ysenuqeuue nnmu.a

.IJ.H MHUieHH .IJ.O 50-:-60 CM 
2. 

Ilpose.IJ.eHLI npe.IJ.sapnTenLHLie uccne.IJ.OBauux annapaTyp

uoii aCHMMeTpHH, CBH3aHHOH C pesepCOM nonHpH3aU.HH nyqKa. 

l13MepHnOCh H3MeHeHHe npo3pa'IHOCTH uenonHpH30BaHHOH 

MHUieHH .IJ.llH HeHTpOHOB npH nOBOpOTe MarHHTa. Ily'IOK Heii

TpOHOB npu 3TOM 6Lin CKO.IJllHMHpOBaH ,11,0 pa3MepOB, JaBe

,IJ,OMO nepeKphiBaeMLIX MHUieHLIO. 0Ka3allOCL, 'ITO H3MeHeHHe 

npo3pa'IHOCTH 3aBHCHT OT nOllO)KeHHH KOllllHMaTopa H, npH 

~HKCHpOBaHHOH 3HeprHH HeHTpOHOB, BLI60pOM COOT

BeTCTBYIO~ero nono)KeHHH KOnnnMaTopa MO)KeT 6LITL C,IJ,e

nauo .D.OCTaTO'IHO ManLIM. OnTHManLHLie nono)KeHHH Konnu

Ma TOpa .IJ.llH HeHTpOHOB pa3HLIX 3HeprHH OKa3allHCh pa3-

llH'IHLIMH. HanpHMep, MHHHMH3aU.HH aCHMMeTpHH ,IJ,llH HeH

TpOHOB C 3HeprueH B HeCKOllhKO K3B ,11,0 0,1* npHBO,D,Hna 

K nOHBneHHIO aCHMMeTpHH ''" 1o/o ,IJ,llH HeHTpOHOB C 3Heprueii 

'::.1 3B. 3TO HBneHHe, no-BH,IJ,HMOMy, CBH3aHO C HeO,D,HOpO,D,

HOCTHMH ny'IKa H MHUieHH H C.O CllO)KHOH 3aBHCHMOCTLIO OT 

3HeprHH HeHTpOHOB npo3pa'IHOCTH MHUieHH H BXO.IJ.H~HX 

B nyqoK KOHCTPYKU.HOHHLIX 3neMeHTOB. Auanorn'IHLie H3Me

peuux, npose,D,eHHLie c nonxpuJosauuoii MHUieHLIO, noKaJanu, 

'ITO nonHpH3aU.HH npOTOHOB MHUieHH 3aMeTHO Ha aCHMMeTpHIO 

ue snuxeT. B ,D,anLueiiUieM .D.nH yMeHLUieHHH acHMMeTpnu 

nnauupyeTCJI pa6oTa no yny'IUieHHIO O,IJ,HOpO,D,HOCTH KpHCTanna 

JIMH H HeiiTpOHHOro nyqKa. 
Ha onucauuoM BLIUie nyqKe nonBpnJosauuLIX Me,D,neuuLIX 

HeHTpOHOB Ha'laTLI HCcne,D,OBaHHJI CnHHOBOH 3aBHCHMOCTH 
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B3aHMO,IJ,eHCTBHJI ueiiTpOHOB C B.IJ.paMH aTOMOB pe.IJ.K03eMenL
HhiX 3lleMeHTOB/ll/. 

B 3aKmo'leuue asTopLI 6naro.IJ.apBT pyKOBO.D.CTBO Jla6o

paTopuu ueii:Tpouuoii ~H3HKH OHJIH 3a uuTepec K pa6oTe, 

a TaK)Ke scex COTPY.IJ.HHKOB na6opaTopuu, npHHHMaBIIIHX 

yqacTHe B C03.IJ.aHHH 3TOH CllO)KHOH ycTaHOBKH, B oco6eHHOCTH 

E.H.Anonnouosa, C.H.Herosenosa, E.A.Po.IJ.Honosa 

u M.C.JI3BHU.KYIO 3a nocTOJIHHYIO npaKTH'IeCKYIO noMOII.\b 

B pa6oTe. 
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