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1. Bee()eHue 

1ionLwoii HHTepec K noacKaM HapyweHHH T-una CP-qeT
HocTeii B KaKax-na6o ,npyrax npou;eccax, noMHMo pacna,na 
K0 - Me30HOB, CTHMynapoBan HHTeHCHBHble 3KCnepHMeHTbl 
no H3MepeHHIO B03MO)f(HOrO 3neKTPH1.feCKOrO .ZJ;HnOnbHOrO 
MOMeHTa /3,lJ;M/ HeiiTpoHa /l"'-JI. Bee OHH OKa3anHCb 

6e3ycnell1Hbi~H. H~anyqwa.R ou;eHKa BepxHeii rpaHHUbl 3Jl~ 
HeHTpOHa nony1.JeHa · rpynnoft aMepHKaHCKHX ~H3HKOB 
C nOMOIJJ;biO pe30HaHCHOH MeTO,IlHKH. H,ne11 MeTO,ZJ;a 3aKnJOqa
eTC11 B 06Hapy)f(eHHH H3MeHeHH.I 1.JaCTOTbl napMOpOBCKOH 
npeu;eCCHH cnHHa HeHTpOHa B nOCTOHHHOM MarHHTHOM none 
npa Hano)f(eHHH 3neKTpocTaTH1.fecKoro rron11. C 3TOii uenbiO 
B KnaCCH1.JeCKOM pe30HaHCHOM MarHHTHOM cneKTpOMeTpe 
Ha non.RpH30BaHHbiX HeHTpOHaX C .ZJ;BYMJI pa3,nenbHbiMH OC
JJ;HnnnpyiOIJJ;HMH nonHMH C03,ZJ;aeTCJI CHnbHOe :meKTPH1.feCKOe 
none, napannenLHoe MarHHTHoMy, npn peaepce KOToporo 
B cnyqae HanH1.JHJI 3,lJ;M y HeHTpoHa .ZJ;On)f(eH npOHCXO,ZJ;HTb 
C,ZJ;BHr nHHHH MarHHTHOrO HeHTpOHHOrO .pe30HaHCa. 

C,nanr pe3oHaHCHoii nHHHH npn npoqux HeH3MeHHbiX 
napaMeTpax npHBO,ZJ;HT K H3MeHeHHIO non.RpH3aUHH BbiXO.ZJ;JIIUHX 
H3 cneKTpOMeTpa HeHTpOHOB H, COOTBeTCTBeHHO, K H3Me
HeHHIO cqeTa ,neTeKTopa, cTo.Rmero nocne aHann3aTopa 
non.RpH3alUIH. Qenb 3KcnepnMeHTa 3aKnJOqaeTc.R a o6Hapy
)f(eHHH JIW!eKTa oT peaepca 3neKTpnqecKoro non.1: 

l=(N-N )/(N +N ), 
+ - + - /1/ 

r,ne N +- nonHoe KOnH1.JeCTBO OTC1.JeTOB ,ZJ;eTeKTOpa HeHTpOHOB 
npB napannenLHoii/aHTBnapannenbHOH/ OpHeHTaJJ;HH 3neKT
PB'IeCKoro non.1 E OTHOClnenLHoro MarHHTHoro H. llonL-
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1. BeebeHue 

.lionbwoii HHTepec K noHcKaM HapyweHHH T -HJIH CP-t.IeT

uocTeii B KaKux-nu6o ~pyrux npoueccax, noMHMO pacna~a 

K0 -Me30HOB, CTHMYJIHpoaaJI HHTeHcHBHble JKcnepuMeHTbl 

no H3MepeHHIO B03MO)KHOrO JJieKTpHt.IeCKOro ~HnOJibHOrO 

MOMeHTa /3,ll;M/ HeiiTpoHa /t•JI. Bee OHH OKa3aJIHCb 

6e3ycnelliHbi~H. H~unyqwaH oueuKa aepxueii rpaHHUbl 3fl~ 
HeBTpOHa fiOJiyt.IeHa rpynnoB aMepHKaHCKHX ~H3HKOB 
c noMoiUbJO pe3ouaucuoii MeTo~HKH. H~eH MeTo~a 3aKJIJOqa

eTcH B 06Hapy)KeHHH H3MeHeHHH t.IaCTOTbl napMOPOBCKOH 

npeUeCCHH CnHHa HeBTpOHa B fiOCTOHHHOM MarHHTHOM none 

npH HaJIO)KeHHH JJieKTpOCTaTHt.IeCKOrO fiOJIH. C 3TOH uenbiO 

B KnaCCHt.IeCKOM pe30HaHCHOM MarHHTHOM cneKTpOMeTpe 

Ha fiOJIHpH30BaHHblX HeHTpOHaX C ~BYMH pa3~enbHblMH OC

UHnnHpyiOIUHMH nonHMH C03~aeTCH CHnbHOe JneKTpHt.IeCKOe 

none, napannenLHoe MarHHTHOMY, npu peaepce KOToporo 

B CJiyqae HaJIH'"IHH 3,l(M y HeBTPOHa ~OJI)KeH npOHCXO~HTb 
C~BHr JIHHHH MarHHTHOrO HeBTpOHHOrO pe3oHaHCa. 

C~aur pe 30HaHCHOB JIHHHH npH npoqux HeH3MeHHblX 

napaMeTpax npHBO~HT K H3MeHeHHIO nonHpH3aUHH BbiXO~HIUHX 

H3 cneKTpOMeTpa HeBTpOHOB H, COOTBeTCTBeHHO, K H3Me

HeHHIO ct.IeTa ~eTeKTopa, cToHruero nocne auaJIH3aTopa 

nOJIJlpH3aUBB. QeJI& 3KCnepBMeHTa 3aKJIIOt.IaeTCH B 06Hapy· 

)KeHBB JrW!eKTa oT peaepca JJieKTPBt.IecKoro nonH: 

£=(N -N )/(N +N ), 
+ - + - /1/ 

r~e N + - fiOJIHOe KOJIHt.IeCTBO OTCt.IeTOB ~eTeKTOpa HeHTpOHOB 

npB napaJIJieJI&HOH/aHTHnapaJIJien&HOH/ OpHeHTaUBB JJieKT· 

pH'IecKoro nonJI E OTHOCIITeJI&Horo MarHHTHoro H. llonb-
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3yJICL BLipa)l(eHHeM llJlJI 'laCTOTLI napMOpOBCKOH rrpeueCCHH 
B 3THX IIOJIJIX: 

"'± = 
21inH 

h + 

2p.eE 
-h- /2/ 

/3JleCL rrpeJliiOJiaraeTCJI, 'ITO 3HaKH MarHHTHOrO JlHIIOnLHOrO 

MOMeHTa P.m H 3)l;M P.e HeHTPOHa IIpOTHBOIIOnO)I(HLI/ 

H C'IHTaJI 3clKlJeKT 3aBellOMO MaJILIM, rrony'IHM: 

!! N = N - N ::: aN !iv , 
+ - av /3/ 

N ""t ( N+ + N _ ) , /4/ 

!ive v -·v 
+ -

4p.eE =---. h 
/5/ 

OnpeJlenJIJI P.e = eD, rlle e - 3apJIJl lneKTpoua, H noJl· 

cTaBJIJIJI KOHCTaHTLI, nonyqaeM JlnJI BenH'IHHLI CllBHra 'laC-

TOTLI npu nonuoM pesepce E ... - E: 
1 

!! v /ru/ = 10 
15

D /eM/. E /a.cM - I·· /6/ 
HanOMHHM, 'ITO ifaCTOTa C noneM CBJI3aHa COOTHOWeHHeM: 

v/ru/ = 0,0292H (l) , /7 I 
r4e ly /raM:Ma/ = 10- 3. KoM6HHHpys ypasueuus /1-6/, 
nony'IHM cl>opMyny JlnJI BLI'IHCJleHHJI BeJIH'IHHLI 3)l;M H3 

3KcnepHMeHTaJILHo H3Mepeuuoro lcl>cl>eKTa: 

-15 N t 
D=2,JO - ·-· 

aN/av E. /8/ 

Ha6nro.lleHHe 34>cl>eKTa t 6yJleT CBHJleTenLCTBOBaTL o ua

JIH'IHH y ue:H:Tpoua 3)l;M. B cnyqae uynesoro 34>cl>eKTa MO)I(eT 

6LITL ycTaHOBneH BepXHHH npeJleJI BenH'IHHLI 3)l;M, HCXOllJI 

H3 llOCTHrHyTOH 'l'O'IHOCTH tit B H3MepeHifH t: 

-15 N 
!!D=2,JO tit 

aN;av-·-· 
/9/ 

E 

u u 
6 

. aN N 
"HaKnou" pe30HaHCHOH KpHBOH npH nH)I(eHHO paseH a;;::: r' 
rlle WHPHHa pe30HaHCHOH nHHHH r orrpeJlenJieTCJI speMeHeM 

npe6LIBaHHJI HeHTPOHOB B YCTaHOBKe T: r:: +· TaKHM o6-
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tit 
pa3oM, !!D ... --, T.e. 'IYBCTBHTenLHOCTL ycTaaoBKH TeM 

TE 
BblWe, 'leM 6onLWe BpeMJI rrpe6LIBaHHJI B HeH HeBTPOHOB, 

HanpJI)I(eHHOCTL 3neKTPH\feCKOrononJI H Ha6paHHaJI CTaTHC

TBKa. ,LJ;oclJ~rHyTas yscTBHTenLHOCTL cneKTPOMeTpa PaM-

3eJI.H ,llp. I = 10-2 
CM. 3a C'leT yny'IWeHHJI KaKHX napa· 

MeTpOB B03MO)I(H0 JlanLHeitwee nOBLIWeHHe TO'IHOCTH H3-

MepeHHi 3,1l;M? HcnonL3Y~MaJI uarrps)l(eHHOCTL 3J1eKTPH

'leCKoro nons 140 KB.cM-1 HaXOJlHTCJI ua npeJlene Texuu

qecKHX B03M0)1(HOCTeit. 

Bo3MO)I(HOCTL nOJlHJITHJI CTaTHCTH'IecKoii TO'IHOCTH 3a 

C'leT yseJIH'IeHHJI ,llJIHTeJILHOCTH 3KCnepHMeHTa TaK)I(e npaK

TH'IeCKH HC'IepnaHa /H3MepellHJI senHCL Ha IIpOTJI)I(eHHH 4 Me· 

CJIUeB/, OllHa~o B03MO)I(eH eme nepeHOC cneKTpOMeTpa 

Ha BLICOKOnOTO'IHLIB peaKTOp C TennOBLIM noTOKOM 

1015 -2 -1 
- CM .CeK , 'ITO yseJIH'IHBaeT 'IYBCTBHTenLHOCTL 

crreKTpoMeTpa B 10 pa3. Cornacuo 
141 , TaKo:H 3KcnepuMeHT 

ce:Hqac ocymecTsnseTcJI. 

)l;anLHe:iiwee ysenH'IeHHe JlnHTeJILHOCTH npe6LJBaHHJI 

HeBTpOHOB B cneKTpOMeTpe ny'IKOBoro THna npaKTH'IeCKH 

y)l(e HeB03MO)I(HO. )l;eHCTBHTeJILHO, yBeJIH'IeHHe llJlHHLI llO 

3Ha'leHHJI, npeBLiwaromero 2 M, CTaBHT PJill TPYllHLIX 

TeXHH'IeCKHX npo6JieM H He JlaeT CyiUeCTBeHHOrO BLIHrpLIWa 

B 'IYBCTBHTeJILHOCTH, a yMeHLWeHHe CKOpOCTH ny'IKa HeHT· 

pOHOB HH)I(e 100 M.CeK-l BLI3LIBaeT HeKOMIIeHCHpyeMyiO 

noTepiOHHTeHCHBHOCTH. 

--
B 1968 r. Illanupo I 5 I npeJlJIO)I(HJI npuuuunuanLHO uosyro 

B03MO)I(HOCTL yBeJIH'IeHHJI BpeMeHH npe6LIBaHHJI HeBTpOHOB 

B cneKTpOMeTpe, a HMeHHO • HCnOJ1L30BaHHe YJILTpaXOJlOJl• 

HLIX ue:H:Tpouos /YXH/. E cnu BHYTPL cneKTpoMeTpa no

MeCTHTL laMKHYTLIH COCYll H3 IIOllXOllJIIUero Ma Tepuana 

/HMeHyeMLIH B llaJILHeHWeM KaMepo:ii/, TO BpeMJI npe6LIBa

HHJI MO)I(HO yBeJIH'IHTL llO BpeMeHH )I(H3HH HeHTpOHa OTHO

CHTenLHO f3 -pacrra.lla /1000 ceK/. B crreKTpoMeTpe PaM3eJI 

H llP· Ill speMJI npe6LIBaHHJI COCTaBJIJieT 2.10-2
ceK, 1!-,Y)I(e 

ceii'laC speMJI xpaHeHHJI HeHTPOHOB B KaMepe MO)I(eT 6LITb 

5 

I _____________ _ 



,IJ.OBe,IJ.eHO ,II.O COTel;l CeKyH,IJ. *. flpe,IJ.no;.(eHHe 'Wanl;lpO OTKpbl· 
saeT nyTL K CyiQeCTBeHHOMy fiOBLIWeHHIO 'IYBCTBHTenLHOCTH 
cneKTpoMeTpa 3~M. 

K HaCTOJIIQeMy BpeMeHH· npe,IJ.no:>KeHO ,IJ.Ba OCHOBHLJX 
sapaaaTa cneKTpoMeTpa aa YXH: 

1/ cTauaoaapawit
15

( c aenpep~arsaoii no,IJ.a'lel YXH s Ka· 
Mepy H HX perHCTpaUHeit Ha BLIXO,IJ.e; npH 3TOM BXO,IJ.I:tOe 
H BbiXO,II.HOe OTBepCTHJI KaMepbl fiOCTOJIHHO OTKp:WTbl /TaKOH 
sapaaHT nonaocTLIO aaanorH'IeH cneKTpoMeTpy ny'IKOBOro 
THna, B ,IJ.ant.aeitweM ,IJ.nJI aero acnont.JyeM aaJSaHHe "npo· 
TO'IHbdl"/. 

• /3/ 
2/ HMnynLCHLiit ; YXH nepHO.D.H'IecKH JanycKaroTcJI 

s KaMepy, no,IJ.sepraroTcJI Bbi,IJ.ep>KKe B Te'leHHe HekoToporo 
speMeHH, a JaTeM peracTpapyroTCJI. B 3TOM cny11ae BXO.D.Hoe 
H BbiXO,II.HOe OTBepCTHJI MOryT 6b1Tb COBMeiQeHbl /"HaKOnH· 
TenLHblit sapHaHT"/. 

~n.11 onpe,IJ.eneHHJI 6onee BLiro,IJ.Horo sapaaaTa Bbi,IJ.enHM 
s yp. /9/ cyiQecTseaable MHO>KHTena, C,IJ.enas cne.D.YJOIUHe 
npeo6paJosaaa.R. Y'IHTbiBaJI, 'ITO cTaTHCTH'IecKaJI TO'IHOCTL 
1:1£=1 /VZlr. H nonaraJI 2N= S12 • 1:1 t, r,IJ.e S12 - cpe.D.HJIJI cKo· 
pocTb C'leTa ,IJ.eTeKTopa,/:1 t - nonaoe speMJI aa6opa eTa· 
THCTHKH, nony'IHM: 

-15 - asg --
!!..D-2-10 (v'S 1--·J(l/Ey'!!..t). 

Q av /10/ 

,nanee, C'IHTaJI, 'ITO lneKTPH'IecKoe none COJ,IlaeTcJI nnoc
KHM kOH,IleHCaTOpOM C 3a30pOM hk , HMeJOIUHM paJHOCTb 
noTeauaanos ~ ,aanaweM: 1 

-15 - asg 
!!..D ... 2.10 (v'S ~Ia- X1/V y'!:lt). 

Q v H /11/ 

* B JKcnepaMeHTax Wanapo H ,IJ.p/61 s Tpy6e .llHaMeTpoM 
8 CM BpeMJI xpaHeHHJI HeHTpOHOB ,II.OBe,IJ.eHO ,II.O - 100 CeK. 
C ysenH'IeHHeM paJMepos cocy,IJ.a 3To speMJI nponopuao-
aan~oao soJpacTaeT. · 
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HJ :noro Bblpa>KeHHJI BH,IJ.Ho, 'ITO npa Ja,IJ.aHHOM V8 a 1:1 t 
,IJ.nJI nony'leHHJI MaKCHManLHOit 'IYB~:r:HTenLHOCTH Ha,IJ.O MH· 
HHMH3HPOBaTL napaMeTp y"f;hk/ V , HH>Ke MLI npose • 
,IJ.eM Bbi'IHCneHHe H MHHHMHJaUHIO /:1 D ,IJ.nJI npOTO'IHOro 
sapaaaTa. PaccMoTpeaae HaKonHTenLaoro sapaaaTa nposo
.llHTCJI BO BTOpOit 'laCTH 3TOit pa60TLI /?I. 

2. "llpo1II0'4Hbrr'l" eapuaH11f 

PaccMoTpeaae Ha'IHeM c 3Toro sapaaHTa KaK Texaa· 
'leCKH Meaee cno>Kaoro. HeihpoHbi co cKopocTLJO , no · 
BXO,IlHOMY HeitTpOHOBO.IlY 1 ,llnHHOil fT H ,llHaMeTpOM d T 

'lepe3 nonJipHJaTop 2 H BXO.IlHOe oTsepcTHe nnoiQa,IJ.biO 
S1 nocTynaJOT s KaMepy 3 o61>eMoM V k a c nnmua.D.bJO 
BHyTpeHKeit nosepXHOCTH S k /eM. pHC. 1/. lloTOk HeilTpo· 

Pac. i. CxeMaTH'IecKoe HJo6p1l>KeHHe cneKTpoMeTpa 3~M 
B. npoTO'IHOM BapaaHTe: 1 • HeihpOHOBO,II.; 2 • nonJipHJaTop; 
3 • KaMepa; 4 • KaTyWKB tent.MrOnLUa; 5 · BbiCOKOBOnLT· 
a:wit sso.ll; 6 - MHorocnoitablit ManiBTHblil 3Kpaa; 7 - aaana
JaTop nOnJipB3aUBB; 8 • HeitTpOHOBO,II.; 9 • ,IJ.eTeKTOp. 

; BqB CO CDIIJIOM ±1/2 'lepe3 BXO,II.HOe OTBepCTHe npa ycnOBBB 
S «_~d T COCTaBnJieT: I - ., 

1 nov 
• ... -

4 
-

4 
S
1

R(a +a )[1± I (1-2w)], 
I+ + - n 

/12/ 
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r.ne ln =(a+ -a_)/(a+ +a_}~ non.llpHJaUB.Il ueiiTpouos nocne 
non.llpHJaTopa, w- sepoJITHOCTL nepesopoTa cnuua ueiiTpoua 
Ha nyTH cne,IJ;OBaHH.Il HeHTpOHa OT UQn.llpHJa TOpa ,IJ;O BXO,IJ;HOrO 
OTBepcTH.Il, a+ - nponycKauue non.llpHJaTopa .nn.11 ueiiTpoua 
CO CnBHOM ± f:, nO - nnOTHOCTL HeiiTpOHOB Ha BXO.IJ;e 
HeHTpOHOBO,IJ;a, R - ocna6neHHe HeHTpOHOBO,IJ;a. llOTOK HeiiT
pOHOB B3 BbiXO,IJ;HOrO OTBepCTH.Il paBeH: 

1 n•0 v 
~2 ±=-;r-;r--S1 R(a++a_)W2 x 

/13/ 
"" ...\, t 

x J I 1 ± I (1- 2 w) [ 1- 2 P ( t) ]I e dt , 
0 n 

r.IJ;e p (t)- sepO.IITHOCTb HeiTpOHy H3MeHHTb CBOii cnHH 
K MOMeHTY BpeMeHH t no.n ,lleiiCTBHeM OCUBMHPYIOID;ero 
MarHHTHoro non.11 c qacTOToii w H aMnnuTy.noii H1 , co3-
,llaBaeMoro B YCTaHOBKe, A"- CKOpOCTb BepOJITHOCTH HClfe 3-
HOBeHH.Il HeiiTpOHa H3 KaMepbl, paBHa.ll: 

A "=A '+ W 1 + W 2 , 

r.ne, B cso10 oqepe,llb: 

A 

v -
A '=A + - p. k, ao 

CKOpOCTb BepO.IITHOCTB pacna,lla HeiiTpOHa, 

/14/ 

/15/ 

w1 ,2 = 

s 1 2 
= .1:._. --'- - CKOpOCTb BepO.IITHOCTH BbiTeKaHH.Il HeiiT-

aO S k 
4Vk 

poua qepe3 BXO,IlHOe /BbiXO,IlHOe/ OTBepCTHe, a = --
l 0 s 

k 

cpe,llH.Il.ll .nnuua cso6o.nuoro npo6~ra ueiiTpoua Me)I(Jly cTonK" 
HOBeHHJIMB 0 CTeHKH KaMepbl, p. k - ycpe,llHeHHa.ll· no yrny 
na,lleHH.Il BepO.IITHOCTb nornoiD;eHH.Il 'f}iTPOHa B CTeHKaX 
KaMepbi/CM. ypasueuue /9/ pa6oTbl /. OT~eTHM, liTo 
cpe.nilee BpeM.Il npe6b1BaHH.Il u'eiiTpOHOB B KaMepe paBHO 
1*=1/A". . 

CKopocTL ClfeTa .neTeKTopoM ueiiTpouos, npowe,llWux 
qepeJ auanuJaTop non.llpHJaUHH, HJleHTHlfHLiii noil.llpHJaTopy, 
B BbiXO,IlHOii HeiiTpOHOBO,Il, H,lleHTHlfHLiii BXO,IJ;HOMY, pasHa: 

8 

"'' 
J;i.~-. 
4~~ 
·[~l'i~ 

.. ,, 
·~··:·.:. 
\ I 
' ,. 
•'_,·.{ 

-j'!' 

l 

~1 .. •, 

n v 2 2 s ... l..~s R (a+ +a_) p. w2 X 
li 4 4 1 • 

/16/ 
"" 2 2 -A"t 

xfl1+fn(1-2w) [1-2 P(t)]le dt, 
0 

r,lle p.li - 34MJleKTHBHOCTb ,lleTeKTOpa. llpOH3BO,Il.ll lfaCTBlfHOe 
HHTerpuposauue, nonylfBM: 

1 nov 2 2 1 +t S = - -- S R (a +a ) p. W [- -2 r Q], 
li 4 ·4 1 + - ll 2 A , /17/ 

r.ne sse.neHbl cne.nyromue o6oJHalfeHH.Il: 

2 2 
r =f (1-2w), 

n 
/18/ 

"" -A "t 
Q = J P (t) e dt. 

0 /19/ 

,D;n.11 BbllfHcneHH.Il Q ua.no Ja,llaTL P (t). llepesopoT 
cnHHa HeiiTpOHa OCD;BnnupyiOID;BM MarHHTHbiM noneM MO)f(HO 
COJ,IlaBaTb ,llBOJIKHM 06pa30M: 1/ o6naCTb ero ,lleiiCTBH.Il 
pacnpOCTpaH.IleTC.Il Ha BCIO KaMepy; 2/ OHO ,lleiiCTByeT 
TOnLKO nepe,ll BXO,IlOM H nocne BbiXO,Ila HeHTpOHOB. llepBblii 
BapHaHT COOTBeTCTByeT peJOHaHCHOMy MeTO,Ily Pa6H H 
Bblpa)l(eHHe ,lln.ll BepO.IITHOCTH nepeBOpOTa HH,IlHBH,IlyanbHOrO 
HeiiTpOHa HMeeT BB,Il 19 /: • 

2 
- w1 

p(t)= 2 2 

(w-;; -w) +w 1 

. 21 -'(-, 2 2 f sm Tv w 0 -w) +w 1 ,t·, /20/ 

r.ne w ~ - napMoposcKa.ll qacToTa, ycpe,llHeHHa.ll no nyTH 
ueiiTpoua BHYTPH KaMepbl, w1 ... yH 1 /Me)I(Jly w u H 
cne.nyiOID;a.ll CB.IIJL: w /pa.n/ = 0,182 H (y )/. 

BTOpoii BapBaHT COOTBeTCTByeT MeTO.IJ;y paJ,IJ;enLHbiX 
OCD;BMHpyiOID;BX none it / 9 /: 
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I 

2 
(J)1 

p(2t +t )= 4---
0 - 2 2" 

( (J), -CJJ) +CJJ1 
0 

• 2 J stn 2 x 

y(w,)'-w I +w:t
0 

Ieos ~ [(w~-w)t-.8]x 

1 _,-(-'' -)2 2 
X COS -

2 
y (J) -CJJ + CJJ t 

0 1 0 

-, 
wo -w 

:===:::::==~- sin 1 [ (-v (w " ) 2 2 'T w0 -w)t- 8] 
0 -CJJ + CJJ X 

1 

• 1_ 1 ( -, )2 2 12 
x-stn-,: v w o -w +w1 to , 

/21/ 

-,. 
r,!le CJJ O • napMOpOBCKaJI \faCTOTa, ycpe.ZllleHHaJI no n}'TH 
HeihpoHa B o6nacTH ,!leitcTBHJI ocuHnnHpyiOIQero nonJI, t0 -

speMJI Haxo>K,!leHHJI lieiiTpoHa B :noit o6nacTH, 8 - clla3a 
Me)l()ly BXO.ZlHoii H BWXO.!lHOit o6nacTJIMH. Pe3oHaHcHaJI KpH· 
BaJI, OnBCWBaeMaJI ypaBHeHBeM /21/, HMeeT CnO>KHbiH xa • 
paKTep. B6nH3B .TO'IH.oro pe3oHaHca MO>KHO C'IHTaT& 
I w " -w I «w , TOr.!la 

0 1 

p(2 t 
0 

+ t) = sin 
2 

w1 t0 
cos 2; [ (;;; ~ -w)t-8]. /22/ 

BBe,!leM BenB'IHHY ¢ = (we) _;,0) t , ~MeiOIUYIO CMhiCn 
pa3HOCTH c1Ja3, HaKOnHBWYIOCJI ,!lnJI HH.!lBBHJlyan&HOrO He itT· 
poHa 3a BpeMJI t B3·3a HeO,!lHOpO,!lHOCTB MarHBTHOrO ttOnJI, 
r.Zle cpe,!lHJIJI nonHaJI clla3a ~ t onpe,!lenJieTcJI cpe~HBM 
no o61.e~y KaMepw 3Ha\feHHeM MarHHTHoro nonJI H0 = 

1 .. -, 
= y. I H 

0 
dVk • B cnyqae O.!lHOPO.!lHoro nonJI w

0 
=w

0 
s 

k vk 

H cp = 0. TaK KaK HeiiTpOHhl B KaMepe OT BXO,!la ,!lO BhiXO,!la 
cne,!lyiOT pa3HhiMH nyTJIMB, TO ,!lnJI HaXO)I()leHRJI ·cpe,!lHeit 

10 

I 
~~.·.' ,, 

1 
~~ 

l;i 

,l 
j 
,! 

·~ 
I{ 
1) 

1 
'l 
l 

no aHcaM6nro \faCTHU sepoJITHOCTH nepexo,!la Ha,!lo npoH3· 
BeCTH ycpe,!lHeHBe DO c1Ja30BOMY OpOCTpaHCTBy, a ypaBHeHHe 
/22/ ,!lOn>KHO 6h1Tb ,!lOnonHHTenbHO ycpe,!llieHO no BpeMeHH 
HaXO>K,!leHHJI t 0 HeiiTpOHOB B o6nacTH ,!leHCTBHJI OCUHnnH· 
pyroiUero nonJI H1 • 

TpaeKTopBB HeiiTpoHoB B KaMepe HOCJIT cnyqaitHbJit 
xapaKTep, no:JTOMY pa3yMHo npe,!lnono>KHTb, 'ITO pacnpe
,!leneHHe pa3HOCTH c1Ja3 OnHChiBaeTCJI ciJopMynoii raycca: 

¢2 

1 - 2¢:1' 
R(¢)= e 

y2rr¢,
2 /23/ 

BepoJITHOCTb, ycpe,!lHeHHaJI no aHcaM6nro HeiiTpOHOB BHYTPH 
KaMep&I, pasHa: 

. 00 

P(tJ = I p(tJR(¢Jd¢. 
-oo 

AHanorB'IHo, C'IHTaJI, 'ITO pa36poc speMeH t 0 
HOpManbHhiM pacnpe,!leneHHeM CO cpe,!lHHM lQ 
( ~ toT (to -to/ 

1 2( :~ t
0
t 

R'(toJ=---e 

y2rr(Mj2 
0 

/24/ 

onHChiBaeTCJI 
H ,!lHCnepcHeit 

/25/ 

nony'IBM ,!lnJI cpe.ZlBeii sepoJITHOCTB B MeTo,!le pa3,!lenbHbiX 
none I: 

00 00 

P(t) = I I p(2t + t )R(¢JR:(t )d¢ dt • 
-ooO 0 · 0 0 

/26/ 

HHTerpspoBaHBe B yp. /26/ rpO:M03.!lKO, HO TpHBHanbHO, 
OKOH\faTenbHhlii pe 3ynbTaT cne,!lYIOIUHH: 

-2 
¢ 

2 - - -y 
P (t)= ,.L sin w t {1 + cos[(w -w) t-8] e IF' 
p.n. 2 · 1 0 · · 0 c 

/21/ 

r.Zle 

II 



-2w2~ 
F - z to> 
c-e 

2 2 -2w
1

(!J.t0 ) 

(1- e ) , 
1 

+ ----:..-:-
2sin2wz to 

/28/ 

HH~eKC p.n. noKa3hlBaeT, qyo BepOSTHOCTb OTHOC~TCS K 
MeTo~y pa3~enhHbiX noneii. 

Cpe~Hss no !lla3oBoMy npocTpaHCTBy ueposTHOCTb B Me· 
To~e Pa6H ~aeTcs cne~YJOutHM HHTerpanoM: 

_st._ 
2 

00 2 ¢"7 
p (t)= wl f---e _____ ..__ x 

p - "' 2 2 ...;217 ¢2 (W" -w+LJ +·w 1 0 t 

/29/ 
·21 -. cp:Z 2 

x stn - ...j(w -w+--) +cu. t dcp, 
2 0 t l 

KOTOphl:ii He 6epeTCS aHanHTHqecKH. fi03TOMY cpaBHeHHe 
MeTo~a Pa6H H MeTo~a pa3~enbHbiX noneii Mhl npooe~eM 
~ns O~HOpO~HOrO nons. fio~CTaBnJIS ypaBHeHHe /20/ B /19/ 
H npOBO~S HHTerpHpOBaHHe no t , nonyqHM ~ns CKOpOCTH 
cqeya ~eTeKTopa B MeTo~e Pa6H: 

, 1 n0 v 2 2 , S = --S1 R (a +a ) p. W
2 

T * Rez ( !J. v), 
~ 4 4 + - ~ /30/ 

r~e pe30HaHCHhlH MHO>I<HTenb ~aeTCS cne~yJOQlHM Bhlpa>I<e· 
HHeM: 

2 2 
1+(1*) (217/J.V) 

~. 

1 +(1* /[(217!J.v/ +w;i" 

Rez ' ( !J. v) = 1 +t /31/ 

a paccTpoiiKa OT TOqHoro pe3oHaHca ecTb: 
-

!J.v= -- /32/ 

Pe3oHaHcHas Kp:Hoas, ~aoaeMas ypaBHeHHeM /31/, HMeeT 
BH~ KpHooii nornomeHHs c nonywHpHHoii Me>I<~y 3KCTpeMy· 
MaMH npOH3BO~Hoii !J. v~ =[1 +(T* l w: ]/217{3 1 * /pHc.2/. 

12 

Re£ (4"J J 

2------~--.---------. 

1,5 

1 
-3 0 3 

2"4" r• 
PHc. 2. Pe3oHaHcHas KpHoas B MeTo~e Pa6H ~ns o~Hopo~
Horo MarHHTHOro nons npH OnTHManbHOH aMnnHTy~e OC • 
UHnnHPYIOutero nons·:1-r =1; 2 -r=O,S. 

Ta~HM o6pa30M, pa6oqas ToqKa ~on>I<Ha ne>I<aTb npH 
. .1v. .t.=vo ± !J.v~ • OnTHManbHoe 3HaqeHHe aMnnHTY~hl 

oc~HnnHpyiOmero nons H1 onpe~enHTcs H3 ycnooHs: 

_a_ [ a Rez '( !J.v) I ~ ] = 0. 
aw1 av v=vp.T. 

onT. onT._/2 I 1* 0TCIO~a nerKO nonyqHTb, qyo W J =yH z = V . H 
!llopMa pe30HaHCHOH KpHBOH OnHChlBaeTCS Bhlpa>I<eHHeM: 

. 2 2 

R , (A ) 1 1 + (1 *) (211 .. !J._.:_v~)~--. ez u v ,.. + r y---
2 

3+ (1 *). (217/J.v) 

I 

Tor~a · !J.v~ =1/217 1* H B ToqKe "pu.T.="o ± !/217 T* 
cq¢T ~eTeKTOpa H HaKnOH pe30HaHCHOH KpHBOH paBHbl, 
CO()TBeTCTBeHHO: 

13 
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I 

1 n0 v 2 2 1 ~'g = "7 - 4-S1 R (a+ +a_) p41 W2 T*(1+Tt), 1331 

iJ ~;, rr n0 v 2 2 2 
I-I "'T ---,--. 51 R (a +a ) I' W2 r(T*) • 
iJv . .L~ + - I 

1341 

B MeTo,Ile pa3,Ilem>HLIX noneit M&I BLI'IHCnBM BenB'IHHY 
Q .ZlnJI o6mero cny'laJJ, a 3aTeM c,IlenaeM npe,Ilen&Hblit 

nepeXO,Il I< O,IlHOpO,IlHOMY nomo d)} -+0, B npOH3Be,IleM cpaB· 
ueuue o6oux cnoco6oB co3,IlaHBJI ocuunnupyJOmero no.rtJJ. 
,lJ;mr BHTerpupoBaHHJI P(t) no t Tpe6y

2
eTCJI 3HaT& JIBHldil 

BB.Il cpe,IlHero I<Ba,IlpaTa pa3HOCTH 4la3 ¢> OT t , 
BLinonHHM cne.ZlYJOIQHe np~o6pa3oBaHBJI:. ______ _ 

- 2 t t 2 
¢> 2(t)=[(~~ -~~t] =I f[wo'(t')-cd

0 
]dt'J

2 
=[ fi\cu/t')dt'] = 

t l 
. .. a o 

= f dt' f dt "i\cu
0 

(t ') i\cu/t "), 
0 0 

r,Ile 'lepTa 03Ha'laeT ycpe,IlHeHBe no aucaM6mo qacTRU. 

BBe,IleM <ilYHI<UBJO F(t) ... i\cu
0 
(t)/y(~ , r,Ile (i\cu

0
l = 

2 2 - 2 
= y 2 (/lH0 ) , B, B CBOIO O'lepe,Il&, (/lH0 ) =(H0 - ·~~o.J · 
,IlBCnepCHJI CTaTBCTH'IeCI<OrO MarHHTHOrO nOnJI, npB'IeM 
ycpe,IlHeHBe 3,Ilec& npoB3BO.IlBTCJI no o61>eMy kaMepw. 
Tor,Ila 

t' 1351 t 
¢,2 ( t) = ( i\ cu / f d t ' f dt " F ( t ')F ( t "). 

0 0 0 

Cornacuo 1101, 3TOT BHTerpan MO)I(HO npeot5pa3oBaT& 1< BH· 
,Ily: ··-· t 

cfJ
2

(t)=2(i\cu / f (t-r)F(O)F(r)dr, 
0 0 

1361 

BenH'IHHa F (O) F (r) o6na,IlaeT cBoicTBaMH koppenJJUBOHHoi 
<ilYHI<UBH 'Gi\cu (r ), BBO,IlBMOit B TeOpBB CnBHOBOro MarHeTB3Ma 
npH paCCMOTpeBBB WHpHHbl nHHHB I 1 O/ • ,lJ;nJI ynpomeHHJI 
Bld'IHCneHBI B03&MeM ,IlnJI I<OppenJJIJ;BOHHOi <ilYHI<UBR npOCTei • 
wee Bwpa)l(eHue: 

_I!J_ 
Gi\cu (r ) ... e Tc 1311 

14 

r.Zle r c • BpeMJI I<OppenJIIJ;BB. fiocne BHTerpBpOBaHBJI Iiony· 
quM: 

t 
2 ~· -;-c 
¢> = 2 ( i\ cu ) r [ t - r (1- e ) ]. 

0 c c 1381 

B ka'leCTBe BpeMeHB koppenJIUBB ecTeCTBeHHO BLI6paT& 
apeM.II nponeTa ,IlnBH&I cso6o,IlHoro npo6era ueilTpoua B 1<a· 
Mepe Bo =4Vk /Sk, TOr,Ila r c .. ai)/V:::a .4Vk/ Skv• 

Uccne,IlyeM noBe,IleHBe q; oT t • llpB Man&Ix t «r c , 

I<Or,Ila ueiTpou npowen He6on&wol yqacTOk nonJI, OTHOcB· 
Ten&HLII cpe,IlHei<Ba,IlpaTB'IH&Iit pa36poc Hakonneuuoit 3a 
BpeMJI t <ila3bl ~ t He 3aBBCBT OT BpeMeHB B onpe,IlenJieTCJI 
TOnhkO OTHOCBTenLHLIM cpe,IlHei<Ba,IlpaTB'IHbJM pa36pOCOM 
nonJI oT ero cpe,IlHero 3Ha'leHB.II: 

y ¢2 = v (r;;;;;J .. v ( i\ H0i . 
w0 t w0 Jt" 

llpu t>>r , I<Or,Ila ueihpou ueckonLI<O BnH 6onee pa3 nepe· c 
Cek o6naCTL non~, 3TOT pa36poc 3aBHCBT OT BpeMeHH: 

- --:-2 --_v P-v ,.. 2 j(~Ho r v .:.:._ , 
(JJo t Ho t 

T .e. ka)I(,IlLiil ueihpou ycpe,IlHJJeT MarHHTHoe none H npouc
XO,IlHT "Cy)l(eHBe nHHHB 3a C'leT ,IlBB)I(eHB.II". 

llO.IlCTaBnJIJI nonyqeuuoe ypasueuue 1381 B 127 I, a 127 I 
B 1191, HMeeM: 

Q 1 00 t --;:-~--- - 1 2 - -sin 2 cu t F - 2 A " + 2 f exp [ ( ~ cu ) r
2 

(1- e r c J] 
1.0 c 0 0 C X 

1391 
...,\ •t 

,x e co.s[.l(w
0

- cu)t -8] dt, 

\"' ·r-1 \, (~ n ii r,Ile 1\ = =/\ + · t:J.cuo) r c' Oka3aTenL nepBo 3kcno-
HeHTLI O'leHL 6LJCTpO CTpeMBTCJI J( noCTOJIHHOB BenB'IHHe, 
no3TOMY no 06061.1leHHOB TeopeMe 0 cpe,IlHeM Mbl MO)I(eM 
nepByJO 31<CnOHeHTy BbJHeCTH 3a 3Hak HHTerpana, a OCTaB· 
WYIOCJI no,IlBHTerpan&HYIO <ilYHI<UBIO npOHHTerpupyeM: 

IS 



I 

Q T* T/T* 
--- =-11+/:(tz)- ' 

2 - 2 ~' 2 
szn wt to Fe 1+T2(w -w) 

0 
--2 2 -t/r 

((t)= exp[ (11w
0

) r/1-e c J]. 

[cos8+(; -w)Tsin8]1, 
0 

1401 

1411 

Tio.z:tcTaBJHUI ypaBHeHHe 1401 B 117 I, nonyqHM .z:tJIH CKopocTH 

cqeTa .z:teTeKTOpa B MeTO.z:te pa3.z:teJibHbiX fiOJieH: 

, 1 nov . 2 2 . . 2 -
-~' =--S R (a +a ) p. W

2
T*!l+t(1-szn w t F )-

~ .4 4 1 + - ~ 1 0 c 

1421 
2 - 'TIT* -

-r·sin w
1 

t0 F ((t
1 

)- ··[cos8+(w -w)Tsin8]1. 
c 2 - 2 0 

l+T (w -w) 
0 

KaK BH.z:tHo H3 ypaBHeHHH 127 I, BepoHTHOCTb nepeBopoTa 

MaKCHMaJibHa npH w1 lif= TTl 2, npH JTOM MO.z:tYJIHUHH HH • 

TeHCHBHOCTH npH H3MeHeHHH paCCTpOHKH npOHBJIHeTCH MaK· 

CHMaJibHbiM 06pa30M. 0TCIO.z:ta fiOJiyqaeM CBH3b Me>K.z:ty 

.z:tJIHTeJibHOCTbiO B03.z:teHCTBHH OCUHJIJIHpyiO~ero fiOJIH H ero 

aMnJIHTY.z:tOH: 

H1 (y) =8,6 I t 0 lceKI. 1431 

0603HaqaH KaK paHee pe30HaHCHbiH MHO>KHTeJib qepe3 

Rez(l1v), HMeeM B JTOM cnyqae: 

T 1 
Rez"(l1v)=1+r(1-Fc)-rFc((tz).T* 1+T2(2TTI1v)2 x 

x [ cos8 + 2TTI1 v Tsin8], I 1441 

--""T 
r.z:te 172 (!1t 0J 

- 4 (;-oJ2 1451 
F=L[1+e ] • 
c 2 

Hccne.z:tyeM <bYHKUHIO Rez"(l1v) npH pa3JIHqHbJX 3Ha-

qeHHHX C,llBHra <I.Ja3bl 8. llpH D = 0 <I.JopMa pe30HaHCHOH 

KpHBOH HMeeT BH.z:t JIHHHH norno~eHHH C IIIHPHHOH Ha nony· 

16 

BbiCOTe npoBana 1ltr T. fipH 8= ± T pe3oHaHcHai: KPHBaH 

HMeeT .z:tHCnepCHOHHbiH BH.z:t C paCCTOHHHeM Me*.z:tY MaKCH· 

MYMOM H MHHHMYMOM TaK>Ke paBHbiM 1 I" T. 3HaK <I.Ja3bl 

npH JTOM onpe.z:tenseT HaKJIOH KpHBOH. 

Ha pRe. 3 H3o6pa>KeH cnyqau 8=- ;-. MeTo.z:tlfqecKH 

Re~ (d\1) 

1,5 

1 

0,5 
-3 0 3 

2114\IT• 
PHC. 3. Pe30HaHCHaH KPHBaH B MeTO.z:te pa3.z:teJibHbiX noneu 

npH 2 • 2 
D=-;, (11t

0
)=0 ': 1-r =1, (11w

0
) =0; 

2-r=1, (11w /r T* = 0,5; 3-r=O,S; (11w 0 / =0. 
0 c . 

Y.z:t06Ho pa6oTaTb C paccTpOHKOH 11v=~ H <I.Jau30H 181 = t, 
TaK KaK peBepc HaKJIOHa pe30HaHCHOH KpHBOH .z:tJIH HCKJIJO• 

qeHHH annapaTypHOH aCHMMeTPHH OC~eCTBJIHeTCH npOCTbiM 

H3MeHeHHeM lHaKa ijla3bl 6e3 nepecTpOHKH qaCTOTbi, 

qTQ npH BbiCOKHX Tpe6oBaHHHX Ha ee CTa6HJibHOCTb HBJIHeTCH 

17 



I 

HeManoaa>KHhiM o6cTOJITenbCTBoM. B 3TOM cnyqae Bblpa>Ke
HHe /44/ ynpoi.QaeTcR: 

Rez "(&v)=l+r(l-F )± rF ~(t 1 ).!_ 2rr&v!.___./46/ 
c c T* 1 + T 2(2rr & v )2 . 

Tor.na B pa6oqeii TO'IKe vp.T .=v0 C'leT .neTeKTopa H HaKnoH 
pe30HaHCHOH KpHBOH paBHbl, COOTBeTCTBeHHO: 

n v 2 2 
~" • .L - 0-S1 R (a +a ) I.L W2 T*[1+r(1-Fc)], /41/ g 4 4 + - g 

a~~ 1T nov 2 2 2 
1-1 =-2 -

4 
S R (a +a ) ll W rF ~(t1)T. /48/ av 1 + - g 2 c 

2 
llpe.nenLHLiii nepexo.n K O.llHopo.nHoMy nomo (&w

0
) .... 0 

,ZlaeT T=T* H ~(tz)=l, cllopMynbl /47/ H /48/ocTaiOTCJI 
B npe>KHeM BH,Zle. Tenepb Mbi MO>KeM cpaBHHTb pa3Hble 
cnoco6bl co3.naHHJI ocuHnnHpyroi.Qero nonR: a/ no OTHoweHHJO 
HaKnOHOB peJOHaHCHLIX KpHBbiX: 

a~" a~· 
'__..!_' I ,_~I= 4F ; av av· c 

/49/ 

6/ no OTHOWeHHIO OWH60K B onpe.neneHHH 3,LJ;M, cornaCHO 
ypaBHeHBIO /11/: 

1 
1+-t 

&D' 2 
-=4F- 1

-c·V 
&D" 1 +t(1-~) 

/50/ 

fiapaMeTphl, BXO,ZlJII.QBe B ypaBHeHBe /50/, MOryT Me· 
HJITLCJI B cne,ZlyJOI.QBX npe,Zlenax: 1/ F c OT 0,5 .IlO 1 /CM. 
ypaaH. /45/ /; 2/ r oT 0 .no 1 /eM. ypaBH. /18//. MeTo.n 
paJ.nenLHbiX noneii a nyqweM cnyqae, Kor.na r =1 B 
( & t0 )2 = 0, B 5 paJ, a a XY.IlWeM cnyqae, Kor.na ~= "}-

18 

a 2 paJa 'IYBCTBBTenLHee MeTo.na Pa6H. llo3TOMY .nanLIIe:H
wee paccMoTpeHHe Mhl npoae.neM TOnLKo .nnR MeTo.na 
paJ.nenLH&IX none:H. 

BLinHWeM nonHoe Bhlpa>KeHHe ,ZlnJI OWH6KB B onpe.neneHHH 
3,LJ;M, BCnonLJYJI ypaBHeHHJI /11,47 H 48/: 

-15 
2. 10 y 1 +t (1- F c ) 

~D=-------------------------~--------
rr r F ~ (t ) V R (a + a ) yn - p. -----zn 

c 1 H +- 0~ 

hk ...;T* 
wvv;· 12' 

/51/ 

r.ne npe,ZlTIOnO>KeHO, 'ITO paJMepLI BXO,ZlHOrO H BbiXO,ZlHOrO 
OTBepCTHH O,ZlHHaKOBhl ~ = S2 , H, COOTBeTCTBeHHO, Wz ':"_w2'= 
= W. HeTPY.IlHO noKaJaTL, HcnonLJYH Bbipa>KeHHJI .nnR T H 
T*, 'ITO &D HMeeT MHHHMYM TipH nnoi.Qa,ZlH OTBepCTHH, 

Y.IlOBneTBOpJIIOI.QHX cne.nyiOI.QeMy Bhlpa>KeHHIO: 

A '+3a+y(A '+3a/+8A'(A+a) 
W=----___, /52/ 

2 
r.ne aae.neHo o6oJHa'leHHe a= ( ~w0 ) rc . llpH a=O 
/O.IlHOPO.IlHOe none/ H3 ypaBHeHHJI /52/ HMeeM W= A', H 
cornacHo yp. /14/ A" =3A', T.e. cpe.nHee apeMJI >KHJHH 
HeHTPOHOB B KaMepe C OTITHManLHbiMH OTBepCTHJIMH TO'IHO 
B TPH paJa MeHLWe, 'leM B JaKfLITOH KaMepe, a nnoi.Qa,Zlb 
OTBepCTHJI ,ZlOn)f(Ha 6LJTb B iii: paJ MeHLWe TinOI.Qa,ZlH 
BHyTpeHHeii TIOBepXHOCTH KaM&pbi. 

qHCneHHLie OUeHKH napaMeTpOB, BXO,ZlJII.QHX B yp, /51/, 
H cpaaHeHHe npoTO'IHoro aapHaHTa c HaKonHTenLHLIM npo
BO,ZlHTCJI BO BTOpoii 'laCTH 3TOH pa60TL/7 /. 
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