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AHHOTAUH.H 

OnHCHBaeTca cnocod HsMepeHHa nonen B pe3oHaTope-no­

HapHsaTope HCTOqHHKa ITOHap~30BaHHUX qaCTHn. B OCHOBY 

TIOHO~eH M9TO~ H3MepeHHH C~EHra ~3& OTpazeHHOA BOHH@ ITpH 

B03yYII.teHl1l1 pe30HaHCHOA \18C'IOThl o6:oeMHOrO pe30H8TOpa. 
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BBE.IJ:EHME 

UeJI:DIO pa6oThl JIBJISIJIOC:D l13MepeiDie xax OTHOCl1TeJI:DHoro 

pacnpe~eJieHH.a, TaK H adCOJIIOTHOro 3HatieHHSI MarHH'l'HOrO llOJISI 

B,I(OJI:b TpaeKTOpHH aTOMHOrO fiY'IKa .• TIOCKOJI:DKY ,I(JIMHa nynr, flO KO­

TOpOMY npoxo,IU1T aTOMHhlit nyttoK no.n .ne~cTBl1eM CBq MarHl1THoro 

noJI.a .aBJI.ae:rc.a onpe.n;eJieHHO~ BeJIHliH~o~t III, 6uJI cos.n;aH pesoHa­

:rop cJIOJICHO.tl q>op.MLI, :r~opeTKtteCKHii pacqeT llOJie~ KOTOporo Tpy.n;eH. 

B O'l'JIIdtiMe OT / 2/, MOJI:HO J13Mep.a:r::, llOJISI HenpOXO,I(HOrO T:Hna.H3Me­

peHHe llOJie.tl llpOH3BO,I(MTcSI CO CTO)OH.bl BXO.n;a np11 HaCTpOeHHOM pe-

30HaTOpe. H3MepeHHSI llOJie~ MOJICHO npOH3BO,Il;HT1 Ha pa6otteM qaCTO­

Te Xi llpH pa60'!Jt1X Be1UttiM~HaX llOJie:~ pe30HaTopa, 'liTO B HeKOTOpLIX 

cJiyqa.ax Moxe:r IDLeTI> 6oJII>IDoe 3Ha,~eHHe. 
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I. CXEMA M3MEPEHMS} 

Ha P:viC.I noKasaHa 6JioK-cxeMa HsuepeHvUI. 

B Kaqecr:se reHeparopa npHMeHSIJH.:SI IIpH6op r4-9. reHeparop 

pa6oTaJI :s HMIIYJII>CHOM pelKHMe, ,n;JIH~·eJihHOCTI> HMnyJII>ca - IO MKCeK, 

qacrora no:sropenHa - IOO rn. B Ta.KoM pexHMe yxo.n; qacroTH reHe­

paropa 6HJI He60JI}) Im1M M npaKTJ/Itl8CF:l1:. He CKa3l:lBaJICJI Ha TOtlHOCTH 

HsuepeHHJI. Pa6oqas qacrora - 240C 1 Mrn. 

MswepeHHH npoBo,n;HJIHCb c pesoF.aropoM KOaKCHaJII>Horo THna 

(PHC.6) C Henarpy.EeHHO~ ,D;06pOTHOCT})ID ( QD ) - 1200. 

Ha He~ llOMemaJIMCb ,D;Ba 30H,n;a, KOTOpue MOrJIH CB060,D;HO nepe­

MemaTbCSl BAOJib JIHHMH. CarnaJIH c sou.n;oB nocTynaJIH Ha ,n;H~epen­

nHaJibHH! yCHJIHTeJib. Pa3HOCTHU~ CMrHaJI YCHJIHBaJICJI yCHJIHTeJieM 

Yill-!0. ITOCKOJII>KY BUXO,Il;HO~ CHrHaJI 6HJI HeOOJibWHM (OKOJIO I:s), yCHJIH­

TeJib npaKTHtleCKJ/I He BHOCHJI norpemHOCTH B H3MepeHHe. 

B coor:seTCTBHH c 131 naxo.n;xnca ysen nanpazeHHa npH paccrpoeB­

uou pesonarope. ~aJiee, H3MeHeHHeM rJiy6HHH norpyzeuHa son.n;o:s B 

none B H3UepHTeJIDHOA JIHHHH no,n;6Hpa!aCb O,Il;HH~KO~~JI llYBCTBHT8Jib -

HOCTb ,D;eTeKTOpHSX rOJIOBOK no OTHOWeHniD K Hanps~eHHID B JIHHHH. 

nocne ypa:sHHBanHa cHrnano:s son.n;u noMemanHCb :s pa6oqee nono­
.1\ ZeHHe, T.e. Ha paCCTOSIHHe 
8 

JT nytlKOCTH HanpaJJ:eHHSl no o6e 

CTOpOHH. 

HacrpoHKa pesoHaropa :s pesonanc Benacb no HYJIID noxasaHHa 

HH,Il;HKaTOpa (9), KOTOphiM HBJISIJICSl 0 1 ~IzylJIJIOrpa<i> CI-4. Ilocne 3TOrO 

npo:so,n;Hnach xanM6po:sxa HSMepenmH, sareM qepes o6beM pesoHaropa 

nponyCKaJIOCb B03Mym&IDmee T€JIO (,D;H3JI8KTpHtl€CKHH HJIH MeTaJIJIJ/ItleCKHI 
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mapHK) t ITO,IJ;Beme HHOe Ha TOHKOit O,IJ;EOpO,ltHOit ,ll;H3JieKTpHqeC.IWkt HHTJti. 

KaK 6y,ne:r BH,II;HO B ,naJILHektWeK, aMIU.IHTy,na IDliTYJILCa Ha 3KpaHe OC­

UJrfJIJIOrpa~ nporropnmoHaJihHa BeJimq~He cMe~eHJtiH qac:ro:ru. 

liOJIHpHOCT1 HMITYJILCa rOBOpHT C 6 yBeJIHqeHHH HJilll yueHLWeHHH 

pe30HaHCHOI qaCTOTU rrpH B03MymeH~H pe30HaTopa. 

Ha pHc.2 rroxasaH crroco6 H3MEpeHHkt. 

IIpm Hac:rpoeHHOK pe3oHa:rope ( 6.-= w~ r.oo = o) noxa3aHma .ne­

TeK:ropoB o.nmHaKoBu, pasHOCTL paBEa HYJID. IIpm ~*0 xapTHHa 

CTOaqeil BOJIHU C,ltBHraeTCH arreBO H~H BITpaBO B 3aBHCHMOCTH OT 3Ha­

Ka 8 • IlpH 3TOM ITOKa3aHHH ,neTeKTOpOB He 6y,IJ;yT CKOMITeHCMpOBa­

HH. Pa3HOCT1 ITOKa3aHH~ YCHJIHBaeTCH H H3MepaeTCH OCnHJIJIOrpa~OM 

HJIH HMITYJILCHHM BOJI1TMeTpOM. 

II.OCHOBHHE COOTHQlll:FlUUI llllii 1:lal®EIU1E tAaii OTPAUHHOkl 
BOJIHH IIPM PACCTPOVii\E PE30HA TOPA 

HopMHpoBaHHoe corrpormBJieHHe pesoHaTopa B rryqHOCTH rrpH 

paccTpoilKe /JI: 

i = i+;'~(i) 
j3 

tf = 2 9o a J 5 = W ~ Wo I 

j3 - K03~HqMeHT CBH3H 

9o- .I(06pOTHOCT1 HeHarpy:m:eHHoro pesoHaTopa, 

D - OTHOCHTeJILHM paCCTpOAKa 1 

UUo - pesoHaHCHaa qac:rora. 

K03~~H~eHT OTpa:m:eHHH B rryqHOCTH rrpH paCCTpOktKe: 

;: = 2-1 
0 2-tJ (2) 
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IlO,IJ;CTa.BJUISI 3Haqemie (I) B (2), fiO.IIytH1M! 

i: = /c.t -13 fl..-~- y.f)t -1 fZ'fi:tJ~· £)icvt.e 19 :}:.~ -rrY.t. == !;;j-eiY 
0 (i+j3) /l+ y:z . & j/ J 

!, ~ 1 1r.t -)3~ -~rtV!l + f,?'fl:l).e , • ,~- ~ Lo_ ..2fiJL-
jt; ::: 'fi .J3)~ 'l "- / 7 "? ;1--fi•+,Y-' 

(3) 

.J r.n;e 

I<= ,t" /\ .) 1\ 
,IJ;~HHa BO~HH B ~MHHH. 

HopmipOBaHHoe Hanpst:m:eHHe B JIJi1HHH: 

u I : i --1 ;-1 = ./-+ ; ;i ;-et?/ry -£n-t) 

HeHopMHpOBaHHoe HanpSI:m:enHe: 

(4) 

• 1 jfw I-~~~) . i · u == u . t/o . e = u,,. e tY~ f et:/11'~/?"/Y-4'~ 

Hanpa:m:eHHe Ha BblXo.n;e .n;eTeKTopa npH JIHHeMHOM .n;ereKTHpo:aa.HHH: 

cf ..(., - KO 34llfJ11I:(HeHT npeoOpa30Ba.HHSI 

IIpH KBa.n;parJriqHoM .n;eTeKTHpOBaHHH: 

r.n;e: 
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(5) 

o(K - K03~HnHeHT, yqHTUBaromHH npeo6pa3oBaHHe Harrpa:~eHHSl 

H CBSI3b ~eTeKTOpa C BORHOBO~OM. 

ms (5) BH~Ho, qxo npH -t = e&-1141 nanpsuceHHe Ha ~eTeKTope 
MeHSieTCH OT H3MeHeHHSl Y .. B CBOIO oqepe~b, H3 (3) BH~HO, qTo 1 

_y7 MeHSieTCSI B 3aBHCHMOCTH OT pa.CCTpOkiKH pe30HaTopa. 3TO ,ltaeT 

B03MOZHOCTb H3MepHTb B03MYmeHHH CO CTOpOHH BXO~a pe30HaTOpa. 
9A 

llpOH3BO~HaSI ~ onpe~eRSIST qyBCTBHTeR:OHOCTb H3MepeHHSI, 
'0 24 

eCRH '0 y.t :::: 0./ TO qyBCTBHT8RbHOCT1> Ma.KCHMaJibHa. 

~'l-J ~ . 
r;;y<-- :::- o(J(' t1o. 21~/wry;-,gk'-eJ =-o 

y - ,e/f .e ::: !:. J !" I'} 7; /. 17 ::: ~· :1/ .-t.. . 

B6RH3H pe 30HaHCa LP' ~ o,~· £ = - /\ - /\ 7 + 8 -t- ~f? 

MaKCHMaRbHast qyBcTBHTeRbHOCTb Oy~eT Ha paccTostHHH 

ox nyqnocTH nanpa~eHHst npH paccxpokiKe. 

ECRH B03bM€M ~Ba ~eTeKTOpa, pa3HeCeHH~e ~pyr OT ~pyra Ha 

~ .I npHqeM O,I(HH ~eTeKTOp ITOMemeH B TOqKy t; ::= - ; , BTOpOki 

- B TQqKy t /l ::: f ; J TO HanpHXeHHR Ha HHX 6y )JyT: 

A, -:= ol~~, 0/o .z i-:t + I i;; ~ -1- .z I /i; ~ !p + IJ] -

= cfff, C/o .(.I/~ 1/;,1"-(- .t/al df~ vJ r 6-~ 
/} -4 / / .e.l- :L 

n,z. = VJI)-l. tAo 1+/l;j + ~//ll/h/t/,Y?-r77JJ (S/ 



- 7 -

IIpH paccrpoiite pe3oHaTopa Ha.npsiJJceHHe Ha ,nexeKTopax H3-

MeHaiDmca cne.nyD~HM odpaaoM: 

c?I-J.z 7--: o!~r~ tlo t /(f~j-~) 1 
-r 2 IIi/ ~~~~~-f,/7) -~n/~y ::;J~ 

(7) 

. 2.)1 I 
r ){e (/flo J ./ ; I fio/ . - nep&ble npoH3B0.1lHlle /li/ ~ f.j 

no jl . 
PeryJIHpya CBJI3:D ){eTeKropa c Bi)JIHOBo,noM, MOJICHO noJiyqHT:D 

c/ If -.:;:: elk = ell(" 
I . ;t 

Pa3HOCT:D (6) H (7): 

(IO) 

I 
I 

I 
I 

J 
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qyBCTBHTenLHOCTL H3MepeHHH. 

llpH j3 :: I' sl) -MaKCHMaJILHa: 

QneHHM norpemHOCTL H3MepeHHH. 

llO~CTaBJIHR B (8) 3Ha~eHHH (3J 14 (9), llOJiyqKM: 

n.- 0 .2. . 1- }3.2.- c..,'-2. p __ ·.u () o( u; t3 ('f . 1.-.f ~. o/~ 
- K D ·J- L(.f-/-j3) .. +J'~Vt'l-j32t-~:,}a.+PJ3if)~ / C7 

z _ ~ _ {1-Jl ~-,!f.l J r,..,. J&) t- _.r,?t,~f==t~-fl::::::~==:::=:==:::::::::-· a..r y (II) 
- 0o - L{lrj3)!L-+ df.~ · ../(. -jl ~t-~e.} ~t-{t,P~)~ 

(12) 

(I3) 

kf3 (IJ) BHTeKaeT, liTO npM j ::.::I H3MepeHHR npOBO~HTL HeD.eJie­

COOdpa3HO H3-3a dOJILmOt1 rtorpemHOC1'H• 

llorpemHOCTL B03pacraer nponopD.HOHaJILHO (A ;t)2, B ro Bpeua 

KaK CHrHaJI nponOpiJ.HOH8JieH .4/ (J.O), ll03TO:Uy BHrO.D;Hee p80 OTaTL 

npH He60JILBIHX AJ{ • 
llpH.} > I norpemHOCTL secLMa uana no cpaBHeHHr> c j3< I. 

HanpHMep, npx L::.j= O,I; norpemHOCTL npH j3 = 0,30 paBHa OKOJIO 

3,5~ npH j3 = 3, norpemHOCTL paBHH OKOJIO 0,~. 

Ha pMc. (3) noJCasaHa 3aBHCHMOCTL norpemaocrH or .f3 npz 

pa3HI:lX ~ ~ • 
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m. H3MEPEHHE B03MYlUEIUIVl 

BBe)(ell B (10) OTHOCHTeJibHYD P·iCCTpolhcy: 

0 :: _; rr!(, /6p0o J·aA? (t-j3~)c/d" 
o VTK l.kJ (I 7 j3) .t. tr· · 

~na onpe~eneuxa o,/cr ueoOxo~HMo sHaTb sHa~eHHe d~ ~~ 

0HO onpe~eJIHeTCS KaJIK0pOBKO~. 

(14) 

!cnonhsyeu (5),(5'), (5''). llpH pe30Hauce: AAo =A,-AJl=D 

Ecnx 30H~H c~BHHYTh B nonoxxrenhHOM nanpaBneHKH 

ll t , TO npH f ~ 0: 

A _ o( .. r 2 L-1 + /ro/ 'J. + .2/t: 1 i·n r :z K .A eJ] 
b.t- I( LUJ 

11 - _/ 71• 1.. r -1 r I ~r,;<- - J' 1~1 lin 1-~K A e) 1 
/"1~ C) e. - (;.{ K I.-CD t.. .1-

b/J,.e "" ~elK ZJ; .t ·!It!· .?K A e ' .f,~ .c. C <::_< f 
J 

~-'< z;; .z ::::: .GA. e _ Ll.fl,.e (.t ,. fl) ~ /\ 
8/f;j K·~ {;. - E/ r,. /.I ·-j3 ~~ · Ll e. 

ua paccroa~me 

(15) 

Cne,noBaTeJibHO, ~Jia H3MepeuHa B03MYJneHM~ Heo6xo~HMO npOH3-

Becrx ItaJIHOpOBKY noitasaHJdi ,2)., , 31laTb ~oOpOTHOCTb pe30Hatopa 

H KO~li>¢HnHeHT CBH3H J3 • 
ilo~CTaBJISH (15) B (14), OOJIY11Hll.: 

cJJ = 7i ( 1.-fi J!j ~ t. 0o 
J3 t9o · /\ L>. .ft. e. (16) 

3ra ¢opwyna aBnaerca OCHOBHoi ,nJia onpe,neneHHa cuemeHHH qacrOTH. 

llpH B03yYJneHlUI pe 30HaHCHO~ qa1~TOTH MeT8JIJIM.'qeCKHM map:mtOM 

CMeuteHHe qa CTOTU / 2/: A 8 ::: . - { ~.:;; l.- j flo -l) · /l Ji a 3 

) 

2.- Eo ~;-.z u 2- ft 1-1-t. 
r,ne: Eo - _! {/ ; 11o - 2 [/ ; a, -pa,nHyC mapHKa, 

E; II - suaqeuHa nonei • 

.IJ.oOpOTHOCTb BWpaxaerca: {) = ~ 
r,ne: VV -KOJnHOCTb flOTepb B pe30HaTOpe, cr - 3anacenHaH 3HeprHa 

v = t;~~ • 



- 10-

OtcD.n;a 3Haqemte MarHHTHoro noJr.a B pe30Harope 3anHmerca 

cne.n;yD~HM odpa30M: 
}--lo Hz·-:= - 2t!o £:<, + .2 AS. 9· LV 

r,.c..o. a_.3 (17) 

~H.R onpe.n;eneHH.R YarHHTHOrO no~.R He06XO.D:HMO 3HaTh 3HeKTpH­

qecKoe. Jlna 3TOro MOXHO B03JiYJI(aTh tlaCTOTY pe30Haropa .!(H3JieKTpH­

qeCKHM mapHKOM. 

EcnM a, -pa.nHyc mapmKa '· 

naeMOCTh, TO / 2/: 
Ao. = f2 c-L.Eo.f..·Jia..,.3. 
~ I ~-2 / 

L-~ c£:. = A cf, { E +.2) · fl· \.V' 

{ 6' -/). !..V. J,. Q.J ...3 

£o E t, £: = ----- ' 
0 ,$l)" .J 

/)- c/o 
'-/ .i r.J3 / 

---------------------··-· .. ., 

r.n;e: 

(18) 

(19) 
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IY. PE3YJihTATH H3MEPEHID1 

Hsuepanocb none npauoyronLHOro ttoaacHanbHoro pesouaropa 

(pHc •• ). B neHrpe pesouaropa - nyqHOCTb MarHHTHoro nona. 

no cpaBHeHHD c npaMoyronLHHM pesonaropou c Bonuol ffo 1 npH­

uenenme KOaKCHa!bHoro pesoHaropa ~aeT B03MOXHOCTb yueHbmHTb sasop 

nocroaHHoro warumra B 2,5 pasa, ra~apHTH xoaxcmanbHoro pesouaropa 

3HaqarenbH0 MeHbme npauoyronbHOrO C BOnHO~ f.lot • Bee 3TO n03BO­

nHnO c~enaTb CBq nonapmsarop arouoB ~onee KOMnaRTHHM H sKOHOMHqHuM. 

ATOMH B pesoHarope ~BHxyTCSI no rpaeKTOpHH AB. nnmHa nyTH 

aTOMOB B CBq MarHHTHOM none e 35 w~. 

HeoCSxo,n;HMaa roqHOCTb onpe~eJieH~a uarnHTHoro nona-oxono I~. 

llepeMeHHOe MarHHTHOe none H3Me~HH0Cb B03yYII{eHHeM qaCTOTH 

pe30HaTOpa MeTanJIHqeCKHM mapHKOM ~l!:aMeTpOM 3 MM H OOJUiCTHpOnOBliM 

,n;Ha:uerpoM 4 MM. 

Ha pKcSnoxasaHo cv:emeHHe qacroru B pasuux roqttax nHHHH npH 

B03MJ~eHHH pe30HaTopa. HenHHeMHOCTb H3MepeHHSI no (IJ) COCTaBnana 

5,~. 

Ha pHc.6 noxasa.Ho pacnpe~eJieHHH :u:arHHTHOro nona no nHHHH AB 

npH MOII{HOC TM nHTaHHSI pe 30HaTopa 20 liT • llorpemHOCTb H3MepeHHB 

MarHHTHOrO OOnSI- OKOJIO 8~, qTO :MefibDie npe~eJibHO ,l(OnyCTHMOit • 

3 A K JI D q E H l[ E 

.IlaHHHA MeTO,ll H3MepeHHB .n;aeT B03MOJ:HOCTb H3MepHTb nona pe30-

HaTOpOB JIDCSHX THOOBo llpHMeHeHHe ·~anaHCHOH cxew Ha BXO,D;e 003BOJIHT 

yBeJUfqHTb TOtm OC Tb H311epeHHH. 3TO roBOpHT 0 Il81leCOOCSpa3HOCTH npH­

MeHeHHH 3TOrO MeTO,l(a. 

ABTOp BHpaJraeT ~ ~Jiaro,llapHOCTb JI.M.CopOKO sa OOMOII{b 

B pa~ore H o6cyJK)'(eHHe pesyJibTaroB, a raxze A.H.CmuaeBy sa npe,lloc­

TaBneuuyn msuepHTeRbHyn annaparypy. 
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