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B HaCTO.R~ee 8peM.R Ha116onee 4Y8CT811TenbHbiM np116opoM cpeAI1 npi1-
MeH.ReMwx Ail.R 6110MarH11THWX MCCJleA08aHI1A .R8Jl.ReTC.R C8epxnp080A.R~I1A 
K8aHT08wA 11HTep~epoMeTp /CKB~A/. Co6cT8eHHwe wyMw MarHI1TOMeTpa 
Ha ocHose CKB~Aa cocTa8n.R~T -1o- 14 T/r~ 112 • TaKa.R 4YBCT811Tenb
HocTb np116opa nos8on.ReT 113y4aTb MarH11THwe non.R cepA~a, Mosra, 
MbiW~, cycTaBOB 11 T. A_!l-4~ nony4eH!-1e BbiCOKOA 4Y8CT811TenbHOCTI1 
8 HaCTO.R~ee BpeM.R - npeOAOJleHHbiA 3Tan Ail.R MHOr11X na6opaTOpi1A, 
8 TO 8peM.R KaK 60pb6a C npOMWWJleHHWMI1 11 eCTeCT8eHHWMI1 MarH11THW
MI1 noMeXaMI1 .RBJl.ReTC.R TeXH114eCK11 cnOmHOA 3aAa4eA, KOTOpa.R 
peweHa e~e He so 8cex cny4a.Rx. 

~Cf10Jlb308aHI1e 3KpaHI1POBaHHOA KOMHaTw n0380Jl.ReT, 8 npi1H~Mne, 

peWI1Tb 3TY npo6neMy, OAHaKO C03AaHI1e ee - Aeno 04eHb TPYAOeMKOe 
11 AOporocTo.R~ee, no3TOMY menaTenbHO 11MeTb annapaTypy, cnoco6-
HY~ pa6oTaTb 8 o6bi4HoA "on<pbiToA" na6opaTop1-111. B 3TI1X ycnoB!-1.RX 
OCH08HWM 811AOM noMeX .RBJl.ReTC.R MarHMTH8.R HaBOAKa Ha 4aCTOTe npo
MbiWJleHHOA ceTM 50 r~ 11 ee rapMOH11Kax 100, 150 r~ 1-1 T-A· An.R 6opb-
6w C 3TMM11 noMeXaMM HaMI1 6wn paspa6oTaH CI1HXpOHHwA pemeKTOpHwA 
~11JlbTp, 3~~eKTMBHO flOAa8Jl.R~~I1A KaK noMexy Ha 48CTOTe 50 r~, T8K 
11 ee rapMOH11KM 8nnoTb AO 16-A. Uenb HacTO.R~eA pa6oTw - on1-1caH11e 
np11H~11na AeACT81-1.R M KOHCTpyK~1111 3TOrO ~MJlbTpa. 

rJo npi-'!H~Mny AeACT811.R t)JI1JlbTp OTHOCI1TC.R K TaK Ha3biB8eMbiM N
KaHa.nbHWM. B TaKI1X t)JI1JlbTpax cneKTp BXOAHOrO Cl1rHana nepeHOCI1TC.R 
B o6naCTb H113KI1X 4aCTOT, flOABepraeTC.R o6pa60TKe HM3K04aCTOTHWMM 
t)JMJlbTpaMH, a SaTeM npOI1380AMTC.R o6paTHOe npeo6pa30BaHI1e/5,6~ 

tPyHK~I-'IOHanbHa.R cxeMa (jJMnbTpa npeACTa8.neHa Ha pHc.1. CMrHan, 
nocTyna~~MA Ha ero BXOA, rlOAaeTCfl 4epe3 pe311CT0p Ha KOHAeHCaTo
pw C& C32. 3TH KOHAeHcaTopw nocneAoBaTenbHO KOMMYTHPY~TC.R MOn
Kn~4aMH S1 + S32 co BXOAOM onepaljMOHHOro YCI-1Jli1Ten.R. nepHOA KOM
MyTaljl111 paBeH nepMOAY 4aCTOTW npOMwwneHHO~ CeTH, TO eCTb COCTas
Jl.ReT 20 MC. 

np11 HaJ1M4MM Ha BXOAe flOCTO.RHHOro Hanp.RmeHM.R MJlH CHrHana 
C 4aCTOTOA 50 rlj, a TaKme rapMOH11K 3TOA 4aCTOTbl np011CXOAMT sa
PRA KOHAeHcaTopoa C1+C32 c nocTORHHoA apeMeHI1 r = NRC,rAe N - 4Hc
no KOHAeHCaTOpOB, R - COnpOTI18J1eHMe 8XOAHOrO pe311CTOpa, C- eM
KOCTb OAHOro KOHAeHcaTopa. An.R TaKMX c11rHano8 K03t)Jt)JH~MeHT nepe
Aa4M t)JHnbTpa 6nM30K K Hyn~. An.R CMrHanoa c APYrHMH 4aCTOTaMM, 
TO eCTb none3HWX Cl1rHanOB, K03(jJ(jJI11.jHeHT nepeAa411 t)JMJlbTpa pa8eH 5. 

CMHXporeHepaTop, ynpa8n.R~~HA MOn-Kn~4aMM, pa6oTaeT CMHXpOHHO 
C npOMwwneHHOA CeTb~ 50 rlj. 3TO AOCTMrHyTO npi1MeHeHHeM t)Ja3080A 
a8T0!10ACTpoAKM 4aCTOTW /t!JAn4/. 4aCTOTa Ha 8WXOAe A80114HOrO C4eT-
4MKa COCTa8J1fleT 1/32 OT 4aCTOTW ynpa8n.ReMOrO reHepaTopa 1600 rlj. 
rlony4eHHwA CMrHan f10A8eTC.R Ha nepswA 8XOA t)Jasosoro AeTeKTopa, 
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PHc.l. BnoK-cXeMa cHHXPOHHoro pe~eKTOpHoro ¢HnhTpa. 

Ha BTOpO~ BXOA KOTOporo nogaHO onOpHOe npHMOyronbHOe HanpH~eHHe, 
c$opMHposaHHoe H3 npoM~wneHHoro ceTesoro HanpH~eHHH. B~xogHoe 
HanpH~eHHe $A aagaeT 4aCTOTY ynpasnHeMoro reHepaTopa. B peaynb
TaTe AOCTHraeTCH CHHXpOHHaH pa6oTa $HnbTpa Ha 4aCTOTe ceTH. no
noca aaxsaTa $An4 cocTasnHeT 2 r~, a nonoca ygep~aHHR - 6 r~. 

YnpasnH~~He HMnynbc~ gnH MOn-Kn~4e~ s~pa6aT~Ba~TCH gewH$pa
TOPOM, K BbiXOgaM KOToporo nogKn~4eHbl npeo6paaosaTenH norH4ecKo
ro ypoBHH TTfl s yposHH 0 +-12 B. B~xogHo~ cHrHan nogsepraeTcH 
gononHHTenbHO~ $HnbTpa~HH HH3K04aC~OTH~MH $HnbTpaM~ C 4aCTOTOA 
cpeaa 150 HnH 40 r~. 
I nonoca pe~eK~HH $HnbTpa Ha yposHe -3 go cocTasnHeT: 

M=--1~. 
211 NRC 

/1/ 

rny6HHa nogasneHHH aaBHCHT OT 4HCna 3BeHbeB N H HOMepa rapMo
HHKH k /S/: 

1 [ ( . k 11 I k 11 21 ask= -20 g 1- sm-· -~) N N 

B HaweM cny4ae N = 32. 3asHCHMOCTb rny6MH~ nogasneHHH noMex 
$HnbTpOM OT HOMepa rapMOHHKH k npHBegeHa B Ta6nM~e. 

/2/ 

npMH~HnManbHaH CXeMa $HnbTpa npegcTasneHa Ha pHC.2. npHMOyronb
HOe HanpH~eHMe C 4aCTOTO~ 50 r~ $OpMMpyeTCH H3 CeTeBoro HanpH~e
HHH KOMnapaTopoM AA 1 0. Ha MHKpocxeMe AA6 BblnonHeH ynpasnHeMbl~ 
reHepaTop Hal ,6 Kr~. AenHTenb 4aCTOT~ /1:32/ co6paH Ha MMKpocxe
Max AA3 ~ AA4. BbiXOAHOe HanpH~eHHe c $aaosoro geTeKTopa AS/2 MH
TerpHpyeTCH ~eno4KO~ R73, C37,YCHnMsaeTCH no MO~HOCTH nosTopH
TeneM VT65 H ynpasnHeT 4acToTo~ reHepaTopa 1 , 6 Kr~. 
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3aBHCHMOCTb rny6HHbl TIO,IJ;aBJleHHfl TIOMeX <l.JHJihTPOM a "k 

OT HOMepa rapMOHHKH k 

k 

/rl.l,/ 

ask /p;B/ 

so 
49,9 

2 

100 

37,9 

3 

!50 

30,9 

4 

200 

26,0 

5 

250 

22,0 

Ta6nnl.l,a 

6 

300 

19' 1 

•if, 

',1 

:i 

Asot-14Hbl~ AeWt-icppaTop cocTasmuoT Mi-1KpocxeMbl AA 1 1-1 AA2. Ha TpaH-

31-1CTOpax VT1-VT32 co6paH npeo6pa30BaTenb nor!-14ecK!-1X ypoaHe~ TTn 

a ypoBHI-1 0 + -12 B AMI ynpaaneHI-1fl MOn-Kn104aMI-1 VT33+ VT64 KOTOPble 
' !) 

BXOAfiT a cocyas M!-1KpocxeM AA1+7. '} 

Qlt-'!JlbTp~ HM3KO~ 4aCTOT~ C 4aCTOTaMH Cpe3a 150 t-1 40 ru B~nOJlHe- J 

Hbl Ha onepaut-'loHHbiX ycMni-1Tenflx AA9 M AA 11 c noneBbiMM TpaH3MCTOpa-

MM Ha BXOAe. ~ 

npM6op 3aH!-1MaeT OJ:It-'IH MOJ:IYJlb ABO~HO~ WMPMH~ B cTaH):IapTe KAMAK. 

M3MepeHMfl OCHOBH~X napaMeTpOB Qli-1JlbTpa noKa3aJlM, 4TO BeJlM4MHa 

nO):IaBJleHt-'lfl noMeXH C 4aCTOTO~ 50 ru COCTaBnfleT 49 ):16. 3TO 3Ha4e-

HMe 6Jli-13KO K TeopeTM4eCKOMy 49,9 ):15, paCC4MTaHHOMy no QJOpMyne/2/. 

Ha pMc.3 noKa3aHa nony4eHHafl 3KcnepMMeHTanbHO 4acTOTHafl xa

paKTepMCTt-'!Ka nO):IaBJleHMfl noMeX QlMJlbTpOM Ha 4aCTOTaX B6JlM3H nepB~X 

Tpex rapMOHMK CeTeBO~ 4aCTOTbl. nonoca pemeKUMt-1 no ypOBHIO -3 ):16 

COCTaBJlfleT ~f = 0,2 ru. 

~ tO 
X 
:II .. 

:;) 

1 Q8 

0,6 

0,4 

Q2 

'K = 1 K= 2 

lA 

0 ~k ~ 49 ilti 

0 ~ ~ 

0 2 46 50 52 148 

Pnc.3. qacToTHafl xapaKTepncTHKa <l.JHJihTpa. 
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5 

10 

20 

40 
150 152 

t !r~l 

'} \, ~ ,.., 

__, 
I ceK 

I I,6·IO-II T 

.~~o.f = o, I + 40 r1.1 
6e3 qMJ!bTpa 

I I ,6· ro-II T 

t.f = 0,2 + 40 r1.1 
C ifJHJibTpOM 

I I,6·Io-II T 

Af = o,I + 40 r1.1 
C tlMJibTpOM 

Pnc. 4. IIpnMepbi 3anHcH cnrHa.Jia MarHHTOMeTpa npn BbiKJIIO'leH

HOM H BKJliO'leHHOM <l.JHJibTpe. 

E-1 

I •o 

Pnc.S. MarHHTOKapp;norpaMMa 3p;opoBoro '!eJIOBeKa. 3anncaaa 

B peaJibHOM BpeMeHH B TIOJIOCe 'laCTOT 0,1 +40 fl.l, B OTKPhlTOH 

Jia6opaTOPHH. 

. 
It\ 

Qlt-'!JlbTp npt-iMeHfiJlCfl COBMeCTHO CO caepxnpOBOJ:Ifi~MM MaoHHTOMeTpOM

rpa):IMeHTOMeTpOM ):\Jlfl 6MOMaiHMTHbiX MCCJle):loBaHM~. 

3cpcpeKTi-18HOCTb pa60Tbl QJHJlbTpa npt-1 M3MepeHt-1t-1 MaiHHTHo-

10 nOJlfl MJlJliOCTpMpyeT PMC.4, Ha KOTOpOM npMBe):leH~ npMMep~ 3ani-1CH 

KanM6pOB04HOIO CMIHana 1 ,5•10-llT npH OTKJl104eHHOM M BKJll04eHHOM 

Qlt-'!JlbTpe. npt-1 3TOM MaoHi-1TOMeTp 6bln YCTaHOBJleH 8 na6opaTOp!IIM C 

yposHeM MarHMTHOH noMexM ~ 10 -? T. 

6anaHCMpOBKa rpa):IMeHTOMeTpa 6~na B~nOJlHeHa C T04HOCTbiO 10-3. 

TaKMM o6pa30M, cyMMapHoe no):lasneHHe ceTeso~ noMext-1 AJlfl MarHMTo-

5 



KapA~Orpa¢a AOCT~raeT 109 At. np~Mep MarH~TOKapA~OrpaMMW 3AOpO
BOrO 4enoBeKa, nony4eHHO~ C np~MeHeH~eM C~HXpOHHOrO ¢~nbTpa 
s na6oparop~~ c yposHeM noMex~ 1o-8 +ro-7r, np~seAeH Ha p~c.S. 

Asropw swpama~r rny6oKy~ 6n~roAapHOCTb 6.B~B~c~nbesy ~ M.~~
xaen~cy aa ~HTepec K pa6ore ~ noneaHwe o6cymAeH~R. 

ni-1TEPATYPA 

1. Brenner D., Kaufmann L., Williamson S.J. IEEE TRANS. on 
Magnetics, 1977, vol.MAG-13, No.1. 

2. Barbanera S. et al. Sci .lnstr., 1978, vol.11. 
3. Kariniemi V., Katila T., Laine H. TKK-F-A362, Dec.1978. 
4. Bac~nbeB 6. B., Konbl4esa E. B. ''MeA~ll~HcKa.A rexH~Ka 11 , 1980, 

N'2. 
s. meKOTOB A.~ .• ron.AB~H A.M. nT3, 1978, W4, c.175. 
6. Heinlein W.E., Holmes W.H. Active Filters for Integrated 

Circuits, New York, 1974. 
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HET ~H nPOBE~OB B BAWEA BHB~HOTEKE? 
81>1 MOJKeTe DO,.Y'IMTb DO DO'ITe nepe'IMCJieHHble HMJKe KHMrM, 

ecJIM odM He 6biJIM aaKa3aHbl paHee. 

1113-11182 

1117-11490 

.116-11574 

113-11787 

1113-11807 

A1,2-12036 

A1,2-12450 

A11-80-13 

A4-80-271 

A4-80-385 

A2-81-543 

ll10,11-81-622 

A1,2-81-728 

1117-81-758 

A1,2-82-27 

P18-82-117 

TPYAbl IX HelKAYHapoAHOI"o btMno3HYMa no RAepHOi! aneKT
poHHKe. BapHa, 1977. 

TPYAbl HelKAYHaPOAHOro CHM00311yMa no H36paHHbiM npo6ne
MaM CTaTHCTI1~eCKOi! MexaH11K11. Ay6Ha, 1977. 

C6opHHK aHHOTa~HA XV coa~aHHR no RAepHoA cneKTpocKo
nHH 11 Te0p1111 RApa. tly6Ha, 1978. 

TPYAbl III MelKAyHaPOAHOH WKOnbl no Hei!TpOHHOH ~3HKe. 
AnywTa,. 1978. 

TPYAbl III MemAYHapoAHOro coae~aHHR no nponop~HOHanb
HbiM 11 APeH~BbiM KaMepaM. tly6Ha, 1978. 

TPYAbl VI BcecooaHoro coae~aHI1R no ycKOpHTenRM aapn
meHHbiX ~aCTH~. AY6Ha, 1978 /2 TOMa/ 

TPYAbl V HelKAYHapOAHoro ceMHHapa no npo6neMaM ~3HKH 
Bb1COK11X aHeprHA. AY6Ha, 1978 

TPYAW XII HemAYHapoAHOH wKonw MOnOAbiX y~eHwX no ~H3HKe 
BbiCOKHX 3HeprHA. npHMOPCKO, HP6, 1978. 

TPYAW VII BcecooaHoro cooe~aHHR no ycKOPHTennM sapn
meHHwx 4aCTH~, tly6Ha, 1980 /2 TOMa/ 

TPYAbl pa604ero CODe~aHI1R no CHCTeMaM H MeTOAaM 
aHanHTH4eCKHX D~I1CneHHil Ha 38M H HX npHMeHeHHO 
D TeOpeTH4eCKOil ~H3HKe, tly6Ha, 1979 

TPYAbl MemAYHapOAHOH KOH~epeH"HH no npo6neMaM 
HeCKOnbKHX Ten B RAePHOH ~H3HKe. tly6Ha, 1979. 

TPYAbl MemAYHaPOAHOH WKOnbl no CTPYKType RApa. 
AnywTa, 1980. 

TPYAbl VI MemAYHaPOAHoro coae~aH11R no npo6neMaM KDaH
ToaoA T.eop1111 nonR. AnywTa, 1981 

TPYAW He*AYHapoAHOro coae~aHHR no npo6neMaM MaTeMaTH-
4eCKoro MOAenHpooaHHR a RAepHo-~HSH~eCKHX HccneAoaa
HHRX. AY6Ha, 1980 

TPYAbl VI MemAyHapOAHoro ceMHHapa no npo6neMaM ~H3HKH 
BbiCOKHX 3HeprHi!. /ly6Ha, 1981. 

TPYAbl I I HemAYHapOAHOro CHMnOaHyMa no H36paHHWM 
npo6neMaM CTaTHCTH4ecKoA MexaHHKH. Ay6Ha, 1981. 

TPYAbl MemAyHapOAHOro CHMnoaHyMa no nonnpHsa"HOHHWM 
neneHHRM a ~H3HKe awcOKHX aHeprHA. Ay6Ha, 1981. 

TPYAbl IV coee~aHHR no HcnonbsoaaHHO HOBbiX RAepHo
~H3H4eCKHX MeTOAOB AnA peweHHR Hay4HO-TeXHH4eCKHX 
H HaPOAHOX03Ri!CTBeHHbiX 3aAa4. tly6Ha, 1981. 

5 p. 00 K, 

6 p. 00 K. 

2 p. 50 K, 

3 p. 00 K. 

6 p.'oo K. 

7 p, 40 K. 

5 p. 00 K. 

3 p. 00 K. 

8 p. 00 K. 

3 p, 50 K, 

3 P, 00 K. 

5 p. 00 K. 

2 p. 50 K. 

2 p, 50 K, 

3 p. 60 K. 

5 P · 40 K. 

3 p • 20 K, 

3 P• 80 K. 

3ai<a3bl Ha ynoM!IHYTble KHHrH MoryT 6b1Tb HanpaBnenbl no anpecy: 
101000 MocKBa, rnaonoqTaMT, n/R 79 

113AaTeJibCJ<IIil OT):leJI 06'be):IHHeHHOrO HIICTIITYTa RAePHblX HCCnenoBaHHil 
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TEMA~CKHE KATErOPHH ITYBnHKAUHR 

OBnE~HHOro ~CTHTYTA ~PHYX 

HCCJIE~QBAHJiR 

J.1H.IleKC TeMaTRKa 

1. 3KcnepHMeHTaflbHaR ¢H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ¢HSHKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTPOCKOnHR H paAHOXHMHR 

7. ~3HKa TR*enWX HOHOB 

8. l(pHoreHHKa 

9. YcKOPHTenH 

10. AeTOMaTHsa~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ¢H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR Teep~x Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR $HSHKa RAePHWX peaK~HH 
npH HH3KHX 3HepiHRX 

16. AosHMeTPHR H ¢H3HKa aa~HTW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. HcnonbsoeaHHe ~eaynbTaToe H MeTOAOB 
¢YHAaMeHTanbHWX ¢H3H4eCKHX HCCneAOBaHHH 
8 CMe*HWX 06naCTRX HayKH H TeXHHKH 

19. 6Ho¢HSHKa 
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Bo5paKoB B.¢., ¢o~enh B. P13-82-801 
CHHXPOHHbiH CeTeBOH <l!HnhTP ~nH 5HOMarHHTHbiX Hccne~OBaHHH 
c rrpHMeHeHHeM CKBHaa 

OrrHCaHa KOHCTPYK~HH CHHXPOHHOrO pe~eKTOPHOro lPHnbTpa, 
3<P<l!eKTHBHO ITO~aBnH!o~ero ITOMeXH Ha 'laC'l'OTe ITPOMbiiiiJieHHOH CeTH 
H ee rapMOHHKax. BenH'IHHa rro~aBneHHH rroMexH Ha '!acToTe 50 r~ 
COCTaBnHeT 49 ~B. llpHMeHeHHe OITHCaHROrO lPHnbTpa COBMeCTHO CO 
CBepxrrpOBO~H~HM MarHHTOMeTpOM IT03DOnHnO pe~H30BaTb 'IYBCTBH
TenbHOCTb rrpH5opa I< MarHHTHOMY ITOniO 1 o-13 T/ \Jr~ B na6opaTopHH 
c YPOBHeM MarRHTilOH noMeXH "' I o-7 T. 

Pa50Ta BbiiTOnReHa D Jla6opaTOPHH HeHTPOHHOH lPH3HKH OfU!ll .• 

npenp~HT 06beA~HeHHOro ~HCT~TyTa RAePH~X ~ccneAOBaH~H. ny6Ha 1982 

Bobrakov V.F., Fodel V. Pl3-82-801 
Synchronous Rejection Filter for Biomagnetic Investigations 
with Squid Application 

The synchronous rejection filter design is described. 
Its efficiency suppresses noise at the mains frequency and its 
harmonics. The noise suppression for 50 Hz frequency is 
49 dB. The use of filter with a superconductive magnetometer 
in the laboratory with the 10-7 T magnetic noise level has 
permitted to realize I0- 13T/JHz magnetic field sensitivity. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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