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1. BBEAE H~ E 

CKBHA~ /cBepxnpoBoAA~~e KBaHTOB~e HHTep¢epeH~HoHH~e AaT4HKH/ 
RBflnOTCR B~COK04YBcTBHTenbH~MH YCTpo~cTBaMH, per HcTpHpY~HMH 
MarHHTH~H nOTOK . Pa3BHTHe H3MepHTenbHo~ TexHHKH, 6a 3 Hpy~~eHcR 
Ha 3THX cBepxnpoBoAR~HX YCTpoHcTsax, npHseno , C OAHO~ CTOPOH~, 
K n ORBneHH~ ycoaepwe Hc TBoaaHH blx MarHHToMeTpoB, rpaAHoMeTpoB, 
H3HepHTeneH Boc npHHM4HBOCTH. BonbTMeTpoB, C APyro~ C TOpOH~ 
OTK p~no HOB~e c¢ep~ HX npHMeHeHHR . Pa3nH4H~e acne KT~ HcnOnb30aa 

/ 1 3/ HHA CKBH AOB nOAPo6HO onHcaH~ B flHTep3Type • . 
HarHHToMeTp~ Ha OCHoae cKBHAa B C04eTaHHH co cBepxnpoBoAR~H 

MH COneHQHAOM H 3KpaHoM Hcnonb3y~TcA B HacToA~ee speMfl A~ H3 -

MepeHHA MarHHTHo~ BocnpHHM4 HBOCTH. TaKHe c8epxnpoBoAR~He H3Mep~
Ten~ 06naAa~T YHHKanbHoH 4 YBcTBHTenbHocTb~ . B~COKOH pa3pewao 
~eH cnoc06HocTbo,50nbwoH CKOPOCTbO H3MepeHH~ . cTa6HnbHocTb~, 
a TaK*e M~HHManbH~MH owH6KaMH H3MepeHH~ H YAo6crBoM B pa50Te. 
~cKno4HTenbH~e B03MO*HOCTH 3THX np~6oPoB o6ecne4HBa~Tc~ n YTe M 
coeAHHeHH~ e~coKoH 4YBc TBHTenbHocTH H pa3pewa~~eH cnoc06HocTH 
CKBHAa c xopoweH cTa6HnbHocTb~ MarHHTHoro non~ , c03AaeaeMoro 
cBepxnpoBoAR~HM coneHoHAoM H AOnOJ1HHTenbHo cTa6HflH3HpyeMoro 
cBepxnpoBoAR~HM 3KpaHoM. On~T nocneAHHX neT nOKa3~BaeT , 4TO 
CBepxnpOBOA~~He MarHHTOMeTp~ co CKB~AOM o6naAaOT 50flbWHM nOTeH
~HanOM An~ HccneAOBaHH~ MarHHTH~X CBOHCTB MaTepHanOB. 

2 . B~COK04ACTOTH~E CKBHA~ 

C BepxnpoBOAR~H~ e~coKo4acToTH~H CKBHA IB4-CKBHAI n pe,qCTaBnR
eT C060H cBepxnpoao,qR~ee Konb~O C Maflo H HHAYKT HBHOCT b~ lo6~4HO 
- I cM/, KOTopoe COAep*HT OAHH A*o3e~coHoBCKHH nepeXOA H pa60

TaeT co CMe~eHHeM no B~COK04aC TOTHOMY TOKY IpHc . l a/ . B~COKO
4aCTOTHoe CMe~eHH e o6ecne4HsaeTc R B4-HCT04HHKOM TOKa 4epe3 
KarYWKY npOMe*yr04Horo KOHrypa LTC T• HHAYKTHBHO cB~3aHHY~ co 
CKaHAOM. B4-HanpR*eHHe Ha npOMe*yT04HOM KOHType YCHflHBa e TcR, 
AeMoAyflHPye TCR . CHHXPOHHO Ae TeKTHpyeTcR H B03BpamaeTC~ B CKBHA 
a BH,qe MarHHTHoro nOTOKa 06paTHoH CBR3H . 

/npHH~Hn pa60Tbi B4-CKBHAOB nOAP06HO onHcaH PRAOM aBTopoD 14-7 • 

B OC HOBHOM CKBHA AeH CTByeT KaK IIperYflRTOp" 3MnnHTYAbi Kone6aHHi1 
a n pOMe*YT04HOM KOHType, C KOTOp~M OH coeAHHeH. YpoaeHb Kone 
6aHHH, Ha KOTOpOM CKBHA pacce~Bae T 3Hepr~~ . H, c ne AoaaTenbHo, 
ee " perYflHpyeTII, COCTaaflfleT nepIo10AH4eCKY~ $YHKUHIO nplo1nO)KeHHOro 
MarHHT~oro nOTOKa ~ i /nepYlOA paBeH KsaHTY nOTOKa (J> 0 "" hc / 2e 
=2.10- MKC/ . TaKYlM o6pa30M , HanpR~eHlo1e Ha npOMe*YT0 4HOM KOH
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PHc. l . a - npoMe~T04KMH 

KOHTyp, "HAYKTHBHO cBRsaHHNA1,'4 sin c.Jt 
C BY-CKBHAOM; 6 - 3 a BHCH


(0.) IT 
 MOCTb B4- HanpHJKeHHH Ha KO HType 

U OT npHJlO)l(eHHOro nOTOKa Cl>t. 

Cr AT]QttJ 
r 

Type n peAC T aBn~eT co6o~ Mepy' - 
An~ ~ I' B~XOAHOH CHrHan CH
CTeM~ n OKa3aH Ha pHc.16 . 

B n paKTHKe Hcnonb3y~Tc ~
(d) 

\ " ~UT1\ f 
~a3Hoo6 pa3H~e KOHCTPYK4 HH 84
CKBHAOB , HO caM~e pacnpo~ 
cTpaHeHH~e -	 T04e4HO-KOHTaKT4>[ 
H~e YCT poHcTBa /pHc.2/ . DHH 
H3rOTaBnHBaOTC~ H3 MaCCHBHoro 
HHo6Heaoro 4HnHHApa, n p H 3TOM 

A*03e$coHoBCKHH nepeXOA cnY1NHT T04e4H~M KOHTaKTOM Me*AY ABYM~ 
BHHTaMH H3 HH06H~. AnA 06ec ne4eHHA MaKcHManbHoH 3HepreTH4ec KoH 
4YBCTBHTenbHOCTH B4-CKBHA Aon*e H HMeTb KaK MO*HO MeHbwy~ HHAYK 
THBHOCT b H KaK MO*HO 60nbwyo B3aHMoHHAYK4HO C BXOAHOH KaTywKoH , 
cny~a~eH An~ BBeAeHH~ BHeWHe ro TOKa . TaKHe ycnoBH~ /HenonHoc Tbo 
cOBMec THM~e/, Mo r YT 6~T b y c newHO B~nonHeH~ C npHMeHeHHeM ABYX
A~p04Hor o /pHc.26/ H TopOHAanbHoro /pHc. 2e/ T04e4HO-KOHTa KTHoro 
B4-c KB HAa . nOcneAHHH 4 pe3 e w4 aHHo np04eH H caM03KpaHHpOBa H OT 
~nYKTya 4HH BHeWHero MarHHT Ho r o non~. 

PHc.2. a - T04eqHO-KOHTaXTH~ 

B~-CKBHA; 0 - ABYXA~POqH~A 
TOqeqHO-KOHTaKTH~ B4- CK BHA; 

·,-,ct 
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(a ) 
(6 ) 	 B - Topo~anbH~ T04e4HO-KOH

TaKTJfbUi B~-Cl(BHA. I - Kopnyc 
H9 HH06HH; 2 - BHHT~ H3 HH06HR; 
3 - TopOHAanbHaR nonocTb ; 
4 - OTBepCTHe AnR YKpennR~ero ~~ BHHTa. 

(b) 

3. onHCAHHE H3HEPHTEflR BOCnPHHH4HBOCTH 

C KBHA~ c pa3y nocne HX OTKP~THR Hcnonb30BanHCb An~ H3MepeHHR 
MarHHTH~X o 6 pa3 40B . nepBo e H3MepeHHe 6~no npoeeAeHO UHMMepMaHoM 
HAP· /81, KOTop~e C nOM0U4 blO CKSHAOB 3aMen'lnlo1 KBaHToBaHH~H Mar
HIo1 THblH nOTOK, 3axBa4eHHbl H B MaCCl-tBHOM HH05 11H . 3aTeM nocneAoBalllo1 
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pa3nH4H~e 06nacT H n pHMeHe HIo1R CKBHAOB. BKn04a R H 3Me~eHHe $nYKTya
4H~ AHaMa rHHTHoH BocnpHHM4101BOCTH CBepxnpO BOAHHKOB 9,10/. RAepHO
ro napaMarHe TH3Ma AflR Te pMOMeTpHH 04eHb HIo13KHX TeMnepaTyp / 6,l1 1 
101 KBaHTosaHHR n OTOKa B ca e p xnpOBOAHIo1K8X 112/ . 

ne pBble MarHHTOMeTpbl, npHMeHReMbie AllR H3MepeHHR HaMarHH4lo1ea
HHR H MarHHTHOH Bocnplo1HM4HBOCTH B Wlo1pOKOM AHana30He TeMnjftT{f' 
nORBHnHCb e 1972r. , a KOMMep4eCKHe yCTaHoB KH - B 1974 f. 1. 
8 AallbHeHweM B pa3HblX HccneAoaaTen bcKH x na6opaTopHRx 6~no 
C03AaHO HOBoe n OKoneHHe cne4HanH 3101po BaHHblx yCTaHoBoK 1 18-22 / , 

Hcnollb3yeMbix An~ pa3JlH4HblX 1013MepeHIo1H. 
B npHH4Hne MarHHTOMeTp HnH H3MepHTenb BocnpHHM4HBOCTIo1 co 

CKBIo1AOM COCTOIo1T 1013 ceep~npOBOA~~e~ npHeMHOH KaTYWKIo1 Lp. pac n OllO
~eHHO~ B OAHOPOAHOM MarHHTHOM none 101 CBR3aHHOH co CKBIo1AOM 
/plo1c.3/ 4epe3 BXOAHYIO KaTYWKyL j • KorAa 06pa3e4 BBOAHTCR B nplo1
e MHYIO KaTYWKY , HCXOAHoe H3MeHeHHe nOTOKa &~e AeTeKTHpyeTc~ 
CKBHAOM . 

OTKnHK CKBHAa nepHOAIo14eCKHH H B AaHHOM cnY4ae HeonpeAeneHHblH . 
An~ Toro, 4T06~ yCTpaHIo1Tb 3TY HeonpeAeneHHOCTb H 3$¢eKTIo1BHO 
Io1 c nonb30BaT b 4YSCTBHTellbHOCTb AaT4HKa, 06~4HO CKBIo1A npHMeHROT 
B Ka4eCTse HyneBoro AeTeKTopa B TOK03anlo1pa~e~ 4enH 06paTHoH 
CBR3H . MOAYllR4HR Clo1rHa n a nepeMeHH~M Ma rHHTHbiM nOTOKOM c nocne
AY~HM CHHXPOHH~M AeTeKTHpoaaHHeM H HcnOllb30saHIo1e OTpH4aTenbHOH 
06paTHOH CBR3H CBOART AO MHHHMYMa SJlHRHlo1e HeKOTOp~X HCT04HHKOB 
ApeH~a H 1/' -wYMa, TaKHx, KaK H3MeHeHHe Kplo1TH4ecKoro TOKa TO 
4e4Horo KOHTaKTa, APeH$ BellH4HHbI TepMO-3nC Ha BBOAa x KpHocTara, 
a TaK*e I / f-wYM n peAycHnlo1TenR. Ha pHc .3 npeAcTaslleHa npHH4H
nHanbHaR cxeMa OTHOCIo1TenbHO npocToro eapHaHTa CHCTeMbi C B4-CKBIo1
AOM, pa6ora~Io1M C 4aCTOTOH 20-30 Mr4. 

B~COK04aC TOTHoe CMe~eHHe Ha pe30HaHcHoH 4aCTOTe npOMe*yro4
Horo KOHTypa LTCT n OA6HpaeTcR TaKHM o6pa30M, 4T06b1 np lo1 Bcex 
3Ha4eHHRX ~I BHeWHero nOTOKa B C~BHAe pe*HM pa60Tbi B4-cKBHAa 
on pe AenRllCR T04KOH Ha nepBoH cTyneHIo1 B~COK04aCTOTHOH xapaKTepH
CTIo1KH . B TO *e epeMR Ha B4-CKBHA AeHcTsyeT AononHIo1TellbHblH nepe
MeHH~H MOAYllHPY~Io1H Ma r HIo1THblH nOTOK C 4aCTOTOH 'mod /06~4Ho 
100 Kr4/ H ABOHHOH aMnnHTYAoH $~cl2 . TaKHM 06pa30M, B4-HanpR*e 
HHe Ha n poMe*YTo4HOM KOHType HMeer aMnnHTYAHY~ MOAyn~~Ho. 3TO 

v. 
PHc .3. BnoK-c xeMa BY-cKBHAa 
nOToK09anHpalODleH CHCTeMbI. 
) - 06pa3eu,; 2 - BY-reHepa.ToP; 
3 - 9BYKOBOH reHepaTOp; 4 
B4-npoccenb; 5 - B~-YCHnHTenb; 

6 - AeMoAynRToPi 7 - CHHxpOAe
TeKTOp ; 8 - HliTerpHPYIOlll,11I1 YC H
.nHTenb. 

3 



HanpR>KeH lo1 e YC lo1nl-1BaeTC R n pJ.1 nOM~H HH3KOWYMRUlerO npeAyCHnlr1TeJ1R 
C B~COKHM BXOAH~M COn pOT HBneHHeM. nOC J1e Aan bHeHwero YCHneH lr1R 
34-CHrHan AeMoAynlr1pyeTCR. 3aTeM HHTerpHpyeTCR . CHrHan Ha B~XOAe 
B4-HHTer pa Topa COAep*HT KOM nOHeHTbI C 4aCTOTaMH (mod ' a,.omH 2fmod 
nl-1TYAbI KOTOp~X lr13MeHRIOTCR B 3aBlr1CHMOCTH OT 3H;)4eHHR ¢Ii ' 3TOT CHr
Han CHHXPOHHO AeTeKTHpyeTcR C onopHOH 4aCTOTOHfmod ,HHTerpH pyeT
CR, YClr1J1J.1Bae·TCR 101 B03Bpa~aeTCR B KaTywKy LT B sHAe MarHHTHoro 
nOTOKa 06paTHOH CBR3J.1. CHCTeMa 06paTHOH CBR3H nOAAepmlo1BaeT non
H~H nOTOK B CKBHAe n pH6J1lr13HTenbHO paBHblM n lo160 n~o. J1H60 
(n + 1/2)<1>0. B 3aBHC/.1MOCTlr1 OT 3HaKa o6paTHoH CBA3H : 

MV O/ R ~ <I> I "0<1>012 • 

r Ae M - B3aHMoHHAYK~J.1R Me*AY CK BHA OM H LT, R- conpoTHBneHHe 
~e nlo1 06paTH o H CBR 3101 101 Vo - Ha npR*eHJ.1e. B03HIo1Kao~ee Ha R. KorAa 
MarHIo1THbl~ nOToK. n plo1l1o)t('eHHbI~ K CKBHAY, H3MeHReTCR Ha t\q:,1 ' B Ka
TYWKY LT noc Tyn aeT TOK o6paT Ho~ CBR3lr1, KOT OP~H c03AaeT n OTOK 
npoTIo1BonOnO*Horo 3HaKa -&¢j ' TaKHM 06pa30M, CKBIo1A BcerAa pa
60TaeT npH n OCTORHHOM MarHHT HOM nOTOKe 101 CJ1Y*lr1T HyJ1eBb/M Ae TeKTO
POM 8 ~enH 06paTHo~ CBR3H. 3TOT TJ.1n YCTpoHCTBa H3BeCTeH KaK B4
CKBJ.1A nOToK03anHpa~eH Clr1CTe MbI, a eCIlH ~i 1013MeHReTCR He 04 eHb 
6~CTPO, TO H3 MeHeHi-te Han pR*eHIo1 R &VO nponop~HOHanbHO &<lI

j 
• 

Ha pHC . ~ Aa H 3CKH3 yHH Be pc a nbHo r o H3MepHTenR BocnpHHM4HBOCTIo1 
co CKB J.1AOM, npeAHa3Ha4eHHo ro AJ1 R HccneAOBaHH~ B 06nacT H $H3HKH 
TBe pAoro Te n a 1 23 / . ,llee CBepxnpOBOARIllHe npHe MHble KaTY WKH (Lp ) 

B KOH¢Hrypa4H J.1 reJ1bMrOnb~a 

CBR3aH~ c B4-CK BHAOM 4e pe3 
CBepxnpOBOAR~y~ n0J10CKOBY~ 

T 

nI-1HI-1~. 06pa3e~ nOMelllae T c~ B 
Ab~ap, ~ TeM caM~M H30nHpyeT
CR OT Kp~oreHHOH cpeAbl, B KO
TOPO~ HaxoAflTcfl KaTywK~ H 
CKBHA· TeMnepaTypa B Ab~a pe 
YCTaHa Bn~BaeTcR C n OMOII.lb~ no
TOKa raaoo6pa3Ho r o r eJ1~fl. 

PHc.4. YHHBe pcanbHwfi H3MepHH. 
Tenb BOC npHHM~HBOCTH H3 OCHos e 

CKBH,[la. 1 - Ab~ap AflR oopa3

~a; 2 - cBepxnpoBoAR~H 3K
paH; 3 - c ae p xnpoBo ARUll1H Ma l~ 

HHT; 4 - oopa3eu; 5 - nonoc
KODaR nHHHR; 6 - npooK a H3 
nopHCTOH MeAH; 7 - BY-CKBHA. 

.. 

PHc . 5. CxeMaT~eCKHH pa3pe3 
H3MepHTenR BocnpHH~HBOCTH 
cl>Hno-~ep6eHKa. 1 - AI-I~Y3HOH

Hblli Hacoc; 2 - lilHAKJ.1i\ remni; 
3 - BaKYYM-KaMepa Ab~apa AflR 
o6pa3~a; 4 - "TennaR" KaMepa; 
5 - KpHOCTaT; 6 - Mal"HHTHble 
3KpaHbI; 7 - 3KpaH AflR Mal"llH
TOMeTpa H3 Pb; 8 - MarHHTOMeTp 
c SY-CKBHAOMj 9 - npoBoAa AflR 
CHl"Hana; 1 0 - MarHHTHbl(1 
WyHT; 11 - perynRTo pbl TeMne
paTyphl; 12 - 3KpaH 1-13 Nh g')n; 
13 - Oopa3el\; 14 - npHeMllbJe 
KaTYWKH; IS - Tennonofl 3KpaH; 

16 - caepxnpoBOAfll1l.liii ManmT . 

r enHH npOXOAHT ~epe3 npo6KY H3 nopHcTo~ MeAH, cHa6~eHHY~ Harpe
BaTeneM IHI H TepMOMeTpOM IT/. TeMnepaTypa o6pa3~a nerKO H3Me
UReTCR OT 1 ,5 AO 300 K HJ1H 60nbwe . rt3MepeHHe BocnpHlo1M4HBOCTH HnH 
HaMa r HH4eHHOCTH npOH3BOAHTCfl nerKO J.1 6~CTpO. 4TO KacaeTCR 06oeM
HOH BocnpHHM~HBOCTH, TO MO~HO nony4HTb pa3peweHHe 3.10-11 eA . 
CrCM AnR 06pa3~a o 6oeMOM O,~ CM 3 , B MarHHTHOM n one 1 KrC . 

nOnR AO 30 KrC o6ecne4HBa~TCR ceepxnpOBOARl1l.HM COJ1eHOHAOM, KO
TOP~H pa60TaeT B 3aMKHy ToM pe*HMe . none AononHHTenbHO cTa5Hn H
3HpyeTcR CBepxnpOBOARl1l.HM 3KpaHOM I~HnHHAP J.13 NbTi I, OXna>KAeHHblM 
AO CBepxnpOBOARUlero COCTORHH R nocne npHnOlKeHIo1R K HeMY nOnfl. 3TOT 
~KpaH TaK*e OCYllleCTBnReT lr130nR~H~ 06pa3~a aT BHeWHlo1x MarHHT
H~X n oneH . ConeHOHA. 3KpaH H npHeMH~e KaTywK H *eCTKO CMOHTHPO
BaH~ Me*MY co6o~ AnR YCTpaHeHIo1R $OHOBoro wyMa . 

H3MepHTenb BocnpHHM4HBOCTH pacnono*eH BHYTPH renHesoro KPHO
CT aTa H3 HeMarHHTH~X MaTepHanOB I$H6eprnacc HJ1H an~MHHH~/ , KO
TOP~H n03BonReT pa60TaTb s Te~eHHe HeAenH 6e3 nOAnlo1sa *HAKoro 
r enHR. 06pa3e4 /KpHCTann, nopOWOK HnH *HAKOCTb/, nOMe~eHH~H 
B KBap~CBYID Tpy6KY , BBOAIo1TCR S Ab~ap 4epe3 B03AYWH~H wn~3, Ha
XOAR~H~CR 8 sepXHeH ~aCTH Ab~apa, TaK 4TO AepmaTenb 06pa3ua MomHO 
OTKa4aT b AO ero BBeAeHHR B Ab~ap. Tpy6Ka C o 6pa34oM npHKpenJ1Re TCR 
K KOH~y c Tep*HR, KOTOP~H 4epe3 o-pHHr-ynnoTHeHHe BBOAHTCR B Ab~ap . 
,llpyroH KOHe4 cTep*HR CBR3aH C rHApaBnH4 ecKHM YCTPOHCTBOM, npH 
nOMOII.lH KOToporo nono*eHHe 0 6pa34a MO*HO nnaBHO MeHflTb B TOM 
HJ1H APyroM HanpaBJ1eH~H. 

~Hno J.1 ~e p6eHK /22/ C03AaJ1H YCTaHoBKy AnR YMeHbweHHfl J.1 CT04HH 
KOB wYMa , or paHH~HBa~Hx ~yBcTBHTeJ1bHOC T b 06~~H~X H3MepHTeneH 
BOC nplr1HM4 HBOCTH. HeKOTop~e Ae TanH Io1X YCTaHOB KIo1, npeAHa3Ha4eHHO~ 
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AnR 6HO$H3~4eCKHX 3KCnep~MeHTOB H ~3MepeH~~ npH KOMHaTHOH Te M
ne paType , nOKa3a H~ Ha pHc.5 . 3Aec b AOCTHrHyT~ ABa Ba*H~X yc o 
Be pweHCTBOBa HHR, a HMeHHO : 1/ TeMnepaTypa xonOAH~X noee pXHOC
Te~ MemAY o6pa3~oM H npHeMH~MH KaTYWKaMH 04eHb xopOWO pery n H
pyeTcR; 2/ cBepxnpoBoAR~HH MarHHT C03AaeT AOCTaT04HO OAHOPOA
Hoe none, COKpa~a~ee MHKP~OHH~H WYM . 6naroAapR 3THM YCOBep 
we HCTBOBaHHRM nonY4eHO pa3peweHHe 7 . 10-13 eA. CrCM AnR o6beMHoH 
Bocn pHHM4HBOCTH, T.e. Ha ABa nopRAKa BenH4HH~ nY4we. 4eM B 6 0nb 
WHH CTBe APyrHx YCTaHoBoK . 

Hcnonb3YR T04H~H nepHOAH4eCKHH OTK nHK CKBHAa, ~Hno H ~ep6eHK 
nonY4HnH T04HOCTb 0,0001 % OTHOCHTenbHO 3Ha4eHHR AHaMarHHTHoH 
Bocn pHHM4HBOCTH 4HCTOH 80A~, BpeMR OTKnHKa n pHfinH3HTenbHo pae 
HAnOCb 3 00 MKC. 

lj . TEXH~KA H311EPEHHH MArH~THOA Bocnp~~M4~BOCT~ 

BY-CKBHA nOTOK03anHpa~eH CHCTeM~, onHcaHH~H B~we, MO>Ke T 
Hcnonb30BaTbC R AnR B~COKOT04H~X H3MepeHHH H3MeHeHHR HaMarHH4eH
HOCTH oGpa34oB B OAHOPOAHOM MarHHTHOM none . npHMep 3 Toro nOKa
3aH Ha pHc.6.0fipa3e4 nOMe~aeTCA S 0AHY H3 KaTyweK aCTaTH4eCKOH 
nap~ /N p BHTKOB , io1HAYKTHBHOCTb LpKa)l(Aoro/ , KOTopaR SMeCTe C 
BXOAHOH KaTywKoH /HHAYKTHBHOCTb / CKBHAa COC TaBnReT csepx L j 
n poBoAR~HH T paHc~opMaTOp MarHHTHoro nOTOKa. MarHHTHoe no ne, 
113aMOpO>KeHHOe 'l s csepxn pOBOARUleM 3KpaHe, oKpy*a~eM aCTaTH4ecKyIO 
napy I ebl3t-' BaeT CTaT Hl.l eCKYIO HaMa r HH4eHHOCTb 06pa311a . TOK 1 B 
T paHc~opMaTope . B03HHKa~HH n pH H3MeHeHHH cTaTH4ecKo H HaMa rHH
4eHHOCTH 06pa3~a, nopo*AaeT H3MeHeHHe cpeAHero MarHH THoro no
TOKa B CK BHAe, a 3TO , B C~~ o4epeAb, KOMneHcHpyeTcR TOKOM 
oTpH~aTenbHoH 06paTHoH CBR3H. EcnH a6con~THaR BenH4HHa Bocnp~HM-
4HBOCTH 05pa3~oB AOCTaT04HO Mana , TOK 06paTHO~ CBR3H nponOP4HO
HaneH H3MeHeHH~ HaMarH~4eHHOCTH. 

KOHCTPYK~HA. nOKa3aHHaR Ha pHc.6. n03BonReT H3MepRTb BenH4H 
Hy H3Me HeH~R HaMarHH4eHHOCTH, C03AaBaeMoro HnH n y TeM sBeAeHHA 
06pa3~a B npHeMHy~ KaTywKY I HnH H3MeHeHHeM TeMnepa TypbI 06pa3
~a. ACTaTH4eCKaA napa YMeHbwaeT 4YBCTBHTenb HocTb npH60pa K BHew
HHM 3~eKTaM,a TaK*e YCTpaHReT Bp.HAH~e H3MeHeHHH HaMarHH4eHHoCTH 
MaTepHanOB,Hcnonb3yeM~x B KOHCTPYK~HH H3MepHTenA BocnpHHM4HBOCTH. 

CaMaR 6 0nbwaA 4yBcTBHTenbHOCTb CHCTeM~ HafinIQAaeTCA B cny4ae 
MaKCHMaJ1bHOI1 CSR3H nOTOKa B CKBHAe . KnaaceH 124 1 nOAP06Ho aHanH

PHc.6. KOHCTPYKUHR,HCnOnbSyeMaR 
AnR H3MepeHHR HaMa rHH~eHHOCTH 

06pasuoB . 1 - aCTaTH~eCKaR na
pa; 2 - TpyOKa K3 Nb ; 3 -
BXOAHBa KaTywKa; 4 - Sq-KaTYW
Ka; 5 - nOTOK03anHp~aR~"¢b CHCTeMB .

l ... ~ lp,N,. 
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PHc.7. reOMeTpH~eCKoe ynopRAo PHc.B. reOMeTpH~eCKoe ynopRAo
~eHHe /a/ H OTeeT HSHepHTenn ~eHHe /a/ H OTBeT H3MepHTenR 
BocnpHHM~HBOCTH /6/, Ko rAB BocnpHHM~HBOCTH /6/, KorAa 
Man~H 06pa3eu nepeABHraeTCR AnHHHWH o6pa3eu H3BneKaeTCR 
~epe3 npHeMH}'lO KaTYWKY . I - H3 npHeMHol1 KaTYWK H. 1 - Tpy6
TPyoKa H3 Nb; 2 - o6pa3eu KB liS Nb; 2 - oopa3eu C AHa
C 06'beMOM V; 3 - npHeMuaR Ka MeTpOM d; 3 - npHeMHan KaTYW
TYWKa; 4 - ueHTp KBTymKH . Ka. 

3 HpyeT Tpa Hc~opMaToPbl nOTOKa /pHc . 6/. YcnOBHe MaKCHManbHO~ 
3~¢e KT~BHoC TH nOTOKa HM e eT SHA: 

2Lp - LI 

H npHBOAHT K cneAy~eMY B~pa*eHHIO AnR H3MeHeHHR naT OKa B CKBHAe: 

.,. -.,.
<'.<1> 1 =k(NpL /2v'2Lp ).<'.<1> . 

r Ae ~~e - H3MeHe HHe Ma r HHTHo r o naTOKa B n pHeMHO~ KaTywKe. 
TOI.IHOe B~4 HcneHHe nOTOKa ~~e 3 a TpYAHeHo, HO MO*HO nonY4HTb 

npH6nH3HTenbH~e peweHHR B cnY4ae ABYX npeAenbH~x reOMe TpHl.leCKHX 
ynOpRA04eHH~, nOKa3aHH~X Ha pHc.7a H Ba . 

B nepoOM BapHaHTe /7a / 06pa3e~ npeACTasnReT co6o~ He6onbwy~ 
c~epy, 3nnHn COHA HnH ~HJ1HHAP C AHaMeTpOM, paBH~M era B~COTe . 
B 3 TOM cny~ae, ecnH An HHa npHeMH~x Ka TyweK Mana no cpaBHeHH~ 
C AHaMeTpOM, TO ~ <'.<1>. = 4"XHV/ D. 

r Ae: X H V - BocnpHHM4HBOCT b H 06DeM 06pa3~a, a D- cpeAHH~ 

AHaMe Tp KaTyweK. anRcna6~x MarHHTH~X o6pa3~oB H nOCTORHHO 

H paSHO Ma rH~THOMY non~, nepSOHa4an bHC 3aMopo*eHHOMY B CBepx 

n poeoAR~eM 3 KpaHe . EcnH 06pa 3e ~ Ha CTo nb KO Man, 4TO MOmeT CI.IHTaTb

CR T04e4H~M MarHHTH~M AH noneM , TO n pH npOXO*AeHHH e r a 4epe3 

npHeMHy~ KaTYWKY Ha B~XOAe H3MepHTenn Boc n pHHM4HBOC TH 6YAeT AaH 
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CHrHan , nO Ka 3aHH~H Ha pHc . 76. 3 TOT CHrHan MO* HO Ka n H6poaa Tb no 
MarH~THOMY MOMeHTY 3TanOHHOH KaTYWKH , 3 Ha R r 04HO pa 3Mep~ Ka TYW
KH 101 BenH4HHY TOKa B He H. TaKHM 05pa30M MO*HO H3MepHTb a6con~T

HY~ Be nH 4HHY CYMMapHoro Ma r HHTHoro MOMeH r a 06pa 3 ~a. 

npH BTOPOM reOMerpH4eCKOM ynopRA04eHHH /pHc.8a/ 06pa3eu HMeeT 
$OPMY ~HnHHAPa, AnHHa KOToporo MHoro 60n bwe pa3Mepa npHeMHOH 
KaTYWKH. B 3TOM cnY4ae: 

2 2 
t.<Il -" d X H • • 

rAe d - AHaMerp ~HnHHApa . AnR TaKHX AnHHH~x o6pa3~oB MO* HO 
onpeAenATb MarHI-1THblH MOMeHT Ha eAl-1Hl-1UY AnI-1H~, nOCKonb KY BblXOAH Oi1 
CHrHan H3MepHTenA BOCnpHI-1M4HBOCTH eCTb cYMMa OTBeTOB AHnonb Horo 
THna. KorAa 06pa3eu H3BneKaeTCR H3 KaTywKH , B~XOAHOH CHrHan 
6YAeT TaKHM . KaK nOKa3aHO Ha pHc.86 . OTKnoHeHHe nponopUHOHanbHo 
BocnpHHM4HBOCTH 06pa3ua. 3TOT THn QTBeTa MO*HO KanH5pOBaTb no 
a6con~THoH Be nH4HHe c nOM~b~ AflHHHoro coneHOHAa. pa3Mepbl KO
Toporo T04HO H3BeCTHbi. 

HaKoHe~. OAHHM 1013 caMbiX Ba*HblX Ka4eCTB H3MepHTeflR Bocn pHHM4H
SOCTH RBnReTCR ero cnoco6HOCTb 4yecTsosaTb HaHMeHbWHe H3MeHeHI-1R 
HaMarHH4eHHOC TH ~M Aa*e B npHCYTCTBHH 60nbWOH CTaTH4eCKOH Ha
MarHH4eHHOCTI-'I. TaK, ecnH 05pa3eu HaXOAHTCA S npHeMHOH KaTywKe 
1-'1 Te Mnepa Typa ero nOSblwae TCA, MO*HO H3MepHTb ~MVAT. n pHMep TaKO 
ro THna H3MepeHI-'IH npHse AeH Ha pHc. 9 . KpHsaA Ha pHCYHKe npeA 
CTasnAeT C060H TeMnepaTYPKY~ KanH6poSKY C nOM~b~ CTaHAapTHoro 
06pa3~a 1013 4HCToro Pb. C Hc nonb30BaHHeM cBepxnpoBoAFu14ero n epe 
xOAa S 04eH b cna6b1 x MarHHTHbi X nonAX 13 / . Te MnepaTYPY MO)t(HO 
nOAAep*HaaTb nOCTORHHOH Ha KpH oreHHOM YPOSHe B npeAenax Me Hb we , 
4eM +1 MK . Bocnpo~3BoAHMOCTb ee paSHa npH6n H3HT e nbHo 1 MK. 

Te ~ 7. 201K 

!: 	 I

Ir-'c
q 
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'" 
T E MnE PA TY PA 

PHc.9. OToeT H3MepHTenR BOC 
npHHMqHBOCTH , KorAa 06pa3eu 
«3 Pb HaXOAHTCR HenOABH~HO 
B npHe MHOH KaTYWKe , B TO BpeMH 
KaK TeMnepaTypa nOB~aeTCR , 

npOXOAR 4epe3 Te ' 

5. MArH~THbIE ~3MEP EH~~ HA 6HOnOr~4ECKHX 06' EKTAX 

Kpa~He S~COKaA 4yBc TBHTen bHOCTb , 60n bwaA T04HOCTb MarHHTO 
MeTpoa co CKBHAaMH H HX xopowee 6b1CTpOAe~c T BHe n03BonA~T npOBO
AHTb MarHH TH~e H3MepeHHA Ha aa~HblX 6 Ho no r H4ecKHx 06DeKTax H cna60 

Ma r HHTHbtX M01 cpllwnox. HHIKe 6 YACT paCCMOTpCHO HeCKonbKO npHMe
pOB TaKHX H3MCPCIIHH . 

Cne,-,HanbllblH Mart-IHTOMeT p 12GI C KOMMep4eC KIIIM Aa yxAbl p04HblM BY
CKBHAOM 61:m Hc nonb30e,) H B TeMnepaTypHOM AHana30He 2 +- 1 0 0 K 
H B MantHTHbl X nOflR X AO 700 r c AnA 1-t3Y4eHHFl TeMnepaTYPHOH 3as lo1
CHMOCTH MarHHTHOH BocnpHIo1M4HBOCTH 06pa3 ,-, 0 8 H3 OKCHreMorn 06HHa

" 	 (Hb0 2) H Kap6oKCHreMorno6HHa (HbCO) 1281 . Ha <IloHe AHaMarHe 
TH3Ma 06pa3 ~OB H napaMarHeTH3Ma, 05ycnoBneHHoro 4% aYTOOKHcne H
HbiM reMorn06HHoM, B Hb02 06HapYlKHBancA AononHIIITe nbHbllii MarHHT 
HblH BKnaA, 3aBHcA~HH OT TeMn epaTy pbI. TaKor o BKn aAa He 6b1flO S 
HbCO. Ha PHc . 10 n pHseAeHa BocnpHM4 HBOCTb 06pa3~oB Hb02 S 3aSH
CHMOC TH OT 06paTHoH TeMnepaTypbl (l/T) . CnnowHaR nHHHA COOTseT
c Ts yer paC 4e TY MOflA PHOH Bo c npH HM 4HSOCTI-t AnA noc neAoaaTefl bHocTH 
CH HrneT - 'rpHnneT HbiX 3n e KTpoHH bl X cnHHOSbiX YPOB HeH . COOTse T
CTB He C 3Kc nepHMeH TanbHbl MH Aa HHbiMH YKa3b1SaeT Ha cy~ecTBOSaHl-'le 

y Hb0 B036ymAeHHo ro ~ aCTH~ HO 3 a n 011HeHHor o COC TO~HHA co c nHH OM
2

S ::::l 	 H C 3Hep r l-'l eH B036YIKAeHHA, n pH6n l-t3HTenbHo paaHo H 17 CM- 1
• 

OyeH H AP. / 2?1 1-'1 3MepHn H MarHHT HY~ aocnpHHM4HBOC Tb n pH HH3KHX 
TeMnepaTypax 3aMopo~eHHblX BOAHblX p a CT BopOB 4H Tpox p OMa p a 3HblX 
KOH~eHTpa~HH. Pe3ynbTaTbi 1-'13M epeHHH AflR 06pa3 ,-,08 C KOHlIeHTpaIlHA
MH / 1 , 5+0 ,01/ H /3 . 5+0 , 1/ MMonb , H3 KOT OPbl X 6ofl bwe, 4 e M 99%, 6b1no 
B oKHc neHHoH ~opMe . npHseAeHbI Ha pHc . 11 . BH AHO , 4 TO 3$¢e KTHB Hoe 
41.1C110 MarHeTOHOS Gopa, 0 err' nO Ka3b1sa eT Many~ 1.111 101 Hyn e s y lO TeMne
paT YPH YIO 3a SHCMMOCTb. KaK H MO~HO 6blno O~ I-'IAaT b AnFl Ta KJ.1X H~3KO

c nHHOBblX / S = 1 / 2 / reMonpOTeHHOB. npeAe nbHoe 3Ha4 e HJ.1 e AflA n
2 
eff 

npH HI.13KH X TeMnepaT y pa x - ~ ,O ~ O,4. 3 TO co rna c ye Tc~ c o 3Ha4eHI.1eM 
3, 98, npeACKa3aHHbiM Ha oCHoBa-;HH 1.1 3Me pe HI.1R 3ne KTpOHHoro napa
Ma rHHTH o ro pe3 0HaHca. norpeWHOCTb 1.1 3MepeHH~ 6 YAe T 6011bweH a 
cny~ae pa36aBneH Hbl x 06pa3~oB 8cneACTBHe He socnpOH380AI.1MOCTH 
$OHa. 

HarHI-'ITHafl Bo cnpHHM4H80CTb 80 AHbi X paCT80pOB nH30U I.1Md S cJ1a6b1x 
MarHHTHbl X. nOnA x. 

YCTaH08Ka HMeeT 
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6blfld H3MepeHa C nOMOutblO B4-cKsHAa / 2 8 / 
. C03AaHHafl 

BbICOKy~ 4YBCTBI.1Te11bHOCTb 2,10-9 eA . CreM 
H Mo~eT pa60 TaTb Ha 04eHb CTa
6H11b HbiX ManblX no nflx B W~pOKOM 
AHana30He TeMnepaTYp. Ha pHc.12 
npeAC Tdsne Hbl pe3ynbT<.JTbl ~3Mepe

~~ An A A8YX BOAHbl X p~CTSOpOS 
nl.1301l l-1Ma C pa3 HblM H KOH lIeHTpdIlHfI
MH, 8 OAHOM 3Kcn e pHMe Hra11b HoM 
06DeM e . BocnpHHM~H BOC Tb 3Toro 

Puc . JO. BOCnpl1HMllIHJOCTb OKCH
reMo rno6HHa 0 1aR HCliMOCT H OT 
06paTHofi Te r-1II e paTYPbl . BepTHKanb 

g Q' I ---...l.- .....,., , Hbrn OTpe 30K 0603HaQaeT norpem
m 0, 0 0,1 0, 2 0.3 

HOCTb H3 Me pe HHii . 
06PATHAR T EMnE PATYPA (K- ' J 
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• 
 paCTBopa He 3a8 ~ C ~ T OT TeMne

paTyp~. a ee 3Ha~eH~~ paBH~ 

- 8/ 0 ,697+0 , 004/. 10 eA. Cr CM 
, ~-rf!lImIH-nHH'Hli:- AnR 10% KOH~eHTpa~~~ ~/O,686+ 

O,004/.10- 8eA. Cr CM AnR 1% N. 	, 6 	 KOH~eHTpa4~~ · 3T~ u~$p~ xcpo
wo corna cyoTcR C ony6nHKOeaH
H~M 3Ha4 eHHeM AnR J1bAa 

C 

01 I 	 I I I I • 

ao QOS 0.1 0.10 0.2 0.2'5 0,683.10 - 8 eA . CrCf1 , YKa3"'Ba R 
T _1 [ K ·1 J Ha TO, 4TO 11"' 304HM HMeeT YAen b 

• 

Hy~ BocnpHHM4HBQCTb npH6nH3H


Te nb HD Ha 10% 60J1bWYIO, 4eM ne.Q . 

TaKoe 3Ha4eHHe COBMeCTHMQ C 
MeHee T04H~MH AaHH~MH . nonY4eH

,1-- M~IHIH:liUfIlllH 
H~MH TeMH *e aaTopaMH npH 1013 -
MepeHHRX rHApaTH~X nopOWKOBNC~ 	 1 

o 	 MerOAoM iflapaAefl. 
C 4enb~ o6Hapy*eHHR He6oJlb

0 1 I 	 I _ 
wo~ P.:l3HH4b1 MeH<.Qy Hb02 H HbCO 

0.0 	 0.05 0.1 0,15 0.2 a']<j 
CepAOHIo10 	 H Ap f 291 H3MeplllnHT- 1 l K· 1] 

BocnpHHM4HBOCTb aaMopo*eHHblX 

BOAH~X paCTBopOB reMornofiHHa 


PHc .l l . TeMnepaTYPHaR 3aSHCH
 KPOBH 4enoaeKa B TeMnepaTYPHOM 
MOCTb 3~eKTHBHoro 4Hcna Mar A~ana30He 25-250 K. Pe3ynbTa

HeTOHOB Bopa oKHcneHHoro ~HTO
 TbI 3THX MarHHTH~X H3MepeHH~ 


XpoMa nByx KOH~eHTpaUHH: 
 8 3aSHCHMOCTH OT 06paT HoH 

tal 1,05 MMonb i /0/ 3,5 MMonb. 
 TeMnepaTYPbI nOKa3aHbI Ha pHc.13. 

3Ha K~ <¢> OTHOCRTCR K Ht0 2 , 
KOTOP~H HaXOA~TCR B paBHOBec~~ 
C B03AYXOM np~ KOH~eHTpa~ ~~ 

r eMa 9.6 MMonb, a (t> 0603Ha
~aeT HbCO B paBHOBeC~1-1 C 

~ -0.74 
1 a TM . OKHCH y rnepOAa npH KOH-do - 0.72 
4eHTpa~HH reMa 10,6 MMonb, H3.; -0.68 f:' S I 
rpal$)HKa BHAHO J 4TO HbCD - Alo1a~ -<\.. , , ",: L , : , I , <'> , I , , , MarHHTH~H co cna6~M napaMar

~'17 100 1SO 200 250 
HHTH~M BKnaAOM K~pH.KonH~ecTBeH

, t 	 I 
TEMnEPATYPA [!(} 

HO 06~RcHReM~M HanH4HeM 0,85% 
MeTareMorn06HHa B HH3Kocn~HOPHc .12 . YAenbHan MarHHTHaR 80C
BOM COCTOAHH..., . B CBO~ 04epeAb,npHHMQH BOCTb Ann AByx BOAHbm 


paCTBopOB nH30UHMa C HbO 2 HMeeT 3aBHcR~ee OT TeM
pa3HOr, 
KOHueHTpa~HeH: (e) 10%; nepaTYp~ noeeAeHHe, KOTopoe 

/0/ 17. r Ha o5beM . MO~HO TeopeTH~ecKH 06~RCHHTb 

/cnnOWHaR KpHBaR Ha pHc.13/, 
ecnH C4HTaTb cy~ecTBY~HM Ten

nOBoe paBHOBeCHe Me~AY OCHOBH~M COcToRHHeM CHH r neTa H B036y~
AeHH~M COCTORHHeM TpHnneTa AnR AByx 3neKTpOHOB r eMa . 
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O&PAT HAII TEMnE PATYPA TY.1 PHc . J4. H3MeHeHHe MarHHTHOH 

B ocnpHHM~HBO CTH nocne HMnynbcHo
PHc.13. Mar HHTHaR Bo cnpHHMNH ro ~OTonH3a KapOOKCHreMorno OHHa 
BOCTb OKCH- H Kap OOKCHreMo r n o- / cpe~Hee Ann 64 nepeXOAHWX xa
6HHa KPOBH 4enOBeKa B 3aBHCH paKTepHcTHK/ . BepTHKanbHwH OTpe
MOC TH OT 06paTHOH TeMne paTYPbl . SOK nOKa3WBaeT ~YBCTBHTenbHOCTb 

H3MepeHHH:~X =5 . 10- 10 eA. CrCM. 

CepAOHHO 1801 aHanH3 HpyeT n peHM~ecT Ba Hc nonb30BaHHR B~COKO
~yBcTBHTenb Hwx Ma r HHTOMe TpoB c o CKBHAOM n pH H3Y4eHH H AHaMa r HHT
H~X caoHcTs Me Ta nno -npoTe HHoB Hn H Mar HH THo r o MOMeH Ta MeT ann H4 e c
KHX HOHOB AnR B~Rene HHR CT PYKT YP~ H ~YHK~HH npoT e HHoB . naeTcR 
HeC KonbKO npHMepoB /r eMo rn06HH H reMo~HaHHH/ c o cc~nKaMH Ha 
HeAaBHHe 3KcnepHMeHTanbH~e HccneAoB3HHR. 

60Dbwoe 3 H34eHHe HMeeT 6~CTpoAeHcTBHe / npH6DH3HTenbHo 
300 MKC 1221 / H3MepHTenR Boc npHHM4H BOCTH C B4 - CKBHAOM B cnY4ae 
HM nyn bcHo r o ~oTonH 3a . B OAHOM 1013 Ta KHx 3Kcn e p HMe HTOB KHH e TH Ka 
peaCCO~Ha~HH OKHCH yrn epoAa B r eMorn06HHe na c n e HMnynbc HoH ~OTO
AHCCO~Ha~HH KOH TponHpOBanaCb nyT e~ Ha6n~AeHHR speMeHHoro H3Me
HeHHR BocnpHHM4 HBOCTH / 811/PHC . 14/ . KHHeTH4e CKHe na paMeT p~ t no
nY4eHH~e 3THM MeTOAOM , Xop OWO cornacy cTcR C TeMH *e n a paMeTpaMH, 
nonY4eHHWMH o n TH4eCKHM MeTOAOM. Ba*HO , 4TO KHHeTH4eCKHe H3 Me He
HHR MarHHTHoro MOMe HTa cOAep~aT 60n ee n pRMwe cBeAeHHR 0 Mone
KynRpHoM COCTORHHH reMorn06HHa, nOTOMY ~TO cn HHO Boe COCTORHHe 
*en e3a cBR3aHo cera ABH*eHHeM BHyTp H H BHe nnOCKOCTH reMa . H3Y
4eHHe KHHe THK H n pH HH3KHX TeMn epa Typax H S~COKOM speMe HHOM p a3
peweHHH n03BOflHT, TaKHH 06pa 30M, yCTa HoBHTb nocneAoaaTen bHOCT b 
CTPYKTYPHWX H3MeHeHHH npoTeHHa nocn e ~oTonH3a nH r a HAa . 
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Jla33p /I. n . P8-83- 18 
Hcnaflb30e a HHe CKBH,c;O B B H3 MepeHHRX MarHHTHhlX CBoAcTB 
6HOnOrHqe CK HX 06~eKTOB 

OrrHCbmaeTCR n pHOop AnR H3MepeHHH MarHHTH OH BocnpHHMNHBOCTH 

c nOMO~b~ Mar HHTOMeTpa Ha aCHOBe CKB~a H TeX HHK a H3Mepe HHH 
H3 He M. ITPH BO,D;HTCR ot530p 3KCne pHMeHTanbHblX p a 60 T no HCCne,llOBa
HHIO 	 MBnIH'I'Hbrx CBoiicTB thlOnO rH1.feCKHX 06'beKToB . 

Pa6o'l'o'J UblUolll1ella B nat5op aTopHH BbiCOKHX 3He pf'Hrt: OllilH. 

npenpHHT 06~AHHeHHoro HHCTHTyT3 RAepHwx HccneAoaaH~~. AY6H3 1983 

Lazar D.P. 	 P8-83-18 
App l ication o f Squids in Measurements of Magnet i c Properties 
of Biologica l Obj ects 

The equipment and methodo logy used to measure the magnetic 
s usceptibi l i ty by making use o f the Squids magnetome t e r s are 

descr ibed . Some of the experimental measurements o f the magne 
tic propert i es of biolog i cal materials ar e presented . 

The investigation has been pe rformed a t the Labo rato ry of 
High Energies, JINR. 

Prepri nt of the Joint Institute for Nu clear Research. Dubna 1983 

nepeBoA O .C. BHHorp~oBoH. 
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