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Bacunbea E.B., KonbReaa E.B. 18 - 12193 

MarHuroKapnuorpa¢ 

OnucaHa ycTaH0BKB nnH nonyqeHHH MBPHHT0KapnuorpaMM, coanaHHBH 
Ha 0CH0Be KffiHT0B0P0 caepxnpoaonHII.lero HHTep~poMerpa. LlarquK HHTep
q>epoMeTpa, noMemaalllulicH a MerannuqecKuli Kpuocrar, 6bln BbmonHeH a aune 
rpBAHeHT0MeTpa C aepTIIKBnbHOH 6aaoli nnl!HOH IO CM II ropH30HTBnbHblMH 
0CHMH K0HTypoa KBBHT0BBHl!H. EanaHCIIPOBKB C!ICTeMbl ocymecranHnaCb 
nyreM noaopora narq11Ka 11Hrep¢ep0Merpa aoKpyr aepr11KanbH0li ocu. LlnH 
nononH11renbHoli 6anaHc11poaK11 11cnonbaoaanocb MenHoe K0nbuo, pacnono)KeH
Hoe aHe Kp11ocrara. Op11aeneHa MarH11roKapn11orpaMMa, nonyqeHHBH 6ea 
np11MeHeH11H MaPHIITHoro 8KpaHa MeT0U0M UIICKpeTH0P0 Cl!HXp0HH0P0 nereKTl!
poaaHl!H no cer11 B na6oparopHOM noMellleHIIII C Bb!C0Kl!M YP0BH8M MBPHIIT
HOH cereaoli HBB0UKI!. 

Pa6ora abmonHeHa a na6oparop1111 HelirpoHHoli ¢11a11K11 OHHH. 

Openpl!HT 061,en11HeHHOPO IIHCTl!Tyra HUepHblX 11ccnenoaaH11li. Lly6Ha 1979 

Vasiliev V.B., Kolycheva E.V. 18 - 12193 

The Magnetocardiograph 

The device based on a superconducting quantum interferome
ter for taking magnetocardiograms is described. The interferometer 
sensor - gradiometer having a vertical basis (10 cm) and horizon
tal axes of the loops-was placed in a metallic cryostat. The balan-
ce of the system was achieved by rotating the sensor about 
the vertical axis. For additional balancing we used a cooper ring 
outside the cryostat. The given magnetocardiogram was taken in 
the absence of any magnetic• shielding- in-the laborytory room with 
a high level of network magnetic fields by the method of discrete 
synchronic detecting over 'the network. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

MarHHTOKap,nuorpa4lHJ1 JIBnJieTCJI cpaBHBTem.uo -HOBLIM 
MeTO,llOM perHCTpaU:HB aKTBBHOCTH cep,nu:a, cymecTBeHHO ,no
nonHJIIO~M Tpa.nBU:BOHHLie. HeB3aBM03aMeHJieMOCTL BH4,op
MaU:HB, co,nep)KameiicJI B MaruuToKap,nuorpaMMe /MKr / B 

/ 1 / 
:meKTpoKap,nuorpaMMe /3Kr /, cne,nyeT Bl npocToii Mo,nenu ' . ' 
Ecnu npe,ncTaBBTL cep.nu:e B eu.ne npoeo,nJimeii c4,epLI, oKpy
)Keuuoii uenpOBO,llJII.QBMB nerKBMB, TO, y'IBTLIBaJI, 'ITO 3neKTpu-

. . 
11ecKoe conpoTueneuue MLimD: Tena MHoro MeHLme conpoTBB-
neHBJI nero11uoi TKaHB, nony11aeM, 'ITO ua noeepxuocTB 
Tena ueT na,neHBJI noTeuu:uana' -- CHJITL 3Kr ueeo3MO)KHO. 
C ,npyroii CTOpOHLI, B 3TOM cny11ae TOKB OT Taureuu:uanLHLIX 
K noeepxu9cTB cep.nu:a 3neKTpo,nBB)Kymux cun /3P,C/ 3aMLI
Ka10TcJ1 B Cep,ne'IHOH MLIWU:e 11 C03,llalOT BOKpyr cep,nu:a 
MaruuTuoe none, auanoru11uoe MarHHTHOMY nonro neTnB c 
TOKOM /,nunonLHOe pacnpe,neneuue MarHBTHOrO nonJI/. EcnB 
npe,nnonO)KBTL, 'ITO cori:poTBBneuue cep.nu:a B nero11uoii TKauu 
o,nuuaKoeo, TO ua noeepxuocTB Tena 6y,neT na,neuue noTeuu:ua
na, BLI3BaHHOe B OCHOBHOM pa,nuanLHLIMB 3P,C B cep,nu:e, 
B 3Kr 6y,neT co,nep)KaTL BH4,opMaU:BIO 06 B3MeHeHBB 3TBX 
pa,nuanLHLIX 3P,C. ToKB OT Taureuu:HanLHLIX 3P,C B TaKoM 
cny11ae TeKyT KaK 11epe3 cep,nu:e, TaK B 11epe3 _nerxue, 
B MarHHTHOe none 3TBX TOKOB auanorB'IHO MarHBTHOMY 
nonro ,neyx 6nB3KO pacnono)KeHHLIX neTenL c npoTueonono)K
H;O uanpaeneHHLIMB TOKaMB /Kea,npynonLuoe pacnpe,neneuue 
MaruuTuoro nonJI/. 

· . PeanLHaJI cBTyau:uJI npe,ncTaBnJieT co6pii ue11To cpe,nuee 
Me)K,ny 3TBMB 3KCTpeManLHLIMB cny'laJIMB /y.,nenLHOe 3neKT
pu11ecKoe conpoTBeneuue co.cTaem1eT 2000 OM•CM ,nnJI TKaHB 
nerKBX, 400 OM-CM ,nnJI cep,ne11uoii MLIWU:LI B 160 OM-CM 

,nnJ1 Kpoeu 12 •31 /. TaKBM o6pa3oM, 3Kr co,nep)KBT uu4,op-
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MaUHIO B OCHOBHOM O pa,I\HaJILHLIX, a MKr • 0 TaHreHUHaJIL• 

HLIX K noBepxHOCTH cepAua 3,UC. IIpH 3TOM, KaK OTMe'leHo 

aBTopaMH/4 ~ MKr CTpa,I\alOJ.QHX pa3JIH'IHLIMH cep,I\e'IHLIMH 3a· 

6oJieBaHHBMH H 3AOPOBLIX JIIOAeii AOIDKHLI pa3JIH'laTLCB CHJIL• 

Hee, 11eM ~Kr. 

IIepBLie MKr 6LIJIH noJiy'leHLI B ,1963 rOAY liOJIOM u 

MaK4>u15 / C noMOJ.QLIO KaTywe'IHOro MarHHTOMeTpa. 1103,I\Hee, 

c 1970 roAa, ,!\JIB CHBTHB MKr Ha'laJIH npHMeHBTL KBaHTOBLie 

cBepxnpoBOABIUBe BHTep4>epoMeTpLI IKCH/161 , KOTOpLie B Ha· 

CTOBI.Qee BpeMB BBJIBIOTCB Hau6onee 'IYBCTBHTeJILHLIMH npu-

6opaMH ,!\JIB H3MepeHBB MarHHTHLIX noneii - 'IYBCTBHTeJIL • 

HOCTL KCH AOCTHraeT 10-11 I'c/Jr1.1 17 ,81 · 

HanpB)KeHHOCTL MarHBTHOro noJIB cepAua Ha noBepx -

HOCTH Tena COCTaBJIBeT npHMepHO 10-6 re. Y'IHTLIBaB, 'ITO 

CHBTHe MKr )KeJiaTeJILHO npOBOAHTL B nonoce 'laCTOT 0,1 · 

100 I'Li, ·HMeeM, 'ITO ,!\JIB nony11eHHB MKr C OTHOWeHHeM 

CHrHan/wyM - 10 'lyBCTBHTeJILHOCTL no MarHHTH0· 

MY noJIJO A0Jl)l(Ha 6LITL He MeHLWe, 'leM 10-8 I'cf,/I'ij~ 
'ITO ocy~eCTBHM0 6e3 oco6oro TPYAa B 0TCyTCTBHe noMex. 

O,1\HaKo HaJIH'IHe BLICOKOro ypOBHB MarHHTHOrO 4>0Ha /B oc

HOBHOM MarHHTHLie noMeXH HH3KHX <JaCTOT H MarHHTHaB 

CeTeBaB HaBO,I\Ka OT npH6opoB/ He no3BO.nBeT npBMO HCnOJIL· 

30BaTL CHCTeMy KCH AJIB perHcTpaUHH MarHHTHoro n0JIB 

cepAua. )];JIB ocna6JieHHB. BJIHBHHB MarHHTHLIX HaBOA0K 06LJ<J· 

HO HCnOJIL3YIOT MarHHTOMeTpLI -rpa,I\HeHTOMeTpLI 18 ,91 HJIH 

H3MepHTeJIH BTOpoii npOH3BOAHOH MarHHTHoro nOJIB /8,10/ 

Ha ocHoBe KCH. TaKHe H3MepHTeJILHLie cHcTeMLI npeAcTaB· 

.JIBIOT co6oii CBepxnpoBOABI.QHH TpaHc<l>opMaTop MarHHTHOro 

noTOKa, nepBH'IHaB KaTywKa KOToporo CO,I\ep)KHT ,!\Be /rpa

AHeHTOMeTp/ HJIH TpH /H3MepHTeJIL BTopoii • npOH3BO,I\HOii/ 

COOCHLIX ceKUHH. 

HHAYKTHBHOCTH, nJIOJ.QaAH nonepeqHoro ce<JeHHB, cnoco6 

coe,I\HHeHHB H B3aHMOpacnoJIO)KeHHe 3THX ceKUHH BLI6HpaIOTCB 

TaKHM o6pa30M, 'ITO npH H3MeHeHHH OAHOPOAHOro BHeWHero 

noJIB /HJIH nOJIB C OAH0POAHLIM BAOJIL 6a3LI CHCTeMLI rpa,I\HeH

TOM COOTBeTCTBeHHO/ .TOK B uenH TpaHc4>opMaTopa He H3Me

HBeTCB. IIpH 3TOM MarHHTHLIH noTOK BO BTOl)H'IHOH KaTyWKe 

TpaHc<i>opMaTopa, CBB3aHHOH C 'IYBCTBHTeJILHLIM 3JleMeHTOM 

KCH - CKBHAOM - H HanpB)KeHHe Ha BLIX<>Ae KCH ocTaIOTCB 

nocTOBHHLIMH. TaKHM o6pa30M, ecJIH HCTO'IHHKH HaBOAOK 

pacnOJIO)KeHLI AOCTaTO'IHO ,I\aJieKO OT H3MepHTeJILHOH CHCTe· 
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MLI /HaBOAKH BeJIBKH, HO AOCTa TO'IHO 0,1\HOPOAHLI/, CTaHo • 

BHTCB B03MO)l(JILIM perucTpHpOBaTL MarHBTHLie noJIB OT 6JIH3· 

KHX HCTO'IHHKOB, HanpHMep, MarHHTH0e none cepAua qeJIOBe • 

Ka, HaX0AB1.QerocB B6JIH3H KCH. 

OnucaHHLie AO HaCT0BI.Qero BpeMeHH MarHHTOKap,I\Horpa4>L1 

Ha OCHOBe KCH HMeJOT BepTHKaJILHYIO 6a3y H BepTBKaJILHO 

pacn0JIO)KeHHLie OCH ceKUHH nepBH'IHOH o6MOTKH TpaHc4>opMa • 

Topa: lianaHcupoBKa cucTeMLI ocy1.QeCTBJIHeTcH o6LI<JHO c, no

MOJ.QLIO CBepxnpOBOABIUHX Koneu, COOCHLIX C _CeKUHBMH nep

BH'I.HOH o6MOTKH Tpa.Hc4>opMaTopa. 1lepeMe1.QeHHe TaKOrO 

KOJILUa BHYTPH KPHOCTaTa. BAOJIL 6a3LI CHCTeMLI no3.BOJIBeT 

H3MeHBTL HHAYKTHBHOCTH ceKUHH nepBH'IHOH o6MOTKH TpaHc· 

4>opMaTopa TaK, 'IT06LI nony<JHTL He06XOAHMOe ,!\JIB 6anaHca 

CHCTeMLI COOTHOWeHHe Me)KAY HHMH. )];JIB 6aJia.HCHpOBKH MO· 

)KeT 6LITL HCnOJIL30BaHa TaK)Ke 6onee CJIO)KHaB Tpex

KOMnOHeHTHaB CHCTeMa KOMneHcau:e:u 1 10/_ 

Xopowyro 3al.QHTY OT BHeWHHX nepeMeHHLIX MarHHTHLIX 

noneii o6ecne<JHBaeT 3KpaHBpoBaHHaB KOMHaTa, HanpHMep, 
/9/ B ~ 

H3 aJIIOMHHHB • TaKOH KOMHaTe M0)KHO noJiy<JHTL MKr 

C noMOJ.QLIO MHOrOHHAYKTHBHOro rpa,I\HeHT0MeTpH<JecKoro 

CKBH,I\a C He60JILWOH 6a3oii
181

.OAHaKO C03,I\aHHe 3KpaHHpo

aaHHOH KOMHaTLI BeCLMa TPYAOeMKO, H pa6oTa C Heii C03 • 

,I\aeT CBOH npo6JieMLI KaK AJIB 3KCnepHMeHTaTopoB, TaK H ,!\JIB 

HCnLITyeMLIX. Ilo3TOMY )KeJiaTeJILHO HMeTL MarHBTOKap,I\HOr

pa4>, pa6oTaJOIUHH B
11
"0TKpLIToii" na6opaTopuu. 

MLI HcnoJIL3oBaJIH AJIB nonyqeHHB MKr rpaAHeHTOMeTpH· 

qe CKHH CKBHA, nOA06HLIH CHMMeTpH'IHOMY CKBHA✓ 11/. 1ia3a 

CKBHAa • rpa,I\HeHTOMeTpa pacnonaranacL BepTHKaJILHO H coc

TaBJIB.iia 10 ,cM. Ocu·KoHTypoB KBaHTOBaHHB CKBHAa, B OTJIH• 

<JHe OT onucaHHLIX MeTOAHK, pacnonaraJIHCL B ropH30HTaJIL• 

HOH nJIOCKOCTH, nnoJ.QaAL Ka)K'Aoro KOHTypa KBaHTOBaHHB 

6LIJia 0,()3 ·C:~ 2 • 

' CKBHA pa3MeJ.QaJICB B. OTpOCTKe MeTaJIJIH<JeCKoro'KpHO.CTa

Ta c )KHAKHM renHeM H BKJI10<JaJic.11' B cxeMy KCH, onHcaHHYJO 

paHee 112< IIpeABapuTeJILHaB 6aJiaHcupoBKa cucTeMLI ocyJ.QeCT· 

BJIBJiaCL nyTeM nOBOPOTa ,I\aT<JHKa BOKpyr BepTHKaJILHOH OCH 

AO Tex nop, noKa OCH KOHTypOB KBaHTOBaHHB CKBH,I\a He 

ycTaHaBJIHBaJIHCL BAOriL HanpaBJieHHB ropH30HTaiILHOH cocTaB· 

.riBrouieii: nOJIB ceTeBOH HaBOAKH C MHHHMaJILHLIM BepTHKaJIL• 

HLIM rpa,I\He1{roM. )];JIB 6oJiee TOHKOH KOMneHCaUHH npHMeHB· 

JIOCL Me,I\H0e KOJILUO, pacnoJIO)KeHHOe CHapy)KH Ha OTpOCTKe 
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KPHOCTaTa,- KOTOpoe Morno nepeMeIQaTLCJI B BepTHKanLHOM 
HanpaBneHHH H 3aKpennJITLCJI Ha KpHOCTaTe B·Hy)KHOM nono
)KeHHH. 

Ilocne 6anaHCHPOBKH CHCTeMLI ypoBeHL ceTeBOii MarHHT
HOii HaBOJ(KH, CBJI3aHHOH < co CKBHJ(OM, COCTaBnJin /F 5/x 
x1O· 5 I'c/cM. ~nJI BLIJ(eneHHJI cHrHana oT cep~a Ha d>oHe 

Puc;l. O6111uii euo MazHumoKapouozpagia. C.11eea - Kpuocma•. 
eHympu HUJICHezo 0111poc111Ka Komopozo paaMe111eH oa11111uK KCH 
/cKeuo/. CHapyxu 0111poc111Ka aaKpen.11eno .KoMne11ca11uoHHOe 
KO.llbl/0, ceepxy Ha Kpuoc111a111e - 6.110K pac)uomexiluKU KCH. 
Cnpaea - aHa.11uaa111op, caMonuce11 u 6.110K numaHUJI KCH. 
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I 
~TOH nOCTOJIHHOH no BenH'IHHe ceTeBOH HaBOJ(KH HCnonL30Ban-. ·. .,., 
CJI MeTOJ( J(HCKpeTHoro CHHXPOHHoro ,l(eTeKTHpoBaHHJI no CeTH. 

~n~ 3T~ro ·cHHXp0HH0 ~ Gen,w KcipoTKHMH /10 MKc/ HMnynL~ 
caMH 3anycKancJI MHoroKaHanLHLIH aMnnHTYJ(HLIH aHanH3a
TOP, H noKa3a.HHH KCH, noctoJIHHa.ii: apeMeHH KoToporo coc
TaBnJina npHMepHO 60 MC, 3anHCLIBanHCL B ero naMJITL 
11epe3 Ka)K,l(Lle 20 MC •. __ · . 

BHew~rn~ BHJ( ycTaHOBKH, HcnonL:3yeMoii J(JIJI cHJITH!I MKr, 
qoKa3aH Ha puc. 1. KpHOCTaT, 3anonHeHHLiii )KHJ(KHM renHeM, 
no,l(BeWHBancJI Ha cnenHanLHOM 

0

nO,l(Bece raK, 'IT06LI HH)KHHH 
KoHen J(aT'IHKa KCH H~XOJ(HJICJI Ha ypoBHe cep.l(na CHJ(JIJ.Qero 
Ha CTyne qeJioBeKa. Bo BpeMJI npoBe,l(eHHJI H3MepeHHH Ha 
paccTOJIHHH HeCKOnLKHX ,l(eCJITKOB MeTpOB OT KPHOCTaTa 
pa6oTana 3BM THna 1i3CM-4 co acnoMoraTeJILHLIM o6opy
J(OBaHHeM, C03,l(aBaBWaJI BLICOKHH /OCHOBHOii/ ypoeeHL Mar
HHTHLIX HaBOJ(OK. Bee 3JieKTpOHH~e npH60pLI, Heo6XOJ(HMLie 
J(JIJI pa6oTLI Kap.l(Horpa4>a, HMeJIH ceTeaoe nHTaHHe H pacno:ria -
raJIHCL Ha paCCT0JIHHH 2-3 MOT KPH0CTaTa. . 

~JIJI yBeJIH'leHHJI 0TH0WeHHJI CHrHaJI/WyM y11aCT0K nony
'leHHOH · Kap;\uorpaMMLI., cooTBeTcTBYIOIQHii 0J(H0MY UHKJIY c ep
J(e11Hoii aKTHBH0CTH, ycpe,l(HJIJICJI no HeCKOJILKHM H3MepeHHJIM. 
Pe3yJILniT. ycpe.l(HeHHJI BLIB0J(HJICJI Ha caMonu~en: TunH'IHLiii 
BHJ( MKr nocne 16;KPaTHoro ycpe.l(HeHHJI npHBe.l(eH Ha puc. 2. 

'-, 
< ' 

\ 
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J 

Puc.2. Tunu'IHblii euo MKI' I/UK.Ila cepoe11Hoii aK111ueHoc111u 
noc.11e 16- Kpamuozo ycpeoHeHUJI. 
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Cne,l\yeT 3aMeTHTL, 'ITO OilHCaHHLIH pe3ynLTaT JIBmieTCJI 

nepBLIM, nony11eHHLIM C ,l\aHHLIM KPHOCTaTOM, CKBH,I\OM H 

:meKTPOHHLIM 06opy,l\0BaaaeM, B CBJl3H c 11eM B 6yAymeM 

MO>KHO O>KH,l\aTL Ha 3TOM nyTH cymeC'I'.BeHHOrO nporpecca. 

B 3aKmo'leHHe MLI BLlpa>KaeM HCKpeHHIOIO npH3Ha TenLHOCTL 

aKaAeMHKY H.M.cl>paHKY H B.H.JlymaKoay, o6paTHBWHX 

BHHMaHHe aBTOPOB Ha uenecoo6pa3HOCTL nocTaHOBKH 3TOH 

3a,l\a'IH H npOJIBnJIBWHX IlOCTOJIHHLIH HHTepec K ee BLIIlOn· 

HeHHIO, a TaK>Ke B.B.HruaTLeBy 3a H3rOTOBneuae YHHKanLHO· 

ro CKBH,l\a H IlOMOll(L B npoBe,l\eHBH 3KCnepHMeHTOB. 
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