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s MmarauTokapauorpaduaeckux U3MEepeHNH TpaJUIUOHHO HCIIONB3YIOT IPaiueHTOMETPBI BEICOKO-
ro (2-3-ro) mopsiaka, COCTOSIIME U3 HECKOJIIBKUX KaTYIIEeK, BKIFOYEHHBIX MMOCIICI0BATENBHO C Pa3HOM
oJIsIpHOCTHI0. COBpEeMEHHAs TEXHOJIOTHS MTO3BOJISIET UCIIOIB30BATh IPOrPAMMHO pealin3yeMble IPau-
€HTOMETPbI, B KOTOPBIX CUTHAJI C Ka)10M U3 KaTylIeK CHUMAeTCs HE3aBUCUMO, a8 CYMMHUPOBAaHHE MTPOU3-
BOJIUTCS IPOTpaMMHO. [IpH 3TOM ecTh BO3MOXHOCTD OOBEJUHATH CUT'HAJIBI C 3JIEMEHTapHBIX CEHCOPOB
B pa3IM4HbIC KOH(PUTypanuy, 3a1aBast pa3IMyHbIi Ha00p K03 GHUIIMEHTOB IPU CYMMUpPOBaHUH. J[iis 3amay
¢upTpanuy GoHOBOrO LIyMa M Ui pelieHns: 0OpaTHOM 3a1a4u MOXKHO HCIIOJIb30BaTh Pa3HbIE CXEMBbI
CyMMHpOBaHusl. Llenbio CTaThH SIBIAETCS CPAaBHEHNE YYBCTBUTEIILHOCTH K MOJIOKECHUIO HCTOYHUKA CHUT-
HaJla ISl HECKOJIbKUX CXeM OObEeMHEHUS 3JIeMEHTapHBIX CEHCOPOB.

BBenenue

B marautokapauorpaduu B HEOKpaHUPOBaH-
HOI cpele MCIONB3YIOT B KaueCTBE JAaTYUKOB
TPaeHTOMETPHI BBICOKOTO MOPAIKA IS (DUITh-
TpalMy MarHUTHBIX TOJIEH OT TAEeKO OTCTOSIINX
UCTOYHUKOB (IIPOMBINUICHHBIH [ITyM U T€OMarHuT-
HbIi (hoH). Takue TaTINKH COCTOSAT U3 HECKOIBKUX
KaTyIIeK, BKIFOYCHHBIX ITOCIIC0BATENBHO C +/—
nossipHOCThIO [1]. CoBpemenHast TexHosorus (He-
JIOPOTHE BBICOKOPA3PSIHBIE aHAJIOTO-IU(PPOBEHIC
npeoOpa3oBaTelin) MO3BOJISICT CO3/IaBaTh BMECTO
TaKHUX TPAAUIIMOHHBIX allapaTHBIX IPAJAUEHTOMET-
POB IIPOrPaMMHO PeAIN3YyEMBIE TPAIUEHTOMETPBI
(TTPT), B KOTOPBIX CHUTHAJBI CHUMAIOT C KaXION
KaTYIIKJ HE3aBUCHUMO, a 3aT€M IIPOTPaMMHO CyM-
MUPYIOT C Hy>XHbIMU Koddunmenramu. B To xe
Bpemst, mpuMensis 11PT, MOXXHO ITPOM3BOIBHO HC-
T0JIb30BaTh CUTHAJI C KAYKIOM OT/IEIIbHOM KaTyIIKH.
B sT0i1 cTaThe MBI CPaBHUBAEM XaPAKTEPUCTHKU
YYBCTBUTEJIBHOCTH CUCTEMBI JATYUKOB, COCTOS-
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mei U3 4 pacmoJIOKEHHBIX JPYT HaA APYroMm
BJIOJIb OCH Z CJIO€B, K&K/l U3 KOTOPHIX TIpeI-
CTaBJsIET COOOW ceTKy 6X6 MarHuTOMETpOB,
M3MEPSIOIIUX Z-KOMIIOHEHTY MarHUTHOTO IOJISI
(paccrostHue MEKIy COCEHUMU MarHUTOMETPa-
mu 4 cM). Takyto CHCTEMY JaTYUKOB MOXHO pac-
cMaTpuBaTh Kak 144 He3aBUCUMBIX MATHUTOMETPA
WIH KaK /2 TpajiueHTOMETpa MEePBOro MOpsaKa
(ec 0ObEAUHATH KATYIIKU B ITAphl BIOJIb OCH Z),
wi Kak 36 TpaJIleHTOMETPOB BTOPOTO TMOPSAKA
(kaTpIid COCTOMT M3 4 KaTyIleK BAOJb ock Z). UyB-
CTBUTEIBHOCTh CUCTEMBI JIATYMKOB MOYKHO XapaK-
TEPU30BAaTh pa3pemaroiel CIoCOOHOCTHIO — CMe-
IIeHNeM UCTOYHUKA, KOTOPOE U3MEHSAET CUTHAI
Ha JIaTYMKax Ha 3aJ[aHHy0 BelnuuHy. bosnee ¢op-
MaJIbHO 3TO MOHATHE OYAET ONPECICHO HUXKE.
ITo sToMy mapamMeTpy 1 CpaBHUBAIUCH PACCMOT-
PEHHBIE KOH(PUTYPAITHH.

Kak oTMeuanoch BEIIIe, CUCTEMa JAaTYUKOB
XapaKTepU3yeTcsi He TOIBKO YYBCTBHUTEIHHOC-
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TBHI0, HO U BOCTIPUMMYHBOCTBIO K IIIyMaM OT BHe-
[THAX UCTOYHUKOB. B 3TOM OTHOIIEHNH rpaiveH-
TOMETPHI BBICOKOTO TIOPS/IKA TOPA30 MPEAIioy-
TUTENIbHEH MATHUTOMETPOB, TaK KaK IPOM3BOIHbBIC
noJisi yObIBAIOT C PacCTOSTHUEM OT MCTOYHHKA
ropasno OwIcTpee, ueM camo mosie. Tem He MeHee
npu ucnonb3zoBanuu [IPI" Bo3MoxkHa mosTanHas
o0paboTka curHana. Ha nmepBom atamne curHaibl
OT KarynieK OObeIUHSIIOTCS B IMHEHHYIO KOMOU-
HAIIHIO, TIPOTIOPIIMOHAITEHYIO TPAIEHTY BHICOKOTO
MOpsiIKa, TS BBIZICTICHHSI CHTHAIIA OT OJIN3KO pac-
TIOJIOYKEHHBIX HCTOYHMKOB C IIOMOIIBIO “ IPOCTpaH-
CTBEHHOM (pribTpanuu’” ; Jajee Ha OCHOBE 3TOH MH-
(hopMaIuu MOXHO TTPOU3BECTHU Pa3/ieTIeHIE CUT-
HAJIOB, IPUHATHIX B KAYKIOM KaHaJle, Ha CUTHA OT
(hOHOBBIX UCTOYHUKOB IIOMEX U HA ITOJIE3HbII CHT-
HaJI OT OJIM3KO PACTIONIOKEHHBIX HCTOYHHKOB (3JIEK-
TPUYECKOW AKTUBHOCTH CEP/IIIa). ITO pa3/ielicHHe
BO3MOJKHO, HaIlpUMeED, C IIOMOIIBIO aHAIH3a He-
3aBUCHMbBIX KOMIOHEHT [2]. AHaJIM3 OCTaTOYHBIX
IIYMOB IOCJIe Takoi 00paboTKu Oyner mpeame-
TOM HCCIIEJJOBaHUI B MOCIEAYIOIMUX padoTax,
311€Ch K€ MBI TIPEJIIIoIaraeM, 4To Takoe paszene-
HUE MPOU3BEACHO U B KAXKJOM KaHalle COJIePIKUT-
cs “YUCTBIN~ CUTHAJ OT CepAEYHOI aKTHBHOCTH
¢ HeOOJIBIIUM YPOBHEM CITYYaiHOTO IIyMa.

Urak, nmes Habop W3 MaTINKOB, MBI MOXEM
¢dopmuposare u3 Hux [IPT, ordunkTpoBHIBaTH
TakuM 00pa3oM (POHOBBIH IIYM, a J1ajiee UCTIONb-
30BaTh JaTYUKH B KOHGUTypanuu, Oonee yao0-
HOW JUTsl pelieHnst ooparHoi 3aaa4u. Llenpro 3Toit
CTaThH SBJISETCS BHISICHEHHE HanOOJIee YyBCTBU-
TENBHOM KOH(UTYpanuu, B KOTOPYIO MOKHO OBLIO
OBl 00 BEAMHUTH 33JTAHHBIN HAOOP DIIEMEHTAPHBIX
CEHCOPOB.

ITocTanoBka 3agauu

B kadecTBe MCTOYHMKA TIOJISI HCITOJIB30BANICS
AMEKTPUUECKUI TOKOBBII U0, PACTIONOKEHHBII
B cBOOOHOM mpocTpaHcTBe. Puc. 1 npeacrasmnser
TCOMCTPHIO 3a/1a4H, [I¢ 0D03HAYCHO! fo BeKTOp
nojiokeHus aumois; Q — MoMeHt gumons; T —
BEKTOP MOJIOKCHUS TOYKH U3MEPESHUS OTHOCUTEITh-
HO Hadaja KOOpJWHAT; R=F- FQ — BEKTOp MOJIO-
JKEHHS TOYKW W3MEPEHUS] OTHOCUTENHHO JHITOIIS.
MarauTHOE oJIe HIEKTPUIECKOTO TUTIONS OTIHCHI-
BacTcs cieayomeld GopmMyInou:
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Puc. 1. Hzmepumenvnas cemxa u ceomempus 3a0a4u

—~ _héx(r—%)
B(r)—4n—‘F_FQ‘3 . (1)

B kauecTBe U3MEPUTEIBLHON CUCTEMBI y HAC
UMeeTCs CIeAYIONNA Habop 3JIeMEHTapHBIX CEH-
COpPOB: 4 cI10s1, PacroIOKEHHBIX APYT HAI APY-
TOM BJOJb OCH Z, K&KIBIH U3 HUX MPECTaBIsCT
co0oif ceTky 6X6 MarHUTOMETpPOB, H3MEpSIIO-
HIAX Z-KOMIIOHEHTY MarHMUTHOTO 1moJisi (paccTosi-
HHE MEXY COCCTHUMH MarHUTOMETpaMu 4 cM).
Paccrosinus mexay ciosimu 1 u 3, a rakke 2 u 4
o6o3HaunM h, (310 6a3bI rpasueHTOMETpoB 1-ro
HOPS/IKA), PACCTOSIHHE MEXIy cIosiMd 1 1 2 060-
3HaunM h, (6a3a rpagueHTOMETpa 2-T0 MOPsIKA).

Ora cucrteMa JaTYUKOB OObEIHWHSIACH B Ue-
TBIpPE Pa3IMYHbIE KOH(PHUTYPAIIH:

1) nabop u3 144 He3aBHCHUMBIX MarHUTOMET-
poB (puc. 2, a);

2) nabop u3 72 rpagueHroMeTpoB 1-ro mo-
psinka (puc. 2, 6), Ipu ATOM AaTYUKHU U3 CiIoeB 1
u 3, a Taxxke 2 u 4 00beIUHIIUCH TIOTIAPHO C Be-
COBBIMH KO3 uieHTamMmu +1/-1;

3) nabop u3 36 rpaaueHTOMETPOB 2-TO TIO-
psaxa (puc. 2, B), IpH 9TOM JATYUKHU U3 CII0eB 1,
2, 3, 4 00bPEIUHSAINCE TIO YEThIpE C BECOBBIMU
koaddumenramu +1/-1/-1/+1;

4) Habop u3 36 MAarHUTOMETPOB TOJIBKO CJ1os 1.

Kaxk n3BectHo, perienne oopaTHoi 3a1a4u 3aK-
JFOYaeTCs B HAXOXKACHUH MTapaMeTPOB HCTOYHHKA,
KOTOpBIN BO30Yk/1aeT Ha 3a/JaHHOW N3MEpUTEIh-
HOW CeTKe moJie, Hanbosee OJIM3Koe K U3MEPEH-
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a) 6) B)

Puc. 2. Tunvl mMacHumomempuueckux 0amuyuxos:
@) OOHOKAMYWeUHbIl MacHUmomMemp; 0) epaouenmo-
memp 1-20 nopsioka; 8) epaduenmomemp 2-20 nopsioka

HOMY pacrpenenenuto. [Ipu 3Tom pa3HOCTB TO-
JIeli OTIPEAEISIOT C TOMOIIBIO (DYHKIIMU HEBSI3KH.
OOBIYHO HCTIONB3YIOT KBAIPATUIHYIO (DYHKIIHIO
HEBsI3KM (METO/] HAMMEHBIINX KBaPaToB), KOTO-
past onpeensieTcss Kak CyMMa ITo BCeM JaT4nKaM
KBa/IPaTOB PA3HOCTEH N3MEPEHHOI'0 ¥ CMOJIEIIH-
POBaHHOTO CHTHAJIOB!

N 2
i)

1 (o, Q)= 2 (1™ - £, (0. Q))

i=1

(2)

rae f, —curnan Ha i-M naryuke, KOTOPBIH COOT-
BETCTBYET

fi™" =B, (1) (3
JUISt MAarHUTOMETPOB B 1-# 1 4-1f KoHpUTypanmsx;
9% =B, (7) - B, (T, —hiZ,) (4)

st 2-i KoHUrypanun (rpagueHToMeTpsl 1-ro
MOPSIZIKa);

f9%% =B, (1) - B, (T, —h,Z,) — B, (T, —h,Zy) +

+B, (f,—(h, +h)7,) (5)

s 3-i koHurypanuu (rpagueHTOMETPbI 2-T0
HOPS/IKa).

B Broipaxennsax (3)-(5) monst BEUHCIAIOTCS
no dopmyne (1), T — KOOpAMHATHI HIDKHEH Ka-
TYIIKHA COOTBETCTBYIOIIETO COCTaBHOTO IaTYHKA.

Teneps, Koraa BBeAieHA (GYHKITHSI HEBS3KH, MBI
MOXKEM 0oJiee CTPOTrO ONPEJCTHUTh MOHATHE pa3-
peliaroIeil CHocoOHOCTH KakK BETMYMHY CMelle-
HUSI UCTOYHHUKA, KOTOPOE TIPHUBOIUT K H3MCHEHHIO
(YHKIIMH HEBSI3KH Ha OTIpeJIeTICHHOE 3HAUCHUE, 3a-
BHCSIIIEE OT YPOBHS IIIyMa B K3MEPEHHBIX JAHHBIX.
[Ipenmonaraem, 910 B KaXKA0M 13 144 preMHBIX
KaHAJIOB YPOBEHb IIIyMa OJIMHAKOBBIi (OH COCTOUT
M3 IIyMa, BHOCHMOTO HU3MEPHUTEILHBIM TPAKTOM,
COOCTBEHHOTO IIyMa JaT4yWKa U OCTATOYHOTO
nIyma rnocie GUIbTPaIiK IOMEX OT BHEIITHUX HC-
TOYHHUKOB). [TyCTh YPOBEHB ITyMa B KaXKIOM Ka-
Hase (aucrepcus W3MEPEeHHOH Z-KOMITOHECHTBI
MHIYKIMU MarauTHoro nonst B, (T;)) Oymer oB.
HecnoxHO mokas3ark, 4TO MPHU 3TOM TUCTICPCHS
HeBs3kH (2) Kak QyHKIMH CITydailHbIX BETUHIHH
CUTHAlla B KaXJOM KaHale OynaeT

144(3B)* 1-3-1 xo aumm;
Sv? = (0B) s KOH(DUTYpaImu ©)

36(6B)? 4-1 xoH(urypars.

Takum 00pazoM, pa3pemaroniyr CrnocoOHOCTb
(dp) MBI OyzeM ompenensTh Kak M3MEHEHHUE Ta-
paMeTpoB MO (p:{FQQ}), IPU KOTOPOM
GYHKIMS HEBSI3KH OyIeT MPEeBbINIATh YPOBEHBb
macnepenn x°(p+8p) =8x?(p). Tak kak mome
JIUTIOJSL JINHEHHO 3aBHCUT OT €ro MOMEHTa, TO
JIOTUYHO Pa3peliaonyo crocoOHOCTh TI0 aMIl-
JIUTYJIE ONPEICNIATH HOPMHUPOBAHHOM:

5Q/Q=,/(3Q,)° +(5Q,) /G| (7)

YyscTBUTENbHOCTh K Q, B paccmaTpuBae-
MOl KOH(HUTypanuu He onpeneNseTcs, TaK KakK
u3MepseMas BenudnHa B, He 3aBUCHT OT Bep-
THUKaJIbHON KOMIIOHEHTHI MOMEHTa Q, 3JeKTpu-
YECKOro TOKOBOTO JHUITOJIS.
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B T0 Xe Bpems pazpemarmuyi crnocood-
HOCTB 110 KOOPJAMHATE MbI HE HOpMUpPYeM (Tak
KaK I0JISI 3aBUCAT OT PAaCcCTOSIHUM IO JUIIOJS
HEJIMHEHHO), a MPUBOJUM €€ B aOCOTIOTHBIX
eJMHUIIAX I CPEITHETO pajguyca JUIUICon1a
YyBCTBUTEJIBHOCTH:

or = 3/0r, dr, or, . (8)

Brruncienne 4yBCTBUTEIBHOCTH OyeM Ipo-
BOJUTH B TMHEHHOM NPUOIKEHUH, CUUTAs YPO-
BEHb IIyMa HeOOoNbIIHUM. [{J1s1 TOT0 onpenenum
MIPOM3BOJHBIE OT PYHKIIMH HEBSI3KH I10 TapaMeT-
paM JUIOJA:

aZ 2 (= ,_'
aijzm, (9)
Ip;i9p;

rae p; —mnapamerpbl Um0 (KOMIOHEHTHI BEK-
TOPOB Qu Io). DTa MaTpuua Ha3bIBAETCS rec-
cuanoMm [3, 1. 15]. KopeHb U3 JAuaroHaabHbBIX
3NIEMEHTOB 00paTHOI K reccuany (9) MaTpHIbI
OyZeT COOTBETCTBOBATh KO3 PHUIIMEHTY TPOHIOp-
[IHOHAJIEHOCTH MEX1y U3MEHEHHEM ITapaMeTpa
Y U3MEHECHNEM HEBSI3KU:

Ax*(p) (a_l)ii = Ap;,

op; = éSXZ\/(OC_l)ii '

P ={rou Ty Toz: Qu:Qy -

Takyto cxeMy BBIYUCICHHUSI OOBIYHO MUCTIOb-
3YIOT JUIsl OTIPECIICHNUS IOBEPUTEIIBHBIX HHTEP-
BAJIOB B METOJIC HAMMEHBIIUX KBaapaToB [3, 4].
B pesynbrare, 3a1aB ypOBEHb IlIyMa B H3MEpH-
TeJIbHBIX KaHanax OB, MBI HAXOIUM JOMYCTH-
MO€ HM3MEHEeHHe HeBs3ku 1o (dopmyre (6), u
MOJKEM ONPEEIUTh COOTBETCTBYIOUIMI 11amna-
30H M3MCHEHHs IapaMeTpoB Op;, KOTOPHIH U
IIPUMEM 3a XapaKTEPUCTUKY UYBCTBUTEIBHOCTH
BBIOpaHHON KOH(HUTypany K U3MEHEHUIO Iapa-
MCTPOB OUIIOJIA.

AHaJn3 pe3yabTaToB

HucneHHbIH 9KCEPUMEHT MPOBOAMIICS TS pa3-
JUYHBIX TIOJIOKEHUU JMIONS C KOMIIOHEHTaMH
Q={L0; O}T . Ha puc. 3 mpeacrasinensl rpaduku
3aBHCHMOCTH paspelnalonieil crnocooHOCTH 1O
ammutyze (7), a Ha puc. 4 —rpaduku 3aBUCHMOC-
TH pa3pelariiel crmocoOHOCTH M0 KOOpAUHATAM
qunoss (8) kak pyHKIUK MoJIoKeHust aumoist. Ha
puc. 3, @ puc. 4, a cMelIeHHe TUTIOJIS 3a1aBajloCh
BJIOJIb OCH Z, Ha puc. 3, 0, puc. 4, 0 —BI0JIb OCH X,
Ha puc. 3, B, puc. 4, B —B110Jb ocH Y. CMeIIeHHe 1Mo
OCAM X U Y 3a1aBanoch OTHOCHTENBHO TOUKH
{10;10;12}  (xoopamHaThI yKa3aHbI OTHOCHTEIIb-
HO JICBOTO HIKHETO YIVIa HIKHETO CJI0ST TATYHKOB).

U3 puc. 3 u puc. 4 BUITHO, YTO KOHQUTYpALTUH
BBICTPOWJINCEH B CIIEAYIOLIEM TOPSIIKE YMEHbIIIE-
HUSI 9yBCTBUTEIBHOCTH. HAHOOJIbIIEH YyBCTBH-
TENBHOCTHIO 00NamaeT KoHurypanus u3 144 mar-
HUTOMETPOB, 3aTeM UAET cucTteMa u3 36 mMarHu-
TOMETPOB, Jallee CUCTEMBI U3 72 rpaJieHTOMET-
poB 1-ro mopsiaka, 1 HaMMEHBIIEH YYBCTBUTEIb-
HOCTBIO 00JaaeT cucremMa u3 36 rpaJleHTOMET-
POB 2-T0 MOpsAAKA. BemMUMHBI 4yBCTBUTETLHOCTH
JUTS HAWITYHIIe 1 HanXy/aIed KoHQUTypamui oT-
nnyarocs B 1.5+9 pas.

Ha puc. 5 1 HanIAHOCTH IPUBEICHO TPeX-
MEpHOE MPE/ICTABICHUE HIUIUTIICOMIOB YyBCTBH-
TENBHOCTH JUTS PA3JIMYHbIX TTOJIOKESHUH TUITOIIA,
HpHYEM DIUTHIICOUIBI Oombliero oobema (CBer-
JIbIe) COOTBETCTBYIOT 3-if KOH(PUTYpaLuK AaTIH-
KOB (OZMH CJIOM TPaMeHTOMETPOB 2-TO MOPSII-
Ka), SJUTHIICOM/IBI MEHBIIEr0 00heMa (TEMHEIE) —
1-it kouurypanuu (4 ciost MarHuTOMeTpoB). 13
PHCYHKa BUJTHO, YTO 3JUTUTICOMIBI BBITSHYTHI BIIOJTb
OCH Z, T. €. Al X-OPHEHTUPOBAHHOTO JUTIOJS
or, > or, > dr,, mpuuem dr, /or, <2.

B kadecTBe miuTIoCTpaiy ONMCaHHON BO3MOX-
HOCTH HCTIOJIb30BaHHs CHTHAJIOB OT SJIEMEHTapHBIX
CEHCOPOB TIPU PELICHUM 00paTHOW 3a/ayu ObLia
paccMOTpeHa ABYXAWIONbHAs oOpaTHas 3ajada.
[Monst coznaBanuch mapoit qumosneit, K HuM 100aB-
JISUICS. CIyYalHBIA IIIyM CO CPEIHEKBaAPATUYHBIM
YpPOBHEM, COCTaBIISTIOMIUM 3 %0 OT MaKCHMAITEHOTO
curHaa (TUImIHbI ypoBeHb tryma st SQUID-nar-
YHKOB —CBEPXIPOBO/ISAIINX KBAHTOBBIX MHTEp(EpeH-
IIMOHHBIX IATYMKOB — [ 1] mocie puitbTparmu nomMex
U YCPEJHEHHs M0 COTHE CEPJCUHBIX IUKIIOB).
ITo 3anTyMITEHHBIM ITOJISIM BOCCTAHABIIMBAJINCE I1a-
paMeTphl JUNOoJE MUHUMHU3aleN cpeHeKBaapa-
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dQ/Q, 0. e.
0.1+
0.05r

0 | | |
8 10 12 14 16
Tonoxenue qumons, cM
a)

dQ/Q, 0. e.

0.05r

2 4 6 8 10
Tlonoxenue qumnosus, cM
0)
dQ/Q, 0. e.
0.1+
0.051

2 4 6 8 10
Tonoxenue aumond, cM

B)

Puc. 3. Paspewarowas cnocobocms no amnaumy-
0e 01 pasauunslx nonodcenut ounoas. a) X =10,
y=10, z=7+17 (no ocu abcyucc omnoscena xo-
opounama 2); 6) x=10+20, y=10, z=12 (no ocu
abeyuce omnoaceno X—10); 6) x=10, y=10+20,
2=12 (no ocu abcyucc omnoxceno Yy =10). Obo-
3HAUeHue JUHULL. Habop uz 144 nesasucumoix
MacHumomempos; —1— Habop uz 12 epaduenmo-
mempos 1-20 nopaoka, —— nabop uz 36 epaduen-
momempog 2-20 nopsaoka; —e— Haoop u3 36 mazHu-
MOMEMPO8 HUNHCHE2O0 COs
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dr, cM
0.4
0.2
0 | 1 | |
8 10 12 14 16
Tonoxenne numoss, cMm
a)
dr, cMm
0.4
02 M
| 1 | |
0 2 4 6 8 10
TTonoxeHue AUIIONA, CM
6)
dr, cMm
0.4

AAAAAAAAAAAAAA M

2 4 6 8 10
Ionoxenre qumomN, cM

B)

Puc. 4. Paspewaiowas cnocobnocms no KoopouHa-
mam 05l pasiudHelx nonodxcenuil ounonsi. Obosna-
ueHust me dice, YMo Ha puc. 3
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-

b
AAALLLTTTITTN 'mc“"”"

A

(10;10;12)

Puc. 5. Daruncouder uyecmeumenvnocmu oaa 1-u
u 3-u xoHgueypayuii

(XX Y P

.. LTI e

®esees

LEX XY tecene

LX Y

A LE TR Y
Secess LTI
.

LTS LER T INN
L TR TIY *eveas

Puc. 6. Hcxoounvie u 6occmanosnenuvie ounoau, 1-a
KOHGpueypayus

THYHOW HEBA3KM (2) C UCIOJIB30BaHUEM METOJIOB
HeJMHeiHO# orrrrumu3arm [ 5, 6]. Ha puc. 6 u prc. 7
NpeCTaBJIeHbI Pe3ybTaThl pacueToB [yt 1-i u 3-i
KOH(UTyparuii COOTBETCTBEHHO. V13 pUCyHKOB BUI-
HO, 4TO OJIKHUNA K M3MEPHUTENHHON pelleTKe -
TOJTb BOCCTaHABJIMBAETCS a[ICKBaTHO B 00OUX CIIy-
Jasix, TOrna KaK JajJbHUH OT PEIETKU JHUIIONb IPH
KCMOJIb30BaHUM OTHOCIIOMHOM CETKY I'PaIUEHTOMET-
POB 2-TO IOPSAIKA HAXOMUTCS ¢ OOJBIION MmoTrpe-
HOCTBIO, YTO 00yCIIOBJIEHO O0J1ee OBICTPHIM YMECHB-
IICHUEM YyBCTBUTEIBHOCTH C PACCTOSTHAEM IS Ipa-
JMEHTOMETPOB BBICOKUX MOPSIKOB. B TO e Bpemst
1-s1 KoHHUTYpaIHS TTO3BOIMIIA OTIIMYHO BOCCTAHO-
BUTbH IOJIO)KEHUSI U KOMIIOHEHTbI 000UX THUIOJIEH.
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Puc. 7. Hcxoonvie u 6occmanoéienuvie OUnoau,
3-12 kon@ueypayus

3aioueHue

Wrak, Mpl nokazanu, uro, npumensis [1PT, mox-
HO HCIOJIH30BaTh OTy4aeMble CUTHAIBI B Pa3HBIX
KOMOMHAISIX IS PEILCHUsI Pa3UyIHbIX 3a1ad. s
(uIETpanuK OHOBBIX MTOMEX YI00HO 00BEIUHSTh
JAaTYMKU B TPaJUEeHTOMETPBI, HO TOCJIE TOTO KaK
(hoHOBBIE TOMEXH OTQHIBTPOBAHBI, MBI MOYKEM LIS
peLICHUs 3a/1a4 JIOKAJIU3alUH UCTIONIb30BaTh CHUT-
HAJIBI OT JATYMKOB IO OTAETBHOCTH, TTOyYast CeT-
Ky U3 HE3aBUCHMBIX MarHUTOMeTpoB. [ Ipr aToM Xa-
PaKTEpPUCTUKH 9yBCTBUTEIHHOCTH TAKOH CHCTEMBI
okasbiBarorcst B 1.5+ 9 pa3 mydrie, yem ecnu Obl
MBI TIPOJIOIDKAIIH PabOTaTh C CHTHAJIAMH OT OT/IEITh-
HBIX KaTyIIeK, 00beANMHEHHBIX B TPAJINEHTOMETPHI.
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IMopiBHSIHHA XapaKTEePUCTUK YYTJIHBOCTI
JNATYMKIB MATHITHOIO IOJISTI HA OCHOBI
NMPOrPaMHO peaTi3oBaHUX
rpagi€HTOMeTPiB Pi3HOr0 NOPSAAKY AJS
MarHirokapaiorpagiyHux BUMiploBaHb

1O. B. lypueBa, O. 10. bBytpum,
C. M. llyabra

Hns marsiTokapaiorpagiyHuX BUMipIOBaHb
TPAJMIIIHHO 3aCTOCOBYIOTh IPaIIEHTOMETPH BUCO-
Koro (2—3-ro) mopsIIKy, MO CKIaIat0ThCS 3 KiJlb-
KOX KOTYIIOK, YBIMKHEHHX MOCTIIOBHO 3 Pi3HOIO
rosipHicTIO. CydacHa TEXHOJOTiA JO3BOJISIE BU-
KOPHUCTOBYBATHU MPOrPaAMHO Peasli3oBaHi rpajli€H-
TOMETPH, B SIKUX CHTHAJI 3 KOPKHOT 3 KOTYIIIOK BHMi-
PIOEThCS HE3AICIKHO, a JIOAAaBAHHS 3[ICHIOETHCS
nporpamHo. [Ipu boMy iCHY€ MOKIIUBICTD TIOEAHY-
BaTH CUTHAIU 3 €JIEMEHTaPHHUX CEHCOPIB Y Pi3HI KOH-
(hirypartii, 3aaroun pi3HU HAOip KOe(iiEHTIB IPH
nonasanHi. st 3aqa4 inbrpanii poHOBOTO HIyMy
Ta JJIs pO3B’ A3aHHS 3BOPOTHOT 3a/1a41 MOXKHA BUKO-
PHCTOBYBATH pi3HI CXeMH I0faBaHHSA. MeToro TIi€el
CTaTTi € MOPIBHSAHHS YYTJIMBOCTI IO TOJIOKEHHS
JOKEpelia CUTHAY JUIs KiJIBKOX CXEM 00’ €HaHHS
eIIeMEHTapHUX CEHCOPIB.
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Comparison of Sensitivity Characteristics
of Magnetic Field Sensors Based
on VariousOrder Gradiometers

for M agnetocar diographic M easur ements

Yu. V. Durnyeva, A. Yu. Butrym,
and S. N. Shulga

High-order (2-3) gradiometers are con-
ventionally used in magnetocardiographic mea-
surements. Such gradiometers consist of sever-
al coils serialy connected with different polar-
ity. Current technology allows using software
gradiometers which measure signals from each
of the coils separately and sums them with soft-
ware summation. In this case it is possible to
combine the signals from sensor elements in
different configurations by setting different
weights. For hum noise filtering and in solving
theinverse problem different adding circuits can
be used. The object of this study is to compare
several groupings of sensor elements in terms
of response to source parameters.
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