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BBenenune

TepMuH «OWOMarHeTM3M» CTajl dYalle BCTpeYaThCsl HA CTPaHUIAX
MPEICTABUTEILHBIX (PU3UUYCCKHUX JKYPHAIOB U TIOSIBIJICS JIaXKe B HEKOTOPBIX
OMOJIOTHYECKUX W3JIaHUSX. CdopmupoBanoch MHEHHE, «4TO
OMOMarHWTHBICE M3MEPEHHs CTali BEAYIIUM HAIpaBICHHEM B Pa3BUTHH
CBEPXUYyBCTBUTEIFHOW MarHutoMeTpun. VIMEHHO 3meck HamOojee
WHTCHCUBHO pa3BuBaeTCs MarHUTOMETPUYECKAas amnmaparypa,
pa3pabaTeIBalOTCI METOAWKH W3MEPEHMIA, CIeIUalIbHbIE TPHEMbl U
o0opynoBaHHe, KOTOpPbIE BIIOJHE MPUMEHUMBI H JUIS OONBIIOTO YHCIa
JIPYTUX MarHUTHBIX W3MepeHuil. B 3ToM cMbicie OWOMarHUTHBIC
WCCIICIOBAHUS HE TOJIBKO 00ECIICYNBAIOT MPOTPecCe OMOIOTUYECKON HAYKH,
HO W Pa3BUBAIOT JIPYTHE HAYYHBIE U TEXHUYECKHE HAIPABICHUY.

Ecnmu 310 Tak, TO MBI MMeeM mepea co0oil TOT PEeOKWil Ciyvaid,
KOT/Ia TyTeM OHMOJOTHMYECKUX HCCIICHOBaHUN (PU3UKU COBEPIICHCTBYIOT
CBOM COOCTBEHHBIE METONbI W TPSAMO 3aWHTEPECOBAHBI B PACKPHITHH
OHMOIOTHYECKUX 3aKOHOMEPHOCTEH.

B yem mpuumHa TaKOro 3aBUIHOTO IIOJIOKEHHUS COBPEMEHHOTO
OMOMarHeTU3Ma CpeIyd HOPYyrux OHOJIOTHMYECKMX IUCHUILIMH? MHOTHE
CBSI3BIBAIOT COBPEMEHHBIN 3TAll Pa3BUTHS HCCIEIOBAHUNA 1O PETHUCTPAIIH
cBepxcinaObix MarHuTHeIX mosiel (MII) OMOOOBEKTOB C TOSBICHHEM
CBEPXUYBCTBUTEIILHBIX MarHUTOMETPOB, pa0OTa KOTOPBIX OCHOBaHa Ha
addexre xozedcora. ITH MarHUTOMETPHI KPATKO 0003HAYAIOTCS CIIOBOM
CKBU/] (cBepxmpoBoasiuii KBAaHTOBBIM HHTEPHEPEHITMOHHBIN JAaTUNK) H
JUTSE UX pabOThl HEOOXOMUM KUIKUH Tenwid. M3-3a cBoel yHHKaILHOCTU U
moporoBm3uabl CKBUJIpr mosBisuck B 70-x Tomax HamIero Beka
MIPEeNMYIIEeCTBEHHO B (pm3mueckux naboparopusix. Toiapko B mocienHee
BpeMs HaOIIIOJaeTCsI KOMMEPUYECKOE M3TOTOBICHUE OMOMAarHUTHBIX CHCTEM
B CIIA, Kanane, Utanuu n Snonun.

OT0  HampaBlleHHE  HWCCIIEIOBaHWE  MOJMYYWIO  Ha3BaHHE
OMOMarHeTu3Ma B OTIIMYUE OT MATHUTOOMOJIOTHH, KOTOPAs

B. JI. Bseoenckuii, B. U. Oscocun. CBEpXIyBCTBUTEIbHASI MATHUTOMETPHSI H
o6uomaruerusm. M., 1981. C. 5.



Cxema
Hanpasaenus uccaegoBanmii B coBpeMeHHOM GHOMarxeTusme

l BuomarseTHsM —_—
MIT nepemennbix MIT nocrosiHHBIX MIT MarHuTHBIX
TOKOB TOKOB BKJIOUYEHHi
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m3ydaeT nerictBue BHemHUX MII Ha OmocucTemMsl (cxema) buomarHuTHEBIE
MOJISI 10 WHTCHCHBHOCTH B MWJUIMOHBI pa3 MCHBIIE MAarHUTHOTO TIOJS
3emin, ecnu pedsb uaeT o MII cepana, u mOToMy U3MEPSITh UX MOXKHO HITH
B OYEHb CIOXXHOW M JIOpOroil MarHUTO3KPAaHUPOBAHHOW KOMHATE, KOTOpast
nmeetcs B CIIA, ®uansanuu u 3anagHoM bepnuHe wiau (4to Jemaercs
yaie) NpU HKCIOJB30BAaHUM TaK Ha3bIBAGMOW TPaJUCHTOMETPUYCCKOMN
CXEeMbI, KOTJIa [IBa PSIAOM pAcIOJIOKEHHBIX JaTYMKa HCHBITHIBAIOT
OJIMHAKOBOE BIHAHUE OT NaTbHUX HCTOYHUKOB MII u pa3zHoe oT OirKHUX
HUCTOYHUKOB. Tak OECKOHTaKTHBIM (HE KacasiCh IIOBEPXHOCTH KOXKHU
YEeJIOBEKA) TAaCCHUBHBIM (HE BJIMSSI HUYEM Ha OpPraHU3M) CIIOCOOOM OBLIH
3anucadsl Marautokapauorpamma (MKI), m maraurosHIedarorpaMma
(M2OTI' ) u npyrme MII uenoseka. bomee mpocroro u abcomOTHO
0e3BpeIHOTO CIIOCO0a perucTpanuu (HU3HOIOTUYCCKUX (DYHKIIUU TPYITHO
MIPUIyMAaTh.

XoTss MHOTHME JIOCTH)KCHHS COBPEMEHHOTO OHMOMarHeTu3ma
cBa3anbl ¢ npumeHeHneM CKBUJloB, pasButue pmaHHON oOTpaciu
OMo(DU3NKN HE OMPENEIAETCS IICIIMKOM TOJIBKO 3TUM IIPHOOPOM. YMECTHO
HameTuTh, 4to mnepBele MKI' [41, 89] m maxe mepBas MDD ObLn



3apErHCTPUPOBAHBl  MHIYKIIMOHHBIMHA JaTYUKaMH, KOTOpPBHIC CETOJHS
WCTIONB3YIOTCSl TOCTATOYHO penako. [[HeBMOMarHeTsM MW B HEKOTOPBIX
cirydasix perucrpamuun MIT peid  obecrnieurBatoTcs  (HeppO30HIOBBEIMU
naTaukaMu. HakoHer,, OOJBIIMHCTBO OMOMArHWUTHBIX HWCCIICIOBAaHUN B
CCCP [23, 24, 30 - 32, 58, 61 - 66] BBIIOJHEHO C HCIOJIb30BaHUEM
MarauToMeTpa onrtudeckodt Hakaukd (MOH). IlpumensroTcss u apyrue
Metonel omnpeneneaus MII Ouonornyeckux o0bekToB [26, 39]. Takum
o0Opa3oM, OMOMAarHeTW3M, CBs3aHHBIN ¢ u3MepeHueM MII GHO0OBEKTOB
[60], oxBaTbIBaeT u OymeT OXBaThIBAaTh OOJiee IMIUPOKUN KPYT SBJICHUH B
CpPaBHEHHUH C TEMH, KOTOPBIE peTUCTpHUPYIOTCs ¢ Tomotisio CKBI/oB.

OpromokcanbHblli OnomarHeTn3m ¢ ucrnonb3oBanuem CKBUlos
00s13aH CBOEMY Pa3BUTHIO YBJICYECHHUSM (PH3UKOB, CpPEAN KOTOPBIX MOXKHO
Ha3zBath /I. Koena u C. Bumbsmcona (CILA), T. Katuny un B. Jlanyacmaa
(®unnsanaus), b. Bacunsesa u B. Beenenckoro (CCCP) u ap. O3HaueHHas
o0JacTh WCCICNIOBAaHWM, Ha3BaHHAas OMOMAarHeTU3MOM, HEIPEPHIBHO
pacmmpsuiack, BOBJEKas B JTOT MPOIECC HOBBIE CTPaHbBl W HMEHA.
MexnyHapoIHBIE COBEUIaHHWS IO MpoOieMe co3blBalNCh B bocTtoHe
(CUIA, 1976), B I'penobne (Ppanmus, 1978), B bepnune (3amamnsiii
bepmun, 1980), B Pume (Mtamusa, 1982) u B Bankysepe (Kamama, 1984).
Ecnmn Ha mepBBIX [BYX COBEHIAHHWSX OOJBIIMHCTBO JOKIAZ0B OBLIO
nocesmeno MKI (kapauoMarHeTusM), TO TIO3)KE HPEUMYIIECTBEHHOE
BHUMaHue yaensercs MOI (HelipoMaraeTusm).

B mpenmenax neiipomaraetm3smMa MoxHO ¢ momorisio CKBUa
peructpupoBatb He TOJIbKO (oHOBYyro MOI uenoBeka (BO Bpems
0OJpCTBOBaHMWSI W CHAa 30POBOTO  4YEJIOBEKa, MpH  3a00JCBaHUH
SMWICTICUEH, TPU BO3HWKHOBEHHH OMYXOJH MO3Tra.,.), HO W BBI3BAaHHBIE
MII, Bo3HHKAIONTHE B 3aTHUIOYHON 00JIACTH TOTYIIIAPHs MO3Ta TIPH 3aCBETE
MIPOTUBOTIOIOKHOTO TJIa3a WM B BUCOYHOW 0OOJACTU IMPH TOJade 3BYKa B
MIPOTHBOIIOIOXKHOE yXO0. 3apeructpupoBano MII B aeurarensHO# 06acTwy,
BO3HHUKAIOIIEE Tepell HadaloM IPOWU3BOJBHOTO [IBIKCHHS KOHEYHOCTH.
ObnapyxxeHo MII HepBa JNATYIIKH, TMOSBISIIONIEECS IOCIE  €ro
ANEKTPUYECKOTO Pa3APaKCHUSI.

Haunbonpmme HaJEXIbI METOJ CBEPXYYBCTBUTEIHHOM
MarHUTOMETPUH BBI3BIBACT TPU OIPEIEICHUHM TOYHOM JOKaTu3aluu
ANIEKTPUYECKUX HCTOUYHUKOB MII Mmo3ra, T. €. Hpu pelmIeHHH Tak
Ha3BIBaeMOW 00paTHOM 3amayun. Mi3MepruB HHTCHCHBHOCTH M BekTop MII Ha
MTOBEPXHOCTH Yepena B HECKOJBKHX TOYKaX, MOKHO CKa3aTb, Ha KaKOM
[IyOWHE PAcIoyiaraeTCs UX MCTOYHUK W KaKOBHI €ro pa3Mepbl. Takylo xe
3a/1aqy MOXHO PEeIINTh, €CII BXXHUBIATH 3JIEKTPOABI B TITyOHHY MO3ra MpU
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YCIIOBUM, YTO HMCTOYHMKOM MATrHUTHBIX W JJICKTPUYECKHUX IIPOIIECCOB
ABIISIETCSl TUTIONB, T. €. WCTOYHUK OOWUH HM TOT e. Ecim xe, Kak
MpeamnoiaraeT CoBeTckuit Heiipodusuoior A. M I'yrman [20], HICTOYHUKOM
MII wmo3ra sBisieTCS W30THYTOE HEPBHOC BOJIOKHO, WHA4Ye TOBOPS,
COJICHOUJ, TO METOJbI MArHUTOMETPHH M DIICKTPOMETPHUH HE TOJIBKO
OyOnMupyIoT, HO U JOTOJHSIIOT APYT Apyra. 3aMeTHUM, YTO MO3T SIBIISETCS
00BEMHBIM TIPOBOJHUKOM U TMOTOMY 3JCKTPUYCCKUE TOKH, BO3HUKHYB B
KaKOM-TO OJTHOM YYacCTKe, KaK OblI pacIUIBIBAIOTCS MO BCEMY MO3TY, UYTO HE
npoucxoaut ¢ MIL

OKCIepUMEHTHl TI0 W3y4YeHHWIO BbI3BaHHBIX MII denmoBeka Ha
CBETOBOE, 3BYKOBOE H TaKTWJIBHOE Pa3JIpaKEHUE MPOBOAATCS B HACTOSAIICE
BpeMs HanOoJiee HHTEHCUBHO.

OOHapyXeHO, YTO MAarHUTHBIA OTBET MO3ra, HAIpUMeEp, Ha
3BYKOBOH pa3lIpakUTeNIb UMECT Pa3HYIO MOJSIPHOCTh B COCEAHHUX 00IacTIX
KOpBl. DTO HE HaONIOAAaeTCs B AJIEKTPUYECKOM OTBETE MO3Tra Ha TOT XKeE
pa3apaxuTens. MarHuTHbIE OTBETHl B NPAaBOM M JIEBOM MOIYIIAPUU
TOJIOBHOTO MO3ra OTIMYAIOTCA JAPYr OT Jpyra MO pAacIloJIOKEHUI0 U
pasMepy anekTpudeckux uctouyHukoB MII, dro emie pa3 yka3siBaeT Ha
HEPaBHO3HAYHOCTH JIEBOTO U MIPABOTO MOIYIIapHsI.

[Ipu nmauTensHOM BO3AEHCTBMM 3ByKa OTMEYAIOTCA HE TOJBKO
OBICTpbIC W3MEHCHHSI JJIEKTPOMArHUTHBIX TMPOIECCOB MO3ra, HO H
MeneHHble u3MeHeHus: MII Bo Bpemsi AeiicTBUSL 3ByKa. YK€ TOJIBKO
KpaTKOe TEepeYrCIeHne MPEUMYIIECTB U IOMOJHUTEIBHBIX CBEICHUH,
MOJTyYEHHBIX MarHUTOMETPHEH, YKa3blBaeT Ha IEPCHEKTHUBHOCTh 3TOTO
METOJ1a i1l HeUPO(DHU3UOTIOTHH.

Ho cymectByeT emie OJHO HampaBi€HUE HCCIEAOBAHUM, TJie
ANEKTPOPHU3UOTIOT HE MOXKET KOHKYPHpPOBaTh C MarHuToMmerpuei. Peun
moiner o0 OmNpeAeNcHWHM TOBEACHUS MArHUTHBIX BKJIIOUCHUH B
OMOJIOTHYECKON CHCTEME. XOTsS BICPBBIC TPUPOIHBIA MAarHeTHT OBLT
ompeNielIcH y HEKOTOphIX Oaktepuit B 1975 1. [87] OmoxuMuueckum
METOJIOM, IIUPOKOE pacrpocTpaHeHue METoJla  ONpe/CIICHUS
(beppOMarHUTHBIX ~ BKJIIOYCHWH  HAOJIOMAaeTCs  IMOCIe  IPUMCHCHHS
YYBCTBUTENBHBIX MarHUTOMETpoB. CioJjla OTHOCHTCS ITHEBMOMAarHEeTH3M,
KOT/Ia ONpENCNIAIOT OCTAaTOYHYI) HaMarHMYEHHOCTh HCKYCCTBEHHBIX
(heppOMarHUTHBIX BKIIIOUCHHUIA B JIETKUX YEJIOBEKA, M HAIIPaBIICHUE,



KOTOpO€ MOXKHO HAa3BaTh MAarHUTOPEIICNIUCH, KOTJIa ONPEACTSIOT
OCTaTOYHYI0  HAMAarHWYCHHOCTh  €CTECTBEHHBIX  (peppOMAarHUTHBIX
BKJIFOUYEHUI B pa3HBIX TKaHAX pa3NW4yHBIX opraHm3mMoB. Hac OyayTt B
MIEPBYIO OYEPE/Ib MHTEPECOBATH TAKUE BKIIFOUCHUS, HAWJICHHEIC B TOJIOBHOM
mo3ry. DeppomarHuUTHBIE 4YacTHIBI ObUTM OOHApYXEHBI B TOJIOBE
JIOMAITHUX TOJIyOeH, y MUTPHUPYIOMHUX pbIO (TYHEI) W NTHIl (3apsHKA), Y
MOPCKHX Yeperax, y Jelb(UHOB, y TPBI3yHOB M y YelOBeKa. Y 00€3bsH
MaKak-pe3ycoB (heppOMArHUTHEIN MaTepral OOHApy>KEH TOJIBKO B IPEBHHUX
OTJIeIax TOJIOBHOT'O MO3Ta.

B oTmuume oT OpTOMOKCANBLHOTO OMOMAarHeTU3Ma HCCIEIOBAaHUS
MarHWTOpPEIENIIMK C CaMOro Hayaja HAaChIIICHB OWOJIOTHYCCKUM
CMBICTIOM. XOTS OTBITHI MPOBOAATCS Haie (GU3NKaMHd, a BEAYIIHM B 3TOH
o0jacTh B Hacroslmee BpeMs SBISETCS aMepuKaHckuii reosnor /.
KupmBunk [123, 124], npenmonaraeTcsi, YTO MAarHUTHBIC BKIIOYCHUS
HYKHBI JUIsl BOCIIPUSTHUS. OPraHU3MOM reoMarauTHOTO moutst (I'MIT).

O Bo3MOXHOU ¢usmnonorudeckn pomu MII  Ouorgorudeckoro
MIPOUCXOXKICHUS HE TOBOPAT BEIYIUE MIPEICTABUTEIN OMOMarHeTu3Ma: H|
H. Koen, au T. Katuna, au C. Opue, nu . JI. Pomanu. bonee toro, C.
BwibsiMCOH pe3ko OTaenseT OMOMarHeTU3M OT Marautoomosyoruu. OH
mucan: «Ciemyer 3aMeTUTh, 9TO OMOMAarHUTHBIE TOJS, PETHCTPHPYEMbIE
BHE TeJa, Ha MOPSJIKA BEIMYHH cllabee TeX BHEIIHUX TOJICH, KOTOphIe, KaK
W3BECTHO, BBI3BIBAIOT MarHuToOuomormdeckue dddexter. IlosTomy
CUHMTAETCS, YTO OMOMAarHUTHBIE TOJISI, BOBMOXKHO, SIBISIOTCS OCIIa0JICHHOM
(hopMOi1 OTpaskeHUsI COCTOSHUSI OpraHu3Ma, HO camu no cebe yuacmus 6
€20 ynKkyuoOHUposanuu OHu He npurumaiom»® (KypcuB Ham), a JIK.
BukcBo [144] omyOnmkoBan CTaThio, TI€ HAa OCHOBAaHHH pPacUCTOB
YTBEPXKAACT, YTO OHOJOTMYCCKUM JEHCTBHEM MOXKET 001aJaTh TOJIHKO
uckyccteenHoe MII cBeime 200 mTn. WebiMu  cnoBamu, (Qu3uKw,
3aHUMAIONTHECST OMOMAarHETU3MOM, Yallle BCETO HE CTaBAT mepen coboit
OMOJIOTHYECKUX TIPOOIIEM.

Tonpko omuH mpencraButens ¢usukos, @D. Koym [102],
mpenrnonaras, 4ro OWOIOTHYecKHe CHUCTeMbl BocmpuHuUMaroT MII Ha
ocHoBe  dddekra  Jxo3edcona, gomyckaer  Bocmpustae — MII
OMOJIOTMYECKOT0 MPOUCXOKICHUS.

? Bunvsmcon C. J., Kaygpman JI. Buomaruerusm //J. Magn.
Mater., 1981. Vol. 22. N 2. P. 131.



Haubonee spxo ponp BHyTpeHHHX OMII nemoncTpupyer
YTBEP)KIACHHE H3BECTHOIO aMEPHKAHCKOro Heipodusuoora Y. Ditnu:
«OYeBUIHO, YTO BAXHEHIINMHU 3JIEMEHTAMH MO3TOBBIX (DYHKIHH SBISETCS
MPOBEJCHUE [0 HEPBHBIM BOJOKHAM W  aKTHBAIlMM  CHHAICOB.
OIHOBPEMEHHO CYIIECTBYIOT KaK MHHUMYM TpU JPYTHX CIIOcO0a
OCYIIECTBJICHUS MH(POPMAIIMOHHBIX TIPOIIECCOB, KOTOPHIE 3aCITyKUBAIOT HE
MEHBIIIETO BHUMAaHUS. DTO IEHAPO - NIEHAPUTHOE MPOBEICHUE, HEHPOHHO-
HEHPOTITMAIEHOE B3aMMOJICHCTBUE Yepe3 MEKKJICTOUHOE MPOCTPAHCTBO U
BOCIIPHSTHE CIAOBIX SIEKTPUUECKHX H, MOXKET OBITh, MACHUMHbIX NOLEl
(kypcuB Har).

He mpuBons BbICKa3bIBaHWH MHOTHUX JPYTUX HEHPO(GU3HOIIOTOB,
CBUJIETEJILCTBYIOIIUX O BaXXHOM POJIM TMOJEBBIX B3aUMOJECUCTBUNA B
IEeSTeNTbHOCTH MO3Ta, MBI XOTHM TOJYEepPKHYThb, dYTO wHaes 00
ANIEKTPOMAarHUTHONH  COBMECTHMOCTH  OHMOJIOTUYECKOW  CHCTEMBI  C
OKpY)KamIeld cpemol Moryia Obl C EIWHBIX [O3UIUH  OOBSCHUTH
HEOIaronpusITHOE BO3JCHCTBHE YCHIICHHBIX M OCJIA0JICHHBIX (B CPaBHECHUH
¢ ectecTBeHHBIMH ) DMII Ha KU3HENEATCTLHOCTh OPTaHU3Ma.

CXOJICTBO B CTPOSHHHM HEPBHOHM KICTKH C KOHTypoM TomcoHa
mo3Boimio akamemuky A. B. JleontoBuuy emie B 30-X romax BBICKa3aTh
[29] runoTtesy o BocnpusaTuu oxHuM HeliponoM OMII apyroro. Ero yaeHuk
b. B. Kparoxun [27] omybaukoBan (BO3MOXKHO TIE€pBBIE) COOOIICHUS O
peructpanuu MII HepBa npu ero Bo30yxaeHuu. [10JI0KUTENBHO K HIEe O
OMOJIOTHYECKON 3HAYMMOCTH BHYTpEeHHUX OMII OTHOCHINCH COBETCKHE
akanemuku I1. I1. JIazapes, B. M. bextepes, A. A. YxTOoMCKUil.

CeromHsmiHANA  dTam  pa3BUTHS  OWOMAarHeTH3Ma  OCTaeTCs
MIPEUMYIIECTBEHHO YoM (PU3UKOB, XOTS HEMPEPHIBHO YBEIMYHMBAETCS
YHUCIIO CHENHAINCTOB MEAMKO-OMOIIOTHYEeCKOro Mpoduis, KOTOpbIE
MOCBSIIIAIOT CBOM YCWIHS A3TOH HWHTEPECHOW OOJIacTH WCCIICOBaHUM.
MoxHo BkmounTh akagemuka M. H. JluBamoBa (CCCP), Ix. burtu
(CIIIA), P. Xapu (OumngHaws) B YHCIO HEHPODHU3HOIOTOB, AKTHBHO
paboTaromux B 00JaCTH OMOMAarHeTu3Mma.

Cnemyer 3aMeTHTh, 4YTO NyONHWKAlMM 1O OHOMAarHeTU3My
MOSIBIISTIOTCST B Pa3pO3HEHHBIX M3AAHUAX MPEUMYIIECTBEHHO (PH3HMUECKOTO
npouns. ABTOpbI MOHOTpaUK MOCTABMIIM TIEpe]] COOOH 1enh 0000IUTh
CYIIECTBYIOIIHUE ITyOTUKAIIUH U TIOJISIIUTHCS C YUTATEIIMH CBOUM

3 Diiou V. P. KoomnepaTuBHbie MEXaHU3MBbI BOCIIPUUMYHUBOCTH MO3TOBOM TKaHH K
BHEITHUM M BHYTPEHHUM JIEKTPUUECKHUM 1oJisiM//Dusnosnorus yenoseka, 1975. T.
1.Ne 1. C. 1.



JUYHBIM OINBITOM B O0JACTH HCCIEJOBAaHUS 3TOTO IEPCHEKTHBHOTO
HaIpaBJIeHUS.

CuntaeM CBOMM MPUSTHBIM JOJITOM BBIPa3UTh MPU3HATEIBHOCTD 3a
BHUMaHUE K OMOMarHUTHBIM ucciieoBanusaM akanemuky AH CCCP M. H.
JluBanomy. bmaromapum A. B. KopuueBckoro, B. Il. Mapkuna, K. M.
Pomanosckoro, C. H. Cunensaukony, JI. B. Tuxomuposy, B. JI. Tpymra, T
A. Dnpkuny, B. M. BepxmotoBa, T. bansasera u A. bone 3a yuactue B
OTJICNBHBIX dTarax paboThl.

IIpuHATHIE COKpaLEHU

BMII- Bei3BanHOE MarHuTHOE nojie  MOI - MarauTosHIIEDaTorpaMma

BII- BEI3BaHHBIN ITOTEHITHAIT MD® - MmarauTOMeTp Ha 3 dexTe
®Dapanes

I'MII- reomarsuTHOE M1ONIE CKBU/ - cBepxnpoBOAAIIHT
KBaHTOBBIN HHTEP(DHEPCHIIMOHHBIN
JaTYuK

I'u-repi Tn -Ttecma

WN/1- vEAYKINOHHBIN TaTYUK OM - beppo30HIOBLIH
MarHUTOMETp

MKT - MarHuTOKapAuorpaMMa OKT - anekrpokapauorpamMmma

MMI - MarHuTOMUOrpamMma OMII - 351eKTpOMarHuTHOE TOJIe

MOTI - MarauTOOKyYJI0OTpamMma 20T - anekTpodHIIeharorpaMma

MOH- MarasuToMeTp ONTUYECKON

HaKa4KH

MII- MarHuTHOE IOJIE
MPTI - MmarHuTOpETHHOTpaMMa



Paznen |

OcHOBHBIE TOAXObI
K M3Y4YeHHI0 MATHUTHBIX MoJieii
OMO0JIOTHYECKUX 00 bEKTOB

CoBpeMeHHass OWOJNIOTHS OpraHM3Ma 0a3upyercs B OCHOBHOM Ha
OMOXMMHYECKUX JAHHBIX M OMOXUMHUYCCKHX TOJOXKCHUIX, OTHOCSIIUXCS
MIPEeNMYIIECTBEHHO K  MEMOpPaHOIIOTHH. Onmcanne  JUHAMHKH
OTIpEIETICHHBIX OMOXUMUYECKIX IPOIECCOB C YKa3aHHEM UX JIOKAJIH3AIHH
SIBIIICTCS  ONMPEICICHHBIM  JTAJIOHOM, K  KOTOPOMY  CTPEeMSATCS
nccienoparen. Ha 3ToM myTH WHOTJAa BO3HUKAaEeT HEOOXOAMMOCTH
XapaKTepu30BaTb MAarHUTHBIE CBOMCTBA HEKOTOPBIX BEIIECTB, YTOOBI
TMOJTHEE TIOHATh CMBICT XUMHYSCKHUX MPOIecCOB. Tak B Heapax OMOXUMUU
3apOKIacTCsS HOBBIN pa3fell, KOTOPBI MOYKHO OTHECTH K COBPEMCHHOMY
omomarnetusmy. llpu3sHaHHas BCEMH pETYJSIIMSI ~ MHOTOOOPa3HBIX
OHMOJIOTHYECKUX MPOIIECCOB OOBACHAETCS YACTO TEMH KE OMOXUMUYCCKUMHU
mpoleccamu.

OpHako, Kak CTajuo U3BECTHO B MOCIEIHEE BpEMS, B PETYIISTOPHBIX

Mpolieccax OpraHu3Ma MPUHUMAIOT ydacThe dJeKTpudeckue Toku u OMII,
KOTOpBbIC JHEPTHUI0 JJI CBOETO CYIIECTBOBAHHS 4YEPIAIOT M3 TEX KE
OMOXMMHYECKUX IMPOIECCOB. brmaromaps ycrexaMm COBPEMEHHOW TEXHUKH
cTano BO3MOXXHBIM pETUCTPUPOBATH O4YCHb ciabbie MII,
XapaKTepU3YIOIIUe ONPEACICHHBIN OMOIOTHYSCKUH Mporecc. SICHO BUIHO,
YTO YCIEXH COBPEMEHHOTO OMoMarHeTu3ma (Ha30BEeM €ro JIByMsl CIIOBaMH,
YyTOOBI OTJIMYATh OT OMOMAarHeTHU3Ma, CBA3aHHOTO ¢ Bo3zaeiicrBueM MII Ha
OMOOOBEKT) TECHO KOPPEIUPYIOT C IPOTPECCOM TEXHHUKUA PETHUCTPAINH
MIL.
OTOT OECKOHTAaKTHBIA TIACCHBHBIN METOJl PETHCTpAalli HEKOTOPBIX
¢m3nonornyeckux (yHKIUHA OpraHu3Ma J1aeT BO3ZMOXKHOCTH IO - HOBOMY
3arsIHyTh BHYTPh OWOOOBEKTa W OICHHUTH JUHAMUKY W JIOKATH3AIHIO
OTIPEICTICHHBIX WHTETPAITLHBIX MPOIIECCOB.

CoBpeMEHHBIM OHWOMAarHeTHU3MOM HWHTEPECYIOTCS JBa OTpsaa
ecTecTBOUCTBITaTeNei: Gu3uku u Ouonoru. [loka emie pa3nuyarOTCs HEIH
Y TTOJIXO/TBI Y PAa3HBIX CICIHAINCTOB, HO B OyIyIIeM HaMEUaeTCs CIIUSHUC
WX UHTEPECOB.
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HyxHo 3ameruTh, uTO (U3WKU OOJBIIE MpEeycHeld B ITOH
obmactu. Ecmm B ¢dymmamentanmpHOi pabore C. B. BoHcoBckoro,
BeImeamerd w3 medatd B 1971 1. [19], mouTH HUYETO HE TOBOPUTCS O
MPUMEHCHWU WJCH MarHeTu3Ma B OWOJIIOTMM W MEIWIIMHE, TO B
obooOmaromem goxiane K. IlImuara-Megemana, HayuTaHHOM Ha
MexnayHapomHoi kKoHpepeHIuu Mo MarHetusMmy B 1984 1. [139], nmoutn
MOJIOBMHA JIOKJIa/Ia TOCBAIICHa OMOMarHeTH3My. 31eCh pedb WIET HE O
KOHKPETHBIX OMOMAarHUTHBIX HCCIICJOBAHUSAX, KOTOPhIC OOCYXKIAIOTCS Ha
COOTBETCTBYIOIINX OMOMAarHUTHBIX KOH(EPEHIUAX, a O MPHUHITHHA 3TOTO
paszena HayKu B YMCIIO 3HAMEHATEILHBIX JOCTIKCHUH IO ONpeesieHHON
CHEIMATLHOCTH.

[lepcrieKTHBHOCTH ~ 3TOTO  HAmpaBl€HHS  OTMeYalach B
Boicka3piBaHuAX mpesugeHTa AH CCCP A. II. Anexcanmposa [4] II Ha
cosmectHoi ceccunt AH CCCP u AMH CCCP (1980 .).

Jlyis OUOJIOTUY U METUITMHBI COBPEMEHHBIM OMOMarHeTH3M eIle He
cTal JIOOWMBIM JIETHINEM, XOTS CBOEOOpa3Hble MPOPOUYECTBA O CKOPOM
MOSIBJICHUU 3TOTO0 BaXXHOTO METOAA HCCIEAOBaHUS OWOOOBEKTOB U O
3HayuMoctu  MII IS OTHENBHBIX TPOIECCOB  IKU3HEACITCIHLHOCTH
BO3HHUKAaJIM HE pa3 Ha MPOTsxKEHUU XX B.

I'maBa 1
HcTopus coBpeMeHHOr0 OMOMarHeTusma

ITo mamuMm cBegeHUsAM, BrepBbie MII OHOTOTHYECKOTO MPOUCXOXKIACHUS
3apErHCTPUPOBAIT C IMMOMOIIBIO KoMITaca aHrmickuid ¢pusuk xon [leBu B
1832 r. y ogHOU W3 3JEKTPUIECKUX PBHIO MPH ee BO30YXKACHUH. B sTOM
clly4ae MOXXHO OBUIO HAaMarHWTUTh CTalbHyl0 wuriay. [lomeiTku B
MOCIICAYIONIEM HAMarHUTUTh UTITy, TOMEIICHHYIO PSJIOM C BO30YKICHHOMN
MBIIIIEH UKW HEPBOM, YCIIEXOM HE YBEHUYAIHCH.

Tonmpko B ABagUATBIX TOJaX HAIIETO CTOJIETHS TIOSBUJIVICH
cooOmIeHNs 0 BO3MOXKHOCTH peructparmu MII Bo30ykIeHHOrO HepBa
JATYIIKK C TOMOIIbI0 HHAYKIMOHHOTO JaTuvka. A. A. YXTOMCKUH,
OILIEHHMBAs LIUKJ HcciienoBanuii mkoJsl A. B. JleonToBnua, nucair: «CMenas
MBICITb, YTO TIIepefada HEPBHBIX BIMSHUN COBEpIIACTCS 3[eCh Uepe3
ANEKTPUIECKYIO HHAYKIIMIO C HEHPOHA Ha HEHPOH, MPHOOpPETACT COUIAHBIN
(hyHIaMeHT, a BMECTE C TeM IOTy4JaloT N3BECTHOE OCBEIICHHE U MHOTHE
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HETIOHATHBIE JI0 CHX MOpP CTOPOHBI paGOTHI HEPBHOI CHCTEMBI" .

Yuenuk A.B.JleontoBuua b.B.Kparoxun [27], HCTIONIB3YS KaTYIIKY
¢ 200 BUTKaMHU, WHIYKTUBHBIM CITOCOOOM OTBOIWJI TOKH HEpBa JIATYIIKH.
OnbITH ¢ TeneGoHOM, TPOMKOTOBOPUTEIIEM M CTPYHHBIM TaJIbBAHOMETPOM
MOKa3ajd, 4YTO TpPH WHAYKTHUBHOM OTBEIEHHH MOXXHO CIBIIIATh U
3amuChIBaTh TOKH HEpPBa, MOMOOHBIE TeM, KOTOpPble PETHCTPUPYIOTCS
KOHTaKTHBIMU 3JeKTpoaaM. K coxaneHuro, BEIMYMHA BO3HUKAIOIIETO
CUTHajJa B JTUX MyOJUKaIUsAX He ykasbBasack. OO0 ATHX paboTax He
YIOMHHAIOT B COBPEMEHHBIX OMOMAarHUTHBIX MyOJUKAIUAX, XOTS JaHHBIC
Obun 0OHapozoBaHbl 1 o3xke (1944, 1958).

[MomoGHble pe3ynbTaThl Obu omyOnukoBanbl Ceiinen u Moppoy
[140] m nppyruMm wWccleoBaTelsIMA, HO OHH HE HAIUIM BCEOOIIEro
MpU3HAHUA 10 TOW Tophl, moka J[K. BukcBo ¢ coaBt [145] He mpoBen
noopotHble uccnenoBanus MII HepBa ¢ momompio CKBUJla. Oto
HaIpaBJCHUE UCCICIOBAaHUI MOTYyYNIIO Ha3BaHUE [TUTOMarHeTusma [145].

MOXHO KOHCTaTHPOBaTh, YTO WHAYKIMOHHBINA TaTYWK, BIIEPBEHIE
MPUMEHEHHBINH Juis peructpanuu MII u3omupoBaHHOTO BO30YKICHHOTO
HEpBa JISATYIIKH, HE TIPUHEC YCIeXa IIMTOMAarHeTH3MY.

Hpyroii >ddexr nmamo NpUMEHEHHE TOTO JKE JaTdhuka B
KapauoMaraetm3sme s peructpammm MK, 1963 rton, korma Obiia
ormybnuKoBaHa craThsd Makdu u boyna, MOXKHO CUMTATh TOJOM POKICHHS
COBpEeMEHHOTo OmoMarsetusMa. ['0floM TO3KE IMOSBHIINCH U COBETCKHE
myonukanuu 13 Boporexka B atoit obmactu [53]. B 1967 1. B Boponexe
Obuta 3ammiieHa [42] xanmupatckas nucceptauus B,M,IIpoBoTopoBeIM
nox HazBanmeM "MccrenoBaHue OMORIIEKTPOMArHHTHOTO TIOJNS cep/ia U
€ro 3Ha4YeHHE B AMArHOCTHKE JIEBO - U MPABOXKEIYAOYKOBOH M TOTAIBHOM
runepTpoduu  Muokapaa". IDTOT 3Tanm pa3BUTHs €II¢ HEHA3BAHHOTO
OMOMarHeTM3Ma XapakTepU3yeTCsl IepPexX0JIOM K UCCICAOBaHUSM Ha
yenoBeKe (ero MOXKHO Ha3BaTh  aHTPOIIOMAarHeTH3MOM) M SIPKO
BBIPAYKEHHOW IMarHOCTUYECKOW HAIPaBIEHHOCTHIO.

Jlpyrve HampaBJIeHUS 110 STOMY MPHHIMITY MOXKHO Pa3leiUTh Ha
300MarHeTH3M, (puToMarHeTH3M 1 GaKTepUOMAarHeTH3M, UMeS B BHILY

" A. A. YXTOMCKHIL. Co0p cou M.; JI.: U3a-80 AH CCCP, 1954.
T.5.C. 74.
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WCCIICIOBAHUS ~ MArHUTHBIX ~ CBOHCTB  JKUBOTHBIX, pacTCHHH U
MHUKpPOOPTaHU3MOB.

Hasnauenne MarHUTHOTO MaTepHalia XOPOIIO MOHITHO TOJBKO IS
Oaktepuii. brekmop [87] oOHapyXun TepBble MarHUTOTAKTUJIBHBIC
OakTepuu B ocaakax, cobpanHeix B Bym Xomre. OH 3aMeTHI, 4TO 3TH
OakTepuu Bceraa IUIBIBYT K CeBepHOMY MONIOCY M YTO WX HaIpaBlieHHE
IJIaBaHHUS MOKHO M3MCHHTH ITyTEM M3MEHEeHHUs BHelTHero MIT.

B mocnennue roapl €CTECTBEHHBIC MAarHUTHBIC BKITFOUCHHS OBLTH
00HapYKEHBI Y Pa3TNUYHbIX MPEICTaBUTENEH KUBOTHOTO U PACTUTENHHOTO
MHpa, HO 00 3TOM moApoOHee MbI OyZeM TOBOPUTH B COOTBETCTBYIOIIEM
paszzesne MoHorpadu.

OCHOBHOI1 BETBBIO COBPEMEHHOT'O OMOMarHeTU3Ma MOKHO CUUTATh
HamnpaBjIeHUWE, CBsSI3aHHOE€ ¢  peructpanuen MII,  mopoxkgaeMbIx
MEPeMEHHBIMH OuoTOKamMu. [lodTH Bce 3aperucTpUpPOBAHHBIE B 3TOM
HampaBlieHUM  OWOMAarHUTHBIE  (PCHOMEHBI  WMCIOT  aHaJOTH B
OmonnekTpudeckux sABiIeHHAX. CormocTtaBieHHe OHODIEKTPUUECKUX M
OMOMArHUTHBIX SIBJICHUHA C OI[CHKOW aMIUTUTYABl M YaCTOTHI CHUTHAla U C
yKa3aHWEM ToJla TEPBOM pPETHUCTpAIlM, a TaKXKe aBTOpa NHOHEPCKOH
paboTHI TIPUBEACHO B BepxHEH wactu Tabm. 1. B cepenwHe HIDKHEW 4acTH
OTMEYEHBI HEKOTOPhIE YUCTO OMOMarHUTHBIE ()EHOMEHBL. 3aMEeTHM, YTO HE
BC€ YKa3aHHBIC 3/IECh CCHUIKU MPHUBEACHBI B HAIIEM CIHCKE JIUTEPATYPHI, a
OMOMarHWTHBIC SIBJICHHUS BXOJSAT TOJBKO B pa3psil aHTPOIIOMarHeTH3Ma,
MMO3TOMY 3[eCh He TPWUBEICHBI MarHWTHBIE XapaKTEePUCTUKU pas3psana
ANEKTPUIECKUX PhIO U XapakTepucTuku MI1 HepBHOTO HUMITyIIBCA.

CaMblii CWJIBHBI CHUTHAaN W3 TOPOXKIAEMBIX IEPEMCHHBIMH
OmoTokamm y denmoBeka gaeT cepare. lleppas  MKIT  Opura
3aperucTpupoBaHa uepe3 76 neT mocne peructpanuu nepsoit DKI. B
cpenrem 3yberr R B MKI™ pasen 50 nTn, a 8 QK[ - 1000 mxB. M3-3a
OTHOCHUTEIFHOW OOJNBIION BETMYWHBI CHTHAJNA W BCIEACTBHE BaKHOCTH
M3Y4YEHUS JCSITCIHHOCTH Cepiria JelloBeka (0COOEHHO OOJIBHOTO) YHCIIO
MarHUTOKapIUOJIOTHIECKUX PabOT COCTaBISICT 3HAYUTENBHYIO JIOJIO BCEX
COBpEMEHHBIX OMOMAarHUTHBIX UCCIIETOBAHMI.

3HAYUMOCTh JTOTO HAMpPABJICHUS YBEIWYMBACTCA B CBS3H C
BO3MOXXHOCTBIO peructpanuu MKI' minonma denoBeka, 4To OBLIO BIIEPBBIC
ocylecTBiIeHo uepe3 68 jer mocne nepBoil peructpanuu OKI' mioga
genoBeka. Ha atom npumepe npenmytectBa MKI™ B cpaBaeHnn ¢ KT
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Ta6auua 1. BHosjekTpuyeckue u GHOMArHWTHbIE SABJCHUS

(Karuaa,1981)

- Awmmu-
yl‘SBp‘l’;J:HJ;g:(Tpuqecxue g{,'q;::“ BHOMarHHTHbIE SIBICHHS H‘?xa' r‘,{o;mmaﬂ
DIeKTPOKAPAHO- 1000 | Maruurokapauorpamma | 50 | 0,5—100
rpamma (Yosep, (Boya, Makdu, 1963)

1887)
9Kl maoza (Kpe-| 5—50| MKT maoga (Kapaun- | 1—10 0,5—100
mep, 1906) e u up., 1974)
AnexTposHuedano- 50 | MarauTosHuedamorpam- 1 10,5-30
rpamma (Beprep, ma (KoeHn, 1968)
1924) .
BuisBannble noted-| 10 |Bbispanubie marnuthee | 0,1 0—60
uMassl noJst

3pUTeNbHEIE KoeH, 1975

(Yoatep u mp.,

1946)

COMaTHYeCKHe Bpensep u 1p., 1978

(Haycon u np.,

1950)

cayxoBhie (I3BHC PeiiT u ap., 1978

u ap., 1939) BMII naona (Baym u

1p., 1984)

Anektpomuorpamma | 1000 | MarHuTOMHOrpamMma 10 0—2000
(2npuan, 1929) (KoeH, 1972)
AnexkTpookyaorpam- | 1000 | MaruuTooKy0rpamMma 10 0
ma ([dwo6ya-Patmon, (Kapn u gmp., 1976)
1849)
Dnektpoperuorpam- | 100 | Maruutoperunorpamma | 0,1 0,130

Ma (Xoamrpen, 1865)

(A#iTTOHHEMH H JPp.,
1978)

MaruuTabe  Bijlouenns B Jjerkux (Koew, 1973)
Maruuronnerusmorpaduss  (Bukceo u ap., 1974)
3anach xesesa y uesoseka (Xappuc u ap., 1978)

BBISIBJISIIOTCSL  OoJiee HarJsiaHo,

YCIIO0BCKaA.

WHTepecHble pe3ynbTaThl ModydeHsl npu peructpaumun MKIT nereit
pa3HOI0 BO3pacTa, HO ATH JaHHEIE B TAOIHUIE HE PUBOISATCS.

HawnbGonee naTeHCHBHO B HacTosIiee Bpems uzydaercs MOI demoBeka
Kak (hOHOBasI, TaK W BBI3BaHHAS Pa3IMYHbMH cTHMYJiaMu. [lepBas ¢oHOBAs

4YeM IIpu HCCICOOBaHHUH B3POCJIOTO

MDOI 6rplna 3aperucTpupoBana depes 44 roaa mocie nepsoit 917
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YeNoBeKa, a mepBble BbI3BaHHBIE MII Mosra ma comaTtndeckue CTHMYJIBI
OBLTH OCYIIICCTBIICHBI Uepe3 28 JIeT MocIie epBOi PerucTpaIiuy mo100HOTo
3NMEKTPUYECKOTO CHUTHajla. MBI BUIANM TIPH CPAaBHHUTEIHHOM aHAJHN3e
yKa3aHHHX BBIIIE SIBICHUH, KaK YKOPAYMBAIOTCSA CPOKH MEXIY MEePBbMHU
perucTpauvsMu  3JICKTPUUECKUX W MArHUTHBIX CUTHAJIOB OpraHu3Ma
YeJoBeKa.

B »Toit cBsA3M MOXHO yKa3aTh Ha (akT PETHCTPAIlUM BBI3BAHHOTO
cioyxoBoro MII mosra tmoga demoBeka B 1984 r. Ilockonpky HaM He
yIanoch HAWTH MOJOO0HON MyOnuKanuy npH ucrnonb3oBanuu D3I merona,
CleqyeT TpeArnoNararb, 4YTO Ha 3TOM MpHUMepe MarHUTOrpadUIecKuit
MeTo 1 00oTHaI 3IIeKTporpaduaeckuil.

[Tpomomxas aHaIM3 TaOMUILIBI, MBI JOJDKHBI OTMETHTh, YTO HAHOOJIBIINHA
paspblB  MEXKAY 3alUChI0 3JIEKTPHUYECKOT0 W MArHUTHOTO CHTrHajia
MIPUXOIUTCSI HA PETHCTPAINIO OKyJorpamMMmsel (127 JeT) U peTHHOTpaMMBbI
(113 ner).

Haxkownen, nepBbie 3aKCH 3IEKTPO- 1 MAarHUTOOKYJIOTPAMMBI YeIOBEeKa
OTCTOSAT APYT OT Apyra Ha 43 roxa.

[TpuBenenHble BbIME (PAKTHI MOKA3bIBAIOT, YTO 3JEKTPOrpadUyuecKUi
METOJ PETUCTPalrH ePEMEHHBIX OMOTOKOB Pa3IMYHBIX OPTaHOB YeJIOBEKa
MMEeT YXKC CONUAHYIO HCTOPHIO, AETAIbHO pa3paOOTaHHBIE METOIBI U
moaxoasl K WX aHanm3y. llogoOHble 3ammcm ObUIM CHETaHBl W HA
KUBOTHBIX.

Yka3aHHBIE BBIIIEC 3aMEYaHNS HE OTHOCSTCS K HIDKHEW 4acTH TaOJHIIb,
IJIe OTMEYEHBI (AKTHI, TIOJYYEHHBIE TOJBKO MAarHUTOMETPHUYECKHM
METOAOM. 3/1eCh YIOMHHAIOTCSI HCKYCCTBEHHBIC MAarHUTHBIE BKIIOYCHHUS B
JIETKUX dYeJoBeka (WM HE YINOMHHAIOTCA TIOJOOHBIE BKIIOYCHHA B
MUIIEBAPUTENbHBI TPaKT W B KPOBEHOCHOE pYCJO), BO3MOXHOCTH
perucTpaudd  MHUHYTHOTO oO0beMa cepAla IpU  HCIOJIb30BaHUH
€CTECTBEHHBIX MArHUTHBIX CBOHCTB KPOBHM M €CTECTBEHHBIC BKIIOYCHHS
JKene3a B IeuyeHb uenoBeka. Clemyer OTMETHTh TaKKe €CTEeCTBEHHBIE
BKJIIOYECHHUS] MarHETUTA B HAAMOYEYHUKN M HOCOBBIE KOCTH 4ejoBeka. Bee
9TH (akThl ObUTH 0OHApoOBaHkl B 70-X rofax HAIIEro CTOJICTHS.

Jnst o0mielt XxapakTepUCTHKH KOJIMYECTBEHHBIX, HHCTPYMEHTAIBHBIX U
(YHKIMOHANBHBIX CTOPOH OHMOMAarHUTHBIX W MarHUTOOHOJIOTHYECKHX
SIBIICHUH MBI IPUBOAMM TaOII. 2.

W3 pmaHHBIX TaONMUIL CHEAYyeT, 4YTO CIENHAINCTOB MEAWKO -
Omonormueckoro mpoduias B 3HAYMTEIHHOW CTEMEHH HHTEPECyIOT
uHTeHcuBHOCTH MII, 3aHMMaromume 0KoJo
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Ta6auua 2. O6was XapaKTepPUCTHKA MarHHTOOMOJIOTHYECKHX
¥ GMOMAarHUTHHIX SIBJIEHUH

BenuuuHa THIT MaTHHTO- Hanpasne-
VENHHTHORO nﬂoc;g;muxn ¥ OLEHKH MarHHTHBbIX ugrpaa Hie  Hocae-
ions, Ta ROBaHHA
10~2 |TpenenbHo nonmycTHMBbIE YpOBeHb =
10-3 Ha NpOH3BOJCTBE E
1074 [eomarnuTHOE n0ME XoJs10BCKHi g
1073 AATYHK =
10~ : I‘8_
107 =
10-8 Topoackue MarnutHhe nomexu | <PepposoHpo- 5
10~? [Topor MarHUTOGHOJOr HYECKHX BHIf =
peakuuf
107 | Cursan saekTpHYeckoro opraxa | MHRyKkunos-
pHI6 Hbifl
GeppOMarHuTHEE BKJIIOUEHHS
TeomaruuTubifl wym S
Cepaue E
40~ | Mbuuup! CKeJleTHbIE MOH -4
I'nas §
10712 | doHoBadA aKTHBHOCTb MO3ra S
BrisBanHast aKTHBHOCTb MoO3ra a
10713 | Ceruatka )
10714 | Yyscreureabtocts CKBH/da CKBU[

JIECSATU TOPSAIKOB, HAUMHAS OT MpeaensHo aomyctumoro yposHs [IMII na
MPOM3BOACTBE W KOHYAas MarHUTOpEeTWHOrpaMMO#. bosee BBICOKHE
WHTEHCUBHOCTH JOIYCTUMBI TPH KPaTKOBPEMEHHBIX BO3JCHCTBHSIX B
AKCIIEPUMEHTAIBHEIX YCIOBUSX, a Oosee ciadble, YeM yKa3aHbl B TaOJIHIIE,
MII OMOIOTHYECKOTO TPOUCXOKIACHUS MOTYT OBITh 3apErHCTPUPOBAHBI B
OYEHb CIIOKHBIX YCIOBHUSAX SKCIIEPHMEHTA.

MOXHO BHIIETh, YTO TPAHUIIBI MAarHUTOOHOJOTHH ¢ OMOMAarHeTU3MOM
pa3MbiBatoTcss Ha npumepe MII asnekTpudeckux peiO, TAE CUUTaeTCs
JIOKa3aHHOW (PYHKITMOHAJIBEHAS POJIb OMOMAarHWUTHBIX Tojiei. s mpyrux
MII 6uonornyeckoro MPOUCX0XKAECHUS UX (PYHKIIMOHATBFHAS POJIb OCTAETCS
MpoOJIEMAaTUYHOM, HE CYUTAas ECTECTBECHHBIX MArHUTHBIX BKJIFOYCHUH,
KOTOpBIE, KaK I0JIaraioT, y4acTBYIOT B Bocnpuatuu I MII.

Cymectyet 6onee 500 myOnukaruii 1o OmoMardHeTu3My, HO IIPUBECTH
WX BCE B JIAHHOW KHHWT'€ HEBO3MOXXHO, MBI WHOI/Ia OyJeM CChLIaThCs Ha
COOpPHHMKM IIGTUKOM, a HE HS OTJCNbHBIC cTaThe. Uwurarens MoxeMm
azpecoBaTth
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Puc. 1. Jlunamuka nyG6JHKauHi N0 COBpeMeHHOMY GHO-
MarHeTH3My

K COBETCKHMM H 3apyOeXHBIM pedepaThBHBIM JKypHajdaM, a Takke K
oubnorpaduyeckomy yKa3aTero «buonoruueckoe JeicTBHC
3JIEKTPOMArHUTHBIX, MAaTHUTHBIX M JJIEKTPUUECKUX TOJICH», M3IaBacMbIi
bubmmotekoit 6nonormaeckoit mureparypa AH CCCP (¢ 1976 1.).

Ha nmuarpamme (puc. 1) BUIHO, KaK YBEIHYUBAICS POCT ITyOJIMKAIIHM,
YmMectHO 3ameTuTh, uyTo uMeHHO B 1970 r. 1. Koen ¢ coaBt. [96] BriepBbIe
OIyOJTMKOBANM JAaHHBIE O OMOMArHUTHBIX MCCIEIOBAHHUSX C IMOMOIIBIO
CKBH/la. /I. Koen Ha mpoTsokeHHH Tmocheqaux 20 JeT METOIUIHO
MyOJIMKyeT MTHOHEPCKUE paOOTHI IO Pa3IUYHEIM pa3jieliaM OMOMarHeTU3Ma,
HEMpPEepPBIBHO pacIIupsisi OO0NacTH MPHUMEHEHWs MarHutomeTpuu. Ero
MOKHO CYUTATh OTIIOM COBPEMEHHOTO OMOMAarHeTn3Ma 1 1o IpHUopH-
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Ta6anua 3. Uucao Aokjaaf0B HA NATH KOHdEPEHUUAX MO PASANUHBIM
oTaeaaM GuoMarHeTuama

KoHdepenius

Orges1 GHOMArHeTH3Ma I e - o S
KapanomarHeTHam 4 8 10 17 16
HefipomarHeTnsm — 6 19 23 26
ITHeBMOMarHeTH3M — 6 4 9 10
[pu6oput — 5 4 8 8
Teopus 2 3 1 3 3
PasHoe — — 1 3 7
Hroro 6 28 39 63 70

TETHBIM HCCIEJOBAaHUSAM, M 10 AKTUBHOMY YYacTHIO B OHOMAarHMTHBIX
KOH(EpEeHIUAX, KOTOpbIe SBISAIOTCS CBOEOOpa3HBIMH BEXaMH Ha IIyTH
Pa3BUTHS COBPEMEHHOT'O OMOMarHeTH3Ma.

[lepByro Takyr KOH(EpEeHIHIO, Ha3BaHHYI0O pabOYUM COBEILIAHHEM,
opranu3oBai B bocrone (CIIIA) /1. Koen u ero komrera H. Kabduna 9 - 11
aBrycra 1976 r. Ha koHdepeHInH 0OCYXIanM TOJBKO MPAKTHYECKUE H
TeopeTuiecKre NpodieMbl KapauoMaraetusma (Tadi. 3), a oT4eTsl 00 ATOMH
u  ciuexymomed — koHpepeHumax — onyOmukoBanel B «KypHane
aeKTpoKapauosorue» 3a 1976 u 1979 rr. Hu B 3TOM, HA B MOCIEAYIOMINX
KOH(epeHIUAX He MPUHUMAIK ydyacTus nepBooTkpsiBaTenu MKI™ u3 CILIA
nu m3 CCCP, um TOmpko (paHIy3CKHE HCCIEIOBATENIM paccKasald o
pe3yibTaTax, moiryaeHasx MJ1 [125, 126].

OpnHako ocTajbHBIE TOKIATYMKH MPEICTABIIN JaHHEIE, MOTydYeHHBIE C
nomomsio CKBU/oB, npu paboTe B yCIOBUSX MarHUTOIKPAHUPOBAHHOU
kamepsl (/. KoeH) wnmm B TPUTOPOAHBIX YCIOBUSAX, TI€ MaJlo
MIPOMBINUTCHHBIX ToMeX (Hampumep, I1. Kapm u T. Katwmna nz Ouaiasaamm).

Kondepenuuss Hocuna MeXIyHApPOAHBIH XapakTep W aKTUBHBIMH
YYaCTHUKAaMH €€ CTalli MPEeICTaBUTENN TONbKO uerblpex crpan (CLIA,
Ounnaaanst, Ppannms, Kanama), KOTOpbIE 0 CETOMHANIHETO JTHS
3aHMMAIOT BEAYyIIEE MOJOXKCHUE B Pa3BUTHH OuMoMarnerusma (Tabm. 4).
Hekotopeie  nmokimampl OBUTM  TOATOTOBICHBI  MHTEPHALMOHATBHBIM

KOJUIEKTUBOM WJIM TPEICTABUTENSIMH pPa3HBIX KOJUIEKTUBOB W3 OJHOM
CTpaHBI.
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Ta6anua 4. Yucuav ROKNANUMKOB Ha NSATH GHOMArHHUTHDBIX
KOH()epeHUHsAX, NpeACTaBJEHHbIX W3 Pa3HbIX CTPaH

KoHgepentuus

Crtpana
-1 2-51 3-1 4-1 S5t

CIIA 25 23

3
. OuuagHIHA 1
1
1

-

DN W= O

. ®panuus
Kanana
. 3an. Bepanu — —
. Uramns —
. Benbrus —
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. SInonus — —
. INoabwa — _
. Auraus _ —
. CCCp — —
. Bpasumus — _
. Jauus — - —
. HoBas 3enangus — _ — 1 __
. IOrocniaBust — — _ . 1
Bcero 6 | 26 | 39 63 70
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KOTOpBIC BBI3BAHBI PAaHHEH WM HEMOIHOMW perospu3aiueii (MCTHHHOE
cmemenne S—7-cermeHTa). Tak Kak KOXXKHBIE TOTEHIMAJBI BBHI3BAHHBIC
tokamu, rocrosiHHas MKIT ciocoOHa (hUKCUPOBATH 3TO OTIMYHE, KOTOPOE
BOXHO B KJIMHMYECKOM OTHOIICHUM, TaK KaK TOKH MOPAKCHUS MOTYT
CBUETEIHCTBOBATh 00 OCTPOH WIIEMHH WM TEHACHIWH K aputvmud. /.
Koen ommcan Taxkke cBOH HOBBIH AuddepeHInanbHblli MarHUTOMETD,
KOTOPBIA YYBCTBUTEJICH K JHMHEHHBIM TOKaM B HEMOCPEICTBEHHOM
OJIM30CTH K HEMY, B TO BpeMs KaK OOBIYHBII MATHUTOMETD YYBCTBUTEIICH K
LHUPKYJTUPYIOIINM TOKaM B MEHEe OrpaHNYEHHOM PACIIOIOKEHUH.

H. Temueit obnapysxui, uto peructpanusa MKI B caObix OKpysKaromux
MTOCTOSTHHBIX MarHUTHBIX MOJISIX MPUBOAMT K HanmoxkeHuto Ha MKI kpuBo#,
BO3HUKAWOIIEH B pe3yibTare MABIKEHHS AHAMAarHUTHOTO MarepHaia
(rmaBHBIM 00pa3oM KpOBH), KOTOpash MOMKET OBITh HCIIOJIb30BaHa IS
orieHKn o0beMa ynapa cepana. B. Kapuemu u T, Katuna cooOmmnm, 9To
MUArHOCTHKA >KMBOTO 3MOpHOHA dYeJOBeKa MOXKET OBITh IMpOW3BeNeHA
HaMHOTO paHbie ¢ momomsio MKI', wem ¢ OKI'. I1. Kapm npeacraBun
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neTanpHble  cratUcTHyeckue aHamm3bl MKIT  oTknonenwmit ot 36
AHATOMHUYECKH OTIPENEICHHBIX MO3ULMi rpyau 41 HOpMaIbHOTO MaleHTa
Y aHAJIM3UPOBAJI 3TU OTKJIOHCHUS B DJICMEHTAX JIUTIONCH U MYJIbTHIIONCH

cepaua. OH TPOWIUTIOCTPUPOBA C TOMoOLIbI0 TpadukoB OBM
W3MEHEHHUE paclpeiesieHnss MarHWTHBIX CHJI Ha TPYIW JUISL CPETHETO
HOPMAaJIbHOTO YeJIOBEKa W Ui MalueHTa ¢ OOJbIIMM PyOLOM cepledHon
MBIIIIIBI TTOCTIE HH(ApKTa.

E. Jlenemkwn anammsupoBar MKIT 16 mammentoB ¢ wuH(papkTOM
MHOKap/ia WIN ¢ TPyIHOU xaboil U Haleln, 9To Mpu nepeaHeM uHpapKTe
MKI'" MOXeT perucTpupoBaTh HU3MEHSIOUIYIOCS IOCIEAOBAaTEIbHOCTD
aKTHUBAIlMH TIEPETOPOJIKH, PACCTPONCTBA HHTPAMYPAIbHOTO IPOBEICHHUS
wiu aHomanuu 1 BoiHH, He BHmuMble Ha OKI'. Ilpm 3agHe-BepxHeM
nHdpapkre DKI' Oonee nHPOpMaTHBHA.

E. Jlenemkun [126] npemioxXun CTUMYJIUPOBATh CEpALIE HE TOKOM, a
onicTporiepeMeHHBIMU MII. DTOT HEKOHTAaKTHBIN METOJ HE JEUCTBYET HA
KOXY W He BbI3BbIBaeT Oomn. KomMOWHAIMS 37IEKTPUYECKHMX W MarHUTHBIX
HMMITYJILCOB Hau0oJjee MpeoYTHTEIbHA.

®paHIly3CKHe HCCIeIOBAaTeT B HEIKPAaHUPOBAHHBIX OOIBHUYHBIX
KOMHAaTax ¢  IOMOMmbBI  nudQepeHnupyromnero  MaTHHTOMETpa
(TpamuomeTpa) 3apeTUCTPUPOBATH HECKOJIBKO COT HOPMAIBHBIX H
HeHopManbHBIX MKI'. OcBoOoOXAeHHE OT IIyMOB OOCTHTAJIOCh 37€Ch
myteMm ot6opa 100 MKI™ KOMIUIEKCOB M aBTOMAaTHYECKOTO X YCPEIHCHHUS,
Y 3TOT METOJI, CIeIOBATEeIBLHO, HE TIPUTOACH s n3ydeHus ObtoTpax MKIT
U3MEHEHUI.

Ha 2-it xoH(epeHIM MPUCYTCTBOBAIH IPEICTABUTEIN YXKE BOCHBMHU
CTpaH, pacIIMpHUiach TEMaTHKa, MOSBUINCh HOBBTE MMEHA, HO TPYAbl HE
OBUTH OMyOJIMKOBaHBI M COOOIICHHE O KOH(EPEHIMU OBUIO 03arilaBJICHO
«IIporpecc B MarauTokapauorpabum» [126].

3-1 koH(epeHIHS MO OWOMarHeTHU3My, cocrosBimasics B 1980 r. B
3amamnom bepivHe, MEMOHCTpUPYET KOJUYECTBEHHBIH M KaueCTBEHHBIN
poct 3TOM oOmactu 3HaHui. Kak mokaspiBaloT gaHHbIe Tabn. 3 u 4,
YBEIMYMIIOCh YHUCIIO aKTUBHBIX YYaCTHHKOB, pacIIMpHiach reorpadus
AKTUBHO Pa0OTAOUINX TPYII 110 OMOMArHeTU3MY, aKIIEHT ITEPEMECTHIICS C
KapJuoMarHeTu3Ma Ha HelipoMaraetusm [84, 143].
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Her wmamoOHOCTM TOAPOOHO ONMHUCHIBATH TEMATHKy OTOH W
MOCIIEAYIONMX KOH(EPEeHINH, MOCKOIBKY OHAa OTpaKE€Ha B CIIEIHATBHHX
TPYAax U >KeJaloUIfe MOT'yT 03HAKOMHUTBCS C HEll oIpoOHO.

Crenyromast, 4-51, KOHQepeHLUs 10 OMOMarHeTU3My MpoOXOaua B T.
Pume (Mtamus) 14 - 16 centsa6ps 1982 r. Eit mpeamecTBoBana HeAeIbHAS
IIKOJIa IO OMOMarHeTu3My, KoTopas Takxke npoxonwna B Mramuu. Tpymbr
3THX JIByX MEPOIPHUATHHA cOlIep aT OCHOBHBIE coBpeMeHHBIe (0 1982 r.)
CBEJICHUS 110 IUPOKUM Tipodiiemam 6nomaruernsma [85, 110, 111].

Haxkonen, mocnenuss, 5-s1, koHpepeHnus coctosuiack 27 - 31 aBrycra
1984 r. B r. Bankysepe (Kananma). Tpynsl 3Toli KOHpEpeHIUH HENAaBHO
Beimum w3 medatu [109]. 6-1 xoHdepeHmms mo OWoMarHeTusMy OyaeT
npoBoauThesa B 1987 r. B 1. Tokuno (SImonus).

YMeCTHO  OTMETHTh, UYTO  MEXIyHapogHble  OWOMAarHWTHBIC

KOH()EPECHIIMM XOTS W OTPAXKAIOT OCHOBHBIC TCHACHIIMM B Pa3BUTHU
OmoMarseTu3Ma, HO He BKJIIOYAIOT BCEX MaTepHajoB IO 3TOH TeMaTHKe,
KOTOphIe pa30pocaHH MO pa3sHHM U3JaHUAM, IO TpydaM JpYTHX
KOH(pepeHIUH OHONOrHYEcCKOro WM  (U3UKO-TEXHHYECKOTO  IUIAHA.
Coznmanne mONHON OwOIMoOrpaduu MO COBPEMEHHOMY OHOMAarHeTH3My
SIBJISIETCA CAMOCTOSITENIbHOW U TPpyAHOU 3aauei.
Hanpumep, u3 TpynoB koHdepeHUMH dYHTAaTehb HE CMOXET Y3HaThb O
pazButuu OuomarHetu3sma B [JIP, xors u3 HMeHckoro yHuBepcuTeTa
myoIuKamuy 1Mo OnoMarHern3My (B OCHOBHOM IO KapAHOMAarHETH3MY)
nosBisitoTes ¢ 1980 r. [79]. B UCCP nomoOueie myonukauuu u3 [Iparu u
bpatucnasel [25] nosiBnsitores ¢ 1977 r.

B HucturyTe BBICHICH HEPBHOH AEITEIHHOCTH M HEHpOhHU3MOIOTHH
AH CCCP ¢ 1976 r. uccaemytorcs MII uvemoseka, Bkmodas MKI u
¢onoByro MDOI, ¢ MOMOIIBI0O MarHUTOMETpPa ONTHYECKOW HAKAUKH,
CO3aHHOTO B VIHCTUTYTE 3€MHOTO MarHeTu3ma, HOHOC(eps W
pactipoctpanenust paauopoad AH CCCP. Ilepas myOnuKaiys Mo 3TOMY
noBoxy mosBuwiack B 1978 1. [30]. B cumemytomem 1979 1. ObutH
oryOnukoBaHbl pe3ynbTatsl 1o perucrpauun MKIT ¢ nomompro CKBU/la
n3 o0benuHeHHOTO0 MHCTHTYTA simepHBIX ucciaemnoBanmid [11, 56]. Iozxe
MTOSIBWJIACH TIOI00HBIC yOnuKanuy u3 MHCTHTYyTa aTOMHOM SHEPTHH UM,
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KypuaroBa [12—15] u u3 DHU3HKO-TEXHUYIECKOTO HWHCTUTYTAa HU3KUX
temriepatyp AH YCCP [70]. B 1982 r. B Ilymuue ma Oke mpoxommia
KoH(epeHIus 1o ouonornyeckomy aeiicteuro IMII, Tae paborana cexius
«Du3nvecKue Mmoias OHOJOTHYeCKHX 00BeKTOB» [23, 32, 62]. B 1984 r. B
MockBe cocrosmicsi  IlepBbIif  cOBeTCKO-QWHCKHMI  CEMHHAp IO
MarHUTOMETPUH U OMOMarHeTU3MY.

TakuM 00pa3oM, MPOUCXOAUT KOOPIUHAIMS PabOT MO COBPEMEHHOMY
OMoMarHeTM3My Kak B TIpelaeniaX OTACIBHBIX CTpaH, TaK M B IIpenesax
OTHENBHBIX PETrHOHOB W Ha MEXIyHapomaHOM ypoBHe. OmHaKo 3Ta
KOOpJIMHAIMS €IIe HE JOCTUTIa TPeOYEeMBIX OPTraHW3alMOHHBIX BEpIIUH,
CBSI3aHHBIX C OOpa30BaHWEM COOTBETCTBYIOIIECTO HAYYHOT'O OOIIECTBA H
W3aHWEM  CIICIHAIN3UPOBAaHHOTO KypHana. Jlymaercs, dYro dTH
MEpPOIPHUATHS OYAYT OCYIIECTBICHBI B CKOPOM OYAYIIIEM.
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Paznea 11

NucTpymMeHTA/IbLHOE 00ecnevyeHue
OMOMATHUTHBIX MCCJIeOBAHUI

W3BecTHO, UTO HOBBIC HAYYHBIE TAHHBIC TOOBIBAIOTCS OOBIYHO IO MEpe
YCOBEPIIICHCTBOBAaHUS ~ METOAOB  wmccienoBanus.  COBpEeMEHHBIN
OMOMarHeTU3M KakK HeNb3s JIydllle HWIUTIOCTPUPYET O5TO TOJOXKEHHE.
Jlaxke B Ha3BaHWU HEKOTOPHIX MyOJIMKAIUK MOTYEPKUBACTCS, YTO ITO
HamnpaBJIiCHUE UCCIEAOBAaHUN CBS3aHO CO CBEPXUYYBCTBUTEIBHOMN
MarauTomerpueit [13,51].

IMockonbky KHHUTA aJipecoBaHa MPEUMYIIIECTBEHHO
CIIEIUATUCTAM MEIUKO-OMOIOTHYECKOTO MPOMUIIS, MBI IIPUBOJIUM 37IECh
TOJILKO OTIPEJICIICHHBII MUHIUMYM JaHHBIX O METOAAaX MarHUTOMETPHH.

3avHTEepeCOBaHHBIM  YWTaTeldb  HAWJET  JIONMOJNHHUTEIbHBIC
CBEJICHHS 10 3TOMY BOIIPOCY B Jpyrux myomukamusx [35,36,39,45,69].

HekoTopsie U3 OMUCHIBAEMBIX METOJIOB MAarHUTOMETPHHA MOKHO
OTHECTU K pa3psjly MaJOJOCTYIHBIX B Hacrosiee Bpems. OJHAKO MBI
HaJICeMCsI, YTO B HEJAJICKOM OYAyIIeM METOAbl MAaTHUTOMETPHUU CTaHYT
PYTHHHBIMU CTIOCOOaMU HCCICIOBAHMS OMOJIOTHYECKUX O00BEKTOB. [
OCYILIECTBIICHUSI 3TOW HalIeKJbl B OOJbIIEH Mepe HEOOXOIUMBI
OpraHu3aIMOHHbIE, HEXEITU MaTepUATTbHBIE, 3aTPATHI.

I'maBa 2

MeTtoabl perucTpanuu
MATHUTHBIX N0JIed 0M000HEKTOB

IIpu peructpaumun  MII  OHMOOOBEKTOB B  HACTOSIEE  BpeMs
UCTIONB3YIOTCA ~ MarHUTOMETpPBI, PasiMyHble KaKk 1[0  CHOCo0y
MOCTPOEHUsA, TaKk M Mo cBoeil cTpykType. IlepBbie uzmepenus MII
ceplla 4YeloBeKa BBIIOJHEHB C IOMOIIbIO  HHAYKIMOHHOTO
MarHUTOMETpa - MHOTOBUTKOBOM KaTYIIKH C CEpIACYHUKOM W3
MaTepHaia ¢ BRICOKOH MarHuTHOW mponumamocTtsio (MM) [46, 83] UM
SIBJISIETCS. M3MEpUTETIEM KOMIIOHEeHThl MII, HampaBieHHON BIOJIb OCU
JIaTIrKa.,
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OTOT THUO MarHUTOMETpa B HAcTofAllee BpeMs MPUMEHSETCS B
MarHUTOKapIUOTpaQUUECKUX HWCCICIOBAHUAK, HECMOTPS Ha psj
TEXHUICCKUX HemocTaTKoB [108].

C Hayama CeMHIECATBIX TONOB PsJI HCCIeAoBaTeneid 3a
pyOeKOM Hayanu TpUMEHATH g u3MepeHuss MII yenmoBeka H
KUBOTHBIX JIPYyTrOH THI MarHUTOMETpa — CBEPXIIPOBOAAIINI
KBaHTOBBIN nHTepdepeHnmonnblil gatunk- (CKBU) - [94, 148]. Kak u
UM, CKBU]J] saBnseTcss KOMHOHEHTHBIM H3MepuTeneM. braronmaps
ToMy, 9To pabora marumka CKBUJ] mpoucxomuTt mpu TeMmIeparypax,
OMM3KMX K aOCOJIOTHOMY HYJII0 B Marepuajax, CONpPOTHUBIECHHE
KOTOPBIX YMEHBIIAETCS 10 HYJIEBOTO YPOBHS, YPOBEHb COOCTBEHHBIX
ITyMOB JaT4yuKa Ype3BBIYAiHO Majl W, MO-BUAMMOMY, Ha OCHOBE KaKHX-
00 APYTHX (PU3NYSCKHUX SIBICHHWA BPsI JIA YIOAcTCsA B OpKaiime
roJbl JOCTHYB CTOJIb MAJIOTO YPOBHS LIyMa B MarHUTHBIX U3MEPEHHSX,
HO peayn3alysi HU3KOr0 YPOBHS IIyMa MPaKTHYECKH BO3MOXKHA TOJIBKO
P MaJIBIX YPOBHIX MAarHUTHBIX TIOMEX.

Bo BTOpoil 1OJIOBUHE CEMMIAECATBIX TOAOB IOSIBUIIACH
nyOnuKanust O TPUMEHEHWH Ui OHOMAarHWTHBIX —HCCIEeJOBAHHMA
KBAaHTOBOTO MAarHMTOMeTpa ¢ omnrtmdeckoi Hakaukor (MOII),
SIBJISTIOITICTOCST  M3MEPHUTEIIEM MOIYJIS MarHuTHod wHaykmun [30].
Hatunk MOH B npuHinune sBnsieTcs MHBAPUAHTHBIM B NPOCTPAHCTBE,
CJIeIOBAaTEIbHO, €T0 TIOKAa3aHMs He 3aBUCAT OT opueHTanuu. [1o ypoBHIo
cobctBeHHbIx mymMoB MOH B nmamazone gactoT Hmke 50 I'r 3aHnMaeT
npoMexyTouHoe nonoxenue Mexay UM u CKBU/I.

CrnenyeT yHOMSHYTb, 4YTO KpOME TEPEUYHCICHHBIX THUIIOB
MarHUTOMETPOB €CTh JApYyrue, KOTOpble MOTYT OBITh IOJIE3HBI IMPH
W3MEPEHUH OTHOCHUTEIHHO Oonbmmx 1Mo BenwmunHe MII 6Hmo00BeKTOoB.
PasnoBumHOCcTRIO MM siBisileTcsT Tak Has3bIBaeMbIi  (heppO30HIOBBIH
marauTomMeTp (PM), y KOTOPOTO JaT4MK SBISETCS aKTUBHBIM, T. €. B
HETo BBOJUTCA V3BHE JIOTIOTHUTEbHAS SHEPrus TUTS
NepeMarHMuuBaHusl CepJeYHMKA. TEOpeTHUECKUil Tpenen ypOBHA
coocrBeHHoro myma ©OM onpeaenseTcsi MarHUTHBIMU —IIYMaMH
bapkrayzena B cepmeyHmKe ¥ JIe)KHT Ha ypoBHe mopsiaka 1 mlm B
001acTH YacTOT, MPHUJIETAIOIINX K HYJIO0. PeanbHble IIyMOBBIE MOPOTH
MO BEJIIMYMHE MNPUMEPHO Ha NOPSIOK Bhime. JIuHelHbIe pa3Mepsl
natyruka @M cyiiecTBEHHO MeHblle, yueM y UM, npuMmeHsieMoro npu
peructpauuu  MII  cepaua. B cragum  pa3BUTHS — HaxoAsATCA
MarHUTOMeTpsl Ha ocHoBe 3(dekra Dapanes (MOD) — BpameHus
TUIOCKOCTH TOJISIPU3AIMH ONTHYECKOTO W3IyYeHHUs] TMOf IeHCTBUEM
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MAarHuTHOTO TMOJdS B BOJIOKOHHBIX HUTAX [103]. MD® mnoka mno
YYBCTBUTENBHOCTH YCTYNMalOT MHOTMM THIIAM MarHUTOMETPOB.
OCHOBHO€, UTO MPUBJIEKAET B TAKMX MarHUTOMETPaX,— OTHOCHUTEIbHAs
MPOCTOTA JaTYMKA, Mallbie ero radbaputel. MDD sBiseTCS U3MEPUTEIEM
KOMITOHEHTHI MATHUTHOW WHAYKIIUH.

MHoroo6pasue THIIOB MarHUTOMETPOB MTO3BOJISIET
OCTaHOBUTHCSI HA TOM, KOTOPBIF COOTBETCTBYET IIOCTABJICHHOW 33]1a4e
W3MEPCHHUIA, HEe PUBJICKAs 0€3 HYXk bl JIOPOTOCTOSIIINE B TIPOU3BOJICTBE
Y OKCIUTyaTallii MarHUToMeTpbl. O4eBUIHO, YTO TIPOBEIEHUE
MarauTo3HIearorpadhMueCKuX UCCIICIOBAaHUH WIIH BRI3BaHHBIX MIT
TOJIOBHOTO MO3Ta BO3MOXHO TJIaBHBIM 00pa3om ¢ momortsto CKBU.
[IpuBnedeHne APyrux TUIIOB MAarHUTOMETPOB TSI PEIIEHUS TaKOH
3a/1a4¥ [1eJIeco00pa3Ho TOT/Ia, KOT/AA B PACTIOPSHKEHHIH UCCIIEeIOBATEIeH
HUMEIOTCSl COOTBETCTBYIOIIHE CPEJCTBA 00PAOOTKH CHUTHAJIOB.

B OMOMAarHUTHBIX WCCIICJIOBAHUSX HCIIONB3YETCsI
Pa3HOBHUIHOCTD CXEMBI TIOCTPOECHHS anmapaTyphl A HEWHBAa3MBHOTO
M3MEpeHHs KPOBOTOKA B TEUYEHHE CepAeYHOro IuKia. B ocHoBe
WU3MEPECHHI JISKUT METOJI OTpEACIICHUS] MAarHUTHOW BOCHPUUMYHBOCTH
kpoBu [146]. CobcTBeHHO, CaM METOJ MPEACTABISIET COO0H M3MepeHue
MII uccnemyemoro o0bekTa Tpm HaIoKeHHH BHemHero MII. Ecmm
UCCNIEyeMbIi  O0BEKT 00JamaeT Tmapa- Wi JUaMarHUTHBIMHU
CBOMcTBaMHu, TO Tpu HayokeHnu MII HaOmomaeTcs HAMarHMYUBaHUC
00BeKTa, MPOMOPIMOHATBHOE 3TOMY MO0, HO OTIMYAIOUIEECsS I10
3HaKy. Jlis mapaMarHeTWKOB HaMarHWYMBAHUE IPOU3BOIUTCS BIONb
HanpaeneHuss MII, a mnsd nuamMarHETUKOB — B MPOTHBOIIOJIIOKHOM
HanpapneHnn. KpoBp oOnamaeT AMaMarHUTHBIMH CBOMCTBaMH, KaK M
BOJIA; MATHUTHAS BOCTIPUAMYHBOCTb KPOBH cocTapiseT 0,710,

B kauecTBe MarHUTOYYBCTBUTEIHLHOTO JaTUYMKa B W3BECTHBIX

skcriepuMeHTax ucronb3yercss CKBUJ[ ¢ tpanchopmaropoM TOTOKA.
CurnanbHas neris TII BeimonHeHa mo auddepeHInanbHOl cxeme U
JKECTKO YKPEIUIIETCS Ha MHJIUHAPHISCKOM CBEPXIIPOBOISAIIEM MarHHTE,
CO3JIAIOIIEM TI0JIe HAMATHWYeHHs B o0beMe cepima mopsiaka 107 T
[146].
Hpyro#i  BapmaHT ammapaTypsl JJIs  M3MEPSHHS ~ MarHUTHOM
BOCIPUUMYHBOCTH OTIHYASTCS CrIOcOO0M 3anmanus BHentHero MIL. Jlns
3TOTO TPUMEHAETCS KOJIEYHasl CHCTEMa, II03BOJIAIONIAs 3a1aBaTh
pasITUIHBIC BETHIMHBI HHAYKITH 110 [7,74].

25



bonee  TouHble  pe3ydAbTaTEl  HM3MEPEHUS ~ MAarHUTHOMN
BOCIIPUMMYMBOCTH ~ IOJYYalOTCS IIPU  HUCIOJIB30BAaHUU  KOJIEUHOM
CHCTEMBI, HEXKEJIM YeM IIPH IPUMEHEHUH TIOCTOSIHHOTO MarHuTa B CHUILY
nyqmed oxHopogHocTu coszmaBaemoro MIIL. B ommbky u3mepeHus
MOXET BXOJUTH IOrpemHocTs 3a cder MII, ecnu ero BenuuuMHy U
HalpaBJieHH€e He IPUHUMATh BO BHUMAaHHE.

Bompocam co3gaHug anmapaTypsl Ha OCHOBE pa3lIMYHBIX
NPUHIMIIOB JEHCTBHS W UCIOJB30BaHHUSA €€ B OMOMAarHUTHBIX
UCCJICIOBAHUAX IIOCBSILIEHA JIUTEPATypa, U3 KOTOPOl MOXKHO IOJIyYUTh
JIOTIOTHUTENBHBIE CBEJIEHUS] TEXHUYECKOTO M METOAMUYECKOr0 XapaKkTepa
MarHuTHBIX u3Mepenuit [13,24,45,51,85].

2.1. UHAYKUMOHHBIH JaATYUK

IlepBrie MarHUTHBIE W3MEPEHHS CEp/Ila YelOBeKa OBLTH BBITIOTHEHBI
MpH TOMOIIY WHAYKIMOHHBIX JaTdyukoB KM, BKJIIOYEHHBIX I1O
mudepenunansHoll  cxeme u3Mepenuidd [83]. IlpuHmmn paboThr
WHAYKIMOHHOTO [aT4YWKa OCHOBaH Ha J(QeKTe 3IEeKTPOMarHUTHOMN
WHAYKIWW, BOZHUKAIOMIEH B AIIEKTPUYECKOM KOHTYpE MPH W3MEHEHUH
MII. B KOHCTPpYKTMBHOM IUIaHE JaTYMK TPEACTaBIsET coOOi
MHOTOCJIOWHYIO KaTyIIKy C CEpACYHHKOM H3 MaTephalia C BBICOKOI
MarHATHOM MTPOHUIIAEMOCTBIO.

OnekrpoaBmxkymas cuna — DJIC Ha BbIXOAE MHIYKIIMOHHOTO
JIaTInKa, MPOTMOPLHOHATBFHA CKOpOCTHU U3MEHEHUS MII,
MIePECEKArOIIero BUTKA KaTYIIIKH, OHA OTIPEIENIIETCS BRIPAKEHUEM

E = -d/dt (WWSBsina), )
rae W - 3¢ deKTHBHAS MarHUTHAS TPOHUIIAEMOCTh, S — ILIOMAAb BUTKA
KaTymkw, W — YHCIO BHUTKOB KaTymIKd, B - HHIYKIHISL
BozzaeicTBytomero MII, o — yroam Mexay BEKTOPOM MarHUTHOMN
WHAYKIUHU U ITIOCKOCTHIO BUTKA KATYIIIKY.

Beixomnas JJIC sBnsercs (yHKOMEH W3MEHEHHUS JFOO0TO
mapametpa — W W S B, o Bo BpeMeHH. Eciam oHM ocTaroTcs
MOCTOSHHBIMU, KpoMe B, TO MeTon mnpeoOpa3oBaHus Ha3BIBACTCS
naccuBHbIM. W3 ypaBHenmss (1) ciemyer, YTO  TAaCCHBHBII
WHJYKIIMOHHBIM 1aTUYUK HE YYBCTBUTENEH K TOCTOSIHHBIM MI.
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[lpu w3mepeHun B TO CHHYCOUAATHHOMY 3aKOHY BBIXOJHAs
OJ1C mogumaseTCS cooTHOmEHUTO (1)

e = WuS (dBx sin wt/dt) == WuSBx cos wt.

st BoccTaHOBIIEHUS (DOPMBI CUTHANA CIEAYeT HMPUMEHUTH
OTIePAIINIO UHTETPUPOBAHMS, TOTa

u = | WuSBx cos ot == WuSBx sin wt.

[MpomsBenenne WuS ectb k03dduIMEHT mnpeoOpazoBaHus,
3aBHCSIINN TOIIBKO oT KOHCTPYKTHBHBIX XapaKTEPUCTUK
npeoOpaszoBatens. OPdekTuBHas NPOHUIIAEMOCTh | CEpACYHHKA
3aBUCHUT OT OTHOLICHUS €r0 TUaMeTpa K AJUHE, WU, TIPYTUMH CIOBaMH,
oT kod(durmenta pasmarmnuuBanug D. OddexkTuBHAS MarHuTHas
NPOHHUIIAEMOCTh 4 C Yy4eTOM KOX(pUIMEHTa pa3MarHWIMBaHUS D
paccuuThIBaeTCs 1o hopmyIe

u = pr/[1+D(ur -1)], (2

rae ur — HayajgbHasd MarHWTHAas TPOHUIIAEMOCTh MaTepHala
cepaeunuka. Jlns mpumepa ykaxkem, yto npu D = 0] u ur >1000
MaKCUMaJIbHOE 3HaueHue u coctaBUT He Oomee 10. C ykopoueHHEM
JUTMHBI CepJeYHHKa TPH COXpaHEHHH ero amaMerpa KodhduuneHT
npeoOpazoBanus  yMmeHbInaercs.  CtaOuwibHOCTE KO3 duimeHTa
nmpeoOpa3oBaHUs 3aBUCUT OT CTAOMIBHOCTH CBOKMCTB CEpICYHUKA,
MO3TOMY  HEOOXOAMMO  YYUTHIBAaTh  M3MEHEHHE  MAarHUTHOM
MPOHUIIAEMOCTH OT TEMIIePaTypbl, YacTOThl H wu3MeHeHus MII,
BEIMYMHBI TOCTOSIHHOTO TMOJISl. YPOBEHb COOCTBEHHOTO IIyma
WHAYKIMOHHOTO JaTdyWka O0s3aH TEIUIOBBIM ITyMaM B OMHYECKOM
COMPOTUBIICHUHM KATYIIKK 7, OH BBIYHCISICTCS 110 HM3BECTHOMY
COOTHOILCHHIO

em = (4kTrmAF)"?, (3)
rae k — mocrosHHas bonpimana, 7—rteMmmeparypa B Tpagycax
KeneBuna, A4F — momoca mpomyckanus. CrekTpaabHas IIOTHOCTh

¢uroxtyanuii MII, 5KBHBaJCHTHBIX TEIUIOBBIX IIIyMaM HHIYKIIMOHHOIO
JaTyhka, ¢ yuyeToMm Toro Qakrta, yto IJIC, HHAyKTUpyeMas B KaTylIKe,
nmponopnruoHajibHa 4aCTOTC, ONPCACIISACTCA U3 BRIPAKCHUA

Sb == 4kTrn "*/oWuS 4)
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Ecnu ans npuMepa mpeanonokuTh, YTO TaTYUK 0e3 cepeTHUKa
comepxut 10* BHTKOB MemHOro mpoBOAa C CyMMApHOI ILIOIIABIO
§==107 ™" u rn == 20 kOM, TO CHEKTPaIbHAs [IOTHOCTb IIyMa IPH
KOMHATHOH TeMIlepatype, CBA3aHHAs C TEIUIOBBIMU IIyMamHu B F7,
coctaBut 3 nTn-I'n " Ha wacrore 10 I'. TIpn OXTaXKACHHN AATYHKA [0
TeMIepaTypsl xuakoro remus — 4,2 K crnekrpanpHas IUIOTHOCTH IryMa
yMmeHblutcs 1o 0,4 HTJ]—Fu'l‘2 Ha TOU ke yactoTe. MHIyKUMOHHBIN
JIATIWK, WCIIONB30BaHHBIH B pabore [83], WMen CHEeKTPaIbHYIO
miotHocTh myMa 5 nTm Tl 2 ma gacrore 10 I'n. CHikeHHe mryma
WHAYKIMOHHOTO JIJaTYMKa JIOCTHTACTCS BBEJCHHEM (DEPPHUTOBOTO
CepJCUHMKA IUIM JAPYroro Marepuana ¢ BBICOKOH MarHUTHOMH
MPOHUIIAEMOCTBIO TPH OJHOBPEMEHHOM YMEHBIICHHH YWCIIa BUTKOB
JUTSI CHUKEHHSI aKTHBHOTO COIPOTHBIICHHUS MOTEPh B MpoOBOje. Takoit
JIATYUK TO3BOJMII OOHapyxkuTh MII anbda-purMa rosoBHOrO MoO3ra
yenoBeka [92]. TloTeHuManbHble BO3MOXHOCTH HMHAYKIIMOHHOTO
JaTIuKa c CepIACYHUKOM OTPaHUYUBAIOTCS (hakTopom
pasMarHuuuBaHus. BBIOOP KOHCTPYKTHUBHBIX Pa3MEPOB MACCHBHOTO
WHAYKIIMOHHOTO JaTYMKa HE SBJISETCS OMHO3HAYHBIM IS JTOCTHIKEHUS
MaKCHMaJIbHON YYBCTBHTENBHOCTH. HemocTaTkoM HMHIYKIIMOHHOTO
JaT9WKa MPU OMOMArHUTHBIX HUCCIIEIOBAHUAX SBISIIOTCS OTHOCHTEIHHO
OOJBIIME TEOMETPUYECKHE pPa3Mephbl NAaT4HKa, YTO CHIDKAET TOYHOCTH
nokanuzanuu uctouHukoB MII. Uto kacaeTcsi moMeX0yCTOMYMBOCTH, TO
ciemyer oOpaTHTh BHHMaHHE Ha HEOOXOMUMOCTH BBEICHHS 3aIIHTHI
JIATYHKA OT IEKTPOCTATUYCCKUX TOJCH, OT BuOpanuii. OnpeneneHHy0
TPYJAHOCTh MPECTABISAET COO0N OaTaHCHPOBKA JATYHMKOB, BKITFOUCHHBIX
o cxeme rpaguerTomerpa. [loTepss 9yBCTBUTETFHOCTH MHIYKITHOHHOTO
JlaTYMKa Ha HU3KUX 4YacTOTaX CHW)KAeT BO3MOXKHOCTH W3MEpPEHUS
OMOMAarHMUTHBIX IIOJIEM, HO IS CHUTHAI0B ¢ 4dacToToil Bbime 100 I'rg
WHAYKIMOHHBIN NaTYMK MOXeT OBITh Oojiee YyBCTBUTEIBHBIM, YEM
COBpPEMEHHBIE CBEPXIPOBOIAIINE MATHUTOM3MEPUTENbHBIE TTPHOOPHI.

2.2. ®eppo30HI0BbIE MATHUTOMETPBI

®eppo3oHAOBBIE  MarHUTOMETpel —  OM  gBustoTCA

Pa3HOBHIHOCTBIO MHIYKITMOHHBIX MarHUTOMETPOB C CEPACYHUKOM U3

Marepuania ¢  BBICOKOM  MarHMTHOM  mpoHunaeMoctsio.  Ero

MPUHIUIHAIBHOE OTJIMYKUE COCTOUT B TOM, YTO CEPACUHUK MOCTOSHHO

HaxXOJIUTCS B IepemMaranauBarorieM MII, 1. e. mepuonnyaeckn MEHSIETCS
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napamerp W. BpexomHoe HanpskeHune @OM  TpONOPIMOHAIBEHO
npwioxkeHHoMy MII Bmomb HampaBieHUS OCH CEpIeYHHKA, IT0JI0ca
MIPOITYCKAHMSI TIPOCTUPAETCS OT HYJIA 10 9acToT mopsaka 100—1000 I'ig
[6, 7, 47T].

B ynpomennom Bume npatruuk @OM cocToUT U3 IBYX
CEepICYHNKOB M3 MaTepHalia ¢ BHICOKOH MPOHMUIIAEMOCTRIO, Ha KaXKIBIH
U3 KOTOPBIX HAMOTaHa OOMOTKa M3 METHOro NpoBoja. CepAcuHUKHU C
0OMOTKaMHU  pacloNaraloTcs MapajUieIbHO Jpyr K Jpyry IpH
MaKkCUMaIbHOM cOmmkeHnn. OOMOTKH CEpISYHHKOB, Ha3bIBaCMBIC
00MOTKaMH BO30YKICHUS, BKIIFOYAIOTCS] BCTPEYHO W K HUM TTOJBOTATCS
TOK OT TeHeparopa Bo30yxaeHus. lloBepX Takoil KOHCTPYKIIUU U3
CepJICUYHNKOB HAMATHIBACTCsI 0OMOTKA, Ha3bIBaeMasi CHTHATBHOM.

IlepeMeHHBIIT TOK BO30OYXKICHHS CO3MacT B  OOMOTKax
B030yxaeHus MII, mpesbimaromniee B Heckobko pa3 MII HackimeHus
cepaeunuka He. B orcyrcrBue BHemHero MII mepemarHuunBaHue
CcepleUHMKAa 'MO TIETJIe THUCTepe3nca IPUBOAWT K BO3HUKHOBCHHIO
UMITYJIbCOB HANPSDKCHUS B CUTHAIBHONH OOMOTKE, CIIEKTP KOTOPBIX
BKITIOUYAET B c€0s1 COCTABISIONINE C YACTOTON BO30YXKICHUS U HEUCTHBIX
TapMOHHK. BceTpednoe BKIIOUCHHE OOMOTOK BO3OY)KICHUS TIO3BOJISET
3aMETHO CHU3UTH IPOHUKHOBEHHE B CHTHAIBHYIO OOMOTKY HAIPSIKECHUS
¢ yactoToi Bo30Oyxkaeuus. [Ipu Bo3neiicteuu BHemHero MIT Broms ocu
CepJICYHHKA TETJISI TUCTepE3uca CMEMIACTCS Ha BEIMYHUHY BHEITHETO
TIOJIsSI, B CUTHAJIGHON OOMOTKE WHIYITUPYETCS HANpPSDKCHHE, B CIEKTPE
KOTOPOTO TMpeoOsaaromel sBIsSeTCs BTOpas TapMOHHKA YaCTOTHI
BO30YXICHUS, aMIUTUTYAa KOTOPOW MPOMOpIHOHATBHA mpoekimu MIT
Ha OCh cepAcdHHKa. [lOJIAPHOCT, WHAYIHPYEMOTO HAMPSHKCHUS
MCHSAETCS TIpH CMEHE 3Haka BHemHero monsa. IlpeoOpa3oBanue
BBIJICTICHHOTO Y3KOIOJIOCHBIM YCHITUTENIEM CHUTHAJIa BTOPO TapMOHHUKH
nmpou3BOAUTCS  (Pa3oBBIM  (CHHXPOHHBIM) JeTeKTopoM. OmopHoe
HalpsDKEHUE ¢ yIBOSGHHOH YacTOTOH (OopMHUPYETCS W3 HANPsHKEHUS
B0O30yxaeHUs. Beixon (a3oBoro merekropa OOBIYHO MOJAKIIOYACTCS K
TpeTheld OOMOTKE, KOTOpas HaMaThIBACTCS IMOBEPX CHUTHAIBHOM, IS
CO3MaHusl OTpHUIATENIBHONW oOpatHOW cBs3um mo MII. Bsenenue
OTpUIATENIFHONW OOpaTHOM CBS3W pPACHIMPSET TPEACIbl H3MEPEHUS,
JUHEa3UpyeT NEPEJaTOUYHYI0 XapaKTEPUCTHKY M PaCIIUpPSIET MOJOCY
nponyckanus @M.

TlorennmansHas  wyBcTBUTENBbHOCTE DM  omnpenensiercs
mymamu bapkray3eHa, BO3HUKAIOIIMMU IIPU JBHXKCHUU B JOMEHHBIX
CTEHOK B CEpACYHUKE NpH HAIMYUU HOISI BO30yxmeHus. I[LIymbr
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Bapkray3ena 3aBHCAT OT KayecTBa MaTepHalia  CepACYHUKA.
OKBUBAJICHTHAs CIIEKTpalbHAs IIOTHOCTh IyMa OCTAETCS MPUMEPHO
MOCTOSTHHOM B mipenenax oT 1 'l 10 HECKONBKUX COTEH Tepi W st
JYYIIAX KOMMEPYECKHX 3apyOeKHBIX MPUOOPOB HAXOIUTCS Ha YPOBHE
oxono 10 nTnTi'?. Jlyumme skcrepumeHTanbHble 06pasmsl ®M Ha
KOJBIEBBIX CEpPACYHMKAX WMEIOT CIEKTPAIbHYIO IUIOTHOCTH IIIymMa
0,30 T T Ha wactorax Beime 3 ' [75].

KoucTpykTuBHBIE  Trabaputhl  (EppO30OHIOBBIX  JIaTYMKOB
OTHOCUTENIFHO HEBENIWKH: IHaMeTp He TpeBblmaeTr | oM, JIuHa
HaxXOJIUTCSA B TIpenesiax oT 2 - 3 mo 5 - 8 ¢M, KOJIBIIEBBIC CEPIACTHUKH
UMEIOT AuameTp B mpeaenax 2 - 3 cm. @M Ha KOJBUEBBIX CEPACUYHUKAX
BO3MOJKHO HCIIOJIb30BaTh B OHMOMAarHWTHBIX HCCIIEZIOBAaHUSAX, B
YaCTHOCTH, JJIs1 OOHAPY>KEHUSI HOHHBIX TOKOB B TeJI€ WIIN 3arPsA3HEHUH B
Jerkux 4enoBeka. DM OYeHb UYBCTBUTEIBHBI K BO3JICHCTBHUIO
BUOpanuii, OHM JIOJDKHBI pa3MENIaThCi Ha MAaCCHBHOM IIPOYHOM
ocHoBaHuH. Temmeparypasie aperipsr @M OTHOCHTENHPHO Majbl H
cocrasistoT okono 0,05 0,1 aTi/C°.

2.3. CBepxnpoBoasiiuii KBAHTOBBII
UHTep(epeHIIUOHHBII TaTYNK

3a pyOexkoM ISl TIPOBEICHHST OMOMArHUTHBIX HCCIIEIOBAaHUM
Hanboiee yacto nmpuMeHstoTcss CKBU/Ip1. B nocnexane romsr B CCCP
takke paspadoransl CKBU/lp1, mno3Bomsromme wusMepars MII
onooowekToB [II, 56]. B ocHoBe npuniuna neiicteus CKBUJ] nexut
SIBIIEHUE CBEPXIIPOBOINMOCTH, BO3HUKAIOIIEE B HEKOTOPBIX METaIaX 1
cIUlaBax TNpH HM3KHX Temmeparypax (Hmwke 20 K), m kBaHTOBaHHE
MAarHUTHOTO MOTOKA Yepe3 KOJBIO U3 CBEPXIPOBOASIIEIO MaTepraia co
cnaboif  CBsA3BIO. SIBIIEHWE CBEPXIPOBOIMMOCTH HACTYIAeT IS
HEKOTOPBIX METAJIOB U CIIABOB IPH TEMIIEPAType KUAKOTO Tenus (4,2
K) Tak, nns cBuHIA OHa BO3HWKaeT mpu Temmepatype 7,18K, mus
nuobus - 9,2K, Banamus - 5,13K, cnmaBa Hno6us co csuHmoM - 18,3 K
[10, 28, 49].

st mornMaHus (pU3NIECKON TPUPOIBI CBEPXIIPOBOIUMOCTH U
MPUHIMIIOB KBAaHTOBOW WHTEP(EPEHIIMM PACCMOTPUM  OCHOBHEIC
SBIIEHUSI B CBEPXIPOBOAHMKE. lIpyM TpOMyCKaHWU TMOCTOSHHOTO TOKa
yepe3 MeTalul, HaxOISMIIUHACA B CBEPXIPOBOIAIIEM COCTOSHUH,
BOJIbTMETp, MPUCOSAMHECHHBI K TOYKaM BBOJA WM BBIBOJA TOKa, HE
MOKaXET KaKoro-THOO TaJeHHs HaNpshKeHUs Ha 3ToM mertaisie. [lpu
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pas3JelieHuu MaTepualia CBEpXIIPOBOJHUKA Ha JIBE YaCTH TCUCHHE TOKa
MPEKPATUTCS, BOIBTMETP MOKAXKET HANpsHKEHHWE, PAaBHOE HANPSIKEHHIO
HE3aMKHYTOH IeTH UCTOYHHKA TOKA.

Ecnu xe paccTosHue Mexay MOJIOBUHKAMHU CBEPXIIPOBOIHHKA
YMCHBIIIUTh JI0 PAcCTOSHUS TOpsaka 1 - 2 HM, TO MOXET MPOU30UTH
YAUBHUTEIBHOE  SIBICHWE, YTO MEXIy JBYMS  IOJOBHHKAMH
CBEPXITPOBOJHUKA HET HHUKAKOTO HANPSHKCHHS, OJHAKO TOCTOSIHHBIN
TOK TEYET B IICTH, T. €. MPOTEKAaHUE TOKA IMPOUCXOJUT U Yepe3 y3KYIO
menb. OJTO SBJICHHWE HaszpiBaeTcs J(PGHEKTOM TOCTOSHHOTO TOKa
Jxo3edcona. Ects u npyroit adpdext nepemennoro toka JIxozedcona,
3aKIJIFOYAIOIIUIICS B TOM, YTO B I[EMH CBEPXIIPOBOJIHUKA MIPOTEKAET TOK,
a BOJIbTMETP TIOKa3bIBaeT HAIPsDKEHWE W TpPU ITOM U3 IIENH B
CBEPXITPOBOJIHUKE MPOUCXOINUT U3ITydeHHE DIIEKTPOMArHUTHOW SHEPTUI
[28].

Ot nBa 3PQeKTa ABISIOTCS CISACTBUEM YHUKAILHOW MTPUPOJIBI
CBEpXIPOBOAAIIECTO COCTOsHHMs. Hac B Oosplmeld Mepe WHTEpecyeT
nepBblid 3(PPEKT MOCTOSHHOIO TOKA, TaK KaK HA €r0 OCHOBE CO3/IaHBI
BBIJIAIOIIUECS 110 CBOSH YyBCTBUTEILHOCTH MAarHUTOMETPHI.

OOBIYHBIN METaJUT MPOSABISET COMPOTHUBICHWE TEUYECHUIO TOKa,
TaK Kak JII000e HaNpaBJIEHHOE IBIKEHHE AIIEKTPOHOB BEAET K MOTepe
SHEPTHHM W W3-32 PACCESIHUS OTJICIBHBIX 3JICKTPOHOB Ha KOJEOAHUSIX
aTOMOB JHMOO TpHUMECSX WM JAe(eKTax pemnieTkn Meramwia. OgHAKO
KOT'/1a DJIEKTPOHBI HAXO/ISATCS B TAKOM COCTOSTHUH, B KOTOPOM JIBIKEHHUE
KQXKO0TO AJIEKTPOHA CKOPPEIUPOBAHO C TOYHOCTHIO 10 (ha3bl CO BCEMU
OCTaJIbHBIMU ¥ 3Ta KOPPEJSIHS PACIpPOCTPAHSICTCS Ha BECh METAILI, TO
paccessHHE€ OJIHOTO DJJIEKTpPOHAa HEM30EKHO IIOBJIEYeT 3a coboit
paccesiHie BCex.

B cocrosiHMM CBEpXIPOBOAMMOCTH pPACCESHUE 3JICKTPOHOB B
BBICIIEH CTETIEHW MAJIOBEPOSITHO M CBEPXIPOBOJIAIINA TOK, BOSHUKHYB
B KaKOH-TO MOMEHT, OKa3bIBA€TCS HEBOCIPUUMYHBBIM K PacCCESHHIO,
KOTOpPO€ OOYCIOBIMBAaCT BO3HUKHOBCHHE COIPOTHUBIICHUS B Clydac
HOPMAJIBHBIX TOKOB,

Takoe moHMMaHHEe OBLIO MEPBBHIM IIATOM HA ITyTH OOBSCHEHUS
TEUCHHUS CBEPXIPOBOJANICTO TOKa. B manpHeimeM ObUIH CHETaHBI
YTOYHEHHUS B TOM CMBICJIE, YTO PEYb JIOJDKHA UATH HE O KOJUICKTUBHOM
IBWKCHUH OTAEIBHBIX DJIEKTPOHOB, a 3JEKTPOHHHBIX map. V3BecTHO,
YTO B CBOOOJHOM IPOCTPAHCTBE DIEKTPOHBI OTTAIKHUBAIOTCSA APYT OT
JIpyra, HO B METa/UIe B3aUMOJICHCTBHE DJICKTPOHOB BUOU3MEHSETCS.
DNEKTPOH C OTPHULATENBHBIM 3apsiioM, ABIKYIIUNCS 4Yepe3 PemeTKy
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WOHOB METaJUIa, MPUTITUBACT MOJIOKHUTEIBHO 3apsHKEHHBIE HOHBI, YTO
BEeJleT K WCKOKEHUIO pEeIIeTKH, CO3[aBas TeM CaMbIM B CIefe
JIBIKYIIETOCS  DJIEKTPOHa W30BITOK IOJOXXHUTEIBHOTO 3apsiia, K
KOTOPOMY MOXKET OBITh MPUTSIHYT Apyroi anekTpoH. CienoBaTenbHo, B
METaJJIE TMOMHMO OOBIYHOH CHJIBI OTTAJKHBAHHS, CYIICCTBYIOMICH
MEXIy OJJIKTPOHaMH, BO3HHKAaeT KOCBEHHAs CHJIA TMPHUTDKEHUS,
KOTOpasl CBsi3aHA C HAJIWYUEM PELICTKHU IOJOXKUTEIBHO 3apsSKEHHBIX
MOHOB MeTauia. UToObl MeTaium ObLI CBEPXIPOBOJHUKOM, 3Ta CHIA
MPUTSOKEHUS,  OOYCIOBJICHHAas  HAJIMYUEM  PEHIeTKH,  JOJDKHA
MPEBOCXOANTh CHIIy OTTAJIKWBAHUA W CYMMapHOE B3aWMOJICHCTBHE
AJIEKTPOHOB JIOJKHO OBITh IPUTIKCHUEM.

Takoit MOJIX01 00BsICHSET MPUYHUHY, noyeMy
BBICOKONIPOBOAIIME METaJUIbl - cepedpo, Meap - He SBISIOTCS
CBEPXIPOBOIHUKAMHU. B BBICOKOIPOBOISIIINX MeTaJuiax

B3aMMOJICHCTBUE DJIEKTPOHOB C PEIICTKON C1a0oe, YTO W yMEHBIIAeT
MPUTSHKCHUE  3JICKTPOHOB, OOYCJIOBJACHHOE  PELICTKOM, KOTOpPOE
MPUBOAUT K  CBEPXMPOBOAMMOCTH. Takum  o0Opa3oM, TOK B
CBCPXITPOBOJHUKE  OMPEACHSACTCS  JBHKCHHEM  HE  OTACIBHBIX
3JICKTPOHOB, KaK 3TO ObIBA€T B OOBIYHBIX YCIOBHUSAX, a Map 3JECKTPOHOB.
CBsi3b MEXIY OTACIBHBIMH 3JICKTPOHAMH YpE3BbIYAMHO cliabasi, oHa
HapPYIIAeTCs, KOT/Ia PO aeT CBEPXIPOBOIUMOCTb.

B cocrosHUE CBEpXIIPOBOIMMOCTH JIBAa CIIAPCHHBIX 3JICKTPOHA
OTJZICJICHBI B CPEIHEM PAaCCTOSIHHMEM, KOTOPOE B THICAYM pa3 OOJIbIIIE,
YeM PacCTOSHUE MEXKTy HOHAMH PEIICTKHA MeTaylta. Tak Kak Ha Kax bl
WOH TIPUXOJUTCS HECKOJBKO JJICKTPOHOB, TO OJJIEKTPOHBI KaxI0i
CBSI3aHHOM Tapbl pacrojaraloTcs B 00bEMe, KOTOPBIA COACPKUT
MUJUTMOHBI JIPYTMX OJIGKTPOHHBIX TMap. M3 NpHUHIMIOB KBaHTOBOM
MEXaHUKH CJIEyeT, YTO B 3TOM CIydae MUMEETCS IMOJIHAS KOPPETSAIHS B
JIBUKCHHH BCEX DJIEKTPOHHBIX Tap.

DJICKTPOHHYIO Mapy MOXKHO OIHKCATh BOJIHOM C JJHUHON BOJIHBI
A==P/h, tne P—uMnynbCc LEHTpa Macc, # — mocTtosiHHas [lmaHka,
MPUHAMAsi BO BHHUMAaHHE BOJIHOBBIC CBOWCTBAa 3JICKTpOHA. B TepmmHax
KBAaHTOBOMEXAHHUYECKON BOJIHOBOM KapTHHBI PAaBEHCTBO HMITYJIbCOB
IEHTPOB MACC BCEX Iap 03HAYACT, YTO BOJIHEI, KOTOPHIC COOTBETCTBYIOT
3TUM MapaM, UMEIOT OJIMHAKOBYIO JUIMHY BOJHBI. BOJIHBI BCex map B
CBEPXIIPOBOJAHUKE HMCIOT HE TOJBKO OJWHAKOBYIO JUIMHY, HO H
OJIMHAKOBYIO (ha3zy.
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Unentuunocts dbaz map B CBEPXMPOBOIHUKE - 93TO0
KBaHTOMEXaHUUECKUI addexr, MPOSIBIAIONIUICS Ha
MaKpPOCKOITUIECKOM YPOBHE.

®da3bl ap JAOKHBI OBITh OJIMHAKOBBIMU Ha MPOTSKEHUU KyCKa
OIHOTO  CBEPXNPOBOJHUKA, TaK KaK TMapsl MOTYT CBOOOIHO
nepeMemniarbcs B HeM. [Ipu paspeiBe CBEpXITPOBOAHMKA TAphl HE MOTYT
0OMEHUBATHCS MEXIYy COOOH, OJHAKO €CITU YacTH CBEPXIIPOBOJIHUKA
COJIM3UTH JIPYT C JPYTrOM, TO BO3HHKACT MPOMEKYTOUYHOE IMOJIOKEHUE,
KOrJa WMEeT MEeCTO  HEeKOTOphli OOMEeH TmapaMu  IyTeM
KBaHTOBOMEXAHUYECKOTO npoiiecca, KOTOPBIN Ha3bIBACTCS
TYHHEITUPOBAaHUEM. OJICKTPOHBI Oyiarojgaps CBOCH BOJHOIOMOOHOI
MPHUPOJIE MOTYT TYHHEIIMPOBATh WM MIPOHUKATEH Yepe3 Oaphephl, uepes
KOTOpBIE OHH HE MOINIM OBl NMPOHUKHYTH, €CIIM OHU OBUIH IMPOCTO
yacTUIlaMd. TyHHEIUpPOBAaHHUE Map  MEXAYy JABYMA  YacTsIMU
CBCPXITPOBOJIHUKA TMPUBOJUT K B3aUMOCBSI3M (a3 HaA KOHIAX
CBEpXIIPOBOJHAKA, KOTOPOE€ MOXHO HW3MEHUTh C  IOMOIIBIO
ANEKTPUUECKOTO WU MarHuTHoro mnois [10,28].

Paccmotrpum  komsueBoit CKBUJ] ¢ oaHMM TYHHEIBHBIM
MepexoJ0M, IO KOTOpPOMY TedeT cBepxmpoBoisaiui Tok. daza map
anektpoHoB B CKBUWJ] gomkHa ocTaBaThCcs ONHO3HAYHOM IS
COXPaHEHUsSI CBEPXIPOBOJUMOCTH, T. €. MPU 00XONE MO KOJBILy OHA
JTOJKHA M3MEHATHCS Ha IIeTI0€ YMCIIO 1 TIepruooB (a3l B 211 paguad. B
MaTeMaTHYECKOM MPEICTABICHNH 3TO 03HAYAET

21 == 0 +21d/Do,
rae ®o — KBaHT MarHUTHOTO MOTOKA, paBHBIN 2,07 ¢ 10" B6.

Bropoit unmeHn mpaBoil WacTm ypaBHEHHUS OIpeaeiisieT Haber
¢a3el, 3a1aBaeMblii MarHUTHBIM OTOKOM @ uepes konbo CKBU/L. C
BO3pacTaHUEM TIOTOKA MPOUCXOIUT CKAYKO00Pa3HOE N3MEHEHHUE MTOTOKA
B KOJBIIE HAa OAWH KBaHT MarHutHoro moroka @. Ilpm ckauke
MPOUCXOANT M3MEHeHHne (a3pl Ha BeNWUHHY, Onm3kyo kK Do, u mpu
YBEIMYCHUH BHEUIHETO MOJSl CHOBA MEAJICHHO U3MEHSIETCS, TEM CaMbIM
MOKa3bIBas EPUOMUYECKYIO 3aBHCUMOCTh Pa3HOCTH (a3 Ha Mepexojie ¢
nepuonoM AB == @/S, rne S— miomans koibira CKBUJI. DToT mepuos
He 3aBucuT ot Tuia CKBU/I.

B cBepxmpoBomsieM KONbIE C JABYMS JKO3E(QCOHOBCKUMHU
MepexoaMi  TPOUCXOAUT HWHTepdepeHnus TOoKa B KOJbIE, €CIH
3HaueHUE pabOYero MOCTOSTHHOTO TOKA i, MPOIYCKaeMOTr0 Yepe3 KOJIbIIO
OT BHEIIHETO UCTOYHUKA, HEMHOTO MPEBLIIIAET KPUTUUECKUHN TOK iC,
tak uro Ha CKBU/l BO3HMKAET Pa3HOCTH ITOTEHITHAIOB.
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Tox, naBonumeiii B CKBUJI, HeonnHAaKOBO BO3JCHUCTBYET Ha
JIBa TIepexo/ia: B OAHOM OH CKJIQJIBIBAETCS C pabOYNM TOKOM, B JPYTOM
— BBIYUTaeTCA. B pe3yipTare TOK B KOJNbBIE C ABYMS IEpeXoaaMu
MEePUOIMYECKU 3aBUCUT OT BHemHero MII uepe3 koibio. MakcumyMmbl
Toka uMmerT Mecto npu OsremH = 0, Po, 2Pn... ¥ MUHUMYMBI TIPH
Oprem = @/2, 3dPo/2... OT 3TOr0 MEPUOAWYECKH MEHSICTCS
Hanpsokenne Ha CKBUJl. AwmmuinTyna HW3MEHEHMH — COCTaBISET
npumMepHo 10 MxB.

HenocpencrBeHHO HM3MEpUTh HANpPsHDKEHUE B OJHOINEPEXOIHOU
koHcTpykiun CKBUWJ] HEBO3MOXKHO, TaKk KakK IOABOMSAIINE ITPOBOJA
OyIoyT Bceraa 3aKOpPOYEHBI CBEPXIPOBOMAIICH YaCThIO  KOJBIA.
[Toatomy BO3zciicTBue BHemHero MII ma CKBUJI wm3mepsieTcs Ha
BBICOKOH 4acToTe.

Tononornyecku Bu-CKBU ] MPEICTaBIISIET co0oii
CBEPXITPOBOJSIIEE  KOJBIIO CcO  cimaboii  cBs3pto.  [locmemnss
OTPaHWYUBAET TOK, IUPKYIHPYIOMHUH MO KOJBITY MPH TaHHOM BHEITHEM
MOTOKE, B PE3yNbTaTe Yero CTPOToe, KBAaHTOBAHNE ITOTOKA HAPYIIAETCsl.
Kpowme Toro, cnabast CBsi3b OIpeesieT 3HaueHUe KPUTHIESCKOTO TOKA B
KOJIBIIE, T. €. MAKCHMAIBHOTO TOKA, KOTOPBIA MOKET IIUPKYIAPOBATH IO
KOJIBbITy, HE CO37aBasl MaJCHUSA HANpPSHKCHUS Ha HEM. XapaKTePUCTHKH
ces3u CKBUJ] nonbuparorcs Tak, YTOOBI, KOTJla TOK JIOCTHTAcT
KPUTHUYECKOTO 3HAYCHHUS U CJ1a0asi CBA3b Ha KOPOTKOE BPEMs MEPEXOTUT
W3  CBEPXMPOBOJIAIIETO  COCTOSHHS B  HOPMaJbHOE,  TIOTOK,
MIPOHU3BIBAIOUINI KOJIBIIO, U3MEHSIICA TOJBKO Ha OAuH KBaHT. Ilocme
3TOro cyabasi CBSI3b BHOBb CTAHOBUTCS CBEPXIIPOBOJIAIICH, TaK Kak
KOMIICHCUPYIOIIUNA TOK, YTO HHUPKYIUPYET IO KOJbIy, CTaHOBUTCS
MEHBIIIE KPUTHIECKOTO.

«Kompo» coBpemennoro CKBHJ/la mnpexacraenser coboit
MAacCHBHBIA OJIOK M3 HHOOWS, a cliabas CBA3b €CTh TYHHEIIBHBIN
mmepexojl, 00pa3oBaHHBIA OKCHIHBIM H3OJUPYIOMHUM OaphepoM, OO
TOYCYHBIH KOHTAKT MEXIY 3a0CTPEHHBIM KOHIIOM HHOOMEBOTO BHHTA U
TEJIOM HUOOMEBOro Oyioka. B OMOMAarHMTHBIX U3MEPEHUSX IMUPOKO
ucrionb3yroTcst Tpu THna CKBU/I: TOHKOIIIICHOYHBINA, TBYX-IBIPOTHBIH
U TOppoMAaibHbIA (puc. 2, 6). B kaxkaoM H3 HHX HMeeTcs
CBEpXMNPOBOAAIIAS  BXOAHAs  KaTylIKa, BXONAIIAas B  COCTaB
TpaHcopmaropa TMOTOKA, W MeAHAs BU-KaTYIIKa, CIyXamas st
kotpoiist coctostauss CKBU/I.

Uro kacaercs nByxmepexonubix CKBHW/loB, pabortaromux Ha
MOCTOSTHHOM TOKE, TO OHHM M3TOTOBIITIOTCS METOAAMH TEXHOJOTHH
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Puc. 2. Pasauunsie Tann By-CKBH 1a

4 — WHAHRAPIHUECKT TOHKOIJIeHoYHbli: | — BXoAHas KaTymika, 2 — caabas
CBsA3b, 3 — BU-KaTyuika, 4-—- AM3JEKTPHUYECKHH Kapkac, 5 -— TOHKas CBEpPXNmpo-
Boasiilas muchHka; O — aByxjbipounniii CKBUJM: 6 — Bu-kaTywka, 7 — BHHT C
3a0CTpeHlbIM  KouiloM, 8 — cyiabGasi ¢Bsidb, 9 — BXOAIASL KAaTYIIKa; 6 — TOPOM-
Haabuplit: 10 — BXojuasi Karywka, /I — Bu katyiwika, 12— HHOGHEBBI Kopmyc,
13 — BHHT € 3a0CTpCHILIM KonioM, /4 — caabasi cBA3b

ToHKOIUIeHOUHBIX cxeM. [loka CKBUJIpl Takoro Tuma HE HalUIA
IIMPOKOTO MPUMEHEHUSI B OMOMAarHUTHBIX U3MEPCHHSIX.

Onektpuyeckas cxema ompHomnepexomnoro CKBUJ/la ¢ Bu-
BO30Y)KIICHHEM TIpEACTaBICHa Ha puc. 3. BwIcOKOYacTOTHOE TIOJIE
CMEIICHUSI CO3/IaeTCS TOKOM OT BY-T€HEpaTopa 4Yepe3 BY-KATYIIKY C
WHIYKTUBHOCTBIO L1, cBsazarnol co CKBU oM. MamykTuBHOCTS L1 1
koHmeHcatop Cl oOpasyror konebarenbHBIM KOHTYp. Yactora
HACTPOMKM KOHTypa 0ObIyHO BbIOMpaeTcs oxoio 20 mlm. Koutyp
BO30YXJaeTCcs Ha 4YacTOTe pe30HaHCa OT BU-TeHeparopa. Tok
reHepatopa Ir ropa3go MeHbIIe TOKa /K B BUY-KOHTYpe M CBs3aH C
nocnenauM cootHomenuem It = Ik /Qk, rne Qk - moOpoTHOCTH
koHTypa. Ecim ammmtyna toka /k Benmka, TO B TEUEHHUE KaXKIOTO
nepuona 3toro Toka cocrosaue CKBU/I mpoxoauTt depe3 aBe MOTHBIC
TIeTJIN TUCTEpe3nca, BO BpeMs omgHoN n3 kotopsix B CKBUW/I BBOIUTCS
KBaHT MarHUTHOTO IIOTOKA, a BO BpEMs JPYrod KBaHT BBIBOJUTCS.
ITorepu sueprum B mepexone CKBUJI, korma oH Ha KOPOTKOE BpeMs
TEpsieT CBEPXIPOBOANMOCTD, TPOSIBIAIOTCS B HW3MEHEHHH IIOJTHOTO
COTPOTHUBIICHUSI KOJIEOATEIBHOTO KOHTYpA, MPUBOIAIICM K U3MCHEHHIO
HaANPsDKEHUS Ha HEM.

Cxema BKIIOYaeT B ceOS MOMYJLIIIMOHHBIA TeHEpaTop H
CUHXPOHHBIA JIETEKTOP JUIsl OpraHW3alliy MU OOpaTHOW CBSA3U. JTO
MO3BOJISET PACIIUPUTH TUHAMHYCSCKUH TUANIa30H U3MEPCHHIA.
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by— Tenepirrion Puc. 3. Duekrpirieckas
ceneparnop -—1—'* Lz cXeMa COCHHHEHHil oMo

nepexomiioro CKBHHa ¢
BU-BO306Y A /lelleM

Cunrzpormont OGBACHCHHA B TEKCTe
-1 dernexmaop

HNHorga Takyr0 CcxXeMy Ha3bIBAalOT, CXEMOH (uKcaiuu

MarHMTHOTO TIOTOKA, TIOCKOJIBKY YCPETHEHHBIH M0 Tepruoy BU-CUTHAJA
MarHuTHBIM TOTOK  d4epe3, koaelo CKBUJl mnoaaep:xkuBaeTcs
Hem3MeHHbIM, T. €. CKBU/] sBisieTcst HyJIb-OpraHoM, a TOK OOpaTHOM
CBS3M yAOOHO BBOAWTH B KaTymky Loc. Ilpm sTtom manmeHue
HANpPsOKEHUS HA COMPOTHBICHUM ROC OOpaTHOW CBS3U OKAa3bIBACTCS
MPOTMOPITUOHATBHEIM U3MEPSIEMOMY MarHUTHOMY MOTOKY.
Mopynupytomee mone  fim, HW3MEHSIONIEecs BO BpPEMEHH  II0
MIPSMOYTOJILHOMY 3aKOHY, co3faeTcs Ha yactore mopsiaka 100 k', garo
OTIpe/IeNIIeT PaBHOMEPHOCTh YAaCTOTHOM XapaKTEPUCTUKU OT HYJS IO
BEpXHEH T'paHUYHOW YaCTOTHI MOPsAAKa fin/2. YcuineHnue W MOCTOSHHAS
BpEMEHH IIeMH OOpaTHOW CBSA3M HAKIAJBIBAIOT OTPAHWYCHHE Ha
MaKCHMaJIbHYIO CKOPOCTh M3MEHCHUS MAarHUTHOTO IOTOKA. TummyHas
MaKCUMalbHas CKOpPOCTh ciaekenus ans cepuitneix CKBUJI cocrapnser
oxorno 10’do/c.
OcHoBHbIe UCTOYHHUKH IIyMOB B Bu-CKBM/lax TakoBBI: EpBbIi KacKaj
YCUJICHUS, D3JCMEHTHI BY-KOHTYpa, HAXOJSIIMECS TPU KOMHATHOM
temriepatype, u coocrseHnsle mrymsl CKBU/la. Ilocnennne oOs3aHbI
GIroKTyanusaM TOKa, IUpKynupyromero mo kojeily CKBUJla mpu
TEPMOJMHAMUYECKOM PaBHOBECHH, KOTJA IO/ BIUSHUEM BY-TIOJS 3TOT
TOK Tpubmmxaerca K kputuaeckomy. CpenHekBaapaTHYHOE 3HAYECHHE
W3MEHEHU MAarHUTHOTO IMOTOKA — MAarHUTHBIMA IOyM JUIsl CEPUIHBIX
npubOPOB COCTABIISIET

So 2= 100/

O6myto  uyBcTtBHTenbHOCTE CKBHMJla  MOXHO — Takke
XapaKTepH30BaTh MUHUMAJIBHOW DHEpPTrMed CHUTHAja, MOJAHHOTO Ha
KaTyIIKy CBS3M, TIPU KOTOPOH BBIXOIHOE HANPSHKCHHE PABHO
CpeIHEeKBapaTUIHOMY YPOBHIO ITyMa B mojoce mupuHod 1 I'm. Ota
BEJIMYNHA—3HEPTeTUYEeCKass TyBCTBUTEIHLHOCTh - UMEET Pa3MEpHOCTH
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Jx-c  wm  Jx/Tn. TunuuHoe  3HauEGHUE  DHEPrEeTUYCCKOH
YYBCTBHTEIBHOCTH JUISi CEPHIHBIX IPHOOpoB cocraBmser 2- 107
Jx/T'u. Ipu nadoparopusix ucciaenoBanusx CKBUIoB mokaszaHo, 4TO
SHEpreTHYecKas UyBCTBHTENBHOCTh MOXeET pocturate 7-107" Jlw/I'm,
TOT'1a KaK KBAHTOBBIM MpEJIEN OLIEHUBAETCS BeIUUnHOM 1,1 103 Jx/T'n
[45].

O06brynO criektp mymoB CKBH/la paBHOMEpeH 10 HEKOTOpPOit
JIOBOJIbHO HU3KOW YaCTOTHI, HO MPHU AadbHEHIIEM MOHUKEHUU YaCTOTHI
ITyMBbI HAYMHAIOT BO3pacTaTh. VICTOYHUKOM 3THX IIyMOB SIBISIETCS Cam
CKBU/I, HO MpOUCXOXKICHHUE UX TIOKA HE OOBSICHEHO.

CKBUJI sBasiercss usmepureneM notoka BHemHero MII uepes
miomans kombila CKBW/la. Ho ero paspemenne He MOXET OBITh
yiIy4imeHo mnpocTteiM yBenamdenmeMm Iwromamu CKBUJla, Tak Kkak
CYIIECTBYET OIrpaHUYCHUE Ha €ro HMHAYKTUBHOCTH Lo. Bo-mepBbIX,
4yToOBl TeryioBble (rtokTyanuu c sHepruei ~ k7T (T - Temmepatypa,
paBHas 4,2 K, k - mocrosHHas bonbiimMana) He Hapymamud 3¢Q¢exT
Jlxo3edcona B caboM 3BeHe, HEOOX0muMO, uTo0bl Lo <d’0/ kT [49].
Bo-BTophIX, C yBenmmueHueM L0 yMEHBIIACTCS KpUTHYECKHid TOK /k
yepes JHK03e()COHOBCKUI TIEPEX0/1, KOTOPBIi CBsA3aH ¢ Lo yciioBueM Lo
Ik ~ ®o, a c yMEHbIICHHMEM KPHUTUYECKOTO TOKAa YMEHBIIIAeTCs
cTabuIbHOCTH PabOoTHI mepexona. OOsraHO iomany konbena CKBUla
JeKaT B MpeAeNaX — HECKONBKUX — KBAJIPaTHBIX — MHJUIMMETPOB.
VYeenmunuenue uncia neteib CKBI/la mo3BosseT yBeTUIHT, IIOMAIh 10
HECKOJIbKHX JICCATKOB KBaJPaTHBIX MUJUIUMETPOB.

Ho ans CKBHla ¢ manbiMu pa3MepamMu KOJbIa CYIIECTBYET
YCTPOMCTBO, PE3KO  yBENWYMBAIOIIEE MPHEMHYIO  IJIOMIadb,—
Tpanchopmarop marautHoro motoka (TII) (puc. 4, a). Ilocnemuwmii
MPENICTABISIET COOOH 3aMKHYTYH) TMETII0 U3 CBEPXIPOBOJIAIICTO
MaTepuraia, CBUTYIO B IByX MecTaxX B KaTymkd. CHUrHallbHAs KaTyIIKa C
WHIYKTUBHOCTBIO Lc momermaetrcss B orBepctue CKBHJla Tak, 9To0ObBI
MOJTyYUTh MaKCUMAIBHBIN K03()(DUIIMEHT CBS3M, a IPUEMHAs KaTyIIKa C
MHIYKTUBHOCTBIO Ln HaxoauTcs B uaMepsiemom MIL.

Tak kak TII ecThb 3aMKHyTasi TMETJISI CBEPXIIPOBOAHHUKA, TO
MAarHUTHBIA TIOTOK B HEM OCTAeTCsl MMOCTOSHHBIM, T.€. MPU HU3MEHEHUU
MII B obOnacty Ln B TETNIE BO3HHUKAET CBEPXIPOBOISAIINN TOK, HE
JIAIOIIUI U3MEHATHCS CyMMapHOMY TOTOKY B metiie. HaBejieHHbIN TOK,
MPOTEKAOIINN
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D> P

@ Puc. 4. Buuni  tpanccop-
€ MaTtopoB MAaruliTHOro nmno-
TOKa
OO psicnelnitss B TCKCTe
o

Mo CUTHaJbHOM KaTymike Lc, HaBoguT notok B CKBU/le, koTopsiii 1
m3Mmepsercs. OntumanbHas nepeaada notoka B CKBU/le mpoucxonut
mnpu Lc==Ln. TII cymiecTBeHHO yBeauunBaeT 3(Q(PEKTHUBHYIO ILIOMIAIb
CKBH/la, HO mMeeTcsl OrpaHUYCHUE Ha TUIOMIAIL TPUEMHOM KaTYIITKH,
Tak KaKk TpU €€ YBEIMYCHWH BO3pacTaeT LcC, yMCHbBIIASTCS
kod(urmeHT cpa3u Mexay npuemHon karymkoit 1 CKBU/L. Ilpasna,
mpu OMOMAarHUTHBIX HCCIENOBAHUAX OOJBIIHE pa3Mepbl MPHEMHOI
MIETJIA HETeNIecO00pa3Hbl, TaK KaK IMPH 3TOM YMECHBIIAETCS CBSI3b MEXKITY
HMCTOYHUKOM CHUTHaja W MpueMHOUW mnerined. ONTUManbHBIM Auamerp
npuemMHor Katrymku y OonsmmHcTBAa CKBWJloB ¢ TII nexur B
npenenax ot 1 1o 3 cm. Ecin npueMHas netns npeactaBiseT coOoil qHe
KaTYIIKA OJMHAKOBBIX ILUIOMIAJICH, IT0 HABUTHIX B IMPOTHUBOIIOJIOKHEIC
CTOpPOHBI M pa3HECEHHbIC Ha HEKOTOpoe paccTosame (6a3y), To
npueMHasi TeTisd u3MepsAeT pasHocTh MoTokoB MII B Toukax
pacnionoxkenus katymek (puc. 4, 6). Korma 3HaueHwe pa3HOCTH
MOTOKOB Maji0 IO CPaBHEHUIO C MOTOKOM, TO B 3TOM CJIy4ae FOBOPHUTCS
00 M3MEpeHnH TpagueHTa, a IpuOOp HOCUT Ha3BaHHE TPAIHEHTOMETpA.
(B wuwHOCTpaHHOW JWTEepaType 4alle HCIOJIB3YeTCs  Ha3BaHHE
TpagroMeTp.)

OO0muM CBOWCTBOM BCEX W3MEPHUTENBHBIX KATYIIEK SBISETCS
PaBEHCTBO HYJIO CyMMBI IPOM3BEICHHUI YMCEN BUTKOB Ha TUTOIIAAN IS
BCEX CEKIMHA KaTYIIKU, TPU 3TOM BUTKH, MO0 KOTOPHIM TEYET TOK IIO
YacOBOH CTpernke, Oy/eM CUMTATh MOJOKUTEITHHBIMH, & BUTKHA C TOKOM
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MPOTUBOIOJIOKHOTO ~ HAmpaBiICHHUS -  OTpPUIATCIbHBIMU.  Jlis
CHMMETPUIHOT'O TPAIUEHTOMETPA BTOPOTO Mopsiaka (puc. 4, T) KaTymka

COCTOWT W3 TPEX CEKITUH C COOTHOIIECHHWEM YHucel BUTKOB 1 : —2: 1, a
JUTsL TPaJueHTOMETpa TpEeThero mopsnka (puc. 4, 0) KaTylika U3
YETBIPEX CEKIUH C COOTHOIICHUEM unced BUTKOB 1 : —3 :+3 :— 1. Jlns

YMEHBIIEHUSI  30HBI  TPOCTPAHCTBEHHOM  CEJEKIMH  BO3MOXKHO
MPUMEHCHUE aCUMMETPUYHBIX (puc. 4, e, Jc) KaTylIeK, HO MPU 3TOM
CyMMapHasl IJIOaIb BUTKOB paBHA TUIOIIAIN OJMHOYHOTO BUTKA.

IIpu pacnosnoxxeHnuu oceil MPUEMHBIX KaTylIeK TpaJueHTOMETpa
BIOb NUHUU (puc. 4, 6) TPaTUECHTOMETP H3MEPSET COCTABJISIONTYIO
rpagueHTa 0Bz/0Z, npu pa3MenieHny KaTylieK B MIOCKOCTH (puc. 4, 6)
MIPOU3BOANTCS H3MEPECHHE COCTABIIIONIEH TpagueHTa 0BX/0X.

[Inomany MpUEeMHBIX KaTyIIeK JOJDKHBI OBITh MASHTHYHBI IS
MakCUMalbHOTO  TojaBieHus MII  OoT  HCTOYHUKOB  TIOMEX.
NnenTrnaHOCTh 00ECTICUNBACTCS TTIOACTPOCYHBIMU YCTPOHCTBAMU B BUJIC
HEOOJIBIINX KyCOYKOB CBEPXIPOBOISIIETO MaTepHaja, IepeMemnieHueM
KOTOPBIX MEXIY MPUEMHBIMHA KaTyIIKaMH ypaBHUBaeTcs 3P QexTuBHas
TUIOMIA/h, TAK KaK CBEPXIPOBOJHHUK BBITAIKHBAaEeT OT ceds MII, tem
CaMbIM YMEHbIIIad IEUCTBYIOIIYIO TUIOMAb KaTyIIKHA. Takoll MexaHu3M
TI03BOJISIET OCYIIECTBUTH OATaHCHPOBKY Ha yposre 107 107

CpaBHUTENLHO HEAABHO OBUIO IIOKa3aHO, YTO BY-CXEMY
BO3MOXKHO HCIIONIb30BaTh 1 paboThl ¢ Heckonpkumu CKBU/lamu
omaoBpeMenHo [45]. Kaxmerii CKBUJl momkeH WMETh TPH 3TOM
cooctBeHHbld TII W CBOIO W3MEPUTENBHYIO KaTymKy. Momynsus
MPOU3BOANTCS HE Yepe3 KaTylIKy KOHTypa, a depe3 1enb 111, mpuuem
gacToTel Moxyisiiuu s Becex CKBUJoB memaroTcst pa3HBIMH IS
MOCTIEAYIOMIET0 pa3feNeHus] MPH TOMOIIN CHHXPOHHBIX YCHIIUTENEH.
JOCTOMHCTBOM TakoOM CXEMBbl MMOCTPOCHUS SBISETCA TO, YTO BO3MOXKHO
CO3/IaHHE YCTPOWCTBA I OJHOBPEMEHHOTO M3MEPEHUS! TPEX B3aHMHO
OpTOroHaJIbHbIX KOMIIOHEHT MII 1 ero rpaJiueHToB.

B paGore [85] omucan rpaaueHTOMETp, OOECTICUMBAIOIINI
U3MEpPeHHEe B TpPEX TNPOCTPAHCTBEHHO PAa3HECEHHBIX  TOYKaX.
I'paguenTomMeTpsl TOAOOHOTO THUMA  YAOOHBI 1S BBIABICHUS
MPOCTPAHCTBEHHBIX 30H BhI3BaHHBIX MII rosioBHOTO MO3ra.

HanpHeimuM  pa3ButueM MHorokanansHoro CKBWJ/la s
uccaenoBanuss MII romoBHOro Mo3ra sIBjisieTcs CEMUKaHAIbHBIN
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Puc. 6. Maruntomerp Ha

OCHOBC JlaTYHKA C ONTHYE-
y CKOIl N1aKauKoit

OOGmpacucuns B TeKCTe

MarauTomeTp [106]. Ero ocoOEHHOCTE COCTOMT B TOM, YTO BCE KaHAIIBI
pasfelieHbl 10 YacTOTe HAKayK{, 4YTO CYIIECTBEHHO YMCHbBIIAST
YpOBEHb B3aWIMHBIX TIOMEX C TPUMEHEHHEM 0c000i  (hopMbl
TpaHcopmaropa moroka. [lomoOHbIii MHOrokananbubii CKBUJI
MPENICTaBISIET CO00M MarHUTOMETPUYECKHE CHUCTEMBI, CIICJOBATEIBHO,
paboTa C TakKUM yCTPOWCTBOM BO3MOXHA TOJBKO B SKPAaHHPOBAHHOM
MTOMETIIEHUH.

Temepr paccMOTpuM THUNMMYHYIO KOHCTpykImio BU-CKBU/la
TpaJUCHTOMETpA IEPBOKD IOPSAIKA, YTO NPEJACTaBIICHA Ha pHC. 5,
CKBMU/] - cucreMa BKITIOYaEeT B ceO:
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1 - wu3MepuTenbHAas KaTylIKa TIpaJueHTOMETPUYSCKOTO THIA, 2-
BBICOKOYACTOTHBIM dKpaH, 3 - karymka cBs3u co CKBU/om, 4 -
CKBU/I. 5 - cBepxmpoBomsmuid dkpaH, 6 - BeiBomel CKBU/a, 7 -
TeJIUeBBIN Aroap, 8 - OTBEpCTHE AJI BRIBOJA MApOB renusd, P - oTkayHOM
natpy6ok, 10 - BakyymHas pyoOamka, 11 - 3acioHKH (paguarioOHHBIE
9KpaHsbl), 12 - METAIITMIECKUE TTOJIOCKH, OXJIAKIaeMbIe TIOTOKOM ITapoB
renusi, 13 - cynmepuzomsiius, 14 - sxunkuit renuit, 15 - MonekymsipHOe
CUTO JUIS YJaBIIMBaHUS TPOCAYUBAIOIIMXCS TMMAapoB remus, 16 -
XBOCTOBUK Jf0apa.

W3smeputensnas CKBUWJI - karymka, Kak IpaBHIIO,
pacrionaraeTcss BO3MOXHO ONKe K HIDKHEMY TOpILY [1oapa, OKOJIO
KOTOPOTO JIOJDKEH HaXOJUThCS 00BEKT HCCIICI0BAHUS.

IIpenBapuTeNbHBIN YCUIMTENh OOBIYHO YCTAHABJIMBACTCS Ha BEPXHEU
KPBIIIKE J[F0apa, MPU MOMOIIH KabeIbHON CETH YCUIUTEh CBI3BIBACTCS
¢ OJIOKOM yCHIJICHWSI, IETEKTUPOBAHUS CUTHAIA U OJIOKOM YIIpaBIICHUS.
KoncTpykmust mgroapa JOIyCKaeT €ro IMOBOPOTHl  OTHOCHTENIBHO
BepTHKaIM Ha yroi g0 40—45° B 3aBHCHMOCTH OT BBICOTHI YPOBHS
SKUJIKOTO TEUS.

Jnst monmp30BaTenss BaXKHO TO OOCTOSITENTLCTBO, YTO BBIXOJHOM
curian CKBHMJla He TOX0X HAa BBIXOJHBIE CHTHAIBI APYTHX
AJNIEKTPOHHBIX TpUOOpoB. Tak Kak KaKIBIA IMKJI OTKJIMKA HJICHTHYCH
IPYyTHM, TO HEBO3MOXXHO OIIPENENUTh aOCONIOTHOE 3HAYEHHE
KOMIIOHEHTHI MHIYKIH MU, a TONbKO NUINb TpUpalieHne ee B BUIC
YUClia IUKIOB TMPU TOMOIIM  DJIEKTPOHHBIX CUCTYMKOB  WIIHU
crabunmzupys nonnoe nose CKBU/la snexTponHbIM myTeMm. Brtopoii
MyTh SBISIETCS CAaMbIM PAacCHpPOCTPAHEHHBIM TIpH  OHOMarHUTHBIX
WCCIICIOBAHUSAX, TaK Kak OH oOecreunBaeT HAWOOJBIIHNE MPEICITBI
M3MEpEHNH.

Jpyras 0COOEHHOCTh TIEPUOAMYECKOM TPUPOILI  OTKIIMKA
COCTOHT B TOM, YTO NPH HAITUYUH MTOMEX OT BHOpPAINH, PaAUOCTaHITNH,
PaINOIOKAIIMOHHBIX CTAHIUH, JIEKTPOCTATHUECKUX Pa3psI0B U APYTHX
MHOTOYHCIICHHBIX HcTOUYHMKOB CKBUJI - cumcrema MOXET TepsTh
CcTaOMIM3aIMI0 Ha YaCTHOM IHKE OTKJIHMKA, TMPHUBOIS K CPBIBY €ro
paboThl. YpOBEHb TIOMEX, TPEOYEMBIH I 3TOTO, COCTABISET MOPsAKA
0,1 HTn. Takas Hu3kas noMmexo3anumenHnocts CKBM/la 06s3bIBaeT Kk
HEOOXOJMMOCTH TIIATENIFHOTO MOHTa)Xa W BBEACHUSA JKPaHUPOBAHUS,
HO He B oOmactu yactot m3mepenniit CKBH/la.
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2.4. MarHuTOMeTpPHI ¢ ONTHYECKONH HAKAYKOH

MarauToMeTphl c OTITHYECKOU HaKa4YKOU (MOH)
pa3pabaThiBaIi Kak B CBS3M C HEOOXOAWMOCTHIO TOYHBIX H3MEpPEHUi
MII Ha mMOBEPXHOCTH 3€MIIM, TaK W Ha OpPOUTaX HCKYCCTBEHHBIX
CITyTHHKOB 3€MJIM, HO, Kak Toka3zaHo B pabore [30], BO3MOXHO HX
MpUMEHEHUE [UIsi OMOMArHWTHBIX HCCIEOBAaHWH, B YAaCTHOCTH, B
MarHurokapauorpadguy,  MarHMUTONMHEBMOrpaduu  (MCCIeIOBaHHUE
MarHUTHBIX 3arps3HEHUH JIETKNX), N30BITKA XKeJle3a B TICYCHH U T. T,

MOH ocHOBaHBI Ha TPHUMCHCHHH METOIOB pPE30HAHCHOM
ONTUYECKOW OpPHUEHTAIIMM IapaMarHUTHBIX aTOMOB W MAarHUTHOTO
pe3onanca [1,40,88].

B coctaB MOH Bxogar (puc. 6): 1 - sdelika IOTJIONICHWSI,
coleprkamiasi mappl IMMapaMarHUTHOTO BEMIECTBA, 2 - CHEKTpajbHas
nmamma, 3 - CBETOBOJ, 4 - -BBICOKOYACTOTHBIA T'€HEPATOP BO3OYKICHUS
CHEKTPATILHON JIaMIIBl, 5 - IUPKYJIAPHBIN MOJIIpU3aTOp, 6 - TUH3BL, 7 - -
(dboToNpHEeMHUK, 8 - paguodacTOTHAS KaTyIIka, 9 - MIMPOKOITOIOCHBIH
YCHIIUTENb, 10 - 4aCTOTHO-U3MEPUTEILHOE YCTPOUCTBO.

CBeT OT CHOEKTPAIbHOW JaMIbl TOJBOIUTCS K s4YCHKaM
TOTJIOLIEHHUSI TPaJIMEHTOMETPa MPU MOMOIIA CBETOBOJIOB JUIMHOUN 75 cM,
YTO HEOOXOAMMO Ui YAAJeHHs TeHepaTropa BO30YXKIEHHS C €ro
HEKOTOPBIMU ~ (DEPPOMArHUTHBIMU JJIEMEHTaMU  (TPAH3UCTOPHI) OT
YYBCTBHUTENBHBIX JJIEMEHTOB W I YCTPAHEHHS JIEKTPOMArHUTHOMN
JIeBUAINY, BBI3BAHHONH TOKaMH B [EMAX NHUTAHWS TeHepaTopa
BO30YKICHUSI.

CrektpanbHas j1amia umeer chepudeckyro GopMy TUaMETpoOM
okoo 10 MM W COAEPXKHUT IIEIOYHON MeTaur U OydepHBIH Ta3 s
oOneryeHuss  YCJIOBMH  TMOJDKUra  BBICOKOYACTOTHOTO  pa3psja.
LupKynspHBIA MONSPU3ATOP COCTOUT W3 MH(PPAKPACHOTO TONSIPOHIA U
YETBEPTHBOJIIHOBOU MIACTUHKU. ONTHYECKUE OCH TTOCTIEIHUX HAXOIITCS
mox yriom 45°. Sluefika TOTJOMIEHHUS - IIWUIMHAP C ONTHYCCKH
MOJIMPOBAaHHBIMU  JIOHBSIMH. B OOKOBOH OTPOCTOK SYCHKH TIOf
BaKyyMOM BBOJWTCS IIEJIOYHOH METayul, BHYTPEHHHE CTEHKH
MOKPBIBAIOTCS TOHKHM CJOeM TapaduHa A yIydlIeHWs KadecTBa
STUCUKH.

HaunGonbimee npumenenne B MOH HaXoauT MIENOYHON MeTalT
- Te3uif, KaKk Hambosee MOCTYITHBIH M WMEIONINH OIWH CTAaOMIIBHBIN
msoron Cs'*’. CriekTpanpHas namma Takke COIEPHKHT Mapbl TOTO e
BEIICCTBA, YTO W sUeiika moriomeHus. B kauecTBe pabounx BemIeCTB
MOTYT HCIONB30BAaThCSl HM30TOMBI JAPYTHUX MIENOYHBIX METAUIOB -
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Puc. 7. Oueprernueckas p
CTPYKTypa H nepexojbl r'H- Y AN
MOTeTHYECKOr0 aToMma Lie- .
JIOUHOTO MeTaJjlja +f,’;g’;’;’g o1
PaclenJiense COCTOSHHS OI- +1/2
penensieTcsl HHAYKIIHER BHeNI- s —<

1/2

HEro MarHHTHOro moJs

+— Brinywedenroid
nepexad

pyOuIHs, Kamus U Ta3000pa3HOro TeIHs.

PaGodee BemecTBO  ompemeNseT  TEMIEpaTypy — SUCHKH
MOTJIONICHUS, TPH KOTOPOW BO3MOXKHO TOJIYYCHHE MaKCHUMAIILHOTO
curHana. Tak, B cirydae UCIoyib3oBaHus 1e3us natank MOH paboTaeT B
Jrara3oHe KOMHATHBIX TeMIiepaTyp B npenenax ot 17° C go 30° C.

Jisi TIOHMMaHus TPUHIMIIA ONTHYSCKOW HaKadyku Oynem
MOJIaraTh, YTO aTOMBI IIEIOYHOTO MeTallia OOJaar0T SHEPreTHUSCKOM
CTPYKTYpOIi, KOT/Ia €r0 OCHOBHOE COCTOSIHHE TOJ] JIEHICTBHEM BHEUTHETO
MII pacmieruisieTcs Ha Ba MOXYPOBHS, YTO COOTBETCTBYET OPHEHTAIIUN
CIIMHOB aTOMOB IO HamlpaBJIeHHUIO M NpoTHUB HampasieHus MII. B MII
MOpsIIKa 36MHOT'O YHCJIO aTOMOB cO cnuHamu —1/2 u +1/2 mpumepHO
paBHO. Bo030yXneHHoe cocTosHME aroMa P mpenctaBuM OIHUM
ypoBHeM (puc. 7). Takas rTumoreTndyeckas CTPYKTypa MO3BOJISET
BEISIBUTH POJTb ONITUYECKOTO U3TYUCHHUS.

OnTHyeckoe M3My4eHHE CHEKTPaIbHON JIAaMITBI B OTCYTCTBHE
MUPKYISPHOTO MOJIIPU3ATOPa, MPOXOAAIIEe Yepe3 TUCHKY MOTIIOMEHUS
C mapamu e3us, YaCTHYHO OCIAOJISETCs 32 CUET TOTJIOIIECHUS B Mapax.
[lormomenne cBeTa B sYEHKE CBSA3aHO C IEPEBOAOM aToMa W3
OCHOBHOTO COCTOSIHHSI S B BO3OykaeHHoe P ¢ mocmemyronmum
CIIOHTaHHBIM TIEPEXOJIOM B OCHOBHOE COCTOsIHHE. Bpems npeObiBaHus B
BO30YXKICHHOM COCTOSIHHM cocTaBisier okoio 10™ ¢. Yucno aToMoB co
ClIMHaMHU, OPUEHTUPOBaHHbIMU 10 HampapieHuro MII Bo, pasHO
MPUMEPHO YHUCIy aTOMOB CO CITMHAMH, OPUCHTHPOBAHHBIMH TPOTHB
HanpaeneHuss MII, T. €. PHEpPreTMYecKoe COCTOSHHE aTOMOB IPH
HETOJISIPU30BaHHOM OOJTyYEHHUH HE M3MEHSIETCS.

BBeneHne [HMPKYISAPHOTO TONSpU3aTopa Iepen  siuehKoi
MOTJIONICHNUS KAa4eCTBEHHO W3MEHSAET IMPOIECC IMOTJIOMICHUS |
pacmpezneneHie Yncia aTOMOB 10 MOJYPOBHSIM OCHOBHOTO COCTOSHHUSI.
HupKynspHO-TIONAPU30BAHHOE PE30HAHCHOE ONTHYECKOE H3ITydeHHE
HECET MOMEHT KOJHMYECTBA JABMXKCHUS, MO3TOMY B3aUMOJICHICTBHE CBETA
C aTOMaMu
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Ha moaypoBHAX +1/2 u —1/2 paznuyHo. [ng mpaBo-moJsipu30BaHHOTO
M0 KPYTY CBETAa CYIIECTBYET OOJbIIasi BEPOATHOCTD IEPEX0/Ia aTOMOB C
ypoBHs —1/2, dyeM ¢ ypoBHsA +1/2, Ha BEpXHHH BO30YKICHHBII
ypoBeHb. HeBeposATHOCTH CHOHTAaHHOTO TepexoAa ¢ YpoBHS P Ha
MOypPOBHU OCHOBHOTO COCTOSIHMSL S oguHaKoBa. CliemoBaTENbHO, MBI
MMEeM MEXaHW3M, NPHUBOMSIIINN BO BpPEMEHH K OIYCTOUICHHIO
noxypoBHs —1/2 u k 3aceneHuto moxypoBHs +1/2.

Ecin »3TOT mpouecc [IOCTHraeTr CBOEr0 HEPaBHOBECHOTO
CTAaIlIOHAPHOTO COCTOSIHUSI TI0 HMCTE€YEHHI0 KAaKOTO-TO BPEMEHH, TO
KOJIMYECTBO CBETA, MPOXOISAIIET0 4Yepe3 sS4eiKy, BO3pacTacT Iio
CPaBHCHHIO C IIEPBOHAYAILHBIMU YCIOBHSMH, IPYTUMH CIIOBaMH,
s;geliKa CTAaHOBHTCS OoJiee Mpo3padHoii. Eciy ATOT mporiecce ToCTUTaeT
CBOETO HEPABHOBECHOTO CTAI[MOHAPHOTO COCTOSHHS MO HWCTEUEHUH
KaKOT0-TO BPEMEHH, TO KOJIMYECTBO CBETA, MPOXOISIICTO Yepe3 sUCHKYy,
BO3pacTacT M0 CPABHEHUIO C MEPBOHAYAIBLHBIMU YCIOBUSMH, APYTUMHU
CJI0BaMH, siYeiiKa CTAaHOBUTCS OOJIee TIPO3PATHOM.

CKOpOCTh  JAOCTHKEHHSI HEPaBHOBECHOI'O  CTAallMOHAPHOIO
cocrosHu (1/T1) onpenensiercss CKOpOCThIO onTHUeCKOM Hakauku (1/TH)
1 cKopocThio paspymenus (1/T1):

l/r1 =1/Tu+ U/TI,
rae TH—Bpems onTuyeckoil Hakauku, 1/T1 — Bpemsi mpoONBbHOM
penakcanum.

[IpuuanHoi pa3pylIeHus: HEpaBHOBECHOTO COCTOSIHUS SIBIISIFOTCS
CTOJIKHOBUTEIBHBIC MPOIECCHl aTOMOB JAPYr C JPYrOM U TJIABHBIM
00pa3oM aTOMOB CO CTCHKaMH COCYJla, B KOTOpOM OHH Haxonsarcs. [Ipu
MPOIMyCKaHUH Yepe3 PaauovacTOTHYIO KAaTYIIKy, HAMOTaHHYIO BOKPYT
SYCHKW  TIOTJIONICHWS,  TEPEMEHHOTO  TOKa  4YacTOTOW  ®O,
YAOBIETBOPSIONIEH yCcnoBUIO o = yBo, rae y—TuapoMarHuTHOE
OTHOIIIEHHE TSI aTOMa, BOo—BBI30BET pa3pylieHHe CO3JaHHOTO CBETOM
HEPaBHOBECHOTO COCTOSIHHSA, T. €. OyAeT HaOIomaTbcs BhIpaBHUBAHHE
Yyclia aTOMOB CO cnuHamu +1/2 u —1/2 Ha TMOXYypOBHSIX OCHOBHOTO
cocTostHMsI. DTOT A()(PEKT HOCHT Ha3BaHWEC MAarHUTHOTO pE30HAaHCA.
3HavYeHWE aTOMHON KOHCTaHTHI Y, UMEIOIeH pa3MepHOCTh pan/Tic,
W3BECTHO € OOJIBIION TOYHOCTHIO.

B pesynpTaTe NOCTOSSHHOTO pa3pyIIAONIETro ASUCTBUS PE30HAHCHOTO
paaromnonsl KOJWYECTBO CBETa, IMOCTYMAIOMero Ha (OTONPHUEMHUK,
YMCHBIIIAETCS, TAK KaK BO3PAcTaeT MOTJIOIICHUE CBETA Ha IOCTUKCHHE
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HEPAaBHOBECHOTO CTAIIMOHAPHOTO COCTOsHMS. Ecimu gacTota ® # ®0, TO
BO3/IEICTBHE PaJHOIIONS HE MPUBOIUT K U3MEHEHHIO KOJMIECTBA CBETA,
MPOXOAIIEro depe3 sueiiky morjomennd. lloMmumo u3MeHeHUs
WHTCHCUBHOCTH MPOXOJISAIIETO CBETa B MOMEHT JICHCTBHSI pE30HAHCHOTO
paaroNoNs, ONTHYECKOEe HM3IIyUYeHHUE MOIYIHPYETCA C YacTOTOH ATOTO
PpaaoNOs, €CIIM YTOJ MEXIy HallpaBIeHHEM BEKTOpa MHAYKIUH Bo u
HalpaBJICHHEM onTHueckor ocu He paBeH 0 mwin 90°. OObIUHO TiTyOHHA
MOAYJSIUMU cBeTa HeBenuka u coctaBiasger 0,1 - 1% oT ypoBHS
3aCBETKH.

IllupyHa JUHUM MarHUTHOTO PE30HAHCA  OMpEACIAeTCS
COOTHOIIICHUEM

Ao == 1/12,
rAe T2—BpeMs MOTIEePEYHOl peNaKkcallii, XapaKTepu3yIollee BIHSIHUE
CTOJKHOBUTEIBHBIX TPOIIECCOB aTOMOB CO CTEHKAMH  STYCHKH
noriomienus. Jysg suyeek moryomieHus 0e3 OydepHoro rasza, HO C
MOKPBITHEM BHYTPEHHHX CTEHOK TMPEIENbHBIME  YTIEBOJOPOIAMHU
(mapadvHamMu) U yBENWYEHHUS BpeMeHHU penakcanuu tl B 3 - 7 pa3
Oonbiie 12.

Jatank MOH mnpencrasnser co0oit mpeodpazoBaTens MOMYIS
BekTopa wHAyKuu MII B wu3MeHeHWe dYacToTel Wi (a3sl B
3aBHCHMOCTH OT CXEMBl BBEIICHUS PE30HAaHCHOTO pamuomnois. [Ipu
BO3MICHICTBHH Ha TOJISIPU30BAHHBIN aHcaMmOias atomMmoB MII pe3onancHoO
YacCTOTHI Ha BBIXOZE (DOTONpHEMHHKAa BO3HWKAET CHTHAJI Ha TOHM ke
PE30HAHCHOM YacTOTe, MPHU 3TOM (Pa3a CUTHaJa B MpEleiax IIUPUHBI
JIMHUH PE30HAHCA OIMPENIEISICTCS COOTHOIIICHUEM

¢ = £mn/2+ arctg Ao 12,
rae A® — pacCTpoiika OTHOCHTEIHHO PE30HAHCHOH YacTOTHl ®O,
noJyiarast, 4To (pa3oBble HaOeTH B (DOTONMPHEMHUKE U YCUIIUTENE OJIM3KU
K HYITIO.

IIpy nocTOAHHOW PE30HAHCHOM YacTOTe, HO HU3MEHSIOIIEMCS
MII B mpenenax MIMPUHBI PE30HAHCHOW JMHUU PAa3HOCTh (a3 MEXIy
CHUTHaJIaMH Ha BXOJ€ PaJUOYacTOTHOW KATYIIKH M BBIXOJE YCHUIIMTENS
SIBIISIETCS] MEPOW MAarHUTHOTO TTOJIS:

¢ = £m/2+ arctg YBt2 .

Ecnu BBIXOJ yCHIIMTENsT 3aMKHYT Ha BXOJl PaHO4YacTOTHOM
KaTYIIKA 9epe3 YCTPOUCTBO, obecreunBaroniee Gpa3oBbIil CABUT £71/2 Ha
PE30HAHCHOW 4YacTOTe, TO BBINOJNHSACTCS OJHO W3  YCIIOBHUI
BO3HUKHOBCHHS
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Puc. 8. I'pagveHTOMETpP nepBOro mopsiika Ha OCHOBE  JaTulikOB
MOH aBToxone6aTes bHOrO H (GHILTPOBOTO THIIOB

I —reniepaTop BO3GYXIEHHS CMEKTPAJILHON JaMnbi; 2 - - CNeKTpajibhasg Jamna;
3 — CcBeTOBOJbI; 4 — JHH3BI; 5§ — UMPKYJSAPHBIE MNOAAPH3ATOPLI; 6 — AUEHKH
MOrJIOIEHHST ¢ mMapaMu pa6oyero BellecTsBa; 7 — PaNHOYACTOTHAs KaTylwka; 8 —
doroanonsl; 9 — ycuaureau; 10 — pasomerp

aBTOKOJNIeOaHuil - OanaHc ¢a3, xorzma ¢a3oBbIX HAOEroB MO TETIe
oOpaTHOH cBA3M paBHa HyJII0 BTopoe ycioBue BO3HHUKHOBEHHS
aBTOKOJIcOaHWii - OamaHc aMIUIUTyHd, T.e. OOecleueHue TaKoTo
Kod(uItMeHTA ITepeaad Mo netiie 0OpaTHOU CBSI3H, KOTIa OH PaBEH HWITH
HECKOJBKO OOJpIlleé  €OUHMIBL. OJTO yCJIOBHE OOBIYHO  JIETKO
BBITIOTHSETCS

B xauectBe (hazoBpamaTenst 9acTo BHICTyIAET (HOTOMPUEMHUK,
MOCTABJICHHBIM B TAKOH PEXHUM II0 Harpy3Ke, Koraa ero $azoBblii Haber
,¢ = -arctgoRuCniep 61130k K /2, rae RH - conpoTuBIeHHE HArpy3Ku
Crep -eMKOCTh TIepexo0/1a MOJIyIIPOBOIHUKOBOTO (hOTOIHO A,

B npyrux cinyvasx ¢oToauoa BKIOYAETCS HO CXeMe KOPOTKOTO
3aMBbIKaHus, T. €. TIPH MaJoM 3HaueHuH RH, korna ¢a3oBelii Haber Mai u
UL €ro CO3JaHusl B CXEMy YCHJIUTENS BBOJUTCS OTIEIbHBII
(azoBpamaTens, BHIIOJTHEHHBIA, HAllpUMeEp, IO CXeMe HHTEerpaTopa,
JUIE KOTOPOTO @ = 7/2 B HEKOTOPOH1 [0JI0CEe YacTOT OpOTe

Jis  orpaHWdYeHHs] aMIUIMTYAbl ABTOKOJIEOAaHUH B CXeMy
YCUIIUTENS BBOJIWTCS WJIM CHCTEMa aBTOMATHYECKOTO PETYIHUPOBAHUS
ycusenust (APY), unn orpaHn4uTeNs aMIUIMTYABL. ABTOKOJeOaTenbHAas
cxema garynka MOH wu sBusercss 4acTOoTHBIM, MpeoOpasoBaTeieM
Moxayisl Bekropa mHAykmuu MIIL. B oOmactu wactot (mumykimu MII),
T/I€ BBITIONHSIOTCS yCIIOBUS OanaHca a3 U aMIUTUTYA, JaTIYUK CIETUT 32
u3MeHeHusiMu MII ¢ BBICOKOI TOYHOCTBIO.
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YysctBurensHOcTh Aartynka MOII ompenensiercss apoOOBBIM
nryMoM (oToHOB, -1 eM HOBBIM TOKOM ()OTOJUOA U IIYMaMH MEPBOTO
Kackala ycwieHus. BTopol M TpeTuil HCTOYHUKHM JAlOT 3aMETHO
MEHBIIMKA BKJIaH B oOmmii mym. HMcciaemoBanus TMOKas3ald, dYTO
CIIeKTpajdbHAs IUIOTHOCTh IMymMa JmaTdmka cocrtaBisser 200—400
GT/Tw"? B momoce wacror ot 0,5 I'p 1o 30—35 I'i. TeoperHueckue
pacyeTsl MOTEHIUANbHOW uyBcTBUTEIbHOCTY MOH mMoka3piBaioT, 4TO
OHa JISKHUT B nipenenax okono 10 ¢Tn B momoce 1 'y [2].

Ha ocHOBe maT4MkoB aBTOKONEOATETHHOTO THIA H C
Pa3sOMKHYTOW TeTied OOpaTHOM CBA3M BO3MOXKHO TIOCTPOCHHE
TPaJUCHTOMETPA TIEPBO MPOU3BOJIHOM, CXeMa KOTOPOTO MPECTaBIIcHA
Ha puc. 8. 31ech NPOU3BOIUTCS HM3MEPEHHE Pa3sHOCTH (a3 MEKIY
BXOJHBIM ¥ BBIXOAHBIM CHTHAJIAMH [aT4YWKa C PAa3OMKHYTOW MeTiieit
obparHoli cBs3u. [lpu Bo3meiicTBum nokameHOTO MII Ha gaTtumk c
Pa30OMKHYTOHM TMeTjiei pa3HOCTh (a3 HM3MEHSICTCS MPOMOPIIUOHATBHO
JneicTrytomeMy JokaibHoMy MII. Ecnu Bo3jelicTBrEe MPOM3BOAUTCS Ha
JTATYMK aBTOKOJIEOATEIBHOTO THIIA, TO 3TO BEJIET K U3MEHEHUIO 4aCTOTHI
TeHepaIuu TOCIEIHEr0 U K MPeoOpa30BaHUIO M3MCHEHHUS YacCTOTHI B
M3MEHEeHHE (a3bl 3a CUET JaTIUKa C pa3OMKHYTOM metiei [18].

Cxema rpagueHTOMETpa C ABYMS JaTYMKaMH pa3HOTO THUIIA
UMEET TOT HEJOCTATOK, YTO UX YACTOTHBIC XapaKTCPUCTUKU M PEAKITUS
Ha w3meHeHus: MII pasnuunbl, 3TO He oOecleynBaeT MaKCHMAIIbHO
BO3MO’KHOTO TTOAABIIEHUSI MATHUTHBIX TIOMEX OONBIINX aMIUTUTYA. DTOT
HEJ0CTAaTOK MOXHO YCTPaHWTh, €CIHH TPAJIUCHTOMETP IMOCTPOHUTH Ha
TpeX JaTYMKax, J[Ba U3 KOTOPHIX - C PA3OMKHYTOU IETIICH, a TPeTUH -
aBTOKOJICOATEITLHOTO THIIA, OOSCIEYMBAIONIHN PaboOTy ABYX IEPBBIX.
W3mepenne rpagueHTa MOKHO MPOU3BOAUTH MEXIY JHO00H mapoit
JIATYMKOB, HO HAWOONBIIAs TMOMEXOYCTOMYMBOCTh OYyIeT y maphl
JTAaTINKOB C Pa30MKHYTOH TIETIICH 00paTHOH cBsi3H [ 1].

Jatunkn  TpagMeHTOMETpa  MOTYT  pacmojiaraTtecsi B
MPOCTPAHCTBE IMMO-pa3HOMY - B OJHY JIMHHIO, TI0 yrjam
PaBHOCTOPOHHETO TPEYrolbHUKA - B 3aBUCHMOCTH OT IOCTaBJICHHOM
3amaun. [Ipm pacmonokeHWM JaTYUKOB IO yIJIaM PaBHOCTOPOHHETO
TPEYTrOJIbHUKA BO3MOXHO OJTHOBPEMCHHOE U3MEPEHHE JIBYX I'PaIUCHTOB
MII cepama denmoBeka, 4YTO 3KBHUBAICHTHO W3MEPEHHUIO B JABYX
otBeneHusAX. [Ipu pasmemeHnn Tpex MAaTYNKOB B JIMHHUIO BO3MOXHA
OpraHM3anus TPAJMCHTOMETpPa BTOPOH MpPOU3BOAHON. brok-cxema
TpaJUCHTOMETpAa BTOPOM  mpom3BomHOW  (puc. 9)  coumepKuT
JOIOJIHUTEIbHBIN
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Puc. 9. DGuaok-cxema rpaaucuroMerpa BTOPOro NOPSAKa HA AaTiii-
kax MOH ¢ akTHBHO# 3alLliTOIi

OnucaHue B TeKcTe

OJIOK BBIYMTAHUS OJHOTO TPATAUCHTOMETPUYECKOTO H3MEPEHHs U3
JIPYTOTO, YTO MOBBIIIAET MPOCTPAHCTBEHHYIO IOMEXO3alUIIEHHOCTh
M3MEpEHNH.

[lpu pabore rpagueHTOMETpa BTOPOTO TOPSAKA Ha JaTYUKaxX
MOH, Tak xe kak Ha marumkax CKBU]I, HeoOXommmo IpoBeIcHUE
OaylaHCUPOBKU IS Tap AaT4NKOB. KadecTBO GallaHCUPOBKH JAaTYHKOB
oLleHUBaeTcs Oe3pa3MEpHBIM MapaMeTpOM, MOKAa3bIBAIOIIUM, BO
CKOJIBKO pa3 TOKa3aHWd MpuOopa YMEHBIIAIOTCA BO BHENIHEM
OIHOPOJHOM TIOJie TIO0 OTHOIIEHWI0O K caMoMy Tmomo. Tak, eciu
rpagueHToMeTp npu ogHopoaHoM MII BmecTo HyneBOro wumeeT
KOHEYHBII pe3yJbTaT, 9KBUBAJICHTHBIA HEKOTOpOMY rpaaueHTy ABJ, To
KadecTBO OalaHCHPOBKH ompenensercs BeauanHod ABO/Bo. s
rpaaueHToMeTpa Ha pgatankax MOH BToporo mopsiika KadecTBO
0aJlaHCUPOBKU OIICHUBASTCS BEIIMYMHOM MOPSIKA 107108,

MunumanbHOe 6a3oBoe paccrosiHue oTpeenseTcs
TEOMETPHYECKUMHU pa3MepaMu siaelikn nornomeHus. lIpu obbeme
SYEMKH MOrIoImeHns 0Koso 80 cM® OHO COCTABISET 5 - 5.5 cMm. ITomoca
MPOIMYCKaHHUS TPAJIUCHTOMETPA ONPEICISICTCS MOMYITUPUHOW JIMHUU
MarHMTHOTO PE30HAHCa, KOTOpas 3aBUCHUT OT WHTEHCHBHOCTH CBETa
Hakaykd. OOBIYHO OHA YCTAHABIMBACTCS TaKOH, YTOOBI MOJIYYUTH
noJsiocy npomyckanus okono 30 - 40 I'g mo yposato 0,7.

I'paguenTomMeTp Ha JaTydKax C ONTHYECKOM HaKayKou
u3MepsieT Pa3HOCTb  MOJAyJieM BekTopoB wuHAykuumu MII, a
rpagueHTomMeTprl Ha Aatunkax CKBU/I nnun UM - uaMepsroT pasHOCTH
COOTBETCTBYIOUTNX KOMIIOHEHT MOAYJISI BEKTOPa WHAYKIINH.
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Ecnu nva matuuk ¢ ontuyeckoit Hakaukoi aeiictByer I'MII Bo u
moa yrioM 0 kK 3eMHOMY - Ttosie 0noo0wsekTa AB, TO U3MepsieMoe 1oje
paBHO

Busm = (B + AB? - 2 BoAB cos 0)"?
ITpu AB<Bo0/10000 cripaBeamuBo ¢ Tounoctsio 10 0,1% npubmmxenHoe
BEIpAXECHHE

Busm = Bo + ABcos 6.
s xommonenTHoro npudopa (CKBU. M)

Busm = Bo cos 61 + ABcos 62,
rae 61 - yron Mexay HalpaBJIEHHEM 3€MHOTO TIOJSI U OCBIO MPOEKIINH,
02 - yron Mex1y HampaBiIeHHEM MHOJsi OMOOOBEKTa M OCBHIO MPOCKIHH.
Takum o6pa3om, rpamueHToMeTp Ha AaTunkax MOH mpu m3mepeHuun
moJisi OMo00BEKTa OTpeneNseT MPHUpaIIeHHe ero MoJs Ha HalpaBlieHHE
I'MII B Touke M3MepeHMs 3a cueT BeluucieHus Bo. Jlna u3mepeHus
COCTAaBISIIOIIMX TIONA OHOOOBEKTa MO PAa3IUYHBIM HaNpPaBICHUSIM
HEOOXOAMM MTOBOPOT OMOOOBEKTa OTHOCUTEIHHO HAIIPABICHHUS BEKTOPA
uHaykiuu ['MIT.

2.5. CoueTaHue HHAYKIMOHHOI0 MAarHUTOMETpPa
H CBEPXIPOBOAAIIET0 KBAHTOBOI'0
uHTepdepenunonHoro naTunka (CKBU /1 a)

OcoOblii  cinydail mpencTaBiusieT CcOOOH coueTaHWEe [JIBYX THUIIOB
marauromerpoB - UM u CKBUJ[ - ana msmepenus MII HepBHOrO
HMITYJIbCA - craiika [16].

YuuteiBas, 4TO pa3Mepsl HEPBHOTO BOJOKHA MaJlbl, BEIHMYHNHA
MII, peructpupyemas CKBUJlom, Taxke wmama, Tak Kak He
coOJromaeTcsi COIVIaCOBaHME pa3MEpoB TMETIH  TpaHchopmaTopa
MarautHoro moroka CKBW/la ¢ pasmepamu BosokHa. Kpome Toro,
JUTUTENIBHOCTh CHaiika HEBeNMKa, OHa COCTaBIsSeT OKojdo 1 Mc,
CJEOBATEIBHO, TOJ0Ca MAarHUTOYYBCTBUTEJIBHOTO JaT4YMKa JOJKHA
OnITh MOpsiaka 1 k111 u Gonee.

CornacoBaHue pa3MepoB HEPBHOI'O BOJIOKHA C pa3MepamMu
MarHuTouyBcTBUTeNbHOrO aatunka CKBUWJla mpousBoauTcs myTeM
MIPUMEHEHUS MPOMEKYTOIHOTO MarHATOYyBCTBUTEIHHOTO
WHAYKIMOHHOTO JAaTYhKa Ha (eppUTOBOM KOJBIE MajbIX pa3MepoB. B
anmapaTtype HCIOIb30BaJICs (EpPUT KOJBIICBONW (POPMBI ¢ MAarHUTHOM
nporumaemMocteio U=4000, BHemHUI muametp 3,4 MM, BHYTpEHHUH
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nuametp 1,2 MM, TommuHa 1,1 Mmm. Hucao BUTKOB MPOBOJIA HA KOJIBLIE -
35, mmameTp 0,8 MM.

Brixom WHAYKIMOHHOTO JaTdyWKa 3aMKHYTBHIH Ha BXOJ
COTJIACYIOIIETO TpaHcdopmaropa, BBITIOJTHEHHOTO u3
CBEPXITPOBOJISIIETO MaTepHalia - HHOOUEBOM MPOBOJIOKK CO CBUHIIOBEIM
MOKpHITHEM. BbixogHas o6moTka TpaHcopmaTopa (IIpoBOI W3
matepuaia NbTi) cBsazana yepe3 katymky cBszu co CKBUlom.

Cornacyromuii  TpaHchopMaTOp pacrojiaraerTcsi B TeIUEBOM
BanHe, rae pasmemen CKBUJI. [l AOMONMHUTENHHON 3alIUTBI OT
moMex Bce cBepxmpoBomsmue dnemMeHTel CKBUJla m cormacyromuit
TpaHcOpPMATOp  3aKPBITHI  IWIMHIAPUYCCKUM  CBEPXITPOBOISIIUM
skpaHoM. OTMETHM, YTO CXeMa ITIOCTPOCHUS H3MEPHUTENS SBIISCTCS
MarHUTOMETPUUECKOH, pearupyloiias Ha U3MeHeHue WHAYKuuu MII,
MO3TOMY  IMOMEXO3AIUIICHHOCTh €r0 OTHOCHTEIBHO HHU3Kas II0
CpPaBHEHHIO C rpamueHTOMeTpamMu. [IpuOop MOMOIHEH HAKOMUTEIEM
CHTHAaJIa, 3aIyCK KOTOPOTO YIIPABISAETCS OT CETH NHUTAHMS, M CXEMOM
KOMITCHCAIIMA 11 KOPPEKTHPOBKH B peaJbHOM MaciiTabe BpeMEHH
YaCTOTHOH XapaKTCPUCTHKH MAarHUTOMETpa. OTH MEPhl TTO3BOJIHIN
HaGmiomath Toku 10 107 A B momoce gactor ot 1 I't go 10° T’y Ges
yCpemHeHHs curHajga. llpm  BBeOEeHUM  yCPEOHEHUS  TOKOBas
YyBCTBUTEJILHOCTh BO3pacTaeT 1o ~ 40 HA/FL['”Z.

2.6. Cnnoco0bI NOBLINIEHHS MTOMEX03aIUINEHHOCTH
H3MepeHnii MATHUTHBIX 110JIeil 0H000beKTOB

B nacrosmiee Bpems Tpu tumna marautomerpa - MM, CKBU/] u
MOH - ucnions3ytores npu m3meperanu MIT 6noo0bexToB. Kaxmpiii u3
9TUX MAarHUTOMETPOB oONajgaeT CBOWCTBEHHBIM €My YPOBHEM
CcOOCTBEHHBIX IITyMOB. ManocTh COOCTBEHHBIX IITYMOB €IIle HE 03HAYAET,
gyto m3MepeHue MII Ono0OBEKTOB OyAeT NPOBENEHO C BBICOKUM
paspelieHueM. JDTOMY NPEMsITCTBYET BBICOKHHA YPOBEHb €CTECTBEHHBIX
Bapuanuii 'MII u B momonmHeHHe K 3TOMY OOJIBIION YpOBEHb MOMEX
WUCKYCCTBEHHOTO  TIPOMCXOXKICHHS,  BBI3BAHHBIH  JIEATEIBHOCTHIO
YeloBeKa B  WHAYCTPUAIBHBIX palioHaX, KOTOPBIA  3a4acTylo
NPEBOCXOJUT YPOBEHb €CTECTBEHHBIX Bapuanuid. Tak, Hampumep,
YpOBEHB ITOMEX C YACTOTOW CETH B OOBIYHBIX JTAOOPATOPHBIX YCIOBUIX
WA B TOPOJCKOM .O0TBHHIIE MOXKET MPEBHIIIATH
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omoMarautHeie momss B 1000 um  Oomee pa3. Ilomexu ot
ANIEKTPOPHUIIMPOBAHHOTO TPAHCIIOPTA MMEIOT UMITYJILCHBIN XapakTep H
COCTAaBIISIIOT 1O BEJMYMHE JECATKH HAHOTECH Ha PACCTOSHUU B COTHHU
MeTpoB. CIIEKTp MOMEX B TOPOAE MPAKTUYECKU MEPEKPHIBAECT CHEKTPHI
CUTHAJIOB OT OMOOOBEKTOB. B yCIOBHSIX MaJbIX TOPOJOB U TOCEIKOB, B
rIyOMHE KPYMHBIX KBapTajloB TOpoOJa HAYWHAIOT JOMHUHHPOBATh
ectecTBeHHble Bapuauuu ['MII. Makcumym cnektpa Bapuanmid I'MIIT
OOBIYHO MPHUXOUTCS HAa 00MACTh OOJBIIMX MEPHOAOB - MOPSIKA CYTOK
(30 - 50 €T7 B 3aBHCHUMOCTH OT T€OMArHUTHOM ITHUPOTHI PACITOIOKEHUS
HACEJICHHOTO IyHKTa) C PE3KHMM YMCHBLICHHEM B 00IacTH KOPOTKUX
nepuogoB (50—100 nTn, mepuon 1 c) [3, 24, 45, 72]. Bo Bpems
CHJIBHBIX MarHUTHBIX Oypb, KOTOPHIE TIPOUCXOIAT CPABHUTEIHHO PEIKO
B CpeQHWX INHPOTaxXx, W BO BpPEMS MAarHUTHBIX BO3MYIICHHH, YTO
SBIIICTCS. TUNHWYHBIM SIBJICHUEM B BBICOKMX IIIHPOTaX, CIEKTP
TEOMAarHUTHBIX BapHalliy CMENIAeTCs B 00JIACTh KOPOTKUX TEPHOJIOB.
Jaxe ectectBeHHble Bapuanuu MII gBistoTcs cepbe3HOoil moMexol npu
OMOMAarHUTHBIX HCCIICAOBAHUAX. JTO NPUBOIUT K HEOOXOIUMOCTH
otkaza or u3Mepennid MII Ono0OBEKTOB Ha (hOHE e€CTEeCTBEHHBIX
BapuaIiii ¥ TeMm 0osee Ha (DOHE MCKYCCTBEHHBIX TTOMEX.

CnocoOsl OOpHOBI ¢ MAarHUTHBIMH TIOMEXaMH MOTYT OBITh
pasHbIMH: TpuMeHeHue auddepeHIHManbHBIX  CXEM  H3MEPCHHS,
WCTIIONb30BAaHNE MATrHUTHBIX DOKPaHOB M KATYIIEYHBIX  CHCTEM.
IIpumenenne muddepeHInanbHbIX CXeM W3MEPEHHs OMpPaBIaHO B TOM
cilydae, KOT/ia MCTOYHUKM TOMEX HaXOoIsITcS Ha PacCTOSHUH, KOTOpPOE
CYLIECTBEHHO (HE MEHEe YeM Ha JIBa MOPsAKa) MPEBHIIACT PACCTOSHHE
MeXay nmaraukamu. Hmke Oymer paccmorpeHa d()QEeKTHBHOCTH
I QepeHInaNbHBIX CXeM H3MepeHus. B kadecTBe o0miero 3ameuaHus
cleyeT OTMETHTh HEOOXOAMMOCTh NPEABAPUTEIBLHOTO HW3MEPEHHS
YpOBHSI MATHUTHBIX [TOMEX B MECTE U3MEpeHHs, CHATHS Tonojoruu MII,
coOJrofeHrss TpaBWJI MArHUTHOW TWTHEHBl (HE TPOU3BOJIUTH
HAKOIUICHUS ()ePPOMATHUTHBIX MAaTEPHAJIOB, MMPUOOPOB, DIEKTPUICSCKUX
JIBUTATEJIeH ¥ MAllliH) Ha MECTe WX BOJHM3U MOCIEAYIONIeH YCTaHOBKI
MarHATOYYBCTBUTEIBHBIX  JaT4uMKOB. [lpum u3MepeHHWsXx clemyeT
MOMHUTh, 4YTO CMECIICHUE MAarHUTOYYBCTBUTEIBHOTO JaTdydWKa B
MPOCTPAHCTBE NpH HaIMyuKM HeogHopoaHoro MII BenmeT K co3gaHuio
JTOTIOJTHATEBHBIX MAarHUTHBIX ITOMEX.

OpHuM U3 CHOCOOOB YMEHBIICHUS MAarHUTHBIX IIOMEX OT
YIaJICHHBIX HUCTOYHHUKOB SIBJIICTCS HCTIOJIb30BaHKe
nmud hepeHnIraTbHOTo BKJTFOUEHUS JATIUKOB MarHMuTOMETpa.
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Paccmotpum BapUaHT BKJIFOUCHUS JIBYX JATYNKOB B
T QepeHnInaILHOM pexkuMe. ByaeM morarath, 4To KO3(QQHIIUEHTHI
MpeoOpa3oBaHUsl  WCMONB3YeMBIX  JaTYUKOB  HMIASHTHYHBL.  Ecim
paccTosHUe r MEXKIy JdardyukaMu (0a30BO€ PacCTOSHUE) CYNIECTBECHHO
MEHBIIIC PACCTOSHUS R MEXKIY MCTOYHUKOM TIOMEXH, PACIOIO0KCHHBIM
Ha OJHOW JIMHWHW, MPOXOMAIIEH 4Yepe3 OCH NaTYMKOB W WCTOYHHKOB
(nanbonee HEOMAroMpHUATHBIA BAPHAHT PACIIONOXKEHUS TOMEXH), H K
TOMY K€ XapaKTePU3yeTCss MarHUTHBIM MOMEHTOM M, To pa3Hocts MII
MTOMEXH, NEHCTBYIOIIas Ha JBa JaTYNKa, COCTAaBUT

AB==3Mr/B".

CHmKeHUEe YpOBHSA TMOMEXU B JTUPGEPCHIUATEHOM DPEXUME
OTHOCHUTEIFHO MarHUTOMETPHYECKOTO BKJIIOUEHUS COCTABUT

B=R/3r=1/3a,

T. €. MPOIOPIUOHATHFHO OTHONICHUIO PACCTOSHUSI MEXKIY MCTOUYHHUKOM
MMOMEXH M JJATYUKOM K 0230BOMY PACCTOSTHUIO MEXKTY JATYNKAMH.

Kazamoce ObI, 4TO CTENEHb CHWXEHHS YPOBHSA TOMEXU IPH
HENOJBMKHOM €T0 TIOJIOKEHHH MOYKHO TIOBBICHTP 33 CUET YMEHBIICHHS
paccTOSHUS MEXAy JaTYMKaMH, HO 3TO JIOJDKHO TIPUBECTH K
YMEHBIIEHUIO YPOBHS TIOJIE3HOTO CHTHAJlAa OT  HCCIETyeMOTO
0mo00BEKTa, PACIOIaraeMoro BOJIM3M OJHOTO M3 JATYMKOB, 32 CUET
nepexona oT g hepeHInanbHOTO M3MEpEHUS K
TPaIUCHTOMETPUICCKOMY, KOTZIa HENb3sl mpeHeOpedb ManocThio MIIT
0moo0BeKTa B 00BEME yIaJICHHOTO OT HETO JTaTYhKa.

PacueTsl mOKa3BIBAIOT, YTO YIS TPAAUCHTOMETPA BTOPOTO
nopsinka MIT momexu Ha BeIXoJzle MPUOOpa mpH R » 7 ONPEACSIOTCS
COOTHOIIIEHUEM

ABI = 12M7P/R’

JUTSL TUTIOTBHOTO TIPUOJIMKCHUS UCTOYHHKA TTOMEX.

CrnemoBaTenbHO,  CTENEHb  CHIDKEHHS  YPOBHS — TIOMEX
TpagueHTOMETPAa BTOPOTO TOPSAKA IO OTHOUICHHIO K TOMY K€
napaMeTpy JJIs TpalueHTOMETPa IEPBOTO MOPSIIKA COCTABIISCT

Bl =AB/ABI =1/4a.

O} HeKTUBHOCTh CHWKEHUSI YPOBHS IOMEX yMEHbBIIACTCS JUIst
TPaJUCHTOMETPA BTOPOTO MOPSIKA C YBEIMUECHUEM, a MPH HEKOTOPOM
€ro 3HAYCHWH MAajacT 0 YPOBHS TPaJHCHTOMETpa TNEPBOTO MOPSIKA.
OT10 Hactymaer, korga Bl = 1, 9To0 COOTBETCTBYET, IO MPHUOIIKEHHBIM
cooTHoMIeHHM, 11 AB 1t ABI a=0,25. B neficTBUTETLHOCTH TTapaMeTp
UMeEeT MEHbIIIee 3HAUCHUC IMPH YBEIUYCHUU CTCIICHU MPHUOJIVDKECHUS B
BbhIuKcHeHusx rpaaueHToB MII. boniee TouHOe 3HaueHUEe MapaMeTpa a
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mupu B1 =1 coorBerctByer 0,125, T. €. oOTHOCHTEIbHBIC 3(PPEKTUBHOCTH
MOJABJICHHUS MOMEX T'PaTUCHTOMETPOB IMEPBOTO W BTOPOTO TMOPSAKOB
ypaBHUBaloTCs Tpu 8 = R. OTcrooa HampammBaeTcs BBIBOJ O
HEOOXOJUMOCTH yAaJCHHUS MCTOYHHKA TOMEX WM JaTYUKOB MpUOOpa
OT HEro, Tak KaK CXEMHOE IIOCTPOCHHE T'PaTUCHTOMETpa HE MOXKET
00eCnevnTh CHIDKEHUE TIOMEX JI0 CKOJb YTOJTHO MAJIOH BETMYHHEI.

[lo oTHOWIEHWIO K  BHENIHEH  MarHUTHOM  mOMEXe
muddepeHnranpHas cxemMa mpudopa sSBISICTCS TPATUCHTOMETPHUICCKOM,
eci 0a30BO€ PACCTOSHUE MEXAY NAaTYNKAMH CYIIECTBEHHO MEHBIIE
(OospIie WeM Ha JABa TOPSIKA) paccTOsSHHS a0 UcToyHMKa. st MII
0Moo0BEKTa, KOT/A pPACCTOSHUE MEXIY OOBCKTOM W JaTIYUKOM
YCTaHAaBIMBACTCS MHHHMAJBHBIM, CXe€Ma HW3MEPEHHS HE SABISAETCS
rpagueHTomMeTpudeckoii. Ona Oyaer mmbo auddepeHIuaTbHON
(pa3HOCTHOI1), TMOO BapUAIIMOHHOW B 3aBUCUMOCTH OT TOTO, ACHCTBYET
mu MII 6nooOBekTa Ha IBa AaTYWKa MpUOOpa WM HA OJIWH, a B 00beMe
JIPyroro OHO HIDKE YpoBHA Imryma. Takum o0pa3oM, TepMUH
«TPaUCHTOMETP» HE SBISIETCS TOYHBIM Tpu  m3MepeHun MII
0M000BEKTOB.

MarauTtHbele 3KpaHbl WCHOJB3YIOTCS TJIaBHBIM 00pa3oM IpH
m3mepeann MII romoBHOro Mosra. DTH TMOJS 1O BEIHYUHE JIUIIH
HE3HAYWTEIHHO TPEBOCXOAAT YPOBEHb IIYMOB JIaXe  CaMOTO
Magomymsmero npuoopa - CKBU/la. DTum 00BsICHSAETCS TO, YTO B
JIOTIOJIHEHHWE K MarHuTHOMY 3KpaHy aAaTtuukd Ha ocHoBe CKBII[a
BKIIIOUAlOTCS 1o nuddepeHnuanbHoll  cxeme. Bo  MHOrHX
OMOMAarHWTHBIX HCCIEIOBAaHUSAX MPHUCYTCTBHE TIOMEX BBIHYXKIAET
npuberath K CHCTEMaM HaKOTUICHHS] CHTHAJIOB M UX CIIEKTPOB.

MarautHele 3KpaHbl - 3TO, IO CYIIECTBY, YCTPOWCTBA,
obecrneunBaronne B 00beMe 3KpaHa pe3Koe CHIKEHHE BHEITHETO MO
(IOCTOSTHHOTO W TIEpeMEHHOTO). [IelicTBHE WX OCHOBAaHO Ha TOM
SIBIICHUM, YTO MAarHUTHBIN TIOTOK KOHIIGHTPUPYETCS B CTEHKAX JKPaHa,
BBITIOJTHEHHOTO U3 MaTepHalia ¢ BRICOKOW MarHUTHOW NMPOHUIIAEMOCTHIO
[93, 148].

CreneHb  ocnmaOfieHUs] BHYTPEHHETO  IMOCTOSIHHOTO — TIOJS
OJTHOCJIOMHBIM SKPAaHOM JA€TCs TAKUM MPUOIMKEHHBIM COOTHOIIICHUEM

53



Buytp/BBHemH = D/ap,
rne D - jauaMeTp dKpaHa, @ - TOJIIUHA CTEHKH, |l - MarHUTHas
NPOHHUIIAEMOCTh. KOHCTPYKTHBHBIE COOOpaXKCHHS YKa3bIBAIOT Ha
1EeJIecO00Pa3HOCTh  M3TOTOBJICHUS  MHOTOCJIOHHOTO — JKpaHa U3
BBICOKOIIPOHHIIAEMOTO MaTepuana, 4YeM H3rOTOBICHHE DJKpaHa U3
OJTHOCJIOMHOTO TOJICTOCTEHHOTo. OO0mmuii K03PGUIIHEHT ociTadaeHus
BHYTPEHHETO TMOJII B OSTOM CIy4ae TMONIYy4aeTCs MEPEeMHOKECHUEM
KO3 UITUCHTOB OCNabIeHUsI OTACIBHBIX clioeB. C pOCTOM 4YacTOTHI
Kod(DPUITMEHT oclmadieHuss Bo3pacTaeT Oiaromapsi IEHCTBUIO CKHH-
addexra.

MarauTHbIe SKpaHbl U3TOTOBIISIFOTCS M3 MaTepualia ¢ BBICOKOM
MAarHUTHON MPOHHLAEMOCTHIO - TepMamios (L = 1 - 2 10°), Tommuna
Marepuana - mopsaka 1 M. Ilpw W3roTOBNIEHMH SKpaHa OOIBIIHX
pa3MepoB BO3HUKAET MPo0IeMa KOHCTPYKTUBHOTO MOPS/IKA: MEPMAaILIOi
HE JIOMYCKaeT B MOJTOTOBICHHOM (OTTOXJKEHHOM) BHJIE KaKUX-THOO
MeXaHW4YeCKNX aedopManmid, T. €. M3 3TOT0 Marepualia HEBO3MOXKHO
ceNaTh KapKac METOJIOM CrHOaHWsl, HAKJICNKH U T. 1. OOBIYHO KapKac
9KpaHa BBIMOJHACTCS W3 JIMCTOB YKCTOTO AIOMUHHS, Ha KOTOPHIC
HAKJIJIbIBAIOTCS JIBA B3aHMMHO MEPIEHIUKYJSIPHBIX Habopa TOJoc U3
NepMaIIOs U TOBEpPXY eIlle JUCT aTfoMHHUS. [1000HBIA «COHIBHY
CTSATHBACTCA ANOMUHUCBBIMU 3akienkamu. (OCHOBHYIO CHIIOBYIO
Harpy3Ky HecyT Ha ce0e JIUCThI alFOMHHUS. UKCII0 CII0eB U3 IepMalios
HE MPEBBIIIAET TPeX. AFOMUHUEBBIC JIUCTHI BBITIONHSIOT POJIb DKPAHOB
OT BBICOKOYAaCTOTHBIX TTOMEX.

DKpaH JA0KEH ObITh MEXaHHMUYECKH Pa3BsA3aH OT CTCH U MOTOJIKA
MOMEIICHUSI W YKpeIUIeH Ha CTON0aX, BBIXOSIUX K3 0OIIero
¢dbyHmameHTa. DTO MO3BOJSIET M30€kKaTh JehopMalliK JIMCTOB SKpaHa
TIPH SKCIUTyaTallHH.

B mensx TOBBINICHHWS YPOBHS OKPAHUPOBKM B  DKpaHaX
UCTIONIB3YEeTCS «MarHUTHAsE TPSACKAy, OCHAOISAIoNass MeEXaHWMYECKHe
HamnpsOKEHUS B JIMCTaX MEPMAJIOs, KOTOpas 3aKIi4YacTcs B
HEMPEPHIBHOM  TEPEeMAarHMYMBAHUM BEPXHETO CIIOS OJKpaHa Ha
ompeneieHHON yactore. OOBIYHO «TPACKa» MPOU3BOJUTCS C MTOMOIIBIO
JTOTIOTHUTENBHBIX BHEIIHUX KOJIEll, HAMOTAHHBIX HAa JKpaH, 4epe3
KOTOpbIE MPOITYCKAeTCs TOK OT 3JIEKTPUYECKOH ceTH. DTOT mpolecce
BBI3BIBACT MOSBIICHUE TIOMEX Ha YaCTOTAX, KPATHBIX YacTOTE «TPSICKUY,
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HO OHH OCJHAOJSIIOTCS B MarHUTOMETPaX C MOMOIIBIO Y3KOTIOJIOCHBIX
(GUIBTPOB.

BHyTpeHHHE pa3Mepbl JKpaHOB ¢ obbemoM Oomee 10 M
MO3BOJIAIOT ~ Pa3MECTHTh B HHX OOCJIEIyeMOTO 4eJOoBeKa Ha
HEMarHWTHOW KpOBATH, AATYMKH NPHOOPOB W HAXOAUTHCS B HEM
YeNIOBEKY, MPOBOAIIEMY HcclenoBaHue. Kak mpaBmiio, YIpoOICHHEIC
BapHaHTHI 3KPaHOB HE JIAIOT )KEJIAEMBIX PE3yJIbTATOB M3-3a BO3PAaCTaHU
HeogHOopomHocTH MIT BHYTpH 9KpaHa W YMEHBIICHHUS KOd(UIHEHTA
ocnabIeHMs..

MOXXHO BBIICIUTHL B OCOOYIO TPYITY CBEPXIIPOBOISIIUE

9KpaHbl,  MO3BOJLSIIONIUE  JIOCTUYHh  OONbIIMX KO3 (DUIHEHTOB
ocnabneHusi BHyTpeHHero mons. Ho momoOHBIe SKpaHBl HUMEIOT
OTHOCHUTEIILHO MaJIbIe pa3Mephl «TEIIOro 00beMa», B KOTOPOM MOKHO
Pa3MeCTUTh HCCaenyeMblii 0H000BeKT. «Tembie 00beMbDy IKPAHOB HE
MPEBBIIAIOT 10 BMeCTUMOCTH 10 JUTPOB, MOITOMY BO3MOXKHOCTH
OMOMAarHUTHBIX H3MEPEHUH CY)KaIOTCH.
Bo3MoxkeH NpUHIMIUANBHO IPYrod MOAX0A K mpolieMe oclabiecHUs
BHENIHET0 mois M momex. OH OCHOBaH Ha TMPUMEHEHUH KOJIEYHBIX
CHUCTEM, B KOTOpBIE MOJAETCA TOK, yOpaBisieMbld natuynkamu MII,
MPOU3BOSIINN KOMIICHCAIIMIO TIOJII U €r0 Bapualuii. Beioop Toi wmu
WHOW CHCTEMBI 3allUTBl OT TIOMEX ONpEICIIeTCS YPOBHEM
MaTepUaIbHBIX 3aTPaT Ha €€ MOCTPOUKY M IKCILTyaTaIHIo.

2.7. AKTHBHBIE CpPe/ICTBA 3AIIHUTHI OT MOMeX

JlaTuvky  rpaJueHTOMETpa NPAaKTHYECKH JIIOOOT0 THMA HMEIOT
OTrpaHMYCHUS TO OBICTPOJCHCTBHIO W TpelneiaM H3MEPCHUS B CHITY
TEXHUYECKUX TPUYMH, IOITOMY BBEJCHUE AaKTUBHOW 3allUTHl JUIS
JaT4hKa TPaJUECHTOMETpPa O3HA4YaeT CHWKEHHE aOCONIOTHOTO YpPOBHS
MOMEX W, KaK CIIEJICTBHE, TMOBBINICHHE 3(PPEKTUBHOCTH pPaOOTHI.
CHIKEHUE YpPOBHS MAarHUTHBIX IOMEX B OOBEME H3MEPUTEIIEHOTO
JaT4yhKa TPU OTCYTCTBHHM OKPAHUPOBAHHOW KOMHATHI BO3MOXKHO
MPOU3BECTH METOJIOM OTPHUIATENILHOW OOpaTHOW CBSI3U; IIyTEM
BBICTICHHSI TIOMEX MpPH TIOMOINM TOTO WM WHOIO THIIA JaT4HKa,
YCHJICHUS MX ¥ MOJIa4W B BUJIE TOKA B KOJEUHYIO CHCTEMY JUTS CO3JIAHMUS
MII, mpOTHBOIIOIOKHOTO TI0 3HAKY ITOJIF0 MATHUTHOM moMexu [48].
Pa3mepnl kKOJIEUHOW CHCTEMBI OTPEACISAIOTCS TPEOOBAHUSAMH K
omxroponuocT MII BHyTpH cucTeMbl M pazMepamu O6mooOwekra. Tak,
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MpH W3MEPEHUU OMOMATrHUTHBIX TIOJICH 4YeNoBEeKa pa3Mephbl KOJCYHOM
CHUCTeMBI JOJDKHBI [IOMYCKaTh €ro pa3MelleHHe BHYTPH CHCTEMBI.
OpnnHoponHast 007acTh KOJIEYHON CHCTEMBI BO3PACTaET C YBEIHMUEHUEM
TeOMETPUUYECKUX Pa3MEpOB, HO IPU 3TOM YMEHBIIAETCSI KO PHUIHEHT
npeoOpa3oBanusa, T. €. co3gaBaemMoe MIl Ha eguHMIy TOKa IIpH
HEU3MEHHOM YHCIIE BATKOB OOMOTKH.

Koneunas cucrema mjiss akKTHUBHOW 3alllUTBI OT TIOMEX MOXKET
OBITH OTHOCHTEIILHO TPOCTOH, TaK KaK BEJIIMYMHA MAarHUTHBIX TTOMEX
oTHOCHTeIbHO ypoBHs MII cocramser 107 - 107. HeogHopomHocTh
MII, co3gaBaecMas TOKOM, NPOTEKAMOIIMM IO OOMOTKaM KOJECYHOU
CHUCTEMBI, TPONOPIIMOHANEHA BEIMYMHE TOKA OTPHIIATEIBHON 00paTHOI
cB3u. Ecnmm KojedHas cucTemMa BBITIOJHEHA B BHAE  KOJIEI]
I'enpmronpna, mpeAcTaBisiomias Mapy  HACHTUYHBIX  KPYTOBBIX
00MOTOK, pa3HECEHHBIX Ha pAacCTOSHUS, paBHBbIC PaIHyCy KpPYTOBOM
0OMOTKH, TO 00BEM OIHOPOAHOIO IOJS COCTaBIsAeT okono 107 or
o0bema, OXBaThIBAEMOTO KpYroBbIMH oOMoTKamH. [lomoxkuMm, dTO
00beM JaTumMKa cOcTaBisfeT | aM° Torma oObeM KONCUHOH CHCTEMBI
nomKeH ObiTh He Menee 1000 aM°, a MUHHMANBHBIA pagHyc KOJEUHOI
CHCTEMBI R ompeaemnsieTcs o COOTHOIIEHUIO

R==(v/n)"?,
rae v - o0beM KOJIEUHOM CHCTEMEBI - JOJDKEH OBITH HE MeHee 65 cM.
IocrosaHas xomner; ['enbmronbna CKr, XapaKTepU3yOIas IMapamerp
npeoOpa3zoBanus Toka B MII, TPOM3BOMUTCS IO TPUOIMKECHHOMY
BEIPaXCHHIO

Ckr = 89W/R [HTn/MA],
rae W—ducio BUTKOB 0OMOTKH, R - paguyc kojell B cM. Tak, mpu W =
100 ButkoB u R = 65 cMm Ckr = 140 HTn/mMA.

VYBenuueHne OJHOPOAHOTO O0beMa KOMIICHCAIIMA MOXHO
MONTyYUTh, TPUMEHSSI KOJEYHbIE CHCTEMBI 0Oojee CIOXHOU (hOpMEI,
COCTOSIIIINE M3 HECKOJIBKHUX KOJIeI] C pa3HBIM YHCJIOM BUTKOB U Pa3HOTO
muametpa [7, 71]. B koHCcTpykTHBHOM IjiaHe Oosiee yaoOHa cucTema
KOMIICHCAIIMX, COCTOSIIAs W3 5 KBaJpaTHBIX KaTYIIEK C PaBHBIMHU
CTOpOHAMHU KBaJlpaTra, HO C Pa3NUYHBIM YHCIOM BHUTKOB. [Ipm sTOM
¢opma 0o0beMa, BIIMCAaHHAS B CUCTEMY, IMeeT popMy KyOa.

Jisi  KOMITOHEHTHBIX TPAJAMCHTOMETPUUYECKUX  HM3MEpPEHUI
MONABJICHUE TOMEX TMPOU3BOAUTCS TPH TOMOIIM TpeX B3aWMHO
OpPTOTOHANIFHBIX KOJIEUHBIX crcTeM. COoOTBETCTBEHHO M nmaTumku MIIT
JUTSL  BBIJICNICHUS TIOMEX JOJDKHBI OBITh KOMITIOHGHTHBIMH. OHH
pacmoiaraioTcsi BONHM3HM IIEHTpa KOJEYHOHW CHCTEMBI, a B IEHTpE
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pa3Melnaercs IaT4uK rpaaueHroMerpa. CMelieHue JaTuuka u3MepeHus
MMOMEX OTHOCHUTENHHO IIEHTpPAa KOJEYHOW CHCTEMBI TIPH €€ MaJbIX
o0pemMax OJHOPOTHOTO TOJNS TPOW3BOIUT TOJNBKO YaCTHIHYIO
KOMIICHCAIIMIO TIOMEX B IICHTPE, MEHBIIYIO, YeM B OOBEME IaT4HhKa
KoMmrieHcanuu. J[ins momaBiieHUs OONBITMX MAarHUTHBIX TOMEX Oolee
100 - 1000 H#TIM BO3MOXXHO TpPUMEHEHHE (DEPPO3OHIOBBIX JATUYHKOB,
paboTarIuX B PeKUME HYJb-OpPTaHa, T. €. WHAMKATOpa MpUpaIleHUI
KOMITIOHEHTHI MII 0OTHOCUTENBHO €€ cpeHero 3HaueHus. Takoi moaxo
TpeOyeT  BBeACHHSI B cocTaB  ()epPpPO3OHIOBOTO  JaTYMKa
JIOTIONTHATETHHON OOMOTKH KOMIIGHCAIlM W HWCTOYHHKA TOKa C
OTHOCHUTEIILHOW HECTaOWIIEHOCTBIO TOPSIKa 10°. B »stom ciy4dae
BO3MOKHO TIOJaBJIEHHE MOMEX IO ypoBHS mopsanka 1 vHTm B oObeme
JTATIMKA TTOMEX.

OnTUMaNbHBIM ~ BapPUAHTOM  AKTUBHOW  3alllUTHl  SIBISETCS
COYETaHHUE TPATUCHTOMETPUYECKOTO U BapUALMOHHOIO H3MEPUTENS
MII, xoraa curHai, NpONOPIMOHANBHBIN YPOBHIO BapHalluii U MOMEX
MII depe3 KOJCYHYIO CHCTEMY KOMIICHCAITWH, OOCCIIeUNBaCT
MMOMEXOYCTOHYMBYIO paboTy rpaaueHToMerpa. Jns sToro HeoOXoaumo,
9TOOBI JATYWK BapHWAM BXOAMJI B COCTaB TpaJHCHTOMETpa. Takoiu
BapHaHT BO3MOXKHO OCYIIECTBUTH HA ATYNKAX C ONMTUYECKOW HAKauyKOi
B CHJIy TOTO, YTO, KaK MPaBWJIO, OAWH U3 JATYUKOB I'PaTUCHTOMETpA
paboTaeT B aBTOKOJEOATEILHOM pEXHME M €r0 CHTHAI MOXKHO
JIEMOJTyTUPOBATh IS TIONMy4YeHHs] WH(GOPMAIMH O BapHAlUAX ITOMEX.
Tak kak JaTYUKHU C ONTHYCCKON HAKAYKOW SIBISFOTCS MOAYJIBHBIMH, TO
OCh KOJICYHOM CHCTEMBI yCcTaHaBIUBaeTcs no Hampasienuto [MII. Jlns
tepputopun CoBerckoro Coro3a yroi Mexay HampaBIeHHEM BEKTopa
nHaykiuu MII u moBepXHOCTBIO 3eMIIH, Ha3bIBACMBIA HAKIOHCHHCM,
aexuT B mpenenax 6 = 60° - 80°, T. e. MPaKTHYCCKH BO3MOXKHA
YCTAHOBKA  OCH  KOJICYHOU CUCTEMBbl ~ AKTUBHOM  3aIlUTHI
MEPIEeHINKYIIPHO K TOBEPXHOCTH 3eMIM TPH  OTHOCHUTEIHHO
HeOonpIoi notepe B Koddduuuente npeodpazoBanus (14% mnsg 0 =
60°).

brok-cxema rpamueHTOMETpa BTOPOrO MOPSIKA HA JaTYUKaxX C
ONTUYECKOM HAKaYKON M aKTUBHOM 3alIUTON IpencTaBiieHa Ha puc. 10.
Ha pucynke: /{3 - naTunk aBTOKOJI€0aTENBHOTO THIIA, /1, /[ - maTuuky -
pe3onancHble GrIbTpel. CurHansl ot /{/ u /{3 mocTymaroT Ha (Ha3oBBIH
nerekrop @/[1, a ot /{2 n /I3 - Ha (dazoBeii geTektop P/[2, oOpaszys
napy u3MepuTele rpaJueHTa MepBOro mnopsiaka. Beruuranue curnana
OIHOTO TPAJMEHTOMETpa W3 APYroro, MPOU3BOANMOE YCTPOWCTBOM
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BEIUMTAHUS VB, €CTh, 1O CYIIECTBY, ONEpaIlisl ONPEACICHHS rPaIucHTa
BTOporo  mopsaka.  [lomaga  BBIXOJHBIX ~ CHTHAJIOB  Tapbl
TPaIMEHTOMETPOB depe3 BBIKIMIOUaTend S 1 S2 U QWIBTPH HIHKHHUX
4acTOT K PaJuMOYacTOTHBIM KaTyIllKaMm AaT4yukoB /[ u /[2 mo3BOJsET
CKOMIICHCHPOBATh pa3HOCTh 1o [IMII, cymiecTByIONIyI0 MEXIy mapamMu
nmataukoB 1 - /{3 w /]2 - /I3, u TeM caMbIM 00€CTICUUTh HOPMAILHYIO
paboty matuukoB /I, /]2 - pe30HaHCHBIX (UIBTPOB, T. €. JOCTHKCHHUE
MaKCHUMaJIbHOHN KPYTH3HBI IPe0oOpa3oBaHus IPaJHUCHTOMETPA.

YacTOTHEIN ACTEKTOp, MOAKIIOYCHHBIA K BBIXOMY JaTduka /{3,
MPOU3BOJIMUT BbIJETEHU Bapuauuu W nomex MII ¢ mnocnenyromiei
HU3KOYacToTHOH ¢uubTpanuerdr @OHY, ycunenuem B ycuiurtene
nmoctostHHOTO ToKa YIIT. Ocnabnenne Bapuaruii, momex MII B o6meme
nmataukoB /1, /[2 v /{3 mponuCXOauT TIpH Tojadue TOKa OOpaTHOM CBS3U B
KOJICUHYI0 CHCTeMy i co3fgaHus MII, TpOTHBOIMOIOKHOTO 10
HanpasneHuro ¢ MII Bapuammii, momex.

Koaddumment mnpeobpazoBanuss SUi 4aCTOTHOTO IETEKTOpA
JTIOJDKEH OBITh TOCTATOYHBIM IS TIOMYUYEHHS 3aJaHHoro KodddummenTa

nojgasneHus. Ecmu [ - kodhduOMEHT momaBieHUs, TO Sux
OIIpeaeNseTcs U3 COOTHOIICHHS
S = B/Ckr.

Jns panee ompexneneHHoro B mpumepe 3HaueHus Ckr m =~ = 100
koddurmment Sux cocraButr 0,73 MA/HTn. [lomaras, 4To akTHBHOE
conpotuBieHue konen ['empmroneua coctaBnger 500 Om, Sung mo
HanpsDKEHUIO JOJbKHA OBITh paBHOit 0,365 B/HT .

W3BecTHhIe M3 007aCTH PaTMOTEXHUKH YaCTOTHBIE JETEKTOPHI
Ha OCHOBE PacCMOTPEHHBIX KOHTYPOB WJIH AETEKTOpa OTHOIICHHWH IS
MpeoOpa3oBaHUs YaCTOTHO-MOJYJIMPOBAHHOTO CHTHANA JaTydKka C
ONTUYECKOW HAaKadKOl aBTOKOJIeOATENIbHOTO THITA Majio MPUTOJHBI U3-
3a MaJIoil KPYTH3HBI MPeoOpa3oBaHMsI W TPYAHOCTH TEPECTPONKH TIO
JMana30Hy 4acTOT C COOJIIOJICHUEM YCJIOBHS TMOCTOSHCTBA KPYTHU3HEI
npeoOpazoBanus. bonee moaXomsmiyM JUIsl HAIMUX LEJNEH SBISETCS
YaCTOTHBIN JETEKTOp aBTOKOPPEISIIUOHHOTO THIIA, CTPYKTYpHAs OJIOK-
cxema KoToporo mpuseAeHa Ha puc. 10. BeIxonHO#! curHan oT JaTyuka
/I3 noctymnaet Ha
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Puc. 10. YacToTHHH JIETEKTOp
aBTOKOPDeJIAIHOHHOrO THIA

MEPEeMHO’KAIOIIEE YCTPOWCTBO HEIMOCPENCTBEHHO M Yepe3 aHAJOTOBYIO
JTUHAUIO 3aJepXKu. Bpems 3amepXKu T JODKHO OBITh CYIIECTBEHHO
OombIre meproaa BXOAHOTO KoyeOanus. KonebaHue Ha BBIXOZC JIMHUU
3aJIepKKH CIBHUTAcTCS 1O ()a3e OTHOCHUTEIBHO BXOIHOTO KOJeOaHUS B
3aBHUCHMOCTH OT YacTOTHI BXOJIHOTO KOJieOaHWs. DTOT CABHT SBISETCS
MepuoANYecKo  (yHKIHMEH  HYacTOTHI. 3HaueHUs]  YacTOTHI,
COOTBETCTBYIOIIIUE TOYKAM Tieperuda CTaTHYECKOW aMILTUTYIHO-
YaCTOTHOW XapaKTEPUCTUKH, MOBTOPSAIOTCS depe3 1/13 I'm. dopma
CTaTHYCCKOM  XapakTEepPUCTHKH ONWM3Ka K MHIO00pasHOW, dTO
oOecrievnBaeT NOIYYCHHE OTPUIIATEIHHON 00paTHOW CBS3H.

IMomoca mpomyckanust AF aBTOKOPPENSIIMOHHOTO JIETEKTOpa
mpu paboTe Ha JHMHEHWHOM YYacTKE CTaTHYECKOW XapaKTEePUCTHKH
OTIPEICIISETCS U3 COOTHOIICHUS

AF =0,45/ 13.

[lomoxkxuM, dYTO cTaTHYecKas XapakTepUCTHKA JETeKTopa
JIOJDKHA MMETh JIMHEeHHBINH pactBop B 1000 HTH, 9TO COOTBETCTBYET
W3MEHEHUI0 dYacToThl Ha OF=3500 ['m mns patumka ¢ pabouum
BEIIECTBOM - I[€31eM, TOTJIa HEOOXOIMMOE BpEMS 3a/IEPIKKH T3 COCTABUT
13 = 1/ OF =66MKC U TIpH STOM IT10JI0ca TpoIyckanus paBHa AF = 0,45/
13=6750I'm.

Kpytusna mnpeoOpa3oBaHus TpU HANPSHKCHUA  MMATAHUS
nepemuoxurenss S5 B Oymer Omm3ka k 0,005 B/aTn. Ilpomomxas
MPUMEPHBIN pacyeT CHCTEMBbI aKTUBHOW 3alllUTHI OT MOMEX, HAaXOUM,
9T0 HeoOXoamMoe ycuieHue ans obOecniedueHUs Kod(pUIHEHTa
momaieruss [ = 100 momxHO OBITH mopsmka 75. B ciywae ecmu
3HaYeHHE YaCTOTHI TeHEePAINH JaTINKa TAKOBO, YTO OHA MPUXOANUTCS Ha
TOYKY Tieperuda CTaTHYeCKON XapaKTePUCTHKHU IETEKTOPa, TO
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HEOOXOJIMMO BBEJICHHE JOTOIHUTENHHO (Da30BOTO CIBHWra B OJUH U3
KaHAJIOB JIEMOIYJsATOpa Tipu ToMmomy ¢asoBpamarens, OB mis
CMEIICHUS paboueii TOUKH Ha CEPEIMHY CTATUYCCKON XapaKTePUCTHKH.

HcnonmHeHne aBTOKOPPESAIMOHHOTO JIETEKTOpa 3aBUCHT OT
TAMIa JUHUA 3aiepxku. [lpumenenume kabens Ttmma PK3-401 ¢
3amepkkoit 0,7 Mkc Ha 1 M JUIMHBI TIO3BOJSET HM30€kKaTh
peoOpa3oBaHMUs CUTHAIA aTYMKA 10 YacTOTe, HO HeoOXOoanuMast JIITHHA
3aIepKKA T3 = 66 MKC COCTaBHT 95 M, UTO HE BCeraa MPHEMIIEMO I10
KOHCTPYKTHUBHBIM  COOOpaKeHUSIM.  BO3MOXXHO  HCIOJb30BaHHE
MarHUTOCTPUKIIMOHHOW JIMHUW 3aJCPKKH JUIL JTUX JKe IIeJeH,
paboraromeid B muamazone yactor jgo 1 w1 [38]. Ilpumenenwue
JIOCTYITHON YIBTPa3BYKOBOW JWMHUH 3a7epKku Tuma YJI[3-64—2 wimm
VJI3-64—4 nns UBETHOTO TENEBHUJCHUS C BPEMEHEM 3aJEpKKH 64 MKC
JIUKTYET HEOOXOAMMOCTh BBEJICHUS nepen JIETEKTOPOM
IIIPOKOIIOJIOCHOTO YMHOXHTENS YacTOTHI, TaK KaK JHMAama3oH pabodnx
gactor YJI3-64 mpoctupaercs or 3 mo 6 MI'm, a nmama3oH 4YacToT
TeHepaIuy 3aBUCUT OT 3HaueHUs MHAYKIUH MII u JexuT B mpenenax
ot 75 no 300 xI'm. Torma HEOOXOAUMBIM KOA(D(OHUIIMEHT YMHOXKCHUS
YacTOThl Ui mnoxaauamasoHa 75 - 150 kI cocrasur 40, a B
noanuanazone 150 - 300 k[’ - 20. 15 monydeHus: TMHEMHOTO y4acTKa
ABTOKOPPEISALMOHHOIO0  JeTeKkTopa mpoTsbkeHHocTeio 1000 HTxA
HEOOXOIMMO JeNIeHHEe YacTOTHl MPSIMOTO W 33/IeP’KaHHOTO CHTHAJIA B
nepBoM noaauana3zone Ha 10, Bo BTopoM - Ha 5.

Bo3moxHO coueranue cuctemsl ctabunmsanuu MIT Ha ocHOBe
nmatanka MOH u u3mepurens Ha ocHoBe rpamueHTomerpa CKBUJI. B
3TOM CiIy4ae HEOOXOOUMO MaKCHMallbHOE CONMKEHHE B MPOCTPAHCTBE
000MX JaTYMKOB M  OpPUEHTANUS OCH TNPUEMHOH  KaTYIIKH
rpamgdeHTOMeTpa BHois HampaBieHus ['MII, Tak kak craOumm3arus
ocymectisieTcs narankaMu MOH Bross 3TOTO HarpaBiieHusI.

2.8. IlogaBeHne MomMex OT JTEKTPOCETH

Nzmepenne MIT 0n000BEKTOB IPAaKTUYECKU BCETIA 3aTPYIHIACTCS H3-32
HENPEMEHHOTO TPUCYTCTBUS CETEBOM IMOMEXU OT KaOeJbHBIX CeTel,
3JIEKTPOYCTPOUCTB. YPOBEHb CETEBOM IIOMEXHM HE IIOCTOSIHEH, HO
JacToTa €€ TOCTOSHHA. HawmOonplryro aMIUIMTyQy HMEET IoMexa ¢
ocHoBHOU wactoToi 50 I'll, HO MPOCTPAHCTBEHHOE CIOXEHUE MOMEX OT
Pa3ITUIHBIX HCTOYHUKOB MOJKET NMPUBECTH K BOSHUKHOBEHHIO ITOMEX Ha
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BEICIIUX TApPMOHUKAX WM JaXKe Ha cyOrapmMoHuke c yactotod 25 I
[TosToMy HEoOxomMMO 0OpaTUTH OOJBIIOE BHUMAaHHWE HA TOJABICHUC
CETeBO IMOMEXW OCOOCHHO TpU pPabdOTe MArHUTOYYBCTBHTEIHLHOTO
JTATYMKA B HEAKPAHUPOBAHHBIX TIOMEIICHUSX.

ITpu MarHUTHBIX HU3MEPECHUSIX npu MTOMOILIU
rpajMeHTOMETPHUYECKUX MPUOOPOB HA BBIXOJC TOCIEAHUX TOSBIISCTCS
Pa3HOCTHBIM CHUTHANl TIOMeXH. ECTeCTBEHHO, 4YTO CHTHA IOMEXH
YMCHBIIIUTCS, €CIU CHHU3UTHh a0CONMIOTHBIH ypoBeHb MII momexu B
o0beMe JaT4uMKa W BO3pACTET JUHAMUYCCKUI TUara3oH HW3MEPEHHI.
DTOT BOMPOC paccMOTpeH B maparpade 2. 7. 31ech MBI paccCMaTpUBaEM
npyrue nytu. [lepBelii M Hambonee OYEBHIHBIA — TNPUMCHCHHE B
TPaKTE YCUJICHUS CUTHAIA PEKEKTOPHBIX (PHILTPOB HA YaCTOTY ITOMEXH
[34]. Takume GuUABTPEI MOTYT OBITh TIACCUBHBIMH Ha OCHOBE
WHAYKTUBHOCTEH M KOHJICHCATOPOB, & TaK)K€ aKTUBHBIMH—HAa OCHOBE
PE3UCTOPOB U KOHACHCATOPOB H ONEPAaLMOHHBIX ycuiuteneld. CTeneHb
MOJIABJICHHS CETEBBIX MOMEX 3aBUCHT OT CTAOMIBLHOCTH IapaMeTpoOB
DIIEMEHTOB, BXOJSIUX B (UIBTP, W CTAOMIBLHOCTH 4YacTOTHI CETH.
OTHOCUTENIEHO  TPOCTO  PEaan30BaTh  IMMACCUBHBIA  (QUIBTP C
momaBiieHreM momexu mopsaka 10 - 30 pa3, HO moyioca PEKEKITUH
MacCUBHBIX (GUIbTpoB cocTaBisieT 3 - 10 I'm. AxkTuBHBIC QUIBTPHI Ha
OCHOBE PE3UCTOPOB, KOHICHCATOPOB M COBPEMEHHBIX OINEPAlHOHHBIX
YCUJIMTENEH MO3BOJSIIOT OCYHICCTBUTH DEKEKIUIO CETEeBOH ITOMEXH
nopsinka 50—100 npu motoce pexeknuu Mmeree 1 111

BxroueHrne HECKONBKUX KacKajOB MACCHBHBIX WM aKTHBHBIX
(GUIBTPOB TIOBBINIACT CTENEHb pexkeKknuu. [lomaBieHWe TEPBOIA,
OCHOBHO¥ TApMOHUKH CETEBON NTOMEXH, KaK 3TO YKa3bIBaJOCh BHIIIEC, HE
npuOaBIseT YBEPECHHOCTH B MAJOCTH IIOMEXH Ha YacTOTax TapMOHHUK
cetu. [losToMy dakTHueckn HEOOXOAMMO UMETH LIENbIH psia GUIBTPOB,
MOCTPOCHHBIX Ha TMOJIABJICHHE TI0 KpalfHeH Mepe TpeX MEePBhIX CETEBBIX
TapMOHUK.

Jpyroii myTh TONABICHHUS COCTOMT B BBIJICIICHUU CETECBOM
MMOMEXU M BBEJICHUM €¢ B MPOTHBO(A3e HAa OJUH U3 UYBCTBUTEIHHBIX
3IIEMEHTOB IpajieHTOMeTpa. VCnonb30BaHNe CENIEKTUBHBIX YCTPOHCTB
MpH TIYOOKOW OTPUIIATEILHOM OOpAaTHOW CBSI3U BBI3BIBACT IMOSBIICHUC B
aMIUTATYTHO-YaCTOTHON XapaKTEPUCTUKE TOIbEMOB, IPUXOISAIIUXCS HA
CKJIOHBI ~ TIOJIOCHI  MPONYCKaHHsI ~ CEJIEKTHBHOTO  YCTPOMCTBa, M,
CJIEZIOBATENHHO, IPUBOJIST K HCKAXKEHUIO
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Puc. 11. CxeMa cixponioro ¢GuabTpa AJs NOJaBJeniiss CeTeBbIX NO-
Mex

YacToTa KOMMYTAllHH KOHJEICaTOPOB KpaTHa YacToTe 3JeKTPOCeTH (06bsicHe-
HHS B TEKCTe)

MOJIC3HOTO CHTHAJIA, TIO3TOMY TTTyOHMHA OTPUIIATEIIEHON 00paTHOW CBSI3U
BEIOUpaeTcs HeOombpIIoNH. TpeTwil myTh OCHOBaH Ha TPHMEHECHUH
CHHXPOHHO-IIN(PPOBEIX (HHUIBTPOB, MHOTA HA3BIBAEMBIX TPEOCHIATHIMHU
[9, 71]. Pabora Takoro GmibTpa CHHXPOHU3UPOBAHA C YACTOTOM CETH H,
CJIeIOBATEIbHO, C €€ TapMOHUKAMH, YTO OOECIICUYMBACT CICIKCHUE 3a
W3MEHEHUSMH  4acTOThl ceTh. [lpocreiimias cxema  (UIBTpa
mpexacraBieHa Ha puc. 11. Ecim dacrotra BXONHOTO CHTHama HeE
COBMAJNaeT C YacTOTOW KOMMYTAIlMH, TO CYMMapHBIA 3aps Ha
KOHJICHCAaTOpax OJIM30K K HyJt0. [Ipy paBeHCTBE YacTOT HANIPSHKEHUS HA
BBIXO/IE YCHWIHTENS V MaKCHMajbHO, a TOK, NPOTEKAOIIUN uepes
KIFOYH KOMMYTaTropa,— MHHHMalIbHBINA. [IpeoOpasoBanue iBBIX B
HaANPsHKEHUE OCYIIECTBIISICTCS IPH ITOMOIIH ONEPAIMOHHOTO YCHUITHTEIS
V. Takas xe cuTyalusi HaOJIONAeTCs, KOTJAA YacTOTHI HAaXOJIATCS B
KpaTKOM COOTHOIIIEHWH. Pe3oHaHcHas dactoTa (GuiibTpa OmpenemnseTcs
YaCTOTOW KOMMYTAIIWH, TOJI0CA PEKEKIMH — TIOCTOSHHOM BpEMEHHU
nRC, rTae »n—4YUCI0 KOMMYTHPYEMBIX KOHJeHcaTopoB. C(Cxema
rpeberuaToro ¢mibTpa mpu T = RC==0,2 ¢ W YUClIe KOHICHCATOPOB
n=32 o0ecrieynBaeT MoJaBICHIE NIEPBOM ceTeBOM rapMoHHKH Ha 40 - 45
b 1 HeCKONBbKO MEHBIIIE Ha APYTuX Npu nojoce pexekuuu B 0,1 ',
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[Tpu KackagHOM BKJIFOUEHHHU JBYX TpeOCHUYATHIX (QUIBTPOB MOJIABICHHUE
MePBOM TapMOHWUKH CETH MOXHO yBenwduTth Oomee 80 gb.
Junamuueckuii awama3oH TpebeHuyaToro (QuiabTpa ompeaenseTcs
JIOTTYCTHMBIM HAINpsHKCHUEM Ha 3JICKTPOHHBIX KITFOUAX, BBITTOTHSIFOIINX
GyHKIHIO KOMMYyTaTtopa. Bpems BKodeHHs Kitoua coctaBiser 1/n7,
rae T - mepuoj; KOMMYTAIIHY.

2.9. O Heo0Xx0qUMOIi MMOJI0CE MPOMYCKAHUS
MArHUTOMETPUYECKHX CPE/ICTB

IIpu wusmepennn MII OnOOOBEKTa CHIEKTp YAcTOT BecbMa
pasHooOpaszeHn. Tak, npu usmepenud MKI' crektp uacToT curHaia
ompenenseTcss TJIaBHBIM obpazoM ¢opmoit wmmmynasca QRS. C
WHPOPMATHUBHON TOYKH 3pEHHUSI paHee ObLIO YCTaHOBIEHO, YTO OKOJIO
97%  wHbpopMamMHE  BOCHPOW3BOIWTCS, €CIH  KapAHorpamma
OTIMCHIBAETCS] TPUALIATHI0 TAPMOHUKAMH OCHOBHOM YaCTOTHI - YaCTOTHI
putMa cepaua. CienoBaTellbHO, MUHMMANbHAs T0JOCAa MPOITyCKaHUs,
onpezeNeHHas M0 TaKOMy KpHUTepHio, cocTaBisieT okono 30 - 40 I'm.
HwxHss Tpanuma monocsl MPOMYCKaHUS OMPEAeIseTcs] HCKaKEHUSIMHI
tina  guddepeHuupoBanus,  QOpMbl  Kapauorpammbl.  Jlns
MUHHMANBHBIX ~HUCKQKEHUH (OpMBI  OOBIYHO HIDKHSS — 4YacToTa
BBIOMpaeTcs Ha MOPSAAOK HIKE YaCTOTHI PUTMA, T. €. HIDKHSS TpaHuIla
TTOJIOCHI TTPOTTYCKaHus JIeKUT B ipenenax 0,07 - 0,1 I'm.

CKOpoCTb cIlaia YacTOTHOW XapaKTepUCTUKHM BHE MOJOCHI
MPOMyCKaHHUA He JOJDKHA ObITh KpyToi. B mpoTuBHOM citydae B Gopme
MKI' mocne okoHuaHusi KoMmimiekca QRS Oyner HabmomaThes
3aTyXaloIUi KoneOaTeNnbHbId MPOLECC, BBI3BAHHBIM IMEPEXOIHBIM
MPOIIECCOM B TPAKTE YCUIICHUS CUTHAIA.

BocnpounsBenenrne umitynbea, mogo0HOro Komriuiekcy QRS, B
YCTPOMCTBAaX € OrpaHUYECHHOH IOJIOCOM TMpOmycKaHus Haubolee
JOCTOBEPHO, KOTJIa 3aTyXaHUe BHE IOJIOCHI IPOITyCKaHUs (POPMHUPYETCS
¢unpTpaMu HIKHUX YacTOT THma beccers, oOecTiedynMBAarOIUMU IS
BCEX TapMOHUK KoMImiekca ORS oquHakoBy0 a3y 3aIepiKKH.

IIpy u3MepeHuM WHAYKTUBHOW (T. €. HABEIEHHOW BHELIHUM
MII) HaMarHU4EHHOCTH B TKaHSX, KPOBH M KOCTHBIX (POPMHUPOBAHUAX
CIEKTP CHUTHaja OOBIYHO TNPUMBIKAET K HYJIEBOW dYacToTe. BepxHsis
rpaHila ONPENENACTCS] CKOPOCTBIO TPHONMKEHUS WK  yOaleHHS
o0pa3ua uim 00beKTa K JaTYHKY.
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W3mepeHre MarHUTOMHUOTPAaMMBI, KaK U 3JIEKTPOMHOIPAMMBEI,
COTPOBOX/IAETCS CMEIIEHHWEeM TIIOJIOCHl TPOMYCKaHWs B  00JacTh
MOBBIIIEHHBIX YaCTOT C HW)KHEH rpaHulleil mopsiKa NepBbIX eauHUI] [ '11.

st MarHUTOOKYJIOTPaMMBI oJioca 4acToT
MarHUTOM3MEPUTENBHBIX YCTPOICTB OTHOCUTENBHO Maja. LleHTpanbHas
YacTOTa TOJOCHI MPOMYCKAHHUA OMPENENIeTCS YacTOTON JBIDKEHUS
TJIa3HOTO BEKa.

Criextp curHana MO BecbMa pa3HOOOpa3eH W MPOCTHUpAETCS
OT YacTOT TMOpPsAKa MEPBBIX enuHUI] [T 10 HeCKOMbKUX necATkoB [T
N3meperne MOI' mpoBoauTcst ¢ pa3OMEHHEM OOIECH TOJIOCHI HA PsT
MOJIOC /AJIsl YITy4IICHHUs] OTHOIIEHHSI CUTHAN - IIyM. Tak, Mpu u3MepeHnH
anb(a-puT™Ma TOJOBHOTO MO3Ta YEIOBEKa OTPAaHMYMBAIOTCS MOJOCOI
4acToT OT 3 - 5 'y mo 25 - 30 I'm.

Oco0blil ciayuail mpeacTaBisieT co00i M3MEpEeHUE BBI3BAHHBIX
MII rojoBHOrO MO3ra NP Pa3IMYHBIX BHIAX BHELIHETO pa3iApaskeHUs:
CBETOBOTO, 3BYKOBOTO M ApPYyruX. WMMymnbchl pasapaxeHuss OObIYHO
BBIOMPAIOTCS CHIBHBIMH M KOPOTKUMH W BO3JIEHCTBYIOT CIyYailHBIM
oOpa3zom. Peakiusi rooBHOTO MO3ra BO BPEMEHHOM MacIITade JUINTCS
JIONIBIIIe, YeM caMo pasfpaxeHue. JTUTeNTbHOCTh PEeaKIUH OOBITHO
paccmarpuBaercs B uHTepBaie He Oosee 0,5 c. Ilomoca mpomyckanus,
COOTBETCTBYIOI[As ATOM JUINTEIBHOCTH, CPABHUTEIBHO HEBENMKA, TAK
KaK B TCUCHHE OTKJIMKa HE HAOJIONAIOTCS pe3KHe M3MEHEHUS (OpMBI
CUTHAaJA.

Ilpu wuccnegoBanuun MII HepBHOro wuMmynbca - crHaiika,
JUITNTENTFHOCTh KOTOPOTO Majla, HeoOXoauMasl Mojioca 4acToT JOJDKHA
OopiTh He MeHee 1 xI'1. M3mepenue BbI3BaHHBIX MII B cHiry HHU3KOTO
OTHOIIIEHHUSI CUTHAJ - IIYM BO3MOXXHO, KaK MPaBHUJIO, C TPUBJICUYECHUEM
TEXHUKH CHHXPOHHOIO HAKOIUICHUS. YIIydllIEHHE OTHOIIEHUS CHUTHAJI-
IIyM TPOMOPIIMOHAIBHO 'KOPHIO KBaJApPaTHOMY M3 YHCIa HAKOTUICHUI
MIPU HOPMATHHOM 3aKOHE paclpeeeHHs IyMa.

2.10. BausiHue KOHEYHBIX pa3MepoB
MATrHUTOYYBCTBUTEIbHOI0 IATYHUKA HA Pe3yJbTaThl
H3MepeHnii OMOMAarHUTHBIX MOoJIei

MarautomeTpuieckue cpeacTBa HU3MEpEeHUNn HUMEIOT
MaKkCHMaJbHOE pa3pelieHne (IyBCTBUTENBHOCTb) TIPH H3MEPEHUHN
onHopoauoro MII B o6beMe naTumka JiroOOTO THTIA.

[Tpu m3mepenun MII 6noo6wekToB, Harpumep MKI™ u MOT',
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pasmepbl uctounmka MII W paTymka CTAHOBATCS COMOCTABUMBIMU.
Xapaktep HeogHopogHocTd MII omnpenenseTcss TUIIOM HCTOYHMKA,
KOTOPBIA MOXHO OIHKCaTh DSKBUBAJIEHTHBIM MArHUTHBIM JIUTIOJNEM,
KBaJIpyIojieM u KoMmOuHarmei nocneqaux. CienoBarenbHO, B 00beMe
JlaT4Ka TojJe OMOOOBEKTa SIBISETCS HEOJHOPOIHBIM. Tak, Hampumep,
ecmm wcrouHuk MII  ommchIBaeTCST MarHUTHBIM JWIIONIEM MajIbIX
pa3MepoB, MEHBIIMX pa3Mepa JaTdyrka, TO cpeaHee 3HaueHue MII B
oOBeMe sueliku rpagueHToMeTpa Ha gatuukax MOII mpumepHo BTpoe
MEHBIIIE MaKCHMAJIBHOTO TOJS y Kpas JaTdyuKa IPH PACCTOSHUH OT
JUTIONS 10 TaTYHKa, PABHOTO AUAMETpPy JIaT4HKa.

s UM u MOH wunTerpupoBanue curHajga oT OHOOOBEKTa
MIPOU3BOAUTCA 10 O0BEMY UYBCTBUTEIFHOTO DJIEMEHTa JaT4rKa, a s
CKBHUJI - mo 1romamu TmeTiIM TpaHchopMmaTopa  TIOTOKA.
CrnenoBarenbHO, HEOOXOIUM YyYeT CHMXKECHHUS M3MEPEHHOrO 3HAuCHHS
moJist OM000BEKTA 10 CPABHEHHIO C MAKCUMATBHBIM.

YMeHbIIIeHHEe TeOMETPHUECKUX Pa3MEPOB MATUYMKOB YIyUIIAET
MPOCTPAaHCTBEHHOE pa3pelieHne W JaeT Oojee TOYHOE 3HaueHHE
uaaykimnd MIT oT OMooOBeKkTa, HO 3TO COMPOBOXKAAETCA MaJCHUEM
YyBCTBUTEIHHOCTH. Jns CKBH/la HaiIeHO peliexue,
of0ecrieynBaromiee B~ 3HAYUTENBHOW  Mepe  IPOCTPAHCTBEHHOE
pa3pelieHue TpU COXPaHEHUH YYBCTBUTEIHHOCTH OTO MPUMEHECHUE
ACUMMETPUYHON KOHCTPYKIIMHM MPUEMHON KaTYIIKH TPAJUCHTOMETPa
MIEPBOM W BTOPOU MPOU3BOMHOM (CM. pHC. 4, e, o). JIJIa ApyTuxX THIIOB
JTATYUKOB TIPUXOJIUTCS UCKATh KOMIIPOMHCCHBIC PEIICHUS MPH BHIOOpE
Ppa3MepoB U BBOJUTH NOMPABOYHBIE KOI(DPHUITUCHTHI.

2.11. llITaTUBHO - MeXaHNYECKUE YCTPOHCTBA
IJI1 OMOMATHUTHBIX HCCJIeT0BAHHK

MarauTo9yBCTBUTEILHBIM JATUYNK JFOOOTO THIA - MOIYJIBHBIN
WIH KOMIIOHCHTHBI - TpeOyeT IKECTKOTO pacloNOXKCHHUS B
MPOCTPAHCTBE B CHJIy TOTO, YTO €r0 MEPEMEIICHUS B HEOIHOPOIHOM
MII mpuBOAST K BO3HMKHOBEHHWIO apTe(aKkTOB, KOTOpPHIE IO CBOEMY
YPOBHIO MOTYT CYIIECTBEHHO TMPEBBICUTHh TIOJIC3HBI CHTCHAI OT
0mooOBeKTa.

TlocrosnHoe MII 3emiM JOCTATOYHO OJHOPOJHO U CpElIHEE
3HAYCHHUE TPAJMEHTA COCTaBIsIeT okoJio 5 - 10 mTn/M. OOGsaHO B MecTe
MPOBEJCHUST OWOMArHUTHBIX HCCIICOBAaHUN TPAKTUYECKH BCeTIa
MPUCYTCTBYIOT MarHWTHBIE MAacchl: OaTaped W TpPyObl OTOIUIECHHUS,

65



JKEJIe300€TOHHBIE TEPEKPHITUS 3MaHUs, JU(TOBBIC KOJOALLI U JPYTUE
CTallbHbIE KOHCTPYKLMH, co3naronme cBou MII u  wuckaxaromnime
tonojoruto ectectBeHHOro I'MII. Mcrounukamu HeoaHopoaHoro MII
SBIIIIOTCS TAKXKE DJICKTPOHHBIC OJIOKH, HM3MEpPUTEIbHBIC MPUOOPHI,
CaAMOTIUCIBI, BXOJSIIMNE B COCTaB MAarHUTOMETPUYECKHX CPEICTB
n3Mepernid. [1oaToMy UX pazHOC OT MarHUTOYYBCTBHUTEIHFHOTO JTAaTYHKA
HeoO0XoauM u o0s3areneH. [IpakTuuecku TpyIHO MpeacKa3aTh 3HAUCHUS
oxugaeMbIX rpagueHToB MI1 1 ypoBHS MATHUTHBIX ITOMEX, BEI3BAHHBIX
WHAYKIMOHHBIMH SBJICHUAMU B METAIUTMYECKUX KOHCTPYKIHAX. B crry
3TOTO0  YCTAHOBKE  JaT4WKa JUid  OHWOWCCIIEOBAaHWH  JTOJDKHA
MpeIecTBoBaTh paboTa Mo onpeneneHuto TpaaueHta MIT u ero
Bapranuid B pabodyeM TOMEIIEHHH TPH TOMOIIM TEPEHOCHBIX
MPOMBITIUICHHBIX TpubopoB Tuma M-33, KM-2, KM-8 u napyrux.
IIpenBaputensHOE HCCICIOBAHKUE IO3BOJSICT OIEHUTH BO3MOXKHOCTH
MPOBE/ICHHSI OMOMArHUTHBIX U3MEPEHUN B JAHHOM MECTE WM HAMETHUTh
HEOOXOJMMBIE ITyTH 10 YMEHbIIeHHIo Tpaguenta MII u ypoBHS momex.
Kommencanmst rpagwieHTa B HEOONBIIMX IMpeneiax MOXKeT OBITh
MPOBEJICHA TIPU IMOMOIIM TIOCTOSHHBIX MAarHWTOB, PacIiojiaraéMbIX Ha
paccTosHUM Topsiaka 2 - 3 M OT MarHWTOYYBCTBHUTENBHOTO IAaTUHKA.
Ilonoxkxenne MarHWTa B TPOCTPAHCTBE IMOAOMpPAETCS MO MHHUMYMY
rpaguenta MII B o0beMe naTumka.

Kpemnnenue natumka JOMHKHO OBITh MKECTKUM, KOHCTPYKTHBHBIC
AJIEMEHTHI KPEIJICHHS BBITIONHAIOTCS W3 HEMAarHUTHBIX MaTepHalioB -
KaIrpoJiaKkTaHa, MMOJUIPOIUICHA, TeTUHAKCA, TEKCTOIUTA, IO, HO
B OKPECTHOCTHM  YYBCTBHTEIBHOTO  3JEMEHTa  HE  JIOJDKHBI
MPHUCYTCTBOBATh XOPOIIO MPOBOJAIINE METATUYECKHE KOHCTPYKITUH
BO M30eKaHWe BIMAHUS WHAYKIMOHHBIX TOKOB B HUX. Mcmomp3oBaHue
MarHueBO - AQJIIOMHHUEBBIX CIIABOB B KOHCTPYKIIUM KPETUICHUS
HEe)XeNaTelbHO M3-32 BOZHUKHOBEHUS (POTOTOKOB IPH MAJCHUH HAa HUAX
CBeTa.

MarauTo4yBCTBUTEIBHBIA JaTYUK MOXKET pacIojiaraThCs Ha
IITaTUBE, KOTOPBI MEXaHMYECKH pasBsi3aH C  JIGKAKOM  JUIS
MCCIIeTyeMOro 00beKTa, MIIM Ha KPOHINTEHHE, 3aKPEIUICHHOM Ha CTEHE
WJIH TTOTOJIKE TOMETIICHHUSI.

IMlon pmarymkoM pacronaraeTcs TMOJBMXKHAs IO  JIBYM
MPSIMOYTONIBHBIM ~ KOOpAWHATAM TOpPU3OHTalNbHas 1atdopma, Ha
KOTOpOM  pa3Mellaercss  HUCHOBITYeMbId B TIOJIOXKEHUM  JIexkKa.
[epemenenne miatopMbI O ABYM KOOPAUHATAM TO3BOJISET CMECTHUTh
KeTaeMyro 001acTh 00BEKTa B 00JIaCTh MEHCTBUA MaTYHK . JKenaTenbHO
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MPEeIyCMOTPETh  BO3MOXHOCTH  CITyCKa-loJbeMa  JaTyuka  JUIsd
MEpEMEIICHUH HCIBITYEeMOT0 W HM3MEPEHHH B COOTBETCTBUH C
koH(urypanuei teaa odciaemxyemoro. [lnardopma Takxke H0KHA OBITH
BEITIOJTHEHA C MUHUMAIBHBIM YHUCIOM HEMArHHTHBIX METAILTHUECKUX
koHCTpykImi. [logcTmika Ha mathopMe W TOAYIIKA JOJDKHEI
NPUBHOCUTH OTIPENICICHHBIH KOMQPOPT YIS UCHBITYEMOTO, YYUTHIBAs,
9TO BpeMs NPOBEACHUS HEKOTOPHIX OWMOMArHUTHBIX WCCIEIOBAaHUI
OTHOCHUTEIIFHO BEJIMKO U COCTaBJISACT JECATKH MHHYT. PasHOBHIHOCTH
MITATUBHO -  MEXaHWYECKUX  KOHCTPYKIMH  JUIS  U3MEpeHHS
MarHuTOrpaMM dYeJIOBeKa KpaTKO pacCMOTpPeHBl B pabore [84],
W3MEPCHHS 3aTrPSA3HCHUU B JISTKUX 4YelIOBeKa B pabote [45], BEI3BaHHBIX
MII romoBHOTO MO3Ta YenoBeKa - B pabote [49] COOTBETCTBEHHO.

2.12. U3MepeHne MATHUTHOI BOCIPMAMYNBOCTH
01000bEKTOB

N3mepeHne MarHUTHOW BOCTIPUUMYHBOCTH OHOOOBEKTOB CBOJMTCS K
co3maHui0 B obmacth  um3MepeHuit MII u  pasmemenuro y
MarHUTOM3MEPHUTEILHOTO TaTYHKa UCCICIYEeMOTO 00BheKTa. M3Mepenus
CHTHaJIa JaTdyhKa COOTBETCTBYIOT m3MeHeHuio MII mom BiausHuEM
MarHUTHOW BOCTIPUMMYUBOCTH BHeceHHOTO B MII BemectBa. OOBIYHO
TpeOyeTcss  W3MEPEHUE  BOCIPUUMYMBOCTH  OTACIBHBIX  4YacTei
0MO00BEKTA, a HE B LIEJIOM OM000BEKTA.

IIpu u3MepeHnsIX MarHUTHOH BOCIPUUMYUBOCTH JIBE KATYIIKH
OTIPECISAIOT 00JIACTh, JAIONIYI0 BKJIAJ B PETUCTPUPYEMBIA CHUTHAI:
HaMarHU9HMBAIOIas, co3faromas noje By, m u3mepurensHas, KOTopas
BOCIIPHHUMAET HW3MEHEHHE Ioisl. PacueTsl TOKa3bIBAIOT, HYTO IS
MOJTy4eHUS] MaKCHMAaJILbHOT'O CUTHATa HEOOXOAMMO COJM3UTH KATYIIKH
0 Tpenmena, a IS BEICICHUS BKJIala OT HEKOTOPOM YacTH Tela
HE00X0AMMO, YTOOBI IMoJie OBUIO MApaLICIHPHO W OJHOPOJHO B 3TOM
o0BeMe, B IPYTUX YacTSX OHO ObLIO ObI CTaOBIM M HENapasuIeIbHEBIM.
N3mepeHne MarHUTHONM BOCIPUUMYHUBOCTH COMPSKEHO C TPYAHOCTSIMU,
CBSI3aHHBIMH C HETPaBWIBLHOH QopMoil 00BEeKTa WCCICAOBaHUS |
HEOJHOPOJHOCTHI0 MATHUTHOM BOCIIPUMMYUBOCTH.

[IpakTtryecku meTon cBoguTCs K co3nanuio MII ¢ unaykuuei
mopsinka 10 MTi mpu TIOMOIIM CBEPXITPOBOIAIIECH KaTYIIKH, KOTOpas
pacmoyiokeHa ~ BOMM3W  m3MepuTenbHOH.  CTaOWIBHOCTH — TTOJIA
CBEPXMPOBOSAIICH KATYIIKU JOCTUTACTCS BKIFOUCHUEM €€ B PEIKUM,
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HE3aTyXarolero Toka (3aMKHyTa camMa Ha cebs), a HU3MepeHus
BOCITPUMMYHBOCTH TTPOBOIMIINICH B DKPAHUPOBAHHOM TIOMeTeHus [146].
Takoit MeTo]T TO3BOIIII U3MEPHUTh U3MEHEHHE 00beMa KPOBU B CEPIIIIE C
HENBI0 ONPE/ICIICHUS] MHTCHCUBHOCTH KPOBOTOKA,

CXOnmHBI METOJ WCIONb30BaH Ui W3MEPEHHS MarHUTHOM
BOCIPUUMYHMBOCTH W30BITOYHOTO JKele3a B medeHu {45], HO B 3TOM
ciay4yae HeoOXOIMMO TiepeMelieHne OOBheKTa [0 HAMpaBICHUIO K
JIATINKY ¥ OT HETO, YTOOBI MTPOBOIUTE AU dhepeHITHATBHBIC H3MEPECHHUS.
Jnst yMeHbIIEHUSI BIUSHUS TTOBEPXHOCTHBIX CIIOEB KOXKH, K KOTOPBIM
0omnee YyBCTBUTEIICH NATYMK, MCIIOIB30BAJICS AIACTUYHBIN PE3UHOBHII
MEIIOK C BOJIOW TOJ MOCTOSIHHBIM IaBJIEHUEM, MOMEIIaeMbIH MEXITy
TemoM obcnemyemoro u arapom CKBUJI-rpamuenTomMeTpa. ITO
MO3BOJIWJIO HE MPHHHMATh BO BHUMAaHHUE JeTalld (QOpPMBI Tela, a
JISKAIIYI0 TIIyO)Ke MEYCHb MO3BOJSUIO PACCMATPHUBATHL KaK MMECHOIIYIO
TUIOCKYIO MTOBEPXHOCTh u HEOTPaHUYCHHYIO rITyOuHy.
UyBCTBUTENFHOCTh METOJa TaKOBa, YTO KOHIIEHTPAIIMS JKee3a MOoTjia
OBITH OIpe/eNicHa C TOYHOCTHIO JO BEIMYHMHBI, COOTBETCTBYIOIICH
HOpMaJbHOW MarHUTHOW BOCTIPUMMYMBOCTH TIEYEHHU.

[lorpemrHocTs MeTOAA OMpEAeNseTCs TOYHOCTHIO HM3MEpPEHHS
paccTOSHUS OT TOBEPXHOCTH Tella JO MPOKCUMAILHOW ITOBEPXHOCTH
MEYCHU, KOTOPOE U3MEPSIIOCH YIbTPA3BYKOBBIM METOJIOM.

Meton u3MepeHus MarHAUTHOM BOCIPUHUMYHUBOCTH  MOYKHO
YIIYYIIUTh, €CIH HaMarHWYWBAIOIIee TOJE CO37aBaTh MPH ITOMOIIH
Karymek ['enbMroibiia, HAXOASIIUXCS NMPU KOMHATHOH TeMIepaType.
OpmHako mpy 3TOM co31aBath mojst 6onpire 0,1 MTa o4eHb TPYyAHO, TaK
KaK TpeOyroTcsi OOJBIIIE MOITHOCTH, HO 3TO 3HaY€HHE CIHUIIKOM MAllo
JUTSI K3MEPEHUI Ha MOCTOSTHHOM TOKE B PUCYTCTBUU TIOMEX, MAKCUMYM
CIEKTpa KOTOPBIX MakCHMaJeH Ha 4acToTaX, ONM3KUX K Hymo. s
caBura pabodeit MoOCH U3 OKPECTHOCTH HYJS B 00iacTh Boimie 10 I,
T7Ie YPOBEHBb IIYMOB pE3KO ociiabeBaeTt, B pabote [148] ucmonb3oBamu
METOJI TePEeMEHHOro TOoKa. [Ipu STOM HaMarHWYHWBArOIIas KaTyIlIKa
MMTajgach MEPEeMEHHBIM TOKOM, a curHan BocupuHHMaiics CKBUWJI-
TPaJUCHTOMETPOM BTOPOTO TOPSJIKA, BBIXOJHOM CHTHAT KOTOPOTO
MOJIaeTCs Ha CHHXPOHHBIN JeTekTop. [lomoOHas MeToauka yno0Ha st
OIICHKH  XapaKTEePUCTHK OOBEKTOB  OOJBINMX  pa3sMepoB WU
HENpaBWILHOW (HOpPMBI MO0 IS OBICTPOM OIICHKH OOJBIIOTO YHCIA
00pas31oB, KOTOPBIC TOJLKO HYXHO moaBoauTth k mwoapy CKBU]la, a
3aTeM yOuparh.
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Paznen 111
PesyabTarhl

OMOMATrHUTHBIX HCCJIeT0OBAHMI

XoTss B OOJBITMHCTBE 0030pPOB IO COBPEMEHHOMY OHWOMAarHeTH3My
aBTOpHI  JICNAT  MaTepual  NPEUMYIIECTBEHHO [0  OpraHam,
npoyuupyommM T1e  wuian  uHsle  MII  (xkapaumo-marHeTusm,
HellpoMarueTu3M, MEBMOMArHETH3M U T. [I.), MBI CUUTAaeM, YTO KpoMe
3TOro (YK€ CTaBIIETO TPATUIIMOHHBIM) MOAPa3ACIcHUS HEOOXOAMMO
TPYNIHPOBATh JaHHBIE IO MexaHm3My reHepanuu MII. Ucxons us
TaKOro TMPHHIWIA, MBI MOXEM CKa3aTh, 4YTO OOJBIIYI0 YacTb
OMOMAarHWTHBIX NaHHBIX coctaBaT MII, co3maBaeMbie TIepeMEHHBIMU
TOKaMU OHMOOOBEKTOB, Kak (HOHOBBIMU, TaK U BbI3BAHHBIMHU
pa3IMYHBIMA CTUMYJIaMH. 3apoKIaeTcsi BETBb OHOMAarHeTH3Ma,
KoTopasi mpu3BaHa m3y4datb MII, cBs3aHHBIE C TIOCTOSHHBIMH WJIH C
OYCHb MEJUICHHO MCHSIIOIIUMUCS  TOKaMH OMOMarHUTHOTO
npoucxoxaenusa. W nakonen, wuccienyiorcas MII BkioueHuil B
OmocucTeMy, KOTOpble HMMEIOT €CTECTBEHHOE, WJIM HCKYCCTBEHHOE
npoucxoxnaenue. [locmenHee HampaBIeHHE TECHO CBS3aHO C
W3YYCHUEM MAarHUTHBIX CBOMCTB OMOJIOTHYECKUX TKaHEH.

ITockonbky OONBIIMHCTBO OMOMArHUTHBIX JAHHBIX MOTYyYEHO
Ha 4YeJoBeKe, MBI OyJIeM B TEX pasfieNnax, IJie 3TO yMECTHO, U3JaraTh
MPEeXIEe BCErO0  pe3yiabTaThl  aHTPOIIOMAarHeTW3Ma, a  3aTeM
300MarHeTU3Ma, C YYETOM BO3PACTHBIX OCOOCHHOCTEH OOBEKTOB
HCCIIeIOBaHUIA.

I'naBa 3
MarHuTHBIE 110J1s1 IepeMEeHHBIX TOKOB

Orta riaBa BKIIOYAET B ce0s OCHOBHBIE PE3YJILTATHI 10 COBPEMEHHOMY
OnomarHeTn3My. XOTsI IPUHATO HAYWHATH M3JI0KEHHUE PE3YIbTATOB C
MKT u ¢ u3BecTHOH mepBoit pabotel bayiga u Makdu 1963 r., MbI
CUMTaeM, 4YTO NpaBmibHee HaunHaTh ¢ MII s1ekTpudeckux peIo,
nockosibky MII, Bo3HHKamIMe NpU paspsae HUX DIEKTPUIECKOTO
oprana, sBISIIOTCS HauOoiee CHIBHBIMH M TOCKOJBKY TOJBKO ISt
3Tux OMII 3KCIepUMEHTANbHO 0Ka3aHAOMOJIOTHYECKas3HAYNMOCTh
[44]. HecmoTpss Ha 00mIEOHONOTHYECKOE 3HAYCHUE PE3yJIbTaTOB H
OTHOCUTENBHYIO  JIETKOCTh  peructpanuu  MII, sToT  pasgen
OnoMarHeTH3Ma MOYTH HE U3ydaycs.
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Janee 1o BenmuyMHE OWOMArHUTHOIO CHUTHAla  CIEIYeT
pacnionoxuTs MII HepBa, BO3HHMKAIOUIEE NPU €ro pa3apakeHUHU.
Hctopudeckun 3TOT  pasfen  COBPEMEHHOTO  OHMOMarHeTusma,
CBSI3aHHBIM C TEPEMCHHBIMH TOKaMH OHOOOBEKTa, MOSIBUIICS, II0
HallUM CBEJICHUSAM, B TPHUIALATBIX roAax Hamero Beka [27, 29].
MoskHO Ha3BaTh IMEHA HECKOJIbKMX MCCIIEOBATENEH, N3yUaBIINX 3TO
SIBIICHUE.

TonpKO TPEeTUH MO HAIIeMy CYETy pas3jell - KapIuOMarHeTH3M -
cran CcBOcOOpa3HBIM peKIIaMHBIM obOpasmom, SIPKO
JEMOHCTPHUPYIOMAM  YIOOCTBO  ONMHCHIBAEMOTO OECKOHTaKTHOTO
METO/Ia UCCIICAOBAHUS HEKOTOPHIX (PYHKIIUH YEIIOBEKA U KUBOTHBIX.
Tloxanyii, BaXXHYIO pOJb 3MI€Ch CBITPAJI0 TO OOCTOSTEIBCTBO, UTO
BIIEpPBBIE OOBEKTOM OMOMArHUTHBIX HCCIIEOBAHWN CTall 3IOPOBBIN
4yenmoBeK. Takue uCClIenoBaHUS JIETKO OBUIO OCYIICCTBISATH B
¢usnyeckux  nabopatopusix. [lepBele  ycmexu  COBPEMEHHOTO
Omomarment 1ia OBUIM JOCTHTHYTHI TIOJ, 3HAMEHEM Kapauo-
MarHetn3mMa. MOXKHO Ha3BaTh NECATKH WMEH W HECKOIBKO CTpPaH,
CBSI3aHHBIX C Pa3BUTHEM J3TOTO paszzeiia OnoMaraerusMa. Heckoibko
YAUBISIET TO OOCTOSTENBCTBO, YTO JIMAEPAMH 3IECh BBICTYNAIOT HE
Kapauonmorn (Kak XoTelnoch Obl!), a MpPeACTaBUTEIN IPYTHX
MUCIWIUTAH, JUIsl  KOTOPHIX  BHEAPEHHWE HOBOTO METO/Ja B
KapAWOJIOTHYECKYI0  KJIMHUKY SIBISCTCS  JIOCTATOYHO  TPYIHOU
3aa4eH.

Maruauromuorpadus, MarHUTOOKYJIOTpadus u Marau-
TopeTHHOTrpaduss TIOKa TPEJACTABICHBI CAUHUYHBIMU paboTamu,
CBUJETENBCTBYIONIUMHE JIMIIb O BO3MOXHOCTH peructpanuun MII,
BO3ZHUKAIOIIUX MPU padOTe MOMEPEYHO-TIOIOCATHIX MBIIII], TJIA3HOTO
s10JI0Ka WJIM CETYATKH Tia3a.

Haxonernm MOI', peructpupyrormas MII romoBHOTO MO3ra, Yarie
BCErO UENOBEKa, SBISETCS BEPIIMHOM  CETOAHSIIHEro JTama
COBPEMEHHOTO OHOMarHeTn3ma. OTO HANpPaBICHHE TPEIACTABICHO
HAauOOJIBIIIUM YHCIOM PAa0OT M pa3BUBACTCS HauOOJiee WHTECHCHBHO
KaKk B KOJHYECTBEHHOM, TaK W B KA4eCTBEHHOM OTHOIIEHWH. B
MOCIEAHEM CIydyae HUMEETCsS B BHUAY TO OOCTOATENBCTBO, YTO
HENPEPHIBHO YBEIUYMBACTCS YHUCIIO HEHUPOOMOJIOTOB, MCCICAYIOIINX
MOT.

OO6meit 3aaueit MHOTHX 00CyXKTaeMbIX HaIlpaBJICHHUI
OMOMarHeTu3Ma SBJISICTCS YUCTO JUATrHOCTHYECKAS 11eJTh: ONPE/CIIUTh
pasMeppl U JIOKaM3alMi0 HMCTOYHMKOB peructpupyembix MIL
OcobeHHO  SpKO  3Ta IeNIb  NPOSABISCTCS TPH  H3YYCHHH

70



MATOJIOTHYECKHUX TPOIIECCOB OYAaroBOro XapakTepa B cepile U B
TOJIOBHOM MO3Te€.

HocTaTouHo odepueHa 3Ta Leb NMPU M3YYEHUU BbI3BaHHBIX MII
TOJIOBHOTO MO3ra 4YellOBeKa, OCOOCHHO TIpH  BapbUPOBAHUU
MapaMeTpoB CTUMYJIA.

Ha myts pocTmkeHuss OTMEYEHHBIX Ieeld HCCleIoBaTeNn
OMOMAarHWTHBIX  SIBJICHUH  YacTO  COMOCTABISIOT  Pe3yJbTaThl,
MOJTy4YeHHBIC UMH, C JAHHBIMH JPYTUX METOOB HCCICIOBAHUS, YaIle
BCero c  onekTporpadpuveckuM  MetomoMm.  IIpemmyrmectBa
OECKOHTAKTHOTO METOJ[a MCCIEAOBAHMS (PU3NOIOTHICCKUX (HYHKITHHA
B HEKOTOPBIX CIIYYasiX JOCTATOYHO SPKO BBISBJISIOTCS MPU CPABHCHUU
OMOMAarHATHOTO METO/IA C IICKTPOPHU3HOTOTHICCKUM.

3.1. MarHuTHbI€ NOJIs1 YJIEKTPHUYECKUX OPTaHOB PbI0

Kpome ymomsuyTOM panee pabotsl [I. /leBn, HaM W3BeCTHA TOJBKO
kpatkas myomukanus B. P. IIpotacoBa ¢ co-aBt. [43], mocBsimeHHAs
peructpaunu MII paspsiga snekrpuyeckoro coma ¢ momorsio MJ]
(HECKONBKO THICAY BUTKOB Ha ()EPPUTOBOM CTEP)KHE) U YCHIIMTEINS
OMOMOTEHITNAIOB. 3amUCh MAarHUTHOTO W DJIEKTpHYecKoro (¢
MOMOIIBIO  AIIEKTPOJOB, OMYIICHHBIX B AaKBapHyM) CHTHAJIOB
OCYILIECTBIISUIM Ha KWHOTUICHKE C 9KpaHa ocuuyuiorpada.

IlokazaHo, d9ro BO  BpeMs  JJIEKTPUYECKOTO  pa3psna,
BO3ZHUKAIONIETO Y PBIOBI B Pa3WYHBIX MMOBEACHYECKUX CHUTYAIHSIX,
MOXHO 3apeructpupoBats MII, mpoxopsmee depe3 BOLy, CTEHKH
aKkBapuymMa W MEIHBIA DJKpaH, B KOTOpHId Obul 3akmioueH W/,
Bocrpuanmaromuit MIT mopsika 107'% Tir B 3ByKOBOM IHAmasoHe
Y4acToT.

ITockonbky KOHKpeTHBIE mapaMeTpsl peructpupyembix MII peio
He OBUIM yKa3aHbl B JaHHOW IyONWKAaIliH, MBI PEIIMIN MOBTOPHUTH
mogo0HbIe ONBITEI coBMecTHO ¢ [IpotacoBeiM B. P. u CyxaHoBeIM A.
C.

Onekrpuueckoro coma (Malapterurus electricus) momeman B
CTEKJISTHHBIN aKBapuyM, Ha YAaJEHHBIE MPOTHBOIIOJIOKHBIE CTEHKU
KOTOPOTO B BOAY OIYCKalW DBJIEKTPOABI, IMpeJHa3HAYEHHBIC IS
peructpauuu OKI" uenosexka.

MII prIOBI, BO3HUKAFOIIIEE ITPH MEXAHHIECKOM pa3/IpakKeHUH COMa
CTEKJISTHHOU MaJIO4KOMH, peTUCTpUpOBaIn c TTOMOIIBIO
rpagueHToMeTrpa ¢ aByms MOH (puc. 12), pacmonoxeHHOro Ha
OJTHOM YPOBHE C aKBapMyMOM, HO Ha Pa3HOM PACCTOSIHUHM OT HETO.
DNeKTPUYECKUH U MAarHUTHBIA CUTHAJIBI 3aIIMCHIBAIH OJJHOBPEMEHHO
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Puc. 12. I'pajnentoMerp Ha oc-
oBe AByx AJarumkos MOH, 3a-

KPemyIecHHHH  Ha
cTolike

ACPeBAUHOIE

"[EDHHO HInagrs n0OpejicTapafaT Co-
Goil CBETOBOALL, HAYILHe OT JaMni
(Guiie K CTOAKE) K ZATYMKEM,
PACTIOIGHKCH LM Ha [OepeaHeM nJaa-
ne. BeaniM nBetom ofosHauciel 1po-
BNjia, HAYWHC DT JATUHKOEB K 3JIEKT-

Ha marautorpage pupmer «TEACH.
Crenyer 3aMETHTb, 9TO
3adukcupoBaTh MII pBIOBI MBI MOTIIH
TOJIBKO npu OTIpeIeIEHHOM
MOJIOKEHUN OOBEKTa OTHOCHTEIEHO
MOH. Korma peiba pacnojaranachk
TrOJIOBOH K  JaT4MKy TIpU e
MEXaHWYECKOM  Pa3IpaXCHUHU, MBI
peructpupoBamm  MII (puc. 13, Bb).
Ecam sxe pp16a moBopaumBazach OOKOM
K JaT4uKy, TO MBI Ha TOM K¢
paccTosSsHUM  OT  aKBapuyma  He
peructpupoBaym MII (puc. 13, A, B),
XOTS JICKTPUYECKUH CHTHAII OJHOU
TOH K€ aMIUTUTYAbl BO3HHUKAI TPHU
KQXKJIOM MEXaHUYEeCKOM pa3IpaKeHUN

PHIOBL.
Kak BUIHO U3 pHCYHKA, YaCTOTHEIC
XapaKTePUCTUKU AIIEKTPUICCKUX

paspsaaoB coMa He BOCIPOHM3BOIIINCH
B HAIIMX OMBITAX, TaK KaK CHCTEMa
ObUla HACTpOCHA Ha PETHUCTPAIUIO

POUHOMY BAOKY CHCTCME

MEJUIEHHBIX TIPOIIECCOB, CBSA3aHHBIX C
MKT.

AMIUTMTY/Ia UCCIIEAYEeMOr0 MarHUTHOTO CHUTHAA PHIOBI 3aBHCENa
OT pPAacCTOSIHAA MEXIY NaTYMKOM H aKBapUyMOM, TI€ HaXOIMJICS
anekTpudeckuii com. Ha puc. 14 BUAHO, YTO HAUOOJBIIMN CHTHAT
(6onee 100 nTn) Bo3HUKAET NPU PacCCTOSHUH B | CM MEXKAY NaTYNKOM
Y MepeJIHEN CTEHKON CTEKJISTHHOTO aKBapuyMa.

OTOT MArHUTHBI CHTHAJl I[IOCTETIEHHO YMEHbBINAICA TpH
yBenuueHun paccrosHug Ao 22 H 49 cm. Ha pacctosnun 90 cMm Mbl
y)Xe He Mornu peructpupoBatb MII, Bo3HuHKaromiee mpu
MEXaHUYECKOM pa3ApakeHUH PHIObI.

Takum  oOpa3oM, pa3UYHBIMH  MAarHAUTOMETPAMH  MOXKHO
OECKOHTAaKTHBIM CIIOCOOOM B BO3IYLIHOH Cpele perucTpUpOBaThH
MarHuTHYIO COCTaBJISIONIYIO JNEKTPUIECKOTO CUTHaJa
ANEKTPUIECKHUX PHIO. MBI cUMTaeM, 4TO MarHUTOMETPUYECKUI METOT
MOKHO MPUMEHSTH IIPU U3yUYEHUU
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Puc. 13. 3apnenmocTn snextpuuecknx (1) 6 MarnHTHLX (2) cnena-
JOB NPE MEXAUNECKOM PA3APAMKCHUN 2/CKTPHUECKOFG coMa 0T 1O
AOMEHHA PHO OTIHOCHTE/BHG MAaTHHTOMETpA

A, 5, B — pazaundinne nonoxenna pubo

—v‘\, V__,\/\Jw S w00T

A & & r

Prc. 14. 3aBrcumocts BeJIMUHHEL MACHITIIOND CHITAAA TIPH MeXanii-
YECKOM DaSAPAsKEHIH JIEKTPHYESKOrG COMA OT PACCTOHIINH OT Mar
HHTOMETPA 10 akBapHyMa

A tem; B—22 oMy B—49 ey I — 90 cm

OMII snexTpudeckux pol0 B MX €CTECTBEHHBIX YCIIOBHUSX IS
BBISICHEHHA OHOJIOTHYECKON 3HAYMMOCTH pa3JMYHBIX TapaMeTpoB
stux OMIL. B mabopaTopHBIX YCIOBHSX, MOCKOJIBKY XOpPOILIO
WU3BECTHO CTPOCHHE OJJICKTPUYECKOTO oOpraHa, wusyueHue MII
DIEKTPUYCCKUX PHI0O TIOMOXET PEmHTh OOIIyI0 OWOMArHUTHYIO
po0JIeMy, CBS3aHHYIO C MOMCKOM UCTOYHHKA perucTpupyeMbix MIIL.

[NosiBuBmICecss cooOmienne [67] o Bo3HWKHOBeHMH MII y
HEIJICKTPUIECKUX PBIO (IIyKH) BO BpeMs OOJIEBOTO pa3apaKeHUS
PBIOBI M €€ MepeaBIKEHUS oA (PEeppPO30HAOBBIM TATIUKOM CKOpee
MOXHO oTHecTH K MII, CBS3aHHBIM C MOCTOSHHBIMU TOKamMH. OueHb
OONBIION CHUTHAI, JOCTUTAIOMMK 6 HIJ, OMM30K K IOPOTOBOMY
BOCITPHUATHIO HEKOTOPBIMH OHMOCHCTeMaMH HCKycCTBeHHBIX MII [61].
Takoro poaa cephe3HbiE W MPHHIUIUAIBHBIC JJaHHBIE TPEOYIOT
MHOTOKPATHBIX W BCECTOPOHHUX MOATBEPKIACHUN. XO0Tsa posnb OMII
OMOJIOTHYECKOTO MPOUCXOKACHUS B KH3-
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HU HEKOTOPHIX BHIIOB PHIO MOXKHO CUMTATh JTOKa3aHHOM [44].

YMecCTHO 3aMeTHTh, YTO pacueThl, Ha KOTOPBIE CCHUIAIOTCA B
pabote [67], cBumeTenbCTBYIOT 0 Bo3HMKHOBeHHMH MII mopsaka 20
nTn Ha paccTossHuM 10 cM OT BNEKTpUUecKOr peIOBI JnHOK 20 cM U
IUIOIAH e¢ OBEPXHOCTH 314 cM” MpH ee HIEKTPHYCCKOM paspsie.
OTH pacyeThl OJIM3KY K TIOIyYEeHHBIM HAMH Pe3yJIbTaTaM

Takum 00pa3oMm, HCCIIEIOBAaHHE MAarHUTHOW COCTaBISIOLICH
JNEKTPUUECKOI0 pa3psA/la HEKOTOPHIX PhI0 MOMKET pelraTh Ba)KHBIE
MpOOJIEMBI  ANIEKTPOMAarHUTHOW JKOJIOTHM W HEKOTOphIE O0IIne
3aJaud  COBPEMEHHOro MarHetusmMa VIMEHHO 3TOT  pasgen,
n3yvaronuit  MII, mopokmaemble NEPEMEHHBIMHU TOKAMH, YECHEE
BCETO CBS3aH C MArHUTOOMOJIOTHEM.

3.2. MarauTHsble 0JIsl HEPBHOT0 HMITYJIbCa

Kak cka3aHoO B MCTOpPHYECKOW YaCTH HACTOSIICH MOHOTpaduu, uues
peructpariun = MII  HepBHOTO UWMITylbca ObTa  MOPOXKACHA
MOP(OJIOTHUECKUMH UCCIIeTOBaHUsAMH [27, 29, 55] emme B TpuALIATHIX
roJlaX HAIIETO CTOJICTHS.

Hcnonb3yss WJI, Tpu He3aBHCHMBIE TpYIIbl HCClIea0BaTeNen
(omma B CCCP m nmBe B CIIIA) cymenu 3apeructpupoBaTh MII
W30JIMPOBAHHOTO HEpBAa JIATYIIKH TIPU  €T0  AJIEKTPUICCKOM
pasapaxennn. OIHAKO W3MCHCHUC HAIPABJICHUS PAaCIPOCTPAHCHUS
UMITyJIbCa 1O HEPBY HE MPHUBOIIIO K HW3MEHEHHIO TOJSIPHOCTH
curHana. OTcroJ]a BO3HUKAIO NPEIOI0KCHHIE, YTO HAOIIOaBIIANCS
3¢ ekt 0OBACHSAETCS HE MPOMOJBLHBIMH TOKAMH, a TONEPEYHBIMU.
Kpome TOro, mMesnoch Mmomo3peHHe, YTO HAOIIOMABIMUNCS CHUTHAI
00BICHICTCSI EMKOCTHOU CBSA3BIO HepBa ¢ /]

Takoe T™OMO3pEHNE TPHUBOIWIO M K KpallHeMy B3Iy 00
otrcyrctBur MII OoTHETFHOTO HEPBHOTO BOJIOKHA M HEJIOTO HEPBA, Tak
Kak B dKkcriepuMenTte M. A. Xmexemmse ¢ coaBT, [59] He ymanock
3apeructpupoBarh Takoe MII HH BOKpYr HepBa, HU BOKPYT MBIIIIIBI
WIM Ccepllla JIATymiKd. ABTOpPEl Ha OCHOBAaHMM  aHaIU3a
OMOANIEKTPUYECKON aKTHMBHOCTH HEpBa NPHUIUIA K BBIBOLY, YTO
CyMMapHBIi MarHUTHBII TOTOK HEpBa IO CBOEMY aOCOJIOTHOMY
3HAUEHUIO TPUONMKAeTCs K Hymro. Mcxoms W3 3TOro, CUMTANOCh
Ooyee TEpCIEKTHBHBIM HM3yYCHHE U3TydeHWH OnooOBekTa B
ynbTpauoIeTOBOM, BHANMON W WH(ppakpacHOH 00JacCTIX CHEKTpa
AJNIEKTPOMArHUTHBIX KOJICOaHUU.
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Puc. 15. O.aHoBpeMeHiias  perd Puc 16. 3anucsk MarHHTOKapaHo-
cTpamis MarHHTHOrO noas  rpammue (MKT), wmareuroMno-
(cmiowele JHAHK) ¥ 3gekTpude-  rpammsl (MMI) B MarmaTooky-
CKOTO noTenmmiiana (npepmeacThie  Jorpammel (MOS) vy denobexa ¢

JUMHY)  130.1POBAIIOTO  1iepBa  NMOMOILBKY MArliHTOMETpa ONTHUE
JACYIIKH  APH MPOKCHMAIBIOM (Ol HAhAYKR

(A) n aneradmiom (5) znek1pH

HechoM PA3lpakenmy wepsa [Bu-

xcBo n np, 1980]

OpnHako, UCHONB3YsS COBPEMEHHYIO TEXHUKY peructparmu MII,
KOTOpasi OIMCaHa B COOTBETCTBYIOIIEM pajielie HacTosmeH kauru, /.
Buxkcpo ¢ coarrt. [145] ymanoch, Kak OHM THINYT B 3aIJIaBHH CTAaThH,
«BIIepBBIE» 3apeructpupoBath MII HepBHOro uMMyJbca Kak
YIOBJICTBOPSIONICE TPSOOBAHUSM MOJISPHOCTH.

N3mepennst MpoBOAMIN Y M30JUPOBAHHOTO CENAJHMIIHOTO HEpBa
JSATYIIKU-OBIKA TIPH AIEKTPUIECKOM pa3IpakeHUH €ro IUCTAIHHOTO
WA TIPOKCUMAIILHOTO KOHIIA OTHOCUTEILHO MIUHHATIOPHOTO TOPOHJIA,
HaJeToro Ha HepB. YcpenHenue okoio 1000 oTBeToB B AHaNa3oHe A0
1 k['m obecreunio orHomenue curHan/mym no 30 - 40. OcHoBHOM
MUK MarHuTHoro curHaina pgocturan 125 nTn IlonspHOoCcTh
WU3MEHSJIACh B 3aBUCUMOCTH OT TOTO, KaKOH - JIUCTAJBHBIA WIN
MPOKCHMAIBHBII - KOHEIl HEpBa MOJBEPrald dSIEKTPHUECKOMY
pasnpaxkenuio (puc. 15).

Takum oOpasom, cymiectBoBanue MII BOkpyr HepBa Impu ero
pasapaeHHH MOXKHIO CUHMTATh JOKa3aHHBIM, XOTs PabOTHI MO 3TOU
mpo0iieMe TMPOBOAATCA TIOKa TONBKO B OJHOM HCCIIEIOBaTENbCKON
rpynne. OT 3TOT0 KOJUICKTH
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3.5. MarauTHble NOJIs cepana

B CCCP, kpome mepBbIX pabOT (WIeCTHIAECATHIE TOMABI) TIO
peructpariuun - MKI' WHIYKITMOHHBIMUA JAaTYMKAMH, BBITIOJHEHHBIX
BOPOHEKCKHMH Meaukamu, ¢ 1976 T. mccienoBaHus MPOBOIATCS B
MBHJI u HOP AH CCCP coBmectHo ¢ HU3MHPAH CCCP wu
Uncturyrom nedexronorun AITH CCCP. Kpome MKI', stoii rpymme
uccienoBarenel ygamoch 3apeructpupoate MMI, MOI' u MO’
4gesoBeka (cM. puc. 16).

B mnocnemue rtomer B myOnmkarumsx mo MKID cramm  sBHO
npeobiagatb padOTBl, B KOTOPBIX AaBTOPBI IMBITAIOTCS IPOBECTU
kiuHuYeckuil ananu3 MKI', 4To rOBOpPUT O TEHACHIMU K MEPEXoay
OT YHCTO SKCIEPUMEHTAIBHBIX padoT kK BHenpeHuio MKI' B KITHHUKY
Ha MpaBax CaMOCTOSATEIHLHOIO METOAa MCCIEIOBAaHUS NESTEIbHOCTU
cepana. lllupokoe mpuMeHEeHHE METOAa B KIMHUYECKOW IPaKTHKE
3a/lep)KUBaeTCsl M3-3a OTCYTCTBHSI TOYHOM 3JIEKTPOMArHUTHON
Monenu cepaua. IlosTomy nanpHeimee pa3BUTHE KIMHUYECKON
9NIEKTPO- W  MAarHUTOKapAWOrpauu NPUHAJIO  OSMIHUPHYECKUN
XapakTep | TMOILIO IO IyTH COMOCTaBICHUS MOP(OIOTUN KPUBBIX C
KIIMHUYECKUMU u MaTOJOr0aHATO-MHUYESCKUMU JaHHBIMU.
Heckonbkumu rpynnamu cpaBHuBanach HopmaneHas MKI' ¢ OKT,
TTOJTYICHHOW C TIOMOIIBIO OTBeACHUH b0 1o PpaHKy, TUOO TO
0OBIYHON 12-3JIEKTPOIHON CHCTEME OTBEICHHM.

BonokHa cepaeqHO MBIIIIB! IEHOISAPU3YIOTCS CHHXPOHHO, H3-3a
Yero cepjie TeHEepHpyeT caMoe CIIIbHOE (UIYKTYHpYIOIIee MoJie C
MakcuMyMoM HeMHOro Menbine 107" T y 310poBOro HCIBITYEMOTO.
Hexotopeie cepama ¢ OTKIIOHEHHEM OT HOPMBI TE€HEPHPYIOT Ooiee
CHJIBHBIE TIOJISI.

OdyeBHuIHO, JydYIle BCETO TaKHe IMONsi OyIOyT YJIaBIMBaThCA M
PETUCTPUPOBATHCS BOIM3H OonpImx Macc CHUHXPOHHO
BO30Y)KIAIOIIMXCS M IYJLCHUPYIOUINX KIETOK CEPACYHON MBIIIIIBL.
Ona npoaynupyeT MOTEHIHANBI, KOTOPbIE XOPOIIO PETUCTPUPYIOTCS
anekTpokapauorpadudeckuM MetonoM. DK sBisercs rpadudecKum
oroOpaxxe HHEM MpPOLECCOB BO30YKICHUS M BOCCTAHOBJICHUS,
BO3HUKAOIUX B cepaeuyHo weimmue. OKI' 3mopoBoro cepana
OTIIMYAETCS SIPKO BBIPAKEHHOW IUKIMYHOCTHIO M OTHOCHUTENHHOMN
CTaOMIBHOCTBIO ()OPMBI KPUBOM OT IMKIA K HUKITy. OJHAKO METO[
OKI He MOoxeT HaM JaTh WHGOPMAIMH O IEIOM psijie TPOIIECOB,
MIPOMCXOSAIINX B OpTaHU3ME M O KOTOPBIX OyJIeT CKa3aHO HIKe. DTO
moOyXJaeT K pa3paboTKe M BHEAPEHWIO B KIMHHUYECKYIO MPAKTHKY
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JIOTIOJTHUTEIBHOTO METO/1a IMarHOCTUKU—MAarHATOKapAuorpaduu.

PesynapTaThl  mepBeIX  omnbITOB 1o peructpauud MK
onyonmukoBann baym w Makdu [83]. OHEH peructpupoBaH
¢dnykryupyromee MII Bozie rpyau mamueHTa MpU OJHOBPEMEHHOM
pETHUCTpalliU TIOTSHIIMAJIOB Ha 3JieKTpokapauorpade. Mx merexrop
COCTOST M3 JIBYX OOJNBINNX HACHTHYHBIX KaTymek (mmmHa—30 cM,
JIuaMeTp - 9 M, YMCIIO BUTKOB - 2 MJIH), HAJOXKCHHBIX JIPYT Ha Jpyra
W BKJIIOYEHHBIX JIPYT HABCTpEUy JApPYyry, 4YeM MPeAOoTBPAIAIUCh
nomMexu U (poHoBwIe durykTyarmu MII. BHyTph KaTyIIek BCTaBISLIACH
(eppuTOBBIE CTEp)KHH. MAarHUTHBIH CHTHAJI OT PAacIOJIOKEHHOTO
BOJNIM3M cepJila B BUJC PA3HOCTH HANPSHKCHHWN B ABYX KaTyIIKax
PETUCTPUPOBATIM C TOMOIIBIO AJIEKTPUYECKONM cXxembl. bbuin
noyrydeHs! BrosHe paznmmauMble MKI', mogob6usie OKI', HO ypoBeHb
IIyMOB OBUI O4YeHb OonbIMM. MakcumallbHash BEJIMYWHA TIONS B
xommrekce QRS mocrurana npumepso 5-107% Tor. Illyme! Ha BXOE
VCHJIMTENST W HECOBEPIICHCTBO (GHIbTpanuu (GoHA HE MO3BOJIWIN
MOJTHOCTBIO peann3oBaTh MOTEHIINAbHbIE BO3MOKHOCTH
MarHuToKapuorpaduu.

P. Ilrparérokkep wu xap. [142] B kadectBe nmartumka MII
WCIIOJIB30BAI  TOPOMAANBHYIO  Karymky w3 17640 BUTKOB,
OXBaTHIBAIOILYI0  H30JIMPOBAHHOE  CEpAlle  MOPCKOH  CBHHKH.
OcymecTBisnach ogHOBpeMeHHas 3anuchk DK (Mo Tpem kaHamam) u
MKT'. bBbuio wuccnenoBaHO COOTHOIICHHUE MEXAY MAarHuTHOM U
ANEKTPUIECKON 3alKUChi0. JKCIICPUMEHTHI MMOKA3au CYIIECTBOBAHUE
MII cepama u ero cBsi3b C ICKTPUYSCKONW aKTUBHOCTHIO MHOKAp/a.
OTH OTBITHI B TATbHEUIIIEM HE TIOBTOPSIIH.

OkcniepuMeHTsl ¢ peructpammer MKI y dgemoBeka B
sxpanuposanHoi kamepe nposoauan u B CCCP 0. [I. CadonoBbIM C
coaBT. [46] m ngpyrme. B 9STuUX ompITaXx NaIMeHTa W JETEKTOP
MTOMEIIAIH BHYTPb SKPaHUPOBAHHON KaMephl C ’KeJIe3HBIMA CTEHKaMU
TonmuuHOH 1,5¢cM, koTopeie B 10 pa3 ocnabusmn ponosoe MIL.

OTn paHHUE pabOTHl OBUIM HANpaBICHBI TJIaBHBIM 00pa3oM Ha
JI0Ka3aTeJbCTBO CylllecTBOBaHMsS 3aMmeTHoro MII, cBsizaHHOrO C
JIIEKTPUYECKOM  aKTUBHOCTBIO CEpAla, M  BO3MOXKHOCTH  €ro
PETHUCTPAllMU C TIOMOINBI0 CTAaHIAPTHBIX 3JCKTPUYCCKUX METOOB.
beimm  pa3pabGoTaHpl  cHenUanbHBIE TporpaMmbel OBM  mis
OJTHOBPEMEHHOT0 cpaBHeHUs nH(popmannonHoro coxepxkanus OKI™ u
MKT.
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C 1984 r. B Uacruryre BH/l u
H® AH CCCP npumensercs
OMOMarHWTHasT CHCTEMa Ha OCHOBE
CKBUla JUIs U3MEPEHHUs
cBepxcimadeix MII cepama m mo3ra
gyemoBeka. CucreMa COCTOUT W3
KPUOTEHHOW BCTAaBKH, JIBYX OJIOKOB
QIIEKTPOIINH, CTEKJIO-IIACTUKOBOTO
KpHocTara u CHETHaIbHO
W3TOTOBJICHHOW W3 HEMarHUTHBIX
MaTepHaNIOB TUIATPOPMBI, CITIOCOOHOM
mepeMeniatb ~ KpuoctaT B Tpex
TIOCKOCTSIX OTHOCHTEIBHO
n3ydaeMoro oobsekra (puc. 17).

Peructpamust mpoumsBoauTcs Ha
marautorpad ¢upmsr TEAC mocie

Puc. 17. OBwiit BuA GHOMArHHTHON HpeI[BapHTGHLHOﬁ (I)I/I.]'IBTpaLII/IPI

euetemst 1ia ocrione CKBH/Ia CHTHAJIA  CIEISIIAM  TpebeHYaThIM
GbUIBTPOM U y3KOMOJI0CHEIM RC - QUIBTPOM B TpaKTe COTIIACYIOIIETO
yeuurensa. AUX Bcero kaHaia MPakTUYECKU JUHEHHAs B AUAMAa30HE
ot 0,5 no 50 I'u. Ionueli mrym cucteMsl coctaBisieT S50 chJl/Fu”z,
YTO MO3BOJISIET PabOTATh ¢ CUrHATOM MeHbire 107 T,

UyBCTBUTEIBHBINH 3JIEMEHT CUCTEMBI CHA0XKEH IPpaueH-TOMETPOM
BTOPOU TMPOU3BOJHON, COATAHCHPOBAaHHBIM JIO 10'5, T. €. JaT4yuk
MPAKTHYECKH HE YYBCTBUTENEH K OJHOPOAHBIM IOJISIM, CO3/[aBAEMBIM
OTJAICHHBIMH ~ HMCTOYHWKAaMH, 4UTO TIO3BOJsieT  paboTaTh B
HEIKPAHUPOBAHHOM TMOMeleHnn. KpHocTar mis JKHUIKOTO Telus,
€MKOCTBIO 5 JI, HyXXJaeTcsl B PEryJIsIpHOM 3ampaBke mpu pacxozae 20
/4. HegoctaTok remust wim ObICTpOE €ro UCIapeHue MPHUBOMIN K
JTOTIOJTHUTEIHHBIM ITOMEXaM.

JlaTuuk pacrioyiarajii Ha pacCTOSHHUH JI0 HECKOJIbKUX CAaHTUMETPOB
OT moBepxHocTU Tena npu 3anucu MKI' 1 HeCKOJNIBKUX MUJUTUMETPOB
npu peructparu MOI'. Jlna xaptupoBanus nongs MKIT m MOTIT
WCTIOJIb30BANIH CIICIIHATIbHBIE KOOPAUHATHBIEC MA0IOHEI.
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KamuOpoBKky MarHMTOMETpa MPOM3BOAWIM MHpPHU  IOMOIIU
paccuntanHoro uctounmka MIIL. Ilepex kaXkopiM  OOBITOM
PETHCTPUPOBAIN MarHUTHBIN 11yM, [Tocie 3anmcn curaan BRIBOIMICS
Ha CaMOIHMCel JUId BU3YaJbHOTO aHanmnM3a WM oOpabaTeiBaics Ha
MuHH-OBM ¢upmel «Jladbtamy».

JUnst perucTpanmyii MarHUTHBIX SIBICHHH C TIOBEPXHOCTH Tela
UCTIONB3YIOTCA pPa3HBIe CHUCTEMBI OTBEICHWH. BBIOOp mocmemHux
3aBUCUT OT 3aJad, KOTOpBIE CTaBATCS MPH KaKAOM JaHHOM
HCCIIEIOBAaHUH.

= N
A
8
Puc. 18. Kapra zna peru- c
crpanyd MKID™ venosexka B
ofacTr rpyan 2
A
£ ik
F kS
R,

Kax MbI yka3piBany, Ha 1-M cOBEImaHuu 1Mo OMOMarHeTu3My Oblia
OpeasioKeHa  36-MO3ULIMOHHAs cucTema OTBEIICHUH  JUIA
crangaptu3anun MKI -uccnenoBanmuit. OHa npeacTaBisuia u3 ceds 6
PaBHOCTOSIIIUX CTOJIOIOB M CTPOK. [IpaBeIii W JIEBBIN Kpas Tpyau
OTPAaHUYUBAIOTCS TPSMBIMU, COCAMHSIONUMH CEPEIUHBI KITFOUHIl U
peGepupix  nyr. Bepxumii kpail =~ orpaHMUMBaeTCs  JIMHHEH,
COEJMHAIONIEN cepeuHbl Kitounll. HukHUN Kpail orpaHuymBaetcs
MpsIMOM, COCIUHSIONICH CepeArHBl pPeOSpHBIX Oy TakK, 4YTOOBI
MEUEBHJIHBI OTPOCTOK HAXOJWICA MEXIy KBanparamu D3, D4 (puc.
18).

Hcnonp3ys omuchiBaeMyr) CHCTEMY OTBEICHUQH, OOJBITMHCTBO
UCCIeIoBaTeIe u3MepsaoT KommoHeHTy MII, meprneHauKynspHyro
TOpCY.

Takas cuctema NpeKapAHAIbHOTO KAPTHPOBAHHS, SIBISACH II0
CBOEMY 3HAYCHHIO HAauMOOJIee YHHBEPCAILHOW, B HACTOAIICE BpEMs
HanOoIee YIOBIIETBOPSIET TpeOOBaHUIM MaKCHUMAaJIBHOTO
MpUOMIKEHUs] K KIMHAYECKOW JMarHOCTHKE, IIOCKOIBKY C ee
MOMOIIIBI0 KOHCTAaTHUPYETCS OCHOBHOE OOJBIIIMHCTBO HEOOXOIUMBIX
JUTSL KapIUOJIOTHYECKON IMAarHOCTUKU ITOKa3aTeNel: PUTM, TO3UIUS
cepia, BapuaHThl HOPMBI, (PYHKIIMOHAILHOE COCTOSTHUE MTPOBOISIIICH
CHUCTEMBI U MATOJIOTUSI COKPATUTEIHLHOIO MHOKAP/A,

B cBs3u ¢ IOHATHEM «OTBEACHHE» IEIeCO00Pa3HO YIOMSHYTh 00
OJTHOW 13 MOIM(UKAIMNA METOJIa MATHUTOKAPIHOTpaduH - BEKTOP-
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maraurokapauorpadpun (BMKI), uro siBiseTcst 3aIKMChI0 BO BPEMEHHU
BekTopa MII, cBSI3aHHOTO C 3JIEKTPUYECKON aKTUBHOCTBIO CEp/IIa.

Kak w3BeCTHO, BEKTOpHAs XapaKTECPUCTUKA (HAMPUMEp, IPHU
AIIEKTPOBEKTOPKAPAUOTPaMMe) UMeeT (PM3MUECKUIl CMBICI TOIBKO B
TOH CIIy4ae, €CIIH AJIEKTPUIECKOE T0JIe CepAlla MOXKET OBITh ONKCAaHO
Ipyd  TMOMOIIM  SKBUBAJCHTHOIO  JIUIMOJBHOTO  TeHeparopa.
[Tpumenutensno kK BMKI' mpocTeifiuii 5KBUBaJIEHTHBIA T€HEPATOP -
3TO MAarHUTHBINA JUIOJb C MEPEMEHHON OpHEHTalMed W BEIUYHUHOMN
MOMEHTA, PACIOJIOKEHHBIM B TEOMETPUUYECKOM IIEHTPE CEpaLIa.

st ompenienieHnss MarHUTHOTO JIUTIONS OOBEMHOI'0 HMCTOYHHUKA
JIETEKTUPYEMON CHCTEMOH OTBEICHWHU JOJDKHBI OBITH BBIIOJHEHB 3
OpPTOTOHANIFHBIX M3MepeHus. MIMeroTcss 2 OCHOBHBIX T€OMETPHUIECKHIX
MOCTPOCHUS JIaTYMKa MPUOOpa JIIsl BBITIOJIHEHUS dTHX U3MepeHuit: 1)
XYZ cucrema OTBEIECHHM, COCTOSIIAs W3 JETEKTOPHBIX IIETENb,
PacCTOI0KEHHBIX B TPEX B3aUMHO MEPIIEHINKYIISIPHBIX HATIPaBICHIX;
2) OIHOMO3WIIMOHHAS CHCTEMa OTBCICHHM—TaKas KOHQUTYpaIus
U3MEPUTETHLHOTO YCTPOMCTBA, MPU KOTOPOM IIOJIE H3MEpSETCs Ha
MepeaHell CaruTTaNbHON OCH JAaTYUKOM, COCTOSIIIIUM M3 TPEX METeNb,
PAaCIOIOKEHHBIX B OJAHOM W TOM K€ MO3UIMH U OPUCHTUPOBAHHBIX
NEePHEHANKYISAPHO IPYT K APYTY.

B pabote [137] obcyxmaeTcss BOMPOC: HACKOIBKO OJIM3KUA OTH
CHCTEMBI OTBEJCHHH K HacadbHOM cucteme orBeaeHnu MKI'. s
pelieHusl 3TOro  BOIMpOCa aBTOPBl  CMOJAEITUPOBAIU  TYJOBUIIE
YeloBeKa C TOMOIIBI0 IJIEKCUIJIACOBOM €MKOCTH, 3arOJHEHHOU
pactBopoMm NaCl ¢ TmpuMEHEHHEM TIOPHUCTHIX  MAaTEpHaJIOB.
DJIeMEHTApHBIC JUIOJbHBIE HWCTOYHUKUM B CEPACUYHON MBIIILE
MOJCIUPOBAINCH C TOMOIIBI0 TPEX TMap MEOHBIX IIAPUKOB,
OpHEHTHPOBAHHBIX  mepneHaukymapHo  npyr  Hpyry.  Onm
MepeMenaiuch MEXaHU3MOM, YIPaBISIEMbIM CHapy>Ku. MarHuTtHoe
MOJIE 3alHUCHIBAIOCH NBAXKIBI IS KaXXAOTO TUIONS B 25 TO3UIUAX.
I[Tomumo XVZ. ¥  OJHONMO3WLIIMOHHOW CHUCTEMBI  OTBEICHUH
uccienoBanbl 10 yiIydmIeHHBIX OTBEACHHWH. Pe3ynbTaThl TaKoTo
MOJCIUPOBAHUS MOKA3aly, YTO HA HAMPABICHHUE UYyBCTBUTEIHHOCTU
orBeaeHun k MII usMeHeHue panudyca METAU WU PACCTOSHUS, HA
KOTOPOM TIPOBOAWIIUCH HM3MEPEHHUsS, OKa3plBAJI0 JIMIIH cllaboe
BinusHUEe. Pemaromiee ke BIMAHME Ha YYBCTBUTEIBHOCTH B
OONBIIMHCTBE OTBEICHUM OKa3bIBAJI0O PACIOJIOKEHUE JaTYhKa
OTHOCHUTEIIFHO UCTOYHHUKOB MOJIsA. PaboThI, MOA0OHEIE 3TOMH,
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MO3BOJISIIOT CHENaTh BBIBOA O BO3MOXKHOCTH YIIYYIIEHHUS OIS
OTBENIEHUSI C HCIIOJIb30BAaHUEM YCOBEPIICHCTBOBAHHOW OTBOJSIIEH
cuctembl. Ho pans wuccnenoBanmid, He TpeOYIOMIMX ETaIbHOTO
W3YYCHUS] MAarHUTHOTO BEKTOpa Cepjlla, BIOJHE MPHUTOJHA
onHomo3nuuoHHass cucrtema oreeaeHnn BMKI.  MogaensHsie
OKCIEPUMEHTBl W  CPaBHEHUE PETUCTPUPYIOLIEH CHCTEMBI C
npumensieMbiviu B BKI' BbISSBUIM psii €€ JTIOCTOMHCTB: TPOCTOTY
peannzannm, XOpoIury0 OpTOrOHAIFHOCTh, CHMMETPHIO.

[Tourn Bce aBTOpPHI paboT B 00JACTH MarHUTOKapauorpaduw,
n3ydaronue aMmrutyasl 3yorioB MKI™ B3pocioro yenoBeka B HOpMe,
YKa3bIBAlOT Ha  3HAUMTENbHbIE KOJIeOaHWS  WHTEHCHBHOCTEH
MarHMTHBIX TOJIeH cepa.

Kpaiinue 3nauenus ammiutyn 3youos MKI™ B nTa cnenyromue: P
-4-+7,0—7- 498, R-300-+110,50- +50, 7-32-+28, U-0 -
+15. 3HaK «-» yKa3bIBaeT Ha OTPHIIATEIBHEIN 3y0ell, a 3HaK «+»—Ha
TTOJIOXKHUTEIBHBIN 3y0etl.

Kak BuaHo, BapunabenpHoCTs aMruuTyz 3younos MKID Beimie, uem
BapuaOeNbHOCTh aMIuIuTyn 3yomoB OKIT B HOpMe y B3pOCIOTO
yenoBeka. [Ipu 3ToM mosiockl yacToT npu peructpaiuu kak MKI', Tak
n OKI" npumepHO OAMHAKOBEI.

BrIOOp MONIOCH 4acToT PErvCTPUPYIOIICH ammapaTrypbl 3aBHCHUT
Mpekae BCEro OT IeNIel, KOTOphle CTaBWJI Tepex  CcoOOM
skcriepuMenTatop. Tak, mnpu wuccinemoBanun MKID  B3pocibix
3IIOPOBBIX JIFOJICH OMHU aBTOpHI [137] BEIOpasM Muama3oH YacToOT
peructparuu ot 0,05 - 100 I'm, a apyrue [125] - 0,03-40 I'm.

B mameit paboTe 1m0 BBIABICHHIO MarHUTOKapIHOTpadUuecKOi
HOpPMBI He OBLIO 3amedyeHo u3MeHeHus uHpopmarnBHocTH MKI™ mpu
nmosoce dactor 0.1 - 40 I'm. Jlns npyrux 3amad, Hampumep, s
peructpanun casuroB S—7 cermedra Ha MKI'. mpenmyrmiectBa
MarHuTokapuorpaduu OYCBUJIHBIL: HUKHSS 4acToTa
PETUCTPUPYEMBIX CHUTHAJIOB JUIsi MATHUTOMETPA MOXKET OBbITh 0K01I0 0
I'n, Bepxmsia - 1 k[, Ykazano, uro npu peructpanuu OKI' 1 MKI ¢
OTHOW TOYKH Yy HMCIBITYEMOI'O CO 3JO0POBBIM CepAleM HalIroganach
3agepxkka MKI Ha 25 - 30 mc otHocutensHO OKI', B TO Bpems Kak y
HCITBITYEMOTO ¢ OOIBHBIM CepArieM 00a mpoliecca ObUTH CHHXPOHHEI.

B pabGore [79] ommcano cpaBHenme crektpoB MKI u OKI
yenoseka. /1o 4 I'u na cnekrpe MKI™ aBTOpBI HaOII0Jal CUTHAIBL, HE
BunnMble Ha criektpe DKI'. [Ipu no3upoBanHO# PuznaecKoi
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Harpy3Ke Ha0JIt01a0ch paciimpenne crekTpoB kak Ha MK, Tak u Ha
OKI' mo 25 I'm Hawmbomee mpocTroe omMcaHne HUCTOYHUKOB,
TEHEPUPYIONINX HM300paKCHHBIC Ha KapTaX KapTHHBI, MPEICTaBISCT
JUIOJIb TOKA, PACIOJOXKECHHBIH B HEOTPAaHMYCHHOM IPOBOJHHKE.
CormacHO 3TOH MOAENN WCTOYHWKA JIMHUM HW30MarHUTHOTO IO,
o0o3HayamIMe  €ro  HyJeBOe  3HA4YCHHE, JOJDKHBI  OBITh
MIEPIICHIUKYJIIPHBI TOKOBBIM Ha M30TOTCHIIMAIBHON KapTe.

Kaxmas xapta oTHOCHTCS K ONpEAeNeHHOMY MOMEHTY BPEMEHHU
CeplIeYHoro KA. Jleraan KapT MpOCTHI, YTO JelaeT WX YOOOHBIMU
JUISL  COTIOCTAaBJICHUS ~ KaK  OKCICPUMEHTAIBHBIX, TakK H
MOJICJIMPOBAHHBIX JNEKTPUYECKUX TMOTEHINAIOB M HaIPsHKEHHOCTEH
MarHuTHBIX Toyieid. 3amedeHno IlerepcoM ¢ coaBT. [85], 9TO KapThl,
MOCTPOCHHBIE MO JAHHBIM CO CTOPOHBI CIHHBI, IO CBOUM
XapakTepucTukaMm Oonee TMONOOHBI JAWMOJBHBIM, Ye€M CHATHE CO
CTOPOHBI TPYAWHBL. DTOTO CIIEZI0BATIO OXKHIATh, TAK KaK CIMHA Ooiiee
ylaneHa OT HMCTOYHHMKOB MArHHTHOTO TIOJNS Cepjla, 4eM CTeHKa
TPYAHOH KJIETKH.

Eme onua cmoco® oToOpaXkeHHs SIEKTPOMArHUTHONH aKTHBHOCTH
cepama ObUT IPEAIOKEH TPYIIION uccienoBateneit n3 bpazumuu [143]
Crioco® COCTOMT B HAaHECEHHMH Ha OCH X M Y TpapuKa aMIUIUTY]
MarHMUTHOTO U 3JCKTPUYECKOTO CHTHAJIOB M OTPaXKaeT, TaKuM
00pazoM, aMIUTUTYIHBIC ¥ (ha30BbIE COOTHOIICHUS 00OMX IPOIIECCOB
KaK 3aMKHYTOTO IMKJA. Pe3ymbraT »TOH 3amucu ObLI Ha3BaH
JIEKTPOMArHUTOKApANOT paMMOK (OMKT). OMKT MOXHO
peTUCTpPUPOBATh  C  TOMOIIBI0  OOBIYHOTO  MAarHUTOMETPA,
aNeKTpoKapauorpada M 3almoMHHAIONIETo ocmmwiorpada. Tak Kak
OKI' mu MKI 0coO0eHHO YyBCTBUTEIBHBI COOTBETCTBEHHO K
paanaIbHBIM W TAHTEHIIMAIBHBIM TOKaM CEpIlla, OJHOBPEMEHHAS X
3amuch OyIeT colepkaTh Hawmboyiee TMONMHYI0 HHPOPMAIHUI0 O
JESITeTBHOCTH cepaua.

B pabore (Ctroapt [65]) moka3aHO, YTO. paccMaTpuBas OCh
WHBEpCHUW, Hampumep [ ®W R 3yOIoB, TIpM  aHaIU3e
MarHUTOKapIuorpa@uuecKkux KapT, Y OJHHX HCIBITYEMBIX MOKHO
HaOJII0IaTh COBIAJACHUE JTMHUM WHBepcun R u T 3yOuoB, y APYrux -
00paszoBaHMe yTila MEXIY dTUMH OCSIMU [85].

I'oBops ipeaBapurensHo 06 ocobernocTssx MKI™ 1o cpaBHEHHIO ¢
OKI' (otBemenust ®panka), mMoxHO oTMeTuTh [116], uro QRS
KoMImIekc garie sBisercs TpexdasusiM B MK, wem B OKI', P BonHa
MaKCHMaJlbHa OKOJIO aTpua ¥ OBICTPO YMEHBIIAETCS B aMILTUTYIE TpH
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JIBUKE JaTdyuka B JF00OOM  HampaBiieHuW; S—7  CMeIIeHus
otHocuTeabHO Oojybmie B MKI, wem B OKI'; 7 BOJIHBI HMEIOT
TEHACHIINIO K TIPOTHBOIOJIOKHON MOJIIPHOCTH TI0 OTHOIIEHUIO K QRS
koMmIuiekcy Oonee yacto B MKI, wem B OKI'. a mHOorma ObIBaroT
IBYX(a3HbIMH.

Bricokopa3zpemaromuii  kapJInOMarHeTu3M - 3TO COBOKYITHOCTD
METOJIUYECKHUX MPHUEMOB, TTO3BOJISIFOIIUX CKOHIICHTPUPOBATh WHTEPEC
AKCIIEPUMEHTATOPOB Ha M3YYCHUU:

1. AKTUBHOCTH MPOBOMSIIEH CUCTEMBI CepAIa [CHCTEMa BOJIOKOH
I'nca — Ilypkunbe).

2. Tlatonoruyeckoil 3aJep:KKU >KETyIO0YKOBOM ACMOISpU3aALUU
(TI03THHE TTOTEHITHAITHI ).

HamomanM, 9T0 MuOKapauaibHas TKaHb COCTOMT W) JABYX THIIOB
KJICTOYHBIX 3JIEMEHTOB: 1) OOBIYHBIX MBIIICYHBIX KJICTOK, (DyHKIUS
KOTOPBIX - COKpaTWTeldbHas (TpeiacepAws. IKEIyqouku); 2)
CIEIUATN3UPOBAHHBIX MBIIMIEYHBIX KJIETOK, (DYHKIUS KOTOPBIX -
reHepanusl U MpoBeAeHne BO30YXIeHHd B cepane. K Takomy Tumy
MBIIIEYHBIX ~ KIETOK  OTHOCATCS:  CHHOAPTEPHANbHBIA  y3el,
aTPUOBEHTPUKYIISIPHBIN y3el, BOJIOKHA I'mca—TIlypkunbe.
EnuHcTBEHHON ~ CTpYKTypod B cepiile, KOTOPYIO  MOXHO
paccMaTpuBaTh Kak OAHOPOIHOE BOJIOKHO, SIBJISIFOTCS OTHOCHTEIHHO
peAKo BeTBANIMECS BOJIOKHA cucTeMbl | mca—Ilypkunse.

Jo HacTosmiero BpeMEHH H3y4YeHHE MOTEHIIMAIIOB MPOBOISIICH
CHUCTEMBI OCYIIECTBIISIIOCH C MIOMOIIBI0 PETUCTPAIMH AJIEKTPOTPAMM-
KPUBBIX, MMOJIy9aeMbIX TPU TPSIMOM OTBEICHUH, KOT/Ia XOTS ObI OJUH
AJIEKTPO]I MOMEIIEH HEeTIOCPEACTBEHHO Ha HAPYKHOW WJIM BHYTPEHHEH
MOBEPXHOCTH cepAma. Pa3paboTka Takoro mMeroma IO3BONMIA B
KIIMHUYECKUX YCJOBHAX YTOYHUTh MEXaHHM3M pslla HapyIICHUN
pUTMa, paHee HCCIEeIOBABIINICA TOJBKO B YCIOBUSAX IKCIEPUMEHTA,
MPOBOMUTE Oojee TOHKYIO nIHU(PPEpeHINATBEHOI JIHATHOCTHKY
aputMuil ¥ Onokan. OmHako 3eKTporpadusi MPOBOMSIICH CHCTEMBI
He Oe3pasnuuHa Juis OOJBLHOTO M MOXET JaBaTh BCE TE IKE
OCIIO’)KHEHUS, KOTOpble HAONIOMAIOTCSA TPH KaTeTepPH3aIMH IPABhIX
oTnenoB cepAna. [1o3ToMy MPUHIMITHANIBIIO BaKHA C METOIUYECKON
TOYKHM 3PEHUS IMOMBITKA PETHCTPALUU DICKTPUYCCKOW AKTUBHOCTHU
MIPOBOJISIIEH CHCTEMBI cep/ia 0e3 MHBA3MBHOTO BMemaTeNnbeTBa. [pn
crienuanbHOM  00padoTke craHmaptHO OKIT MOXXHO BBIACIHTH
aKTUBHOCTb, OTPAXKAIOIYI0 M3MEHEHUS MOTEHIMaNa OOIEero CTBOJIA.
Opnako 1o WH(POPMATHBHON NEHHOCTH MOJMy4YEHHBIE PE3yIbTaThI
MTOKa HE MOTYT 3aMEHUTH OOBITHON METOAMKH.
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®Dapemn ¢ coarT. [143] ¢ momomsio CKBU/la peructpupoBamu
u3menenus: MII cepana, cBsi3aHHble C aKkTUBalMed mydka ['nca u
MPEeKpaIIaroIIrecs Ipy Hadajie Jenosipu3aluu xenyaouka Cucrema
MU3MEpeHHsT MMeJa CaMblidi clIaOblii IIyM W3 BCEro JEHCTBYIOIIETO
6HOMArHUTHOTO 06opyaoBanus - 6-10"° Tn/I'w. Jlist MCIIONB30BAHMS
NPEUMYIIECTBA TMPENeJbHO HU3KOTO HMHCTPYMEHTAJIBHOTO IIyMa
UCIBITYEMBIH, JeXKalluid Ha JEpeBSHHOM KPOBAaTH B HEMarHUTHOU
oleXxjae, HE TMONydan ey M THThE B TEUEHHWE 2 4YacoB IMepen
SKCIIEPUMEHTOM, TaK KaK JKelly/I0YHasi aKTHBHOCTh CO3JAaeT 3aMETHOE
ycuiieHue o01ero myma JlepeBsHHas KpoBaTh MOTJIa OBITh aKKypaTHO
MepeIBUHYTa BIOJb IEPEBSIHHBIX PEIHCOB, YCTAHOBICHHBIX HA TIONY.
Koncrpykmust cucremsl, mnoamepxkuBatomas CKBUJ, mo3Bomisita
MOJBOJUTH JAaTYMK K TPyOH C TOYHOCTHIO. Oomnbimedl yem +1 cwm.
N3mepsiemoll BETMYMHOMN SBISJICS BEPTHKAIBHBIM KomMmoHeHT MII B
TOYKaX, JIeKAIUX B TOPH3OHTAIBHON IUTOCKOCTH. HaOmronenus
MPOBOMMINCH, B 49 TOUYKaxX IO OMHOW B KaKIOW SYCHKE CETKH,
LHEHTPUPOBAHHOH OKOJIO MEUEBUIHON KOCTH.

Cucrema 00pabOTKH JaHHBIX pactionaraiack B 100 M OT KaMepsl U
Briroyaga OBM MLS-11 ¢ mamsareio 32K, ¢ TuOKHM JHCKOM,
TEJICTAMIIOM, aHaJoro-uMppoBBIM TpeoOpa3oBareneM. CHrHaIBI
yepenasuinck o 100 cepedHBIM COKpaILleHUsIM AJIs Kaxaoro u3 49
MOJIO’KEHUH JEeTeKTOpa. 3amycK YyCpeaHEHN MOT OBITh OCYIIIECTBIIEH,
ucmonb3yss R wm Q 3y6umst OKI. [lns psma HMCOBITyeMBIX
MPEIBAPUTEIHHO C MOMOIIBI0 (GPOHTAIHLHOW U JIATEPATBHON TPYIHON
penTresorpaduu ObUIH JTOKAIH30BATHI COCYIBI CEPATIA.

[TomyueHHbIe pe3yabTaThl CBOAVIIN B JETATH3HPOBAHHBIE KapTHI,
KOTOpBIC 3aTeM aHaJIM3UPOBAIH. ABTOpaM YAajIOCh IOKa3aTh, YTO
MarHWTHas PETUCTPAIUs, XOTSA W TEXHHYECKH CJIOXKHAs, JaeT IBa
MpPEeNMYIecTBa UIA H3y4YeHHs] TPOBOIAIICH cucTeMbl cepama: 1)
BO3MOXXHOCTb XOpPOIIO 3alMCHIBaTh AKTUBHOCTH B TOJIOCE YacToT,
pacUIMpeHHON BIUIOTH 10 MMOCTOSHHBIX TOKOB; 2) obecreunBars Ooiee
TOYHYIO CTENEHb JIOKATW3allMd B HM3YYCHHH TPOBOMALIEH CHCTEMBI
cep/a Mpu KapTUPOBAHUH.

HekoHTakTHast KITMHUYECKAsT PErUCTpaIHs MO3HUX MOTCHIIUAIOB
cepama ocobo jkelarelbHa, TaK KaKk OHA MOXKET OBITh IEHHBIM
WHAUKATOPOM TIPH PHCKE BHE3aNHOM cmepTu. bonbHbIe, cTpagaromme
JKETYI0YKOBOH apUTMHEH WM HIIEMHEW MHUOKapja, OOHapyKHBaIU
OTCPOUYECHHYIO aKTHUBAIHIO JKETTYJOYKOB, KaK 3TO YCTAaHOBJICHO Ha
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OCHOBaHUH 3aMHCeH, OITYICHHBIX ITyTEM OTBEACHHS OT dIUKAp/Ia HIIN
C TIOMOIIBIO0 KaTeTepa. ITo crnenupuieckoe» HapyIIeHHE aKTHBAIUU
MOXET OBITh TPUYMHONH BO3HUKHOBEHHUS OMACHBIX JUIS JKWU3HU
JKETYTOYKOBBIX TaX0apUTMHUH.

DpHe 1 coaBT. [85], UCTIONB3YsT MArHUTOKAPAHOTPA(HIO BEICOKOTO
paspelieHus, TMepBbIe 3amuch ¢ aHamm3oM S— 71 cerMeHTa Ha
OONBHBIX CcIENady B SKPAaHUPOBAHHOH Kamepe. DJEeKTPUYECKHe W
MarHMTHBIE U3MEPEHHS BHITIOIHIINCH OJJHOBPEMEHHO.

s peructparuu DKI™ BEICOKOTO pa3perieHus UCITOIh30BAIH BCE
BO3MOXKHBIE KOMOMHANuWu W3 4 TPYIOHBIX 3JeKTpojaoB. llpu sToM
o0muii mrym 3Toro KaHana peructpamuu mpu mosoce 0,1 ' - 300 I'o
op1 Mmenpiie 0,4 MxB Curaamst or OKIT HH3KOrO paspemeHus
MpeIHA3HAYATUCH IS 3aITyCKa anmnapaTypsl yepeanenus B oioce 0,1
- 140 T'u. MarnutHeie u3Mmepenus Obutn BoimonHeHsl CKBU/I-
MarHUTOMETPOM C 5-CAaHTHMETPOBBIM JaT4nKoM B nuametpe llormoca
gacToT 3T0T kKanana — 0,5 I'ry - 250 I'n. UToOBl YMEHBIINUTE HATPY3KY
Ha TAIEHTOB, KaXKJ0€ M3 6 MarHUTHBIX OTBEJCHUM OIPEICISLIA B
tegenne 300 c.

OnuceiBaeMbIii  METOXI  XapaKTepU3yeT IMyTH TEXHHUYECKOTO
ycoBepieHcTBOBaHusS Metoga MKI, HO CyIIecTBYIOT MpPOOJIEMBI,
cBsi3aHHbIe ¢ ocoOeHHOCcTsIMU ucTouHnKa MKI'. Croma oTHOCSATCS He
TOJIBKO TIATOJIOTMYECKHE M3MEHEHHUS CepIla B3POCIOTO YeloBeKa, HO
n peructpauud MKI' y muiona u y HOBOPOXKICHHBIX JETEH a Takke
m3yaenue MKID y xuBotHbix [locnepHee HampaBiICHHE MOXET
SIBUTbCST TeopeTudeckod ocHoBo MKI' yenmoBeka W MOCIYXKHUTh
MPAKTHYECKUM IIeISIM BETepUHAPUN

MarsaurokapauorpaMMa IuIo/ia 4esoBeka BrepBble 3anucana [120]
B 1974 r Jatank CKBU/I-rpagromMeTpa pacmojaraics BbIIIC JKHBOTA
MaTepH HaJ cepAreM Iioaa 6e3 Kakoro-mmoo (U3MIecKoro KOHTaKTa
¢ MaTepblo MarHuTHBIC H3MEPEHUS JCIAINCh B OKPYKEHUH C HU3KUM
YpPOBHEM MAarHMTHOTO IiiyMa 0€3 Kakoro-iubo SKpaHUPOBAHUS.
Baxxno, 49robpl MaTh HE HuMeJIa KaKUX-THOO (eppOMarHUTHBIX
MaTepHajoB B OACKIE.

DJekTpoHHOe 00OpyZOoBaHHE, HeoOXomumoe sl oOecredeHus
paboTHI U3MEPUTEIHLHOTO TIPHOOPA, PaCcIoyIaraioch BOJIU3H HaIlUeHTa,
a perucTpaTopsl - Ha PACCTOSIHUM HECKONBKHMX METPOB, HYTOOBI
n30eKaTh MAarHUTHOW TTOMEXH.

Peructpanus MKI' nnmopa siBisieTcsl BaKHBIM JOMOJHUTENbHBIM
METOJIOM M3YYeHHS Pa3BUTHSA TUIOZA B TEJI€ MaTEPH U KOHTPOJIIS 32 ETO
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(hYHKITMOHAIBHBIM COCTOSHHEM. DTO CBS3aHO, BO-TIEPBEIX, C TEM, YTO
QNIEKTPUYECKHI CHUTHAJl CepiAlla MaTepu 3aTpyIHSET BbIIEICHHE
¢deranphoi DKI', a nHOrAa IeIaeT HEBO3MOXKHBIM TaKyHO MPOLEAYDY,
TOTJa Kak ObICTpOE YOBIBAHWE MarHWTHOTO CHUTHAJa C PAaCCTOSHUEM
o0ecreunBaeT PETUCTPAINI0 JCTEKTUPYIOMIEH KaTYIIKOW TOJBKO
CaMOTO CHJIBHOTO OJIHM3JIEXAIIero MCTOYHHKA, KOTOPHIM B JaHHOM
ciyvae SIBJISICTCS Ceple Ioa.

[Ipuemnemoe otHomenue curHan/mym B MKI' miona mo3somnsier
YCHENIHO PEeNIuTh 3a/lady IO JUITUTEIHbHOMY aBTOMATH3MPOBAHHOMY
CIIEKEHHIO 32 YaCTOTON CEepIEYHBIX COKPAIICHWHU TUIOJA, YTO 10 CHX
MOp HE yaBaJIOCh.

brimo 3amedeno [118], uro MKI' moma perucTpupyeTrcss B TOT
nepuon (Mexnmy 26-i m  30-if  Hemenmel pa3BUTHA), KOTIa
ANIEKTPUYECKHIA CUTHAII CeP/Ia TUI0JA IO HESICHBIM MPUYUHAM PE3KO
0CIabsAeTCs, 8 MATHUTHBINA CHUTHAJ HE MEHSAET CBOCH aMILTUTY/IbI.

MKI' miecTHIHEBHBIX MaJTbUYMKOB ObLIa 3apeTHCTPHpPOBAaHA B
YuuBepcutere 1. XembcuHkH [120]. M3mepsicss KOMITOHEHT
MarHWTHOTO TIOJS, TCPIEHAUKYJSIPHBIM TPYAHOH KIETKE, C
nmomompbio  CKBU/I-rpaguieHTOMETpa  BHE  DKPAaHHPOBAHHOTO
nomemneHus. OOpamaT Ha ce0sl BHUMaHUE 3HAUYNTENbHBIE OTIHIUS
B Mopdomorun MKI'  HOBopoxkneHHbIXx u Mopdomorun MKID
B3pOCIIOro YyeJIoBeKa. AMIUIMTYIHBIE 3HAYCHUS MKT
HOBOpOXAEHHBIX otnuyaroTcs ot MKI B3pocimoro denmoBeka
3HAYUTEILHO OoJbIe YeM oTimuyaeTcs HeoHaTanmpuas DK ot OKIT
B3pPOCJIOTO YEIOBEKA.

Maenumokapouoecpamma sxcusomnuix. J1. Koer ¢ coasr. B 1971 1.
peructpupoBasm MKI' y cobak B MarHUTORKpa-HUPOBAHHOW Kamepe
B Tpollecce 3amucu mocTosHHBIX TokoB MKI' mpemapupoBaHHBIX
KUBOTHBIX [100].

[TocTossHHBIE TOKM TIOBPEXKIEHUS B MBIIILE CEp/Ia CBA3aHBI C
JIOKAJIbHBIMH  TIOBPEXKACHUSAMUA MHUOKapJa TpPU OCTPOUH HIINEMUH,
uH(papkTe, mnepukapauTe. B 3TOM cinyyae B cepIeYHOM TKaHU
MOSIBIISIETCS. HEKPOTUYECKUI y4YacCTOK, KOTOPHIA B 3IEKTPUIECKOM
CMBICTIC TIPEJICTABISIET CO0OW «HEMYI0» 30HY. Hamuune mocTostHHOM
pPa3HOCTU TMOTEHIIMAIOB MEXAY 3J0pPOBOM U HEKPOTU3UPOBAHHOMN
TKaHBIO ¥ BRI3BIBAET TOKH MOBPEXIEHUSA. JTa 001aCTh MPEACTABISIET
coboif TeHepaTop, MMEIOIHMK JWIOIBHYI0 CTpyKTypy. Ilo cBoeit
CTPYKTYpe OH mofobeH  TeHepaTopy npu 00BIYHOM
pacnpocTpaHsromemMcs Bo30yKIeHIH CepIa, 0HAKO, B OTIMIHE OT
MociienHero, He HaxoguT oTpakenms ©Ha OKI, Tak Kak
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HWHTEHCHUBHOCTbH TOKA U3MEHAETCS BO BPEMEHU OUCHb MEJICHHO.

BceraBnsis  nucT  kapToHa  MEXIy TPYAMHOM U cepiAueM
aHeCTe3WpOBaHHON cobakm w wm3Mepsst 3ateM MKIT uw  OKI
OJIHOBPEMEHHO, HCCIEAOBATENId HKCICPUMEHTANIBHO OMpPEICTUIN
BKJIaJ] JIMIIOJILHOTO 3JIEMEHTA TeHepaTopa TOKa W BKJAJ OOBEMHBIX
TokoB B MKT".

AnpOpexT u coaBT. B 1982 r., nzyuas MKI" kponuka, BEIHUMaIH
cepllle U3 TPYMHOW KIETKH XHUBOTHOTO W BpaIlalid €ro B Pa3HBIX
HarpaBjIeHusIX [79].

Jletidep m coaBT. B 1983 1. m3ydanm BKJAJ PEMOJSPH3AIAN
npencepauii M akTUBHOCTH  cucTeMmbl [ 'mca—Ilyp-kuHpe B
BEKTOpMarHuToKapauorpamMmy codak (P—R ydacTok) [85].

Kaxmoe XuBOTHOE TpHU ATOM HAPKOTH3UPOBAIHA U TIOJBEprallnd
TPaxeoTOMHH, YTOOBI UMETh BO3MOXKHOCTH ITOMEIIATh MAarHUTOMETP
HETMIOCPEJICTBEHHO TMOBEpX MepuKapna. R 3yOer 3JIeKTpOorpammbl,
3aMMCaHHOW C TIOMOIIBI0 BXXHMBIECHHBIX B TIPaBO€ TIpeAcepane
QJIEKTPONIOB,  3aIyCKajl  amnmapaTypy yCpPeIHEHHS  MarHHTHBIX
curHanoB. [locne mnpoBeAeHUST KOHTPOJBHBIX 3KCIECPUMEHTOB
BHYTPHUBEHHO BIIMBAJM MEJANKAMEHTO3HBIE TIpEnapaThl, BBI3BIBAS
CYIIECTBEHHOE YJUIMHEHHE uHTepBaia P—R W aTpUOBEHTpU-
KYJISIpHY!O OJIOKaTy BTOPOHM CTENeHHW. ABTOPHI CIENAIM BBIBOJ, UTO
HakJIOHEHHBbIEe yuacTku P—R cermentoB HU MKI' oTpaxaroT Takxe u
HAYaJIbHYIO CTA/INIO PETIONSIPU-3aIMH TTPEICEPIUH.

Hyxno mpusnath, uro MKI >XKMBOTHBIX M3yueHa YAWBHUTEIHHO
Majo, YTO MOXHO OOBSCHUTH YAAJICHHOCTHIO  (PU3NUIECKHUX
nmabopaTopuii (A€ pacmoiioKeHBI MAarHUTOMETPHI) OT BUBapHeB (Tc
pacmojoXeHbl JKMBOTHBIE). B Ommkaiiimee BpemMs MOXXHO OXHAATbh
3HAYUTEINLHBIH MTPOrPECC B 3TOM 00JaCTH OHOMarHeTU3Ma.

Jns cpaBaerns OKI' u MKID' mpon3BoauTCs MX OITHOBpPEMEHHAs
3aMCh C WCTBITYEMBIX, HAXOISAIMIMXCS B CHISYEM, JIe)KaueM WIN
crosiueM nonoxkeHusix. Jns  peructpanuu OKIT  ucnmons3yrorcs
KIIACCHYECKUE, TpyAHble, MoaupuiupoBanHele 10  DpaHkKy
orBenenus. [ns orBegenus MKI' wuccnegoBaTenu MOpUMEHSIOT
HECKOJILKO CIOCOOOB CKaHWPOBAaHUS OOJACTH TPYIOHOH KIETKH.
DUHCKHE UCCIENOBATENN HCIONB3YIOT CEeTKYy Hu3 36 KBaapartos,
HAKJIaIBIBAIOMIYIOCS CIIEPEH Ha TPYAHYIO KIETKY UCIBITYeMOTO, U U3
8 kBamparoB Ha cruHy HcnbITyemMoro. B CIILIA mcmons3yroT cetky,
CTOpPOHA KOTOPOit 2,5 - 5 cM. MBI ¥ CBOUX UCCIEIOBAHUSAX TPUMEHSIIN
CeTKy B 16 KBaapaToB, pacroaraeMyro Ha TiepeTHei
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CTOpOHE TPYAHOU KJIETKH ucmbiTyeMoro. DKI' perucrpupoBaiach B
rosoce gactoT 0,02 - 140 - 200 I'u, MKI'—O0 - 40 I'u. JaTtunk MKI
pacmojaraii Ha PacCTOSHUM 2—3 CM OT KOXXHOTO TIOKpPOBa Ha
KQXKIBIM KBaJ[PaTOM.

®duHCKHE wuccienoBaTeN u3ydanu usMeHuuBoctb MKI vy
HOPMAJIBHBIX HCIBITYEMBIX U YCTAHOBWIM KPUTESPHH HOPMAILHOCTH.
HailineHo HECKOJNBKO OTBEICHWUU OT MEpeAHel 00JacTH TPy, HpU
KOTOPBIX MarHUTOKapIUOTpadHIeCKHiA CUTHAIT HanoOoJee
nHpopmaTusen [122].

B skcnepumenrtax nHameil rpynmsl coBmectHo ¢ UIBMUPAH c
momompio MOH Opima TpoBeneHa OXHOBPEMEHHAS PETHCTPAIUs
MKI' ¢ 3ammcpio OKIT B Tpex CTaHOApTHBIX OTBEIACHUSX.
Vcranosineno, uro HaunbOoibinee cxoacTtBo ¢ MKIT mmeer DKIT 11
CTaHMApPTHOTO OTBeAcHus. [Ipu BHU3yanbHOM CpaBHEHHH JIETKO
0OHapyXHTh, YTO COOTHOIIEHHWE BPEMEHHBIX IapaMeTpoB TIpHU
MarHUTHOM ¥ OJJIEKTPUUYECKON PpEerucTpanuyd HASHTHYHO (OCOOCHHO
JUTSI KeITYJJOYHOTO KOMILIEKCA), T. €. BOSHUKHOBeHUE 3yO1oB Ha MK
u OKI' mpoucxoauT CHHXPOHHO. DTO COBEPIICHHO €CTECTBEHHO, TaK
kak MII, peructpupyemMoe MarHHTOMETPOM, OOYCIIOBIIEHO TOW K€
MPUYUHON, 2 UMCHHO: NMPOTEKaHUEM MOHOB B )KMBOM OpraHU3ME, YTO
u peructpupyercs Ha OKI'- [Tostomy MKI" u OKI" umeroT npumepHo
ONVMHAKOBYIO (opMy. bBbUTO TMOKa3aHO, YTO TIPU OIpEeTeHHBIX
OpHUEHTAIMAX OCH KaTYIICK MarHUTOMETpPa, HANPsHKEHIE, HaBEICHHOS
B TOPOUJAILHOM YYBCTBHUTEIBHOM 3JIEMEHTE, MMeeT (opMy TMepBOH
MPOU3BOAHOM 110 BpeMernu oT DKI'.

Opnnaako HaOIIOAAIOTCA M CYIIECTBEHHBIE PA3IMYUs MEXKAY dTUMHU
JIByMsI CIIOCOOAMH PETUCTPAlUU  3JIEKTPOMArHUTHOW aKTUBHOCTHU
cepana. Pa3nuunabl n3MeHeHns Ga3 u aMIUIUTYIbI OT/IEIBHBIX 3yOII0B
OKI' u MKI'. Tak, mst MKI' cootHomenue BenuduH 3yoroB 7’ U R
cocraBuno 20%, a mis DKL (II) - 41%. OyeBumHO, dTa pa3HUIA
o0ycoBiieHa pa3nuyueM B puznueckux ocHoBax peructpamuu DK u
MKT'.

Pesynbratel ananmuza MKI' u cpaBrenus ¢ OKI' HopmanbHBIX
UCIBITYEMBIX HA OCHOBAHHHU JIUTEPATYPHBIX UCTOYHHKOB IPHUBOJAT K
CJIeTyIOIIAM BBIBOJAM:

1) mo BHemHemy Buay MKI™ moxoxxe Ha OKI (Te ke 3yOIIsI) U 110
KpaliHell Mepe He MeHee UH(POPMATHUBHA;

2) nns kaxaoro 3y6ra n komruiekca MKI™ monmyuena nadopmarus:
a) o0 oOjacT MaKCHMaJIbHOW BBIPAKEHHOCTH, 0) aMIUTHTyZax
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3y0I1I0B, B) 0 JOpME U 3HAKE 3yOIIOB;

3) oTMedYeHO BIMSIHHE MMaeHUs Beca ucibiTyeMoro Ha MKIT (st
atoi cutyanuu MKI' okazamace 6osnee gayBcTBUTENbHOU, ueM OKI') u
m3meHenne MKI  paHHBIX B 3aBHCUMOCTA  OT  IIOJIOKCHUS
HCTIBITYEMBIX.

Anammz MKI npu 3aboneBanmsax cepamna 6eu1 nposeaeH B CIIA
Ha 25 OGonbHBIX, B OunnsHauy Ha 41 nanuente u Bo Opanruu Ha 140
YeIIOBEKaX.

Uccnenosanu MKT HCTIBITYEMBIX co CIEAYIOIUMU
3a00JICBaHUSIMHU CEpAIla: MHOKApIUAIBHBIN HH(DAPKT, TpymaHAs kaba,
HapyIICHUE BHYTPIDKETYAOYKOBOTO MPOBEACHUS, KEIyI0YKOBas
TUnepTpodus. ODKCIEPUMEHTHI TIOKa3ald, dYTo: 1) y KaxIoro
ucneiTyeMoro HaOmiomanmuch MKIT m3menenus, 2) mpu uHbapKTe
nepenHero oraena cepamna MKIT oTpaxkaer n3MeHEHUS B aKTUBHOCTH
MEPETOPOJIKA, PACCTPONCTBA WHTPAMypPATBHOTO TIPOBEICHUS WU
anomanmu 1 3yOria, He Buaumble Ha OKI', 3) npu mHbapKTe 3amHero
otnena cepmaina OKIT Gomee mubopmarmBHa, ywem MKI, 4) MKID
ropasno Oosiee HHPOPMATHBHA B ONPEACICHUN PaHHEH TUrnepTpodun
C HapylIeHUEM BHYTPU-CEPJICUHON MPOBOJMMOCTH, CBI3aHHOWU C
nHpapkToM Muokapaa, 5) MKI' mo3BosieT 3aperucTpupoBaTh CIBHUT
S—T-cerMeHTa, BBI3BIBAEMBINA «TOKAMH MOPAXCHHUSI», YTO HE yAaeTcs
3apeructpupoBath ¢ nomomslo OKI' BBHIY Hamuuus MHOJISpU3ANUAN
AIIEKTPOJIOB M TaIbBaHUYIECKOTO criuH-3dekra [122].

Maruautokapauorpadgus — o0mamaeT  pSAOM  MOTEHIIUATBHBIX

MPEUMYIIECTB TIepe]] dICKTpOoKapauorpaduei:
MarHuTOMETphl Oe30macHBl (OHM HE CONPHKACAIOTCS C  TEJIOM
MaryeHTa), o0ecImeuynBaoT OBICTPOE TIOMyYEHHWE NaHHBIX, HO CaMoe
cymectBeHHoe, MKI, 10 MHEHHIO CICUUAIHCTOB, IT03BOJISICT
MONyYUTh  HEKOTOPYIO  JOMOJHUTENBHYIO  WHGOpMAIMIO O
IeATeILHOCTH cepama (Kak 370pOBOTO, TaK M OOJNBHOTO). ITO
nH(pOpMAIUS CISAYIONIETO XapaKTepa.

1. MII cepaua MeHee TIOIBEPKEHO HUCKAXKCHUSM, YEM
JNIEKTPUYECKHE CHUTHAIBI, CHHMaeMble dJEKTpoKapauorpadom.
UccnenoBarenn OTMEYarOT OOJBIIYIO JIOKAIU3ALMUI0 H3MEPSIEMbIX
MarHMTHBIX TIOJCH. OTO JOMyCKaeT Jy4lIyl «()OKyCHpOBKY»
mpudopa Ha BRIOPAHHYIO 00JIaCTb.

2. BociponsBoauMocTh 1 TtoBTOpsieMocTh MKI™ 3y0110B TOBOPHT O
TOM, YTO OHH HOCST HE CIYYailHBII XapakTep, a CBUJETEILCTBYIOT O
KoJe0aHWHM Pa3HOCTH IOTEHIIMAIOB Cepllla B TEYEHHWE CHUCTOJBI U
JTAACTOJBI.
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3. MKI' mo3BoiisieT  ONpeleNuTh  HANpaBJICHHE  TOKOB,
renepupyembix cepaueMm. @opma MK.I' cyliecTBeHHO 3aBHCUT OT
MOJIO’KEHUS JEeTEKTOpa TI0 OTHOIICHHUIO K TENy MalueHTa. BekTopHbIi
xapaktep MKI sBnsiercst ux OOIBIINM MPEUMYLIECTBOM.

4. MKT peructpupyrot u craimoHapsbie 3Q(eKThl, B YaCTHOCTH,
noctosiHHble  MII, BBI3BIBaeMbIe Tak Ha3bIBAEMBIMH  «TOKaMHU
MOPAKCHUST», BO3HUKAIONUMH B aHEBPHU3MaX JKEITYJI0YKOB. DTH TOJIS
00b1aH0 m3MeHs0T DKIT Ha mHTEepBane MEXAy KOHIIOM KOMILIEKCa
ORS wm wnagaom 3yb6bma 7, T. e. cermeHT S—7. IloTeHumamml,
MOPOKJaeMble ITHMU TOKaMH, HACTOJIBKO Mallbl MO CPaBHEHHIO C
OOJBIIMMU U U3MEHUYMBBIME MTOTCHIIMAIAMU TTOBEPXHOCTH KOXH, YTO
WX HEIIb3s 3apErHCTPUPOBATH AIIEKTPOKAPAUOTPAPUIECKAM METOHOM.
I'ernepaTopsl 3THX cIabbIX MOTEHIINATIOB PACTIOIOXKEHBI OY€Hb JTAIeKO
OT TIOBEPXHOCTH KOXH, W WX PETUCTpalus 3aTPYAHSCTCS BBUIY
HAJIMYUS CWIBHBIX JIOKAJIBHBIX 3(PQPEKTOB, TaKMX, KaK MOJSIPU3AIUS
QJIEKTPOJIOB M  KOHTaKTHAas pPa3HOCTh IOTCHIHAIOB  MEXIY
DNEKTpOJaMU | TejoM TmanueHta. K Tomy ke crammapraas OKI
00BbIYHO MMeeT YacToTy cpe3a nopsaka 0,1 ', [Toaromy mocTossHHBIE
MOTEHIIHANBl OOBIYHO M3MEPSUIH HEMOCPEJACTBEHHO Ha MOBEPXHOCTH
cep/a Mpyu BCKPBITHH TPYJHON KIIETKU MOJOTIBITHBIX KUBOTHBIX, T/IE
BEJIMYMHA 3TUX MOTCHIMAIOB TOPa3l0 OOJIBIIE, YeM Ha MOBEPXHOCTH
KOXH.

Ha ocHOBaHWMW MPOBENEHHBIX J3KCIEPUMEHTOB YAAIOCh COOpaTh
OOIMpHBIA MaTepuasl i  OOOCHOBAaHHS B3aUMOCBS3M  MEXKIY
MOSIBJICHUEM TOKOB TIOPOKEHUS M CMelleHHeM S—7-cerMeHTa,
OTpaKarOIINUM JETIOSIPU3AITNI0 obonx KEITyI09KOB. B
SKCIIEPUMEHTaX Ha co0akax, y KOTOPhIX HCKYCCTBEHHBIM C)KaTHEM
KOPOHApHOM apTepuu BHI3bIBATM WHGAPKT MHUOKapaa, ObBUIM C
nomorpio MKI' moxazanel cMmemienuss S—7-cermMeHTa W 0a30BOM
muann. Ilo momoskeHwio 06a30BOM JIMHUM MOXXHO OBUIO H3MEPATH
ypoBeHb ocTossHHOTO MI1, BBI3BAHHOTO TOKaMU MOPaKEHUSI.

B cBsi3M C 3THM BBISIBUJIOCH HOBOE HAITPABIICHUE WCCIICOBAHUM:
cpauenne MKI' 3m0poBBEIX W OOJNBHBIX TAITUEHTOB, ITEPEHECIITHX
cepleuHble  3a0oneBaHus. Tak, B Ja0opaTopum  CEpJCYHBIX
3a00JIeBaHUI MEUITMHCKOTO (haKynbTeTa YHUBEpPCUTETa XCILCUHKHU C
momompio CKBWJla wm3ydamuce MKI 24 3mopoBwix miomeit m 31
MAleHT C Pa3MYHBIMH HApYIICHUSMHU CEpIEeYHON esTeNbHOCTH.
Tax naszpiBaembie npeacepaeunsie MKIT nHanomunanu oOsraabie DKIT
¢ 12 oTBeneHMSIMH, HO HECITH U JOTIOTHUTEIBbHYIO HH()OPMAITHIO B
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cpaBuennn co craHmaptapiMu OKI. MKID y mamueHToB ¢
pa3auYHBIMA 3200JIEBaHUSMHU OTIMYAINCH APYT OT Jpyra, OIHAKO
Majoe YHCIIO CIydaeB M 3aluceld B Pa3IMYHBIX MOJOKEHUSIX HE
MO3BOJIMIIM CHIENAaTh KaKWX-THOO OHO3HAYHBIX BHIBOJOB. Pazmmuus
Mexay OKI (¢ 12 orBenenusmu) 1 MKI' cocTosiy TIIaBHBIM 00pa3oM
B pasHUIC OTHOCHTEIHHOH YYBCTBUTCIILHOCTH JSTHUX METOJOB
PETUCTpAllMU K pa3iIU4HbIM (azaM reHepupyembix cepaeunbix DJC.
Hampumep, Benmnumnaa cMemeHns S— 7-cerMeHTa (B OTHONICHHH K
amrmutyne QRS-xomruiekca) Opita Oonbsme Ha MKIY, dro, To-
BUANMOMY, OOBsCHSETCA  OOoNbIIUM  <«OpQPEeKTOM  OIU30CTHY,
MpuCyIUM  MarHuTokapauorpadum.  HMcciemoBatenun  mO3TOMY
MOJIaTaf0T, YTO OHAa MOXKET OKa3aThCsl 0oJiee EHHBIM KIMHHYECKUM
METOAOM JMAarHOCTHKH CEpIACYHBIX 3a00NeBaHMH, OCOOEHHO B TEX
CIy4asix, KOTJIa OHH BBI3BIBAIOTCS TICPBUYHBIMH HAPYIICHUSIMU
TMpoliecca Pernospru3aud MHOKap/a.

5. Baxen Ttor dakr, uyro MKI MOXHO pErHCTPUPOBATH
OCCKOHTAKTHO WB HEKOTOPBIX CIIydasx Ha PACCTOSIHMU IO 7 CM OT
MOBEPXHOCTH Tejda. [IpruemM Ha Ka4yecTBO pErucTpalyi HE BIHACT
3aIlOIHUTENb MEXAY JATYUKOM M McTo9HHKOM MII, numis 661 oH ObLT
HEMAarHuTHBIA. DTO0 o00BiAcHigeTcs TeM, uyrto MII ocraercs
HENPEPBIBHEIM TMIPH TIEPEXOJC Yepe3 TPaHUIBI pa3zieia pPa3sHbIX Cpel
(MarHUTHAs MPOHUIIAEMOCTH TeJla ¥ BO3AyXa MPUMEPHO OIMHAKOBA),
otcrona—He3aBucuMocts MKI' oT BemecTBa (M ycioBH Ha TpaHuULe
paszena), 3alONHAIONIET0 MPOCTPAHCTBO MEXKIY TEJIOM 4YeJOBeKa U
JATINKOM.

6. I'maBHOe ’Xe OTIMYHME O3TUX JBYX METOAOB JHArHOCTHKH
COCTOMT B  TOM, 4YTO TIOJS, PETUCTPUPYEMBbIC  MarHH-
TOKapIuOrpapuuecKuMi OTBENEHUSIMH, OOBIYHO XapaKTEPHU3YIOTCS
MUPKYJSIMOHHBIMA TOKaMH B TEpU(PEpUIEcKHX O00JaCTAX MBIIIIIBI
cepAia, UMEIOIUX HHU3KOE YAEIbHOE CONPOTUBICHUE. DTOT dPPeEeKT
YCUJIMBAETCSl aHU30TPONHOCTBIO MbIII cepaua. Kpome Toro,
pamuanpaple DJIC B Kedymodkax, a TakKe pagudaibHbBIC |
tanreHnuanbapie DJ[C B MEXKEITyTOYKOBON MEPEeropojKe, OOBIYHO
HE BOCIPHHHMAEMbIC OJJIEKTpoKapauorpadamu, (QUKCHPYIOTCS Ha
MKI'. Tor dakr, 4ro y 3I0pOBBIX Joaei mpeodiamaer IJ[C
paaManbHOTO  HAmNpaBieHWd, a [pd  MarHAToKapauorpadun
YCHIIMBAIOTCs TaHTeHIMabHbie DJ[C, M03BONIMI NMPEANOI0KHUTh, YTO
MKI™ moxeT oka3aThCs Oojiee IyBCTBUTEIBHON K IATOJIOTHYCCKIM
M3MEHEHHSIM BOJIHBI BO30YKIeHUs B cepare, yem OKI'.
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B mHacrosmee Bpems HameTwinch aABa myTu asHanuza MKI.
[lepmerii myte [95] - 310 mpsimoe comocrtaBnenne OKIT ' MKID
MaIeHTa, CTPANaloNler0o KaKNMH-THOO HapyIICHUSMHU CepaedHON
JeATeabHOCTH, a 3aTeM cpaBHeHHe uX ¢ MKI' 3m0poBBIX MaIlMeHTOB.
UccnepoBarenu HAACIOTCS C TMOMOIIBI0 BU3YaJIbHOTO aHANU3a
BBISIBUTh KaKHE-THOO 3aKOHOMEPHOCTH, CIeHU(UIECKIe aHOMAIIUU
MOBEJICHUST KPHUBBIX, KOTOPBIE Nanu Obl KIIOY K MPOBEIACHUIO Ooliee
JIETaIbHOTO aHAU3A.

Bropoii moaxona 3akito4aeTcs B CUHTE3€ O TapameTpaM JaHHOU
kpuBori (MKI') Momenei 3JIeKTPHUIECKHX «TEeHEpaTOPOB» (TOKOBBIX
JIUTIONEH - TOKOBBIX AHAJIOTOB 3apsDKEHHOTO JUIOJS) cepana o
aHAJIOTHH C TeHepaTopaMH, «BHIPAOATHIBAIONINMIY» MOBEPXHOCTHBIE
MOTCHITHANBI, peructpupyemsle ¢ momompbio OKI. Tak, ¢
WCTIOJB30BAaHMEM METOJUKH MAaITUHHOTO MOJCIMPOBAHHUS OBLTH
paccuuTaHbl MapaMETPbl «TOKOBBIX AUMOJNCH» cepaua MO BETUYHHE
HOPMAaJIGHOH (110 OTHOIIEHHUIO K TPYAM MaMeHTa) KOMIIOHEHTH MII.
IIpu 3TOM OKa3aNOCh, YTO MOKHO CUMTATHh MOSIBICHWH HOPMAaJIbHON
KOMIIOHEHTHl ~ TOJISI  pe3yibTaTOM  JCHCTBUS  DKBHUBAJICHTHOI'O
reHepaTopa—TOKOBOTO JTUTIONS, «HAXOMAAIIETOCS» HETOCPEICTBEHHO
BHYTPH CEpZIa; BIUSIHUEM OCTAIBHBIX TOKOB, KOTOPBIE BOZHUKAIOT BO
BCEM 00BEME Tella YeIoBeKa, MOKHO MPaKTUYCCKU MPeHeOpedb. DTOT
(haKT 3HAYUTEITHLHO YIPOIIACT PEUICHHE 3a1a4l U (PaKTUICSCKH CBOJUT
ee K AaHAJOTMYHOM 3ajade pacdyera TeHepaTopOB—3apsSAOBBIX
IUTIONEH ISl Cllydasl, KOTJa PETUCTPUPYIOTCS IOBEPXHOCTHBIC
noteruuansl (OKD).

Takum o0Opazom, peructpammst MII demoBeka, ¥ B YaCTHOCTH
ceplma, SBISIETCS B HACTOSIIEe BpPEMsS CYIIECTBYIOIIUM (hakToMm.
TTonyuenst otueTnussie u BocnpousBogumeie MKI'. C ux momoisio
WCCIIeIOBaTEh MOXXET TOJYYHTh TaKkWe JaHHBIE, KOTOpPbIE
HEBO3MOXKHO TIOJTYYUTh IPYTrUMHU criocobamu, Tak kak MK orpakaer
HEKOTOpPHIE CTOPOHBI JJIEKTPUYECKOM aKTUBHOCTH CEpJla, He
nposiBisitoruecss Ha  OKI.  Illupokue mnepcneKTUBB pa3BUTHA
MarHATOKapauorpaduu CBsI3aHBI C IENBIM DPSIOM €€ MPEUMYIIECTB
nepes IPYyruMHA METOJaMH JUAarHOCTUKY, 2 UMEHHO: 0€30MacHOCThIO,
BO3MOXHO OoJbIne MH(POPMATHBHOCTBIO, BO3MOXHOCTBIO
OCCKOHTAKTHON pETrHCTpaliid ©W JPYTUMH. bonbImoid wHTepec
MIPEACTABISIET CO3MaHne eAMHOU TMoNHON KapTuHel MII O6noobnekTa
(4enoBeka), ero pacHpelelicHue B MPOCTPAHCTBE, W3MEHEHHUS BO
BPEMEHH, a TaK)K€ XapakTep €ro B3aMMOAEWCTBUS C OKPYKAIOIIUMHU
MII pa3auyHOTro MPOUCXOKIEHHUS.
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B Hammx omeitax s 60pbOBI ¢ MOMeXaMHu ObLT OCYIIECTBIICH
BBIOOP MecTa JUIsl TIPOBEIAEHHS JKCIIEPHIMEHTOB. M3MepeHue ypoBHS
MOMEX B Pa3HBIX IMMOMEMIEHUSIX Hamero WHCTHTyTa Mmokasano, 4To
Jake Ha HEOONBIIMX PACCTOSIHUAX MOTYT OBITH  yYacTKH,
pasiauyaroniyecs Mo IIyMy Ha MOpSAIOK, a MOopod M Ha [Ba.
YMeHbleHue CKOTUIEHUH (heppoMarauTHBIX MaTepualoB,
AIIEKTPUYECKUX MalIMH (BEHTWIATOPOB, HACOCOB, padOTAaIOMIUX B
paiioHe N3MEepeHH) Pe3KO MOBHIILAECT IPHUEM CHUTHAJIOB, XapaKTEPHBIX
JUTSL MAarHUTOKAPIHOTPAMMBEL.

bruto mpoBeneHO MarHUTHOE KAapTHPOBAHHE pslla TTOMEIIEHU
uHCTUTYTa. ONTHUManbHBIMH JUI  [pueMa CclabblX CUTHAJIOB
OKa3aJich YCIIOBHUS B TIOMEIICHNN KOH(EpEeHI[-3ala Ha ISITOM 3Taxe B
HepaOouee BpeMms, KOTJa SKCIEpUMEHTaIbHbIe YCTaHOBKA M IUQT
BBIKJTIOYEHBI. [103TOMY OIBITHI MPOBOAMINCEH B BEUEPHHUE YACHI.

ITockonbky paboTa € MarHUTOMETPOM TpeOyeT CTpOroro
cOOJIOICHNS TIPaBWJI «MAarHUTHOW THUTHEHBI», NI pa3MeIleHus
UCIBITYEMOTO  MAacTepCKOM  WHCTHTYTa  OBUIM  HM3TOTOBJICHBI
CIenranbHOe Kpecyo, a 3aTeM KpoBaTh U3 epeBa 03 METAIIMYECKUX
KperieHuH. JlaTuuk Takke Kpemwics'Ha CHEIHATBHOU IepeBSHHOU
MOJICTaBKe, KOTOpasi JaBaja BO3MOXXHOCTh NEpEMENIaTh €ro B JIBYX
TIOCKOCTSX (cM. puc.12).

IMoncraBka anst gatymka W MeOenb Uil HCIBITYEMBIX ObUIH
YCTaHOBJICHBI Ha KOJecax W3 HEMarHUTHOTO MaTepuaia, C TeEM YTOOBI
00JIerynTh M3MEHEHHWE MECTa CheMa M NpUOMIKeHHe mpubdopa K
UCIBITYEMOMY.

OnbITH IPOBOAWIIM TIPY TIOJIOKEHUW HCIIBITYEMBIX CHAS M JIekKa.
[Tapannensno ¢ MKI' npou3BouiIacek 3anmuch 3JIEKTPOKapIUOTPaMMBbl
B Tpex craHmapTHbeix oTBeaeHusx—I, II, III. Perucrpamms OKI' un
MKI ocymiecTBisuIach OJHOBPEMEHHO € IIOMOINBIO Kapaworpada
OJIKAP. Peructpupyromasi  ammapaTypa pacmojiarajiacb  Ha
paccTosSTHUM HE MEHEE 7 M OT UCIIBITYEMOTO.

Jna namepenns MII cepana B pa3HbIX ydyacTKaxX I'pyJIHOM KIIETKH
WCIBITYEMOTO M COOTHECEHHUS MAarHWTHBIX CHTHAJIIOB C MECTOM HX
CHATHS Ha TPYAHYIO KIETKY HWCHBITYEMBIX HAJEBaIH CETKY,
cocrosauryto u3 30 kBaapaToB co cTopoHOH 5 cm (puc. 18). Cerka
HaJeBaJlaCh TAKMM 00pa3oM, YTOOBI €€ CPeHHssl INHUS MPUXOIUIACh
Ha [[EHTE€ MEYEBUAHON KOCTH, a BEPXHSA IPAHUIIA [T MO KIIOYHIIAM.
Jatuuk rpagueHTOMeTpa  pacmojaraid y TpYyIHOW  KJIETKU
WCIBITYEMOTO B MECTE OTBEICHHS TaK, YTOOBI HUKHSIS YacTh
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Puc. 19. BrpaxennocTs 3yGioB MarnHTOKApAHOTPAMMBL HPH KaD-
THPOBAHHH I'DYAHOR KNETKH HCIHITYEMOrO

MPUEMHOM KOJOBI MPUXOIMIACH Ha IICHTP KBajapaTa, OT KOTOPOTO
OCYIIIECTBIISUIA OTBEJICHUE,

Ha tpex 370pOBBIX UCHIBITYEMBIX (MYKYHUHBI) OBLUTO TIPOBEICHO 9
AKCIIEPUMEHTOB, B x0/J1e KOTOPBIX MTPOU3BOIUIH
MarHUTOKapIuorpauueckoe KapTUPOBaHUE TPYIHBIX KIETOK C
oHOBpeMeHHO# 3amrchio OKI'.

OkcnepuMeHThl  mokazanu, 4ro MK moxer — ObITh
3apEerUCTPUPOBAHA HA PACCTOSIHUU JI0 5 U B psijie ciaydae o 10 cMm or
MOBEPXHOCTH TPYOHOW KIETKH. PaccTosHMe. Ha KOTOPOM MOXKHO
OBIJIO 3apeTUCTPUPOBATH MArHUTHBINA CHTHAN CEp/Ia, OMPEAeIsIoch
MECTOM OTBEIEHHUS. MarHuToKapauorpapuIecKoe KapTUPOBaHUE
OoOHapy Xm0, YTO HE OT BCEX YYAaCTKOB TPYIHOW KIETKH
peructpupyercs MII cepama, 9ro MOXeT OBITH CBs3aHO: 1) C
JIOKAJIbHOCTHI0 MATHUTHBIX CUTHAIOB—HAU00JIee BEPOsATHAS MPUIHMHA
U 2) ¢ HEAOCTAaTOYHOH pa3pemaromeld CIoCOOHOCTBIO JaTdhuka H
MO3TOMY HYeM Jajbllleé OT MECTa aHATOMHUYECKOTO PAaCIIOJIOKEHUS
cepllia B TPYAHOH KIETKE, T. €. OT HMCTOYHHKA aKTUBHOCTH, TEM
CUTHAJ ciabee U OH PErHCTPUPYETCS Ha YPOBHE IMTOMEX.
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Pac. 20. Qanospemennas gemcrpauun sneKTpo-KapnaorpaMMu (n
H MarHuToxkapauorpaMuul (2) u y nsyx ucmutyemmx (f, f1)

MakcumanbpHas BeIpaXeHHOCTH 3y011oB MKI' M cOOTBETCTBEHHO
HaWIydIlee COOTHOIIEHNE CUTHAI—IITYM MIPUXOIMINCh Ha OTBEICHUS
B oOnactu kBasparoB D4, D5 u C4, C5, COOTBETCTBYIONIMX IPUMEPHO
obnacTu TpeThero rpyaHoro orsefaeHus nmo HeOy, mpuMeHstomerocs B
AIEKTpOKapauorpadum.

Hccnenosanns nokazanu, yto MKI' m DKI' mMe0T ¢X0ICTBO B
TreHepary OCHOBHBIX 3yO110B (puc. 19). Hammyummm o6pazom 8 MKI
npencrasieH cootBercTBytommii OKI' xommuteke 3y6moB QRST,
CBSA3aHHBIM C MPOBEIEHHMEM B KeTyIoukax cepiaua. MakcumanbHas
amruTyna R-3yoma (MmakcumansHoro 3yora OKI') B MKI cocrasisina
okono 60 mTm, oHa BappHpoOBasia B Pa3sHBIX OTBEACHHUSIX Y OIHOTO
WCIBITYEMOTO M B OJHHX M T€X € OTBEACHUAX OT HUCIBITYEMOIO K
ucmeiTyeMoMy. Bo3moxkHocTs matamka M3MMWPAH mo3Bomsiia ¢
JIOCTATOYHO XOPOIIUM KadecTBOM peructpupoBarb MKI  06e3
ycpenHeHus curHana. KpoMe Toro, naT4WK JaBajl BO3MOYKHOCTB
nosryyaTs B psaae orBeneHuu MKI' ¢ Takum paspemenuem, kak u OKT,
1 B 9TuX 3anucsax MKI' 011 ipeicTaBieH npeacepaublii 3yoerr P.

Puc. 20 nmoctpupyert 3anucu OKI (II crangapTHOoe oTBeaeHuE)
n MKID B obnactu kBagpatoB C4 (I ucm.) u 4 (II ucm.) y aByx
HCIIBITYeMBIX. BumHO, uTo Hapsmy ¢ OonsmmM cxoactBoM OKIT u
MKI 8 MKI" MOTyT IpHUCYTCTBOBAThH JOMOJIHUTEILHBIEC 3yOnbl. Tak, B
MKT y II ucneiTyeMoro mocie komiuiekca RS BO3HUKAeT YeTKUMN
JIOTIOJTHUTENBHBIN  3y0el] 10 BPEMEHHBIM UM aMILTUTYIHBIM
XapaKTepUCTUKaM, HAIOMUHAOMNK 3y0er] 7'y 3TOro HCIBITYeMOTo.
Ero ammmutyna konebnercs ot 30 go S50nTn

[osiBnenne momomnutenbHbIX 3y0moB B MKIT y nByx u3 Tpex
WCTIBITYeMbIX, OOCIIETOBAaHHBIX HaMH, HE OBUIO 3aKOHOMEPHBIM B
Ka)KIOM OTIBITE y JTaHHOTO UcTbITyeMoro. Ho eciu B kakoM-To
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SKCIIEPUMEHTE 3yOel pPEeruCTPUPOBAICA, TO OH MPUCYTCTBOBAI B
TEYCHHE  BCETO OTIBITA. HemocTtossHCTBO ~ BO3HHMKHOBEHUS
JIOTIOTHUTENBHBIX KoneOannit B MKI or ombiTa kK OmBITY He
CBUJICTEILCTBYET 00 WX IIyMOBOM mpupoie (BO BCAKOM cCllydae,
MPUBHOCHOTO XapakTepa), TaK KaK, KaKk BHUIHO W3 PHUCYHKa, OHHU
BO3HUKAJIM BCETJla B OINPEACICHHON IOCIEAOBATEIILHOCTH U C
JIOCTATOYHO YETKO TIOBTOPSIONIUMHCS  XapaKTEPUCTHUKAMH IO
BpeMeHu W amiuutyae. Hamuume ux tonsko B MKI' 3acraBiser
MPENON0KNTh, YTO OHH, BO3MOXHO, HECYT JOIIOJHUTEIbHYIO
uHpoOpMaIMi0 O paboTe cepana, HE MPOSIBIAIOIIYIOCS B
aNEeKTpoKapauorpaduIecknx 3amucsax. He WCKII04eHo, YTO OHHU
SBIIAIOTCS TPOSABIEHHEM KWHETOKapAHOTPapUUEeCKUX IPU3HAKOB,
KOTOPBIC TO-PAa3HOMY MOTYT OBITh BBIPQXKEHBI y UCHBITYEMBIX U Y
OJTHOTO HCITBITYEMOT'O B 3aBUCUMOCTH OT €0 COCTOSHUSI.

Ilpu cpaBHenun MKI OJHOrO HUCHBITYEMOTO, TOJYYEHHBIX B
pasHBIX CEepHUsIX OIBITOB, BHIHA 3HAYMTENbHAs BapHaOEIbHOCTH B
aMIUTMTylaX, a Topoi Jaxke ¢a3zax 3yOIOB B OJHOM H TOM IXKe
kBagpare [IpwymHOW OTHUX SBJICHWUH MOTYT OBITH: 1) BIUSHHE
BHEemHUX MIT; 2) KoebaHne 9yBCTBUTEIBPHOCTH MIPUOOPA OT OTBITA K
OTMBITY B 3aBHCUMOCTH OT (oHa; 3) pa3Hoe (DYHKIMOHAIHHOE
COCTOSTHHE HCIIBITYeMOrO; 4) HEe3HAYUTEIbHBIC CMEIICHUS CETKU W
MOJIOKEHUSI ~ MCTBITYEMOTO, YTO  TPEACTABISETCS  HanMEHee
BEPOSTHBIM.

Bo3HHKHOBEHHE TaKOTrO poja SBICHUI MPEAIoyiaraeT BhISICHCHUE
WX TPUPOABI, TTOATOMY B TOCIEAYIONIEM MPEATIONaraeTcs MPOBECTH
SKCIIEPUMEHTHI C HaxXOXKJIEHUEM MOBTOpsItolelcs, ctanaapTHoi MKT
JUTSL KaXJIOTO HWCIBITYEMOTO W BIHMSHHE HA HEE BBIIICYKA3aHHBIX
(hakTOpOB.

[IpencraBnsiercst 1enecO00pa3HBIM U B JajbHEHIIIEM MPOBOIUTH
KapTUPOBaHHWE, YTO JAaeT BO3MOXKHOCTh CTPOWTH JIMHHUM WHBEPCUU
oTnenbHBIX 3yOmoB u  monydath 1o MKI  uHpopmamuio o
HAIPaBIEHHOCTH TUTIOJNIEH U CEpCUHBIX TPOIIECCOB.

Perucrpanuro MKI' y 0onbHBIX MI0€# MBI IPOBOJMIIA COBMECTHO
¢ nokropoM men Hayk C. b. ®enpamanom u Bpauom A. JI. SIpoBsiM B
YCIIOBHUSIX TOAMOCKOBHOTO CAHATOPHS ONMHMCAHHBIM BBIIIIE METOIOM C
ucnonszoBaneM MOHa. Metogom MKI' ob6cnemoBano 10 6ombHBIX
ume-muaeckoit 6onesnnto cepana (MBC) B Bo3pacre ot 52 no 76 ner
1 6 TpaKTHYECKH 3J0POBBIX JUIT B Bo3pacTe oT 30 mo 50 ser. Bee
obOcreoBaHHBIC OBITH MY)KCKOTO TT0J1a. bobHBIe OBLTH HAIIPABJICHEI B
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canaropwuii ¢ nuarao3om MBC mocie KOMIUIEKCHOTO 00CIIeI0BaHUsS B
CTaIlMOHAPHBIX YCIOBHUSX.

B 3aBucHMOCTH OT TaHHBIX aHAMHE3a, KJIMHUYECKUX TPOSBICHUN
Oone3Hu, a Takke JaOOPAaTOPHBIX M HHCTPYMEHTAIHHBIX METOJIOB
uccnenosanusi 6onpHble UBC Obuin pazOuThl Ha 1OBe rpymmbel. 1| —
MSATH OONBHBIX CO CTAOMIIBHOM CTEHOKapIuel HaIPSDKEHUS C PeIKUMHU
MPHUCTYIIAMH,. aTEPOCKICPOTHYCCKUM KapAHOCKIEPO30M, 2 — IIATh
OONBHBIX CO CTAOWJIBHOW CTEHOKApJUCH HAINpPsDKCHUS U TIOKOS C
YaCTBIMU TPUCTYNIaMH, HMOCTHH(APKTHBIM H aTepOCKIEPOTHIECKUM
KapAMOCKIEPO30M, aTepOCKIEpO30M aopThl. bombHbIE ObUIH 0e3
3aCTOMHON CEpJCYHOCTEH HEAOCTATOYHOCTH. Y BCEX OOJBHBIX IOCIIE
OCTpOTO Teproaa HH(papKTa MHOKapaa Mponuio O6ojee aByx Jjier. Ha
MKT npoBoauiii aHaIU3 TOJIBKO JKEJIYJ0UKOBOTO KOMILIEKCA.

Y 370pOBBIX JHUI] C HOPMAIBHOM 3JICKTPUYECKON OCBhIO» Ceplilla Ha
MKI' kommnekc QRS Obin Tuma Rs, gRS B-CpeIHUX W HIDKHHX
OTBEACHUSAX C HaWOONbIIEH aMImIUTymoil 3ybma P B olOmactu
MEUYEBHUIHOTO OTpOocTKa rpyauasl — +50 mTn B D4. B GonbmuHCTBE
BEPXHUX JIEBBIX MO3ULUN: A3-6, Bs g )KeTyTOUKOBBIM KOMIUIEKC UMEI
dopmy rSr' ¢ nByMs MalleHBKHMHU 3yOmamu & — oOkojo +7 mTn u
rry6okuM 3yorom S -- mo — 22 nlnm B kxBampate A6. 3ybem Q
PETUCTPHPOBAJICS TOJIBKO B JICBBIX CPETHUX M HIDKHUX OTBEICHHUSIX, a
takxke B B4, ¢ Haubonpieit rmyounoit — 8 nTn 8 D6 — 1/6 BbICOTHI
3y6ra P. MarauTtHas och cepana (paBHOICHCTBYIOMAsS BCEX
MarHUTHBIX BEKTOPOB BO BpeMs JCTONISPU3AIMH MHUOKapia) Oblia
HamnpaBJicHa W3 BEPXHETO JICBOI'O B MPaBBI HIDKHUN Yrod TPYyIHON
KJIETKH, 00pa3ys C JIEKTPUUECKO 0chbio yroi B 90°. V 310pOBBIX JIHI]
C TOPU3OHTAIBHOM 3JIEKTPUUECKON OCBIO Cepilla BO BCEX MPaBbIX U

BEPXHUX JIEBBIX, 3a HUCKIIIOYEHUEM B4, OTBEJIEHUIX
PETUCTPUPOBAIIUCH KEITyI0UYKOBbIC KOMIUIEKCHI THIIA gRs ¢ Hauboee
rry6okuM 3yomom S — 35 mTn B D3. B oCTaNBHBIX OTBEICHUSIX

JKETYI0YKOBBIH KOMITJICKC OBLT THTA RS, ¢ HANOOMbIIEH aMILTUTYI0N
-j-55 nTn B C5, a takxke Mor ObITh THNA gRS B NeBBIX cpennux. C5-6
u B4 otBeaenmax. 3ydenm Q' Opl1 He rayOxke — 3 mTi. MarHutHas
0Ch cep/iia OblIa HalpaBJIeHa U3 BEPXHETO MPABOTO B HIKHUMN JICBBIN
YroJl TPYAHON KIETKH, 00pa3ys C ANEeKTpUYecKoi ochio yroi B 90°
IIpu OKI' obcnenoBanwy TEPBOW TPYIIBI OOJNBHBIX Y JBOHX, C
HOpPMaJbHOM  BJIEKTPUYECKOM  OCBhIO  Cepjilla, CYLIECTBEHHOMH
MATOJIOTHH BBISBJICHO HE OBLIO, a Y OCTALHBIX TpeX (JIBOE U3 HUX
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OBTH C HOPMAJIBHOW DJIIEKTPUYECKOH OCBIO cepAna W OJWH C
TOPU30HTAIBHONW) OTMEUEHO VYBEIWYCHHE AaMIUIMTYIbl KOMILIEKCa
ORS, ero ymupenue no 0,13¢c B neBBIX TPYyIOHBIX OTBEICHHUAX C
HEKOTOpPBIM CHWKeHHeM cermenta S—71 u 3yb6ma 7. Ha MKIT vy
O6ompHBIX ¢ HOopMaiapHOW OKI' oTMmedanock yrimybnenue S-3y0ria BO
BCEX OTBEACHHAX, OCOOCHHO B BepXHUX — 10 — 64 mln B B4, u
yBEIMUEHHE aMIUTUTYIbl R-3y0Ia B JIEBBIX HIDKHUX — A0 +70 nTn B
E4.

IIpu MKI' o6GcreoBaHUM OCTABHBIX OONBHBIX OTOW TPYIIBI Y
BCEX UMeEJOo MecTo ymupenue komiuiekca QRS no 0,13c, kak u Ha
OKI'. U3 HUX y OIHOTO OOJHLHOTO C HOPMAIBHOU JIICKTPHUCCKOH
OCBIO cepjilla HaOJII0IAOCh MOCTEIIEHHOE YBEIHMYEHHE aMIUIUTYIbI
3yOma P Kk HIDKHUM JIEBBIM OTBefeHUsIM a0 +76 mTn B E4, a takke
yrinybienue S-3yOua B BepXHUX OTBeAeHUsX n0—32 nln B A6. ¥V
Ipyroro OOJIBHOTO C HOPMAJIBHOW DJIEKTPUYECKON OCBIO CEepJla,
[IOMHMO 3HAYUTEIHHOTO YBEIMUYEHUS aMIUTUTYIbI 3yOma P BO Bcex
OTBEJCHHAX, OCOOEHHO B JIeBBIX HIKHUX — J0 +108 nTn B E4, u
yrayonenus S-3y0Iia B BEPXHUX, OTMEYAIOCh TAaKXe YIIIyOJIeHUE
3y61a Q 6 JeBBIX HIDKHUX OTBEICHUSX 10 1/5, BICOTHI 3yoma R B ES.
Y 6051bHOTO C TOPU3OHTAILHON JIEKTPUUECKON OCBIO CepAla BO BCEX
JIEBBIX BEPXHUX OTBEJICHUAX JKEIIYAOYKOBBIN KOMIUIEKC CTal THUIa Rs.
B ocTanpHBIX OTBEACHUAX BO3pOCIA aMITIUTYAA 3yO1OB R 1 S.

ITpu OKTI o6cnenoBanuy GOIBHBIX BTOPOH IPYMIBI Y ABOMX OBUIH
BEISBJIICHBI PYyOIIOBBIE WM3MEHECHHS MHOKapJa Ha TMepeaHeO0KOBOH
CTEHKE JIeBOTO kenynouka: 3yden Q ymmpmics 1o 0,04¢ u yriryomcs
Oomee yem Ha Vi BBICOTHI 3y0ma R B AVL, Vs orBemenusax. M3 aTux
OONBHBIX Y OJTHOTO ObLIa HOPMAaJIbHAS, a Y JAPYroTr0 TOPU30HTAIbHAS
aNeKTpUYecKast och cepana. Emie y 7Boux OONBHBIX U3 3TOW TPYIITBI
OBLTH BBISIBJICHBI pyOIIOBBIC M3MEHEHHS MHOKapJa Ha 3aTHEOOKOBOU
CTEHKE JIEBOTO JKeJTyAouKa: TIyOOKHi u pacuupennsbii 3yoen Q B 111,
AVF, Vs orBegenusx. Y oguoro u3 Hux oputn OKI' maHHbBIE HIIEMUNA
MHOKapja nepeaHeO0KOBONW CTEHKH JIEBOTO JKENIYA0YKa C 3aXBaTOM
MIEPETOPOJIKM U BEPXYIIKH cepAua: Jemnpeccuss cermMeHta S—71 u
otpunarensHbii 3yoen 7 B AVL, Vs.s oTBeneHHSIX. Y ATHX OOJIBHBIX
OBLIa TOPU3OHTAJIBHAS ANEKTPUIECKas OCh CepIa.

N eme y ogHOro OONBHOTO, TIEPEHECHIEr0 M0 aHAMHECTHYECKUM
JaHHBIM 33HAN UHPAPKT MUOKapaa, PyoroBeix namenennit Ha KT,
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CHATBIX B OOIICIPHHATBIX L2207
OTBECHUSX, A Takke B ,_ 4 | A | _/t_ _/t_ A LA
OpTOTOHaNBHBEIX U 10 HeOy,
o0HapyXeHo He ObUI0. Y 3TOro
OompHOTO OBUTAa  HOpMAaJbHAs
JNeKTpuYecKkas och cepaua. Y
BCceX OOJBHBIX BTOPOW TPYIIIBI ﬁ—N—-&— .J»..
OBLTH OKTI -mipu3Haku ‘
TUIEPTPOGUN MHOKapJa JIEBOTO

HKEIyI0UKa. o |
[Ipu MKI' obcremoBarnu ’ u JV_ !v v

OONBHBIX C PYOI0-BOH cTamuei ‘
nepeaHeb0KOBOro nHpapKTa
MHUOKapJa y 0O0JILHOTO c Puc. 21. VepejHesnwe nokasaTesn
. . QRS wxommnekca MKT 31oposnix
HOPMaJIbHOH SJICKTPUICCKON  pigpesr (4) ¢ rumepTpodmeii sesoro
OCBIO CepIla J>KeNMyJO04Y-KOBBIA  medynodka (65) H cHHDAPKTOM MHO-
KOMIUIEKC MOSIBHUICS B cpeaaux n  KapAa (B)
HmwkauX psamax (C, D, E) tuma gRs u (QRs; B OOJBIIHHCTBE
OTBENIEHUSX TOSBUJICS, a B JICBBIX HIDKHUX YTIIyOuics A0 1/2 BBICOTHI
3yoma P 3yben @, mocrturas — 75 nmln B ES5. MakcumanbsHas
ammuryna 3youa P Osuia +0,48 nTn B B3. YV GompHoro c
TOPU3OHTAIILHOM JJIEKTPUYECKOW OChIO CepJilla  KEITyI0YKOBBIN
KOMIUIEKC CTall THIa rSr' B JICBBIX HWKHUX OTBEICHUSAX W THMNA gR 1
¢Rs B IpaBBIX BEPXHUX OTBEICHHSIX.

Y OombHBIX ¢ pyOIIOBO# cTamuel 3aaHeO0KOBOTO HHGApKTa
MHOKapJa Mbl UMenn HeomuHakoBble MKI-kapTel, X0Ts y 000mX
OblTa TOPM3OHTAILHAS JJIEKTPUUECKas OCh cepama. Y OJHOro
OOJILHOTO KEITYTOYKOBBIC KOMIUICKCHI THIA 7157’ PETHCTPUPOBAIIUCH
TOJIBKO B BEPXHHX M CPEOHHX OTBeleHMsX: psansl A, B, C ¢ Hanboiee
riryookumM 3youom S —52 nTn B A6, a B OCTalNbHBIX OTBEACHHUSIX
KeNyJOYKOBBIH KoMIuleKCc Obul Thma Rs, gRs, ORs c¢ HamOonblien
aMIuTyou 3yomna P-+52 nla B E4, B oTimune OT HOPMBI, TAC B
MPaBbIX HIDKHUX OTBEICHUSX PETUCTPUPYETCS IKEITYIOYKOBBIN
KOMIUIeKC THma rSr’. Y BTOporo OOJIBHOTO, ¢ pyOIoBOW cTaauen
3a1HE00KOBOTO HMH(pApPKTa MHOKapJa W HIIEMHUEH IepeaHeO0KOBOM
CTeHKH JIEBOTO JKETyJOuKa, >KeTyJOYKOBBIE KOMIUIEKCH THma rSr'
PETHCTPUPOBAIUCH BO BCEX OTBEACHUAX, C Hauboliee TIIIyOOKHM
3y6rtom S — 45 n'Tn B D4, B oTiiiduie OT HOPMEI, T/E B JIEBBIX U
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HIKHUX OTBEICHHSIX PETUCTPUPYIOTCSH >KETYIOYKOBBIE KOMILIEKCHI
tumia Rs, gRs. Y 00oux OOJMBHBIX MOSBWIHCH 3yOITsI O B TPaBBIX
HWKHHUX OTBEJCHUSAX MO JUHUU E, a B JIEBBIX HMKHHX y TEPBOTO
0opHOIO 3y0er O cran rimyookuM —0 1/2 BeicoTHI 3y011a R B D6.

Y GOJBHOTO ¢ HEAWMATHOCITUPYEMOM pyOIIOBOW cTamuei 3amHero
nHpapkra Muokapaa Ha MKI peructpupoBaics 3yoer ( He TOJIBKO B
HIDKHHX JICBBIX, YTO OBIBACT ¥ B HOPME, HO M BO BCEX IPABBIX, KPOME
psna A, oTBencHMsIX, ¢ (HaMOOJBIIEH ero riyOnHON 10 VS BBICOTHI
3yomna R, B D3 u C2. mMeno MecTo yBeIMYeHHE aMIDIUTYIsl P-3y0ia
B LICHTPAJIBbHBIX OTBeeHUAX — 110 +82 m'Tn B D4.

Jnia vHTepIpeTanuy TMOJXYYeHHBIX JaHHBIX HaMHU TpeiJiaraercs
BBECTM TIOHATHE O MAarHUTHOM OCH cepAla M0-aHAJIOTUU C
ANEKTPUYECKONH OChIO, KaK paBHOJICHCTBYIONICH BCEX MArHUTHBIX
BEKTOPOB CEp/illa BO BpeMsl JCTIONSIpU3allii MUoKapaa. B oTimyue ot
JIpyTuX paboT HaMU BBIIBICHO paznmmune B MKI'-kapTax y 310pOBBIX
o0ciefyeMpIX C HOPMAJIbHOW W TOPHU3OHTAIBHOW DJICKTPHUICCKOU
OCbl0 cepaua. Y Il C HOPMalbHOW 3JEKTPHYECKOH OCBIO Cephaua
MarHMTHas OCh HAlpaBJeHa W3 BEPXHETO JIEBOTO B MPAaBBIN HIKHUN
YIroJl TPYJHOM KIIETKH, & - C TOPU3OHTAIbHOU 3JIEKTPUUECKON OChIO
cepllla - U3 BEPXHEr0 NPaBOTO B HIDKHUHM JICBBIH yroyl TpyIHOU
KJIIETKH, 00pazysi B 000uX ciaydasx yroua B 90° ¢ aeKTpUIecKOH OChIO
cepama. OtuMm oOBscHseTcs peructparus Ha MKI y OGONBHBIX ¢
pyOII0BO# cTajuei nepeaHe00KoBOro nH(papkra MuoOkapaa 3yoros Q
B MIPaBBIX HWKHUX OTBEACHUAX, B oTiimurie oT DK, peructpupyrorieit
WX B JEBBIX TPYAHBIX OTBeneHUsXx OTCYTCTBHE aHAJOTHYHBIX
mmeHeHnit Ha MKI y OONBHBIX TIEpPBOW TPYIIEI TOBOPHT O
CHEIU(PUIHOCTH  TaKUX  M3MEHCHHMH JUIS  paccMaTpuBacMoi
MATOJIOTHH.

Hexoropoe pazmuure MKI'-kapT y 1ByX O0IBHBIX C 3 THEOOKBBHIM
WH(PApPKTOM MHOKap/la W TOPH30HTAIBHON JJIEKTPUYECKOH OCHIO
ceplilia, BEPOSITHO, CBSA3aHO C BBIPAKCHHON WIIEMUEH y OJIHOTO W3
HUX TIEpeTHEOOKOBOM CTEHKH JICBOTO JKEITyJI04YKa. Y OOJIBHBIX 3y0err
O Obu1 Ooree TITyOOKUM, YeM B HOPME, B HUKHHX JICBBIX OTBEACHUSX,
nu B ommune or MKI-kapr OonpHBIX C pyOLOBOH craauei
nepenaeOokoBoro mHpapkTa 3ydenm () TMOSBUICS TOJNBKO B CaMBIX
HIDKHHUX TIPaBBIX OTBEACHUAX B psAAy E. 9TO, BO3MOXKHO, CBSI3aHO C
0onee OTKIOHEHHOW BJIEBO y OSTUX OOJBHBIX 3JICKTPUYCCKOW, a
COOTBETCTBEHHO W MAarHUTHOH OCBIO CEpAlla WM C pa3MepoM odara
MOpPaKEeHUSI.
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BeposTHBEIM TIpu3HaKOM pPyOIIOBOU cTaauu OOKOBOTO HH(ApKTa
MHOKap/a, BO3MOXKHO, TaK)Ke SBIISIETCS MOSIBIEHUE Y BCeX OOJBHBIX C
nH(APKTOM, pAaCIPOCTPAHUBIIUMCS Ha OOKOBYIO CTEHKY JIEBOTO
JKETyT0UKa, SKEeNy-T0UYKOBOTO KoMIUIekca Tuma #Sr’ unu QRS B IEeBbIX
HIDKHHUX OTBEJCHHSX.

O6pamaer Ha ce0s BHUMaHWE Oojiee TIIYOOKHH, 4eM B HOPME,
3yoerr () B JIEBBIX HWKHHX OTBEJCHHSIX U TIOSBICHHE €r0 B
OOJBIIMHCTBE MPaBBIX y OOJBHOTO C PYOIIOBOWM CTaaueidl 3aJlHero
nH(papKTa MHOKap/a, HE JIUarHOCIIHPYEMOTO
ANEKTpOKapAuOrpa)udeckl B  OCHOBHBIX W JOIOJIHUTEIBHBIX
OTBEJICHUSX.

YV 1pex OonpHBIX TepBOW Tpymmbl Obutn  OKI-mpusHaku
TUNIepTpodUN JICBOTO JKeaymodka cepana. Perucrparus Ha MKI y
3THX OOJNBHBIX 0OJICe BBICOKHX, YeM Yy 3JIOPOBBIX JIUI, 3yOIOB R,
MPEUMYIIECTBEHHO B HW)KHUX JIEBBIX OTBeAeHMsIX (puc. 21), u Oomee
TIyOOKUX 3yOIOB S B BEpXHHUX OTBEACHHUAX, a TaKXKE OTCYTCTBHE Yy
OONBHBIX STOW TPYMIBI TOCTOBEPHBIX ITAHHBIX O APYTOM MaTOJIOTUH
MO3BOJIAIOT ~ paccMaTpuBaTh  1oA00HBIe MKI-u3MeHeHHsT  Kak
crieruUIHbIe IS THIEPTPOGUHU JIEBOTO KEMyI0uKa cepama. Y IByX
6ompHBIX Ha OKI' maTonormuecKknx W3MEHEHHWH BBISBICHO HE OBLIO.
IIpu MKTI-o0cnemoBanuu Mbl UMEIH TaKUE K€ U3MCHCHHS, KaK U Y
OCTaNbHBIX OOJILHBIX TEPBOHM TPYIIIBI, TOJIEKO MEHEE BBIPAKECHHBIC.
DTO, Kak BHIHO, TOBOPUT O HAYaJIBHOW CTaguu THIEPTpodhUH
MHOKap/ia JIEBOTO KEIYA0UKa CePAla y ITHX OOJIBHBIX.

Takum oOpaszom, MarHutokapauorpadus, Kak u
aneKTpokapanorpadus, Mo3BONIET AUATHOCIIUPOBATh THIEPTPOGHIO
MHOKap/a JIEBOTO JKEIyIOo4YKa CepiIla, a TaKXKe JIydIle BBISIBIATH U
TOMMYECKU  JIOKAJIIM30BaTh  PYOIIOBBIC ~HM3MCHEHUS  MHOKapJa.
Marnutokapauorpadusi,  Oyaydsm ~ OCCKOHTAKTHBIM  METOIIOM
WCCIIEIOBaHNUs, He TpeOyeT MpeaBapuTeNbHON MOATOTOBKH OONBHBIX U
SBIISIETCS OoJiee ONEpPATUBHBIM METOJOM HCCIICJOBAHUSA, YEM
ANIEKTPOKAPIUOTPaAYUICCKUIA.

Wrak, Hamm pesymbrarel mo peructpammun MKI y 607dpHBIX
KapAMOJOTHYSCKUMHU 3a00JICBAaHVSIMU  TIOJTBEPIMIIA JIUTEPATYPHBIC
JIAaHHBIE O TOM, 4YTO CYIIECTBYET YCTOWYMBAs CBSI3b MEKIY
AIIEKTPUYECKUMH M MarHUTHBIMH BEKTOpPaMH CEpIlla YeJIOBeKa U YTO
uMeeTcsl JIydmiee OOHapyKeHHe u Oonbplias YyBCTBHTEIHHOCTH
Metoaa DKI' k mposiBIEHUAM CEepACUHOM MaTOJIOrUU.

OpurMHAIBHOCTh ~ OTHUX  HWCCIIEJOBAHMW  3aKJIIOYaeTcsl B
ucnons3oBannn MOHa, a He KakuX-1T00 JPYyTruX MarHUTOMETPOB.
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Puc. 22. Marnntorapasorpamua
e/0BEKA TIPH HOPMAaJLHOM BHEII-
HeM MArHHTHOM ToAe 3eMJaH
(//—049 10-* Tn), npu uc-
KYCCTBEHHOM YBeJHYeHHH Blell-
ero MArHHTHOro nosa (f — 1,1

"-A'J\M 10—4 Ta) H npH ero yMeHLUiEHHH
NJ\»{\‘M (I11—0) (Ietepc » ap., 1980)
T

Puc. 23. Marnntokapaue-
rpaMMa KponHKa

A

ie
[TogoOHBIC pe3yabTaTHI C MCIOJB30BAHHEM TaKOTO K€ Mpuoopa

ObLTH OITyOMMKOBaHBI HefnaBHO [58]. PaboTa SMOHCKHMX KapaHOJIOTOB
[113] Ha ocHOBanuu wuccienoBaHuss 60 HOpPMaNbHBIX JoAeH u 95
ManyueHToB Tmokazama, uro MKI Moxker paBate wuHOpMaIuio,
KOTOPYIO TPYAHO MOJYYUTh NMPHU MCIONB30BaHUU cTaHmapTHeIX OKI'.
OTtMmeyeHo yBenuueHwe R-3y0na mpu  THIEPTPOPHUH  JEBOTO
xemynouka. Yame, wem B OKI, B8 MKI' ormewdasm wHBepcuio 7-
BOJTHBI.

CnenoBatensHo, MKI'  ycmemHee — AE€TEKTUpPYET  paHHUE
HEHOPMAJIbHOCTHU PETIOIIPU3AIIHH.

O OGospmoit ayBcTBUTENEHOCTH 7-BoHEI MKI' CBHIIETENHCTBYIOT
pesynbTatel M. Ilerepe ¢ coaBT. [143] mo peructpauuu MKID
yenoBeKka B pa3nuuHblX BHeHUX MII. Kak BuaHo Ha puc. 22, BonHa
T 8 MKI' yBenuuuBanach Mo amIUIUTY/I€ C YBEIUYEHHUEM BHEIIHErO
MIT o 1.1-10* Ta u yMeHbIIANACH HOYTH 0 HOMHOTO HCYE3HOBEHHUS
npu ymeHbpiieHnd BHemHero MII go 0. Bonna R B MKI' mpu stux
MaHUMYJSIIUAX He N3MEHAJIA CBOSH aMILTUTY/IBL.

102



YMecTHO 3aMeTuTh, 49TO MBI, ucronb3dys CKBUJI, wmormu
3apeructpupoBath MKI' kponuka, Ha KOTOpOW BbIAENSUIACH BOJIHA R
(puc. 23). IlogoOHsie 3anucyu OblH panee nomyyensl B ['/IP.

3akaH4MBas 3Ty IJ1aBY, MBI TOJKHBI OTMETUTH, YTO Hallla TpyIa
B KakoW-TO Mepe IOBTOpsieT MyTh APYIMX TIpPyNI B IIpolecce
npruoOmieHus K OMOMarHUTHBIM HccienoBaHusiM. CHadama Mbl
peructpupoBain MKI' xak HanOoiee CHIBHBIA CHTHAJl OpraHU3Ma
YyeJIOBEKa U XHUBOTHBIX, a IOTOM IEepexoawIu K peructpauuun MII
MO3ra, YTO CUMTAacM OCHOBHOI HaIlleH 3a7aucii.

3.6. MaruuTHBIE IOJISI MO3ra

Kak u B anextporpaduu, B MarauTorpaduy Beien 3a perucrpanuei
MPOLIECCOB B CEpAIE HCCIEAOBAaTENd TEpenuid K PErucTpanun
OeckoHTakTHBIM criocoboM MII moszra. OgHako ycKopeHHe Hay4dHO-
TEXHUYECKOTO Iporpecca cKa3zalioch M Ha 3ToM mporecce. Ecmm T
beprep cranm peructpupoBarh 321 mpumepHO uepe3 45 neT mocie
nepBoit 3arucu IKT, To 1. Koen cymen omy0iukoBaTh COOOIICHHE O
peructpaurn MOI' yxe depe3 5 JeT mocie MepBOro COOOLICHHS O
MKT', caenmannoro boymom u Makdu B 1963 T.

B cBoux Bocnomunanusax [. Koen [85] ykassiBaeT, 4TO mepBbIC
MOMBITKA ~ MPUCTYNUTh K  OMOMarHUTHBIM  WCCIICAOBaHUSAM
COTIPOBOXIATNCH OOJBIIUM CKENTHIIU3MOM CO CTOPOHBI IIMPOKON
HAay9HOH OOIIECTBEHHOCTH, TOIBKO YIOPCTBO W HACTOWYHUBOCTH
MOMOTJIM  TPEOAONIETh MHOTOYMCIEHHBbIE TpyxHocTH. llepBas
MarHMTOdKpaHUPOBaHHAas KOMHATa ObLTa moctpoeHa B HarmonaasHON
MarauTHou naboparopuu uMm. @. burrepa npumepro B 1967 r JI yxe
B 1968 r. mosBmioch mepBoe cooOmeHue o peructpauun MOT
METOAOM YCPEAHEHHs C IMOMOIIBI0 HHIYKIMOHHBIX JAaTYUKOB IPH
HCIoNb30BaHuN D3OI B KadecTBE OMOPHOTO CHTHajma A depe3 4 roma
MOSIBUJIOCH COOOIIEHHE O BO3MOXKHOCTH TIpsiMOoi peructparmu MOT ¢
nomomibio CKBW/la B MarHnTOKpaHnupoBaHHOM KoMHate. Eie yepes
2 roma duHCKHEe ucciemoBaTenu [7G] coOOMMIN O BO3MOXHOCTH
npsMoi  peructparuud MDD ¢ MOMOIIBIO TPaTHEHTOMETPHICCKOM
cxembl CKBH/la B HE9KpaHMPOBAHHBIX YCIOBUSIX MPUTOPOIHOMN 30HBI
(B IepeBSHHOM JIOMUKE).

O6e rpymmel (M aMepWKaHCKas M (DUHCKas) HWCIIOJB30BAIH B
Ka4yecTBE HCIBITYEMBIX COTPYAHUKOB (He OoJiee MATH YeJIOBEK), HaJl
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3aThIIKOM KOTOpbIXx momemann CKBWJ] m omHOBpeMEHHO C AITHX
obnacrell perucTpupoBaii OOBIYHEIM crtocobom D3I, HcmbITyeMbIx
MPOCWJIM OTKPBIBATh M 3aKPhIBATh TJ1a3a B mocieaneM crydae ydiie
BEISBIISIETCS alib(a-puTm

Oxkazanoch, 4TO MpPH 3aKPBIBAHWU Ta3 ajdb(a-pUTM BBISIBILSIICS
kak B OOI, Tak u B MOI', XOTs MONHOTO COBHAJCHUS ITUX IBYX
MoKa3aTeNiell JeITeIbHOCTH MO3ra He HacTymano. beuta oTmedeHa
ACUMMETPUYHOCTH alb(a-puTmMa B MOI 1pu ee perucTpaiuu oT IByX
noymapuid. Mcrouamkom MOIT, kak 1 O30I, cunuTaloT MeIICHHBIC
CH-HAIITUYECKHO TPOIIECCHI, HO He craliku HelpoHoB. [Ipu oObraHOMN
metoauke 3anmucu MOI' 1 n'Tn u cooTBercTBOBana 50 MxB B D0I.

B cBomx sKcmepruMeHTax MBI TaKKe PETHCTPHUPOBAIH YEIOBEKa C
MTOMOIIIBEO MarHUTOMETpa, paborarormiero B pexume
TPaIUCHTOMETPUIECKONH CXEMbl Ha OCHOBE JaTYHUKOB C ONTHYECCKOU
Hakauykol B mapax mesws. Ilpmbop co3manm B WMHCTHTYyTE 3€MHOTO
MarHeTu3Ma, HoHocheps! u pacupoctpanenus paaunoBoiad AH CCCP.
PasMeppl Mar-HUTOYYBCTBUTENBHOTO 3JeMeHTa Obuin 5X4  cm,
0a30BOE pacCTOSHHUE MEXKAYy JaTddKaMH PaBHSUIOCE 6  CM.
OrnpeaeieHHBIM 00pa30M OPUEHTUPOBAHHEIC TaTYNKH (PUKCHUPOBATH Y
TOJIOBBI JISKAIIETO HA HEMAarHUTHOW KpPOBaTH HCIBITYEMOTO Ha
PAaCCTOSIHUY HECKOJIBKUX MUJUIMMETPOB OT MOBEPXHOCTH yepena. DI
B JIBYX OTBEICHHAX PETHCTPUPOBAIN C TOMOIIBI0 HEMarHUTHBIX
NOCEepeOPEHHBIX  AJIEKTPOAOB,  3AlOJHEHHBIX  TOKOIIPOBOJSILEH
nactoil. OIMH AJIEKTPOJT YKPEIUSUIM Ha 3 CM BEINIE — aHWOH, a
npyroii — mox maraukom MDOI. HuamnddepeHTHBIH 3IIeKTpon
pacrioaranm Ha Mouke yxa. I[lomoca perumcrparmuu MOIT m D3I
cocraBisiia  0,3—15 Tm, VYpoBens 1mymMoB 1mpu pabote
TPaIUeHTOMETPUIECKON CXEMBI TOCTUTAN Ha YKa3aHHBIX YacTOTax B
cpenem 510" Tn. Tocme ycmmenmst curiamst MO u 99T
OJTHOBPEMEHHO 3alKChIBAIN Ha JABYX KaHaiax MarHutorpada, a 3atem
oOpabateiBanu Ha DBM B Uuctutyte nedexronorun AITH CCCP.

OnbITHl TPOBOAMIIN B BeUepHEEe BpeMs B JTAOOPATOPHOM 3IaHUHU
Wecturyta BHJI w H® AH CCCP 6e3 skpanupoBku. Y 15
UCHBITyeMbIX peructpupoBamn MOI' u O3I mpu 3akpbITBIX U
OTKPBITBIX TJa3aX Ha mpoTsvkeHmM 20 MuH. AHamusupoBaim 10-
CceKyHIHBIC oTpe3ku 3amucu D3I m MOI' ¢ 9acToTO KBaHTOBaHUS
102,4 I'u. OGHapyX 1K 3HaYMMOE coBIazeHne crekTpoB MOI u D0T°
Ha OTAENBHBIX YYacTKax 3aIlCH B JUara3oHe anbha-purMa
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Puc. 24. Crextp MoWHOCTH MaruuToHNeQanorpaMmu (M) u
MeKTPOSHUeDaNOrpaMMu (I3T) NOK 3aTHAIOUHOHA 0GNACTBE) WIPH OT-
kpuThix (A) H sakpwiThHX (5) ruasax

AGcuucca — 9acToTa B T€pllax; OPOHHATA — BIDAMKEHHOCTh YACTOT B OTHO-
CHTEALHHX SANHMIAX
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Puc. 25. Oaunospemennasi 3amuce 3aeKTposHuedanorpammbi ({) n
MarsutusHUegatorpaMMbl (2) moA 3aTHIOUHOR 06.JaCTBIO ¥ OZHOTO
¥ TOFO e HCOBITYEMOTO npH OTEPMTHX (4) u 3akpetex (B) raasax.
3anuch TPOH3BEleRA C HCIOJAB3OBANHEM OHOMATHHTHON CHCTEMEl Ha
ocitose CKBH I a
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Puc. 26. CiekTp MOUHOCTH MaTHHTOSHLE(ANOIPAMMHEL Ha [l 3aThIIOYHOA
06nactio {f) NpH IAKPHITHX rI33X HCNHTYEMOTD H ImyMa GHOMAr-
HHTHOM cucteMul (2)

Opyd  3aKpbITBIX rmazax (puc. 24). Benmnumna coBmageHus
olpeeNsIach UHAUBUYaIbHBIMU OCOOEHHOCTSIMU UCTIBITYEMbIX U X
(GYHKLIMOHAIBHBIM COCTOSTHUEM.

[Mocne Hanaaku 6GuomarHuTHOH cructeMbl Ha ocHoBe CKBH J[a Ham
yIalIoCh OCYLIECTBUTHh IHpsAMyro 3anuck MOI' ucoelTyemoro mnpu
OTKPBITBIX M 3aKpbIThIX IU1azax. ONBITBI NPOBOJWIM B KOMHATE,
MaKCHMAaJbHO yJIaJI€HHON OT BO3MOKHBIX NMPOMBIIIJIEHHBIX TOMEX, Ha
5-m sraxe 3manus Muactutyra BUJ n HO AH CCCP. Pesynbratsl
MpUBEICHBI Ha puc. 25, Tme BUAHO, uro MO moxoxka Ha OOl m
MEHSIETCSI TIPH OTKPBHIBAHUH U 3aKPBIBAHUH TJIa3.

Ob6pabotka ganueix MOI' u O30I' na OBM ¢upmer «Jlabtam»
MmokKaszajia, 4Tto B cIekTpe dacTtor MDD mpum 3aKphHITHIX TJIa3ax
UCTIBITYEMOTO BBIABISIETCS SPKO BBIPAKEHHBI UK B JAMAIa30HE
anba-purma, T. €. B obmactu 10 'm. B KOHTPONBHBIX 3amHCAX
paboThl OMOMAarHUTHOM CHUCTEMBI STOT MUK HE OOHapy>KUBAJCs (pHC.
26).

Taxum 00pa3oM, HCHONB3YS Pa3IMUHbIC TUIIBI MATHUTOMEPOB (a B
OyayIeM mpeanojiaraeTcsi IPUMEHITh KOMOMHAILIUIO STHX TUIIOB IS
YIIy4IlIeHHs] yCJIOBUHM perucTpanuy ONOMarHUTHBIX CUI'HAJIOB), MOXHO
PErucTpUpOBaTh HEKOTOPBIE IIapaMeTPhl JEITEIBHOCTH MO3Ta.

B paborax MHOTMX Ipyrux HccienoBaTeNeil Takke OOHapyKeHO,
gyro Ha OO mw MDD’ perucrpupyroTcs OIHH K TE€ K€ YaCTOTHBIC
COCTaBJISIOIINE, NPHUHAIJISKAIINE B OCHOBHOM aib(a-Iuanas3oHy.
Cpasaenust MOI' u D3I Oonee yacTo 0OHApYKUBAIOT OTCTaBaHHE
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WIA OIEepeKeHNe OJHOTO W3 TMPOIECCOB, YeM CpPaBHEHHUS IBYX
otBeaeHNN DOI. MOI' 00b19HO OTCTaeT BO BpeMeHH oT DI, Korma
He HaOmromaercs cuHXxpoHm3amus B ODI-oTBeneHusx. B Tedenue
npoObl HAa TUIIEPBEHTWIALUIO MEJICHHBIE BOJHBI MOKHO HAOJIIONAThH
i B MOI', i B 32I". Bo Bpemsi cHa HET CTPOTOH KOPPEISAIHU
Mexay MOT' u O3I'. B MOI' moutu He BCTpeyaroTcsl BEpeTeHa, 4To,
BO3MOYKHO, TOATBEPKIAET BHEKOPKOBOE IPOHUCXOXKACHUE ITOU
(hOPMBI AIMEKTPUIECKON aKTHBHOCTH MO3Ta.

MBI peructpupoBann y 10 TamMeHTOB ¢ pa3IHYIHBIMHU
HEKPOJIOTHYECKUMH  paccTpoiMcTBaMu.  BpiaBnensl 3 THma
aHOMAJIBHBIX BOJHOBBIX (OpM, XYK€ IIpencTaBlieHHBIX B MOI'; 5
THTIOB BOJTHOBBIX (hOPM, XOPOIIIO MpeAcTaBiIeHHbIX Kak B MOI', Tak u
B OOI, a takke 3 TUMa BOTHOBBIX (POpM, JIyyllle MPEICTABICHHBIX B
MOTI', yem B O0T'.

Takum obpazom, MOI' BMecte ¢ D3I Gosee MOIHO, Y€M TOJIBKO
D3I, oTpaskaeT mpoIeccrl, Jekamue u ocHoBe aestenbHocTH [[HC.
OtmedeHo, yto MOI perucTpupyeT KOPTHUKAIbHYIO aKTHBHOCThb
my4iie, 4YeM CyOKOpPTHKalbHYI0, W  OTpakaeT aKTUBHOCTb
MHOTOTIOBHBIX ~ WMCTOYHHKOB, TAHTEHIMAIBHBIX  TOBEPXHOCTEH
Koptekca. B psne cinydaes MOI' MOKeT J1aTh IPUHIMIHAIBEHO HOBYIO
WHQOPMAIIMIO O TOJOBHOM MO3re (TOCTOSIHHOE MAarHUTHOE IIoJie
MO3Ta U T. 1I.).

Haubonpiryro monyaspHOCTh K HACTOAIIEMY BPEMEHHU MOIYYHIH
BbI3BaHHbIe MarHUTHBIE NOJst (BMII). KoTOpBIE OTpa)karoT peakHio
OTIpeZIeNIECHHBIX CTPYKTYp MO3ra Ha aJeKBaTHBINA pa3IpaKUTeNb,
3apEeTUCTPUPOBAHHYI0 B BuAe u3MeHeHus MII Haxg >TuMEH
CTpyKTypamu. [IpUMEHSIIUCh CEHCOPHBIE pa3IpaKUTENH, IIHPOKO
WCTIONB3YIOMNECS B AIIEKTPO(HU3UONOTHA: 3pUTENbHBIE, CIyXOBBIE,
TakTWwIbHBIE. OmgHOBpemMeHHO ¢ BMII  peructpupoBasim 1
anexTpudeckuil Bbi3BaHHbIM moTeHiuan (BII). Bmepsoie BMII Ha
BCOBIIKY cBeTa 3apeructpupoBan [I. Koen (1975) m na Oomee
CJIOKHBIN 3pUTENbHBINA cTUMYN bpekkep ¢ coast., 1975 [90]; PaiiT ¢
coasT., 1978 [135], a Taxxke BunbsimMcoH ¢ coaBT., 1977 [147] u T. A.

Co3manue nabopaTopud HeHpoMarHeTw3sMa B pe3yibTare
KOOTIEpaIii COTPYTHUKOB OTAEICHUN (u3nku u ncuxonoruu Heio-
Hopkckoro yHHBEpCHUTETa MOXKET CIYXUTh YJA4HBIM HPUMEPOM
MEKIUCUUIUTUHAPHBIX HCCICAOBAaHUH B 00JacTh OHOMarHeTusMa.
CoTpynHUKH 1TabOpaTopud, Cpeaud KOTOPBIX BBIIEISIETCS CBOEH
aktuBHOCThIO C. JIx. BumpsMcoH, Hayalmu mHcaTh OpPWUTHHAJIHHBIE
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cratbt ¢ 1975 1, a 0030pel ¢ 1977 1. PaGora mpoBoauTCs B
HEIKPAHWPOBAHHBIX YCIIOBUSAX C IMOMOIIBIO TPAaTUCHTOMETPUIECKON
cxemel CKBUJ/IoB B  yCIOBHSAX  TOPOICKOW  JIaOOpaTOpHH.
UccnengoBanu B 0CHOBHOM 3pUTEIbHBIE U ceHCOMOTOpHBIE BMIT.

Oxazamoch, 4uyro BMII wumeer 3HaYUTENHHO  OOJBIIYIO
JIOKAJIN3aIHI0 OKOJIO COOTBETCTBYIONINX CTUMYITy OOacTeil Mo3ra 1o
cpaBHeHMi0o ¢ Jokanuzanued BII. BMII mnporuBodaszuel  Hap
3pUTEILHBIMHA O0JIACTAMHU O0OMX IOJIYIIAPHHA, TOTJa KaK M3MCHCHUS
BIl—cunudaznsr (puc.27).

Amvmutyna BIIM pacteT mpw yBEIWYEHWH WHTCHCUBHOCTH
CTUMYJIOB IIPU TaKUX 3HAUCHUAX, Korga amiummryga BIl yxe He
YBEJININBACTCA.

Jlatentnsiii mepuon BMII sBisieTcss MOCTOAHHOM BEIMYMHOM,
XapaKkTepU3yIoUIeil CBOMCTBA 3pUTENILHON CUCTEMBI, U HE 3aBUCUT OT
MPOJIOJKUTEIHHOCTH CTUMYJIA.

2 Puc. 27, BH3BanuRA Mar-
HUTHHE OTBeT (@) W 3amH-
CaHHBI OJLHOBPEMEHHO,
BRI3BAHHHA noTeHuEan (§),
2 oTBeexne 0

Prc. 28. Onpesenenne HCTOYHMKA GHOMATHETHOTO MOJIA MPE Kap1ApO-
BaHKH HoJel HAaJ NOBEPXHOCTEIO 00BEKTa

Omicanue B TEKCTE
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C Bo3pacTaHMeM HWHTCHCHBHOCTH cTEMyjida BMII He ymeHbImaercs,
Kak »d3TO TMpoucxonut npu peructpauuu BIl. YV  HekoTopsix
UCTIBITYeMbIX HaOmogaercs paznuune Mexxay BMII aByx nomymapui,
B TO BpeMs Kak Takoi wuHpopmanum peructpauus BIl He
MIpeICTaBIIsIeT.

IIpumepno ¢ 1980 r. uccnenoBatenu [143] cranu npencTaBiIsTh
JaHHble 1Mo nzyueHnto BMII B Buze kapt pacnpenenceHus: aMILTUTY I U
BeKTOpoB peructpupyembix MIIL. Tlo 3TUM KapTaM OTHOCUTEIHLHO
JIETKO OMNPENENUTh DIEKTPUYECKHH HMCTOYHHK, PACTIOJIOXKEHHBIH B
ryOoune wmosra. [lns  onpexaeneHuss TOYyOMHBI AMIIONS  HYXHO
paccTosTHUE MEXITy HOByMS HauOoJbIIMMHU BenmnuuHamMu BMII
MIPOTUBOTIONOKHOHN MOJIIPHOCTH Pa3JeNUTh Ha 2, a IJIS ONpeaeIeHuUs
rIyOMHBI IUMONS Ha IOBEPXHOCTH Yeperna AOCTaTOYHO OYEPTHTh
HyneBoe 3HaueHue BMII, paspensromee BMII pasnoil momsipHOoCcTH
(puc. 28).

KaptupoBanue 3purtenbHbix BMII mnpuBeno K BbIBOAY, YTO
SIIEKTPUYECKUH HMCTOYHHMK STHX TIOJNEH pacrmonaraercss B Ooposne
3puTenbHON KOphl. [lockonmbKy cunTaeTcs, 4YTO Kopa OONbIIHX
MONMymIapuid  MMEeT CTON0YaToe CTPOCHHWE, a COBpPEMEHHBIE
MarHUTOMETPBl MOTYT U3MEpATh TOJBKO TAHTCHLIUAIBHBIC TOKH
OTHOCUTENIbHO TIOBEPXHOCTH YEpena, TO CHTHAJ, Kak JIOTMYECKH
CJelyeT W3 BBHIIIECKa3aHHOTO, MOXKET OBITh TONBKO Hal OOpO3IOi.
[Ipeamonaraercs, 4To OUIONb pacmoiaraercss Ha rayoune 2,1 cm.
Takum  00pa3oM, TPOCTPAHCTBEHHBIE  BO3MOXKHOCTH  METOIA
MarHUTOMETPUH MOTYT HrpaTh BaXXHYIO pOJIb TPU OIPEIeIeHUN
CEHCOPHBIX (PYHKITHIT B KOpEe MO3Ta.

Coobuenne o peructpauuu ciryxoBbsix BMII BriepBbie mosiBHIOCH
B CIIIA B 1978 1. [135], Ero peructpupoBanm Haj CHILBHECBOU
0Op0o3/0ii, TOBTOPSIE 3BYKOBBIE IIETYKH ¢ dYacTorodt 0,25 ¢ m
cymmupysa 512 peanmzanun. CpenHsas aMIuMtyna ciayxosoro BMII
nocturana 0,4 nTn. beina npeanokena MoAens U3 IByX BEPTHUKAILHO
OpHEHTHPOBAHHBIX TOKOBBIX TUIOJEH, PACIONIOKEHHBIX C 00enx
CTOPOH MPOJOJNBHON MIETH HA TIYyOHHE OKOJIO 3 CM BHYTPH BHCOYHBIX
JIoJIeH.

Aitrrormemu u gp. [77]. a Tawke Xapu um ap. [117]
peructpupoBaym ciryxoBbie BMII Ha 3ByKk 1 xI'11, mimsmuiicst 800 mc u
MOJaBaeMblli MOHOYPaJbHO C TOMOLIBIO IIACTUKOBOH TpPyOOUKH.
OTBeTH BO3HUKAIH B Ha4ajle U B KOHIIE BO3JEHCTBHS.

Harckue wccmemoatenu [107] mcmonb30Balid MOAOOHBIA 3BYK,
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qsmmiics 500 mc. MakcumanbHble aMIUIUTYABL A1 KOMIIOHEHTa
BMII ¢ narentHocthio 100 Mc coctaBmu 0,5 T, a 111 KOMIIOHEHTa
¢ mareHTHOCThIO 180 Mc — 0,3 nT.

[Mo3kxe TOSBHIOCH 3HAYUTEIEHOE YHCIO Pa0OT, MOCBSIIEHHBIX
JIETATLHOMY HW3Y4YeHUI0 ciayxoBeix BMII ¢ menbto cocraBieHus
TOHOTOITMYECKOHN KapThl KOPHI OOJIBIINX MOTYIIApUH.

VYnamoch paxe 3aperucTpupoBaTh ciayxoBele BMII y  7,5-
MECSYHOTO SMOpPHOHA YEJIOBEKa, HAXOSIIErocs B YTpoOe MaTepu
[88].

Comarnueckne BMII, BeI3BIBaeMble CIa0BIM  DIECKTPUICCKUM
pa3apaxeHHEeM pa3IMYHBIX YYaCTKOB KOHEYHOCTEHW UEeIOBEKa,
BIIEpPBBIC HAaYalM M3ydaTh B J1abopaTopuu HeiipomarHeTmsma Hepro-
HNopkckoro ynuBepcurera. B MII pazapaxkeHus JI0KaIu30BaIUCh
BOJIM3W POJUTAHJOBOH OOPO3/BI TONYIIAPHS, MPOTHUBOIOIOKHOTO,
HampuMep, pasfpaxkacMoMy Manblly pykd. [lokazaHo, YTO TOKOBBIN
IUTIONG TIPH pa3ApaXeHHUH MH3WHIIA PACHOJIOKEH Ha 2 CM BBIIIE
JTUTIONSI, BOSHUKAIOIIETO TIPH Pa3apaKEHUH OOJBIIOTO MajbIla.

CnenoBatenbHo, Meto BMII naet BO3BMOXHOCTh CTPOUTH KapThl
MPOEKIIMOHHBIX 30H COMAaTOCEHCOPHOW aKTHBHOCTH C pPa3pelIeHHEM
my4qmuM, deM mpu peructpannyd BIl mpu Tex ke oKamm3ammsx
pa3apaxcHUU.

MHorue noknaael Ha 5-i OMOMarHUTHOW KOH(EpeHIHMH ObLIH
MOCBSIIEHBl ONpeJeeHnu0 UCTOYHMKOB BMII npu 3putenbHOM,
CIIyXOBOM WJIM D3JICKTPHYECKOM pPa3JIPaKCHUU OTIEIBHBIX HEPBOB
gyenmoBeka. OOCyknanach posib 0Opo3d B JIOKAIM3AIUU — ITHX
UCTOYHHUKOB, Tockoinbky CKBUJI MoxkeT wW3MEpsSITh TOJBKO
TOPHU3OHTANbHBIC (TaHTCHIIMATBHBIC) TOKH, a Kopa OOJIBIIHX
MOJTyIIAPUN UMEET KOJIOHYATOE CTPOCHUE.

OpHako 3Ta WACONOTHA, TOCHOJICTBYIOMIAS Ha MPEIBITYIIEM
OMOMarHMTHOM COBEI[aHWM, OblIa MOKOJeOJeHa COOOIIEHHEM U3
naboparopun JIx. burrn (Kamudopuuiickuii yausepcuter, CIIA),
KOTOpPOTo He OBUIO HH B MpOrpaMMe, HU B TE3UCaX O PErHCTPALUU
MDOI' y kphIc TIociie co3maHus dmuienToreHHoro odara [81]. Takoro
polla NaHHBIC TO3BOJSIOT HANCATHCS HA YCKOpPEHHE Hewpodusu-
OJIOTUYECKOTO aHaIM3a HEWPOMArHUTHBIX JaHHBIX MPU NPOBEACHUU
OTBITOB Ha >HWBOTHBIX W TPHW HAPKO3e M TPH OCYIIECTBICHUU
YCIIOBHOPE(IEKTOPHOH IEATEIbHOCTH.

YMECTHO OTMETUTh, 4YTO NPAKTUYECKH BAXHOMY BOIIPOCY 00
OTIpeieNICHNH JIOKAIM3AIMHA DIWICITOTEHHOTO odYara y OOJIBHBIX
JOJel ¢ MOMOIIBI0 MAarHUTOMETPHH OBIJIO MOCBSIIEHO HECKOIBKO
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JOKnanoB. TOH 371eCh 3a/1aBaI UTAIBSHCKUE HCCIEN0BATENH BO IJIaBe
cI'. JI. Po-manu.

Opraam3aTopbl KOH(PEPEHINH — KaHAIIBI — TPEICTABHIN
WHTEPECHBIE W  OPUTMHAIBHBIE COOOLICHHS O  PETUCTPaLUHU
HEHPOMArHUTHBIX TOJIEH YeNoBeKa, BO3HUKAIOUIMX MpUMEpHO 3a 1 ¢
mepes  MPOW3BONBHBIM  JIBIDKEHHEM KOHEYHOCTH WM  Tepen
MIPOM3HECEHUEM CJIOBAa. OTH HCCIEJOBAHUA, IPOBOAMMBIE TMOJ
pykoBoactBom . BaiiHOepra, TO3BONSIOT HAAEAThCS, YTO
MarHATOMETpHs OyJeT Moje3Ha MPH aHaJN3€ BBICIINX MCHUXUYECKHUX
¢dbyaknuii gemoseka [109].

Hpyroii aHamuTHUecKMi NyTh CBA3aH ¢ peructpauuedn MII or
W30JIUPOBAHHBIX CTPYKTYp OHOOOBEKTOB. OTOT HOBBIA pas3zel
OMoMarHeTM3Ma, Ha3bIBaeMbIi WHOT/AA  IIUTOMAarHUTOMETPHEH,
TpeOyeT NOMOJHHUTENBHBIX YCTPOHCTB K BBIMTYCKaeMOW CTaHAAPTHON
amnmaparype no OMOMarHeTu3My M pa3BHBAETCA IMOKA TOJIBKO B OJHOM
MecTe, Ha ¢usndeckoM (akynpTeTe YHHUBepcuTeTa BanmepOmibra,
Hem-pumne, CIIA. W3BectHeld Owmomarnutonor J. BwHKcBO,
koTopeii B 1980 r. BmepBble HanmexxHo 3adukcuposan MII
M30JIMPOBAHHOTO HEPBHOTO BOJIOKHA JISATYIIKH TPH €r0 BO30YKICHNUH,
coobmmmn o peructparud MII OT OAMHOYHOTO HEPBHOTO BOJIOKHA
paka W OT U30JUPOBAHHOW MBIl CEepAla KPONHUKa. OTH
JOCTHKEHHA TIO3BOJISIIOT HAZESIThCA, UYTO B CKOPOM BPEMEHHU
uccaenoBarenu cMoryT 3adukcupoBatb MII oTnenpHOW HEpBHOU
KJIETKU TIpU €€ CIIaliKOBOM pa3psfe.

MHTepecHO B 3TON CBS3M Mpenmnoyio)keHue o Tom, 4uro MII
BO30YXZEHHOTO HEpBa CHOCOOCTBYET MUDJICHHU3AIMH HEPBHOTO
BOJIOKHA. B MOJTB3y TaKOro MPEAIoIoKeH!s CBUAETENBCTBYIOT (PAaKTHI
BBICOKON 4YBCTBUTEJILHOCTH HeWporyinu K BHemHUM MII y B3pocibix
KUBOTHBIX [61], otcyrcTBHEe »dddexrta O0OMOTKHM B KYyIbType
TIHAJBHBIX KJIETOK, MOBBIMICHHAS pPEaKIHs 3MOPHOHOB M MOIIOIBIX
OpPraHU3MOB, y KOTOPBIX NPOMCXOJUT MpOIECC MMIJICHHU3AlMH, Ha
BO3/IeiicTBHE BHEMIHUX ycriieHHBIX MIT u ocmabnennbix MIT [61].

[anHple HelipoMar€eTm3Ma TO3BOJSIOT TaKXKe MPEAIOI0KHTD,
YTO JOCTATOYHO CHiIbHOE BHemHee MII MOXXKeT MEHATh OpUEHTALUIO
JUIIOJIS, BOSHUKAIOLIETO MPU PAa3IUYHBIX CEHCOPHBIX Pa3IpaKCHUSIX.
IlommepKKkoi Takoro MPEnIoIOKEHUSI MOTYT CIY)XXHTHb JaHHBIE 00
n3MeHenun noj BiausHueM MII 3putenbHoro BII y dyenoBeka u y
KpOJIMKa, a Takxke comatoceHcopHoro BII y kpreicer [61].
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Mp1 3anuceiBasm MOIT u D0I y
YeloBeKa c MTOCIIEAYOLITIM
KapTUpOBaHWEM Tmois B  anb(da-
muana3one. O6pabotka poHoBEIX MOI'
MIPOM3BOAVITH c MIPUMEHEHUEM
CICKTPAIbHOTO aHaIM3a Ha OCHOBE
ObicTporo  mpeoOpaszoBanus  Dyphe.
PesynpraTel aHanmmza mokazanu Oolee
Oorarplii CHEKTp B HH3KOYAaCTOTHOM
JICNIbTa-MMANa30He 10 CPaBHEHUIO C

Prc. 2.  Pacnpeicienie 93T, 4TO MOXET OBITH MTEPCICKTHBHBIM

H30MHHHH MATHUTHOIO IO- B IUJIaHE BBIABJICHUSI MEIJICHHOBOJI-

as M3T B aanya-ﬂnanae' HOBOH MATOJIOTHYECKOW aKTHBHOCTH.

3‘:{?1%%”;3??;{3;%;?%2_ KaptupoBanne MOI' mnposogunu c

TAUHHKA WCIIONB30BAaHMEM  KOBapHUAIMOHHOTO
aHaJIM3a, 9YTO TOATBEPIIIIO TUTIONBHYIO CTPYKTYPY HCTOYHUKA anbda-
putMma (puc. 29).

[lepcriekTHBHO Takke W3yUYe€HHE MAarHUTOPETHHOTPAM-MBI MO
BnusiHEEM BHemHUX MII, TOCKOIBKY OHHM MOTYT BBI3BIBATh
3pUTENILHOE OINyIIeHUue (MarHuToQocheH) y 4YeroBeka, Mo B ATOM
cy4ae  BaXXHYHO  pOJdb  MOTYT  WrpaTb W MarHUTHBIC
cBoricTBa'pomoriciHa. O MarHWTHBIX CBOMCTBaX OWOJIOTHYECKHX
00BEKTOB M O WX NOCTOSHHBIX MII moligeT pedsr B CICAYIONIMX
paszjenax KHHUTH.

I'naBa 4 MarHuTHbIE MOJISI MOCTOSTHHBIX TOKOB

HJo cux mop Mbl pazdupanu 3HaueHWe nepeMeHHbix MII
Oumosorndecknx OOBEKTOB (B OCHOBHOM deloBeka). VIMEHHO 31ech
BBISIBISIETCS  OCTpasl KOHKYPEHIIMS MEXIy Maraurorpaduei u
anextporpadueii. OnHako, Korma pedb 3aXOJUT O XapaKTEPHCTHKE
MII moOCTOSIHHBIX TOKOB, OCTPOTa KOHKYPEHLHUH yMeHblnaercs. U
MarHUTOMETPHUSl CTAaHOBUTCS COBCEM YHHUKAJIBHBIM METOJIOM TIpH
OTIpeZieICHNH MAarHUTHBIX CBOWCTB OHOJOTHYECKUX OOBEKTOB U
BKIIIOYEHUI €CTECTBEHHOTO WJIM MCKYCCTBEHHOTO MPOUCXOXKICHUS.
06 »tux MII pedr moimeT B ClemyromeM IMmozapasaeiie. MBI yxke
ynomuHaim o [IMI'1, koraa roBopuiu o MII pr16, o MIT
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norepedHonoaocaTeix MpI, o MII rmaza. OToT mokazaTenb MOXET
WH(POPMHUPOBATh HCCIEAOBATENS O MAESTEIBHOCTH TOCTOSHHBIX U
HU3Kko4acToTHBIX (MeHbiie 0,1 ') Tokax KOXH. O JEATEIHLHOCTH
CKEJICTHBIX W TJaJIKUX MBI, B mocnenHem ciyyae pedb WACT darle
BCEro O MBIIIIAxX kenyaka. OMHIM W3 UCTOYHUKOB MOCTOSHHBIX MIT
OHMOJIOTMYECKUX OOBEKTOB MOXKET SIBJIATHCS MMOTCHITUAIT TTOBPEKICHUS.
BepositHo, oH ciyxkun ucrounukoMm MII panenoii peiObl. [pyroit
npuauHOW  Oymer — QopmupoBamme = MOCTOSHHBIX  MII  y
Pa3BUBAIOIIETOCS SMOPHOHA KYPHIIBI.

HeoxxumaHHOCTBIO, BHEpBBIE OOHAPY)KCHHOW NPU MAarHUTHBIX
M3MEPEeHHSX, SBHJIOCh TO, YTO IIOCJIE TNpHeMa XOJIOJHOH BOJNBI B
obmacTy OpIONTHOM IMOJOCTH YENIOBEKa BO3HHKAIO TMOCTOsSTHHOE MII.
Ono npocturano BeamunHbl 200 nTi, a 3aTeM MeIJIEHHO CIIajajio B
teyenue vaca [95]. Uepes yac mocne enwl rpaguentsl MII1 B obOmactu
KUBOTa 4YeJIOBEKa JOCTHTanu 75 wln/cM ®W comepKald s
MEepeMeHHBIX KOMMOHEeHT, [locie muTenbHOTO TiepephiBa B elie
(6omee 12 u) MII ymensbImanock 0ojee yeM B 3 pa3a U CTaHOBHIIOCH
MTOCTOSTHHBIM BO BPEeMEHH TN Kosiebamoch ¢ mepuomom 20 ¢ [138].

N3BecTHO, YTO MEXIy CIM3UCTOM W CEPO3HOH 000JI0UKaMHU
JKenmylka denoBeka cymectByeT noteHinuan 60— 80 mB [50]. Ilpu
MOPAKCHUU CIU3UCTOH OOOJIOUKH JKEIyIKa B TEUEHHE CEKPEUUu
KHCJIOTHI 3TOT MOTEHIHAJ yMeHbIIaeTcs. Ecimu Obl Takoe M3MEeHEeHne
yAaJI0Ch 3aperucTpupoBath npu u3MeHeHnn MII, To 3T0 MoOTrio ObI
CIIY)XHUTh CIOCOOOM JIMarHOCTHKH O€3 3ariaThiBaHUsS HEYT0OHBIX
CHenuanbHBIX TPpyO. BO3MOXKHO cuenaTh HECTOKHBIA JKCIIEPHMEHT,
MpOBOAS  W3MEPEHHs  TI0CHe  BBI30BA  CEKPEUHWH  KHUCIOTHI
(hapMaKOJOTHMUECKUM TYTEM WM NpU MpUeMe acnupuHa. MHTEepecHo
Takke u3MepeHue MII, cBA3aHHBIX C TJIAJKOM MYCKyJIaTypou
KHUIIIEYHUKA, YTO MTO3BOJIUT U3y4YaTh TUCHYHKITNHU nociaearero [143].

HanmoMHUM, 4YTO B HCCIEMOBAaHHSX JIICKTPUYECKON aKTHUBHOCTH
JKeNMyIKa y JIFOJIeH MOMYYrl pa3BUTUE METOJ| AJIEKTporacTporpaduu.
B sTOoM ciiyuae aKTHUBHBIA 3JEKTPOJA BBOIUTCS B JKEIMYIOK IMyTEM
30HJMPOBAHUS 4YEpPEe3 POT, MACCUBHBIN 3JIEKTPOJ (PUKCHUpYETCS Ha
KakoM JH0O ydYacTKe Tella CHapyKu. B 3ToM ciyuae mepemelieHus
QNIEKTPO/la B TIOJIOCTH OKENyAKa BHOCAT OOJbIIME TIOMEXH B
perucTpupyembiii curaai. Ilpu oOBoJakMBaHUM DJICKTPOJA MHINEH C
OOMBIION AMIICKTPUYCCKON MOCTOSIHHOM, HAMPUMED KUPOM, 3aIHCh
BOOOIIIE MOXKET MPEeKPaTUThCs. [[OMBITKA perncTpanny MOTEHIINAIOB
KelyKa y JIIoJIel ¢ MOBEPXHOCTH Tella CBS3aHbl C 3allyMJINBaHHUEM
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CUTHajJa DJEKTPOXMMHUYECKUMH IpolleccaMd Ha TpaHHLE Teno—
OTBOJSIINAN 3JIEKTPOJ, HABOAKAMH CO CTOPOHBI JPYTHX OPraHOB, B
YaCTHOCTH CUTHAJIAMH, COTIPOBOXAAIOIIUMHU COKpAIIeHU
KHMIIEYHUKA, 3JIEKTPOKAPAMOrpaMMON. DIEKTpUYECKHE MOTEHIHMANIBI,
TEeHEpUPYEMBIE KEITYI0UYKOM, PACTIPENEISAIOTCS IO BCEMY TENy Kak IO
00BEMHOMY TMPOBOJHHUKY: WX MOXHO 3aperucTpHpoBaTh Ha
MOBEPXHOCTH TPYJHOW KIETKM M pyK. MOXKHO HaaesTbCs, dYTO
pas3BHUTHE MarHUTOTacTPOrpaduIecKoro MeToaa MO3BOJIUT
M30UpPATETbHO PETHUCTPHPOBATH TOKH JKEITYAOYHO-KUIIIETHOTO TPAKTA.

Ecnmn wm3ydenme ractpomarHeTu3Ma TOPOAVIIN HCCIEIOBAHUS
MKT', To MUOMarHeTu3M BO3HUK MIPU Pa3BUTUH MarHUTOMUOTPadUH -
3TOTO0 HEWHBAa3WBHOTO METOJa PErucTpalud OHOIIEKTPUIECKON
aKTUBHOCTH TIOMIEPEYHOIO-TOCATHIX MBIIII], B OCHOBE KOTOPOH JIEKUT
n3Mepenre MII OT MOCTOSHHBIX W NEPEMEHHBIX TOKOB JAEHUCTBUSA
MBILII IPU UX COKPAIICHUH.

CTpyKTypHOW OCHOBOH MBIIIEYHOTO COKPAIEHUS SBISIOTCS
MUOQUOPIIUTBI -  TPOJAOJBHBIE  BOJIOKHHUCTBIE  CTPYKTYPHI,
pacrnosararoniecss B IpOTOIUIa3ME MBIIIEYHOTO BOJIOKHA CKEJIETHOM
MYyCKyJaTypbl. MpIIa CcoKpam@aercs IO IEeHCTBHEM HEPBHBIX
UMITYyJIbCOB, KOTOpble TPUXOASAT TIO JIBUTATE€IHHBIM HEPBHBIM
BOJIOKHAM K CICHHAJIM3UPOBAHHBIM OKOHYAHUSIM—IBUTATEIEHBIM
KOHLIEBBIM IUIACTHHKaM - W BBI3BIBAIOT 34€Ch OCBOOOXKACHUE
ANEeTIIXONNHA. ATETHIIXONHH JENOISpU3yeT MEMOpPaHy MBIIIEYHOTO
BOJIOKHA, B030yKAas TakuM oOpa3oM TOTEHIHal JeHCTBUS.
CymMapHasi KpuBas MHOTHX IEPEMEHHBIX MOTCHIHANOB JACHCTBH,
3aperuCTPUpPOBaHHAs C  TOMOIIBIO  HAKOXXHBIX  JJIEKTPOIOB,
npeacTaBisieT dekrpomuorpammy (OMI'). OMI™ gacTo ucmonb3yercs
NpY W3yYEHWU JBUTATEIBHBIX HApYIICHHWH, YTOUHEHUS JOKaIU3aLuu
MATOJIOTHYECKOTO MPOIIecca B HEPBHOW CHUCTEME.

Bnepeere MMI'  0Opuia  3aperucTpupoBaHa TP H3yUYECHUH
CKEJIETHOH MYCKYNaTyphl 4YeloBeKa B 0OJAaCTH JIOKTS NPH CXKATUU
pyku [99]. CurHan uMen Kak MOCTOSHHYIO, TaK U IEPEMEHHYIO
coctapstontyro MII. CnekrpanbHbiit anann3 MMI mokaszan Hanmaue
nuka 40 T'm npu m3MepeHusax Beime JokTd U muk 80 ['m mpm
U3MEpPEeHMAX y JagoHu pyku. Ammautyga MMI—okono 20 nTa.
MMI okoyo mpeAruieysbss uMella aMIunTyay okoio 2 mlm. [134]. B
pabote bapbanepa c¢ coaBr. [84] ommcana MMI' y JOKTS TIpHu
pacmuperHoi nosoce peructpanuu - 10 400 I'u. ITokaszaHo Hamuune
curHanioB MMI™ u Ha sTux yacrorax. Bo Bcex ciydasix curnan MMIT
ucye3asl NPHU OTCYTCTBHU COKPAIICHHWS COOTBETCTBYIOIIUX MBIIIII.
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MMI', 3anucaHHas ¢ MpaBOi HOTH YeJIOBeKa, onmucaHa B padbote Kora
¢ coanT. [85]. OxcmepumeHTsl TpoBomuian ¢ momombio CKBIUJ]
rpagueHTOMETpa MepBoro nopsaka. Jmamerp katymiku natunka—ia,4
cM. Cuctema MMena UIMPUHY MOJOCH mporyckanus 4 k1, a ypoBeHb
(OoHOBOTO 0O€JIOro IIyMa COCTaBIISLI 110" Tn I'm. B kauectBe
o0bekTa s u3ydeHus Gopmbl BojaHe MMI' HcIonb30BaHa rojieHb
yenoBeka. Och  KaTyIIKW  JaTydKa  pacriojlaraiach  MOYTH
NEePHNEHANKYIAPHO K  TOBEPXHOCTH  KOXH  HaJ  MNEpeaHen
OompIeOepItoBoi MBI, g TOMydeHHsT YeTKO BBIPAKCHHBIX
BOJIH WCTIOJIB30BAJI METOJUKY WX YCPEIHEHHS; MPH 3TOM TPHUTTEP
3alycKka YCpeIHUTENs cpadaThlBaJl OF OMNpPEICIICHHOW 3apaHee
3amanHol aMIuiuTyapl MMI -curnana. Jpeitd 0azoBoit nuann MMIT
TOJIEHH MaJl, TIO3TOMY TaKOH 3aIyCK MO3BOJIHMJ HAJEKHO YCPEIHHTH
32 mepBUYHBIC 3aMKCH. 3aMe4YeHO, uyTo BoiiHa MMI' oOnmagaer moutu
CUMMETPUYHON (HOPMOM, MPU 3TOM TPOJOIDKUTEIHLHOCTh HMITYIIECA
Ha ypOBHE TIOJIOBHHBI BBICOTHI MHKa coOCTaBisieT 4  Mc.
AcumMerpuuHas BoiHa MMI nosiygaeTcs npu BpallleHUW TOJIEHU Ha
45° BHYTpb BOKpYr ee ocu. XotTa crekTp yactor MMI' ronenu
mogo0eH TOMY, 0 KOTOpOM coobmmanock B pabore Koena ¢ coant. [99],
JUTITEIBHOCT, uMITysibca MMIT romenn Obuta 4 Mmc. [myOuna
pacnionoxeHuss ucrounnka MMI - curHamoB moa  Koxeu
ONpEeNeNsUiach OMBITHBIM IIYyTEM Ha OCHOBE HCIOJIb30BaHUSA
3aBUCUMOCTH aMIUIMTYJbl uMmnylibca MMI' oT paccTosHUs MeExay
MMOBEPXHOCTHIO KOXKHU U HIDKHUM KOHIIOM Jr0apa U cocTaBuia 1 cm.

IlpenBaputenbHOe U3y4eHHE TOTCHIUAIOB JIEHCTBUA TPHU
WCTIIONB30BAaHUM  BXXHUBIICHHBIX  JJIEKTPOJIOB  MOKAa3ajo,  YTO
MPOAODKUTENBHOCTh TIOTEHIIMAJIOB OJHOW JIBUTATEIHHOW €IUHHIIBI
BepXHEH O0JbIeOepIoBOil MBIl cocTaBiseT 2 - 19 mc. Tak kak
camas Oompmas amrumtyga MMIT 3apeructpupoBaHa Kak pa3 Hal
BEpXHEH OOJBITICOEPITOBON MBIMIIICH W IMPOIOJDKUTEIBHOCTE 3TOTO
MMI" umnynsca coctaBuseT 10 - 20 Mc, aBTOpBI A€7alOT BBIBOJ, YTO
uctouyHrnkoM MMI™ B TaHHOM cily4ae MOXKET ObITh OJIHA JBUTATEIIbHAS
SIMHUIIA BEPXHUX OO0JIBIICOSPIIOBBIX MBIIIIII.

JBI>KEHUS COBEpIIAIOT HE TOJBKO KOHEYHOCTH, HO U JpYyrue
opranbl opranm3ma. Ecim B 3THX oOpraHax ecTh OWOTOKH WIIH
MarHWTHBIE YacCTHUIBl, TO MAarHUTOMETPHYECKHH METOJ CMOXKET
3aperucTpupoBaTh  ABIDKEHHS ~ JTOro  oprana.  Hampumep,
anekTpookynorpammoii  (J0I') Ha3pIBaeTcs 3amuch HAKOXKHBIMHU
QNIEKTPOJIaMH  TOTEHIIMANOB y TJla3da TIPU ero  JBWKCHUHU.
Marnaurtookyiorpamma (MOI') cBs3aHa ¢ MATHATHOM COCTABIISIFOIICH,
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MOPOXKACHHOM TOKAMH JCHCTBUS TIa3HBIX MBI, AMmiautyna MOT
nmocturana 10 - 12 n'Tu [30]. Kapm ¢ coast. [121] moka3zamm, 4to, Tak
ke kak B Ha DOI', Ha MOI' d4enoBeka BIMAIOT HM3MEHEHHUS B
ocBellleHHOCTH. M3Menenust mocTostHHON cocrapistomeid MOIT npu
ajlanTanyyu Tlia3a K pa3judHbIM CBETOBBIM YCJIOBHSM JIOCTHTAIOT 5
n'T1 3a HECKOIBKO MUHYT.

B obnactu rma3a MOXXHO 3aperucTpupoBath He Toiasko MOI, HoO u
marautoperuHorpaMmmy (MPI) B otBer Ha 3acBer cerdyatku [85]
BEJIMUYNHOW B JIECATHIC JOJU MUKOTECHa. DTH METOJBI MHOTOE MOTYT
JIaTh O(pTaIbMOJIOTaM B WX KIMHHYECKUX HCCIEJOBAHHUAX, HO TPHU
peructpanmu MOI ciemyer y4UTHIBaTH BO3MOXKHOCTH apTe(aKTHBIX
BIUSHAN co cTopoHsl MII riaza. C 3TUX MO3UIHH, T. €. BO3MOXHOCTH
noMex ot MII jgpyrux opraHoB, cienyeT OIIEHHUBAaTh KaxKJ0e
OMOMAarHUTHOE HUCCIICIOBAHNE.

MII oT TOKOB, MOPOXKIAEMBIX B KOHEYHOCTSX, BIEPBBIC OBLIO
ommcano JI. Koenmom m gmp. (1980). OOHapyxeHO, YTO TMHHBIC
MYCKYJIbHBIE BOJIOKHA B pyKax W HOTaX MOPOXAAIOT 3HAYUTEIHHBIN
(mo 3 MA) Tok, Tekymui BAoiIb KoHewHocTH [101].

MarauTtHoe 1moie B pyKax NMPHUIHCHIBACTCA NEATEIBHOCTH MBIIIIIL,
TaK KaK OHO OTCYTCTBOBAJIO Yy MAIMEHTOB C MapajldoM PyK, K TOMY
JKe OOIIMPHBIE TOBPEXKICHUS KOXKHU (HAJTHMYME IIPaMOB, 0XKOTOB) HE
BIIUSUIM Ha pacnpezenieHue noieit. Jins pyk tpeboBancs HeOOIbIIONH
Maccak, 9ToOBl BBI3BATh TOKH, mopoxparomiue 3tu MII. B mecrax,
JIUIICHHBIX MYCKYJIaTyphl (HalpuMep, KeHCKast rpynb), MII ot aTux
TOKOB HE HAOIIOIaIIH.

OcHoBHast 11eNb, KOTOpyI0 TpecinenoBanu J[. I'paiiMmc ¢ coasr.
[85],—BBISBUTH pOJIb MOHHBIX TOKOB IpH pereHepanuu TkaHei. C
STOW WENbI0 OHM W3y4Yanu cranuoHapHbie MII, Bo3HUKaromue B
00J1acTH TOJIEHU Y 3[TOPOBBIX UCTIBITYEMBIX: H3MEHEHHE STHX TOJNeH B
3aBHCHMOCTH OT TIOJOXKCHHS KOHEYHOCTH M BpPEMEHH, a TaKkKe WX
B3aUMOBSI3b  CO  CTCIEHBIO  MBIIICYHOTO  COKpALIEHUS WU
paccnabneHus. VcnpITyeMbli Jiexkan paccliaOMBIIUCH, TTOJIOXKUB HOTH
Ha TOPH3OHTAJbHYIO IIargopMmy, BbICOTA KOTOPOH  MoOrja
PETYIINPOBATHCS TaK, YTOOBI 0OCCIICUYNBATh MAKCUMAIBHYIO OJU30CTh
HOT UCIIBITYEMOTI'O K JIETEKTOPY. VI3MEeHs MON0XKEHUE UCTIBITYEMOTO,
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MOKHO ObLIO HccienoBath MII BOMU3M nepeHeii/3anueii 1 OOKOBOM
MOBEPXHOCTH HOTU. Meronq cOopa ©  yCpeOHEHHS JaHHBIX
obecreunBan CpeIHeKBaapaTHueckuii yposenp myma 1-10"2 Tn B
nuarna3zone yactoT oT 0 mo 40 I'm.

Hecmotpss Ha Hammume BapuabeIbHOCTH OT HCHBITYEMOTO K
UCIIBITYEMOMY, MAaKCHUMAaJIbHbIC 3HAUCHHUS TMoJied HaOmogamu B
00nacTH, PacIIONIOKEHHOW MPUOIU3UTEILHO HAa PACCTOSHUHM OIHOU
TPEeTU JUIMHBI KHH3Y OT auadusa OonbiieOeploBONH KOCTH, T. €. B
MEeCTe MaKCHMAaJIbHOTO 3HAYEHHUS IUIOMAJAN TOMEPEYHOTO CEYeHUS
MbIIIeL.  [IpencTaBieHbl JaHHBIE OIHOTO W3 UCHBITYEMBIX, Ha
KOTOPOM OBUIM 3aperuCTPUPOBAHBI CHTHAIIBI MPOTHBOMOIOKHOTO,
He)Xenmn 00bIYHO, 3Haka. Korma 3TOT mcmbITyeMblil paccialusiics,
3HaYCHHE CHUMAeMOro  CHUTHaJIa  BO3pacTajio B TCYCHUE
npuOIM3UTENHHO 1 9.

Bun cursamoB, KOTOpBI OOBIYHO HAOIIOMATH aBTOPHI ITOH
paboTsl, cormacyercss ¢ ()akTOM HamU4dsg ABYX IMPOTHUBOIOJIOXKHO
OpUEHTHPOBAHHBIX W TPOCTPAHCTBEHHO pa3fCiiCHHBIX TOKOB,
MPOXOAIMINX MapajuleIbHO ¥ MPOTHBO-TIAPAUIEIHHO MBIIICYHBIM
BOJIOKHAM.

Jlist uccneioBaHus He TITyOOKO MPOTEKAIOIIUX MMOCTOSHHBIX TOKOB
KOXH ueyoBeka B pabote [101] wmcmonb30BaH crenuaiu3upoOBaHHbBIN,
TaKk Ha3bpIBaeMbIH 2D-rpagueHTOMETp, CIIOCOOHBIM OINPEACNATh Kak
BEJIMYMHY, TaK ¥ HAIIPABIICHUE TOKOB.

3aMeueHO, YTO TMPH HAJNABIMBAHWW TAJBIEM HA IOBEPXHOCTh
TOJIOBBI  YENIOBEKa, TMOKPBITYI0O BoOJIOCOM, 2D-rpa-aueHTomMeTp
pETUCTPHUPYET TOKH, paclpee’eHne KOTOPBIX Y BCeX 00CIIeIOBaHHBIX
MYKYUH OJHO W TO K€, MPUYEM OHO HE MCHSETCS MPHU Pa3TUIHBIX
BO3JICHICTBUAX Ha 4YeJOBEKa, BKIOYAas JIOKAJIBHBIA HarpeB. OTH
MMOCTOSTHHBIE TOKH, co3garomnue MII ¢ rpammentom 10 - 25 nTu/cm,
TEKYT IO KOXE TOJIOBBI, COOMPAsICh CO BCEX CTOPOH B paifOHE TEMCHH.
OHu He HaiiieHbl Ha J0Y, JIBICHHE, MTOJT MBIIIIKaMH, Ha JIOOKE, HO SIBHO
BBIpQXEHBI Ha TPyAH TIPA Pa3BUTOM BOJOCSHOM ITOKPOBE.
HampaBneHnue 3TUX TOKOB COBMANacT C HAIPABICHUEM BOJOCSHBIX
¢domukymn. W3mepsiss pa3HOCTh TOTEHIIMANIOB, OOHAPYXUTh TaKUE
SIBIICHUS] HEBO3MOXKHO.

Takum o0pazomM, MBI MOXXEM TOBOPHTH O 3apOXKIECHUH
JIEPMOMarHeTu3Ma, cBs3aHHoro c¢ wusydeHuem MII koxu. MoxHO
MoJIaraTh, 9TO TAKOE HAIlpaBlieHHE Oy/IET MEPCIEKTHBHBIM, IIOCKOIBKY
3TOT OpraH MepBbIM BCTPEUAETCS C BHEIIHEHW CpeJloH.
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I'masa 5

MarauTHbIe BKJIIOYEeHHS H MATHUTHBIE CBOIICTBA
0MO0JI0rHYeCKHX 00LEKTOB

Eme M. ®apaneit omnpenenus, 4YTO JAEpPEeBO, KPOBb U MsSICO—
JTuaMarHuThl. V3BeCTHO, YTO JAMaMarHeTU3M HEKOTOPBIX OaKTepuit
yBennunBaetcs npuMepro Ha 4% mocne ux rubenn [82]. CaBocTuH
[cMm. 22] HamessIcs BBIACHUTH MEXaHW3M nelicTBus BHemHUX MII Ha
MyTH TIOMCKA BEIIECTB C BBICOKOW MAarHUTHON BOCIPUUMYHUBOCTBIO B
O0HOOOBeKkTax, B mocnenHee necsaTuneTHe pa3BUTUE HCCICIOBAHUN
MIPUBEIIO K 00OHAPYKEHUIO MAarHETUTa €CTECTBEHHOTO MPOUCXOXKICHUS
[8, 33,41, 127, 128]

OTn wuaen HaubOoyee SPKO TMPOSBHIUCH TPU UCCICAOBAHUHU
OocTeOMarHeTH3Ma B OpPTaHW3ME€  I03BOHOYHBIX  KHUBOTHBIX.
MnmocTparueit Takoro mojxojia ciiyxaT pesyibTathl P. bakepa c
coanT. [80], koTopeie ompenensiu nocie Bozaercteus MII 0,2 Tn
MarHWTHYIO BOCHPHHUMYHMBOCTH pPa3IMYHBIX OpPraHOB 4YEJIOBEKa C
MOMOIIBIO ~ acTaTH4ecKoro MarHutoMmerpa. OCHOBHBIE JTaHHBIC
MIPUBEICHBI B TA0I. 5.

W3 Tabn. o BUAHO, YTO MarHUTHBIC CBOHCTBA CHHYCOB YEIIOBEKA
OTIIUYAIOTCA OT MAarHUTHBIX CBOWCTB JPYTHX OPTaHOB. 3aMETHM, YTO
U MarHWTHBIC CBOMCTBA NMHUHEATBHO-TO OpraHa BBIICIAIOTCS CPEIu
JIPYTHX Y4aCTKOB MO3TOBOHM TKaHW, HO aBTOPHI Ha 3TO HE 00paImaroT
BHMMaHU. B To ke Bpems H3BECTHO, KaKk Ha OCHOBAaHWU HEHPOPHU3NO-
Jorudeckux NaHHBIX CeMM ¢ COaBT. MPUIHCHIBAIOT MHIIE-AIEHOMY
Oprany MarHUTOpPELEeNTOPHYIO QyHKIHIO [ 141].

P. bakep u coasr. [80] mpoBenmM W TUCTOJIOTMUYECKUE
WCCIIEIOBAaHNS YKa3aHHHBIX 00pa3noB. VIHTEHCHBHAS KOHIIEHTpAIUS
JKeye3a 0TMEUallach TOJIBKO B KOCTH CPEHOHU-7a (3TMOUJ CIYXOBOIO
koMmIuiekca). KoHmeHTpammu  xkenmeza uMenn  (QopMy  ClIoeB
NpUOMM3UTENFHO 2 MKM TONIIMHONM W OKOJO 5 MKM HIDKE
MMOBEPXHOCTH KOCTH, 00pa3ysl W BHEUIHIOIO, M BHYTPEHHIOID CTEHKY
cuHyca. Y NOoruouiero OT WIIeMUM MAarHETHTa HE HAILIU (JaHHBIC HE
BONUIM B TabmWIly). ABTOpBl TIOJIAral0T, dYTO apTedaKTHOTO
MarHATHOTO 3arpsi3HEHHs MaTepuajia BO BpeMsi 00pabOTKH HE MOTJIO
OBITh.

Kazanock Obl, Takue MCCIICIOBaHUS JODKHBI JIOTHYHO BIMTHCS B
pyclIo TeYeHWH COBPEMEHHOTO OWOMAarHeTH3Ma W OJHOBPEMEHHO
CIIy>KHTbh HQJICKHBIM CBSI3YIOIIMM 3BEHOM MEX]y OMOMarHeTU3MOM U
MarHUuTOOHOJIOTHEH.
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Tabama 5 Vnayinponansas ocTaTouMaR HaMarHWMEHNOCTH
Txaﬂlﬁ yepoBEKd, Bblpame“"aﬂ B SJleKTpDM.‘irHIITHbe eJHHHUAX

(3- m. e.}
CpegHgsa OCTATONHAA
Yucao | Hncho HAMATHHYCHROCTE (AH3~
Trar YyacTor Tena mopef | npoS maaoH) 5. M. e.x 10~4
Ha 1 T THaWK
Markne | Mosr 2 5 | —0,004 (—0,007—
TKaHH | —0,003)
ObonsTeALNAA XOMA 1 1 | 0,008
3puteannuit  mepe-| 4 i |0,009
Kpect
Trepaaa obosouxa 3 4 10,245 {(—1,790—
(Bepxyluka wepena) —0,900)
Teepaaa ofioouka 3 5 | 4,540 (—0,010—
{ctheHoRN) —6,520)
[TAHeabHuI OpraH 4 4 | 2,360 (—0,234—
—8,380)
KocTH PeGpo 1 1 0,780
Yepen 1 1 ]14,150
Hocopsle paxoBHER 1 112,050
Coeriong 1 1 {0,190
Creukn | Cmnye copenompa -] 2 4 | 18,110 (5,810—
STMOHHEE  (hpar- —24,000)
MeHTH
Cunyc cgenoHza 4 7 | 13,000 (3,020—
ye che —31,580)

OpHaKoO TOHMCKHM E€CTECTBEHHOTO MAarHeTHTa OCTalOTCS TIOKa
3a00TOW T€OJIOTOB M 300JI0TOB, 2 OMOMarHETU3MOM IPOAOJIKAIOT
yBIEeKaTbCsl (U3NKM W KIWHUIKMCTBL. TOJNBKO Ha IIKOJE TIO
Oouomarnetusmy B MHrtamum ObT mpencTaBieH OOMIMH JOKIaL
Kupmsunka [85], HO B mporpaMmy KOH(EpEHIHi 3Ta TeMa MOoKa He
Toraana.

B T0 xe BpeMs Ha OMOMArHUTHBIX KOH(EPEHITUIX 00-CYKTAFOTCS
npobjeMbl MMHEBMOMAarHeTH3Ma, KOTOpBIE, CTPOro TOBOps, K
COBpPEMEHHOMY OHOMAarHeTM3My MPHUTAHYTHl HMCKYCCTBEHHO. OTO
MIPOM30IIIII0, BO3MOXKHO, moToMy, 4uTo JI. Koen [95], m3yuas MKI,
ciydailHO OOHapy>KWJI HCKYCCTBEHHBIE MAarHUTHBIC BKJIIOYCHHS B
JIETKUX HEKOTOPBIX HCIBITYEMBIX. Tak, MTHEBMOMAarHETU3M, O KOTOPOM
MONPOOHBIA Pa3roBOp BIIEPEOH, BIWICA B CEMBIO COBPEMEHHOTO
OMoMarHeTn3Ma, XOTS WCTHHHBIM POACTBEHHUK (TIOMCK BKJIFOYECHUN
€CTECTBEHHOT0 MAarHeTHTa) 3aHUMAaeT CHPOTCKOE IIOJNOXKEHHe, a
MOXO0’KHe Ha MHeBMOMarHeTn3m [Ipo6ieMbl MarHUTHOTO TPaHCIIOPTa
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mekapcTB [52] coBceM He o0OCyXmaroTcss Ha OWOMarHHTHBIX
KOH(pEPEHIIUAX.

Ecnu ObITh TIOCTIENOBATENBHBIM, TO H3YYCHHE HCKYCCTBEHHBIX
MarHUTHBIX BKJIFOUEHUH B OMOOOBEKTaxX CJIEOBANI0 OBl OTHCIHUTH OT
OmomarHeTH3Ma (3mech MarHeTU3M HE OMOJIOTHYECKOTO
MPOUCXOXKIeHUS ) u pa3aenuTh Ha MTHEBMOMATrHETU3M,
Ba30MarHeTu3M (MarHUTHBIA TPAHCIIOPT JICKAPCTB MO KPOBECHOCHOMY
pycialy) ® TacTpoMarHeTusM (Koraa pedb HAET O MarHUTHBIX
BKIIIOUEHHUSIX B MHIIEBAPUTENILHOM Tpakte). B mocnmemneM cirydae
MOKHO OMPE/ICIIUTh, €J1 I YeJIOBEK MHIIY, HAaXOSIIYIOCs B JKEIe3HOU
KOHCEPBHOI 0aHKe WIIN U3 IPYTOH IMoCcy bl [95].

ITo moBoxy ecTecTBEHHBIX MarHWTHBIX BKJIIOYEHHH B KOCTH HOCa
yeJoBeKa UMEeTCs HECKOIbKO TumnoTes [80]

1. CuHyCOBBIE KOCTH SIBJISIFOTCSL YacThlo Aemo xkene3a. Ciydail ¢
aHEMHUYHBIM CYOBEKTOM ITOKa3bIBAaeT, YTO MaTepuand OTCYTCTBYET,
KoTJa CyOBEKT CTAHOBHTCS JKEJI€30-1e(DUITUTHBIM.

2. MarHuTHBIC OTKIIOHCHHS CBSI3aHBI C BOCIPHUSTHEM BHEITHHX
MIL

3. MarHuTHBIH MaTepuai CBsI3aH C POCTOM M BOCCTAHOBJICHHEM
KOCTEH.

[lepeunciieHHbIe TUMIOTE3B HE UCKIIOYAIOT APYT Apyra. HyxHbI
JAbHENIIINE UCCIIEAOBAaHUS ISl YTOUHEHHSI BRICKa3aHHBIX THIIOTES.

YMECTHO  3aMETHTh, 4YTO T[CYCHb  SBIICTCS  TJIaBHBIM
JIOKAJIM30BaHHBIM MECTOM XpaHEHHWs Jkeje3a y deioBeka. [lpm
3a005IeBaHUAX KOHIIEHTPAITUS JKeJle3a MOXKEeT 1alaTh WIIM BO3PacTaTh.
C momompio CKBW/la, BHeIpeHHOr0 B TPAKTHUKY OOIBHUITHI IS
KIIMHUYECKON JMarHOCTUYECKON paboThl, yHaeTcs KOIHMYSCTBECHHO
OILIEHWTH M30BITOK WJIM HEIOCTATOK JKeJie3a B TIEUYEHU U ITOT METO
MMeeT BECOMBIE MMPEUMYIIeCcTBa mepen ApyruMu. Takum oOpa3om, re-
[aTOMarHeTU3M  MOXET  3aHATh, JIOCTOWHOE MECTO  Cpelu
MEPCIIEKTHUBHBIX METOJIOB MATHUTOMETPHUH.

EcTecTBeHHBIE MarHUTHBIE BKIIIOYEHHS OBUTH OOHAPYKEHBI TaK)Ke
B HaJINIOYCYHUKAX YeoBeka [123], Ho 3To coOOIIeHHEe 0CTaIOCh MTOKa
B CTOPOHE OT MOTOKa WH(popManuu (CBOCOOpa3HbI MarHUTOBBIN
OyM) O comepKaHMM MarHeTuTa B KOcTsAx deperna. C MOMOIIBIO
METOJIOB MAarHUTOMETPUH B CPE3axX MO3Ta TOIyOeil, mpeaBapuTeIbHO
nometeHHbIx B MII, ObitM OOHapy»KeHBI HATYpaJbHbIC MarHUTHBIC
MaTepuanbl B MPOCTPAHCTBE MEXKIY TBEPIOW OOOJOYKOM MO3ra H
gepernoM. JTO TMO3BOJIAET MPEANOJIOXKHUTh, YTO JJISi OPHEHTAllMH B
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MpocTpaHcTBe TonyOuM momib3ytorcss uHpopmammedr o [MIL
Brickas3piBaioce MHEHHE O BO3MOXKHOCTH HAKOIUICHHS JKene3a B
TOJIOBE TOIYO0s 332 CUET IPUTPOIIUTOB KpoBH [124].

B 371011 cBSI3U yMECTHO YHOMSHYTH 00 OTPBIBOYHBIX CBEICHUAX 110
remaromMareTu3sMy. Eme B 30-x rogax OBIJIO HM3BECTHO, 4YTO Y
JIEOKCUTEHUPOBAHHOTO TeMOTTI00NHA Ha 7% yMEHBIIaeTCs MarHUTHAS
BocnpuumMunBocTh [133]. B. W. Kapmunos [22] B 0030pHO#1 cTaThe
YKa3bIBaeT Ha U3MEHCHHSI MarHUTHBIX CBOWCTB KPOBH YEJIOBEKa MU
3aboneBaHUM  pakoM. TeopeTwdeckd O0OOCHOBAT BO3MOYKHOCTH
MarHATHOTO B3aWMOJIEHCTBHS Bpamiaromuxcst 3purpountoB A. JI
UmwxkeBckuid [68]. M. Myposma [120] mokazan, 4TO IOCTaTOYHO
CHIIBHOE BHEIIHee MocTosiHHOe MII He BIMsSeT Ha APUTPOIUTHI
3IOPOBOTO YEJIOBEKa, HO OPHEHTHUPYET OJPUTPOIHTHI OOIBHOTO
CEpIIOBUIHO-KIETOUHOH aHemueld. CoBeTckue (QHU3MKH, HCCIenys
MOBEJICHUE SPUTPOLIMTOB KPOBH YeJOBeKa BO BHenmrHeM MII, mpuruim
K BBIBOAY, YTO «MAarHWTHAas BOCTIIPUUMYHUBOCTH (PYHKIIHMOHHUPYIOIIEH
KJIETKH fABJseTCS (YHKIMEH ee (PU3NOJIOTHYECKOTO COCTOSHHUS W
MO3TOMY M3Y4YEHHME 3TOH BENUYMHBI MMEET CYIECTBEHHOE 3HA4YEHUE
JUTSE pa3pabOTKH HOBBIX METO/I0B MEIUITMHCKON TUArHOCTUKI» *.

K momoGHBIM  BBIBOZAM TIPH  HCCIENOBAaHHM TOTO K€
Ononornyeckoro o0beKTa MPUIUIM W Jpyrue uccienosarenu [39,
130].

Ho nanbonee moapoGHO MarHUTHAs BOCIIPUMMYHBOCTH M3YyUeHA Y
OakTepuii B CBS3M C OOHApYKCHHUEM Y HEKOTOPBIX BHJOB JTHX
OpraHM3MOB MarHUTHBIX BKIIOYeHHUH [87] W crnenudpuveckux
opraneuI-MarauTocoM [86]. HekoTopble XapaKTepUCTHKH CBOWCTB
9TUX OaKTepHil M OpTaHeI MPUBEICHBI B Ta0N. 6, B3ATON U3 pabOTHI
Haxxama ¢ coapr. [104]. bakrepun comepkaT OOBIYHO JIMHEHHYIO
MEMOYKy mpuMepHO U3 20 KyOOBHIHBIX OOTaTBIX KEJIE30M YACTHII,
KaKIlasi W3 KOTOPBIX MMella CTOpOHY okoJio 50 HaHoMeTpoB. Bmecte ¢
KammMun oH oTmerwn, 4Ytro OakTepuu COJEpKaT IMOCTOSHHBIN
MarHWTHBIA JUMONb. VM, HaKOHEN, HCIONb3ys MeccOaydpOBCKYIO
criekTpockonuto, ®paHken W biaekMop IMoOKa3aiau, 4YTO >KEJIE3HbIE
rpaHyibl coctost u3 MarHetuta (Fe304), yacto Ha3piBaeMOro
MarHMTHBIM Kelle3HAKoM. Kaxmas w3 3Tux rpaHyn Obula OKpy)KeHa
MeMOpaHOi Wi 000709KOH. bIeKMOp M €ro KOJIJIeTH OKPECTHIH HX
MarauTocoMamMu. OHU COCTaBIISIFOT OKOJIO

* Kownoopckuii E. U., lanvieun A. H. MarseTu3sm OHOJOTHMYECKUX
MHKpPOOOBEKTOB//XY  BceecorozHas koHpepeHIus 10 (HU3UKE
MarHuTHeIX sBieHud. [lepms, 1981. Y. 1. C. 144.
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2% cyxoro Beca Oakrepuit m cogepkaT B 10—100 pa3 Gonbiie
JKere3a, YeM UMEeTCs y HEeMarHUTOTaKTHIIBHBIX OakTepwii [ 128].

MarautrocoMHasi IIeloYKa JOCTaTOYHO BeJIWKa H  00Jamaer
CYIIECTBEHHBIM MarHUTHBIM MOMEHTOM, YTO C (PU3NYECKOH TOUYKH
3peHus oOBsicHseT opueHtanuio Oakrepuii B MII. Hampuwmep,
MepTBBlE  OaKTepUH  TPOAOIDKAIOT  OPHUEHTHPOBATHCA  BIOJH
MarHWTHBIX CWIOBHIX JuHHA. Korma >xuBble OaKTepUHU IUIBIBYT,
OpHEHTAIUS BBIHYXKJAET WX TEPEMEIIAThCS BIOJIb CHIIOBBIX JIMHUN
noJisl. B ceBepHOM MoNTymIapuy JTMHHUH TIOJISI HAKIIOHEHBI BHU3 B TaKOH
MO3UIMH, YTO TEPEIBMKCHHE K CEBEPHOMY IIONIOCY PaBHOCHIBHO
NepeABIKCHUIO BHU3. biekMop mpeamnonaraer, 4To MarHUTOTTAKCHUC
MOJKET YKa3bIBaTh OaKTepWsM HalpaBlIeHWE BHU3 K OOEIHECHHBIM
KHCJIOPOJIOM OCajKaM, T1e OHHU ce0s 4UyBCTBYIOT JIyUIIIe.

UroObl mpoBepUTh 3Ty Tumoredy, biekmop u Ap. coOpanu
OakTepun u3 ocaakoB B Homoii 3emannuu u B Tanzanuu B 1980 r.
DTOT pailoH MMEeT TO K€ CaMOe MarHWTHOE CKIOHEHWE, YTO U B
HoBoit AHTMHM, HO TIPOTHUBOIIOJIOKHOTO 3HAakKa. b0 OoOHApYX)EHO,
9TO OaKTepUU OBUIH MPEUMYIIECTBEHHO OPHEHTUPOBAHBI K IOTY, UTO
OIISITh YKa3bIBAJIO Ha JBM)KEHHE KO nHy. HezaBucumo ot HuX Kupm-
BMHK HAIIIeJ F0)KHOOPHUEHTUPOBAHHBIX OaKTepwii B ABCTpaJIHH.

Openken u baekmop BnocnencTBuu coOupanu OakTepuu Ha
MarHMTHOM SKBaTope B bpaswimuu, rjie MarHUTHBIC CHJIOBBIC JIMHUU
MmapauieIbHBl  TOBEPXHOCTH  3eMiM.3A€Ch OHH  OOHApPYKIIIH
MPUMEPHO PaBHOE YUCIIO OakTepuii, OPUCHTHPOBAHHBIX K IOTY M K
cesepy [112].

K Hacrosmemy momeHTy biiekMop M Jp. ONpeNenuiaud OKOJO
TIOKUHBI  MOP(OJOTHYECKH PA3NUYHBIX OaKTepuil, HMEIOUINX
MarHMuTOCOMBI. HekoTopble W3 HHUX, TakWe, Kak AKBAaCBUPHILIYM
MarHeTOTaKTHKYM, SBISIOTCS €OUHCTBEHHBIM BHIOM, PAacTyIIMM B
YUCTON KynpType. OHM HMMEIOT XTYTHKHM Ha OOOMX KOHIIAX, YTO
MO3BOJIAET WM IUIBITH B JIFOOOM HAIPABICHUU TIO JIMHUSM OIS,
brnekmop u np. mokaszanu, 4TO OHU TaKKe 4YyBCTBUTENBHBI K O3 u
TUTBIBYT BIOJb JIMHHWA TOJS, €CIH B TO K€ CaMOE BpeMS HMEeTCs
ontuManbHas KoHueHTpauusa O2. MccnenoBaTen B HaCTOSIIEE BpeMsi
M3y4yaroT (PU3MOJIOTHIO OaKTEPH U Cpelld MPOYETO OMPENEISIOT, KaK
CHHTE3UPYIOTCSI MATHUTOCOMEBI M KaKyI0 POJIb MOKET UT'PATh Kele30 B
3JIEKTPOHHOM TPAHCIIOPTE.

Takoit moaxo/| IPUBEI K yCIEeXy U B 00J1acTH PUTOMArHeTu3ma.
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®panken ¢ coant. [128] coobmuam 00 OTKPBITUA MAarHUTOTAKCHUCA Y
3€NICHBIX Bomopociei. Bomopocanm poma XitamumomMoHac ObUTH
W3BIICYCHBI W3 3arps3HEHHOW NPHOPEXKHOW JaryHel peku Puo e
JKanetipo. OHM ObUTM OPUCHTHPOBAHHI K IOTY, W peEakius ObLIa
mogoOHa TOHM, KoTopas HaOmomanmack y Oaxrtepmii. IlaccuBHas
OpHUEHTAIHS KJIETOK OCYIIECTBISUIACH Yepe3 WX MArHUTHBIH MOMEHT
(xoTOpBIH, YTO MHTEpecHO, ObLT B 10 pa3 Oomblie, yeM y OakTepuit).
Ho wuccrnenmoBarenm eme He yCHmenw BBIPACTUTH JOCTATOYHO
BOJIOpPOCIIE B KyJIbType, UYTOOBI OINpPENEIHTb PACIOJIOKEHUE
MarHetuta B KieTke. [lozgnee Dpanken wu30nMpoBal TOAOOHBIC
CEBEPOOPUEHTHPOBAHHBIE BOJOPOCHH. OTH OTKPBHITHA SBISIOTCS
MIEPBBIMHU SICHBIMH HAOOJEHISIMI MarHUTOTAKCHCA y DYKapHUOTHBIX
OopraHu3MoB (0akTepum SBISIOTCS MPOKAPUOTAMU. KOTOPHIC HE
00najaloT  KJIETOYHBIM  SPOM W HEKOTOPBIMH  JPYTUMHU
BHYTPUKJICTOYHBIMHI OpTaHeJUIaMH, B TO BpeMs Kak BOJOPOCTH W
BBICIIIE OPTaHU3MBI SBIISIOTCS 3YKapHOTaMH U 001a1al0T UMH).

DyHKIHMS MAarHUTOTAKCHUCA Y BOJIOPOCTICH HESICHA, XOTS U3BECTHO,
9TO0 XJIaMHUAOMOHAC MOTYT OBITH T€TepOTpOPaMH WIH aBTOTPOdhaMHU:
OTCIOJIa CIIEAYeT, YTO OHU MOTYT WM abCOpOMPOBATH BCIO MHILY W3
OKpy>Karoleil BOAHOH Cpelbl, MM MPOU3BOIUTH HEKOTOPYIO €€ 4acTh
mocpeAcTBoM (oTtocuHTe3a. DpaHKen NpearnoiaracT, 4To MarHu-
TOTaKTHJIFHBIE  BOJOPOCIM  MOTYT TOJNy4aTh  ONpeAelicHHbIE
MPEeUMYIIeCTBa NPU 3aHATHH TEeTEPOTPOPHOI HUIIM B CBOEH cpere.
HeratuBublii Qororakcuc (Murpamus OT CBETa) €IIe paHbIe
Ha0oanmack y xaamugoMonac [128].

Heckonpko wccnenoBaTeneii oOHApYKWJIM MarHeTHT Yy IPYTHX
sykapuoT. Peur yxe wumer o 3oomarHetmsme. Dyi-mep u ap.
coOOmMIM, YTO OOHAPYKWJIM MAarHeTUT B TOJOBaX YeTHIPEX
nenbGUHOB. MarHeTUT OBUT HaWIEH MEXAY TBEPAOH O0O0JOUKOM
MO3ra M 4epemnoMm, T. €. B TOM K€ CaMOM MecTe, IJe OOHapyKWIn
MarHeTuT B ToloBe Yy Toay0os. @Dymiep u  3orep 1o3ke
WICHTH(UIMPOBAIN MarHETUT B TOM )K€ MECTe rojioBsl kuta KaBbe.
(Bce omBITBHI TIPOBEACHBI Ha BBIOPOCHBIIMXCS MEPTBBIX JKUBOTHBIX,
MpelHA3HAYCHHBIX JUIS My3es HarypaiabHoW wuctopuu Jloc-
Amxerneca).

HabGmromanu Taxke MarHUTHBIE YacTHIBI Y TYHIIOB, TOIXyOOTO
MapliiHa W 3€JCHBIX Yepernax. MarHUTHBIE YacTHUIBl Yy 4Yepernax
MPOHU3BIBAIM BCE TKAaHW, HO Yy TYyHIAa W MapidHa OHHU
KOHIIEHTPUPOBAINCH B STMOWIHOW TOJIOCTH, Ky/la BXOASAT KOCTH
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CTEHOK H IEPeropoika HocoBoM mojoct. Takum o0pazom, 3To Ooiee
WIN MeHee Ta ke camas o0jacTb, rie ObT HAaWAEH MarHeTuT y
nenbGuHOB M roiyoOeit. bakep ¢ coaBr. [80] cooOmman, dYTO
OOHApYXHUIU MAarHeTUT B 3TMOUIHOM TMOJOCTH y TPBIBYHOB U Y
moneit; KupmBuak [124] coolman o Takoil ke JIOKaIM3aluu Y
o0e3pssH. Bo Bcex ciywasx mHccienoBaTeNld  OTMEYalH, dYTO
MarHWTHBIC  YacTHUIBI  OBUIM  OKDPYXKCHbI HEPBHOW  TKaHbIO,
MOJTBEPKAasi BO3MOKHOCTh B3aMMOJCHCTBUS MEXKIY YacTHUIAMHU U
MO3TOM.

IIpumepoM 1UTOMarHeTU3Ma MOXET CIY)XKHTb HE TOJBKO
peructpauuss MII HepBa. KupmBuHK ¢ coaBT. HaOxronanmu
OCTaTOYHBIA MarHeTW3M B JBYX THIIAX OIyXoJied MbImer—Y C-8
muMmpome w JerodyHod omyxonn JleBmd. TkaHW dYeITOBEUECKOM
KENyJOYHOH, KUIICYHON M MOYEYHOH KapUUMOMBI HE OOHApPYKWIN
3HAYUTEIIFHOTO OCTATOYHOTO MarHeTU3Ma, Tak JKe€ Kak M TKaHu
3710pPOBBIX MBIIIIEH.

HccnenoBatenu  Haluid, 4YTO KIETKHM  OIyXOJIeM  Mbllien
coJepKajl MPUMEPHO MATh MAarHETHUTOBBIX YaCTHIl HA KIETKY (UTO
OBIJIO OMpEeaeNeH0 MO0 WX MarHUTHOMY MOMEHTY) B CpaBHEHHH C
COIep)KaHHEM MEHee YeM OJHAa 4YacTHIla Ha ThICSYy KIETOK ¥
OITyX0JIeH YenoBeKa u y apyrux TkaHeil. ['abpax n batkun momemanu
TaKXKe KyJIbTUBUpYyEMble Omyxonu B pasnuunble MII, dTo6bl
OTIpeAeNuTh WX BIHAHKME Ha pocT omyxomn. Omyxonb JleBnc He
pearuposana Ha MII, a knetku YC-8 pearupoBanu. Bozneiicteue MII
10 mnTn ¢ wacroToit 2000 'l 3HAYUTENBHO YCKOPSIIO POCT KIETOK,
TOrJa Kak BO3JeiicTBHe MOA0OHOTO TOods C dactoroil 60 I
3HAYUTENFHO 3aJIepKUBal0 pocT. MccrneaoBarenn MBITAIOTCS TOYHO
OTIPEICNINTh, B KAKOH YaCTH KJIETOK JIOKAJTM30BaHbl YaCTUIIBI U KaKYyIO
BO3MOXHYIO (DYHKITHIO OHH HECYT, KpOME XpaHWJIHINA JKejie3a [CM.

128].
W3 nansbIX Tabm. 6 [104] cremyeT, 4TO OCHOBHBIE OCOOCHHOCTH
MAarHUTOTAKTUIIBIIBIX OakTepuit OMpPENEIAIOTCA HaJTu4ueM

MarHiTOCOM, B KOTOPBIX COCPEAOTOYEH IIOYTH BECh MAarHETHUT.
OTKpBITHE 3TUX OPraHel SBISICTCS OUYEHb BAKHBIM JOCTHXKCHUEM
COBPEMEHHOTO OHMOMarHeTusMa, BKJIIOYAs OTOT OOKOBOW pa3ziel
OMO(U3NKHN B PYCIIO OCHOBHBIX TCUCHUH MHUKPOOHOIOTHH.

OpnnHako yBI€YeHHE MarHUTOCOMaMH He JIOJDKHO HAC TIPUBOAMTH K
BBIBOJTY, YTO TOJIbKO NPU HAIUYHUU ITUX OPraHell O0aKTepUHh MOTYT
pearupoBath Ha BHeltHee MII, Ecnu usmepsiTe MarHuTHy10
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Tabauua 6. Xapakrepucruka HeKItTop<x MarHtaax ¢aoicra

03 KTepHil
g é & VB L §e | B
" g2 | 5898, 2.
OfpexT Ea: EM gm FES ?§§§§ gE
# Eé <& @ 55 é E ‘:“E E § gz
2% (255 5F | 235 ) 5abef| EE
4] xBu| O £=§ 6§=§?‘ 4]
MarsaTorakTHAbLHEE 220 | 270 | 1750 | 0,9 ] 0,47 1
Gaxtepuu
Hzoudpopaduele mariu-i 105 | 140 | 2000 | 13 0,42 14
TOCOMBI
HemarauToTak TH/LHEE He marnutau fo 1 Ta
GaKTepIn

BOCIPUUMYHBOCTh Y HEMar-HUTOTAKTHIIBITBIX OaKTEPHid, KaK 3TO
nenan C. A. IlamoBuu [36], ucnons3ys Mmeroa ['yH, TO MOXHO
00OHapyXHTh BapwaOENIbHOCTh B MAarHUTHON BOCHPUUMYHBOCTH Y
MHUKPOOPTaHU3MOB (YTO OOYCIIOBIEHO, BO3MOXHO, HEOJUHAKOBBIM
CONICpP)KaHWEM Yy HUX JWa- W TapaMarHUTHBIX YacTHIl WA
0COOEHHOCTBIO XMMUYECKOT'0 COCTaBa BHYTPUKIETOYHBIX OPTaHEIlT) U
€e M3MCHEHHE T0Cie TTacCHpOoBaHus OakTepuii B TeueHne 70 CyTOK B
nmynecupytomeM kaxasle 3 MuH MII ¢ nnaykuueit oxomo 500 MxTn
(tabmn. 7).

Kaxk moka3siBatoT pe3ynbTaThl TaOIHIIBI, HANMEHBIIICH MarHUTHON
BOCIIPHMMYHMBOCTBIO 00nagany OakTepuu moa Homepom 6, 7, 10, 12,
13, 14, a HauBBICIIEH MAarHUTHOM BOCHPUMMYHBOCTHIO OTIUYAIUCH
Homepa 2, 5 u 8. Takum oOpa3om, pa3nudHbIC BUILI OAKTEpHUH TIO
CyMMapHOW MarHUTHOW BOCTIPHUMYHUBOCTH HEOTHOPOTHBI.

ITocne BO3/IEICTBHA MII CyMMapHas MarHuTHas
BOCIPUUMYHMBOCTh Y MHKPOKOKKA JIM30JIMKTUKYyCa CHUXAllaCh B
CpaBHEHHU C KOHTposeM Ha 22,6%, a 'y 3. komu P678 - Ha 40%. B 0
e Bpems y Canpmtudumypuii. .y Canbm-xonepa, y 3. komu C-85, y
3. komu C-H2, y bakrt. cyotunuc u y Ilporeyc Bynbrapuic MarHUTHast
BOCIIPUUMYHBOCTH CyXOi OHOMAacChl TOCTOBEPHO yBEIHYNBaIach Ha 4
- 19%. Y ocTanbHBIX MIECTH BHIOB W3YYEHHBIX MHUKPOOPTraHM3MOB
MarHuTHasE BOCIIPUMMYUBOCTH TOA BozaeiicTBueM MII m30paHHBIX
MapaMeTpoB HE MEHAJIACH.

Takum oOpa3om, 6ojiee 4eM y TPETH TeCT-MHUKPOOOB, TUTEIIHHO
MacCHpOBaHHBIX B ciabomyibcupytomeM MII, Bozpactana MarHuTHas
BOCIIPUUMYHBOCTh ~ KJIETOYHOTO  BemlecTBa. HTepecHo, drto
MOMYJIALMS ~ MarHUTOYYBCTBU-TENBHBIX  BHJIOB  OakTepuil 10
MarHUTHOM BOCIIPUUMYMBOCTH TE€TEPOT€HHA U KIOHBI C BBICOKUM
napamMarHeTU3MOM MOTYT COCTaBUTh HAaHOOJBIIUI MPOLICHT

125



Tabnnua 7. Marpatdan BoCnpHAMAHROCTE HexoTopwx  Gax tepuft
H €€ H3IMEHEHHA nocae npebulBaHHA OGakTepHit B MATHHTHOM

noae {38]
CpeaHsan MarHuTHAA
BOCﬂpl‘l“)ﬂ“Hl!OCTh
Tecy-MHEDPCEHE (x10=* 3. M. ) E?:;ﬁia

Ne a0 MY J ne.ae Mil

1.| 3. xom K-12 —0,4543) —0,4338 1.9

2, 2. konu P678 —0,3295| —0,4622] 15,5

3.| 3. xomn C-85 —0,41601 —0,3398) 4.1

4,| 3. xoan C-H2 —0,4386 —0,4109 | 4,2

5.| Canem. xoaepa ~0,3907 | —0,3385 7,5
6.| CaneMm »HTEpUTHAMC -—0,4742 | —0,4844 1,2
7.1 CanpM. THOHMYpHIT —0,4386 | —0 4422 8,5

8.] MEKPOKOKK KJAH30JHKTHKYC —0,3390 | —4157 19,9

9.] Muxpoxekk moTeyc —0 4707 —0,4756 0,0
10.| Crad. aypcyc 208 —(,4663 | —0,4625 0,3
11,{ Ceppauua mapuecuenc —0 4530 —0,4548 0,0
12 .| Bakr. cy6raauc —0,5199 | —0,4594 3,0
13.| Ankanurenec derawoc —0,4847 | --0 4B55 2,4
14.1 Tlpoteyc myabrapic —0,4965) —0,4104 51

MAarHuTHBIX AUCCOITMAHTOB. CJICIIOBaTCHI)HO, MarHuTHasda

BOCIIPUUMYHUBOCTh MOXET SIBUThCSI Ba)KHBIM HHCTPYMEHTOM B
MO3HAHWHM MArHUTHOH W3MEHYMBOCTH MHUKPOOPTaHH3MOB, KOTOpas
MOKET BO3HUKATh O] BIUsAHUEM n3MeHeHuil I’ MIL.

Nzyuas merogom DIIP nuHaMUKy MarHUTHBIX CBOMCTB IPOXKKEH,
OoOHapyXWii, yCWIeHHWe cHurHana depe3 30 MHH Tmociie Hadvana
BBIPALIUBAHUS  KYJbTYyphl.  3aTeéM  WHTEHCHBHOCTh  CHTHala
MIEPHOANYECKH MEHSIaCh Ha MPOTSLKEHUHU 6 - 7 9, 1MOCie 4ero pe3ko
nagaiga ¥ K § - 10 14 cHoBa moBhwImanack. K aTomy BpeMeHH OOBIMHO
3aKaHYMBAJCS POCT KyJIbTYpbl. XapakTepHO, HYTO JWHAMHUKA
MarHUTHBIX CBOMCTB JPOXKEH B KaKOH-TO MEpPE COOTBETCTBYET HX
YyBCTBUTEIBHOCTU K BHemHUM MII [60].

3akaHuMBasg  XapaKTEPUCTUKY  CETOIHSIIHET0  COCTOSHUS
OakTepuOMarHeTu3Ma, CcIeayeT OTMETHThb, 4YTO TJIaBHAas 3ajada
3aKJIIOYaeTCsl B CHUCTEMaTH3alldd pa3pO3HEHHOTO MmaTepuana 1o
ONPEICICHUIO MarHUTHOU BOCIPUUMYUBOCTH pa3IMYHBIX
omoyornuecknx oOBeKTOB. K Takoit cepum wucciemoBanuit C. A.
ITaBmoBry [36], HampuMmep, TpHIIET Yepe3 MHOTOJICTHHH ITHKII
MarHUTOOHOJIOTUYECKUX OIBITOB C HCIIOJIb30BAHUEM
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MHKpPOOPTaHU3MOB B KaueCTBE OCHOBHOTO oObekTa. llpu BhIsICHEHNH
MEXaHU3MOB MAarHUTOOMOJIOTHYECKUX HCCIEJOBAaHWN  BO3HMKIIA
HE00XO0IMMOCTh OMOMAarHUTHBIX UCCIICOBAHHUNA, JTOT OPUTHHAIBLHBIN
U HEOOXOIUMBIA MyTh XapaKTEPU3YET TCOPETHUECKYH) 3HAYUMOCTh
HaIpaBJIEHUS UCCIIETOBAHHA.

[IpakTuueckass HaNpPaBICHHOCTH ATOM OTPACIU HAYKU HalleJIeHA Ha
UCTIONb30BaHNE  OWOMArHWTHBIX  JAHHBIX IS JHAarHOCTHUKH
3a00eBaHni, [UISI OIEHKH CTETNEeHH W3MEHYMBOCTH MHKpPO- U
MaKpOOPTraHU3MOB, ISl ONpPEIENIEHHUS MarHUTOYYBCTBUTEIHLHOCTH
OMOJIOTHUYECKUX OOBEKTOB, JJIS BBIICHCHHUS THTHCHUYCCKOW OICHKU
neiictBust pusmueckux (aktopoB u T. O. llepedeHs mpakTHUIECKHX
MPUIIOKEHUI MOXHO TPOJODKATh OYEHB JOJTO0, IMOCKOJBKY 31eCh
3aTparuBaroTcs (YHKIIMOHAIBHEIC MPOOIEMbI OUOIOTHH, METUITUHBI U
OMOTEXHOJIOT .

K nmocnemnemy HampaBlI€HHIO MOXXHO OTHECTH  METOHBI
oTIpeeNIeHNs] HICKYCCTBEHHBIX MarHUTHBIX BKIIIOYCHUN B OHOCHCTEMY.
T'opa3no moHsiTHEe W 3puMee B CPaBHEHUH C JIPYTUMHU OTPACISIMU
OMOMarHeTH3Ma CTaHOBSITCS HCTOYHUKY CUTHAJIOB TPU MCCIIEIOBAHUN
MarHUTHBIX BKITFOUEHHUH B JIETKUX YEJIOBEKa M )KHUBOTHBIX, YeEMY OBLIO
MOCBSINEHO 3HAYUTENBbHOE uucino nyOmukammii [119]. Jlns stmx
HCCIIeIOBAHUI MOHO MCIONIBb30BaTh He Toabko CKBU/IbI, HO 1 ®M,
MMOCKOJIBKY CHTHAJI IOCTATOYHO BEJHK.

B astmx  paboTax  SpKO  BBIABISCTCS ~ TMTHCHHYECKAs
HANPAaBICHHOCTh (OMPEICIICHUE COJICPXKAHMsI Kelle3a B JICTHUX JIFOJICH,
KOTOpBIE B CHITy IIPOM3BOICTBEHHONW HEOOXOIMMOCTH COMPUKACAIOTCS
C METaJUTHYECKOH MBIIBI0) U MTOSTOMY B CTpaHaXx, TAe 3apOJHIIOCh 3TO
HamnpaBJicHUE, TMEPEXOIAT K MacCOBBIM OOCICIOBAaHUSAM JIFOJICH,
co3maBas aBTOOyChl JjabOopaTtopuu s 9Tux Ieneid. CreneHb
3arpsi3HEHHS  JIETKUX MAarHUTOMETPUYECKH METOX  ONpenesiseT
ToyHee M Oe30macHee, 4YeM CKaXeM, paJHOJIOTHYCCKUI METOI.
UccnenoBanue kinMpaHca, T. C. CKOPOCTH BBIBEICHUS HCKYCCTBEHHO
BBEJICHHOTO B JICTKHE JKEJIE3HOTO ITOPOIKa, CyIs HO padoram A.
Opuamana u ap. [109]. mokauano, 4To y HEKYpsIIUX JIOACH Kene30
BBIBOJIUTCS TIPUMEPHO BIIBOE OBICTpee, YeM y Kypsmmx [Ipuuem y
KypsIIux HapymaeTcss (YHKIHS B OCHOBHOM TIIyOOKHX OTIEIIOB
JIETKUX.

Ha ucneityeMbIx Bo3aeiicTBOBaNIM IpeaBapTeabHO BHEITHUM MIT,
a 3aTeM CBUIUPOBAJIM OOJIACTh JIETKUX MAarHuTtoMmerpamu B
pe3ynpTaTe TPOBEACHHOTO KapTUPOBAHUS TIONYyYEHBI JaHHBIE O
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KOJIMYECTBCHHON OIICHKE, JIOKAU3allid W CKOPOCTU BBIBEICHUS
MarHUTHOM TBUIM Y HCIOBITYeMBIX C  TNpodeccHnoHaTbHBIMU
3a00JIeBaHUAMU U Y KypPHIIBIITUKOB.

Tak, HampuMmep, B ONBITAX HA KypsIIIUX M HEKYPAIIUX
o0OHapyXeHo, uTo mocie 11 MecsueB co AHSA BBEACHUS OE3BPEIHOTO
MOPOIIIKa MarHeTHKa B JIETKHE B JIETKUX KyPHUJIBIIUKOB ocTanoch 50%
MOpOIIKa, B TO BpeMs Kak y HeKypAmmx Toibko 10%. Takum
o0pa3oM, MJaHHBIA METOJ IIO3BOJIICT KOJUYECTBEHHO OIICHUTH
HEKOHTAKTHBIM CIOCOOOM 3arpsi3HEHHe JIeTKUX (peppoMarHUTHBIMU
YaCTHIIAMHU.

[Ipomecc BBIBENEHUS TAaKMX YaCTHUI[ JUTUTCS OKOJIO TO/Aa, YTO
3HAYUTENFHO HAJE)KHEE pAAMOIOTUYECKUX U JIPYTHX METOIOB.
braromapst oTHOCHTENBHOM O0E3BPEAHOCTH U JIEIIEBU3HE METO MOXKET
OBITH yXKe ceiuac BHEIPEH Uil MPO(HIAKTUYSCKHX OOCIIeIOBaHUH.
Merton MOXeET pemaTrh OONBIION Kpyr 3afad OXpaHbl CPEIbI,
CBSI3aHHBIX C 3arPSA3HEHHOCTHIO BOJIBI, BO3/IyXa, MUIIEBBIX MPOAYKTOB
U T. 1. heppoMarHuTHEIMU YaCTUIIAMH.

Heckonbko mccnemoBareneii w3 pa3HbIX CTpaH TOKa3alld, 4TO B
Mpollecce BBIBEACHHUS Kelle3a W3 JIETKUX Y4YacTBYIOT (haroiuThl,
KOTOpBIE TIYCKAIOT B XOJ] TaKW€ BHYTPUKIIETOYHBIE 00pa3oBaHUs, KaK
MUTOXOHJJPUY ¥ MUKPOTPYOOUYKH. DTH OMBITHI OBLTH TPOBEICHBI Ha
JKUBOTHBIX (XOMSKaX M KpbICax), a Pe3yJbTaThl JEMOHCTPUPOBAIH B
¢opMe THCTOJIOTMYECKHMX Cpe30B, HUTO SPKO IOATBEPKIAIO
yOeIuTenbHOCTh BRIBOIOB [ 109].

[THeBMOMAarseTn3sM  MOXXHO  CYHMTaTh  CaMbIM  HAy4YHO
pa3pabOTaHHBIM OTIEJIOM AaHTPOIIOTCHHOTO OHoMmarHeTusma (B
OTJINYNE OT OMOTEHHOTO OMOMAarHeTH3Ma) KaK CO CTOPOHBI ITHPOKO
MPUMEHSCMON METOIMKHU OINPEACICHUS MCKYCCTBEHHBIX MArHHTHBIX
BKJIIOYEHUH B JIeTKWE, TaK M CO. CTOPOHBI THCTOXWMHYECKHX
WCCIIEIOBAaHNHA TyTell BBEICHWS W  BBIBEJACHHS  MarHUTHBIX
BKITFOUEHUH. MOXKHO YIIPEKHYTh MPEACTABUTENICH STOTO HAMPABJICHUS
B OTCYTCTBUM  KOOPIMHAIIMM  WCCJICJOBAHUA C Ba3o- W
racCTpOMarHeTHU3MOM, T/I€ MOTYT pemiarbcsd CXOAHBIE 3a/layuM.
Oco0eHHO HMHTEPECeH MAarHWTHBIM TPAHCIOPT JICKApPCTB IO
KPOBCHOCHOMY, JbIXaTeIbHOMY WM IHUIICBAPUTEILHOMY TPAKTaM.
IToka ¢ 3TUX MO3UIMKA PaCCMATPUBAETCA TOIBKO KPOBEHOCHBIM TPakT
[52].

AHTpOTIOTEHHBIH OHMOMAarHeTU3M JIOJDKCH TaKKe pelarbh |
MarHuTOOHNOJIOTUYECKHE MPOOIEMBI, T. €. YYUTBHIBATH BO3MOXHOCTH
O6monormgeckoro BiusHUS BHemHUX MIT.
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3akJIrouenue

B mpempiaymmx  rhnaBaX MBI OBITAIACh  MPOASMOHCTPUPOBATH
TEOPETUYECKYI0 W TMPAKTUYECKYI 3HAYUMOCTH HOBOTO HAIpaBJICHUS
O0no(M3KMKKN, HA3BAaHHOI'O COBPEMEHHBIM OuomarHeTm3mMoM. KpacHoi
HUTBIO Yepe3 OIMCAaHHWE ATOH MHOTOTPAHHOW OTpacid HAyKH MPOXOIUT
MBICITb O BO3MOXKHOU (DU3HOIOTHYECKON POIM OMOMArHUTHBIX TIOJICH.

CyIIecTBYIOT THIOTE3bI, KOTOPHIC MOKAa3bIBAIOT, KaK OCYIIECTBISCTCS
OM cBs3b BHYTPH OpraHu3Ma: KpOMe yKe YIOMSHYTBIX B3IJIA0B, CIEAYET
HAITOMHHUTh YUTATENI0, 94TO 00 3danTudeckoi mepemade WHPOpPMAITUUA B
HepBHOM cucteme ynomuHanu Jlopento ne Ho, Kepap u JIube, D3poxu u
IpyTHe nccienoarean. MaTeMaTnuecKkoe OMMCaHue 3TUX MPOIIECCOB JTaHO
B mnyOmmkammsx YwmsmaxueBa W MapkoBa, HO BCE 3TO KacaeTcs
ANEKTPUIECKON KOMITOHEHTHI Onosornueckux OMII [62].

Crnenyer ymoMsSHYTh, 4YTO posib OM CHTHAIW3allUd B KU3HU
ANEKTPUIECKUX PHIO CUNTAETCS TOKA3aHHOM, U ceifuac MXTHOJIOTH U3ydaroT
poas OMII B KU3HH HEINEKTPUUECKUX PBIO [44].

Ha 3ToM OCHOBaHWM HENb3s CUUTATH TUIOTE3Y O (PUINOIOTUYECKOH
poin OMOMAarHWUTHBIX TOJiel coBceM (pantacTmueckod. Ho mms ee
JIOKa3aTeNbCTBA HEOOXOAMMBI KaK OKCIIEPHMEHTAIbHBIE JaHHBIC, TaK U
TEOPETUYECKUE HCCICAOBAaHUA Pa3MYHBIX CHOco00B penenuuu. He
WCKITIOYCHO, YTO 3Ta peuenims Ouomormdeckunx OMII oriauuaercs ot
KJIACCMYECKOH peLeniui BHEMHNX (U3NIeCKNX (PaKTOpOB, U HA IMyTH €€
aHaJM3a HEOOXOJMMO YYUTHIBATH BO3MOXKHOCTh HAYAIBHOTO MEJICHHOTO
pearupoBaHus, 4TO ObLIO OOHAPYKEHO MPU U3YyUCHUH PELEIIIUN BHEITHUX
OTHOCHUTEIHHO CHIBHBIX MIT [62].

B kawectBe MexaHu3Ma OWOJNOTHYECKOTO JIEHCTBHS  BHEIIHUX
nuckycctBeHHbIX MII BhICKa3bIBanach, mpapaa 0e3 BECKHMX OOOCHOBaHUH,
TUTIOTE3a BIIMSHUS «I10JIS Ha mojie» [21]. DTOT moaxo HaIIOMUHAET YHCTO
(hm3uIecKyro mpodemMy 3JIEKTPOMAarHUTHOM COBMECTHUMOCTH,
KOH(pEepeHIIMH [0 KOTOPOM BKIIOYANH M OOCYXIEHHE BOIPOCOB
ouoaorunuyeckoro neicteust DMII. Takas rumnoresa BHEILHE
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OOBSICHSIET eaUHBIM 00pa3oM MEXaHH3M OHOJIOTUYECKOTO JICHCTBHS
YCHJICHHBIX M ocliabiieHHbIX MII, HO 3TO OOBsICHEHWE JIMIIb OTOIBHUTACT
pemenue mpobiemMbl. [loToMy dYTO CHEAYIOIMIMM DSTalloM  PEIICHUS
npoOyieMbl OyJEeT BBIUMCICHUE MEXaHHW3Ma pealu3allid H3MCHCHUH,
BBI3BaHHBIX CTOJIKHOBEHHEM JIByX DOMII: cOOCTBEHHBIM OHMOJIOTUYECKUM U
BHEIITHUM KOCMOT€O(DH3NICCKUM.

Hpyroii DM moaxom K BBISCHEHUIO MEXaHHW3Ma OHOJIOTHYECKOTO
nevicteus  OMII  cBsi3aH C  W3MEPEHMSIMM  MAarHUTHBIX — CBOMCTB
01M000BEKTOB, O YeM MBI TOBOPIIIH B TII. 5.

Mb1 mojaraem, 9TO TOT, KTO PE3KO OTHSIsIET OWOMAarHeTW3M OT
MarHMuTOOMOJIOTHH, O0CIHSAET 00a HaIlpaBIICHUsT OMOGU3NKH, TTPU3BAHHBIC
WCCIENOBaTh AWHAMHUKY (DYHIAMEHTAIBHBIX CBOHCTB OHMOJIOTHIECKUX
CHCTEM.

Ho noxasarenbcTBa poJCTBa HAa3BaHHBIX HAMpPABICHUA HAyKH HE
o0s3aTenbHBl IS WX pa3feibHOTO Tporpecca. buoMarHeTnsm umeeT
MHOT'0 COOCTBEHHBIX JTOCTOMHCTB.

ITo cremenn TOKANBHOCTH pErHCTpaIiii WH(pOpMaIuu ¢ OH0O0OHEKTOB
METOJIbI OMOMAarHeTU3Ma CTOAT B HACTOSIIEE BPEeMs IMOCEPEAMHE MEXKIY
CHATHEM WH(QOpPMAIMM C TIOMOINBIO HAKJIAMHBIX JJIEKTPOIAOB H
perucTparyeil akTHBHOCTH C TIOMOIIIBIO SHIOIEKTPOIOB.

HamomHMM, 9TO JOKAILHOCTh PETHUCTPAIMH 3aBHCUT TPEXKJIE BCETO OT
COOTHOIIICHHUI O0BEMOB PETUCTPUPYIOUIETO JaT4YUKa M PErHUCTPUPYEMOM
obnactu B OmooOBexkTe. M XOTS Iuomanb M OOBEM HATUMKOB IS
MarHuToMeTpoB cooterctBeHHo CKBMJI m MOH ceituac 5 - 7 oM,
TEXHOJOTUSI HW3roTOBJeHUA ToHKoIuieHOuHbIx CKBUoB mo3BomauT
METOJOM HAaIlbUICHUS W3roTaBinuBath Iiensle  mMatpuitel CKBHos,
IUIOTHOCTh KOTOPHIX 20 M Golee IATYMKOB Ha mmmomamd 1 cm’. Do
MO3BOJIUT B ONWKAWIINE TOABl 3HAYUTEIHHO YIYUYIIHTh JIOKATHHOCTH
MeToa. OO0BenuHsIs BO3MOKHOCTH COBPEMEHHOU TEXHUKH
MarHuTOMETPUA U DJICKTPOHHO-BBIYMCIIUTCILHON TEXHUKH, MOXHO
MpenyraaaTh MOSBICHUE MPUHIMITAAIBHO HOBOTO METO/1a IMATHOCTHKHU.

Kak m B MeTomax KOMIBIOTEPHOW TOMOTpaduu, OCHOBaHHBIX Ha
W3MEPCHUH TI0KA3aTeJICH IIOTJIONMICHUS PEHTTCHOBCKOTO  HW3ITyYCHHS
pa3IMYHBIMA O  IUIOTHOCTH  TKaHSIMH  OHOOOBEKTa,  METOJMBI
OMOMarHeTM3Ma TIO3BOJAT OBICTPO OICHHTH XapakTep IOpaKeHUs,
HalpuMep, TOJIOBHOTO MO3ra, a TakKe OMPEIEIUTh €ro JIOKaIH3aIlnio,
dbopmy u pasmepsl. OAHAKO MAarHATOMETPUS HWMEET HEOCIIOPUMBIC
MPEUMYINECTBA B OTJIMYUE OT IPYTUX H3BECTHBIX METOJIOB.
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1. Coxpassis  CIOCOOHOCTH  PErHUCTPUPOBATH  HH(DOPMAITHIO
HEKOHTaKTHO, IUIS chema 3Tol uHopMamuu He Tpedyercs o0Iydarh
OMO0OBEKT KAKUM-JTHOO TIOJIEM HJTH BBOJUTH KOHTPACTHBIC BEIIECTBA.

2 MeToj IO3BOJIUT KOJIMYECTBEHHO OLICHUTH 3JICKTPO-TeHE3, HAPUMED,
HOBOOOpa30BaHMH B MO3r€,  MPOCICAWTh  DJIEKTPOXUMHUYECKYIO
B3aMIMOCBSI3b MKy PA3IMYHBIMU 00JIACTSAMU, HEHPOHHBIMH CTPYKTYpPaMH,
B3aMIMOCBSI3b KOPKOBO-TIOJKOPKOBBIX OTHOIICHUH, TaTh IPOCTPAHCTBEHHO-
BPEMEHHYI0O U KOJWYECTBEHHYIO XapaKTEPHUCTHKY (YHKIHOHAILHOTO
COCTOSTHUSI O3 BHEJJPEHHS DIIEKTPOJIOB B MO3T.

C nomompr MOAOOHON  ammaparypbl B IOCTAaHOBKE 33134
WCCIIJIOBAHNN MO3ra Ha TIEPBBIN TUIAH BBICTYIST HE BOMPOCHl YTOUYHEHHUS
JIOKATM3aIUN OIyXOJIeH, a MPOOJIeMbI, CBSI3aHHBIE C 3aKOHOMEPHOCTSMHU
Pa3BUTHUSL TATOJIOTMYECKUX COCTOSHHUM IIEHTPATbHOW HEPBHOH CHCTEMBI,
BKJIFOYAsl PEAKTHBHBIC (ha3HBIC CIBUTH B MaKpO- M MHKPOCTPYKTYpax
MO3Tra, OTpaXKalolke B3aUMOOTHONICHHUS TATOJIOTHYECKOTO o4Yara M Mo3ra
B I[CJIOM.

Bo03MOXHOCTh IPHMKU3HEHHOTO HAOTIOICHUS 32 PA3BUTUEM M3MECHCHUH
B BEIECTBE MO3ra OTKPOET MEPCHECKTHBHI B HM3YYCHUH HE TONBKO WX
TOYCHUS ¥ UCXO0JIa, HO U BIUSHUS HA HUX TIPOBOJMMON TepaITHil.

[lepeunciienHble YKCIEPUMEHTANILHBIC HATIPABICHUS B OMOMarHeTu3Me
CBUJCTEIBCTBYIOT O TICPCICKTUBHOCTH OTOW OTpaciM HAyKd JUIS
MPAaKTUIECKUX Ieiei, HO OHAa 00JIalacT U TEOPETUIECKON IEHHOCTHIO.

PeansHoe  paszBuTHE MarHuToKapuorpaduu " 0COOCHHO
MarHuTodHnedanorpadhuu  JODKHO  OCHOBBIBATHCS  HA  IUPOKOM
MPUBJICYCHUH MAaTEMATUIECKUX METOJIOB BBIJICIICHHS W aHallN3a CHI'HAJIOB
W MOJCITUPOBAaHWUS  OWONOTMYECKMX  cHCTeM.  HeoOxoauMocTh
WCIIOJIb30BaHUS TaKUX METOJIOB OOYCJIOBJIEHA TEM OOCTOSTEILCTBOM, UTO,
HaTpUMep, JTOCTATOYHO THITUYHBIM PE3YJITATOM OJTHOTO TOJBKO OIBITA C
3amuckio MOI (Tak ke, kak 1 DKI') sBsieTCss perucTpanuss MHOTUX COTEH
METpOB (IIpH OOIICTIPUHATON 3aIMCH) CIOKHEHINX KpuBbIX. Eciu 3amuch
BefieTcs (WM TIEPEBOAMTCS B AalibHeieM) B mudpoBoi dopme, TO 3TO
COOTBETCTBYET MMJUTMOHAM 4ucell. MI3BECTHO TakKe, YTO 3ajlavya aHalln3a
STUX JaHHBIX COJCPXKHUT BeCbMa OOJIBIIIOC YHCIO B3aMMOCBS3aHHBIX
(hakTOpPOB, KAXK/IBI U9 KOTOPHIX MOJABEPIKCH U3MEHYHBOCTH B Mpeeiax, He
BCerJia JIOCTYIHBIX OKCIIEPUMEHTAJIBHOMY KOHTpomo. B ciydae
peructpanuu MII 6uomornyeckux 00BEKTOB 3a1avya
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OCJIOKHAETCSI €lle U TeM, YTO HE3aBUCHUMO OT HCIOJb3YEMbIX JaTYMKOB
COOTHOILICHHUE CUTHAJ - IIIyM MOXET OBITh U KpaliHe Majo - MHOTO MEHBIIIE
TOrO, C KOTOPBIM HMEET [eJI0 HCCIeNoBaTelb OHOANIEKTPUIECKUX
IIPOLIECCOB, I/Ie 3TO COOTHOLICHHE ObIBaeT mopsaka 10°—107,

IlpencraBusiercss ~ O4YEBMOHBIM,  YTO  IIPU  aHAIM3€  TaKUX
9KCHEPUMEHTATBHBIX JTAHHBIX JODKEH HCIIONB30BATHCS MaTeMaTHYECKHN
anmapart, 3aMMCTBOBaHHBIN MO KpailHeW Mepe U3 Takux oOyacTed, Kak
TEOpUs ONTUMAIBHON (MIBTPAIUM, CTATUCTUYECKUX PEIICHUM, IPOBEPKU
TUIIOTE3, TEOPUH OLIEHOK U T.1.

C Japyroil CTOpPOHBI, B HACTOSIIEE BpeMs MOXKHO CUHUTaTh, 4YTO
MexaHu3Mbl npoxyuupoBaHuss MII MHorux OHOJOrMYECKMX OOBEKTOB
[IPaKTU4YEeCKU HEU3BECTHBHI. B TO e Bpems, 4TOOBI BBIUTH 332 PaMKHU
MPOCTOTO  HAKOIJICHUS  (PEHOMEHOJOTMYECKHX  JAHHBIX M UIA
CYLIECTBEHHOTO TIOBBIIIEHUS JHAarHOCTUYECKOM LIEHHOCTH pPErHCTpaliiu
MII 61000BEKTOB, HEOOXOIUMO MPUCTYIHUTH K PEIICHUIO O0OPaTHON 3a/1auu
MarHuTO- U 3JIEKTPOOUOJIOrMH—OIIPEJe/ICHUE NCTOYHUKOB (JIOKaIN3aIus,
opueHTanus, konuuectBo) DMII, cOOTBETCTBYIOIMX KaKOMY-THOO THUILY
MarHuTHOM aKTUBHOCTH, IO JAaHHBIM M3MEPEHUS XapaKTEPUCTHK 3TUX
nonet CTpyKTypHass M TEOMETpUYECKas CIOKHOCTb OMOJIOTMYECKUX
O00BEKTOB, CTENeHb HEOTHOPOAHOCTH JJEKTPHYECKHX M MAarHUTHBIX
CBOMCTB Cpellpl, B KOTOPOH MNpouCXOAUT pachpocTpaHeHne OMII ot
HUCTOYHUKOB JIO PEIHCTPUPYIOLIUX AAaTYUKOB, TAKOBBI, YTO €IMHCTBEHHBIM
peambHBIM TMyTEM TP TOMNBITKAX PELICHUS 3aJadd  ONpelesICHHS
HUCTOYHUKOB TPEACTABISETCS IMOCTPOCHUE M aHaIM3 MAaTeMaTHYeCKUX
MoJIeJIel KaK JAJIsl BEPOSATHBIX (PU3UKO-XUMHUECKUX IPOLIECCOB, TaK U Ui
(YHKLIIMOHUPOBaHUS OPTaHOB.

CnoXHOCTb 3aJad MOICTUPOBAaHUS MOJOOHBIX CHCTEM aHajHu3a
JKCIEPUMEHTAIbHBIX ~ OMOMAarHUTHBIX  JIAHHBIX  TakoBa, YTO  HX
3¢ deKTUBHOE pELICHHE BO3MOXKHO JIMIIb C IPUMEHEHHEM [OBOJIBHO
MOIIHBIX COBPEMEHHBIX BBIYMCIUTEIBHBIX CPEICTB.

Takum 00pa3oM, Ha OCHOBAHMH SKCIIEPUMEHTAIBHBIX H TEOPETHICCKUX
JAHHBIX MO>KHO BBLAEIHUTH CJIEAYIOIINE OCHOBHBIE IIPEUMYILECTBA METOIOB
MarHUTOMETPHH OMOOOBEKTOB MO CPAaBHEHUIO C JPYTUMH METOAMH.

1. beckoHTaKTHBIN cheM HHPOPMAIK C OHOOOBEKTOB.

2. Cnoco6HOCTH 00HApYKECHHSI HEKOTOPBIX HMCTOYHUKOB
JIEKTPOMAarHUTHON aKTUBHOCTHU Y U€JIOBEKA U )KUBOTHBIX, KOTOpPbIE HE
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MOTYT OBITH OOHApYXEHBI W3MEPEHHSAMHU IMOTEHIMANa MOBEPXHOCTH Tela
(HanmpuMep, TOCTOSTHHOE TI0JIE CepIa).

3 OmnpezeneHue TPOCTPAHCTBEHHOTO PACTIPEACICHUS 3TUX UCTOYHUKOB
B OpraHH3Me.

4. MeHbpIINE WCKAKCHUS OKPYKAIOIMHUMH TKAaHAMH W KocThio MII 1o
CPaBHCHUIO C DJJEKTPUYSCKUM TIOJIEM TO3BOJISIFOT — MPEIIOIOKHUTh
BO3MOXXHOCTh pa3pab0TKU METOAOB paHHEW JTUArHOCTUKH HEKOTOPBIX
3a0o0neBaHui cepAla, MO3ra, MBIIIII U T. 1.

5. KonndecTBeHHas1 OlleHKa MarHWTHBIX BKJIIOYEHUH B OMOIIOTHYECKHe
CUCTEMBI 1 OMOCOCTUHEHUS

MarautoMeTpuss He orpaHuduBaeTcs Owmoyormedl. Kak wn3BecTHO, B
OCHOBE 0OO0JbIIOro Yncia (pyHIaMEHTATBHBIX OHMOJIOTHYECKHUX IPOIIECCOB
JIeKAT DICKTPOXMMHUYECKHE 3aKOHOMEPHOCTH. B  Hacrosimiee Bpems
0OJIBIIOE YHCIIO WCCICIOBAaHMI HANpaBJICHO HE TOJHKO HA BBIICHCHHE
CTPYKTYPHBIX, (DYHKITMOHATBHBIX U OMOXMMHUYECKHX CBOWMCTB KJIIETOK, HO
TaK)Ke W Ha MEXaHW3MBI IIepeHoca 3apsAaa B OMOJIOTHUECKUX MeMOpaHax U
WX MOJCIISAX

MarautomMeTpsl, CHOCOOHBIE W3MEPSITh HANpPaBIEHHBIH IMEPEHOC
3apsI0B—HOHHBIC TOKH, co3matorcs B CILIA. ABTOpEI IIpeIonaraoT, 9To
puOop OYIET CIIOCOOCH U3MEPSATH TOKH MOPAXKEHIS, HITU TaK HAa3hIBACMbIC
TOKA B KPOBEHOCHBIX COCyJaX, 4YTO TIIO3BOJIUT JIOKAJU30BBIBAThH
MTOBPEXACHNE KIETOK KaK IIEPBOr0 3B€HA B HAPYIICHUH KIETOYHON CTCHKU
COCY/IOB, a TaKXe JaTh TOYHYK KOJIIMYSCTBCHHYIO XapaKTEPUCTUKY
MBIIIICYHBIX HIIEMEHTOB Pa3HBIX THUIIOB COCY/IOB.

MOXHO TMpennoyoXKnuTh, YTO B HJcalle TEXHUKA MarHUTOMETPHUHU
CMOJKET 3apeTrUCTPUPOBATH JTI000E TepeMelIeHne 3apsaoB Kak B IOTOKE
KUAKOCTH, OTAN(dEepeHITNpOBaB TaMUHAPHBIE U TYpOyJICHTHBIE MOTOKH,
TaKk U B HEKOTOPHIX OMOXMMUYECKHX PEAKIHIX, T CO3MAIOTCS YCIOBUS
JUTST HANpaBIIEHHOTO JBIDKEHHS HOHOB. B 3TOH CBS3M HMHTEPECHBI
COOOIIEHUS O MAarHUTHBIX J(QdeKTaX B HEKOTOPHIX OHMOXUMHUYECKUX
peaKkusaX, B YaCTHOCTU O MPHUHIMIAAIBHON BO3MOXKHOCTH BimsiHUs MIT,
IIPUTOM CPAaBHHUTEIHHO HEOONBIION WHAYKIHA HAa OHOJIOTHYECKHE
MPOIIECCHI, €CIU TOJBKO OTH TMPOIECCHl BKIIOYAIOT XUMHUYECKUC
PaJMKaIIbHBIC PEAKIIUH.

Mp1 Hageemcsl, 9TO M 3Ta KHUTa TTOMOXKET HATH HOBBIX DHTY3HMACTOB,
KOTOpHIM OyayT TO TIiedy MHOTHE eIle HEpelIeHHble MPo0IeMbl
OMOMarHeTu3mMa.
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IIpunaoxenne

Kaxnapiit MarHUT MMeeT ABa IMOJIOCA: CEBEPHBIA U IOXKHBIN, KOTOPBIE 10 OTAEIBHOCTH HE
CyHIECTBYIOT Mexly MoJIrocaMu ABYX MarHUTOB ACUCTBYIOT CUJIBL, IPUYEM OJHOUMEHHBIC
HOJIOCHI OTTAJIKUBAIOTCS, PA3HOUMEHHBIE MOJIIOCHl IPUTATUBAOTCA. MarHuTHbIE CUJIOBBIC
JIMHUY YKa3bIBAIOT HAIpaBIICHUE CHJ, ACHCTBYIOIIUX B 3TOM Hose. Eciu cunossle IMHUN
napaie]bHBl, TO IIOJIE ONHOPOAHO. Maunblii 1o pa3Mmepy NPOOHBIE  MarHuT
MOBOPAYMBAETCA BJONb HANpaB JIEHHS CHIOBBIX JHMHUM MarHuTHBIE CHIIOBBIE JMHUU
BCET/la 3aMKHYTBI

Hanpspokennocts MIT onpenensiercs cuioi, KoTopas AEWCTBYET Ha NOMELIEHHBIH B
rone MpoOHbIA MarHuT. Tak KaKk MarHUTHBIE TOJIIOCHI HE CYHIECTBYIOT B OTAEIBHOCTH, TO
Ha CEBEPHBI M IOXKHBIH IOJIOCH NPOOHOTO MarHWTa JEHCTBYIOT HPOTHBOIIOJIOXKHO'
HalpaBICHHBIC CWIBL. B CHIY 4YEero BO3HUKACT MOMEHT Mapbl CHI OTOT MOMEHT
XapaKTepu3yeT BEIMYMHY HAIpPSKEHHOCTH B JaHHOM Mecte. B MII nmunmunapudeckoit
KaTyIIKH OH NPSIMO TIPOIOPIMOHAJIEH 4YHCIy BHTKOB W CHIE TOKa M. 0OpaTHO
MIPONOPLMOHANIEH JANMHE KaTylku. Hanpasinenue BekTopa HanpsbkeHHocTH MII B kaxnoi
TOYKE MPOCTPAHCTBA COBMAAAET C HAMIPABICHUEM CHUIIOBBIX JTHHHH.

Ennunna CU nanpsoxkennoctu MIT [H] =amnep/merp (A/m). Enunnia HanpspKeHHOCTH
MII spcren (3) ve mpunamiexut k CU u ¢ 1980 r. He nomyckaercs K NMpUMEHEHHUIo. 1
3=79,6 A/m, 1 A/M=4/1000 3=0,01257 5

Jlnst mpsiMosuHEMHOTO POBOIHUKA ¢ TOKOM [ HarnpspkeHHocTh MIT Ha paccTosiHuM T OT
HETO B INIOCKOCTH, NEPIEHINKYIISIPHOH IIPOBOHUKY, OTIpeeisIeTcs: BeipaxkenueM H =1/2zr.

Hanps>keHHOCTb B LIGHTPE BUTKA C TOKOM / COCTaBIIsIET

H=1/2r.

MaruuTHeli MOMEHT p 3aMKHYTOIO IIJIOCKOIO KOHTypa ¢ TokoM I ompenensiercs
BBIpaXKEHHEM p=I1S, T1e S—BEKTOp, YHCIECHHO PaBHBIH MJIONIAJ1, OXBATHIBAEMON KOHTYPOM,
1 HaTpaBJIEHHBIN 10 HOPMAJM K MJIOCKOCTH KOHTYpa TaK, YTOOBI M3 KOHI[A BEKTOpA p TOK
Ka3ajcs IPOTEKaroIUM IPOTUB YaCOBOM CTPEIIKU.

MII MOXHO KOJIMYECTBEHHO XapaKTepPU30BaTh KaK BEJIWYMHOMN CUIIbI, JeHCTBYIOIIEH HA
MpOOHBIH MAarHUT, TaK U BEIMYMHOM MMITyJIbca HAIpsDKEHMS, HHAYIUPYEMOTO B NMPOOHOM
KaTyIIKe MPY HAJIO)KEHUH WM CHATHH TTOJISL.

MaruutHol uHAyKIUed B Ha3bplBacTCsA IPUXOJAINEecs Ha OJUH BUTOK OTHOLICHUE
TUTOIAN 1O KPHBOW HATIPSKEHUSI, HHAYLIUPOBAHHOTO B KaTyIIKE, K CEYEHHIO S KaTYIIKH.

Envanna CU marautHON nHaykuuun [B] = BOHLT-ceKyH,z[a/M2 (Be/mM?)=Tecua (Tn).

MaruuTHas MHAYKLMsT B—BeEKTOpHas BeluuuMHa. B Bakyyme ee HampaBiieHUE
coBMajaeT ¢ HampaBieHueM HampspkeHnoctn MIT H. B=upoH, rme puo=1,257 Bc/Am—
MarHATHas HOCTOSIHHASI.

Bonee Menkumm enuHWITAMM  HM3MEPEHUS HMHOYKOWHM  SBISIIOTCS  MUJUIUTECHA,
MHUKpPOTECJIa, HAHOTECa, IIUKOTECIa, HEMTOTECIIa, COCTABIISIONINE 10 R 10'6, 10'9, 10'12,
10" Ta. s npuMepa ykaxkeM, uTo naaykius TMII cocrasiser okono 50 MxTi,
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a uaaykuust MII cepaua yenoseka — okoso 50 nTm.

EnyHnIa MArHUTHOR MHAyKuH rayce (I'c) He momyckaercst K npumenenno. I [ =10-*
Tu; 1 Tnn (T)=10" Ic.

MarsuTHBIM IOTOKOM HA3bIBA€TCS IIPOU3BECHIE MarHUTHOM MHIYKIIMU Ha IUIOMIAab
nonepedyHoro cedenus nois. Exuanmna CU marautHoro noroka [@]=BonbT-cexynna (B-
c)=BeOep (BO).

s ongaopoHOTO ot @=BS cos o, T1e 0. —Yyroa MeXAy HalpaBJIeHHEM HOPMAali K
TUIOMIaaAN 4 ¥ HalpaBJIeHHEM BEKTOpa MHIYKIUK. 715 cirydasi, KOTia HHAYKIHS MEeHsIeTCs
10 CEYEHHIO,

@ = [Bsds.

Wugykimio mosst B 4acTo Ha3bIBAIOT IUIOTHOCTHIO MArHUTHOTO MOTOKA, KOTOpast
omnpezensiercs: u3 cooTHoureHus: Bs=d/S.

Panee ucnonp3oBaBmIascs eAWHUIA MAarHUTHOTO ToTOKa MakcBesnt (Mkc) ¢ 1980 r. He
jonyckaetcs K mpuMcHernio. 1 Mxe== 10 * B6; 1 B6-10° Mxc.

Ecim 8 MII moMecTHTh BEIIECTBO, TO MHIYKIMS M MAarHUTHBIN ITOTOK M3MEHSTCS IPU
HensMeHHoU HanpsbkeHHocT MII. Ilox neiictBuemM MII MarHuTHBIE IMIIOIU B BELIECTBE
OPHEHTUPYIOTCS B HANpaBICHWH TMONS M YBEIUYUBAIOT MAarHUTHYI0 WHAYKLIMIO H
MarHMTHbIM MOTOK. [Ipupalienne MHIYKIMKM €cTh HAMarHn4eHHoCTh J. Bo Bcex BeliecTsax,
KpoMe (eppoOMarHeTUKOB, HAMarHUYEHHOCTh MPOIOPILMOHAIBHA HANPSHKEHHOCTH MOJIS. a
K03(GHUIUEHT NPONOPIHOHAIFHOCTH Ha3bIBACTCSI MATHUTHOM BOCIPHUMUYHNBOCTBIO: J=yuoH
(Ti). Bennunna, moka3pIBaIoONIas CTEIIEHb YBEIMUYCHUSI MATHUTHON MHIYKIMU B BEILECTBE,
Ha3bIBAeTCS OTHOCUTENILHOW MarHUTHOW NpoHHIaeMocteio u=B/Bo Torma B = uuoH rne
IIPOM3BE/ICHNUE [1a = /i{t0 HA3BIBAIOT A0COIIOTHOM MPOHHUIIaEMOCTHIO BEIECTBA

CBs3b y C 4 BEIpaXKaeTCsCOOTHOIIEeHHEM y = u—1. Bemectsa >1, y >0
(Hanpumep, MIIaTHHA, ATIOMUHKH, BO3yX) Ha3bIBAIOT TapaMarHeTUKaAMH,
1ojie B HUX BO3pacTaeT He3HauuTenbHO. Bemectsa pu<l, y >0 (mampumep, cepebpo, mens,
BOJia) HA3bIBAIOT JAWAMArHETHKaMM; TOJI€ B HUX YMEHBIIAeTCs B HEOOJBIION CTEMEeHH.
BemecrBa p>>1, x >0 (mampumep, Kkene3o, KOOaIbT, HHUKENb) HAa3bIBAIOT
(eppoMarHeTHKaMH, I0JI€ B HUX CYIECTBEHHO YCHIINBAETCS.

B Tabnuie gana cBojka BeIMYUH, onKMchiBaomux MIT.

MarsuTHEIE BEJITUYHHEI

Bennunna YpaBHenue Enununa
HampsxeHHOCTB HONS H=IN/I A/m
MarHuTHbIii MOMEHT p==IS AM?
MaruuTHslit TOTOK O=BS Bo=B.c
MarsuTtHas HHAYKUUS (TUIOTHOCTB B=®S Tn=B.c/™m
MarHMTHOTO TOTOKA)

MarauroaBrKyIas cuia F=HI A
MarHuTHasi oCTOsSTHHAS 1 =1/g0C? T'a/m
WHIyKTHBHOCTH L=®N/I I'u-B-c/A
OHeprus momus W=LF/2 Jx=Bt-c
IInotHOCTB 3HEPrUN w=BH/2 T/
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