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B yuyeGHIKC paceMarpHBaloTcs MCTOApk HCMeL0BaHMId
MarnHTHLIX CBOHCTB (heppOMATrHHTHLIX BCULECTB B NOCTOSAH-
HLIX ¥ TCpeMENHbIX MATHHTHLIX 110J19X, a Takxe MeTO1nl
sceac0Bannsa  cnafoMarditHbx Bentects. OclloBHOe BHH-
ManHe yacdel0 ONHCAHING [IPELIIZHOHHBIX MCTOA0B H3Me-
PCHUA, KOTOPbIE NAXOIAT LUPOKOC IpHMellelide B Hay'HO-
11CCC;10BATEALCKOI TPAKTHKE.

B kHure uMeercsd Takme pasiled, Ti¢ M3JaralTcH Ipo-
MBIIVICHHLIC MCTOALI MCHbITAHMS MarHUTHBX MaTepUal10B.
O{IHChIBAIOTCA MarHuTHblC METOH4ni HCCIe0Banus, paspa-
OOTAHHBIC B CAMOC 1l0CJeIIIee BpeMs.

HMananue paccuuTano na CTy,1€HTOB, ACHEPANTOB, nayu-
HblX PAOOTHHKOB U HIIKCIEPOB, 3aHAMAIOLIXCH HCCMeA0BA-
HHEM MArHHTHDLIX CROHCTR BelLIeCTBa.



MPEJUCJIOBHE K I U3AAHHIO

IlacTosilas KHHMra IpejHasHauela 15 (DH3UKOB-3KCNMEPHMEHTATO-
pOB, aCMHPAlTOB H CTYACHTOB, CTCHHAAM3HPYIOIHXCH B 001aCTH Mar-
HUTHBIX "ABjenull 11 Gu3ukn TBepAoro Teda. Kuura Oyler Takxke
nojiesHa HikeHepaM, palOoTAlOHM 3  layuyifo-HccaeAoBaTeNbCKHX
HUCTUTYTAX LPOMBIILITEHHOCTH 4 B 3aBOJACKHX Ja00paTOPHUSX.

HecmoTps Ha mHpoOKoe pacnpocTpaHelide, KOTOPoe TMOJYYHIM Mar-
HUTHble M3MEPEHMs! B LAYUHBX HCCJAEJOBAHHAX H TPH HCIOBITAHHAX
TCXIIYECKHX MAaTepHasjgoB, KHHT, HOCBSINEHHLIX-3TOMY BOMPOCY, OYelb
Maao. Brumeamue panee uaganus (E. I, Il p am k0B, DJekrpudeckue
¥ maruutneie uavepenns. OHTH, 1937, M. B. Auruk, E. M. Koun-
gopckuit, E. M. OcrpoBckuit, b. A. Cagukos. Maruarisle
usMeperiusg., FTOHTH, 1939; U. U. Kudep, B. C. Tanrtiomun. He-
muiTaHusg (PeppoMarHuTHBIX MarepHaaoB. ['9M, 1985) 6merpo paso-
mnck. B oykazaunelx KHMrax — JBe M3 HHUX NOSBHINCL €lle B Iped-
BOEHHLIE I'0JBl — YHTATeAb He HafijlerT ONHCANNA MHOFHX HOBBIX METO-
JOB MAaCHUTIIEIX H3MEePeHHH, KaK, llampuMep, H3MEpeHMs MarluTHHX
XapaKTEPUCTHK (PEepPUTOB TMPH BHICOKMX YacTOTaX, TeH30MEeTPHUCCKUX
METOJ0B H3MEPCHHMS MATHUTOCTPUKUHMM, AuPdepeHUUaablbIX MeTOXOB
MAarlHTIBIX H3Mepeduil ¢ NpHMeHellHeM 3J€KTPOHHHIX M (oToonTtHye-
CKMX yCTpOWCTB, BUOPAUMOHIIOrO MarliuToMeTpa H T. A. [JlanHaa Kuura
BOCTMOJHHUT OTMeyellblit npodea. Becw marepuan pasdur Ha XV raas,
B KakJ0f W3 KOTOpBHIX H3JAaraloTCd MeTO/lbl HCCAefoBalud, OTIOCH-
mueca K ofiHoH Teme. Mcewitiouenne cocrasaser IX riaaea, rie aBropoM
00beIMHeHEl JBa BOMpOCA, CYIleCTBEHHO OT.IMYAloNHecsl OZHH OT JApy-
roro.

Ilpu cocraBneHuM KIMTH aBTOpP HCNOJIB30BAT MaTepHasbl CBOHX
JeKUMA N0 MaTHHTHBIM H3MepelHsM, YHTAEMHX Ha (H3MYeCKOM ¢a-
KyanTere MocCKoBCKOro ynupepcurera. Kpome TOro, mpH COCTaBIEHHK
raas I u 111, § 2 rmaBet VI, § 1 tnasm VII, raasw IX, §§ 1, 4, 5 raa-
Bul X, § 7, 8 1 9 raaswt X1I, § 5 rmasw XIV UM IIHPOKO HCHOJAB3OBAJ-
Csl OMBIT, NAKOMJENIbLIA KOJIJeKTHBOM Kadeapsl MarHeTHaMa (usuue-
ckoro (Qakyiabrera MTVY mpe npoBeleHHHM PasdHUlbIX  IKCICPHMEH-
TaJbHBIX Hccle0oBaluil.

Bce xputnueckne 3aMeyaHus M MOXKCJAAaHUA B OTHOLICHHHM ITOH KHH-
TH aBTOPOM H PENaKTOpPOM OyAYT NMPHHATE! ¢ 6aarofapriocTeio,

E. H. Kondopckuii
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NPEAVCJ/IOBHE KO 1T U3TAHHIO

3a BpeMsd, mpollleAllice ¢ MOMEHTa BHIXOJa TMepBOTO H3AAHHA KHII-
T4, METOABl MATHUTHBIX H3MepeHHH MOJY4HJIM elle Oojiee 1IHPOKOL
pacnpocTpaHesue. IJT0 OOBACHAETCH [pexKAe BCETO TEM, UTO YyCHell-
HO€ pa3BUTHe MHOTMX o0Jacrel] TeXHHKM M NPOMBIIIEHHOCTH HEpas-
PEIBIIO CB$SI3aHO C TIPOM3BOJCTBOM H IplMEHEHHeM pasIuylibix dheppo-
MarHUTIBIX MeTaJJoB M CIJIaBOB.

Kpome Toro, paciuipcHie 3IKCOePHMEHTAJbUBIX HCCAel0BaHHA B
obGJacTy (PU3MKU MATHHTHIBIX fABJAENHH CONPOBOXKA3J0Ch Pa3paboTKOf
HOBBIX, 3HAYHTeJLHO 00.ee [PEUH3HOHHBIX METOJOB H3MEpCHHA.
B ¢BA3M ¢ 9THM OBIIM pa3paboTaHbl HOBble METOALI H YCTAHOBKH M YCO-
BEpLIEHCTBOBAHL! YK€ H3BeCTHLIE. '

[TosroMy B Hacrosllce H31aHHe KHHTII GHIJH BlIECENB A0NOAHELLS,
CTPa3HBIIHe pa3BUTHE TEXHHKH MATHHTHRIX H3Mepeuuii 3a Hocaeliue
TO1bl ¥ CO37aHHE JIOBBIX METO0B.

HacTtoatiaa xiHra, Tak 2ke Kak M ec lepBoc H3jianue, npeiiasia-
yena AJ4 (DPH3MKOB-3KCIEpPHMeNTaTOpPOB, acHupanToB H  CTyZelTOB,
CeNnna H3upPyImUXcss B 061acTH (PM3MKH MArHATHBIX SBJCHUH.

Kuura 6yger Takxe 1oJc3Ha HIKeiepaM, paboTalomuM B HayyHO-
HCCAeA0BATENbCKHX HICTHTYTAX IPOMBILICHIOCTH H B 3aBOJACKHMX Ja-
GopaTopHax.

E. H. Kondopckuil



F'TABA MMEPBAd

OBU{UE CBEAEHHS U3 TEOPUH
PEPPOMATHETHU3MA

§ t. OCHOBHBIE MATHUTHbIE XAPAKTEPUCTHKH
BEWECTBA B MOCTOAHHOM MATHUTHOM
noJE

B Hacrosiee BpeMa H3BECTHO, YTO MATHHTHLIE CBOHCTBA BCIIECTBA
00yCJOB/EHL! CHHHOBHIM M OpOMTAAbHBIM MAarfATHLIMH  MOMEHTAaMH
3JIEKTPOHOB, a TAK)Ke MATHHTHBIMH MOMEHTaMU sizep atoMoB. OUHTH
[0 M3YYeHHI0 THpOMarnutHoro addekra nokasasd, 4YTo y HEKOTOPHIX
METaJJIOB CINHHOBBI MarHUTULIE MOMCHT HTpaeT OCHOBHYIO pOJIL B
CO3MaHMN MAaTHUTHOIO MOMeHTa artoMa. YToGel aToM B UENOM HMeld
MATHUTHEIE MOMeUT, AOJIKIUB OLITb HECKOMMEHCHPOBALBI MaTrHHTHLIG
MOMEHTHI CIIHHOB. DTO BO3MOKHO B aTOMax ¢ [e€3al0jlieHIbIMH 000-
JoukaMu. K HHUM OTHOCSITCA 3.J€MeHTHl MepexOoAHOH Ipymiibl, peaKo3e-
MeJbHDIe 3jeMenTel  Ap. OfHaKO Haauyde He3amo.dHCHHEIX 000/104YeK
B ATOME elle He SBJSETCH AOCTATOYHRIM YCJIOBHEM M7 CyllecTBOBa-
Hug Qeppomaruner#smMa. Mexkay CnuHaMu COCEJHHX aTOMOB AOJIKIIO
CYILIeCTBOBATh ellleé CHJLHOE 3JEKTpHYeCKOe B3aUMOJAEHCTBHE KBAHTO-
BOM@XaHH4YeCKO# npupoibl (O6MEHHBle CHABl). DTO NPHUBOAUT K BO3-
HUKHOBEHHIO CAMOIIPOM3BOJBHON HaMAariuYelHOCTH, KOrJAa MarHHTIIbE
MOMEHTHL aTOMOB ODHEHTHDYIOTCA B O4Yellb MaJIblx ofwemax (Zomelax)
B OJHOM HaNpPAaBJEHHH, Hanpuvep y ¢eppoMarseTHKOB, HJH B TPO-
THBOMNOJIOXKHEIX HaNpaBJIeHHAX —y aitugeppoMarieTukors [3—7, 10--
12, 13—30}.

Ecau Buellllee MarHUTHOE NOJE OTCYTCTBYET, TO PE3yJbLTHPYIOMHI
MarHUTHLIH MOMEHT BellecTBa OyJXer paBeH HyJio. Ilpun Hanoxennu
MAaTHHTHOTO MNOJA KaxKJAHil aTOM JaeT cJAaraiuyl0 MariiTHOTO MOMEH-
Ta 10 HaNpaBJeHHIO N0/, H NOABIAETCA PE3Y/JAbTHPYIOLIHHA MarHUTHEBLH
MoMenT M. MarHuTHOe cOCTOsIHHE BellecTBa XapaKTepH3yeTcs BeJH-
HYHHOH pe3yJbTHPYIOIEro MAardMTHOIO MOMEHTd, OTHECEHHOrO K eiH-
HHlle o6beMa, K €QMHHMIE MacChl MM K TpaMM-aTOMy BellectBa. Pe-
3yJAbTHDPYIOIIMHA MATHHTHBII MOMEHT €JHHHIL o00beMa Ha3blBaercs
HaMarHuyeHHOCThIO BellecTBa U obosHauaercs Gyksoil /. Eciu
BeJHYnHa M OTHOCHTCSl K €QMHHIE Macchl Teja, TO HMEeM Macco-
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BYI HIM yAeJabliylo HaMarHHucHUOCTBL o Moansapnrasn
HaMaTrHUHYCHNOCTbL 0003HAUAETCH Gm.

Mexay naMariH4eHHOCTBIO ¥ BHEUIIMM MATHHTUBIM NOJeM HMeert-
csl pocTas CBA3b BHIA

I=+4H, (1.1)

rac Koa(hOUIHEHT MPOMOPLUHONANLHOCTH ¥ HaabiBaeTcd MAaTrHUTHOM
BOCTPHHMMYHBOCTLIO. Beanynua BOCIPHMMUHBOCTH Jgua- H lla-
paMAaTHHTHLIX BelllecTB oucHb Maaa (10 -*—10-), npnuem y auamar-
HHTIILIX BelIEeCTB OHAa oTpuuaredpna (x<<0). Haa ¢deppomarieTukos
cootHouicuue (1.1) ABAsicTCA ueaHHEHHBIM, TaK KaK CYIIECTBYET CHb-
Hasi 3aBUCHMOCTb MATHHTHOR BOCHPUHMMYHMBOCTH OT HaNpPSAXKEHHOCTH
MATHHTHOTO MO/, TPH 3TOM BOCIPHMMUYHBOCTb 5THUX BEIUECTB JIOCTH-
ract ouenb Gosabmnx 3uaucuui (Zo 10°). Ecanm xkakoe-1u6o BelecTBO
[OMCCTUTE BO BIEIIHEe MATHUTHOE [104€, TO BHVTPH 3TOTO BelEcTBA
MaruuTible MOMEHTHl aTOMOB CO3A4aAYT MATHHTHLIC I0J51, KOTOphie
OVIyT CK1aabiBaThCsl, B DPC3Y.JLTATC YeTO BO3HHKHET BHYTpEHHEE NO-
1I0.HIHTEIbI0E NoJe. DTo noJdc Ao0aBiasiercsl K BHCLIIIEMY MariHTHOMY
no.to. Cpejilee MAarHHTHOC [OJC B BellecTBE HA3LIBACTCA MaTHUT-
HOM MHAyKIHEeN u o6o3Hayaercs OykBoil B. MaruuTHas HHAYKLMI
XapaKTepu3ver MAariuTHOE COCTOAIIMC BelllecTsa B HCKOTOPOM BecKo-
HCUHO ManoMm oGbeme. OHa fBagereda (yiukiieil BIEIIHCTO MaTHUTHOIO
noJas H olpeneasercst COOTHOIIeHHeM

B = ponH ="p,H, (1.2)

rge fy— MarHHTHAadA MPOHHIIAeMOCTh BaKyyMa, a UPAaKTHYeCKH M BO3-
ayxa (po=4m:10-7 eu/m), BeauuuHa p=1-+7y 1a3pIBAETCA MATHHTHOI
IPOHMLAEMOCTRIO BELeCTBa, a Uy — a0codI0THAS MaTlUHTI Ay NP O-
HynaeMocTb.

[Ipexic ueM NPHCTYNHUTB K PACCMOTPEHHIO PA3JHYHLIX BHIOB HpO-
HHL@EMOGTeH, OCTallOBUMCH 11a KPUBOI HaMaTHHYMBaHHs deppomar-
HCTHKA, KOTOpas I0Kasala la pHC. 1. 1as noctpoenust 3Toil KpUBOM
11c00X0A1M0, 4TOOB ofpasel 1AXOAWIACAd B Ha4YyaAbHOM COCTO -
I HH. DTO COCTOSIHHE [0JYYAETCst NOC/Ie HHKIUYECKOrO pa3MarHHYMBa-
HUS W XapaKTepu3yeTCs DPaBellCTBOM HYJI0 HANPAKENNOCTH MAarluut-
HOTO TO0Jd W HamaruuucHHoCTH (/=0, [I=0); npu 3TOM MaruuTibe
MOMEHTDLl OfJacTedl caMOMPOH3BOJABHON 11aMarliHyYeHIIOCTH pacnpejie-
JICHBI COBCPILICHHO Xa0THYHO.,

KpuByio HaMarHHueHEOCTH (hepPOMArNCTUKOB MOKIIO Pa3Ae]uTh
Ha HECKOJbKO YYaCTKOB, KOTOpLIE XapaKTePH3YIOTCS OllpeldeselibiM
npoucccaMy HaMaruvuuBauma [5—7, 10—I12]. B o6aactu Hauaaeuoro
HJIH 0GPATHMOTO HaMaTHHUYMBAHMA (Y4acToK I) MarnutHas BOCHPHHM-
YUBOCTDL Yy H TNPONHUAEMOCTb Mg SBAAIOTCH HOCTOSIIIBIMHE BeTHUHIIA-
M. FisMeHenne naMarHHYeHOCTH B 3TOi OGJACTH MPOHCXOANT B OCHOB-
oM 3a cyeT o0paTUMBIX MpPOHECCOB, KOTOPBIE OGYCJAOBJICHB! YOPYTHM
cMeleHHeM Cpanui, MexAy o6JacTAMM CaMOIpPOH3BOJbLHOH HaMaruu-
YelnocTH.

Bropas obmacres kpuBoft Hamaruuuusauus (obmacte Peaes) xa-



paKTePH3YETCsl TEM, YTO B 3TOH 00JaCTH HAMATHHUYHBAHHA OCHOBIYIO
pO.b HIPAIOT TMPOICCCH MHBEPCHH. 37eCh TNPOHCXOAMT CTyMenyaros
yW3MeHEeHHC HamnpaBJeHHd BCKTOpa C€aMOIPOM3BOJBIOIO0 HaMaTrHHYMBa-
iUl BHYTDH AOMela, lPHUCM {IPOLECC HU3MelleHHs HaMaTHHYEHHOCTH He
SIBJISETCS HOJAHOCTRIO 06paTUMbLIM. B 3Tol 00JacTH HAMAarHHYEHHOCTb
nogunnsercs 3axkony Pedes {31].

Teopernyeckass paspaloTKa NpPOUECCOB HAMACHMYMBAHHA B 00/Ja-
ctn Penest nprHa/1€KUT raaBHEIM o6pa3zom Koungopckowmy [16] u Ilpeit-
saxy [32]. .

[peTna o0Gaactb KPUBOH COOTBCTCIBYET GLICTPOMY BO3pacTalHIO Ha-
MATHIYCHHOCTH, H3MEHEHHC KOTOPOH HMeer 3/eCh CTyneu4aTslll BHA
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Puc. 1. Kpusas naMarnwuusamus Puc. 2. 3aBHCHMOCTL MATHHTHOH HH-
(heppoMarseTHKa Avknue,  auddepeHanansion (1),

nodarofl {2) u obparuvioit (3) npo-
HIL@eMOCTH OT HANpPSU/KEeHHOCTH Mar-
HHTHOIO M0.

(ckauxkn bapkraysena), yTo cBAzano ¢ HeOGPATHMBIM CMellenHeM rpa-
HHLL MEXKIY OGJacTAMH CaMOMPOM3BOJbION llaMariuyenilioctd (yua-
crox I1I).

B maruntorBepAbIX MaTepuasax MOIYT 3aMeTHYI0 pPOAb UrpaTh
TaKe npoucceh uHpepcuu. ITpoueccu, o6yc I0BAHBAONINE H3MEHEHIIE
HaMarHHYeHHOCTH Ha 3TOM YuacTke, HeoGpaTuMLl. B ofaacru npus.au-
KeHMsT K Hacelluennro (I1V) nsMeHclnue HAMAarHUYEHHOCTH OGBSICHSIET-
C TJIaBHLIM 06Pa3oM rMpoileccoM BPALUCHMA, KOTJIa HalpaBlelide BeK-
TOpa 1HaMar{HuYeHHOCTH CAMOMPOM3BOJBHLIX O0nacTeil mpuOAWKaeTCs
K HalnpaBJAeHHIO BlLi€lINEro 10/5.

Ha nocncgnem yuactke (V) KpHBOil HaMarilHuelocTH B 06:1acTH
napanponecca nagaiogacrcs caadLifi pocT HAaMAaTrlMYeHHOCTH ¢ YBCJIU-
d€HHeM nosd. YBeauuchue / 31CCh MPOHCXOIMT B pC3yabTATE OpHEH-
TAUHN CHMHOBBIX MOMENTOB OTACILHLIX 3JEKTPOHOB, HaXOASILHXCH
BHYTPH o8JacTeil caMONpPOU3BOIBHONH HAMAaTrIHUCHIIOCTH.

Ecau mocne nosyuenuss ocHOBHOI KPMBOil 11aMariiynBaHis VMeHb-
HIaTh MOCTEMEHIIO 3HAYEHHWEe MArHUTIOrO HOJs, TO KpuBas HaMAarlinye:l-
HOCTH He OyfeT coBnajgarb ¢ ocnoBuoff kpusoil. [TosTomy maa ommmx
H TeX Ke 31aYCHHM{ HaMpAKEHIOCTH MaTlUTHOTO MoJAs MOJAy4aloTcd
Pasivynbie 3HaYeHHs] HAMAarHUYEHHOCTH. ITO sIBJIellHe HA3BIBACTCA
MATHHUTHBM FTHCTepe3ncoM. 3nauellde HAMariMUEHHOCTH, IO-
JdydaeMoe NpH HAanpPsXKeHHOCTH NOJA, pPaBHOH I1Y.I0, Ha3LIBAeTCs!
OCTaToYuno# HaMarHuyeHHocThio {,. Ona oBBUHO MeHBIe
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3nauenus uacslllennst /.. Ecan ¢ a10ro MOMCHTA OMAATL YBEJIWYMBATH
mo:e, HO yXe B JAPYTOM HaNpas/elnH, TO BeJdHYHila HAMaTHHYEHIIOCTH
OyaeT yMeHbLIIATBCS ¥ TPH HEKOTOPOM 3HaueHHH odpaTHoro moas H.
ona OyaeT paBHa HY/M0. JHaueHHe HANPSKEHHOCTH MATCHHTHOrO MOJA
H, maspiBaeTcss KO3 PIUUTHBHOMN cUI0I. Jdanbuefiliee ypeaudeHUe
HAMPSKCHHOCTH OOPATHOTO 10151 H3MCHUT 3lldueHle 11aMarTHHUIeHI0CTH
a0 Beauuuupt f.. TaguMm oOpazoM, Mpofijfs MOJHBI LUK H3MCHEHUSs
HaMaruH4eHHOCTH oT +/[; 10 —[; 1 06pPaTHO, MBI NOJYUHM 3aMKIYTYIO
KPHBYIO, KOTOpasi nazhBaeTcs meTaell Tucrepesuca. Kak Buino,
TeXHHYEeCKoe HaMaruuiipar4ve CBA3aHO C HeOGPAaTHMLIMH IpolleccaMi,
IPOUCXOASIIHMH B PeppPOMarnHuTHOM BeIlecTBe,

Caenyer MOMHATh, YTO A4 NMOJAy4eHHsl YCTaHOBHBLICHCHA MeTdd TH-
cTepesuca, KOTJla HaMarHHYelllOCTh UPH M3MEHEeHUMH MoAd OYAET H3Me-
HAITBCA IO OAHOH M TOI XKC 3aMKHYTOI KPHBOMH, HY:KHO HECKOJBKO pa3
MPOHTH BECh THCTEPE3NCHLIH uuka. JJas onpeaedaenust KPHBOH MarHuT-
HOR HMUAVKIIMH BeIlleCTBA HVYZXKNO 3HATH 3aBHCHMOCTH MAaTHHTHOH HII-
JYKUHK OT BCJAMYMHBEl HATPSIKEIHOCTH BHEHMIHCIO MATHUTHOTO M0JA:
B=f(f). 13 ocuoBHOll KpHUBOH HHAYKUHIH, KOTOPAsl onpededasieTcs Kak
reOMETpHYECKoe MECTO BepLUMH YCTAHOBHBIUMXCS CHMMETDHYHBIX Te-
TeJb THCTepe3uca, Jerko HaHTH MarHuTIYI0 MPOHHUAEMOCTE AJIA KawK-
JAOTO 3HAUYEHHS MAaTHITHOTO 11051 1 TMOCTPOMTL 3aBHMCHMOCTE MNPO-
uunacmoctd y ot noag ff. Ila puc. 2 nana 3aBuCMMOCTR MOJHOI,
AnddeperuaabHol ¥ 00paTHMOH NTPOHHLAEMOCTH OT HANPSAKEHHOCTH
MarayTHoro noad. IlosHas mpounuaeMocTb (kpubas 2) omnpejenscrca
OTHOIICHHEM B&JTHUHILI MHAVKUHI B K COOTBETCTBYIOIICMY 3HAUEHIIIO
MAarHUTHOTO N0, B JalHOH TOUKC KPHUBOHA MHAYKLUIN:

B
* Prhos = m- (13)

KpnBast 2 mokasmiBaer, Y10 MOJiIasi MPOHHUAEMOCTb MpPH ONpeje-
JICHHOM' 3HAYeHUHU Tlona H JocTHraer MaKCUMaJbHOTO 3Haueuusa. Mak-
CHMAaJbHYI0 NPOHMUAEMOCTh LETPYAHO HAHTH 1O OCHOBHOMI KpHBOH
B=f(H). Jdaa storo u3 nayaja KOOpPAHIAT MPOBOAUTCS KacaTelbHas
K OCHOBHOH KDHMBOH MHIYKUMi. ¥TOJd HAKJIOHA 3TOH KacaTe, bHOH olpe-
Ie/seT 3HAYCHHE MaKCHMAaJdbHOH NpoHHUaeyocTH. HayaneHas mpoHH-
1 aeMOCThb ONpPeaCaseTes Kak

n, = lim . (1.4

H—=0 }J.OH
Ecay MarauTHoe COCTOSTHHC BeIUeCTBa (UKCHpYeTcss KaKOH-1HGO
TOYKON Ha OCHOBHOH KDPHBOH HHAYKLHM, TO MPH yBENHYEHHM MATHHUT-
HOTO ToJf Ha Beiuyuuy AH Bo3pacTaer M MHIAYKINS Ha BEJAHUMHY AB,
COOTBETCTBEHHO CMellaeTcd TOYKa Ha KpuBOH uHaykuuu. Ilpeden or-

AB .
HouUIleHus g TP AH—0 mnasniBaercs auddepenuHaabHOR
npounllaeMoOCThbIo (Kpusasa [):

W == lim AB
Rub s MgAH

(1.5)




[Ipn yMeHblUEHHH HANPAXKEHHOCTH MarlUTHOrO NOAA YMEHbIIAacTCs
BCJHYHHA HMHIYKIHMH, IO He TO OCHOBHOIN KPHBOM, a HECKOIbKO Mej-
neHHee. Ecan 3ateM ondATh HayaTh YBEJIMUYMBATH 110J€, TO MariurTHag
HIAYKUHS BO3BPATHTCH K HCXOAIIOMY COCTOSNMIO, HO YK€ IO HOBOMY
nyTH. AdpyruMu cIoBaMH, HIIYKUMA OnHUIeT y3Kylo nerio. Hakion
B,

ANOJyYCHIION TIeT.IH, Ml 1pee/l OTHOLIenHs npu AH,—0, Ha3bI-

1
paeTcs OOpaTHMOM IIPOINNACMOCTBIO (KpHBas 3) H OHNHCHIBAEeTCs Bhpa-

KelneM

AB,
AH;—0 MoAH;

Woep == (1.6)
Bee ckasanHoe BbIlIC O MATHHTHOH 1IPOLHIAEeMOCTH B TakKoH iKe
Mepe OTHOCHTCS ¥ K MarHHUTHOI BOCTPHUMYHBOCTH.

§ 2. PASMATHHUYHMBAIOWEE NMOJNE OGPA3LIA
K PABMATHHYHUBAKIIHA PAKTOP

B cayuae o0pasuoB ne3aMkiuyToll (hopMbl 1HeOGXOAHMO YYHTHIBATH
BJMsiHHE MaTHMTHLIX 3ap:sioB. ;lel1o B TOM, 4TO 11aMarHMYCHHOCTDL 3a-
BHCHT OT HalPSIXKEHHOCTH MAariHTHOro nods u Qopmbel obpasua. [lo-
3TOMY YAOGHO ONHCATh 3TY 3aBHCHMOCTDL, BBOAS [OHSITHE O MArHHTUEIX
3apsgax. Ecau QeppovarHurHoe Te10, HAOpuUMep 3.1JAHNCOHI, NOMe-
Iell0 B OJIHOPOJHOE MATHHTHOE [10J1€, TO IPH HaMarHHYMBAHNM Ha €ro
MOBEPXHOCTH B lalpaB/JeHN| BlIELIIIero N0 BO3HUKHYT MATHHTHBIE
3apaabl, KOTOPEIE CO3Ja/lyT AOMOJHMTENBHOE MarHUTHOE moje H,, Ha-
npaBJeHIloe BHYTPH o0pasia NpPOTHBONOAOXKHO BHeWNEeMY TOI I
rnamarnnyensocTH. CaeloBaTedbHO, Ha Bliellliee MoJde OyIeT HaKIaabl-
BaTbCsl COOCTBEHHOE MOJe, MM, KaK ero HashlBalT, pa3MarHnYH-
Bapuee nole Torga cymMMapiioe HCTHHIOC NMoJje BUYTPH Teda OyieT
paBHO

H=H,+H, (1.7)

Herpyano moxasath, uto node Hy MpOMOPUHOHAIBHO HaMarlHyeniio-
CTH

Hy= —4nNT (1.8)

CO 3HAaKOM MHHYC.

Beanunua N naseiBaetcd Ko3(pGHUULHEHTOM pa3MarHUYH-
BaHuA, wan pa3MariuvyusaomnM daxropom [1--3, 13,
15]. Coraacto popmyaam (1.7) u (1.8), M0KH0 3amHcaTh, UTO

H=H,—4aNI. (1.9)

Taxnm o6pa3oM, MCTHHHAS HAMPSKCHHOCTH MATHUTHOTO TOJfA, KO-
TOpas AeHcTBYeT 11a ofpasell, MeHbLUE HAMPSIKEHHOCTH BHELIHErO IO-
ad. Pasmarunuupaoliufl gpakrop N B CHABIOH CTEMEHH 3aBHCUT OT
OTHOCUTEJBHOH AJaunbl A o0pasua, Koropad mpeacrasasiect coboi OTIO-
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uleHHe JUINHEL K NOMCPCUHLIM pasMepaM. 3Hadellne N yMCHDLIIAETCH
C yBeIHUCHHeM AAHHLI obpasiia. M3 coornomennil (1.1} u {1.9) mox-
HO MOJYUHTL CACLYIOILYIO 3aBHCHMOCTh MeXay moaamu H u H.:

1

He=H, ——,
1L 4ayN

(1.10)
THe y-— MarHUTHasg BOCIHPHHMMUMBOCTL BelLLECTBA, KOTOpast onpe/le-
JdeTcst TOJAbKO (PU3HYecKoil NMpupodod MaTephada. Beamuuna y cpa-
3aHa C MarCHHTION BOCHPHHUMHHBOCTBIO Teia Yo COOTHOUIelHeM

X
Yo = e _ (I.11)
Henoansysa (1.2), neTpy/1Ho MOJYUHTL alladoOTHYHOe BLIpaikeHue
JT51 MATHUTHON NMPOHUILLAeMOCTI.
Htak, varsurtHasg npoUHNAeMoCTb g U BOCIPHHUMYHBOCTL jo 3aBi-
CAT [le TOJbKO OT (PU3HYECKOH INpH-
1 pOAR MaTepHada, 1O U OT HOPMLI
Tesa.

1) O6biuno TpeGyetcsl 3i1aTh MATHUT-
N 1ty fivle  cBoHCTRA (PCPPOMATIETHKOB B
(PYHKLUHK  UCTINIOIO, BHYTPCHHETO,
VL8 4 smarHuTHoro nouad. [Tostomy paccmor-
17 | pPHM, KaK 1IPOH3BOJMUTCS MepecyeT
al /i ! kpupol [=f(Hg) una I=f(H), rax
. ! KaK MpaKTHYeCKH, KaK MpPaBHIO, BCCT-
0 hy Heft Ia onpelcaseTcs 3aBUCUMOCThL Ha-
, MArHHYCHHOCTH OT BIEUIIero MaTHHT-

Puc. 3. I'paduueckuii cnoco6 mnepe- - o
cuacta kpusoi [=f(Hg) wa [=f(/f) 1OTO moas. I'papuuccknit metox me-
pecuera OLI1 npepnoxen PedeeMm n
HasbiBaetcd MmeTojgdom casBura [31]. Ha puc. 3 kpusas I (Hg) coot-
BeTCTBYET KPHBOH HaMaTHHUNHBaHuA Teda. JlnaA Toro 4ToOLI MOCTPOUTDH
. KPHBYIO HaMarHu4uBanus peilecTBa [ (H), neofxoinMo 3uath pasMar-
nuyneaonnii daxkrop N. 3Haa N, MOXKHO TNOCTPOUTb 3aBHCHMOCTB
laMariM4eHHOCTH OT pa3MaTrHHuuBaloilero noas fly, ucnoawp3ys cooT-
nowenwne (1.9). M3 manHoro cooTHOWUIeHHs BHIHO, YTO 3TO MNpAMas

JIMHHA, HaKJA0H KOTOPOMH K OcH [ onpejensiercsi paBeHCTBOM

tg @ = —Ij—°=4m’\/. (1.12)

Lcau mpoBecTd mpaMyio MapaiaenbHO OcH H, TO olla Hepecedercs
¢ xpusoit I =f(Hg) B Touke E, coorBercrByiouicit HamMaruuuennocty [
v BieulieMy nodio Hg, a ¢ npaMoft OC B touke D. Beanunna orpesxa
BD cooteeTcTBYeT BeNMYMHE Pa3MarHHYMBAIOILETO MOJs HPH HaMar-
Huuentoctn fg. UTo6bl NOAYUHTb 3HAUYENHE HCTHHIOTO TOJgsT MPH /g,
OT10KMM lia mpsiMoli, napainenshoft H, orpesok EA=BD. Torjga Be-
auuuna otpeska BA=OH, naer 3nauenue BHYTpPCHIilETO II0J1d, COOT-
DCTCTBYIOIIEE BHCU.IHCMy moJI0 HE
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TakuM cIOCOGOM MOMKHO ONMPCHCAWTB A KaxJ0of TOYKH KPHBOM
J=[(Hg) 3nauvenue BHYTPEHHETO 11045 H IIOCTPOUTH KPUBYIO HAMArlu-
4yeHHOCTH BetilecTea (kpupas [ (M), puc. 3).

PaccMOTpeHHBIH HAMH METOJ llepecueTa CNpaBCAIHB A cayuad,
Korja pa3MarHnunBamomuii ¢paxrop N ABIAETCA IMOCTOSHHON BCAHTH-
Hoil u 11e 3aBHCHUT OT /. '

Ins mpoecldenHs YKa3anHoTO BLIC NIepecyeTa 11€00XOAMMO 3uaTh
N, KOTOpEL MOXKIIO 4HAJHTHYECKHM PaCCUMTaTh TOJAbKO JIJsi OAHOPOLHO
HaMarHHUEHHOTO Teja, HalpUMep A 3.10uucoula BpamleHua. [Ipuse-
meM HeKoTopbie GopMy.ul pacucTa N 11 Tea B (QopMme 3JIHICOH/A
Bpallelns NPH HaMaTHHYMBAllKH BA0Jb OCH BpallleHud. B cayuae
cheponna, korga A<1, nmeey
= = . (1.13)

o

i
N
——-——— arccos A\
P l—A2
Jlng oBoula, Koria A>1, umeen

i A2}
LI 1.14
3 (1.14)

1 — .
————1In (\ /AR — 1)* 1

¥ A2—1 A+ ‘

Ecau A>50, To mocaeausas (Gopmy.aa ynpoliaeTcs u NpHHEMAaeT B

1 A?

N moa—1

(1.15)

_B npuBepmenHbnix Qopmyiaax BeaWuHHAa A eCcTb OTHoCcHTenbHasa AJHNA
3JJHICOUAA, paBliasl OTHOLIEHHIO ero OCeH.
* Tloaeano Takxe 31aTh pa3MaTHHUHBamwliHe daxropnl Tex olpas-
1[0B, KOTOpble M0 CBOeil (hopMe SIBIAIOTCA YACTHLIM CJAyUacM 3.L1HI-
coupa Bpawenusa. Pa3marunyupaollinii (akTop GECKOHEUHO TOHKOIl
IJTaCTHIIKY HJAH OIHCKa, Korga A=0, paseu

N=1 (1.16)

IIpH 11aMaTUHUHBAlHK IeplHelAuKyasapio mfockoctH. Ecan navari-
YHBaeTCs GeCKOHeUHO JIJIMHHBIH LUIMIAD NepleHIUKyAIPHO CBOCH OCH,
TO JJI1 HETO Pa3MaTHUYHBAOILUE (PaKTOp paBen

)

N =0,5. (1.17)

Pasvarununsaionii dbakrop wapa

N = (1.18)

1
5

Ml pacevoTpean pasmariunsalomue (HpakTopnt 06pasioB TAKOI
dopmer, KOTOPBIC B OANOPOAHOM MarLHTIOM MOde lAMATIHUUBAIOTCS!
pasuiomepno. O0pasubl Koneunoil Anulpl B HeTIHICOHAANBHON (op-
MBbl B ONHOPOAHOM BIElllIeM [01C llaMaruHUMBAIOTCH [epPaBLOMePHo.
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B sToM cayuae pasMarHiunBalowMii (pakTop IepeMmeriast BeAUUHHA.
Torma aas omucaHus MArHHMTIIOTO COCTOSIHHA BellecTBAa paccMaTpuBa-
10TCsl ABa Buaa I u B, a clellopaTedALHO, H JBa BHIAa pa3MaTlHUMBAIO-
wux GpakTopos: GajJHCTHUeCKHH Ng 1 MarHHTOMETpUUeCKHl Ny, Baa-
JIUCTHUECKUA pasMarHu4uBalollMi (axkTop HCHOJIb3yeTcsd B TeX C.ay-
yasx, koraa / usMepsercs B cpejicil vacTu obpasua. Marautomerpu-
deckilfl pa3sMaTlHHUHBAOIME (hakTop HpUMensierca [pH  yCpeOHeluu
snauenuit / u B 1o sceMy odbeMy oGpasila, UTO HMeCT MecTO IPH Mar-
HUTOMETPHUUECKHX H3MEPCHHUAX.

3xaucHue BeaHUHHLI Np BcerZa melbine, yeM Nai, Tak Kak mpd
HaMarnnuuBatul, nanpuMep, B OAHOPOIHOM TOJde LHAHIIPHYECKOT O
ohpaslia, HaMarHuuclIOCTL B CPCAHCH dYactu [ Bcerfa Oodablie [y,

Eeau g »oo npu 9= A<{28, 10 1aa pacueTa 3Hauenuii Ny u Ny
MOKIIQ UCHO1L30BATL Clelyiomue hopMyJIbL:

Ny = —A‘_ 2,72 g A— 0,69) (1.19)

Ng— % 2,01 1g A— 0,46), (1.20)

TIe .\ eCTb OTHOIDeHWe IJIHHBI HUIHLIPA K Cro AHAMCTpY.
Hpu %0

1
Np = O (12D

B rad.a. 1 npueejiennt nckotopiie 3HadeHust N LI 9LTHICOHIOB H
LHAHHIPOB.

Tabavuua |

A 4n N sauunconza 4% Np unaukzza | 47N 5 unIHHAPa
AN~ 00 AN K00
10 2,549 . 101 1,948 . 101 l 2,550 - 10-1
20 8,48 - 102 6,771 - 10 ¢ 8,98 10 2
30 4,32 - 102 3,606 . 10-2 4,60 . [0-2
20 1,81 -10-2 1,485 . 10-2 1,83 .10-2
100 5,42 . 10-3 4,470 . 10-3 5,2 .10-3
200 1,60. 19-3 1,295 . 10-3 1,5.10-3
500 1,48 - 10-4 1,76 . 104 —
1000 8,19 . 10-5 6,99 . 10~ —
10000 1,12 . 10-7 9,53 . 10-8 —

§ 3. OGPA3LDLI H PABMATHHYUBAHHE
OBPA31IOB

®opMy o6pa3uoB OPH NPCUM3HOHHLIX H3MCPEHHIX HYIKHO BHIGH-
paTh TaKoif, 4T00bLl HaMaTHHYEHHOCTb Gbla OZHOPOAHOH HAM 0Jau3Ka
K Heil. ITO MOXKCT HMCTb MeCTO TO.JbKO 151 06Pa3ioB 3 IIHICOHIAb-
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HOil ¥ TopouiaabHOlt HOPM ¢ HeGOJbIIHM OTHOLUCHHEM UIHPHHLI ceye-
nusA K paamycy topouaa. Jaa oGpasuoB, uMenmux Gpopmy TOPOHIOB,
pasMarnuyuBajonui ¢axkrop N=0, u M03TOMy 3HAueHHe BHELIHETO
MATHHTIOTO MOJS PaBHO HCTUHHOMY HamaCHHUHBalOuleMy INoJdio fi.
B apyrux caywasx, ecJd pas3MarHuuuBalomuil ¢akrtop N uspecreil,
3HaueHue nonaa f1 tTpeGyeTcsa paccuutaTh mo dopmydae (1.10) naun mHe-
MOCPEACTBCHHO U3MepuTsh [3, 6, 13].

B nacrosiiiiec BpeMs TPHIOTOBJAeNHe 00Pa3uOB B BHAC IAJAUICOH-
JOB U TOPOHUIOB HEe MpejCTaBiddeT TeXHUUYeCKUX TPyMIocTed, OAllaK)
nmoaotubie 0O6pa3iibl MOXKHO NPUTOTOBITh Ile M3 KaxKJAOTO0 MaTepHala.
Hioria TpeGyercsl HCCAeJAOBaTh TaKoe BelECTBO, KOTOPOE 110 CBOHM
(dhu3nYeCKHM CBOCTBAM ABJIAETCH OUEHb XPYNMKHM N TPYJHO MOIMAETCH
obpaboTke. Torma ©3 1lero MNPHTOTOBJSIETCA HOPOIMOK, KOTOPBIM
HalodHdeTcd  onpedenenioil  dopmst  cocya. YacTo moab3yloTcs
TakkKe o0pasmaMy NPSIMOYTOJABLON HIAN LMJAUiApHIecKoil hopMet. Ilpw
H3TOTOBJIEHHH CJIHTKA ITaBKa HCXOMNBIX MAaTCPHAJOB  BHIMOJAHAETCSH
Ipyd HOMOLIHM HUAYKUHOUUIOH HJAR JAyTOBOH NHe4d, HJAH MeToNOM 30H-
HOfl mi1apxkd. M3 nogyuyeHHbIX CIJaBOB MCTOAOM MCXaHIueckoil obpa-
60TKH 110.1y4al0T o6pa3lbl HYXKHOH (POPMBI, HaNpPUMeEp CTCP3KHH, LLH-
auapul u ap. Ilocae Toro xak ofipasiihi H3rOTOBJECHBL, NPOBOLHTCS
HX TeMmepaTypHas o6padoTKa ¢ NeJbid CHATHA YHOPYPHX HalpAXeHHH
U 045 romoreHusauuu. [liaBky 0 TeMmepaTypHBIE OTXHT pCKOMEHIYCT-
csl [POBOJAUTBH B BaKyyMe HJAH B MHepTHBIX cpepax. Ofpastpl B BujIe
UHAMHIPHKOB (auaverpoM 4—8 mu u anuuoi 10 100 mm) moayuatoT-
¢fl TaKKe METOJOM BCacbhiBaHMA M3 paclliaBa ¢ NMOMOIIbIO KepaMmuuc-
ckux TpyOoK. Ecin TpebyloTcst oGpasilbl B BHIE TOHKHX IIPOBOJIOK HIH
IJIACTHHOK, NMPOBOAHUTCS NPOKaTKa WIH BOJOUEHHe MaTepHada. TolkHe
ILICHKH TOMYYAKTCA MEeTOJLOM HallbliIellld B BAKYYMC HJIH NICKTPO-
JUTHUCCKHM Crioco6oM,

-Ilpu nccemoBanmy MaTHHTIBIX CBOHCTB BelleCTBa (OJBINOC 3laye-
HHE HMeeT H3yuellMe MOHOKDHCTAJ/I0B, KOTOPLIC MOKHO TIOAYYAaTh JHH0
METO10M MeUIeHIIOTO OXJaxKAellud pacllIaBieHHOTO Meralda, aubo
IyTeM BHIpallluBalliA B Ipoiecce pexpucradnusauin. Ilpu mociaeanem
MeTOJe MOJUKPHUCTALINYECKUH MaTepHald PACTSATHBAETCS Ha HEeCKOJbKO
nponentoB (2-—5%) u orxuraerca npu Temuepatype 1100—1200°K,
Ilas pocra 3epeH NPH PEKPHCTATIM3ALHU JOJKHO CyLIECTBOBAThb OIl-
peaenennoe KpUTHUECKOC COOTHOLICHHE MEKIY CTeNeHblo 00MKaTHA II
TeMnepatypoil orxura. Iloclle Toro xax MONOKPHCTAJIBI I110JdYy4Yellbl,
MM NpujlaeTcAd HyXKHafA dopma: 3IMHMCOMAA, AUCKA HIH PaMKH.

MaruuntHbele cBoficTBa deppoMarieTHka 3aBHCAT OT CFO MarCHHTHOI!
npeabictopud. TlostoMy deppomartuTHefl ofpa3cu Hepea HauadoM
H3Mepetiust JoJixKeH OBIThb IIpHBeAEH B  pa3MarlliHiueHlloe COCTORHHE.
Toabko B 9TOM cilyuae MOXKIIO PacCYHTHIBATL Ha NOJyUYeHHe OAHO3HAu-
HBIX pe3y.IbTaToB. /1151 pa3MariHuHBaHusg oOpasiia NpOBOAAT ero [HK-
JIMUeCKOe NMepeMarHHUUBAlide, HaUYlHAas IPOLeCc ¢ HeKOTOPOTO MAKCH-
ManpHoro 3ila4yelHs SHaKoNEPeMellloT0 HaMarilUuuBalolIero I1moad,
AMIIHTYAY KOTOPOTO MOCTENeNno yMelbllaloT 10 Hyad. Clelyer nMeTh
B BHIY, 4yTO MaKCHMAJIbHOE 3HauelHe 3TOrO MOJsA AOMKHO OLIThL 06f-

13



3are bilo JoJbllie 10,5, JACHCTBOBABIUEro nepel 3THM Ha ofpasel.
Ecan tpedyercsi pa3MaTHATITB obpaseu B (popMe Topouaa, TO yepes
HaMaTllHYUBAOLLYI0 OOMOTKY IPONyCcKaeTcs NepeMeHIblil TOK HPOMBILI-
ACHHOM YaCTOTL! HAH NMOCTOAHHBIA TOK, KOTOPb KoMMyTHpyercda. Ilpu
3TOM CH.JI4 TOKa JA0J¥KIIa MEAJCHHO VMenbllaTbcsd IO HYJA.

B cayuae 06pa3iloB aaHICOUNAILHON (DOPMBI HAH OJIH3KHX K HHM,
a Takxe I 06pas3loB NPsIMOYTOAbHOH H IUJAHIAPHUYecKOH (opm
pa3MariHuHBaHIE MOMKHO [IPOBOJAUTH B HAMATHHUMBAIOLICM COJICHOHIE
(katywke). Ha Taxom cosenoulie ofLIYHO YKJIAABIBAETCA AOMOMHH-
TelbHast O0OMOTKa, KOTOpasf JaeT BO3MOXKHOCTb KOMIIEHCHPOBATB CO-
CTABRJAIILYIO 3eMHOI0 NMOJA. PasMaTHHUHBAHHE OCVUIECTBIseTCcA ¢ HO-
MOIIbIO NMepeMeHIoro HIH KOMMYTHPYVEMOTO NMocTofiHHOTO mo.ad. [lepe-
MCHHO€ TNoJe MPOMBIILIEHHON YacTOTbl, K4K NpaBllIo, TNpHMeHseTcA
AJs pasMarliHuuBaHUA O0Pa31oB 11€60bIUON TOJUHIb, TaK K4K OHO
IpoHHKaeT 1a Hedoablyw rayduiny (1—2 ma). HanBosee nanexsoe
pasmarndunBalnue oOpa3llOB MOXKIO MPOH3BECTH MNyTeM HAaTpeBaHus
1x Boime ¢heppomarHHTHOH Touxku Kiopu [8, 9]. B stom cayuae of-
pasen moMellaercss B Medb ¢ OAUOPOAHBIM TeMIEPATYPHBIM MOJIEM H
Harperaercst na 150—200° Buime Temmepartypst Kiopu. [locae storo
ofpasel, BMeCTe C NCYbID MEIJENHO OXJa)KAaeTcsd A0 KOMHATHON TeM-
nepaTypsl, NPH 3TOM OXJax/JeHHC HCOHXOAUMO NPOM3BOIHTH B Mar-
HUTIIOH samuTe [20, 25--27].

[Mocaenunit MeTo pasMarHHUMBAHHS HALUeS Meliblllee MpHMeHEIHe,
4yeM NpeapAyline, TaK KakK uacTO VCJAOBHS IPOBEJAEHHS KCIepHMeHTa
He IO3BOJSIOT HarpeBaThb ofpasci A0 Tpebyemoll Temmepatypbl. Kpome

TOrO, IpH TAKOM HarpeBallMH MOXKeT H3MEHATbCA CTPVKTYypa Hcclelye-
Moro ob6paasla.

§ 4. OCHOBHLIE METOO LI HCCJIELOBAHHS
MATHUTHDBIX CBOHCTB BEIHECTBA

[Tpexkae 4em BHIGPATb METOM, HEOGXOMNMO TOUHO OMPEAEIUTb 3a-
ILauyy H YCJAOBHsA 3Kclepumenra. CienyeT Takxke 3HaTbh, Kakas TOu-
noctb Tpebyerca npu usmepenud. Ilpm Bmibope Meroma caenyer
HCXOQHTh H3 XapakKrepa MaTepHaJa, a TakKXe H3 (popMel obpasna.
Kpome Toro, Goabluoe 3HaueHue AJs BbiGOpa Merola HMelT 06JacThb
TeMNnepaTyp, B KOTOpOf TpeanoJaraercf HCCAeAoBaThb TO HJIM HHOS
MAarHUTIIOE BeHleCTBO, M HHTepBaa Nodefl, Tie 6yayT H3MepATbcA Mar-
HHUTHLIC CBOflCTBA.

Tepeunc/iUM OCHOBHBlE METOMAB HCCJ€T0BaHHA MarHHTHBIX Xapak-
TCPUCTHK BELICCTB,

l.BaaauctTuucckKuil MeToa JaeT BO3MOXKHOCTb ONpPEAETUTD
OCHOBHYIO KPUBYIO MHIVKIUIM W HaMaCHUYEUNOCTH, MCTAI0 THCTEpe3nca
H pasJHuHbLIC BB HPOHHIIaeMocTell. JTOT MeTod OCHOBAaN 11a H3Me-
pelnil KOAHYeCTBA 3JEKTPHYeCTBA, NPOTCKAWLIETO Yepes BHTKH Of-
MOTKIH, OXBaToiBalowlell oGpasell. KoauuecTno 3aeKkTpuuyccTBa BO3HHU-
KAeT B TOT MOMeEHT, Korjga MarUHTILIH TMOTOK Pe3KO MCHSCTCH.

2 MaruurtoMeTpuuecKnil MeTOA Takike NMO3BOJISET ompe-



NeJHTh KPHBYIO HaMaTHHUHBAHHA, HeTTI0 rHcTepesnca. B ocuose 3TOTO
meTola —— IPPCKT BO3ACHCTBHA HCCIeAYCMOro ofpaslia 1a MaTlUTHyio
CTPE/KY, PACHONOXKeNINYI0O Ha HEKOTOPOM pPAacCcTOSIIMKM OT 1Cro.

3. DAeKTPOAMIIAaMHIECKHM MeTOJZOM MOXKIO Olpeile-
JHTb OCHOBIYIO KDHBYIO HHIYKLHM M INeTai0 Tdcrepe3duca. JLaHHDIH
METOA OCHOBAIl Ha H3MCpPEHUH yrjda NMOBOPOTAa PaMKH C TOKOM, HAXO-
AAULCHCST B MATHUTIHOM 10JIC llaMalrilH4eHioro odpasua.

4, ITonaepoMOTOpPUBA MeTOA AACT BO3MOXKIIOCTh H3MEPHTD
HaMariH4eHHOCTb, BOCIPHHMYHBOCTD H Apyrue MarlluTIiibie Xapakre-
pHCTHKH INpH NOMOLIM H3MepellHs CHJIbl, JeflcTByloweii na obpasew.

5. MuayxuuounHDL i McTo  I[03BOAsIET ONpeaeddTb KPHBYIO
MHAYKIHH, HaMaTlHYCHHOCTH, [POHHLAEMOCTH. IJTOT MeTOd OCHOBaH
Ha H3MEPCHUH 3JIeKTPOABHUIKYLICH CMID HHAYKLUHM, KOTOpasd BO3OYXK-
JlaeTcsl BO BTOPHUNION OOMOTKe, WJIH Ha 1I3Mepeliyy PEakKTUBHOTO CO-
IPOTHRJICHUS KaTYUIKH, eCTH B HeC MoMCLIeH ofpaselr.

6. MocToBBle MCTOILI HCHOIL3YIOTCH AJAsl  ONpeieselns:
OCHOBHOH KDHMBOH HHAYKIHH, cpefHell NPOHHLAEMOCTH, KOMILICKCHOH
MaTHHTHOH NPOHHUUAEeMOCTH, 11auaJbHOA NPOHUIACMOCTH, KOMIIJIEKC-
HOFO MariiITHOTO COIPOTHB/JeHHst, KO3(h(DHIIHCHTA IOTepb M MOJHBLIX
noTepb.

7. BarTMeTpHUECKHEe MEeTO, L TPHMEHAIOTCA, KaK IIPABH-
J0, AJS H3MEPeHHS HoJlbIX [OTePb la CHCTepe3HCe W BHXpPeBBie TOKH.
B sToM cayuae C HOMOLIbIO BaTTMeTpPa OMpPEAE]sTeTcs MOIIOCTh, KO-
TOpas MOTJOINAeTCA B LENH KaTyIKH, Cojep:allelr obpaseil.

8. Ilpn novomu KaJOPHMETPHUECKHX METO OB oOmpe-
HeJAITCS TOJHDIC [I0TepH Ha TUCTEPE3UC M BHXPeBble TOKH, B Kaue-
CTBE HILJHKATOpa HCMOJIb3YyeTCAd TENJo, BhIEIAEMOe O06pa3loM NpH
llepeMaTlHYHBAHUH B MePEMCHHOM MATHHTHOM TTOJe,

9. PaavoTexHHUCCKHE MeTOJADl HCCAEJOBAHUS MATHMTHBIX
CBOHCTB BelllecTBA TalOT BO3MOXKHOCTb ONpPEAEIATh KPUBYIO HHAYKLUH,
CeMeNCTBO CHMMETPHUHBIX NeTelb THCTepe3Hca, NoJHBIE MOTEpH, KOM-
TUIEKCHYIO MPOHHULACMOCTD [IPH Pa3JuuliblX 4acToTaX, a TakkKe H3ydaTb
(beppo-, Napa- n ANEPHDIH MaTIUTIIbIE PE30IIANCH.

10. HeliTponorpaduuecknit MeTOa HCIeAOBANHSA OCHO-
B4aH Ha fBJICHHH MArHMTHOTO pacCeHBaHMA HeHTPOIOB, BO3HHUKAIOUIETO
B pe3y.bTaTc B3aHMOAEHCTBHSA MarHUTHOrO MOMEHTa lic/iTPpoHa ¢ Mar-
HUTHLIM MOMCHTOM BellecTBa. JTOT MeTOX 1O3BOJAAET HCCIeA0BaTh
MarHUTHYIO CTPYKTYPY (PEPPOMATHHTHLIX, MapaMarHuTHLIX H aHTudep-
POMArHHTHLIX BCIIECTB.

B macrosmee BpeMa pa3paboTaHo G0JBLIOE KOJHUCCTBO pasHo-
00pa3HOH cmenHa.Ibliofl anmapaTypei, MO3BOASAIOLICH MCCae10BAaTh Mar-
HHTHLIE CBOMACTBA peppoMarlHTHBIX, MaPaMaTHUTILIX H JHAaMATHHTHBIX
BeIleCTB B pa3/IH4IbIX BUEHIIHX YCIOBHUSIX,
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rTABA BTOPAA4

METOJAbl NOJYYEHUSA MATHUTHOIO
noJif

[Ipu wecdenoBanuu MaTHHTHBIX CBOHCTB BeIeCTEAa 4acTO INPHXO-
AUTCA HMEeTb Oe&l10 ¢ OofpaslaMH He3aMKHYTOH (DOpMbI PasdHUYHBIX
pasMepos. [l HavMarHHUMBaHHA Takux O06Pa3iOB HCIOJAB3YIOTCS
3JeKTPOMalriUThl Pa3uoo0pasHOH CcHCTeMmbl M KaTVIUKH (COJIEHOUIBI),
KOTOpBle ;(al0T BO3MOXKHOCTb MOJy4YaTb MaTHHTHEIE IOJSl B UIMPOKOM
unTepBate suaucHufi or 10~! mo 10%® a/m. Uro xacacrca oBpasuos
3aMKHYToll popMul B BHae pPAMOK WM TOPOHAOB, TO OHH HaMarHHYH-
BAIOTCA C TNOMOILBI0 OOMOTKH, KOTOpas paBIIOMEpHO paclpejelsercd
no nepHMeTpy obpasua. B nocielieM cayyac HalpsaKeHHOCTh HaMar-
HHYMBAIOWIETO MO MOXKIO ONpeAeddTb Mo HPHO.THKEHHOH dopMylie:

H=—2_q/n. (2.1)
2aR,
3nech @ — uMc/10 BHTKOB HaMaTHHUMBalWolileil O6GMOTKH, i — TOK B lia-
MaruuyuBamomei o6MoTke (@), Rep—cpeaHHil paanyc TOpoHzaa (M),
KOTOpbiil paccuuTHIBaeTc mo Gopmye

R-+r
Ryp=—=

Tle R B r — COOTBeTCTBElIHO BHCLIHHIT U BHYTPeINi palnychl Topouia
(cM. Takxe popmyay (2.3)).

[Tpn namarnuunBanun o6pasuoe TOpoHAadblioli (opMbl IpaMe-
HAeTCA oAuUHOYUBIH NPOBOM, NMPOXOAAIWIHIl uepe3 LeHTp Topouaa. Uepes
3TOT MpoBOJ, IPONYCKAIOT TOK OMpeJetellHOTO 3HadeHHdA. B sToM cay-
Hae HampsiXKEGHHOCTb HaMariHUYUBAIOLICTO MOJs B 00pasle PacCuHTbl-
Baercs no dopiy.ie

H=-—‘" g (2.2)
2nR;,

Cneayer umerp B BHAy, uto dopmyaw (2.1) u (2.2) crporo crupa-
BEAMIHBBL TOABKO MIA 0OpasioB OeCKOLCYHO MajaoH To.aluHHL. Ecau
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R 3
OTHOIICHHE —=--2-, TO 1Hanpsi2KCHHOCTL MAarlHTHOro I10JsI BO Blly-
r

Tpeiiell UaCTH KoOJAbLa (O.JIBIIC LAMPSIKEHHOCTH BHE KoJbra Ha 50%.
R R

MMpy — =5/4 —-1na04% unpy — =10/9  pasuoctb cocrasaser
r r

toanko (,15%. /laa 6oaee TOUHOTO HaxoxAenust [ cpegisisy Be.IHUMIIA
painyca paccyiTbiBacTcs no QgopmyJsae
—r
Ry, = —= = (2.3)
in—
.

Has ycwiedus OAHOPOAHNOCTH MATUUTHOTO MOJST BUTKH laMarHi-
yuBalolleli 0OOMOTKI paBHoMepHOo pacnpei&lHIOTCs  To  Beell IJInme
ofpasua.

Paccmorpuw pasanunible CHCTCMDLI anNapaToB, KOTOpbie MpHMEHHA-
I0TCS A8 HaMariHYuBadus 00pa3iloB HE3aMKIYTOH (POpPMbI.

§ 1. PABNTHYHBIE CUCTEMbI DNEKTPOMATHHUTOB

Jlos moaydenuss MaTUMTHLIX modeit nopsaka 105—108 a/y npuve-
HSHOTCY PA3IHYUHLIC CHCTEMBI dJCKTpoMaruutos. [Ia prc. 4 mana cxema
TAKOIO 3JMeKTPOMATHUTA, ¢ HOMOIUDIO KOTOPOTO MOXKHO MOJYUHTb Mar-
HUTHDIC nodst g0 2-106 a/m.
OH cocTOHT M3 IBYX KaTyllek
1, 114 OGMOTOK KOTOpLIX IHC-
MoJb3yeTesl MenHas MPOBOdO-
Ka JauraMmeTpoM 2—3 MM,
Maruutonposon 2 BulloJ-
HACTCA H3 Kedeia <«apMKo»,
KOTOpOe HMeeT [eSO.bLIYIO
i KO3pHHTHBHYIO cHay, KoHychl
MOJIOCHLIX 11aKOHEUIIHKOB H3-
FOTOB/ISIOTCS U3 2Kele30-Ko-
_ 6aJ bTOBLIX cH1apoB, ob.ana-
2-T ) IOIMX  HauOOIbIIE  HHAYK-
uneit nacviuieHns. B saekrpo-
Maruute 10700HOTO THNA C
KBAIPATHLIMH  CEpAeulHKaMu
pazvepom 100X 100 #u? u nauton 400 mxm B 3a30pe 11 mm Moxii0 MO-
JAYuMTh ToJd Haupsxkeunoctbto B 2-10% a/a, a B 3asope 20 MM —
1-105 a/m. DaekTpoMaruuThl 3TOH cucTeMbl HeYJLOOHD! HpH 3KCIIyaTa-
IHH, TAK KaK HX KOHCTPYKUHA He JaeT BO3MOXKIOCTH OBICTPO MeNATD
CepICUHHKH, YTO OUeHb CYIICCTBEHHO B JaBopaTopHLIX veaoBuax [2].

JlaGopaTtopupiii saekrpomaraur ®JI-1 kadenpsr marneruama MI'Y.
Ha dusuueckon ¢aryabrere MI'Y radeapoir Marieriiama 1 JaGopa-
Topuell OMBITHLIX KOLNCTPYKUUHA pa3paGoTan yHHBepCadbliblil 3JeKTpo-
MaruuT OTKDBITOTO THIlA, KOTOPHII MoiKeT ObiTb HCNOJAb30BaH NpH
pa3aHoo3pasHbIX JdabopaTopHbix ncclegoBanuax [20]. Ha puc. 5 moka-
3aHLl paspes 3JeKTPoMariuTa H OCHOBHbe ero uactd. SIpyo 5 3aek-

!

Puc. 4. Paspes saexkrpoMaruuta: [ — ka-
TYWKH, 2 — apMo
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TpOMAariHuTa OTJIHBAETCA M3 XKejae3a <«apMKo». KepHbl JAHaMeTpom
122 mm 10MCILAIOTCH BO BTYJKH, KOTOpble BIpeccoBaHbl B sipmo. Ha
KeDH MOXHO 11aCaxKMBaTh HAKOHCUHHUKH pPasHbIX JHAMETpOB, ApPHYEM
KepHDLl JeTKO IepeMelHaloTCsl BIOAb BTYJIKM NPH MOMOILH MaXOBH-
KOB 7, UTO 1103BOJAET YCTAllaBANBATh IY2KHBIl 3a30p MEXIY NOJI0CaMU
HaKolleYHHKOB B Npefeaax oT 0 go 100 ma. Ha xaxabfii nodioc

f—— e e 160 - —_——

] /2

/ ;- - i

o7

Puc. 5. Paspes sa6opatopHoro 3aekrpoMarinta ®JI-1:

I v 2 — gatyuiky, 3 — NOMIOCHBIC HAKOHEUHHKH, 4 — KOJIOAKM ¢ KJeMMaMH, § — spMo,
6 — cTepKelUb H3 Meje3a «apMKO», 7 — MaXOBHK M & — 3aKpenisiomas Ko.10IKa
3JeKTPOMArHuTa HajeBaeTcs Mo ABe Karywiku (I u 2), o6MOTKH Ko-
TOPLIX HaMaThIBAIOTCs! ITPOBOAOM KBaJpaTiioro cedenus 2,44 X 2,44 mm?,
Bee uerhipe KaTymks uMelotT 5400 BUTKOB ¢ OGLIMM CONPOTHBJECHHEM
16 om. KoHubl KaTyUICK 3JEKTPOMATHHTA COEIHUSIOTCA ¢ KJAEMMaMH,
KOTOpble pacHo/0XKeHbl Ha KOJA0AKe 4. ITY KAeMMbl NMO3BOJAIOT BKJIIO-
YaThb KaTYWKH B IjeNb NHTaHHH NOCJIef0BaTelIblo WJIH NapaedbHo,
MaxkcumasibHas notpebiasemMas MOLUIIOCTb IpH HanpsiKeHnu B 220 8
cocrabnasier 3 x87. Mamepenue nanpsiKeHHOCTH MATHUTHOrO HOJIA IO-
Ka3ano, uTo eciu Yepes OOMOTKY KaTyilek HpomoycKaTbh TOK B 1D a, TO
IpH auaMeTpe NOJIOCHBIX HAKOHEUHUKOB 25 mm M B 3a30pe 12 mu
MOYKHO II0.1yYHTb N0J1e HanpsXKellocTbio oKoao 2+ 108 a/x. U3 oueuxu
BeHYHNbl N0J5] METOIOM HNPOTOHHOIO pe3oHanca cJIciayeT, 4YTO C TOY-
noctoo 0,07% moae aBjIAercst 0oAHOPOAHLIM B AHaMeTpe 50 Mp, €CHIH
AvameTp [MOJIOCHHX HaKOHeuHHKoB pasen 100 ma, a paccrosiHue
Mexay HuMH 30 mm. Bec magopatopuoro saekrpovaruura PJI-1 co-
crasaser okoqo 9000 x, raGapuTHnie pasdmepbl 420 625X 1160 amd.
KoneTpykuus 1 rabapuThl 31eKTPOMATIIMTA [103BOSIOT IPHMEHATH ero

PR pasioo6Gpa3HLIX Ja60paATOPUEIX HCCAeTOBAHUSAX,
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JlaGopaTopHblii anekTpoMarHut Gusudeckoii JaaGopatopun AH
CCCP [14]. OcHoBHO{i uacTblo 3jeKTpoMarduta (puc. 6) sBJISLCTCH
ABONHOC ofpaTnoec fPMO, KOTOpOe [Ae1aeTcsd W3 CTajJbHBLIX TIHT H
umeer qopmy kyGa. Takoe ycTpoACTBO MO3BOJASET 3HAUMTENBHO YMeHb-
[IHTL paccenBaoOUMi MOTOK H O0ECHEYUTh XOPOUIYI0 KeCTKOCTh CH-
ctempi. Cep/euHukH 2 sipMa MMeIOT BO3MOXHOCTb BpalllaThCs H nepe-

870,.,“.;7/920,,“,‘5}

520 / | 79 AGOA
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Puc. 6. Paspes 3ajekrpoMarsura:

1 — 3agpenasiomic wHiAsKH, 2-- cepAeuntky, 3 — Jatyduas TpyGka, 4 ~- lopade-
Basl NePCropoixa, H — YNOPHBIe BHHTH, 6 — 3akuMbi, 7 — Bbipe3, § — NOMOCHbIC Ha-
KOHeYltHKY, 9 — crepKenb, J0 — MenHbie KoJbla, {{— TEKCTOMMTOBAs BTY/KA,
12 — npyTukH, /3 — CKpellIsOIHe XOMYTIKH

MeIaThesl B JIaTYHHO!N TpyGKe 3, KOTOpas MONICPKHUBAETCA AIOPAJCBOH
neperopoaxoit 4. [luTe sipMa 3akpennstiotes wnuapkaMu 1. das toro
YTOObI 3aKPeIIATL CepAeYHHKH B OIpe/leICHHOM MOJ0MKEeHHH, 1IMeIOT st
Yropubie BHHTBI J, QuKcHpyeMble 3axkuMmaMmu 6. Brnipes 7, pacronao-
Xewlnll Hall MATHUTOIPOBOAOM, TIO3BOJSET MOMCILATL B pafoyee Mpo-
CTP4HCTBO pas/iiHble npuopsl, hanpuMep cocyn Jbioapa uJIH Bechl.
IT1OT BHIpe3 3akpblBaeTcsi BK/AALIEM, KOTOPbIl HECKOJbKO 3KpaiH-
pyeT BepxuIOW uacTb sjekTpomaruuta. IloTiocHele naxkoHedunuku &,
KOTOpBIE KPCOATCSl CTepXKHeM 9, MoryT Jerko Melatbes. OOMoTKa
571eKTPOMAarHHTa uMeeT 8 ceKIHH, H1aMOTaNHBEIX TONAapilo Ha OTpesKax
MeaubX kodell /0. Ot Hampasasiowed TPYyGl 3 oy H30IUPYIOTCA NPH
HOMOWH TexkcTogquroBoil Bryawu [1. Kaxaas cexkuua coeiunnsacered
C KOJbIHOM H HaMaTbLiBaeTcsi B MPOTUBONOMOXKHOM IANPaBJICHHH MO
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orHoluenHio K coceaneil. CeXUHs COCTOMT W3 OAHOTO CJOsl 3JCKTPO-
rexHuyeckoli Mexnoil Jentnt (0,4X25 mm?), Koropas HaMaTLIBaeTCst
pvecte ¢ Jdelitoil kaGeasuoii 6ymarn (0,12X25 mm?). dag paslovep-
HOrO HATAXCHHS JEHT HAMOTKa OCYINEeCTBJASeTCs MO0 HaTrpy3koil
100-—200 7. Mexay cocefHHMU CEeKIUAMU HMeeTcs 3a30p B 5 Ma, Ko-
TOpBIH yJAydYllaeT OX.Jam/JeHUe MarCHUTOIpPCBojia, a BO M30eKaHue Ka-
CaHMH CEKIUHA JIPYT € JIpPYyroM B

3430p IOMEIAI0TCs] TPYTHKH [2 Y T e e
pasmepoM 4X 10 mm? caenan-
Hble M3 H30.J1%UHOHLOTO MaTe-
puaaa. CHapyKil CeKUWH CKpell-
agioTesd XoMyTikavu /8. B kax-
JOH ceklud uyeercess 256 But-
KOB, TaK 4TQ O0llee YUCIO BUT-
koB pasuo 2048 npu xkoaddu-
wuente 3ano.dienust 0,7. Oxoax-
JEHHe MariluTta OCyHIecTBIASeTCH
pH  MOMOWH BEUTH.ISITOPA H
MPOCTOH CHCTeMb! BOJALOO OX-
Jaxjeuust.  Jlast  stoft  neau
MeXAY CeKUHsAH  OHDUIADHO
HaMaThiBaeTcs HOMHITHICHOBASE
TpyOka ceuenuem 4X3,2 mm
¥ Aadllod 25 ., xoTopas 3a-
HOJNNAeT Bech  3a30p  MEWAV
cekuuamMu. Yepes 3Itu TpyGKM
nponyckaercd Boia. Takoe ox-
Aaxaenne {o3BOAET IPOIYC-
KaTb llelIpepbiBHO ycpe3 00MOT-
KH Tok 70 30 a (1upu 3romM M-
bl IeHTLl HarpeBawTes [0
60°). O6uwee conpoTuB.ICHHC
06MOTKH paBliO 4 04, a pacxox
MolllTocTH cocTaBaser 1,6 k8T
npu 80 6. Ecau uyepes o6MOTKY Puc. 7. O6wuil 8uA 3iekTpoMariita
nponyckars tox 30 @ npu Ha-

npaxenunu 8 120 6, TO 3MeKTPOMATHHT MOXKET HAXOLAThCH B padouem
COCTOSIHUM 0K0A0 30 Mun. MaTHUTONPOBOA, CCPACUHHKH M 110.1I0CIbIE
HAKOHEHYHUKH W3rOTABJIHBAIOTCA M3 JYYUWMX COPTOB MATCHKTOMHTKOIL
SJEKTPOTEXHHYECKOl CcTaaH. Bec si1eKTpoMarHHuTa BMeCTE ¢ 06MOTKOIL
cocrapasier 6000 1. 3aBHCHMOCTb MArHUTHOTO MOJST B 3a30pC OT CILILI
TOKa onpexeas1ach Aae MIOCKUX TOJIOCHEIX 1AKOHEYHHKOB JHAMCTPOM
165 s, IpH4EM pacCrosdlive MexXAy MogiocaMi u3Menstioch oT 10 ao
80 mm. Konycunle nakoneuduxu umedau duamerp d=20; 33; 58 mu.
Wsmepenus maruntsoro nonst TPOBOAMAUCE 115t PA3IbIX YIIOB KOHYCA
a=45, 50, 55, 60, 65°. Kak nokasaa ommit, AIsi nHaMeTpa KOHYCHLIX
RaKoneunuko 20 u 35 ma nandodce Bbirogen yroa 60°. [as d =58 .y
STOT yroa coctaBaseT 45—50°. MakcuMadabuoe 3iaueine HamnpsKeH-
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f10CTH MaTHHTHOTO NOJS NPH CUJIe TOKA uepe3 08MOTKY KaTywkd B 30 a
U OpH 3430pe MEXAY I0JAI0CHBIMH HakoHcunukamu 10 ma pasno upu-
GausuteapHo 3-100 a/x. JjlaGopaTopHblil JCKTPOMAruHT (H3HYECKOH
aaGopatopun AH CCCP umeer cpaBiuTe’ibno HCOObLINE pazMepdl,
VI00EH B 3KCILIYATALUMH M MOMXKET ObITh HCHO.1b30BAH TP 11CC/1e10BaAHUU
MarHHUTIIBIX CBOMCTB BEIECTBA B LIMPOKOM TEMMEPATYPHOM HIITEPBA/IE.

Aaexkrpomaruutr Jaabopatopun mardernama HHWHUepmera [23].
B naGoparopun marnernama IIMHYepmera crouctpyupopan Goaee
MOILHDBIH 3;/€KTPOMAriiT, yeM OfHCaHHDLIe BLIIC. JTOT 3.J1eKTPOMarHuTt
JacT BO3MOXKHOCTL MOJyYyaTh 0pd 3aszope 6 am MarnuTHoe MHode 10
4.10% a/m. OCHOBHOH YacTbid 3JACKTPOMATHHTA (puc. 7) HABJAETCH
apmo guamerpoM 830 smu. Ha cepaeynuku, HMeoWwHe B OCHOBanit
660 mu, naMmaTbiBaercd 0OMOTKa U3 MNPsiMOYTOJABHCrO TpOBoja ceue-
nueM 25 au? DJIexTpPOMArHHT TOMEHIAETCH [1a BpamlawllleMcst Crode,
Ha KOTOPOM HMCIOTCS CheMHBle yCTpoHcTsa. K aJexTpoMaruuty mpH-
Jaraercsi 11a60p pasIHUYHBIX HAKOIEYHHKOB, KOTOpLIE HaBHIYHMBAIOTCS
Ha moABHKubie KepHbl guaMmerpom 200 mu. MaTHUTOMPOBOX 3J1€KTPO-
MATHHTA M3TOTOBJISETCA H3 JYYLIMX COPTOB MACIUTOMATKOH 3JCKTPO-
TexHU4ecko# ctaau. Hcmosp3yst XKele3Hbie CepJICUHHKH, MOXHO MOTY-
YaTh cJIefylolllHe 3HAYeHHs BeAHUYMHBEl HanpsKCHHOCTH MaTHHTIIONO
nonst (cM. Taba. 2).

TaGanwa 2
,HnaMe:gB}jzi:i(zﬂemm- Bazop, ux HanmeegI/-x.(‘)IC'rh 1no.4,
100 . 50 2. 108
100 15 2,4 . 106
50 10 3,0- 108
- 10 6 3,8 - 108

B 3akmoueHue paccMOTpHM 3JE€KTPOMATHHT, OMNHCAHNLIA B pa-
Gote [79]. SIpMo 5TOrO MarHHTA COCTOMT H3 BOCHMH JIUTHIX CTAJbLIIDIX
6asoK, KOTOpbie pacrnonaraloTcst B ABYX TOPU30HTAJblIbIX TJIOCKOCTAX,
paccrosiue Mexay HUMH coctasasier 1900 My, a A1una Kaxa0i 6aik:1
4200 mm. CymmapHOe NonepeyHoe ceveive sipmMa paBuo 1,6 M2, a ero
Bec ~ 500 1. Baaku onupaloTest Ha paMy, BHYTPH KOTOPOl pa3Melelist
GOKOBBIE ILIMTLI, HMeloniue nodawca. [Iautbl MoryT ¢BoGoano JBHraThes
N0 HalpaBJIsAIONHM,

Ha nanrax pacnodoxens nodioca KOHYCHOH (opMLL [laHia HX
650 ma, a HauMenbmui guaMerp 750 mam. B kaxkpowm mosioce uMceertcs
ortBepcTue guamerpom 350 ma, Tae pacrnosaraercs nepelBHKIIOil KepH,
3aKalluHBaIOWHKIICA CBLCMHLIM MOJIOCHBIM HAKOHEYHHKOM. ['0.10BKY Ha-
KOHEUHHKOB M3TOTOBJIAIOTCS M3 [epMeHfiopa JuameTpoM 250 v
¢ yraom pacrBopa 120° O6uuil Bec aApMa ¢ TojiocaMi COCTaBsIsCT
96 - 10* 1. DIeKTPOMArHUT HMeET YeThlpe HaMarHHuHBAIOLIHe KaTyUIKH,

22



kakasl H3 KoTopuix Beclut 12-10% #. Jlada naMOTKH KaTYIIeK HCIOMb-
syercss IOABIT  HpoBOJ  KBajparioro ceuenust pasmepodm 15,5 X
% 15,6 Mm% u AuanmeTpom BHyTpeunero orsepcetust 8,9 mau. Ob6mee
4HCI0 BHTKOB cocrasdasier 1250, a MakcuMadabibii Tok pasen 400 a.
[Tpu 500000 awmep-BUTKOB MarsdT noTpebaseT MOIMHOCTe 93 K6T.
MaxkcHyanpliag a1una mariura 6300 su, a Belcotra paBHa 2750 ma,
o6uiuit Bec 120 10* #.

D.IeKTPOMArHUTLI, ONHCAHHLIC B padorax [4, 19, 32, 33, 44, 45, 11(},
103BOIAIOT NOAYYaTh HAMPSKEHHOCTh MATHHTHOrO fousi 10 6-10%aly,
KoUCTPYKUHE  3eKTPOMATIHTOR  MOMXKIO HalTH Takxe B padorax
[34—37, 75, 113—115].

§ 2. HAMATHHYUBAIOIWHUE COJTEHOUBE

Jast co3aiis MarluTiublK [odeil TPHMEHSIOTCSI TaKakKe pasaHyHbie
CoaelONAB, HMeolile B OOJBIIMICTBE CJIyyaeB HNPAMOYTOMAbIYIO H.TH
Tpanennesiyl0 GopMy OCEBOI0 CCUCHHS H LUMIMHAPHUCCKHN paboultil
oGbeM. Mioraa coaenonasl HMEIOT 3MJANITHYCCKYIO, TOPOUIABIYIO Hill
UpaMuaaibiyio Popaly.

Beauuuuy mnanpsiKeHoCTH MaruuTHOrO TOdAs TaKHiX COJeHOiI0B
olipeJeaslIoT  HNTerpadom [0 odbeMy, 3aHUMacMOMy OOMOTKOMH
[117—119]. _

JLst 1IMARILAPHYECKOTO COACHOUAA ¢ MPSIMOYTOJIBHLIM OCCBLIM CEiUe-
HHHeM HMeeM

R, +- (& +R3)
Ry + (24 RY):

Hy =MAjl1n aim. (2.4)

3necb R; U Ry— COOTBETCTBENHO BHYTPEHHHH W BHEUHIA pagHycCLl
codeHouna (#), 2/ — AaHHA cojicHOMAA (M), [ — TMJIOTHOCTH TOKa K
A — KosaduiiieHT 3a10IHEHHS, BEIHYHHA KOTOPOTo Ollpefejsiercss Co-
OTHOTUeIHEeM

7\, = _ZL__’ (2'5)
_ _ ViV,
rae V, — oGwem npoBogsilueil cpefisl, Vo — HesanoJuetinbiii 061LeM B 06-
MOTKe COJIe1onia.
Ecau yyectp MouiHocTb, BO3HUKAIOULYI0 B COJMCHOMAC, TO MOXKIO
MOJMYYHTL OCHOBHYIO OpMyay IIst pacuera Hy, KOTOpoil 0OBIYHO TOJIb-
3VIOTCS NIPH KOHCTPYHPOBAHHU COTEHOHIOB

108 Wi
Ho= ——G[ (—_ \ an, (26)
4n FR] /
l“rile W~-33Tpalmnaemaﬂ MOILUOCTb, 8T, p— yAC/bllO@ CONPOTHBJIE-
iue, om-m, G;-- xospduunent, 3aBucAlHii OT (GOPMbl COJICHOHAA

W pacnpepmenenust maotHocTd Toka. Jra hepMyaa cupaBegduBa H LIS
Conerounpa ¢ TpaleiMeBHAHBIM OCEBLIM CCUEHHEM.
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Hanpsi:xkenHOCT, MaTHUTHOro 1os H, B HCKOTOPONl TOuke Ha OCH
COJelonla, PACNOJOXKeNHOH Ha paccTOANHU @ OT Cro Leurpa, olpe-
neasercs 1o Gopmyae

Rt [RE + (1 — oyl
Hy= 0,501 —a) n SRzl 2
Ry IR = (1 — a7

Ry - [R3 4 (1~ )]
o +a) 2] jTU i a”l a; M. (2.7)
Ri-+ RS -+ (1 + apl'

HavarsuuuBatonipe COJeHOUIBEl C HPAMOYTOJALHDLIM OCEBLIM CEye-
HHCM, KaK OpaBHI0, AejdaloTcsl AJTHHHDBIMH, yTOOLI MArHHTHOe [toge
OLLIO OJHOPOANBIM IO BCed JHIIC. OLIHOPOD.HOCTI: MArHUTHOTO [10J141

. L
BHYTPH COJ@HOHZa 3aBUCHT OT OTHOCHTC/JALHOH IJIHHB! €ro A 27, rac

BeaHuMHa L — AmiiHa codenouia, a d — auamerp. Jas A=100 nadme-
LaeTcst O;lHOPOJHOCTH MATHHTHOTO IOAsl HA 3HAUUTEJIbHOM  ydyacTke
AAuHDE codcHoMTa. C yMeublleHHeM BeJHYHMHDL! A OZHOPOIHOCTH 104
CHIBHO TafjaeT, ¥ Npu A=25 moJje He0JHOPOAHO Mo Beell Aaulie cosqe-
Honaa. Ilo3ToMy mpM pacyeTax HaMarHHYMBaWIOHX COJEHOHAOB HE0O-
XOJHMO VYHTBIBATH UX PasMepbl, UTOSL MaTHUTIOE HOJde OblI0 Oll0-
POAHLIM 1o BCeH aauiie ganHOro oGpasia.

Katywkn aas co3nanus HeGOJIbLIOF0 00 BeJIMYHHe OAHOPOIHOFO
MarduTHoro moJds. Jis mosvucHusi Ha 11e60.1bHIOM PACCTOAHHH lIpaK-
THYECKM OANOPOIHOTO MaTHHTHOTO MOJS HCIOAB3YIOTCA TaK HasbiBae-
Mble KaTyuikd [eabmroabia. B upgeassioM cayuac oull IpeicTaBasioT
€000l IBa OIHHAKOBBEIX KOJBIEBDLIX BUTKA, COeTHICHHLIX MeKIY COBOM
moCTeoBaTeIbHO W PACHOJOKEHUBIX APyl OT Apyra Ha pacCTOSHHU
paguyca ButKa [30, 39—43]. O6nuno karymku [eabMrodsna cocTosT
13 ABYX, KaTylleK, Ha KOTOPBIX HAaMOTAHO HCKOTOPOe 4YHC/I0 BHTKOB,
mpHYeM TOJIMHA KATYLIKH Q0MAKHA OBITh MHOTO MeHblle HX Dajinyca.
IlanpsiCHHOCTD MArHUTIIONO [OJS B ICHTPE KATYVLIKH MOMXKET OblTbh
BbiyuCIeHa no hopmMy.e .

H=0716 - am. (2.8)
R

HaupsaxenHocts noas Karywek ['eJbMTolblia B TelTpe CHCTEMDI
OTJHYacTCs OT MOJs, cO31aBaeMOr0 Ha paccTosiHuM '/y pagdyca oT
uentpa no ce ocH, npuvepHo Ha 0,5%. Ilpu Toumom onpelenenun Ha-
NpAXKEHHOCTH MAaTHHUTIOIO MoJs CaefyeT NPHHHMATL BO BHHUMAaHHe KO-
HeuHLIC pasMephbl COJMEHOUAA, YUUTHIBAasi BBICOTY H LINPHHY OOMOTKH.

Bogee BbicoKYI0 0;[IOPOLHOCTD HMeeT KaTymika Makceana [122],
KOTOpas NpeAcTaBasicT cO00H CHCTEMY H3 TpPeX KOJbLeBBIX Mapaddicb-
IBIX KaTyiiek, BUTKH KOTOPLIX paclojoxelbl Ha oOuieil ctepe pa-
Anyca R, 1ipH 3TO0M OTHOILEHHWE UHMC/Ia BUTKOB cpeaneil KaTVIIKH K Kax-
AOW M3 KpalHUX HOJKHO ObiTh paBHO ®Y/4. Paauyc kpaiinux xaTyluex

R, =R, 1/4/7, a paccrosinie ux 1o cpemueit Karvikn [ = R, 1/ 3;7.
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MMeetcst Tak:xke 0oJec mpocTast Karymika Makcsessia, COCTOSIAst
M3 Tpex Karyllek oJHHAKOBOro pasMepa.

B naGoparopuoil mpakTHke HHOTAA NPUMEHSIOTCS KaTYLIKH ¢ KBaj-
paTHLIM CedeHHeM, COCTOSIIME H3 HEeCKONbKHX CEeKUHH. IDTH CeKUHH
pacro.1aralTcs Ha ONpe;CICHHOM PacCTOfilMg 0XHa OoT ApYroi {40, 42],
B xauecTBe mpumMepa MOKCT ObITb PACCMOTPCHA KATYIIKA, COCTOSINAS
U3 MAITH TocIel0oBaTeALHO CoeAMHeNNBIX ceKuuil, KpaiiHue cexuuu Ta-
KOH KATYUIKM paclojaraloTcsi Apyr oT Apyra la pPacCTOSHHH CTOPOHBI
KBa/paTa, mMpuueM CpeIHAS CeXlUus HAXOLHTCA B LieHTpe MeXAy Kpafi-
HHUMIH, a OCTAJIBHbIC IBE CEKLHHM MTOMCLIEHB! NocepeJHHe MeXKAy cpeldHel
U KpalHHMH.

OaHOpPOLHOCTE MATHHTHOTO TNMOMAS 3HAUYHTEABHO YJYUMIAeTcsi, eC/H
IBe mapbl xaTywek [elbMmrogblta pacmodoxXuTb JIpyr Hag ApPYyrom.
Yayulenusi OXHOPOAHOCTH TOJIsi WHOTAA [OOUBAKOTCH TakkKe ¢ I0-
MOUIBIO KOHHYECKHX KaTylIeK, ec/id OHM paclio]aratmTes APYT K ApPyry
V3KIMH Kouuamu. [1pH 3ToM KaTYHIKH KOHCTPYHPYIOTCSI TaKuM 00pa-
30M, yTOOBI TauTellc YIia HakiIona Mekiy ofpasyioluleft KoHyca U
0CblO, COeIUHSIIONEell LEeHTPhl KaTywek, Oblsi pasen 2. Eme ayumyio
OMIIOPOAHOCTD MOXKHO MOJAY4HTh, KOTda KaTyIukd ['eabmrogbua IoMe-
raTes B Kedesubifl 3xpan Toammuuolf 2—3 mam [39]. dxkpau Moxer
uMerb Gopmy uwaunapa. [1pu stom aydwas 0ZHOPOINOCTD MAaTHHT-
HOTO MOJs TOJYyuaeTcsl, eCdd pa3Mepbi TAKOil CUCTeMbl, BBIpajKCHHLIE
uyepe3 BHYTPEHHUH pajuyc UAAHHIpa R, NMPHHATH CICAYIOUMMA: pa-
nuyc katyuek r=0,59 R, paccrosHue Mex[1y KatymKawmu a=0,53 R
u gauna nuamdaapa (=1,06 R. Hanpsaxennocts MaTHUTIOrO [OMS
BHYTDH Takoi KaTyLKH ornpeaedseTcs o popmy.ie

H—=18" gy, (2.9)
R

B rtex cayuasx, Korga tpedyercst HMeTh OJHOPOILIOe IO BeHuIe
MarHuTioe MoJde Ha 3HauuTeNbHOH HaHHe o0pasua, KaTyLWIKH H3TOTaB-
JUBaloTCH B GopMe 3aauNcoula BpalleHus. [las usrotoBJenus Takoi
KaTymkud OepeTcs JaTyHHast TpyOKa, Ha KOTOPVIO HaleBaeTcd H3 H30-
JSUHONIOr0 MaTepHajia Kapkac, o6ToueHHEBII B ¢opMe 3AIHICOUIA
_Bpawenus. IlaMorka npoBoja Ha 3TOT Kapkac TPOH3BOMUTCS TaKUM
06pa3oM, uToGbl HA eXMHHIlY LJIHHLI N0 OCH KaTYIIKH NPUXOMHIOCH
OJIMHAKOBOE YHUCJI0 BHTKOB. HanpsikeHHOCTh MaTCHUTHOTO TOJSA 1O JU-
HHH OcH KaTylUiku oXHOpofHa Ha 0,9 ee maunyl.

Hast cosgaHust OZHOPOAHOTO MOJSL MOXKHO TIPHMEHATh KaTyluIKH,
cocTosimMe M3 ABYX OOMOTOX, HMelOWX BHIA COMOKYCHBIX 3MAUNCOU-
A0B ppallleHHs. OBMOTKY HaMaThIBAIOTCA Ha HMX TAK, YTOOB MIOCKO-
CTH BHTKOB ObLIM NMePHeHZUKYISAPNE K IJUHHON ocH aaauncouga. [lpu
PaBlioMephoM pacnpefeseHdd BUTKOB H TMJAOTHOH HX YIaKOBKe Mar-
HHTHoe mnosie GydeT OQHOPOIILIM B NMPOCTPAHCTBE, OrPAHUYEHHOM BHY-
TPEHHHM 3asauncounom [29].

Croco6bl mosyuenuss 0AHOPOAHBIX MAaTCHUTHLIX MOJeH pAasIHUHOIR
BeIHYAHE! ONUCHIBAIOTCA TakKe B paforax [31, 46—50].
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Karyukn ¢ BOmSiHbBIM OXJAXKAEHHEM, CO3/aMiMe Noje HanpsxKeH-
Hoctolo 0 3-10°@/m. Kapkac [ xaryilek (puc. 8) sroro Tuma H3ro-
TOBJISIETCS M3 JaTyNH, NpHueM oOH JclaeTcss TakuM o0pasoM, 4TosLI
MOYHO ObLI0 OCYINCCTBHTH OXJax/JelHe OGMOTKH C MOMOIUBI0 BOADLL
Hag  o6MoTkd 2  4CHOAL3YCTCs  Mejanas IIPOBOJOKA JIHAMETPOM
1,8—2,5 mm, koropas uana-
THIBAETCHA HECKOJBKUMH €109~
M. Y HCKOTOPLIX KATYilIeK
aMATHUYHBAOWANCT 0OMOT-
Ka COCTOHT M3 ABYX cexriil.
SR - o HMx MoXHO BKAWOUATH napa.i-
""""""""""" JedBlo H TOCTeI0BATCALHO,

I npI 3ToM 118 KamIioro Cay-

/////////////// yasl BbIYUCIEHHA MAarHuTHOTO

nosast 10 opwyac H=ki

IKCMEPUMCHTATBIIO  OmNpede-

Puc. 8. Paspes Ka-ryU_IKI/I. ¢ BOISULIM qasieTed KOS(D(bHIIHeHT fnpomop-

OXJax@K/JIeHUeM:
] —Kapkac KaTywxH, 2— octonsas oG- LHOHNAJILHOCTH .

MOTKa, & — JIONOJHHTEIbILIE 0BMOTKY ,[IJ]SI TOr0 4TOOBI MATHMT-

Hoe Tmog¢ OBLIO JTOCTATOUHO

CIHOPOIHLIM HA 3UA4NTCABHON IJdMHe KaTyIIKH, Ha HaMaruu4upalo-

UIVI0 OOMOTKY 10 KpasM KarTyIIKH [1aMaThiBAIOTCA I10MOHHTEJbHLIE

oOMotkn 3. Ilpu 3TOM 4HCI0 BUTKOB, TPHXOASIMUXCA HA | €M AJIMHBL,

MOCTEHCHHO VBEAHUHBACTCSl OT LEHTPA KATYLUIKH K ee KpasMm. Takum

C1I0COHOM Y1aercs €031aTh COAEHORAbl, BeJIHYMHA HAMNPSIAKEHHOCTH IMO0-

Al KOTOPHIX U3MCHSAETCH lla paccTosfuui /3 OT MeHTpa KATYIIKH MeHb-
e, uen na 0,79%

Oxnamieinue BUTKOB O8MOTKH OCYHIECTBJASCTCS ¢ TOMOLIBIO BOXA-
1HO0H pyfallku, ucpe3 KOTOPYIO MPONycKaercd Boja C TOCTOSINOH CKO-
poctblo. OlHcanHas KaTyLIKa IaeT BO3MOXKUOCTDL N0.1y4YaTh MarllMTHBIS
no.ast 1o -3- 105 afx, ecan uepes HamarlinuuBawoimyio 00MOTKY MpoIy-
ckaercst Tox B 30 a.

KaTyuwkn ¢ MacasHbIM oxjaamJIeHneMm, co3lawoilHe Nods Hanps-
JKBHHOCTBIO 10 5-10° @/m. Karyliku ¢ Vac/AgHbIM OXAaX/ellieM B id-
CTOSIEC BPEMSl LIHPOKO MCTOJB3YIOTCS B J1a60paToOpuoil npaktuke [24]
(puc. 9). Kapxac karyiike 1nojo0HOro THNA NpefdcTaB.asieT coGof Ja-
Tyiylo Tpydky anamerpov 40—50 wm. Tlo kpasm TpyOkH NpuBapH-
BalOTCA HaMpagJdonpe naIankid (6 WITYK) ¢ KejoGoM sl IPOKAAHAOK,
KOTOpLIC OTAETHIOT OAAH CJof 00MOTKH ot Apyroro. Ilpu unamorke
KaTYIWKKH B Ka)kAyl0 Hanmpap/slioUlyld NJIaHKy BCTaBJseTcd MO OXHOH
MpoKJIaIKe TOJINIMNON 2—3 MM W3 reTMHakca uiH TekcronuTa. Ilocae
3TOrO HaMaThiBAIOT HePBHIA CJA0H OOMOTKM, NpHYeM MexAy BHTKaMH
ocTaBIsoT efoabuioi 3asop. IloBepx nepsoro cios oOMOTKM B Ha-
IpaBAsoUlHe IaHKH BCTABJASIOTCH ONATh NPOK/IAaLKH, KOTOpPbie 00BIUNO
MpUKUMAIOTCH K TNPOBOJIOKE, 3aTeM [edaeTcss BTOpPOH pAA OOMOTKH,
BCTABASIOTCA MPOKIAAKH U T. A. laxum oGpasoM, Kaxablli BHTOK H
CJI0I1 TIPOBOJIOKH OTe€Jelbl OT OJu3/exalilero BUTKAa BO3AYIUHbIM 3a-
3opoM. B TakoM BHIe xaTymika noMellaeTcsi B JATYHHBIH Kapkac

ﬁ g 2
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¢ IBYMS OTBepPCTHSIMH /] BXOJa H BbIX0Ja OXJaXKAAM0IICH JKHAKOCTID
(vaca). Macao ¢ moMoLIbio MOMIbLI OPONYCKaeTcss Yepes CrelHaslb-
HBIH XOJOAMUJABHMK, H TeM CaMbIM OCYLIECTBJISCTCHA IOCTOSHHOE OXJdK-
neHHe BHTKOB 0GMOTKM. KpoMe MaciasHOTO oX.JaXKIeHHs1 B STOH Ka-

TYIIKC HMeEeTCs BOJASHOC
oXJaxKIenHe ee Koprnvca.
Takas cucreMa oxJjgaxie-
HHA BHTKOB OOMOTKH IM03-
BOJISIET NPOMYCKATDL Yepes
npoBoil avaMerpoM 2 MM
ToK cusiolt 1o 130 @ B Teue-
gue 30 mun. B 3asope 1ma-
metpoM 40 Mm MOKHO mO-
JYUHTH MaruHTHOe nosfte 16
5.10° a/m ¢ oBaacteio oj-
HOPOXHOCTH  Ha  J.iHe
100 M 1o 0,5%. Ecau
YMEUBHIHTD BHYTPCHHUK
auaderp a0 20 mm, TO
MOXHO  TOJVYHTL  HOJC
~10% a/m. Odna vmo6ersa
BCe cOediileHHs KaTyLIKH
TAKOH CHCTEMbBI MOMKHO BbLI-
NOMIHTL 114 BHUTAaX.
Fanernas KaTyuka,
co3jaowas noJjs Hanps-
XKeHuocTelo o 10° a/m.
[aneruble katvmkm ¢ Bo-
HAHBIM OXJaxJIeHueM pas-
paboraHsl B JabopaTopuax
marderndvma HHHWYepwera
H QusHyeckoro gakyabreTa
MI'Y [28]. O6moTKa KaTty-
(Iek cocTour u3 24 ra.er,
BBIMOJIHEHHBIX W3  JAaTVH-
HBIX TPYGOK MOPAMOYIOJb-

1 .
ﬁ. /7Z

‘ I
Wy =18

o

=
6 . Macno

Puc. 9. Pa3pes KkaTYWIKH € MaCIsiHbiM
OXJ1aZK leHHeM:
| —kopnyc coneHouna, 2— BOAsiHAs py-
6amka, J—obmorka, 4—Tpvba, H—
BepxHUH ¢uanen, 6 —raiika ¢ ymIoTHC-
HHeM, 7 — MecTo KpeIeHusl TepMonaphbl

HOTO ceweuust. [ljsi H3TOTOB/IeHHsI TPYGOK JaTyilb NMPOKATHIBAETCS
OTIPEIETEHHOR TOMMMHBL H MOKPLIBACTCS CIIELHAABILIM A30ANDYIOLLM

BelllecTBOM,

7

/Z

=

pige;

BuyTpn stux Tpy6ok Aaf oxJaXKielius TeweT Boga. [ aserwl st
POX0KACHUS BOAL COEAHHSIOTCA NAPALIETLHO, YTO MO3BOASCT 0X.142K-
HaTb Kax[ALId BATOK B OTACABLHOCTH. Yepes TPYGKH MPOMyCcKaeTcs TOK
00 150 a, yto nosBoaseT NOAYYaTh MAarHUTHbIE TOAS cBoime 5. 10° g/u
C onnopoairoeTeio moas Ko 1% Ha aauHe 6 ca.



TNMonyuenue CTalHOHAPHBLIX MATHUTHBLIX MOJIEH HANPAKEHHOCTLIO IO
25107 g/x. MarguTHble I0JA BLICOKOH HAMPAXKEUTOCTH ObIIM HOJAYYEH bl
burrepoM [38] ¢ moMompio co/eHOHAa cnenHanbroll KoHcTpykiuu, O6-
MOTKH H3TOTOBJSIIOTCS M3 MEINBIX AMCKOB M HMCIOT palualbliblil pas-
Pe3, a uzoipylouile MPOKAAIKA M3TOTOBJAAT H3 c.10anl. Bee gueki

Puc. 10. Paszpes cogeHoHaa, oxJaamiaec-
Moro K('p()CHHOM:
I — suytpenusis  Tpy6Ka, 2 — 37eKTPOA,
3 — N0JI0THO, NPOonHTaHHoe  (heHOIbHOH
cMOa0H, 4 — TOKOMOABOI, & — OTBEpCTHE,
6 — o6MoTKa, 7 — GpOH30Bhie KOHCOJH,
8 — 6.10KH, 9 — CTepKHH

COOMPAIOTCST B NMaKeT TakKuM
o6pasoM, 4YTo OHMH OBGpasyloT
1Be HENpepLIBHbIE COHUpATIM.
B auckax uvelTcs OTBep-
CTHSI, KOTOpBIE B cOOpHOM
Bujie o0pasyioT BepTHKAJb-
Hble Kadaldbl, CIy:Kallve I1as
NPOXOKIEHHs OXJarKaatollen
KHAKOCTH. DTH OTBCPCTHH B
IHCKaX o0pa3syioT KOHUEHTpPH-
yeckue OKpyxHocTH. [ua-
MeTp BUYTpeHHero OTBepCTHsd
coteHouaa 30 mam.  Maxcu-
MaJbHas HaNpSXKEeHHOCTD
MarHUTHOrO 11014, T0AYUYeHHO-
ro B 3TOM COJEHOHIE, CO-
crapaser 8-10% a/m, mpu sTox
nosde GbLI0 OIHOPOAHO C TOU-
nocteio 10 1% B oOmeme
25-10% M.

CoilcHOHI ¢ OCeBBIM ceye-
nueM B Qopye Tpanenuun [79]
JaeT BO3MOIKHOCTb TOJYYaTh
HalPSAKEHHOCTb  MarCHUTHOTO
noas B neHtpe ero B 107 a/m.
OOMOTKY cOJEHOHIA H3TOTOB-
JAI0T U3 Me140l JeuTbl To.I-
wHHON 0,25 st ¢ (puUrypHBIM
ceyeHHeM. JIeHTBI HABUBAIWOT
BOKPYT TPONOJILHOH ocH codle-
HOMZa, NMPH 3TOM COCeJHHe
BUTKH OTAEAAI0T HApYyrC OT
Apyra NpAMOYTOJLHBIMH peb-
PUCTBIMHM  BBEICTYNAMH, HaXo-
OAUIMMHCSL na JeHTe M T0-
KpbIThIMU H30.1a1Heli. Mexay
BLICTYNIAMH 110 KanajgaM Teyer
BOJa.

PaccMoTpuM  cofelton, oxJdaxpacMmbiil kepocuHom (puc. 10) [89].
Koxyx cosenouia ToauuHOR 6 MM W BHYTpeHlsas TpyO6ka / Auamer-
poM 100 mam BnimoJHeHL! W3 KPCMHHeBOH OpOH3bI, ofqalawolleid 004b-
1AM yAeJABHDLIM CONpOoTHBAeHHeM. K0XyX H30AMpPOBAH U3HYTPH JTHCTO-
Bol ¢udpoi. IIasa repmerusaunu pabouero ofbema coJeHOHIa BHY-
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rpentssl TDyOKa HMeeT na Topiax aaune.  Huwwunin  adaexrpon 2
coeAMHEH ¢ MepPBHIM BHTKOM OOMOTKM 6 uepes Tokouoasod 4. Xo.’oX-
uplil KEPOCHH 1IOCTYNACT B COJEGHOMI uepe3 OTBCPCTHE 5, a 3aTeM ue-
e3 ABelaiuaTte OTBePCTHH M . - o
ﬁonbnesoﬁ sasop caenyer v Ll 77 fV/// L
kaHaJ MCHKAY NEPBbIM CJAOCM ]
4 BHYTpeHHei Tpy6koit. C Top- ‘ ; 5
nos obMoTrka ykpemdacHa 6.10- I‘ /‘({____Q
kaMu 8, KOTOpbIe KpemaTcs B Al » ~
xenobe Ha OPOH3OBLIX KOHCO- Lorernut |
151X 7, IPUBapCHHBIX K KOXKY- s o Y4
xy. Baoku npmxuMaloT K Top-
HaM  OOMOTKM  UeThipLbMs l
crepXHsimu 9. »
HenwlTranus cONeHoU1a : 1= _/’“i'
foKasaJH, yTo MaKCHMAaapHad \'i“/ d
HallPAKeHHOCTh  MariMTHOTO ) [—)
n0J14 paBHa 8. 106 a/M. - iﬂﬂfr:[m'inwj J
Bce Godee wHpoko B H3- SRy B A\
MepHMTCABLHOH  TexHHKe  HC- j : :
gOJB3YIOT ¢OIeHOMAb, pabo- ¢ wadeseo
TalOUIME HpH HU3KHX TeMIie- QL'E ] aioma
paTypax, Koria 3JexkTpuue- ~— U :
CKOe COHPOTHB.IeHHE OOMOTKH
pesko uanaer. Ila puc. 11
NOKA38H COJEHOHJ ¢ TIpH-

-

hzcze ¥

(¥

Puc. 11. Pa3spes co.jelionia ¢ mpunyin-

HYAHTEJIbHBIM OXJAMIAE-  reqpiblM OXJaKAHHeM KHAKIM a30TOM:
HHEM HKHIKUM a30ToM [ -- Karywky, 2 —- alOMHHHCBBIA KOXKVX.
[85]. 3 — cocya [Hdwtoapa, 4 — BHYTpRHHAA

CoJqicHOUJ COCTOUT W3 Ilie- TPybka

CTH KaTyllek [/, Mapa.iIciIbHO

HaBHTLIX M3 MEAHOH JEHTHI ¢ 06liuy wdciaoM ButkoB 870, Katyuwku to-
NapHO HaMaTbhiBAlOT B 1IPOTHBOMNOIOKHEIX HAmpasIeHnax. KaTyuky coe-
JUHEHBI [/4 MpOXOXKIACHUA TOXKA nocacgoBaTteasiio. CoJeHOUA noMelieH
B aJIOMHHHEBBIN KOXKYX 2, CO AHA KOTOPOro HOCTyNaeT XKHIKHI a30T,
a 3aTeM MPOXOAMUT yepe3 OTBepcTHE B OOMOTKC CHH3Y BeepX. Buy-
TPeHHAA TpyOka 4 H KOXKYX H30JHPOBAHLI OT OOMOTKH CICUHUAJBLHOH
3Manbio. JKuixuit azor, nmpoTekas cKBO3b OOMOTKY, MepeadBaercs B
cocyn Hdbioapa 3. Pacxon asora mpu HenpepbiBHOR pafoTe COJ€HOHIA
cocrasaset 1500 a/4ac.

B Hacrosiniee BpeMsi ecTh TakXKe CONEHOMBI, OXJaXJIaeMble XKHI-
KHM Bofopogom {86, 87], neonoM [83] u reanew [84, 88].

Oco6miit HHTepec MpelcTapiseT [BYXCEKIHOHIBIN COJeHOL] IIpe-
PHIBHOTO neficTBHA, CO3MAIOUIMA MaTHUTHOC [IOJ€ HAMPSKCIHOCTBIO B
2,5-107 a/m [84] B 3asope 60 mm. B xauecrBe mMaTtepuagaa AJdd H3To-
TOBJIenHs conenonfia Gblal BLIGPAH AJIOMUHUIA: COJICHOMI paboTaer mpn

H OXJlaXKaaercs CKaTbiM reqHeM. B lleHTpe codeHOMIa MOJAYYCHA
BHICOKas ommopomHocTs MarauTHoro noasd. Tak, B odbeme 10* ma®
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B IlenTpe CoJciionla HaHOObLIOE OTKJIOHEHHEe OT MaKCHMAaJbHOH 1a-
npaxennoctu coctasaser 2-10-% HenpepniBHo codenonn pagoraeT
B TeucHue 15 cex. aa Toro 4uroSLI OH BiOBb PAa3BHA MaKCHMAaJbHYIO
MOIIHOCTD, Heofxoaumo uMmerh 128 2 reaua. Ilpu oxnxkurene, maio-
meM 60 /4ac, MoXXHO CAenaTh B TedeHHe 24 4ac OJHHHAALATbL BKJIO-
yeHHii codenonfia. TakuM 06pa3oM, B TeueHue UeJEAH COJEHOH]I CIO-
coben AaTh MakCHMaJbiioe fHoje B TeueHne 40 mun,
Omiicaiie JPYTHX THIOB COJEGHOHNOB HMeeTcss B padorax [80-—82,
89, 90].
§ 3. MOJIYYEHHE HMIIYJbCHBIX MAHUTHbIX
MONEA

Brnepebic HMIy/bCHBIE MarnuTiible noas Beauduuoid 2,5-107 a/m
noayura 1. 71, Kamuua [13]. Hx GblaH CKOHBCTPYHPOBAHBI KHCJAOTHBIE
CBHHIOBLIC AKKYMYJIATOPH H MOTOp-TellepaTop, KOTOPHle HCIO.Jab30Ba-

JUCh  AJAA TOJVYeHHs. MOWHOro HM-

nyabca Toxka. Marepuadom nag o6-

MOTKH COJCHONIA Cay:KH,1a KaJiMHe-

Bag Meldb. B HacTodllee BpeMs M-

IYJABbCHLIE MATHHTHBIE 110151 HAXOOAT
7 BCC fosec MIHMPOKOE MNpHMENEHHE W
" yXKe HMEITCS VCTalOBKH, KOTOpbIe
HO3BOJAT CO3AABATh MarllITHLIE 10-
Js1 HanpskenHocTwsio 8-107 a/m.

Ha pnc. 12 cxeMaTuuecku nmoxasad
COJIEHOWJ, paccuuTtalnsiil ya 4-107 a/m
[107]. Tna o6MoTKM HCIOIb3VIOTCA
MeTaJJINUCCKHE THCKH, MeXAY KOTOo-
PLIMH HAXOZSTCSl M30JgHpPYIOIIHE NpO-
KNajJKH H3 caoibl. Bce 3ato mnoMe-
IIAeTCsT B MJACTMAcCOBLIH LUJIHHAD,
VKPEIJIEHIIBI B JAIOPaJdeBOM KOXYXe
¢ pazuaneubiMu paspesamn. Coderno-
I MOXKIHO OXJdaxKAaTb KHIKHM aso-
toM. O6MoTKa coJeHonfa HMeeT B
Pue. 12 I/IMnleb7cumﬁ comeHon  manny 10 Ma, a-TuaMeTp BHYTPEHIIETo
1_06MO:‘§&4'18_“}/(’Z§M g OTBEPCTHA 4,5 am. BryTpu mmmnnapu-
IpoBeTeHHs oMmTOB, 3 — nsoqu- UECKOrC ofbeMa Anamerpom 2,5 MM
pytoluee Kovblo, 4 — TOKONIOA- H BBICOTOH 3 MM MarHHTHOE [oJe
BOIbI, 5 — TPYCONMPOBOAM M GBIJIO OZHOPOAHBIM C TOUHOCTBIO 1O
KHAKOro TreJivd, 6 — a30THas 50/0 .

paHna, 7 — OTBepcTHd, &8—
¢Taabnol 60T, 9~ H30AUpYIO- Jlpyras KOHCTPYKUHA HMIYaAbCHO-
mye BTYJIKH ro coJenouIa 6HTTepOBCKOT‘O THIIA
onxcana B paBore [108]. B sToM coJe-
HOH/€ BMECTO [MCKOB HCIOIb3YeTcsl Cnupajp U3 OepHIJIHeBOH Opon-
3bl, 3afiesaliias B npoullyio Kepamuky. Crupajan u30JHpOBanu APYT OT
Ipyra CTIOASHIBIMHM KOJbLUAMH C pajHaJbHLIMH pa3pe3aMH W IpHIaH-

BaJy K TOPUEBBIM JATYHHWM IIJACTHHKaM, a 3aTeM CTHACHBAJIH I[IpH
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[OMOILI HIcCTH Withjiek U3 docdopucroil 6ponsu. Jas nutanua code-
HOHA4 HCHOAB30Baan datapeio eMkocTblo 2000 mk¢h ¢ padounm namps-
weneM 3 k6. MakcivalbHas HANPAXKCHHOCTB MarnMTiHOTO  110.19,
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Puc. 13. Paspes HMIOYJAbCHOTO cCOJcHoMla Ha 7-107 a/m:
] — TEKCTOAUTOBHIH LMJMHAD, 2 - - leuKa M3 CTajdM, J - CTAJILIOH Lii-
JHHAp, 4 — JaKOoTKalb, 5 — 6osar, 6 — 1pobka 13 ctaan, 7 1 /6 —rait-
KU, 8 — pazxuMIlON KOHYC U3 JaTylly, 9 — KOHTAKTHOe KOJbllo, /0 -— cn-
palb H3 6poussl, /1. -pvBamka u3 ¢ropomaacra, [2 - BTYAKa H3 CTek-
JOTCKCTOJANTE, /3 - - 6aHjaxk 13 CTAJblOH  ACHTL, [4 -— reruiakcoBast
npokaaaxa, 1o -— BTy.IKa

KoTopad «{bla nosdyuena Ge3 pa3pylueHHd COJeHOMJa, COCTaB/saa
6-107 a/m.

B sakmiouenne paccmorpum yerasosky Konpopexoro u Cycosa [77],
CO3nal0my0 HMAYJbCIIOE MATHUTHOE NOJie HanpsKeHHocTbiO 7« 107 a/u.

B xauecrse ncrounuka ucmomnayerca KonaencaTopHas GaTapes, Co-
Croawast u3 30 sgementoB MM-3-100, coeauHeHHbIX nNapanedsblo.
Obwasn emkoctb fatapen cocrapaser 3000 mx¢, a LOMHIAILHOE Ha-
lpsixenne 3 k6. KouacHcaTopb 3apAXKaad OT BHIPAMHTEIA IPU TOKE

@ H HanpsKeHHH 5 £8.
Ha puc. 13 nokasan paspes cosenonga B coGpannom Buie.
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Karyiky B BHAe CHHPaJIH H3TOTOBMAIH H3 Oepu.IaHeBOH OPOH3bI,
BHTKH KOTOPOH M30JMpOBaHbl CMIOASHLIME Wal6aMi 4 MIeHKoi KpeM-
leoprauMuyeckoro Aaka. Fe nomenladH B CTCKJOTCKCTOMAHTOBYIO THJb3Y
€O CTelKaMH TOJIUHHOH 3 M., Ha NOBepPXHOCTh KOTOpPOl HaMaThiBalH
PYJAOHYMKHM H3 CTa bHOil JIeHTbl. CTACHBaJtach KaTyIIKa CTa bHbiMIE
nleyKaMi, KoTOphie OAHOBPCMENHO BBLINOAHANAH POAb TOKOMOABOAOB.
ToxocbeMHHKAME CAYAKHJIA KoJbLla C pa3pes3oM, YKpelJdeHHnble ¢ IO-
MOTULIO BHHTOB Ha Kpaluux BATKaX KaTyWKH. CTUTHBAJICA COJEHOHST
¢Ta JbUbIMHM BHHTAMH, KOTODbie H30.JIHPOBAJgH OT IIeUYeK TEKCTOJIHTO-
BLIMH BTyakaMu. JLIst OXJaXKAeHHl KaTYIIKH HCNO/b30BaiH KHIKHH
azor. HampsixeHHoCTb MardHTHOrO IOJfl H3MEePANH MariHTHBIM 30H-
JoM: oJHOcNOMHAs KaTyllka, HaMOTaHHad IMPOBOAOM JAHAMETpOM
0,03 ur 1a 1JICKCHTAaCOBLI KapKac gnaMeTpoM H miauHoft 1 ma. Be-
JUdAHA MAKCHMVMA MarTHHTIOTO Toas Hyage ONpefedsnach METOIOM
H3MepCHHS [IPOM3BOIHOH MAarHUTIION0 NOTOKA MO OCIKI110rpaMMe Ha-
NpsizKEHHS, BO3OYKIACMOr0 B H3MepPHTRIbHOH KaTyllKe.

Kpome Toro, Hyaxe Onpeleasin nyTem HHTermiposaHm nanpsixKe-
Husl RC-uenouroil.

dauTedbuocTs UMOy.Ibca AJ51 KaTylleX B Bule chupaJdefl Oblia
0,03—0,5 Mcex. [aa nogayuenns UMIOV.IbCOB NIUTENbHOCTHIO 1 —50 Mcek
HCIOJb30BaJH COJEHOUI, HAMOTAHHLIA OObLIKHOBEIIHBIM MEJHLIM IIpo-
BoAoM. B 3ToM cayyae MakCHMalbHOe N0Je MOXKeT ObITb MOCTHTHYTO
ToabKo 2,4 - 10% a/a.

Omnucanue COJEHOHNOB AJAd MOJAYUYEHHsl UMNYJIbCHLIX ToJeHl HMeeTcs
8 paborax [52—62, 68, 69, 76—78, 109—111].

§ 4. CBEPXMIPOBOJSIHKE COJTEHOUIbI
H MATHHUTBI

OTKpHITHe CBEPXIPOBOAHMOCTH Y HEKOTOPBIX MeTaanoB B 00/1acCTH
AN3KUX TeMmepaTtvp 1aX0 BO3MOMKHOCTb NOJYYaTh BechbMa CH/bHBIE
Marintisie noJas. [Ipn sToMm faBreHun OTCYTCTBYyeT MOTeps MOLIHOCTH,
naymell na narpesaHde npoBogoB. OnxnaKo Joaroe Bpemsa Ha IIyTH
MOAYYCHUs! CH.JIBHDIX MATIIUTHBEIX N0JeH BO3HHKAIM BechbMa CYILCCTBeH-
Hble TPYIILOCTH, O06YCAOBJIEHHBIE TeM, 4TO CBEPXNMPOBOIHMOCTb paspy-
Imaercqd MarHuTinM nogeM. [Ipy HeKOTOpOM KpHTHYCCKOM 3HaYeHHH
MariHTHOrO N0Js B CBEPXNPOBOAHHKE BHOBb BOCCTAHAaBJHMBAETCS 3JEK-
TPHYECKOe CONPOTHBJAEGHHE, ¥ CBEPXIPOBOANUKOB 1-To pona, K KOTOpPBIM
OTHOCATCSl YMCTbie MeTaJjl/1bl, KPHTHUECKHE IOJSA COCTABJSIOT COTHH H
THICAYH aMmOep Ha Merp. KpHThueckwe ToJsgs y CBEPXNPOBOANIHKOB
2-ro poma (CHJTABB ¥ HATEPMETAdNUYEeCKHe COeIWHEHHs) 3HAYUTE/bilo
Buille M Jexat B mnperelax (8—40)-10% a/u. Ilonyuenne Nb—Zr,
NbsSn, V;Ga u 1pyrux mo3so.HJ10 €031aTh CILTbHBIE MArHUTHLIE MO,

ITepBrle cBepXnpoBOAAILNE CONEHOUAB! OLLTH H3TOTOBJEHBl H3 HHO-
61eBOH MPOBOMOKH. MakcuManbHble TOJAA TIPH 3TOM He MNpPEeBbILIAJH
4.105 afm {91, 93]. 3artem mas 3TuXx ueNell OblI HCMOJAB30BAl CILIAB
MosRe [92]. Coaenonp, H3roTOBICHIbI H3 3TOR TPOBOJOKH AHAMETPOM
70 mm, umea B Aauny 30 mm u BuyTpeunui auamerp 3 mam. Maxcu-
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Ma.bllOe MariuTHoe NoJe B TaKOM COJeHOHAC [0J1y4aloch pPaBlbiM
1,2-10% a/s mpn T=1,5°K.

[lanboaec nepcrneKTHBHLIMK MaTepHaJgaMH 15 CO3ZaHUA CBepx-
NPOBOAAIIUX COJEHOUJOB OKAa3aJuCh

cndaBul Nb—Zr, Xotopuie ZalT BO3- Hey

MOXHOCTh [OJAYYaTh MariuTible MOJAd MNZ

no 5-10° a/x [94—99] u coenunenue % i

NbsSn. ] ﬁ ;

Ila puc. 14 noxazauwsl CONCHOMA H
Kpuocrat, paspaboranible B PusHye- A
ckom uuncruryre AH CCCP [96]. O6-
MOTKa COJeHodfa, BLINOJIEHHAd H3 ) 6
crimapa Nb—Zr, paccuurana iia nody- W -
Yyexue MarnuThoro monas 1o 2,4-10° a/m.
Ona COCTOHT M3 TpeX CeKUHH, LpHyeM
Kpailigsa uMeeT 0o.bllee YHCAO BHUT-
KOB, UTO YBeJHuHBaeT 06JacTh 0iAli0-
poéiorTo ioJsi. Buyrpennuii auamerp
o6MoTKH B0 MM, nauua 90 mm, aua-
verp pabouero obvema 32 . Jas
oxJMaxnenus npubopa NOpPH 3aJHBKC
Tpebyercsl 4 4 Teausl, a Pacxoj reaus
Npy «€3aMOPOXKEHHOM» MAarHHTHOM ToO-
Jae 0,3 afuac.

BoJee BuicoKHe wariuTible [oJds
MO2KHQ NO0JyYaTh MPH NMOMOULN CBepX-
1IpOBOAAIIErO coJenounna, u3rotopsaen-
HOr0 M3 HHTCPMeTaJHYECKOTO COe/Hu-
HeHnsi HHOOHsA — osoBa. Ha puc. 15
1l0Ka3aH oGIUH BHA OMHOr0 U3 TaKHX
COJellOWA0B, KOTOphiH CO3JacT Mar-
HUTIIOC noJse HanpAXKEHHOCTHIO
8.10% a/x [100]. Kapxac coacronza
H3TOTOBJAIT H3 THTaHA, OH HMeEeT
AKCHA/JbHYIO  [0J0CTL  AHAMETPOM
6,3 mu. IIpoBoaoxa quamerpov 0,69 aa
1aMaTLiBaeTcsl ABYMS KOHUENTpHYe-
CKHMH CeKHHAMH paBHOH TOJIMUIB H
coeffnaercas nocicpopartensino. OG-
MOTKa COMenonga HMeeT JuaMerp Puc. 14, CeepxmpoBogsumuit co-
56 mu u BeICOTY 45 MM, Usmepenus JIEHOHI ¢ KPHOCTATOM:
MariuTHOrO0 005 mpoBoiar ¢ Io- 51;{’ %Of_e*;gﬁémf‘;ﬁ”{;ﬁﬁaagi
MOUBIO KATYIIKH H (aokcmeTpa, Ko- 2 SKpaH, 5 — KOKYX, 6— 3a-
TOpble MNOpPeABAPUTCIABIIO HporpaiyH- JAUBHAA TOPJOBUHA
poBaHbl N0 JaTUAKY  OPOTOHHOTO
pesonanca. HclibiTanua nokasaan, uto npu 1,8°K upu cuie toxka 26 a
HANpPSKCHHOCTD MArHHTHOrO M09 cocTaBaseT ~8.108 a/a.

JI1a co3iaHuA CUJIBIBIX MAarlUTHLIX HOJefl HCHOJB3YIT Takke
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CBEPXHPOBOAALLIC MarHHThl ¢ JKCIC3HLIM cepACYHHKOM. Ha puc. 16
U300paKCH 3JEKTPOMATHHT € WUHIYKTHBHLIM BO36YXK/IeuneMm: AJduiid
sdpMa Maruuta 60 ma, BbicoTa 45 mm, ceuenue 10 mm2. [Josmoca —
Kpyriapie, faamerpom 10 sM, a noMIOCHBIE HAKONCUIIMKH — KOHHYCCKIE,
AHaMeTpoM 5 ma.

IlamaranuuBalomue 06MOTKH pa3MeILalOTCA B IBYX MATyHUbIX Kap-
KacaxX, B KaXXIblil U3 KOTOPLIX BMOHTHPOBAHO KOJBLUO H3 HHOGHI.

Puc. 15. O6utuét Bui cojeHoisa Puc. 16. CepxnpoBoiaui mar-
HHT C HUHIVKTHBHBIM BO3Gyxne-
HHeM:

I —Koabsno u3 Huobusa, 2 — o6-
MOoTK2a BO36yxmeHusa, &— pMo,
4 -~ npobuas KaTyuixa

Ciepxy HHOGMCBOrO KOJblAa PACHOIOXKCeHA O6MOTKa BO36GYXKIEHHH H3
veinoro nposoja. CBepxnpoBOJAINHA TOK BO30OYXKAACTCH CJACAYIOWUM
J6pasoM. MaruuT nojaeeliuBaercsi BHYTpH cocyma Jleroapa u nmorpy-
KaeTcqd B KHAKKA reqanfi. C NOMOLIbIO HalpeBaTe sl CBEPXTPOBOAALLNC
KOJabLa NepeBOJsT B liopMaJjblioe cocTosnne. 3areM B 0OMOTKe BO3-
Oy¥K1aeTcsl ycTaloBUBLIMACA HY2KUbIH TOK, U HarpeBaTe]H BLIKMOYa-
oted. Tlocoe oXdaaxKaeHust Kosel TOK BO3OYXKAENHs1 BbIKIOUaeTcs H
B KOJbLAX HHAYKTUDPYETCS He3aTyXalIuH TOK.

Maxkcumaabias HalpsOKeNHoCTh MACHHTHOTO MO/ B 3a30pe Iad-
noit 3 mm cocrasaser 1,6-108 a/u mpu 2400 amilep-BHTKax B 0GMOTKE
B030yxaeuus. Ecin Koablla U3TOTOBHTh M3 HHOGHI-UHUPKOILIHEBRIX ClLTa-
BOB, TO MOXKIIO NOJYUHTDL noas ao 2,4-108 a/mu.

Cpepxupoponamuil maraut Ha 8-10° a/u oniican B paGore [102].
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J1oT MATHUT COCTOMT M3 HATH CeKUHH. BHYTpeHHIOI cexuuio-AHaMer-
pom 250 MM, a TaKxkKe JBe CJTe/lylOllHe HaMaThiBaloT U3 Nb—Ti-npo-
BOJIOKH.

JIBe BHellliHe CeKUHH BLiIOJHelibl U3 cnaaBa Nb—Zr. Kouncrpyk-
LUMH APYTHX CBEepXMPOBOAAIIMX MAarnMTOB H3JaraloTcd B padoTax
[103—105].

§ 5. MOJYYEHUE HEOQHOPOAHLIX MATHHUTHDIX
MOJIEH

PaccMoTpenHsle BhILIC Da3/MHYHLIC 3JeKTPOMAriHTH MOTYT OBITh
HCIOb30Bakbl /151 NOJyYEeHHS] HEOZHOPOIHBIX MarHHTHBIX 1oJed
¢ 6oablunM rpaguentToM. Takue mons HEOGXOHHMBI, KOTAA HCCAe0BA-
HHe MaTHHUTHBIX CBOWCTB BellleCTBa NPOBOAMTCA NMOHAECPMOTOPHBIM Me-
trogoM. [Ipoussegenuc f1 grad  mo/kHO OLITh NOCTOSIIHBIM MO BCEH
auie obpasua. DTo MOKHO 00eCneyHTb NPH NOMOIIM CHCHHAIBHBIX
npoUIbHLIX HAKOHEYHHKOB, IPHUEM 1I0OCTOAHCTBO BhIAepIKHBAETCA Kak
BAO/Jb, TAK M NEpIEHAHKYJAAPHO OCH CHMMETpHH Ioatocos. [Ipnbau-
Kenuyio (opMy NOJIOCOBR MOXKHO PaccYHTaTh, €CJAH BOCHNOJNb30BAThCS
MeTOIOM CKaJIsApIioro noteninana [96].

Ha puc. 17 noxasadbl pa3JuyHbie THOBI NpOQUABHLIX ROJCHBIX
HaxoueuyHuKoB, Ilomtocuble HaKONEUHHUKH BHAA @ Obliu IPHMEHEHb
Hoppmanov u Cumoposoim [7] upu paGorTe ¢ KPYTHJIbHBIMH U MaaT-
HUKOBbIMH BecaMH. Ilpn Takoil GopMe HaKOHEUHHKOB NOCTOSIHIIOE 3HE~
yenue npoussegennd f grad H coxpauserca na npoTaxennu 5—10 «at

C 1unomomeio nNpoduUALHLIX [AKONEYNHKOB, H300paxennbix Ha
prc. 17,6, npempnoxenunix CexcMmutoM [63], MOXKHO MOJYUHTb 11OCTOSH-
CTBO TpajlHelTa NoJjs TOJMLKO Ha paccrosuun 1—2 mm. MaxcumasbHoe
3HaYeHue rpajanenta nopsaika 8-10% a/m/mm naxoaurcs B 13 mum ot
HUXlero xpas naxoueunuxoB (amamerp 30 am). Bunousmenensas
¢bopma noaocHbix lakoueunnkos CekcMuTa omucana B paborte  {36]
(puc. 17,8). OnTumMaabHLI yroa cpesa HUKHeH I0JOBUHBI HAKOHCUHH-
KOB OKa3aJjicd PaBHLIM 6°. DT HaKOUedHHKH, TaK JKC KaK H NPCALIAY-
ke, y106HO HCNO/Ab30BATh B TOM CaAyYae, €CJH U3MepeHHs TPoBOAATCS
HYJEBBHIM METOIOM.

Hiorna upumensnor oGHUHLIE MOMIOCHLIC 1HAKOMEUHHKH B BHIAE
yceuenubix Konycos, IpH 3ToM obpaseir O NIOMEILAIOT MeX1y Bepx-
HHEMH €KOCaMH WJAM TakK, Kak Toka3aHo Ha puc. 17,e. Taxoit meton
uamepenusa (merol I'yn) OOBIYHO HCNIOJIB3YIOT 1IPH OTHOCHUTEIbIBIX H3-
MepeHuax, Tak Kaxk B 3TOM CJyvyae NOCTOAHHOE 3HAUYCHHe NPOU3BEAe-
Hag H grad H npaxtuuecku ne a0 a0aercs.

Hakoncunnkn B Buic Kouycos (puc. 17,3) npuMeHCHL B pa-
Gore [37]. Tlpn 3asope wmexay losocami 45 M# MaKcHMaJbloe 3Ha-
eine Bequunnnl H grad /{ mab.aiomaercss na paccrosaum 20 mam OT
UEHTpa 3a3opa M ocTaeTcsl NOCTOsLLIM: ita 10 mm. Tlpu wuaywenun
MAarHuTHHIX CBOMCTB IOHACPMOTOPHBIM MeTOAOM MOXKNO TaKKe [pH-
MEHATL HakomewnuKH, NoKasaliHvie iia puc. 17,e. Cugablioe HeoAliOPOA-
HO® maruuTiice 10Je MOKIO HOJYUHTh, eCTH HAKJOHHTb MOJIOCHBIE
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Puc. 17. Tlpodunn (a—m) noocHHX HAKOHEUHMKOB AJA CO3fad-
HHSl HeOJHODONINBIX MAarHUTHBIX 110J1ef



HAKOHCUHHMKHM OIUI -OTHOCHTCJABHO ApYyroro, Kak H30GpaxKCHO la
puc. 17, .

OpurHHANbHYIO KOHCTPYKIHI MOJIOCHLIX [AKOHEYHHKOB Npeaso-
skuna Jlopdman n Kukoun [6]. I'pamuceT moast y 3THX NOJIOCHLIX Ha-
KOHCUHHKOB puc. 17,3 B BepxXHeift yacTU [1alpaBJCcH MO0 OCH —X,
a B LHXiefl 110 ocH +X, OpUYeM lia IEKCTOPOM pAacCTOAHHH BIOJb
ocu 2 Hgrad H ocracrcsi OCTOSINBIM. DTH HAaKOHGUUHKHM TIO3BOJSIOT
HCKJIOUHTB AEeHCTBHC MaTCpHaJjga aMiyabi, B KOTOpYIO IIOMeIlaeTcs
geelleyeMoe BelIeCTBO, TaK Kak ua ofe NOJ0BHHLI NYCTOR aMayJul
JEHCTBYIOT paBHble H IPOTHUBONOJOKHBE cuabl. Ecian B oauoin u3 no-
JIOBHH aMIyanl HaXOAUTCsI BEUIECTBO, TO BO3IMKAeT CHJa, 3aBHUCALLAS
TOAbKO OT MarHHTIIBIX CBONCTB 9TOI'0 BellecTBa.

Ileognoponiioe MariuTHOe fHOJe -C HeGOJALLIKMM TpajlHeHTOM BelH-
quioi (2—4)-10% a/m/mum MOKHO IOAYYHTb OPH IIOMOILHE ABYX H30JH-
pOBaHHBIX MCIHBIX JEHT, KOTOPhle PacnogaraloTC BAOJb NOJIOCHBIX
HakoueyHHKoB (piic. 17, u [66]). Uepes /MeHTH MponycKacTcsl NOCTOSHH-
Held TO0K B 30 @, IpHueM Hanpab/edilsi TOKOR B JICHTAX NPOTHBONOJOX-
Hble. ['pagHenT MarHUTHOTO NOJA COXpAlAeTcsl NOCTOSIHHLIM  la  1ie-
CKOJBKHX MHJATUMCTpaX IO BCCH OCH M H3MeHdeTCs B Npeielax oloro
MHJTHMeTpa Menlblle, uem Ha 4-10-2 a/m. Taxko#l cmocof nosydenus
HEONiOpPOAHOr0 MATHHTHOTO 110 O0BIYI0 HCHOAB3YIOT NPH U3YYEHHH
CHJBHOMATHUTHBIX MATEPHAAOB.

Bce onucauuble Bblllle TOJIOCHBIC HAKOHEUHHKH 00ecleuHBaT MNO-
crosiucTBo H grad H nepnenuKyIspHO OCH CHMMeTpHH mo.aiocos. [Ipn
TAKOM MCTOJEe H3Mepelus HcclefyeMbll ofpasel, HaXoRHTCS B He-
YCTOHYMBOM MOJ0MKEHWMH, TaK KakK BAOJAbL OCH CHMMETpPHH TakxKe Cyllle-
CcTByeT rpaiuest nolst. [TosToMy B 3TOM caAyuae NIPHXOZHTCA NpHMe-
HATH CrelHajbHbic MepLl, YToGbl YMEHBIUHTL BJAHAliME AelCTBHA CUJBI
BJOIb OCH CUMMETPHH.

FHa puc. 17,& n 17,4 noka3zanubl TOJIOCHLIE HaKOUEYHUKH, KOTOpBIE
co3falorT nocrosHHoe sHaueHue M grad H Bpoab ocu cummerpuu [65].
Ilpu auamerpe nodaiocos 50 mu u 3asope 30 Mm BejHuMHA TpaJUeHTa
NOCTOAHNA BLOJb OCH na paccrosuuu 10 Mm@ u coxpausierca B Ha-
NpapJaeHny, NEPNEHAUKYJIAPHOM K OCH CUMMeTPUH TaKKe B mpefle’ax
10 mm. '

I1pn uccnemoBaiiuH MAarHHTHBIX CBOMCTB aToMa 4acTO NPHMEHSIOT
9/J1eKTPOMArHHTbI C HOJIOCHBHIMH HAaKOneYHWKaMH, MMCIOIIHMH BHI, MO-
KasaHHbll Ha puc. 17, m (pasMepsl B MHJJHMETpPax). DT MHOJIOCIIbIE
HaKOHEUMHKH [alOT BO3MOXKIOCTb I0JYY4aTh MaCHUTiible 1105 ¢ Tpa-
AxenToM mopsinka 8- 104 a/m [64].

[Monst ¢ GoabluuM rpaZueHTOM NOJgyuasa Takxke Kamuua {16] mpu
TNOMOUIH KATyUIKY, BLINOIHEHHON W3 MeTaJIHYecKoli JIeHTH!, uepes KO-
TOPy10 MponyckKaJacs ToK nopsaaka 104 a.

§ 6. CTABUJIU3ALUA MATHUTHOIrO noJs

ITpexpae Bcero ¢TaduAbHOCTL MATUHUTHOTO TOJsT 3aBHCHT OT CHJDI
TOKa, npoxopdluero Yepes KaATYWIKH HAMariHyHBaKIIHX AalnapaTos.
CrylMpoBaTh CUJIY TOKAa MOXHO caMbiM TpocThiM cnocoGoM. Tak, Ha-
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npumep, CeaByx [26] nponmyckaa HaMarnHuHBalOWMH TOK, BeJHURHA
KOTOPOTO M3MCPsach NOTENLHOMETPHYCCKHM MeTONOM, Yepe3 3Tadnoli-
Hoe conporusaenue (0,01 om). Tlpu 0TKIOHEeHHH CHJBI TOKa OT 3ajali-
HOTO 3Hayenusl BKJIIOUaJoCh (poTopeie, KOTOpoe HU3MEHSJIo CONPOTHB-
JeHHe B OOMOTKe TeHepaTOpOB NOCTOAHHOIO TOKa, MHTAaBLIEro
3J1eKTPOMATHHT.

[lorrep {26] peryanpoBan Tox B naMarHHYHWBaMIleil KaTyliKe MNpH
TIOMOILH IONOJIHHUTENBHOTO CJAa0oro ToKa. [lids 3TOT0 MOXKIo TakxkKe
HCII0/1b30BaTh BUCMYTOBYIO CHHpPaJib, Y KOTOPO#, KaX H3BECTHO, B Marl-
HUTHOM MOJC CHJbIO MCHACTCH 3/ICKTPHUECKOe CONpPOTHBJEINHE.

Ha puc. 18 nokasaua 6J0K-cxeMa A/l CTaGUINH3ALUN TOKA CHJAON
ot 5 o 4000 a [8]. B uens saexr-
poMarHuTa BKJAIOUEHO CONpPOTHB-
aenue Ry, KOTOPOC H3rOTOB-
Jaercs M3 MauraHumaa. [Haupsa-
XKeHne Vi ¢ conporusienuem
6 Ry nopaercd Ha BXOXNOH jdeau-
Telb KOMOEHCAUHOHHON CXeMbl,
H3TOTOBJIGHIION B BHIe JexalHo-

EyE

Puc. 18, Baok-cxeMa craGuausaropa
TOKA:
I — KoMileHcalontas cxema, 2— yci-

ro HOTGII]_].I/IOMCTpa, HMEIOUIero
BXOJHOe collpoTHBJeHHEe 20 KoM.

JAHTENb NIOCTOSIHHOLO TOKa, & — cxeMa
YiIDaBJIeHHsT TOKOM BO30yumueHus, 4 —
06MOTKa BO3ByKIcHMs, & — TellepaTop
NOCTOSIHIOIO TOKa, 6 — 3JeKTPOMATiinT

Hanpsa:xeune pasbasaaiica ¢ Kom-
neAcatopa CJeAyeT Ha BX0i
YCHJHTENST [IOCTOSSHHOTO TOKa,
co6paunoro no cxeve npeotpa-
30Baius — YCHACHHUS ¥ oOpaTHOTO TpeoGpasopanud. C BriXoma YCH/IH-
TesIsl HalpsKeHHe padbagaHca N0JaeTcsd Ha CXEMY yIpaBJIeHUs TOKOM
B030Oy2K1enusa rcHepaTopa IIOCTOSIHHOIO TOKa. EcAHM ToX Bo30y:KileHHA
He mpeBbllaeT 3 @, TO CxeMa YIpaBAseMOTO BLIIPAMUTE A cobUpaerca
-Ha jamnax 6H5C. Ias 6osee CHALHBIX TOKOB HCHOJb3yloTCH Tpexdas-
ible THpaTpOHHble cxeMbl. PaccMmoTpenias Hamu  c¢xeMa 103BOJSIET
CTaOWJIU3HPOBATh TOK 3/JeKTPOMariiurTa B LWIHPOKOM AHalla30He 3Haue-
HH# ¢ TouHocTeio 0,01—0,05Y%.

Jlaa crabGuansanuum NOCTOAHHOrO Toka cuiaoit mo 300a MoKHO
HCII0/1b30BATh CXeMy, lpeatoxenuyio B padore [21]. C mryxra, KoTo-
PBIfi BK/AKYell 1I0CJCLOBATCJABHO ¢ HArpy3KOM, NojlaeTcs wanpsizKeHHe
na norcHunoserp. Ilpu onpemesentoyM Toke, IpOXoRAILEM Yepes 06-
MOTKY 3JE€KTPOMarHHTa, N00HBAlOTCA KOMMNeucallud cxeMbl. Ilpu u3-
MENCIHH TOKa KOMIICHCAIlMSl HapyllaeTcsi W BO3IIMKACT Pa3doCTh MO-
TeI1HAM0B, KOTopasl TpeoGpasyeTcsl B MepeMelilioe HATIPSIIKEHHe; 3aTex
3TO HaupsKeluce YCHAMBAETCsi M TIOJAETCsi lla YOPABAAOILYIO CETKY
HocJIeHel JaMILl Kackana. B anoAHY 1enb 3TOH JaMIObl BKAKYAIOT
00MOTKY BO30YKAEHHS - 3JeKTPOJAMIOROr0 YCHJAHTCAS, OT KOTOPOI'o
NHTAeTCst KaTylllKa BO30Y:KIEHUd TelepaTopa Hocrosiioro toka. [lpu
KOJcOAHKUH TOKA 3J1eKTPoMallinTa U3MEHseT s CHJIa ToKa BO30yXKIeunns
renepaTopa M B LIeMH HArPy3KH BOCCTANABJIHBACTCsl NepPBOIIavyafdbhoe
3Hayenue Toka. Jlannas cxema oGCCICYMBAGT MOCTOANCTBO TOKAa 3jeK-
TpoMarnuta cua0i 200 a ¢ Tounoctbio xo 0,2 a.
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CraduaHsanmio TOKa 3/jeKTpoMaruHTa CHa0i 3—5a MOXKHO ocCy-
HIECTBHTb TIO cXeMe, npeanoxennoft Koucrantanosniv [18]. Uinrepec-
HYI0 YCTAllOBKY HAJs CTaOHJIH3ALHMM TOKA ¢ MOMOUIBK) TMOJAN MOCTOsII-
gioro Marnuta cosznadi Ileperym [25]. Mexay nogmocaMu DOCTOAHHOrO
MaTHIITa IOMeIlaeTcsl TOpouAa.Ibliast KaTyllKa, B 3a30pc KOTOPOW Ha-
XOANTCS MarHUTOHACBILeHHbIH 30uA. OOMOTKY 3TOH KaTYIIKH BKJIHO-
yaloT MOCJCAOBATETIBHO B Ilellb 3JIeKTpoMariiuTa H peryasropa Toka,
KOTOPLIH COGHPAIOT Ha NATH ABofnkIX TpHoaX. Ilpu paBeHcTBe moseit
TOpPOUAAIbHOH KaTyUIKH

B 1I0CTOSIHHOTO MarHuTa

(ux NOId  HanpasJelbl 3 '—- 9
HaBCTpeuy Apyr IApyry) ¥

B 30HIC CHTHaja lie Oy- L 2 I

ner. B cayuae orkioie- —_—

HHS TOKA 3JeKTPOMAarHu- L 5 l 7

Ta OT 34a0aHHOI0 3HaucC-

HHUSl PABHOBeCHE Hapy-

Hraercd H  NOABJSICTCH Puc. 19. Biok-cxema ctabunnsatopa MarHHTIOND
MepeMeHHLIl CHIHAM 10751, OCHOBAHHOTO H:aHﬂCB;(:‘HHH SAEPHOIQ PE30-
3BYKOBOH YaCTOTB, KO- 1 — renepatop BLICOKOH 4aCTOThl, 2 — TeHepaTop
TOPBII 3aTEM yCH.IMBaeT- nu3koft uacroTe, &-— dasoBnil aeTexkTop, 4 —
ca ¥ mpeodpasyerca B YCHJAHTEb, & — ocUuIorpad, 6 — 610K HTAHS

. cTabu.IH3aToOpa, 7 — 610K NMUTAHHS KOPPEKTHPYIO-
110CT0;‘111196 e el 06MOTKH 37cKTpOMarnura, 8 — 3JIeKTpomar-
lihe, KOTOpOE HOIaeTes HUT, 9 — cXeMa pery.JTMpPOBKM TOKA KOPPEKTHPYIO-
Ha BXO]1 peryJsiaropa To- mefi 0OMOTKH 3JICKTpOMArIHTa

Ka 3.J1eKTpoMariura.

C GosablUiuM ycllexoM B NocCAeIHHe TOALI CTajdd TIPHMEHATb pery-
JUpyloumve ycTpolicTBa, OCUOBaHHLIE Ha ALCPIOM MarllWTHOM pe3o-
nance {9—13, 70—-74].

.¥Ka3aHlbIC BLIIC MeTOAbl CTa0HIM3aUMH MarCHHTHOrO II0JIs TIPH-
MCHAKT B TOM CJayyae, KOrZa TeMmilepaTypa CEpACYHHKA HaMalHHUH-
BalOWIMX annapaToB NpakTuyeckd ile usmenserca. Ilpu un3menennu
TeMOepaTypLl 3THX cepjeuliKoB H3MENsieTcss NPOHHLAaeMOCTb Mare-
pHuasa, 4TO BJHACT HA BCJAMYMNY HIAYKUME HACBILEHHA H BCAHUYUHY
MarHHTHOTO ToJ4. ITpu npuMcHe:nuy sdepitoro MarlHTHOTO PCe30HaHCA
M1 CTa0WJAM3alMH MAaTHHTHOTO NOJA CTaOHAU3HpYiollee YCTPOHCTBO
pearupyer lie Ha H3MeHEHHe TOKa, a Ha H3MCHelle MaTlHTHOTO HOJ.
JTo TNo3BoJIfET TOJAYYaTh (OJbLUIOC HOCTOSHCTBO 110Jd4  HOPsIAKA
8+(10-5—~10"7) a/m.

B craGuauzatopax, OCHORAHHLIX Ha sIIEPHOM MAaTHUTHOM pe30-
aHce, NpY OTKIOlEHHI 3Hayelus ToJdst OT 3HadeHHs, COOTBCTCTBYIO-
HIEeT0 pe3oliaHCy, [0ABASICTCH CHTHAJ, KOTOPBIA IIpenBapHTe]bHO YCH-
JIUBAETCH, a 3aTCM 1101aCTCsT Ha 0OMOTKY reHepaTopa.

Ha puc. 19 nokasama 6Js0k-cxeMma c¢Tafuid3atopa MaTCHHTHOTO
lloog, ocnoBaniioro Na sABJENXH AACPHOTO pesoHadca [3] Yceradoska
COCTOUT M3 NBYX OCHOBHBIX ¥3.10B: ) co6GCTBCHHO crafmauszatopa H
2) UCTOUIiMKA MHTAHUA M CXCMLI PeryJHPOBKH TOKa.

B nepByio uacTb BXOAAT TCHEPATOP BLICOKOIl 4acToThl [, HCNoib-
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ayeMmblit s NMHTaHus Bo30yxKJamwollell KaTyIIKH JATYdKa, TeHepaTop
HH3KOH uacTorel 2, (pa30BbIH AETEKTOP J, YCHJIHTEIb PE30HAHCHOIO
curnana 4 u ocuuanorpad 5. Ko BTopo#t yacru oTHOCsTCS 6J0KH 6 11 7
nuTaHua FeHeparopa M KOPPeKTHpyollefl OOMOTKH M CXeMa peryJH-
poBkH ToKa 9. I'eiiepaTop BLICOKOH 4acTOTL PaGOTaeT B ABYX pexkuMaXx,
4TO MO3BOJsieT B AuanasoHe uacror 0,85—1,2 mey cradunusuponath
HanpsiXKeHilocTh MAarHHTHOrO nNodd Bedmuuuof 1,2.105—1,6-108 a/u.
T'enepaTop nusxoit dacrorsl (450 ey) cobpan Ha OMIOM TPUOAE JTaMIIBI
6I12I1, npn 3TOM BTOpas TNOJOBHIIA €€ HCHOAb3YCTCs I YCHJIeHHS
MOLLHIOCTH NHTAHHA H MOAYJHpYIOUEH KaTyIIKM JaTyHka. B JaTuuke
npubopa B OHOM G6JOKe 11aX0JATC NpHeMHasd, Bo3OyxAawiuas U MO-
Ayaupylollas KaTYUIKH, KacKajabl YCHACHHs] BHICOKOH M HH3KOH 4acToT
H perexrop. IIpHeMHYIO KaTyUIKy HAMATBIBAIOT Ha CTEKASHHYIO aMNyay,
comepxkallyry BoAubil pacrsop. Has xoutponas ¢opMbl pe3oHaHcHOI
KPUBOH HCMOJL3YIOT OCHHJJIOTpad ¢ 4yBCTBHTCABHOCTBIO 1073 g/aat.
Cxemy peryasaTopa Toka coGHpatoT uHa Jaamnmax 6H3C. B kaxioM
njede no 10 JdaMu, K 0JHOH AMaronaju MOCTa NMOAKIIOYAIOT HCTOYHMK
IUTAHHUSA, 4 K JAPYTOH — KOMITEHCHDYIOIIYK) KATYLIKY 3JeKTPOMarHura.
BanaHcupoBka MocTa MPOH3BOJUTCH NIPH MOMOULIM H3MeHelHs Hanpa-
JKCHHST CETOYIIOr0 CMELICHHsS JaMmil OJHOTO H3 Iuled ifocra. J[aunas
cXeMa JaeT BO3MOXKHOCTb CTaGHJAH3HPOBATH AHNPANKEHHOCTb MarHHT-
HOrO 1104 ¢ TOYHOCTDIO 2+ 103 9,

Eropos u Jlarwure [9] coszaanm npuGop Aas cTaGHIAH3aUMH la-
NpPsTZKeNIocT MaTHATIOTO MO B 3a30Pe 3JeKTPOMAaTHHTa ¢ HHTep-
Ba.JgoM nogdel or 4,4-10% go 105 a/u4. Crenenp crabuanaauuu mnoJs co-
crasisier 0,01%. B nagasueiiiiem 3ToT npudop GBI UMH 3HAYHTEILIO
vcopepuicaerBosan [10], uto mossoanao crabuansnpoBars Godee cia-
ovle nonst, HaugHasa or 10* a/m. [IpnGop oTanruaeTcd HAZAEKIOCTHIO B
pafoTe H NPOCTOTOH B OOpallleHHH.

Muxatinossim # Moposossim [22] 6biia pa3paforana cxeMa 115
cTa0uIM3alUH MAaTHUTHOTO TIOJs1 AHAJIM3aTopa Myuka YCKOPeHHEIX
HOHOB., B kauecTBe o6pasia HCHOAL30BAJH IUCTHJIJIHPOBAHHYI) BOLY
¢ HeOOJBUIMM KOJIHYECTBOM CepiiokucIoro Maprapla. CTafuIH3aLiI0
MariiATULIX TOJCH MOJKHO BBLIIOJIHHTL € MOMOILbIO 3JCKTPOHHQIYYEBOIl
Tpy6Ki [13], noMelenitoi B 11o1e paccesiiisl 3J1eKTpOMaruuTa. 1o noae
KOMITEHCHPYETCS TOCTOSHIIBIM MOJeM NPOTHBONO/0KHOTO HaNpaBJAeHIsA.
B cayuyae uaMentenus nods B pafioyem 3a3ope 3JAeKTpoOMariuta 3.1cK-
TPOHUDBIH TYYOK OTKAONSETCS, YTO BBISBIBACT BO3HHKIOBENUE CHH(DA3IBIX
CHIIATOB, BEIHYHIIA KOTOpLIX Oy/eT 3aBUCEThL OT KOOPJAHHAT NyYKa.
Tlpu HecHMMeETPHUIOM pAaCHOJOXKElNUH TyyKa BO3HHKACT pPa3sHOCTh
ammiautyd. Ila Boixoge ycuiauTenss noclie QeTEKTHPOBAHMS BO3HHKaeT
HanpsaxeHHe, KOTOpoe NOCTyNaeT HA CETKH peryJaHpylomel JaMlibl
THPATPOMIIOrO BLIMPAMUTEIS, I'AC PeryaupyloTcst MOMEHT 3axKuralis
H TOK B OOMOTKe MojJIMarHHUMBAHHsSI JIpOccel]sl HAcLIleHus. Tak Kak
nepBUHYHAs O6GMOTKA CHJIOBOrO TpaHcopMartopa CelleioBOTO BHIIPSIMH-
Tejsl coejHllena IMoc/JeJ0BaTeNbH0 C CHIOBOH OGMOTKOIT ApocceId Ita-
ChIIIEIHs], TO 3TO NMPHUBOINT K H3MelleNHI0 TOKa B el 3JeKTpoMar-
nura (1, 4].
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Jlasa craGHAM3anqMM  MariuTHBIX  T0Jell MOMXKHO HCHOJNB30BATDL
yCTPOJCTBa, OCHOBAlHbIe HA SJEKTPOHHOM NMapaMarHHTHOM DC3OlaHCe.
DT ycTpOHCTBA yAOGHO NPUMCHATH B TCX YCTAHOBKAaX, B KOTOPLIX
fiocse MOHTa)Ka JAOCTYNl K SJ€KTPOMArHUTY [PAaKTHYCCKH HEBO3MOXKeH
AU CBSI3aH ¢ GogblinMu TpyAHocrsiMu. OuMH H3 Takux cTabniu3aro-
poB (puc. 20) onucan B pagore [121].

B marnutioe noJde craGUAH3HPYEMOTO 3JEKTPOMArnuTa NoMellalor
AIOCJIOLLAIOULYI0 KaMepy ¢ 06Pa3sloM I KaTyLIKOH, KOTOPble CO31aloT
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Pic, 20. buox-cxema cHcTeMbl cTabriM3auMH MAaTHHTIONO IMOJA:
I —o6MoTKa 3JeKTpOMArHHTa, 2 — MOAYASUMOHNBIE KaTymkH, 3 — ofpascu, 4 — xa-
TYIIKH KOPPeKuMy, 5 W 7 — HanpaBjeHHBle OTBCTBHTCIH, 6 — JCTCKTOPHAst KaMepa,
8 — sraioHHbll  pezonartop, 9 — jerektropuan KaMepa AIIY, [0 — tpancdopmarop
NOJHBbIX conpoTuBaeruit, {1 — 6ok AITY, /2 — kaucTpoHHLfl rexeparop, /3 — 60K
nutaHus remeparopa, {4— H. Y. rencpatop otopHoro Hanpskenus, [§— 0Jox pe-
TYNHPOBAUMS TOKa KOPPEKTHDYIOWIHX KaTyulek, /6 — KODPeKTHPYOLIHe 3Benbs, 7 —
¢$a3oBblil  JgeTeKTOp, {8 -— y3KOUOJIOCHHN yCualTedb, [9— ycHaHTeas II3KOM ua-
cTotel, 20 — ociuaaorpad

MOIyJHpYIOLLee MarHuTHOe Tode, OCTanbuble 3.l YCTAaHOBKU paclio-
JaraloT B HEKOTOPOM yJaJjieHHH OT 3JCKTPOMATHHTA H  CBA3LIBAKOT
¢ norJoiratonlei kaMepoi Bo/IOBOAION JTITHHCH.

Iornpmatonyo kaMepy HU3TOTOBJASIOT H3 OTpe3ka NPSMOYTO.IbHOIO
BOJHOBOJA, 3aKOPOYCHHOrO NOPUIHCM, K TMOBCPXHOCTH KOTOPOTO MNOJIH-
CTHPOJIOBEIM KJI€CM IIPHKJIEHBAKT Ofpasel U3 AHPelUIUHKPUATHLPO-
3usna. Kamepa mexay noJrcaMu 3JeKTpOMATHHTa pachoJoxena Tak,
4TO MarHUTHDLIE CHJAOBLIC JIMHHU NOJS M MOAYJAHPYIOUICTO T0AS JHDO
NepnedAUKYNAPHL WIHPOKOH CTeHke BOJANOBOAA, JHJO Hanpas/eHL]
BOJL ero ocH. M3 kamepnl 4acTb OTpa:KCHHOH 3SHCPTHH Yepe3 Ha-
NpaBJeyHLIl OTBETBUTEb § IOCTYyIaer K ACTCKTOPY, a 3aTeM 4Yepes
Y3KOonoqaocHbl ycHaIuTenb na (asosuiii gerckrop I7. C  jeTekropa
yipasadoolllee Halpsxkenue udepe3 KOPPEKTHPYIOUIHe 3BeHbsl HJIeT Ha
GJI0K perylupoBanis TOKa KOPPEKTHPVIOUIMX KATYIICK, KOTOPble pac-
CUHTaHbl Ha BLIXOAHOH Tok B 1 a. Curnaa IIIP na6awopaercs Ha
JKpaHe KOHTPOJBHOrO ocuuanorpada. Jlanane crabuiusaropa, Mo
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MIIEHIIO0 aBTOPA, 1al0T BO3MOXKHOCTh Y/I€PKHBATh 34]aHHYIO BEJTHYHHY
MATHHTHOrO NOds ¢ 3)- 103 %.

TIpeuusuonusiit cTaGUIN3ATOP TOKA ICKTPOMATUHTA, COGPaHHBIN
Ha TMOJYTNPOBOAHHKOBLIX TPHOAAX, lIpeldoxicin Peporatos u Axme-
aos [115].

B xauecTBe ONOPHBIX 3JEMCHTOB  HCIOJb30BaHbl  CTAOUJIHTPOHLL,
uMelonine nefoabirne mymbl. Ilepsrifi Kackag ycHauteas cobpain Ha
KpeMIIHeBbIX TpHoAax. KOHCTPYKTHBHO CTaOHIH3ATOp TpeJCTaBAAET
coGoft TpH OTpe3Ka BOJIHOBOIA, TOPLLI KOTOPLIX 3amasiHbl. B OIHOM
OTPC3KC BOJIIOBOAA, KOTOPLIT 3aMOJHCH KCDOCHHOM, NOMELICHO OlOpP-
HOC CONPOTHBJICINE, 4 BO BTOPOM — YCHJIUTEADL. Mexiay 3THMH BO.IHO-
BOJAMH pAacloJOXKeH TPETHH, uepe3 KOTOPHIH lIpoTCckaeT Boja. llpm
nanpsixenHy nuraunsg 60 8 w COMPOTHBICHUHM MaTHHTA 2 OM JTaHHLI
CcTabHIM3aTOP 1aCT TOK cH10f 12 a.

A5 cTabUIM3alUM TOCTOSHHLIX MATHHTHLIX TOJeH HAXOAAT Takke
NpHMenenHe COJeHOUAN H3 CBePXNpoRoIsAllero maTepHana {116].
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I'TABA TPETDHI

METOAbI H3MEPEHHSI
HANPSI)KEHHOCTH MATHHTHOTO
noJisa

[pu npel3HOHHBIX HCCIEA0BAHUAX HCOOXOAMMO TOUHO 3HATb Ha-
NpsKEHHOCTb MATHHTHOTO I0JIsi, KOTOpas CO34aercs IpH INOMOLIA
ONHCAHHDLIX BbIllle Pa3JHYIIbIX KATYLUIEK W JeKTpoMarnuTos. B Goib-
UIMIICTBE CJAy4aeB HANpPSKeNIOoCTh MATHUTHOTO [0/ ONPeAesIoT SKCIe-
pHMeHTa bHEIM NYTCM. B HacrosieM naparpade paccMoTpenbi OCHOB-
Hble MCTOALI U3MEPEHHS HANpPSIKEHHOCTH MarlHTHOTO MoJd: 6aJIHCTH-
YecKHH, MaruMTIbIX 30HAOB, MeTox SIMP, ssaekrTpoguunamuyeckHi,
MAaTHHTHLIX NOTEHIHAIMETPOB, MAariiHTHOTO TMoJeMepa H MCTOJ, OCHO-
BanHBA Ha s dekre Xoana.

§ 1. BAIINTUCTUYECKHH METOJ,

ITpu M3MepcHUH HANpPSAXKEHHOCTH MAaTHHTHOTO Ilodsi OaiJHCTHYe-
CKHM METOZOM HCNOJB3YIOT HCGOJBIIYIO KaTyWIKy, KapkKac KOTOpoil
BBINIOJIHEH H3 H30JAAHHOHHOIO MaTepHana I'Ia 3TOT Kapkac' HaMaror-
BalOT ECKOJIBKO BUTKOB MeAHOH nposoaoku Auamerpom 0,05—0,8 sa,
KOTOPble COeAHHCHLI ¢ Ga/JVIHCTHYeCKUM rafbBaHOMETPOM H BTODHUHON
00MOTKON 3TaJOHHOI KaTyWIKd. Pa3Mepsl H3MepHTENbHOI KaTVIUKH
3aBHCSIT OT oObeMa TPOCTPaHCTBA, I'le TpelyeTcsd ONPeLeNIHTh BCJIH-
YHHY HANpPsKeHHOCTH MACHHTHOTO Toas. Eclau H3MepHTENBHYIO Ka-
TYWKY PAaclo/IOXKHTh TAKAM 06pasoM, 4TOGE BEKTOD HANPSKEHIOCTH
MAarHHTHOT'O NOJIA ObL1 HampaBJeH MepHeHAHKYJSPIO K MJIOCKOCTH BHT-
KOB, TO Npu OLICTPOM YAaNeHHH KATYIIKH H3 MAarHUTHOIO ToJA B ee
BHTKAaX BO3HHUKACT 5. I.C.

- g2
E=—uw A 3.1)

FAe w— YHUCI0 BUTKOB KaTyIIKH, d(D — u3Menenne NoToka MaTHHTHOH
HHAYKUHH ycpe3 I10UIalb BUTKOB KaTYIIKH.
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Tak kak dD=s-dB, rage dB ccTh H3MeHellHe MATHUTHON HHAYKIHH
B 3a3ope, T0 H3 (3.1) caenyer, 4to

dBsw
R ’

dQ = idt = — (3.2)

rae R —odbuiee ColpOTHBIEHHe (Ga/UVIICTHYECKOH LeNH, a @ — KoJaHue-
CTBO 3/1€KTPHYECTBA, KOTOPOE NMPOTEKAeT 4epe3 ralbBaHOMETP.

W3 Teopun Ga/sIICTHYECKOTO FajgbBalloMeTpa H3BECTHO, YTO OTKJO-
‘Henyne NOABHXKHOH PAMKH ra/JbBAHOMETpa NpPONOPUHOHAJIBHO KOJH4YE-

CTBY 3J€KTpHUeCTBA, NPOLIeAIICIO0 dcpes rajbbBaloMeIp,T.e, Y=0Lg-Q,
rae Cg — 6aJlIUCTHUeCKAs TOCTOSIHHAS TaJbBalloMeTpa.
Vurerpupysa (3.2], moayaus

| Cg, =CQR _ ABsw

80/dean. 3.3)

Tak kak BennuuHa dB H3aMcpsieTcdl TOJBKO NO MOAYJI, 3HAK MH-
HYC MOKHO OIYCTHTD.

BBuly TOTO YTO CONpOTHBJAEHHE H3MEPHTE/BHOH leNH, COCTOoALIeC
H3 CONPOTHUBJEIHS FajlbBalOMETPa H CONPOTHBJCHHS BHEUIHEH LEMH,
OCTaeTCss B Npollecce H3MepeHHs TOCTOSHHLIM, TO NpPOU3BeAeHHE
Cq-R B Qopmyae (3.3) o6osnauum uepes Cy, KoTopas Ha3bl-
BaeTcsi_nocrosdHoil ycrauopku. ITocrosnntas Cy XapakTepusyeT 4yB-

__ CTBUTC/IPHOCTD YCTAHOBKH MO OTHONIEHHIO K MATHUTIQMY TNOTOKY.

IIpu uaMepcHuM HANPSIXKCHHOCTH MATHHTHOTO MOJS GallIHCTHYE-
CKHM METOAOM CJIeJyeT paccMaTpHBaTh fBa cayuasi: 1) karylika Obl-
CTPO yAaJIAeTcs H3 MAarHHTHOTO ToJfA; B 3TOM cJayyae MarituTias
HHAYKLUHS H3MCHAETCsl 0T HeKOTOpPOro 3uauenus B po Hynasd; 2) uaMe-
pHTeJbHAasi KaTYIIKa IPH NOMOIIM clleHaJbHOTO YCTpPOHCTBa NoOBOpa-
unBaeTcs Ha 180°, npu 3TOM MarnuTHas HIAYKUHsS H3MensieTcs oT +B
Jo —B. KpoMe ykasaunbix AsyX crnocoG0B H3McpenHe NOJsS MOXKIO
NPOBOAMTL NPH BKJAIOUCHHH W BBIK/AOUEHHH TOKA B HAaMAarHHYHBaioUleH
ygenH. B mepsom cayuae u3 (3.3) caengycr:

C.o

Fo (5w)

H= ajn. | (3.4)

Bo Bropom cayuae dopmyna ansi Boiuucienus H Oyaer OTIHYATHCS
oT (3.4) ToabKO TCM, UTO B 3HaMenarede GyAeT CTOATh KO3hpuuuent 2,

Taxum o6pasoM, Aast ompejedenus HalPAXKEBHOCTH MATHHTHOIO
noasi Ga/IMCTHICCKUM MeTOL0M HCOGXOLHMO 3HATL UHC/IO BHTKOB M3-
MepHUTeJ/IblIOH KAaTyUIKH, IIOUAaAb CCUCHHUS 3TOH KAaTYLIKH, NOCTOSIHHYIO
YCTAllOBKH U OT6pOC paMKH ranabpBaHoMerpa. [is pacueTa HampsxeH-
IIOCTH MaruurHoro modas no gopmytae (3.4) HyXKHO TnpexKAe BCETO
onpejeaurb Beanuuiy Cyp, UTO JCAAKT C MTOMOLIBI 3TAJ0HNBON KATyLI-
KH, KOTOpas B [POCTeflleM BH/JC NMPCACTABJASET COOOR [UTHHUBIA COMe-
HOMJA, B CpeJHeH YacTH KOTOPOrO HAMAaTHBAIOT BTOPHUHYID OGMOTKY,
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I KATYIWKY HHJAYKTHBHOCTH, COCAHMHENHYX) INOCJICAOBATCJILHO ¢ 6ad-
JHCTHYECKHM TaJbBAaHOMETPOM H M3MCPHUTEJBHOIT KaTyIIKOi.

MarnutHoe noJe BHYTPH. 3TAJTOHHOH KATYIIKH pPacCYMTEIBAIOT NQ
tbopmyne

ZL'[i

H= e alm, (3.5}

Tde w; — YHCJIO0 BUTKOB NepBHYNOH 0OMOTKH, [ — naunnia costenonaa (),
- -CHJa TOKa, MPONycKacMoro uepes NMCPBHUHYIO O06MOTKY (a).
MariuTHLI NOTOK Ycpe3 BUTKH BTOPHUHOH OOMOTKH GYReT paBeH

O == nHw,S, 66, (3.6)

rae S, —naouagb 3TaNOHHON KATYIIKH, W;— YHCAO BHTKOB BTOPHU-
Ho#l OOGMOTKH.

M3z (3.5) u (3.6) cornacno popmyae (3.4) noIyuum
Co =20y aim. (3.7)
a

TTocne onpenpenenuss Cy Herpyidno no dopmyae (3.4) paccyHTarb
HalpPAXKEHIOCTh MaruuTioro nods. CjaefyeT NOMHHTB, YTO B Hpoilecce
H3Mepenns 1eoGXOAHMO -COXPAHATh TOCTOSHIIEBIM COTNPOTHBelne R
3MEPHTEJIbHOH LEMNH, TAK KaK TOABKO B 3TOM cayuae noctoanuas Cy
He OYCT H3MEHATBCA. DTO VCAOBHC JICI'KO BHIIIOJIHHTDL, €CIH B IPOLEcce
H3MEpeHUsl OaJIHCTHUCCKHE TajJbBaHOMeTp OGyACT COCHHHCH TNOCJER0-
BAaTeJbHO CO BTOPHYHOH OOMOTKOH 3ITANOHHOH M H3MEPUTCJABHOR Ka-
TYIIEK.

Ha puc. 21 nana npunnunuadpHasi cxema GajIHCTHUECKOH YyCTa-
HOBKH [Js ONpeJfeqeHus] HaNpsixKeHioCTH MarHHTHOTO TOJs.

Kak yxe OplJIO cKazano, 1JIs pacyeTa HANPSIXKEHHOCTH MATHUTHOTO
nosig mo Qopmyaam (3.4) u (3.7) nmpexiae BceTo HYXKHO ONPEAEIUTH
nocrosunylo Cy. s sroro kmwou K craesar B nogoxenue I—I1 H
YCTanaBAMBAIOT peocTaTaMu K ONPejeseHHYK CHAY ToKa B 1ICMH, rie
BK/JOUEHA IepBHYHasd O06MOTKa 3TAJOHHOH KaTYIIKu. IIpu 3TOM K.IIOU
K, noaxken HaXoQuTbCs B NMOJOXKEeHHH a—a uan b—b. [locae aToro,
KOMMYTHPYS TOK KiwuoM Kj, ompeaesiioT oT6poc a paMKu TaJjbBa-
HomeTpa W no Qopmyne (3.7) euuucasior Cy. Bo BpeMs 3Tux nime-
pewnit katymka MK [oiKHa HaxXOAHTbCS B TOM MECTe, TZAC onpele-
asor node. IIpy u3MepeluHn BeduuyUnnl HalPsKEHHOCTH MATHUTHOLO
noas kioy Kp; crasar B noaoxenue 2-—2, a k104 K, naxoaures B J10-
GOM M3 MBYX BO3MOXKIIbIX NOJOXKCHUH (a—a Hau b—b). Hua onpenc-
Jenusi oT0poca @ M3MePHUTEeNBHYK) KaTYLIKY MOXKHO WJH GLICTPO yAa-
JATh U3 IPOCTPABCTBA, I'IC UMEeTcs MArHWTHOe IoJe, WM I0BepHyThb
Ha [80° Cieayer uMeTp B BHAY, UTO STAJIOHHYK KAaTYIIKy H HCTOYHHK
MAriHTHOTO MO HEO6XONUMO TaK PACNOJI0KHTL N0 OTHOILIEHHIO APYT
K Ipyry, 4To6Bl MX B3aUMHOE BJHSHHUC OLII0O MHHHMA.IbHBIM.
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§ 2. ACNOJIb30BAHUE MAFHUTHBIX 30H10B
IJI UBMEPEHHSA HANPAXKEHHOCTH
MATHUTHOTO NoJA

Jast usmepenus He6OJAbUIHX MO BeJTHUHHC TOCTOSTHILIX H TEPeMCH-
HbLIX MarudTHbIX nogefl (8-10-°% a/m) upuMensior dpeppo3oHAL, NpPex-
cTaBAsKUIMe COGOH B NpocTefillleM BHAC CTCPXKHH, BLINOJHCHHLIE M3
MArHHTOMSTKOTO MAaTrepua’da H WMeloliue JBe OOMOTKH, ofiHa M3 KOTO-
PLIX CO3Ma€T BPEMEHHLIi MaTHHTUbIA NOTOK, a APyrast siBIsCTCS H3Me-
pHTe.IbHOM.

Ipu mpoxoskAeNnH 4epe3 05MOTKY BO3GYXKICHUS 1I€pPeMennoro Toka
CHHYCOH1aabloH (DOpMBl MarlHTHOE COCTOSHME CepAcHliKa Oyler Ha-
MeHATbCA 10 AMIIAMHUYECKOH TeTdie FUcTepe3yca, MpH 3ITOM B H3MCpH-
TC.IBIIOR OGMOTKE MOSIBAACTCS 3. [. C., KOTOpast KPoMe OCHOBIOM YaCTOThI

Puc. 21, Tpuanunuaabuad cxema Ganmucriie- Pue. 220 CxemaTtHueckoe yCTpoficTBO
. CKOH yCTanOBKH: H3MEPHTEJIbIOr0 3011
3M — snextpomarunut, HK — HaMepuTenbuast
KatyuiKka, I — GaJJHCTHYCCKHH TaJbBaHOMETD,
Ly u Ly—nepsuuniasg u BTOpHYHAsT OOMOTKH
srajgonHoll Katywkd, K; u K, — nepekioua-
Tead, Kz—kmoy, R—cucrema peocraros,
A — amnepverp

O6yJdeT coiepKaTh BhiCIIHE HeueTHble TrapMOHMKH, Ecan rtakoil 3044
NOMECTHTb B TIOCTOSIIHOE MATHHTHOE I110J¢, HalpaB/elHoe TaKk e, Kak
H llepeMeHHOe NoJe [0 OCH CepaeuluKa, TO MaTHHUTIIOE COCTOsSIHHE cep-
JeuAnka OyneT y)Ke H3MCHATBCH [0 HECHMMETPHYHOMY  UacTHOMY
LHKJAY. DTO O6BSCUSIETCA TEM, YTO B HANpPAaB/JIEHHH NCHCTBUSI MOCTOSI-
HOro IOJsA NepeMarHHYWBalHe cepAcuHuKa OyJdeT NPOHCXOAHTH TpH
MelbIINX 3HAYeHUHsX NMepeMeuoro nojs, YeM HpU OTCYTCTBHH [OCTOSH-
1Or0 MNOJsi, a B NPOTHBONO/OXKIIOM HaNpasJIeHUH NOCTosiHHOe ToJe By-
JeT NMPenATCTBOBATL NMepemariHuuBanii. B 3sToM caydae B KpPHUBOH
3. 4. C. HapARY C lIeYeTHBIMU I'apMOHUKAMH IOSIBATCS YETHBIE, TJIABHBIM
o6pasoM BTOpble rapMonuku. OKasblBaercs, UTO BeIUYHIIA 3, A.C, 3TOM
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rapMoOIlKH TPOMOPIHONAAbIIA HANPAKEHHOCTH MaruurHoro noas. Ilo
BE&JIHYHHE 3. j.C., NPONOPHHOHAJLHON 3TOH TapMOHHKE, H H3Mepsor
HaNpsiKellocTb MoI.

I1a puc. 22 nokasaHo cxeMaTH4YeCKOe YCTPOHCTBO OJHOIO H3 H3MC-
pUTENBHLIX 30HIOB, CEpAEUYHHK KOTOPOro CACJaH M3 MarHHTOMSTKOro
Martepnana nepMasiios. Cepreunnk ckiaanniBacres us 20—>50 miacrun
toauwunoit 0,2—0,3 mxu. Ecanm na olGe CTOpOHLI cCpaeuHHKa 11aMoTaTh
OIMHAKOBOE UYHC,I0 BHTKOB OJHOTO MPOBOAA B INPOTHBONOC.JIOXKIBIX Ha-

- —
- — —
:
- — —
Puc. 23. CxeMaTHUeCKOe yCTPOHCTBO Puc. 24. K ycrpofictsy 3onga mo-
MarHHTHOIO 301112 MOCTUKOBOTO CTHKOBOTO THIA

THIIA

1IpaBJCHUAX, TO MarBHTHEIC MOTOKH, Co3JaBaeMble KaxKaAo0H OOMOTKOM,
6yayT paBHLl. OGMOTKH COCIHHCHBI MeXKAY COGOi MOCJAeZ0BAaTEALHO,
Hamepnteanbnyo kaTymiky 3 Haixepaior Ha cepieunuk /. Eciu depes
BHTKH OOMOTKH 2 NpPONYCKAThb NEpPEMEHHLIH TOK, TO B H3MepHTEAblIOH
KaTyIIKC J 3. /. C. He BO3HUKHET, TAK KaK H3MeHeillHsi MaTlMTHOro Io-
TOKa [0 BPEMEHH OT KaXJ10#fl O6MOTKH 2 OyZyT paBHLI H NPOTHBOLO-
JIOXKHLI Tlo Hamnpas/Jenuo. [IpH NoMellennn cepleynrka B 1OCTOSHHOC
OJHOPOJIIIOE TIOJIe, KOTOpPOe HampasJeno NephellIHKyJIApHO MJIOCKOCTH
cevenns OOMOTOK H KaTYIIKM, NPOH3OHAET NepepaclpejieeHHe Mar-
HUTHEIX IIOTOKOB B IIPOCTPAHCTBC MCKIYy OOMOTKAMH 2, TaK Kak IIO-
cTosIIIOe ToJie OYyIeT CKAaiblBaTbCs C NEePpCMCHIIBIMH NOJSAMH, B pe-
3yJAbTATC Y€r0 B HU3MCPHTCABHOH KATYWIKC & BOSHUKHET 3J€KTPOJBU-
XKyulas cujga. IJta 9. 1.C. OyZeT INPONOPUHOHAAbHA HAMPSKCHHOCTH
MAar"uTHOro no.is. C moMOINBK TAKOrO 30HAA [IPH YacTOTe MepeMer-
noro Toka 10% 2y MOXKIO U3MeDSITH MarlUTHbIE MO nopsaka 10-2 a/a.

CyllecTBYIOT B HacTrosiliiee BPeMs MATHHTHBIC 30HALI MOCTHKOBOIO
tuna [8]. Oaun u3 Takux mMocToB H3oGpaxen na puc. 23. Mocr Bbipe-
3ai0T U3 JIHCTOBOI'O MArHUTOMATKOro MaTepHana (puc. 24). Cobupaior
€r0 U3 HCCKOJBKHX JHCTOB, Olly MOJOBHIY KOTOPLIX BBIPE3AIOT BAO.ID,
a ApYTylo — IOMepeK MPOoKaTKH. JT0 00ecleyHBAET ONTHMAJAbHYIO Mar-
HHTHYIO OZHOPOIHOCTD MJjedeH MOCTA H yJyYlIaeT MaTHHTHBI KOUTaKT
BerBed. Otpeskn C—C 3arudanwT H COSAMHAT JPYT ¢ APYLOM TaK,
4T0 0OGpasycrcs BTOpas jauarosadn Mocra. lla jamaronansax  MocTta
pacnogoskensl KaTywku I u 2, NIpH 3TOM J06ast U3 HUX MOXKeT OBITh
MM H3MCPUTEIbHOH, Hin Bo3Gykaawilell, OGMOTKa KaTylKH BO30y-
HKACHHA TUTACTCA NEPEMEHHBIM TOKOM TIPOMBILLIEHIION H.IM IIOBBILIEH-
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1LOH 4acTOTLbl. MATHHTHLI MOCTHK HIaXOAMTCA B PABHOBECHH, HPH 3TOM
Ge3 BleWIero MOCTONHNOTO MATHHTIIONO HOJIsl B H3MepPHTeNbHON Ka-
TYLIKe 1le¢ BO3HHKAeT 3. 1.C. ECJM MOCTHK IIOMCCTHTH Bo BHCIIHCC I1O-
CTOSIIIOE MACHUTIOE ToJe, TO P4aBHOBECHe MOCTa HapyHlacTcs, B AHa-
ronaJu MOCTa NOSBHTCS HepeMeHHLId MarHHUTHBII IIOTOK M B H3MepH-
TeJbHOY KaTYHIKC BO3HHKHET 3.[A.C. MHAYKIUH, BeJuuupa KOTOPOH
OnpecaseT 3HauCHHe LATIPAKEHNOCTH Buellnero moss. MakcaMailb-
Hoe 3ilaYende 3. I. C. BO3IHUKaeT
B H3MEPHUTCIBHOH KaTylIKe, ecaH
L | BHEILIICC I10JIC HalpaBJcHO IHa-
panjedbno JABYM  1IPOTHBOINO-

T JOXKHLIM BeTBAM MocTtuka. s
YBEJHUCHHA  UYBCTBUTECAbHOCTH

I MarHMTHDIE ~ MOCTHK  Je]alorT
uilorga ¢ uomocamu (puc. 2d).
[ | PaccMOTpHM BLICOKOUYBCTBH-
TCJAbHLIH KOMIICICallHOnNBIA

Puc. 25. CxemarTHuccKoe YCTPOHCTBO MarHUTOMETP LI H3Mepeluil
MATHHTIONo 30HAA € MoJ0CaMi HallpsXKeHIOCTH MaTHHTHOTO NO-

aa po 10% a/m {38], rae ucrone-

30Ball MaTHUToHAachienHBHH 30HA. [lpuHOMNHANbLHAA CXeMa MAaTHHTO-
MeTpa M pa3pes MariUTOHACLIIEHHOrO 30HAA NOKa3aHul Ha puc. 26 u 27,

CxeMa MarlHTOMETPa COCTOMT M3 HeNu Bo30OYXKICIHA M CHINaJa,
KoMmencanuodHod nenu KI[ u memd A48 MPOBEPKH YYBCTBHTEJABHOCTH
yerpotictea Y. ,

B mene Bo36y:xieHuss U CHTHala BXOOAT IeHepaTop 4, YABOHTENb
yactToTH 5, haszoBHI DHCKPHUMUIIATOD 6, PE30UAHCHBIA YCHJAHTENDL 7 H
WHAHKATOPHLIA npuGop 8. Jast 1OBBIENHs] YYBCTBUTENBLHOCTH B IIPH-
fope TpUMeHed KOMIENCAUHOUUbY MeTol H3MEpeHHWs, TpH KOTOPOM
usMepseMoe Hoje co/lcHounia 2 KoMIeHCHpyeTcsl APYFHM IoJeM HU3Be-
CTHOM BCJMUYMHEI H NMPOTHBOHOJIOKHOTO HanpaBjenus. ITo MoJC CO3-
LaeTcsl UPH NOMOIUH KaTYIUKH ¢ TOKOM, BUYTPH KOTOPOH paclojoiKeH
soHn /. KommeHcupyoliaa KaTymka 3 ucmoab3yeTcss HJIH B Qopme
06LIYHOIO COJeHOHAA, WM B (GopMe 3aMKHYTOH KaTyIIKH. Karymiky
BTOPOTO BHAA NMPHMEHAIOT B TOM ¢Jyyac, KOorjaa BOJAM3M MarlHToMcTpa
1HaxodaTca eppoMarduTHLIE MaTepHaIbLl.

KoMueHcannw MOXKHO TaKxkKe OCYILECTBUTH C IIOMOUIBIO TOKa, KO-
TOPHH [PONYCKAalOT uepe3 H3MCPHTELHYI0 o6MOTKY ofbpasna. [lpu
3TOM 3HaYHTCABHO YMCHBILIAIOTCSI pasMephl M3MepHTEJBHOH TOJOBKH,
10 3aTO YXYAWIaeTcss OJHOPOMHOCTL KOMIeHcHpyIowero ioad. st mu-
TaHUA KOMIIEHCAIHOHHON I(eNH CJelyer HCModb30BaTb aKKyMYJAToOp-
Hble GaTaped GoabIION eMKOCTH., MaruutouachieHusi 3o (puc. 27)
COCTOHT U3 ABYX CeD/JIEUHHKOB O, BHINOJHEHHBHIX U3 MOJAUGIELNOBOrO
nepMasnios. CepAeyduKu co0uparoTcs M3 miacTuH pasmepom 40X 2%
X 0,8 mm3, koTopble BLIPC3aIOTCA BAOJL TPOKATA W I0ABEPraloTCs TEp-
mAUYeckol obpaBorke. Ha cepiednvkax naxoAurca 00MOTKa BO30OYK-
Aenns 4, umepmias 1400 surkos 1posotoxku IISIIO aunamerpom
0,07 mm, u usmepuTeabHasds oO6MoTKa 3 B 400 BHTKOB TPOBOJOKH [13

50

— —




0,2 mm. B 06MOTKYy BO3GYIKICHUSI MOLAIOT HaOps:KeHue BeJudunoil
25 g uactotel 410 ey. Tox Bo3GyxkaeHusa pasen 0,3 a. Ilpm stux
YC/IOBUIX YCTaHOBKA HMeeT HaubOJbILIYI0 UYBCTBHUTENBHOCTh, Ilepen
Ha4yaJioM H3MEpeHUIl 30HJ 1ACTPAHBAIOT MNepeMellleHHeM CopACYHHUKE
B KatymkaXx [eapmroasna, Ilosyuaembit la uamepuTes sHoi 06MOTKE
CHIHaj YCHUAuBAeTcd HAaCT-
POEeHHBIM Pe30HalCHBIM
YCHJAMTEAEM, a 3arTeM T0-
crynaetr ua (as3oBelil auc-
kpumuaarop. OTkaoHenHE s
CTpeJaKH HyJeBoro npubopa
ua 2—3 JeneHHA COOTBET-
CTBYeT HANPAXKEHHOCTH y = 7
MargutHoro moasg 16-10-4
a/m. OnucaHHLIl MarHUTO- i
MeTp cTabuJCH B paboTe U 5
€ro pexuM NPaKTHYCCKH 1IC T
3aBUCUT OT  HU3MeHeHuH |
BHEIIHUX YCAOBHE (TeMme- 6
paTyphl, MEXaHHYECKHX BH-
Gpanuit 4 T. 1.).

B paGore [1] npuBegen

Puc. 26. IlpunuunuansHasi cxeMa MarHuTo-
MeTpa C MarHMTHBIM 30HAOM:

pacder ONTUMaJbIRIX yCJIO- I —sonj, 2— coiettous, J-— KOMNEHCHDYIO-
BHH DpaloOTHl 30118, COCTO- 1was Katyiuka, 4 — remepatop, 5 — yaBoHTeabL
SEro U3 ABYX NepMalioe- yacToThl, 6 — (asoBLl THCKPHMHHATOP, 7 —

L . PE30HAHCHBl YCHAUTe b, & — HHIMKATODHBIR
BLIX Coe[l)éle lilH}gOB paSMep% npubop, KL — komnencanyosnas nens, {4 —
MH A8X 1,75 X100 mu?, Lenb AAH NPOBEPKM UYBCTBHTEIBHOCTH

S=0,31 un2. O6MOTKY BO3- ycTpoiicTBa

OyKIeHUd HaMaTLIBAIOT H3

npososokd I13 0,17 anunon /=680 mm c uucaom ButkoB 350. Hsme-
puteapHasd o6MoTka cocrour u3 1500 BuTkoB mposoaa I13 0,07. Ha
BLIXOJe YCTAHOBKH BKJIOYEH BOJBTMETP, KOTOPHIH (DHKCHPYET TOJBKO
BeJIMUMHY BBLIXOAHOH 3. A. c. Bropoli rapmonukd. [lasg pacuera addex-
THBHOI'O 3HAUEHWS aMHAHTYAbl 3TOH FapMOHHKM CJIYXKHUT caelyou(as

dopmyaa:
E, = S.H, (3.8)

rie H —BHellHee W3MepsieMOe MarHuTioe IHoJde, Sy-— 4yBCTBHTE/Mb-
HOCTb 30I1la K BHENIHEMYy 100 Bo BTopoit rapmonuke. [Ilocaennioro
BeJIMYMIY OTpedessioT o (Gopmyiie

S, = 0,622aB,Aw,So, 3.9

Tle ©@—- YUCJA0 BUTKOB H3MepuTe]JbHOH 06MOTKH, S — ILIONLage NO-
NepeuHoro CEYEHMsT CepACYIIMKOB, « -—— UacToTa HepeMennoro TOKa,
MHTaoWero 06MOTKH ‘BO30YXKdenus, A — KoaHIHUENT, YUUThIBAIOLIUIT
PacceuBanue noroxka (A=0,8—1,0), a—HexoTopas mnocrosHuas, 3a-
BHcAlash OT MarHMTHbIX CBOHCTB MaTepHaJta ¥ pa3MaTHHYHUBAIOLIEro
baxkropa,
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UyBCTBUTEIbIIOCTL OIPE/EsIOT MpH ONTHMadAbiOM 3HaYeHHH IoJ-
MarHUUYHBAIOLICTO TOKa, CHJIY KOTOPOTO PaCCUMUTLIBAIOT mo dopmy.ie

1,23

a, (3.10)
wyo
FAC @, —- YHCA0 BHTKOB B 00MOTKE BO3OYXKIEHHS.
OnucniBaeMblifl 30H;{T UMEET BBICOKYK) UYBCTBHUTEIBILOCTh B TOM CJly-
yae, eCAH UPUMEHACTCS JIHNHbIA CeplLeTHUK, -
['padosckuit u Ckopoboraron [9] mpumcliniy llepMaJdioeBblii (ep-
PO3OHI A5l H3Mepeuust Koapimrtupuoi cuanl f.. Mx yeranoska  co-
] CTOSIIa M3 ABYX COBepILeH-
S — ! HO OJWHAKOBBIX HaMaCHH-
Jh ] uMBAIOHIMX KaTylIeK, MeX-
i i l AV KOTOPBIMH pacrojaral-
ca  (hbeppo3oHJ  IJUHOH
( 250 ma, wHpuHON 4 MM H
i roruwtioir 0,3 mam. Uepes
: KaTYLUIKH TIPONYCKaJIH TOK
[ TaKOro HalpapJIeHus, UTO B
i 1IPOCTPAHCTBeE, 3aHHMaeM0oM
: tbeppo30oi10M, MAaTHHTHEIE
! MoJad  KaTtyllek B3aWMHO
]

~N Y Ol W N

EHE

KOMTIEHCHPOBAJNUCE. Hasa
H3MeperHs  KO3PIHTHBHOI
CHJLI TlaMarHH4YeHHLIT 00-
pasell moMeulalu B OJHY U3
Puc. 27. Paspes Mar- KaTVIUICK, HPH 3TOM Mar-

et

/ HHTIOrO 30H1a: HUTHOE moJe ofpaslia Bbl-

— TOKONIOABOAALINE e

Jemectxy, 2 — wopuye, SPBAI0 01 KJOKICHPICy CTped
— usMmeputeabuas KM TpHOOPa,  KOTOpbIl

- o6MoTka, 4 — obMmoT- BKJ/IOUAJIH B HHIUKATOPUVIO
Ka BOBﬁ}gKIlCHHﬂ, 5— 06MOTKy, Dacno.oXkenHyio
AP it hepposonte. Tponyc

mas mpoxaaika Kasl TIOCTOSHIIBIA TOK uepes
HaMAarHHYHBAIOWHNC KATyLI«

Kif, TTOCTeNICHHO pa3MarulunBagn obpaseil. B MowmeHT, Koria cTpenka

HHIHKATOPHOro mpubopa BO3Bpalllanach B HYJEBOe MOJOKEIHC, H3Me-

pAJH CHIY TOKA B KaTyIIKax H PACCYUTHIBAJIH 3HAYEHHC KO3PIUITHBLOM

ciilbl mo popuyae H.=ki, rac £ — nocrositanas KaTyWKH.
Ilpu movomu onmcaiiioro KO3pHHUTHMETpa MOKIIO OGBICTPO TPOBe-

CTH H3MepeHue H, ¢ Tounocrbio 10 2—3%.

B kospuutumerpe Sluyca [52, 53] depposoi meer hopMy pamxi,

Ha GOKOBBIX CTOPOHAX KOTOPOH DPacHOJOMKeHbl ABe OGMOTKH: BO3GYH-

Aends u uaMepurearHast. Mceaeayemplit o6pasel moMellleH B COJeHOHT

TaK, YTO €ro KOHUBLI BHICTYMalOT 3 cojdcHouda. OHH upUMBIKAIOT K

KeaesloMy sIpMy, Cpelnss 4acTb KOTOPOTO 3aMBIKACTCs CepAeulnKoM

tdeppo3oHaa.

Hpoxxnna u Ppuaman {15] npenaoxuan beppo3oHNbIT MarHATO-
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MCTp MJfA HCC/ACAOBallHSt MaCHHTHBIX CBOMCTB MATKMX MaCHHTHbIX Ma-
tepHajoB. B Hx MarHHTOMCTpe IOABUXKIaAsl acTaTHYecKad cHCTema 3a-
MeHcHa (eppo3OHAaMH, KOTOpbie [103BOAHAH YCTPaHUTh KOJeHauHs
nyast. Pepposona npeiacTabisieT coboil apa  cepleuHuka (90X 3 X
®K 0,1 a3y, cuenaniple u3 nepmadanon 80I1XC. O6MoTku BO3OYKIEHHUS
BKJIOUEHB! MOCAE10BaTebHO TaK, 4TO MarnHTIble MOTOKH CCPACUHH-
KOB B3auMHO 3aMblkawoTcsi. H3smeputesbible 00MOTKH (eppo3oHla
BKJAIOUEHB auddepeHuuaabio, NpudeyM  (0e3 BHeUIero TOCTOSHHOTO
[OJMA CyMMa HHAYLHPOBAHNLIX 3.4.C. B 3TuXx OOMOTKaX paBia HYJIO.
IMpu nadnyuu 1OCTOAHHOTO MACHUTHOIO MOJAsI B 3. 7. C. MOSIBJIAKTCS
YeTHDIe TapMOIMKH, 110 BeJHYHIE KOTOPLIX OMPECIAETCs 3TO MHoJe,

Qeppo3oranbiii MariiMTOMeTP COCTOMT H3 JBYX OJMHAKOBHIX CoJe-
HOUOB, PacloJOKellbiX TOPU3ONTAAbHO OAMH HOJ JPYTHM, B OMI
N3 KOTOPLIX TOMelualoT HccaeldyeMLIl ofpasel. Jduddepennnaabunii
tdheppo30H pacmodoxKel MEXIy 3THMH coleHouaaMu. MariuTise 0.5
coJleHOUI0OB 0e3 o0pasla B3aUMIIO KOMHEHCHPYIOTCSI B o0BeMe, e
pacnoaaraercs ¢eppo3ou.

Hist KauecTBenlbIX U3MEpPEHHH JY4lle HCMOJIb30BaTh acTATHYCCKHUI
epposonmnbiit MarauToMerp. B sToM BapuanTe ognH (eppo3oHT Ha-
XOAHUTCH MeXAY codellongaMe, a Apyrod Ha paccrosauuin 130 mm or
NEPBOro B Napaliienbloll TOPH3OHTAMbIION NA0CKOCTH, O6MOTKH 3THX
¢GeppO30HAOB BKAIOYEHL MOCICA0BATeNbHO HABCTPEUY JApyr APYry.

Ilpn nomoiy ¢eppo3oHAHOT0 MATHHTOMETPA MOXKIIO ONPENEaATh
KPHBYIO HaMarllHYUBaHUA, NeT.HO THCTePE3HCa W KO3PUUTHBHYIO CHIY
MATHHTOMSITKMX MaTepHaloB. KpuBylo HaMarHHuMBanug H OeTJI0 TH-
CTCPe3Hca H3MEPAIT MeTojoM koMmeHcanud. C 3Tof  Iedpio Yepes
KOMTEHCHPYIOWYI0 OOMOTKY NpPONYCKAIOT TOK, MAaTIHTIOC 10Je KOTO-
poro KomilelicHpyeT MoJie namaruuueHHoro obpasila B paitoHe pacrmo-
JIOXKeNust 3on1a. HTOGH H3MepUTh KOIPHUTHBIYIO CHJY, HY:KHO HaMar-
IUTATh oOpasei, a 3aTeM, YBCJIMYHBAA pasMallHuuBaloiliee MoJe,
CBeCTH K HY.II0 IOKasanud HHAHKaToproro npuBopa. Ilpocras cxema
M OBICTPBLT TPOHECC M3MCPEHHSI SIBJAAIOTCA OZNKM W3 IIPCHMYLLECTR
¢epposorinoro MaruutToMeTpa Nepex APYTHMH MArHHTOMETPaMH, Ko-
Topele GyAyT omucanu B raase V. B mocaejnee Bpevs HexoTophie
THIIBl MACHUTHBIX 301L10B Hauyadd UPUMEHATH AJsl UCCJACLORANUSA Mar-
HATHOTO MOt B YCKOPUTeJsiXx u B-crmekrpoMeTpax [24, 32, 33, 49, 54].
Onucanue 3011;10B MMCETCsl Takxke B paGorax [3, 20, 56-—60, 95, 100].

§ 3. METOJ, IXEPHOIO MATHHTHOTO
PE3OHAHCA. A1EPHBIE MATHHTOMETPBI

HMsmeperne nanpsi:KCHHOCTH MATHUTHOTO TOJST MeTOZOM fACPHOTO
MAaruuTHOrO pPe3OHAHCA HOJYUM/I0 B HAcToslilee BpeMs LKPOKoe pac-
IPOCTPAHCHHE. DTOT MOTOJ SIBJISETCA OMINM H3 MPELH3HOHHBIX METo-
AOB U3MepCHHA MarnutHoro moJsa [17—19, 51). Kpatko ocTanonumcs
Ha ()U3MYECKOH CYIIHOCTH 3TOrO sIBJCHUA. ECJAH aTOMB KaKOro-Jaubo
BemecTBa MOMeCTHTh B MOCTOSIHHOE OXHOPOZHOe MAariutHoe Tode Hy,
TO BEKTOPLI MarluTIbIX MOMCHTOB aTOMOB OyIAYyT TpelleccHpoBaTh
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BOKPYT HampaBjeHHs MNPHJI0OXKeHuoro moqd. HactoTa lpeueccud ompe-
Jeadercs 1o GopMyae

o = yH,, (3.11)

[JIC (o — 4acTOTa I[PELEeCcCHH, y— THPOMAarHHTHOe OTHoLIelHe aToMAa
(oTHOWIENHE MACIIHTHOIO MOMENTa artoMa K ero MOMCHTY KOJHYecTBa
ABHIKEHUA).

Ecau Tenepp NCPOEHIMKYJASPNO K 110.110 1y NPHIOKHTBL mepemel-
HOoe MarnuTHOC MoJie, TO Ha MArHUTHLIA MoMelT aToMa Oyier aeficTBO-
BaTh llapa CHJ, CTPCMALIASACT YBEJIMYUTL YroJ NIPeLecCHd MarHuTHOrO
MoMeHTa. B MoMmeHT pe3onaica, KOrga 4acToTa MPEHEeCcCHH CTaHeT
paBiOil yacTtoTe IepeMellloro MoJs, MPOeKUHs cpednero MarHUTHOrO
MOMENTa lIa IIOCKOCTh, MepleHIUKYJAAPHYI0 MMOCTOAUNOMY MaTHHTHO-
MY 110J110, JOCTUTHET MAKCHMAaJLHOTO 3HAYElIUS.

XapakTep OpeHeccHd aToMa B IOCTOSIHIOM MarlUTHOM Iode Cylle-
CTBEHHO 3aBHCHT OT 3HEePTUH 37eKTPOHHBEIX 000/04eK.

B CHJBIBIX MarHATHBIX TOJASX CBf3b SApa C 3ACKTPOHAMH Hapy-
uiaeTcs, H OHM IPEHECCHPYIOT OTIENBHO Pyl OT Apyra C XapakTep-
HBIMH [JS HUX 4acTOTaMd. 14K KaK THPOMAllUTHOE OTHOLICHHe M5t
3/IeKTPOHOB Ha HeCKOJABKO MOPAAKOB 60JbILe, YyeM IJaA sifep, TO NPH
OAMHAKOBbIX 3HAUEHHSIX allpAXKEHHOCTH IOCTOSIHHOTO  MACHHTHOLO
11018 4YacToTa, HpPH KOTopod uabiaiogaeTcst JeKTPOHHLINH MartuTiblil
pesonaiic, 0osbllc YacTOTH SAePHOr0 MarHHUTHOTO pe3oHaHca. Ecau
3KCIICPHMENTAJBHO ONpefesdTh UACTOTY MaCHHTHOT'O pE30HAaHCa, TO,
3udd THPOMATlHHTHOC OTHOMICNHE AAep, MOXKHO BBIYMC/IUTH BEJAHUYHHY
11aTIPAKENIOCTH MATIHTIIOrO TOJIs,

A5 nporona rupoMaruuTHOe OTHOILEIHE P aBHO

v = 336,166 a~' cex~! m. (3.12)

Ilpu sToM H3Mepenuns GYAYT TeM TOYHee, YeM TouHee GYIeT u3MepeHa
uactoTa. [IpH coBpeMeHHHIX cocoGax ONpeje/1CHUs] 4acTOThl TOYHOCTD
MOKeT OLITh ZOCTHIHYTA mopsigka 1« 10-3%,

Ila puc. 28 gana npunuHNManbHasi CXema yCTAHOBKH s M3Mepe-
HUA HanpaAXKeHUOCTH MariuTiOoro noJs MeTOAOM SAJIePHOro pe3oHaHca.

Hccaeayemniit o6paseny O, nanpumep, Boja WM TJUUEPHH, NoMe-
WaOT B aMIlydy, HaXOAALLYIOCH BHYTPH KaTymku. L;, KoTopad co3fgaer
BBICOKOYACTOTIIO® 3JICKTpOMarliHTHoe moJje. [locTosiimioe MarHHTHOe
noae Hy co3faloT saekTpomariutom IM, Mexay I0a10caMH KOTOPOro
paciojoxkena Katymka L; c oGpasuoMm O, mpuyeM OCh KATYIIKH CO-
CTap/1seT OPSIMOH yros ¢ BEKTOPOM HallpsiKeHHOCTH mosas. KaTymka
Ly u KoHZencaToOp nepeMeHHOW eMKOCTH Tenepatopa I 06pa3yloT KoJje-
Gatenbublt xouTyp. IIpm pesomaHce, Korga uacrToThl HpeneccHH mpo-
TOIIOB COBNaJalOT C YaCTOTOH reHepaTopa, NPOUCXOAHT MOIJIOIIEHHE
3HepriH BBICOKOYACTOTHLIX Ko/aeOaHMA MpoOToHaMH. B pesyasTare
3TOTO B KONType MOsIBAACTCH NOMOJIUUTEIbIIOE 3aTyXalHe, YTO B CBOIO
O4epe/b NPHBOAUT K YMCNBLIEHHIO 1ANPSKEHHA I1a KOHTYpe.

Il ompejle/ienus INOIMOUIEHHs] TOCTOAHHOE MariHTHoe mnojie Hy
MoAyaupyercs NCPeMeHHBIM MAaTHHTHBIM [OJeM 4acToThl 25—50 ey
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C aMILIMTYAOH B iteckoabko @/, Mogesaupyowee mnosge  co3naior
KaTylikaMu Ly, KoTopele muTaioTest or vcrodtinka 5. [Ipu coBnaenuu
CpCAHCro 3HaueHHus moaa f{y ¢ pesoHaHCHLIM 3HAYCHHEM MOMEJIUPYIO-
lilee Node JBaxIbl 34 LepPUOJ MPOXOAHUT PC30HaHCHOE MHOTJIOU(EHHE,
OCYUIECTB.ISAA TNPH 3TOM aAMIHTYAHYIO MOAV/IAUHIO BLICOKOUaCTOTHLIX
Ko 1e0aHui.

[Mocse AeTeKTHPOBAHHST H YCHJICHHS CHMUa] HOAAIOT B OCULHJO-
rpad, ropusouTaibHasg pa3BepTKa KOTOPOIrO CHHXPOHNH3HPOBalla C MO-
ayasuueit. Taxum obpasow,
Ha 3Kpane ocnul1aorpada i ;
OyaeT 1Hab.d101aThCa CHTHAM
SNepHOro MarHUTHOIO 10- 3N§ "AU
raoulenus  Kax  (Gyukoud < ’
MOCTOAHHOTO  MaTHHTHOTO

noss. YUtoOsl MMeTbh 60.ab- lié r; 3

/9
[IY¥I0 YYBCTBHTEMABHOCTD, yC- -2 J;n
TaHOBKa a0JXK1ia paboTaTh

B KPHUTHUYECKOM peXHMe, =

< »
T" €. ”a,,HOpore <CpblBa_ Puc. 28. Ilpuminnuaasliaa cxesma YCTaHOBKH
Ko.1eGauui. qHOS«TOM}’ B U3 341 naMepeliHs IAMDPAMEHHOCTH HOJS MeETO-
MepHTeAbHOA CXeMe HYXKHO ZOM SUIEPHOTO pe3oHanca:

OCYILECTBHTh ILTaBHLIA Te- I —reuepatop, 2-— ycHAHTeIb BLICOKOH 4a-

_ CTOTHl H JZeTeKTop, 3 — YCHIWTENb MH3KOH ua-
Pexoi K pyenm.\ay, 6‘“.}{31{0 CTOTHI, 4 — ocuH.atorpad, 5 — reiiepaTop MH3-
MY K CPLIBY KOJTeOAHUH, 4TO ko qacToTsl AA% IMTAlMA  MOLYJAIHOIILX
JOCTHTraeTca H3MeHEeHHeM Karyulex, R — cHcTeMa peocTaToB JIIf pery-
O("l)paTHOI'II CBY3H B I‘e}[epa- JHPOBKH TOKa B I€MH 3JCKTPOMATHHTA, A—

amnepmerp, [T — nepekmouarteas, O — Heene-
. Jde4y W b o
Tope. Cacayer uoMuuth, nyemblii obpasen, IM — anektpomarnur, Li—

uTO HeOOXOAHMO UPHNH-  yarymga Koutypa Tenepatopa ¢ oGpasionM,
MaTbh CHeldadblible Mepbl L,  KaTymKH, CO3AAIOUIME MO MOLYJIAIHH

JTSl YMeHBLIeHHa pasauy-

HLIX TIOMCX, TaK KakK BeJTMUHHA CHrHAja oueHb Hebo.biast. [TosToMy B
¢XeMax 3TOTO MeToJa JKesjaTelbHO HCIOAB30BaTh JaMilbl, KOTOpbie
¢6aa1al0T MaJIbIMH COOCTBEHHBIMU MIYMaMH.

Yrobbl yMENBUIUTE BAUSIHAE MOAYJUPYIOUICTO MarHHUTHOTO HOAA la
reHeparop, ero cJaelyeT BHIECTH BO3MOMNKHO jajblle 3a IPCAcAbl Mar-
untHoro moJA. JI1a ymeusiiennss MukpotoHHOro addexra obpasel
BMeECTe C KOHTYPHOH KATYIIKOM KeCTKO Kpenurtcst K creHe. Heobxonm-
MO TakKe O0CCHeUdTh 0;I0POAHOCTh MATHUTIHOLO IO, AeHcTByIOIIEe-
ro 1a o6pasell, TaK Kak [WHPUHaA Pe30HAIICHON JHIHA ovelb MaJsa. Jas
3TOI 1eJdd MOJNICHBIe HaKOHeYHHKHU YCTaHABJHBAIOTCA CTPOLo Mapad-
JeABHO APYT APYTY, a HX AHaMeTphl GepyTcst HaMHOro GOCIBIIC [UPH-
11l BO3AYLHIOrO 3a30pa. KpoMe Toro, y moJIlOCHLIX HaKOHEUHHKOB YCTa-
1AB/JAUBAIOT CriellMalbiible KOAbIleBble GOPTHKH.

« Onucaunblit MeTOd HCCJAeJ0BalUs s716pPHOT0 MarHUTHOrO pPe30HaHCa
NIPOTOHOB /laeT BO3MOXKHOCTb H3MEPsITh CUABIiBIE U CPe/iiiHe MaTHHTHLIC
noJs. g

UyBCTBATebIBI AJepHLIE MarnuToMeTrp, O6J0K-cXeMa KOTOPOLD
nokazaHa na puc. 29, omucaH B paGorax [29, 30]. Curmag sgepHoro
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Pe30laiiCHOTO MOTJIOMICHHUS MOCTYNaeT Ha percHepaTHBUBIE AETEKTOP
€ eMKOCTHO!H 06pariiofl CBA3bIO, KOTOPLII OOecleyHBaeT ONTHMAJbHYIO
YyBCTBHTEABIOCTb M MHHHUMaJbHBIH ypOBeHb HmIymon. Ilocle 3Toro
CHTHAJ, TOJdyuaeMblii ¢ BbIX0JA AETCKTOPA, YCHIMBAETCA 4yBCTBHTE]Ib-
IIJM Y3KOIOJOCHBIM YCHJHTEJACM, KOTODBIl MO3BOJACT TaKyKe 3HauH-
Teqbil0 CHH3HTE YPOBellb MYMOB U NOAYYHTE 60.blIOH Ko3ddHLHelT
ycHaeHus. YcuauTeab, cobpaHubnifi n1a namne 6118, ofecneunBaer cra-
Guablioe ycuiaenue 70—75 06 B moaoce ~0,6 ey Ha wuacrore 80--
100 2y4. 3ateM pacnmosnaraloTcsi OKOlleylbll YCHJIHTEIb ¢ Pa3Bsi3bBajo-
UM KaTOAHLIM [OBTOPHTEJEM, JaMIMOBBIl BOJBTMETP CO CTPEIQUHBIM
HHAHKaTOPOM HJIM ochu/lorpad, 1a Ikpaliie KOTOPOro MOXKIO Hab.10-
JatTh KPUBYIO Pe30HANCHOrO HOMOUEeHHs. JIaTYHK COCTOUT M3 KATYLIKH
KOHTYpa BbICOKOUACTOTHOrO reHeparopa ¢ ofpasuoM. B xadectse no-
CJICAHEro B jlaHOM IpHGope HCOOJIB3YIOT MOUTH HacChlIeHHBI BOAHBIH
pacTBop MnSO, uaum HachhueHHBH BoAublil pactsop LiCl ¢ modas.e-
nieM MnS0,. JIas H3MepeHusi HaNPSKEUHOCTH Modsi B LUIHPOKOM JHa-
[a30He OPHUMEeNAIOT YeThIpe CMellllble KATYIIKA C Pasju4libiM 00henoM
o6pasna: 0,1; 0,05; 0,03 u 0,02 cu®. Karymky koHTypa remeparopa
BMecTe ¢ 00pa3loM HOMeNalT B IH/JIHHADHYCCKUN JIaTyHIbIH 3Kpal
H MOJYJMHUPYIOUIYIO KaTyKy. JaTuuk B COGPAHIIOM BUAC UMeCT caely-
lonie pasMepnl: AaAuHa 120 mm u HapyXHBEIH Zuamerp 12 mm.

ITnTanue MarsuToMeTpa OCYUICCTBJISETCH OT CeTH NePeMeHHOTO TO-
Ka, IIDHYEM B CXeMe HMeEIOTCA 3JCKTpoHnas crTabuiaulanusa aHOHoro
HanpsKelus M NATalde lakaqaoB Jamil. Ilepex HauajdoMm H3MepeHHN
MarHuTomeTp nporpesaioT B TeueHue 30 mun, Mcnwiraaus npulopa mo-
Ka3ajH, YTO ero MOXKHO IPHMCEATh AJsl H3MEpPCHUA HampaXKeHHOCTH
MariuTHoro noJds ot 2-10* go 110 a/m ¢ TounocTeio Ho 0,06%, mpu
OHOPOIHOCTH H3Mepsiemoro noJas no 1.%.

Henucon [12, 13] cos3xan ynusepcaablinlii MAaTHUTOMETp AJ51 H3Me-
pellds HaTpsKeNIoCTH MOCTOsIIOr0 MarHuTHOro noJjda mo 16-10% a/u.
Xapaxrepnoil 0CoGCHHOCTBIO 3TOr0 NpHGOPA SABJSNETCH TO, YTO OU MO-
XeT OLITh HCNOAB30Ban [J/si W3MEDEHHMs] MAarHUTHLIX TOJeH, Heoallo-
pPOaHOCTL KoTopulX mocTHTaer 4—b5%. Ilpakrudecku yHHBEpCAJBIbI
MaCHUTOMETD [daeT BO3MOMKIIOCTH IIPOBOANTL «TOUEUHBIE» M3MepeHU
11014, TaK Kak oObeM ofpa3ua, B KoTopoM Hal.Jl0flaeTca sacplioe pe-
30HaHCHOe TIOTJIOLIeHHE, Ouchb MAaT — Nopagka 101 uu®,

B nacrosuiee BpeMs ecTh TakkKe yCTaHOBKH, KOTOpble TO3BOJSIOT
M3MepATh MarHuTUEe Hoad or 3-10% a/m u seime. YKepunoso#t, JlaTbi-
wes u Ceprees [17] npHMenuan A5 3THX ledell JaTUHKM MAarlATHOTO
noJd, dMewlde topouaadbiyo dopmy. Oobem Bemecrtsa 0,6%-Horo
pactBopa FeCl, B Boge cocrasiasger 107 mx®. TOUHOCTb OTHOCHTCJBHBIX
naMepenuit pasna 10-% Onucannio npuGOPoOB M YCTAllOBOK, OCHOBAl-
HBIX 112 ABJEHHU AJePIOro PC3OHANCHOLO HOLMIOIIEHHA, MOCBSIIEHO
Goapmoe KoJuuectBo pabot. Ilepedens HEKOTOPHIX M3 HUX Aall B KOI-
1e 3Tol raaswl {35, 37, 41, 54, 61—67, 103].

Hanrta npomblulieHnocTs BHITYyCKaeT H3MepHTedb HaNpsrKEHIOCTH
Marmutioro no.aa Tthua E-11-2, ckoHCTpyupoBaHHLII HA NpPUHLMIeE
SAEPHOro MarnuTHOro pesoHainca (puc. 30).
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TaTyuk MaTHUTHOrO mo.st / KpoMe aMuyabl ¢ paGoyeil KHIKOCTBIO
4 BBICOKOUACTOTHON KATYIKH COIEPYKHT TaKXKe JIBYXCCKUHOHHYIO Ka-
TYIIKY MOYJIsII{HH, MO KOTOPOH MPOTEKAET TOK HUSKOM YacTOTHI. 9TOT.
TOK CO344CT MEepHOAMUCCKOe H3MCHEeHWe NOJs BONHSH _ PE3OIAHCIOrO
apauenusi. KaTyuika MOAYJSILHH NUTacTCA 4acTOTOH 45 u 270 ey or
rexeparopa 6. BbICOKOYACTOTHBIH reneparop —MpeacTas/sicT co6oit
ABYXKACKallblil yCUIHUTeIb, OXBauemlblt o6paTHOH MOJIOXKHTEIbHOH

_

i
|
;

4 J4 5 7
Pic. 29, Baok-cxeMa sgepHoro Marki- — PHC 30. Baox-cxeMma HusMepHteas na-
TOMeTpa: NPAXKEHHOCTI MArHuTHOrO roas E-11-2:
.
1 — JaTuHK, 2 — JeTeKTop, 3 — Y3KOIo- ! — narumk, 2 — remepaTop B. 4., 3—
JOCHBI YCHIIHTEeAb, 4 — KBApUEBbIH Ka- ZeTekTop, 4 — UMAHKATOD TreHepawyi,
ﬂuﬁpargp‘ 5—6/0K nATaHHA, H—O0CHHU.1- 5—Bbll'[pﬂMHTEJ1b u craGmxmaTop Ha-
aorpad, 7 -— HanpsKeHHE MOAY.THLUM UPAKCHYUS, 6 — refeparop MOIYIsIMM,

7 — yCcHaHTeab  NH3KOH  yactoTil, §-—
CHHXPOILILIA JAeTEeKTOp: @& — BHIXOA A5
BOJLIOMEPd, & - - BLINOJA AJ7  OCUINATO-

rpada

CBS3BIO, I'Jle B KauecTBe TeHepaTopHOil JaMIbl HCII0Ib3YeTca jIBOHION
TPHOJ, TpaBasi NMO.JIOBHHA KOTOPOro ABAACTCH YCHJUTeJdEM, a Jepas -—
KaTo kM noBroputeseM. C BhiXxoja AcTekTopa 3 CHIHAJ MOCJIC YCH-
JICHHS MOJajoT Ha BepTHKaJgblblii BXoX ocuuadorpada. 11a Bxox ropn-
30HTa.bHOI0 KaHaJa ocuuaidorpada nocTynacT HaNpsRKeHHC OT CHH-
XPOHIOTO ACTeKTOpa &, KOTOpPOe CHHXPONH3MPOBAHO C MOAYJIHPYIOLIHM
HapsIZKEHHCM.

Ecau JaTylik DOMECTUTb B H3MEPsSieMOc MaCHHUTHOE I[10J1¢, TO B MO-
MEHT pe3oHaHCa, KOTOpBIl YCTanaBJAHBAIOT TIPH MOMOLIM H3MEHeHHS!
YaCToTLI BLICOKOYACTOTIIONO TeHepaTopa, Ha 3Kpaue ocHudIorpada
HOSIBUTCSE M300pamkenue pesonalicuod junuu. Popma JIHIUH 3aBUCHT
OT BeJMYHHLI H3MepAeMOoro Mo.ds, YPOBHSI reuepalHd i TOKa MOZYJIA-
uad. Korjga 1n3MepsiioT HCOAHOPOJAIbIC OIS, NOABJICHUIO CHUTllalda pe-
30HaHCa COOTBETCTBYET OTK/OlelHe CTPEeKH npuGOpa BIPaBo U BJIeBO
OT HY.I5 HA 0UIAKOBOE YHCAO JeJICHUM.

TipuGop L-11-2 mo3BocdsieT H3MepsiTh HANpPSIKEHHOCTH MAruliTHOTO
no.s o 2-10% 1o 2-10° g/u. s 3TOro MCHOJbL3YIOT TSTh HATYHKOB:
1-fi paTuuk 175 moged ot (2—4,6)10% a/x, 2, 5-i— (4,6—11)10* (5-1
Aast coaenonaos), 3-it — (1,1--8)10°, 4-i1 — (8—20) 10° a/x.

* B kauecTBe paboyero BeuiectBa, sijipa KOTOPOro oO0lapyrKHBAlOT
MarHHTHBIC CBOMCTEA, HCMOJB3YIOTCS Boda (RaTuuk [/, 2 W 5), BOMUbIN
PacTBOP XJIOPHCTOrO JUTHA (RaTuMk 3) H TsixKesad Boja (RaTuuk 4).

=
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[TorpeiuiiocTs H3MEpelns HaupaXkenuocTy H0/s e HpCBhILacT
0,01% npu HeojHOpPOMIOCTH MarHuriuoro noas go 0,02% ua cantu-
MEeTp OT 3llaueHHs uaMepsiemoro nodst. [lpudop gaet yAOBIeTBOPHTE b~
JIbIe PC3YJAbTATH! TOJIbKO HPH H3MCPCHHH HOJACH, HECOIHOPOAHOCTH KO-
Tophix He lpesbiniaer 0,2% Ha cautumerp.

§ 4. ANEKTPOOHHAMHYECKHN METOJI
H3MEPEHHS HATIPSI)KEHHOCTH
MATHHUTHOTO NOJId

B ocHOBY 3Toro Meroja mo.omxen aQQexT BzauMoacHcTBus Mar-
HHTHOTO TOJ51 M PaMKH ¢ TokoMm [68). Ecau KaTyWKy ¢ @ BUTKaAMH H
MI0IaAbI0 CeuecHHs S 1OABECUTh B OALOPOLHOM MaruuTHoM HoJde ff
Ha TOHKOH HHTH, TO NpH NPOMYCKAHHH Yepe3 BUTKHU KaTYIIKH TOKa CH-
J0i { KaTyllka MOBepHETCHA Ha HeKOTophl yro.a 6. B momeut pasio-
BecHsl OY/JeT cupaBe/liiiBo CIelyloliee paBeHCTBO:

k(0 — @) = wip, HS sin ¢, (3.13)

Ide k-— ynpyrasl KOHCTaHTa HHTH, ¢ — YFoJ MeXIy HopMaJblo K ILIO-
CKOCTH KaTyUIKH M HampaBJcHHeM IoJIsi M pa3HocTh (0—e¢) — yroa
3aKPYYHBAHHS HHTH.

ITpu pacmosoXeEHH 1LI0OCKOCTH CeYeHHsl PAMKH IO NPAMBIM YIIOM
K NanpaBJelo MarluTiioro noad, T. e. koraa =0 u ¢=0, Bpawalo-
LWHH MOMEHT OTCYTCTBYyeT. MakcuManbublii BpallalOlHi MOMEHT, Iefi-
CTBYIOWIHIA HA PaMKy, OYAeT B TOT MoMelT, Korda yroa ¢=90° B atom
caydae coortuolleHHe (3.13) npuMeT B,

E (6 — 907) = wip,/S. (3.14)

Tlo 3Toii dopmy.de JAerKo ompecAeauTh BedlYUHY HalPAMKeNiocTH
MACHHTHOTO 10431, ¢cAu OyiaeT u3BecTen yrod ( 3akpyduBaHUsi [IHTH.
TounocTh. usMepennss 6ymer TeM 60blle, yeM Meliblic HocToAllas R.

Apyroit cmoco6 cocToMT B TOM, UTO MOKIO, lie 3aKpPy4YuBas HHTH,
IIOCTaBHTb PaMKy B TaKoe IOJIOXKEHHE, KOTda MOMeHT CHJj, AedCTBYIO-
HIMX HA paMKy, OyAeT MakcuMasbibiM (p=90°). Bepxuuil Kotien nutn
ACCTKO KDCINUTCH C Bpalllalollell roJOBKOI, Ha KOTOPOH /s oTCYera
yrila [oBopota paMkd uMeercst uoHumyc, CBoOOAULI Kolel Bpauialo-
wicHcsl HITH COeJdHIIEH C KaTYLIKOH, 4epe3 KOTOPYK HPOLYCKAOT HO-
cTostlibifl Tok, YToOb Ha NOABHXKHYIO CHCTeMy lie AeficTBOBalH BO3-
AVILIIible HOTOKH, ee MoMelnaloT B cTekdasuiyio TpyOky. Ilpu Br/oue-
HIH MATrHHTIIOrO0 MOAS pamka HOBepHeTcs na uekoTophiit yroa. C mo-
MOUIBIO TOMOBKH paMKa BO3BpallldeTCs B IIyJ/€BOe HOJOMKCHHe, U IO
HOHHYCY, PaclOJOKCHHOMY y BHHTa, OTMCYAeTCs yroJ MOBOpoTa IO-
JOBKH. B 3ToM ciyuae nalpsiKedilocTh MarilHTHOTO N0.s1 Onpe/iensier-
cs1 o opmyiie

[ = FOsaxe (3.15)

LA
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Jlaa 66Jblieli TOUHOCTH OINpe/JejqeHHss MAarHHTHOrO I0JiA  paMKy
OGHIUHO MOIBeIlHBalor Ha cepebpanoil Hute ToawmHoi 0,001 mm u
aaunoin 400 mm (HUTb MOABEPraercs TeMIepaTypHoMy OTXKHUIY C LEeAbI0
CHSITHUSl YOpyrux HampsiKeHHil). MHorla B KauecTBe TOABeca HCMOJb-
3YIOT TOHKYH0 HHTE M3 (ocdopucToil uau OepuaIneBOA OPOH3bI, H/H
KBapla,

Kapkac xaTyllku M3TOTOBAAIOT H3 Marepuada 0Oe3 deppoMaruur-
Hbix nprmeceil. ITosToMy, mpexae 4eM HCMOAB30BATL TOT HAH HHON
MarepuaJ, CAedyeT MPOBeDHUTH HCHCTBHC Ha HCro MAarHHTHOTO TNOJsL.
Jlyuire Bcero A1s 3THX Ledaeit 6paTe ToHKocTeinyio TpyGky (0,1 )
u3 nupekca gdamerpoM 10—15 mam u taxoil xe aaunsl. Ilepea namor-
KON MeIHOH NpPOBOJIOKHM MOBEPXHOCTB KapKaca TILATEABIO OYHILAIOT
U TokpbiBaloT jgakoM. HaMoTky npoBoJoku yLobHO IPOH3BOAMTE MPH
MOMOLIM NCHOJBUIOr0 TOKapHOro craHka. IlepBril 1 mocgaeiHuil cion
OGMOTKH HYXHO HpOulo TPUKPenuTh K Kapkacy kaTyumku. Coaeagyer
MOMHUTB, YTO TOYHOCTH 3TOI0 MeTOAa, KaK W APYTHX MCTOAOB, I8
UCMOMNE3VIOT A5 H3MEPEHHS HeboJbllue KaTYIKH, B CHJABIOH CTeNelx
3aBHCHT OT TMOTPEIIHOCTH ONPCACAcHHUA AMaMeTPa H3MepUTeIbHOH Ka-
TymwKd, M3vepuTh fuaMeTp KaTylUIKH MOXKHO MPH TTOMOIIM MHKDPOMCTDa
HJIH OOBLIYHOTO MHKPOCKOIA. YMPYryio KOUCTAaHTY HHTH R OHpelciIsatoT
IKCHepHMeHTa b0, I 3Toro HCMoJAL3YIOT CTaHAapTHOE TEJI0 C M3~
BECTIIbIM MOMEHTOM HHEPIHH, AAS KOTOPOro HaxXOoZAT NMEpHOX CBOGOI-
HBIX KOJebaiui.

IMocTosumneifi TOK, NpONyCKaeMblii Yepes HIMePUTE/IbHYIO KaTyIUKy,
OTIpeRe/sIoT MHUKPOAMNeDPMETPOM HJAH MOTEHIIMOMETPHYECKHM CIIOCO~
GOM C HCIOJb30BaliMeM 3TaJIONNOr0 CONPOTHBJENNsl. TOUHOCTE 3/EKT-
POIMHAMHUUCCKOrO MeToja yMelbUIaeTCsi ¢ yMelbUICHUCM yIJaa 3akpy-
ydBanMa nuTH. Jannbil MeTox fBAsiercad aGCoIOTHBIM METOJ10M H3Me-

- pelusl HANPSI)KEeHHOCTH MaClUTIIOTO MOoJs, TOYHOCTH KOTOPOro TaKOrG
ke nopsiika, Kak v y faLsIcTaYecKoro Meroaa [68, 69].

Ila »geKkTpoJHHAMHYECKOM MCTOAe H3MEPCHHST HaNpAKeHHOCTH
MaCHHTHOro moas ocHoBad nmpuBop MMHU-1, koTopniit MO3BOIAET H3Me~
psITh MaruuTubie 11049 oT 8-10% go 13-10° a/m ¢ TounocThio 47;.

§ 5. MATHHUTHBIE NOTEHLHAJIMETPbI

Maruurtooie noTreHIMaIMETPLl OPHMEHSAIOTCs st H3MepeHust pas-
HOCTH MarHHTHbIX HOTEHHHAJJ0B B ABYX TOYKAaX NMPOCTPANCTBA U Halipsi-
JKCHHOCTH MarCHHTHOTO MMO.I51 Ha HOBepXHOCTH o0 pa3siia,

Jaa n3Mepenns HaMarHHYMBAIONIed CHJIbI MCIOJIB3YIOT TAK Hadbl
BacMLIC MATKHE roTeHNHaaMeTpol. JKecTkue norenuuadMerpol B 60Mb-
LWIHHCTBC CJIYYACB TIpUMENsIOTCs [MJsi H3MePeHHA alpsXkeulocTH Mar-
HUTHOTO MO.IS Ha TOBepXIocTH 06pa3ua.

Msarkne DoTCHHHAJAMETPhl TIPEACTABAAIOT COGOH TOHKYIO THOKY
IVIACTHHKY H3 H30JALMOHIIOTO MaTepuanda. Ha 3Ty MoIacTHHKY paBHO-
MepHO aMaTLBafT OBMOTKY M3 TOHKOH Mefuo# npoBo.oku. O6MOT-
Ka 1aMaTbiBacTCsd TakMM 00pasoM, yToOul Hauatdo H KOHEl[ ¢¢ BhIBO-
AMANCh B cpedHeH uacTU maactunbl. Konubl 0OMOTKH [PUCOEIHUSIIOT
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K 6Ga’lJucTHUCCKOMY TaanBaunoMerpy. Ha KoHlIlax niacTHubel pacnoso-
Melbl ILTalKH, NpeloxpaHdiolllie OOMOTKY OT pa3MarbiBanus. EciaH
TaKoll MOTeNna/JIMeTp NOMCCTUTD B MOCTOSHHOE 11€0110POJIII0e MAaTHUT-
HOC Mo.e, MPHYEM ero KOoilbl OyAyT pacioJaratbcsi B TOUYKax C pas-
HBLIMH MaTHHTHBIMI NOTeHIHAdaMH, TO MAaclHTHbLIH MOTOK, NPOHU3LIBA-
IOl MI BUTKH HOTellMAJIMeTpa Ha aJemenTe jUHNEL dl, Gyi1eT pasei

dD = poH Swdl, (3.16)

rac S — ceuennc o6mMoTku, H;— cocrapisiioliasi HAUPSIKEHIIOCTH MO
Ia nanpasdgende d/, @ — 4ucio BHTKOB Ha | ca,

[Toanwifi MOTOK CllelIelldst BCEro MOTEHHHAJIMeTpa ONpeACIHTCA
Kaxk

b
® ~ [ d —pgwsU,, (3.17)
p _

rie U, — pa3HOCTL MarHHTHBIX MOTEHIHAJJ0B MeXAYy ABYyMs Toukaml
aub.

Ec.ii yAanauTh MOTEHUHAJIMETP H3 MarHHTHOTO IOJIS, TO BO3HHKHET
GadaaucTuyeckuil oTGpoc, KOTOpLi 6yaeT NpONOpHHOHA/Jen H3MeHeHUIO
MAaTiMTHOIO IOTOKA Yepes Mollafb BUTKOB:

AD = Cya = pgwSAU,, (3.18)

rac Cy — GanucTHyeckas nocrodnnas.
[Mpn AOD=® u AU=U u3 (3.18) Hmveem

C .
U, = T"’ a, (3.19)
rie k=p,@S — nocTosHHas NOTCHIHaAMeTpa.

Hast onpeneseHHs NOCTOAHNOH R MpHMeHACTCS KaTyLIKa C H3BECT-
HbiM YUCJIOM BHTKOB, B KOTOpPYIO BCTaBJ/I€H noTeH HaaMeTp. KOHLLbI
NOTEHIHAJIMETPA COCAMHENDl MCKAY coboi. Briloyelne niM BLIK/IIOUE-
HHe TOKa B l"palIprOBOqIIOI'f'[ KaTylllke BbI3bIBAET H3MeHeHHe MAarHuT-
110TO TIOTOKA clell1enHtst, KOTOPEBii GyJAeT paBel

AD =k % = Cyo, (3.20)

TAC W;-— YUCJAO BHTKOB TPaAyYHPOBOUHOH KaTYIIKH, [ —CHJIa TOKa B
aroii kaTymke (a). M3 popmyant (3.20) nveenm

c.al - -

k= (3.21)

wli

Paccvorpennbsle norenutaliyMeTpsl MOTYT OBITh HCHOAB3OBaHBLI IIPH
H3yYeHHHM MAarHMTHBIX NOJeH pacceuBaHHs Pa3JMYHDLIX 3/1eKTPOMarHHT-
HOLIX MeXaHHM3MOB, NMPH HCNBITAHHY MATHMTIBEIX MaTEepHAaJ0B H NOCTOAH-
HbIX MaTHHTOB, IPH ONpelefellnd HANPAKEHHOCTH MAarHHTHOrO MO.Is
Ha NMoBepxHOCTH obpasnos [25, 47, 55].
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§ 6. MATHUTHDBIH NOJIEMEP [23]

B oc1i0By MarsTHOro nogemepa MOJOMKCH BpallaloWuica B Mar-
IIHTHOM TOJIC € TOCTOSHHOH YIVIOBOI CKOPOCTBIO MeTaJJHYyecKHil Koii-
typ. [Ipu Bpalenun B KOHTYype BO3HHKACT 3. [.C., NPONMOPLHOHAIBIAN
BeJMYHHE HAlPSKEeHIOCTH MATHHTHOTO N[O, Hanpsa:KeHHOCTh MariuT-
OO OJs B MOJCMCPE ONpEeAe/sOT O BeJHUMHE BLIIPSMJENOro TO-
Ka. Bpamamomuics KOHTYD HPUCOEIMHAIOT K JBYXCTYHeHYaTOMY KOJI-
JCKTOPY, INIOCKOCTb ICJIM KOTOPOTO pacnodoxena nepnenIHKyJasipio
IVIOCKOCTH KaTylmkH. Jlas M3Mepenus BBINPSIMJAEHHOIO NOCTOAINIIOLO
TOKa NMPUMEHSIOT TajdbBaHOMeTp ¢ GOABIIMM NMepHogoM Kogdebamuil.

OcioBHOH uacThl0O MAaCHUTIIOTO MNOJEMepa sIBJsieTcs UIHIHHIpHYC-
cKasg N3MepHTeIbHasl KaTyllkKa, KOTopas BpalilaeTcd B MargHTHOM
rnoJie ¢ MMOCTOSTHHOM YIJIOBOH cKopocThlo. KaTylky nmoMemaoT Ha IJHH-
Hoil ocH pasmepom 170 mm. DTa ocb coeduiiena ¢ 1eGOJBIOTHM Clil-
XPOHHLIM MOTOPOM, KOTOPHIA BpallaeT H3MEpHTEIBHYI0 KaTYIOKy H
CBA3aHHLIA ¢ Heil Koasekrop. Karyllka pacmomoxkena Mexiy JBYMst
napavu xoJel, ['e1pMrospiia, KOMHEHCHPYIOHNIMX 3€MHOC MaCHHTHOeE
node. B paccmaTpuBaeMOM MoJeMepe HPUMEHACTCS HECKOJbKO THIOB
BPAIIAOWUXCA KaTyUIeK ¢ Pa3jJuMYHbIM BHEWIIMM AHaMCTPOM H pas-
JIHUIIBIM YHCJIOM BHTKOB. B 3aBHcMMocTM OT TOro, Kakoili BCJAHYHHDI
HY2KHO HM3MCPATH MarHWTHOe MOJe, JHaMeTp Bpallaiomedcs KaTyLIKi
Moxer xouebathes OT 1 g0 9 MM, IpU TOM YHCIAO BUTKOB KaTYIIKH
u3Menserca ot 300 mo 30 000.

Hast 06GMOTKM STHX KaTylleKk HCHOJb3YIOT SMaAMpPOBAHIIYIO MPOBO-
Joxy aunamerpom 0,025 mm. Karymka sMecre ¢ oCbl0 HaXOAHTCS HA
CHenHaJbHOM NO/CTaBKe, MPH NOMOLUH KOTOPOH ce MOKHO MepeMellaTh
B IBYX liampaB/iCHHAX. Belnyuny nepeMellcHHsi QUKCHPYIOT Mo IIKa-
Je ¢ TOYHOCTBIO 0 0,1 M. DTH KaTymKH JAOT BO3MOXKIOCTh H3MEPATh
MaTHUTHBIe 1IOJIA C MaJbiM rpafuenToMm ot 80 a/x. IlanpaxenHocrto
MarHUTHOTO NOJs ONpPEeNeNAIOT MO BCIAYHHE CHJBI TOKa, TCKYLIETo B
nenu kKourypa xarymiku. Cpeanee 3HaueHHe CHJBI TOKa CBS3all0 ¢ U3-
MeHeliHeM 110J15 COOTHOIIeHHEM

H= ’TP (3.22)
rac € — nocroanublit KoapdHUHEHT TPUGOpa. .

Ecnu nyxuno usmeparh cnalble MarHHTHBle MOJS, To NMPHMENAIOT
KaTylWkH ¢ CepIeYHHKOM M3 MaruMTOMACKOro MaTepuana. Toria uys-
CTBUTE/BHOCTD MOJEMEepa, IPH TeX K€ pasMepax KaTyIIKH, YBEJIHYUTCH
B 20—30 pas. dror npubop mHO3BO/TET H3MCDATh  HalpAXKEeHHOCTb
MAarHHTIIOFO NOJIA B TOYKE C OMpefesellbIMH KOOpIHHATAMH M TMO3TO-
MY MOZKeT OBITL HCIOJB30BAH JUIA HCCACIOBAHMS TONOrpady MariuT-
Horo noast. Ilpu pa6ore ¢ nosemepom caemyer o0paTHTh BHHMaHHe Ha
CHCTEMY KO/ICKTOPA, OT COCTOAHHS KOTOPOLO 3aBHCHT TOUHOCTh M3Me-
_penus. ,

ITpn nmoMoumn molemepa MoXHO MCCJACIOBATb MO  MOCTOSNIUBIX
MariiMToB M 3JIE€KTPOMATHUTOB, H3YyaTh NOJS DPacCesiHWsl B 3IJEKTPH-
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YeCKHX MaludhaX, HCCAeJoBaTh MAaTHHTHbie NMOJIA OCTATOUHOro Hamar-
HAUMBALHS B PA3JMulbIX KOHCTPYKIHAX. YcrainoBKa W NPUGOpH MOA-
poGHo onucansl B padorax [70, 71].

§ 7. HICNNONb30BAHUE 39 PEKTA XOJJA
AN UBMEPEHHA HANIPA)XEHHOCTH
NOCTOAHHOI0O U NEPEMEHHOTO
MATHHUTHbBIX NTOJEA

B nocsieasec BpeMmst CTajJH NPUMEHATbCA [OJAYNMPOBOAHHKOBble H3-
MepHTeNH MaTHMTHbIX MoJefl, TaK Ha3LIBaCMble JaTUHKH 3. 4. c. XoJa.
Jatuuxkamu 3. 0.c. Xoada MOKHO M3MEpPSITL KakK MOCTOAHHBIE, TaK H
nepeMcHHBiE MartinTiible noas {16, 39, 40, 45].

Spdexr Xoana COCTOUT B TOM, yTo Ha OOKOBBIX IpaHAx o6pasiia,
yepe3 KOTOpBH NpONyCKaioT HOCTOSIINBIHA TOK, NPH HAMHYHM BHEIINCrO
MATHHTHOTO MOJA BO3HHKaeT MoMepeuHasi PasHOCTb MOTeHuHanos. st
ofpasua, CAeJIaHIOre H3 I0/AYNPOBOJAHHKAa B (POpMe MapasienenHure-
da, 5Ta PA3HOCTh MOTelUHAT0B ONPEAEAsCTC YPABHEHHEM

U, =R, (3.23)

rae iy—cuaa Toka B o6Gpasne (@), H,— marauTHOe mose, d —
]. Taxknm

ToallnHa o6pa3ma (#), R —KoHcranuta Xo/na [
a cex

o6pasom, cornacao dopmyne (3.23) npu NpPONYCKaHMH MOCTOAHHOrO
TOKa uepes ofpasel B HEM BO3HHKAeT Pa3HOCTb NMOTCHIHAJOB, KOTO-
pas OyACT TNPONOPLHOHAJBHA 1IaNpsXeUHOCTH MAarlHTIOro INOJf.
¥ patTuukos 3. I.c. Xo/a1a upoliopuuonanbuocte Mexay U u H co6aio-
JaeTcsl ¢ TOYHOCTBIO 10 HECKOJAbKHX NPOLeNToB Ais mojeid 16-10% a/u.
B nacrosuice BpeMs LA H3rOTOBJICHHSI JaTUHKOB IPHMEHAIOT IIO-
JYNPOBOAIKKH, o6Jajallie GONbIIMMH TNOJBHMKHOCTAMH HOCHTeTel
Toka. K uuM ornocaArcs adementht Te, Bi, Ge, a rakixe HekoTopble
funapibele CoelMHEHHMS €O CTPYKTYDOH HHHKOBOH oOmanku: HgSe,
HgTe, InAs, InSb, PbSe, PbTe u AgTe. [dartuukn 3.1.c. Xoaaa
ICN0Jb3YIOT B BM/e TOUKHX IVIACTHHOK, KOTOpbie BHpe3aloT ¢ MOoMo-
IbI0 aAMAa3NbIX JUCKOBBLIX MHJA M3 MOHOKpHCTaJ/la WM NMOJHKDHCTAJ-
ada. OTpesanHbie 1WJaCTHHKM WJHQVIOT M NMOABCPraloT CHelHaJbLHOMH
obpadoTke. [Tncnounsle gatunxu BunogausioT 3 HgSe n HgTe BBHAE
TOonKHX TcHOK (Do 10 mx). Mx moayuaior MeToj0M HANLIJICHHS NOJY-
NPoBOAIMKA Ha CTCKJISHHLI MJIM CT0AsHON Gasuc, uepes omnpereseH-
neie Tpadapernt. IloBepxHocTe 6Gasuca RpPCABAPHTENLHO TUIATCABHO
OuNILAcTCsl, MOCIC UYere HAHOCAT MCTAJTHYCCKHE JIEKTPOIE HYKHOM
(bopMLI. DIKTPOALI H3TOTOBJSIIOT MYTEM HCIapenuss MeId B Bakyyme
WM MCTOAOM BXKuUranusi cepefpsinoi mactel. ToqbKo noclie 3Toro na
Gasnce, Harpetoét 1o 400°K, nanocsit caoit noaynposoanuka, Iloayuern-
Hple TTCHOUHbIE TAaTUMKM IO/IBEPraloT OTXKHIY Hpu TeMnepatype 400—
450°K, uTofLl ofieccreyuTs JYUlIyIo CTa0HABIOCTL HX HapaMeTpOB.
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UyBCTBUTEIBIOCTD OTOMKEHILIX JaTUMKOB B TCUeHHC OJHOrO rofa
usmensiercst Toabko Ha 2—3Y%. 15 npemoxpaHeHHst JaTYMKOB OT pas-
JHYHLIX MCXQHHUYCCKHX IIOBDEXK/ACHHE IJICHKH HOMYNPOBOAIHNKA NOKPLI-
BAIOTCS TOHKHM cJoeM Kiest B®2, Ilpu usroropielun JaTUHKOB 3. 1. C.
Xoada Go.bpIIOE BHUMallMe YIEIAIOT MOJYYCHHIO XOPOLIero 3JeKTpH-
4eCKOr'o KOHTaKTa ¢ MONYNPOBOJHUKOM.

KouTakrpl BLINOJHAIOTCA TaKUM 06pa3oM, UTOGH! OllM 1€ BhI3LIBAJH
ny ocJaalieHus, HH HCKa)KCIHA CHTHa/a, a NMpH paloTe Ha mepeMcii-
HOM TOKC OHHM He NOJKHBI 00.ja-

AaTh BBIIPAMHTCAbHLIMH CBOMNCT- 6
BaMd. Hast sroro uwmudyercs AN
10BEPXIIOCTh  MOJYIPOBOAHHMKA, 31513 Rs

HJIH [HalioCUTCsl B IIeKOTOpOH ee H3 mﬁ
o0JacTd CJI0H ouenb BbICOKOH g n
NPOBOJAHMOCTH, CjeJallbli U3 al '

TOrO K€ HOJAYIPOBOJUHKA, 4TO H r

OCHOBHOH CJIOH JaTyMka, 10 C

Gonbllledl KoulleHTpalHel HOCH- K

teseil Toka. Ha puc. 31 mpex- Ry
CTaBiena cxeMa HaMepuread ua- | VPV YTAT7
NPSKEHHOCTH 1OCTOSINIIONO Mar- 2 p

LUTHOTO HOJS1 € I1OMOIIbIO IlJIe- !

HOUHOTO AaTuHKa 3. . ¢. XoadJa, 22

JTa cxema LO03BoJsSeT H3Mc-

pATb  HAMPFIKCHHOCTD MATHHT- Puc. 31. Ilpunuunnansias cxema yera-

NOBKH .14 U3MeDCHHA HAIIpAXKeHIoCTH

HOTO nom{_ OT HCCKOJIbKHX a/M 008 ¢ TMOMOWILI J1aTyuKka 3. 1. C.
a0 16-10° a/m ¢ TouHOCTLIO Xonaa:

nopsiika HeCcKOJLKHX IpOIeH- D — narunk, I1 —norenuuoverp, 5 —
toB. [lpexkge ueMm HauaTb H3- f:jrape”’ Ry, RQH“ Ry — peocrarsl, I'—
JpBavomerp, HI — HopMaabubiil 3.e-
MCpeHHS, Heo0XOJHMO ¢ IO- sent, K1, Kp— nepexanouatedi
MOIUBIO 1HOPMAJbIIOr0 3JdeMelTa
H3, Garapen 5 u rampanomerpa [” yCTaHOBHTB B NoTenuxoMerpe [7
padounii Tok. ITocae 3atoro HsMepsercs padoudHit TOK B JaTUMKe, AJA
yero kaou Ky crasurcs B nogoxeuue I—I, a ¢ moMomeio Kmoua K
molaercss TOK B JaTUMK, M peocTaToM R; ycTanasiuBaercss pabounil
ToK. 3arem kiaiou K nepexkawouaercs B nodoxenie 2-—2 u H3Mepsercs
XOIJ0BCKaA 3. 4. C. B KOHTaKkTax 3—3.

YcTalopKa Hy.Is NPH OTCYTCTBHH BIIELUHETO MarlHTHOTO NOJd Ocy-
liecTBasACTCA peoctataMu Ry, [last onpeflesienusi NOCTOSHIION yCTaHOB-
KH TIPHMCHAOT 3TaJONHBH COMEHOUT, Kvia HoMcllaeTcd LATUHK 3. L C.
Xoamaa. CxeMy, nokasauirylo ira puc. 31, MOXio npumenstb u gad
U3MCPEeHHUsT MepeMeniioro MarHHTHOTO IOJsI NIPOMBILULIE:HOH HJIH 3BY-
KOBOH uyacTOoThl. [/ 3TOr0 HATUYMK NHTAETCst TOKOM TaKOR K€ 4acTo-
Tbl, KaK H HCcaeayemMoe noae. Bo nabexanue casura Gas Mexmay TOKOM
W 0jleM B Lellb BKJAIOYAI0T PEaKTHBIIOE COIPOTHBICHHUE,

Ha puc. 32 npeicrasiena cxeMa MaruutoMerpa, onHCcaHHOTO B pa-
Gore [4], XOTOPBIH JdaeT BO3MOKIOCTb H3MCPATH HaNpPSAKCHHOCTL Mar-
HUTHBIX Todel 1o 1,4-10°% ¢/ ¢ TounocThio 10 1%.
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Ilartuuk pasmepoM 2x1,5X0,7 mm® genalorT u3 repManud n-truina:
5. 1. c. Xonaa uaMepalor B xoHTakTax [—J. ConpoTusienne AaTIHKA
B TOKOBOH uenit paBsiio 47 oA, MPH 3TOM Yepe3 JaTUHK MPOMyCKaloT
ToK B | aa, KOTOpblA pery.IHpyercst cOlpoTHBIeHHCM Rz B ToKoBOH
neny (abszde) HaXONMTCsl MOTENHOMETp R, ¢ MOMOIIbI0 KOTOPOro
fatancupyloT MapasuTHyIo 3.1.C., CYUIECTBYIOIUIyl0 0e3 HalllfuHsl Mar-
HUTHOTO 11015l YPOBellb COOCTBEHHBIX IIYMOB He NPeBbIlIaeT HEeCKOIb-
KHX COMHHI, YTO MPAKTHYECKH lie BJHfAET ha Pe3yabTaTel H3MepeHHH.

dauupii mpHGOp HMeEET

OSTh IHANa30HOB H3Mepe-

o uwi: 0—2,4.105, 0—6-105,

0—1-10%, 0—1,2-105, 0—

1,4-10% a/m. Tounocth u3-

MepenHii He nuxke 1%,

"f'F—O—*‘é"""/ ,  Henocrarkoy 21010 Marim-

kK .. ToMerpa fBJseTcd TO, uTO

© efo MOXHO HCHOJIb30BaTh

B OrpaHHYEHHOM MHTepBaJe
TeMmepartyp.

Boeitkor  [5] cosxan
KOoMTielcarHolublil Marmm-
TOMEeTp, OCHOBAILILIH Tak-
ke na apdexre Xo.aaa, KOTOPHIT H3MePSCT HaMPsXKeHNNOCTH MaruuT-
LBIX NoJdell B Auanazounc or 8-10% 10 1,3-10°% a/m u 8 nutepBa’e TeM-
repatyp of —30 no +50°. Tounocts n3mepenust 4=1,5%. B npuGope
OCVIIECTB/EI0 TEPMOCTaTHPOBaHHe AaruMKa XoJaa, KOTOPHH 1oMe-
maercst B ICOOABLION JAaTVHHLI crakallyuk. KoOUCTPpYyKTHBLO | 3TO
ohOPMISIOT TaK, UTO JZaTUHK TCHJIOH30JHPOBAl OT CTelikl CTakaHa, a
TEPMOCONPOTUBJACHHE, HA0HOPOT, HMEeeT XODOILIMil KONTAaKT C Mojgorpe-
BaTedeM u CTaKaHOM. :

[MocTosiHCTBO TeMIepaTypel JaTulika ¢ TounocTblo == 0,25° mognep-
JKHBAIOT. CICIYIOUIMM oGpa3onl. bBatancuponka o6bIUHOTO MOCTHKA, B
OJAHOM MJeYe KOTOpOro BKIIOYCHO TepMoconporusiacnue KMT-11, Boi-
noJsCTCA NpH Temreparype aroro comporusichus (330°K). Ecan
TeMIlepaTypa uaMensiercst 1a == 1,5° To Ga’lanc MOCTHKa Hapyulaercst,
IpH 3TOM cpalaThiBaeT pede, B UCHL llarpeBaTe’as MoJKaiodaercsa jo-
GaBOYHOE CONpPOTHBJENHE, M TCMICpPATVpa cTakana llaudilaer HOHH-
)kaTbesi. Pese cpaatbiBaeT B 06paTHVIO CTOPOILY B TOM CAyuac, ecau
TCMIepaTypa crakana yMcHpuInTcst na 3°. 3a 310 BpeMs Koacbanue
TcMIlepaTypbl cTakaHa HC yCIeeT mepelaThcs gaTunky XoJaaa. [Jau-
ULIH MariHTOMETp MO3BOJISET U3MepsiTh KaK HanpsKelNHOCTb MarHuT-
HLIX MoJlefl 3.1€KTpOMAarHHTOB, TaK 1 COJCHOMIOB. UyBCTBHTC/bHBIE
XOJUIOBCKHC TaTUHKH M3 apcellida HIIAHs TaKXKe HCHOAb3YIOT AJAd M3-
MepeHHsl MalHHTHBIX T0.1ell, co3aiaBaeMblX CBCPXIPOROAIHMH KaTyll-
kaymu [104]. Omwcanwe narunkos 3.1.c. XoldJa B paGorax {6, 22, 31,
72--78, 94, 96—98, 101].

ITa npuvencann s¢gdexta Xo.aa ocuoban upu6op E-11-3, Beimy-
cKkacMuill HauleH NpOMBUIIEHHOCTBIO. JTOT nmpuGop HMeeT JABa AarT-

Puc. 32. Cxema wmarmurtoMerpa ¢ J1aTyHKOM
3. 4. ¢. Xoaia
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YuKa, 0AHH H3 KOTODBIX HCHOJb3yeTcs AAs H3MEPeHHs HalpsiKeuuocTH
MATIUTHOTO 1104151 B 3a30p€ 31eKTPOMariHTOB H HOCTOSIHHBbIX MAaCliUTOB
(10 1,3-10% a/m), a BTOpOH — Aasi H3MepeHHs TNOJsA B COJeHOHAAX
(m0 2,4-10° a/m).

Ila puc. 33 noxaszana 6.10K-cxeMa npudopa. [eneparop I (dacrora
1000 2y¢) coGupaloT NO TPEXTOHEUHOH CcXeMe Ha IOJOBHHE TPHOLA
611511, BTrOpyi0 MOJIOBHHY KOTOPOTO HUCIOJb3YIOT B KayecTee YCHJHTENH
MolIHOCTH., Korga naTydk nomeuien B MarHuTHoe moJe, 3. 1. c. XoJala

| 2
/ v-c::§ I” dl
_ » 5
J | y

Puc. 33. Buaok-cxema H3MepHTEIS HANPMKEHHOCTH MarHUTHOTO
noss LE-11-3:
I —resepartop, 2-— gatyuk Noslia, 3 -- Oepeksouatesb, 4 — Ae-
JHTeAb HANDAMEHHH, § — VCUINTedb, 6 — HHIUKATOp

"||| =1

CpaBHHMBAIOT C lajelHHeM HAIPsKCHUA H4 3TAJGHHOM CONPOTHBJEHHH,
depes KOTopoe NpOTeKaeT TOK, NMPONOPUNOHAIBHHIE TOKY, HIYLIEMY
yepes JaTuHkK. MoMeHT KoMMeHcauuu 3.7.c. XoJd/1a M HalpsKeHHS,
MOCTynamwllero ¢ AeIdTels HanpsXeuus 4, onpenensercsd Mo MHAHKA-
ropy 6. Ilepex wHoMKaTOpOM B CXeMy BKIIOUEH YCHIMTEIb 5, COCTOSA-
Wi M3 JABYXKacKaJHOTO YCHJAMTENsi 1ia CONDOTHUBJIGHHAX, pe3oHaHc-
Horo ycuaureas LC u KaroaHoro mnosropurenss ¢ LC-¢uabtpoMm.
B npubope mpexycMoTpeHa TeMmepaTypHas KOMIEHCAlHs, KOTOPYIO
BLIMOJHSAET NONMOJIHTeabHAs OGMOTKa, MoJOorpeBarolllas AaTuyuK. ITO
MO3BOIAET aBTOMAaTHYECKH [OgJepXUBaTh TCMICpaTypy JAaTyHKa
51330°K20c tTountocteio 0,2—0,4°, IlorpemHocts mnpuopa cocTaBfaseT
75—— /0'

§ 8. APYIHE METOJ bl H3MEPEHUS
HANIPA)KEHHOCTH MATHHUTHOTO NOJg

H3Bectiio, uTO 3JeKTPHUYCCKOE CONPOTHBJEHHE MHOTHX METaJlJ0B H
CIL1aBOB siBAgeTcd QYHKUMEN ualpsiKeHHOCTH MartuTHoro noas. Hau-
6o/lee cuablasi 3aBHCHMOCTb 3JIeKTPHYECKOTO CONPOTHBJICHHSA OT Mar-
HHTHOrO MoJA HaAOJIJAeTcs y BHCMYTA, H3 KOTOPOTO W AeaaioT CHH-
paMu jJas H3MepeHMs BEJHYMHEI HANPSKCHHOCTH MAaCHMUTHOrO NOJAA.
KoHuBl cnHpaju MOAKMIOUAIOTCA K MOCTY NMOCTOSHHOTO TOKa, ¢ NOMO-
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“‘ 1blI0O KOTOpOTO H H3MEPSIIOT €€ CONPOTHBJICHNC. 3areM ciypaJib MoMe-

-

AT B MPOCTPANCTBO, FIC HCOGXOIMMO OLCHUTL BCJAHYHHY MarduI-
HOTO NoJd, H ONAThL H3Mepserca ec COMpoTHB.elne. BucmyroBas cli-
paJb 0.KHa OLITH NPCABAPUTEABIIO [IPOTPaJyHpoBalia IpH ONpeic-
JEHHOH TeMmIllepaType, Tak KaK 3aBHCUMOCTL ee  COMPOTHBJEHHS! OT
HalPAMKCHHOCTH MAarHUTIOrO Joaf Meudercst ¢ Temmeparypoi. Ilpu
18° 3aBHCHMOCTD OTHOCHTEIBIIOIO COMPOTHBIeUHst R BHCMYTOBOH Cliii-
paJaM uMeer CJACAYIOIIMA BU (CM. Tadd. 3).

TaGawia 3

3dech rg— COMPOTHBJIEHHC CHIpPAIW (3 MarHHTHOrO TOdsl, ryg—
COITPOTHB.JICHHE B MariiiTHOM Hode [2, 79, 80].

Aas v3mepenust MardHuTHLIX nogeil nopsiika 800 a/a v HHMKe MOXK-
HO MpHMelHTb MeTOJ 3JICKTPOHHOTG NapaMaruuTioro pezoHauca {48,
81], rme B kauecTBC 0Opasna MpHUMelseTCs JU(QeHHJIUKPUATHIPASHII.
DTHM METO/IOM H3MePFIOTCS TakikKe M Oodee CHJABHLIE MarCHHTHBIS
noas [82].

Marnutibie noas nopsaka 108-—107 a/m MOXKHO M3MEPsITH C IO-
MOLIbLID MarnutoonTuyeckoro addexra Papages. B padore [83] aas
onpesenenns 11anpaXKeHoCTH MarllUTHOTO MOJsi H3MepsyloCh Bpallc-
HHUC TIOCKOCTH MOJAPH3AI[MM B IPO3PAYHBIX JKeje3lbiX MJACHKAx TO.-
wuno# ~500A. Urodnl M3MepHTL HaNpPSKEHHOCTb HMIYJIBCHBIX Mar-
HHTHBIX [oJled ¢ TOMOINbI0 3TOro 3dderra, npuMeHATea GOTOYAIIo-
JKHTEADb K 2J1eKTpOoHubLH ocuuaiorpad [84].

J1151 3MCpelts HANpPsAXKEHHOCTH MAarHHTHOTO MO MOKHO HCIOJB-
30B4Th TaKXKC MHAVKIHOIHLIH MeTO, KOTOPEIH omucail B paGorax {36,
12, 85].

UyBCTBHTEBIEIA MArHHTOMETD JJIS M3MepeHHsl HalpsaKeHHOCTH
MarldTHOrO noid nmopsanka 1,6-10~% a/u, ocHOBauHBIH HA SIBJAEHUH
3. /1. ¢. omepeYnon HHAYKIHH, ollucal B paboTte [86].

OcnoBHO! wacTbio NMpHGopa $BAAETCH 1eGOABLIOH COJACHOHM, KO-
TOPbIH MHTaeTCs HOCTOSIIIEIM TOKOM. BHYTPH coJeiouga BJAGIb OCH
pacmoJgoxelia TOHKast 1POBOJOKa M3 (eppoMarHWTHOTO MaTepHaja,
00/Tajaoniero BLICOKOH MpPONHUAcMOCThIo. Hepes Ty MpOBOJIOKY Mpo-
MyCKaloT nepeMeHnhld TOK uacToTofi 5103 24, koTopmiii co3laer Ha
TIOBEPXHOCTH [POBOJOKM HHPKYJADHOE MarHuTHOE HoJde. ITO MoJge
CKIaABIBAIOT ¢ MOCTOSIHHBIM TOJieM, NMPH TOM pe3y/bTHpyHOllee moJe
oyaer nepemennbim. TaK Kak BeKTOP HHIYKIMH B HPOBOJIOKC HETHIel-
HO 3aBHCHT OT HOJfA, TO NOABASIeTCs] NPOJOJbHAs KOMIIOHEHTa HHIYK-
IHH, KOJIeSaolasics C YABOCHHOH uacToToil Toka. B pesyabTate 3Toro
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B coelioHAe BO3IMKAaCT MepeMmenHast 3.1.C., KOTopas M SIBJsieTCS Me-
PO H3Mepelus HanpsiKeinoCTH MarHUTHOrO MOJIA.

Jlasi usyyeHus HEONHODOJUBIX MATHHTHBIX TOJEH MOXHO NpHMe-
IATL HEKOTOphle H3 MeTOJO0B, KOTOpble OLITH H3J0XKeHbl B HaCTOsL(ell
raape. B paGote [87] omicaia ycTaHoBKa, B KOTOPOH HM3MCGDHTE/bHast
KaTyllKa KoJeG.J1eTcd B MArHHTHOM MOJAC C MOCTOANNOH 4acToTOfl H
aMIIHTYIOH. B 5Toil KaTyllke BO3HHKAcCT licpeMennas 3.1.cC., IO 3Ha-
YEHUIO KOTOPOH OmpejensieTcs BeJHUMHA TpaJHeliTa MarHHTHOTO MOJS.
Kauep n Mauaex {569] npuMennan spallalouiniics 30H4 IJS H3MePeHHS
HEO/UIOPOXHOCTH moasi. Mx 30HZ cocTOAM M3 IBYX OAMHAKOBEIX KaTy-
IlIeK, KOTOPLIE PACHOJATraJHCh CHMMETPHYHO OTHOCHTEIBIIO OCH Bpalie-
nwg. BosHukamolllag B KaTyllKax HepeMeHlias 3.[A.C. YCHIMBaJach H
H3Mepsgack npu nomouiu Ga3zoBoro gerekropa.

s uaMepeHHA HANPSAKEHHOCTH MaTrHUTHOrO MO HCOAB3VIOT TaK-
JK€ MACHUTOIU3JAEKTpPHYECKHe J1aTUMKH, TPHIHAN JefCTBHSI KOTOPBIX
OCHOBAH Ha 3aBHCHMOCTH MAaruuTHOH NPOHHIAEMOCTH MAaTHHTOLH3JIEK-
TPHKa OT HANPAKEHHOCTH MATHUTHOTO MOJSA.

IIpuGope!, HCNOJIB3YIOLIMe TaKue MATYHKH, IO3BOJAIOT H3MEpPATh
HanpAXKEeHHOCTb noaa ot 8-10% a/m go 6-10° a/m. O6biuHO olM HMe-
10T IBa AaTuHKa, OTJHUYAMIIHECH MATCPHAJOM CepAeuYHHKA KaTyLIKH.
Tax, B uaMmepurean MaruutHoro noqas [105] cepaewnux omnoro naTuu-
Ka H3TOTOBJASICTCA H3 OKcudepa, a JIpYyroro -— u3 KapOOHHIBHOTO
Keaesa. JuaMerp M ToMnHHA CepICYHHKA PaBHB 3 MM, a LEHTPAb-
noe orpepctue — 1,56 mu. Ha ceprcunnku HaMaThiBaoTCst KaTYIIKH TO-
poHaajghHOH (OPMBI, KOTOpBIE COEIMIINIOT C H3MepHTeJbHBIM TIeHepa-
TOPOM.

IMonpoGHoe onHCaHHe YCTaHOBOK 1,151 MPEHH3MOHHEIX H3Mepenuil
MarHHTHBIX noJgell moxuo naiitu B paborax [7, 10, 11, 12, 14, 17, 21,
26—28, 34, 43, 44, 46, 50, 87—92, 99, 102].

JINTEPATYPA
1. Areen M. I. AstomaTuKa W TedeMexaHHKa, 17, Ne 8, 746, 1956.
2. Apkajancep B, K. 2uekTpoMarsuTHsle Hpolecchl B meraarax, u. 1, 1934;
u. 2. M—JI., 1936.
1%93. Bbproxartos H JI, Koxesunukos I. 3apoa. na6., 25, Ne 11, 1319,
4 Bacuaesckaa I I, Jenucos IO, H. T3, Ne 3, 144, 1959.
5. Boefixos . I IIT3, Ne 4, 100, 1939.
6. Baabavas I'. X. Tp. TaaHHCK, MOJHTEXHUY. HH- Ta, cep. A, Ne 156, 1959.
7. Tepunurep JI H TIT3, Ne 2, 33, 1959,
8. Toabaun O, E. ABTOMaTHKa H TeqeMexanuka, 11, Ne 5, 337, 1950.
0 9.Tpa6oBcku#i M. A, Ckopo6orartos- B. H. 3asox. aa6., Ne 6, 702,
47

10. Tpexos 1L H, Ps6os A T, Toabanu JI, T3, N 2, 29, 1956,

II.Jaunaos B. U, Jenucos IO H, ﬂMHTpHCBC}\HH B. I. TIT3,
Ne 2, 74, 1937.

12. IIeHucOB 10. H. TIT3, Ne 1, 82, 1960.
13. Jenuncos 0. H IIT3, Ne 5, 67, 1938.

14 Doarnuwon C. I, )Kysros JIL. . Tp. Hu-1a ¢usukn meramios AH
CCCP, Ne 21y 293, 1959.

3* 67.



15. dpoxxuna B, U, ®puamau J. A Hss. AH CCCP, cep. ¢us., 21,

9, 1320, 19537.
16. EsnarbeBckas O. O, Pereas A D, JKTD, 26, Ne 11, 2432, 1956.
17. Kepunosoin A, M, JdJaruwmesn I I, Ceprees A. T, TIT3. N\ 2,

60, 1957.
18 Kepuosoit A. U.Eropos 0. C,Jlaruwes . O ITI, Ne 5, 71,

1958.

19. Kepuosoit A I, Eropos 10 C, Jarwwes T. O IIT3I, Ne 3,
73, 1958.

20. 3auennn H H. Tp. Mu-ra ¢pusukn wmeraazos AH CCCP, Ne 21, 335,
1959.

2t. 3auenun I 1L OKT®, 27, Ne 2, 368, 1957.

22 3otrosa H. B, Hacaenos [ H. KTd, 1, Ne 11, 1690, 1959.

23. Kagawnnukor A T KT, 13, Ne 7—8, 407, 1943.

24. Kannyuunkos B. H, Wopur K. H TIT3, Ne 3, 22, 1936.

25. Kugdep U. H., ITautrwowuy B, C. Meneitanue deppoMarHuTiibix MaTe-
puaaos. M.—J1., 'O, 1956.

26. Komap A I, Amyxos B.II IIT3, Ne 6, 75, 1957.

27. Konapawesn JI. @, [Tanacwxk B. C. TIT2, Ne 6, 79, 1957,

28. Kopecyvuckuin M. U, doreans 4. M, Bbukopa I'. A, JTud-
muu JI U, Jlososcxuit H. C.u Hosnuk A, A JXT®, 26, Ne 6, 1222, 1956.

20. KyGaper A. B. UamepnrenbHas Texunka, Ne 1, 37, 1959.

30. KyGapes A.B. IIT2, N\e 3, 57, 1957.

3l. Kypruu 10. JI, Kypkuna H. C, Manonawsuau P. I TIITD,
Ne G, 122, 1960.

32. Kypoukuu C.C,3ecabnosuu M IL IIT3, Ne 1, 50, 1938.

33. Kypoukuu C.C, IIT3, Ne [, 53, 1958.

34, Jlcourner H. U, Kypuasunukos C. B. TIT3, Ne 5, 135, 1960.

35, Jleontpes Ho M. JKITd, 28, om. 1, 77, 1955; TITD, Ne 1, 78, 1960.

36. Masypos M, E. 3smepHrenvnas texnuka, Ne 3, 42, 1962.

37. Mcapbunkos A B, Moposzos A A, Porwreiin A 4., Cxpu-
nos ¢ U, Cmupuos C. B. KT, 28, Ne 4, 910, 1958.

38. MMeperyn B.IT. TITI, Ne 3, 64, 1957.

39. Perean A. P, )Kyse B. Il Texuudeckoc npuMeHenHe sdgpekra Xo..ua,
Boin. 11, Mu-t noaynpososnukos AH CCCP. J1., 1957.

40. Pereab A, P. TloaynpoBogHHKOBEIE H3MCDHTENH HAlPAKEHHOCTH MArHHT-
1oro noJas, sud. 5. Mu-t noaynposoannkos AH CCCP. J1., 1956.

4. Py6unnckuit C. M, 3eabnosnuy M I, Kypouknu C. C. Pa-
JNOTeXHHKA H 3.1eKTpoHHKa, 1, Ne 7, 1001, 19536,

42, Pyvsunues A. C. Tp. BHHUUM, suin. 29(89), 1956, cTp. 23.

43. Ckponkuit I. B, Uswovosa T, T. ¥OH, LXXIIL, 3, 1961,

44, Cyc A.H,BPoraaunos H. H. TIT3, Ne 5, 117, 1959.

45. Tapanos C T, ®eBpaaena H E. Usmepureahas texuuka, Ne 2,
33, 1960.

46. Yabanor I, K, Busorpanos K. H. IIT3; Ne 5, 102, 1938.

47, ®pevke A. B. Drektpuueckue n3MepeHus, M.—J1., I'OH, 1954

48. Uupxkosn A. K IIT3, Ne 2, 36, 1959,

49. Ilopun K. H, Meranasuukos 0. H, Boszru I M, Epe-
vuH JI. B. IIT3, Ne 4, 25, 1938.

50. Innreas U C, Paitzep M [, Msas 3. A Paguortexnuka H 3.1cK-
TpoHHKa, 1, Ne 12, 15153, 1956.

51. Duapw . SaepHHit MAaTHHTHHIH pe3onanc. M., WJI, 1957,

52. Auyc P. U, ®dpunaman JL A, Jpoxxuuna B. K. Tp. Un-ta dpusu-
kH Metajanos AH CCCP, Ne 21, 313, 1959.

| 51355551Hyc P.U, dpnaman JI. A, Jpoxxuua B. I &MM, 1, Ne |,

118, .

54. flroaa I, K, Jlnzory6 M, C, 3unrepvman B. U, Loraru-
pes E. E. Msmepureavnan rexHuka, Ne 6, 9, 1955.

55. firoana I'. K. C6. tp. BHUUM, Ne 1 (43). J1., 1940.

96. Kiihn M. Automatisirung, 3, Nr. 9, 399, 1960.

68



57. Forster F. Zs. Metallkunde, 46, Nr. 5, 358, 1953.
58. Brandstaetter F. Eleckirotechnik und Maschinenbau, 70, Nr. 2, 1484,
1953.
59. Kawep U, Mauaex 3. Uexoca ¢us. xypn., 4, Ne 7, 481, 1957,
60. Kauep U.. I'emnepae P. Uexoca ¢us. xypi., 6, N 2, 173, 1956.
61. Hopkins N.J. Rev. Sci. Instr., 20, No. 6, 401, 1949.
62. Pound R. V., Knight W. D. Rev. Sci. Instr.,, 21, No. 3. 219, 1950.
63. Langen L. M, Scott F. R, Rev. Sci. Instr.. 21, No. 6, 522, 1950,
64. Vincent C. H, King W. G, Rowles J. R. Nucl. Instr. and Me-
thods, 5, No. 4, 254, 1959.
65. Béné G.J., Denis P. M., Exterman R. C. Helv. pliys. asta, 26,
No. 3—4, 267, 1953.
66. Bloom A, L,Packard M E. Sciena, 122, 738, 1955.
67. Waters G. S, Francis P. D. J. Sci. Instr., 35, No. 3, 88, 1958.
65. Datta-Roy S. K. Indian J. Phys., 28, No. 4, 183, 1954.
69. Yousef Y. L., Mikhail H. J. Sci. Instr., 35, No. 10, 375, 1938,
70. Jacob U. Arch. tech. Messen, No. 230, 55, 1955.
71. Wells M. S, J. Sci. Instr., 29, 374, 1952. ‘
72. Versois P.La nature, 3247, 434, 1955.
73. Epsten M, Sachs H M, Grenstein L. J. Proc. IRE, 47, Nr. 11, |
2014, 1959.
74. Narita R, Sasaku T. Bull Electrotechn. Lab., 23, Nr. 11, 491, 1959.
75. Andresciani V. Ricerca Sci., 26, No. 1, 25, 1936.
76. Pearson G. L. Rev. Sci, Instr.,, 19, No. 4, 263, 1948,
77.Saker E. W, Cunmnell F. A, Edmond J. Brit. J. Appl. Phys,, 6,
‘No. 6, 217, 1935.
78. Colombam A, Lenney J, Lecordier J. C. r. Acad. sci, 253,
n® 2, 237, 1961.
79. Kaufman A. B. Instruments, 26, Nr. 9, 1360, 1414, 1953.
80. Dols C, Skiff E, Watson P. Rev. Sci. Instr., 29, No. 5, 349. 1938.
81. Cabillard R, Germain C. L'Onde eiect,, 35, 338, 495, 1955,
82, ®peitt 3. Yexoc dpus. wypi., 7, Ne 2, 218, 1957,
83. Hock F. Zs. angew. Phys., 6, Nr. 4, 151, 1954.
84. Maleski J, Surma M., Gibalcwicz J. Acta phys. polon, 186,
No. 1, 151, 1957.
85. Nachman M, Georgesau A Studii si cercetari fiz., 6, Nr. 2, 293,
1655.
86, Palmer T. M. Proc. Insir. Electr. Engrs., 100, No. 77, 545, 1953.
87. Karmohaparto S8 B, Maijumder S. K. Sci. and Culture, 21,
No. 10, 621, 1956. .
38. Herzog R, Tischler O. Rev. Sci, Instr., 24, No. 10, 1000, 1953.
89. Bickstrom G. Nucl. Instr., t, No. 5, 253, 1957.
90. Thoburn W. C. Rev. Sci. Instr, 29, No. [1, 990, 1958.
91. Radus R.J. Appl. Phys,, 31, 5, Suppl., 186, 1960.
92, Bender P.L. Ard. sci, 13, Fasc. spec., 621, 1960.
93. Ckpoukuit I B, HMswomora T.I. Tp. ¥Ypaibck. MOJIHTeXH. uH-Ta,
<0. 111, 85, 1961.
94, Zingery W.L. Rev. Sci. Instr., 32, No. 6, 706, 1961.
95, Brandstactter F. Acta phys. Austriaca, 15, No. |
96, Boaoruu U b NITI, Ne 2, 147, 1962.
97. Wieder H. H.J. Appl. Phys,, 33, 3, Suppl., 1278, 1962.
98. Roshon D.D. Rev. Sci. Instr,, 33, No. 2, 201, 1962.
99. Tanre @ K. MsMepureabHas TexHuka, Ne 2, 25, 1962,
100. Geyger W. A J. Appl Phys, 33, 3, Suppl., 1280, 1962.
101. Viehmann W. Rev. Sci. Instr., 33, No. 5, 5337, 1962.
102. Beckposuuit U M, 3a6awra II. T. W3e. AH CCCP, cep. ¢mus,
26, Ne 8, 1092, 1962.
103. froaxa I. K, Borarnpes E. E. Usmcpureannas texnuxka, N 9, 41,
1962 '
104. Evoy M. C. Rev. Sci. Instr,, 34, No. 8, 914, 1963.
105. Teourtves H. W, Kypuavnukos C. B. TIT3, Ne 5, 135, 1960,

S

8, 1962.

»




F'JTABA UETBEPTAA

BAJIJIACTHUYECKHWH METOJL
HCCIAENOBAHUA ®EPPOMATHHUTHBIX
BEILECTB

Oanum M3 naubojee paclIpoOCTPaHEHHLIX MeTOJO0B ONpeje.IcHHA
MAariHTIBIX XapaKTepHCTHK (DEPPOMArHUTHLIX MAaTepPHaJOB ABAAETCH
fa/IHCTHYECKHH MeTOM HcClael0BaHuA, DTCT METOJ BLUCPBHIC ObLI IIPH-
menel CroqaeroBuiM [15] B 70-x rofax NpoulIoro CTOJETHS AAA H3yue-
UHS l1aMarlHYuBaKkus MsSICKOTO Kedesa. bBanancTuuccKuil MeTod ocuo-
BaH Ha H3MEPCHHH KOJHYECTBA 3/J1EKTPHUECTBA, KOTOPOe BO3IHKaeT B
00MOTKe, OXBaThbiBalolllell ofpasel, B pe3y.bTaTe OLICTPOrO H3MCHe-
111 IOTOKa MACHUTHOH HHAYKIHH ucpe3 ceuenHc 3TOH OBMOTKH.

B onwmrax CrogeroBa ofpasey uMcn (opMy TOpOHAZ, 11a KOTOPLIH
HaMaTbiBaJdd B [(Ba CJ0f TOHKYI MCAHYIO IPOBOJIOKY. Hepe3 mepBHu-
HYI0 OGMOTKY, HMEIOUIYIO OKO.J0 TBLICSIUH BHTKOB, NMPOUYCKaJ/ad Hamar-
HHUMBAWOWHHA TOK. BropnuHas o6MoTKa ¢ MCHBLIMM YHCJIOM BHTKOB
COeJHHANACh C §afJNUCTHUECKNM TajbBaHOMCTPOM, KOTODHIH H3Mepsi
KOJHUECTBO 3JEKTPHUECTBA, Npoluefllero uepes 3Ty o6MoTky. [laa
TOro uToBb H30eXaTh BJMSIIIHS OCTATOYIIONO HAMaTUHUYUBallUs Ha pe-
3yJabpTathl uccaegoadus, Cro.1eToB KOMMYTHPOBAJ TOK B NEPBHUNION
o6MoTKe. B pesyapratre npoBefeHnofl padorn CTONETOBBIM BIEpBHE
Obl1a onpejeneHa KpuBAasl aMarnMuuBaliis »Kejde3a M VCTallOBJella
3aBHCHMOCTb MACUUTHOH BOCIPHUMYUBOCTY OT BEJHYHMHBl I1AMAaTiH4YH-
Batoulero nodas. C Tex mop GallMCTHUECKHH METOJ HCC/AeAoBaHHA (ep-
POMATIIHTHLIX BeleCTB NPHMCHAIOT [10YTH BO BCCX MAaTHHTHBIX J1a060-
paTopHsax MHpa.

§ 1. TEOPUA BAJJHCTHYECKOIO
FTATbBAHOMETPA

OcHoBIIOl uacThiO GAJMHCTHUECKOTO TaJbBaHOMETPa MAarllHTO3deK-
TPHYECKOH CHCTeMBl ABJSETCS MOABHIKHAs PaMKa, Hla KOTOpOi HaMo-
Tallo HECKOABKO CJ0eB TOHKOfl MeHOI mnpoBogoxd. Pavky moaBeinu-
BalOT lla ynpyroit HUTH H3 (ochopHCTOil GpPOousbl, H OHAa MOMKET CBO-
60410 BpallaThCsl MEXAY MOJICAMH CHJABHOI'O MOCTOSHIONO MAarHura

70



{1, 2, 14, 16, 17, 19]. Haa noayueunsl pajiiadablioro MarlUTIIOLO MO.I5
BHYTDH PaMKH TTOMELIaeTcsi IMIAMIAP M3 MArHUTOMATKOTO Marepuada,
BOKPYT KOTOPOTO BpAlllaeTcss 3Ta paMKa NOA AcHCTBIeM TOKa, IpPOXo-
JSMICTO ycpes ce OGMOTKY. YpaBHCHHe JABUKCUHS PaMKU HMeeT BHI

d2a
de2

I

rie / — MOMEHT MHCPUMH TOJABHXKHOK paMKH, XM -—cyMMa MOMCHTOB
BCEX CIJI, 0 — YT 04 OTKJAONCIIHA PaMKH,

SM =M, - My~ M,. (4.2)

B Bripawxennu (4.2) M, —Bpawaroluiicsi MOMeHT, KOTODHIH BO3-
HHKaeT B pe3yJbTare B3aUMOJEHCTBHg MAaTHUTHHIX ToJdel, Ms;— mo-
MenT, HOSBJIAOIMACHA TIPH 3aKpyuHBaHHU moaseca, M;--- Momenr,
BBI3BatlIbIM JEKTPOMATIIHTIRIM W BO3AyIINbiM TopmOxendeM. M), M,,
M3 coOTBETCTBENNO ONPENeAMIOTCSl COOTHOLICHHAMIL:

M, = iD, 4.3)

. My, = — ka, (4.4)
da

My=—p—-, (4.5)

rie O —noJHpIl MaCHUTUBIE [IOTOK, TPOUH3bIBAOWMA M.I01(AAb BHT-
KOB paMKH, [ — CHJla TOKa B OOMOTKC DPaMKH, k& — yIeJIbHLIH MOMENT
3aKpyUMBaHUs HHTH NOABeca, p— KO3(P(HUHEHT, XapaKTCpH3yOULHI
3aTyXaHHEe CHCTEMHI.

[MoxcraBnas My, Me u M3 uz (4.3), (44) u (45) B ypaBuenue
(4.1), nonyuum

T —4-p PTI -+ ko = D1, (4.6)

YpaBuenue (4.6) HasviBacrea AuHddepenuHadIbubM Ypas-
HeHHEeM ABHXKEHMHA INOABHIKIOH CHCTEMH! 0aJJHCTHYCCKOTO TrajbBa-
goverpa. ITpH peumlenun 3Toro _ypaBHCHHS OOLIYHQ VUHTHIBAIOT, UTO
0aJJHCTHYECKHH TaJ bBaHOMCTP HCMOJL3YeTCs sl H3MepenHst GhiCTpo
NPOTEKAIOLNX HEDOJIBIIHX KOJAHUCCTB 3.CKTPHUECTBA, [pHUEM H3Me-
pAercA MaKCHMA4.bHOE OTKJOHEINE DAMKH Ta,bBANOMETDA 0T CBOELD
NCPBOHAYAIBHOIO NoJoXKenHs (OadauctHueckui ordpoc). IoaBuzxiras
CHCTEMa DaMJHCTAYECKOT0 Ta.1bBan0MCIpPa 00daaacT OOJDUIIM MOMCH-
ToM uHepunu [4, 14, 18] Dro obeccneydBaer MPONOPLUHOHAILHOCTD

. Mexjly GaJHCTHYECKHM OTGPOCOM M KQ.IMUCCTBOM 3JCKTPHUECTBA, KO-
TTopoe TipoTeKaeT UEPE3 paMKy ranBaHoMeTpa. MCX01d M3 YCJAOBHI
TOTLTACTHYECKOTO peXHMa ragbBaHoMeTpa, JuddepeniliaibHoe ypas-
HeHne (4.6) caedyeT pewiuTb OTHeJIBLHO AJs1 ABYX MPOMEKYTKOB Bpe-
MCHH, B TIepBOIAYAJIbIbI TPOMCIKYTOK Bpeveld { OT lrayajga UMIy.Tb-

!
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ca TOKa J0 Hayaga ABMxKeHHsd paMKH a~0 u i==0. Ypasuecnue (4.6)
IPHNHMACT BHIl

d2a do .
o 1. T =
I = TP = i, 4.7

[MpounrerpupoBaB 3To ypasueuie ot 0 10 £, TOJIYUHM

ty

du -,
A g t. 8
I—- +pa cDb\ id (4.8)

¢
Tax kak ax=0 u [idf=Q, To umeem
0

da @
" - Q. 4.9)

Taxum ofpasoM, nauajpHas CKOPOCTb ABUXKCHHA DaMKH [poNOp-
HYOHA/JbHA KOJHUECTBY 3JIEKTPHUECTBA, MPOTEKAIOLLErO YEepe3 paMKy.
Bo Bropoil npoMexyToK BpeMeHH BeJIHUHHOH TOKA B OGMOTKe PaMKH
rajqbBaHoMeTpa MoxHO TnpcHebpeub (i=0). Iloaaras B (4.6) i=0,
NOJYUHNM OJHOPOAII0e VDPaBHelle

d?a da
— - p—=---ka=0. (4.10)
de dt
XapaKkTepHCTHUCCKOE YPaBHCHHME OAuN0poZHOTO Au(depeHLHanbyo-
ro ypasieuns (4.10) takoBo
rem—
— & k
R (.11
21 472 )
B 3aBHCUMOCTH OT COOTHOIIENHA MEXAV BeJInuunamu /, £ u p Bos-
MOZKHBI TPH CJyuas JBHMKCHUS PaMKH TalbBAaHOMCT]A.

2 k
1. Tlpu Z_Iz = AMECT MeCcTO anepHogHuYecKoe JABHKCHHE pam-

~KH. B 3ToM cayyac ragabBaHOMETp pajoTaer B Kp}{TH‘{LLKO\I pexknme
yenokoenus. Torza pewenne yvpasaenus (4.10) sanuckiBaercsl B BHAE

- g a=e % (Cy + C,f), 4.12)
rie a= —;1’—, C, n C; —nocroanuble HITETPHPOBAHHs, KOTODble Ompe-

JeASIOTCA U3 HavaJdbHLIX yenoBuil (4.9).
IIpu t=0 u a=0 c momowsio 3Tux ycI0BUil s (4.12) monyuum

cl=0n02=%’-q. (4.13)
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Ioacrasaasa st 3nauenua C, u Cp B coortnouwrenune (4.12), naxo-
JHM

@ = e—at-‘? Qt. (4.14)

:_[JIH OMpEACJIeHHA MAaKCHMAaJblOIo0 OTKJIOHEHHS lly)K]lO nepsyio

MPOU3BOIHYIO 110 BpeMeHH ypaBHeuus (4.14) OpHpaBUsT | K JHYIIO, H
TOT 14 OKOHUATEAbHO HMeeM

o, = S,Q. (4.15)

20D - o
Beauunna S = - nasbipaercas GaJdJHCTHYECKOH MyB-

CTBHTEJbIOCTD 0 ralsBanoMerpa. O6biullo NPHHATO XapakIcpH-

30BaTh TajJbBallOMETpl 6 a1 JJHUCTHUCCKOH HOCTOSNHOMR

l

s (4.16)

b=
BTa nocrosiliaa onpeac.adaercs KOJINUECTBOM 3JCKTpHUECTBA, KOTO-

poe HeOOXOOAUMO [0 OTKJAQHEEHHA paMKu TraJjgbBaHoMeTpa Ha O0Al0
ACJeHHe IKaJIbl.

2. Bropo#t cayuail upu

412 COOTBETCTBYET TaKike allepHo-

JAMYeCKOMY JABHIKEHHIO PaMKH. HpaKTquCKM 3TOT cAyyail o0bl4HO HE

UCTIONB3YIOT BBHAY TOrO, UTO Bpema oTfpoca Godblle, UeM B IIepBOM
cayyae.

3. Tperuii cayuail npu TI"_ <— COOTBCTCTBYET Ko.1efaTeAnlnoMy
pexRuMy padoThl TaILB2HOMCTPA. B 3TOM cJyyae paMKa raJbBaHOMer-
pa coBepuIdeT Ko0.1e0aTeIbHOC ABHIKElHe OKOJI0 MOJOMKENHs PABHOBE-
CHsl, TIPHUCM 3TO JBIKEIIHe CO BPeMeleN MOCTENeHHo 3aTyxaeT. 3ary-
XaHUe ONMpeae/IsieTcst CONPOTHRIECHHCM BO3AYXa H TOPMO3MHIUMM ACHCT-
BHEM TOKOB, KOTOpbIe 1O4BISIOTCA B 0OMOTKe paMKH NpPH ee JBHXKelHH
B MaTHHTHOM MO.IE.

He ocranaBJuBasice n1a peureHun JuddepeHIivaiapHOrO ypaBleHHd
(4.10) zaa mochaeanux ABYX CJIyuaeB, OTMCTHM, Y4TO H IJA HHX MakK-
CHMAaJbHLI 6adIHCTHYECKHII OTGPOC paMKH rajbBaliOMETpa TaKKe
IPOMNOPIIOHANCH KOJHYECTBY 3JIEKTPHUeCTBA, T. ¢. CIpPaBelIHBO COOT-
noinerne (4.15).

Urobu BLOpAaTh JAYUIIMi peskuM padoThl IagbBaHOMETDa, 1HE0GXO0-
AHMO YUHTBIBATh HE TOJALKO (adJHCTHUECKYIO UYBCTBHTEIBHOCTL I'adb-
BaloMerpa, 1o TakK®e U BpCM#A, B TeyeHHe KOTOPOro MPOHUCXOIUT OT-
cuer orTksjoneHHs. OkasplBacrcs, 4To Haudosdee BBITOAHLIM YCJA0BHEM
padoThl ra;bBaHOMETPA ABIACTCA KPHTHUccKuil pexun. [Ipp stom pe-
KuMe paboThl GaaqucTHuecKas YYBCTBUTCJABHOCTH B IPOLCHTAX OT
MaKCHManbllod YYBCTBHTEJILHOCTH paBHa 36,8, a Bpemsi Gaaaucruue-
CKOTo 0TGpOCA H BpeM$l BO3BPAILCHHA PaMKH IajdbBAOMETpPA B MEpBO-
Haya/ablioe MOJOXKEHHC COOTBRCTCTBEHHG OUCHUBATCs kax 0,166 T

\
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1,48 Ty. Taxus oBpasom, npu Bbidope 0asIHCTHUECKOTO TaabBalloMeT-
pa jLisl 1IPEIM3HOHHDIX M3MCPelHH CJelyeT HMCXOAMTH He TOJbKO H3
6aJIHCTHYCCKOR UYBCTBMTEJNBHOCTH, HO TaKKe M3 MepHoJa CBOOOAIBIX
Kosre@auuii Ty ero paMky, KOTOPDIA pasen

T, = 2 l/—z (4.17)

HcceaeoBanlie MariHTUbIX CBOACTB MOXKHO MPOBOAHThL TaKXKe NMpH
MepHOLHUCCKOM pexuMe pabornl raiapeanoverpa. Ilpu atom pexuMe
YyBCTBHTEAbIOCTh [adbBaliOMeTpa OYACT MaKCHMaJ/bliOH, Bpems Oain-
JIUCTHUCCKOTO OTKJOQHElIHs] COCTABHT OJHY UCTBEPTYIO UYacTb lUepHOo/1A
cBOJOAIBIX Kosjedaliuit, a BpeMs BO3BDAallleHHs1 PAMKH B 1yJ/ieBoe IO-
Jdoxenne — Geckonedno 6odablroe. UTo6sl yMCHDLUIHTE 3TO BpeMsl, IPH-
MelsIOT HCKYCCTBenlioe TOPMOXKeHMe paMKH IIyTeM 3aKopauMBalus
lielin ee 06MOTKH.

CoeoBaTenbHO, WA MO JHHUH  YBETHUYCHHST UYBCTBHTCJABHOCTH
raJabBalioMeTpa, Mbl HECKO.ILKO YCIOMXKHAEM YCJAOBHA IIPOBCIACHHA OIbI-
Ta. B GoABUINHCTBE CcAyuaeB cTapawTcd paforaTh B YCIOBHAX, KOTAA
pexxuM paloThl rajabBanioMerpa 0.Ju30K K KpUTHYecKoMy. B Hactoa-
illee BpeM# Hallla HPOMBIUIIEHIOCTh BHIIYCKAET pasuulibie THIb 6a-
JIICTHYECKHX ajdbBanoMerpos (radauua 1X mpuaoxenus) [4, 111

IMocne Toro kak BeiGpan THIO 0aJMCTHYECKOro ranbBanoMeTpa ie-
00X0JHMO DpaccyuTatb ABOHUYIO TOJNIIHHY 3KBHBAJEHTHON [1yGHilbl
MPOHHKHOBEHHSI MATUHTIOTO OTOKA B (peppOMarHeTHK mo (gopmy.ae

=£‘1/
a

rile p-——MaruMTHas UPOHHLAEMOCTh MaTepHana, ¢ — Yielblag 3Jex-
TpOnpoBoAHOCTh, C — MOCTOfHHAA, CBA3alHasg ¢ BHIOOPOM CHCTEMDL
€AHHUl, H {— BpPCM$l NPOMAarHHYMBaHHs MaTepHajda HJIH BpeMsd H3Me-
HeHHA MarHutHoro moroka. IIpu padore raiaesanoMerpa B lepHoauue-
SKOM DexHMe 3TO Bpems He npesbimaer 0,4—0,7 cex.

¢
el (4.18)

§ 2. ONPEAEJIEHHE OCHOBHO¥ KPHBOH
HHJAYKLLHHY U NETJMH FTHCTEPE3HCA

Ha puc. 34,a uoKasaHa NPHUIMIHAIbHAA CXeMa GajlIHCTHYCCKOI
YCTAIOBKH IS ONpeJe/eHusl OCHOBIOH KPHBOH HUAYKUMH M NCTI
rucrepestca heppoMarnuTHLIx Marepuadaos [1, 14, 16].

Ila cxeme BuAno, YTO ¢ OaNJUCTHYECKHM TajJbBaHOMCTPOM MOCAC-
NOBATCJABHO COEIMHElbl H3MepHTeabHad karyika W,, BTOpHUHasa o0-
MOTKa STaMOHHON KaTyliku L, W marasud couporusieuns r. Ilpu ns-
Mcllel MU MATHHTHOTO [IOTOKA Yepe3 IL10Ia/1b CedeHHs H3MepHTe.1bHO
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KaTyIHKH B HEIIH ()EUIJIHCTH‘]CCKOFO I‘aanaHomeTpa BO3HHKaer 2. 4. c.,
KOTOpad COTJIACHO 3aKOHY 3JICKTPOMAaruHTION HHAVKUIH OyAeT paBHa
' do
E—e—w® (4.19)
dt
Jra 3.[.C. GydeT KOMIeNCHPOBAThCS NMajCHHCM HATPSXKCHHA B Lemn
HSl\lepHTeJlb]]Oﬁ KaTyU.IKH H paMKH I‘anBaHOMeTpa, T. €.

do .
—_— ) — = 4.20
w—==iR, (4.20)
r B 4B, 4
K, B, J
‘_} \\“ e
f
WA A NW— : R

et

5

Puc. 34, a — INpununnuajpnas cxema 6a.11u-
CTHUYECKOH YCTAHOBKH [ ONPCHEICHHST KpH-
BOH MOAYKUMI i NeT/MH THCTepesilca.

6 -— KpuBas wiayKuup M HeTas CHcTepe3uca:
Wy — namaruuunBaiolas  o6Motka 06pasua,
Wy — uamepureabhas obmotka obpasna, I'-—
OanAHCTHUeCKUl TraabBaHoMeTp, A; u Ay -—
aMHOCPMETPBI, r — MAarasii COUPOTHBJCIHS, Ry
U Ry—peocratsl, L; W Ly— uepBiuHas i
BTOpHYIIAsT OGMOTKH 9TAAOUHON KaTylukH, K- —
Nepekonatent A7 M3MeHelus Hanpas’IeHus
TOKa B LeHH HaMaTuuuWpawiefi o6MOTKH 06-
pasua, Ki, Ks, Kz 1 Ky — xawoun

ric R - -o0llee CONPOTHRICHHE LenH
rajbBanoMerpa. [MpouuterpupoBas
vpaBneuue (4.20) 3a Bpems, B Teye-
HHC KOTOPOrO M3MeHsieTcs] MarHiTHLIR
NOTOK, ML HOJYUMA

wAD = RQ, (4.21)

rae @ — KoJMUECTBO 3IJEKTPHUCCTBA, IPOTEKIICE Yepe3 paMky radba-
HoMmeTpa, AD — H3MenenHe MarHATIONO HOTOKA.
M3 Teopun 6aaiHCTHUCCKOTO TalbBanovMerpa caelyer, UTo BedduH-,
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HAa MaKCHMAaJbHOTO OTKAOHEHHA MNPOHOPUMOHAAbHA KOJIHUECTBY JEK-
TpuuecTBa, KOTopoe NpoTEKacT 4epce3l O6M()Tky ra;JbBaHoMerpa, T. €

Q= oC,. (4.22)

Tak xax HOTOK MIIVKLHH u3Mensicres Ha Beauuuny AD=SAB,
ric AB ecThb H3McHeHHe MaruiTHON WHAYKLHI Y€pes ceuciie oGpas-
ia, To (popMyaa Aasl pacueTa MarHUTHON HiLlyKUHE (HCPPOMArHHTHOTO
MarepHa.ia NPHHHMACT B

AB = C,.u{? ma. (4.23)

wS

Ec/d B Y4CTHOM ¢Jyuac MaruuTuast HILAYKOHs H3MeHsietcsd oT + B
1o —B, 1. e. AB=2B, toraa u3 (4.23) mogyuaewm ciexyouyo ¢op-
MyJady

B-- SRy (4.24)
2wS

C.edoBaTeablio, AJds ONpede]eHtsi H3MCHEHHA MaTHHTHON HHIyK-
UMM B odpasie WIM aGCOMOTHOrO 31ayeHHsT HHAYKUHH —1e00X0AHMO
3ltath GaMIHCTHYCCKYIO NOCTOSNHYIO TalbBaHOMCTpa Cy, 4HCIO BHT- -
KOB @ H3MEPHTCALHOH OOMOTKM obpa3ua, ceueHde obpasua S, compo-
THBAEHNC R Llenmy radbBalioMeTpa I OTKJONEHMe ¢ PpaMKH TanbBaio-
MeTpa. TIpd 6afaucTHUCCKHX H3MEpEHHAX BHAuate C MOMOILbIO 3TaJOH-
JOHHOH KaTYIIKH HAXOANT OaJMHCTHUCCKYIO IIOCTOSIHHYH YCTallOBKH,
koTopas obosnauacrest uepes Cy=CpR n oupexensiercs 1o MeIoly,
onucamioMy B Jaase 11I. Cy paccuntsiBaioT no dopmyae (3. 7) Ecan
“BMECTO 3TaJd0lION KATYIIKH MCHONB3VIOT KATYIIKY B3aUMHON HHIYK-

THBROCTH, Toraa Cy OmpeiedsieTcd 10 COOTHOUIEHHD

Cop = 20 (4.25)

’

o’ dexr’

rjae o — yroJd OTKJAOHEHHst PaMKH radbBanoMerpa, M — B3auMHas WH-
AYKTHBHOCTh KaTyIIKH. OOblunio A 3TOH ueil NPHMEHAT KaTyUIKH
c M=0,01 en. _
OxoHuarcapuas dopMyaa A1s pacucTa MarTHHTION HHAYKIHMH HMe-
eT BHJ, . .
Cwn.

B = g~ M- (4.26)

3Han 3HaueHWe MACHUTHOH HHAVKUMH B 00pasic, MOXKHO 110 ¢op-
myaam (1.1) u (1.2) nafity HaMarauuclHCCTh anuoro MarepHaaa.
IToayuennbie hopmMydabl COpaBelJUBLl B TOM C/yuyae, ecad H3MCPHTE b-
nasi 06MOTKA TJI0THO NPUMbIKaeT K MOBCPXHOCTH HCCAelyeMOTo 00pas-
ga. Ilpy Haanynyu BO3AYIIIIOTO 3a30pa MEXKAY 00Pa3LOM H H3MCpH-
Te b0l OOMOTKOH c/aedyeT yuUHMTHIBATH M3MCHCHHE HOTOKAa MarlivTHOH
HHAYKUHHA B 3TOM 3asope. [Ipy W3MCHCHHH BHELIHEr0 MarfuTHOro Iofs
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ot H, mo Hy moaunoe u3MeHCHHMe MAarHHTIIOrO 1IOTOKA Yepes MA0Ladb
ceuerHsl U3MepuTeabloll 06MOTKY 6V €T pPaBlio

dBua.:aSoGp = dBoﬁpSoGp + Wo (Hl - H2) (Sk - Suﬁp)’ (4-27)

rae dBogp — U3MeHenHe MaTHHTHOI HHAYKUHH B 06pasue, Soop H Si—
ceuerre 00pa3ila 4 HIMEPHTEIBHON OOMOTKHY.
M3 opmyan (4.27} moayuaeMm, uto

dB.gp = ABys, — o (Hy— Hy) i OGP (4.28)

asm
06p

EcId MarHudTHoe moJe uaMeHsierca oT -+H jgo —H, T0 Marauruas
HHAYKIUA B 00pasile pacCUHTHIBACTCH 110 COOTIIOUICHHIO

Sk“—soﬁp
= Bray — ol =, (4.29)
ofp
3Ta (popmy;la HpUMCHsIeTCaA  0pH Olipede/eHHH OCHOBHOII KpHBOfI
HHVKLHH. ,U,JI?I OIpeac/aenus KpHBOfi CHCTEpE3HCa (bopmyﬂa HMCCT
[1eCKO.IbKO HHOH Bu/J1, a uMclo,

H3M—-p'0 (f[max'“" Hl) mr (430)

== B
P Soﬁp

rje Bysy BbluHceHa 10 OTK/JIOHEHHI.

[Ipu onpepecunn MarHHTHBIX XapaKTePHCTHK BellecTBa 0OanjaHCTH-
YeCKHM MeTOAOM NPHMEHSIOT o0pasubl 3aMKHYTOH (opMLi, B BHIE TO-
POHAOB, a Takxke olpaslibl He3aMKHVTO# ¢opMmbl (uHJIAHADHYECKHE
CTepXKHH, Hodockl H T. A.). Ilpu HceaemoBauny TOpoOMAAdLHLIX 0fpas-
LOB OaJJIUCTHUECKYI0 OOMOTKY 1faMaTblBaIOT HeNGapeiCcTBeHHO la T0-
BCPXHOCTH 00pasua, 1a KOTOPYIO PABHOMEeDPHO HAHOCHTCS MO Beed AJH-
lle TOpoHida navMarfuyuBaploulas ofMorka. IIpx 3TOM HYXKIO NMOMIHTD,
YTO H3MepHUTebliasi OOMOTKaA A0J3kKHa OLITH XOPOUIO H30AMpOBaHa OT
ofpa3sila ¥ HamarinuuBalowefi o6MoTKkH. Ecan mupuHa TopoHaa Madna
TI0 CPaBHEHHIO C €T0 AMaMeTPOM, TO llaMaCHHUMBAIOUICe M0Je CUHTaer-
¢ OLHODOAHBIM IO BCeH IMOWAJAM ceueind ofpasua. B atom cayuae
HallpsI?KeHHOCTb HCTHHHOTO MAaTHHUTHOIO TOJsl PacCUHTBRIBAIOT MO (POp-
ayae (2.1).

[Tpn 3HauMTe bHOH LIMpULE TOPOHAA AJds1 Pacuera HaIPANKEHHOCTH
MAaTUHTIOrO MOJS PEKOMCHAYETCSl NMOJb30BaThCsl QopMydamMu (2.1) u
(2.3).

[Tpu Hannuuyu 3a3opa Mexy MOBCPXHOCTHIO 00pasua H OaJIHCTH-
YcckDH OOMOTKOH pacueT MaruuTuoOf HHIYKUMKH BHITOJHAIT uno dop-
My.ae (4.29). Ilpumenenne o06pasuoB TOPOHAAIbUON (POPMbI 3l1auH-
TCJDIIO 1OBBIIACT TOUUOCTh H3MCPENH, TaK KaK NPH 3TOM HE Tpe-
Oyercs BBOAUTH MONPABKY 11a pasMaruHuMBaloliee MeHCTBMe KOHUOB H
o6pascll 1aMarHH4UBAETCsl MOUTH OAHOPOANO MO BCEMY 06BEMY.

B cayuae ucnbiTanust o6pasyoB KOIEYHOH AJIHHLI B HE3aMKilyTOH
MarHMTHOH LENH HMX LAMarHAYMBAaHHE OCYLIECTBJASETCH C “I0MOLIBIO
Pa3IHYHBIX CHCTEM 3JeKTPOMATHWTOB W COJEHOHAOB, OMCaulibIX B
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ra. 11, UToObl yMCHBIIMTDL 3liaueliHe pa3MarHHUMBawILero Gakropd,
ONBITIIBIE OOPasuybl GepyT OOMBIIMX JauHCHHDIX pasmepoB. Ilpum 3tom
CJIeIyeT YUHTEIBATH, UTO MATHHTLIOe MOJe, CO3AaBaemoe COJCHOMIIOM,
A0JKHO OBITh OJIHOPOAHBIM B paBoueM obObeme. MaMmcpureabuylo 006-
MOTKY HAMaTHIBAIOT TaKXKe 11a MOBEPXHOCTh 00paslla H BKIIOYaloT B
Lenb (aJ IHCTHUECKOTO rajdbBaHoMeTpa. 37ech Mbl He pacCMaTpHBaeM
HCOLITAaHUA GaIHCTHYECKHM MeTOAOM 00pas3uoB B BHJe MPSIMDBIX
cTepxkHell B sfipMe, TaK KaK Ha 3TOM NOAPOGHO OCTAUOBHMCH IECKOIb-
KO TO3XKe.

MaMepeunsa oCHOBIOH KPHBOH HIAYKIMH M KDHBOI HaMarHWuliBa-
HHUA, a TaK:Ke onpejeJeHye MeTJAH THcTepe3Hca MOMKHO NPOBOJHTH
AByma mcTodaMH. OAMH H3 HHX, HYJIEBOi MCTOA, COCTOHT B TOM, 4TO
HaNpsKeNIOCTh BUEIIHEI'0 MarHHTHOTO MOJs CKaukoo$pasHo YBENIH-
YHBAercs OT 1YJs 10 MaKCHMaJbHOTO 3nauycHud. IIpu Kaxiaowm H3Me-
HEHHH 110051 H3MepSIOT OTKIOUEeHHe DaMKHM TajgbBaHOMETpa, KOTOpoe
nponopuHonasblio Npupamennio HHAYKUUMH B. Ilpu uaMepennu nHamvar-
HUYCHHOCTH TAKHM CIIOCOGOM BO3HMKAIOT 3HAYMTEIbUBIC OMHOKI, Tak
Kak BpPCMdA YCTalOBJENHA MaTUHTIIOTO COCTOAHHA Oyder TeM OoJblle,
yeM MeHblle npHpallenne nuiykuuu. Kpome toro, omuéka uamepenuit
B pacTer ¢ yBeJHUeHHeM 3HaueliH MUAYKLUHH, KOTOPas OUpeAeIsieTcs
H3 cyMMbl ee mpHpawensii. OTclofia caeAyeT, uTO H OMWMHMOKH B HaMe-
PEHHH CyMMUpYIOTCA. '

Haunb6onblllee pacnpocTpanene MOMY4YId METOA KOMMYTHDOBalHs,
KOTODBIII 1103BOJIAAET ONPeAesITh OCHOBIYIO KPHBYIO MaCHHUTHON HHIYK-
IIMH H IETJI0 THCTEPE3NCA.

CymHocTb 3TOr0 MeTOfa 3aK/MIOUAeTCs B TOM, UTO MOCAe pa3Mar-
HHUHBaHMA O0pasiia ycTanaB/HBalOT ONpefeleHHOE 3ilaYeHHe Hanps-
HKCHHOCTH MaruuTHOTo moda H. 3aTeM H3MeHAIOT HampaBJeHHe MHO.Is
Ha 06paTioe H 3aMEeYaloT OTKJIOHeNe PaMKH TajdbBaHOMETPA, KOTOpOe
GyAeTr cOOTBETCTBOBATh H3MEHEHHIO HHAYKUMH OoT +B, 1o —B,, B no-
ae H;. Ilocie 3T0ro yBeJHUHBAIOT 3HAaueHHe HAMPAXKEHHOCTH IOJAA H
IPOM3BOAAT Ty 2Ke caMylo omepanHio. TakiM 06pasoM H3MepaIoT 3Ha-
UeHHS /51 BCEX TOYEK OCHOBHOH KPHBOH MHAYKIHH.

OcranoBuMcst Gosice MOAPOGHO Ha TMpoyecce H3MEPEHHA MO CXeMe
puc. 34,a. Knemmpt A—A NpHCOEIHHAIOT K HCTOUHHMKY NOCTOSTHHOTO
Toka. Koy K cTaBar B noaoxenue 2 wiau 4 u-peocrataMu R; u R
yCTaHaBJAMBAKOT Ty CHJY TOKAa B HaMarHM4YHBalOlleil o6MOTKe TOpoHMIa
HJIH COJIEHOHAA, KOTOpasi COOTBETCTBYET MHHHMAaJAbHOMY 3HAYEHHIO 1a-
npaxkenHocTn noas Hy (puc. 34,6). Ilpu stom 3nauenuu noaa ompere-
JS€TCST mepBad TouYKa KPUBOH MHAYKuHH. CieiyeT MOMIHTh, YTO 3Ha-
YCHHE HAMPSKEHHOCTH MO0 AOMKIIO GLITh BCerja Goabllle TOTO 3HA-
UEHHA, MPH KOTOPOM OBIO 3aKOHYENO pasMmariinduBanue ofpasua.
YCTaHOBHB BeMHUMHY TOKa ij, HECKONBKO pas mepekMouanT KIo4 -K
H3 MosokKenua 2 B 4 0 o6paTHO, a.3aTCM OCTAaBASIIOT CrO B IOJOMKE-
HHK 4. DTHM OCyIlecTBASIETCA CTaGHAM3AIAA MACUHTHOLO COCTOSHILST
obpasua. (B Teuenne stux msmepennit xiou K, a0.:Ken HaXOHThCS
B MOJTOXKEHHH @.) 3aTeM 3aMBIKAIOT BTOPHUHYIO Lieub Kaouom Ka JLas
MOJYHEHIST OTKAOHNCHUA @ TaJbBaHOMCTPa [, KOTOPOE ITOMXKIO COOT-
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BETCTBOBATL ‘MaTHUTUOH HHAYKUHHW B; B nose Hy, xnwou K nepeGpa-
CHIBAIOT B 1IOMQKElHe 2, Hpd 3TOM TOK B HaMarHHYMBawHICH Lenn
MCHAET NanpaBiendc. M3MeHCHHC MArNHTHOH HIUIYKUHA Gy1eT HpOHC-
X0MUTb oT + B @0 ---B;, T. ¢. AB=2B. Pacuer MaTrluuTIiO} HHIYKUHH
B; npy nanpsixeHuQerd noad H, mpoussojaures mo opmyae (4.24).
Takum oGpasoM ompegeasioTcst NocAedyooliHe TCYKH KPHBOR HHAYK-
[ HH.

ITpu HM3MepenHu KDHBOIl THCTEpE3HCAa HCUOIb3VIOT TAKXKC KJACMMbI
I v 5 xmoua K. 3naueHne MarHuTHON MOAYKHUHM B 3TOM cJydae Ofpe-
HEJIACTCA KaXKABH pas M3 BEpLUHibl NCTJAH CHCTEPE3UCA, COOTBETCTBY-
wouel Byare. Katou K crassit B mogoxenne / u peocratamu Ry ycra-
HaB/HBAIOT B HAMarHHYMBAIOII&H IleMH MAKCHMAaJbHYIO CHJAY TOK4,
COOTBETCTBYIOULYIO HAaMNPSIZKEINIOCTH MarduTHOIrO NoAA I yane. DBeanui-
1a Byagxe ONPCIETACTCH METOAOM KOMMVTHPOBALMA, IIA 4yero kiawoy K
ICPeKII0YaoT M3 MojJoxkelus I B 5. 14 nodyyennst TOUCK KPUBOH TH-
crepesnca Ha yuacTke AB, kawou K crasar B uosoxkcliue 2 W peocra-
TaMH R; yCTaHaBJHBAIOT CHJY TOKa [j, COOTBETCTBYIOLLYIO BeJHUHHE
H,, xotropas GyZeT HECKOJbKO Menbmle snaucuuss Hygage. 3aTeM nepe-
BOJAT OmsITh Kau K B mosnoxenne I W NPOBOAAT MATHHTHYH IIOAr0-
ToBKy. OTKIOHENHE o TalbBalOMeTpa H3MepsieTca NP mepeipachina-
HUM Kmoda K u3 mogoxenua / B 2. Kak BHAHO M3 CXeMbi, B 3TOM CJy-
yac TOK B HaMardMuYMBaIOIllei KaTylIKe He MelsieT CBOEro Hampab/e-
HHfA, 8 TOJIBKO H3MEHAeTCA ero 3uauelde OT iyaxe MO i;. Caelosarean-
HO, H3MeHenHe MAarHHTHO HHAYKUHH TPOou3oiaeT oT Byaee 10 By, T. C.
AB=Byac—B,. Bennunna AB B 3roM Caydae GVACT IPONOPIHOHAD-
Ha oTkiaouenuwo a. HMcnoabsya dopmyay (4.23), MoxHO paccuuTaTh
snauenne AB;. Torja MarHuTHag MHAYKWHS B; Npu HanpsaKeuuocr:
MarHuTHOrO moJas H, Jlerko ompejeasicTcsl, TaK KaK MaKCHManabloe
aHauedne Byaye y#e H3BECTHO H3 H3MCPCHHII OCHOBIOH KPHBOH HILAYK-
1uu. TakAM Ke clocoGOM ONpefedAeTcsa H CAeAVION[asl TOYKa na TMmeroe
FHCTepesHca, KoTopada GyAcT COOTBETCTBOBATH HANPAXKEINIOCTH HaMar-
HuuuBaouero noia H.</I). Tlpx H3Mepenuu TOYKM MeTJH THCTepe-
3HCa, COOTBETCTBYMWILEIl ocTaTouHOA HuAyKuuu B, oGipasia, Kaiou K
MepeKTouanT M3 NoJokenua / B 8. ITo H3MeNsieT HANpAXKEHIIOCT5
MarHMTIOro0 MOJA OT MAKCHMMaJbHOTO 3HaueHud 10 nyqas. Msmepenne
Ha yvactke NeTqH THcTepesnca oT B, mo A, AenaioT aHAJd0THYHBIM
crnocoboM, Kak Ha yuactke AB,. Tlpn 3toM kimou K nepeGpachiBator
M3 MoMnoXkeHHA I B noqdoxenue 4, 4To Meuser BCJIHUMHY H HAIpabie-
line TOKa B HaMaruuuuBamouicd uenu. Tak onpefedadoOT TOuKH KPHBOIl
rucTepessca ao 4,. .

M3amepenne Touek na BOCXOASIUIEH YaCTH KPUBOK ructepesnca or
A 1o A e orauuaercs oT OMHCALNBIX BhIle uaMepenuil. B stom cay-
ae HCXOAUBIM MoJ0KenneM Kaioua K ABnsierca kaemma 5 [6, 20].

Kak MBI yKe oTMeuaan Bhillle, /T BHIYHCENNS MaTHHTHON HILIYK-
UMK HCNOAB3YIOT QopMy.ty (4.24), B KOTOPYIO BXOAHT GassIHCTHUECKAS
mocTOAHHAA TaabBanoMerpa. Qupelesenre 3Toi BeIHYUHB OGBIUUO
OCYIIECTBISCTCA C MOMOLULBIO 3TAJ0HHOHA KATYIIKH MJAH KaTyHIKH B3aHM-
noit muAykTuBHOCTH. ONNaKo Ha mpakTaKe onpefeiasioT ne Cp, a Cyp—
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GaJsucTHYeCcKas IIOCTOANHAsSI YCTAHOBKH. B 3ToM ciyuae de Tpedyercs
3HaTb 0OLIero compoTusieHua R Ganaucrudeckoit uepd. [Ilpu sToM
CJIelyeT MOMHHTb, YTO COIPOTHMBJEHHE R JIONKHO B npouecce H3Mepe-
HUS5i OCTaBaTbCs NOCTOAHHbIM. V3Mepenie (amiHCTHUECKOA NOCTOAHHOI
ocyllecTBAAeTCA Ha YCTAHOBKe, H3oGpasxkeHHo# Ha puc. 34,a. Pasom-
KHYB 6ajisINCTHYECKYIO IleNnb KaouoM Ky U IOCTABHB K/1I0Y Kl B NOJI0-
KeHue b peocraTaMu Ry u R, ycranapjuBalOT B 3TaJOHHOR KaTyllke
Tok Beauuunoil 0,5—2a. Ilpn stux usmepemusx Kaou K Haxoaurcs
B nojgoxenun 2. Ilocae atoro 3aMbikaloT k1104 K H IPOH3BOIAT KOM-
MyTHpoBalue TOKa KiwoyoM K, mepeOpacbiBasi €ro H3 IOJOMEHHS 2
B 4. MamepeHHas BeauyuHa 0ajdJaHCTHUECKOIO OTKJIOHEHHA ¢ radbBa-
HoMmerpa [  UCHOJb3ycTcsl Aast onpedeiendsa O0a/JIHCTHYCCKOH IOCTOSIH-
noit mo dopmyae (3.7). Ecau B npoilecce H3MEPEeHHSA NPUXOIUTCA Me-
HSITb CONPOTHBJEHHE OajJHCTU4YeCKOH 1end, TOraa HyXHO [L14
Ka)k/J0ro ¢aIyuyasfd OTAeJNBHO ONpeaeasiTh OadAHCTHYECKYIO IOCTOSHHYIO
YCTAHOBKH.

Brile Mbl OTMeuas]H, YTO [PH ONpede/ICIHHH MarliHTHOH HIIYKUNH
HeOGXOAMMO YUYHTHIBATH 3a30p MeXJy IOBEepPXHOCTbIO obpaslla u 6a’i-
MMCTHYECKoH 0OMOTKOH H BHOCHTL COOTBETCTBYIOLIME IonpaBku. [Ipax-
THUeCKH ylnobHee JelaTh HEKOTOphle H3MeHeHHS B uend Oa//lucTaye-
CcKOrg raJgbBaHoMerpa. JInf 5TOH LedH NOCJeJOBaTeIbHO C H3MepIi-
TeJbHOH 06MOTKOH BKJIOYAIOT TOYHO TAKYIO K& KOMNEeHCHpPYIOUYIo 00-
MOTKY, H DACNOJATaloT HX Tax, uTo 6e3 ofpasiia B HUX OTCYTCTBYeT
5. 1. ¢. HEAYKIHH. EciH nmoMecTHTb 06pasell B 0/IHY W3 H3MepPUTEabHBIX
06MOT0K, TO NPU H3MelelHH BHEIUHero HaMarHHuuBalollero noJs B CH-
creMe auQrbepeHlHaNbHEIX 0OMOTOK BOSHUKHET 3. . C., KoTopasi OyleT
NpPONOpPIHOIIaNbHA TOJbKO HaMarHHYenuocTy o6pasua. 3. 4. ¢., 06yCI0B-
Jennas U3MelleitheM Blellllero HaMariuuuuBawllero 1oJs, 6yxer oT-
CyYICTBOBAaTh. B 3TOM cayuvae na ocioBauiii ¢opmy.as (4.26) u npu-
uHMasi Bo BuHManue, uto B=p,/, HaMarHWUEHHOCTL BCLIECTBA
OTIpEEIHTCA 13 COOTHOUIEHHH

J—— S 4.31)
2“’0wﬂ3M.K806p

Hnoriga aas ynodcerBa HM3MepeHHS M IS NMOBLINIEHHS TOYHOCTH U3-
MepeHHS HCNOJAB3YIOT CHCTEMY ABYX HOCHEfoBaTeABHO COCIHHEHHBIX
I3MEpHTeAbHBIX 06MOTOK. X HaMaThiBalor lla ofpaseln U3 OIHHAKO-
BOT'O 1IPOBOJE, 1l OHM OTJHYAIOTCA OXlla OT JAPYroil YHCIOM BHTKOB,
IIpn sTOM HaMOTKa OCYLIECTB.sIeTCd TAKUM 06pa3oM, YTO TOKH B HHX
HMEIOT NPOTUBONOIOXKIEE lanpasienus. Popvyra 1af BHUHCIEHUS
HaMarlllH4eliHoCTH B 3TOM CJiydae HMeeT Biij

Jo— S o, (4.32)
2.“'080613 (@, — w)

rie Sosp — CeucHHC o0pasua (M), @;— UMCAO BHTKOB NMCPBUYHOH 06-
MOTKH, @y —— YHCJI0 BUTKOB BTOPUUHOH 0OMOTKH.
Uz dopamyabl (4.32) BHINO, YTO YYBCTBHTEJABLHOCTH CHCTEMLI GYACT
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TeM BHIC, ueM 60 . Tak, naupumep, ecau M0pH-
MEHHTb OOMOTKH, ¥ KOTODPBIX W —Ws= 104 TO MOXKHO U3MEDATH Ma.bie
u3Melelnd HaMaTRHYCHHOCTH B 00JacTd NMapanponecca. beaos u [o-
psara [3] mpuMeHHJH 5TOT CHocol HAAf H3MEPeHHS 11aMarHHYCHHOCTH
u anddepeHUHanbIOR BOCIPHUMUHBOCTH BOan3u Touku Kiopu. B ux
VCTaHOBKEe KOMNElcauuoHuasi M3MEpHTE]bHAA KaTylllka CcocTofJa I3
IBYX CeKIMfl, HanpaBJeHYe ToKa B 06MOTKax KOTOPEIX OBUIO MPOTHBO-
nosoxioe. B 3Tux cekuuiix Ge3 ob6pasla ucpe3 NonepevyHoe CCUEHHE
Ka)KAOH M3 IIHX NPOXOAHI OJWHAKOBLIL MariuuTHbIH notok. B naHioi
ycranoBke @, —wy=3-10% Vienblas HaMardHH4eHHOCTb pPacCYHThiBA-
Jack no dopuyae

L L (4.33)
4n(l — N) 2mw
rae Cy— GaJjiyMcTudeckas NocTosllnasi ycTaHoBky, [— jganna oGpas-
na, m— vmacca o0pasua, a— oTGpoc raasBanomerpa, N — paswvarini-
ugBawUul GakTop obpasua, w— pasiiocTb YHCTa BUTKOB  MCXKAY
CeKIHAMHU.

[as u3vepenus BocmpUMMUYHBOCTH Napalpouecca na Kapxac code-
HOHJa 1aMaThiBaJack JONOJHHTEIblasd 0o0MOTKa, KoTopasl cO31aBacid
noaAMariuyuBaloniee node. ITOT MeTOA OLLT NpUMeHeH TakKe bapHer-
toM [21]. B ero cxeme u3MmepuTegbHas KaTylika COCAMHfAJIAch Nocle-
JloBaTEAbHO C JPYrol TaKoll e KaTylIKoH, HaupasJ/eHusi TOKOB
B 9TUX 0OMOTKaX OBLIH NPOTHBOHOJ0XKHHE. Haxoguance oHH Ha HCKO-
TOPOM pacCTOSHHM OaHa OT JApyroi. Bcio 3Ty cucTeMmy noMeuladn s
HaMaTHH4YHBaWIWKUH codenona. Vl3MepeHue 1LPOU3BOAMIOCH IBV M
cnocobamu. OJWH W3 HUX COCTOAN B TOM, 4YTO HCCaegyeMblii 00-
pasel pacnoJsiarajd B U3MepHTEJbHOH KaTylKe, a 3aTeM OHICTpo Nepe-
MeLlaJH Bo BTOPyI0 Katywky. Ilpu mpyroM cnocofe H3MepCIHS MEHs-
JOCh HallpaB/ACHHE TOKA B naMarid4uBaiollesl ueni.

§ 3. HCIIOJIb30BAHHUE BAJIJTHCTHYECKOTO
METOIA JJid ONPENEJEHHA
PASMATHHYHBAKIIETO ®AKTOPA

Ecau uceaepoBanue geppoMariuTHblX MaTepHalJoB NPOBOAUTH B
He3aMKHYTOH IeNnH, To AJAfA pacyeTa MaTHUTHLIX XapakTepHUCTHK 11€00-
XOMUMO 311aTh pa3MarHHuyuBaloWnil GpzKTop obpasna. Banaucrudeckiiii
pasMardiiuuBalomnii GakTop MOXKIO ONpele/HTh SKCNEePHMEHTAJILHO.
a5 sroro 11axoAdT (Ge3THCTePe3sHCHYI0 KPUBYIO HHAYKIMH. [IpHHIH-
NnHajbllag cxeMma YCTaHOBKM IJ5 NoJyyeHUsl Ge3THCTEPE3HUCHOH KPHBOil
'MHAYKUHH nokasana ua puc. 35. Ha uccaelyemwiii o6paserr HaMaThi-
BawoTcs Tpn obymorku: Wy, Wy, Wi O6motka W, BHIMoJHSIET JBe pPo.i:
OHa HaMaruuyiBaer obpasell 0 OOJBHINX 3HAUEHHI UHAYKUMH H pas-
MarHH4¥BaeT €ro nepeMeHHbIM MAarHUTHHIM NoJieM, aMIJAUTYAA KOTO-
POTO TIOCTENEHHO YMEHBIIaeTcsl OT MaKCHMaJbHOrO 3layenns A0 HY.14.
O6morka W, cayXKHT 115 Co3lanus HeGOABHIOTO 10 BCJAWUHHE  11O-
CTOSIHHOTO TIOIMarnHuHBalbliero nols, a obMorka Wi, BriAlovennas s
uenb 6aJIHCTHYECKOTO TalbBaHOMETpPa, SIBASETCH H3IMEPHTEebIION.
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Ilepen ompejenenuem GC3TNCTCPC3NCHON KPHBON HiAYKIHH HCCTe-
AycmLifl ofpasel, pasMartiH4MBaeTCs. JTO MOXKHO OCYNIECTBUTH C INO-
MOLILIO NEpeMEeiHOro TOKa W PEerHCTPHpYIoLICro yeTpoiictBa PY, Mis
yero nepeksiouatedb K CTaBAT B modoxende /. 3artem OnpeaesiiorT
HHIYKUHIO Byaye OCHOBHOM
Ge3rnucTepesucioll  KpHBOH
MHAYKUHH; Kooy K; 1pH
3TOM HaxXOAHTCS B [10J0XKC-
Han 2. Hamepenue wugyx-
UHH Byage OCYLICCTBAAECTCSH
OOLIUHBLIM METOJOM KOMMY-
tupoBanus. [locae storo B
MoAMaTrHUYHBalolleH 00-
MOTKe YCTaHaBJIUBAETCS
ONpeCc/ICHHOE 3HAUelIHE TO-
Ka, COOTBCTCTBYIOIICC 3HA-

Puc. 35. TlpuuuMunansuasi cxemMa YcTalOBKH

LJsi onpeleleHHs Ge3THCTepe3HCHOH KPHBOIH yenuio noJas H; B nepsoit
W HHIYKIHH: TouKke  OesrucrTepesucHoi
| — HaMmaruuudBawuias obmotka, Wy— 06- KPHBOH, H NpPOBOIAT pas-

MOTKaA OJad co3jaiua MNoJMardHdudBarollero

nona, Wi — namepuresnsHass o6MoTKa, B — MarHuyuBanue oGpasua ne-

6a;aucTHIeckuil rasbBadoMerp, PY — peryin- peMennBEM ToKoM (K104 Kj
pymomee yfqrpcigxcrzo, M — Bsanmuas Muayk- B nosoxennu I). dng onpe-
THBHOCTD, Ay, Ay, A3 — amnepMerpel, r| H ry — ectents HIIVKILG B 6e3-
peactats, Ki, Ko, K3, Ki Ks—xmoun u rme- Ae1cu AYKIL 1

THCTepe3uciioll KpHBOH, co-
OTBCTCTBYIolell moaw H,
nepeksioyatesab K nepedpachiBaloT ONATL B modoxenue 2 . QUKCHPY-
10T OTK/10Henxe 0adnuCTHIeCKOro raJbBaHOMCTpPa, KOTopoe GyjaeT npo-
NOPUHOHAILHO PasnocTH Byaxe—Bi. Unaykuua B, cooTBeTcTBYyeT NoA-
MarHHYMBalolleMy- OO, co3faBaeMoMy KaTylikod W, Boiuuciaenue
Byaxe—B; npousBomst no gopmyne (4.26).

UroGpl nafiTH OCTalbilble TOYKH OE3THCTEPE3HCHON KpHBOH HHIYK-
LHH, yBeAHYUBAIOT NOJAMarHuuuBaoumee noje H,; na nexkoropylo BeTu-
uuny, upn stom H, > H|. VamepeHne MarHutTHON MHAYKLHH, ompelc-
asicmoll nosem Hy, BHINOJIHSETCS B TOM Ke NOPSAAKe, Kak mas noJas .
Tax cunmaercsi Ge3rucTepesncHasi KpuBad HHAYKUNH [0 TOYEK, COBMNa-
LalUIUX C OCHOBIOH KPUBOH HaMaruuunsanug. CuenyiolllHe TO4KH
KPHBOH MHOYKLUMH ONpele/ sIOTCH NpH MNOMOWIKM KOMMYTalMH ToKa B
noxMarsuunBamuieii o6Morke Wa.

Ecau onpepeluTs BCio 0G€3rUCTEPe3UCHYI0 KPUBYIO HHIYKLHUH, TO
0KasblBaeTcd, 4To B 00JacTH CJa0bIX MarHUTHBIX NOJed 5Ta KpUBas
MOUTH coBMajlaeT ¢ OCbI0 KoopauxaT. Torga, ucnmoab3ys (opmyay
(1.9) u npuiuMasi Bo BHHMAaHHE, yTO HaMarHHYeHHOCTh [ Ompenensior
o gopMy.ae

peKYaTeIy

=2 _H, (4.34)
Wo

noayuuM (opMmy.ay MJad pacyera pasMarLuyusaloliiero gaxropa
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H,
4B’

N=uy, (4.35)

rie H,— HanpsXKeHHOCTL BIIEMHCTO HaMarHHYHBamLlero mnoad. IT1a
¢dopMysa cnpaBeJuBa N5 3HauellMii HHAYKUHH B 00JaCTH CladbiX
MAariMTHHX [oJell M MoXer OBIThH HCNOJb30BaHa KaK g 06pasuoB
3aMKHYTOl, Tak ¥ pasoMkuytoil cdopmbl. Ilpn onpeaenennn Gesrucre-
pe3uCHON KpHBOH HeoOXOAHWMO KOMIIEHCHIPOBAaTh MATHHTHOE TIoJe
3eM.H, T4K Kak OHO MOMeT CHJIBHO HCKasuTb NoJdydyaeMble pe-
3yJIbTaTHI.

Konpopckuit [8] paccvmorpea npouecchl, npoucxodsiiue B ¢eppo-
MarHHTHOM MOHOKpHCTa/JJIHYecKoM ofpasue Npd HACaJbHOM HaMar-
HUYHBaHUH. B 3Tol pafoTe NMOKa3aHO, 4T0 YCTOHUHBLIM MarHHTHBIM
cocTosiHneM (PeppoMariUTHHIX BelIecTB IO OTHOLICHHIO K BHEIINHMM Ha-
IpSKEHHSIM SBJSETCS COCTosllike, Korja JAeficTymoee noge H;=0.

§ 4. ®JHOKCMETP

D.1I0KCMeTP HCROJIb3yeTesl AJsl H3MepeHHs MarHurtHoro noroka. Ou
OTHOCHTC K KJaccy MariuTO3JEKTPHYeCKHX NPHGOpPoB ¢ 1efoJbLIoH
NOCTOSINIION MOMEHTa KpYUCHHSI HUTH nNojipeca {7, 22]. ®P.aiokcmerp
JaeT BO3MOMKIIOCTb U3MepATb He TOJILKO KOlleylioe H3MeHeHHe, 110 H
KpaTKOBpeMelllloe 3Hauenue MarHATHOTO NMOTOKa. JTOT NPUGOp TaKxKe
NpUMelsoT I8 onpeleTeHust HelpepbiBIIO MCHAILIErocs MarHHUTIIOrO
HOTOKa, .15 3aMUCH KPHBOW lHaMalHW4YMBAaHHs, MHOrJAa KaK HH3KO-
YyaCTOTHLIA OCUHJJ0Orpad.

Jast npeun3MOHHEIX MaTHHUTIIBEIX H3MCPEIUH ¢ YCNeXOoM MOXKeT GHITh
HCHOAB30Ball (YOTO3NEKTPUUECKHH (JIIOKCMETp, KOTOPHIl mpepcTaBiseT
cobofl KoMOHWHAIUIO TalbBAHOMETPA M YCHJIHTeJds. DTOT npubop IpH-
MeHdAeTCA JJ9 H3MepeHUs MarHHTHOTO NoToKa B LIHPOKOM JAManasolie
YacToT, IIPUYEM YYBCTBHTCABLHOCTL ero cocTasaser (5-+10)- 10-8 g6/mum,
T. C. 3HAaYHTE/NbHO Bbllle, YeM Y (GuloKcMeTpa oOLIYIION0 THIA.

JIuneiinaa teopust doroanekTpuyeckoro ¢uioKcMerpa 6nl1a paspa-
Gorana C. [1. Kanuneii. [Ta ocnoBe sTofl TeopHn UM GbLA co31an NPHOOP
BBICOKOH 4yBCTBUTeJbioCcTH [9], cXeMa KoToporo nokasada Ha puc. 36.
B u3MepuTENBHYIO llenb BKJIIOYAIOT 3epKalbliblil ralbBaHOMETp 11a
pacTaxKKaX, KOTOPHIH HMCeT CJeAyIolIHe XapaxkTepucTHku: To=2 cex,
Ci=3-10"% a/mm/M, Ryyrpy =830 on, Ryp=3830 o, Ot 3cpxaia raie-
BaHoMeTpa " ayu cera magaeT ua asa (orosaementa Jp u J; map-
ku CIIB-51, umciomue Goabuioe BHYTpelliee CONPOTHBJICHHE MOPSLKA
5-10% om, xopomyo UYBCTBHUTEIbHOCTh =100 mra/mm u nedoiblive
TOKH TeMHOTbl fp=~10"1a. Tox or ¢oTO3ACMCHTOB MOAAIOT Ila CETKY
neuroga 6F6(J/1,). dta cetka ynpas.sieT aHOAHBIM TOKOM f, KOTOpHiit
H3Mepsiercss NpY NOMOUIM caMonucena uau ocuuagorpada. Tox [ ua
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BLIXOJ€ (bmch.\/leTpa CBfi3aH ¢ H3MeHeHHeM MAarCHHTHOro moTtoka AdY
ita BXOAC C1eAVIOIIHUM COOTHOLICHHCM!
k AD

T (4.36)

SRNM o
rae k= —Fi— — kovppuunenT o6paTHOil cBsA3H, S --- KPYTHANA TaMITH,

' — MarudTHLI NOTOK 4epe3 paMKy ra’dbBanoMerpa, N — 31eKTpo-
onTHuecKHi Ko3PduuHenT, 3aBUCSAMHA OT KOHCTPYKIHM ONTHUECKOH

+20v
+60v

=R
207
g
-

Boixod

Puc. 36. Daektpuucckas cxeMa (OTOIIEKTPHUECKOTD (JIIOKCMETpa

cucteMbl, M — B3aHMOUHIYKTHBIIOCTE, KR — CONPOTHBJIEHHE B LEMH
Kolidencaropa.

llenb ranbpanoMerpa I” 1 Lenb Jamnbl JI5 CBSI3BIBAIOTCSI MEXKAY Co-
60l mocpencTBoM B3auMounaykruBHoctd M. [Iaa ycraHOBKH Ha UYJIb
«3afiuvKa» ra/jbBaHOMCTpa, KOrjga (POTO3JCKTPHUECKHH YCHIHTEIb Ha-
XOJHTCH B HepadoyeM COCTOSTHMH, UCHOJB3YeTCH ONTHUECKHH KOMIIeH-
caTop B Bufe ILIOCKONapaJjJenbliofl ILacTHHKH, Ucpe3 KOTOpYIo
NPOXOJHT JYY CBeTa OT HcToynuka. IIpu nmoBopore miacTHHKH Ha He-
KOTOPHIH yroJl NPOUCXOAMT CMcCIleliHe «3afuukas Ha IeHosblloe pac-
CTOdIIME. YTpaBjenue QAOKCMETPOM OCYLIECTBJIAETCH ¢ TNOMOIULID
ka1oueit K; u Ks, KOTOpHe HaxOAsTCH B UENH JAaMnbl J1i. DTH KIIOYM
paspsukalor eMkocTb C H oTcoenusiior otosaemenTol. Ecnn eMkocts C
3aMKHyTa H B3auMoHHAYKTUBHOCTE M =0, TO cucreMa paGoTaer Kax
ob6biunbl rajibBaHoMerp. Ilpd BK/AKUCHAH KaTyIIKH o6paTHON CBSA3H,
KoTopast npe/cTaB.sieT co6oil TpaHchopmMaTop ¢ GOJABIIHM BO3LYIIIbIM
3a30pOM, B LEMH rajdbBalloMeTpa TOSIBASIOTCA JIONOJHHTENbIIbe 3aTy-
xanust, CueTeMa 6yaeT paboTaTh Kak (POTOJIEKTPHYECKHI (DJIIOKCMETP,
ec.1H JIMKBUAMPOBAThL CNOJ3aHUC TaJbBaHOMETpPa NIYTeM BKAIOYEHHS B
Ienb CCTKH Jamnul J14 eMroctu C, npu 3TOM moctosinas spesein RC
HoKHa 6bITh paBua IOCTOMIIHOH BPCMEHH CNION3aHHs rajJbsaHoMerpa.
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Hnst yMenblienns BHYTPEHHHUX [OMeX NPHGOPa, KOTOPbiC BO3IIM-
KalT B Pe3yabTaTe TOrO, YTO TMPOUCXOJAHT 3apfjika H Paspsiika eMKo-
CTH, HCNOAb3YIOT BaKyymHble (OTO3JEMEHTbl ¢ OOJbLUIAM BHYTPCHHHM
conporuBaeiiieM. UTo6bl ycTpaHHTL BHeNIHHE MOMEXU B Lelld ra’abBa-
HOMeTpPa, HYXHO 0COGeHHO TLIATeNbHO BHINOJIUTL COEJIMHEHHE IPOBO-
J0B. Biisiuue 5THX HOMeX 3HauUTe.bl10 yMelbIlaeTcs, ecaH NPHMENHTh
rajgbBanoMerp i1a pactsikkax. OcyluecTsieide YKa3aHHBIX 11PefoCcTo-
POXKHOCTCH TO3BOAMET CO37aTh JOCTATOYHO CTAOHJILHYI H3IMEpHTE]b-
HYIO CHCTeMY .05t (MKCHpPoBaHHS CcHTHaJ0B nopsiika 1078 @6 npu
paloTe B TeueHHe liecKoabkux MuHyT. J[lanHaa cxema (.lOKcMeTpa
6bla  cymectBenno ycosepuicHcrBoBana Cepmosbiv [13].  Onucanue
(. IIOKCMETPOB HMeeTcs TaKkKe B padoTax [5, 12, 23—-28].
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FIABA TIATA4A

MATHUTOMETPUYECKHUHN METOJ

§ 1. YCTPOHUCTBO H MPHHUHIT
JERCTBUA MATHUMTOMETPA

Marnutromerpuycckuil MeTo M3MEPEHHS MATHHTHBLIX CBOLCTB Bellle-
CTBa OCHOBaH Ha MalllHTHOM B3aHMOJEHCTBMM llaMaTHHYelHoro 00-
pasua ¥ NOABMUMKIOH MariutHoli crpesku. Hamarauucauocto obpasua
onpenaessloT N0 YIVIY OTKJACOHEHHS! MAarHMUTHOH CTPCJAKH OT CBOEro nep-
BollayaabHoro Hojoxenud. Ilpu stoMm o6pasely U MarHuTHAs CTpetka
JOJKHBL GbITb PacCHOJIOXKCHBI ONpeJedeHHblM 006pa30M M0 OTHQLICHHIO
Ipyr K Apyry. B akcnepuMeHTaaAbHOH NpaKTHKEe MaCHUTHBIX M3MepeluH
HanboJiblUee pacnpocTpaHeHle NOAYYHJIH ABa Crocofa B3aHMHOIO pac-
f10/102Kel1MsT MArHUTOB, KOTOPbLlE Ha3bLiBAlOTCH TMEPBHEIM H BTOPH M
FaycCOBBMHU NMOJONKEHHUAMH.

IIpu nepBoM rayccoBoM noJoxKeHHH o6pasel i MariuuTHasg CTpe]Ka
pacnooxelbl Tak, UTO HEHTP CTPEAKH JEKHUT Ha NPOJAOTKEHUH OCH
o6pasna. [Ipu Bropom rayccoBow nogomenny oGpascly M CTpe.IKa pac-
noJaraloTcd Tak, UToGnl och ofpasziia OvLTa NeplelIuKyJaapia K JH-
1MH, COCIHHAILCH €ro IeHTP ¢ MarHuTioi crpedxkoil. PacematpuBas
B3aMMOJCHCTBHE MATHUTHBIX HoJelf o6pa3na H CTPeKd, HeTPYAHO No-
JY4YuTE QOPMYJY [AJA pacycTa HaMaTHHYEHIIOCTH o0pasua, KoTopas
UMeeT BUJ

HR?
o : (®.1)

rae H —-ropusoutajbiiass coCTaBAIOWass HaTPSAMXKEIIOCTH 3eMIOro
noJsi, R — paccrostHiie MeK1y lleHTpaMu o0pasua H CTPeIKH, o — OT-
KJIOHE€IHEe MO IIKane, [ — paccrosiiMe OT WIKajabl X0 3epkana u V —
obbem oOpasna.

Tak xkaxk B nmpoiecce H3Mepenua BCe BEJIHUHHBI B NpaBoil yYacTH
(5.1), kpome a, ocrawrcs HocrostuneiMu, T0 (5.1) Moxlo 3amucath
B BHle

I =Ca. (5.2)

Takuyv o6pasom, oTkJoHenHe NOJBHXKHON wyacTH mpubopa Nponop-

IHOIIAJbHO HaMarudyeHHocTH o6pasua. Jlas nposenenust aGCOMOTIIBIX
H3Mepeii HCIOJb3YIT NIePBoe FaYCCOBO MOJM0MKEHHUE.
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OCHOBHOH 4aCTLIO MAaTCLiHTOMETpa SIBJASETCH MarHuTHast CTpeaKa,
NOIBHKIIBIA MATHUT, HMEIOLIHH QopMy IMIHHAPA. MArHUTIYIO CTPEIKY
NOABEIIMBAIT Ha NKTH U3 Boab(pama, cepedpa HWAHM KBapua TOALIH-
noi 12—90 mx u aaunoil 150—300 ma. Ha nuTh KpenuTcsl 3¢pKadblie,
C TOMOILBIO KOTOPOTG OTCUHTBHIBAIOT yroa IOBOPOTa CTPEMKH.

UyBCTBATCABHOCTh MarHHTOMCTpa Byler TeM Goablie, 4eM TONBILE
[T NOABECa H ueM olla jAJuAHec. MariuTiylo crTpedy /1eaarT oObluHo
43 CTJaBa BHKaJ10M, KoToOpLii ofdanaer 6O.JbLIOH oCTaTOYHOIl HILAYK-
uHedl, KO3PUMTHBIION CHJON H MMeeT CJCIylolllHe pasMepbl: IJIHHA
15 ma u Todmuua 1—3 ma. [last GLICTPOro ycCloKoenust NOABHKHOIL
CHCTCMBl NIPHMENSIOT MarHKTOHILAYKIMOHIIOC YCIIOKOCHHE il YCTIOKOoe-
IHe ¢ [OMOIBI TpeHud. B nepsoM cayuyae MariuTHYIO CTPCJAKY TOME-
WAaKT B MACCHBULIH LMJAMHAP, CAeTaHHLI H3 uHcTod Meau. IIpu xone-
GaHHH CTPEJIKM B 5TOM LMJHNJADE BO3HHKAIOT HHAYKHHOUIIBIE TOKH,
KOTOphlE CO3IAKT MarlMTIOe IOJIC, TOPMO3sillee ee ABHKcHHE. Bo
BTOPOM CJy4ae K HHMKHEMY KOHIly LojBcca (IMTH) NPHKPENIAIOT
AeMndupyoLee YCTPOHCTBO, KOTOPOoe ONYCKaloT B Mac/0, u yCNOKoe-
HHe JOCTHraeTcst NPH NMoMoL Tpeusi. Bed moidBuxKunasg cucrema no-
MellaeTcs B JICPeBSHHBI, TCKCTOJIHTOBBIN WM IL1acTMacCoBblid (yT-
Agp, B DBepxliefl 4aCTH KOTOPOTO HAXOJAHTCS BHHT, TO3BOJSIOULHIL
KPeNuTh noiasec K rojoske ¢yraspa. C noMolbio MarHuTOMeTpa MOX-
HO ONpeAeJuTh KPHUBYIO HamarmmucnnocTd. Hawaruuuusalowas Ka-
TYIIKa pacro.iaraercss COPH3OHTaNbHO H €€ OCh NIPH 3TOM MNPOXOIUT
yepes UEHTP cTpeskd maruurovenpa. C mPOTHBOMOJOMKHON CTOPOHLI
CTPENIKH 1ia TaKOM JKe PaccTOsIIHH YCTaHaBJHBalOT APYTYHO KaTYLIKY
TOYHO TaKHX XK€ pasMepoB, uTo ¥ HaMarauyupaiomas. ObGe KaTyIUKH
COeNMIISIOT NOCICAOBATCABIO, IPUYEM AEHCTBHE NO/5 BTOPOA KATYIIKU
1la MaCHHTIYI CTPeJKY KOMICIICHPyeTcs XeHCTBHeM MoJjf TepBOi Ka-
TYWIKH, DTa KOMICHCANUA JOCTUTAeTCs IyTeM TepeMellleldsa KaTyUICK,
B MOMEINT KOMIeHCAI[HH OTKJIOlIeHHC CTPeTKH 1O0JXKHO ObiTh paBHO
Hy.110. B 3TOM Cjyyae Ha MarHuT OyAer 1eHCTBOBATb TOJbKO MAarHUT-
HOC ToJe, co3jaBaeMoe CaMHM 06pasLoM.

Ha crpenxy marHutomMeTpa AeHCTBYIOT TaKKe IOPH30OHTAlIbHAaf CO-
CTaBJSIONLast 11ANPSIKEIHOCTH MarHHTHOIO Noas 3eMdd H Pas/iuuibie
TIOCTOPOHHUE N0JA4. DTo NPUBOIHT K TOMY, UTO CTPEIKAa HETNPCPLIBHO
KO:;1e6J1eTCS OKOMO HEeKOTOPOTrO HYJeBOTO TNOJOXKCHHS, YTO 3HAYUTEJNBHO
3aTPYIHSCT NPOBCAEHHE SKCIIEPHMEHTA M YMCHBIIAET TOYIOCTh H3Me-
penust. F3-3a HaAuuHg ykasaHIBX 1HEOCTATKOB MArHHTOMETp ONHCAaH-
noro THMA HE Hallle]l NpHMeHeldsi B JabopatopHolt mnpakrtuke [1, 2,
7, 15]. On paccMoTpen HaMH 3/leCh TOJbKO JJI5 03HAKOMJCHHS ¢ o0llei
KolcTpyKiHeil.

§ 2. ACTATHYECKHH MATHHTOMETP

[MosBukHaa 4acTh acTaTHYCCKOrO MarHHTOMETPa COCTOHMT H3 JBYX
MargutToB (CTPCI0K) OAHHAKOBOTO pasMtpa ¢ paBibiMH MAarHUTHBIMH
MoMmcentaMi. YToAbl O6GUIHMA MarngTiibtil MOMeNT CHCTeMbi OLLT paBell
Hy.TI0, 3TH CTPCJIKH paclonaraioT tak, 40 HX MOo/JI0Chl llalpasiels
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B NPOTHBONOJOXKHBIC cTopounl. Tlodo0Has cHcTeMa HasbiBaercd acTa-
THYECKOH.

Ilo 6oxkaM NOABHIKHON CHCTeMbl Ha OJHIIAKOBOM PacCTOSHHM OT liee
pacrioJ10sKeibl /Be BePTHKAJbHBlE KaTYIIKM OIIOrO i1 TOrO Ke pas-
Mepa. Oana U3 KaTylleK — HAMATIHYHBAIOLIASA, Apyras KaTyllka KOM-
MeHcHpyeT AEiICTBHE MCPBOH HA MaTUHTHYH CHCTEMY. B nawarHnun-
BAIOLIYI0 KaTYWKy MOMCIIAIOT MCCJACAyeMbli oOpazed Tak, 4TO €0
cepelilia HAXOAUTCs 11a OJHOM YPOBHE C 1ieHTPOM MATHITHOI CHCTEMbI.
AcraTHyeckyio CHCTeMy NOMeLIaloT B cllenHadabhuiil Qyrasp c oTBep-
CTHCM LISl CBCTOBOTO 3aiuynka. KaTyIUKH HMeIOT IB€ CTENCHH CBOOOIbL
DTo JaeT BO3MOMKHOCTH TOUHO VPaBHOBECHTL JeilTBHe KaTyIIeK 112
HOABUXKHYI cHCTeMY H (PUKCHPOBAaTh TOJIBLKO TO OTKIOHEHHE, KOTOpaC
O0YCIIOBJIEHO 11aMarHHYeNNIOCTBIO 0fpasua. o

s Toro uTo6bI HCKMOUMTH AeHCTBHE BepTHKAJIBIICIT COCTaBIfIO-
ILCH 3eMHOTO MNOoJs Ha o00pasel, KaTyIIKH IIMCIOT JAONOJIHHTE/blibie
06MOTKH, Uepe3 KOTOpble IPONYCKacTCs TOCTOSIHHBIR TOK ONpejae.en-
oM BeauuHHEl, Maruutiioe Tmosie 3TOro ToKa KOMNEHCIHPYeT BePTHKAadb-
HYI0 COCTaBJsONLYI0 Todas 3evan. PaccmoTpeniiasi HaMu acratuuie-
cKasl CHCTeMa B OAHOPOAHOM MAarHUTHOM T0Je HaXOJIHTCA B paBlio-
BECHH. '

B cayyae feficTBHS Ha acTaTHYECKYIO CHCTeMY HCOJIHOPONHOrO Mars:
ILATHOTO 10451, HANPHMep, BHELINero MarHHTHOTO NOIST HaMaTHHYHBalo-
uero o6pasua, HOSIBHTCH BpallAKIIAA MoMcnT. Bpamamomui MOMenT
BO3HMKAET TOJBKO OT AEHCTBHA T[OPHU30OHTAJBIIOH COCTABJIAINICH He-
OIOPOAIIOr0 MATHHTHOTO MO 06pasla. JTOT MOMCHT OyAeT MakCH-
MAaJbHEIM B TOM CJydae, CCId YIoJq MexXi1y DallpaBieHlCM 3TOH CO-.
CTaBASIIOILCH ¥ HanpaBJeHneM ocH cTpedok pasen 90°. Bpamaroomni
MOMCHT OYJICT YBCJIWUMBATBCS C POCTOM HaMallMuyCHHOCTH ofpasua
n Gymer TeM OoJbllle, 4eM MeHbIle PAaCCTOAHNE MCHKAY CHCTEMOH H
o6pa3lioM N0 CPaBHEHHIO C PaCcCTOMHHUCM MeKIY HoJdKcaMu obpasla.
Ilpu yBenuueHHH 5TOro PaccTOsTHUS 3HayeilMe FOPHM30HTAIbHOR COCTAB-
JsIo1eH -MaTHUTHOT O TToJs oO6pAa3ua VMeHBHIaeTCss I BMecTe ¢ 3THM
yMeHblIaeTcd Bpalllaloiuil MOMeNT, AeHCTBYIONL® Ha TOABUKHVIO
CHCTEMY.

Kak Mbl yKe oTMeya/]H, MarHHTHOe Tode 3eiMTh 11a acTaTHIeCKYIO
CHCTeMY He AeHCTBYeT, I03TOMY Nayaablioe NMOJI0XKelHe CTPeJoK acTa-
THYECKOI0 MarHUTOMeTpa MOXKeT OniTh NpoH3BOILIEIM. Onpepesente
HaMarHHYGHHOCTH [IPH TIOMOLIM acTaTHUCCKOTO MAarHHTOMETpa -0Cyilie-
CTBJIMIETCH HYJIEBLIM METOIOM, T. e. H3MepsieTcsT le yToa NMOBOpoTa CH-
CTCMBI, & CH.J4 TOKa BO BCTIOMOTAaTeILHON KaTyuIKe, TpH [MOMOLIM
KOTOPOT'0 JIOCTHraeTcsi BO3Bpalleliie MOABHKHOH CHCTeMBI, OTKJIOIKB-
melca noa AcHCTBHEM ToAs o0paslia, B HCXOIHoe COCTOSIIUC.

In-Ia pruc. 37 noxasaHa NpPHHLHIHATBHAS CXCMa MaTlMTOMeTpIide-
CKOH VCTaIOBKH. '

Hpemng UCM HavaTh H3MEpCHUA Jla aCTATHYECKOM MaTHUTOMerpe,
CIcoyeT yOeauThed, UTO HaMmMarHHUMBAalomlas 1 KoMileHcHpyioulas Ka-
TYLIIKN YyCTAHOBJIEHBE MPABHIBHO, T. €. 11X MarHuTHLIC NOIST B32aHMHO
KoMnencupylotest. st 3Toro B HAMATHHYNBAWUIYIO 1elb STHX KaTYIIeK
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BICIIOUAIOT TOK MaKCHMAaJdbHON BeJHYHHBI H 3aMEUAIOT OTKJOHEHHE
HOBIKHONR cHcTeMbl MargutoMerpa. Ecan 310 oTk/ioHeHUe lipeBhiliaeT
2—3 MM, TO CMECILIGHHCM KOMNEHCHDYIOLIEl KaTyIIKU JOOUBAIOTCH MO
BO3MOXKIIOCTH MHIHMMAJAbIIOTO OTKJAoHeuHsl, [Tocae 3Toro uepes karyli-
ki W, u W; nponyckaloT Tox onpeae/eHHOH BeJHYUIB], YTOOLI BEPTH-
KaJbHasli COCTaBJAKLIAg Hanps-
MKEUNoCTH  MarHuTHOro  110J4
3eMan OblL1a CKOMICHCHPOBAHA.
[as nposepku B KaTYIUKY NMOMe-
AT u3MepseMbili ofpasey
IPOU3BOAAT  pas3MarllHyUBalue
o0pasua [pH BKJIIQUCHUBIX Ka-
Tviukax W, u Wa.

Ecau nocae pasmaruuuuba-
Hds NOABHIKHAA cHCTeMa MaTHH-
TOMETpa Bo3BpauiaeTcsi B nep-
BOoHAaua.1bloe TI0J102Kellne, TO 1ia-
upasJaelnve ¥ CH/la TOKa B Ka-
tymkax W, n W, BeiGpansl npa-
BHIBHO. B OpOTUBHOM cJayuae
IIVZKHO OTKOPPeKTHUpOBaThb TOX
B Karymikax W, u W, uau usve-
HUTH ero Hanpabgenne. KoHt- Puc. 37. IlpunusnuanabHas cxeMa Mar-
pOJIb KOMIEHCAaUHH BepTHKAaAb- . HHTOMETPHYECKOH yCTAUOBKH:
Ol COCTaB/SIONIel MarHHTHOTO N --navarmmuusaolias KaTywka Mar-

3 uutoMerpa, No— xaTymka, xoropasd
no.JIs1 3eMJIH MOXKIO BHITONHHTD KOMIIeHCHpYET MefiCcTBHE HaMarHHuHBa-

TakkKe [0 Meromy, KOTOphil OUlel KaTyliKH Ha TOIBHXKHYIO CHCTe-
npeinoxen 3 padote [4]. B sTov My, Wi 1 We— KaTywku 1as KOMIeH-
caywae  uarpeBaioT  obpasell caluHu BepTHKAAbUOH  cocTaBasoUleil

v 3 semnoro moas, K;— rmepekiouaresis B
TO.IBKO B NOJ€ JCMJIH, HPH  OT- ilaMariuunBaonieft uenH, R, — peocra-
CVTCTBIIH TOKa B KaTylIKax W] i1 Thi B LENH KaTyLlek Ni u N,, A — aM-
Wg. Ecau NPpH OXJazKICHHH 0H- nepmeTtp B HaMarHUUHBaloImen uenH,
pasia B Touke Kiopu He nabmo- K. — govuencupyomas katymka, Ky—

epekaouaTes B lenu  Katymkn K.

A4eTCA POCT CTO HAMATHHHEH- Ay — aMnepMeTp B uenn KaTviukH K,
HOCTH, TO (CcHJA TOKa B KOM- Rz—peocrar B UenH KaTyLUKH K., Ki—
neicayHoniiol oOMOTKe  vcra- ka1 B renx xatvutek W, u W, Ay —
IIOoBJICILIa HpaBl’IJ]bHO. aMiepMeTp B [CHH KATVIICK W”l H Wz,

R; —- peocrat B ltenu xatymek W, H

Ilpn onpemenennH uamaris- W, D - aexndhep

yellHOCTH o6pas3lla ;151 KaKaoro
3HaueHns HaMaTHHYUBAIOWIEro MoJs TpebyeTcd NMPOBOAMTE MariHTHYIO
crabuansanuio. s 3ToH 1eJM MarHuTHoe IoJie B KaTVUIKe 1IeCKOJbKO
pa3s MeHsieTCsl MO HaNpaBJeHuIO NMPH MOMOLUHK KIKo4Ya K,. Toawko noc.e
3TOTO MOJKHO HayaTh V3MepeHH§ HaMaTHHUEHUOCTH NpPH JaHHOM 3ua-
yeHUH mo.s. JLas KazKJIoro 3l1aueHHs HaMarHHYUBAaIOUIero TNOJs W3Me-
peHHe TPOBOAAT A5 ABYX NanpaB/JeHHH U HE Mellee JBYX pas.

Jlas ToJyueHnst HaMariiMdellMOCTH o6pasuya HYMXHO OTTpaiyHpo-
BaTh acratuueckuii MarnuroMerp. ['paaynpoBka mariuuroMerpa BhITION-
HfAeTCA BCTIOMOraTCJABHOH KaTyIIxoll, KoTopas A0JKHa AaBaTh TOYHO
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TaKOe Ke pacrpeipeselve MaTHHTHOLO 110451 B IIPOCTPANCTBe, Kak h
pceaedyemublit o6pasen. Muoraa rpajlynpoBKy BLIMOJIHAIOT APYTHM CHO-
cofoM. 15 3T0TO 1IpeABaAPHTEALHO ONPEACasIOT KAKHM-1HOO TOYHLIM
MCTOAOM KPHBVIO HaMarHHUHBAHHS O0pasua, KOTOPyio 1aloT B Kaue-
CTBe 3Tajgona. IDToT obpasel, HMEIOIUI TV XKe LIy ¥ TOT xe JIMa-
MeTp, KaK M H3MepsACMBI, NOMEINAIoT B HaMarHHUNBAIOULY10 KaTyIIKY
o6pasua. [Iponycxas Tox 4Yepe3 KOMNEHCHPYIOWHIl COJCHOWA, CBOIAT
OTKAONelNe TOABHKHOMN CHCTeMLl MaTHHTOMCTIPa K HYJO, 1IPH 3TOM
QUKCHPYIOT 3HAYCHHE TOKAa NPH AAaHHOM TNOJOXKCUHH TOJBHXKHON CH-
cremul. To rpadHKy KpUBOH IaMarlUHUCHIOCTH 3TAJIOHA HAXOAAT 3la-
UeHHe laMarbHuenHoCTH [,, COOTBETCTBYMOUlee JAHHOMY MaTIIHTHOMY
noao H. navarnuuupaloleil KaTylIKH, W ONPeledsioT TIpajyHpoBoY-
Nl KO3 HUHEHT MaTIIHTOMeTpa

f— e (5.3)

ir

Has 6opmell TounOCTH CaeAYeT UPOBECTH H3MepeHMa HpH le-
CKOJIbKHX 3HaUYeHHSX TOKa. 3Hast rpaayHpoBOYNbIA Kodbhduuuent &2 n
TOK [; B KOMIENCHpYIOIleM coJenonfie, Moxno o dopmyae (5.3)
ONpeJe;THTh KPHBYIO HaMaTllHYelHOCTH HcclexyeMoro oGpaslia.

Ilpy rpaayHpoBKe acTaTHYECKOTO MATliHTOMETPa ¢ MOMOLUIBIO OIHO-
«€J0MN0A KaTyWIKH HCIOJb3YIOT, KaK [pPaBHA0, KAaTYIIKH TaKHX KC
pasmepoB, KaK H HccdeayeMblii ob6pasen. Opuako, Kak TOKa3blBacT
ONBIT, MOXKHO NPHMENATb KATYHMKH C AHAMETPOM, 3HAUHTeNbHO OT.IM-
yawomumesl or Auametpa obpasua. Ilpm rpanyupoBke MarHutoMerpa:
TPAaIYHPOBOYHYIO KATYWIKY IOMENIAIOT B HaMarliMuHBaIOLUIYI0 H TOYHO
Ha TO MeCTO, Tlc AOKEH HaXoAMThes obpasen. Ilpu mponyckanuu
‘TOKa uYepe3 rpalyHPOBOYHYIO KATYMIKY BO3NUHKAaeT MarllUTHoe To.e,
KOTOpOe OTKJIOHSNET NMOABHMKHYIO CHCTeMy MarautoMerpa. C NOMOLIBIO
COJICHOWA 3TC OTK/JOHENHe CBOJAHTCA K HYM0. [ pagvHpoBounbii
Koaphuurent k onpeteasierca no gopmy.ae

Irvw.Sp
ix

k= , (5.4)

Tae Iy, @y, Sy — cooTBETCTBERHO CHIA TOKA, UMCI0 BHTKOB H ILIOWAID
TIONCPEUHOr 0 cedeluHsT TPaAYHPOBOYHOH KATYIUKH, i) -— TOK B KOMIIEH-
CHPVIOLLEM COJIEHOHIE. i

Taxnm o6pasor, anast Zauuble KaTYIIKH, KoTOpas 3aMCHSCT oGpa-
3€l, a TaKXe€ CHJy TOKAa B HEA H B KOMICHCHPYIOWIEM COJeHOHIC,
MOKHO TaKXe ONpele/nHTh TpadyHpoBounbil Kospdunuent. Kak BHIHO
n3 bopmyawr (5.4), nas onpeacaenusi k TpedyeTcst Takke 3maTh ILIO-
Ijaldb ¥ YHCIO0 BHTKOB TPaflyHPOBOYHON KaTyLIKH.

I3 onpeneseHust KPHBOH HAMATTIHUHBAHUS HecaeAyeMoro o6pa3siia
'PaiyHpOBOYHYIO KATYIIKY BLIHHMAIOT H3 HaMaTlHuyHBAalOLIEro Cole-
‘1IoK/la 1 Ha €€ MeCTo momewalot obpascn. Kaouom K, BKI0ualoT B
katywkax Wy n W, 1ok Takoil BeauuuHni ® Takoro HanpaBJeHHS,
UTOObI BEPTHKANBHAS COCTABIAIOWIAS NANPSKEHIOCTH 3€MHOTO MO
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Obia cCKoMOenCHposana. 3aTeM IPHCTYNAlOT K PasMarnvyHBaHHwo o6-
pazna. Ecau mocne pasmarunyupanusa obpasia NoABHXKHAs CHCTEMa
MAaTHHTOMETPA BeplieTcsi B HePBOHauajJbHOE NOJOXKEelHe, TO MOXKIO
HpUCTYlUAaTh K H3MepeHHIO. B ciyuac HeBLIIOJHENHs 3TOTO YCAOBHA
pasMarnuuHBaHHe 0Opaslia cacayer NOBTOPUTH elle pas. Ilocic sroro
BRJIOYEHHEM TOKa B OOMOTKY KaTyliku N; cozjaerca neGodbluoe Mar-
HiitHoe mone H;. B pesyabraTe 2T10or0 O00paser HaMariHyMBaercs, H
NOJBHXKHAs CHCTEMa acTAaTHYeCKOro MaruuTOMETpa OTK/AOIAETCA HA
HeKoTOpbIl yroa a;. Ilpomyckasi TOK uepe3 KOMICHCHPYIOIUIHIA CoJe-
HOHJ, JOOHBAIOTCA BO3Bpalllelusi MOABHXKHONH CHCTCMBI B HyJeBOe IO-
Jd0XKellne.

3naueHne TOKa, NMpPH KOTOPOM OTKJIOHEHHe CHCTeMbl OyAeT paBuo
uydaio, usMepsiercst npuoopov Ay, 3nast paHee onpejeselible 3HaYeHHs
rpalydpoBOYHOrO Kosdduuuenta £ u Tora i, no hopmyae M==~i. na-
XOAAT BeJIMYHNY MarHHTHOro MomcHTa M; o6pasua NpH MAariHTHOM
none H,. 3areM yBeAHuHBAIOT TOK B HaMaTHHUMBAIOIEH KaTyllKe H
M3MEpAIOT MaTUUTHBIA MOMENT NpH 3HayeHHH nojas Ho.

CielyeT NOMIHTDb, YTO JJ5I TOTO YTOOB OTKJIOHENUHS NOJBHKHOM
CHCTEMBI O, Og, ... OBLIM OJIIO3HAYNLL, HeOGXOAMMO Hepel KaXKIbIM
H3MepeHHeM OCYHICCTB/IATL MAarnHTuylo cTabHAH3auMIo ofpasya InyTeM
HEOJHOKPATHOH KOMMYTallHH Toka B kartylike N;,. Onpejgenus 3Hauc-
HHC MATHHTHBLIX MOMEHTOB 00pasua lpH pasublx 3naveitusx H, MOXKHO
no Qopmy.e

7= Moo, (5.5)
vV
naiTH HaMaTHUYCHHOCTH obpasua (V — o6vem oGpasua).
Ilocse onmpeaenenns Bcell KpuBOH IaMariimyHBanHs ofpasba IO
chopumyae (1.9) upou3BOAAT mepecueT Ha HCTHHIYIO KpHBYW HaMar-
HMYHBANHS MaTepHaJa [2].

§ 3. ACTATUYECKHHW MATHHTOMETP
JJid HCCIAEQOBAHHA CIIABOMATHHTHbBIX
BEUWECTB

/Lo onpedetenusi MaTHUTHOH BOCTPHHMYHBOCTH Cjlab0MAarHHTHbIX
BCIUECTB  HCNOJB3YIOT MATHHTOMCTp, H300paKeHHLIH Ha pHc. 38.
Huts 6 acratuyeckoii cucreMbl 3 pacnodaraercs B Kopliyce 2. Kopnyc
MArHHTOMETpPA KpeuHTCsl lla TMOJACTaBKe, KOTopas HMeeT TPH ycrauo-
pounbsix Bunta 7. Mccaenyemblii ofGpasenm mnoMellaioT B KapeTkKy &,
cBOGOAHO MepeMellaloulylocs, o peiabcayM 9 NpH MOMOIWLH BHHTOB 4.
MarnuTHble acTaTHYeCKHC CHCTEMLI § VKDEIVIAIOT B CTepPXKIIC ¢ KOHY-
COM, KOTOPLIH TO3BOJASCT appeTHPOBATL ULOJBHXKHYIO CHCTEMY BHi-
toM 5. Hutb nojgmeca »ecTko KpPenuTcs K ToJCBKe / MarHHTOMeTpa.
Bepxusis uwacts /0 3TOWl TOJOBKM JaeT BO3MOXHOCTh IlcpeMellarh
acTaTVyecKylo CHCTeMY B BepTHKaJjdbHOe Hanpasdenue. LJas NoBopora
noJBeca HCMOab3YIOT HHKIIOW Yactb TonoBky 1. TlonoxKenue noaseca
onpejelsercss ¢ MOMONIBIO MHKDOMETPHUECKOTO BHHTA., ¥YroJ [oBOpOTa
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Puc. 38. Paspes acratuiecKoro MarmuToMeTpa 1.8 1CC1eI0BaHHs
C1a60MATHUTHLIX  TeJ:
! —-roioBKa, 2--Kopmyc, §— actatiuecKas CHCTeMa, 4 i 5 — BHHTLHL,
4 — uHTh, 7 — ycTanoBodnLle BHUTH, 8 -— KapeTka, 9 - peischl, 10—
BepXIAA YacTh TOJI0BKH, /] -— HUKHSIA 4acTh TOJOBKM, [2 — fOHHYC



ACTATHUYCCKOH CUCTEMBl OTCUMTBHIBaeTcs KoanumatopoMm. Houuve 12
HCroab3yeTes JJA ONnpeleselins] pacCTOSHHA MeXAy o0pasuov u mMar-
HUTHOH CHCTEMOM.

Ilpexae yem HayaTb H3MEPCHHS MATTIHTIION BOCIPHHMYHMBOCTH,
HY’K1l0 MPAaBHJIBHO NMOCTaBHTL MATHHTOMETP, a 3aTeM INpOBEeCTH IOCTH-
poBKy npHGopa. MarHHTOMeTp 3aKpefIslioT Ha KpolIlTeliHe TaK, YTO0bI
0Cb KOJIHMAaTopa cOBIaja C HanpaB/JeHHeM MArHHTIOTO MepuAuaHa
3emau. Ilocae sToro ycTanoBounbiMH BHHTaMH 7 JOOHBAlOTCsl CTPOTO
BEePTHKAJbHOTO [OJOMKEHHSI TpyObl HonBeca. 3aTeM NOABHMKHYIO CH-
cTeMy OCBOGOXKJAIOT OT appeTupa. AMMY/Iy ¢ 0o0pasLoOM NMOMELAiOT
IIPOTHB LEHTpa OCH BepXHero MariuTa H B OJHOH IJIOCKOCTH C HHM.
Tlocsie Toro Kak MargHTHas CHCTEMAa YCTAaHOB/eHa HA HYXKHOH BLHICOTE
C TIOMOILBIO TONOBKHM [I, OCH MarHMTa M KOJJHMATOpa COBMCIIAIOT,
Hab/ao1as depe3 OKOLIEUKO MAarUHTOMeTpa.

IlenTpHpoBKa MarHHTHOM CHCTEMBI OTHOCHTCABHO KOpPMyCca MarHHTO-
MeTpa olpejledsieTcs 110 MOJNOXKEHHIO IUKaJL ¢ ce oTpaxenweM. Ilpm
MOMOIIH YCTANOBOYNELIX BHNHTOB 7 W3MeHsercs oTpajkeHue IIKajw IO
BbicoTe. Ilocae 3Toro caedycr HpoBepuThb KapeTky 8 Ha TpPHCYTCTBHE
B HeH MaruHTHBIX 3arpASHEHHH, IJIst yero ona NepeMellaeTcss MO UIHue
Jo nyJeporo mogoxenHa. B ciaywae HagHuHMs OTKJIOHEHHS CHCTEMbl
HYXKHO TILATEJBHO NPOYHUCTHTb BCe TMOABHXKHLIE uacTH npubopa. Lcau
Bce-TakKu Oyier 3aMeuaTbCs OTKJAOHEHHE IIOJABHXKHOH CHCTeMLl Marliu-
TOMETpPA NIpH NMepeMelllellHH KapeTKH, TO CAeAYeT ONpEeIeNnTh LI0NpaBKy
M B JajILHCHMEM yYHTBIBATh €€ NPH H3MEPEHHH.

AGcomoTHYIO TpaJyHpPOBKY MAarHWTOMeTpa NPOBOASIT C HOMOILBIO
TpadyHPOBOYHLIX KaTyIileK. [Ipi OTHOCHTEIBIOA rpaiyHpOBKE HCIOb-
3YIOTCA MapaMarHHTHBIE COJH C H3BECTUOH BOCHPHHMYHBOCTbIO. ['pa-
AVHPOBOUIIbIE KAaTYIUKH [IOMeIaloT B 06oiMax Tak, UTOOLI OTKJIOHCHHE
NOABHXKIOH CHCTEMBI MarnutoMerpa 6biio 66 B TY K€ CTOPOHY, KAK
H OTKJOHeuHe ee Ioj JAedcTBHEM HccaeayeMoro obpasua. ¥CTaHOBHB
ofe KapeTkd B uyjeBoe II0A0XKCHHE, IOBOPOTOM Tod0BkH I] cMellalorT
oTpaxeHHe 1IKaJ bl BJAEBO, IIOKA Kpafinee HpaBoe JCJeHHe OTparkeHHs
He coBmagaet ¢ 1b—-17-y JejeHuem IIKajpl. 3aTeM ¢ NCMOILbIO peo-
CTaTOB yCTaHaBAHBalOT TOK cwiaoil 0,1—0,3 ata, uToOB MOJIYUUTH TO
iKaje otkiaoHenne Ha 60—70 genenuii. ITocTe atoro KapeTku BMeCTe
C TpaXyHpOBOYHLIMHM KaTyUIKAMH llepeMelllaloT BAOdbL LIHH H 4Yepes
KaykJLIT MWITHMETp OTMEYaloT OTKJIounenus nmo mkase. OTkJoHenie
H3MepsIIoT Ha TeX TOuKaxX IIHIH [, 118 KOTOPBIX B MachopTe npubopa
MMeIOTCsI 3Hayendsi Marnuraoro nodad. Jlas onpegefeHHss IEHBl Jefe-
HHs OTRJOHEIUS MUCITOdb3yeTcs clefylolias Gopmyaa:

b= — (5.6)
"WCHopm

rie C— ko> dHLNEHT, [ — CHIa TOKa B IpagyHpOBOYHDLIX KATYIIKAX,

W —YUCJ0 BHTKOB Ha enmmuy AJAHHLI KaTYUIKH, H—uanpsm(ennom"b

MATHHTHOTO TOJS CHCTCMBI M Oy — OTKJIOHEHHE IO IUKaJe INpH CHJIE

TOKa | uepe3 rpalyMpOBOYNYI0 KATYIIKY M IIPH JaHHOM 3HaucHHH [
I/ISMEPGHI/IH MATHHTHOH BOCNIPpHHMYHBOCTH C NMOMOULBK 3TOrQ Mar-
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[IUTOMCTpPA OCYIIECTBIAITCA 11a MOPOIUKOOGpasHEIX oOpaslax BecoM
5 —10 2. UccaeayeMmuli o0pasell N1OMEUIAIOT B aMOyJay Ha OJNHHAKOBOM
paccrosinuu (/=10—1b genenuit) or MOABHXHEIX MariHTOB, IPH 3TOM
(duKcHpyercst OTKJouneHHe o no wkage. Ecan 3To OTKJIoHeHHEe OT Hy-
JIEBOTO MOJIOXKelus: He Ha6JIofaercs, To aMmilyjy ¢ o6pasuoM NpHOIH-
KaIOT K MarHuTaM, IokKa He MOSIBATCS 3aMeTHOro OTKJIoHenHs. Bbluuc-
Jenne  yjeJdbUOl  MarHHTIION BOCIPHHMYHMBOCTH TPOM3BOIHMTCA 10
thopMyae

L=k, (5.7)

rae R —rpaayupoBounblii Ko3(Q@HUHEHT IAS AAHHOH TOYKH IIHMHBL,
V —o6bem odpasna, P — sec o6pasua.

B cayuae, ecan HccaepveMblii o6paser uMeer GO.JbIIYIO MarHuT-
HYIO BOCTPHHMYHBOCTD, H3MEPEHHE MOXHO NPOBOIHTL nY.IeBLIM METO-
IO0M, A5 UCrO NMPHMEHSIOT KOMIICHCAIIHOIIHYIO KaTYIIKY. STy KaTylKy
noMewawT B 0aHy 06oiMy, a amMnyay c¢ obOpasuom — B Apyrywo. Pac- -
noJjaralTcss OHH Ha OJHHAKOBOM paccTOsiHHE of MOABHMKIIEIX MarHu-
ToB. [lpeaBapHTesablio OTMEUAIOT HYJAeBOe MOJOXKEIHE @y MO LIKaJe,
Korjaa B ofoiMax ier Hi ofpasla, HH rpadyHpoBOYNOi KaTymKH., 3a-
TeM BCTaABJAKT ofpasel M KaTymKy B oGOAMBI 11 IpH MOMOLLH TOKa i
ycpes KaTyIIKY BO3BpalllaloT CHCTCMy OMATL B HYJEBOE IOJ0XKeHHe.
Hast pacyetra yaeabloidl BOCTIPHHMYHBOCTH NpHMenstlor GopMy.ay

wV .
%= W il. (5.8)

Ilpu momomM 3TOro MarHHTOMETpa MOXKHO TaKXKe H3MepATb ocTa-
TOYHYI0 HaMarlllHYCHHOCTb CHJBHOMATUIHTHEIX Ted, AJS dero MarHHTo-
MeTp goJxkell 6bITL NpeABapPHTENbLHO IPOrPaAyHpPOBaH.

PaccMoTpenHbli HaMH MarHHTOMETp Halle [OKa HIHPOKOe IIpHMe-
HEIlHe TQJIbKO MpPH HCCAe[JOBAaHHH MAaTHHTHBLIX CBOHCTB TOpHBIX IIo-
pod {3, 6]. OnHako on MoeT ObITb IPHMENCH TaKXKe ¢ yCHEXOM A1
H3yYelHs APYIHX c1ab0MariHTUBIX BellecTB.

CylleCTBCHHLIM HeJOCTAaTKOM MarlHTOMCTpa sIBJASETCS TO, YTO KO-
CTPYKUHS NpHGOpa He MO3BOJSIET IPOBOAHTbL HCCJAENOBAHHsI MarHHT-
HBIX CBOHCTB IIPH pas3aHYIIbBIX TeMNepaTypax.

§ 4. BABPALLHOHHBIN MATHHTOMETP

Ao M3MepeHHs MaTUHTHBIX CBOMCTB (DCPPOMATHHTHLIX H chaaGo-
MATHHTHLIX BeIIECTB MOKIIO HCIOAB30BaThb BHOPAIHOHNEIL MalCHHTO-
METP, KOHCTPYKLHsI KOTOporo 6bina mpefgsioxena B pabote [8].

Ila puc. 39 mokaszaHo cxeMaTHYeCKoe YCTPOHCTBO BHOpaHHOUIOLO
MariuToMeTpa H NMpHILHNHAJAbLHAY CXeMa YCTAHOBKH, pa3paboTaHHble
Ha dr3udeckom Qaxyaprere MI'Y Tankunoit 1 MapkosbM.

Hccnenyemulit oGpa3sen; / u MOCTOSHHDBIA MarHuT 2 YKpelJIEHH Ha
TOHKOM CTepiKHe 3, KOTOpbHi coefyHeHn ¢ BUOPAHHOHHOH CHCTCMOH H
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MOXKET KoJ1e6aThCst ¢ ONpeJenentiof yacToroll, nanpumep 79 ey, mnep-
NCHIHKYJISPHO MarnnTHOMY [OJI0, CO3JaBaeMOMy 3IJCKTPOMATHHTOM 4.
Has ycunenus 4 cpaBHeNMsl CHIIIAJOB, 1OAydaeMbIX OT 06pa3la ¥ 1o-
CTOSTHHOTO MariHTa, HMECTCA PamHOTEXNHYecKas cxeMa.

ITpu KosieGanuu MOCTOSHINOIO MATHHTa H o0pasua, 1axoAsLierocs
B MariuTHOM H0JC 3JCKTPOMAariuTa, B H3MepUTeNblbIX KATYHIKAaX BO3-

i) /@
—L— 73 4
4 i
@/ |
@ )
O
7 i I 72
7 4
s 4

Puc, 39. Cxema BuOpalHONNOro MarHHTOMETDa M cro 3JCKTPHUCCKas cXcma:
I —wuccaeayembiii obpasell, 2 — NOCTOSHILIK Marnut, J— CTepKeHb, 4 — ajex-
TPOMATHHT, 5 H 6 — H3MCPHTEJbHBle KaTyiukd, 7 # &8 — ycuaureny, 9 — aso-
. Bpaulareas, I0— cymmMarop, I/ — KaToOJIHLIt MOBTOpHTedb, /2 — HHJIHKATOP, I3 -—
TelepaTop 3BYKOBON wacTOThl, [4 — 610K mnuTanusa, J5 — JaTyuubfl aHcK, 16—
ANAaMHK, [7 — maacTMaccoBbiM JHCK, [J8 — Bpawaomuiics Auck, 9 — BUTHL,
20 u 21 — narpeBaTespHble cuupaas, 22— cTekaaunnly craxay, 23 — Iploap
C KHJIKHM TeaeM, 24 — Jbloap C XKHIKHM a30TOM

GyxaaoTes 3. 1. ¢, M3MepHuTeablible KaTyIUKH & OPHEUTHPYIOTCH CBOH-
MH OCSIMH IllapaJijieIbHO HANpPABACHHIO KoJcGaHHs M COeAMHAITCA 110-
caegoBartenbHo. YroOGbl HaBoAHMMAs B KAaTYHMIKaX 5 3. 1. C. 1le @buia
_IYBCTBHTEJIbNA K _WAMEHEHMIO MOJ0XKeHHs 0Gpa3ua, NpOBOAAT CAeayio-
Wvio_oncpauuo, BHauade 0ofpazel DacUONATAIOT. HDHOJUIMIEIbHO
MEXIY KATYIIKAMH & H HaMaTHHUMBAIOT IIOCTOSINHBIM I0JeM 0 HACDhl-
wenus. Ilocse 3Toro, Bpallas KaTYIIKH OKOJI0 OCH 2 AoOHBaloTcsl Mo-
JyUelnyds MaKCHMA.IblIOTO 3HAueHus 3.J.C. l1a BbIX0j€, a lepewvelie-

HHEM KaTyIIeK B HAaNpaBJeHHH OCH X MHHHMAaJbIIOTO CHrhnala.
B TakoM COCTOSIIHHM MAarHHTOMETp OKa3blBaJjCsd HeUyBCTBHTEILIBIM
K HEOOJbIIHM J3MCHCHHAM Iojdoxenus obpasua. Takuv XKe o6pa3oM
YCTAaHaBJHBAIOT N0 OTHOMIEHHIO K MOCTOSIHHOMY MAarHHTy 2 KaTymky 6.

Hampsxeune, nponopiHoHalibHoe MarHHTHOMY MoMmenty obpa3sua,
1IOCTYNAeT C H3MEPHTENbHBIX KaTyLICK & Ha BXOJA YCHJAUTCIds 8, KOTO-
piff mpeInasnayen sl YCHJAEHHA neGoabliux curuagos. OH HMeeT
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60JAbWIOH KO3(PDHUIHEHT YCHJACHHS H Majble COOGCTBEHHBIE LUIYMbI,
C ycuautenst cHrHaJ nojaercs ua cymmatop /0, na KOTOpLIi TakKke
MOCTYMAeT CHUTHaJ OT KaTyuwek 6. B aTHx KaTymkax BO3HHKaeT Ha-
NpsDKEHHe, HPOMOPHHOHANBHOE MArHHTHOMY MOMEHTY MOCTOAHIOIO
MarHHTa, KOTOpOe 3aTeM YCHJIHBAeTcsA yCHJuTeleM 7 W MOCTyIaeT Ha
drazoBpaniatTedas 9 M paccorjacOBBLIBAHHS €ro M0 daize OTHOCHTEIb-
HO CHTHaJa, NoJy4aeMoro ot obpasua. 3aTeM CHIHA, paBHbil pasHO-
CTH CHTHAJOB OT H3MepseMoro o6pasua M MOCTOSHHOTO MarHiTa, yepes
KaToublH nopropureab /1 MocTynaer Ha Huukatoploe ycrpoiictBo 12
(ocuuagaorpad HIM JaMNOBHE BOJAbTMeTp). BubGpauuounas cucrema,
YKpCILIeHHast Ha JHcKe /5, cOCTOMT M3 AMHaMHKa I6, K KoTopoMmy TIpH-
KIEHBAIOT maacTMaccoBulil guck /7, coeauHennblii co crepxuem 3. Ju-
HaMHK NHTaercst OT reiepaTtopa 3BYKoBofi wactorsl /3. Ila aucke 16
MoMcIlleH BTOpoH Bpamtaomuiics AUcK I8, mpH LOMOUIM KOTOPOTO Ka-
TYIWKH 6 MOIYT llepeMewwaTthbcs o AuaMeTpy Aucka I5.

BuGpansonnblii MarHuTOMeTp MO3BOJSET NPOH3BOAHTL HCCICAOBA-
HHE MaTIHTHBLIX CBOHCTB B 3aBHCHMOCTH OT HAIpPAXEHUOCTH MAarHHT-
LOTO MO H TeMIepaTyphl. . '

Jlost mpoBeienusa W3MepeHHH HpH pasjUUHLIX TeMIepaTypax Hcce-
Adyemblil obpa3sel NOMELIAIOT B HATPEBATENBHYIO NeYb HAM B KPHOTeH-
noe ycrpoicrso. [IpeaBaputennsio NpoBORUTCA TpaiyHPOBKa MAarHHUTO-
MeTpa No ofpasilaM ¢ H3BECTHBIMH MArHUTHLIMH CBOHCTBaMH.

OuucaHHBl MarmuTOMeTp MoXKeT OBbITh TaKKe HCMOJAb30BaH T
H3VYeHHS MaTHHTIBIX CBOHCTB MOMOKPHCTA/NIHYCCKHX OOpasloB.

B apyrow mozo6uov Maruutomerpe [10, 11] B KoneGauue HpHBO-
Auacs He ofpaser], a H3MepHTCIbHAsT KATyIIKa, KOTOPYIO pacloJaraiii
B JIBYX calltuMerpax OT obGpasua. Takas KOncTpyKuHs 3HaYHTCIbLHO
of.1eryajga MpoBelende HCCACAOBAHHSA IIpH pasfHullBIX TeMnepaTypax
M ZaBaenusik. /Ll 1enpeprlBHON 3alHCH pe3y.abTaTOB H3MepeHHs INpH-
Melaaun caMonuceu. Ilpubop paGoTaeT ycTOHUHBO M Jaer BO3MOXK-
HOCTDL H3MEepsITh HaMarhHuemiocTb ¢ TodHoctbio Ao 1%. Bubpanuon-
HBIIT MarHHTOMCTP ONHKCHIBaeTCs TaKke B padorax [9, 12].

§ 5. ACTATHYECKHH MATHHTOMETP C JIBYMS
KATYHIKAMH

B paccMOTpeHHBIX HaMH Bbllle MATHHTOMETPAX MOABHIKHAS CHCTEMa

.COCTOSI;IAa M3 HeGOJBIIHX MAriHTOB (CTPesaok). 3ITH MarHHTOMETphl

HCHOIb3YIOT TVIABHBIM O0PAa30M NMPH HCCAETOBAHHM MATHHTHBIX CBOHCTB
B MOCTOSIHHLIX MarHHTHBIX MOJISX.

OT.JIHYHTCABHON OCOGEHHOCTBIO AanHOro Mammomerpa ABJIsAETCA
TO, 4TO aCTAaTHYeCKasi CHCTeMa €ro COCTOMT H3 ABYX KATYIUEK, KOTO-
pEle MOMEMIATCA B HAMATHHUHBAIOMHE coqaedona [13]. TTpuHuHnHANb-
Hasl cxeMa MaTHUTOMeTpa loKa3aHa Ha pHc. 40. ACTaTHYeCKYIO CHCTEMY
BHINOIUAIOT H3 alIOMHIHEBOH paMKH, K KOTOPOH MPHKpeNAsioT IBe
katviikd AK. Tok mogBoasiT K KaTylmKaM ycpe3 Meilbic JIeNTH H TOH-
KHe criipasH ot 6atapen b. Cuia TOka, nponyckaeMoro 4epes oOMOT-
KH, BapbHpyeTcsl B 3aBHCHMOCTH OT BeJHYHHB MAariuTHOTO MOMEHTA
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peedacayeMoro ofpasia. B GoabliniicTRe C/lydYaeB H3MCPCHHS NPOBOLAT
npu Toke 2,6-10~* a. Bec noasuxnoit cucreMb pasuserca 140 e. Ile-
pHOI cBOGOANBIX KoJeBanuil B HeaeMu(HPOBAHHOM COCTOSIHHH COCTaB-
aaer 7,5 cex. JleMndupoBanie CHCTEMLI OCYIIECTBJSETCS MPH NTOMOHIH
mMexanuueckoro gemndepa. s 3ToHl ey HCMOAb3YIOT HEOOJBIIYIO
J0NAacTh, ONYHICHHYIO B COCYJ, HaNOJHCHHDBIH KHAKOCTLIO (CMeCh BOLDI
¢ T.THHEPHHOM).

IIpu uaMEpCHHH MOXHO HMCMOJb30BaTh o6pasen O B BHAE 3.1
COHI0B BpallCHHS MJaH LHAWHApHYecKoli ¢opmu. Hccaeayemumii o6pa-
3Ll BMeCTe C HOABHXKIOH CHCTCMOH
MOMeIIal0T B HAaMarHWYuBaIOWHH - o _ °
conenonn, HC. Taxoe pacnonoxe- r o
uHe ob6pasua He TpebyeT KoMmIei-
callM¥ MAarHHTHOTO MOJAs  3TOrO
COJCHOHIA APYTHM TaKHM JKeC cojde- g
HougoMm. Ofpasen OpPHCHTHDPYOT
napanfenbio OTHOCHTCALHO HHTH T
MoABECa cHCTEMBI, MPH 3TOM KOHLDI
of6pa3na HaxoAfATC Ha 0XHOM
ypoBHe ¢ KaTyIIKaMH, Ycpe3 KOTO-
pble TPOMYCKAKT IOCTOSHHLIA TOK.
Kaxnas xatymka wumecr 90—100 .
BHTKOB MeIHOH MPOBOJOKH TOJILH- L
not 0,0b mm. O6paseun n acraTHye-
CKasl cHCTeMa HaxoAATcsi APYyr OT
Ipyra Ha HeBGoablIONM DPAaCCTOSHHH
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Puc. 40. [Ipusunn#aipyas cxeMa
acTaTHYeCKOro MarHHTOMeTpa ¢

(=4 cm). To 3HAYHTEILHO TOBBI- JIBYMA KaTYIUKaMH:
raeT YyBCTBHTEJIbHOCTL npubopa. AK — acratHueckas cHcreMa, CO-
Acratuyeckas cuHcCTeMa 3TOro Mar- ;;Fgmu?{f;wa?iansg’émngaﬂ’c‘ggv
HHUTOMETpA Fopoqe, yeM y ApYTHX, HOMIL, ‘Br — GanTHCTHYECKHE
MO3TOMY AeHCTBHE ITapa3HTHLIX I10- raabsanoMetp, W — HaMepHTElIL-
Jed Ha Hee CHJIbHO YMEHBIIEHO, nas obMoTka, B — 6atapes

4T0 JesJaeT CTalGHILHBIM HyJeBoe
no.oxenue npu6opa. Ha wmarumtomerpe Moo TIPOBOAHTB OTHOCH-
TeJbHble H3MEpPEeHHsI, Pe3y,IbTaThl KOTOPHIX CPpaBHMBAIOT ¢ OalaHCcTHYe-
CKHMH H3MepeHHaMH. JLast aToro Ha ofpascl HAMaTLIBAKOT H3MepH-
TeAbHYI0 06MOTKY W M Hcmosib3yioT GadsMCTHUYCCKHI TadbBaHOMeTD.
Hecnegosanie nokasano, yto Ga/JIMCTHYECKHE W3MEDEHHS COBMAIAOT
_C MarpuToMeTpnueckuMu. HacTOSIUIHE MargdTOMETp MOXKHO TakkKe
CllOJb30BaTh AJS ONpPCACJEeHHs TOTepb B INEePCMCHHBIX MATHHTHBIX
NA@AX MPOMBILJIENHOH YaCTOTHL.

B smaruutomerpe {14] nns onpesaesenus MarHMTHBIX CBOUCTB rop-
HBIX MOpPOJX Mapy KaTrylulek ['egbMrofbua NOABEIIHBAKT Ha KpyTHJb-
HOIl HUTH, OpPHEHTHPOBANNION NepNeHTHKYAAPHO K OCH KaTyluek. Mccae-
ayemuli ofpa3sell MOMeEMAaT B NMPOCTPAaHCTBE, e KATYIUKH C€0371a10T
OJHOPOAHOE MAaTHHTHOE Moae. EcaH yepe3 BHCANIHe KaTYWKH NMpOIy-
CTHTb TOK, TO BO3HHKHET BpalllaloNiHil MOMEHT, KOTOpEIH ToOBeplieT
MOABHXKHYI0 CHCTEMY Ha HEKOTOPHI Yyros. 3Hasi MOCTOANHYIO KPyueHHs
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HHTH, yTOJ NOBOPOTa M BeJIHUHNY H 11075 KaTyllek, Moo olpere-
JHTb COCTaBJAIOMIYIO MAarllUTHOr0 MOMeHTa o6pasna, HalpaBlenHyio
BJ10/1b OHOM H3 TPeX B3aHMHO MePUCHIHKYJAPUDbIX OCek.

Urobul u3bexatb HeHCTBHA MAaTIUTHOTO IoJds 3eMAH Ha HOJBHXK-
HYI0 CHCTeMY, Ha TOM JKC NoOJiBece HAXOAMTCS Apyrasi mapa Karyllex,
OCH KOTOPBIX pacCloJOkKelnl Mapasilebio OCAM OCHOBHBIX KaTyIUek.
UyBCTBHTENBIOCTL MaruuToMerpa gocturaer 5-10~% ma/cm® na 1 mm
IIKaJb], €CJAH Yepes KaTYLIKH [poMyckaercd TOK cunod B 15 ma, a Ha-
IPSIKEHHOCTb MarHHTHOrO Ioas paBua 12 a/u.

MarHuuTomMeTp BHICOKO# UYYBCTBHTENBHOCTH, MO3BOJASIONIMI H3yuartb
npesBpallcHe B (eppoOMAarHMTHBIX MaTepHajax, onucan B paGore {3].
OcCuoBHOH YacTbi0 MPHOOpA ABJASETCS ABOHHON MATHHT, BBIMOJHENHBIH
U3 KeJIe3HLIX CepledHHKOB, KOoTopble nMeloT E-06pasHyio ¢popmy. B or-
BEDCTHH CpeAHel yacTH CEpAcUHHKa BpalllaeTcsl HKOpPb TleHeparopa,
3. A. ¢. KOTopoH Ge3 ofpasua pasua nytio. C H3MeHenHEeM MarHHTHOTO
CocTofillus 0Opasua, NOMEelLIeHHOTO B BO3JAYIUHOM 3a3ope Kpadnux Ie-
peMbLIYeK CepleuHHKa, MelsieTcss H 3. 1. ¢. Teneparopa. MarsutoMerp
1103BOJISIET ABTOMATUUCCKH PCTHCTPHPOPATb pe3ydbTaThi  H3MepeHHs
C NIOMONLBIO ocuuJIorpada.
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FJIABA IMECTA4

METOABblI HCCJIENJOBAHUA
®EPPOMATHHUTHBIX BEWLECTB
NMPH HACBIMIEHHH

§ 1. UHIYKIITHOHHBIA METOL BEHCCA
U POPPEPA

Cyuwnocts mMetoga Beficca n ©oppepa cocTouT B TOM, 4TO HCCHe-
fyeMbill (peppoMaruHTHEIN o6pasell, HaXoAdIIHicad B MarHUTHOM TOJe€,
OBICTPO yJAaJdseTcs M3 CHCTeMDI KaTyIUeK, COeIHHEHHBIX ¢ GasJHCTH-
yeckuM ransBaHoMmerpom [10, 11]. Cxema ycTaHOBKH, KoTOpasi MpHMe-
Hajach Beificcom n Qoppepom, usobpaxkena Ha puc. 4l. Ynanenue
ob6pasna O, uMermero (GopMy 3JJHICOHAA BpalleHHsl, HPOH3BOLHUTCA
¢ MOMOIIBIO CHELHANbIIOTO MEXaHM3Ma, COCTOsIIero H3 pblyara ¢ mpy-
JKHHOH, KOTOpast HaxXxOJAUTCS llepel H3MEpeHHeM B CXKATOM COCTOSIHHH.
Odpasen noMemaloT B LEHTPe MeXNy INOJI0CAMH 3JeKTpPOMaruuta H
H3MeDHTeIbHBIMH KaTyIIKaMu. B TOM ciydae, eciu HYKHO ONpelNeNHTDb
TeMNepaTyPHYI 3aBHCHMOCTb HaMarHHYEHHOCTH HacbllleHus, oGpasen
BCTaBJASKOT B Ieub WaH B cocyd JIbroapa. 3axpenasiior obpasern na
. KoHUle cTepxns P nmpu nomolx 3axnMa R, H3rOTOBJEHHOI'O U3 Hedep-

POMarnuTHOIO MaTepHaJja.

MarnutHoe nose cosjlaeT 3JeKTPOMATHHT, HAMETpP MOJIOCOB KOTO-
poro pased 19,5 ca. [Tostocnble HAKOHEUHHKH HMEIOT KOHYCOOGpasnyio
dopmy. Ha 3Ty nakoHeuHHKH nafieBaloTcst ABe naphl Katywek K u K,
coeanHeHHble Berpedno. OGMOTKH BHYTPEHIHX KaTyileK HaMaTbhIBaoTCH
H3 MeIHOH npoBoJokH ToaulkHON 0,2 MM ¥ uMeloT oxkono 600 BHTKOB,
O6MOTKH BHELUHHX KaTyLHCK—200 BuTKOB, IlpoH3Benela uucaa BHT-
KOB Ha HX IJIOmanb JOJKHB GBITh PaBHel, TOrAa Oes o6pasna  nQ-
TO}\PI CI[eN/IeHHsl KaTylleK OYAyT OAMHAKOBH Mexay co6on. ITocaenmo-
BATEABHO ¢ KarylikaMu Ki U K; BRIIOUAGTCA KOMIEHCAIlHOHHAS Ka-
TYIIKa, KOTOpas MOXET JIeTKO BpallaThcs BOKPYT FOPH3OHTANbHON OCH.
JTa KaTymKa NO3BOJAET MOANOCTBIO JHKBHIHPOBATH CJyyaiiHoe OT-
KJOHellHe ralbBalloMeTpa, CBsi3aHHOE € H3MeHenueM MOJsS 3JEeKTPo-
mardiuTta. Ecau uccaemyeMblii obpa3sell NOMECTHTb B [OJe, a 3aTeM
OpicTpd yAadHTL H3 HEro, TO NOSIBUTCA OTKJIOHEHHEe paMKH TajbBaHO-
Merpa. Has BbMUC/AeHHS HaMarHHYENHOCTH IOJIb3VIOTCS (bopmynamu
(1.2) u (4.23). Ilpu 3TOM caexyer yyecTb pa3MarHHUHBAIOLIMH (hak-

4*
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TOp o6pasua, a Takxme JefCTBHE <«MACHMTHOIO H300pamenus». I[lo-
NpaBKa Ha 3TO JIEHCTBHC TPH BbICOKHX MOJIAX JOCTHTACT 3HAYHTCIbHBIX
peauund. B meronae Beficca n ®oppepa sra ronpaska onpejeacTes
MPH NOMOWIM KATYIIKM C GOJNDLIIMM YUCJIOM BHMTKOB, 00DbeM KOTOPOil
paeeHd o0beMy HcciaenyemMoro o6pasua. Merox Beiicca u ®oppepa naer
BO3MOXKHOCThL H3MepsiTh Hawvar-
HHYEHHOCTbL C TOYHOCTHIO A0 19%.
HMceacnoranus  MoXHO npoBo-
AMTb B IIMPOKOM TeMMepaTtyp-
HOM uHTepBase ot 77 go 700°K
NpH pPa3/IMYHbIX 3HAYEHHSX HA-
NPSAKEHHOCTH MATHUTHOTO MOJIA.

Henocratkom 3TOro Mertona
fIBJSETCA Ne0OXOHAUMOCThL YYUTLI-
BaTb ACHCTBUC «MATHHTHOTO H30-
6paxkeHusi». Kpove Toro, Hegbast
BCCTH naMepelus B 0612CTH Bbi-
COKHX TeMIepaTyp, TdK KaK Ka-
ryinku K; u Ky HaYHHAOT CHADL-
HO HarpeBatbes. JIaHHLI MeTol
HccacAoBaHHs (GeppoMarHHTHBIX
BEIIECTB INOJABEPTaCcA HEOAHO-
KPaTHOMY M3MeleHHIO H YCOBep-
HIEHCTBOBANHIO,

IMoreus [12] ncnoap3osan me-
tol Beficca u Poppepa aaa us-
MepeHHH CIIOHTAHHOH HaMariu-
yeHHOCTH (eppuToB. B ero ycra-
HOBKC TIPM NMOMOINM 3JeKTpoMar-

Puc. 41. Cxema ycTanoBkn Beficca HHT4 CO3[AaBa/JINCh MATHHTHbLe
u Doppepa noJs HaTpAXKEHIOCThIO  JI0
1,6-10% a/x. DtoT 3seKTpOMAr-
HHT HMeJ BAOAb OCH IOJI0COB IMAHNAPHYECKHHA KaHa/, B KOTOPHIH no-
MeIllal1y Oarpoil ¢ HccacayeMblM ofpasnoM. MexaHusM Jas BbiBoZa
obGpasua H3roToBAsACA M3 JaTyHU H HHUXpoMa. OOMOTKH HHAYKLHORHBIX
KaTyllek HaMaTbiBaJdKuCh U3 MeJHOH NMPOBOJOKH H HMeIN pasHoe YHCIO
BUTKOB: BuyTpeHHHe—3400 (amamerp 0,15 Mu) u Buemnue—I1160 Bur-
KoB (zmamerp 0,3 mm). I'paaynpoBKa Lemu KATYUIKH BHINOJHAIACH,
Kak M B ycranoBke Beficca u Poppepa, npyu nomouin HebGo/AbIION Ka-
TYIUKH, Pa3Mepbl KOTOPOH GbiM TOYHO H3BECTHBI. ITY KAaTyUIKY TIOMe-
1ajiy B HeHTpe 3a3opa Ha MecTe oOpasua. Yepes KaTyIIKy, OXaaxaae-
MY BOJOH W/IH KEepPOCHHOM, TPONYCKaJdH NOCTOSHHBIA TOK, KOTODBIH
H3MepAJH aMllepMeTPOM BHICOKOTO Kaacca TtouHoctH. IlompaBky Ha
«MarHHTHOe H300paXKeHHe» ONpele/sin C NOMOINbID TpeX KaTyilek
IaHHOM 9 MM co cpeauuM auamerpoM 1,6; 2,6 u 4,8 mm. Hccaegosa-
Hus, npoBeJeHHble [loTeH3, TO3BOMIHIN ONpefedHTb TeMIepaTypHBbI
XOJ CMOHTAHHOH HaMarHHYEHHOCTH A HeKoTopux (HeppHTOB M MNpo-
BepHTb TeopHio Heena s gaHHOTO Kaacca deppomarHeTHkos {131
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