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BBepeHue

Ve Oonee mnomycToneTuss Teopus HIECKTPOMATHUTHOIO IO
U3JIaraeTcs Kak Cyryoo MareMaTH4ecKas TEeOpHus, Majo CBS3aHHas C
bu3MUeCKUMH TIPOIECCaMH, KOTOPBIE JIeKaT B €€ ocHoBe. IlpuumHOif
ATOrO SIBJISIETCA OE30CHOBATENILHOE TOCIOJCTBO B COBPEMEHHON HayKe
CrnenuaabHOM TEOPUU OTHOCUTEIIBHOCTUA A. DWHINTEHA.

Mexny tem, Teopus 3J€KTpOMArHUTHOTO MOJIsA ObUIa pazpaboTaHa
Ha OCHOBe cQopMmynupoBaHHOM emie B cepeauHe XIX cronerus
KOHIICTIIIUM, COTJIACHO KOTOPOMl 3JEKTPOMArHUTHBIM (Ha MaKpOYPOBHE)
ABJICHUSIM Ha OoJee TIyOMHHOM YpOBHE (MHUKPOYPOBHE) OpraHU3allUu
MaTE€pUU OTBEYAIOT MEXAHWYECKHE SIBJICHHUS - MEPEHOC MATEPUAIbHBIX
macc. ABtop Teopum osmekrpomarnutHoro mnons Jhx. K. Makcsen
OPEACTABISAT JJIEKTPOMArHUTHBIE SIBJICHUS KaK HEKOTOPbIE BUXPEBBIE
IPOILIECCHI, KOTOPBIE MPOTEKAIOT B 3(pUpe - cpeie, KOTOpast 3amOIHIET BCE
MHPOBOE MPOCTpaHCTBO [1]. M MOCKOJBKY OH BOCHpPHHHUMAN B POJIH
Mozenu 3dupa HACANbHYIO XHUIKOCTb, TO OH IIMPOKO HCIOJIb30Bal
peACTaBICHUE TUIPOMEXAaHUKOB cBoero Bpemenu (I. I'eapMmromnbia, V.
PankuHa u 1ip.) 0 cBOMCTBaX U (popMax ABUIKEHUS TAKOM KUAKOCTH.

[IpencraBnenuss MakcBemia 00 53JIEKTPOMATHUTHBIX —SBJICHUSX,
BBIPR)KEHHBIE B €ro YpaBHEHUSX, MOJYyYWIM XOpOUIee, XOTd M He
a0COJIFOTHOE, TPAKTUYECKOE MOATBEPKICHHUE, UTO YXKE SIBISETCA CUIBHBIM
CBUJCTEIHCTBOM B IOJB3y HalWuus B Tmpupoae sdupa. YpaBHeHHS
MakcBemia SBISETCS OCHOBOM PacyeTOB AJIEKTPOMArHUTHBIX SBJICHUN B
TEX MpEAeax, TI€ 3Ta TEOPHS €III€ HE HATAIKUBAETCA HA TPAHUIBI CBOETO
NPUMCECHEHUS.

CrneunanpHasg TEOpUs OTHOCHUTEIBHOCTH OWHINTEWHa Oa3upyercs
Ha TOCTynare o0 OTCYTCTBMM B MpHUpPOJE 3pupa Kak cpeabl Ha Ooiee
[NIyOMHHOM, Y€M 3JIEMEHTApHbIC YaCTHUIIbI, YPOBHE OpraHM3allui MaTepUu
[2]. B To ke Bpemsa OOmiasi Teopusi OTHOCUTEIBLHOCTUA TOTO K€ aBTOPA,
HAIPOTUB, COJAEPKUT MOCTYJIAT O HAIMYUU 3PHUpa B IPUPOJE, HO yiKE MO
APYTHUM Ha3BaHUEM - BAKYYM, CO CJIOKHOW (HO HEU3BECTHOW) CTPYKTYpOH
CBOETO MocTpoeHusI[ 3, 4].

[TpuunHOM (M TOBOJIOM) ISl BTOPKE€HHS T€0oprur OTHOCUTENBHOCTH
B HAayKy CTaJla HENpPAaBWJIbHAS WHTEPIPETAUSA PE3YIbTATOB H3BECTHOTO
skcnepuMmeHTa A. Maiikenbcona (1881r.) mo oOHapyxeHH0 >(QUPHOTO
BeTpa [6], MHOTOKpAaTHO 3aTéM IOBTOPEHHOIO MM CaMHUM M JPYTUMH
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uccienoparenssMu. Kak cieacTBue 3To HENMPaBWIBHOM HHTEPIPETALAU
pe3yabTaToB 3KcniepuMenTa 1881 roga ObLT cAaenaH BHIBOA 00 OTCYTCTBUU
B npupoje >¢upa. [Janee B pe3ynbrare 00pbObl € MpUMEHEHHEM OoJee
MOJUTUYECKUX, YEM HAYUHBIX METOJIOB, MOOEAMIa W BOLIAPUIIACH B HAYKE
JUHUSL CTOPOHHUKOB CrienuaibHOM TEOPUH OTHOCUTENHHOCTU. A JTUHUSA
CTOPOHHHMKOB HaIW4us 3pupa B Npupoje Oblia 00BSIBICHA «JIKEHAYKOW,
€€ CTOPOHHUKH TOJIBEPrajlCh BCSUYECKHM YIIEMJIECHUSM, B YaCTHOCTH,
HEJOMYyCKYy TieyaTaTh CBOM MaTrepHayibl B O(UIMAIBHBIX HAyYHBIX
u3naHusax. Tem He MeHee, 3Ta JIMHUS TOJHOCTHIO HE HCYE3Na, €€
CTOPOHHHKH MPOAOKAIOT HEpaBHYIO 00ph0y. B pesynbTaTe npoBeaeHus
UMU  MHOTOUYHCIIEHHBIX DJKCIIEPUMEHTOB K HACTOSAIIEMY BpEMEHU
MOJTyYEHBI HEOTIPOBEPKUMBIE JTOKA3aTeIhCTBA HATHUUs d(prpa B IPUPOJIE.

Hacrosmas pabGota  sBiseTrcss  myOJMuKanuend  pe3yJbTaToB
MPOBEJICHHBIX aBTOPOM HKCIIEPUMEHTOB M0 TMOATBEPKICHUIO HAIWYUS
abupa B TMPHUPOAE M peaju3alld Ha €ro OCHOBE AJIEKTPOMArHUTHBIX
SBJICHUM.
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I. UcTtopusa 60pb6bLI 32 achup

Nnest o cymecTtBoBaHuu 3(GUPHOrO BeTpa Oblia chopMyIHpOBaHa
Jlx. K. MakcBenoM, KOTOpBIA CUUTAIL, YTO MPU JIBUKEHUU 3EMIIU CKBO3b
3(Up Ha €€ TMOBEPXHOCTU JOJDKEH CYIIECTBOBATh «3(UPHBIA BETEp,
KOTOPBIA TOHKEH COOTBETCTBYIOIIUM OOpPa30M M3MEHSTh CKOPOCTh CBETA
npu ero pacnpoctpaHeHun B 3dupe [7]. K coxaneHuro, oTmeuan
MakcBemi, Bce METOAbl M3MEPEHUS BPEMEHHM NPOXOXKICHHS CBETa Ha
OTpEe3Ke MyTU TPeOYIOT BO3BPAILICHHS CBETA B OTIPABHYIO TOUKY, IOATOMY
pa3HUIa BO BPEMEHHU OKA3BIBAETCS 3aBUCUMOM OT KBaJpPaTOB CKOPOCTEMN
3(UpHOrO BETpa M cBeTa (TO €CTh, 3TO - METOAbl BTOPOTrO MOPSIKA -
3(PeKThI, KOTOPHIE MPOSBIAIOT U3MEPSIEMYI0 BEJIWYMHY, CBA3aHblI C HEH
KBaJAPAaTUYHBIMA OTHOIIEHUSMH), & 3TO OYEHb Majlag BEJIMYMHA U €€
NPAaKTUYECKU HEBO3MOXHO m3MepuTh. OnHako B 1880r. A. MaiikenbCoH
pazpabotan mnOpubOp ¢ JBYyMS ONTUYECKUMHU MYTSAMH, KOTOPBIE
NEPECEKATCA, - HHTEPPEPOMETP, C TMOMOIIBI0 KOTOPOTrO MOAOOHBIE
U3MEPEHUS CTAJIM BO3MOKHBIMH.

Ha mMoMeHT mpoBeJeHHsI DKCIEPUMEHTa MO U3MEPEHHUI0 CKOPOCTH
3(UpHOrO BETpa Hay4yHasi OOIIECTBEHHOCTb B CBOEM OOJIBIIMHCTBE
BOCIIPUHUMAJIA TOJIOKUTEIBHO KOHLEIIIUIO CYIIECTBOBAHUS B MPUPOIE
sdupa U OT HKCOEPUMEHTA OXKKJajla ONPEIEICHUS €ro KOJUYECTBEHHBIX
XapaKTEPUCTHK.

B skcnepumenTe MaiikenbCOHa 3JIEMEHThI MHTEpdEepoMeTpa ObLIN
CMOHTUPOBaHbl Ha MOBOpOTHOM MiIatgopme. Dukcamus cMmelIeHUS
BBIOPAHHOM KOHKPETHOW HHTEPPEPEHIIMOHHON MOJOCHl OCYIIECTBISAIACH
4yepe3 paBHbIE YIVIOBbIE MPOMEXKYTKM MOBOpOTa IiaaTdopmbl (45°, a B
Oonee MO3IHHUX ONbITax - yepe3 22,5°), mpu 3TOM HaOMIOAATENb, HE
OTPBIBAsICh OT OKYyJsipa JIaDOpaTOPHOIO TEJECKOMa, XOAWI IO KpYyry
COOTBETCTBEHHO ABUKEHUIO MOBOPOTHOM IIIAT(HOPMBIL.

Cuuranoch, 4to 3(QUpPHBIA BETEp OKAa3bIBAET BIUSHUE TOJBKO Ha
OJTHO IJIe40 HHTep(depomeTpa (BTOpOE IJIEUO MPUHUMAJIOCH OMOPHBIM).
Oxupanoch, 4YTO BBIOpaHHAs JUIsl HAOMIOAEHUS HHTEp(EepeHUnOHHAs
nojoca MpU NPOBOPAUYMBAHMM IUIATPOpPMBI OyneT JABUTATBCS IO
CUHYCOUJAIbHOMY 3aKOHY, TO €CTh 332 OJAWH MOJHBII 000pOT IIaT(HOPMBI
OHA JBaXKJbl BEPHETCS B HCXOAHYIO TOUKY (eciau 3(pup AEHCTBUTEIBHO
CYLIECTBYET, B IPOTUBHOM CJIydae OHa BOOOIIE HE JIOJKHA CMEIATHCS).
Oxupmaemast CKOpocTh 3(UPHOro BeTpa OblIa omeHeHa B 30 Km/cek -
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JUHEHWHYI0O CKOPOCTh 3eMJM B €€ OpOWUTAIbHOM JBH)KEHHH BOKPYT
ComHna.

[lonyyeHHble pe3yNbTaThl OKAa3aJdUCh COBCEM HEOKHUIAHHBIMMU.
BriOpannass uHTepdepeHIMOHHAs TO0JIOCA MPU BpalIEHUU TUIATHOPMBI
JIEHUCTBUTENIBHO JBHUrajach (YTO HEMEIJIEHHO MOJTBEPKIAET HaJu4yue
adupa (B KauecTBEHHOM oOTHoImIeHuH)). Ho oHa nBuranach MOCTOSIHHO
TOJIBKO BHepea (OT LeHTpa WHTEep(EPEHUHMOHHOW KapTUHBI), U 4Yepe3
HECKOJIbKO 000pOTOB MIaT(OpMbI BOOOIIE BHIXOAMIIA 3a MOJIe DKpaHa, TaK
4TO MPUXOIUIIOCH HACTPOCUYHBIMU  JICCTBUSIMU (HampumMmep,
HABEIIMBAHUEM COOTBETCTBYIOIIMX THPEK B 00Jiee MO3IHUX OMbITAX)
BO3BpAIllaTh €€ B M0JI€ FKPAHA.

OKCIIEpUMEHTATOPbl ~ HE€  TMOHSJIM  MOJHOCTBIO  MPHUHIIMIA
(YHKIIMOHUPOBAHUS HHTEep(depoMeTpa Ha MOBOPOTHON miaTdopme MoA
neiicteueM  »¢pupHoro  Berpa. OHHM  BOCHPHUHSUIM  MOCTOSIHHYIO
COCTaBJISIIOIIYIO CMEILIECHUSI MHTEP(PEPEHIIMOHHOM MOJIOCH! KaK CJIEICTBUE
NEUCTBUS KAaKOW-TO HEM3BECTHOM moMexu (TO03Ke €€ HEKOTOphbIe
AKCIEPUMEHTATOPHI ACCOITUUPOBAIIU C TEMIIEPATYPHBIMHU BIUSHUSIMU, XOTS
U MPpeTyCMAaTPUBAIUCH MPEAyNPEAUTEIbHbIC TEXHUYECKUE MEpPbl MPOTUB
3TOT0, JJa W BPEMEHHBIC XAPAKTEPUCTUKHU MPOBEICHUS HKCIEPUMEHTA
(BpEMEHHBIE MPOMEKYTKH MEXAY H3MEPEHUSAMHU IOCE MOBOPAYHUBAHUS
maT@opMbl Ha OMNpPEIENICHHBIM Yroj) ObLIM TaKMMH, YTO MPAKTUYECKH
UCKJTIOUYAIA 3HAYUTENbHBIE TEMIIEpAaTypPHbIE BIUSHUSA) U OTOpOCHIM ee. 3a
pe3yiabTaT »JKCIEpUMEHTa Oblla B35iTa MEPEMEHHAsl COCTaBIISIIONIAS
cMelleHus UHTepPepeHIMOHHOM ToyIockl. ClieaHHbIe IO 3TOW METOIUKE
pacyeThl Jaid BETUYMHY CKOPOCTH 3(DMPHOrO BeTpa 3 KM/CEK, YTO ObLIO
COM3MEPHUMBIM C MOTPEITHOCTSIMU MPOBEICHUS IKCIIEPUMEHTA.

W Obu1 cnenaH mapaJoKCalbHBIA BBIBOJ - 3(Hpa B MPUPOAE HE
CYILIECTBYET.

A 3p1ech Kak pa3 mnosBwicA A. DHUHINTEMH CO CBOUM JEBHU30M
«®DaHTa3us BakHee 3HAHUNW» W HACIMU O 0€33(UPHOM MOCTPOCHUU
BcenenHou, v 3TH Waeu 3aM0JIOHWIA HAyYHOE MPOCTPAHCTBO.

OpHako W DKCHEPUMEHTHI MO HM3MEPEHUI0 CKOPOCTU 3PHUPHOIO
BeTpa npoAoxkainuck. B Hauane XX cTosieTus ObLJIO BHICKA3aHO MHEHUE O
TOM, YTO C YBEJIWYECHHEM BBICOTHI HAJ 3E€MIIEM 3Ta CKOPOCTh JOJKHA
yBemmunBatbes. B 20-x romax XX crometusa Jl. K. Muwunnep,
sKcepuMeHTUPYs Ha rope MayHnt Bunbcon (1860 M Hag ypoBHEM MOps),
MOJy4uJl cKopocTh 3dupHoro Berpa B 10 kM/cek [8]. B 1929 r. cam A.
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Maiikenbcon (Bmecte ¢ ®. Ilucom u @. IlupcoHom) Hamepssi Ha rope
MayHt Bunabcon 6 KM/Cek, a Takyl0 BEIMYUHY YK€ HEJb3s OTHECTU K
norpemHocTsIM usmepenuit [9, 10]. (PacxoxaeHue Mexay pe3yibTaTaMu
J1. K. Munnepa u A. MalikenbcoHa 00BACHSIETCS TeM, uTo A. MalikenbCcoH
DKCIIEPUMEHTUPOBAT B 3JaHUU C TOJICTBIMH CTE€HAMH, KOTOpPBIC
yMEHbIIANIM BIUSHUE 3UpHOTO BeTpa). Ho UX yXe HUKTO He Cyial.

B OO0meit Teopun OTHOCUTENBHOCTH A.DWHINTEHA YTBEPKIAeTCS,
4yTO BO BceneHHol Bce MPOUCXOAUT B MPOCTPAHCTBE, U 3TO MPOCTPAHCTBO
YEeM-TO 3aMOJIHEHO, T.€. B KaKOM-TO MEPE BOCCTAHABIUBACTCS KOHIICIIIUS
apupa. OpnHako mnpu d>ToM A.DWUHINITEHH HE OTPEKCS OT CBOEH
CneuuanbHOM TEOPUM OTHOCUTEIBHOCTH. Jlaxke mociie Toro, Kak OH u3gaj
IB€ pabOThI, MOCBAILEHHBIE 3(upy[3,4], ¥ €ro y’Ke HUKTO HE CIIyIIal.

U Bce ke HaydyHas JUHHUS CTOPOHHUKOB CYIIECTBOBAHUS B MPUPOIE
apupa He wucUe3Ta COBCEM, €€ CBOMMHU paboTaMu MPOAOKAIU
NOAJACPKMBATh MHOTO YYEHBIX, CPed KOTOpPHIX MOXHO oTMeTuth /. U.
MengeneeBa, H. I1. Kacrepuna, JIx. M. Butrakepa, K. 3. I{luonkosckoro,
3. A. lUeutnuna, C. 1. BaBunora, A. K. Tumupszera, B. ®. MurkeBuua,
B. W. Bepnaackoro, a B Hame BpemMs B. A. Amrokosckoro, K. A.
ITytunoBa, T. A. JlebenaeBa, A. 3. Ilerpoma, I'. B. Hukonaepa, II. /I.
[IpyccoBa, II. A. IlomoBa, B. M. T'amaeBa, E. U. IlrteipkoBa, 0. B.
JlyHaeBa U MHOTHUX JPYTHUX.

B 1990r. BelIUIa  KHUra  B.A.AmokoBckoro  «OoOmas
sapuponuHaMuka. MojenupoBaHUe CTPYKTYp BeIlecTBa W ToJell Ha
OCHOBE IMPEACTABJICHUI O Tra3onogo0HOM 3dupe», 0a30BBIM TE3UCOM
KOTOpPOM SIBIIIETCSL CYIIECTBOBaHHWE B TIPUPOJAE MHPOBOM Cpeabl —
razornojio0Horo 3Qupa, KOTOPHIH SABISETCS CTPOUTEIBLHBIM MaTEpUaIOM
JUIST BCEX BHJOB MaTepHalbHBIX OOpa30BaHUN M JABUKEHHUE KOTOPOTO
ABJISICTCSI OCHOBOM JIJIS1 CUJIOBBIX TTOJIEM.

Eme cpa3y mocie oOHapoI0BaHUsS pe3yJIbTaTOB SKCIEpUMEHTa A.
Maiikenbcona Bblgaromuiicss ¢usuk Toro BpeMenu [. Jlopenn, Ha
OPOBEPKY THUIIOTE3bl KOTOPOTO O HEPABHOIPABHOCTH HANPABJICHUN B
OPOCTPAHCTBE M MPOBOAMIICS dKcHEpUMEHT A. MalkenbCOoHa, yKas3ald Ha
CYLIECTBEHHBI  HEJOCTATOK  METOAMKH  OOpabOTKHM  pe3yJIbTaToOB
DKCIEPUMEHTA, 3asiBUB, UTO HEYYET MONEPEYHOM COCTABJISIOIICH BIUSHUS
supHOoro Berpa (TO €cTh OOKOBOMl CHOC CBETOBOrO Jiyda Ijieda
uHTepdepomMeTpa) CHIXKAET IEHHOCTh JKCIepuMeHTa (Tomo0Hoe
3aMeuanue Bbickazan u C. M. BaBuios).
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B 1994r. Beimia nedatbto podota I1. A. IlonoBa «Kak Hanum u
norepsuiin >dupHbiii Betep» [11]. B neit II. A. Ilomos, omupasce Ha
OMyOJIMKOBaHHBIE  MPOTOKOJIBI ~ PE3YJbTATOB  JKCIEpUMEHTa  A.
MaiikenbcoHa W JAPYIHMX YHOOMSHYTBIX BBIII€ 3KCIEPUMEHTOB, IS
KOTOPBIX OBUIM OMYOJIMKOBAHBI YHMCIOBBIE NMPOTOKOJBHBIE JaHHBIE, BO-
NEPBBIX, Jall OOBSICHEHWE MPUYUHBI OJHOHANPABICHHOTO JBHKECHUS
BBIOPAHHOW  MHTEPPEPEHIIMOHHON TMOJOCHI TPU  MHOTOOOOPOTHOM
BpallleHUH HHTEpPEpPOMETpa BMECTO OKHUIAEMOr0 CHHYCOMJAIBHOTO.
[IppyunHa COCTOMT B TOM, YTO B YCIOBHSX 3TOr0 HKCIEPUMEHTA
uHTEep(dEepOMETpP HrpaeT pojb BhIIpSIMUTENS (a3bl - OH MpEeBpaliacT
3HAKOIIEPEMEHHbIC U3MEHEHUSI U3MEPSIEMOM pa3HOCTH (pa3 IBYX CBETOBBIX
KoJeOaHu B  OJHOHANpPABICHHOE IMEpPEMEIICHHE BBHIOpAHHONH B
KOHKPETHOM 3KCHEPUMEHTE MHTEPPEPEHIIMOHHOMN MOJIOCHl OTHOCUTEIBHO
IIKallbl OKyJiApa TeJecKoma. Bo-BTOpPBIX, OH BBINOJIHUI MOBTOPHBIE
pacyeTl C y4Ye€TOM BIMSHUA d3(QuUpHOro BeTpa Ha o0a mieya
uHtepdepomerpa (TOPMOKEHHUE BETPOM BCTPEUHOrO Jydya M CHOC
NEePNEHIUKYIIpHOro jay4a). Jlas BceX SKCIEPUMEHTOB TOJy4YeHa
CKOpOCTh 3(UPHOTO BeTpa, Om3kas Kk 11 km/cexk.

B 2001 r. II. A. IlonoB oOHapyuJsl €Ille OJUH HEYUYTECHHBIH B
skcnepumenTe MailkenbcoHa (akTop, KOTOPBIN CYIIECTBEHHO BIMAET Ha
pe3yiabTaT U3MEPEHU. ITOT (aKTOp 3aKIYaeTCsd B  CIEAYIONIEM.
N3mepenust pa3HOCTH X0/1a JIydeil cBeTa HHTEP(HEpOMETPOM BHITIOITHEHBI B
7abopaTopHO cucTteMe oTcuera (B CUCTEME, B KOTOPOW HaXOJUJIach
nabopatopusi, TJ€ MOPOBOJAMICA  DKCIEPUMEHT). A  CMEIICHUE
uHTEep(EePEHIIMOHHONW KapTUHBI 3/1eCh (PUKCUpyeTca HaOmogaTenem (Wi,
BO3MO>KHO, KAMEPOi1), KOTOPBIN XOAUT BOKPYT YCTAHOBKH, Bpalias ee, 4To
PaBHO3HAYHO €ro NpeObIBAHUIO B CUCTEME OTCUETA, KOTOPAs BpalllaeTcs, U
YIJI0BOE CMEIIEHNE KOTOPOM MpHU (PUKCALMH JIFOO0T0 OTCYETA COCTABIISIET
TOJILKO IIOJIOBUHY H3MEpseMoro 3HadueHus. M 3TO DOATBEPKIECHO
IPOTOKOJIOM HKCHEPUMEHTAa: IOCTPOECHHBIM IO pe3yjbTaTaM TIpaduk
BBISIBJISIET TOJIBKO [JBa TIOJMYNEpUOAA CHUHYCOMUIbBI 3a OAMH 000pOT
YCTaHOBKH BMECTO YETBIPEX MPEATIOIAraEMBbIX.

VY4er aToro (hakTopa B pacyeTe HCKOMON CKOPOCTH 3(PMPHOT0 BETpa
JaeT BETUYUHY, OJMU3KYIO0 K 22 kM/cek[12].

B 1998 — 2002 rr. B XapbkoBe B MHcTUTyTE pamuodu3uku u
sanexktpoHukn HAH VYkpaunsl rpynmoit FO. M. ['anaeBa ObUT BBINOTHEH
OONBIION KPYT MCCIEIOBAHUN MO BIUSHHUIO METEOPOJOTUYECKHUX YCIOBUI
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(B T.4. 1 3QUPHOrO BETpa) Ha MPOXOXKJICHUE MUJLTUMETPOBBIX PaIUOBOIH
Ha 0a3e B 13 kM.

Hns atux uccnenoanuit KO. M. T'amaeBbiM Oblia pa3pabOoTaHa
OpUTMHAJIbHAsI METOJIMKAa M3MEPEHHS CKOPOCTH JS(PUPHOrO BETpa B
paauoauana3zoHe (a3oBbIM CHOCOOOM MyTEM COIMOCTaBieHUs (a3 IByX
paguoiiydeil, UAYIHX pa3IMYHBIMA MYTIMH, KOTOpas HCMOJIb3YyeT
IPaIMEHT CKOPOCTH 3(PUPHOTO BETpa HaJl MOBEPXHOCTHIO 3€MIIU. DTO €CTh
HSKCOEPUMEHT TmepBoro mopsiaka (APdekT, KOTOpbld  MNPOSBISAET
U3MEPSIEMYIO0 BEIMYMHY, MPOMOPLUUOHATIEH MEPBOM CTEMEHU OTHOIICHHUS
CKOpoCcTU 3(UPHOTO BETpa K CKOPOCTU CBETA), paHBIIE CUUTAIOCh, UYTO
HTOr0 HEBO3MOKHO CENaTh MPUHIIUIHAAIIBHO.

[lonyyeHbl Takue 4YHCICHHBbIE pe3yabTaThl. CKOPOCTH 3PUPHOTO
BeTpa Uil XapbKoBa COCTaBHMIA Vx,=1414 M/cek, 4yro B mepecyere Ha
BBICOTY oOcepBaTopuri MayHT Bunbcon skBuBaneHTHO 8490 m/cek, U 3TO
o5m3Ko K pe3yiabTaty Mumiepa (vyg=9000 M/cek).

B xauectBeHHOM 1U1aHE UccienoBanua FO. M. ['ajaeBa mokas3aiu:

- HaJU4YME€ OTHOCUTEIBHOTO JIBMOKEHUS 3€MIIM U CPEIbl
pacrpoCTpaHEHUsI PaAuOBOIIH;

- IOTOK CPE€JIbl PACIIPOCTPAHEHUS PAIMOBOIH UMEET TATAKTUYECKOE
NPOUCXOXKACHUE (HAMPABJICHUE — «CEBEpP — IOT», U3 co3Be3nus [[pakoHa,
yctanoByieHHoe erie /1. K. Mumiepom);

- cpella pacIpOCTPAHEHUS PAIMOBOJH XapaKTEPU3YETCS BSA3KOCTHIO
- CBOWMCTBOM, MPHUCYIIUM MAaT€pUATIbHBIM CpeAaM, KOTOPHIE COCTOAT W3
OoTAeabHbIX yacTul[ 13].

FO. M. TamaeBbiM OBIT Takke TMPOBEICH DJKCIEPUMEHT C
ONTHUYECKUM HUHTEPPEPOMETPOM TMEPBOTO MOPSAKA OPUTHHAIBHOMN
KOHCTPYKLIUHM, HMMEIOIUA TOYHOCTh H3MEPEHUS CKOPOCTU SPUPHOTrO
BETpa, MPEBBIIIAONLYI0 TOUHOCTh HHTEpPepoMeTpa MaiikenbcoHa Ha S — 6
nopsiAkoB. B 3ToM nnTepdepomMerpe MOHOXPOMATUUYECKUIM JIyd IETUTCS Ha
JBAa JIy4a: OJIMH MPOXOAUT K DKPaHy HEMOCPEICTBEHHO YEPE3 OTKPBITHIN
3¢up, a BTOPOM — dYepe3 MeTauIM4ecKyro TpyOy. PacuerHas
YyBCTBUTEJIBHOCTh — 26 M/cek. [lomydeHHas ckopocTh 3(pUpHOro BeTpa Ha
BeIcOTE 1.6 M cocTaBmia okoiyio 200 m/cek, Ha BbicoTe 4.75 M — okoio 400
M/CEK.

C mnoMombI 3TOrO ONTUYECKOTO HHTEpPEpOMETpa METOIOM
OpPSAMOIO M3MEpPEHHUs,, OCHOBAHHOM HAa W3BECTHBIX 3aKOHOMEPHOCTAX
pa3BUTUA TEUECHUW BSI3KUX JKUAKOCTEH U Ta30B B TpyoOax, ObUIO
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BBIMIOJIHEHO M3MEpPEHHE KUHEMAaTH4YeCKOW  BSA3KOCTH  3dupa.  ITO
3HAYEHUE OKa3aJloCh PaBHBIM
v=6,24-10" m*/cex|[14].

E. U. lteipkoBeM (T. Kazanp, 'ocyHHBEpPCUTET) MPU CIEKEHUH 3a
reoCTAlMOHAPHBIM CIYTHUKOM (KOHKpeTHO — Intelsat704) oOHapykeHO
BIUSHHUE ABWKEHUS 3€MJIM Ha abeppaluio 3JEKTPOMArHUTHBIX BOJH OT
MUCTOYHUKA, YCTAHOBJIICHHOIO Ha CIyTHUKE (IIPUEMHHK — aHTEHHa
HA3eMHOr0 TEJIECKOMa). JTO AAJ0 BO3MOXXHOCTh H3MEPUTH IMapaMETPhI
a0comMoTHOTO ABMKEHUA 3emii U COJIHEUHOM CUCTEMBbI 0€3 MPUMEHEHUS
aCTPOHOMMUYECKUX HaOmoaeHuil 3a 3Be3gamu. llomydeHHble 3HAYECHHS
OpOUTaTbHONH KOMIIOHEHTHI CKOpocTH 3emiu (29.4 km/cek), a Takxke
abcomtoTHOM ckopoctu CostHeuHOM cucteMbl (600 KM/CEK) COraacyroTcs C
M3BECTHBIMU 3HAYEHUSIMU B HAOIIOJATENbHOW acTpoHOMHM (THe, B
YaCTHOCTH, OpOUTaJIbHASI CKOPOCTh 3€MJIH ompeiesieHa B 29.75 km/cek).

Nnes meroga coctouT B ciaeayromieM. [1ockonbKy CIyTHHK BHCUT
HEMOABMKHO HaJ 3eMJIeH, €ro KOOPAMHATHI MOTYT OBITh BBIYMCIICHHBIMU C
OonpION TOYHOCTHIO. Takke ¢ OONBIION TOYHOCTHIO MOTYT OBIThH
BBIYMCJICHBl KOOPAMHATHI TOYKH, B KOTOPYIO (DAKTUUECKH HalleleHa
anTeHHa. OKa3aloch, 4TO JJIA MOJTY4YEHUs] HanOoJiee BHICOKOTO KauecTBa
npueMa HEOOXOJMMO HalMpaBiATh AHTEHHY HE Ha caM CIYyTHUK, a B
HEKOTOPYIO YOPEXKICHHYI0 TOYKY, KOTOpas YCTaHABIMBAETCS MpHU
HACTPOWKE aHTEHHBI HA CIYTHUK, HO (PAKTHYECKU U3MEHSETCS B TCUCHUE
onHoro obopota 3emun Bokpyr ConHma. B skcrnepumeHTe HacTpoiika
AHTEHHBl BBIMOJIHSIACH KAXIbI J€Hb Ha MPOTSHKEHUU JBYX JIET,
pe3yabTaThl GUKcupoBaiuch[15].

CnpasemymBocTH paau clenyer YIOMSIHYTh JECATKHU
HKCIIEPUMEHTOB, B KOTOPBIX HE ObUIO OOHapyx eHOo 3¢pupHOro Berpa. Bo
BceX 0€3 MCKIIIOUEHHUS CIydasiX 3TU SKCIEPUMEHTBI COEPKaIU OJHY U Ty
KE METOAMYECKYI0 OIMMOKY — U3MEpUTelbHas amnmaparypa Juis
UCKJIIOYEHHS TOCTOPOHHUX BJIUSHHUM W MOBBIIMIEHUS TOYHOCTU U3MEPEHUM
3aKJII0Yanach B METAUIMYECKAW KOPITYC, DKPAHUPYIOIIUN Ha JeJe
BO3aeicTBUE 3QUpHBIX MOTOKOB. Ha 310 0Opaman Baumanue eme /. K.
Mwuep. Onruueckuii uHTEphHEPOMETP 1O. M. I'anaesa,
(yHKIMOHUPOBAHKE KOTOPOTrO OCHOBAHO HMMEHHO HAa SKPaHUPOBAHUU
3(UpHOrO BETpa METAJUIOM, SIBJISETCS YETKUM apryMEHTOM B JaHHOM
BOIIPOCE.
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KoHeuHo, monyyeHHbI€ B MPOBEIACHHBIX IKCIIEPUMEHTAX UYHCIIOBHIC
3HAQYEHUsI CKOPOCTH d(UPHOTO BETpPa MOTYT OBITh MOAJAaHBI COMHEHUSIM U
JOTOJHUTENBHBIM HCCeNOBaHUSAM. OIHAKO MOXHO C YBEPEHHOCTHIO
YTBEPK/1aTh, YTO HA JAHHBIM MOMEHT €CTh IMPAMbBIE AKCIIEPHUMEHTAIbHbIC
JI0Ka3aTeNNbCTBA, KOTOPhIE CBUICTENBCTBYIOT O HAJMYUU B OKPYKAIOIIEM
IpOCTpaHCTBE 3(UPHOTO BETpa U O CYLIECTBOBAHUU B TMPUPOAE TAKOH
MaTepuaabHON cpeabl, Kak 3¢up. Ot naHHble noiaydensl E. Mopau
(1901 — 1905 rr., Diidenensl BoicoThl, 250 M), 1. K. Munnepom (1921 —
1925 rr.) u A. MaiikensconoM (1929r.) na Maynt Bunbcon (1860 m), IO.
M. T'anaeBbim (1998 — 2002 rr., XapskoB), E. U. IteipkoBeiM (2007 T,
Ka3zanb). Pe3ynbTaThl uX UCCIEAOBaHUN CBUIETEILCTBYIOT HE TOJIBKO O
dakTe cyiiecTBOBaHUS B Mpupoje 3¢hupa, HO U O €ro ra3zonogoOHOU

CTPYKTYpE.
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Il. O630p coBpeMEeHHbIX NMMTepaTtypHbIX
MCTOYHMKOB No npobneme achmpa

Kak yxe ymomunanocs, B 1990r. Beinuia kaura B. A. AIIFOKOBCKOTO
«O01mas >¢pupoanHaMuka. MoaenupoBaHue CTPYKTYp BEILECTBA U MOJIEH
Ha OCHOBE TMpEJCTaBICHUI O Tra3zonogooHoM >dupe»[16]. Ee 6a3oBbiM
TE3UCOM SIBJISIETCS CYIIECTBOBAHME B IIPUPOJE MHUPOBOM CpEIbl -
razornoj00Horo 3(upa, KOTOPHIH SABISETCS CTPOUTEIHLHBIM MaTEpUaIOM
JUIs BCEX BHJOB MaTepHallbHBIX OOpa30BaHUl W JIBHKEHHUE KOTOPOTO
ABJIAETCA OCHOBOM I CWJIOBBIX TToJiek. B 2003r. BBIIIIO BTOPOE U3/IaHUE
sToii kHuru [17]. B Heil Ha OCHOBe TMpeacTaBieHU 00 3(pupe Kak o
pealbHOM  BA3KOM M C)KMMaeMOM  Tase npeAcTaBJIcHa
aupoIMHAMUYECKass WHTEPIPETAIMsd OCHOBHBIX CTPYKTYp BEIIECTBA U
MEXaHU3MOB (DU3WUYECKUX TIoJel B3aumojeiicTBuii. B  dacTHOCTH,
PAacCCMOTPEHBI MOJICIM OCHOBHBIX CTAOMJIBHBIX 3JEMEHTApHBIX YaCTHIIL;
MPOTOHA, HEUTPOHA, PIEKTPOHA, (POTOHA, & TAKXKE aTOMHBIX sIIep, AaTOMOB
U HEKOTOPBIX MOJIEKYJ, pa3paboTaHbl >(PUPOJUHAMHUUECKUE OCHOBBI
AIEKTPOMArHUTHOTO B3aUMOJICHCTBUS, YTOUHEHBI ypaBHEHUSI
AIEKTPOMArHUTHOTO NoJisl. J{laHo onpeieneHue mosms.

Ilone — amo dsudicenue sghupa.

B kauecTBe aHanora MOXHO MPHUBECTH MPUBBIYHOE JJI HAC TOJIE
atMoc(epHOro JAaBieHUA. BeTpbl, 3aBUXpPEHUS, CMEPUM, UUKIOHBI,
TOpPHAJ0, CKBO3HSIKH B KBApTHUPE — BCE ATO IPOSIBJICHUS IO JaBICHUS
BO3/yXa B aTMocepe.

Ha ocHoBe 3akOHOB OOBIYHONM Tra3oBOM AuHamuku (a 3¢up -
ra3onojo0Hasi cpeaa, KOoTopass UMEET BCE CBOMCTBAa OOBIYHOTO, TO €CTh
BA3KOTO M CHKMMAEMOIO T'a3a) BBIUMCICHBI OPUEHTUPOBOYHBIC 3HAUCHUS
napameTpoB 3¢pupa. Monekyna sdupa - amep (CIOBO, BBEIACHHOE €IIIE
JleMokpuTOM it O00O3HAYEHUSI COCTABHOM YAaCTH aToMa), - HMEET
pasMepbl MHOTOKPAaTHO MEHbIIE, Y€M pa3Mephl dieKkTpoHa. Ho mpu Bcem
5TOM 3(Up, KaK YpE3BbIYAHHO pa3peKEHHBIM Ta3, MOMJIEKUT BCEM
3aKOHOMEPHOCTSIM Ta30BOM MEXaHWKW, W €ro IUIOTHOCTh B Pa3HbIX
ra3oBbIX MMOTOKAX MOKET U3MEHATHCS B UPE3BBIYAMHO MIMPOKUX Mpeaeax
OT yKa3aHHO# B Ta6m1.1 i cBo6oaHoro sdupa g0 10" - 10" kr/m’ B Tere
npotoHa. OpUEHTUPOBOYHBIE 3HAUCHUS MTapaMeTPoB sl A(upa B LIETIOM U
amepa npuBeneHbl B Ta0n.1 B konoHke «Bennunna no [17]». B xononke
«YTOYHEHHAs] BEJIMYMHA» MPHUBEACHBI 3HAUEHUS, YTOUHEHHBIE aBTOPOM
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C. M. Makapos

JTAHHOW paboThl 3a cyeT 0oJiee TIIATEJbHBIX BBHIYUCICHUM IO TEM XKe
dbopmynam, HaunHas ¢ hopmyibl (4.12), ctp.111[17]. Kak BuaHo B Tad.1,

OTJIMYUA MCIKIOY

Ta6muma 1
[TapameTtp u 0603HaUEHUE Benuunna mo | YTouHeHHas Ennnauna
[17] BEJIMYMHA W3MEPEHUS
Igup 6 uenrom
[InoTHOCTS, p,) 8,85-10"12 8,85-10"12 KO'M™
JlaBnenue, P >1,3-10° >9-10% Hm™
VY enbpHOE SHEPTrOCOIEp)KAHUE, W >1,3-10%° >9-10” POV
Temneparypa, K 10 104 K
CKopoCTh MEPBOTO 3BYKA, V| >4,3-10% >3,6-10% Mc”
CxopocTh BTOPOTO 3BYKa, Vo=C 3-10° 3-10° M-C
Koadpurment
TEMIIEPATyPOIIPOBOAHOCTH, d 4-10° 2,7-10° Mo
Koadpurment
TETJTIONPOBOTHOCTH, Kt 1,2-1089 2,4-1087 kr-m-¢ K
Kunematuueckas BA3KOCTb, ) 4-10° 2,7-109 M
JlnHamMmuyeckast BI3KOCTb, 4 3,5 107 2,4-10'2 KM ¢
IToka3zarens agnadaThI 1-1,4 1-14
TennoeMKoCTh NPy MOCTOSHHOM
JIaBJICHUH, Cp >1,4-1091 >8,3-1089 M= c 2K
TennoeMKoCTh NMpHU MOCTOSHHOM
o0oBeMe, ¢y >10""! >6-10% M c 2K !
Amep
Macca, m, <1,5-10"" | <2,6:10"" KT
Juametp, d, <4.6:107% <1,6:10* M
KonmdecTBo B equHuIe oobema, 71,
CpenHss ayiiHa CBOOOIHOTO >5,8-10102 >1,9-10101 M
npooera, 4,
Cpennsisi CKOPOCTh TETIOBOTO <7,4-10" <1,8-10™" M
JBUKCHUS, U,
5,4:10% 4,5:10% Mec’
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BEJTMYMHAMHU B JABYX KOJOHKaX HEOOJbIINE U HEMPUHIIMIUAIbHBIE, HO BCE
K€ AT YTOUHEHHUSI HE0OXO0IUMO OBLIO CAENaTh.

OneMeHty »3¢upa - amepy - MpuUCyllla €IUHCTBEHHas Qopma
IBWKEHHS -  TMOCTyNMaTeabHOE  JBHXKEHHME B MPOCTPAHCTBE.
BzaumopelictBre amMmepoB IPYr C APYrOM OCYIIECTBIIETCS €IUHCTBEHHBIM
crocoO0OM - MyTeM YIPYroro COyAapeHus W, 3TUM CaMblM, OOMEHOM
KOJIMYECTBOM JIBHKEHUS (MMITyJIbCcaMH). ODTO COyJapeHHe C OOoNbIIoi
CTENEHbI0 MPUOMIKEHHUSI MOXKHO CUUTATh a0COIIOTHO YHPYTHM, TO €CTh
TaKuM, KOTOPOE€ MPOUCXOUT 0€3 MOTEPh KOJTUYECTBA IBUKCHHUSI.

Odup SABISIETCS CTPOUTENIHHBIM MAaTE€pPUATIOM ISl AJIEMEHTAPHBIX
YacTUIl BEIIECTBA, TO €CTh OHU COCTOAT HEMOCPEICTBEHHO U3 3JIEMEHTOB
s¢upa. EguHcTBeHHOU (QOpMON ABUKEHHS, CHOCOOHOM coOparh U
yAEpKaThb VIUIOTHEHHBIM Tra3, SBIAETCS TOPOUJAIBHOE BUXPEBOE
IBWKEHHE. JTa (opma JIBHXKEHHUS peajnu30BaHa B MPOTOHE - OCHOBHOM
yacTuile MUKpomupa. To €CcTh, IMPOTOH - 3TO BUHTOBOW TOPOUIAJIbHBIN
BUXPb YIUIOTHEHHOTO 3(upa (koibio). OOpa3yroTcsi MPOTOHBI B IIEHTPE
CIIMPaJIbHOM TajJakTHKW B pe3yJbTaTe CTOJKHOBEHHMS JIBYX CTpyH 3dupa,
KOTOpbI€ TMOCTYNAlOT B SAJIpO TAJAKTUKH COOTBETCTBEHHO IO JABYM
CIMpaJIbHBIM pyKaBaM. BphIBasich B SiAPO CO CKOPOCTSIMU MOPSJIKA IECATH
U OoJbllie THICSY KWJIOMETPOB B CEKYHAY, CTPYH XAOTHUYECKH
NepEeMEIINBAIOTCI U O00pa3yloT BHUXPH, B TOM YHCIE U KOJBIIEBBIC
(3aMKHYTBIE). DTH BUXPU CAaMOYILIOTHSIOTCS U OJTHOBPEMEHHO JIENATCS J0
TE€X TOp, MOKa IJIOTHOCTh 3(pupa B BUHTOBBIX BUXPEBBIX TOPOHWJIAX HE
JOCTUTHET KPUTUYECKOW BEJIUYUHBIL. Takue MNpeaenbHO YIIOTHEHHBIE
BUHTOBBIC TOPOUJIBI U €CTh TPOTOHBI.

CtpykTypa TpOTOHa M CO3JaBa€MbIX KM TIOTOKOB 3(upa
n300paxkeHa Ha puc.l.

brnarogaps ToMy, 4TO MPOTOHY MPHUCYLIE KaK TOPOUJAIBHOE, TaK U
KOJIBIIEBOE BpalleHue, MOTOKU 3(upa B TeJe MPOTOHA JBUTAKOTCA IO
BUHTOBOM JIMHMM. B camMoM LEHTpe NpOTOHA 4Yepe3 €ro OTBEPCTHE
JABUTAETCS MOTOK 3(upa BIOJIb €ro ocH. TOpouaanbHOE ABUKEHUE Tela
npoTOHa O0OecreynBaeT MPOKAYKy MOTOKA BHEHIHEro 3¢upa dYepe3 3TO
OTBEpPCTHE, NMPOU3BOASA MPU ATOM pabOTy U pPaCXOAysl CBOKO IHEPTHIO.
[lony4yeHHYX0 DHEpPruI0 3TOT IMOTOK, BBIPBIBASCH W3 LEHTPAIBHOIO
OTBEPCTHUS MPOTOHA, OTJAET BHELTHEMY d(UpY.
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Takum 00pa3oMm, KMHETHYECKAss DHEPTUs Tella MPOTOHA W SBIISETCS TOM
IHEprueH, KOTopas pacXoyeTcs Ha co3/jaHue TOTOKOB d(prpa BO BHEITHEH
cpene. BrIppiBasgch HapyXkKy, IOTOK pacTeKaeTcs, co3AaBas BOKPYT
IPOTOHA BUHTOBOE JBIDKEHHE 3(Hpa, KOTOPOE OXBATBIBAET BCE TEJIO
npoToHa u3BHe. IIpu 3TOM 3HaK BUHTOBOTO JIBM)KEHHS MOTOKOB d(Hpa BO
BCEM MPOCTPAHCTBE TOT K€, UTO U B TEJIE CAaMOT0 IIPOTOHA.

[IpoTOH MOXET HaXOAUTHCSI B TPEX COCTOSHHUSAX: COOCTBEHHO
npoToHa (puc.2a), HelTpoHa (puc.20) u atoMa Bogopoja (puc.2s).

TlorpaHHUYHBLIM
CJI0#

Ipucoecnunennbii
BUXPb

a) 6) 6)
Puc.2

B cocTosiHuuM COOCTBEHHO MPOTOHA TOPOUJATBHBIN YIIOTHEHHBIN
BUHTOBOM BHUXpb, CO3JAIOIIMK TEJIO IPOTOHA, 3aXBAaTHIBAET CBOUMU
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IBIKCHUSIMUA ~ OKpYXXaroluid 3pup, B KOTOPOM CO3JAIOTCS  Kak
TOpOI/II[aﬂBHoe, TaK WU KOJBLECBOC IABUXCHUA, CKOpPOCTHU KOTOPBIX CIIaAar0T II0
Mepe yJaleHus OT MPOTOHA B COOTBETCTBUM C 3akoHamu buo - CaBapa
(mMpomopLMOHANBHO TPEThEl CTENEeHu) sl TopouJaibHOro u Il'aycca
(MpOMOPIIMOHATBHO BTOPOI CTENEHHU) JIsI KOIBIEBOTO.

B cocrosgHuM HENTpOHA HA TMOBEPXHOCTH MPOTOHA CO34AETCS
NOTPaHUYHBIN CJION 3¢Qupa, B KOTOPOM H3-3a TMOBBIIICHHOTO TpaJHEeHTa
CKOPOCTEN BSI3KOCTh CHIJKEHA M OTUM DKPaHUPYETCS KOJbIIEBOE
JIBUKEHHE, KOTOPOE Y HEUTpOHA HE MPOHMKAET 3a MPEAENbl 3TOr0 CIOS.
ToponganbHoe XK€ IBUKEHUE TaCUTCA 3TUM TMOTPAHUYHBIM CIIOEM JIUIIh
4acTUYHO. B pe3ynbTaTe MPOTOH B COCTOSIHUM HEUTPOHA OKPYKEH TOJIBKO
TOPOUIAJIbHBIMU TOTOKAMH 3(upa, NpUUeM OCITa0JICHHBIMHU.

B coctosaanmn atoma BOAOpPOAa MOTOKH 3(Upa 3aMbIKAIOTCS HE Yepe3
[EHTpaJIbHOE OTBEPCTHE MPOTOHA, a BOBHE, CO3AaBasi MPUCOEAMHEHHBIN
BUXPb, KOTOPBIA MOAKPYUYHMBAETCA MOTOKaMH 3(puUpa, BBIXOIAIIMMH W3
[EHTPAJIbHOTO OTBEPCTHS TOPOWAA - C€aMoro mnpoTtoHa. B sTom
PUCOCTMHEHHOM BUXPE KOJIBIEBOE JBUKEHHE UMEET TO K€ HAMPABJICHUE,
YTO W KOJbIIEBOE JBWKEHHE MPOTOHA, HO TOPOUIATBHOE HMEET
NPOTUBOMOJIOKHBIN 3HaK. [loAToMy M BHHTOBOE JBMXKEHHE 3(upa B
IPUCOCIMHEHHOM BUXPE UMEET 3HAK, MPOTHUBOMOJIOXKHBIM TOMY, KOTOPBII
UMEET BHUHTOBOE JBUXKEHHUE B TEJ€ MPOTOHA. DTOT MPUCOEAMHEHHBIN
BUXPb BOCIIPUHUMAETCS KaK 3JIEKTPOHHAS 000JI0YKa aTOMa BOJIOPO/Ia.

Anpa atomoB pOpMUPYIOTCA U3 TPOTOHOB U HEUTPOHOB 0€3 JIFOOBIX
JOTOJHUTENIBHBIX YacTHI], OJarojaps HaJIUYUI0 MEXKIYy HYKIOHAMU
NOTPAHUYHOTO CJIOSl, B KOTOPOM JOCTATOYHO OOJIBIIOE 3HAYECHHE
rpagueHta ckopoctd (Gombmme, dem 10°7 wm-c’'/m), maBimenme sdupa
CHMKEHO, W3-3a YEro BHEIIHEE JaBJieHUWE 3(pupa NPHKUMAET HYKIOHBI
ApYr K Apyry OOKOBBIMHM MOBEPXHOCTSIMH, 3THUM pEAJIU3YETCs CUIbHOE
AJIEPHOE B3aUMOJCICTBHE HYKJIOHOB B ATOMHOM $JIp€.

Bce nmpoToHbl, KOTOpBIE HAaXOIATCS B SJIpE€, BBIYBAIOT U3 CBOMX
LEHTPAJIbHBIX OTBEPCTUI BUHTOBBIE CTPYH (TpyOKH) 3dupa, K KOTOPBIM BO
BHELIHEM IPOCTPAHCTBE 00ABIAIOTCS NPHUCOECAUHEHHBIE BUXPH, YHUCIIO
KOTOpBIX OKa3bIBa€TCA paBHBIM YHUCIY NPOTOHOB. Tak QopMupyrOTCs
AIEKTPOHHBIE OOOJIOUKH CIOKHBIX SIEP.

[IpucoenvHEeHHbIE BHUXPU - JJIEKTPOHHBIE OOOJOYKH AaTOMOB -
CBOMMHU TIOBEpXHOCTHBIMH TIOTOKAMHM U Oyilaromapsi BS3KOCTH d(dupa
CTUMYJIUPYIOT  IIOSIBJIGHME BO  BHEIIHEM IPOCTPAHCTBE  BTOPBIX
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IPUCOCIUHEHHBIX BUXpEl - oOosouek Ban-nep-Baanbca. Eciu B 3TOT
BTOPOM MPUCOCAUHEHHBIM BUXPH IONAJAET €IIE€ OJHA MOJIEKYJa, OHa
OyZeT 3aAepKUBaTbCs B HEM, IMOCKOJBKY CO3JaBaeMble B 3TOM BHUXPE
NOTOKM 3(dupa co3maayT MO €€ MOBEPXHOCTH TPaJUEHThl TEUCHUH, B
KOTOpBIX JaBieHue »pupa OyIeT CHIKEHHbIM. Tak CcoO3Jal0Tcs
MOJIEKYJIApHbIE CBsI3U. (OJHAKO €ClIM CKOPOCTh MOJIEKYJbl OyAeT
JOCTAaTOYHO OOJIBIION, 3TUX CHJI MOXET HE XBaTUTh I YAEp>KaHUs
MOJIEKYJIbI, U OHa BBUIETUT U3 3TOI 001acTH.

Takum 00pa3om, Bce BEHIECTBO SABISIET COOOW HAOOpP BUHTOBBIX
BUXpEH 3Qupa pa3HOl MIOTHOCTH, a caM 3(PUp UTpaeT poiab BCEOOIETo
CTPOUTENILHOTO MaTepHaa Jijisl BCEX BUJIOB BEIIECTBA.

OnucanHas BbII€ CTPYKTypa dJIEMEHTAPHBIX YacTHUI[ JaeT
BO3MOKHOCTh OMNPEACIUTh M OOBACHUTh TaKUE NPUCYIIHE 4YacTHUIAM
CBOMCTBa, KaK 3aps] W CIUH (B HACTOSIIEE BPEMsI CUMUTAETCS, YTO ITH
XapakTepUCTUKM y HHUX €CTh, HO MX Mpupoaa HeusBecTHa). Tax,
COMOCTABJISASI  B3aUMOJICMCTBHE TOPOMAANBHBIX BHHTOBBIX KOJIEI[ C
MOBEJCHUEM 3aPSAKEHHBIX YaCTUIl, MOXXHO OTMETHUTH CIEAYIOIIEE:

1) mTOCKONBKY OpHEHTAaIMs YacTHUIl B MIPOCTPAHCTBE ONMpPEEIAETCA
TOPOUJIAJIbHBIM JBUKEHHEM, TO MarHUTHOE TOJIE€ TOPOUAATbHON YaCTUIIbI
OTOXIECTBIISICTCSI C  TOPOMAAIbHBIM  JBUKEHHEM Cpelbl B €€
OKPECTHOCTSIX;

2) mNOCKOJMbKY  (aKT  MNPUTATUBAHUS  WJIM  OTTAJIKUBAHUS
OMpENENseTCd OpPUEHTAIMENl KOJBIEBOrO BpalI€HUS OTHOCUTEIBHO
TOPOUJAIIBHOTO, TO  JJIEKTPUYECKUM  3aps]  4YacTULbl  CJIEAYeT
OTOXIECTBIATH C HAUIMYMEM KOJIBIIEBOTO BPAILCHHUS,;

3) NOASAPHOCTH 3apsia ONPEAENAETCS OPUEHTAIMEN KOJBIEBOTO
JBUKEHHS] OTHOCUTEIILHO TOPOUIATIBHOTO.

Hcexonst U3 3TOro M CONOCTaBIIsAA BBIPAKEHUS U1l MEXAHUYECKOU
DHEPIUM IIOJISI CKOPOCTEH Cpelapl BOKPYI JJIEMEHTAPHOM 4YacTULBI C
BBIPDAXKCHUSIMHU JUIS DJIEKTPUYECKOW DJHEPrUU IMOJS €€ 3apsiaa, 3apsan
OTpeAeNIeTCs KaK HUPKYJIALMS KOJTMYEeCTBA KOIbLEBOTO JBUKEHUS d(prpa
10 BCEU ITOBEPXHOCTH BUHTOBOI'O BUXPEBOI'0 TOPOUAA.

CouH DJIEMEHTapHOM YacTHULBl  ONpEAENsIeTCs KaK MOMEHT
KOJIMYECTBA KOJIBLIEBOT'O ABUKEHHUSI YaCTULIBI BOKPYT CBOEH OCH.

Crnenyer Takke 3aMETHTh, YTO JJIEMEHTApHas 4dacTula (POTOH B
3TOW paboTe paccMaTpHUBAETCs Kak KOpIyCcKysa. biamkallmmm aHaiorom
CTPYKTYpbl (POTOHA SBISETCA CTPYKTypa TaK HA3bIBAEMOM «IOPOXKKHU
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Kapmana» - IByXpsSiTHOW CHCTEMBI JIMHEWHBIX BUXPEH, PaCIONIOKEHHBIX
OJIMH OTHOCHUTEIIbHO JPYroro B IIaXMAaTHOM TIOpSJAKE. OTH BHXPH
BpAIaloTCs B KaXJIOM POy B OJJTHOM M TOM K€ HaIlpaBJICHUH, HO BUXPH
OJTHOTO psija BpAIalOTCS B HAMPABJICHUH, MPOTHUBOIOJIOXKHOM BHUXPSIM
BTOPOro psja. Buxpw MMEOT BHHTOBYIO CTPYKTYPY, M 3(Hp B OCEBOM
HaIlpaBJICHUH TepETEKaeT U3 BUXpEH OJTHOTO psja B BUXPU BTOPOTO Psa.
TakuM crocobom co3gaercss enuHasi cucTemMa BuUXped - (QoToH. DTa
CHUCTEMa BUXPEHW MMEET BCE CBOWMCTBA CBETOBOrO ()OTOHA - BOJHOBBIC U
KOPIYCKYJISIPHBIE CBOMCTBA, DSHEPIHI0, MPOMOPIUOHAIBHYIO YacTOTe,
MOJISIPU3ALINIO, CTIMH U TOMY MOA00HOE.

['enepanus (poToHOB ocymecTBisieTcss atomamu. [Ipu TeroBom
B3aUMOJCHCTBHM aTOMBI  COYNApSIOTCA JPYyr C JPYTOM CBOUMH
AJIEKTPOHHBIMU 000JI0ukaMu. B pe3ynbpTaTe 3TUX coynapeHuil BO3ZHUKAIOT
BOJIHOBBIE TMPOIIECCHI B DJEKTPOHHBIX oOojoukax. Haumnas ¢
OMpENICTICHHBIX YacTOT, BOJHBI, KOTOPBIE MPOXOAST IO IOBEPXHOCTH
AJIEKTPOHHBIX O0O0JIOYEK aTOMOB WJIM IO TOBEPXHOCTH SJE€P aTOMOB,
CO3/Ial0T B OKpYKaroiieM ddupe GOTOHHOE U3TyUeHHE.

B. A. AIIOKOBCKMM JlaHa HWHTEpIIpETallus dJISKTPUUECKOTrO M
MarHUTHOTO TIOJIE Kak CJIEJICTBUE HAIUYMs TOTOKOB 3(upa BOKPYT
3apspKeHHBIX yacTull. Ha puc..3 BUHO, 4TO TIpH BBIXOJIE HA MOBEPXHOCTH
AJIEKTPO/a BUHTOBBIX BHXPEBBIX TOPOHIOB - MPOTOHOB HJIM CBOOOIHBIX
AJIEKTPOHOB - OHM CO3/Ial0T B MPOCTPAHCTBE BHE DJIEKTPOJOB BUHTOBBIC
BUXPEBBIC TPYOKH MOABIKHOTO ddupa. B BUxpeBoit TpyOKe, co31aHHOI B
OKpY’KaroIllel cpe/ie BUHTOBBIM TOPOMJIAJIbHBIM KOJBIIOM, IMTOTOKU d(upa
JBUTAIOTCS HE TOJBKO IO KOJIBITY B IJIOCKOCTH, MEPICHIUKYISIPHOM OCe
TpyOKH, HO M MapauieNbHO 3TOM ocu. Ilpum 3ToM B HEHTpabHOU
(BHYTPEHHEI) 4YacTH BUXPEBON TPYOKH 3(pup ABUTAETCS OT BUHTOBOIO
TOpouja, a 1no nepudepurt (BHEUIHSAA 4YaCThb TPYOKH) - K BHHTOBOMY
TOPOUJY, TaK U4TO OOLIee KOIMYECTBO MOCTYNATENbHOTO ABUXKEHUS d(Prpa
BJIOJIb TPYOKHU B CPEHEM paBHSAETCS HYJIO. Byydun pa3HbIM M0 BEIMYHUHE
M HalpaBJCHUIO Ha Pa3HbIX pACCTOSAHMUIX OT OCH TPYOKH, OTO
MOCTYIATEbHOE JIBMKEHUE CO3/1a€T HEOJIMHAKOBBIE 3HAYEHUSI BUHTOBOTO
¢dakTOopa, mMpUYeM BO BHYTPEHHEW YacTh TPYOKHM BUHTOBOE IBUIKECHHE
MMEET OJIVH 3HAK, a M0 nepudepuu - MPOTUBOIOJIOXKHBIN (puc.3).

Takum 00pa3oMm, CHUJIOBBIE JIMHUM JJIEKTPUYECKOTO TOJS -
AIEKTPUYECKAsT HHAYKIMUS - CYIIECTBYIOT KaK OT/ACJIbHbIE BUXPEBbIC
TpyOku («Tpyoku Papajges») ¢ MEPEMEHHBIM MO CEYEHUI0 BUHTOBBIM
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(akTOpOM, OJHAKO HIEKTPUYECKOW HHAYKIMM OTBEYAET HE BCE OTO
IBH)KEHUE, a TOJBKO €ro KOJIBIEBAS COCTaBIsroNas. VHTEHCUBHOCTH
AIEKTPUYECKOTO TOJIA OINPENENSIETC €ro HaIPsSKEHHOCTBIO, TO €CTh
YUCJIOM TPYOOK, KOTOpbIE MPUXOAATCS  HA  €AUHUIY  IUIONIau
IIONIEPEUHOI0 CEYEHHs INPOBOJHUKA H,

Puc.3

COOTBETCTBEHHO, CEUYCHHEM KaXKJO0U TPYOKH: UE€M BBIIIE HANPS)KEHHOCTh
AJIEKTPUUECKOrO0 TMOJII, TeM OOJIbIIee YHCIO TPYOOK MNPHUXOIUTCS Ha
€AUHUITY TUIOIAIA U TEM MEHBIIINM OYyJIeT CEUeHUE KaxJI0i TPyOKH.

®dusuyeckas CyTh DJJEKTPUYECKOT0 TOKa B METAIMYECKOM
MPOBOIHUKE 3aKJTI0UAETCS B CIECIYIOIIEM.

[Ipr OTCYTCTBHM 3JIEKTPUUYECKOTO IIOJNS DJIEKTPOHBI B METAILIE
OCYILIECTBJISIOT Xa0TUUECKOE TEIJIOBOE JIBMKEHHUE U UMEIOT XaOTHYECKYIO,
TO €CTh PAaBHOMEPHO paclpe/IeIEHHYH0 OPUEHTAIINIO B TPOCTPAHCTBE.

[log nerucTBUEM 3NEKTPUYECKOTO IIOJSI XAOTHYECKOE JABUKECHUE
ANEKTPOHOB B  TPOBOJHUKE HECKOJBKO  yHOpAJOYUBaeTCS. IJTa
YIOPSAOYEHHOCTh MPOSABISETCS ABOSKO. BO-MIEPBBIX, 3JIEKTPOHBI BO BPEMS
CBOOOJHOrO MmpoOera MEXKIy COYAapeHUsIMH C  BJIEKTPOHHBIMU
000JI0YKaMH aTOMOB HAUYMHAIOT OPUEHTUPOBATHCA MO TMOJ0, TO €CTh
HalpaBJiCHHWE UX OCEH TMojaydaeT OOIIYyI0 COCTABJSIONIYIO BJIOJb
HaIpPAaBJICHUA DJIEKTPUUECKOrO MOJs. BO-BTOPBIX, 3JEKTPOHBI MOITYYAKOT
HEKOTOPOE YCKOpEHHE B OOIleM HANpaBJICHUW BIOJb MOJISA, YBEIUUUBAS
IPU 3TOM CBOKO CKOPOCTh M, TEM CaMbIM, KHHETHYECKYIO DHEPTUIO. DTy
OPHEHTALIMIO BJEKTPOHBI TEPSIOT TMOCIE KaXJOr0 CTOJIKHOBEHHS C
MOBEPXHOCTAMHU MOJIEKYJT METAJIA, HO MOTOM YaCTUYHO BOCCTAHABIIMBAKOT
€€ BO BpeMsi CBOOOHOTO Mpodera Mexay CTOJKHOBEHUAMU. B pe3ynbrare
B CPEIHEM BCA COBOKYIHOCTH 3JICKTPOHOB B METAJIE CMEMIAETCS BIOJIb
OCHM TMPOBOJHHKA M, KpPOME TOr0, OKa3bIBAETCA pPA3BEPHYTOM IO
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HEKOTOPHIM OOIIMM YTJIOM OTHOCUTEIBHO TMJIOCKOCTH, IEPIEHIUKYIISIPHOMN
OCH TTPOBOIHHUKA.

[Ipu Hamuuuu ABUXKEHUS DJICKTPOHOB BJIOJb MPOBOJHUKA BOKPYT
HErO TOABIIAETCA MarHuTHOe mnoJsie. Onpenensiome BEIUYUHOW s
MarHuTHOTO  TOJs  SIBJISETCS ~ MAarHUTHAs  MHAYKIMSA,  KOTOpas
OTOXKJIECTBJISIETCSI CO CKOPOCTHIO TMOCTYMHATEILHOTO JBWXEHUS 3¢upa, a
IpUYMHA CWJIOBOTO BIIMSHUS MAarHUTHOTO TMOJISI OTOXIECTBISETCS C
rPaJMEHTOM JTOW MOCTYNATEIIbHOW CKOpocTH. Du3uyeckas CyThb
HaMpsHKEHHOCTU MArHUTHOTO TOJISI - 3TO TMOCTyMaTelnbHas CKOPOCTh
MJIOTHOCTU 3(dUpa B CTPYKTYpE€ MATHUTHOIO IOJS, TO €CTh YJEJIbHOE
KOJIMYECTBO ABMKEHUS d(Pupa.

[Ipu mpoTekaHuu TOKa B MPOBOJHHKE, TO €CTh MPHU IOBOPOTE
AJIEKTPOHOB (MX CIHMHOB), M3-3a HAJWYHUS KOJBIIEBOIO JBMKEHHS ddupa
BOKPYT 3JIEKTPOHOB UMM COBMECTHO CO3/IA€TCS YIMOPSI0UYCHHOE IBUKCHUE
a(upa BOKpPYr NPOBOJHUKA, UYTO U BOCIIPUHUMAETCS KaK MarHUTHOE TOJIE.
OT10 ABWXeHUE >(upa mepemaeTcs oT CJIoA K CJIow Ojarogapsi BA3KOCTH
aupa.

B.A.A1tOKOBCKUM TIPEJIOKEHBI HEKOTOPHIE YTOUYHEHUS YPaBHEHUM
aleKTpoauHamMuku. IIpemnaraemble yCOBEpIIEHCTBOBAHUS ypaBHEHUM
AJEKTPOJMHAMUKH  MMEIT  CBOEH  I€NIbI0  yKa3aTh  IPUYHUHHO-
CJIEACTBEHHYIO CBSI3b MEXKJY BEIWYMHAMU, KOTOPBIE JIEHCTBYIOT B ITHUX
ypaBHEHUSAX, BBECTH B pacyeT (pakT 3ama3/bIBaHUs U3MEHEHUS BEJIUYUH
MOCJEACTBUI MPU U3MEHEHMSIX TMPUUUHHBIX BEJIWYHUH, a4 TAKXKE Y4YeCTh
CKUMaEMOCTb 3(upa U, Kak CIEACTBUE, COKMMAEMOCTh MAarHUTHOTO TOJIS U
AIeKTpUYecKoro Toka[17].

B 1992 — 1998rr. Beiuia B 4-x Tomax pob6ota II. JI. IlpyccoBa
«SBnenue >¢upay, o0beauHEeHHas MOTOM B [18], B KOTOpoO# mpeajaraercs
MHOTOCTyII€HYaTasg CXeMa MOCTPOEHUS YacTHI] BelllecTBa u3 3dgupa. Ipup
OpEeACTaBIsETCA Kak CMeCh  JJEeMEHTapHbIX 4YacTull d3¢upa ¢
00pa3oBaHHBIX U3 HUX NPHU (IYKTyalusax 3¢upa BUXPEBBIX TOPOB, IPUUEM
nepexo] MEeXIy HHMU - HenpepbBHbIA. Creayromas CTYICHb
OpraHu3alMyi MaTepuu - THOKUE BUXPEBbIE TPYOKH, HAOpaHHBIE U3 TOPOB,
srncunmuHo  (Dnektpudeckoro Iloma CHnossix  JIMHuit  Otpeskn),
OPOMEXKYTOUHAsi HWHCTAHIMS Mexay wmatepued B dopme »sdupa u
matepuei B opme BeriectBa. CBOOOJHBIE SNCHIMHO, B TEJI€ KOTOPBIX BO
BpeMs JBUKEHUSI UMEIOT MECTO MOMEPEUHbIE KOJeOaHus, - 3T0 (DOTOHBI, a
T€, KOTOPbIE JABUTAIOTCS MOCTYNATEIbHO 0€3 MOMEPEeUHbIX KOoJIeOaHWl B
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CBOEM Tele - HeuTpuHo. JIBmkeHne (OoToOHA TpeAcTaBIsEeTCd Kak
HEMPEPHIBHOE  MPUCOCAMHEHUE K  DJICUIMHO M3  OKPYXKAIOIIEro
IpPOCTPAaHCTBAa BHUXPEBBIX TOPOB B TojioBe (poToHa M cOpoca uX B
XBOCTOBOM wyacTu. Jlanpllle Kak CTyNEHb OpraHU3alldd HJIET 3JIEKTPOH
(TTO3UTPOH), KOTOPBIN YXKE ABISAETCSA 3JIEMEHTAPHOW YaCTHUIIEH BEIIECTBA U
MOCTPOEHHBIN M3 BUXPEBBIX TOPOB. OCTOB AIEKTPOHA (TTO3UTPOHA) MOXKHO
NpEeACTaBUTh B BUJAE MOJIYNPABUIBHOTO Tena Apxumena (MKocadmp-
noaexka’ip, 20 MeCTUYTroJbHUKOB M 12 MATHYTOJIBHUKOB), BO BCex 32-X
IpaHsAX KOTOPOIO HAXOJATCS BUXPEBbIE TOPHI 3hHUpa, K KOTOPHIM MOTYT
NPUCOCIUHATHCA TaKHe >K€ TOpPbl M3 OKPYKAIOIIEr0 MPOCTPAHCTBA,
CO37]aBasi CWJIOBBIE JIMHUM 3JIEKTpOHA (MTO3UTPOHA) - THOKUE BUXPEBBIC
TpyOKH (BIICUIIMHO) - CBOEOOpa3HbIe «IMymaiblla» YacTullel. Hapsmy c
BUXpAMHU B 32-X TpaHSAX JJICKTPOHA C HUM CBSI3aH €Ille¢ OAWH BUXPH B
sadupe, co3IaBaE€MbIil BpalllEHUEM JJIEKTPOHA KakK IeJ0ro, - CIHH.
HykJIOHBI MOCTPOEHBI U3 HJIEKTPOHOB W MO3UTPOHOB, KOTOPHIE B TEje
HYKJIOHA HaxoJSITCS B CTaTUYECKOM paBHOBecHH. [Iperpamamu mnpoTun
COTMKEHUSI SJIEKTPOHOB U MO3UTPOHOB K AaHHUTUJISLIMM CITy>KaT TPYOKH U3
BUXPEBBIX TOPOB 3upa.

I1. JI. IIpyccoBBIM BBIUHCIIEHBI HEKOTOpHIE MapaMeTpbl ddupa 3
MHBIX COOTHOIIEHUH, yeM y B. A. AmtokoBckoro. MM monyyeHbl Takue
3HAYEHUS:

- ILIOTHOCTB (HpPa Y IOBEPXHOCTH 3eMIH p.; = 810”7 r/em” = 8-10°°
KT/M;

- WIOTHOCTH 3dupa B KOCMOCE poe = 4,469-107r/em” = 4,469-10°
KT/M;

- muHaMudeckas Bsskocth 7 = 0,31 r/(emrc) = 3,1:107° kr/(m-c)
(cousmepuMasi ¢ TMHAMUYECKOHN BSI3KOCTBIO BO3/lyXa, y KoToporo 7 = 0,71
r/(cMm-¢));

- KHHEMATUY€eCKas BA3KOCTh ¥ = 3,88-107 em’/c = 3,88-103 m/c.

B naneneitnx pabdotax I1. 1. IIpyccoBa, B wactHocTu B [19, 20],
paccMaTpuBalOTCd BO3MOXXHOCTH T€HEpallud JHepruu u3 sdupa,
OPUBOJIATCS PE3YIABTATHI YCIEIIHOTO SKCIIEPUMEHTA.

B pabGore [21] nmpennaraercss BBECTH B YpaBHEHMS
DIEKTPOJUHAMUKHN JIOTIOJHUTEIBHO TOHSITUE CKAJISIPHOTO MAarHUTHOTO
MOJII HA OCHOBE YTBEPKACHUS (MOAKPEMICHHOTO SKCIEPUMEHTATIBLHO), UTO
KpPOME MOMNEPEYHBIX CUJ MAarHUTHOTO TOJS CYIIECTBYIOT M MPOAOJBbHBIC
(BOOJb HAIpaBJIECHUM TOKOB), TOK CMEIICHUS HMEET KaK MPOIOJbHYIO
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COCTaBJSIIOIIYI0, KOTOpas CO3[a€T HW3BECTHOE B HAyKe BEKTOPHOE
MAarHuTHOE TOJIe, TaK U MONEPEUYHYI0 COCTABISAIONIYI0, KOTOpasi CO3AeT
CKIAPHOE MarHUTHOE T0JI€. DTO MO3BOJISIET OMUCATh MPOIIECCHI, KOTOPHIE
CONPOBOXKIAIOT  IAPOBBIE  MOJHHUM, IIOCKOJIbKY  CYIIECTBYIOIIHE
ypaBHEHUS 3JEKTPOMArHUTHOIO TMOJsA 3Aech OeccuyibHBI. WMim BooOIIe
OTKa3aThCsl OT TIOHSTUS MArHUTHOIO TMOJIA, CYUTasg, 4YTO  KpoMme
UMEIOIIETOCsl Y HEMOJBM)KHOTO 3apsja 3JIECKTPUUYECKOro IMOJs HUKAKOTO
CIIEIIMAIbHOIO MAarHUTHOIO TOJI Y TMOJBHUXXHOIO 3apsijia HE IMOSBIISETCS.
DTO TO K€ BJIEKTPUYECKOE TMOJIe 3apsla, HO YK€ epOpMHUPOBAHHOE H
u3MeHeHHoe (3¢ (eKT 3ama3apBaOMIMX MOTEHIMAIORB) 3a CUET JBUXKCHUS
3apsiga. To ecTb, BepHYThCS K AaBHeH uaee A.M.Ammepa o TOM, 4YTO
"HMKAKOro 0COOEHHOI0 MAarHUTHOTO TIOJISl U MAarHUTHBIX CUJIOBBIX JIMHUU B
IpUPOJIC PEAIbHO HE CYIIECTBYET, U BCE€ HOBbIC OOHAPYKMBAaEMbIC MPHU
JIBWO)KEHUU 3aps/ioB 3(P(DEKThl U SBJICHUS CBSI3aHbl C JAUHAMUYECKUMU
CBOMCTBaMM 3JICKTPUYECKUX TOJed 3Tux 3apsaoB''[22]. B [21] Takxke
paccMaTpUBAIOTCS BOBMOKHOCTH TTOTYUYEHHS SHEPTUH U3 d(pupa.

Pabora [23] wumeeT cBoeli OCHOBHOM wWjeeil ompenereHus
KOJIMYECTBA MATEPUH. Y TBEPIKIAETCS, UTO MACCa KOCMUYECKUX TeT (3BE3],
MJIaHET, UX CIIYTHUKOB U TOMY IOJIO0OHOE) MPONOPIIMOHANIbHA TIIOIMIa N UX
MOMEPEYHOI0 CEUYEHMsS, U OTO MOXKHO pPaclpOCTPaHUTh M Ha JIpyrue
00bekThI. [Ipennaraercss Ha3BaHUE FJEMEHTAPHON YaCTUIBI 3PHUpPA - SJIOH.

B pabGorte [24] yTrBepxknaercd, 4yto 3pup sBiAsSETCA '>KU3HEHHO"
HEOOXOJMMBIM TMHUTATEIbHBIM KOMIIOHEHTOM BCE€X TeJl BEIIeCTBa, OT
HYKJIOHOB JIO 3B€3/l, 1 OHM MOTPEOJISAIOT ero HenpepbiBHO. (M3 1ero u kax
NOCTPOCHHOE BEIIECTBO He paccmarpuBaercs). [losTomy Bce Tena
OKpyXeHbI "moaymkamMu" u3 aupa, OTKya 3TOT 3Up U MOTpeOasieTcs, u
B3aUMOJCICTBYIOT Tela MEXAY CO00il 3TUMHU ">PUPHBIMU MOTYIIKAMH'".
Cuna nputsaruBanus (TpaBUTalUs M €€ MPUYUHBI) - 3TO JUHAMUYECKOE
naBiieHHe TmoToka »3¢upa (TO €CTh Tela HE MNPUTATUBAIOTCS, a
OPUKUMAIOTCS OAHO K JPYyroMy HalmopoM OKpyXaroliero sdupa).
[Ipennaraercss WCHONB30BaTh ATOT HAMOP I IOJYYEHUS DHEPTUUA W3
adupa, naercs OMUCAHWE M PE3YNbTaThl YCHEIIHOTO SKCIEPUMEHTa W3
YMEHBIIICHHS Beca Te KaK BO3MOKHOCTU JOOBIYU YHEPTUH U3 d(upa.

C TeueHueM BpPpCMCHHU IIO3UIUA ITPOTUBHHUKOB 3(1)Hpa ITOCTCIICHHO
pPa3MbIBACTCA, 1 UX BO3PAKCHUA CTAHOBATCA BCC MCHCC KATCIOPHUYHBIMHU.
A HCKOTOPLIC BJICHUS, TAKHUC KaK, HAIIPHUMCP, BO3HHUKHOBCHHC IIadp
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(QJIGKTPOH — TIO3UTPOH» IPU CTOJKHOBEHHUU JBYX (POTOHOB, HYJIEBBIC
KOJIeOaHMS BaKyyMa, HE HaXOJIAT MHOTO OOBSICHEHHUS, YEM HAJIMUUE KAKOM-
TO 3alOJIHAKIIEH Cpeapl B  NOPOCTpaHCTBEe. B «Pusnyeckou
SHIMKJIONEINNWY, U3IaHHONH B MOCKBE B KOHIIE MPOIILJIOTO BeKa, (DOTOHY
y)Ke MPUIKCaHa Macca MOKOos, 4To (haKTUUECKH MEPEBOJUT €ro B pa3psj
KOpIyCKyJ. B KBaHTOBOWl MeEXaHHMKE TMOTUXOHBbKY TIEpellIu  OT
«pa3pelieHHBIX» OPOUT JJEKTPOHOB K OINPEICICHUI0 OpPOUTHI Kak
HEKOTOPOM 00JaCTU MECTOHAXOXKJACHUS AIEKTPpOHA. 1 3TO yKe CO3BYUHO C
yTBEp)KJICHHEM A. DJIIUHITOHA O TOM, YTO pEIICHUE ypaBHEHUS
[IpenuHTepa MOKHO TPAKTOBATh KaK IJIOTHOCTH BEIIECTBA B KOHKPETHOM
Touke[25].

ABTOpOM JaHHOW pabOThl OCYIIECTBJIEH PSJA DIKCIEPUMEHTOB B
HalpaBJCHUU Jerajiu3auuu ddupa, JBE TPYNNbl U3  KOTOPHIX
OpeACTaBICHbl HMKE. 3a OCHOBY [l TIOMCKOB B3sitTa pabora B. A.
A1tokoBckoro [17] mpu I0CTaTOYHO KPUTUYECKOM OTHOIICHUH K HEHU.
NMeHHO TMOATOMY 37eCh JaHO TaKoe JOBOJIBHO pPACIIUPEHHOE €€
peJCcTaBlIeHUe, - YTOObl YMTATEIh MOT TOHSTH IMOJydaeMble B JAHHOM
paboTe pe3ynbTaThl 0e3 oOpallleHus K APYruM UCTOUHHKAM.
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. 9cdompHas npupoaa MarHMTHOro nons

[lepBass rpynma SKCOEPUMEHTOB TIOCBAIIECHA HCCIEAOBAHUIO
(PU3UYECKUX CUITIOBBIX JIMHUM MOCTOSSHHOIO MarHUTA.

B yueOHUKaX MO0 TEOPUHU JIEKTPUUECTBA TOBOPUTCS, UTO MAarHUTHAS
CUJIOBAs JIMHUS — 3TO COBEPILIEHHO YCIOBHOE 0003HAUEHHUE, TTO3BOJISIOINIEE
M300pa3uTh TOMOJIOTHIO MAarHuTHOro monas. Ilpuw 3ToM MOXHO B
KOHKPETHOM CE€YEHUHU MPOBOJIUTH CKOJIBKO YTOJHO CHJIOBBIX JIMHUM, JTUIIIb
Obl WX  OTHOCUTENIbHAs IUIOTHOCTh  OblJa  MPOIMOPIHOHAIBHOU
HAIpPS)KEHHOCTA MarHUTHOTO TOJISl B 3TOM CEUEHUHU.

B TO Xe Bpems H3BECTHO, YTO MArHUTHBIE CHJIOBBIC JIMHHUU
CyIIECTBYIOT U ¢u3nuecku. YUYToObl yOEIUThCS B ITOM, JOCTATOYHO
NOChIMaTh Ha TMOJIOC TMOCTOSHHOIO MAarHUTa KEJIE3HbIE OIMIIKH,
(bu3nyecKrue CUIOBBIC JIMHUU HEMEIJICHHO MposBIT ceds (puc.4). MoxHo
M TIOKa3aTh MOAPOOHEe TOMOJIOTHID MArHUTHOTO TMOJisA, HalpuMep,
y4eOHOro  TMOJOCOBOTO  MarHuTa, TMOJOXKHB €ro Ha  KapTOHKY
TOPU3OHTAIBHO M MOCHINAB JKEJIE3HbIE OMWJIKU B JKETTAEMBIX OKPECTHOCTAX
BO3JIE TMOJI0Ca MarHuta (BO3MOXXHO, MHPU HSTOM MPHUAETCS KaAPTOHKY
HEMHOT0 TOTPSICTU MEJKUMH yJapaMmu KapaHpaamia) (puc.5). BugHo, 4to
KEJIE3HBIMU ONMUIIKAaMU (PUKCUPYIOTCSI CUJIOBBIE JIMHUU JITMHON OKOI0 17
CM. MarauTtHoe ToJie CYIIECTBYET M Jajiblle, YTO MOXKHO JETKO
IPOBEPUTH, HAIIPUMEP, MATHUTHON CTPEIKOM, HO KEJIE3HBIE OIUIIKU ITOTO
HE 0TOOpaXaror.

Kene3nble ONWIKU B3aUMOAECHCTBYIOT TOJBKO C (DU3NYECKUMU
CUJIOBBIMU JIMHUSIMH.
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Puc.5

Ha puc.6 nmnokazanbl (U3MYECKHE CWIOBBIE JIMHUU  TIpU
B3aHMOJICICTBUM PA3HOMMEHHBIX MOJIFOCOB JIBYX NOJIOCOBBIX MAarHHMTOB,
PACIIONIOKEHHBIX BEPTUKAJIBHO HA PacCToAHMM 6 CM, KapTOHKa C
ONMWJIKAMH Pacroyiaraercs
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nmocpeauHe Mexnay noimocamu. Kak w Ha puc.4 31ech BHAHO, YTO
MarHUTHBIE CHJIOBBIE IMHUKM 00pa3ylOT MPABUIbHBIA MOPSIOK — «CETKY» C
1aroM NPUMEPHO 2,5 MM, U 3TOT HOPSAOK HE TaK TO U JIETKO Pa3pyILINTh.
[Ipu wmensieHHOM A00OABJIEHUM OIUJIOK HApacTaeT BbICOTA «ITHKOB)
KEJIE3HBIX OIMIIIOK, COXPAaHSS B LEJOM NPEXKHIOK CTPYKTYPY.

[IpencraBnger HHTEpEC HCCIEeNOBaHUE (PUIUYECKUX CHIIOBBIX
JMHUNA MOCTOSHHOTO MarHuTa ceuyeHuemM 1x1 MM, T.e. B OJIHY PU3HUECKYIO
JMHUIO U3 U300paKeHHbBIX Ha puUc.6.

Ha puc.7 mpencraBieHO MarHUTHOE I10JI€ MOCTOSIHHOTO MAarHuTta
MUWIJTUMETPOBOTO CE€UEHMS JUIMHON 35 MM (IIar CEeTKU Ha KapTOHKE — 5
MM). BuaHo, YTO MJIMHA PETUCTPUPYEMBIX KEJIE3HBIMU OIMUIIKAMU
CUJIOBBIX JIMHUW COCTaBisieT mpuMepHo 25 mMm. Ha puc.8 noxaszaHo
MAarHUTHOE M0JI€ ABYX MOCJIEA0BATEIbHO COCIUHEHHBIX Pa3HOMMEHHBIMU
MOJOCaMU 3 5-MUJUIMMETPOBBIX MAarHuToB. BHUIHO, YTO JJIMHA CUJIOBBIX
JUHUWA BO3pOCia, HO HE BJIBOE, a JHIIL NpuUMEpHO a0 35 MM (OHO U
ITOHATHO, BE€/Ib 3HAYMTENbHASI 4acTh CUJIOBBIX JIMHUW MOJIA 3aMBIKAETCH,
BBIXO/AS M3 OOKOBBIX IpaHel MarHuta). Puc.9 mpencraBiser 1mose
MAarHuTa MWJUIMMETPOBOTO CEYEHUS
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Puc.9
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mmHoM 70 MM. 31ech UIMHA CWJIOBBIX JIMHUW, PETUCTPUPYEMBIX
KEJIE3HBIMU OMUJIKAMU, COCTABIISIET TAKXKE MPUMEPHO 35 MM.

UccrnenyeMm B3aMMOJECHCTBUE PA3HOMMEHHBIMHU TOJIIOCAMHU JBYX
NOCTOSIHHBIX MAarHutoB JiuuHOM 70 Mm m ceueHnem 1x1 mm. Ilpm
pacctosiHuu Mexay nojrocamu B 100 mm (puc.10) mosist MarHuToB BEAYT
ce0sl COBEPIIEHHO HE3aBUCUMO, MEXAY HUX (U3UYECKHUMHU CHUIIOBBIMHU
JUHUSAMHU HaXOJUTCA HEWTpanpHOe moJjie mupuHor 3 cM. COnmkeHue
MarHutoB 10 80 MM (puc.11) He BHOCHUT CYIIECTBEHHBIX H3MEHCHHH,
JUIMHA (PU3WYECKUX CHUJIOBBIX JIMHHM OCTaeTcsa TOM Ke, TOJIbKO
HEUTpaabHOE ToJIe CY3mIoch 10 1 cm. [Ipu paccTossHUM MEXAY MOTI0CaMU
B 70 MM (puc.12) pusnydeckue CUIOBBIC JIMHUHU, COBIAJAIOIINE C OChIO
MAarHuTOB, COINPUKOCHYJIUCh, Y OCTaJbHBIX JIMHUH HHU JUIMHA, HHU
HAIpaBJICHUE HE W3MEHWINCh. JTO CBHUAECTEIBCTBYET O TOM, 4YTO
(u3nYeCKre CUIOBBIC JIMHUM SIBISIOTCS MPUHAJICKHOCTHIO KaXKJIOT0 W3
B3aMMO/JICUCTBYIOIIUX MarHUTOB, OHU COXPAHSIOT CBOM BHJ, HECMOTPS Ha
TO, YTO HAIpPSOKEHHOCTh MArHUTHOTO MOJISI OT CJIOXKEHHS TOoJIeM JBYyX
MarHuToB $BHO Wu3MeHw1ack. lIpu pacctosHum B 50 MM (puc.13)
COMPUKOCHYBIIMECA JMHUU COCIUHSIOTCS, TEpexols Apyr B JApyra
COOTBETCTBEHHO, OJIHAKO MX HAIPaBJIEHUE OCTAETCA MPEKHUM — BUJIUMO,
CYILLIECTBYET (PaKTOp, COXPAHSIOMIMI HampaBiICHUE U MPSIMOJIMHEHHOCTH
¢u3ndecKkux cUIIOBBIX TUHUM. [Ipu paccTosiuun mexay marautamu 20 Mmm
(puc.14) cunoBble TUHUM, UCXOAIINE U3 TOPIIOB MArHUTOB (YroJ1 OOJIbIIIE
45° OT MJIOCKOCTHU TOpIia), COSMHIINCH COOTBETCTBEHHO MEXIY CO0Oii, B
0O0lLlIeM COXpaHUB MPEKHEE HAIPABICHUE, XOTS YIJIbl B TOUKE COCTUHEHUS
JUHUN U CKPYIJIMJIMCh. 3aTO CUJIOBBIC JIMHUM, UCXOMAAIINE U3 OOKOBBIX
rpaHeil MarHUTOB BOJM3U TOPIIOB (MIPUMEPHO O 3 MM) U3MEHUIU CBOE
HaIpaBJICHUE, IEPEOPUEHTUPOBABIINCH CO «CBOETO» HA «UYKON» MATHUT.
Ha puc. 15 mnoka3zaHo MarHHUTHOE TOJIE JBYX HEMNOCPEACTBEHHO
CONPUKACAIOIINXCSA PA3HOMMEHHBIMHA MOJIFOCAMH MAarHUTOB. 3JECh YK€
NEPEOPUEHTUPOBANIUCH HA «UY’KOI» MarHuT CHJIOBBIE JIMHUH, UCXOSIINE
13 OOKOBBIX IpaHel Ha PaccTOSIHUU A0 1 cM OT miaockocTu Topua. nuHa
(U3UYECKUX CUJIOBBIX JIMHUNA Y CBOOOJHOrO0 KOHIIA MarHUTa BO3pOCIIa 10
40 mm.

[logoOHyI0 KapTMHY MOXXHO HaOIIOJaTh Wy Mapbl y4eOHBIX
MOJIOCOBBIX MAarHutoB, pasmepamu 190x20x9 MM, y KOTOpPBIX IJIMHA
CUJIOBBIX JIMHHWM, PETUCTPUPYEMBIX IKEJIE3HBIMU OIWIKAMH, pPaBHA
npumMepHo 17 cMm. Ilpu paccrositnum mexny marautamu 300 mm (puc.16)
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CUJIOBBIC JIMHHUU COXPAHAKOT Hp}IMOHI/IHCfIHOCTB J0 CaMOoro MOMCHTaA
BCTpCUn CO CBOMM aHAJIOroMm C€ Apyroro Marb"ura.

pacCTOSTHUAAX CprrneHHe erIa COHpI/IKOCHOBeHI/ISI

[

IIpu MenpIIHX

| 9 TR Jee S
A
LU
RERRAB
;9

LR = e

o B Y
l

"]
1
|
il B
<4
sk

b

% " .':.:L“

S e
R 2

Puc.11

30



C. M. Makapos O0NP, SJIEKTPUYECTBO, MAI'HETU3M

& - v . B iy
1 5 s L% T = S
L P Y T B : g
15 "% BN e B e F
3 g L
&) = " »
J o : '
: %
- e
ko
-
- »

v 7 e W = el B ] - y
e ¢ o N W L2 3 Bl BT s
om0 F - ¢ > A B
F il . b 1 e 30k 5k e
- - . .
3 i '. » - ]
> r -.‘ - . g e J‘\ 5
- = ¥
- it " -
— y - o
p e -
- g »
- -
s - 8-
.._
-
o~ -
L -
»

Puc.13
31



O0UP, SJIEKTPUYECTBO, MAI'HETU3M C. M. Makapos

Puc.14

Puc.15
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CUJIOBBIX JIUHUM (M, COOTBETCTBEHHO, COKPAILIEHUE UX OOIIEH JUTMHBI) yKe
oonee 3aMeTHO (puc.17, paccrosinue 80 MM, puc.18, pacctosaaue 60 Mmm).

Tenepb mpoBeneM HCCIEAOBAHUE MArHUTHOTO TOJISI BEPTHUKAIBLHO
YCTAHOBJICHHOTO MOJIOCOBOTO MOCTOSIHHOTO MarHuTa, MmoMenias KapTOHKY
C JKEJIe3HBIMU OINWJIKAMU Ha Pa3IMYHBIX PACCTOSHUSAX /1 OT MOJIIOCa.
@DaKTUYECKH  37eCb  HUCCIEAyeTCS  IOBEJACHUE  TaHTEHIMAIbHOMN
COCTAaBJISIFOIIEN HANIPSKEHHOCTHU TOJIA.

HemnocpencTBeHHO Ha TOPIIEBOM MOBEPXHOCTH IOJOCA MOJIE€ UMEET
BHUJ, MOKAa3aHHBIM Ha puc.19. BugHa ceTka CUIOBBIX JIMHUW C IIIarom
npuMmepHo 2,5 wmMm. Ilociae TpsCKM KapTOHKHM MSITKUMM  yJIapamu
(kapaHaamoM — 3TO yKe Tpy0o, JydIlle MOJIOCKON TOHKOro kapTtoHa 15x1
CM) 10 TeX TNop, MOKa KapTUHKA HE CTaOuIu3upyercs (OMUIIKH
MOANPBHITUBAIOT HA MECTE, HE pa30erasch) KapTUHA MPUHUMAET BUJ puc.20
s moroca S u puc.21 mis nonroca N, mpuyeM BO BTOPOM CITydyae HyKHA
HECKOJIbKO OoJsiee MoIHAast U Oosee nnuTenbHas Tpsacka. [lpu pacctosauu
h = 6 MM B NEpBOHAYAJIBHOM COCTOSIHUM COXPAHAETCS CETKa B 2 MM
(puc.22), a mocie TpACKU 00pa3yeTcs JUIUNCOBUIHOE oTBepcTre 20x15
MM C OCTaTKaMH HEKOTOPBIX CHJIOBBIX
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auauit (puc.23). Ilpu paccrossnuu 2 = 10 MM B MepBOHAYaIbHOM
COCTOSIHUM €II€ COXpaHsieTcs ceTka B 2 MM (puc.24), a mocie TpsACKU
oOpa3zyetcsa orBepcTue D25 MM (puc.25). B nepBoHavaqIbHOM COCTOSSHUHU
npu & =20 MM yxe npeobianaer cetka B 1 MM (puc.26), kotopas jajee
COXpaHAETCsl IOCTOSIHHO, a MOCJE TPSICKA 00pa3yeTcst orBepctue ¥35 Mm
(puc.27). Bo3HuKaromue OTBEpCTHsI HE BCErAa KpYyTible, Y HEKOTOPBIX
oOpa3Il0OB MAarHUTOB OHM MOTYT HMMETh BHJ JJUIAICA WM Jaxke
NPAMOYTOJbHUKA CO CKPYIVIEHHBIMU  yrjamu. JlanpHEHIIui  XOx
UCCIIeIOBaHUs OTOOpaKeH B TabJ1.2 AJig moitoca S U B Ta0j.3 115 moJiroca
N. udpamu B Tabnuiax 0003HAYEHBI CIEAYIOIIME KOMMEHTapuu: 1 —
pazberaHue ONWIOK €CTh, HO OTBEpCTHE He oOpaszyercs (puc.28); 2 —
pazOeranve ONWIOK HaOIOIaeTcsl MO KpasM, B ILEHTpe oOpasyercs
HEUTpaJIbHOE MATHO YKa3aHHBIX pa3MEPOB; 3 — OMMIKHU pa30erarTcs, HO
OTBEPCTHUE HEUYETKOE, B LICHTPE OMUJIKHK OCTaroTCs (puc.29). @akT HAIMIHS
OCTaTKOB OMNWIOK 3aukcupoBaH y 6 u3 19 UCHBITAaHHBIX MOJOCOBBIX
MAarHuTOB M3 TpeX pasHbIiX naptuil. [lo BuanMoOMy, mpu 0Oojee MEIKOM
mare s 3TOT (PakT MOXHO ObUIO ObI 3a(UKCUPOBATH U Y OCTaIbHBIX
o0pa3IloB MarHUTOB, HO ATO YK€ HAXOJUTCSd Ha TMpeAeie TOYHOCTH
JAHHOTO METO/a HW3MEPEHUH, €ClM NPUHATH aMIUTUTYyAy KojieOaHuin
KapTOHKH C onuiIKaMmu npu Tpsicke paBHoit 0.1 — 0.2 mm. Ha paccTosinuu /
= 100 MM momnepeyHasi COCTABJIAIONIAS MarHUTHOTO TOJISI B BUJIE CETKHU
emie HaOmojaercss 3a IMpeaenamMu Kkpyra, amamerpom 100 MM (3a
npeaesiaMu TEIECHOrO yryia, o0pa3oBaHHOTO KOHYCOM C pacTtBopoMm 90°),
HO MpU JaJbHEWIEM YAAJICHUH OT IMOJKCAa BCKOPE HMCUE3aeT U TaM.
BHyTpu yka3aHHOTO TEJIECHOTO yria CHJIOBBIE JMHUU YXKE Pa3OlUINCh
HACTOJIbKO, UTO HE B3aMMOJEHCTBYIOT MEXIY COOOIA.

BeprtukansHoe ceyeHue IIOBEPXHOCTH, 00pa30BaHHOM
OKPYXHOCTSIMU  (RJUTMIICAMHU,  CKPYIJICHHBIMU  MPSAMOYTOJIbHUKAMH),
NOJYYAIOIIMMHUCS TPU TPSACKE KApTOHKM C ONWIKAaMU Ha Pa3HBIX
pPacCTOSIHUAX /1 OT moJroca, n300paxkeHo Ha puc.30. durypa s nomroca
N wu3o0pakeHa C BOTHYTOCTBIO B IIEHTPE «IIOTOJIKa», MPHUHHMAs BO
BHUMAHHE BBILICYTIOMSIHYTHIN (PAKT HAMYUSA TaM OCTATKOB OMMJIOK IOCIIE
TPSICKHU.

[lonoOHOE umccnenoBaHWE MPOBEAEHO W Ui Mapbl Pa3HOMMEHHBIX
MOJIFOCOB  MOJIOCOBBIX MarHUTOB. CoOOTBETCTByrOUIME (Urypbl IS
paccTosIHUM Mexay nosirocamu B 90 MM, Koraa 30HbI, U300paKeHHbIE HA
puc.30, 11t B3aMO/ICMCTBYIOIIEHN MAPHI MOJOCOB HE MepecekaroTcs, u 60
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MM, KOTJa OHHM NEPECEKarTCs, MpuBeAeHbl Ha puc.3l wu puc. 32
COOTBETCTBEHHO.

Puc.20
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Puc.21

Puc.22
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Puc.23

Puc.24
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Puc.25

Puc.26
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S RS R C T SRR
SRt
Puc. 27
Tabnuma 2
Bricora Jo Tpsicku [Tocne Tpsicku
h Hanm Cetka |Bseicota | Yron Bricota | Yron |OtBepcTue
MarHuToM | (MM) nukoB | nukoB | CeTka | NMUKOB | NHMKOB (M™m)
(M) (Mm) | (rpax) | (Mm) | (mm) | (rpax.)

1 2 5 45 -90 5 45-60 | 20x8

6 2 4 0-90 2 4 0-90 | 20x15

10 1-2 3 0-90 1-2 2 0-90 D25

20 1 1 0-90 35

30 1 045

35 1 D25

40 1 210

41 1 A5

42 1 1

60 1 1

80 1 2,20x15

100 0>100 2, 30%20
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Tab6maua 3
BricoTa & o Tpsicku [locne Tpsacku
HaJ Cerka | Beicota | Yron Cerka | Beicota| Yroan | OrBepcTue
MarHuToM | (MM) IUKOB | MHUKOB | (MM) IIMKOB | IHMKOB (MM)
(Mm) (Mm) | (rpan.) (mm) | (rpan.)
1 2 5 45 -90 5 [145-60 15%6
6 2 4 0-90 2 4 0-90 20x15
10 1-2 3 0-90 1-2 1-2 |1 0-90 30%25
20 1 1 0-90 040
30 1 050
35 1 050
39 1 040
40 1 3
41 1 1
60 1 1
80 1 2,30%25
100 0>100 2,40%30

Pnc.28
41
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Puc.29
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HuxHsis yacTh uUryp cooTBETCTBYET pa30eraHuio OMUIOK MO JEHCTBUEM
TaHT€HIMAIBHOU CHUJIbI, BEPXHSS — UX COETaHUIO.

90

37 40

Puc.31

2 80 60

Puc.32
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[Tomroc S BHU3Y — L =28 MM, nomoc N BHU3Y — L =25 MM

B tabmunax 2 — 3 u Ha pucyHkax 30 — 32 mpuBeIeHbI TOKa3aTEeNN
Uisi o0paslia MOJOCOBOTO MarHuTa CO CPEAHUMH JaHHBIMU. Y OoJee
CUJIBHBIX MAarHuTOB <«IOTOJKW» (PUTYp BO3paCTalOT Ha HECKOJBKO
MUJITUMETPOB OJHOBPEMEHHO JJIsi O0OMX IIOJIOCOB, y Oosiee clalbIx
COOTBETCTBEHHO yMeHbIIawTcs. Bcero wucnbeitano 19  o0pasnos
MOJIOCOBBIX MarHMTOB M3 TPEX Pa3HbIX MapTUl. Y Bcex 0€3 MCKIIIOUEHUS
UCIIBITAHHBIX MAarHUTOB «MOTOJOK» (DUTypbl 7S TMOJIOCa S  BbIIIE
«motonka» ¢urypsl s nonoca N Ha 1 — 2 MM (C yueToM BO3MOKHOM
TOYHOCTH HU3MepeHui). Jlns ciaydas B3auMOACHCTBUS JBYX MAarHUTOB
(puc.31, puc.32) sTa pa3HOCTh HECKOJIBKO BO3PACTaET.

[IpoBepeHO Takk€ MarHUTHOE MOJIE MOIIHOTO, PAaCIOJIOKEHHOTO
TOPU3OHTAIIBHO 3JIEKTPOMArHUTa C CEPJACYHUKOM W3 MarHUTOMSTKOIO
matepuana (HamaramuuBawomas ycraHoBka @JI-1). Ilpu wmeaneHHom
MOCBHIMAHUU  CEPJCYHUKA IKEJIE3HBIMU ONWJIKAMU W3 MIEMOTKH C
PacCTOSIHUS 2 CM ONWJIKM YJIETal0T Ha MEepUMETp Hocka cepaeunnka (D30
MM). [Ipu Oonee OOMIBHOM TMOCHIIAHMM HEKOTOPBhIE MOPLHMH OMUIOK
NONajJaloT M Ha ILEHTP CEpPACYHUKA, HO HEMEMJICHHO YIAISAIOTCS Ha
nepuMeTp npu Manenmen Tpscke kaptoHku. lllar cetku Qusznueckux
CUJIOBBIX JIUHUU — IPUMEPHO 1 MM.

Cormacio  B.A.AumtokoBckomy[16,17], BocnpuHMMaeMoe  Ha
MaKpOypOBHE  MarHMTHOE  TI0JIE Ha  MHUKPOYPOBHE  SIBIIAETCS
MOCTYIATEbHBIM JIBUKEHUEM 3(upa.

BripazutensiMu MarHuTHOTO MOJIS SBJSIFOTCS €r0 CUIIOBbIE JTUHUU. B
ClIy4ae IIOJIOCOBOI'O  IIOCTOSHHOIO  MarHuTa NpU  IOCTENEHHOM
OpUOIMKEHUU K €ro MOJICY HMEKT MECTO JBE PECTPYKTypHU3aLUU
MAarHUTHBIX CWIOBBIX JIMHUH. HeCTpyKTypHpOBaHHOE MOCTyHaTENbHOE
JABWKEHUE YacTHL 3(upa — aMEepOB — COOTBETCTBYET OOJIACTH, IAE 3TO
IBUKEHUE HE (PUKCUPYETCA C MOMOLIBIO JKENe3HbIX onmuiIoK. O0nacTu, rae
MAarHUTHOE TMOJ€ (QUKCUPYETCS C TOMOILIBIO JKEJIE3HBIX OIMUJIIOK,
COOTBETCTBYET 3aBUHTOBAaHHOE JIBM>KeHHE d¢upa. [lo mepe npubnmxeHus
K MOJIFOCY MAarHuTa, I/1€ MArHUTHOE COIPOTUBIICHUE CYIIECTBEHHO HUXKE,
4YeM BHE IOJIF0CA, TOTOK aMEPOB HAUYMHAET 3aBUXPATHCS, MOAOOHO TOMY,
KaK 3aBUXPSETCS BO3IYyX MPU MOCTYIUICHUH €r0 B TypOMHY aBUAILIMIOHHOIO
neurarens [17]. Y IOCTOSSHHOrO MarHuTa BXOJOB MHOIO, ITO3TOMY M
BUXpEd MHOro. B OKpecTHOCTAX moJIfoca 3TUX BUXPENM CTAaHOBUTCSH
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HACTOJILKO MHOTO, YTO UM MPUXOJUTCS YIAKOBBIBATHCS B My4YKU (KTYTHI?),
YTOOBI UMETh BO3MOXKHOCTh MPONTH Yepe3 HEOOXOIUMOE CeueHue BOIU3HU
nomoca. OO0iacTh  CyIIECTBOBAHUSA  IyYKOB  HAXOJUTCS  BHYTPHU
MOBEPXHOCTH, N300pakeHHOW Ha puc.30. [IpoTuBOMONIOKHAA KapTUHA Y
ApPYroro TMOJKCAa MarHuTa. 37ech IMy4YKH pacnajarTrcs, 0 Mepe
BO3MOXXHOCTU YBEITUYCHHUS CEUYEHHUS IMOTOKAa, Ha TPOCThIC JIMHEWHbIE
BUXPU, KOTOpbIE B JaJbHEHMIIEM TakXe pachajaroTcs, Mepexoas B
HECTPYKTYPHPOBAHHOE MTOCTYIATENbHOE ABMKEHUE ddupa.

B cepreunuke 3iekTpoMarHuTa mydykd BUXpei He 00pa3yroTcs, OHU
00pa3yroTcsl TONBKO MPU MPOTOHKE MOTOKA aMEPOB Yepe3 JOMEHBI, T.€. B
MOCTOSIHHBIX MarHUTax.

[Io B. A. AIIIOKOBCKOMY, CHJIOBbIE€ JWHUM MArHUTHOTO TIOJIS
OpEeACTaBISAIOT  coO0M  HAaOOp  3(QUPHBIX  BUHTOBBIX  TOPOHUJIOB,
NPUMBIKAIONIUX JPYr K JPYry TOPIEBBIMH TMOBEPXHOCTSIMH. B TO ke
BpeMsi OH HE HCKJIIOYAaeT, YTO MPOCTOE BHUHTOBOE JBIKEHUE d(dupa,
coueTaroulee TMOCTyNaTelbHOE JBWKEHHE C  BpaljaTelabHbIM  0€3
CTPYKTYpUpPOBaHUS B HAOOp BHHTOBBIX TOPOHUIOB, MOXKET TaKkKe
BOCIPUHHUMATHCA Kak MarHuTHoOeE mojie [17]. Pe3ynapTaTel, mojsy4yeHHBIE B
JaHHOM paboTe, CBUACTENBLCTBYIOT B TIOJIb3y BapHaHTa MPOCTOTO
BUHTOBOTO JBWXeHUs »¢upa. Mcxoas u3 3TOro, MOXHO OOBSICHUTH
(YHKIIMOHUPOBAHKE MOCTOSTHHOTO MarHUTa CJEIYIOITUM 00pa3oM.

CormacHO TeOpUHM TOCTOSHHBIX MArHUTOB, HW3JIaraeMo B
y4eOHMKax MO MarHuTHbBIM MaTepuaidam [26, 27], HCTOYHUKAMU
MarHUTHOTO TTOJIS SIBJISIOTCS 3aMKHYTBIE MUKPOTOKH JIOMEHOB MarHUTHOTO
matepuana. KOHKpEeTHO il CTaiM, 3TH JOMEHBI HMEIOT KYOHYECKYIO
dbopMy C TpPEUMYIIECTBEHHBIM HaIpaBJIeHUEM HaMarHU4WBaHus (T. Has3.
«CIIOHTAaHHOE» HAMArHWUYMBAaHHME) U O0pa3yroTCs MpU 3aKaJIUBAHUU
MeTaila. B mpouecce HaMarHMYMBaHUS — JIOMEHBI  MPUOOpETAIOT
CTPYKTYPUPOBAHHOCTh B OJHOM HalpaBlieHHH. B sdupoauHamMudeckon
MHTEPIpPETAllMY, 3aMKHYTBI TOK JOMEHa CO3JaeT MOTOK 3(dupa «uepes
ce0s» BAOJb OCH CBOEr0 KOJbL@ — MAarHUTHBIE CHJIOBBIE JIMHUH. OJTH
CUJIOBBIE JIMHUM CTPEMSTCS 3aMKHYThCA «CaMH Ha CeO0s» KaK MOYKHO
ObicTpee. s TOMEHOB, PACHOJIOKEHHBIX BOJM3M TpaHE mNocpeauHe
MarHiuTa UM YAAeTCsl 3aMKHYTbCA 4epe3 CBOOOIHBIM 3¢pup ObICTpO, a
NoJajblle OT CEepeAuHbl — TOXE 0€3 JOMOJHUTEIBHBIX (KpoMme
paccrosinus) TpyaHocten (puc.7). MHoe neno B rioyOMHE MarHuta. 37eCh
3¢up, BBITOJKHYTHII W3 JOMEHA, 3acachlBaeTcs, OOJbIIEH YacThIO,
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MOCJIEAYIOIUMHU JOMEHAMM KaCKaJIHO, YCKOPSIETCS BCe 0OJIbIlie U OObIIe
BJIOJIb MarHUTA a)< JI0 €ro TOPIIOB, 3aBUXPSSCh U YIIAKOBBIBAsICh MO MEPE
MPOJABMKEHUS, U BEIOPACKIBACTCS U3 TOPIIOB B BUJIE (PUBMYECKUX CHUIIOBBIX
auHuil. YacTh mpoaylupyeMoro JOMEHaMU JBHXKYIIETocs 3¢pupa MOXKET
M0 MEXJIOMEHHBIM IPOMEKYTKaM IPOCAUYUBATHCS K OOKOBBIM T'paHsIM
MarHuta. B wuTore mnomywaercss KapTuHa, u3o0pakeHHas Ha puc.7. B
Ka4yeCTBE MMPUMUTUBHOW JEMOHCTPALMOHHOU MOJIEIIU ITOCTOSIHHBIA MarHUT
MOXXHO YIOAOOUTh TpPyO€ € HEIJIOTHBIMH CTEHKaMH, JOMYCKAIOIIUMU
HEKOTOPYIO TMOTEPI0 M 3acachblBaHME C OOKOB KHIKOCTH, U C BOJSHBIM
HAcoOCOM BHYTpH €€ mnocpeauHe. Tpyba pacrnojokeHa B JOCTATOYHO
OoJbIIIOM OacceilHe, TakoM, 4YTOOBI CTEHKH OacceliHa HE OKa3bIBaJId
CYIIIECTBEHHOTO BIUSHUA Ha BOJ0000pOT. [lo-BuauMoMy, moryduaach Obl
KapTUHA JBU)KEHUS BOJIbI, MOJI00HAs N300pakeHHOM Ha puc.’.

Cnenyer TakXe OTMETUTh HEAOCTAaTOYHYIO yOeIUTEIbHOCTh
uHTepnperaimu B [17] B3auMoAeHMcTBHS MAarHUTHOM CTPENKH U
MPOBOJHMKA C TOKOM, CTaBSAIIYIO BOOOIE MOJ COMHEHHE KOHIICHIIUIO
MAarHUTHBIX CWJIOBBIX JUHUM Kak Ha00poB 3¢buUpHBIX Topou10B. KoHeuHo,
MPHUBJIEKATEILHO TO, YTO BBIXO/IS M3 MPOBOJHUKA MPU YBEIUYEHUH TOKA B
HEM, OTU JIMHUM HampsArarTcs, co3aaBas (akTtop uisli MX BO3Bpara B
MPOBOJHUK MIPU YMEHbIIIEHUU ToKa. OHAKO UMEIOTCS 3aMEUaHMUsl.

Ileppoe 3ameuaHue CBSI3aHO C BO3HUKHOBEHHEM TOPOHJIOB.
COMHUTENBHO, UTO OHM BO3HUKAIOT YK€ MIPHU HUYTOXKHBIX 3HAUYCHUSIX TOKA
B MPOBOJAHUKE — JUISI TOTO JOKHBI CO37aThC HEOOXOIUMBIC YCIOBHSL.
Nnu npunercs OpUHATH, YTO TOPOUIBI (CTAaOWUIIBHBIE BJEMEHTapPHBIE
YaCTUIIBl MATHUTHOTO MOJISI) MOCTOSIHHO CYIIECTBYIOT KaK COCTaBHAs YacTh
s¢upa, kak 310 npunumaerca B moxaenu I1. . IIpyccoBa. XoTs u 3a€ch
BO3HUKHET BONPOC O MOMOJHEHWHA MAarHUTHOW JIMHUWA TOPOUJIAMH IPHU €€
pacuIMpeHuu cO Bce OOIBIIUM YAAICHUEM OT IIPOBOIHMKA MPU POCTE TOKA
— HE MOTYT *€ OHU pa30yxatb OeckoHeuHo. lIpoTuBOMONOXHOE - MpHU
YMEHBIIEHUH TOKA.

Bropoe 3ameuanme. B. A. AmwokoBckuM B [17] mnokazana
CKUMAEMOCTh MATHUTHOTO OIS MPSAMOJIMHEMHOTO MPOBOJHUKA C TOKOM
Kak 3¢upHoro Buxpa. To, 4To CTpyKTypa H3 3(PUPHBIX TOPOHUIOB,
npeoxkeHHas B. A. AIIOKOBCKMM B Ka4€CTBE PEAM3AIMU MAarHUTHOTO
noJisg, OyJeT BeCTU ce0sl TOYHO TaK K€, KaK U 3(PUpPHBIA BUXPH, TpEOyeTCs
emle JOKa3aTh.
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[TonydyeHHble B JaHHOW paboTe pe3yJbTaThl JAlOT OCHOBAHUS IS
onpeieNICHUs HalpaBICHUs IBUKEHUS 2(Upa B TOCTOSTHHOM MarHuTe.

B nocmosmnom macnume 3¢pup vixooum u3 nonoca S,
aACCoyuUpYemo2o C 10HCHbIM 2e02papuuecKum nOaI0CoOM 3eMau, U 6Xo0um
6 noJitoc N.

[ToaTBEpKACHUEM STOMY SIBIIIETCS, BO-NIEPBBIX, Pa3HUIIA B BBICOTE
«MOTOJIKa» TOBEPXHOCTH, OrPAHUYMBAIONICH O00JACTh CYIIECTBOBAHUS
ny4koB 3(pupHbIX BuXpel 17 noatocoB S U N. [IpuuunHoit 3T0ro siBisercs
3ama3plBaHUE CJIEACTBUA 110 CPAaBHEHUKO ¢ nOpuyuHO. Ilyuyku
3ama3/bIBalOT PACHacThCA TMOCIE TOSBIECHUS TAaKOM BO3MOXHOCTH C
yAAJIEHUEM OT MOJItoca S, 3ama3bIBalOT 00pa30BaThCs MOCIE MOSABICHUS
HEOOXOJAMMOCTH B 3TOM MO (PPOHTY MOBEPXHOCTH Ajig momoca N u
3ama3/bIBalOT CTAHYTHCS B LIEHTP MO OOKOBOM MOBEPXHOCTH ISl MOJIIOCA
N (puc.30). Bo-BTOpBIX, TOATBEPKACHUEM SIBIISIETCS (POPMa MOBEPXHOCTH,
OrpaHWYMBaIOIas 00JIaCTh CYIIECTBOBAaHUSA Iy4YKOB BHUXpeld. Bosne
noitoca S cuia, JACUCTBYIOIIAA M3 TMOJI0CA, YBEIUYHUBAET «IOTOIOK
NOBEPXHOCTH, BO3Je moitoca N cuila, 3aTajJkuBaronias ¢ OOKOB 3(pUpHbIE
BUXpU B TMOJIOC MAarHuTa, Jaer (OopMy «IOTOJIKa» IMOBEPXHOCTH,
pacCUIMPEHHYI0 BBEPXY M C BO3MOXHOH BOTHYTOCTBIO B IIEHTpe. B-
TPEThbUX, KaK Ha MPUBEJCHHBIX BBINIE CHUMKaX (puc.4, puc.16), Tak u Ha
CHUMKax, MPHUBOJMMBIX B JIMUTEeparype (Hampumep, puc.6a Ha ctp.12 B
[28]), BUIHO, UTO KapTUHKA, (opMUpyemasi ONMHIIKaMU, BO3JIE MOJIOCa S
cBeTiiee, yeM Bo3ne mojitoca N. PaBHOBECHOE COCTOSIHUE JIS OMWIJIOK
YCTaHABIIMBAETCS B pe3yjbTaTe MPOTUBOOOPCTBA MNPUTITHBAIOIINX U
BBITAJIKMBAIOIIMX CWJ MAarHuTa. Y TMOJI0ca S BBITAIKMBAKOLIASA CUJA
Oonbire. Eme ogHuMm, myctb U Oojiee ciaaObIM, apryMEHTOM SBIISIETCS
AMHAMUKA Mpolecca TPACKM KApTOHKM ¢ onwikaMu. Boznme momoca S
ONMWJIKM HAYMHAIOT JBUKEHUE Cpa3y IO BCEW IUIOUIAJKE, 3aIllOJHEHHON
ONMUWJIKaMH, Cpa3y MOKa3blBasl «HAMEPEHHE)» CO3/1aTh OTBEPCTHE B LIEHTPE
wionaaku. B cmydae momroca N KapTMHAa HECKOJIBKO HHas. BOmmsu
nomoca N mpocto Tpedyercsi Oosbllle BpEMEHH U OOoJiblllasi aMIUIATYAA
TPSICKH, YTOOBI 3aCTaBUTh OMWIKH YAAIUTHCS C 3aHUMaeMoil miomanu. B
palioHE «IOTOJKa» ONWIKM HAYMHAKOT JBMKEHUE IO JCHCTBHUEM
TAHTCHIMAIbHOW CHJIBI CHayajla 1o KpasM, MOoAnpbIrkBas 0e3
TaHT€HI[MATBHOTO MEPEMELEHUS B LIEHTPE, a MMOTOM YK 00pa3yroT pa3pbiB
B LEHTpe (urypsl (Wid 3a MpeAeTaMH OCTAIOIICHCS IJIOMAJ0uYKH C
onwikamu). IIpy MpPOMEKYTOYHBIX 3HAYEHUSAX PACCTOSIHUS OT IOJIIOCA
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TOT (pakTop mposiBisgercs ciabo. Ilocne mpoBeneHus MepBOM ThHICAYU
CEaHCOB TPSICKU TaKO€ TIOBEJIEHWE KaXeTCs YK€ MPUBBIYHBIM JIJIst
IKCIIEPUMEHTATOPA.

MoIIHbBIM  apryMEHTOM 37IeCh TakKe SBISETCS OToOpa)kaemas
’KEJIE3HBIMU OIMUJIKAMH TOTIOJIOTHSI MATHUTHOTO TIOJISA, MOTYYaromascs npu
COCIMHEHUU JIBYX TOJIOCOBBIX MAarHUTOB MPOTUBOIOIOKHBIMH MOTOCAMU
B MOJIOKEHUSIX «COOCHO» (puc.33) u «psgom» (puc.34).

Ha puc.33 ¢usudeckue CUIOBBIC JUHUU B BUJIE MYYKOB BUXPEH
BBIXOJIT M3 OOKOBBIX TpaHeW momroca S, U T€ U3 HHUX, KOTOPHIC
PacmoIOKEHBI JI0 PacCTOSHUS ~2CM OT TOpIla, HarubarTcs B CTOPOHY
nositoca N Jpyroro MarHuTa M 3aMbIKarOTCS Ha €ro OOKOBYIO MTOBEPXHOCTh
a1u00 B BUJE My4KOB (Oosee OMM3KHe K TOpIly), JIMOO B BUJIE OJUHOYHBIX
BUXpen. Y momroca N KapThHA pacroi3aeTcs TpuMEPHO A0 4CM OT TopIiia
13-3a )KECTKOCTU Ha U3TUO MyYKOB BUXPEH.

Ha puc.34 myuku BuXpel BBIXOAAT M3 TOpLa moiroca S. Yacte u3
HUX, HaXOJAIIUXCA ONMuxke K «dyxomy» mnomtocy N, mepexoAsT B €ro
TOpELl HEMOCPEACTBEHHO, y Moyroca N XBaTaeT CUJl, YTOOBI 3aTSHYTh UX B
CBOH Topel] (TOYHee K€ OHM 3aTAJIKHUBAIOTCS TyJa BHEIIHUM JaBJICHUEM
sa¢upa). [lyukn u3 momroca S, HaxXoASIIMECS HEMHOIO JaibIle OT

«qyxoro» moiaroca N u He
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Puc.34

3aTSHYTBIE B €0 TOPEI] HEMOCPEICTBEHHO, «IPOCKAKUBAIOT» TOpEIl MOJII0ca
N wu 3ardaruBarorcs yke€ B €ro OOKOBYHO TIpaHb, MPU ATOM YACTUYHO
pacmaBIIUCh  HA OJMHOYHBIC BUXpHU. A TNYy4KM BHUXpeH, ONU3KUE K
NPOTUBOMOIOKHOM, 10 OTHOIICHUIO K «4yKOMY» Moirocy N, rpaHu Mojroca
S, BoOOIlle HE yYacTBYeT B COCAMHEHWHU, a HAIPaBJISIOTCS K «CBOEMY»
nomocy N. To ecTh, co3gaercs kapTuHa 3(pUpooOOopoTa, COOTBETCTBYIOIIAS
KOHKPETHOMY MAarHUTHOMY CONPOTHUBIICHUIO IS KaXJOro U3 BHUXpel
(TouHee: COOTBETCTBYIOIIAS BIIMAHUIO TPAIAUCHTOB JaBieHHs 3pupa B
Ka)KI0M KOHKPETHOM TOUYKE Pe3yIbTUPYIOIIEr0 MAarHUTHOTO TOJIA).

B cBs3W C H3I0KEHHBIM MOYHO ONPEACINTh W HAIPABICHUE
ABWKEHUS d3(QHpa, CO31aBa€MOr0 MArHUTHBIM THOJIEM 3eMu. ITO
HampaBJIeHHE C reorpa)uyeckoro Iora Ha CEBep, MNPOTUBOMOJIOKHO
raJIaKTUYE€CKOMY HAampaBJIeHUIO JBWKeHUs 3¢pupa. Torma HaOmomaemoe
MarHuTHOE IM0J€ 3eMJIM NPEACTABIAETCA KaK PAa3HOCTb JABYX IIOTOKOB
3(upa — raJJlaKTHYECKOro ¥ NpOAYLHUPYEMOIO MArHUTHBIM MOJIEM 3E€MJIH.

BrImonHEHO  HM3MepeHue  HAnpsSHKEHHOCTH  MAarHUTHOTO  IOJIS
MOJIOCOBOT'O MTOCTOSHHOIO MarHuTa (KOHKPETHO — ero cocrasiiaromei H,
BJIOJIb OCM MarHuTa, B JAJIbHEHIIEM HHJEKC X OMYCKAaEeTCs) B Pa3IMUYHBIX
TOYKaX BOKPYT MarHuta. Pe3ynbTaThl NpuBeAeHBI B Ta01.4.
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Tab6auia 4
H, A/m

r, 0° 45° 1 67,5° 90°
MM | aGc. | otH. | ¢ynkuus | n |abc. |abc. | aGc. | OTH. | QyHKUMS
0 | 13600 | 1

111850 | 0,87

2 | 10400 | 0,764

3| 9280 | 0,682 1/3

4] 8330 0,612 | H=H,/"

5] 758010,558

71 6160 | 0,452 2/5

8| 56000412

10 | 4640 | 0,341 22 | 1,8 |-1480 |1

11| 4230|0312 | gp, /2 | 172

12 | 38400,282 12

13 | 3520 0,259

14 | 3200 | 0,235 5/9

15 | 28800,212

16 | 2640 | 0,194 3/5

18| 2240 0,165 |y .

19 212000156 ~— | | | | | | eeee——————
20 | 2000 | 0,147 0,9 |09 |[-1040 | 0,7 | H=2Hy/(r-
23 2/3 10)"2

25| 1520]0,114

30 | 1200 | 0,088 0,5 |05 | -720 |0,48

40 | 842 10,062 3/4 103 |03 | -560 |0,37

50 | 640 | 0,047 02 |02 | -440 |0,3

60 | 480 (0,035 4/5 360 | 0,24

70 | 400 | 0,030 296 [0,2 | H=H,(2-
80 | 320 0,024 H=H,G- | 56 240 0,16 | (-

90 | 2801 0,020 |78 200 | 0,13 | 10)/100)/(r
100 | 2400,018 7/8 176 | 0,11 |-10)"2
110 | 2000,015 -160 | 0,1
120 | 176 0,013
140 -80 | 0,05
150 - H=H,/""
170 | 80| 0,006 | H=Ho/r |
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3aech 111 CTOJOI0B, OTMEUEHHBIX Kak 0°, MpUBOASATCS HAINPS>KEHHOCTH
BJIOJIb MPOAOJBHOM OCH MAarHuTa, a Takke MogoOpaHHas (YyHKUHS s
HEKOTOporo auama3zoHa 3HadyeHuid (kordduuuentsr 10. 80 u 100 umerot
Pa3MEPHOCTh MUJUIMMETPOB). BUIHO, YTO HAPSKEHHOCTH MOJST 0OpaTHO
OPOMOPIHOHATIbHA CTEIEHH PACCTOAHUS 7 OT TOpIla MarHuTa, KoTopas
NOCTENEHHO Bo3pacTaeT. Ha mepByro crTeneHb paccTostHus » (opmyna
BBIXOAUT TIpu 7=170MM, 4TO I KOHKPETHO HCMOJIb30BAaHHOTO 0Opasia
COBMAJACT C JJUHOW (PU3MYECKMX CHJIOBBIX JMHUM, OTOOpakaeMbIX
ONMWJIKaMH. OJTO MOXKET OBITh M CllydailHoe coBmajaeHue. bmke kK
IpaHUIlaM CYIIECTBOBAHMSI MAarHUTHOTO TOJISI KOHKPETHOTO MarHuTa 3Ta
cTeneHb OyJeT Bhile. ['panuiia it monroca S o0pa3yercst Kak pe3ynbTaT
CHUIKEHHUS JABJICHUS B CTpyE M3-3a MOCTOSHHOTO OTTOKA W3 HEE YacTH
aupa B OKpyx)arolee MpoCcTPaHCTBO (TaM JaBiieHue d(pupa HUKE) BIIOTh
70 YpaBHOBEIIMBAHUS C JAaBICHUEM CBOOOAHOrO 3(pupa. ['panunenn ais
nomoca N sBiseTcd TOYKa Hadajna 3abopa 3¢upa U3 OKPYKAIOIIETO
npoctpanctBa. O0€ HSTM TOYKHM MOKHO CUHMTaTh MaTEMaTHYECKOM
«OECKOHEYHOCTHION.

Eme ogHa «HajgexHas» KOHTpOJIbHas Todyka — Ta, THAE
HAIpPSKEHHOCTh MOJIi HCOBITYEMOIO0 MarHuTa paBHAa HaNpsHKEHHOCTH
MAarHuTHOTO IO 3EMJIH.

Jlns ee HaxOXKACHUS pacrlojiaraéM MarHuT IOJOCOM S B HaIlpaBJICHUU
F0’)KHOTO
reorpauueckoro Mnojwca U BJOJIb JUHUHU FOT-CEBEP, HAUMHAS IPUMEPHO
¢ 40cm oT marHuta, npoasuraeM komnac. Jlo pacctosHus r=32cm (ans
KOHKPETHOTO oOpasila MarHuTa) MarHWTHas CTpeiKa eIle COXpaHseT
HaIlpaBJICHUE Ha CEBEp, Jajee BeAET ce0d HEYyCTOMYMBO, a HA PACCTOSHUU
r=24cM onpoKuAbIBacTCs B 00patHoe HampasieHue. [Ipumem, yTo TOuKa
paBeHCTBa Haxoautcs nocpenune (r=280mm). Jlenenue Hy=13600 A/M Ha
r=280MM (cuMTasi yracaHu€ MarHUTHOTO MOJS 3AE€Ch MO JIMHEHHOMY
3akoHy) mpaer 48,5 A/M. CpeaHemy 3HAUCHHIO HaNpPSKEHHOCTH
marHutHoro nois 3emnn 40 A/M (xopomiee 3Hauenue aisa r. Kuesa, 50-s
mupoTta) mpu r=280mM cootBeTcTBYET (hopmyna H=Hy/1,2r.

BeimonHeH Takke mMoa0Op TMoOKasarenss CTENeHW M 7 TpH
UCIIOJIb30BAHUU 00JI€€ MOHATHON (PU3NYECKH PYHKIIUH

H=H0/ r "

(1) (xononka n B Ta01.4, 3HaYECHUE 1 YKA3aHO B CTPOKE, IJI€ UMEET MECTO
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HauOosblee coBmajgcHue). Habmrogaercss MOCTENEHHOE YMEHBILICHHUE
TeMna pocta n ¢ Bo3pactanueM r. [nsg Ttoukn r=280mm 1,2=280""* t.e.
n=33/32, 4T0 MOATBEPKIAET AalbHEWIIee 3aMeJICHUE TEMIIa POCTa #n TIPU
YBEJIUUCHUH 7.

[To manubiM Tab1.4 Ha paccrosaHuu r=170MM, e 3aKaHUUBAKOTCS
(HaumHaroTCA) GU3NUECKUE CUTIOBBIC JIMHUHU, HANIPSX)KEHHOCTh MAarHUTHOTO
nong cocraBisier H=80 A/M. Hampsbkennoctu B 1 A/M COOTBETCTBYET
CKOpOCTh ABMKeHUA 3dupa v=376,65 m/c [17]. Torna Hanps>KEHHOCTH B
H=80 A/M coorBerctByeT v=3:10" M/c. BbIYHCIHM 3HaueHHE dYHCIIA
PeitHonbaca 1711 Takoil CKOPOCTU JBHXEHUsSI 3¢upa IO U3BECTHOU
dbopmyie

Re = v-l/y,
rae Re — yucno PeltHonbaca, v — CKOPOCTh ABUKEHUS )KUIKOCTHA WIIM ras3a
(B maHHOM ciy4ae — 3(upa), y — KHHEeMaTH4ecKasl BI3KOCTh 3¢upa, /[ —
XapakTepHbI JUHEHHBIM pa3Mmep (Maciita®). B kauectBe 3HaueHus /
aBUAKOHCTPYKTOPBI-MIPOYHUCTHI B CBOMX IIPOBEPOYHBIX  pacyeTax
MOJICTABJISIIOT XOpAy Kpbuia, JIxk. PeWHONbAC NOACTABIST AUAMETP
MUWJIWHApPA, TpU  OOTEKAaHUM KOTOPOro B  €ro  JKCIEePUMEHTax
00pa30BBHIBAINCh, BUXpU B Bojie. IlpumMeM B KauecTBE XapaKTEpPHOTO
JIMHEHHOro pasmepa 3Hauenme [=0,5MM=0,5-10"M — mpu mare cerku
(bU3UYECKUX CUJIOBBIX JUHUU B 1 MM 3TO — MakCUMaJbHBIA pa3Mep Tena,
HE BJIMSIONIETO Ha BUXpeoOpa3oBaHue.
KutemaTtmuecas Bs3kocTb ddupa y = 2,7-10” m*/c (tab.1). Torga
Re=v1l/y=3-10*-0,5-10"/2,7-10° = 0,556:10°°"

Kak BuaHO, 3TO oueHb nayneko oT 3HaueHus Re=2000 (Re=2300 y
camoro JIx. PeliHonbAca), ¢ KOTOPOro HAYMHAETCA MEPEXO]l OT
JAMUHAPHOTO K TYpOYJEHTHOMY NBHXEHHUIO XUJAKOCTH (Tasza). Temephb
MOJCTABUM 3HAYeHHe y = 6,24-10” M’/c, IOIy4eHHOE IKCIEPHMEHTAIBHO
1O. M. I'anaeBbiM[ 14]:

Re=3-10"-0,5-107/ 6,24:10” = 2440.

CoBrniajicHHE BIIEUATIISAIONIEE, W BCE KE OCTAETCSI MECTO JJIs
COMHEHMH, MOCKOJBKY 3TO 3HAYECHHE MOJYYEHO HE U3 OJHOW U TOU K€
cUCTEeMbI (POPMYIL.

Jluaua 45° B T1abn. 4 sBusAercs NPUOIM3UTENBHOW TpaHUIICH
CYLIECTBOBaHUS  (PU3NUECKUX  CHJIOBBIX  JuHMA. Jlunusa  67,5°
COOTBETCTBYET  OHCEKTpUCCE  yIja, OrPaHUYMBAIOIIETO  00JIaCTh
OTCYTCTBUSL (PU3MYECKUX CHIIOBBIX JIMHUN, OTOOpPa)KaEMbBIX >KEJIE3HBIMU
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omwikamu. Kak BUAHO, paznuuus MexAy 3HadeHusMu ansa 45° u 67,5°
HE3HAYUTEIIbHBI.

CronOupl, oTMedeHHble Kak 90°, COOTBETCTBYIOT HU3MEPEHUSIM
BJIOJIb JIMHUU, NEPIEHIUKYJISIPHON MPOJ0JIHHON OCH MarHUTa MOCPEINHE
TeJa MarHuta (pasaenuTenbHou TuHUM MeXay N U S, «3KBaTopy»). 3/1€Ch
OoJiee MeIJICHHOE, YeM BJIOJIb OCH MAarHuTa, CliaJaHhe HaNpsyKeHHOCTH B
nuama3zoHe a0 140MM OOBACHSETCS CYIIECTBEHHBIM BIIUSHUEM IO
CUJIOBBIX JIMHWH, BBIMICAMINX W3 OOKOBOM TrpaHu MarHuta («OOKOBOTO
nosisin). Ecom nnsa 3Haduenus r=140mM nmpumeHuts dhopmyny (1), To n
37€Ch JOCTUTraeT 3HaueHHS Bcero juuimb n=3/5. Janee r=140mMm, mo-
BUIMMOMY, TIpeo0siaaeT Mojie€ CHJIOBBIX JHMHUM, BBIMIEAIINX W3 TOpPIA
MaraHura («oceBOro Imojs»). s ero mcciemnoBaHHs HEOOXOIUMBI Ooliee
YyBCTBUTENbHBIA MTPUOOp (MUKpOTECTAMETP, PEPPO30OH]T) U MEPOTPUITHUS
0 OTCTPOMKE OT MATHUTHOTO MO 3EMJIH.

«boKkOBOE MoJie» B JIUTEpaType MO MarHeTU3My UMEHYIOT «I0JIEM
paccesiHus». JleHCTBUTENbHO, JJIi MAarHUTOB, Y KOTOPBIX OCEBOM pa3zmMep
MEHBIIIE MOMEPEUYHBIX Pa3MEPOB, OHO HE3HAYUTEIHLHO, U TMOITOMY MOXKET
OMpaB/IbIBaTh, B KAKOK-TO Mepe, Mo 100Hoe HazBaHue. Ho jyisi MarHuToB, y
KOTOPBIX JIJIMHA CYIECTBEHHO OOJIbIII€ IIMPUHBI U BBICOTHI CEUEHUS, B
YAaCTHOCTH — YYEOHBIX IIOJIOCOBBIX MAarHuTOB, «OOKOBOE» IIOJIe
COM3BMEPHUMO C «OCEBBIMY» U JIa’Ke MPEBOCXOJIUT €TO.

HanpsikeHHOCTh MarHUTHOTO TOJIS HA BHEIIHEM MEpUMETPE TOpIia
MarHuTa HECKOJIbKO BBIIIE, 4YeM BOJM3M IeHTpa Topua (mpuMmep
COOTHOUIIEHUS MO MarHuTHOM uHAyKuu — 18,7 mTn npotus 15,7 mTn).
[IpuuuHoil sBNIAETCS TO, YTO OOKOBBIE CHUJIOBBIE JMHUMU HECKOJIBKHX
MEePBBIX MIUJIJIUMETPOB OT TOPIIA TaBJIECHUEM OOKOBBIX COCE/IeH U30THYTHI B
HaIpPaBJICHUNA OCH MAarHuTa W BBITOJKHYTBHI BHYTPb TEIECHOIO yIja, TJIE
OTCYTCTBYIOT CHJIOBBIE JIMHUH, HETIOCPEACTBEHHO BBIXOJAIINE (BXOISAIINE
B) U3 MarHurta (CWJIOBBIE JIMHUU BBIXOAAT (BXOHIST B) W3 MAarHuTa IMOJ
OpsIMBIM YIJIOM K €ro MNOBEPXHOCTH). MaKCUMaJbHBIA Tpy3 yJaercs
NOJHSATH, «3aLENUB» €ro 3a YroJIOK MarHurta. [ py30noapeMHOCTh mO0Ca
S 00BIYHO HECKOJIBKO BbIIIE, 4YeM Yy montoca N.

BpinonHEHO M3MEpEHNE HANPSKEHHOCTH MArHUTHOTO TOJS TIpHU
NOCJHEAOBATEIbHOM COCIMHEHWH MArHUTOB. Pe3ynbTaTel HM3MEpEeHUN
oToOpaxkeHbl Ha puc.35a. 3aech HUPpa HaJA MAarHUTOM O3HAYAET HOMEP
oOpa3ina (MOCKOJIbKY OHM HE COBCEM WJICHTUYHBI), BEpTUKAJIbHAS YepTa —
MOJIOKCHUE JAaTYMKa MAarHuTOMeTpa. BHAHO, YTO HANpPSKEHHOCTh Ha
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KOHIIaX TMapbl MarHUTOB HECKOJBKO BO3pACTAET IO CPAaBHEHUIO C
OJIMHOYHBIM MAarHuTOM (KCTaTH, MPUMEPHO B TAKOM >K€ COOTHOIICHHH
BO3pACTaET U IPy30MOIbEMHOCTD), XOTS MO CYIIECTBYIOIIEH TEOPUH U HE
JOJDKHA BO3pacTaTb — CKOJBKO MAarHUTHBIX CUJIOBBIX JMHHUM BBIILIO W3
OJTHOTO MarHMTa, CTOJIBKO K€ U BOIIIO B IPYTOM.

A medxncoy mazHumamu umeem Mecmo HOYMU UYemblpexKpamuoe
803pacmanue HanpsACeHHOCmu MA2HUMHO20 noJis!

[Ipu noOaBieHUM €llle MAarHUTOB C KaXJOW CTOPOHBI MPOUCXOAUT
TaKK€ BO3pPACTAHUE M3MEPSEMBIX BEIMYMH, HO YKE HE CTOJb
3HAUYUTENIbHOE (HampuMep, Ipu A00aBIECHUH B CIIENKY BOCBMOTO MarHUTa
MarHuTHas UHayKus coctaBwia 13,9 mTa npotuB 13,5 MTn y Toro xe
MarHuTa BHEe cuenku). [IpuymHOil BCeX ASTUX BO3pacTaHUN SBISAETCS
BKJIFOUEHHUE B CBS3b MEXKJY MarHUTaMW CUJIOBBIX JIMHUW — JIMHEHHBIX
S(QUPHBIX BUXpEH, - BBIMIEAMMUX U3 (BOIIEAIINX B) OOKOBBIX TI'paHel
MarHuToB BOJIM3M UX TOpOB (pucyHku 33, 8, 13 — 15,17, 18).

KNI KN

15,6 17,6

_EN KN

17,6 61,0 18,6

KN _EN KN
66,3 3,4

18,4 68,4 19,4

N KN e KO

18,5 72,5 71,5 61,0 19,4

a)

6)

K -
IZ,L 2,|6 1,7 1,]0 1|2,4

Puc.35

OT0 0OCTOATENBCTBO MOXET OBbITh TaKK€ HCIOIb30BAHO IS
oObscHeHuss (peHomeHa T. Ha3. «Cubupckoro Komm» - mpugymaHHON
Hukomaessim ['.B. [19] MarHuTHOM cucteMbl. OH B3S1  JIBa
aiiooMmoJOOHBIX MAarHuTa OT OBITOBOTO PAJAMOJWHAMMKA, CIOXHWI HX
BMECTE PA3HOMMEHHBIMH IMOJIOCAMHU, pa3pe3an MO AUAMETPY, MOBEPHYINI
OJIHy Tapy MOJYy4YEHHbIX monymaiid Ha 180° u CHOBa COEIUHWI B
KOJBIO. Y 3TOM CHUCTEMBl B PailOHE COCIMHEHUS TMONYIIaild MOSIBUIIOCH
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MarHuTHOE IIOJIe, XOTS 110 CYIISCTBYIONICH TEOpPUH TakKas MarHUTHas
CHUCTEMa JIOJDKHA MOJYYUTHCS CKOMIICHCHPOBAHHOM.

[Ipu nepemenieHnn TaTYMKa TeCIaMeTpa BJIOJb MOCIEA0BATEILHON
CIIETIKH MAarHUTOB (DUKCHUPYETCS MEPUOIUUSCKOE M3MEHEHHUE MOJISIPHOCTH
MarHUTHOTO Mo, B paiioHe cepeuHbl KaKI0ro U3 MarHUTOB CIICTIKH OHA
oTpuIiaTtesbHas (0OpaTHBI XOJI CUJIOBBIX JUHUM BHE TeJla MarHuTa), a B
palioHe COEIMHEHMS KaKIO0H Iaphbl MarHUTOB, OOpa3yHOIIUX CICTKY, -
MOJIOKUTENbHAS, TIPUYEM TI0JI€ 371€Ch HECKOJBKO CHJIIbHEEe, YeM B pailoHe
CEepeIMHBI KaXXJIOTO W3 MarHuToB. T.e., Npu J00aBICHUU B CICHKY
OUepPEHOTO MarHuTa TMPOUCXOJWT H3MEHEHHEe D(HUPOINOTOKAa B
COOTBETCTBUM C  TIOJYYArOIIAMCS  MarHUTHBIM  CONPOTHUBIICHHEM
(pacmpenencHueM JaBlieHHs GHpa B OKPECTHOCTAX CIICTIKH MarHUTOB).

BrimonHeHo Takke M3MEpeHHE HANPsHKEHHOCTH MarHUTHOTO ITOJIS
BHYTPH CIICIIMAIIBHO BBICBEPJICHHBIX B IIOJIOCOBOM MArHUTE OTBEPCTHUH
(puc.350). Jluametp oTBepCTUA paBeH 9,5MM npu mupuHe Maruuta 20 Mm.
BuaHo, 4T0 OCHOBHASI 4aCTh MAarHUTHOTO TIOTOKA IPOXOIUT Yepe3 KEeIe30
MHMO OTBEPCTHH (KaK MpH MarHUTHOM SKPaHHUPOBAHHUH), XOTS HEKOTOpas
YJacTh BBITECHSETCS M B OTBEPCTHS. DTO SIBISETCS CBHUJICTCILCTBOM TOTO,
YTO, HECMOTpPS Ha MPUOOpPETEHHE TOMEHAMU OPHUEHTHUPOBAHHOCTH MpPHU
HaMarHW4MBaHUM, B TeJle MarHuTra HMEeTCs eIle  JOCTaTOYHO
HE3aJIeHCTBOBAHHOTO  JKeJie3a I NPOIyCKa  JIOMOJIHUTEIHHOTO
MarHUTHOTO TOTOKa. 3HAUCHHE HANPSIKEHHOCTH B OTBEPCTHSAX BpOJiEe ObI
BO3pacTaeT B HampaBiieHUH noitoca N, HO CyauTh 00 3TOM MO OJHOMY-
CIMHCTBEHHOMY IPOCBEPJICHHOMY 00pas3ily mpexaeBpeMeHHo. [lpwu
BBIJIBUTAHUU JaTYMKa TEcIaMeTpa U3 OTBEPCTHUS (PUKCUPYETCS HYJIEBOE
3HaUYE€HWE MarHUTHOW MHIYKIMU Ha OOKOBOM I'pPaHM MarHuTa, 3aT€M UJIET
BO3pACTaHUE €€ BEJIMYUHBI (OTpUIIATENIbHOM). MaKCUMyM JOCTUTaeTcs Ha
pPacCTOSSHUM 5 MM OT OOKOBOM IpaHW MarHuTa, a Jajbllle — YMEHbIICHUE,
KaK 0ToOpaxeHo B Ta0.4.

Takum 00pazom, r(upHas CylIHOCTh MAarHUTHOTO MOJIsi OYEBHJIHA.
ApPryMeHTBI 3TOMY CIIEIYIOIIHE.

1. PerynspHas ctpyktypa (ceTka) pu3nueCKUX CUIOBBIX JIUHUM TIPU
BEPTUKAIBHOM pACHOJOKEHUHM MarHuta. OHa MOSBISETCA YXKE MpH
HAMMEHBIIIEM TOCHIMAHUU OMWJIKAMH TOPIAa MarHMWTa, KOrjJa TOBOPUTH O
nedopMali ONUIKAMU MarHUTHOTO MoJii HeyMecTHo. [Ipu manbHeimem
MEJUICHHOM TIOCHIITAHUKM PACTyT MUKW M3 OMNWIOK, MX CTPYKTypa HE
U3MEHSIETCH.
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2. Pectpykrypuzauusi (U3MYECKUX CHJIOBBIX JIMHUH  TIpHU
NOCTENEHHOM yJajJeHuu OT Topua wmarHuta. CHayana Qu3nueckue
CUJIOBBIC JIMHUU MPOSBISAIOTCS KaK My4YKH (GKTYThI?) JIMHEUHBIX 3(PUPHBIX
BUXPEH C IIArOM CETKHU ~2,5 MM, KOTOPBIEC 3aTEM PacnagaroTCsa, HAaYUHAas C
KpaeB TEJIECHOIO yIiia, B KOTOPOM OHHU 3aKJIIOUEHBbI (M3-3a 00jee HU3KOTro
JaBlieHUs 3QUpa BHE 3TOTO TEIECHOIO yIJa), Ha OJAWHOYHbBIC JTUHEHHBIC
3(UpHbIE BUXpU C MAroM ceTku ~IMM. OauHOYHBIE >(PUPHBIE BUXPHU
CYWIIECTBYIOT JO PACCTOSHHUS OT TOpIA, XapaKTEPHOTO ISl KaXKIO0TrO
KOHKPETHOT'O MarHuTa (10 BEIMYMHBI MarHuTHOM MHAYKIUU ~100 mxTn),
3aTEM W OHM PACIAJAIOTCA, MEPEXOJs B HECTPYKTYPUPOBAHHBIM IOTOK
aMepOoB.

3. IlpsamonuHeHOCTh (U3UYECKUX CUJIOBBIX JIMHUA  TIpH
JUCTAHIIMOHHOM B3aMMOJIEUCTBUU JBYX MOCTOSHHBIX MAarHUTOB BILJIOTH /10
(pU3UYECKOTO CONMPUKOCHOBEHUS] aHAJIOTUYHBIX JUHUN pa3HbIX MarHUTOB
U3-3a CTPEMJICHUA IyYKOB BUXPEM W OJUHOYHBIX BUXPEH COXPAHATH
IPAMOJIMHEMHOCTb CBOUX OCEM.

4. Tomnonorus (QU3NYECKUX CHUJIOBBIX JUHUNU. Bo-mepBBIX, HUX
BEEpOOOPa3HOCTh Yy  OJMHOYHOTO TMOCTOSSHHOTO  MarHuTa  Hu3-3a
MOCTOSIHHOTO paclajia My4yKoB U OAMHOYHBIX 3(PUPHBIX BUXpPEH BBUIY
OTTOKa 3(upa U3 TEJIECHOTO yria, B KOTOPOM OHHU 3aKJIIOYEHBI, IO
npuurHe 0oJiee HU3KOro AaBlieHUs 3(pupa BHE TOr0 TEJIECHOrO Yria.
(AHasoruss — cTpys OQIIMCTUYECKOW pAaKeThl, OTLEHTPUPOBAHHAS Ha
CTapTe, CTAaHOBUTCA BEEPOOOPA3HOM TMpPHU BBIXOJE pAKETHI B MEHEE
MJIOTHBIE cJIou aTMocdepsl). Bo-BTOpHIX, TOMOJOTUS (PUUUECKUX
CUJIOBBIX JIMHUH TpU JUCTAaHIMOHHOM (pucynku 7 — 18) wu
HEMOCPEACTBEHHOM B3aUMOJCHCTBUM JIBYyX MarHuToB (pucyHku 33,34)
Pa3HOMMEHHBIMU TOJIOCAMH, a TakKXKe OOIIEeU3BeCTHAs KapTHUHKA
TOIOJIOTUH B3aUMOJICUCTBUS IByX MArHUTOB OJHOMMEHHBIMU MOJFOCAMH.

5. B3saummopeictBue  mosei.  Crnemyer — OTKa3zarbCi  OT
TOCIIOJCTBYIOIIETO TE€3Uca O TOM, YTO MAarHUTHbIE TIIOJSA  HE
B3aUMOJCICTBYIOT MEXAy coOoi. Emie kak B3auMOACMCTBYIOT, UTO BUIHO
U3  TONOJOTMHM  MOJA  JBYX  IOCJIEOBATEIIBHO  COEJUHEHHBIX
Pa3HOMMEHHBIMU TNOJt0caMu MarHuToB (puc.33). OcobeHHO yOeauTenbHO
3Ta KApTHHA BBINVIAUT HA JUJIMHHOW CIENKE MarHuTOB, - BCE 30HBI
B3aUMOJCHCTBHS IOJEH ABYX COCEJHUX MAarHUTOB YETKO CMEIICHBI B
ctopony momtoca N, kak Ha puc.33. Puc.34 neMOHCTpUpYET NEepexon
CUJIOBBIX JINHUW «OCEBOI0» MOJII OAHOTO 00pa3la MOCTOSHHOIO MarHuTa B
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«OOKOBOE» TIOJIe JApyroro oOpasia, XOTS MO TOCHOACTBYIOIIEH HBIHE
TEOPUH, OTPUIIAIOIICH HAJIUMYHE BEIIECTBEHHOTO HOCHUTENSI MAarHUTHOTO
MOJISL, JOJIKHBI ObI MOCIYIIHO MEPEUTH U3 TOPLIA OJHOTO MAarHWTa B TOPEI]
apyroro. Ilapa pasHOMMEHHBIX MOJIOCOB 37€Ch BEAET Ce0s Kak BXOJA U
BBIXOJ IBYX 3(pupHBIX HacocoB. OQuH M3 HACOCOB BbIOpachiBaeT >(hup B
OKpY>Karoliee MpOCTPAHCTBO, a IPYyroi — 3acachIiBaeT 3pup, KaKOl MOXKET,
- ¥ OT COCEIHETO MAarHuWTa, U W3 OKPYKAIOIIEro MpOCTpaHCTBa. BuaHo
BIUSHHUE TIOJIEH NIPYyT Ha JApyra U Ha YK€ YINOMSHYTOH OOIIEM3BECTHOM
KAapTUHKE B3aMMOJICUCTBUS MAarHUTOB OJHOMMEHHBIMU  TOJIFOCAMHU.
PesynbTHpytoiiee = MarHUTHOE  Tosie  (TOMOJIOTHUST W 3HAYCHUS
HAIpPSKEHHOCTH B KOHKPETHBIX TOYKAaX) CO3[aeTcd B «0e30pekHOM
OKeaHe» 3(¢upa Mo 3aKOHAM Ta30BOI MEXaHUKH.

O wMexaHu3Me B3aUMOJICHCTBUS KEJIE3HBIX ONUJIOK C MOJeM
NOCTOSIHHOTO MarHuTa. HblHEe TOCMOJCTBYIOIIMM SIBISIETCS OOBSICHEHUE,
YTO TMOMajasi B MAarHUTHOE TIOJie, >KEJE3HbI€ ONWIKU CTAHOBSITCS
MarHuTamMl M TMOATOMY MPUOOPETAIOT COOTBETCTBYIOIIYIO OPHUEHTAIIMIO.
Hanpumep, B kHure C.B. BOHCOBCKOro[28] TroBOpUTCS CIEAYIOIIEE:
«...€CIM OKOJI0O MAarHhTa TOMECTUTh KYCOYEK >Kelie3a, KOTOPBIA [0
NPUOIMKEHUS] K MAaTHUTY HE MPOSBIISUT HUKAKUX MAarHUTHBIX IEUCTBUH, TO
B MPUCYTCTBUM MOCTOSTHHOTO MarHuTa (Ja)e €Cju OHU HE COMPUKACAIOTCS
ApYT C APYroM) 3TOT KYCOUEK >KeJe3a CTAHOBUTCS MAarHUTOM. Y HEro Ha
CTOpOHE, OOpallleHHOW K MarHuTy, BOBHUKHET COCTOSIHHE, MPU KOTOPOM
OH BCEr/la MPUTATUBAECTCS K MAarHUTy ... MarHUTOMHAYKIIMOHHBIN 3P deKT
...». [IpoBepuUm 3TO Ha IIPAKTUKE.

Ha pucynkax 36 — 42 oT4eTIMBO BUJHO, YTO MOMAAasi B MArHUTHOE
HoJie eje3Has MoJocKa (MM KYyCOK »kere3a Jto00il (opmbl) BOBCE HE
CTAHOBHUTCS MarHUTOM — HET 3aMbBIKAIOIINX BHEIIHUX CHJIOBBIX JIMHUU, a
3HAYUT — HET MOJ0coB. Kycok ’kene3a B MArHUTHOM II0JIE UTPAET POJIb
MarHuTONPOBOJA — <«3aKOPOTKW» JUIsl HEKOTOPOW YacTH MAarHUTHOTO
NOTOKa, O1arogaps cBOEH OUYE€Hb BBICOKOM MarHUTHOW MTPOHUIIAEMOCTH.

JKeneszHple ONUIKM M WUIPAOT POJIb MAarHUTONPOBOJA B HAIIEM
ciayyae. Eciu mpenBapuTesbHO pacchlllaTh ONMWIKKA HAa KapTOHKE U 3aTEM
OCTOPOYKHO Pa3MECTUTh BOJM3H HUX (WJIM CPEIU HUX) MAarHUT, TO TOJBKO
4acTh ONMUJIOK, OJVOKHSS K MarHuTy, CIIBUHETCSI C MECTAa M U3MEHUT CBOKO
opueHTauuo0. Eciy MOTpSCTH KapTOHKY, TOTJa BCE ONMUIKA B 00JACTH
B3aMMOJICHCTBHS MPUOOPETYT OPUEHTALMIO  BIOJb  WJIOBBIX  JIMHUH
MarHuTa 4, BO3MOXHO, HECKOJIBKO
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Puc.42

nepemectarcs. Kaxpas dacThila ONWJIOK — SIBIAETCS  MaJICHBKOM
«3aKOPOTKON» 11 KOHKPETHOW CUJIOBOM JUHUU. DPU3NYECKHE CUIIOBBIE
JIMHUU — JIMHEeWHbIC 2QUpHble BUXpU (WM HMX MY4YKH BOJM3U TOpLA
MarHuta M OOKOBBIX

MOBEPXHOCTEN) — BXOAAT B 3TH «3aKOPOTKW», JaXe CMEMasich MpHU
HEOOXOAMMOCTH, U, MOCKOJbKY BUXPIO MPHUCYIIE AEP:KATh CBOIO OCEBYIO
JUHUIO KaK MOXHO OoJjiee MPAMOJUHEHHOW, NEepeMENIaloT YaCTUIIbI
OMWJIOK, €CJIM UM YJaeTCsl IPEOI0JIETh CHIIY TpEHUA 00 KapTOHKY (BOJIU3H
TOpIla MarHuTa 3TO BO3MOXKHO). [loTpsxruBaHue KapTOHKHU 00JIEr4aeT 3TOT
nporecc. OpueHTanus YacTUIbl OMHWJIOK HAWMOOJBIIMM pPa3MepOM BAOJb
CUJIOBOM JIMHUM TMO3BOJIIET «3aKOPOTUTH» HAUOONBIIYIO YacTh JJIUHBI
Buxps. Ha ypanenuum ot Topua MarHuta, riae S(PUpHBbIE BUXPHU YXKE
pacrajialoTcs, 3JEMEHTHI A(hupa — aMepbl — ACUCTBYIOT YK€ B OAMHOUKY U
HE MOTyT IMepeMellaTb WU OpPUEHTUPOBATh SJIEMEHTHI OIUJIOK, Tam
COXpaHAETCs NEPBOHAYATBHOE, HECTPYKTYPUPOBAHHOE COCTOSIHUE OTTUJIOK.
Ho amepsl, TOHUMBIE K MPOTUBOIMOJIOKHOMY MOIIOCY (B JaHHOM Cllydae —
K nomtocy N) CO3JaHHBIMH MAarHUTOM TpajueHTaMH JaBjieHus 3¢upa
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KOHEYHO K€ MAKCHUMaJIbHO HCIOJIB3YIOT JJIsl OOJerdeHus: (M yCKOpPEHHS)
OPOXOXKACHUSI TMyTH BCTpevaromuyecs (Wiau JeXallue HEAAIeKO OT HUX
TPACKTOPUHU) «3aKOPOTKU». Y moatoca N KOJIMYECTBO U CKOPOCTH
JIBUKEHHSI aMEPOB CO3/AI0T YCIIOBHS JJisi 00pa3oBaHUs BUXpen (a OJIM3KO
K TOpPIy — IMYyYKOB BUXPEW), U TaM TMOABISETCA CTPYKTYPHUPOBAHHOCTD
JBIOKEHUS ddupa.

@aKkT WCMOJAB30BaHUSA aMepaMu, BOBJICYECHHBIMU B JIBUKEHUE
MAarHUTHBIM TIOJIEM, JHOOBIX «3aKOPOTOK» Ha CBOEM MYTH MOATBEPKIAET
HSKCOEPUMEHT C HU3MEPEHUEM yIjla MOBOPOTA MArHUTHOM CTPEJIKH,
pacrojiokeHHOM Haja  (10J])) MPOBOJHMKOM C TOCTOSHHBIM TOKOM,
OPUEHTHUPOBAHHBIM IO HANpPaBICHUIO «IOT — CEBEpP», IJS Pa3IMUYHBIX
MaTepuanoB mpoBoaHuka. Ha puc.43 mnpuBeneHbl 3aBUCUMOCTH Yrja
MOBOPOTa MArHUTHOW CTPEIKH OT TOKa JJIi MEIHOTO, HUXPOMOBOTO U
CTaJbHOTO MPOBOJHHUKOB JuaMeTpoM ImMm. BugHo, yTo ueM BbIlIE
MarHuTHasg NPOHUIIAEMOCTh Marepuaia, TeM OoJbllIas YaCTh MAarHUTHOTO
MOTOKA, CO3/]aBA€MOT0 MArHUTHBIM MOJEM 3€MJIM, KOHIIEHTPUPYETCA B
MPOBOJIHUKE, YMEHBINIAsi TEM CaMbIM YToJI TOBOPOTa MArHUTHOM CTPENIKU
OpyU KOHKPETHOM 3HAQUYEHUU TOKa 1O CPABHEHUIO C MAar"HuTHO
HEUTpaIbHBIM MEAHBIM IPOBOTHUKOM.

¥rom,Tpan
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Ha puc.37 takxke BUIHO, YTO JOBOJBHO MAaCCHUBHBIN KYCOK JKEJE3a,
UCIIOJIb30BAHHBIA B SKCIEPUMEHTE, ChIrpaj, B HEKOTOPOH MEpE, poJib
MAarHUTHOTO 3KpaHa JJid 30HbI, PACIOJIOKEHHON 3a HUM [0 OCH MarHuTa.
OH BoOpam B ceOs CWIOBBIE JIMHUHU, OJM3KME K OCH MarHuTa, u
«BBIMMYCTUD) YaCTh U3 HUX Ye€pe3 CBOM OOKOBbIE MOBEepXHOCTH. [Ipu 3TOM
COKpaTujiach JIMHA (U3UYECKUX CHUJIOBBIX JIMHHUMA, OJU3KUX K OCH
MarHuTa, Mo CPaBHEHMIO C PUC.S, T/I€ MATHUT BBICTYMAET B OAUHOUYKY. U
BOOOIIle, BCS NpPaKTHUKa MAarHUTHOTO SKPAHUPOBAHUS CIIOCOOOM yBOAa
MAarHUTHOTO MOJIsI C AKpaHUPYEMOM 30HBI HE MOJATBEPKIAET TE3UCa O
OpEBpalleHUd MAarHUTHOTO  JKpaHa, BBIMOJHIEMOr0 OOBIYHO W3
(deppoMarHuTHOr0  MaTepvaia, B  MAarHUT B  TMPUCYTCTBHUH
BO3/ICUCTBYIOIIETO MarHuTa.

Nmeetcsi HECKOJIBKO (PAKTOPOB, CHOCOOCTBYIOIIMX MPUTIKEHUIO
KyCKa »eJe3a K moyirocy MarauTa. [lepBble 1Ba U3 HUX — BEEpOOOPA3HOCTh
(U3UYECKUX CUIJIOBBIX JIMHUN U CTPEMJIEHUE MAarHUTHOTO MOTOKa (KaK OT
MOJIFOCOB, TaK U M3 OOKOBBIX I'paHEl) 3aMKHYThCSl MO KpaTdailiiemy (B
MarHuTHOM OTHomieHuun) nytu. [Ipyu momaganum Kycka skenesa B chepy
JEHUCTBHUSI MarHUTA CWJIOBBIE JIMHUU MAarHuTa, MOMAJAI0NIUE B TEIECHBIN
yIoJ, CO3[aBa€MbIil 3TUM KYCKOM e€Je3a MO OTHOIIECHHIO K TOJIOCY,
BXOJST B (BBIXOJAT U3, 3aBUCUMO OT MOJISIPHOCTH ) HETO O MPSIMOM JIMHUU.
CuIioBbBI€ JTMHUHU, PACTIONIOAKEHHBIE TTO COCECTBY C 3TUM TEJIECHBIM YTJIOM,
U3rubarTCs A BXOJa B KYCOK JKeJe3a, KaKk B «3aKopoTKy» (puc. 37 —
42). IIpu 3TOoM B O0pHOE CHIJIOBBIX JIMHHMI 32 BO3MOXHOCTh HAWITYYIIETO
UCIIOJIb30BAHUS «3aKOPOTKW» BO3HHMKAET CHUJIA, MPUTITHBAIONIAS KYCOK
xene3za K MarHuty. [lpu maneiimiem NpoaBMKEHMHM KyCKa jKele3a K
MarHuTy YKMCJIO BXOASIIMX B HETO CUJIOBBIX JIMHUM YBEIIMUUBAETCS 34 CUET
NPUBJICYEHUSI HOBBIX «cocene». Hanmmydiee nojsoxeHue «3aKkopoTKm» -
KOIZla B HEE BXOJUT MAKCHUMAJbHO BO3MOJKHOE YMCIIO JMHUW, T.€. HA
MOJIFOCE MAarHUTa. JTO MOJIOKEHUE KyCKa jKeJe3a Hanlosiee BBITOJHO U C
TOYKHA 3pEHMS KpaTyaullero NyTH 3aMbIKaHUS MAarHUTHOIO IIOTOKA,
co3gaBaeMoro  MarHutoM.  CHIIOBBIE  JIMHUH,  BBIXOJALIME U3
IPOTUBOMOJIOKHOM IO OTHOLIEHWIO K IOJKOCY MarHUTa CTOPOHBI KyCKa
Kenesa, o0pa3yroT Beep CUJIOBBIX JHMHHM, HM3-32 YEro TOKE BO3HUKAET
CUJIa, IPHKUMAOIIAs KYCOK JKeJle3a K MarHuTy. Beixogsaniue n3 00KOBBIX
CTOPOH KyCKa JKe€Je€3a CHJIOBbIE JIMHUM BHOCAT CBOM BKJIAI B
NPUTATUBAHKUE KYCKa JKejle3a K MarHUTY 33 CYET BTOPOro M3 YIOMSHYTBIX
(aktopoB. U Bce ke OCHOBHBIM (PAKTOPOM CJEIYET CUMTATh CTPEMIICHHE
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COKPAaTUTh IJIMHY CUJIOBBIX JIMHUH 3a CUET MOSIBIIEHUS 00JIACTH C BHICOKOM
MAarHUTHOM TPOHUIIAEMOCTBIO B BHJIE KycKa xene3a. llo-Buaumomy,
BBICOKAsi MarHMTHas MPOHMUIIAEMOCTh JKejie3a O3HA4YaeT MOHMXEHHOE
nasieHue 3¢upa B HeM. O0JIacTh NOHM>KEHHOTO JIaBJICHUS 3pupa — KyCOK
&Keyne3a -  MPUTAIKUBAETCS BHEIIHUM JIaBJICHHEM CBOOOAHOTO 3¢upa
BMECTE C OOpa3ylolleil ee PEemeTKOW K IMOJICY MarHuTa Mpu HaJIU4YUu
COJIEUCTBYIOIUX (DaKTOPOB, OIMHMCAHHBIX BBINIE, ISl yCTaHOBJICHUS
Oananca naByieHus 3¢rpa B OKPECTHOCTSAX MarHuTa.

SBnenue ¢eppoMarHeTu3Ma €CTECTBEHHO CBA3aTh C SIBJICHUEM
CBEPXMPOBOJAUMOCTH, XOTA O3TO MOXET OBbITh U  OCOOBI  BHJ
CBEPXIIPOBOJIUMOCTH. B 1eWCTBUTENBHOCTH O3TO  MPaKTUYECKU
€IMHCTBEHHBIM BapUaHT — JUISl HAJUYHS MOCTOSHHOTO MarHUTHOTO TMOJIS
HY’)KEH TOCTOSAHHBIM 3JIEKTPUYECKU TOK. Ero peanusyror cBOOOJHBIE
AIEKTPOHBI, 00pa3yIOIINECs MPU CO3JaHUHM JOMEHOB B (peppOMarHUTHOM
MaTepuae.

Jomensl B ¢deppOMarHUTHOM MaTepuane («MEraMoJIeKYJbD»)
CO3JAI0TCs C MOMOIIBIO KOBAJEHTHBIX CBS3€M, TaK XK€, KaK U SYCHKH
KPUCTAJUTMYECKOM pemieTkn B MeTramie. [Ipu 3ToM BBICBOOOXKIAIOTCS
«CBOOOJHBIE AIEKTPOHBI-2», €IIe MEHEE CBOOOJHBIC, YeM «CBOOOHBIE
AJIEKTPOHBI- 1 », BEICBOOOXKAAIOIITUECS TTPU 00pa30BaHUM KPUCTAJUTHUECKOM
pemetku MetaoB. [loBepxnoctu Ban-nep-Baanbsca[17] nomMmeHOB UMEIOT
TaKyl0 KOH(UTYpalMIO, 4YTO «CBOOOJHBIE 3JIEKTPOHBI-2» OKa3bIBAIOTCA
3aMepThIMU  MEXKIYy OSTHUMH TUIOTHBIMH TOBEPXHOCTAMH U TO3TOMY
BBIHYKJICHBl JBUTATHCS TOJBKO B IMPOCTPAHCTBE, OrPAaHUYEHHOM STUMU
MOBEPXHOCTSIMU. DHEPTUIO VISl CBOETO «BEYHOT0» JABUKEHUS «CBOOOIHBIE
JJNIEKTPOHBI-2» TMOJY4YarOT B IIPOLIECCE TEXHOJOTMYECKUX OIepaluu,
BBINIOJIHAEMBIX ISl 00pa3oBaHus JOMEHOB B MaTepuaje — 3aKaluBaHUs,
KOHTPOJUPYEMOTO OXJIAKICHUS.
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IV. Pa3OMKHYyTbIe TOKM

Bropas rpynna 3kCriepuMeHTOB — UCCIIEIOBAHUE MPOLECCA 3apsiIKHU-
paspsAIKy IOCIEA0BATENBHOCTH KOHIEHCATOPOB 10 cxeme puc.44, rae R,
— COIIPOTHUBJICHHUE 3apsAJa, R,; — CONPOTUBIICHUE pa3psia.

IIpu yka3aHHBIX Ha CXEME BEIMYMHAX COMPOTUBIIEHUNA UMITYJILCHI Ha
KaXIOM M3 KOHIEHCATOPOB M HA CONPOTUBIECHUAX 3apsaa U paspsaa
OyayT uMeTh BHJ, MOKa3aHHBIM Ha puc.45. Ilpu BkiIoueHUM Uepes
KOHTAaKT pene (cC
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OJJTHOBPEMEHHBIM OTKJIFOUCHHUEM OT HCTOYHUKA NUTAHUA Yepe3 ApYyrom
KOHTAKT pene P) nenu paspsaa nocieoBaTeIbHOCTH KOHIEHCATOPOB OHA
mpeBpamaercss B KOJbIO, B KOTOPOM TIPH Pa3psSAKe BICKTPOHBI
BO3BpAIIAOTCA TyAa K€, OTKyJa OHHM OBbLIM HU3BITHI MPU 3apsjaKke — Ha
OOKJagKy COCeQHero KOHAeHcaTtopa (AJi1 BHEIIHUX  OOKJIaJ0K
MOCJICTIOBATEIbHOCTA ~ KOHJICHCATOPOB  NpPU  3aps/IKE OHHU  B3STHI
OMOCPEOBAHHO Yepe3 UCTOYHUK MUTAHMUS).

BcTaBuM Mexy JHOOBIMU KOHJEHCATOPAMHU COMPOTUBIICHUE R, =
100 om (puc.46). ITonyuum kKapTuHY, IpeACTaBIeHHYIO Ha puc.47a. Kak
BUIHO, TOK pa3psaa, TPOTEKAIONIUI Yepe3 BCTABJICHHOE COIMPOTUBIICHUE
Ry , IMEET Ty K€ BEIIMYUHY, YTO U TOK Yepe3 R,; , M OTO €CTECTBEHHO,
n00 3TH TOKH pa3psoKaloT OJWHAKOBO 3apsiKEHHbIE KOHJEHCAToOphl. B
KOHTYpE pa3psijia TOKA TeKYT corjiacoBaHHo. OOI1ee majgeHue HanpsiKEeHUsI
paBHO 13V, OHO paclpenenunocs MeXIy CONPOTHBIECHUAMU Ry, U Ry
IPOIIOPIIMOHATIEHO UX BEITUYMHAM. ECIIN CONPOTUBICHUS Ry; U Ry B3ATH
OJIMHAKOBbIMU, Hampumep, 300 oM, TO U MajeHUs HANPSHKEHUS HAa HUX
Oyayt paBHbiMH (puc.470). Bpemss paspsna AUKTYETCS BEIUYUHON
COIIPOTUBIIEHUA R,y; .

Recm

?_H_§_|:|_H_6.

20mxp 190 20 mkep
Puc.46

Tenepp oxBaTUM OAWMH W3 KOHAEHCATOPOB ILETIOYKOM W3
CONPOTHUBIICHUS Ry.; U HOPMAIBHO 3aMKHYTOTO KOHTaKTa TOro ke pene P
(puc.48). Ha puc.49 nokaszano, Kkak OyJIyT HW3MEHATHCSA HANpPsLDKEHUS Ha
KOHJICHCATOpax U TOKH B COMPOTUBIICHUSX JJIS1 3TOrO ciiy4yas. BuaHo, 4To
Ha KoHJeHcaTopax Cr3 U C4s5 CUTyals HE OTIMYAETCS OT HPEAbIIYIINX
npumepoB. Konnencatop C;4 , OXBAYEHHBIM WHIWBUAYAIBHON LIEMOYKON
paspsia, 3apsSKaeTcs Kak BCE OCTAIBHBIE, 4 Pa3psikKaeTcs ¢ MEPEXOIOM B
00J1aCTh OTPUIIATENbHBIX 3HAUY€HU. TOK B CONPOTUBICHUU R, CHaudana
TE€YET B OJHOM HaMpaBJEHUU, MepedpachiBas AJIEKTPOHBI C MpaBoil (Ha
pPUCYHKE) MUIaCTHHBI KOHAeHcaTtopa (5,4 Ha JIEBYIO, a 3aT€éM HU3MEHSET
HaIlpaBJIEHWE Ha MPOTUBOIIOJIOKHOE, MepeOpachiBasi JIEKTPOHBI C MPABOM
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MJIaCTUHBI KOHJAeHcatopa (C,.3 Ha JIEBYKO IJIACTUHY KOHJeHcatopa Cys
(XOTs B ACHUCTBUTEIHLHOCTH BCE MPOUCXOAUT OJJHOBPEMEHHO — CYMMAapHO).
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B »THX cxemax MOXXHO HaWTH ClIC MAaCCy HMHTCPCCHBIX Bemeﬁ, HO
HAaC MHTCPCCYCT TOJIBKO TO, YTO TOKH MCXKAY KOHACHCATOPAMMU SABJIAKOTCA
CaMOCTOATCIIbHBIMH HC3aMKHYTbIMHA TOKaMU, IMPOTCKAOIINMH B
COOTBCTCTBUH C CI/ITyaL[PIeﬁ, CKH&,Z[BIB&IOH.ICFICH B 9THUX HC3AMKHYTbIX
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IEensaX. 3aMbIKaHUE B OOIIYIO IIEMb MPOMCXOJMT 32 CYCT TOKOB CMEIICHUS
B KOHJ/ICHCATOpax.
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B wMeramte 3a cueT TOSBICHUS CBOOOTHBIX JJIGKTPOHOB TMIPH
TIOCTPOCHUH KPUCTAITHYCCKOH pEIIeTKH TIOSIBJISIFOTCS
HECKOMIICHCHPOBAHHBIC CHJIOBBIC JIMHHU IPOTOHOB aTOMOB 3TOTO
METajlla, aTOMbI IPEBPAIIAIOTCA B IMOJIOKHUTEIbHBIE HOHBI. Ilpu »TOM
OCBOOOTUBIITHECS SJIEKTPOHBI HE YXOJIAT JaJIEKO — OHU HAXOSATCS BOJIH3H,
B COOTBETCTBYIOIIUX 00JIACTAX, OTPAaHUUYEHHBIX MTOBEPXHOCTIMHU BaH-1ep-
Baanbca[17]. HanpsokeHHOCTh DJIGKTPUYECKOTO TIONS W peau3yeTcs
3TUMHU CHWJIOBBIMU JIMHUSIMA W CWJIOBBIMH JIMHUSIMH  CBOOOJHBIX
JEKTpOHOB. Ecim 1Mo Kakoil-To NpUYMHE U3 MeTalla HM3bIMaloTCsA
AJIEKTPOHBI, HANpuUMep, MPU TMOJAKIIOUYEHWH K HWCTOYHUKY THUTAHUSA
XUMUYECKOM WM WHIYKIIMOHHOW TPHUPOJbI, HECKOMIIEHCHUPOBAHHBIX
CWJIOBBIX JIMHUM KPUCTAJUTMYECKON PEIMIETKH CTAHOBUTCS MHOTO, OHHU
HATIPABJISIIOTCS BO BCE CTOPOHBI VISl TTOMCKAa CBOOOJHBIX AJIEKTPOHOB, HO
UX BBIHYXKJAIOT Takhe K€ CHIOBbIE JWUHUU WCTOYHUKOB TUTAHUS
OpPUEHTUPOBATHCS B CTOPOHY, MPOTUBOIONIOKHYIO TOH, KyJda YIIUIH «HX)
CBOOO/IHBIE BJIEKTPOHBI.

[Ipotiecc 3apsaKu KOHIEHCATOPA MPOUCXOTUT CIASAYIONIUM 00pa3oM.
[Tpu nomaye HaNPSHKEHUS CUIIOBBIE IMHUU TTOJIOKUTETBLHBIX HOHOB (JIMHUU
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HaIPsHKEHHOCTH) TPOHUKAIOT, YTOHUYASICh M YJIMHSSACH TI0J] JIaBJICHHEM
HaIPsHKEHHOCTH, CKBO3b JUAJIEKTPUK Ha MPOTHUBOIIOJIOXKHYIO OOKIaAKy
KOHJIEHCATOpa, YCTAaHABIMBAIOT TaM CBS3h CO CBOOOIHBIMHU 3JICKTPOHAMH,
YCKOPSIIOT MX JI0 CKOPOCTH, JOCTaTOYHOM JJii TNMPOHUKHOBEHHUS Yepes
«MecTHBIe» 000yi0ukn Ban-nep-Baanbca, m Takum o0pa3oM MepeBOASAT
AJIEKTPOHBI B aHAJOTUYHBbIE OOJIACTH Ha OOKJIaJKe KOHJEHcaTopa.
JIumeHHbIe DJICKTPOHOB IMOJOKUTEIbHBIE HOHBI  MPOTHUBOIOIOKHOMN
OoOKJTaJKi KOHJIEHCAaTOpa B CBOIO OYEpPE/b BKIIIOYAIOTCS B aHAJOTHYHBIN
MIOCJICTIOBATEIIbHBINA MPOIIECC, 3aKaHUYMBAIOIINICA HA UCTOYHUKE MMUTAHMS.
3apsiika 3aKaHYMBAeTCs, KOTJa IPUBJICUYCHO KOJIMYECTBO DJICKTPOHOB,
J0CTAaTOYHOE JJISI KOMITCHCAITUHU TPaJIMeHTOB JIaBJIeHUS (hHUpa, BOSHUKIINX
M3-32 TIPOHMKHOBEHHS dYepe3 JAUAICKTPUK JIMHUK HaAIPSKEHHOCTH.
[IpuBrieueHHBIC HA TPOTHUBOIOJIOXKHYIO OOKIAIKYy AJIEKTPOHBI OCTAIOTCS
CBOOOTHBIMH, TTPOJIOJKAS CBOE TEIJIOBOE JIBHIKEHHE C COOTBETCTBYIOIINUM
00pa3oM pa3BepHYTHIMH CBOUMHU CUJIOBBIMHU JTUHUSMH.

HNmeercs eme BOMpPOC, KaKUM JK€ 00pa3oM HAYMHAETCS IIPOIIECC
3apsIKK  TIEMOYKH KOHJEHCATOPOB IpU TojJaue Ha HEe HampsHKeHUS,
0COOEHHO TeX KOHJICHCATOPOB, KOTOpBIE HAXOJATCS JajJeKo BHYTPH
IIEMOYKHU. BBIXOOUT, dYTO CHayaja JODKHO OKasbIBaTh BIIMSHUE
OPUIOKEHWE TOJBKO TOTEHIMAjJa K  KpallHEeMy  KOHJIEHCATOpY,
nepepacraroniee 3aTeM B TOK 3apsaikd Bcel Imemouyku. KTo-To JoinkeH
IIPOHUKHYTH Yepe3 M3OJSIHI0 KpalHEero B IMEMOYKe KOHASCHCATOpa, YTOObI
0TOOpaTh DJIGKTPOHBI C OJHOMMEHHOW OOJIO)KKH BTOPOTO B IICTIOYKE
KOHJIeHcaTopa (CO CTOPOHBI «ILIF0CA» MCTOYHUKA MTUTAHWS ) WUIH TIPUBJICYD
«Ha ceOs» TMOJOKHUTEIBbHBIE 3apsAbl MPOTUBOIMOJOKHOM OOKIIAJIKU
«CBOETO» KOHJIEHCATOpa, BBITAJKHBAs OTTYy/a DJICKTPOHBI (CO CTOPOHBI
«MHUHYCa»), U TeM MPOABUHYTH IMPOIIECC BriyOb IIEMOYKHA KOHICHCATOPOB.
3/1eCh HYKHO OOpAaTUTHCS K TOKY CMEIIEHUS.

B cTpykType 37eKTpOoHHON 000JIOUKM aTOMa CBSI3aHHBIE 3JIEKTPOHBI
HaxXoJSATCS B OCEIJIOM COCTOSIHUM, 3aHUMas KaKJbIi CBO€ CTPOTro
omnpeacieHHoe (M OINKUChIBAEMOE YPaBHEHUSIMHU KBAHTOBOM MEXaHUKH)
MECTO M 3aMbIKasi CUJIOBBIE TUHUM COOTBETCTBYIOIIMX MPOTOHOB. KaxbIit
AJEKTPOH 3aMbIKa€T CHUJIOBYIO JIMHHUIO OJHOTO MPOTOHA, CTPOTO
OMPEACICHHOTO CTPYKTYPOU siipa aToMa U CTPYKTYPOM €ro 3JIeKTPOHHOM
000JIOUKHU.

[Ipu mnpumokeHUM K KOHJICHCATOPY HaMpsKEHUs B TIpoIecce
MPOXOXKJICHUS JHUAJICKTPUKA CHJIOBBIE JIMHUM — BHUXPEBBIE TPYOKHU
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AJIEKTPUUYECKOrO TOJS, BBITUIKMBAEMBbIE W3 HMCTOYHMKA NUTAHUA, —
«TPOTUCKUBAIOTCS»  MEXKAY  DJICKTPOHHBIX  OOOJOYEK  MOJIEKYJ
IUDJICKTPUKA, 3aCTaBJisII WX  BBITAHYTHBCS B COOTBETCTBYIOIIEM
HampaBlieHuu (monspusanus). Ilpy >ToM HMEEeT MeCTO HEKOTOpoe
MEepPEMEILICHUE CBSI3aHHBIX DJICKTPOHOB, M 3TO MEpEeMEIIeHHEe 0o0pasyeT
M3BECTHBIA B TEOPUM BJICKTPUUECTBA TOK CMEIIECHUSA [\, TOUHEE, OJHY €r0
COCTAaBJISIFOLIYIO — TOK TOJISIpU3aluu I;; . Eme oqHOM COCTaBIISIIONIEH TOKA
cMmenleHus [, SBJISAETCA TOK CMEIICHUS B BaKyyme [;, HE CBA3AHHBIN C
JBUKCHUEM DJICKTPOHOB, a TMOSBISIONIUNICS TOJBKO MPH HU3MEHECHHUU
HaNps)KEHHOCTHU SJICKTPUYECKOTO TOJS W MPOSBIISIIOMIUMNACS €IUHCTBEHHO
TEM, YTO CO3JIa€T MarHuTHoe 1oJe. B 1ienom

]CM = ]CB + [HJ'I .

B cuioBoil IMHMM TPOTOHA — BHUXPEBOM TpyOkKe — 3¢up BHYTpHU
TPpYOKH ABUIKETCSI B HAMPABJICHUU OT MPOTOHA, & CHAPYKU — K MIPOTOHY. B
1[eJIOM JIBHKEHHUE d(upa CKOMIIEHCUPOBAHO M B CyMMeE paBHO Hymto. Ho
Ha TEepeHeM KOHIle TPYyOKH, TJe [JBMKEHUE »H(dupa MNepexoauT ¢
BHYTPEHHEM  CTOPOHBI HAa  HAPYXHYIO, OTO  JBUXEHHE  HE
CKOMIIEHCUPOBAHO. 37eCh NPOMCXOJUT TaKKE HEMPEPHIBHBIM BBHIOPOC
3aBUHTOBAHHOTO 3(¢upa, MpoKayuBaeMoro yepes cebs mnporoHoM. llpu
MPOXOXKJICHUM TMEPEAHEr0 KOHIIA BHXPEBOM TPYOKH uepe3 IUIJICKTPUK
STUM CO3JA€TCSl BUXPEBOEC JIBMIKEHUE, BOCIIPUHUMAEMOE HA MaKpOYpPOBHE
KaK MarHATHOE TOJIE.

ABTOpOM cjienaHa, KaKk BUIUTCS, yJlauHas MOMbITKA 3a(pUKCUPOBATH
MOSIBJIEHUE B KOHJIEHCATOPE TOKA CMEIIEHUA B BaKyyMe [, ¢ IOMOUIBIO
cxembl, n3o0paxkeHHor Ha puc.50 (ucrtounuwk nutanus 300 V ot 3emunn
U30JMpoBaH). BkitoueHue mnepekinroueHus pene P BbI3piBaeT KadaHue
CTPENKH MUKpOAMIEpMETpa C aMIUIMTYyI0M Ookojio (.5 MKa ¢ pa3snuyHOn
YaCTOTOM, 3aBUCSIIEN OT 4acTOTHI MepekitoueHus pene P. 3aBucumocTh
YaCcTOThl Ka4aHUU CTPEIKHM MHKpPOaMIEpMETpa fop, OT  YacTOTHI
IIEPEKIIIOYCHUI PEIE frep OTPAXKEHA B TA0I.5.

Bce npoucxoaut nogo0HBIM ke 00pa3oM U MPU CMEHE MOJISIPHOCTH
[IOJaBaeMOro IOTEHIHANA, U IPU IEPEMELICHUH MHUKpOAaMIIEpMETpa B
CXEM€ HEMOCPEICTBEHHO K 3a3emieHUr0. [IpuumHONM KayaHUN CTpEIKU
MHUKpPOAMIIEPMETPA, NO-BUAUMOMY, SIBJISETCA TO, YTO KPOME EMKOCTH
ANEKTPOJIUTUUECKUA KOHACHCATOp 00JIalaeT TakkKe€ W HEKOTOpOH
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UHIYKTUBHOCTHIO. NHIyKTUBHOCTH U3MEpPUTEITHHOM pamMKu
MUKpOaMIIepMeTpa TaKKe MOXKET OKa3bIBaTh cBoe BimsHHE. Ciemyer
TaK)K€ y4eCTb U HMHJIYKTUBHOCTh COEIMHUTEIHHBIX MPOBOJOB. B uTore
cosnaercsi LC-xoHTyp c¢ aBTOKOoneOaHusiMu. Takke CBOe€ BIHAHHE
OKa3bIBaeT M MOJBUXKHAS MEXaHUYECKAsl YaCTh U3MEPUTEILHOrO Mpudopa,
cOanancupoBaHHas npyxuHoil. Ho B mo0oM ciaydae cam (pakT peakiuu
MUKpOaMIIepMeTpa Ha BKIIFOUEHUE PeJie TOBOPUT O TOM, YTO YAaphl JTUHUN
HANPSHKEHHOCTU OT UCTOYHHUKA MTUTAHUS T10

P
+300 V s P ¥
S—HA) |
25 000 mKch -
|
S >
7, 10Ty b

Puc.50

Tabmuna 5
fneprl.l 9 95| 10 |[10.5( 11 |11.5] 12 125 13 |14 | 15

Jep I |0.7511.75{085| 2 (06|13 |2 | 5 |075] 0 |1.75

KOHJICHCATOPY NPUBOJAT K IMPOHUKHOBECHHIO KAKOM-TO YaCTH CHJIOBBIX
JIMHUW CKBO3b JUAJIEKTPUK U YCTAHOBJIICHUIO UMH CBSI3€ CO CBOOOHBIMU
ANEKTPOHAMHU. DTOr0 JOCTATOYHO, YTOOBI B CIllydyae MOJAa4Yd Pa3HOCTH
NOTEHI[MAJIOB HAyajcs JaBMHOOOpA3HBIM TMpolecC, HMHUIMUPYIOMINN
3apsAAKy LETMOYKU KOHAEHCATOPOB.

N3BecTHasa teopema VpHIIOY yTBEpKIAET, UTO CTaTUYECKAsI CUCTEMA
CBOOOJHBIX 3apsifOB SABJSIETCS MNPUHIIMIUAIBLHO HEYCTONYMBOM[29].
Kakum ke oOpa3oM (akTHUECKH peanu3yeTcsi DJIEKTPOCTATHKA,
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CYILLIECTBYIOII[asi TEOpUA HE OOBSACHAET. DPUPOIUHAMUYECKHN TMOIAXO
MO3BOJISIET 1aTh TaKO€ OOBICHEHHUE.

DJIEKTPOCTATUKAa MAKPOYPOBHSI  peanu3yercs JIUHAMHUKOM  Ha
MUKPOYpPOBHE. OTy [OMHAMUKY OOECMEYMBAIOT CWJIOBBIC JIMHHUU
HEMOJABUKHBIX HMOHOB, a TAKXE€ CHUJIOBBIC JIMHUU TMOJBUXHBIX MOHOB (B
AKUJKOCTU U TUIa3M€) U CBOOOJHBIX AJEKTPOHOB. [Ipu 3TOM MOABUKHBIE
HOCUTENM 3apsija B JKUAKOCTH UM IUJIa3ME OrPAaHUYEHBI B CBOEM
NepPEeABMKEHUN (PU3NYECKUMU TpPAaHHUIIAMU CBOEro MpeObIBaHUSA, a
CBOOO/IHBIE HJIEKTPOHBI B METAJIE — COOTBETCTBYIOIIMMHU MOBEPXHOCTIMU
Ban-nep-Baainsca.
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JaKknovueHme

[lonydyeHHble  pe3yslbTaTbl  MPOBEACHHBIX  DKCIIEPUMEHTOB
MOATBEPKIAIOT OCHOBHBIE TE3UChI B. A. AIFOKOBCKOTO OTHOCHUTEIIBHO
DIEKTPUYECKUX U MATHUTHBIX MTOJIEH.

MaruutHoe TOJIe CYIIECTBYET (PU3MUECKH, OHO TMPECTABISIET
co0oll MOTOK 3¢upa, JaMUHAPHBI NPU YpPOBHE MArHUTHOW HHIYKIIUU
Hke npumepHo 100 MUKpoOTecIa U 3aBUHTOBAHHBINA MPU 00JI€€ BBICOKUX
€€ 3HAYEHUsSX. Y MOCTOSHHBIX MAarHUTOB IPY BEIMYMHAX MATHUTHOMN
MHIYKIIUA HECKOJBKO BbIIIE | MUJLTUTECTA MOSBIAIOTCSA MYyYKUA (KTYThI?)
3(UpHBIX BUXpEH. Y HIEKTPOMArHUTOB NY4YKU SPUPHBIX BUXpPEH HE
HAOMIOJAIOTCS, BHJAHBI TOJBKO OJMHOYHBIE BUXpU. C KEIE3HBIMU
ONMWJIKAaMH B3aUMOJICUCTBYIOT TOJIBKO »(UpHBIE BHUXPU U UX IIYUKH,
JAMUHAPHBIA TOTOK 3(upa >Kele3Hble ONWIKH He oToOpaxawT. Kycku
(KyCcOuKHM, ONWJKH) JKelie3a B TMOJ€ MarHuTa BeOyT ce0s Kak
MarHUTOMPOBOIbI, KOHIEHTPUPYS B c€0€ HEKOTOPYIO YaCTh MarHUTHOTO
(a¢pupHoro) noroka. Kycok skene3a NpUTaiKuBaeTCs BHEIIHUM JIaBJICHUEM
adUpa K MarHUTy Kak peaau3aius BO3MOXKHOCTU COKpPATUTh MYTh IS
peau3yIollero MarHUuTHOE IMoje NoToka 3¢upa (BO BpEeMEHU U B
IPOCTPAHCTBE), OJ1aroiaps BbICOKOW MAarHUTHOW MPOHUIIAEMOCTH KeJIe3a.

HamnpaBnenune nBuxeHuss 3gupa B MoOJ€ MNOCTOSHHOTO MarHUTa
cienyroiee: 3(pUp BBIXOJUT U3 MOJIOCA S, aCCOLMUPYEMOIO C FOKHBIM
reorpauuecKuM MOJIIOCOM 3eMJIM, U BXOoAUT B noyitoc N. B MarHutHom
nosie 3eMsid 3QUp BBIXOJUT U3 CEBEPHOTO MAarHUTHOIO MOJtOca 3eMIIH,
HaxXOASAIIErocsl B HACTOSIIIEE BpeMs B AHTAapKTHAE B PalOHE HOKHOTO
reorpa(puueckoro IMoJkoca, U BXOJAUT B FOKHBIM MarHUTHBIA IIOJIIOC,
HaXOSAIIUIICS HbIHE BOJIM3H CEBEPHOTO reorpa(puuecKkoro moirca.

IlokazaHbl pa3OMKHYTBIE OJJIEKTPUYECKUE TOKH, IPOTEKAIOIMe
MEXIY COCEIHUMHU KOHJEHCATOpPaMU B ILIENIOYKE KOHJIEHCATOPOB IPU UX
3apszKe-pa3psake. BennunHa Takoro Toka B JIFOOOW MOMEHT BpPEMEHHU
ONpENENAETCS  HANPSHKEHHOCTBIO AJIEKTPUUECKOro Mo (pa3sHOCTHIO
NOTEHLIMAJIOB) Ha KOHLAX LENU 3TOr0 Pa30MKHYTOTO TOKAa — OOKIJIaaKax
COCEACTBYIOIIUX KOHAEHCATOPOB. I1oydeHO KOCBEHHOE NOATBEPIKICHUE
peanu3anuy dJIEKTPUUECKOrO MOl KaK COBOKYITHOCTH 3(DUPHBIX TPYOOK —
JIMHUW HANPSKEHHOCTH.

[lonydyeHHble pe3yiabTaThl CO3JAOT OJATONPUITHYIO IOYBY IS
HOBBIX UCCJIEIOBAHUM.
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