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© Hucruryr sdepnoi pusuku CO AH CCCP

NJIASMEHHAS CTP¥A
B HEOJLHOPOJAHOM MATHUTHOM MOJE

MHKEKIHA NYYKOB OBLICTPLIX ATOMOB BOAOpOAa B HACTOsAlIEE BPE-
Mf LIHPOKO HCMOJb3yercs /sl HAKOMJEHHS H MOAEPKAHHA ropsyen
N1a3Mbl B JOBYLIKAaX C MArHMTHbIMH NMPOOKaMH [1, 2]. Ha nauanbHOH
CTANUY HAKOMJEeHHS «MHUIEHBbIO» AJSA HHKEKTHPYEMbIX MMYYKOB CJAYKHT
IPeABAPHTEILHO CO3/aHHAS B JIOBYIIKE OTHOCHTENbHO XOJM0AHAfA IMJ1a3-
Ma. 3ano/HeHue JOBYLIKH [peiBapHTEIbHOH MJIa3MOH 4acTO MPOH3BO-
AMTCA € MOMOILBIO OAHOTO WM HECKOJbKHX ras’opa3psiitbiX HCTOUHH-
KOB, PACIHOJOXKEHHbIX B 3anpOoGOYHOH 00/1aCTH. B stoMm cayuae reHepH-
pyeMble HCTOUHHKAMH IMJa3MeHHble CTPyH MPOHHKAIOT B JOBYLIKY ye-
pe3 MarHHTHYIO NpPOOKY, ABHrasichb BAOJbL CHJAOBBIX auHAi. Ecnu cuu-
TATh, YTO ABHMKEHHS MJaa3Mbl MOMNEpPeK MATHHTHOrO [MOJs HE [MPOHCXO-
NAT, pasMepbl CeueHHsi CTPyH B JIOBYIIKe, OYEBHAHO, ONpPELENsIoTCH
BEJMUMHOH MATHHTHOrO [MOTOKA, BbLIXOASAILEro M3 paspslHOro KaHdJja
nasMeHHoro ucrouHuka. Popma ceueHHsi CTPYH, B CBOIO OYEpEidb, OIl-
penensiercsa GopMoil cedeHHsi TPYOKH CHJIOBBIX JIMHHH, COOTBETCTBYIO-
lell 3TOMY MAarHMTHOMY MOTOKY. YBeJHuHBasi MAarHWTHOE [10J€ B 30HE
¢OopMHpOBaHHS MIA3MEHHOrO MOTOKA C MOMOLLbIO CHEIHANBHBIX 0bmo-
TOK, MOXKHO COOTBETCTBEHHO YBEJHUYHTb pasmepbl CcedeHHs CTPyH B JO-
BylIKe. ITO OGCTOATENbCTBO MO03BOJNACT MpH 3aJaHHOM [MOIEPEUHOM
pa3Mepe CTPYH MHIIEHHOH M1a3Mbl B JIOBYLIKE YMEHbUIATD Tpebyemoe
A8 ee COo3AaHMs KOJIHYeCTBO M pa3mMepbl MCTOUHHKOB MJ/1a3Mbl, a TakK-
Ke pacmonaraTb UX Ha [OCT2TOYHO GONBUIOM PACCTOSHHM OT MATHHMT-
HOH npo6KH, TaM, rie Co6CTBEHHOe IoJe JOBYLIKH Malo. 10 HeMaJlo-
Ba)KHO B VCJOBMAX, KOrla B3aMMOIEHCTBHE MJAOTHOH HarpeToH njas-
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MBI, BbiTeKalolled uyepe3 MpobOKY, C MOBEPXHOCTbIO HCTOUHHKA MOXKET
MPHBOAHTL K Pa3pylICHHIO 3/1eMEeHTOB KOHCTPYKLUHH (B yCTaHOBKax
OKOJIOPEaKTOPHBIX MacwTtabor [3]), aAu60 K YXYALIEHHIO YCJIOBHH
yaepKaHHA ropsayed naasmbl B JOBYIIKE.

Ins onuceiBaeMoro cnocofa 3anoJHeHHs JIOBYIIKH MHIIEHHOH
MI1asMoid XapakTepHa CJeiyiollass 3aBHCHMOCTb BEJIHYHHBI MarHUTHOTO
Mo B MJa3MeHHOH cTpye OT NPOAOJbHOH KOOPAHHATHI: BbITEKAlOLlaH
H3 HCTOYHHKA [1J1a3Ma JBHKeTcHA B Haudaje B yObiBalolleM MarHHTHOM
noje, KOTopoe 3areM Bo3pacTtaer B 06/1acTH MarHWTHOH npo6ku. [loc-
Je TPOXOXKAEHUS CTPYH yepe3 MArHUTHYIO NpoOKy, HENOCPeACTBEHHO B
JIOBYLIKY, TMOJie B CTPye YMEeHbIUaeTCsl B COOTBETCTBHH C MPOGOUHBIM
orHourenneMm. [lpu MCNOML30BAHWH JOMOJHUTENbHLIX OOMOTOK, YCHJIH-
BAWILHX [0J€ B HCTOUHHKE HA BpeMs 3aloJHeHHH JIOBYUIKH T1da3MOH,
noJjie B HeM MO MOPSAKY BEJHUHHbI PABHO MOJIO B NpobKe, a MHHH-
MaJbHAf BEJHUHHA TPAHCIOPTHPYIOIIEro CTPYK MAarHHTHOTO TMOJA
(3TOT MHHHMYM JIOCTHraercs, eCTeCTBEHHO, MeXAY HCTOYHHKOM Tias-
Mbl H Mpo6Ko#i) moxer coctaBasAtb 0,05—0,2 or noas B npobke. Teye-
HHe NJ1a3Mbl B TAKOM HEOJHOPOJLHOM MArHHTHOM noJe 06/1ajiaerT psaoM
0COOEHHOCTEeH, CYLIeCTBEHHO BJHSIOLIMX HA COOTHOLIEHHE MJOTHOCTEeH
MmiasMbl B JOBYIIKe W B 3anpo6oyHoit obaactu. B yacTHocTH, BO3MOXK-
Hbl PeXHMbl, KOr4a CKOPOCTb TEUEHHH MJa3Mbl B JIOBYILIKE MPeBbilIaeT
3BYKOBYIO, UTO [PHBOJHMT K 3HAUHUTEJBHOMY CHHXKEHHIO MJIOTHOCTH MO
‘cpaBHeHHIO ¢ 00.1acThi0 nepea MpoOKOH, rie CKOPOCTh TeUEeHHA OKa3bl-
BaeTcs JA03BYKOBOH [4, 5]. 3ToT pexum HexenareneH AJasi 3anoJiHe-
HHUSl JIOBYIIIKH, MOCKOJIBKY OJHOH M3 BaXKHEHLIHX XAPaKTEPHCTHK MH-
LIeHHOH Maa3Mbl siBasierca \n,dl 1o ee nonepeynHuky, ONpenesonIHi
3aXBaT HMHXKEKTHPYEMbIX aTOMAapHbIX NMyukoB. Peanuzanus pasjHuHbIX
PEXKHUMOB TeueHHs MJa3mbl B HEOJAHOPOJHOM MOJ€ CBi3aHa C TeM, fAB-
JfieTcs JIM MJ1a3Ma CTOJKHOBHUTEJIbHOH HJH HET, a TaKKe C YCJAOBHAMH
(B yacTHOCTH, C MPOTHBOJABJEHHEM) B NMpHEMHOM O0BbEME 3a JIOBYII-
koil. Hamu MccnenoBasioch TeueHHE MMJA3MEHHOH CTPYH H3 KOJIbIEBOro
HCTOYHHKA [6] npH 3anoJiHeHHH AKCHAJIbHO-CHMMETPHYHOH MarHMTHOH
JIOBYIIKH uepe3 MarHuTHYI Npobky.

3KCNEPHUMEHTA/IBHOE YCTPOHCTBO

Hccaenosatnue TeyeHus MJa3MeHHOH CTPYH B HEOJAHOPOAHOM Mar-
HHTHOM TMoJie MPOBOAKJAOCH HA 3IKCNEPHMEHTAJbHOH YCTAHOBKE, CXeMma
KOTOpOH npeactasjeda Ha puc. |,a,6. AKCHA/bHO-CHMMETPHYHOE HM-
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MyJ1bCHOE MarHMTHOE MoJe AJHTEeNBHOCTHIO TO MC CO3/1aBajoch cofe-
wouaoMm [ w xatywkamu 2. [lnasmennas crpyd, WMmeBllad B Hauajb-
HOM CEeueHMH BMJ KOJblla, TeHepHpoBatach HCTOUHHKOM J, YyCTaHOB-
NeHHLIM HA OAHOPOJHOM Y4acTKe [0Jf, CO31aBaeMoro CoJeHoHioM 1.
BeuuuHa noJds B HCTOUHHMKe B JaHHBIX 3KCMepHMEeHTax CoCTaB/as/la
0,4 T. [lonpo6GHoe omucaHHe HCNOJAb30BAHHONO HaMH M/JAa3MEHHOTO HC-
TOUHHKA W XAaPAKTEPHCTHK TreHepHpyeMOH WM CTPYyH MNJaasMbl [1aHO B
[6, 7]. Tlnaamennasi cTpysi B HayaJbHOM CEUEHHH, OrpelenseMom
GopMoii pa3pANHOrO KaHajla WCTOYHHKA, HMeaa BHI KOJAbLa € BHYT-
pennum auamerpom 12 cm v wmupuHod | em. M3meHeHHe HAMycKa BO-
IOpOAAa B MCTOUHHK W TOKa paspsiia M03BOJAN0 MEHATb MIOTHOCTH
MiasMbl B BhiTeKamomei crpye or 5-10'% 1o 10" em™, a 3/eKTpOHHYIO
temneparypy ot 5 no 40 3B. Crpys naaswbl uepes Gydepubiii 06HeM 4
nocTynajna B aKCHaJbHO-CHMMETPHUHBIH MPOOKOTPOH C npoboYHbIM OT-
pHowrenunem R =2 w noaem B uentpe 0,56 T. KoHcTpykuus yCTAHOBKH
HO3BOJISIA M3MEHSITh pachnpenejeHre MarHMTHOTO Mmojs B 0bBJacTH
MeX/1y MCTOYHHKOM H MarHHTHOH npoOKOH. ITO HOCTHraaoCh MOACO-
eHHEHHEeM AOMOJHHTENbHOI0 BaKyyMHOro obbemMa MexaAy HCTOUHHKOM
naasmbl W JoBywkoid. C noMolbio YeTbipex KaTyLIeK, 3dKpernaeHHbIX
Ha CTeHKax 3Toro obbema, umesuiero aiauny 1,0 M, cosgaBaacd yuwac-
TOK OTHOCHTeNbHO caaboro mardutTHoro mojs (mo 0,2 T). Braodenue
TMX KaTywiek He BJHAIO Ha MoJie B HCTOYHHKE MIa3Mbl U B JOBVIIKE.
B Hammx sKclepHMeHTax pacrnpejpefieHde nojs BJIOMb OCH YCTAHOBKH
MMEJO BHI, NoKasaHHbid Ha puc. | (a— 0e3 JOMOJHHTeNbHOr0 BaKy-
yMHOro o6bema ¢ KaTywkamu, 6— ¢ JIONOJHHTeILHBIM o6bemom). Ha-
yaJbHBIH BAKyyM B 3KCHepHMEHTajJbHOM oO0bLeMe nojfepxuBajcsa Ha
yposHe 1+-2-107° Ila.

Hamu wu3yyaioch H3MeHeHHe paanajbHOro NpoduIs MIOTHOCTH
maa3Mbl B CTpyYe, TPAHCIOPTHPYEMOH MATHHTHBIM MoJjeM, NPH HEH3MEH-
HOH BeaMYyuHe MoJas U dopMe CHJAOBLIX JIHHHH B HCTOYHHKE H B JIOBYLI-
ke. Usmenanach (€ MOMOILLID YCTAHOBKH [AOMOJHUTENbHOro 06bema)
AJHHA MepexoAHOro ydyacTka OT HCTOYHHKA [0 MarHHTHOH npoOkH, a
Tak)Ke BeJHUWHA MarHWTHOro mossi Ha 3ToM ydacrke. [lasi onmpezedne-
HHA paaua/bHOro nNpoduaa NAOTHOCTH I/1a3Mbl B PA3JHUHBIX CEUEHHAX
BAOJNbL CTPYH H3Mepsanoch ocaabjieHHe AHACHOCTHYECKOrO Myuka arto-
MOB Bojopoja ¢ sHepruei 10 ksB, a TakKe HOHHbIM TOK HaChllLEHHs
Ha TNepeABMraBLIMECs MO PAJHYCy JeHrMIOpOBCKHe 30HAb. JlaHHble
30HAOBbIX H3MepeHHH HOPMHPOBAJHCH HAa Snpdi MO CEeYeHHUIo CTPYH,
BbIYHCJEHHBIH H3 0c/Ja0JeHus jJIHarHOCTHYECKOTro My4ykKa € HCIoJab30Ba-
HHEeM H3BEeCTHbIX CeyeHHH nepe3apsikd H HOHH3AUHH OBICTPOro BOJO-
poaHOro aroma. 3aBHCHMOCTb n(r) moayvanach TakkKe NpH MCHOJAb30-
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BAHHH CXeMbl MHOTOXOPAOBOrO 30HAHPOBAHHS [J1a3Mbl CHEIHaJbHO
cOPMHPOBAHHBLIM  CHJABHOPACXOASIULHMCA B HalpaBJEHHH nNoMepex
cTpyH aromMapHbiM nyukom [8]. OaHoBpemeHHoe u3MepeHHe ocnaabJe-
HHH mo 8 Xxopiaam Ha paauyce MMaasdmbl [POH3BOAHJIOCHL 34 BpemA
~ 100 mkc. HMurerpanbHas no speMeHd 3a pabOYHH HMNYJbC MJOT-
HOCTb MOILHOCTH B MOTOKe MJAa3Mbl H3MEPHAAACh MOABHAKHBIM KaJlOpH-
metpom. B IPEANONOKEHHH O MOCTOAHCTBE TEMINEPaTyphl M SHEPruu
HanpaBJeHHOTO ABWKEHHS [J1a3Mbl B CeUEHHH CTPYH 3Ta MeTOAHKAa
TaKKe MO3BOAAIA M3IMEDPATL NPOMHJbL MJIOTHOCTH (PasyMeeTcsl TOJbKO
B OTHOCHTE/LHbIX eldHMHHlax). Bce HCHob30BaHHbIE METO/bl AaBah
GJH3KHE pPe3ydbTaThl, NO3TOMY KOHKPeTHbIH cnocod noJyyeHus paau-
a/lbHbIX pacrnpeaeseHuil MJOTHOCTH [J1a3Mbl B CTpye B JajibHeHLIEM,
KaK NpaBHJ0, He YKa3biBaeTcs.

Cpenuasi no CEYEHHIO CTPYH 3JEKTPOHHAas TemilepaTypa onpeness-
71ach MO MCTOAHKE, noapo6Ho onucaHHoW B [6], U3 cpaBHeHHsa oc/ab-
JIeHHil COBMEILEHHbIX MYUKOB Bomopoaa u aproua. Hapsaay c¢ uamepe-
HHAMU PajHaNbHOrO npo¢HAs NAOTHOCTH NJasMbl B CTPYE H 3JEKTPOH-
HOH TeMmepaTypbl HAMW Tak)Ke H3Mepsa/aach Temueparypa uoHoB 7;
CpeHAs 3HEpPrus HanpaBJeHHOTrO ABHXKEHHA HOHOB & B LEHTPaJbHOM
ceyeHHH JoOBYIIKH. [lasi 3Toro aHadM3HpoBaicA  IHEPreTHUYECKHH
CHEKTP aTOMOB JHArHOCTHYECKOrO My4Ka, paccesHHbiX Ha (PUKCHPOBAH-
HbIl yroJ B pe3yjbTaTe OAHOKPATHBLIX CTOJKHOBEHHH C HOHAMH [/1a3-
mbl [9]. '

CxemMa H3MepeHHH npeiacrasgeHa Ha puc. 2. [lpuw paccessHHH HaE
yron 0«1 artomoB myuka, WUMeNIMX Mmaccy m, u sHepruw E, Ha
HOHAX MJ1a3Mbl MacCoH ty, HMEIIIHX CPeLHION 3HEePrHi0 ABHMKEHHS Mo
HanpaB/IeHHI0 HOPMaJM K BEKTOPY CKOPOCTH DACCeHiHHbIX aTOMOB &,
IHEPreTHUECKHH CMeKTP pacCesiHHbIX aTOMOB CMEllAeTCs Ha BeNHYHHY

m, it

:SEzEu—EzEﬂﬂW??U(—EGEH : (1)

M m,

3peck E-—cpeaHssi 3Heprus paccesiHbiX aTOMOB, 3HAaKH = COOTBeTCT-
BYIOT PAa3J/IMYHBIM OPHEHTALMAM 30HAMPYIOLLEro Myyka B [MJIOCKOCTH
paccesinust (cm. puc. 2). Kaxk uzpectHo [9], mOMHMO CMElIEHHS CTIEK-
Tpda, NPOHUCXOAMT €ro OTHOCHTeJbHOE YIIHPEHHEe, CBA3aHHOE C Temlo-
BLIM JABHXKCHHEM MOHOB MJaa3mbl. B caydae, eciii OHH HMEIOT MakKcBes-
JIOBCKOE pacrpejejeHue 1o cKopocTsiM K T« L, wupuHa crnekTpa Ha
10J1 yBbICOTE '
m, 27

AE = 40 (— Eﬂﬂ-an) , ' (2)

1,

CootHowenusi (1) ¥ (2) Mcnonb30BaJUCh A BBIUHCACHHA TCMITE-
paTypbl M 3HEPrHH HAMPABJEHHOrO ABHKEHWH HOHOB IO H3MepeHHbIM
JHePreTHUECKHM pacrpeleseHdsM paccesHbiX aTOMOB. DHeprus 30HIH-
PVIOLLEro Myyka aTOMOB BOJOpOAa HIH nefitepuda Gblsia BbiOpaHa pas-
noit 8 k3B, yron paccesnns ~9°. Paccesinnble atoMmbl NoCJe€ 06/ IHPKH
B MMIYJbCHOH TeJIMEBOH MHUIIEHH MOCTYyNaJaH B JeKTPOCTATHUECKHH
sueproananuszatop (4) (puc. 2). Yroa paccesiHusl ONpeaesIcH KOJILJIH-
MALLHOHHO} cucTeMoil (2) u3 weaeid S, u S, ¢ paamepamu 9% 15 MM H
4%9 MM, COOTBETCTBEHHO. PaccTosiiHe Mexiy LLE]AMH 50 cm, a ot
BXOJHOH I1lead S, A0 LEeHTpa pacCceHBaloLllero obbema =25 cm. [as
yBeJHUeHHsl Pa3pelleHdsi HCMOo/b30BaloCh MOATOPMAKHBAHHE HOHOB,
NocTynaollHX B aHa/au3aTop [ocnae 0G1HPKM, C MOMOIIbIO CeToK (6) H
(7). Tleppasi u3 Hux Obl1a 3a3eMmjieHa, a Ha BTOPYIO N0AaBaICH noJo-
swutenbublii norennuan U,,. TloreHuuasnbl Ha MJaCTHHAX aHAJUIHPYIO-
niero KougeHncartopa W U,, 3amaBajHCb OMHUYCCKHM JEJTHTENEM, DO
KJIOUEHHBIM K BBIXOAY BbICOKOBOJBTHOIO MOAY/IATOpPA HOHHOTLO HCTOH-
HHKA 30HAMPYIOLLEro nydka. XapakrepHas BejaH4HHa U., B oliMcbiBae-
MbIX 3kcrnepumentax 6,6 kB.

HMoHHbIe TOKH NOcae aHaJjH3a Mo SHeprid perucTpHpoBaJinCh CHC-
TeMOH M3 |2 KOMIEKTOpPOB C MHKPOKaHa/JbHbIM YCHJIHTEIEM (5). Hna
KaauGPOBKH aHajH3aTopa HCIOJb30BAJIHCh H3MEDPEHHbLIE CMEKTPbl pac-
CcesiHUS HA ra3oOBbIX MHUILEHAX C pasmepaMH, paBHbIMH pasmepaM pac-
ceuBatollero obbema B MJAa3MEHHOH CTpye.

B xome 3KCNEPHMEHTOB BBISICHW/IOCH, YTO HMeEeTCH 3HAYNTEbHbIH
hOHOBBIH CHrHa/ OT ATOMOB, 3aXBaUCHHBIX B MJ1a3Me H 3aTeM BblIETA-
JOLILMX M3 CTPYH B pe3ayJbrarte nepesapsiikd Hd OKPYXAIOUIEM Trase.
MakcHMYM crekTpa WX Obll CMeLleH OT SHepruM MHMKCKUHM Ha BEIH-
yuiy =1 k3B wu3-3a TopMOKeHHs Ha Mia3Me. Jlsisi ymeHbLIEHHsT 3TOrO0
(hoHOBOro noToka BOMH3H MOBEPXHOCTH MJI43MEHHOH CTPyH ObLIH yCTa-
HOBJIeHbl MJIACTHHBI, MepeceKaBlliHe TPAaeKTOPHH 3axXBayeHHbIX B CTPYE
noHos. XapaKTepHbie 3HEpPreTHYeckue CHeKTpbl paccesHHbIX dTOMOB
npejcTaBienbl Ha puc. 3.

TPAHCNOPTUPOBKA NMJASMEHHOHW CTPYH
HEOJLHOPOAHbBIM MATHHTHbLIM NMOJEM

PaccmMoTpuM pe3y/bTaThl M3MEPEHHH MapaMerpos NnJ1a3MeHHOH
CTPYH B LEHTPAJbHON MIOCKOCTH JIOBYIIKH B Caydae, Koria MariHrHoe
noJie TPAHCIHOPTHUPOBABLIEE CTPYIO, HMEJO BHI, npeacTaBjJeHHblid Ha
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puc. 1,a. B cooTBeTcTBHHM C KOJbLEBOA reoMerpued paspsiAHOro KaHa-
Jla MCTOYHHKA CTPYH MJa3Mbl [IBHranacb BAOJb CHJIOBBIX JIHHHUH W [10-
cTynana B JIOBYWIKY B BHAE MOJOro uujuHapa. Pasamepbl KoJblLleoOpas-
HOTO TMONEPeYHOro CeyeHHsl CTPYH COOTBETCTBOBAJH MarHHTHOMY MOTO-
Ky, NPOXOAMBIIEMY Yepe3 rasopaspsiilHbld KaHajl MCTOYHHKA Mja3Mbl.
Usmepennplil pajinajibHblii MpodHib TJIOTHOCTH B LEHTPaJbHOM Cceve-
HHH JIOBYUIKM TpHBEJeH Ha puc. 4. BpemenHass 3aBHCHMOCTBL paspsii-
HOFO TOKa B MJa3MEHHOM HCTOUYHHKE, 3JeKTPOHHOHW TemiepaTypbl H
{ n,d! no auamerpy cTpyu npHBeseHa Ha pHC. 5. Monnasa Temnepary-
pa M CpelHsisi 3HEPrua HanpasJeHHOro ABHXKeHHs HOHOB B JOBYILKE
3aMETHO MEHAJHCH NPH M3MEHeHHH peXxuma nojauyu BOAOPOAA B pas-
pAn. YBeiuueHde 3aJepiKKH MOJUKHra pa3psjid OTHOCHTE/IbHO Hawa/la
Hanycka rasa MpHUBOAMAO K POCTY I[UIOTHOCTH miaasmbl B CTpye H
yMEHbUICHHIO TeMMepaTypbl M HanpaBleHHOH 3HePrud HOHOB. Kauect-
BEHHO CXOXHMM 06paszoM MeHAJach TakXKe M 3JEKTPOHHAs Temnepary-
pa, Kak 3TO paHee OTMeuanoChb B [6]. MameHeHne napamMeTpoB HOHHOH
KOMMIOHEHTH TJ1a3Mbl BO BpeMeHH MpPeACTaBJjeHo Ha puc. 6.

CyiecTBeHHO OTJHYaloLIHecss pe3yibTaTel GblAH MOJYy4YeHbl, KOrja
6Ll YCTAHOBJEH JIOTMOJHHTEIbHBIH [EPEXOLHbIH o6beM Mex1y HCTOY-
HHKOM MJa3Mbl M JIOBYIIKOH, M 3aBUCMMOCTb MATHHTHOrO MoJisi BAOID
OcH uMesa BHA, u3obpaxkeuusiii Ha puc. 1,6. B sTom cayuae mapamer-
phl MMJ1a3Mbl H3yuajHCh B TpeX CeUeHHsX: B LLeHTPalbHOH MJOCKOCTH
JOBYILKH (ceuenne A), B CHMMETPHYHOM C HHM OTHOCHTENbHO MAarkwt-
HO#i Mpo6GKu (ceueHue B) W B ILEHTPaANbHOM CeYEHWH Y4HaCTKa cnadoro
nons (ceyenue C).

Uamepennble pajuaibible NpopHIH TJIOTHOCTH MJ1a3Mbl BO BCEX
TpexX ceyeHHsAx mpuBeiaeHbl Ha puc. 7. M3 HHX cieayeT, 4TO IpH TpaH-
CMOPTHPOBKE CTPYH MPOHCXOAUT 3aMOJHEHHE BHYTPEHHEH MOJOCTH: €eC-
1M B ceueHun C MAOTHOCTH MJasMmbl Ha ock coctaBasier 0,15 or MakcH-
MaJjbHO#, To B ceyenun A 0,6=0,85 B 3aBHCHMOCTH OT BPEMEHH H3Me-
peHMil 30HIOM B TeueHue paspsiia. B ceuenuu B NAOTHOCThL MAd3Mbl
Ha OoCH (OTHeCeHHasa K MAKCHMYMY B 3TOM CEeYeHHH ) —IPOMEKYTOUHAnA
mexkay A u C. Paauyc, COOTBETCTBYIOUIHH MaKCHMYMY [MJIOTHOCTH
M14a3Mbl, BO Bcex ceyeHHAX Obla OJH30K K BBIYHC/AEHHOMY B NPEANo/o-
JKEHWH, YTO MOTOK MJa3Mbl ABHKETCH H3 HCTOYHHKA CTPOro BAO/BL BE-
AVILEro MardHUTHOTO MOJIA.

Jlns onpeje/ieHusi M0/710XeHusi 061acTH, B KOTOPOH NPOUCXOAHT Ha-
H60Jee MHTEHCHUBHOE 3al0oJHeHue MPHOCEBOH IMOJOCTH B CTPYye, B ceue-
Husix B n C ycTaHaB/AHBaJHCb MeTaJJIHUeCKHe Auadparmbl ¢ AHAMET-
pOM, PaBHBIM PACYETHOMY BHYTPEHHEMY JHAMETPY CTPYH B COOTBETCT-
BylotlieM ceueHun (cm. pHc. 1,6). Hanuune Takod auagparmbl B ceue-

8

g

¥]

aun C He BJAMAJO HA NPOMUIb MJIOTHOCTH MJa3Mbl B 1IEHTPE JIOBYIIKH
(ceuenne A). Ecau e auadparma pacnonaranach b ceyenun B niaot-
HOCTH Mia3Mbl HA OCH ymeHbluanack Ha 50% w Gosee OT MakCHMasb-
HOil B TeweHue Bcero paspsaaa (puc. 7).

M3amepeHusi MAOTHOCTH T1a3Mbl JEHIMIOPOBCKHMH 30HaaMH, yCTa-
HOBJeHHBIMH BOJM3W auadparMbl B CEHCHHH C 10 H nocae Hee BAOIb
CTPYH, d4BajH CYLIECTBEHHO OT/JHUABIIHECH pesysabTaTthl. Ecan anad-
parMa pasMeliajach OTHOCHTEIBHO 30HAA CO CTOPOHbI MJIA3MEHHOTO
HCTOUHMKA, pacnpejleieHde MJAOTHOCTH Obl10 TakhM K€, Kak H 0e3
aHapparmel. B cayuae, Koraa pauadparma pacrnonaranack co CTOPOHBI
MAarHUTHON TpoOKH, u3mepdAeMasi 30HAOM MJOTHOCTD Gbljla CYlLeCTBEH-
HO MeHblie B npeaenax TPYOKH CHIOBbBIX JMHUH, MPOXOJAHBLIMX 4epes
kpaii auadparmbl. TH NaHHbie CBHIAETEJNLCTBYIOT O TOM, uTO Haubojee
HHTEHCMBHO pajiHajbHOe MNeperekaHHe M1a3mbl B [PHOCEBYIO 06.1aCTh
NPOHCXOAHT NpHU €e BXOJe B MarHHTHYIO npo6ky (NO-BUAMMOMY, MEX-
a1y ceyeHHeM B H npo6koit). Kpome Toro, usmepsiemas MJOTHOCTD
n1a3Mbl BOJW3M ock B ceueHHH C COOTBETCTBYET HaCTHLUAM, ABHAKY-
ILAMCSI CO CTOPOHbI MArHHTHOH TMPOOKH H3 06J1aCTH MHTEHCHBHOTO pa-
AMAJBHOrO fnepeTeKaHus Maa3mbl.

Bpemennble 3aBUCHMOCTH HWHTErpajoB OT ILIOTHOCTH njaasMmbl IO
auamerpy cTpyd B cedenunx A n € mpuBejieHbl Ha pHC. 8. Bpems Ha-
pacTaHusl MIOTHOCTH B JIOBYIIKE 3aMETHO goablue, uem B obJjacti caa-
Goro noas (B ceuenun C). DIEKTPOHHAs Temmeparypa B CEUEHMAX A n.
C oKa3ajach OJHHAKOBON M NMPHMEPHO PaBHOH H3MEPEHHOH B JOBYlIKE
B OTCYTCTBHE [OMOJHHTENbHOrO BAKYYMHOTO o6bema (puc. l,a). Ta-
KHM 06pa3oM, TeueHWe M1a3Mbl MPOUCXOAHT B YCJAOBHSX H30TEepMHY -
HOCTH 3JEKTPOHHOH KOMIIOHEHTbHl BAOJb CTPYH. CpenHsas 3SHeprusi Ha-
MpaBJeHHOTo JBHXKeHHS HOHOB B CTPy€ B ceueHuH A cCylleCcTBEHHO
npeBbilllana HOHHYIO TeMmepaTypy, KoTopas Guina menee 10 3B B Teue-

Hue Bcero paspsina (puc. 9).

OBCY)KJLEHUE PE3YJIbTATOB

B HaluMX IKCIepHMEHTax 3JeKTPOHHas TeMneparypa B CTpye Mpak-
THUECKH He 3aBHCesa OT PACCTOSIHHA A0 MCTOYHHKA MJ1asMbl H COCTAB-
nsna ~15 3B (puc. 5,6). CooTBercTBYIOLILEE TOl Temrneparype H
IOTHOCTH TiasMbi ~ 10" cM™ BpeMsi pefakcauH¥ HOHHOH H 3/EKT-
POHHOI TemnepaTypbl Obl10 CpPaBHHMO CO BPEMEHEM MpoJjieTa CHCTEMbl
MOHOM C 3Heprueil nopsiaka TeMJIOBOll HMJAM C W3MEpPEeHHOH 3Heprued
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HanpaBJeHHOro ~ABMXKeHus. BesjejcTBHe 3TOro xapakTepHble 3HEPrHH
HOHOB M 3JEKTPOHOB B CTPYe CYLIECTBCHHO OT/HYajuch. Bmecre ¢ Tem
uMmegach 001laa TEHAEHUHMA HX CHHKEeHHS K KOHLY HMIy.JbCa paspai-
HOrO TOKa B MJa3MEeHHOM HCTOUYHHKE.

Bolii npoBeneHbl ModedbHble pacyeTbl MPOAGJABHOTO pacnpenefie-
HKHSI TJIOTHOCTH MJa3Mbl B CTpye, Koraa Obll MOACOEIHHEH AOMOJIHH-
TeJNbHbIH BaKyyMHbIH o6bem (puc. 1,6). [lpeanonaranoch, 4YTo Ha Bbl-
X0Jle W3 MCTOYHHKA HOHbl HUMEIOT CcepHUECKH-CUHMMEeTPHUHOe pacnpejae-
neHue 1no ckopoctaMm. [laoTHocTs HOHOB B 3TOM  CeUYEHHH
ne=2-+3" em™% W Teuenue aBiAeTCH, MO-BUAHMOMY, CTOJKHOBHTE/b-
HeiM. Pacnpocrpadenue muasmbl B 064acTh ¢1a0oro noad (K CeUEHHIO
C) NpUBOAMAOC K IAACHHIO ILIOTHOCTH H, BCJAEACTBHE 3TOrO, NEpexomy
TeueHHS B OECCTOJKHOBHTEJNbHbIH PEKHM (4TO MOATBEpPKIAETCH COOT-
BETCBVIOIIHMH olleHKamMu). B 3Toll obnacTt, HCNOAb3ys H3BECTHbLIE HH-
TerpaJibl JIBUXKeHHA W npenedperast gelicTBHeM aMOHNOJSAPHBIX 3J€KT-
pPHYECKHX NoJed Ha JABHXeHHe HOHOB, JICTKO HAUTH 3aBHCHMOCTbL [110T-
HOCTH MAa3Mbl OT JIOKaJbHOTO 3HAUEHWS] MATHUTHOrO NOJA Ha CHJIOBOH
JUHHK. De3 ydyera BKJajga HOHOB, ABHXKYIIHXCH CO CTOPOHBLI NPOOKH,

n{f) =np{H,) { | — /\{ 1 —!’;—f} ,rne H,—maruutHoe moJie, COOT-
1]

BETCTBYIOIIlEE TPaHHLE TMeEpexoaa MexK/]1y CTOJKHOBHTENLHOH u Oec-
CTOJIKHOBUTEbHOH obOJaactamu (M, npuHMManoch paBHbIM MO0 B HC-
TOYHHKe maasmbl U n (H;) =n,). B npobke npogojbHOe 3amejleHuHe
HOHOB BCJIEACTBHE COXPAHEHHS MArHUTHOIO MOMEHTA IPHBOIHMT K poOC-
TY MJIOTHOCTH /0 BeduunHbl ~n,=2-+3-10" cm™. [lpu srom okasbi-
BAETCH, YTO BPeMs JABHMKEHHA HOHOB B 00JaCTH MeXAy cedyeHHem B u
npo6KOH npeBbillaeT BpeMs HOH-HOHHBIX CTOJKHOBeHMH. [lamee fipu
mepexofe B JOBYIIKY CHOBAa peann3yercd OeCcCTOJKHOBHTe/NbHbIH pe-
KHM TEUEHHSl ¢ YCKOPEHHEM HOHHOH KOMIOHEHTHl 10 CBEDX3BYKOBOH
ckopocTH. [11OTHOCTH, BBIUHC/IEHHBlE COMJA4CHO ONWCAHHOH MOJENH, B
ceuenusix A, B, C crpyu paBubl coorBercTBeHHo 0.3n,; 0,97, u 0,3n,,

4yTO XOpolwo corJacyercd ¢ 3KCNePpUMeHTa/dIbHO H3IMEDCHHBIMH JHAYEHH-

avu. Cuurtanocb, uro B o0JjacTH npobxu GYHKIUHUA pacnpeaeneHus
MOHOB CTAHOBMTCH H30TPOMHOH, W B COOTBETCTBHH € 3THM BBIUHC/ISA-
JHCH [OTOKH YacTHl H3 3TOoH ofmactu. B cayyae, ecan Obl TedeHue
BCIOJY OMNHCHIBAJOCH Ta30AHHAMHYECKMMH YDaBHEHHSIMH, pacnpenedne-
HHEe [JIOTHOCTH BAOJbL CTPYH oOTJau4ajsock 6bl oT H3Mepennoro. I[lpu
3TOM CKOPOCTb TedueHWsi B npobKax paBHa CKOPOCTH 3ByKa, a B ofJac-
TAX MEXKAy NpoGKAMH MOXKET peaniu3oBaThCsi KaK A03BYKOBOH, Tak H
CBEPX3BYKOBOH peKuM TeueHHd. MamepeHHas CKOPOCTb HOHHOrO MOTO-
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Ka B JIOBVIIIKE MPEBbllIdeT CKOPOCTb 3BYKa, CJI€A0BaTe/lbHO, MPH aHa-
JM3€ COOTHOWEHHH MaoTHOCTeH B cedyenuu A (B J0BYyWIKE) H B ceye-
HuM C BO3MOMKHDI [IBE CHTYauHH. A, HMEHHO, €C/H CKOPOCTb TEUEeHHH B
ceueHuu C—103BYKOBasi, TO MJAOTHOCTb MJAa3Mbl 3/€Cb JOJKHA ObITh
3ameTHo (~2 pasa) 6oJbiie, yem B ceuyeHnn A. B obpaTHoMm caydae,
Korja TedeHue B ceyeHHH € —CBepX3BYKOBOE, MJOTHOCTE B 3TOM cede-
HHH A0JKHA OblThb MeHblue, yeM B ceueHHH A, IPHMEPHO B OTHOLIEHHE
noaen (3-=4).

B mamux 3kcrnepuMeHTax napamMerphl MaasMbl COOTBETCTBOBAJH Te-
pexoaHoi 06aacTH MeKAY CTOJKHOBHTENLHBIM H GeCCTONKHOBHTE/IbHbBIM
pexKHMaMu TedeHUs (AJMHBLL npobera ObIIKW MOpPfAJAKa pPa3MepoB CHCTe-
MBI ) .

Kak ©Obl10 nokaszaHo, 3anojHeHHe TMOJOCTH CTPVH NPOHCXOAHT B
0B014CTH MArHUTHOH NpoGKH. Jlerko oueHuTb BEJHUYHHY KO3 (PHIIHEHTA
AU Py3un, KOoTOpbIH Mor Obl obecrnmeyuTh TpebGyemble paaHanbHble T0-
ToKH yacThl. [lotok yacTuil B npoOKe B MOJOCTh CTPYH MO MOPHAIKY

. n, 2 i

BEJHUYHHbI PaBEH D_[{:‘ . rae D—kosdpduuvent aupdysuu; R, —pa-
aMyc crpyd B mpobke; A, —MJIOTHOCTb IJ1a3Mbl B 3TOH o06aacty;
8r —xapakTepHblii rpajHeHTHLIH pa3mep. ITOT MOTOK AOJXKEH OBITh MO
MOPSAKY BeJHUYHHbl PpaBeH I[POAOJbHOMY TMOTOKY YaCTHIL B I10JOCTH
CTPYH B JOBYLIKE ~f, Uy R?, rae R,—paaguyc CTpyH B JIOBYLIKE;
1, — IWIOTHOCTh; U,—CKOpocTh TeueHuss. Orelona ciaeayver

; fi .

R—; —'Tér'ﬂﬂ,mf)fi'n,
R'.Tp IIr.F'nrr

5 e

4yTO MHOTO O6oJblue, ueM KO3(@PHUUHUEHT Kjaccuyeckod aupdysud 3a
CUeT NapHbIX CTONKHOBeHMi. Bo3moxkHoe oObsicHEHHe COCTOHT B pas-
BUTHH B naaame Obictpbix MIJ-neycroiiuusocreii. Kpynunomacuirab-
nas MI I -ycroitunBocts cTpyn obecneydBaeTcs, MO-BHAHMOMY, HaJH-
yHeM B Hefl KepHad, CBA3aHHOrO BAOJb CHJAOBLIX JHHHHA C IMIa3MEeHHbIM
uctounukom. Jlas manasmbl, AMGOVHIHPYIOLWEH 0 PagMycy H3 3TOro
KepHa, ycjJoBHe cTabHIH3alLHH TOPLUOM YXKe, OUEBHIAHO, He BbINOJHACT-
cfd. BbiHOC msia3mbl M3 YCTOHUMBOH 4acTW CTPYH NPOHCXOIHT NpH ee
ABMKEeHHH B obsactu caaboro noasi no npofku. OueHupas TpebyeMmylo
BeJHYHHY Ko3(hduuueHTta AHQ@Y3HI, Kak 3TO 1e]a10Chb paHee, MOJY-
yuM D~uvybr.n, R? /R L,n, (rae MHIeKC «C» O3HAuyaeT BEJHUYHHY, B3A-
Tyil0 B o6aactd caaboro 1oasi). 3Jta BeJHYHHA, Pa3yMmeeTcs, MHOro
MeHblUe NpHBeAeHHOH Bbille. PaguanbHoe [BHI)KeHHe Maasmbl B obnac-
TH HEOJATONPHATHOH KPHBH3HBLI CHJIOBBIX JHHHHA B NPOOKEe MOMKEeT mpo-
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HCXOAMTb CO CKODPOCTSIMH, MOpfAKa TelJoBOH CKOPOCTH HOHOB, H3-33
PA3BHTHSA XKeJOOKOBOH HEYCTOHYHBOCTH.
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Puc. I.(a,6). Cxema 3KCNePHMEHTANbHOH YCTAHOBKH!

| —COMCHOMA Ma3MedHol MYk, 2 —KaTywkd npofkoTpona; J—naa3meHHEil HCTOUHHK; 4 —byipep-
Hbifi 06BEM: 5 — LONOMHATENBHEI BAKYVMULIH 06beM; 6 —RKaTyIWKH cnadoro noas; 7—auaparMu.
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Puc. 3. XapakrepHbleé CNeKTPhbl PACCEHHHBIX ATOMORB:

/-—ua ocraTouHom ra3e, 2—Ha Bojopole; §—Ha naasme.

n, ‘IU‘M emS
]

Puc. 2. Cxema uamepenns T; u g,:
| —1MArHOCTHUECKHH  HHMEKTop; £ —KOANHMALHOHHAH CHCTeMa W TepelapHiHas TpyOKa; 0 |
J— MMIVABCHBIE rasoBeifl Kiana; 4—45° 31eKTPOCTATUUECKHH AHANHIATOP! 5—cHoTeMa perscTpa- 5
HH: 6 —3a3eMJeHHAR CETKA, / — NOATOPMAKHBAIOLIAS CeTKA.
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Puc. 4. Paauaabsibii npoduds NJOTHOCTH MJIa3Mbl B UCHTPAJBHOM CEYeHHH MpodKOTPOHA.
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Puc. 5. a—T1oK pazpana,

fi—3jIeKTPOHHAA Temneparypa; 6 — Snpfﬂ.

Puc. 6. [ —wvouunan temneparypa T
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Puc. 7. Paananwtbie npo@uaH NAOTHOCTH MJa3MBbl:

a—u ceueHnn A: 6—B ceuenun B; a—B ceuenun C, /—Bpems oT Hauala paspana t==800 mkc; 2 —
r= 1800 mkec; J—pannanbHui nNpo@uis MIOTHOCTH MA33Mbl B UEHTPAJBHOM CEMCHHH npodKoTpoHA
NpH ycTanoBKe AHadparMul B ceueHdu B
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