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BBEJNEHUE

B nocnennee necsituneTie B HayWHOH M HAayYHO-NIONyASpHON J/TepaType
BCE Yallle CTajy BCTPeUAThCsl NMOHATHS HEYCTOHYHBOCTb MJIa3Mbl M KOJJIEKTHB-
Hble npoueccsl B miaa3Me. OcOGEHHO HHTEHCHBHO HEYCTOMYMBOCTH IJ1a3Mbl cTajnt
usyyarbcs ¢uaukamy, paboralomMMH Haj Npo6aeMoil yNpaB/sSeMOFO TepMo-
SNEPHOro cHHTe3a. MHOrouHc/leHHble HCCNeJOBaHHS MarHHTHOrO yaepKaHHs
BBICOKOTEMIIEDATYPHOH NAa3Mbl B Pa3JHYHBIX CHCTeMax NoKasaju, YTo IJa3Ma
BbITEKAeT H3 MAarHHTHLIX JIOBYLIEK 3HAUYHTENBHO OblcTpee, UeM 3TO XalOT pac-
ueTbl, B KOTOPbIX YYHTBHIBAJHCh TONbKO NMapHble CTOJKHOBeHHs. TeopeTukH, pa-
Goralollllie B ITOH Ke 06/aCTH, NpeiCcKa3blBajlH, YTO B IJa3Me, YAepKHBAEMOit
MariHTHHIM MOJIEM, CYLIECTBYIOT MHOrOYHCJIEHHble HeycroiuuBocTH. EcrectBeH-
HO OHIJIO CBA3aTb 3TH SKCNepPHMEHTA/NbHble H TEOPETHUECKHE pe3yJbTaThl H
O06DBACHHTD @HOMAJbHYI0 CKODOCTb YTEUKH TJIa3Mbl ee HeyCTOMYHBOCTbio. [leitcr-
BHTEJbHO, ecaM B IMasMe HabJ104aloch CaMOMPOM3BOJBHOe BO3HHKHOBEHHE
KoneGaHuii  3JCGKTPHYECKOro NOJs, TO yTeykKa IVIasMbl M3 JIOBYlleK Ohiaa
aHOMAJIbHO BBICOKa.

DTH pe3yJbTaThl MHOTOJNETHHX HCCAeNOBaHUM GOJBIIMX KOJJIEKTHBOB 3a-
CTaBUIH (QH3HKOB OTKa3aTbesl OT HadeXAbl ObICTPO MOCTPOMTb MATHHTHYIO
JOBYIIKY, B KOTOpOii TepMOsJiepHas mjaasMma Oblia 61 ycrofiuuBa. [Ipakrtuuecku
5TO O3HauaeT, YTo OYAVILHI TepMOSAEPHBLII PEaKTOP OKAaXergs 3HAYHTEeNbHO
cabxHee u 6oabllie, YeM Ka3anoch Ha HayalbHOM arane ucciepoBaHuil. Cefiuac
Ke (QU3HKM MPHUCTYMHAH K IIMPOKOMY H3YUEHHIO MHOTHX fIBJIEHHH, MpOHCXO0XA-
mix B m1asme. OcoGoe BHHMaHHe yHeaseTci KOJVIeKTHBHbIM NpoueccaM, Bbi3ki-
BaiOIHM, B YaCTHOCTH, aHOMa/JbHO ObICTPYIO YTeykKy INJa3Mbl M3 MarHHTHbLIX
JIOBYILEK.

ITna3ma npexcrasnasier coGoil ras, COCTOSWMHA M3 3apsIKEHHBIX YaCTHIL
9JIeKTPOHOB M HOHOB. 3apsKeHHas YacTHLA NMOA JeHCTBHEM 3JEKTPHYECKOTO
NoAs COCeIHHX YacTHL MCHsSET TPAEKTOPHIO CBOEro ABHKEHHA. DTU KyJOHOB-
CKMe B3aHMOJEHCTBHSA, a TaKXe HOHH3AUHOHHLIE, INepe3apslOYHble H ApYrhie
CTONKHOBEHHS! 3apfKeHHbIX YACTHL Ha3blBAlOT MapHbIMH CTOJKIOBEHHSIMH.

M3MeHenHe TpaeKTOpHH 3apAMCHHBLIX YaCTHI B II1a3Me MOXeT NPOHCXO-
MNTb He TOJBKO B pe3y/abTaTe MapHbLIX CTOJKHOBeHHNH, HO M NOA JAefiCTBHEM
9JMIEKTPHUECKHX M MarHHTHbIX MoJeil KoneGawuit maa3Muel. Takue 3ddeKT A
DPOTHBONONOXKHOCTb NMApHLIM CTOJNKHOBEHHSIM MOMKHO Ha3BaTb KOJJIEKTHBHBIMH,
TaK Kak 3apfi B3aHMOJENCTBYET ¢ MNOJAMH, BO3HHKAIOIUMU NPH KOJJIEKTHBHOM
ABHXKEHHH GOJIBIIOrO Yucja 3apsaueHHbIX yacTul. ITnasma, 0coGeHHO B MaruuT-
HOM 1oJle, OTJIMYAEeTCs OT ra3oB TEM, YTO B Heil MOXeT CyLIeCTBOBaTb GoJbLioe
9uc/I0 pasiMyHBIX THNOB KoJeGaHun. KoneGaHusi Moryr Bo3GyXKZaTbCsi caMoO-
NPOU3BOJBHO (HeYCTONYHBOCTb) B HepPaBHOBECHOH IJa3Me, y KOTOPOH dyHKuus
pacnpejieleHHsl 4acTHIL O CKOPOCTSIM OTJAHYAeTCsl OT TePMOAHHAMHYECKH PaBHO-
BECHO{I MaKCBeAJIOBCKOIt (YHKUMH HAM H3-32 HAAHYHA B Heft MOTOKOB TpyMMbE
9acTHU—IYYKOB, HAM TEKYLIEro MO Hell TOKa, HAM H3-3a NPOCTPaHCTBEHHOH He-
OAHOPOJAHOCTH MJIOTHOCTE! YacCTHW M 3Hepruu. Yacro Bpema sxcnepuMeHTta ¢
BLICOKOTEMMEPATYPHON MJIa3MOil BOOGLIE MeHblle MHHMMANbHOIO CpeJHEero Bpe-
MeHM MeXIy NapHHIMH CTOJNKHOBEHUSIMH, TaK YTO HeT HHKakoHd (Qusuyeckoir
NPHUHHbI YCTAHOBJIEHHS MAKCBEJJIOBCKOrO pacnpefefieHds. A B JOByWIKax ¢
MarHHTHLIMM NPOGKaMH (QYHKIHMA pacnpeneseHHs B NMPUHUHMMNE HE MOXKET OHITh
MaKCBEJJIOBCKON H, KaK NpejCKasblBaeT TEOPHs, MPAKTHYECKH BCErAa HEYCTOH<
9uBa.

[MpocTeifitinM MpHMEpPOM BJIHAHHS KOJIEKTHBHBIX 3(¢eKron Ha ABHMKeHHe
Yacruy NvuiaaMbl fBJAsieTca 3aryxande Jlangay, Yacrtuma, ABHIKyliascs B1O.Ib
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HanpaB/eHUst PacMpOCTPaHeHHsT BOJMHBI CO CKOPOCTBIO, Gau3Koll K ee dazoBofi
CKODOCTH, HHTEHCHBHO B3aUMOJEHCTBYeT C 3JIEKTPHUECKHM MOJIeM BOJIHbBI M MO-
ayuaeT wau oTmaer eil sHepruio. CyMmapHblit apdeKT AeHCTBUA MHOrHX YaCTHI{
33aBUCHT OT BHAa X GyHkunu pacnpenenexusi. [Ipn MakcBensnoBckoi GyHKUuH
BOJIHA 3aTyXaeT, a HacTHUbl YcKopsioTcsi. Ecau ke B Miasme umeercs NMOTOK
YacCTHI, TO OHH MOIYT B030yXKnaThb KoJdeGanus. Ecin B nia3me oZHOBpeMeHHO
BO36YyXNeHO 6oabllioe 4HCA0 KoJeGaHHil, Gasbl KOTOPHIX ciaabo cBA3aHbl, a
TaKylo N1a3My MOXHO Ha3BaTb TypOyJ/NeHTHOH, TO B3aHMOJEHCTBHE OTAE/bHbIX
4acTHIL ¢ KoJeGaHuamMu OyneT HOCHTb CAy4YafHHIA XapakTep H OTAHYATBCA OT
MapHbIX CTOJKHOBEHHHl NUUIb BeNHUMHON H (QYHKUHOHAABHOA 3aBHCHMOCTBIO OT
ckopocTd. HuxKe Mbl MOKaKeM, 4TO 4acTOTa PacCestHHA 3apAXKEHHHIX HYaCTHU Ha
KoneGaHHAX, ¢a3oBasg CKOPOCTb KOTOPBIX Maja B CPaBHEHHH CO CKOPOCTBIO
YACTHUbI U, B PAAZe clyyaes MPONOPUMOHAJAbHA U3, KaK H 4acTOTa KYJOHOBCKHX
CTONKHOBEHHH, a a6COJIOTHAA BeJHUMHA MOXKeT NpesbillaTh ee B 105108 pas,
DTOT NpHMep NOKAa3LIBAET, UTO KOMJEKTHBHbie 3(pdeKTH MOryT ObTb ropasno
cuibHee, Yev 3(pQeKTsl MapHHX CTONKHOBEHHMH, H, B YaCTHOCTH, ONPeleNATb
CKOPOCTb yXOJa MJa3Mbl H3 MAarHHTHBIX JIOBYLIEK.

Ho koanektuBHble 3p¢exTbl MOFYT NPUBOAHTH HE TOJNbKO K NedaJbHbIM
MOC/NeACTBUAM, KaK B CJIyuae MarHuTHOro yaepiauus, OHH MOryT GbiTh HCIIOJb-
30BaHL U yXe HCNOJb3yloTcs (Qu3Hkamu c¢ noab3oil. Ha nmpurnunax, B ocxose
KOTODBIX JIeKaT KOJIeKTHBHHE 3(deKTbl, OCHOBaHH MeTOIbl NpeoGpa3oBaHHA
SHEPTHU MOTOKOB 3JIEKTPOHOB B 3JEKTPOMarHUTHHIE KoJeGaHHA H CTPOATCA
MOLLHBIE TeHePaTOpH PalHOBOJIH, CO3NAaHH MNOJYNPOBOAHHKOBHIE NpeoGpa3oBa-
TeJlH TIOCTOSTHHOrO TOKa B MepeMeHHLIN,

Haxoneu, B mocnennue 1ojibl GLiIA BHIMOJHEHBI SKCMEPHMEHTHI, LeJbl0 KO-
TOPLIX OblJIO NOJYVUeHHe TFOpsiuell IIasMbl, HCIOJb3Ys KOJJIeKTHBHHE 3((eKTul.
Jans storo noaGHpajuch YCIOBHA, KOrja B MJa3Meé MOLIH Bo36YXIXaThca He-
VCTOMYHBOCTH, MeJaKoMacluTaljible B CPaBHEHHH € pa3MepoM YCTPOACTBA.
Taxum o6pa3oM, Ha BpeMsl HarpeBa NJ1asMa Jesiajach TypOyJeHTHOH, B pe3yib-
TaTe 4ero yBeJMYHBAJach 4acTOTa CTOJNKHOBEHHN YacTHL NJa3Mbl H CKOPOCTHb
JHCCHNAUMK 3JeKTPOMATHHTHOH SHEpPTHH, NMOABOAMMON K mnaa3me. Taxkoit mpus-
LHN HarpeBa NOJY4YHa Ha3BaHHe «TypOyJeHTHHt HarpeBs. XoTs CKOpPOCTb
TIOTePb 3HEPTHH H3 MJIa3Mbl IPH 3TOM TaKXe YBeJHUHBAJach, HO BCeria MOIKHO
6bl10 BHIGPATh peXHM 3KCIEePHMEHTa, B KOTOPDOM 3aMeTHasi JOASl 3HEPTHH, 3a-
naceHHOH BO BHeIHefl UenW, ocraBajach B IJIa3Me Nocje OKOHYaHHA HarpeBa.
BrepBble TakHe KCOEPHMEHTH! ObIIH MOCTaBJeHBl C yuacTHeM aBTOPOB HAaCTOA-
weii O6powiopel U OKasanucbh ycmelnniMH. [lnasma rpenace npu auccunauuw
9HEPrHH HeJIHHeiHOil MarHHTG3BYKOBOH BOJIHbI, CO3XaBaeMOii MarHUTHBIM MOPI-
HEM B UHJHHADHYECKOM Ija3MeHHOM croabe. Ceifuac u3ydyeHue TypOyJeHTHOrg
Harpesa B Pas/IHYHBIX BapHaHTax BeleTcs B psife JaGopaTopHil Hauledl CTpaHH
H 32 py6GexoMm.

B aroii 6powope MB NOCTapaNuCh KPaTKO H3JIOXHTh JOCTHXKEHHT B SKCMe-
PHMEHTANbHOM HCCAeAOBaHHM TYpOYJEHTHOTO HarpeBa I1a3Mbl TOKOM, TEKyLIHM
BAOJb MAarHHTHOIO TOJIs, ylAepXKHBaloulero mniasMy. Boibop marepuana cBsasan
C JHYHBIMH HHTEpecaMM 4aBTOPOB B HacToswee Bpemsa. [IpuHunn noaGopa
MarepHaja B TEODETHYecKoii wacTH Gpouopht eute 60Jiee onpeneseHHbil. 3xeck
coGpaHbl pe3ysbTaThl HCCJENOBaHH{, HMEIOWIHX OTHOLIEHHe K 3araaBuio Gpoulio-
pbl, BLINOJIHEHHble 3a IOC/AE/HHe TOAH € ydacTHeM OAaHoro u3 astopoB (JI. .
Pynaxkosa). Lleab 1eopernyeckoro pasmena — y6eiHTb uHTaTens, YTO Onpeie-
JSIOLLYI0 pOJib B IIpOUEccax AHCCHMALMH SHEPrHH B INIa3Me MOrYT HLpPaThb KOJ-
JNeKTuBHble 3h¢eKTH, a He MapHHe CTOJNKHOBeHHS. PaccMOTpeHH ynpouleHHble
MOJENH yXe MOCTaBJEHHBIX HWJIH BO3MOXKHBIX 3KCMEPUMEHTOB. YMpOLMeHHs, BBE-
KeHHble B TEOPHIO, MO3BONSIOT B pfile ClyyaeB MNOJYUHTb TOYHbIE pelleHus
3alay, HO 3aTO STH pelleHHs. NAIOT JHIIb KauyecTBEHHYI0 KapTHHY peasbHOro
IKCnmepHMeHTa. 3TO HaJ0 NOMHHUTH NPH CONOCTABJIEHHH TEOPETHYECKHX M SKCHe-
PHMEHTaNbHbIX PEe3yJbTaToOB.

Bpoiutopa HanmHcaHa HayuHBIM $I3BIKOM, COAEPXKHUT Goabiuoe gucao dhopmyx
H, BO3MOXHO, OyleT MOHATHA TOJbKO CleUHaJHCTaM B 3TOi 06JacTH (H3MKH.
IMTosToMy aBTOpH 3apaHee NMPHHOCAT W3BHHEHHS DPa304apOBAHHBIM JI06GO3Ha-
TeNbHBIM HWTATEM,
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O KOMMNEKTUBHbIX 3PDEKTAX
B MMA3ME

1. HekoTophie cBefieHHs 0 KBa3WJAMHEHHOH Teopuu KOJeGaHHS
H 0 HEYCTOHYMBOCTAX NJA3MBI,

PaccmoTpenne KolJIeKTHBHBIX 30 (deKToB GyleT MPOH3BOAKHTHCS
Ha OCHOBe ypaBHeHHH A/ caGoTypOy/JEeHTHOH NIa3Mbl, KOTOPbie
B cayyae Mia3Mbl 6e3 MarHHTHOrO MOJSl HMEKT OTHOCHTEJNbHO
NPOCTOH BHA.

YpaBHenue aas GyHKUMA pacnpefeNeHds dYacTHL, {opTa
s (s = e, [ — 3/IEKTPOHBl U HOHBI):

afs__ g és _'. 9 s Ofs
ot +ovfs + oy E-v.fs = 904 af avB'
2 =
2 no K K
Ds =3 ps a p os " 7 _»* Y o)
? = o) Weso—ko) dad

Yacrora koje6aHHil © (K) ompejensiercss AUCIIOPCHOHHBIM CO+
OTHOLIEHHEM
ops (= o\ o0
B(&),IC)EI-I'Z'—K"—' K— |———=0. (2),
s

- -

—p
v /o —«koy,

- - ~
CnexkTtpanbHaa ¢ysxkuns xonebanuit N (k, r, ) (Mbl Gynem
Ha3bIBaTh €e YHCJIOM BOJIH) HODMHPOBaHA CJelyIOLIHM 06pa3oMm:

[ No,di=| wdi=w

(w — NJIOTHOCTb SHEPTHH KOJIeGaHHi) M YAOBIETBOPAET KHHETH«
yecKOMy YpaBHEHHIO

oN (7] . .
‘0_£'§ '—f)';'V Nx=2T/cht (3)
ox

Tie HHKPeMeHT (IeKPEMEeHT) Y, onpejesieTcs U3 AUCIEPCHOHHO-
ro cooTHoueHHs (2).

YpaBuenua (1) — (3) MOryT GbITb MOJNYyYeHbl M3 ypaBHEHHs
BnacoBa ¢ momolibio MeTOAa TE€OPHH BO3MYLIEHHA B MpHOIHKe-
HHH «XaoTHueckux (as». Ecan npuMennMocTs MeToJa BO3Mylie-
HUI Bcerfia MOXeT ObITh ONpaBIaHa MaJOCTbIO aMILIUTYH Kojie6a«
HUP, TO NPOBOAHMOE NpH BbIBoAe cHcTeMbl (1) — (3) yceuenue
yPaBHEHHH C MOMOLIBIO ycpeAHeHHs no ¢asaM KonebGaHHi, 03HA+
yaiolllee Nepexof OT TOYHOrO ONMHCAHHS K NPHGJIHKEHHOMY, CTa-
THCTHYECKOMY ONHCAHHIO, B KOTOPOM OTCYTCTBYIOT ¢a3oBbie COOT-
HOILUEHHST MeXAY pasJMYHBIMH KoseGaHHsIMH, TpeGyeT 060CHOBA«
Husa. Teopusa Takoro o6ocHOoBaHMA He pAaeT. [IgaToMy mpumeHH-
MocTh ypaBHeHuit (1) — (3) AaA ONMCaHMA TOrO HJH HHOIO
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¢dbHu3ngecKoro fABJNEHHS MOXET ObITb NPOBEPEHAa TOJNBKO IKCMEpIH-
menToM. Tem Gosee BakHO HafiTH Ha ocHOBe ypaBHenuil (1) —
(3) Tounnle pewenus npocTeAlIHX 3aAay, KOTOphie MOrau 6o
ObITb 3KCNEPUMEHTANbHO U3YYEHBbI.

Cucrema ypaBHenuit (1) — (3) MoxeT GbITb HHTEPNPETHPO-
BaHa Ha OCHOBe MNpeJCTaB/eHHH KoneOaHHUH KaK KBa3uYacTHL.
Tak, ypaBHenune (3) MOXHO MOJYYHTb, CYMMHPYSI CKOPOCTb H3Me<
HEeHHSI YHClIa KBa3W4acTHL-BOJH N, BcielcTBHe npolecca HHIY-
LMPOBAHHOIO YePEeHKOBCKOrO HCNMYCKAaHHA 3apsXKeHHOH yacThuefl

-

KBa3H4acTHUbl C HMIYJbCOM fik M 3Hepruefl fiw, HAYIIETO C BEpoO-
ariocteio W: W (v, k) (N,+ 1) f (v), u o6patHoro npouecca
- —

TIOTJIOUIEHHST KBa3HYacTHUbI YacTHLUEHd ¢ HMIIYJIbCOM mv — ik,
MAYyLero CorjlaCHO NMpHHUHITY ,ue'ra.nbﬂoro paBHOBeCHA C TOHA XKe

BeposTHocThio: W (v, k) N, f(v— h") Taxk kak ik & mv, 10,

pasaaras f (0 — IL"__) =f () — .f‘”_if:_, noayuum s N,
m m  gu
ypaBHenne Bujga (3).
B KaxXIOM 3JeMEHTapHOM Npolecce NO/IKHBI BBINOJHATHLCS
3aKOHBI COXPaHEHHs1 SHePrMM M MMOyabca. Tak, Ans mpouecca
HCnycKaHus

my? mo?

—

- - -
2 — + fiw, mv = mv’ + hx.

Hckaouas v’ ¢ mMOMOLIbIO NOCTENHEr0o paBeHCTBA, NOJYYHM C
TOYHOCTBIO JI0 MaJbIX 4/IeHOB fik/mu
-> -
0w—Kv =0,
NTO H OTPaXKeHo B ypaBHeHuH (3) ¢ moMotuibio §-GyHRUNH.

ATy cHcTeMy ypaBHEHHiI MOXHO NPHMEHSATb IS ONHCAHHMA
NpPOLECCOB C YYyacTHeM HOHHO3BYKOBBIX M JIEHTMIODOBCKHX KOJe-
6aHuit. HanoMHUM HX OCHOBHBIE CBOHCTBA H B KakKHX yCJOBHAX
OHH MOTYT CYLUECTBOBaTb M BO36YKJaTbCs B Ias3Me.

YacroTa ® ¥ JeKpeMeHT (MHKPEMEHT) y JIGHTMIOPOBCKHX KOJes
Ganuil onpefeasloTcs caeayowuMu Gopmynamu:

3
0= 0ty K%, @,

4 ane _ Ure _{ 2pe \'h
(1)2 == -— » rD mpe ’ vre b ( n'ne ) (4)

3 -~ 4 - -
yslmm=—;—’:;‘5v(x-—a,f—:) 6 (0 —xv) dv, ()
v

JlenrmiopoBckie KoneGanus MOXHO BO3OGYAMTb C MOMOLULBIO
«nyuKa» 3JeKTpoHoB. I1pn Hanuuun nyuka dyskuus pacnperees



HHSl JIGKTPOHOB M/asMbl MO COCTABASAOIEA CKOPOCTH BIONB
cpefiHell CKOPOCTH i NMy4yKa DU AOCTATOYHO NJOTHOM HJIH MOHO<
9HEPreTHYeCKOM Myuke GyleT HMeTb HONOJHHTEIbHbIH MaKCHMYyM
(puc. 1). Cornacno dopmysae (5) B 3TOM cilydae JIEHTMIODOBCKHE
Konebanusi, GasoBasi CKOpPOCTb KOTOPbIX Momajaer B 06/1acTb
3HAYeHHH CKOpOCTeil 3/1eKTPoHOB, rae 0f/0v > 0, HeycTOHYHBHI,
T. €. IOJIKHBl CaMONPOU3BOJILHO HapacTaTh.

OTMeTHM CyliecTBEHHOE 0GCTOSITENbCTBO, KOTOPOE YacTo ymy+
CKalOT M3 BHAY NIPH TEOPETHYECKOM HCC/ENOBAHHH HEyCTOHYHBO+
CTH NYYKOB H TAaK HA3blBaeMBIX <«yGeralollMX 3JeKTPOHOB» (cM.
Huxe). ITyyok MoxKeT BO3GYXKAaTh JIEHTMIODOBCKHE KoJe6aHHS H
NpPH 5TOM TOPMO3HTbCS M HarpeBaThCs JlaXKe NPH MaJioM OTHOIe<
HHUH cpejlHell CKOPOCTH K cpefHell TenJ0BOH CKOPOCTH 3JEKTPOHOB
nyuyka. [Tokaxkem 3TO Ha yacTHOM IpHMepe, KOTAa 3JeKTPOHHAsA
¢yHKuMs pacnpefesieHHs] COCTOMT M3 ABYX MaKCBeJIOBCKHX
(QYHKLMI: 3/1€eKTPOHOB MJIa3Mbl C MVIOTHOCTBIO 1 M TeMnepatypoft
T n 371eKTPOHOB myyKa ¢ MJIOTHOCTbIO 1/, Temmepatypoit T/, cpef-
Hell cKopocThlo #. B atom ciayuyae BblpaeHHe [JJis1 MHKPEMEHTA
(5) MoxkHO 3amucaTh B BHAE

w0t o?
V==V T e | ("'(—T'" +
K°UTe Te |
, - —> 03 ( —»-Tz
n Ku Te W —KuU
s R el T vl R O
n o |3, (xv'Te)

OnpejenuM 3HauyeHHe 4, COOTBETCTBYIOIee TI'DAaHHLE YCTONYHBO=
cri. M3 ypaBHenus y = 0 Mbl mONyyHM 3aBHCHMOCTb U = u (k).

3HaueHHe K, MPH KOTOPOM CKODOCTb U MHHHMaJjbHa, Ompees
JisieTcsl ypasHeHHeM 0y/0Ox = 0. Peirasi cOBMeCTHO 3TH ypaBHEHHS,
HafileM HCKOMOe 3HayeHHe ¥, B nmpakTHueckn HHTepECHOM cJyuae,
korga n’<n, T"> T

1 [2n ‘\°ra
U= vI‘eA¢¢,’/2 ’ Aa =In i‘\ Ae .
4
A\Te,
TaxuM 06pa3oM, MHHHMaJbHAs CPEHASA CKOPOCTb OTJIHYAETCS OT
CpelHell TEemI0BO# CKOPOCTH 3JIEKTPOHOB IJIA3Mbl Uy, JIHIIbL YHC-

JIEHHBIM MHOXHUTEJEM.

B npuseenHoM Bblllie KPATKOM H3JIOKEHHH JIMHEHHOH Teopuu
B3aHMOJEHCTBHSA calblX 3JeKTPOHHBIX NYUKOB € IJIa3MOH Mosiya-
JIMBO TIPEAINoJiarajocb, YTO NPHCYTCTBHE NyYyKa He MEHSET THI
HeyCTOHYMBBIX KoJeGaHHi, HaXOAswHuXcs B (a30BOM pe3oHaHCe
¢ nyuxoM. ITyuok ompenenser Julllb HHKPEMEHT HapacTaHHS KO-
Jebanuii. ITO NPEANOJIOKEHHE CNPABEMJIHBO AJsl MYYKOB € LOCTA-~
TOYHO GOJIbIUHMH TeNJIOBHIMH CKOPOCTSIMH

; s \'/s
Ure > ( n )
4 n - ™



BhinosHeHne 3TOr0 HepaBeHCTBA — HEOGXOAMMOE TpeGoBaHMue,
uTo0bl TreHepupoBaHHe Koje6GaHuil SJEKTPOHHBIM MYUYKOM MQIKHO
OblIO OMHCHIBATH HA S3blKe KBAa3HUaCTUL HJAH XKe NPHMEHUMOCTH
cucTeMbl ypasHenuit (1) — (3).

[Tepeiinem Temepn K HOHHOSBYKOBLIM KoseGaHusM. B miasme
C MaKCBeJIOBCKMMH (DYHKUMSAMY pacnpelesieHusi 3JeKTPOHOB H
MOHOB 4acTOTa M JNEKPEeMEHT 3aTyXaHHUs (HJIM HHKDEMEHT pacKau-
KM TpH HAJIHUHH TOKA, CO3[aBaeMOro 3JeKTPOHAMH, ABHKYLIUMH-
€ C TOKOBOH CKOpocTbio #< Ure) ONpeAeNsioTcss (OpMYddMH

-2 -t L —
o= m,,,-[l 4+ 2 (krp ) ] = rccs[l + —L&2r20] , Cs== T,
' “ 2 M
(8)
() oo
4 KUp; v - =
y=—1/ %] \"" ‘+3.M___§_t — R,
2 Ko, m 3, »

[ocnennee Buipaxkenue ¢ TOYHOCTbIO IO 3aMeHH Up,—> Up,, 4
M n

vre— Ure B ————— COBNajaeT C BhIPaXKeHHEM LIS ¥ B CAYy+
m n

uae Myuyka OSJICKTPOHOB, ABHXKYILMXCS uepes miasMy (¢-na (6)

npu u Kvy,). [TosToMy MBI MOXeM cpa3y HamumcaTh, YTO KOTAa

HEH30MeTPHYHOCTb MJa3Mbl  Beduka, T, > 2T, A;, ras

vr
A,=In Te * As |, KOne6auua MOTYT packauHBaThCS TOKOM,
i vy

ecan u > v,,A;/’ + 3naueHne (a30Bofi CKOPOCTH HeYCTOHYMBLIX

o o 1
Kosie6aHHMil Ha rpaHulle yCTOHYHBOCTH paBHO v,.,As/’ . Ecan xe
T,<2T,A;, TO ha3oBast CKOPOCTb HEYCTOHUHMBHIX KoJeOaHHI
paBHa €;. Yci0BHe HEYCTOHYMBOCTH TaKuX KoseOaHHH CJaeayic-

iees
T,

u>cs[1 + (3 ()" T, (9)

T[ m

Houno3ByKOBEE KONeGaHNsT MOTYT PacKayHMBaTh HOHRbIE Myy-
KH WM CTPYM MJa3Mbl, [ABHXKYLIMeCcs CO cpeJHeil CKOpOCTbIO,
NpeBhILIaIolEH CKOPOCTb HOHHOTO 3BYyKa. Y paBHEHHS, ONHCHLIBAIO~
HHe HeYCTOHUMBOCTH HOHHBIX NYYKOB C KOHIEHTpauHeil HOHOS
r’, cpefiHeii CKOPOCTbIO U, CPelHell TemoBOH CKOPOCTbIO HOHOB
v 7;» 10J1y4aIOTCH B pe3y/ibTaTe 3aMEHbl B ypaBHEHUAX, ONUCHIBA~

IOIHX HEYCTOHYMBOCTb JEKTPOHHBIX My4yKoB, m — M, vy, — v .
TlosTOMY MOXHO €pasy HanucaTb HEOGXOAHMBIE YCIOBHS HEYCTOI-
WHBOCTH B NPOCTOM, HQ Ba)KHOM caydae n' n, u >v'p, 3

8



T >2T1/\1, ——-—>.l/--—- vn‘

A, = 1n[2 _n,_(_T_f.Y/’ A ] (10)

n T[)

B c/lydyae OJHOBPEMEHHOrO BBINOJNIHEHUSA 3THUX yCJ'lOBHﬁ HHKpE-
MEHT paBeH

- -
w— KU

— P Gt A ko »
Y“‘/l T T <Te n”, iy
2 o w0 T

(DopMyJ!bI AJf PasMLITOTO MydyKa CrpaBedJUBHI MPH YCJOBHE

\
1<

’ 1

T. e 2L > (.fz_) B (12
Cs n

B cayyae cTpy#t — NOTOKOB TMJasMbl He CNHIIKOM GonbLiuoft

3Heprun — (OPMYyJbl OCTAIOTCS TAKUMH Ke, 4TO M A HOHHHIX

HY4KOB, TOJNbKO CKOPOCTb HOHHOTO 3BYKa HajJ0 PaCCUATHIBATL MO

tdbopmyae
C. = ( L‘L..)'/Z .
§ wIT’ + /T

Heckonbko c/IOB 0 TOM, KOrla MOMXKHO npeHeGpeub BIAHSHHEM
MAarHATHOTO I0JIS1 Ha JIGHTMIODOBCKHE H HOHHO3BYKOBHIE Kosiela-
Hust. BausiHneM MarHUTHOTO MOJS Ha JBUXKeHHEe HOHOB B Kojefa-
HHAX MOXHO nmpeHe6peub, ec/i¥ 4acTOTa KoJieOaHHil Bbllle LHKJIO-
TPOHHOH HOHHOH 4acTOTH. DTO YCJOBHE JIeTKO BbIMONHSAETCS AJXK
Hauboaee MHTEPECHOrO C TOUKH 3DEHUS PeTaKCALHOHHBIX IMPOitecs
€08 KODOTKOBOJIHOBOTO yYacTKa CHeKTPa HOHHO3BYKOBBIX KoJieGa«
HHIT, TIE © = O, . DBIASHUEM MAarTHATHOTO MOJS HAa JBUKEHHE
3JIeKTPOHOB B KONe6aHAAX MOMKHO npeHeGpeyn, €CJH YacToTa
M3MCHEHHMS 3JIEKTPUUECKOr'O MOJA AAf 3JeKTPOHA, ABHAKYUIETOCS
BJ0JIb MArHATHOTO TOJISI C TEMJIOBOIl CKOPOCTLIO, ® + K,U, BbIlIe
3JIeKTPOHHON IUKIOTPOHHOM YacTOTHl . LA HOHHO3BYKOBBIX
KoneGanuil B KOPOTKOBOJHOBOH 4aCTH CHEKTpa Krp~ 1 310 Tpe-
GoBaHHe BLIMOJHACTCA MPH YCIOBHH ®,,> @y, Bauduuem

MACHUTHOrO TMOMSI HAa [BUMKEGHHe HaATEMJIOBBIX 3JIEKTPOHOB M
SMeKTPOHOB NyyKa B KoJjebaHuax ¢ Kr ,~ | MoxHO npeHeGpeun,

eCc/In UX CKOPOCThb yI.[OBJIeTBOpSIET HepaBeHCTBY
"‘He
— >
Ve wpe

Vpasuenns (1), (3) choxuble HenuHefiuse uuterpoanddes
peHuHabHEE YDPABHEHUST B YACTHLIX TPOU3BOAHEIX. EctecTBeHHO,

9



uTo Oflllee MX pellleHHe HaMHcaTh HEBO3MOXHO. OQHAKO B paAnxe
YIACTHbIX, HO (PH3UYECKH MHTEPecHBIX CJyyasiX OHH CYLECTBEHHO
ympouiaTcs. 9To, BO-NEPBHIX, Cyyail, KOrAa YacTUIbLI COBEpLIAIOT
OJIHOMEPHOE [BHXKEHHE H MapaJjieJibHO HaNpaBJEHUIO ABHIKEHHs
9acTHL, ODHEHTHDOBAaHbl BOJIHOBBIE BEKTOPH! KoseGaHuil. B stom
¢Jyyae B CHJY 3aKOHOB COXpaHEHHs, BbIDAXKeHHEM KOTOPHIX B
ypaBueRnsax (1), (3) sBasiercs &-pyHKUHS, €CTb OZHO3HAYHOE
COOTBETCTBHE MEXJY CKOPOCTbIO YacTHL M (Da30BOH CKOPOCTHIO
Kone6aHuil (MnM BOAHOBBIM uHcaOM k). [ToaToMy B ypaBHeHHSIX
(1), (3) MOXHO BBHINOJIHHTL WHTETPUPOBAHHE W NPHBECTH HX K
BUAY

As 0 po ) Ho pe (o) = 20 N ()" : a3
ov ov

at nmew \ do
oN oo ON 1 w25 Of
= = _2_ ps_71 .
ot + ok 0z 2Yeler Y de/dns k2 dv (14)
2
& (o, k) =Re { 143 ip_Sif_ __dv_}=o. (15)
s K 0V ©—KU

3nech £ BHIPAaXXEHO Yepe3 U ¢ NMOMOILbIO COOTHOLIEHAS ® = KU,
Tak uro f u N sBasiorcs QyHKHHeNl OZHON NmepeMeHHOH U.

Ecnu ¢asoBast ckopocTh KoJieOaHHH MHOTO MeHblIE CKODOCTH
9acTHI] JAaHHOI'0 COpPTa H 3axauya obGJiajlaeT OCEBOI cHMMeTpHeil,
To ypaBHeHHs (1), (3) Takxke cyllecTBeHHO ympowaiores. B
3TOM CJ/lyyae YacTHIA CO CKOPOCTBIO U > ©/K MOXET B3auMonei-
CTBOBAaTb TOJBKO ¢ KOoneGaHMAMH, BOJHOBOH BEKTOp  KOTOPBIX

JIEXHT B NJOCKOCTH, NMEPNEHINKYNSPHOH BEKTOPY U, UTO CJeayer
u3 Buja § (;c;)-(byﬂxunn. ITpu sTOM B KaXIOM aKTe HCNyCKaHUSs
NOTJIOHICHUS YaCTHIell KBa3MYacTHIBI ¢ HMIYJIbCOM fik H3aMeHeHHe
HMIYJbCa YacCTHUBI PaBHO mA-{J = h—r::, a M3MeHeHHe ee 3HEPrHU

- - e
paBHo muAv =T (kv) =~ 0, T. e, B3aUMOJEHCTBHE YACTHL C KOJes
GaHHSIMH NPUBOJMT K YNPYTrOMy paccesiHMIO yacTHI. B JeficTBH«
TeJbHOCTH U3MeHEeHHe SHeprHH YacTHI[ XOTS H MaJo, HO KOHEUHO,

Av KU
OTHOCHTEJNbHOE H3MEHEHHE HMIIYyJbCa f-;' B T pas 60Jlbllle

OTHOCHTEJIbHOTO M3MEHEHHS SHEepPTHH.

ATOT XapaKrTep B3aUMOJAEGHCTBHS HACTHI € KoJieGaHHAMH
onpepesieT BHA KHHETHYECKOr0 ypaBHeHus (1): riiaBHbIM ujieHOM
B NPaBoOil YaCTH ypaBHEHHs AOJKeH ObiTh uneH Pokkepa—Ilianka,
OMHUCHIBAIOLIUIT ynpyroe paccesitnde yactul no yraam. [Tocnenosa-
TeabHble Npeo6pasosanus ypaBHenuit (1), (3) mpuBoasar B pacs
CMAaTPHBAEMOM CJliyyae K cjeylolleli cHcTeMe ypaBHeHHUH;

of e > of

of
~——+4+vcos® -+ —E —T=
ot 0z m 90



- fane(a B )y
v3sin® 00 a0

Jdu
1 a 1 of of
L o I/pd _p -—)
v du v( dv e/’ (16)
rae
A 2 ! K2x¥ ,
B = _8%% S__d_'.‘ s‘N” dx OKX; X = c?se
D ' nm —g_s__u ( xQ)l/, P sin®
»
oN 90 N _ o N
of +c0s8' ;" Y
© L) . ’ aoo
—;-fs P 6 |sin® + cosO .B_é-‘f fsdv
2%
Y=— —dsﬁw’psf —ok e,
= 8 (sin?@ —cos? €)1
[
(17)

VpaBuenus nanucausl B chepHUECKON CHCTeMe KOOPAHHAT C MOo-
JSIPHOH OCBbIO, NApAJIENIbHON OCH CHMMETpH# 8ajaud, 6 n 8" —

TONSPHBIA YTOJ AJSl BEKTOPOB U H K.

OTmeruM BaxkHoe o6cTosTenbcTBo. Crapiuuii, nepsuiil ulex
npasoil yacTH ypaBuenus (16), onuceiBaiouluit ynpyroe pacces-
HHe 3apsKEeHHBIX YAaCTUIl Ha KoJeGaHuHsAX, 3aBHCHT OT CKOPOCTH
KaK U3, T. €. TaK XKe, KaK CTOJIKHOBMTEJIbHBIA 4JIeH, OMHCHIBAlO+
WHMA ynpyroe paccesiHHe 3J€KTPOHOB Ha HOHAX MPH KYJOHOBCKHX
CTONKHOBeHUsIX. Pasanune MeXAy HHUMH TOJNBKO B TOM, uTO
3¢ deKTHBHAA YacTOTa paccesiHus 3apsKEHHBIX YACTHIL Ha KOses
6aHuAX V,5=A (0) v MoXKeT 3aBuceTb OT yria © u Ha MHOI'O
NOPSAAKOB BENHYHHLI MPEBBIILATb HAacTOTY KYJOHOBCKOrO pacces-
HUA V., TloNe3HO OLEHHTb MaKCHMAJIbHO BO3MOKHOe 3HaueHHe

v .
%% . MakcuMaJ/bHOe 3HAYeHHe MJIOTHOCTH HEepruu KoneGauuii ¢

Yem
BOJIHOBBIMH BeKTOpaMHu Krp ~ 1, nan6onee sppeKkTHBHO B3aHMO«
AeHCTBYIOWIUMHU € HACTHILAMH, €lBa U MOXKeT ObiTh Gonbuie n'l,
(MHaue CTAHYT CYUIECTBEHHbIMH HEJIMHEHHbIE MPOUECChl € yuacTHs
eM BOJIH ¥ uacTull 6oJiee BLICOKOro MOPsIAKA: paccesinve Kojehiaa
HUI Ha vacTuuax, BOJIHBI Ha BOJIHE, PUBOASALLIHE K «NCPEKauke»
Ko/sieBGaHuil B 06acTh MeHbuIdX 3HaueHuit k). [loatomy, nonaran
- v 4 »
&mN,(dKznT, Krp,= 1, nonyunm P~ nrd . B naoruon
Yem
ropsueit mirasMe 3TO OTHOLUIEHHE OYEHb BEJHKO.
[lpu orHOCHTE/NIDHO MaJsblX 3HAYEHHAX 3JEKTPHUECKOTO MOAS

11



(wnu suepruu uactun) —— Ev? A uacTHubl ycneBaloT XaoTHs
m

SHPOBaTh NMPH paccesiHHMU HAa KoaeGaHUAX dHEDPrHio, HaOGpaHHYIO B
5JIEKTPHYECKOM nosie. B 3THX yc/0BHSIX CKOPOCTb HarpeBa 3apsi+
JKEHHBIX YacTHIL ONHUCHIBAeTCS ypaBHeHHEM s QYHKUMH pacrpes
nenenusi f (v), KoTopoe noayuaercsi M3 ypaBHenust (16) kax
pe3yJbTaT HHTETPUPOBAHHSA MO BCeM 3HAYEHUSIM TesaecHoro yrJaai

14
O 191 -B\
o 00[205(\0 A )S'"®d®+
0
et C sinedo of
E2ps | S0 o, )
+8m2“0 g A (9) ]ao (18)

CKOpOCTb HapacTaHus LIYMOB MOXHO Bblpa3uTh uepe3 [ (v) H
IJIOTHOCTb YaCTHIL
) o omm 2T 2 [o gfo)
Y(K’e)— k2 defdw szwps{rc fs(’c)[ﬂ?
kB cos®’d8 3 e c0s0’sin@dO
o — : oy —— ———En 1 }a
0l (sin28 — cos?28’) 2 J j‘ A (sin20—cos20’) l2
(19)
HHTepecHO, UTO eclim HMeeTCt pe3Kast AHU3O0TPONHS IUYMOB, Kak
B cJyyae 3alayd O HEYCTOHUHBOCTH TOKa, TO CKOPOCTb MOIJIOLIe-
HHS YaCTHLAMH SHePrHH KoJle6aHHil MOXeT OhlTh CYLIECTBEHHO
MeHble, yeM No ¢GopMyJie, He YUHTHIBAIOIEH BO3HHKAIOLLEH NOL,
JEACTBHEM IIYMOB aHM30Tponuxd ¢(YHKUMH pacnpejesenus (mnas
CHMMETPUYHOH (YHKLHH pacnpejeseHHs B NPaBOil YacCTH ypaB-
nenns (19) ocraercs Juilb HepBOe ciaraeMoe).

TepBuiii unen B npaBoit yacTH ypaBHeHHs (18) onmucbiBaer
HarpeB NpH MNONIOLIEHHH IIYMOB, BTOPOH 4YJeH — OMHYECKHiH
narpeB. Ecnum xapaktepHoe BpeMs HarpeBa IpPH IOIVIOUIEHHH
KoJieGaHMH pacTeT ¢ POCTOM CKOPOCTH KakK v5, TO CKOPOCTb OMH-
yeckoro HarpeBa napmaet kak v-!, IlosromMy OMHueckuii Harpes
6ymeT MrpaTh ONMpeAeJsIONLYI0 pojib AJs YacTHL 6OJbLIOH 3HEp-
rud. Kak u B cilyuae Tak HasblBaeMoOil JIODEHIIOBOIl MNJasMbl, B
KOTOPOil YUHTBIBAIOTCS TOJNBKO KYJIOHOBCKHE CTONIKHOBEHHSI 3JIEKT~
pOHOB ¢ GECKOHEYHO TSXKEeJbIMH HOHaMH, NOYTH yNpyroe pacces-
HHe YacTHIl Ha IIyMax He NMpeJOTBpPalllaeT MNOsBJIEHHE GOJBIIOrO
uucaa yGeralolliiX YacTHIL Yepe3 BpeMs, PaBHOe MPHMEPHO Bpe-
MEHH YJBOEHHS HX CpellHeH 3HepruH. IDTO CBS3aHO C TEM, YTO
XapaKkTepHOe BpeMsl OMHYeCKOro HarpeBa Najaer ¢ pOCTOM 3Hep-
THH YacTul, Kak v~ M Tocjenylollee YABOEHHE SHEPrUHM NPOHU3O0MH<
ZleT GbicTpee U T. M., NOKa SHEPrHd YACTHLB! He JHOCTHTHET 3Haues

mu? 2
HuA ——~ mE M OHa He HayHeT CBOGOJHO YCKODSATHCH 3JIEKTs
£.
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prueckuM noneM. B ypapuennu (18), B oTyiHuHe OT ypaBHeHHS
JUI1 HarpeBa NpPH KYJIOHOBCKHX CTOJKHOBEHHSX B peajibHOM mias«
Me, HET uJeHa ¢ «IHHAaMHYEeCKHM TPEHHEeM», NPUBOASIIHUM K MOoTe«
pe sHepruu OLICTPLIMHM YaCTHUAMH H YCTAHOBJIEHHIO MaKCBeJJOB-
€KOro pacnpejiesieHus.,

2. O TOpMOXeHHM B NJa3Mme
Ny4yKa 3JeKTPOHOB

Kak Mbl yBHAHM HHXKe, CYyIeCTBYET KOJHUYECTBEHHAs TeOpHs
TOPMOXKeHHsS nyukoB. I103TOMy Takue 3KCHEpPHMEHTBI, MpPOCTHIE
no NOCTaHOBKe, MOTyT ObiTb NMPOGHBIM KaMHeM KBa3HJIHHEHHOMN
TEOPHH.

PaccMOTpHM BpeMEHHYIO 3BOJIIOLMI0 HAyaJbHOTO COCTOSIHHUS,
n306pakeHHOro Ha puc. 1, /.

OTa QYHKUUA pacnpefeseHNs ONHCHIBAET NMYYOK 3JEKTPOHOB C
MJIOTHOCTBIO 7/, ABHIKYLIMXCST Yepe3 MiaasMy co ckopocTbio u. Kak
yXe OoTMeyanoch Ha CTp. 7, TaKoe COCTOSIHME IIa3Mbl SIBJIsieTCS
HEYCTOMYHBBLIM OTHOCHTEJNbHO BO3OYKIAEHHS  JIEHTMIOPOBCKHX
KoseGanuil. B pesyabTate QyHKUHA pacnpelesieHHA NMepexolduT B
yCTONYHBOE cOCTOsiHHEe 3. DTOT NPOLECC ONHCBIBAETCS CHCTEMOI
ypaBuennit (13) — (15), Kyna mas RaHHOrO. cayyast Hajo HOA-
CTaBUTb © = @, 0&/0® =2/w,, ¥ TOJOXKHTb PaBHOR HYJIO
0f/0z u ON,/dz. Ecnu Tenepb BBecTH YROOHble Oe3pa3MepHble
nepeMeHHble U QYHKLUH

F=n Lufe= 260 qog, &4 po -2,
n’ 2n’mud n” u
To ypaBHenns (13) — (15) mpumyT cnepyomwui BUA:
OF 9 OF\ 1 _
L (svz W) “fmv 13 (20)
o8 _ yp OF
=V Gy (1)

W3 ypasuennit (20) u (21) cnenyer cOOTHOIIEHHE, TPOCTLIM
o6pasoM cBsidbiBalollee (QYHKUMIO pacnpefeseHdss U ILyMbl:

7]

F—F, =7 (e — o), {22)
rae Fo n go— Gynxuus pacnpeleneHus U QYHKLUHS € B Hayalbs
Hbl1 MOMeHT BpeMerH. YUToObl MOJYyuHTb €ro, HafO MOACTaBUThb
eV? 9F[0V u3 ypasuenus (21) B ypaBnenne (20) u npouHTterpu-
poBsaThb To T.

C noMotubio cOOTHOWEHHST (22) MOXKHO HCKJIOUHTL F U3 ypas«
Hennst (21) u mosyyuTb ypaBHeHHe, cOAepxKallee Toabko e(V, t1):

G5 _yu, Ble—e) o O
po Ve oV + Ve v {(23)

VYpasuenue (23) B o6nacth, rae 0F/0V =0, oTnanenHo HanoMus
13



HaeT ypaBHeHHe, ONMMCBIBAIOLCE PACIpOCTpaHeHHE Telja B Mpo-
cTpaHCTBe, Koraa Ko3$(HIUEHT TEeNmJIONPOBOAHOCTH €CTb CTeleH-
Hast QyHKuus KoamyecTBa Tensa. Kak u3BecTHO, B 3TOM caydae
TEIJIO pPacHpoCTpaHseTcd B BHAE BOJHBI C KPyThIM (pouTOM,
npHYeM CyLIeCTBYIOT TakHe 0GJacTH, A0 KOTOPHIX BOJIHA elle He
AOLIIA M TeMIepaTypa TaM paBHa HauaabHOH. IIpu HeKoTopoM
CrenyHanbHOM BdJie TPaHMYHBIX M HAYaJbHBIX YCIOBHH AJA ypaB-
HeHMs, OMHCLIBAIOLIET0 TaKyl0 BOJNHY, YAAeTC MOJYYHTb aBTOMO-
IesbHBEIE PEIeHHSs.

IlonmpiTaeMcsi, KaK M B TEOPHH TEILIOBOI BOJIHBI, HalTH aBTO-
MOJe/NbHOE pellieHHe HaleH 3ajgayd. ByzeMm paccmaTtpuBath Te
MOMEHTHl BpeMeHH, Korfa (yHKUHS pacnpejenieHus Nyyka pac-
WHPHIAch B CTOPOHY MeHbIIMX V' BIIOTH o V = Vo Takux, uro

On fu K1 —Vpk 1. (24)

Havanbuas cragus npouecca KBa3sHIMHEHHOH pesakcaluH, HpH-
BOASINAS K CIJIZXKHUBAHHIO (DYHKUMHM pacnpefefieHHs Nyuka, KO-
HEYHO, 3aBHUCHT OT HAYaJ/bHOTO BHAA fo. OLHAKO MOXKHOD HANEATD
cs1, 4TO B mocienymowel d¢ase npoiecca, KOTAa B5I10JMHAETCH
JieBOe HepaBeHCTBO (24), NeTaJbHbIH BHJ HayaubHOH (YHKHHH
pacnpegeneHHsl 3/1eKXTPOHOB MYyYKa He BJHSIET Ha pelleHHe, aHa-
JIOTHYHO TOMY, KaK 3aKCH PacnpOCTPaHeHUS TelJIOBOH BOJIHGI MpH
JOCTAaTOYHOM VianeHHH OT cOJacTH B3pHIEA OnpelenAeTcd JHLIb
KOJIMYECTBOM TeNJia, BLIAEJIHBLIETOCS NPH B3phIBE,

ITpu BhinosHeHHH NpaBOTO HepaBeHCTBA (24) MOXKHO 3aMEHHTH
B ypaBHenun (23) V2 Ha 1, a &0 (V) Ha & (1). ITocne rakoro
yHpouleHusi ypaBHenue (23) ABHO He 3aBHCHT OT CKOPOCTH, YTd
CYLLeCTBEHHO 06Jeryaer NOHCKH aBTOMOZEIbHOCTH.

B obnactu V, <V<V; (V\—rouka, rae Fy npeHeGpexuMo
mana) ypasHeHHas (22) u (23) sBHO oT Fo He 3aBHucaT. [Ipu sTom
M3 ypaBHeHHsa (22) cnenyeT, 410

e(l) —ego(l) = — j FdV=n=— j FodV., (25)
2

IMocnenuea paBeHCTBo npubauxkennoe. OHO cnpaBeusiHBO C
TOYHOCTBIO [0 ujeHoB nopsnka (l—wvy) / (1—v,) n B ocuobe
€ro JIeXXHT NMPeANnoJoKeHHe, YTO Npolece KBa3HJIMHEHHON pesak+
Ccalluy NMPHBOLUT K CIJa’KMBaHHIO GYHKIMHU pacnpenesieHus.

Yro6el y6eAHTbCS, YTO AEACTBUTENILHO CYUIECTBYET aBTOMO-
JeJibHOE pelleHHe 3aJauM, yNOBJAEeTBOPSIOlee IPAHHUHOMY yCJo-
Buio (25), BBeeM B ypasHeHHsX (22) u (23) HOBYIO nepeMeHHYiO
1 QyHKUHIO

tm A o= e—go (V)
(1) /2 b 4 N
Torga oHu NPUMYT BHA ‘
F=— (f—) f g (26)
1 , ,
- —2" 8" = (p+ o) ¢”, (27)

14



TAe WTpuUX o3HauaeT nuddepenunponanne no §, a g =

€0
X

Tak kak F no omnpeleneHHI0O MNOJNOXUTeNbHA, TO, COrNACHO
ypaBHenuio (26), ¢uanuecknii CMbICJ HMEIOT JIHLIb Te pelLIeHHS
ypasuenna (27), nas xoropux ¢ (§) <0 npu Beex E.

I'pannunoe ycnonne (25) npu Takoi 3aMeHe 3aNMHCHIBAETCH
B Buze ¢ (0) =1, a rpannyHOe yc/oBHEe NpH § = co HMEET BHA
¢ () =0, Tak Kak neped HPOHTOM pacmpoCTpaHsIOUIEHCS BOJ=
Hbl WIyMBl paBHbl HauyaJbHbiM, a QYHKUHMA pacrnpefeneHHs paBHA
HyJ1O0.

Peanbnoe Ang mMyuykoB € OTHOCHTENbHO GOJBIIOH MJIOTHOCTBIO
YacTuu oTHOWlerHe 1/go, paBHOE OTHOLIEHHIO SHEPrHH KOHEUHBIX
H HayaJbHbIX IIYMOB, sIBAseT¢d oyeHb Ooabiuoit BeqHuuHoll. Tak,
€CaM BHayaje 1yMbl OLIIM HA YPOBHE TEIJIOBBIX, TO 1/go~

n o
NND—;; , tie N, — uncao yactun B AeGaeBckoii cdepe, Jlpys

THMH cnoBami, In1/go mouTH paBeH KyJOHOBCKOMY Jorapubmy.
IMTocnenHuii ke B THIHYHBIX JJIS1 9KCNIEPHMEHTA YCJOBHSX paBell
npumepHo 20.

B cnyuae, xoraa In (¢/go) > 1, MOXKHO HanucaTh NpUGMIKEHs
HOe aHaJlMTHYecKoe pelueHue ypaBHeHus (27):

9 = b E—8In Tt (55— —
Po

— (B —8)? =~ (B—) In ——, (28)
2 2 ©o
IMocnennue nsa unena B (28) MaAbl MO CPaBHEHHIO C TMEPBHIM,
HO OHM RAIOT CYUIECTBEHHBI BKNaA B ¢ M MO3TOMY MBI HX yAep-
xanu. Koncranra & onpenensier KOOpAHHATY GpOHTA BOMHH, Ee
BEJIHUHHY MOXKHO HafTH W3 FPaHMYHOTO YCJIOBUSA

—/ 1\,
=) 2(-—" (29)
Po

HafineM Tenepb BpeMs, 3a KOTOPOE NMPOHUCXOAUT KBa3HIHHeM«
Has peJakcauus myyka Ha uHTepBane AV. Ono paBHO BpeMeHH,

3a KOTOpOe (POHT BOJHBI NpPOHAET B NMPOCTPAHCTBE CKOpOCTEf
paccrosinue Av. M3 dopmyan (29) u onpelenenus § nonyuaem

T' e'

1 ., L n’ ( 4 )’
= — - —In = W PRASIIIISY S
t v § 0 2v @ » Y pen Av

TMonyyeHHble pe3YaAbLTAaTHl MOXHO HAarasiHO OOBACHHTHL CJe=
IylowuM mpocThiM o6pasom. 3a BpeMs 1/y GPOHT BOJIHBI MPOXO-
OHT NYyTh B MNPOCTPAHCTBE CKOPOCTEH, NpPHMEPHO PaBHBIA

15



Av/in l/@o. 3a ¢ppoHTOM BOJHBEI, rae WIYMBI YXKe MOYTH PaBHK
KOHEYHbIM, 32 TO XKe BpeMsi l/y mpoucxoaur o6pa3oBaHue MJaaTo.
Ecnn 6ol ypoBeHb wymMoB mepes (poHTOM ObIA paBeH HyJI0, TO
«BOJIHA» CTOSl1a Obl HAa MecTe M (PPOHT ee Obll Gbl GECKOHEUHO
KpyThiM. B neficTBuTenbHOCTH KpyTH3Ha ()POHTa KOHEuHa, HO
BeJIHKa H3-3a TOTO, YTO BOJIHA JBHXKETCA JOBONLHO MEAJNEHHO B
macuraGe Bpemenn lfy,

e

7 /4 /i 1
- A 7 > 4 L Wy

Puc. 1. Oyuxuns pacnpeseseHuss SNEKTPOHOB MPH HAMUUAR
nyuka. Tlokasanu nocyenoBaresibHble  CTaAHA  Pa3MbITUR
nyuka.

3. TopMoXKeHHe HOHHBIX NYYKOB
B NJa3me

O nuHefiHO TEOPHH HOHHLIX TIYYKOB Mbl y>Ke rosopuiau. Ecau
pas3bpoc CKOpocTelf HOHOB B MyYKe YAOBJETBOPSET HepaBeHCTBY
(12), a cpenHsst cKOpPOCTb # MHOTO GoJibllle CKOPOCTH 3BYKAa C,
TO IJISl ONMHCAHHSt TOPMOMKEHHS NMyyKa MOXHO HCHOJIB30BATb CHe
cremy ypasnenuit (16), (17). B atom cnyyae HOHBI myuka, BO3-
OyKAast MOHHO3BYKOBble KOJNeOaHHA, PACIPOCTPAHAOLIMECT NOU-

TH NEPHEeHAHKYJAAPHO K HampaBJ€HHIQ CKOPOCTH YaCTHUL —g—‘—-

c
— @’ =~—%  jcObITHIBAIOT MOYTH ynpyroe paccesinue. MaMenenue
u

Cs
u

9HEPTHH YACTHL MyYKa MPOUCXOIHT B ( )2 pa3 MejJieHHee pacs
CesiHUS 10 yrilaM.

[
dopMaNbHO HaMTHYHe MAJIOro mapaMeTpa —% MO3BONIAET CY+
u

[IeCTBEHHO YNPOCTHTb KBasuWiMHeilHble ypasHenus. B mpasoit
yacTd ypaBHeHus (16) MOMKHO OCTaBHTb TOJIbKO MHEPBbIi 4jeH,
ONMCHIBAIOILMA ynpyroe paccedHue, a B ypaBHeHud (17) — no-
caennunit uned. Ecau Kk TOMy Xe OTPaHHUMTHCS H3Yy4EeHHEM Ha-
YajIbHOr0 3Talla TOPMOXKEHHs NyYKa, Moka pa3Gpoc yacTuu mno

. n
yray © ewe MaJg, H 3aMeHuTh sin® Ha O, a cos®’ Ha -
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— @’ =, TO MONYLUTCST COBCEM <MpPOCTast» CHCTEMa ypaBHeHui
(E=0!).

e
OF LOF _ 1 o|f _war (g Xon [or
+ 5 0|l (¥ = (30)

dt 9z 00 (€ — ) 1y K%

aN 1 Jdo dF

I L 99y 9N ——N j 9f | 31
av u oK Ilp (82 1!’2) /z 00 ( )

v T, F(e) = 2% (fordo,

K’o u?
— 2 w3 (rco) n’ Kott 4 aNw (o)
g=2z K2ud N () = o (%0) n’Mu? -

3aecy BBelleHa ynoGHast HOPMHPOBKAa: BpeMA M3MepsieTCs B
XapaKTepHbIX BpeMeHaX Pa3BHTHSI HEYCTOHUMBOCTH l/Ymax  (Ko).
Y Kak (QyHKUHA K MakCHManbHa NPH K=Ko=rp. Paccrosnne

BJOJIb HaMpaBJMeHHs MyuKa 2 U3MepseTcsi B EIHHHUAX U[Ymix-
@yukuua pacrnpefeseHUss HOHOB NyyKa HODMHPOBAHAa Ha eJHHU-
1y 4 NMPeAroNoXeHo, YTO B Hayasle H B TeYeHHe mpolecca TOPMO-
WeHHs pasbpoc alcoMOTHBIX 3HauyeHui ckopoctedt mana. [laor-
HOCTh 3HEepTHH IIyMOB @/N HODMHPOBaHa HAa IJIOTHOCTb SHEPruH
yactuu nydka. B ypaBuenunm (31) Mbl ONyCTHAU YJIEHBI, YYUThi«
BalolllMe 3aTyXaHHe HOHHO3BYKOBBIX KOJIeOaHHUIl HAa 3JJEKTPOHAX M
HoHax miaasmbl, C Apyroii cTOpPOHBl, MBI He GyAeM YUYHTHIBATh
H3MeHeHHe 4acToThl KojieGaHuil MOJ BJAHSIHHEM NyYyRa. DTH npe-
HeGpexeHHUsl ompaBoaHbl JJsi HeH30TepMHueckofi muasmel T ,»>
> T, 1 DOCTAaTOYHO MJIOTHBIX MAH Y3KHX NMy4yKoB (cM. dopMyast

(10), (11); ® — yrioBas mwHpuHA myuKa,
l/ m u — (32)
M 2 n )
PaccMOTPHM MPAKTHUECKH JIETKO peanH3yeMyio 3agayy o cTa-

. , aF
m(ouapuoh HHXKEKIIUM NOy4YKa 3JIEKTPOHOB B IIa3My (d—- =
T

_ N
av
CHUT JIHIUL OT TMepeMeHlon § =0/0 (2) u CIeKTPaJibHas MIOTHOCTS

HOHHO3BYKOBHIX WiyMOB N OT K U 1} = /O (2). Benuunna @ (z)
umeeT cMmbica wHpHabl Gyuxkuuit F u N. B crannonapsbix ycio-
BHSIX ZLOJIXKEH BBIMOJHSATHCA 3aKOH COXPAHEHHS MOTOKA YacCTHL NnO
nanpasseuunto 2. IlosTomy ¢yHKuMs pacnpefenexus mo mepe

yBeAHUYEHHST O JO/XKHA yMEHbIUATbCA Kak O2:f(E) =F (¢) 0%
[ocne mepexofa K HOBBIM TNepeMEHHbBIM & H 1) YPaBHEHHS Asid
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N (x, n) =N A% 4 f (£) ne 6ynyr comepaTh KOOPAHHATH,
K

u d
[7] ——de

ecnu ._152 e =¢ YcraHoBHBIIeeCS 3HaueHHE MJIOTHOCTH
uox 2

SHeprHu WyMoB ®N npu 3aJaHHOH MOLIHOCTH MCTOUYHHKA 3aBHCHT
0w

OT CKOPOCTH CHOCA HX BJOJIb NMOTOKA Y P ATHM u o6bsACHAETCA
K

HOSIBJIEHHE MHOXHTeJs $'— B BoipaxkeHun ana N, KoHncranra o
onpeznensiercsi U3 ycnosus Hopmuposku F u N. Camu ypasuenus
NeJsyyaloTcsd JOBOJMbHO CHOXKHBIMH. KauecTBeHHoe HX wHccaeno-

BanHe MOKaskblBaeT, uto mnpu & >0 oynkuun f (§) u N (n)
9KCNOHEHIHaIbHO OLICTPO yMeHbIUAIOTCs, YpaBHEeHHe 115 © Jers
KO HHTErpHpoBaTh:
= — 00 !
0= (Bazu/22 ), (33)
ox =
Brino Gel BaXHO A1 060CHOBaHMS KBasHJHHEHHOM TeopHH
HCCJIEfl0OBATh 3Ty 3aBUCHMOCTb SKCNEPHMEHTAJBHO.
Takum ke cmocoGoM MOXHO, HalTH pellleHHe 3aflaud O Bpe«
MEHHOH 3BOJIIOLMH NepBOHAYaJbHO Y3KOro Iyuka HOHOB. Bot ee
OTBET:

Fet) =1 (500 ) 6% N (s b 1) =

- 4 B = '
N ( ST x) 0= (2ar) B . (34)
HurepecHo, uto K MoMenTy T = 1, kKorna ¢yHKuus pacnpeae-

JleHusi MOHOB NyyKa CTaHeT NMOYTH cepHYecKH CHMMETPHUHOI,
sueprus koneGanuit 6yner menswie B Cg/n pas sHepruu nyuka.

Crporo roBops, HalilleHnble pelleHMs cnpaBefauBbl npu 8K 1,
HO /i1 OLIEHOK MMM MOJKHO NOJIb30BaTbcAd H Npu O = 1,

4. TypOyaeHTHBIH HarpeB MJaa3Mbl
TOKOM

TokaxeM, YTO COMPOTHBJEHHE HEH3OTePMHUYECKOA MJIa3Mbl, TeMlepaTypa
S/MeKTPOHOB KOTOPOil CYLIECTBEHHO BHIIE TEMNEPaTyPHl HOHOB, MOXET GbiTh
anomanbHO GonbmuM. MTak, mycTh B miasMe CO3AaHO JIEKTPHYeCKoe noJae. Oxo
HOCTaTOYHO GOJbIuOe, TaK YTO ecjan Obl /1EKTPOHBI MJIa3Mbl HHKAKHX HHHIX,
KpOMe WapHBLIX CTOJKHOBEHHI C HOHaMH, He HCILITEBANH, TO OHH Obl «ywan
B NPOCBHCT® M TOK poc Gbl JuHelino co BpemeHeM. OZHAKO Takoe cOcToAHME
nAa3Mel HEYCTOAYKBO. Kak ToabKO TOKOBAsi CKOPOCTb 4 MPEBLICHT KPHTHYECKYIO
CKOPGCTb U zvrlAs” =~ Cg, B NJa3Me BCIEACTBHE HHAyHMpoBaHHOro sddexra
YepenkoBa HauHYT BO3GYxaaTbci HOHHO3BYKOBble KoJeGaHusl.

flo mepe Hapacranua sHeprun KoJe6aHHN HaYHYT CKa3bIBATbC KBAa3WJH-
Hefinbie 3QQeKTb, OnuchiBaembie cucreMoii ypasHenmnin (1—3) wan (16) —
(19). Kak Mbl yXe OTMeuaaH, A/ YacTill, CKOPOCTb KOTOPHX MHOro Ooabiue
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¢ a30Boit cKOpOCTH KOMeGaHNl, a TAKHX 3MEKTPOHOB B MAKCBEJJIOBCKOM pachpes
AesieHnu noaasasiouiee GOJbIIHHCTBO, FNaBHbIT 3PQEKT B3aUMOAEHCTBUA € KO<
nebaHUAMH — 3TO YNpyroe paccesiHde, MPHYEM YacTOTa PACCESIHHS! 3aBHCHT OT
cKopocTH Kak 0~3. BesecTeue paccesiHus 9JeKTPOHBI TepsioT UMOynbc, HaG-
paHHbIl B JEKTPHUECKOM NOJe, T, e. Ha HHX OyaeT AeACTBOBATh CHJIAa TPEHHSA.
Cuna Tpenns GyleT pacTH 1O Mepe POCTa 3HepruH KoJeGaHHil [0 Tex mop,
NOKa OHA He YPaBHOBecHT AelicTBHe 3JeKTpuyeckoro mnoas. Ecam okaxkercs, ato
B 3TOM COCTOfIHHM TOKOBasi CKOPOCTh 3aMETHO MpeBbIIAeT KPHTHYECKYIO, TO
WYMbl H CHJa TpeHHs GYAyT NO-NMpEKHeMy HapacTaTb, a TOKOBas CKOPOCTb
6yneT nagath, MOKa He OMYCTHTCA HO 3HaueHHA, GJIM3KOro K uo. MeHbie us
TOKOBAaA CKOPOCTb CTaTh HE MOXeT, TaK Kak NpH 3TOM KojeGaHHa OydyT sary-
XaTh, a CHJa TPEHHS yMeHbIIATbCA.

IMpusenennble Bbllle pacCy>XXEHHSI, IO CYIIECTBY, ONPENENAIOT BOJBTAM-
NepHyl0 XapaKkTepPHCTHKY MJa3Mbl B YCTAaHOBHBLIEMCH peXHMe HeYCTOAYMBOro
Toka. [I0THOCTD TOKAa B IIMPOKOM JHana3oHe 3HaueHHfi 3JeKTpHUECKOro fioJa
ocTaeTcs NMOCTORHHOM, a MPOBOAMMOCTb O 06GparHo mponopuxoHansia E, Ema
onpenensieTcss 3HayeHHeM, NMPH KOTOPOM TOKOBasi CKOPOCTb, PACCUHTAHHAs NpH
yueTe JIHIIb NMapHBIX CTONKHOBEHUH, MeHblNe Uo; Emax ONpefensercs mojeM, npu
KOTOPOM IJIOTHOCTh SHEPIHH WIYMOB, HYXXHBIX [/ yIepXKaHHA TOKOBOH CRODO-
CTH OKOJIO 3HAYeHHs lo, CTAHOBHTCA HACTONBLKO GOJIbIION, YTO HEJHHeAHhik
HEKPEMEHT MOT/IOUIEHHA HJH paccesiHHs UIYMOB CTAaHOBHTCH GoJblie JHHEfiHOIO
HHKDEMeHTa, paccyHTaHHoro no ¢opmysae (19) ana u= 2u, Toraa mas noa-
IepXKaHuA IIYMOB Ha HeOGXOLMMOM YPOBHE HO/KEH YBENTHUHTbCA JIHHeAbiR
MHKDEMEHT 8a CUET YBeJAHYEHMS TOKOBOW cKkopocTd. 3HaueHHss Emax W 3aBHCH-
MocTb nposoguMocTH ot E mpu E > Emax Mbl OlleHHM B KOHUE STOIO NMYHKTa,
Mpl MOJMYyYHM OCHOBHBIE CBEJEHUSI O MOpsAKe BEJHUYHHbl SHEPTHH HOHHO3BYKO-
BbIX UWIYMOB B YCTAHOBHBLIEMCS pe€X<HMe NMpPOTEKaHHA TOKA U3 HHTErpajbHuiX
COOTHOIUEHHT, BHPaXKaIOWHUX ycjaoBue GanaHca CuJl, AEHCTBYIOUIMX Ha SJIEKI-
POHBI H HOHBI:

—enE = [ yoxN dyenE = [1,kN dx. (35)

Us MepBOro ypaBHEHHS cJIeAyeT, YTO CHJa TPEHHS MOMKeT ypaBHOBECHTH naeficrs
BHE 3JIGKTPHYECKOro MoJs, ecaH MJOTHOCTh JHEPrHH LIYMOB W, HE MEHblIE 4eM

wo nTe( B -i"—)"’. (36)

8anT, m

c.op,
(3)1er U Be3le HHXKe B MyHKTe 4 B OlEHKaX Mbl GyAeM nosaraTthb K‘MT %
3
X uzcs). A us3 BTOPOTO YPABHEHHsT CAeNYyeT, UTO B YCTAaHOBUBLIEMCH COCTOH-
HUM 3HayeHHe W NOJXKHO ObITh CYUIECTBEHHO Goabiue

2 1
w ~nTe( E -ﬂ) lade _ enE (37)
8anT, m g ]

OTu ABe oueHKH GYAYT He NMPOTHBOPEUHBHI, eCH AOMYCTHTh, B COOTBETCTe
BHM C TOUHBIM pPEUIEHHEM, YTO BOJNHOBble BEKTOPHI UIyMOB OpHEHTUPOBAHBE mpe-
MMYLECTBEHHO BAOJMb HANpABJEHHS TOKA 3JIEKTPOHOB.

B ¢opmyaax (35), (37) Henb3s OTPAHHUHTLCA YYETOM TONBKO JHHEAHOTO
MOTVIOIEHHs! KOJTe6AHUTl pPEe30HAHCHBIMM HOHAMH, OMHCHIBAEMOTO YypaBHEHHeN
(19). Xorta pesoHaHcHble HOHBl B Hauajie MPOUECCA Pa3BHTHS HEYCTOMYHBOCTH
GLICTPO MOMMIOWIAIOT FHEPLHIO KOJEGaHuuil, HO X HHCAO N’ Maio W He mensteTcs,

a GyHKUHA pacnpeldesendst yMeHbllaeTcs C POCTOM HX cpeame#t smeprau Ty
7

KaK "oy Jexpement 3aTyxamHs HOHHO3BYKOBBIX KOJMeGaHUA cOriacHo (op-
2
‘

myae (19) nponopunonanex f(%) ~n’lT"3/2. TMoatomy cKOpocTb pocra
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DAOTHOCTH SHEPTHH PE30HAHCHBIX MOHOB H3-33 MNOrJOUIEHHS] KOJNeGaHHH MOMHO
oneHuTb Tak':

— n'T, = 1,0,N, dr = ﬂ."g-Tioslz Yo. (38)
T, 2

’
Yo B T,y = BayaNbHLI HNEKPEMEHT 3aTyXaHHd KOJeGaHui HAa HOHAX M TeM-
i0

2 -3
nepatypa uonos). U3 storo ypaBHenus noayuaeM, uto I/ -~¢ /5, ay;~t /5,
T. € CKOPOCTh NOIJIOUIEHHS] HOHHO3BYKOBBIX KOJIEGaHMi Pe30HAHCHLIMM HOHAMU

-3
najpaer Kak & Is H npH 6OJblIHX BpeMeHax Harpesa (HO MeHbIIHX BpPeMEHH
MEXAY KYJOHOBCKHMH CTOJKHOBEHHSMH HOHOB!) CTaHOBHTCA INpeHeGpPeXHMO
MaJoH.
B peasbHuix 9KCNepHMEHTaX, rfie TOK TeueT MO MJa3MEHHOMY IIHYpPY, HOH-
HO3BYKOBble KojeGaHHs MOTYT YXOAMTb Ha mepudepHio IIHypa WA HAa CTEHKY
Kamephl H Tam noraomarbcs. JleKpeMeHT Takoro saTyxaHusi MOXKHO HafiTH H3

©
ypasuenua (19), rme unen v N, omucuiBaer HaMeHenne Ny BcaenactTsue

-
oK . L) do
ABHIKEHHS KBa3WUACTHL K CTEHKE C FPYNNOBOf CKOPOCTRI0 12y~ =

oK

L4 o
ascop,—D— (a — nonepeuHslt pa3Mep NJIa3MeHHOTO WHypa), Peaspto Beauun-
a

adx

Aa STOro NOMONHHTEJbHOrO 3aTyXaHHA He OYeHb MaJia, a MOXeT GbiTb ¥ CpaB-
HHMA C XapaKTepHOM BEJHUHHOA MHKPEMEHTa HOHHO3BYKOBLIX KOJeGaHHil.

Ecan ke nomepeuHHii pa3mep IHypa Maa3Mbl HOCTaTOYHO GOMbIIOH, TO
SHEPrHs MOHHO3BYKOBHIX KoJieGaHuit GyeT pacTH RO Tex MOp, MOKAa He BKJIO-
4arCA Te MeXaHH3Mbl HeJIHHeHHOro B3aHMOMEHCTBHA BOJIH, NPH KOTOPHIX HM-
nyabc KoneGaHuii MOXKET OTAaBarTbCsi HOHaM. B caaGorypOyneHTHON miasme B
cnab0M MarHuTHOM moJje cgmecmyer JHIIb OQHH HENUHeHHbIA 5Q¢eKT ¢ yya-
CcTHEM ABYX KBasHYacTHU. JTO paccesiHHe MOHHO3BYKOBBIX KoJe6aHuii HOHaml,
RpHBOASLIEEe IAABHHIM 06Pa30M K H3MEeHEHHIO HanpaBJIeHHS HMNyJbCa KBasH-
yacTuubl, OHO MPOHCXOAHT C XapaKTepHOH YacCTOTOH

(0]

w -
O = Op—f—1- (39)
nM (—)

K
C yueroM BbIIEyKazaHHOro u3 ¢opMyanl (37) MOMKHO MOJYYHTL CJEAYIOUWLYI0

rpy6yI0 OLEHKY YCTAHOBHBLIErOCH 3HAaYEHHs INIOTHOCTH DHEPrd HOHHO3BYKOBBIX
myMoB

E'l
(8anT) s

Cxropoctu narpeBa 31€KTPOHHOM M WOHHOM KOMIIOHEHTH MJa3vbl B peXuMme
YCTaHOBHBLIErOCs TOKA ONPelesioTCs M3 HHTErpalbHBIX COOTHoWeHuft (35) u
HHXKECAEAYIOULHX:

w=nT, (40)

d 3 — .
—_— (p, +p,;) =enEu;

(41)

! PesonaHcHbIe HOHBI TPEIOTCA elile 3a CUeT XHCCHIAUMH HePTUM, MOJyYeH-
HOR OT SJEKTPHYECKOro HOJA NPH KBAaIUYNPYrOM pacceaHdH Ha KojebaHHAX,
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d 3
o o b= I vi 0N k.

TpanuuHas TOKOBaA CKOPOCTb 4 JIHIIb IJIS NBHIKYLIEHCS MaKCBEJJOBCKOMN
GyHKuMH pacnpefieieHHs SNEKTPOHOB NIO CKOPOCTAM COBMARaeT C MHHHMAJIBLHON

o |/a o
($a30BOii CKOPOCTHIO —;c—-=vT,As s B nawem caydae # oTanuaercs OT .
uHclenHbiM Ko duunentom. Tak, ecam fo MakcBe/dnOBcKast QyHKuus, TO.
®
u = 2—
K

C noMolIpBIO 3THX COOTHOUIEHHA CKOPOCTb HarpeBa HOHOB BCJEACTBHE Nepe-
Jaun SHEPrHH NPH PacCesiHUH HAa HHX HOHHO3BYKOBHIX KOJ€OaHHH MOXHO Bhbipas
SHTb Yepe3 CKOPOCTb HarpeBa 3JEKTPOHOB

dp;

at . [woNede A [ voNede o 0 0
d(pe + pi) enEu u fy, k Ndx [

dt

OT0 OTHOUIEHHe 3aBHCHT OT 3HAY€HHS P; U Pg, HO BCErAa MeHble eXHHHLEL.

B obueM Bujc NpOaHANH3HPOBATh 3aKOHOMEPHOCTH HAarpeBa 1eKTPOHOB H
HOHOB TPYAHO, H TaKOi aHanu3 Obl1 Obl HeHajeXKeH, TaK KaK 3HAUEHUSI TOKOBOI
ckopoctH M (a30BOft CKOPOCTH HEYCTOMUMBHIX KoJeGaHHA BecbMa YyBCT-
BUTeNbHHl K BUAY HOHHOH (yHKuun pacnpeneneHuss (cM. dopmyast (8), (9).
U3 Buna ypaBHenuit (41) MOXKHO JHIIL 3aKJMIOYHTH, YTO HJIOTI-}OCTI: TeNI0BOMH

e

eEc;
B HavyaJjle mpollecca pa3puiB B 3HAUEHHX NaBJeHHA Obl BENHK, Pe D Pi, TO OH
Gyaer coKpalaTtbcs, H Hao6opoT. B mpenene

SHEPrHH 5JIEKTPOHOB YABAHBAE€TCA 3a XapaKTepHOe BpeMa 7= H 4TO ecan

TR
Pe = K4 (43)

(npyu MakcBeNIOBCKOM pacHpese/tleHHH HOHOB N0 CKOPOCTAM ( ;‘ ) < —2—1[\—).
e /max s

BepHeMcA K BONPOCY O Harpepe Pe3OHaHCHLIX HOHOB, Brime 6bl10 nokasa-
HO, YTO B paMKax TOJbKO KBa3HWJAHHEAHbIX 95(p(eKTOB H B npeHeGpexenuu
CTOJKHOBEHHSMH PE30OHAHCHBIE HOHbl IOIJIOWAOT MAJyl0 YacTb OT 3JHEPrHH,
nepepanHoii miaasme. Ho Kak TOAbKO Mbl yuTeM NOAOrPeB OCHOBHOM, Hepe3o-
HaHCHOM, MacChl HOHOB, HanpHMep NPH HEJHHEHHOM pPaCCesiHHH HOHHO3BYKOBbIX
KoneGaHHi Ha HOHAX, HEOOXOJMMO YUHTLIBATb yBeJIHUEHHE UYHCJA M Harpes
PE30HAHCHbIX HOHOB, H OH MOXET GHTb He Mask. DTO CBA3AHO C TEM, YTO HOMbI,

nonajas B o6nactb (a3oBoro pesoHaHca U> —::— i HayHHAWOT OBICTPO
min

HarpeBaThCsl, NOrJoULasi SHepruio xoneGanuit. 3a xapakTepHoe BpeMsi YABOEHHS
YHCJa PE3OHAHCHBIX HOHOB, NPHMEPHO PpaBHOE BPEMEHH YNBOEGHHS 3HEpPruu
HEpPe30HaHCHBIX YaCTHL, OHH MOTYT CYUIECTBEHHO YBEJNHYHTb CBOIO SHEprHIO.
Hostomy npu marpeBe mia3Mbl B peiMe HeyCTOHYMBOTO TOKa Hapfly C ybe-
JHYEHHeM MUIOTHOCTH TEIJIOBON SHeprMM OCHOBHOM MacChl HOHOB MOXHO OXH-
aTh NOsIB/JEHHE MAJOro YHCJAA SHEPTHUHLIX HOHOB.

Tlpu 60abLINX 3/1€KTPHYECKHX MOJISX PeXKHM HarpeBa MOXKET CYLIEeCTBEHHO
H3MEHHTBCS M3-32 ABJEHHA «yOeraHns SJEKTPOHOB», OHEPIUs SJEKTPOHA, COOT-
BETCTBylOIass HayaJy yGeranns, paBHa
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T
e TR (44)

ITpu nosyueHud STOR OUEGHKH Mbl BOCMO/MBL3OBAMHCH TEM, YTO HJS YaCTUUH
€O CpeiHeil TennoBol CKOPOCTbIO eE == v,y (To)mu. B pexum yGerauus nona-

AT YaCTHLLbL, SHEPTUsl KOTOPLIX NPHMEPHO BCETO JMULlb B I/_ﬂ. pa3 Goabule
m

T, HE32BHCHMO OT 9HAUEHHS SJEKTPHUECKOro NONA. YOeraolHx SAEKTPOHOB
GyHer SKCNOHEHUHANLHO MaJo, eC/H 3/JeKTpHIecKoe IoJie TAKOBO, UTO y/ABOeHHe
SHEprHu SJIEKTPOHOB, elde He MOMNABUIHX B PEXKHMM yGeraHus, MPOHCKOAHT Mex-
NedHee, YeM YCTAHOBJEHHE MAKCBENIOBCKOTO pacHpelie/ieHHsl NMPU KYJIOHOBCKHX

CTOJIKHOBEHHAX?
—

E<E,y/ M
m

[E xp onpeneneno dopmynonr (51)1.
B cayuae GonblIMX 3JMEKTPHYECKMX TOJEfl KYJMOHOBCKMMH  CTONKHOBEHUAMN

Te
MOXHO MNOJNHOCTbIO mpeHeGpeub, [TosTomy uepe3 Bpemst t~_e-ElT 3aMerHan

noas oT o6llero 4Hc/a 3/CKTPOHOB NMONMAAET B PeXXUM HeENpephHIBHOrO yCKope-
HHS.

Ecin 6ul ypoBeHb 3HepTHH UIYMOB, ONPEeNeNSUOMHA BEAHUNHY Vsg , BO3-
pactan mnpu GbICTPOM HarpeBe Masof,, HO 3HEPrHYHOH JOJH SJIEKTPOHOB, TO
y6eraiomux 3JeKTPOHOB MOrIo 6bl He 6biTb. ONHAKO H3 BbIpa)KeHHs AJs HHKpe-
MeHTa BUIHO, 4TO eclH (DYHKIHA pacnpeneeHHs GBLICTPbIX YaCTHL «HA XBOCTe»
pacnpefiefieHus nanaer GuicTpee, ueM U~2%, (a M3 3aKOHA COXPaHEHHS NOMHOTO
YjIc/Ia YacTHL cAefyer, 4To ;’ (v) nomkHa majaTh B CPefHeM He MelJeHHee,
yeM v=%), To GLICTPHie YaCTHUBI BKMada B WHKPEMEHT MOHHO3BYKOBOil HeyCTOR-
YHBOCTH He HAaIOT, XOTA S/JEKTPHUECKOe moJjie JefcTBYeT Ha HHX CHJbHEe H OHH
MOrYT NepeHOOHTh GoibIIOA TOK. Takum 00pasoM, HOHHO3BYKOBas HeyCTOHdH-

BOCTb NPH GOMbIWIUX 3NMeKTpuueckux noasx E>Exp M OTpaHHYHBaeT pocT
m

Te
eEu
MOXeHus ObICTPbIX SJEKTPOHOB, CBfI3aHHble, HampuMep, ¢ BO3DyXIeHHeM
JIEHTMIODOBCKHX KoseGauuit (cM. ¢opmyay (6), He yuuThiBaeMble B Hawmefl
TEOPHH, TaK UTO fiBJeHHe yGeranuss MOXeT He HaG/IORATHCS.

HceneayeM KauecTBEHHO BHA 3aBHCHMOCTH NJIOTHOCTH TOKA M 3Hepriuy
IIYMOB OT 9JeKTPHYECKOro moas [JIA BecbMa GOJbIIMX ero  3HadenHil

TOKA JHIUbL Ha BpeMs £= . [IpaBna, cyuecTsyiOT WHBIE MEXaHU3MB TOD-

—-m
E> }/8 nnTeH-, B stom caywae ryiaBHaf NpHUMHA MOTVIOWEHUS KojeGa-

HUfl ~— HesltHefiHple S(dekTor. Jnsg HOHHOrO 3ByKa TaKHM NPOUECCOM, KaK Mbi
yKe OTMeuasH, ABAfIETCA paccesnHe Konebaunit Ha nonax. OueHka Aekpemenra
3aTyxaHus KoneGaHMil H3-3a Takoro npouecca naerca dopmynosi (39). Pac-
KauKa Xe KosebaHu#t TOKOM OfpeneasieTcsl NO-NpeXXHeMy MOC/AELHUM WAGHOM
¢dopmyast  (19). TIlostomy fJOTHOCTH 3IHEPTMH INYMOB B YCTAHOBHBIUEMCH
COCTOSHUH, €CJH OHO peanu3yercd, JNaeTca CJaenyiouleill OUeHKOf]

nT,. (45)

W= 1
8 anT,) 2
A NAOTHOCTbL TCKa 6yne’r 3aBlceTb OT E o 3aKOoHY

E M l%

(46).



DTH KauecTBeHHble B4BHCMMOCTH JIOMKHB OBITH CApaBeNAHBH BRJOTL RO

E <@8nnT,) 2,

Kak mb Bugenn mpu OGCYXIeHHH MeXaHH3MOB HarpeBa HOHOB MJIa3MBl,
OCHOBHBIM (aKTOPOM, OFPaHHYHBAIOLULHM CKOPOCTb HX HarpeBa, ABJASCTCA TO
06CTOSTENLCTBO, YTO HOH MOXKET monacth B 064acTb v > C5, e CKOpOCTH
HarpeBa BeJWKa JHllb B PE3YJbTaTe OTHOCHTENbHO MEXJEHHLIX MPOLECCOB MK
HeyNpPYroro CTOJNKHOBEHHS WJIH TOTJIOLIEHHS SHEPIHH NPH HeJHHEHOM pacCesiHHy
HOHHO3BYKOBbIX KoseGanuil. Eciin e B Takyl TypGy/eHTHYIO Nna3My HHMKeK-
THPOBATh NYYKH HOHOB WJIH CTPYH IIa3MLI CO CKOPOCTbIO, Go/Iblueil 4eM Cs, TO
MOXKHO YBeJHUHTb PabOTy 3/EKTPHUECKOTO NOJsA Hal HOHAMH.

Mur nonyuniun B mpenbifyllieM paszedne, 4TO yXe HeyCTOHYHBOCTb MIa3Ma—
AYYOK NPHUBOAMT K BeCbMa OLICTPOMY TOPMOKEHWIO NMyduKa H W3OTPONH3aLHK
ero ¢ynkuuu pacnpefenenns. MoHHO3BYKOBLIe WIyMbi, CO3XaBaeMble TOKOM,
6yayT JMILb yCKOPSATb 9TOT H Ges Toro GuicTphiil npouece. Tak YTO NO mpoulect-
BHH CTaJliH YNPYyroro TOPMOXKEHHS, B TeueHHe KOTOPOil CONPOTHBJEHHE MJa3Mbl
MOXeT BO3pacTH, QyHKIHIO pacnpefeseHHsl HHKEKTHPOBAHHbIX B MJa3My HOHOB
MOXKHO CuHTaTh H3oTponHoH. Harpes pesonaHcHbiX HOHOB Mbl OGCYXUadH W
l}oxaaama, 81'0 HX CPeJlHfiA SHEPrusi pacTeT He MeAJeHHee, YeM MO 3aKOHy (Apu

e == const).

. Mu2 \ 3, E 5 %5
T ~ — 2 t
‘ 2 8 nnl,) 2 Te pe - (47)

O'fMETHM, YTO YyC/a0BHE CYLIECTBOBaHHSA HOHHOSByKOBOl’[ HeyCTOﬁ'{HBOCTB
BaksnaabiBaer caaboe OrpaHHuYeHHe Ha NJOTHOCTb 3HEPTUH PE30HAHCHLIX HOHOB

Ty <nT o ,_"1_(.__7_1) % (48)
Cs M\ T,

’
€CJIH cpeaHAa 3Heprua T‘v pe30HaHCHBIX HOHOB B€JIMKA,

DKCrepuMeHTbl MO TYpOYyNneHTHOMY
HarpeBy W UCCNepoBAHUIO
TOKOBbIX HEYCTOMYMBOCTEN

Kak 6ui10 nokasano B mepBoit wacTH GpOLIIOPLI, TOK B NJa3Me CTaHOBHTCHA
HEYCTOMYHMBLIM, €C/IH TOKOBAsI CKOPOCTh 9/IEKTPOHOB NpeBbIlIaeT HEKOTOPOe KpH-
THueckoe 3Hayenue. HeycroifluMBOCTb TOKa DPHBOAHT K packauke B mjazme
KoneGanuli, Nna3Ma CTAHOBHTCA TYPOYJeHTHOMN, a TOKOBble 3JEKTPOHLI, pacced-
BasCh Ha IIa3MEeHHBIX BOJHAX, HCHHITHIBAIOT NOMOJHUTENBHOE TPEHHE, BCAEACT=
BHe yero nia3mMa Harpesaercs. XOTA KOJNMUECTBEHHBIE OLEHKH 3THX CYILECTBEH-
HO HequHeiiHblX 3(PQEeKTOB B KOHKPETHBIX YCJAOBHAX OMLITOB MOKAa He MOryT
6LTb faHbl ¢ AOCTAaTOYHOH TOUYHOCThIO, €CTb XOPOIlash BO3MOXKHOCTL KayecTBeH-
HOro CPABHEHHA TEOPHH C IKCNIEPHMEHTOM. DTO OOBACHAETCA TeM, YTO BO3GYXK~
JEHHE KOJIIEKTHBHLIX JIBHXKEHHI B IJla3Me OTHOCHTCA K YHCNY CHJbHBEIX B3aH-
MOJAEMCTBUH B NJja3Me W NO3TOMY HaJ€XKHO PErucTpHpPYyeTCs B IKCNEepHMEHTe.
Tax Jserko Moxer ObITh HaG/IOAEH NOPOr BO3HHKHOBEHHS TOKOBOM HeycTOHuH-
BOCTH NO TMOSABJEHHIO AHOMAJbHOIO CONpPOTHBJEHHs NJa3mbl. Ilpu stom conpo-
THBJEHUEe NJIasMbl GyjeT NPEBOCXCAHTL PACCUHTaHHOE MO MapHLIM CTOJKHOBe-
HHAM Ha MHOTO NOPAIKOB Benuyuubl. ITepexol naasMbl B TYpOyJeHTHOe cOCTO-
SIHHE JOJKEH CONMPOBOMAATbHCA H3JyYyeHHEM H3 INIa3Mbl UIYMOB, & YpOBeHb
H3JIyYeHHs B YCJIOBHSX pPaccMaTpHBAaEMbIX HHXKe SKCNepUMeHTOB Ha 6—8 mno-
PAAKOB BENHUHHEI MOMKET NPEBOCXOAHTbL PaBHOBECHOE TCNVIOBOE H3ayueHue.
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QnuiT ¥ Teopus MOryT GbITh TaK¥Ke KaueCTBEHRO CpPaBHEHH no SddeKTHBHOCTR
TypOy/NEeHTHOro HarpeBsa, KOTOpas AOJJKHA ObiTh Ha MHOrO MOPSJAKOB Bbillie
IKOyJleBa HarpeBa 3a CYET MapHLIX CTOJNKHOBEHHH.

DKCIEPUMEHTHI, KOTOPble CTABUJINCH MO HAGMIONEHHIO TOKOBHIX HEYCTONYHBO-
crefl, GblIH NPOBefeHH B 3EPKAJbHBIX M 3aMKHYTHIX JIOBYIIKaX, a TaKxe B
NpAMBIX paspsifax B OXHOPOAHOM MarHuTHOM noJje. M3 omwito crexyer, uto,
no-BHIUMOMY, KOJIIEKTHBHbIE NPOLlECCH Pa3BUBAIOTCA BO BCeX C/yyasix B oGUMX
yepTax OfHHAKOBO. Bce aBTOpbl HaGMIORAIOT Te ABJNEHHSH, O KOTOPLIX ObLIO CKa-
3aHo Bbille. Ho TOuKa 3peHHs Ha MeXaHH3M SBJCHHA Y Pa3HbIX aBTOPOB Pa3-
auyxa, Yacts aBTOpoB mpupaer Gosbilee 3HaueHHe KOMIOHEHTE TOKa, 06a3aH-
HOH yG6eralomuM SJEKTPOHAM, CYHTad, YTO HMEHHO 3TH 3JeKTPOHH BHI3LIBAIOT
HeYCTORYHBOCTh THMA MJa3Ma—yyoK. B aKcnepumeHTax AefCTBHTENbHO Habaio-
Jaauck yGeraiollHe JIEKTPOHb, HO, KaK HaM KaKeTcs, 5TOTO MOKa HeZoCTa-
TOYHO, uTOOBl JesaTh KaTeropuueckoe yTBepXKAeHHe O MeXaHH3Me SIBJICHHA B
uesnoM. BepossTHO, mpouecc pa3BHTHS TOKOBBIX HeycCTofiuHBOCTell GoJiee cloXxedw,
BO3MOXHO MPOXOAHT Yepe3 PAX CTanuil, KOTOpHe CHJIBHO 3aBHCAT OT YCJOBIi
onbiTa. Mbl cuMTaeMm, uTOo NpH BHIGOpe MexaHM3Ma siBJeHHA GOJblIYIO Poib
JIOJKHO ChLIrpaTh JeTajpHOe H3ydeHHe cneKkTpa Kojebanuit TypGyJeHTHOf
nila3Mbl Ha Pas3HBIX CTaAHsiX MpoTeKanus Toka. O MexaHH3Me fIBJIEHUA B LeJOM
MOXKHO TaKXe CYAHTb N0 aHOMaJbHOMY COMPOTHBJCHHIO MJa3Mbl M ee Harpesy.
OpxHako KOHeuHasi BEeJHYHHA HarpeBa OMpefesseTcs TEMJoBOH H30JsNMel mnas-
Mbl 8 Npouecce Harpesa, KOTOpas, B YaCTHOCTH, 3aBHCHT OT CNEKTpa 4acTor
TypGyneHTHO! maa3mbl, Kpome Toro, B mpolecce M mocie HarpeBa B Ia3me
MOTYT PasBHTbCS KPYIHOMacWITaGHble HEYCTOHYHBOCTH, BLI3bIBaeMble TOKOM HJIH
CBA3aHHbIE C THIOM JIOBYWIKH W NPUBOASIIHE K ObICTPOMY OXJaXIEHHIO NAa3-
Mbl. AHOMaJbHass NPOBOAMMOCTb H YPOBEHb IIYMOB 3aBHCAT OT BEJHYHHLI Ha~
HNPSXKEeHHOCTH 3JeKTPHYECKOrO 10Jis, KOTOpas B CBOIO O4Yepelb BaBHCHT OT
MeTofa BO36yXIeHHa Toka B MuasMe. ITostomy, HecMOTPA Ha BO3MOXHYIO
O6LIHOCTL H3HYECKMX NPOUECCOB PAaCKaYKH KOJJIEKTHBHBIX JBHIKEAHI TOKOM B
pasHbIX BHIAX JIOBYINEK, KaxAasd N3 HUX MOxXeT o6JajaTe cneuuduuecKAMH
0coGeHHOCTAMH, B TOpoMAaJbHLIX JIOBYIIKAX JIETKO CO31aBaTh 9JEKTPHUecKoe
noJie B yCIoBuSX 6e33/MeKTPOJHOrO pa3psala, HO MOKa Majlo pPa3paGoTaHbl MeTO-
bl 3aMOJHEHUS JOBYWIKM MJiasmofl. B npocrefilinx TOpOMAANBHLIX KOH(HTY-
pauMsix CcKasplBaeTCsd TOPOMIAMbHLII Apefid H MOKa HEIOCTATOYHO HaAENKHBIX
cBefleHHit 06 ycroiiuuBocTH ropsuel nasmbl. 3epKajbHbIe JOBYWKH MOAKYNAIOT
cBoeft MPOCTOTOf, HO AJIs CO3AaHHsi TOKa B HHX TpeOyeTcl BBeleHHE 3JeKTPo-
JI0B, TMPOUECCH Ha KOTOPHIX MOTYT H3MeHHTb KapTHHY SBJEHHS. YuuThiBas Bce
970, Mbl PacCMOTDHM 3aMKHYTble M OTKDLITbIE JIOBYWKH OTAE/bHO,

1. TypGyaeHTHBIi HArPeB MJa3Mbl
B 3aMKHYTBIX JIOBYIIKaX

DKCMepUMEHTH! M0 TYPOYJNEHTHOMY HarpeBy MJa3Mbl B 3aMKHYTEIX JIOBYII.
Kax Obinu Hauatel B 1962 r. B MHctuTyTe atomuoil sueprun umenn U. B. Kyp-
yatoBa (HMAD). [MomuMO mNOJAYYEHHBIX K TOMY BpeMeHH OOGHaLeKHBAIOLIMX
pesy/IbTaToB Mo TYpPGyJeHTHOMY HATFpeBy MAasMbl B NPOGKOTPOHE NPH pacmpo-
CTpaHeHHH CHIBHON UHINHHADHYECKONl BOJIHBL, 3TH SKCIePHMeHTH! GLUIH B U3BeCT-
HOM Mepe CTHMYJNMPOBAHLI TPYAHOCTAMH, BCTPETHBUIMMHCA Ha IYTH OCYLUECTB-
JleHus «anasMeHoro GeratpoHa». Brickasbizamuch NpennosioXXeHus, 4To Hapy-
IeHHe Mpolecca YCKOPeHHs «yGeraiolHX» 3JMeKTPOHOB B ONBITAaX MO CO3NAHUIG
«NI1a3MEeHHOro 6eTaTpPOHa», BO3MOMKHO, BO3HHKAaJO 10 NPHIUHE DA3BUTHA B
nnasMe naovHocThio 109—10'0 wacTuy/cm® nyykoBoft HeyCTOMYMBOCTH, PAccMOT-
peunoit Bynemasom.

TosToMy He ciyuafiHo nepBas yCTaHOBKa MO TypGy/AeHTHOMY Harpesy misas-
MBI B 3aMKHYTOil JOBYyLIKe «BHXpb-1» BHelllHe HaNOMHHANa «NJIa3MeHHbIH Gera-
TPOH», XOTA M OTJAHYANachk OT Hero. Bo-mepBuiX, M 3TO caMoe rJaaBHOe, BC?
napaMerpbl YCTAHOBKH Ouid BHIGPAHLI MCXOAST U3 TOrO, YTO OCHOBHAfl HeAb
ONBITOB 3aK/loualach He B pasrone yGerawulix 3jeKTPOHOB HO BBICOKHX 3Hep-
rdii, a B Harpese NJa3Mbl 3a CYeT KOJ/IEKTHBHbIX B3auMOJCHCTBHUI C Helt Myuka
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FfOpMO3AIMXCA  3NEeKTpoHOB. B
COOTBETCTBHM € 3THM NJOTHOCTB
naasmbl 6bia BbiGpaHa 3HauH-
TeabHo OGoJblliedl, YeM B «NJa3-
MeHHBIX GeTaTpOHax», a HMEHHO
10—10" wactuy/cmd. Haxoneu,
B NIa3Me He €031aBajiCbh YCJO-
BHA IS OCYLIECTBJEHUsl YCTOil-
9pBOf  GCTATPOHHOR  OpOGUTHI.
Kouctpykuus YCTaHOBKH
«Buxpb-1» sicia u3 puc. 2. B rto-
POMRAJBLHON pa3psAHOil Kamepe
pasmepom 30 X 3 cm npeasapu-
TeIbHO CO3ZaBajach pacnajato-
Hasca IasMa, INIOTHOCTb KO-
ropoii 3a 10~ cex cHuxXanach ¢
108 go 10" wacruy/cmd. Tlaasma
HaXOAHJACh B KBa3uCTalHOHAp-
HOM TOPOHIANLHOM MAarHHTHOM
noJe HanpsiXeHHOCTbIO o
1—3 k3. B 3apaunblit  MoMeHT
BpeMeHH, Bhi6Op KOTOpOro ompe-

Aeaia  HAYAILHYI0 INIOTHOCTS  Pue 2, TopounanbHas — yCTaHOBKA
pra3Mil, Ha o6xoje TOpa cO3na- «Buxpb-1» ans  TypGysneHTHOro Harpesa
BAJIOCh TPOJOJLHOE SJEKTpHYe- 23MeL.
ckoe mone E ¢ aMmaMTyRoR  j _ creknauman paspaasan Kamepa; 2 —
150 s/cm, uto 3nanuHTENbLHO TpE- KaTyluku Marautioro noas; 8 — 7, 13,
Bhillalo KpuTHieckoe none [ipefi= 76 _ ryranosme MumekTOpH AAf cosaa-
cepaz Hus gpensg;{;neﬂbﬂoﬁ Boaoponuoﬁs naas-
n Mbl; 6 — BU-kouTyp Ha uacrore HJIH
E xp=2'l°_uT (slcn), (49) 95" mey) nnn cOSigHHﬂ snex'rpmecxgoro
noas Ha o6xone Topa; 5—8 3oHAb, 4 —
NPOBOASALUMA  KOXKYX HJS BhipaBHHUBaHus
9JIeKTPHYECKOTO NOJsl BAOJb 06X0Aa TOpa;
10—15 ~— paTuuKy PeHTreHOBCKOTO H3JY-
uennsn; 11, 14 — CBY-anarwoctuku; 12,
18 — onTtuyeckas nuarsoctHka; I7 — nosc
Porosckoro.

rre n u T HayadbHble IIOT<
ROCTb H TeMNepaTypa IJIa3Mbl.
dneKTpuyeckoe mose Bo3byxaalo
B TJIa3Me TOK BJOJIb MariHHTHOTO
neas amnaurygoil o 700 @ Ha
gpemsi 10-"—10-9 cex. [Ipu atom
6b10  OGHapyXeHO, BO-NEpPBbIX,
aHOMaJIblioe AKTHBHOE COMpPOTHB-
JieHue, HAMHOrO NpeBbIILAloILee CONPOTHBJEHHE, ONpeResseMOe MAaPHLIMU CTOJK-
HOBEHHSIMH JIGKTPOHOB, W, BO-BTOPbIX, Harpes NJaa3Mbl ¢ IJIOTHocTbio 10'2 zac-
ruyfemd o 102—103 3s. B pexum yOeranus yxoAHJa JHlIb He3HauuTeAbHadA
oJs EKTPOHOB, KOTODasl AaBaja PEHTreHOBCKOe H3JlyyeHHe ¢ 3JHeprueil no
30 «x38.

B nocaepyomux paGotax HCCJeA0BANHCh NPHPONA aHOMAJIBHOTO CONPOTUB-
JeHHsl NJIa3Mbl B CHJBLHOM 3/1€KTPHYECKOM 10Je, a TaK:Ke BO3MOXXHOCTH Harpe-
Ba M yAepKaHUS NJAasMbl B 9THX yciaosusax. Ha ycranoske <«Buxpb-1» Gniio
HaiieHo, uro npu E > Egp conporup/ende M1asMel He MOXeT ObiTb 00bsCHEHO
NapHEIMH CTOJAKHOBEHUSIMH TOKOBBLIX JEKTPOHOB HH C HOHaMH, HH € HEHTpaJjb-
HbBIMH aTOMaMH, HH cO CTeHKaMH KaMmepbl, npHueM 3¢QdeKTusHag udacTora
CTOJKHOBEHHII TOKOBLIX 3JIEKTPOHOB B NJa3Me COCTaBJjsieT

vy = eE[mu ~ 10° cex™!,

BnocnecTBMM aHOMaibHOe CONPOTHBJEHHE MJIa3Mbl B 3aMKHYTBIX CHCTEMaxX
na6aionanoch B paGotax ApYruX aBTOPOB.

B unkie pa6or MAD Gbutu noayyenbl AOKa3aTeNbCTBa CHJALHON TypGyJH-
JauuH MIa3Mbl 3a CYeT BO3OYXJeHHs MeJKOMacWITaGHBIX HeyCTOHYHMBOCTell If
xose6Ganuit B YCAOBHAX, KOraa HaGaiofaeTcsi aHOMa/bHOe CONPOTHBAeHHe. B
Irux ycaoenax G6en1o obnapyxesHo Haarenaosoe CBY-usnyuenne niaasmer Ha
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YacTOTaxX Wpe U 2 M pe. KOTOPOE yiKe caMo MO ceGe CBHALTEILCTBYET O BHICOKOM
ypOBHe JIEHTMIOPOBCKHY KoJeGanuil (¢ 4acTOTOll = Wpe) H HEKHX HH3KOHACTOT-
HbIX KoJseGauuil (c yac10Toil & w), Ecau 0TOXAECTBUTH MOC/TELHHE C HOHHBIM
3BYKOM (KOTOPbIH COrJIaCHO TEOPHH AOJ-
KeH Obl1 BO30YXAATbCA B 3THX OMbl-
P Tax), TO H3 COOTHOUIEHHT WHTEHCHBHO-

CTell H3NyYeHHS Ha YacToTax Wp He
N 2 @pe MOXHO CHEJATh BBIBOA, YTO MJIOT-
HOCTb JHePrHU HOHHO3BYKOBBIX H JIEHI-
MIOPOBCKHX Kose6aHuil B njasme Gulaa
w OJHOrO mopsAnKa.

B Tex Xe ycaoBHAX OBl OGHapy-
*KeH 3 ekt KOMGHHALHOHHOTO pacces-
HUS 3JIEKTPOMArHUTHbIX BOJH Ha JIGHI-
MIOPOBCKHX KOJIeGaHHAX MAasMbl. OJjeK-
TpPOMaruuTHast BonHa ¢ A = 3,14 ¢ re-
HepHPOBaJach MarHeTPOHOM H pacceH-
BaJlach Ha IJIa3Me C U3MEHeHHeM 4acTo-
/ Thl Ha BEMYHHY O pe. Ha puc. 3. noxa-

/ 3aHO, KaK BO3pacTaeT CHIHAJ pp-u3ny-
YyeHHS Ha ABOHHOMA Na3MeHHOH yacrote
M CHIHAN ps KOMOHHALHOHHOTO paccesi-

e

b A
2

M

(4

W, 3pe/

3 HHs1 ¢ yBeauwyenuem moas E. OGa cur-
RO Hala HaGJIONAIHCh TOJNBKO B YCJOBHAX
7 = e(x:uomanbuoro CONMPOTHBJIEHUS NVIa3Mbl:
ONOCTaBJeHHe BeNHYHH P, H Pg NO-

5 s o Egly 3BOJIHJIO OLEHHTb JHEPTHIO @ MJa3MeH-

HbIX KOJMeOaHMi B eAHHHIE oObeMa H

Puc. 3. 3aBHcHMOCTb HHTeHcHB« NOKa3aTh, uto npn E > Eyp B ycranos-

HOCTH H3ayueHHs P, Ha ABOMHOW _w

naasmcHuOl yactote, curuana K& ¢BUXph-1» =2 >0,1, 7. e. yposens

P KOMGUHAUMOHHOIO DACCESHHA  npagweHHbix KoseGaHMii Ha MHOrO No-

H NIOTHOCTH SHEPrud W M43« pangop npeBLIIAET TEPMOAHHAMHYECKH

MeHHbIX KOAeOaHuii 0T 3JeKTPA-  papyopecHylo BeJHuMHY.

ueckoro mois E B ycramoske TlepBble u3MepeHHS 3aBHCHMOCTH

«Buxpo-1», s dekTHBHOA NPOBOAMMOCTH Gsg OT B
B paiioHe E yp GblH BBEIMONHEHb B TPsi-
MoM pa3psize B XapbKOBCKOM (H3HKO-
texuuueckoM uHctutyte (XPTH) u na creanaparope «Cupuyc». B oGoux cay-
yasix 6ul10 o0HapyXeHO, 4To NnpH mpesbliienun moseMm E npenena Egp mposo-
NHMOCTb Oy MajaeT CKaukoM. DTOT pe3yabTaT Gbll MOATBEpXKAEH B pabore,
solnoanenHoi B MAD, rie 3aBucumoctb 054 (E) Gnisa mpocaexeHa B ropaszo
GoJsiee WHPOKOM AHana3cHe HaMmeneHus moas E. Kak BuAHo Ha puc. 4, mocie
CKauK006pa3Horo crmajia npoBOIHMOCTH B pafione E = E; = E,, nabmoganocs
MOCTOSHCTBO BeJHYHHBI NMPOBOAHMOCTH BIIOTh R0 E = Ej, nocie 4ero npoBOAH-
MOCTb CHOBa OOHapy:KuBaja TeHAeHuuio K cnazy. CKayok MPOBOAUMOCTH B
obnactu ot Ey po E, conmpoBoxknadcs nosieaenneM Haatenyiospro CBY-uaayve-
HHSl B paifiOHe 3JeKTPOHHON IJIa3MeHHOH 4YacTOTH. Y4acTOK kpusoir E,E;
MOXKeET GblTb OGBSICHEH ¢ TOUKH 3penusi BO3GYXKAEHMS TOKOM B IJa3Me. HOHHO-
3BYKOBOH HEYCTORUMBOCTH. PaccmoTpennble Bbllle ONbITHL HAa YCTAHOBKe
«Buxpb-1», BR/OYas mpeicTaB/ieHHble Ha pHC. 4 KpuBble p,, P, W, OTHOCATCA
K o6aactu noseit Eq- Ej.

TMepsble ONLITH MO TyPGY/AEHTHOMY HAarpeBy MAasMbl B ycTaHOBKe «Buxpb-1»
6blM BLINONHEHLl B NPOCTOM TOPOHAANBLHOM MarHMTHOM MOJe, Iie MOT HMeTb
MecTo TopouianbHhiit Apefip mnasMel. B 3Tux onbitax miaasMa ¢ NAOTHOCTHIO
=~ 102  wactuyfemd wu T, 102—10° 38 cywecrBoBana He Gonee
10-7—10—% cex nocne mpexpallleHHsl Harpesa.

TypGyneuTHbit Harpes G6but Takke ocyuwectsaen B CyxymcroMm ¢u3uxo«
TEeXHHUECKOM HHCTHTYTe M Ha cTeanapatope «Cupnyc» 8 XPTH, rae snektpu«
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weckoe nose E MHAYUMPOBanoch B NPEABAaPHTENBHO CO3LAHHOM TOPORAANBHOM
RIgype MJIasMbl NPM NPONYCKAaHKH BAOJb METaJIHYECKONA KaMephl CTeljapaTopa
WMIyJAbCa TOKA, CO3MaBaeMOrO Pa3spsilioM KOHAeHcaTOpHOA Gatapes, B cayuae

NPOAOJILHOTO  SNEeKTpHue-
¢Koro noas E, npesnimaro-
utero Eyp, B nnasme HaG-
RORANHCh  XapaKTepHble
1PH3BaKH HEYCTOAYHBOCTH:
MHKPQBOJHOBOE H peHTre-
HOBCKOE H3JIyueHHe, a TaK-
Xe aHOMaJbHOE COmpo-
suBnenne. Ilpu stom npo-
HCXOJHJ HarpeB 3Hauu-
TENBHOA JIOJIH SJIEKTPOHOB
nAasMbl 0 TeMnepaTypsl
9 36, DTH 3KCNEPHMEHTHI
NO3BOJIH/IM HauaTh Ha yc-
ranoBke <«Cupuyc» uccie-
ROBaHNA YNEePKAHHUA Bbl«
COKOTEMIIEPaTyPHOH mJIa3ss
Mbl.
déddekTusHOCTE  Ha«
rpeBa M BO3MOXKHOCTb
yAepxKaHua TypOYJeHTHO
HarpeToii nja3mbl Gl
npoBepeHbl B ONbITax ¢
YCTaHOBKOI «Buxpp-2»
HAD. Ha o6xoze otop-
BaHHOTO OT CTEHOK KaMephl
W YAEDPXKHBAEMOrO B CHJIb-
HO rojpHpPOBAHHOM Mar-

max____ 9 0)
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Puc. 4. 3aBucumocth 3(eKTHBHOA NPOBOAH«
MOCTH Oy OT 3JIEKTPHYECKOTO MOJs Ha 06-
xone Topa B ycraHoBke «Buxpb-2»:

@ — KpuBas TPOBOLHMOCTH Ogp (E); 6 —
ocnuiorpaMMul Toxa I, moas E'u MOMHOCTH
P, CBU-uanyuenns npu E < Egp ¢ — 1O %o

npu E

E.p UyBcTBHTENbHOCTH OCLHJIOrp2-

¢a paa cursana p, B 10 pas menbiue, uyeM B

cyuae 6.

KOJIBLIEBOTO MJIa3MEHHOTO WIHYpPa CO34aBaloch SJEKTPHUECKOe MoJjie ¢ aMIUIHTY<
noit E == 100 6/cm. Yepes 1.mKcex none BLIKAIOYANOCh, B pe3yabTaTe 4ero npes

aT
,.,075
5]074 743
42K3
14K3
7 \/\'
1 1 [] 1
d 7 t
¢ 2 3

Puc. 5. {luamaruntnele naMepeHuss npH TypOyJNeHTHOM Harpese MaasMot
TOKOM B YCTaHOBKe «Buxpb-2»:
@ — RHAMarHUTHLI CHTHAN M TOK B NUiasme; 0 — H3MeHeHHe BO BpeMe-
#u Beanuniip nT B ¢asze HarpeBa TOKOM B 3aBHCHMOCTH OT BEJHYUHBI
yRepiKHBAIOUIEr0 MarHuTHOFO MNOJd, W3MEPEHHOro B MecTe, rae pacmno-
AoxKeH auaMaruuTaui song, IlnotHocTs naasmul o= 5+ 102 gacruyjcm’.
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pHiBajIcst TOK H Npekpautajcs HarpeB. CpaBHeHHE OCUHAJIOTPAMM TOK2 M AHa«
MAarHHTHOTO CHrHaJta (puc. 5, a) moKasniBaer, 4To maasMa c I, = 102 38
yAepKHBa/lacb B JIOBYLIKe NOC/He TNpeKpalleHHsi HarpeBa ellie ‘B TeYeHHe
~ 10-5 cex, 4TO MpeBHIIAET KaK BPeMs TOPOMAaNbHOro Apeitda, Tak U Bpems
GomoBckoit auddysun. C ysenuueHHeM YAePKHUBAIOIIEr0 MATCHHUTHOrO MO

n
{puc, 5,6) Bo3pacrana y Beaumunua nle [lpu sTOM 3HaveHHs P= H2 pon

8n
JOCTHra/y BeJHUHHB =~ [Q~!, & K. M. j., HarpeBa COCTaBJAJ HECKOJbKQ MpO-
LeHTOB,

2, TypGyJieHTHbI Harpes Maasmol

B 3ePKaJbHbIX JOBYLIKAaX

M H3yueHHe TOKOBbIX HeycToifiunBoOCTE#
B CHJbHBIX 3JEKTPHYECKHX MOJSAX

Brepsole TypGyJieHTHBII HarpeB IUIa3Mbl TOKOM B 3epKajJbLHOM JIOBYIIKe
nabmoaancs B MAD, B paabHeiileM 3TO siBleHHe HCCAeN0BaNoCh B paboTax
psiia aBTOPOB, B THMHYHBIX YCJOBHSX ONMbLITOB B MarHHTHble MPOGKH JIOBYLIKHM
TIOMELLA/IHCh TUTAHOBLIE MHMKEKTODH!, KOTODBiE 3aMOJIHSJH JIOBYLIKY BBICOKOHO-
HU30BaHHON Nia3Moit, UHXKeKTOphl 0HOBPEMEHHO BHIMOJHAIN POJIb 3JEKTPOJOB,
C TIOMOLIbID KOTOPHIX B MJ1asMe CO34aBajicsi TOK BJONb MArHUTHOTO MOJA.
Bui6Hpass MOMEHT BKJ/IOUEHHS TOKAa OTHOCHTENbHO BpeMeHH cpaGaTbiBaHHs
HHXKEKTOPOB, MOXHO O6hlI0 Ha6aiogaTh HEyCTOMYMBOCTH TOKa IIpH Pa3HBIX
YC/IOBUAX 3aMOJIHEHHA JIOBYIIKH mia3Moil. Tak, npH Majoft 3afilepiKKe JIOBYIIKa
Gbl1a HEPAaBHOMEPHO 3amoOJIHeHa OTHOCHTENPHO pPeNKOH MIa3Mofi, MJAOTHOCTh
KOTOPOi €O BpeMeHeM ObICTPO yBenHuHaach. [IpH GOABIIHX 3afepXKKax MAOTHaR
nuiasMa paBHOMEPHO 3aMOJHAJA BCIO JIOBYIUKY. JIHanma3oH KOHUEHTPAalHH Maa3-
Mbl O6bIYHO cocTaBasd mo 1012—2. 108 cm—3, cuna Toka mocrurana 5—20 «a
NpH pajHyce IJIa3MeHHOro croiba ot 3 cm 1o 4,5 cu. HanpskeHHOCTb MarHuT-
HOTO TOJISl B cpeHeit YacTH NMPOGKOTPOHAa M3MeHsNach OT 2 K3 X0 22 K3 mpu
npoGouHoMm oTHoweHuH 2. PaccTosiHHe MexkAy MarHHTHHIMH NPOGKaMH COCTaB-
JsJI0 B pPasHHX JKcmepuMeHTax | —2 M,

Ha puc. 6 nokasanbl OCHHJ/JIOrpaMMbI HaNpPSXKEHHS, TOKA H JHAMaTHHTHOTO
abdexTa miasmel, cHsTole Ha ycraHoske TH-4 MAD, a Takxe paccuHTaHHbIE
SHAueHHs MOILHOCTH pa3paAfa ¥ KodpdHUHEHTa MOJE3HOTO JeiiCTBHS TypGyneHr-
HOrO HarpeBa B pa3Hble MOMEHTH BpeMeHH. 3iecb XapaKTepeH OuYeHb GBICTPHIR
Harpes MJasMbl: ecld KPHBYIO CHrHaJa AMAMarHHTHOrO 30HAA NEPecyuTaTth C
y4eTOM HaBJIeHHs] MAarHHTHOTO NMOJs TOKA, TO GyldeT BHAHO, YTO HArpeB MJa3MLI
NpaKTHYeCKH 3aKaHYMBaeTcs 3a BpeMst oKoao 0,5 mxcex, T. €. NMPHOJIHIUTENBHO
TOrAa, KOrAa TOK HOCTHraeT MaKCHMMaJbHOro 3Hauenus. C 3THM CBSi3aHO yMeHb-
LIeHHe K. M. . HarpesBa, Tak KAaK TOK, -JOCTHFHYB MaKCHMyMa, I[epecTaer
HarpeBaTh I1a3My, 3HeprHsi, OCTaBUIasicd K 3TOMY BPEMeHH B KOHIEHCATOpe,
nepecTaer NepefaBaThCsl MJIa3Me H cpelHee 3HAaueHHe K. M. X. Harpesa Mnajgaer.
OTMeTHM, YTO MAKCHMAaJbHO JOCTHraeMas BeJHYMHA AaBJIEHHS IVIa3Mbl B Pa3HbIX
yCJOBHSIX SKCIIePHMEHTa MOXeT GbiTb MeHbllle, PaBHOA HJH GoJblle MaKCHMab-
HOrO 3HAYeHHs MNABJEHHST MACHHTHOrO MOJs TOKA .Ha FPaHHUE IJ1a3MEHHOro
cT10d6a. Puc. 6 otHocuTeA K cayualo, KOrAa 35TH RaBjeHHS NPHGIM3UTENBHO
paBHbl, M3MepeHusi MoKasafH, YTO HAarpeB INIa3Mbl PacTeT C yBelHYEHHEM Mar-
HHTHOTO MOJIfl JIOBYWIKH, a Npu 3HaueHusx H Goavwmnx 10 9 caa6o sasucut
OT MarHHTHOTrO MOJS.

Bbliy onHCayBl 3KCIepHMEeHTbl MO TYPOYJIEHTHOMY HAarpeBy B NPOGKOTPOHe,
rie npeaBapHTeJbHas IVia3Ma TOTOBHJIACh NMEHHHHTOBCKHM pa3piioM MeXAy
aJIOMHHHUEBbIMH 3JEKTPOAaMH, NOMCLIEHHBIMH B MarHHTHbIX npo6kax. KoHuenr-
pauus naasMul Guita okoso 2+ 10'2 cu— u Maso u3MeHsnach B mpolecce npoTe-
KaHMS TOKa yYepe3 MJa3Mmy. ABTopaMu GblI OGHApyMeH CHJBHBI GecCTO/IKHOBH-
TeJbHBIH HarpeB maa3Mmel 10 nT~:10'% 36 cx—3 3a BpeMs MopsnKa 1 mKcex v yxoa
ropaveil IVIa3Mbl U3 JOBYWKH 3@ BpeMs, CPAaBHHMOE ¢ BPEMEHEM KYJIOHOBCKOrO
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paccesHns 51ekTpoHoB. Ha puc. 7 moxkasaHs! OCHHIOrPaMMH NHAMATHHUTHOIO
SOHAA MpH PasHBIX HaNpsKeHHAX pa3paga. BuuHcnenHas Temmepartypa saek-
TPOHOB M3 BEJHYHMHB NaBJeHHA IIa3Mbl M0 H3MEPEHHOH MJIOTHOCTH YAOBJETBO-
PHTENIBHO COBMAJsa ¢ ONpPeJeqeHHO MO KeCTKOCTH PEHTTEHOBCKOrO H3JyYeHHst H
okasanach 10—20 x3s8. IIpoBoanauch HccaeROBaHHA TYPOYJNeHTHOr0O Harpesa
nAa3Mbl TOKOM H H3yueHue YCTOHUMBOCTH B XOPOIIHX BaKYYMHBIX YCJIOBHAX.
Ipeasapuresbnad miasMa NpPUrOTOBJANACh THTAHOBHIM HHXXEKTODOM, Pacnoso-

gﬂ’: ’
25

1,k

0 05 1,0 15 20 ¢, mxcex

Puc. 6. PesynbraTel uaMepenust # 06paGOTKH NaHHBIX OIMbl«
Ta Mo TypOyJeHTHOMY HarpeBy JeATepHeBOA nJaasMb B
sepKanbHOil NoBymike TH-4 pauxolt 2 M, NpoGOYHBIM OT-
HowenHeM 2,6, HaMPA’KEHHOCTbIO MarHMUTHOTO NOJIA B LIGHT-
pe 2,9 k3 u paguycom naasmeHHoro cronda 3 cam.

ITo ocu aGecuuce OTJIOKEHO BpeMsi C MOMEHTa BKJiOYe-
HHUA HampsikeHHst Vp Ha maasmy, | — ToK, mpotekamowuit
yepe3 NJasMy_ €y — HHTerpaj OT HanpsKEHHs Ha auamar-
HUTHOM 30HIe, 10 KOTOPOMY BLIUHC/AEHO AasveHHe nl nia3s
Mbl NOc/Ie NMpeKpallleHHst ToKa.

P =1V,p MouwHoCTb, & — MTHOBERHOE 3HadeHAE
K. IL A. HarpeBa, BbluHC/IeHHOe MO ey, Vpp u 1. Ycnosus
onbita: n = 2-10"% cx=3, emKocTb npAMOro paspsaza

0,2 mxeh, HampsiKeHHe Ha uHXKeKTOpe 18 k6.

JKeHHHM B PafioHe MarHUTHON MPOGKH, a TOK NMPOMyCKaJcs BAOJb OCH TpoGKo-
TpOHa MEXIY HHXKEKTODOM U XODPOIIO 06e3rakeHHhIM SJEKTPOLOM, HaXOAAULHM-
cs B apyroit mnpob6ke. KonueHTpauus naasMel MeHssiacb or 5-10'2 cu=3 pgo
210" cu-3, Hanpsaxenue paspana gocturaio 100 k6, a TOK He NpeBHINaA
3—5 xa. Gopma OCUUANOrPaMMBl TOKA B IJia3Me OGHIYHO HOCHJA anepHogHde-
ckuit xapaxrep. Habaonancs Harpes miasMbl RO SIBJEHHSI HECKOABKHX €QHHHI
na 10! 3g-cm-3, n onpeneneHHas TO PEHTTEHOBCKOMY CHEKTPY TeMmeparypa
an1eKTpoHOB okaszanac 30—40 x38. ABTOPH CYHTAIOT, UTO NMPA BHICOKOM BaKyy-
Me, KOrAa MMeloTCs aXcopOHpYIOLlHEe ra3 CTEHKH, KOHIUEHTpAauus XOJOAHOI
naasMbel nocse TypGyJeHTHOro HarpeBa Mana (Medee 10%), HO Moxer OwTh
CPABHHMOM WM AaXke MpeBbllraTh B 5—10 pa3 KOHUEHTpauMio ropsiueit MIasMbl,
ec/ay BaKyyM HELOCTaTOYHO BbicOK. XOJIOAHaA MIa3Ma o6pa3yercsi B peayJbTare
MOHH3aUUH OCTaToyHOro rasa. [Ipu GOJBUIMX MaCHHTHHIX mOAsAX (OKoao 5 K3)
HaGJonancsl CHJLHLIA HarpeB HOHOB (X0 5 k38).

Ipu uccnenosanun wymos npu TypOY/NEHTHOM HarpeBe MIa3Mbl B NMPoGKo-
TpoHe Obl10 NMOKA3aHO, YTO YPOBEHb IIYMOB Ha IJIa3MEeHHOM 4acToTe Ha 6—8
NOPSIAKOB BEJIMYHHb NPEBLIIAeT TEINIOBOi YPOBeHb, a OTHOIIEHHE SHEPTHH Iy-
moB kK nT pocruraer 10-'—10—2 B paGoTe CONOCTaBNECHO pacnpefefeHne
IIYMOB H 3JEKTPHYECKOTO MOJIS BAOAb OCH J0BYWKH. [Tokasano, 4To MHTeHCHB--
HOCTb LIYMOB Bbllle B 06/acTH GOMBIUIMX HaNpsiKEHHOCTeH 3/1eKTPHIECKOro moas
B I1a3me.

Hurepecusie paGoThl Mo’ TOKOBLIM HEyCTOHUHBOCTAM BuinofHenn B XOTH.
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3nech HCCNEI0BAIOCH TAABHLIM 06pa30M ABJICHHE y6eraHm1 3JIEKTPOHOB B CHJIbe
HOTOYHBIX pa3psiiax B OLHOPOAHLIX MAarHHTHLIX MOJIAX NPH 60IbLIHX HanpsaxeH-

Puc. 7. OcunanorpaMmbl MoKasa-
HHA JMAaMarHUTHOTO 30H1a, W3-
MepsAIoulero  MAarHHUTHbIA  TOTOK
AH, BuiTecHeHHbI1 H3 NJAa3Mbl.
Bepxuuit ayy — AH (anamarse-
Tit3M OTBEYAET OTKJIOHENHIO Jyua
BBEPX), HHXHHUIl — MPOH3IBOLHASA
70Ka pa3psia Mo BpeMmeHu. Pu-
CYHOK @ — HamnpsiKeHue lia eM-
xoeTH npsMoro paspsja 12 ks,
b — 16 k8, ¢ — 18 k8, d —
20 x6. JlaHnble yCTaHOBKH: AHa-
umerp naasmbi 8 cm, Aauna 1 4,
H =4 K3, npob6ounoe CFHOLIe-
nue 1,5, eMKocTb 2 MK, naoT-
HocTh Mnasmul 2- 102 ca3, pau-
1eAbHOCTb  MOJNYNEPHOAA  TOKA
5 mKcex,

30

HOCTAX 3JIEKTPHYECKOTO [OJA B NjasMe.
B atHx paborax SKCnepHMEHTaJbHO HCCIe-
JOBAJIOCh B3aHMOJEACTBHE ILIOTHOrO No-
TOKa y6eralowux anekTponos (15 xafcm?)
¢ MIasMoii B YCJOBHAX NPAMOJHHEHRHOro
rasoBoro paspsiia (paccCTOsHHe  Memnv
3jieKTpoaamu 25 ca), CTaGUIH3UPOBAHHOTO
CHAbHBIM (10 15 X9) OXHOPOAMBIM MarHuT-
uboiM noseM. IloToku yderaioutux 3JaCKTpPO-
HOB CO3RaBaJIHChb B NJa3Me € IJOTHOCTLIO
1014—10!5 ca—3 3a cuer, GOJLLIHX 3JeK-
TpHyeckux noseir (mo 800 &/cat), mpesbi-
IIAIOIHX KPUTHYECKOE APEHCEpPOBCKOE 3Ha-
yenre. Kak mokasanuy MarHuTHbie 30HAOBLIE
u3MepeHus, yberaoulie 3JeKTPOHH o06pa-
3yIOTCs1 TOJLKO BGJH3M OCH CHCTEMYI, Fie
NJOTHOCTL TOKa O6JMM3Ka K KPHTHYECKOH.
JKcnepUMeHTabHO GbIO YCTAHOBJEHO, YTO
eCJIM JIEKTpPHYeCcKoe NoJie NpeBblIaeT KpH-
THYeCKOe 3HaueHue, TO B IyiaaMe pasBH-
BAeTCsl HeYyCTONYHBOCTD, CONMPOBOXKAAIONLas-
cs1 CPLIBOM TOKa yGeralouux 3/JeKTPOHOB H
CKauYKOOGDa3HLIM BO3HHKHOBEHHEM MHTCH-
CHBHOrO  MHKDPOBOJIHOBOFO  H3Jy4YeiH1,
MOILHOCTb KOTOPOr0 Ha HeCcKOJbKO NOopfi-
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Puc. 8. 3aBucHMocTh TOKa yGeramomux
anekTpoHaB ([/y), MOLLIHOCTH MHKpO-
BOJIHOBOFO  H3Jy4eHHst U3  IJ1a3Mbl
(Pus.s). conporusienns paspaza (z)
¥ 3aekTpoHHoil temnepatypnt (T o), H3-
MEepeHHOR MO PEHTr¢HOBCKOMY H3Jyue-
HUIO, OT HanpsiKeHHsi, NPHNOXKEHHOI0 K
PaspsAHOMY NPOMEKYTKY.
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Puc. 10. 3aBucuMocTb cpenHeR 3sHepruH
9/IEKTPOHOB M TOKa OT MJOTHOCTH N/a3Mul
B YCTaHOBKe &JIHHEMHbA GeTaTpoH».

KOB NPEBHIIIAET TEMIOBOE H3JyYeHHe U3 NAa3e
mbl (puc. 8). [lpu asrom wHaGmonanca pocr
COMNPOTHBJEHHA pa3psaja H MJias3ma Noraouiana
1o 189 sHepruuM BHELIHEro HCTOYHHKA.
HaGmoganoch Takke HHTEHCHBHOE DEHT-
FeHOBCKOE H3JyueHHe H3 MHULIeHH, NOMEeILeHHON
Y CTEeHKH Da3spaaHOf KaMepnl H PerHcTPHpPYiO-
Liefl MOTOK 3JIEKTPOHOB U3 MJIa3Mbl Kak B npo-
JONbHOM HanpaB/ieHUH MO OTHOLIEHHIO K BHEILl«

Puc. 9. OcumanorpamMs HeMy MarHHTHOMY MNOJIO, TaK M TNOMNEpeK Hero

a, 8 — npogosbHoro U (pHC. 9). AHaNU3 KPHBLIX MOTJIOLIEHHSI PEHTCE~

NONepeyHoro  PeHTreHoB-  HOBCKOIO H3Jy4eHHl B TOHKHX (oabrax nokas

CKOr0 H3JIyueHHs; € —  3aJ, 4YTO B MNpOUECCe PasBUTHA HEYCTOMYH-

MHKDOBOJIHOBOTO  H3Jyue- BOCTH JIEKTPOHHAsl TeMNepaTypa IIa3MH A0«

HAS M3 maasmel; d — TO<  CTHraeT HeCKOJMbKHX k38. IlpuTom onHoBpes

Ka yGeraoulix 3/1eKTpOs MEHHO H3MepeHHasi B MOTEPeYHOM H MPOAOJb-

HOB; e — o0llero paspsiis HOM HamnpaBJeHHAX I/MEKTPOHHAs TeMmeparypa

HOro TOKa, AMeeT NPHMePHO OAHHAKOBYIO BEJHUHHY. 3aBH«

CUMOCTH 3JIEKTPOHHOM TeMmepaTypui OT MpH-

JIOJKEHHOTO 3JIEKTPHYECKOrO M0/ H HA4aJIbHOTr o

JlaBJeHUsT MMeIoT moporoBuiff XxapakTep (puc. 8). Bo Bpema cyuecrsosanus

HeycTOfiunBocTH (3TO Bpemsi 1,5—2 MKcex) HaOmofaeTcsi 3HaYMTENbHBIA AHAs
MarHuTHbif 3 deKT.

C noMoILbI0 KOPNYCKYJSPHON AHArHOCTHYECKOR amnnapaTypsl GblI0 yCTas
HOBJIEHO, YTO BO BPEMsl Da3BHTHS1 HeYCTOMYUBOCTH H BO30OYXKIAEHHA BHICOKOYA<
CTOTHBIX KOMe6Ganuii B njasme HaGai01aI0TCS1 MOTOKH ObICTPbIX HOHOB, BblIETa«
IOUlHe BAOJb M MONEpPeK MariuTHOro noJs. Monsble NOTOKH BO3HHKAIOT TO/MLKO
TOTAa, KOr1a 3NeKTPUuecKoe NoJie He MeHbllle HEKOTOPOro MOpOroBoro 3HaueHHs.

Ha auneitnom Geratpone XOTH uzyuanoch YCKOPeHHe 3/1EKTPOHOB B MJa3e
Me, B KOTOPON CO3JalOTCsi BHXPEBble SJMeKTPHUeCKHe moast g0 1 xsfcm W mare
HHTHBIE DPOAOJLHBE moas Ao 5000 sper, [TnotHocts naasmbt 10! — 1013 cm—3,
JAJIMTENBHOCTh NOALepXKanua asjektpuueckoro noas 0,5 mxcex. Iloayder Tox
YCKOPeHHbLIX 5/1eKTPOHOB 10 500 @ npu mioTHOCTY ToKa n0 250 a/cm?, pacrymuit
C YBeJHYCHHCM MAOTHOCTH Nasmbl, CpefHss HCPTHs YCKOPEHHLIX I/MEKTPOHOB
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9aBHCHT OT IVIOTHOCTH NJasMK W HaXOXuTcR B mpefenax 15—40 xse npu non-
HOM NPHUJIOXKEHHOM HanpsikeHun 60 x8 (puc, 10). CmeKTp SHepruit saeKTPOHOB
pasmur. MaMepenne pacnpenenenns Toxa mo paauycy NokKasajo, YTO MakCh-
MaAbHas TJIOTHOCTb TOKA HAXOAMTCH HA OCH YCKOPUTEJbHOH KaMEphl, YTO yKa-
ShHIBAET HAa OTCYTCTBHE CKHH-3D(eKTa.

3. 3akaiouenue

B Hacrosiulee BpeMs SKCMepUMEHTaJbHO YCTaHOBJEHO, YTO NIPH NpOMycKa-
HHK Yepe3 IJIa3My TOKa MPOBOAMMOCTb MJIa3Mbl B U3BECTHBIX YC/AOBHAX CTaHO-
BUTCH aHOMAJbHO MaJoii H B Ija3Me NPH 3TOM BO30YyXIAOTCA HHTEHCUBHbIE
BbICOKOYACTOTHble KoOJe6GaHHusl, NJOTHOCTb 3HEPrHH KOTOpLIX JocTuraer 0,1—
0,01 or aT. Ilonysensas B 3THX YCJAOBHAX TypOyJeHTHas I[1a3Ma MMeeT
BHICOKYIO SJIEKTPOHHYIO M HOHHYIO TeMmepaTypy, KoTopas He MOXeT ObiTh
ROCTHIHYTa 3a TO € BPeMsl NpH MapHbIX CTOJKHOBEHHSX.

COBOKYNHOCTb STHX fiBJIEHHI1 BO3MOXHO CONOCTaBATb C HEJHHERHON TeopH-
et TOKOBLIX HEYCTONYMBOCTe:dl, COTJIacHO KOTOPOfi TOK B IJla3Me HeyCTOiuuB,
€CllH TOKOBasi CKOPOCTb NpeBbilllaeT HEKOTOpOe KpHUTHUecKoe 3Hauenue. [Toporo-
Bbifi Xapakrep ABJEHH NOATBEPXKJaeTcsd IKCHepuMeHTadbHO. Takike coorser-
CTBYIOT H3MepEeHHSM TeOpeTHYeCKHe OUEHKH NPOBOAHMOCTH miasMbl. Onxako
GoJiee NOJHOe KOJHYECTBEHHOE COMOCTaBJIEHHE TEOPUH U SKCMepUMeHTa 3aTPyA-
HEHO M3-3a HeNOCTaTKa ONLITHLIX XaHHbIX. Heo6xoaumo Gonee mompo6BO Hcchae-
JOBATb CNEKTP KoJeGaHHil Naa3Mbl, H3MEPHTb KPHTHYECKHE TOKOBbie CKOPOCTU
SJEKTPOHOB, SJIEKTPOHHbIe H HOHHble (QYHKIHUH paclpeieNeHus.

HccaenoBanust TOKOBBIX HEyCTOHUMBOCTeH M TYpGOYyJeEHTHOro HarpeBa npen-
CTaBJASAIOT HHTEPEC C TOYKH 3DEHHs NOJIyYeHHS TepMmosjepHOi naasmbl. TypOy-
JNEeHTHHI HarpeB ¢ Goabwioll 3(h(EKTHBHOCTBIO NPH BLICOKMX TeMneparypax
ROJDKEH 3aMeHHTb OGBIUHBLI MIKOY/eB HAarpeB B TeX caydasix, Korna tpebyercs
Harperb NJ1a3My J0 BBICOKMX TeMmmepaTyp. Bmecte € TeM BcecTopoHHee uccie-
RoOBaHMe KOMILIEKCa SiBJIeHHH, NpPOHCXOAsWMX npH TypOyJeHTHOM Harpese,
npeAcTaBjsier GOMBINYIO HayYHYIO LeHHOCTb A Pa3BUTUSI (PH3HKH BLICOKOTEM-
nepaTypHofi naasmbl. TypOyseHTHuIl Harpes — mepBblii NpHMep NpHMEHEHHs
TYpOYJNEHTHOCTH INIa3Mhl AJs1 NPaKTHYECKHX 3ajauy.
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6 xom. HUuaekc

70072
JOPOTrHE TOBAPHIIH!
MMOCTAPAMTECb CBOEBPEMEHHO
BBITTUCATDb HA 1968 IOl
CEPUIO HAYYHO-TIONYJAAPHbBIX BPOLIIOP
«@PU3UKA, ACTPOHOMMUS»
Hnudexc 70072

Cepusi 3HAKOMHT uuTaTeleil ¢ HOBEHIIMMH MOCTHKEHHAMH B
o6snacTH (H3HKH, aCTPOHOMHH M TONPAHHYHBIX C HUMH HayKk.

B 1968 rony noamuCYMKHM TmoJyyaT CaeayloLiue
6polIopHI:

ApuumosBuu JI. A, akanemux.

Jeuscenue 3apaNeHHbIX 4ACTUY.

F'y6anos A U, nokr. ¢pus.-Mar. Hayk.

JaexTpoHKble caoilcTéa Tea.

FypeBuu JI. 3., nokr. pus.-Mar. Hayk.

Ob6wan Teopus OTHOCUTEAbHOCTU 68 (pu3uwecKol Kapruwe
mupa.

Cmopomunckuii fl. A, HoKT. pH3.-MaT. HAyK.

Hogbte OatiHble 06 316MEHTAPHLIX 4ACTUYAX.

CoxoanoB A A, HOKT. pus.-MaT. HayK.

CuHXpOTPOHHOE U3AY4eHUe U KBAHKTOBAA MEXAHUKQ.

®pank U M, ur-kopp. AH CCCP.

PDusuxa A0pa u ATOMHAA IHEPeus.

®puwm C. 3, uwi-kopp. AH CCCP.

Cospemennas onruxa.

IMe6anun O. [, kaHx. ¢us.-MaT. HayK.

dusuxa scudkocred.

Meaxur K. H., ur-kopp. AH CCCP.

Bspuoisst.

Peseps — 2 6polmopel.

12 Gpounop B roa cpeaHumM oGbemoM 48 cTp.

MopnucHasa nnata HA 12 Mec. — 1| py6. 08 xom.

B karanore «Coloaneuaru» cepusn «Puauka, acTpoHOMHA»
pacinojoxena B pasgene «HayyHo-mony/ispHble XypHaJbl» 1o
py6pukofi «Bpounopsl agarenbcTBa «3HaHHE».

[Mognucka npuHHMaeTca OGILECTBEHHBLIMH PACNpPOCTPAHHTEIIN-
MU TleyaTH MO MecTy paboThl M yueObl, a TakXKe B IIyHKTax 1101-
NUCKH M areHTcTBax «Coloo3ncuaTHy, OTAEeHHSX CBA3H H 10U-
Tamrax.

U3IATEJIBCTBO «3HAHMHE»



