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‘. BBEJIEHUE

Qusnvyeckne 00LEKTH, B KOTOPHIX WMEET MECTO KOJJEKTHBHOE B3aMMO-
IelCTBYe 2JeKTPOAHOIO IyYKa € IJIa3MOH WIH, 10 KpafiHell Mepe, CYmecTByIoT
YCIOBHA [AJS TAKOTO B3aUMOAENCTBUSA, CTOJNBH K€ PACTPOCTPAHEHH, KaK H
pasnoobpasusl. Cpenu HEX U JXYra HUBKOTO JABIEHUS ¢ HAKAJICHHEIM KaTOLOM,
7 BBICOKOBOJLTHEIA TJEONMH paspaf, W HONAPHEE CUAHHA atMocdepr, H
nrasma, o0pasyiomascAa B Iponecce DJIeKTPOHHO-IYIeBOH o06paboTkm Marte-
puasnoB (Opy NIapKe, cBapKe). DLiABNUTa0TCH NPENIOKENNS U NpefupHunMa-
JOTCA YCIeNIHBe TONBTKY OCO3HAHHO NCIOIB30BATE 3TO IBJEHNE B PA3IUIHBIX ITe-
AfX: JAA CO3JIAHWA TJIa3MH B INIa3MO-XWMHUYECKHX PEAKTOPax, B MOHHBIX
HMCTOYHUKAX, OPN 8KTHBHHX dKCIEPUMEHTAaX B KOCMOCE, LIS TeHePANAA MUKPO-
BONHOBOTO 3JEKTPOMArHUTHOTO H3JIY9eHUsA, A5 Harpesa naasmul. CoBep-
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MedEO HeYAABHTENBHO, UTO CHCTEMA <(3NEKTPOHHBIA HYI0K — IJIa3Ma» BOT
yi;Ke CBHIOE HATURECATH JieT OpHBJIeKaeT K cefe HeocnabeBalomee BHAMAHHE.

Ho B memenpmeit CremeHu unaTegec K 3PPertaM HYIKOBO-IIA3ZMEHHOTO
B3aOMOJEHCTBEA 06YCIOBIEH TeM, 9T0 OHH OTPaKaiT GyHAAMEHTaIbHbIE CBOIT-
crBa wia3Mel. OcoGeHHO ciefyeT OTMETATH 00MINe B3aUMOCBA3AHHEIX, BOOOITe
rOBOPSA,HOYCTOMINBOCTEH W HEJMHEHHKHX Koje0aHwil, BOBMOKHHX B ILTa3MeH-
HO-IYYKOBOH CHCTEMe.

HazoBem mpesxme Bcero serko BoO30ysKIaeMEeEe BEICOKOIACTOTHEIE DIIEK-
TpoHHse BeTBM KoJelbamHmi !, (QcymecTBisAeTcs TaKMke IYIKOBAA PacKAUKa
PasaMYHOTO BUJA HHU3KOYACTOTHHIX BOBMYyI(eHHA ¢ yiactmeM wmouos 2. llpn
AOCTAaTOYHO BHICOKOM YPOBHE BJEKTPOHHHIX JIGHTMIOPOBCKUX KOJe0aHUH MOTYT
OKA3aThCA CYMIECTBEHHHIMA INPONECCH B3aUMONEACTBMA BOXH (pacmajg uX,
MOT Y. IANUOHHAA HEYCTONIHBOCTE, KOJLTAIC 3-5), TaKske HpoTeKAIONIHe C yIacTHeM
moHOB W o0ecmeduBaiomue, B YaCTHOCTH, OJMH M3 KAHAJOB AHCCHOANKH BHI-
COK0o4acTOTHHX BoaH. Ecam k aromy n06aBdTH, 9T0 BOBHEKHOBeHHWE KOJJICK-
TABHHX HOJIe B cpPefe ¢ HEBHICOKOH CTeNeHLI0 MOHW3ANMUM COIPOBOKIAETCA
eme ¥ rasopaspanEbME asdpdertamMm®, TO cTaHeT SICHO, HACKOJABKO TPYILHBIM
ABJASAETCA CO37aHHe BCeOOBEMIOMEX eNWHHX Npe[CTaBlIeHHHA 00 dIEKTPOH-
HO-IIy9K0BOI niasme. Hak 1 co MEOrAMHE APYyTAME COKHBIME CHCTEMAMH, 36Ch,
B OCHOBHOM, IIOKa HPHXOJETCS JOBOJBCTBOBATHCA BHIBOJAMH, BHTEKaIOIMEMHA
¥3 13y9YeHHA TOTO0 HJIHW HHOrO W3 HEePEYHCIEHHEHX IPOEeCCOB W30JIUPOBAHHO
OT OCTAJbHHIX.

PaccmarpusaeMiie HIKe BEICOKOTACTOTHRS TBUKEHNS I6KTPOHOB B ILIa3-
Me ¢ HIYIKOM — B 3TOM CMHCIe He HCKI0IeHEne. MoKHO, ONHAaKO, BHPA3UThH
YBEPEHHOCTD, 4T0 HHEYOPMATINA 00 OCHOBHHX CBOMCTBAX HOIMHEHHHKIX JIeKTPOH-
HHX BOJH He00X0JnMa MJ1A OPAaBHABHOIO MOHAMAHHA BCETO KOMILIEKCA ABIe-
HUA KaK B IEKTPOHHO-OYIKOBOH miasMe, TAK W B HOHHO-IYYKOBHIX CHCTe-
max ‘. G fApyroil cTopoHE, MHOrMe H3BECTHH® SKCISPHMEHTAJAbHHE (QAKTH
00BACHAITCA IBWKEHASM ONHOTO IHNIb PIEKTPOHHOTO KoMmmodenta. He cay-
9aiifHo BOEPBHE KOJJIEKTHBHOES HYYKOBO-IIA3MEHHOE B3aMMOJe#dcTBUE TIPOABH-
J0CE KaK Pa3 B BO3OY/KICHAN BHICOKOYACTOTHHX MAA3MEHHHX KomeGammix 811,

MexaumsM BO3OYKIGHUA 3IEKTPOHHHIX BOJH CTAJ MOHATHEIM HOCIe
OTKPHITHA IJIA3MEHHO-IYIKOBOH HeycTomumpocTm 2, 13, cruMyampoBaBmIero
o0MmApPHELIe TEOPETUISCKAE HACCIEHOBAHHSA B3aHMONCHCTBHA HMyYKa C IIa3MOH
B JUHEHHOM OPUOIM/KEHENA, A TAK/KE COOTBETCTBYIOMHE IKCIePUMEHTH. AHAaTN3
O yYEeHHBIX TPH 3TOM Pe3YJabTATOB COIEPIKUTCA B 0030pax m MoHorpadmsax
(cM. Hampmmep, 1, 14-18),

Hanpueiimuil ycoex B Pa3BUTHHM TEODHH peNAKCATHE NIYIKA B IIa3Me
OBl XOCTUTHYT OPF H3YYEHWNA OJHOA W3 PA3SHOBHIHOCTEH IIIa3MEeHHO-IYYKO-
BOI CHCTEMHI, a MMEHHO, IJAa3MH, COePIKAIEH HYyYOK ¢ MUPOKOH PyHKIUEH
pacupefenenns 3AeKTPoHOB o ckopocTaM. Ha ocHoBe mperncrasiennit 0 BO3-
Oy:KIGHUH B TAKO{ cmcTeMe GOJBMIOTO YHCAA BOJH C XaoTHIecKaMn ¢asaMu
Ona mMOCTPOeHA KBaszmiumHeiHas teopus 179 cormacHO KOTOpOi «ropb Ha
XBOCTE» CTIIaKeHHOR QyHKOEA pacHpedenenns f, (V) u3-3a BOBHEHCTBHEA MATHIX

Koaebanmi (f;< fy) ROKEH MOCTENeHHO PACIIUPATECA B CTOPOHY MAajHX CKO-
pocTel IO KOHEYHOrOo COCTOAHHA — COCTOAHHs ¢ «maator. B coorBercTBHm
¢ sBoIIONHEejt JpyERIUA pacmpeneseHHA HOJKeH PACHIEPATECA H CIEKTP BO3-
OY/KIeHHBIX BOJH.

OcHOBHHE BHBOIL KBASWIMHOAHON Teopuu OHAE SKCISPHEMEHTAJIBHO IOA-
TBeP/KAEHH B padoTe *°, B KOTOPOI IPEIUPAHAMATHACH CIIETAANBHBIO MEPHL, YTO-
OBl MHKEKTHPYEMHH B IIa3My NYYOK COCTOA] H3 3JIEKTPOHOB C HEIPEPHBHHM
pacupefeleHHeM IO CKODOCTAM B IMAPOKOM OMANA30HE 3HATEHUH.

Cnegyer, omHAKO, CKa3aTh, 4TO B YCJIOBUAX IOJABAAIOMEr0 IUCIA APYIBX
IKCHEePHEMEHTOB KBA3WJWHEAHAA TEODPUA He IPHMEHEMA W He JaeT 00bACHEHASA
BCell COBOKYIHOCTH HaOMIOKaeMEX PaKTOB, XOTA U OPESIPUHAMAIKCEH TOIHTKE
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ZATEPIPETHPOBATh OT/eIbIHbe Tannke Ha ee ocHoBe. CuTyanms sgeck mposc-
HATACH JIMOIL MOCIE TOr0, KAK B MAMMHEHEX 21, 22 @ naGopartopHmx 2® axcuepn-
MeHTaX OBLIa YCTAHOBJEHA BaKHAA DPOJb upomecca $asoBoil GoKycmpoBKE
3JEKTPOHOB OHICTPOrO MOHODHEPTeTUYECKOr0 NOYYKA B LHIOTHBIE CIYCTKHL,

IMocaenywomue TeopeTHIeCKUE U SKCIEPUMEOHTAIBHEE UCCASTOBAHUS IIOKa-
34JIM, 4YTO MEJBIH pAJ HeJIMHEHHBIX CBOMCTB MIA3MEHHO-IYIKOBOH CUCTEMEI OI-
peneadercs TUAAMHUKON 3TUX 3aPSUKEHHBIX CTYCTKOB, HA3BAHHHIX ¢MAKPOYACTH-
maMm 2, B mose BO3GYKIACMOM UMH MOHOXPOMATHYECKOH BOJHEL.

Psan reopernuecKux acmexToB AUHAMAKH IYIKA B MOHOXPOMATHUIEGCKHX
WIA3MEHHEX BOJHAX ocBemeHn B o03ope ?°. B To e BpeMsA B3aUMOOTHOMEHUE
pPe3y:.IbTaTOB MHOTOUNCICHHBIX HKCIHEPUMEHTAJIBHEX U TEOPETHUECKHX HCCIe-
TOBAHIMA HOKA HE AHAJN3APOBANOCH.

B nacrosnreit crarbe QaHo cucTeMaTHdecKoe ommcamue 3dPexToB maas-
MEHHO-IIYIKOBOTO B3aMMOJIEHCTRUS, CBA3AHHKIX C BO30YIKICHUEM DPeryiIspPHBIX
IPOTOABHHX BOJH CTYCTKAME 3IEKTPOHOB. PaccMATPHBAIOTCA TOXLKO HEpela-
THBHCTCKNEG NOYIKH, HOOCKOJbKY OJHO3HAYHEE YKCUEPUMEHTAXbHEE [MAHHLIE
0 TPYOOHpPOBKEe B [Ia3Me LOJYYeHH MMEHHO ¢ TAKMMM LOydKamMu. B I
OLICHIBAIOTC DKCIEPUMEHTANbHEE (QAKTE, KOTOPHE, He NOJYyd4asa 0Jroe
BPEeMs YIOBJIETBOPHUTEIHLHOrO OOBACHOHHSA, CTUMYJIUPOBAJIM Pa3BUTHE Ipe[-
CTABJAGHUI O TPYNOHPOBKe uyuka B muasme. . 3 mocesmena sonmaM Bau
Hamnena 26, Bo3M0;KHOCTE 9THX BOJH B IZIA3M€ CBABHIBACTCH ¢ MOAYIHPOBAH-
HHMU NYYKAME °, W D03TOMY Helab3A 06ofTh BOmpoc 00 MX OTHOIMEHUW K BOJ-
HaM, OOBYHO HAOMWOEAeMbIM B ILIA3MEHHO-IYIKOBOH cucTeMe. JTOT PA3AEN
COBMECTHO C IVI. 4 MOHO PAcCMATPHBATH KAK BBEeHWE B TEOPHIO NPOIEcca
TPYNNUPOBKY NYIKA, CTANAOHAPHO MHKEKTAPYEMOro B unasMy (ra. 5). B ru. 6
HMPUBOJIATCA PE3YIAbTATH HPAMOH dKCIEePUMEHTAIBHOM IPOBEPKE TOH TEOPHI.
B ra. 7 u 8 peus uier o HenuHelHHX MOPHOAWICCKUX CTAMHONAPHEX BOJIHAX
Bepumreitna — 'puma — Kpyckana 27 (Boamax BT'R), 3 xotopmx cryctem
TaR/Ke UTPAIT BAKAYIO Poiab. CHerHaNbHOe BHUMAHNE YIEJEHO YCIOBUAM HX
Bo30ymaenus. llMeHHo BEIACHEHUEe DTHX YCIOBHH NO3BOJIMWIO JKCIEPHMEH-
TATHHO PEAJTH30BATh KBAZUCTAIMOHAPHEIE 3JIeKTpoHHbe BoaHe BIK 8, 2

2. XAPARTEPHERIE OCOBEEHHOCTHY BO3BYMIOEHNA BEIVIIUX
NIPOROJABHEIX BOJH B IUNTASME JJIEKTPOHHBIM IIVYKOM

PasmooGpasue 3ajmad, CBA3AHHHX € B3aEMOJefiCTBEEM BIEKTPOHHBIX
OYYKOB C ILIA3MOi, €CTECTBEHHO IPUBOJIO K MHOTOYUCIACHHKM dKCIePHMEHTAM,
Pa3INYAnMEMCA TaPaMeTPAMHA MJIA3ME W MYIKA, BeIWINHON BHEMIHHUX HOueH,
MAATHOCTHYECKIMA cpexcrBaMu u T. 1. TeM me Menee, CymecTByer pAj THONY-
HHX PAKTOB, MHOTOKPATHO IOBTOPAIMINXCS B ©3yueHHH X cucTeMax. Ha nocxen-
HeM OOCTO/ATEeNIHCTBE He BCOrJa AKOOHTHPYeTCs BHMMAHWe, HO HMEHHO 5TH
($aRTH, ¢ OHOM CTOPOHEHI, YRAZHBAIOT HA OOMHOCTH HPOLECCOB, IPOTERAIOTIAX
B IIUPOKOM [HANA30He IKCIEPMMEHTAJNBHHEIX YCJIOBHWiH, a ¢ APYro#,— ABIA-
I0TCHA IEPBHIM OPOOHHIM KaMHEM TEOPHH NJIa3MEHHO-IIYIKOBOTO B3amMopei-
crpusa. [lom rakmM yrioMm 3peHud ¥ ciaeqyeT BOCHPHHHMATEH MaTepual HACTOA-
mero SMOAPUIECKOTO Pasfiesa, KOTOPHE NOCBAMEH ONHCAHWIO (MAKPOCKOIW-
9ecKOW» KapTHHH OHYYKOBOTO BO30YKIOEHEA OGeTYIIHUX TPONOALHEIX BOJH.

a) JRcComepEMEeHTANBHHEe YCTAHOBKH, YCIOBHA,
mapaMmeTpH

Mepeancaum Haubomee CYMECTBEHHEE YCIOBHMA ILIA3MEHHO-IIYIKOBOTO
srcmepumenra (pmc. 1).

1)} Ilydor BBOguMTCH B IJIa3MY WM3BHE Yepe3 ee IPaHuUIly. B paAge yCTaHOBOK
nocpencrsoM CBY pesomaropa, 30HA3 WIH COUPANW HA NYY0K, BXONAUIHWI

3 VYoH, 1. 139, BuI. 2
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B ILIa3My, HAKIAJHBAETCH Manas Mopyiadmus. IIpm EMOYIBCHOH WHIKEKIHE
OYIKOB JIMTEILHOCTh MMIYJABCOB HAMHOTO IIPEBOCXOJHT BpeMsA Pa3BUTHUA
HEYCTOMTUBOCTH, IOITOMY YCJIOBHA ILTA3MEHHO-ITyTKOBOT0 B3AUMOREHCTBHA,
IO cymecTBy, TaKme jKe, KaK W OPH CTAI[MOHADHOM HMHKEKIMH IyuYKa.

2) Ily4ox B mIOCKOCTH MH;KERIUM MMeeT MaJbii Temao0Boil pasdpoc aiex-
TPOHOB IO CKOPOCTAM, T. ©. BHIOJHAETCSA cooTHOmenme Av/vy < 1, rme vo—
cpeJHAA CKOPOCTH DJIEKTPOHOB IyYKa, AV — HMHTEPBaJ, B KOTOPOM pacmpefe-
JIEHEl CKOPOCTH 3JAeKTPOHOB.

3) Ilmasma B obmacTu B3amMmojelicTeua cosfaerca aubo He3aBHCHMO
0T MydYKa KaKuM-HEOYIb paspsjgom, Au00 caMuM OYyYKOM.

4) Bo MHOrENX YCTaHOBKax NCIOJL3YeTCA BHEMIHee MArHUTHOE MoJe,
HANPABIEHHOEe BJ0JH ocH mydka. Hecmorps ma To, 9T0 B MarHHTHOM IOJe

Puc. 1. CxemMa YCTaHOBKM Iisd IJIa3MeHHO-IYYKOBOTO SKCHOPHMEHTA.

1 — BIIEKTPOHHAR OYMmMKA, 2 — K Hacocy, § — CBY pesoHaTop AJA MORYIANUA NydKka, 4 — BBOJ CB4Y
MOIIHOCTH, 5§ — KAaHAN Hepenafa fAaBJeHWdA, 6 — IINa3MeHHAA KaMepa, 7 — INYYOK B muraame, & — BOHL,
9— KOJIEKTOP NyuKa, 10 — K npubopaM, aHAJMBUPYIOMNAM HolebaHUA.

KOJIMIECTBO BO3MOKHLX BeTBell Kojebanuil BOBPaCTaer, B Psijie CIydaek aBTOPH
MOTJE BHeNHTh 93QQeKTH, CBABAHHLE ¢ BO30y/KIeHneM Gerymux BIOAL DIYIKa
IporoabEEX BoxH. Hak Gyher BuiHO m3 JanbHefimero Marepuana, dTH dQQex-
TH, 00 CYMECTBY, HE OTAWIANTCSA 0T Habmaiogaemsx 6Ge3 MAarHWTHOYO MOMA.

5) IIpomepmnii 9epes MIasMy IYY0K HOHAJAeT Ha KOJJIEKTOP, OrPanuyH-
BAOINUH IPOTAKEHHOCTH 00/1aCTH B3aNMOfieiicTBrA. I13BecTHE aKTH CHILHOTO
BINAHWS KOIIeKTopa Ha KomebGamus 3°32, wro cBsA3aHo, B YacTHOCTH, CO
BTOPHEYHOHM DJIEKTPOHHON aMmccmedr 3%, Onnako B GOJBIMMHCTBE ONMCAHHBIX
HUKe 9KCIIePUMEHTOB HTO BIUAHUE, MO-BUAAMOMY, He3HaduTeIbHO. B miocko-
CTH KOJLIEKTOPA CTaHAaPTHHIMH MeTORaMH aHaAWBUPYeTcsa QyHKIuA pacupee-
JIeHUS DICKTPOHOB HMYYKAa IO IPOJOJBHEIM CKOPOCTSM.

Haubosee xapakTepHBEC JaHHbE PsAga paborT, B KOTOPHX Habaiofanuch
OMICHRAEMEE HIUKE «MAKpPOCKonmdeckme» sdierTs, oTpaykensl B Tabamme 1.
B uwactaocTu, B Heil OpuUBEeHH CBeleHUs, OTHOCANNECH K MIIIOCTPALUAM,
HCOOJB30BAHHEM B 0030pe. YRasamh TakKe 3HAYeHAA OapaMeTpoB, HMEIo-
MuX IPUENUOVAJLHOE 3HAYEHHE IIPY CONOCTABJEHMH TOTO WIM WHOTO DKCIe-

pumenta ¢ Teopuedr (Af/f, my/np, m Ap.).
) Croficrsa Bo3OyskpgaeMHX KounebaHUU

W3 1a6n. I MOKHO BUAETH, 9TO B COOTBETCTBHU C IMHPOKHM HHTEPBAIOM
mapaMeTpoB HUCCAEHOBABIIMXCA IJIA3MEHHO-IYIHOBHX CHETeM B Pa3HHX
9KCIIePEMEHTAX BaGIoamnch KoaeGanua ¢ CHIBHO PA3INIA0MAMECH, Boobme
rosops, dacroramm B mupokroi obmactn CBYU pmamaszoma (10°—10* MI'm).
B orcyTcTBUE MATHATHOTO IO s H3MEPEHHEE TaCTOTH Kone0annii 0Kas3bBal0TCA
GAMBKUME K HJA6KTPOHHOM IIA3MEHHOH 9acToTe B IIOJHOM COTJTACHH ¢ JUHEH-
HO#l Teopmeli MIa3MEHHO-MYYKoBoro paammofgeiicreua. CooTBETCTBEE 9YacTOT
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KoJgefaruil Gerymux BOJH C JAHEAHOH Teopuei 06HYHO 0TMETAETCA A B JKCIE~
PUMEHTaX, BHIIOJHEHHHX IPH HAJO/KeHUHM BHEMHEI0 MAaTHHTHOTO HOJA.
Baskueiimeit xapaKTepuCTHKOH BO36Y)KIaeMBIX BOJH SBAAETCA OPOCTPaAH-
CTBEHHOE pacupejleieHNe UX MHTEHCHBHOCTH. [IpM ZOCTATOYHOH TYBCTBHTENB-
HOCTU IPHeMHHKOB KOJe0aHWs MOMKHO BaperucTpupoBaTs BO BceM ofbeme
KaMephl B3amMOfeHCTBHs, a eCHd KaMmMepPa BHIIOJHEHA M3 JUDJIEKTPHKA, TO
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Puc. 2. 3aBucUMOCTH MHTEHCHBHOCTH OCHOBHOH M KPaTHHIX TapMOHHK (0TMeYEHEH Imcbganm)
OT PAcCTOAHUA 70 INTOCKOCTH MHMKeKIWH Iy9Ka B INasMy, HOoJYIeHHEE B paGorax %8 (a),
42 (6), 51 (e)’ 23 (a), 45 (a) u 48 (e)'

u BHE ee %%, 4, % OQnmako maMepeHUsA 30HIOM IOKA3AIH, 9TO Hanbojee WHTeR-
CHBHEE KOoNneGanus NPUHUMBIOTCS IPH BBEJCHNM 30HA2 B 06JIaCTH, IPOHU3HBA-
eMyI0 OyYKOM. 3a IpefieraMu Oy9YKa aMIIMTYOA CHTHAJA YMEHBINAGTCS HA
OOPANKY BeJUYAHEL 34,

Ha puc. 2 nmpuseneHo HECKOJIBKO IPUMEPOB AKCHAJBHOIO PACIpPCIeNeHus
MHTeHCHBHOCTN KOJe0aHWi, B3ATHX M3 PasHHX pabor. AHAJIOTMYHALE 3aBHACH-
CHMOCTH HOJYIeHH U B ADYTruX sKenepumentaX. HecMorps Ha orpoMuoe mopoft
pasIuyue B OKCHEPHUMEHTAJABHHIX ycaoBuax (cm. 1aéa. 1), st 3aBmcmmocra
XapaKTepH3yoTCs HAAWYEeM YeTKO BHPAKEHHOTO IJIABHOIO MAKCAMYMA —
30HH cuabHEX Konebauuit. Ha mpepmectsyiomem yuactre o6sramo Habmonaer-
Cfl YKCOOHeHIMAJIbHOE HAapacCTaHHe aMILIMTYHH C PACCTOSHEEM. 33 MaKCHMY-
MOM 7Ke XAPaKTep 3aTYXanus BOJHH CHALHO 33BUCHT OT KOHKPETHEIX dKCIe-
PEMEHTAALHEX ycaoBmil. B ogmmx caywasmx 34, 39-41, 80 amyymryna y6mBaer
OECTPO W MOHOTOHHO, KaK Ha puc. 2, 6—¢, B gpyrax 3, 43, 45, 5 ya yyacrre
craza nabaioaeTcs IOBTOPHLIH MakcuMym (puc. 2, a, d, ), HO C CYmECTBeEHO
MEHBIIMM BHAYEGHHEM aMIauTyasi. Har 05t 1O HE GHIIO, PE3YIbLTATH MHOKECTBA
u3Mepenuit (Io-BUANUMOMY, SIVHCTBEeHHLIM MCKJIOUEHUHEeM gBiseTcs pabota 55)
CBUETeNBCTBYIOT O CYMIECTBOBAHUM HA HEKOTOPOM PACCTOSHHN 0T MIOCKOCTH
BX0/]a UYIKA B NJIa3My JOKAJIM30BaHHOI 0061acTH HAam60Jee HHTEHCHBHBIX
KonebaEmit. JTO pPACCTOAHME B3aBHCHT OT HAPAMETPOB CHCTEMHI, BO3PACTas

3%
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HapameTps njiasMeEHO-

TIapaMmeTpsi 1939 r. 11 1959 r. 33 1959 r. 34 . 1960 r. 3% 1960 r. 36

JHEepPTHS  DIHEeKTPO- 20 20,6 40—120 8-104 << 3.108
HOB TIy49Ka, 3B
Tox nyura, A 0,02—0,1 0,034 10-3—5.10"2 1 (1—2)-10-3
Jmamerp mydxa, cM 0,5 0,3—0,5 0,5 0,2—0,4
Pop rasa, papnenme, | Hg5-10-3 | Hg 1,2.10-3| Hg 1.10-3 9-10-2 Ar, H,, N,
MM. PT. CT. 10~2—10-8
Yacrora BO3GYKE3- 1,5 0,7 0,75—1,5 2,7 2—3
eMHX KoNIeOaumil
fy ITn
IlnasmMengas =acTo-
ta, I'T'n
JNMeKTPOHHAA NAK-
JOTPOH. YaCTOTA,
I'Tx
OTHOCHTEeNBHAA IIO- 2-102 0,14 0,2
JIY IMPHHA CHeKT-
pa roJXeGanmii,
Aflf
Temneparypa mnaas- 2-8
MEHHHIX 2JIEKTpPO-
HOB, 5B
Otpomenne uaor- | 0,1—0,4 0,02—0,2 0,03
HOCTH TY9Ka K
MIOTHOCTH TjIa3-
MHL, hb/np
ITpoucXoKAeHNE a a 6 6 6
IIA3MH *¥*)
JIIRTeILHOCTD WM~ Cram. Cram, Crair. 2 Craim,.
nyabca, MKC
Citocob pEemei | Orcyrer- Orcytrer- Orcyrer- | 1) Oreyr- | Orcyrer-
MORYIAUY BYET ByeT BYeT CTBYET ByerT
2) Pesona-
TOPOM

¥

~ 0,65 ~ f 2,4 ~f
0 0

o
<
[

*) [TpuBejleR MMAMa30H NApPaMETPOB WAL MX cPefiHee 3HAYEHHe.
#*) a—OPUKATORHAA OGJAACTh AYIE ¢ HAKAJNOEHHM KaTofoM, 06— BcmoMoraTellb
I —Tia3Ma, BEITEKANMasds M3 BCIOMOTATEIBHOTO Pa3PAna B BAKYYM.

ITapameTpsi 1969 r. 42 1969 r. 43 1971 1. 44 1972 r. 45
dueprus anexTponos | (1—2).104 100—200 300—500 385
ny4ka, 3B
Tor myuka, A 0,1—1 (4—250).10-¢ 10-5—10~4 2-10-3
HMnamerp mydra, cM 1 0,6 0,6
Pop rasa, naBmenme MM. Ne H, Hg Ar
PT. CT. 4-10-2 1,5-10-% 10-3 5.10-4
Yactora BO30YRIAEMEIX 27—39 0,145 4 0,31
roneGammit f, I'T'n
Haaszmennras  4acTorTa, ~ f 0,19 ~f 0,28
I'To
JueKTpoHHEAH  OUKJIOT- 0 0,78 0,28 0,195
pon. wacrtora, I'Tx
OTHOoCcHTeNBbHAA  MOAY- 0,1 1,5-10-2 (Ges
MAPHHA CHEKTPA KO- MO YII.)
sneGanmii, Af/f ' , 3-107% (¢ Mop.)
Temmeparypa WJIa3MeH- i i1 4 8
HLIX 2JeRTpPOHOB, 2B
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HHH pa3pAx, co3[laBaeMHIl Ha MyTH IIy49Ka, B-—IJa3MEHHO-IIYYKOBHI paspAl,

Tabanmma I
MYYKOBHX DKCIIePHMEHTOB ¥)
119966351;:.3375 1963 r. 30 1965 r. 39 1967 r. 40 1967 r. 41 1969 r. 23
15-108 100 20—40 (1—1,5)-103 | 4-102—103 100—200
5—8 0,13 0,03—0,25 |(6—25)-10~3] 0,02—0,1 (3—30)-10-3
1 0,5 0,3 0,9 ~ 0,5
Bospyx Hg Hg H, He Ar
10-4¢—10-3 (1—2)-10-3| (0,2—1)-10-3 2,5-10—2 6.10—2 10-3—10-*
0,83 2 0,1—0,5 1,35 0,3—0,9 0,5—1,5
1,26 ~f ~ f 0,6—1,5 <f
2,6 0 0 0,5 1,1 0
0,06—0,1 0,15—0,2 ~ 0,08 0,15—0,2
(6es mopyana-
num)
40 3 10—25
0,1 0,15 0,07 0,04 0,01—0,1
B a a B r B
3,6 Cran, Cram. Cran. 3 Crai,
1) OtcyrerByer; Orcyrer- | Oreyrersyer | Oreyrer- 30BAOM 1) OtecyrcrByeT
2) cunmpaasio ByeT BYeT 2) PesoraTopoM

1973 r. 46, 47 1332 o P 1973 1. %0 1973 r. 51 1975 r. 52 1979 r. 83
100—500 100—1000 108 100 (2—10)- 103 14- 103
(0,5—8)-10-3 | << 3-10-2 0,02—0,1 10-3—10-3 | (2—60)-10~% | (2—20)-10-3
H, ?—ig He OA? Ar He, Ne
10-5 (2—8)-10-1 | 5-10-3—5.10-2| 40-*+—10-3 }7.10-5—5.10-* | (3—8)-10-2
0,1 0,71 0,2—1 1 1,5 .8
0.6 0,6—1 ~ f 1,3 1,03 f
2,6 0,5 0 0,56 0,94 0
7-10-2 0,3 0,1 L2.10-3 1,5-10-3
14 1—-8 3—4 4—6 =~ 0,7
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ITapaMeTphl 1969 r. 42 1969 r. 43 1971 r. 44 1972 r. 46

Ormomesuwe uxormoctu| 10-3—10-4 | 3.10-3—0,1 5.10-5 3,7.102
ny9Ka K IJXOTHOCTH
uNasMH, np/np

HponcxoxgeRNe NIa3ME r 6 B

Nanrensaocts mMnoyas-| 1,5—10 Cram. Cramg. Cram.
ca, MKc

Cnoco6 mmemmeit momgy-| OtcyreT- 3oHzOM 1) OrcyreTByer 3omOoM
qATAN BYyeT 2) Compansio

:‘,2 YB:)JIH‘IGHHGM SHEPrHM DYYKAa W YMEHBIIAACH C POCTOM €ro MIOTHOCTH 1,34
] 1.

Becema BamumiM cBoiicTBOM Kome0amHWil, OIpefelsONAM [OBeISHUE
CHCTEME! HA HeJMHEeHHON CTaJ(ul, ABISAETCA BHCOKAS CTEIeHD UX PEryIspPHOCTH
Hajke B OTCYTCTBHME MpENBAPUTENBHON Mopmyaanmm nydka. Har Bugao us
TabauiK, MONYyIMUPUHA U3-
MEPEHHHX TaCTOTHHX CHEK-
TpoB Af OOGBYHO HAMHOTO
MEHBIIe OCHOBHOH TaCTOTH,
0COGEHHO B 3KCIEPHMEHTax
co cnalbiM DYYKOM U He3a-
BUCHMO 06pasyeMoit miaas-
%58 260 262107y Moit. C yBeImdeHHmeM TJIOT-

HOCTH IIy9Ka, KOI7a KoJe-
75  GaHUA HAYWMHAIOT BAUATH HA

cpegnue mapaMeTpsl ILIAa3-
43  MB CHEKTD BECKOJBKO pac-
mupserca. Y CTAHOBJIEHO,

|
|
|
]
I
|

i I
PR T H N B B S

A, omy. ed
.
F
x

~
N
&

T 71— 4YTO IpU ITOM TeHepalusd
L L L ’ 0 41 42 13 44 55 goneGaHuil MOKOT IPOMCXO-
20 45 12 iy A7H gurs BCHTECKAMH, KOTOPHIe

P COOTBETCTBYIOT PAa3JIRIHEIM
mc. 3. IlpuMepH Y3KOro H UIMPOKOTO» CIERTPOB .
u3 paboTH %9 N BBONIONEA CHERTPA ¢ paccTosmmey b, BETBAM  HOYCTOMIUBOCTH,
ITyJoK 6e3 MpenBapUTETbHON MOLYJIANVN. T. €. ¢ TeUeHUEeM BPEMeHH
CBY  cmexrp usMeHger-
¢ %, %, Ocunnmorpaguposanue GOpMH BEICOKOYACTOTHOTO CHTHANA B BTHX
VCI0BHAX ¢ HMOCHEYIONMM KOPPEIANMOHHEIM AHAIU30M peajn3anuil mokasa-
710, 9T0 KOJIE6AHUA MOTYT OBITH MPECTABICHH YePOIYIOMUMHICST OTPE3KaMU KBa-
3WTapPMOHHIECKHUX QYHKIWA ¢ OTIMYAONMMICA YaCTOTaMy ¥ aMmmiantyxamu 80,
IInuTeIsHOCTH HEKOTOPHIX KBABUTaPMOHUYECKHUX I[YTOB JOCTHUTAIT MHOIHUX
JECATKOB mepunomos 47 61,

Eme 6oxee peryaspusle KonebaHnsa Bo30y:RIA0OTCA B IJiasMe Ipu ciaaboi
MOAYJANUNI ITYYKA MOHOXPOMAaTHYECKUM cHruasoM. Kenau aMOoianTyna Mogyid-
N JOCTATOYHO BEINKA, TO B CHCTEME OCTAIOTCH KOJe0aHusa TOAbKO ¢ HABA3AH-
ot uacroroit 82-%. Honefanuusa ¢ {pyruMm| 4acToTaMy MOAABJIAIOTCAH.

Hexroropoe upejcraBienne 0 YaCTOTHHIX CIIEKTPAX B INIA3MEHHO-UYIKOBOH
cucTeMe W UX 9BOJIOIUHA ¢ PACCTOSHUEM [AOT HpUMEPH HA puc. 3.

Haxonen, neo6x0iuM0 OTMETHTDH HEJNHHEHHOCTH BO30YKIAEMBIX PeryJasap-
HHX Koxebannit. Eme B paGote %° oTMe4anoch HaquYKe B UX 9aCTOTHOM CHEKTDe
KPATHBIX BLICIIHX TapMOHUK. Bricimime rapMonuky Habmaofainchk saTeM i B Ipy-
rax sKcIepuMenTtax (CM. Hampumep 23, 38, 44, 46, 47)  Jlerannuoe uccaenoBanue
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Npomonxenme Tabu. I

1973 r. 26,97 | 1378 100 1973 1. 50 1973 r. 51 1975 r. 52 1979 r. 53
5.10-4—10-2 | 10-3—10-2 10-2 10-4¢—10-3 | 10-3—2.10-2
r T B 6 r 6
Cram. Crar,. Crai. Cram. 3 1,5—10
OrcyTcTByer 3oHm0M 1) Orcyrersyer] Otcyrer- | Pesomaropom | He yxasam
2) PezoraTopom ByeT

MOBeJeHNA TAPMOHHK HIpOBefeHo B paforax 1, 48, 51 88 JI5 mpemcraBienmEx
Ha pHC. 2 3aBHCHMOCTEH BUHO, 9TO BCE FAPMOHUKM MMEIOT MAKCHUMYM, PACIO-
JIOKeHHBIR TaM »Ke, I7le W MAKCHMYM IePBOH rapMOHHKH. YeM BLIIIe HOMEp
TAaPMOHUKH, TeM AaJblle HATWHAETCH e POCT. JTO YKABHBAET HA TO, YTO KOJe-
faHnA KpaTHHIX I'apMOHUK He BO3HMKAIOT HA BXOJe Hy9YKa, a PORKIANTCA Ha
HEKOTOPOM PACCTOAFHME B HPOIecce ILIa3MEHHO-IYIKOBOTO B3amMMOJEHCTBHA.

B)IdBononua (YHKOUHN pacupefeldeHHds
PIEKTPOHOB MY9IKa

JpyruM BeCbMa XapPaKTEePHHIM OPOSBICHUEM BO3OYMKICHUA IMYIKOM IPO-
JONBHHIX BOJIH B IJIa3Me ABJIAETCA CHIBHOE PasMbiTHe QYHRIAHK pacupeleaenuns
DIEKTPOHOB IIyYKA HO CKOPOCTAM B YCJOBHAX, KOTJIa IAaPHLIE CTOJKHOBEHNT
HACTONBKO PeJKHU, UTO He JOJKHH CYMECTBEHHO BAMATEL Ha ny4ok. M moxa
rosopuM o QYHKINH pacOopedeseHus, YCPEMHEHHOH 32 BpemeHa Goublume He

{ x 1/4)

Puc. 4. HopmupoBaHHEIE ycpen-
HeHHHE QYHKOUU pacupepeseBns

BIAEeKTPOHOB IoyJ9Ka 1o SHepru- 5

M.
VizMepeHH Ha paccTOAHMM 28 cM oT 0 S 1 J
OYIIKA OpY Pa3iWYHEIX 3HAYEHAAX 1500
“TOKA HyYKa Ih (MA) — 2 (1),— myaz &36

10 (2),— 12 (3),— 16,6 MA (4) &
= 22(5). 2

TOJIBKO B CPABHEHHMH C IEPHMOJOM BEICOKOYACTOTHEIX KoJeHaHwmil, HO M ¢ AJu-
TeJAbHOCTHI0 OTACHbHBIX KBA3UIapPMOHWIECKHX LIYroB, O KOTODPHX pedhb ILIa
Beime. Ha paER#X sTamax mia3MeHHO-IYYKOBHX HCCAEHOBAPHAR B IIEIOM psAfle
PaboT OEIIM IONYUEHE! JAHHBIE TOJIBKO O TAKON, OTHOCUTENbHO JeTKO M3Mepse-
MO QyHKmuu pacupemeienus !1,34,37,40,42

B xauecTBe HIMTIOCTPANNN XAPAKTEPa MSMEHEHMA yCpeIHeHHOH (YHRIUM
pacupefieleEnA ¢ PACCTOSHIEM IpuUBeleM PUC. 4, B3ATHE u3 paborn 0. Kax
0TMEYAIOT €6 aBTOPHI, YBeNWYeHNe TOKA MydKa dKBUBAJIEHTHO (B CMBICJIE BIHA-
HYA HA QYHKOMIO pacIpefeleHs) OTOMBUIAHMIO 30HAA-AHANMI3ATOPA OT MecTa
HHROKIUU NYyYKA B IJIa3MYy.



232 B. II. KOBAJIEHKO

Moo BHAETH, 9T0 HO Mepe PACHPOCTPaHeHHs B Iay0h TIa3Mbl MYYO0K
mepectaer OHTHh MOHOIHEPTETHYHHM. Pa3fpoc »1eKTPOHOB IO HPOTOJIBHEM
CKOPOCTAM 0CO0eHHO GHCTDPO BO3pacTaeT B 00JACTH MAKCHMYMA AKCHAIbHONR
3aBHCHMOCTH AMIIATYAH KojgeGanmii. 3a HuMm munpuHa QYHKOUE pacupefene-
HEA MOKeT ¢TaTh CPABHHMOM C HEBOSMYWMEHHO# CKOPOCTHI0 myuxa. Cyime-
CTBCHHBIM MOMEHTOM SIBJIAETCSA YCKOPEHUE YACTH BJIEKTPOHOB HYYKa. DIAEKTPO-
HH ¢ sHeprmsamu, B 1—1,5 pasa mpesnmarnmuMy HAYAJIBAYI, HAGIIOIAINCH
M B ApYyTHEX paboTax, B JACTHOCTH, C MCHOAb30BANAEM ONTAYECKOH MeToRnKH 875
88 ompepmeneHEHO He BHOCAWEH HUKAKAX BOSMYIIEHNH B HCCIEIYOMYIO CHCTEMY.

Taxoe me cuabHOe pacmupeHue yCpellHeHHOH (YHKRIUE pacmpefeseHus
¢ IOsIBJIeHWEM YCKOPEHHHIX DJEKTPOHOB HA(MIONAeTCA W IPHU B3aMMOJeHCTBHR
¢ mrasMoil my4Ka, cmafo MONYIHPOBAHHOTO Hepef WH:KeKOueH B mimasMmy 23.

r) IlnmasMeaHO-OyaIKOBHEAPABDAJ

B rex ciyuanx, Korja cremeHbh MOHHM3AMMY B IIa3Me HE BHICOKA, 4 MYIOK
JIOCTATOYHO ILJIOTEH, BO3Oy:xmaeMble Koye0aHUA NPOABIAKTCA B CBEYCHUU
wra3Mel. HoneGanus BAMAIOT HA BHEIDHWH BAT MI83MEHHO-HIYIKOBOH CHCTEME
IBOAKEM 06pasoM. Bo-mepeeiX, BECOKOYICTOTHOE HOJIé MCKPHUBISET TPACK-
TOPUU NYIKOBHIX DJIEKTPOHOB M TEM CAMHIM B OTCYTCTBHE MATHHETHOTO LOJA
BUfiom3MeHaeT GoJee WM MeHee JeTKO OYePUYEHHHIA CBeTAIMMECS Caef IydKa,
BO3HUKAIOIIHi 13-3a BO30OYIKIEHAA aTOMOB yIapaMu ero GBICTPHX 3JIeKTPOHOB.
C mpyroit ¢cTopoHBI, MOCKOABKY B BUIWMOE H3J1yICHHE CYIECTBEHHEIA BHJIAT
BHOCAT M ATOMBI, BO30yKJaeMEE YIAPAME OTHOCHTEJIBHO MEMIJEHHHIX ILIA3-
MEHHHIX BJAEKTPOHOB, CPeJHASA KUHETHIECKAsS dHEPTrHA KOTOPHIX 3aBHCHUT OT
AMIIMTYAH KOJUIEKTHBHHX KoJeGammil, TO APKOCT: M I[BET PABJIMYHBIX 00Ja-
CTedl CHCTeME KOPPEeIUPYIOT ¢ HIPOCTPAHCTBEHHBIM PACHpeleseHyeM HHTEHCHB-
HOCTH BHICOKOYACTOTHHRIX DOJei.

Ha puc. 5, ¢ npusenera dororpadma xaTogHoit 06aacTE Ayrosoro pasps-
ma B prytu %°. B maasme, mponuseBaeMo#l BJIEKTPOHHEM HYYKOM, 9eTKO BBIIE-
IAITCA caefyomme obGaacTu: B — KaTogHHE ciaoif, ¢ — mMOYTH mapajijieib-
HBIl MYyY0K JIeKTPOHOB, F — pPE3Ko ouepYeHHAA C KATONHOH CTOPOHB. 30HA
NOBHIIEHHOH APKOCTH, F — OTKIOHEHHEIE JIeKTPOHHBE nNyIn. Pesxuit Mmakcn-
MYM AKCHAJBHOIO PACHpPEJeJieHAs aMIAATYAH (cM. puc. 2, a) Habiaopaercs
uMeHHO B oGmacTu £, IS KOTopoil OBIIO BBENEHO CHENuAJbHOE HAHMEHOBA-
HHe —¢MEHHCK». B HeKOTOPHX ciydagx OTMEdaJach PajualbHasa GOKYCHPOB-
Ka nmydka mepej] GYpHBIM paccesHMEM B MEHUCKe 52,70,

OTKIoHeHIIHEe BHIEKTPOHHBIE Jyd9u M CBETAMAACH O0JacTh paCCesHHs
HalII0IA0TCA TAaKKe NP AHKEKIHE HPeIBAPHTENHH0 MOAYINPOBAHHOTO HYY-
Ka B ras *¥, ppmuem Jietand CBETOBHX d{(PeKTOB 3aBHCAT OT WACTOTH MORYIfA-
nuu (puc. 9, 6, ¢). Ilpu yBeiu4eHNN YCKOPAOMEr0 HANPAMKEHAS KAK B MOAY-
JMPOBAHHOM, TAK ¥ B HEMOIYJIMPOBAHHOM HYYKe TPAHHIH IIA3MEHHOro 00pa-
30BaHHNA, rje JTOKAIN30BAHE HamboNee MHTOHCHBHEIE KOeGaHHsA, CTAHOBATCA
Gonee pasMeITEIME (puc. D, 2) .

OcobeHHOCTH CBEUEHUSA ILIASMEL NPUBOIAT K €CTECTBEHHOM MBICIK O TOM,
uTo BO30ymiJaeMoe MYYKOM IPOJOJbHOE BEICOKOYACTOTHOE I0JI€ MOKeT CyIle-
CTBEHHO CKa3aThCA Ha OajlaHce BaPsYKEHHEIX TACTHIL B maaame. U neficTBATENb-
HO, HU3MEpEeHHEE B3HAYEHWS IJIOTHOCTH INIA3MEI, CO3TABAEMON HE;KERI[MeR
OJIOTHOTO IYYKA B ras, HA HOPAAKH NPEBHIMIAIOT Te, KOTOPHE CIeN0BaJio OH
OKUJIaTH OpU y9eTe ONHUX JHIMb HapPHHX CTOJAKHOBEHHA NYIKOBBIX SJIEK-
TPOHOB ¢ aroMaMu. Boaee TOro, maMeHeHHme IJIOTHOCTH NJa3MBl ¢ JaBJIEHUEM
HOCHT XapakTep mpobosi Tasa — HPH JOCTIKOHUM HEKOTOPOTO KPUTHYECKOro
IaBJIEHNA KOHNEGHTPAKA IJIA3ME BO3PACTaET CKAYKOO0PA3HO ¢ OLHOBPEMEHHEIM
posEmKHOBeHueM uATeHCHBHEX CBY KoneGammii.
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9TH ®m HEKOTOpHE Apyrue GaKTH, YCTAHOBJIGHHLIE LEPBOHAYAIBHO B MAT-
HATHOM moue 2-7%, a szarem m Ge3 mero 2%,%0,71,77 [ocay:KMIIA OCHOBAHWEM MJIA
PA3BHETHA NPEICTABIEHNA 0 HOBOH PA3HOBHIHOCTH Ta30BOTO paspaAga — Ijias-
MerHo-TyIKosoro 7%,7%, B neM mommsanmus ocymecTBAsSETCS NPeNMYMECTBEH-
HO OJa3MEHHEIMM 9JIEKTDPOHAMH, KOTOPHE YCKOPAKWTCHA B BHCOKOJACTOTHOM

Puc. 5. BHemBuil Bup NIa3MeHHO-IIY9KOBOIro paspsna 0e3 MArEATHOTO HOJA.

a) «MeBUCKOBHIi» paspsd U ero cxeMaruaecKoe u3ofpaskenue; 6, 6) MOTYJIAPOBAHHEIK nytxox NIKEKTApYye-
mulf B ras, U, «~~ 100 B; 2) ny4ox Ge3 npenBapn-rem»Hoﬁ mopynAamuna, Uy, = 1,35 KB.

nojge BO30Y:KTaeMblX TYIKOM KOJIEKTHBHBIX Kojgebammit. MHorme mamume,
OpHBejleHHERe B HacTosmeMm o030pe, HmOJydeHH B YCJAOBHWAX, KOrFa IasMa
€037aeTcsa CaMUM NYYKOM IOCPEACTBOM HIAa3MEHHO-IYIKOBOTO Paspama.

3. BEIHYHEHHEBIE IITASMEHHBIE KOJEBAHUA

Ilpexpe 9eM mepexofuTh K 00BACHEHNUI0 OTMEIEHHEBIX BHIOIE O0COGEHHOCTEH
PeryAsPHHX JIeKTPOHHHEIX Kojebanmil (oHo OyAer gano B pasfenax O m 6),
meecoo6pasHo OCTAHOBUTHCA HA OTIWYAM BONH, BO3OYRIAEMHX B ILIazMe
3aJaHHEIM IYIKOM, OT BOJH, BOBMO'KHEIX B TJIa3Me B OTCYTCTBUE IyIKa.

Pacemorpum ofHOoMepHBIE MPOONBHEE BOJHLI B IMNAa3Me ¢ HEIOLBHKHEM
noHABIM QouoMm. llpenebperxeM cHAYaNa TEMIOBHIM IBH;KEHHEM DJEKTPOHOB.



234 B. II. KOBAJIEHKO

B ofmeM caydae 4epes maasMy MO:KET DPOXOIATH OYIOK 3aPAIKEHHHIX YACTHAL,
¢ OJOTHOCTBIO TOKA j,, UMeImeH HOCTOSHHYI COCTaBaAlOmMYo j,. B caygae
MAaJIEIX BO3BMYINEHMI IJasMel, HCHOAB3YA AAA Hee (HO He MIA NYYKA) JAHEH-
HOe NpUONMIKeHHE, JerK0 HONYIduTh yPaBHEHHE A (Ge3BHXPEBOTro 3IEeKTPH-
geckoro moisn K:

E o o E=_—t4a 22 (3.1)

at2 "8t ?

4re?n
e wp = ]/—mg- — IIa3MeHHAS 9YACTOTA, N, — KOHIEHTPAIMA IIa3MBI.

Ypasuenne (3.1) — 310 ypaBHeHme OCHIINATOPA, KoJebiiomerocs Ioj Aei-
CTBHEM BEIHYMJA0Me# CHIb, KOTODAA COBNAETCA MOXYNHDOBAHHLIM MHYTROM.

IIyere B MoMeHT © = 0 B IIA3MY BBOAWICA RYIOK C TapPMOHWIECK O
MOTYJNAUACH ILIOTHOCTH, ABMWKYMAHACHT CO CKOPOCTRIO Uy. IIpemcraBum ceGe
Janee THIOTETHYECKYI0 CHTYANuI0, & MMEHHO, GyieM CYdATaTh, 9TO BOSHMKAK-
mHAe B Djia3Me DOJA He BAMAKT HA [ABHKEHNEe YaCTUI[ HYYKA, TAK YTO JIJIA
t >0 nmeem j, = j, sin (ot — kyz), e ky = @/vy. Ilpm atoMm Maneitmas
nuccHnanus (He oTpakeHHas B ypasHenwu (3.1)) mpmsefer K ToMy, uTo mocie
HEKOTOPOTO MEePEeXOREOr0 IPOMEeCca B CHCTeME YCTAHOBUTCSH PEKAM BHIHYKIEH-
HHIX KoieGanmil, ONMCHIBAGMHIX YACTHHIM pemeHmeM ypasueumsa (3.1):

E= —4—31—(02]1005 (ot —kyz), © 5= @p. (3.2)

oy

Takum o6pasom, ecin 0e3 MydKa B XOJONHOHN IIasMe BOSMOMKHE Koaeba-
HHA TONBKO ¢ () = ®p, TO IPA HAJAMINH TYIKA MOILYT CYIECTBOBATH BOJIHH
¢ 1060l 9acTOTOH ®,— OUpPEJeJeHHOTO IHCIEPCHORHOTO COOTHOINEHUA A
9THX BOJH HeT.

Momuo aw pacupoCTpaHdTh 9TOT BHIBOZ Ha IJIa3My ¢ HEHYJeBOH TeMmIe-
patypoir? C 9roil 1enbo0, OTPAaHWYUBAACH CJHAyIaeM MAJLIX BO3MYIIEHUH,
BOCIOJAb3yeMCsl JIMHEAPHN30BAHHHM YypapHeHmeM DBracoBa A 3MeKTPOHOB
miaasMel u ypasueHneM [lyaccona, B KOTOpOM y4TeM HajiWdue MOAYIXPOBAHHO-
ro mydKa, IpudeM OHATH OyleM HOPefmogarath HYyY0K KeCTKHM»— C HeudMe-
HAMeRcA MOIyAsuel OIXOTHOCTH.

3anumem:
af’ off e g ofe _
TV T wm 61;0 =0, (3-3)
o w i1
= —4me 5 f dv -+ 4n 2L sin (0f — kyz), (3.4)
z Uy

rae f, — paBHOBecHAA (YHKIUA pPACOpefeleHHs 3IJIEKTPOHOB ILIAZMEL 1O
cxopocraM, f -— OTKIOHeHue o1 pasHoBecmsa. (Cmcrema ypasHedmit (3.3),
(3.4) nerxo CBOAMTCS K HEOJHOPOTHOMY yPaBHEBHIO mias [ :

LTI 82f' 4ne2 0 4t 7
oo SL 20 e [y = 0 o sin (0t —ken). (3.5)

IJocKonpKRy pelneHNe OJHOPONHOTO YPABHEHWA, COOTBETCTBYIoWero (3.D),
B caydae 9f,/0v << 0 ommcHBaeT BONHOBOH mPOUECC ¢ 0ECCTONKHOBATENBHBIM
3aTyXaENeM, a B DEalbHOl IJjasMe CYMeCTBYET eme M CTOJKHOBUTEILHOe
3aTyXanne, TO €CTeCTBEHHO OMKUAATH, 94TO KojelaHusa, Bo30y:KIiaeMue 3amaH-
HBIM OYYKOM, 110 HCTOIOHUU MEPEeXOMHOTo IPONecca IPULYT K yCTAHOBUBIIEMY-
¢ pexruMy. B cmcreMe 0CTaHOTCA TOJABKO CTANUOHAPHAA BOJHA, CHHXPOHHA
¢ IMyYKOM, TaK K€, KAK U B CJIyYae XOJOJHOU MJIA3MBbL.

YeraHOBMBIMAACA BOJNHA ONUCHBAETCS WACTHEIM pPENIEHHEM YPABHEHHS

(3.9)
f (v, z, t) = f; ©) sin (of — kyz).
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IlopcraBusasi 10 pemenue B (3.5) M WHTErPEPYS IO CKOPOCTH, MOYKHO
TONY4UTh YPABHEHWE i AMILIHTYNH KOJeGaHW# IJIOTHOCTH IIASMHL 71, =

= Sfl dv:

4rie? S dfy'dv dv — 4mej, S dfql0v dv. (3.6)

n ny —— =
1+ 7y ml, ©0—kyv mkovy J @©— kov

JTOMY YPABHEHHUIO COOTBETCTBYET NUCIEPCHOHHOE COOTHOMEHHEe, B KOTO-
Poe BXOIUT HE 3aBUCAMASL OT £y U ® HPOU3BONHHAS MOCTOAHHAA f,, T. €. BO3-
MOMKHA N100aA 3aBUCHUMOCTH MEKAY ASHCTBUTENLHEIMHA O U K.

Bnepsrie Takoe aucmepcuoHHOe COOTHOmreHme OhLIO moaydeno Bam-Hawm-
merom 2°. Boamn Ban-KaMmenma Mo:KHO MHTEPIpPeTHPOBATE KAK HOJAPH3AIA-
‘OHHHE BOJHHI, CONPOBOKIANIINE MOAYIAPOBAHHHN Uy4ok 3. Mu xorema:m Owt
o0paTnTh BHUMAHWE HA YCJIOBHS CYIECTBOBAHHSA JIMHEHHBIX CTATUOHAPHEIX
poan Bam-HaMmnema, KOTOpHE COCTOAT B CIAEHYIOMIEM:

1) Hygor we mommen HedopMHPOBATHCA HPH [BHKEHUU dYepe3 IJIa3My.
IpubausuThCa K BEITOJHEHNI0 3TOTO YCIOBHS MOJKHO, €CJIH HH)KEKTHDOBATH
B IJasMy MOAYJIMPOBAHHBIA 1O IJIOTHOCTH DIAEKTPOHHEIA IYIOK HACTOJBKO
caabuit, 9100k BO30YAIaEMOE DISKTPUIECKOe MOJe OHII0 MCIe3aI0Me MAaJIbiM.
Eme ayume, ecnm mydok COCTABUTL M3 TAMKENHIX HOHOB.

2) Ilocsie Hagaa MHREKUUN 3aIaHHOTO HelehOPMAPYEMOTo IYIKa B Ipef-
BAPUTEILHO HEBO3MYINEHHVI0 IINIa3My MOJKHO IIPOHTH HEKOTOpOoe BpeMsd,
qTO0H B CLUCTEME 3aBEPIINJICA NEPEXONHOU PEeKHUM.

3aMeTMM, YTO YKCIEPHUMEHTH, ONUCAHBHHE B IJ. 2, SIBHO YKas3hHBaOT Ha
HECTAIMOHAPHOCTE PEryIAPHBIX BOJH B OOHTHHX 1Ia3MEHHO-NYIKOBBIX CHCTe-
Max, HECMOTPA Ha CYIMECTBOBAHWE YCIOBMI I YCTaHOBHBIIErOCH PEXUMA
(IY4OK HHKEKTHPYETCA IOCTOSHHO).

Ha ocrosanum mpuBeleHHOTO BHIME PACCMOTPEHHA €CTECTBEHHO CBSI3ATh
3T0 06CTOATEABCTBO C NPOCTPAHCTBEHHEIMYI W3MEHEHUSMA TEPEMEeHHON IJIOT-
HocTE nyuka. UTobp Jydnle npecTaBuTh IOBeJeHUEe HOCIHEIHEro B ILIasMe,
BCIOMHMM OCHOBHBIE 0OCOCEHHOCTH MUHAMUKEA Ny4Ka B BAaKyyMe, HOApobHO
@3yuenHoit B cBasm ¢ 3agadamu CBY smexrpommsu 5081,

4, TPYIIIIMPOBKA 3JIEKTPOHHOTO MIYUYKA B BAKVYME

Ilycts onHOMEDHEII MOHODHEPTeTHYECKHWH MOTOK BIEKTPOHOB IIPOXOIUT
yepes HENOHBYIKHLIN HOHHEIE (OH, KOMIEHCUDPYIOIIHE CTATHIECKOE DIEKTPH-
geckoe nojxe. B Hagaasuonm cedenuu (z = 0) OygeM rapMOHHYECKH MOIYIHDO-
BATHh CKOPOCTH IIy4Ka Ut

vlz=0=v0'—vl sinmt, jblz:():jm

Bosmymenus, BHOCHMEIE B MOTOK MOZYIAMMEHR, CHOCATCA BMECTE C HHM
B Hampasuenuu z >> 0. B cayuae maneix Boamyimenuii (kpurepmit Gymer npu-
BeJley HWKe) NOBeNeHWe CWCTeMH MOMeT OHTDL OHMCAHO B TepMHHAX Oerymiux
JUHEAHRX BOJAH 00BEMHOT0 3apsama (Opictpoit m mMemmendoi). [Tpr mponsBoanb-
HEIX jKe aMILTATYaX Goiee 3pPeKTUBHEIM OKABLIBACTCA PYTroil, TAKME XOPOIIO
U3BECTHHIH IOAXOMN, BAKIYAIOMUACA B N3YYCHUU OHBONIOIUE HBHYIIHXCA
3NMEeKTPOHHLIX CIYCTKOB. 3IeCh MBI IPHBEIEM JUINb KATECTBEHHYH) KapPTHHY
sroro mpomecca. O MeroJe ero KOJUYECTBEHHOTO OOMCAHMUS OYIEeT KPATKO
CKA3aHO B CBA3U C AHAAM30M [UHAMUKE HYYKA B IJia3Me.

ITpepcrasmm cebe, aro moTok B KoopawnHate Zz = () B MOMEHTH BPEMEHH
t = 2nn/® (n — Uenoe YUCHO) PACCEKAeTCA HA YACTH BOOGDAKAGMHIMM IO~
CKOCTSIMH, OPVMEHTHUDOBAHHHEIME HePHEHJUKYISPHO HOTOKY H JBWKYIUMUACH
BIOJB Z C HOCTOSIHHON CKOPOCTHIO, PABHON HEBO3MYIIEHHOA CKOPOCTH dIEKTPO-
HOB v,. Tak Kak mOBefleHHEe BCEX TAKMX YACTell, MMEIOIAX HPOTMIKEHHOCTH
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A = 2nv,/®, BCHeACTBHE MEPHOMHIHOCTA HOpOIecca 1o BpeMeHH Gyder mieH-
THYHBIM, IIPOCIEUM 32 JICKTPOHHHMH CI0AMH, 3aHONHAIONIMY OJHY U3 HHUX.
C 2Toff MeNbI0 «IOMETHM» CIIOM, BBeJd IapaMerp f;, — MOMEHT HPOXOEIEHNs
caoem Koopaumuatst z = 0, 1 HeKOTOpHe M3 HUX, BHOPAHHHEe depe3 OJUHAKO-
B mATepBan Al,, GyzeM o1o0paskaTh TOYKAMU HA (a30BOH NIOCKOCTH

Y-ty
Uy |/
f ; 0 Awt‘a
{ n 2n
- -1
5,£
Joo 7 " wt U-u,
0 n 71 gLy
U-up a) 4 l g {\wf
u, 1 ( 74 2n
F ] , wt =1
b gon 2n )
;d,f Jo
o , il A wt
L=t
o~~_.’n n
V-7 5)
Uy Ly
f (wt
? a ﬂ\.‘/Zﬂ
-1
E/ N
Jo | _wt
[ 4 2n
8)
7 wt
g et 511
/N3 '
Jo
L 1/
! e = lwt 1 1
0 o ~~.__/21 g Z .t in
7<1 2 7= *)

Puc. 6. luEaMHEKa bIEKTPOHHHEIX CJ0eB Ha $as30BON IIOCKOCTH, SBOIILUA YCpeJHEHHOIl

oo Bpemenn QYHROUN pacupefederus [ (v) (cieBa), MIOTHOCTH TOKA NYYKA j, (CIIOMHHE
JUHEA) N 3NeKTPpHYecKoro Hoasa E (WTpHXOBHE).

n = %,0/v,0h, b =1/4nej.,/mv.,g—co6c-meﬂnaﬂ qactrora nyuKa; o) z = 0, 6) z5& (3/2) ve/wh,
8) z = nve/wy, 2)z < (3/2) we/wh, 8) z = Sk = ¥¥/n0, €) z = 38k, x) z = 65k.

[(v — vo)/vy, ©t] B EBIRYMeNCA CO CKOPOCTBIO U, CHCTeMe orcdera (pmc. 6).
Hnsa rampmoir woopamuatel z >> 0 mo ocum abcmmec OTKIAJHIBAETCS BpPeMs,
OTCUMTHIBAEMOE OT TOT0 MOMEHTA, KOrJla B 3Ty KOOPAHHATY IPHXOAUT HepBas
W3 ABYX YHOMAHYTHX BooOpa)kaeMbXx HAocKocTedr. Vzmenemme pacmonose-
HUA BHODAaHHHX DJIGKTPOHHEIX CJ0eB Ha (as0BOIl ILIOCKOCTA B 3aBACAMOCTH
OT 2 XOPOMI0 WJLIIOCTPHPYET AMHAMUKY NYIKa.
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Ilpn Manex z [ABm:Kenue Toder HA (a30BOH IUIOCKOCTH 3aBHCHT TOJBKO
OT HCXOMHOTO COCTOAHUA CHCTeMBl. TOYKH UONOKHUTEABHOTO NOJXYyHEepHOZa
Ha puc. Ba ¢ yBenmuenmem z GyLyT ABUTATHCA BIEBO, HU}KHET0 — BIOPABO.
B pesyapraTe ILTOTHOCTH BJIEKTPOHOB HAYHET BO3PACTATE B OKPECTHOCTH
$assl . ITOT HpoOmece rPYNNRPOBKU OyIeT Aajiee CYNIECTBEHHO 3aBHCETh OT
OTHOINEHNS KUHOTHIECKOU DHEPruM MOAYIANHM K BO3MOKHONR HOTERNHAIBHOR
SHEPTMM, CBASAHHOHN ¢ pasfeleHnmeM 3apAN0B CHCTEMSEL.

Ecan senmuunra »TOro OTHOMEHHsA, KOTOPOe MBI O003HAYHM 1), MEHBIIe
eMHULEL, TO JJIEKTPUYECKOE IOjie, BOBMMKAIONEe OPY CPYIOHPOBKE H Ipe-
narcTRyomee et (puc. 0, 6), OXa3niBaeTcs NOCTATOTHEIM A TOTO, 4TOOH
cHAaYajJa OCTAHOBUTH TOYKEH HA (Pa30BOil ILIOCKOCTH, & 3aTeM COOOMHATL NM
obparnoe gBuskenme. Ilpm sToM, KaK moKaszaHo Ha puc. B, a — e, Oyner ocy-
MECTBIATRCS IePHOAUIeCKAA IO 7 MPYIIUPOBKA U PAasTPYNNHPOBKA DIEKTPO-
wos. Jlpyrumm cioBamMH,— 3T0 HeJIMHeHHEe JIEHIMIOPOBCKHe KosaedaHusd,
JIOKAJNHM30BAHNELE MEMIY ABYMA BHOPAHHEIMH JBIKYMUMACH MIOCKOCTIMI,.
Ilpn n < 1 crenexns mepHoAMIecKOd TPYNIMPOBKN IyIKa Maxa — KojebaHus
JuHeiHb. B aTOM ciayuae Bech MPOIECC MOKeT GbTh OOHMCAH KaK Pe3yibTar
Cynepuosuiuy GHICTPOA ¥ MeLeHHON BoJH 00beMHOTO 3apsfa, PacHIpocTpaHd-
OIUXCA ¢ TMOCTOAHHONH aMIITATYIOH’.

CopceM mHakde DBONOMUEOHUPYIOT ¢TycTKE npu 1 > 1. Teneps yme snex-
TPHYECKOE I[I0JIe He B COCTOAHUH OCTAHOBHUTH CXOMAIIUECA K IEHTPY lepuoja
saexTpoHusie caon. Omu 06roHsamT APYr Apyra, M HABUKEHUE CTAHOBUTCS
amepuogmiecKuM. KpaiiHnmil caydai, COOTBETCTBYIOIIHMEA 17 — co, IPOWMIIIO-
cTpuposad ua puc. 6, a, 9, e, x. Bee Touku Ha dasoBoil noCKOCTH C yBEANTE-
HUEM 2 TePeMemaTcsa MApaLIedabHo ool abeHmee ¢ HEeM3MEHSIIOMAMACS CKO-
poctami, 3agamuevu npa z = 0. B woopgummare S, = vl/v;0 obpasyercs
SIAEKTPOIHLIE CIYCTOK, IIOTHOCTH KOTOPOTO B I[EHTPE CTPEMHUTCH K (eCKOHed-
HOCTH — OCYIIECTB.IsETCH TAK HasnBaeMmas azoBas GOKYCHPOBKA. 3a Koop-
aarartoil pazoBoro Poryca mM3-3a 00roHA OANUX IIEKTPOHOB IPYTUMM WUIH,
TO-APYroMy, BCAECTBIE OUPOKUIBBANNS BOJIHE CTYCTOK OKA3HIBACTCS COCTAB-
JIGHIIBIM U3 BJIPKTPOHOB, KOTOPHE pacOpege]eHbl Me:RIAY TpPeMs IOTOKaMH,
NBISKYIUIUMHCA C PAasHHMHA cKopocramm (puc. 6, ¢). O0mas mupuHA CrycrHa
VBEAHINBAETCSH, & CPOIHsA ero MI0TIHOCTh YORBaeT, X0TH HA FPAHANAX HabII0-
JIAfTCA Y3KUE BCHIECKW IIoTHOCTH. Hime gagbme oT Sy 2JIeKTPOHBL BHIXOIAT
33 IOpejleill PACCMATPHBAEMOro mpoMmeskyTra (pwe. 6, xc). G pocrom z umeio
COBMeIIEHHEX IIOTOKOB, HA KOTOpPHle Pa30UBAETCH OYY0K, HEOIPAHWYEHHO
BO3pacraer, IIOTHOCTh DJIEKTPOHOB Be3de BHIPABHHBAETCH, 32 KCKIIOYEHUEM
«OUIKOBY» IITOTHOCTH, KOTOPHE CTAHOBATCSA BCE TOHBINE IPH HEM3MEHHOM HX
gncae 5%,

5 TEOPHA HPOCTPAHCTBEHHOM 3BOJIIOINN 3JEKTPOHHLIX CI'YCTKOB
B IIJIABME

EctecTBenno 0rmAaTh, 9T0 U B ITa3Me NPH BOZHMEHOBEHHH VCIOBHR s
MOAYNANMI CKOPOCTH mydka Gyher ocymecTBaAaThLCA ero dasosan POKyCHPOB-
ka. CoorsercTBylomue, CKOpee HMHTYUTHBHEE, 9€M OGOCHOBAHHEE COOOpaske-
HNA BHICKA3HBAJECEH €lle B CAMEIX PAHHMX WCCJAENOBAHHAX, OFHAKO KA3aJ0Ch,
YTO HX HEKAK HeJh3s COTNIAacoBATh CO CTPOrOi JIMHENHOW TeopHel miIasMenHo-
ny4KoBOro BzamMopeiictsua. Hpome Toro, HabmomaeMue HA TpanuIe ILTIA3ME
MORyJIHpyomue Doxad ObUIN HAMHOIO MEHBHIWME, 4eM TpefoBanoch Hiia yIoB-
.HeTBOpHTeJIBIIOI‘O COOTBETCTBUASA BeJHNYUHDBI SH C SHCHepHMeHTaJILHHMI/I M-
HBIMH. Bompoc ocTaBajcA OTKPHITHIM [0 TeX IOp, MOKA B UUCAEHHBIX 21,22
u jgaloparopuEx ¥ sRemepuMeHnTax He GBHLIO OMHO3HAYHO MOKA3AHO, ITO MeXa-
HHU3M HEeIHHEAHOCTH JIEKTPOHHEX BOJH, DACKATMBAEGMBIX ITVIKOM B IJIasMe,
3aK.JI093eTCH UMEHHo B $a30B0oil JOKYCAPOBKE, UPHUBOAALICH K 00PA30BANHI0
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NJOTHHX CIYCTKOB, TPHWYeM JNHefiHass crafnd OYyIKOBOA HEYCTORYMBOCTH
OKAa3aJIach eCTECTBOHHEIM 00DA30M BKIIOUEHHON B 5TOT IPOMHECC, OMUCHIBAA er0
HavanpHyo craguw. Hennnelimas nuHaMuka IydYKa B IJIasMe IPH PasamYHbIX
YCIOBHMAX 3aTeM AHAJIUBKAPOBAJACH B NEJOM psafe paboT KAk BO BPeMeHHOR
samage %3-%° rar m B mpocrpancreennoit °°-%. 3mech MH 0CTAHOBHMCH, IJIaB-
HEIM 06pa30M, HA IOCJHe[HEeH, KaX 0TBEYAIINEH YCIOBUAM PEANBHEX SKCIepH-
MEHTOB CO CTAI[HOHAPDHON WHKeKImedl myJIKa B IJIasMy.

a) Meronmg pacaera

Ilpegmonarasg, 9To BXOOAIMHUR B NasMy DY4OK KaKuMm-To oOpasoMm momy-
JEPYyeTCA HA 9ACTOTE (, BBENeM IepeMeHHYI0 f, — MOMEHT BJeTa HEKOTOPOTo-
9JIEKTPOHHOI'O CJIOA NyYKa B IIa3My KW BOCHOJB3YeMCS YPaBHEHUEM COXpa-
HEeHWs 3apsaja OyJYKa B BUfe

I (0, %) Aty = jp (2, 1) dt. (©-1)

B YCTAHOBHUBINEMCSA HOEPUOAUYECKOM 0O BpPEeMEHH pexuMe MOMEHT IIpo-
xoxaeanda ¢ BH6paHHBIM CJ10eM KOOPAHXHATH Z CBA3aH C MOMEGHTOM BXOKICHHUA
3TOIr0 CJ0A B IIJa3My to 04YeBHUIHBIM COOTHOUICHNEM

ol = wly+ %f—kg(z, To)s (5.2)

Oyuruus g (2, t) TpeacraBiser co6oi gazopoe 3aNa3/HIBAHEO JIEKTPOH-
HOTO CJIOA II0 CPABHEHHNI) CO CIydYaeM ero HEeBO3MYMIEHHOrO [BIKEHHA CO
CKOPOCTHIO Uy. OTa (YHKIHA HCIePOHBAINM 0GpPa3oM ONHMCEBAET NPO-
CTPAHCTBEHHYIO 9BONOUMI0 UydYka. B wacrmoctu, BeamamHa ™' dg/dt,, Kak
MOXHO BHAeThL u3 ypasuenus (5.1), xapaxrepusyer crenens paedopManmu
OydYKa, NPOMCIIEMeHd HA PACCMATPHBAEMOM NPOCTPAHCTBEHHOM HMHTEPBAJIe
[0, z]. ®azoBoit PoKyCHPOBKE COOTBETCTBYIOT KojeOauua QyHKRUEA ot dg/dt,
¢ aMILIMTYMOM, PaBHOR efuHMNEe. ECaAM IUIOTHOCTH TOKA HYYKA OPEACTABJATEH
B pune paga Dypse mo GerymiuM BOJHAM BHJA

jb——j0=§ {An (z) sin [nm (t——Tzo-)]—{—Bn(z)cos[nw (t—--vz—o):l}, (5.3}

n=4
T0 KodPPHIUEeHTH DTOr0 paAna
2m/w
4, () =2 { ib (2, 1) sin[nm(t——:o—)]dt,
0
27/ w (54)
B, (z)=?t°)— g ju (2, ) cos[nm (t—;‘i—)] dz
i

nocpeficTBoM cooTHomenmi (5.1) m (5.2) Tamixe BHpaKAITCA Yepes GYHKIIIO
g (3, o).

IOnsa maxopmenusa g (2, tp)) Heo0XOJAWMO NIPOMHTErPUPOBATH YDaBHEHHS
TMBIKEHHMA BJIEKTPOHHBIX CJOeB B DdIeKTpmieckoM moie E (z, t,), B3ATOM

BHOJML HX TPAGKTODHM, C YUeTOM HAYAIBHOH MOIYJIANHA IYIKA VU |,eg =
= v, sin ®ly,. B DpocreiimemM caydae MajbX BOBMYLICHHH CKODOCTH

v (z, ty) < v, CB3h MekIy g B E mmeer BHA

z
({0

g (2, ty) =22 S dz S E (z, t,) dz+ 222 sin wt,. (5.5)
0

1
% vg
1]
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CucremMa ypaBHEHHA 3aMBIKAETCH, €CIW 3AEKTPUYECKOE [IOJNE BHPAZUTH
gepes TapMOHUKH TOKa nydra (5.4). A X0x0qHOi TIa3MBL 9TO MOKHO CHEIATH
nocpefcTsoM ypasuenus (3.1). B yerenosmsmemcs pesiumme monydmm

B=tn 3 {5, @ sin [0 (1= 2) ]~ ducos [0 1= 2) ),

—, O —n’o?

nw = 0p.  (5.6)

) Ponps pnucmepcum Xma3MB, BHCIMHE TAPMOHHEKHT

Vmenuo muipaskenme (5.6) pacKpsiBaeT KODPEHHOE DA3INYIAE B CTPYKTYpe
DIIEKTPAYECKUX HOJIeH, COMPOBOKAAIOMUX MOJAYIAPOBAHHHI IYYOK B ILIasMe
¥u B BaKyyMe.

B Baxyyme (sTOT caydail TakyKe ONUCHBAaeICsd ypasHeHumsaMm (9.1) —
(5.6), ecam B (5.6) momoxuTe ®p, = 0) pasHocTh as MeKAY IapMOHHKAMN
HIEKTPAYECKOT0 HOJA M INIOTHOCTH 3aPAAA TAKOBA, TTO TOJE BCETA CTPEMUTCH
pPacTAHYTh CT'YyCTKH, YCTPAHHTL Jledopmanuio myuka (cMm. pmc. 6). B mmasme
JKe IIY90K, TAPMOHUIECKN MOLYIUPOBAHHLH D0 NIOTHOCTH HA TacToTe 0 << O
B0o30yKIaeT moje, KOTOpoe CMemeHo 1o $ase Ha T MO CPABHEHUIO C BAKYYM-
HBEIM CJy9aeM (TUDJIEKTpHIeCKas NPOHUAeMOCTh OTPHIATeNbHA). JTO TPOHC-
XOUT U3-34 TOTO, 9TO MJIOTHOCTH [IJIR3MEHHEX JIOKTPOHOB K0Je6JeTcss B npo-
THBogase ¢ koaefaHUAMH 3apaja NYYKA TAK, TTO BHYTPHM DIEKTPOHHOTO
CI'YCTKA OKAa3LIBAGTCH M30LITOUYHBIA 3apsA DTOJOKUTENABHEX MoHoB. Taxmm
o6pasoM, pJEKTPHYECKOe LOJIe B IIa3Me Ha YacTOTaX o < My CKAMAaeT BO3-
HUKAOIUe B IyTKe YIJIOTHEHHS, IPHIEM TeéM CUIbHee, yeM GOoablle aMIInTyAa
UepBO rAaPMOHVWKM IJIOTHOCTA TYYKA. B pesyabrare Oporecc rpynnupoBKA
HOCHUT BKCIOHCHITHAJNBHHE Xapaxtep He TOJBKO B CaMoll HadaJbHOM crammm,
ONMCHBAEGMOH JWHeHHoA Teopueii, Ho 6ANBOK K nemy u B ganbuelmem. PDazo-
Basg (OKYCHPOBKA B OTJIMYHE OT BAKYYMHOrO ClIydas OCYIECTBIAETCS IIPH
MaIeHUX aMIMIUTYHAX HavaabpHOll MOXYyIsnpu ckopocru. KoopawHara daso-
BOro JOKyca ¢ yueToM SKCIIOHEHIIMANDHOr0 HAPACTAHUA MOJ YA CKOPOCTH
npnbawxenno paccyurana B paborax 23,8, B gactHocTn, pn @, GAUSKUX K @p,
OHa onpefiessercda no dopmylne:

S, z—_t— In 2ySx, (5.7)

T7le Y — HPOCTPAHCTBOHHLI MEKPEMEHT HapacTanmsa Kojebanmil B aumelnoi
Teopmu, S, — KHHeMAarTAIecKas KoopAuHAaTa $azoBoro ¢oryca (M. pasm. 4).
Tenmepp sicHe, uTo ®3-3a mOTAPUPMUIECKON B3aBUCHMOCTH S, OT U; TOUHOE
3HaYenHne MOCAefHeH BO BCeX OI€HKAaxX He HIpaeT ToH OOoXNbIIOH poau, m3-3a
KOTOPOHl IePBOHAYAIBHEE NPEJICTaBieHUud O a30Boil HOKYCHPOBKE mopBep-
raauch Kpuruke. boxee Toro, B miasMe asoBas GOKYCHDPOBKA BO3MOKHA U B
OTCYTCTBUE HAYANBHOM MOTYNAUMA CKOPOCTA NYUYKa. [{0CTATOTHO OCYIECTBUTH
Manyio MOAYJAALWIO €T0 ILIOTHOCTH. DBHpaskeHWe s KOOPHAUHATH (asoBoro
doxyca npum dTOM EMeeT Buj 7

—In ._2&

S, -
] Y j1?

(5.8)
Tiie j; — AaMIUIATYHA TapMOBHYECKO# mofyasamunm upu z = 0.

Bmecte ¢ rem us pripaskenus (9.6) caemyer, 410 M3-3a HCKaKeHUA BCIeH-
crere $asoBoil HORYCHUPOBKE MEPBOHATANBEHO FAPMOHMYECKOTO IPOodMia NaoT-
HOCTH IYYKA B CYMMAPHOM 3JIEKTPHYECKOM II0JIE JIOJKHEL IPOSBUTHCA KPATHEIE
BhiCmIe TapMoEmKm. Ilpm yemoBum ©p/2 << @ << @, 9TH rapMoHuxu cdasu-
POBAHH IO OTHOIIEHHWIO K TapMOHWKAM IJOTHOCTH NYYKAa TaK jKe, KaK U B
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BaKyyMe, ¥, CIeI0BATeJbHO, OHM OyNyT IPeNnsTCTBOBATH CHKATHIO CTyCTKOB.
B pesynbrare BOMHA 3JIEKTPHICCKOrO IOJA JIOJNKHA npuobpectn cnenupmye-
ckuit mpoguay 1, mpencraBiesHLId ma pHC. 7, a CTPYHRTypa SJIEKTPOHHEIX
CT'YCTKOB YCIO/KHACTCS eIle 10 mepecedenys TPAeKTOPuii. Hax u moxua0 6BLIO
OKUJIATh, PACTAJKMBAOMee JeficTBHe BLICHINX TAPMOHWK BO3PacTraer ¢ yse-
amueHEEeM ©p/ 0.

YMeHpmerue 9acTOTH TAaPMOHHIECKON HAYAJNbHON MOLYIANUA [0 3hade-
HAR 0 << 0©p/2 T0;KHO TPHBECTH K HOBOMY apPeKTy, BO3HMKANMEMY H3-32

N/ x/3
% J
g
L 3 =
- 2 -2
N L_/
L ] L L
-7 a wt 77 - 0 wt r
fw fw
6| 97y 472y
70
l N N .
§ ¥ \”/“"‘ U o S
-i -0k
a) 5)

Puc. 7. PaccumTamHas CTPYKTYPa BoJHE B KoopamEaTe dasosoro doryca Sv.

Haualo orcyera BpeMeHHM NPOM3BOJIBHO, HO %%maxono% nnsa sasucmmoctedl jp Z E. a) @ = 0,91@p,
® = 0,60,.
r

TOTO, YTO BTOPas TaPMOHMKA, POKJaeMas IPH MCKAKCHWM HPOPUIA BOJHEL,
nonagaer B 061acTh yemieHusA Koiaebanmit. Tak Kak npm 5TOM OPOCTPAHCTBEH-
HEfi MHKPEMEHT BOJIHE ¢ 4acTOoTo# 20 MHOTO §0ibmIe, 1M MHKDEMEHT NepBo-
HAYANbHOM BOJHEL, TO HAUMHAA C HEKOTOPOTO PACCTOAHHUS BTODAs TapMOHMKA
nommunpyet °0,°1,%, @dakTAdeCcKE TYI0K OKA3EIBAETCA TPOMOAYJIHPOBAHHEIM
Ha dacroTe 2@, ¥ 33 IEPHOJ HAYAILHOM MORLYIANWH 06pasyercs [Ba CIyCTHA.
[Ipn NanxbHe#meM YMEHBIIEHUH ®/(p BO3MOKHO YMHOMKEHHME FaCTOTH fosiee
BBHICOKOH KPaTHOCTH.

) lopegenme nyaka 3a $a30BHM QOKYCOM

JwHaMBKA CIYCTKOB B X0JOTHOM MIasMe HA PACCTOAHMAX, IPEBHITAIOMUX
Sy, HCCIeF0BAHA TyTeM YHCIEHHOIO DpAacdeTa TPAGKTOPUHA dIeKTPOHHEIX
cnoes %9, Wa aroro pacuera ciefyeT, mpesie BCEro, 4T0 HECMOTPH HA IPOTHBO-
HefiCTBME BHICIIEX TapMOHHMK IIOJA CRATHI CTYCTKOB, HIpH daszosoit doxry-
CHPOBKE IPOUCXOAUT 0OTOH OHAX 3JIEKTPOHHEIX CI0EB [PYIUMH. Haobawgeaue
34 CTYCTKAMH B ABIKYIEHCH CO CKOPOCTBIO Uy CACTEME 0TCUeTa 00HAPYIRABALT,
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9TO OHM COCTOAT W3 DJIGKTPOHOB, KoNeONOMMXCA Ha AHe NOTEHNUANBHHX AM
nepBoif TapMOHWKM BOJNHBL. JTH SJIEKTPOHBl HA3HIBAITCA ¢32XBAYCHHHIMUY,
B OTJIMYHE OT (IIPOJETHHIX» BIEKTPOHOB IIYIKA, KOTOPHE HPEOJOIeBAIOT MOTEH-
nuanpaEKe Gapheps Meiny simamu. [lepsas dazosada POKyCHPOBKA B KOODPAR-
HaTe S, 03HAUAET, 4TO 3aXBAYCHHbBIE JJIEKTPOHH, HePBOHAUAIBPHO PaBHOMEDPHO
pacupefelleHHbie B HEKOTOPOM mHTepBaie $as BOXHHI, coepmus 1/4 wacts

Jy2 .
7o sk f\? i
4 Jo
10F L0
3
a5+ 1 a5
- L w2 : ! wz
0 50 w0 %2 0 50 0w <=
. I o

[77y 4
Yo 1 :{_A\'/L_L»¥
09 ~ 08 12
soF ¥ n 48
0 _
96 10 )
"No4s 08 42
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9507 b3 g7 41 45,
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Puc. 8. VaMeHeHUs ¢ PACCTOSHHEM AMIUINTYJ KPATHHX IAPMOHUK TUIOTHOCTH TOKAa MYYKa
j1, j2, DPACIPeJeTeHUS DIEKTPOHHHX clOeB Ha (asoBOH INIOCKOCTH (OHM TPUBEMEHHL JIs
OTMEYeHHHX KOOPAUHAT) N YCPeXHeHHOH (GYHKIMEH pacHpefeleHHs 3JeKTPOHOB IO CKODO-
ctam (puec. 6, BEH3Y) n/vy = 0, 1, w}/0?* = 0,01, a) m%/aﬂ = 1,6; 6) cop“’/co2 = 1,1.

HOJTHOTO KOJe0aHWs B OKCHOHeHITHAJbHO yMIyOJammeiicsi cO BpeMeneM sMe,
cobnpatorcs Ha ee JHe. D caefyolire UeTBePTH INepHoja IPOTHREHHOCTH
CcrycTKOB ypeamuupaercs. [loaToMy aMunuryna BOJHBE Ha COOTBETCTBYIOMEM
OpocTpaHCcTBeHHOM wHHTEepBase yOmBaer. D panpuelimeM cMensiomue IPYT
APYTra TPOTEccH TPYHIHPOBKH M PALPYMNIMPOBKU 3aXBAUEHHHIX DJI€KTPOHOB
IPHBOJAT K IPOCTPAHCTBEHHEM KOJe0aHMAM a8MILIUTYAH BOJIHEL.

Kax suano wa puc. 8, ecan o AOCTATOUHO yjianeHa oT oy, TO HPHU Neproi
$asosoit porycupoBre 3HAUNTENBHAA 9aCTh 3MEKTPOHOB PacHpefelleHa MEEIY
ABYMS YETKO PA3IMYARMHUMUCA IPYNNaMU. ITH TPYIOH 3JIEKTPOHOB (¢MaKpo-
9aCTHIHY) HEKOTOPOe BPeMsA COXPAHANTCA W AaAbiie, cOBepias uporTusodas-
neie konebanusa B sMax BoaHB. IIpocTpancTBeHHHE M3MEHEHMS AMIIHTY/EL
B 2TOM CAYYae GJUBKU K MePUOUICCKUM.

ECJII{I Ke @ 6.]1](131{3 K (ﬁp, TO aMnnnTyna BOJHEI 1IOCHe nepaoro qJeTKOoro
MAaKCUMyMa H3MEHAETCH ¢ paccTOAHMeM Heperyasapuo. HenepnoguyaocTs
Konebanuit B 000MX chaydaAx CBA3aHA ¢ TeM, YTO #3-3a HemapaboJudHOCTH
NOTEBNHANbHEIX AM J9aCTOTH KoJieGaHuil PasinIHbEIX 3aXBAYCHHBIX DIEKTPOHOB
HEe COBHAJAlOT, TAK e KaKk U aMIOAMTygH. BoJee Toro, 9T mapaMerpsl He
OCTAIOTCA MOCTONHHBIME Jaske JJIA OHOTO KaKoro-aubyas snexrpora. [losromy
TpaeKkTopuu HA ($a30BOH MIOCKOCTH MPEACTABIAT CO00M cHoXHEE, BooOImIe
4 yoH, 1. 139, BHOD. 2
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roBopA, HE3aMKHYTHEe KPHABHeE, NPHIEM YaCTHOHH MOTYT U3 3aXBadeHHHIX
mePexofuTh B DPOJETHHE. JaHyTaHHOCTH TPaeKTOpmit O0YCIOBIEHA Kak
BIMAHUEM BHCIIAX TAPMOHUK, TAK ¥ TeM, 9T0 rayOmHa sM, B KOTOPHX KoJed-
JIOTCS DIEKTPOHH, U3MEHAETCH C XaPAKTePHEIM BpeMeHeM, OIN3KNM K HePHOLY
OCOMIIIANAR CAMUX DIEKTPOHOB.

Caenyer o6paTuTh BHMMAaHHEe HA BHUJ YCPe[HEHHOH IO HePHOAY BHICOKO-
9acTOTHHX Kojne6annit yHKOUE pacOpefeseHus 3JeKTPOHOB OYYKA OO CKOPO-
craM. Pacuer morasmBaer, 9TO 1A Hee XaDaKTeDHO HAJWYEE HECKOJBKHX
BHICJEHAHX MAKCEMYMOB. B yCJI0BHAX, COOTBETCTBYIOMIMX PHC. 8, 2JIEKTPH-
YeCKoe IoJie BOJHK HACTOJABKO BEAMKO, 4T0 YiKe B HA4aJie HeJIHHeHHON cTagun
B3aMMOJICHCTBHA CKOPOCTH MOHOPHEPreTHYECKOro NyYKa Komebnerca ¢ aMOnm-
TYA0H MOPAAKA HEBOSMYIMIEHHO CROPOCTH IyYKa. EcTecTBeRHO, 1 yepeiHeHHaA
QOYHROESA pacupeesiennsa UMeeT TaKyIO ;Ke IMUPHHY, XOTA UCTUHHAA QYHKOHS
pacupefieleAnss He PA3MBIBAETCH.

IToabsyscs uUpegcTaBieHMAME O TPYNIMPOBKE IYIKA B CTYCTKH, MOYRHO
OIpefie]nTh MAKCAMAJIBHYIO AMILIMTYRY Hapacrawpomeir somusl. [ag aToro
B BHpaskenue (5.0) ciemyer NOACTABUTH 3HAYEHHE AMIIUTYJH OCHOBHOM Iap-
MOHHKR ILIOTHOCTHM TOK&, HOCTUraeMoil Ipu mepBoii ¢aszoBoit GoRyCHpPOBKe,
a4 HIMEHHO, BeJHYHHY HOPAAKA HEBOSMYIICHAOH MIOTHOCTH IY4KA *).

r) Pesonascune ycaosmusa

[lpusenennoe BHIIE PAacCMOTpPeHME OpoIecca 00PA30OBAHHUSA W HBOJIONHE
CI'yCTKOB, KAK yIKe 0TMEYall0oCh, OTHOCHTCA K HEPO3OHAHCHEIM YCIOBHAM B3au-
MOJEACTBEA. AHAJIU3 YCTAHOBHMBINEIOCHA PEKUMA KOXe0AHWE B Pe30HAHCHOM
crydae, KOTla ® = ®p, BOBMOKEH TOJBKO C YYeTOM JMCCHIATHBHBIX MEXAHUB-
MOB, OTPAHAYHMBAXMIKX aMILIETYAy. B paGorax %%.% 310 cemano na ocHoBe

2506, 5040,
M Uy, B

oL Puc. 9. IlpocTpaECTBEHHHE 3aBH-
CHUMOCTH KBaJpaTa aMIIIATY/IH BIEK-
Tpudeckoro moas Ey (I) m Topmo-

! i1
00 5 4 P seHNA wydKa Awpgy (2), paccumTam-
. wz HHE C YIeTOM [HCCHIANEA HpH
250, ® = op (v = 625-0//20p).

BBeJIeHHS HEKOTOPoi# 9PeKTUBHOMK YACTOTE CTOJNKHOBEHNHA MIA3MEHHHX DJICK-
TPOHOB vV, 9TO ONIpaBJaHo, IO KpaiHEH Mepe, AJA KYJOHOBCKOIO B3aMMOZeH-
CTBHA JACTHAL, KOTJa MOKHO OPeHe6pedb CTONKHOBEHUAMHA OHICTPHX 3AEKTPO-
HOB IIy4Ka ¢ 9aCTHOAMA OXa3Mbl, 4 YIUTHBATH TOJBKO CTONTKHOBEHUS MEJJTeH-
HEIX OJA3MEHHHX DJIEeKTPOHOB ¢ HMOHaMH: 26,

BBenenne v B JWONEGKTPUYECKYI0 OPOHUIAEMOCTL ILIA3MEL YCTPAHAET
PAcXOABMOCTE AaMILUIMTYAH ¥ OPUBOAMT K M3MEHEHNI0 (Aa30BHX COOTHOINEHMH
MeKAY CrycTaMm u BoaOy:xmaemoit mMm pomuou. CiefcTBumeM mocHelHero
ABIAETCA MOHOTOHBEOe yOHBaHHe YHEPrHHM LYy4YKA ¢ paccrospuem (puc. 9)
B HPOTHUBOIOJIOKHOCTE TOMY, YTO B HePEBOHAHCHEIX 0€3[MCCHUIATHBHEIX YCIIO-

*) Jiasa nyduKa co cpefHEH M0 MEPHORY IIOTHOCTHIO TOKA j, MAKCHMAJIbHOE BO3MOMKHOE
8HaYeHNE aMOTATY[AH NEpBOd rapMOHHKH paBHO 2j,. Takaa ammiruryqa Gelra 6K B TOM
caydJae, ecam GH Bce DIeKTPOHH Ha KaK[oM Iepmoje cobpanuch B GeCKOHEYHO TOHKHE
CTyCTKO.
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BUSX IMYY0K B YCTAHOBYMBUIEMCH DeKEMe IPOXOIWT depe3 miaasMmy (es moTeps
SHEPIMH, HECMOTPs HA OPOCTPAHCTBEHHOE YCHJEHUEe BOJIHEL.

3amernM, 9TO B DTOM UWCICHHOM pacueTe npeHeGperaeTcs BHCIOIAMHA rap-
MOHHKAM¥ HOJ, W H0TOMY UCTAHHOE MOBEEHNe BOJHB 33 IEPBEIM MAKCHIMY-
MOM MOKET B [eTalAX OTIMIATHCA OT UpuBefeHHoro Ha puc. 9. OcHoBaHme
A TAKOT0 OPENHOJOKeHHA [[aeT, B YACTHOCTH, CONOCTABJIEHHE BPEMEHHOM
SBONONUM MYYKA B IIA3ME C YYETOM UM (€3 yd9eTa BHCHIMNX I'apMOHHK, IpOJe-
nanHoe B paGorax ',

0 Oconunasanguum ¢CTYCTKOB B naasme ¢ To5=0

HpyruM gaxTopoM, OTPAHMIMBAIOINUM AMILIUTYNY BOJHBEL IPH ® = @p,
ABIAACTCA TEILIOBOE ABKIKEHNE HIEKTPOHOB IIa3Mbl, IPUBOAAMEe K NPOCTPaR-
CTBeHHOH Amcmepcun. B 3ToM caydae ciaabHid OYyYOK yCHIUBAeT BOJHHI, pac-
TIpOCTPaHAIOMKecs 4YyTh Mefienuee Hero. Henmnefinag JwmaMwka nydka

#(4
Prc. 10. 3aBucuMoCcTh aMILTATYIH BOJIHE aue- / 5)
KTpAIecKoTo oA oT paccTosHua npu Te=~=0. ’
G)pz ’nbyu 1/3
=2 — , 10
vy 3n p%
K= Ey ; q -
7 np \1/8 f wg \B8/3
V /;J'mbrrw% (___) ( 0 )
"p 3PT 1 1 1

ny,— HEBOSMYNIEHHAS IIOTHOCTH IIYIKA, Dy— Cpej- 0 10 20 z 30

HAA TENJ0BASA CKOPOCTP 9JIEKTDOHOB TIIJIA3SMEI.

B TAKOH BOJIHe HccIeJoBana B paGorax °%,% B mpene6pe;keHMN BHICIIHIME IapPMO-
HAKaME noyis. Hak cuegyer ua moaydeHHOro yHUBepCAaJAbHOTO PEINEHUsA, IPO-
mecc B ONPeJeJeHHOY CTeHeHH CXOMK C MOBejeHHeM Oydxa B JaMmme Gerymei
BoaEH. llnorHBle crycrku ofpasyioTca B TOPMO3amieil gase BOAHEL, A 3aTeM
KaK I[eJ0e, HCOBITEIBAA TONBKO Maible JedopMalud, OCOWINHDPYIOT B IOTEH-
I@AILIHIX AMAX, TEPHOTUYCCKH NEPeXO/Is M3 YCKOPAOMUX §as B TOPMOBAIHe.
Beaenctsne mepmoinuecKoro ofMena dHepTHel MeKLYy CIYCTKAME ¥ BOJHOM
ee aMIOIHTYAA TaKKe MePUOJHICCKH H3MEHACTCHA ¢ PACCTOAHHMEM, HPUIeM 3TH
IPOCTPAHCTBEHHAHEe ocuuausanuu Gosee peryasapun (puc. 10), wem B cayuae
XONOAHON HIA3MHl, Ifle OHH BHIBBBAKOTCHA MOCHENOBATEALHO MPOTEKAOMUMYT
TPYOOHPOBKO# WM DPasrpynnHPOBKON NIYYKA.

Janpueitmue uncienEsne uccienosanusa 4,10 noxasanu, 970 peryispHLe
Kojie0aHOA CIyCTKOB OPH HAJWYIAM B IJIa3Mé MAaJOH AMCCHOAUUN IOJAHE
paspymatscsa. Paspan cryctkos mpu v/ep = 2:10-% nabnrogaercs yske Ha
BropoM mepmone °*. OH cBaA3aH ¢ CyIMECTBEHHBIM yMeHEIIeHUeM AMIIHTYIE
BOJHH B DEPBOM MEHHUMYME IO CPABHEHAI ¢ 0e3TUCCULATIBHBIM CIYydaeM,
Wa-3a mManocTy aMuautTyAsl GOJBHIAs YacTh 3aXBAYEHHLIX HJICKTPOHOB BHICH-
IaeTcs 37eCh W3 HMOTEHNMANBHON AMLI W B HaJbHCHNIeM TPYNONPOBKA IYIKA
y:xe He pocTturaer Beicokoit cremenu. OcoleHmHO HATIAMHO NPOIECC PasBaja
CIYCTHOB NIPEACTaBJIeH B MAINMHHOM YKcmepmmente °2 (puc. 11).

Hax ormeuaercs B °2, mpoBefiennoe paccMOTPeHAe QUHAMUKI BOJTHLL ¢ yae-
ToM 1, OTHOCHTCS TOJBRO K CHCTEMAM C O4YeHb CAa0HM HDYIKOM, IAOTHOCTH
KOTOPOTO YHOBJETBOPSET HePaBEeHCTBO

(—’;%)“3<<3—. (5.9)

Ecau nnoraocts Oy4YKa TaKOBa, 9TO 3TO HEPaBeHCTBO He BLINOJHAETCA, TO IPDH
KNHEeTHIeCKOM OIINCAHHHU IIJIa3MBI HGO6X0}IIIMO YUYUTLIBATEL €€ HeJUHeNHOCTh,

A
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Moxuo, opumako, samerurs, 9TO TpM GONBIIEX AMILIATYAAX IIA3MEHHEIX
KomeGannit, Korna v, /v << 1, 5o n,/ny, < 1, eIe IPEMEHEMO JIHHEAPM3OBAHAOE

Puc, 11. PacmpeneneHne 2iIeKTPOHOB IIABMH W ITy9YKa Ha (asoBOH ILIOCKOCTH
[v; 0,01140p2/vy] B HeROTOPHIE MOMERT BpeMEeHE YCTAHOBUBLIETOCH peENMa B YHCIEHHOM
9KCIIepIMeHTe.
nh/'np = 1075 vofvp= 9,9.

I'mIpoInHaMUIeCKOe ONIMCAHME IJIa3Mbl U COOTBETCTBYIOINUE PEe3yabTaThl, HONY-
YEeHHLBIE B npeﬁeﬁpemennn TEeIJOBEIMU CKOPOCTAMH 3JIEKTPOHORB.

e) 3axBaT NHIAa3MEeHHH X B3IEKTPOHOB

Hu amanmrudgeckoil Teopun, HU YHHBEPCATLHOTO UHCIEHHOTO PAcdeTa
SIEKTPOHHEIX BOJH B IVIA3MEHHO-IYYKOBOH CHCTEME ¢ YUOTOM HETMHEHHOCTH
NIa3MEHHOM KOMIOHEHTHL TIOKAa He cymiectByer. Vudopmanusa o IuHAMEKe
HY9IKa M IJIa3MEL B 3TOM Cjiydae MOJYyYeHa B MAITHHHBIX SKCIePAMEHTaX, TOCB-
IMeHHBIX IPOCTPAHCTBEHHO-BPEeMEHHOH %! u ppeMmenmoit 3agauam %3, Kax u B
auHeiinoil muasme, obpasylommecss B IydKe CTYCTHKH He COXPAHAITCH, ITO
fIpUBOIUT K IIPOCTPAHCTBEHHOU JOKaaumsanuu Koaebanwmit 2'. B obractu man-
Gonbmeit aMITNTYIB! BOJHA IIOTHOCTH IIIA3MEHHHIX 3JIEKTPOHOB Y:Ke He rap-
MOHMYHA, & HMMeeT OCTPOKOHEYHEH rpefenn (rak HasbBaeMasd KHOUIAJIBHAS
sonua °). Ornomenne n,/n, XOCTHraeT 3HaUeHMi, MEOTO GOJBIIAX €JWHMIIILL.
lpn oToM BOBMOKHO M3MHEHHe NODAKA DICKTDOHHLIX CJOEB a7Ke B NEPBO-
BadaupHO XOMOMHOR mmasme. YacTh BieKTPOHOB Ha rpefHe OTPHBAETCA OT
OCHOBHOH MacCCHl YaCTHN, B JBIJKETCS B HANPABICHWM NyYKA — IIPOMCXOTHAT
BaXBaT IJA3MEHHBIX DJIeKTPOHOR. Podb 3Toro mpomecca BospacTaer ¢ yMeHB-
meHneM HHePrun HydKa M yBelddeHdeM TeMmepaTypn mixasme 1%, Hexmmeii-
HOCTH ILUIA3MBL HAPANY C AHCCUIANMEe# ¥ WIDOCTPAHCTBEHHOR aucnepcmeit
ABIAETCA eIfle OTHUM PAKTOPOM, OTPAHUIMBAIOIAM AMILIATYAY 3JICKTPUIECKO-
ro mous.

B saksrotenme atoro paspgena npmseneM ta6a. 11, Tme mokasamno B3amMmo-
OTHOIIEHUE MEKAY Pa3JIUIHBIME TEOPeTUYECKUME HCCJHeJOBAHUAME IIPO-
CTPAHCTBEHHON 5BOTIONMM CI'YCTKOB B IJIa3Me M, B YACTHOCTH, BHIIMCAHH KPH-
Tepad OPHUMEHUMOCTH TeX WM HHHX PacueToB.
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Taomnuma I]

TeoperndecKu PAcCMOTPEHHKE CIYYa® APOCTPAHCTBOHHOH ABONMOIAN
DIEKTPOHHHX BOJNH B IIA3MeHHO-IYIKOBOIl cmcrTeMme

ITy490K Mano# NIAOTHOCTH:
(nb/np)1/3 & 3 t‘i /’Ug-
PesonancHule yemosusa; T, = 0

MAIDMHHBH SKCnepuMenT 102

UncaeHHOE YHUBEpPCAnbHOE pelleHile. '
Juccunanreil 1 KpaTHBIMY rapMOHAKAME
nperebperaerca 92, 93

YucneHAH# CueT NJ7A ROHKpeTHOH
BeJIMUMHH 3aTyXaHuA. KpaTHHMH

rapMoOHUKaMH npeHe{peraercs 94> 101

1. Bosee mIOTHBIH 1TY40K
2. IIpeHeGperaercsa TeMnepaTypoit
NIXa3MEL

HepesoHaHCHBIE YCIOBHA
Pe3oHAHCHBle YCNOBHA C guUccHnandefs.

n
(1_i) [ L R YucneHusli cyeT 10 2 3> 5. BhicmMME
Op/ Ty p Op rapMoHHKaMu npeHeGperaercs,;
Vo np v 95, 96
LT K5

(Dp“uo ’np (x)p

MpubnukeHHoe aHAIU-
THYeCKOe pelleHHE,
VUATHERAOMee KPATHBIE
FapMOHMKH [0 Z £ S.
Onccnnanueil npeHeGpe-
raetca 91 97

HucnewHH cuer
€ y4eTOM QJHCCH-
naguu go z > S.
BricIDUMA TrapMo-
HUKaMHA IIPeHe-
Gperaercs 95

YucneHHBIA cUeT C Yy4eTOM
KpPATHHX rapMOHHAK 1o z » S.
Huccunanueit npeHebGperaercs 99

6. SKCOEPUMEHTAJIBHBIE HABJIOEHNA 9JEKTPOHHBIX CI'YCTKOB
B IJIASME

a) lanuase o paszoBoil PorycuHpPpOBKE

Uwnratenn, HasepHoe, y:xe caMm o0paTwi BHUMaHWEe Ha TO, YTO TEOPOTHUe-
CKHe BEIBOJH B OLpefeJeHHOH CTemeHH COIJAaCYITCA ¢ GaKTaAMU, UBJIOREHHB-
MH B I'1. 2. JTO COOTRETCTRBIIEe OPOABIMETCA M B HAJNYUU KPATHHX TAPMOHHK,
H B aKCHAJBHOM 3aBHCHMOCTH MX aMIUIUTYIH BILNIOTH IO HePBOTO MHUHUMYyMA,
¥ B NPOCTPAHCTBEHHOH 3BOJMIONUHN CTAJKeHHON (YHKIME pacupegereHnus.
Ho cymecTByioT Tak)Ke IpAMEeE CBHIETEIbCTEA IPYNINPOBKE NYIKA B ILIA3Me.
Tlepsoe n3 uHux 2% ORIO HOAYUEHO €LIe [0 CTPOTHX TEOPETHYCCKAX HCCICHOBA-
HUll, OOMCAHHKX B OPelbyIleM pasgeie, I OCHOBLIBAJIOCEH HA COIMOCTABICHEHA
MECTONOJIOKEHUA CReTAMEHCA 06JacTn HHTeHCHBHEIX HeIWHEHHHX Kojgefanmi
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(cM. puc. 5) ¢ KoopanHaTOR (a30BOTO POKYCA, BHUMCICHHON 110 IPACIMKEeHHOM
dopumyne (5.7). Oxazanock, 9T0 NPH BCEBOZMOKHBIX W3MEHEHHAX IHapaMeTPOB

Pnc. 12. 9KkcnepuMeRTaNbHEE 33BHCH-
MOCTH PacCTOSABHA A0 00JacTH HHTEH-
CHBHHX KoJeGaBull OT aMIJIUTYIH MO-
pymupyiomero CBY manpsmwerma Uy
Npy Pa3nudgHHX YCIOBHAX (3HATKM).

CIJIOIHKE IVHEW — COOTBETCTBYIONIe pac-
CYMTAHHHE 3aBACHMOCTA Sp, I — ¥y =
=0,82 em}, 2 —y=1,1bcw?, 3—y =
=1,5 em~%.

mepBoe COBIIAJAeT €O BTOPBIM. IlpmmMepoM MOTYT CIYKHTH 33aBUCHMOCTH
Ha puc. 12. Peayapratet padorst 3 oqEOBPEMEHHO IO[TEEPIKIAIOT COPABeAIT-
BOCTH cooTHOMmEHUA (0.7). V/OBIeTBOPHTENHHO COOTBETCTBYET IKCUEPHEMEHTY
7 gpopmyna (0.8) *7.
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Puc. 13. Uamepenrsie pacupefenedud 3AeKTPOHEOB IYIKa Ha a3oBolt miaocKocta [eU, otl;
eU — RuHeTHIeCKAdA DHEPTUA BIACKIPOHOB.

a) HauHete paform 1°%: I — mpodias BOJHM CKOPOCTH NyUKA HA HHTepBane z < Sp (cM. (5.7)). 2, 3 —

00pasoBanue TDPEXCHODOCTHOTO WOTOKA I Z > §,, 3 — «ONPOKUABBAHAEe» BONER NBAKIN 33 MEPUON;

6) «MPHOBEHHBIe» QYHKIIMM pacnpenenesua fi(U) npn PASANMYHEIX ! B COOTBETCTBYIOIMMAE BOJHOBEE TPO-
¢unnm ckopocTy mydra *® mepex (asoBuM goKycoM (1), BﬁJﬂBPI $aszosoro poryca (2), sa $asoBEM GOKYCOM
(3) ¥ Ha YYACTKE CIIBHOI'C 3aTyXaHua (CM. pHC. 2, €) (4), eUp = 390 3B,AU = — U,.

LY,
NS
@T
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6) D¢ PerT «ONPOKUTHBAHMESAY BOJHE

HanGonee yGegmrtenbroil maaoctpanueil $azoBoir (POKYCHPOBHH IY4YKa
¥ MOCJHEVIOMEero ONPOKHILBAHMA BOJNHH, MO-BUAMMOMY, CJefyeT CIHTATH
DKCUEPUMEHTA bHEe CBEJEHUA O PACIPEeIeHNN dacTur Ha ($asoBoll IIOCKO-
ctun (pume. 13). Bumepsrie Takme 7amHEE 0 HyYKe B IIasMe OHIM HOJTYIEHH
TOCPeICTEOM CIENHAIBHO PaspaboTanioro SieK-
TPOHHO-IYUEBOTO AHAIM3ATOPA, U3MEPSIOIIETO
QYHKINIO paCHpeyieienuss YacTHI (MIHOBEH-
HO»— 3a BpeMsi, MHOTO MEHBIIee IePHoNa KO- a)
nebarmit 1%, C HeCKOAbKO XYIIIAM Paspemesn-
eM AHaJOTHYHBE Pe3YIABTATH OBINH TONYYEHH “'
¥ aHAAH3ATOPOM DHEPTHi ¢ TOPMO3AMNUM HOJEM, 5

U,

ROTOpblﬁ BHKJIO9YAETCSA JAHNML B OIpPeAeAcHHLIe /-Ll'
|

U,

$aser BogHEL 47,48,

OrcyTeTBHE pacINpeHAA MTHOBRHHON PYHK-
oUW pacopefelieHHsi B yCJIOBHAX, Korja yc-
PeHEHHHA pPaszbpoc pHEPIUWAl 3JJIEKTPOHOB B
myYKe BECHhMa BeJUK, IIPEBENO K BEIBOXY O He-
000CHOBAHHOCTH NIpPesKiedl TPAKTOBKU 3KCIOEpH-
MEHTAJbHHX Pe3YAHTATOB Ha OCHOBE KBas3Wjin- 8)
HelHO# Teopum¥ U HEOGXOTHMOCTH HCIOJIb30Ba-
HHS NpeJCTABJIeHHA 0 CrycTKax dgacrmr °L.

5)

]

0

f_(U)

t

Up
B)CX0gCTBO AUHAMHUEKHY 2)
MOZYAHPOBAHHOTO
M FeMOJZYJAHNPOBAHHOTO NYYKOB
B LiIas3Me = 1.
46 18 u, 20x07
Um/c

Ecun ue mpmferarh K OpsSMEIM, HO CHOMK-
HEIM (MTHOBEHHBIM» U3MEPEHHAM, TO MHAOPMA- Pgc. 14. VsMepeHHHe 3a Maioe
IEI0 0 XapaKTepe IJIA3MEHHO-NYIKOBOTO B3a- BpeMA YCpemHeHEHe (QyHROuE
AMOJEHCTBAA MOKHO IONYIHTH, U3MePsa PyH- IP;gc“ggﬂ%’;f:%’; :;;“ngngg;{;
KIWI0 PACHDEJIEJICHAA DIEKTPOHOB IO CKOPO-  cronyoy H%ROBO_M%MBHHOTO
CTAM, YCPeNHeHHYIO 3a BpeMsd, 00JbIIee He- pzamMojeiCTBEA B IIABMEHHO-
pmoga CBY xoaebauwii, HO MeHBIIEe Xapak- IyIKOBOM paspsaje.
TePHOTO BPEMeHN HUBKOYACTOTHEIX IYKTyammiy P OM pr- on) 5.107 (), 1.3.10°8
B cucreme. Cormacuo pacieraM takas QyHKOuUS
pacIpeJesicHus B ¢AYIae O{HOMOJIOBOTO PeKEMa
IomKEA OHITH He MOHOTOHHOHM, a mMeTs MHOrorop6ymo cTpykrypy (pmc. 8).
Oxraszanock, 4T0 MMEHHO 5TO U HAGIIOMAETCA B DKCIEPEMEATAX KaK C MOTYJIN-
POBAHHBIM, TAK M ¢ HEMOJYJINPOBAHHKM myurom 1% (pue. 14). HemonoTorumii
BuJ QYEKIWNE pacuIpefeseHHs elle Pa3 HOATBEP:KAAeT BHBOL 06 yHHABEpCAIb-
HOCTH IpEACTaBAEHHH 0 CI'YCTKAX B CHCTEME IIa3Ma — MOHO3HEPTeTHUeCKHH
OY90K. .

3ameTnM, 9YTO HeO0s3aTeJHHOCTH HNPEABAPHMTENBHON MOXYIANWA IyYKA
Ias BO3Oy:RIeHHA IPOMONBHOM BONHE, Oam3KOf K MOHOXPOMATHYECKOI,
BHIJIAAT €CTeCTBeHHOM, eCIM NPUHSITH BO BHAMAaHWE CJICLYIOMUe HeYCTPaHIe-
MEEe (QAKTOPH, CYy:KaoO[Ae COEKTDP BOJIH B CHCTEMO:

1) cmnpaylo uacToTHyI0O HepaBHOMEDHOCTH KoddPummenTta ycmienwms,
HAPACTAIMYID ¢ paccTosHmeM 25,106,

2) ofpaTHyI0 CBf3h, CYMECTBYMYI0 MEXKIY OOJACTHIO WNHTEHCHBHBIX
Koje6aHmi w BXOMOM NyIKa B ILiasMy 17,
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r) IIpo¢uap BOXTHE 3IEKTPHIECKOTO MO JHA

HKak cnemyer n3 pacuera sasucumocteit E (t) (puc. 7), BoxHH, BO3Gymaae-
MB€ CHJBHO CTPYNNHMPOBAHHKIM JYYKOM, [AO/KHE ObTh He TapMOHUTHEIMH.
Hanmune B Konme6aTenbHOM CIHEKTPe KPATHHX TapMOHHK (pHC. 2) MOKHO pac-
CMATPHUBATH KaK HEKOTOPOE BKCOEPHMeHTANBHOe TogTRepKAenne sroro. OnHa-
KO ¥8-32 HEONPEe/IeJIeHHOCTH B TOM, KojeGaH#sa Kakoil wWMeHHO (n3udeckoi

Puc. 15. Cxema »JeKTPOHHOIYYE-
BOTO 30HAWPOBAHHA ILJIa3MEHHO-
IIYIKOBOI CHCTEMEL.

1 — Harol, 2 — MOmyaHpymomnii peso-
HaTOp, 3 — Bxonm CBY wmowmHOCTH, 4 —
BCOOMOraTeJbHAA BAEKTPORHAA NOYHIKA,
6 — KOJIEKTOP.

BEJIMYUHEL PEINCTPUPYET 30HM, W OTCYTCTBUA HHPOPMALEM 0 a30BHIX COOTHO-
MEeHWAX MEKAY 'apMOHMKAMH BOCCTAHOBHUTH HPOPHUID BOJHE dIEKTPHIECKOTO
TONA WO CHEKTPY HEBO3MOKHO.

IIpamoe onpepienenne npoduasn Boans E (i) B 11a3MeHHO-TYIKOBOH crcTe-
Me GHJIO BHIOIHEHO HJIEKTPOBHO-Ny4YeBEIM somgmporanmeM 1%, Craborounsii
9JIeKTPOHHME ny% 5 (pmc. 15) mpomycKajca NEPHEHINKYIAPHO OCHOBHOMY
Oy4Ky depes €ro 0Ch, He BO3IMYMasa uccaeqyeMyo cucremy. OTKIOHAACH
B IoJIe MJIa3MeBHHX KoJae0aHuil BXOAD OCH Z, & 3aTéM B CHHXDOHHOM T'aPMOHH-
9eCKOM I0Jie Me;KAY HAACTUHAMH 7 BROJB OCH 7, N1yd BEYePYABAT HA JIOMHHEC-
IEeHTHOM 9KpaHe § Qurypy, no KOTopoi HaAXOAMIUCH AMIIUTYAA BOJHBL JJeK-
TPUYECKOrO TOJNA W ee WPOPUis.

Jagntle 0 TPOCTPAHCTBEHHOHN HBONIONUA BONHB OBLAN MOJYIeHb 30HAADO-
BaHUOM CHCTeMH HA Pa3HHX VAAJeHHAX 2 OT BXOfa IyYKa B muaasmy 09,
Xapakrepras cepusa QUIYp Ha JIOMBHECIIEHTHOM KDaHe W COOTBETCTBYIOIMYe
aasucumocte E (t) mpepncraBienst Ha puc. 16 cumommmiMu mmumamu. Moxmo
BHJIETh, YTO BOJHOBOH NpPOYUAD NPH CHIbHOM Ipyunuposke mydxa (puc. 16, 9)
Gnms0K ¥ IpencKaspBaeMoMy Teoperndecku. OTamgue COCTOUT TONBKO B TOM,
YTO Pe3Koe OTKJIOHEHHEe 0T TaPMOHWIHOCTH, BOBHWKAIOWEe NPH IPOXOKIEHAN
CTyCTHA, HAbI0aeTcs He B HYNeBOM (ase 0CHOBHON TAPMOHYKY, KaK Ha puc. 7,
4 HECKOJBKO CMEMIEHO B TOPMOSAIEY MOJAYIepHof. ITO CMEMEHHe CI'yCTKa
mo ¢aze Momer ObITh O0BACHECHO HAMWIWEM TUCCAIAIAN W HEHYJAeBOH TeMie-
PaTypOH YAeKTPOHOB — (PAKTODAMHE, HE YITEHHHIMH IIPH TeOPeTHIECKOM pacye-

Te upodwmia.
M JuEaMuka CTYyCTKOB

Tlonpaysich s3apucumoctamu E (), MOKHO YCTAHOBUTH TOHKYIO CTPYETYPY
DJAEKTPOHHKX crycTroB 1%, Jasa artoro cumemyer NpuUHAThL BO BHUMAHHUE, YTO
mpomsponuasg 0F/dt (mTpuxoBbie aunun Ha puc. 16) ompenensier KOHBEKINOH-
HHHE TOR j; B IasMe, a NOCHENHUI IpecTaBiasier CoGOM CYIEePIO3UITIHIO
IOYTH CHHYCOHAANLHEOTO TOKA OCHOBHON TAPMOHUKH (9TOT TOK CO3][aeTCA Milas-
MEHHBIMU 3JCKTPOHAMH) H TOKA CTyCTKa, KOTODHI 06pasyer AMY B IIOJOKH-
TeABHOM HmoJynepuofe Qyurumu j, (t). CuenoBarensno, pensed AMH onpege-
JggeTca mpodmieM CTyCTHKOB, a OPOCTPAHCTBOHHAS DBOJIONUA AMB ABJISAETCA
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XOpomieH WINCTpannel UX AHHAMHAKY, B KOTODOH MOMARO BhIIGNUTL Clefylo-
mye maunfosiee CymeCTBeHHHE MOMEHTEHL.

1) Obpasyiomuecs »1eKTPOHHHE CIYCTKY NIPW CBOEM AajbHCHINEM JBluKe-
HEY He COXPAHAKTCs — X HPOTHKEHHOCTh BO3PACTaeT, LpuyeM RalbaiojaeTca
paciierienne Ha ape gactu (2= 4,64cm). 3aTeM CrycTKn BHOBB CJIHBAIOTCH.
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Puc. 16. IlpocTpaHcTBeHHas 5BOJIONMA BPeMEHHEIX Upodmieil BoJHE HIEKTPHTECKOTO
monsa E (cnmomEbe KpHBhe) H IIOTHOCTH KOHBEKNUOHHOTO TOKA B ILIAsMe jyg (IITPUX).
CJyeBa npuBenCHE! COOTBETCTBYIOIIHE dmrypm Ha JIOMHHECOUPYIONIEM 3KpaHe.

Ha mocnenynomeil crafimym pasTpynONpOBKA CTAHOBUTCA HACTOJBKO CHILHOM,
YTO0 BOJHA BHOBh CTAHOBHTCA HIPAaKTHYECKHE CHHYCOMAAINBLHOHN (z=6,82cM).

2) Pacoaj sneKTPOHHEIX CI'YCTKOB IIPOMCXOMHUT GHICTPEE, 4eM M3MEHeHWE
nux ¢asnt. WUz puc. 16 MoxHO BHIETH, 9T0 HEHTDP CIYCTKOB BCEIIA CMETICH B TOP-
Mo3AMuil moaynepuol mods., JIumb OpPH pasgBOeHHH CTYCTKOB OLHA W3 €ro
qacTel MOKeT NepeiiTu B YCKOpsIomyio $asy BoJHH (2= 4,76cM).

9T PaKTLl, OTHOCAIMEECS K CPABHETEIBHO NIOTHOMY IY4KY, HaXOMATCA
B COOTBETCTBUH ¢ TeOpHeil ero dBOMIONHUU B XOMOAHON NOJasMe (ria. d, m. B).
Taxofi 3e BHBOZ MOKeT GHITH CllelaH M OTHOCHTENHHO PE3YIbTATOB BOHIAPO-
BAHMA CHCTEMEBl TP DPAa3HHX ®/®@p. C YMeHbBImeHWeM B3TOTO OTHOMEHWA
BKJaJ BHCHINX TapMOHHK BO3pacTaeT, B YacTHOCTH, HabJaI0Manoch HOYTH
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CTOLPOLERTHOE npeoOpasoBaHdWe MCXOJHON BOJHK B BOJHY ¢ 9acTOTOd 20
une 3.

HunamMura MeHee IMIOTHOrO IHEPBOHAYANBHO HEMOIYJWPOBAHHOTO IIYYKA
B IL1a3M¢ B MArHATHOM IIONe HCCIEHOBAJIACH Ve YUOMHHABIIEAMCH METOIOM
TOPMOBAMEro IOJsA ¢ BRIOYOHHEM aHAJIA3ATOPA B OUpeleJeHHHE (Gassl BOJ-
un 45,47, Hax suguo m3 pme. 17, B aToM caydae obHapyxmBaercs mepexox
OT 3aMe/IJIeHHs1 CTYCTKA K YCKOPEHWIO, 9TO COINIACYEeTCA C TeOPeTHIeCKEMH
opefcTaBiaeHuAME 00 OCHWIIIANMAX CrycTkoB (pasm. 5, m. f)).

Taxum ofpasoM, CymeCTBYIOT OPAMHEE 9KCOEPAMEHTAJILHEE AHHEE 00
9BOJIOIMA CTYCTKOB B OKPECTHOCTH ()a30BOT0 poryca (na maTepsane 0 < z g
< 38,). 3a PasosrM GorycoM HaGNIONAWTCA B 3aBMCHMOCTU OT YCIOBHi 06a

g
0,5 < ’
G 2 2 AN /A
_[I)'g 20 3,0 ¥ < 45
’ '— I i it i L KN L J i
wt Puc. 17. Vamermenme pacupege-
; 7 TeHWA IUIOTHOCTA IEKTPOHOB
IPR=— By Nope. yaaneman or mavana
0
- 7 -
-2k |5’5 80 L CHCTEMHAI.
1 Il |

8 = (v — vo}/vo (np/2np)"/3.
B woopmmaarax 2,0 m 3,0 o6o3Ha-

! £ —— 9eHH JIMBAE MAaKCAMATBHON nno'nm&
L — 2 =) CcTd ® [ONYMAPHHHE  MI'HOBEHHO

0 N[ ( /g_ (yHKOME pacnpemenenmA. IlapmEma

s - @ - . 6aM3Ka K anmapaTEOM. IIpn G6ABMUX

-2 1,0 75 - 347 z BHYTPeHHHIt KOHTYP COOTBETCTBYET

e L L I L N L MaKCHMYMY OIOTHOCTH, HOPMAJM30-

-7 aJ frd -1 14 frd - a T BaEHO# K 1. élngnsylogxzne KOHTYDH!

OpeiCKa3pBaeMHEe Teopueil darTopa 3aTyXaHHs BOJHH — DasrpyNIHPOBKA
CI'YCTKOB W OTGOP MMM dHepruH oT moiad. OJHAKO IO CPABHEHNIO ¢ NEPBHMH
TEOPETHICCKUME BHIBOJaMH 3TO IPOCTPAHCTBEHHOE 34TYXAaHHE OKA3BIBACTCA
foaee TAYGOKUM W HOCHT, IIO-BHAHMOMY, HEOOGPATHMHIH XapaxkTep, IT0 CBHIe-
TEJIbLCTBYET 0 WOJIHOM pacuaje crycrros. Mojxro HasBaTh Caelylionue OPUIEAH
BX OGHICTPOTO PaspyINeHus:

1. ¥Yraosasa pacxogEMOCTh WY4WKAa I0J IEHCTBHEM BHICOKOYACTOTHOTO
MoJsl B HKCUEPUMEHTax 6e3 MarsmTHOro moisi 25,10, Ko, B wacTHOCTH, MOMKET
6HTH 00BACHEHO TO, YTO IPY IOBTOPHOM CIMSHHE CTycTKOB (puc. 16) aMmanTy-
Ma BOJNHE CYHDECTBEHHO HE BO3pacTaer. .

2. Inccunanus B miasMe B coueTaHmu ¢ GossmuM pa3bpocoM CKOpPOCTeH
B crycTKe. V3BecTHo, 4TO MOCTMKEMAA CTeNeHAb TPYIIAPOBKE NYIKa C TUCKpeT-
HHM Ha0OpOM CKOpOCTEH 3HAYATEIBHO MEHBOIe, YeM HYYKA OTHOCKODOCTHO-
ro 119, Tlosromy, ecim BA YYaCTHe CHajfa AMILIHTYNH BJIEKTPOHH BHXOIAT
n3 o6aacTE 3axsara, TO JajbHEHIIAd WX CHIBHAA TPYHOHPOBKA YiKe He OCY-
mecrBuMa (puc. 11). Kpurndecroe BiansgHme 3aTyXaHdd HA COXPAHHOCTE CTYCT-
KOB 0GHAPYIKEHO TAKskKe B PRCIEPHMeRTe ¢ JaMIoll Gerymei BOJIHH (JIBB) 111,

3. IlapameTpruecKas HEyCTOMIHBOCTH MOHOXDPOMATHYECKOH BONHH, IPH-
BOJAMAsA K POCTY BOJH —«caresyurosy. [logpoGree 06 arom u6yneT CKA3aHO
B rif. 7, . ). 31ech 3Ke CONLJIEeMCH JHINDb HA BHIIEYOIOMAHYTHY 3KCOEPAMEHT
¢ JIBB, B koTopom Ha6mI0Za10Ch PaspylleHHe CrYCTKOB IPHW BO30Y:RAeHUH
HapacTawImel BOJHE, OJHM3KOH IO 4acTOoTe K OCHOBHOM.

4. 3aBmCUMOCTH MAPAMETPOB IIA3MH B INIa3MEHHO-IYTKOBOM paspssie OT
aMIJINTYAR KojeOaHmit. Y OnBapde HMIOTHOCTH ILIA3MBl W3-3a YACTUYHOH DPas-
I'PYIOAPOBKYE My4Ka M COOTBETCTBYIOMETO YMEHBIIEHUS aMIJIUTYI(El BOJIHBI
B IpocTpaEcTBe 33 (a30BHM QOKYCOM MOKeT CIHOCOOCTBOBATH IOJIHOMY Pas-
BAldy CryCTHOB.
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7. CTAIIMOHAPHBIE NEPUOJHNYECKUE BOJHBI BEPHIITENHA — I'PUHA —
KPYCHAIJIA

a) BosmMomuOCTh PaBHOBECHEX pacnpefenenni
3aXBadYeHHB X BIEKTDPOHOB

Taxum 00pasoM, CURXPOHHO [BHUTAWIINECS ¢ BOJHOH CrycTKHu, 00pasyro-
mMpecs B OOBUHBIX ITYYKOBO-ILIA3MEHHEX JKCIEPUMEHTaX, KOrja B IJIA3MY
MHKEKTHPYETCH HeMOAYJIHPOBAHHHEA wuan ¢aab0 MOTYyIMPOBAHHBEIH HTYIOK,
ABASAIOTCH HEPABHOBECHHIMU O00Pa30BAHMAMHE. OKCIOHEHIMAJILHHIN Iponece
TPYUNWUPOBKE JICKTPOHOB CMEHAETCA NOBONBHO GHCTPO IPOTeRAWMER cTamgu-
€l pasBaja CTYCTKOB. DcCieicTBue 9T0ro aMIauTy[a BOIH, BO30YMKTAeMBIX
TAKUMM OYYKaMH, CHJILHO (Ha HECKOJBKO HOPATKOB BEIWYHHE) W3MEHAETCH
BIOJIb HANPAaBACHUS [OBIGKEHUS NYyYKa, TAK YTO KOae0aHUA IIPARKTHISCKM
JIORAJIU3YIOTCH B 30HE MAJOH IPOTSHKEHHOCTH HA HEKOTOPOM DACCTOAHUE OT
KOOPAMHATH UHMKEKIHH IYIKA — BOJHE HECTAI[MOHAPHL.

Mesxny teM, eme B paGorax 3,27 Gruta mpefcKasama BO3MOKHOCTH CyHie-
CTBOBAHUA B IIA3Me CTANHOHAPHLIX HEAWHEHHHX BOIH ¢ HeaedopMEPYIOIMH-
MHUCHA CTYCTKAMU 3aXBRYEHHBLIX YACTHI[. 1e0pHi0 TaKUX CTANMHOHAPHEIX BOJH
(oOmano uasmBaempix BoaHamu BI'K) crposit, ucxops ms pomymenwusi, uro
CTAlOHAPHAS JIOCKAA BOJHA YKe cymecTByeT B miasme. Torfa B ABMRyme-
€A CHCTeME KOOPAHMHAT, B KOTOPOH BOIHA HEMOJBIKIA, BCE BEIUYIUIH HE 3aBU-
CAT 0T BPEMEHH W MOMSHO BOCIIOJIB30BATHCs OOI[UM PEIIOHHEM CTAHOHAPHOTO
HeauHelHOTo ypasHenua BiacoBa must JYHKIMA pacmpefieneHusa DISKTPOHOB

f=1 (5% )s (7.1)

TAe ¢ — BIAEKTPUUCCKUii MOTEHNWaA BOJHBI, U — CKODOCTh 3MeKTpoHOB. [Lis
yopomenus npeHeOperaeM BO3SMYINEHAEM ILTOTHOCTH 7; HOHHOTO (OHA BOJHEL
Paspennu onextponst Ha IiBe TPYONBE — 3aXBAYEHHBIE BOJHON ¥ HE 3aXBAYCH-
urie. B sroM ciaydae ma ypasuenua [lyaccoma

%@ '

T =tme (| fav—ny), [(7.2)
noncTaBissg B Hero (7.1), moayumM MHTETpamxbHOe YPABHEHHe [JId HOPMHPO-
BAaHHOH (VHKIWN pacmpeleseHHs 3aXBAUYeHHBIX DJIEKTPOHOB IO DHEPTHAM
Joaxs (€):

—eQ

o S " 2fpaxa (6) dE _ 0% - boen, —hne °§° 2fupos (€) dE
T€Naaxn ) Vim (& teq 0% i Rupon » ]/Zm Ten
MHUH
(7.3)

T€ Myaxes Mupon — CPEJHHE ITOTHOCTH 3aXBAYEHHEIX M IPOJETHHIX IEKTPO-
HOB coorBercTBeHHO, & = (mv*/2) — eq. U3 ypasmenua (7.3) caemyer, uto
381aBasg NPOM3BOJBHO HPOQHIB BONHH ¢ (Z) U pacmpefeNeHUe IO SHEPTHAM
HE3aXBAUEHHBIX DIEKTPOHOB frpon, MOMKHO BCeTa HOAOGPATH COrIACOBAHHYIO
PABHOBECHYI0O (YHKIUIO PACOpPEIeJeHUS HJIEKTPOHOB, 3aXBAYCHHHIX B IMOTEH-
1HMATHHEIX AAIMAX BOMHE. VMEeHHO TeM, 4TO pacupelesenne 3aXBaYeHHbIX YACTHI]
8 BonEe BI'K aBiasierca paBHOBECHHIM, 5TH BOJHE OTIMYAIOTCA OT BOJH Bam-
Kammena, rie He yUrTHBaAETCA 00PATHOES BAUAHTE MOJA HA PE3OHAHCHEE YACTH-
usl (B cuxy 4ero BosHH Ban HamneHa mpakrudecku He peaansyeMs).

B paborax 3,11? paccmarpmBanuch KOHKperHwe npumeps BonH BIK,
COOTBETCTBYIONIAE PA3IMYHEM QYHKIEAM PACHpPEleNeHUA 3aXBAYCHHHIX DJIeK-
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TpoHoB. Tak Kak CI'yCTHH DIeKTPOHOB B COCEJHHMX AMAX DPAa3[eJIeHH MUHUMY-
MOM LIOTEHIHMAJNA, TO HX PacHpefeneHus MOryT OHTL BE3aBHCHMEIMU IPYr OT
Apyra ¥ HapAQy C MePHOTUIECKUMY PeIIeHUAME BOSMOMKHEL U alepuogudecKne,
HaOpuMep, B BHJe OTAEJBHEIX AMIYJAbCOB HOTEHMUAaa '3,

6)BozbympoeHue CTANMOHAPDHLX BONH DJIeKTPDOHHBEMHA
CTYyCcTKAaMH, POAB AECOEPCHH MJI&3ME

Ilpu o6HYHOM PacCMOTPEHNE CTANMOHADHBIX BOJH B CHCTeMe KOODAUHAT,
ABWKYIIEHCS ¢ BOJHOM, 0CTAlOTCA B CTOPOHE BOIPOCH 00 yCAOBMAX ¥MX BO3-
Gymaenna 2%11% y QusmuecKHX OPUIMHAX paBHOBeCHA CrycTKoB. lIMewrcst
TOJNBKO KadecTBeHHEIe cooGpasenus *%°, mofTBep:KAaeMble THCIEHHEIM MOJe-
auEpoBapmeM ¢, o ToM, WTO OHA M3 PA3HOBHUIHOCTEH CTANMOHAPHBIX BOJIH

MOJKeT YCTAaHOBHTHCA B pe3yibTaTe BpPeMeH-

7 . o
g |_'| | l HOTO PA3BUTHA IUIa3MEHHO-IYIKOBOHE Heyc-
a) i | TOMYHUBOCTH.
/N 4 n 3 Hamuoro peanpHeil sABiagerca APyras
E BO3MOKHOCTD, IPeJICKA3aHHAs P MOCTAHOB-
) VANEREVAN i b
; Ke 3aJadi O NOBEJeHMI NePUOIUTIECK M-

JKEKTHPYEMEIX B ILIA3MY HpelBapuUTeNbHO
C037aBaeMbIX DIEKTPOHHHX CIYCTKOB '1°.

?
5 \ /\ / Crangonapabie BOJNHB ¢ TaKHMH CTYyCTRAMH

N__/ U/ ¢ ramKe ONNCHBAKTCA PCTICHUAMI yPABHEHUS

¢ (7.3). Ho Hapsay ¢ 9TUM aHAJNM3 9THX BOJH
l /\ / B PAMKaX JWHAMAYECKUX ypaBHeHmit (5.1—
2 \/ \/75 5.6) packphriBaeT M yCJIOBHA HX B030yxie-
HuA. ECam uMOoyinbcaM [« TOKa IydKa B IJIO-

CKOCTH WHMKEKI{UM NPHAATH OPAMOYTOJb-

Puc. 18. Paccuurammas (@ — ¢) m HYIO dopmy (pmc. 18), To mpu oupepeneHHOR
SKCIePUMEHTAJbHO MBMEPeHHAf (2) WX AJIMTENBHOCTH HA KOHEUHHX Z yCTAHOBUTCA
CTPYKTypa CTAIMOBAPHOU BOJHH,  ypagycraluoHAPHAS BOJHA. JIEKTPHIECKOE

B0O30YKIaeMOH XOJOJHEIMHI 3JIEKT- ) »
POHHEIMH CTYCTKaMBE (L = of — moae BOJHHL PaBHO HYJIIO B TeX dazax, rae
— z/vg). COCPEOTOUeHbL DIEKTPOHL Oydra. llosToMy

B OTCYTCTBHE HAYAJbHON MOAYIALMHA CKOPO-
CTH XOJIOMHBIE CI'YCTKM, PACHPOCTPAHAKIIUECS CHHXPOHHO ¢ Boa0y:mIaeMou
BOJHO}, He Tedopmupyorcs. Takoe paBHOBECHE ABISETCA CIEJCTBIEM AVCIED-
cun, TNPHBOAANNEli K KOHKYDEHOWH KPAaTHHIX TAaPMOHHK  DJIEKTPHIECKOro-
wossA BOJHH. UacTh M3 HUX CTPEMHUTCH C3KAaTh CI'YCTOK, B TO BPeMsl KaK OC-
TaabHEe NPENATCTBYIOT C;KaTuio (1. 5, m. 6).

DusznaecKnii CMBICI CTAIMOHAPHOTO COCTOAHMS OCOGEHHO JETKO PaCKpHI-
BAETCA B CIIyYae 0UeHb TOHKHMX CIyCTKOB (1/2n < 1), MEMKeKTHpyeMbIX B mias-
MY C 9acTOTOH ®, HECKOJBKO MEHBIIEH nnasmennoit. IlofgcraBasia B BHpaske-
ume (5.6) aMmamtTyaHoe 3HaYeHHe NEPBOM TapPMOHUKM IJIOTHOCTH TOKA A; =~
~ 0, B, =~ 2j,, HalifeM none, cosfaBaeMoe 3apAjaMy ILIA3MBL BHYFPU CIyCT-
Ka ¥ CEUMAINee ero:

Epz4n——%ji—ma)ysin [m(t———z—\)]zSn——j"P?—(t—i). (7.4)

2
m2p Uy oF— 2 Ug

CoGcrBernoe ke IoJe CIyCTKa, KOTOPOE ero PacTAJIKMBAET, OIPefesuM
no reopeme Iaycca:

Ep = _4;“]'0.2_:. (t_.z_). (7.5)

Vo
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IlpupaBEWBag Hyd0 pesyabTHpyioliee mone E = E, -+ E,, naiineMm

PABHOBECHYI0 MAJIMTENBHOCTH CTYCTKOB:
T (J)p—(l)
2n

(7.6)

Boaee crporuii ananus 8,116 gokassiBaer, 970 paBHOBECHe XOJOTHHEX CIy-
CTKOB WMEeT MeCTO JJist JMIOOHX 0 < ®p K N 5= ©®p OPH BHIIOJHCHUN YCIOBUSA

Wy — SO
=, (7.7)
P

Ije § — OPOU3BOJBHOE Ileji0e THCJIO.
Ecau tremmeparypa crycrkos T}, OTJIHYHA OT HY-
JIfl, TO C3KATUIO CI'YCTKOB HPENATCTBYET TAKHKe Ia30-
KuHeTwdecKoe Japmenue snexrponos. C mpmbamsxe-
HHEM @ K ©p B yBeamdenuem 7' BAMAHUEM BLICIIUX
TapMOHUK HOJA 1a QOPMY CIYCTKOB MOKHO HpeHes-
peup IO CPaBHEHHUIO ¢ TEIIOBHM jBuskenmeM. lIpes-
MOJIAras, 970 YJAEeKTPOHH MYYKA UMEoT OO0JBIMAHOB-
CKoe pacupesiefleHne B rapMOHNHECKOR CTANNOHAPHOR
BOJIHE, MOJKHO ONPEJleJHTh 3aBUCHMOCTH €e aMILIu-
ryaet o1 Ty (puc. 19) n paproBecHbr Tpoduas cry-

£t
28
10

g5

Puc. 19, 3aBUcuMOCTH aM-
OANTYAE TOTEHOUANA @y

crroB 7. Ilpu 7}, > pasHoBecue CrycTKOB HEBO3-  cranumoHAPHON BOJEH OT

MOYKHO. TeMIepaTypH crycTkoB I'p.
[logaeprueM eme pas, uTo B JII0O0M Cily4ae pas- npo,mv2
HOBECHE BOBHUKAET TOJNLKO HpH © < ®p, KOUAA IH- B=W-

DAJIIEKTpAYeCKad IMPOHUIAaeMOCTh IIJa3Mbl OTPHNATEN b-
Ha 11 CTYCTKH HAaXOJATCA B HIOTEHITNAJBHEIX AMaX. HpI/I 3TOM MCIOOJb30BaBIIEECA

5
(4

.

925
2 -

t l 1 |

10 20 z 30

Pnc. 20. 3aBHcHMOCTH PABHOBECHOMH AJIH-

TeIbHOCTH XOJOZHHX CrYCTKOB OT a =

= @p/w IpE pPagHHX BeJAWYHHAX JUCCH-
magaa v/ o.

CleBa OT NITPMXOBHIX JAHHI paBHOBECHE HEBO3«
MO3KHO.

AaA MPOCTOTH mpubamKenue nuueiino-
CTH INTIA3MEHHBIX KoJIe0aHuil He NpHH-
nunuanbao. B gacrHocTH, mapaMerpsl
CTAaNUOHAPHO! BOJHHW B HeJaWHEeHHOH
mia3Me € 3aXBAYEeHHBIMU XOIOTHEIMH
CI'yCTKAMY OMIpeeJeHs B pafore 118,

B) Krasucramuonapuane
BOJHB B JUCCHIOIATHBHOIM
mnjgasMme

[lockoabKY MpeACTABIEHUA O PaB-
HOBECHH CTYCTKOB OTHOCATCS K YCTAHO-
BHUBIIEMYCA PERUMY KodeGanulfl, a cy-
HIECTBOBAHKE TAKOTO PEXKUMA LPERIIoIa-
raer HaJIUYWe B JIa3Me KAKOro-au6o Me-
XaHU3MA TUCCHOANHKU, TO HEOOXOIHMO
BEIACHUTH BJUAHUE [OC/IEHEN HA pac-
cMaTpuBaeMbie 1oJHH. B pabote 119
3aTyXague YIMTHBAJNOCH, KAK OOBITHO,
BBe/IeHUEM HEKOTOPOR YACTOTH CTOJK-
HOBEHUHI Vv B YyPaBHeHHE IBUKCHAA
IIJIABMEHHBIX JJIEKTPOHOB, B PE3YJbTa-
Te 4ero B JieRoil yacty ypasdenud (3.1)
BO3HUKAaeT 4ieH v 0E/ot.

Oxrasazoch, 970 B TAKOM IIasMe
TaK;Ke BOBMOFKHAO PACIIPOCTPaHeHNe BOJIH

¢ HOCTOSHHBIMY IPOoduiIeM U AMIUINTYLOH. 3aryxaHue IPUBOAUT K OIpeJeseH-
HOMY CABUTY (ha3hl 3JeKTPHYECKOTO HOJA 00 CPABHEHUO ¢ GesuCCHIATHBHbIM
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caydaeM, TaK, 9TO XOJOJHEE CTYCTKU CMEMAIOTCSA CO AHA ABMKYIMUXCS MOTEH-
OMaJIbHHEX AM HA WX TOPMOZAMWHA CKIOH. B pesyibrare HE3HAUNATENBHO U3Me-
HAWTCA PABHOBECHHE (OPMAa W [IMTENHHOCTH CI'YCTKOB. Doxee cymecrsenno
70, YTO CI'YCTKH, ABUrAACH B INIy0s IIA3MEl, MOHOTOHHO TOPMO3ATCA U COOTROT-
CTBEHHO 3aMeJ[JiAeTCsd KBAa3WCTANMOHAPHAA BOJHA — VMEHBLINAETCA €e JIWHA.
Kpowme Toro, cokpamaerca IuanasoH 9acToT 9Tux BoJaH (pmc. 20) — uem cmip-
Hee [IWCCHNANUS, TeM JaJbIIe TPAHKIA CYIIECTBOBAHUA PABHOBECHA OTHAILAET-
¢ OT ®p.

ry HeycTro#i94mBOCTE CTYCTKOB
B KBAaBUCTAMUOHBADPHKHX BONHAX

Pasymeerca, io6oit peanbHHilt GOpMHPORBATEND He B COCTOAHME TOYHO
ofiecrieduTsh TpeOyeMble I/ PABHOBECUSA NAaPAMETPH UHMKEKTHPYEMBIX B ILIA3-
My cryctkos. G Apyrod cTopoHH, BOAMYMAaIee IeHCTBIE HA CHCTEMY OKAa3EI-
sarT QaykTyanun B miasme. llosTomMy RosHmKaer Bompoc o0 yeroifampocTH
PABHOBECHSI CTYCTKOB.

Tlosenenne BO3MyHieHHH B CTAUMOHAPHHIX BOJHAX PACCMAaTPUBAIOCH
B menaoM psjfe paGor 120-125,116,117 Bynry npefcKasadbl M MPOaHAIH3APOBAHDL
pasnmYHEe MeXaHWSMH UX HeycrodgusocTH. [locKONBKY aTOT BOWpOC OYEHB
IUPOK, 0 KOHMA He paspaborTaH w TecHO cBA3aH ¢ Oojee obmelf npoGremont
B3aEMOJEMCTBNA BOJAH B ILIA3Me, TO €ro MOJHOIeHHoe 06CYRIenne BEBEI0 OB
Hac [aJeKo 3a PAMKM Hacrosmmero o0sopa. 3jech MK OCTAHOBHMCH JIHINH Ha
IBYX acmeKraXx, HEOOCPe[CTBEHHO CBA3AHHHX C Bo30Y:KIeHWeM KBA3WCTANMO-
HAPHHX BOJH XOJONHBEIME CTYCTKAMH.

IIpesxae Bcero 3amMeTum, 9YTO IPH CTAUNMOHADHOM HHIKEKIHAK CryCTKOB
B IJIa3sMy BO3MOMKHOCTh peanumsanum soaH BI'H sasucur xar or mpocrpan-
CTBeHHOTr0 MHKPEMEHTa BO3MYINEHWH, TAK ¥ OT HAYAJBHON BeAWIWHE BTHX
BOSMYyIIeHU#. YUNTHBASA BO3BMOMKHOCTDH CTAOMAMBAIUE IACTOTH (GopMEpOBATE-
ISl CrYCTKOB, MOMKHO OKHAAATH, 9T0 Hambolee CUIbHHE HadalbHBIE BO3MYyIIe-
#ug Oyayr OpeacTaBAATH ¢o0olf OMWHAKOBHE JJIA KajKA0T0 CryCTKAa OTKJO-
HeHusT OT paBHosecHovo upodmisa. [lo mepe mpoapmsKenusa crycTkoB B ray0b
IJTA3MEl 3TH BO3MYILEHHNST, He NPUBONAIIKE K MOABICHNAIO HOBHX JaCTOT B CIOEK-
Tpe, HO M3MEHAKINNE COOTHOIMGHMEe AMIIMTY] KPATHHIX TapMOHWK HeNWHeH-
HOH BOJHH, SBOJIONUOBAPYIOT KAK exp (ixz) 1'%, mpmuem % J0mmHO Y0BIETBO-
PATH JAACHEPCHORHOMY COOTHOINEHHUIO

]/m ; x [1—(sm/wp)]n_

Y (7.8)

b

rxe h* = 4nej,/mvi, j, — DAOTHOCTH TOKA B CIYCTEe.

Ws ypasrenunsn (7.8) caexyer, 4T0 BOBMYNIGHUSA PABHOBECHON POPMEL CTYCT-
Ka He HApacTaiT B IPOCTPAaHCTBE OpH /@, > T/2W win, 4ro TO Ke camoe,
opu § > (0p — ©)/0. B wactHOCTH, BO3MYMEHNs He YCHIWBAIOTCS B BOJHAX,
y KoTopHx ®p/2 << @ << wp. Ilpm MeHBmMEX ke 9acTOTaX y3KHe CrYCTKE
COXPaHAITCA, a IMAPOKWe NOMIKHH paspymarbcsa. MaTepecHo, 4T0 paccma-
TPHBaeMasi HEeYCTOMIMBOCTEL BHRJIoUaer B cefa HEeyCTOMYHBOCTH HEMOIYIUPO-
BaHHOIO0 XOJOHOTO IYYKa B INIa3Me KaK 4acTHRM caydail, COOTBeTCTBYODIM
/27 == 1.

Ilepeiimem Temeph K BOBMYMEHMAM HHOTO THIA — U3MEHAKMUM B3aUMHOE
PacImo/IosKeHMe CTYCTKOB B BOJHE H, COOTBETCTBEHHO, POMKIAOIIMM HOBBIE
gacToTH B cuexTpe. B paGorax 117,1%° popefieHne TaKuX BOBMYIIEHN aHANM3HA-
poBalioch AJA CTANHOHAPHHX BOJH C 9aCTOTOH, GAM3KOE K NAA3MEHHOH, UTO
m03BOJIANI0 NpeHe0pedb BHCIIAMH KpaTawMm TapMoHukamu. Hpome toro,
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3aXBaUeHHHe CIYCTKH PACCMATPUBANUCH KaK Hemedopmupyemue. BRI nemons-
30BaH CIeNYIOMIA OyTh UCCAETOBAHNS YCTOHIMBOCTH CHCTEMBHL.
[IpeamonomuM, YTo B TasMe HAPAAY CO CTANMOHAPHOU BONHOHE Oonbmol
AMIOJIATYAL BO3HMKAIOT BOJHEI BO3MYMEHHA — IPOOHBIe BOJHE, CMeIIaiollie
CTYCTHKHU H3 HOJIOKEHHH PABHOBECUA B MOTEHIUAJBHEIX fIMaX. DOCIOJB30BaB-
much YPABHEHNEM [BUKEHES, MOJKHO BHPASATH CMelleHme KAMKIOr0 CIryCTKa
uepes BAEKTPUISCKHE MOJH KAK OCHOBHOM, TAK W UPOOHBIX BOJH, OIPEleNnTh
3aTeM BO3MYMIEHHYI0O IIOTHOCTH NYy4YKA W M3 ypaBHemus IlyaccoHa HailTm
C y4YeTOM HUBJIEKTPWIECKOH NPOHWMIAEMOCTH INIa3MH 3JIEKTPHIECKoe MoJe,
co3aBaeMoe 3TUM BO3MYIIEHWEM ILUIOTHOCTH. SaMKHYTAaA CHCTeMa ypaBHeHHH

¥
2

|
1
|
|
I
!
|
I
|
|
1

g 7

Puc. 21. 3aBmcmMocTh mpo- Pmc. 22. PaccuuraHHBE aKCHAAbHEe 3a-
CTPAaHCTBEEHOTO MHKDEeMEHTAa  BHCNMOCTH AaMIUINTYA OCHOBHOH (pesc-
caTeqIUTHOH HeYCTONIMBOCTH  HAHCHOH) BOJHEL ¢ JaCTOTOH ®©¢ (CM. pHC.
Im % = y; (0p/vy) V 0p/Sot 10) m npoOHEX BOJH C YacToTaMH ®y-+8

YaCTOTH BOJHE BOSMYIUEHUA 6 = 0,5 (0 — @o)/ @ (R 1 3vy/ny1)%/3.
6= 0p — O, B = mp_g), AMDiaTysbl TPOOHEIX BOJH np# z = 0 3afaHH HA
NOPANOK MEHLITHMU, 9€M aMIIMTYRA OCHOBHOM.

HOJIyTIaeTCH, eCcJIM OTOMAECTBUTH HaﬁﬂeHHOG oJie ¢ nmoJjeM BOJH BOBMy]]IeHI/IH.
IIpm sToM gns gacror 2 ¥ BOJTHOBHIX 9HMCEN X NPOOHBIX BOJH OBIIO MOJAYYEHO
IUCIIePCUONEOe COOTHOMEHRe, KOTOPOe B CIYIae XOJIOAHON IIasMH IPUHAMACT
B
w} 1 1
b T S S | -
[8(9)+8(Q—2w)] ’ (7.9)

(Q— %vg)? —oF

rIe @, — MJIa3MeHHAas YacTOTA OYUKa, COOTBETCTBYIOMASA €ro CpefHed IIoT-
HOCTH, (9 — 9YACTOTAa OCHUIJIANUM CryCTKA B HOTEHIMAJBHOH AMe BOJHEL,
£ — [OWDJIEKTPHISCRAA IPOHUNAEMOCTH ILIA3MEL.

Ecam wmTepecoBaThCA NPOCTPAHCTBEHHLIM YCUJICHUEM BO3SMYINeHwmil, TO
caurag B (7.9) Q feficTBHTEIPHOA BONVNUAHON, JEIKO OIPEAEJHTH YACTOTHYIO
3aBHCUMOCTH IIPOCTPAHCTBEHHOTO WHEpemenTa *°. Ona npusenena ma pmc. 21.
Bugro, 9T0 MaKCUMANBHO JOMKHEL YCHJIVBATHCA BOSMYIMEHHA — (CATEIJIATHIY,
9acTOTH KOTOPHX OTCTOAT NPWMEPHO HA BEJIMINHY +(®p — ©) OT 9aCTOTH
ocuopHOH BogHE. CTpeMieHHe HHKPEMEHTA K GECKOHEYHOCTU CBS3aHO C TEM,
YTO IpU pacyere He YUUTHBAJUCH TOILIOBOE ABIKEHNE ILI23MBI U MUCCHOALNA
konebGarmil. 9TH 5PPeKTH [OMKHE OrPAHMTIATH, WHEDPEMEHT B PE3OHAHCHEIX
TOYKAX TaK ke, KAK B 3afade o0 yCUICHWW BOJH NpH OOHUAOM NNA3MEHHO-
OYYKOBOM B3aUMOJEHCTBUH.

Pasymeercs, nmHeiinast TeOpus HEYCTONIMBOCTH HE NPEICKA3HIBAET AJIb-
Hefimefdl cyab0nl crycTKos. lloaToMy BecbMa BasKHEI pe3yabTaTH YHCIEHHOTO
pacuera BJIHASHUA CATeJNIMTHOA HEYCTOMYMBOCTH HA OCHOBHYI0 BOJHY 126
XOTA OHU ¥ HOJYYEeHH He JJiA cTrallHoHapHHX BoxH. Ha puc. 22 Mom=O BUeT,
KAK BCJIEJCTBHE PAa3Baja CryCTKOB NOJl HeHCTBHMEM BOJH —(CATEIAATOBY
OCHOBHAA BOJIHA 3aTYXaeT CO BpeMeHeM.
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8. S9KCIEPUMEHTAJILHOE HNCCIENOBAHUE BO3BYHIOAEHNUA
KBA3UCTAIIMOHAPHEIX BOJIH CI'YCTHKAMHN 3JIEKTPOHOB

ToBeperine 9MOKTPOHHEIX CrYCTKOB, CO3JAaBAEMHIX HE3aBHUCHMO OT HJIas-
MEHHO-ITYYKOBOTO B3AMMONEUCTBUA M WHKEKTHDPYEMHX 3aTeM B MIasMy, M3Y-
yajgoch B paGorax 28,2127 npEANUONANBHO PABIUYAIONUXCA IOCTAHOBKOH
337124 W DKCHEPUMEHTAJBHHIMA YCIOBHAMH.

B skcmepumente 127 or BHeDIHEro TeHePaTOPa B 3aMarHHYCHHOH NjaazMe
BO30y;KIANACH BOJHA, PACHPOCTPAHSONAACA W B OTCYTCTBHE 3JeKTPOHHOIO
nyuka. CHEXPOHHO € BOJHOM B TOM K€ HANPABJEHHUN B TJIAZMY AHKEKTHPOBA-
JIHCH CCYCTKH BJIEKTPOHOB, MMEWNNe JINTeAbHOCTh T < 21T M CKOPOCTH, PaB-
HYIO CKOPOCTH BOJHBL. III0THOCTH CIYCTKOB GBLIA HACTOJBKO MAJOH, UTO OHH

A omu.ed,
12
——
N 2
8 Ko oyl .

4 \___ L 4 :x3
\.\7\~ Sx
- | Il 1 1 L L 1 1
8 12

/] 4 15 z,cmr

Puc. 23. AxcuajbHHE 33aBHCHMOCTH AMILTUTY[ BOJH, BO3GY;KAaeMHX B ONHOM CIydae
{(wpusas I) Mayoit Momynsaumeli nyIka, a B Apyrux (2—4) — HEKeKnuelt B IIa3My CTycT-
KOB ¢ PasHEIMH IapaMeTPaMH. )

He BIMAJIN Ha AUCIOEPCHIO BOJAHE. B T0 jKe BpeMs mX KomeGaHMs B MOTEHI[HALb-
HHIX fIMaX TPUBOJUIN K HePUHONMUSCKOMY 0GMeHY DHeprueil Me;KrIy CTyCTRaMu
H BOJHOM M COOTBETCTBYIOIMIUM MPOCTPAHCTBEHABIM OCHMILIANMAM IIOCIEXHEH.
AMmnianTyna u ¢asa TUX UPOCTPAHCTBEHHHX OCHWLIAMNUE PeryiIupoBajHCh
H3MEHeHHEM HAYaNBHON $ashl CryCTKOB B BOJIHE B IIOJHOM COOTBETCTBHH C TEO-
peTHYeCKMMH IIpeJcTaBieHuaMu (ria. 9, O. 1)).

B oramanme ot aTux skcmepmmenTtos B paGore 28 mpenBapurenpHo copmm-
pOBaHHLIE CIYyCTKH BO30Y/KFAjAM B HE3aMArHMYCHHOH NAasMe BOJHY, He

Puc. 24. IlnasMeHHO-IIyYKOBHIH paspsj npn ciaaGoil Momyiadamum IOyYKa (a) ¥ B ciy4dae
KBAa3UCTAIIMOHAPHON BoJHH (6).

cyluecTBYIOIMYI0 6e3 nydKa. XapaKTepUCTHKH BOJHBl ONpEefe]fAdMch mapa-
METPaMH HH;KEKTMPYEMbIX CTYCTKOB H IpPM THATEJILHOM TMOAGOpe 21UX mmapa-
MeTpoB npubamxanuck K cBoficrBam cranuonapusix BoaH. Ha puc. 23 axcm-
aJIbHBIC 3aBUCHMOCTU aMOJNATYABI TAKAX BOJH COIOCTABJIEHBl ¢ COOTBETCTBYIO-
e 3aBECHMOCTHIO, Xa8PAKTEePHOR A OGBYHBIX JKCIOHEHIIHAIBHO HAPACTANO-
MEX BOJH, KOTOPHE BO3OYKAAIOTCA NPH MHMEKIUH B Ijia3My ciaaboMomysina-



SNEKTPOHHEIE CI'VCTKE B IIJIASME 257

poBapHOro mydYxa. Mo;KHO BHIETb, UYTO AMILIUTY/A KBA3HCTAIIHOHADHOR BOJEEI
¢ camoro Hadaja OnM3Ka K MaKCHAMAJHHO BO3MOKHOM Jnd NAHHOTO IYJKa
W, 9T0 0cOGEeHHO BaIKHO, COXPAHSETCA HA PACCTOAHHAX, HA KOTODHIX HePBO-
HadaJbHO HAapACTAlOMas BOJHA yKe MOUTH IOJHOCTHIO 3aTyxaer. VsmepeHnkil
pPaBHOBECHHH IPOPHADL BOJIHH DOTEHNHAJIa COOTBOTCTBYET TEODETHIECKOMY
(puc. 18) u Takxe He H3MeHAETCA HA BCEM IYTH KBA3HCTANMAOHADPHON BOMHH 29,
Ecnn ¢puxcupoBaTs, mapameTpsl QOPMHEDPYEMHX CTyCTKOB, TO OHA OKA3HBAKTCA
B DPAaBHOBECHH TOJIHKO HPH ONpENeJeHHOM

A, omm ed n OTHOIEHAY ©/®p, YTO KATECTBEHEHO COOT-

3 z =15cm BercTByeT Bmpaxkemmio (7.6). 3ameruw,

970 B 9KCHEPHMEHTe HOPMUPYIOTCH PARE-
ob . ANBHO OrPAHWYCHHHE CIYCTKH, W CyIe-
CTBOBAHAE KBABWCTAIUMOHADHOX BOJHE

: CBHIETENLCTBYET He TOJIBKO O IPOOJLHOM,
HO ¥ HONEePevYHoM BX paBHoBecH?. Bogunk-
HOBEHWE CHIIBI, YASP/KUBAIOMEH CIyCTKZ
01 PaJHaJbHOTO PACIMUPEHHAA B OTCYTCT-
BWE MarHUTHOTO IIOJSI, CBABAHO ¢ OTPEUA-
TEJbHEIM B3HAYCHHEM = [MIJIEKTPHICCKOU
OPOHHUIIAEMOCTH INIagMH IpA O << ©p %8,
OcoGeHHOCTE  KBAa3MCTANWOHAPHEIX
BOJH HATIAMHO IPOABIAAIOTCA B KOH(pH-
Irypamnud IJIasMeHHO-DIYIKOBOTO paspAfa,
TIOAAEP/KABAEMOr0 BOJNHON B SHAYHTEJIBLHO
GonpmeM oGBeMe, 4WeM B CJIydae HeMO-

z=19cm

ﬁ,
L

I Wt

z=24cH A,OmH,Bﬁ.

L 8

] |
g 370 400

' a 4 8 12

6 z,en
230 £, My z

Puac. 25. [lpocTparcrBeHHas 3BOAOMHUS
9acTOTHOTO CIEKTpa KBA3HCTAAOHAD-
HO# BOJHHL

Puc. 26. IlpocrpamcTBeHHOe paciipe-
felleHNe AMIIATYJ OCHOBHOH (cmmom-
Hasf KpHBadA) M HNBK0IACTOTHOI (MTpH-

.X0Baf) BOJIH.

MacnrraGil KPZEBHX BIONL BepTEKANDLHON ocy
PABITAIHEL.

NyTEPOBAaHHOr0 WIA C1a6o MOXyIHpOBaHHOTo mydka (pmc. 24). Tarmm
06pa3oM, SKCHEPAMEHTANBHENE (AKTH IONTBeDKNANT, YTO IPEABAPHTENHLHO
copMUPOBAHAEE CIYCTKE MOTYT HAXOJWTHCH B PABHOBECHH B IOye BO3OYrK-
maeMoit wMm BodHB. Tem He MeHee, HAaUMHAA ¢ HEKOTOPOrO DACCTOAHMES,
HaGmiogaeTcs yMeHbplenwe ee ammuaryfast. Ha ydgacTke 3aTyXaHMA 33aMETHO
HapymaeTcs CUEXPOHHOCTH KoJeGaHmit B IIazmMe ¢ MOAYIMPYIOIMAM HANpsrKe-
amem. C HOMOIIBIO aHAJIMBATOPOB CIEKTPOB G0 !ycTaHoBieHo ?°, wro mpu
3TOM 3OHJ HAPAAY ¢ KoneGanmsMu ocHOBHOK qactotsl (f ~ 0,4 I'Tm) npmanMaer
CHOHTAHHO BO36Y)KIaIuecs W HAPACTAIINe BIOAb IYYKA BOJHHL —4CaTeN-
amTs» ¢ gacroramm 400 #= 30 MI'm = 30 MT'm (pme. 25).

CpapamBas HAGI0OI3eMYI0 SKCHEPIMEHTANBHO 3BOIIONHUI0 CIIEKTPOB € Pac- .
CUMTAHHOM 3aBECAMOCTEIO (cM. pme. 21), MoKHO BUAETh HX KaIeCTBEHHOE COOT-
BETCTBUE, XOTA DKCICPAMEHTAJIbHbIE 3HAYOHMAS YaCTOT CATEJIIATOB HE COOTBET-

5 VvoH, T. 139, BuD. 2
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CTBYIOT paccyuranunM. OHHOod B3 BEeDOATHHEIX UPUYHH TAKOTO DACXOIKAEHUSA
MOkeT GBITB TO, YTO TEOPHUsA, HOCTPOGHHAHA I MAaJHX @p — ©, CTAHOBHTCA
CAMIIKOM HETOYHA ODH 3HAYEHHAX ®p — O, PEAAM3YEMHX B 3KCHOePHMEHTe.

(. HCHONB30OBAHUEM B TEOPWH YVODPOIGAIUX NPEeHHONOMKEHHA CBA33HO,
G-BAKEMOMY, U TO, 9T0 OHA He NPOeACKA3HEBAeT YCuieHuA KoneGapnit B HASKO-
uacToTHOR o6macTE cHekTpa, Ha dacrotax BGamsm 30 MT'm. Memxny tem arm
rone6ands OKABHBAIOTCA BOCHMa CYIMECTBEHHENME B JUHAMAKE CHCTEMH!, O YeM
CBHERETENBCTBYET CACAVIOIAHA sxcueprment. Ha MOTyIupy0Omyo DYIOK CeTRY
mapany ¢ CBY manpamenneM, Boz(y[a0MaM KBA3HCTAOHOHAPHYIO BOAHY,
nORaBanoCs Majxoe Haupamenne ¢ yacroroit 30 MI'n. IIpm arom samersO Cyxa-
JHCH CHOKTPH BCOX BOJE-CATOJLIATOB, 8 00JaCTh 3aTyXaHMs OCHOBHOM BOJHH
npubamKanach K KOOPAWHATEe WHKeKrmu nydka. Ha pue. 26 mpmseneas nmpo-
CTPAHCTBEHHEE 3aBHCAMOCTH aMIOJIHTYH OCHOBHOM ¥ HE3KOYACTOTHOH BOJH.
Auuasrynm Bonm ¢ komOmmanmommmmu wacrotamm (400 4= 30 MI'nm) mame-
HAIOTCA BIOAh HYYKa aBAJIOTHIHO KPUBOil, n30o6panennoh nyakrupoM. Ilpnse-
JIHEH® NAHHHE TOBOPAT O TOM, 9T0 NPWYAHON 3aTyXaHWMA OCHOBHOH BOIHH
ABJNSSTCA POCT BONH —4CATEJJIMTOBY. OTH BONHH BHBOJIAT CIYCTKH M3 COCTOA-
HEA DaBHOBECHA, ¥ IOCIefHWe DA3PYINAOTCH.

Crnegyer zamernTh, YTO B SKCHEPEMEHTe IDH HADYIMCHME DaBHOBECHS
CI'YCTHOB BO3HEKAIOT eme Asa dddexrTa, HomonnmrespHo cnocobeTRYOMED 3aTy-
XaHWI OCHOBHOH BOJHH. JTO, BO-IePBHX, YIA0BOe PacCesHHe BIEKTPOHOB
nyura, mabamogaeMoe BEByanbHO. DBO-BTODHX, CHABHOE HM3MEHEHWE pPermmMa
IIa3MEeHHO-TYYKOBOTO DAa3PAAA ¥, CHCLOBATENBEO, WapPaMeTPOB IA33MH Ha
Y9aCTHEe Cuaja aMOIETYAH. VsMepenHnie aKcHaIbHbE 3aBHCHMOCTH PAUAIL-
HHX HOTOKOB DJEKTPOHOB M MOHOB Ha HTOM YIACTHe HOCAT CHAJAOMuUi xapax-
tep. IloaromMy memocpe/ICTREHBEOS BAESHES (CATSIUIATOBY HA OCHOBHYIO BONHY
OPOSBIAETCA YOTKO TOJNBKO HA HAYaJIbHOM 9TAIe 3aTYXaHHEA NOCHefHed,
a jaliee OHO 3aTEMHAETCS OTMEYCHHLIMY BHIe sdderTaMmu.

Paspymenue 3JEKTPOHHKX CryCTKOB ©CTOCTBEHHO DDHMBONMT K 3aTyxa-
HHI ¥ BOJSE-CATENINTOB.

9. BAKJIIOYEHUE

Wrak, mpu cTanuomapHOH WHIKEKIEA 3IEKTPOHHOT0 IYYKA B NIABMY
B IDAPOKOM JHANA30He yciaoBgil BO30YKIawTCHA peryaapsEwe uelmuefnne
BOJHEI, KOTOPHE TPeACTaBNAIOT coGoli HepHOEYecKYd IOCACNOBATEIRHOCTD
3JIeKTPOHHHIX CTYCTKOB, COUPOBOMKIAGMEIX HONSPUBAMMORENM 0GHAKOM 33Da-
Aos nxasMe. llpocrpancTBenHas sBOMIONESM BTEX BOJNH €CTh PEIVIBTAT COOT-
BETCTBYIOIETO W3MOHCHUSA MAPAMETPOB CI'YCTKOB W3-32 HAYAABHON MORYIANNH .
CKODOCTH WYYKAa ¥ AeHCTBES COrJNACOBAEHOTO ¢ HAMHM DIEKTPHIECKOrO HOJHA.
OcnoBanme [Jsi TAKOTO BEBOJIA JAI0T KAK PE3YALTATH TEOPETHISCKOTO AHAJIA3A
B3auUMOAEHCTBAS MOHOSHEDPreTHYeCKOr0 OYJYKAa € UNasMOi HIpW pa3dBIHNX
YCIOBHAX, TAK M HMEIOIHecs yOOIWTeAbHHE SKCISDPUEMEHTANBHEE JORA3ATONE-
CTBA CYMIECTBOBAHEA CIYCTKOB BIJIOTH [0 HENOCPENCTBEeHHOro HalnoFeHmsA
3a X AUHAMHOKOH.

Ha ocHoBe KOHDeNIWE HJOKTPOHHEX CIYCTKOB NETKO OGBACHAETCH BECh
HOMITOKC ABJIEHNI, oUMcauEuX B 1, 2. [Ipm sToM B MEPOKOM KpyTre M3yueH-
HEIX BKCHOPHMEHTANBHHX CHCTOM MOMHO YCAORHO BHOLIWNTH TAKUE CMEHAI0-
mEe APYT APYra B AKCHAIBHOM HANPABJERHA YYACTKY IJIA3MEHHO-IYIKOBOH
CHACTEMEL.

1. Jlmmeitmas cragus. Sfech UPOMCXONWT BHAEJCGHWE U3 IIYMOB KBa3W-
MOHOXPOMATHYECKOH BOJNHE ¥ ee dKCHOHEHIEANHHOE HAPACTARHEe B HPOCTpan-
¢ree. (TeleRs PPYONUPOBKE OYYKA B aMOARTYAH HPYrUX HepeMeRHHX Beap-
9@H OYCHD MAJIH.
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2. Vaacror dopmupoBaHus crycTkos. Ha srom yuwacrke mpomoKaer
HAPacTaTh MOAYIANEA CKOpPocTE nydka. OIZHOBPEMEHHO BCIEJCTBHE 3TOR
MOAYAANUN HepeMeHHas ILIOTHOCTH NYYKa, HAPACTafd IO BeIUYMHE, CUIBHO
OTKJIOHAETCA OT TapMOHMYECKOro 3aKoHa. Bosma oboramaercs KpATHRMU
rapMonEKaMu. JTOT 9Tl BAKAHUWBAETCH 00PABOBAHAEM CIYCTKOB. Xapawrep-
HASA JJIUHA IIpoliecca 00pPa30oBaHHA CTYCTKOB BHIpaskaercss dopmymamu (5.7)
m (2.8).

3. YuacToxk B3aUMOFEHCTBHA € IIa3MOH CHOPMUPOBAHHBIX CIYCTKOB.
Bonpmasn wacTs 9AeKTPONOB MyYKa COCPe0TO9eHa 37lecCh B CIycTKaX, 9T0 B 3a-
BHCHUMOCTH OT YCIOBHEN NPUBOAMT K 0ojlee MU MeHee 3HAUHTEJHHOMY OTKJO-
HeANo OpoQUiA BOJHH SICKTPUYECKOTO TOJs OT TapMmonmueckoro. Crycrru
He ABJIAITCA HeCTKIMA 00Pa30BAHAAMI, A UMEIOT TOHKYI0 BHYTPEHHIOI CTPYK-
TYPY. KOTOPasA B OPOLECCe WX IOCTYIATeIBHOTO ABIKEHIS CIOKHEM 06pa3oM
n3Mengercs. XOTA CTEIEeHb HTHX M3MEHEHMIT 3aBUCUT OT KOHKPETHHIX yCJOBHH,
ouM, BooOIe roBopsa, HOCAT XAPaKTep PasTPYIIUPOBKH BIAEKTPOHOB ¥ IOBTOP-
HOI TI'PYHOUPOBKH, 9TO AOJMKHO IPHBOAUTHE K COOTBETCTBYIOIIHM IIPOCTPAH-
CTBEHHBIM M3MEHEHUsIM aMILIMTYIE Konebanuii. B Tex caydanx, Korja crycTre
B3aUMOJEHCTBYIOT € BOJHOM, pacOpocTpaHfomeiica B mna3me un 06e3 HAX,
OPOCTPAHCTBEHHBIE OCHHMJIANNY AMINIATYAB BHSHIBAIOTCA B NMEPBYI0 OUepefk
sHeproobMeHoM Me;KAY BOJHOH H CIyCTKaMM.

DJIEKTPOHBI, COCTABIAINNE CIYCTKH, WMEOT OTHOCHTEJNbHO JPYyr ApYyra
Goapmme CKOPOCTH. JTO Tpefompeneiser TEHJEHOHI CTYCTKOB K pacrany,
TAK KaKk YMEHBIICHHE IO TOH MW WHOU TIPUYMHE AMIUTATYAb BOJHH BJIeYET
3a c000il BHCHIAHUE YIEKTPOHOB CT'YCTKOB M3 HOTEHIMANBHHX AM, B KOTOPHX
oHE Haxojgrca. Pacumajy cryCTKOB OpWBORHT K 3aTYXAHUIO BOJHHL.

ITo paHHBEM MHOTOYUCIEHHHX H3MepeHH# NPOTH:KEeHHOCTH YIacTKa, HA
KOTOPOM ellle COXPaHAeTCs CHIBHAA IPYNOMPOBKA IyuKa, mopsamka (1—-2) S,
a BCA JJINHA U3YYeHHHX SKCIEPHMEHTAJIBHO CHCTEM, BRIIOYAS HAYANBHYIO
cragmio, pasia npumepHo 3S. Ha TaxoM paccTosanma ny9ok cocTOHT U3 AHEGOIE-
[HOro 9YHCJa B3aEMOUPOHUKAIOIMX MOLYJIHPOBAHHHIX N0 CKOPOCTH IIOTOKOB,
T. €. ABIAETCHA elIe JAJIEKO He CPeJIaKCAPOBABIIUM. JKCIEPNMEHTAIbHbIE ¢Be-
JeHWA O TOCHe[yIONedl AUBAMUKe IYyIKa OTCYTCTBYIOT, W HPHHI{AIAAJIBHEIN
BOIIPOC O MYTSAX €r0 PejaKCalllu OCTAeTCSH OTKPHITHIM.

[Tpu TeopeTmdeckoM aHaNm3e 3TOTO IPOIECCA BaKHEHIaa POJIb OTBOXUTICH
MeXaHU3MaM, BIAAIONAM Ha OTTOK SHEPTHH OT JEeHTMIOPOBCKUX Koyebauui 129,
B JaCTHOCTH, B 0ECCTONKHOBHTENBHOH IIasMe — MOAYJIANHOHHON HEYCTOHIH-
BOCTE ¥ Koijancy BojaH. OJHAKO NPECTABIAIT ONpENeJeHHHH HHTEpec
# coolOpaskerna o0 acCEMOTOTUYECKOM TOBeJEHHN IydYKa 25,130 ocHoBamHHe Ha
agajm3e OJHMX TOJBKO DJIEKTPOHHHX Kojebanmil — mpeaMere HacTOAIEro
o63opa.

CormacHO 3THM HPeJCTABICHEAM B CIydae IYIKA MAJOM MIIOTHOCTH, HeCMO-
TPA Ha HENPEDPHBHOE BO3PACTAHUE C PACCTOSHUEM YUCIA COBMOIIEHHHX mOTO-
KOB, BOJUYNHA WX MEPEMEHHON CKOPOCTH OCTAETCH He3HAUMTEIbHONR. B pesynnb-
TaTe 00pasyercs pasMueTas YHKNUA PACTIpeNeNeHust JIeKTPOHOB IyIKa, YTO
B YCJIOBHAX IMMPOKOTO CIEKTPA KomeGaumit ¢ MaJIOM aMIIIHTYHON MOsKeT mepe-
BECTH CHCTEMY B PeXMEM KBa3UAWHEHHOW peraxcanum.

Mo-BupuMomMy, BOSMOKHA U IPYTasA CHTYALusA, XapaKTepHAL LI GOTBIIAX
LIOTHOCTEH WYYKA, KOrga B Oponecce IPYNNHPOBKE LEePEMEHHAs CKOPOCTh
IyYKa CTAHOBHUTCA OJHOTO HOPANKA C Uy. B srom crywae B o6pasyiomemes muo-
TOCKOPOCTHOM NOTOKE aMIAWTYAL MEePEMEHHBIX BeNWIWH TAKOBH, IT0 JHMHEH-
HOe ONNMCaHUe NYYKa HenpuMeHuMO, OH HAXOIUTCA B CUJIBHOTYPOYIieHTHOM
pexuMe, DeNaKCHDPYs depes nepeMemiuBanue u Hpobiaenue macmraGosn.

Kax 651 To HE GBLI0, KONMEKTHBHEIE TOJIA Ha YYACTKE MHOTOIOTOKOBOTO
ABWYKEERSA, BOBHEKAIONIETO IPH PacHaje eIyCTKOB, CHNBHO YMEHBIAWICH.
MagcumanbBhil yposenb KoneGanuil MOskeT OHTh TNOJIEDP;KAH HA GOJBOIOM
5%
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OPOTAKEHNHA, CAN HIKeKTHPOBATH B HIA3MY IpeIBAPUTENbHO CHOPMUPOBAH-
HHEe CTYCTKE, BO30Y;KIAIOIHE KBA3UCTAIMOHAPHYI0 BOJIHY.

Aprop Gnarogapes M. B. Hesnuny 3a ronesgse KPUTHYECKHE 3aMedaHuA,
cHeNaHEbe Ipu O0CysueHnn PaboTH.
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