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K TEOPUW HEJMHENHBIX BOJIH B IIJIASME

I0. A. Bepeaun, P. 3. Cazoeee
(Hosocubupcr)

PaccMOTpeHE! CTAMOHADHEG HEIWHEHHbIe BOJHEI, PACOpOCTPAHAIIIACCST B XOJIOMHOM
PaBpesKeHHOl TIa3Me, COCTOsMEeH 13 BIEKTPOHOB M MOHOB JBYX cOpToB. Haiirena crpyk-
Typa YeJWHeHHBIX X YHAapHBIX BOJH.

B mocienHee BpeMs B CBASH C Jab0pPAaTOPHHIME DKCIepmMenTamMu [1] m acrpodusmae-
CKUMHI HpPIIOKeHNAMHA (TpobieMa B3aEMOAEHCTBIA (COJIHEYHOTO BeTpay ¢ MarauTochepoit
Semaz [2]) WHTeHCHMBHO M3Y4YalOTCA BOJHEL KOHEYHOU aMILITY/H I 0ecCTONKHOBUTEIHHEIE
yJapHEe BONHEI B Pas3pe;KeHHON IagMe. YdeTl AUCHEPCHOHHBIX 3(QerToB, CBA3AHHBIX
¢ OTKJIOHEHWeM 3aKOHA JHCIePCHR ©® = @ (k) OT JIMHEHHOTO WM KOMUEHCHDPYIOMUX HeJUHel-
HOe yKpydeHUe HpoQUiIsi BOJIH, HO3BOIAET HOXYINTH NPOYUIE CTANMOHAPHBIX HEIMHEIHBIX
BOJIH KOHEYHON aMILIATY/H, a IPH yd4eTe 3aTyXaHus — M CTPYKTYPY 6ecCTOTKHOBUTEILHOM
yaapuoi BoseH [3]. Takwe BONHEL H3YYeHBI [JOCTATOYHO HOJIHO A CIydas [BYXKOMIIO-
HEHTHOH IIasMbl. B HacrosAmeir paboTe HCCIeAYIOTCA CTallFOHAPHBIE HeJVHEWHBIe BOJIHEL,
PACIPOCTpAHAIOMKeCsT IONePeK MAaTHITHOTO TOJXSA B XOJOJHON Daspe:KeHHOHW KBasHHeli-
TPANBHON ITa3Me, COCTOAIIEH U3 BIEKTPOHOB M IBYX COPTOB HOHOB.
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paccMaTpmBaeMoil TPeXKOMIOHEHTHOII IiIasMe mimocrpmpyercsa ¢ur. 1 (cm.
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IIpnm sTom mEmeKc 1 cooTBercTByer Gojee TAKEIOMY COPTY HOHOB, 7, —
HEBOBMYMEHHAS ILIOTHOCTh -0 COpTa HOHOB, 71, — HEBOBMYINEHHAs ILIOT-
HOCTH 3JIeKTpoHOB. IIpm Manux gacrorax (asosas
CKOpOCTh MAJIHX KouxeOaHWi
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IIpu cpasHEmTENBHO HEOONBIIUX CHROPOCTAX
HeJIMHEHHKX BOJH «paboTaery B OCHOBHOM HUJH-
HAA BETBb NUCICDPCHOHHON KPHUBOW, W XapaKrep- k
HEIl pasMep BOJH C;HaTwusA, KOTOPHE MOTYT Cylme-
CTBOBATH IIPH TAKOM B3aKOHEe NWCOEPCHE, IO IO- Dur. 1
pAnKy BenmumHE paBeH § ~ V4 / @), uro B mH-

TEPECHOM CJIydJae Maloil DPUMeCH JerKoil KOMOOHEHTH Jau00 60abInoil pasHUIlE
B MacCCax WOHOB (M0, > My0s) HAeT
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C yBenmueHEeM CKOPOCTH BOJH B TPy BCTyIAeT BepXHAA BeTBb, 1 IPOPHUIb
HeJIWHEHHBIX BOJH, Kak Oyfer BUAHO U3 JanbHelmero, usMenurcs. Ilpum gacro-
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Tax 0 > 0(°) BepXHAS BETBb [ECIePCHOHHOI KPUBOI MMEET aCUMITOTY
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B o6nacra 9acror, GOIBIINX MO CPABHEHMIO C Oy, Oy, OTKJIOHEHUE dTOH BET-
By OT JHWHEITHOTO X0fia CYIeCTBEeHHO MPOsIBIACTC K rubpuiHOIl YacToTe
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HO BTa 00IACTH XOPONIO H3yTeHa (AucmepCHOHHbIE sPerTH CBA3AHBL C MHEP-
yimeil IEKTPOHOB) U 37eCh He paccMaTpEBAETCA.

[lepeiieM Temeps K U3YICHMIO HeTMHEHHEX CTalmoHADHEX BomH. B cu-
creMe KOOPAUHAT, [BIKYmMeics O CKOPOCTHIO BOJHEL U, cOOTBETCTBYIOIINE
ypaBHEHHSA MOJKHO 3aIMCATh B BH/E
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Bnech mazekc j = 1, 2 ompefierAer copr MOHOB, 0Ch Z HampaBieHa B CTO-
POHY ABUKEHUA IIASMBI TIEPOL BOJIHOIT, 0Ch Z COBIIA/laeT ¢ HATIPABICHIEM Mar-
HUTHOTO Mo, H, — HeBO3MYIIEHHOC MAarHATHOE HOJIe.

CrOpOCTH DIEKTPOHOB ONpPEeJEIAeTCA H3 npeiiposoro mpEOMMKERN, IO

CKOJBKY HAC HMHTEPecyer 06macTh 9acToT O << ©,. Ilpm momomu HECIOKHBIX
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Eciu BEIOTHIETCA YCIOBHE M0 > Mylly, TO CKOPOCTH TAREITON KOMILO-
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3mecy Ay, h,, h; — kopHm ypaBHeHus h® — (2M? + 1)h + 2M?%,, = 0.
Bribop mocrosiEHO#I WHTETPUPOBAHWS COOTBETCTBYET YeNWHEHHON BOJHE.
YpaBHeHue (4) mO3BOJgET YCTAHOBUTH CBSIBH MEKIY CKOPOCTHIO YeIWHEHHOI
BOJIHEI ¥ MaKCHMaJbHON BEIWIMHON MAarHUTHOTO IOJSI B BOJHE. JTA 3aBHCH-
MOCTH [JIs PA3IWIHEX 3HAYEHWH OTHOCHTENBLHHIX KOHIIEHTPAIUN MOHOB pas-
Horo copra mpuBefena Ha ¢ur. 2. Ilpm
HEOOMBIIMX AMIUINTY/[aX [MArHUTHOTO IO~ 24 M o
Jis CKOPOCTD ye[WHEHHOIl BOJHEL paBHA 4 ‘/
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C yBenwgeHUeM Apax CKOPOCTH BOJHEL /4 v g Ummﬂ\ﬂ
Bozpacraer GricTpee, uem mo gopmyae (5). O‘z‘”/ '
9TO0 OTKIIOHEHWE 0T TUHEHHOCTH HACTyIaeT A
TEM CKOpee, 4eM MEHBINe OTHOCHTEJIbHas o
KOHI[EHTPALUA JTeTKOW KOMIIOHEHTHI. ]/

B o6nactu awmmeiinoit BaBucmMmoctm 14 14 26 34
ckopoctu M OT aMOIWTYREI MAarHATHOTO Dieln
mos Rpax OPOPUIAb YeAWHEHHOII BOJHEI i
HMeeT U3BECTHYIO POpPMY — CAMMETPUIHEII
rop6. B crywae mammix ammiantyn (2 — 1 << 1) MO;KHO IOTYyYnNTh AHATIUTHIE-
CKO€ BBIPAjKeHMe JIJIsI MATHUTHOTO HOJIS B YeiMHEHHOI BOJIHE
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TIpu GOMBITHX CKOPOCTAX BOJHEI, Korga ¢BAsh M = M (hmax) HelnHeiHa, dopma
VeIIHeHHO0N BOJHBL CYIIEeCTBEHHO MEHSETCS, IOCKOILKY BCTyllaeT B MDY BepXHAA BeTBh
AUCIepCIONHoit KpuBoit. Tumuaneil TpoQuiab YeANHEHHOH BOJHBI B TPEXKOMIIOHEHTHOH
miasMe Tpw GONBIINX CKOPOCTAX, IOJTYJeHHBI UHUCHEHHBIM peImleHreM CHCTeMLL ypaB-
Hemmi (1), mpencranien ma ¢ur. 3. C yMeHbUIeHIEM KOHIEHTPATNH JEIKOH KOMIOHEHTH
JMHeHHBIN pasMep yeJUHeHHO BOIHEL YMeHbINAeTCs, YT0 HaXOAUTCA B COOTBETCTBHM € OIeH~
KaMH TI0 JIMHeilHOI Teopun, IPUBedeHHBIMI BEIIIe; KPOME TOT0, BeJANYIHA (BIATIHLI) B IeH-
Tpe BoMHGI yObiBaer. OTMeTHM: yKa3aHHOe pelleHfe CYI[eCTBYeT TOJILKO NPU CKOPOCTAX
BOJIHBI, MEHLIIUX HEKOTOPOTO KPHUIMIECKOTO 3HAUEHNs, 3aBHUCHAIEI0 OT OTHOCHTEILHBLIX
KOHIEHTPAIMIT JIeTKOH M Ts/KeI0d KOMIOHEHT. Ocobas TouKa cmcTeMsl ypaBHeHUit (1),

COOTBETCTBYIOIAsT HeBOSMYIeHHOMY COCTOSHUIO IIjIas-
0_’7 MBI Tlepell BOJHOI, ABJIAETCSA CeljioM (WHTeI palTbHAL
4 KpHUBasg BHIXOLUT W3 OTOM TOYKH), €CIN BBIIOJIHAECTCA
YyCI0BHe
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Husxnnit mpefesa CROPOCTH BOJHEL, €CTeCTBeHHO,
paBer CKODOCTH 3BYKa, a BeDXHII mpered pasen da-
30BOfl CKOPOCTH MAJBIX KOJXeOAaHuit Ipir HOMBIINX, O
CPABHEHMUIO C M7, Wy, TacTOTaX. IIpm Mpub/ImKenu CKo-
POCTH BOJHBI K OTOMY BepXHeMY Ipejiely MPOICXOIHUT
«BBHIMETAHLe» M3 BOJEBI JETKO KOMIOHEHTHI, 1T JIICIep-
cuonnbe dGQERTH, KOMIEHCHPYIOMle HeJINHeiHoe YK-

10 pydenre, LPOSBIAIOTCA HpH 0ojlee BEICOKHX TACTOTAX
1 i L 1 £
&2 2 0 Z 4 A elly
it = —
e C
Our. 3 Vmim,

U 06YCIOBIMBAIOTCA WHepIUeil 9IeKTPOHOB. Hpmruueckoe 3HaUeHHe CKOPOCTI BOJHET,
a cramo OBITH, W MAaKCEMAIbHOe MATHUTHOE I10Jie B BOJHEe YOBIBAIOT ¢ YMEHDIIEHHEM OTHO-
CHUTeIbHO KOHIEHTpAIUN JelKoil KoMIoHeHTH. I[[03TOMY NpH MAJIBIX KOHIEHTPaImax
Goilee JIETKOTO COPTA TOHOB AMILIHTY/BL Ye/MHEHHEIX BOJH B 00JacTH 4acTor
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OyayT MAJHI.
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OnesnuM HHEPTHI0 HOHOB B BOJHE. OHeprusi THAMKENIBX HOHOB B HA
OpaBiieHAN JIBUKEHNA BOJIHE («mrpofIobHASY SHEPTHS) MO MOPAAKY BESMIHHEL
paBHA
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«HOHEPB‘IH&H» 9Hepruda JerKuxX MOHOB IO HMOPAIARY BeJIWYVHBEL PABHA
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XONAmMuecss HA OfHY YaCTUIy, OLEHWBAa-
JoTCS ciaeqylomuM 00pasom:
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Orcrona cliemyer, 9To IPH pacmpocTpa-

Dur. 4 HEHWE B TPEXKOMIOHEHTHOIl mIasMe pac-

CMOTpPEHHO BEIIE yeMHEHHOI BOJIHE MMe-

€T MeCTO YCKOPHWTEeIbHEIl MeXaHW3M, IPH-

BOAAIIMIL K YCKOPEHMIO JECKOI0 COPTa MOHOB B HANPaBJICHUM, MEPTeH/UKY-

JAAPHOM K HAIPABIEHWIO [(BUKEHUA BOJHEL.

Ecay BBeCTH B HCXOHEE yPAaBHCHUSI TPeHNe MesKIY KOMIIOHEHTaMMU IIa3MBl,

TO MOMYIHM YHADPHYO BOIHY OCIMIIATODPHON CTPYKTYDHL C PeSKHM IepefHUM
¢dpourom. IIpodmab raroii BOMHE KaIeCTBEHHO nzo6pasken Ha fur. 4
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