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PaccMoTpeH nHTerpan no BpemeHn B GeCKOHEUHbIX MPEAEax OT 3MIEKTPUHECKOrO WM MarHUTHOro nonsi (MHTe-

rpan BeccoHoBa) 1 nokasaHo, 4TO OH paBeH HyJIO Ans Jtoboli KoHbUrypaLmum cBobogHOrO 31EKTPOMArHUTHOro
noJsisi, NosiHasi 3Heprusi KoTopoi pasHa Hynto. ObcykpaeTcs cBs3b paBeHCTBA Hyto uHTerpana BeccoHosa c
HEBO3MOXHOCTbLIO U3/1yHeHUs UIn NorioweHns poToHa cBoboaHol 3apskeHHol YacTuueli. [MonyyeHsl TouHbIE
BbIPAXKEHUSI MONS U3NYYEHUs, a TakxKe ero npeobpasosanus Pypbe, ANA 3NEKTPUYECKOrO 3apsifa, Y KOTOPOro
CKaYKOM MEHSIETCSI CKOPOCTb ABUXKEHUS!, U MOKa3aHo, 4To uHTerpan BeccoHosa oT nogobHoro nanyyatensHoro
NONs paBeH HyMIO, Kak U crefyeT u3 obuwiero yTeepxaeHus. B 3akntodeHune, nokasaHo, YTO HE paBHbIA HymtoO
uHTerpan BeccoHoBa OT Nons U3Ny4YeHUs YCKOPEHHO ABUXKYLLEroCst NEKTPUYECKOrO 3apsiia, O KOTOPOM CO0b-
waetcs B psge paboT, BO3HUKAET N3-32 HEKOPPEKTHOrO Pa3fefieHnsi NMOSHOrO MOJs YCKOPEHHO ABUXKYLLEroCs
3apsfa Ha U3ydaTenbHYIO 1 HEW3yYaTenbHYo YacTu.
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1. BBEAEHUE

WHTerpast 1o BpeMeH! OT 3JIEKTPUIECKOTO UJTH Mar-
HUTHOTO TIOJIsT KaK JIIT CBOOOIHOTO, TAK M JII HECBO-
6O/IHOrO (CBSI3AHHOIO) 3JIEKTPOMAIHUTHOTO IOJIs, SB-
JISIETCsT TIPEJIMETOM UCCJIEOBAHNUS B TEUEHUN JOCTATOY-
HO TIPOJIOJIKUTEJIHHOTO BpeMeHu. Pedub 3mech uier o6
WHTErpajie BUIa

“+o00

Ip = /E(r,t) dt,

— 00

(1)

rje E — BeKTOp 9/1eKTpHYecKoro moiist, a r u t — KOOp-
JIMHATH 1 BpeMsi. Besmuanna, anasjorunyanas (1), Moxker
OBbITH BBEJIEHA U JIJIsl MATHUTHOTO 110J1s1. OUeBuIHO, UTO
B IPOU3BOJILHOM 3JIEKTPOMATHUTHOM TI0J1e mHTerpas Iy
He paBeH Hyutio. [IJIs 10Ka3aTebcTBa 9TOr0 yTBEPXK/Ie-
HUsI JIOCTATOYHO PACCMOTPETH CTATHIECKOE SJIEKTPUIE-
CKO€ II0JI€ MJIM CTAIOHAPHOE MarHuTHOe moJe. Mnre-
rpaj Bujia (1) nHOrIA HA3bIBAETCH MHTEIPATIOM Becco-
nosa [1].

* E-mail: rusl@lebedev.ru
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Yro KacaeTcss CBOOOIHOTO JIEKTPOMATHUTHOTO IO~
N5 (HAIpUMeEp, TOJsT KOHETHOTO 3JEKTPOMATHUTHOTO
HMITYJIbCA WM TI0JI U3JIyYeHIs KOHeIHOI CUCTeMbl 3a-
DSIZIOB M TOKOB) B OTCYTCTBHE KAKNUX-JIHOO 3apsijioB 1
TOKOB, TO CATyaIllsl ABJIAETCS B KAKOI-TO Mepe He sIc-
HO#. YTBepXKIAaeTCs, 9TO B OOJIBIITMHCTBE CJIyIaeB UH-
rerpaJt (1) paBeH HyJIrO JIs JTIO60T0 3JIEKTPOMATHUTHO-
IO UMILYJIbCA ¢ KOHEUHOil [0JIHOl ueprueii (2], no uxo-
IrJ1a IPUBOJIATCS PUMEPbI CBOOOIHBIX IIOJIEi ¢ HEHyJIe-
BbIM nHTerpasoMm Becconosa [3]. CiioxkHOCTD 371€CH CO-
CTOUT B HOUCKE TOIHBIX AHAJTUTHICCKUX MOJIEICH SJIeK-
TPOMATHUTHBIX UMITYJILCOB ¢ KOHETHON dHeprueit (cum.,
Hanpumep, [4,5]). MHTepec Tak:ke MpeCTaBIsIeT IPO-
MEXKYTOYHAs CHTYalUsl, KOTJIa OHOBPEMEHHO IIPUCYT-
CTBYeT KaK TOJIe W3JIYyUeHHs, TAK U CTATHIECKOE WJIN
UHJIyKIIHOHHOE TI0JIe. B 3TOM CJIydae yTBEpzKIAeTCs,
o mHTErpas Bua (1) 1axke oT m3IyvIaTeHHON YACTH
HOJIHOTO TIOJIsE MOXKeT ObITh He paBeH HyJIo (2,5, 6].

BamMernm, 4TO 3a/a49a BLIYUC/IEHUs] HHTEIPAJIOB BH-
na (1) myist mosteit IBUKYIIUXCsL 3aPSI0B UMEET OTHOIIE-
HHE K OIIPEJICJICHUIO TaK HA3bIBAEMOI'0 TOPMO3HOI'O U3-
JIyUeHUsT MaJIbIX JacTOT JIJIsl CUCTEMBI B3aMMOIEHCTBY-
IONMUX 3apPs?KEHHBIX YacTHIl. B 9acTHOCTH, M3BECTHO,
9TO B 9TOM CJIydae CHeKTpasbHasl IJIOTHOCTH SHEPIUn
W3JIy9YeHusT He 3aBUCHT OT YACTOTHI B IIpeiejie MAJIbIX
qacTOT |, CJAEI0BATEHHO, HE 00pAIIaeTcsa B HyJIb 1PN
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Hy/eBoii gacrore (neranu cm. B [7]). ITocaenmee, kax
Oy/IeT TOKA3aHO HUZKE, BOBCE HE O3HAYACT, UTO MHTE-
rpas Becconosa Ip 0T 10JIs1 H3/IyUeHUST B 9TOM CILydae
HE paBeH HYJIIO.

Ilenbio HACTOAINEH CTATBU SIBJIAETCS JOKA3ATC/Ib-
CTBO OOIIETO yTBEPKICHUA O DABEHCTBE HYJIIO HHTErPa-
ja Buga (1) B mosie IPOM3BOIBHOIO CBOGOIHOTO JICK-
TPOMATHUTHOIO MMIIYJIbCA C KOHEUIHOI sHeprueil. By-
JIET TIOKA3aHO, 9TO PABEHCTBO MHTErpasa beccoHosa B
3TOM CJIydae CBA3AHO ¢ HEBO3MOXKHOCTBIO JIJIsT CBOOO/I-
HOT'O 9JIEKTPOHa IOTJIOTUTH HUJIN UCITYCTUTDH CBO60)leIﬁ
doron. ITomumo 3TOTO OYIET PACCMOTPEH CJIydUail, KO-
/14 TIPACY TCTBYIOT TAKZKE U CTATUIECKIE W WH/TY KITHOH-
HBIE TI0JIs1, CO3/IABAEMBIE SJIEKTPUICCKIMHU 3apsi/iaMu, I
Oy/IeT IOKA3aHO0, 4TO 9TO YTBEPKICHUE COXPAHAET CUILY
U B CJIydae HOJIS U3JIyYeHns yCKOPEHHO JIBUZKYIIHXCST
3apsATI0B.

2. CIIEKTPAJIBHOE PA3JIO2KEHUWE
CBOBO/JIHOT O ITOJIA

[Iycts mMmeeTcst HEKOTOPOE CBOOOIHOE IIEKTPOMAT-
HATHOE II0JIe, HE WMEIONIee HUKAKUX IIPOCTPAHCTBEH-
HBIX WJIM BPEeMEHHBbIX ocobeHHocreii. Torna ero 3jiek-
TPUYECKOE TI0JIE JOJZKHO Y/IOBJIETBOPATH YPABHEHUSM

O’E
AE =2 (2)
VE 0, 3)

HauboJIee 0bIIee PereHne KOTOPBIX MOYKET ObIThH IPe/I-
CTaBJIEHO KaK
1

ik'r
(27‘()3 /6 X

X (E+(k’,w’)ew +E,(k’,w’)e’i“’,t) SE, (4)

E(r, )

rie k' — Bosmosoit BekTop, a W’ = |k/| — wacroral).

KoMIlIeKCHbBIE TPEXMEPHBIE CIIEKTPAJIBLHBIE AMILIATY/IbI

E. (k) u E_ (k) n0imzKHBI 6bITH, B cuity (3), OPTOrOHAIb-

HBI BEKTODY K, & B 0CTAIbHOM BBIOHPAIOTCS [TPOU3BOJIb-

HbivMu. OHE CBSI3aHBI MEXKJLy COOOH COOTHOIIIEHNEM
!/ ! * ! /

E (kK ") =E" (=K, ), (5)

CJIEJLYIONINM 13 BerecTBeHHocTn nostst B, AMmumnTy st

MOTyT OBITH TaKyKe HPEJICTABJCHBI KaK (DYHKIUH OT
n=k/uwuw:Ei(n, o) nE_(n,u).

1 31ech u Be3ze Jajiee CKOPOCTh cBeTa ¢ = 1.
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Pacemorpum jasee dypbe-rapMoHuKy 1moJis (4):

“+o00

E,(r) = / Ee ™“'dt =
1 ik'r / / 3.7
T

2

w iwn’r
W}{e E;(n’,w)dn’, (6)
4

npejiesn Kotopoit nmpu w — 0 ecTb mHTerpan Becco-
nosa Ip. U3 Boipaxenus (6) ciaemyer, 4ro mjisg TOro
YTOOBLI BLIIOJIHAIOCH HepaseHcTBo Ip # 0, aMIuTyia
E,(n',w) nomkaa npn w — 0 PACXOIUTHCS 110 KPaii-
Heit Mepe Kak o< 1/w?. OmHako B 3TOM ciIydae HOTHAS
SHEPrUs TOJIs

W= o [ B WP

/%w’2|E+(n’,w)|2 dn' dw' =

0 4m

1
(2m)*

rae W, — cuekTpajbHas IJIOTHOCTH SHEPruu, Oyger
6eckoneunoii. B pasencrse (7) GbLIO yITEHO, 9TO SHEP-
sl MACHUTHOTO II0JIsl paBHA SHEPTUU 3JIEKTPUICCKOrO
OJI1 JIJIE CBOGOIHOTO 3/IEKTPOMATHUTHOTO TIOJIS, & TaK-
ke coorHorenue (5).

U3 pasencrsa (7) ciaeiyer BaKHOE YyTBEDPIKICHUE:

Vrepxkgaenuue 1 Fcau  asexmpomanummoili  um-
nYALC 6 c60600HOM Npocmparcmee obaadaem Korew-
HOl noanoti snepeuets, mo unmeepas (1) pasen Hyato

8 210007 MoywKe NPoCMpPaHcmea.

Jlanroe yTBEpIKIEHNEe TaK?Ke CIPABEJIMBO U JIJIsT Mar-
HUTHOTO TOJIST 3TOTO UMITY/IhCa. B 9aCTHOCTH, U3 3TOTO
CJIeJIyeT, YTO HEKOTOpbIe YTBEPIKIEHUS, CJeJIaHHbIE B
crarbe [3], ABIAIOTCA OMMUOOUHBIMU U JIJIsl IPUBEJIEH-
HBIX NPUMEPOB CBOOOJHBIX TOJIEH mau maTerpan bBec-
COHOBa HA CAMOM JieJie He DaBeH HYJII0, WM TOJs He
SIBJISTIOTCSI PEryJIIPHBIMU BO BCEM ITPOCTPAHCTBE.

MO2KHO OTMETHUTB, UTO U3 TIPUBEJIEHHBIX BBIIIE PAC-
cyxuenuii ciaenyer, yro ammmryaa By (n, w) koneano-
IO 3JEKTPOMATHUTHOTO MMITY/THCA MOYKET OBITH Pasyio-
JKeHa B CJICAYIOIUI paJ:

Bomw) = = S eme, @)
s=0
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O6 uHTerpane no BpemeHu. . .

re koaddurmentsr £5 (n) — HEKOTOPBIe (DYHKIUE yT-
JIOBBIX IIEPEMEHHBIX, KOTOPBIE MOI'YT OBITH B CBOIO OUe-
PE/ib PA3JIOKEHBI B P/l 110 ChepUICCKUM (DYHKITUIM.
3amernm, 9TO B BbIpakeHHH (8) pPaCXOJAIIMHACS IPU
w — 0 wieH mogBisgercd (Kak Oy/eT MOKa3aHO HUKE)
TOJIBKO B II0JI€ U3JIyYeHHs YCKOPEHHO JIBUKYINEHCs 3a-
PSAKEHHOI JaCTUIIbI.

PaccmoTpuM B KauecTBe IpUMepa I0JIe IUI0JILHOIO
9JIEKTPOMAIHATHOIO UMITYJIbca (CM. Jerasn B [8,9]), Ko-
TOpoe, KaK OBLII0 YIOMsIHYTO B pabore 9], sBisiercs on-
TUMAJIBHBIM € TOYKHU 3DEHUs] KOHIEHTPAIUH 3JIEKTPO-
MArHUTHO SHEPIUM B IEHTPE UMILYJibca. MoxKHO moka-
3aTh, ITO JIJIT TAKOTO MMITyJIbca amimmTyaa By (n,w)
BBIPAYKACTCS KAK

E, (nﬂw) = QWiwf(w)(AO X n)v (9)

rie Ag — upousBosibHbIE BekTOp, a f(w) — upe-
obpazosanne Pypbe OT TPOU3BOJLHON BEIIECTBEHHOM
dyukimn, sanaomeit bopmy nmmynsca (em. [8]). To-
rua dbypbe-rapmonuka (6) Oyzer paBha

3
E,(r) = W YY) QJ;(W) Ag x 7{n'ei“”'n dn’ =
47
coswr  sinwr
= 2w f(w) [7 - W] (Ag xn,), (10)

rae n,. = r/r u r = |r|. Beipaxenne (10) crpemures K
mymo mpu w — 0 mo KpaifiHeil Mepe Kak w’, IT0 03Ha-
yaerT PaBeHCTBO HyJO uHTerpasa Becconosa (1) st

IIOJIA U3JTy9YeHUsA JTUITOJIA.

3. COXPAHEHUVE SHEPTUN 11 NMIIVJIbCA

Pengrusucrckn nuBapranTHBLIM 0000IIEHIEM WHTE-
rpaja (1) siBisieTcst CiieJyroliee UeTbIpeXMEPHOE BeK-
TOPHOE BbIparKeHUe:

+oo

- / F* (2 (s))ug(s) ds,

— 00

I,

(11)

rJie MHTErPUPOBAHUE BEJETCA BJIOJb YETHIPEXMEPHOIl
KpHBOii 2(s), 3a7aBaeMOil €JIMHIIHBIM YeThIPEXMEeD-
HBIM BEKTOpoM u'(s) dz'(s)/ds, a F* — remsop
3JIeKTpOMarauTHOro 1ojst. Wurerpan Becconosa (1)

nosiygaercd u3 (11), eciu B34Th IPOCTPAHCTBEHHDIE
komnonenTsl 4D-exropa 14 B ciyuae, eciin 4D-BekTop
u mocTosiHen u paser u'(s) = (1,0) .

Mozkuo 3ameruThb, 4ro Bhipazkenue (11) npeacras-
nger coboit mpupamenne 4D-mymyabca AP? 3apsKen-
HOI YaCTHIBI C eJIMHUYHBLIM 3apsa0M U MaCcCoil, MoJIy-
yaeMoe eii IIpu JIBUKeHUE B 3JIeKTPOMATHUTHOM II0JIe
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110 3aJIaHHOI TpaekTopuu. Ilpu 3ToM uHTerpas bBec-
conoBa Ip COOTBETCTBYeT JBUKEHUIO YACTHUIIBI BJIOJID
upsMoit IMHUA (B 9ACTHOM CJIydae — MOKOSIIASICS da-
CTHIA), T.e. TIEPEJAHHOMY II0JIEM TACTHIE MUMILYJIbCY B
[IEPBOM TIOPSIJIKE TEOPUN BO3MYIIEHUN WU B TAK HA3DI-
BAEMOM OJTHOBEPIITUHHOM TPUOIMKEHUN B KBAHTOBOI
asekTpouHaMuke. OJIHAKO W3BECTHO, YTO CBOOOHAs
3apsi?KeHHAS 9aCTULA (JIEKTPOH) B CUJLy 3aKOHOB CO-
XPAHEHUS SHEPIUH U UMITYJIHCA HE MOYKET HU OIJIOTUTH
cBOOOHBIN (POTOH, HU u3ayuuThb ero. C Jpyroit cro-
POHBI, YaCTHIA, JABUKYIIASICI 110 KPUBOH TPAEKTOPUH
(mecBobomnag gacruna) Oyler B 00IIeM CIydae UMeThb
He paBHbIi Hysro nHTerpas (11).

Takum obpa3om, paBeHCTBO HYyJIO0 mHTerpaJia Bec-
COHOBa, JIjII KOHEYHOTO 3JIEKTPOMATHUTHOTO WMILYJIhb-
ca SBJISIETCS TPOCTBIM CJIEJICTBUEM 3aKOHOB COXPAHe-
HUsI SHEPIUU U UMITYJIbCA JIJIsT 3aPI?KEHHBIX YACTHIL 1
doronos. U 310 cBOIICTBO IpeACTABISAETCS JOCTATOTHO
OOIIIUM U TTOITOMY JIOJI2KHO BBITIOJHSITHCST JJIst JTFOO0TO
MBICJIMMOTO 3JIEKTPOMATHUTHOT'O UMITYJIbCA ¢ KOHETHO
SHeprueil, MoTBePK/Iasi TEM CAMBIM JIOKA3aHHOE BBIIIE
Yrepxkiaenue 1.

4. TIOJIE U3JIYUYEHUS 3APAXKEHHOI
YACTUIHI B CIIEKTPAJIBHOM
ITPEAJCTABJIEHNN

Paccvorpum Termeph moJie m3MyUeHns yCKOPEHHO
JIBUZKYIIEHCs 3apsiyKeHHO yacTutisl. /I Hammx meieit
JIOCTATOYHO PACCMOTPETh II0JI€ TOJILKO OJIHON 4YacTu-
IbI, IIOCKOJIBKY, B CHJIy JIMHEHHOCTH ypaBHEHUIT I10JI4,
YTBEPZK/ICHUA, IIOJyYCHHbIE JIJId 9TOrO IIPOCTOrO CJLy-
qasi, MOTYT OBITH PACIIPOCTPAHEHBI HA JIEKTPOMATHUAT-
HOE TI0JIe, CO3/IaBaeMOe IIPOU3BOJIBHON CUCTEMON 3aps-
J0B 1 TOKOB. MOXKHO Tak»Ke CIUTATh, YTO PACCMATPHU-
BaeMas 4acTUlla MEHseT CBOIO0 CKOPOCTb CKA4KOM, & B
OCTaJIbHOE BPeMd JIBUKETCHd PABHOMEPHO U IIPAMOJIU-
HEIHO. DTO MOIMYCTUMO, TOCKOJIBKY HAC HHTEPECYET U3~
JIyIeHHe TOJILKO B OOJIACTH MaJIbIX 9acTOT U B IIpE/ierie
pu HyJIEBOI yacToTe.

BuimmieMm renepnb o01ee BhIpaykeHue M YeThIPex-
MEPHBIX (DYPhE-rapMOHUK YETHIPEXMEPHOIO BEKTOPHO-
o IMOTEHIUAJa CBODOIHOIO 3JIEKTPOMAIHUTHOIO IIOJIst
gepes dypbe-rapmonukn 4D-toka j°(k), mopomusmero
570 1oJte [10]:

Al (k) = i8m2sign(kY)6 (k)5 (k), (12)
rue sign(y) = 260(y) — 1, 6(y) — byHKIUS equHAIHOM
CTYIIEHbKU U k' (kzo, k) — geTbIpexMepHBIil BOJTHOBOI
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BeKTOp. Torja TeH30p 3JEKTPOMATHUTHOTO OIS OY/IeT
UMeTb BU/I,

F'™ (k) = 8n*sign(k°)a (k%) (k'™ (k) — k™5 (k)). (13)

W3BecTHO, UTO /11 3aPAKEHHOI YaCTUIBI, JBUKYIIEii-
cd 110 TpaekTopun ' (s), pypbe-rapMOHUKHI TOKA OLPe-
JIQJISTIOTCST BBIpasKeHneM [7]

ji(k) = / eRe ()i (s) ds, (14)

KOTOpOE Jiisi CBOOOJIHON YacTunbl (C €UHUIHBIM 3a-
PSIJIOM), CKAYKOM MEHSIIOIIEH CBOIO CKOPOCTh B MOMEHT
t~s=0o0T vy 10 Vo, OyIeT UMeTh BUT

)

rie ul, = Y4(1,va), Yo = 1/3/1 —v2Z, a = 1,2. Toraa
JUTST TIOJIOKUTEILHO 9acTOTHOH dacTn By B pasmoxe-
Hun (4) ¢ yuerom dopmysbl (13) MOKHO HanmcaThb

{1—nv21—nv1

()] o

Bripaxkernue (16) o6paTHO HPOIOPIMOHATIBHO YaCTOTE

1

i

7 7
e S

70 = 5 | - (15)

21

w

V2 Vi

Ei(nw)=

V2 Vi

1—nvy 1—nvy

W ¥ COOTBETCTBYET LIEPBOMY WieHy B pazsoxkeHuu (8).
Orcrofia Ha OCHOBe 00IIEro YTBEpXKJieHust 1 cieiyer,
40 nHTerpas Becconosa (1) jyist 37€KTPOMATHUTHOTO
TOJI UMITYJIbCa, U3JIyICHHOT'O YCKOPEHHO ABYKYIIeCa
3apsiKEHHON JacTurieii, OyIer Toke paBeH HyJIO.

st crieKTpaJbHONR IIJTOTHOCTH TIOJTHON SHEPruu,
ompeiesientoii B (7), nojaydaeM KOHCTAHTY

1 Vo
Wo = —5 -
47r27{‘1nV2 1
4m

_n( )an,

9TO O3Ha4YaeT PACXOIMMOCTD IIOJHOI SHEPIUH 110 BEPX-
HeMy mpejiery uHTerpupopanusi. OHaKO JaHHAsT pac-
XOJIMMOCTD CBSI3aHA JINIB ¢ He(DUIUTECKUM TTPEJIIO0JIO-

Vi

— nvy

V2 Vi

- 17
1—nvy 1—nvy (17)

JKEHUEM O MIHOBEHHOM M3MEHEHHH CKOPOCTH TaCTHIIbI
U, CJIeJIOBATEJIHO, 0 OecKoHedHOM yckopeHnu. OjHa-
KO G0Jiee BarXKHBIM DPE3yJIbTATOM 3/1€Ch SBJISIETCS CXO-
JuMocTh uaTerpasna ot (17) Ha HEXKHEM mpejene nH-
TErpupoOBaHus, O3HAYAIOIAS, ITO, €CJN yCKOPEHHE 3a-
PsAZKEHHOM YaCTUIbI KOHEUHO, TO SHEPIHs U3JLy 1eHHOIO
9JICKTPOMATHUTHOTO UMITY/IbCa Oy/IET TOKE KOHETHOIL.
Dopmymna (17) coBnamaer (mocsie HEKOTOPOTO Ipe-
06pa3oBanus) ¢ BLIPAXKEHNEM JIJIA CIEKTPAIbHOL 10T-
HOCTH TOPMO3HOTO M3JIyUeHUs] MAJbIX 9acToT u3 |7].
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5. IIOJIE N3JIYUYEHU Y 3APSI?KEHHOU
YACTUIBI B KOOPIMHATHOM
ITPEAJCTABJIEHNN

HecmoTps Ha coobpaskenusi, IpUBeIeHHbIe BhIIIe, B
Jmreparype |2, 5] BeTpedaloTcs yTBEPXKIEHUS O BO3-
MOKHOCTH H3JTy9IE€HUs] yCKOPEHHO JIBUKYIIEHCS 3apsi-
JKeHHOI JacTureil Tak Ha3blBaeMbIX «HEOOLIKHOBEH-
HBIX» UM YHUIIOJIAPHBIX UMITYJILCOB C HE PABHBIM HYJIIO
nnarerpajgoMm becconoBa. Takue yTBepKIECHUS OCHOBBI-
BAIOTCA Ha AHAJIN3E BBIPAYKEHUSI JIJIA MO/ YyCKOPEHHO
JIBIDKYTIENHCS 9acTUIbl B KOOPJMHATHOM TIPEJICTABIIC-
HUW C BBIJEJICHUEM JICHOB, NMEIONIX Ha OECKOHETHO-
CTH aCUMITOTHKY X 1/7 M, Kak yTBEpPXKIAeTCs, COOT-
BETCTBYIOIIUX TI0JI0 U3/1yuernsi. OUeBuIHO, ITO yTBEP-
JKJIEHUS, CAETAaHHBIE B yIIOMAHYTBIX BBIIIE CTATHAX, U
YrBepxkaenne 1 HECOBMECTUMBI MeXK Ty coboit. 1ToaTo-
My BOIIPOC O IPUIMHE TAKOT'O PACXOKICHUS HY 2K IA€TCs
B JIONOJTHATEIHLHOM U3y ICHNN.

Heo6xomumMo 0OTMETUTD, 9TO Pa3JIe/IeHUue 3JIEKTPO-
MAarHUTHOTO TOJIsT JIBUXKYIIEHCST 3apPSyKeHHON 4aCTUIhI
HA CTATUYECKOE U UHJLYKIMOHHOE 110JIsl C OJHON CTOPO-
HbI ¥ Ha U3JIyYeHHe — C APYTOil CTOPOHBI HE ABJISIET-
Cs1 OJIHO3HAYHBIM. B MMITyJIbCHOM IIPEJICTABIEHUN 9TO
¢JIeNIATh JIOCTATOYHO MPOCTO: B BBIPAYKEHUU JIJIsd 110-
Jig uzydenus (4) koadunuenT npornopuruoHaILHOCTH
MEK/Ty TIOTEHIUAJIAMA U TOKAMU €CTh U3BECTHAs (DYHK-
uws [aym-Mopaana D(k), paBHas pasHOCTH 3amas Ibl-
Baomiero Il,..¢(k) u onepexaromero 11,4, (k) npomnara-
TOPOB JICKTPOMArHUTHOTO 1oy [11]:

D(k) = i8m%sign(k")6(k?) = ¢ (k)

—aan (k). (18)

O/HaKO B KOODJMHATHOM IPEJCTABJICHUN BBIJICICHIE
[IOJI M3JIy9eHusl pecTaBjger coboii Oosee CII0XK-
Hyto 3ajady. Paccmorpum, mHanpumep, HopMmysty s
SIEKTPUIECKOTO TOJIsI YCKOPEHHO JIBHXKYIIErOCs 3apsi-
Ja (em. dopmyy (1.1) B pabore [2]):

E(r,t) =
(1= v, —v)
R%2(1 —n,v)3

n, x ((n, —v) xv)
R(1 —n,v)?

(19)

e R = |r —r'(¥')], v'(t) 3a7aeT TpaeKTOPHIO JIBIKE-
HUS 3apsiJia, & V — YCKOPEHue JacTullbl. Bee ckopocT,
KOODJIMHATHI U YCKOPEHUsI OEPYTCst B MOMEHT BPEMEHU
t' =t — R nya ydera 3anasapiBanus. [[0CKOIbKY nHTE-
rpaJi 0 BPEMEHHU OT BTOPOro cjaraemoro B (19), o6brd-
HO OTOZKJIECTBJISIEMOIO ¢ U3JIyYeHIEM, OUEBUJIHO HE Pa-
BeH Hys0 (0COGEHHO, €C/M CKOPOCTb MEHHAETCH CKAd-
KOM), TO 9TO CIUTAETCs JOKA3ATEIbCTBOM TOIO, YTO UH-
rerpaJt (1) OT MOJIsI M3JIyUeHUs] YCKOPEHHO JIBUKYIIIE-
rocd 3aps/ia MOzKeT 6bITb B IIpUHITUIIE HE paBE€H HYJIIO.
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O6 uHTerpane no BpemeHu. . .

Bosnukaer BOIpoOC: a JEHCTBUTENLHO JII BTOPOE
caraemoe B (19) (He siBIsTIONICECS B OOIIEM CIIydae pe-
IIeHneM ypasHeHuit jiyis cBoboHoro todist (2), (3)) co-
orBercTBYeT 1100 u3rydennsa? C 0Ho# CTOPOHBI, MOJIe
(1 uHTErpaJl OT HEro 110 BPEMEHU) B 9TOM Cjrydae yObl-
Baer npu r — 0o Kax 1/r. C apyroii cropoHbl, B TOYHOM
BbIpazKeHNU JIJ1¢1 110J151, HalIpuMep, JJId JUITOJIBHOI'O M-
nysnbca (10), npucyrersyior wiensr [8], na GeckonedHo-
cru Beaymue cebst kax 1/r2. Ciaraemble, Betymue cebs
Kak 1/r%, Taxue JO/ZKHbBI TIPUCYTCTBOBATH B KOOD/IH-
HATHOM 9KBHBaJIeHTe BbIparkeHusi (16), MOCKOJIBKY OHO
LPONIOPIMOHAILHO 1/k, aT0 1mocse obparHoro upeobpa-
zoBanug Pypbe JODKHO KAK Pa3 JaTh WIEH, IPOIOpP-
moHa bHbIH 1/72. MoKHO TaKsKe 3aMeTUTh, ITO HHTe-
rpaJji B OECKOHEUHBIX [PEJIeJIax [0 BPEMEHU OT IIE€PBO-
ro ciaraemoro B (19) Brosse Moxker yGwiBaTh Kax 1/r
upu 7 — 00, KAK ¥ UHTErPAJ OT BTOPOTO CJIAraeMO-
ro. 9T0 CTAaHOBUTCS OYEBUIHO, €CJIU 3AMETUTD, YTO [IPU
Gosibux 10 Moy o Bpemenax R o |t|. Takum obpa-
30M, MOYKHO 3aKJIIOUUTh, 9YTO OTOKJIECTBJICHUE BTOPO-
ro ciaraemoro B (19) ¢ nmosem uasydenus (B TOM duC-
Je juist neneil BolaucaeHnst uaTerpasa (1)) spisercs
HEKOPPEKTHBIM.

B kadecTBe WILIOCTPAINEI CJICIAHHBIX BBIIIE BBIBO-
JIOB PACCMOTPHUM MOJI€ B KOODIUHATHOM IIPEJICTABIIC
HuM, cooTBeTcTBYOMEee amiuTyae (16) mousa usryde-
HUA 3218, CKAYKOM MEHSIOIIETO CBOIO CKOPOCTh. st
€T0 BBIYUCJICHUS MPOIIE BCErO CHAYAJIA OIPEJIEIUTD T10-
rermuasnl mona A° = (A% A), mpumenss obpaTHOe
upeobpasosanue Pypbe K Boipazkenuio (12) (¢ yuerom
dopmynbr (15)) u mpu 3TOM IIpeJIoaaras, UTO CKO-
pocTh vy (WK Vo) paBHA HYJIIO. 3aTeM BbIPAZKeHUs [/
[OTEHIMAJIOB [IPU yZKe HEeHyJIeBOi ckopoctu vi (uju
Vo) HAXOAATCS HPUMEHEHUEM COOTBETCTBYIONIUX IIPE-
obpazoBamnnii JIopeHta 11 TOTEHIINATIOB U KOOPINHAT.
1o jmaer

A0 = (;—2‘2 - ]%—11) o(r — t2), (20)
A= ";ZQ - "]1%?1 0(r2 — t2), (21)
e
R2 =72 +42(ver)?—
o2 (var)t+ (2 — D2, (22)
Vg = |Va|, @ = 1,2. Teneps jyisi 9JI€KTPUIECKOTO 110~

s E = —VA? — A /Ot MOxKHO TIONIyuUTh CleTyiolee
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BBIparKeHHE:
Yo(r —vat)  yi(r —wvit) 2 2
E = — O(re —t°)—
(25 o)l
1 n, — vy n, —vi
- — - o(r —t
r 1—wvon, 1—vin, (r )+
n, +v n, +v
+ 2 L) s(r+0)|. (23)

1+ von, 1 + vin,

MoxKHO TOKa3aTh, ITO MATHUTHOE IIOJIE€ BBIPAYKAETCS
kak H = V X A u siBJIsleTCsi IOIEPEYHBIM B OTJINYNE OT
ssteKTprdeckoro nods (23), a sexrop IlofiHTuHra Gy-
Jer pasen, coorsercrsenno, S = n,.|H|?/(47). Tlom-
Hasl JUINTEJbHOCTh U3JIy9eHHOTO 3JIEKTPOMAIHUTHOTO
uMIIyJIbca coctapiser 2r. Ha rpannnax nMiysibca nme-
10TCsl pe3Kue (Je1bT000pasHble B JIAHHON MOJIEN) -
KU 1oJs1. [lyTeM TpsiMOTO BBIMHCTEHUS HECJIOKHO T10-
KazaTb, 4TO uHTErpai Becconosa (1) or BBIpaskeHUs
(23) pasen Touno nymo. Takke Bopazkenne (23) comep-
JKUT 9JIEHBI NMEIONIHe Ha 6ECKOHETHOCTH ACUMITOTHKY
o 1/r%, KaK 1pe/oaraaoch BhIIe.

[Tpuuuny, 1o koropoit unrerpasn Becconosa ot (23)
paBeH HyJIO, MOYXKHO IIOHATDH, €CJI OOPATUTL BHUMA-
HHUe Ha TO, YTO 3TO BbIPayKeHHUE ABJISIETCS Pa3HOCTHIO
JIBYX BOJIH: cXojgImeiicss n pacxomsimeiics. VHTerpaJibt
Becconora oT 3THX BOJH paBHBI IPYT JPYTY W NIPHU BbI-
YUTAHUHU JIAI0T HYJIb. Takas CTPyKTypa MOJIsT U3JIyte-
HUsI CBsI3aHa ¢ o0mmM onpezesnerneM (18) st byHK-
i aymnMopaama Kak pasHOCTH JBYX HPOIAIaTO-
POB: 3aIla3/LIBAIONIETO U OIepPerKaIoNero. MaTerpas
BecconoBa oT 3amazabiBaiorieit n omepekarorieit Ta-
cTeil ToJIs M3JIyveHrs paBHBI APYT JPYTY W, CJIeI0Ba-
TEILHO, UX PA3HOCTH PaBHA HYJIIO, YTO NMPUBOJUT HAC
OIISATH K 00TIeMy Y TBepKIeHuto 1.

MO2KHO OTMETHTH, UTO SKCIIEPUMEHTAIbHBIE U3Me-
peHnst maTerpasa BeccoHora JUIst NMILYJIbCOB OT HEKO-
TOPBIX HCTOYHHUKOB 3JIEKTPOMAIHUTHBIX BOJIH (B TOM
4HCJIe TeParepIioBOro UAala3oHa), B KOTOPBIX ObLI 10~
JIy9IeHbl HeHyJIeBble ero 3HaveHus [12], MOXKHO 0Obsic-
HUTD CyINECTBOBAHNEM TaM HEYyITEHHBIX JIEKTPOCTATH-
qecknx mosieii. Takwme 1ot MOXKeT OBITh TPY/IHO KOH-
TPOJIMPOBATH B 3KCIIEPUMEHTE.

6. SAKJIFOUYEHUE

B macrosmeii pabore paccMOTPEHO IPOU3BOJILHOE
CBOOOIHOE 3JICKTPOMATHUTHOE II0JI€ ¢ KOHEYHOI SHEp-
rueil M IOKa3aHo, UTO JId HEro MHTErpa bBeccoHo-
Ba (1) Bcerma pasen mymo. Takxke 1mokazano, 9To pa-
BEHCTBO HYJIIO HHTErpaJia BecconoBa IpsMO CBA3aHO ¢
HEBO3MOXKHOCTBIO B CUJTY 3aKOHOB COXPAHEHNsT SHEPTUN
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U UMITYJIBCA JIJIsl CBOOOIHOM 3apsi?KEHHOIN YaCcTUIIbI 110~
IVIOTUTH WX UCILYCTUTH CBOOOMHDIN (DOTOH.

B pabore paccmorpen ciydaii yCKOPEHHO JIBUKY-
melica 3apAKeHHON JaCTUIBI U IIOJIyIEeHO TOYHOE BBI-
paxKeHue Jyid ee I0Jisd U3JIydeHus (B UMIYJILCHOM U
KOODJIMHATHOM TIPEJICTABJIEHUSIX) B CJIydae, KOrJa CKO-
POCTB ee JIBU2KEHNs MeHseTCsA CKadkoM. [lokazano, 1o
[IpU TIPABUJILHOM BBIJIEJICHUN TIOJIsT U3JTYICHUS U3 TIOJI-
HOT'O 9JIEKTPOMaI'HUTHOI'O I10J1g1 YCKOPEHHO )IBHH(yI]leﬁ—
Csl FaCTUIBI UHTEerpaJi BeCCOHOBa. OT TaKOrI'o, JOJIZKHBIM
00pa30M OIPEIEIEHHOTO, TI0JIs W3JIyIeHUs BCerja pa-
BEH HYJIIO, KaK U JIOJPKHO CJIEJIOBATH U3 ODIEro yTBep-
2KJIEHUS TIEPBOIO pa3jiesia.

Nmeromuecss B uTepaType yTBEPKICHUSA, ITO WH-
TerpaJj BecconoBa OT 1101 U3JIyUeHUs YCKO PEHHO JIBU-
JKYTIECsT 3apsAzKEeHHON YaCTUIBI MOZKET ObITh OTJINIEH
OT HYJIsI, SIBJISIOTCS OITMOOTHBIMY U CBSI3aHBI C UCITOJThb-
30BaHMEM HEKOPPEKTHBIX BBIPAXKEHUI JJIsT ITOJIs U3JTy-
YeHnsi, B KOTOPBIX Ha CaMOM JeJIe IIPUCYTCTBYIOT I0-
6GaBKM OT CTATUYIECKOI'O WA WH/LYKITHOHHOTO I10JIs, KO-
TOpbIE U 00ECIIeYNBAIOT HEPABEHCTBO HYJII0 MHTErPaJIa
Becconosa.

BuanarogaprocTu. Asrop BbIpakaer OJiaromap-
wocrs A. B. Bunorpagosy u . A. ApriokoBy 3a 10-
JIe3HbIE O0CYZK/ICHHS.
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