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AHHOTaAnUNg

PaccmoTpennl paszeneHHEIE BAKYYMHBIM 3a30POM JIBE Cpellhl, KayKaas W3 KOTOPHIX
HaAXOMUTCA B TepMOAHHAMHYECKH paBHoBecHOM cocTosHun. [lokazano, yTo mipm
ornpeaereHHbIX YCIOBHAX ABHKEeHUEe OHOH cpellbl Napallfie/IbHO TIOBEPXHOCTH JAPYIoii
MOKET BHI3BATh IEHEpallHio 3JIeKTPOCTATHYECKHX TIOBEPXHOCTHBIX BOJIH Ha T'pDaHH-
1e pasgena >Tux cpen. O6cyxmeHBl ABa Pas/IMYHBIX MeXaHH3MAa CaMOBO30YXHeHUS
37K TPHYECKOTO T0JisA. BhIYnCcieHs MHKPEMEHTH POCTa 3JIeKTPOaKyCTHYeCKMX Io-

BEPXHOCTHLIX BOJIH, KOI'Ia B KadeCTBe Cpell B3ATHI [IEE303JIEKTPHYeCKHe KPHCTAlIIEL

knacca Cegy.

Generation of electrostatic surface waves
in the gap between moving and immobile media

V.N. Khudik

Budker Institute of Nuclear Physics SB RAS
630090 Novosibirsk, Russia

Abstract

Two media in thermodynamic equilibrium separated by vacuum gap are consider-
ed. It is found that movement of the second medium parallel to surface of the first
one can under certain conditions generate electrostatic surface waves in the gap
between these media. Two different mechanisms of self-excitation of electric field

are discussed. As an example the growth rate of electroacoustic oscillations is

determined for piezoelectric crystals belonging to class Cg,.
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1 Bgsenenue

W3BecTHO, 4TO Mia3Ma sBAseTCS CIJIONIHOH cpenoil, B KOTOpoil BO3-
MOXKHO pa3BHUTHE CaMbIX Pa3HOOGpa3HBIX HeycroiiumBocTeil [1]. On-
HaKo GONBLIMHCTBO 3THX HEYCTONUYMBOCTEH XapaKTepHBLI TOJBLKO LA
caMoif IJIa3MBl, U THIIL HEMHOTHE H3 HHX HMET MeCTO M B APYTHX
Gonee paBHOBecHBIX cpefaX. ONHMH U3 NPHMEPOB TaKoll YHUBEpCasbHOI
HeyCTOMYNBOCTH NpHBeleH B HacToslllell paboTe.

PaccMmoTpuMm nBe cpenbl, paslnenieHHbe BaKYYMHBIM 3a30pOM IIH-
punoit L. Ilpenmomoxum, 4TO BTOpas cpela NBHKETCA INapalliielibHO
NOBEepXHOCTH MepBoii C NOCTOAHHON cKopocThio V' MHOro MeHbIle CKO-
POCTH CBETa ¢, a AUAIEKTPpHYeCKHe NPOHHIAEMOCTH CPell PaBHHI £1(w)
H £2(w) cooTBeTcTBeHHO. BrIGepeM cucTemy KoopomHaT TakKuM obpa-
30M, 4TOOBI BellleCTBO NepBoif cpelbl Haxonusjoch B obnactu y < 0, a
BellleCTBO BTOpOM cpenbl - B obinactn ¥ > L. Ockb ¢ HanpaBuM BHOMIS
CKOPOCTH Voias

B 3neKTpoMariuTHOM NoOJie BOJHBI B 3a30p€ MOXHO BBIIEJHTD 3a-
BHCHMOCTb OT BpeMeHH { W KOOPOHHAT Z, Z: '

E’ o E—iw£'+ikx3:+£kzz, B" o E—iwt+£kxz:+£kzz. (1)
OTHOCHTEILHO YaCTOTH W M BOJHOBOLO BEKTOpa k = (kz,0,k.) npen-
nonaraercs, 410 |w/k| € c¢. B sToM ciyyae MarHHTHOE mojie MaJlo, H




9JIeKTPOMarHATHas BONHa MOXeT OBIThH oNllicaHa B paMKaX NMOTEHIH-
aJIbHOTO MpPHOIMKEeHUA:

divD=0, D=¢E, E=-Vy, (2)

rie D - BeKTOp 51eKTpuyecKoil MHAYKIHH, € - ONePaTOp AUIIEK Tpuye-
CKOil TPOHHIIAEMOCTH, ( - IOTeHIHaJl 3IeKTpudeckoro nois. B nepsoi
cpene onepaTop € = £1(w), a B 3a30pe € = 1. IloTeHMan ¢ HAXOMUTCA
u3 ypaBHeHUs Jlanimaca W MMeeT BHI!

p=pe¥, npu y<O0, (3)
o= D f o ™, npu 0<y<L, (4)

rre BeIHYUHBL (01, P4, P- YKe He 3aBHCAT oT y. HenpepeBHOCTDH
@ u D, Ha rpanune Mexny NepBoil Cpeloli W 3a30pOM NPHBONUT K
COOTHOIIIEHHIO:

pre’" — oo

s : (5)
Py " + P
Ilns onucanus nois B obimacTH y > L ynobno HCHONB30BaTh CUCTe-
My OTcYeTa, ABIKYUIYIOCS ¢ HEpesisTUBHCTCKON CKOPOCThIO V. Ilpu
MaJIOM MarHUTHOM IoJie BJIeKTpAYEecKHe 10JI B HOBOI CHCTeMe OoTCue-
Ta Te e caMble, YTO U B CTapoil cUcTeMe, U U3MEHAeTCHA BCIEeNCTBHE
IlonsepoBCKOro COBATa JHIIb YaCTOTa BONMHBL W' = w — k-V. Pe
3y/bTATHBHO NBIKEHHe BTOPOI Cpellbl CBOAMTCA K TOMY, YTO B 0bmna-
ctH y > L onepaTop OudneKTPHUYECKOll TPOHMNAEMOCTH OKa3biBaeTCH

paBHBIM & = £2(w’). Pemras ypapnenue Jlannaca B 3Toif 06s1acTH, 1O-
JIYYHM:

El[LAJ) —

0 = preHD), ()

TIe g He 3aBACHT OT y. HenpepriBHOCTB ¢ 1 Dy Ha rpaHnle MeXny
3a30pOM M BTOpOIl cpeoii NPNBOAUT K COOTHOUICHHIO, aHAJIOrHYHOMY

(5):

—kL
P+ — P-€
_Eg(w") — oy 5 ” E—kL . (T)

U3 (5), (7) ciienyeT mucnepcuonHOe ypaBHEHHE:
[e1(w) + fea@) + )] _ —2er (8)
[e1(w) — 1][e2(w’) — 1] '
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Ecnu cymectByeT XoTs Obl ONMH KOPEHb 3TOr0 YPaBHEHHS C IOJOXKH-
TeJbHOH MHHUMOH 4YacTblO, NPOHUCXONUT 3KCNOHeHIHAaJILHLEIA POCT aM-
IJIMTYObI IeKTPocTaTAYecKol Bonuel. Hanuvue uim oTcyTcTBHE pa-
CTYLIMX BOJH B OOLLEeM cly4yae 3aBUCHT OT Bunaa GyHKuuii £1(w) u
g2(w). Huxe npennomnaraercs, 4To camu no cebe cpenbl HaXOAATCS
B TepMONHHAMH4YeCKOM PaBHOBECHH, Tak YTO reHepalds BOJIH MOXET
6LITh BbI3BaHa TOJILKO IBHXXKeHHEM OIHOH Cpelbl OTHOCHTEeNbLHO HpPY-
roji. OcTaHOBHMCA Ha OBYX ClIy4YadX, WIIIOCTPHPYIOLUINX KaYeCTBEHHO
pa3iiyHble MeXaHU3MbI YCHIIeHHs 3JIeKTPHYecKoro nois B 3a30pe.

1. Pezonancnad 2enepayud eoan. llpennonoxnM, uyTo Ha rpaHune pas-
Iejla KaxKOoil U3 cpell C BAaKyyMOM BO3MOXHO pacHpocTpaHeHHe 3IeK-
TPOCTATHIECKHX NMOBEPXHOCTHHIX BOJIH C MOJIOXKHTEIBLHBIMH JacTOTa-
MH W1, Wox, OpefenseMbIMi U3 ypaBHeHUH

El(wl,.‘) -+ = U, Eg(w;g*) + =1l (Q)

Bynem cYuTaTh, YTO JUCCUTIALUA IEKTPHYECKOTO NOJIA B NIepBOH cpe-
Ile Ha YacToTaXxX w, OJIU3KUX K W),, IpeHeOpexXHMo Malia, Tak UYTO £ (w)
Ha 5THX 4YacTOTaX ABJNAEeTCS BellleCTBeHHOH M dYeTHON ¢QyHknmeli. U
aHAJOTHYHO NpelnoyiaraeM, 9YTO Ha YacTOTaxX w, ONU3KHX K Wo., OH-
3NIeKTpUYecKas NMPOHUIAEMOCTh £2(w) €CTh BellleCTBEHHAs M YeTHas
(GyHKIHMSE 9acTOTH. PaccMOTpHM BOJHY C BOJTHOBBIM BEKTOPOM E, yao-
BJIET BOPAIOLIUM YCIIOBHIO

|60] € min(wis,wae), 0@ = wix+wee —k-V. (10)
[Ipennosaras, 4TO
exp[— (w1 + woe) L/V] < 1 (11)

M NMpMHHMAas BO BHNMaHHe YeTHOCTh DYHKIHMH €2(w), U3 AUCIEPCHOH-
HOI'O ypaBHEHHS MOXKHO HallTH 4acTOTY 3TOH BOJIHHI:

(12)

roe

—, : 13
1;"&1&’2’ RO ( )




3aMeTnM, 4To B 0OJacTH NpO3PAvyHOCTH IPOM3BONHAA £ MO W IOJO-
XHUTelbHa NPH NOJOXKATENbHBIX YacTOTaX, Tak uTo oy > 0 m ag > 0.
HepasencTBo (11) mo cymecTBy o3HayaeT, 4TO BOJHA B 3a30pe COCTONT
13 [IBYX cilabo B3aMMONEeHCTBYIOIINX IOBEPXHOCTHHIX BOJIH, OTHOLIEHUE
aMIUTUTY KOTOPHIX PaBHO:

2, [@

il . (14)

M3 (12) cnenyet, uTo HccienyeMas HeyCTOMYNBOCTbL HOCHT MOPOTOBHII
XapaKTep n ucuesaeT npu [6w| > 2I'. UukpeMeHT pocTa BOIHBEI MaKCH-
MajieH (1 paBeH I') mpu cTporoM BHINOJIHEHHH DE30HAHCHOIO YCJIOBHA:

Wis+woe —k -V =0. (15)

[Ipu 3amanHOl HIKPUHE 3a30pa H CKOPOCTH BTOPOIl cpeAbl BenuuuHa I’
MaKCHMMaJibHa, Korja BeKTop k napajuiened V u HMeeT MecTO paBeH-
CTBO

P

Kak xopolo U3BeCTHO H3 3JIeKTpONHHAMUKH CIUIOLUIHBIX Cpel, OHC-
CHMAallis MM MeHepallid IeKTPOMarHMTHON BOJHBI B cpelle onpeneins-
eTCH aHTHIPMHUTOBON YacThIO OllepaTopa AU3MeKTpAYECKOol NIPOHNIae-
mocTu £ [2]. UHTepecHo mMO3TOMY MOCMOTPETH, KAKHM 06pa30M BO3MO-
JKeH pocT aMIIUTYIbL 3JIeKTPHYECKOro MoJiA, Korjia £(4) BCIOJly paBHO
Hyso (KaK 3TO HMEeT MecTo B HalileM ciiydae). Mcnomb3ys Belpaxenie
IJ1f MJIOTHOCTH 3HEepPruy 3JIeKTPOCTaTHYeCKON BOJIHLI

V.

U= 1 dwe(w)

(F - aMIUIATyna 5JIeKTPHYecKoro Nojf), MOXKHO HaliTH SHepruio mep-
BOil TIOBePXHOCTHON BOJHBI HA eNHHMIY IJIOLIANN OBEPXHOCTH

Lf2 2
Wl ~ : Udy ~ wl*ﬂflkl(l;:rl 3

— 0

(17)
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Touro Tak e BBHIYHCISETCH YHEPrus BTOPOIl MOBEPXHOCTHON BOJIHEL

00 2
Wao = Udy ~ ~4w1*aﬂgk!@2| s
L/2

(18)

Kax sumuo u3 (14), npu |[6&| < 2T aMmnnutyns 3Tux crnabo B3auMO-
NefiCTBYIOUINX BOJH CBA3aHbl COOTHOLLIEHHEM:

ayer]|® = asles*. (19)

C yuerom (19) u3 (17) u (18) crenmyeT, 9TO NpH Pa3BUTHH Pe3OHAHC-
HOIl HeyCTOMYMBOCTH TMOJHAA HEPTHsA BOJHBLI (Ha eQUHHIY IJIOLIA[IN)
B TOUHOCTH paBHa nymw: W = Wy + W,y = 0! Takum obpasom, snep-
riis BOJIHBI B 3a30pe He M3MEHAETCA C TeueHHeM BpeMeHH, KaK 3TO U
nomxHO 6EITHL npu £(4) = 0.

HerpynHo BHIETH, YTO HUCCUIIATHBHEIE NIPOIECCH B CpefiaX NoHa-
BISIOT YKa3aHHYIO HeycToiiunBocTh. OnHaKo B paccMaTpUBaeMoil cu-
cTeMe BO3MOXKHEI CJIy4aHl, KOTIa UMEHHO HaJudie QUCCHTIAIUH TPHBO-
IOUT K POCTY 3IEKTPUYECKOTO NOJA.

2. Ienepayusa 6oan npu pazeumuu Auccunamusnoli Heycmoliuuseo-
cmu.

[IycTs mmpuHa 3a30pa Majla H He OKa3bIBaeT CYILECTBEHHOIO BIIMS-
HUA Ha 3aKOH mucnepcuu snekTpocTtaTudeckux Bonn. [lpu kL < 1
IicIepcuoHHoe ypaBHenue (8) MoxkeT GLITDH 3alHCaHO B BUe

e1(w) + e2(w—k-V)=0. (20)

[IpennonoxuM, 4yro npu V = 0 na rpannne pasieiia pacCMaTpHBae-
MBIX Cpell BO3MOXHO PacnpoCTpaHeHHEe 3JIeKTPOCTaTHYecKoH moBepx-
HOCTHOIT BOJIHBI C YaCTOTON W, M MAJIbIM IEKPEMEHTOM 3aTYXAHNS V'

Reej(wy) + Reeg(w.) =0, (21)
_ Imeq(ws) + Im e (w,) _ des(w) '
i % a1 + a S e G i 2

Ins nmpocToTH GyeM CYHTATh, YTO MOTJIOIIeHIE BO BTOPOil cpele OT-
cyTcTByeT: Imes(wy) = 0.




PaccMoTpHuM BONRY, PACHpPOCTPAaHAIONULYIOCA Ha TPaHRLE MEXIY IBH-

Xylueiica u HemonBukHoIl cpenoii. Korna ee BonuoBoit BekTop k yno-

BieTBopseT ycioBuio (10) (c wye = wee = w.), pellleEne OHCIepCHOH-
Horo ypaBHeHus (20) mmeeT BHI:

i, g aatle e g T oLG (23)
a1 + o g =
Ecnu BoiGpaHHBIE cpelbl TaKOBBL, YTO a2 > ¢, TO Imw > 0, u Ha
rpaHulle MeXAYy CpeflaMH MPOHCXOOHT 3KCIOHEHIMAJILHBLIA DOCT aM-
IUIATYOB 3JIeKTPOCTATHIECKOI MOBEPXHOCTHONR BOJHEL.
B paccMaTpuBaeMOM Clly4yae 3/eKTPOCTaTHYECKad BOJIHA HMeeT OT-
pHIATEbHYIO DHEPruio:

2
[¢]
81’
rie @ - aMnauTyna notennuada npu y = 0. Iuccumanus snektpu-
JeCKoro nong IIPOHL'KD.HHT TOINBKO B HEpBDﬁ EPE}IE, H KOMHNYeCTBO BEI-

IesAeMoro 31ech Telula (B eOWHWIY BpeMeHH Ha eNWHUIY IJIOLIAJIN)
pPaBHO

W = —w, (a2 — ay)k (24)

|2 le2

Q= f wy,Im El{w*)IE

dy = wyIm ey (w,) (25)
Onpenensemerit Gopmysoil (23) HHKpeMeHT pocTa BONHBL HMeeT Kak
pa3 TakKoe 3HaYeHHe, Kakoe HeoOGXOMMMO 11 BhINONHEH s 6allaHca dHep-
rHH

— =-Q. (26)

Kak Buano u3 (23), nuccunaTuBHAA HEYyCTORBOCTH He HOCHT pe30HAHC-
HOro xapakTepa. Fe Bo30yxIeHHe HeBO3MOXHO, Kora B 00enx cpenax
OTCYTCTBYET MMCCHIAIIHA.

Ilns sabnioneHns onucaHHBIX 3(P(PeKTOB B peasibHLHIX TellaX UX OT-
HOCHTEeNIbHaf CKOPOCTh ABMKeHHA V HoikKHa ObITh HOCTATOYHO BellH-
Ka (OHa, rpy6o roBopf, HOMKHA GBITH NMOPANKA CKOPOCTH 3/1€KTPOHOB
B aTome). OnHako I/ reHepalMM 3AEKTPOAKYCTHYECKHX BOJIH OKa-

3LIBaeTCA JOCTATOYHO M Oojlee yMepeHHBIX 3HaYeHHH OTHOCHTEJILHOM -
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ckopocTH. B kavecTse npumepa Takoro pona B Ilpunoxennn paccmo-
TpPeHO PE30HAHCHOe CaMOBO30YyXKIeHHe NMOBEPXHOCTHLIX BOJH B NMbe30-
3JIeKTPAYECKAX KpHCTaJLIaX.

MTak, HaMH TOKa3aHO, YTO NPH OBHXKEHHA ONHOH Cpelbl nmapan-
JlelTbHO TIOBepXHOCTH JpYroil B 3a3ope MeXIy HAMHM BO3MOXHa TeHe-
pamus 51eKTPOCTaTHYECKNX NMOBepXHOCTHBIX BonH. IIpmMmeuarenbHo,.
4YTO 3Ta reHepallis MOXeT IIPOUCXOIHTh B CHCTeMe, rie OTCYyTCTBYIOT
BHelllHNe MarHNTHBIE H 3JIeKTpHYecKne Nojis, HeT HNKaKHX CTOPOHHUX
3apANOB U TOKOB, a caMHi No cebe cpensl HAXONATCA B TEPMOLHHAMH
paBHOBECHOM COCTOSHMH.

Aprop Beipaxaet 6maronaprocTs HO.A. [lunyiko 3a meHHbie coBe-
i1 1 I.JI. KoTkuny 3a obcyxkaenue BOIPOCOB, 3aTPOHY THIX B paboTe.

IIpunoxxkenne

. PaccMOTpuM [iBe ONWHAKOBHIE Nbe303ieKTpnyeckue cpenbl. [lep-
Bas cpefia HaxonuTca B obnactu y < 0, a Bropas HaXoNUTCA B 00/IaCTH
y > L ¥ OBHXETCH CO CKOPOCTHIO V = (V,0,0). DnexTpoakycTude-
CKHe BOJIHBI B NMbE30NEKTPHKAX ONMHCHIBAIOTCA COBMECTHOH CHCTEMOi
ypaBHeHHUil T€OpHH YNPYTOCTH M 3JIEKTPOCTaTHKH:

O%u; oy
post = (27)

ot 0z},
divD=0, E=-Vg, (28)

rme p ecTh INOTHOCTHL Cpelbl, U; -KOMINOHEHTHI BEKTOpa CMELUEHHA.
Tenzop HaOpsXKeHUH 0;; BblpakaeTcsd Yepe3 TeH30p NeOopMalui Ulm
M BEKTOP 2/1eKTPUYECKOro MoJis:

' ouy 3ﬁ
Oik = AikimUim + Bk, wm = ) ( T + 8:) . (29)
a MeKTpUIecKas WHAYKIHMI paBHA
D; = gip By — 47 B; kitiki- (30)

B (29, (30) Aikim €CTb TEH30p yIPyriX IOCTOAHHBIX, Bi ki - TIbe3037eK-
TpH49ecKHi TEH30D, a ik - TEH30p IM3IeKTPUUeCKOl MPOHHIIaeMOCTH.

9




s mpocTOTH GyieM CYIHTATD, YTO Nbe30IEKTPHYECKH KPACTAM
oTHOCHTCS K Knaccy Cg,, ¥ OCh CHMMETPHHE KPHCTaJUIa NapalliiefbHa,
ocu z. B Takoil cHCTeMe BO3MOXHO pacHpOCTpaHeHHe IOBEpXHOCT-
HBIX BONH NMEePHEHNMKYIAPHO OCH CHMMETDHH B HallpaBlieHHH OCH Z
[2]. B 3THX BO/IHAX HCOBITHIBAIOT KOJNEGAHNA CMEIeHHE U, M MOTeHIlH-
all IEeKTPUIECKOTOo NOJA ¢, a CMELIeH s U, = U, = 0. OTnununsie or
HYJIs KOMIIOHEHTHI TeH30pa HalPsKeHHil ¥ BeKTOPa HHAYKIHA PaBHEI:

d 0
Ozr = a'_x()\uz - Be), Ozy = a_y(""‘uz - By), (31)

d d
;= —E(flﬂrﬁuz +ep), D,= —3—y(4frﬁuz + ), (32)

roe § = ﬂm,mz = ﬁir,yzi A= )‘xzyz = }*y.?:yz: A € = Egr = Eyy- C
yueToM (31), (32) u3 (27), (28) naxomaTcs ypaBHeHHs, OMHCHBAIOLIHE
DJIEKTPOAKYCTHUYESCKUE BOJIHBIL:

P - = ’T"‘ﬂl“z: Ay =0, (33)

rme A = A+47f3?% /e, a BcnomoratensHas dynkius ¥ = o+ 4w (8/e)u,.

B coorBeTcTBUMM ¢ BLIGpaHHLIM HalpaBlieHHeM PacIpPOCTPAHEHHs
MOBEPXHOCTHBLIX BOJIH, B obiacTu y < 0 pelleHme 3THX ypaBHEHHUIl
HMeeT BHI:

—iwt+tkr

3 K e ky —itwt+ikz
u, = uje¥e o Wmahie Ve i

rie %) # 1) - HeKOTOphIe IOCTOSHHbIE, & K = \/k? — w2 /c? (Benuunna
¢z = A/p coBmamaeT ¢ KBaJApPaTOM CKOPOCTH 3ByKa B KpucTaiie). B
obnactu 0 < y < L snekTpocTaTmyeckuii NOTeHIUAN yIOBJIeTBOpAET
ypaBHenuio Jlannaca u 3amaercs gopmynoit (4). Ha rpannne y = 0
PaBHO HYJIO HANPSUKEHHE Oy, U HeNpephIBHEL ¢ u D,. Bumonnenue
3THX YCJIOBHMl HPUBOAUT K COOTHOLIEHUIO, aHAJNOrHYHOMY (5):

—kL
b P+€ — Y-
Elur k) = 34
(w k) = P, (34)
10

-1

s , (35)

Ew,k)=¢ (1 — =
ey
Ae/1 — w? k22
Takue ke paccyxneHns ains KpucTaJlia, Haxolsllerocs B o61acTu z >
L, npuBondT K COOTHOLIEHHIO, aHajornynomy {6):
L

-k
< P+ — P-€
E(w,r k) = +

ppkpLert (36)

Tak Kak B paccMaTpHBaeMoM ciydae k || V, To w’ = w — kV. U3 (34),
(36) cnenyeT nucnepcuoHHOe YpaBHEHHE

[E(w, k) + 1][E(w', k) + 1)] — o—2kL
[E(w, k) — 1][E(w", k) — 1] '

CunTas BHIIONIHEHHBIM HEPaBEHCTBO e TPkl & 1, ecTecTBEeHHO BHayalie
onpenelnTh 3aKOH INHCIEPCHHM BOJHBI, pacopocTpaHsfloleics Mo Io-
BEPXHOCTH ONHOro Kpucraia. Pemas ypaBaenue £(w,k) + 1 = 0,
nonyuuM w/k = V;, roe ckopocTh MOBEPXHOCTHOIl BOJNHLI PaBHA:

V., =6, v1—A? ﬁ=—£1ﬁ—’62 (38)
A T ! T A(l4¢)

IIycts ckopocThk Broporo kpuctamina V = 2V, + 6V (|6V] < V;). B
5TOM cilydae OHCIePCHOHHOE ypaBHeHHe (37) uMeeT pellenue

(37)

w oV oV?2
(o o O L e N
. Vs + - +z\/1“ . (39)
rmie
[ = 2[e/(1+€))(¢}/VZ - 1)V,e ™ (40)

Korma |6V| < 2I', npoucxonuT renepanus NoBepXHOCTHHIX BoiH. M-
KpEeMeHT POCTa 3JIeKTPOaKyCTHUECKHX Konebanuit Makcumaien (v pa-
BeH kI'), Koria cKOpoCTb OTHOCHTENLHOIO NBUKEHUS NLe303JIeKTpuye-
CKHX KPHCTAJJIOB B TOYHOCTH PaBHA Y/IBOGHHOMY 3HaUEHMIO CKOPOCTH
MOBePXHOCTHBIX BOJIH. IIpu BeImONHEHHU 5TOro pe3oHaHCHOrO YCIIOBHSA
HHKpeMeHT BO30yXJaeMBbIX BOJH Im w KakK GYHKIHA BOIHOBOIO BEKTO-
pa JOCTMraeT MakcuMyMma npu k ~ 1/L.

AnajoruuHele pe3ynbTaThl COPABENINBLL U [ I1Le303JeKTpHYe-
CKHX KPMCTAJJIOB IPYTUX KJIacCOB.
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