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NPEANCNOBUNE

Lukn 37neKTPOLUHAMUYECKNUX AUCUMNAMH AN PasHbIX cneyunansb-
HOCTeW BKNIOYAeT Kypch «TeXHuuyeckas 3nekTpoAMHamuka» (cney. Pa-
AUOCBA3b, PajuOBElW aHUe U TeneBujeHmne);, «3NeKTpoOAUHAMUKA U pac-
npocTpaHeHune paguoBonH» u «YcTpoidctea CBY u aHTeHHb» (cnew.
PagnoTexHuka), «3nekTpoAuHamuka» (cned. MHOTOKaHanbHaa 3Nek-
TpocBA3b). Mporpamma 6a3oBoro Bbicwero o6pa3oBaHus nNo NOATO-
TOBKE 6akanaBpOB TEeXHWYECKMX HayK (HanpasneHue «TeneKOMMYHN-
Kauna») COLEPXUT KYypC «INEKTPOMArHUTHbLIE NONA W BONHbLI» B Lukne
00WeTeXHMYECKMX AUCLUNAMH WM npegnonaraetT Kypc «YcTpohcTea
CBY» B UMKNEe CNELMANbHbBIX AUCLUNANH, YCTAHABAMBAEMbI X BY30M.

CofepxaHue HactToAwero yyebHoro nocobus OPUEHTUPOBAHO HA
yKazaHHbl e nNporpamMms. B COOTBETCTBUM C Ha3BaHWUEM KHUIW aBTOp®I
YAENUAN OCHOBHOE BHMMAaHWe NPpUHLUMNAM W MexaHu3mam pacnpocTpa-
HEHUA 3NEKTPOMArHUTHBIX BOAH B Ge3rpaHuuHblX cpejax, Hanpasnqiw -
Wux CTPpyKTypax, 3nemeHTax W yctpoiicTsax Tpakros CBY, a Takxe
NPaKTUMYeCKOMY NPUMEHEHUIO BONHOBbLIX ABNEHWA. PAj BONpPOCOB Teo-
PUU 3NEKTPOMATHUTHOTrO NONA, TEOPEMA EJAUHCTBEHHOCTW, 3NEKTPOLM-
HaMuyeckne nNOTEHLMANL W HeKOTOpbe Apyrue B [QAHHOM Y4yebHOM
noco6uun He paccmatpusanucb. HeobX0AMMOCTb Takoro COKpawWweHus
AUKTYeTCA NPUKNAZHOW HanmpaBAeHHOCTbK nocobua. HekoTopbie NOHA-
TUA W NONOXEHWUA, HeOOXOAMMbI e YyuTaTentw AN9 paboTel C HacToAw el
KHUTOW, KOPOTKO M3N0XEHb BO BBEJEHUM.

FnasHad Lenb yuebHoro nocobus — NO3HaKOMUTb CTyJeHTa C OC-
HOBHbLIMM WAEAMU BONHOBbLIX ABNEHWA, BKNWOYAKWWMUMMU, MNOHATHUE U
NMPpM3HAK BOMHLI, YCNOBUA, NpPU KOTOPbI X BO3BGYXZAKWTCA pPasnAmyHble
No XapakTepy, CTPyKType M CBOWCTBAM BOAHbL;, 0COOEHHOCTU CBOBOAHO
pacnpocTpaHAO W MXCA, HAnNpPaBAAEMbl X, NOBEPXHOCTHBIX, AUDPAKLUOH-
HbIX, CTORYMX BONH; METOAbLl ONUCAHUA M aHANW3Q INEKTPOMATHUTHDI X
ABNEHWIA.

3T wMfien nNOMOrawT MNOCTPOUTH JOCTATOYHO HArNALHbIE MOAENH
BONHOBbLI X NPOLECCOB B 6e3rpaHWyHOM OJHOPOLHOM MNpPOCTPAHCTBE, Ha
NNOCKOW rpaHule pasfena pasHoOpPOAHb X cped, BOGNU3M mMeTannuuye-
CKMX Ten CNOXHOA (GopMbl, B NMHMUAX Nepefayu PasnumuyHOol KOHDUTY-
pauyuu. MpuHuMn pedcTBMA YyCTPOMCTB ONpPELENEHHOr0 (GYHKLUOHAND-
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HOTO Ha3HayeHUs OOBLACHAEGTCA HAa OCHOBE aHanus3a npeobpa3oBaHuA
MPOCTPAHCTBEHHOA CTPYKTYypbl BOMHOBOFO NONA, BO3OGYXJZEHMS HOBBIX
BOMNH, W3MEHEHNA aMNANTYA W (a3 BONH Pa3ANYHOTO NMPOUCXOXKAEHMS
W X MHTepdepeHUUM, AUNGPAKLMU 3NEKTPOMATHUTHBIX BONH B CNOX-
HblX KOHCTPYKLMAX. Mpn paccCMOTPEHUM HEKOTOPbHIX BbICOKOYACTOTHBIX
BONHOBOAHbBIX Y3N0B MpPUMEHAETCA aHanorua ¢ npoueccamum B NUHEI -
HblX 3NEKTPUUYEGCKUX Lensx

CTpyKTypa u cofepxaHue yye6Horo nocobus no3BONAKWT, N0 MHE-
HWiO aBTOPOB, pewWwWTb fABe 3apaun: 1) noMOYb CTYAEHTY O0BAafeTh
OCHOBAMW 3HaHWA N0 3NEKTPOAMHAMMUKE; 2) CTUMYyNMpoBaTbL W obner-
YNTb CaMOCTOATEAbHYl paboTy CTyAeHTa C yuyebHON, CnpaBOYHOWN K
Hay4YHoOW nuTepatypoil

BoinonHeHHbe B NpeanaraeModi KHure orTbop # cucTematmsaumus
yyeOHOro MaTepuana, NPUHATAA METOAMKA MU3NOXKEHUS W OONbWOIA
00beM WMNNKCTPATUBHOTO MaTepuana NO3BONAKWT TaKXe MCNONb30OBATH
e B «BbICOKOTEXHOMOTMYHbBIX» (GopmMax 0O6yueHus, Takux Kak YyCKO-
PeHHOe 00OyuyeHMe B BYy3e Ha 0a3e CPefHETEXHMYECKOTOo 06pas3oBaHus
B CBA3M C CO3JaHMEM OObegMHEHWIA WHCTUTYT-KONNEAX M o0byueHue
6es oTpbiBa 0T MPOM3BOACTBA.

B 0CHOBY Yyuye6HOro nocobus NONOXEHb NEKLUWOHHbIE KypChbl, Yu-
Taemble aBTopaMi B TTOBONXKCKOM MHCTMUTYTE WHOOPMATUKN, papgmo-
TEXHUKN W CBA3M.

BBEAEHWE

B pagMOTeXHUYECKUX CUCTEMAX M CUCTEMAX CBA3M B KayecTse nepe-
HOCYMKOB MHGOPMAUMYN MCNONL3YITCA INEKTPOMATHUTHLIE NONA. Inek*
TPOMATHUTHOE NONe ABAAETCA 0COGLIM BUAOM MATEpUu U NpoABAAETCSA
MOCPeACTBOM CUN, AEHCTBYIOWMX Ha 3apAXKEHHbIE YacTULbl BeWecTBa.
Mpu peweHUn WUHKEHEPHB X 3afay WHTEpec NPeAcTaBnsl0T 3NeKTPO-
MarHWTHbLI e npouecce, HaGn faeMble B MakpOCKOMMYECKUX Macl Ta-
Gax, T. e. B MacwTabax, KOTOpble BEAUKNM MO CPAaBHEHWUI C paccTos-
HUAMYM MEXAY aTOMaMM W MONeKynamu Beuectsa. B ycnosusax makpo-
CKOMMYECKUX HAGNW0AeHUI 3NeKTPOMATHUTHOE NONME W BEUECTBO MO-
TyT OblTb B3aUMONPOHMLAEMbBIMU, 3aHUMaTb OAWH W TOT Xe 06bvem,
BANATL LPYr Ha Apyra. 3NeKTPOMATHUTHOE none OGHapyxwuBaeT fBa
MPOABNEHUSA: 3NEKTPUYECKOE TNONE, OKa3biBawl ee CUNOBOE BO3AEHN-
CTBUE Ha HEMOJBUXHbIE 3apAfbl, W MAarHUTHOEe none, fedcTBYyl U ee Ha
ABUX YW MECS 3apAXeHHb e YacTuibl ¥« Tena.

Tak Kak cunoBoe none o6nafaeT HanpaBAeHHbIM AeACTBUEM, TO
NS ero ONMCAHUA WCNONb3YIT BEKTOPHbLIE BEAWYMHB. N8 wMcchnefo-
BAHUA BEKTOPHbLIX NMONEH NMPUMEHANT METOAb, MONOXEHUS U TEopeMbl
BEKTOPHOrO0 aHanusa,



dNeKTPOMArHMTHOe none B KaXfAbli MOMEHT BpeMeHu B N6oil
TOYKE NMPOCTPAHCTBA XapaKTepU3yercsd YeTHpbMA BEKTOpaMu:

E — BeKTOp HanpfAXeHHOCTW 3NnekTpuuyeckoro nond, B/wm;

D — BeKTOp 3NeKTpUYeCcKOro cMmeweHus, Kimz2,

H — BeKkTOp HanmpAXeHHOCTM MAarHuTHOro nons, Alwm;

B — BekTop MarHuTHOW WHAyKumuun, T.

OnpegeneHue aNeKTPOMATHUTHOTO NONA B HekoTopoit obnacTu CBO-
BUTCA K yKa3aHWK 3HAYEHUA WM HanpaBNeHUA Kax[LOro BekTopa B
nwboil ee Toyke. COBCTBEHHO, BO3IMOXHOCTb 3afaHWA 3NEKTPUUYECKUX
W MarHuWTHbBIX BEKTOPOB B KaXAOW TOYKe NpoOCTpPaHCTBA W 06bACHAET
MCNoNb30BAHME MOHATMA «none». ITOT TEPMUH NMPUMEHAKWT ANA 060-
3HAYEHMA (U3NYECKOTO npolecca, MPUHUMAKOWErO Pa3Hble 3HAYEHUA B
pPa3HbLIX TOYKAaXx MNpOCTpaHCTBA, Hanmpumep none TemnepaTtyp, AaBne-
HUg u ap.

Lng BeKTOPOB 3NEKTPOMArHUTHOTO NONA B Bakyyme CnpaBeinunBbl
COOTHOWEHNS

0 = e0E; B = (.1oH,

roe eo=10 -9/364, ®/m — anekTpuyeckads nNOCTOAHHAA;, )ao=4n-10"7,
THIM — MarHMTHAas NOCTOAHHAA.

Cpepabl, B KOTOPbIX pacnpoCTPaHAKWTCA 3NEKTPOMATHUTHbLIE BONHbI,
NMPUHATO XapakTepu3oBaTb MAKPOCKOMMYECKMMM napamerpamu, K KO-
TOPBIM  OTHOCATCH: ea— abconwTHas Au3nekTpuyeckas npoHuMLUae-
MOCTb, La— abconTHAas MarHUTHas NPOHMLAEMOCTb;, >B— YAeNbHad
npoBOAMMOCTb. [Jns ypobcTBa cpaBHeHUA CBOWCTB peanbHbiX cpel ¢
BAKYyyMOM BBOAAT OTHOCHTENbHbIEe MNpOHMLAaemMoCTu e= ealeo U U=
= Ua/llo-

NWCcTOYHMKAMM 3NEKTPOMATHUTHOTO nong ABNAKTCA CBOGOAHbLIE 3a-
pAgb n ToKM. CBOBGOAHLIMM CYUTAKW TCA 3apAfbl, cCnocCobGHbLIE MO BO3-
fedCcTBUEM INEKTPUYECKOTrO NONA nNepeMewWartbcs Ha Makpockonmuuye-
CKMe paccToAHnd (3NeKTPOHbL B MeTannax, 3apAXeHHble 4acTUlLbl B
Bakyyme, WOHb B nna3Mme W 3anekTponutax). PacnpegeneHune cBobog-
HblX 3apff0B B HeKOTOPOM o06beme xapakTepusywT o06beMHOW nNAoOT-
HOCTbIO 3apaga p=Wulily, K/m3, rge Wy — 3apAj 3NEeMEHTapHOrO
o6vema (IV. 3apag A B obbveme V onpegenserca w3 cooTHoweHmns, K:

<T= Fp(IV.

3

dNeKTpuyeckne TOKM, paccmaTrpuBaemMbie B KayecTBe WUCTOYHMUKOB
INEKTPOMATHNUTHOTO NONA, Pa3fenAwT Ha [JBa BMAa: TOK NPOBOLUMO-
CTM U TOK CMeweHna. Tok nposogmmocTun | npepctasnaer coboil yno-
PAROYEHHOE [LBUXeHue CBOOGOAHbLIX 3apAjo0B NOA AEWCTBUEM 3NEKTPU-
YeCKOTro NonNs B NPOBOAAWUX MaTepuanax: /= — iAg/cH, A. 3gech Mu—
3apAf, NEpeHOCUMbI 3apAXEHHBIMM yYacTulLaMu 4Yepe3 HEKOTOPYH
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NOBEPXHOCTb 5 B TeyeHUe BpemeHu cLl Ana OLEHKU WHTEHCUBHOCTM U
HanpaBneHWa LBUXEHMAI 3apAJ0B BBOAAT NOHATUE «BEKTOP MNOTHOCTH
TOKa nposogumocTu p. Ero Bennuuna j—(WLB, A/M2, a HanpaBneHue
coBnafjaeTr C HanpaBneHuem TOKa. TOK yYepes MOBEPXHOCTbL 5 onpege-

NAeTCA Kak NoTok BekTopa I, T.e. /= L A.
Mof TOKOM CMELLEHWSI /CM NMOHMMAKT NPOLECC M3MEHEHUA BO Bpe-

MeHW anekTpuyeckoro nond: /cm= T— pjb, A. TNOTHOCTL TOKa CMme-

wewuns Jom= gO/a(, Alm2

Mpu wccnefoBaHWN 3INEKTPOMATHUTHBIX MNoNeld M pelweHUM 3ajav
3NEKTPOAMHAMUKU MNPUMEHSHT aHanuTUyeckuit u rpaduuyeckuit cno-
CO6bl onucaHua nons. AHaNMTMUYECKOe OnucaHWe COCTOMT B NpefcTaBs-
NeHWW BEKTOPOB NONA B BUAE GYHKUWA BpemeHW u KoopauHaTt. [pa-
(pnueckoe onucaHue CBOAUTCA K NMOCTPOEGHUIO KapTUH CUNOBLIX AUHUIA.
CunoBast NIMHUSA — 3T0 NUHWUA, KacaTeNbHafs B KaXAOA TOYKe K KOTO-
poit coBmafaeT C HanpaBNeHuWeMm BekTopa B 3Tol TOuke. O6 oTHOCHK-
TeNbHOW BENMYUHE BEKTOPOB 3NEKTPOMATHUTHOTO NONA CYAAT N0 Ty-
CTOTE WAW PA3PEXEHHOCTM CUNOBBIX NUHUIA B OTAENAbHBIX Yy4acTkax
mcenegyemoid obnactiu. KapTwHbl CUNOBBIX NUHUA 3NeKTPOMATHUTHOTO
nonAa obecneynBawT BLICOKY CTemeHb HArAAAHOCTM €ro MNPOCTPaH-
CTBEHHOTO pacnpejenexus.

Lng aHanuTM4yeckoro OonNucCaHwud w rpaduyeckoro npegcTaBAeHMS
MPUMEHSAIOT CHCTEMbl KOOPAWHAT, BLIGOP KOTOPBIX 06YycnoBneH KOH(pM-
rypauunedt obnacTtu, TrAe WMCCNefyeTcs INEKTPOMArHuWTHOE none, WAM
hOpPMOA 3apAXEHHBIX Ten, ABNAKWWMXCH MCTOYHMKamu nond. Kaxpgoil
CMCTEME OPTOTOHANbHbIX KOOPAMHAT COOTBETCTBYeT TpOWKa efUHMY-
HblX BeKTOpOB-0pTOB: X° yO0, 1°— 0pTb AeKapTOBOM CUCTEMb KOOPAM-
HaT; re, 0°, <p°— O0PTbl COHEPUYECCKON m r°, b, r>— OPTH UMAUHZPUYECKON
CUCTEM KOOpPAMHAT.

MpeaMeTOM 3NeKTPOAMHAMUKM ABNAETCA M3YyYeHUe MNEPeMEHHb X
INEKTPOMArHUTHLIX NONed, CPeAM KOTOPbBIX BaXHYKW pPONb UrpatwT rap-
MOHMWYECKMEe (MOHOXpPOMAaTMyeckue) nona. Peyb MAeT 0 NONAX, U3Me-
HAK W MXCA BO BPEMEHM MO KOCHMHYCOMZANbHOMY 3aKOHY C OMpPejeneH-
HOW yacToTOW. WX ponb 06ycnoBaeHa TeMm, 4TO BCE PeanbHblie 3NEKTPO-
MarHUWTHbBI e NpOLecCh, TMNpUMeHAseMble B PaguMoOTexHuke U CBA3M,
C noMoWbl paja uAun wHTerpana dypbe MOXHO NMpeacTaBuTb B BUfAE
CYMMBb WMAM HenmpepbiBHOrO CnekTpa rapMOHu4eckux koneGawuit. Tep-
MWUH «rapMOHMYecKkoe mone» CBA3aH C KOCHHYCOMAANbHLIM XapaKTepoMm
3aBUCMMOCTH MTHOBEHHOTO 3HAYeHWd BeKTOpa NMOAS OT BPEMEHM, Ha-
npumep

E(0 =x°£T1 cob @>(—10), (B.1)

rge ET— amnauTypga; c0o— UMKAMYeCKas yvacToTa; <p— HauyanbHas
hasa.



OnpegeneHne «MOHOXpPOMATMYeCKOe none» O0TpaxaeT (akT Kone-
GaHnmg 3HauyeHMs BekTOpa C OAHON vyacToTOi. [ nd aHanusa MOHOXPO-
MAaTMYeCKUX NoNeidl B NUHEWHbIX CPefax MPUMEHAECTCH METOZ KOMMAEKC-
HblX aMNAUTYL, KOTOPbLIA COCTOUT B cnepyrwem. C noMowbio hopmynsl
ditnepa e‘awr(P)= cos (coi— (p)-fisin(co/—<p) rapmoHuMyecknit BeKTOp
(B.1) npepcTaBnderca B BUAe PeanbHOWd 4acTu HEKOTOPOro kommnekc-
HOr0 BEKTOpa

E=xCgreld >, (B.2)

T.e. E= ReE. B cBot ouepeab, B BbipaxeHun (B.2) Bbigendercd Bpe-
MEHHOW MHOXMTENb e!“;. OcTaBWAACA BENUYNHA

Em=x°£me-*» (B.3)

COQEPXUT MHOPOpmMauuw 06 amnaAuTyge M HayanbHOW dase rapMoHu-
YeCcKOro BEKTOpPAa W Ha3blBaeTcs KOMMAEKCHOW amnanTygoi. C yue-
ToM (B.2) u (B.3) rapmMoOHMuyecKunid BeKTOp BbLIpaxaeTcq 4Yepes KOM-
NNEKCHYW aMnaAuTypy:

E(/)=R ¢ {E meiM}. (B.4)

Takoe npepncTaBneHue MO3BONAET BO BCEX BEKTOPHbLIX BENMYMHAX, ONK-
ChlBA W MX (GU3NYECKU peanbHOe TapMOHMYECKOE MoNe, OMNYCTUTb OAM-
HaKoBbIW ANA HUX MHOXMTeNb eimi, a BCe omepaLuu BLINONHATL Haf
KOMNNEKCHBIMU aMNANTygamu.

MeToj KOMMNEKCHbIX aMONAUTYJ CYWECTBEHHO YNpOWAaeT TEXHUKY
pelWweHNns OCHOBHBIX YPaBHEHUA INEKTPOZMHAMMUKU, Tak Kak ypaBHEHMSA
BNA KOMMNNEKCHBIX aMMAMTYR He COAEPXaAT 3aBUCUMOCTU OT BPEMEHN.
MocnegHee 00bACHAEGTCA TEM, 4TO AU hepeHUMpPOBaHUE KOMMNNEKCHON
dYyHKYMM (B.2) no BpeMeHNW 3KBUBANEHTHO YMHOXEHWIO ee Ha ico:

7 ~ X e"y= [WE ew = bE.

BONbWWHCTBO 3ajay INEKTPOLUHAMUKN pewaercqd ANF rapMoHuye-
CKUX noneit. Matepuan HacToswero yvye6Horo nocobus usnaraercs ¢
MCNONbL30BAHMEM METOLAa KOMMNAEKCHBIX aMNANTY].

Mpu nNOCTPOEHUN MNPOCTPAHCTBEHHONR CTPYKTYpbl 3NEKTPOMArHUT-
HOr0 NONA C NOMOWbK KapTUH CUNOBBIX NUHMA MCNONb30BAaHbB 06We-
NPUHATHI e 0603HAYEHNA: CNNOWHBIE NWHUW COOTBETCTBYKT 3NEKTpUYe-
CKoMy nonto E, a WTpuUXxoBbie — MarHuTHomy H.

Ong XapakTepuCTUKU NNOTHOCTM NOTOKA 3HEPTrUN INEKTPOMATHUT-
HOW BONHbL BBOAAT BeKTOp MoWHTMHIa M= EXH. Ero BeAnymnHa pasHa
JHEPruM, NepeHoOCUMON 3a EJMHULY BPEMEHM Yepe3 EAUHUYHYI NNO-
WagKy, nNepneHAvMKYNAPHYH HanpasfAeHWio [LBUXeHUA odHeprun. Ha-
npasneHune [l coBnajgaer ¢ HanpaBNeHWEeM PpPacnpoOCTPaHEHUs BONHBI.
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Fnasa 1. CBOWCTBA 3NEKTPOMATHMWUTHEB X
BOMH

11. OCHOBHbBIE YPABHEHMNA
QNEKTPOOUHAMMUKN

dNEeKTPOMATHUTHbBIE MONA, HabNW faeMble B NPUPOAE M NpuUMeHse-
Mble B TEXHWUKE, MOAUMHAWTCA ypaBHeHusm Makceenna. Qudpdepen-
UnanbHas GOPMYNUPOBKA CHCTEMb ypaBHEHUH MakcBenna UMeeT BUj

rot H=j+ dD/<?i; rot E= — ab/dt; (1.1>
div D= p; div B=0.

CwcTema ypaBHeHuid MakcBenna ONMCHIBAET OCHOBHbLIE CBOWCTBA
INEKTPOMATHUTHOTO NoNA:

IneKTpUYeckuit Tok nw6GOro BMga COMPOBOXAAETCA BO3HUKHOBE-
HMEM BUXPEBOT0 MArHWTHOTO NONK;

NepeMeHHOE MArHWTHOE NONE NOPOXAAET BUXPEBOE 3NEKTPUYECKOE-
none;

MCTOYHMKAMMU 3NEKTPUYECKOTO NONA ABAAWTCA TakxXe 3apafbl;

MarHuTHOEe None BCerga MMeeT BUXPEBOA XxapakTep;

INEKTPUYECKOE NONE MOXET ObiTb BUXPEBLIM W NMOTEHULUANbHLIM;

CUNOBbLIE NWHUM BUXPEBOr0 MNONA HENpPepbIBHbLI, & NOTEHUMANbHOE
none MMeeT MCTOKU U CTOKH.

Cuctema ypaBHeHUE MakcBenna AONONHAEGTCH YpPaBHEHUAMU

D= eaE; B = (gaH; j=<crk, (1.2)

Ha3blBaeMbl MU MaTepuanbHbIMA YPaBHEHUAMU Cpefbl.

HenocpegcTBeHHOe pelWeHue cuctembl ypaBHeHuidr (L.1) ¢ yue-
ToMm (1.2) ANA HaxOoXfeHus BEKTOPOB NONA 3aTPYyLAHEHO TeM, 4TO B
nepBble [BAa YypaBHEHMA BXOAAT 06a HeusBeCTHb X BekTopa E un H.
O6bl4HO cucTemy npeobpasywT K AMGGepeHUManbHbLIM ypaBHEHUAM,
COCTABNEHHBIM ANA KaXA0ro BeKTOpa B OTRENbHOCTH. Takue ypasBHe-
HMA Ha3blBAKTCH BOMIHOBBIMW. Y PAaBHEHUA LNA rapMOHUYECKUX nonei
DOpPMYAMPYIOTCA LNA KOMNNEKCHBIX aMnauTyA. B cnyyae HenmpoBOAf-
Wux cped (o=0) oHM umMewT BUJ

V2Em+ fe2Em= 0; V2Hm+ £2Hm= 0. (1.3)
9



YpasHeHuna (1.3) cnpaBegnusbel AN ob6nactu, B KOTOPOH OTCYyT-
CTBYIOT CTOPOHHME WMCTOYHWKM, W Ha3blBawTCA OAHOPOAHBLIMU BOMHO-
BbIMW ypaBHeHUAMMW [enbmronbla. B HUX NpuHATO 0003HaueHue

¢2=0)2" uan K= TYTAH. (1.4)

12. TNOCKA4 OLHOPOLHAA
SNEKTPOMATHUTHAA BONHA.
MAPAMETPBH BONHB

MoHATUME BONHbLI, WA BONHOBOTO npouecca, BkAwyYaeT B ceba nepe-
Mel eHne 3NeKTPOMArHUTHOTO NONS, B pe3ynbrate KOTOPOro MpoOUCXO-
AWT nepefavya JHEpPruu B npocTpaHcTBe. BonHa Ha3bBaeTcs OAHOPOA-
HOM, ecnu amnAuTyAabl BekTOpoB E M H He 3aBUCAT OT NOMEPEYHbIX
KoOpauHaT. MycTb BONHOBOW npolyecc B JeKapTOBOA cucTeme KOOPAM-
HaT pacnpocTpaHfeTcs BAONb OCM Z. TOrAa NONEPeYHbIMM MO OTHOLW E-
HUIO K HanpaBNeHWI PacnpoCTPAaHEHMUA ABAATCA KOOPAUHATH X, Y
W ycnosie OAHOPOAHOCTM BONHbL 3afaeTcs paseHcTBOoM A/ax=a/ay=0.
Tak kak onepatop \'2= a2px2-\-g2py2+ n2/ar?, 10 ypasHeHus (1.3)
ANS OLHOPOAHbBIX BONH NpeobpasywTcs K BUAY

d2Em/dz2+ k2Em=0-,

d2Hm/dz2+ k 2h m= 0.

PeweHuamun gupdepeHumnanbHblx ypasHeHuin (1.5) asnawTcs GyHK-
Iy

6T= 80e-*r, HT = HCe-"T. (1.6)
KomnnekcHboim amnautygam (1.6) cOOTBETCTBYT MIHOBEHHbLIE 3HAaue-
HUS BEKTOpPOB

E=EOcos (co/l—kz+!);

H= HOcos (to/—kz+¢p2). (1.7)

Ha puc. 1.1 m306paXeHO NPOCTPaHCTBEHHOE pacnpefjeneHue Benu-

YMHL OfLHOTO M3 BekTOpPOB (L.7) ANS ABYX MOMEHTOB BPEMEHU: WU (2=
=t\+ Kkt. MpocTpaHCTBEHHOE pacnpefenceHue npeacrasnser coboi Ko-

(L5)

Puc. 1.1
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CUHYCOMAJY, KOTOpPAas B MOMEHT /2 0Kka3anacb CMEWEHHOW Ha paccTon-
Hue AT OTHOCMTENbHO CBOEr0 MONOXEHWS B MOMEHT M. CKOPOCThH 3T0T0
nepemewennsd V, HazbiBaemas (ha30BOW, onpefenserTca U3 ycnoBus pa-
BeHCTBA (a3 [ABYX KOCMHYCOMA cO/i— Kr=co™+wA/—/rr—K\r, 0TKyja
COAM— &AT=0 u n= A2/A/= (o/N. YyuteiBag (L1.4), OKOHYaTEeNbHO NONY-
yaem

V—1/Y6alla, (1.8)
T. e. $ha3oBas CKOpOCTb 3aBMUCUT TONbKO OT CBOWCTB Ccpeab. B Ba-
kKyyme n= ¢= 1/Yeollo= 3- 108, m/c, a B cpefe C NPOHMLAEMOCTbI eii U
V= clyey.

MpocTpaHCcTBeHHbI A nepuog A (cm. puc. 1.1), T. e. paccToAaHue, npu
NPOXOXAEHUN KOTOPOro BONHA WM3MEHAEGT CBOKW (G a3y Ha 24, Ha3bl-
BaeTCA [AJINHOM BONHbLI W OnNpejensercs W3 paseHcTBa E£(r+/1,)—£r=
=kX=2n. 0T1cwfa

X= 2n/k= 2aulco = v/f. (1.9)
Mapamertp
fe= jOYEal[la= 24/A = coly (1.10)

Ha3blBaeTcd BOJIHOBbIM YWC/IOM WAM MNOCTOSHHOW pacnpocTpaHeHus
BO/IHbI B 6e3rpaHM4YHOil cpepe.

Mpu paccmMoTpeHUU BONHOBLIX MPOLECCOB BBOAUTCH MOHATUE (POH-
Ta BOMHb KakK MOBEPXHOCTM paBHbIX (a3. MocToAHcTBO a3 nona (1.7)
obecneymsaercqd B nmaockocT z=const. CnegoBaTenbHo, GpPOHTOM 3TOHl
BONHbL ABNAEGTCH NNOCKOCTh, & BONHA Ha3blBaeTcs MIOCKOM.

FapMOHMYeCKOe none, nNepemelwatolyeecs B NPOCTPAHCTBE €O CKO-
pocTblo V, HasbiBaeTcas Oerywieil BOMHOM. MpusHakom O6erywedn BOAHBI
ABNAETCA NUHEHHOE M3MEHEHWe Mas3bl BAONbL OCM pacnpoCTpaHeHMS

¢ = cot— kz.

B yacTHOCTM, eCAM BONHA [ABUXETCH B NPOTUBONONOXHOM NONOXM-
TeNbHOW OCM Z HANpaBAeHWUW, TO ee NONE ONUCHIBAETCA KOCUHYCOMAOI
Bupga eos (coit kz).

PasHOBMLHOCTbLI BOMHOBbLIX MPOLECCOB fBAAETCA CTOSYasA BOJHA,
BO3HMKAO W aA NPU HaNnoOXeHWW JBYX BONH, PacnpocTpaHAW L UXCH Ha-
BCTPEYY APYr APYry. CnoXum nons Takux BOJH:

E= £i+ E<¢=Eo\cos (cot— kz+(f\) + £ o2c0s (tat+ kz-\-2).

ECNN Eo\= E2—Eo N p1=t 2= ¢, To
E= 2f£0 cos kzcos (oif+d). (1

Mone (1.11) xapakTepu3yercs TeM, 4YTO B KaXAblA MOMEHT Bpe-
MEHN MNPOCTPAHCTBEHHOE KOCHHYCOMJaNnbHOe pacnpefeneHue ocraercs
HenoABUXHbIM. Mpouecc Ha3blBaeTcs CTOAYEH BONHOWM, X0T4 No cywe-
CTBY 9BAAETCA YCTAHOBUBW EACA BONHOBOW KapTUHOW.

11



13. NOTNOWEHWE 3NEKTPOMATHUTHS X
BO/H

B peanbHblX cpejax C OTAWYHOWA OT HynNd 3NEKTPONPOBOAHOCTHIO
(icr#0) npw pacnpocCTpaHeHUW 3NeKTPOMATHUTHOM BOAHL nopj feil-
CTBUEM €€ 3NeKTPUYECKOro NonNA BO3OYXAAWTCA TOKM MPOBOAMMOCTH,
TaK Kak j=<TE. B pe3ynbTate NOABAAKTCA TeNNOBbe NOTEpU, ANA KO-
NUYECTBEHHOW OLEHKN KOTOPSHIX ACnoNb3yOT KOMNAEKCHY IO AUINEKTPY-
YeCKYK NpOHMLUAEMOCTb CpeAbl ea=«a— W/co. BonHosoe yucno (1.10)
TaKXe 0Ka3blBaeTCH KOMMNEKCHBIM:

&—cof/fea(xa= (oY (ea— i<r/co)|xa= (3— ia. (1-12)
Mogctanoska (1.12) B8 (1.6) NpuUBOAUT K BbIpPaXeHUIO

ET= Eoe-W-{*)r= EQe~are-Tr,
KOTOpOE COOTBETCTBYET MTHOBEHHOMY 3HAYEHUI HANPAKEHHOCTH 3NEK-
Tpuyeckoro nona Buja

E= EOQe_azcos (cot— |3z). (1-13)
W3 (1.13) cnepyer, 4yTo amnautyga nonfa Em= EQe-“z aKCnNOHeHUMUanb-
HO 3aTyxaeT N0 Mepe pacnpocTpaHeHus BOAHb. KoadhduyneHt a—Imk

Has3blBaeTca Koa(puuUMeHTOM ocnabneHus. Bennuuna p= Re Kk xapak-
TepU3yeT NPOCTPAHCTBEHHOE WU3MEHEHUE (Ga3bl W Ha3biBAETCA KOIMPU-
uMeHTOM (hasbl.

OcnabneHue A, McnbiTbiBAEMOE BONHOA NP NPOXOXAEHUU HEKOTO-
poro pacctodHua I, onpefenserca U3 COOTHOWEHUA

A=Em(z)/[Em(z+1)=¢e"r
OcnabneHue NpPUHATO BbipaxXaTb B NOrapupmuuyeckom macwrTabe B
Henepax [Hn] wnn 8 geynbenax [gb]:
A[Hn]= In[fm(z) jEm(z+1)]= al\
N[gb]l=201g[Em(z)/Em(E+/)]=20"e B .63 al

14 NONAPUIALUNA SNEKTPOMATHUTHBD X
BO/H

Monspnsayns xapakTepusyeT NPOCTPAHCTBEHHO-BPEMEHHY OpUEH-
Talulo BeKTOpa HANPAXEHHOCTW 3nekTpuyeckoro nmons E. MnockocTsb,
MPOXOAAW Y0 yepe3 BeKTOpP E M HanmpaBneHUe PacnpoCTPaHeHUA BONHbI,
Ha3bl Bal T MJOCKOCTbIO MONApU3aL UK.

PaccMoTpUM TNAOCKYK BOMNHY, pacnpocTpaHdlwuylocs B NONOXHK-
TENbHOM HanpaBneHUM ocH z. BekTop E Takoil BOMHL NEeXWT B NAO-
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CKOCTM Xoy M B 06U EM CAyyae MOXET UMEeTb JBE NMPOEKLUUN, CLBUHYTHI €
No tase Ha BENUYUHY Cp:

E=x°£0xcos (cot—kz) +y°foycos (cat— kz—0). (1-14)
OpueHTauuto BekTopa E B npocTpaHcTse yJO6HO 3ajaBaTb Yyrnom
0= arctg (£,,/£%) (1-15)

MeXay BEeKTOpOM E M NNoCKOCTbI xo0z, KOTOPYW YCNOBUMCA CYUTAThH
TOPU3OHTANbHO.

B saBucumoctu oT 3HauyeHui EOx, EOy m o B (1.14) MOXHO BblAe-
NUTb HECKONbKO BUAOB NONAPM3ALUM BONHBI:

1. Nyctb =0 wn EoxdhEoy. CornacHo (1.14) wn (1.15)
6 = arctg(£'o!//Eo*). Mpwu 3Tom BekTOp E NeXwuT B NNOCKOCTW, HAKNO-
HeHHOR nog yrnom 0 K ropusoHTanbHoil nnockoctu (puc. 1.2). Nong-
pu3aLmA HasbiBaeTCcAs MNAOCKOW WNU JINHEWHOMN.

B vacTHbIX cnyvasx, korga 0=0 (puc. 1.3) uau 0= 90° (puc. 1.4),
NUHeRHas NONAPM3aLMA Ha3bBAETCA FOPU3OHTANbHON U BEPTUKANbHOL
COOTBETCTBEHHO.

2. MycTb » = 90° n EOx=Eo!)=Eo. B 3Tom cnyyae
Ey Eq... (Wt—kz —90°) sin (utt—kz)

-g- = arctg £pCOS ((u/_ ta) = arctg cos((0, _ M =

0= arctg

= Ut — kz.

Yron 0 M3MEHAETCA BO BPEMEHW M NPOCTPAHCTBE, @ MNOCKOCTb NO-
napusaynn Bpawaetcq. Mpwu z=const sekTop E BpawaeTca ¢ yrnopoil
4yacToTOoMi (0, a €ro BEAMYMHA OCTAGTCA HEU3IMEHHOW W PaBHOW

e=Y LW TUW = eO0

KoHey Bektopa E onucbiBaeT Ha MANOCKOCTH Z= cONSt OKPYXHOCTS
(puc. 1.5,a,6), a B npocTpaHcTBe — Kpyrosytw cnupans (puc. 1.58).
Monapn3ayua HasbiBaeTCqd KPYroBOW. PasnuualoT gBa BuJa KPYyrosoil
nonApusalumu: npasyw, xapakTepusywouwylcs BpaweHuem BekTopa E
MO 4acoBOW CTpenke OTHOCHTENbHO HANpPaBNeHWA PACNpPOCTPAHEHNS
BONHbL (puc. 1.5,a), n nesyw — BekTop E BpawaeTcd NPOTMB 4acoBOil
cTtpenku (puc. 1.5,6). O6bI4HO BONHY ¢ nNpaBod nonapusauueid o06o-
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a) ) 0
Puc. 15

3Havyalw T vepes E+, a c nesodt — yepes E~. BpaweHnue npaBoe npouc-
X04WUT Npu = 90°, NeBoe — Npu = — 90°.

3. Ecnm 9=+90° u EOxpEOy, BekTop E Bpawaercs B NAOCKOCTH
2= conB!, HO ero AAWMHA Npu 3TOM M3MeHAeTcd. B pesynbTate KoHel
BekTopa E onwuceiBaer anaunc, a nonqpusaLug HasbiBaeTcq INAUNTU-
yeckoir (puc. 1.6). Mpu nNpom3BONbLHOM CABUTe (a3 BONHA TakXe OKa-
3bIBAETCA 3AAMNTUYECKM NONAPU30OBAHHOM, HO 0Cb 3AAMNCA MOBEPHYTA
OTHOCHTENbHO oOCW M Ha yron y (puc. 1.7), KOTOPBIA Haxogutca no
hopmyne

2T= [2EOXEOQy/(E1 - E1ly))co3 @ (1.16)

BonHbl Kpyrosoit nonspu3aluim WHUPOKO NPUMEHAWTCA B paguo-
TeXHUKe # cBA3M. [LnA BO3OGYXAEHNWA BONHLI KPYroBOA nonaspusayum
CNefyeT yuymTbiBaTb, 4YTO Takas BONHA ABNAETCA Pe3ynbTaTOM CNOXe-
HUWA ABYX NWUHEAHO NONAPM30OBAHHLIX BOMNH, BEKTOPbH E KOTOpbLIX OpTO-
FTOHaNbHbL B NMPOCTPAHCTBE, PaBHb NO aMNAWUTYAe W CABMHYTH N0 (a3se
Ha 90°.

B cBOW ouyepefAb, NMHEAHO NONAPU30OBAHHYK BONHY MOXHO Npej-
CTaBUTb Kak CYynepnosvwuuiw JABYX BOAH KPYrosoil nonapusauumum c
NPOTUBOMONOXHBIMU HanpaBNeHUAMMU BpPalWeHNA N OLMHAKOBLIMU aM-
nAuTygamu BekTopa E. BekTOpHble guarpammb Ha puc. 1.8, cooTBeT-

Puc. 1.6 Puc. 1.7
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CTBYIOWME PAa3HLIM TNONOXEHWAM Ha OCU pacnpoCcTpaHeHuUs BONHH"
MANIOCTPUPYIOT 3TOT BHIBOA.

15. W3INYYEHWE 3NEKTPOMATHWTHGB X
BOMH

MocTaHoBka 3ajayu. Moj W3NYYEHUEM NOHUMAETCH NEPEHOC 3HEP-
TUM 3NeKTPOMATHUTHOrO NONA OT UCTOYHMKA B npocTpaHcTee. Cnoco6-
HOCTb 3NeKTPOMATHWTHOrO MNONA MNepeMewarbcqd B NPOCTPaHCTBE AB-
nAaeTcs OAHUM M3 BAXHbLIX €ro CBOWCTB, CRegywWuXx M3 33aKOHa
COXpaHeHUA dHepruu. OTBETBAEHME 3NEKTPOMATHUTHOA 3Heprum oT
MCTOYHMUKA NpOMCXOANT 6Gnarojaps TOKY CMEWEHWA, KOTOPbIA MOXeT
CylwecTBoBaTb B AM3NeKTpuke W Bakyyme. [Mo3Tomy nw6oii cTOpOH-
HWA MCTOYHMK, CNOCOOGHBIA CO34aBaTb B MPOCTPAHCTBE TOK CMEWEHUA,
ABNALTCA M3AyYaTeNneM 3INEKTPOMATHUTHBLIX BONH.

3ajavya M3NYYEHUA COCTOMUT B HAXOXKAEHUN BEKTOPOB WU3NYYEHHOTO
3NEKTPOMATHUTHOrTO NONA NO W3BECTHOMY pacnpefeneHuio CTOPOHHMX
TOKOB ¥ pelwaercqd OOGbIYHO ANA 3INeMEHTApPHbLIX M3ay4yaTened. dNeMeH-
TapHbl e M3NYyYaTenu ABAAKTCA WAEANUIUPOBAHHLIMU MOgeNAMU, YAO06-
HbIMU NA TeOpeTUYeckOoro aHanu3sa.

dneMeHTapHbIM 3eKTpUYeCKUM wmsnydyaTenem (I3 W) HasbiBaercH
Manbl#i N0 CPaBHEHWI C ANWHOM BONHb NUHEHHbIA 3NEMEHT MepeMeH-
HOro TOKa, T. e. oTtpe3ok I (puc. 1.9,a), BAOAbL KOTOPOrO TEYET TOK
[ct=/"co03 co/, pacnpepeneHne aMnaAuTyAbl W dasbl KOTOPOro BRONbL
MW3NYy4yaTens nNONaraeTcs HEUSMEHHBIM.

3nemMeHTapHbIM MarHUTHbIM usnydyaTenem (IMMW) cuutawT mans i
MO CPABHEHWI C ANUHOW BONHL BUTOK (PamMkKy) C MepeMeHHbLIM TOKOM
(puc. 1.9,6).

dnemeHTapHbl i yyacTok clb GpoHTa pacnpocTpaHfw W edcs BONHbI
(puc. 1.9,8) Ha3biBal T 3nemMeHTOM [toireHca.

Mone u3anyyeuns 33U. AHanus nonq n3nyvyenuns 33N yao6HO BbI -
NONHATL B CHEPUYECKON CUCTEME KOOPAWHAT, B LEHTP KOTOPOA nome-
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Puc. 1.10 Puc. 111

WeH wsnyyatens (puc. 1.10). BekTOopb 9NeKTPOMATHUTHOTO MNONS
M3NYUYEHUS UMEWT TPU NMpPOEKUMM:

M .
— sin (cug — kr) -f- COS («)t- Kkr)] cosi
L (cug ) (<) )] i
k411T .
£« = — cos(»i— *r)+ — 1)sin (coi — kr) sin 0;
4ito>ear
kIf
Z} cos (uf — kr) — sin (Wf —kr) sin1
dnr  kr
E-= Hr= Ho= 0. (1.17)

®opmynbl (1.17) onucbiBaKT none rapMOHMYECKONH aneKTpOMarHuT-
HOW BOMHbLI, pacnpocTpaHslweidca B pagnancHoOM HAanmpaBleHUW u
WMe U el CNOXHYI NPOCTPAHCTBEHHYI CTPYKTypY.

Tak Kak OTAENbHble KOMMOHEHTH MNONS MMEWT PasnuuHyw 3aBucu-
MOCTb OT paccTOfHMA T, TO ANA OGNEryeHUs uCCNefjoBaHMA NONA BCe
MPOCTPAHCTBO NMPUHATO Pa3fensTb Ha TPU 30HbI:

1) 6NUXHIOK, COOTBETCTBYK WY PacCTOAHMUAM, ANA  KOTOPH X

5
) MPOMEXYTO4YHYyW — Kr™ 1;
) RanbHiwi — &r>1,

w PO
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Mpenebperas mansiMu yneHamu B (L1.17), MOXHO NOAYy4YUTbL NpH-
GNnuXeHHb e COOTHOWEHNA, XapakTepusywwue none B O6AUXHER U
fanbHed 3oHax. B 6nuxHed 3o0He (kr<1) none onuchLiBaeTcs Bbipa-
KeHUAMY

. Ilel 0sin cul
r= -------— ¢0s 0sin cul;
r 2T1weal3
b=------— sin 0sin oji; (1-18)
4rewfalr3

Hu = coeeeeeeee sin 0eos (O,
4

aHANM3 KOTOPLIX MNpPUBOAMT K BLHBOALY, 4YTO none B OGNMXHed 30HE
He WMeeT BONHOBOTO xapakTepa (ha3bl HAanNpAXeHHOCTed 3nekTpuye-
CKOF0O ¥ MAarHWTHOTO nNONeil He 3aBUCAT OT MPOCTPAHCTBEHHLIX KOOp-
AnHaTt)., BekTtopbo E= r°Er+QEOwM H=cp#p caBuHyTe no Gase Ha 90°.
W3 aToro cnegyet, YTo NAOTHOCTb NOTOKA 3HEPTUM

N= -LETHT=\E T&THT= -11

WMeeT peakTUBHGBIA XxapakTep, a CPpefAHUA NMOTOK 3HEPrum OTCYTCTBYET,

TaKk Kak ncp=Rell=0. 3T0 03HauaeT, YyTo B 6NUXHEl 30He nons, 3a-
nacawlue 3Hepruio, npeobnagawT-Hag M3Nyvyaw W UMU NONAMU, BKNA-
AOM KoTopblx npenebperan npu nepexopge ot (1.17) k (1.18). baumx-
HAA 30HA Ha3blBaeTcAs 06/1aCTbI PeaKTMBHOIO BGAVM>KHEro MNons.

MpoMEXYTOUYHYI0 30HY, B KOTOPOW nNone ONUCHBAETCH MNONHLIMMU
dopmynammu (1.17), nHorga HasbBawT 06MacTbi0 M3ydyaemMoro 6AM>K-
HEero nons uaum 30HOW Audpakuum dpeHensa. MNone B faNnbHel 30HE
nmeeT BUJ

m-sin 0sin (wt — kr)\

4Twear
(1.19)
kller )
Hy= — — sin 6sin (wt— kr).
B (1.19) —0, Tak Kak 3Ta cocTaBnAwwan Bektopa E B ganbHed

30HE HAa NOPAROK MeHblWwe cocTaBndwwei EB.

Mone (1.19) npepcTaBnfeTt co60if cHepUUECKY BONHY, NOCKONbKY
ge GpoHTOM ABnaercAa chepa r=conal. CunoBbIe AUHUM NOAA U3Ayue-
Hus 33W B nanbHe aaup-AAAATTAaBNEHb Ha puc. 1.11,¢c. AHanus co-
OTHOweHniA (1.19) posBewrer.:* ye.TTAHOBW's [BOWCTBA CHepuyecKon
BONHL B AanbHeil 3ome I3
2—86 , 17

|&n6nnot®«a TIN L,




BekTopsl E w H B3auMHO nepneHgukyndpHel, TaKk kak E=6£Fe,
H= p#

BekTopsl E u H opToroHanbHbl HanpaBneHWio pacnpocTpaHeHns
BOMHbLI, TaK Kak BONMHA pacnpocTpaHAeTcd B pPajuManbHOM Hanpasne-
HUM, a BEKTOpbH He CcojepxaTr paguanbHolx coctasnaowux (Er=
—Hr=0);

BeKTOpe E u H cuH(pasHbl;

OTHOW EHME amnAuTypn BekTOopoB E u H 3aBucuT TONbKO OT CBONACTB
cpegsl:

ET = k~+1'm Axr = k = My nPa .
HT 4twear k1/% blEa y H c'

MapameTp ZcC Ha3blBaeTCcas XapakKTepucTUYECKUM COMPOTUBAEHMEM BON-
Hbl B HeOTpaHWuyeHHOW cpege. Jna Bakyyma v CBOGOJHOTO mMpoCTpaH-
cTBa Zc=yito/eo= Y4A+10-736n/10-9= 1200~ 377, 0 M.
Mone 3MMW B fanbHeil 30He umeeT cocTasnawwmue £du Hewn oTnm-
4aeTca 0T nona u3ny4yeHua 33N opuentaymueir (puc. 1.11,6).
Jnarpamma HanpasnewHoctu. W3 dopmyn (L.19) cnegyer, uTo
amnantyasl ETwn HT 3asucat ot koopguHatr 0 v r:

ET = é2/"/ATt(O30rsin 6, H T = kll% /4nrsin 0.

Mpn 0=0 ET=HT=0, npn 0=90° ET ¥ HT NpUHUMAT MaKCcumManp-
Hble 3Ha4yeHMAa. OTo 03HayaeT, 4yTo none usnyyewus 33U obnapgaer
HanpaBNeHHOCTbI, ANA XapakTepuUCTUKM KOTOPOW BBOAMTCHA MNOHATHE
Aunarpammb HanpasneHHocTu (A H).

Ovnarpamma HanpaefieHHOCTU N 60r0 uU3nyyatens — 310 rpauk
3aBucumMocTu amnautysy ET wam HT oT Hanpasnewus npu gukcupo-
BaHHOM paccTosHum (r=const). B chepuyeckoil cucreme KOOPAMHAT
(cm. puc. 1.10) HanpaBneHue Ha TOYKY HabNWAeHud 3afaercqa ABYyM4
yrnogbimu KoopaguHatamum O u cp. O6bIYHO UCNONL3YIT NOHATUE HOP-
MWUPOBAHHOM, T. €. OTHECEHHON K MakcumanbHoW amnautyge, [OH.
GyHKLNA

£(0,cp)=£m (0, cp)/ET Tax= Sin 0



Ha3blBaETCA HOPMMUPOBAHHON XapaKTepUCTUKON HanmpaBneHHocTuU. W3
NONYyYeHHO# dopmynel cnegyer, 4to none 33U 3aBUCUT TONbKO OT
MEPUAMOHANbHOTO yrna 0 v He 3aBUCHT OT a3uMyTaNnbHOro yrna cp.
Fpadukn F(Q,d) B MepupamoHanbHoih (cp= const) U a3uMyTanbHOW
(0=const) nnockocTaXx nmocTpoeHb Ha puc. 1.12,a 1 6 COOTBETCTBEHHO.
Ona noctpoeHus [JH ucnonb3oBaHa NONApPHAA CUCTeMa KOOPAWUHAT,
B LLEHTpPE KOTOpPO nomeweHn 33N,

16. OTPAXEHWE W NMPEAOMAEHWE
NMNOCKOW SNEKTPOMATHUTHOW BONHH

NlyyeBass Mofenb BOSIHOBOrO NpoLiecca Ha MJIOCKOM rpaHuule pas-
gena cped. Mpu najeHum BOMHL Ha TpaHWUy paspena ABYX pasHo-
POLHbBIX CPeA MNOSBAAETCHS OTpPaXeHHAas BOAHA, pacnpocTpaHsl U ascs
B mepBoit cpeje. HeoTpazupBwascs 4acTb IHEPrMM NPOXOAMT BO BTO-
Pyl Cpefy B BWAE NPENOMNEHHOW BONHbLI, HanpasneHue pacnpocTpa-
HeHUs KOTOPOW OTNMYAeTCHs OT HanpaBneHNs nafjawuei BONH.

AHanua BONHOBLIX MPOLECCOB Ha rpaHule pazgena cpej CBOAUTCSH
K OnpefeneHuio HanpasneHMid [BUXEHUS OTPAXEHHOW M NpenoMneH-
HOW BOMH W WX MNONeid No MIBECTHHIM XapakTepucTukam najatow ei
BONHbLI ¥ mapameTpam cpeg. LNs ynpouweHus aHanusa v ero Harnag-
HOCTW WCMONb3YOT NyuYyeBbl e MOAENM, NPUMEHSAEMble B FEOMETPUYECKOT
onTuke. BonHa B OAHOPOAHOW W30TPOMHOW Cpepe npejcTaBnseTcs B
BULE MPAMONUHEHAHOTO Nyya, COBNajaluero ¢ HanpaBneHuem pacnpo-
CTPAHEHUS BOMHLI, T. € HOPManbHOTr0 BOMNHOBOMY (POHTY.

MNoCKOCTb, MPOXOASW YK Yepes HOpMaNnb K rpaHuue pasgena M
HanpaBneHuwe PacnpocTpaHeHUs Najaw el BOMHbBI, Ha3blBal T MAOCKO-
CTbl0 MafeHuns. Jna yao6cTea aHanusa BeKTOp E, NPOU3BONLHO OPUEH-
TUDPOBAHHbBIH OTHOCUTENbHO MNNOCKOCTH MNAafeHNs, packnafbiawT Ha
LBE COCTABAAK U ME: HOPMANbHYK ¥ napanfnenbHyl MNAOCKOCTH Najge-
HUS. B COOTBETCTBUM C 3TUM BBOJAT MOHATUA HOPMANbHOW W napan-
nenvHoW nmonapu3aymit. Cxembl pacnpocTpaHeHus najawiweit Ha nno-
CKYl TpaHuyy pasjena, OTPaXeHHOd M MNpenomMneHHoid BOAH ¥
OpMeHTAUMs BEKTOPOB NONA NS HOPMAanbHOA W nmapannenbHoi nons-
pusaluuil npesctaBneHs Ha puc. 1.13,a U 6 COOTBETCTBEHHO. Ha
puc. 1.13 npuHATH 06O3HaueHMA: Q— Yron NafgeHus, cp'— yron oTpa-
XeHua, 0 — yron npenomnenns.

CBA3b HanmpaBNeHNid pacnpocTPaHEHWs BONH yCcTaHaBAMBaeTCHd nep-
BLIM M BTOPbHIM 3akoHamMu CHennuyca:

d=n—09=0"; sin Q/s\n<p=n}/n2, (1.20)
rae rti=Yeuyxs n2=iezll2— nokasaTenu NpenoMneHns nepBodi W BTOPOI
cpeg.

O6pawasch K MPeACTABNEHMIO NONA NANOCKOA BOAHB C NOMOLWbIO
BolpaxeHuit (1.6) wunm (1.7), nony4yum COOTHOWEHWUA [LNA BEKTOPOB



*
) Puc. 1.13

nons napjatwueiA, oTPaXeHHOW ¥ NpenoMNeHHOW BONH B BbLIOPAHHOI
cucTeme KOOPAWHAT X, Y, T. B KauecTBe MpumMepa paccMoTpuM cnyva#
HopManbHOW# nonspusauun (puc. 1.13,a) wu orpaHu4yuMca 3anucbio
Bolpaxewus gna Bektopa E. Mpoyegypa HopMupOBAHMA aHanuTuye-
CKOro OnNucaHWAa BEeKTOPOB NONA ANA CNyyas NapannenbHoit nonapu-
3aumMu, B TOM uyucne v Ans BekTopoB H, aHanormuHa.

Mapgatowas BONHA pacnpocTpaHAeTcs B HanpaBNeHuum ocu 2z',
T. e E1pg= EOe Ifez. HanpasneHnue ocu r' He coBNajaer HH C OfHOI
M3 KOOPLZMHATHbIX oceil. Mepexop Kk KOOpAMHATamM X, y, Z OCyUWeCcTB-
ngeTcqd uvepes HanpaBNAWWME KOCMHYCb no (Gopmynam npeobpaso-
BaHUA:

z'—x €eo0s (ix+ i/cos «j,+ r cos az,
roe yribl MexXAy WCbk z! M OCAMWU x, y, z COOTBETCTBEHHO paBHbI
a™=d, aj/= 900, a2=90°—.

C yuyeTrom 3T0r0 monyvaem

Erag= y°EOe~"k*xcos f+zsin ). (1.21)

W3 rpaHWyHbBIX YCNOBMA HAa NMOBEPXHOCTW pa3jena Cnejyert, 4yTo Ha-
MpaBneHWs BCEX TPex BOMH NeXaT B MAOCKOCTM MajeHns, 3aBUCUMOCTb
noned 3TUX BOAH OT KOOPAMHAT aHanoruyHa. CnejoBatenpHo, none
OTPaXeHHOW BONHbB 3anmuceiBaeTcs B BUAE

gOTp __ yO0£"1p Q—ik,(x cos 6+z sin ¢)_

C yuetom 1-ro 3akoHa CHennuyca mp= s—a®'= n—a¢. MosTomy

jJotp _ yO£°TP e —1*x(—meos <P+Z sin !f)_ (1-22)
Mo aHanorum none NPenoOMNEHHON BONHL MMEET BUA
_yohtgp C0s e+2 sin 6)_ (1.23)
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Lns WHXeHepHOR NpakTUKM BaXeH BOMPOC 0 COOTHOWEHMUN MOL -
HOCTe/, mepeHOCUMbIX najaw W eil, OTPaXeHHOX ¥ NPEeNOMNEHHOW BON-
Hamu. A N8 ero peweHUA BBOAAT NOHATUA KOIDDOMLMEHTOB OTpaxe-
Hus T W NPOXOXAEHMA T, ONpegenseMbl X 4Yepe3d aMnauTyibel noneil Ha
rpaHuue pasgena (;c=0):

~ = (*-0) ~ B> (nr=0)
E™*(x=Q) £7 8 (*=°)

Koapduumentsl T v T 3aBUCAT OT Tuna MNONAPM3auMM napgatwouei
BOMHbI, yrna MafjeHuns # nmapameTpoB cpej. B cnyvyae HOpManbHOW no-
napusaLum

p Zc2 cos F~ZcXcos0 A . 27c2 cosy (1244a)
Zc2COS + Zcl COS0 ZQCOS f + Zcl COS 6
ANS napannenbHol nonspusayuu
p _rncos Zc¥gosb N~ _ 2Zcecosy N 246)
" Zclcos f+Z2cos 0’ ZCQcos <f+Zc2c0S 6

BopaxeHna (1.24) HasbiBawTCcA (hopmynamum dpeHens.

B yacTHOM cny4yae HOPMANnbHOrO NajeHwWs BONHbL MNONOXEHWEe NNO-
CKOCTM NafeHWs CTAHOBUTCH HeONpeLeneHHbIM, pasnuuynme Mexpgy Hop-
ManbHOA W napannenbHOW nonApuU3aLMAMU wucyesaeT, yrasl =0 u
0=0, a dopmynsl OpeHend ynpowawTtcs:

M= (Zc2--Z0)I1(ZQ@+ ZO)\ X= 2Zc2l (Zcl \-Zc2) m

CooTHoweHuna (1.20) w (1.24) HenoCpeaCTBEHHO TNPUMEHUMB K
aHanM3y BOMH Ha rpaHUue pas3jena [QBYX MAeaNnbHbIX AUINEKTPUKOB.
MpenomneHHas BofHa B MornowawoLelri cpege. B cnyuvae, ecnwu
OfHAa M3 cpej ABnaeTcH nornowawwed (ct”=0), AManekTpuyeckas npo-
HULaeMOCTb W XapaKTepuUCTMYECKOEe COMPOTMBAEHME, a CNEAOBATENbLHO,
M okoddpuumeHTo Openend [ w T CTAHOBATCA KOMMAEKCHbIMU. Mo-

AYynb T KOMNAeKCHOro koapduumeHnrta oTpaxeHwus [=Te~'¢ onpege-
NAeT COOTHOWEHWE aMMNAWTYJ Noneit OTpaXeHHOW u napfatlo U ed BOMH,
a ApryMeHT M3— CABMUT (a3 noneit 3TUX BONH B TOYKE OTPaXeHus.
MpakTUyecKuit wWHTepec npepcTaBnfgeT cnyvaih, korga nornowat -
Weit asnaerca BTopas cpega. CornacHo (1.20) sin0 npwu 3TOM OKa3bl -
BAETCA KOMMNNEKCHOW BeNWYMHOA npu Nw0OLIX yrnax nageHus cp. 310
03HAYyaeT, 4YTO B MNOJOOHOW cuTyayumm 0 TepseT CMbICAN TreoMeTpuuye-
CKOTO yrna, 2-it 3akoH CHeNAMyca HENMPUMEHWUM, HO CylWecTBYeT Aeii-
CTBUTENbHbIA yron npenomnenuna 0f, xapakTepusywwuit HanpasneHue
PacnpoCTpaHeHNA NPEeNOMNEHHOR BOAHbLI. JTOT Yyron OnNpejgenserca no

dopmyne
tg Bg= kjsin w/Re Y k\— kijsin2d. (1-25)
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K uyumcny nornowawwux cpej oTHocATCA MeTannbl. Ecnum BONHa
nagaeT Ha-nNOBEPXHOCTb MeTanna, y kotoporo 'Cr»(oea, To B CuNy 371070
HepaBeHcTBA |& r|—Yoxtrlar w |& r|>£2 W3 dopmyns (1.25) cnepgyer,
410 npwu 3ToM tg0a«O unu 6420. 370 O3HAyaeT, uTo npu nwbom yrne
nageHns ¢ Ha METANAMYECKY MNOBEPXHOCTb MNPENOMNEHHAA BONHA
pacnpocTpaHsaeTcs B MeTanne NPakTUYECKW B HAaNpaBNeHWU HOpPManu
K ero MOBEPXHOCTH.

17. HANPABNAEMAA N NMOBEPXHOCTHAS
BOMHGI

FAB/ieHVe MOMIHOTO OTPaXXeHUA. Ha NpakTuke WUPOKO MCNONbIyeTcH
EABNEHUE MONHOTO OTPAXEHMA 3NEKTPOMATHUTHBIX BONH OT TpaHuubl
LBBYX AW3NEKTPUKOB MAM WZeanbHO NPOBOAAL G NOBEPXHOCTHM, Tak Kak
Takue rpaHumuybl CnoCOOGHb HanpaBAATb 3NeKTPOMATHUTHYI 3HEPrUl0.
YCTAHOBUM yCNOBUA, NPU KOTOpPbLIX Habnlogaercd NONHOE OTpaxeHue,
W ouccnegyem cBOWCTBA BO3ZHMKAWWMWX NpUu 3TOM BOAHOBBLIX NPOLECCOB.

MoNHOE OTpaXeHWe CBA3AHO C MUCYE3HOBEHUEM TMPENOMNEHHOI
BONHB. W3 puc. 1.13 BUAHO, YTO Yyron nNpenoMneHua U3IMeHdqeTcH
01 0 pgo 90°, npuuem 3HayeHue 0= 90° d4BnAaeTcHd nNpejenpHbLiM. Yron
nageHna, coorsetrcTByr Wi 0= 90°, NPUHATO Ha3blBaTb TFPAHUYHBLIM
nnn  kpyuTudeckum (OKp). W3 2-ro 3akoHa CHennmuyca (1.20) cne-
gyet, uto sin{pKP= n2/«i. MockonbKy 51MpKp<1l, 10 NnonyvyeHHoe paseH-
CTBO BO3MOXHO, €CAM B CAyyae JBYX AMINEKTPUKOB N2<«b T. €. BTO-
pas cpefa ABNAETCA ONTUYECKM MEHee MNNOTHON, veMm nepsas. Ecnu
d>pKkp, BenamymHa sin 0= («i/n2)sin™ npeBblwaeT eAMHMLY, TepAeT
CMbLICA GYHKUMM TEOMETPUYECKOrO yrna W MOXET paccMatpuBaTbCs
Kak HEKOTOpPbIA napaMeTp MCCNeAYeMOro npouecca. Jna HaxoXpAeHus
KOS (GUUMEHTOB OTpaxXeHns no popmynam OpeHens oNpegenum

COosti= |/ 1— Sin29= 1/ 1— ¥ sin®)2 =

==+1iY sincp)2— 1=+ i 1cos 61, (1.26)

KOTOpPLIA CTAHOBMTCA YMCTO MHMUMON BeAUYUHOW. MoACTaHOBKA nNoONy-
YEHHOTro 3HaueHus B (L1.24) nNpuUBOAUT K CNefywWUM pesynbraram:
ZC2cos g+ 1 Zci | cos 0| ” ZQcos«Ti Zec2 | cosO0 |
Zc2cosoxi Zcl | cos O | Zexcos cp+i Zc2 | cos 0 |
Tak Kak B YucCAMTene M 3HAMeHaTeNne Kax ol M3 3TUX DOpPMYyNn Haxo-

BATCA KOMNNEKCHO-COMPAXEHHbLIE BbIpPaXEHWA, MOAYNU KOTOPHIX pas-
Hol, 70 [T 0= [T W)= 1 4710 CBUAETENbCTBYET O MONHOM OTpPaXeHuMU

BONHB OT MCCAEAYEMOM TpaHuub pasfena.
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Takum 06pa3oM, NoNHOe OTpaxeHne 3NeKTPOMATHMUTHON BOAHbL 0T
rpawuyb  pasfgena [ABYX AUINEKTPUKOB BO3IMOXHO, BO-NMEPBbLIX, NpH
yrnax nageHnd, npesblwawwyux dkp, a BO-BTOPbLIX, €CAM BTOpPas Cpepa
ABAAETCHA ONTUYECKM MeHee MNOTHOM, Yem nepsas.

BonHa McNbITHIBAET NONHOE OTPAXEHUE TAKKe OT rpaHulb mpeans-
HOTO NpoBOAHMKA. 3T0 cnepyeT wu3 (1.24), NOCKONbKY XapakTepucriu-
YeckKoe COMPOTUBAEHUE Npu <2= °°

Z* = 0 m I'x=-I,=_1.

X A - -

MpakTuyecknit wnHTEpec NpeACTaBAfET He TONbKO (akT MNOAHOTO
OTPaXeHWA, HO W BO3HMKalOWmue Npu 3TOM BONHOBBLIE MpoOLeCCH. YcTa-
HOBMM XapakTep 3Tux npoueccoB. C 3TOi Lenbl BLINOAHUM aHanNu3
nonAa B nepBoil M BO BTOPOA cpepgax, OrpaHM4YUBAAChL CAy4yaem HOp-
ManbHOW nondpu3aywu. Mpu napannenbHod NONAPM3ALMN OCHOBHBIE
0COOEHHOCTH NONA aHANOTUYHBI.

Mone B nepsoi cpede. Mone B nepsoii cpeje E] onpegendercqd kak
cynmepnosuuus noneil napgawweid wu OTpaxeHHOod BOAMH. Tak Kak
¢htp=£'hapl om Tx= | TL|er-To ¢ yvyerom (1.21) w (L.22) none B
nepeoil cpefe 3anucbiBaeTcs B BUAE

Eml= E™pg+ EmP= y°EO(e-'M *cosf+rsin +
J_g—i[M ~* QS <pt+z sin f)—dJ_1j

BoiHoCA 3a CKOOKM obwwuit MHOXMTENDL € s I na Takxe el+ Lz
W npuMmenHss dopmyny 3iinepa Kk OCTaBWMMCA CnaraemMblM, Haxogum

Eml= y0e2EOcos (M cos ®+ (/2) e~!(*rsin
Mepexoas K MITHOBEHHOMY 3HAYEHWIO
E, = y°2Zf0cos (kxx cos® -|- dj_/2) cos (ut— £,zs5in ®-)- tyx/2), (1-27)

nonyvyaem, 4To none B MepBO cpeje ABNAETCA MNOCKOW BONHOWM, pac-
npocTpaHAl Weidcs B HanpaBneHWUW OoCu T, T. € BAONbL TPaHMUb pas-
fena c BONHOBBIM 4ucnom f5=&tsin cp.

Amnantyga nons Em= 2EOQOcos (feixcosf+ ~x /2)u3mensaercqd B no-
nepevyHod nnockoctT (BAONbL OCM X) MO 3aKOHY CTOAYEA BOAHbL C BON-
HOBBIM YUCAOM

Ti = Cos 4.

3aBUCUMOCTL aMNAUTYAbL NONA OT NOMEPEYHbX KOOPAMHAT ABAAETCSH
NPU3HAKOM HEOLHOPOLHOA BOMHBI.

Takum obpasom, B nepBoif cpefe BLOAb FpaHulybl pasgena pacnpo-
CTPaHAEGTCA NNOCKaA HEOQHOPOAHAN BONHA. Takafa BONHA Ha3biBaeTCH
HanpaBnseMoil.

23



Mone BO BTOpOlM cpefe. PaccMoTpum none BO BTOPOM cpefe.
C 370l yenblo BOCNONb3yemMCA BbipaxeHuem (1.23), koTopoe npepcra-
BUM TakK:

ET12= Y°EOXXe-'blx &0s e+ sin o)_

Boibupas 8 (1.26) cooTBeTCTBYK WU BU3INYECKOMY CMbICAY
3HaK «—», 0603Hayum &2¢0s0 = — i%leos 01= —ia. N3 2-ro 3aKoHa
CHennuyca cnegyet, 4yto &2sin Q=Kk\sin ¢=>. C yuyetom 3To0ro0
Ema= y°£0Tj. e_“*e_Ner unu

E2= yO0f'Oxle-"Ncos((uj' — Pz). (1.28)

MocnegHee BbIPAXEHMWE ONMUCLIBAET NMONE MAOCKOW BONHbLI, pacnpocTpa-
HAlWehcad BO BTOPOW cpefe BLONbL FpaHMLUb pa3fena ¢ BONHOBLHIM Yuc-
nom {3 OcobeHHOCTbI 3TOW BONHL ABANAETCA 3KCMOHEHLMAaNbHOEe 3a-
TYyXaHue aMnAuTYyAb NONA B HanpaBneHWW HoOpManu K rpaHuuye pas-
fena *. 370 03HayaeT, 4TO NONe NPaKTUYECKN HE NPOHUKAET B rNybb
BTOPOW Cpejbl M O0Ka3biBaeTcs COCPEAOTOYEHHBIM B HEKOTOpPOM cnoe
BONM3IM noBEPXHOCTM pasfena. Takyw BONHY Ha3biBalwT MOBEPXHOCT-
HOli. PaBEeHCTBO BOMHOBLIX YWUCEN P HanpaBANAeMOW W NOBEPXHOCTHOIN
BONH CBUAETENLCTBYET O paBeHCTBEe WX (a30oBbiX CKOpOCTeIl.

PacnpegeneHune NOBEPXHOCTHOW BOMHLI WHOTAA XapaKTepusywrT rpa-
HUWYHBIM paccTofsHuem AO, Ha KOTOpPOM o0cnabneHue BONHbL COCTAB-
nsetr A=1Hn (none 3atyxaeT B € pa3). Tak kak Jl=aA°=1 Hn, 7o
A°=1/a. Mpwn NONHOM OTPaxeHUW OT WAEanbHOrO NPOBOAHUKA NOBEPX-
HOCTHad BONHA OTCYTCTBYET.

MpocTpaHCTBEHHAa CTPYKTypa Mons HanpaBiseMol M NMOBEPXHOCT-
HO/ BOMH. CornacHo cooTHoweHuam (1.27) u (1.28) nepeHoC 3Hepruu
OCYWeCTBAAGTCA HanpaBNAeMOd U NOBEPXHOCTHOW BONHAMMU C OfMHA-
KOBOW CKOPOCTbK B OJHOM HanpaBneHwnu. OJHAKO NMPOCTPAaHCTBEHHOE
pacnpegeneHune noneid Ei w E2 cywecTBeHHO pasznauuaetcA. Ha
puc. 1.14,a nocTpoeHa 3utopa pacnpejeneHuns ETy(x) B obeux cpe-
gax. W3 puc. 1.14, a3 BMAHO, YTO CTOAYAA BONHA B NepBOW cpeje nepe-
XOAMT B NOBEPXHOCTHYI BOMHY BO BTOPOW Cpeje, MpUYeM Ha rpaHuue
pasgena (x=10) none cOrnacHo rpaHMyYyHbLIM YyCNOBUAM OCTAETCA Henpe-
PLIBHLIM. TlOBEpXHOCTHAA BONHA NOAJEPXUBAETCA npoLueccom B nep-
BO cpefe, MO3TOMY ee CyLecTBOBAHME HEOOXOQUMO yuyuTbBaTL MNpH
NOCTPOEHUN HANPABNAKW W UX CUCTEM, UMEO W MX TpaHNLy pasgena JBYX
BUINEKTPUKOB (AM3NEKTPUYECKUIA BONHOBOA, CBETOBOAL M AP.).

dnwopa pacnpegenedus ETy(X) npu nonHOM OTpaxXeHuu 0T Mjeans-
HOT0O NpPOBOAHWKA m3obpaxeHa Ha puc. 1.14,6. B cooTBeTcTBUM C Tpa-
HUYHbIM ycnosuem ETy(x—0) =0.

* Bbi6bop 3Haka «+» B (1.26) npuBen Obl K MOSBNEHUID MHOXMWUTENs e“* B
(1.28), Hanuume KOTOPOro CBWAETENLCTBOBANO 6bl O HeOrpaHWYeHHOM BO3pacTaHUK
amnauTygbl Nons BAOMb HOPMaNWM K rpaHuue pasfena, 4to (M3MYeCKU HepeantHo.

24



Puc. 114

/
Ha puc. 1.14 vepes NIx = 249/yx 0003HaYeH NPOCTPAHCTBEHHbIA ne-
PUOA CTOAYER BONHbLI; Ha puc. 1.14,a NnokasaHO Takxe rpaHuyHoe pac-
cToAHue AO MOBEPXHOCTHON BONHBI.

18 OVWOPAKUUA SNAEKTPOMATHWUTHGBI X
BO/H

MocTaHOBKa 3ajaun andpakuum. Metoabl pelleHusi. Npu aHanuse
BONHOBLIX NpPOLECCOB HAa rpaHuye pasgena ABYX Cpej paccmarpusa-
nacb OECKOHEYHO MPOTAXEHHAN NNOCKas rpaHuua. BbiBOAL, MOAYyYEH-
Hble B pa3fg. 1.7, oka3biBAalTCA, KaK NpaBuNo, CNpaBefNUBLIMU M NpH
MajeHUM BONHL Ha O06GBLEKTH W Tena, UME W NE XOTH W OTPAHUYEHHDIE,
HO BeCbMa 3HAYUTENbHbLIE NO CPaBHEHWK C ANUHOW BONHB pPa3Mepdl.
Korga e pasmepbl NpenaTCcCTBUA, PAacnONOXEHHOTO Ha MyTW pacnpo-
CTPAHEHWUA BONHbBI, CPAaBHUMB C LAWHOA BONHbB, MOAA BHYTPU M BHE
3T0T0 MpPenATCTBUA He COOTBETCTBYKT HAailfeHHbIM paHee NMpPenoMAeH-
HOW ¥ OTpaXeHHOW BONHAM, Tak Kak B 3TOM CAyyae MMEET MecTo-
bonee CNOXHbIA BONHOBOI npoluecc, HasbiBaeMbl i Audpakuyuein. Tep-
MUH «pudpakyuns» WUMEeT WHUPOKOEe TONKOBAHWE: OruGaHue BOAHAMMY
NPpenaTcTBUA NGO M3IMEHEHME HanmpaBNEHWS pacnpoCTPaHEHUS BONH B
pesynbTaTe BCTPeYM ¢ nperpagoi. Mons, Bo36yX gaeMbie Npu nageHum
BOMHbL HA TENO OTFPAHWYEHHBLIX PA3MEPOB, UMEIT CNOXHYW NPOCTpPaH-
CTBEHHYI CTPYKTYpPy ¥ Ha3bBawTCA ANDPAKLUOHHBLIMMU.

3agava Audpakuuu cOCTOUT B ONPEAENEHUM BHYTPEHHErO W BHELW -
Hero AudpakymoHHbBIX noneit. B cnyyae MeTannuyeckoro npensTcTBMS
ero ANA YNPOWEHWUS aHaNM3a CUYMTAWT MAEaNnbHO NPOBOAAW UM, BHYT-
PeHHEE Mone MpU 3TOM He BO3GYXjJaeTcs, a BHEWHEEe — ABAAETCH NO-
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Puc. 1.15 Puc. 1.16

nem pacceAHus. B cayvae nafeHus TApMOHMYECKOA 3NeKTPOMArHMWT-
HOW BOMHbLI Ha WAeanbHOo NPOBOAALL Ee TeNo NONe pacCeAHus ypoBneT-
BOpPAET OLHOPOAHbLIM BONHOBbHIM YypaBHeHusM Tensmronsya (1.3).
Crtporoe peweHne 3agayu Avudpakuuwm npu 3TOM CBOAUTCH K HAXO0X-
LEeHWI peweHns ypasHeHwuir (L1.3), yZOBNETBOPAIWEr0O TFpPaHUYHOMY
YCNOBUIO Ha MOBEPXHOCTM LU(parupywiwero tena M ycnosBuio usnyve-
HUAa. O M3NYeCKUA CMBICA YCNOBUA M3NYYEHUS COCTOMT B TpeboBaHuM,
4T06b MpM r-> 00 NONE PaccesHUa NpeacTaBNANO COOOA BONHY, pacnpo-
CTpaHAw WYy CA OT Tena, M He WMMeno cocTaBnfowux, pacnpoctpa-
HAK W UXCA B 06pPaTHOM HanpaBneHMu, T. e. U3 GECKOHEUYHOCTU K AnO-
parupyrouemy Teny.

Mpumepom CTPOroro peweHus 3agayun gudpakuuu 4BNAETCA LW-
dpakyuua nNNOCKOA BONHbL Ha Kpyrosom LUMAMHApPE. PucyHnok 1.15
AN CTPUpPYET NOCTAaHOBKY 3ajauyun. Ha wnpgeanbHO nNpoBOAAWMA Uw-
NUWHAP nNNnocKafg BONHA najfaeT B HANPaBAEHUM, MNEPNEHAUKYNAPHOM
0CH UuNMHZpa, a BekTop Enag nmapannened ero ocu, T. €. OCH T.

Ha pwuc. 1.16 npepcTasnena juarpamma HanpaBNeHHOCTW nong,
PACCEAHHOTO WLMAMHAPOM, ANA HECKONbKUX 3HAYEHUIA OTHOCUTENbLHOTO
paguyca uwnuugpa [?4*. Beupay cummerpuun O H OTHOCUTENbHO Ha-
npagnenus cp= 0 Ha pwuc. 1.16 usobpaxeHa nonoBuHa rpaduka /*'(d).

N3 puc. 1.16 BUAHO, 4TO None paccedHns UMEET MAKCUMYM WHTEH-
CMBHOCTM 3a Tenom (d=180°), T. e B 06NACTM TeHW Najaw Wehd BONHbI.
Hanuune nong B 06nacTv TeHW CBUAETENLCTBYET O AMGPAKLUM BOAHLI.

CnepyeT OTMETUTb, YTO CTPOr0e pelWeHWe 3ajauv Audpakuumu MOX-
HO NONYYUTb TONbKO [ANA Ten, NOBEPXHOCTb KOTOPbHIX COBMajaer c
OLHOW M3 KOOPAMHATHBLIX NOBEPXHOCTEH CUCTEMbl KOOPAUHAT, & UMEHHO
ANS LWAWHAPOB KPYroBOrO W 3NAAMNTUYECKOT0, COepbl, KOHYyca, 3aAmMN-
compa BpaweHua u Ap. B cnyyae Ten, He YAOBNETBOPAWWMUX ITOMY
YCNOBWIO, MCNMONL3YWTCH NPUONMXEHHbIE METOAbB, KaXAbid u3 KoTO-
PbIX NPUMEHUM K ONMpPEAeNneHHOMY knaccy 3afay Audpakuuun. Knaccel
3afay AuGpakuuu BbAENAKTCH B 3aBUCHMOCTM OT KOHGMrypauuu pac-
ceumsat uwero Ttena.

* I'padmkn 3aumcTBOBaHbl M3 [17].
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Puc. 1.17

PaccMOTPUM HECKONbKO 3ajay Audpakuwu, pewaemolx npubnu-
KEeHHbBIMU MEeTORaMU.

Onpakuma Ha OTBEpCTMM B 3KpaHe. 3afaya peWwaercd METOAOM
bu3nyeckod onTuKM. METOJ OCHOBAH Ha NMpPUMeHEHMW npuHuuna T0i-
reica-Kupxroda, KoTopbli 3aknwyaetrcs B chegyowem. MycTs B
Touke 0 (puc. 1.17,a) HaxO0guTCA MCTOYHUK CHEPUYECKOA BONHBI,
BPOHT KOTOPOW B MOMEHT t\ coBmajaeT CO CHEpPUYECKOW MNOBEPXHO-
cTbio 5]. Kaxpgbll 3nemMeHT 3T0A BONHOBOW MNOBEPXHOCTM HBAAETCA
BTOPUYHBLIM WMCTOYHUKOM, WU3NYYAK W UM 3INEMEHTAPHYI CHEPUYECKY I
BONHY. Ornbawwas 3NeMeHTapHbIX GPOHTOB 52 Takxe uUMeeT hopmy
chepb # coBnajaeT ¢ GPOHTOM BOMHbL B 60n€e MO3AHMA MOMEHT Bpe-
MeHN (2. Ecnm Ha nyTw chepuyeckoir BOMNHL MOMECTUTb MeTannuyeckuit
3kpaH ¢ oTeepctuem (puc. 1.17,6), TO hpOHT 52 BONHbB, Npoweswen
yepe3 oTBepcTMe, no (Gopme oTnuvaeTcs OT ¢GpoHTa 5] najawowei
BOMNHbLI. 3T0 03Ha4yaeT, YTO HanpasfNeHWe pacnpoCTPaHEHUA BONHB 34
JKPaHOM OTAUYAETCA OT HanmpaBNEeHWA pacnpocTpaHeHMs najato e
Ha 9KpaH BOMHbLI, YTO CBUAETENbCTBYET O AUGpakuum.

OudpakynoHHoe none 3aBUCUT OT (GOPMbl M pasMepoB OTBEPCTUSA.
Hanpumep, none u3NyyeHua u3 NpPAMOYrONbLHOrO0 OTBEPCTUA C pasme-
pamu axb B nnockom meTanamyeckom 3akpaHe (puc. 1.18), BO36OYyX-
BeHHOrO0 NNOCKOW OARHOPOAHOW BOAHOW, onuchLBAaeTCA GYyHKUMEd BuAa

| 61:v| !Sl\n/v (1.29)
caln0 KbBT O
rgoe w= ) ) 3T @

MepBbl# MHOXMTenb B (1.29) ABNAEGTCA XapaKTepuCTUKOA Hanpas-
NeHHOCTM anemeHTa TlHwiAreHca, BTOPOA W TpeTUd XxapaKTepusywT pe-
3YyNbTaT MHTephepeHyunn BONMH, CO34aBaeMblXx BCeMU 3nemeHTammu [woii-

217



nia
~0-10 o N 25Qrpag
a)

Puc. 1.19

reHca Ha OTBEPCTUM 5, ¥ HA3blBAWTCA MHTEpPdepeHUMOHHbIMU. C00T-
HoweHne (1.29) cnpaBefnuBO [ANA [JaNbHeld 30Hb WM3nyvyawuwero
OTBEPCTUA, T. €. ANA PAacCTOAHMI

r>2aXwu r>2b2X (1.30)

OyHKkuma £(0, ¢) ABNAETCA HOPMMPOBAHHOW XapakTepuUCTMKON Ha-
MPaBNEHHOCTM U3AyyawWero oTBepcTMA 5 B pJanbHedr 30He. Ha
puc. 1.19,a »n 6 noctpoeHbl rpaduku £(0) B OAHOK M3 KOOPAMHATHBIX
nnockocTteir (b =0) coOTBETCTBEHHO ANA ABYX 3HaueHuit a/X=10 u 20.
AHanus rpapuKkoB CBUAETENLCTBYET O HANWYUM Pe3KO BbiPaXEHHOIN
WHTepthepeHLMn B pJanbHeld 30He U3Ayyaw W ero OTBEPCTUA, MNPUBO-
RAWel K nosBAeHWW rnaBHOro v 6okoBbix nemectkoB AH wu o6paso-
BaHMIO TNYy6OKMX MUHUMYMOB. YBEeNMYEeHUE pasmepa OTBEPCTUA OTHO-
CUTENbHO ANMHbB BOMHL MPUBOAUT K CYyXeHWW rnasHoro nenectka LH.

Mone B 30He Audpakuuun OpeHens, ANA KOTOPOA He BLIMONHAKTCSH
ycnosua (1.30), wumeer 60nee CNOXHOEe aHANUTUyeckoe oONUCaHUeE.
Mpumepbl Auarpamm £(0) ,q}'IFIZOTBepCTMﬂ cC pasmepom af= 10 npu-

BeaeHb Ha puc. 1.20, rae x:r/—” ----- OTHOCUTENbHOE paccToAHMe. Kak

cnegyet w3 puc. 1.20, B obnacTtu wm3nyvyaemoro 6aumxHero nond (30Ha
gndpakyunm SpeHnena) £(0) 3aBUCUT OT pacCcTOAHMSA, HE WUMEeT TNy-
GOKMX MMUHUMYMOB, €€ TNAaBHbLIA NenecToKk Wupe, 4eM B JanbHed 30He,
W cnmMBaeTCcA C COCeAHMMMU 6GOKOBHIMU nenecTkamu. Ha ouyeHb OAM3KMX
pacctofHmuax (n:<0,1) rnaBHbl/i nenecTok pa3jBauMBaeTCcA W NPUHMK-
maeT Buf ABYyrop6oid kpueoid (Ha puc. 1.20 npefcTaBneHa NONOBUHA
rpaduka £(0)). YkasaHHbie ocobeHHocTn [JH o06bAcHAKTCA Tem, 4To
BOAM3N OTBEPCTUA M3-3a KBAAPATUYHOTO W3IMEHEeHUS das3bl NoNs HeET
CUNbHOWN WHTephepeHumu.

Ondpakuma Ha Tenax ¢ pe6bpamu. OfHuUM u3 IO DEKTUBHBIX METO-
OB aHanNu3a paccesHMA BONHOBLIX NONEH Ha Tenax, uUMew Wux 0cTpuUA
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Puc. 1.20

m pebpa, ABnAeTcAa reomerpuyeckas teopua gudppakyun (FTALA), ocHO-
BaHHAaf Ha NyyeBOW TPAKTOBKE BONHOBLI X fABNEHUN.

Ha puc. 1.21 npegcraBneH Haxogdwuics B TOuke A anemeHTap-
Hblil 3aneKTpuyeckuit m3nyvatenb, pacnoONOXEHHbLIW Ha HEKOTOpOM ypda-
neHum W 0T cepefuHbl rpaHun O6GECKOHEYHO NPOTAKEHHOW WMAeanbHo
npoBOAAL eil yeTbipexrpaHHoih npusmbl (a) uam nonocel (6). B 06-
Wem cnyyae B TOYKy M B panbHed 30He M3Ny4yaTens MOryrT nonacTb
M3NYYEHHBIA U3 TOYKM A, OTpPaXeHHb A OT TpaHW nNpu3mb  (MoNoCH)
m gudparupoBaBlw e Ha pebpax nyuu. MepBbie U3 Ha3BAHHbIX Ayyell
COOTBETCTBYH T nafjawled u OTPaXeHHON BONHAM, NMOAUYMHAKWTCA 3a-
KOHaM TreoMeTpUYeCKOd ONTUKW W onucaHsl B paszg. L.6.

OvndpakuMOHHBIE AYy4YM MNOLUYMHAKWTCA 3aKOHaM, ChHOpMyAUpoBaH-
HolM B TTA, CMBLICA KOTOPbBIX CBOAMTCA K CnefylolWum nocTtynatam:

L LudpakyunoHHb e Nyuyu BO3OYXAAlTCA He BCEMM Najalol umu

nyyamn, a TONbBKO TEMW U3 HUX, KOTOPbIE nonafalwT Ha HEOAQHOPOAHbIE

Puc. 1.21
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Puc. 1.22

yuyacTku Tena — ocTpuA, pebpa, NUHUM pPaspbiBOB KPUBU3HBL,— UMK
nyyamu, KacaloWwuMmucs NOBEPXHOCTH Tena.

2. Kaxgbil nagawwwnii ny4y, yaosneTBopaw W UA yKa3aHHOMY yCno-
BUIO, BO36OYXAaeT GeCUYMCNEHHOE MHOXECTBO AMAPAKUMOHHBIX nyuell.
Mpu nageHuun nay4ya Ha ocTpue AvMdpPakUWOHHBLIE AyYwm pacnpocTpa-
HAKTCH BO BCEX HANpPaBAeHUAX OT HErO Kak OT TOYEYHOrO0 MCTOYHMKA.
Mpun nageHun Ha pebpo BO3HMKAET MNYy4YoK AUGPAKUMOHHBIX nyueil,
0b6pasylwunx KOHyc. BepwwHa KOHyca, Ha3biBaeMas TOYKON Audpak-
UMW, coBnajaeT ¢ TOYKOW Ha pebpe, B KOTOpPYW ynan nagawwuit nyv.
Ocbl KOHyCca #BNAeTCH kacaTenbHas k pebpy B Touke Zudpakuum,
a Yyron pacteopa KOHYca paBeH Yrny MexAgy nafjawwum Ay4yoM ¥ Ka-
caTenbHoit Kk pebpy (puc. 1.22,a). Ecnu ny4y najgaeT Ha peb6po nog
yrnom 90° K KacaTenbHOW, KOHyc npeBpawaetrca B nnockoc!b
(puc. 1.22,6).

3. AmnanTygsl LuOPAaKLMOHHBIX Nyyeld NponmopLMOHANbHE aMnnu-
TYyhe NajaloWero nyya B TOYKE Audpakumnu.

4. KoapGuuMeHTH NPONOPLUOHANLHOCTM, HasbBaembe Koadgpu-
uMeHTamMn AudpakummM, 3aBUCAT OT dOopMbl Tena, yrna najeHus nayva
Ha pebpo v BuAA nonApu3aumuu nagawwed BOAHBI.

Takum ob6pasom, cornacHo ITA wuckomoe none B TO4ke M (cm.
puc. 1.21) MOXHO NpefcTaBuTb B BUAE CyMMb noneit ny4yesoro Tuna:

n
ET(M)="E T](M). (1.31)
[='
OpHo w3 cnaraemblx B (1.31) 4BnAercd M3IBECTHbHIM MNEPBUYHBLIM
nonem 33W. OcTanbHble cnaraembie COOTBETCTBYWT OTPaXeHHOA 0T
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TPaHM W PacCesHHHM .Ha pebpax BonHam. Kaxpoe w3 noneir ET, (M)
OTNWYHO OT Hynd B 06NacTM, rpaHuuamu KOTOpPOW ABNAKTCA NOBEPX-
HOCTb Tena W rpaHWLbl CBET-TEHb COOTBETCTBYHOWEH BONHBI.

Ha puc. 1.23 8 nnockocTu XOT yeTbipexrpaHHOW npu3mMb noctpoe-
Ha cucTema nyveid, nossondowas onpegendats AH wm3nyvatens 8 nno-
ckoctu Bektopa H. Ha pwuc. 1.23 yepes N1 u N2 ob60o3HaueHb TOUYKM
fudpakuum Ha pebpax 1 m 2 cOOTBETCTBEHHO, K — TO4Yka oTpaxeHus
nyya o7 rpaHu. W3 pucyHnka cnegyet, 4to napn 90° — r))o<d<:2700+ rso
none £TP(M) =0, a npn 90°+ r0<h<270°— none £,4 (M)=0.

Kpome nepBuuHoit gudpakumu B Toukax N1 u N2 TT[ nossonder
YyYecTb MHOTOKPAaTHYW Audpakyunio. TOACHUM MeXxaHU3M MHOTOKparT-
HOWt Audpakuuun. M3 MHOXecTBA AMAPAKLUMOHHBLIX nyuyeh, o6pasoBas-
Wwuxca npu napeHun B Touky NIBonHb, ecTb nyy N1 N2, pacnpocTpa-
HelWuitcs BLONbL rpaHM npu3mbl. Monagas B TOuky N2 3T0T nyu
BO3OYX JaeT HOBOE MHOXECTBO AMGPAKLMOHHbIX Ayyeidh. OAUH U3 HO-
BbIX Nyyed nonagaer B TOYKY HabnwAeHus M U COOTBETCTBYET NONKW
BTOPUYHOW AudpakLuin. AHanoru4yHo MNPOUCXOAMUT MHOTOKpPaTHas Au-
Gpakuvg Kak CNOXHas Lenb NOCNef0BATENbHbBIX Audpakuuit. OfHaKO
WHTEHCUBHOCTb TakWX Nydyeil 06bIYHO Mana v B pacyeTax MHOrokpar-
Hyw Zudpakuuio, nopagoK KOTOpPOA 6ONblWe JBYX, HE YYUTHBAKT.

Ha puc. 1.24 nocTpoeHb paccuyumTanwHble metogom TTJH guarpammul
HanpaBneHHoCTH B nnockoctu BekTopa H (nnockocts xOr) 33U,
pPacnonoXeHHoro y rpaHu nNpu3Mel, Kak nokasaHo Ha puc. 1.21, a
Fpadwmkn E£(d) Ha puc. 1.24 WMANKCTPUPYHT BANAHME PACCTOAHMS

31



mi[X 0T W30yyaTens A0 Audpparupywolwero Tena u pasmepa Tena a/X
Ha paccesHHoe none (kpusas 1— a/A;=1, e?0=20,25; «kpusas 2—
afl =5, cll\k=0,25; kpueas 3— afl =3, ¢c?=10,4).

Ha puc. 1.25 n3obpaxeHb paccyuTaHHbie MeTogom [T[h guarpam-
Mbl HanpaBfNeHHOCTM B nmnockocTu BekTopa H 33U, pacnonoxeHHoro
y nonocel (cm. puc. 1.21,6). W Tpuxosas nuHug Ha puc. 1.25 coor-
BETCTBYET pacnonoXeHutw usnydyarens 8 cepefune nonoce (a\=a2),
CNNOWHLIE NUHUM — HECHUMMETPUYHOMY pacnonoxenHutww 33U oTHOCK-
TeNbHO cpepHeldl nuHum (ala2). OyeBUAHO, uYTO B 06nNacTM yrnos
180°<<p<360° kpusbie 2 m 3 MEHAKTCA MecTaMiu, a Kpusasa 1l ocraercq
HeusmeHHoi (¢4 =0,25; afl = 1; 1—a\lX=0,5; 2—a (4 = 0,25; 3— axX=
= 0,75).



FeoMeTpuyeckas Teopus ZUGpPakLuuu NPUMEHUMA K Tenam, pasme-
Pbl KOTOPbHIX YyJOBNETBOPSAIWT ycnoBuw &b5>1, rpge 89— paccrosHue of
manyuyatens L0 TOUKU AUBpPakLmMM,

Fnasa 2. OSNEKTPOMATHWTHB E BOH

B PETYNAPHbB X HANDPABNAII WL NX
CTPYKTYPAX

21. OBW WE CBEJEHNWA O PETYNAPHDLIX
NWHNAX NEPEJLAYN

HanpaBnsieMble 31eKTPOMarHMTHble BOMHbI. TuMnbl ANHWIA Nepegavn.
YcTpoidcTBo, OrpawuymBatolwee o06nacTtb PpacnpoCTPaHEeHUS 3NnekTpo-
MarHUWTHbBI X KkonebaHuit w HanpaBnfw W ee NOTOK 3NEKTPOMATHUTHOI
JHEepPrMU B 3aJaHHOM HanpaBAeHWW, Ha3blBaeTCs JIMHMER nepefayu.
OTW NWHWM UCNONbL3YKTCA LNA nepefayv 3HEPTUN OT UCTOYHUKA K
nony4yatenw, Hanpumep OT nepefaryumka K W3Nyyaw el aHTeHHE, OT
NMPUEMHOA AHTEHHb KO BXOJY npuemHuka W T. 4. TpocTedwum Ha-
npaBuTenem I3NEKTPOMATHUTHOWR 3HEPruu 9BNFETCA NNOCKAA rpaHulua
pasgena fJBYX cpefj, obecneynsatowas NONHOE OTpaxeHue nafjawl e
BONHbL . Hanmpasnaemas BONHAa CNefyeT BAOANbL HanpaBnfw Wed rpaHu-
Ubl M B CAy4yae, ecAM nNocnefHds M30rTHYTa NOA HEKOTOPLIM Yyrnom
wnu pedopmMmupoBaHa B ONPejeneHHb X npejenax. Paccmatpusas gna
MpoOCTOTH B KA4yeCcTBe HampaBAfoWehd WAeanbHO MNPOBOAAWYKW no-
BEPXHOCTb, NpOLECC HanmpaBAeHWS BOAHb 3TOW NOBEPXHOCTbI MOX-
HO O06bACHMTbL CBA3bI TOKOB ¥ 3apAfO0OB B MNPOBOAHUKE C 31eK-
TPUYECKUM ¥ MATHUTHBLIM NONAMM BONHbL BHE ero. M3meHeHUe GOPMbI
NpOBOAHWKA (Hampumep, u3rub) NpuMBOLUT He K WUCYE3HOBEHWUW TOKa,
a2 K M3MEHEHWW €ero nyTu. ToK, NpOTeKaw WM No HOBOMY NYyTW, Bbl-
3blBAET NOABNEHWE BOMHbLI, HanpaBAeHWe LBUXEHUS KOTOPOA OTAUYHO
0T NepBOHAYaNbHOro HanpaBneHus. Bo3amoxHas cxema o06paszoBaHug
MeTannuyeckoro W AU3aNneKTpuyeckoro BONHOBOJOB KPYrnoro ceyeHus
nokasaHa Ha puc. 2.1.

LenecoobpasHo BbZenuTb ABE TPYyNnb AWHUIA nepejauyn: OTKPH -
Thle NUHWUW Mepejayun W BONHOBOAL . BONHOBOL — 370 NWHUA nepegaun,
WMeloWwas OAHY WANW HECKONbKO NPOBOAAW MX MNOBEpXHOCTeW ¢ none-
PEYHBIM CeYyeHuem B BULE 3AMKHYTOro NPOBOAAWEro KOHTypa, 0XBa-
ThlBaloWero 06nacTb pacnpoCTPaHeHWs 3NEKTPOMATrHUTHOW 3Hepruu.
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Puc. 21

Mone BONHOBOAA 3IKPAHMPOBAHO ero BHewWHed obonoykoid. Mone B
OTKPbBITBIX NMHMAX HE 3KPaHMDPOBAHO CHApPYXW M CywecTByeT B MNpo-
CTPaHCTBE, OKPYXaloWeM AUHUI.

B TexHuke cBA3M npumeHswTcAa (puc. 2.2) ABYyxnpoBogHas (a),
nonockosaf (6), OfHONpPOBOAHAA (B), AuanekTpuyeckans (r) nuHunm,
a Takxe KoakcuanbHbll (C?), npamoyronbHbli (e), kpyrawit (%),
anAMnNTMYecKuit (3), KBagpaTHolil (n), M-o6pasHblil (K), H-06pasHbl#
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(n) BONMHOBOAbI, CBETOBOAbL BONOKOHHbLIA (M) W nnockui (H). MHOTO-
o6pasuwe NUHWA nepefayn CBA3AHO C MCNONb3OBAHWEM WX B pasnuy-
HblX YaCTOTHbLIX AuManasoHax.

B rn. 2 u3y4amwTCA pErynApHblie NUHUW nepegayn, T. e. NUHUN,
Yy KOTOpPbLIX B MPOAOAbHOM HAanpaBNeHWU HEW3MEHHb MNOMEPEYHOE ceye-
HMe W 3NEKTPOMAarHUTHLIE CBOMCTBA 3anoNHAKW W UX Ccpes. Bce peans-
Hble NMWHWUW MNepefayu HeperyndpHbl, MX W3YYEHWUI nNoCBAWEHa rn. 3.

Knaccutukaumsa HanpasnsembliX BOAH. B oTanyune o1 cBo6OJHO pac-
npocTpaHAlo Wedca NNOCKOA BONHBI HanpaBNAeMas BONHA MMEET nNpo-
JONbHbIe cocTagnawwwue nons Er wam Hr, npuynra u BO3IMOXHOCTb
NOABNEHWS KOTOPBIX MANWCTpUpyr TCa puc. 2.3.

Magawwag Ha WJeanbHO NMPOBOAAL YK NNOCKOCTb BONHA Nonepey-
Ha, ee BeKkTopo E w H nepnewgukynapHe HanpasneHut pacnpocrpa-
HeHus— ocu r'. Hanpasnaemadq BONHA pacnpocTpaHdeTcs BAONL OCH
r. Echm oHa obpasyercq Npu OTPaXeHUM NapannenbHO-NONAPU3I0OBAH-
HOil BOMHB (puc. 2.3, a), 10 BekTOp E uMMmeeT npoekuunw Er, a s cny-
yae HOpManbHOW nondpusauum (puc. 2.3, 6) NpoAONbHYKW COCTABAAW -
Wyt Hr wmeer sektop H. Hanuyue unu 0TCYyTCTBUE NMPOLONbHLIX CO-
CTABNAKWWMX NONG ABNAETCA MNPU3HAKOM, NO KOTOPOMY knaccugpuuym-
pyoTcd HanpasnaseMmble BOMNHBI. Pa3nuyawT YyeTbHpe Knacca Hanpas-
NAeMbl X BONH:

1. MonepeyHaa 3neKTpoMarHWTHas BONHa, Bektopo E u H koTO-
POiA NnexaT B MNNOCKOCTM, MEPNeHAMKYNAPHOA HanmpaBNeHWK pacnpo-
CTpaHeHus, 7. e. Er=0, Hr—QO O6o3HayeHune: T-BonHa (T— neppas
Gyksa aHrAmickoro cnosa {rawyera — noONepeyYHbli).

2. dnekTpuyeckas £-B0NHa, BekTOp E KOTOPOA MMEEeT NMONepevyHyl
W NPOAONbHYK cocTasnAwwme, a BekTop H nexwut B nnockocTu, nep-
NMEHOWKYNAPHONW HanpasneHulo pacnpocTpaHeHus: Er®0, Hr=0.

3. MarHutHas f-BonHa, BekTop H KOTOpPOW MMeeT nonepeyHyio U
MpofoONbHyt cocTasnaouue, a sektop E nexwut B nnockoctu, nep-
NeHAWKYNApHOA HanpaBneHwutw pacnpocTpanewns: Er=0, HrdO.
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4. FmbpugHas (cmelWwaHHas) BONHA, BekTOopb E W H koTopodt ume-
0T nonepeyHbie M NpofonbHele cocTanfowmue: Erd0, Hrd 0. 060-
3Havenne: HE-sonHa n EH-sonHa.

Mo cTpykType [-BOAHB NOXOXW Ha NOMEPeYHbie MNOCKUE BOAHBI,
CBOOOAHO pacnpocTpaHAlo W MecA B 6GesrpaHuyHoit cpege. OHu MmoOryT
CyWwectBoBaTb TONbKO B NAWHMUAX MNepegayv, KOHCTPYKLMA KOTOPHIX
COCTOMT M3 [ABYX MPOCTPAHCTBEHHO Pa3HECEHHbLIX METANAMYECKUX 3ne-
MEHTOB: ABYXNPOBOAHOW, KOAKCMANbHOW, MONOCKOBOW.

B nonblx MeTannamyeckux BONHOBOZAX [-BONHA CYylWecTBOBAaTb He
MOXeT. JlokaXeMm 370 HAa NpuMepe BONHOBOAA KPYrnoro ceyeHusa. Cu-
NOBbLIE NUHMUW MATHUTHOrO NONA BCErga 3aMKHYTHl, KacaTeNbHbl K
WaeanbHO NPOBOAAL MM CTEHKAM BONHOBOAA M MNONEpPeyYHbL B CAyyae
[-BONHb. ITUM YCNOBUAM YJOBNETBOPAIT TONbKO KOHLEHTpPUYECKME
OKPYXHOCTM C LeHTpaMu Ha ocu BOAHOBOAA (puc. 2.4,a). 3TH OKpPYyX-
HOCTM He 0XBAaTbiBAKWT TOK NPOBOAUMOCTM, TAK Kak BHYTPWM BONHOBO-
fa HeT NpoAONbHOrO NPOBOAHWKA, KAK B CAy4yae KoakcuanbHoro Bon-
Hosopga (puc. 2.4,6). Torga JONXeH O6bITb NMPOJOAbHBLIA TOK CMeWe-
HWA, T. €. NPOLONbHOE NepeMeHHOe 3nekTpuyeckoe none. Y T[-BOAHBI
Er=10, 3HaYUT, MArHWTHbIE NUHUM HE O0XBATLIBAKWT W TOK CMEWEHUS.
Mo3aToMy CcOrnacHo nepBOMY ypaBHeHWW Makcsenna nojo6Hoe wmar-
HWTHOe none B oTcyTcTBMe Er cywecrsoBaTb He MOXeT. OZHaKo OHO
BOSMOXHO MNPU Hanuyuum MNPOARONLHOrO TOKa CMEWeHMs, T. e npu
Er=0, yto cooTBeTCTBYeT (-BONHam (puc. 2.4,6,r). E- u S-BOAHB
MOTYT CYL ecTBOBATb BO BCEX NUHMAX Nepejayvm u B CBETOBOLAX.

Cpeagn E-, H- n rnbpuaHbi X BONH CcywecTByeT 60NbWOe MHOT006-
pasMe TUMNOB BONH, PA3NMYAW W UXCH CTPYKTYypoh nNONA, 3HAUEHUAMMY
napameTpoB W YCNOBMAMU pacnpocTpaHeHusd. Tunel BONH WMHOTAA Ha-
3biBald T mogamu u o6osHavawT ETn, HTm, HET, EHIM. Cmbicn wH-
feKkcoB B 0603HAaYyeHUM TMNOB BOAH OYAeT MNOACHEH Npu aHanuse
KaX 4O/ KOHKPETHOR NUHWUW nepegavn.

O6wuit meTog uccnepoBawng nong B PErynapHoOil NUHUM Nepegavm.
Jajavya wmccnefoBaHns NONA B NAUHWUW Nepejayum COCTOMT B onpefene-
HUW CTPYKTYpb NONA, YCTAHOBAEHMW YCNOBUIA pacnpocTpaHeHus pas-
NUYHBIX TUNOB HAanpaBANAeMblX BOAH M HAaXOXAEHWW UX NapamMeTpos.

Mpu OTCYTCTBUM CTOPOHHUX WUCTOYHWUKOB ¥ CBOGOAHBLIX 3apfAfoB
BEKTOPbL HaNpPAXEHHOCTM MOHOXPOMATUYECKOr0 NOANA YALOBNETBOPAKWT
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OLHOPOZHbLIM BOMHOBBLIM ypaBHeHUsM TenbMronbua. PeweHns 3TUX
ypaBHeHWA N8 HEOAHOPOAHOW HanpaBndemoit BOAHbL, Gerywed BLONDL
PErYyNAPHOW NUHMM Mepejayv, MOXHO NMpPeacTaBuUTL B BUAE

(2.1 a)

Er= Er(r,c?)e-»; Hr= Ht (r,cp)e-* (2.1 6>
B UMAMHAPUYECKOR CHCTEME KOOPAUHAT T, <p, T.

MHoxuTenb e 157 coOTBETCTBYET BONHEe, 6Oerywei B NONOXUTEND-
HOM HanmpaBNeHWW OCW T, COBNajaloled ¢ 0Cb NUHUW nepejayn. 3a-
nuce ET(x,y) u ET (r, d) O3HauaeT 3aBUCHMOCTL aMNAMTYAb Hamps-
KEHHOCTU INEKTPUYECKOTO NONA OT MOMEPEYHBIX KOOPAMHAT, 4TO Xa-
PAKTEPHO AN HEOLHOPOLHOW BONHbI.

Onepatop /lannaca MOXHO npejcTasuTb B BUge Y2= V + -\-g2ar2y
roe Y X— onepatop flannaca no NOMEPEYHbIM KOOPLUHATAM.

OnhdhepenunpoBaHme dYyHKUMN e"Pr nO 2 3KBMUBANEHTHO €€ YMHO-

KeHnw Ha —ip. C yuyeToM 3TOr0 ypaBHeHMs TenbMronbla nNpuHuma-
0T BUA

Y2ET + (A?- p2)ET1 =0, VIHT+ (42- PJHT =0

(2.2)

nam

N+ET 4+ TxET = 0; VAHM+ *2LHn= 0,
Tak Kak

(2-p 2= (2.3)

BekTopHbLe ypaBHeHMs (2.2) MOXHO NpeacTaBuTb B BUAE WECTH
CKANApPHbLIX ypaBHeHWi. OGLIYHO pewatoT ypaBHeHUs AAA NPOAONL-
HblX COCTABAAK W UX NONA:

(2.4 a)

(2.4 6)

a TonepevyHble COCTaBAAl W ME HAXOAAT uYepes TNPOAONbHbIE C No-
MOWbI COOTHOWEHWA CBA3W, BbHITEKAKW W MX U3 ypaBHeHMid Makceen-
na B AuddepeHunancHoid hopme, KOTOPbE B MPAMOYTrONbHOW cuCTEME
KOOPAMHAT UMEIT BUJ



(2.5)

YpaBHeHus (2.4) pewawTcA MeTOLOM pas3feneHuUs nepemMeHHbIX,
COrnacHo KOTOPOMY MCKOMOE pelweHue NMPesCcTaBNAETCA B BUJE (QYHK-
Unit, 3aBUCALMX TONbKO OT OJHOW KOOPAUHATE, T. €.

ETr= ENX) E2(y)e -1 (2.6 a)

nnn
ETr= £1(r)£'2(?2)e-1 (2.6 6)

— B 3aBUCUMOCTH OT UCNONb3YEMONA CUCTEMbl KOOPAMHAT.

BoipaxeHwus Tuna (2.6) onucbiBawT oblLee peleHue YypPaBHEeHWUHN
(2.4). W3 obwero peweHns HEOO6XOQMMO BbLIAENUTb TONbKO Te YyacT-
Hble peWweHMs, KOTOpPbie YAOBNETBOPAT TPAHUYHBIM YCNOBUAM Ha
CTEHKaX KOHKPETHOW AWHMM nepepayu. STU YacTHbe peleHMs CcOOT-
BETCTBYKT peanbHOMY (GM3NYECKOMY NONKW B NUHWUU nepefayu 3ajfaH-
HblX pa3MepoB W KOHOUIypauuu.

YpasHenua (2.4) pnda 5-B0NH u A-BONH pewawTcd pasfenbHo.

MapameTpbl HanpaBAseMblX BOAH. K O0CHOBHLIM napamerpaM Ha-
npaBnfaeMbl X BOMNH OTHOCATCH: KPUTUYECKAad ANUHA BOAHbB, KpuUTMue-
ckafa yvactoTa, KoadhguumeHT (asbl, Haszosaf W rpynnosas cKOpoCTH,
AAWHA HanpaBndemOol BOMNHB W XapakTepUCTUUYECKOE COMNPOTUBAEHUE.

1. KpuTuyeckass gnvHa BOMHbI 0npefensercs no popmyne

nkp = 21e/Tx. (2.7)

Eit cooTBeTCTBYET KPMTMYECKAs YacToOTa
1Kp=@®AKp*

3HayeHns AKkp u [Kp 3aBUCAT OT (GOPMb ¥ pPasMepoB NONEPEYHOTO
CeYeHWAs NUHWM nepepfayu, knacca # Tuna NONd, napamerpoB Cpepsl,
3aNONHAK W el NUHKMIO. TepMUH «KPUTHYecKas» OyJeT NOACHEH HUXE.

2. KoathpmumeHT pasbl (NPOAONLHOE BONHOBOE 4YUCNO) C Y4YeToM
(2.3) u (2.7) nmeeT BUJ

3= YK?-JN = V (2-4>)2— (2tr/nkp)2= KV I -(AAxkp)2- (2.8)

3. das3oBasi CKOpocTb C y4yeTrom (2.8) #u Toro, 4to p= coloh m K—
= cofo, onpegenferca no gopmyne

= - . (2-9)
& Y1-(*Akp)2
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4. AnvHa HanpaBnseMoi BOMHbI (ANWHA BONHbH B BOMNHOBOAE)

onpegenserca M3 dOpmMynbl CBA3M ANMHbL BOMHbL W BONHOBOTFO Yucna:
P=2q/1. OTcga

Nz 2%p = XIKL1-(XIXKp)2. (2.10)

5. XapaKTepucTuYecKoe COMPOTMUB/EHME, NOA KOTOPbLIM NOHMUMAET-
Cq OTHOWEHME NMOMEPEYHbIX COCTABAAIW W UX HAMPAKEHHOCTEH NEKTPH-
YeCKOTO W MarHWUTHOTO nons Geryuen BONHGI:

= ETH/HT
Ang E-u A-BONH cnpaBefnuBbl COOTHOWEHNSA:

6. PeanbHble CUTHANLI, NepeHocAUWUe WHDOpPMALMIO, He SABAAKTCS
MOHOXpPOMATUYECKMUMMU, a 006NajaloT CNeKTPOM, T. € COCTOAT M3 KO-
HeYHoro NuGo GECKOHEYHOro Yyucna MOHOXPOMATUYECKUX BOAH C pas-
NWYHBIMM YacTOTaMi M XapakTepusyl TcA TFPYnnoBOW CKOpPOCTbIO pac-
npocTpaHeHus. MojJ TPYynnoBOid CKOPOCTbI WMIP MOHUMAKT CKOPOCTH
MepeMew eHns MakcuMyma ornGawued rpynnel MOHOXPOMATUYECKUX
BOMH, GAM3KMX N0 yacToTe. B NuHMAX nepegaym

vip= vV \-(k/Kf)2 (2-12)

OcobeHHOCTN HanpaBnseMblX BO/H. O CHOBHbLIMU OCOOEHHOCTAMMU AB -
nanTCca:

1. Lwvcnepcua Hanpasnaemblx BOAH. W3 dopmyn (2.8)— (2.12)
CnegyeTt, 4YTo nmapameTpbsl HanmpaBAfeMbiX BOAH 3aBUCAT OT JAUHGBI
BOMNHL X a CnejoBaTenbHo, OT 4acTOTel /. 3TO 3HAYMT, YTO B NUHMAX
nepegaym umeer mecto agucnepcuss. C poctom f gnnHa BOAHB A yMEeHb-
waetcs u gucnepcus ocnabesaetr. B npegene npu \-*-00 A->0 u
nN—A, vp~vrp~v, 2c'H » 2 C

2. Ycnosue pacnpocTpaHeHua. TNMpu A>Akp KoahduyumeHt a3zl
CTAHOBUTCA YUCTO MHUMON BENUYMHON, Tak Kak

B cBasn ¢ 3tum ¢a30oBbli MHOXMTENnb B (2.1) npespawaerca B
IKCMOHEHTY

p= *K1-M ,Pla=zt LATMAKp)*— 1 = ¢ (2-13)

e- P*==e-Kk-x)r=e-« #u Er=E T(x,y)e-"r; HT=H T(x,y)e—.

3T0 o03HayaeT, 4yTo npu X>XK? none B NWMHMUN nepefayu Tepder xa-
pakTep 6eryweid BOAHb W 3KCMOHEHLMANbHO 3aTyxaer. CnepoBaTens-
HO, yCcnoBMEM pacnpoCTPaHeHWAs HANpPaBNAEeMOA BOMHb HBNAETCA He-

PAaBEHCTBO
X<Xkp wnnun f>fwp (2-14)
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HHIYIIIYA oA vyt fyym
Y =0

VITI777777777777/ | | L]

Puc. 25

Takum o6pasom, AKp— 3TO [ANMHA BONHbI, HayuHas C KOTOPOW
fanbHeWw nit ee pocT NPUBOAUT K HEBO3MOXHOCTM pacnpoCTpaHeHMs
HanpaBndeMmoil BONHLI B NMHMYW nepegayn.

Pexum, npun kotopom A>H7 Kp, Has3biBaeTcs pPE>KMMOM OTCEYKM, a
BONHOBOJ — 3anpefefibHbIM. 3anpefenbHble BONHOBOAL NPUMEHAW TCA
B pasnuuHelx CBY ycrtpoicteax (pasp. 3.6, 3.7, 3.9). Pexum otvceuy-
KW BaXeH ANA NOHUMAHWA NPOLECCOB NPU HapyWEeHUAX OLHOPOLHOC-
TW BONHOBOAA. B pesynbTaTe TakuXx HapyWeHUA BO3HUKAKT BONHBI
BLICWMX TUNOB, ANA KOTOPbLIX YyCNOBMEe pacnpocTpaHeHus (2.14) He
BoinonHaetrca. W3 dopmyns (2.11) BMLHO, 4TO XapakTepucTuuyeckoe
COMPOTUBNEHWE NpU 3TOM CTAHOBUTCH MHUMOA BeNUYMHOR, Tak uTo
BONHOBOA AefCTBYeT HAa WCTOYHUK Kak peakTMUBHOE COMPOTUBAEHME,
OTpaxawwee BCH 3Hepruw o06pPaTHO K MCTOYHUKY. CnepoBaTenbHo,
3aTyxaHue BonH npu f<TKp Bbl3BAHO He NOTNOWEHWEM 3IHEPrUM, & OT-
paxeHuem.

3. KoHuenumua napuuanbHblX BOAH. YCTAaHOBUM CBH3b MEXAY YycC-
noBMWEM pacnpocTpaHeHns HanpaBnfemow BOAHb (2.14) u yrnom na-
BeHUA <9 OBRHOPOAHOW BONHL Ha WAeEaNnbHO NpPOBOAAW YK CTEHKY BOA-
HoBoga (puc. 2.5).

N3 cooTHOweHus yt=6co5d cnegyer, 4to cos h= yx/» = XAkp=
= Ikpl/l. Mpwn [=/kpCO5d=1 w ¢=0. Bcem OCTanNnbHbIM yrnam COOTBET-
CTBYET 3HayeHue coad<l u f>fkp.

CnepoBaTenbHO, pacnpocTpaHeHue HanpaBnfemMOoil BOAHbL npekpa-
WaeTca npu NajgeHuWW WUCXOAHOA NNOCKOA BOMHLI B HanpaBAeHUN HOP-
Manun Kk CTeEHKaM BONHOBOZA. PUCYHOK 2.5 UNNKCTPUPYET BOZMOXHOCTb
npeicTaBneHua npoluecca pacnpocTpaHeHus HanpaBAfeMblX BOAH B
BUAE MHOTOKPATHOTO OTPAaXEHMA NAOCKUX OLHOPOLHBIX BOAH OT CTe-
HOK HanpasnalWed CUCTEMb U 3aBUCUMOCTb YnUCNa OTPAXeEHUR Ha 3a-
BaHHOM YYyacTKe NWHWW nepefayu OT YacToOThl. Takoe NpepcTaBneHue
NeXWT B OCHOBE KOHUENMUMW NMapumuanbHblX BONH, BNEPBbLIE MPEANOXEH-
HOW BPUANIOIHOM NPUMEHUTENbHO K YaCTHOMY CAy4al pacnpocTpaHe-
HUA BONHL # 10B NPAMOYroNbHOM BONHOBOAE. MO3TOMY WHOTAA MCNONb-
3yeTCA TepMMUH «KOHUenuus bpunnwana». TMapuuanbHoil cyutaercs
npw 3TOM nNNoCKafg OLHOPOAHAA BONHA, pacnpocTpaHAlwwWwancd BLONbD
ocu 1" (CcM. puc. 2.3) W wncnbiTHBA W AA MOAHOE OTPaXeHue 0T cTe-
HOK BOnHoBopja. ConocTasnaa puc. 2.3 u 2.5 MOXHO YTBEPXAaTeh,
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410 [-BONHE coOTBETCTBYET yron cp= 90°, Tak Kak npu 3TOM Hanpas-
NeHWwW r' coBnajfaer C OCbl NMHWKM nepefayn r u nostomy E~A=Hr=0.

KoHuenumns napyuuanbHblXx BOAH MNO3BONAET JOCTATOYHO HArnafgHa
NpegcTaBuTb CNOXHbE nNpouecch B NUHUM nNepegaynm u O06BLACHMTS
MONYYEHHbLIE COOTHOWEHNS ANA nNapamMerpoB HanpasNAeMbl X BOJH.

Bce napameTpbl HanpaBnfeMbl X BOAH, Kak cnegyetr u3 (2.8)—
(2.12), oTAMYaloTCA NO BEAMYMHE OT COOTBETCTBYW L MX NapamMeTpoB
BONH, CBOOOAHO pacnpoCTpaHA W UXCH B HeOTPaHUYEeHHON cpeje C Te-
MW Xe mMakpockonuyeckuMmu napametrpamu ea, Lla, uto wu cpepa, 3a-
nonHAw Was nuHui nepegaun. NMpun XAkp (/>/K) Vp>v, vy,
n>a, r»>rere<rc

YCTAHOBUM NPUYUHB nNOCNefHUX HepaBeHCTB. ®a3oBag CKOpPOCTh
HanpasnAaeMOid BONHbLI NpeBbIWaeT CKOPOCTb CBETAa. ITOT «Napajokc»
obbAcHAeTCH TeMm, 4T0 hasomBafs CKOpOCTb, Onpejensaemas Kak CKO-
poOCTb NepemeweHns Has30BOro HpoOHTa, He CBA3AHA C ABUXEHNMEM Ma-
TEPUAanbHOW TOYKkM. L NA HarnALHOCTM NOJZOGHOTO OGBLACHEHMA MOXHO
paccMoTpeTh Cnejyw WU npumep.

MyCcTb HEKOTOPbIA MaTepuanbHblli 06bEKT, Hampumep Kopabnb, ABMXeTcs K 6e-
pery co ckopocTbio cBeta ¢ (puc. 2.6). Ha pucyHke nuHWMsA, Npoxonslias 4epe3 TOu-
Ku M n ¢V, nsobpaxaeT (POHT BOAHbI, BO3OYXAEHHON Ha MOPCKOW MOBEPXHOCTU
Kopabnem (Touka N HaxoAuTcA Ha Kopabne). Bce Toukm (hpoHTa BOMHbLI MMEHT CKO-
poctb Mh O6e Toukum (M un bl) nonmagyT B Touky K Ha Gepery ofHOBpeMeHHO. [Mpu
3TOM Touka M, [fBurascb CO CKOpOCTbHO Yfy npoxoguT nyTb MK, a Touyka N npwm
ckopoctn ¢—inyTb 1N, Tak kak MK>MK, T0 Vdh>c.

Paccmotpum puc. 2.7, Ha KOTOPOM: 0Cb 2 COOTBETCTBYET Hanmpas-
NeHWI pacnpoCTPpaHeHWA HanmpaBnNAeMOW BONHL, T. €. ABNAETCA 0CbK
NMHUW  nepefavyu, O0Cb I'— HanpaBNeHWW nNajawued BOAHB, -—
yron nafgeHus. OpoHT najatoueid BONHL nepemeuwaetrcs ¢ (as3oBoil
CKOpPOCTbK BAOAbL oOCM T'. UYepe3 BpeMs, paBHOe mepuopy konebaHuil
T, OPOHT nafawweid BONHL NEepeMecTUTCA BAOAbL OCM ' Ha paccTof-
Hue ab, paBHOe ANMHEe BONHb A TlyTb, NPOAAEHHbBIA HPOHTOM BAOND
0CH 2, OKa3blBaeTcd 60NbWMM W paBHbIM eAd. COOTBETCTBEHHO [NMHA
BOAHbL BAONb ocu 2A=A,/37d, T. e. A>'qA.

®a3zoBafs CKOpPOCTb BOMHbL BAONL OCKH 2 onpepensercs no hopmyne
MGp=A/T=R/7°8T ¢=u/3Td, T. e. Vih>V.

Puc. 2.6 Puc. 2.7
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O6pawancb Kk puc. 2.3,a, HeTPYAHO YyCTaHOBUTH, 4T0 EX<E, Hu=
<=g nr?=ExHy<E/H=rC

N3 puc. 2.3, 6 cnepyer, yto 1"=EYIHX'>E1H= ZC

BoinonHeHHbIW aHanu3 umeeT 06WUA xapakTep W OTHOCMTCA K
BOAHAM CO CNOXHOWA cTpykTypoit nons, 7. e. K E- u i-BonHam.

4. MapameTrpsl [-BONHLI. YCTAaHOBUM  ycnosue CylW ecTBOBaHUA
F-sBonHbl. C aToil Lenbl o6Gpatmmcs K CoOTHOWeEHuam (2.5). Mona-
rag 8 Hux ETr=H Tr=0, nonyvyaem, yto ETIN» = 0 u HTXTL=0.
3TN paBeHCTBAa CNpPaBejnuBbLl MPU OTAUYHBIX OT HYNA MOMEPEYHBIX CO-
ctagnqowmux nonq [-BoAHb, ecau 71 =0. Mpwu 3tom ycnosuu cornac-
Ho (2.7) Akp= °° u [Kp=0. W3 (2.14) cnepyer, 4T0 B NAMHUAX nepe-
fauyu, JONyCcKalwWMUX CylwecTBoBaHue [-BONHbLI, 37Ta BONHA MOXET pac-
npoCTPaHATLCA Ha N0 6O vyacToTe.

MapameTpbl [-BONMHB HE 3aBUCAT OT Y4aCTOTh:

Np=nr=\/YN-, A=X; r1c= Vbl ea (2-15)
Lucnepcens B NMHUAX nepejaymn ¢ M-BONHOR OTCyTCTBYET.

22. NONBIE METANNWYECKWE BOAHOBO[®

BonHb B NpAMOYronbHOM BONHOBOAE. WccnegoBaHue BOAH B NONbIX
METaNnnMWyecKkuXx BOMNHOBOAAX BbLIMONHAETCHA MNpU CAefylw W UX nNpegno-
CblAkax: 1) cTeHKW BONHOBOAA MAeanbHo npoBojAawmue (a= 00);
2) BHYTPM BONHOBOAA WUMEET MECTO BakyyM. 3TW OrpaHuuyeHus cy-
WeCTBEHHO ynpowaloT aHanu3 nons, He Hapywas ob6WHOCTU 3ajaun,
TAK KaK peanbHble BOMHOBOLbL BLHIMOMNHAWTCA M3 METANN0B C BbHICOKOW
YAeNbHOW 3NeKTPONPOBOAHOCTbLI, @ BO3AYX, 3aNONHAWWMA BONHOBOJ,
MO 3NeKTPUYECKUM napamMeTpaM WLEHTUYEH BaKyyMmy.

MonbliA mMeTannAmyecknit BONHOBOA MNPAMOYFONbLHOTO0 CEYEHMS M30-
GpaxeH B AeKapTOBOW cucTeme KOOpPAMHAT Ha puc. 2.8. Pasmeps no-
MEepPeyYHOro CevyeHns BCErfa BHIOMpPAWTCA Tak, 4yTo a>b.

£-BoNHbI (Hr=0). YacTHLIMWU pEWEHWAMU BONHOBOTO YpPaBHEHUS
(2.4a) ABNATCA COOTHOWEHMS



o LLDKLLILLILLlA.

Puc. 2.9

arn E«<c™[— " 8ln(— Y)e~"*r' (2n6)

The EO— amnaumTypa NpoAONbHOW COCTaBNA W EA 3NEKTPUYECKOTO noO-
nq; T=1,2,3,...:0= 1,2,3,...;

= 1l/(tetc/a)2+ {n®v/b)2 . (2.17)
C nomowst (2.7) u (2.17) HaxopjmuMm
P = 2/ V(T/a)2+ (n/b)\ (2.18)

W3 BoipaxeHnit (2.16) cnegyeT, 4To CTPYKTypa NOAg B MAOCKOCTHU
MOMEpPeyYHOro CeyeHWS BONHOBOZA COOTBETCTBYET CTOAYUM BONHaM,
npuyem T OnNpefenfaeT Yucno CTOAYUX NONYBOAH, YKNAjbiBalWuUXca
BLONb CTEHKNW AAWHOA @ M— YNCNO CTOAYMX MNONYBONH, YKNajblBal -
WuxcAa BLONb CTEHKW pa3mepom b. B 3aBucumMocTM OT 3HAYEHUNH uu-
Cen T M M U3MEHAWTCA yX, AKp u, CnefoBaTenbHO, BCe MNapaMmeTphl
BOMNHbLI. MO3TOMY 4yucna T M N OAHO3HAYHO ONpPefenAlwT TUN BOAHBI,
KoTopbiii 0603Havaercqd ETm.

A-sonHbl (Er=10). A-BoAHb B NPAMOYrONbHOM BONHOBOAE 0603HA-
yaw1cd Hwn. CMbicn WHAEKCOB T MM TOT Xe, YTO W B cAyyae 5-BONH.
CocTaBnfowmne nong BOAH H,MonucbLBaloTCA BoIPaXeHUAMN

T rr M1\ frlb\ it
HTr=Ho Cb[— *)C08(— )e"
mr
Va . ~I
nKp TK v
T-2- 10CO e
bT% § a 71 Y)
. (1, .
= |'13.
E = MH— — )
T ch-,l y)e
/518 / Tn
Ty = -6 ir Ho*[l'l [_ X]COS Y e,],‘f‘ (2.19)
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OfWH U3 MHZekcoB BONHB H,mM moxeT 6blTb HYyNeBb M, Tak Kak
npu T=0 unm Nn=0 HIT OTAUYHA OT HYyNA.

Kpntuveckas fAnHa BONHB HTM onpependetcs no dopmyne
(2.18). Mpw uHpekcax T WM, OTAWYHBIX OT HYNA, 3HaYeHus AKkp ANA
BONH ETm v HTM c pasHbIMW WHJEKCAMMU OKa3biBaloTCA OAMHAKOBLIMU.
CnegoBatenbHo, BCe nmapaMmeTpbol Takxe paBHb. B pesynbrate ycno-
BMA pacnpocTpaHeHns BOoAH ETM u HTM ¢ pasHbIMM MHJEKCcamMu
0Ka3blBalwTCA MAEHTUYHBLIMU. Takue BONHbL ABNAKNTCA BbIPOXKAEHHbLI-
MW. B npAMOYronbHOM BONMNHOBOAE MMEET MECTO ABYKpPaTtHOoe BLPOX-
feHune.

CTpyKTypa nons BOMH B npamoyrosibHoM BOSIHOBOZe. CTpykTypa
noned BONMH ETn w HTN pasnuyHa. HarnggHoe npejgcTaBneHne o
CTPYKTYype 9NeKTPOMATHUTHOrO NONd jJaeT rpaduyeckoe ONuUCaHue ¢
NOMOWbIO CUNOBLIX NUHMA. Kax foMYy BeKTOpYy NoNs B paccmarpusae-
MOM CeYeHMM CTABUTCH B COOTBETCTBME CEMEACTBO NMHMIA, KOTOpbIeE
NpoBOAATCA Tak, 4T0oOb WX KacaTenbHble COBNAajanu C HanpaBneHuem
BEKTOPOB NONS B KaxXJoil Touke. TycToTa AMHMA JONXHA COOTBETCT-
BOBAaTb a6CONITHOMY 3HAYEHWK BEKTOPOB. MocTpoum CTPYyKTypy no-
na BoAHb Ewn, koTopas onucbLiBaeTCA COOTHOWEHuAMU (2.16) npwu
T=1nn=1

Enz= EOsin {Tcx/a)sin (Ty/by,

filc

Emx= — i— EOcos (kx/a) sin (ny/b);
[3c

E = — i—ir EOsin (kx/a) cos (~ylb);
Pic

Hmx= i %I(E:h 21 -EO0sin (KXja) cos (ky/b);

Hmv= — i ~F Eqcos(kx/di)sin (by/b). (2.20)
ZcatL

®aszoBblit MHOXMUTENnb e_ifd B (2.20) BHeceH B EO.

MocTpoeHne CTPYKTypb nong YyA06HO HauyMHaTb C NUHUIA 3neKTpU-
yeckoro nons. Ha puc. 2.9 cornacHo (2.20) m3o6paxeHb 3NKWpb pac-
npegenevns Emx n ETy Bgone ocel Ox u Oy. [opu3oHTanbHas coO-
ctagnawwans ETx BAonb ocu OX M3MeHAeTcds no 3akoHy cos(nx/a),
a no ocn Oy — sin (ny/b). Mo3tomy oHa MakcumanbHa npu x =0,
y—b/2 n x=a, y—bj2. Cunosble NUHMUK, COOTBETCTBYOWME NONOXE-
HUl MakcumymoB ETX, nokasaHb Ha puc. 2.10,a, a Becb Ny4yoK CHU-
NOBbLIX NWHMA ETx— Ha pwuc. 2.10,6. Ha puc. 2.10,6 yuTeHo, uTO
ETx=0 npun x=al2, y=0, y=b.

BepTukanbHaa cocTasnfswwas ETy makcuMmanbHa npu  X=aj2,
Z7=0 nw y="b (puc. 2.10,8). Baonb ocn Ox ETy u3meHseTcq N0 33KO-
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« 1 /1
a) 1o 6) r) )

Puc. 2.10

Hy 37(fax/a), KOTOpPOMY COOTBETCTBYET MYy4YoK CUNOBBIX NUHWA Ha
puc. 2.10, r. O6was KapTUHa CUNOBLIX NUHWA 3NEKTPUYECKOTO NONA
BONHL [EL,L B nonmepeyHOo# nnockoCTM BONHOBOAA MNpejCcTaBAeHa Ha
puc. 2.10, a. Npu nocTpoeHUn CTPYKTypsl CUNOBLIX NuHUA BekTOopa E
YUTEeHb TrpaHWYHble YCNOBUA, COrNAacHO KOTOPbIM NUHUW E Hopmansb-
Hbl WQEanbHO NMPOBOAAW MM CTEHKAM.

AHanormyHbelid aHanus HeoOGXOLMMO nNpOBECTH LN MNOCTPOEHUA
CTPYKTYpb MArHUTHOTO NONg B NOMEPEYHOM CceyeHuwn BonHosoga. Of-
Hako 3ajaya CYWECTBEHHO ynpolwaercqd, ecAuM BOCNONb30BATLLCA CNe-
AYOWUMU NONOKEHMAMMK:

1. MarHuTHble CUNOBBIE NUHWUW MEPNEHANKYNAPHB 3NEKTPUYECKUM
CUNOBBLIM NUHUAM.

2. Ang £-BonH HTr=0, 7. €. MArHWTHbLIE CUNOBBLIE NUHUM Nnexar
B MNOCKOCTH NONEPEYHOrO CEYEHUS.

3. COornacHo YeTBEPTOMY YypaBHEHUID MakcBenna NUHUM MATHUT-
HOTO NMONA BCErfa 3aMKHYTHI.

C yuetom 3T0ro Ha puc. 2.11 wm3obpaxeHb CUNOBbLIE NUHUKM B NO-
NepeyHoOM ¥ NPOLONbHOM CEYEHUAX BONHOBOAA. B npogonbHbelXx cevye-
HUAX MArHUTHbLIE CUNOBbLIE AUHWUWM OTCYTCTBYKT, & 3NEKTPUYECKUE NK-
HAW BEm2: ssnatoTcs NpogonxenHunem nuunii ETxun ETy.

HanpaBneHne 9N1eKTPUYECKUX U MATHUTHLIX CUAOBBLIX NUHUA JONX-
HO ObITb TakWM, 4TOoOGb B N0 6GOM TOuke BONHOBOJA BekTOp MOWHTUHTA,

Y? o

Puc. 2.11
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Puc. 2.12

onpegensemblid no Gopmyne M= EXH, uMen 04HO ¥ TO Xe Hanpas-
neHWne, cosnagaoliee C MNONOXWUTENbHLIM HanpasNeHWem ocu 2.

Jna nocTpoeHus CTPpyKTyps noneidt 5-BONH BbLICWUX MNOPALKOB
MOXHO BOCMONb30BAaTLCA KapTUHOA BONHH EwW B nonepeyHoit nnoc-
KOCTW, NOBTOPUB ee M306paxeHue BLOAL 0CH X CTONbKO pa3, CKONbKO
EAVMHWLY COLEPXMWT WHAEKC T, @ BAOAb OCH Y — CKONbKO efuHuL CO-
BepXMT WHAEGKC N C yyeToM (a3 cOCeAHMX Makcumymos nond. Ans
MOCTPOEHNA CTPYKTYpbl NONA B NMPOAONbHBIX MNOCKOCTAX HYXHO BOC-
NMONb30BATLCH YyKa3aHHbLIMW BbWe npaBunamu. Ha puc. 2.12 wu3obpa-
KeHbl CTPpyKTypb noneit BonH E2LE{2E2 B npAMOYronbHOM BOAHO-
BOAE.

Ona nocTpoeHua CTPpyKTypb noneid BOAH HTM HYXHO MNpoOBeCTH
aHanu3 COOTHOWEHMA (2.19). Tak Kak A-BONHb He MMEKWT NPOAONb-
HblX COCTABNAKW MX INeKTpUYeCKOro nond, 10 3INeKTpUUEcKue CUNO-
Bble NUHWUM BCErga nexart B MNOCKOCTM MNOMEPEYHOTO CEYEHNd, B TO
BpeMA Kak MAarHWTHbEe NUHUM 00pa3sylwT 3aMKHYTble KOHTYypb B npo-
BONbHOW nnockocTH. BonHel HTM, umewwmne OJUH HYyNeBOW MUHJeKC,
He COJepxaT Bapualuuil nona BAONbL OAHOA M3 NONEPEYHbBIX KOOPAM-
HaTHbIX O0Ced, T. e. none BAONb YKAa3aHHOA o0CM OFHOPOAHO. Ha puc.
2.13 wu3obpaxeHbl CTPYKTYypb noneid HeKOTOpb X Tunos $H-BonH. Ha
3TOM Xe PUCYHKe NOKasaHbl 3NWPb pacnpefeneHUi NONepevyHb X CO-
CTABNAKWWMX INEKTPUYECKOT0 NONG BAONbL OCEH X U V.
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OCHOBHAaf BONHa NpPAMOYrONbHOTO BOMNHOBOAA. B BONHOBOAE MO-
XeT pacnpocTpaHATLCA 60NbWOE YWUCNO TUMOB BOAH, OTAMYAK W UXCA
CTPYKTYPOW nona, KpUTUYECKUMMU JAMUHAMU BOANH U APYTUMYM napamer-
pamu. OJHAKO OQHOBPEMEHHOE PacnpOCTPaHeHUE HECKOMbKMUX TUNOB
BONH (MHOTOBONHOBbLIA pexXMM) B BONHOBOJE OTPULATENbHO CKa3bl -
BAETCA HAa €r0 TEXHMKO-3KCMAyaTAUyMOHHbBIX noka3zaTensx. 3710 o6bAC-
HAETCA TNaBHbHIM 06pa3oM TeMm, 4YTO NpW nepejavye curHana no BON-
HOBOAY C NMOMOW b HECKONbKMX TUMOB BOAH, CKOPOCTM KOTOPbIX pas-
NWYHBL, B TOYKY TNpPUEMAa NPUXOAAT CUTHANLL C PazHbIMKM (azamu
BCNEACTBUE PAZNMYHOTO BPEMEHHOrO 3ama3fbiBaHUA OTAENbHbLIX TUNOB
BONH. B pesynbTate WHTEepdepeHUMM 3TUX CUTHANO0B BOSHMKAT UCKA-
XKeHWs NPUHMAMAEMOro CUrHana M NOBbLIWAETCA YpOBEHb WYyMOB., Xa-
PaKTep M CTeMeHb MCKAXEHWA 3aBUCAT 0T cnocoba MOZYNALUMM, 4acCTO-
Thl, BUAA MHOOPMALUM W LPYrUX HaKkTOpOB.

MOCKONbKY CTPYKTypa NONA Yy pasHbl X TUNOB BONH pa3nuyHa, TO
B MHOTOBONHOBOM PEeXMME HEBO3MOXHO MNONYYUTb Xenaembl Buj
nonspusauuu. B cuny 3TUX NMPUYNUH K BONHOBOAY NMpeAbABAAETCA Tpe-
GoBaHume o0becneyeHUs OAHOBONHOBOrO pexwuma. OJHOBONHOBLIM pe-
XUM npowe BCEro OCYWECTBUTb MNPU MCNONb3OBAHUM BOMHL, 06Na-
fa el MaKCUManbHOM KPpUTUYECKOA JNUHOW BONHBI.

BonHa, uMmen wan HauGoONbW Y KPUTUYECKYH ANUHY, Ha3blBaeTCs
OCHOBHOM, a 0CTaNbHbLle TUNb BONH — BbICLWUMMM. Tak kak a>b, To,
Kak cnepyet u3 (2.18), OCHOBHOW BONHOW NpAMOYroNbHOTO BONHOBOAA
ABASETCA #W, AN KOTOPOI =2 a

Mogctasnas B (2.19) T=1wu n—0, nonyyaem COOTHOWEHUS ANA
cocTagnAaw Wmux nonqa Bonusl HI0:

HT2= HOco3 (rcar/a);

H =\~-11 0* N
T*=\ i 0 \rk(a

6w — n?
NTy= ETx= E12= 0. (2.21)
OcHoBHbLIe nmapameTpbl BONHb H 10 onpependwoTca no Gopmynam

R=N111-(X/2a)2; N-= 1» =

X— = .\ :
1—(X/2ay- c /1 —(X2ay-
VI,b=vVY -QWi.
® /1-(X/2a)2 p

CTpykTypa nonsa, cooTBeTcTBYylowan (2.21), n3obpaxeHa Ha puc.
2.14.
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Puc. 2.14

Bonna 910 umeer Hambonbwytw Akp, NO3TOMY pa3Mmepb nonepey-
HOTO CEeYeHMA BONHOBOZA, NMPU KOTOPbIX BO3MOXHA nepefavya 3Hepruu
Ha 3ajaHHO# yvacToTe, ANA 3TOW BONHH 6YAYyT HauMeHbwwumu. MWc-
nonb3oBaHue BOAHL HK NO3BONAET YMEHbWWTL rabapurel M Maccy
BONHOBOZJA, @ CNEJOBATENbHO, U €r0 CTOMMOCTh.

Monapusauma 3NeKTpUYecKoro nons BoAHb HIO nuHeidlHa w cTporo
dukcupoBaHa, 4yto 06bIYHO TpebyeTca AnAa paboTel paga ycTpoiicTs u
cuctem CBY TpakTa.

bnarogapa 3TUM ¥ YKa3aHHbLIM BbllWe JOCTOMHCTBAM OCHOBHAA
BONHA NPAMOYrONbHOTO BONHOBOAA HI uMeeT 6onblwoe 3HaYeHne ANA
TEXHNYECKOrO npuMeHeHus. MpaAMOYronbHbli BONHOBOA C BONHOK H,0
WHUPOKO MCMONb3yeTCA B KauyecTBe MWAEGPHbLIX NUHWIA B paguopenei-
HblX, PAZNONOKALWOHHbBIX W APYrMuX CUCTeEMAax CaHTUMETPOBOro guana-
30Ha ANWH BONH.

[MoBEpPXHOCTHbIE TOKU B CTeHKax BOsiHOBoga. Kax oMy nonw B
BONHOBOLE COOTBETCTBYET CTPYyKTypa MOBEPXHOCTHbIX TOKOB Ha Mpe-
ANbHO NPOBOAAWMX CTeHKax. MNOTHOCTbL MOBEPXHOCTHOrO TOKa onpe-
pgenserca no Gpopmyne

],= n°XH = HXn0L (2.22)

roge n° n0l— BHEWHAA N BHYTPEHHAA HOPMANW K NOBEPXHOCTU BONHO-
Bofa. Mcnonb3ya 3Ty dOpMyny W W3BECTHOE pacnpegeneHue MarHur-
HOTO NMONA, MOXHO NOCTPOMUTb CTPYKTYpYy NOBEPXHOCTHBIX TOKOB An4
N0 60oro TMna BONHbL B BONHOBOAE.

B cnyvyae 5-B0AH Hr=0 ¥ NOBEPXHOCTHLIA TOK UMEET TONbKO MpoO-
BONbHble coCTaBAAlOWMe., B cTeHkax BONHOBOAA C H-BONHON CcylwecT-
BYIOT W nonepeyHblit, W npojonbHbelil Toku. Ha puc. 2.15 n3obpaxens
pacnpejeneHuq NOBEPXHOCTHHIX TOKOB Ana BoAH En,E21 u Hio, no-
CTPOEHHbIe ¢ nomouwsbw (2.22). Hanpasnewuns H u nOL nokazaHb Ha
puc. 2.15.
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Puc. 2.15

3HaHWe pacnpefeneHus NOBEPXHOCTHOrO TOKa WuMeer 6onbwoe
npakTuyeckoe 3HaueHwne. CTpyKTypa YUYNTHIBAELTCA NPU BLINONHEHUN
OTBEPCTUA W wWwened B CTEHKAX BONHOBOAA, MPUMEHAEMbI X ANA €ro BO3-
byXfeHua, a Takxe B KayeCTBe 3NEMEHTOB CBA3M B PA3NMYHBLIX YyCT-
poificTBAX M M3NYYAOWMX 3NEMEHTOB W ENEBb X aHTEHH.

Wenb M3nyyaeT MAaKCUMaNbHO, €CNM OHA Npope3aHa NepneHAnKY-
NAPHO NMHMAM NOBEPXHOCTHOrO TOKa B ero Mmakcumyme. Ecnu wens
(nnw oTBepcTMe) npopesaeTcs ANA BBEAEHMS 30HAOB, OHA AONXKHA
6biTb HEM3NyYaro Wen.

dneKkTpuyeckans NPOYHOCTb BONHOBOAA. [MOBbLIWEHUE YPOBHA MO -
HOCTM, MepPeHOCUMOA BONHOW NO BONHOBOAZY, MPUBOAMUT K YBEAUYEHUID
HanpAXEeHHOCTH 9NeKTpUYeCcKOro nons. B pesynbrare MOXET HacTy-
MUTb 3NeKTpUYyeckunit mwnm TennoBoW npo6oil. Ecnu BONHOBOL 3aNMONHEH
rasoMm, 10 nofJ AeWCTBUEM 3INeKTPUYECKOro nons GONbWOA BEAUYUH
MPOMCXOAMT MOHM3ALWA ra3a W BO3HMKAET rasoBblil paspaj. Paspaj
HoeT npepbiBuCTbIl (MCKpoBO) xapakTep. TlpoGoli BU3ZYyNa Hpu
HOPMAanbHOM aTMOC(HEpPHOM [JAaBNEHWUM HacTynaeT Npu npefenbHoOl Ha-
npaxewHocTn £'npeg= 30 KkB/cm. B wmecTe 3neKkTpuyeckoro paspfpa
MPOUCXOAMUT UHTEHCUBHO® BbIJeNeHue Tenna, conpoBoXgawleecs okuc-
newvem metanna. OnacHocTb 3nekTpuyeckoro npobosa ob6bvACHAeTCA'
elwe TeM, 4TO B PaIPAZHOM NPOMEXYTKe Pe3ko BO3PAacTaeT NNOTHOCTb
INeKTPOHOB, 4TO 3KBWBANEHTHO KOPOTKOMY 3aMbikaHWi BONHOBOJA B
mecte npobod. HopmanbHad nepefaya 3HEPrum npu 3TOM npekpawa-
eTCA, NOABNAETCH OTpPaXeHHAd BONHA, KOTOPAA MOXET HapyWwuTb HOp-
ManbHylo paboTy M faxXe BbIBECTM U3 CTPOA TEHEPATOP W HEKOTOPbLIE
3NeMEeHTH BOMHOBOZHOFO TpakTa W3-3a Pe3KOW CMeHb pexuma ux
paboTsl.

Mepepaya 6onbWMUX MOWHOCTEA NO BONHOBOAY MOXET Bbl3BATH
TaKkxe Tennosoit npoboit, T. e. HEAONMYCTUMOE HarpeBaHWe JAU3NEKTPU-
Ka, NpuUBOAALWEe K ero paspywenunio. ANA XapakTepUCTUKU 3INEKTPU-
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YeCKOA MPOYHOCTW BONHOBOZA M APYruX NWUHWA nepejayu BBOAAT no-
HATUA NpPefenbHOd v JONYCTUMOA MOWHOCTEN,

MpefenbHOW Ha3biBaeTCcd MOWHOCTL J,pes, Npu KOTOPOA Hanmpa-
KEeHHOCTb 3M1EKTPUYECKOTrO NONA B pexume 6erywed BOAHb JocTHra-
eT 3HauyeHus Erpes. 3nekTpuyeckas NPOYHOCTb BO3pacTaeT NPU NOHM-
KeHUN [faBneHWUa BO3LYXa WAW NpW 3an0NHEHUM BONHOBOZA AM3aNnek-
TPUKOM C 6onee COBEPWEHHLIMU INEKTPUYECKUMU CBOWACTBAMM, Ha-
npuMep cneluanbHblMU rasaMin (3neras) WAM HEKOTOPLIMMU XULKUAMMU
AnanekTpukamu, y Kotopbx £npeg>100 kB/cm.,

JonycTumasa unu paboyas MOWHOCTb AONXHA ObiTh 3HAYUTENbBHO
MEHbWE NpefenbHoO, 4yTo6bl 06ecneynTb 3amac 3NEKTPUYECKOH npovu-
HOCTW. 3HauyeHune JONYCTUMOA MOWHOCTM O0B6LIYHO MpUHUMAETCH He 60-
nee 20 ...30% ot npepenvHoi, 1. e. Pgon= (0,2 ..0,3)9 npea.

MpejgenbHas MOWHOCTL NPAMOYTFONbHOMO BOANHOBOZA ¢ BONHOW HI0
paccymTeiBaeTCcas No popmyne

H,, = E% b 2.23

P ' s ks &2 (2 )1
rae KCB — KO3 (GMUMEHT CTOAYEA BONHBI.

N3 dopmynsl (2.23) BUAHO, 4TO Tak Kak npu 3HayeHuax A, 6aus-
KX K AKp, ZCH yBenuuyusaercqd, 70 ¢ pocToM A mMOWHOCTL Pnpes ymeHs-
WwaeTrcd. 3T0 CAeAYeT yyuTbiBaTb nNpi BblGOpe 4acTOTHOrO AManasoHa,,
B KOTOpPOM O6YyfeT ucnonb3oBaTbcd BONHOBOA. OTCyTCTBUE COrnacosa-
HUWA BONHOBOJA C Harpyskod (KCB>1) Takxe Heb6bnaronpmaTHO cKa-
3bIBAETCH Ha 3NEKTPUYECKOW MNPOYHOCTH BONHOBOZA. C BeNUMUYUHOI
Pnpeg csAszaH BbLIGOP pasmepoB NONEPEYHOro CeYEHUS BONHOBOAA.

OcnabneHve BOAH NPV pacnpocTpaHeHUM B BOJIHOBOAe. [l0 CHX
nop paccmatpuBanncb 3NEKTPOMATHUTHOR "BONHE B BONHOBOAAX, CTEH-
K koTopbix o6nagawT GeCKOHEYHO 6ONbWOW NMPOBOAMMOCTbI, @ BHYT-
PeHHEEe NpPOCTPAHCTBO 3aMONHEHO MWAEaNATM JUINEKTPUKOM. B Takux
BONHOBOAAX BONHL pacnpocTpaMioTca\EL "9 yxanHuq.

B peanbHbiX ycnosuax vacT, aneXTtaafabl WTHOA 3HEPrUU BONHbI
pacxopyeTcd Ha HarpesaHume cTeHo?\\A;Tepadsd'cqd B AU3NEKTpUKe.
BcecnegcTteue 37070 amnnouTyjbel Nnong yMeHbwawTcd BAONL Hanpasne-
HUA pacnpocTpaHeHus, T. €. BONHA 3aTyxaeT. 3aTyxaHue nonf npo-
MCXOANT NO 3IKCMOHEHLMANbHOMY 3aKOHY"

ET(r) = ET(0) e—*
Koap(GuumneHt ocnabneHns a=ap-balp, rge ag— KoahduUUmMEHT ocC-
nabnewna B LMINEKTpUKE, onpejensemb i no hpopmyne
(2.24>

a anp— KoadGuumueHT ocnabnewns B NPOBOJAUMX CTEHKAX BONHOBO-
fa. B nonbix MeTannmuyeckux BONHOBOZax aj<CanP, no3aTomy a « a mp-
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Puc. 2.16

BonHa HI10 B nNpAMOYyronbHOM BONHOBOJE XapakTepusyetrcs Ko03(-
duuneHToMm ocnabnenuns

aH_ *al[.+»a-4Ul 2

np rcby 1-(X /2a)-'
The — MNOBEPXHOCTHOE COMPOTUBNEHMNE. ,U,J'IFI MEAHOT0 BONHOBOAA CO
CTAHAAPTHBI MU pa3mMepamum MOXET OblTb MCNONb30BAHA I'IpVI6fII/I)KeH-

Haa hopmyna “'l_‘m]O~ ;(—yTX:- +10~3, 4b/m.

Fpahuk 3agucumocTu a"'» 0T yacToTel M306paxeH Ha puc. 2.16, a,

M3 KOTOPOro cnepgyeT, YTO NOTEpPU B METANNUYECKUX CTEHKAX BONHO-
BOJA pPe3K0 BO3PacTalwT C YyMEHbWEHMEM 4YacTOTbl W NpubAMXEeHUeM
ce Kk /Kp. 91a 0COB6EHHOCTL MOXET 6bITb 06bACHEHA C NMOMOWbIO KOH-
Lenuuu napuuanbHelXx BonNH. O6pawafch K puc. 2.5, BUAUM, YTO Ha
yactorax, 6am3kux Kk /[Kp, yron cp man, a Yucno oTpaxeHuid napuuans-
HblX BONH 