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YEIMEXH ®H3HYECKHX HAYK

O MAIHETOONTHYECKHUX -SIBJIEHUSIX
B ®EPPOMAIHETHUKAX

(MaxkpockonHuecKass TEOpHsN)

A. B. Coxonos

Teopust MArHETOONTAYECKNX SIBJEHWH DPa3puBANaCh B CBOE BpeMH Tomba-
rammepoy, Lpyne, ®oxtom ' u np.

HepnoctaTkoM 3THX CTaphix paboT sBJISETCS TO, YTO MX 4BTODPH HELO-
CTATOYHO PE3KO MNPOBOIMMA Da3ymuie Mexny (eHOMEeHOJOTHUeCKoH Teo-
puelt ¥ MONEJEHBIMY KJACCHUSCKUMH TEODUSMH, KOTOpHE [AaBHO YCTape/.
TlosToMy BIOJiHe UeA6C006Pa3HO OUHCTHTE (HeHOMEHOMOIHYECKYIO TEOPUto
MArHeTOOITHUECKUX SBJCHYWH OT MONGLHHX TIPEACTABICHYH ¥ H3MOKUTH
ee u8TKO M NOCTYNHO 1/ IIMPOKOro Kpyra dmuaukos. B 310l pabore
TIPOBOAHUTCH Ccamoe obliee OpMAEHOR MAKPOCKOIMMYECKOE  OIMCAHYE Mar-
HETOONTHYECKNX SIBJIeHNH 6e3 mpuBjeueHud Kakux Obl TO HA OBUIO MHKPO-
CKOIMMYECKUX Moenel.

1. OBIIUE CBEIEHUSI O HBJIEHI/IFIX PAPANIEAl UV KEPPA
B ®EPPOMATHETHKAX

MarneroonTuieckne siBleHAs B (hepPPOMATHUTHEIX META/LIAX N0 cnoCo6y
HAOMI0IeHIST MOXHO PA3OWTb Ha [BE IJIaBHBle TPyIs: 1) abdexr Papanes
1 2) abdext Keppa.

Mon sdpdexrom dapafes nNOHUMAIOT BpalleHWe ILIOCKOCTH MOJSpU3a-
UMY ¥ ONHORPEMEHHOE BOSHMKHOBEHME S/UIMNTHYHOCTA UPH IIPOXDAKIEHIH
T1epBOHAYAMLHO JIMHERHO TIONSPH3OBAHHOTO, CBeTA YepPe3 TOHKWE HaMarHH4eH-
Hele TVIEHKM PeppPOMArHUTHOrO MeTanja.

TTon apdexrom Keppa MOHUMAIOT B/MSIHVE HAMATHUYEHHOCTH q)eppoma'r-
HUTHOTO 3epKajia Ha COCTOfMHYE TOJAPHIANNM OTPANEHHOTO OT €ro IoBepX-
HOCTH CBera. B/mMsHME HAMATHUYEHHOCTH Ha OTpPax&HHLI CBeT CyHIECTBEHHO
3aBHUCHT QT I‘BOMBTPI’I‘JQCKOI‘O pacno/JioKenyss HOBEepXHOCTH 3€epKaJga, INIO-
CKOCTH TIaJeHus W HAIpaBieHus BekTopa Hamarawuenus I. OOwmm crydait
CBOJWTCS K TPEM 'OCHOBHHIM, OT/MYAIONIAMCS PACIOJOIKEHHEM BeKTOpa  Ha-
MarHHUEHHS, 3 MMEHHO: 1) TOJIAPHOE HAMATHHYEHHE, MDH KOTOPOM BEKTOp
HANMATHIYEHUS TIEPIEHANKYIAPeH K MAOCKOCTH 3epKajia, HO Tapasie et Twio-
CKOCTH maleHus; 2) MepyAMOHaIbHOE HaMarHWueHwe, npu ' KOTOPOM BeKTop
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HaMATHUYEHWS Napajesied Kak IIOBepXHOCTHM 3epkania, TdK W HAOCKOCTYE
najennd; 3) 3KBATOPHANLHOE HAMACHHYEHME, NIPM KOTOPOM BEKTOp. HAMAr-
HAYeHUs TAPaJeNeH TNOBEPXHOCTH 3€pKajd, HO IepIIeHAMKYJSpeH K Iuio-
cKOCTH Tajewnsd (puc. 1).

COOTBETCTBEHHO TOMY DA3/MYAlOT MOJSPHLIA, MEPUIMOHAMLHBIA H SKBA-
TopuaibHbll addexth Keppd. C LeNbl0 yacHeHWs CYIIECTBEHHOH PasHuLLbE
pacrooxennit [ u I/ uenecooGpasHo paccMoTpetsh Cayuad, npu KOTOpoM:
B IAJ4iONIeM Jyue KoJeGaHus SJEKTPUYECKOTO BEKTOPA COBEDINAIOTCS ma~
PAATENbHO Wl MEPNeHAHKYAAPHO K -IIockocTH HaieHus. Torna mo 3akoHaM
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obbunoil  MeTamioontHky (0e3 - HAMATHUYEHMS) ' 3TO COCTOSHAE KOJeGanuid
OCTAa&TCA NPH OTPAMEHUM HEM3MEHHBIM,

Eciu Hamarnuuenne HanpaBleHo Kak B [, To KpoMe mpsaMoanseHHOro
‘KONe6anisa 3/eKTPOHOB B MeTalle, BEBHBaEMOTO SJEKTPHYECKHM BEKTODOM
nafarouiero ceera, GJarofapd JOPeHLEeBOH Cuine BOSHHMKAaeT euié MHepreH-
IMKYJApHOe K HeMy KoaeGanme.

COOTBETCTBEHHO STOMY BO BTODHYHOM BOJHE TaKKe BOSHHMKAET HOPMAJb- -
Hasg KOMIIOHeHTa, Ha3hiBaeMad KOMIOHEHTOH Keppa, koTopad no 3aKoHaMm
_caoxeHns KoneGanuli BHISHIBACT SIMNTHYECKOE KOJeGaHWe OTpaMEHHOTO-
_cBeTa (KOTopoe 6e3 HAMArHWYeHMsl LOMKHO OHITH mvefinen). [lpn Mepu-
IMOHAJLHOM - HAMATHHYEHMM M NPH NEPIEHAMKYIIDHOM NaAEHUW HE Cylle-
CIByeT HMKaKoro s¢ipexra, TaK KaK MareutHoe Lone oGnaIlaeT Bpara-
‘tesbHOM cumMerpuefi. IlpM KOCOM MNaneHuyn cBeta aTQT aq;q)em cyige~
_ctByer. Ilpn 3KBaTOpHATEHOM HAMATHUYEHHH, TAKMKE HA OCHOBE CHMMe-
TpuM, HuKakoii SdexT He MMEeT MecTa, ecaqd B TAl olileM  CBeTe
KOMeGAHUA 3/1EKTPUUECKOr0 BEKTOPA COBEPILAIOTCS napamenbﬂo WM Hepited-
IMKyASpHO THIockoct manenud. [Tpu apyrux yraax TIOCKOCTH KoneOanmit
NAJAIOUIEr0 CBeTa. OTHOCHTEMBHO miocKoctelt P u S (P # S — maockocts
COOTBETCTBEHHO MApAJIEbHAY U IEPICHIAKYIsIpHas K INIOCKOCTH NANEeHHs )
. MMEIOT MECTO W3MEeHenud aMIUATY It M a3kl OTPaXCEHHOrO cBeTA. Graro-
_Iapa HaMarHquHmm, M COOTBETCTBEHHO 5TOMY HaGmonaeTcs apexT.
, Ha,_ omacanun SKCIIepUMEHTAIbHAIX Y CTAHOBOK, ynoTpeGieMbix i1 oGHapy -
;erym accMaTpHBaeMBIX 3¢ }eKToB, Mbl * OCTAHAB/IMBATHCS He Gy nem
PI OTCbl{IaEM HHTEpeCyIomuxcs K 0630paM 1o 5TOMY BOIPOCY 2 ¥ OpHTH-
" HANBHBIM CTATHSM.
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OnuiTHOE W3yueHue PACCMATPURACMHIX ABJCHMH fIOKA3ANO0, YTQ BeIU4MHA
yria spauleHus o W CTeneHb spmanTauHocTH (B[A) B o0oMX. ciyuasx npu
3aJIaHHBIX BHENTHHX YCJIOBUSX (TeMIepaTypa, 4acToTa CBeTa W T, ML) NPO-
TIOPIMOHAJBHE TEXHAUECKOH HaMarHpuyenHocTd / (beppomarﬁmﬂoro 06pasua,
a He BeJIMYMHE BHEIHEro MarHutHoro mond., Tak, HanpuMep, RJA yria
BPAMIEHAS TIPH NPOXOXAEHWH CBeTa VMeeM:

oy = Ko 1, " (1,1)
4 B CJyyae MOJIPHOro acpcbex'ra MPA HOPMAJABHOM OTPaWEHUN
oy = Ky 1, o (1’2)

rae { — TomuuHa npoceeunsaemoro o6pasia, Ky — nocrosannas [llermgesa-
Kyunta u Ky — mocrosuHag Keppa. ITu NOCTOAHHME, KA3K ITOKA3LIBAET
ONBIT, 34BUCAT OT YACTOTH CBeTa (JMCIEPCHS) M OT TeMIIepaTyphl.
Marueroonrudeckuil aexr Keppa oOHapyseH TOIBKO B Q)eppomar-
HETMKAX, U YCTAaHOBJEHO, uTO, KpPOMe OCOOHIX MATHUTHHIX CBOICTB, HeoO0Xo-
IUMEM VCJAOBMEM ero CYUIeCTBOBAHMA SB/IfETCS HA/AMUMe NOIVIOMIeHUA CBET4,
T. €. KOMIIJIEKCHOCTb nOKasareis NpeJqoMJeHns Beiectsa. Kak mnpasuio,
y JaHHOro Matepuaia B o0oux sddexrax HabmOJAIOTCH PASHHIE 3HAKU
ppaitennd. HecMoTps Ha 970, mucHepcHOHHbE KpuBEE B oO0uX 3ddekrax,
0COOGHHO B YHCTHIX MeTaNIax, OOHAPYKMBAIOT :BIOJHE aHAJOTHUHHE XOA.
Kpuebie Bpaw@reasnoil aucnepcud, usmepenuble Hio-Bya® u B undpaxpac-
noft o6aactu criektpa MHrepconnom 45, nokasesaor 1jd Craid ¥ K00a/ibTa

s

+5 :
o e
14
-5 N :.;\Q
NN 2 .
=0 2 man -+ o
1 XN\ 3079 & >
S 9 X ¢ -
~75 +5 v
\A = /
=20 N < ¥/ >
X .. -
-25 - \A\ - -5 “ "“ -
-301 ] -
i T —A K 15 =AH
7 Z 3 vy T2 T do%
' —— 8 cen/ : - e .‘r"4 A

Puc. 2-.'

LOCTATOYHO DABHOMEPHBIH XOJ 6e3 pesKuXx MAKCHMYMOB ¥ MHHUMYMOB.
Hanpotus, uukenan, a Takwe MHOTHE (heppPOMATHUTHEIE COEIMHEHHT U CIVIABH
NOKA3bIBAIOT PESKO BHIPAKEHHEIE MAKCUMYMBl M MMHUMYMBI HA, KPHBBIX 38BH-
CHMOCTH BpallleHus OT UACTOTHL ¥ J2XE H3MEHeHHe 3HaKa Bpauwienws. B ua-
ctHoctH, MHrepcosul, a Heckoabko mosxe KauTHuMHr Hauum, uro sddexrt
Keppa na nuxene B ofjactd vHOPaKPACHOTO CBET3 HA8T IOJOMHUTEBHOS
_ BpalieH#e, TOrAd K4k B BUIMMON 06/acTH CIIEKTPa BpAlleHHe OTPHIATE/BHO
(kak pag cranu u koGambra). [lonowenue Hy/eBod TOUKM HAXOAWTCH A
apdexta Keppa mpu A, =1,5p (v =2-10~" cex—'), a nm addexra
dapages mpu Ay ==1¢ (v =3.10" cex—! ) (puc. 2). KimuTuuurom TaKwe
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YCTaHOBJIEHO, UTO [IOJIOKEHUE HYJEBOH TOUKM B TIpeletaX - TOUHOCTH H3Me-
peHuit He SABACHT . OT TeMOepaType ‘M. cwanl noad. Jio-Bya, uccrenys
sdexr Keppa Ha HATpeBaeMOM HHKe/EBOM 3epKase, HAMEN, 4TO BpalleHue
ucuesaeT B Touke Kiopsa, Mavepenus STOro dBieHME HA HUKene TaKwe
6pim mpomssenienst Xupuiem 7. M. M. Hockossms 12 OILITH Ha Hukese Ghima
nposenerbl B aTMOC(epe BOAOPONA M IIOKA3aHO, YTO. NAHHEIE YKA3aHHAIX
aBTOPOB HETOYHBI, 4 MMEHHO: BpAllleHHe COXPAHAETCH U NPH TeMIepaTypax
Ha HECKOJNBKO TrpaiycoB BHIE Touky KiopH, BMECTe C TAK Ha3hIBAEMBIM
CACTHHHBIM HaMarHuueHuem», Maprus b wuccsenoBan TemmepaTypHylo 3asucH-
MOCTD Bpailignysi Keppa Ha MHOTMX dePPOMATHUTHBIX COEIMHEHUAX U B KaK-
HOM CJIyyae, IIpH KOTOPOM 3ePKaji0 AONYCKaJ0 HArpeBaHde BINIOTH 10
touky KIOpH, yCTaHOBWI, HYTO BpalllEHHE C POCTOM TEMIEPATYPH yObIBAET
W ucuesaer B Touke Kiopu. Onnossausas CB3b C HAMATHHYEHHOCTHIO Obiid
ycraHoBeHa M, M. HockoBbiM'2 3KCIIEpUMEHTATHHO HA  CILIABAX HUKEJS
¢ MeIbl0 pa3MMyHOH KoHUeHTpauud. Ha IponopiuoHaZbHOCTM BpauieHus
Keppa HavarHAueHAIO OCHOBAHO IPUMEHEHWE MArHETOOITHUYECKHX METOHOB
K WCCAeNOBAHWIO MATHMTHOrO MNOBeleHAs ¢heppOMATHATHEIX BelIecTB, ITH
METONBl 32CJIYHKHUBAIOT BHAMAHMS TAXKE IOTOMY, YTO OHM HAIOT BO3MOMK-
HOCTH OMpejieiarh abCOMIOTHOE HAMATHAUEHWE K3 ONTHYECKHX H3MepeHuH,
Us tToHKOH maacTHHEL MCCASAYEMOTO MATeDHaid H3rOTOBIAIOT = 3ePKAo,
HAMATHAYMBAIOT €ro U U3MepmioT IOJAPHOe BpalleHde Keppa B 3aBUCHMOCTH
OT cmanl 7ond, Mexny HamarduuerneM | TUIACTHHHL, —pasMarHWYMBAIOLIME
dakrop koTopolt paenn N == 4=, 1 cuiol moad [, CyliecTByeT COOTHOIIeHHE
% :
I :m H e (1 ,3) i
B ofsactd MaibiX mojdefl BOCIPUMMUMBOCTD ¥ SHAUHTELHO OoJbLIE eld-
HHLL, BCAeICcTBHE aTOro /, a Takwe u Bpamienve Keppa o, nponopuuo-
HAa/IEHB! BHElTHEMY nomo Ff
]=_4}1;EH6 n Olx ::KKI:ZI; KKHe' ) (1’4‘)
TTo w3wepeHHbIM 3HAUEHUM BDAIIEHHUS 0y DU ONPeNeNEHHHIX CHJIaX MO
B STO.0fMACTY NOAYYAIQY TOCTOsHAYI0 Keppa Ans Matepvana 3epxana. Ilo
BPALISHUIO [IPY HACHILIEHUH Uoo TIOTYYAIOT 3aTEM HAMATHAYEHNE HACHIIEHUT [oo
wyTEM AeaeHAd Tep3ofl BeauudHsl HA MOCTOsHHYI0 Keppa, onpenendHuyio pa-
Hee, JTio-Bya stuyM crioco6oM ofpeleu KPABYIO HAMATHWUEHUA U HAMATHIYe-
HHe HACHIleHns MarueTuTa, Havarniuende Hachmiesus no Jlo-Bya moxHo no-
JIYYNTb TakKie HEMOCPE/LCTBEHHO 13 rpaduueckoro MpeiCTaBIeHHsl BPalieH s
Keppa B 3dBUCMMOCTH OT CHJIbL MOJA. AGCIMCCA TOUKM TIepeceyeHus PO

Ky

4n

Puc. 3 Har/SILHO MOSCHAET HBJI0MCEHHOE,
Takum criocoSom Bapkepy & u Jlopua 8 ynanocr: [OKA3ATb, UTO MATHe-

TOONTHUECKOE ONpeeneye HAMArHAUeHHs. HACHILEHHA BEeChbMd XOPOLIO,.CO-

@IBETCTBYET MATHUTHO M3MEDEHHBIM SHAYEHUSM /oo . DTH PESYNbLTATH ONPAB-

w =const pasia Hp = 4nls.
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NLIBAIOT MPHMEHEHUE WSJOMEHHOTO ' METOAa K 3epKaiaM W3 [PYLHXx Mare-
pHAJIOB, MATHUTHOE HAcHULEHME KOTOPHIX HensBectHO. Ilpm cpasnemun mar-
HETOOITHYECKIX METOJOB C MATHUTHEIMM HYMXHO IIOMHHMTEH, YTO - MATHATHbBIE
WSMEDEHNS NAIOT CPeJHee HAMATHWYCHME ONpENeNSHHOro 00hEMA BewlecTsa,
B TO BpeMs K4K MATHETOONTHYECKWE M3MEPEHHs [al0T 3dKMOUeHds O CO-
CTOSHAYE BEIIECTBA B TOHKOM NOBEPXHOCTHOM CJIOE, OT KOTOPOTO NPOMCXOJUT
orpaxenre cBera. [ToMyuMO OOIMX BKCTEPMMEHTANBHEX TPYIHOCTEH U3Me~
peHust BecbMad MaJOr0 ' BpalleHHd IIOCKOCTH nompnsaum AMEIOTCH , ellé
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H TpURUUIMATLHBIE prlmocm, KOTODLIE HMEIOT CBOE OCHOBaHHE B Heco-
BEpIICHCTBE ' [IOBEPXHOCTH 3epKaja.

BeaeacTeue Hamiuds TPEUUH U TIOpP B MaTepnaﬂe HOBerHOCTb 3epKana
pa36KBaeTCs HA MaJeHbKHUE IWIOMIANKY, pasMATHRUMBAIOIMH QaKTOp KOTOPHIX
menpnle 4rw. [Ipennmonoxenne pacuéra Ttoria Gosee He BBHIIOMHAETCH M IIO-
TOMY “TIONy4YaeTCsd MeHbIlee 3HaueHue JJig HaAMArHWUYEHWd HachIleHud. Bhifle-
onucaHHas ocoGeHHocTh dddekta Keppa, MO3ROJIONAT TOMYYATE CBELEHUS
O COCTOSHUM IIOBEPXHOCTH TeJa, HABOIWT Ha MHICJb O TOM, UTO M3MEPEHus
sddexta Keppa MOryT GHITH 110/E3HBEIMY IIPY PEILEHMH METALIOr PauuecKux
BOHPOCOB, K4CaioUMxCd NOBEPXHOCTH 00padarhiBacMoll JeTdmm.

VIHTepecHO B CBA3M € 9THM OTMETMTh COBCEM HelaBHIol0 paGoty '3,
B KOTODOH oCyillecTBleHO Habmojenve (eppOMArHATHHIX oOiacTell mpu
nomou sddexra Keppa Ha MOBEPXHOCTAX, MEPIEHINKYATPHBIX M HAKIOHHBIX
K TeKcaroHalbHOH ocu’ KoGambTa, Ecim oBepxHOCT: IepeceKaer rekcaro-
HANBHYIO OCb, TO BCAKHH NOMEH, IPOCTHpAIONWICE 10 HOBEPXHOCTH, 06pa-
3yeT CeBEpHHIH MM I0KHBLIH MATHUTHLI momoc. JlupeHiHo rnonspu3oBaHHRN
CBET, NALAIOWHH NEpIeHIUKY/IAPHO K [OBEPXHOCTH (OOOI) HCIBITHIBAET
BpailieHie NPUCIA3UTEbHO Ha '[,° NpH OTpaceHuy; BpAlleHHe SB/ICTCS
TIOTIOXKUTENbHEIM WU OTpI/IU.aTEJIbHLIM B 3aBUCHMOCTH OT TOMAPHOCTH OTpa-
Aarouiel obacTy.

Wcnonsays omnqecxylo yCTaHOBKy, COCTOHUIYI0 W3 TNOJSpHU3aTOpa,
aHA/i3aTOpPa W KOMIEHCATOPA, MOXHO TOJYYATh TPYINY ,1OMEHOB HEKOTO-
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poil mOASPHOCTH, NAIONIUX TEMHOTY, TOrJd KaK APyras TPyIIa OcCBeireHa,
Clle [OBATEJIbHO, NOMYyCKdeT HabmoleHne  noMeHoB. Cleayer OTMETHTH, 4TO,
XOTsl CPABHHTENBHO JIETKO MOMYuYMTh GOTOrpadum KapTUH TMOAIPUSOBAHHOIO
CBeTa, BU3yanbHOE HAOMONEHYE HEBO3MOKHO W3-32 BeCEMa Maodl MHTEHCHB-
HOCTH CBETA Y HEeIOCTATOUHOTO KOHTPACTA.

CocTonHMe NMOBEPXHOCTH HCCICLyeMoro o6pasiia OKasbiBaeT CyilleCTBeH-
HOe BiMAHHE Ha Beqmuudy ddexta Keppa.

BpauieHne NAOCKOCTH TIOJAPU3ALAN. [IPU O'rpaxcennn cgeta oT (peppo-
M3arHATHOTO 3epKaja, HAMAHUYEHHOTO BJOJb - HODMAM, MOMET 3aMETHO
MEHATL CBOK BEJMUMHY, €CAH MEeTaI TPaHuuMT CO CPenoH, ONTHHECKH
Goree MIOTHOH, UeM BO3LYX WM BaKYYM.

M. M. Hockosbin ® sxcriepiMeHTansHo GHUIIO TIOKA3HO, YTO TMSAEKTPHUK,
HaHeCEHHBI HA IOBEPXHOCTb CTAJABHOIO 3epKalid B Bule TIEHKH TOJIIMHOMN
fopAnKa JJAHBL BOJHbI BHAMMOIO CBETd, BHI3HIBACT BO3PACTAHVE YI/d IOBO-
pOTa INIOCKOCTH TOJMAPH3ALMH B HECKOJIbKO Da3, TIPHYéM &y — OTHOCH-
TeJBHOE YBEJWUYCHHE 3TOTO YIria — 3aBUCUT OT TOMUIMHLI TIEHKM W UMeeT
TepBbIl PesKUH MaKCHMyM IIDH TOMIIMHE HOPANKA YETBEPTH AJMHHL BOJHHI,

. H. Ppenkenem ? Gbina npesnoimeHa TEOPHT ITOTO ABNEHUS, COTJACHO
KOTOpOH H3MeHeHHe ofa, C TOMIWHON IUVIEHKHM NOMKHO HMETb CTPOTO
neprionnyecKuil xapaktep, 0€3 3aTyxaHud, ¢ MAKCUMYMaMH TPY TOJIL[MHAX

a,=(2s 1) \/4. MakcumaibHoe 3paueHue o/0y NOMAHO ObITh PABHEIM
KBAa[paTy IIOKa3aTe/sl IIPEJOMJIEHHS BENIECTBA rmemm

- Nanpuetimme uccaenosanuss M. M. Hockosa'' mokasamd, uTo 1orao-
Ialoipe MISHKK (OKHUCh Kesiesa, MONUCToe cepeGpo ¥ Jp.) B 3HAUMTEINb-
HO#t mMepe otcTynaloT ot Teopuu . V. Ppenkens. Jag noriomralonmx
MN8HOK 3HAYeHMS G /¢y, B NEPBHIX MAKCHMYMAX OKA3HLIBAIOTCS SHAYATEIEHO
Goabummmy, YeM 910 caenayer no dopuydte S1. M. Ppenxens (o/00 =1?).
Ytd we KacaeTcs fanpHeHIero Xona KPHBBHIX. 3aBHCHMOCTH yT.ia Bpameﬂx/m
OT TOJILUMHE! [JIEHKH, TO, KpOMe 3aTyXaHus, HaG/o1a0TCA Pe3Kue HapyeHns
34KOHa TIPOCTOH IEPUOMMYHOCTH: - lIepeMeHd -sHaka o(deKTa B cayuae HOH-
croro cepedpa i, B 0COGEHHOCTH, — T'POMAHHE BPAleHHd OOPaTHOro 3HAKa
st o6pasncB ¢ IUIEHKAMM OKMCH kese3d. bBosee ofmiad rteopus 3aBHCH-
MOCTH Marsetoonrtuueckoro sgdexta Keppa oT TOMUMHB ¥ ONTHYECKHX
KOHCTAHT TOHKHX TA8HOK Ghina noctpoena M, M. Hockoeem. v aBropom L2,

2. COOTHOIIEHUE MEXIY AMITIUTY IAMU TATAIOUIEN

1 OTPAXKEHHOM BOJIHBI B CIYYAE HAMATHWHYEHHOTO
SEPPOMATHETUKA. MUHVMMYM- W HYJIb-BPAILEHVME AHAJIMSATOPA

U NOJISIPUSATOPA U 3AKOH B3AMMHOX OBPATHMMOCTH

Mextny KOMINEKCHBIMM aMIVIMTYJIAMH 3JIEKTPHYECKOTO BEKTOPA A
¥ A, nmanaiomedl BOJIHBEI ¥ - KOMIUIEKCHBIMH aMILIHTY 1AMy R u R BOJIHbI,
orpa.x{eHHoifl OT HaMaTHUYEHHOro (eppoMarHeTHKa, CyLU;eCTBYIOT COOTHO-

wrerus 1 ) ‘
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Sieck pu §— [1Ba B3AWMHO TIEPHEHNHKYJIAPHBIX HANDPABICHUS, @ HMEHHO!
fApaJVIeNtHOe ¥ TIEPIeHIUKYAAPHOe TIOCKOCTH Tafennd. [lapamerpmt ryy,
BOOOUIe TOBODA, KOMIUIeKCHHe Bemwunnbl. Coortsomtenns (2,1) He 3asu-
CAT OT CHEHYMabHOTO BUAZ TEOPHH M JIONYCTHMEL BO BCEX CAyHasx, KOTAa
BHYTPM K&OWAOH W3 CPel, d TAKKe HA CPAHAIE MeWIy HUMH CIIPABE[MBBI
JMHefHEIe YCIOBAS IJs KOMIOHEHT KoieGanuii B cBeToBOH Bomde, Tak Kak
JUHEHHOCTh STUX YPABHEHHA OCHOBBIBAETCS HA ONHITHOM (hakTe Cymepro-
BUNYMHM BOAH, TO MOMHO BHILEYKa3aHHHE COOTHOIIEHHS DPACCMATPUBATD Kak
-TpeGoBaHys, BhTeKaoue u3 ombita. Ha ypasrenss (2,1) crexyer cmot-
peTh Kak Ha 00oOuieHne XOpowio uzBecTHuXx Gopmya Ppenenn. Obbunbe
dopuymsl orpamkenns Ppedend (6es BIMIHNT HAMATHAYEHHOCTH) MONKHO
BANMCATH B CACLYIOIEM Bule:

(=00 (&) o

Obobumsnise GopMy/Inl OTpaweHHs (C yu8TOM BIMAHHA HAMArHH4EHHOCTH)
MOXHO B COOTBeTCTBHU ¢ (2,1) samucars creyiomum o6pa3som:

B e
. b
R, ot Fz2/ \A, E
W3 conocrasnenns (2,2) u (2,3) HemocpeaCTBEHHO CJeldyeT, YTO OT Ha-
MATHHYEHHOCTH 33aBUCHAT JHIIL COCTABIAIOLINE MATPULLL OTPAMCeHUs, HMelo-
UMe pagmuuHbie 3HAYKY ¥), TOrHa KaK COCTABIMONME C OAMHAKOBLIMH 3HAY-
¥aMy MOMKHB ORIT He3agMCuMMBl OT rojid, IIpy HaMACHAYEHHOCTH, PABHOM
HYIO, Iy, W Iy OOpAIAOTCS B HYyJb, ¥, CJLOBATENbHO, 000CMIEHHBIE
‘hopuyasl orpaxenus (2,3) nepexoaatr B Qopmyar OTpaiceHus Ppenens
{2,2f. Takmm o0O6pasoM, Mbl MOXeM CKa3aTh, UTO BMeCTe C IIOABICHHEM
HAMarHUUeHRHOCTH TeJa BOSHHKAIOT B OTPaXEHHOM CBeTe KepPORCKHE KOM-
TIOHEHTH " FipA, W Fy;As.  AGCOMOTHBE SHAUEHWS |T1y| W |7y | MBATOTCH
-MepO# - OFHOIEH!S « aMIIUTY L KoneOanu# Kako#-m6o ¥3 NBYX KEPPOBCKHX
KOMTIOHEHT K aMILIMTyle BhI3BaBuUIel e& mamamouleit BOJIHBL. Bejmuntbi
Iy } ry |

Lo} rs
CTBYIOnIell avinuTy e OOLIMHBIM 00pasoM OTPax(BHHOH KOMIIOHeHTH, TaH-
TEHCH yraa (asoBoro CMeleHus] Kepposcxoﬁ KOMIIOHEHTH G OTHOUICHAIO
* BHI3BABIUEH €e KOMIIOHeHTe KOMeGAHWS ONPENeSIOTCS BHIPAKEHUIMA:

AHANOTUYHO ABIAIOTCH MepOﬁ X OTHOIMEHWA K COOTBET-

. Im(rlo) . Im(rgl) :
~ R * T Re(rm) (2 %)

rie lm obosHauaer MHUMYIO uacTh, a Re — Bel(eCTBEHHYIO 4YacTh 7y,

#) CTporo rosops, OT HAMarHHYEHHOCTH 3aBUCST H JHATOHAILHEE SJNEMEeHTHI
MATPHIB OTPaXeHusd, OJHAKO 3Ta 3aBHCHMOCTb TdK Makd, 9TO €0 MOXHO Ipe-
Hebpedb. .
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Tairencel yraa (asogoro CMelleRHs KePPOBCKOH KOMIIOHEHTHl 1O GTHOMIE-
HII0. K OCLIUHBIM 0GDa3oM OTpaxEHHOI KOMIIOHEHTE onpenenmorca BbIpa-

HKEHUAMU:
("’) ()
410 To2
T2 ) <f21 )
fu £7]

a) MuHAMyM-BpPaleHye 3HAAK3ATOPE ¥ SAAANTHUYHOCT b

(2,5)

Cpezn HeMOCPECTBEHHO HAGMIONaeMEIX BeMUMH TIpY MaMepeHun addexra -
Keppa mMunuMyM-BpallieHuss aHAM3aropa M IIOJNApH3ATOpA HIPAIOT 0COOVIo-
poab, Ecm oTpascEHHBIL CBET, KAK STO PACcCMATPUBAETCH B OCMIEM Ciiyuae,
SBAAETCS HUUMANTHYECKH NOMSPU30BAHHEIM, TO HAmpasieHue KoaeGauui, mpo-
IIyCKaeMbIX aHAJIM3aTOPOM, [IAOMIee HAHMEHBIIYIO MHTEHCHBHOCTD, OUEBHAHO,
PACTIONIOKEHO MApa/ieabHO MEHbIIeH ocu s/umrca KosneOaHuii, Toria Kax
Gonbinag OCh LMICA PACTOONEHA MEPHEHIMKYIAPHO K  HANPABJICHMIO
xoneOaHul, ponycKaeMbix aHamzaropom A, EGm npencTaBuTh OTPAMEH-
Hele koneOanus B Buie :

R, =Fef, - R,=Ges, (26)

rae £ u G — BeuleCTBeHHbIE anmnm"ym f u g — (asorele NOCTOSIHHBIE,.
TO OChb ayumnca Konebanmiil oOpasyer ¢ P-HAIpPABIEHUEM YTOI 9, onpeﬂe-
AsteMbikt COOTHOHIEHI/IE'\d14 , '

oo
2 =p_ c,zCOS(f 0, 27y

npnqéM IiBA 3HAYEHUS STOrO erIa COOTBETCTBYIOT HanpaBneHmM 60IBIOMH
H Maloi ocu SIIATICA Koneﬁaﬂnﬂ Ecny xoneOanus Tanamoniero CBETA €O~
BEPIIAIOTCS B IIOCKOCTH [Iaﬂ,eHI/IH (As = 0), 10 B oTpamEHHOM CBeTe
GoJbllIag OCh Q6pA3yeT Majblil yroa Ap C P-HAlpaBiIeNkeM W, TAK KaK Ipi
9TOM F BeaMKO 110 cpaBHeHmo ¢ G, 10 u3 (2,6) un (2 7) crenyer

' :—F— COS'(f '-;g) =Re (‘RTS‘ ) rn > (2’8)'

Ha TOT Jite' CaMaIit yxon cieflyeT [OBEPHYThL AHANM3ATOD OT s-HanpaBJIeHmf
JJsL TOrO YTOOBI NPONYCTHTh JHIb JuHeHHHe KoJjeGaHus, COOTBETCIBYIO-
e, Manofi OCH, T. €. YCTAHOBHTH MUHMMYM WHTEHCHBHOCTH OTPaX(EHHOTO
csera. HaoOopor, eciu B majamouieM CBeTe HanpapjeHue xoseOaduil mapan-
JMeqbHo s-nanpasrennio (A,==0), 1o C BeiuKo 10 cpapHeruio ¢ £ u 6015-
wast OCh OTPAKEHHHIX KdneGani 00pasyeT ¢ S-HAIPAB/CHHEM MaJbif
yroux XS » paBHLIR

Ys ;—-g.cos(f—g)=—Re@f)‘:——Re'(?’—). (29

11
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Yrobpl OYUHTH MHHAMYM HMHTCHCHBHOCTH, CEIyeT aHAMM3aTOp M3 HOJO-
WEHNd, NAPAMIENBHOTO K P-HATPABJIEHWI), TIOBEPHYTE . HA TOT Me CaMbift
yron, dopmyust (2,8) u (2,9) onpenensior, Takuy 00pa3oM, MUHEMYM-Bpa-
LIeHMe AHAMISATOpa, MO0 OHM ONPEAENIOT YIJH, Ha KOTOPHE ClelLyeT Io-
BEpHYTh AHAIMBATOP OT IIOJCHKEHHS, NEPIEHIHKYIIPHOTO K. p-HAIIPaB/IEHHIC
(COOTBETCTBEHHO NEPHEHIMKYIIPHOrO K S-HAUPAB/CHIIO), UTOOH IONYYUTH:
MHHUMAIBHYI0 WHTEHCHBHOCTH OTPaMCEHHOro CBeTa. JLast ONpe/lenenus M-

B i "
THYHOCTH - = tg § 6yleM HCXOIUTH U3 XOPOLIO M3BEeCTHOH QopuMyan '+

|
, G _ _
e 2FG F . ‘
sin 2%= == 55 Fra sm(f g)—"* —gz Sin(f — g). (2,10y
1475

B nepsom caydae (Ag = 0) MBI cumTaeM G<<F H, CHIEAOBATE/IBHO, BEJH-
G2

UMHOH — "2 IO CpaBHewuio c elipHUIlEll MOKHO mpeHeOpeus; Toria Oynem

AMETh::1 - ‘

B . G
T:tgﬂzsmﬂ::‘:,—F« sin (f — g)===Im <11§_;_>:
o Ip ‘
== Im <I’23)' ' . (211)

AHaJOrMuHO, 1 BTOPOro Ciyuas (A p="0) monyuaem:
’ o r
—=—1Im (rj: ) | | @12)

6) MmmmyM BpalleHuE nonﬂpusaTopa ‘M 3aKOH -
"B3aMMHOM 06paTUMOCTH ‘

Pacemorpmy  Teneps c.nyqan, TpH KOTOpOM JIHHeuHO nonﬂpusoBaHHmr
cBeT majaer moA yraoM y® K p-ocu, u onpenemm ¢’ Tak, uroGel abco-
JHOTHEIE - 3Haqeﬂm Ry wii R, NpuHEMaIA HauMEHELIee 3HaueHue. 31w, o6a
‘3HayeHnd ¥ NPeNCTaBASIOT MI/IHI/IMYM-BpaLL(eHne nosspusaropa, Ecm

A,= A cosy, Ay = AsinA?, . © 2,138y

rae A — BELECTBEHHad aMIlJATyda nafaiomiero KOJIeGaHHH, TO KOJeGaHug.
OTpa)KéHHOI‘O CB€Ta MOXHO 3anucaTh B CJIeILYIOI.LIEM BHUIE.

R=A(rsing-rcosy®).  (214)
Hosaras, nanee, r==te® u r' =1/, nomyaus:
R == Ae® (tsiny® - 1'el @—ocos y°). o (2,15)

Mmmvymw R onpenensercs MHHAMYMOM .BEJIUAHbL,

[rsiny® - 1'el &'—0 cosy0 |.
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Tax Kak-3T0 BbIpaCeHUE B Pa3BEPHYTOM BUIE HMMEET BUA;
2 sin? 3 - 1'2 cos? ¢ - 2 rr’ cos (p” — p) siny0 cos y?, -
TO BeNMYMHA | R | NMpUHAMAET MMHUMANBHOE 3HAUCHME DM~ 3HAYEHHM AR
YZOBJETBOPHOWIEM Y CHOBUIO . .
‘ r
tg 2')( r2 o8 (p —~p) (2,16)

Ora “¢opuyaa nono6ua q)opwyne (2,7) u LOMKHA WCCTENOBATHCH Ta-
¥y ke cmocodoud. Ilpu atom R cirenyer cuurath ofuH pas Kak R,
BTOPO# pad Kak R,. Ecim norpeGosarh uroOw ]R | 06aananc MuHEMY-
MOM, TO YrOA y° NOMKeH OHTH MATHIM M DABHEM Yo . OII.HOBpeMEHHO cie-
IyeT MOJAraTh r=—ry,, r’==ry, OTKyZa CJeiyeT, 4TO T M0 CpaBHH-
Temuo ¢ v. dopuynma (2,16) npu srom nadr

Xﬁéé IT’ cos (p'— p) = —Re <:—1:—) E (2,17)

Ecau norpeGorats, uToGH [Rpl o0Magano MUHAMYMOM, TO LOJRKHO.
ODBITD ‘

T .0
:’§+X.v

ol 0 .
{ I‘Ile As — MaJnii yrou) U OJHOBDEMEHHO ClleAyeT CUHTATD T =Ty,
7' =r, ¥ M03TOMY T Maji0 CPABHATENBHO C v'. B arom caydae cpopwyna

{2, 16) nagr
r:
A= cos (p — ') =Re (2. 2,18)
Tlonarass rj,==r,; (noaspssii 3Pdext) w cpaswmsas (2,8) u (2,18)
W, COOTBETCTBeHHO, (2,9) u (2,17), monyund B33KOH B3AMMHOH . 0GpaTHMO-
<TH TPH IIOJ‘[HpHOVI abdexre, a MMEHHD!

Y=Tp A Ap=As (219)

. Tlomaras  ryy=— ry (MepALMOHATBHHH 3131)e1<’r) U [IPOU3BOMNA - cpaBHeHHe
Tex e (OpMy, HOMYHMM 3IKOH B3AMMHOM OGPATAMOCTM IPH MEPUILHO- -
HaJbHOM 3pexre, a MMeHHO:

Xp R X(s) = — Yy ‘ (2,20)

B) PopMysB Iag Hyidb-BpallleHMs aHA/IH3ATOPA
W rnonagpusaTopa

Bcerma Mouuo BHOpaTh TaKoe INOMOMESHAE IIOAAPAIATOPA  OKOIQ
3= Wik p-HATIDAR/JEHUA, IPH KOTOPOM OTPAKEHHHIA CBET, SIBJTIOIMHC,
BOOGIIE  TOBOPA, SMIANTAYECKA [OAAPA3DBAHHEIM, Oyaer JmHeiHD MOJAAPH-
BOBAHHHIM W, CA210BATENbHO, MOKeT OHTH ITOJHOCTHIO TMOTYHIeH aHalm3a-
TOpPOM. DTO — TaK- Ha3HBAEMOE - HyJb-Bpai(ehue, TPeOylollee KaK BpaieHs
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aHau3aTopa, Tak u noJagpusartopa. Ha onsite HYyJeBbie YCTaHOBKH BO3-.
MOMCHBI TOJBKO IIpd  OYeHb Ma&ABIX YrAaX Bpallendd, HO3TOMY OXAHO-

BPEMEHHO BEJUUMHEL <B—‘9—> 14 (fl s—> WA ( &'L> U <§E> — MaJIbIe YKCha.

RP AP N Als 7

B nepeom cayuae coorHomwenus (2,1) npu TNpeHeOpeeHdd BeMUMHAMI
BTOPOTrC TMOPIAKAa MOMKHO 3aNMCaTh:

Rs=Agry -+ Ary, B Ry=Tr5A,

Hm :
ros - =(ri1 5+ rig}- (2,21)
2R, 17z, T

Tlycrs mapamommit ceet JHHeHHO [OAPH30BAH M COCTABISET YIoOad . xpg

A
¢ p-HalpaBJIeHHEM, TOTJA A—qujg. Tak Kak OTpaXEHHLIH CBET Mon-
p

HOCTBIO TYIIUTCH aHa/M3aTOPOM, TO OH JOJKEH 6_HTI) TaKxKe JMHEeHHO

R
HOJSIPU30BAHHBIM, ¥ COOTBETCTBEHHO 3TOMY MBI MOXKeM I10Jarath —R—s:q)p,
p

rae $, eCTb yroi, ONpeledioUui NOJONEHME IUIOCKOCTH —KojeGanui
OTPaXEHHOTO CBETA OTHOCHTENBHO p-Hampaienus, C yu&rom 3THX ©0006-
paxennit dopuyna (2,21) momer GHTb 3amMCaHa B CIEAYIOIIEM BHIE:

ragb, = 1Yy g (2,22)

8 CHAY KOMIVIEKCHOH HpUPOILBL 7y (2,22) mpeicTaBiser IBa YDaBHEHHS

A onpenenenud §, u 5. Bo ®ropov ciydae coorHoureman (2,1) mpu-
HMMAIOT BHI ‘

Ri=Agy w Ry==ryds -Frypa,

nm »
"11%:<"21+"22 %3) (2,23)
Tlosarasi, Kak u panee, —ff = — {0y %:—~%, noayuuM 3 (2,23):
| riabs = Fashs — a1 (2,24)

Eem 7,y == ==ry;, dopuyan (2,22) u (2,24) cHd3a NpUBOLIT K 3aKOHY
B3aMMHON - OGPATUMOCTY N8 HyJb-Bpalliewus. B3ss  ypasuewne (2,22)
A eMy KOMIIAEKCHO-CONPMKEHHOe

* a0 1
Too¥y = rids -1,
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H pemiag MX COBMECTHO, TOJYYHM:

* # r12
_ e —ruarpg (ru '
Vo= iy r : . (2,25)
. P — Iy ( 22
1‘11
* ® . r12
o fulfip— Tl r22>
‘Ppe PP PR (2,26)7
117722 1179 Im‘<*u-)
i Fog

Boiriommsia aanoruussbie BHIUUCTEHUAST C ypaBHeHHeM (2,24) u- emy conps-
WEHHBIM, TIOJAYYNM:

: Fa )

f 22 Do -
&g = ( f’u) | (2,27)

roa/ -~ . :

Im (.r_zl) . . -(2?28)

. - '
3. OCHOBbI MAKPOCKOHI/I‘-IECKOFO OHI/ICAHI/IH )
MATHETQOIITUYECKKWX SIBJIEHUI B ®EPPOMAIHETUKAX 15

:C Momenta OTKpHTHA Keppowm - BpafiieHus . ILIOCKOCTH IIOJISIPH3AIMIN
CBeTa IIPY €ro OTPAMEHWH OT HAMATHHYEHHOTO (PeppOMATHATHOrO 3epKana
OBl _TpeJUIMKEH . pajl TeopuH, oObscHaomux 10T sddext'. Bo Bcex
3THX TEOPHMSX SBHO HCMOJb3OBAMMCH ONPENE/SHHbE KAJCCHUCCKUE MHKDPO-
CKOITMYECKHE MOJE/NH, HAa OCHOBE KOTODHIX M BHLIBOIMJIMCE COOTHOINEHUS
I MarHeTOONTHYECKHX HBJCHMH,-B YAaCTHOCTH ¥.1Jd oIucanusd sddiexra
Keppa. OnHak0 HMeHHO -B Ciyuae (eppoOMArHeTHKOB -KJIACCHUECKas ek~
TPOHHAS TEOPHH HECOCTOATe/bHA [NaNe C WIOCTPATURHOH TOUKWM SPEHUS,
TaK KaK camo s/enye ‘(heppoMArHETHSMA. eCTh YHCTO KBAHTOBHI aekr.
Kag . GbIO HENABHO MOKA3aHO '®, TONBKO KBAHTOBOMEXAHHYECKAHA TeOpUA
1a&T BOIMONHOCTL HONYUMTH LIPABMJIBHOE MMKPOCKONMUYECKOE OIMCAHHe
Marsetoontuyeckoro ssieHns Keppa. OnHako MOXHO noKasaTh, UTO CAMOE
ofujee  OPMATPHOE MIKDOCKONMYECKOE ONMCAHHE  MATHETOONTHYECKHX
dBieHull He TpeOyeT IpUB/ieYeHHs HHUKAKUX MHKDPOCKOIIMUECKNX W Mo[elel.
[oneitka 0CBOGOAUTECH OT TPUBACUEHHS  KIACCHYECKOH 3JEKTPOHHOH
TEOPHH TPH YCTAHOBICHHM OCHOBHEIX  (hEHOMEHOJIOTHYECKHX COOTHOIICHHIE
MarHeroomrTuky Owiia cieqawa HapsunoM ', Ozvako paGota [Hapsusa wHe
MOKET " CYUTATBCH © OKOHYATEJbHBIM 4 fIONHHIM pelllcHMeM- JTOr@ BOIPOCE
y#e XoTd - OB IOTOMY; YTO OH OIpPAHMUHBAETCS pACCMOTPEHHEM ~TOJBKO
HOpPMA/TBHOrO IafeHud CBETAa IIPH HOJNSIPHOM HAMATHUYMBAHHY -(eppoMarHuT-
HOro 3epkana. B srom naparpade ykasan nyTb 0O0wmiero (heHOMEHONOTH~
YeCKOTO OIMCAHHUS MAarHETOONTHYECKHX fBAeHMA Oe3 TpyB/eueHHd MHKPO-
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CKOTMYeCKX - MOfeneH, [la - MaKPOCKOIMYECKOTrO OMMCAHMS MaTHETOONTH-
uecknx SOQeKTOB B (eppoMArHETHKAX CHENyeT HCXOMMTh ¥3  OGLX
,nn@zpepeﬂunanbﬂmx ypaBHeHI/IH INEKTPOMATHATHOTO TIOJI '

1 OH _ ,
= — 1ot E, (3,1)
1 D *
= —of — rotH, (32
" TEJ‘BOPHOI‘O ypaBHeHHSI
D =¢E, (3;3)

The. & — BUIEKTPAYecKHil TeH3Op HaMarsudeHHoro (eppomarnernxa. Cre-
JIyeT 3aMETHTh, UTO B MAKPOCKONUYECKOH KDHCTANNOONTMKE I OMUCaHUH
CBETOBHIX fBJCHHH, NPOHCXOMAUMX B KPUACTANIAX, HCIONB3YETCH Ta Ke
" cucrema ypasuennit  (3,1), (3,2) u (3,3). Hwsnexrprueckuft T€H30p 1JIs
TIPU3PAYHBIX BEIIECTB SIBIAETCH - SPVMATOBCKHY, YTO MOWHO Jerko [OKa-
33Tk, MCTIO/E3YA 3AKOH COXpanenns Hepryd. KOMIOHEHTH! TeH30pa & A4
TIPOSPAUHLIX KPHCTA/LIOB CYTb BEIECTBEHHHIE BEJMYHMHEL, TOTIA KaK s
JIOTIOUIRIOIMX CPel OHYM, BOOOILE TOBODH, KOMIIMCKCHHE,  TIPAIBM  MHy-
Mad YacTh MX JOMKHA OHITH OTPAIATENBHOH. o
Dusnexrpuueckufl TeH30p HaMarHuyeHHoro (eppoMarHeTnka CTPOMTCH
12 OCHOBE TEODHH BBIMYMIEHHOH aun3oTpormy. VI3OTPONHYIO HamarHaueH-
HYI0 CPeAy MONKHO PacCMaTpWBaTh B ONTHYECKOM OTHOIIEHWM KaK JBOSIKO-
NIPETOMFIONIAH KPUCTAAN, ONTHYECKWE CBOHCTBA KOTOPOTO ONPENelsIOTCH
JAM3EKTPAUYECKIY TeH30poM. Des orpannuenns OOGUIHOCTM MOMKHO CUXTATh,
YTO BEKTOP HAMATHHYEHHOCTH (OCTATOUHAT HAMATHHYEHHOCTb M/ HaMarHw-
YEHHOCTh, «BHI3ZAHHAM> BHCIIHMM [I0eM) HanpasieH BIOAb ocd 2. Bee
TIOCKOCTH, TIPOXOLAUIe Uepe3 ITO BHIJSNECHHOE HANpaBIeHWe 2, PaBHO-
ueHHbl Mexay  cobofi. OTciona crepyer, 4TO JAM3JIEKTPHUECKMI TEH30p
HAMATHUUEHHOTO (eppoMarHeTvka JNOMKeH 00majaTh HUIHHApAYECKOH
cuMMeTpuelt, T. e.

P ayy — &,

Cay = — gyy = — 12, (3,4)

Cxy = 8y T Epp =gy =0,
Ezz T Egy
rie Q — MArHeTOONTHYeCKMH [apaMeTp, BOOOIIE TOBOPH, KOMIVIEKCHAH
BE/IIUMHA, SABUCHINAS (T HAMATHWYEHHOCTH Teja. [IpM HAMAaTHUYEHHOCTH,
PaBHOH HY.I0, HEJWATOHAJbHLIE JMEMEHTH TeH30pa O0GpaaoTca B HYJb,
A IMATORAIBHHE SIEMEWTH CTAHOBSITCSH ONMHAKOBBMA & == &), T, €& Teio
CTA4HOBHTCA ONTHYeCKH |BIOMHE M3oTpomHbM. Iloacrasasas (3,4) B (3,3),

méyﬂeu VIMeTh:
| D ———EE '—‘l=Q »

= 1eQE . }<E,, (3,5)
D =g,E,. T
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-Cosumecrnoe pemenue (3,1), (3,2) u (3,5) ¢ HCHONB30OBAHMEM TPaHHIHBIX

yCIOBHH [aET ONMMCaHHe BCEX MarHeTOONTHYECKMX 5(peKTOB W, B UACTHO-
crH, shdextoB Keppa u dapanes B ¢eppomardHeruxax. uaroHannubie
KOMIOHEHTHI JM3JIEKTPHIECKOTO TeH30pa (ePPOMATHETHKA &y == €y — &
SBASIOTCS, (PyHKIMAMA MaFHETOONTHYECKOro napaMerpa Q. OmbIT MOKAasH-
BAeT, 4TO STOT Mapamerp Max (Q << 1), nostomy dynkwmo e (Q) MOxHO
PasjOHUTh B CTENEHHOW Pl N0 @ W OTPAaHHUMTHCA IEPBHIMM  4/CHAMIH
pas/nokeHusd, T, e.: ' ’

N . R

c@ =35 )o@t 7 (507 Jous @ 39
[Ipu waMeHenmy HANpaBJ/eHUS HAMATHHUYGHHOCTH Ha OGpaTHOE Bupa)xeﬂné
(3,6) mpumer mua: '

Q=20 (35 )0 @ 7 (300 )o@ B

— Q), ubo ¢usnuecKue - CBOACTBA ' Tema He
AOMKHEL MEHATbCH TPH ~ HM3MEHEHWH HAIpaBIEHUS ' HaMATHUYCHHOCTH Ha
o6parHoe.- Cpasnusas (3,6) u (3,7), moayudaem: '

(@ =2+ 5 (35 )00 @ NG

BBen&M Takofi MHOXMHTENb f, YTOOB NPOM3BEIEHME €ro Ha g, JaBajo
Hay sHauenwe koddduumenta mepen Q° B (3,8), T. e.

HC e

e = gy 15,/ Q% ' - (3»10)

Omnucanie NOASPHOTO 3hdexTa Keppa IpM HOPMAILHOM TANEHEM MOMHO
TONyunTh TpK ToMou ypassewuit (3,1), (8,2) u (3,5), Torsa kax A
onucanus noJapHoro addexTa NPy KOCOM NANAeHHH, 4 TAKME % MEPH-
JWOHA/IbHOIO W 3KBATOPHAILHOTO 3PGEKTOB CleiyeT HCHONL3OBATH entd
RoTIONHUTEABHOE yeaoBue (3,10), KoTOpOe | NOAYUeHO 3jech B NPQTUBO-
TONOKHOCTh DOXTY, 6e3 BCAKMK CCHAOK HA KNACCHUYECKYIO MCKTPOHHYIO
TeOpHIO, '

4. PACIIPOCTPAHEHHE HJIOCKOI;I‘HEOH,HOPOD',HOPI BOJTHDI
BHYTPU ®EPPOMATIHUTHOTO METAJIJIA

W3BeCTHO, 4YTO INOA IJIOCKOH ONHOPOAHOH BOJHOH NGHUMAIOT TaKylo
BOJHY, aMIVIMTYa. KOTOPOH pMeeT IIOCTOAHHQE 3HAYEHHE B BOJIHOBOM
IIOCKOCTY ¥ M3MeHdeTed B HanpaB/JeHMW  pacnpoctpaHenus, Takasd
BOJHA AHATMTHYECKW 3anMcHBaeTCd. B . Buje Fel®t, rle  © — LMKM-
_ax+By+y2

\%
U U = 37— — KOMILJIEKCHAd CKO-
v 1 — i

Yyeckad 4actoTa, tT—1
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POCTh  PAaCHpOCTPaHeHus, V -— BELIECTBEHHAas CKOPOCTh, ¥ ~— BeJMUMHA,
CB3aHHAd C 1I0Ka3dTejeM IOTIOMIEHHs COOTHOIIEHHEM ==k, a, §, { —
HAMPABATIONIME KOCUHYCH BOJHOBOM HOpMaM. B Iajbiefiie Ham Ipu-
A8TCH MOJB30BAThCS HEONHOPOMHON BOJHOH, aMiLUMTYJa KOTOPOiH wH3Me-
HAeTcd B BOJHOBOM ILIOCKOCTH, & ILIOCKOCTH DAaBHHIX (a3 cocrasageT
¢ IUIOCKOCTBIO PaBHBIX dAMIUMTYL HEKOTOPHIH YyroJ, sBIMIOMMHACE Beuie-
CTBEHHLIM YIJIOM mpeionMieHud. a3y ' Takolf HeOIHOPOJLHOH BOMHBHI Mbi
MOMEM 3alHcath B BHIE

Vv

rae oy, By, Y — HanpaBAMIOIIHME . KOCHHMYCHI. HODMaMH K INIOCKOCTH MO-
CTOAHHBIX a3 .M &y, By, Yo — HAUPABIAIOMIAE KOCHHYCHl HOpMAMM K ILIO-
CKOCTH NOCTOSHHLIX aMIUMTYA.. Takum o0pason,. HEOLHOPOAHAT  1IOCKasL
posiHa Oyler uMeTh BUL:

OT = @ <t . QX '5‘31)",4- ‘{;i;"-_“i‘%(azx'j’: 32)’ + 723) ’. (4,1)

; — % x4 By a0 o (¢ 2B e
Fe=Fe ¥ @ o ) (4,2)

Takoe HamkcaHye HEONHOPOLHOM IIOCKOH BOJHBEI SICHO TOKA3HIBAET, UTO
IJIOCKOCTh PaBHBIX a3

3%+ B,y Y12 = const

W IIOCKOCTh PABHBIX aMILMTY A

2% - B,y -+ 152 = const,

Boofle ropopd, Memay co0ofi He cosmagaior, Ecmu BBecTM corpargn-
Hbie 0003HAYEHNS]

— ixy) ¥ (B — 8B,)E - (1 — “‘72 =
=1—x—2ix (“1“2‘%‘@1@2‘{— ”{172) =

o — Ixoy a® fr—xBy g# ey
R -y R bl

10 a*? (%2 4 1*2 =1 u dasy TMIOCKOK HEONHOPOIHOM BOJHEL MONHO
NPeNCTABAT: B BUIE

w~*-—m(t *x+ﬁy+~(*~

. (4,3)

B npenmnyniem maparpage Mbl YCTAHOBWIIM, YTO [/ OIMCAHMA MATHETO-
onTHueckuX 3(PQPEKTOB B (ePPOMATHETHKAX CHeNYeT MCXOMWTb M3 OCLIMX
IuddepeHlnaitHbX  ypaBHeHuH snekTpoMarnutHOro moas (3,1), (3,2)
' (3,5). Baas rot ot (3,1) u ucronssosas (3, 2) Oy uHM:

c?(AE — grad 'divE) = (;g . (44}
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Tloacrasus (3,5) B (4,4), GyldeM uMets: (
¢? (AE, — grad divE) = ¢£, — zr.QEy,
¢ (AE, — grad, div E) = ¢£y + ieQE,, [ ‘ - (4,5)
c? (AE — grad, divE) = ¢ E,. ' ‘ '

ﬂpHHI/IVIaH peitenne B obedt dopme E E e°% n Honaraﬂ — = n% rIe

n* —KO\IHJIGKCHHﬁ noxasaTenb npenoMAeHuss HavarHU4EeHHOro cbeppouar-
HETI/IKa, HOJIY'-II/IM

E. — i:QE, = n* IEx——a*(a*Ex+ﬁ*By+T*sz)L
E .+ B, =1 [E, —B* (B, BB, - yE)], [ (46)
- ef, =1m*[E, — 1F (¢FEL 4 BREy - YRE))]
Wckmouas E,, E, u E, nonyuum ypasHenne Lid n*
[o (2% 4-8%) begi] 0¥ — [ (1= @) (& 5%) -
ez (1 1) 1 4-e? (1— Q) =0.  (47)

OT0 ypaBHeHUe KBAAPATHUHO OTHOCHTENBbHO T*? W mnostomMy B JHOGHX
IBYX B3aMMHO MPOTHBONONOXHLIX HAMPARJEHASIX DPACHPOCTPAHAIOTCI. JBE
BOJHB C IOTAPHO PABHBIMK CKOPOCTSMH. YMHOMWB YypasHeHud (4,6) coor-
BeTCTBEHHO Ha a¥, B¥ 1® u cnowus, modyumm:

(0% | i5QB¥) Byt (8% — 12Qo®) By 2Bz = 0. (48)

U3 3T0r0 ypaBHeHuss BHIHO, YTO KOMILIEKCHOE HAmpaBieHue KonmeGaHui
-anextpuyeckoro momi E . wu Bosmosam -Hopwame S* (a¥, 8%, 7%) me mep-
NeHIUKy dpHEL APYT K Apyry. Ecmi soiwa onHoponHa, 1o a¥, ¥ ¥,
peanbHl ¥ pasHel o, B, 7. CoorHomresne (E-S)=0 nomxxo TaKke
. fIPECTABNATb HOMEPeuHOCTh KoneOaHuil npm KOMILIEKCHOM pemenmu E,,
Ey, E,. Tak xak OHO He BLIIOMHAETCH, TO KOIe0aHns IMEKTPHUECKOTO
rios Aaxe B OOHOPOIHOR ROJHE He nonep2uHel, MarHuTHOE 10Je CBETOBOM
BOMHLI Ben8T cebg wmudue. M3 ypasmewn#t (3,2) crenyer Mud mI0CKOH HeOn-
HOPONIHO# BOMHEL COOTHOmIeHne H 2% - H 8% - H,y* =0, polpaxaioniee
<KOMILIEKCHYIO IOmepeyHocTb», [lepexons k OXHOPOIHOM BOMHe, T, €. 3a-
menga o®, B% +%* Ha @, B, y, mOoaydaeM IeHCTBUTE/IBHYIO TIONEPEUHOCTD.

5. MATHUTHOE BPALIEHUE W 3JIJIUITUYHOCTD IMPU MPOXOXIEHNH
CBETA YEPE3 TOHKUWE CJIOW ®EPPOMATHETUKA
(OPPEKT PAPAIES)

pu hponomaﬂdm pacpoCTpaHeHnd . CBeTA  ClEfyeT TOMTOMHTE
0¥ =8*¥=0 u y*=1, u Torza ypasHeHHd (4,6) naot: :
D* = D, =iD, =¢ (172Q) (Ex==iEy) = n*? (Ex = iE,), - (551)
Dz fomnd aoEz == _O.
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Orcona NoAyYaeM [Ba PellleHus:
n2=c(1—Q) npn E,=—IE,

“ (5,2)
. n?=e(14+Q) mpm E,=—IE,.

TlapainreAbHO CHJIOBHIM JHHUAM DACIPOCTPAHFIOTCA [BE IONEPedHble IHp-
HYJIIPHO TIONAPU30BAHHBIE BOJMHBI; IMOKA3aTedb NPeJOMIeHHs 11° COOTEer-
CTBYeT TPABO-MOMSPUSOBAHHOH, & 1) — JIeBO-NONAPUBOBAHHOH  BOMHAM.

Ecin 0pHHATL BO BHUMaHWe, YTO NOKA34TENM IIPEJOMIEHHS n. m II*
bl + —

OTMUAIOTCS APYT OT Apyra, a Takike OT [OKASaTels NPEIOMJCHUs 1l
B OTCYTCTBUM HAMATHHYGHHS JMIIb HA MAAYI0 BeIWUMHY M YTO MarHeTo-
ONTHYECKHE napaMerp ( 3HAUMTEMBHO MeHbINe eluHUIH, TO u3 (5,2) mpu
mpeneOpexen Iy MaJbIMI BEIHYMHAMA BTOPOrO NOPAAKA ClIeLyeT COOTHO-
TieHae

*

n_—n', =nQ, . (5,3)

KOTOPOE B COeIMHEHWH C COOTHOLIeHWeM M, —|-11° ==2n nadr

nl:n(l :%Q) 7 (5,4)
Yz (5,4) takike crenyer: | '
n— IfiF = EQQ = @,
- n*‘_:~£g_—0 )
'HpH TIOMEPesHOM PACPOCTPAHEHHH CBeTa (HAMpHMep, MAPAIIENLHO OCH X)
*=1, B¥=1*=0 u rtorna(4,7) naér

(4 — =) [ — < (1 — Q)] =0,
18878
=, WE=e(1—Q7). (5.5)

Tlepsoe cooTHomenne (5,5") npencraBiseT NOKa3aTelb IIPEJOMJIEHHS CBe-
“TOBOH BOJHBL, KOJeOaHMS DMEKTPHUECKOrO BeKTOpa B -KOTOPOH | cosepia-
T0TCA MAPAIEEHO CHIOBBIN JWMHAM, TOTJA KaK BTOPOE COOTRETCTBYET
‘BOMHE C KOJeGAHHSIMM, MepHeHIHKY/ADHBIME K HHM.

PaccMoTpuM  Temepb  [MIOCKONApaieb i - ClIok q)eppomarﬂmuoro
MeTanna TOJIIMHOW [ M HOJOXHM, Y4TO OChb 2 M HAIPABieHHe -HAaMarHuYe-
HUsl TIePEeHAMKYIEPHBl K TuacTiHKe, Ecan juHeffHO TOJAPH30BAHHBIA CBET
UalaeT B HANPABJICHYM HAMATHHYEHWsS, 4 OCh X TApa/lieJbHAa HaIlPABIEHHIO
KoneGanusd W JIEWHT B IVIOCKOCTH IIACTMHEI, TO aMIVIATYZABl CBETOBHIX

" koneGamyil B 9TOH IIOCKOCTH DPABHHL

De=1, Dy =0, 1. e, D+ =1, D—=1. (5,6)

2 yeH, 1. L, Buin. 2
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[To BLIXOXE M3 MAACTHHBI AMILTMTYLH GYAYT DPaBHBL -
I T S Sy
o P Dt=—e 4 l )
N
D—=ce -,

\1\9'
R E

~L Be% - =

D+—D— f

DT D~ , PN
57> TO, YUHTbBad (5,5}

( Tak kaK Dy = ——5— 4, D =

;véy,ueM. HMETH:
Dx: 7;, ‘(e ’kn+ + e— zkn — l )
. :%“ —1k111[ezk ( -n+) +e+tk (n—n"_ ) J

1 e—zkm (ezkcz_*_e—zwt):

i

2 v
_ ; o RN [etk (Gl—zG,)l et 6~ 10 1] —

— é; o— iknl [eikG,lekGﬂl+e~ ihGlg—kGyl ] (5,%»

Beons coxpauiéHusie 06Go3HaueHHA

v =kG,l ]
” C . (5,9p
) u—kGl[ |
MBI MOWKEM BLIPA3UTH ‘D e H D, B cneﬂyi(huem BUAE
Dy=e— U ch(g—4-iv),” Dy = —je-#¥Msh (u -} iv). (5,10%
OTHollleHHe AMILIATY I

v h_?:_m@+m : (G,11)

"OKa3bIBAETCS, - TAKMM 06PASOM, KOMILIEKCHOH BequuHou ‘0 EHEHO” IO -
‘PHi3OBaHHasi CBETOBAs BOJHA, HPOMIENNIAs uYepe3 Croi -pepPOMATHIETHO O
MeTamna;  CTaHOBATCE uMATHUeCkn: -noagpuzopanHodt. ' Tor - dakt,  uros
CBET CTAHOBUTCA SUTHNTHUECKH': MOMAPUSOBAHHLIM,  MOMKHO & IIOKA3aTI-
'HeMOCPENCTBEHHEIMA  BHKIALKAMA, IIOAB3YSACH  CAelYIOUMMH ~ (OpMyNayit
Teopym mnep60nmecxnx (pyHKunﬁ : - ‘
LT it sh (u+ l’U) = a,ei, )
L I ~¢ch (u iv *ae”x N
bl . N ( + ) 1 " : ) (D 12';3

’)
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rae’
a, = V—— —~ (ch2u — cos 20), tgalz%, |
.al = V—— (ch 22 -} cos 2v), fg By = thufgv, . (5 13)
R l
YuuroBasn (5, 12) " BBOLA BpeMeHHbIﬁ dakrop e'®!, mosyuum:
D, == a,ettwi— Rtz 45 ‘Dy — a2e. (‘”f“ MLzt 5 — B ) (52,14)

CranpapTHeiM  COCOOOM  MOMXHO - NIOK&34Th, YTO KOMIIOHEHTH [,
v Dy yAOBIETBODHHOT yPuBHEHUIO

D, Dy DD -
S et — 2 Y ing = cos?l, (5,15)
a? ag a2y

rae :
b :‘ 82 — 81 ad %f
Ho 3710 — ypaBHeHHe 3/HMICA, JEWAUErO B IJAOCKOCTH XY, UEHTP KOTO-
pOr0  COBMAJdeT C HAYAIOM KOODIHMHAT, HO OCH He COBIAZAI0T C KOOp-
IAHATHBIME  OCAMH. YTOa U, Ha KOTOpHIH IOBOpadMBaeTCs OOJbIIAS OCh
SIMIICA  OTHOCHTEJbHO  [eDBOHAUAMBHOI'O  Hanpasnewus — KoseOanuit
(ochb x-0B), MOMHO HalfTd, HOJE3YACH OpMymOH

tg 20 =2 9% sin?. (5,16)
& —al L o
S sin 2v
IMoncrapnas us (5,13) a,, @, u sind B (5,16) (Tax KaK 1g 0= TR
10 siid= 2 oshes . SN2 ———>, HOJTy YAM.
. v sh22u - sin2 2y v sh? 2z - sin2 20

=l S
Tak ' kak KOpeHb paBeit eIHHULE, TO MOTydaeM: S i
' Ctg2b=1tg2v ‘ ’ co7
e - -
q)\: v= RG>}

Takum 006pa3oyM, yros epalleHus OGOMBIIOH OCH  3amunca  OTHOCHTRJBHO
epBOHAY4/IBHOTO HAMPABJCHHA KO0JeGaHui Oyaer

T

g = p= v =Re (kGl)=Re 4 (n"_— ") L. (5,17)
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[lepefia&y K ompene/eHHIO JIMNTHYHOCTH. KaK M3BECTHO, SAMHNTHUHOCTD
, B o
OIIPENIeNALTC  COOTHOLIeHMeM —5 == tg o

Vicxonst u3  copuyasl  sin 28 = ——sin 2x.cos 8 <n6o 8, — 8 —

T
— 6>, MONHO TIOKa32Th, 40,

sin 29 = = th2u. (5,18)

TG

w B VC&'\lO’vI Jene, 3TO BHIHO ¥3 cnegvmunx npeoépasosaﬂnﬁ

sh 2u -
V shi2u I sinZ 20 o

28 — ——2sinacos x

L 1 . sh2u
Y1 Ctg2a Y 1-FtgZa 3/ sh22u-f-sin22u
2a, sh2u

I
H

(]+ ) 1/sh3211.+sm~2v =
at

2aq@y ¢ sh?a L

%—L a 1/sh2 2u + sin? v

+

I
I

= }/m - sh 211# -
cth’ - 3/ sh2u L sinZ 2u
— m: o th9u.

l

— sh? 2u - sin? 2v
Coorxotienre (5,18) Jerko NPUBOMTCE K BUILY

. th% - 2thu
. T tgf8 i]+thzu . ‘ (5,19)

370 COOTHOUIEHWE SBJIAETCH KBALPaTHLIM VDABHEHHEM OTHOCHTenbHo ‘tg ¥,
T. €, OTHOCHTENBHO SLIUOTAUHOCTH. EcCHd B3aTh 3HAK —1, TO [OJyUUM
(33 KOpHA

HRIBE

tgd, = 2-—1;—13—3 u tg 82__th'

ec.Jan }Ke B3ATh 3HAK —, TO HOJIY‘{HU
LUl )

tgdy=—thu wu tgH, = — ctha.
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Taxum 0GpasoM, SIMAITHYHOCTD PaBHA-

;

E) == = th u = ——thlm -] 7<n*_;n*)4[‘“3_—
@

A +
= 2o th T (nons —nyng) L (5,20)

DNIMNTAYHOCT TP a¢dekTe Cbapaﬂeﬂ €cTh, TakuM 00pasoM, pe3y/b-
TAT W3MEHEHWH B MATHATHOM . ode NpOSPAauHOCTH MeTaqma Aast -TIPOTHBO-
MONOMHBIX ~ HUPKYJIAPHO MOJAPH3OBAHHEIX KOMIIOHEHT CBETOBOH  BOJIHGI
(uspKynapHsIE MarHuTHeE Tuxpousm).- Tlosaras, kak o6muHO, T == 1 -—.ik
1 Q=]|Q| e " u ucnoesys coorHomenue (5,3), MOMHO  BpauieHHe
M 3UIMITHUHOCTE 11pu sddexte dapaned nanucats B BUILe

nr_a(pu;iw—‘Q](ncosq~ksmq) , ) (5,21)

(g)@: = f;-l— Q (rsing - kcosq). | (5,22)

£ sakaloueHye 3TOTO naparpada ommiieM XpaTKHH CcrHocol oOnpeleneHns
BpALIEHAT M IMNTHYHOCTH npu abdexte Papaned. Cootnourenye (5,11)
MOIKHO TPEACTABUTh B CJACLYIOUIEM -BALE:

}

Dy . S ey @y i 5—»'2-) a, . .y N
E_—xth(u+w)_—ale ( ZG—LSIﬁ;_lECOSOf (5,23)

BeuiecTBeHHYI0 M MHUMYIO YaCTh OTHOLIEHHS aMIVIMTYI MOXHO HDHUBECTH
K BHLY:

Re(52) = Re (—th (ui0)) = Fsind = 5o S0 (5.29)

ch 2z - cos2v

D . 8
Im (b“ﬁ = Im (— ith (u-}-i0)) = — Fcosd =

sh 2z : <

ch2u-}-cos2v * ‘ (5,25)

3aMeTuM, 4TO BpalUeHMe CBA3aHO C Bapuallvell BeileCTBEHHOM 4acTH 1oKa-
. e :

saTend IPeNOMJEHHs, T. €, C BeldyuHOH ¥ =k —5 l. DananTud-

HOCTH e BHSHEACTCH MOFIOUICHEN, T. e. ,Bem/mymoﬁ
u::kGlﬁ—- n_%_ — N4ti).

HOSTO'VIY, rnosaras B (5,24) u_O MOy UMM.

- sin 2v .
Re (D) -0 Itceszo —tgo=tgRe (n — ).

ANUL

Orciona werrocpenctse nHo cienyer ¢opuyaa (5,17). Hoiowmus B (5,25)
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v =0, HoMyYuM 3I/VIHITHYHOCTH

B DY\ shou '
=] Eg T e e e
A= D>y~o chou 1 tha.

6. TIONSIPHBIIT SGPEKT KEPPA TIPM HOPMAJIbHOM
MAJEHWM CBETA ]

B BawHOM. Clyuae [ePHEHIMKYHPHOTO TANeHnsd -CBeTa- Y IOMAPHOTO
HavarHudeHns (B 3TOM Ciyuae - M3MepeHus HauGosiee HaLBKHH, TaK KK
HApYIIAIOHIee « BAHMAHUE: [IOBEPXHOCTHOM - TLISHKY - Muﬂmaanbno) dopMy bl
JLAS MAHMMYM-BPALUEHHS ¥ SVMITHYHOCTH MOMCHO [OJYYUTDH BeChMa Iipo-~:
cto’. B aroM - cayuae oOnmHas - popMyNd s HOPMATLHOTO OTPaM(eHNs
MPAMEHHMA 1/  KaWIOH KDYroBOH craramomied, T4k YTO OTPdEHHHI
CBET "SBIHETCS CYIEPIosulned KPyroBhiX- BOJIH -C aMHJm‘TyziaMH

NToe v n_— 1 — 1

n_ -1 rt L1
HupkyaspHble dMIUIMTYAB - OTPAXEHHOTO : CBeTAa - MOKHO HPEeACTABUTD
B BHle S o o o , ; ,

E~=E,+iE, | (61)
E+—E,—iE, ’

Us (6,1) HenocpeicTBenHO Cielyer:

E, 1 g-—E+ 1 n_+17 n 41 i 62
E, i p+ETT i on_—1 W —1"- (’ )
| W T W
Tlocsre mpocThix npeo6pa301aa]mﬁ MOy SHM:
E TUom_ -1y
[ A _ — -+
tg aKMExw ! nn.—1 7 (6)3)-

Tak kax oOTHOUIEHUE.. AMIUIATY L, SIBAAETCH KOMIIIEKCHOH BEJMWUMHOH, TO
KoneBaHue MOCIe OTPAKEHUS OT HAWMATHMUEHHOTO (PeppONMATHETHKA IIpe-
BpalaeTCst W3 JHHEHHONO B SIMITHYECKOe, M GoJbliasg OCh MOBOPAUM-
BAETCS HA HEKOTOPBIE YTOJ OTHOCHTEJLHO MEPBOHAYANLHOTO HATIDABJEHMS
koneGanuil JWHEHHO TIONAPU3OBAHHOLG -CBeTa, De3 orpanmueHus OOUIHO-
CTM 0 MOXHO CUMTaThb MajnoH BemuuuHol u (6,3) HpeiCTaBuTh B Biile

n_o—ng - RN (6,4)

C(;( = w1 -
-, myn —

" [ = " "
BemecTBeHHBI  yros BpalleHus o OOMBUWION OcH 3/umnca KoseGanui
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<neiyer OTCIONA, KaK De3Y/bTaT BAPHAUWA MHHMOH . YaCT¥ NOKASATENSH:
FIPEJIOMIEHNST HAMATHHYEHHOTO (peppOMarHemxa, OTquHHﬁ or Hyas TOJb~
%0’ B NOTTOWEAIONIHX Terax i e
; no_— T
ax=Re (o )=—1Im

ngn_ —1 . »(6,’5?-¢
“DIMOTHYHOCTD, ABITIONIAACA — Pe3yJabTaTOM. Baphaliy  AeHCTBUTETbHOH
waCTH MOKA3aTe/ s IpeloMIeHdd, 6yrer. W;.
B - __n_}; S s e e
—_— - o — —
( A )x Im (@, )= Re 1t+lt —1 (6,6)

T
(e

BecbMa uHTepeCHbi  BHIBOL non'yqaeTt‘s‘i UpK TIpMMeHeHMH 3TMX opMya

K npodpdidHolt cpele (nusnexTpuk). B srtom. cayuae 1M .u 1y - Belge-
B

«crBenHu u 3 (6,5) u (6,6) cnenyer, uro oy, =10, Ho (—— #£0. “Tor-

Ja OTPOWEHHHI CBeT He WCHBITHBAET 'BOBCE. BjaleHns MIIOCKOCTH HOJIs~

“PU3ALMM, HO TONYYaeT UUMNTHYHOCT C TUIABHOH OCHIO BLOJb HANDAB/ICHUS

TLI0CKOCTH nonﬂpnsamm mafaomero  Jyua. IdgexT  TdKOr0 pona eurd
He H36HIO,IIBH, TaK KaK OH WCYe3alile Ma ,U,EHCTBHTQIFI])HO, igiic) TH}I{B-

Jioro davnta B Hoae H =104 apcren %N 10-8,

Jlas TOro uTOGEI BRIDASHTH BPAUICHHE M SLIAITHIHOCTH uepes Mar-
HeroonTyueckuil napavetp @, MBI MOram OBl HCTIOMb30RATh dopmyry (6,4).
Anuako nas ieed IOCHEHYIOUIEr0 pAaccMOTpeHUs MH NOMIBM 1O MHOMY
1yt 18, ByjeM CHOBa MCXQIMTP -¥3 IMPKYJAPHEIX KoJeGaHui, KOTOpHie
B KOMILIEKCHOM HAIMICaHWM IIPeJCTaBRHIOTCA B BUAE COOTHOIICHHS

A= i, | - (67)
O1paxcsnple :: ﬁnp}cynﬂpm;xe BOJIHE! 6y11yf HMETh 4TOF:21§1 aMTTY 4B
Rsi = A_s\ (ru ;i:l'-rlg)) } (6,8)

Rp.=4, (ryp = irgy),

® udM nerko yGemmrthes, moacrasiasa (6,7) B (2,1). Hanee mveew:

R\ - ,
<74”'; N —_— rn i:,ll'm. (6,9)
B OTCYTCTBAY  HaMarHUYEHU L ILePICTByeT OOBIUNEI. 3aKOH MeTaHﬂIflquKOFO
OTPAWEHNT . . e ‘
Rs> 1—mn :
(:4; 0—;?11—f'f22~1_}_n-‘ (6)10)

Eom xe (eppoOMarHeTUK HAMATHHUCH, TO chenyer TOJIOWATE

D - | . <AS>+ ;——t ,:,f,';_ C _(6’}‘1‘)
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Moscrasman (5,4) B (6,11), Gyney nvers: -

g, _1—m(1FQR2) _1-—m _ uQ '
A I S { ek o) B B e (ny (6,12)

H, CIeROBATENBHO,

Flg=Ty =— (1 l_r}t—(i)z o (6,13)1

a4

Jlanee, C TOMOLLBIO (6 13) u (6, 10) HAXOJu:

Clg____flz . i“Q
re  rp 1—n? ‘ (6’14)¥

H, TipeneOperas eiuHMueH MO cpaBHeHMIO ¢ 1%

S _ Q=9 o
W, oot Tos ;[(I‘,{j;z) ‘ . (6,]5)*

B rom xe npubmoxenwu [n? (1 ~}—12)>> 1] copasen/msbl dopmy sl 00—
HOM. META/MOONTUKA JJs TJ3BHOTO aswMyTa © H THAaBHOTO yIja Ta-
ewus P

x=tg® u sindtgd=n)142.  (616)
Ws ypasnemii (6,16) n Q = |Q e~ crenyer torzd '
‘ ’ i{g+5 —2) '
- ”12___IQ|3 ] T
For sin Q) T — = Le—ie, (6 17}

OTHOHIEHHE C BemeCTBeHHou aMIVIATY bl KoMitonenTsl Keppa K amman-
Tyde OGHLIYHBIM OOPa3oM OTPAaXKEHHOTO CBETA 103TOMY OyaeT

__1q | -
‘E mewe N

¥ OTCTaBaHKE IO Q)aée 3 [1epRoil . OTHOCUTENPHO BTOPOH
0-‘[]—}——«———26 (6;19}‘

Jlasiée, MHUMYM-BDAMIEHUE 1 OTHOUIEHHE TOAyOCEH SMMIICA: KoeGanuit
OTPAXEHHOTG CBeTa éynyT

1Q1C05<QT 5 —2 )

f— rl g DYL )
Re( z) (;cosa__ w620

Q[sin {q+~2~ —2@)
. f12 R T * . .
(A > — m ( == U sin = ETETE) (6,21}
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A HOJIHPHbH/I 2®PEKT KEPPA [IPM HAKJIOHHOM TTA JEHMU
CBETA

Yro6ul - paccMOTPeTh  OOiwH — ciyuail - npoGiienbl MArHETOONTAYECKYX.
SBAEHMit, HAM CJAeNOBaf0 Obl pemmth ypaBHewne (4,7). Onnaxo oG
OYEHb CHOMHBIL pesyJbTarT CTaHOBHTCH OTHOCMTENLHO NPOCTHIM, e
OFPAHMUMTHCH YJEHAMM [IEPBOJ CTEreHW OTHOCHTEJBHO MArHETOOIITHYECKOro
napamerpa Q. IToxcrasass (3,10) B (4,7)  mocne HpOCTbIX, HO 1OBOJBHO:
rPOMOSIKHX TPe0GpPasoBaHul, MOJTYYMM:

n = o, [15 970 4 (7 — 41 +f) t—)@] @

I/I. TAKKE - B
= [IF Q-3 0+N0— Q| @Y

IlgoiiHofl 3HAK OTHOCHTCH, KaK H IIPewie, K —t UUPKYJSDHLIM BOJIHAM.
TlpeneGperas uwieHaMH BTOPOTO NOPSIKA OTHOCHTENBHO Q, a TaKwme npu-
HUMasl & = gy = N? — KBAIPATy IOKa3aTels HPEJOMJIEHUS B OTCYTCTBUM
HaMAHWYEHHS, TOJYUMM: .

CAN

2 1 (1= ﬁQ). (7,3Y

CpaBrugas 3ty  Qopmyay ¢ (5,2); Mbl BuiwM, uto B 0oOuleM ciydae (IIpH
BBENEHHOM OTPaHMYeHHH) SAKOHB [ KOMIUIEKCHOTO IIOKA3aTessd Ipe-
JOMAEHMS TAKHE Ke, KAK ecd Obl BOJHA DaclpOCTPAHAIACH NAPANNENBHO
CHAOBHIM JIAHHAM TIOJH M TOJbKO BXOAfAulan B Q cuia mois Onma Ot
ocrabaena Ha BeJMUMHY KOMIUVIEKCHOTO HANPABJSIILETO KOCHHyca y® Boji-
HOBOH HODMaNM OTHOCHTENLHO CHJOBHIX JMHuH., JIerko NoKasarh, YTo CoO-
orHowenne  (7,3) TPUBOLWMT K cpopmyﬂe anaornuHol (5,4), a HMeHHO:
, .

=1 ( 1 Q . (7,4)
rze Q = Qy™.

Ilas  paccMoTpenns ofiero cayuyas npoéﬂeMH OTpaMeHHs ycraHOB-
fenHole B § 4 pe3y.abTaTHl O . PACHPOCTPAHEHHH HEONHOPOLHOH BOJHEL
B JOGOM HAUpaBJeHHW K MarHUTHBIM CHJOBHM JHHHAM ClelyeT oGbeiu-
HHTh ¢ OOUIMMH TPaHMUHBIMM YCAOBHAMH SHEKTPOJMHAMUKH IS Iepexoia
INEKTPOMATHATHEIX BOJH 4epes rpaHuuy asyx cpei. Has npoctorst Gy-—
11€M . pACCMATPHBATD TOABKO CAyYaw, HPH KOTOPHIX TPaHWia PA3AEnd NBYE
Cpel M INIOCKOCTb HAaAeHHs ROJHBI PACHOJOWEHB MAPALIETSHO WM Tep-—
HeHJUKYAAPHO. CHTOBRIM JiHMSM, ['eOMETpUueCKHe 3aKOHBl OTPANEHHs
M TpeNioMIeHus CenyloT 0e3 BBENEHHS TOYHOTO BHMAA TDRHMYHBIX YCIOBHIT
ywe u3. TOro (paKrta, YTO)STH YC/IOBHS OJHODOLHH H JMHEHHBl OTHOCH-
TEAbHO COCTABASHOIIMX HANDDICEHHOCTH SAEKTPOMArHUTHOTO mond. Orciona
CHIe/lyeT, uTO eciy ONePHPOBATL C PeileHHeM BHAA

oo (¢ — TP BT

o

wy  Fe , TO BEJUMHA-

oFx A BEy vz
¥
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JO/INHA FPHHUMATH OIMHIKOBOE -3HayeHwe HA' TPAHMIE . JJH Tangoules,
OTPaEHHON M IIpenOMIEHHOK BOAH.. B wacTHocTH, ecm rpanuunelt- Gyner
XY-mnockocts, a niockocTs XZ — MIOCKOCTRIO MafeHuss Kak i ILIO-
CKOCTH ITOCTOSHHPIX q)aa, TAK - IS TIOCKOCTH HOCTOHHHHX AMIVHTY 1,

5

a
TO e ILOJ'I}KHO I/IMeTb OﬂI/IHa[{OBOS BHEU-IGHI/IE lI,JIH BCEX TpeX BOJIH, a B:’"

L% HAX . PABHO. HYJIO ¥ a"2+~(“ = L. ByzreM PAacCMaTPUBATL TOMBKO
cnyqan, . KOTJia 'CBeT TajZaeT H3 M30TPONHOH 1PO3pauHOH CpenHl,. B- 4a-
CTHOCTY Bakyyma (WM BOSAyXa) W -YTO MajaioOuiasi BOJHA ONHOPORHA:
Hpn 3TOM B Haiawouielt u B oTpakéHHOR BoAmax o y ©¥ BellleCTBEHHY,

¥ K TOMy Xe U¥ uMeeT Aid O6eMX BOMH OJMHAKOBOE 3HaueHwe ¢. B cwmiy
HOCTOAHCTRA  OTHOMICHKS o [T 114 06eMx BoaH o¥ (T. e cumycH nei-
CTBATEABHBIX YIJIOB TIANCHWS ¥ OTPAXEHHA) AO/KHH OHTbH pasﬂm, ‘CooT-"
BETCTBYIONME 3HaueHus - OyfeM 0GO3uauaTh  uepes. o, Yroa.y* ROMKeH
Tora Ans 0Geix BOMH OGANaTh NPOTHBONOMOKHEMA SHAKAMH, TaK KaK
BOMHEL B UDOTUBHOM CilyHde CTAHOBSTCH MACHTWIHHMU.. -BooGuie xomIiekc-
Hasi BOJHOBAS HOPMAMb S¥ UPUBOLUTCH, TaKUM oﬁ\pa30M, Jilutad nana&omeﬁ.
¥ OTPauCEHHOH BOMH K. BALLY

e_ax—}—j(z oS, = ax —1z.

Tlpy - CHenaHHbIX TNPEANOJOMEHUIX B IANAIOWIed 1 OTPAKEHHOH BOJHAX
Ko/Je0anus NonepedHbl. g Kamao# u3 ABYX, TPOHUKAIOUYIX B HAMATHH-
YEHHYI0 CPeLy BOJH. MMEeT MecTo

=t e e

TIE & =0 iy ' ), == % 1 d:’l 2. AHanoqub{e coomomeumi
d
HMEIOT MeCTo, €C/M BMECTO rpalmqﬂoﬁ HJIOCKOCTA XY B3ath IIJIOCKOCTb YZ
. ZX. s nomyyenus o6mmx  oOpMya OTPaEHHS IPU TIOJSIPHOM
HavarauJeHmr- CIenoBaao Ok, UCI0Jb30BATE 'KOHKDETHRIE TPAHUYHBIE YCJIO-
BHA, TPEGYIOUME HENPEpEBHOCTH COOTBETCTBYIOUIMX — TAHTeHLMAIBHBIX
HOMIIOHEHT HANPMKEHHOCTH SNSKTPUUECKOTO H MATHHTHOIO BeKTOPOB.
VuTepecro,” OXHAKO, 4TO 9TH (POPMYJIB MOTYT OBITb NOIYYeHB TaKie
nyTEM NPOCTHIX paccymieHmil. [Iyctp Ha TepIeHIHKyIAPHO ‘HaMarHugeH-
Hoe (eppoMarHuTHOE 3epKaro (XZ — MIO0CKOCTH naJleHHs, XY — rpa-
HWYHAS TUIOCKOCTB) INOJ YIJIOM @ mMajaeT UMPKYAPHO MO/SPH30BAHHAS
‘BOJHA. PHBJIO)KPIM KpyroBoe KoOueOaHde Ha B2, OLHO U3 KOTOPBHIX —
SIUMITHYECKOE < PACHONONKHM B ILIOCKOCTH, I1aDa/IeMbHON ~ IUIOCKOCTH
3epKand, " d JApyroe — muHefiHOe — DACHONOKHM Tak, UTOOH KoneGaHsm
B HEM NPOMCXONUMA BOJH MATHMTHBIX CHJOBHIX mHmil. Konebanue, cosep-
TAKIeecs BAOAL MATHWTHBIX CHVIOBHIX JMHRH, BOOOIE HE MEHHeTCd W, Cie-
JOBATE/bHO, HE OKA3HBACT BAMSHWS HA MATHETOONTHYECKNH  stpexr Keppa.
dumnTaveckoe KojeGanue Oyner npoeximefi prroaoro xonebanna Ha
SLIOCKOCTh  3ePKaMa 1 TPUGIKEHHO -MOWET GHTh HpeILCTaBJIeHO B BULE
A — i ncos.cp+cos¢ As, Py (7’5)
14 n-cos:d -~ cos ¢
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TAe ¢ — KOMIUIEKCHBIH YTOX MpEoMieHus (xoadpduument mepen . A
pasen cos (¢ — $) <z cos ¢). [lpu HopMambnoM mnafeHun ¢ == 0 u M-
THUECKOE KOJIe6aHI/Ie, onuckBaeNioe GOpMyoH (7,5), MepeXOIUT B KPYTO-
Boe. OTpawEnible BOMHL OYAYT WMETb TOrJA aMILMTY bl

T COs ¢ 4 Cos ¢ :
1 cos & + cos T2 )» ‘
?

; Jeos. ¢ --cosq
Rps=4p <r22 M cos ¢ +- Cos § 21>

)}islﬁt:A Rt N
(7,6

B udM Jerko yGeautbes, noactasasd (7,5) B (2,1). Tanee myeey:

R . T COS ¢~ cos ¢ . ’
AS> - r“i% ncos ¢ -+ cos g rl?' (77)

B OTCYTCTBAN -HAMATHHYEHNS CrpaBelauBet (opmyns Ppenens

R . __cosp—mncos S '
<M>Q=O_rn ot mey o (7,82)

'R . 1M COS g — cos ¢
) “p — — Ty
" | ( A )a T S we ey (%)
Fom we deppoMarHeTHK HAMATHHYEH, .TO CAENYET MOIOWHUTD
' R\ cos¢ — M  cosy 7'9
A ). cosedm, cosd’ (7:%)
R‘p) 1, Cos ¢ — cos ¥ : 796
:ﬁ;',i_n:vvcos;a—{-cosap" ) - (7,99)
Toncranas (7,4) B (7,9) u (7, 96), momywny:
' cose—n {1 Q“
po g Mcosotesd + 75
M= T cos g J-cosw 12T Q
cos 41 (1 T)
COS ¢ — 1 COS'Y @’ cos ¢ cos ¢ ‘
- : —+= ; v
cosp+ncosd — (cosg+1mcosd)?’ ' (7’103)
9 -
o oo MCOSEAcos fn(l-}— 2)005?““)54’
gy b o T g =
1 COs. cos ¢ e .
B ' 11(1—;—%* cos ¢ -+ cos
__ncosg —cosd __ nQfcospcosd
T meos g - cos ¢ " (cosgFcosd)2” (7’106)
Vs stnx dopmya Henocp'egCTBeHHo CIELYET, YTO
. -nQ’ cos ¢ cos ¢ ‘
B =Ty = Q. cos ¢ cos & (7,11) .

(cos -1 cos &) (1L cos ¢ 4 cos d;)
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Tax xak min 6OJIbHII/IHCTBa METa/LIOB, BKJIOYAR ¥ cpeppowarﬂnmble,

n?>1, Tox"-—cosu—]/l a”?“Vl—* ~1

IlpuHuMast BO BHEMAaHME STO 3aveuaHue, MH TOJyunM (OPMYIB OTpaie-
HHUSl FIpY TONAPHOM HAMATHWUEHWM B CAedylOuieM Buie,

Rs-ru‘ds*l“”12 p  Rp=rynd;ryd,

_cosy — 1 neose — 1
i T cosg 4 m” 22 = W eos o +17 (7,12
[ mQcosw’ )
127 M1 77 7 Toos ¢—4m)(ncos¢41)°

llJIﬂ OlpEeNCHAS MHHUMYN- HY/Ib-BPAIEHUST TPEIKIE BCErO HEOOXOZHMO
3HATH OTHOWIEHMH Iyp/riy W .Fygryy. lpeneGperass emumuuedl 1m0 cpasHe-
nuo ¢ n? (1-4-#2), nonywm:

T Q cos @ [— nx.cos ¢ =i (n cos @ - sin? ¢)] (7,13
o (sinZ ¢ + 72 COs §)2 -+ 1242 Cos3 ¢ s ,13a)
iz _ Qcosg[nneosy —I(ncosyp — sinZy)|.

re (sin? ¢ — 71 cOS )% + n%x2 cos? ¢ . (7,136)

[apamMerp @, BooOGiIe roBOpH, ABMSEICH KOMILIEKCHOM Be/MUUHOH, . ONHAKO:
10 ONBLITHBLIM JAHHBIM W3BECTHO, UYTO /s JKeje3a ‘(CTaJII/I) MHHMad 4acTh Q
B &Irofl ¥ KpacHo# o00JacTH CIIeKTpa BecbMa Mana, I[IO. CPABHEHMIO
¢ BeI[eCTBEHHOH, AJd Hukejs ¥ KobaipTa — 10 KpalHell Mepe He OueHb
3HaumMTeJbHA. [109TOMY 1/ KA4eCTBEHHOTO OGCYMIEHUS MOJNYYEHHHX pe-
3yaBTATOB (B UACTHOCTH ./ PACCMOTPEHHS SHAKA MMHMMYM- M HYJb-Bpa-
UIEHHS) MOXHO MHUMOM uacThio Q npeneOpeus. [lapamerp @Q cumraercs
TOJIOMMTENbHBM, eC/U CHAOBble JMHWA PACTONOKEHEl NAPALIENbHO 010~
JKUTENbHOMY HaupaBieHuio ocu 2. Popmyms (7,182 w 6) naior. Toria,

B CWIY TOrO, UTO 3HAMEHATENb BCeria [ONOWKUTENeH,

rip ;
A Re (-ﬁ) 3HAK BEJMUMHB — 71X COS §,

» Im ( r”) » ‘- (ncos © -+ sin? §),

4!
IS
» Re (——11> » » -+ nr.cos g,
T2z ‘
7 A S .
s Im <_r,1%_> » » — (ncosp — sinZg). -
22

[Tosromy 3HdK [EPROH -BEIMUHHEl BCETd OTPHIIATE/EH, BTOPOH U TPETheH —
BCEria IIOJOMHUTENEH, TOrAa KaK SHAK TOCKeqHeil: BeqMuwWHBl NPH MajbX
yraax maleHus oTpuHaTeseH, Tpy OGObHIMX—ToN0KHUTeqeH. ViaMeHeHue
3HAKA TOC/eLHEH BeJUUMHBI MMEET MecTo npn yrie mageHus §y, onpere-
JI9@MOM DaBEHETBOM i A Vi

’fg ¢rsing; = . (7,14)
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3107 0cOoGHI yroa majenus @, COBEPIIEHHO He 3aBUCHT OT HAMArHMYEH-
HOCTH (CAe/lOBATENBHO, M OT MATHETOONTHUECKOTO TMapaMeTpa), a Ompesie-
JIFETCA BEIECTBEHHOH 4acThio NOKasaTenst NPeJOM/EHUd. YUATHIBAY NPHBE-
JEHHBIE BBULE 3aMEUAHMH O BHAKAX, Mbl BUMMM, UTO MUHMMYM-BpaileHHe
AHAIMBATOPA W TOMAPUSATOPA LIPH 71y == Iy,

xo=r=Re (1)

ﬁ:ﬁ:_&GD

T. €. IpU IOJNOKUTENPHOM @, NOMKHE OHTb TONONKHUTEAbHHL. “TaK Kak
Hy/Ib- BPAIeHus] aHAIM3aTOPA ¥ TOJIPH3ATOPA [DU Fyp == Fy;  BBIPANAIOTCH

cdopmynamu (cv. § 2) ;
(ﬁl) /

P ( r20>
m
#
. 12
\ , Im( 14>
Qo= 0= N/
b
P m < ri )
T :
TO TOPU TONOKUTEIBHOM , B CHIY TOrO,.uTO IpH BCeX YIVAX IaZeHHs
/ 11 ton i
EALE T ; B g0 -
Im \ 7o >< 0, a Im ( = >0, Mul moaytmM, o $, =30 Bcerma mo

D
JOWWTENbHO, & Uy ==, TpW yriax NaneHus, MEHLIMX KPUTHYECKOTO
yria ¢y, OTPULATENbHO, IPU yIiaXx ' rnaleHud, OOJBIIMX . KPHUTHYECKOrO
TIOIO¥UTENBHO, ~ S

8. OBLU;I/IE POPMYJIBl OTPAXKEHUS [IPU MEPI/IILI/IOHAHI)HOM
HAMATHWYEHVN

Mbi ne 6yueM_ OCTaHABJIUBATLCA . HA BhiBOJE (OPMYJ  OTPAXEHUS IIPU
‘MEDAJIROHANbHOM HAMATHHYEHWH, 4 [IpUBeIEM 'JIMIb WX OKOHYATEIbHHIE
Bhipakenns. B ToM ke camoM npuGmbxeHuv, B KaKOM DaccMaTpHBAJICH
f10a9pHEi adderT, momyunm:

Rs =1y As+ri34p, Rp=ryAstropdp, 1}

__ Cosg—m ncosg — 1 |

r oS e e S
17 cos g m 22 ncos?—'»l oy (8,1)

r'f‘”“_" __ r‘ ’;‘ iQsingcos ¢ |

tge 207 77 (cos ¢+ 1) (mcos + 1) )'

P
Hdas  onpenenenus MyHWMYM- U HYJb-BPaULeHMR BHIPAMKEHWS s 723~
. ) 1

-

7. W oo . i L
o T2l PACCUMTHIBAIOTCA B IIPCKHEM HpH6JH/I}KeHI/II/I, npu KOTOPOM eIHMHHILeH
22
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‘mo cpasuenmio ¢ n? (1--%?) npeneGperawor:

1 Qsingcos ¢ [x(2n cos o--sin? cp)—{; i(n (7\241)\ cos ,a — sin2 ¢)] . l .
rn 1 (1 42} [(sin? ¢ 4 1 cos )2 4~ n?x2 cos? 9] 1 (8.2)

ra __ Qsin g cos ¢ [—x(2n €OS ¢—sin2 q;)—z (n (7.2—1) cos ¢ 4+ smlp)]
rap n(l+4x2) [(st % — 71 COS §)2 -}~ n2s2 cos? cp]

dopmymst (8,2) naiT TOTIE, B CHIY TOr0, WTO SHAMEHATeN, BCeria IO-
MOMHTENCH: :

amRe ( 21) 3HaK BeuHHB - (272 COS @ + sin? cp)
» Im><~r > o < (n(x*— 1) cos ¢ — sin? @),
» =
" Re < r2, » . —{(2ncos g — sinq),

Fas i
» Im <r21 > S — (n(¥? — 1) cos p-}-sin? ).

[leproe BrIpaxeHHe BCErAa MONOKHUTENDHO, [IOCTIeHee BCrIa OTPHIATENbHO,
TaK Kaxk B.HeM x > 1. Bropoe BhlpaweHue MpY MaJBIX YTJEX [afeHus

[OJOXUTENLHO M MEHSIeT CBOH SHaK TpH § ::cpz, ONPENENSIEMOM nocpel-

CTRBOM .PABEHCTBA ;
sin P2 tg Py =1 (“2 - 1) ) (8 3)

Tperve BolpaweHue NPH MabIX YI/@X [aLeHns OTpI/IU.aTe.IIbHO U MeHdeT
CBOH 3HAK IIpH ¢ == @3, MPHYEM

. sin@atg @g=2n. (8,4)
ITUMH péayanaTal\m cBsi3bBaeM Mbl opMyae (2,8), (2,9), (2,17)n (2,18),
oTKyNa rrpn Tip == —=Fyy I MAHHMYM- BpaLLI,eHPIH aHaJmaaTopa x M o~
pylsaTopa 10 oy vumM:
/ ry
Cu=gene() |
oo _ . : (8,5)

== Re(rﬂ)

Cunrast cHOBa: @ HOJIO){{MTBJII:HBM, s 1 — )(0 OyoyD Al BCEX YIJIOB
nafeHust OTpULATENbHE, TOTAA KaK ~Yp B — y0 AMd . MamIX yIVIOB ma-

ILeHHa TOJOKHT b HEI, st Tex. - A€ YLJOB, "KOFOphIe NPEBBINAIOT, KPHTHA-
qecxmi Yroa ©g, NO/DKHBE ObTh OTpHUATeNbHBL. [lna HYJAb-BpallieHus 3Ha-
misdropa w ronspusatopa u3(2,25), (2,26), (2,27) w (2,28) (sipn npen-
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TIONOWEHHH 1y = — Iy;) CIELyIOT (OpMYIHL
a1
Im( E >
S T Tog-
PR— H)S [l
. ) - Im ( T 29
" - o e ' (8,6)
" ( ray ]
m | .
—, = q) oo u }
P s I ( Voo ) .
m
Orciona  creayeT, uTO IIPH BCeX ymax nagenus Uy = Lpg‘ OTpHua-~
TeNbHB, TOTAA KaK $p = — dgg IpU MaJbIX yTAaxX mNaleHds OTPUIATe/bHbL,

AJ TEX e, KOTODPHIE MPEBHILUAIT KPUTHUECKUH YTOMX @y — I0JOWUTENb-
HE. JIAs K44eCTBEHHOrO OGCYNIEHUS TIOBeeHHs 3HAKA MUHMMYM- H HY/b-
BpAlLeHUH Mbl TIPeHeOPeram MHEMOH UaCTBI) MArHETOOINTHYECKOTO . Iapa-
metpa Q. OT6pOCHMB 3TO OrpaHMYEHHE, Mbl TOJIYYHM OTHOCHTENBHO MPOCTO
| ypaBHeHus, OHpeleJsIoNHe KPUTHUECKHE YIJBl [afeHus @i, @ WU $a.
Msl' BHZeM, YTO IpU IEPBHIX JBYX Yepe3 HY/b NPOXOIMT HY/Ih-BPalIEHKE,
UpH  IIOC/eNHeM — MUHHMyM-Bpaiuenve, [IpencTapnsgs MarHeTOONTHUYCCTKHIL
napaverp B Buge Q= |Q|e~ ¥, et monyuwim ns (7,13a u 136) u (8,2)
LIS @y, ¢, U @3 CICLYIOUME BbPAXKEHH::

tg 9y sing; = n(1-{-xtg ¢) nonspusii sdepexr, (8,7)
: n(x2—1)—2nutgq
tgoysing, = ( 1+)xtgq s - ’ » .
MepHIHOHAIBHBIH (8 8)
2 2t sthdexT.
tg ‘?3 sm 03 = ”*‘Fxn-—(ltgq )igg iy

SMHHpuqecxu yCTaHOBJIeHO, YTO KPUTHUECKHE YIJbi [aJEHHS 1, Oy U Py
He 3aBucAT OT HamarHuuenus., OTcOla Clelyer, YTO BeJMYMHA ¢ B Rac-. 3
CMaTPHBAEMOM NPUOMINCEHNY HE 3aBHCHT OT HAMATHMYEHH:, & ONpPeendercs
WCK/IOUATEIBHO OITHYECKUMH KOHCTAHTaMH. PasBépHYTHIX (OpMY MuHH-
MyM- W HyJb-BPallgHuH, a TaKxe SNMNTHYHOCTH ‘B OOlleM Ciydae Ha-
KJOHHOTO MAJEHUS CBETA NPH HNOJSAPHOM K MEPHIUOHAILHOM HAMATHHYEHHM
u3-32 MX TPOMOBJKOCTH Mel 1prBOAuTH He Oynem. ITo noBoay cpaBHeHus
C OmbTOM CTPOrux GOpPMyI IS MHHUMYM- M HyJb-BpAuleHHH, a TaKie
Aas (a3l ¥ OTHOIIEHWS - aMIUMTYH IIPY HAKJOHHOM TAIEHHH CIeAyeT
obpatutbcd K paboTam I‘onbaraMMepa " S(aeMemag0 COTJIACHE yIOBJAETBO-
PpHTebHOE.

9.! SKBATOPI/IAI[beII/I 3¢¢EKT KEPPA

PaCCMOTpnM Tenepb cnyan, npn KOTOpOM BeKTOp HaMal‘HI/I'-IeHI/ISI Ha-
npasJien BJlOJIb rpaunyHo#’ TI0BEpXHOCTH, HO. HEPHEHAMKYAAPHO K ILIOCKO-
ctu ‘flapenna ¥, Ecim BHOpaTh niockocTs YZ B KauecTBe IPAHHUHOM,
YX — B KaueCTBE MJIOCKOCTM TajleHHs, TO [Jd BCeX YIJaO0B MAJEHHs
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Hanpaasgiowyit KOCHHYC ¥ paBeH "HYJO:

*2 "9 —
a2 +f7=1, B,= B/“d,
1puuéM wunieKC d OoTHOCUTCH K 0obenM HpeJIOMlIBHHbI\i BOJHAM. B srom
<ryyae u3 (4,6) nonyqaeM '
LeQE = n*23+(B*E — a*E)),
' — N2y # (¥ y
LaQEx+;Ey_n a* (a*E, — B¥E,), (1)
EOEZ = II*ZEZ .
OTH ypaBHeHMS TIOKA3HIBAIOT, uTo KoneGaHus (BHYTPH (eppoMarHeTHKa),
N13PAJLICIILHBIE K CHIOBHIM JIMHHSM, COBEPIIEHHO OTAGMAIOTCA OT KO/eOGaHuii,
TIEPIIEHANKY ATPHBIX K CUOBbIM sy, Lt noxasaresiell. npesoMaeHus

cripasemBbl cTporse dopuyas  (5,57), korophe
opu OI‘paHI/IquHI/I BE TMYMHAMH HepBOI‘O nopsuu(a

OTHOCHTeJIbHO Q TpUHAMAIOT BHL:
n2— n’f —e=¢cy =12 (9,2)

O6e npenomhéﬂﬂue BOJHEI UMEIOT, C/1eLOBATENHHO,
 OIMHAKOBHIE CKOPOCTM M HANPABJAGHMS ~Pacmpo-
‘cTpaneHust u cosmnagaior: [IpoGiena "OTpaeHHs
¥ TIPEJOMIEHUs COJEPHKUT Tereph BIHAHME HaMa-
THHYIEHHOCTH TO/IBKG Hepes ypastenne (4,8), Ko-
TOpoe mpu ¥ =0 GyZer uMerh BHI:

Puc. 4 (o) B (B 12°Q) Ey = 0. (93)
x y
OTCIOILH BUIHO, YTO KOMIIOHEHTHI KoJueGaHui B ILIOCKOCTH MaNCHUS CBI-

3aHBI MeXny coboi _COBCEM HHAYe, YeM B OTCYTCTBHM HaMarHUYeHHOCTH.
Mu nonaraem Tenepb B COOTBeTCTBUH C pHC. 4.

Ei =S —@Ape Tg, E; — OﬂApe Te, E«Z — Asevzwte)

. q ax

. T, = t_ _p-)Lj‘;____’
E; = BRbezwr,v , EI, . C{Rpeiwfr ) E; _ Rsemrr’
¢ (9,4)
. t B}"—a,\.
R |
Ez — DWe'"a . Eg = D(?) ei‘“Td’ Eg - D(3)eim-:d’
1=t By EeE
oF

Ha puac. 4 s, #. P, — HOpMajk M HarnpasreHue KojeGanufl B naxaro-
el pomme, S, u P, _a OTpawEHHOH BOJHE, F pax—mqﬂme ycuiosust  Tpe-
6yt HEMPEPHIBHOCTA' BeJTMUHH _ ‘

E, E —LEy OF, U (?EZ .
¥ TP ox T oy 0x

'




O MATHETOONTUYECKHX . AABJEHHAX B SEPPOMATHETHKAX 193

Tlpumensis rpanuunnte ycnosusd k (9,4), Oylem HMeTB:
«(A,—R,)= D&, A, 4 R, = n* (a* D®— B=DWM),

. 9,5
As-Ry=D®, a(A,— Ry) = n¥a* DO, (9,)

Kownonents koneGanml, mnapajiejbHele ¥ IepleHAHKYIAPHBE K ILIO-
CKOCTH MafieHusl, OCTAIOTCA TOSTOMY, TAK ke KK npu npobieme OTpaxe-
HUsl, HESABUCHMBbIMM IPYT OT ApyTa. Jas NpeJoMIEHHBIX KOMIIOHEHT, Jexa-
1ux B mIockoctd nafennd, (9,3) 4agT cooTHOLIeHe

(0 1§ Q) DV = — (3% — 12 Q) D®
uim ‘ :

D@

a¥* D@ __ ?* D) — m .

' (9:6)

HOlI“CTa'BJIHH (9,6) B (9,5), nomyumm:
R, [(o# 4 10) 1 8Q] = — A, [0 — o)+ #°Q),  (973)
| R, (@ - na®) = Aq (o« — no¥). (9,76)

M3 3THX COOTHOLIEHMH BUIHO, YTO KOMIIOHeHTa, KomeOJIouasics mep-
{IEHIUKYIIPHO K TUIOCKOCTH TAfieHus, ¥ C/eOBATENLHO B STOH ILIOCKOCTH
NI09PU30BAHHAsI, He 3aBUCHT OT HaMarHWueHHocTH. Kommowenta ¢ koseGa-
HYSME, Napajie/EHBME IUIOCKOCTH NaneHud, npereprépaer Ogaroiaps Ha--
MATHIYEHHOCTH MSMEHeHHe B aMiLTyle M (hase; OIHAKO HOKA3aTh Hero-
CPEeICTBEHHO 3TO M3MeHeHHe BeckMa TpyaHo. IlpeameroM HaGmonenus
ABAseTCss ApoOb Rs[R, B clyudae, KOTAd HA TPaHAWLY NAjaeT JwHeHHO-
NO/IAPN30BAHHEI CBET, COCTABIHIOUMH C TJOCKOCTHIO [ANGHUS A3UMYT
g npengerax or 0 mo 90°. Tak xax nanawouwi cseT JuHelHO-TOMIPH30-
BanHbl, To A, u A, Oynyr peamtunl u AJA,=tgTI, rae I' — asuwyr
SJIEKTpI/I'{eCkDI‘O BeKTopa Hs (9,7a) u (9, 76) nprHUAMast BO BHEMaHHe (2,6),
Oy UHM:

Rs G ig—p—
R F
Qsing
cos ¢ —na® o¥ fneoso-Fi—— 4 .
e s e P
cos g+ na¥ a¥ —ncose i ¢ Ap K
rie o -
n=n(l—ix)=ny1Fx2e— 2 —sind tg P29
#

nz -’

3 YOH, 1. L, som. 2
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OrpaHiuuBasch uIeHaME - HepBOI‘O nopsuu{a ‘oTHOCHTEMbHO - Q, * (9,8
MOXNHO NPENCTABATD B RUILE. : .

Ry G
Ro F . — . - ;
As Ccoso—na® . a4 1.c0s ¢ iQ sin 2; :

. . S N + P — __( 1 — - Q P \ (9’9)\

'“ T Ay cos ¢+ Ma* a¥ —n.cosy ¥2 _nZcos?y

e—ie—f —

" B onblTax O U3MEPeHMIO 3KBATOPUATLHOTO SbexTa a3uMyT HOAIpE—
3aTopa yCTaHABMBAETCS TpH TakoM 3Hayewuu I, mpu KoTOpOM HOCTH~
raeTcst PaBeHCTBO KoMioHeHT F.u G (uX: sl . ommalorca He3HAUHTE b~
HO); 9TO OOHAPYKMBAETCS GONOMETPHYECKH. 3aTeM ~BKJIOYAETCS MATHUTHOE-
nofe M uaMepaoT Madoe Bpamienve 61 mosspusartopa, KoTopoe Heo6X0-—
IMMO JLIsl BOCCTAHOBACHHS DABOHCTBA OTPAXCEHHLIX KoMmOHeHT. Mcmoarsys
3HAYOK «O» 11 0003Ha'{eHI/IH OBBIHbIX 3HaueHnH (663 HaMarHWYenus, T. e.
npy Q = 0) u nonaras F =0, B xawnom CIYaE MM uHeel (ecma 060~
sHawith (g — f) uepe3 8): X

b s €SP —Ma¥ - a¥ Lncose M 1 iQSiﬂ 2? \
etctg I'= cos:p—l—na* T oos g l— T n2costy > (9,10¥
P e—i% ctgl" - - cosp—ni* e 1cosy (9,11p

cos ¢ -+ 1a*  a¥ —ncosqa
HOHGHHB HepBoe ypaBHeHme Ha . BTopoe, oy uny:

gl T ‘ iQ sm 20 LT Q@ sin 2? :
(3, L .

e i ( ) tgT — ’1_~— %*Z 112 COS? ¢ =]—— sinz g - . (9,1 2}
R . A 1— pre Bty nzcos? ¢

“Tlozarast st KpaTKOCTH n2 ( +x2) = b n Q= }Q e, ypaBHemde:
(9 12) MOXHO NPENCTaBATD B Bille ' :

. 1.Q Isin2¢ g—i (q_’_;)

o A R
s—xn (Iie — bcos? g 410
o (q+*‘21—:+\%>). SR
=1+ cos 4,V’?(IL;IS;OS:iz +D P b2cosZp — 1 > & 13y
I V [1 o Ab' i S J +Sirlz40[ +—J
l‘ile ' ;‘A‘\u -._._". o L - 5 ’
- : 2 _
tgd = — tg 40 b2 cos2p — 1

b2 cos? o 1 — bsec 40

Buecro . b2 =1 MOXHO THCaTh 0% MO0 BO BCEX DACCMATPHBACMHLE
ciydasx b2>100 ‘BoipaceHie (9,13) MOWHO TPHBECTH K BULY

o '[6 R 1Q! sin 2¢cos, (%H-q)]
-Imeu—'T bna‘——, + . ‘ 4 b (9;»1’4&;

tg P [1 _ [ Q | sin 2‘? sin (,3 +q)
tgT T i
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Ty

rae

'y —ﬂ"/lﬂ cos* ¢ — 2Ncos? kp—}— 1= M
[3mecs as yﬂoocma BBEIEHO 0603Haqeﬂne N = (b—2cos 49) cos 49—{—1]

HpnpaBHnBas{ MOIly.HPl ¥ apryMenTol B 9 14}, nonyan

s, = Q\31n2\0;08(8+()) ’ R N CAt))
tg I =tg To[ S ()?ysm (‘%LQ)] -en

Samenss B Jepodt uactu I uepes I', -~} 8T, mocne mpocteix npeofpa- -
30BaHUM MOMYUKM:

BT — | Q| sin 2y siny?jl‘o sin<(«‘} +q) ) ‘ ‘ (9’1‘7)
r;tALe> T, Oni)EHGHHS-TCH cdopumyaoit

. 2n simé tg ¢ - ‘
(o6} 2ro e -EW N » (9,18)

CHOY' -CpaBHHI _ H3Mep6HI/IH Mnrepcoajia, OTHOCAUIMECH K HATPHEBOMY
ceery (b= 5900 A), ¢ wmanomennoit 3mech Teopuefi SKBATOPHATLHOrO

|
N

ol | |foma
N+ A=055 \
3, om0 HHEEPCON] /
§ ¥e—x CHOY / \
)
Q.
Y 47 /
3 7
3 Vi
3 7 x
t B / \,
S +5 // - ’f’(; \4 Y
N ; / /,/p’/ 06an6Mm \\ \
§ - A
3 Eaan - \
§ 0 = Hurens \&*\\\ N

W

0TI 200 W0 W E W e a0

Yeon nadenuf —se—
Puc. 5.

sddexta U HamE, UYTO TeOpUS HAXOAWTCA B XODOIIEM COOTBETCTBHM
¢ HaGmoneHMsMM IJiA Aenesa (CTanM), HUKens M KobaibTa. DT0 COmo-
CTaBJleHAe IPEeICTaBNeHO Ha puc. 5.

3*
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