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OcHOBHBIE Pe3YJIbTATHI IPUTOAHBI KaK JIJIsT UJICAJbHBIX JIUIICKTPUICCKIX
cpest, Tak u i cpeji ¢ norsomnienneM. Cirydail nieaJbHbIX JTUIJICKTPUKOB
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1. I'parm4YHBIE yCJIOBUS B ONTUKE

I'panuvrvie ycrosus B JIEKTPOJMHAMUKE MOT'YT OBITH ITOJIyY€HbI HEIO-
cpeJicTBeHHO M3 ypaBHeHmii Makcpenna. [lasg pemennd onTudecKux 3aad
OOBIYHO HCIOJIB3YIOTCS YCJIOBUS HEIPEPBIBHOCTH TaHTCHIUAJIBHBIX COCTAB-
JISIONIUX BEKTOPOB HAIIPSI?KEHHOCTH 3JIEKTPUUECKOro 1ot B m MarHuTHOro
rosist H:

E = ET27 H = H7'27 E

rne B, Eo, H, u H9 — 3HaueHUs] TAaHIe€HINA b
HBIX (KacaTebHbIX K TPAHUIE pas3jena JBYX Cpe) co-
crapsionux Bekropos E u H na rpanune pasiena
co croponb! nepBoit (K1, H;i) u Bropoit (Ere, Hs)
IPAHUYALIIX CPEJI. Puc. 1
[Ipuanmas Bo BHuManue coorHomienne H ~ [k E]

(k — BOJIHOBO# BEKTOD), I'PAHUYHOE YCJIOBHUE JIJisl HAIPSZKEHHOCTU MarHuT-
HOI'O II0JISI BCErjla MOYKHO IIPEJCTaBUThL 4depes3 BekTop E u nokasaresn mpe-
JIOMJICHHS CPEJIBI N ¢ YUETOM HallpaBJIeHIs BOJIHOBOI'O BeKTOpa. Mo1y/Ib BeK-
ropa H B cpeJie ¢ nokazareseM IIpeoM/IeHns 1 npornopiuonaiet nk, a ero
HaIpaBJICHNE OTIPEJIe/ISeTCs HAIIpaBJIeHneM BeKTopHoro mpoussejenust [k El
(em. puc. 1).

H k

2. 3akoH OoTpazKeHnd 1 IIpeJIOMJIEHNA CBETa

[Ton 3axorom ompasicenus u npesomaeHus ceema MOHUMAETCS COBOKYTI-

HOCTD CJICAYIONNX YTBEPZKICHNIA:

1. 9acTOThI OTpazKEHHOI'0O U IIPEJIOMJIEHHOI'O CBETa PaBHbI YaCTOTE 11a,/1al0IIero
CBeTa;

2. TaJIaIoNInil, OTparKeHHbI 1 NPeJIOMJIEHHbIH JIyun JiexKaT B OJHOI I1JI0CKO-

CTHU, HepIeHINKYJISIPHOI IpaHulle pasiaesa cpes;

YTOJI TTaJICHUS paBeH YIVIy OTParKeHndd;

4. ipu 1epexojie cBeTa depe3 IpaHuIly pasjelia U3 Cpejibl ¢ IoKa3aTeseM Ipe-
JIOMJICHUS M1 B CpeJly C IloKas3aTeseM IIPEJOMJICHUA 7o YIOJI IaJIeHUS @
1 yroJI peJIoMJIEHNsT (¢ HAXOISTCS B CJICIYIONIEM COOTHOIICHIN:

@

sing  no

(1)

sing’ g

(3axon Cresruyca).

JTaHHBIT 3aKOH MOXKeT OBITH ToJiyueH w3 npunnuna [toiirenca—®Openesis
W 13 BapralnnoHHoro npuarnnina @epma (MIpUHIKIA MEHIMAIBHOCTH ONITH-
YeCKOro MyTU MEKJIy JIBYMS 3aJJaHHBIMU TOUYKAMHU WM, UYTO TO YK€ CaMoe,
MUHUMAJTBHOCTH BPEMEHN pPaCIPOCTPAHEHN CBETa MEXKJy JBYM: 3aaHHbI-
MU TOYKAMMU). 3JI€Ch MbI MOKAYKEM, UTO 3aKOH OTDAKEHUST U IIPEJOMJICHIs
cBeTa MOXKHO HE3aBUCUMBIM 00PA30M MOJIYUNTH U3 IPAHIMIHBIX YCIOBUIL.



PaccmoTpuM najieHne csera Ha IpaHUIly pasjesia cpel ¢ HoKa3aTeIsaMu
LPEJIOMJICHUS 11 U M. YTOJ MEXKIY IaJAIONIM JIYIOM 1 HOPMAJIbIO K I'pa-
HUIIE pasjiesia B TOUKe najiennst (Yrosr najenns) 0003HAUNM (, VIO MEXKLY
HOPMAJIBIO U ITPEJIOMJIEHHBIM JTy90M (YTOJT IPEIOMIIeHNsT ) 0603HAINM ¢, yroJT
MEXK/[y HOPMAJIBIO 1 OTPasKeHHBIM JIydoM obo3Haunm " (cM. puc. 2).

Ocb z JeKapToBOil CHCTEMBI KOOPAMHAT HAIPABUM BJOJbL IIEPECEeKAIOIIE
HAJIAIOINI JIyd HOPMaJIM K TPAHUIE Pa3/e/ia B HAIIPABICHUN CPEJIbl C [IOKa-
3aTesIeM IIPEJIOMJICHUS Ny, OCh & — BJIOJIb I'PAHUIILI pas3jiesia B ILIOCKOCTH,
cojieprKalleil maJalonuii Jiyd 1 ocb z (IJIOCKOCTD MaJIeHUs), KaK MOKa3aHO
Ha puc. 2. Boanosoit BekTop nagaiomero csera kK umeer, Takum o0pasoM, JIBe
cocrapistionue: ky, u k, (k, = 0).

Brauasie OyjemM ImpeanosaraTh, 4TO BOJHOBBIC BEKTOPA HMPEJIOMJICHHOIO
1 OTPAsKEHHOIO CBETA UMEIOT BCE TPU COCTABJIAIOIIUE: JIJIsSI IIPEIOMIIEHHOTO
ceera k' = {k, k;, K.}, st orpaskennoro ceera K" = {k}, k], k7}.

BekTop HAIPSI?KEHHOCTH 3JICKTPUYE-

CKOI'O TI0JId HaJaloleli BOJIHLI Ha I'pa-
HUIEe pasjesia IIpejacTaBuM B BUe k

z
Kk

E(rt) = B! @ — K1) (9) m

rje w — 4YacToTa Hajaloleil BOJIHbI, T2
t — Bpemsd, r — paanyc-BekTop. Ha-
JaJbHYI0 a3y IoJjaraeM paBHOIl Hy-
JIIO, 4TO BCerja MOXKHO CJejiaTh COOT-

BETCTBYIOIIIM BEIOOPOM Hada/1a OTCUe-

Ta KOOPJNHAT U BPEMEHH.
AHaJIOrmIHO J1J1sT BEKTOPOB HAIIPSIZKEHHOCTH IIPEJIOMJIEHHON 1 OTPayKeHHOi
BOJIH Ha TI'DAHUIIE pa3/ie/ia COOTBETCTBEHHO UMEEM

E'(r,t) = E()ei(w/t —k'r + 5/)’

3
E”(r t) _ Egei(w//t _K'r + 5//) ( )

e w' 1 w” — "9acToThl NpeJIOMJICHHON 1 oTpazkenHoii BosH, ¢’ u 8" — capurn
a3 npesIoMIICHHON 1 OTParKeHHOH BOJIH 110 OTHOLICHUIO K (ase majaiomei
BOJIHBI B TOUKE pa3JIeIeHus JIydeil.

Tanrennuaibable COCTAB/ISIONME AMILUIATYJL HaJaionieii, IpeoMICHHO
1 OTParKeHHOIl BOJH Ha I'PaHMIE pasjesa 0003HAYNM COOTBETCTBEHHO F,
E}. n E{_. CkanspHble MpON3Be/ICHIsT BOJHOBBIX BEKTOPOB HA PaJINyC-BeK-
TOPBI Ha rpaHuile pazjiesna (2 = 0) paBHbI

kr = ko, kKr=~FKaz+ky kKr==~KFz+ky



C Y49€TOM 39TOI'0O I'PaHUYHOE YCJIOBHMEC HEIIPEPBIBHOCTU TaHFeHHI/IaﬂbHOﬁ CO-
CT&B.HHIOHLGI‘/)I BEKTOpPa SHGKTqueCKOﬁ HallpAZKEHHOCTU Ha I'PaHUIE pPa3de/ia
IIpUMET BU
E ’L(Cdt — kmx) 1] i(w/,t — k’gx + k//y + 5”)
0r€ + Ey.e y

_ E(,)Tei(w’t — kyx +kyy +0') )

It TOro, 4ToObLI JJAHHOE PABEHCTBO OBbLIO BBIIOJHEHO BO BCE MOMEHTLI
BpeMeHHu t, HeoOXoanMo, 9ToObl w = w’' = w”. TeM caMbIM JJOKa3aHO IEepBOE
YTBEPKJICHIE 3aKOHA 00 OTPasKeHUN U IPEJIOMJICHUN CBETa.

AHaIOrnaHO — Jiist BBINOJTHEHUs (4) IpU BCEX T U Y HEOOXOIUMO, 4TOObI
ke =k, =ky n k, =k = 0. [locreanee paBeHCTBO 03HAYACT, YTO BEKTOPHI
k' u k" naxoggares B miockoctn (x, z) — MJIOCKOCTH TaJEHUSI, UYTO JOKA3BI-
BaET BTOPOE YTBEPIKJICHUE 3aKOHA 00 OTPAsKCHUM U IIPEJIOMJICHAN CBETA.

st dpazoBoit cKOpocT v B Cpejie ¢ II0Ka3aTe/IeM HPEJIOMIICHUST 1, CKOPO-
CTH CBETa B BaKyyMe ¢, 9aCTOTBI U MOJYJIA BOJHOBOIO BEKTOPA CYIIECTBYIOT

CJIEJIYIOIIIE COOTHOIIEHIHS:

C w
v=—=—
n k,
OTKY/Ia O w
k=—=—n. (5)
v C

YUauUThIBask pABEHCTBO YaCTOT Ma AIONIEel, TPeTOMIEHHON 1 OTparKeHHOo BOJTH,
0JIy YaeM
/1
k =k, T
Kax Bujuao us puc. 2, k, = ksing, ki, = k'sing’ n £ = k" sin ¢". Orciona
¢ yuerom Toro, uro k = k" u k, = k!, umeem sinp = siny” = ¢ = ¢’ —
YIOJT aJIeHNsT DABEH YIJIY OTParKeHus.

[Ipeacrapisis pasencrso k, = k., B Buje ksinyp = k'sin ¢’ u yaurbiBas,
aro k/ny = k'/ng, nonyanm ksin g = (kng/ny)sing’, aro npuBoguT K 3a-
kony Cresutyca: sin g = (ng/ny) sin ¢’

Taxum 06pa3oM, Mbl JJOKa3aJ/Iil BCE Y€TLIPE YTBEP:KICHHsI 3aKOHa OTparKe-
HUsI U [IPEJIOMJIEHHsI CBETa, MCIIOJIb30BaB TOJIHKO TPAHIYHOE YCJIOBHE HEIpe-
PBIBHOCTH TAHI'€HIUAIBHON COCTAB/IAIONIEN HAIIPSZKEHHOCTH 3JIEKTPUIECKOIO
oJist. OTMETHM, 9TO TAKOTO K€ Pe3y/IbTaTa MOXKHO ObLIO JOCTUIHYTb, PAC-
CMaTpHBasi YCJIOBUE HENPEPBIBHOCTH TAHIMEHIMAILHON COCTABJISIOMENH Mar-
HATHON HAIPAZKCHHOCTH.

3 3axona CHeJimnyca MOXKHO ClleIaTh BaxKHbINH BLIBO. [Ipu majennu cee-
Ta U3 ONTHYECKHM MeHee IIJIOTHOH Cpejbl Ha I'PAHUILy C ONTHYECKH OoJiee
IJIOTHOH Cpejioit (U3 Cpejibl ¢ MEHBIIMM [IOKa3aTe/IeM [PEJIOM/IEHNs] B Cpe-
7y ¢ OOJIBIINM TOKa3areseM mpejoMients ) sin g’ < sing u ¢ < ¢. 1o He
HaKJ/Ia/IbIBA€T HUKAKNX OFPAHUYEHUIT Ha BO3MOXKHbBIE 3HadYeHusi ', TO eCThb



IpEJIOMJICHIE CBeTa OyjeT MPOMCXOAUTDL IIPU BCexX yriaax ajenus or 0 110
90°. B nporusHoM ciydae (nq > ng) OpHM YBEJIUYCHUM yIJa IaJeHus COOT-
worrenne (1) crpaBeyinBo JI0 TeX MOp, MOKa Sin ¢ He JOCTUIHET 3HAYeHMUsI
sinp = ng/ny. Ilpu srom 3Hauennu yria najgennda sing’ = 1, a ¢ = 90°.
Habneiinnee ysejmdyenne yria HaJeHust JeJ1aeT HEBO3MOXKHBIM BbIIOJIHEHUE
coorHotenns (1), To ecTh CBeT He NPOHUKAET B ONTHYECKH MEHEee ILJIOTHYIO
cpejly, a MOJHOCTBIO OTPasKAeTCd. DTO SIBJICHNE HA3BIBACTCS sIBJICHUEM I10JI-
HOI'O BHYTDEHHEr0 OTpazKeHUsi, a YroJ MaJeHus @y = arcsin(ng/mni) Ha3bl-
BAETCS IPEACILHBIM YIJIOM IIOJIHOIO BHYTPEHHErO OTparkKeHus. I1pu moaHom
BHYTPEHHEM OTPArKeHUU IPAHUIIA PA3/e/Ia ABJISIeTCsS UACAJLHLIM 3EPKAJIOM.
Ha siBIeHMM II0JIHOrO BHYTPEHHErO OTPayKeHUsA OCHOBaH 0a30Bblii (usnde-
CKUMI TMPUHITAIL JICHCTBUA ONTOBOJIOKOHHON TEXHUKMU.
[TockoJbKy, Kak ObLIO JIOKA3AHO, JIJIsT 3JIEKTPOMAIHUTHBIX BOJIH (2)—(3)
W= — w//’
KPOME TOrO, Ha, IPAHUIE Pa3e/a

kr
k'r

ky=0,2=0 = ka,

ky=0,2=0, ki=k, — ko,
" o
k r‘kg:O,z:O, ki—k, = Kall,

MHOZKHUTE/IH, 3aBUCSIIIIE OT KOOpAUHAT U BpeMeru B (2)—(3), Ha rpanulle pas-
JeJla OKa3bIBaIOTCA paBHBIMU. STO IIO3BOJIACT YIIPOCTUTDL I'PaHUYIHOE YCJIOBHE
(4) x sy P Y
Eor + Ey.e”” = Ey. e .
AH&HOPI/ILIHO JJIgd TaHT€HIINaJIbHBIX COCTaBJIAIONINX HaIIPAXKECHHOCTU Mal'-
HUTHOI'O 1I0JIsl Ha TPaHuUIe pasjesia

n 0" r il
Hy, +Hy e’ =Hye",
npuaeM casuru gas ¢ u 0’ Takme ke, Kak JUIs 9JCKTPUYECKON HAIllPSrKeH-
HOCTH, TTOCKOJIbKY ha3bl BeKTOpHbIX (bynknnit EE u H B sylekTpomMarunTHoil
BOJTHE PaBHBI.

[TepeonpejiesinmM 3HaYEHUST aMILIMTY/L Ha TPaHUIIE pas3jieia Cae Iy oM 00-
pa3om
Vi N/
Enaalzzo — EOa Enp|Z:0 — E6 625 ) EOTp‘zzo — Eg 625 )
V4 v/ (6)
Hol. o =Ho,  Hyl_,=Hye  Hypl,_,=H] e
B sHadeHunsIX HOBBIX, B OOINEM CJIydae KOMILIEKCHBIX aMILINTY/ IPEJIOM/ICH-
HOI M OTpaKeHHOI BOJIH y2Ke yUTEeHBI pasHOCTU ux ¢a3 u (as3bl Mmajiaroliei
BOJIHBI B TOUKE pa3Je/IeHusd JIydeil Ha rpanuile pasiaena. [Ipu sTom UX MOJLY-
JI He U3MEHSIOTCs, HOCKOJILKY MOJLY/Ib KOMILIEKCHOrO dnciia Tuila e’ pasen
eIUHULLC.



Tenepb rpaHUYHbBIE YCJIOBUS MOXKHO 33/1aTh B HarboIee IIPOCTOM BHU/IE JIJIsd
TAHTC€HIIUAJIBHBIX COCTABIAIONINX COOTBETCTBYIONUX KOMILJIEKCHBIX aMILIN-
TYA

(Enaﬂ)T + (EOTp)T - (EHP)T7 (7)

(HHaA)T + (HOTP)T - (HHp)T- (8)

B jasbneifimeM Mbl OyJgeM HMCIOJL30BaThL PAHUYHBIC YCIOBUS B BHJIE
(7)—(8) my1st TAaHTEHIMATBHBIX COCTABJIAIONIIX KOMILICKCHBIX aMILTUTY/ BEK-
topoB E u H na rpanuie pasueina.

Kax Oyzer BUIHO HIZKe, JIJIS UJEAJbHBIX JINIJIEKTPUIECKUX CpeJ| (3a HC-
KJIIOYEHIEM CJIydas MOJTHOIO BHYTPEHHErO0 OTpayKeHwust) CABUT (as3bl & mpe-
JIOMJICHHOI BOJIHBI 110 OTHOLICHUIO K IaJalonlell BoJIHe Ha IPAHUIE pasjesa
Beera paset 1yJio. st orpazkennoit Bosinbl 8" MozKeT HpUHUMATH 3HAYCHUST
0 win 7. DTO 03HAYAET, YTO HA TPAHUIEC PA3/ie/a KOMILICKCHDBIC aMILINTY/IbI
IIPEJIOMJIEHHON 1 OTPazKEHHOU BOJIH 1IPU BENIECTBEHHON aMIIUTY/Ie T1a/1ato-
meil BOJIHBI TAKKe OYIYT BEIIECCTBEHHBIMH, Tak Kak ¢ = 1, a e!™ = —1.

B obmem ciydae, Korga B OQHONW M3 cpej WM B 00EUX CPEJaX HUMEeTCsl
LOIJIONIEHNE, TI0KA3aTe b IPEJOMIICHUST ONIOMIAIONeH Cpeibl U CBI3aHHbII
C HUM BOJIHOBOH BEKTOD CTAHOBATCA KOMILICKCHBIMU. IIpn 3TOM aMIIATY/IbI
LPEJIOMJICHHON 1 OTParKeHHON BOJIH IPU BEIIECTBEHHON aMIUIATYIE 11a1al0-
1ieil BOJIHBI Ha I'PaHULE pasjesia yzke OyayT KOMILIeKCHbIME, & daswl & u 6”
MOI'YT HPUHUMATH JIIOObIE 3HAYEHUSI.

3. ®opmyiibl PpeHeis

C MOMOIIBI0O 'PAHUYHBIX YCJIOBHII MOXKHO HaiTu KOI(MPUIMEHTHl 0Tpa-
JKeHUsI ¥ IIPOIIYCKaHUsI CBeTa Ha I'paHulle pasjesa cpej. AMIINTYIHBIMEA
Ko pUIMEHTaMI MPOIYCKAHN T U OTPayKEeHUs P Ha3BIBAIOTCS OTHOIIECHUS
AMILIITYJT COOTBETCTBEHHO TPOIIEIIEro (IIPeJIOMIEHHOT0) U OTPAYKEHHOTO

cBeTa K I1a/aloeMy:
lgnp . lszp

) p - .
lgnag lgnau

B obmiem cirydae, Ipu HaJIMYUU TIOTJIONIEHNsT XOTsI Obl B OJIHOI M3 CpeJ,

T =

AMILTUTYIHBIE KOIMPUINEHTRI T U P ABJSIOTCA KOMILJIEKCHBIMIU.

[TocTaBuMm 3a1a9y HAWTU BhIPasKeHUs JJIsI AMILIATYIHBIX KOI(MDMUIINEHTOB
IIPOILYCKaHUs W OTParKEHUsl 4epe3 MoKa3aTean IMPEJIOMJIEHUSA CpeJl U yroJl
na/JleHusl.

Bravasie paccmopum nanbosiee MpoCTyIo NeOMETPUIO HOPMAaJbLHOTO Taje-
Hust (yrous najenust ¢ = 0) JuHeHO moJIIpu30BaHHOro cBeta. Hampasienus
BekTOopoB B 1 H B 910 reoMeTpun npejicraBjieHbl Ha pHC. 3.



Hampasiienusi BEKTOPOB 3JIEKTPUUECKOI HAIPSAKEHHOCTU B IPOIIIe et
I OTpaKeHHON BOJIHAX IIoJIaraeM COBHaJIAIONUMK ¢ HaupasjieHueM ;.
B caydae, eciin Kakoii-1ubo M3 9TUX BEKTOPOB OKAXKETCs HaIlPABJICHHBIM
B IIPOTHUBOIIOJIOKHYIO CTOPOHY, COOTBETCTBYIONIUI aMILTUTYIHBIN KO3 -
[UEHT MOJIYIUTCS OTpuliaTe/ibHbiM. ['panndnoe yciaosue (7) B reoMeTpum,
IIpeJICTaB/IeHHON Ha PUC. 3, IPUHUMAET BUJ

Eoon+ Eop=FEyp nwm l1+p=7. (9

H
Hanpasnenns Bekropos H ompeensttores Ha- oTp
MpaB/IEHUAMEI COOTBETCTBYIONIIX BEKTOPHBIX MTPO- H,., na

usseennii [k E]. Kak Bujno u3 pucyska, Hampsi-

-
I

2KEHHOCTb MalrHUTHOI'O IIOJIA B H&,Z[&IOLLleﬁ " I1po- k

LHG,ZI;H_[eﬁ BOJIHaX HallpaBJIEHa IIEPIEHANKYJIAPHO H E
up 1p

IIJIOCKOCTHU PUCYHKa B CTOpPOHY 4HMUTaTeJd, a AJigd

OTpa}KeHHOﬁ BOJIHBI — B ITPOTUBOIIOJIO2KHYO CTO-

POHY. YUHUTBHIBas TaKzKe TO, YTO MOJIYJIb BEKTOPA
H nponopruonasien npouspejiennio nk, rpannd- Puc. 3

HOe ycjioBue (8) mpuBeeM K BHUJLY
n2
nlEIIa,D; - nlEOTp = n2EHp niam 1 - P = n_ T, (10)
1
BBejieM 0THOCHTENILHBII [OKA3aTE b IPEJIOMIICHUS]
12
n=—.
ni
Cucrema rpanndubix yeaosuit (9)—(10)

14+p=m,
l—p=nr
IpeJIcTaBJIsAeT co0OI CUCTEMY JIBYX JIMHEHHBIX YPaBHEHUI C JIByMsl HEU3BECT-
HBIMI: T U p. PemuB 3Ty cucremy, moJrydnm
2 1—n
1+n’ 1+n

(11)

[Ipu orcyTcTBUN TOTJIONIEHHsT (BEIIECTBEHHOM 3HAYEHUN M) 00a aMILIH-
TYJIHBIX KOI(DPUIIMEHTa SIBISIOTCA BellleCTBeHHbIMI. KoaddumumenT nporryc-
KaHW T BCErja IOJIOYKUTEJIeH. DTO 03HAYAET, UTO IaIa0las U IPOIIe IIast
BOJTHBI Ha TPAHUIE pas/iesia NMEIT OMHAKOBYIO (asy (casur daser ¢’ B (4),
(6) pasen nyso). [Ipu n > 1 (ng > ny) xKosdburment orpaxkenns p < 0,
TO €CTh IIPU OTPaKEHUN OT ONTHYECKHU 0oJiee IJIOTHOM cpeabl ha3a OTparkeH-
HOIl BOJIHBI CABUIAETCA OTHOCUTEJLHO (asbl HaJalolleil BoHbl Ha 0" = .



DTO sSIBJICHUE HA3LIBAIOT IIOTEpeii IOJI0BUHDBI BOJIHLL. [Ipu oTpazkenuu ot or-
TUYECKU MeHee ILIOTHOH cpeapl n < 1 u p > 0, To ectb " = 0 — norepu
LOJIOBUHBI BOJIHBI HE IPOUCXOINT.

B skcnepuMenTe u3MepaIoTes dHepreTudecKne Ko3(HUIMEHTHl IIPOITYCKa-
Hust D u orpaxkenus R (OTHOIIEHUSI OTOKOB 3HEPIUH MPOIIEIIeil U OT-
pazKeHHON BOJIH K TIOTOKY SHepruu majatorieii BoJubl). [IoCKOIbKY BEKTOD
IUIOTHOCTH 1OTOKa sHeprun (Bektop Ilofintunra) pasen S = [E H], morok
sHeprun Inajatomieit BoaHbl Wy, ~ nlEgaﬂ, JIJIs1 ITPOIIEIIeil 1 OTparKeHHOo
BOJIH [IPY HOPMAJILHOM IIAaJICHUH CBETa COOTBETCTBEHHO NMEEM

2 * 112 2 * 112
Wip ~ | B |" = nom7 B, 1 W ~ niEg, = nipp EL,

OTKY/1a
WH D) WOT

D=—" = 2.0 R=__ 12
WH&,II; ni o WnazL PP ( )

J1J1s1 BEIeCTBEHHBIX T U P KOMILJIEKCHO COMPszKEeHHbIE KOIMDPUIMEHTr 75 =T,

p*=p. Cyuaerom (11) sneprerndeckne koabdurmentor D u R mpn HOpMa/Ib-

HOM IIaJIEHUN PaBHbI )
4n 1—n

" R
(1+n)? 1+n
I/IX CyYMMa paBHa €JMHHNIE, KaK 1 JOJIZKHO 6bITb B COOTBETCTBUN C 3aKOHOM

COXpaHEeHUs SHEPIrUN.
B Hamumx paccyKIeHHIX Mbl IPeJIo/araiin,

4TO BEKTOPbI HAIPAZKCHHOCTU 3JICKTPUUECKOTO H Eorp -

[OJIA A IatoNleil, OTpaxKeHHOI U MPOoIIeIIIei otp [+ A~

BOJIH JIe>KaT B O,ZLHOﬁ tockocT. Ha camom JeJie

Y

rpannaHoe ycsosue (7) J0IMycKaeT HAJTUIHE T10- Eoon T
IPEPEYHBIX 10 OTHONIEHNIO K TJIOCKOCTH IOJIst-

pep ., Hy @k K
pUBAINE TIJIA0IIeil BOJHBI COCTABIAIONNX BeK- Hyay

<
<€

1/
TopoB By, u Eqyyp, eciiu aTu cocrabiismoniye pas- Ok

uel. Ho Toryia He Oyuer BLIIOJHEHO IPpaHuYHOEe Pue. 4
Huc.

yesioBue (8), Tak Kak MONepedHble TT0 OTHOICHIIO

K Hya, cocrasisatomue Hy, u Hyyp, OyayT uMeTh IPOTUBOIOIOZKHBIC 3HAKH.
Hannoe obcrositesibeTBO njuttoctpupyercs: Ha puc. 4. Ihiockoers (x, y) —
rpaHuiia paszesa (1o cpaBHEHHIO ¢ puc. 3 — B cBepxy). Bekrop Ep,, Ha-
npasJieH 1o ocu x, BeKTOp Hy,, — B OTpUIiaTeIbHOM HAIIDABICHUN OCH Y.
Ecin npennosioxkuts, uto By, n By, uMeror cocrabidiomue BJI0JIb OCH
y, T0 Jyist BbinojHenust (7) jpocrarodno, 9To0bl By + (Eowp)r = (Eup)s
1 (Eorwp)y + (Eup)y, HO Tora (Hyp)y 1 (Horp)y UMEIOT IPOTUBOIIOJIOKHbBIE
3HAKH, ITO JIEJIAT HEBO3MOYKHBIM BBITIOJTHEHIE yCaoBus (8). Takum obpazom,
[PEJINOJIOKEHIEe O TOM, 4TO Bce BeKTOphbl K Ha puc. 3 HaXousTcs B OJHOM

IIJIOCKOCTH, ITIOATBEPZKIaCTCH.
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PaccmoTpuM Temeph reoMeTpuio HAKJIOHHOTO TaJIeHNs CBeTa, MOKa3aHHYTO
na puc. 5. Bekropnl By, Eyp 1 Eqpp nepreniukyigapubl I0CKOCTH Ha/le-
1ud, BeKTopbl Hyay, Hyyp 1 Hyyp s1e2kar B mockocTu najienusd. Jlunum sekTo-
POB HAITPSIZKEHHOCTU 3JIEKTPIIECKOTO TIOJIsI MTPOIIE/IIIeil 1 OTparKennoil BOJTH
B JIAHHOI T€OMETPUN JOJIZKHBI OBITh H
napaJiiebubl BEKTOPY By, (coot- e
BETCTBEHHO, BCE BEKTOPHI MarHUT-
HOU  HAIPSIKEHHOCTH  HAXOJISATCS
B OJIHO{T IIJIOCKOCTH), B IPOTUBHOM

caydae He OyJIeT BBIIOJIHEHO I'pa-

HUYHOE YycCJjioBUE [1Jigd MalrHUMTHOI'O

noJisi. JleficTBUTE/IBHO, MJLIIOCTPA-
1us Ha puc. 4 NIPUMEHNMa 1 K Pac-
CMaTPUBAEMOil TE€OMETPHUH, €CJIn
moJ1 BekTopamu H Ha sTOM pucys-

Ke IMOHUMAaTh UX IMPOEKINN Ha I'Pa-

HUIy paszaena. ['eomerpust HaKJIOH- Prc. 5

HOI'O MaJeHNd, IpecTaBJIeHHasd Ha

puc. 5, Ha3bIBaeTCs S—TeoMeTpueit (S—HOﬂﬂpMSauMeﬁ, S—KOMHOHeHToﬁ).
['parunvHoe ycoBre JJjisi TAHTCHIINAIBHBIX COCTAB/ISIONINX JIEKTPUICCKOM

HAIPAZKECHHOCTA NMeeT BIU/L (9) — TaKOM 7Ke, KaK IIp1 HOPMAaJILHOM I1a/ICHUN.
TanrennuaabHble COCTABIAIONINE aMILIUTYJ MArHUTHONW HAITPAXKEHHOCTH

COOTBETCTBEHHO PaBHBI
/
(HHaIL)T - HHa;L COS ()07 (HOTp)T — _HOTp COS ()07 (an)q' - an COS CID .

Beipasum cos ¢’ gepes yron najennst. B coorBercrBum ¢ 3akonom CHeji-
Jmyca
sin
: !/
sin ¢’ = :
n
rje n, KaK U paHee, OTHOCUTEIbHBIN TOKA3aTe/b IPEJIOMJICHUST: 1 = Ny /ny.

2 i 2
. .9, \/nF—sin"gp
cos =14/1—sin“ ¢ = :
n

Hamnee Mbl Oyj1eM HCIOIB30BaTH 0O03HAUECHIIE

Torma

Q = 1/n? —sin® . (13)
Torma okoHUYATEIHLHO
COS(,O/:Q:E : (14)
n 1o



['panntHOe yc/oBHE JIJTsi TAHTCHIMATBHBIX COCTABJISIONIIX HAIPIKEHHO-
CTH MarHUTHOTO TI0JIsI, BBIPAsKEHHOE Yepe3 aMIUIUTY/Ibl SJICKTPUIECKON Ha-
npsizKeHHocTH, ¢ yaerom (13)—(14) npumer Bu

n1 €08 ©(Euan — Forp) = nacos ¢’ Eyp = ny QEy,.

Bbipazkasi rpaHIdHbIE YCJIOBHUSI Yepe3 aMILIUTYIHbIe KOIMDMUIUEHTHI TIPO-
IIyCKaHUs U OTParKEHUsl, IOJyUYUM CUCTEeMY JIMHEIHbIX YpaBHEHUI

l4+p=r1,
(15)

1—p= T,
Cos

KOTOpasl OTJINYAETCsl OT aHAJOIUYIHON CHCTEMBbI B CJIydae HOPMAJIHLHOIO I1a-
JIeHUsI CBeTa 3aMeHoit n — )/ cos p. Pelenue JaHHON CHCTEMbI UMeeT
B/

2cos cosp — @)
Ccosp+Q’ p_cosgoJrQ'
AMITy1HbIH K09MMUIIMEHT TPOITyCKAHIS OJIOXKITEIEH PH JFOObIX 3Ha-

(16)

YEHUSX N U Y, TO €CTh NPOIE/INast 1 11aJIaI01as BOJHLI HA IPAHKIE Pa3/iesia
uMeroT ojuHakosble daspl. [lpu orpazkenun or onruyecku GoJiee IIOTHOL
cpesiel (n > 1, cosp < cos¢’ < ncosy’ = Q) koabduruent p nmeer oTpu-
naTe/JbHOe 3HAUCHNE IIPU BCeX YIVIaxX IaJeHnst, TO €CTh OTPayKeHHas 1 11a/1a-
IoIasd BOJIHBI HaXOAATCA B HpOTI/IBOCbaSG. B CJlIydae OTpazK€HMsl OT OIITUYIECKU
MeHee ILJI0THOI cpejibl (n < 1, cosg > cos¢’ > ncosy = Q) ammimryi-
HBI KO3 DUIMEHT OTpaykKeHus II0JIOKUTEICH — IIOTEPH IIOJOBUHBI BOJIHLI
HE [IPOMCXOJIUT.

Cremyer ormeTuth, uto npu n < 1 cucrema (15) umeer BelecTBeHHbIE
petenust (16) TOJBKO JIJIst YIJIOB aJIeHNsl, He TPEBBIIIAIONIUX [PEJeTHHOIO
yIJIa II0JIHOIO BHYTPEHHEro OTpazkeHust @y = arcsinn. Ilpu ¢ > @q mojko-
peHHOe BbIpazkeHue B (13) CTAHOBUTCSI OTPUIATEIBHBIM, TO €CTh BEJTMINHA
Q Gyer uncro MEIMOI: Q = ib, e b = +/sin® ¢ — n2. Jlst sToro auamnaso-
Ha YIJIOB IaJIeHUs CHCTeMa I'PaHUYHbIX yesoBuil (15) ocraercs B cuiie, HO ee
PEIICHNSI CTAHOBATCS KOMILICKCHBIMU:

2cosp  2cosp(cos p — ib)

T:cosgo—l—ib_ 1 —n? ’
(17)

cos —ib  cos? o — b — 2ibcos @
cosp +ib 1 —n? '

Bripazkenue Jijist 3HEPreTnvieckoro Ko3dduinenTa mpoIycKanus OTInda-
ercst ot (12). Jlesio B ToM, 9TO IIpU HOPMAJILHOM TIJIEHUN CBETA, [OTIEPETHbIE
ceveHns TaJIaloIIero, MpoIIe/IIero U OTPaKeHHOTO TYUKOB OJIMHAKOBBI, 110~
9TOMY OTHOIIEHMs IOTOKOB SHEPIUU B MIyUKAX PABHBI OTHOIIEHUAM MOJLyJIeit
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BekTopoB [loftaTuara (TtoTHOCTEl TOTOKOB). [IjIsT HAKJIOHHOTO TAJIEHUST Ce-
YeHHME OTPaKEHHOI'O IIy4YKa PaBHO CEYCHUIO IAJAIONIECro IIy4YKa, a CeYeHHe
IIPOIIIE/IIIIEro MyYKa OT/ndaeTcd oT nHux. [losgcauMm janmoe oOCTOATETHCTBO
¢ HOMOIIbIO puc. 6, He paccMaTpuBas IOKa CJiydail IOJHOTO BHYTPEHHEro
OTpaZKeHUS.

[Ipu yrie majienns o, KaK BUJHO U3
PUCYHKa, CeYEeHU 11 Ial0IIero U oTpa-
JKEHHOT'O IIyYKOB 0 = 0 COS (0, a ceye-

HIE IPOIIEIIEro Iydka o = oy cos ¢’
(0 — mIoMa b TPAHUIIBI PA3Jesa B Ipe-
nefax mydkoB). OTcrofa moydaeM co-

OTHOIIICHNE

S/
!/ /
o' cos
— = Ld = ¢ . Puc. 6
O COS®Y  MNCos

[Torok »Heprun B mydke paBeH MPOU3BEICHUIO MOy BekTopa IloftnTumnra
Ha IJIOIIA/Ib IIOIIEPEYHOI'0 CeYeHUsI, TT0ITOMY

D= T P L = T,
W,

R — OTp — pp*.
WH&,ZL

[TojcranoBKa aMInTyiHbIX KO3d duiineHTos (16) 115t BeIleCTBeHHBIX 3Ha-
yennit () gaer
_ 4Qcosp _ [cosp—Q 2
~ (cosp+Q)?’ ~ \ceosp+Q)
Herpynno yoequrnes, uto D + R = 1.

(19)

[Tpu npejebHOM yIvie HOJIHOro BHyTpenHero orpaxkenust Q = 0, o' = 0,
Beipazkernst (18); (19), KoTopble Bce ele OCTaroTCs CIPABEINBBIMU, 0T
D=0, R=1.

Hnst ¢ > @y TepsieT CMBIC CeYeHne MPOIIEINero Mydka o U IIepBas 13
dopmyi (18), pu sTOM BBIpazkeHune R = pp* ocraercs B cujie, TaK Kak cede-
HUsl AJAI0NIEr0 U OTPAXKEHHOIO Iy YKOB 110 IIPeKHEMY paBHbL. 11oncTanoBKa
aMILTUTyHOrO Koadduinenta orpaykenns B Buje (17) gaer R = 1, Torua
13 3aKOHA COXpaHeHust sueprun noayuuMm D = 0 — Bed sHeprus majaloneii
BOJIHBI TIPU (0 > 0y OTPAZKAETCsI.

['eoMeTpust HAKJIOHHOTO T1a/IeHUs, TIpU KOTOpoit BeKTop K majatoreir BoJ-
HbI JIEZKUT B IJIOCKOCTH TI&JIEHIsT, HA3bIBAETCST p—TeOMeTpuedi (p—KOMIIOHEHTO,
p-monsgipu3anueii). B mamroMm cirydae (eM. puc. 7) MO CPDABHEHHIO C S—KOM-
nonenToit Bektopel B u H mensoress possimu. Ilpn 3ToM imHumM BEeKTOPOB
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MArHUTHON HANPAKEHHOCTH MHPOIICJINeid U OTPayKEeHHOU BOJIH HapaJlie/ib-
1bl BeKTopy Hyay, & BekTopnt By, u Eqy, Haxoldrcs B IJI0CKOCTH Na/eHus
(B omuoit miaockoctu ¢ By, ,). YoeanThca B 9TOM MOXKHO PacCyzKjas aHa-
JIOTUYHO paHee pacCMOTPEHHBIM CaydasdM — €CJIU [PEANOJIOKUTh, YTO BeK-
TOPbI HAIIPAYKEHHOCTU MArHUTHOI'O I10JId NPOIIE/IAIIeil 1 OTpaKeHHON BOJIH
UMEIOT II0IlepedHble 110 OTHOIIEHNIO K JInHUK BeKTopa Hy,,; Tanrennuaibuble
COCTaBJIAIONIEC, KOTOPbIC B3aUMHO KOMIIEHCUPYIOTCHA, TO OTCIO/Ia HEeMe/JIeH-
HO CJIelyeT, 4To Jd BeKTopos Ky, n Eqp, TakKe NosgBIAI0TCA MonepeyHble
K IJIOCKOCTHU TaJIeHUS COCTABJIAIONIAC ITPOTUBOIIOJIOKHBIX 3HAKOB.
['pannamble ycaoBus /i p-~KOMIOHEHTDI, KaK BUJIHO W3 PUC. 7, UMEIOT BU/T

€08 P(Eyan + Forp) = €08 @' By, M1 (Eay — Forp) = n2Frp.

[Tepexojist OT aMILUIUTY)I K aMILIUTYJIHBIM KO3 duimeHram 7 #u p
v yauTbiBas (14), moayduM JTUHEHHYIO CHCTeMY

Eu,
1 + p = L T, 8
7.COS (20)

l—p=nr.

Permrennem sToit cucremnbl siBJISI-

I0TCsl aMILINTYJIHbIe KO3 UINeH-

Tbl IIPOIIYCKaHUA MW OTpPazKeHNA N9
B p—reoMerpun

2n cos ¢
T = :
Q) + n?cos
(21)
B Q —n?cosp
P= 0+ ntcosg’ Puc. 7

Koadbdunuent npomyckanns 7 BHOBb OKa3bIBAETCS TOJOKNUTETHHBIM TPH
BCEX N U (3a UCKJIIOUEHNEM > g = arcsinn npu n < 1, Korja 7 cTaHo-
BUTCST KOMILJIEKCHBIM ), TO €CTh CJIBUT (ha3bl MEXK/Ty MPOIIe/IIedi n magaormeit
BOJTHAMI Ha TPAHUIE Pas3jiesia OTCYTCTBYET.

SHak Ko dUIMEHTa OTpayKeHUus p OIpeJIesdeTcss 3HAKOM Pa3HOCTH
Q — n’cosp. Oynxmn @Q = /n2 —sin?¢p u cose npu 0 < ¢ < 90°
u sinp < n  gBJIAIOTCA MOHOTOHHO YOBIBAIOMIUME (PYHKIUAMN YTJIa Maje-
HUS, TIO9TOMY UX Pa3HOCTH IIPU BO3PACTAHNN (0 MOYKET MEHSTH 3HaK He DoJiee
OJTHOTO Pa3a.

Ilpu ¢ = 0 Q — n, cosp =1, Q —n’cosp — n(l —n). B ciyuae
OTpazkeHusI OT OMTUYECKHN 0oJiee TJIOTHOM cpebl 7 > 1 W Mpu MaJIbIX yIyiax
najsienns p < 0. L7 orpakeHnst OT ONTUYECKN MeHee TIJIOTHOI cpebl n < 1
U 1Ipu MaJblx ¢ p > 0.
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[Ipu n > 1 dopmysis (21) cipaBeyinBbL /1T BCeX 3HAUEHNUIT yTIiIa MaIeHns
or 0 1o 90°. B npenene ¢ — 90° Q — vn2—1 cose — 0, To ecTh mpnu
bospINuX yryiax najgeaus p > 0.

Hman < 1up<pBupenene p =@y Q — 0unp=—-1<0. Ta
KM 006pa30M, aMILIATYIHbI KoadduimenT orpaxkenns B (21) ¢ Bo3pacra-
HUEM ( MeHseT 3HAaK — IIPU OTParKEHUU OT ONTUYECKN OoJIee TIJIOTHOM Cpebl
C OTPUIATEIHLHOTO Ha MOJOYKUTETbHBIN, TPU OTPAXKEHUN OT ONTUYECKN MeHee
IJIOTHOM CpeJibl ¢ IOJIOYKUTEJILHOTO Ha OTPUIIATE/IbHBII.

Haiijem ycsioBue, mpu KoTopoM Ko3(M@MUITMEHT OTpParKeHUsI PaBeH HYJIIO.
Bossea B KBaJpaT paBeHCTBO () = n? cos , TMOTYINM

n? — sin® p = n’ cos? .

Bamenss sin ¢ Ha 1 — cos? ¢ U pelast ypaBHEHIE OTHOCUTENBHO COS (0, Ha-

XOJIIM
1 n

CoS P = —(———, sinp = ——,  wm  tgp=n. (22)
n?+1 n?+1

YroJ1 maJieHns, Ipu KOTOPOM OTpPasKeHHe CBeTa B P—KOMIIOHEHTE OTCYT-
CTByeT, HasbiBaeTcs yrioM Bprocrepa: ¢y = arctgn. Ilpu ¢ = ¢ B coor-

. / _ . .
BercTBuN ¢ 3aKoHoM CHemmyca n (22) sin ¢’ = sinpy /n = cos gy , To ecTh
YTOJI I IeHNs 1 YToJI IpesioMaenus B cyMme naioT 90° — oTpazKeHHbIH 1 pe-
JIOMJIEHHBIH JIyYN HAXOJATCS M0/ IPSIMbBIM YIJIOM.

0000611151 BBIIIECKA3aHHOE OTMETUM, YTO B CJIydae OTParKeHHsI OT OITHIe-
cku GoJiee MI0THOI cpeapl npu ¢ < ¢, p < 0 (1I0Teps MOJTOBUHBI BOJIHLI),
pu ¢ > @, p > 0 (pasbl magalonero u OTParKeHHOro CBeTa Ha IPAHUIE
pasjiesia paBHbI). [l oTpaXKeHnst 0T ONTHYECKH MeHee IJIOTHON CpeJibl Bee
HaobopoT: pu < @, p >0, mpu p >, p <0.

OTe/bHO PACCMOTPUM CJIyUail MOJTHOTO BHYTPEHHEro oTpazkenus (n < 1,
© > ). B aroit obactu yryioB majieHusi, KaK U paHee JJIs S—KOMIIOHEHTHI,
Q = ib = i/sin® ¢ — n2. CooTBercTByIONas 3aMeHa B pemrennsax (21) cu-
creMbl ypaBHenuit (20) gaer

2n cos 2n cos p(n? cos o — ib)
T = — = :
n?cos  + ib nt cos? p + b2
(23)
n2cosp —ib  b* —n*cos® ¢ + 2ibn® cos ¢
p= = :

n2cosp +ib n* cos? ¢ + b?

J1a1 snepreTudeckux K03 PUIMeHToB IPOIyCKaHnus U OTpazKeHud 1Py Be-
IECTeHHOM () OCTAIOTCsI CIIPABEINBBIMUI BhIpaskeHus (18), MOCKOIbKY OTHO-
IIeHNsI CeYeHHH MPOIIE/IIIero 1 MaJIalolero MydyKoB ONpPeeIsioTcs TOJLKO
yFﬂOM IHaJleHUA 1 OTHOCUTEJ/IbHBIM IIOKa3aTCJIEM HpeJIOMJIeHI/IH, KOTOprﬁ JJIS
M30TPOIHBIX CpeJl He 3aBUCUT OT HoJdpusalin. 1lojcrapiisd BelecTBeHHbIe
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aMIuTyHbie Kodddurmentst (21) B (18) mosyauMm 171st p-reoMeTpu

4Qn? cos ¢ o Q —n’cosy 2
(Q + n2cosp)?’ ~ \Q+n2cosp

Kak u jomkao 06T, D + R = 1. Jlannble BbIpaKeHUs CIIPaBE/JINBBI TTPU
n > 1 Juid Becex yrjioB najieHusd, npu n < 1 g ¢ < ¢y = arcsinn.

B ciyaae nostroro BuyTpernero orpazkenns dpopmysta (18) misa D Tepsier
cMbic, a dopmyna R = pp* ocraercst B cue. Vcnosb3yst Boipazkerne (23)
i p nosyuanMm R = 1, cienosarenbno, D = 0.

Dopmysbr (16), (21) st aMmnTyHBIX KOI(MMUIIHEHTOB TPOIYCKAHUS
U OTPaKeHWsA B S— U P-TOJAPU3AIUAX HA3BIBAIOTCS hopmyaamu DPpenens.
[Tpu HASIMK TTOTJIOMIEHUsT XOTsT OBl B 0J{HOM 3 cpenn u @ B (16), (21) cra-
HOBATCA KoMIuteKcHbIMU. Capuru ¢gas mpouieiieii BOJHbI ¢’ 1 OTparKeHHOi
BostHBL ¢ B (6) B 9TOM Cjlydae MOTYT IIPHHUMATD JIOObIE 3HAUEHUST B MHTEP-
Basie (—m, 7).

Dopmysibl Ppenestst B yaeOHOI JUTepaType TPUBOJIATCS B PA3JIMIHBIX BU-
Jlax, MpeCTaBJIeHHbIX B Tadme 1.

D= (24)

Tabsmma 1
S—KOMIIOHEHTa P—KOMIIOHEHTa
2cos 2n.cos @
T=—7"" =
cosp + Q’ Q +n2cosp’
_cosp—Q _Q—n2cos<p
p_cosgo+Q p_Q+n2cosg0
2cos 2cos
T = T =
cos p + n cos @'’ cos ¢’ +ncosp’
cos © — n cos ¢’ cos @' — ncos
P = / P = /
COS ¢ + 1 COS cos ¢’ 4+ ncos ¢
2 cos p sin ¢’ 2 cos p sin ¢’
— . 9 T = . 9
sin(p+¢') sin(p-+¢') cos(p—¢')
__sin(p—¢') )= _tgle—¢)
sin(p+¢') tg(p+¢’)

[TepBas cTpoka Tab/uiel cooTBercTByeT hopmyam Ppenestst B Buge (16),
(21). Bropasi cTpoka orimdaeTcst OT MepBoil 3amenoit (Q Ha ncosy@ = @
B coorBercrBu ¢ (14). Tperbst cTpoka moJrydaercst U3 BTOPOH 110/ICTAHOBKOI
n = sing/siny’ B coorBercBun ¢ 3akonoMm Cresmyca. [Ipu ¢ — 0 Bce
BeIpazKeHusi B Tabsmie mepexonst B (11), ecim B TpeTheil CTpoKe ydecTb,
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aro mpu ¢ — 0 cosp — 1, singp — ¢, sing' = sinp/n — ¢'/n,

tgp — sing — ¢, tgyY — sing’ — ¢/n, cos(p £ ¢') — 1, tanrenc

1 cuyc or ¢ £ ¢ crpemsites K ¢ + ¢ /n.

CitejtlyeT OTMETUTH, 9TO B OOJILITNHCTBE yUEOHDBIX MTOCOOMH (hOPMYJIBI JIIst

p B p-KOMIIOHEHTE MPUBEJIEHBI ¢ 0OpATHLIM 3HAKOM. JTO 00YCIOBJIEHO TEM,

4TO Ha PUCYHKaX, aHaJOMMYHbIX PUC. 7, HAIPaBJIeHNs BEKTOPOB Hy, u Hopp,

BBIOPAHB! COHAIIPABIEHHBIMU BEKTOPY Hijay, TO €CTb BEKTOP Foyyp, B OT/IHULE

OT pHcC. 7, HAIIPaBJIEH B MPOTUBOIOJIOKHYIO CTOPOHY. B aToM citydae ciasur

basbl OTpazkeHHOil BOJIHBI [0 OTHOINIEHUIO K TaJjatorieii (4m) no/Ken yan-

TBIBATHCST OTJIETHHO Ha OCHOBAHUU PHUCYHKa (b0 p OmpenessieTcss He Kak

Eorp/ Eray, & Kak Hopp/Hyay). Ha namt B3risag 91o neysobHo, Tak Kak 03

dopMyI1, IPUBEIEHHBIX B Halleil Tadsuie, ¢aBur ¢a3bl OTPayKeHHOIl BOJIHBI,

corsiacHo (6) ¥ OIpeIeIeHIIO P, MOy IaeTCs aBTOMATHIECK.
Dopmyiiel Openestst B Bujie (16), (21) npejcrasistorcst 6oj1ee pejodTH-

TEJIbHBIMU 110 CJIEJTYIOTIIM TIPHINHAM.

1. Ilpu y9ere jucrepcun mokasaresisi IpeaoMiernst n = n(w) creKTpbl 7(w)
1 p(w) yJ00HEe PACCUUTHIBATD, UCTIOJIB3YsI TOJIBKO YrOJT MajeHns u QhyHK-
nuio @ = Q(n(w), ¢) (13) .

2. Ilpu Hamauu morJomeHnsi XoTss Obl B OJHOI M3 Cpejl ToKa3aTe/b Mpe-
JIOMJIEHUSI M CTAHOBUTCSI KOMILIEKCHBIM, CJI€JOBATEIBLHO, KOMILIEKCHBIMI
cranoBsTcs sin ¢’ (1), cosy’ (14), sin(p £ ¢'), tg(e £ ') u cos(p £ ¢').
B 70t curyanum gyt Beraucsenus T 1 p yaobuee ncrosszosats (16), (21),
TaK KaK B HIX BXOJSIT TOJBKO KOCHHYC BEIIECTBEHHOTO YIJIa (0, U JIBE KOM-

IIJIEKCHBIE BEJTUIUHBE: 1 1 ().
[TockoIbKY KO3(DMUITMEHTHI TPOIYCKAHUA U OTPAXKEHUs B S— U P—KOMIIO-

HEHTaX OTJINYAIOTCS, COCTOSTHUE MOJISPU3AIlNK HAKJIOHHO 113 IAI0IIEero Ha, Ipa-
HUILY pasjesia CBeTa COXPAHAeTCsI B OTPAsKeHHOM U IPOIIe/IIIeM MY IKAX TOJIb-
KO IIPU JINHEHOM TI0JIIPU3alny JId 9TUX ABYX reoMerpuil. [IpousBobHo mo-
JIIPU30BAHHBII 1A IAIONMI CBET MOXKHO IIPEJICTABUTL B BUJAE CYIICPIO3UIUN
JIBYX KOTEPEHTHDLIX JIMHEHHO HOJISIPU30BAHHLIX BOJIH, COOTBETCTBYIONIIUX S—
1 p-KoMmIoHneHTaM. Tormaa OTpasKeHHBIH M IPOMICAIINH MydKy OyIyT Hpejl-
CTABJIATL CYHEPIO3UINN OTPAYKCHHBIX U IPOIICANINX JIMHEHHO HOJIAPHU30-
BAHHDBIX BOJIH B JIByX OPTOrOHAJIBHBIX ILI0CKOCTAX. CoCTosIHIE 1OJISIpU3anm
KasKJIOT0 U3 9TUX IIyYKOB OYJeT OTJIMYATLCA OT COCTOSHUA MOJIAPU3AIN a-
JIAIOIErO CBETA.

[Ipy HAKJIOHHOM [aJIEHUN HA TPAHUILY Pa3/ie/ia eCTeCTBEHHOIO (Heo Ispl-
30BAHHOT0) CBETa OTPAYKEHHBIH U HpoIIeAuil mydku GyyT YacTUIHO 110~
JSIPU30BAHHBIMU. B 9acTHOCTH, IpU IIaJeHnu moj yriioM Bpiocrepa orpa-
JKEHHBII 1Iy9OK Oy/IeT MOJHOCTBHIO MOJISIPU30Bal B s—Kommomnente (p, = 0),
a B IIpOIIIeiIeM OyieT mpeodaiaTh p—I10JisipU3aliusi.
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Ha puc. 811 npejcraBiienbl pacueTHble I'pauKid 3aBUCHMOCTE KOI(D-
duruenTon npomnyckanus 7, DD n Ko3hpuIumenTos orpaxkenus p, R oT yria
najieHns B s—nosstpusarun (puc. 8, 9) u p-nossipusanuu (puc. 10, 11) s
3HAYEHWH OTHOCUTEIHLHOTO MoKasaressa mnpeaomsierus n = 1,5 (puc. 8, 10)
un = 0,67 (puc. 9, 11). IIpu n = 0,67 pacdyersl T U p MPOBEJEHBI JIJIsI
yrioB najienust ¢ < g (st n = 0, 67 npejiesbHbIN yroJ1 MOJHOTO BHY TPEeH-
Hero orpaxkenus @y ~ 42, 10)) TO €CTh JijIst 00JIACTH 3HAYEHUN o, B KOTOPOIi
amIuTyHbie Koaddurmentst (16), (21) saBistroTest BENeCTBEHHBIMI,

§ — noagpuzamudg, n = 1,5

Tsy Ps D,, R,
1 | | | | | | | | | | 1
1
Dy )
Ts !
1
1
£ £ £ I L
1
1
!
1
!
/
0 | | | | | | | | | Ry 0,5
//
__________ . ,
Ps Tt /
\\\ //
\\\ R ””///
@ (rpan) | Lo_I% GRS ¢ (rpan)
-1 | | | | | y | | | | : 0
0 15 30 45 60 75 90 0 15 30 45 60 75 90
Puc. 8
s — nongapuzanus, n = 0,67
Tsy Ps Dy, Ry
2 | | | | = | : 1
I
Dy :
I
I
4 i 4 : 4
|
Ts I
|
U
1 | | ; | | | | | 0,5
! i
1] )
/ 1
// !
, 1
— // — — 1 —
_- 1
Ps___---" ///
""""""" ¢ (rpan) Ry ¢ (rpa)
0 | | | | | | | 0
0 15 30 45 0 15 30 45 60 75 90
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Mo2KHO BUETD, 9TO PE3y/IbTAThI PACIETOB OJHOCTHIO COOTBETCTBYIOT C/Ie-
JIAHHBIM paHee Ha ocHoBaHmM aHasnsa dopmyi (16), (21) BoBogam. B s—1o-
agpusanuu 7 > 0 u p < 0 npu Beex yriax najenus (g n = 0,67 upu
© < ). B pmonsipusannu KoabGUIUEHT MPOYyCKAHUS T TAKZKe MOJIOXKHI-
TeJIEH TIPU BeexX o aadn = 1,5 u npu ¢ < @y g n = 0, 67, a koappurmeHT
OTparkKeHust p ¢ yBeJUIEHUEM YIJIa TaJIeHNsT MEHSeT 3HaK ¢ OTPUIATELHOIO
Ha TI0JIOZKUTebHbI pu 1 = 1,5 (¢, ~ 56, 3%), ¢ IONOXKUTEIBLHOTO Ha, OT-

punaresbuslit npu n = 0,67 (¢, =~ 33,8°).

p — noJgpusanus, n = 1,5

Tpy Pp Dp, Rp
1+ + I —— | 1
]
,/ D, |
Tp // :'
/l +4 T
0,51 S i
) o (rpa) \!
)/ | | | | | 0,5
it 15 30 45 60 75
/, 1
0 : : et : '
- - SOBp 1 l/I B
_______ p_p ///
R S
¢ (rpax) | L___ Y G -
-0,5 | | | | | | e e P 0
0 15 30 45 60 75 90 0 5 30 45 60 75 90
Puc. 10
p — nosigpusanusd, n = 0,67
Tp? pp D[M Rp
4 | ' : | | 1
. ——7" |
1 D, |
|
£ £ | £
{
+ | | | | | 0,5
t ) " 1
0 B ————— il i ! i
~ N ‘|
—_ \ —_ '
\ ]
v (rpaj) ) / ¢ (rpan)
-1 | | fo==ap o 1y | | 0
0 15 30 45 0 15 30 45 60 75 90
Puc. 11
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Ob6parnM BHUMaHHEe, 9TO JiJIs S—KOMIOHEHTHI (puc. 8, 9) kpubast T(p)
cMellieHa OTHOCUTETbHO KPUBOi p(() Ha eJMHUILY BBEPX, YTO COOTBETCTBYET
rpaHnIHOMY yesioBuio (15) Jyist aMIUIUTY/(bl 3JEKTPUYECKON HAIPSAKEHHO-
cru. Eme onna unrepectas 0coOEHHOCTD NPUBEICHHBIX TPA(DUKOB 3aKII04a-
ercst B ToM, uto Kpusbie D(p) 1 R(y) Bo Beex clydasiX CUMMETPHIHbBI OT-
HOCHUTEJILHO ITPSIMOIi, TTapaJiie/IbHOi ocu abCICce U CABUHYTONH BBepX Ha (0, 5.
D70 sABJISIETCST CJIEICTBUEM 3aKoHa coxpanenus sueprum: D(¢) + R(p) = 1

win D(p) — 0,5 = —(R(p) — 0,5).

4. Muoroisry4deBasag nHTepdepeHIinsa cBeTa B IIJIOCKONAPaJIJIe;TbHOM
cjoe

[Ipn majenun cBeTa Ha TJIOCKOTAPAJIETLHBIN IIMIJIEKTPUIECKU CIIOi
HpoIre/iias 1 OTpaykKeHHasi BOJIHBI SIBJISIIOTCS pe3yJibTaraMiu WHTepdepeH-
U1 MHOT'OKPATHO OTPaKEHHBIX BHYTPH CJIOSI BOJIH. 3a/1ada O MHOI'OJIyYeBOM
(nHTEpdEPEHITOHHOM ) TIPOIYCKAHIN 1 OTPAZKEHIN CBETa TIOCKOIAPAJIIe b
HBIM CJIOEM HMEeT CMBIC TOJILKO TOIJa, KOTJia KO MUIIMEHT MPOIYCKAHUS
Ha IepejiHell TPaHule C10d OTJIIMYEH OT HYJIs, TIO9TOMY CJIydail IOJHOTI'O BHYT-
pEeHHEero oTparkKeHus Ha IepejiHell 'paHulle Mbl 3JIeCh paccMaTpuBaTh He Oy-
JICM.

DJIEKTPOMATrHUTHOE T10JI€ BHYTPHU CJIOST
MOKHO MPEJICTaBUTh B BUJE JIByX BOJIH, !
PACIIPOCTPAHSOMINXCI B IVIyOUHY U 13

nq
Fﬂy6I/IHbI CJIOZ U TIPEJICTABJIAIONINX coboit
CYIIEPHO3UINN BOJIH COOTBETCTBYIOIIETO Ha- -
IpaBjeHnsd, MHOIOKPATHO OTpParKeHHbIX

no

OT BHYTPEHHUX IIOBEPXHOCTEIA.
['panndnbie ycjaoBuUs OyjieM 3ajlaBaTh
Ha IIepejHeil I'paHuile CJI0s B TOYKE « Y
¢ koopamuaramu (0,0,0), Ha 3a1HE pa- ny b:\\\\
rute — B Touke b ¢ koopaunaramu (0,0, d) !
(d — rosmuHa cJ10s1, M. puc. 12). Prc. 12
Ecan aMmmmTyy najgaiomieif BOJIHBI B TOUKE @ NPUHATH 38 €JIUHUILY, TO
AMILIATY/Ia OTPasKEHHOW BOJIHBI B 9TOI TOUKe OyJieT paBHA p. AMILIATY/IbI
BOJIH, PaCIIPOCTPAHAIONINXCS BIVIYOb 1 U3 IVIyOMHBI CJI0sI, B TOYKE a 0DO3Ha-
yuM cooTBeTcTBeHHO Ky 1 Es. Torma B Touke b KOMILIEKCHBIC aMILIATY/IbI

9TUX BOJIH PaBHbI Eleidb i E2€_25b, rie 0, — Haber ¢as3bl MeXKIy TOYKAMI
a n b. l'eomeTpuieckast pa3HOCTb X044 MEXKJY BOJHOBBIMU IIOBEPXHOCTSIMI,
POXOJSIIIIME depe3 Toukn a 1 b, [ = dcos¢’ = n1Qd/ny (cm. puc. 12),
CJIEJIOBATEJIBHO,

d
5, = Liny = M9y 04 (25)
C

C
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rjge np U Ny — IOKasaTean MPEeJOMJIEHHs CHapy:KU U BHYTPH CJIOS,
k1 = wny/c — MOJLy/ib BOJHOBOIO BEKTOPA CBETA B OKPYyZKArOIIeil cioil cpe/ie.
Borancienne passoctn (a3 MeXKIy TOYKaMU @ U b He 3aBUCUT OT MOJISIPU3a-
[N CBeTa, TOITOMY 0 (25) Gy/1eT OMHAKOBBIM B S— 1 P—TIOJISIPU3AINAX (JI/IsT
M30TPOIHBIX cpejt). HakowHer, aMIinTy ity mpoIie/nero ceera B To9ke b Oy-
JIeM CYUTATh PABHOI T, TO eCThb (hba3y POl IIeii BOIHLI OYIeM OTCINTHIBATE
oT TOYKH b.

Bribop mosioxkennst Toukn b jist 3ajaHusI TPAHUYHBIX YCJIOBUI Ha 3a/l-
Heil rpaHuie Cj1os, BOOOIIE TOBOPs, Mpou3BojeH. I1pn m3MeHeHnn mojoxKe-
HUSI 9TOH TOYKHU pellleHre CHUCTeMbl I'PAHUYHDBIX YCJIOBUN OYIeT OTJINIATHCS
JINIIL  [TOCTOSIHHBIM  CABATOM  (Das3bl
KOMILJIEKCHOI'O KO3 uImeHTa Impo-
nyckanus 7. OgHaKo, Kak OyJIeT BH/I-
HO HIZKE, IIPU pa3MeIeHn TOYeK a 1 b

Ha OJIHOM HOpMaJiM K CJIOIO CUCTEMa

I'PAHMYHBIX YCJIOBUI TPUMET YI00HbII

JIJIS. PellleHusl CMMMETPUYHbBII BUJIL.
[T S~ KOMITOHEHTHI TPAHITIHBIE yC-

JIOBUS HENPEPLIBHOCTA TaHI'C€HIINAJIb-
HOl cOCTaBJIAIONIE BEKTOPa JICKTPU-
YECKON HaIIPAKEHHOCTHU IIPU €AUHUY-

HOII aMIUIATY/C I1aJaloIieil BOJIHDI
B TOYKaXx a u b umeorT Buj (CM. Puc. 13

puc. 13)
1 + P = El + E27
T = Eleidb + Ege_idb.

FpaHI/I‘{HbIe ycjaoBud OJId MarHUTHOI HaIIPA?KEHHOCTH B TEX 2KE TOYKaX

l—p= COCS?@(El — E»),

T = CO%@(Eleiab — Ege_iéb).

(26)

(27)

Cucrema ypasrennii (26)—(27) npejcrapiser coboii JTUHEHHYO CUCTEMY
deThIpex YpaBHEHUil ¢ YeTbIpbMsl HEM3BeCTHbIMU: T, p, 1 u Ey. JloMHOXKIM
nepBoe u3 ypasaenuii (26) Ha e~ i pprarenm u3 Hero BTOPOE YpaBHEHUE.
B pesynbraTe ncKmovdaeTcsd HensBecTHasd Fo

(1+ p)e_wb — T = El(e_mb — emb) = —2iF) sin 0y,

OTKY/1a '
1

Ff=—
! 2 sin dy,

[(1 o ,o)e_wb — T} :
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AnajiornaHo, JJOMHOXKast 11epBoe ypashenue (26) Ha Wby nekmouas Ey,

BbIpa3uM

Ey =

 2sin g, {(1 + p)eiéb B T} '

Teneps, mojcrasiisiss By u Ey B (27), MBI TTIOJIHOCTBIO UCKJTFOUNM 3TH HEU3-

BE€CTHbLIE U IIOJIY9IUM CHUCTEMY IABYX ypaBHGHI/Iﬁ C ABYyM< HCU3BECTHBIMU T U P!

oy — 1 —i(Sb Z'(Sb . — 1T .
1—p s s, [(1 +p)(e + €"9b) 27] Sn o, [(1+ p)cosd, — 7],

"7 2sing, [2(1 +p)—T(e +e )} —sinéb(l + p — T cos 0y).

37ech UCIOJIL30BAHO 0003HAYCHIE

Q

cos

(28)

X

Cucrema rpaHMYHBIX YCJIOBHIL Toc/e ucKaoderns Ky n Ey npnobperaer,
TaKIM 00Pa30M, BIUJI
1—p=—tT 11+ cosdy — 7|,
p= Lo [(1+ p)cosdy 7]
. (29)
i
T=—"-(1 — T COS0p).
sin 56( Tt b)
['pynumupyst ciaraemble, cojeprKaliie T 1 p, IPUBEIEeM CUTeMY YpaBHEHMIT K

BUTY
sin 0, — ix cos 0, — p(sin dy + ix cos Oy) = —ixT,

ix(1+ p) = 7(sin 6 + iz cos dy).

[TousieHHBIM JdeJIEeHUEM JIEBLIX U IIPaBbIX qacrei JaHHOI'O YpaBHEHWA NCKJITO-

qaeM T
sin 0 — iz cos & — p(sin oy + iz cosdy) 1T
ix(1+ p) ~ sindy + iz cos by
LTI
.2 2 2 : - 2 _ 2
sin® 0y + x* cos” &, — p(sin 6 + ix cos dp)* = x°(1 + p),
OTKY/Ia
B (1 — 2?)sin 6, (30)
p= (14 22)sin &y + 2ix cos oy
[TogcraBus p B oo U3 ypaBHenuii (29), mosy<anm
0
;= i . (31)

(1 4 2?) sin 6y + 2ix cos 0y,
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AmriutuTyiabie K03 DUIMEHTHI ITPOIYCKaHIS 1 OTParKeHUsT TJI0CKOTIapali-
JIGJIbHOT'O CJIOfl, KaK BH/IHO U3 IIOJIYYEHHBIX BbIPDAXKEHUIl, ABJISIOTCA KOM-
IJIEKCHBIMEL JIa’Ke [IPU OTCYTCTBUU MOTJIOMNIeHNsT (IIPU BEIeCTBEHHBIX N1, N,
dp, Q 1 x). DTO O3HAUYAET, YTO MPOIIEIIas U OTParKeHHas BOJHBI OYJIyT
UMeTh 110 OTHOIIEHUIO K T1aJiatolieil BoHe pa30Bblil CABUT HE KPATHBIM 7.

B ciyuae p—nonsipusarnun (cM. puc. 14) rpaHUYHbIE YCJIOBHSI JIJIsT HAIIPSI-
JKEHHOCTH 9JIEKTPUIECKOTO MMOJI B TOUKAX @ W b MpH eIMHUIHON aMILIATY/Ie
[1a/1al0Ieil BOJIHBI BbIPazKaloTCsl YPaBHEHUSIMU

(1+p)cosep = %(E1 + Ey),

T COS p = % (Elei(sb + Ege_i6b> ,
rie, Kak U pasHee, n = no/ni. s
MarHUTHON HaIPAZKeHHOCTH

H
1— :nEl—E2, n
p=n( ) Ba\j\\\

T=n (Elei(sb — Ege_i5b> .

Bsejist obo3nadenne

Q

ncos’

neperuiieM (32) B BUjie
1+p= y(El + E2>7
T=1 (Elewb + Ege_i(sb) : Puc. 14

JleficTBys 10 aHAJOTUN C NpebIAyIeil 3agadeil, Boipa3zuM Fy u Fo depe3 T
up
i

Fy=——
L7 9ysing,

U1+m€”%—7y

_ ot W0y _
Es 2y sin 0y [(1 e T}

u nojcrasuM B (33). B pesysbrare moydnM cucteMmy

mn

ySIH5b [(1 + p) COSéb - T] )

1—p=

=M (14 p—7cosd
T ysinéb( +p— T Cosdy),

KoTopas cojuTes K (29) npn
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Takum 00pa3oM, KOMILIEKCHbIE aMILIATY/IHbIE KOI(MDMUITUEHTHI ITPOITyCcKa-
HUsI 1 OTPazKeHUs JJIsI IJIOCKOIIAPAJLIEILHOTO CJIOS ¢ YIeTOM MHOIMOKPATHBIX
OTparKeHuil BHYTPU CJIOsI B S— U P—KOMIIOHEHTAX BbIParKaloTCsl OJMHAKOBO —

dopmymamu (30), (31)
2ix
(1 + 2?) sin &, + 2iz cos &,
(1 — 2?)sin 6,
(1+ 2?) sin &, + 2ix cos &,

HO JIJisl S—TIOJISIPU3AINE [apaMerTp T HpuHuMaeT 3Hadenue (28), a jyjist p—

T =

(35)

noJigpu3anun — 3uadenne (34).

[Ipu mopmasibaOM majenun cera ¢ = 0, cosp = 1, Q = n GopmybI
(28) m (34) nator x = n, a BeIpakenus (35) cTpemsTCS K 00IIEMY s S—
1 P—KOMITOHEHT TIPEJICTy

- 2in
(1 4 n?) sin & + 2in cos 8y
(1 —n?)sind, (36)
B (1+ n?)siné, + 2incos by
DHepreTuyeckne KodpOUIMEHTHI IPOIYCKAHIA U OTParKeHIs PaBHbI
D =777, R = pp", (37)

TaK KaK PaBHBI II0OKa3aTesn IIPeJIOMJIEHNS B 00JIACTH PACIPOCTPaHEHUsI I1a-
Jaromieit, mpore/alneil 1 OTpaKeHHoil BOJIH (nl) 1 YIVIBI MEXK/Iy HOPMaJIbio
K IPaHNIle ¥ HAIIPABJIEHUSIMI BCEX TPeX IIyIKoB. Kpome Toro, KBaaparhl MO-
JuyJieit aMIUITATYIHBIX KO3 MUIIMEHTOB T U p HIPU MHOTOJIYUeBOil HHTEpde-
PEHIINN XapaKTepU3yloT He IIOTHOCTH II0TOKOB, a IOTOKK SHEPIUU.

Dopmystbl (35), (37) MpUMEHUMBI KaK MPH HAJMYNI TOTJIONIECHNST B CPEJIax,
TO €CThb IIPU KOMILIEKCHBIX 1, 0p, () U T, TaK U B NPUOJIMKEHNN HeaIbHbIX
JINJIEKTPUKOB — IIPU BeIeCTBEHHBIX 3HAUEHUSIX BbIIIEYKA3ZAHHBIX BEJIIMUINH.

Eciin koadduiimenT orpazkeHus: OT 10J1yOECKOHETHOI CpeJibl C IT0Ka3aTe-
JIEM TIPEJIOMJIEHNUsT Mo IPH MMaJeHIN CBeTa U3 CPEeJIbl ¢ MoKa3aTeIeM IIPEeIoM-
JieHus1 ny 0003HAYUTH pg, TO B cooTBercTBUE ¢ hopmyaamu Ppenes (16)
u (21) BbIpayKeHust py Uepe3 napamerp & JJisi S— i P—KOMIIOHEHT I10JIYIaTCst
OJINHAKOBBIMI:

cosp—( 1—=x
cosp+@ 1+

(s—kKOoMIIOHEHTA),

Q—n?cosp 1—x

(p—KOMITOHEHTA).
Q+n’cose 1+x
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DTO MO3BOJISIET MPEJCTABUTH apaMerp = B (35) B Buje 00IIero BbIpazke-

HUA OJ1gd S— 1M Pp—KOMIIOHEHT

1_
r=- (38)

L+ po
PacecMoTpuM BbIpazKeHnsl SHepreTHdecKux KoapUIMEenToB MpOIyCKaHua

n orpakerusi (37) B YACTHOM CJIydae HENOIJIONAIONINX CPeJl, KOTJaa P, T
u 0 — BEIIeCTBEHHbIC YucIa. DTo o3HavaeT, uto rx* = 2%, pops = pi = Ry
(3mecb Ry — sHeprernydeckuii Ko3hMUIMEHT 0TparKeHsi OT MOJIyOeCKOHe -
HOIT CpeJIbl B COOTBETCTBYIOIEI TToistpu3anni: Bbipazkenue (19) st s—1osisi-
pusanuu, (24) i p-rogpusanum), sind, u cosd, — BeIIeCTBeHHbIE BeJIU-
YUHEI.

B sToM ciydae sHepreTudeckuii KoaUIMEHT MpOoIyCKaHust

472

D=711"= :
(14 22)2sin® &, + 422 cos? 6,

[Ipeobpaszyem 3HamMeHaTE/ b
(14 2%)?sin? 6 + 42% cos® &, = (1 + 2?)? sin® &, + 4a® — 4a” sin® 6, =
= 4% + (1 — 2%)*sin? 5.

Torna ,
4 1
D= AN , (39)
422 + (1 — 2?)%sin”¢6, 1+ F
rje
(1 — 5132)2 sin2 51)
F = : 40
4.%2 ( )
s sHepreTnyeckoro KoM uImeHTa oTpazkKeHust MOy IIM
1 — 22)2sin?%§
R=pp" = =) sin b,
(14 2?)?sin” 0, + 422 cos? 6§y,
UM C yYeTOM IPEIbLIYIINX IIPeodpa3oBaHnii
F
R=—. 41
1+ F (41)

Kak u J012kHO OBITH 1151 Hemoriomaiomux cpex D + R = 1.
[Ipeobpasyem Boipazkenue (40) ¢ momorpio (38)

1 — 2\ 2 16 2 o3 6
(1 - x2)2 Sin2 51) - (1 - %) Sin2 51) — M’
(1+po) (1 + po)
_ 16p5(1 + po)? sin? &y B 4p3 sin® 9,
T+ (= po) (1= AP
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1 OKOHYATETHHO
4Ry sin? &y,
(1= Ro)*

Dueprerudeckne Ko3hOOUIMEHTB TPOIMYCKAHNUST U OTPAYKEHUsT TLIOCKOITA-
PaJLIIEIBHOTO CJI0ST B IPUOJIMKEHUH WICATBHBIX TIIIeKTPUKOB (39), (41):

1 R F
14 F 14 F

rie F' Boiparkaercst opmyiioit (42), 3aBUCAT, TAKUM 00Pa30M, TOJBKO OT KO-
s dunmenta orpazkenus Ry 1moJy0ecKOHEUHO cpeJibl ¢ OTHOCUTETBHBIM 10~
KazaTe/eM [PeJIOMJIEHHsI . = Ny /N B COOTBETCTBYIOIIEH TeOMETPIN U PA3HO-
ctu das d (25) MeKLy BOJIHOBBIME MTOBEPXHOCTSIMU TLJIOCKOIT BOJIHBI BHYTDH
CJI0ST, COJIEPYKAIIIMI IPOTUBOCTOSAIINE TOYKN @ U b Ha MOBEPXHOCTSX. Pas-
HOCTBH pa3

F= (42)

wm@Qd  wd [ 5 . 2
0p = ——— = —/n5 —nysin“
2 1 )
& c
B CBOIO O4epe/ib, OIIPeJIe/IAeTCA YaCTOTOI CBETOBOI BOJIHBI W, TOJIIUHON CJIOS
d, ToKazaTe/IsIMHI ITPEJOMIEHUS CJI0S Mo W OKPYZKAIOIIe CpeJibl Ny, YIJIOM
[aJeHusd Q.

D R
1 4 1
P
0.5+ ., \ /[ Los
J L J L 3 1 /
. 4 \ .
mm (m+ 17 Op mm (m+ )7 O

Ry=0,05 (1), Ro=0,3(2), Ry=0,6(3), Ro=0,95 (4)

Puc. 15

Ha puc. 15 npejcrapienbl pacueTHble dHepreTundeckue Kod(pQUImeHTsl
LPOIYCKAHUST U OTParKeHnsl Kak (PyHKIWMHI 0y IIPU YETHIPpEX 3HAUYeHUAX Ry:
0,05 (kpussie 1), 0,3 (kpusbie 2), 0,6 (kpussie 3) u 0,95 (kpussie 4). [Tpu
0y = mm (m — nenoe unciao) F=0u D =1, R =0 s Beex Ry.

s mansx Ry (R(Q) < Ry) poJib MHOTOKPATHBIX OTPAYKeHNU{T BHYTPH CJIOSI
CTAHOBUTCSI HECYIIECTBEHHON. B 5TOM ciyuae nHTepdepeHIonHast KapTHHa
B IIPOIIYCKAHUK U OTpayKeHuu O/IM3Ka K KapTuHe HHTepdepeHnn AByX Iy -
KOB, HCIILITABIINX HAMMEHbBIIEE YNCII0 OTPAsKEeHIi, IIOCKOJIbKY TOTOK SHEPIHUI
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B KaKJIOM CJIeTYIONEeM ITy4YKe OYJeT OTJINYATHLCS OT MPEJIbIIYIIero MHOKI-
TeJIeM ~ R%. DTOoMYy HPUOJINZKEHUIO COOTBETCTBYIOT Kpubble 1 Ha puc. 15.

[To mepe pocta Ry BKJIa MHOTOKPATHBIX OTPaXKEeHUi cTaHOBUTCS Bee DoJiee
CYIIEeCTBEeHHBIM. MaKCIMyMbI TTPOITYCKAHUS U MUHUMYMbBI OTPayKeH!s CTaHO-
BATCA Bce 6ojiee y3KUMU U KOHTPACTHBIMHU, TTOKOJIBKY MUHUMYMBI ITPOITyCKa-
HUS CTAHOBATHCS IVIyOXKe U MINPe, MaKCUMYMbI OTPaYKeHUs TaKKe PacIInpsi-
I0TCS 1 CTAHOBSATCS BBIIIIE.

MuorosydeBast nHTEPQEPEHITUS B ILJIOCKOIaPAJIICTBHOM CJI0€ PACCMOTPE-
Ha 371eCh JIJId cJIydas IJIOCKOI najatoreit BotHbI. [Ipu sToM nnTepdepen s
B IIPOITYCKAHUU W OTParKeHuu OyjIeT MPOUCXONTH B MapaJsIeIbHbIX MyIKax,
TO eCTb WHTePMEPEHITNONNbIE KAPTHHBI ITPOIYCKAHWs U OTparKeHusi OyIyT
JIOKAJIN30BaHbI Ha OECKOHETHOCTH.

s mabofenns Ha ONbITE, COOTBETCTBYIONIEM PACCMOTPEHHON 3ajade,
HNCTOYHWK CBeTa TMOMeNaeTcs B (POKAJBLHYIO TJIOCKOCTH COOMpAIoNieil JInH-
3bI, (hOPMUpYIOIIEl NapaJiIe/IbHbIN agatoruii mydok. Ha myTn mporeiiero
1 OTPasKEHHOT'O Iy YKOB TaKyKe pacioIaraloTcsd cOONparoIue JTMH3bI, KOTOPhIE
CO3/1aI0T MHTEeP(EPEHITNOHHBIC KAPTUHBI TPOITYCKAHUS U OTPA’KEHUS B CBOUX
dOoKaATBLHBIX TIOCKOCTSIX.

ObcynuM ere OJIHO yCJIOBHE, KOTOPOE B HAIUX PACCYKJIEHUSIX IIPEJIIIo-
JlIaraJioch BBITIOJIHEHHBIM. [Ipw KayK/1oM oTpakeHun OT BHYTpPEHHel TOBepX-
HOCTH CJIOSI SHEPTUs MaaIoNIero MydKa JIeJUTCS MeXK/Iy MPOIIE UM 1 OT-
Pa’KEHHBIM ITyYKaM#, TI0O3TOMY MHTEHCUBHOCTbH KarKJIOTO CJIEJIYIOIIEro OTpa-
JKEHHOTO BHYTPHU CJIOS ITyUYKa MeHbIe Ipejblyiiero. JIis Toro, 4Todbl Ko-
JINYECTBO OTPAXKEHUN MOXKHO OBLIO CUUTATH CTPEMANINMCH K OeCKOHEYHO-
CTHU, & IMEHHO 3TO MPEJIIO0JIarajoch B HAIIEM PeIeHnn, pasMephbl ¢JIosd B Ha-
[paBJIeHUN, TEPIEHINKYISIPHOM HOPMaJIU, JOJIKHBI ObITH HAMHOTO OOJIBITIe
€ro TOJIIWHBI d, TaK KaK PN HAKJIOHHOM IaJIeHNN CBETa OTpParKeHHbIE JIy-
YN CMEMAIOTCA B HAITPABJEHNUN TAHTEHINAJILHON COCTABIAIONIEH BOJIHOBO-
ro BeKTopa majaiomieil Boaubl. [Ipn HOpMaIbHOM MaeHnn JaHHOe YCJIOBUE
He UrpaeT POJIM, TaK KaK CMEIIeHUs OTPayKeHHbIX ITyYKOB He ITPOUCXOJIUT.
[TosTomy moJtyuennble 371eCh Pe3yJIbTATHI TP HOPMAJIHLHOM TaJIEHUN CBETA
(1 6JIM3KOM K HOPMAaJIbHOMY ) TIPUMEHUMBI K CJIOsIM JIFOOO#H TOJIIIUHBI, & TpH
HAKJIOHHOM TIaJIEHUH — TOJIBKO K TOHKHM (II0 CPABHEHUIO C MOMEPETHBIMIE
pasMepami) CJIOsIM.

Maugiast mupuHa 1 KOHTPACTHOCTb NHTEPMEPEHITHOHHBIX MAKCHMYMOB TTPO-
IyCKaHus Npu O0JIbIINX KO PUIMEHTaX oTpazkeHnus: Ry co31al0T BO3MOXK-
HOCTb ITPAKTHYIECKOTI'0 UCITOJIb30BaHNsI MHOT'OJIYYeBOI HHTEP(EPEHITNN B I1JIO-
CKOTIAPAJLIEJIBHBIX CJIOSIX JIJIs CIEKTPAJIBLHBIX UCCIe0Banuil (MHTepdhepeH -
oHHast crieKTpockorsi ). [TockobKy pasHocTb das d, (25) mpsivo mpomnopriu-
OHaJIbHA YaCTOTE CBETOBOIl BOJIHBI W, YCJIOBUE MHTEP(MEPEHITMOHHOIO MaKCH-
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MyMa TTPOITYCKAHUS JI/IsT CIIEKTPAJbHBIX JTUHWII ¢ PA3HBIMI 9acTOTaMu Oy1eT
BBIIIOJTHEHO TIPU Pa3HbIX yIviax HajeHus. Ecin naiamolmi mydoK uccie/rye-
MOT'0 UBJIyYeHHs MPeIBAPUTETHHO MOHOXPOMATH3UPOBAH, TO €CTh COJICPIKUT
JIOCTATOYHO Y3KNI CIEKTPAJLHBII yIACTOK, B KOTOPOM HAXOJATCA OJIHA WJIN
HECKOJIBKO OJIM3KUX 110 4acTOTe CIEeKTPaJbHbBIX JUHUI, TO 9T JIMHUK OYIYT
JIABATh MaKCUMYMbI ITPOIYCKAHWS TP PA3HBIX yIVIax NajeHns. Takum odpa-
30M, TIpU OOJIBITIX Ry B MPOIMYCKAHUN MOXKHO pasperiarh (Hab/oarh pas-
JeJIbHO) OJTIM3KIE [0 9acTOTe CHEeKTPaJbHbIE JTUHUH W H3y9aTh CTPYKTYPY
ojnoit yimnun. IlpeaBapure/nbHas MOHOXPOMATH3AIMUS JOCTUIACTCA C ITOMO-
IIBIO JTI0OOT0, B TOM YHC/IE JOCTATOYHO I'PybOTr0, MOHOXPOMATOPA.

[Ipu mManbIx yriax majieHus KoapOUImenT oTparKeHns Ha IpaHnlle pasjie-
JIa JIN3JICKTPUIECKUX cpei HeBesnk (eM. puc. 8-11). B ¢Ba3u ¢ sTum B criek-
TpaJbHBIX IPUbOpax, JeficTBIe KOTOPbIX OCHOBAHO Ha IMPUHIIUAIIE MHOTOJTY Y-
BOIl mHTepepeHInn IpK yIviax MaJleHns, OJU3KIX K HYJIH0, KO3DMOUINEHTHI
OTpaKeHusI Ha TPAHUIAX CJIOS YBEININBAIOT UCKYCTBEHHO ITyTeM HAHECEHUS
OTpazKalolx HOKPBLITHUIL.

Takue npubopbl HazbIBaOTCA HHTepdepomerpamu (dtagonamu) Pabpu—
[lepo. Onu mpecTaBisAioT coboil aBe MapaJiebHble CTEeKIAHHbIE TITACTHHKH
ITOBEPXHOCTH KOTOPBIX, OOpaIleHHbIe JIPYT K JIPYTY, HOKPBITHI TOHKIMHI OT-
pazKaIuMy [JIeHKaMu 13 MeTasiia (cepebpo, a/unoMunnil). B HeKoTopbix
CaydasgxX UCIOJIb3YeTCsd MHOTOCJIONHHOE TIMIJIEKTPUICCKOE TIOKPBITHE C BBICO-
KM KO3 hUIIEHTOM OTpaskeHusi (CM. HIzKe). PoJib IIoKomapaJiieibHoro
JINDJIEKTPUYIECKOTO CJIOsT BBITIOJIHSIET BO3/LYX MexK 1y rtactuHamu. Orpazkato-
IIe MOKPBITUST BHOCIT MMOCTOSHHBIH CJIBUT (hasbl, TIOSTOMY BUJ BbIPAZKEHUSI
dp oTmIaeTcst OT (25) JOMOHUTETBHBIM TOCTOSTHHBIM CJIATaeMbBIM.

TpeboBanust K TOYHOCTU 00PAOOTKH 1 HapaJsiie/IbHOCTH OTPAYKAIOIINX 110~
BEPXHOCTEl 0UeHb BHICOKNE — OTKJIOHEHUS TOBEPXHOCTEH OT Mj1eaIbHbIX I1JI0C-
KOCTEll U HApPYIICHUS [MapaJlIe/IbHOCTH JIOIYCKAIOTCS B IIpeJiesax COThIX JI0-
Jieft JITMHBI CBETOBOI BOJIHBI. [losTOMy m3MeHeHme pa3HocTu a3 MmyTeM Co-
KpaIlleHusl WM yBEJINYEHUs] PACCTOSIHUST MEXKIY ILJIACTHHAMU TEeXHUIECKH
He obecrieumBaeT TpeOOBAHMIT K MapaJiie TbHOCTH.

Paccrosgnne Mexjy IracTuHaMu (PUKCUPYETCS C TOMOIIBIO PacIOpHOIO
KOJIbITa, HA TOPIAX KOTOPOTO MMEIOTCS 10 TPU OJIMHAKOBBIX CHMMETPUY-
HO PACIIOJIOYKEHHBIX BBICTYIIA C KaKJI0i CTOPOHDLI. KOJIBIIO M3roTaB/InBAETCS
C BBICOKOH TOYHOCTBIO TaK, YTOObI Kpas BBICTYIIOB 110 00€ CTOPOHBI HAXO/IU-
JINCH B TTapaJLIe/IbHBIX TJIOCKOCTIX. BHyTpeHHme oTpazkaloniue moBepXHOCTH
IJIACTHH UHTepdepoMeTpa MPUKUMAIOTCA K BBICTYIIAM PACIIOPHOIO KOJIbIA
HPYKIUHKAMU, CHAOXKEHHBIMI MEXaHU3MOM TOHKOMN PeryJupoBKH CHJIbI 1TPU-
JKATHA, 9TO JIaeT JOMOJTHUTETbHYIO BO3MOKHOCTD YCTPAHEHNsT MAJIBIX OTKJIO-
HEHUl OT TapaJIe TbHOCTH.
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Breriane oBepXHOCTH ILJIACTHH, HAIIPOTUB, JICJIAI0TCS HECKOJIBKO CKOIIIEH-
HBIMU 10 OTHOIIEHUIO K BHYTPEHHUM, 9TOOBI YCTPAHUTL OJIMKK, 00pa3yoIu-
ecsi B pe3y/ibrare nHTepdEPeHInn Ha ¢J1a00 OTParKalolnX BHEITHUX [T0BEPX-
HOCTSIX.

TosuHa BO3IYIIHOIO 3a30pa MeXKjy IlacTuHaMmu B drajgoHax Dabdbpu—
[Tepo 06bIYHO HAXOAUTCA B TIpejiesiax OT OJHOIO JIO CTa MUJLIMMETPOB, B YHU-
KaJIbHBIX ITprbopax jgocturaer mMerpa. [lajaonmit ¢cBeToBOM 1yUdoK Jie1aeTcst
cJIerka CXOJSIINMCs, YTOOBI B HEM TTPUCYTCTBOBAIN KOMIIOHEHTDI C Pa3HBIMU
yIylaMu TaJieHust B HeDOJIbINX 1pejesiax. B atoMm ciydae nHTEepdEpeHINOH-
Has KapTuHa B (DOKAJILHON IJIOCKOCTH COOWpAIONIeil JTUH3BI JIIT MOHOXPO-
MATUYECKOTO U3JIyIeHUs MMeeT BUJI TOHKIX KOHIIEHTPUIECKIX KOJIel PaBHO-
Io HAKJIOHA, COOTBETCTBYIONINX WHTEP(EPEHITNOHHBIM MAKCHMYyMaM IOCIe-
JOBATEJILHBIX TOPSIKOB (0 = mr). [lpu Hammanu B n3/1y4eHIN HECKOTBKUX
CIIEKTPAIbHBIX KOMIIOHEHT KazK iast KOMIIOHEHTa 00pa3yeT CBOIO CUCTEMY KOH-
HEHTPUUIECKUX KoJiell. Pajuychl KoJiell, COOTBETCTBYIONINE Pa3HbIM YaCTOTAM
OyJLyT OTJIMIATbCsI, YTO TTO3BOJISIET N3YYaTh PaCIpe/ieeHe SHEPTUN B Pac-
CMATPUBAEMOM CIIEKTPAJILHOM HHTEpPBAJIE.

[To cpaBrenuio ¢ ndpaxImOHHBIMUI MOHOXPOMATOPAME C TAKOM YKe pa3pe-
marorieil crrocoonocToio srajoH Padbpu—Ilepo odnagaer 6GbIIEH CBETOCHIOMN
(oTHOIIEHNEM HHTEHCHBHOCTHU TI0JIE3HOTO CUTHAJA K WHTEHCHBHOCTH A Iaf0-
I[Ero CBeTa) U 3HAYUTEJbHO MEHBIIEH CTOMMOCTHIO.

Onrudecknii pesoHaToOp, MOCTPOEHHBIN 110 IpuHIHITY 3Tanona Padbpu—Ilepo,
HCIIOJIb3YETCsI TAKZKE B ONTUYECKIX KBAHTOBBIX I'eHepaTopax (J1a3epax).

%
AVAVAVAVAVAN
— N

Puc. 16

Hpyroii criocob obecriederus OOJIBIION OTparkarolieil cliocoOHOCTH Ha Ipa-
HUIAX JIMJIEKTPIIECKOr0 CJI0sI OCHOBAaH Ha NCIIOJIB30BAHNN JITTHHBIX ILJI0CKO-
napaJiie IbHbIX IJIACTUHOK W3 OJJHOPOJIHOTO CTEKJIa MJIN ILJIABJIEHHOIO KBap-
&, BHYTPU KOTOPBIX CBET MHOTOKPATHO OTParKaeTcsd PU BHYTPEHHUX yIJIax
naJiennsl HeMHOTO MEHBINX MPEeIeHLHOTO YIJIa MOJTHONO BHYTPEHHETO OTPa-
»kenusi. B arom ciiydae koad@uiueHT BHYTpeHHero oTpakenus Ry npud/in-
JKaerest K equnmie (cm. prc. 9, 11).
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Taxkne npubopbl HasbiBatoTCcA ItacTuHKaMu JIymmepa—ITepke. x jpmHa
00b1uHO OKOJ10 30 cM, TosmmHa B mnpegenax 3 — 10 mm. CBeToBoil IydoK
BBOJIUTCS B TJIACTUHKY JIMOO C MOMOIIBIO JIOMOJHUTEILHON MPU3MBI, MPU-
KPETJICHHON Ha, OMTUYIECKOM KOHTaKTe K OJHOMY 13 TOPIIOB, JIMOO depe3 CKO-
meHHbIit Toper; (eMm. puc. 16). DTo jesaercs i Toro, YTo0bl Ha BXOJE CBET
1aJiajl Ha MOBEPXHOCTH CTEKJIa HOPMAaJIbHO, TaK KaK B 9TOM CJIydae MOTepH
Ha OTpaykKeHue OY/yT MUHUMAJTHLHBIM.

YTIbI MEXKTy MPOIMYCKAIONINMI W OTParKaloNUMHI IIJIOCKOCTSAMI Ha BXO-
Jle B 000UX CIydasx MOJI0MPAIOTCS TaKMM 00pPa3oM, UTOOBI Ha NapaJiesIbHbIe
OOKOBBIE TIJIOCKOCTH IIJIACTUHKU CBET U3HYTPU TaJIasl IO YIJIOM, OJTU3KIM
K TIPeJIe/IbHOMY YTy MOJTHOTO BHYTPEHHErO0 OTPaXKeHUs .

Brixogsimume mydku ¢ 06enx CTOPOH ILIACTUHKN HAIIPABJIEHBI MOYTH Kaca-
TEJIbHO K €€ DOKOBBIM ILJIOCKOCTSIM, IIPHYEM WHTEHCUBHOCTH KarKJ0r0 CJIeTy-
IOIIEro MyYKa HEMHOI'O0 MEHbIIIe NHTEHCUBHOCTH MPE/IbIIYIIero. 1o odecte-
YUBAET BBICOKYIO KOHTPACTHOCTb KAPTUHBI MHOT'OJTYUeBON MHTepdepeHInn,
KoTopasi popMupyercs B (poKaIbHOI IJI0CKOCTH COOMpPAIOIIeil INH3bI 3, 114~
CTUHKO{T (HAa PUCYHKe He TOKa3aHa).

[Ipu mebosbIoMm pazdpoce yTJIOB MaJIeHNs HA BXOJHOI TJIOCKOCTH WHTEp-
depenmonHast KapTuHa OyJIeT HPeJICTABISITL cO00i ceMeiicTBO Y3KIX NHTEp-
depeHIMOHHBIX MaKCIMYMOB PABHOI'O HaKJIOHA 110 00€ CTOPOHBI OT ILJIACTUH-
KI. 9TO OYyT TunepOosibl B (DOKAJIBHON MJIOCKOCTH, BBITSHYTHIC TIEPIICH I1-
KYJISIPHO TIJIOCKOCTH TTaIeHIA.

B saktouenne orMeTnM, 9To sSIBJIEHHe MHOTOJIY9eBOi nHTepdepeHInn nc-
MOJIB3YETCST TAKYKe B TaK HA3BIBAEMBIX MHOTOCIOMHBIX JTUIJICKTPUIECKUX T10-
KPBITHSX. ODTH MOKPBITHS HAHOCATCS TOHKUME (MUKDOHHBIMH) CJIOSIMIE
Ha MTPO3PATHYIO MOJJIOZKKY ITyTeM HaIlbLIEHUS B BBICOKOM BakyyMme. [locTosn-
CTBO U BEJIMINHY TOJIIUHBI CJI0SI MOXKHO KOHTPOJIMPOBATH C BHICOKO# TOYHO-
cTbio. [lokazaresu npeioMIeHUsT COCEIHUX CJIOEB OTJINYAIOTCA JIPYT OT JIPY-
ra, MO3TOMY Ha UX IPAHUIAX CBET YACTUIHO oTparkaeTcs. [Tocko/bKy Kodd-
pUIMEeHTHI OTpakeHIs Ha IPaHUIaX JUIJIEKTPUKOB HEBEJINKU, BCE OTParKeH-
Hble y9YKH CPABHUMBI 110 MHTEHCUBHOCTH (TO YK€ OTHOCUTCSI K IIPOIIEJIIIIM
nyukam). Varepdepentius 60IbIIOr0 KOJMIeCTBa CPABHUMBIX 10 HHTEHCHB-
HOCTHU IIyYKOB IIPU HaJJIeKalleM Ioj0ope pasHocTeil da3 mosBoJisier b0
3HAYUTEIHLHO O0CTa0UTh OTpaykeHue (MIPOCBETIIIONIIE TIOKPBITHS ), JTH0O0, Ha-
000pOT, YCHJIUTH OTPazKeHue 1 0CJIabUTh MPOIyCKaHue (0TparKaroIue MHOTO-
coitabie OKpbITHs ). [Tog6op pasHocTeit has, B CBOIO 0Uepe b, OCYIIEeCTBIIsI-
eTcst 1MoI00POM TIOKa3aTe el MpeJIOMJICHUST 1 TOJIIUH cjioeB. VIMeHHO Takne
MHOT'OCJIOfHBIE JIN3JIEKTPUYECKNE TIOKPBITHSA MOT'YT HCIIOJIb30BATHCA B Kave-
CTBe OTParkalolnX MoBepxHocTeil B aTasioHax Pabpu-Ilepo.
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