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ON3AYECKAA TEOP PAK
M.fl. YOHKIEB

BBexeHne

BamHoe MeCTO B TEODHEM ABPpAKIEM BOIH KBasHONTHYECKOI'o
JABanasoHa 3QHMMADT NPHOIEXCHHHE METOXH, OCHOBO4HHG HA DaSHEEY-
HHX (M3EY6CKHNX NpPeANOCHAKS8X. STH MOTOAH OXBATHBaDT EHPORNME
EpPYr BONPOCOB, BOSHNKADMHX HA NpaKT?EKe, KOTODH6 B HACTOAEOS
BpeMA He MOTry? OHTh peHcHH TOYHO. PaGoTH TaKoro xapakrepa
0BOABHO MHOTOYMCNEHHH B COCTABAADT COABmWO# paszen, EKOTOpHH
MORHO Ha3BaTh Qu3H4YBCKO# TeopHe# AmppaKu#u. 3TOT pasfieX TOOPHH
AAppaKknaR BEIOYaeT B ce0s ABe Gonbake rpynnu. K nepso#f oTHO-
CATCA KIAaCCHYOOKNe NDHONERCHHHO MOTOAH, CBSASAHHHO C HMGHAMN
T'oftrenca, Mara, ®peunenr, Kapxrodpa m Horaepa. Bropym rpymmy
00pa3yu? pacoTH, NOCBAWEHHHS RanbHEeAmEMY DA3BHTED NPHOAHXGHEHX
M8TO0N0B AAA KODOTKHX BONH, BHNONHEHAWE B nocnexume 15-20 xnee.

Mu He coOupaeMcs S3aHMMATHECA 8A6CH NONDOCHHM HCTODPHYECKEM
0630poM (U3BYECKAX METOAOB B TeopHR Amppaxuus. Kparrme o0630pH
TRKOI'0 DOAA MOEHO HalTH, Hampmmep, B HamOM Kypoe [Il + Hpous-
ranioM B I-§ Bcecowsuolt mxoze no amppaxyue (llananra, 1965 r),

B kaurax [ 2,3 ® B paAe ApYrmX paGor. B zamHoX KYpce MH
CTABEM CBO6# USNBY O3HAKOMHTH CHyMATEN6N NWAE C OCHOBHHME NpPEX~
craBneHuAME guanueckolt Teopmn AsPpaKLME EA NpHKEDPE HOCKOABKHX,
HaH0oAee X3PAKTEPHHX METOAOB, HANGHEAX NDAaKTEUSCKOC ADMMOHEHNS.
TpH neKumw, BXOXFiNNO B AaHHuR Kypc, caaGo GBAS&HEH APYr C Apyrou,
B Kaxzasn MONeT W3YYaTHCH HE3ABHCHMO.
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Jexuus 1
Teopua Kwpxrofa-Korseps u zudpaxums SmyeKTPOMATHETHHX BOJH

H8 YGPHHX Temax.

B aTOM NGRUHE MH DAaCCMOTDHEM MATEMaTHYECKYD (OpMYaRDPOBKY
nprELRNA I'AreHca u npuMeHdM ero K sazade o AHPpPaKuUME 3NEKTPO-
MAPHETHHX BOJH Ha YEpHHX Tenax.

I'viiresc Cha nepBHM, KTO NpPEANOXHA BONHOBYD MOZEXH pacnpo-
CTPaHeHRA CcBeTa. COrnacHO 9TO# MOZOAM KaxAyD TOYKY NOBEPXHOCTH
BONHOBOI'0 ()POHTA MOXHO DACCMATPHBATH KaK Sn6MEHTapHHE MCTOU-

HUK BTOPAYHHX cdepruecKEX BonH. [onmoEeHHe BOAHOBOrO $poHTa B
MOMBHT BDOMEHH t MOXEeT OHTH NMOCTPOSHO KaK orudanmas
BTOPHYHHX BONHOBHX (POHTOB C pazuycom c.C{—to) s MBIy Y8EMHX
BOJIHOBHM (POHTOM B MOMEHT to - TaKkas MOZenb pPacHpoCTpaHe-
HUA CBEeTa MMeer cepheaHHe AedexTH, EoTopwe I'bfirenc ycrpauser

C NOMOWBO CNEUMANbHHX I'ENOTEe3., Bo-NEepBHX, ANA OCGBACHEHHA
NpAMOIMHERHOTO pacHpoCTPaHEeHMs cBera mpexnonaraercs,

4T0 BTOPDHYUHHE BONHH CO3Z4DT NONE TOABKO B TOYKaX, NpUHAKIEXA-
m4X K orudammeit BTOPDHYHHX BONHOBHX (poHTOB. Bo-BTOpHX, Kaxzas
raKaf Or¥apnmaf COCTOMT A3 ABYX OCO/NOYEK: Bayrpéuaen ¥ BHemHel,
BHemHAs 0GONOYKa COOTBETCTBYST BONHE, DacNpoCTpPaHsANRe#Acs 0T
UCTOUHHKA, & BHYTPEHHAA 000n09Ka - “00paTHOU" BOnHe, MAymeit
HasaX K MCTOUHMKY. [locKonbky B OZHOPOAHOR cpeAe "oOpaTHHE"
BOIHH HE CymeCTBYDT, [DilreHc npeaAnonoxun, 4T0 PacClpoOCTpaErehCA
NOXET TONBKO BHemHM{ BonHoBoH# QpoHT.

Crporaf mMarTeMaTHuecKas (opuynupoBKa npaHuuna IofiresCa
Ouna nada 'ensuronbueu (1859 r) zanaA cKandpHHX BOAHOBHX mone#

u Koraepow (I923r) Ana aneKTpOMaTHATHHX NoueH.
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§ I. Ilpmayun T'oirenca B 316KTPOARHEMYKS

[lpgcTynuM K M3NOZSHEEN NpuHEuEna I'viiredca AAsA MOHOXPOMO=
THYOCKHMX BIEKTPOMATHHTHHX nozneli, A3MEHADMAXCA BO BPSMGHE MO
3aKOHY Q‘“"J( . [Infi NpOCTOTH PAaCCMOTDHM MOAA B BaKyyMe.
B sroM cmyuae xounnexcaue QMNIKTYAH SNEKTPUUYSCKOIO H MATLHNT-

HOFO BEKTOPOB E_ H ynonnenopxm ypaBHenNaM MaxcBenxa

”LO*E = LKH 4"
~tH *‘iK_E t+ %Je.

311005._’38}{ 1 BCOAYy Aanee, HCHOAB3YETCA adCONNTHAS CHCYEMA

(1.01)

(€
SAMHHL; J "o nnoruocu CTODOHHHX SACKTPHUOCKHX HIH
T
MarH4THHX TOKOB, K= 'Z = X~ BONHOBOG YRCAO,

¢ =~ CKOpOCTH cBeTa B BaKyyMe.
Bocnonpsyeucsa zanee Teopemoit enu;lcrneuuocu. ByzneM cumrarh,
YTO 3N6KTPHYECKHE M MAUHTTHHE TOKH DACMNOJONMEHH Ha KOHeYHHX DACCTOf-
HUAX (R<Rm). ¥ n0CaBuM K ypaBEeHnusM (I.0I) npHHUEN R3XYTeHEA
30uuep¢enbna*

iKK - 4 1KK

=> , ¢
E=Cont - H=howt wulree,

TAe 3Hak T 1noKa3HBaeT, YTO DABEGHCTBA YAOBAGTBOPADTCA C &0CO4
NOTHOM NMOrpemHOCTHD, NPONOPHEOHANBHOM /K?. , 8 R,?’,‘j’ - cfepm-
YeCKUe KOOpAHHATH. [IpHHOEN H#3My4YeHEA NOKA3wBAeT, 4YTO NOAE BAAAH

OT HCTOYHMKOB (BNEKTPHYECKAX M MATHMTHHX TOKOB) HMEET BUJ DaCXOAH-

—’
mefica chepuyeckol BonHH; ¢ (3,3’ ) = T:(Q',h?‘ - BGKTOp-
HHE XapaKTEepHCTUKK M3XYYCHHA STOM BOAHH, CBASAHHHE COOTHONGFEEM
>
=lwe’], (1.03) |
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BHTOXADEEM ¥8 OAHOpPOAHHX ypaBueme#h (I1.0I) B RansHei#l soHe;
-
N - eAMEHUHH{ BEKTOp B fnpnxemu pacnpocTpaHeHUs chepr-—
gecKot Boaru (1.02); = o Cornacio coorsomesun (I1.03)

MH HMOSM

R = [T =A@ =T, 1o

[E»H_:]”%Jzﬁ " R>oos (1.05)

-
HOCKOABKY R’Q =0 (nomepeusocTs noxeji B AambHefl 3oHe!).

Cornacao Gopuyne (I.05) NoTOK KOMIIEKCHOr'O BEKTODA
MoiaruHra Yepes GOCKOHOUHO YyAAAGHHYD chepy Bcerza noioERHTENEH
un¥ paBeH HYAD:

7 (1.06)

(EFIRAS =(iEF 470 o hves

rae dﬂ - DJIEMG6HT TOJIEeCHoro yria, To 6CTh
49 -_—RZO\Q. . JQ_ = sinvdVd$ (1.07)

a 3HaK paBeHcTBa B (Qopmyne (1.06) BO3MOXEH TOABKO NPK NMONHOM
OTCYTCTBUM H3NYyueHAA HA CECKOHEWHOCTH.

YuuruBasa coorHomeHue (I.06) ¥ NDUMEHAR TEOPEMY O KOMIIEK-
cHolt MomHOoCTH (CM. [4] ) HeTpPyAHO ZOKasaTh ©XAMHCTBEHHOCTH
pemenns ypasHeHu# (I.0I) npm ycnonn—f‘f’x (1.02). Lna sToro Aocra-

TOuHO Zokasar™, uro mpa | =0 u )“‘-50 €AMHCTBOHHOE
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pemgg’ne 3aZ84Y4 - STO TOXLECTBEHHO paBHOEe EyAD Noze: ?: V)
H () . Omyckas Bu&_ggxu. OTMETHM, YTO B OTCYTCTBHE
MCTOUYHUKOB (TOKOB ) u J ), BO3CyXAanEEX HOnE, OHO MOEOT
NOABATHCA TOABKO ORAroiaps NPATOKY SHEPrad WS GECKOHEUYHOCTH.
OnsaKo, B cuny HepaBeHCTBA (I.O6),aaeprua BCerza yXoZHT Ha
06CKOHOYHOCTH, NOSTOMY 3JeKTPOMALHMTHO® NONe MOXOT B ZGHHOM
cnydyae OHTH T0/BKO TOENSCTBOHHHM HYIEM.
EARHCTBEHHOCTH CQXpaHAercA B B CEyuae, KOI'ZA BMECTO
% = ™
00BEMHHX MAOTHOCTSHR JT u J MH HME6M NOBepXHOCTHHE
_9‘ M
nnoesocT® L°- u L
locneAnke MOTyT NOABUTHCA, €CAHM MH PAacCMATDEBAGM NpPOH3-
BONBHOG 3NEKTPOMACHMTHO® MNONS, YAOBAOTBOPADEEE OAHOPOZHHM ypaB-
HonHAM MaxcBenna

u’[f= lkﬁ, s w{ﬁz“i“E— (1.08)

BHYTPH HEEOTOPOH 3aMKHYTO# NMOBEPXHOCTH fs (pxc. 1.1) =
paBHO6 HYID BHE 55 . llome BHyTpH f; CO38Z8ETCHA KAKHME-TO
MCTOYHKKAMH BHE f; (kpecTKE Ha pEC. I.I), W MH DOKaxew,

YTO TaM 8TH MCTOUHHEM MOTYyT OHTH 33MGHOEH NOBEPXHOCTHHME
TOKaMHA:

-—WH] kG =--—[’d’€] (1.09)

]

=J/

rZe ~ HOpPMAXD, HANPABAGHHAN BHYTDS ES (B cropoxy

nouf).

liETepecyrmee HAC NOR6 E: F{ BH® f; PORES CTLOHEO
paBHO HYyA® u,cnenonarensuo,@opuanbuo YEOBAGTBOPROT EAK ypaBHe-
HuAM (1.08), rax ® ycaosusM (I1.02), mocnezums npx ?EO «h=0
MeTOYHMK BTOrO MOAR - MOBEPXHOCTHHS TOKE (1.09), KozopuMM 9TO
10.°C ONPEAONASTCA QiHOJHAY.I0, 8 KMEHHO MO DOpMyn~



q‘iaMtU’A + K A )" A“’tA
(quad i A + R4 “waL (100
e A

-~ JNEKTPHYECKHA U MArHUTHH{{ BEKTODHHE NOTEH-
OHaAH. Ouu CBfi3aHH C NMAOTHOCTAME 'roxoB M3BECTHHME COOTHONCHHAMH

E:Jc.ég%"as d§>¢ [WFHS :

(I.11)

s U(R ->
A”=CC§'R&M0\S”’— QR—[WEMS,

rae K - pacCTOfAHHE MEXZYy TOYKO{ HAONOZEGHMA ® TOYKOH HHTErpu-
POBAHHY -~ BIEMOHTOM dS NMOBEPXHOCTH S — 1no KoTopo# #
NPOMIBORUTCA HMHTEPUPOBAHEE.

B orux dopMmynax CKanfipHHMU MOTEHUHANAMM, CBSA3AHHHMEK
C NJOTHOCTAME 3apaf0B, MH HE NONB3yEeMCA, NOCKONBKY B MOHOXpOMa-
THYECKUX MONAX nnoruoc'm 3aPRUOB, 0ZHO3HATHO ONPEACAANTCA TOKAMH.
¢axﬂmecxu cunaraesie + ‘3‘1444&1’/\ B dopuynax (I.I0) paBHH
- “cadq: I8 ”“ ~—  CHanApHHE NOTEHIMAIH ,

Taﬂuu oGpaaou. X3 TEOpeMH eAWHCTBEHHOCTH CIeXyeT, YTO
none E H BHYHMCAeHHO8 no ¢opuynam (I1.I0) u (I.II),
Ha Bnyrpeunen CTOPOHE NOBEPXHOCTH S NpUHAMAET 3HAYGHHE,
BXoAsmee B Popumynu (I1.09) m (I.I1), a Ha BHewHedd - HyneBHe
3HAYEHHA M PaBHO HYAD BCOILY BHE S .

0_0£uy_gu (I.10) u (I.[1) zawT HAM MCKOMOE NPEACTABICHME
nous E ,H BHYTPB 5 yepe3 "BTOPHYHHE MCTOYHEKE"' Ha

S s T.€. NPEACTABAANT COOO# 2NEKTPOAMHAMHUUECKUE NpUHLMAN

I'oiiresca. Ycnosue

> . %
E’EO . H':’O bre D (I.12)
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OGHYHO TPAKTYWT KaK yCNOBYE OTCYTCTBUA OTPATHOA BONHH: BTOPHYHHE
UCTOYHMKM CO3ZAWT TONBKO NPAMYK BONHY (BzryT_puS).

Ecnu (KaK 9TO yame BCero GHBAET) MCTOYHUKA MONS pacHonoxe-
HH BHYTPH S (puc. 1,2 - KPECTHKM), 3 HaC HHTEpECyeT Ioie
BHE S , TO BHBEIEHHHE BHIE COOTHONEHHA OCTANTCA B CHIE,
ecnu 7? HANpaBUTh B CTOPOHY, T'Ze MH MmeM none (puc. I1.2), u
3aMeHBTH B DOPMYJNIMPOBKAX Cnopa "BHe S " Ha "BHYTDH S " n
HaoGopor. CoorHomeH#a (I.10) u (I.II) AawT pemeHue W AnsA Taxo#

0o0palleHHOW 3aZaud.

Mpryunn Coiiredca ABAASTCA MOTYYMM ¥ MCKIDUMTENBHO NNOZOTBOP-
HHM MaTeMaTHUYECKHUM aNnaparToM BO MHOTMX OCNaCTAX HAYKA ¥ TEXHHKH.
TaK,cKanﬂpHHM BApMAHT 3TOr'0 NPMHUMNA WMPOKO HKCIONB3yEeTCA AN
MCC6/I0BaHNUA BOMHOBHX 3a/lay B 8KyCTUKE W TEOpeTHYECKO#l ONTHKE.
dnexrpoAuHaMuyeckuit npuHuun I'ofireHca ¢ ycnexod NpUMEHseTCA B Teo-
pUM aHTEHH U B paZuonoKaluuu. B TEOpPHM 3eDKAABHHX QHTEHH OH ABIAGT-
CA OCHOBHLM, @ NMODPO# U €NMHCTBEHHHM METOLOM Dacuera AMarpaMM
usayyenma. Pacnonaras NOBEPXHOCTH S Ha paEﬁP“EE aHTEHHH N
3afiaBafd Ha Heil nNpuOAUXEHHHE 3HAUYCHUA nonei E u H 'y Ha{KEHHHX
N0 38KOHAM I'eOMETPHYECCKOM ONTHKU, MH NMPUXOAMM K TAK HA3LBAECMOMY

anepTypHOMY METOAYy pacueTa AKATDPaMM.

Ecnu Hac uHTepecyer noie, OTPAXEHHOE KAKUM-NMCO0 METANNHYECKHK
TE/OM Ha3aX K paAuonoKaTOpy, TO 6r'0 BENUYMHY MOXHO HAMTH, BHOH-
pas B KauecTse O NOsePXHOCTD TeNa. IIpM 3TOM MACHATHHE TOXM
OYAYT paBHH HYND, @ BNCKTPHUECKHE TOKA MOXHO 3aAaTh NPHOTEXEHHO,
Hampuuep C MOMOWBY PEOMETPHUYECKOH ONTMKM. TaKof NOAXOX HA3WBALT
NPUONMKCHHAEM PUIUYCCKON OnNTMKM M OH HAXOAMT WHPOKOE NPHMEHEHMUE
1A OUEHKU Honei, PacCedHHHX METANIKYECKUMM TenaMu. Ana Ten c
A370MAMK OTO NDPUCIMRECHAE MOXHO yTOUHWUTL, €CAM BBECTH B

'_I."i(‘,:ipt Acn-.HHEe Noxq iHa S HOllpaBKKW, CBH3AHHHE C U3 IOMOM, CY®-~
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Taf KX TAKEME %0, KaK HA COOTBETCTBYUNEM ABYTDaHHOM yriue.

Takoit NOAXOX MCHONbSYyeTCH NPHE NOCTDPOEHUH pRAA npndnueﬂa;ux
METOZOB, OZMH B3 KOTODHX - METOXA KPaeBHX BONH - OyZAET pacCMOTpeH
BO 2-#f AGKOHM HAaEero KypcCa.

B AaHHOR AEKIMM MH DPAacCCMOTPHM JEUb OZMH NPHMED NDUMEHEHHS
SN6KTDOANHAMHTOCKOr0 NpuHOuna I'viireHca - Asdpakmup BreKTpOMAr-
HMTHHX BOXE Ha YEpHHX TeAaX.

Puc, 1.1 ¥ 1.2. [lonoxeHMe KCTOUHHK OB MOJA

OTHOCH T€JIBHO [O0BELXHOCTH

.



lpEMedEM fenepds CHOPMYNZPOBAHEHE BHAS TOOPSHH K sagave
0 AxppaKnuE SHERTPOMATHETHMR BOZHE HA YODHHX $6XAX, XOTH B
PNSOKTPOAKHAMENS NPEHIENEAABHO HEAHSR CHOPHYAHDPOBATH IDAHBYHNE
_JCnOBEA, QESHBATHHE WODHOMY T6Hy, T6M HE HMOHES FAE06 aGCTpaE?-
H08 NOHATHE OXASHBAGTCH NONS3EHM NPE ONSHES HONR, PRCCOAHIOTC
XOpOEO NOFICHADHEME TORAMH. PE3EUSCKE USPHO® TONO MOZHO ANNPOR-
CHMHDPOBATH CpeAod © OveHH NNABRKH B3MOHCHHCH SAGKTPOMATENTHHX
napaKeEpoB, ARA Koropo#t Kos(dmEuKeHT OTPaEGHES CNHSOK E HKyan
(cpena ¢ EReanbHO “MArKEM BXOZOM").

lipEMeERTEABHO K 33FAYaM JMPpaKiis NOHATHS USPHOTO Texa
BRepBHe CHAC c{opMYABDOBEHO Kmpx—gjow B KOHUS NPOEROTO BERa
B CBA3K C HCCueZoBaH#eM IMQpaR1Mli CHAESPHMX BONH HS TORKHEX
HeNpo3paHHHE XpaHax. B AaabHcHmen Kosxep pachnpooFpaHlx HOHATES
NAOCKOT0 YePHOr0 SEpAHA HA CAYUAN SNGXTPOMATHNTHHX BOXE.
XopoEee B3A0EeHEE BTHX BONPOCOB EMeeros » xmmre (5] . M moxa-
EeM, YT0 OBpeAcReHHe WepHOro veaa, Aadmoe Koraepom, mozmez OuTH
pacnpocTpageno Ha ofbeuHMe Texa NPOESBOZBHOR Fop,

BuuncaEN noze B 70OYRS CP » BOBHHRAREE® NHPHE FMEparIp
SASETPONATHATEMX BOXH H3 KeKoTopoM Toxs (pEc. 1.3).
pmeenzn Gopryzs (I.10) 1 (I.II) & nosepxmHooss S‘Z*So"' S'
( So- OCBEHOHNSS CTOPOHA 2628, S" - %0He3as), NPERNOZEras,
Y70 BCO HOPOWHHKH HaXOXZATOH BEG S . Ha nosepxHOCTHE Z

- - - =
E=Eo+€1 _H=H, ”:L ’ (1.18)

- - ,

rue Eo ’H. = 00Ae MCTOYHNKOB, HOXO cg, Bus ofsens,

OTDBHKYGHHOr0 NOBEPXHOCTED o 8 Do H‘!. = NOXS, PACCemR-
2
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EO® P8HOH. B cmny dopmysn (I.12) SEBEBANGHEHHG TOKE HA HOBEPX-
HOC®H Z o OOYCHOBRGHHHS NOX6H E R s CO3ABDZ
BHYTPR Z HnOoN6, paBHOE Hya®w., CieA0OBRTEABHO, BHYZPH S

e A=t o 4
E= Eo + *_‘? 5

- = o 4

H=H,+ H +H", (I.14)

o -?o
rx{e _5,4E 3 H - floI6 OFf TOKOB Ha OCBoHEGHHOH CTOpoHe Tena,
qu - HOXS OF FOKOB Ha T8HE6BOH CTOPOHS.
ByAeM cun?aTh TR0 8GCOANTHO YCDHHM, %.6. NOTHOHENEEM BCH

nanaweyD Ha HOTO JHEPIE, B ONDEXONHM STO NOEATHO COINACHO
Empxrogy-Korzepy caeAypmEM 00pasoy 3

E:Eo , W=-\:‘i ha S" 1
E:Wz O HA SL

Toraa pesyaprEpyDHee NORe, BOSHEKANHGG BCHGACEBHE ARPpaAKIHE
9SKTPOMArHETHHX BONE HAQ Y6PHOM T0#6, OyZe? pPaBHO

f’fo *E’o . ‘ﬁzqﬁﬁb s (1.16)

a BEKE8Z 07 SarTeHGHHOH uvacTh Tena paBeH HYyID.

(1.15)

JlarHO® OmpeZAcNeHHe YSPHOrO PeAd HEEOPPEKTHO: aenban'npgss-
mmgg E OZHOBDEMOHHO 3a/aBATH I'DAHEYHHE 3HAUGHHA BEKTOPOB E
B H . BoaeacrBme yrasaEHO# HEEODPEOKTHOCTE NPHECGHEEECHES
(I1.16) ABRfle®CH HECAMOCOI'RACOBSHHHMM: 3HAUGHEA B W .
suyncieHENe no gopuyne (I.I6) Ha NMOBEPXHOCTH YEDHOTO TeXa, He
COBNAZADT C MEPBOHAYANBHO npyamyymydHavesmaME (I.I5).
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Ozsaro eme Hormep [ 61 OTMOTHN, |20 NPHCIERCHES
(1.16) nng vepHHX GECHOHEYHO TOHKEX DKDAHOB HMOEHO PACCMAFPABATH
KaK CTPOroe PEHSHES S4ARYE G I'DaHEUEHM cmqnon/ Sp'tunﬁ,wvz‘t.,
p'w@&m }, KOorza HA TAHTOROHANBENG KOMNOHGHTH E‘t
B ofy HaKAaAHBanTCS JGCNOBER

E*\Sf Et\;E“‘ ’H*\g: My

Ho zax0e omnpezcieHHe YEpDHOr'0 Teld, B OTIHYES OF ONPSASHCHHA

H 4o @I

(I.15), mMeeT cMHCJN TONBKO AAR TOHKHX OKDAHOB B HONPHIOZHO
AnA OCDOMEHX T€l.

Mpoxonzus uayvenue fopeyx (I.I6). HasopeM rpanHEny MERAY
OCBOmEHHON! B TeHeBOX YBCTAME MOBEPXHOCTH TeNa TEHOBHM KOHTYDOM
B CpaBHEM NOAA, DACCOAHRH® ABYMA DA3NHYHHWE UCDHHMH TENaMH,
KOTODHE HMEDT OZMH K TOT X6 TeHeBOH KOHTYD. OCBERGHHY® CTODOHY
OZHOT'0 N3 BTEX TeA OGO3HAYNN Yepes 54 » OCBOEHOHHYD CTODOHY
ZpyToro - uepes Sz . Hons, pacceann%a-rm TOJENE, _.,
0603HaTAM coonerirfeaz}&,qepea s, » Mg, ® Esz ’ Hsz .

MpamMeH aM reuepszfn 005euy » OTDAHAYCHHGY BOOOpaEA6-
HEME non_ggxnocggn S1 8 $7_ (puc. I.4) B HaXOZAReMyCH
B 0016 Eo ’ Ho . Torza

- - =% e
E 'E5= - Eo ) st— Hsz'—' - Ho ’ (1.18)
@CAH TOYKA HAaGUOASHUA CP HaxomuTea BHYTpM obvema V ,u
- — - b 4
Es(- Esz-o : Hs Hsz- C,

ocnH TOYKa HAGNDZEHHA CS} pacnoncxeHa BRe cOBeMa -v- .

. (I.19)



= 14 =
Taxms 00pasoM ,COOTHOMGHHES (I.14) nossonneT cHOPMyAHRPO~
BaYh CACKYMZY® TeopeuMy o "TeHeBOM KOHEype™:

018, DRCCORHIO00 YSDHHME TOnaME (npn 3873HHOR B3amIHON
opEenzamsy HCTOUHEKOB B 'rena) ,He _sasucur o7 Bopmu nosepxmocrs
2618 _§ NOZHOCTHY OUDOXSAROTCA SI'0 TOHOBHM KOHFYDOX (rpammuef

HOEXY OCBOHOHHOR ¥ TeHOBO# UYaCTAMH OBEDPXHOCTE ﬂrena/.

Sayerms, 9ro_gra Teopelia Z0Ka3aRa 3A6CH AAR NPOESBOABHOrO
TOPBEYHOr0 NOAA Ee ’ H o ¢ 0B8A3DNEro Ha YepHOS T610,
sorza RaE y Koraepa [ 6 ] oee zoxasazenscso Guno zauo
POABKO REA CHyvas CePHUSCKAX ¥ NNOCKEX SRCKTPOMATEETHHX BOXH,

MoxHOo ZaTh CI6AyDEee (E3EUSCKOS OCHACHOEKE CHOPMYNEPOBAH-
HoO#t TeopemH. PasnRYHHG USDAHE TORAQ, HMONEHE ORMHAKOBLH TeHe-
Bol ROHTYD (npn SaZlaHHOM HANPABAGHHE nazapmelt BonEH! /, CO87ane
OXEHaKOBYD ToHB. HO TOHB MORHO paccMATPABATE KAK DOSYABTAT
HAROXEGHHE BTOPHYHOIC H3XYUYERHH Ha nepBHYHOE None. Boaexcrme
nomepeYHoR ANDGIYSAE BEEPIEA TEHCBOTO HIAYUGHEA (AenecrEa)
NPOHEKEET B 0CTaNBHOC NPOCTPAHCTBO H ABAAGTCA OAHHCTBOHHHM
HCTOTHBEKOM DACCOAHHOI'0 NOAf, NOCKONBKY B CHNY ONP6AZGNCHHA Hep-
HOro ¥oXa 6ro OCBeHeHHad CTODOHE HHUEro He oTpazaer. CnezoBa-
?61BHO, DABARUHHE YODHH rena, MMENEHS OAHHAKOBHY TeHeBof
KOHZYD, CO3ZANT 0XAmWHaKOBNe DACCEAHHNS NONf.

B saxnpuense naparpada orMeTEM, uro fopamyaH (I.I6),
{1.10) ¥ (I.II) mO3BORAWT AaTh CAGAYDEYD JopHanbHyD HHTepupera-
ixn mAdpakid BEEKTPOMArHMTHEHX BOEE Ha 4YOPHOM Tene., UepHOS
P40 ABHAGTCHA OAHOBPSMSHHO KaX (N HAGAABHO "3ECKTPETOCHEM®
(ezico , p=1 ) ® uneansro "warmprmmw® [p=ico, £x{ ).
HonoBzHa nNaZammel Ha Teno 2HEPTUM IMdparupyeT Ha HEM
[ B NpBEONEESHEE QH3RYecKoft onrmKa! / KaRk Ha HAGAnbHO "SAEeKTpE~
ueckou rene, a Zpyras noaoBpHA - KAK HA HAEanbHO "MArsuTHOM"

Tene. TaKos npejcTaBneHue o YepHOM Tene Gonee XETAABHO
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PA3BETC B palo%e HOuMaHCHEOrC § 3axapheBa [7:\ .

Eycrs & cBOCOZEOM NPOCTPAHCTBS, B 06iacTE T (O , HaXOHAT-
CA CTOPOHEEe HCTOUEHKE SACKTDOMATHETHOIO NOIf. PAccHOTpEM ZBE
CIOAYDEEX 3873TH.

I}. JFadpanuids] 31cETPOMEBTHMTHHX BOAH Ha GECKOHGUHO TOHEoH
gepsSofl NEaCTRES S /nnocxoﬁ BIE lsornsson}. cM.pac. I.5,a.

2}. Rudpaxipsa B3 "AONONHATEABHOM" YODHOM SKDaEe Z
/nmcsou HEE maruyro:}, EOTOpHI BMEC?e ' C NOBSPEMOCTHD S
KSHET HPOCTDEHCTBO Ha XBS TACTH /plc. I.S.d}.

CpAsh MEXKY PCHCHESME 2THX 3aAa% yCTaHaBANBAaeT (opMyaApyeMuft
ANXS UPEHIEN NONOERBTONBHOCTE.

é
00o3H8YEM Yepas ES ’WS - none, DPACCSANHOS
nZacTEHOR S , depes . H - [0X6, PRCCEAHHOS
EonoaHETSNLHMM SEparos. Corzaceo fopuyznam (I.I0), (I.I2)

HHOoH >

- b
E =._.E H =-H_ . (1.20)
S z ' =
oca® TOYEa aa&maeumq Haxonmrca B ofsene <0 N .|

- - = e
E;EZ:"-EO ’ Hs +HZ=-H°’ (1.21)

ocan zouaS P npwnaprexar ofsewy 7  [ou.pmc. I.Sj.



HaTerpazpHEll DONGPEYHEK DACCENHEE OHpoZeAAercs Popuyzof

(1.28)

allav

w e [T % (1.23)
IE,|

eCTh yCpexHeHHas 88 Nep#oX KoXeCaHEH NEOTHOCTH NOTOKA SHEPIEH
B napavnell BoxHe, &

P-= é_r B. SW[ET“]AS (1.28)

- CpeAHee 8a NEDNOZ 3HAUGHHG DHOPIEE, PacCOEBa6MOff B OEpyzabmee
OpocTPaHCTBo. Barerpmposanwe B gopuyze (I.24) NPOESBOAHTOA MO

angoll saMEHYTOH HOBOPXHOCTH, OXBaTHRavxef Tex0. BuORpag B Eave-
CTB6 NOBOPXHOCTH HHTOI'PEDOBS&HNA HOBEPXHOCTH YEPHOr'O Tena, HOAy-

P- 2%\’ Re Sﬂfog: 14S , (1.25)
Ey

o
00 Ha OCBeHMEHHO# CTOpOHe { S / YepHOr'o TeAa PacCEeAHHEOS
nox¢ NO OAPGZCAGHED DABHO HYAD, & HA TeHeBOH CTOPOHE / S" )

E--E H=-H

° 9

L]

qu!au,uaxae, Y?0 H& TEAO0 NaZ86T NNOCKEd BOAHA, NOXYYHM

P-£Ef (i -5EFS, . oo
.8t
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3n6c3h 5; eCTh NAORAZH NONEPEVHOrO0 COYSHEA I'SOMeTPHYeCKOR

soHH TeHH (pEC. 1.6). CEeZ0BaTSNBHO, NHTOrpaxbHHE HONODEYHNE
pacesHHEA KES USDHOTO TEN& PABEH
6=, (1.27)

3ameTHM, YTO AAA BHIYEKENX EAGAIHHO NDPOBOAAHEX TEX, BCS
nxBeflENe DasMepH KOTOPHX BEANKM N0 CPABHOHED C AXANHOR BOIHH,
HETOrpadbHNE HONGDEYHEE pacCOSHMA DAaBEH ZEL - Takmu oCpasox,
gETErpaxbHull HONEPSWHEK DACCERHHA ANR YOPHOrO TEHA BCEro AWED
BABOG MGHBE® HHTErpanbLOr0 NONCPEYHEKA ANA METanZEYSCKOro Teia,
EMEDEeT0 TOT X6 TeHeBOH KOHTYD.

PaccMOTpHM TeNneph Ham(OoXee BHTEDPECHHH BONPOC: KaKyD
BEAMYHHY HMEeT Noxe, OTPAX6HHEO® YSPHHM TENOM B HanpaBAGHHE HA
ACTOUHHK nagabEe# BORHH? :

§ 5. Hoze, u3ayyaeMoe UGDHHM Tenou B HANDSBAGHHY
Ha_HCTOVHEE,

[lycTs Ha 4YepHOS TEno NMPOR3BOABHOX fopuu magae® nNaocKas
SAeKTPOMBTHETHAS BONHA .
K (28t +xasinﬁ 1

®
Ex= ¢ ’ 0 > OLY‘— °

x 2 (1.28)

Ha noBepxmocT® Tena oHa BOSOyxAaeT SHGKTPHYCGCKRC H MATHHTHHO
TOKE

L€x= _qc'_‘“ (naa»‘S'+ "Bsim)Ex ’ i")L =0 ’
. it=-Sn b,

L?- z%“é"‘ﬁx ) *3 41\’ E (1.29)
¢ _C , "= &

Li'-‘rﬁnxwgsEx LI‘ 4% )’E
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~"DpKApTOBH KOMICHEHTH BHOmHOH zopMaa®
K NOBEPXHOGEE Tena. PacCefHHO® NOnE, EONYUAGHOS STAME POKAEE,

3gech nx,n% My

ompezeaseros fopuyzaus (I.I0) ® (I.IT), moTopwe Aza Aansmek

BOEM MOTy? OHTH NpEeACTaBleHH B CHepHEUSCEOE CuCTeE6 RKOODHEES?
cReAyuEEM 06pPas3oM 3

""'H U((A A&) ’
E H —LK(A3+A ). (1.30)

Henoasays Qopuyas (I.29). HaXORuH

E \.\& ;; @ «Y -?3)&57
Ey=Hy= 25 ‘g,e Qa o 3, N

. (]

‘ge = [(n,cosT 4,5 sty 4 ux_sin‘fcos@]El ,
g E3 L)
(1.32)

.*:;.—_- (n?sm?f 414 oSS Ex
.ge = E("tf“‘{ iosticoseosg + 1 Gin{eossing— Cos‘{ﬁnﬂE <
& .

?

-g: =- n%c-osﬂ Ex

B uanpanneau B8 HCTOUHNR, KOTODGS ONDEZSARGTCH KOODAMHATA
u\‘?-- N VET-Y , HMBOM

{ % {2 = (1.33}

H,Cref0BaTONBHO, DaccesuHoe moxe (I.31) paBHO Eyam.
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[Ipg oOnyueHmH USPHOrO Teja dNeKTpoMarsuTHof BonHOR

1K (2 0S¥ +\3sin’6>

H=¢

x

JE=0 (1.34)

(c HepneRAuKyxApHON no orHomeHH® K (I1.28) nonﬂpnaauleib H& NOBEpX-
HOCTH Tela BOSCYRAAWTCA TOKN
- - M C

-0 , == -—(nasm‘ﬂw}%‘ﬁ)l'\x ,

x X 4%
LQ = _C_-_ n Hx , L,=-=n 5"\“( H )

(1.35)

PaccesHHoe [oJe B 3TOM CJIyYa® NO-MpPEXHEMY OIMCHBAETCH
supaxemam (1.31),B KoTopux Teneps

?Q
b
-@:: [(M%S'\ﬁi}- n;cos‘ﬁs'm‘? t vaSIVNODS‘leI >

- niw;.g Ht , _?g: (nbsintf-l- KQCO%SWR)HI' >

(I.36)

¥;= k (masm{ 11,00 )CoCosS + n, (5n¥osTSin g~ cosTsimd )]Hx ,

%i_gg =¥e{7+¥: =D Mpu ?:-E,3=T—f.

Takum oCpasoM, OKa3HBaeTCd, YT0 N 0 2 6, 0OTpPAXGHHOE®
YepHHM TO61O0HK B HanpaBneHHKN H a
UCTOUYHHUK, DPAaBHO HYTOD.
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Huxe, Ha NpHMEpe DeEEHHA 334X O MMGPAKLMM HAOCKO# BORHH
Ha YEDHOM NMCKO, MH MOSHAKOMHMCH OONGe Z8TAaibHO C XapaXTepHCTHKAME
MOnA, PACCEAHHOTO YSPHHMH TERAMHE.

§ 6. Iudparipsa HE YSDHOM AHCKE .

PaccmoTpu IMOPAKLUD HA YGPHOM ZUCKe rmorﬁ:gﬁ BoaBH (1.28).
KoopzuHaTHHe OCH BHOEpaeM TaK, YTOGH HOpManb N K ¢poHTy
nageemef BonHH nexana B NONYNAOCKOCTH ‘?=§ (psc. I.7).
Pazayc nucKa oGo3HayuM wepes 4 .

PaccesnHoe noze ompepexsercA popwynamm (I.I0) # (I.II).

B paccMaTpuBaeMOM CXyYae

T Kosinysil’ = koS s
L g E] = el g

[ﬁ"m; s ¢ , 4 y (1.37)
4 OpK ﬂ.*’ Kaz’ o
iKR. 2 - [1’{'51»& ~invces (§-9))
e e 'LKg Sk
sz cos“SLr.—WR gogdgge ¢,
m QlKP\ a Sa"‘ikgtsmﬁqu-siﬁoos(&\/—?ﬂ (1.38)
A= i g L .
3auevan, 4TO a
g
. a
S )y = Ulm , éS’ 1}49 ‘*5) =3 :54““)
0

¥ BBOAA 0003HAUGHHA

Y = -Sik%'CoS‘? , Ju =sin‘§-5m?fs'm‘§ 5 (1.39)
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NOXY 4HM

wl
A-awsﬂ—' j\_ A =a =\, (1.0

2kR

rae J\-_](mllﬂ“)
- 3}&”& (I.41)

lloacraBafAR Aanee BTE BHpAxXeHWs B QOPMyaAH (I 30), HGXOAMM

t?: - H{T= -2 sV + Cos%)bm‘?.}\. 7

1KR.
E{7= ng 1a (1 +Ca5'f’(053)605‘9k (1.42)

Nccaexnyeu nonydyeHHHe JOPMyAH. B HANpDaBRGHWE I'AGBHOT'0 TOHE-
—
BOro nemecrxa ( E?:’—;_. T=v ) pacceAHH0e NOAe PaBHO

kR

lUep- [ ool =— kol
E&'H«EO’ E\? H& e (1.43)

u npu ka>>1 (1.43) coBnagaer ¢ rasBHHM VAGHOM GCEMETOTNYOTKOTO
pasunoxeHMs AAf NOXA, PACCOAHHOTO0 NAGAABHO HPOBOAMNNM ANCKOM.

W8 dopuyx (I.42) xerxo Taxxe BHA6TH, UTO B HANDABAGHAN
36pKanbHEO OTPARBHHOIO Iy4a ( ‘f=1; » V=T=¥ ) B B HanpaBieEN:
Ha HCTOYHUK (‘?:—'{, V=%-Y ) rome, PaccesHHO® WOPHHM ANCKOM,

paBHo Hyapo. MOxHO moKasath, 4WTO B BTNX HEQUpaBxe D
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none, paccefaH’#oe YepHO# NnacTHHOR NpOMSBOABHOM .

B naockocTR nageHHs ( ‘f=~£“/g_ ) paccesHHOS Noxe HMEeT
BER

T ¢ _
Egz _Hé“ - —;(cos{ +Cosy)Sing ._(.t 5. Eﬁ-

N1.44)

a opfexTHBHAA NOBEPXHOCTH pacCesHEA omnpexexdercs Qopmyzoit

2
g":qraz‘(wsf"“’%)%pl _ (1.45)

Nlo orolt fopuyne Oum npoBexeH YmcHeHEu# pacwer mpm KA = I0.
Bnaqenie yraa ¥~ , XapaKTepESYNEEIr'o HaNnpaBleHHe napapmeft
BOZHH, OHJNIO BSATO DAaBHHM 0% m 45°. Pesyaprath pac4yeToB HPEACTaB-
aeHH HE puc. 1.8, 1.9 conomiodt amnmeli. TaM xe Aaf CpaBHEHEA
nocTpoeHH (B NpHONWEeHHM (USHYECKOR onTHKm!) SpJeKTHBHHS NOBEpX-
HOCTH DacCCOfHHA 612 B C{ﬁ ANSl HAGANBHO NPOBOAANEI'0
AHcKa. DyHKOus Gﬁ; ~ COOTBETCTBYeT cnyuap E-nmonfpHsansd, a
EY; - cnyvap H-noaspmaainul nazavmef BOIHH., 38 ECKADUYCHHOM
0GnacTH 36pPEAaZbHO OTPAXCHHOr'0 IyYa H HANDABIGHAR HA HCTOYHUK,
$yuKnus 641_ KaJyeCTBOHHO NOBTOPROT XnA QyHKumMit 6}:H » NpHONE-
X8fCh K HAUM BONM3HW TEHEBOr'o nenecrxa, WHETepecHo, 9T0 B HOKOTO-
PHX HanpaBICHMAX YepHuH ZACK "CBETHUT" APY6 METANNHYECKOTOQ.

3ameTux, HaKOHEN, YTO COLIACHO TEOPEMEe O TEeHeBOM KOHType,
pesynbTaTH, NMOXydYeHHHe 37€Ch ANA USPHOro AHCKA, OCTANTCA B CHIC
InA HNPOH3BOABHHX YGDPHHX TeN C TEHEBHM KOHTYPOM B BAAE OKPYXHO-
cTd. CoAa, B 9aCTHOCTH, OTHOCATCA YepHAA cPepa ¥ 4YepHHEe Tenma
Bpamennﬂ('npn NajieHHy NIOCKOR BOJAHY BIOAD UX OCH cuuuerplﬁ).

Boaee o0crofTenbHoe H3NOXEHKe TEOPUM AuPpaKUAM HA UGPHHX
Tenax, a TaKxe Pes3yIbTaTh, OTHOCAHMSCH K NUNYNPO3DPAYHHM NAACTH -
HaM, MOXHO HalT® B Hamell crarhe | 8 .
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B saKnpDyeHEe HANOMHEM, UY0 HOXYYOHHME HAME DESYXBTATH
OTHOCATCR K KACanK3MPOBAHHOE MOAGAE NOI'IOHADREIO %6Xa. lIpE
Gonee TOYHOM MOZXOA® HOOGXOZAEMO HCKaTh DEEEHEe ypAaBHGHEHR
HaxcBenna ¢ yuerou peanbHHX BAGKYPOMATHUTHHX CBOHKCTB TExEA.

3 A 9

JoKasath, 4YTO YEPHHS NAACTHHH NPOHWSBOALHOR QopMu ae'
H3AyYaw? B Hanp&BRGHHE 36DKAXbHO OTPARCGHHOI'0 XRyua.

Pewenre., [ycrs Ha QepHyD NISCTEHY S NpOK3BOABHOM

(opuu nazae® snekrpomarHarHas BonHa (1.28). lpexmonozuu Edzee,
4T0 NiacrTiHAa AexuT B maockocT® % = 0. CorzacEo Gopuyzam (I.29)
# (I.10) BexTOpHH{ MOTEHUAAN DACCEHHHOr'0 NOXA HMEET B ZanbEel

Q‘mK
— 9%
Cosd 411(10}’%” ) s
Qik&

Alé = Z_;R 'I(“?,%fﬁ/) 3

30H6 KOMIOHGHTH.

A@

X

TAe

o iK[psinY- -gsi@'%(‘-?—@)l
Igsmr=fe | IR
S

lloacraBzas 9T Bupaxends B fopuyam (I.30), noxywss

. K
E\gz _ Her = = X (s ¥ Heosd)sind Ty i ;

47 ’ KKR
‘ N[99, 1H L
Ea___ ng - %’.‘ (1 + sYos )Co)‘SI(‘F, p; g

OTKy xa \
EU{,S = H‘ﬁ%" ( mpe Y= +7—2‘: \3= 7"‘(1

9TO W TpefoBanoch AOKasaTk.
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Puc. I.3. Puc. T.4. K meopene o

K Rupparn@s BoEH Ha UeDHOM Tele, TEHEBOM KOHTYpE.

) 4
OrpaEfYeHHEON NOBEPXHOCTHO ) +S .

z;a:o 2 |2=0
: e
w .
o g % gh
7 b2
;
a) Puc. 1.5, 'Y

K asppakuum Ha AONONHETENBHHX YEPHHX
SKPAHEX .,
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Pac. I.6. K Audpaxiyuy naooxof
BONHM Ha YEpHOM Tene.

Prc, I.7.
K zudpakuus naocko# BonHN Ha AHCKE.
(Drpeaox oca Y (%A ) wsoGpaxaer
CeuSHHS XUCKA NAOCHOCTHR F =0 yroxf
ompeAenfer HaNparaeHEs nsxapaeft nouq)
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Pac. 1.9

llsarpaMuMy paccesiHEOrO ROEA IPR ANPpPakUAN
NEOCKO# BOXHH HA YEpHOM Julc:e.(B BepxHeit
qacTH %{cym mocrpoeHa jasa noas

iE -IA\(’,N’ CCeAHHOTO YepHHM
AMCKOM. )



- 28 -
Jerepasypa

I. I-s BcecomsHaA BKORA-CEMHHAD 110 ZAUPpaKUK¥ ¥ pacnpocTpa-
HOHED BonH. Texcru zeknult. MockBa - XepbhKoB, 1962.

2. N.1. Ypmunen, MeTox xpaeBHX BOIH B U3UUECKOM Teopuu
Amppaxnzu. Usg."Cos.pamio® M., 1962.

3. X.Xéansb, A.Mays, K. Becrndanb. Teopua AuPpaKums.
NlepeBoA C Hemenkoro. Hsz-so "Mup", M ., 194.

4, J.A. BaitimPeliH. OneKTPOMATHHTHNE BOIHH.
Msx "Cos.pamsoiM.,1957.

5. B.B. Bager, E.T.Copson. 1M mathematical ’ﬂlw‘lﬁ
of Hungen's wmuy(F Osdord, 1939 .
6. F. ko{'?g—/: dckhvmaqudasckc Theouit der Bergung
an schwanyen Sc‘\mum Aan.dor Ph:}sn( 1, Az 5,
453-50% , 1923

7. 1.H. 3axapbeB, A.A. JleMaHcKkril. PaAMOTEXHNKA M BNCKTPOHHKA,
14, k 1I, I969.

8. N.f. Ypminen. VaBecTus By30B, Pazuodu3uxa, 11, e 6,
912-931I, I1968.



Jlexuma 2 - 29 -

MeToZ KD3eBHX BOJH.

MeToZ EpaeBHX BOJH Ohu Da3BUT B CBASH C HCCASAOBAHEEM
ABQpAKNUM SNEKTPOMATHUTHHX BOXH HA HAGANHHO NPOBOAARMX TEHAX
CnOEHOK (ODMH, MOBEDXHOCTH KOTODHX HMEST M3NOMH. [OADOGHOE E3Xo—
xeHme ero faso B kamre | I ]| . 34ech MH PaccMOTPEM TONBKO OCHOB-
HHO MONOEEHHA 3TOTO METOAA H HEKOTODHE DE3yABTATH 6T NPEMEHEHER

Kk KOHKDETHHM 3a7a4aM.

§ I. PascueHHe NOBEPXHOCTHOT'O TOKA HA "paBHOME M
4 "HepaBHOMEGDHYD" 4YacTH.

lore, paccesHHOe TENOM, MOXST GHTH BHYHCIGHO, €CNH HAM
B3BECTHH TAKI'6HUHANbHHEe KOMIOHGOHTH SHEKTPHYECKOro ( E + ) m
MarsaTEoro ( H t ) BeKTOpOB Ha NOBEPXHOCTE Teld. 3aMETEM, UTO
48 NOBEPXHOCTH HNGANBHO NPOBOAAMEro TeAa E I 0, a BenmuuEa H*
OTAKUHA OT HyIs H NPONOPLUEOHJ4NBHA NIOTHOCTH NOBEPXHOCTHOIO
3NeKTPAYECKOr0 TOKa. [looTOMy ANA pemesEs ARPpaKnROHHO# 3axaum
Z0CTAaTOYHO ONpeZieNHTHh BEAHUYHHY 216KTPHUECEOro TOKa, BO3GYRAICHOrO
Ha NOBEPXHOCTR Tena nazanme# BonHo#.

MeToi KpaeBHX BOAH HCXOAUT E3 NpPEACTAaBASHEA NROTHOCTH
NOBGPXHOCTHOTO TOKA B BHAG

- =
‘=J°+Ji.

\ (2.00)
—"O
B a6coaprHolf cmcTeMe anln BOIEYUHA ..‘ paBHa
P s Ha OCBEmMEHHOR CTOpOEE Texa,
-
° —
J = (2.02)

O HAa TEHeBOR cTOpOHe Texa,

->
rae C - CROpPOCTH CB&‘& B BaKyyde, 'l - BHEmHEHSA ROpHEXR: K
1HOBEPXHOCTR TExa, H - KArEgTRO® NOX6 NaZaDEeR BOXHH.
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dopuyna (2.02) mueer cuexyomeo (H3NUECKO® COZSpEAHNe. ONHCHBAG-
MH 6D TOK B Kaxzoit TOYKe OCBEEEHHO/{ NOBEPXHOCTH TOHA paBEH

TORYy, RKoropuit BO3CyRZaeTCH Toi#f xe nagavme#l BonHOK Ha HAEANBHO
npoBoAfAme#t N1OCKOCTH, KacaTeabHO# K NMOBEPXHOCTH TEeHa B paccMaT-
puBaeMoll TOYRS. BHYACHAA C NOMONBD 3aNasAHBANMEX NOTEHNEANOB K
ypasHoHml MaKcBenza none, CO3ZQBAGMCe STEM TOKOM, MOXHO HaliTh
NpHONMKSHHENE BHPDAxeHMf AASA DPacCeAHHOro noiaf. Tako# cnoco6 pemeHEA
AnpparuBOHHNX 387849, Ha3HBaeMHE OGHYHO NPHONEXeHEEM QH3EIeCKO#
ONTHKH, HaEel HHEPOKOEe NPaKTHYECKOE NPHEMEHeHHEe, OCOOCHHO XA pacue-
TOB PaAHONOKANMONLNX Avarpaud PacCeAHus [I, 3y 4] .

BenuuaHa J1 €CTh NONONHETENBHHH TOK, odjcnonnennum
ACKPHBAGHKEM NOBEPXHOCTH. [l0 MCKPEBNGHHEM NOBEPXHOCTH MH NOHH-
Mae® ZpGoe 6€ OTRKNOHEHHE OT GECKOHOUHO#f NAOCKOCTH (NAaBHO® HCKPHB-
NeHAe, WSAOM, BHCTYN, OTBEPCTHS), Ecam Teno ABAAeTCA BHOYE~
HHM H TAGAKEM, 8 €I'0 pa3MepH B PaZzRyCH KPHBA3HH BEIHKM N0 CPSBHGHEN
¢ FNHEOH BONHH, TO AONONHMTENbHH{ TOK COCDEZOTOYEH B OCHOBHOM
BONM3E I'PAHENH MEeXAY OCBOmEHHO#! ¥ TEHeBOH YaCTAMH NOBEPXHOCTH
Tena. ECAN X6 Tef0 HMOECT Kpas, M3NOMH HAH OCTPHA, TO HAONOAHRTENBHHH
TOK BO3HMKAGGT TAKZO BOAK3E HHEX. [[NOTHOCTH AOMONHATONHHOTO TOK&
cpaBEEMA C MJIOTHOCTHD :F; , Kak npaB¥moO, JAMOb Ha PaCCTOAHNAX
OOopAZiEa HAXMHN BOJHH OF COOTBETCTBYDNOrO0 Kpad, 4U310Ma HAM OCTPHA.
Taxme o6pa3oK, ©CI¥ pasuepH Tela 3HaUATENHHO NPEBHEADT ANBHY BONHH,
0 AONORHMTENbHHE TOKH 33HHEMAOT CPAaBHATENBHO HEGONBHYD YacCTh €ro
NOBEPXHOCTH.

Tor, BO3CyxAaeMrit naocko#f BOnEOK Ha BMAEanbHO NpoBoAsAmeiR
NHOCKOCTH, pacnpejencd no Heli paBHOMepHO ( €ro noBepXHOCTHAA
ANOTHOCTH NOCTOAIHA& NO BENUUYMHE), NOSTOMY BEKTOD j° MOXKHO
nasnat;“panaouepaon" 4aCThD NOBEPXHOCTHOI'0 TOKA. [ONOAHATENbHHH
TOK J‘ » OOYCNOBNEHHNIi UCKDHABIOHUEM NOBEPXHOCTHE,CYAEM HA3HBATh
"Hepsa BHOMEPHOM™ YacTBD TOKa. 38Aa¥a YTOUHEHMS NPUONUXEHHER QU3H-
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YecKOfl ONTHEE 3aKNDUIaeTCH, ClieZOBaTenbHO, B TOM, YTOGH HAMTH
BKNAaZL, BHOCHMHM "HepaBHOMEPHOA" 9acCTHD TOKA B NOIHO® pPACCESH-
#oe noxe. Tak KaKk 3Ta YacTh TOKA COCPeX0TOYeHA BONE3R Kpaes,
T0, OUEBMAHO, UTO U3AyUaeMoe eP none B AanbHeHk 30He OyneT
UMEeTHh XapaKTep KpaeBHX BOUH.

Ecnu peGpa Tena yZameHH APYyr OT Apyra AOCTATOYHO AQXEKO,
TO HEPaBHOMEPHYyD YacTh TOKA BONH3HM KaxAOro peCpa MOXHO NPHROAR-
EeHHO CYMTATh TaKoi Xe, KaK HA COOTBETCTBYNNEM GeCKOHEYHOM
AByrpaHHoM yrae (kause). [lpu oolee TOYHOM pacueTe HYXHO HMETH B
Bagy » YTO KpaeBasd BOIHA, PACNPOCTPAHAACH BAOND NOBEPXHOCTHE
Tena, AOCTUrAET COCEAHEr'0 pedpa ¥ MCHOHTHBAET HA HeM ZaQparmumo,
BOB6YXZaf BTOPHUHHE KDAeBHE s50jHH. [l0CieZHEE NOPOXAAWT B CBOD
ouepenb HOBHE KpaeBHE BOJHH ,» B naHHOH NeRuME MH OTDAHR-
YEMCA MCCNEeNoBaiMeM TONBKO NEepBHYHHX KDAGBHX BOJH.

§ 2. [Inppakumg Ha KimHE .

KnnueBoft 3axaueit nnﬁ MeTOZ8 KDPaeBHX BONH ABNAETCA KiaCCHYE-
CcKaf sazava O AWppaKudM NnoCKoff BonHM Ha KauHe. CTPOroe pemeHNe
3TO# 3azaud BNepBHE OHA0 ZaHO 3ouuepenbzoM. [pUGnEXSHHHe BHpa-
XGHUA ANA NOAA, PACCOAHHOI'0 KIMHOM, MOXHO HAHTE MHTErpEPYA
PaBHOMEDHY YacCTh TOKA. Pasaocrb CTPOPrHX ¥ NPACIKXEHHHX BHpaxe-
HUR onmpefensieT WCKOMOe NOX6 oT HepaBHOMEDPHOU vacTe Toxa. Iipm

US> 1 amo noze mueer XapakTeD KpPaeBHWX BONH M ONpeAexnseTcA

opMynauy
L(WL+71-)

E= Eo;\Q“”") Torec

L(kl4-7r)

H; H jr” 4.) E\Iz'ma

(2.03)
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Ha pac. 2.I. noscuserca cuuca Beamumn ¥, .U . Oynxumu

¥ g DaBHH
[o] 1 o
=1- =q - (2.04)
P=4-1 . ¢=3-9,
rae ¥ ,3 6CTh YI'IOBHEG XapaKTEeDHCTHUKH xpaenoﬂ BOJIHH B TOYHOM
o 0
peleﬂu, a ¥ 3 3 - QH8JIOTHYHH6 BEIHMYHAHH B npnonzxeuu
@ISI‘I&GKOQ onTAKK. OHH ONpEAGAANTCA CICAYDIMUME (I)opuynann 4

T
T e AT
} n= J’/ﬁ‘ P
{O= sing, 0:—- siny (2.06)
cosg +cosd, y Cosd 4 cosdy

©CIK OCBGRMGHA 0JHA rpasEb KimHa (T.e. O & Y, £ =T ), u

o s ! -
{ - ing, n S (ol =~ 45) ,
s Y + cosY, Cos(oL=Y9) + cos(ol~Yo) (2.07)
- sing _ sin(el = ¢¥)
3 W59 + oSy COS (oL~9) 4 cos(ol-%o) ’
eCIH OCBENGHN o6e rpanE Kiupa ( k=T < Y, < T ).

OTMOTHM OZHO 3aMedarTenbHoe CBOHCTBO GyHKUKHE «F4z f .
PaccesHHOe Nnone MOXHO NPEACTABETH B BHAEC CYMMH ABYX yacTeli:
TeoMeTPOONTHYECKOR} YacTH, BEnouawme#t B ce6a NafabHyD ¥ OTPaxeHHYD
ONOCKHe BOAHH, B ABppaKumoHHOK. OKa3nHBaeTCH, YTO BONH3¥ I'DAHHI]
nazavmed  orpaxesmoft Bong ( Y=T %Y, Y=24-¢~T )
AndpaKnROHHOe oNe HMEeT CHORHYD CTPYKTYPYy ¥ HE ONBCHBAETCH
OUARHADEYECKNME BOJIHAME. STO O0CCTOATENBLTBO NDOABASETCA B TOM,
470 QyHXIHN f—, t} R %D , %o HCIHTHBAWT HA Y KA3aHHHX
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1 i
rpaHMnax GecKOHeUHHe pa3pHBH. PYHKOUE X6 ‘¥ n 3, ocTane-
Cf HenpepHBHHME B OTDAHMVCHHHMM Ha Bceu marepsaze C& Y& .
TaKoe NoBeAeHHWEe STHX (QYHKUHE# A6TKO OGBACHHTH, OHE ABIANLTCH
ZuarpaMMaMB H3IyYeHES TOKOB, DacNpeAeAcHHEHX B KoHeuHo#f o0nacrm
npocTpaHcTsa (BOIX3A pedpa). lloasaysachk GyHKUMAME %4 " %’ .
MH BHYHCHEM HEXE NOA{, PacCeqHHO® TCIOM KOHGUHHX Da3MepoB.

§ 3. OrpaxenNe SNEKTDOMATHATHHX BOJH OT T6j BPANEHHA .

Onpezenus BeANYEHYy NOIf, OTPAXEHHOr'0 OT BWOYRKIOTO Te1a Bpa-
MeHHs, HA NMOBEPXHOCTH KOTOPOTO ®MEeTCH peCpo. [IpE 3TOM MH
OrpaiMYNMCA CIyYaeM, KOTAa NaAapmad HA TENO NIOCKAS SUEKTPOMAPHHT
Haf BOnHA

e EHs0 o

pacnpocrpaHfiercd BAOAL €0 OCH CHMMETDHE (pHc. 2.2).
CornacHo MeTORXY KpaeBHX BONH OTpPaxesHHH CHTHAn HEETCA B BRAS
CyMMH DOneif, M3nyuaeMHX PaBHOMGDHOW ¥ HepaBHOMEDHOR WacTAMN
NOBEPXHOCTHOTO TOKa.

llone, H3ny4yaemoe paBHOMEGDHOE YacCTHD TOKS.

iycrs oCpa3yomas NMOBePXHOCTH BpakeHHs (pEc. 2.3) sazaxa
yDaBHEHHEM

y=lay | oez<l, (2.09)

rae 4(1\. —~ HenpepuBHAA (QYHKUHA ¢ HONPODHBHHME NDPON3BOXEWMN.
XL

Npraeu + (%) £0 , nockoasky uH paccMATPHBaeM TOIBKO

_TaKBe NOBEPXHOCTH,Y KOTODHX OCBEMEHHAR YaCTh ABAAETCA BHIYKAOH.
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PaBHOMEpHas 4acTh TOKA onpezensercs fopuyzolt (2.02) ®
HAMeeT KOMIOHGHTH

LKZ

J=-ghas S’ I mbagesen e 0

X

Hac uHETOpecyeT none, N3IyJaeMolf STHM TOKOM B OTPHUATENBHOM
HanpaBneHEE ocH & ( =T ). oo onmcussercs ¢ momomsn sanas-
ANBADNCT'0 BeKTODHOTO NOTEHNHANA

— - 1T
A=t ds, w=his,
H B AanbHe# sSOHe, B TOUEe 1—2-?\ , DaBHO
R I = - (2.11)
Ex‘ Hg'U‘Ax B Yok Hx 0,
rRe

A onﬂ_ 5 ]Q(i)d fc?)Sisdi. (2.12)

dopuyny (2.11) MOmHO mpeACTaBMTH B BEAE

LK
U= .. (2.13)
E:];- }{3’ E:QjL PL F’ 9

rae

2Kz /
F=LKSQ gz ‘?G)=¥('*)]Q @) (2.aw)
(o}
HHTerpupyA 3AecChk N0 4YacTAM, NDOAYYMM a8CHMNTOTHYSCKOE DasAOXCHHE

9 U 1 Z
A L
90~ Z(ﬁ ) + 2?&?@ + n"1( ZLZLK\ (2.15)

n q? (R) 21.&2

npH KL>> I.
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BaBec?HO, Y¥0 HA NONYOSCKOHEYHOM NAPACONOEXE BpAMEHES
( -F(%) = c.ons‘t@ ) HepaBHOMEpHAH 4acTh TOKA paBHA HYHP
[ 21, u, crenosarensuo, F=‘i?:‘9(07 ecTs B _STOM CAYYSE
POYHO® BHDAaXCHEE ANA XapaKTEDPUCTHKE DACCeAHEA. B OCTaNbHHX cAyYa-
fX paBHOMEepHad 9acTh TOK& ONHCHBAE? NOBSPXHOCTHH{ TOK C NOIpemHO-
CTHD NOpAAKA K_i , N03TOMy B Gopuyae (2.15) mueeT cMHCH yAep-

R U Q
F=- _[«y(m gaye . (2.16)

ZEBATH TONLKC T'IABEHE YICHH

Gy

Cnaraeuse B (2.I5) u (2.16), cozepzamae Y*(0) , coorsercraypr
ny,

‘BONHAM, YXOAAUEM OF BEpUUHN Tela, & ClaTaeMue C ‘j’( (1) - Bonmam

or kpoury Teza ( =1 ).

YcTaHOBUM TeomerpEt.ccEmit ommca Benmuusn ¢ (0).

C sToff UEnbD BHYACIMM DAAKYC KPEBH3HH KpDHBOH %= F( 2 ):

Y,
1 +{3'czv] >

@y =
S ¥ﬂ(}’

¢
¥ uurnBan, 9ro Yxy = ?L‘ﬂf(l‘) s+ 3TO BHDAXGHES MOXHO
nepenncars B BHAS

UET ek
g(’&) = m (2.17)
OfxyRa B CEXY 'FLOM O noayvaes
g(o) = - Y . (2.18)

Takuu oOpasou, Bengemas ¥(©) onpezezzer pAAKyc KpHBESEM
NOBEPXHOCTE BpameHEn B €& pepmane (¥= 0).
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CnezoBarTensHO, Nnojne, OTPAXEHHOE NPOWSBOABHON BHNYKHOR
NMOBEPXHOCTHD BPAMEHHs C KOHOUHO# KpHBE3HO# B €& BepmuHe,

OyZAeT® NPHONHECHHO DaBHO
2 LK LKK

_-H _..E [_S(o)ﬂ?d) L (2.19)

My Hamn® noxze, coamnaenoe PaBHOMEDHOH YacTBO TOKa. [pECTYIEM
Teneps K BHUUCHEHHD Moxs, 0CyCAOBIEHHOI'0 HEPAaBHOMEDHOH! YacTHD
TOKA, KOTOpas COCPes0OTOUCHA BOUH3E pecpa Tema mp % =1 .

6) llone, uamyuaewoe HEPSBHOMEBDHOW YACTED TOKA

OpoBezieM kKacaTeabHHe K oGpasyvmelf NOBEPXHOCTH BDamEHHA
cmeBa ® cnpaBa OT pedpa, T.e. mprk T = (-0 u T =1+0.
MipoaneBas ux A0 NMEPECEUGHHA C OCBD # , HOCTPOMM OOPa3yDWLYL
BCTIOMOTATeNBHOT0 Tela, COCTOAXEr0 3 ABYX KOHYCOB (DHC. 2.4).
lipeanonoxuM Xanee, 4T0 pazEyC peGpa BBIHEK NO CPaBHERED C ANMHOH _
BONHH. B 3T0M CIyyae HEPaBHOMGDHYD YaCTh TOKA BONHBM KPyTroBOTO
N370Ma8 1DCOH NOBEPXHOCTE BPaMEHES MOXHO NDHONHXSHHO CYHTATh
*aKof xe, KAk BONE3E pe(pa HOCTPOEHHOT'O BCNOMOraTeNBHOI'0 Tena.
[lone me, H3AyuaeMOe STUM TOKOM B HaNpaBACGHHE =7 , Onpezensier-
c (QopuynaMz

etheub Eznhy e

[locKoAbKYy HepaBHOMEpHas 4acTh TOKAa COCPEAOTOYeHAa BONM3H H3noMa,

MOXHO NPHGIHXEHHO NOTOXHTH

Fet £ i ST [l 8] o

3_2_[305 "L - paccTosHEe OT M3IOMA 10 TOYKH HaGADACHES,
j*(qw’g) — RAOTHOCTSH
1
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HepaBHoMepHOlfi 4YacTH TOKa, TOKymero Ha OCBeHEHHOMA CTOpOHE Tena
(24, 1(‘\6'57 - NAOTHOCTS TOKA Ha TEHEBOH CTODOHS
(x>0).

OCpaTHMCA Xaxee K BCIOMOrarenbHOR 8aZadue o AWPpPaROEHR Ha
KAuHE, TPaHM KOTOPOr0 EACATENbHH K NOBEDXHOCTH BPAHEHNA HpH
ueKoropou asmuyre ¢ (pmc. 2.5). Hac uETepecyer moae B
ZanbHe# some ( LD Kaz), H3XyvuaeMoe HepaBHOMEpHOH JacTB® TOKA
B OFpHUATENBHOM HANpaBIeHER OCH % . B MeCTHOH LUNREADPAYECKOH
cucree koopamiar T, , ¥, % oxo pamEO

E;*)=-H§H=LKA£”»
4 1 (2.22)

= =1 ),
Hye = B KA

rae oo 0o
K: % \r_[ Sfcst,g)?k “d: + SJ CA3]4 Kgcfls;] .(2.23)

C zpyro#f cTOpoHH, COTAACHO § 2 3T0 none MoxXeT GHTH NpeXCTABIC-

HO B BMJE L(K’l‘f"‘

Ew)-[ %g ol

LUL'L + Z)

=H &
H ¢y = Ho=~1 (————M —

rae E ("H H )- 3HaYEHHA AMNNHETYAH naxankel BoaHH Ha
pecpe xnlﬂa.

(2.24)

BBozs ocoaiavgeHue oo Lkg :

— oo, _ >
— 1 Q .
T = i’f““*’ﬂ e 83 45 d @)

4 np#paBHEBAf NpaBHe TacCTH coorno-eall (2.22), (2.24), Haxoxms



1
5 LKZ’T(’ ? ’

B mcxozHOE nexapToBOif cucTeme Roopnunq;;_i-,g,ék (B B mHTepecyw-
meM HaC EanpaBaeHAd ‘,?1 ={ ) Berrop I BME@T KOMNOHGHTH

]':]smw] wt | ] ==t + Jsnd  (2.0m)
X %1 4 3’ }1 ?4
YupruBan GopMysaH (2.26), MOEHO 38HHCATH

Jx - < HZ E L«y)s»aﬁlr +¢‘3 -Ho_:k)“’ﬁ*l s | (2.28)

k2T

C —al H ysing .
]}- k2T 0;‘:{)“% ¢ H°§t ]

OToxZecTBIAA Teneph HEPaBHOMODHYD UYacTh TOKa BONH3E peGpa

KOHHYECKOI'D Teld C TOKOM Ha KIMH®, MOXEM NOACTABUTH BHDAXGHEA
(2.28) B Qopuyny (2.21). B pesyabrTate RONYIHM

3 X
a audl.?-

__a ™M ) '
ST go[f .Eo:y)sm‘lf g Hogr)wsﬂd? )
(2.29)

o

Af“u&wr :(H Emcos+ gHt*)S'nW]A%

3aMeTHM TEmeph, YTO cornacHo (2.08)

wl

id
Fap=Egnd” = e

lloAcTaBAsAA 3TH 3HAuYeHH: B BupaxeHEA (2.29) ® HocnexEme B QopMyAH
(2.20), HaxozuM ncxouoe n ae

E__H an"(% %)2 ?.Lke E H o (2.31)
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HanydaeMoe HepaBHOMEDHOH 4YacTeD TOKa. C yuerTou Qopuyn
(2.04) - (2.07) oHO HMO®ET CHTBH npencranneuo B Bue

2L
E “'H'"-on&g __wsj (2 32)
rie
w+ L
=1 + T ’ (2.33)

a W #n _Q_ - yriH, NOKasaHHHE HA pUC. 2.3 ¥ 2.4. B wacTHOM
cnyuae, KOTXa NOBEPXHOCTH BPaEEHHMS BHPOZAAETCH B AHCK ( w—?%: 3
.O:*E ), BoXmuEHE STOTO NMOXA OCPAEAETCH B HyAb.

B) [lonHOe moje, OTpaxeHHOE TENOM:

3amouaf, IT0 B BupaxeHHmE (2.19)

gy = a&ﬁu

B cyummupys moas £2.I9) = (2.32), HaxoXEM MONHOe OTPAXCHHO® M08
2 o X iK
O Zwe iR
E --H [ T ¢ ]— -(2,34)
ws-n- - Cos-—-
CneaoBaTeNBHO, BENHUYMHA PAXUMONOKALMOHHOTO NONEPEYHHKA PACCESsHEA

B HaNpaBICHHE D= 6yzer paBua

T .
6’/ g(o) %Sin% RZLKR 2
=gt | I— - —— (2.35)
a Ny 1
COSW S5 R
U3 3roit GOPMYIH MOT'YT 'OMYF nNonyueHH CIEZYVEHE KHTEpECHHS
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pesynbrarh. [Iycrs HampEMep,

2d = (@ma0)} > m=0,420 5 2z

Te0e L = &mil
/l 8 (2.37)
Torzaa
§=6 +6 , (2.38)
Irae
6, =Teto) , G =Ta" hiks \2 (2.39)
=7 o) , =N B —— .
o =TS { Cos & —(-os%-'

0003HaYan?T COOTBETCTBEHHO 3f})eKTHBHHO NOBEPXHOCTHK PACCOSHHA IAA

BepIHHH B OCHOBaHWA Tena. llpuuen

maxG]| =Tat  ALnER, (240)
w=0
2
6" =1 o<k
t n=2  CoR (2.41)

Bennwaug‘, u Gé onpezensan? rpaEROy >PPeKTUBHOH NOBEPXHOCTH
paccesiHnA ANA 1NGOTO TAAAKOrO Tena C PeCpoM ¥ ocunsanuﬂfz=)} a
MMEHHO ;

=(J& + ¥ )

max Z.‘ (2.42)

Swin = NG, - NG )
OTKyZa, B YaCTHOCTH,
nay, =7 (0 + oY

nPuC0=C,14”=h2A3)
Ern =T = 19D



- 41 -
=x(&, Hlsol)

-

KPu VL=Z.,®é z'( 44)

2
6 =T (s ~|g@)])
3auMeTHM, 49TO 3HaYGHEe napamerpa /= 2 COOTBETCTBYST CIyvaD,
KOTAA BHEMHMA yroa KPOMEE OCHOBaHWA paBeR 2, MHHME CAOBAMN,B
aTOM CIydYae Teno MMeeT QopMy BOpOHKH. CyNECTBEHHO TaKme, UTO
oueHky (2.42) - (2.44) He 3aBHCAT OF ANMEH NaZanEel BOAHN;

BaxHO TONBKO, YTOOH BHNONHANOCH ycaoeme KAS> I,

L) lipmiep

BuuncnuM 5PPEeKTHBHYD NOBEDXHOCTH DPACCEAHHA NapaconoONAa Bpame-
HEF, OOpasyvmad KOTOPOI'0 ONHUCHBAGTCH YyDPABHEHAGM

t{}z=?»p% , -042‘4{,

8 OCHOBAaHHE HMEeT KOHHYECKYD HopMy. I‘eouerpuzqecxne napaMeTpH
napadonoufa: @A - pamdyc OCHOBaHHA, (= :29- ~ HnHHA,

(o =~ yron Mexxy kacaTenbHOM K napadome B TOYKe &= H

OCBO % ; NpHYGM JC3®= P/q, . OyHKUNA ‘P(%)=3‘(}' , 48pe3 KOTOpyD
onpexensieTcA paccesHHOE None, B ZAHHOM Ciyuyae ecTh KOHCTAHTA

93 2\) == §c01 = a%w- (2.45)

Mosrowy cormacHo Gopmynau (2.I19) u (2.34) noxne, nanyqaeuoe

PaBHOMEDHO} 9YacThD TOKA, PaBEO

‘E:’H =°‘E U‘h E)%m@;g, (2.46)

a noJiHoe Ione —

QLKt

E H"'E (tﬁ‘“’ i >R ©(2.47)

——ws—
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CoOTBOTCTBYDEK® STHM ABYM BHpaxedEAM sHAUOHEA 3Q@eKTHBHOR
N0BEPXHOCTRE paccesHmEs OyEYT ONpeAenAThcH QopMynaMs

6_; =‘J’l’a‘7‘t§w-\1- QZJLKQ \&

(2.48)
2. K .
: g Tsm"ﬁ Z'LKQ 2
& =qd ltgw + — o 4 \ (2.49)
COS% "COS—n'

Mu BuZEM, 970 oGe (yHKONE OCHEANKPYDT NPE H3MGHEHHN Napa-
MeTpa Ke . Ilpp aTOM AnfA 3HadcHuU# K£=m‘ﬁ’ (m=1,2,3 ,...)
Oy HKIMA 6:nueer HynHd, a QyHEORR & - MEHEMYMH ( 6;4.“‘\»0 ).
Kpoxe Toro, QyHkums frl CYymeCTBEHHO 38BECHT OT QOpMH TEHEeBOE dacTi
reaa. Tax, Hanpumep, YKCIAGHHHE DaCYeTH AAA napaGonoHAa C DapaMeTpa
Mg Ka = LT, K = 10T t3w= 0,1 (k=%
N0KA3HBAN T , YTO BEAMYHHA OTPAXGHHOT'O CHI'HaXa BO3PaCT&E€T Ha 44 16
NpE yBeNHYECHUH yraa ﬂ (puc. 2.6).

/lpyr¥e NpEMEpH pemeHEA AUPPAKHHOHHHX 3aXay C NOMOHBD K3WO-
HGHHOI'O METOZ8 COACSPXATBE B KHUTe [I] . TaM xe noKasaHo, 4T0
HepaBHOMEpHaf YaCTh TOKE @CTh He TONBKO BCNOMOraTelbHOe HOHATHE,
YAoGHO® AAA DOmEHNs 3afiau ABPpaKNEM, HO ABIAETCA PeanbHO CymeCT-
Bynzeit dus3mueckodt BenuvuuHoli. lloae, 3nyuaemoe €w, MOZET OWTSH

B3HMEPEeHO IKCHEPHMEHTAJIbHHM IyTOM.

B 3aKnpYeHdue HANOMHEM, 4YTO METOA KPaeBLX BOJNH NpPKMEHHM
AAS MCCRCLOBAMHA X4aTpaMM DACCOAHNA B KODOTKOBOJHOBOM ZAMBNA30HE.
CpaBHEHMe C SKCNEDHMEHTOM K CTPOrof TeopHel noxasnHBaeT, YTO OH
A4eT pa3yMHHe De3yAbTaTH yXe B CIyvYae, KOPAQ NHHEMHNE pa3uepH
Tela UMEOT BEAMYMHY NOPAAKA NOAYTOpa-ABYX ANEH BONE [I ] .

3agavyy
I, UnpeXenuTh BENHYMHY NOAA, OTPAEEHHOTO OT KOHEYHOIO
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KoHyca, mpeanonaras, YTo OH Bo30yxzaercs naockoit Boano#t (2.08),
& KOOpAMHATHAH 0Ch % HABAAETCA OCHD CHMMOTDHM 7618 (CM.DHC.2.4).

Peme s ue. [lone, uanyuaemoe paBHOMEDPHOH YACTHD TOKa,

onpeXenferca fopmynaun (2.I3) ® (2.I5). dyukuma $(%) B paccuar-
pEBaeMoli 3afave paBHa

,t?.

92y = k¥ Lgw
-1

OrparnugBasach B gopuyzne (2.15) BenuynHaum nopsazxka K u

noxcraBnad ux 3 (2.13), nomyuum
ik

:;e
=_H--on4k LE +
o (bt « Sty ETent @

Cyumupya 3To nozne ¢ noiaeM (2.32), H3nyYaeMHM HepaBHOMEPHOM
qacThD TOKa, HAXOXHM pemeuue nocraBilcHHOK 3azayuu

£ -H,=-E, [50- ““w?,m .
%sin% il ; R

e .
chg%“cxﬂaﬁ? iKli
Yoexureck, 4ro QyHEKuAM (a) M (6) OCTANTCA OrDAHKYEHHHME

+Ka

npw co-dv?gufﬁb, KOTAa nepejHAs YacTh KOHyCa AeQOpPMUPYETCA B

AMCK.

2. llokaszaTh, 4YTO B NpUONUXcHUM QH3MYECKOH ONTHKE

OTPaxXCHHOE Mone HE HUCNHTHBAGT ACNONAPU3aAMUH.

Pewme s ue. [lycrp B CBOGOZHOM NPOCTPAHCTBE HAXOARATCH
BHNYKNOE MASNBAO NDPOBOAAMES TENO NPOU3BOABHOA Popuu. [lazawmyn
Ha HETro NIOCKY® 31€KTPOMATHUTHYD BONHY MNPEACTAaBUM B BHAE

- &Eor\ ik (Y +Ly5m“.)

Hox !
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> —
OcTanbHHG KOMIOHGHTH BEKTOPOB E . H onpeAenAnTCs

gepes Ex S Hx ¢ nmoMomb0 ypaBHeHumit MakcBeana. Hasosem Koshdu-
BENGHTOM NMONAPA33LAKN BONHH OTHOMEHHE

E|=p

H BHUNCAMM ero0 BejMUAHy AnfA BONHH, OTPaXSHHO{l B HampaBiCHEH HA

ECTOYMNK, ONpeZciBM 3TO HaNpaBREHHe B CHEGPHUYCCKOHE CHCTEM® KOOp-

__T

ARHaT FL;!,D’ , nonoxus V" =T-¥, ¥ =-3.
OTpaxeHHO® NOoJie B NPNCAKEXSHUE OHU3INUSCKOE ONTHEM ©CTH

noxe, msxyvuaesmoe paBHOMepHO# vacThp TOKa. COrzZacHO onpexexcHED
(2.02) paBHOMEGpHas YaCTh TOKa, Bo3(yxxaemas Ha non_egxuocr’u

S T6xa NpHU E - NOAApA3ANMM naganEeid BOAHH (Eo.\_ 1302),
pasua

‘o s
Jx = - Z_CE on{ nysmf tn st e

- it
J%~ ErE“'Vl,(Sl“{'Q

0 C L3
= — : c;os‘f-é
J} o EO* My

—_—
a npu H - nonnpusauEE ( Ho _L \2{0? ) -
-0 ‘0 C L S C 01
= = —H n_¢ L, ===H nC ,
JX 0, ‘)5' A Hox 27 % ZWHox &
: . (.
3gecs =K (t;'StﬂT+ Z CosY ) - (a3a nagaome# BOAHW B TOYKE
( x' l_t,‘ , 3 ) Ha LOBEDXHOCTH Teaa; Vl\,'l.“VL% - KOMIOHEHTH

BHemHEld HOpPMAn4 K NMOBEPXHOCTH B TOM Xe TouKe.
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BHuHCHfla Zanee N0 STOMYy TOKY BEKTOP-HOTOXLEAX
B ZanbHelf 30HG E NOACTABAAA €r0 3HAUGHNE B HOPMYAN

E.f='H°.= 1KA.5 R E&: H?=1KA0_ ,

HalizeM paccesnHoe noae. lipu £ - moaspusamum omo pasHo

: HQ ;:_ °\(€R KS[V\ sin¥cosg +
S

+ LABSi“{+n Cos¥ Ysing ]ef ¢ol S,
E H\? Z‘W g [n,‘ (SiYcosVsinyg - wsTSm%’)..
S i U(R
- ('12,51'1’( + nzws")cosq’o_os% le de [ y

R

a mpu H - nonapnsaunu -
R AT FC
! 8

1K

E H‘? o ”.‘1_ S(K%S'm%{» n%s\'u.‘?r.osa’ )QL ds
S

R

B arEx $opMymax HHTErPEPOBAEHE OCYyHECTBAHETCHA N0 OCBEHGHHHM
aneMeHTaM nonepxnocu Tena; = y-wWleosLL

rae T =1’(x’ ?1 l) » & ) =~ yroa wemAy HANpABICHHAME B TOUKY
EHTETDEPOBAHNA B B TOYKy HaonomeHus. [lonaras 3nechs ﬁ'- T-%

Y =-17: » HaXOZAHMM OTPAaXcHHOE NOJE B HANpaBNGHEN HA MCTOYHHK

(pazmonOKALHOHHOE HAMNpaBICHEE)
" QiKR ¥ 14’4
=l =~} < . Sm¥+n_cosV )e 4s
EX H& ZW ox R S(n?’ ! T F4 ) s (a)
E,=H=0

npe E - NOAAIpDU3ALME H
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ikR W@

_ik ¢
- . |6+ SQ ds
Ev x er AN S("‘a‘“ "2t) 6)

Esz&;O
npu F}- NonApH3aLMH.

Buumcifg ¢ NOMOKBD COOTHOmGHHY (a) B (6) KoapPuUHEHT
NONAPH3ANMM OTPAXCHHO! BONHH,MH TONYYaEM AAA HETO Ty Xe BENHUE-

Hy
l} = ‘ .E_“”‘ .
HOK
49T0 4 B nazabmeit BonAe. HHHMU CNOBaM#, B NPNONIEXCHHUE Quauqecxoﬁ
ONTBKK NJAOCKOCTEL NOAAPESALHEA, B KOTOPO# AEXHT BEKTOP Ei » HE

B3MEeHS6T CBOEr'0 NONOXGHHA B NPOCTPAHCTEE NPH OTPAXCHME OF
BHIYKNOTO Tena NPOA3BONBHOR (GOpMH.



Pre., 2.1.

§ Zngpaxuns ma wumng iy ¢=T 4y,
pacronoxen na reowerpoonzavecoy rpanmye
CB6Ta H T6HE; ayy Y =T -
OTpaxemsol sonmy)

“—)Q 1

Prc., 2.2, K ABQDAKIHE Ha Tejax BpageHnsn,

Yo ~ Ha rpammge

A%
3 ’///‘:::'19/"‘“’3'“
== N S0
. :
] : =
~$ 3={ -

-
Puc. 2.3. OGpasypuas moBepxHOCTH BpameHs: =~ - BHemHAR

HOpMankb; ? = Yron HaKnoHa KacaTenbHOH.



Puc. 2.5, AByrpauHuii yroa, COOTBETCTBYNEUd H310MY
KOHHYECKOH NOBEpPXHOCTH.
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T
pmc. 2.6,

JaBucuMOCTh B{(EeKTHBHOI NOBEPXHOCTH DaCCEAHEA
KOHOYHOT'0 napasonoszia oT GopMH TOEEeBOd YacTH.
(uapauerpu napadonomza: ka= 2T ol = 07 ’
‘l:%(o "O,i . NpuGnuxeune Quauveckoff onTEER
ZiaeT B STOM CIy4yae BENAYMEY GJ=°.)
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Jn?epatypa

I. ll.fl. YpuuneB. HeTos KpaeBHX BOZH B (H3HYSCKOH TEODEK -
nufpaxoun.  Asn."Cos.pamio” M., 1962.

2.C.&. Schensted . 7. Aﬂf. Pl‘?)s’ ,_26, k 3, 306-308,
1955,
3. Ix. P.Mennep. [Hppaknus ¥ paccedHEe DaANOBOIH.
Man."Cos.pamo”, M., 1958. 6bpenon c aarn)

4, A.W. HDorexed. HeKoTopHe 3afa4® AMPPAKHHE SHEKTPO-
MATHATHHX BOZH Msg."CoB.pamso”,M.,1948.
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Jlekuus 3

[ndparimsa IMMHABMUECK O BOMHH K PaycCoOBa

IyuKa HAa KJHHE

Crporoe pemerHe 3aZaud O A4PpaxluWA HA KAEHE OLIO NOINYUEHO
JouMepdennzod Ha pyceme X1X # XX BB. H 70 CHX NOp UME6T GOHBEO0S
3HaUeHEe B Teopmy AMPpaKuuu. BO-NEpBHX, HOTOMY, YTO BTO NpPOCTOe,
HO BMECTE C TEM CTPOr0o6é DemeHme. BOo~BTODHX, OHO JNEEHT B OCHOBE
MHOPHMX NPHCINXSHHHX METOXOB pasueTa ABDparUHORHNX NOXeH AnA
EUPOROrO ENACCE PBANBHHX 761, HAa NOBEPXHOCTH KOTODHX HMEDTCH
N/10CK#e TPaHd B pedpa. B TpeThEX (KAK BHACHEIOCH HELABHO), OHO
Z86T BOSMOXHOOTH ZAOCTATOYHO NPOCTO M3YUMTH AEDPAKNMD Ha KAHHE
T€X OyYKOB, KOTOPHE BHXOXAT H3 KBA3HONTAYSCENX YCTPOKCTB: OTKPH~
THX DPE30HATOPOB B BOAHOBOZOB.

§ 1. KUMA UMIMHIDUUeckoll BONHH HA KMiHE
(_eTporoe pemesMe B mume KOHTYDHOrO MHTerpasa)

Mu He GyZeM 3SaHHMATHCA 3718Ch BHBOZOM CTDOIOT'0 DEmeHEs, a
NpUBENEM 3TO pemeHMe 063 BHBONA ¥4 TOOBKO JOOGLMMCH B €ro CHpaBeA-

n¥BOCTH. HTaK, NyCTh HA KINMH NAASCT NUNHHADHYECKARA BONHA

w 2 \
H“‘ , ﬂ=\j1‘+1,-1u‘,cosw-%),(3.ox)

c037aBacMasd JMHEHHNM HCTOYHMKOM C KOODZAHMHATAMH oY (pmce2.I).
llonsoe none, BO3CysAacuMoe BHe KNMHE, ONpeAensieTCs§ BHPAXCHASH

g [KR\@) {%"S_I’__i*’ tﬂ—ﬁii’ Ap
¢

uEyy= 7 (3.02)
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TS
A
/; o
ﬁ(?) = (ﬁ’m"; +Zu,w555) 7’ y RE=F (3.03)
¢l ~ BHemHmE yroam Knmsa, C.’ CW +.£;L - KOHZYD HETOIDHPOBAHEA,

noxasasRyd Ha puc. 3.1. Bepxau# 3HAK B KBAAPATHHX CKOOKAX OTHO-
CHYCR K YBAOBED

14.‘-'30 $ (300“)
8 BuxHul - K YCIOBHD
w oAU o (3.05)
M- T
HA NOBEPEHOCTH KRHHA, .

Nlepexoas 3 fopuyne (3.02) ¥ HOBOX nepeHeHHO#l HHTEOrpUPOBAHEA
g3 ptY, yoexmamucs, uro ¢ymxmea U(L,%¥)  ymosnersopser ypasue-
gsn lexsMronsna. HeTpyAHO NPOBEPETH HENOCPSACTBEHHO! npoBepkof,
Yro OHa yAOBIOTBOpAeT rpasmuHsM ycaosmau npk Y¥=0 u Y=d ,

Ws dopuynu (3.07), npmsepecHHOR HEES, cneayer, uro U(T,Y) mueer
NpaBEABHYN OCOGERAHOCTH HDH ﬁ"c‘ . TakuM o0pa3oM, Jysxnus (3.02)
ABAAGZCA CTPOTMM pemeHHeM SaRaYH 0 IMEPaKUMM Ha KaRHe,

[lpeacraBue 870 peEeHue B Bune, Oonee YAOOHOM ANA QU3RUECKOH
yseepnpevanuu. llepefineM AnA 3roro B gopuyne (3.02) K mu€rerpany
o Konrypy€35'+£; (prc. 3.I). YuuTuBasa CyHeCTBOBaHWE NONNCOB

P = ELmAAT-92Y, M=o 1,2,
Y NOBMHTErpaAbHOM (QyHKIMH, C NMOMOWBY TEOPEEH BHYETOB NONyYaeH

U=y ey, (3.06)



rae U, - reoMeTpoOONTHUECKAEA, & “d - Au¥dpaKUBOHEAR
9acTE NOJf.
Mipruex

@
ufZHS)[K&(Ml 7 ; Ho kR, ] (3.07)
My 2

8 HHACKCH CYMMKUDOBAHMA NDHHAMADT UOXCYHCACHHHC SHAYCHHA,

ynonnersopﬂnune HepaBEHCTBAM
[g-g, t2meL | <F

1§49, £2mal| <

Teomerpoonsryeckoe noxe (3.07) nproOpeTae® OCOGEHHC NPOCTYE

(3.08)

B HArnaEHyw QopMy, ©CnM¥ pDAacCMOTPSTh CHyuyali, KOorZs BHGEEHI
JIron KIRKHA A>T . llpy 5T0M BO3MORHH ABE6 CHTYALEE B 3aBHCE-
MOCTE OF TOr0, OCBEMAET N# Najawmas BONHA OAHY HAE 006 I'paHz
KnuHa. OKa3HBR6TPCH,” YTO \
@ 4 _y4 —
HooxRy 7 H (R wpu 0 psm=e
— )
u3 = H‘o(,‘g) Cnpu K=o IeT+Ys ,
0 npu Tede9& ok
eCny OCBemeHa OfHA IPaHb KIHKHE ( Y, « oL~T) s B
“ _H(" R < ;
HoRYFHGCKRY i 069 £T=4,

={ Hky npu T, 496 2T~ >
uﬁ 1 Q) 24-T-9, & G4 oL (3.0
HYGRY T Ho R mpe . ’

(8.09)_

ecnn ocBemeHs o066 rpams kampa (k=N € Yo <X),

3zech K. - paccTosHHE A0 TOYKK HACNDAGHHS OT HCTOUHHEE,
B.i - paccTOAHWE OT ero 3epKanbHOrO M3oOpaxennA B rpanu¥=0
QL - PaCCTOAHEE OT 36DPKANBHOI0 M30CPa%@HEA HMCTOYHMKA BO

Bropoit rpam xmmsa (Y=d&); npruen



4,
[, G by 2.
R = [+ -2 et )] .1D)

R [,Li +1 Qg tes(w #‘3:3} =,
ﬂ = [t + - Lt ea-9- 6 A

OueBHAHO, UTO NMONA 3€PKANBHHX KMCTOYHMKOB HE HMEDT OCOGEHHOCTH
BONU3HK peanworcf #erouHuka ( 1=t . Y& Y% )i uX 0COGGHHOCTH
HaxoAsrcA B HeQu3WUeCKoM NpocTpaHCTBE. Kak MW yBuAMM HuEe, NOne
ud T0XE HO uMEeT 0COGEHROCTEH, MO3TOMYy O0COCEHHOCTH (QyHKOZU
U(T,¥Y oxaaupaercA Taxolt me, Kak y BHemHero nond (3.0I).
ludpaKkunoHHas 9acTh NOJAA PaBHA CYMME MHTEIpanoB IO xonrypau%
] é lozcTaHoBKO} j’a-—-}'*ﬁ\’ MHTErpan MO KOHTYDY & npeodpa-
3yeTcdA B HHTErpaa Mo uoarypyqs . B pesyaprare, samucusas (>

BMECTO fa s HMeeM

3 +9-Y
= e gH Mqﬁ) (ctgw tfiﬁ'— +
P : L{%‘}T-EZT:-% T ct%"ﬁ"&%‘;‘?*‘!g) dj:, .

%
Toxze CTBO x Lsingy
x+T LJ( =

C — X

7w X = osm

NOBBONAET BarMcaTh (QyHKLMD ud Gosnee KpaTKo
}+t?+?ag1l

_l&tnn SH[KRP\“LO\_-“‘,&_) T~ ’dy.

A"?:Kn (3.12)

UTCoAA, MEXZY OPOYMM, Cpa3y XC BHTEKaeT ONMA HHTEposCHul PusuuecKuit
pesynbraT. AN 3HAYCHMUH
X =, 2.3

T — 143
M
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I U
mieon Sty = ST =0 4, crexosazensno, amppaxumon-
Hafd 4acTh NOAA paBHA HyAD. [PyrUME CIOBAMH, B STOM CIyuae
reoMeTpooONnTHYeCKoe BHpaxeHHe (3.07) ZaeT HaM CTPOroe pemeHHe
3a7IaUA: OHO KMEeT NpaBMABHEYD ocoGeHHocTs npy 1=, ¥=Y,,
JIAOBIETBODPAST I'PAEMUHHM YCAOBHAM ¥ YAOBAETBOPAET YPAaBHOHEN
Tensuronsua Bo_Bcem mpocrpanctse ( © £9Lol ). Ipu apy-
rUX 3HaYGHMAX yria ok ( oLﬁé 2‘,: ) reoMeTpoontTEYecKoe
BHpaxeH@e [Io-npexHeMy ©OCnafiaeT ABYMA NEPBHME N3 NEPEYRCIEH-
HHX CBofictB, HO Tepser nocneiHee. OHO, KAK 3TO BHAHO, HaRpE-
Mep,u3 gopuyn (3.09) m (3.1I0), umeeT pa3puBH B, CAEAOBATOAB~
HO, yXe He ABIAGTCA pelmcHEEM ypaBHeHHS I'eJBMTOBIA BO BCEM
npocrpaicrse O € Y44, UMeRHO nOdTOMYy HEOGXoZEMA AW(paK-~
LMOHHAA YacTh NOJSA, KOTOpAfd KOMIOBHCHPYET pazpHBH, COAEpEa~—
uMeca B I'EOM8TPOONTHYECKOM NOZe.

PaccuoTpeHHOS pemeHHe 3aZau¥ 0 AEPpaKUuUM UWAMHADEYECKOH
BOJIHH H@ KIMHE MM66T MHOTO OGHMX YepT C POHCHHAMHM aHANOrHYHHX
8alay AnsA MIOCKOH# W cPepHYECKOA BONH. B STOM MOXHO yOeAHTHCS,
0oGpaTHBUMACH K 3afaye ANA KAHHOM NeKnHu, I'Ae NPHBELGHH yKa-

3aHHHNE DEUeHRA.

§ 2. AcumnroTMueckoe mpexcrapieHue HUPDaKuMOHHOIO

oA

Hac uHTepecyer cnyuvait, KOrza UCTOYHMK H TOUKA HACIOASHHSA
HAXOAfATCA XANEKO OT pedpa KiuHA:

KXo
o > 1.

llpy oToM yclOBUH PyHKUMD Xankend B Gopuyne (3.I2) MOEHO

34MOHMTE NEPDBHM YJNCHOM €€ aCHUMITOTHYCCKOI'O Da3nOXCHHA
Hm Ry = fz L1 R=T5)
OLK DT NIWKR O .
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{( P..,g q SHH‘L) lAP
MY’ (3.20)

BuuuCcAMM STOT HHTErpan NpHOAUXEHHO C NOMOmMBO METOZa NepeBana.

3 ycnosma
Mgy
of
HAXONWM TOUYKy nepepaza - 5’:‘—'0 . OcHOBHO}t BKnax B mHTErpan

A8e? yuacTOK KOHTYpA BOIH3E TOUKH Nepemana, TAe
Repyme 1an-gU-cospy >  g=132 (3.21)

uoaTouy ﬂplxnnleﬂﬁo "Oxﬂo TNOJOXUTH
i—K(’L“"Lo\ 'Ir_
Sin V\ e 4

= e—— %

Fn \Jzn(uw (3.22)
-1
~iKg (1-cosp) rg-g il x_  prSH
R

llepexoZR K NnepeMeHHOl MHTOIDUPOBAHHA

i
s=\1'zf¢1”sm% , St=i(l-cosp) ,

(3.23)
nepenmseM npefLAyMee BHDAXGHEE B BUZS
P m(*t.ﬂo)
—SM P [w(o,9-9) T Wigs 9+657] e :
A §9=Ye) + WLEs 570 \I_KL'WLO) (3.24)
rae
o -1
~kgbe W kP
-— OO
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lpeanonoxum, 4YTO TOYKA HAONNAGHMSA HAXOAMTCH BAANM OT I'DAREN
naxawmeif m orpazeidHoft BonH. TOTA8 NOAHHTErpalbH0e BHDAXCHHS, 38KID-
4eHHOE B KBAJPATHHE CKOOKH, MOXHO pa3noxuTh B paAX.TeHinopa no crene-

gA¥ S . OrPaHMYMBAACH B HOM NOPBHM YNQHOM, NONY4YMM
T (oL 0025§4.
wig,*) = r Crtaladd (3.26)

i gr0,7 LR
+ 2
U= 5'_""[(Cos —Los-—’ F (cosyy = o0

&R am

Takum o0pas3ox, B pacCMaTpHBASMOf o6nacTy gudpakiy OHHOe NOne
fBAACTCA UMIBHADHYECKOHR BONHOM ,pacxORAmedicA 0T pedpa KiKEA (xpae~
Basg BONHA). [[peACTABEM 66 B HECKONBKO HHOM BUZS
x 1 i +Ey
Sin RO \ ¥4
e A

W= \2 KT
- _x
rae fa e‘(m" 7)
U = \lTrK’Co *

OxaauBaeTca, 4To arTa (QopMyna clpaBeAnnBa TAKEEe ¥ B Cly4ae Rudpak-
U4d Ha KiuHe NJI0CKO# BOJNHM [I ] » GCIH NOZ uonouumarn none
rnagapmel Mnocko}d BONHW HA pedpe KamHa. NIMEHHO STO BHpameHUe OHIO
WUCNONB3C :aH0 HAMM BO 2-# NEKUuY (cu. @opuyny(z.os»rwn H3NIORSHURA
MeTofa KpaeBHX BOJH. HpoMe Toro, ToT QaKT, YTO B NEDPBOM NPUOANES=
H4W LMNMHApMYEeCKas BojHA AuPparupyetr Ha peCpe KnuHa TaK Xe, Kax
niocKaf, TNONOEEH B OCHOBY I'OOMETDUYCCKONl Teopuu AMPpaxmuu, KoropoH

o
NOCBAWEH CHeuManbiuil Kypc B AARHOM MIOKC.
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[lonyuenHoe BHpaxenue (3.I8) HempuMeHUMO BOGNM3H TPAHHULUH TEHH
(Y=T+Y. ) » BONH3H 3epKanbHO OTpPaxeHHHX nyue# (Y=TW-Y, ,
Y=30 -T=¥, ), TaK Kak B STOM CAyYae HNONDCH NOXHHTErpanbHOR
¢ynkomu B (3.1I5) Gnwakm k Touke mepesaia ( S=O ) M, CneAoBa-
TensHO, 08 pasnomenme B PAA Teiinopa TepAeT CMuCH. PU3MYECKH BTOT
pesyabraT 03HaYae¥, 4YTro B YKa3aHHOK o0nACTH ARPPAKIHOHHOE NONE
He CBOAMTCA K KPaeBHM UANHHADWYECKHAM BOIHAM, & MMeeT Gonee CloX-
Hulf XapaKTep. .

ACEMITOTHYECKOE NpEXCTaBleHHe QYHKIUM W(?,X,\ ana arolt
o0nacTH MH HaliieM, HCNOBB3YyA MNpHeM, nNpeAnoxedHHui#t llaynm [2].
YuHOXEM ¥ pasAenuM NMoAuHTErpanbHoe BHpaxeHHe B (3.25) HA Beiu-
TUHY

2
wg¢+¢°5P =1(s’~—is§) , sf’=£lws% (3.29)

n pasnoxuM B paA Teilnopa GyEKOUD

cos’X +cosp>

A —calt

KoTopas y®e He HMMeeT monbca B TOuKe nepesana ( S=O ) npa (=T,

OrpaHgY=EBasch NEepBLM WIEHOM pfAAa, HMEEeM

oo
2 coslt "‘55 ds
S' L ws% v o —LS (3.30)

3aMeTHM, YTO

S":’_Kgsz. A ¢ -ikes, X (s -5 )‘td{
0 sh-iss )
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Homsa sxecs MOPAEOK EETOTPEPOBANES, HAXORMA
oo sty _ —ingst & Tt g (at, VT -Lxgso\ K"
e L§ t ° ol {K_gisc‘

u
ek _ ‘1_"055 (3.31)
wig,X) =122 —— < LKSSOS 5
(s = Cos °°‘°5$z:

370 BHpaxeEme ABAfGTCA aHanorok fopwynn llayne Ana saravs ‘
AEQpaKuEs NUAEHADEYECKOHE BOJHN Ha KAHHE. llencrnnenbad, same-
HRS 3ASCH § Ea T , My nomyuuM usBecTHYN Qopuymy

Hayng [Z] » ONpeZeNALRYH NONS NpH AufpaKuEE NAOCKO# BONHK
Ha EIuHS.

Bonee monHO® QCHMNTOTHYECKOG HCCleAOBaHEe AaHHOf 3agavu
CoZepxuTCH B padore Tymunuxa [3] . 3%6Ch MH TONHKO OTMETHM,
qT0 CHGAYDLEEN wWIEH ACEMNTOTYYECKOTO DASAOZEHHA IIA (PyHKIMK

W(g,iﬂ, HMEET BEINHYBHY, MOPAAOK KOTOPO# 38BHCHUT OT TOUKH
HaOADAGHRA: BOANSH IEOMOTPOOITHEYSCKHX I'DAHER (i"ﬂou
HopAZEa 3% » 8 BAANK OT HUX - NOPAZKA ".‘Tj. N0 CPaBHEHHD
¢ BunucaHHEM 4nemox (3.3I).

B saxmpueswe naparpafa o06paTHM BHEMAHME Ha CIeAyDEEe
o0cToATEeNnbCTBO. HumAmit npesen murerpans dpeHens B ‘popuyné
(3.31) no aCconwTHO#f BeAHuMHE BcerAa paBeH GE6CKOHEYHOCTH, &
€ro 3HAK ONPeACNAGTCA 3HAKOM COST . MoaToMy npE mepexone
uepes rpaminy A=T RUXERt NpeZiel MGHAGT SHAK H HHTErpa:n
QpeHeNfl HCHuTHBAaeT KOHEUHN{ paspuB, oCecney¥Baf HeNPEPHBHOCTH

NONHOTO HOAA HA 9TOi rpaHmme. AelcTBATENBHO, C NOMOEBM (GOpMyaH
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OTPARGHHNX NyYeidl ACEMNTOTHUYECKE paBHO NONOBUHE I'6OMBTDO-
ONPHYECKOr'0 MOJNf.

§ 3. lugparimsa rayccosa a Ha KiMEHe

B orou naparpae MH NDHMGHHM NONYYSHEH® BHEE DOBYIbTa-
TH K HSy4YeHHD Auppakiuu¥ BONHOBHX HNyYKOB HA HNEHE. [aHEaf
8afaya MpeJCcTaBiAAeT MHTEpeC B CBH3M C TeM, YTO BONHOBHE
nyuYkd ABAANTCA codcnenaunn THNAME KoneOaHu# B KBA3KONTH-
YECKUX CHCTEMAX - OTKDHTHX BONHOBOAHHX NHHKUAX ¥ OTKDPHTHX
pesonaropax, I'ile SHepreTuYecKue NOTEPH CBASAHH C KUPpaKmHeR
Ha xpoixax AMH3 ¥ 3epKaill.

PemoHge NOCTABIGHHOH 3a/aYH MOKHO HauTH SneMeHTapEHM
nygeM, ©CAK OOpaTH'h BHAMAHHC HA CREXYDESE HHTEpPEeCHOe 0GCTOA-
7enBCTBO. [IyCTh HA OCH %  AeKapToBO# CHCTOMH KOODAHHAT
pACIONOX6H UCTOYHEK, BINMYvaDMuil QUIAHAPHIECKY® BONHY
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LYy &

¢ -é"- L 46
= s =L ) (340)

Opeznonoz®l, 470 XOODAWHATH HCTOYHHER CTAEOBATCA ROMNAGKCHH-
v

x =0 +i%s , y =0 +iTsint | §70 . (3.81)

Torzaa gopuyna (3.40) npeofpasyercsi K BEAY

. 1,
s T = [ty 1miS4Y] Y (g0

-
i
[
= -~
s
k|

Monaras szechk 8/4“1 o TONyTEM

: %5
KD cos (9-4) Qi""
U=e =
KT (3.44)
KScos(f—+)
Qyuenma - ¢ ABNAGTCA AKArpaMMoyl HampaB:ieHHOCTH

HSAyUeHHs B UMEST BUA OBaia, BHTAHYTOTO B HanpaBnenss ¥=4¢
(pEc. 3.2). HsMeHsa® yrox 1 24 » HORHO OCYBECTBHTH
BpameHEe ZMATDAMMH HANPaBICHHOCTH B IIOCKOCTH 1305( .
TAaKEM O0pa30M, CMEHeHWe IHHEHHOrO MCTOYHEKA B KOMINEKCHO®
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NPOCTPAHCTBO .NPNBOAHT K NOABICHUD HANDABAGHHOrO H3NYISHER
B (H3AYECKOM NMPOCTPAHCTBE.

lonommu zeneps B dpopuzne (3.44) ¢=0 u I9\«i .
Torza S -Kgfg?,} s t .

ue =1¢ - g,

(3.45)
7,6, NOHG BOAH3N MaKCEMyMa XHArPaMME HSNYUOHER NPeXCTSBARET
COO0# rayccos myudoK.

CAenaeM HOCEONBKO BaMEYaHER B CBASE C Qopiwnaun (3.48)
¥ (3.45). Bo-nmepBHX, OHE MOTYT NDEMEHATHCH A8Xe X OCTDO
HANPABIOHHHM NyYKAM, KOTAa NapaMeTp KS’3£>'1. , BaxEHO
TOABKO, UTOOH NPE BTOM COXDAHANOCH JCNOBHO

EEZLA i .
T

Bo-BTopux, rayccosn MyYKE KOEHO 65e DACCHATPEBATEH

KaE CCBOKYNHOCTH KOMINNGKCHHX ayueif. Takasd TpPaKTOBKR STHX
NyYKOB pgEA MBIpEMEP, B CTATHAX [ 4,5 ] - lloBOIBHO LpO-
CcTaf M Kpacusasf TEOPEA BOAHOBHX NMYYKOB B CBOGOJAHOM RpocTpan-
CTBe MOXeT OHTH MOCTDOEHA C NUMOEBD KETOXa NAapaCoNKYecHOro
ypaBHeEER. Takol HOAXOZ COZEPRMTCA B Kupre [ 6 | ® AOTAHBHO
DA3BHBAGTCA B KYPCO KBA3MONTHKM, MOATOTOBAGHHOM ANA KAEHOH
mxoay J.A. BakumreiiHom u H.W.Jlecux.

dopuyna (3.45) noxasuBae¥, Yr0 NOAe, BO3HHKANHEE NpH
Asdpaxuus rayccopa mMyyKa Ha KIEHE, MOXHO Ha{iTH ¥3 H3IBSCTHO-
ro pemeH®S 3azaus o AWPpaKNu¥ LMNKHADHYSCKOf BONHH, NOnaras
B NOCAEAHOM KOODAMHATH KCTOYHMKA KOMNNAEKCHHMEH:
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dd . ~ H i =
T = bibeostt , U, =Yt Bk, 320, (3.4)
lipe 870K BOHECTBOHHHE BONHYUHM K' ,K,_ sl wY  Bxonzmue

B q;opuynu §§4 % , EyEHO 3aMEHATH Ha KOMINEKCHHE ﬂ K

~

‘fo u "L . B MecTHHX ZeKapTOBWX KOOpZAEHAa?aX (pPHC.3. 3)

(}t [(x - by +(? -Lgsanﬂf) ]z

ﬂ (E% - iScost)” +(y, +los.w)1/z

(8.47)
-[(%M&osqv) +(m+155mq»)’~] %

Harnanusas ycaopas T << R1 . R:. &

, HoLyd=M
0TCHZA NPHOIBEGHHHE COOTHOMEHHSA

4

E =f, - iSeos -

N (3.48)
R = RL_ 'sts(‘fjj' 4y
T, =1, +idces(9.—%)

~ .

Kounnexcuu#f yron Y, HaxXOZHTCH M3 QopMyaH
~ §

Sy = %" = Sy, = I-i-aw"?. sin(¥e-%)

H paBeH

~ ) .
Yo=Y, - L%jm(‘fo-‘f) ) (3.49)

NorB3yfAick 2THMH COOTHOMEHHAMHA, ONpeZendl HamGonee BHTEpec-
Hyn, AwDpaKKUOHHYD YacTh Nonfd. Baang or rpasul naxaomeit



- 54 =

8 OZpameBHOff BOEH (\\fk’?\&o& u-3:%9"‘%' 'l)ona npeAcTaBndaer coGo#
EpaeBym BOARY
i+ Xy

yis -1

S T ST '(3.50)
L‘ ____ c°§- u% = O

'Mdsu [(% “s > ¥ )]\lu'm

3Kech BOpXHEH SHAR OTHOCHTCS K IPaEBvHNM ycnosmsm (3.04), a
el

HERYEH - K rpaHAYHuM ycnosusaM (3.05); n= ’GT , rae ol -

BHe@HHH yrona EnmHa (01'77"). Hlocronuuasn

To o K&os(‘i ~%)

e (3.5I)
?

6CFH NOPBHYHOS NONe NyuKa, WiW, ADYTHMH CHOBaM#, NOAe nagam-
H6I'0 KOMIIEKCHOr'O Ayya, HA pecpe KnuHA. llomyueHHoe Bupaxe-
BEe (3.50) ABNAETCRE 6CTOCTBOHHHM 000CHEHHSM QOpMYyEM
Sommepdensaa (3.28) Ha cnywaft Zudpakumit reyccopa- Hyuxa H
Mome? ONTH MCHONB30BAHO ANA NOCTPOSHHA NMPUOAHECHHOE PEOPUK
AEDPAKIHE KOMIUIOKCHHX Nydell.

Hoxyumu Tenepsb acHMNTOTHYSCKES BLDAESHEA AAA NOAA,
NpEroAHHG BOAMSH HampaBAGHEH Y=RTY, , 9= 2d~0-Y, .
ORasHBAOTCA, YTO B BFOM CiAyyae MH He MOEeM (OpuaLbHO NOAAraTh
KOMNEOKCHHME BOANYHHH g ud hupaxenun (3.3I). Iero B ToH,
9T0 MATEMATHYGCKHE ONEepali#d, C MOMOEBD KOTDPMX GLJl COBODHEOH
nepexox or dopmynn (3.30) x Bupaxenmo (3.31), 3aKOHMHN nuEb
RN BemMOCTBOHHHX aséqeuaﬁ Q U y G [losToMy MH npAMGHAM
celivac Apyroit cnocoG BHYHCAGHMA WHPerpaad (3.30), Zomyckap-

OMH KAK BOMECTBCHHHG TAK H KOMNNGKCHHe SHAYCHWA HApPaMeTpOB

g ux.



llpeacraBny 3F0F HHTErpald B BHAS

“-kgsz -i’;r-
[} ds _ ¢4 , .
’Lm == I(%‘? (8.52)
rae & tz ’ %
¢ dt L
J'(%)=§ _—t-_f{ ’ 5""@5"@ " (3.53)
-9

HeTpysARO npoBepath, YTO IU‘)’ yAoBaeTBO0pse? An{kbepeBuBAnBHO-
My YpaBEEHHD

-‘g + zgj =-2{% | (3.58)
OTkyZa -gz :"2 _gz
Tig) =gy \e dx +CC . (8.55)
[\

llocTosKHaR - onpezensieTcAd H3 BHAYGHUA J&) npE ;*’O o
Hs cooOpaxekui HeNpepHBHOCTHE QyHKauE J-(gﬁ fICHO, 970

-Z’ -
C = (o).-:Set"’;IE =T npu Imgzo,

r

¢ =Tiy= [ mmr e Tiso

(3.56)

Il KOHTYDPH HMHTEIrpPAPOBAHHA r g U r; HAYT BAOAB BEMOCTBEH-
HO# OCH B NOROXHTONBHOM HAaNpasnelvd, 0:¥0af TOYKY ‘t = 0.
Kosryp r’l orifaer e§ cEM3y, a KOBTYyp |, = cBepxy.3aweuas



Zamee, wTO (0o
Z‘Tr‘_gf dt =i (3.57)
HaXOZHY 3
. Ll NS
T Y T \ex x
Luo%w(lmz)
By
T
N ol R
j =-Z,»ﬁ'€14€ k l?lJt dt o (3.58)
cosyn (InT%)
I‘ie
T =\iq 8, =Vkg Cos%: : (3.59)
cxexonﬁ::fsuo, T
2
e 2B [
oo Ot 5’ ms?\(lmfﬁg")

8 Aun gysxmEE (8.30) moxyuaeM BHDaReHHE
2 ‘t’
% -L‘I’(
w(g,@slzr —"""""}_
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KoTopoe ABafercA oCoGmendeM nmpexHed dopumyau (3.3I) Ha cayuail
KoMnaeKCHMX sHavenuh ¢ uy . Npull0 supaxenme (3.61)
nepexofuT 3 (3.31), ecnr KOMIIEKCHHE OyHKUNK T u cos%
onpeZenuTh TaK, YTOOH HPH IuT=20 OHE NIEPEXOAHIA B
BOHECTBEHHHE (yHKIIHM {%—wwﬁ{—g‘ u Ccos ‘?—fs"
Taxum oOpasoM, Gopuyna (3.61) nmosBouder ¢ NOMOEBO TAGHHMI
MHTErpa/soB  QpeHeAd OT KOMIIBKCHOTO apryMeHTa [7,8] npose-
CTH YMCIGHHOE HCCAEeZlOBaHHE none#, BO3HMKAWMHX NpH AnPpak-
I{H¥ rayCCOBHX NMYyYKOB HA KIWHE.

B 3axnwuyeHMe OTMETHM, YTO ZaHHAA 3aZaya pacCMaTPHBAlacCh
ApPYTHMM M3TOZOM B padoTe XeCTaHOBA [:91 , OIH8KO B Helt Her

npocrTux GopMyn, lOAYYSHHHX BHUE,
[ — |
B TpEX npounTAHHHX JEKUMAX MH O3HAKOMMIHMCH JHOD C HEKOTO-

pHMM MeTOZaMK Quauyecxoil Teopud Ampparumm. K Heit oTHocuTCH
TaKxe 4 r'eoMeTpHyecKas TEODHA AKPpaKUAA, NPEANOXCHHAA aMepH-
HaHCKEM yueHuM Jx.5.Hennepod. STOMYy METOAY UOCBslEH CHENHANBHHMY

Kypc B NporpaMue AaHHO# MRONH.

Pesyabraru QusuuecKoft reopuu RuppaKnu@m CBHACTENBCTBYRT
00 €€ nnoACTBOpPHOCTH. HecomMHeHHO, YTO STOT pasfen Teopun Aud-
paKumu OyZeT pas3BMBaThCA M Lanblie, NOCKOABKY YKCnO 3azxady,
BHIBUIaeMHX NPaKTHKON W HEZOCTYNHHX ANA CTPOrOr0 peUWEHHA,
NOCTOARHO pacTeT. B CBA3M C 37UM NMOBHIABTCA TaKXe pONb CTPOrHX
MATENAaTUYECKHX MCCIEAOBAHMHA, KOTOpHE ABAAKNTCA ¢yﬂguueuT0u

QusmyecKoft Teopuu ARPpPaKmuM.
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naeT cmporoe pemcHMe 3alaud 0 AMPpPaKUUM HA KIMHE MAOCKOI

u cpepuueckoil BonH. 3AECH H=°%T » ol - BHewnw# yron
KauHa, KOoHTyp C noxa3aH Ha puc. 3.I1. [lpy Audpakuug naockoi
BOJHH

-1 Ko (W =Yo)
w=¢

(Y HKLMA dr(f” ecrs
d( 2y = ELK'LC%P ’

a npu IuPpaxiuun c@epuqecxoﬂ BOJHH

p=lo L R =l - &t (-1 + F-2 M"
KR $1
R= Lo %o+ y- IREIEE:
QyHKumA C;(gﬁ ecTs
v tkﬁi@‘
G(@ ﬁm K(p-[x +~ce+..mcosg>+(2-2\\

BepxHUil 3HaK B NMOAWHTEIDAlbHOM BHPAXEHAM OTHOCUTCHA
K FpaHUYHLM yCHOBHAM (3.04), HUXHMUA - K PPAHMYHUM YCIOBHUAM
(3.09).
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Puc. 3.I. KoHTypu uHTErpMpOBAHHMA B ¢popuynax (3.02), (3.12).
M E

PiaC. 5.2. AMaTpaMMA A37YUYEHUA 0T UCTOYHMEA o < 2MINE KCHAMHM

. -
KoopIuearaMt X =( +LS¢054 A Y4 =0 sy



- 70 -

Puc. 3.3. K anppakuum rayccosoro nytuca H8 KI#He., 0c5
nyuKa HanpaBicHa BLONb Iyya ‘V)
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