[naBa 5
CBETOTEXHUKA OINMTUHECKUX CUCTEM

5.1. CeeroBasi TpyOKa

ITycte P(&,,n) — [IPOM3BOJIbHAs TOYKAa HA HEKOTOPOM H3JIydarollen
MOBEPXHOCTU S, OTHECEHHAss K HEKOTOPOM KPUBOJMHEHMHOW CHUCTEME
KOOpJIMHAT HAa J3TOM mOBEpXHOCTU. [Ipm STOM CBETOBOM MOTOK
(YyCpeaHEHHBIN MO BPEMEHH), U3ITy4YaeMbIil IUIOMIAAKON dS TOBEPXHOCTU
S B TenecHbIl yroia dm B HaMpaBiCHUHU, ONPEACIIIEMOM MOJISAPHBIMU
yrnamu (o, B), pasen

d*® = LdwdsS cose, (5.1)

rae L — ¢oroMerpudeckas SpKOCTh M3JIY4YEHHUS IUIOMAIKA dS B TOUKE
(é’;, n) B HaIlpaBJICHUU (oc, B), T.€. B o01IeM cinydae L :L(é';, n; a, B); € —
yron MekIy HampaieHHeM (o, ) M HOPManibl0 K  dJIEMEHTY
ITOBEPXHOCTH, KaK MOKAa3aHO Ha puc.5.1. MHOXUTENb COSE B BBIPAKCHUU
(5.1) ompenenser TOT akT, 4TO (PU3MUECKUNA CMBICI HMEET HE caM
JIEMEHT TMOBEPXHOCTH dS, a ero TmpoeKIus Ha IUIOCKOCTbD,
TepIeHIMKYIAPHYIO K Harpasnernuio (o, B).

Puc.5.1. CBeTOBOM NOTOK, N3ny4YyaeMbli NNOLALKON ds
[lycTtp ceueHue TeleCHOro yria d® HAKIOHHOW IUIOCKOCTBIO
o0pasyeT IomanKy dS, Ha HEKOTOPOM PacCTOSHUU R OT IUIOIAAKU dS
BJIOJIb OCH TEJIECHOIO yria dm, HOpMaJb K KOTOpPOH 00pasyeT yroiu g,,
KaK Moka3aHo Ha puc.5.2. [Ipu aTom

d*® = L%aﬁ? cose = Ldw,dS, cose,. (5.2)

C apyroil cTOpoHbI, CBETOBOW MOTOK, MPOXOMSIINN Yepe3 IIIOMANKY
dS, , paBeH

d*®, = L,do,dS, cose,. (5.3)
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Puc.5.2. dopmmpoBaHue ceeToBoOn TpyoOKM

B o6mem ciyuae d°®,, = 1d D,
rae T — Kod(PUIMEHT MPOIyCKaHMs CPEbl, PA3ACISIFONIEH TUIOMAAK dS
uds,.

[TockolibKy B paccMaTpUBa€MOM CJIy4ae HAc MHTEPECYIOT JUIIb
COOTHOIIIEHUS TE€OMETPUUYECKUX BEJIIMYMH, Cpeay OyJieM CUuTaTh
aOCOIOTHO MTPO3PAvYHOMN, YTO SKBUBAJIEHTHO paBeHCTBY T = 1. [Ipu 3ToM u3
conocraBineHuss Boipaxkenut (5.2) wm  (5.3) cmemyer, uro L=1L,.

[TomydeHHOE pPaBEHCTBO MO3BOJISIET MHTEPIPETHPOBATH BEIMYMHY L HE
TOJIBKO KakK SIPKOCTh H3JIyYarolle MOBEPXHOCTH, HO U KakK SPKOCTb
U3JTyYEHUS B IJIOCKOM CEYEHHH CBETOBOIO IMTydKa.

COBOKYIHOCTh T€OMETPUYECKUX JIy4eil, 3aIllOJIHAIOIMIMX TEIECHBIN
yron do, oOpa3yeT TOMOLEHTPUYECKUN MYy4YOK Jyded, HUCXOIALIUX U3
TOUYKH M3JIyYaroIlEero JIEMEHTa, ONUPAOUIUIICS Ha OCBEIAEMbII JIEMEHT.
COBOKYMHOCTh T€OMETPHUECKHX JIy4e, MPOXOIAIIMX dYepe3 JBe
IPOU3BOJILHO  PACIOJIOKEHHbIE TulomaAku  (auadparmel), pa3Mepsl
KOTOPBIX 3HAUUTEIHHO MEHBIIIE PACCTOSHUA MEXIy HHMH, 00pasyer
COBOKYITHOCTh T€OMETPHUUECKHUX IyYKOB JTyuei, Ha3bIBaEMYI0 (PU3NUECKUM
My4YKOM, TMPU H3TOM MOBEPXHOCTb, OrPAHUYUBAIONIYIO MONEPEYHBIC
pa3Mepsl PU3NUECKOTo MydKa, IPUHATO Ha3bIBaTh CBETOBON TPYOKOIl.

N3 conoctaBnenus Boipaxkenuit (5.1) u (5.2) cnenyer, 4To

dodS cose =dw,dS,, cosg,,. (5.4)

2
Benmnunny d°G = dwdS cose Ha3bpIBalOT reOMETpUUECKUM (pakTopom
My4yKa CBETOBBIX Jy4eill. MHBapuaHTHOCTh TE€OMETPUYECKOro Qaxropa
2
d°G OTHOCUTENBHO IUIOM@AAOK dS u dS, ¢usndeckoro Imyuka,

onpenensgemMas BblpaxkeHHeM (5.4), Oo3HayaeT, YTO OH SBJISIETCA MEpPOU
MHOKECTBa T€OMETPUUYECKUX JIy4deH, COCTABIAIONINX (DU3NUECKUN MTYHOK,
HE 3aBUCALIEH OT TOro, Kakas W3 IUIONIAJOK SIBISETCS H3JTydaroliei.
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BrnonHe o04YeBMAHO, YTO TEOMETPUYECKUH (AKTOp 3IEMEHTapHOIO
(pu3nMYecKoro Imy4yka, OrpaHUYEHHOTO IUIOIAAKON dS M momaakou ds,,

00pa30BaHHOM CEUYEHHEM TEJIECHOTO yria d® TJIOCKOCTHbIO HE 3aBUCHUT OT
BBIOOpA paccTosiHUS R MEXIy HHMH, a, CIEJOBATEIbHO, HE 3aBUCUT OT
BbIOOpa pacctosiHust R (mpu T=1) W BeIWYMHA CBETOBOIO IOTOKA,
NPOXOASIIEr0 Yepe3 IIOWAAK dS U dS,,, KOHTYpbl KOTOPBIX 00pa3yroT
KOHTYpBbI CBETOBOM TpyOku. IIpu 3TOM SIPKOCTh H3IYUYEHHS B KaXKIOM
CEUECHUM TEJIECHOIO yIJia IUIOCKOCTBIO OCTAETCS HEU3MEHHOU. [loaromy
ApKOCTb L, = L MOHO CUUTaTh SIPKOCTBIO 3JIIEMEHTapHOTO (PU3HYECKOTO

nyudka. [IoHATHE SpKOCTH IydKa JIydel, BBEAEHHOE B TPyJax aKaJeMHUKa
Brnagumupa Anekcangposuuya ®oka, Anapes AnekcannpoBuua ['epmryHa,
Ceprest OcunoBuua Maiizens U Apyrux, 0Ka3ajloCh BeCbMa yA0OHBIM IpU
UCCJIE0BAaHUN OOBEMHBIX MCTOYHHUKOB M3JIYYEHHS WM PACCEUBAIOIINX
U3JIy4EHUE Cpell, HallpuMep, Heba, TIe UCXOJHOE, U BIIOJHE €CTECTBEHHOE,
OIpesieJIeHUE IPKOCTH, CTPOrO FOBOPS, BOOOIIE TEPSET CMBICIL.

5.2. MuBapuant LlTpayodenas
[TycTh uepe3 HEKOTOPYIO 2JIEMEHTAPHYIO IUIOMIAAKY dS,, B Ipenenax

TEIECHOr0 yria dm,, MOA yIJIOM €&, K HOpMalu K Iulomiaake dS,,

IpoxXoauT HGKOTOpBIﬁ IIOTOK H3JIYUYCHMHA. Byz[eM CUuTaTh, 4YTO INIOIIAAKa
dSV, 06pa3013aHHa;{ CCUCHUCM TCJICCHOI'O VyrIijia d(ovl IIJIOCKOCTEBIO,

pacroyioKeHa Ha IOBEPXHOCTH S, , Pa3AeAoled Ccpelbl, MOKa3aTeau
MPETOMIICHUSI KOTOPBIX PaBHBI 7, =n,, U n, =n,,. OCh TeIECHOTO yria
do,,
dS, , o0pa3yeT ¢ HOpMaJblO K IOCIETHEN yroi €,,, a Mocie MPeJTOMICHUS

BCPIIMHA KOTOPOIo pPaCIIOIOKCHA B TOYKC B IIPCACIAX INNIOIIAIKH

’
v

Ha TpaHUIE pas3lesia ABYX Cpell— yroj €, Kak NMoka3aHo Ha puc.5.3. B

COOTBETCTBUU C 3aKOHOM NPEIOMIICHUS
. Y A ’

n,sing, =n, sing,,.

Bo3Bens B kBagpar 00e yacTuh 3TOro paBeHCTBa U AuddepeHuupys,
[OJTy4aeM

2 2 ' ' '
n, sing, cose de, =n,” sing,, cos€, de,, . (5.5)
[Toctpoum 53j1eMEHTapHBI TENECHBIA yroa dwm,, OrPaHUYUB €ro

YEeTBIpbMS ~ IpaHsAMU  OUpamMuibl  (YacTHBIA  ciaydaidh  KOHHUYECKOU
NOBEPXHOCTH), a, HMEHHO, ABYMS MEPUJIMOHAIBHBIMHU ILJIOCKOCTSIMU
XOM wn XON, oOpa3yroniuMu 3JI€MEHTApHBIA ABYTPAHHBIN yroil d¢, u

JBYMS TJIOCKOCTSAMHU, MPOXOASAIIMMU yepe3 1eHTp O chepwl paauyca R u
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Puc.5.3. MNpenomneHne ceeToBom TpyOKM Ha rpaHuue pasgena aAByX cpen

yepe3 3JEMEHThl AYTr MaJlbIX KpPYrOB Ha IMOBEPXHOCTH cdepbl, Kak
nokaszaHo Ha puc.5.4. Ecinm sneMeHTapHyrO IUIOIIAAKY, BBIPE3AHHYIO HA
NOBEPXHOCTU Cepbl, MPUHATH B BUY MAJIOCTHU JJIWH 3JEMEHTAPHBIX JIyT
MEPUINOHAIBHBIX CEUEHWM, paBHbIX Rde,, 3a NPAMOYTOJIBHHUK, TO
IUIOLIAJb JTOTO DJEMEHTA IOBEPXHOCTH OIPENCINUTCA IPOU3BEICHUEM
OCHOBaHMsI NPSIMOYTOJIBHHKA, JJIMHA KOTOPOro paBHa Rsing,d@, Ha €ro

BBICOTY, paBHYI Rde,, . IIpu 3TOM 31€MEHTapHBII TenecHsld yron do,,

paBHblf/'I OTHOIICHHIO F , OIIPCACIINTCA BBIPAKCHUCM

_dS _ Rsing,doRde,
R’ R

ITocne mpenomieHus mydka Jdyded Ha rpaHHMLE pas3fena ABYX Cpen
TEJECHBIH yroN d®’, ONPeaeTUTCs aHAJIOTUIHBIM BBIPAKEHHEM BHIA:

do,, =singlde,do, (5.7)
rae do' paBeH yriay d@, Tak Kak COTJIACHO MEPBOM 4acTé (HOPMYIUPOBKH

do

A%

=sing, de,do. (5.6)

3aKOHa MPEJIOMIICHUS Jyd NaAaroului, JIyd MPEJOMIEHHBIH U HOpMallb K
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MOBEPXHOCTHU paszjiesia JABYX CpeJl B TOUKE IMAJCHUS Jydya JIeKAT B OJHOMN
IJIOCKOCTH.

Puc.5.4. OnemeHTapHbIN TeNeCHbIN yron do)v, OrpaHUYEeHHbIN YeTbIPbMS rpaHaIMn
nMpaMmnapl (YacTHLIN Crly4an KOHNYECKON NOBEPXHOCTH)
ComnocTtaBuB BelpakeHus (5.6) u (5.7) ¢ BeipaxxkeHueM (5.5), nmoiaydaem
2 2
n, cose,do, =n. cose,dw, . (5.8)
[Tonyuennas dopmyma onmpeaenseT B3auMOCBSI3bh TEICCHBIX YIJIOB JI0
U TIOCIIe TIPEJIOMJIEHUS CBETOBOW TPYOKHM Ha MOBEPXHOCTH pasjesia IBYX
cpen.
YMHOKHB 00€ yacTu BelpaxeHus (5.8) Ha BenuunHy dS,,, IoydaeM
2 2
n,do,dS, cose, =n"dw,dS, cose!,. (5.9)
Y4uuThiBasi CBONCTBO CBETOBOM TPYOKH, OMpPEAENsIeMOE BBIpAKCHHUEM
(5.4), ipu n, =n, U n, =n,, IMeeM
2 2
n,dw,dS, cose, =n;dm,,dS, CoSE,,;
2 2
n, dw,dsS, cose, =n,,do,,dS, , cose,,,
e, no cyTH aena, dS, =ds,.
YuuteiBas Beipaxkenue (5.9), noaydaem

2 ) B
n,dm,,ds,, cose,,, =n,do,dS, cose, = (5.10)
12 ' ' ro_ 2 *
=n, dw,dS, cosg,, =n,,dw,,dS,, cose,,.

Bemmunny n°d*G = n*dwdS cose Ha3BIBAIOT ONTHYCCKAM (AKTOPOM.
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MOXHO MHpPEeanooKuUTh, YTO IIOWAAKAa dS,; pacHojoXKeHa Ha

MPEITOMIIAIONIEN TTOBEPXHOCTU S
S
IPEJIOMJISIOIINX TOBEPXHOCTEN, MOITyYaeM

n*d*G = const . (5.11)

DTO COOTHOLIEHUE OMpPEAENIeT OCHOBHOW MHBAapHaHT JJisI CBETOBOM
TpyOKH: MpPOU3BEACHUE KBajJpaTa IOKa3aTeas MNpPeTOMIICHUS, MPOEKIINU
AJIIEMEHTapHOU IUIOLIAJKHA, KOHTYP KOTOPOM ONpENENsieT KOHTYP CBETOBOU
TpyOKH, Ha IUJIOCKOCTh, NEPHEHAUKYSIPHYIO OCH  TPYOKH, W
AJIEMEHTAPHOr0 TEJECHOTO yIJIa C BEPUIMHOM B TOYKE 3TOW IUIOLIAJKH
OocTaéTcsl MHBApPUAHTHBIM  JUISI  AJIEMEHTApHOM CBETOBOM  TpPYOKH,
IpeTepIeBalOIIeH TPEIOMIICHUS HA KAKOM yYTOJHO YHUCJE MPETOMIISIOIIUX
IIOBEPXHOCTEN

nlza’(,olafS1 cosg, =K = nfa’oova’SV cosg, =K =

=n§d(opdSp cose, =d*J.

Ota ¢dopmyna Obuta ctporo nokazanHa B 1902 roxy Illrpaybenem u
Ha3bIBACTCS TEOPEMOM, Wi uHBapuanTom, llItpayoens.

ITpu a0COTFOTHOM MPO3PAYHOCTHU cpen, pasaensaeMbIX
NPETOMJISIONIMMYA  TTOBEPXHOCTSIMH, B  COOTBETCTBMM C  3aKOHOM
COXPAHEHMsI DHEPIUU CBETOBOM IIOTOK, IPOXOMSAIIMHA 4YEpe3 CBETOBYIO

TpyOKy, TpETEepPHEBAOIIYI0 KAKO€ YrOAHO YHCIO MPEIOMIICHUN, B
COOTBETCTBHU C BbIpaxkeHueM (5.3) paBeH

d*® = L,do,dS, cose, =K = L do,dS, cose, =K =

=LpdcopdSp COSE .

v_1» a IIomanka ds,, —Ha MOBEPXHOCTU

ve1- OOoOmas coorHomenue (5.10) Ha OPOU3BONBHOE  YHUCIIO

(5.12)

PaznenuB 3T paBeHCTBA NOWIEHHO Ha wuHBapuaHT I[ltpay6ens,

ojry4yaem
L L L
_%sz_%sz_?z%,
n; n, n,

rae L, — Tak Ha3pIBaeMas pelyuupoBaHHas (WIKA NpUBEAEHHAS K BAKYyMY)

SPKOCTb.
B cootBercTBHM C puc.5.3 numeem
do — ds, cose,,; do - dS,, cose,,
v RZ ’ v — RZ )
vl v2

rae R, u R,, —paccrosaus or oceBod Touku O, miaomanku dS, 10
oceBbIx Touek O, un O,, momanok dsS,; u dS,, COOTBETCTBEHHO.
OTH COOTHOILEHUS MO3BOJISIOT BeIpakeHue (5.9) npencraBuTh B BUIE:
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n2ds,ds,, cose, cose, n.'dS,dS,,cosel cose,, (5.13)
Ry, R, | |
[lycte B BBIp2XEHHH (5.13) yrael €, =g,=¢,=¢,=0, a

wiomwanku ds,, dS,; n dS,, CBETOBBIX TpyOOK HMEIOT KpPYIylo (hopMy.
[Ipu 3TOM IJTOIIAa b ATHUX IJIEMEHTAPHBIX TUIOIAJ0K paBHA

dSvl = Tc(dlvl)z; dSvZ = Tc(dlvz )2; dSv = TC(di )2’

rae dl,,, dl,,, dm, — paguycel COOTBETCTBYOIUX IIoma oK. O003HaUNM
dm dm
Y = dGVl ; Y = dcvz .
R R
vl v2

OTU COOTHOIICHUS U PUHATHIE 0003HAUCHHUS TIO3BOJISTIOT BBIPAKEHUE
(5.13) npencraBuTh B BUJIE:

n\% (dlvl )2 (del )2 = n\,/z (dlv2 )2 (d6v2 )2 :

[IpyMeHNB MONMy4YEeHHOE BBIpAXKEHHE K IOCIEAOBATEIBHOCTH U3 P
IPETOMIISIOIINX TOBEPXHOCTEN, OTydaeM

mdo,dl; = nydo,dl, =K =n,dodl, =K =n,dc ,di,. (5.14)

J1s onTUYECKH CONPSKEHHBIX OTPE3KOB, T.€. B TOM Clly4yae, KOoraa
OTpe30K d/, ., sBiIAeTCA HU300paKE€HUEM OTpe3Ka dl,, 3TO BBIpAXKCHHE

Ha3bpIBa€TCs WMHBapuanToM Jlarpamka-I'elbMrojbplia M 3aluChIBAcTCS B
BUJIE

nol =n'a'l’, (5.15)
rae [, [' — ONTHYECKH CONPSHKEHHBIE MAllble OTPE3KH, PACIIOIOKEHHBIE
HEPICHINKY/IAPHO ONTHYECKOM OCH; O, O’ — Majble yIJbl, 00pa30BaHHbIE
Jy4aMH CBETOBOTO IIy4YKa C ONTHYECKON OCHIO B IIPOCTPAHCTBE MIPEIMETOB
U M300PaKEHUM COOTBETCTBEHHO.

OTHOILIECHNE MAaJbIX OTPE3KOB OINPEAENISIET BEIMYHHY IOMEPEYHOIO

YBCIIUYCHUA:
Vzézjz_ (5.16)

N3 wmanoli BeNWYWHBI TOMEPEYHBIX pa3MEpOB CBETOBOW TpPyOKH
CIEeyeT, uTO UHBapuaHT Jlarpanxa-I'enpmrosnbua CripaBeyiuB il MAJIbIX
orpe3oB [ u I' u mig nydeit, 0Opa3yromMX Majble Ykl o0 U o' C OCBIO
CBETOBOH TPYOKH, T.€. B MapaKCHAIBHOW (OT rped. para’ — BO3IE, MUMO,

BHE M JaT. axis —ocbk) obmactu. MuBapuant Jlarpamxa-I'enpmromnbia
SBJISIETCS OJTHUM U3 OCHOBHBIX COOTHOIICHUM MapaKCUaIbHONU ONTUKHU.
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5.3. Orpann4eHue CBeTOBbIX IYYKOB JIy4Yell B ONITHYECKON cucTeMe

JIrobass onrThyeckass cHCTEMa COCTOUT W3 JJIEMEHTOB, HMEIOIINX
OTPAHUYEHHBIE Pa3MEpbI, BCICICTBUE YETO U3 BCETO CBETOBOIO IMOTOKA,
U3ITy4aeMOro KakJ0M n300pakaeéMoi TOYKON (TOUHEE, MaJIbIM JIEMEHTOM
MOBEPXHOCTU), Yepe3 ONTUYECKYIO CUCTEMY MPOXOJIUT TOJIBKO YaCTh €rO.
Bmecte ¢ TeM orpaHudyeHa W BeJUYMHA TpeaMeTa (yrjoBas WU
JUHEWHAs), U3 KaXJ0M TOUYKHM KOTOPOTrO CBETOBOM IMOTOK MOMajacT B
ONTHYECKYIO cHucTeMy. llepBoe orpaHnuyeHne OmpeneisieT OCBEIIEHHOCTh
U300paKEeHHs, a BTOPOE — YIJIOBYIO WJIM JIMHEWHYIO  BEITUYUHY
n300pakaeMoro mpeMeTa, Ha3bIBAEMYIO YTIIOBBIM WM JIMHEWHBIM TOJIEM
CUCTEMBI.

Bxomuoi Brixognoi

3payoK x 3payvoK ’ o

" o N
Bxonnoit BBIXOI[HOHT AN
JIIOK JIIOK

Puc.5.5. OrpaHnyeHne cBeTOBbIX NMYYKOB JTy4yeln B ONTUYECKOW cucTeme

OnTuyeckasi cucrema, Kak MpaBUiio, COACPKUT MOCIIEI0BATEIbHOCTh
muadparM, OrpaHMYMBAIONINX CBETOBBIC IMYyYKH JIy4deH, (POPMHUPYIOUTUX
nzobpaxenwne. [lox nuadparmoit OyjaeM MOHUMATh HE TOJBKO OTBEPCTHE B
HEMPO3pavyHOM JIKpPaHE, HO M Kpasl JIMH3 M 3€pKaj WM Kpas UX OIpaB.
bynem cuurtarh, yTo quadparMbl UMEIOT KPYTiIyl (OpMy C LIEHTPOM Ha
ontudeckoit ocu cucrembl. Hailném napakcuanibHOe M300pa’keHUE KaxKI0M
nuadparmbl B POCTPAHCTBE PEeIMETOB, 00pa3oBaHHOE
MpeaIIeCTBYONIEH el onTuyecko cucteMoi. M3o0paxkenue auadparMbl
(B 4yaCTHOM ciydae HENOCPEICTBEHHO aHadparma), KOTOPOE BUIHO U3
OCEBOI TOUKM IpeaMeTa A IOoJ HAUMEHBIIUM yIioM 2G ,, KaK I0Ka3aHo

Ha puc.5.5, onpenenser MaKCUMalbHYI YIJOBYIO BEJIMYMHY CBETOBOTO
My4ykKa JIydyel, MPOXOISAIINX YEpe3 ONTHUYECKYI0 CHCTEMY, W HA3bIBAETCA
BXOJHBIM 3paykKOM ONTHYECKOM cuctembl. PeanbHas nuadparma,
n300pakeHne Kotopoi (wim cama auadparma) SBISETCS BXOIHBIM
3payvyKoM, Ha3bIBACTCs anepTypHOil auadparmoii. M3o0paxeHne BXOTHOTO
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3payka, 0Opa30oBaHHOE BCEH CHUCTEMON IOBEPXHOCTEH B IMPOCTPAHCTBE
U300paXE€HUI, HA3bIBAETCS BBIXOJHBIM 3PAYKOM OINTHYECKON CHCTEMBI.
VYron o ,, oOpa3oBaHHBIM C ONTHYECKOM OCHIO JIy4OM, BBIXOJSIIUM U3

OCEBOM TOYKM A mpeamMera B Kpald BXOJHOTO 3padka, Ha3bIBACTCS
anepTypHBIM YIJIOM B IPOCTPAHCTBE NPEAMETOB WJIM IEPEIHEU YIIIOBON
areptypoii. COOTBETCTBYIOIIHIA YTOJl G'; Ha3bIBACTCS alePTYPHBIM YIIIOM

B IPOCTPAHCTBE HW300paXCHWM WM 3aJHEH YIJIOBOM amnepTypoil.
[IpousBeneHne cuHyca anepTypHOro yrjia Ha INOKa3aTellb MPEeIOMIICHHUS
Cpelbl  COOTBETCTBYIOLIEIO  IMPOCTPAHCTBA  HA3BIBACTCA  YHUCIOBOMU
anepTypou (COOTBETCTBEHHO NepeAaHer WM 3ajHen). YucnoBas aneprypa
ompeensieT MpeAeibHOEe pa3pelieHrue B AUPPAKIMOHHON KapTUHE
M300paKeHHUsT JIBYX TOYEK, OOpa30BAaHHOTO WJACAIHHOM ONTHYECKOMN
cuctemoil. M3oOpaxenue auadparMbl (B YACTHOM Clly4ae cama
nuadparma), KOTOpo€ U3 IIEHTpa BXOJHOIO 3padyka P BHAHO O]
HAaNMEHBIIMM YIJIOM 2®, KakKk IIOKa3aHO Ha puc.5.5, orpaHuyuBacT
BEJIMYMHY M300pa’KaeMOro MpeIMeTa U Ha3bIBACTCsl BXOIHBIM JIFOKOM, TIPH
3TOM yTOJ 2 HA3bIBAETCS YIJIOBBIM IIOJIEM ONTHUYECKON CHUCTEMBI B
IIPOCTPAHCTBE MPEIMETOB, a YTOJl ® — YIJIOM MoJjsi. PeanbHas nuadparma,
U300paKeHHE KOTOPOU SBIISIETCS BXOJHBIM JIFOKOM, HA3bIBAETCS IMOJICBOU
muadparmoii. M3o00paxeHne BXOMHOTO JIOKA, 0OOpa30BaHHOE ONTHYECKOM
CHUCTEMOM B 1I€JIOM B IPOCTPAHCTBE U300paKEHUM, HA3bIBAETCSA BHIXOIHBIM
JIFOKOM.

Kak crmenmyer w3 puCyHKa, BEPXHUM KpalHUM Jyd HAKIOHHOTO
CBETOBOI'O ITyYKa, BBIXOISAUIEIO M3 TOYKM B B IUIOCKOCTH IpEAMETa,
POXOAUT YE€pe3 BEPXHUE KpalHUWE TOUYKM BXOJHOIO JIFOKA U BXOZHOTO
3pauka. HwkHMH KpaWHUM JIyd HAaKJIOHHOTO CBETOBOTO  IIy4Ka,
BBIXOASIIEr0o M3 TOYKM C B IUIOCKOCTH MPEAMETA, MPOXOAUT YEpe3
BEPXHIOIO KPalHIOI0 TOYKY BXOJIHOTO JIFOKa M HUYKHIOI KPailHIOIO TOYKY
BXOJIHOI'O 3payka, TO €CTh CBETOBOM My4YOK MOJHOCTHIO MEPEKPHIBACTCS
KPAaHOM BXOJHOTO JtOKa. TakuM oOpa3oM, s TOYEK B IUIOCKOCTH
npeaMeTa B NIPOMEKYTKE Mexay ToukaMu B u  C  HpOUCXOOUT
HapacTarollee Cpe3aHue CBETOBBIX IIyYKOB OT HYJEBOI'O B TOYKE B [0
nosHOoro B touke C. Takoe cpe3aHHe CBETOBBIX ITyYKOB Ha3bIBACTCS
BUHbETHUPOBaHHEM. BIojgHe O0YeBUIHO, YTO €CIM BXOJHOM JIIOK
pacnoyiokeH B IUIOCKOCTH Mpeamera (rmosneBas auadparma Mpud 3TOM
MOKET OBITh PACIOI0KEHA B IIJIOCKOCTH MTPOMEKYTOUHOI'O I KOHEYHOTO
M300pakeHus1), TO BAHbETUPOBAHNE CBETOBBIX ITyYKOB JTy4€il OTCYTCTBYET.
WNHorma mpu KOHCTPYUPOBAHUU ONTUYECKUX YCTPOMCTB (Mpu pa3padboTke
ONTHYECKUX CcUCTeM) O(PPeKT BUHBETUPOBAHUS TPUMEHSIOT  JJIS
YCTpaHEHUs 4YacTH MydyKa JIydeil, HEIOMyCTUMO HapyUIaloluX €ro
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TOMOLIEHTPUYHOCTh. KpoMe TOoro, ¢ MOMOIIBIO JIOMOJHUTEIBHBIX
muadparM MOXXHO CYLIECTBEHHO YMEHBIIWTH BIIMSHUE Ha KadyeCTBO
U300paX€HUsSI CBETA, PACCETHHOTO Ha TOPLAX JMH3 U MOBEPXHOCTSAX OMpPaB
JIMH3, HA CTEHKaX KOPILyCOB ONTHYECKUX YCTPOMCTB U T.II.

Ilycte 2y, — IMHEWHOE 1OJIE ONTUYECKOW CHCTEMBI B IIPOCTPAHCTBE

npeaMeToB, a 2’y —B TPOCTpaHCTBe H300pakeHuid. [lpu 3ToM Iyd,
BBIXOJSIIUM M3 BHEOCEBOM TOYKHM IIPEAMETA B HANpPaBJICHUM LEeHTpa P
BXOJIHOTO 3payuka, 00pa3yeT MoJIeBON Yol », TAHT€HC KOTOPOTO PaBEH

Y

s
ap—a

1€ a — pacCTOSTHUE OT TMEPEIHEHd TJaBHOW TOYKM FH  ONTHYECKOM
CUCTEMBI 10 OCEBOM TOYKM A IpEAMETAa; dp — PACCTOSIHUE OT MEpeIHEU

190 =

IJIaBHOM TOYKHM J10 OCEBOM TOUKHM P (1IeHTpa) BXOJHOIO 3payka.
B mnpoctpancTBe M300pakeHU HMEEM aHAJIOTMYHOE COOTHOIICHHE
BUA:

!

Y

' r

Clpr —d

tgm' =

VYrnoBoe yBenmuuenune W wuzoOpaxeHus, 00pa30BaHHOTO ONTHYECKON

CHCTEMOM, ONPEAEIACTCA OTHOLICHUEM
=8
1gw

Jly4, BBIXOOSIIIMM W3 BHEOCEBOM TOYKHU IMpEeAMETa U IPOXOIAIIUN
yepe3 I[EHTP BXOJHOrO 3payka, Ha3bIBA€TCS TIJVIaBHBIM JiydoM. Ecin
anepTypHasi auadparmMa pacrnosioeHa B 3aHEd (POKaTbHOW IIOCKOCTH
TOW YacTH ONTHUYECKOM CHUCTEMBI, KOTOpas MPEAUIECTBYET 3TOU
nuadparmMe, TO BXOJHOM 3payvok OyJeT HaXOIUThbCS B OCCKOHEUHOCTH U
BCE TJaBHBIC JIydd B IPOCTPAHCTBE MPEAMETOB OYAYyT MapajeabHbI
onTtuueckor ocu. Takass omThyeckas CHUCTEMa Ha3bIBACTCS CHUCTEMOM C
TEJICLIEHTPUYECKUM XOJOM TJIABHBIX JIy4€ll B NPOCTPAHCTBE MPEAMETOB
WA TEJICUEHTPUUECKOM CO CTOpPOHBI Iipeamera. Eciaum anepTypHas
muadparmMa pacmojiokeHa B mepeaHeil (hOKaIbHOM IIOCKOCTH TOW YacTH
CUCTEMBI, KOTOpasi CJeayeT 3a ATou auadparmMoi, TO BBIXOJHOW 3padyoK
OyJleT HaXOAUThCA B OECKOHEUHOCTH W BCE TJIABHBIC JIyYH B ITPOCTPAHCTBE
n300pakeHnt OyAyT mapajuiesibHbl ONTHYECKOW ocu. B 3Tom ciydae
ONTHUYECKAs] CHUCTEMa Ha3bIBACTCS TEJCLEHTPUUECKOM CO CTOPOHBI
n3o00pakeHus. [110CKOCTh, B KOTOPOH pacIooKEHbl ONTHYECKas OCh U
TJIaBHBIM JIy4, HA3bIBACTCS MEPHUAMOHAIBHOU IIJIOCKOCTHIO. IIITOCKOCTB,
MEePIEHIUKYISIpHAsT K MEPUJIMOHAIBLHOU IIJIOCKOCTH IO TJIaBHOMY JIyuy (B

164



KOTOPOM  pacmoJIO)KeH TJaBHBIM JIyd), Ha3bIBAETCAd CaruTTaJIbHOMN
IIJIOCKOCTBIO.

IIpy aHayM3e COOTHOWIEHWW NApakCUAIbHOM  ONTHUKH  Jyd,
IIPOBEAEHHBIA U3 OCEBOU TOYKHU IPEAMETA MO IIPOU3BOJIBHBIM YIJIOM O K
ONTUYECKON OocHu, OyJeM Ha3blBaThb HYJIEBBIM JIy4OM OCEBOIO IMy4YKa MU
IIPOCTO OCEBBIM HYJIEBBIM JIy4OM; JIy4, IPOBEAEHHBIN U3 BHEOCEBOU TOYKHU
npeaMeTa Moj yriioM [3 K ontuueckol ocu OyZeM Ha3blBaTh HYJIEBBIM

Jy4OM BHEOCEBOIO ITy4yKa WM IIPOCTO BHEOCEBBIM HYJEBBIM JIYUYOM.
BHeoceBol HyJIEBOUM JIy4, MPOBEAEHHBIM YEPE3 LEHTP BXOJHOIO 3pAUKA,
OyZieM Ha3bIBaTh TJIABHBIM HYJIEBBIM JIYYOM.

OTHOLIEHHE TAHTE€HCOB YIJIOB B'p 1 B,, 00pa3oOBaHHBIX TJIABHBIM

HYJIEBBIM JIy4OM C ONTHYECKOM OChIO B MPOCTPAHCTBE H300PAXKEHUN U
OPEAMETOB  COOTBETCTBEHHO, HA3bIBA€TCS  YIJIOBBIM  YBEJIIMYECHUEM
n300pakeHusi, OOpPa30BAaHHOIO ONTHYECKOW CHUCTEMOW, KOTOpOE B
MPUHATBIX 00O3HAYEHMSIX B MapakcUalbHOM omnTUKe (B onTuke [aycca)
OTpeIEISETCS BhIpAKEHUEM

Bl

w=-L (5.17)

By
IpU 3TOM MOINEpPEeYHOe (JIMHEMHOE) yBEIUYeHUE M300pakeHUs: BXOIHOTO
3payka (IIONEpPEevYHOE YBEIUYEHUE BBIXOJHOTO 3payka) B COOTBETCTBHUM C
uHBapuaHToM Jlarpanxka-I'enbMronbia onpeaensieTcs: BeIpaXeHUEM

nf3
= (5.18)
n'p'
P
ITycTh TOYKU II€pecedeHMs TIIABHOIO HYJIEBOIO Jjyda C TIJIaBHBIMU
IIOCKOCTSAMM OITHYECKOM CUCTEMBI PACIIOJIOKEHBI Ha PacCTOSHMU H oT

Vp

. H , H
ontuyeckoir ocu. Ilpn B, =—, a [, =—- momnepevyHoe yBeanyeHHe
a

p Clp
M300paXKEHHs BXOIHOI'O 3payKa PaBHO
!
y = (5.19)
i .

Kak cnenyer u3 Boipaxenuit (5.17) u (5.18), B3aUMOCBSI3b YIJIOBOTO
YBEJIUUCHHUS M300paXeHUs TIpeaMeTa U MOMNEPEUYHOr0  YBEJIMYCHUS
M300paKeHUST BXOJHOTO 3padka (TO €CTh BBIXOJAHOTO  3padka)
OMPEIEIISIETCS COOTHOIIEHUEM

n 1

=——. 5.20
n' v, ( )
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OceBple TOYKHM ONTHYECKU COHpSDKéHHBIX 3pa4YKOB HAa3bLIBAKOTCA

Y37I0BBIMH TOUYKAaMH, €CIIM YIJIOBOE yBeIHMdeHNe n3obpaxkernus W =17 . U3
BoIpakeHus: (5.20) cnegyer, 4YTO €CIM UEHTP BXOJAHOTO 3payuka
PACIONIOKEH B MEPEAHEN Y3JIOBOM TOYKE, a LIEHTP BBIXOJHOIO 3payvyka — B
3alHE y3J0BOM TOYKE, TO TMOMNEPEYHOE YBEIWYEHUE B H300pakKeHUU

n
spaika V,=— . Ilpu stom B cooTBeTCTBMM C BbIpaxeHnem (5.19)
n

pacCTOsAHUA oT I'’'TIaBHBIX TOUYCK ONTHYECKOHN CHUCTEMBI a0

’

COOTBETCTBYIOIIMX Y3JIOBBIX TOYCK PaBHBI APYT IPYyry, T.e. 4, =d,

Hcnonb3ys GpopMyity OTpe3KOB, OJTydaeM
a =a, ="2""g (5.21)

p p 0

Orcroa cienyer, 4Tro €ciau I0Ka3aTelb IPEJIOMIIEHUS Cpeldbl B
IPOCTPAHCTBE MPEIMETOB U B MIPOCTPAHCTBE N300PAKEHUN OJUH U TOT K€
(n = n'), TO Y3JIOBBIE TOUYKH COBIIQJAIOT C TJIABHBIMU TOYKAMH ONTHUYECKOM
CUCTEMBI.

@OKyChI, TJIaBHbIE W Y3JI0BbIE TOYKM HA3bIBAIOTCS KapJIUHAIbHBIMU
TOYKaMu onTuueckor cucrtembol. B 1841 rogy B Tpyne "luonTpuueckue
uccnenoBanus’ Hemenkui marematuk Kapn @punpux [Mayce (1777-1855)
MoKa3ajl, YTO COOTHOLIEHUS MapakCHAIbHOW ONTUKA MOTYT OBITh
MOJIYYEHBI, €CJIH MPEANOJI0XHUTh MPONOPLUUOHATBHOCT MAaJbIX YIJIOB
MaJCHUs W NPEOMJIEHUS JIydedl Ha MPEIOMIIIONIYI0 MOBEPXHOCTh. Mm
BIICPBHIC OBLIM BBEICHBI MOHATHUS KapIWHAIBHBIX TOYEK IEHTPUPOBAHHOM
ONTUYECKON CHUCTEMBI M ToilydeHa ¢opMmysa OTPE3KOB, Ha3BaHHAs
BIIOCJIEJICTBUU €0 HUMEHEM.

3aMeTHM, YTO BEJIMYMHBI 0. U [3 BBeAeHBI B onTUKY B 1911 rony B Ty

nopy corpyanukom ¢upmel ['epria B ['epmanuu M.Jlanre.

5.4. CBeToBOIl NOTOK, NMPOXOAAIIUI 4Yepe3 ONTHYECKYI0 CHCTEMY OT
H3JIyYAIIero  JJeMEHTAa MOBEPXHOCTH, PACIHOJIO)KEHHOI0 Ha
ONTHYECKOMN OCH NMEePHNEHAUKYJISIPHO K HEH

DIeMeHTapHBIH CBETOBOH MOTOK d ®, M3TydaeMslil seMeHTOM dS,
PaCIONIOKEHHBIM Ha ONTUYECKON OCH TEpPHNEeHAMKYJIAPHO K HEH, u
NPOXOJSIINI Yepe3 DJIEMEHTApHYI0 IUIOMAIKY d2 BXOJHOTO 3payka
ONTUYECKON CHUCTEMBI B IpejenaXx TEeJeCHOTO yria dm, Kak MOKa3aHoO Ha
puc.5.6, onpenensiercss Bbipaxkenuem (5.1) B Buze:

d*® = L_dodS cosc, (5.22)
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rae L, — ApKOCTh M3JIy4YarolEro 3JE€MEHTa B HallpaBJIEHUH, 00pa3yrouieM

yrojl G C ONTHYECKOW OChIO; d® — 3JIEMEHTAPHBIM TEJIECHBIM YyToa C
BEPIIMHOW B OCEBOM TOYKE IUIOMAAKH dS; G —Yroil MeXIy OChIO
TEJIECHOTO YTria d® W ONTUYECKOU OChIO.

Puc.5.6. 9nemeHTapHbIn CBETOBOW MOTOK, M3fy4aeMbii OCEBbIM 3NIEMEHTOM
NOBEPXHOCTW NpeameTa

O06o3HaunB 0Tpe30ok AP =—-R, B COOTBETCTBUM C PHUCYHKOM
II0JIy4aeM

d¥.  RsincdgRdc

do = 2 2 =sincdod. (5.23)
IIpu sToM
d*® = L_dS sin c cos dodo, (5.24)

riue d@ —»d2JieMEHTapHbI  JBYTPAHHBIA  yroll  MEXIy  JIByMs
MEPUINOHATBHBIMU (TmpoxoasmMu yepes OIITUYECKYIO OCb)
IJIOCKOCTAMH, KaK MOKa3aHO Ha puC.5.6, U COCTaBIISIIOIIUMHU OOKOBBIE
CTEHKHU TEJIECHOTO yrila d®.

Jlns  ompeneneHuss  CBETOBOro  IMOoToka  d®,  W3IydaeMoro
AJIIEMEHTapHOU TMIIOMIAAKON dS U 3amoiHSIONIET0 BECh BXOJHOM 3payvok
ONTUYECKOM CHCTEMBI, MPOMHTErpupyeM BbipakeHue (5.24) mo Bceld
IUTOIAAA BXOQHOTO 3padka, T.€. B Ipelenax HU3MEHEHUS NEePEMEHHBIX
0 <@ <2n u npu kpyraoit popme 3pauka 0 <G <Gy IIE Gz — 3HAUCHUE
yIjla G, COOTBETCTBYIOIIETO Kpar BXOJHOTO 3payka, T.€. allepTypPHbIU
YroJI OCEBOT0 ITyYKa JIyYel B MPOCTPAHCTBE MPEAMETOB.

Takum 00pazom,
Of 2m

dd = I ILGdS sin G coscdod. (5.25)
0 0
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3amada omnpeneneHus motoka d® CyIIECTBEHHO YIPOIAETCs, €CIU
NPEAIOIO0KUTb, YTO SAPKOCTb L, =L =const, T.e. SABISIETCA BEIMYNHOU

MOCTOSITHHOM BO BCEX TOYKAX M3JIyYaloIlIero 3jeMeHTa dS M He 3aBUCHUT OT
yIjla u3JIydyeHus: ¢ (Ipu 3TOM TOBOPST, UTO DJEMEHT dS H3IydaeT Mo
3akoHy JlamOepra). Ilpm »TOoM ycnoBuu BeipaxkeHue (5.25) MOXKHO
nepenucaTh B BUJE:

OF 2m
dd = LdS _f Jsin ccoscdodg. (5.26)
00
B pesynbraTe nuHTErpMpOoBaHus BhIpakeHue (5.26) MpUHUMAET BU:
d® = nLdSsin’ o. (5.27)

DTOT CBETOBOM IOTOK MPOXOAUT CKBO3b ONTHYECKYIO CHCTEMY U
najaeT Ha OJEMEHTApHYI0 IUIOMAnKy dS’, KoTopas CTaHOBMTCS
M300paKeHHEeM IUIOMIAJAKU dS, Kak ToKa3aHO Ha pwuc.5.6. Bmosne
OYCBHIHO, YTO CBETOBOM MOTOK d®', magaromuii Ha IUIOIIAAKY dS’,
OTIPEICITNTCS aHAJOTUYHBIM BBIPOKCHUEM BUA!

d®' =nL'dS'sin* o', (5.28)
II¢ © — amepTypHBI yroill OCEBOTr0 IIydyKa Jy4ed B IIPOCTPAHCTBE
M300paKeHUM (WM 38 THUM anlepTyPHBINA YroJl ONTUYECKON CUCTEMBI).

Kak 6wu10 nokaszano, L=n’Ly; L' =n'"’L,, tne L, — peaylupoBaHHas
SAPKOCTb;, #n M n' —IOKa3aTeld MPEIOMICHHS CpPeld B IPOCTPAHCTBE
MPEIMETOB U M300paKEHUN COOTBETCTBEHHO.

Ecnu mpuHsATh BO BHUMaHUE TOT (DAKT, YTO B peaqbHON ONTUYECKOU
CHUCTEeME HEM30eKHBI TTOTEPH CBETOBOTO MOTOKA (TIOTJIOIIeHNE, (hpEeHEeIeBO
OTpaXE€HHWE Ha  TIOBEPXHOCTAX), YUYHUThIBaeMble KO3 PHUIIMSHTOM
POy CKaHMS r(r<1), TO BMECTO CBETOBOro IoTtoka d® w3 cUCTEMBI
BBIXOAUT NMOTOK d®'=1d®, a, cinenoBareilbHO, MEHbIIMNM 1mOoTOKa dd .
[Tpu sTOM

d®' = tnl'dS'sin* o', (5.29)
N2
rIe L'=(n—) L.Mlpun'=n: L'=L.
n

Yenosue cunycos A66e
YuuteiBas Beipaxkenue (5.27), noinydaem

d®' = tnldSsin’ o. (5.30)
[IpupaBHsB npaBbie YacTu BbipaxeHuii (5.29) u (5.30), Haxoaum, 4TO
n*dSsin® 6 = n'*dS'sin’ ¢’ . (5.31)
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YuuTBIBasE TEOMETPHYECKOE IMOJA00ME ONTHYECCKH COMPSHKEHHBIX
TUTOCKOCTEH (GUTYp, OJHA M3 KOTOPBIX SIBJISETCS MPEIMETOM, a Jpyras —
€Tro N300paKeHNEeM, MOKHO HAIMCaTh

s’ _(dy'Y
A dy

rae dy u dy’ — TUHEeWHbIe OTPE3KU ONTHYECKU COMPSHKEHHBIX DIIEMEHTOB

9

wiomanok dS u dS’. Ilpu stom Beipakenue (5.31) MOXKHO mepenucarh B
BUJIE:

n*dy*sin’ o = n'*dy'*sin’ o'.

N3Bnekas, KBaJpaTHBI KOPEHb W3 00EMX YacTel ATOTr0 paBEHCTBA,
MOJTy4aeM UHBAPUAHT BUJIA:

ndysinc =n'dy’sinc’. (5.32)

Orcroa HaX0 UM, YTO

, .

. _y _ nsino. (5.33)

dy n'sinc’

DTO W ecTh U3BECTHas (POPMYJMPOBKA 3aKOHA CHHYCOB. 3aKOH
CUHYCOB BIIEpBbIC OBLI TMOJYy4eH HEMEIKUM (PU3UKOM, OJIHUM U3
OCHOBaTelie TepMoauHaMukd, Pymomspom HOmmycom Dmanyaniem
Kmay3uycom (1822—-1888) B 1874 Tomy ™ HEeMEeOKHM (DHU3UKOM,
MaTreMaTukoMm, ¢uznosoroM u mncuxojorom ['epmanom JlroaBurom
O®epaunangom  [enpmromsuem  (1821-1894) B 1874 romy w3
TEPMOJMHAMUYECKUX CcOooOpakeHu. OJIHAKO, MPAKTUUECKOE 3HAYCHUE
ATOTO YCJIOBHUS OBLJIO OCO3HAHO JIUIIIB MTOCTIE TOTO, Kak ero chopMyaupoBa
B 1879 rony BbLAArOMIMIICS HEMEIKUN (PU3UK — ONTOTEXHUK DpHCT A0Oe
(1840-1905).

N3 ycnoBus V =V, =const ciuenyer Tak Ha3bIBAEMOE YCIOBUE

cuHycoB A0Oe:

w = const . (5.34)

n'sinc

Ecnu B m3o0paxenun A oceBoil Touku mpeiamera A TOJHOCTHIO
ycTpaHeHa cdepudeckas abeppairusi, TO coOmtojgeHue ycioBus (5.34)
SBISICTCS. HEOOXOAWMMBIM M JIOCTaTOYHBIM YCJIOBHEM COBEPIICHHOTO

M300paKEHHUST  DJIEMEHTApHOTO  OTpe3ka  dy, MNEepPHEHIUKYJISIPHOTrO
ONTUYECKOU OCH, a, CIIEOBATEIIBHO, U BCEH 3JIEMEHTApHOU TIOMAAKU dS ,
MPOXOAAIIEed 4Yepe3 TOUuKy A u coaepxkaiier orpe3ok dy. llpu stom

n3o0paxxkeHne (OPMHUPYIOT CKOJb YrOAHO IIMPOKUE IYYKH JIydeid,
00pa3yoIIUX yIJbl G U G C ONTHYECKON OCBIO JII000H BEITUYHHBI.
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ITycTe paccrositHWE OT NEPEIHEN TJIaBHOW IUJIOCKOCTH OINTHUYECKOU
CHUCTEMBI JI0 OCEBOM TOYKM MNpPEAMETa PAaBHO —a, a OT 3aJHEH TJIaBHOM
IUTOCKOCTH JI0 TapaKCHaIbHOIO W300pakeHus 3TOH TOUKH paBHO a . [Ipu
HTOM TIOTIEPEUHOE YBETUYCHUE N300paKeHHUs, 00Pa30BAHHOIO ONTUYECKON

!
na

CHCTEMOM IyYKaMM JIy4Yel B NapakCUaldbHOM 001acTu, paBHO Vj=—.
na
[Ipu coOmroieHnn yCI0BHUSI CHHYCOB CIIPABEAJIMBO PABEHCTBO

na' nsinc

n'a n'sing’

Otcroza cieayer, 4To

asinc =a'sing’. (5.35)

Ho asinc=m, a a'sinc’'=m', tne m wu m' —paccrosHus ot
ONTUYECKONH OCH N0 TOYEK MepeceueHusi KpaHuX Jydei, o0pa3yrommx
YOIl G U G C ONTHUYECKOW OChlo, co chepaMu paauycoB a H a’'
COOTBETCTBEHHO. TakuM 00pa3oM, MPUMEHUTEIBHO K PEATbHBIM
ONTHUYECKUX CHUCTEeMaM TMPEACTABICHHUS O TJIABHBIX IUIOCKOCTSX,
CIpaBeAJuBbIe B IMapakCUaIbHOW 00JACTH, JUIsI OCEBOrO Iy4yKa Jy4yed B
npefenax KOHEYHOTO TEJIECHOTO yria JIOJDKHBI OBITh  3aMEHEHBI
NPEJCTaBICHUSIMH O TJIABHBIX cdepax, MOHUMAs MOJ MOCIEAHUMHU CepHI,
KOTOpBIE MPOXOJAT Yepe3 TJaBHbIE TOYKH ONTHYECKOW CHCTEMBI, a
paauycel chep paBHbl a (HepeaHss riaBHas chepa) U @' (3aaHsAs TIIaBHAs
cdepa).

3aMeTuM, 4To Npu a@ — 0 1pu m =asinc # 0 yron ¢ — 0. [Ipu sTom
paccTosiHue a' CTpeMHUTCS K BeJIMYMHE f', Ha3bIBAGMOW 3aIHUM

(OKYyCHBIM pacCTOSIHUEM ONTHYECKOM cuctembl. Kak crnenyer wu3
BbIpaxkeHus (5.35), npu a - ©, a ¢ — 0 umeem
m

’ —_—
sing’
Ycaoue cuHycoB AOOe B ATOM ciydae ONPENEseTCs PaBEHCTBOM

(5.36)

—— =const. Cnenys A0Oe, Ha30BEM mHapy ONTHYECKHM CONPKEHHBIX
sinG

Touek A U A" Ha OCH ONTHUYECKOW CUCTEMbI, B M300PaKCHUU KOTOPBIX
OTCYTCTBYET cepuueckas abeppanusi Jydeld IIUPOKOro Mydyka W, KpoMe

TOI'0, BBIIIOJIHCHO YCIIOBUC CHHYCOB, H&pOﬁ alllIaHATNYCCKHUX TOYCK.
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5.5. OcBemIéHHOCTH B 0CEBOM TOYKE H300PaKEeHUA
[Ipu ananm3e CBOWCTB CBETOBBIX TPYOOK TIO YMOJYAHHUIO
IPEANoIaraioch  CTUTMATHYHOE  OTOOpaKEHHME  KAKIOHW  TOYKHU
AJIEMEHTApHBIX IUIOMIAJIOK, TPU DTOM SIBJICHUA JUPPAKIUMUA  HE
YUYUTHIBAIMCh. Pe3yNnbTaThl TaKOro aHajau3a JAloT MPAKTHUUYECKH BaXKHOE
npejcTaBieHne 00 WACaTbHOM paclpelle]ICeHHH CBETOBOTO IIOTOKA B
IJIOCKOCTH M300pakeHus. [Ipm 3TOM OCBEMEHHOCTh B KaXIOW TOYKE
M300paKEHUSI ECTECTBEHHBIM O00pa3oM  OMNpENEeNsaeTcsl OTHOUICHUEM
AJIEMEHTApPHOTO CBETOBOTO IOTOKAa K JJIEMEHTApHOW IUIOMIAAKE, Ha
KOTOPYIO OH MaJaeT, T.C.
dd’
E, = :
ds'’
Hcnonw3ys ¢opmyny (5.24), HaxomauM, 4TO OCBEIIEHHOCTH £, B

0CEBOI TOUKE NU300pax)KEeHUsI ONPEAEIIAETCS BhIPa)KEHUEM

E,=1nl'sin’ o' (5.37)
9TO BBIPAKCHUC MOKHO IICPCIIUCATh B BUJIC!
E,=1nL,A"”. (5.38)

Benuunny A'=n'sinc’ B onTHKe Ha3bIBAIOT YHCIOBOW alepTypoOil CO
CTOPOHBI HM300pKEHMSI WM 3aJHEM YHCIOBOM amepTypol, MpU 3TOM
. L' L
penyluMpoBaHHas SAPKOCTb WU3Iy4YeHus (mydka Jyd4eit) Lo=—>=—.
n n
[IycTs uncrmoBas amepTypa CBETOBOIO IIy4yKa Jyded B IIPOCTPAHCTBE
npeaMeTOoB (TMepeaHsst uncioBas aneprypa) A =nsinc. Torga, yuuTeiBas
dbopmyny (5.33), mpu cobnmoaenun ycnous (5.34) nomydaem
T
Ey=-—LyA, (5.39)
Vo
rae V, —monepeyHoe  yBEIMYEHHE U300pakeHus, O0O0pa3oBaHHOIO
ONTUYECKOU CUCTEMOM.

A
Yy
A
Y

< »
-¢

Puc.5.7. dopmupoBaHune 3agHen yrinoBon anepTypbl OCEBOro nyyka nyyemn
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[TycTh pagaryc BBIXOAHOTO 3payka ONTHUECKOW CHCTEMbI paBeH a', a
PacCTOSTHHUE OT LEHTPA BBIXOJHOTO 3payka J0 OCEBOU TOYKH H300parKeHHS
P'A'=p', kak mokazano Ha puc.5.7. Ilpy >TOM B COOTBETCTBHH C

PUCYHKOM UMEEM

12 2 1
sin o’ = 2 =4
a!2 +p!2 prZ arZ
I+
12
P
[ToncTaBuB 3TO COOTHOIIIEHUE B BhIpaxkeHue (5.37), moiyyaem
12
., Ta 1
Ey=1L'"—; R (5.40)
1+
12
P

VY OOJIBIIMHCTBA CBETOCUJIBHBIX 3€PKAIBHBIX U 3€PKaTbHO-JIMH30BBIX
(V) !
CHCTEM BBIXOJHOH 3pa4doKk umeeT ¢opMmy Koibua. Ilycts a, — paanyc

SKpaHUpyeMoi yacTu 3padka. [Ipu 3TOM OCBEHIEHHOCTH B OCEBOM TOYKE
M300paKEHUS OTIPEICIIUTCS OYEBUIHBIM BBIPKCHUEM BHUIA!

. -2 1 s 2
E,=1nL (sm Gy —sin GBH), (5.41)
2 12
rae sin’ o', = a@ - sin’ o’ __ %
A H= 2 2> BH= 2 -
a“+p ay +p
DT0 BBIpAYKCHHE MOXHO 3aIMCATh B BHJIC
2)...2
E, = TnL'(l -n )sm o', (5.42)
!
a

re o =opy; M= —Tf — KO3 PUIIMEHT SKpaHUPOBAHUS 3padka [0
a
nuaMeTpy (Miau Kod(pGUIIMEHT TUHEHHOTO SKPAaHUPOBAHUA).
CuHyc anepTypHOro yrijia 3KBUBAJIECHTHOW ONTUYECKOW CHCTEMBI,
MMEIONIEH CIUIONIHON BBIXOJHOM 3padyoK KPyryiod (opMbl M CO3Jar0IICH
TaKyI0 € OCBEIIEHHOCTh B OCEBOM TOUKE M300paXKEHHUsI, PABEH

. ' _ « 2 2
SINGyz4 —\/sm G; —sin” Gy
B coorBercTBUM ¢ puc.5.7 umeeM

Z zZy
r_ ! ' _ ! p
p =Z — Zp/ —_— f 7 - f’ ’
rae f' — GokycHOe pacCTOSIHHE ONTUYECKOH CHCTEMBI.
ITpu 3TOM
p'= f’(_ Vo + VOCD)= (5.43)
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!

z
rac VO = ——, — nonepevHoc yBCINYCHUC 1/1306pa>1<eH1/1>1 npeamceTa,

!
A

00pa3soBaHHOTO ONTHYECKONM CUCTEMOH, a Vj-p= —% — IIOIIEPEYHOE

yBEJIMUYEHUE N300paXeHUsI BXOJHOTO 3payKa.
[lycte Dp=2a — nuaMeTp BXOJHOTO 3pauka, a Dip=2a" — nnameTp
BBIXOJHOTO 3pauka. [Ipu sTom

/

a
Voce = — (5.44)
3ametumM, 4to mpu p’' >10a’ ¢ MOrpemIHOCTBIO, HE MPEBBIMIAIOIIEH

1%, OCBCIIEHHOCTh B 1/1306pa>1<eH1/m OCEBOM TOYKH OIIPCACIIACTCA

BBIPAXXKCHHUECM

2
mna

EO = TL, o

(5.45)

[TonctaBuB B 3TO BBIpakeHUe cooTHomeHus (5.43) u (5.44),
noJry4yaeM

1 (2a) VP
Ey=-nl| | 202 (5.46)
4 A (VOCD_ Vo)
2a D
rac 7? = %,D =2 A — OTHOCHUTEIBHOE OTBCPCTHUC OIITUYECKON CUCTEMBI.

2 . o
Bemmuuny  (24)° — Ha3BBAlOT ~ TEOMETPHYECKOH  CBETOCHIOM

ONTUYECKOM CHUCTEMBI, a BEIMYUHY 1:(2A)2 Ha3bIBAlOT (DU3MYECKOU
CBETOCUJION CHCTEMBI.

Eciu mpeamer pacmonoXXeH Ha BeCbMa OOJBIIOM PAcCTOSHHH OT
ONTHYECKOH CHCTEMBI, TO BEIMYUHY z MOXKHO CUYHTATh JOCTATOYHO

!

MaJIoil, mosaras V,, = —% ~ 0. ITpu aTom dopmymna (5.46) npuHUMAET BU:

2
1 2

Ey=—tl| == | . (5.47)
4 f

[Ipu yBenuueHnun uzoOpaxkeHus npeamera V, = -1%, a U300paXKEeHUs

BXOJIHOTO 3payka V p= 1* dopmymna (5.46) npuHUMaeT BUL:
2
1 2
EO - _TTE.L' _a .
16 f
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Dopmyna Manowcena-Huxonesa

PaccmMoTpuM BaKHBIW B TEXHUKE JAJIbHETO OCBEILICHUS (ciydai
OCBEIICHHUSI TIPOKEKTOPOM) BOMPOC 00 OCBEMIEHHOCTH OCCKOHEYHO
yAAIEHHOTO U300paXKEHUS.

[IycTes uCTOYHHMK cBeTa (MPEaMET) PACMOJOXKEH BOJM3U TEPEAHETO
dokyca F ontuueckoil cucteMbl. B 3TOM ciiyyae ero uzobOpaxkeHue
OKa)XETCS PaCIOJIOKCHHBIM Ha BEChbMa OOJBIIOM pPAacCTOSIHMM p'  OT

BBIXOJITHOT'O 3payka ONTHYECKOW CHCTEMbI, KaK MOKa3aHO Ha pHC.S5.8, rae

ONTHUYECKasl CUCTEMA MPeACTaBIeHa 0ECKOHEYHO TOHKMM KOMIIOHEHTOM (),
2

a ICTOYHHMK CBETAa MPEJICTaBIICH AJIEMEHTOM dS = my~, BC€ TOYKU KOTOPOTO

O6J'Ia,HaIOT OI[PIHaKOBOﬁ APKOCTBIO M  H3JIY4YadOT PABHOAPKO BO BCCX
HalIIpaBJICHUAX.

(PA Aiié .¢o.

k A

A
A

Punc.5.8. OcBelwEHHOCTb yaanéHHOro n3obpaxxeHus

OcBeméHHocTh E,, B Touke A', pacrojioXeHHOW Ha ONTHYECKOH OCH
CUCTeMBI, onpeaenutcs Gopmyroit (5.37):
E, =1nl'sin’ ¢'.

B paccmaTpuBaeMoM cityyae ¢ JOCTAaTOYHOM CTENEHbIO MPUOIMKEHUS

!

: a
MOKHO CUHMTAaTh, YTO SiN G’ =—, TJIe pafilyC BHIXOJHOIO 3payka CHCTEMBI
1
r_ 1
a = 5 Dcp.

ITycTh S’CB — IUIOIIAJIb BBIXOJIHOTO 3paykKa ONTHYECKOW cuctemsl. [Ipu
3TOM UMEEM

By =" (5.48)

e Sep= na'”.
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ComoctaBuB TOJYYEHHOE CoOOTHomieHue ¢ dopmynon (4.17):

dE =—, MOXHO cCJelaThb BBIBOJ O TOM, UYTO paccMaTpuBaemas

ONTUYECKAsl CHUCTEMa C WMCTOYHMKOM W3Iy4YeHUsT dS B OTHOIIECHUU
CBETOBOTO JICMCTBUS SKBUBAJICHTHA U3JIy4aTEI0 C OCEBOM CUJION CBETA

Iy =L'Sp,

2
~ n
rie spkocth L' =1L'= r(—j L; L — apkocTh UCTOYHHUKA cBeTa. [Ipu aTOM
n

BbIpaxkeHue (5.48) MOXKHO MPEICTaBUTh B BUJIE:

gt 5.49)
pu n'=n=1:
Iy =1LSep (5.50)

[Tonyuennyto ¢popmyiy, T.e. Beipaxenue (5.49), Ha3pIBalOT (hopMyIIoi
Mamnxena-Yukonena.

Kak cnenyer u3 puc.5.8, sta hopMyna crnpaBeyinBa JJisi BCEX TOUEK
Ha ONTHYECKON OCH B IPOCTPAHCTBE HM300paKCHUM, PACIIOIOKEHHBIX HE
ommxke Touku B', Tak Kak ajs Ooyiee OJU3KUX TOYCK JEHCTBYIOMIEH Oymer
HE BCSl CBETOBAs IOBEPXHOCTh BBIXOIHOTO 3payKa, a TOJIbKO YacTh e€.

B cooTBetrcTBHM C puc.5.8 umeeM

2y’ _ ,CB

p'-pry Py

rIe D’CB — IMaMEeTpP BBIXOJAHOTO 3payKa.

ITpu sTOoM

!/ ! D(,
Py 2P —, o ;e
Dep+2y

O6o3naunm 2y =d . [Ipu sTom 2y = ;—d :

4
[lpu z' = p’'— ' nonyuaem

, ,fDC,D — . (5.51)
/' Dep+(p' = f')d
[Ipu p' =co:

pp=p

'

' ' (8/2)]

p B'(oo) 2 f .
d

(DOpMy.TIa Manxena-YukosieBa MOXKET 6BITB INpUMCHCHA M B TCX

ClIy4asix, KOrja BBIXOJAHOW 3pavyoK MMEET HE TOJIbKO (popMy Kpyra, HO H
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OoJiee CIOXKHYIO (opMy, HAlpUMEp, B MPOCKIIMOHHBIX CUCTEMAaX, KOrjaa
UCTOYHUK CBETa B BHUJAEC HHUTEW WIM CIOHUPAIHM JIaMIIbl HaKaJWBaHUSA
n300pakaeTcsi  KOHACHCOPOM B IUIOCKOCTh  BXOJHOTO  3padyka
MPOCKIIMOHHOTO 0OBEKTHBA.

[TonydeHHbIE COOTHOILEHHUS TO3BOJSIOT BECbMa IPOCTO OLEHUTh
3¢ (PEeKTUBHOCTh MPUMEHEHHMS]  ONTHUYECKOW CHUCTEMBI B  COCTaBe
OCBETUTEIBHOTO yCTpoicTBa. [1yCcTh HCTOUHUK M3ITyYEHUSI UMEET IJI0IIA b
dSixno ¥ Apkoctb L. Ero cuma csera [y, B HAlpaBICHUU HOPMAalld K

MMOBEPXHOCTHU OyJEeT paBHA

Tigo = LdSpyo -

B cootBercTBUM ¢ popmyoit (5.50) oceBas cuia cBeTa UCTOYHHKA B
COYETAaHUU C ONTUYECKOW CUCTEMOM paBHA

_ !

Iy =LSp

OTHoOlIEHHE paccMaTPUBAEMbIX BEJIWYMH CUJIBI CBETAa HA3bIBACTCS
KO2(POUIIMEHTOM yCUIICHUS ONITHYECKONW CHCTEMBI:

I !
m=—2 =12 (5.52)
Iino  dSgxo
Koadpdumument m  onpenenser "BbIMIpHINI B CUjie cBera',
o0ecrieYMBaeMblii MPUMEHEHUEM ONTUYECKON CUCTEMBI.
IIycte nuaMeTp BBIXOJHOTO 3payka ONTUYECKOM CUCTEMBI PABEH D'CB,

1
a JAUaMeTp MCTOYHMKA W3JIy4deHus paBeH d. Tak kak S’cB:ZanBa a

dSigre = ind ?, UMeeM

Ny
m= r[%@j : (5.53)
B HekoToOphIX cHcTeMax (Hampumep, B MpoXKeKTopax) KodhQuimeHt

ycuieHust m MoxeT gocturath Bennuunabl 10 000 u qaxe Ooiee.

5.6. CBeTOBOII MOTOK, MPOXOASINNHA 4Yepe3 ONTHYECKYI0 CHCTEMY OT
U3JIy4AKUmIero 3JIEeMEHTa IMOBEPXHOCTH, PAaCHOJIOKEHHOT0 BHeE
ONTHYECKOMN OCH

OnpenenuM  CBETOBOM MOTOK, MANAKOIMUKA HA DJIEMEHTAPHYIO
wiomaaky dS’° B IJIOCKOCTH H300paKEHUS ONTHYCCKOH CHCTEMBI,
cojepxairyro Touky A', pacloloKeHHYI0 BHE OITHYCCKOM OCH, Kak
nokazaHo Ha puc.5.9. Ilpeamnonoxum mpu 3TOM, YTO CBETOBOM MOTOK,
BBIXOJISIIIAM M3 CHCTEMBI, 3alOJHACT €€ BBIXOJHOM 3padyoK, MMEIOIIUN
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dbopmy Kpyra, U 4TO SIPKOCTh U3IYUEHHS B Ipejeinax BCEro IMydyka Jyden

ocTalTcs MOCTOSHHOW U paBHOM L'.

Pa300béM BBIXOJHON 3payoK CHCTEMBI Ha 3JICMCHTapHbIC KOJbIA
OCCKOHEYHO OJIM3KMMHU KOHIICHTPHUYCCKHUMH OKPYXXHOCTSIMH. Bbriennm
AIIEMEHT TUIomanu d%' OAHOTO W3 KOJIEll, OTPaHUYCHHBIN OKPYKHOCTSIMH,
pamuychl KOTOPHIX paBHBI 7 W 7' +dr', u yriom d¢ MexIy AByMs

MEPUIMOHATBHBIMHE TIOCKOCTSIMH, OJTHA M3 KOTOPBIX 00pa3yeT HEKOTOPHI
yros ¢ ¢ ochio Y. Ilnormiaas 3Toro sneMenTa 3pauka pasHa r'dr'do . llpu
u dsS’

Y

L] P %
/] A , &l v Y Z
\_r'cos

dzf
dar’ 7P A D
d B,
—W
B r'sin

X
Puc.5.9. OnpeneneHne cBETOBOIO NOTOKa, NagatloLLEero Ha afieMeHTapHYyo
nnowaaky dS’ B NNOCKOCTU U306PAKEHNS ONTUHECKON CUCTEMBI

3TOM CBETOBOW ITOTOK, MPOXOJAIIMHA Yepe3 3IIEMECHTapHYK CBETOBYIO
TpyOKy, 00pa30BaHHYIO ABYMs IUIOIIaAKaMu (ceueHusIMH) d' =r'dr'dp u

dS', paBen
' g 2( 1
dzq),:LdSrdrd(E)zcos (q,Z), (5.54)
q

rae ¢ —paccrosHue OT DJJIeMeHTa dX' Kolblla ¢ KOOPAMHATAMHU
('sing; ' cos@; 0) mo omementa dS' c¢ xoopmumatamu (0;)'; p'). B

COOTBETCTBHHU C pUC.5.9 nmeeM
cos(q’, Z)= E,;
q
2 12 ' ' 2 12 2
= +(y' —r'cos@Q) +r' " sin” o=
q*=p”+(y ?) ¢ (5.55)

=p 4+ +r"? =2ry cos.
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[Torok d®', npoxoxsmuii dYepe3 »diIeMeHT u3o0paxkeHus dS’,
HAXOJMM, BBITIOJHSAS WHTETPUPOBAHHME MO BCEW IUIOMIAAU BBIXOAHOTO
3pauka Kpyrioi ¢popmbl paauyca a':

a' 271
dd' = L'p'zdS'Ir'dr'I i 5
0 0 (p'2 +y - 2r'y’cosq))
[IpencraBuM 3TO BbIpa)KEHUE B BUJIE:

(5.56)

a 2n d(P
do' = L'p'zdS'Ir'dr'j 5
o(a+bcos)
[lepBoe uHTErpUpPOBaHKE BBHIIIOJHSIEM 110 (OPMYIIE
do - Asin@ LB J do ’
(a+bcosp)” a+bcose a-+bcos@
rne A= b uB=—"1 5 - [lpu oaTom

b* —a’ az—b

J < arct a- bt 1(p , IpH YCIIOBHUH, YTO a > b
a+bcosep 2t S\ Na+b®2 y : .

3aMeTuM, 4TO
2n

J- do :'T do +2f do
vatbcose ja+bcose a+bcos
.2 ng /a_—btgz(pJ

a? —b> a+b 2 .
2

= [arctgoo —arctg0+ arctg(— arctg(— OO)] =

. 2n
Kpowme Toro, 4 SInP =0. Torma
atbcoso|,
T do _a 2n 2ma
o(@a+bcose) a’-b* a2 —p? (az—b2>% '

[1pu 5TOM BhIpaxkenue (5.56) npuHUMAET BUJT
' (p12+rr2+yr2)rrdrr

dd =2nL'p"dS' | (5.57)

0 |:<p12 L2y yfz)z 4y

"
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JIist BBINOJTHEHUST WHTETPUPOBAHMS B BbIpakeHuHn (5.57) BBenEM
HOBYIO TepeMeHHyr o —yroia wmexay aydamu BA u  ByA,
IpOBEIEHHBIMM M3 TOYKH A K KOHI[AM JHaMeTpa B,B, 3j1eMEeHTapHOIO
KOJIbIIa B MEPUIMOHAIBLHOM TIOCKOCTH. Kak cienyert u3 puc.5.9,

o' =B —B,,

rae B, u B, — yrisl ¢ ocbto Y nyueit B4 u B,A4'.

! !

Tax xak g3, :%, a tgf3, :%, TO
y —-r y +r
' ’ ' ’ 12 -1 11
— +r =y + 2
tga,:tgﬁl ngzzp,y b Al Y R R A
1+1gPB,1gB, ye-r yo=r pr+y=r
1 12+ 12 a2
cosa':(1+tg20c') % = p Ty 7 =
\/(pr2 +yr2 _r12)2 +4pr2rr2
12 12 12
_ p_*ty —r _
\/(pr2+y!2+rr2)2_4r12(pf2+yr2+rr2)+4rr4+4p12rr2
~ p12+yr2_rr2 ~
\/(p12+y12+rr22)z_24rr2(rr2+pr2)+4rr2<rr2+pr2)_4y72r12

pr2+yr _rr

\/(prZ + yrZ + rf2)2 _4y!2r12
[IpoauddepennupyeM nocneaHee BoIpaKkeHUE:
. 2r'dr’
—sin ado = — : —
\/(prZ +y12 +I",2) _4£12r12

2pr2+y12+r12

12 1

r'—=8y"r
dr' =
b2

_(pfz " +r'2)
2[(}9'2 + " +r'2)2 —4y'2r'2}
o (p'2 £y )2 4122 +(p'2 I _rfzxpfz _ +r'2) _
3
(p'2 Ly )2 _4)/2’/2}4

pl2+yr2+rr2+pr2+y12_r12)_4yr2rr2

|:(p12 £y )2 —4y'2r'2}%

12 12 12
+y'+
— _2rfdr! (p y r
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22y r?)
|:(p'2 +y" +r'2)2 —4y'2r'2}%
Z(p’2 + "+ Xp’z +y'2)— 2y'2(p'2 + " +r'2)

[(p'2 + " +r'2)2 —4y'2r'2}%
Py’

[(pfz 7 _H/z)z _ 4y

= 2r'dr'

— _4p!2

Hrak,
pr2 +y12 +I/"2

[(pfz T _H/z)z 4y

ComnocraBuB BeipakeHus (5.57) u (5.58), nonyyaem

ap
Ao’ :% L'dS' [sina'da’, (5.59)
0

sino/do’ =4p'? r'dr'. (5.58)

J%

A€ O —Yrol MEXAy JIy4aMmH, BBIXO[AIIUMU U3 KpPaWHUX TOYEK

BBIXOJIHOTO 3payka, JIeKAIIUX B MEPUIUOHAIBHOW IUIOCKOCTH, U
nepeceKkammuxcs B Touke A B IUIOCKOCTH u300pakeHus. B pesynbrate

WHTErpUPOBaHUs B BhIpaxkeHuu (5.59) nomydaem

dod’ :%nL’dS'(l—cos oy )=nL'dS’sin’ %ao, (5.60)

pr2 + yr2 N ar2

\/(p/Z +y12 +a12)2 _4yr2ar2
3aMCTI/IM, qTO OJIsI TOUYKH A(,), paCHOHOH(CHHOﬁ Ha ONTHUYECKOU OCH

TJIe COSOl =

cucremsl, y' =0, a, caeI0BaTEILHO,

12 12
—da
COSQL, = M ITpu sTOM
p/2 +a12
1 12 +a12 12 +ar2 arZ .
AdD' = EnL’dS’ P > p,2 = nL’dS’ﬁ =nL'dS sin’ &',
P +a p +a

rae G — anepTypHBIA yrojl ONTHYECKOM CHCTEMBI B IMPOCTPAHCTBE
nzo0paxxenuit. B stom ciyuae dopmyna (5.60) ectecTBeHHBIM 00pa3zom
nepexoaut B hopmyiy (5.28).
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B peaibHO# ONTHYECKOH CHUCTEME BBIXOSINNN CBETOBOW MOTOK dd’
MEHBIIIE BXOAAmero moroka d® wu paBeH dO'=1dd, roe 1 -
KO3(PGUIIMEHT MPOMYCKAHUSI ONTUYECKON CUCTEMBI.

5.7. OcBelIéHHOCTH JJIeMEHTa HM300pa’KeHHsl, PACIOJIO)KEHHOI0 BHeE
ONTHYECKO O0CH CHCTEMbI

OcBelIEHHOCTh B HEKOTOPOU TOYKE, PACIIONIOKEHHON BHE ONTHYECKOM
OCH B IIOCKOCTU U300PaXKCHHUSI, OMPEACIIACTCS OTHOIICHHEM moToka dd’
K IUIOIIaJX dJIeMeHTa H300pakeHus dS’, coaepskaiiero 3Ty TOYKy. B
cooTBeTCTBUU C (hopMmyoii (5.60) 3T0 OTHOIIEHUE PABHO:

E= mL’sinZ%oc'o. (5.61)

ITomarast 3apHIOK0 anepTypy HAKIOHHOTO Iy4YKa Jy4Yeld CPABHUTEIBHO
Majiol, 4YTO  CHpaBEJIUBO  JUJIsi  MOAABISAIONIETO  OOJIBIIMHCTBA
npuUMeHsieMbIX cucteM, popmyny (5.61) mMoxxkHO TpeoOpa3zoBath K Ooiee

. .1,
yao0HOMY BUIy. JIeCTBUTENHHO, €CIIM BEIMYMHA smzoco CPaBHUTEIIBHO

HEBEJIMKA, TO MOYKHO MPUHSTh, YTO
.1, a'cosw
SIn 0Ly ~ — -

2 P'A
II¢ B COOTBETCTBHUM C pHC.5.9 P'A'—0Tpe3ok, COCAMHSIOMUN IIEHTP
BBIXOJIHOTO 3pauka P’ ¢ paccmarpuBaemoiri Toukod A'; a' —pamuyc
KPYTOBOTO CEUYCHHSI HAKJIOHHOTO ITydYKa JIydeH, CXOISIIUXCsA B Touke A,

INIOCKOCTBIO BBIXOJHOI'O 3padKa.

9

’

B  coorBercTBHM ¢  pucynkom P'A'= P -. Ilpm  orom
cosw
! ’ (l, 2
sin—0ly ® —COS™ W .
2 p

[locnenHee cOOTHOIIEHHE MO3BOJIAET BbhIpaxkeHue (5.61) npencraBuTh
B BHJIE:
arZ
E= mL’Tcos4 w. (5.62)
p

!

[Tomoxus B hopmyie (5.37) sinc’ = i, , TTIoJTy4aemM
p

12
a

Ey=ntl'—. (5.63)

N3 conocTasnenus cootHomenuit (5.62) u (5.63) cienyer, 4To
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E=E,cos*w. (5.64)
IIpu BbIBOsE (opmynbl (5.64) mnpennonaraioch, 4TO ONTHUYECKAas
cucremMa oOpa3yeT Oe3abeppallMOHHOE H300paKEHHUE TpeaMeTa W
anepTypHo pauadparmMel. B ciydae peanbHOM ONTHYECKOM CHCTEMBI
dbopmyiny (5.63) ynoOHO niepenucaTh B BUJIE:
' 12
ds, p'
a popmymy (5.62) ynoOHO MpeACTaBUTh B TAKOM BUJIE:
CD' ' ' 12
E= d , dS(Z = dS(: rnL'a—(’zcos4 w. (5.66)
dS, dS" dS p'
N3 conocrasnenus hopmyin (5.65) u (5.66) cnenyert, 4To
12 '
=2 5 dS(: E,cos*
a,” dS
Brnosnine oueBuaHO, 4YTO abeppalud B HM300paXKEHUU arepTypHOUN

nuadparmpl, 00pa30BAaHHOM CJEAYIOIIEH 3a HEM YacThl0 ONTUYECKOU
arZ S!
CHCTEMBI, OIPENCIAIOT HEPaBCHCTBO —-#1, a HEPaBeHCTBO ‘2
do
OTIPEJIEISAETCS JUCTOPCUEN B M300paKEHUH MPEIMETA.
Hazosém IPOU3BEICHUE paccMaTpuBaeMbIX OTHOILEHUN
abeppallMOHHBIM ko3 punreHTOM Pycunosa (koadpurmenTom

abeppaIOHHOT0 BHHLETHPOBAHHS) U 0003HAUNM ero uepe3 Psy(w'):

E, (5.65)

w. (5.67)

#1

12 '
a” dS
Py )= 0 5.68
[Tpu sToM popmymy (5.62) MOKHO MPEICTABUTH B BUJIE:
E = Pyy(W)E, cos* w'. (5.69)
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