[naBa 3

OCHOBbI TEOPUU I'EOMETPVI‘-IECKOI'Q NMNOCTPOEHUA
VI3OBPA)KEHVIF|UI'IPED,META CUCTEMOW OMNTUYECKUNX
NMOBEPXHOCTENW

3.1. [lapakcuajbHasi ONITHKA

TeopeTndeckre COOTHOLIEHHS], TOJYYEHHBIE B MPEANOI0KEHUN, YTO
JIy4u, TMPOXOJAIINE YEepe3 ONTHUYECKH  COMNPSHKEHHBIE TOYKH B
NpPOCTPAHCTBE  NPEAMETOB W M300paXEHUM,  pPACIOJIOKEHBl B
HETOCPEACTBEHHONW OJIM30CTH OT ONTHYECKOW OCH, IPHUHATO Ha3bIBaTh
napakCUalibHOMW ONTUKOW (OT rped. para — BO3je, MUMO, BHE U JIaT. axis —
och) wim ontukou ["aycca.

< ol »
- ! i B |

Puc.3.1. lNpenomneHue nyya oceBoro rny4vka Ha cpepuyeckon NoBepxHOCTU pasaena
ABYX OOHOPOAHbIX cpea

PaccMoTpum X0 syda yepe3 OJHY MPEIOMIISIONUIYH) IOBEPXHOCTh
chepuueckoil popMbl, LIEHTP KPUBU3HBI KOTOPOM pacronoxkeH B Touke C,
pas3eAIoNIyI0 OAHOPOIHBIC CPEbI C MOKA3aTeAMH MPETOMIICHHS N 1 N’
Kak TmokazaHo Ha pwuc.3.1. Crmemyer 3aMeTUTh, YTO B CIy4ae OIHOM
MPEJIOMIISIIONIECH TOBEPXHOCTH cdepudeckoil ¢opmbl Jro0as mpsmas,
npoBeACHHAs Yepe3 IEeHTp €€ KPUBHU3HBI, MOXKET ObITh MPUHSATA 32
ontuueckyro ochb. OnaHako, OyJeM cuMTaTh, YTO paccMaTpuBaeMas
MPEJIOMIIAIOIIAs  IOBEPXHOCTb  BXOJAWT B COCTaB  HEKOTOPOH
LHEHTPUPOBAHHOM CHUCTEMBbI ONTHYECKUX MOBEPXHOCTEH, 00J1aaolen
BIIOJIHE ONPEACIEHHBIM IIOJIOKEHUEM OINTHYECKOW OCH, TMO0J KOTOPOU
MOHUMAaeM JIMHUIO, MPOXOJAIIYK) Yepe3 UEHTPhl KPUBU3HBI BCEX
MOBEPXHOCTENU. TOUKYy TmepecedeHrs] NPEIOMISIOIECH MOBEPXHOCTH C
onTuuecko ochbio (Touky O) Ha3bIBaIOT BEPIIMHOW STON MOBEPXHOCTH.
Paccrosinue ot BepmmHbl O moBepxHOCTH 10 mHeHTpa C e€ KpUBU3HBI
paBHO paguycy I KpPUBHU3HBI NOBEPXHOCTH. ECIM UEHTp KPUBU3HBI
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MOBEPXHOCTU PACIOJIOKEH CHpaBa OT €€ BEPIIMHBI, TO BEJIMUMHA paanyca
CUHMTAETCS TOJIOKUTENBHOM, B IPOTUBHOM CJIydae — OTPULIATEIbHOM.

IIycTe B cpenie ¢ mokasaTesieM MPEJOMIICHUS N HAa ONTUYECKOM OCH
pacroioXeHa HeKoTopasi ceTsmascs Touka A. PaccmoTpum xop nyuda,
UCXOJAIIEro U3 TOYKA A IOJ YIJIOM —G K ONTHYECKOW OCH M MaJarolero
HA TPEJOMISIONIYI0 MOoBepxHOCTH B Touke N. Hopmanbio k
PEJIOMJISIIONICH TOBEPXHOCTH B TOYKE MAJICHUS JIydya CIYXUT TpsiMas
NC, a e€ HanpaBieHue OT TOYKH NaaeHus onpenensercs optom N. Opr
HOopMasii N HarpaBJieH U3 Cpelbl C MOKa3aTeseM NPeJoOMIIEHUS N B cpedy
¢ mokasareneM npenomicuus N'. Hampasienue siyda AN ompenensercs
optoM A. DTOT JIyd C HOpPMalbl0O K TMOBEPXHOCTH B TOYKE MaJCHUS
obpasyet yroj majaeHus —i. [Ipenmomnénnpiii B Touke N MOBEPXHOCTH JIyd
OPOXOTUT B Cpele C TIOKaszareslieM MpejoMiIeHuss N’ u  mepecekaeT
OITHYECKYIO OCh B Touke A’ moj yriioM o’ K Heil. Hampasinenue myua NA'
onpenensercs optoM A'. DTOT Jiyd ¢ HOPMAJIbIO K MMOBEPXHOCTH B TOYKE
najieHust 00pa3yeT yroJ npeiomieHus —i’.

Yron mameHus 1 OyaeM CUHWTATh TMIOJIOKHUTEIBHBIM, €CIIA IS
COBMENICHHUS OpTa A Majaromiero Jyda ¢ oproM Hopmanu N oprt A
CJIEAYyeT TMOBEPHYTh BOKPYI TOYKHM TMajJieHHs Jyda (BOKpyr Touku N )
IPOTUB YacCOBOM CTPENKH; B MPOTUBHOM Ciydae yrojl OyJeM CUMTaTh
OTPHUIATEIBHBIM. AHAJIOTHYHO YTOJI MPEIOMIICHHS Jiyda i’ OyaeM cuuTaTh
MOJIOXKHUTEIbHBIM, €CJIH TSI COBMEIIEHHsI opTa A’ TPeToMIIEHHOTO JIyYa C
oproMm HopMmanu N opT A’ HEOOXOAMMO MOBEPHYTh BOKPYT Touku N
IPOTHUB YaCOBOM CTPEJIKHU; B MPOTUBHOM CIIy4ae — OTPULATEIbHBIM.

[lonOXUTENBPHBIM  HANpPaBJICHUEM  ONTUYECKOW OCH  CHUCTEMBI
MMOBEPXHOCTEN MPUHATO CUUTATH HANPABIICHUE ClieBa Harpaso. [Ipu 3Tom
yroia G OyJeM CYUTaTh MOJIOKUTEIHHBIM, €CIIU JJIsl COBMEIIEHUS OpTa A C
ONTUYECKOW OChIO €ro CIeAyeT IMOBEPHYTh BOKPYI TOYKM A MpOTUB
4acOBOM CTpEJKM;, B MPOTHUBHOM CIIy4yae — OTPUIATEIbHBIM. AHAJIOTUYHO
yroia ¢ OyJaeM CUUTATh MOJOKHUTEIBHBIM, €CIIH JUIs COBMEIICHUs opTa A’
C ONTHYECKOW OCBIO €ro CIlIeAyeT MOBEPHYTh BOKPYT Touku A’ NpOTHB
YacOBOU CTPEJIKH, a €CIIU 110 YaCOBOM CTPEJIKE, TO OTPHULIATEIIbHBIM.

Oo6o3naunm otpe3kun OA=—-s u OA'=S', npu 3TOM HaYaIo0 OTPE3KOB
S u S’ OyJdeM cuMTaTh pacHojoKeHHBIM B BepiumHe O mpenomiisromei
noBepxHOCTU. B cooTBeTcTBHM C puc.3.1 nmeem

r _r-s r r-s

. . e . T

sinc  sini sing’  sini’

YuuteiBas 3akoH mnpenomsieHuss B dopme (2.46), u3 9ITHX
COOTHOUIECHUH MOJTy4aeM
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r—s’ B sini’ sinc _ Nsinc

= = . (3.1)
r-s sinl sing’ n'sinc
N3 touku N Ha oNTUYECKYI0 OCh omycTuM meprneHaukyssip NK =m.
Tornma B COOTBETCTBUM C PUCYHKOM UMEEM
m m

SING = — =— ,
NA  m2+(A-s)
. m
SiNG’ = —— =
A m2 (s -AY
IIpu sToM

sin o __\/m2+(s’—A ’
sing’\/m2 +(A—s)’

N3 pucyHka cinenyer, 4to A=1 —+ r* —m?. BrojHe 04eBHIHO, 4TO
limA=0.

m—0
Bynem cuutath, yTo B 001meM ciaydae otpe3ku S#0 u s'#0. Torma

limsinc=1limo =0, limsinc’'=limoc'=0.
m—0 m—0 m—0 m—0

[1pu 5TOM U3 COOTHOIICHUS (3 2) CIEeAyEeT, UTO

(3.2)

!

. SlnG m- + S — S
lim —— \/ =0
m—0 Sin G m—>0 \/m + A S) SO

[TonydeHHbI pe3yabTaT MO3BOJISIET COOTHOIIEHUE (3.2) MpeACTaBUTh
B BHJIC:
! !
, .
ITO COOTHOIIECHHUE JICTKO Hp606pa30BaTB K BUOAY:

n'(i, —lJ = n(i—lj. (3.4)
Sy I S I

B pesynbraTte mnomyuusnu (popMyny, HM3BECTHYIO T10JI Ha3BaHUEM
dbopmynel A6Oe, x0T oHa OblIa BeIBeeHa emé HbroToHOM.

®opwmyia (3.4) nosyyeHa B IPEAOIOKEHUH, YTO JIyY, BBIXOISIIHMI U3
OoceBOM ToukH A, mepecekaeT MPeIOMJISIONIYI0 MOBEPXHOCTh Ha BBICOTE
m — 0. Takoil Jy4 NMPUHATO Ha3bIBaTh MapakCHUaIbHBIM Jy4doM. BromiHe
OueBUJHO, 4yTO Tmpu d3ToM ¢dopmyna (3.4) copaBemiauBa st JIFOOOM
MPETOMIISIIONIEH MOBEPXHOCTH BpalleHus Hechepuueckod (HopMbl, eciau
panuyc KpUBU3HBI B BEPUIMHE MOBEPXHOCTH I, # 0.

(3.3)
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Ecnu oceBast Touka npeaMeTa pacrnonokeHa Ha OECKOHEYHO OONIbIIOM
paccTosHUU OT BepmiMHbl O NPEeIOMISIONEH IOBEPXHOCTH, T.€. €CIIU
Sy =%, TO oOceBas TOYKa WH300paxkeHus A, 3aiiMér moNOXKEHHE,

Ha3bIBaCMOE 3aJIHUM (POKYCOM MOBEPXHOCTH U 0003HaYaemoe uepes F;, a
OTpEe30K S, Ha3pIBaeMbId 3aaHUM (OKycHBIM paccrosiHuem f;, B
COOTBETCTBHUU C (hopmyJioit (3.4) onmpeaennuTcs COOTHOIICHUEM
n'r
n—n

BrionHe o4eBWAHO, 4TO TpH S) =00 Touka A, 3aiiMET MOJIOKECHUE
nepennero ¢okyca F,, mpu stom mnepeanee ¢okycHoe paccrosHue f
OTIPEJICTUTCS] COOTHOIIICHUEM

!

O:

(3.5)

fy=—— (3.6)
n—n

N3 Beipaxenuii (3.5) u (3.6) cienyer, 4To

fo__m 3.7)

f, n

3.2. OnTukKa HyJIeBbIX JIy4eil

Boccranopum B BepuinHe O mpenoMIISIONIE  TOBEPXHOCTH
NEPIECHINUKYJISIp K ONTHYeCcKoW ocu. Ha 3sTtoM nepneHmukyisipe, Ha
POU3BOJIBHOM PACCTOSIHUM OT ONTHYECKOW OCH, paBHOM h, 0003HAUYMM
touky P. IIpoBeném u3 Toukn P B Toukm A, m A) JHHHH, KOTOPBIE C

ONTHUYECKOH OChI0 00Pa3yrloT yriibl —ol M o, KaK MOKa3aHo Ha puc.3.2,
npu 3ToM otpe3ku OA; u OAj COOTBETCTBEHHO PaBHBI — S, H S .
[lepenumem dhopmyiy (3.4) B Buze:
n n_n-n

S So r

\

<
«

Puc.3.2. lNocTpoeHune xoga HyneBoro ny4a
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YMHOXHUM JIEBYIO U TpaByr 4YacTu 3Tod (opmynel Ha h. Torma B
COOTBETCTBUHU C pHUC.3.2 MOTyYaeMm

N'tgo —ntgo = h-—" (3.8)
r

rae tgo =£, tga =£

So S0
B BbIUMCANTENHLHOM MPAKTUKE TAHTEHCHI YIJIOB 0003HAYAIOT MPOCTO
yriaMu. [Ipu 3TOM norydeHHOE BBIPAKEHHUE MOKHO IPEICTABUTH B BUJIC
PEKYpPPEHTHOM (POPMYIIBI IS | -0i MPETOMIISIONICH MOBEPXHOCTH:
n

n: . —n.
Ny — oy =hy % (3.9)

Ora ¢opmyna cHopaBeqMBa I8 JIFOOOM — MPEIOMIISIONIEH
HOBEPXHOCTH, TIPH 3TOM IS |+ 1 TTOBEPXHOCTH UMEEM

rae d; — paccTossHIE MEXIy BepIIMHAMH | -0H | |+ 1-0if MOBEepXHOCTEH.

i+1 +1

I11oCKOCTh, MEPNEHAUKYIAPHYK) ONTHYECKOM OCH U MNPOXOIALILYHO
yepe3 BEPIIMHY IOBEPXHOCTH OyJEeM Ha3blBaTh TJIABHOM IIOCKOCTBIO
npenomisitomied  nmosepxHoctH. Jlmamio  AjHA) Ha3pIBalOT TEpBHIM

HyJIeBBIM JydoM. [lo cyTu nena mpaBuibHee ObUIO OBl HA3BIBATH ITOT JIYY
oceBbIM PUKTUBHBIM (Pp. fictive < naT. fictio — BBIMBICEN) Ty4OM.

B miockoctH, NMEpneHIUKYJISIPHOM ONTHYECKOW OCHU M MPOXOJISIIEN
gyepe3 TOUKy A, T.€. B IJIOCKOCTU MPEIMETa, OTIOXKNAM 0Tpe3ok AjA=—I,
KaK IMoKa3aHo Ha puc.3.2. Jlyu, BeIXOASIIMI M3 TOYKH A mnpeaMera,

IMPOXOJUT dYepe3 IEHTP KPHUBU3HBI MPEIOMIISIONICH MOBEPXHOCTH 0Oe3
W3MEHEHHS HAMPABJICHUS U MEPECEKAET MIIOCKOCTh M300PaKEHUSI B TOUKE

A’ na paccrosanu A)A'=1" ot ontuueckoii ocu. IIpu 3TOM MOTNEpeyHOE
YBEIINYEHHE U300pakeHus, 00pa30BaHHOTO MPETOMIISIIOLIEH
MOBEPXHOCTHIO, ONPEEISIETCS OTHOIICHUEM
" sy—r
Vy=—="2—, (3.11)
e |

CorocTaBuB JIEBYI0O W TMPABYH YacTH COOTBETCTBEHHO BBIpaKCHHUI
(3.3) u (3.11), nomyyaem

n !/
Vo= (3.12)
n's,
Sy hsy «a y
Ho —=—=— Torna u3 Beipaxenuii (3.11) u (3.12) cnenyer, uro
sy, hs, «a
nlo =n'l'a’.
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BriosiHe 04€BUIIHO, YTO 3TO BBIPAKEHUE CIPABEIJIMBO JJIsI OO0
MPOU3BOJBHON  MMOCJIENOBATEIBHOCTA MPEIOMISIOIINX TOBEPXHOCTEU
BpAILICHUS. 3aNIMCAHHOE B BUJIC:

il =Nl o (3.13)
3TO BBIPAKEHUE HA3bIBACTCS MHBapuaHTOM Jlarpanxka-I enmpmroinbua.

PaCCMOTpI/IM IMPUMCHCHHC IT0JIYUYCHHBIX COOTHOILICHUH AJIsL pCHICHUA
YaCTHBIX 3a144a4.

3.3. KapauHajbHble TOYKH ONITHYECKON CHCTEMbI

Ontrueckyro cucreMy u3 K chepuyecKkux  MPeTOMIISIONTNX
MOBEPXHOCTEN MPUHSITO 3alUCHIBATh B BUJIE:

n, =

n=
rz -
-1 =

dey= Ny =
he = Ny =
N3 dhopmynet (3.9) cnenyert, 4To

n: n. . —n:

(Xi+1 =—1 Oti + hl 0 . (314)

Niyy M1l

Ilycte paccrossHuE OT BEpLUIMHBI IIEPBOM ITIOBEPXHOCTU 1O OCEBOM
TOYKH TpeaMeTa paBHO S;. Torma Beicota h, = S,0,. BeiOpaB mpon3BoiIbHO

3HadYeHWe yriaa o, (wim BBICOTHI N) m moacraBuB B ¢opmyry (3.14),

HaxXo0AHUM 3HA4YCHUC yIJia A, :
n N, —nN
n, nn

3aTeM HaxOAWUM BBICOTY HYJEBOTO Jyda Ha IJIABHOM IIJIOCKOCTH
BTOPOU MOBEPXHOCTH:

h, =h, —a,d,.

[Tomy4eHHBIC 3HAYCHNUS YTIIA O, ¥ BBICOTHI N, MO3BOJSIOT BHIYMCINTD
3Ha4YeHHs yriia o, W BBICOTHI h,. TIpomorkas momoOHbBIE BBIYHCICHUS,
HaXxoJUM BBICOTY N, Ha TIJaBHOH IUIOCKOCTH MOCHEOHEH B cUCTeMe
MIOBEPXHOCTH M yroyl o, ,,. IlomoxxeHne wu300paskeHUs, 0OpPa30BaHHOTO
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paccMaTpUBaeMOM ONTHYECKON CHCTEMOM, ONMPEIeUTCS pacCTosHUueM S’
OT BEepIIMHEI K -0l TIOBEPXHOCTH JI0 TOYKU TEPECEUEHUs] HYJIEBOTO Jyda C
ONTUYECKOU OChIO, PABHBIM

g =

Oy
3 HHBapHaHTa (3.13) CIICayCT, 4YTO IIOIICPCUYHOC YBCIUUYCHHUC
I/1306pa)KeHI/I$I, 06pa30BaHHOPO CHUCTEMOHN OINTHYECKUX HOBerHOCTeﬁ,
paBHO

V. = b Moy

L Moy
Takum 00pa3oM, MpU HU3BECTHBIX 3HAYEHUSX PATUYCOB KPUBU3HBI
ONTUYECKON CUCTEMBbI, PACCTOAHUN MEXIY BEPIIMHAMHU IMOBEPXHOCTEU M
IOKa3aTeaerd MPEeIOMIICHUS Pa3ACiseMbIX IMOBEPXHOCTAMU CpEl pPacyer
MEepPBOTO HYJIEBOro (0CEBOTO (MKTHUBHOIO) Jiyda TO3BOJISIET ONMPEACIUTD
MOJIO’KEHUE N300PAKEHUS U €ro MOMEPEUYHOE YBEIMUCHHE.

1-51 OBEPXHOCTh H'

k-s1 HOBEpXHOCTH

*
A
/

A
Y

Puc.3.3. KapanHanbHble TOYKM ONTUYECKON CUCTEMBI
Ecnau mpeamer pacnonokeH Ha 0€CKOHEYHO OOJIBIITIOM PACCTOSHUM OT
ONITUYECKOU CUCTEMBI, TO B 3TOM ciaydae yroa o, =0. BriOpaB npu 3ToM
JI000€ 3HAYECHUE BBHICOTHI hl, B pe3yJibTare pacu€ra X0Ja HYJIEBOTO Jiy4ya
HaxXO0JHUM BBICOTY hk HA TJIABHOM IUIOCKOCTH TOCJIEAHEN TOBEPXHOCTH U
NOCJIEIHAU YIOJI Ol ,,, 00pa30BaHHBIM HYJIEBBIM JYy4OM C OCbIO, Kak

nokazaHo Ha puc.3.3. Touka mnepecedyeHus Jiydya C OCBIO OIPEACISIET
MOJIOKEHUE HW300pakKeHUs1 OECKOHEYHO YJaJEHHONM OCEBOM TOYKH H
HasbIBaeTCsA 3aaHUM (okycom F' onTudueckoit cuctemsl. IlnockocTs,
HEPICHIUKYJIAPHAS K ONTHYSCKONH OCH M MpOBeACHHAs yepe3 Toduky F',
Ha3bIBAaCTCA 3aHel (oKaabHON II0cKoCcThIO. [lomokenue ¢okyca F'
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OTHOCUTEJIBHO TOCJEIHENH MOBEPXHOCTH CHUCTEMBI OMPEACIISICTCS 3aHUM
(OKaNTBEHBIM OTPE3KOM St/, B COOTBETCTBHU C PHC.3.3 paBHBIM:

S _fe (3.15)

Oy 11
[Tnockocth H', HOpMaibHast K ONTHYECKOM OCH U COJepKaIlas TOUKY
MEPECEUYEHUs] MAJAIOMIEr0 Jy4a C MPOJOJDKEHHEM  BBIXOJAIIETO,
HAa3bIBAECTCA 3aJHEW TJIaBHOM IUIOCKOCTBIO; TOYKA IEPECEUYEHHUS TIIABHOU
TUIOCKOCTH C ONTHYECKOW OChI0 (Touka B') HaspIBaeTcs 3ajHel TiaBHOU
Toukoil. [Ipu aTOM 3a7HEe POKYCHOE PacCCTOSTHUE, PABHOE PACCTOSIHUIO OT
3aJIHEH TJIaBHOM TOYKH JI0 33JIHETO (DOKyca ONMpeIeIeTCsl COOTHOIICHUEM:

o (3.16)

g1
Ilpy HEKOTOPOM TOJOKEHUM OCEBOW TOYKM Mmpeamera €€
n300pakeHne, OO0pa30BaHHOE ONTHYECKOM CHCTEMOW, PacloJIOKEHO Ha
OECKOHEUHO OOJIBIIOM pACCTOSIHUU. JTa TOouka F Ha3bIBaeTcs mepeHuM
(OKyCOM ONTUYECKON CUCTEMBI, a MJIOCKOCTh, HOPMaJbHAsl K ONTHYECKON
OCH W TMpOXOJdllas depe3 MepeaHud (POKyC, Ha3bIBaeTCsl MepeaHen
dokanpHOM MIIOCKOCTHIO. [lonoxenue nepenHero ¢okyca OTHOCHUTEIHHO
BEpPUIMHBI TIEPBON IMOBEPXHOCTH ONpENesieTcd NepeaHUM (POoKaIbHBIM

OTPE3KOM Sp .

[Tnockocte H , HOpManpHas K ONTUYECKOW OCH M COIEPIKAILAA TOUYKY
IIEpECEUECHHs] IIPOJOJDKECHUS JIyda, IPOXOAIIEro uepe3 nepeaHuil Gokyc
F onTHyeckoi cuCTEMBI, ¢ IPOJOJDKEHUEM BBIXOAAMIETO M3 ONTHYECKON
CUCTEMBI JIy4a Ipu oy, = 0, Ha3bIBaeTCs MEepEAHEN TTIaBHOM IIIOCKOCTHIO,

a TOYKa MEPECEYCHUS MEPEAHEN TJIAaBHOW IIOCKOCTU C ONTHUYECKOW OCBIO
(touka B) Ha3pIBaeTcs mepenHe TriaaBHOM Touykou. PacctositHue oOT
nepeHel TJIaBHOM TOYKM J0 TepeaHero (okyca Ha3bIBaeTCs IMEPEIHUM
dbokycHbIM paccTosiHueM. Ilepennee (okycHoe paccTOsHUE U TEpeIHUN
(bOKAIBHBIN OTPE30K MOXKHO BBIUUCIUTH B pe3ysibTaTe pacuéTa 0OpaTHOIO
X0Ja HYJEBOIO Jy4a.

I'naBusie Toukn B wm B’ w dokycst F u F' HaswsBaroTcs
KapIMHATbHBIMU TOYKaMH ONTUYECKOW CHCTEMBI.

3.4. 'eomeTpuuyeckoe TMOCTPOeHHE HU300paKeHUsT W  OCHOBHbIE
onTu4yeckue (popmMy.Jibl

O6patumcss  k puc.3.4, Ha KOTOpPOM OINTHYECKas CHUCTEMa
npeaCcTaBlicHa TIJIaBHBIMU IiockocTsMd H um H' u, coorBercTBeHHO,
riaBHBIMU Toukamu B u B', u ompezneneno momoxenne pokycoB F u F'.
KpoMe Toro, Ha pHCyHKE MOKa3aHO HEKOTOPOE IOJOXKEHUE MpeaMeTa
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| = AyA. Tpebyercst mocTpouts n300paxkeHue 3Toro npeamera. Jist atoro

JOCTaTOYHO MOCTPOUTH M300paxkenne A’ omHO#M muib Toukd A. OnyCTHB
13 TOYKd A’ TEepreHIUKYIIAP Ha ONTUYECKYIO OCh, OJIYYHM H300pakeHHEe

AyA’" Bcero otpeska AyA.
H H’

A

A
Y

a

A

<
-

Puc.3.4. l'eomeTpunyeckoe NocTpoeHne n3obpaxxeHus

UtoObl HaWTU HM300pakeHUE TOUYKU A, JOCTATOYHO OMPEACTUTH X0l
JBYX JIy4eMl, UCXOASIIUX U3 TOUYKH A, U HAlTH TOYKY MX MEpPEceYeHUs B
MPOCTPAHCTBE M300pakeHui. OAWH Jyd, HUCXOISIIMHA U3 TOYKH A,
HalpaBUM MapajuieibHO onTudyecko ocu. Ilpu 3TOM BBIXOAAIIUA U3
ONTUYECKON CHCTEMBI JIyd JIOJDKEH NMPOWTH 4epe3 3aaHuii ¢pokyc F' wu
mepecedbcss C Jy4oM MajalolMM B TO4Yke P Ha 3aaHeil riaBHOM

wIockocTH Ha paccrosiauu B'P=1 or ontuueckoit ocu. Takum o6paszom,
nonoxxenue nyda PF’ onpeneneno.

Bropoit ny4, ucxoasiimuii u3 Touku A, HampaBuUM B NiepeaHuit GhokKyc
F onTuyeckoi cucTemMbl. TOT Jdy4 JIOJKEH MEPECEUbCs C BBIXOALIUM U3
ONTUYECKOM CUCTEMBI MMAPAJVIEIBHO €€ ONTUYECKOM OCH JIy4OM B TOuke P,

Ha TepenHel TJIaBHOHM IUIockocTH Ha paccrosuuu BP, =—I" ot Heé.
[Toctpoennbie B mpoctpancTBe wu300pakennid nyun PF' u PA

nepecekarorcss B Touke A, KoOTOpas, CJIeJ0BaTelbHO, ONTHYECCKH
conpsbkeHa, ¢ Toukod A. Ilepmenmukynsp A'A), OIyIIEHHBI Ha

ONTHYECKYIO OCh U3 Touku A’, ompenenser uzoopaxeHue orpeska AjA.

JInsg  ToJydYeHHS ~ OCHOBHBIX  QHAJUTHYCCKUX  COOTHOILICHUH,
HEOOXOJAMMBIX B IPAKTHKE pacyéTa ONTHYCCKUX CUCTEM, 0OpATUMCS BHOBb
Kk puc.3.4. Ha pucynke BBenensl oGosnauenus: |=A)A, I'=-AjA’,

f =-BF, '=B'F'. B onrdke MNOpPUHATO CYATaTh, YTO CBET
pacmpocTpaHseTcs clieBa HampaBo. J[JIs OTpe3KOB, IleXKalluxX Ha
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ONTUYECKOW OCH, TMPUHATO CIEAYIOIIee TMPaBWIO 3HAKOB: €CIU
HaIpaBJICHUE OTCYETAa OTPE3Ka COBIAJAET C HAMNPABICHUEM JIBUKCHUS
cBeTa (ClieBa HampaBoO), OTPE30K CUMUTACTCS IIOJOKHUTEIbHBIM, B
MPOTUBHOM CIIy4ae — OTPUIIATEIIbHBIM.

JIJ1st OTpe3KOB, MEPIEHIUKYISIPHBIX K ONTUYECKOW OCH, OJUH KOHEIl
KOTOPBIX JICKUT Ha OCH, JCUCTBYET CJIEAYIOIIEe MPaBUIIO 3HAKOB: E€CIIH
OTPE30K JIEKUT BBILIE OCH, OH IOJIOKUTENEH (Hanpumep, otpe3ok A A), B

MPOTUBHOM CJIydya€ OH CUMTAETCsl OTPUIATENIbHBIM (HampuMep, OTPE30K
AA)

Jlns moclienyromero BbIBOJIa HEOOXOJIUMBIX COOTHOIIEHUN BBEAEM
OTPE3KM Ha ONTHYECKOW OCH, Hayayla KOTOPBIX Jekar B Toukax F u F', a
KOHIIBI — B ONITHYECKH COMPSDKEHHBIX TOYKax A, M A) COOTBETCTBEHHO:

—-z=FA, u 7'=F'A). U3 mnomobus tpeyroipuukoB FA,A u FBP,
TOJIyYaeM:
" —f
| -z’
Orciofa cheayer, 4ro MONEePEeYHOE YBEINYCHHE H300paKeHUs,
00pa30BAHHOT'O ONTUYECKOW CUCTEMOM, PaBHO

(3.17)

\Y zl—z—i. (3.18)
I Z

W13 nmono6bus tpeyronsaukoB FAJA" n F'B'R' momy4yaem

1" 7

—=— 3.19
I f ' ( )

B sTOM ciydae nomepedHoe yBeIMUCHUE H300paKCHUS PABHO

v :'T:_%_ (3.20)

[IpupaBHuBas npasbie yacTu cootHoueHui (3.18) u (3.20), momyyaem
dbopmyny HeroToHa B BHjE:

77" = ff'. (3.21)

3aMeTuM, YTO TMOJIOKEHUE TJIaBHOM Touku B B omTuueckol cucreme
ompenensiercs orpeskoM Z =—f . [Ipu 3TOM B cOOTBETCTBUU C (HOPMYJIIOH
Herotona otpe3ok z'=—f', 94TO COOTBETCTBYET IOJIOKEHHUIO TJIABHOM

Toukd B', T.e. 3amHAA TNaBHAas IUIOCKOCTH SIBISACTCS HM300pa’keHUEM
nepeHeil TIaBHOM IUIOCKOCTH M, clieJoBaTenbHo, Toukd P, u B u P, u

P, SIBJISIFOTCSI ONMTHYECKH COMpPsKEHHBIMU. Kpome TOro, Kak ClienyeTr u3
Beipakennit (3.18) um (3.20), npu z=-f wu z'=—f' mnomepeunoe

Y X
YBCJINYCHUC B I/1306pa)KCHI/II/I IJIaBHBIX IUIOCKOCTEH V, = . Takum
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00pa3oM, MPOM3BEACHHUE OTPE3KOB Z W Z' ISl ONTHUYECKOW CHCTEMBI
TIOCTOSTHHO M PaBHO MPOU3BEICHHIO €€ POKYCHBIX PACCTOSMHUIA.
Beeném otpeskm —a=BA, m a'=B’A). Hayano stux orpe3koB

CuMTaeM JieKalnMMu B Toukax B u B’'. B cooTBercTBHHM C pHUCYHKOM
NMEEM

z=a-f, }
(3.22)

z’=a - f'

[ToxcTaBuB 3TH 3HaveHus BenuuuH Z U Z' B (opmyny HproToHa,
[10JIyYaeM

fa+ fa’'=aa’.

HOI[GJ'II/IB 9TO BBIpa)KCHI/Ie ITIOYJICHHO Ha aa' ) l'IpI/IBOI[I/IM CIro K BI/II[YZ

frf

— +—=1. (3.23)
a’ a

Oty Qopmyny HazbpiBaloT (OPMYJION OTPE3KOB WM ONTHYECKOM
bopmyIIOH.

Hcnons3ys paBeHcTBa (3.22), HAXOUM:

a_t+z (3.24)
a f+z
N3 popmymst (3.21) cnenyet, uTo
,

-
[ToxcTaBuB 370 3HaueHue z' B BeIpakeHue (3.24), moiaydaem
a' f'z+f f'

/

z

2 _ =, (3.25)
a zf+z z

B cootBercTBUM ¢ popMmynoii HeroToHa nMeeM:

r_z (3.26)
z f

IIpu 3TOM

a_t_z (3.27)
a z f

f

VYMHOXHMB ATH COOTHONICHMS Ha —? U YUYUTbIBAA COOTHOIICHUA

(3.18) u (3.20), nonydaem

fa
Vo =—7-—. 3.28
0= T, (3.28)
3amMeTuM, 4To a_ ha' = &'_ [Ipu a3TOM
a ha «
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!
VAL AL (3.29)
I f' o
Ortcroza cieayer, 4To
fal =—fa'l’. (3.30)
IIpumennB wuHBapuanT Jlarpawxa-I'ensMronsina B ¢opme (3.13)
MOCJICAOBATEIBHO KO BCEM IMOBEPXHOCTIM CHCTEMBI, IOJTydaeM

noyly =N oealicn
WITH
nal=n'a'l’. (3.31)
ComnocraBus cootHomenus (3.29) u (3.30), umeem
r_.r (3.32)
f n

Takum oOpa3zoM, sl ONTHYECKON CHUCTEMBI B BO3JyXe, T.€. IpHU
n=n'=1, popmyisi (3.21), (3.23) u (3.29) npuHUMAIOT BH/I;

27/ = —f" (3.33)
%-é:—, (3.34)
Vy == (3.35)
0
h

YmuoxuB hopmyny orpe3koB (3.34) Ha h m yuutsiBas, uTo 2 =a,a

!
— =a', momy4aem
a

o'—a=ho, (3.36)

Tac ¢ — ONTHUYCCKAasA Cujia CUCTCMBI HOBerHOCTCﬁ, IIpU 3TOM ¢ = ? .
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