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BBepeHue

Hucuunnuaa  «OCHOBBI  ONTHKW»  MOCBSIIEHA  M3YYECHHUIO  3aKOHOB
pacrpocTpaHeHus U MPeoOpa3oBaHusi CBETOBOTO MOJS, TO €CTh 3JIEKTPOMArHUTHOTO
MOJIsl B ONTUYECKOM JIMana3oHe 4acToT. « OCHOBBI ONTUKW» OXBATHIBAIOT HACTOJIBKO
OOIIUpHBIA W TIYyOOKHH TO COJAEpP)KAHUID MaTepuall, YTO MO MPaBy CUUTAKOTCA
byHIaMEHTaIbHON  JTUCIUIUIMHOMW, SBJSIOMICHCS HEOThEMJIEMOM KOMIIOHEHTOM
ONITUYECKOT0 0Opa3OBaHUSI.

N3yyeHne Bcex BONMPOCOB HAAHHOM JIWUCUUILUIMHBI BAXXHO KAaK I YCBOCHUS
0a30BBIX TIOHATHH, AaKTHUBHO MCIIOJIB3YEMBIX B JpyruX OoJyiee CHelualbHBIX
JUCUUIUIMHAX, TaK W I MOJyYEHUs AOCTATOYHO MOJHOIO MPEACTaBICHUS 00
OCHOBHBIX HAYYHBIX KOHIETIUIX COBPEMEHHOM ONTHUKHU.

Bes muctunimba «OCHOBBI ONTHUKW» COCTOUT M3 JABYX OOJIBIIMX YacTed —
reoMeTpu4eckod W  (PU3MYECKOW ONTUKH. B JaHHOM KOHCHEKTE JICKIIHi
paccMaTpUBAETCsl TE€OMETPUYECKAsE ONTHKA — HAyKa O 3aKOHAX pPacupOCTPaHEHHUS
CBETa B OINTHUYECKUX CHUCTeMax U (POPMHUPOBAHMM ONTHUUYECKOTO H300paKEHHUS.
N3noxenne Marepuasnia 0Oa3upyeTcs Ha KIACCUYECKOM BJIEKTPOAUHAMHUKE U
ypaBHeHUsiX MakcBemna. B maHHOM mocoOuu paccMaTpuBarOTCs TOJIBKO JIMHEWHbBIE
SABJICHUS B OIITHUKE, a4 B3aUMOJEHUCTBHUE CBETA C MPEIATCTBUAMU PACCMATPUBAETCS
TOJIKO B BUJE aMIUIUTYJHO-(a30BbIX MpEBpalllcHUI. fIBieHus nepexoia OIHOTO
BUJIa DHEPruM B Jpyrod oOCYKAAlOTCs JHIIL B CBA3M C pErucTpanuei
MHTEHCUBHOCTH CBETa. KBaHTOBOMEXaHMYECKUE  SIBJICHUS  TakKXkKe  HE
paccMaTpuBaroTCs, a JU(PpPaKUMOHHBIE TPOILECChl  H3JAralOTCd B paMKax
KJaccuyeckoi Teopuu audpakuuu Penes-3ommepdenba.

B nmepBoit wactu mocobus (rimaBel 1 — 6) paccMaTpuBarOTCS OCHOBHBIE CBOMCTBA
CBETOBBIX IOJIEH U UX MAaTEMaTUYECKOE ONMMUCAHUE, A TAKKE ITOHSITUSI CBETOBBIX BOJIH,
CBETOBBIX JIyde€W W IMY4YKOB. M3maraercss Teopusi HWII€albHBIX ONTUYECKUX CUCTEM B
KJIACCUYECKON U MaTpU4IHOM (hopMme.

B rmaBe 1 paccmarpuBaeTcs BBIBOJ BOJIHOBOTO YPAaBHEHHUS JJIsI KOMIUIEKCHOM
aMIUTUTYJIBI TIOJISL — ypaBHEHHsS ['enbMronena, a B riiaBe 4 — BBIBOJI OCHOBHOTO
YPABHEHUS T€OMETPUUECKON ONITUKH — YPABHEHUS SUKOHAJIA.

B riaBe 2 paccMaTtpuBarOTCA I3HEPrETUUECKUE XAPAKTEPUCTUKU CBETOBOTO MOJIS,
KOTOpBIE pa3AeIIIOTCsl HA COOCTBEHHO SHEPTETUYECKUE U CBETOBBIE.

3aKOHBI T€OMETPUYECKON ONTHKH, pacCMaTpUBAEMbIEC B IiaBe 4, BHITEKAIOT U3
OCHOBHOTO TOJIOKEHUSI 3TOW JUCHUIUIMHBI — MPUOJIMKEHUS KOPOTKUX JJIMH BOJIH,
Ipyd KOTOPOM JIJIMHA BOJIHBI CUMTAETCS MPEHEOPEKUMO MAJIOW BEJIWYMHOU IO

CPaBHCHHUIO C HCOAJHOPOIHOCTAMMU CPCAbI U CaAMOI'O I10JIA. BonHOBBIC CBOMCTBA CBETA
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YUUTBIBAIOTCS TOJBKO B 00JIacTU (POKYCOB IMYYKOB JIyuyeH, a TakkKe MpPU OMUCAHUU
MIPOXOXKIEHUS CBETA YEPE3 FPAHUILy ABYX cpell (Ti1aBa 3).

Teopusi uIeaNbHBIX ONTHUYECKUX CHUCTEM (rjaBa S5) HW3JIaraercsi BHadajle B
kiaccuueckoi ¢opme Hprorona-I'aycca, a 3aTemM C HCMOIb30BAHHEM MATPUYHOTO
anmapatra M COOTBETCTBYIOIIMX TOHSTHM MaTpull MpeoOpa3oBaHHs KOOPAMHAT
HYJIEBBIX Jy4el (Ti1aBa 6).

Bropas yacth mocobus (riaaBel 7 — 9) MOCBsIIEHAa OCHOBAM TEOPUU 00pa30BaHUS
M300paKEHUSI B PEAIbHBIX ONTHUYECKUX CUCTEeMax. Teopusl peasibHbIX ONTHYECKUX
CHUCTEM OXBaThIBACT TOHSTHUE PEAIBbHBIX JIyded, OrpaHUYCHUE IMYYKOB JIy4ell B
ONTUYECKUX CHUCTEMAX, CUCTEMY OOOOMIEHHBIX (KAHOHMUYECKUX) XapaKTEPUCTHUK
(rmaBa 7), a Takxe abOeppauuu, MX TUIB W Topsakud (riaBa 8). B rmaBe 9
pacCMaTpUBAIOTCS  KPUTEPUM W XapaKTEPUCTUKM  KadyecTBa  HU300pa’KeHUS
0e3a0eppallMOHHBIX ONTUYECKUX CHUCTEM, TEOPETHYECKHE TMpEIEibl pa3pelieHus,
BIMsIHUE abeppaluii Ha XapaKTepUCTUKU KayecTBa U pa3pellieHre, a TaKKe MOHSITHE
TU(PaKIMOHHO-OTPAHUYCHHBIX UM TE€OMETPUYECKU-OTPAHUYEHHBIX  ONTUYECKHUX
CUCTEM.

1. OnucaHue cBeTOBbIX BOJIH

1.1. OcHOB8HbIe ceolicmea ceemoeabix rnoJsieu

CBETOBBIM IIOJIEM  HA3BIBAIOT QJICKTPOMArduTHOSC 1II0JIC B OINTHYECCKOM

auana3zoHe d4actor. OnrThyeckue YacTOThl YPE3BBIYAWHO BEJIWKU (MOpsAIKa
14 1
10" —10"I'y ), a pa3sHOCTB 4ACTOT Mek/y IPAaHULIAMHI ONTHYECKOrO JMANA30HA OUEHb

Maja M0 CPaBHEHHUIO ¢ MX BEJIIMYMHAMU, MOATOMY IMPUHATO U3MEPSTh ONTHUECKUI
auana3oH B aiuHax BodH. Crenuduka ONTUYECKOTO Juara3oHa 3aKI0YaeTcs B €ro
JIBYX TJIABHBIX OCOOCHHOCTSIX:

® B OIITUYCCKOM AHUAITIA30HC BBITIOJIHAKOTCA 3aKOHBI FGOMeTpI/I‘IeCKOI\/’I OIITHUKH,

® B ONTHUYECKOM JIMATNAa30HE CBET OYEHB CJIa00 B3aMMOJIEHCTBYET C BEIIECTBOM.

Jist yactor, Oojiee HU3KMX, Y€M YacTOThl ONTHYECKOrO JIUANa3oOHa, HEJb3s
MOCTPOUTHh ONTHYECKUE CHCTEMBbI IO 3aKOHaM T€OMETPUYECKOM ONTUKH, a
AJIEKTPOMArHUTHOE TM0Jie 0oJiee BBICOKMX YacTOT, KaK MPaBUIIO, JIMOO MPOXOIUT
CKBO3b JII000€ BEIIECTBO, JIMOO pa3pyIIacT €ro.

OnThueckuid  AWama3oH COCTOMT W3  CIEAYIOIIMX BHUIOB  M3JIyYCHUS:
PeHTTreHOBCKOe, yiabTpadguosierosoe (YD), suaumoe, nunppakpacunoe (MK). Eciiu
BO BpeMecHa HpOTOHA B ONTHYECKUW JUAINA30H BXOAWJIO TOJBKO BHUIAUMOE
U3ITy4eHHE, TO C TEXHUYECKUM IPOTrPECCOM AMana3oH CYIIECTBEHHO PaCIIMPUIICH,
OpUYEM PEHTIEHOBCKOE H3JIyYeHHE BKIIOYEHO B OINTHYECKHM HMAmma3oH COBCEM
HenaBHO — mpumepHo 20 et Hazaa. He uckioueHo nanpHEHIee pacuiupeHue
ONTUYECKOTO JIUAara3oHa.

Ha puc.1.1.]1 mnokazaHn y4yacTOK IIKajbl 3JIEKTPOMAarHUTHOTO HW3JIyYEHHUS B
JJIMHaX BOJIH, COOTBGTCTBYIOH_[I/Iﬁ OIITHYCCKOMY OHUAIIaA30HY. FpaHI/II_[BI OIITUYCCKOT'O
JUana3oHa, a TaKXe TPaHUIlbl MEXJy €ro ydacTKaMu YCTaHOBJIEHBI Ha OCHOBE
HKCTIEPUMEHTAIbHBIX TAHHBIX U HE SBIIAIOTCS AOCOTIOTHO TOUHBIMHU.

PEHRMCEHOBCKOE
usnydernue

/ yavmpaguoaemogoe

usIyyeHue BUOUMBbLIL C8em qubpaKpacnoe usnydernue

A, MKM

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 40.0

Puc. 1.1.1. Onmuueckuii ouanason.




1.2. YpasHeHusi Makceesnna

YpaBHenuss MakcBemia SIBWIMCh WTOTOM  WHTEHCUBHBIX — HMCCJIEIOBAHUM
AJIEKTPUYECTBA, MATHETU3MA U CBETOBBIX SIBJIEHHUH, IPOBOJUMBIX B IIEPBOM MOJIOBUHE
XIX Beka. B To Bpems, Korja ctajio sICHO, YTO CBET U 3JIEKTPOMArHUTHOE MOJIE — 3TO
OJHO W TO K€, MOSBWICA W YHUBEPCAIbHBIA MaTEMAaTHYECKUW amIapar,
CBSI3BIBAIOIIUN MEXIYy €000 (DYHKIIMM HW3MEHEHHS BO BPEMEHU U TMPOCTPAHCTBE
BJIEKTPUYECKOTO U MAarHUTHOTO MOJIEH.

DJIEKTPOMAarHUTHOE TIOJI€ MO CBOEW NPHUPOJE BEKTOPHOE, TO €CTh BCE €ro
U3MEHEHUS, TMPOUCXOMSAIIAE BO BPEMEHHM, UMEIOT OMNPEICICHHYIO OPUEHTAIUIO0 B
MPOCTPAHCTRBE.

OCHOBHBIMH  BEJIWYHMHAMH, ONPEACTAIOMNMA  3JICKTPOMAarHuTHOE  MOJIE,
ABISAIOTCA BEKTOP JJIEKTPUYECKOW HanpsizKeHHOcTM mnoiass E  u  Bekrop
MAarHMTHOW HanpsikeHHocTH mojss H. OTu BekTopbl SBISIOTCS (YHKIUSIMH

BPEMEHM { M KOOPJIMHAT B MPOCTPAHCTBE, OMMCHIBAEMbIX PAANYC-BEKTOPOM I :
E=E(r,?), [E]=60mm/ n
H=H(r,7), [H]=4/n
B cpene, otnmuuHOM OT Bakyyma, IMOJI JACHUCTBHEM 3JIEKTPOMATHUTHOTO TOJIS
BO3HUKAET JIeKTpUYecKass MHAYKIUA D 1 maruuTHass uHaykuus B:

D =D(r,?), [D]=xn/rm’

2

B =B(r,?), [B]z eebep | m
B ypaBHeHus MakcBemia KpoMe YKa3aHHBIX BEIMYHMH BXOIAT 00beMHas
IUVIOTHOCTH 3apsiia o, NMOBEPXHOCTHAs ILUIOTHOCTH TOKa J, JJIeKTpUuecKas

NPOHUIHACMOCTDb & U MArHUTHAasA NPOHUIAECMOCTb L CPCIbI:
p=pr,1), [pl=xi/ v’
J=J(r,1), [J]=4/n°

e=¢&(r), p=pu(r)
YpaBuenuss MakcBesia (Maxwell’s equations) OOBIYHO 3aIlMCHIBAIOTCS B

muddepeHnmanbHoi  popMe C HUCMOJIb30BaHUEM OOO3HAUYCHUH, MPUBEICHHBIX B
[Tpunoxxennu A. ITH ypaBHEHHS UMEIOT CICAYIOIINN BU/L;

VxE=-B (1)

VxH=D+J (2

V-D=p (3) D=¢cE (5) (1.2.1)

V:-B=0 4) B=uH (6)

VYpaBHenus: (5-6) Ha3bIBalOT MATEPHAJbHBIMHM YPABHEHHMSIMU, TaK KaK OHHU
YYUTBIBAIOT CBOIMCTBA BEIIIECTBA.

YpaBHeHus: MakcBeilia B KJIAaCCUYECKUX 0003HAUYCHUSIX UMEIOT BUJL:

rotE =-B (1)
rotH = 1.)+ J 2) (1.2.2)
divD = p (3)
divB=0 4)

B BaKyyMC H JOUIJICKTPUKAX, INIOTHOCTL 3apiaaa W TOKH PaBHbI HYJIIO:
p=0,J=0, mostomy ypaBHeHuss MakcBemna UIsI JUIJIEKTPUUYECKOU CPEJIbI

BBITJISIISIT CJIEAYIOIIMM 00pa3oMm:

VxE=-B (1)
VxH=D 2) (1.2.3)
V-D=0 (3)
V-B=0 (4)

Jlna Bakyyma u3 ypaBHeHUM MakcBeiuia MOXXHO MOJIYYHUTh CIIEAYIOLIEE BaXKHOE

COOTHOINICHHUE:
— 1
c
— 8 Kkm
rne c=3-10 .~ CKOpOCTb  pacnpOCTPAHEHHs —3IEKTPOMArHUTHOIO

N3JIYUYCHUA B BAKYYMC, &, U L, — ODJICKTPHUYCCKAsA U MArHUTHAA TOCTOAHHBLIC B

BAaKyyMe.
DJIEKTpUYECKAsi MPOHUIIAEMOCTh & JUIi Pa3HbIX CpPEJ MOXKET MNPUHUMATh

PAa3JIMYIHBIC 3HAYCHHA, a MAaIrHUTHAA IPOHHULIACMOCTb 4 I OIITHYCCKUX YaCTOT BO
BCCX CpClax HNPAKTHYCCKH HC OTIMYACTCA OT (L. I[JI}I JIMHEWHBIX cpea &€ U U HC

3aBuciaT or E m H, TO ecTh 3iekTpuyeckass U MarHuTHAs MOCTOSIHHBIE JIMHECWHOU

Cpcabl HE 3aBUCAT OT MHTCHCHUBHOCTH CBCTA.
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VYpaBHeHuss MakcBesuia ONKCBIBAIOT BEKTOPHOE Iosie. BEKTOp 31aeKTpuyecKon
HaMPSHKEHHOCTH MEPIEHANKYISIPEH BEKTOPY MarHUTHOM HAIpPSKEHHOCTH, U 00a OHU
MEePIEHIUKYJISIPHBl HAMPABJICHUIO pacnpocTpaHeHust cera (puc.l.2.2), mostomy

TAKOC I10JIC HAa3bIBACTCs IMOIICPCYHBIM.

n/

Puc. 1.2.2 . B3aumnoe pacnonooicerue 6eKmopoas 31eKmpuiecKol (E) U MACHUMHOU

(H) HAnpsCeHHOCMU U HanpaesieHust pacnpoCmpanenus ceema (S)

1.3. Mamemamu4eckoe ornucaHue 3JIeKmpoMa2HUMHbIX 80JIH

PacnpocTtpaneHue 3J€KTpPOMarHUTHOTO MOJISI B MPOCTPAHCTBE — ATO BOJIHOBOU
MPOIIECC, ONMKMCAaHUE KOTOPOTO MOXKHO MOJYUYHUTh M3 ypaBHeHUM MakcBemna (1.2.1).
VYpaBHeHus MakcBesia ONUCHIBAIOT CBOMCTBA 3J€KTPOMArHUTHBIX BOJIH B HamboJsee
o0lieM ciy4yae, HO HMX HENOCPEJCTBEHHOE HCIOJIb30BAHNE HE Bcerga yIo0HO.
[TosTomMy nnsi ciaydasl JIMHEMHBIX W OJHOPOAHBIX CpEJ MOXKHO IMOJY4YUTh Ooiee
IIPOCTHIE BOJIHOBBIE YPABHEHHUSI, U3 KOTOPBIX CIEAYIOT BCE 3aKOHBI T€OMETPUYECKOU

OIITUKMH.

1.3.1. BonHoBble ypaBHEHUSA

B ontuke 4acto paccMaTpUBarOT M3MEHEHHUE JJIEKTPUYECKONO M MArHUTHOTO
II0JIE HE3aBUCHUMO APYT OT APYyra, U TOTa BEKTOPHBIM XapaKTep MOJIs HE SABISETCS
CYLIECTBEHHBIM, @ 3JIEKTPOMArHMTHOE IOJIE MOYKHO pACCMATPUBATh U OMKCHIBATH KaK
cKajsipHoe (1og00HO 3ByKOBOMY mou0). CkajisipHash T€OpUs 3HAYUTENIBHO MPOILE
BEKTOPHOI, U BMECTE C TEM JAaeT BOZMOXHOCTh JOCTATOYHO TITyOOKO aHAJIM3UPOBATh
pacrpoCTpaHEHHWE CBETOBBIX IYYKOB M MPOIIECChl 00pa3oBaHUs H300pa)keHUs B
ONTUYECKUX CUCTEMax. B TeomMeTrpruecKkor ONTHUKE CKaJspHas TEOpHUsl LIUPOKO
UCIIOJIb3yeTCsl UMEHHO OJilarofapss TOMY, YTO 3JIEKTPHUYECKOE M MAarHUTHOE MOJIsS B
3TOM CJIy4a€ MOIYT OBbITh OINHCAHbl HE3aBUCHUMO JpYr OT Jpyra, a BOJIHOBbBIE
YPaBHEHUS OJIMHAKOBBI JJIs1 BEKTOPHOI'O U CKAISIPHOTO IOJIEH.

PaccMOoTprM BBIBOJ BOJIHOBBIX YPaBHEHUU HENOCPEACTBEHHO W3 YpPaBHECHUM
Makcgeinna. Bo3pMeM ypaBHEHHE I pOTOPA DJIEKTPUUECKOTO TOJISI, ONPEIEIIIEMOTO

qepe3 IPOU3BOJAHYHO 110 BpCMCHU OT MarHuTHOU HMHAYKIHHA:

VxE:—f}:—ﬁB:—ﬂé’H
ot ot

BekTopHO TOMHOXUM 3TO ypaBHEHHE HA V :

JH 7 o (D
VxVxE=—uy| Vx— |=—ul| —(VxH) |=—ul| —| — | |=
H ot Gt( ) H ot\ Ot
h J°E
=- cE)|=-¢

Bocnons3oBaBmmce BeipakenueM (A.15) u3 [Ipunoxenus A, moxydum:
O°E
ot?

VA(V-E)-V’E=-¢cu

Tak kak JHMBEpPreHUMsS BJIECKTPUYECKOrOo IO B JUAJIEKTPUYECKON cCpefe
V-D =0, To B onHopoanou cpene V-E =0, uto cieayer uz ypaBHeHu MakcBesia
(4, 5). Torna noy4yrM BOJITHOBOE YPABHEHHUE JIJIf YJIEKTPUYECKOM COCTABJIAIOILEN

MoJIst:
O°E
V’E=¢ 1.3.1
B (1.3.1)
WIN
O’E
V’E-¢ =0
H o
Ex
Ilockonbky E=| E |, OAHO BEKTOpPHOC YpAaBHEHHE pacrmajaeTcsi Ha TpH
EZ
CKAJISIPHBIX YPABHEHUSL:
( O°E
VE =¢ *
x —EH Py
2 o 2Ey
WVE =¢u 2 (1.3.2)
O’E
VE, =¢ :
: = EH Py
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PaCCY)KI[aH AdHAJIOTUTYHBIM 06pa30M, MOXHO IIOJYYUTH BOJHOBOC€ YPABHCHUC

JIJIS MATHUTHOW COCTABJIAIOLIECH MOJIA:

J’H
VH=¢ 1.3.3
APy (1.3.3)
Hx
Ilockombky H=| H, |, TO 3TO BEKTOPHOC ypaBHCHHE TAaKXKE paclajacrtcs Ha
HZ
TPHU CKAJIAPHBIX YPABHEHUSA:
r o°H
VH,=ep—*
x —EH Py
, O°H,
'V HyzglU? (134)
0’ H
VH, =¢ :
k : = E¢H Py

W3 ypaBHeHnii MakcBesuia cienyer, 4To Kaxkaast U3 cocTaBisaomux £, E ys E.

BekTopa E momuuHsieTcs aOCOJIOTHO OAHOMY M TOMY K€ CKAISIPHOMY YpPaBHEHHIO.
[TosTomy, eciu TpeOyeTcsi 3HaTh M3MEHEHUE TOJIbKO KaKOW-HUOyAb OJIHOW U3
COCTaBJIOIIMX BekTopa E, MBI MOXEM paccMaTpuBaTb BEKTOPHOE IIOJIE Kak
ckaisipHoe. Ilepen TeM, Kak OKOHYATEIIBHO IMEPEUTH K CKAUISPHOM TEOPHUH, CICHAYET
3aMETUTh, UTO COCTaBiisitolMe BeKkTopa E He sABISIIOTCS HE3aBUCUMBIMU (DYHKIUSIMU,
yTo BbITeKaeT u3 yciaoBua V- -E=0. IloaTomy, XOTS CKaJIspHbIE BOJHOBBIE
ypaBHEHUS SIBJISIOTCS CIICICTBMEM YpaBHEHHMM MakcBeiia, oOpaTHO MEPEerTH OT HUX
K YpaBHEHUSIM MakcBeilia Hellb34.

[TycTh ckansgpHas BenuuuHa V' — 310 n100asi U3 COCTABISAIOMIUX AIEKTPUIECKOTO

Bekropa: (E,, £, niu E_). ViHpIME cliOBamu, 5TO BO3MYIICHHE TIOJISI B KAKOH-TO
TOYKE TMPOCTPAHCTBA B KAaKOM-TO MOMEHT BPEMEHHU V(x, y,z,t). Torga MOXHO
3anycaTh BOJIHOBOE YPaBHEHHE B 001IeM BH/IeE:

o

VWV =¢
Y

(1.3.5)

rie V- BTOpasl MPOM3BOAHAS BO3MYILECHHUSA [0 MPOCTPAHCTBEHHBIM
KOOpAuHaTaM,

o
ot*

— BTOpas MMpou3BOJHAA BO3SMYIICHHA 110 BPCMCHU.
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CMBICH 3TOrO0 ypaBHEHMS 3aKJIKOYAeTCs B TOM, YTO BOJHA OOpasyercs Toria,
KOrJla y HEKOTOpOro BO3MYIIEHWSA BTOpas IIPOMU3BOJHAA II0 INPOCTPAHCTBEHHBIM
KOOpAMHATaM MPONOPLUHOHATBHA BTOPOU IPOU3BOIHOM 110 BPEMEHHU.

MoKHO IOKa3aTh, 4YTO CKOPOCTb PACHPOCTPAHEHUS BOJIHBI U1 AUDJIEKTPUKOB
CBsI3aHA C DJJIEKTPUYECKOM M MArHUTHOM MPOHULAEMOCTSIMHU CpPEAbl CIIEAYIOLIUM

00pazoM:

cu=L (1.3.6)

2
L

CnenoBarenbHO, CKOPOCTh pAacIpOCTPAHECHMsS BOJIHBI B  IPOCTPAHCTBE

OIIPCACIIACTCA TaAK!:

p=_1_
Jen

Torma oOmuMii BHUJ BOJHOBOTO YpPaBHEHUS MOXKHO 3alUCcaTh CIEAYIOIUM

(1.3.7)

00pazoM:

1 2%
Vi =—". 1.3.8
v: Ot? ( )

BoJsiHOBOe ypaBHeHMe /1JIs1 O/THOM OCH KOOPJAMHAT:

o 1 o

5_02.612

(1.3.9)

OTHoIIeHHE CKOPOCTH CBETa B BaKyyMe K CKOPOCTH CBETa B CpeJie Ha3bIBACTCsI
noka3artejieM MpeJOMJIEHUS JaHHOI cpelbl N0 OTHOLIEHUIO K BaKyymy (index of

refraction):

c_ en (1.3.10)

n=—————

U +J&oHg

1.3.2. MoHOXpomaTuyeckoe nose

MoHoxpoMaTH4ecKoe TMoJie — 3TO TIOJie, 3aBUCAIIEE OT BPEMEHU TIO
rapMOHMYECKOMY 3aKoHy (puc.1.3.1):
‘ V(r,1) = a(r)cos(@ ¢ — @y (1)) (1.3.11)
rie a(r) — amMIUIATyAa BO3MYIIEHHUS ((QYHKIUS TPOCTPAHCTBEHHBIX
KOOpJIMHAT),

@ — HUKIIMYCCKAA 4aCTOTAa USMCHCHMUS 110JI1 BO BPCMCHU,

@,(r) — ¢aza nond (GpyHKUUSA TPOCTPAHCTBEHHBIX KOOPANHAT).
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Puc.1.3.1. H3menenue MoHOXpomMamu4ecko2o noJis 60 8pemMeH.

MOHOXpOMATHUYECKOE TOJIE TAKIKE XAPAKTEPU3YyETCA MepuoAoM KoJiedanuu 7T

WJIA 4aCTOTOM V :
1

v= Ll

pHYEM IUKINYECKYIO YaCTOTy @ MOYXHO BBIPA3UTh Yepe3 YacToTy V :
w=27v, [W%} (1.3.13)

['apMOHHUYECKYIO BOJIHY XAapAKTEPU3YIOT TAKXKE MPOCTPAHCTBEHHBIA NEPUOL —

(1.3.12)

AJIUHA BOJIHBI A :

i=v-T=Y="%.2z (1.3.14)
|14 w
1 BOJITHOBOEC YUCJIO0:
2
_r_@ (1.3.15)

k
A v

N3nydyenne ¢ omnpeneseHHONW JIJIWHOW BOJHBI 00JIalaeT COOTBETCTBYIOIIUM

usetoM (puc.1.3.2).

J
i
O

pacrpocTpaHeHHsT CBeTa B cpeje (U: A ) Wrtak, yacTtota B cpele Bcerjaa

COXpAHACTCA, a IJIMHA BOJIHbBI H3MCHACTCA. I[J'II/IHy BOJIHBI M BOJIHOBOC YHCJIO B

HGKOTOpOﬁ Cpecac € IMMOKa3aTcCJICM IIPCIIOMIICHUA © MOKHO OIIPCACIUTDL TaK:

i
n (1.3.16)
k=kyn

rne A, — JUIMHA BOJIHBI B BAKyyMe, k, — BOJIJHOBOE YHCJIO B BaKyyMe.
Wuorga mnpu OnMCaHUM MOHOXPOMATHYECKOro TMOJs BMecTO (asbl ¢,
UCIIOJIb3YIOT JAPYrue IMOHATHs. BBeAeM B BbIpaKEHHE JIsI BOJHOBOI'O BO3MYILECHUSA

BOJIHOBOC 4YHUCJIO kO BMCCTO HI/IKJ'II/I‘IGCKOI\/II HaCTOThI @ :

@ (13.17)

Torna BoJIHOBOE BO3MYIICHUC 3aIIMIICTCA TAK:

V(r,t) = a(r)cosk,[ct — E(r)] (1.3.18)

riae E(r) — 310 siikonan nomus:

E:ioz%%, [1v] (1.3.19)
0

Cnoso “stikoHan’ npoucxooum om epeyeckoco cnosa EIKwV (3iKon — oopas). B

PYCCKOM S3bIKE IMOM) COOMBEemMcmayem cio6o “‘ukoua’ .
B otnuume ot a3l mons sikoHan Oolsiee yqoOHasi BeIWMYMHA JJIS OLIEHKHU

u3MeHeHus: (a3pl OT Jyda K Jy4dy, TaK KaK HEMOCPEICTBEHHO CBSI3aH C

F€OMETPUYECKOM JJIMHOM XO/1a JIyya.
Ontuyeckass ajaumuHa ayda nl (optical path difference, OPD) — 5310

IPOU3BE/IEHNE TIOKAa3aTesl IPEJIOMIIEHHS # HA T€OMETPUUYECKYIO JJIMHY MyTH /.

[IpupaieHue 31koHalIa paBHO ONITUYECKOM VIMHE JIyYa:

s 3 R » 20 2
Vo x\@“o% 0@@ 0@(00\\ x\@*‘”& Q;\\*“@ x@@@% 0@“’& hK
&@0 & o W & & , AE =nl (1.3.20)
o g Ecin ¢a3a wusmensercs Ha 27, TO OSHKOHAN H3MEHsAETCS Ha Aj:
400 450 500 550 600 650 700
Puc.1.3.2. Cnexmp 8uoumozo usnyyeHus. Ap =27 = AE = Ay; eciu (pa3a u3MeHseTcsl Ha 77, TO 3UKOHAJI U3MEHSETCS Ha ﬁ:
[locTossHHBIMH ~ XapakTepUCTUKaMHU, HE  3aBUCAIIMMHU OT  IOKa3aTes Ap =7 = AE = A . ecu asa M3MEHSETCS Ha E, TO AHKOHAT M3MEHSEeTCI Ha ﬁ;
MPEJIOMJICHUS, 11T MOHOXPOMATHUYECKOTO TOJIS SBJIAIOTCS: 4acToTa Vv, IIUKJINYeCcKas 2 2 4
yacTora @ U nepuoj kosneOanuid 7. JlnuHa BOJHBI A U BOJHOBOE YHUCIO Kk Ap = T S AE = @
MEHSIOTCS B 3aBUCMMOCTH OT MOKa3aTems MPEJIOMIICHHS, TaK KaK MEHSETCS CKOPOCTh 2 4
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DWKOHAT UMEET OTPOMHOE 3HAUCHHE B TEOPHUU ONTHYECKOTO M300paKEHUS, TaK
KaK TMOHATHE dMKOHAJa MO3BOJIAET, BO-MIEPBBIX, OMUCATH BECh MPOIECC 00pa30BaHUS
M300paKEHUS C TO3UIMKA BOJHOBOM TEOPUM CBETa, a BO-BTOPBIX, HaMOOJIEE IOJHO
MIPOAHAIM3UPOBATh MCKAKECHUS Tepelauyd U300paKCHHUS ONTHYSCKUMHU IMPUOOpaMu.
Teopust »itkoHana, paspadotanHas B XIX Beke IleruBanem, 3einenem u
[IBapmuaba0M, SIBUJIACh Ba)KHBIM (dbyHIaMeHTaIbHBIM JIOCTHKECHUEM
reOMETPUUECKOM ONTHUKH, OJlarojgaps KOTOPOMY CTajo0 BO3MOKHBIM CO3JaHUE

OIITHYCCKHUX CUCTCM BBICOKOI'O Ka4€CTBA.

1.3.3. KomnnekcHas amnnuntyaa

FapMOHI/I‘-IeCKI/Ie KoJeOaHus YI[06HO OIIMCBIBATbL  YCPC3  KOMIIJICKCHYIO
AMIININTY QY. I[J'ISI 9TOrIO IMPUMCHAIOT OKCIIOHCHIINAJIbHOC MpCaACTaBJIICHUC

KOMIIJIEKCHBIX YHCEIL:
e’ =cosp+ising (1.3.21)

r€ COS¢Q — JeUCTBUTENbHAA YacTh, & SIN@ — MHUMAs 4acTh KOMIUJIEKCHOMN
GyHKIUU.
[IpencraBum, uto MoHOXpomaTuueckoe mojie (1.3.18) — 3To nelcTBUTENBHAS

4aCTh OT HEKOTOPOH (PYHKIIUU:
V(r.1) = Rea(r) - e Pl FON o Rela(r) - ¢FoFM . ghoct | (1.3.22)

ikoE (1)

ra€ CoCTaBJIArOIIAasA Cl(l')'é 3aBUCUT TOJIbBKO OT MIPOCTPAHCTBCHHbIX

~ikgct
KOODPJIMHAT, a COCTABJIAIONIAA € ' °° 3aBUCUT TOJBKO OT BPEMEHH.
Iycts U(r) — KoMIUIeKCHAs aMIUIUTyfAa TIONsA, TO ecTh (YHKIMS TOMBKO

MPOCTPAHCTBEHHBIX KOOPANHAT:

ik,E(r)

U(r)=a(r)-e (1.3.23)

rae a(r) = \U (r)\ — BEILIECTBEHHAS aMIUIUTY1a (MK MIPOCTO aMIUIUTY1a).

Ecnn BemecTBeHHas aMIUIMTyAa BOJHBI HE 3aBUCUT OT IPOCTPAHCTBEHHBIX
KOOpJIMHAT, TO TaKas BOJIHA HA3bIBACTCS OAHOPOJIHON BOJIHOM.

Torna siKOHa OISl BRIPa3uM Tak:

E(r) = kl arg[U(r)] (1.3.24)

0
rie arg [U (r)] = @,(r) — ¢a3za nomus.
Y 1006CTBO MCIOIB30BaHUS TAKOW 3alMCH 3aKJIFOYAETCS B MPOCTOTE CIIOKEHUS

. L
nosed.  Jomyctum, — uMmeroTcs  ABa  IOJIA: V(r,t)=U,(r)-e ™, n
15

—iknct [9)
Vy(r,t)=U,(r)-e "°“. Tlpu CclOKEHUH TMOJCH WX KOMIUICKCHBIC aMILIUTY/IbI

CKJIaJbIBAOTCA, a BpeMeHHOﬁ 3KCHOH€HHI/IaHBHBII>'I MHOXHUTCJIb MOXHO BBIHCCTH 3a

CKOOKHU M HE YUYUTHIBATH:
Us =U, +U, (1.3.25)
Takum 00pa3oM, MOXXHO CUHTATh, YTO KOMILJIEKCHAS aMIUIUTYJA IOJTHOCTHIO

OIMUCBIBACT MOHOXPOMATHYCCKOC IIOJIC, TAK KaK OHa O6’b€I[I/IH}IeT AMIUIUTYAY H

SUKOHAJI.

1.3.4. YpaBHeHue ['enbmronsLua

Ecniu mone MoHoxpomaruueckoe, To AuddepeHurpoBaHUE MO BPEMEHHU,

CBOJIUTCSI K YMHOXKEHHUIO CKaJSIPHOW aMIUIUTYJbl HA MHUMBIA MHOXHUTEIb (— ikoc).

TakuMm o0Opa3om, eciau IOJACTaBUTH B BOJHOBOE ypaBHeHue (1.3.18) ommcanue
MoHoxpomaruueckoro mods (1.3.23), To mociie mpeoOpa3oBaHHl Mbl MOIYYUM
BOJIHOBOE YpaBHEHHE [IJII MOHOXPOMATHYECKOTO MOJid, B KOTOpoe OyJeT BXOJUTH
TOJIbKO KOMIUIEKCHAsI aMIUIUTyAa (ypaBHeHHUE [ ebMronbLa).

YpaBHenue I'eabMroabua (Helmgolz equation):
(V2 +k2)-U=0 (1.3.26)
HJIN

VU +n’kU=0

1.4. Pecucmpupyemsbie (Habsiro0aeMbie) xapaKkmepucmuKu rnoJis

1.4.1. IHTEHCUBHOCTbL Nonga

AMHJ’II/ITYI[a noJIs1 HEC MOZKET HEIIOCPCACTBCHHO Ha6J'IIOI[aTI)C$[ NN U3MCPATHCA,
1

TaKk Kak I0Jle O4eHb OBLICTPO MEHseTcs BO BpeMeHM ¢ 4acToToil v ~10”cex™ wu
T =10"cex, a moOble MPUEMHUKU HU3TyYEHHS UMEIOT 3HAYUTEIHLHO OOJbIIEE, YeM
nepuos KoneGaHuii, Bpems uHepiuuu A7 >>10"7cex. ITodToMy perucrpupyercs
JIMIIb YCPEIAHEHHAs BO BPEMEHU BEJIMYMHA — HHTEHCHUBHOCTD MOJIA [ .

N3 ypaBHeHnit MakcBenna cCienyer, 4TO MHTEHCUBHOCTH IMPONOPUMOHAIBHA
KBaJpaTy aMIUIMTYAb! 1onsi [ ~a’, To ecTh paBHA KBaApaTy MOAYJNS KOMILIEKCHOM
aMIUIUTY/Ibl (MPOM3BENCHUIO KOMIUIEKCHOM aMIUIUTY/Ibl Ha BEJIMYMHY, KOMIUIEKCHO
CONPSIKEHHYIO €i):

[=lu’=uU (1.4.1)

16




MO>KHO U3MEpPUTh KBAAPAT MOYJIsl KOMIUJIEKCHON aMIUIUTY/Ibl, HO HEBO3MOXKHO
u3MepuTh (pazy M SUKOHAT TOJISI — MPH PETUCTPALMHU TIOJST OHU TepstoTcs. Jlms
coxpaneHnus: naopmaiuu o daze (diikoHane) TpedyeTcss U3MEpeHUe UHTEHCUBHOCTH

I10J14d, CKJIaAbIBA€MOI'O U3 HECKOJIBKHX MOJIEH.

1.4.2. Habnogaemble BENMYMHDBI NPU CIOXEHNN MONeN

Ipu cnoxenuu aByx moneit U, = a,e”! (¢ pasoit ¢, =k,E)) u U, =a,e'” (c
dasoit ¢,=k,E,), CcyMMapHy0 HHTEHCUBHOCTb MOYKHO MPECTABUTH B BUJIE:
2 * * * * * * *
1=|Us|' =UU; = (U, +U, U} +U;)=UU; +U,U; +UU; +U,U; =
—al +a’ +a,a,e"" +a,a,e") =1 + 1, + 21,1, -cos(Ap)= Is

Takum 06p3,30M, CyMMapHasd MHTCHCUBHOCTD 3aIIMCBIBACTCA B BUJAC YPABHCHUA

HHTep(peporpaMMbI:

Is =1, +1,+2./1,1, -cos(Ap), (1.4.2)

2rAE
rne Ap=¢, —@, = . pa3HoCTh (ha3 moJs.
0

SIBneHne, BO3ZHMKAIOUIEE TIPU  CIOKEHUHW JABYX IIOJEH, HA3bIBAaeTCs
uHTepdepeHnueii, a uHTepdeporpaMmMa — 5TO KapTUHa, HaOMIOIaeMas MpH
MHTEpEpPEHITUHN.

CJ10:keHne KOrepeHTHBIX MoJiel

KorepenTHble moJisi XapakTepHU3yIOTCS TEM, YTO Pa3HOCTh (a3 (SUKOHAJIOB)

JBYX IOJIEW OCTAETCS MOCTOSIHHOM 3a BPEMSI MHEPIIMU TPUEMHUKA.

B sToM cnydyae cymMapHasi MHTEHCUBHOCThD ompejeisieTcs BoipaxkeHuem (1.4.2),
a KapTHHA pacopeiesieHuss WHTEHCUBHOCTH MPEJCTaBisAeT coOOM uepeiaoBaHUe
TEMHBIX U CBETJIBIX MOJIOC, KOH(PUTYpALUST KOTOPBIX 3aBUCUT OT U3MEHEHUS PA3HOCTH
da3z Ag.

Beenem mnoHsATHE pedepeHTHOro (3TAJOHHOIO) IMOJsl, KOTOPOE HMEET
U3BECTHYIO KapTuHy (a3. [Ipyu cpaBHEHUM C HUM BBISBISIOTCS MapamMeTpbl JIPYroro
nosisi (MHTeHCUBHOCTh M (haza). Peructpupyemas KapTHHA B3aUMOICHCTBHS JBYX
MoJiel, OJTHO U3 KOTOPBIX peepeHTHOE, Ha3bIBACTCS roJiorpammou. I'omorpamma —
ATO 3aMKCh MOJTHOW MH(OpPMALMKU O TOJIe, TO €CTh €r0 KOMIUIEKCHOW aMIUIUTYIbI.
HNurepdeporpamma u rojsorpaMma — CHOCOOBI 3alHMCH KOMIUIEKCHON aMILTUTYIbI

MOJIA MTYTEM CPpAaBHCHUSA €T0 C 3TAJIOHHBIM ITOJICM.
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CJ10:keHre HEKOTePeHTHBIX MoJIeH

Ecnu pasnocts (a3 mosieit MeHsieTcs ciiydailHbIM 00pa3oM MHOTO pa3 3a Bpems
PETUCTpaLNK, TO TOJIS SBIISIIOTCA HEKOTepeHTHbIMM. [Ipyu peructpanuu cyMmMapHOn

HHTCHCUBHOCTH €€ 3HAYCHUS 110 BPCMCHH YCPCAHAIOTCA:

Iy =1, +1,+2./1,1, -cos(Ap) (1.4.4)

B Bolpaxxenun (1.4.4) I, u I, — NOCTOSHHBI, UX MOXXHO HE YCpPEIHSITb, a

cos(A@)=0, Torma, mMojay4uM BEIpaKEHHE IS CJIOKEHHS JIBYX HEKOI€PEHTHBIX

OJIEN:
Is =1 +1, (1.4.5)

1.4.3. KBasumoHoxpomMmaTmnyeckoe 1 nofinxpomaTtmndeckoe nose

[Tone, wm3my4yaemMoe peadbHBIMH MCTOYHMKAMH CBE€TAa, HE OBIBA€T CTPOro
MoHOXpomaTudueckuM. (OHO ObIBaeT JUIIb OYEHb OJHU3KUM K  TOJIHOU
MOHOXPOMAaTUYHOCTH, TO €CTh KBa3MMOHOXxpomaTtuueckum. IlomuxpomMarudeckoe
noie U(r,f) MOXHO CUHMTAaTh CYMMOW (Cymeprno3uireil) MOHOXPOMATHYECKHUX

COCTAaBJAOINX, 4 HHTCHCUBHOCTDb TAKOI'O CYMMAPHOT'O IT1OJIAA BBIYHUCIIATH CICAYIOIIUM

00pazoM:
A2
I= [1(2)-S(2)-dA (1.4.6)
4
rie I(A) — pacopeneneHME WHTEHCHUBHOCTH MOHOXPOMATHYECKOMN

COCTaBJISIOIICH MO AjiMHaMm BOJIH, S(A) — BecoBasi CeKTpajibHast (PyHKIIMS
(HampuMep, CHEeKTpalibHas 4YyBCTBUTEIBHOCTh NpPHUEMHMKA), A, U A, —

PCAJIbHBIC I'PAHULIBI JHUAIllIa30Ha U3JTYUYCHHA.

Ha puc.1.4.1 nokazan mnpumep rpaduka pacupeieieHus] WUHTEHCUBHOCTU U

BECOBOU CHEKTpaIbHOU (PYHKIUU.
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A A

Puc.1.4.1. HnmencusHocms u 6ecosas cnekmpanvHas (OyHKYuUs.

1.4.4. IpocTenime MoOHOXpoMaTM4eCcKne BOSHbI

PaCCMOTpI/IM JABa TUIIAa BOJIH: IIJIOCKHUEC BOJIHBI U C(l)CpI/I‘-ICCKI/IC BOJIHBI.

IL1ockue BOJHBI

Ilnockue BosHBI (plane waves) Ha3bpIBAIOTCS TaK MOTOMY, YTO OHHU HMEIOT

IIJIOCKHME BOJIHOBBIE (pOHTHI (puc.1.4.2).

Hanpaenenue
pacnpocmpaneHus.

Puc.1.4.2. [Lnockue 60/1Hbl.

BosHoBO#M GPOHT — ATO MOBEPXHOCTh B NPOCTPAHCTBE, HA KOTOPOM DUKOHAI

noJtst (i paza) UMeeT OJIMHAKOBBIC 3HAYCHUS:
E(r)= const (1.4.7)

PaznuuHbiM 3Ha4YEHUSIM MMOCTOSSHHOM Const COOTBETCTBYIOT PA3HBIE BOJHOBBIE

¢poutbl. Ecnum MeHSATh const, TO BOJHOBOW (poHT Oyaer nepememarbcs B
MIPOCTPAHCTBE, MEPEXO0/Is U3 OJTHOTO cocTosHMs B Apyroe. [lone pacnpocTpansiercs B
CTOPOHY YBEIUUYECHUS CONSt .

HamnpaBnenue pacnpocTpaHeHus cBeTa MEPIEeHIUKYIISIPHO BOJHOBBIM (PpOHTaM,
KakK Moka3zaHo Ha puc.1.4.2.

JliinHa BeKTOpa, IIOKa3bIBAIOIIETO HaIpaBlieHUWEe, MOXKET ObIThb BhIOpaHa

pa3IUYHBIM 00pa3oM:
19

e S — eMHMYHBII BeKTOP HanpasjeHus (opr), [S|=1;
. 27 27
e k — BouaHOBOii BekTOp, K =k =""=| == |-n, rne k — BonHOBOE YNCIIO;
2 4,
® ( — ONTHYeCKMIi JIy4eBOil BEKTOP, qH =n,
q. X necosa,
q=|q, |=|Y |=|ncosa, (1.4.8)
q. Z ncosa,
rme X, Y, Z — 5T0 HanpaBIsOI[He KOCHHYCHI (yMHOKEHHBIE HA

MOKAa3aTellb MPEJIOMJIEHUS CPEIbl KOCHUHYCBI YIJIOB MEXIY OCSMH
KOOPAWHAT W HampaBjieHUuEeM pacrnpocTpaHeHusi). CoCcTaBIAONIUE TyYeBOTO

BEKTOpPa ¢, U ¢, Ha3bIBAIOT TAK)KEC NMPOCTPAHCTBEHHBIMM 4acTOTAMH
IJIOCKOH BOJIHBI.

Bce st Bektophl (S, K, () MMEOT OOMHAKOBOE HANpaBiCHUE (B CTOPOHY

pacrpoCTpaHEHHUs MOJIs1), HO Pa3HYIO JIJTUHY.
YpaBHeHMe IUIOCKO BOJIHBI UMEET CIICAYIOIIUN BUL;

H Ulr)=U,-e™0F™ (1.4.9)

JInd TUTOCKOM BOJIHBI aMIUIATYAA MOCTOSHHA, MEHSETCA TOJbKO OSUKOHAJ,

KOTOPBIA MOKHO 3aIMCaTh KaK YPABHEHUE IIIOCKOCTH:
E(r)=(q-r)=xX+yY +zZ (1.4.10)

N3 aHamuTUYECKOM TE€OMETPUM CIEAYET, UYTO IPU TAKOM OMUCAHWUH DUKOHAIIA

BOJIHOBOHM (DPOHT MJIOCKUM M MEPHEHAUKYJSPEH BEKTOPY PACIpPOCTPAHEHHUS], TO €CTh
ONTHYECKOMY JTy4eBOMY BEKTOpY (. II1ockue BoHBI 3aMedaTesbHbl TEM, YTO JTH000€E

CJIOKHOC ITIOJIC MOKHO IPCACTABUTL B BUJIC COBOKYITHOCTHU IIJIOCKHX BOJIH. HOSTOMY
9TH BOJIHBI ABJIAIOTCS YHUBCPCAJIbHBIM 0a3ncom JJIs1 OITUCaHMsI CBETOBBIX MOJICH.

Cdepuueckue BOJIHBI

Cdepuueckue BoJHBI (spherical waves) MMEIOT BOJHOBOW (POHT B BHUIE
KoHIIeHTpuueckux cdep (puc.1.4.3).
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Puc.1.4.3. Cihepuueckue sonnui.

I[TomectuM cuUCTEMY KOOpAMHAT B IIEHTP, TOrJa IIOJYYUM CJIECAYIOIINE

BBIPAXKEHUS JIJIs1 KOMIIEKCHOM aMILTUTY bl M dKOHaNIa c(pepruuecKoi BOITHBI.

YpaBHeHue chepuuecKoOil BOJIHbI:

Ur)= ﬁ-e"‘oﬂr) (1.4.11)
r

YpaBHeHue d1iKOHAJIA cpepruuecKOil BOJHBI:

” E(r)=n-|r] (1.4.12)
rie  r|= \/ x*+y*+z> — 5TO JUIMHA pagUyc-BEKTOpa TOYKH B
IIPOCTPAHCTBE.

C(bepnqecmde BOJIHBI TaK K€, KaK H IINIOCKHC, MOT'YT OBITh MCIOJIb30BAHBI pIRIb |
NpeaACTaBJIICHUA CIIOKHBIX HOHCﬁ, KpOMC TOI0, IIIOCKHC BOJIHbBI MOKHO CYHUTATDH

YACTHBIM cllydaeM c(PeprudecKoi BOJIHBI ¢ OECKOHEUHO MaJIOW KPUBHU3HOM BOJIHOBOTO

¢dpoHTa.
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2. DHepreTukKa cBeTOBbIX BOJIH

2.1. QHep2emu4eckue eQUHUUbI U COOMHOWEeHUSsI MeXAy HUMU

B ontuke 3Heprust u3mydeHus OnpeiesisieTcsl 3a BpeMs HaMHOro OoJiblliee, YeM
nepuoj COOCTBEHHBIX KOJI€OaHUI 3JIEKTPOMArHUTHBIX BOJIH ONTUYECKOTO JUara3oHa.
OrpaHnuuMca MOPOCTOM TE€OMETPUUYECKOM MOJEIbIO, SIBISIOLICHCS CIEACTBUEM
ypaBHEHHM MakcBesia, COrjacHO KOTOpPOM CBeT MpPEeJCTaBsIET COOOM MOTOK
JIyYUCTON DHEPTUH, PACTIPOCTPAHSIIOMIEUCS BAOJIb TEOMETPUYECKUX JIyUEH.

DJIEKTPOMarHuTHOE TMOJE B OAHOPOAHBIX HW30TPONHBIX CpeAax MEePEHOCUT
JHEprur £ B HampaBiIE€HUH, KOTOPOE YKA3bIBAETCS ONTUYECKUM JIyUYEBBIM BEKTOPOM
q.

DHEpPrus U3MepAETCs B IUKOYIAX: [E|= e .

2.1.1. TloTOK na3ny4veHus

OcHoBHOM BGHHHHHOﬁ, KOoTOpass MIO3BOJCT CYAUTHh O KOJIMYCCTBC H3JIIYUYCHUA,

SIBJISIETCS MOTOK U3TyUYCHHS (I MOIIIHOCTh U3TyUYCHHUS):
IToroxk w3nydyenus (nyuucTsli notok) @, — 3TO BeJWYMHA DHEPIUH,

MEPEHOCUMOM TMOJIEM B €IMHUILY BPEMEHHU uepe3 AaHHYyIo Iomaaky (puc.2.1.1)

Lo

c

[TOTOK M3Iy4eHUs U3MEPAETCS B BaTTax: (@, |=Bm, 1 Bm=1

Puc. 2.1.1. I[lomoxk uznyuenus.

DHeprus 3aBUCUT OT CIIEKTPaJbHOIO COCTaBa cBeTa. EciiM pa3ioxuTh mosie Ha
MOHOXPOMAaTUUYECKUE COCTABISIOIINE (KaK/1asi ¢ ONMPEACICHHON JJIMHON BOJIHBI), TO
BCS SHEPTHsI HEKOTOPBIM 00pa3oM pacrnpeaeanuTcs: Mexay HuMmu (puc.2.1.2).

22




A 4

Puc.2.1.2. Cnexmpanvnas niomuocms nomoka u3ny4eHusl.

CnekTpanbHasi IUIOTHOCTb NOTOKa wu3iaydeHuss @O ,(A) — 310 (yHKUMA,
NOKAa3bIBAOIIAS PACHIPEACIICHUE IHEPTUH MO CIIEKTPY U3TYyUCHUS:
_ oD,

oA

d,(1) (2.1.1)

Torga oOmuii cymMMapHsbIii MOTOK 711 BCEX JUIMH BOJIH B IMAIa3oHe OoT A, 10 A,

6YI[CT BBIYUCIIATHCA KaK HHTCTPaJl:

®, = [D,(1)A (2.1.2)

e

2.1.2. [NloBepxHOCTHas MMOTHOCTb MOTOKA 3Heprum (OCBELLEHHOCTD,
CBETUMOCTD)

HOBerHOCTHaH IVIOTHOCTHb IMOTOKA JSHCPIrUuM Ee — OTO BCJIMYHMHA IIOTOKA,

MPUXOISIIIETOCA HA €IVUHULLY TITOIIAJIN:

E =% {B_ﬂ 2.13)
7o) M

Ecmu nioomanka oceeujaemcs 1MOTOKOM, TO IMOBCPXHOCTHAsS INNIOTHOCTH ITOTOKA

SHEPruu OYyJIeT UMETh CMBICI IHEPreTHYeCKOi OCBEIIeHHOCTH WU 00Jy4YeHHOCTH

E,. Eciu 1norox wuznyyaemcsa IUIOEAAKOW, TO IOBEPXHOCTHAs ILIOTHOCTH ITOTOKA
SHEpruu OyAeT UMETh CMBICI IHEPreTHYecKoi cBeTuMocTH M, .
CnekTpajbHasi IUIOTHOCTH MOBEPXHOCTHOH MJIoTHocTH NoToka FE ,(A)

IMOKAa3bIBACT PACIIPCACICHUC CBCTUMOCTH NJIM OCBCIICHHOCTH 11O CIICKTPY HU3JIYUCHUS!

E,(4)= Zie (2.1.4)
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2.1.3. Cuna unsny4deHund

PaCCMOTpI/IM HU3JIYYCHHUC TOYCYHOI'O HMCTOYHHKA B IIPCACTIaX HCKOTOPOro

TenecHoro yria Q (puc.2.1.3):

Puc.2.1.3. Dnepeemuueckas cuna ceema.

TesecHbIM yroJi JaHHOIO KOHYCa pPaBEH OTHOIICHUIO IUIOMAAu S

MMOBEPXHOCTH, BEIpE3aHHON Ha chepe KOHYCOM, K KBaJpaTy paauyca » chepsl.

>, [ep] (2.1.5)

r

=

TenecHbli yron usamepsiercs B crepaauatax (B cepe 4z cp).

Cuia u3aydyeHusi (HepreTHYecKasi CHJIa CBeTa) — 3TO IMOTOK M3JIYyYCHUS,

NPUXOJSIIUICA Ha €IUHUIY TEJECHOrO YyIJa, B MOpeaesiax KOTOpOro OH

PacIpOCTPaHSIETC:
I = % , {B_’”} 2.1.6)
cp

3a eQUHUILy DHEPreTUYECKOM CHIIbI CBETAa MPUHSATHI CHJIA U3ITYYEHUS] TaKOro
TOYCYHOI'O HCTOYHUKA, Yy KOTOPOro B Ipeaeinax lcmepaduana PaBHOMEPHO
pacupenensaeTcs IIOTOK U3IYyUYEHUs B 1 gamm .

DHepreTuyeckass Cuja CBE€Ta — BEJIMYMHA, MMEIOIIAs HamnpasJjcHHE. 3a
HaIlpaBJIE€HUE CWJIBI CBETA IPUHUMAIOT OCh TEJIECHOT'O yIjia, B IIpeaeiax KOTOPOro
pacupoCTpaHAETCSA IIOTOK U3ITYUECHUS.

[ToTok Ha3bIBa€TCd pPaBHOMEPHBIM, €CJIM B OJWHAKOBBIE TEJIECHBIE YIJIbI,
BBIZICTICHHBIC TI0 KAaKOMY-JTMOO HaIpaBJICHHWIO, W3JIy4aeTCs OJMHAKOBBIN TMOTOK. B
Cllyya€ HEPaBHOMEPHOI'O IIOTOKAa UId ONPEACIICHUS CUJIbI CBE€Ta B KaKOM-TO
HaIlPaBJICHUHM HAJ0 BBIJACIUTL SJEMEHTAPHBIM TEJIECHBIM yroa df2 BIOJb JaHHOTO

HaMpaBJIEHUsI U U3MEPUTh CBETOBOM MOTOK d®d,, MpUXOASIIMICSA HA 3TOT TEJIECHBIN

yTOJL:
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oD
. = € (2.1.7)
oQ
JIJ1s1 HEpaBHOMEPHOI'0 MOTOKA CYIIECTBYET IMOHATHE CpeaHed cdepuuyeckou
CHJIBI CBETA:

()
;P 2.1.8
Y, (2.1.8)

CHeKTpaJI])HaH IVIOTHOCTH CHJIBI M3JYYCHHSI II0KA3bIBACT PaACHPCACICHHC

CHUJIbI U3JIYUCHUA 110 CIICKTPY:

o1,
oA

1,,(A)= (2.1.9)

2.1.4. DHepreTnyeckasa ApKOCTb

HpKOCTB onpeacsICT NMOBEPXHOCTHO-YIJIOBYIO IINIOTHOCTDL ITIOTOKA H3JTYYCHUSI.
ﬂpKOCTL ABJIACTCA XapaKTepI/ICTPIKOﬁ MNPOTAKCHHOT'O HMCTOYHHUKA, B TO BPCMA KaK

CUJIa U3JIyUYCHUS SIBJICTCS XapaKTEPUCTUKONM TOUCUHOIO UCTOYHHUKA.
JHepreTuyeckasi APKOCTb — 3TO BEJIMYMHA MOTOKA, U3JIyYa€MOrO €IMHULIEH
IJIOIIAAY B €AMHUILY TEJIIECHOTO yIJjla B JAHHOM HalpaBJICHHUM.

Ecnu uznyyaromias miomnaaka dS nepneHAuKyIsspHa HAPaBICHUIO W3TyUYeHUs,

TO DHEPreTUyYecKas SpKOCTh OMPEEIAeTCs CISAYIOIIMM 00pa3oMm:

52q)e Bm
= mez} (2.1.10)

3a eOUHHUIly DHEPreTUYECKOW SIPKOCTH NPUHUMAIOT SPKOCTh IUIOCKOM

MOBEPXHOCTH B 1m’, KOTOpas B IEpIEHAUKYJIAPDHOM HAIpPaBJICHUM HMeEeT

SHEPreTUYECKYIO CUITy CBETa B 1 Bm/cp .
B o0uiem cnyuae:
— 62@6
° 0Q0dScosh

(2.1.11)

rjae ¢ — yroja Mexay HalpaBJIeHHEM HM3JIyYCeHHS U HOPMaJIbIo K ILIOIIAIKe
(puc.2.1.4).
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Puc.2.1.4. Duepeemuueckas sspkocmeo.

CnekTpasibHasi IUIOTHOCTh  JHEPreTHYECKOM  SIPKOCTH  MOKAa3bIBacT
pacnpeesieHue SHEPreTUHYECKON IPKOCTH IO CIIEKTPY:
oL,
oA

L, ()= 2.1.12)

2.1.5. \uBapuaHT apkocTu BOOSIb Nny4a

SApkocTh MOCTOSAHHA (MHBApUAHTHA) BJOJb JIyda MPU OTCYTCTBHM NOTEPD

SHEPIuu:

L, = const

Ecnu cpenma HeomHopojHa (TokaszaTedb IPEIOMJICHUS  MEHSIETCA), TO
UCIIOJIb3YETCS MPUBEIeHHAS APKOCTHh (MHBAPUAHT APKOCTH):

g:const (2.1.13)

2
n

W3 nHBapraHTa SAPKOCTU BBITEKAIOT JBA BAXKHBIX JJISI TEOMETPUUECKON ONTUKHU
CIIEACTBUA:
® SPKOCTH SIBIIIETCS OCHOBHOW XapaKTEPUCTUKOW MEPEIadyu CBETOBOM DHEPIUU
ONTUYECKOM CUCTEMOM,
® OITHYECKass CUCTEMAa B IPHUHLUKANE HE MOXKET YBEIWYUBATH SPKOCTh
IPOXOJAILIEro Yepe3 Hee U3TydeHHs (OHA MOXKET JIMIIb YMEHBIIUTh SPKOCTh
3a CUET MOIJIOIICHUS N PACCESHUSI CBETA).

2.1.6. lNornouieHne ceeTa cpeaou
CBeTOBOM TNOTOK, pacOpoCTPaHSAACh B ONTHYECKOM Cpelle, YacCTUYHO
MIOTJIOIIAETCH.

JHepreTuyecKkuii KodQpGUIUEHT MNPONYCKAHHA 7, — OTO OTHOLICHHE

DHEPreTUYECKOr0 CBETOBOTO MOTOKa P/, MpOMyIIEeHHOTO IaHHBIM TEJOM, K
JHEPreTUYECKOMY NOTOKY @, yIaBiiemMy Ha HEro (O <7, < 1):

!

— ®€

‘D

e

r (2.1.14)
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Ecnm cpega moriomaer, TO HMHBapHAHT SPKOCTH BIOJb JydYa BBITJISIUT
CJIEAYIOIIUM 00pa3oMm:

L

e

2
nrt

= const (2.1.15)

CnekTpanbHasi IVIOTHOCTH NMPONYCKaHUA 7,,(A) MOKa3bIBaeT pacupeeieHue

K03 duierTa mponycKaHus Mo CIEKTPY.

OnTuyeckasi IUVIOTHOCTHL cpeabl — JjorapudM BeJIUMYUHBI, OOpaTHOM
MPOIYCKaHUIO:
D=lg1=—lgr (2.1.16)
T

Takum O6p330M, 0oJIee ONITUYECCKH IUIOTHAS cpeaa CUJIbHECC ITOTJIOMIACT.

2.2. Ceemosnlie sesludUHbI

DHEPreTUYECKUEe BEJIMYUHBI SIBIISIFOTCS MCUYEPIBIBAIOIINMUA C SHEPTETUYECKOU
TOYKM 3pPEHUS, HO OHH HE TMO3BOJSIOT KOJWYECTBEHHO OIEHUTh BU3YaJIbHOE
BOCIIPUATHE U3JIyYyeHHs. Bocmpuarue ria3oM U3JIyYeHUS BUIAMMOIO Juana3oHa
ONPEJICIISIETCSI HE TOJIBKO MOIIHOCTHIO BOCHPUHUMAEMOTO HW3JIYYEHHS, HO TAKKE
3aBUCUT OT €T0 CIEKTPAIbHOTIO COCTaBa (Tak Kak IJia3 — CEJIEKTUBHBIA MPUEMHHUK
u3nydyeHus). CBETOBbIE XapaKTEPUCTUKH ONUCHIBAIOT, KaK JHEPTUI0 H3ITYUYCHUS

BOCHIPUHHUMACT 3PpUTCIIbHAS CUCTCMA I'Jila3a € YUCTOM CIICKTPAJIbHOI'O COCTaBa CBCTA.

2.2.1. CBeTOBbl€ BENMNYNHDBI

CBeToBBIC BEIWYHMHBI 0003HAYAIOTCS aHAJIOTHMYHO YHEPTETUUSCKUM BEIUYHMHAM,
HO 0€e3 MHOeKca.

@ — cBETOBOM MOTOK
I —cuna cBera

E — ocBeleHHoCTh
M — cBEeTUMOCTh

L — apKoCTh

Y CBETOBBIX BEJIMYMH HET HUKAKOM CIEKTPAIbHOM INIOTHOCTH, TAK KaK IJa3 HE
MO>KET IPOBECTHU CHEKTPAIBHBIN aHAJIN3.

Cuia cBera:
Ecnu B sHepreTMdeckux BEJIMYMHAX HCXOJHAS €IMHUIIA — 3TO MOTOK, TO B
CBETOBBIX BEJIMYMHAX HCXOJHAsA €JWHHUIIA — O3TO CHJa cBeTa (TaK CIOXKHUIIOCH

uctopuueckn). Cuia cBeTa onpeensieTcsi aHaJOTUYHO YHEPreTHUECKOM CHIle CBETa!
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1=92 ] @.2.1)
0Q

1 kanoena — cuna U3Ty4eHUs dTajJoHa (3TAJIOHHBINA U3JTy4YaTelb UM YEPHOE TEJIO)
IpU TEMTIEPATYPE 3aTBEPACBAHUS TUTATUHEI ( ~ 2042°K ) TUTOIIAIBIO 1/60cMm” .

AOCOJIIOTHO YepHOe TeJ0 — 3TO TEeI0, KOTOPOE TMOJHOCTBhIO MOIJIOMIAET
NaJaIlyl0 Ha HEro SHepruto. Moneib abCOMIOTHO YEPHOro Teia MPEACTaBISACT
co0o¥ Mojoe Teno, BHYTPEHHSISI IOBEPXHOCTh KOTOPOI'O BhIKpAIlleHa B YEPHBIN IIBET.
Uepe3 HEOOJIBIIOE OTBEPCTHE IMOTOK HU3JIyYEHHUs IOCTYyNaeT BHYTpPh Tejia, IIe B
pe3yJibTaTe MHOTOKPATHOI'O OTPAXKEHHUS MOJIHOCTHIO noriomaercs (puc.2.2.1).

Puc.2.2.1. Abconromno ueprnoe meno.

IHoTok u3yyeHus:
O=1-Q, [w] (2.2.2)

1 iromen — 3TO MOTOK, KOTOPBIM U3JIy4Aa€TCd UCTOYHUKOM C CHJIOW CBETA 1x0 B

TEJIECHOM yIie lep: lam =1 K%p.

OcBelieHHOCTh:
e 5‘5, [2x] (2.2.3)

1 1okc — OCBELIEHHOCTh TAaKOW ITOBEPXHOCTH, HA KAXKIBIA KBAaJAPATHBIM METP
KOTOPOM PAaBHOMEPHO MAJAET MOTOK B 1 1m .

CBeTHMOCTD:

[v]=

2

3a CANHNIY CBCTUMOCTHU IIPUHUMAIOT CBCTUMOCTD TaKkou IMOBCPXHOCTHU, KOTOPAA

2

W3JIy4aeT ¢ 1.m° CBETOBOM ITOTOK, PABHBIN 1.1m .

SpkocTh:
KO
[L]= 7

3a eqUHUIY APKOCTH MPUHATA IPKOCTh TAKOW MIIOCKOW MOBEPXHOCTH, KOTOpas B

TMIEPIICHIUKYJIAPHOM HAIPaBJIEHUH M3y4acT CHIy cBeTa 1x0 ¢ 1m7.
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2.2.2. CBA3b CBETOBbIX N QHEPreTUYECKNX BENNYMH

CBsi3b CBETOBBIX M DJHEPreTUYECKUX BEJIUYUH CBSI3b YCTAHABJIMBACTCS 4Yepe3
3pUTENIBHOE BOCIIPUATHE, KOTOPOE XOPOIIO M3YYEHO SKCIEPUMEHTAIbHO. DYyHKIIUSA

BH/IHOCTH V(/I) — O3TO OTHOCHUTENIbHAsI CHEKTpaidbHas KpuBas 3h(PEeKTUBHOCTHU

MOHOXpOMAaTHYEeCKOro wu3nydeHus. OHa TMOKa3bIBaeT, KaK TIJjia3 BOCIPHUHUMAET
M3JIyYEeHHE Pa3IMYHOI0 CIICKTPAJIbHOIO COCTaBa. V(l) — BeJaWYMHA, O0OpaTHO
MPOTIOPIIMOHAJIBHAS MOHOXPOMATHYSCKUM  MOIIMHOCTSM, JAIOIIMM  OJWHAKOBOE
3pUTENIBHOE OIMYIIEHHUE, TPUYEM BO3JEHCTBUE MOTOKA U3IYUYCHHS C JJIMHOW BOJIHBI
A=555um YCIOBHO TIpUHHMMAeTCia 3a eauHuily. @OyHKIMS BHIHOCTH TJia3a
MaKCHMajbHa B 00JIACTH >KeNTo-3e1eHoro mnpera (550-570 M) u cmajgaer 10 HYJIsS

JUISl KpacHBIX M (DHOJIETOBBIX Jiyuen (puc.2.2.2).

500 95  go0 890 700 780

2.2.2. Qynkyus euoHocmu 21asa.

OnpenenuTe HEKYI0 CBETOBYIO BenuunHy () (IIOTOK, CUjia CBETa, SIPKOCTb,
U T.J.), [0 CHEKTPAJIbHON IUIOTHOCTH COOTBETCTBYIOLIEH €l OSHEPreTUYeCKOu
BenuuuHbl Q,,(A) MOXHO 1o o0en hopmysie:

0.77
Q=680 [V(2)Q,,(A)dA (2.2.4)

0.38
rie V(A) — ¢yHKus BUAHOCTH TJaza, 680 — »KCHEpPUMEHTAIbHO
YCTAHOBJEHHBIH KOA(PPUIMEHT (MOTOK M3IYyUYECHHUS MOIIHOCTBIO 1Bm C
JUTMHOM BOJIHBI A = 5551m COOTBETCTBYET 680 1 CBETOBOI'O MOTOKA).

Hanpumep, cuiia ceera:

1=680 [V(A)1,,(A)dA (2.2.5)

0.38
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SIPKOCTh:

0.77
L=680 [V (1)L, (A)dA (2.2.6)

0.38

)Ipyrne CIMHUIIBI UIBMEPCHUA CBETOBbIX BCJIUYUH:

CHUJIa CBETAa 1 ceeua 1.0005 ko

SIPKOCTDH 1 num =10 cmunv6 1.0005 ko / m*

1 roxce (cmapwiii) 1.0005 sk (HosblL)

OCBCIICHHOCTD

ConocraBjienue IHEPIreTUHICCKUX U CBETOBBIX CAUHUIL:

DHEpPreTU4eCcKue CBeTOBEBIE
HauMmenoBanue n 0003HaueHue Enuanner HauMeHoBanue u Equanur
U3MEPEHHS | 0Go3HAYECHU e U3MEPEHY
IIOTOK u3ityyeHus O, Bm CBETOBOM MOTOK P am
I Bm
DHEpreTHYecKas cuia cBera /, p cuia cBeta [ KO
E Bm
DHEPreTUYECKast OCBEIIEHHOCTD £, i OCBEIIICHHOCTh F JIK
SHEepreTuyecKasi CBeTUMOCTh M, B% 2 CBETUMOCTh M ”% 2
DHEPreTUYECKast APKOCTh L B 2 | ApKOCTh L k0
e cp-m p M

2.2.3. [pakTnyeckne cBeToBble BENUYUHBI U UX NPUMEPBI

CBeToBast SKCNO3UIMAL.

CBeToBasi IKCMO3ULUA — 3TO BEJIMYMHA SHEPTUH, NMPUXOAAIICUCA HA €IUHULLY

IUIOIIAIN 3a HEKOTOPOE BpeMsl (OCBEIIEHHOCTh, HAKOIJIEHHASI 32 BpeMs OT #; 110

t,):

H= tf[E(l‘) dt, [m-c] (2.2.7)

1

ECJII/I OCBCHICHHOCTD ITOCTOsIHHA, TO OKCITIO3UIIU A OHpCI[CJ'IHCTCfI BBIpa)KeHI/IeMI
H=EAt (2.2.8)

baeck.

JIJIs TIpOTSHKCHHOTO MCTOYHHMKA XapaKTEPHUCTHKA, BOCIPUHUMAEMasi I1a30M —
SPKOCTh. JI7I1 TOUEYHOrO0 MCTOYHHMKA XapaKTEPHCTHKA, BOCIIPUHUMAacMas TJIa30M —
Oneck (ueM Oouibliie Oyeck, TeM OOJIbIIE KaKeTcs sIpKocTh). biieck — 310 BenuuuHa,

INpUMCHACMaAs1 IIpu BU3YAJIbHOM Ha6J'IIO)ICHI/II/I TOUYCYHOI'O HCTOYHHKA CBCTA.
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baeck E,, — 3TO OCBEUIEHHOCTb, CO3JaBaeMas TOYEYHBIM HCTOYHUKOM B
MJIOCKOCTH 3payka HaOmwoaarens, [E,,]= ix.
BunuMmeiii 01eck HeOECHBIX TEI OIEHHMBAETCS B 3BEe3JHBIX BeJIWYHMHAX 777.

IIIxana 3BC3AHBIX BCIWYHUH YCTAHABJIMBACTCA CIACAYIOINMM OSKCIICPUMCHTAJIbHBIM
COOTHOLICHHUCM

m=-251gkE, —13.89 (2.2.9)
UeMm MeHblIIe 3B€3/IHAs BeJIMUMHA, TeM Oosblie Oieck. Hanpumep:
E, =1.11-10"° ix — OJeCK, co3aaBaeMbIii 3B€37101 ITePBOI BETUINHBL;

E, =1.75-10" ax — O1eck, co3aaBaeMblii 3B€37101 BTOPOI BEITMUNHBI.
SApKoCTb HEKOTOPBHIX HCTOYHUKOB, Ky -
M

1.5-10° — IIOBEPXHOCTD COJIHIIA,
2.5-10° — MOBEPXHOCTD JIYHHI,
3
1.5-10° — sicHO€ HEOO,
5.10° =5.10" — HUTH JAMITBI HaKaJIMBaHUsI,
10~ — sicHOe Ge3yHHOE HOUHOE Hebo,

10_6 — HaMMCHbIIAA pa3induMasi 1i1a30M SIPpKOCTh.

OcBeleHHOCTD, ik

10° — OCBEILIEHHOCTh, CO3JaBacMasi COJHIIEM Ha MOBEPXHOCTU 3eMJik (JIETOM,
JHEeM, pu 0€30071a4HOM Hebe),
2
10* -5-10°— OCBEILIEHHOCTh pabovyero Mecra,

0.2 — OCBELIECHHOCTH OT IOJIHOM JIYHBI,

10~ — mopor Gnecka (IIpUMepHO 8-ast 3Be3/1Has BETHUHHA).

2.3. Modesniu ucmo4yHUKoO8 u3siy4YeHus

HcTouHNK M3JIyYeHHUs — 3TO HEKOTOpasi MOBEPXHOCTh, U3JTydarollasi SHEPTHUIO.
OO0umMMHU XapakTepUCTUKAaMU UCTOYHUKA U3TyUYCHHUS SIBJISIOTCS:
e [loTok u3nyyeHwus.
e Jluarpamma cuibl cBeTa ((OTOMETPUUECKOE TEJIO CHJIbI CBETA) — MOKAa3bIBAET
pacripejielieHue CIibl cBeTa B nmpocTpancTBe (puc.2.3.1). Cuna cBeTa 3aBUCUT

OT JBYX YIJIOB BO B3aMMHO MEPNEHINKYJISPHBIX HANpPaBICHUAX: [ ((p, 9).
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Puc.2.3.1. Jluacpamma cunvi céema.

e ‘IpkocTth L(x,y,go,ﬁ) — HauOoJiee TOJIHAS XapaKTepHUCTHKA, TOEe X, ) —
KOOpPJIMHAThl Ha TOBEPXHOCTU MCTOYHUKA, ¢, € — yriabl B TMOJSPHBIX

KOOpAWHATAaX.

BBenem cucremy koopauHat (puc.2.3.2), rae r(x, y,z) — JIMHEWHBIM BEKTOP,

q(X Y, Z ) — YIJIOBOM BEKTOP.

X

Puc. 2.3.2. Cucmema xoopounam.

ITomnas Mozenb HMCTOYHHMKA ONPENENAETCS  CHEKTPAJIbHOM  IUIOTHOCTBIO
sHepreTndeckoit spkoctu L, (r,q,A), 3aBucameil oT nMHEHHOTO BeKTOpa I M

YTJIOBOI'O BEKTOpPA (.
JlamOepToBCKHMIl M3JIy4aTe/ib — 3TO TAKOM M3Iy4aTeslb, Y KOTOPOro SIPKOCTh

MOCTOSTHHA M HE 3aBUCHUT OT HaIlpaBJIeHHs (TO €CTh HE 3aBUCUT OT IMOJOXKCHUS
TOYKH Ha TTOBEPXHOCTH U OT yTJia HAOIIOICHUS ).

Ha npakTtuke mgro0asi XOpoIo paccerBaroIias MOBEPXHOCTh MOXKET CUHUTATHCS
JaMOepTOBCKUM H3ydaTesieM (Oenas mMartoBas Oymara, 1mepoxoBaThbie IMTOBEPXHOCTH
METaJIJIOB, TOBEPXHOCTh TOJILKO UTO BBIMIABIIETO CHETa, U T.1.).

2.3.1. Nnocknin nambepToOBCKUIN n3ny4vaTenb

[Tnockuii naMOEpTOBCKUN H3TydaTedb — OECKOHEYHO TOHKHM IJIOCKUN JHCK.
JnarpamMmma pacnpenesieHuss Cuibl CBETa OT TaKOro MCTOYHUKA HWMEET BUJ
OKpYy)HOCTH (puc. 2.3.3).
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Puc. 2.3.3. Ilnockuti rambepmosckuii uznyyamens.,

Cuiy cBeTa OT TaKOr0 HCTOYHUKA MOKHO BBIYUCIIHTD, 3HAasl IPKOCTh UCTOYHHKA!
I=LS=LS,cos@=1,cos0
rae S — MpOEeKIUs HCTOYHUMKA Ha IUIOCKOCTh, MEPIECHINKYISIPHYIO
HAIpPaBJICHUIO U3JIy4YeHUs, S, — UCTOYHUK, [, — CWJIa CBETa B HAIIPABIICHUU
HOpMalli K TOBEPXHOCTH, 6 — yroi Mexiay paccMaTpUBAEMbIM
HaIpaBJICHUEM U HOPMAJIBIO.

3akon Jlam0epra (3aKOH KOCHHYCOB):

[Imockass MOBEpPXHOCTh, HMEIOMIAsl  OJMHAKOBYIO  SIPKOCTh IO  BCEM
HAIpaBJICHUSAM, W3Iy4aeT CBET, CHUJa KOTOPOTrO M3MEHSAETCS II0 3aKOHY
KOCHHYcCa:

I=1,cos6 (2.3.1)

2.3.2. Cdepudecknin nambepToBCKUIN n3nyvaTernb

JlmarpamMmma pacrnpeneneHusi CHIbl CBETa OT CHEPUUECKOro JI1aMOepTOBCKOTO
M3JIy4daTesisi UMEET BUJl OKPYKHOCTH (puc.2.3.4).

Puc. 2.3.4. Cihepuueckuti rambepmosckuii uznyuamens.
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Cuna cBera OT c(hepuyecKOro JaMOEpPTOBCKOTO MCTOUYHHUKA MOCTOSIHHA BO BCEX
HaIPaBJICHUSIX

I =1, =const (2.3.2)

2.4. [lomok om u3sny4yameneu pa3siu4Hou ¢hopMbli

Bripeskem Ha TOBEpXHOCTH cQepbl EIUHUYHOTO paauyca ¢ LEHTPOM B
MCTOYHHUKE JIEMEHTAPHYIO TJIOIAJKY dS U TenecHblid yroa — dQ (puc.2.4.1):

z
das
d g
0 o
r=1 o y
do >

Puc. 2.4.1. Tenecnwlil y2on 8 noasapHvix KOOpOUHAMAX.

Bripazum TenecHbiit yroa dQQ depes yrinsl do u do :

dS (r-dé)r-sin@-dp) r*sin@-do-de
dQ = 2 = 2 = 2

|| dQ = sin0-do-de 2.4.1)

=sinf-df-do

[ToTok, mpoxoasauiuii yepes miomaiaxky ds :

dd =1-dQ

Tornma o0t MOTOK OT MPOU3BOJIBLHOIO U3TyYaTelisl B MPOU3BOJILHOM TEJIECHOM
yTIIe:

® = [[I(p.0)d2 = [[I(p.0)-s5in0-d6 dg (2.4.2)
Q Q
2.4.1. Cdhepuyecknin nambepToBCKUI n3ryyaTernb

Ji1st ceprueckoro J1aMOepTOBCKOIO M3Iy4YaTelIsl CHIIa CBETa IIOCTOSHHA BO BCEX
Hanpasnenusix: [(@,0) =1, =const.

ITorok B TenecHoM yrie €2, onpenensercsa u3 BelpaxkeHus (2.4.2):
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® = [[I(p.0)-sin6-d6 -dp = I, [[dQ=I, [[sin6 -d6- dp =1,Q, (2.4.3)

Q Q) Q)

20

X

Puc.2.4.2. Tenecnwiii yeon, nonyuaemwiii 6pawjeHuem niocKo2o yaia.

Haiinem TenecHsiii yroma €2, onpeaensieMslil INIOCKUM yriioM 20 (puc.2.4.2):

olrx

Q, = j Isin& dl-dp =21 jsin 6-do :272(— CcOS 193): 272(1-coso)=4rxsin’ ;
00 0

TakuM 00pa3oM, TEJIECHBIN Yroj, KOTOPBIM MOJy4aeTcsl BpalleHHEM IIJIOCKOTO
yTJla MOYKHO BBIPa3UTh CJIEAYIOIIMM 00pa3oMm:

Q, = 4rsin’ ‘2’ (2.4.4)

Torma mnodHBIE TOTOK OT cdepuyeckoro JIaMOEpTOBCKOrO U3JIy4yaTeis B

TCJIICCHOM YTIJIC QO onpeaACIICTCA BhIPAKCHUCM:

® = 1,0, =47, sinzz (2.4.5)

2.4.2. TInockmin nambepTOBCKNIN U3nyvaTenb

st miaockoro y1amMOepTOBCKOTO M3IydaTelss CHuja CBeTa HE IIOCTOSIHHA
(I =1,cos8), cnenoBarenbHo:

® = [[I,cos6-sin6-d6-do = g)ajzfsinze- do-do =l Ojsinze do =
Qo 00 0

(2.4.6)

1 o I 1

Takum 00pa3om, MOJIHBIA MOTOK OT IUIOCKOTO J1aMOEPTOBCKOTO H3JIydaTens B
TeleCHOM yrie €),, OomnpelenseMblM IUIOCKUM YIJIIOM 20, MOYHO BBIPa3uTh

CIIEAYIOIIUM 00pa3oMm:
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H O =7, sin’ o (2.4.7)

[Ipu maneix yrmax Belpaxkenus (2.4.5) u (2.4.7) ajus moTtoka HU3Ty4eHUs

C(l)epI/I‘-IeCKOFO H IINIOCKOI'O HCTOYHHUKOB AAar0T OI[I/IHaBKOBblﬁ pe3yJbTar.

2.5. Sipkocmb pacceuegaroweli noeepxHocmu

PaccmoTpum  J1aMOepTOBCKOE pacCesiHHe: pPACCESIHUE CBETa  IUIOCKOM
NOBEPXHOCTHIO MPOUCXOJIUT MO BCEM HAIMPABICHUSIM, U HE 3aBUCUT OT TEJIECHOTO
yIiia, B IpeAenax KOTOPOro majaeT CBETOBOM MOTOK. CBETOBOM IOTOK BBIXOAUT
[OCJIE TAKOI'0 PAcCeuBaTessi PABHOMEPHO PACHPEEICHHBIM B IMpeaenax TEIECHOro
yraa 27 . IllpumepoM MOXKET cyKuTh Oesasg Oymara Wik MOJIOYHOE CTEKJIO. SIpKocTh
TaKOW IMOBEPXHOCTM TNOCTOSIHHA TI0O BCEM HANpPaBJICHUSIM M HE 3aBUCHT OT
HaIIPaBJICHHUsI IMAJAOIIETO CBETA, TO €CTh MOJHOCTBIO MOJUUHSAETCS 3aKOHY
JlamGepra. KpuBasi pacnpeneneHus Cuiibl CB€Ta TAKUX MOBEPXHOCTEN UMeEET (hopMy

OKpyX)HOCTH (puc.2.5.1).

Puc.2.5.1. Jlambepmosckoe paccesanue.

Yacte mamaromero moroka @ morsomaeTcs MOBEPXHOCTHIO, U PACCEHBACTCS
moToxk D’ :

' = ad (2.5.1)

Koydppunuent anbbeno o omnpenenser cTeneHb OEIU3HBI MOBEPXHOCTHU
(0<a<1). Y abcomotHO dYepHoro Tena « =0 (HMYEro HE paccerBaeT, BCE
MOTJIOIAeT), y abcoimoTHO Oenoro Tena « =1 (Bce paccerBaeT, HUYEro HE

IIOTJIOIIAET)

AJb0e10 HEKOTOPBIX NOBEPXHOCTEH:

a =0.85-0.95 — OUMILICHHBINA M€,

a =0.7-0.8 — Oenas Oymara JJi1 puCOBaHMUS,
a=0.78 — CBE)KCBBINABIIINM CHET,

o =0.25-0.3 — IIECOK,

a =0.01-0.002 — yepHbIii Oapxar.

36




Harinem spkocte pacceuBarend. [lorok @ co3gaer OCBEMIEHHOCTh F = @ ,
CJI€JIOBATEIbHO, TTOTOK, YIIABIIAM HA PACCEUBATEINb:

O=F-dS (2.5.2)

PaccesHHbIi TOTOK B oaycdepe:

®'=],7r=LdSr (2.5.3)

O' = ad, caegoBaTeNnpHO:

LdSx =a-(EdS)

Orcroa IpKOCTh UJCAITBHOTO PACCEUBATENS:

_ak
T

L (2.5.4)

riae £ — OCBEIIEHHOCTD, cO3aBaeMas IaIafoluM IMOTOKOM, & — KO3 PHUIIUEeHT
Anrbeno.

2.6. OceeuwjeHHOcmMb, co30aeaemMasi pa3/IUYMHbIMU UCMOYHUKaMu
(3akoH o6pamHbIx Kkeadpamoes)

2.6.1. OcBelleHHOCTb, co3naBaemMast TO4EYHbIM UCTOYHUKOM
PaccmoTpuM TOYEUYHBIN UCTOYHHUK.
Toqeqnmﬁ UCTOYHUK — JOTO HNCTOYHUK, pasMepaMH KOTOpOFO MOQOKHO

npeHeOpedb MO CPAaBHEHUIO C PACCTOSIHUEM JIO HEro, M KOTOPBIM H3JIy4yaer
IIOTOK, PABHOMEPHBIN O BCEM HAIIPaBJICHUSM.

Puc.2.6.1. Ocsewennocmo, cozoasaemas modeuHviM UCHOYHUKOM.

OcBelIeHHOCTD INIOMIAKHA dS , co3aBaeMast TOYSYHBIM HCTOUYHUKOM:
do B 1dQ) B I cos@

E = 5
as dS r
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3aKoH 00paTHBIX KBAIPATOB:

OCBENIEHHOCTB, co3aBaemMas TOYEYHBIM VCTOYHUKOM oOpaTHO
MPONOPLUHUOHAIBHA PACCTOSHUIO OT HCTOYHHUKA N0 IIOBEPXHOCTU U MPIMO
MPONOPUHOHAIIBHO KOCUHYCY yIJla, MEXKAY HAalpaBJICHUEM CBETOBOTO MOTOKA U

HOPMaJIbIO K OCBEIIAEMOM MTOBEPXHOCTH:
I cos@
E = — (2.6.1)

r

rae / — cuia cBeTa MCTOYHMKA B HANPABJICHUH OCBEIIAEMOM TOUKH.

[IpakTHueckre U3MEpPEeHUs] IIOKA3bIBAIOT, YTO JUISI COOMIOJICHUS 3aKoHa
0OpaTHBIX KBAJPAaTOB OTHOIICHHWE pa3Mepa HMCTOYHHWKA K PACCTOSHHUIO JI0 HEro
OJKHO OBITH MeHblIre 0.1.

2.6.2. OcBelLLEeHHOCTb OT MNPOTSXKEHHOrO STaMOepPTOBCKOro MCTOYHMKA

L=const

Puc.2.6.2 Ocgewgennocms om npomsaiceHHo2o 1ambepmoscKo20 UCMOYHUKA.

JIJisi pOTSHKEHHOTO HMCTOYHMKAa MOXKHO Pa30UTh MOBEPXHOCTh MCTOYHUKA Ha
AJ€MEHTapHble TUomaaku dS  (puc.2.6.2) u  ONpeneauTbh OCBEIICHHOCTD,
CO3/1aBa€MOM KaXKJI0M M3 HUX MO 3aKOHY OOpaTHBIX KBaapaToB (2.6.1):

dl cos® LdScosfcost

2 2
r r

dE =

= L cos fFcos BdQ) (2.6.2)

[IpouHTEerppyeM TEMEPh 3JIEMEHTAPHYID OCBEIIEHHOCTh MO BCEH IUIOMIAAN
VUCTOYHHKA:

E= HL cos 3 cos 8dQ2 (2.6.3)
Q

Tak Kkak y JIaM6CpTOBCKOFO HCTOYHHUKA SAPKOCTb IIOCTOAHHA II0 BCEM
HallpaBJICHUAM, €€ MOKHO BBIHCCTH 34 MHTCIPAJIL:
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E=L ”cos L cos 8dQ) (2.6.4)
Q

HNJIN

E=L |[dq.dq, = L [[dXdY (2.6.5)
Q Q

TA¢ q — OpPT HAmpaBJCHUS HAa UCTOYHUK; ¢, =X =cosa,, ¢, =Y =cosa,—

HaIPaBJIAIOIIME KOCUHYCHI.
MoXHO TOKa3aTh, 4TO BbIpaxkeHus: (2.6.4) u (2.6.5) >KBUBAJICHTHBI, €CIHU
y4ecTh, 4T0 dg, =-sina, da,, dq,=-sina,da,, dada,=dQ, a yrnet f u 6

ABJBIIOTCA AOIIOJIHUTCIIBHBIMU K & ., X y
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3. NMpoxoxaeHne cBeTa Yepes3 rpaHuUy pasgena aAByx cpepn,

3.1. OmpaxeHue u npesiomsieHUe ceema Ha 2paHuuye pasodena deyx

cped

PaccmoTpuM majeHue IUIOCKOM BOJIHBI HA TpPaHUILy, pPa3fesisIioulyl0 JBE
pO3pavyHbie OJTHOPOIHBIC TUAJIEKTPUUECKUE CPE/IbI C TTOKA3aTEIIMU MPEIIOMIICHUSI 7
u n'. ByneM cuuTaTh, YTO TpaHHUIIA MPEACTaBIsICT COOOM IUIOCKOCTh (TaK Kak B
npenenax OECKOHEYHO Malioil oOsiactu 00y MMOBEPXHOCTh MOKHO CUHUTATh
IJI0CKOM). byzieM Takke cuuTaTh, 4TO caMa rpaHulila pas3jiesia CBET He MOTJIONIaeT.

[Tocne mpoxokaeHUs TpaHULIbl pa3fienia ABYX Cpel Majarouias IJI0CKasl BOJIHA
(Jiyu i) pazaensieTcsi Ha JABE BOJIHBI: MPOXOSIIYI0 BO BTOpYyIO cpeny (yd ¢) u
oTpaxkeHHyto (Jyu r) (puc.3.1.1).

1

Puc.3.1.1. I[Ipenomnenue u ompadicenue ceema Ha epanuye 08yx cpeo.

Ha puc.3.1.1 N — BekTOp HOpMaJIM K IOBEPXHOCTH B TOUKE MAJACHUS €IUHUYHOU

JUTHHBI Q\NHzl). [ToMecTHM Hayajgo KOOPAMHAT B TOYKY HaneHus. OnpenenuMm
CJIe/lyIOlIUe BETHUNHEL

Yroa mageHust & — 3TO Yo MEXIY JIy4OM i, NaJarolIuM Ha NPEJOMIISIONLY IO
WM OTPAXKAIOLIYI0 MOBEPXHOCTh, U HOpMaibid N K IMOBEPXHOCTH B TOYKE
NaJICHUSI.

Yroa mnpejomiieHHss £ — 3TO Yroid MEXAYy NPEIOMJICHHBIM JIy9OM ¢ W

HOpMaJibl0 N K MOBEPXHOCTHU B TOUKE MPETOMIICHHS.

Yroa oTpaxkeHus1 & — 3TO Yroj MEXAY OTPAKEHHBIM JIy4OM F U HOpMalibro N

K ITIOBCPXHOCTHU B TOYKE OTPAKCHUSI.

3.1.1. 3aKkoH npeniomneHus

[Tocme mpoxoXXAEHWS CBETOM TpaHMIBl paszjena JBYX CpeJl HeoO0XOauMO
ONPEEIUTh HAIIPABJICHUE PACTIPOCTPAHEHUS MIPEIOMIICHHOM BOJIHBI ¢ Y OTPaKEHHOM

BOJIHBI 7, U PACIPEACICHNUE SJHEPTUN MEKY OTPAKEHHOMN U IIPEITIOMIICHHON BOJHOM.
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B cootBercTBUMU ¢ ypaBHEHHUEM IIIOCKOW BOJIHBI (1.4.9) 3amuinem BbIpaxeHUs
JUI1 KOMIUIEKCHBIX aMIUIATY T HAJar0Ier, OTPAXKEHHOU U TPEJTOMIIEHHOW BOJIH:

YPaBHEHHUE MAJAIOIICH MIIOCKOW BOJIHBI

iky\q;,r
U(r)=Ue olar 3.1.1)
YPaBHEHHUE NPEJOMIIEHHON IUIOCKOM BOJIHBI

ikO (q )r)
U(r)=Ue ™ (3.1.2)
YPaBHEHNE OTPAKEHHOM INIOCKON BOJIHBI

ik,(q..,r)
U, (r)=U,e" (3.1.3)
rae q;, q,, (, — OITUYECKHE BEKTOPHI MANAIONICH, OTPaXEHHOU U
IPEJIOMIICHHOW BOJH, k, — BOJHOBOE YHCIO, I — pPaguyCc-BEKTOP

MIPOU3BOJIBHOW TOYKH.

31ech Mbl HUCHOJB3YEM COOTHOIIECHUS CKAUISIPHOM TEOPUM, MOCKOJBKY 3aKOH
MIPEIIOMJIEHUS] OJUHAKOB U1 BEKTOPHBIX U CKAISIPHBIX BOJIH.

N3 ypaBHeHM Majaroiied U NPEeIOMJICHHOW IUIOCKOM BOJIHBI CIEAYET, YTO Ha
rpaHuLIe pa3zena AByX Cpell y MaJarolled U NPeJIOMICHHON BOJIH aMIUIUTYIbl MOTYT
OBITh pa3IMYHBI, HO JOJDKHBI COBMNAJaTh 3HAUYCHHS SUKOHAIOB (ATOro Tpedyer
ycioBue (PU3MYECKON peaiu3yeMOCTH, TaK KaK MHaue BOJIHA OyJeT UMETh pa3phiB Ha

rpaHulIe pa3jena):
(a;,r)=(q,.r) (3.14)

PasenctBo (3.1.4) coOmromaercss Ha rpaHUIE pasjesia, TO €CTh JJIs BCEX I,
NEePHEHANKYJISIPHBIX BEKTOPY HOpMain. Takum oOpa3om, BeipaxkeHue (3.1.4) MoxHO

3aI1MCaTh B BUJC:
(q,.r)—(q;,r)=0 mpu (r,N)=0
WIIN:
((Qz - qi),l’) =0 npu (r,N): 0
To ectb (q, —q;)Lr, ectu NLr. BoinonHenne 5TUX YCIOBHi BO3MOKHO TOTA
u Tompko Toryma, korma (q,—q;)||N. Takum 06pa3soM, MOKHO BBIBECTH

(OopMyIMPOBKHU 3aKOHA MPEJIOMIICHUS B BEKTOPHOU popme:

(q,-q;)=N-T (3.1.5)
rae '— HEKOTOPBIN CKaJISp, WIIH:

[(q, —q,)xN]=0 (3.1.6)
nIn:
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H [q, xN]=[q, xN] 3.1.7)

Tak kak JJIMHAa OIITHYCCKOI'O BCKTOpPA paBHA IMOKA3ATCIIO ITPCIIOMJICHUA CPCALI

(la;/=n, |q,/=n"), 10 u3 Bopaxenus (3.1.7) u ompenencHHs BEKTOPHOIO
IPOM3BEJACHUS MOJKHO BBIBECTH KIIACCHUCCKHI 3akoH mnpeiaomiiehns CHelumyca
(Snell law).

3akoH npesomiienus (refraction law):

KauyeCTBEHHAsl YacTh 3aKOHa!

NaJAoIINN JIyd, TPEJOMIICHHBIA JIyd U HOpMaJlb K MOBEPXHOCTH pa3zeia IBYX

Cpca B TOUKC IIAACHHUA JICKAT B OJIHOU INIOCKOCTH.
KOJIMYCCTBCHHAA 4aCTbhb 3aKOHA.
MNPONU3BCACHUC IIOKA3aTCA IIPCIIOMJICHHUA Ha CHHYC YyIJla MCXKAY JIYIOM H

HOPMAJIbIO COXPAHSIET CBOE 3HAUCHHE MPU MEPEXO/Ie B CICAYIOILYIO CPEAY:

n-sing =n'-sing’ (3.1.8)

Uto0Obl HaliTH cKajsap I, JOMHOXHM CKaJlsIpHO BhIpakeHue (3.1.5) Ha BEKTOp

HopMasii N :
(N-q)-(N-q)=(N-N)-T
(N-N)=1, cnenosarensho n'-cosg'—n-cose=T
|| q=q+N-T (3.1.9)
rne ['=n"-cose'—n-cose .

Benmnunaa T' umeeT 0osbllioe 3HAYEHHUE B MaTEeMaTHUYECKOM arlliapaTe pacuera

nyuert (ray tracing) Ha KOMIIBIOTEDE.

3.1.2. 3aKOH OTpaxXeHus

3aKkoH OTPAKCHUA MOXHO BBIBCCTH B BCKTOpHOfI (bOpMC AHAJIOTUYHO 3aKOHY

IpCIIOMJICHHS, TOACTABHB BMCCTO OITHUYCCKOI'0 BCKTOPA HNPCIOMIICHHOI'O JIy4da (,

ONTUYECKUI BEKTOP OTPAaKEHHOrO Jy4a (; (puc.3.1.2).

Nj 2

1
1
! 1
Puc.3.1.2. Ompasicenue ceema na epanuye 08yx cpeo.
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3akoH orpaxenus (reflection law):
" sin(r — &) = —sing (3.1.10)

3aKOH OTpa)XE€HUsI MOYKHO BBIBECTH KaK YAaCTHBIA CIIy4all 3aKOHA MPEIOMIICHUS
npu n'=-—n (3TO MPOCTO MpHUEM I yao0CTBa pacuera Jiydeld B T€OMETPHUECKOMN
ONTHKE, B OTPULATEIIBHOM 3HAYCHWM I[IOKa3aTels MNPEJIOMIICHUS HET HHUKAKOIo
¢usnueckoro cmbicia). Toraa ciydail oTpakeHUs MOKHO HE BBIJENATh, a BKIIOYATh

€ro B 3aKOH IIPEJIOMIICHUS IIPY VCIOBUU, UTO n' = —n (puc.3.1.3).
9

n

1
|
|
|
|
N =—n

Puc.3.1.3. Ompasicenue ceema na epanuye 08yx cpeo.

“ (q,-q;)=N-T G.1.11)
Benwunna I' B TakoM cirydae OyeT paBHa:
['=—2n-cos¢ (3.1.12)

3.1.3. lNonHoe BHYTpeHHee OTpaKeHne

ECJII/I erJ'I naacHuss ¢ HEBCIUK, TO YacCTb II0JIA OTpa)KaCTCSI, a 4YacCThb
npenomisieTcsi. OHako, Mpu nepexoie u3 0oJiee MIOTHOM Cpelibl B MEHEE TUIOTHYIO
(n > n’), IIPU HEKOTOPOM YyIJIE MaJE€HUs CHUHYC YyIJIa MPEJIOMJIECHUS II0 3aKOHY
INPCIOMIICHUS OOJIDKCH GBITB 60J'IBIJIC CANMHUIBI, YTO HCBO3MOXKHO. HOBTOMY B TAKOM
cnyqae HpeJIOMJ'IeHI/IH HEC HpOI/ICXOI[I/IT, a HpOI/ICXOI[I/IT ITOJITHOC BHYTpeHHGC
orpaxxenue (I1BO, entire inner reflection) (puc.3.1.4):

2

n<n

1
Puc.3.1.4. llonnoe snympennee ompasiceHue.

YciaoBue NoJITHOTO BHYTPCHHETO OTPAKCHUA

'

sing>"" (3.1.13)
n
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Asnenue [I1BO mmpoko UCNOIb3yeTcsl B ONTUYECKON TEXHUKE Ojaroiaps Tomy,
yto npu [IBO orpaxaerca 100% sHepruu, TO €CTh HNOTEPh DHEPIUM HET. Takum
obpazom, IIBO mo3BonsieT pemuTh 3a7ady IOJHOTO OTPAKEHUS CBETa: B
3aBUCUMOCTH OT YIJjla MAJACHUA JIyY WM IOYTH MOJHOCTBIO NMPOXOJUT, WIM MOYTH
IIOJTHOCTBIO OTPa)XKaeTcsl.

Hapymiennoe monnoe BHyTpeHHee oTpakeHue (HIIBO), kotopoe Bo3HHUKaeT
IIPX  ONTHUYECKOM KOHTAKTE TpPaHUIBl pa3lelia CcO CpPEeIod, HCHOJIb3YETCs B
CIIEKTPOCKOIIHUHU.

3.2. ®opmynbl ®PpeHenss.. CoomHoweHue Mexoy amnaumyodamu
nadarouwjux, NPesIoMsIeHHbIX U OmMpaxeHHbIX 80JIH

[Ipu BbIBOJE 3aKOHOB IIpelioMJIeHUsT M oOTpaxeHus (maparpad 3.1) He
NPUHUMAINCh BO BHUMAaHUE DSHEPreTHMUECKHE COOTHOIICHHUS MEXIy MaJaroliuM,
OpEeJIOMJICHHBIM W OTPaXEHHBIM Jydamu. Jljis ydera OTUX COOTHOIICHUM

HGO6XOI{I/IMO HCIIOJIb30BAHUEC BCKTOPHOI'O OIMMCAHUS MAaJar0IICTO I10JIA.

3.2.1. ®opmynbl PpeHens

PaccmoTpuM, Kakoe KOJIMYECTBO CBETa MPEIOMIISIETCS, a KaKoe OTpakaercs, B
3aBMCHUMOCTH OT yTIJla MaJICHUs M TOKa3aTesiel mpeIoMIICHHs cpefl. JTa 3ajada Oblia
pelieHa B riepBoit mooBruHe XIX Bexka @penenem (Fresnel).

PaccmoTpum rpanuily pasnena IBYX Cpel ¢ MoKa3zaTelsiMU MPEJIOMJICHUS n U

(i)

!

n' . Pa3noxuMm >JIEKTPUYECKHN BEKTOp Majarolier miaockod BosHbl EY' Ha nBe

COCTABIISIFOLIMX: OJIHA JICKHUT B INIOCKOCTH MajeHus (A ), Apyras NepIeHIUKYISpHa

IUIOCKOCTH MaJieHus (M IJIOCKOCTH pUcyHKa) (A4, ) (puc.3.2.1).

Z
]l-‘. t
g
!
n
g}"
X
n AN 3
i A r
1L
RH

Puc.3.2.1. Ompasicenue u npenomnenue niockou 60iansl. @opmynvl Openers.
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Torz[a KOMITOHCHTBI 3JICKTPHUYCCKOI'O BCKTOPA I1OJIA HaﬂaIOHICﬁ IJIOCKOM BOJIHBI
3alIMIIYTCA B BUAC:!

EY = —A cose
EV =4 (3.2.1)
EY = A sine

[Tockoneky Bexktop H nepnenaukynspeH Bektopy E, TO ero KOMIOHEHTHI
MO>KHO BBIPa3UTh CIAEAYIOIIUM 00pa3oMm:

HY =—4 ncoss
H =-4,-n (3.2.2)

HY = A nsine

AHaJIOTMYHO MOYXHO PA3JI0KUTh KOMIUIEKCHYIO aMIUTUTYAY OTPa)K€HHOW BOJIHBI
R w npenomiieHHOW BOJHBI 7 HAa MapalielbHYI0 W NEPIEHIUKYIIPHYIO
COCTaBJISIIOIIME.

Torma mone npomeamnend BOJHbI:

E" =-T cose' H'" =-T n'cose'

(1) _ @& — _7 . 323
EV=T, HY =T n (3.2.3)
E{" =T sine’ H" =T n'sing'

[Tone oTpaxxeHHOW BOJIHBI:

E") = —R cose, H'") =—R ncoss,

E" =R, HY =_R -n (3.2.4)

y y I

E" =R sing, H!") =R nsing,

Ha rpanunie paszzaena nIByx cpen HE JOJDKHO OBITh pa3pbIBOB (PYHKIIMMA, TO €CTh
TaHIeHIIMAJIbHBIE cocTaBisitone BekTopoB E w H (X- m y- cocraBisonue,
JeXalme B TUIOCKOCTH TPaHULIbl pa3/iena) N0HKHBI ObITh HEMPEPBIBHBI, YTO CIETYET
n3 ypaBHeHuir Makcemna (1.2.1), u, cienoBaTeabHO, JTOMKHBI BBIMOJHSITHCS

COOTHOIICHUSA:
EV+E" =E" H?+H =H"
() (r) _ g () (r) — (0 3.2.5
EQ+EV =E HY+H"=H| (3.2.5)
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OTH ypaBHEHMS OINKCBHIBAIOT HENPEPHIBHOCTh TAHTCHIMAIBHBIX (JI€XKaIUX B
IUIOCKOCTH TPAHMIIbI) KOMIIOHEHT 3JIEKTPUYECKOI0 W MArHUTHOTO TMOJeH, eciu
MOTJIONIECHUS HAa TPAHUIIC HET.

[logctaBuB B (3.2.5) 3HaueHUWs BCEX KOMIIOHEHT, U YYUTbIBas, 4TO
cose,= cos(7 — £) = —cose , moMydnM:

cosg(A|| —RH):cosg'T||

A +R =T, (3.2.6)
ncoss(4,—~R )=n'coseT,

nldy + Ry )=n'T,

MoxHO pemuTh ypaBHeHUS (3.2.6) OTHOCHUTEIBHO KOMIIOHEHT OTPa)KCHHOW W
IPOLIEAIIEN BOJH, BBIPAa3UB MX Yepe3 KOMIIOHEHTHI majaromierd BoaHbL. [locne

npeoOpa3soBanuii oynM (popmysisl Ppenens, Uit aMIutTy 1 npowenmei 7', T,

Y OTPXCHHON R |, R BOJH COOTBETCTBEHHO:

2ncose ' — !
T = " R, = n'cose —ncose 4,
n'cose +ncose n'cose +ncosg’ (3.2.7)
2ncose ncose —n'cose’ o
T, = ' ' A RJ_ = AJ_
n'cosg' + ncose ncose +n'cose’

[Tonw3ysacy 3akoHoM mnpenomieHus (3.1.8 — 3.1.9), uz stux GopMyn MoxHO
UCKJTIOYHTH ITOKA3aTeU PEJIOMIICHUS 1 U 1’

(T _ 2sing’cose 4 KR :tg(g—g’)A
I sin(g + 8')005(5— 8') . : tg(5+ ‘9’) H (3.2.8)
T - 2s.in5’cosgAl R, :_WAL B
sin(e + &) sin(e+¢')

3.2.2. PacnpefneneHne 3Heprum mexny OTPaKeHHbIM U NpenoMiieHHbIM
nonamMmm

PaccmoTpuM Temepb, Kak SHEpPrus MOJs MAJArOIIEC BOJIHBI PACIPENEISIETCS
MEXAY OTPAXKECHHBIM W IMPEJIOMIIECHHBIM MNOJSIMHU. {71 3TOTO MOXHO MCIOJIb30BAaTh
VHTCHCUBHOCTHU MAJAIOIICH, MPOIIEAIIEH U OTPAXKECHHOW BOJIH, ONPEACIIEMbIE YEPE3
KBaJIpAThl UX aMIUIUTY/I:

I, ~ A -(cosg-n)2
I, ~T*-(cosg'-n'y (3.2.9)

I. ~R -(cosg-n)2
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KoadppuuueHnTt orpamxkennsi o IMOKa3bIBAECT, KaKas 4YaCTh SHEPTUU OTPAKACTCS
110 OTHOLLICHUIO K IaJIal0IeH:
2
Rz(ncosg) B R*
2 27 2
A*(ncose) 4

= (3.2.10)

KoadppuuueHnT nponmyckanusi 7 MOKAa3bIBAET, KaKasi YaCTh SHEPTUU MPOXOJIHUT
10 OTHOLIEHHIO K NaJar0IIeH:
_(n'cosg’) T?
- (ncose) A°
B cymme ko3 puiineHTs OTpakeHus U MpOIyCKaHus PaBHbI €IUHUIIE:
p+7=1 (3.2.12)

(3.2.11)

Koadduimentsl oTpakeHHss W MNPONYCKAHUS 3aBUCIT OT HaIpaBJCHUS

MOJIAPU3ALMU NAJAOLIEH BOJIHBI:
_tg’(e—¢)

tg’(e+ &)
_sin®(e—¢')

P
(3.2.13)

P

- sin’(s+ &)

sin® £+ sin(e— &)

e sin’(s+ &' )cos* (- &')

3.2.14
_ sin” £+ sin(g— &) ( )

sin®(s+ &)
Otciozia Cleyer, 4To NpH MPOXOXKACHUH CBETOM I'PAaHHIIBI pa3fena ABYX Cpel

€T0 COCTOAHHUC ITOJIApU3aAlMU U3MCHACTCA.

3.3. Paznu4Hble criyqdau nadeHusi U ompaxeHusi ceema

MaremMaTtndeckoe ONMCaHUE MPOXOXKICHUS I0JEM IPAaHUIIBI pa3zeiia AByX Cpel
uMeeT OOJbIIOE 3HAYEHUE MpPU NPOEKTUPOBAHMM ONTHUYECKUX CHUCTEM, TIJe
BCTPEUYACTCS Psii NPAKTUUECKU BaXKHBIX YACTHBIX ciiydaeB. Huke paccMmarpuBaroTcs
3TH ClIy4au, a TakKe MpuMep rnpuMeHeHus popmyn OpeHens npu co3JaHuu CPeCTB,

YMEHBIIAIIMX MTOTEPU CBETA HA OTPAKECHUE.

3.3.1. HopmanbHoe nageHne
[Ipu HopmanbHOM mafcHuu &£=&£=0. Torma koddpduumeHT oTpaxeHHus

OIPCACIIACTCS TaK:
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, 2

n'—n

PLZPHZPZ( ) ) (3.3.1)
n'+n

Hcxonas u3 Beipaxkenus (3.2.12), nonyyum Ko3PHUIIMEHT MTPOMYCKAHMUS:

on (3.3.2)

Ecnu rpanuma pasnmena cpel — CTeKIO-Bo3ayX, To o =~0.04, To ectb mnpu

HOPMAJILHOM TAJICHUU CBETA HA CTEKJIO OTpa)xaeTcs okoio 4% >HEpruu.
3.3.2. Yron bptoctepa

W13 Beipaskerns (3.2.13) ciemyeT, 4To MPHU YIJIe MaACHUS TaKOM, UYTO £+ &'=

T
R
2
KO3(1)(1)HHI/IGHT OTpa}KeHI/IH HapaJIJIeJIbHO HOHﬂpHBOBaHHOFO CBCTAa ,O I = O .
CHeI[OBaTeHBHO, HpI/I OHpe,Z[eJIeHHOM erIe nmaacHudad CBET HpI/I HapaHHeHBHOP'I
HOJ‘ISIpI/IBaHI/II/I COBCEM HC OTpEi)KaeTCH, a OTpEDKaeTCﬂ TOJIBKO OpTOFOHaJILHO

NoJISIpU30BaHHbIN cBeT (puc.3.3.1).

Yrona, mpu KOTOPOM TMPOMCXOJUT TOJHAS TMOJSpU3aALMS TPU OTPAKECHUHU,
Ha3bIBacTcs yriaom bprocrepa:

!

toe=" (3.3.3)
n

Puc.3.3.1. Yeon bprocmepa.

MoXHO HarjasigHO TIOKa3aTh pa3auyusi 3aBUCUMOCTEH K03 (PUIIMEHTOB
OTPaXEHHUsI CBETA OT IPAHHUILIbI pa3jliesia ABYX Cpex U IBYX CIIy4aeB IOJSPU3ALNMU.

JUis 3TOro CTpouTcss Trpa@uK 3aBUCUMOCTH pOpy U pPpy, OT yIia NAJCHUS &

(puc.3.3.2). Ungekc TE o06o3Ha4yaeT TaKoe€ COCTOSHHE MOJISIPU3AIlid CBETa, IMPHU
KOTOPOM D3JIEKTPUUECKHM BEKTOp MEPHEeHIUKYJSIPEeH IiockocTu mnajeHus (E ), a

TM — cocTosiHHE TONSAPU3ALNM, IIPU KOTOPOM BJIEKTPUUYECKUU BEKTOP JIEKUT B
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mwiockocty magenus (£ ). ['paduk nokaspiaer, 4To rpaHuiia pasjena JBYX Cpel

OKa3bIBaeT HauboJjiee CUJIbHOE BJIMSHUE HA MOJAPU3AIMI0 TMAJAIOIIero CBeTa IS
yIJIOB TajieHus, Onu3kux K yriy bpioctepa. DTo sBJI€HHE HCMHOJIB3YyeTCs MPH

CO3/IaHUU CIICIUATIBHBIX MPeo0pa3oBaTeieii CBETOBOIO MOJISI — MOJISIPU3ATOPOB.
P

0.9

0.8

/]

0.6 /
0.5 / /
04 WAl

FrE
0.3 J/ /
0.2 ,/ 1 Ly
0.1 pd /
) - v gi
O L
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Puc.3.3.2. I pagpux 3a6ucumocmu kosghguyuenmos ompasxceHus
ona TM u TE nonapuzoeannoz2o céema om yena NaoeHus &; .

3.3.3. NpocBeTneHne onTukn. TOHKME MNEHKN

[Ipn Opox0XKIEHUU CBETa 4Yepe3 CI0KHBIE ONTUYECKUE CHCTEMBI C OOJIbLIMM
KOJIMYECTBOM ONTHUYECKUX JETAJEd Ha KaXJIOW IMOBEPXHOCTH TepsaeTcs Okoyio 4%
ceeta. B pe3ynbrare yepes cucrteMy MoxeT mpoutu Bcero 20% CBETOBOTO MOTOKA.
[IpumMeHeHre TOHKOCIOMHBIX IJIEHOK ISl OciabiieHus (PEeHEIEBCKOTO OTpaKeHUs
Ha3bIBAaCTCA IMPOCBeTJeHHEeM ONTHKHU. [IpocBeTysIomnEe TOKPBITUS  MOTYT
YMEHBIINTh OTpakeHue B 3-4 pasa.

[IpyHin  AEWCTBUA MPOCBETISIONIMX TOKPBITUA OCHOBAaH HA  SABJIICHUU
unrepdepenimu. Ha moBepXHOCTh ONTHUYECKOW JETadud HAHOCAT TOHKYIO IUICHKY,
MOKA3aTelb MPEJIOMIICHUS KOTOPOW MEHBIIE MOKa3aTeNsl MpPEeIOMIIEHUs CTeKIa

n,<n, . Jlyd, OTpaX€HHbI OT IIOBEPXHOCTU IUICHKH, U JIy4, OTPAXKCHHBIA OT

TPaHUIBl TUICHKA-CTEKJIO0 KOTepEeHTHBI. MOXKHO moAo0paTh TOJIMHY TUICHKH Tak,
yT0oOBl TpH HWHTEep(PEpEeHIMM OHM TOoracuiau Obl JpPYyr Apyra, yCWJIMBas, TaKUM
o0pazoM, mpoxoAsiuii ceet (puc.3.3.3).
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n, R (-
> d,
6030yx CMeKo

njleHKa

Puc.3.3.3. Illpoceemnenue onmuxu.

HJ'IH 9TOr'0, BO-IICPBLIX, AMIIIMTYIblI ABYX OTPAKCHHBLIX BOJH JOJIKHBI OBITH

pPaBHBI (,01 = pz), U, BO-BTOpBIX, (a3pl (SHUKOHANBI) JIOJDKHBI OTIWYAThCA Ha
A
NOJIOBUHY NEpPHOJA, YTOOBI Jydd noracuinu Apyr npyra (E,—FE, :E WU

@, — @, = ). 1ns1 3T70r0 HEOOXOAMMO BBITIOJTHEHHUE CIAEAYIOLIUX YCIOBUM:

n = (3.3.4)

(3.3.5)
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4. leomeTpunyeckas onTuka

4.1. lMpubnuxxeHue KOPOMKUX OJIUH 80JIH. YpasHeHuUe 3liIKOHana

I'eomerpuyeckasi ONTHKA — 3TO paszell ONTHKH, B KOTOPOM CUMUTAETCS, YTO
JUTMHA BOJTHBI TIpeHeOpesxnmo Mana (4,—> 0). OcHOBa reOMETPHYECKOH ONTHKH — 9TO

ypaBHEHUE »HiKoHama. Ero MOXXHO TMOJIYyYUTh W3 BOJIHOBOTO YpaBHEHUS IS
KOMIUIEKCHOM aMIUIUTY bl (YypaBHeHus ['enpMmromnbna) (1.3.26).

Bhauane paccMOTpUM HM3BECTHBIE M3 MAaTEMaTUKU TOXKIECTBA, CIPaBEIJIMBbHIC
st HeKoTtopoil  ¢yHkiuu U, 3agaHHOM B  SKCIOHEHUUAIBHOU  Qopme
U = P) — pBlxy.2)

UV _pP_yP (4.1.1)
ox ox ox

ox® ox Ox ox*

U _, BB ;8 _y, (0%’) +5zf (4.1.2)
ox ox

Takum oOpazom:

/U AU AU s s
= + + =U|\VB) +V 4.1.3

VU

HYCTB TCIICPDb U — 5TO KOMILUICKCHas AMILUINTY A4, KOTOpad NpCACTAaBJICHA B

BUJIC:
U = P = le(r)+ikoE(r)] (4.1.4)
Torma, npuMeHuB npeoOpazoBanue (4.1.3), moaydum cieayroliee BhIpakeHuUe:
UV[a()+ ik E@)F + V2 [alr)+ ikoE )]+ k3n*U =0 4.1.5)
OTCroAa.
(Va+ikyVE) +Via +ik,V*E +kin® =0 (4.1.6)
B urore nosyunm crieayroliee ypaBHEHUE:
(Vaf +2ikyVEVa -k} (VE) +Via +ikyV2E + kin® =0 (4.1.7)
nJIn.
(Va) —k2(VEY +Via+kin® |+ ik, V2E + 2k, VEV a]=0 (4.1.8)

ITockonbky B JeBoM yactu ypaBHeHUsS (4.1.8) — KOMIIJIEKCHOE YHCIO, TO
PaBEHCTBO HYJIIO MPaBOW YaCTH MpEJIoaraeT paBeHCTBO HYJIIO KaK BEIIECTBEHHOM!,
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TaK 1 MHUMOM YacTel 3TOro KOMILIEKCHOTO uuciia. Hac mHTepecyeT BelecTBEHHAs

qacCThb:
(Va) —k2(VE) +Via+kin® =0 (4.1.9)
[lepenuiemM 310 ypaBHEHUE B BUJE:

(VE) —n* = klz[(v@z)2 +V2a]

0

27
rae k, = /1—, 150305

0
(VE) —n? = %[(Va)z +V2a] (4.1.10)
42 o

[Ipumenum k ypaBHenuto (4.1.10) npubnmxkeHre KOPOTKUX JJIMH BOJIH. Ecnu

HJIMHa BOJIHBI CTPCMHUTCA K HYJIRO (ﬁ,o—) O), TO B npaBoﬁ YaCTHU YPaBHCHUA

noJiy4aetrcsl BeIuuuHa, Onu3kas K Hymo. OTClojja MOXKHO MOJYyYUTh YpaBHEHHE

IMKOHA/IA:
(VEY =n? (4.1.11)
VUTH:
2 2 2
(VE)2 = (?EJ + (?’Ej + (?E] = nz(x,y,z) (4.1.12)
X Y z

N3 YPaBHCHHUA AMKOHANIa CICcAyeCeT, 4TO T'COMCTPHUUYCCKAA OIITUKA IIPHUMCHHMA
TOJIBKO JId KOPOTKUX [JIMH BOJIH. Yem KOpo4uc MAJIMHAa BOJIHbI, TEM TOYHCC

NpUOIMIKEHUE TEOMETPUYECKON ONTHUKH.

4.2. OCHOBHbIE NMOHSAMUS 2eoMempu4ecKol onmukKku

4.2.1. BonHOBOM PPOHT U Ny4n

W3 mpulimkeHus: KOpOTKUX BOJIH, PaCCMOTpPEHHOTO B maparpade 4.1, cienyer
MOAXO0/ K U3YUYEHHUIO PAaCIIPOCTPAHECHUSI CBETA HA OCHOBE MOHSTHUSA JIyUEH.

Jlyd — 3T0 mpsimMasi WM KpuBas JIUHUS, BIOJb KOTOPOM pachpoCTpaHsSeTCs

SHEPrusi CBETOBOTO IMOJIA.

Takum oOpa3oMm, TreoMeTpuyecKkass OINTHKAa OIUCHIBAET PaCIpOCTpPaHEHUE
AJEKTPOMArHMTHOTO TOJISI KaK pachmpocTpaHEHHE Jiydeld B TpocTpaHcTBe. Kpowme

JTy4er CYyIIECTBYET €Ille OJJHO BAXKHOE MOHATHE Tr€OMETPUUYECKON ONTHUKH — BOJTHOBOM
(bpOHT.
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BoJiHOBOI1 (PPOHT — 3TO MOBEPXHOCTH PaBHOM (ha3bl MU PAaBHOTO dMKOHAIA:
E(r)= const (4.2.1)

N3MmeHsist 3HaueHWe const MOKHO TOJYUYWUThb Pa3JIMUHbIC BOJHOBBIE (DPOHTHI.
[Ipu nepemernieHuu BOJTHOBOTO (PPOHTA U3 OJJHOTO MOJIOKEHUS B APYrOe MPOUCXOUT

YBEJIMYCHUE DUKOHANA.

OcHOBHBIC CBOMCTBA BOJIHOBBIX ()POHTOB:
® BOJHOBbIE (PPOHTHI B paMKax I€OMETPUUYECKOW ONTUKH HE NEpPEeCceKaroTCs
MEXTy COOO0M;
e uepe3 KKy TOYKY MPOCTPAHCTBA MPOXOAUT BOJIHOBOW ()POHT, U MpPHUUEM

TOJILKO OJWH.

Puc.4.2.1. Bonnoswie ppoumul u yuu.

B reomerpuueckoil ONTHKE JyYHM ONPEACISIOTCS KaK HOPMAJIA K BOJHOBOMY
¢ponty. Hanpapinenne myda coBHajaeT C HaMpaBICHUEM PaCIPOCTPAHECHHUS
BOJIHOBOI'O ()POHTAa M OMPEIEISAETCS ONTUYECKHMM BEKTOPOM ( B KaXKIOM TOUKe

npoctpancTBa (puc.4.2.1).

YpaBHeHUE BOJTHOBOIO (ppoHTA:
| a=ve (4.2.2)
Ecmu cpema, B KOTOpOM paclnpoOCTpaHsE€TCsl CBET OJHOPOJHA, TO €CTh €€
[OKa3aTeNb MPEJIOMIICHUS HE 3aBUCUT OT IPOCTPAHCTBEHHBIX KOOPIWHAT (n = const),
TO W3 ypaBHeHMs1 dHkoHana (4.1.11) cneagyer, 4To HampaBiEHHE Jiydya OCTaETCs

MTOCTOSTHHBIM:
q = const (4.2.3)

CiienoBarebHO, B OJHOPOJIHOM CpEJe JIyUd SIBJISIFOTCS MPSAMBIMH JMHUSAMU. Ha
TpaHUIe pasdena ABYX Cpel Jyd MPeJOMISIETCI B COOTBETCTBUM C 3aKOHOM
MPEJIOMIIEHHS.

B HeomHOpomHOW cpepde, rie IoKa3aresib MNPEIOMJICHUS HENOCTOSHEH, Jy4H

VCKPUBJIAIOTCA B CTOPOHY TIpajveHTa II0Ka3arels IPEeIOMIIEHUS Vn, TO €CThb C
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YBEIIMUCHUEM II0KA3aTessl IPEJIOMIICHUS BO3pacTaeT KpuBH3Ha Jyda. [lpm s3TOoM
KpHUBHU3HA Jy4a NpoNopuHOHaTbHA Vn. Ecim dyd — 3TO KpuBas, TO BEKTOp (

HaIIpaBJICH MO KacaTeJIbHOM K JTydy B KaXJ0il Touke (puc.4.2.2).

Jyd

Vn
Puc.4.2.2. Onmuueckuii 1yy 8 HeOOHOPOOHOII cpeoe.

C moMoOmIbI0 W3YyYEHUS TPACKTOPUHM JIydyeld B HEOJHOPOJHOM Cpele MOXKHO
aHaJM3UPOBATh BIMSHUE HEOAHOPOJHOCTEN HA pacmnpocTpaHeHue cBera. Hampumep,
OpA  WCHOJB30BAHMM  HA3€MHBIX  ONTHYECKUX  TEJIECKONOB  YYMUTHIBATH
HEOMHOPOJHOCTh  atMochepsl  3emuu. Hampumep, KOpPpeKTHpys  KadecTBO
N300pKEHUSI HA3E€MHBIX ONTHUYECKUX TEJIECKONOB, YYHUTBIBAs HEOJHOPOJHOCTb

aTMochepsl 3emin.

4.2.2. OnTnyeckas anuHa nyda
IIycTte mMeercs OgHOpOJHAsA cpena (n = const), TOrJga OTPE3OK Jydya MEXKIY

Toukamu P, u P, —3T0 OTpe30K NpsIMOM ¢ reoMeTpruieckoil anmmHoit / (puc.4.2.3).

g

P I

Puc.4.2.3. Onmuueckas onuna ayua 6 00HOpPOOHOI cpeoe.

OnTnyeckas JJMHA JIyYa B OJJHOPOJHOM cpeje:

Ontuyeckasi JAJMHA Jyda B OJIHOPDOJHOW cCpeae — 3TO MPOU3BEACHUE
r€OMETPUYECKON JJIMHBI ITyTH Jiyya / Ha MMOKa3aTellb MPEJIOMIICHUSI # CPEJbl, B
KOTOPOM paclpOCTPaHSETCS CBET:

[P, ]=n (4.2.4)

Eciu cpena sBnsercss neomnopomnoit (n(x, y,z)# const), To myTh Tyda MOXKHO

pa30ouTh Ha OECKOHEYHO Majble OTpe3KH dS, B Mpefenax KaxAoro M3 KOTOPBIX

MOKa3aTeJib MPEJIOMIICHHUS MOXKHO CUUTATh MTOCTOSHHBIM (puc.4.2.4).
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A
Puc.4.2.4. Onmuueckas onuna n1y4a 6 HeOOHOPOOHOI cpeoe.

B sToM cnyyae omTudeckas JJIMHA Jiyda BBIYMCISETCA KaK KPUBOJWHEWHBIN
UHTETpal:

[P ]= jn-ds (4.2.5)
|
Ecnu ecTh HECKOIBKO OAHOPOIHBIX CPEM, pa3AesieHHbIX rpanuliamu (puc.4.2.5),
TO ONTHYECKas JUIMHA JIyda BBIUMCISIETCS KaK CyMMa ONTHYECKUX JJIUH Jydel B
KaXJI0U Cpee:

‘ [RR]=ln, (4.2.6)

Puc.4.2.5. Onmuueckas onuna 1y4a 6 HeCKOIbKUX CPeOax.

Ecnu cpeapl HEOMHOPOAHBIE, TO MOXKHO IMOJIb30BaThCAd BhIpakeHHeM (4.2.5),
CUWTasi HHTETPaJI MO JIOMAHOW JIMHUM.

4.2.3. KOHrpyaHums nydven

[1y4oxk Jiyden — 3TO MHOKECTBO JIMHUM, IPOHU3BIBAIOIIUX ITPpOCTpaHcTBO. Ho He
KaXXJJ0€ MHO>XECTBO KPUBBIX WJIM NPAMBIX JUHHM, MPOHU3BIBAIOIINX MTPOCTPAHCTBO,
MOHO Ha3BaTh MYYKOM Jyuyel. [[is TOro 4roObl MHOXECTBO JIMHUI 00pa30BbIBAIIO

My4YOK JTy4eld, Hy>KHO YTOOBI 3TO MHOKECTBO COCTABHIIO KOHIPYIHUMIO.

KoHrpy3Huusi — 370 Takasi COBOKYIIHOCTb JINHUW B TPOCTPAHCTBE, 11 KOTOPOU
BBITIOJTHSIETCA  YCJIOBHE, 4YTO Yepe3 0yl TOUKYy IPOCTPAHCTBA MOKHO
IIPOBECTH TOJILKO OJIHY JUHUIO U3 ATOM cucteMsbl (puc.4.2.6).
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Puc.4.2.6. Konepysnyus.

KoHrpysHIus onpenensercs cleayrouuM YPaBHEHHEM:

|| rot(q(r))=0 4.2.7)
(Vxq(r))=0

rie 3amuch q(r) ompemenseT MHOXKECTBO Jydell B MPOCTpaHCTBE. Brlpaxenue

(4.2.7) o3Ha4aeT, 4YTO COBOKYITHOCTD JIy4eil HE 00pa3yeT BUXPEBBIE CTPYKTYPHI.

HopManbHasi KOHIPYHUUSI — OTO KOHTPYSHIIMS, BCE JIMHUU KOTOPOMH
NepeceKaroTcsi HEKOTOPOU MOBEPXHOCTHIO MO/ MPSIMBIM YTJIOM.

[Tydok Jsy4eil — 5TO MHOXECTBO JIy4eil, KOTOpOE MPEACTaBIIIeT Cco0O0M
HOPMAJIbHYI0O KOHI'PYIHIHIO.

4.3. OCHOBHbIe 3aKOHbI 2eo0Mempu4ecKol onMmMuKu

Bce 3ak0HBI TEOMETPUUYECKON ONTUKU CIAEAYIOT U3 3aKOHA COXPAHEHUs YHEPIUU.
Bce 3T 3aK0HBI HE SIBISIOTCS HE3aBUCUMBIMU APYT OT JApyra.

4.3.1. 3aKoH HE3aBUCUMOrO pacnpoCTpaHEHUs nyven

Ecnu yepe3 TOUKY MPOCTPAHCTBA MPOXOAUT HECKOJBKO JIY4eH, TO KaKJbIUA JIy4
BEJIET ce0s1 TaK, KaK €ClIM Obl IPYTruX JIyuye He ObLIO.

910 CIIpaBCAJIMBO JIJIAA JIMHEWHOMN OIITUKH, T'AC ITOKA3aTCJIb HNPCIOMIICHUA HC
3aBUCHUT OT aMIINIMTYAbl 1 HHTCHCHUBHOCTH ITPOXOAAIICTIO CBCTA.

4.3.2. 3akoH obpaTumocTun

Tpaexkropus W aIMHA Xo4a JIyded HE 3aBUCAT OT  HANPABICHUSA
pacrpoCTpaHEHHUs.

56




To ecTb, ecau Jiyd, KOTOPBIM paclIpoOCTpaHsAeTCs OT TOYKU F 10 Touku P,
NYyCTUTh B 00paTHOM xoje (0T P, k ), To 0H OyJIeT UMETh TaKyl K€ TPaeKTOPUIO,

KaK U B ITPAMOM.

4.3.3. 3aKOH NPSIMOSIMHENHOIO pacrnpocTpaHeHus

" B onHOpoHOM cpene Tyun — npsmele TuHuM (cMm. aparpad 4.2.1).

4.3.4. 3aKoH NpenoMreHns n oTpaxeHus

3aK0H OTpaKeHMsI U TpesIoMIIeHUs MoApoOHO paccmarpuBaercs B I'1aBe 3. B
paMKax TeOMETPUYECKOW ONTUKH (OPMYIUPOBKM 3aKOHOB MPEIOMJICHUS U

OTPAKEHUSI COXPAHSIFOTCS.

4.3.5. puHUMN TayTOXpPOHU3MA

Puc.4.3.1. llpunyun maymoxpoHnusma.

PaccmoTpuMm  pacnpocTpaHeHHE CBETa, KaK PAacHpOCTPAHEHHE BOJIHOBBIX
dbponToB (puc.4.3.1).

OnTuyeckas JuiHa J000T0 Jiyda MEKIY JBYMs BOJTHOBBIMHU (DPOHTaAMU OJHA U

Ta XKC:

|[PP,|= E, - E, = const (4.3.1)

BonHoBbie (pOHTBHI — MOBEPXHOCTH, KOTOPHIE ONTHUYECKU MapalIeNbHbI IPYT
Apyry. OTO CHpaBeIIMBO U I PACIpPOCTPAHEHUS BOJHOBBIX (POHTOB B
HEOJHOPOJHBIX Cpenax

4.3.6. MNpuHumn depma
Ilycth nmeroTcs nBe Touku B U P,, pacioJIoKEHHbIE, BOSMOXXHO, B Pa3JIMYHbIX

cpeaax. DT TOYKH MOXKHO COCAMHUTH MEXKIy COOOM pa3auyHbIMU JUHUSAMU. Cpeau

ATUX JIMHUU 6YI[€T TOJBKO OJHA, KOTOpasd 6YI[€T SABIIATBCA OINTHYCCKHM JIYUOM,

Y

KOTOPBIM PaCIpPOCTPaAHSACTCS B COOTBETCTBHM C 3aKOHAMH T'€OMETPHYECKON OMTHUKH
(puc.4.3.2).

Puc.4.3.2. llpunyun @epma.

MoXHO cocuuTaTh JUIsl CpaBHEHHUS ONTHUYECKYIO JUIMHY 3TOTO Jydya U KaKHUX-
ambo Apyrux JuHUN. B pe3ynprare Takoro cpaBHEHHUs ObLI MOJYyYEH TPUHIUI
®depma (Fermat principle).

Hpunuun Pepma:
OnTrueckas JJIMHA Jyda MEXIY JBYMS TOYKaMHU MUHHUMAaJIbHA MO CPaBHEHHIO

CO BCEMHU IPpYyTUMM JIMHUAMHA, COCOIUHAIOIMUMHA 3TH ABC TOUKH:

[PP,]=min (4.3.2)

CymectByet Oosiee mosiHasi GOpMyJIUPOBKa:

OnTuyeckas JvMHA Jy4a MEXIY JABYMS TOYKAMHU SIBJISIETCS CTAllMOHAPHOW MO

OTHOIICHUIO K CMCIICHUIO ATOM JIMHUM.

Jlyd — Kparuyauiiee pacCTOSHHUE MEXIY ABYMsI TOUYKaMH. ECiu JIMHMA, BIOJIb
KOTOPOW MBI U3MEPSIEM PACCTOSIHUE MEXK]Y JBYMs TOUYKAMH, OTJIWYAECTCA OT Jiyda Ha
BEJIMYMHY 1-ro mopsiaka MaJlOCTH, TO ONTHYECKas JIJIMHA 3TOW JUHUMU OTIUYAETCS OT
ONTHUYECKOM JJIMHBI JTy4a Ha BEJIMYUHY 2-TO MOPSJIKA MAJIOCTH.

Ecnmu ontuyeckyro UIMHY JIyda, COCIWHAIONIETO JBE TOYKH, IOJEIUTHh Ha
CKOPOCTb CBETa, TO MOJYYUM BpeMs, HEOOXOAMMOE Ha MPEOJOJICHUE PACCTOSIHUS

MCKAY ABYMS TOYKAMMU:

[PIIDZ] = At
C

[PP,]=cAt (4.3.3)

Eme onna popmynupoBka npuHIiuina depma:

Jly4, coenuHSIONIMNA JBE TOYKH, HJET IO TaKOMy IIyTH, KOTOpBIA Tpedyer

HAaWMEHBIIIETO BPEMEHHU (M0 caMOMy OBICTPOMY ITyTH).

N3 sToro NpUHOHWIIa MOT'YT OBITH BBIBCACHDBI 3aKOHBI IIPCIIOMJICHUA, OTPAKCHUSI

U T.II.
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4.3.7. 3akoH Mantoca-[ioneHa

HopManbHass KOHTpysHIHUS COXPaHSET CBOWCTBA HOPMAaJbHOW KOHTPYSHIIUM B

MpoHecCCe MPOXOKACHUA YCPE3 PA3JIMIHBIC CPCABI.

4.3.8. IuBapunaHThI

NuBapuantel (om crnosa HeusMeHHblll) — ITO COOTHOILICHHMS, BBIPAXKEHUS,
KOTOPBIE COXPAHSIOT CBOW BUJI MPU HM3MEHEHUHM KaKUX-TMOO YCIOBUM, HAmpuMep,

IIpHu IPOXOKIACHUHN CBCTA YCPEC3 PA3INIHBIC CPECAbI HJIM CUCTCMBI.

HNHuTerpajbHbId HHBAPUAHT JlarpaHixka

[IycTe uMeeTcss HEKOTOpass HOpMajbHash KOHTPY3HIUS (IIy4OK Jydel), U IBE
IIPOU3BOJIbHBIE TOUKHU B pocTpancTBe P u P, (puc.4.3.3). CoequHuM 3TU JBE TOUKH

IIPOU3BOJIBHON JINHUEN U HAUJIEM KPUBOJIIMHEWHBIM UHTETPaJl.

|(qr) (4.3.4)

Py
KpuBonuHelinblii uaterpai (4.3.4), B3AThI MEXTY ABYMs JIFOOBIMU TOUKaMu B,

151 PZ , HC 3aBUCHUT OT IIYTHU UHTCI'PUPOBAHUA.

NN
/?q\

~;
)/

Puc.4.3.3. Humeepanvnwiu uneapuanm Jlazpanorca.

AuddepenuuanbHblii UHBapuaHT Jlarpan:xa
JIy4 B IPOCTPAHCTBE ITOJHOCTHIO OMMUCHIBACTCA PALUyC-BEKTOPOM I, KOTOPBIA
COLCPKUT TPU JMHEHUHBIE KOOPIAUHATHI (x,y,z), U ONTUYECKUM BEKTOPOM (,
KOTOPBIN COAEPKUT TPU YIJIOBBIE KOOPIAUHATHI (X Y, Z ) Bcero, takum oOpasom,

nMeeTcsa 6 mapaMeTpoB ISl ONPENEIIEHUS HEKOTOPOIO JIyda B MpocTpaHcTBe. OQHAKO
13 3TUX 6 MapaMeTpPOB TOJNBKO 4 SBISIOTCS HE3aBUCUMBIMU, TaK KAK MOKHO IOJTYYHUTh
JIBA YPaBHEHHUS, KOTOPBIE CBA3BIBAIOT MTAPAMETPHI JIyda JIPYT C APYTOM.

IIepBoe ypaBHEHUE ONPEAEIAET AJIUHY ONTUYECKOTO BEKTOpA:
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X2 +Y*+2Z% =n? (4.3.5)
raAc n — 1IOKa3aTcClib IIPCIOMIICHUSA CPCADI.
Bropoe ypaBHEHHE BBITEKAET U3 YCIOBUSI OPTOTOHAJIBHOCTHA BEKTOPOB ( U I :

(r-q)=0
WM
xXX+yY+zZ=0 (4.3.6)

N3 Beipaxenuit (4.3.5) u (4.3.6), BOCHOJIb30BABIINCH AHATUTUYECKOU
reOMETPUEN, MOKHO BBIBECTH CIEAYIOIIEE COOTHOLIECHNUE:

[=9r A _or %4 (4.3.7)
oU oV oV oU

rae U u V' —53T0 napa i1to0biX U3 6-TH NapaMeTpoB JTyya.

JAud¢epeHunaabHbld HHBApUAHT Jlarpanxka:
Bemnunna [/, coxpaHseT CBOE€ 3HAYE€HHME Ui JAHHOTO Jiy4a IIpU

pacipocTpaHEHUH ITydKa Jiydeil uepes 00y COBOKYITHOCTh ONITUYECKUX CPEI.

Nupapuant llTpayoens
PaccMoTpuM B mpocTpaHCTBE OECKOHEUHO Majble IUIOMAAku dS, u ds,,
HaXOJsIIKECS Ha HEKOTOPOM pacCTOSIHUU ApyT oT apyra (puc.4.3.4). Yruel oy U a, —

YTJIbI MCXKAY HOPMAJXIMU K IINTOIIaAKaM M HAIIPaBJICHHUCM JIy4da.

Puc.4.3.4. Ceemosas mpyoka.

Ecau Mbl coeITuHUM BCE€ BO3MOKHBIE TOUKH KPaeB IJIOMIAIKU IPYT C APYTOM, TO
MOJIyYHMM TaK Ha3bIBAEMYIO JIy4eBYI0 (CBETOBYI0) TPYOKY.
I'eomeTpuyeckuii pakTop 1yueBoi TPyOKH 3aIIUCHIBAETCS TaK:

G=n"-dS, -cosa, dQ,=n"-dS, -cosa, -dQ, =

n®-ds, -dS, -cosa, -cosa, (4.3.8)
- 2
c
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Puc.4.3.5. Uneapuanm LlImpaybens.

Nupapuant lTpaytens:

I'eomerpuyeckuii (akTOp OCTAeTCS HWHBAPUAHTHBIM IIPH PacIpOCTPaHCHUU
JTy4eBOH TpyOKH dYepe3 JIOOYH IOCICAOBATCIIBHOCTh PAa3IUYHBIX  CpET
(puc.4.3.5).

NuBapuant IllTpay0Oens BbIpakaeT 3aKOH COXPAHEHMS SHEPruM, TaK KaKk OH
MOKAa3bIBAET HEU3MEHHOCTD JIyYUCTOTO MOTOKA.
N3 onpeneneHns SPKOCTU MOYKHO MOJTYYUTh CIECAYIOIIEE PABEHCTBO:

=L, -G (4.3.9)

L
TAc LR =5 = INpUBCACHHAA SAPKOCTb, KOTOpasi MHBAPUAHTHA, KAK YiKC OBLIIO
n

CKa3aHo B TJiaBe 2.

4.4. lNMy4ku ny4deu

4.4.1. [oOMOLEHTPUYECKNE MYYKM JTyHeN
T'oMoueHTpUYecKHe NMYYKH Jy4deill UMEIOT OOLIMN LEHTP, TO €CTh BCE JIy4H
BBIXOJAT WA CXOIATCS B OJTHOU TOUKE.

['oMorneHTprUecKkne MydKku Jyded MOryT ObITh cxonsmumucs (puc.4.4.1.a),
pacxogsummucs (puc.4.4.1.6), unu napamenbasiMu (puc.4.4.1.8).

a) pacxooauuiics 0) cxoosiutics 8) napannenvHblil

Puc.4.4.1. Ilyuku nyueti.

61

doKyc my4ka — 3TO TOYKA, B KOTOPOM BCE JIYUH CXOAATCS WA U3 KOTOPOU OHU
BCE BBIXOJAT. BOTHOBOM (PpOHT Takoro mydka MpeacTaBiisieT co0oil cepuueckyro
NOBEPXHOCTh. B yacTHOM ciryuae Qokyc mydka HaxoJIUTCA Ha OECKOHEYHOCTH, TOTAa
BOJTHOBOM (DPOHT IJIOCKHUM, a BCE JTy4H MapaslieIbHBbI.

Dokyc, focus (nam.) — ouae, mecmo 20e 2o0pum 020Hb

®okyc MOXKET ObITb MHUMBIM WJIM JIEUCTBUTENIbHBIM. JIeHCTBUTENbHBINA (HOKYC

0o0pa3oBaH CaMUMHU JIydaMH, @ MHUMBIN — X NpoAoKeHusiMu (puc.4.4.2).

/

oelicmeumibHbulil oKyc

Z7TAN

MHUMDBLU hOKYC

Puc.4.4.2. JleticmeumenvHuiii u MHUMbLI (hOKYC.

Bce paccmoTpeHHble 37eCh  MYYKH SIBIISIOTCS  JIBYXIapaMeTpPUUECKUMU
(mokazarenb mpenomiieHHs (PUKCHpOBaH, TMOJOXKeHHe (OoKyca 3aBHCUT  OT
ONTUYECKOTO BEKTOpa (, a OH HMMeeT aBa mnapamerpa). Kpome Takux MTydKoB,
CYILIECTBYIOT Iy4kH, oOnamaromue Ooyiee CI0XKHBIMH CBOWCTBaMHU (HAmpuMep,
na3epHble MyudkH). VX cCTpykTypa omnpenensieTcss He JBYyMs, a YeTbIPbMS

napameTpaMu.

4.4.2. HeromoueHTprYyeckme ny4dkm

HeromoueHTpuYecKHiA My4YOK — 3TO MY4YOK, HE MMEHOIIUK oOiiero ¢dokyca
(Jlyun HE TIepeceKaroTcs B OJIHOM Touke). BosHOBON (PpOHT Takoro myudka — He

chepuueckoit 1 He TIocKo# hopmel (puc.4.4.3).

JIOKANbHBLU (POKYC

Puc.4.4.3. Hecomoyenmpuueckuii nyyokx.
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Y HEroMoleHTpPUYECKUX IYy4YKOB HET 001ero (okyca, HO €CTh JIOKAJIbHbBIE
dokychl. JlokaabHblii oKyc — 3TO TOYKA, B KOTOPOM MEepeceKkaeTcss 4acTh JIyuei
nydka (puc.4.4.3). Y OecKOHEUYHO Y3KOro ITydKa BCEr/Ja €CTh JIOKaJIbHBIA (DOKYC.
Ecnu paccMatpuBaTh HIMPOKUI MyYOK KaK COBOKYITHOCTh OECKOHEUHO y3KUX ITYUYKOB,
TO COBOKYITHOCTH JIOKQJIbHBIX (DOKYCOB 0Opa3zyeT MOBEPXHOCTh CJIOXKHOU (OpPMBI,

KOTOpasA Ha3bIBACTCsA KayCTHKOﬁ.

4.4.3. AcTrmaTnyecknin ny4ok

YacTHBIM CllydaeM HErOMOLEHTPUYECKOrO Iy4YKa SIBJISAETCS aCTUTMATHYECKUU
Ny40K. beCKOHEUHO y3Kui acCTUrMaTUYECKU MMy4OK UMEET JBa JIOKAJIbHBIX (PoKyca —

CarMTTAAbHBIA (oKkyc F, u MepuauOHAJbHBIA ¢okyc F, . Ilupokuii

s
ACTUTMATHYECKUN IMy4YOK HMMEET JBE IJIOCKOCTH CUMMETPUH, KOTOpPHIE B3aUMHO
NepPHEHANKYJISIPHBl — MEPUAMOHAIBHYIO U caruTTanbHylo. KaycTuka npeacTaBisieT
co0oli 1B TOJIOCKM (BEepTUKalbHAs W TOpU3OHTANbHas) (puc.4.4.4). Y mupokoro
ACTUTMAaTHUYECKOTO My4YKa MOBEPXHOCTh BOJHOBOTO ()POHTA — MOBEPXHOCTH JIBOSKOM
KPUBH3HBI, TO €CTh BOJIHOBOM (DPOHT UMEET TOPUUECKYIO (hopMmy.

]
L F. F,
— cazummanbHas Kaycmuka

cazummaJilbHas Ni1oCKocnlob

Puc.4.4.4. Acmuemamuueckuii ny4ox.

Paccrosguue mexny Ttoukamu F, um F, — 5TO Mepa acTUrMarusma. OTO
paccTOsHYE HA3BIBAIOT TIPONOTBHBIM acTurmatusmMom S(F,, F, ). Ecmu 8(F,,F,)=0,

TO TYy4OK OyJer romMoueHTpuyeckuM. COBOKYMHOCTh Jydel acTUIMaTHYECKOTO

IIy4Ka Ha3bIBAlOT KOHYCOM LHTpra.

4.5. [lepeHoc nonsi e npubnuxeHuu zeomMempu4eckoll OMMUuUKuU.
lNpedenbl npuMeHUMOCMU 2eo0MempuUYeCcKol OnMmMuKu

4.5.1. YpaBHEHME MepeHOoca KOMMMEKCHOW aMnnuTyadbl B MpUBAMKeHnu
reomMeTpuyYecKomn onTUKn

B npubnimkeHnr reoMeTpuYecKo ONTHUKH I0J€ PaclpOCTPaHSETCs BAOJb

aydeut. [Ipu TakoM 1oaxoae nepeHoc MoJisk — 3TO MEPEHOC KOMIUIEKCHOW aMILTUTY IbI

U (P1) U3 TOYKU P, B TOUKy P,.
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S

i
Puc.4.5.1. Ilepenoc nons uz mouku 8 moukxy.

ITycte mMerorcs Touyku P U P,, KOTOpbIE HaXOIATCs B Pa3IMYHBIX Cpeaax
(puc.4.5.1). Ecnu u3BeCTHa KOMILUIEKCHAS AMIUIMTYZA MOJS B TOYKE F, TO MOXHO
HAWTHU KOMIUICKCHYIO aMILIUTYAy [OJIA B TOUKE P, .

KoMmekcHyro aMmiuTyay nojisi B Toukax F, u P, MOXHO BBIpa3uTh B

COOTBETCTBUM C BbIpaxkenueM (1.3.23):

U(R)=a(R)-e""")

U(P,)=a(P,)-e""") (4.5.1)

I7Ie a— BEIIECTBEHHAs aMILIUTYAa.

PaccMoTpuM, Kak B OTAEIBHOCTH APYr OT Jpyra IMEePEeHOCSATCS HSHUKOHAI U
BEIIICCTBCHHAS aMILIUTY/IA.

YpaBHeHHe MepeHoca KOHAIA MOKHO MOJYyYUTh U3 BbhipaxeHus (4.3.1) aus

ONTUYECKOU JUIMHBI JIyya MEXy Toukamu B u P :

E,=E, +[RP] (4.5.1)

Jlyis epeHoca BEIIEeCTBEHHOW aMIUIUTYAbl PACCMOTPHUM JIyYeBYIO (CBETOBYIO)
TpyOKy (puc.4.5.2), xoTopass COCTOMT M3 OECKOHEYHO MaJloi IUIOmaAKu dS|, u

OECKOHEYHO Y3KOro Mmyyka Jiydedl — HopMmajed K BoJHOBoMYy ¢poHTy. Ilyuok

BBIPE3a€T Ha IIOBEPXHOCTU OECKOHEYHO MaJYIO IJIOWAAKY dS, .

U(P) J(h
ds, ds,

Puc.4.5.2. Jlyuesas mpyoka.

DOHEprusi pacupoCTpaHsAETCs BIOJb JIy4eil, WU €CIM HET NOTepPh, TO IOTOK

SHEPrUHU Yepe3 IIOWAAKY dS,; paBeH MOTOKY S3HEPTUU Yepe3 IIoOMAAKy dS, :

a’(PR)-dS, =a*(P,)-ds, (4.5.3)
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YtoObl y4ecTh MOTEpPU, MOXKHO BBECTH KOIGPUUMEHT NPOMYCKAHUS IO

JHEePIrum T(Ple) Mexay Toukamu. Torma BelpaxeHue (4.5.3) MOXHO mNepenucaTh

CJEAYIOIINM 00pa3oM:
2(RPR,)-a*(R)-dS,-m =a*(B,)-dS, n, (4.5.4)

Otcrona cienyeT ypaBHeHHe NMepeHoca BellleCTBEHHO aMIIIUTY/IbI:

(4.5.5)

Torna ypaBHeHHe NepeHOCAa KOMILIEKCHOM aMILIMTYIbI OYyJET BBITJIAICTh
CJIEAYIOIIUM 00pa3oMm:

eolhir2] (4.5.6)

BeeneM (DyHKIMIO KOMILIEKCHOTO MPONYCKAHUS cpelbl BA0b jdyua f(PP,)

MEXIy ToukaMu B u P,, KoTopast XapakTepu3yeT cpefy Mexay Toukamu B u P, :

Je(BR,))- e™oliP] (4.5.7)

3aM€TI/IM, 4TO B paMKax FGOMGTpH‘IGCKOﬁ OIITUKHU IIPOUCXOIUT MMOTOYCYHBIN

f(RP)=

[IEPEHOC MOJIA, TO €CTh KaXKABIM JIy4 IEPEHOCUT JHEPIHIO0 HE3aBUCUMO OT IPYTUX
nayden. ITose B Touke P, onpenensercs TOJILKO TOYKon B, .

4.5.2. lNpepensl NPUMEHNMOCTN reoOMeTPUYECKON ONTUKU

OCHOBHOE MPUOIMKEHUE TEOMETPUYECKOW ONTUKUM — 3TO HNPUOIMKEHUE
KOPOTKUX [IJIMH BOJIH. JTO O3HA4aeT, 4YTO JJIMHBI BOJIH CUUTAIOTCS MPEHEOPEKUMO
MaJIbIMU [0 CPABHEHUIO C pa3MepaMu HEOJTHOPOJAHOCTEH AJIEKTPOMArHUTHOIO MOJIS U
cpenbl. [loaToMy reoMerpuyeckas ONTHKa HE MPUMEHUMA TaM, TJie HEOOXOIUMO
MCCIIEI0BATh TOHKYIO CTPYKTYPY HEOJTHOPOJHOCTEN, CPABHUMBIX C JUIMHOW BOJIHBI.

Wrak, reomeTprueckas ONTUKA HE ONUCHIBAET Paclpeie]IEHUE CBETOBOIO OIS B
CJIEIYIOIUX CUTYalHsIX:

e BOJM3M MpeaMeTa U U300paKeHUsl B ONTUYECKUX CUCTEMaX, TO €CTh TaM, T'Jie

BO3MOYHA TOHKasl CTPYKTypa HEOJAHOPOIHOCTEMH,

e BOJM3HU (DOKYCOB MYUYKOB.

B sTux cinyvasx TpeOyroTcs Apyrue MOAXOAbl K OMUCAHUIO CBETOBOIO OIS,
OCHOBAaHHbBIEC HA TEOPUU TUDPAKIIIH.
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5. leomeTpuyeckas Teopusi  ONTUYECKUX  UN300paKeHumn.
UpeanbHble onTU4YeCKne CUCTEMbI

5.1. OnucaHue onmuy4yeckKux cucmem

5.1.1. OnemMeHTbl ONTUYECKUX CUCTEM

OnTnyeckasi cucTteMa — 3TO COBOKYIMHOCTh ONTHUYECKUX CPEl, pa3/aesIeHHBIX
ONTHUYECKUMHU  TIOBEPXHOCTSMH, KOTOpPbIE  OrPAaHUYMBAIOTCSA  AuadparMamu.
OnTuyeckas cucTeMa NpenHa3HaueHa sl (OPMUPOBAHUS H300paKEHUS ITyTeM
nepepacipeieieHdss B MPOCTPAHCTBE SJICKTPOMATHUTHOTO TIOJS, HMCXOIAIIETO M3
npeameta (mpeoOpa3oBaHUsi CBETOBBIX ITyYKOB).

[TpeoOpa3zoBaHne CBETOBBIX MTyYKOB B ONTUYECKON CUCTEME MPOUCXOAUT 32 CUET
OpEeIOMJIEHUSI U OTPaKEHUSI CBETa MOBEPXHOCTSAMHM, & TaKXKE 32 CUET OTrpaHUYCHHUS
nydkoB auadparmoi. Kpome TOro, my4ku cBeTa MOTYT MPeoOpPa3OBBIBATHCS 33 CUET
nudpakiuu.

B Haubonee oOmeMm ciiydae ONTHYECKass CUCTEMA MOXKET COCTOSITh U3
CIIEIYIOMNX (PYHKIHOHAJIBHBIX 3J1€MEHTOB:

® ONTHYECKHE CPEbI,

® OINTHUYECKHE MOBEPXHOCTH,

® 3epkaia,

e juadparmsl,

® I[I/I(l)paKHI/IOHHI)Ie OIITHYCCKHEC DJICMCHTHI.

Onruyeckne Cpeabl

Onruueckue Cpeabl — O5TO IMPO3PavYHBIC OJHOPOJHBIC CPCAbl C TOYHBIM
3HAYCHUCM ITOKA3aTCJIsI IMIPEJIOMIICHUSA (C TOYHOCTBIO 0 4-6 3HAKOB I1OCJIC SaHHTOﬁ).

B xadyecTBe ONTUYECKUX CPEJ B ONTHYECKUX CUCTEMaX B OCHOBHOM ITPUMEHSIIOT:
® BO31YX (BaKyyM) (n ~ 1),
® ONTUYECKUE CTEKJIa — TOYHO H3BECTHBI MX IOKa3aTeIu MPEIOMIICHUS H

pa3IMYHbIE ONTUKO-(QU3NYECKUE CBOMCTBA (n =142 + 2,0),

® ONTUYECKUE KPUCTAIIBI — paboTarT B 0OoJiee MIMPOKOM JAMANa3OHE JJIUH
BOJIH, YEM CTEKJIA.

OnTryecKkue CUCTEMBI HUCHOJB3YKOTCS B IIMPOKOM HHTEpPBAJE UIMH BOJH (OT

Y® no UK), mosToMy BakKHO 3HATh MOKa3aTeIX MPEIOMJICHUS CTEKOJ U KPHUCTAIIOB

HJIs1 pa3HbIX JJIMH BOJIH. I[I/ICHepCI/ISI ONITHYCCKUX MATECPHUAJIOB — 5TO 3aBUCUMOCTD
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IMoKa3aTejisl IPCIOMIICHUSA OT JJIMHBI BOJIHBI. Ona omnmcheIBaeTcCs AUCIICPCUOHHBIMHU

dopmyrnamu, HazpIBaeMbIMU (popmyiamu 3esibMeiiepa:
S
n =1+ " (5.1.1)
ar-x

n=a,+a, X +a; A +a A’ va At va A (5.1.2)

Bce crekna omnmMuaroTcs Apyr OT Apyra XapakTepoM 3aBUCHMOCTHU IOKAa3aTems
MPEJIOMJIEHUSI OT JJIMHBI BOJHBI. MOXXHO ONUCHIBATH ONTHYECKUE MAaTepuaibl J1UO0
3HAYCHUSIMH KO3(D(PUIHUEHTOB IUCIEPCUOHHON (POpMYJibI, JIMOO HEMOCPEICTBEHHO
3HAQYEHUSIMH MOKA3aTels IPEJIOMIICHHUS 1J1s PA3JIMYHbIX JJIUH BOJIH.

OnTuyeckue MaTepualibl MOTYT pabOTaTh TOJBKO B ONPEACICHHOM WHTEpBaje

IUIMH BOJH (0T A4, 10 A,), B Ipenenax KOTOPOro MOKa3arelb MPEIOMIIEHUS XOPOILIO

OMKCHIBACTCS JAUCHEPCUOHHON (¢dopmyinoil. BOmM3uM TpaHull 3TOro UHTEpBaia
3aBUCUMOCTh TOKa3aTessl NPeIOMJICHUS CUJIBHO OTJIMYAeTCs OT OMUCAHHOTO
JTUCIIEpCUOHHON (popMyJIoil (MmoKa3aTesib MpeaoMIIeHUsl JTU00 pe3Ko YOBIBAaeT, J1u00
pe3ko yBenuuuBaercs). [lorpaHuuHble WHTEpBaibl JIJIMH BOJH HA3bIBAKOTCS
M0JI0CAMM MOTJIOIEHUs. Y Pa3IUYHbIX CTEKOJ] 3TU MOJIOCHI pa3HbIE.

B BuguMoilt o6mactu conekTpa HMMEIOTCS CTAaHAAPTHbIEe AJMHBI BOJIH,

HaszbiBacMble DpayHrogepoBbIMU JTUHUAMM:

i —365 HMm d — 587 am

h —404 am D — 589 am
G'— 434 um C' — 643 um
g —436 am C — 656 am
F' — 480 am r — 706 HM

F —486 um A" — 768 um
e — 546 um

OCHOBHBIMH XapaKTCPUCTUKAMU CTCKOJI ABJIAIOTCA MOKa3aTECJIb MMPEJIOMJICHUA

i OCHOBHOH JJIMHBI BOJIHBI 72, ¥ 00IIas AMCHepcHst n, —n, , I1e Ay Ay —

HauOOoJIbIIas U HAUMEHBIAs JJIMHBI BOJIH, KOTOPBIE ITPOITYCKAEeT CTEKIIO.
B kadecTBe OMOPHBIX WJIM OCHOBHBIX JJIMH BOJIH JJISI BUAMMOM 00JIacTH ceityac

UCTIONB3YIOTCS: IICHTpabHAasl JJIMHA BOMHBI A, = e, KpaifHue AMuHBI BOMH A, = F',

A, =C'. PaHee B KadecTBe OCHOBHBIX [UIMH BOJIH  HCIOJb30BAIHCH!

Jy=D, =F, 4, =C.
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Onrudeckoe CTEKIO XapaKTepU3yeTcs II0Ka3aTelleM IPEJOMIICHUS Ul
OCHOBHOH [UIMHBI BOJIHBI 7, (MJHU 7)), @ TaKkKe OOIIeH NUCIEPCUEN My — K

(M np —ng).

Eme oaHOM BaXHOW XapaKTEPUCTHKOW CTEKJa SBISIETCA YHCI0 A00e
(k03QdULIHEHT OTHOCUTEILHON AUCTIEPCHH ):

n,—1
y o= e (5.1.3)
€ nF'_nCr
nin
n,—1
V=P

Opncm Ab6e (Ernst Abbe) — nemeykuii yuensiii, ocnosamenv cO8peMeHHOU NPUKIAOHOU
onmuku, Hayunslii pykogooumens ¢upm Carl Zeiss u Schott (koney XIX sexa).

Yem wMenbiie uyucio AO0OGe, Tem OoJbllle IUCTHEPCHS, TO €CTh CHJIIbHEE
3aBUCUMOCTh TIOKa3aTeid NpeJIOMJICHUs OT JUIMHBI BOJHBL. [lo uyumciny A6Ge
ONTHYECKHUE CTEKJIa CISAT Ha JABE TPYIIIIbI:

e V,>060 —KpoHBI,

e V,<60 — QuuHTHL

KomOuHanuss  crekon, MNpUHAUICKAINIUX  Pa3IMYHBIM  TpyIaM, JaeT
BO3MOXHOCTh CO3/1aBaTh BBICOKOKAUYECTBEHHBIE ONTUYECKUE CHUCTEMbl. KpOHBI U
GAUHTEI — 93TO OCHOBHBIC TPYNNbl ONTUYECKUX CTeKoJ. WX Ha3BaHUA
chopmupoBanuch B Auriauu B XVIII Beke, korja BHOepBble OBUIO OCHOBAHO

IMPOMBIIIJICHHOC ITPOU3BOJACTBO OIITHYCCKUX CTCKOIJI.

OnTuyecKkue MOBEPXHOCTH

Onruyeckasi MOBEPXHOCTb — 3TO TJIaJKas PEryisipHas MOBEPXHOCTb TOYHO
U3BECTHOM (DOPMBI.

[ToBEpXHOCTH MOTYT OBITH:

® IJIOCKHE,

e cdepuueckue,

e acdepuyeckue.

Yamie Bcero B ONTHUKE MNPUMEHSTCS IUIOCKHUE TMOBEPXHOCTH U cepuyeckue
noBepxHocTu. Jlnsg cdepuyeckux TOBEPXHOCTEH 3aJaeTcs OJMH  IapaMeTp
MMOBEPXHOCTU — PAaAUMyC KpuUBU3HBI R. II10CKONW MOBEPXHOCTHKO MOXHO CUHMTATh
chepruuecKyr0 MOBEPXHOCTh C PaAUyCOM KpPHUBHU3HBI PaBHbIM OECKOHEUHOCTH. JlJis
IJIOCKOCTH R = 00, HO YCIIOBHO MPUHSATO CUUTATh, YTO R = 0.
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[Ipu KOMMBIOTEPHBIX pacyeTax yJA0OHO UCIOJIb30BaTh HE PAJIMyC KPUBU3HBI, a
KPUBU3HY IOBEPXHOCTH:

= (5.1.4)

dopMa ONTHYECKUX IOBEPXHOCTEW JOJIKHA BBIIEPKUBATHCS C TOYHOCTBHIO
MEHbIIIE JJIMHBI BOJIHBL. B uAeanbHBIX ONTHUYECKUX CUCTEMaxX OTKJIOHEHHUS OT
ujeanbHO (HOpPMBI MOBEPXHOCTU HE AOKHBI mpeBbimath 0.1-0.024, npu sToM
JOITYCK HE 3aBUCUT OT pa3Mepa MOBEPXHOCTH.

[Inockue u cpepuyeckre MOBEPXHOCTU MU3TOTABIMBAIOTCSA JOCTATOUYHO MPOCTO
(METOIOM MPUTUPKHU), U IOFTOMY UMEHHO MX Yallle BCEr0 UCHOJIb3YIOT B ONTUYECKUX
cuctemax. Aceprudyeckre MOBEPXHOCTH HCIONBb3YIOTCS PEIKO M3-3a CIOKHOCTH HX
U3TOTOBJICHUSI M KOHTPOJISL, TAK KaK y HUX pa3jnyHas BEJIMUMHA PAInyCca KPUBU3ZHBI
[0 pa3IUYHBIM HampaBieHUsAM. B HacTosimiee BpeMsl CYLIECTBYIOT TEXHOJOTIMHU
U3rOTOBJICHHUSI acepUUEecCKUX TMOBEPXHOCTEM Ha CTaHKaXx C M[POrpaMMHBIM
ynpaBieHueMm. [lonyyenue ToyHoro mpoduias achepruueckod MOBEPXHOCTH

BO3MOXHOCTH BO3MOKHO TOJIBKO MCTOJZOM PCTYIIN.

JAnadpparmol

JAunadparma — 5TO METAUIMYECKUM DOKpaH C KpPYyrJbIM oOTBepcTtheM. Ha
ONTHUYECKUX CXeMax auadparMbl MOTYT OBITh 3aJaHbl SIBHO — Auadparma siBIsSeTCs
CaMOCTOSITEIbHBIM 3JIEMEHTOM ONTHUYECKOW cuctemsbl (puc.5.1.1.a), wim HEIBHO —
poJib quadparmMbl UrpaeT Kpail win onpasa JMH3bI (puc.5.1.1.0).

|
I, ;

Puc.5.1.1. Juagpaemuo.

5.1.2. B3anmMHoe pacnonoxeHne aNeMeHTOB B ONTUYECKON CUCTeEME

IleHTprpoBaHHAsl ONITHYECKAS CHCTEMA.

[{lenTpupoBaHHAsA ONTHYECKASI CHCTEMA — 3TO ONTHUYECKAsT CUCTEMA, KOTOpast
UMEET OCh CUMMETPUH (ONTUYECKYIO0 OCh) M COXPAHSET BCE CBOM CBOMCTBA MpHU
BpAILlCHUU BOKPYT 3TOMU OCH.
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JInd  UEeHTpUPOBAHHOW  ONTHUYECKOM  CHCTEMBI  JOJDKHBI  BBITTOJHSTHCS
CJIEIYIOIINE YCIOBHS:
® BCE IUIOCKHUE MMOBEPXHOCTH MEPHEHIUKYJISIPHBI OCH,
® I[ICHTPHI BCceX CPeprUUIECKUX MTOBEPXHOCTEH MIPHUHAIIEKAT OCH,
e Bce auadparMbel Kpyrible, IEHTPHI BceX auadparM NMpuHAIICKAT OCH,
® BCE Cpelibl TM00 OJTHOPOAHBI, TUOO pacrpeeieHue MoKa3aTess MpeIoMIICHUS
CHUMMETPUYHO OTHOCUTEJIBHO OCH.
[{leHTpUpOBaHHBIE ONTUYECKUE CHUCTEMBI MOTYT BKIIOYaTh B Ce0s IIJIOCKHE
3epKaja M OTPAXKAIOIIME MPU3MbI, JOMAIOIINE ONTHYECKYID OCh, HO IO CYTH HE
BIIMSIIOIIKME HA CHMMETPHUIO CUCTEMEI (puc.5.1.2).

N <
U U

[

Puc.5.1.2. [Jenmpuposanuas onmuueckas cucmema ¢ usniomMmom Onmu4ecKkol ocu.

HyMmepanust 5>71eMEHTOB ONTHYECKOM CHCTEMBbI BEIETCS IO XOAy Jyua
(puc.5.1.3). Bce paccTossHUS MEXJIYy MOBEPXHOCTSIMHU (TOJIIMHBI JIMH3 WIH

BO3JIYLIHBIE TPOMEKYTKHN) OTKIIAILIBAOTCS 11O OCH.

—

Iy 2 3 4

9

~
2

Puc.5.1.3. Hymepayus snemenmos onmudeckou cucmembi.

IIpaBuJa 3HaKOB

I[J'Iﬂ y,HO6CTBa YTCHHA OIITHUYCCKHUX CXEM M KOMIIBIOTCPHBLIX PaCUCTOB B OIITHKC

IMPUHATBI CAUHBIC IIPpAaBHJIa 3HAKOB.

[TomoxxuTenbHBIM HalnpaBJCHHUEM CB€TAa CUHHUTACTCA PACIIPOCTPAaHCHHUC CJICBA

HaIpaso.

OceBble PACCTOAHUA MCXKAY NIPCIOMIIAIOINIMMHA ITOBCPXHOCTAMU CUHTAIOTCA
IMOJIOKHUTCIbHBIMHU, €CJIIN OHHU HU3MCPAIOTCA II0 HAIIPABJIICHHUIO PACIIPOCTPAHCHUA

cBera (cieBa HanpaBo) (puc.5.1.4).
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Pagnyc KpUBHM3HBI NMOBEPXHOCTH CUMUTACTCS ITOJOXKUTEIBHBIM, €CIU IECHTP
KPUBU3HBI HAxXOJUTCA CIpaBa OT MOBEPXHOCTU (IOBEPXHOCTh oOOpailieHa

BBITTYKJIOCTBIO BJIEBO) (puc.5.1.4).

Yroa Mexay Jy4oM U ONTHYECKON OChI0 CUMTACTCS IOJOKHUTCIBHBIM, €CIIH
JUISL COBMEIIEHHUS OCH C JIYYOM OCh HY)KHO BpalaTh II0 YacOBOM CTpEJKe
(puc.5.1.4).

Otpe3ku, neprneHauKyJsipHbIe ONTHYECKO ocH CUUTAIOTCS

MOJIOKUTEILHBIMH, €CJIM OHU pacmoJiararoTcs Haj ockio (puc.5.1.4).

Jy4
—

y>0 >0

a>0
|

d>0

Puc.5.1.4. Ilpasuna 3uaxos.

Ha ueprexxax m pucyHKax Bceraa yKa3bIBalOT 3HAaK OTPE3KOB M yrioB. [lpm
ONTUYECKUX Pacyerax CUHUTAETCA, YTO IMOCIE KAXKIAOW OTPAXKAIOIIEH MOBEPXHOCTH
MOKa3aTeNb NPEJIOMIICHUSI, OCEBOE PACCTOSHUE M yIOJI OTPAKEHUS MEHSIOT 3HAK Ha
MPOTHUBOIIOJIOKHBIN.

JIyd MOXET NpOWTH OAHY M Ty K€ IMOBEPXHOCTh HECKOJBKO pPa3, MO3TOMY
bu3MUeCcKOe U PaCYETHOE YMCIIO MOBEPXHOCTEH MOXKET pasziuvaTrhes. Hanmpumep, Ha

puc.5.1.5 nokazansl 8 puznUecKkux U 12 pacueTHbIX MOBEPXHOCTEH.

1 2

8

Puc.5.1.5. Quzuueckue u pacuemnvie nogepxHocmu.
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[1o cocTraBy ONTHYECKUE CUCTEMBI AETATCS Ha:
® JIMH30BbIE (HET 3€pKajl, KPOME IJIOCKUX JJISl U3JI0Ma ONTUYECKOU OCH),
® 3EcpKaJIbHBIE,

¢ 3CPKAJIbHO-JIMH30BLIC.

Mepw:mona.ﬂbnaﬂ H CaTUTTAJIbHAaA IJIOCKOCTH

[Ipy aHanm3e ONTUYECKON CUCTEMBI UCIIOIb3YIOTCS MTOHATUS MEPUAUOHAIIBHON 1
CaruTTaJIbHOM IUIOCKOCTH. MepUAHOHAIBbHAN IUIOCKOCTh — 3TO IUIOCKOCTb,
OPOXOAIas Yepe3 ONTHYECKYI0 OCh (HallpuMep IUIOCKOCTh pUCYHKa 5.1.5).

CarurrajbHasi IUIOCKOCTL — 3TO IUIOCKOCTb, COJAeprKamas Jyd U
NEPHEHUKYJIApHAsT MEPUIUOHAIBHON TIUJIOCKOCTH (MOXET OBITh JIOMAHOW H
paccMarpuBaeTcs 1o dactsm). Ee Ha3BaHHMe MPOU30LLIO OT clioBa “‘carurra’ (JatT.) —
ctpena. I[lpumepoMm Takoil TJIOCKOCTH MOKET CIYKUTh BOOOpa)kaemasl JOMaHas
IJIOCKOCTh, coJep Kauias Jiyd Ha puc. 5.1.5 U nepneHauKyispHas IJIOCKOCTHA 3TOrO

pUCYHKA.

5.1.3. NpeameT n n3obpaxkeHne B ONTUYECKON CUCTEME

OCHOBHBIC TOJIOKCHHUS

OnTuyeckue CHCTEeMbl B OCHOBHOM IpeAHAa3HA4YeHBl g (OPMHUPOBAHUS
n300pakeHust (M300paXkarolre ONTUYECKUe CUCTEMBI). JIJIs TaKMX CUCTEM BBOAUTCS
NOHSATHE TpeAMeTa W u3o0pakeHus. [[1s ONTUYECKUX CHUCTEM, HE CTPOSIIIUX

I/1306pa)KCHI/IG, IMOHATHUC IIPCAMCTA U I/1306pa)KCHI/ISI BBOJUTCA YCJIOBHO.

B reomeTrpuyeckoil ontuke mpeamMeTr — 3TO COBOKYIHOCTb TOYEK, U3 KOTOPBIX

BBIXOJAT JIY4H, IIOIIaAA0IHUC B OIITHYCCKYIO CUCTCMY.

N3 xaXao¥ TOUYKM IMpeIMeETa BBIXOAUT NOMOLEHTPUYECKUM NMYyYOK Jyder. Bes
BO3MOXHasi COBOKYITHOCTh TOY€K (0T —oo A0 +00) oOpa3yeT NPOCTPAHCTBO
npeameToB. [IpocTpaHCTBO NpeIMETOB MOXET OBbITh JAeHCTBUTEJbHBIM WU
MHHMMBIM.

OnTryeckas cucTeMa JENUT BCE MPOCTPAHCTBO HA JIBE YACTH:

® [IPOCTPAHCTBO IIPEIAMETOB,

® [POCTPAHCTBO U300paKEHUH.

Il1ockocTh mpeaMeToB M IUIOCKOCTh H300pakeHMHM — 3TO IUIOCKOCTH,

NEePHEHIUKYJIIPHbIE ONTUYECKOW OCH U MPOXOSIIHNE Yepe3 IPEeAMET U U300paxeHue.
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ConpsizkeHHbIE TOYKH

B reomerpudeckoil ontuke JH0OOM TOUKE MPOCTPAHCTBA MPEAMETOB MOKHO
MIOCTaBUTh B COOTBETCTBHE COMPSIKEHHYIO €M TOYKY B IPOCTPAHCTBE M300paKCHUIA.
Ecnn u3 HEKOTOpOW TOYKH B MPOCTPAHCTBE MPEAMETOB BBIXOAAT JYy4YU U ITU JTy4H
3aTeM MEePEeCceKaloTCsl B MMPOCTPAHCTBE U300paKEHUN B KaKOH-THOO TOUKE, TO ATH JIBE
TOYKH HA3bIBAOTCS CONMPAKEHHBIMH.

ConpsizkeHHbIe JUHMHA — 3TO JIMHUM, IS KOTOPBIX KaXKJash TOYKA JMHUM B
MIPOCTPAHCTBE MPEAMETOB COIPSIAKEHA C KaXKI0M COOTBETCTBYIOIIEH TOYKON JIMHUU B
MPOCTPAHCTBE U300paKEHUM (J1J1s1 UACATBHBIX ONITUYECKUX CUCTEM).

B peasbHBIX ONTUYECKUX CUCTEMax JIyYd, BBIXOASIIME U3 TOYKU A, TOJBKO
NPHUOJIFKEHHO CXOAATCS B Touke A'. [ wjeaabHBIX ONTHYECKUX CHUCTEM KaXKIou
TOYKE MPOCTPAHCTBA  MPEAMETOB  0053aTENbHO  COOTBETCTBYET  HMACAIBHO

COMpPSKEHHAs €1 TOYKa B MIPOCTPAHCTBE U300paKeHUH.

Tunbl npeaMera u U300paKeHnst
CYIHCCTBYIOT ABa THUIIA IPEAMECTa U I/1306pa)KCHI/I$II
bawxknuii THn — mnpenMmer (W300pakeHHE) pACIONOKEHBI HAa KOHEYHOM

PaCCTOAHNM, ITOIICPCUHLIC PASMCPEI U3MCPAIOTCA B CAMHHUIAX JJIMHBI.

JanbHuid THIN — TmpeaAMeT (M300pa)keHue) pachoyioKeHbl B OECKOHEYHOCTH,

IIOIIEPEYHBbIE Pa3MEPhI BBIPAKEHBI B YTIIOBOU Mepe.

TepMuHBI “KOHEUHOE PACCTOSIHUE U “OECKOHEYHOCTH JOCTATOYHO YCJIOBHBI U
MPOCTO COOTBETCTBYIOT OoJiee WJIM MeHee OJIM3KOMY pPacIoJIOKEHHUIO IMpeaMera

(M300pakeHMs1) IO OTHOILICHHUIO K ONITUYECKON CUCTEME.

5.2. Teopusi udeanbHbIX ONMUYeCKUX cucmem (napakcuasbHasi unu
2ayccoea onmuka)

5.2.1. OCHOBHbIE NONoOXeHusa

B mapakcuanbHOll 00nactu (O0€CKOHEYHO OJM3KO K ONTHUYECKOW OCH), Jro0as
peasibHasi cUCTeMa BeJleT ce0s Kak uaeaabHasi:

Kaxmoii Touke mpoCTpaHCTBA MPEAMETOB MOXKHO IMOCTaBUTh B COOTBETCTBHUE

CONPSKEHHYIO € TOUKY B MPOCTPAHCTBE N300paKEHUM.

Kaxnas mnpsMas nuHHAS WMEET CONPSDKEHHYI0 €U MpAMYK JIMHUIO B

IIPOCTPAHCTBE U300PaKEHUII.

Kaxmas ImIOCKOCTh TIPOCTPAHCTBA MPEIMETOB HMEET COMNPSDKEHHYIO ei
MJIOCKOCTB B MPOCTPAHCTBE M300paKCHUH.
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W3 5TUX NON0XKEHUM CIIeyeT, YTo:

MepuanoHanbHasi TUIOCKOCTh HMMEET COMNPSDKEHHYI0 €l MEPUAMOHAJIbHYIO
MJIOCKOCTh B MPOCTPAHCTBE U300paKEHUM.

[11ocKOCTh B MPOCTPAHCTBE MPEIMETOB, MEPICHANKYIIPHAS ONTHYSCKOM OCH,
UMEET CONPSKEHHYI0 €M TIJIOCKOCTh, MEPIEHIUKYJISIPHYIO ONTHUYECKON OCH B
MIPOCTPAHCTBE N300PAKEHUM.

5.2.2. JlnHenHoe, yrnosoe, NpoaosfibHOE yBenuyeHme

JIuHelHoOe (mMonmepevyHoe) yBeJIu4eHue

JInHelHOe yBeJIMYeHre ONTHYECKON CUCTEMbl — 3TO OTHOIICHUE JUHEWUHOIO
pa3zMepa u300pakeHus B HANPABJICHUH, TIEPIICHAUKYJISIPHOM ONTHYECKOM OCH, K
COOTBETCTBYIOIIEMY pPa3sMepy MpeaAMera B HAIPABICHUU NEPHEHAUKYIIPHOM
ontudeckou ocu (puc.5.2.1):

g (5.2.1)

Y
y §

njlocKocmov

NJI0CKOCMb uzobpasicenuil
npeomemos

Puc.5.2.1. Conpsiocennble nunelnvle eUYUHDL.

Ecmu >0, To oTpe3ku y u y' HampaBjeHBI B OJJHY CTOPOHY, eciu [ <1, To
OTpe3KM )y ® ' HampaBiCHbl B pa3HbIE CTOPOHBI, TO €CTh IPOWCXOJIHUT
o0opadnBaHKe U300pAKCHUS.

Ecnu ‘ ,B‘ >1, To BenuunHa U300pakeHusi OOJIbIlIE BEJIWYUHBI MPEIMETa, CCIH

‘ﬂ‘ < 1, TO BCJIIMYHNHA 1/1306pa>1<eH1/1${ MCHBIIC BCIIMYHUHBI IPCAMCTA.

Jns maeanbHOM ONTHYECKOM CHCTEMbl JIMHEHHOE yBEIWYCHHUE IS JIF00OM
BEJIMUMHBI TPEAMETa U U300pAKEHUS B OJTHUX M TEX e MJIOCKOCTSAX OJHO M TO €.
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YriioBoe yBeJu4YeHue

YrjioBoe yBeJIM4eHHEe ONTHYECKOI CHCTeMbl — 3TO OTHOIIIEHHE TaHT€HCa yrja
MEXIY Jy4OM M ONTHYECKOM OChIO B IPOCTPAHCTBE M300PaKCHHUI K TaHTCHCY
yrila MEXIY CONPSHKEHHBIM C HUM JIY4OM B IPOCTPAHCTBE MPEAMETOB M OCHIO
(puc.5.2.2):

_tga’

w (5.2.2)

Igo

@ o' T~

Puc.5.2.2. Conpsowcennvle yenogvie 6enudunol.

B HapaKCHaJILHOﬁ o0acTn YIUIbl MaJibl, H CJICAOBATCIIBHO, YITIOBOC YBCINYCHUC

— 9TO OTHOIIEHHUE JIFOOBIX M3 CICAYIONIMX YIIIOBBIX BEIUYHH:
tgo’  sina’ o
=8¢ _SE_ 4 (5.2.3)
1ga  Sma o

IIpoxoJsibHOE yBeIUUEHH e

IIpogosibHOEe YyBeJM4YeHHE ONTHYECKOH CHCTeMbl — OTO OTHOIICHHE
OECKOHEYHO MAJIOro OTPEe3Ka, B3SITOrO BJIOJL ONTHYECKOW OCH B IPOCTPAHCTBE
M300paXeHNM, K COMPSHKEHHOMY C HUM OTPE3Ky B NMPOCTPAHCTBE IPEIMETOB
(puc.5.2.3):

_
Q‘z (5.2.4)

Puc.5.2.3. Conpsoicennvle npooonvHvle ompesKu.
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5.2.3. KapauHanbHble TOYKM N OTPE3KU

PaccmoTpuM 1TOCKOCTM B NIPOCTPAHCTBE MPEAMETOB M COIPSHKEHHBIE WM
IJIOCKOCTH B TPOCTPAHCTBE M300pakeHui. Halimem mapy MmIOCKOCTeM, B KOTOPBIX
JMHEWHOE YBEJIIMYECHHE PABHO e€auHulle. B 00miem ciydae Takas mapa IIOCKOCTEH
CYIIECTBYET, MPUYEM TOJIBKO OJHA (MCKJIIOUCHHEM SIBJISIOTCS adOKaJbHbIC WIH
TEJIECKONTMYECKUE CUCTEMBI, IJI1 KOTOPBIX TAKHE IIOCKOCTU MOTYT HE CyLIECTBOBATH
UJIU UX MOKET ObITh OECKOHEYHOE MHOXKECTBO).

I'maBHBIMM IJIOCKOCTSIMM CHCTEMbI Ha3bIBACTCS napa COINpPs’KCHHBIX

IUIOCKOCTEN, B KOTOPBIX JIMHEWHOE yBEIU4YeHUe paBHO equnule (f =1).

I'naBubie Toukn H u H' — 310 TOYKH MNEPCCCUCHUA T'JIaBHBIX IJIOCKOCTEH C

OIITHYECKOU OCKIO.

PaccmoTpuMm  ciywyad, Korjga JIMHEWHOE YBEIMYEHUME PAaBHO HYJIIO, WU
O0eckoHeyHOCTH. OTOJIBMHEM IUIOCKOCTh MPEIMETOB OECKOHEYHO JaJIeKO OT
ONTUYECKOM cucTeMbl. CONpsKEHHas! €M INIOCKOCTh Ha3bIBaeTCs 3aiHell (POKATIbLHOU

IVIOCKOCTbIO, @ TOYKA IICPCCCUCHUA ATOM MJIOCKOCTH C ONTUYECKOM OChIO — 3aJ{HUM

dokyc F' (puc.5.2.4).

—Sp Sk

-/ A

Puc.5.2.4. Kapounanvnvie mouxu u ompesxu.

PaccrosiHne ot 3agHel TIaBHOM TOYKH JI0 3aJIHETO (DOKyca Ha3hIBACTCS 3aJHUM

(oKyCHBIM paccTosiHHeM [ .

Paccrosinue oT mocnenHed MOBEPXHOCTH [0 3aHEro (Qokyca Ha3bIBaeTCs

3aHUM (POKAJLHBIM OTPE3KOM S, .

Hepeanuii ¢okyc F — 3TO TOYKA HA OINTHUYECKOM OCH B MPOCTPAHCTBE

MIPEIMETOB, COMPSDKEHHAs ¢ O€CKOHEYHO yAaJICHHOM TOYKOM, pacmloJIOKECHHOM

Ha ONTUYECKOM OCH B IMIPOCTPAHCTBE U300PaKEHMUIA.
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Ecnu nyun Beixomst u3 mepenHero (okyca, TO OHU UIYyT B MPOCTPAHCTBE

M300paKeHHI MapasuiesibHoO.
Ilepennee pokycHoe paccTosiHMe f — 3TO PACCTOSHUE OT MEPEAHEN TiIaBHOMN

TOYKHM JI0 epeaHero gokyca.

Ilepenuuii  (oxaJbHbIA OTPE30K S, — DOTO PACCTOAHHME OT IEPBON

NOBEPXHOCTH A0 NepeaHero Gokyca.
Ecimu f'>0, To cuctema Ha3bIBacTCs COOMpAIOIIE WU MOJIOKHUTETbHOM.
Ecmu f'< 0, To cuctema paccemBamiasi Wi 0TpULATEIBLHAS.

[lepennee u 3aaHee (OKYCHbIE PACCTOSIHUSA HE SBJISIIOTCS  aOCOJIOTHO

HC3aBUCUMBIMH, OHU CBA3AHbI MCKIY co00i1 COOTHOIIIEHHUEM:

DA (5.2.5)
f n

Beipaxxenue (5.2.5) MoXXHO TiepenucaTh B BUJIE:

ro_J 526
n n

rje f NpHUBeIeHHOE WM YKBUBAJIEHTHOE (DOKYCHOE pacCTOsTHHE.

n
B ToMm cnywae, ecnm omThuecKas CHCTEMa HaXOJIMTCS B OJHOPOJHOM cpeje

(HampuMep, B BO3IyXe) n=n', CIEJIOBaTeIIbHO, MepeaHee M 3aaHee (OKYCHBIC

pacCTOSIHMUSL PAaBHBI 110 a0CONIOTHOI Bemmaune | f| = f7.

OnTnueckasi CHJIA ONTHYECKON CUCTEMBI;

=" =" (5.2.7)

UeMm OoJipllle onTHYECKas Ccunjia, TEM CHJIBHCC OIITHYCCKasaA CHCTECMa HU3MCHACT

xox ayueit. Eciu @ =0 1o f'=00.

5.2.4. lNocTpoeHne n3odbpaxeHumn

Haiinem m3o0paxenne A touku A. J[ns 3TOro HEOOXOIUMO MOCTPOUTH XOTSI
Obl JBa BCIOMOTAaTEIbHBIX Jy4ya, Ha MEPECEUCHUM KOTOPBIX M OyAeT HaXOAUTHCS
touka A' (puc.5.2.5). BciomorareabHbii Jyd 1 MOMKHO HMPOBECTH Yepe3 TOUKY A
napajuieIbHO onThU4eckoi ocu. Torma B mpocTpaHcTBe n300paxenuid ayd 1 npoiinet
gyepe3 3aaHui (OKYyC ONTUYECKOM cucTembl. BcecrmoMoraTenabHbI Jyd 2 MOXKHO
IPOBECTU Yepe3 TOUKY A u mnepeaHuil ¢Gokyc omnThyeckorl cucteMbl. Torma B

NPOCTPAHCTBE HM300paKeHWM Jiyd 2’ TOWAET MmapajuiebHO ONTHUeCKoW ocu. Ha
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nepeceycHur gydeit 1' u 2' OymeT HaxomuThes u3oOpakenne Touku A. Tenepp B
Touke A' mepecekatorcs Bee mydn (1-2-3), BHIXOAIIHNE U3 TOUKH A .

Puc.5.2.5. [locmpoenue uzobpadicenus mouxu.

[Toctpoum Tenepsb xoa ay4da r (puc.5.2.6).

1 cmoco0. MOXHO MOCTPOUTH BCIIOMOTATENbHBIN JIyY, NapaJUIEIbHbIA JAHHOMY
U IpOXOoasIIuil yepe3 nepenanuiit pokyc (Jiyd 1). B nmpoctpancTBe n3o0pakeHuit myd
1" OyneT uaTh mapaieabHO onTHYecKoi ocu. Tak Kak Jiyan » ¥ 1 mapaijielIbHbI B
MJIOCKOCTHU MPEIMETOB, TO B TPOCTPAHCTBE U300PAKEHUI OHU JOJIKHBI [TEPECEeKaThCS
B 3a7Hel (okalbHOM TuIocKocTH. ClenoBaTenbHO, Jyd »' MPOUICT Yepe3 TOUKY
nepeceuenns ayda 1’ u 3agueii hoKaabHOM MIOCKOCTH.

2 cmocod. MOXHO MOCTPOUTH BCIIOMOTaTEeNIbHBIN Jy4, WAYIIUA MapaieibHO
ONTUYECKOM OCH M IPOXOIAILIMN Yepe3 TOYKY IEPECEYCHMs Jiyya ¢ U IEepeaHEu
dokanpHOM TIOCKOCTH (Jiyd 2). COOTBETCTBYIOUIMH €My JIyd B MPOCTPAHCTBE
n300paxkeHuit (Jyd 2') Oyjaer mpoxoauTh depe3 3aauuii pokyc. Tak Kak jay4uu » U 2
nepecekaroTcsi B nepeaHell PokaabHOM MIOCKOCTH, B MPOCTPAHCTBE M300paKEHUIM
OHH JIOJDKHBI OBITh MapayieabHbIMU. ClIe0BaTEIbHO, JyY F' MOMAET MmapayjieibHO

nyay 2'.

Puc.5.2.6. [locmpoenue xooa nyua.
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5.3. OCHOBHbIEe COOMHOWEHUSsI nNapaKkcuasibHOU ONMuUuKuU

OCHOBHbBIE COOTHOLICHUSI MAapaKCUAIbHON ONTHUKHU CBS3BIBAIOT MEXAY COOOM
(OKyCHBIE PacCTOSIHUS, MMOJOKEHUE U pa3Mephl MpeAMeTa U U300paKeHUs, YTIOBOE,

JIMHEHHOE U NpoAOJBbHOC YBCINYCHUSI.

5.3.1. BbiBOA4 3aBUCMMOCTU MeXAY MOMNOXEHMEM M pa3MepoM npegmeTa u
n3obpaxeHus

Puc.5.3.1. Cxema 07151 661600a OCHOBHBIX COOMHOULEHULL NAPAKCUATILHOT ONIMUKUL.

Jlns BBIBOJA 3aBHCUMOCTH MEXKJY TOJIOKEHHUEM W pa3MepoM MpeaMeTa u
n3o00paxeHus Bocnonb3dyemcs puc.5.3.1. AOAF nonoben AFHK,, ciieqoBaTeabHo:
!
—z
4 =, 0TCcI0/1a L:—l
-y f y ooz

Torma, B coOoTBETCTBUU C BbIpaxkeHueMm (5.2.1), muHelHOe YBEIMYEHUE MOXKHO

BBIPA3UTh CIECAYIOIIUM 00pa3oM:

y p—, (5.3.1)
y zZ

AnanormyHo, u3 momobusi TtpeyrompHukoB AHKF' u AF'O'A" wmoxHo

INOJIYYUTDb BBIPAKCHUC!

!/
z
p=—— (5.3.2)
fl
Takum o0Opa3oM, yBEJIMYEHHE MOKHO BBIPA3UTh KaK 4epe3 NepeiaHue, Tak U
yepes 1 3aaHue oTpe3ku. OTCro/1a MOXKHO Noy4uuTh ¢popmyiy HeroToHa:

79

z-Z'=f-f (5.3.3)

Ecin onruyeckas cucTeMa HaXOJUTCS B OJHOPOAHOW cpene (n=n'), TO

f=—f", u dopmyna HeroToHa nommyuaer BUL:
z-z'=—f" (5.3.4)

BripasuM z u z' depe3 QOKyCHBIE PACCTOSHHSA U Tiepeauuii (—a) u 3amauii (a')

OTpPE3KH:
Z’:a’—f’
z=a—-f

Torma Beipaxenue (5.3.3) MOXKHO 3amrcaTh B BUJIE:
(a=f)@-f)=1f
[Tocne mpeoOpa3oBaHMil TMOTYyYMM BBIpaKEHHE, CBsI3bIBaroiiee (HOKYyCHBIE

pPacCTOSIHUS W NEPEIHUN W 3agHuil OoTpe3ku (dopmyJtia oTpe3koB win Gopmyia

I'aycca):

S (5.3.5)

!

a a

5.3.2. YrnoBoe yBerm4yeHne 1 y3nosble TOYKU

Teneps paccMOTpPHUM yITIOBOE yBEIMYEHHUE, OISATh BOCIIOIB30BaBIINCH puc.5.3.1.
W3 AOK,H , BugHO, 4TO:

tg(—a)zlza, otciona —a =2

—dad —dad

AHAaJIOTUYHO MOKHO BBIBECTH BBIPpA’KCHHUC!

Tenepb MOXKHO BBIPa3UTh YIJIOBOE YBEIWYEHHUE YEpe3 IEPEIHUM M 3aJHUKN

OTPE3KHU:

o oya_a_Jrz (5.3.6)

a y-a da [f'+7
Beipazum z' w3 ¢dopmynsr Herotona (5.3.3), Torma mociie mpeoOpa3oBaHHA

IMOJIYYUM BBIPAKCHUC IOJIA BBIYMCICHHUA YITIOBOI'O YBCIIMYCHUA!

z f
w=*_-7 5.3.7
=7 CER)

80




N3 Beipaxkenus (5.3.7) ciaeayer, 4TO €ClAM BbIOpaTh IJIOCKOCTH MpEAMETa U
n300pakeHus1 TaAKUM 00pa3oMm, uto z= f' W z'= [, TO B TOYKaxX MEPECCUCHUs ITHX
IJIOCKOCTEH C OCBIO YIJIOBOE YBEJIMYEHUE PABHO €auHUIE. Takue TOUKU Ha3bIBAIOTCS
Y3JIOBBIMH TOYKAMM.

YroOnl HaiiTH y3moBble Toukd N u N', oT mepeaHero (pokyca OTKIAIbIBACTCs
3aiHee (POKyCHOE paccTosiHHME, a OT 3aaHero ¢oKyca OTKIAJbIBaeTCA IepeHee
¢dokycHoe paccrosiaue (puc.5.3.2). Otpesku NN’ m HH' paBubl. Ecim — f'= f

(n=n"), TO y3]I0BbIC TOYKH COBIIAJAIOT C IJIABHBIMH.

F —a H H, )F,
f" N|N' a'

Puc.5.3.2. Y3znoewvie mouxu.

CnencrBuem Boipaxxenuit (5.3.2) u (5.3.7) aBisiercs ciaeayroiiee COOTHOIICHUE:

pw=—I_" (5.3.8)
f’ nl
5.3.3. HacTHble cnyyam nonoxeHna npeamMmeTa u nsodpaxxeHus

PaCCMOTpI/IM Pa3JIMYHLIC ITOJIOKCHUA IIPCIMETA U I/1306pa)KCHI/I$[ (paBJ'II/I‘-IHBIC z

uz'):
o z=—f. Torma z'=-f', nuueitHoe yBenuueHnue [ =1, cieg0BaTeNbHO,
npeaMeT U M300pakeHHe — 3TO TIABHBIC IUIOCKOCTH. YTJIOBOE YBEIHUYCHHE
__S_n
flon
o z=/f' Torma z'=f, yrnoBoe yBeiauuenue W =1, cieqoBaTebHO, IPEIMET
Y U300pakeHHEe — 3TO y3J0Bble TOUKU. JIMHEeitHOe yBennueHue [ = —% = 1,
n
o z=f.Torma z'= f', nuHeiHOE yBenwueHue [ =—1, yriioBoe yBEIMYCHUE
f__n y
W= 7 == CJICZIOBATEIIBHO, MTPEIMET HAXOIUTCS Ha JBOHHOM (DOKYCHOM

pPacCTOSIHMM, TO €CTh PACCTOSHHE MEXAY MPEIMETOM M H300paKeHUEM
MUHHUMAJIBHO.
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e z=0. Torma z'=oco0, TMHEWHOE yBEIUYEHUE [ = —00, YIIIOBOC YBEIMUYCHHE
W =0, cnenoBarenpHO, MNpeaMET HaXOAuTcs B TnepenHeMm Qokyce, a
n300paxeHrne — B 06CKOHEUHOCTH.

e z'=0. Torma z=-oo, nuHeitHoe yBenmueHue F =0, yrioBoe yBEIMYCHHUEC

W =00, cnemoBaTenbHO, NpPEAMET HAaXOAUTCSI Ha OECKOHEYHOCTH, a

n300pakeHne — B 3aJiHeM (pokyce.

5.3.4. CB43b NPOAOSLHOIO yBENNYEHNS C nonepeYyHbIM 1 YrioBbIM

F'oA 0
L 2

14
Z

Puc.5.3.3. Céa3b npooonvrozo ysenuuenus ¢ NOnepeyHviM U yei08biM.

Paccmotpum puc.5.3.3. vy oTpe3koB / U £’ MOMXHO BBIPA3HTh CJICTYIOIIHM

00pazoM:
b=z -z
V'=2" -z

ITo onpenenenuto npoaobHOro yBenuueHus (5.2.4):

=z
0= ‘- zZ,—zZ
[Tocne npeoOpazoBanuid, ¢ yuetoM BeipakeHu# (5.3.1) u (5.3.2), monyuum:

S
-1 5.8 53.9
0 7 p-p (5.3.9)

rne S u [, — nonepevHsie (JIMHEWHbIC) YBEIMYCHUS B Toukax A’ u A .

Wnu, ¢ yueroM Beipaxkenus (5.2.5):

Q=%-ﬂ-ﬂ1 (5.3.10)

Teneppr paccMOTpuUM MPOAOIBLHOE YBEJIMYEHHE [JIi OECKOHEYHO MaJbIX
orpe3koB (£ —> 0, /' — 0) (Mo ompeAeaecHUI0 3TO U €CTh MPOA0IbHOE YBEIHUYCHHUE).

B sTom cnydae nmHeiiHoe yBenmndyeHune B Toukax A u A OyneT OAMHAKOBBIM,

CJICO0BATCIIbHO:
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1o S
0="p ; i (5.3.11)

N3 BoIpaxkenus (5.3.8) MOKHO MOJTYUYUTD:

we_t . g g (5.3.12)
f! n!

Ecnu ontrueckas cucteMa HaXOAMUTCS B OMHOPOAHOMU cpene (n' =n), To:

O=p>WwW=p" (5.3.13)

To ecTb NpoAOJbHOC YBCINYCHUC PABHO KBaJApaTy JIMHEHMHOTO YBCIMYCHUA, A

YTJIOBOE OOpaTHO MPOTOPIUOHATIBHO EMY.

5.3.5. lnonTpmnnHoe ncuyncneHme
I[HOHTpHﬁHOG HCYUCJICHUE — OTO MHM3MCPCHUC IIPOAOJIBHBIX OTPC3KOB B

0oOpaTHBIX eAUHULIAX (TUONTPUIX):

-1
D= (aj , [onmp]
n

a
e — — INPUBEICHHAS JJIMHA.
n

Onna nUoONTpUsS COOTBETCTBYET MPHUBEIECHHOMY OTpe3Ky B 1Mm. Ecim oTpe3ok
U3MEPSIETCS B MM, TO OOpaTHBII OTPE30K U3MEPSETCS B KWJIOJUONTPUSIX.

Ucnonszys popmyny orpe3koB (5.3.5) u Beipakenue (5.2.5) MOXXHO TOJIYYUTh
B&XHOE COOTHOIIIEHWE MJI MPUBEICHHBIX OTPE3KOB B MPOCTPAHCTBE MPEAMETOB U

M300paXKEHUM U ONITUYECKOMN CUJIbI, U3MEPSAEMBIX B TUONITPHUSAX:

!/ !

n n n
— =4 —
a a '
nJIn
|| D'=D+® (5.3.14)

rie D u D' — npuBeAcHHBIC NMEPEAHUN M 3aJHMH OTPE3KH B AUONTPHUAX. To
€CTh ONTHYECKAas CUCTEMA YBEJIWYMBACT IPUBEICHHBIA OTPE30K B MPOCTPAHCTBE

M300pakeHUi (B ANTP) HA BEJIMUUHY ONTUYECKOMN CHIIBI.

5.3.6. IHBapwvaHT JlarpaHxa-l enbmronsua

WNuBapuant Jlarpanxka-I enpMrosbiia CBA3bIBAECT JUHEUHBIA pa3Mep NMpeaMeTa 1
YIJIOBOM pa3mep mnyuka jgydeit (puc.5.3.4). OTa BelMYMHA MHBApPUAHTHA, TO €CTh

HEHU3MEHHA B JIIOOOM MIPOCTPAHCTRE.
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Puc.5.3.4. Benuuunwi, komopuwie cesazvieaem uneapuaum Jlazpamusica-1 envmeonvya.

JUist BbIBOAA OTOrO WHBAapUAHTa BOCHOJb3yeMcs BbIpaxkeHuem (5.3.8),
CBSI3BIBAIOIIMM YIJIOBOE€ M JIMHEWHOE YyBeluWuyeHus. Torma BOCMOJIb30BaBIIUCH
BbIpaxkeHUssMH (5.2.1) u (5.2.3), onpeaenstoliuMu TUHEHHOE U YTII0OBOE YBEJIUYCHHUS,

HOJIYYHM CJeIyIollee COOTHOIICHHUE:

ey (5.3.15)

a-y n
Bripaxenne (5.3.15) MoxHO mpeoOpa3oBaTh, U TOrAa MOJIYYUM HHBAPHAHT
Jlarpanxka-I'eabmroabsua:

a-y-n=a-y-n (5.3.16)

NuBapuant  Jlarpamxka-I'eapMronbeiia  XapakrepuszyeT  HHOOPMAIMOHHYIO
€MKOCTh ONTUYECKOW CUCTEMBI, TO €CTh BEJIWYHUHY IMPOCTPAHCTBA, KOTOPOE MOXKET
OBITb OTOOpPaXEHO OMTHUYECKOM CHUCTEMOW. ODTOT WHBApPUAHT MaTEMAaTHYECKU

BBIPAKACT 3aKOH COXPAaHEHUSI MHPOPMAIIMU B TEOMETPUUYECKON OITHUKE.
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6. MaTpunyHasa Teopusa NayccoBon ONTUKK

6.1. MpeobpaszoeaHue koopAuHam sly4eli onmuYyeckoli cucmemMoli

OcCHOBHOE NEWCTBUE ONTUYECKOW CHUCTEMBI 3aKJIIOYAeTCsl B M3MEHEHUHM XOoza
Jy4eil, KOTOPO€ OMUCHIBACTCS MPEOoOpa30BaHUSIMU JIBYX MapamMeTpoB — JIMHEUHOU U
YIJIOBOM KOOPAMHAT Jiy4ya. JTU MpeoOpa3oBaHusi HauOosiee YI0OHO OMUCHIBATH MpHU
NOMOIIIM anmnapara MaTPpU4YHOl onTHKH. MaTpuma npeoOpa3oBaHUs MOTHOCTHIO
OMMUCHIBAET PACIIPOCTPAHEHHUE JIyUEH Yepe3 ONTUUYECKYIO CUCTEMY.

6.1.1. KoopanHatbl ny4yen B NpoOCTpaHCTBE MpPegMeToB U MPOCTPaHCTBE
N306pakeHnn

[TapameTpsl Jlyda B MPOCTPAHCTBE MPEIMETOB M HM300paKEHUU MOTYT OBITh
3aJlaHbl TOJBKO B TOM Clly4ae, €Clid BbIOpaHbl OINOpHBIE IJIOCKOCTH. OmopHas
mwiockoctb (OI) — »5TO0 HekoTopas MPOU3BOJBLHO BbIOpaHHAs IUIOCKOCTD,
NepHeHANKYIJIsIpHass onThudeckol ocu. ONopHbIE IJIOCKOCTH B MPOCTPAHCTBE
NPEeAMETOB U M300paKEHUW BBIOMPAIOTCA U3 COOOpaKeHHU y100CcTBa U MOTYT OBITh
00 COMPSKEHHBIMU, JIMOO HET.

Ha puc.6.1.1 noka3zanbl nuHeHass KOOPAUHATA JIydya ) W YIJIOBas KOOpJAWHATa

ay4da o .

Puc.6.1.1. Koopounamuwi nyua.

BMmecTo yrima o 4acTo HMCIOJIB3YIOT HANPABISAIOMMNNA KOCUHYC Y ONTHYECKOrO

Jy4EeBOTO BEKTOpA:
Y=n-cosf,=—n-sina=-n-«a
e [, — yroj MexJy Jy4OoM U OCbIO V', 1+ @ — IPUBEJICHHBIHA YrOJL.

Jnsg nydedl B MEPUAMOHAIBHOM IIJIOCKOCTH HaIpaBisoumi kocuHyc X =0,
TaKUM 00pa3oM, B MapaKCUAIbHOW ONTHUKE JIyd MOXET ObITh OJJHO3HAYHO ONpe/iesieH
yepes JIMHEWHYI0 KOOPAMHATY V' U YIJIOBYIO KOOpAMHATY Y =—-n-o:
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y
(Yj (6.1.1)

AHaAJIOTMYHO, JIyd B IIPOCTPAHCTBE M300paKCHHI OIUCHIBACTCS JHUHEHHON

KOOpJAMHATOW ' M yrioBo# koopauHatont Y'=—-n'-a':

yl
(YJ (6.1.2)

6.1.2. NpeobpasoBaHne KoopaANHAT ONTUYECKUX NyYen

JleficTBUE ONTHUYECKON CHCTEMBI 3aKJIOYAETCS B MPEOOpPa30BAHUU KOOPJMHAT

JTy4den:

Y - (OC) - y,
Y Y
Pasznoxum BBEIXOIHEIE KOOpAWHATHI JIy4a B psd:

y' =a,+ay+ay +ay’ +a,yY +ay’ + ...

2 2
Y'=by+by+bY +by +b,yY +bY" +..
Eciu onrtuueckas cucrema sBIISICTCS LIEHTPUPOBAHHOW, TO a, =0, =0. Bce
4IeHB! pAAA, HAUMHAA C ay U by, MOXKHO OTOPOCUTH, TAK KaK OHU CTPEMSATCS K HYJIIO

Ha TOPSAZOK ObICTpee, YeM Tpeablayne. Takum o0pa3oM, Ui UACATbHON
OINTUYECKON CHCTEMBI:
y'=Ay+BY

(6.1.3)
Y'=Cy+DY

6.2. Mampuuya npeobpa3zoeaHus sy4el

6.2.1. O6wwun Bug matpuubl npeobpasosaHuna (ABCD-maTtpuua)

Boipaxkenue (6.1.3) mis npeoOpa3oBaHUsl JIMHEMHOW M YIJIOBOM KOOpIMHAT
Jay4a, paccMOTpeHHble B maparpade 6.1, MOXXHO 3amucarb B MaTpu4HOU (opme,
TOr1a MpeoOpa3oBaHre KOOPAMHAT Jyda ONTUYECKOW CUCTEMON MOXXHO MPEACTABUTH
B BHJIE YMHOXKECHHSI HEKOTOPOW MaTpHIbl BEKTOpPAa HA BEKTOP BXOJHBIX KOOPJIWHAT

ay4a:
Y C D)\Y
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Bce cBoiicTBa MaeasinbHOM OIITUYECKOW CHUCTEMBI TOJHOCTBIO OIMMCHIBAIOTCS

MaTtpuueil npeodpa3oBanus Jiydyeid G, Ha3bIBAEMOM TaKXe rayccoBoil MaTpuueH
unu ABCD-matpuneit:

A B
G= (6.2.2)
C D
Bripaxxenue (6.2.1) MOXKHO TakKe 3aIucaTh B BUJIE:
b=G-b (6.2.3)
rae b — BEKTOp-CTOJ0€l BXOAHBIX KOOpauHAT, b’ — BeKTOp-CcTONOEI]
BBIXOJIHBIX KoopauHat, (G — MaTpulla, OIKCHIBAIOIIAS ONTHYECKYIO
CUCTEMY.

6.2.2. [eoMeTpuUYECKN CMbIC 3IEMEHTOB MaTpuLbl NnpeobpasoBaHms

Paccmotpum nyu ¢ koopaunatamu y =1, ¥ =0 (puc.6.2.1).

oIl / orr

[EEpH TR — .

Fy > / -
y '

y '

o' F

fl

/
Puc.6.2.1.Cxema ona naxooscoenus snemenmos A u C mampuyvl npeobpazosaHuis.

[ToacraBuB B BeIpaxkeHue (6.1.3) 3Hauenus y u Y', monyyum:
y'=Ay+BY =4

(6.2.4)
Y'=Cy+DY =C

N3 puc.6.2.1 BugHO, 4TO:

!

=2 s.=>
(04

!

OTcro/ia ¢ y4eToM Toro, 9to y =1, MOXHO TOJIYYHUTh BhIpaXeHUus it ' u V'

y,:S;:" o= S](fl,

g (6.2.5)
Y'=-—n'ad'=——

fl
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Takum oOpaszom, MOACTaBUB BhIpakeHUs (6.2.5) B (6.2.4), MBI TOJYyYHUM JBa
AJIEMEHTa MaTPHUIIbI PEOOPA30OBAHMUS:

4=5r
7 (6.2.6)
c=-" -
/
y y 1 y
Teneps paccMOTPHM JIyd ¢ BXOAHOM KoopauHaToil Y =1 (& = —— ) ¥ BBIXOIHOIM

n
koopauHatoi Y' =0 (a'=0) (puc.6.2.2).

—Sg

-/

\

Puc.6.2.2. Cxema ons naxooxcoenus snemenmos B u D mampuywvl npeobpazosanusl.

[ToncraBuB B BeipaxkeHue (6.1.3) 3HaueHust y u Y, moaydum:

y'=Ay+BY =Ay+B

(6.2.7)
Y'=Cy+DY=Cy+D=0
N3 puc.6.2.2 HailieM BXOAHYIO U BBIXOJHYIO JIMHEHHbBIE KOOPAUHATHI:
y=-a-(-=-1
6.2.8
s, (6.2.8)

y=a(=Sp)==""

N3 Beipaxkenunii (6.2.7) u (6.2.8) MOKHO TOJYYUTD €IIIe JIBa SJIEMEHTa MATPUIIbI
npeoopa3oBaHuUs:

/ n) fon f

B:y'—Ay:—f_S,F’(SFJZSF.S;W—f:SF’Sz'V'_f'f’
n f"\n n-f'" n n-f'

(6.2.9)




TakuM o0pazom mMarpuiia IpeoOpa3oBaHUsI UMEET CICAYIOUIUN BU/I;

Spr Sp-Sp=f-f

_ S n-f’
G = , (6.2.10)

P Sk

J! S

OnemeHT MaTpullbl C 3aBUCUT TOJBKO OT MAapaMeTPOB ONTUYECKOW CUCTEMBI, a
aleMEeHThl A, B u D 3aBUCAT €11l€ U OT BHIOOPA OMOPHBIX IJIOCKOCTEH.
Onpenenures b MATPUIBI PeOOPA30BaAHMS

OnpenenuTenab MaTPHUIIBI MpeoOpa30BaHUs JIFOO0H ONTHYECKOM CHCTEMBI PaBeH
CJUHULIE:

detG=AD-BC =1 (6.2.11)

OoOpaTHas MaTpuua npeodpa3oBaHus

ITo ompenenenuro oOpaTHOM MATPHUIBI JOJDKHO BBIMOJHATHCS CIEAYIOIICE
PaBEHCTBO:

G'G=GG'=1 (6.2.12)
1 0
rae [ = (O lj — CAMHUYHAas MaTpuIa.

OOGpaTHas maTpula nmpeodpa3oBaHus ONMKUCHIBAET 00OpaTHOE Mpeodpa3zoBanue (U3
BBIXOJIHBIX KOOPJAUHAT BO BXOHBIC):

b=G'-b (6.2.13)

nin

o)

OO6patHast MmaTpuIia mpeoOpa3oBaHUsI UMEET CIICTYIONTUI BU/T;:

gi=|P 8 6.2.14
_(—C Aj (62.14)

YciaoBue conpsizkeHUs ONMOPHBIX MJIOCKOCTE

B oOmeM citydae Bce 3J1IeMEHThI MaTpULIbl TpeoOpa30BaHusl HE PABHbBI HYJIIO, HO
JUISL CITy4asi CONPSKEHHBIX OMOPHBIX IJIOCKOCTEN AneMeHT B =0.
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6.2.3. Buabl maTtpuu npeobpasoBaHus

Cy1m1iecTBYIOT Ba OCHOBHBIX BUJIa MATPHUIl MPeoOpa30BaHusl, ONMCHIBAIOIIUX JBa
MPOCTHIX TIpeoOpa3oBaHUsI — TIEPEHOC Jiyda B CBOOOJHOM TIPOCTPAHCTBE W

IIPCIOMIICHHUC JIyda Ha HpCJ’IOMJ’IﬂIOHlCI\;I IMOBCPXHOCTH NJIN B ONTHUYECKON CUCTEME.

MaTtpuua npesiomJieHUS

orr orr’

Puc.6.2.3. Ilpenomnenue nyua.

Jlis  BBIBOJIa MATPHUII TPEIOMIICHHS COBMECTHM OIIOPHBIE TUIOCKOCTH C
rnaBHeIMU TIocKocTsMu (Ol =H, OIl'=H'). U3 pucynka (6.2.3) BHIHO, 4YTO
y =y". TIoCKONBbKY OITOPHBIC TUIOCKOCTH CONpsbKeHbl, To B=0 u y'= Ay. Torna
A=1, a TIOCKOJNBKY ONpEICIUTEIh MAaTPHIIBI BCErJIa PaBEH  CIUHUIIC
detG=AD - BC =1, ciegoBarensHo D =1.

B nganHOM ciydae wMaTpuiia npeoOpa3’oBaHUS HMMEET CMBICT MATPHIIbI
npeIOMJIEHUS

ref 10 6.2.15
_(—cp 1) (6.2.15)

Marpuna nmpeaoMIIeHHsT ONUCHIBAET IIPEJIOMIICHHE JIydya ONTUYECKONM CUCTEMOMU,
IIPU 3TOM Y JIy4a U3MEHSIETCS TOJIBKO YIJIOBAasl KOOpAUHATA!
, —_—
y =Y

(6.2.16)
Y =-®yp+Y

Matpuua nepesoca

o1l orr'
Puc.6.2.4. llepenoc nyua.
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IIpu nmepeHoce nyda U3MEHSETCA TOJIBKO JIMHENMHAs KoopaunHaTta. U3 puc. 6.2.4
BUJIHO, YTO:

Y

V=y+(-a)d=y+~-d (6.2.17)
n

YrioBag KOOpAWHATa HC U3MCHSICTCA:

Y'=Y

B nanHOoM ciydae wmaTpuia NpeoOpa3oBaHHMsT HMEET CMBICH MATPHIbI
nepeHoca:

o d
T=|" , (6.2.18)
0 1
rac — — HIpUBCACHHOC PACCTOAHUC MCKAY OIMOPHBIMU IIJIOCKOCTSAMMU.
n

6.2.4. MaTpuua ogHon NpenoMnaLLLEN NOBEPXHOCTH

Puc.6.2.5. llpenomnsaowasn nosepxnocmeo.

Paccmotpum puc.6.2.5. U3 tpeyroasuukoB AOKC u ACKO' M0XHO BBIBECTH:

—e=—a+¢@

/ / (6.2.19)
—&'=—a'+¢
JIOMHOKUM 00a BBIpaXCHHS HA # U 1’ COOTBETCTBCHHO:
—ng=-na+ne

o ot ' (6220)
—ne'=-n'a'+n'p

W3 3akona npenomiienus (3.1.5) cnenyet, 4ro ne =n's’, cenoBaTelbHO:
—na+np=—-n'd' +n'e
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Yron ¢ moxHo Haith u3 AEIC

y

=" (6.2.21)
r

Torma, ¢ yuerom toro, uro —na =Y, —n'a’=Y', MOXKHO TIOJy4YUTh UTOTOBOE
BBIpAXKCHHUE 711 TIPe0Opa3oBaHus YIIOBOM KOOPAMHATHI Jyda IPH MPEIOMICHHH Ha
chepruuecKkoil TOBEPXHOCTH:

H Y=Y -2 (' —n) (6.2.22)
r

158105
Y'=Y-y-p-(n'=n)
rae o — KpUBHU3HA IOBEPXHOCTH.

[Tockonpky B MaTpuue mnpenomienus Y' =Y +Cy, DdJIeMEHT MaTpHIlb

C=-p-(n"-n). Kpome toro, C=-®, cruegoBareapbHO, ONTHYECKAs CHUJIA
chepruuecKoi mpeoMIISIONIEH TOBEPXHOCTH:

H ®=p-(n'—n) (6.2.23)

B sTom CJIydac OIIOPHBLIC IINIOCKOCTHU COBIIAJAIOT C I'NIABHBIMH IINIOCKOCTAMHU, H
COCTABJAKOT OOHY IINIOCKOCTB, KACATCIIbHYIO K ITIOBCPXHOCTH.

WNrtak, wmaTpuna mnpeaomieHus CPEepUYecKOl TMOBEPXHOCTU  BBITJISAIUT
CIICAYIOITUM 00pa3oM:

1 0
R= (_ o 1] (6.2.24)

6.2.5. MaTpuua 3epkanbHon (OoTpaxatoLlen) NoBepxXHOCTH

PaccMmoTpum 3epKalibHYI0 MOBEPXHOCTD (pHcC.6.2.6).

Puc.6.2.6. 3epxanvnas nosepxnocmeo.
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Ecimu  moBepxXHOCTh SBISETCS OTpakawllel, To n' =-n, CIeA0BATCILHO
ONTUYECKas CUJa 3€PKaJbHOU IIOBEPXHOCTHU:

®=-p(n'—n)n'=-2pn (6.2.25)
Torma Marpuia nNpeJaoMIICHUS 3€PKAIbHOW IMTOBEPXHOCTH:

1 0 10
R= = (6.2.26)
o 1) \2m 1

rac o — KpHUBHU3HA IIOBCPXHOCTHU, © — IIOKA3aTCJIb IMIPCIIOMIICHHUA CPCIbI.

B cnydae miockoro 3epkaia ( o =0 ) MatpuIia oTpaxeHus: e TMHUYHAS

R= Lo (6.2.27)
o 1 -

CrnenoBaTenbHO, TUIOCKOE 3€pPKAJI0 HE MEHSEeT Xoja Jiyya (reoMeTpUyYeCKuil
KOCHHYC M3MEHSETCS, a ONTUYECKUN TMPETOMIIEHHBIA (OTpPaKEHHbIN) KOCUHYC
OCTAeTCsI TIPEKHUM).

6.3. Mampuubl onmu4eckol cucmemMbl, cocmosiujell U3 HeCKOJIbKUX
KOMIMOHEeHMmMos8

JIto0yr0 ONTHYECKYID CHCTEMY MOKHO IIPEACTaBUTh KaK COBOKYITHOCTh
HECKOJIbKUX KOMIIOHEHTOB, pa3/IeJICHHbIX NpoMexxkyTkamu. IlycTe mana HekoTopas
IPOU3BOJIbHASI CUCTEMA, B KOTOPOU JIJIsI KaXKIOr0 KOMITOHEHTA U3BECTHO IMOJIOKEHHE
IJIaBHBIX IJIOCKOCTEN M ONTUYECKasl CUja, a TAKKE€ M3BECTHBI PACCTOSHUS MEXIY
KOMIIOHEHTaMU W TIOKa3aTenu mpenomiieHust (Ha puc.6.3.1 yka3zaHbl pacCTOSHUS

HCTIOCPCACTBCHHO MCKAY I'NTaBHBIMU ITIJIIOCKOCTAMUA KOMHOHCHTOB).

e
e P

I 17 I

Puc.6.3.1. Onmuueckasa cucmema u3 HeCKOJIbKUX KOMHNOHEHMOS.

Martpuna Takod cuCTeMbl OyJeT COCTOSTh HW3 TPOU3BEICHUS MAaTpHIl

IpCIOMIICHU A Rn H IICPCHOCA T , AL OTACIIBHBIX KOMIIOHCHTOB!

G =R,R,T,RTT,=R,T,. RTT, (6.3.1)
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R 1 0 7 1 d,
Ffue n = 5 n = nn
-0, 1 0 1

Kaxxaplii 13 KOMIOHEHTOB MOXKET OBITh Pa3jI0OKEH IO ATOM Ke cxeme Ha Oosee
MPOCTHIE COCTABJIAIONIME (BILUIOTH 10 OTJEIbHBIX OBEPXHOCTEN).

Ecin Mexny KOMIIOHEHTaMH HET MPOMEXKYTKOB (d, =0 ), To MaTpuIa nepeHoca
MEXIY ATHUMU KOMIIOHEHTaMU CTAHOBUTCS €AUHUYHOM 7, =/, U ee MOXKHO He
yuuThiBaTh. Eciin ontuyeckas cuiga KOMIoOHeHTa paBHa Hyiao @, =0, To mMaTpuua

[IPEJIOMJIEHMS )11 DTOrO KOMIIOHEHTA TaKXe CTAHOBUTCS €AUHUYHON R, =1 .

6.3.1. lNakeT n3 nnockonapannenbHbIX CNOEB

PaccMoTpuM ONTHYECKYIO CHCTEMY, COCTOSAIIYIO M3 KOMIIOHEHTOB, ONTHYECKas
cujia KoTopbix paBHa Hym0 @ =0 (puc.6.3.2).

n; n; /

//

/ d; d>

Puc.6.3.2. I[lakem u3 niockonapanienbHulx cloes.

Martpuiia TakOM CUCTEMBI COCTOUT TOJILKO M3 MATPHUIL IIEPEHOCA:

d dy
G = T2Ti = n2 nl = nl n2 (632)

HpI/IBeI[eHHBIC TOJIIIMHBI BCCX JJICMCHTOB CKJIaAbIBAOTCA, W MOTYT OBITH

3aMEHEHBI 0011Ie# TPUBEACHHONU TOJIIUHOM:

t=t1+t2+...+tn:dl+dz+...+d” (6.3.3)
nn, n

n

HCﬁCTBHC Ha IIpOoXoAdgImue Jy4du IMTaKETa CJIOCB C Pa3HbIMU I'COMCTPUYCCKHUMU
TOJIIIMHAMHA MW TMOKA3aTCIIKIMHU  IIPCJIOMJICHUSI 3KBHBAJICHTHO OAHOMY CJIOHO,

TOJIONWHA KOTOPOT'O paBHA HpHBeHeHHOﬁ TOJIIHNHC.

94




Takum oOpa3oMm, TmpuBeACHHAas MaTpulla T[epeHoca JUid [akeTa u3

IJIOCKOIIAPAJIJICIIbHBIX CJIOCB 6y,ueT BBIT'TIAJCTD TAK:

T = b (6.3.4)
lo 1 o
6.3.2. OnTnyeckaa cuctema C HYNEBbIMA  PACCTOSAHUSAMU  MeXay

KOMMOHEeHTaMu

PaccMoTpyuM  ONTMYECKYHO  CHUCTEMY, B  KOTOPOM PACCTOSIHUS  MEKIY

KOMIIOHCHTaAMH PaBHbI HYJIIO d=0. ManI/II_Ia TaKOM CUCTEMBI:

Gomp L O 1 0 1 0 635)
e, )\ o, 1) (—(@,+D,) 1 o
To ecTh onTyeckre CUJIbI TAKUX KOMIIOHEHT CKIIaAbIBAKOTCA:
” D=0, +D, 4.+ D (6.3.6)

6.3.3. [1ByXKOMMNOHEHTHadA onTnudeckas cucrema

PaccmoTpuM ONTHYECKYHO CHCTEMY, COCTOSIIIYKD M3 JABYX KOMIIOHEHTOB,
PAa3/ICJICHHBIX HEHYJIEBBIM IPOMEKYTKOM.
Martpuiia TakOM CUCTEMBI:

G = R,DR, (6.3.7)

Onruyeckas cuia;

d
n
PaccMOTpuM YacTHBIE Ciyyau ABYXKOMIIOHEHTHON CUCTEMBI.
e Ecmud=0,torna ® =P, +D,.
1 .
e Ecom f= = _, 3T0 3HAYUT, YTO BTOPOH KOMIIOHEHT (€ro TIJaBHas
n @
IUIOCKOCTh) HAxOOUTCS B 3alHEM (okyce MepBoro KommoHeHTa. Torna
®=®,, TO ecTb BTOPOM KOMIIOHEHT MOXET HMMETh KaKyl YrOJHO

ONTHYECKYIO CUITY.

d 1
e Ecmm t=— Za, TO IICPBBIM KOMIIOHCHT HAXOIUTCA B ICPCAHCM (1)0Kyce
n
2

BTOPOr'0 KOMIIOHEHTa, Torga @ =@, .

. Ecﬂﬂt:i:®l+®2: : + ! , Torna ® =0.
n 00, O o,
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AdokajbHble (TeJeCKONMUYeCKue) CHCTEMbI

AdoxkajibHbIe WM TeJECKONMUYEeCKHe CUCTEMBbI — 3TO CUCTEMBbI U3 JIBYX WJIHU
0oJiee KOMIIOHEHTOB, ONTHYECKass CHUJia KOTOPHIX paBHA HYIIO. Takue CHUCTEMbI
npeIHa3HauYCHBI 1J1 HAOII0/ICHUS YIaJeHHBIX 00BEKTOB.

VY adokanbHBIX cHCTEM ONTHYECKas cujlia paBHa HyJo, To ecth C=-O =0,
cienoBaTebHO, onpeaenuTens wmatpuikl detG=AD-BC=A4AD=1. Ortcoaa

D=A". Torna Matpunia G OyJeT BBIMISACTh CACAYIOUIUM 00pa3oM:

A B A B

G = _ » (6.3.9)
0 D 0 4

Ecnu onopHbIe IIIOCKOCTH CONPSIKEHBI, TO B =0, 1 clIe10BaTEIbHO:
A 0

G= [ j (6.3.10)
0 -4

Torma KoopAMHATHI JIy4a:
!/
v =Ay+BY = Ay
B (6.3.11)
Y'=Cy+DY=4"Y
W3 BeipaxkeHust (6.3.11) BugHo, 4TOo 1711 apoKadbHOM CHUCTEMBI dJIEMEHT A
MaTpPHUIIbl PaBEH JIMHEHHOMY (ITONIEPEUHOMY) YBEJIIMUEHHUIO, @ €ro 00paTHasi BeTUYNHA
MUMEET CMBICII YTJIOBOT'O YBEJIUYECHUS:

A=Y _p (6.3.12)
y

e (6.3.13)
Y —-na n

B teneckonnuyeckux cucreMax JUHEHHOE U YIJI0BOC YBCIIMYCHHUC HC 3aBUCAT OT
IMOJIOKCHHA COIIPSAKCHHBIX OIIOPHBIX IIOCKOCTEU Hu, CJICAOBATCIIbHO, HC 3aBHUCAT OT

ITOJIOKCHUA MPpEAMETA U I/I306pa)K€HI/I$II

!

Yo const = A4

(6.3.14)

Yy
al
“ —const=A"
a

I[BYXKOMHOHCHTHH.}I OIITHYCCKasA CHCTEMaA TCICCKOIIMYCCKAas, C€CJIIN SaI[HI/Iﬁ

(dhoKyC mepBOro KOMIOHEHTA COBIIaIaeT C epeaHuM (HOKycoM BToporo (puc.6.3.3):

t:i:iJrL (6.3.15)
n © O,
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/ l \
Puc.6.3.3. Ilonoorcenue ¢poxycos koMnoHeHmo8 menecKonuveckoll Cucmembi.

JInHEeHOE YBEIIMYCHUE TAKOW CUCTEMBI:

y'_

6.3.16
VT ( )

MaTpuua TOHKOU JIUH3bI

Paccmorpum nmH3y B Bo3ayxe. Takyr JIMH3y MOXKHO paccMaTpuBaTh Kak

JIBYXKOMITOHCHTHYIO CHCTEMY, COCTOSIIYIO M3 JIBYX ITOBEPXHOCTCH, pa3JeIeHHBIX
nmpoMexyTkoM d (puc.6.3.4).

ol orr

rp

Puc.6.3.4. Jlunza 6 6o30yxe.

i mun3sel B Bo3nyxe 1, =1, =1, cienoBarensHo G = R,T(R,. Torna marpuna

npeoOpa3oBaHus JIMH3BI B 00I1IEM cliydae OyIeT BBINISIIETh CIETYIOIIUM 00pa3oM:

oy (1 9 I 0

G=R,T\R, = : :
w _Pz(n_l) 1) 1o 712 _,01(1_”) 1

6.3.17)
V Tomkoii JMH3BI ToMIMHEA 10 ocu pasra Hymo d =0 (d <<|r;n|). V Taxoi

JIMH3BI MaTpUIla TpeoOpa30oBaHUS:
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1 0
G = (6.3.18)

-0 1
rne @ =(,01 - P, )(n—l) — ONTHYECKast Cuja TOHKOW JIMH3BL, p;, 0, —

KPUBU3HBI IOBEPXHOCTEMN.

6.3.4. PacyeT napakcuanbHbiX (HYNeBbIX) fyyYen 4epes3 OMTUYECKYHO
cuctemy

HyneBble JyuMm — 53TO Jydd, KOTOpbIe TMPEIOMIIAIOTCS IO 3aKOHaM
napaKkCUaabHOM ONTUKHU, HO UMEIOT MPOU3BOJILHO OOJBIINE KOOPIUHATHI.

Pacder HyneBbIX Jydeld depe3 ONTHYECKYIO CHCTEMY COCTOMT W3 OIepalui
nepeHoca Jyda MeEXJy KOMIIOHEHTAaMH M TIPEJIOMJICHUs Jiyda Ha KOMIIOHEHTaX,
KOTOPBIE MOXHO OINMCHIBATh JIMOO B MaTpudHOil Gopme (6.2.3), (6.3.1), mubo B BUAC
PEKYPPEHTHBIX COOTHOLICHUM:

yer (6.3.19)
Y=Y -y

d
Hampumep, y, =y, +-—>Y, — NEPEHOC 10 TEPBOTO KOMIOHeHTa, ¥, =Y, —®,y,
"y

— MPEJTOMIICHHUE TTOCJIE TIEPBOTr0 KOMITOHEHTA.

Brruncnenust coriacHo BbIpakeHUsIM (6.3.19) BBINOJTHSAIOTCS CTOJBKO pas,
CKOJIbKO KOMITOHEHTOB HMEETCS B ONTHYECKOW cucteme. OgHako, Uil MOJIHOTO
pacuera Jy4yed dYepe3 ONTHYECKYH) CHUCTEMY BHAyaji€ HYXHO OIPEICIINTh
KOOPAMHATHI Jy4ell B IPOCTPAHCTBE IIPEIMETOB, a IIOCJIE 3aBEPIICHUS PACUETOB
ONpeJeINTh KOOPAUHATHI Jyuyel B MPOCTpaHCTBE H300paxkeHuil. Takum oOpazom,
pacueT HyJIeBbIX (MapaKkCUaIbHBIX) JTydel BKIIOUaeT B ceOs TpH dTama:

® OIpEIEICHUE BXOAHBIX KOOPAUHAT JIy4a,

e BBIYMCJIEHUE XOJ1a Jy4a (ITOCIeA0BATEIbHOE ONPENEICHUE €r0 KOOpAUHAT Ha

BCEX KOMIIOHEHTAX),

¢ OIPCACIICHUC BbIXOAHbIX KOOPpAWHAT JIy4a.
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7. PeanbHble onTn4yecKkue CUCTEMbI. OrpaHVI‘-IeHVIH ny4yKkoB

7.1. PeanbHble (GelicmeumersibHbie) J1yqdu

Yepe3 peanbHYH0 ONTHYECKYH) CHUCTEMY B OTJIMYHME OT HJICATBLHON MPOXOJSAT
peajbHbIe Jy4d, a HE HyJeBble (TapakcHaibHbIe). X0 pealbHOrO JIyda OTIMYACTCS
OT XoJa HyJIeBoro (uaeanbHOro) Jiyda. OTKJIOHEHHE XOJa pEajbHOro Jiyya OT
UJICaJTLHOTO CBA3aHO CO CTPOTHM BBITIOJTHEHHUEM 3aKOHOB MPEIOMIICHUSI U OTPAXKEHUSI

Ha pCAJIbHBIX ITOBCPXHOCTAX OIITHYCCKUX CUCTCM.

OT1inyus peajbHON ONTHYECKON CUCTEMBbI OT UeaIbLHOM:

e B peanbHON ONTUYECKON CUCTEME MPOUCXOAUT OTPAHUYEHUE IIyUYKOB, TO €CTh
HE BCE CYIIECTBYIOLIME JYYHU IPOXOAAT 4YEPe3 ONTHUUYECKYIO CUCTEMY U
JOCTUTAIOT MPOCTpaHCTBa M3o0paxeHui. [Ipoxonsiiye nydyku aydeil uMeroT
KOHEYHBIE Pa3MEPBHIL.

e X0 JIy4yeH, NPOXOAAIIUX YEPE3 ONTUYECKYIO CUCTEMY, HE COBITAIAET C XOI0M
uacalbHbIX  Jiyuyed  (peajbHble  ONTHYECKHE  CHUCTeMbl  O0JaJaroT
abeppanusimMu).

Abeppauum jayd4eii (zam. — omkioneHue) — OTKIOHEHUE XOAa PEaJbHOIO JIy4a

OT NACAJIBHOTI'O.

7.1.1. Pac4yeT xoaa peanbHbIX Nnyyen

PaccmoTpum X0 peanbHBIX Jy4eil B MEpUIMOHAIBHOM I1ocKocTr (puc.7.1.1).

7_[/

S S’

Puc.7.1.1. Xo0 peanvroco nyua.

PeannHbie JydH, B OTIMYHUC OT HYJICBBIX, IIPCIOMIIAIOTCA HC Ha TJIAaBHBIX

miockoctax Hu H', aHa PEATBHBIX ONTUYECKUX MOBEPXHOCTAX S U S "
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dopmynbl pacueTa pealibHOTO Jiyya IOXOXKM Ha pacyeT HYJIEBOro Jiyda
(maparpad 6.3.4) u cocTOAT U3 MEepeHoca U MPETOMIICHHUS:

d
— o+ %y
=T, (7.1.1)

Y=Y -0y

rae d — pacCTOSHME BAOJIb JIyda MEXKIy MOBEPXHOCTAMH (KOcas TOJIINHA),
® — onTHYECKas CUIIa IOBEPXHOCTH B TOUKE ITPEIOMIICHHS JIyYa.
OnTuyeckas cujaa MOBEPXHOCTH B MapaKCUAIbHOM OOJIACTH BBIYUCISIETCS HPH

TTOMOIIIM BBIPKCHUS:
O = p(n'—-n) (7.1.2)

HJ'IH BBIYHCJICHUA CUJIbI ITIOBCPXHOCTU PCAJIBHOT'O JIyda H€06XOI[I/IMO YUYUTBIBATH

YIJIbl IAJIEHUS & U MIPEJIOMIIEHHs &' PeaabHOro JIyda:
® = p(n'cos&'-ncose) (7.1.4)

Jlns HyneBbIX dyded d w @ Il TaHHOW MOBEPXHOCTH IOCTOSHHBI, a JJIS
PEAIBHBIX JIy4Y€H OHU 3aBUCAT OT KOOPAWHAT TOUKHU MEPECCUECHUS KOHKPETHOTO JIy4a
C 5TOl MOBEPXHOCTHIO. baaromaps otamuusam d or d u @ or @, u ToMy, 4TO JIy4
MPEJIOMIISIETCS HA CAMUX ITOBEPXHOCTSAX, @ HE HA TVIABHBIX IUIOCKOCTSX, IMOSIBIISIFOTCS

OTJINYUS B XOJIC PeAIbHBIX U UJICaTIbHBIX JTyuel — abeppaluu.

7.1.2. TIpuymrHbI «KHENPOXOXOEHUSA» NyYyen Yepes NoBepxXHOCTb

B otnuuue oT mapakcuanbHbBIX JIyued, KOTOphIE B JIIOOOM cllydae momnajaroT Ha
[JIABHYIO IUIOCKOCTh TMOBEPXHOCTH, peajibHble Jy4d MOTryT JHOO BOOOIIE HE
BCTPETUTh TOBEPXHOCTh, JHOO BCTPETUTh €€ B TaKOM TOYKE, KOTOpas He
COOTBETCTBYET YCJIOBUSIM (PU3MUECKON WJIM KOHCTPYKTUBHOM peagn3yeMoOCTH

ONTUYECKOU CUCTEMBI.

JIy4 He monaaaer Ha MOBEPXHOCTh

Ha puc.7.1.2 noka3zaHo, 4To HyJICBOM JIyd NPEIOMJIISIETCS] HA TJIABHOM TJIOCKOCTH
MOBEPXHOCTH, a PEAIbHBIN JIyd UAET CIUIIKOM BBICOKO U BOOOIIE HE BCTPEUAETCS C
NOBEPXHOCTHIO. JlanbHENIINKA pacyeT TAKOTO Jydya HEBO3MOXKEH (HE COOTBETCTBYET

YCIOBUSIM (DU3MYECKOM M MaTEeMaTUUECKON peain3yeMOCTH ).
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peanvHwlil 1y

——_—

S~ "

Puc.7.1.2. Peanvuvlii 1y4 He nonaoaem Ha NOBEPXHOCMb.

ITo1HOEe BHYTPEHHEE OTPaKEeHME

I[Ipy maaeHun ayya HA MOBEPXHOCTb, 3a KOTOPOM HAXOAUTCSA cCpeaa C
MOKa3aTeaeM MPEJIOMIICHHSI MEHBIIMM, 4eM npenbiaymuii (puc.7.1.3), BO3MOXKHO
MOJIHOE BHYTpeHHee oTpaxkeHue (maparpad 3.1). HyneBoii qyu B 3TOM ciyuyae Bce
PABHO MPEJIOMJISIETCS. HA TJIABHOW TUIOCKOCTH U WAET JaNblIe, TaK KaK YCIOBUS €0
IPEJIOMJICHUSI Ha TMOBEPXHOCTU HE 3aBUCAT OT €ro KOOpPAWHAT, a peajbHbId JTyd
MOJIHOCTBIO OTPAXaeTCs M €ro JAIbHEHIIMN pacyeT 4Yepe3 ONTHYECKYID CHCTEMY
HEBO3MOXKEH.

n>n

AN

/ HY1e80 1YY

peanvHblil 1YY

Puc.7.1.3. Illonnoe euympennee ompasiceHue peanbHo2o ayyd.

Jly4 mpoxoamT 3a oCTpPhIM KpaeM

BrionHe BO3MOXHO, 4YTO Jy4 OKa3bIBA€TCSA BBINIE TOYKHA MEPECCUECHUS
MMOBEPXHOCTEM, OTO HA3BIBACTCS MPOXOKICHHUE 3a OCTPbIM KpaeMm. Touka
nepeceyeHusl Jiyda ¢ OJAHOM M3 MOBEPXHOCTEH CTaHOBUTCA MHHUMOU (puc.7.1.4) u
BO3HUKAET CUTyallMsi, KOrJla MaTeMaTHYeCKH pacyeT Jyda MOXKET ObITh IPOJIOJIKEH,
HO TaKasl CHCTEMa HEe MOXKET ObITh (PU3NYECKH peaIn30BaHA.
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MHUMAA MOYKA nepecedeHusl

ocmpblil Kpail

Puc.7.1.4. Peanvhwiii 1y4 npoxooum 3a 0CmpulM Kpaem.

Jly4 npoxoaut 3a kpaem quadparmsl

Ecnmm 1m0 KOHCTPYKTHBHBIM  COOOpaXCHHSIM TabapuThl  MOBEPXHOCTEH
CHEIUAIbHO OIPAaHUYMBAIOT AadparMaMu, TO BCE JyUd, KOTOPhIE HE BIUCHIBAIOTCS B
3ajaHHble Ta0apuThl (puc.7.1.5), He pacCUUTHIBAIOTCA 4YEpe3 CHUCTEMY, XOTs

MAaTCMATHUYCCKHU PACUYCT BIIOJIHC BO3MOKCH.

Puc.7.1.5. Peanvnblil 1y4 npoxooum 3a kpaem ouagppazmui.

B tom ciydae, korja Bce MOBEpXHOCTH B CUCTEME OIpaHUYEHBI Auadparmami,
pU pacyeTe JIydeil YUUTBHIBAIOTCA TOJIBKO YCIIOBHUS TMOMAaJaHUs JIydeil B 3aJlaHHBIC
rabapuThl.

7.2. OepaHu4eHuUs ny4YkKoe siy4qeud

OrpaHuyeHuss NYYKOB B ONTHUYECKUX CHUCTEMaxX CBSI3aHbl C KOHEYHOCTBIO
($U3UYECKNX pa3MEPOB ONTHUYECKUX JIEMEHTOB. DTH OrpaHUYeHUs 0003HAYAIOTCS Ha
CXeMax M 4epTekax B BHHE AuadparM, posib KOTOPBIX MOTYT UTPaTh ONpPaBhI JIMH3, &
TaK)K€ OT/AEJbHO CTOSIINE quadparmsl.
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B npunnune guadparmMbl MOTYT paccMaTpUBATHCS HE TOJIBKO JJIsl peajbHbIX, HO
U JI71s1 HYJIEBBIX JIyuyel (TO ecTh B mapakcuaibHoi obnactu). Kak npasuiio, B mepBom
NpUOIIKEHNN aHAIN3 Ta0apUTOB IyYKOB MPOU3BOAMUTCS B MapaKCHAIBHONW 00J1acTH,
HO BIOCJEJCTBUU PACcUeThl 0053aTE€bHO YTOUHSIIOT C KCIOJb30BAHUEM PEAbHBIX
JIy4en.

7.2.1. AneptypHasa gmadgparma

OrpanuyeHue pasMmepa IyYKOB — pe3yJabTaT COBMECTHOTO JCHCTBHS BCEX
MMEIOIITUXCSI B ONTHYECKON cucteme auadparM. OJHAKO MOXKHO BBIJICTUTH OJHY
(HauMeHbIlyl0) auadparmMy, M CUUTaTh, YTO OCTAJIbHbIE HE OrPaAaHUYUBAIOT XOJ

nydeit. Takas nuadparmMa HazpiBaeTcs anepTypHoi (puc.7.2.1).

Amneptypa (1aT. — OTBEpPCTHE) — O3TO MOHATHE, KOTOPOE B TIE€OMETPUUYECKOU
ONTHUKE OMpPENEISAET pa3Mep IyUyKa JIyqei.

anepmypuori =< [\ T >/
Iy

6blX. 3pAYOK
6X. 3pAa40OK

anepmypHas
ouagpacma

Puc.7.2.1. Anepmypnas ouagppazma.

AneptypHas auadgparma — 5T0 auadparma, KoTopass OrpaHUYMBAET pa3Mep

OCEBOI0 MyJKa (MAYIIEero U3 OCEBOM TOUKH MPEIMETA).

Jlyd, upymuii U3 OCEBOM TOYKM IIpEeIMETa W NPOXOMAIIMH 4Yepe3 Kpau
anepTypHoi 1uadparMbl HA3bIBAETCS ANEPTYPHBIM JIYYOM.

PaccMoTrpum anepTypHyro auadparMy U TIPEaIIeCTBYIOMIYIO €M 4acTh
OIITUYECKOU CUCTEMBI;

[TapakcuanbHoe wu300pakeHUe anepTypHod nuadparMbl B MPOCTPAHCTBE
IpeIMETOB, CPOPMUPOBAHHOE MPEAINIESCTBYIONIECH YaCThIO ONTUYECKON CUCTEMBI
B OoOpaTHOM XOj€ Jyuel, Ha3bIBaeTCd BXOAHBIM 3PAa4YKOM ONTHYECKOMH
CHCTEMBI.
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Ecnu aneprypHas nuadparma HaxoguTcs B TPOCTPAHCTBE MPEAMETOB, TO
BXOJIHBIM 3pa4yKOM SIBJISIETCS caMa arepTypHas auadparma.

BbixoaHO#i 3payok — 9TO MapakCHAIbHOE HW300paKEHHE arepTypHOI
nuadparMbl B IPOCTPAHCTBE M300paKeHMM, CHOPMUPOBAHHOE MOCIEIYIONIEH

YaCThIO ONTHYECKON CHCTEMBI B IMPSIMOM XOJIE JTyUEH.

Ecnu aneprypnas auadparmMa HaXoauTCs B HMPOCTPAHCTBE HM300paKeHHM, TO
BBIXOJTHBIM 3PauKOM SIBJISIETCS] caMa anepTypHas guadparma.

BxoaHo# 3padok, BBIXOAHOM 3payoK W amneprypHas auadparma COMpPSHKEHBI.
AnepTypHBIil JIyd BHYTPU CUCTEMBI POXOJIUT Yepe3 Kpal anepTypHou nuadparmsl, B
IIPOCTPAHCTBE IIPEIMETOB — YEpe3 Kpaudl BXOAHOTO 3padyka, a B IPOCTPAHCTBE
N300paKEeHUI — Yepe3 Kpail BBIXOJAHOIO 3payKa.

I'naBHbIl Jy4d — 3TO Jy4, HUAYIIMA K3 BHEOCEBOM TOYKM IMpeaMera H
MPOXOISAUIMI Yepe3 LICHTP anepTypHOi AuadparMsl.

[Io 3ak0OHaM MapaKCHAIBHOW ONTHUKU TJIABHBIM Jy4 TAKXKE MNPOXOIUT 4YEPE3
IIEHTPp BXOJHOI'O 3payka B IPOCTPAHCTBE MPEAMETOB W 4epe3 ILEHTP BBIXOIHOIO
3padka B MPOCTpaHCTBE n300paxkeHuu (puc.7.2.2).

6epruu a4

ZJZCl@Hblu Jyd

\I%fcﬁuu ayd
8bIX. 3PAYOK

8X. 3paA40K anepmypuasi
ouaghpaema

Puc.7.2.2. Bueocesoii nyuox.

Bepxuuii Jiy4 BHEOCEBOI'0 IMYy4YKa — 3TO JIy4, IPOXOASAIIAN YEPE3 BEPXHUU Kpa
anepTypHor nauadparMbl M COOTBETCTBYIOIIUE €MY COINPSDKEHHBIE TOUYKHU
BXOJIHOTO M BBIXOJIHOTO 3PAayKOB.

HuKHUHT JIyd BHEOCEBOI0 MYy4YKAa — 3TO JIy4, IPOXOASAIINN Yepe3 HUKHUM Kpai
anepTypHor nuadparMbl M COOTBETCTBYIOIIUME €MY COINPSDKEHHBIE TOUYKHU
BXOJIHOTO M BBIXOJTHOTO 3PAayKOB.
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UroOsl ompenenutb, Kakas U3 JauadparM ONTHUYECKOM CHUCTEMbI SIBISETCS
anepTypHOU, HaJl0 HalTH n300pakeHue Bcex auadparM B MPOCTPAHCTBE MPEAMETOB

B 00paTHOM XOJI€ 10 3aKOHaM TMapaKCUAIbHON ONTHKHU.

AmneprypHas auadparma — 3to auadpparma, nu3o0paxeHue KOTOpori BUIAHO MO/
HAaUMEHBIIUM yTJIOM U3 OCEBOM TOUKHU MpEAMETA.

Ecim npenmeT HaxoauTcs Ha OECKOHEYHOCTH, TO allepTypHas aquadparma — 370
nuadparma, u3o0pakeHue KOTOPOil UMEeT HauMEHBIITUE JIMHEHHbIE pa3Mephl.

7.2.2. lNoneBas gnadparma

Ilose — 3TO YacTh MJIOCKOCTHU MPEAMETOB, KOTOpas M300pa)kaeTcsi ONTUYECKON
cuctemMor. B mapakchaibHOM ONTHUKE pa3Mep IMOJIsi HeorpaHudeH. B peanbHOM

ONTUYECKOW CUCTEME T0JIE€ OTPAaHUYMBAETCS MOJIEBOM Aradparmoil.
" IMoseBast nuadgparma — 310 quadparma, OrpaHMYMBAIONIAs pa3MephbI MO,

IToneBas nuadparma pacmnoiiaraeTcs Ju00 Ha MOBEPXHOCTH IMpeamMeTa, JTU00 Ha
TIOBEPXHOCTU HM300paKeHUs, JUOO B IUIOCKOCTH IMPOMEKYTOYHOIO H300paKEHMUS.
N3o0paxkenusi 1moseBod auadparMbl 4epe3 COOTBETCTBYIOIIUE YacTH OINTHYECKOM
CHUCTEMBbI Ha3bIBAIOTCS BXOJIHBIMU M BBIXOAHBIMU JIIOKaMu (0kHamM) (puc.7.2.3).

- 8Heocesol ny4oK

0cesoll NYYoK

8X0O0HO1I
3pavox

[exo0moii nox
(nonesas ouagpaecma)

Puc.7.2.3. llonesas ouaghpaema.

7.2.3. BuHbeTupoBaHue

Ecnu myuku nmydei orpaHMYMBAIOTCS TOJIBKO anepTypHOU auadparMoi, TO OHU
MTOJTHOCTBIO 3allOJIHSIOT 3pAadyoK, KaK NMOKa3aHo Ha puc.7.2.3. Eciu BHEOCEBbIE MTyUYKH
JOTIOJTHUTEJIBHO OTPAaHUYMBAIOTCS TMTOMHUMO amnepTypHON IpyrumMu auadparmMamu, TO
3payvoK 3alOJIHAETCS HE MOJTHOCTBIO (puc.7.2.4). DTO NOMOTHUTEILHOE OTPAHUYCHHE

NI CPC3aHUC ITYUYKOB HA3bIBACTCS BUHBETUPOBAHUEM.
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BUHbEMUPYIOUYASL 6X00HO1
ouagpaema 3patox

[ exoonoil 1ok

Puc.7.2.4. Bunvemuposganue.

B oOmem cnydae oOnacTe auadparMbl BBIMISAUT Tak, Kak IMOKa3aHO Ha

puc.7.2.5, U3 KOTOPOro BHJHO, YTO IIy4OK CpPE€3acTCs CBEPXY Ha BEIWYMHY d,, U
CHU3y Ha BEIUYHMHY d,. OJTU BEIMYMHBI MOTYT OBITb paBHBI JApPYr ApPYyTYy, TOrna

BHUHBCTUPOBAHUC CUMMCTPHUYIHO. Ecan a, # a,, — BHHBETUPOBAHUC HECUMMECTPUYHO.

anepmypHast
ouagpacma

81He0Ces8oll
nYy4oK

Puc. 7.2.5. Bunvemuposanue (niockocms anepmypHoti ouagpazmsi).

KoxdduuueHT BHHBETHPOBAHHUS — OTO OTHOLICHUE PA3MEPOB CpPE3aeMOM
yactu auadparMel Kk ee paauycy. KoagduuueHntsl BUHbeTHpOBaHMS cBepxy K, u

cHU3y K, BBIYMCISIOTCA CIEYIOLIMM 00pa3oM:

2a,
K, ="
A (7.2.1)
2a,
K, =
Dy

BHeoceBoll my4ok sydel B cilydyae BUHBETUPOBAHUSA IMOKa3aH Ha puc.7.2.6.
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BUHbEMUPYIOW AL
Juagppazma

BUHbEMUPYIOWAA

ouagpazma

68blX. 3pAYOK
6X. 3pA4YOK  Xx———--

anepmypHasi
ouagppacma

Puc.7.2.6. Bunvemuposannulii ny4ox ayueil.

JI0OCTOMHCTBA BUHbETHPOBAHMS
® CIOCOOCTBYET YMEHBIICHHIO TOTIEPEUHBIX Fa0apUTOB ONTUYECKON CUCTEMBI,
e JCKIIOYaeT u3 (HOpPMUPOBAHUS H300paKeHUsT KpalHUE 30HbI BHEOCEBBIX
My4YKOB (MMEHHO OHM OOBIYHO HUMEIOT OOJbIIME W TPYAHO YCTPAHUMBIE

abeppaliumn).

HenocraTky BUHbETHUPOBAHMS

® YMEHBIIAET pa3Mephbl MYYKOB, CJIEJAOBATEILHO, YMEHbIIIAET YHEPTUI0 MMyUKa,
YTO MPUBOAUT K HEPABHOMEPHOMY  PpACIPENCICHUI0 OCBEIICHHOCTH
BHEOCEBBIX 30H U300pAKECHUS,

e B Ju(PAKIMOHHO-OTPAHUYEHHBIX  ONTHYECKUX  CHUCTEMax  KauecTBO
U300pakeHHusl  ompenensieTcs — Au@pakuued, NpuYeM  YeM  MEHbIIE
pe3ylNbTUpylomas amneprypa (pasMep IIydka), TeM OOJjbllle BIUSHUE
nudpakiim, TO €CTh YXY/IIIAETCS KaueCTBO NU300PaKECHHUS.

7.3. OnucaHue npedmemos, uzobpaxeHull u 3pavyKkoe

OmHuM crocoOOM OMKCHIBATH pa3MEPbl U MOJIOKEHUE MPeIMeTa, U300paKEeHHUS
M 3paykKoB BO BCEX CHUTYalMsX HE Bcerjaa yao0Ho. PaccMoTpum 3TO omucaHue ist

ABYX TUIIOB IIPCAMCTA U I/I306pa)KCHI/I$I — OMDKHETO U JaJIBHCTO.
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7.3.1. NpeameT (n3o0bpaxeHune) GnuxHero Tuna

| 6X. 3pa4oK

Zp » I
\
a) npeomem

6blX. 3pAYOK

(G il
<=

6) uzobpadicenue

Puc.7.3.2. [Ipeomem u uzobpadicenue o1udxicHe2o mund.

Benmnmunnay npeamera (n300pakeHHs) TPUHATO paccMaTPHUBATh KaK PacCTOSHUE
OT OCHU J0 ero KpahHeW Touku. Ecnum mpeamer (Wi H300pakeHHE) HAXOIATCS
JOCTATOYHO OJIM3KO K ONTHYECKOM cucteMe (puc.7.3.1), To ero BeIndnHa U3MepSIeTCs

B JIMHEMHON Mepe:

v, ]
V' [a]
Bennunna npeaMera — 3TO MOJOBHHA BCETO MOJSA, TO €CTh Pa3MEP BCErO MOJIS
2y.
Ilepennuii (3agHuiil) O0TPE30K — 3TO BEJIWYMHA, ONMPEACIAIONIAs MOJIOKEHUE

(7.3.1)

npeameTa (M300pakeHHs) IO OTHOIICHHIO K onTthudeckod cucreme. Ilepemuuii
OTPE30K I OJNIMDKHETO THIIA M3MEPSCTCs KaK PacCTOSHHE OT IEePBOM IMOBEPXHOCTH
ONTHUYECKONW CHCTEMBI J0 MpPEAMETa, a 3aJHUI OTPE30K M3MEPSAETCS KaK PacCTOSHHE
OT MOCJIeTHEW MOBEPXHOCTH J10 n3o0paxenus (puc.7.3.1):

S =z, [mm]

5 ] (7.3.2)
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BxoaHoii (BBIXOHO) 3payoK MOXET HaXOAUThCS Ha OeckoHeuHocTH. [loaTomy
pa3Mep 3padka OINPENENSIETCS alepTypHbIM yIIOM. ANEPTYPHBIA Yroa o, — 3TO

yroj, o0pa3oBaHHbI anepTypHbIM JIydoM U ocbio (puc.7.3.1). Pasmepbl 3paukoB
OMPENIEIIAIOT Yepe3 CUHYChI alepTYPHBIX YIJIOB, YMHOXEHHbBIC HA COOTBETCTBYIOIIHE
MOKAa3aTeNu NPEIOMIIEHUS] — "ONTUYECKHE CHUHYChI'. OTHU pa3Mepbl Ha3bIBACTCS

YUCJTOBBIMM allEPTYPaMHU, U OIIPCACIIAIOTCA CICAYIOIIUM 06pa30M:

A, =n-sino, (733)
Ay =n"-sino’, o

ITosio:keHne 3pavyka U3MEPSETCS OTHOCUTENBHO mMpeamera (M300pakeHus) B

O6paTHI>IX MWIIUMCTpax:

S :L, [xonmp]
z

(7.3.4)

P
L
S, = = , [konmp]

Ecnu BXOHOM U BBIXOJHOM 3payku pacrojioKeHbl CTPOTr0 B OECKOHEYHOCTHU, TO
S,=0mn S 1'0 = (. Takue moyioxkeHus 3pavyKoB 0OECIIEUNBAIOTCA TEM, UTO anepTypHas

nuadparMa HaxoIuTcsl B mepeAaHed (Wiu 3aaHel) (poKalbHOW MIIOCKOCTH IEPBOIO
(WM TOCHEAHEro) KOMIIOHEHTa ONTHUYECKOM cHCTEMbl. B 3TOM ciiyyae BO3HHMKAaeT
TeJleleHTPU4eCKHii X0/ TJIABHbIX JIy4ell (IJIaBHbIC Jy4d MapajuieIbHbl ONTUYECKON

OCH).

7.3.2. NpegmeT (n3o0bpaxeHne) ganbHero Tuna

6X. 3pavoK ‘

a) npeomem
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‘Bblx. 3pav4oK

DP

6) uzobpadicerue
Puc.7.3.2. I[lpeomem u uzobpadicenue oanvHezo muna.

Ecnu npeamer (unm wm300pakeHHE) HAXOAUTCS JOCTAaTOYHO JIaJIeKO OT
ONTHYECKOM CHUCTEMbI, TO MBI MOKEM OIICHUTH TOJILKO €T0 yTJIOBbIE pa3Mephl. Touka,
U3 KOTOPON HM3MEpPSIOTCS YIJIOBBIE pa3Mephl mpeamera (M300pakeHus1), Ha3bIBaeTCs
noJrocoM. bynem cuutaTh, YTO MOJIOC HAXOAMUTCS B LEHTPE BXOAHOTO 3payka IS
peaMETa, U B LIGHTPE BBIXOAHOTO 3pauka Jjist u3oopaxenus (puc.7.3.2).

Benuuuna npenmera (M300pakeHus) NadbHEr0 TUIA — 3TO yTOJ, MOJ KOTOPhIM
BUJIHA KpailHsis TOYKa npeameTa (M300paskeHHs) U3 IIEHTPa BXOJHOTO (BBIXOJHOTO)
3payka:

, [ep.MH.ceK.] (7.3.5)

@', |ep.mn.cex]

Bennunna Bcero mons  2w. Mepod  yIUIOBOM  BEIMYMHBI  SIBJISIFOTCS
IpalyCchl/MUHYTBI/CEKyHABI (Ip.MH.ceK.), Hanpumep 20°1018"
IHosi0:keHne nmpeamera (M300pakeHUs) U3MEPSETCA B OOPATHBIX MUJIJTUMETPaAX

OTHOCHUTEJIbHO BXOJHOTO (BBIXOIHOTO) 3payKa:

S = l, [xonmp |

z (7.3.6)
, 1
S'=—, [xonmp]
z

B caydae npenmeTa (M300pakeHus1) JadbHETO TUIA 3pa40K HaXOIUTCS OJM3KO K
ONTUYECKOM CHUCTEME, MOITOMY BEJIMYMHA 3padyka HU3MEPSIETCA KaK €ro JIMHEWHBIN

pasmep. Takum oOpa3oM, amepTypbl B 3TOM CiIy4yae OMNPEICISIOTCS CIEeTYIOUUMU

BBIPOKCHHUSMH:
D
Ay =n-—2, [MM]
2 (7.3.7)
D
Ay :n'-Tp,[MM]
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ITonoxkenune 3pavuKa Uu3MCpsCTCA B MUIJIMMCTpPAX OT ONTHUYECKON CUCTEMBI:

S =z

p p?

S, =z, [2m]

o] (7.3.8)

JI7 ONTHYECKOW CUCTEMBI OYEHBb BAXKHO 3HATH MOJIOKEHHUE BBIXOJHOTO 3paykKa.
Tak kak m300pakeHHe OOBIYHO BOCHPHUHUMAETCS WIIM MOCJIEAYIOIIEH ONTHYECKOM
CUCTEMOW, WM TJa30M, CJIEAOBATEIbHO, HEOOXOAMMO, YTOOBI BBIXOJHOW 3padyok
ONTHUYECKOW CHUCTEMbI COBMHaAaJ C BXOJHBIM 3paykoM IpuOopa WM TJaza IIo

MOJIO’KEHUIO U pa3Mepam.

7.3.3. O606LIEeHHbIE XapaKTEPUCTUKN

JIjist onycaHusi XapaKTePUCTUK MpeIMeTa WIM U300paKeHUsI B YHUBEPCATbHON
dbopme, He 3aBUCAILCH OT UX TUTA (JATBHET0 WX OJIUAKHET0), BBOASATCS 0000IICHHbBIC
xapakTepucTukd. OHHM UMEIOT Pa3JIMYHBIA  CMBICT U Pa3MEPHOCTb, XOTS
o0O3HaualwTCsl OJAMHAKOBO. B Tabnuile mNoOKa3aHO COOTBETCTBUE pEATbHBIX WU
000O0IIIEHHBIX XaPAKTEPUCTUK APYT IPYTY.

Obo0mennbre biaMKHUHA THIT JaabHuH THIT
XapaKTepPUuCTHKH
y=y, [MM] y=tgw, [Zp.MH.CeK.]
Bennuuna npeamera - -
(M300paskeHus ) "=y, [um] y' =tga', [ep.mn.cex]
o - 1
S=8=z, B
[Tonoxxenue B : [MM] S=5 7’ [Kdnmp ]
npeaMera S'=8"=z", [mm] 1
(M300pakeHys) §'=58"= ", [xonmp]
(M3MepsieTCst OT TOBEPXHOCTH) z
(M3MepsieTcst OT 3payKa)
- o - D
Bxomnas Ay = Ay =n-sino, Aoonznzpa [MM]
[ep.MH.ceK.]
(BBIXOJHAS) B '
anepTypsl Ay=A4)=n"-sin'c’,, Ay =4y = ”1’2pa [MM]
[2p.MH.ceK.] (anepTypa)
(dncioBas anepTypa)
. 1 o
[TonoxeHue Sp=5,= > [onmp] $p=5,=2 [auv]
BXOJIHOTO ’ S’ =8 =z, [mm]
— 1 p~Pp T “p
(BBIXOJIHOT'0) 3paykKa S,=8,=—, [Kanmp]
z, (u3mepsieTcst OT
(u3MepsieTcst OT TMOBEPXHOCTH)
npeaMeTa/n300paskeHus)
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7.3.4. O60o0OLeHHOEe yBENUYeHe U nHBapuaHT Jlarpanxa-I'enbmMmronbua

Hcnonb3ys nmoHsTHe 00OOIIEHHOIO MpeaMeTa U M300pakeHUs] MOKHO BBECTH
MOHATHE 0000IIEHHOT0 YBeJINYeHU:

v A

V:yT:—’O (7.3.9)
y o4,

rae y — o0oOlleHHas BeIWYMHA IpeaMeTa, )»' — 00OOIEHHas BeIMYMHA

n3o00paxenus, 4, — 00o0IeHHas nepenss aneprypa, A', — 0000IIEHHAs 3aaHAS
aneprypa.

st mro00l  ONTUYECKOW CHUCTEMBI CYIIECTBYET OOOOIIECHHBIH WHBAPUAHT
Jlarpanxa-I'enpMrosiblia, BeIpaXXeHHBIM B peanbHbiX BennunHax ([laparpad 5.3.6).
Opnako, B OTJIMYKE OT MapaKCUAIbHOW ONTHUKH, €r0 MHBAPUAHTHOCThH HE CTporas, a
npubnauxeHHas. IHBapuaHTHOCTh HapyIIAeTCsl U3-3a HAIW4Yus abeppaluili U siBICHUS
mubpakuuu B ontuyeckor cucreme. MuBapuant Jlarpamxka-I'enbmrosnsna uepes
0000IIIeHHBIC XapaKTEPUCTUKU MOXKHO 3aMKCaTh CICTYIONTUM 00pa3oM:

‘ y-d, =y A, (7.3.10)
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8. AGeppauum onTUYECKNX CUCTEM

8.1. ®opmbI npedcmaessieHuss abeppayul (nonepeyHasi, npPodosibHasl,
80J1HO8asl)

8.1.1. Obwme nonoxeHusa

B wupeanbHOM ONTHYECKOW CHUCTEME BCE JY4H, HMCXOMSIIME W3 TOYKH A,
IepeceKaloTcss B CONPSKEHHOW ¢ Heil Touke A). [locie mpoxoxmeHus: peanbHOM

ONTHUYECKOW CHUCTEMBI JMOO HApYIIAETCS TOMOIICHTPUYHOCTh ITy4Ka M JIy4d HE
UMEIOT O0IIel TOYKH MepecedeHus], TUO0 TOMOIIEHTPUYHOCTh COXPAHACTCs, HO JTy4YHr
MIEPECEeKarOTCs B HEKOTOPOH TOuKke A', KOTOpasi HEe COBIATACT ¢ TOYKOM HJICaTbHOTO
nzo0paxenust (puc.8.1.1). Dto sBaserca cieactBueM adeppanuii. OcCHOBHas 3ajava
pacyeTa ONTHYECKUX CUCTEM — YCTpaHEeHHE abeppariuid.

\

A'

A,

A

Puc.8.1.1. Hoeanvroe u peanvroe uzobpadicenus mouxu.

Jlns BeIuMcIieHUs abeppanuii HeOOXOIUMO ONPEACIUTh TOYKY pedepeHTHOIO
(uaeanbHOro) M300paxkeHust A,, B KOTOPOM JOJKHO HAXOAWUTHCA M300pa)K€HUE I10

3aKOHaM rayccoBoil onTUKU. OTHOCUTENBHO 3TOM TOUKHU U ONPEAEISIIOT adeppaLru.

8.1.2. lMonepeyHble abeppauum

Monepeunnie adeppamun (Ax',Ay’) — 3T0 OTKIOHEHHs KOOPAMHAT TOUKH A’

InepeccucHus pCajbHOro Jiyda € IJIOCKOCTBIO I/1306p3_)KCHI/ISI OT KOOpAHWHAT TOYKH

A, naeasbHOTO M300pakeHNs B HANIPABJICHUH, NIEPIICHANKYISIPHOM ONTUYECKOM

ocu (puc.8.1.2):

(8.1.1)
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Ecmu toukun A" m A, coBmamaroT, TO TOINEPEYHbIC abeppaluu PaBHBI HYIO
(Ax'=0,Ay"=0).

A"

Puc.8.1.2. I[lonepeunvie abeppayuu.

Paznuuaror momnepeuHble abeppalud B CAarMTTaIbHOW IUIOCKOCTH (Ax') U B
MEPUINOHATBHON TUIOCKOCTH (Ay'). [Tonepeunsie abeppauuu JJs H300paKeHUS
OJIMDKHET0 THUIA BRIPAXKAIOTCS B MUJUTUMETpax, Il M300paKeHUs JajbHEro TUIa — B

yrioBor mepe. s m3o0pakeHHs AalbHEro THMNA TONepedHas adeppaius — 3TO
yIJI0BOE OTKJIIOHEHUE Ao’ MeXIy peaabHbIM U UACATbHBIM JTydoM (puc.8.1.3).

\L

Puc.8.1.3. Ilonepeunvie abeppayuu 015 yOaneHHo20 U300padcetusl.

!

Y
A!

VY Kaxmoro Jiyya B Iy4YKe CBOs BEJIWYWHA TOMEpedyHor adeppamuu. [ Bcero
my4Ka MmonepeyHbie abeppanuu — 370 GYHKIIUU OT 3paYKOBBIX KOOPAUHAT:
' __ '
Ax'= Ax'(P,P))

' ' (8.1.2)
Ay'=AY'(P.,P,)

rae (P,,P,) — peanbHble 3pavKoBbie KOOPAUHATHI.

3paykoBbie KAHOHUYECKHE KOOPANHATHI.
3padKoBbI€ KOOPAMHATHI ONPEIEISAIOT MTOJOKEHUE JTyda B myuke. KaHoHnueckune
(OTHOCUTEJIbHBIC) 3pAUYKOBBIE KOOPAUHATHI ONPECISIOTCS CAEAYIOUUM 00pa3oM:
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P P P, P
=% ="x -y __y 8.1.3
P= T P A4 (8.1.3)
rae (Px , Py ), (Px' , Py' ) — BXOJHbIE U BBIXOJHBIC pEAIbHBIE 3PAYKOBBIC

KOOPJIUHATBHI, (Ax,Ay), (A)’C,A;) — BXOJIHBIE WU BBIXOJHBIE aNEPTypbl. ANEPTYPHI

OonpecaAcCIAr0OT MAKCUMAJIbHBIC 3HAYCHUS 3PAYKOBBIX KOOPAUHAT.

Takum 00pa3om, BepxHHil JIyd my4ka umeer koopauHatel p, =0, p, =1,
HIWKHUW J1yd my4dka — p, =0, p, =-1, rmaBHelii nyd nydka — p, =p, =0,

caruTTanbHbll Iyd — o, =1, p, =0 (puc.8.1.4).

2na6Hbll
Y

Puc.8.1.4. Kanonuueckue 3pauxoswvie KOOpOUHAmbl.

Kanonunueckue 3PavYKOBBIC KOOPAWHATBI MOKHO BBIPA3UTH 4YCPC3 NMOJAPHLIC
KOOpAUHATBI O U @

Py = psing
P, = pcosp

rae p=-|ps+p; -

8.1.3. BonHoBas abeppauus

(8.1.4)

BosHoBasi aGeppamusi — 5TO OTKJIOHCHHE PEajbHOr0 BOJHOBOTO (PpOHTA OT
uacanbHoro (puc.8.1.5), u3aMepeHHOE BIOJIb Jyda B KOJUYESCTBE AJIMH BOJIH:
Al'n'
A

N3 Beipaxkenus (8.1.5) cnemyer, 4to BOJHOBas abeppalus NPONOPLHUOHATIbHA

W =

(8.1.5)

OTKJIOHCHUSIM OINTHUYECKUX JJIMH Jiyuyer mnydka. [losTomy BiHsiHME BOJIHOBOM
abeppallii Ha KayeCTBO M300paXCHUs HE 3aBUCUT OT THMAa H300pa)keHUs, a
OIIPEIEIISIETCS] TEM, CKOJIBKO JUIMH BOJIH OHA COCTABIISIET.
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y 60JIHOBOU
pponm
8bIXOOHOU pegepenmuas
3pavox cghepa

Puc.8.1.5. Bonnosas abeppayusi.

Pedepentnas cepa — 3T0 BOJIHOBOM (PPOHT UACAIBHOrO My4yKa C IIEHTPOM B
TOYKE HJCATHLHOTO M300paKeHUs Aj, MPOXOMSAIINN Yepe3 EHTP BBIXOAHOTO 3payvka
O'. Ilpn HaxXOXJICHUU BOJIHOBOU abeppanuu ¢ pedepeHTHOI cepoii cpaBHUBACTCS
OJIMKaMIINK K HEW BOJIHOBOW (PPOHT.

JUist Bcero mydka BOJIHOBas abOeppamusi — 3TO0 (YHKIMS KaHOHUYECKUX
3payKOBBIX KOOPAMHAT:

‘ W =W(p,.p,) (8.1.6)

[lonepeynass 1 BOJHOBasi abeppallud — 3TO pa3Hblie (POPMBI MPECTABICHUS
OJTHOTO SIBJICHHS, OHM CBSI3aHBI MEXY COOOH COOTHOIIICHHUSIMU:

X pX

8.1.7

NP LD
A4, op,

Takum 00pa3oM, morepeyHbie adeppanuyd NpsiMO MPONOPLIMOHAIBHBI TIEPBHIM

YaCTHBIM IIPOU3BOAHBIM BOJIHOBOU a6€ppau1/11/1 IO KAHOHNYCCKUM KOOpAWHATAM.

8.1.4. lNpoagonbHble abeppaunm

IIpononbHbIe adeppanMM — 3TO OTKJIOHCHHS KOOPAMHATHI TOo4ukn O
IepeceUYCHHs PEabHOTO JIyda ¢ OChIO OT KOOPJAHMHATHI TOYkH O’ wWjieaabHOro
n300pakeHus BA0JIb ocH (puc.8.1.6):

AS'=§'-S,' (8.1.8)

rae S' — MOJNIOKEHHUE TOYKM IEPECEUYEHUs Jyda C OChl0, S,' — IOJIOKEHUE

UJICAUTbHOW TOYKH NIEPECECYEHMUS.
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Puc.8.1.6. I[Ipooonvrvle abeppayuu oceso2o nyuxa 0is u300padicenust
OUdHCHE20 muna.

Jlns m3oOpakeHusi OJNMDKHEro THUMa MPOAOJbHbIE abeppaliud BhIpakaloTcsl B
MUJUTUMETpax, i1 n300pakeHus JajabHero tuna (puc.8.1.7) npoaosibHbie abeppauu

BBIPAXXalOTCSI B 00OPAaTHBIX MUJUTUMETPAX:

AS' = 1—1,, [xonmp)] (8.1.9)
z

!
)

Puc.8.1.7. IlpooonvHvie abeppayuu ocesoco nyuxa 0Jisi U300padceHus

Oa/IbHe20 munad.

[IpononbHble abeppaliud CBsI3aHbl C TONEPEYHBIMHM, M, CIEI0BAaTEIbHO, C

BOJIHOBBIMH TOKC:

Algz'/l)gz (8.1.10)

Tac A(; — 34104 alICPpTypa OCCBOTO ITYy4YKa.

AS'~

Boipaxxenue (8.1.10) npubnmkeHHOE, OHO MOXKET UCIOJIb30BAThCS TOJIBKO IS
ciy4asi HeOOJbIINX aNepTyp.

Uraxk, u3 Beipaxkenuit (8.1.7) u (8.1.10) cinegyet, 4To BOIHOBAs, ONEpEUYHAs U
npojiosibHas abeppaisi — 3TO pa3Hble (OPMbI NPEICTABICHUS OIHOTO SIBICHUS
HapyLIEHUs TOMOILIEHTPUYHOCTH Ny4dkoB. IIpu olieHke KadecTBa M300pa)kKeHUs 3a
HCXOJIHYIO MOJIeTTh a0epPAIIMOHHBIX CBOMCTB ONTUYECKOM CUCTEMBI OEPYT BOJTHOBYIO

abeppanuio (10 BETUYMHE BOJHOBOWM abeppauuu CyAsT O KadyecTBe ONTHYECKOIl
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cucremMbl). OHAKO, eciii abeppaluy BeJIMKHU, TO 0oJiee 11eaecoodpa3Ho UCI0Ib30BaTh
JUTSL OLICHKM KayeCcTBa U300pakeHUsI MoIepeyHble abeppaliui.

8.2. MoHoxpomamu4eckue abeppayuu

AlGeppauun  genArcss Ha  MOHOXpPOMATHMYECKHEe U XpPOMaTHYeCKHe.
MoHoxpomaTtrueckue adeppaluy TPUCYTCTBYIOT, JAK€ €CIIM ONTHUYECKas CUCTEMaA
paboTaeT mpu MOHOXPOMATUYECKOM U3JTYYEHUHU.

Monoxpomatrueckue abeppanuu AeNSITCsl Ha HECKOJIBKO TUIIOB:

e cdepuueckas,

® KOMa,

® aCTUTMAaTHU3M U KPUBU3HA U300paKEHUS,
® JUCTOpCHS.

OObIYHO Bce moclieayroume adeppauuu J00aBIAIOTCS K YXKE CYHIECTBYIOUIUM.
Ho MbI Oyziem paccmaTpuBaTh KaxKblil TUIT abeppaliu Mo OTAEIbHOCTH, KaK €Cli Obl

TOJIBKO OH U CYIICCTBOBAJI.

8.2.1. PasnoxeHune BonHoBown abeppauum B psg

Ecan B onTuyeckoil cucTeMe MPUCYTCTBYIOT BC€ THIBI abeppamuii, TO s
ONHMCaHUs OTACIBHBIX TUIIOB abeppaliii BOJHOBYIO abeppalyuio MOKHO Pa3JIOKUTh B
P IO CTENEHSIM OTHOCUTEINIBHBIX 3PAYKOBBIX KOOPJAWHAT B CICAYIOIIEM BUJIE:

W(anpy>: Woo "‘Wzo(Pi + P§)+ W40(P§ "‘Pi)z + W60<:0§ "‘,05)3 *e.

SWp, + Wi (02 + p2Jo, +Wa (02 + 01 o, + .. (8.2.1)
+W22,0§ + W, (pf +P§),0§ t...

WJIM B MIOJIAPHBIX KOOPMHATAX

W (0,0)=Woo + Wy p* +Woop* +Weop° ..

+W“pcosg0+W31p3 cosgo+W51,05 cosQ +... (8.2.2)

+ Wy, p*cos” p+W,p*cos o +...

rne W, (n — creneHp p, m — CTENEHb COS® ) — KOA(D(PHUIMEHT, 3HAYCHUE

KOTOPOI'0 OIpeeisieT BKJIaJ KOHKPETHOIro TUMa (M Mopsjaka) adeppaluv B OOIIYIO
BOJIHOBYIO a0eppaluio:

WOO — IIOCTOsITHHAA COCTAaBJIAIOIIAA, KOTOPAA MOKCT OBITH CBCIACHA K HYJIIO

COOTBETCTBYIOIIUM BBIOOPOM pedepeHTHOM cepsl,

W,,p* — npojobHas neOKyCHpOBKa,
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Wy ptu Weo p° — chepuueckast aGeppatyst 3 U 5 opsKa,
W,,pcos¢ — nucTopcus,
W31,03 cosQ + W51,05 COsS@ — Koma 3 U 5 nmopsjka,

W, ,o2 cos’ p+W, p4 cos’ (¢ — acTUrMaTv3M 3 U S mopsIKa.

B pasznoxeHun MOryt yyacTBOBaTb M 0OOJie€ BBICOKHE MOPSIAKHA, HO MBI HX
paccmatpuBaTh He Oyzaem. llopsmoxk aOeppauuu omnpenenseTcss MO CTENEHU

KOOPAMHATHI © B Pa3JIOKEHUM MONEPEYHOU abeppaiuu B psia. ITOT P MOTydaem
nytem auddepeHupoBanus Bbipakenus (8.2.2). Takum oOpa3zom, mnonepeyHas
abeppauus onpenensieTcs CaeAyoIuM 00pa3om:

AW _A

- 4w, 0° + W0 p° +..] (8.2.3)

Ay

Paznoxenue B psjg npoAoibHON abeppaluu UMeeT BU/L:

A1 ow A s
== T = AW, o+ 8.2.4
AIZ D qu Ar2[ 4010 ] ( )

8.2.2. PagnanbHO cUMMeETpUYHble abeppaunn (OedoKycupoBka WU
chepuyeckasa abeppaumns)
PanuanbHo cumMerpuuHbie abeppaiuu (pachoKycupoBka U cdepuueckas
abeppanusi) aHANM3UPYIOTCS M M3YYAIOTCS NPU PACCMOTPEHHH OCEBOM TOYKH
npeameta. Jljisi onMcaHusi pagvaibHO CUMMETPUYHBIX abeppauuili 10CTaTOYHO

MCMOJIb30BaTh OJHY PaIMaIbHYIO 3paUYKOBYI0 KOOPAUHATY P = - | pf + pi :

W(anpy): W(p)=Woo +Wap* + Wyop* +Weop° + .. (8.2.5)
JedoxkycupoBka
” W(p)=Wyp’ (8.2.6)

HedbokycupoBka HE MNPUBOJUT K HAPYUICHUIO TOMOIICHTPUYHOCTH ITy4Ka
(puc.8.2.1), a TOJBKO CBUIETENBCTBYET O MPOJOJIHHOM CMEUIEHUH IJIOCKOCTH
U300paxeHus.

119

AS'=const
NI0CKOCMb
UoeanbHo20 NI0CKOCMb
uz00padiceHus u3006padiceHus.

Puc.8.2.1. Jleghoxycuposka.

[Tpu nedoxycupoBKe BCe JTydH Ha BBIXOJIC ONTHYECKONW CHCTEMBI TIEPECEKAIOTCSI
B OJHOH TOYKE, HO HE B TOUKE HJeadbHOro m3oOpaxenus. IlosTomy B ciydae
neOKyCHUPOBKHY MPO0JIbHAs abeppalius MOCTOSHHA IS BCEX JIydel (JIJIs1 BCEX TOUeK
3payka):
2AW,,

A!Z

AS' = = const (8.2.7)

Ecim nedokycHUpoBKHM HET, TO IUJIOCKOCTh H300paKeHHMsS COBIIAJaeT C
10ckocThI0 I'aycca (MIOCKOCTHIO MACATBLHOrO M300paxkeHus). UYToObl n30aBUTHCS
oT Je(OKYCUPOBKH, HYXHO MPOCTO COOTBETCTBYIOIIUM OOpa3oM IMEpPEIBUHYTh
MJIOCKOCTh M300paXKEHUS.

[Ipu ananuse abeppaluii ONTUYECKUX CHCTEM MPHUHATO CTPOUTH TrpaduKu
3aBUCUMOCTH TIOTICPEYHOM, IMPOAOJIbHON, M BOJHOBOM abeppamuii OT 3pavyKOBBIX
KoOpAuHAT. Eciiu B ONTHUYECKOM CHUCTeME MPUCYTCTBYET TOJIBKO J1€(hOKYCUPOBKA, TO

3T rpaduku OyyT BBIMISACTh KaK MOKa3aHO Ha puc.8.2.2.

,02 ,02 AV

i)
<

1
—_

/4 AS'

a) eonnosas abeppayus  6) npooonvbHas abeppayus 8) nonepeunas abeppayuisi

Puc.8.2.2. I pagpuxu abeppayuii onsa pacghoxycuposxu.

Codepuueckas abeppanus 3 nmopsiika

H W =W, p* (8.2.8)
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Cdepuueckas abeppanus NPUBOJUT K TOMY, YTO JIyYd, BBIXOJAIINE U3 OCEBOM
TOYKM TMpeAMETa, HE TMepeceKkaloTcs B OJHOM Touke, 00pa3ys Ha IUIOCKOCTH
WJICaJIbHOTO M300pakeHUsI KPyKOK paccessHus (puc.8.2.3). Eio 0061agaroT Bce JTUH3BI
co cepuiyecKUMH TOBEPXHOCTIMHU. UTOOBI €€ yCTpaHUTh, HEOOXOAMMO CJeNaTh
noBepxHocTu He chepuyeckumu. Cdepuueckyro adeppanuio 3 Mmopsiika Ha3bIBAIOT
TaKXke MepBUYHOMN cpepuueckoit abeppalueii.

Puc.8.2.3. Cpepuuecxasn abeppayus.

[IpononbHass W momepeyHas abOeppalud B OSTOM CIydae OMNPEeIIIOTCs

BBIPpAKCHUAMM
, A
AS' = A,2-4W40p2 (8.2.9)
Ay' = j’-4W40p3 (8.2.10)

B 1mpocThIX MOJIOKUTENBHBIX JHMH3aX cdepudeckas alOeppauus 3 Topsaka
oTpullaTebHA, a B OTPUIATENIbHBIX TMOJOXUTeNbHA. ['paduku  BOJIHOBOM,
NPOJIOJIHOW M TOomNepeyHord adeppauuii B ciyyae cdepuyeckod abeppauuu 3
nopsiJiKa MpeACTaBIEHbI Ha puc.8.2.4.

2 2
P Yo Ay

]
-
o
/_\

W AS!

Puc.8.2.4. I paghuxu abeppayuii ons cghepuuecxoii abeppayuu 3 nopsoxa.
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Cdepuueckasi abeppanus S mopsiaika

H W =Wg,p° (8.2.11)

[To xapakTepy HCKa)K€HUSI TOMOIEHTPUYHOCTH IIyuka Jydei cdepruueckas
abeppanus S mopsijKa MOJIHOCThIO aHAJIOTMYHa cdepuyeckoil adbeppaiuu 3 nopsaka,
TOJIbKO WMeeT Oosiee BBICOKUN TOPSAIOK KPUBBIX Ha rpadukax TMOMEepeyHOr u
IPOJIOJIBLHOM abeppalui.

B crnoxHbIx cuctemax chepudeckue adeppauu 3 U 5 NOPsAKOB UMEIOT Pa3HbIE
3HaKd M MOTYT B3aMMHO KOMIIEHCHpOBaTh Apyr apyra. Ha pwuc.8.2.5 mpencraiieH
rpaduK ONTHUMAIbHONW KOPpPEKIMu cdepuueckoir adeppauuu 3 U 5 TOPSAKOB s
ameprypHoro nyda (p=1). B pesyasTaTe KOPpEeKIHH OCTATOUHBIE abeppaluy

CTAHOBSTCSI MEHbIIIE, YeM caMH abeppauuu 3 U 5 mopsika.

——————————————————

AS'

Puc.8.2.5. Bzaumoxomnencayus cghepuueckoii abeppayuu 3 u 5 nopsiokos.

OnHako B citydae cpepudeckoit abeppanuu 3 U 5 MOPSAJIKOB MOXKET OBITh U TaK,
KaK IMOoKa3aHo Ha puc.8.2.6.: a) — abeppalus «HeIOoWCIpaBiieHa», 0) — abepparus
«TEpeuCIpaBICHay.

AS' AS'

a) HeOoUCnpasneHnas cepuieckas 0) nepeucnpasieHHas cghepudecKast

abeppayusi abeppayusi

Puc.8.2.6. I pagpuxu xoppexyuu cghepuuecxoii abeppayuu.

[Tockonbky  mOpoaONBHON  A€(OKYCHUPOBKOW  JIETKO  YNPABIATH  MyTEM
HNepeMelIeHUs] TIOCKOCTH M300pa)KeHHs, TO coueras chepuyeckyro adbeppauuio u

ne(OKyCUPOBKY, MOXHO BBIOpAaThb HaWIyyllee C TOYKH 3pPEHUS MUHUMyMa
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chepuueckoit abepparuu mnojoxxkeHue n3odpaxenus. B wactHocTH, 111 chepruyeckoit
abeppanuu 3 mopsaka npu moMonu BeipakeHuit (8.2.9), (8.2.10) MOKHO BBIUUCIUTH
MOJIOKEHUE M300pakeHUsI, B KOTOPOM KPYXKOK paccesHus mMuHuMaieH. [Ipu stom
MPOJIOJIbHOE CMENICHUE H300pakeHusi cocTapiisieT 3/4 OoT NpoJoJibHOW abeppaiuu

arepTypHOro JIyya.

8.2.3. Koma

Om 2peyecko2o: KOUA— X80CM, NYYOK 80JI0C.

Koma nosiBiisseTcst mpu CMEIIEHUSX TOUKH MpeaMeTa ¢ ocu. Koma nobasmsercs K
IpyruM adeppauusaM (HampuMmep, K cepudeckoit), Ho Mbl OyJeM paccMaTpuBaTh €€
OTACIBHO OT Apyrux adeppanuit (puc.8.2.7).

eepruﬁ/ﬂylt A'

2/IABHBLIL TIYY

-y

A

Puc.8.2.7. Cmpyxmypa nyuka nayueu npu Hanuduu KOMbl.

B nepBom npubimkeHn KoMa npsMo MpOMOpLHOHAIbHA CMEIICHHUIO MPEeMeTa
c ocu. Ecnu cmelieHne paBHO HyJIO0, TO U KOMa paBHa Hy/0. Takum oOpazom,

norepedyHas a6eppaum{ IIpyU HAJIWYHUKU KOMBI IIPsSMO IIPOIOPHUOHAJIbHA BCINYHNHC

npeamera:
Ay, ~o-y (8.2.12)
rie 0 — KOd(PQPUIMEHT NPONOPIUOHATBLHOCTH, ONPEICISIONIMN KauyeCTBO

a0CppaIIMOHHON KOPPEKIIMU OINTHYECKOM CHCTEMBbI (YeM MEHBINE O, TEM JIydYIle
ONTUYECKAsl CUCTEMA).
Paznoxxenue B psijg BoJiHOBOM aOeppanuu (naparpad 8.2.1) npu HaIUYUUA KOMBI

3 ¥ 5 OPSAJIKOB:
W(p,0)=Ws p’ cosp + Wy, p° cosp (8.2.13)

nin

W(p..p, )= (07 + o2 o, =W, (020, + p°)

123

Boipaxkenue s momnepedyHbix abeppauuii  (mocie  auddepeHIupoBaHus
BbIpakeHus (8.2.13)) OyaeT BINISACTh CIASAYIONUM 00pa3oM:

, A oW A
Ax :A,'ﬁpzA,‘Wsl(szPy)
iy 8.2.14
NI SR PR R

Omnucanue IMOIICPCHYHBIX aGeppauI/Iﬁ KOMBI PA3JIMYHO AJIAI MCPHUANOHAJIBHOI'O M

caruTTajabHOTO ceueHuil. B MEPHUANOHAJIBHOM CCUCHUN O = 0, CJICAO0BATCIIbHO:

Ax"=0
2 ) (8.2.15)
Ay = Z ) VV;l ) 310y
B carutranbHoMm ceuenun p), =0, Cle10BaTENBHO:
Ax'=0
o (8.2.16)
Ay'= ZWN ',03

Ha puc.8.2.8 mokazansl rpaduky monepevHbix abeppanuii 1yisi KOMbI 3 TTOpsiaKa
B MEPHJMOHAJIBLHOM M CaruTTadbHOM ceueHusx. KpuBble Ha rpadukax HMEIOT

OJIMHAKOBYI0 (OpMYy, HO B MEPUIMOHAIBHOM CeYCHHMH 3HaueHue Ay’ B 3 pasa

0OJIbIIIE, YEM B CATUTTAJILHOM.

Px

.
-

.
:

-1 0 1 -1 0 1

a) MepuouUoHanNbHOEe ceueHue 6) cacummanvHoe ceuerue.

Puc.8.2.9. llonepeunsvie abeppayuu npu kome 3 nopsioka.

J{1st TOro 4ToOBI JIyullle IOHATh CTPYKTYPY MONEPEUYHbIX abeppalyii mpu Kome,
pPacCMOTPUM TOYEYHYI0 JuarpamMmy Jjydeil. Pa3oObeM 3pauyok Ha MHOXXECTBO
PAaBHOBEJIUKUX IUIOMIAJ0K M PACCMOTPUM JIy4YH, MPOXOJAIINE 4Yepe3 IEHTPhl ITUX
momanok (puc.8.2.10.a). [lonyunm kapTuUHY Jy4deld, paBHOMEPHO pacIpeIeICHHbBIX
1o 3payky. TOUKM nepeceyeHus 3TUX Jydel ¢ IIIOCKOCThIO M300pakeHus o0pa3yroT

TOueuHyto auarpammy (puc.8.2.10.0).
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N

a) n10CKOCmb 3payKa 6) niockocmo u300padicenus

Puc.8.2.10. Toueunasn ouacpamma.

KoMma 1 Hem3oImiaHaTU3M

B nazeanuu “neusonnanamuzm’” npucymcmeyiom KOpHU epedecKux Clos. U3oc —
O0OUHAKOBYLU, PABHBLI, NiaHema — OJ1ydicoarouiee meno.

N3onaanatusm (OMHAKOBO 3a0yXKJAIOUIUMNCI) — B OKPECTHOCTH OCHU
ONTHYECKON CHCTEeMBbl HET KOMBI, HO €CTh cdepuueckas adeppauus (U300pakeHHe
Pa3HBIX TOYEK MpeaMeTa OyJeT OJMHAKOBO INIOX0€). AMJIAHATH3M — HET HH KOMBI,
HU cdepuueckoil abepparnuu (M300pakeHUE pa3HBIX TOUEK MpeaMeTa HUcalTbHOER).
ATJTaHaTH3M MOKET BBIMOJHATHCS TOJBKO ISl KAKOW-TO YacTH MpeaMeTa, Hapumep
B OKPECTHOCTH OCH.

O BO3MOXHOH BEIMYMHE KOMBI MOYKHO CYJIHTh, HE CMEIasl TOYKY C OCH, €CIIH
KOJIMYECTBEHHO OIICHUTh HeW30IJIaHATH3M. Takas OIeHKa BO3MOXKHA, €CIIH
MCIIOJIb30BaTh YCJIOBHS alljlaHaTH3Ma 1 M30IUIaHaTHU3MA.

3aKkoH cuHycoB A00e (ycJi0BHE allJIAHATH3MA):

siIno

-~ =const=V (8.2.17)
sino

Ecnu 510 ycnoBue BBIMOJIHSETCS MJiS BCEX JIyded, TO HET HU KOMBI, HHU
chepuueckoil abeppauun. Eciu npucytctByeT cepuueckas abeppaiys, TO BMECTO
YCJIOBHSI arJlaHaTU3Ma UCIOJIb3YETCsl MOX0KEE YCIOBHUE — YCI0BUE H30IJIAHATH3MA:

sino

—=const=V (8.2.18)
sino,

Puc.8.2.11 mnoxka3plBaeT pazHHUIly B ONPEACICHUUA JBYX YCIOBUUA — YCIIOBUSA
cuHycoB A0OOe 1 yclioBUS W30IIaHATU3MA.
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T

NIOCKOCMb
Taycca

Puc.8.2.11. Yenwlr nyueii, ucnonvzyemvie 8 yciogusax anianamusma u u30oni1aHamusma.

Ecim ycnoBue w30miIaHaTH3Ma BBITMOJHSAETCS, TO KOMBI B  OJvKanien
OKPECTHOCTH OCEBOM TOYKM He OyaeT. OTHOCUTENBHOE OTCTYIUIGHHE OT
u30IJlaHaThu3Ma (TaKk Ha3blBaeMmasi Mepa KOMBI) OINpeaesieTcs  CIeayOIUM
BBIPAYKCHUEM:

sino
n(%)=|——"——1[-100% (8.2.19)
smo, -V
[Tonepeunass aGepparuss KOMBI 3 TIOpsiAKA JUIi TOYKHM H300paKeHUsS C
KOOPJAWHATOW )’ MOXKET OBITh MPEJICTaBJICHA CIICAYIONIUM 00pa3oM:

' 377 : y,
A = 8.2.20
T 100% (8.2.20)

8.2.4. ACTUrmaTmam n KpuBm3Ha n3obpaxeHus

AcCTUrMaTU3M TMOSIBISETCS TMPU 3HAYUTEILHOM CMEICHUU TOYKU IMpEaAMETa C
OCH U JT0OABJISIETCSI KO BCEM OCTalbHBIM aleppanusiM. CMECTUM MpeAMET ¢ OCHU Ha
3Ha4YUTENbHOE paccTosiHue (puc.8.2.12). ACTMrMaTM3M COCTOMT B TOM, YTO HE
COBIIJIAOT TOYKH (POKYCOB B MEPHIHOHATIBHOW F| M CarMTTaJIbHOW F, TUIOCKOCTSX,

MO3TOMY JIyud OECKOHEUHO Y3KOIro Iy4yKa He CXOIATCS B OJHOM Touke. KpuBH3Ha
3aKJII0YAETCsl B TOM, YTO HaWiIydlllee M300paKeHHUE MOJy4aeTCs Ha UCKPUBJICHHOM

IMOBCPXHOCTH, 4 HC HA IITIOCKOCTH.
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NOBEPXHOCHIb HAUTYIULESO
uzo0bpaicenus

Puc.8.2.12. Acmuemamusm u KpusuzHa uzoopadceHus.
Paznoxenne B psiag BOJHOBOM abOeppanuu (maparpad 8.2.1) npu HaIu4uu
acTUrMaTtu3ma 3 U S5 MOpSIAKOB:
W(p,go) =W,,p°cos’ @ +W,,p*cos* @ (8.2.21)
17017
W(an on): szpi + W, (Pi T ,05 )Pi

KonnuecTBeHHO acTUrMaTHU3M M KPUBHU3HA XapaKTEPU3YIOTCS MPOAOJIbLHBIMU

!

acCTUTMAaTHYeCKUMHU OTpe3kaMMm z, ®W z.. MepuinoHalIbHAas KPHBU3HA

m N

onpeacICTCsa OTPE3KOM Z;n — OTO PaCCTOAHUC OT IINIOCKOCTH IIapaKCHAJIbHOI'O

u300pakeHus 10 MepuauoHambHOro (Qokyca F'. CaruTraabHas KpUBH3HA

m

OIIpeNeNsieTcs OTPE3KOM Z. — 3TO PACCTOSHUE OT IUIOCKOCTH TapaKCHAIBHOTO
M300pakeHH s 10 CaruTTanbHOrO okyca F, .

CpeI[HSIH KPpHMBH3HA OIIPCACIIACTCA HOHYCYMMOﬁ ACTUI'MATHYCCKUX OTPC3KOB U

YKa3bIBACT ITOJIOKCHHUEC HAUTYUIICTO I/1306pa)KCHI/I$[ AJI1 JaHHOI'O ITy4Ka:

4 !
zZ +z
A =Im (8.2.22)
P
2
Mepa alTurmaTudmMa B IIPpOAOJIBHOM H3MCPCHUU OINPCACIBICTCA PA3ZHOCTBIO

ACTUTMATHUYICCKUX OTPE3KOB:
A g o (8.2.23)

acm m s

B nepBoM mnpuOnmxeHUM CpenHsss KpUBHU3HA MPONOPLMOHATIbHA KBaJpaTy
PacCTOSIHUS OT OCH. 3aBUCUMOCTb KPUBH3HBI U aCTUTMATHU3Ma 10 TOJII0 MOKa3bIBAIOT

rpaduKky MpoIobHBIX abeppaluil Juisi BHEOCEBBIX My4koB (puc.8.2.13).
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ac

a) npodonvivie abeppayuu 6) npodosvbHble abeppayuu

(3aucumocmy om npedmemnoii (3asucumocms om K8aopama npeomenmHti

KOOPOUHAMbL) KOOpOUuHamot)
Ay' , Ax'
- b
-1 0 1 1 0 1

6) nonepeunvie abeppayuu 6 2) nonepeunvie abeppayuu 8

MEPUOUOHANLHOM CeHeHUU cazummaibHOM CeYeHUU

Puc.8.2.13. Acmuemamusm 3 nopsoxa (npoooibhble u nonepeutnvie abeppayuil).

3/ech ¢ — OTHOCHTEJbHasi MpeAMeTHasi KoopauHaTa (Ha Kparo moist o =1,
Haocu o =0):
o= (8.2.24)
ymax

Jlns acturmatuzma 0oJiee BBICOKUX MOPSAIKOB (5 W BbINI€) TpapuKU MOTYT

BBITJIA/IETh, KaK MOKa3aHo Ha puc.8.2.14:

Puc.8.2.14. IlpooonvHvie abeppayuu npu acmuemamusme 5 nopsaoKa.

B 3aBHCMMOCTH OT MOJOXXEHUS IIJIOCKOCTH H300pa)K€HUsI MPU aCTUTMATH3ME
MSATHO pAacCesHUS MOXKET MNPUHUMATh (OpPMY JJUIMIICOB, OTPE3KOB WM Kpyra
(puc.8.2.15). T'opu3oHTaNIBHBIH  OTPE30K  HAOIIOJACTCA, €CIU  IUIOCKOCTH
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M300paK€HUsI COBMAJACT ¢ MEPUIMOHAIBLHBIM (DOKYCOM, a BEPTHKAJIbHBIA — €CIIU C
caruTTaibHbIM. [locepeanHe Mexay HUMU TSATHO paccessHus umeer hopmy kpyra. B

OCTAJIbHBIX ITOJIOKCHUSIX — MITHA SIMITUYECKOMN (1)OpMI>I.

Puc.8.2.15. I[lamna paccesnus acmuemamu4eckoeo nyyka.

8.2.5. llnctopcus

Haszeanue npoucxooum om namurnckoeo “uckaicenue’”.
Ecnu kpome auctopcun Apyrux abeppaiuii HET, TO TOYKa U300pakaeTcsi B BUJIC
TOYKM (TOMOIIEHTPUYECKUM ITyYOK OCTAE€TCS TOMOLICHTPUYECKHMM), HO 3Ta TOYKa

CMeIIleHa OT ujaeanbHou (puc.8.2.16).

Puc.8.2.16. Jlucmopcus.

Paznoxxenue B psAx BoiHOBOM aOeppauuu (maparpad 8.2.1) npu Hamuuuu

JUCTOPCHUU:
W(p.p)=W,pcosp (8.2.25)

nim
w(p..p,)=Wp,

[Ipu auctopcuu BeauvrHa U300paXKeHUs OTIIMYACTCS OT UI€abHOTO:

A =y"—y, (8.2.26)
AGcooTHAsL TUCTOPCHS (BBIpAXKACTCS B TEX )K€ CIWHUIAX, YTO M BEIMYMHA
M300paKEeHHUS):
“ A=y -V-.y (8.2.27)

rae V' — yBeIMYEHUE CUCTEMBI JJIsl JAHHOM TOYKH IOJISI.
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OTHocuTeabHAS AUCTOPCHUSA:

!

A !
A%="".100%=| 2 ~1|-100% (8.2.28)
Yo V-y
Jluctopcusi xapakTepHa TE€M, 4YTO €€ BEJIWYMHA HEJIUHEHHO 3aBUCHUT OT
BEJIMYMHBI TIPEIMETA, TO €CTh JIMHEWMHOE YBEJIMYECHUE PA3IUYHO JJIS Pa3HbIX TOUEK
noyisi. AGcosoTHass auctopcusi 3 mopsaka ompenensercs auddepeHmpoBaHueM
BbIpakeHus (8.2.25) 1 yMHOKEHUEM Ha KBaJipaT MPEAMETHON KOOPAUHATHI O :
A oW, pcos A
_ . ( 1110 ¢)O_2 - _ W'“O_Z (8229)
A op A
y y Y

Ay' =

['paduk OoTHOCUTENBHOW NUCTOPCUU 3 TOpsAKa mpuBeAeH Ha puc.8.2.17. [ns

CpPaBHEHHUS NTOKA3aH IPUMEPHBIN X0 KPUBOW TUCTOPCUU BBICIIETO MOPSIKA.

\0_2

0
A /0V+VII

A%

Puc.8.2.17. JJucmopcus 3 u gvicuie2o nopsioKoa.

Hanuuue guctopcuu mpUBOAUT K UCKAKESHUIO MPSIMBIX JTUHUN, HE MPOXOISIINX
yepe3 och (puc.8.2.18). Ecnu kBajpaTHBIN NpeaMEeT U300paxaeTcs B BUIE MOMYLIKH
— 3TO TMOJOXHUTENbHAsA aucTtopcus. Eciam m3o0pakeHne KBajapaTa MMEET BBITYKIIbIS

CTOpPOHBI (B BUI€ O0UKH), TO 3TO OTPUIIATENIbHASI TUCTOPCHSI.

y y'

X

ompuyamenbHas
oucmopcusi

oucmopcust
a

a) npeomem 0) uzoopaoicenue

Puc.8.2.18. Jlucmopcus.
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JlommycTuMasi OTHOCHUTENIbHAsE JUCTOpcusi (TO €CTh JUCTOpPCHUSA, KOTOpas MpHU
BOCIPUSTHH TJIA30M HE BBI3BIBACT OIIYLICHUS, YTO U300paKEHUE MCKAXKEHO) OKOJIO
A% =5—-10% . VcnpaBneHue AUCTOPCUM Ba)XKHO B M3MEPUTENBHBIX MNpubopax (B
YacTHOCTU, B (HOTOrpaMMETPUYECKUX CHCTeMax), TaK KaK HaJIUudue JAUCTOPCUU
NPUBOAUT K HEIMHEHHON ommubOke wuzMmepeHuid. Hanpumep, B Qoronurorpadpuu

JOTYCK Ha a0COTIOTHYIO TUCTOPCHIO HE TpeBbImacT 20 HM.

8.3. Xpomamuyeckue abeppauyuu

XpomaTnueckne adeppanuu — 3TO NPOSBICHUE 3aBUCUMOCTU XapaKTEPUCTHUK
ONTUYECKOW CHUCTEMBbI OT JIJIMHBI BOJHBI CBETa (Xpomo — yeem). XpOMaTUUYECKHE
abeppaluu MPUBOJAT K TOMY, YTO B H300paKEHHUSIX HEOKPAIICHHBIX MPEAMETOB
HOSIBJISIETCS. OKPAIIEeHHOCTh. XpOMaTUYeCKUe aldeppalyy MOSBISIIOTCA H3-3a TOTO,
YTO ONTHUYECKUE CUCTEMBI M3TOTOBJIEHBI M3 ONTUYECKUX CTEKOJ C IMOKAa3aTeIsMU
MIPEJIOMIICHUS, 3aBUCAILIUMHU OT JIJTMHBI BOJIHBI 1 = n(/l)

CyliecTBYIOT ABa OCHOBHBIX BHJIa XpOMAaTU3Ma:

® XPOMATU3M IOJIOKEHUS,

¢ XpPOMATU3M YBCINYCHMHA.

8.3.1. XpomaTtnuam nonoxeHus

XpoMaTu3M MoJI0KeHus — 3T0 abeppallusi, Ipu KOTOPOU M300pakeHUsT OJTHOM
TOYKH MPEMETA PACIOI0KEHBI HA PA3HOM PACCTOSIHUM OT ONTHUYECKOW CUCTEMBI JJIsi
Pa3HBIX JIJIMH BOJIH (pa3HbIE MOJIOKEHUS IUIOCKOCTH M300paxkeHus). B aToM ciiyyae
(OKYCBI TaK)K€ PaCIOI0KEHbI Ha pa3HbIX paccTosHusX (puc.8.3.1).

Puc.8.3.1. Xpomamuzm nonooicenus.

Ha puc.8.3.2 mnpencraBiieH TUNUYHBIA TpaduK 3aBUCUMOCTH TOJIOXKECHUS

I/I306pa)KeHI/IH OT OJIMHBI BOJIHBI.

131

Ao A

Puc.8.3.2. I'pagpux 3a6ucumocmu nonosicerusi u300paxceHuss om OnNUHbl 8OIHbL.

Uem MeHbIIE JUIMHA BOJHBI, TEM OJMXKe M300paKeHHE K ONTHYECKON CHCTEME.
HucneHHO XpOMaTH3M MOJIOKEHUS ONPEAEIAETCS Pa3HOCThIO MOJOKEHUN TIIIOCKOCTH

U300paXkeHUsl 111 KpalHUX AJIMH BOJIH (4, U A, ):

AS, , =S, S, (8.3.1)

EcTecTBeHHBII XpOoMaTH3M BO3HUKACT B ONTHYCCKOM CHCTEME, €CIIM BCE JIMH3BI
clenaHbl M3 OJIHOTO CcOpTa CTekjaa. B TakoMm ciydyae oOmnTHYecKas CcucTeMa
HEaXpoMaTH30BaHA.

YcerpaHenue (KOppeKIMs) XpomaTu3Ma MOXKET ObITh MpPOU3BEJACHA JIBYMS
CIoco0aMu:

® UCIIOJIb30BAaHUE 3€PKAJIbHBIX CHCTEM, TJ€ XpOMaTU3M B IIPUHIIMIIC

OTCYTCTBYET (KaTONTPUUYECKUE CUCTEMBI, HallpuMep cuctema Kaccerpena),
® CIIOJIb30BaHUE B JIMH30BBIX (JUONTPUYECKUX) CUCTEMAX HECKOJIbLKUX COPTOB
CTEKJIa C Pa3InYHbIMU KO3 (PULIMEHTaMU JUCTIEPCUH V., .

HpI/IHHI/IHLI axpoMaTu3alvi OIITHICCKHUX CUCTEM

Bo3pMeM JBe TOHKMX JIMH3bI W3 pPa3HbIX COPTOB CTekia. Eciu JuH3BI
pPacroioKEHbl BIUIOTHYIO JIPYT K JPYTy, TO TMOJYy4YaeTcs TOHKas cHcTeMa. 3ajaya
axpoOMaTH3allMi CBOJUTCSA K TOMY, YTOOBI OINTHYECKas CHJIa CHCTEMBbI JIMH3 HE

3aBHCeNa OT JUIMHBI BOJIHBL. ONTHYECKas CHJla CUCTEMBI U3 JBYX TOHKUX JIMH3!
=0+, (8.3.2)
OnTnueckas cuna Kaxaon muusel @ =(n—1)-(p, — p,). ycts A, — A, = —AA,

Inpn  35TOM OIITHYCCKas CHJIa Kﬂ)KI[Oﬁ JIMH3bI ~ MCHACTCA  Ha  BCIHUYHHY

AD = (n PRl R )-(,01 — p,). 3Has umcno A66e ams MOGOTO MHTEpBANA AIHMH BOIH

, MOJKHO ITOJIYYUTDH CIICAYIOIICC BBIPAKCHUC!

d
AD = (nll — N, )'(Pl ~p2)= n]/”tz_(n% _1)'(,01 -p,)|= ‘jo (8.3.3)




I[OHYCTI/IM, 4TO OTH JIMH3blI H3IOTOBJICHBI M3 PA3HBIX COPTOB CTCKJIA, TOr'Aad

YCJIOBUE axpOMaTH3aIMKU OyIeT BBITJISAET TaK:

() o = D, +d,
b, D 8.3.4
AD =142 =0 (8.3.4)
Vi W
Trac CD Ao — OIITHN4YCCKasas CuJia CUCTEMBI JIA OCHOBHOﬁ JJIUHBI BOJIHBI,

®,,D, — onTUYECKUE CUIIBI IIEPBOM U BTOPOU JIMH3 U1 OCHOBHOU JIMHBI
BOJIHBI, V;,V, — KO3((ULIUEHTHI JUCIIEPCUN CTEKJIA IEPBOIl U BTOPOM JIMH3.

PemB cucrteMy JMHEWHBIX ypaBHeHU (8.3.4), mNOIydyruM YypaBHEHUs

axpoMmarTuianum 1Jis1 IByX COPTOB CTCKJIA:

)
1%
_ 1
o, =——
Vi—=WV,
1%
CD2:—72-CD
Vi—=W,

®
(8.3.5)

Y crekon HNOMKHBI OBITH pa3Hble KO3PGUIMEHTH AUCIEPCUU, MPUYEM
KO3 PUIIMEHT AUCIEepCUM NEPBOM JMH3BI JIOJKEH ObITh Oosble Kod(duimeHta

AUCIICPCUU BTOpOﬁ JIMH3bI (Vl >V2), HHA4YC MOXKCT MOJYUYUTCA TaK, UYTO CHUCTCMaA

OyZeT CcOCTOSTh W3 JBYX KOMIIOHEHTOB C OJM3KUMH TI0 BEIWYUHE, HO

MPOTUBOMOJIOKHBIMA 110 3HAaKy ONTHYCCKHMMH CHJIAMH. OJTO TPUBEACT K

HEOOXOJIMMOCTH YBEJIWYEHUsI ONTUYECKON CHJIBI KOMIIOHEHTOB, W KakK CIIEJICTBHE, K

MOSIBJICHUIO OOJBIINX MOHOXpOMaTH4ecKux abeppanuii. OOBIYHO IJIi CUCTEMBI W3
60

ABYX JUH3 BbIOMpaOT v, =60 (kpoH), Vv, =30 (¢puuur). Torma @, :%-CD =20,

D, = —g’g-cp =—®, ®=2D - D) (puc.8.3.3).

Gaunm
(20)
KPOH

(-®)

Puc.8.3.3. Axpomamuueckas cucmema u3z 08yx JuH3.
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B sroM cnyuae rpaduk 3aBUCMMOCTH TIOJIOKEHUS H300paKCHHS OT JJTHMHBI
BOJIHbI OyAeT BBIMJIANETh, Kak Moka3aHo Ha puc.8.3.4. Y Takoill CHUCTEMBI HET
Xpomarusma nonoxenus: AS; , =0.

, - - - XpoMamu3zm NOJIOAHCEHUS
S (/7') 1-11 u 2-11 1un3ol

——  XpomamusmM NOJOICEHUs.
y) cucmemsol U3z 08YX JTUH3

z

d
7
4
/
/
1
\
\
\
\
\
N

Il B
T

/
\

»—aA)
\
\
\
\
(=)
1
1
7
/
/

AY
~——

<---

Puc.8.3.4. I paghux xpomamuzma nonosicenus 0t cucmemvl U3z 08yX JUH3.

Pa3HOoCcTh Ha Kpasx cHeKTpa CBOIUTCS K HYJIH, HO OCTaercs pa3HOCTb
MOJIOKEHUH N306paKeHHs IS IEHTpaIbHOH A, u kpaitaux (4,,1,) IIuH BomH. DTO

BTOPUYHBIA XPOMATU3M WA BTOPUYHBIM CHEKTp. Ero BenuunHA ONpENEIAETCA
CIEIYIOINM 00pa3oM:

!/ !

AS _ 54t 5% S 8.3.6
R S (8.3.6)

BTopuuHbIil criekTp ropa3go MEHbIIEe MEPBUYHOI0 XpOMaTHU3Ma TOJIOKEHHUS, HO
TEM HE MEHEE, OH BJIMSAET Ha Ka4eCTBO M300pakeHus. |1 ucmnpaBieHUs: BTOPUYHOTO
criekTpa TpeOyeTcs He MEHbIIe TpeX COPTOB CTEKIa C  Pa3IMYHBIMU
ko3 duimeHTaMu JAUCIIEPCUM U OTHOCUTENIbHOM YacTHOM Jucrepcued (Takue
CHUCTEMBbl Ha3blBalOTCS amoxpomatbl). Eciu npu Koppekiuw Xpomarusma
UCIIONb3yeTCsl  eme  OonbIle  CTEKOJ, TO Takas CUCTEMa  Ha3bIBaeTcs
CynepanoxpomMarom.

Ha puc.8.3.5 mpuBenens! rpa@uku Mpoa0JbHOT0 XpOMaTH3Ma MIEPBOTO MOPSIAKA
HEAXpPOMATU3UPOBAHHOM U aXpOMATU3UPOBAHHOM CUCTEM.

A
A Aol 4, NI

AS' AS'

a) HeaxpomamusupoBarHHdas cucmema 6) axpomamusuposannas cucmema

Puc.8.3.5. IlpooonvHwiii xpomamusm nepeoco nopsoxa.
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Ecau B onTHueckoil cucTteMe MPUCYTCTBYIOT MOHOXPOMAaTHYECKHE abeppaiuu
TPETHEr0 MW TMATOr0 TOpsiAKa, TO TpadUKd MPOAOJBHOIO XpoMaTth3dMa OyayT
BBITJIA/IETH, KaK MOKa3aHo Ha puc.8.3.6 u puc.8.3.7.

AS'

a) HeaxpomMamu3upoBaHHas cucmemda 6) axpomamusuposannas cucmema

Puc.8.3.6. IIpooonvuwiii xpomamusm 6 npucymcmeuu abeppayuii mpemve2o nopsoxa,

AS'

AS'

a) HeaxpoMamuzUPOBarHHasl cucmema 0) axpomamusuposannas cucmema

Puc.8.3.7. [lpucymemeyrom abeppayuu mpemuve2o u nimo2o nopsioKos.

KpI/IBLIG XpomMaTtuimMa MOryT OBITH B3aMMHO HaKJIOHCHBI, OTO TaK Ha3bIBACMBbIN

cepoxpoMaTHu3M, TO €CTh XpOMaTH3M cepudeckon adbepparuu (puc.8.3.8).

p p
y S
A -
/ﬁz /11 \ ﬂ
\ AS' & AS'

a) cghepoxpomamuszm 3 nopsioka 6) cgpepoxpomamusm 3 u 5 nopsoka

Puc.8.3.8. Chepoxpomamuszm 6 npucymcemesuu abeppayuii 3 u 5 nopsaoxos.

Kaxk BugHOo u3 puc.8.3.8, 00b19HO chepoXpoMaTh3M UCTIPABISAETCS JJIs1 3HAUCHUS
2
p =0.5.
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8.3.2. XpomMaTuam yBenunyeHus

XpomMaTu3M yBeJMUYeHHsI — OTO abeppanus, MpPU KOTOPOM yBeIWYEHUE
ONTHUYECKOM CHUCTEMBI 3aBUCUT OT JJIMHBI BOJIHBI (puc.8.3.9). BcnenctBue 31oro

BMECTO M300pakKeHUS TOUKH 00pa3yeTcs IBETHAs MOJIOCKA.

Y,

Puc.8.3.9. Xpomamusm ysenuuenus.

UucneHHo Aa0COJIOTHBIA XPOMATH3M YyBeJIMYeHUH (IIEPBUYHBIA CIIEKTP)

OINpCACIACTCA KaK pa3HOCTb BEJIMYHNHBI I/1306pa)K€HI/I$I JJIsL KpaﬁHHX JJINH BOJIH:

Ay, =Yy =V (8.3.7)

BropuuHblii ciekTp (BTOPUYHBIA XpPOMAaTU3M YBEJIWYEHHUS) ONPENENACTCS Kak
Pa3HOCTh BETMYMHBI U300paKeHUs ISl LICHTPAJIbHON U KpailHUX JIJIMH BOJIH:
Vi, =V
' _ %3 A ’
Ay, =, Vu (8.3.8)

XpoOMaTu3M YyBEIIMYECHUS U3MEPSACTCS B TEX K€ €IUMHULAX, YTO U BEJIMYMHA
U300paKeHUs: Il OJMMOKHEro TUNa — B MWJUIMMETPBI, ISl JajdbHEro TUNa — B
YIJI0BOU Mepe.

OTHOCHMTEILHBIA XPOMATH3M YBEJIUYCHUA:

IIEPBUYHBIN CIIEKTP:

A, (%)=22 2% 00y, (8.3.9)
Y
BTOPUYHBIN CIIEKTP:
A, (%)= 2222 1] 100% (8.3.10)
Yo
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Y
Ecnu BbIpasuTh yBelWYE€HHUE MJISI PA3IMYHBIX JJIMH BOJH B BHUJIE: VAO =%

[
Y o
Vi1 =L TO OTHOCWTEIBHBIA XPOMATH3M YBEJIHYEHHUS MOXHO 3alucarh B
Yy
CJIEYIOIIEM BHUJIE:
V/ﬁ ) 0
AT 100% (8.3.11)
A0

XpoMaTu3M YBEJIUYEHHUS MPUHATO PACCMATPUBATH TOJBKO B OJTHOW IJIOCKOCTH
yCTaHOBKH. IIOCKOJNIBKY THIBI XpOMAaTHYECKUX aleppaluii He CBs3aHbl APYr C
JIPYTrOM, XpOMATU3M YBEJIUUYCHUSI MOKET MCIIPABJISTHCS HE3aBUCUMO OT XpOMaTu3Ma
nonokenus. B wacTHOCTHM, ecnu onTudeckas cuctema ToHkas (puc.8.3.10), a
arepTypHas nuadparmMa COBIaJaeT ¢ HEM, TO XpOMaTH3M IOJI0KEHHUS MPUCYTCTBYET,

a XpoMaTtuimMa yBCIMYCHHA HCT.

A 2NA6HBII VY /
YTV TV,

v

Puc.8.3.10. Xpomamuszm nonodicenus u ygeauueHust MOHKOU JUH3bL.

Ecnmn B cucreme WHCIpaBlieH NEPBUYHBIM XPOMATU3M YBEIWYEHHUs, TO 3TO
axpomaTr II0 XpOMaTWU3My YBEIMYEHUS, €CJIM HCIPABICH BTOPUYHBIA XPOMATHU3M
YBEIIMYECHUSA, TO OTO aIloXpomaTr II0 XPOMAaTHU3MYy YBEIHMYEHUSA, €CIM XPOMATHU3M

YBCIMYCHUSA HC UCIIPABJICH, TO 3TO HCAXpOMAT 110 XpPOMATHU3MY YBCIMYCHUA.
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9. CTpyKTypa 1 Ka4eCTBO ONTUYECKOro n3oopaxeHus

9.1. OcCHOBHbIe xapaKmepucmuKu cmpyKmypbl U306paXkeHusi

9.1.1. OCHOBHbIE NOHATUSA

N3o0paxkarorue mpuOOpsl MOTYT JaBaTh M300pakKeHHUE Pa3IUYHOIO KauyecTBa C
TOUYKH 3pEHHUsI TIepeIaun CTPYKTYphl npeamera. CTpykTypa u ¢popMa CBETOBOTO MO
B MPOCTPAHCTBE H300pakeHUI MoAoOHa CTPYKType U (opme mnpeamera, OJHAKO
ONTHYECKAasi CUCTEMa BHOCHUT B 3TY CTPYKTYpYy CBOM H3MEHEHUS, OLIEHKAa KOTOPBIX
€CTh OLICHKAa KayeCTBa U300PaKEeHHUS.

[lepenaua CTpPyKTypbl mOpeaMera WIM H300paXkeHUus — 3TO OTOOpakeHHe
ONTHYECKON CHCTEeMON MEIKuX Jerancii oObekra. I omnmcaHus TakKoro
O0TOOpaKeHUsS HEOOXOIMMO MaTeMaTUYeCKOe OMUCAaHUE MpeaMeTa U N300paKeHUs B
pune ¢ymkmmit I(x,y) m I'(x,y'). DM QYHKIUE ONHCHIBAIOT 3aBHCHMOCTh
pacrnpenesneHrus UHTEHCUBHOCTH OT IPOCTPAHCTBEHHBIX KOOPUHAT.

[IpencraBum mnpeamMeT B BHUAE COBOKYINHOCTH OECKOHEYHOrO0 KOJIMYECTBa
cBeTAIUXCcs Touek. Jlist Toro, 4ToObl cUMTaTh, YTO M300paKEHHE MpPEaMEeTa — STO
COBOKYMHOCTh HM300pa’KEHUI COOTBETCTBYIOIMX TOYEK IMpEeAMETa, ONTUYECKas
CUCTEMa [JOJKHA YIOBJIETBOPATH CBOMCTBAM JIMHEMHOCTM W WHBApPUAHTHOCTU K

CIABUTY.
CBoOHCTBO JUHCHHOCTH
N300paxeHre cyMMbl 00bEKTOB PaBHO CyMME M300pakeHH KaK0ro 00beKTa:
> 0> 1, (9.1.1)
To ecTh, eciu MpeaAMET — 3TO CyMMa TOYEK ZOi , TO u300pakeHHe — CyMMa

I/1306pa)KeHI/II\/'I 9THX TOYCK Z[ i I/I306pa>1<afomne OIITHUYCCKUC CUCTCMBbI ITOJIHOCTBIO

JINHEWHEI.

CBOJCTBO HHBAPHMAHTHOCTH K CABUTY (YCJIOBHE M30IJIAHATH3MA)

[Ipu cMelmieHMM TOYKHM €€ H300paK€HHWe TOJBKO  CMENIaeTcs  Ha

MPONOPIIMOHANIBHYI0 Beu4uuHy (puc.9.1.1):

y'=V-y (9.1.2)

rae V' — o0001IeHHOE YBEIUYEHHUE.
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Puc.9.1.1. Ycnosue uzonianamusma.

B otnuune ot ycioBus JTMHEHHOCTH, YCIOBHUE HM3OIJIaHATU3MA B ONTHYECKHUX
cucTeMax coOJIraeTcs MPUOIU3UTEIIBHO, TTOCKOIBKY XapaKTep H300pakKeHUs IIpH
CMEIIEHUH M3MeHseTcs. M3ommanatu3M, Kak IpaBujio, HE COONII0aeTCs B TMpejenax
BCETO T0JIsSI, 0OOBIYHO OH COOJIFOAACTCS TOIBKO MPH HEOOIBIINX CMEIICHUSX.

MN3onjanaTtuyeckass 30Ha — 3TO 30HA, B Mpejeiax KOTOpOoW coOJromacTcs
yciaoBHUe u3oIIaHaTh3Ma. UeM OoJblie pa3Mep M30IUIaHATHICCKOM 30HBI, TEM JTyUIIe
M30IUIaHaTU3M. ECiIM 30Ha TIOJIHOCTBIO MEPEKPhIBA€T MPEIAMET, TO CHCTeMa
MOJTHOCTBIO M30IJIaHAaTUYHA. MBI OyJileM paccMaTpuBaTh CTPYKTYPY M300paKCHUS B

npeaesax OqHOW U30IUIAHATUYECKOM 30HBbI.

9.1.2. OyHKUMA paccessHNA TOYKN

B wupeanbHON ONTHYECKOM CHUCTEME TOYKa M300pakaeTcs B BHUJE TOUKH, a B

peaNbHOM ONTHYECKOW CHCTEME TOUYKa HM300pakaeTcs B BHJIC NMATHA pPaccesiHUs
(puc.9.1.2).

Yy y'

usonianamuvdeckas

Puc.9.1.2. H306pascenue mouku 8 npedenax uzonianamuieckou 30Hbl.

OCHOBHOW XapaKTEPUCTUKOM, OMUCHIBAIOUIEH MEpenady CTPYKTYpbl MpeaMera
ONTHUYECKON CUCTEMOM SABISACTCSA (PYHKIUSA PACCETHUA TOYKH.
®ynKuus paccessuusi Touku (OPT, point spread function, PSF) h(x',y’) — 310
(yHKUHS, ONUCHIBAIOIIAS 3aBUCUMOCTb PACIPEIECTICHHUS] OCBEIIEHHOCTU OT
KOOPAMHAT B TJIOCKOCTH M300pakKeHUsl, €CIU MPEeAMET — 3TO CBETAIIAsACA TOUYKa

B LICHTPE U30IUIAHATUYECKOU 30HBI.
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3Has QYHKUUIO pacCessHUs TOYKH, MOXHO HalTH wu300paxeHue Jr0oro
MIPEIMETA, €CIIN PA3IIOKUTH €T0 HAa TOUKU U HauTu OPT ot kaxmon touku. Ecim ecThb
npeamer [ (x, y), To Kaknas ero TOUKa H300pakaercs B BuAe (QyHKIHH
h(x'=Vx,y'=Vy), To ects ®PT cMemaercs B Touky c koopmuHatamu (Vx,Vy)

(puc.9.1.2), a uzo0OpakeHue Bcero npeaMeTa OyaeT NpeacTaBlIsITh COOOH CyMMY 3THX
U300paKEHUN:

400 400

I'(x',y")= _[ Il(x,y)-h(x’—Vx,y’—Vy)-dx-dy (9.1.3)

—00 —00

Ecnu yBenuueHnue V' mpuHATH 3a €IMHUIYY, TO BbipaxkeHue (9.1.3) cranoButcs

CBEpPTKOU (KoHsonoyuetl).

OyHkuMs wn300pakeHUs €CThb CBepTka (yHKUMHU TnpeameTa ¢  QyHKIUEH

paccesHus TOYKH:

I'(x",y)=1(x,y)®h(x',y") (9.1.4)

9.1.3. N'apmMmoHn4eckuin nepmoanyecknin 06 LEKT

HpCI[MCT KpOMC DPa3jIOKCHUA Ha OTACIIbHBIC TOYKH MOXHO PA3JIOKUTb Ha

IPYTHUE 3JIEMEHTAPHBIEC YACTU — IEPUOIUYECKUE PELIETKH.
Ilepuoanueckas pemeTka — 3TO CTPYKTypa ¢ OEJIBIMU M YEPHBIMHU MOJOCAMHU.

I'apmMoHnueckasi mepuoanyeckasi pemieTrka — 3T0 CTPYKTypa, HHTEHCUBHOCTD
KOTOPOM ONMUCHIBACTCS rapMOHUYECKor GpyHKImeH (puc.9.1.3).

B  snekTpoHuMKe  CyIIECTBYET  aHaJIOr TapMOHMYECKON  pPEIIeTKH  —
NEPUOUYECKUI BO BpEMEHH CUTHAJ Ha BXO/Jie Tpubdopa.

a) pacnpeoeieHue UHMEHCUBHOCMU

0) ceuenue pacnpeoeneHus UHMEHCUBHOC

Puc.9.1.3. I'apmonuueckasn nepuoouyeckas peuiemxa.
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[apMOHMYECKAs IEPHOJMYECKAS PENIETKA OMUCHIBAETCS BHIPAKEHUEM:
xp—b
I(xg):a-cos(Zﬂ"’Tj (9.1.5)

IIe @ — BEIIEeCTBEHHAs aMIuiuTyja, b — cusur, 1T — mepuon, 6 — yroia
OpHUECHTALIHH.
1
BMmecTo neprosa MOXKHO MCTIONIB30BATh MPOCTPAHCTBEHHYI0 YACTOTY V = ? ,a

BMECCTO BCHICCTBCHHOﬁ AMIUIMTY bl U CABUTA — KOMIIJICKCHYIO aMIUNIUTY Y

u=a-e*™v?’ (9.1.6)
Torga THTEHCUBHOCTh TAPMOHUYECKOM PEILIETKH B KOMILJIEKCHOU (hopme:

27iv-
I(x,)=u-e>™"e (9.1.7)

BenuunHy X, MOXHO BBIpa3UTh Kak X, =Xx-cosf+ y-sind, Toraa

MHTEHCHBHOCTh TAPMOHHYECKOMN PENIEeTKH Gy/IeT 3aBUCETh OT ABYX KOOpAHHAT (X, V):
27i(x-v-cos @+ y-v-sin @ 27i\Vy - x+v, -y
[(xe):u.em(xvcos +y-v-sin ):u,e (v y ) T(X y) (918)
e v, —4acCToTa B HAlIpaBJICHUMU X, V, — 4aCTOTa B HAIIPABJICHUH ) .

JIt060i1 00BEKT, Kak OBLJIO CKAa3aHO BBIIIE, MOKHO Pa3JIOKUTh Ha AJIeMEHTapHbIE
rapMOHHUYECKHE OOBEKTHI, TOTJa M300paKEHHE — ATO COBOKYITHOCTh HM300paKeHUM
AJIEMEHTAPHBIX OOBEKTOB. DTH M300paKEHUS NJIsi PEATbHBIX ONTHYECKUX CHUCTEM
BCEr/Ia UMEIOT UCKAXKEHHUSI, YTO CBSI3aHO C 3aKOHOM COXpaHeHus sHepruu. MueanbHble
ONTHYECKUE CHUCTEMBbl HAPYIIAIOT 3aKOH COXPAHEHUS JHEPTHH, TaK KaK OHU IS
COXpaHEHUsI HEM3MEHHOM CTPYKTYphl IpeIMeTa IOJDKHBI MepeaBaTh OECKOHEYHO
OOJIBIITYIO SHEPTHIO.

N3o00pakeHre rapMOHHMYECKOTO O0BEKTa MOXHO OIMCATh, €CIM B BBIPAKEHUE
(9.1.3) moncTaBUTh B KauyecTBE paclpelelicHUss WHTCHCUBHOCTH Ha TMpEAMETe
dyaxmmo T (x,y) (9.1.8):

+00 +00
I jT(x,y)-h(x'—Vx,y'—Vy)-dxdy (9.1.9)
——o

Ecnu BeIpa3uTh KOOpAMHATHI IPEeIMETa U U300paKeHUsl B €IMHOM MaciiTade, TO

V =1, cnemoBaTenbpHO:

400 400

)= ] o

—00 —00

vxx+vyy) ) h(xr —X,y, . y) dXdy

x'—x=9 dx=—-dv x=x"—-v
[Tocne 3amMeHBI TIEpEMEHHBIX , , HOJTY UMM
[ [
yV-y=0 dy=—dw y=y'—-w
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+00 +00
- I Iu ' 627l’i(vxx’+vyy’) : e_2m<vxx+vyy) -h(x,y)- dxdy =
R (9.1.10)
+00 +00
:u.e2mvxx+v J‘ J‘hxy (Vxx+v )dXdyZ
=u- ezm.(vxxlwyy') : D(anVy)

JIBotiHoM nHTETpai B BeIpakeHuu (9.1.10) — 3To HeKoTOpast GyHKIUS D(Vx,l/y),

3aBUCAIIAA OT IIPOCTPAHCTBCHHBIX YaCTOT.

O6o3HaunM u' =u-D\v_,v. ), u 3anmumiemM pacrpejelicHne WHTEHCHBHOCTH Ha
X2 y 5
M300paKeHNH TapMOHIYECKOTO 00BEKTA B CIEAYIOIIEM BUJIE:
27i\vex'+v, '
T(x,y) =o' - 20 ) 9.1.11)

Kak moka3zpiBatoT cootHomienus (9.1.8) u (9.1.11), uzobpaxxkenue ot npeamera

OTJINYAETCS  TOJBKO  KOMIUIEKCHOM  aMIUIMTYJIOH, TO €CThb H300pa’KeHHE
TapMOHUYECKOW pEIIeTKH JI000H ONTUYECKOM CHCTEMBl €CTh TapMOHHUYECKas
pelieTtka ¢ TOW ke d4acTtoTol. IloaTOMy TrapMOHHUYECKYIO PEIIETKY YI00HO
UCIIOIb30BaTh JJISl MCCIICIOBAHUS U OLICHKU Mepeladyd CTPYKTYpbl H300paKeHHS.
N3meHeHne KOMIUJICKCHOM AMIUIMTYJIbl TAapMOHMYECKOM PEMIETKH — 3TO U €CTh
JIEUCTBUE ONTUYECKON CUCTEMBI.

9.1.4. OnTnyeckan nepenaTtoyHasa yHKUus (OrNd)

Ontuueckass mnepenarounas Gyukuus (optical transfer function, OTF)
D(vx,vy) XapakTepu3yeT Tmepedady CTPYKTYpbl IIpeaMeTa  ONTHYECCKOH

CUCTEMOM KakK (PYHKIUSI TPOCTPAHCTBEHHBIX YaCTOT:

u'=u-Dlv,,v,) (9.1.12)
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OIlD cBszana ¢ ®PT umHTerpasbHbBIM MpeoOpa3oBaHUEM — MPEOOpPa3OBaHUEM

Oypee:
D(Vx,Vy)Z j jh(x,y)- e_m(v"x+vyy) -dxdy (9.1.13)
17007}
OIl®d = F|®PT]
nin
F
OPT <> OllD

rae F' — ob6o3Hauenue Oypbe npeodpa3oBaHus:

+00 +00

F[f(x,y)]z J‘ .ff(x,y)- e—zm'(vxxwﬂ/) ) dxdy (9.1.14)

—%0 -
®PT mnoka3piBaeT, Kak ONTHYECKass cucTeMa u3o0paxkaer Touky, a OIID

NOKa3bIBAET, KAaK ONTHUYECKas CHUCTEMa H300pakaeT rapMOHUYECKYIO PELIETKY, TO

€CTh KaK MEHSETCSl KOMIUIEKCHAsI aMIUIUTYAa PEIIETKU B 3aBUCUMOCTH OT YaCTOTBHI.

Ontrueckas nepenarouHast QyHKITUS — 3TO KOMIUICKCHAS QyHKIIHSA:
“ Dy, )= Tl )70 ©9.1.15)

Monynb Olld T (vx SV, ) = D(vx SV ) Ha3bIBaETCA MOAYJISIMOHHOM

nepeIaToYHou pyHkumei (MII®D) 158105 YaCTOTHO-KOHTPACTHOM

xapakrepuctukoii (UKX). Apryment (¢daza) OIID go(vx,vy):arg[D(Vx,vy)]

Ha3biBaeTcsl ¢a3oBoil nepeaarouHoi pyHkuuei (PIID) win yacToTrHo-a30BoOM
xapakrepuctukoii (UOK).

YacTOTHO-KOHTpACTHAsI XapaKTEPUCTHKA MOKA3bIBACT Mepe/iadyy BEIIECTBEHHOM
aMILTUTYAbl TADMOHUYECKOTO OOBEKTA:

!

yrx =< (9.1.16)

a

r7ic a — aMIUIMTY/1a Ha MpeIMeTe, a' — aMIUIMTY1a Ha U300paKCHHUU.

AMIUTY1a  U300pa)keHUs TapMOHMYECKOTO OOBbEKTa TECHO CBfA3aHa C
KoHTpacToM. KoHTpacT 11 mnepuoaudecKux (rapMOHHYECKHX) H300pakKeHUM
(puc.9.1.4) onpenensieTcsi BHIPaXKEHUEM:

kI:]max_]min (9117)
[r'nax +[r'nin
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]!

max

-

' '
I min X

Puc.9.1.4. Koumpacm eapmonuueckozo obvekma.

0<k'<1. AOcoaioTHblii KoOHTpacT k'=1 mnomyugaerca, korma [ . =0
(puc.9.1.5.a). Konrpact B uzobpaxxkenumn HyneBo k'=0, korma [, . =1 -

n300pakeHre NMPakKTUIECKH OTCYTCTBYeT (prc.9.1.5.0).

I I

! !

X X

a) abconomublil KOHMpAacm 0) Hynesoll KOHMpacm

Puc.9.1.5. Abcontomuwiii u Hy1e8ol KOHMPACM 2APMOHUYECKO20 00bEKMA.

Yem OombIe KOHTpPACT, TCM JIYUIIC pa3JIM4ar0oTCsa MCJIIKUC ICTAIN I/I306pa)K€HI/I$L

N300pakeHue Helb3sl 3aperucTpUpPOBaTh WM YBUIEThH B Cllydae, €Ciu:
k'< Ok’ (9.1.18)

rie ok’ — Topor KOHTpacTa, 3aBUCAIIMA OT NPHEMHHKA HW300paKCHHS
(marmpumep, 1t riaza ok’ =~ 0.05).

KoHTtpact a1 n300pakeHUs TapMOHHUYECKOTO 00BEKTa MOXKET OBITh BBIPAXKCH
yepe3 TMOCTOSHHYIO ¢y, ¥ TIEPEMEHHYI0 d' COCTaBIIIONIME H300pakeHHUsI

rapMoHu4eckoro oobekra (puc.9.1.6):

K=" (9.1.19)

1[

AN
VARVELY,

Puc.9.1.6. [locmosaunas u nepemennas cocmasisaouue u3oopaiceHus

!

X

2APMOHUYECK020 00beKkma.
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Ecmu  aj=a,, 10 UKX, kak crmexyer wu3 Bblpaxenus (9.1.16) Oyner

ONPEAEHATHCS CIAEAYIOIUM COOTHOLIEHUEM:
x
YKX =— (9.1.20)
k
rae k' — KOHTpacT u300pakeHus, k — KOHTPACT IpeaMeTa.
YacTOTHO-KOHTpPACTHAST XApaKTEPUCTUKA MOKA3bIBAET 3aBUCHUMOCTH KOHTpacTa
n300pakeHns TapMOHUYECKON PEIIETKA OT YACTOThl PEUIETKH, €CIIM CUUTaTh, UTO Ha
MpeaIMeTe KOHTPACT €IUHUYHBIN (puc.9.1.7). [{ns uaeanbHOM ONTUYECKONW CHUCTEMBI
UKX — npsimasi, napasuienbHas OCH.

k’

uoeanvHas o.c.

peailbHas o.cC.

VX

0

Puc.9.1.9. Yacmomno-koumpacmuas xapakmepucmuxa.

J71st OJIMKHETO THUIIA peaMeTa Wik U300pakeHHs TPOCTPAHCTBEHHAS 4acTOTa V

u3MepseTcs B ﬂ%M

JIUH
U3MEPSIETCS B [ pa 0} .

I[JIH JaJIbHCTO THUIIa HIPOCTPAHCTBCHHAA 4YaCTOTa

Ntak, mepegavya cTpykTypbl Hu3o0OpaxkeHus omnuckiBaetcss OPT wumu OIID,
KOTOPBIE€ CBSI3aHBI Y€pe3 B3aMMHO OJIHO3HAuyHbIe npeoOpazoBanusa Dypre. HarnsaHo
0T00pa3uTh AByMepHYIO QpyHKIHI0 OIID MoxHO B BUIE:

e rpacduxos ceuennit T(v, ) um T (vy),
®  U30METPUYECKOro U300pakeHus “noBepxHocTu’” T (vx,vy),

e KapTel ypoBHEU 1’ (vx,vy).

9.2. Cxema ¢hopmMmupoeaHusi oOnmMu4ecKo20 u3obpaxeHusl

CymectByer aBa (Qakrtopa, KOTOpPHIE BIHSIOT HAa CTPYKTYPY M KadeCTBO
U300paKeHUsST B ONTHYECKON cucrteme: nudpakius u abeppauuu. ITH (HaKTOPHI
JIEUCTBYIOT cOBMeCTHO. Ecim abeppanuu Manbl U npeodiagaet Judpakius, TO TaKue
CHUCTEMBI Ha3bIBAIOTCS AUPPAKIHOHHO-OTPaHUYeHHbIMU. Ecin abeppanuu Bevkw,
u nudpakmus Tepsercss Ha ¢oHe abeppanuif, TO TaKhe CHUCTEMbI Ha3bIBAIOTCS
reoMeTpu4ecKH-orpaHuYeHHbIMH  (popMUpOBaHUME  HM300pa)KEHUS  BIIOJHE
KOPPEKTHO OIKCHIBACTCS C MO3UIIUNA TeOMETPUYECKON ONTHUKH, 03 MPUBICYCHUS
TeOpUu IUdpaKium).
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NI0CKOCb
npeomemos

U(x,)

8bIX. 3D.

NIOCKOCMb
uz00padiceHull

Puc.9.2.1. Cxema ghopmuposanus onmuyecko2o uzo0padceHus.

Paccmotpum  popMupoBanre u3zo0paxeHuss HEKOoTopoil Touku (puc.9.2.1).

I'oMoLeHTpUYECKHUI MYYOK JIy4ed BBIXOAMT M3 TOYKH 4,, U IIOCIE HACAIbHON
OTNITHYECKON CHCTEMBI CXOIUTCS B TOUKe 4. Hapsmy ¢ mydkamu jtydeit MO)KHO TakxKe
paccMmartpuBarh cdepuyeckue BONHOBBIE GpoHTH S, u S| . [lelicTBHe peanbHOM

ONTUYECKOW CUCTEMbI CBOAUTCS K CIEAYIOIIUM (pakTopam:

e mpeoOpa3oBaHUE pacXOASAIIErocss Mydka Jydeidl (BOJIHOBOTO (poHTa) B
CXOJSIIUMCS,

® OrpaHUYCHHE PA3MEPOB MPOXOJISIIETO MyYKa JIydei Ui BOJHOBOTO (PpOHTA,

e ocnabJieHue UHTEHCUBHOCTH (SHEPTUH ) IPOXOASIIETO OIS,

® HapylUIeHUE TOMOIEHTPUYHOCTH Iydyka WIH C(HEPUYHOCTH BOJHOBOTO
bpoHTa, TO eCTh U3MEHEeHHUE (Pa3bl MPOXOAAIIETO MOJIS.

Paccmorpum mone U ’(P’ P ) Ha BBIXOJMHOUW cdepe (B 00JACTH BBIXOTHOTO

X
3pauka). BonHOBO#I (DpOHT OIM30K K BBIXOJHON cepe, HO OTIMYAETCS OT HEE Ha
(V) ! ! !/
BEIIMYMHY BOJHOBOW aOeppauuu. Ilome na BosHOBOM ¢ponte U, , (P , Py )

X
OnTuyeckuil mMyTh W3 IEHTpaA MOpeaMeTa 10 BOJHOBOIO (pOHTa ISl BCEX JIydel
OJIMHAKOBBIM, TaK KakK BOJIHOBOM ()POHT — TMOBEPXHOCTh PABHOIO »SHKOHAjA.
[Tockonpky mnist  oOpMHpOBaHUS H300paKEHHUS BakKHA PA3HOCTh (a3 MexIy
BBIXOJIHOU c(pepoil U BOJHOBBIM (DPOHTOM, a HE cama (a3a, TO MOKHO MPUHATH, YTO
¢aza BosmHOBOTO (hpoHTa paBHa HYJO @ = 0. [Ipu oTcyTcTBUU abeppainnii aMmuTyaa

MOJIsL €IMHUYHAS, CIIEIOBATENBHO TOJIE HA BOTHOBOM (ponte U, 4 (Px’ , P, ): 1. HaGer

da3bl OT BEIXOAHOM c(Pephl 10 BOJHOBOTO (PpOHTA:

27z7'N ‘-n

Ap=c 4 (9.2.1)

rae Al' — paccTosHEEe MEXKIY BOJHOBBIM (DPOHTOM M BBIXOJAHOHM CQeEpbl BIOJb

ay4a.
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[Tone Ha BbIXOIHOM chpepe MaTeMaTUUECKH MOXKHO IIPEACTaBUTh B BUJIC:

27 (PP},
u'(P.p)= PSP (P, P) 9.2.2)
0, sne spauxa
1 pr Al"-n' 1 pt
rae W(Px,Py)z ——— — BOJIHOBas abeppauus, f (Px,P ) — 3pauKoBasi (PYHKIIHSL.

B Beipaxxkenun (9.2.2) yuuThIBaeTCs OJIHOBPEMEHHO OIpPaHUYCHHUE MYYKOB M
Hajguyue abepparuii.

3paukoBas pyukuus (pupil function, PF) nokaspiBaeT BIUSHUE ONTHYECKOMN
CHUCTEMBl Ha TPOXOXKIACHUE SJIEKTPOMArHUTHOTO IO OT TOYKH IMpEaMeTa 0
BBIXOJIHOTO 3padyka M B OOIIEM ciydyae B KaHOHMYECKHUX KOOpJMHATaxX

OIIMCBIBACTCA BBIPAKCHUCM!

% . 2711W(vapy)

Hovop,)={T ooy e Sl (923)
0, 61e Q2

Tac (onﬂoy) — KaHOHHYCCKHUC 3PAYKOBBLIC KOOPAMWHATHI, T(px’py) —

(yHKIMS NPOIyCKaHUA 1O 3pauky, (), — 00JacTh 3payka B KAHOHUYECKUX

KOOp/IMHATAX.

Tenepp HYXHO TIEPEUTH OT MOJSI Ha BBIXOJHOM 3payke K IO Ha
n3o0paxkeHnr. BOnau3u u3o0pakeHUs TeOMETpUYecKas ONTHKA HE MPUMEHHMA,
MO3TOMY JJisi OMHCAHUS TOJII Ha W300PKEHUM CIEAYeT HCIOJIb30BaTh TEOPHUIO

audpakiuu.

J) y(p.p) YU (xy)
!
(x},,y;, 4 (x',y')
~e o
rl; = const o
NIOCKOCMb
BLIXOOHAS uz0opadiceHus
_|_ cehepa

Puc.9.2.2. @opmuposarnue komniexchou amniumyovl 8 NI0CKOCMU U300PANCEHUS.

JUist BBIYMCIEHUS! KOMIUIEKCHOM aMIUIUTY/IbI MOJsl B IJIOCKOCTH HU300pa)KeHUs
npuMenuM npuHnun [roiirenca B ¢opme wuHTerpana [roiireHca-®Openens.

PaccmaTpuBaemast 00;1acTh HAXOIUTCS BOJIM3U LIEHTPA BBIXOAHOM cdepsl (puc.9.2.2):

U'(x,y)= [[urlay.p)S - ds; (9.2.4)

S
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Hcnonb3ys 3paukoByto GyHKIHIO, BeIpakeHue (9.2.4) MOXKHO 3anucaTh B BUJIE:

.r!nl

27
U'(x,y)=[[r (px,py)e/dpxdpy (9.2.5)

.rn

27
[lockomsky r'=r)+Ar' u |AF|<<r), To MHOXHTENE e #  MOXHO

r'n' rpn' Ar'n’ ron'
27 24— 27 2m-P—

npeAcTaBuTh B BuUge e * =e +* -e 4 . Muoxurear e * =const,

CJIEZIOBATEIbHO €r0 MOKHO BBIHECTU 3a WMHTErpajl, U HE YYUTHIBATh, TaK KaK Hac
MHTEPECYET TOJBKO OTHOCUTEIBHOE paclpeieieHUe KOMIUIEKCHOW aMILTUTYIbI.
Torna Beipaxkenue (9.2.5) nmpeobpa3yeTcs Tak:

2m,Ar’n'
U'(x,y)= [[fle..p, )e " dpdp, (9.2.6)

r'

Ar'MOXHO BBIpa3uTh uepe3 x',y' u x,,y, (puc.9.2.3).
y
1

O'p 0/ Z’

njl10CKoCmb

G6LX00Has] u300padiceHusl

cepa

T

Puc.9.2.3. Ceazo Ar' ¢ paduycom 6vixo0Hoti chepol 1, u paccmosanuem 1’

om 6bIX00HO1l chepvl 00 mouku A’ .

[N 1!
' X.Xp + yyp r ' ' )
Orpesok O4=Ar'=——"——"", npu4eM n'sinc, = A" — 1js KpaiHero ay4a,
Tp
1./ [N
. hx, , Ny, ,
a JUIs OCTAJIbHBIX JIy4eH: =p, A", " =p,A". Teneps unrerpai (9.2.6) MOXHO
r
p p

3aIImMcaThb TakK:

U'(xf’yf): ”f(px’py) r, dp.dp, (9.2.7)

Benem kaHoOHHWYecKHMe (NpHBEIEHHbIC) KOOPAMHATBI HAa TIPEIMETE U

U300paXKeHUU:
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A : Ay

— 4+ x =—x—*x

77x X /1 77x ﬂ,
- Ay " :_y,A; (9.2.8)

n, = _J’7 y 1

Unm)= [[ (o0, )05 hap dp, (9.2.9)

Taxk kak 3paukoBas (yHKIHUS BHE 3pavyka paBHA HYJIO, HHTETPUPOBAHHE
MPOUCXOAUT BHYTpU 3pauka. KoMmIUIeKcHas amIumMTyja B HU300paKeHUH TOUYKH B
KaHOHMYECKHX KOOpAMHATax, Kak cieayer u3 BbipaxeHus (9.2.9), cBszaHa co
3padkoBOM (pyHKIIMEH yepe3 oOpaTHOe mpeodpazoBanne Dyphe:

U'lnn,)=F ' [f (o p,)] 9.2.10)

KomrmiekcHast amMmianuTya mosst B U300pakeHUM TOYKH €CTh oOpaTHoe Dyphe-

npeoOpa3oBaHUe OT 3pauyKOBOM ()YHKIIMU B KAHOHUYECKUX KOOPIMHATAX.

@DyHKIMA paccessHhs TOYKH — 3TO PACIHpElIeICHUE HE aMIUIUTYAbl MOJIsl, a
2
WHTEHCUBHOCTH, TO €CTh KBaJipaTa MOJYJs KOMIUJIEKCHOW aMIUIUTY/IbI ‘U ’(77;,77;] .

Torma nyist ®PT MOXHO MOJIYYUTh CIECAYIONMIEE BHIPAKECHUE:

W, )= F (o, )| 9.2.11)

OHTI/I‘-ICCKYIO MnepecaAaTOYHyr0O (I)YHKI_II/IIO TAaKXKCE MOXHO BBIPA3UTH B

KaHOHHWYCCKUX KOOpANHATAX:

D\w,.o,)=F|hln,.n,)| (9.2.12)
rie @,,®, — KAHOHHYeCKHe MPOCTPAHCTBEHHbIE YaCTOTHI:
A A
. =—V. —=— — =)
X X X ' X
A)C A)C
A A
w,=-v —=—Vv —=a' (9.2.13)
y y A y A y
y Y
JUH MM
Kanonunueckue dyacToThl Oe3pa3mepHble: ——:——. B 3TUX KoopJauHaTax
MM SIn

MoJlydyaeM IIPOCTYH0 CBs3b 3pAayKOBOM (DYHKIIMM C OINTHYECKOW IepesaTOqHOM
dyHKUMEH:

Dlo,,o,)= F[F‘l[f(px,py )]2] 9.2.14)
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DTO BBIPAKEHUE B COOTBETCTBUM CO CBOMCTBOM npeoOpa3zoBaHusi ypbe MOKHO
NPEICTaBUTh Yepe3 aBTOKOPPEIISILINIO 3paYyKOBOM (DYHKIIMH:

1 R
D(o,.0,)= o [[#(pep,) £ (o, ~ @, 0, —0,)-dp,dp, (9.2.15)
rue QO — IUTOIAAh 3pavKa B KAHOHMYECKHUX KOOpANHATAaX.
9.3. JugppakyuoHHass cmpykmypa u3zobpaxxeHusi

9.3.1. OyHKUMA paccesHUst TOYKM B Criydae oTcyTCcTBUSA abeppauni

[Ipeanonoxxkum, 4YTO B ONTUYECKOW cuUcTeMe aldeppaluu OTCYTCTBYIOT

W(px, py)z 0. Torma 3paukoBast (PyHKIIUSI ONTUYECKONW CHCTEMBI B COOTBETCTBHUU C

BbIpakeHueM (9.2.3) OyJeT BBITJISIACTh CIASIYIONIUM 00pa3oMm:

1
Z-A<px,py), eHympu €2 (9.3.1)

fO(px’py):
0,6ne ),

Trac QO — o0JyacTh 3padKa B KAHOHUYCCKHUX KOOPpJAHUHATAX.

byaem cuutaTh, YTO TPOMyCKaHWE PAaBHOMEPHO II0 3payky, TO €CTh
1
z'é (px,py):l. Torma, MOCKOJMBKY B KaHOHMYECKHUX KOOpAMHATaX 3payvyoK BCera
KpyTIJibli, Beipaxenue (9.3.1) MoHO 3anucaTh CIeAYIOIIMM 00pa3oMm:

1, npu (pf +p§)£1

fo(quOy): 0, npu ,Of+,0§)>1

(9.3.2)

To ectb 3paukoBas (yHKIIMS paBHA €AMHUIIE B IIpeIesiax Kpyra, U HyJIt0 Ha BCel

OCTAJIbHOM 00JIACTH, M CJEAO0BATEIbHO, MATEMATHUYECKH OMUCHIBAETCS MPU MOMOUIU
byHKIIMU Circ(px, py):

folps.p, )= Circlp,. p,) 9.3.3)

UToObl MOAYy4YUTh (YHKLIMIO pacCesHUs TOYKH IPU OTCYTCTBHM abepparui,
HY>XHO B3sTh 00OpaTHOe mnpeoOpazoBanue Dypbe oT Oe3abeppallmOHHON 3pavyKOBOM
(GyHKIMHU, TO €CTh OT PYHKIIHUH Clrc(px, py):

h, (px , py): F! [Circ(px Py )] g {Jl(j;?m)} = Bessinc’ (77) (9.3.4)

rae 77=A/773 +77§ , J1(2m7) — ¢ynkuus beccenss mepBoro poja, MepBOro

nopsiKa.
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Kaptuna OPT pans OezabeppaiimoHHold onTudeckoil cuctembl (puc.9.3.1)
COCTOMUT W3 LEHTPAJbHOIO MaKCUMyMa AUaMeTpoM 1.22 KaHOHMYECKHUX €IVHUL U
MOOOYHBIX MAKCHUMYMOB — KOJEIl C IIIaroMm, MOCTeNeHHO mpuommkarommmes k 0.5
KaHOHMYeCKUX enuHull. be3abepaunonHas @OPT cUMMETpUYHO OTHOCHUTEIBHO
onTu4eckor ocu. LleHTpanbHbld MakcuMyMm conaepkutT 83.8% Bceil 3Hepruu (ero
BBICOTA paBHA €AWHUIIE), NepBoe Koablo — 7.2% (Beicota 0.0175), BTOpoe 2.8%
(Beicota 0.0045), Tpetbe 1.4% (BricoTa 0.0026), uerBepToe 0.9%.

hy(17) 7,
1.0

T 1097
A

-1.62 -1.12 -061 0 061 1.12 1.62

a) ceuenue 0) 06wl 810 pacnpedenenus

UHmMeHcusHocmu (kapmuna Spu)
Puc.9.3.1. @ynkyus paccesnus mouku 6 omcymcemaue abeppayuil.

[enTpanbubiii makcumym @OPT HaswiBaeTcs auckom Ipu (A4iry). Hduamerp
JMCcKa JpH B peajbHbIX KOOPIMHATAX Ha N300paKCHUU:

1.224
A,

rae A, — ameprypa 0CeBOro myuka.

D= (9.3.5)

Jluck Dpu B 0O01IEM Cilydyae MOXKET ObITh HE KPYTJIBIM, €CIIU MEpPUIUOHATbHAS
4 4
A, v carutTanbHas A, anepTypbl pa3IuyHBI.

N3 Beipaxkenust (9.3.5) cieayer, 4TO MOCKOJBKY anepTypa s h300pakeHus
OMMKHEr0 THITA HE MOXKET OBITh OOJBINE IMOKa3aTess MPEIOMIICHUS, U300pakeHHe
TOYKH JIJIs1 OJIMDKHETO THIA HE MOXET ObITh MEHBIIIE JUTMHBI BOJTHBI.

9.3.2. BrninsHme HepaBHOMEPHOCTN NPOMNyCcKaHUs rno 3payvky Ha OPT

Ha puc.9.3.2 nokazan Bug @PT st paznuunbix pyHKOuM npomnyckanus. Eciu
MPOIMYCKAaHWE YMEHbIIAETCsl K KpasM 3padka (2), To ueHTpaibHbiii Mmakcumym OPT
paclupsieTcs, a KOJblla HCYe3aroT. ECaM mpomycCkaHue YBEIWYMBACTCS K Kpasm

3pauka (3), TO UEHTpaJbHBIA MAKCUMYM CYXaeTcs, a HWHTEHCHUBHOCTb KOJEIl
151

YBEIIMYUBACTCSA. DTH U3MEHEHUS MO-PAa3HOMY BIMSIOT Ha CTPYKTYpPY H300pa’KeHHs
CJIOXKHOTO OOBEKTa, M, B 3aBUCUMOCTU OT TpeOOBaHUM, MCIONB3YIOTCA pPa3IUYHbIE
GYHKIIMU MOpOIyCKaHUsA, ‘‘HaKJaJblBaeéMble” Ha O0O0JacTh 3payka. OTO SBICHUE
HAa3bIBACTCS aNOAN3ALHEH.

h(n)

\l/

-1.12 -0.61 0 0.61 1.12

a) QyHKyus nNPonyCcKauusi o 3payKy 0) ynKyus paccesHus mouxu

Puc.9.3.2. Brusanue nepasnomeprnocmu nponyckanus no 3padxy Ha OPT.

9.3.3. bezabepaunoHHaga Olo®. NpegenbHas NpocTpaHCTBEHHAs YacToTa

OnTtrueckas mepeaaToyHass (PYHKIMS BBIYUCISETCS TPHU TMOMOIIU BbIPKCHUS
JUIsL  aBTOKOppeJsiuu  3padkoBoil  ¢yHkmuu (9.2.15). Jns Oe3abeppalimoHHOM
ONTUYECKON CHCTEMBbI BOTHOBas abeppanus W =0, Tora MHTErpajl aBTOKOPPEIISIIHH
OyJeT BBITJISACTD CIACAYIONTUM 00pa3oM:

Dlw,.0,)= o Jdp.dp, = olo..o,)

0 Qloy .0, 0

(9.3.6)

rae Q(a)x,a)y — 00J1acTh MHTETPUPOBAHUS, TTIOKa3aHHas Ha puc.9.3.3.

p, Q,(p,-0,.0,-,)

oo,.0,)

QO(IOxDpy

Puc.9.3.3. Obnacmu 3paukos, cmewennvie OMHOCUMENbHO Opye Opyed HA (a)x, a)yj :
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Takum oOpaszom, Oe3abeppammonHas OIID nponopimoHaibHa IUIOMIAAU

MEPEKPBITUS  JBYX  3PayKOB Q(a)x,a)yj, KoTOopasi  sBisieTCs  (PyHKUMEH

MPOCTPAHCTBEHHBIX 4YacTtoTr. M3 puc.9.3.3 crnegyer, dYTro MaKCHMMAJbHadA

KAHOHNYeCKAasl MPOCTPAHCTBEHHAsl 4acToTa @, = 2. J[1s 6osee BBICOKMX 4acTOT
IO b Q(a)x,a)y) CTaHOBUTCS HYJIEBOH (puc.9.3.4).

MakcuManbHOM KAaHOHMYECKOM NPOCTPAHCTBEHHOM 4YacTOTE COOTBETCTBYET
IIPEIEbHBIE pEabHBIE IPOCTPAHCTBEHHBIE YACTOTHI:

2 Vi, = 9.3.7
a0 g ( )

Vimx =

ol

uoeaibHast 0.c.

bezabeppayuonnasl o.c.

0 1

Puc.9.3.4. bezabeppayuonnas OIID.

Takum oOpa3oM, mJisi peadbHONM ONTHYECKOHM CHUCTEMBI MPU OTCYTCTBUU
aoeppammiit  OII® ne coorBerctByer OIID wmpeanpbHOM CuCTEMBl, W Bceraa

OorpaHu4eHa MpeeabHbIMU YaCTOTaMH, O0YCIIOBJIEHHBIMU AU(PpPAKIUEN CBETA.

9.4. Kpumepuu kayecmea onMmMu4ecKo20 u3obpaxxeHus

9.4.1. MNpepgenbHaga paspeLwlaroiaa cnocobHocTb no Peneto

Pa3peu1a101ua$1 CIO0COOHOCTD OopeacirICT CIIOCOOHOCTh OITHYECKOM CHCTEMBI

I/I306pa)KaTb pa3acibHO JIBa OJIM3KO PAaCIIOJIOKCHHBIX TOUYCYHBIX ITPCAMCTA.

IIpeneabHas pa3pemiamiiasi CnocOOHOCTb — STO MUHUMAIILHOE PAacCTOSHHE

O, MCXKIAY HABYMsI TOYKAMH, IIPpHU KOTOPOM HX H3o6pa>1<eHHe OTIIMYUMO OT

M300paXeHUs OJTHON TOYKHU.

Kpurepuii Penest rinacut, 4to npu npoBaje B pacnpe/ieIeHU HHTEHCUBHOCTH B
n300paxeHun nAByX Onu3kux Todek B 20% TOukM OynyT BOCIPUHHMATBCS Kak
pasznenbHbie. g 3TOro HEoOXoAWMO, 4YTOOBI LEHTpPalbHBIA MaKCUMyM B

HM300paKEHUU OJHON TOYKH MPUXOJMWIICS Obl Ha MEPBbI MUHUMYM B H300paK€HUU
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apyroi (puc.9.4.1). [Ins onTHYECKUX CUCTEM NPU OTCYTCTBUHU abeppauuii o, =0.61

KaHOHMWYCCKUX CIAMHMUII.

20%

==

Puc.9.4.1. Paspewenue no Peneto.

Paspemienue 1o Penero  yIOBIETBOPUTENBHO  XapaKTEpU3YeT KayeCTBO
U300pKEHUSI AaCTPOHOMMYECKUX TEJECKOIOB, CHEKTPalIbHBIX MNPUOOPOB, s
KOTOPBIX MPEAMETaMU SBJISIOTCS OJIM3KO PACHOI0KEHHbIE TOUKU WM JIMHUU, a TAKXKE
BU3yaJIbHBIX MPUOOPOB (MpeAHA3HAUYCHHBIX ISl paOOTHI C TJIa30M).

9.4.2. Paspewatowiast cnocobHocTb nNo Pyko

Kpurepuit @yko npuMeHsieTCs 1JI OLICHKU KauecTBa N300paXKeHUsI ONTHYECKUX
CUCTEM, Tepearonux OOBEKThI CIOXKHOW CTPYKTYyphl. Paspemaromias crnocoOHOCTh
R omnpenensiercss Kak MakCHUMallbHas NPOCTPAHCTBEHHAs YacTOTa NEPUOJAMYECKOTO
TECT-00BEKTA, COCTOSIIIET0 U3 YepHO-0ebIX ITPUX0oB (MUpbl DyKo), B n300paxKeHUn
KOTOPOro €Ile pa3Iu4yuMbl ITpUXH. Pa3zpemamonryto CcrnocoOHOCTb OOBIYHO
OTPEJIENSAIOT JIJII MUPBI €IMHUYHOTO (a0COMOTHOr0) KOoHTpacTa o rpaduxy UKX
onTU4ecKon cucteMbl (puc.9.4.2). Pazpemaromnias ciocoOHOCTh R omnpenensercs AJis

3aJIaHHOT0 KOHTpacTa (00bIYHO /Tt KoHTpacTa k' =0.2).

k!

023

R R, =2

Puc.9.4.1. Paspewarowas cnocoornocms no @yxo.
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[IpenenbHas paspemaronias CcHocoOHOCTh R, Uil ONTHYECKHX CHUCTEM

ompeAeseTcsl pasMepaMu 3padka, JJIMHOW BOJHBI M abeppamusiMu. B peanbHBIX
IPOCTPAHCTBEHHBIX  YacTOTax  MpeaelibHas  pas3pelraroiias  CIOCOOHOCTH
onpezaensiercs u3 Beipaxenus (9.3.7).

9.5. BnusiHue abeppayut Ha ®PT u Ol1®

Bnugnue manbix abGeppamuii (BosiHOBasg aOeppalusi COCTaBIAET JIOJH JUTUH
BosiH) Ha OPT nposiBiisieTcst B TOM, YTO YacTh SHEPTUU U3 LIECHTPAIBHOTO MaKCUMyMa
NEPEXOIUT B KOJbLA. B pe3ynpTaTe B HEHTPAJIBHOM MAaKCUMYyM€E OCTAaeTCsl 0K0i0 60-
70% BMecto 84%, pu 3TOM pa3Mepbl LHEHTPAIBHOIO MaKCUMyMa COXPAaHSIOTCS, a
MHTEHCUBHOCTH B LICHTpE YMeHbInaeTcs (puc.9.5.1).

h(n)

1.0

2\ AN

= T T =

1.22

Puc.9.5.1. Brusnue abeppayuti na @PT.

AOGeppauuy pa3HbIX THUIIOB MO-Pa3HOMY BIMSIIOT Ha BHJ ISITHA PAaCCESTHUS
(kaptuHy Opu). B cayuae cummeTpuuHbIX —abeppauuii  (pacoxKycupoBKa,
chepuueckas) coxpaHsieTcsl paauaibHas cuMMeTpus natHa (puc.9.5.2.a). B cimydae

HECUMMETPUYHBIX abeppanuii (koma, aCTUrMaTU3M) CUMMETPHUS MATHA HapyIlIaeTcs
(puc.9.5.2.6, puc.9.5.2.).

Ty Ty &

a) cummempuiHsvle abeppayuu 0) koma 8) acmuemamusm

Puc.9.5.2. Kapmunwi Spu ona abeppayuii pa3nudHulx Munoa.
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[Ipu nanpHelimeM yBeaudeHun adepparuii cxoactBo OPT ¢ 6e3abeppaninoHHON
MOJIHOCTBIO TEpsieTCs, U ee hopMa OmpeesseTcss KapTUHOM MonepedHbIx adeppaliuii
(ToueuHoi nuarpammoit). IlpakTrudecku Bcsl SHEPrusi U3 LUEHTPAILHOIO MaKCUMyMa
NEepPEKAUYNBAETCA B KOJbIIa (B LEHTpPaJIbHOM MakcuMyMe octaercsa MeHbuie 40%
sHeprun). OIHAKO MPHU 3TOM coxXpaHsercss MudpakUHOHHBIA y30p ¢ marom 0.5 B
KAaHOHUYECKHUX KOOPAUHATAX.

9.5.1. Yncno WTtpens

[TockombKy TIpH MadbIX aOeppalusaX 4YacTh OSHEPTHMH W3 ICHTPAIbHOTO
MakCUMyMa TIepeKayMBaeTCs B  KOJbIA, YMEHBIIACTCS WHTECHCUBHOCTh B
ICHTpPAJIbHOM MakcumyMme. O06o3HaunMm 3Hauenne OPT B ee Makcumyme mpu
OTCYTCTBHUHM abeppauuil A, (O), a TPy HAJIM4IUU abepparuit h(O) (puc.9.5.3).

h(n)

1.0

hy(0)
1(0)

/\ AN

Puc.9.5.3. Yucno LImpens.

Yucao Wrpenss (xpumepuii [llmpensa, Strehl ratio) moka3bIBaeT BIUSHUE

abeppanuii Ha OPT:

Stzh(o) (9.5.1)
y (0)

3nauenue umucina [tpens Haxoautcs B npeaenax 0 <S¢ <1, sHeprus B Kojbla
NEPEKAUYNBACTCA B TAaKOM K€ cooTHomeHuu. Ecom St =1 — onTuueckas cucrema
Oe3abeppauuonHasi, eciu St >0.8 — cucrema mnpakTuuecku Oe3abeppallMoHHas,
MIOCKOJIbKY YMEHBIIEHHE NEHTPAIBHOTO MakcumyMa Ha 20% 1oYTH HE3aMETHO.

9.5.2. Kputepun Penea ana manbix abeppauymi

Kpurepuit min gonyck Penes 3akirouaercss B TOM, YTO €CJIM BEJIMYMHA BOJIHOBOM

abeppauuu (IIpU  YCIOBUM YTO B CHUCTEME NPUCYTCTBYET TOJBKO cdepudeckas

abeppaiusi) HE TPEBOCXOIUT % (puc.9.5.4), To uucno rpens St=>0.8. Orcrona

Peneli pactipocTpaHuii CBOM KpUTEPU U HA JIPYTUE TUTIBI abeppariuil.

156




VA

/4

Puc.9.5.4. Benuuuna sonnosoti abeppayuii.

PesieeBCKMH I0MYCK HA OCTATO4YHbIE adeppanun:

” Wl <%, (9.5.2)

OnHako pacueThl TOKA3bIBAIOT, YTO HE JJII BCEX THUIIOB aleppaluil 3TO

copaBeayiuBo. Kpome Toro, mist 0ojee CTpOroro aHajin3a HYXHO IPOBEPUTH Ha

= % WU ‘Wmax = % . PeneeBckui

CKOJIBKO u3MmeHutcs yucio Ilrpensa npu ‘Wm

ax

AOIIYCK TOYHOT'O OTBETA HA 3TOT BOIIPOC HC AACT.

9.5.3. dopmyna Mapewans. Jjonyck Mapeluans ans mansix abeppaumn

@®paHuy3ckuil onTUK Mapemanb MoJy4usl CBOE€ aHAIUTUYECKOE BBIPAXKECHHUE U
CBOM JIONYCK B BHJAE CPEOHEKBAAPATUYHOIO MO 3padyKy 3HAYEHUsSI BOJHOBOU
abeppanun. Kpurepuit Mapemans 0osiee yHUBepCcalbHBIN, yeM nomyck Penes, oH
MOAXOUT JJIs1 TFOOBIX TUIIOB a0epparuii.

Paccmorpum BbeiBoa (opmynbel Mapemans. @DyHKUMS paccesHUs TOYKH, B

COOTBETCTBHHM C BhIpakeHueM (9.2.10):

+0 . 2
Hen, )= F [t loe0, )] = [ [/ (per 0, 20525152 1 (9.5.3)
3naueHne OPT B ee HEHTPAILHOM MAKCUMYyME:
. 2
1(0)=hln, =0.7,=0)= [[£(p..0,) dp.dp, (9.5.4)

Bocnonb3oBaBuIKuch BeIpakeHUEM ISt 3paukoBoid pyHkmu (9.2.3), nomydum:
2

J I 2 ooy

Q

h(0)= dp.dp, (9.5.6)
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3 4
W, ...<<1. Torna

B ciyuae manbix aGepparmii W < %, cienoBaTensHo W

.
P pasNoKeHHH (YHKIHH e~ B psf, MOXKHO OCTAaBHTh TONBKO TPH HJIEHA, a

1
OCTaJIbHbIE OTOPOCUTH (ex =l+x+ 2x2 +... |, oTCIOZA:

™" 214+ 27mW +;(27ziW)2 =14 274W = 27°W? (9.5.7)

Torma MOXHO 3amucaTh MPUOIMKEHHOE BhipakeHue st OPT:

2

h(())z

[[l1+ 2w —22*W?] dp,dp,
Q

(9.5.8)

[[dp.dp, +2 [[W(p,.p,) dp.dp, —22* [[W*(p,.p,) dp.dp,

Qg Qg Qg

BBenem o6o3HaueHue 1jis cpeIHero 3HaueHUsI BOJTHOBOM abeppaliuu 1mo 3payky:

— 1

W= [[wlo.p,)dodp, (9.5.9)
Q) 57

U CpEeJIHETO KBajJipaTa BOJIHOBOW abeppaliuu:

L L 95.10)

OQO

S

Tornma Beipaxenue (9.5.8) 3anumercs B BUAE:
. 2
1(0)~ Q2 1+ 270 — 22> W° (9.5.11)

MOI[YJ'IB KOMIIJIEKCHOTO YHCJIa Z =a +ib BBIUHCIISIETCS Kak CyMMa KBaJpaTOB

y . 2 2 g2
BELICCTBCHHOI 1 MHUMOIL yacteil z~ =a” +b”, clleoBaTeNbHO:

1(0) ~ Qé[l 2227 + 4zt ) + 47z2W} - Qﬁ{l 4z [W_2 _ (W)z] }(9.5.12)

3nauenne @OPT B makcumyMme Mpu OTCYTCTBHM aleppaluil ompeaenseTcs

BBIPA)KEHUEM:
hy(0) = (9.5.13)
Torma ¢popmyaa Mapewas:

h(O) 242 7 \2
St = ~1—4z* W - (W) (9.5.14)
1 (0) | |
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777 \2 o <
Bennunna [W2 —(W) ] Ha3bIBAaCTCsl AMUCIIEPCHEil BOJIHOBOI adeppauuu Io

3pauky (Aucrnepcuss — 3TO Pa3HOCTb CPEJHEro KBaApaTra W KBaApara CpPEeAHEro

3HAYCHUS):

Dy =W-w) =W —2ww Wy )= —2mw + W) =w* -} 95.15)

dopmynia Maperians moka3bBaeT, YTO BaKHA HE cama BOJIHOBas abepparus, a
ee u3MeHeHue (aegopmaliusi BOJHOBOrO (PpOHTA) MO 3pauKy.

Cpenunuii kBaapat aedgopmaiiud BOJHOBOTO ()pOHTA — ITO KBAJAPATHBIA KOPEHBb

U3 TUCTIEPCUU:

JDy =W, (9.5.16)

®opmyna Mapemansg gaeT BO3MOXKHOCTh MNPHOJM3UTEIBHO OIICHUTh YHCIIO
[ITpensi, ecau U3BECTEH CpeIHUM KBaapat aedopMaiiii BOTHOBOTO (PpoHTa:

Stx~1-4z’D,, =1-4z°*W> =1-22W__ ) (9.5.17)

Ecim  Sr>08=1- 47z2DW, TO, caenoBareinbHo, D, < 2(1)0, a JIOIMyCK
Maperans Ha cpeHul KBajpaT AedhopMaliui BOJHOBOTO hpoHTa:

W..,=< i (9.5.18)

MapemaneBckuid JONyCK Ha OCTaTOYHbIE abeppalvul CHpaBeJIUuB ISl JTHOOBIX

TUIOB abeppaluii Majoil BEJTMYUHBI.

9.5.4. BnuaHne abeppaumn Ha OllP. 'eomeTpuUyeCKn-OrpaHNYEHHbIE Y
AN paKUNOHHO-OrPaHNYEHHbIE ONTUYECKNE CUCTEMDI

ITpu Hanmuuu abeppanuit OI1® onTUYecKor CUCTEMbI CTAHOBUTCS MEHBIIIE, YEM
OIl® Oe3abepparmonHoit cucrembl. Ha rpaduke UKX MoxkHO mokazath, Kak
abeppanuu BaUAOT Ha (opMy KpuBoil koHTpacta (puc.9.5.4). Kpuseie UKX B
MPUCYTCTBUM abeppaluii MOTyT HUMETh CIOXHYK (QOpMy, HO OHM HHUKOTJa HE
MPEBBIIAIOT KPUBYIO Oe3abepparmonHoit UKX.
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ougp. oepanuuennas o.c.

bezabeppayuonnasi o.c.
2€0M. ppay

OcPpAHUYEHHGA O.C.
0.2fcccc T

0

0.5

Puc.9.5.4. Brusnue abeppayuti na YKX.

JudpakuMOHHO-OTPAHUYEHHbIE  ONTUYECKHUE CHUCTEMbl HMEIOT  pabouuid
WHTEpPBAJ YacTOT, IPEBBIIAIONIMNA IIOJOBUHY OT NPEAEIbHOW, TO €CThb @ > 1
(puc.9.5.4). KaduectBO M300pakeHUsI B TAKUX CHUCTEMaX OMPEACISIETCS B OCHOBHOM

ABJICHUAMU )II/I(i)paKHI/II/I N HCIIOCPCACTBCHHO 3aBUCHUT OT OTHOIICHHA allCPTypPhbl K

!
JUTMHE BOJIHEI AA. Ocratounbie adeppalyu JIOJKHBI OLIEHUBATHCS MO KPUTEPHIO

Mapemans (9.5.18). K audpakiimoHHO-OTpaHUYEHHBIM CHCTEMaM OTHOCSITCS, B
YACTHOCTH, M3MEPUTEIbHBIC CHUCTEMBI, MPOCKIIMOHHBIE ONTHYECKHWE CHUCTEMBI JIs
MUKPOSJIEKTPOHUKHU U CUCTEMBI, pa0OTAIOIINE C II1a30M.

K reomeTpudecku-orpaHUYEHHBIM OTHOCSITCS ONTHYECKUE CHUCTEMbI, pabouuii
WHTEPBaJ YaCTOT JIJII KOTOPBIX HE MPEeBOCXOAUT @ = (.5 B KAHOHWYECKHUX YacTOTaX
(puc.9.5.4). KauectBO u300pak€HHsI TaKMX CHUCTEM ONPEACISETCS KapTUHOU
MOTNIEPEYHBIX abeppalvii U HEMOCPEJCTBEHHO HE 3aBUCUT OT JUIMHBI BOJIHBI H
aneptypbl.  CreneHb  KOPPEKIUMH  T'€OMETPUUYECKU-OIPAHUYEHHBIX  CHUCTEM
OIICHUBAETCS TMOMNEpeuyHbiMU abeppanusiMu. K TakuM cucTeMaM OTHOCSTCS, B

YaCTHOCTH, KMHO-, (bOTO-, Y TEJIECBU3NOHHBIE OOBEKTHUBLI.
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MNMpunoxeHus.

lpunoxxeHue A. JuppepeHyuanbHbIe ornepamopbl
MamemMamu4ecKolU meopuu norss

Marematnuyeckul anmapar, NPUMEHSEMBbIM B TEOPUM BJIEKTPOMArHUTHOTO
MoJIsl — 3TO TEOpUsl CKAIAPHOrO M BeKTOpHOro mnojis. Ilpeamer sToro paszmena
MareMaTuku — ckasipHbie (A.1) u BekTopHbie (A.2) ¢GYHKIMM OT Tpex

MIPOCTPAHCTBEHHBIX MTEPEMEHHBIX (PaANyC-BEKTOpPA I' TOUYKU B IPOCTPAHCTBE):

U(x,y,z)=U(r) (A.1)
F (x,5,z2)

F(x,y,z)=| F (x,y,2) |=Fi+F j+Fk (A.2)
F.(x,y,2)

B cooTHOIIEHUSX TEOPUU MOJIA UCTIONB3YIOTCS AuddepeHIInaibHbIe ONepaTophl

B
muddepermpoBadus Mo BpemMeHn (Hampumep, B=—) u mo mpocTpaHCTBEHHBIM

koopauHataM.  Omepatopbl  auddepeHIupoBaHuss IO  MPOCTPAHCTBEHHBIM
KOOpJIMHaTaM MOTYT OBbITh BEKTOpaMU WJIH CKaIsIpaMH, C KOTOPBIMH MOKHO
MPOU3BOAUTH BCE M3BECTHBIE U3 BEKTOPHOM aireOpbl ACHCTBUS, B YAaCTHOCTH,
BeKTOpHOE mpousBeneHue (A.3), ckansipHoe mnpousBeicHue (A.4) U CMeEIIaHHOE
npousBeneHue (A.5):

VxE (A.3)
V-D (A4)
Vx(V-U) (A.5)

JAuddepeHuuanbHbie onepaTopsl 1-ro nopsjaka

Oneparop auddepeHIupoBaHus MO IPOCTPAHCTBEHHBIM KoopawHATam V

ABISICTCA BEKTOPOM:

o

0 0
V= 7 — i+ i+ Kk A.6
;y o 1% (A.6)
oz

[Ipumensist omepatrop V K CKaJSIPHOMY WIM BEKTOPHOMY IOJIO0, MOXKHO

MMOJYYHUTDH CICAYIOIHNC CKAJIAPHBIC 1 BCKTOPHBIC BCJIMYHUHLI:
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:an+an+6Uk (A.7)
ox Oy 0z

oU
ox

_ | oUu
V.U = gradU = Ay

oUu
oz

oF. JF, OF,
+

V-F=divF =—+ (A.8)
ox Oy Oz
i j k
_ —_| 0 0 o
VxF =rotF = /é’x /ﬂy /ﬁz (A.9)
F. F, F,

PesynbTaTel Beipaxkenuit (A.7) u (A.9) — BEKTOpbI, a Pe3yJbTaT BbIPAKEHUS
(A.8) — ckasp.

JAuddepeHuuanbHbie 0ONEPaATOPLI 2-10 NOPAAKA
Oneparop V* Ha3biBaeTcs omepaTopoM Jlamiaca (SBISIETCS CKAISIPOM):
o o  o°

Vi=V.V= + +
ox*  Oy* Oz

(A.10)

[IprMeHeHne 3Toro oneparopa K CKUISIPHOMY TOJIIO JJA€T CKAISIPHYIO BEJIMYUHY
(A.11), a kK BEeKTOpHOMY — BEeKTOpHYIO (A.12):

o*U J*U AU

VU = o oy o (A.11)
V°F,

V’F =| V’F, (A.12)
V'F,

OcHOBHbBIE MaTeMaTHYECKHE TOXKIACCTBA TCOPHUH ITOJIHA
V-(V-F)= grad(divF) (A.13)
V x (V x F) = rot(rotF) (A.14)
V-(V-F)=V*F+Vx(VxF) (A.15)
V x(VU)=rot(gradU)=0 (A.16)
V-(V xF)=div(rotF)=0 (A.17)

Bce pPaCCMOTPCHHBIC COOTHOLICHUSA INHUPOKO HCIIOJB3YIOTCA B OIITUKE JJIA

ONMCAaHUs CBETOBOIO I10JIA, BBIBO/A YPABHEHUM U 3aKOHOB I'€OMETPUYECKON OITUKH.
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lMpunoxeHue b. CeoOHast mabnuya mampuy npeobpasosaHusi
INlntepaTtypa
Ha3zBanue Bripaxxenue
” I. berynoB b.H., 3akaznoB H.II. u ap. Teopuss ontudeckux cucreM. M.:
OO0muid BUJI MATPHUILbI A B
. . . G = MammHocTpoenue, 1984.
nmpeoopasoBaHuM JIydeun
peoop y ¢ D 2. 3akaznoB H.IIL. u ap. [Ipuknannas ontuka. M.: MammuHoctpoenue, 1988.
T cOMeTPHUYECKHit CMBICT STEMEHTOR Sp Sp-Sp—f-f 3. Hy6osuk A.C. u ap. [Tpuknanunas ontuka. M.: Henpa, 1982.
MAaTpPHULbI G = A n'-f 4. PycunoB MM. wu gp. BpumcnurensHas ontuka. ChopaBoynuk. JL:
SF
-O 7 MamunocTtpoenune, 1984.
5. bopu M., Bonsd 3. OcHoBsl ontuku. M.: Hayka, 1970.
VYpaBHenue npeoOpa3oBaHus JIydei y'=dy+BY 6. MarseeB A.H. Ontuka. M.: Beiciias mkona, 1985.
Y'=Cy+DY 7. BbyrukoB E.W. Onruka. M.: Beicmas mkomna, 1986.
8. Jbxepapxa A., bepu /[)x.M. BBenenne B MaTpuuHyto onTuky. M.: Mup, 1978.
Omnpenenutens MaTPHULIBI detG=A4D-BC=1 Hoepapa P/l 8 L Y P
5 3 9. PommonoB C.A. ABTOMaTu3aius NPOECKTUPOBAHHS ONTHYECKUX CHUCTEM. JI.:
ObparHast MaTpua G™! :( B j MammaocTtpoenue. 1982.
-C 4
10. Ilpuxknagnass ¢usuyeckas ontuka. [lox. pen. B.A.Mockanesa C.-110.:
Martpura epeHoca | i ITonurexunuka, 1955.
Ir= 0 ’17 11. JlanncOepr I'.C. Ontuka. M.:Hayxka, 1976.
12. NuubepH P. ®usnueckas ontuka. M.: Hayka, 1965.
Martpuua npemomMiaeHus R= o
-0 1
Onrtrueckast cuiia MpeIoOMIISIIOLIEH ®=p-(n—n)
MTOBEPXHOCTHU
OnTuueckasi CHiIa OTpaKaroueu ®=-2p-n
MTOBEPXHOCTHU
Marpuna Ci10XHOW ONTUYECKOU G =Ty Ry..R,,R, TR T,
CUCTEMBI
Martpuiia nmakera us3 G:(l tj t:i+...+%
MJIOCKOMApalIeNIbHBIX CJI0EB 0 1 ny n,
Marpuna 1By XKOMIIOHEHTHON
3 G =R,DR,
ONTUYECKON CHUCTEMBI
Marpuiia TOHKOU JTMH3BI G = Lo
-0 1
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Ha3anue xadenpsl npukimagHod u komnbroTepHol ontuku Cankr-lleTepOyprekoro
rOCyJapCTBEHHOTO HMHCTUTYTa TOYHOM MEXaHUKM M ONTUKU (TEXHUYECKOTO YHHUBEPCUTETA)
OTpakaeT HOBEHIIYIO TEHICHIUIO MPOHWKHOBEHHS KOMITBIOTEPHBIX TEXHOJOTHH BO Bce chepsl
HAayKl W TeXHUKU. B To ke Bpems sTa kadenpa sBISeTCA NPAMOM HacleTHUIEH CTapellmx
ontudeckux kadenp Poccum — xadeapbl TEOpUHM ONTHYECKUX IMPUOOPOB, (HHU3UOIOTHICCKOM
ONTHUKH, ONTUYECKUX MPUOOPOB, JIAOOPATOPHBIX, a 3aT€M ONTHUKO-MEXaHWYeCKuX MNpubopos. B
pa3Hoe BpeMs 3TUMHU Kadeapamu 3aBeI0BaIu U pabOTaau Ha HUX TaKUe BBIIAIOIIMECS yUeHbIE KaK
akanemuk B.II. Jlunnuk, unen-koppecnonaent Axanemun Hayk CCCP  mpodeccop
B.C. WrnaroBckuii, 3acioykeHHbIA jesTenb Hayku u TexHuku PCOCP, mpodeccop, AOKTOp
TexHnueckux Hayk B.H. UypunoBckuii, 3aciykeHHbI Aestens Hayku U TexHuku PCOCP, naypear
JlenuHckoir u 4yetehlpex ['ocynmapcTBeHHbIX mpemuid, npemMun @PpaHiy3ckod AKaJeMHM Hayk,
npodeccop, TOKTOp TeXHUYECKUX Hayk M.M. PycuHOB, 3aciy)K€HHBIN JesATeIb HAYKH M TEXHUKU
PCOCP npodeccop, noktop TexHuueckux Hayk WM.M. KpbDkaHOBCKUMN, YJIEH-KOPPECTIOHACHT
AkanemMuu apTUUICPUICKUX HayK, mpodeccop, MOKTop TexHuuyecknx Hayk A.H. 3axapbeBckuid,
3aciy>KeHHbIN aestens Hayku P®, naypeat JlennHckoi npemuu u npemun CoBetra MHUHHCTPOB
CCCP, npodeccop, noktop TexHuueckux Hayk B.A. 3Bepes, naypear ['ocygapcTBeHHON MpeMun U
npemun Coera MunuctpoB CCCP mpodeccop, nokrop texumdeckux Hayk A.Il. I'pammarus,
naypeat ['ocynapcTBeHHOM npeMun npodeccop, JokTop TexHuueckux Hayk [1.J1. iBanoB, naypeat
npemun Coera Munuctpo CCCP, npodeccop, nokrop Texandeckux Hayk C.A. PoanoHos.

Takum oOpa3om kadeapa NPUKIAJHON U KOMIBIOTEPHOU ONTUKH MO MPaBYy MOXKET CUUTATHCS
Beaylled ontuueckon kadenapor Poccum, mpoposmkaromend 1ei10 TakKuX OCHOBOIMOJIOKHHUKOB Kak
B.C. Urnarosckuii, B.H. Uypunosckuii, M.M. Pycunos, B.Il. Jlunnuk, A.H. 3axapseBckuii, u
coOpaBIIeil B CBOEM COCTaBe BEIYIIMX IMPEACTaBUTENEH LIKOJIBI MPUKIAJAHON U BBIYMCIUTEIHHON
ontuku: JILH. Anapeesa, A.Il. 'pammatuna, B.A. 3Bepena, I1.J[. UBanoBa, C.A. PoaroHoBa u ux
YYEHUKOB.

B cnucke goctwkeHmit  Kadenpel: CO3MaHHE  HEMPEB30HICHHBIX  IIHPOKOYTOJIBHBIX
a’poOTOCHEMOUHBIX OOBEKTHBOB C YIYUIICHHBIM CBETOPACIIPENCICHUEM TIO TOJII0 U MPHOOPOB
obpabotku aspodorocanMroB (M.M. PycunoB, H.A. AransioBa), mpeBocxonsiue 3apyOexHbIe
aHajoru rupocbemMounbie 00bekTuBbl (M.M. Pycunos, I1.J]. Usanos, JI.H. KypuuHnckast), meToabl
U cpeacTBa KOHTpoJisa rinaBHoro 3epkana teneckorna BTA (B.A. 3sepes, C.A. Ponuonosn, B.B.
Ycockun), metamoctekisinHas ontuka (M.U. KpsikxanoBckuit, C.M. HuxkuTuH), onTuka s
kocMuyeckoro npoekra “Bera” (I'.U. LlykanoBa), BBICOKOCKOPOCTHbIE KMHOKaMephl JJIsi Hay4HbIX
uccnenoBanut (.M.  KpeikanoBckuii, B.M.  PemerkuH), KOMIBIOTEpHBIE  MAKEThI
aBToMaTu3upoBaHHOro mnpoektupoBanus ontuku (C.A. PoanoHoB ¢ coTpyaHukamu). OTH
JOCTHXKEHUSI B CBOE€ BpeMsl ObUIM OTMEYEHBI [JBYMs JICHUHCKUMU TPEMHUSMHU, TMATHIO
rocyaapcTBeHHbIMU Tpemusimu, Tipemueii Cosetra MunuctpoB CCCP, npemueit ¢paHIry3ckoit
aKaJieMHH HayK.

B Hacrosimiee Bpemsi kadempa BemeT MOATOTOBKY CIEIUANIMCTOB W HAy4YHYIO paboTy B
CJIeIYIOIINX B3aMMOCBSI3aHHbBIX HAIIPABICHUSX:

® TEOpUsI U  NPOECKTUPOBAHUE  ONTUYECKMX  CUCTEM, TPAJUIMOHHO  Ha3bIBaeMble
BBIUMCIIUTEIILHON ONTHKOM;

® ONTUYECKNE U3MEPEHUS U KOHTPOJIb ONITUYECKUX 3JIEMEHTOB U CUCTEM;

® ONTUYECKHE NpUOOpBI, BKIOYas OONIYH TEOpPUI0, MHKPOCKOIBI U  KOHTPOJIBHO-
U3MEpUTENIbHbIE TPUOOPHI, e0Ie3NUeCKre NPUOOPhI, 0PTATBMOJIOTNYECKasl ONTHKA;

® MaTeMaTHYE€CKUE METObl, aITOPUTMBbI, MPOTPaMMbl U KOMIIBIOTEPHBIE CHCTEMbI PEIICHUS
ONTUYECKHUX 3a]1a4, YTO MOKHO KOPOTKO Ha3BaTh KOMITbIOTEPHOU ONTUKOM.
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O mocnenHeM HampaBJIEHUM CIIEAYeT CKa3aTh HECKOJBbKO mojapobHee. CienyeT moI4epKHYTh
TOT U3BECTHBIN (DaKT, YTO BHIYUCIMTEIbHAS ONTHKA HE TOJBKO SBHJIACH MEPBBIM MPAKTHUYECKUM
MPWIOKEHUEM JJI1 KOMIIBIOTEPOB (OAHUM U3 MEPBbIX NpUMEHEHUH nepBoil B Mupe OBM Mapk-1 B
1944 ronmy ObL1 pacdyeT ONTHUYECKUX CUCTEM), HO M CIOCOOCTBOBala Pa3BUTHUI0O MHOTHMX HOBBIX
METO/IOB TMPHUKJIAJAHOM MaTeMaTUKH (METOAOB ONTUMHU3ALNH, YHUCIEHHOIO WHTErPUPOBAHMS,
pelIeHHs] HEKOPPEKTHBIX 3aJa4 U T.J.)

B Poccuu pabGotsl B 3TOM HampaBieHuM Obutun HayaTthl A.Il. I'pammarunbim (1958 r.). B
JIMTMO B 1960 roay ObLIM MOCTPOEHBI OAHM U3 MepBbIX oTeuecTBeHHBIX DBM JIMTMO-1 u
JIMTMO-2, mnpeaHa3HaueHHbIE TJaBHBIM 00pa3oM i pacueTa ONTHYECKUX CHUCTEM; a
COOTBETCTBYIOLIUI MaTeMaTWYeCKUi ammaparT Obul pa3padoTaH JOLEHTOM KadeApbl ONTHKO-
MexaHndeckux nmprubdopos B.B. XBaoBckum.

C 1965 1. Ha Kadeape ONTHKO-MEXaHUICCKUX MPUOOPOB OJIarogapss HOBATOPCKUM HJICSIM U
Meronam C.A. PoamoHoBa moiy4yaeT pa3BUTHE HOBOE HAIlpaBICHHE B IMPUKIATHOW OINTUKE —
pa3paboTKa MaTeMaTUYECKUX METOJO0B, AITOPUTMOB M IPOrPaMMHOI0 OOECIIEUEeHHUs ISl pEeLICHUS
onTuyeckux 3aaad. Pesynbrarhl (yHaameHTanbHbIX uccienoBaHuii C.A. PonnonoBa B oOnactu
(dopMupoBaHUs U300paK€HUs, TEOPUU AUPPAKIUMU U MATEMAaTUUYECKOTrO MOJEIUPOBaHUS ObLIN
MOJIOKEHBl B OCHOBY pa3pabOTKH MakeTa Mporpamm JUisi aBTOMaTH3UPOBAHHOIO MPOEKTUPOBAHUS
ontuueckux cucteM OITAJIL, mupoKo U3BECTHOrO B ONITUYECKON MPOMBIIIEHHOCTH.

B mHacrosimiee BpeMs 00BbEKTaMH HCCIEAOBAHHM B O0JACTH KOMIIBIOTEPHOM OITHKH,
IPOBOANMBIX Ha Kadeape SABISIOTCS:

® METOJIbl U MPOrpamMMbl MPOECKTUPOBAHUS ONTHYECKUX CUCTEM (METOJbl CHUHTE3a, aHalIHu3a
abeppalluii 1 KauecTBa U300paKEHUs, METO/Ibl ONTUMU3ALIMU, PACUET I0IYCKOB);
e 00pabOTKa [aHHBIX KOHTPOJIA ONTHUYECKUX DIIEMEHTOB U CHCTEM (MHTEppEpOrpaMMmsl,

rapTMaHoOrpaMMBbI U T.11.);

® KOMITBIOTEPHOE MOJEIUPOBAaHHE M300paKEHUS C YYETOM pa3iMuHBIX (PaKTOpOB (YacTUUHAS
KOI'€pEHTHOCTb, MTOJISIPU3ALINSL, HETUHEHHOCTH U HEM3OIUIAHATU3M H T.J.)

® TEOpUs U METOABI ONITUMAJILHON KOMIIBIOTEPHON FOCTUPOBKU;

® MOJIEJTMPOBAHUE MPOLIECCOB OJMKHENOILHON ONTHKH.

OcHOBHBIM U HauboJiee MEePCIEKTUBHBIM HAMPABICHUEM Pa3BUTHs Ka(eaphl MpeICTaBIseTCs
MMEHHO KOMIIBIOTEpHAsl ONTHKAa KaK OCHOBA JJIA MOATOTOBKH TAaK HA3bIBAEMBIX ‘‘KOMIIBIOTEPHBIX
WH)XCHEPOB” — CHEIUAINCTOB, Mpodeccuss KOTOPHIX, IO HAIIeMy MHEHHI0O W [0 MHEHHIO
ABTOPUTETHBIX 3apyOEKHBIX IKCIIEPTOB, CTAHET BEYIICH B HACTYTAIOIIEM BEKE.

OO6nacTb AEATENbHOCTH TAKHX CIELMUAIMCTOB — 3TO PEIICHUE CIO0XKHBIX HMHKEHEPHBIX U
Hay4YHbIX 33/a4 ( B HalleM KOHKPETHOM Clly4ae MPHUKJIAJHON ONTUKH) HA OCHOBE MHTEHCHUBHOIO
UCIIOJIb30BAHMSI MAaTEMaTHYECKMX METOJOB M KOMIIBIOTEPHBIX TEXHOJIOTHMH, a TaKkKe pa3padoTka
TaKOr'0 poAa TEXHOJIOTH.

ObwenpodeccroHanbHasl W CHELMAlbHAsg MOATNOTOBKA CHELHAIMCTOB Oa3upyercs Ha
CJIEAYIOIIMNX COCTABIIIOIINX:

e pyHIAMEHTAJIbHBIX U IIUPOKUX 3HAHUU B OOJACTH MpeaMeTa pa3pabOTKU U HMCCIEeTOBaHUA

(MPUKITIaTHON ONTUKU, ONTOTEXHUKH, ONTUYECKUX MPUOOPOB U CUCTEM);

e TTyOOKMX 3HAHWM MPUKIATHOW MaTeMAaTHKH, BKIIOYas MaTeMaTHYeCKOe MOJICIHpPOBaHUE,

YHUCJIEHHBIE METO/IbI, METO/IbI ONITUMHU3ALNHU U T.I1.;

® BJIAJICHUS COBPEMEHHBIMH KOMIBIOTEPHBIMU TEXHOJOTHSIMH, OCOOCHHO MPUMEHSIEMBIMHU B

VH)XCHEPHOU U HAyYHOM JEATEIIbHOCTH. ;

Kak mokaszpiBaeT ombIT, 3a7a4d MPUKIATHON ONTHUKMA HACTOJIBKO Pa3HOOOpAa3HBI, CIOXKHBI U
KOMIUIEKCHBI, a IPUMEHSAEMBbIE /I WX PELIEHUS METOIbl, MOJEIW W CPEACTBA HACTOJIBKO
YHHUBEPCAIbHBI, YTO CHELMAINCT MO0 KOMIBIOTEPHON ONTHKE MOXKET C YCHEXOM NMPaKTU4eCKu 0e30
BCSAKOW amantanuyd paboTaTe B JIF0OOH 00macTu, TpeOyromied BIaJeHUS MaTeMaTHYECKUMH
METOJIaMU U KOMITBIOTEPHBIMH TEXHOJIOTUSMHU.

C undopmarueii o kadenpe MOXKHO O3HAKOMUTHCS Ha cepBepe: wwwaco.ifmo.ru
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Ponuonos Cepreit ApoHOBUY
OCHOBBI ONITUKHU

KoHcrekT jieknmi

B aBTopckou penakuumn
KommproTepHOE€ MakeTUpOBaHUE
3aB. peIaKIMOHHO-U3/1aTEIbCKUM OTIAEIOM

JInensus U/ Ne 00408 ot 05.11.99

IToagnucano x nmeuatu 15.12.00

Otnevarano Ha pusorpade. Tupax 500 sk3. 3aka3z Ne 212.
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