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BBE.QEH~E 

Uenb~ HSCTOR~eH pa6oT~ RBnReTcfl pac4eT nponycr<aH~R /co6H
paHHR/ CBeTa B cner<TpanbHOM ,QHana30He 4YBCTBHT€J1bHOCTH ~3Y 
B 6onbWOM ./,QilHHa -10M/ UHJ1HHAPH4eCKOM mH,QKOCTHOM C~HHTHJ1J1R-
4HOHHOM C4eT4HKe C nneH04HOH CTeHKOH. 

C4eT4HK npe,QCTaBnReT co6oH Tpy6y, BHYTPH KOTOpOH CO,QepmHT
CR l.IJ.IIJ11-1H,QpH4eCKHi:f 11 MeWOK 11 1-13 nneHKH, 3SKI1104SIOW,HH B ce6e >KH,Q
KHH C4HHTH.n.nRTop. CeeT, eosHHKaiOW,HH s C4HHTH.n.nRTope, pacnpo
cTpaHReTCFI BAOJ1b Tpy6bl, J.1CnbtTbiBSR nOJlHO€ eHyTpeHHee OTpa>t<eHHe 

/nBO/ Ha Hapy~HOH nOBepXHOCTH n.neHKH, KOTOpaR He HMeeT OnTH
I.I€CKOrO KOHTSKTS C BHYTPeHHeH noeepXHOCTbiO Tpy6bl, H BblBO,QHTCR 

,QaJ1ee 4epe3 CB€TOBOA Ha ¢oTOKaTOA ¢>3Y. 

1. nPOnYCKAH~E CBETA UHDHHAP~YECKO~ YACTbn CYETYHKA 

Pac4eT nponycr<aHHR caeTa 4HI1HHAP~~ecKo~ ~acTb~ c~eT~~Ka 
npoBOA~ncR AflR ~aoTponHoro ~cTo~H~Ka ceeTa, pacnonomeHHoro 
Ha oc~ c~eT~~Ka, MeTOAOM ~VIc.neHHoro VIHTerpVIpoeaHVIR eenVI~VIHbl 

d<l>~dU no yr.ny Me>KAY ocb~ c~eT~~t~Ka VI 11ny~oM11 ceeTa. Bem1L1~Ha 
lkr~u npeACTae.nReT co6o~ OTHoweHVIe KOJlVIl.lecTea ceeTa, pac
npocTpaHRIOU\erocR e 3.neMeHTe TenecHoro yrna 2rr·sinU~U 1-1 AO
CT~rwero K00PAI-1H8T~ f B C~eT~~t~Ke, K KOJlVI4eCTBY CBeTa, ~3.ny-
4eHHOMY 8 eA~t~HVIL\Y Te!leCHOrO yrna B TO~Ke f: 0 , VI 38A8eTCR ¢lop
My .not!: 

d<l> ~·sinUexplint( !tgU + 1 )[ --k-'n'---...-+k l--1-k-l. /1/ 
dU 2 cosarcsin(n 12cosU) 0 cosU 

3AeCb ·Sin U~U - 3.fleMeHT Te.neCHoro yr.na j int( •.• ) - 1..\eflaR l.I8CTb 
BblpameHHR B CK06KaX, 38A8eT 4~-tC.nO OTpameHHi1 11.ny48 11 B C~eT4vtKe; 
f, L/R - OTHOCVITe.flbH8R Afl~t~Ha 1..1Hm1HAPH4eCKoi:1 48CTH C4eT4!.1Ka 
c AJlHHO~ L ~ paAHYCOM R; U' - yro.n Me>K,[zy dcbiO c4eT4VIKa VI ••.ny-
40M11; n12 :n1 In 2 - OTHOWeHVIe noKaaaTe.ne~ npenoM.neHVIR >KHAKOro 
CliHHTHJlm:nopa n 1 VI MaTepvtana nneHKH n 2 ; kn = 2ln(l -84ln) -
Ko3¢¢1~4HeHT norno~eHHR ceeTa e MaTepV~ane nneHKH, 8¢n - OTHo
CHTenbHaR ee.nvt~HHa norno"'eHVIR caeTa OAHHM cnoeM nneHKH np~ 
HOpManbHOM naAeHVIH, Mony4eHH8R HHTerpvtpoeaHHeM a AHanaaoHe 
cneKTpa.nbHO~ 4YBCTBHTe.flbH0CTH ·cypbMRHO-L\e3HeBOrO ¢OTOK8TOA8 
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C COOTBeTCTBY~~~M 88COM; k O = 

= In ( 1 - 8¢ 0 ) - K03d><!JH~HeHT 
noTepb cseTa Ha Ae$eKTax no
sepxHOCTI-1 nneHK~, Q()l O - QT
HOC~TeflbHaR Befl~4~Ha 3T~X no
T8pb npl-1 OAHOM OTpameH~~; 
k "" KR - 6eapa3MepHbll1 noKa-

3aTenb norno~eHMR caeTa AflR 
c~~HT~nnRTopa c AflWHol1 norno
llleHHA 1/K. 

PHc.I. ITponycKamie caeTa u;H- ~HTerpwposaHwe ocy~ecTBnR

nocb a npeAe.nax OT 0 AO UMaKI~ 

yron, AOnOflH~TeflbH~~ K yrny nBQ 
= rr/2- arcsinl/n 1, rAe UM<lKC.
Ha rpaHII!~e c~~HTw.nnRTop-soa-

AYX, RBilFIIO~II!HcR anepTypHbiM yr.noM pacnpocTpaHeHWR cseTa s ~~
nwHApw4ecKoH 4aCTIII C48T4111Ka /nOCKOJlbKY y4eT npii!CYTCTBHR nneHKI-1 
He BJlii!ReT Ha Beiliii4111HY U MaKe. f. 

Pacc4wT~sancR K03$¢~-'~~~-'~eHT nponycKaHwR cseTa ~Hnii!HAP~-'~4ecxol1 
48CTbiO C4eT4J.1KOB Ha OCHOBe BOAbl CO CABV1raJO~eH cneKTP 4epeH
KOBCKOrO W3Ily4eH~R A06aBKO~ np~-1 TOJl~II!He naacaHOBOH nneHKI-1 100 
Ill 50 MKM /COOTBeTCTBeHHO KpHBb1e 1 Ill 2 Ha pl'lc.l/ Ill AJ1111He nor.no
~eHWR 70 M, a T8Kme C4eT4111KOB Ha OCHOBe yaHT-Cnlllpi'IT8 C nneHKOH 
TOJl~~HOH 50 MKM Ill norno~eHII!eM 0,04 M-1 /KpWBaR 3 Ha plllc.l/ J.1 C 
nJleHKOH TOJ1~J.1HOH lQQ MKM W norno~eHIIIeM 0,11 M-1 /KpJ.1~ Ha 
pwc.l/; pa~HyC C4eT4HKOB paBHRJlCR 25 CM. 
--C-~eJlbiO npOCTOTbl pac4eTa nponyCK8HWR CBeTa ~V1JlJ.1HAPW4eCKOH 
48CTbiO C4eT4HKa npeAJlaraeTCR CJleAyiO~ee aH8JlWTH4eCKOe B~pame
HHe: 

tgUcp kn k 
<!J =r explf[' q( + k ) - -=--· ]!, /2/ 

2 cos arcsin (n12cosU cp) 0 cos U cp. 

3AeCb r=l-cosUMaKc.=l-Sini 1180 =(n 1-l)/n 1 - OTHOCWTeJ1bHb1H 

TeneCH~H yron, COOTBeTCTBYIO~HH anepType nBQ CBeTa, 1113Jly4eHHOrO 
H30TponHo a nonyc$epy; Ucp.- cpeAHIIIH yron pacnpocTpaHeHwR cse
Ta OTHOCHTeJlbHO OCIII C4eT4HKa, onpeAeJlReM~H ~3 ypaBH€HHR 

Uep. Sin UCp. = T , 

q - 3MnHpH4eCKHt1 napaMeTp, paBHblH 0, 85 • 
napaMeTp q AaeT nonpasKy, noasonRJO~YIO o6oHTWCb 6ea 4HCJleH

Horo ~HTerpHposaHHR. OcTanbH~e o5oaHa4eHHR cooTseTCTByiDT o6oa
Ha4eHHAM <!JOpMyn~ /1/. 

nponycKaHwe 8 4eTblpeX B~WeH8388HHbiX aapHaHTaX C4eT4HK8 
pacc4wT~sa.nocb no <lJOpMyne /2/, peaynbTaTbl 3THX pac4eToe cpas
HHsanHCb C pe3YJlbT8T8MJ.1 pac4eTOB MeTOAOM 4J.1CJ1eHHOrO WHTerpHpo-
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BaH~H. Ha OCHOBe 3TOro cpaeHeH~H no.ny4eHO, 4TO $OpMy.na /2/ 
o6ecne4~eaeT no cpasHeHl-110 c 4li!C.neHHbtM pac4eTOM no c!JopMyne /1/ 
T04HocT b He xy>Ke 4eM 1 0% AnH A~ana3oHa 4 < f < 50 , !k n + k ol < 0,13 
" k < 1 . 

2. nPOnYCKAH~E CBETA PA3n~YHbiM~ CBETOBOilAM~ 

2.1" nponycKaH~e CBeTa napa60J10TOP~4€CK~M $OKYC~PYIO~~M 
KOHYCOM 

bOKOBYIO noeepxHOCTb napa60JlOTOp~4eCKOro $OKYC~PYIO~ero KOHy
ca /nlbK/ nony4aiOT epa~qeH~eM 1...1acT~ napa6onbt soKpyr ocr-1, He 
coenaAaiO~ei1 c OCbiO napa6onbt. np~ onpeAeneHHOM Bbt6ope napaMeT-
po8 net>!\ see IlYI...I~, BXOAAUI~€ 8 npeA€118X yr.na a Kp. 8 J1106yl0 TOI...I-
KY 60JlbWOrO OT8epCT~H nct>K, BblXOART 1.13 Ma.noro OT8€PCT~R. Yro.n 
aKp. onpeA€!1HeTCR OTHOWeHHeM A~aMeTpa $OTQKaTOA8 ~~ Ma.noro 
OTBepcT~R ntf>K/ R 2 K AHaMeTPY C~~HT~JlJlRTOpa /~ 60JlbWOrO OTBep-
CT"R nQK/ R 1 

111
: 

sin a 
Kp. 

R2 
/3/ 

1-13 anepTypbl nBO nct>K 11n.epexeaTbi88€T11 OTHOC~T€JlbHbli1 T€Jl€CHbli1 
yro.n OT 211, paBHbti:f: 

R 2 2 
80 . = 1- cos a = 1- y 1- ( --) 

n<j;K Kp. R 1 
/4/ 

B A8HHOM Cl...leT4~Ke K03~$lll~ll!eHT nponycKaHII!R nct>K onpeAe.nReTCR 

1 -y1-(R2/R 1 )
2 

(n 1-1)/n 1 

/51 

3as!ACHMOCTb 3Toro K03$$H4YteHTa A11H n
1 

= 1,333 /soAa/ npeA-
CTaeneHa KPt.-tBbtMH 2 Ha p!Ac.2. KpH8aR 2 /pYtc.2/ noKa3bl88eT 3Ty 
xapaKTept.-tCTt.-IKY nct>K AI1R-cB€Ta, t.13JlYI...IeHHOro-;a0TponHO B nonyc¢e
py Ha BXOA€ n¢K,cornaCHO ¢opMyJle /4/. 

2.2. nponycKaH!Ae C8eTa AH¢¢Y3HO OTpa>KaiO~t.-tM KOHYCOM 

Pacnonox<eHHaR 8 KOHyce c anepTYPHbtM yr.noM UMaKC.'o6pa~eHHOM 
OCH088HvteM K ~I-II11<1HAP~4eCKOi:f 1...18CH1 C!...!€TI...IHKa, noeepXHOCTb 11 nepe
XB8TbtBaeT11 CT0!1bKO Y.<e npHMQrO CB€Ta, CKOJlbKO Ill np~;~ pacnOJlO>Ke
HI-1111 ee Ha TOp~e ~~~~Jl~HAP~4eCKOi1 48CTI.1. ~ei1CTBHT€JlbHO, npOAOJl>Ke
Hvte CTeHOK ~lt1Jllt1HAPlt14eCKOro C4eT41.1K8 C nBO He AaeT BK!18A8 8 
11 nepexea4eHHbl~1 11 3TOi1 noeepxHOCTbiO npRMOM ceeT, nocKOJlbKY nepe-
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Pac.Z. IlporrycKaHHe CBeTa pa3nH~HbiM:H CB€TOBO,z::J;aMH. 

orpameHH~~ 3T~M npOAonmeH~eM cseT pacnpocrpaH~eTCR sHe HassaH
Horo anepTypHoro yrna. no3TOMY K03~H4HeHT cseroc6opa AH~$y3HO 
OTpa~a~~HM KOHYCOM /AOK/ MOmHO B~PB3HTb KBK CYMMY ABYX aenH~HH: 
OAHB o6yC110BJ1eHa npRMbiM CBeTOM, APYraR - ca·eTOM, nepeoTpa-
meHH~M CTeHKBMH nOK Ha BbiXOAHOe OKHO. EC11H BBeCT~ BeflH4HHY r~K' 
paBHYIO orHoWeHHIO KOJU14ecraa csera, nepeorpa>KeHHoro JlOK Ha Bbi
XOAHOe OKHO, K KonH4ecrsy csera, naAaiO~ero Ha creHKH AOK co 
BXOAB, TO C Y4eTOM CK33BHHOro BbiWe K03$4>J.14HeHT nponyCKBHHfl 
AOK r aam1weTCR s BHAe 

AOK 

r ~(~)2 

[1+(1-
}J,OK R 1 

]. !61 

nnR OnpeAelleHHR r K paCCMOTPHM onHCaHH~~OKOJ10 KOHYCHOrO 
~~n~HAP~4eCK~H A~~~ya~o-oTpama~~~H cseTOBOA /UilC/. Ha o6~~x 
coo6pa~eHH~ ocae~eHHOCTb, coaAasaeMaR UAC Ha B~XOAHOM Top~e, 
MeHbwe, 4eM y AOK. EcnH, Aanee, sseCTH AI1R unc aenH4HHY r~~' 
8H8J10rH4HYIO BeJlH4HHe r ,IlK A[lR JlOK, TO r ,IlK ~ r All • 

BenH4HHa rA~ onpeAenReTCR ¢opMyno~ 

r IJ; - r llPHM· 

1 -rnpHM. 
171 

3AeCb r l.l COOTBeTCTByeT nOI1HOMY caeTy, C06HpaeMOMY H8 Bbi
XOAHOe OKHO; r npHM , - npRMOMY CBeTy, A0C.1rHr8f0114eMy Bb!XOAHOrO 
OKHa. Q BeJlH4HHe r eCTb KSK TeOpeTH4eCKHe, T8K H 3KcnepH-
MeHT8JlbHble ASHHbte ;J!l. BocnonbaoaaswHcb nocneAHHMH, nony4aeM aHa-



L4€HVLA T)J.l.\ ,QllR pa3J1VIl4HblX 3Hal4€HH~ napaMeTpa e c = Lc/R 1' 
r,qe L c - ,QJlVIHa CB€TOBO,Qa. ,QJUI B€11VIL4V1Hbl K03¢l¢lVIJ.tVI€HTa ,QVI¢¢ly3HO
ro OTpameHVI.R p = 0,94 /KpacKa/ VIM€€M COOTBeTCTB€HHO npH fc = 0,5; 
1,15; 2,1 '!111 0,47; 0,41; 0,35. 

np111 3TOM T Bblpa3VITC.R 8 BYI,Q€ 
~OK 

R2 R2 
r > ___g_ [ I + (I - - 2 ) r l . !8/ LtoK - R 2 R2 ALl 1 1 

8€11VIL4V1Ha r AOK COOTB€TCT8j!OUJ,afl 
Bbl'-41.1cneHHafl np~t~ ycnoBI-11.1 L c < 1,5 R1 , 
BbiMVl 3 o 

paBeHCTBy 9 BbiPa>t<eHVII-1 /8/, 
npe,qcTaeneHa Ha p111c.2 Kpl-1-

2~3" OponycKaHI.1e cseTa ,qpyr1.1MI-1 cseToso,QaMH 

Ha p111c 0 2 npe,QCTasneH K03¢'¢lHI..lH€HT nponycKaHYIR KOHycHoro 
CB€TOBO,Qa C 3epKaJlbHOH nosepXHOCTb~, HM€10~€~ OTpamaTeJlbH~IO 
cnoco6HOCT£ 0, 8 All.R ,QY"~anaaoHa R1 < L c < 3R 1 /KPI-1Bble 4/. 

KpHsa.R 5 /pHc.2/ HJ1Jl~CTPHPY€T nponycKaHHe cseTa KQHYC~~M 
cseTOBO,QOM c nso npl-1 YCilOBHH L c > R 1. Pac4eT KPHBbiX 4 VI 5 
/pHC.2/ npOH38€,Q€H C HCn011b30BaHH€M P€3YI1bTSTOB, OOJ1yl4€HHbiX 
e pa6oTe 111. Ko34l¢HI..lHeHT nponycKaHio1R Bbi'-IHCileH AJl.R ,qa:-tHoro c4eT-
4V1Ka npVI n 

1 
=-1,333 /BOJJ,a/ • JlilR cpaBH€HVIR npVIBO,QHTCR TaK>Ke 

Kplo1BaR 1 /pV1c.2/, HJ11110CTPHPYIOU~aR CB€TOC06HpaHH€ npH pa6oTe 
Ha npRMOM CBeTe, KOr,Qa K03¢l¢H~HeHT C06HpaHHR paBeH OTHOWeHHIO 
nnow,a,qH ¢oTOKaTo,qa K nno~aAH nonepe4Horo ce1.1eHHR c~HHTH1111f1Topa. 

PE3YilbTATbl 

Pe3yJlbTaTbl pSC4€TOB OnJ.1CSHbl B OCHOBHOM BbiW€. /J.nR cpaBHeHHR 
C 3KCneplo<1M€HTOM/ 3 / M€TO,QOM 41o1CJ1€HHOrO HHTerpHpOBaHJ.1R paCC4HTbi
BaJ1CR K03¢l¢lHI..lH€HT nponycKaHHfl CB€Ta l..lHJ1HH,QPH4€CK0~4aCTbiO C4eT-
4HKa, paBHOH no nno~a,QH nonepei.IHOro C€4€HHR C4€T4HKY) HC0011b3Q
BaHHOMy s/ 3~ ,QllHHa nor110~€HI-1R CBeTa B >tU1,QKOM CU,HHT~JlJl.RTOpe Ha 
ocHose Tonyona, cornacHo AaHH~M aBTopos pa6oTbl 13~6~na pasHa 4 M, TOJl~HHa JlaBCaHOBOH nneHK~ - 50 MKM, ,QJlHHa C4€T4HKa -
1,3 M, 3KBHBaDeHTH~H pa~HYC- 5,6 CM. PHC.3 HDJl~CTpHpyeT XOpo
wee cornacJ..1e pac_4eTa c 3Kcnepi-1MeHTOM. 

PeaynbTaTbl H3MepeHH~ c noMO~biO cneKTpo¢oToMeTpa norno~eHHR 
CBeTa 8 MaTepHane na8CaH080~ OJ1€HKH TOn~HHOH 100 MKM nP€ACTaa-
11€Hbl Ha pJ..1c.4. 

B aaK~He 8 Ka4eCTBe npHMepa Hcnonb30BaHHR nony4eHH~x 
peSYJlbTaTOB Ha~AeM A011~ CB€Ta, AOCTHraro~ero ~OTOKaTO,Qa, 8 4aCT
HOM CJ1y4ae R 1 = 25 CM, R 2 = 7,5 CM /J,JlR C4€T41o1Ka AflHHm1 10M Ha 
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PHc.3. CpaBHeHHe pac~eTa c 3Kc

nepHM:eHTOM. 

PHc.4. ITornorqeHHe cBeTa nas
caHosoH llJl€HKO:i1 TOJimHHOH ]QQ MKM.~ 
YKa3aHa B€JIH'lJHHa CHCTeMaTH'lJ€CKO:i1 
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OCHOE~e BOAbl C nJl€H04HOi1 CT€HKOi1 l-13 JlaBCSHS TOJllll!-1HOi1 1 QQ MKM 

~All~ noK. B 3TOM CJlyL!ae $OTOKSTO,Qa $3Y, HSXOA~~eroCR B OnT~

LI€CKOM, KOHTSKT€ C aanOJ1H€HHbiM >KH,QKOCTbiO ,llQK-CB€TOBO,QOM, AOCTI-1r

HeT COrnaCHO KpHBbiM 1 /pHc.1/ H 3 /pHc.2/ 0,5.0, 17.0,12 = 1% 
cae-ra, reHeplttpyeMoro 4acn1~eH e C4€T414Ke Ha ero npon1Bonono>K

HOM KOH~e. 

AsTop 6naro,Qaplt1T n.R.mHnbu,osy aa noMO~b np1.1 lt13MepeHHRX onTlt1-

4eCKHX napaMeTpoe nneHOK. 
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