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B cmammi  pospobneno anecopumm ma  6ionosione  npocpamue
3abe3neuens 6U3HAUEeHHs KLIbKOCMI 6I00UMMIB )y epMUKAIbHIU NPUSMAMUYHIU
CBIMNOGIU Waxmi 3 20PUIOHMANLHUMU BEPXHLOIO MA HUNICHLOIO OCHOBAMU Y
8U2NIA0I NPABUTLHO20 WUECMUKYMHUKA.

s eusHauenHsi  KilbKOCmi — Gi0OUMMIE  NPOMEHs 8I0  NOBEPXHI
NPUMAMUYHOL WAxXmu 3 20PU30OHMAILHUMU 8EPXHBOI0 MA HUNCHLOIO OCHOBAMU
Y 8uensiodi NpasuIbHO20 WeCMUKYMHUKA GUKOPUCMAHO CHOCIO BUNPAMIEHHS.
OIbAPOHOT MpPAcKmMopii, 3anponoHo8anull Himeybkum mamemamuxom 1.A.
Llsapyem. Cymb yboeo cnocoby noiaseae y momy, wo wiaxma i nadaroyui Ha ii
2panb NPOMIHb 03EPKAIbHO B8I000PANCAIOMbCS GIOHOCHO B8I0OUBAIOYOI 2paHi.
Ilpu yvomy npomine nadawuui [ 6I06umMuUL YMEOPIOIOMb OOHY HPAMY.
Ilosmopiowyu maxe 6i000padxicenHss Ol KONCHOI 2paHi wiaxmu, MOHCHA
3amocmumuy  ApOCMIp  HABKOAO  WAXMU  NPUSMamu 3  NPAGUIbLHUMU
WeCMUKYMHUKAMU 8 OCHOBAX, A MPAEKMOPII0 NPOMEHSL GUNDAMUMU.

s demoncmpayii  pobomu aneopummy Oyra 3a0ama npusma 3
NPABUNLHUMYU  WECMUKYMHUKA 6 OCHO8ax (epaui eepmukanvbhi). Cmopona
OCHOBU waxmu ckiaoara 2 M, a 6eucoma npusmu OopisHioeara 3 M.
Pospaxynkosa mouka 3Haxoounacs 6 nNIOWUHI HUNHCHbOI OCHOBU, A Yepe3 MOUKY
npOXOOUNU 6exmopu 6uxionozo npomens. Koopounamu abcyuc i opounam
6EKMOpPA 3ANUWANUCA CMATUMU, A KYM 1020 HAXULy 00 20PUBOHMANbHOL
NIOWUHU 3MIHIO8ANU 3 Kpokom 5 epaoycie. Ha pucymkax Oyau noxasami
pe3yivmamu pobomu aneopummy npu Kymax HAxXuiy 6UXioHo20 NpomeHs 00
copusonmanvhoi niowunu 30°, 25° i 20°. Ipu kymi naxuny nadaiouozo npomens
00 2opusonmanshoi niowunu 30° Gyno 06a Gid6UMmMs c8IMI08020 NPOMeHs, d
npu 25%i 20° — 6yno sionosiono 3 i 4 éiobumms. Tobmo npu smeHwieni Kyma
HAXUIY BUXIOHO20 NPOMEHS 00 20PU3OHMATLHOI NIOWUHU KITbKICMb 8100Ummie
30I1bULYEMBCS, A 00BIHCUHU BIOPI3KI6 20PUZOHMANILHOI NPOEKYLL BUNPAMIEHO20
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NPOMEHS 3ATUUUAIOMBCA CIMATIUMU 8 MENCAX OKPEMO20 UeCMUKYMHUKA.

Koopounamu  6xionoco npomens mooxcua ompumamu, 8i0OUBUIU
03epKANbHO  C8IMIOBULL NPOMIHb 8I0 OIYHOI NIOWUHU NPU3MU, HA AKIl
3HAXO00UMbCA nepuia 8i00UBaYa MoYKa.

Po3pobnenuii ancopumm susnavenHs Kinbkocmi 8i00U8aHb i MPAECKMOpPIi
NPOMEHs.  003B80JIAIE  0OYUCIUMU — SACKPABICMb  BUXIOHO20  NpPOMEHs.  Ond
3ameepodicenux MKO (Midcnapoonoro komicielo 3 0CBIMAEHHS) CYYACHUX
mooenel po3nooiny sACKpagocmi 3a Heh036000M I, 8I0NOBIOHO, MOOeN08amu
0CBIMaeHiCmb BI0OUMUM 810 NOBEPXOHb WIAXMU CEIMIOM.

Knrouosi cnosa: ceimnosa waxma, mpacy8amHs C8imMa08020 NPOMEHSL,
WeCMUKYmHa npusmda, sSICKpagicms NPoMeHs.

Ilocmanoeka npobaemu. J1jisi po3paxyHKy HTPUPOJHOI OCBITIECHOCTI BiJl
CBITJIOBHX IIAXT 3 A3E€PKAIbHUM BIAOMBAaHHSIM CBiTJIa HEOOXIJIHO BU3HAYATH
SACKpaBICTh MPOMEHS, SIKMM BUXOJUTH 3 IAXTH 1 MOTPAIUISIE B PO3PAXYHKOBY
TOYKY. SICKpaBICTb BHXIJIHOTO TMPOMEHS 3aJICKHUTh BiJ] KIIBKOCTI BiJOMBaHb
MIPOMEHS JI0 MOro BHXOJY 3 CBITJIOBOI IIAXTH 1 SCKPABOCTI IILOTO MPOMEHS Ha
BXOJI1 Y CBITJIOBY IIAXTY:

Ly =L P", 1)
ne L, — sgckpaBicTh BUXiZHOTO IPOMEHS;

L,. — sICKpaBiCTh BXiIHOTO TIPOMEHS;
£ — Koe(diIlleHT I3epKaJIbHOIO BiJOMBAaHHS CTIHKH IIIAXTH,

N — KUJTBKICTh BiAOMBAHb MPOMEHS JI0 BUXO/Ty 3 CBITJIOBOI IIAXTH.

SIckpaBicTh BXIAHOTO TPOMEHS BHU3HAYAETHCS HOT0 KOOpAWHATAMU B
CUCTEM1 KOOpAHMHAT, JI0 $KOi BiJHECEHA MOJENb PO3MOALTY SCKPAaBOCTI 3a
HeOocxuioM. Ilouartok 11i€l cucTeMH KOOpJIMHAT 30ITaeThCsi 3  MEPIIOIO
B1IOMBAILHOIO TOYKOIO (pHcC. 1).

OT1xe, BUHMKae HEOOXIHICTh y TpacyBaHHI IpoMeHs y miaxTi. [Ipudaomy
Tpeba po3risimaTn 00EpHEHY TPAEKTOPIO MPOMEHSs, TOOTO Bij TOUKH | (OcTaHHS
BIJIOMBalOYa TOYKA TPAEKTOPIi MpoMmeHs) A0 TOYKU N. TlomokeHHs BUXITHOTO
IPOMEHS 33/1a€ThCS PO3PaXyHKOBOIO TOUKOIO P, 1 TOukor 1, sika € HeHTpOM
HECKIHUEHHO MaJioi IUIOIIMHKM B 00JIAaCTI IHTETPYBaHHS MO BHYTPILIHIM
MOBEPXHI IAXTH, BUAUMOI 3 PO3PaxXyHKOBOT TOUKH (115 00J1aCTh BiJOMBAE CBITIO
B PO3pPaXyHKOBY TOUYKY).

Ananiz ocmannix 0ocnioxcensy i nyoaikauin. YacTkoBO Take 3aBJIaHHS
BupimryBaiocs B [1, 2]. Ane B ux poOoTax po3riisganucs TUIbKU WJIIHIPUYHI
IaXTH 1 IIAXTH y BUIJSAl Tapayenerninena, /Uil SKUX BU3Hayajaacs TIIbKH
KUIBKICTh BIJOMBaHb MPOMEHS, OCKUIbKU JJISI MOJICIIOBAHHS OCBITICHOCTI Mij
[IaXTOI0 BUKOPUCTOBYBasacs Mozesib MyHna-CrieHcep po3noauty sCKpaBoCTi IO
He003BOly, B SIKI SCKpaBICTh TOYKM Ha HEOO3BOJ1 3aJE€KUTh TUIBKU BiJ il
KyToBOi BHCOTH (KyTa HAaXWiIy BXiJHOTO TPOMEHS JO TOPU3OHTAIBHOI
IUIOIMHK), 10 TPHU BiOOpPaKEHHI TMPOMEHS BiJ] BEPTUKAIBHHUX IUIOUIMH HE
sMmiHtO€eThest [1, 2]. ToOTO mi KyTH OJHAKOBI /JiS BXIAHOTO Ta BHXIJHOTO
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npomens. Y po6ori [3] posmisimanocss TpacyBaHHS CBITJIOBOTO IMPOMEHS Y
BEPTUKAIBHUX MPU3MATUYHUX [IaXTaX 3 TOPU30HTATHPHUMHA OCHOBAMH Y BUTJISII
JOBUIBHUX OITYKJIMX MHOTOKYTHHKIB, ajieé OCOOJMBICTh I€OMETpii MpaBUIbLHOIO
IIECTUKYTHHUKA y HI HE BPaxoByBaJlacs.
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Puc. 1. TpaekTopisi CBITIOBOTO MPOMEHS BCEPEANHI TPU3MATUYHOI CBITJIOBOI
IIaXTH: P, — PO3paxyHKOBAa TOYKa; | — OcTaHHS BiOMBaJIbHA TOYKA

Dopmynweanns yinew cmammi. Y poOOTI TOCTaBlIeHA MeTa —
pPO3pOOUTH QJITOPUTM Ta BIJNOBIAHE NpOrpaMHE 3a0E€3MEUCHHS BU3HAUCHHS
KUIBKOCT1 BIJIOUTTIB 'y BEPTUKAJIbHIA NPU3MAaTUYHIA CBITJIOBIM MIaxTi 3
TOPU30HTATBHUMHU BEPXHBOIO Ta HIKHBOIO OCHOBAMM y BWIJISII MPaBHIIBHOTO
IICCTHUKY THUKA.

Ocnoena uacmuna. J1Jis BU3HAUYCHHS KUIBKOCTI BIJOUTKIB TIPOMEHS BiJl
MOBEPXHI MPU3MATUYHOI IIAXTH 3 TOPU3OHTAIBHHUMH BEPXHBOIO Ta HUKHBOIO
OCHOBAMHM Y BUIJIAJI TPaBUIBHOTO IIECTUKYTHHKA BHUKOPHCTAHO CIOCIO
BUTIPSIMJICHHSI ~ OUTbSIpIHOT ~ TPAEKTOPii,  3ampONOHOBAHUN  HIMEIbKUM
matemarukoM I'.A. IIBapriem [4]. CyTh HBOro CrocoOy mojsirae y TOMY, IO
maxTa i ImaIafoguii Ha 1i rpaHb MPOMiHb J3¢pKaTbHO BiIOOpaXarOThCS BITHOCHO
BimOuBaro4oi rpani. [Ipu npoMy magatounii 1 BiIOMTHUH TPOMEHI YTBOPIOIOTH
onny mpsmy. [loBTOprorounm Take BigOOpakKeHHS U1l KOKHOI TpaHl IIaxTH,
MO’XKHa 3aMOCTHTH TMPOCTIp HABKOJIO INAXTH NPH3MaMH 3 BEPTUKAIbHUMH
IPaHsMHU 1 TPaBUIBHUMHU IIECTUKYTHUKAMHU B OCHOBI, @ TPAEKTOPIIO MPOMEHS
BUTIPSIMUTH.

ANTOpPUTM BHU3HAYCHHS KUIBKOCTI BIJOMBaHL 1 TPAEKTOPIi MPOMEHsI
CKJIQJIAETHCS 3 TAKUX M1i:
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1. 3amaeMo po3paxyHKOBY TOYKY P, 1 B 00JacTi IHTErpyBaHHS OCTAaHHIO
BiJI0MBao4y TOUKy (Ha puc.l —Touka 1).

2. BuzHayaemo pIiBHSHHS BHIPSMIICHOTO TPOMEHS, SKUH MPOXOIUTH
yepe3 po3paxyHKOBY TOUKY P, 1 mepury BIIOMBAaIOYy TOUKY.

3. BuznayaeMo KOOpAMHATH TOYKU MEPETHHY BUIPSIMIIEHOTO MPOMEHS 3
TUTOIIMHOIO BEPXHBOT OCHOBHU IAXTH 1 0OUMCIIOEMO JOBXKUHY TPOEKIIii BiApi3Ka,
SIKUW YTBOPIOE I TOYKA 1 TIepIa Bii0MBarova To4YKa Ha ruromtuHi Z = 0.

4. TlepeBipseMo mapaneabHICTh BUMPSMIICHOTO MPOMEHS IIJIOMIMHAM BCIiX
rpaHeil maxTtu. I'paHi mapanenbHi BIIOMTOMY NMPOMEHIO HaJajal MpU BU3HAYEH]
HACTYMHOI B1IOMBAJIbHOI I'PaHl IIAXTH HE PO3IJIAIa0ThCS.

5. Cepen 3alvIIEeHUX TpaHEld BH3HAYAEMO TIpaHb, SIKa BigoOpaxaTume
IPOMiHb, 1 HA HI — TOUKY BioOpaskeHHs. J[JIg 1bOro BU3HAYAEMO KOOPAUHATH
TOYOK, B SIKHUX BIJOUTUH NOPOMIHb MEPETUHAE KOXHY 3 IUIOLIMH TpaHeu
NIECTUKYTHUKA, IO 3aluIImiucs (Ha puc. 2 TIOKa3aHi TOYKH TEPETHHY 3
IUIOIIMHAMH TIIBKK TPbOX rpaneid — ed, ab, cb). OOuuciroeMo HOBKUHU
BIJIPI3KIB, SIKI YTBOPIOIOTH TOUKHU TMEPETHUHY 3 MapaMu TOYOK BIAMOBIIHOT rpaHi.
Jlnsg Toukn kK — 1ie Biapizku ak 1 kb, ms Touku t — Bigpizku tb 1 tC, miist Toukm
m — Bigpizku €m, md. SIKno cyma JOBXHH MapH ITUX BIJPI3KIB JOPIBHIOE
JIOBKHMHI TpaHi, TO 1€ 03HAYaE, 10 MPOMIHb MIEPETUHAE TPaHbh B MEXKax IIaxTH.
Takux rpaneii Oyne nBi — ed i ab. Bimbupaemo Ty rpanb (Ha puc. 2 — ab ), 4gus
TOYKa Pa3soM 3 PO3PAaXyHKOBOI TOYKOK YTBOPWUTH IOBIIMK BEKTOP — HOTO
HanpsIMOK OyJie 301raTucs 3 HalpPsIMKOM BUIIPSIMIIEHOT'O IPOMEHS.

o

BunpsmMneHud
NPOMiHb

MNadawyuu
NPOMiHb

Biddumuu
NPOMiHb

d C

Puc. 2. Jlo Bu3HaueHHs BiIOUBAIBHOI TpaHi

6. 3agaeMo BiCh, 1110 30iraeThes B IUIaH1 3 BIAIOPaHOIO TPaHHIO 1 MIOA0 HEl
J3epKaIbHO BIIOOpAKAEMO IMIECTUKYTHUK (puc. 3).
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BunpsMnexud
NPOMiHb

Puc. 3. /I3epkasibHe Bi10OpakeHHsI OCHOBU IIaXTH

7. Jna BimiOpaHoi TpaHl 1 BH3HAYEHOI TOYKM Bi1AOMBaHHS OyayeMo
IPOJOBKEHHS BUIIPSIMIIEHOTO TIpoMeHs. [loBToproeMo nyHKTH 4 1 6 anropurmy
0 TUX Mip, JOKU BiJOMBar04Ya TOYKAa HE OMUHHUTHLCSA BUIIE BEPXHLOI OCHOBU
HIaXTH, TOOTO JOBXKHHA BUIIPSMIICHOTO MPOMEHSI BUNJE OUIBILIOIO 3a JTIOBXKUHY
BU3HAUYeHYy Yy NyHKT1 3 (puc. 4), ab0 KUIbKICTh BiJOMBaHb HE CTaHE OLIBIIOIO 32

3a/laHy Hamnepej MaKCUMaJjbHY KUIBKICTh BiOMBaHb N ., 3a SIKOi SCKPaBIiCTh

BUXIJHOTO MPOMEHS CTaHE HE CYTTEBOIO ((PaKTUYHO 1€ — YHUKHEHHS CUTYyallii,
KOJM KUIbKICTh BIJOMBaHb CTa€ OUIBILIOK 33 MAIIMHHY HECKIHYEHHICTb, IPH
IbOMY BBaXa€ThCS, 1110 SICKPABICTh MPOMEHS JOPIBHIOE HYJIIO).

8. Skmio KinbKiCTh BimOMBaHb N (Ha puc. 4 nN=8) € MEHIIOKW 3a
MaKCUMaJIbHY KUIbKICTh BIJOMBaHb N, , TO BU3HAYAEMO KOOPJMHATHU BX1JTHOTO

npoMeHsi. Bektop BXigHOrO mpoMeHs OyJe TPOXOIWTH dYepe3 BiaOWBarOdy
TOUKY, sKa OIMHMJIACS BHIIE BEPXHHOI OCHOBM IMaxTH (Ha puc. 4 n = 9), i
BIJIOMBaO4y TOUYKY I1J HOMEPOM N .

st nemoHcTpauii podotu anroputMmy Oyna 3ajJaHa mpu3Ma y BUIJISIL
MPaBUJIBHOTO MIeCTUKYTHHKA. CTOpOHA OCHOBH IIaXTH CKJIajgana 2 M, a BHCOTa
npu3Mu JopiBHIOBaJa 3 M. Po3paxyHkoBa TouYka 3HAxoJujacs B ILIOMIMHI
HUKHBOT OCHOBH, a 4Yepe3 Hel NPOXOIWIM BEKTOPH BHUXIJIHOTO IPOMEHS.
KoopauHat abciuc i opAuHAT BEKTOpa 3aMINAIUCA CTAIMMH, a KyT HOTO
HaXMIy J0 TOPU30HTAIBLHOT TUIOLIMHU 3MIHIOBAJIU 3 KPOKOM 5 rpaaycis. Ha puc.
5-7 mokazaHi pe3yJbTaTH POOOTH aNTOPUTMY MPU KyTax HAXUIy BUXIJIHOTO
npomenst 1o ropusonransHoi miomman 30°, 25° i 20°. Ha puc. 5 Buaso, wwio
TOYKM 3 3HAXOJWUTHCS BUIE BEPXHHOI OCHOBH mNpu3MHU. Tomy BiZOWTTIB
IpoMeHst OyJ0 2. AHAJIOTIYHO Ha puc. 6 BUJIHO, 1110 B1IOUTTIB Oys0 3, a Ha puc.
7 BigoutTiB — 4. Cnig 3a3HaYdTH, 1O JAOBXKUHU TOPU3OHTAIBHUX IPOEKIIIM
Biapi3kiB Prl, 12, 23 1 tak jmanmi y BciX BUNAAkax Oyjau oJHAKOBUMHU. Tomy



137

MO>KHA 3pOOMTH BUCHOBOK, 10 MPU 3MEHIIEH] KyTa HaXWJly BUXITHOTO MPOMEHS
JI0 TOPU3OHTAJIBHOI TUIOLIMHU KIUJIBKICTh BIJOUTTIB 301IBIIYETHCS, & JOBXKUHU
BIJIPI3KIB TOPU3OHTAIBHOI MPOEKIIi BUIPSAMIECHOTO MNPOMEHS 3aTUIIAIOTHCA
CTAJINMU B MEXaX OKPEMOT'0 IIECTUKYTHHKA.
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Puc. 4. Jlo Bu3Ha4YeHHS KUIBKOCTI BIIOMBAHB JIJIS IIAXTH 3 OCHOBOIO Y BUTJISII
MPaBUJILHOTO IMIECTHKYTHHUKA

Koopnuaatu  BXiIHOTO TPOMEHS MOXKHA OTpPUMATH, BiIOWBIIU
J3€PKAbHO CBITJIOBHM MPOMIHB BiJ OIYHOT TUIOMIMHM TPU3MH, Ha SKii
3HaXOAWTHCS Tepia BigOWBaroua Touyka. Hampuknaa, Ha puc. 4 mepiia
BiIOMBarOYa TOYKa Ma€ HOMep 8.

Bucnoexu. Po3pobiieHuii anropuT™ BH3HAYEHHS KUIBKOCTI BIJOMBAHb 1
TPAEKTOPIi MPOMEHsI JO3BOJISIE OOUUCIUTH SICKPABICTh BUXITHOTO MPOMEHS JJIs
3arBepkeHux MKO (MixkHapoaHOIO KOMICIE0 3 OCBITJICHHS) CYy4YacCHHX
MoOJIelIe PO3MOJLTYy SCKpaBOCTI 3a HeOo3BomoMm [5, 6] 1, BiamoBigHO,
MOJICJTFOBATH OCBITJIEHICTh BIJOMTUM BiJI TOBEPXOHD IIAXTH CBITJIOM.
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Puc. 5. BuzHaueHHs KUIBKOCTI BITOMBaHb CBITIOBOTO IPOMEHS (KYT HAXMITY
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1a/1al04Y0r0 MPOMEHS JI0 TOPU30HTAIBHOI IUIOIUHU CTaHOBHTH 30°)

J SN P0G 4
 , - % — o
N 3 S ——
A - .
e N
@ \\‘ | 2

-
0
1] .
N = == —
2 2 p"/ [F—
Bew Y M ¢ o z 4 6 8 10 12
Bicw X, M

Buogiresni npowre

Puc. 6. BusHaueHHs KiJIbKOCTI BiIOMBaHb CBITIOBOTO MPOMEHS (KYT HAXUITY
- 0
1aJIaF090r0 MPOMEHS 10 TOPU30HTAIBHOT TUIOIUHHA CTAHOBUTH 25°)
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Puc. 7. BuzHaueHHs KUIbKOCTI BIIOMBaHb CBITIOBOTO MPOMEHS (KYT HAXWILy
Ma1al0Y0r0 MPOMEHS 10 TOPU3OHTAIBHOI IUIOIIUHN CTAHOBUTD 20°%)
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THE NUMBER DETERMINATION OF A LIGHT BEAM
REFLECTIONS INSIDE A LIGHT SHAFT IN THE FORM OF A
REGULAR HEXAGONAL PRISM

Evgen Pugachev, Serhii Litnitskyi, Taras Kundra, Vasyl Zdanevych

In the article, an algorithm and corresponding software for determining
the number of reflections in a vertical prismatic light shaft with horizontal upper
and lower bases in the form of a regular hexagon are developed.

To determine the number of beam reflections from the surface of a
prismatic shaft with horizontal upper and lower bases in the form of a regular
hexagon, the method of straightening a billiard trajectory proposed by the
German mathematician G.A. Schwartz was used. The essence of this method is
that the shaft and the beam incident on its face are mirrored relative to the
reflecting face. In this case, the incident and reflected beams form one straight
line. By repeating this mapping for each face of the shaft, you can pave the
space around the shaft with prisms with regular hexagons at the bases and
straighten the beam trajectory.

To demonstrate the algorithm's operation, a prism in the form of a regular
hexagon was given. The side of the base of the shaft was 2 m, and the height of
the prism was 3 m. The calculated point was located in the plane of the lower
base, through which the vectors of the output beam were set. The abscissa and
ordinate coordinates of the vector remained constant, and the angle of its
inclination to the horizontal plane was changed in steps of 5 degrees. The
figures show the results of the algorithm at angles of inclination of the output
beam to the horizontal plane of 30°, 25°, and 20°. At an angle of inclination of
the incident beam to the horizontal plane of 30°, there were two reflections of
the light beam, and at 25° and 20°, there were 3 and 4 reflections, respectively.
Therefore, it was concluded that when the angle of inclination of the output
beam to the horizontal plane decreases, the number of reflections increases, and
the lengths of the segments of the horizontal projection of the straightened beam
remain constant within a separate hexagon.

The coordinates of the incoming beam can be obtained by specularly
reflecting the light beam from the side plane of the prism on which the first
reflecting point is located.

The developed algorithm for determining the number of reflections and
the trajectory of the beam allows you to calculate the brightness of the output
beam for modern models of brightness distribution across the firmaments
approved by the CIE (International Commission on Illumination) and,
accordingly, to model the illumination by light reflected from the shaft surfaces.

Keywords: light shaft, light beam tracing, hexagonal prism, beam
brightness.
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