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Kuiscokuii nayionanvruil ynisepcumem 6y0isHUymea i apximexkmypu
(Ykpaina)

B 3a0auax inconauyii 6yoyromes minb08i MACKU CEIMI0NPOPI3ie 3a
00NOMO02010 NOCHI006HOI npoeKuii Ha HebecHy cghepy 3 ueHmpom 6
PO3PAXYHKOGINI mMouyi ma nNPOeKyii HaA 20pU3OHMAIbHY NIOWUHY 3
UEHmMpPOM NpoeKuii 6 Haoupi. 3adaua YCKIAOHAEMbCA NPU 6PAXYEAHHI
2PaAHUYHOi noeepxHi. Aemomamuzayia nodyooe 3a O00NOMO2010
AHAIIMUYHUX PIBHAHD 00360JIA€ CRPOCHUMU DIUUEHHA.

Knwuoei cnosa: minvosa macka, Haoup, HebecHa cepa.

Ilocmanoeéxka npobaemu. Ilpu MoOJENOBaHHI  1HCOJISIIIIHHUX
MPOIIECIB BUPINIYETHCS JB1 3a7a4l — HOpMAaTUBHA HEOOX1AHICTh 1HCOJISIIT
NPUMILIEHb Ta 3aXUCT B1Jl HAJAMIPHOTO COHSYHOIO BUIIPOMiHIOBaHHS. Cami
METOJM MOJIETIOBAHHS BHUPIIIYIOTHCS 3a JIONOMOIOK MOJeIi HeOecHOi
chepu, Ha SKy OYAYIOTbCS MPOEKIIl pyXy COHLS, TIHbOBI MAacCKH
CBITJIONPOPI3IB Ta 3aTiHIOYMX OyAiBenb. s 3pydHOCTI BCl MOOYAOBH
MPUUHATO MPOEIIIOBATU HAa TOPU3OHTAIBHY IUIONIMHY HEOecHOI cdepu, a
1eHTpoM mpoekiii Opatu Hagup. [Ipyu HakiamaHHi MOOYIOB HA COHSYHY
KapTy 3’SCOBYETHCS Yac 1HCOJIALII Ta 3aTiHEHHS. Po3paXxyHKOBY TOYKY
PEKOMEHJIOBAaHO 3aMIHUTH TpPaHUYHOIO TOBepxHero. g CHpOLIeHHS
pPO3paxyHKIB 3alpoOlOHOBAHO AaBTOMAaTU3yBAaTH MOOYIOBH METOAAMHU
aHaJITUYHOT TEOMETPIi.

Ananiz ocmannix oocnioxncensy i nyonixayiu. B ny6mikamisx [1-3]
NPUBEACHI aNTOPUTMHU PO3pPaxXyHKY I1HCOJSLIL TPUMINICHb TI'papiuyHUMU
METOJaMH 3 BUKOPUCTAHHSIM PO3PaXyHKOBOI TOUKH Ta Ha/laH1 MPOMO3UIIIi 3
rpadiqHOro PO3paxyHKY IHCOJSIT METOJOM TIpaHU4HOI HoBepxHI. Jls
CIIPOILICHHS PO3PaXyHKY MOOY/I0BaH1 MIa0JOHU XOJy TIHEH Ha MPOEKIii
HeOecHoi cdepu. B crarti [4] 3amponoHOBAHO aJTOPUTM BH3HAYCHHS
MPOEKTHOTO MPOCTOPY HOBOro OyauHKY 3a MerogoM PT mpu ymoBi
BUKOHAHHS HOPMATHMBHMX BHMMOT JO IHCOJISIIT NPUMIIIEHb B 1CHYIOUYHUX
OyaMHKax Ta Ha MPUJICTIiH TepuTopii. Y podoTi [5] HamaHi alropuT™Mu Ta
PIBHSIHHSI JJIS aBTOMAaTH3allli 1HCOJALIMHUX PO3pPaxyHKIB, IO TO3BOJISE
3HAXOJWTH BCl HEOOXITHI 3HAYCHHS JIiHIM XoAa TiHEH B Oyap SKW Hac,
KyTH HaXWJIy COHSYHOTO MPOMEHIO JI0 IUIOIIMHU Ta KIJIbKICTh OTPUMYBAHO1



Tery1oBoi eHeprii. IlpuBeneHi aHi JTO3BOJISIOTH MPOEKTYBAaTH HEOOXIIHI
PO3MIpH CBITIIONPOPI3iB.

Dopmynweanna  yinei cmammi. HanvcanHa  anmroputMmy
aHAJITUYHOI TOOY/I0BU TIHBOBHUX MAacCOK METOJIOM I'PAaHUYHOI ITOBEPXHI.

Ocnoséna uwacmuna. J15i1 po3paxyHKy MOBHOI TPUBAJIOCTI 1HCOJIALIT
3allpOTIOHOBAHO MOJENIOBATH TEPETBOPEHHSI TMPOCTOPY, IMPH SKOMY
TpaHWYHA TTOBEPXHS MEPETBOPIOETHCS Y TOUKY. AHUTITHIHUM METOJIOM IIe
NEPEeTBOPEHHA MOXHa iHTepnperyBaTH sk pyx PT mo I'Tl, mpu mpomy
pyxaeThcs HeOecHa cdepa, IeHTp sAKoi 3anumaetbes B PT. Takum auHOM, B
HeHTp1 HebecHiit chepu 1 Oyne 3aificHioBaTucs neperBopenns ['11 B Touky.

Po3rasitHeMo B SIKOCTI MPUKIANY 3€HITHUN JIXTap MOPSIMOKYTHOI
dopmu ta I'Tl Takox npamokytHoi ¢opmu (puc. 1). Po3zramyeMo ueHTp
HeOecHoi cepu Ta mouarok koopauHaT B PT Ta Oynemo B momanbiiomy
pyxaru ioro pazoM 3i ceporo. [Imockuii my4ok mpoMeHiB 3 eHTpoM B PT
3anmuiiae ¢y Ha HeOecHi cdepl y BUTIISLAL KOja 3 LEHTPOM B IEHTPI
HeOecHoi cepu. Llelt mydok 3HaXOIUTHCA M KyTOM o 70 iomuHu xOy.
3anuiiemMo piBHSIHHS KoJjia, HaxuwieHoro 10 xOy. Jliig 11boro BUKOPUCTAEMO
PIBHSIHHSI 00€pTY BIIHOCHO KOOPAMHATHUX OCEH.

Martpuil noBopoTy OylyTh MaTH BUTJISI:

1 0 0
M,(x)=10 cosx —sin|; (1)
0 sinx cosx
cosx (0 sin« (2)
M, (x) = 0 1 0o

—sinx 0 cosx
cos x —sinx 0

M,(x)=|sinx cosox 0] (3)
0 0 1
Takum ynHOM, MTapaMeTpUYHE PIBHIHHS Koa B rutomuHi xOy

X=r COS V, y=r sin v, z=0, (4)

ne I — paaiyc HebecHoi chepu, NoBUTbHE 3HaUeHHS, 0<V<2T.
PiBHSHHS TTIEpeTBOPEHHS KOOpPIWHAT MUIIXOM ITOBOPOTY Ha KyT O
BIJTHOCHO OCl1 X Oy/e:

X=X1, Y=Y1 C0Sa-Z; Sina, Z=Y; Sina+Z; COSa. (5)

[Ticns miaCcTaHOBOK MapaMETPUYHOIO PiBHAHHS KoJia (4) 3aMiCTh X,
Y1, Z1 B (5), OTpMaeMO pPIBHAHHS KOJIa HEOECHOT chepH u:

X= T COS V, y=r Sin V cosa, z= 1 Sin Vsina . (6)
HinstHka cBITJIONpOopi3y 2-3 3HAXOAUTUMETHCS B MEXKaxX MPOEKIi
KyTa 2A3.

Jani nanwmemo piBHsHHS npoekiii 3 Haxupy S(0,0,r) orpumanoro
koja y Ha tionuay xOy. Jlnst misoro posrisineMo HebecHy chepy (puc.1,0,
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puc.2). BizebMemo goBinbHy Touky M (X,Y,z), sika Hanexutsb w. M ' (X'y',2)
Ooyne mpoekiiero Toukd M Ha momuHy XOY. 3 nmoaiOHUX TPUKYTHHUKIB
BuHO, 1110 SM "=k SM, ne K — koedirfieHT Moai10HOCTI TPUKYTHHKIB.

Csitnonpopis

’ M' (x,y ,z')
1=4 2=3 I J
4 &/ /
o y S (0,0,-1r)
A=D B=C

a) 0)

Puc.1. IlobynoBa TiHROBOI Macku Ha HeOecHY chepy
a — mpoexiii 3eHiTHOro JixTaps ta ['Tl; 6 — mocmizoBHA MPOEKIlisS MPSIMOJIiHIHHOT
rpaHi CBITJIONpOpi3y Ha HeOecHy cdepy 3 IEHTPOM MPOCKIl B IEHTpi cepu Ta
MPOEKIIisl OTPUMAHOr0 KoJa Ha miomuHy xOy 3 IEeHTPOM MPOEKIIil B Haaupi (Touka S)

M (x,y,2)
O l_[ ¥
M’ (x'y'z)
S (0,0,-r)
/// \\\\
/7
/ \
/ \
/ \ \\
/ / M (x"y ',z')\\ M (x,,2)
2
? O

Puc.2. TloObynoBa TiHbOBOI MacKi Ha HeOECHY cdepy B IPOEKIIISIX
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Bigmosigno, X'=kx, y'=ky, z'=kz=0 i Oynae piBHsHHAM mpoekiiii. ITo
KaTeTaM TPUKYTHHKIB BHOHO, 110 —I=K(-r+z), 3BigKd 3HAXOIUMO
KoedimieHT mpomnopiiinocti K=- r/(z - r). Ilicas BiAMOBIAHKUX ITiICTAHOBOK
OTpHMaeMO OakaHe PiBHSAHHS IIPOEKIlil KOJIa Ha 3aJaHy ILIONHHY:

, r COSvU , T Sinv cosa ,
X =— . ,y = — 3 ,Z = 0.
sinv sina + 1 sinvsina + 1

(7)

3a oTpuMaHUMH PIBHSAHHSAMU Oynu MOOYyIOBaHI TIHBOBI MAacKd JJIsi
3aJ]aHOTO0  BIiKOHHOrOo Tmpopidy B mnporpami Mathematica (puc.3).
AHaJOTIYHUM YUHOM 3alHUCYIOThCS PIBHSHHS TIHBOBUX MAcCOK JJISl 1HIIMX
BU/IIB CBITJIONIPOPI3iB Ta TPAHUYHUX [TOBEPXOHb.

a) 0)
Puc.3. TloOynoBa orpumaHux piBHSHB B mporpami Mathematica: a — B
miomuHi XOY; 6 — B MpOCTOPOBiH CHCTEMI KOOPIHHAT

Bucnoeéku. B crarri HamaHo airopuTM AaHAIITHUYHOI TOOYAOBH
TIHBOBOI MACKH CBITJIONPOPI3Yy NPSMOKYTHOI (OpMH BIJ TPaHUYHOL
NOBEpXHI, 1[0 JO3BOJSE aBTOMaTu3yBaTH 1oOyaoBu. llomanbmii
JOCTIPKEHHSI JIOTIOMOXYTh OyJIyBaTH TIHbOBI MAaCKH B TI'PaHUYHOI
MOBEPXHI Ta CBITIIONPOPI3Y KPUBOIIHINHOT (OPMH.
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AHAJIMTHYECKOE IOCTPOEHUE TEHEBOM MACKH
CBETOIIPOEMA

Annponosa O.B., Kozak 1O. B.

B 3a0auax unconayuu eo3nuxkaem nompeoHoCmv 6 NOCMPOEHUU
MEHeBbIX MACOK CEEMONPOEMOE C HNOMOWBIO NOC1E006AMETbHOU
npoeKkuyuu Ha HeOecHylo cghepy ¢ UEHMPOM 6 paAcHemHOU mouKe U
npoeKyuu Ha 20PU3OHMATIBHYI0 NJIOCKOCMb C UEHmMpPOM 6 Haoupe.
3aoaua ycnoycusaemca npu  yueme ZPAHUYHOI  NOBEPXHOCHMU.
Aemomamu3zayua nOCMpPoOeHuil ¢ NOMOWBIO AHATUMUYECKUX YPAGHEHUTL
no3eonaem ynpocmums peuieHue 3a0auu Memooamu KOMRbIOmMePHOU
zpaguxu.

Knrwueewvie cnosa: menesan macka, Haoup, nedecnasn cgpepa.

ANALITHICAL CONSTRUCTION OF WINDOW SHADOW
TRACK

Andropova O., Kozak Y.

In the problems of insolation, there is a need to build shadow
tracks of windows by means of a consecutive projection on a sky sphere
centered at the calculation point and projection onto the horizontal plane
with the projection center is located in nadir. The problem becomes more
complicated when the boundary surface is taken into account.
Automation of constructions with the help of analytical equations allows
to simplify the solution of the problem by computer graphics methods.

Key words: shadow track, nadir, sky sphere.



