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BBEOEHUE

«KommbrotepHas rpaduka» OTHOCUTCS K 0a30BOMY IUKIY 00-
mMX MpopeCcCUOHATBHBIX JUCHUIUIMH TOATOTOBKH OaKaJaBpoOB
HanpasiieHus 231000.62 «IIporpamMHas HHXKEHEPHUS».

[lenpt0 TaHHOTO Kypca SIBIAECTCS M3yYCHHE MAaTEMaTUYECKUX U
AITOPUTMUYECKUX OCHOB KOMIIBIOTEPHOU IpadKH, a TAK’KE€ OCBOCHUE
CpPEeACTB pa3pabOTKH MPOTPAMMHOI0 O0ECIICUCHUS ISl BU3yaTnu3aIiun
PEATUCTUIHBIX N300paKEHUN CIIOKHBIX TPEXMEPHBIX CIICH.

[Tporecc caMoCTOSITENLHOM pabOThl CTYJEHTOB HAIpaBieH Ha
dbopmupoBanue cieayromux oOmekyasTypHbix (OK) u mpodeccuo-
HanbHbBIX (I1K) koMneTeHmit:

— BJIQJICHUS] KYJbTYpOW MBIIUICHHS, CIIOCOOHOCTH K 000011e-
HUI0, aHAJU3Y, BOCTIPUITHIO HH(GOPMAIIMHU, TIOCTAHOBKE 1€ U BHIOO-
py nyrei ee noctmxerus (OK-1);

— CITOCOOHOCTH cO31aHus porpaMMHbIX nHTepdericoB (ITK-14);

— TMOHMMAaHUs KOHIIETIUH U aTpuOyTOB KadyecTBa MPOrpaMMHO-
ro ooecrieueHus (HaJeKHOCTH, O€30MAaCHOCTH, Y00CTBA UCIOIb30Ba-
HUS), B TOM YHCJIC POJIH JIFOJICH, TPOIIECCOB, METOJI0B, HHCTPYMEHTOB
U TeXHOJIOTHI oOecrieueHus kadecta (I11K-18);

3amaun U3y4eHUs TUCITUTUTMHBI CIISTYIOTHE:

— cdopMHUpoBaTh B3I HAa KOMIBIOTEPHYIO rpaduKy Kak Ha
CUCTEMAaTUYECKYI0 HAYYHO-TIPAKTUYECKYIO JEATEeIbHOCTb, HOCSIIYIO
KaK TEOPETHUCCKUI, TaK U MPUKIAJTHON XapaKkTep;

— cdopmupoBaTh Oa30BBIC TCOPETUUCCKHIE TTOHATHS, JISHKAIIHC B
OCHOBE KOMITBIOTEPHOM TpaduKu, OCBOUTH OCOOCHHOCTH BOCIIPHUSITHS
PACTPOBBIX U BEKTOPHBIX U300paKeCHUM;

— JlaTh TpEACTaBJICHHWE O METOJaX T'€OMETPUUYECKOrO0 MOEIH-
pOBaHUSI;

— HAYYUTh MPAKTUICCKOMY HCITOIH30BAHHUIO aJITOPUTMOB M Me-
TOJ0B KOMIBIOTEPHOU TpauKH MPU MPOCKTUPOBAHUH TI0JIH30BATEIIb-
CKHUX MHTEP(HENCOB MPOrpaMMHBIX CHUCTEM.

JlaHHBIC METONMYECKHE yKa3aHWs IMpeTHa3HAYCHBI IS BBITIOJ-
HEHHSI CAMOCTOSITENIbHOW PadOThl M a0OPaTOPHBIX padOT MO JUCILH-
mwnHe «KommberoTepHas rpaduka» moAroToBKH OakaliaBpOB HarpaB-
nenus 231000.62 «IIporpamMmHas HHXXEHEPUS.



1 OBLLAA XAPAKTEPUCTUKA CAMOCTOATENBHON
PABOTbI MO AUCLUUIIIUHE

CamocrosTenbHas paboTa SBISETCS BaKHON COCTaBJISIONICH B
U3YYEHUU AUCHUILIIMHBI U COCTOUT U3 CJIECAYIOIMIMNX BUIOB ACSATEIHHO-
CTH: CaMOCTOSITEIIbHOC H3yYCHHE TEOPETUYECKOr0 MaTepHalia, BbI-
MOJIHEHHE JTa0OpaTOPHBIX PAabOT U HaMMCaHUE OTYETOB O BBHITIOJHECHUH
n1abopaTopHBIX PadoT.

CamocrosTenbHas paboTa Haa TEOPETHYECKUM MaTEpUAIOM
HaIpaBJieHa Ha W3yYEeHHE OCHOBHBIX MOHATHN KOMITBIOTEPHOU Tpadu-
K1, MaTEMaTUYECKOTO U aJlrOpuTMUYecKoro odecrneuenus. K atoit ne-
SATEITLHOCTH OTHOCHUTCS:

— HW3yYCHHE TEM TEOPETHYECKOTO Kypca B COOTBETCTBHH C
y4eOHOU MPOTPaMMON TUCIUILIUHBL;

— mpopaboTKa BOMPOCOB JUIsI CAMOINPOBEPKH B KOHIIEC TJIaB
y4eOHOTO Mocoous;

— TIOATOTOBKA U BBINOJHEHUE JTA0OPATOPHBIX PadOT (pelieHue
3aJ1a4, MPOrpaMMHPOBAHUE TpauKH, MPOIECC OTIAIKH TPOrpamM,
oopmIIEHHE PE3YJILTATOB).

2 BbINOJIHEHUE JNNABOPATOPHbIX PABOT

JlaGopaTopHBIA MPAKTUKYM TMPEIHA3HAYCH I 3aKPEIICHUs
TEOPETUYECKON YacTH JUCUMIUIMHBI, MOCBSIIEHHON OCHOBAM KOMIIb-
IOTEpHOW TpadUKu, — TOJYUYCHUIO 3HAHWUU U Pa3BUTHIO YMEHUH U
HABBIKOB 00Pa0OTKH N€OMETPUYECKHUX JAHHBIX OOBEKTOB ISl pellie-
HUS 3a/1a4 TEOMETPUYECKOT0 Xapakrepa.

B pe3synbTaTe BBINOJHEHUS! J1a0OPATOPHBIX padOT OyayT MOJy-
YEHbl HAaBBIKM B 00JacTU pa3pabOTKU rpaduuecKuX MPUIOKEHUN U
NPUMEHEHHUsI CeIUaIbHBIX MPOoLeAyp U PyHKUMM rpaduueckoit Ouod-
anoreku OpenGl.

2.1 JlabopaTtopHas pabota Ne 1 «®PpaKrtanbHas
rpadouka»

eab padoThl: U3yUYCHUE TEOPETUUECKUX OCHOB (PpaKTasbHOM
rpaduKu, TPUOOPETEHNE MPAKTUUECKUX HABBIKOB MOCTPOCHUS aIreo-
panueckux (ppaxKTasos.



IHopsiioK BHINOJIHEHUS PadOTHI:

— HW3ydyeHue TeOpeTHYECKUX OCHOB (pakTalbHOU rpadukd —
ctp. 20—23 y4yeOHOro mocoous.

— Br160p cpeanl mporpaMMUpOBaHUS M IIpOrpaMMHAs peain3a-
1S TIOCTPOEHUSI OJHOTO M3 BHUJAOB airedpandyeckux (PpaxTajioB coO-
IJIACHO 3aJaHHUIO.

— Hanucanue otuera o BBINOJIHEHUU JIabopaTtopHoii padote Ne 1.

3anaunmue:

PeannzoBath mnporpammy, CTposinyro ¢pakTal ¢ 3aJaHHBIMU
IpaHMLAMU pacyera Xy < X<X,, Yo <Yy<Y,. B npuwioxenun 1 xax-
noMy Homepy BapuaHTa (Ne) COOTBETCTBYIOT B ¢pakTana U TpaHu-
LBl pacyera.

2.2 JlabopaTtopHas pab6ota Ne 2 «Peanusauus
ABYMepHbIX athhHHbIX Npeobpa3oBaHNN»

Hean paGorhl: nproOpeTEeHWE HABBIKOB MOJEIHUPOBAHUS ABY-
MEpHBIX U300paKeHUH U IpuMeHeHus ahPUHHBIX TPeoOpa3OBaHUM.

Kak n3BecTHO, Bce NU3MEHEHHS N300paKEeHUI MOKHO BBIINIOJIHUTD
C MOMOIIbIO TpeX 0a30BBIX OMEpAIMil: MEPEeHOCca; MaCIITa0UPOBAHUS
(YBEJIMUEHHS] WJIM YMEHBILICHHUS Pa3MEpPOB); OTPAKEHHS] U TMOBOPOTa
n3o0paxenus. J[BymepHsle (UTypbl NPEACTABISIOTCS B BUAE TPEX-
MEpPHOI MaTpHIbl C UCIOJb30BAHUEM OJAHOPOIHBIX KOOpJWHAT, IS
TOTO YTOOBI IPUMEHUTH clieaytouue ahppuHHbIE TPeoOpa30BaHNUA:

|. Matpuua noBopora:

cose sing O
[R]=|—sing cose O].
0 0 1

Il. Matpuna macutabupoBaHus:

[0]-

O O R
O o O
R O O



I1l. MaTpura oTpaxeHus:

1 0 O
[M]=|0 -1 o]
0O 0 1
V. Matpuriia nepeHoca:
1 0 O
[T]=|0 1 o0
A op 1l

[IpeoOpazoBaHus TPOU3BOAATCA YMHOKEHHUEM MaTpHUIl Ipeoodpa-
30BaHUI HAa MaTPUILy BEpIIUH (UTYpPHI U IPUCBAMBAHUEM HOBBIX 3Ha-
yeHU mociaeaHuM. TakuM o0pa3zoM, mpeoOpa3zoBaHUsS BHITTOJTHSIIOTCS
HaJl MHO>XECTBOM BEpIIHMH (PUTYpPHI, MOCIE YEeTro pe3yiabTar npeodpa-
30BaHUI 0TOOpaKaeTCsi C HOBBIMU KOOPAMHATaAMHU.

Mpumep: TTocTpouTs MaTpUIly PACTDKEHHUS ¢ KOIPGDHUIIUCHTOM
pPacTSDKEHUS oL BJOJIb OCH aOCIIMCC M [3 BJIOJIb OCH OPJHMHAT U C IICH-
TpoM B Touke A(a,b).

Ilar 1. Ilepenoc Ha BekTOop —A(—a,—b) mnsa cmemenus mentpa
pPacTsHKCHUS C HauajloM KOOPIMHAT:

1 0 O
[T A]= 0O 1 0
-a b 1

Hlar 2. PacTskeHne BIIOJIb KOOPAMHATHBIX Ooceil ¢ Koadpuiu-
eHTaMu o 1 0. Matpuiia npeoOpa3oBaHusl UMEET BU:

a 0 O
[D]: 0 & 0].
0 01



Ilar 3. Ilepenoc Ha BekTop A(a,b) mis Bo3BpalieHHUs ILIEHTpa
PacCTsHKCHHS B IIPEIKHEE MOJIOKCHHE:

[Ta]=

O O
O +— O
O O

[TepeMHOXXMB MaTpUIlbl B TOM K€ MOPSIIKE [T_ A] : [D] : [TA] , To-

Jy4UM BUJI HAIIIETO NMPeoOpa3oBaHMUS:

o 0 0
(x,y,\D)=(xvy,1)- 0 ) 0.
a-(1-a) b-(1-9%) 1

JI1s1 BBITIOJIHEHUST MPpeoOpa3oBaHUil HEOOXOAMMO 3HATh OCHOB-
HBIC TTOJIOKEHUSI MATPUYHOM anreOphl.

[Tycte MaTpuma A umeer pasMepHOCTh K xm, matpuna B pas-
MepHOCTH MxN. PesynpTupytomias maTpuiia OyAaeT UMETh MOPSIOK
kxn:

m
Cj = D A by -
k=1

Ba:xHo:

s peanuzanuu adh@uHHBIX TpeoOpa3oBaHU HEOOXOIUMO HC-
M0JIb30BaTh OJHOPOJHBIC KOOPAMHATHI, TOITOMY Kaxkaas BEpIIMHA
burypsr 0yaet 3agana Tpoiikoit uncen: (0,Yy,1). MaTpuibl mpeodpa-
30BaHUN OYIyT UIMETh pa3MEPHOCTh 3 % 3.

IlopsioK BbHIOJTHEHUS PAOOTHI:

— HM3ydeHne TeopeTHuecKuXx OCHOB ad@PUHHBIX IpeoOpa3oBa-
HUl — c1p. 40—47 yuyeOHOro nocoous.

— BrI100p cpeanl mporpaMMUpOBaHUS M IIpOrpaMMHAs peain3a-
1us moctpoeHust 2D n300pakeHus COTJIaCHO BapUaHTY 3a/IaHMS;



— Opranmzanusa uHTepdeiica MOCIen0BaTeIbHOTO BBITIOJHESHHUS
MOBOPOTA, MAaCIITAOUPOBAHUSI, OTPAKEHUS U CBUTA (DUTYPHI.
— Hanucanue otuera o BBINOJHEHUH JIabopaTopHOi padote No 2.

3ananue:

CornacHo BapuaHTy 3aJjaHU, MPUBEJCHHBIX B MPUIOXKCHUU 2,
MOCTPOUTH ABYMEpPHOE M300pakeHue 3agaHHoM ¢durypel. Hag ¢ury-
poil BBINIOTHUTE Bce adduHHBIE TpeoOpa3oBaHus: MEPEHOC, OTpaXKe-
HUE, MacIITaOupoOBaHKE, TOBOPOT.

2.3 JlabopaTtopHas pabota Ne 3 «lMoakntoyeHune
rpadouyeckon 6monmnorekm OpenGL»

Hean pa6otel: [loayunTh HaBBIKM MOJIETUPOBAHUS ABYMEPHBIX
o0bekToB OpenGL.

Ilopsinok BbINOJIHEHNSI PA0OTHI:

— H3yueHune TeOpeTUUYECKUX OCHOB IpadHUuecKoro MmporpamMmmu-
poBaHusi ¢ npuMeHenmem OmOmmoreku OpenGl — crp. 112—135
y4e0HOro 1mocoous.

— Bp100p cpeasl mporpaMMUpPOBaHMS U MpOTrpaMMHasl peajin3a-
IIUs TPEXMEPHOM CIIEHBI COTJIACHO 3aIaHUIO.

— Hanwmcanue otueTa o BBIMOIHEHUH JabopaTopHOi padoThl No 3.

3agaHue:

CornacHo BapuaHTy 3aJaHUM, NMPUBEACHHBIX B MPHIOKCHUU 3,
MIOCTPOUTH TPEXMEPHYIO CIIEHY C HCITOJIb30BAaHHEM JIBYMEPHBIX IPH-
MuTuBOB OpenGl.

3 BbIBOP BAPUAHTA JIABOPATOPHbIX PABOT

Bribop BapuaHTa J1a0OpaTOPHBIX PadOT OCYIIECTBISAETCSA I10
OOIIMM TIpaBUJIaM C UCITOJIB30BAHUEM U3BECTHOU (hOPMYIIBL:

V = (N*K) div 100,

rne V — HCKOMBII HOMEp BapHaHTa,
N — oO111ee KOJIMYECTBO BAPUAHTOB,
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div — 1ej104ncIeHHOE IEJIEHHUE,
npu V= 0 BbIOMpaeTCss MaKCUMaJIbHbII BapUaHT,
K — 3Hauenue 2-x nocieaHux udp maposs.

4 O®OPMJIEHUE OTHETA O BbINOJIHEHUU
NABOPATOPHOU PABOTDI

OTYeT O BBIMOJHEHUM JIA0OPATOPHOU PaOOTHI JOJKEH BKIIIO-
qaTh:

1) TUTYNBHBIN JIUCT — mpuMep oQOPMIICHHS TPUBEIACH B IPH-
JIOKEHUH 4,

2) coleprKaHue;

3) BBeJlcHWE, B KOTOPOM MPUBOIUTCSA (HOPMYJIHUPOBKA 3a/auH,
OnpeJieNIeHe eI M ONMHUCAHUE MCXOJHBIX NaHHBIX (MHpOpMAIHUs O
rpaduuecKux 00ObEKTaX);

4) OCHOBHAs YaCTh, KOTOPAast COACPIKHUT:

— OIHCAHHUE UCIOJIB3YEMOU CPeIbl TPOrPaMMHUPOBAHHS;

— OIHMCAaHHWE METOJIa PeIIeHUs 3aa4H;

— HauboJjiee BaKHbIE ()parMEHTHI JIMCTHHTA MCXOIHOTO KOJa C
KOMMEHTapHUsIMU;

— omnucaHue PyHKIMOHAIBLHBIX BO3MOXKHOCTEH pa3pabOTaHHOTO
TIPUITOKEHHUS.

5) 3aki0UeHUEe, KOTOPOE COJEPKUT KPATKUE BBIBOIBI O IPOJIE-
JAaHHOU padoTe;

6) NpuI0KEeHUS — B KaueCTBE MPHIIOKCHUIH K OTYETY O BBIIOJI-
HEHUU JTA00paTOPHOM pabOThl MOMEIIAIOT JUCTUHTH MIPOTrpaMM U pe-
3yJIbTaThl KX PA0OTHl — CKPUHIIOTH PAOOYNX OKOH MPOTPaAMMBI.



BapunaHTbl 3apgaHun K naboparopHomn pabote Ne 1
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NMPUNOXXEHUE 1

Ngaiigﬂ_ Bun dpakrana Xo Xn Yo Y
1 Mannenbs0poTta 2.2 1.0 -1.2 1.2
2 Mannens0pota —2.0 0.8 -1.0 1.0
3 Mannens0poTa -1.8 0.5 -1.2 1.1
4 Mannens0poTa -1.5 1.0 -0.8 0.8
5 Jlxynust -1.0 1.0 -1.2 1.2
6 Jlxynust -0.9 0.9 -1.1 1.0
7 Joxynust -1.0 0.7 -0.9 11
8 HrroToHa -1.0 1.0 -1.0 1.0
9 HrroToHa -0.9 0.9 -0.8 0.8
10 Hrrorona -1.0 0.7 -0.7 1.0
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NMPUINTOXXEHUE 2
BapunaHTbl 3apaHuu K nabopartopHoun pabote Ne 2
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NMPUITOXXEHUE 3
BapunaHTbl 3agaHun K naboparopHomn pabote Ne 3

Bapuanrt 1

Co3paTh B OKHE TPEXMEPHYIO CLIEHY, COCTOSIIYI0 U3 KapKaCHOIO
YEThIPEXYTOJIbHUKA U 3aKpallleHHOro Ky0a. PacmonoxuTh U OKpacuTh
B pa3jIMuHbIC I[BETA MO CBOEMY YCMOTpEHMIO. Bpaiarh 0OBbEKTHI MO
TarMepy WJIA C TOMOIIBIO KJIABUII YIIPABIEHUS KYPCOPOM.

Bapuanr 2

Co3mate B OKHE TPEXMEPHYIO CIEHY, COCTOSIIYH) M3 YETBIPEX-
YTOJIbHOW MUpaMuibl U MPOBOJIOYHOTO KybOa. PacmonoxuTh U okpa-
CUTb B pa3jIWYHbIC IIBE€TA IO CBOEMY YCMOTpEHUI0. Bpaiath 00beKThI
10 TalMEPy WJIA C TOMOIIBIO KJIABUII YIIPABJIEHUS KYPCOPOM.

Bapuanr 3

Co3mate B OKHE TPEXMEPHYIO CLUEHY, COCTOAIIY) U3 ABYX IISITH-
YTOJIbHBIX MHUPAMU/I, COCIMHEHHBIX OCHOBAaHUAMU. Bce rpanu mupa-
MUJT OKpacuTh B pa3jiuuHble IBeTa. BpamaTte 00BEKTH MO TalMepy
WJIY C TIOMOUIBIO KJIABHIN YIIPABIICHUSA KYPCOPOM.

Bapuanr 4

Co3naTtk B OKHE TPEXMEPHYIO CLIEHY, COCTOSIIYO U3 MATHYTOJIBHOM
MIPOBOJIOYHOM MUPAMUJIBI U 3aKpaIlieHHOTo Ky0a. Pacmonoxxuth u okpa-
CUTh B Pa3JIMUHbIC IIBETA MO CBOEMY YCMOTpPEHHIO. Bpamarh 0ObEeKThI
10 TAMMEPY WX C OMOIIBIO KJIABUIII YITPABIICHUSI KYPCOPOM.

BapuaHnr S

Co3naTh B OKHE TPEXMEPHYIO CLIEHY, COCTOSIIYIO U3 MATUYIOJIb-
HOU MUpaMubl, HAXOAIEHCs BHYTPU MTPOBOJIOYHOTO KybOa. Bee rpa-
HU NUpaMUIbl OKPACUTh B pa3jinyHbIe 1BETa. BpamaTte 0OBEKTHI 1O
TalMepy MIIA C IOMOILIBIO KIAaBUII YIIPABICHUS KYPCOPOM.

Bapuanr 6

Co3aTe B OKHE TPEXMEPHYIO CLIEHY, COCTOSIIIYIO M3 ITPOBOJIOY-
HOM MATHYTOJIbHOW MUpaMUIbl U HaxXOJslIerocs BHYTpu KybOa. Bce
IrpaHd Ky0a OKpacuTh B pa3iWyHble LBeTa. Bpamare OOBEKTHI IO
TaliMepy WIH C MIOMOIIBIO KJIABUII YIIPABICHUS KYPCOPOM.



14

Bapuaunr 7

Co31ath B OKHE TPEXMEPHYIO CLIEHY, COCTOSIIYIO U3 JBYX IIPOBO-
JIOUYHBIX KyOOB BpalIaroIIUXcsi OTHOCUTEIBHO 3aKpallleHHON MHUpaMu-
Ibl. Pacnoyio)XKUTh U OKPACUTh B Pa3IWYHbBIEC [IBETA [0 CBOEMY YCMOT-
PEHHIO.

Bapuaunr 8

Co3naTh B OKHE TPEXMEPHYIO CIEHY, COCTOSIIIYI0 U3 MPOBOJIOY-
HOM MATUYTOJbHOW NMUPAMUABI U HAXOISIUIETOCA BHYTPH TETpa’dapa.
Bce rpanu TeTpasipa okpacuTh B pazIM4HbIe I[BeTa. Bpaiarh 00bek-
ThI 110 TAUMEPY WM C IOMOIIBIO KIIABUII YIIPABICHUS KYPCOPOM.

Bapuaunr 9

Co3mateh B OKHE TPEXMEPHYIO CIEHY, COCTOSIIYK) M3 YETBIPEX-
YTOJIbHOW MUPaMUJIbl, HaXOSIIEHCS BHYTPU MPOBOJIOYHOT0 KyOa. Bee
IpaHu TMUPaMUIbl OKPACUTh B paziMyHbIe 1BeTa. Bpamarth 00BEKTHI
10 TaMEPy WJIA C TOMOIIBIO KJIABUII YIIPABJIEHUS KYPCOPOM.

Bapuanr 10

Co3gaTth B OKHE TPEXMEPHYIO CLEHY, COCTOSIIYIO M3 IIECTH-
YTOJIbHOM MUPAMU/JIbI, HAXOAIICHCS BHYTPU MPOBOJIOYHOTO Tapasiie-
nenunena. Bece rpanu nupamMuibl OKpacuTh B pa3jiMuHbIe 11BeTa. Bpa-
naTh OOBEKTHI MO TaliMEpy WM C MOMOIIBIO KJIABUII YIPABJICHUS
KypCOpOM.
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NMPUNOXEHUE 4
dopma TUTYNBLHOro nucTta

MunuctepcTBO 0Opa3zoBanus U Hayku Poccuiickoit denepanun

denepalibHOE TOCYAAPCTBEHHOE OI0/HKETHOE 00pa3oBaTeIbHOE
YUpPEXIEHUE BBICIIEr0 MPo(ecCHOHATBHOTO 00pa3oBaHus

TOMCKMUM I'OCYIAPCTBEHHBI YHUBEPCUTET
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o auctuiuae "KoMmproTepHas rpaduka’
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