Matchmoving Supervision

@

SCIERCE-D-DISIONS

HeobxoaumMocTh MITYMYBUHT CyTiepBai3HHTA

Matchmoving (mm) npoyecc Kpaiine
npeockazyemvlil. Omo 00Ha us
mexnonoeuti CG, 0l KOmMopou modcem
Oblmb  YemKo  nocmaseieHa  yenb U
NPUHAMbL  YemKue peuleHus O ee
docmudcenus.  Ilpu  docmamoynom
Konuyecmae uHgpopmayuy noCmynaiowet
HA MM NOAYHAEmCs  KA4eCmEeHHbll
pesynomam.  Ilpu  nedocmamoynom
HeKauecmeeHHbll.

OcHogHbIM mpebosanuem K
MOMYUMYBUHZ — CYNEPBALI3UHY  AGTISEMCS
Hamuuue uenogeka, Komopwll —Oyoem
3AHUMAMbCSL KOHMPOLEM MIMUMYGUHEA
CYeHbl HA 6CEX MAnAx Npou3eo00Cmad.
E2o moocno mazeams xax yeoono (vfx
supervisor, mm supervisor, lead camera
TD). I'nasnoe ue Hazeanue, a ¢OyHKyus
Komopyio ox 6ydem blNoJHAMb.




Mb>TUMyBUHI CyNIEpBai3uHI HA Pa3IMYHbIX dTaIax

pou3BoJIcTBa VIX

1. Ilpenpooaxuien
1.1. Packaoposka u cyenapuii
1.2. Ilpesus
1.3. Ilooecomosumenvras paboma ¢ pexscuccepom u CbeMouUHOU SpYRnot
1.4. IThanuposanue pabomol Ha CLEMOYHOU NIOWAOKE

2. IIpooaxwien
2.1. Ungpopmayus ons c6opa
2.2. Obopyoosanue
2.3. Hoxymenmayus
2.4. Pabouue npuemvl

3. lTocmnpooaxkuen
3.1. [lonyuenue dokymenmayuu u OAHHbIX
3.2. Ananu3z nonyueHHvIX OaHHbIX
3.3. Konmponws kavecmea

1. Ilpenpooaxkwuen




1.1. PackagpoBka u cueHapui

Vowce na smane packadposxu npu Hanuyuu cyenapusi HAYUHAEMCs pazpabomra
ClYeHbl U BbIAGICHUEC BEPOSMHLIX MEPONPUAMULL U MEXHUK MIMYMYSUHed. IMO CUTLHO
9KOHOMUMN 8PeMsL U cpedcmBa Ha OanbHeluleM npenpooaKuleHe.

" eritronl

1.2. IIpeBus

Ha smane npeeuza NPURUMAIOMCA OKOHRYAMENIbHble pDEeUuleHUusl no Meponpusimusim,
MEXHUKamM u Cmpoumcsi njian no Momimyeuney OaHHOU CYEHbl.




1.3. TloaroroButenpHas paboTa C peKUCCEPOM U
CBEMOYHOU I'PYIIION

Ha moii 632150, smo camvlii gadxcuvlii sman npenpooaxuiena. Cvemounas epynna
00J1JICHA NOHUMAMD BAACHOCHL NPOUCXOOAWUX HA CHLEMOUHOU NIOWAOKE MEPONPUAMULL U
ux cmuici. B ycnosusx poccuiickozo npouzeoocmea s 6Ol 0ajice PeKOMEHO08ANL
nposooums HeOoIbUUe MACMEP-KAACCl Ol CbeMOYHOU CcPYNNbl U  eclu  ecmb
B03MOJICHOCHIb, MECMOBYIO CbeMKy. Dmo HOOHUMAem Ypo8eHb G3AUMONOHUMANHUA HA
NOPAOOK.

3 ways of matchmoving

1.4. [InanupoBaHue pabOThl HA CHEMOYHOM IUIONIAIKE

Ilepeo cvemxoil dondicen bbims cocmasnen NAAH MEPONnPUAIMULL U ONUCAHLL OCHOGHbLE
MexHUuKU, Komopbie 6y0ym NpUMeHAMbCsl 8 OAHHOTU CYeHe.

Ymo onpedensiem Meponpusmus, KOmopbvie bl Oydeme nposooums Ha CbeMOUHOU
nnowjaoke? Ecmb  0sa Kpumepus, Komopvle onpedensiom ai0boe  KOIUHecmseo
MepOonpusmuil u ux HeoOXOOUMOCMb.

- Jocmamourocme ungopmayuu 01 NPO6eOeHUs KaUeCmMEEHH020 MIMYMYSUH2A.
- Pexoncmpykyusi mpe6yemvix ons vfx 06bexkmos.

Ecmecmeenno xonuuecmeo neo6xo0umou ungopmayuu 3a6ucum om KOHKPEmHOU
cyenvl u nocmasnennol 3aoayu. Ho ecmo nexutl xicenmabMeHCKull Habop Meponpusimull,
KOMOopblil 00iceH Oblmb SbINOAHEH O/ KAYECMEEHHOU PEKOHCMPYKYUL KAMEPbL U CYEHBL.




1.4. [InanupoBaHue pabOThl HA CHEMOYHOM IUIONIAIKE

B npocmeﬁmeM cayuae ymo:

Onpedenenue HeobX00UMOCU NOCMAHOBKU MapKepos. Eciu onu neobxooumel, mo
Ha 3MoM dmane 00IICHO OblMb NPUHAMO peulerue 00 ux mune/munax.

IIposedenue HeobX00UMbBIX 3aMePO8 PACCIOSAHUIL.
3anucanbl HeOOXOOUMbLE XAPAKMEPUCTIUKU KAMEDbL OISl CYEHBL

Crnumox gridshot na amy dce kamepy ¢ memu dice HACMPOUKAMU Osi 0OAeHeHUs.
BbIYUCTICHUS NAPAMEMPOB TUH3080U OUCTNOPCUU.

B 6onee cnoicuvix cnyuanx mozym ovims 000aeneHvl ciedyroujue RyHKmol:

1. Cvemka cneyuanbHou cyenvbl MOYHO U ObICMPO PEeKOHCMpPYUpyloujel Kamepy npu
mm. Imo denaemcs neped CbeMKOU OCHOBHOU CYeHbl C MeMU JHce HACMPOUKAMU KaMepbl.
He pabomaem co cyenamu ¢ nepemennbiym oKyCHbIM PACCMOSTHUEM.

2. 3anuce oxycnvix paccmosanuu unu focal length multiplier npu mensowemcs
¢goxkyce.

3. Cvemka reference frames

4. Yepmedicu unu HAOPOCKU CYEHbL C OCHOBHBIMU €€ PAMEPAMU.

Ilpasunvno nposedennvlii npenpooaxKuien NoModicem 8am COKpamums CpoKu
npou3600Ccmea Ha NOCMNPOOAKUeHe.

2. Ilpooakwien




2.1. Uudopmarus nis coopa

Ha npodaxwene npoucxooum cOop  uH@oOpmayuu — 3aNIAHUPOBAHHOU  HA
npenpooaxuiene. Bcecoa HysicHo Obimb 20mosvbim K HeoHCUOaHHOCmAM (0COOeHHO 6
Poccuu). 'V pesicuccepa modicem 603HUKHYMb HOBAA udes, KOMOPAs 3ACMAGUM 6dC
6HeCcmu nonpasku 6 npeononazaemyro pabomy. Ilonpagku cuumaromcs HOpMOU u 8
3anaonwom Kunonpouseoocmee. Henopmanvha cvemka 6 KOpHe U3MEHEHHOU CYeHvl No
cmapomy naamy.
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2.2. O6opynoBanue

1. Ilpeoicoe 6cezo 2mo HAbOOpPbI MaApKepo8 GCex NIAHUPYEMbIX MUN0G PA3IUUHBIX
y6emos.

2. @omoannapam Ona cvemKu reference frames u OOKyMEHMUPOBAHUS CHEMOYHOU
nrowjaoku. S npeonouumaro 3epkanvhulii omoannapam ¢ HeCKOAbKUMU CbeMHbIMU
00beKmuBaMU ¢ NOCMOSHHBIM (QOKYCHBIM paccmosnuem. Omo He KpumuuHo, HO 3amo
nomom Hem Nymanuybl ¢ QOKYCHLIMU DPACCMOAHUAMU U 6bl UMeeme 0eno ¢
BbICOKOKAYeCm@eHHOU onmukou. S 00bluHO 6KIOUAl0 6 CB0U HAOOP HECKOAbKO
00bEKMUB08 U UCHOLIVIO UX 8 3asucumocmu om cyenvl. OCHOBHOU pabouull 06veKmus —
50 mm, m.x. He Oaem AUH308020 UCKadceHus. Hnoeda ouerb nonesusvl ONUHHOQGOKYCHYII
obvexmug u fisheye. FIx npumenenue OuKmyomcs cyeHo.

3. Pynemxka/oanvromep. Pynemka 00ndicha npucymemeogams 6 1106om ciyuae. Xoms
0bl 02151 3aMepa paccmoanull Mexcoy mapkepamu/odvexmamu. /lanvHomep odvigaem oyeHs
nonesen eciu vl umeeme 0e€l0 ¢ O4eHb OONLULOU CYEHOU U 6aM HYIHCHO 3amMepuimnd
paccmosiHue mexHcoy 08yms oanekocmoawumu obdvekmamu. XenameivHo 3amepums 3
paccmosanua mexcoy 3 napamiu pasHeix moyex ¢ pasHvlmu nepcnekmueamu. Ipu samepe
PAccmosinutl 01151 OIbHelue20 YCMaHo8IeHUs. Macumada cyeHsl iydue 0enams 3amepol
MedNcoy 0ocmamouno oanekumu mouxkamu. Tax xax 30ecw Oeticmgyem npasuno. «Hem
bobute paccmosinue, mem MeHbule OMHOCUMENbHAA NOSPEUHOCHIb NPU CONOCIMABNIEHUU
Macumabos. »




[TIpumepsl TUIIOB MapKeEPOB

Reference frames

reference frames — 310 KaIpbl CHATBIC B TOM Ke CIICHEC, YTO 1 OCHOBHAs CCKBCHIIUA 1
ClIyKalue AJi1 YTOYHCHUSA ITOJIOKCHUS TOYCK B [IPOCTPAHCTBEC.




2.2. O6opynoBanue

4. Tecmogvie obvekmuvl 0N OanbHelwel PEeKOHCMPYKYuYU Kamepvl No Npocmou
2eomempul ¢ Xopoulo U3MeHsAIuelcs: NepCneKmueoll Kamepbl.

5. Hoymb6yx, na Ha KOmMoOpoM MOJICHO cOelamv mecmosblli MIMUMYGUHS U
npocmompems cexeenyuu, reference frames.

6. Gridshot paper. 3apanee 3a20moGNeHHbIL AUCMOK OYMASU/NIACMUKA UHO20A
nomozaem 6am pewuns npooiemMvl C NPAGUTLHOU DEeKOHCmpyKyuei aunsvl. S Ovl
PEKOMEHO08Al, 6Ce20d NPOBOOUMb DEKOHCIMPYKYUIO JUH3bL 6 DYUHOM pedcumu. Dmo
CYWeCMBEHHO NOBbIUIAENT KAYECME0 PEeKOHCMPYKYUU U YMEHbLUUAEM 6DeMsl 8bIYUCTEHUT
JIUH30801 MOOenu auteli npoSpammoll.

7. Bovicokockopocmuvle Kamepvl ONsi CbeMKU OblCmpoOSUICYWUXC  06BEKmos,
mpedylowux oanvhetiuieli peKOHCMPYKYUU.

Cpemka crienuanbHOM CUEHBI AJIsI PEKOHCTPYKIUU KaMephbl

IMomo6HBIE ycTpOWCTBA MPH CHEMKE IMO3BOJSIIOT OYEHb TOYHO PEKOHCTPYHMPOBATH
Kamepy. A 3aTeM IepeHeCTH 3TH NapaMeTphl B CIEHY, TIe TOYHAs PEKOHCTPYKIUS OyneT
3aTpyAHEHA.




JIunzoBoe nckaxxkenue u grid shot

YacTo mpu ChEMKE MOTydYaeTcs H300pakeHHe C JIMH30BBIM HCKaxeHHeM. {11 Toro
9TO OBl TapaHTUPOBAHO PEKOHCTPYHPOBATH JIMH3Y YacTO AENAIOT TaK Ha3blBaeMbIH grid
shot. To ecTb CHUMAIOT Ha 3Ty e KamMepy Iepe]] CheMKOH pacliedaTaHHyIo CeTKy. Takas
CEeTKa OYCHB I0JIE3HA U1 TOUHOU PYyYHOH PEKOHCTPYKIHUHU JIUH3BL.

2.3. JlokymeHTanus

s yoobcmea obviuno cozdaromces VX aucmuvl ¢ uHgopmayuell o cyeme,
Komopule eknouaom 6 cebs u ungopmayuro 0na nociedyioujezo mdzmumysuned. Ecau
udem peusb 0 CynepeatizuHee MHOK MOIbKO MIMYMYGUH2A, MO 5 TH0OIH0 KOMOUHUPOBAMb
gridshot ¢ mabnuyei ungopmayuu o kamepe u cyeme. Smo nO3601sAeM XPAHUMb HA
OOHOM JIUCHIE BCIO HYHCHYIO OJil MOIMUMYBUHEA UHDOPMAYUIO O CYeHe.




2.4. Pabouue mpueMbl

1. Mapxepvi. Omo ocnosnas beda npu cvemke u danvHeluiem nocmnpooarkuwene. Kax
npaeusio, Hem eOUHOU NOUYUU NO NOBOOY MO20, CKOALKO UX OO0AA’CHO Oblmb, 20e OHU
00J12ICHbL ObIMb U QONINHCHBL U OHU OblMb 6 NpUHYUNe 6 3moil cyene. B pezynromame, na
KOMRO3UMuH2e NPpuxo0umsCs 3amupams pacnioOusUUecs Kpecmuky Uil MImumMmyeepbl
He MO2ym PpeKOHCMPYUpo8ams 00beKn NOMmMoMYy UYMO HeB03MOJCHO OCYUECmEUNb
MPIKUHE.

Tlocne 14 nem MmdImMumyguHea KAk COCMAGIAIOWeEN NPOU3B0OCMEd BU3VANLHIX
aghpexmos Gviau BbIPAbOMABL HeXumpbsle NPAGUIA, KOMopble Katcoblil Moouguyupyem
02151 ce0sl, HO CMbICL UX OCMAEMCs HeUSMEHHBIM.

1. Heobxooum npedsapumenvHulii 0y61b ¢ 8b18000M U300pANCEHUS HA KOHMPOIbHYII
monumop. Ilocne 3mozo cpaszy e CMAHOBUMBCS NOHAMHO, KyOd CMABUMb MApKepbl,
KaK020 OHU QOHCHBL ObIMb YEEMA, U CKOLbKO WIMYK HA M2 UX He0HX00UMo.

2. Heobxooumocmv MAapkepog Onpeoenaemcs 603MONCHOCHIbIO OCYUECmEUumy
NEePBUUHbILL OBYXMEPHLIX MPIKUHZ mpedyemvix 00vekmos. Eciau K 00beKmy MONCHO
npUMpPIKAmMbCs u 6e3 Mapkepos Cle008amenbHO OHU He HYHCHDL.

3. Pazmep, ¢popma, mamepuan u yeem mapxepa. Onpedensitomes cheyuurou cyenvl
u eaweti cucmemou momumysunea. Cobniooaiime npasuno 3010motl cepeoutsl - MapKepvl
00124CHbI ObIMb YUMAbENbHBL, HO J1€2KO YOANaemMbl Ha Nociedyiowem Komnoumuneze. Bpsao
JIU KOMNO3ep 8CHOMHUM 8dC O0OPLIM CLOBOM Gblpe3as 300POEHHbIU YEEMHOU MApKep
JexHcauutl 3a ONUHHLIMU NYWUCIBIMU PA38e8AIOWUMUCS sonocamu. U enasnoe nomHume -
60Kpy2e Hac Kyua "ecmecm@eHHbIX MapKepos”, K KOMOPLIM MOMICHO 3AMeYamensHO
NPUMPIKAMbC U KOMopbvle He HYydcHo Oyoem nomom mepems!!! Hx wuyoucHo
UCNONb306AMb. .

2.4. Pabouue mpueMbl

2. Kamepa. Ecnu 6bi nonumaeme 4mo peKoOHCMpyuposams Kamepy Oyoem ClodiCHO.
Hanpumep, uz-3a nebonvuioco uzmeHnenusi nepcnekmugvl. Bevi O0ondicnvr npeonpunamo
akmueHwle Oeticmeus ewe Ha cvemke. Hanpumep, omcusame mecmosvie 00beKmvl uiu
coenamp HeobxoOuMble reference frames.

3. Cvemra 08udcywuxcs 00bekmog 0as nociedyloweti pekoHcmpyKkyuu. 30ect mbl
cmankueaemcs ewje ¢ 00HUM epazom. M umsa emy motion blur. B smoti cumyayuu moi
MOJICeM UCNONb3068AMb BbLICOKOCKOPOCHIHbIE Kamepbl OISl CbeMKU UL Jice UCNONb308ATNb
OueHb KOHMpPACmHble MapKepbl, NOMeX03aYUWeHNbIL Memood MpPIKUHed 8 OaNbHelueM U
0enamv NoNpagKy BPEMEeHHO20 CO8U2a C yuemom umerowezocs motion blur.

4.  Pexoncmpykyusi 00vekmos He GUOUMbIX Kamepou. [ 2moeo  HYICHO
ucnonvsosams  reference frames. OcHnosHoe ycnoeue — 9mMO nepeceueHue Ha
gomoepaghusx noneil 3peHusL.
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3. Ilocmnpoodakuien

3.1. ITonyuyeHue TOKyMEHTAIIUU U JAHHBIX

Ouenb 8adNCHO He MOJIbKO noayyums ece Heobxo0uMble OanHble Ha dmane CbeMKU, HO
ewe u nepedamb UX 6 A0eKBAMHOM YUMAEMOM 6ude Ha Henocpedcmeeﬁnblﬁ npoyecc
MOMUMYBUHed. ﬂﬂ}l 2mo20 00bIYHO cocmasisiemcs 6aza OAHHbIX NO CYyeHam ¢ onucanuem
ceotlicme Kamepeul, ocobennoticmei CYEHbL U MUNbl MOMUYM)YEUHA.

Scene Focal Length (mm) Camera Reference Frames
001-23 ] PO01 pl B0mem), p3E0mem), paiE0mem)
0o7-12 35 Po01 p3(E0rmm), p10{E0rmm), p11{E0mm)
013-7 24 PO01 pl1i24rmm), pb (24mm)
027-13 70 002 p2(24mm), pd(24mm)
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3.2. AHanu3 NOJIy4YECHHBIX TAaHHBIX

Omom sman aenaemcs 00a3amenvHbIM, MAK KAk N03807iem Npeononodcumsy
Kauecmeo pe3ynomama u npoSHO3Upo8ams 3ampaiusdaemoe epems. HMmenno na smom
amane npoucxooum OYeHKa CL0ACHOCMU OanbHeluel padomsi.

*ﬂao/ce npu KayecmeeHHom cynepsaﬁxunee CbeMKU IMOM IMAn A6NACMcs 00A3aMeNbHbIM.

B 3asucumocmu om ocobennocmeil CYEHbl, Konuyecmeda qubopMauuu,
NOCMABNICHHbIX 340a4 U omnywenHno20 epemMenu 6ce CyeHbl 01 mm OvLIU NOOeNeHbl HA
uemolpe ypoe6Hs CILOAHCHOCMU.

-IIpumumugnstit (peKoHCMpPYKYus NPoCcmMo2o OBUNCEHUsT Kamepvl Oe3 U3MeHeHUs.
@oxrycHo2o paccmosnus 6e3 cneyuduueckux mpebosanull K peKOHCMPYKYUU 2eoMempuu
cyenwl)

-Cmanoapmmuulii (DeKOHCMPYKYUsL NPOCMO20 OBUNCEHUS Kamepbl 0e3 U3MeHEeHUs.
@okrycrHozo paccmosnus + umeromcs cneyuguyeckue mpebo8aHus K pPEeKOHCMPYKYUu
2eoMempuu cyyeHsl)

-Cnosxcnolit  (Hanuuue CUTbHOU JUH3080U  OUCOPCUU, OBUJICEHUe Kamepbl ¢
HeDOMbUUM UBMEHEHUEeM NEPCHEeKMUBbl, Kamepa YCMAHOBNEHHAS HA MPEHONCHUKE,
UBMEHeHUe (POKYCHO20 PACCMOAHUS, DEKOHCMPYKYUA O8UICYUe2c0cs 00beKma, Haiuyue
motion blur unu degpoxyca, bonvuioe KoIULECBO OBUIICEHUSL AKMEPOE 8 Kadpe)

-9Kkcmpemanshulii (omcymcemsue HeobxX00uUMoll uHGopmayuu, 2pyovle nospeuHocmu
cynepeauizuHea, CMeHa 3a0auu  Ons OAHHOU CYeHbl Yoce Nocie CbeMKU U ee
Hecoomeemcmeue MeponpuUAmUsAM NPOBeOEHHbLIM HA CbeMOyHOU niowjaoke. Cruumkom
KOpOMKUe CPOKU MaAKHce Nepesoosin CLONHCHbIIL MM 6 paspsio IKCMPEeMAIbHO2O0).

3.3. KoHTposb KauecTBa

s oyenku kavecmea mm umeemcs OOCMAMOUHO OONbUIOE KOIUYECBO0 KpUmepues.
Kaoswcovui us Hux umeem c60il oyeHOUHBLL Kpumepuil U C80I0 MemoOUKy aHaIu3d
NONYYEHHO20 pe3ylbmama.

Bce kpumepuu M0oJICHO pazoenums Ha 08e 2PYNNbL:
1. Obvexkmuenvie

Jlnst 00beKmusHOU OYeHKU 001e20 Kauecmea PeKOHCMPYKYul CYeHbl UCHOAb3YenCsl
CMamucmu4eckull aHaU3 OMKIOHEeHUs. NPOEKYUil NOJYYEHHbIX MPEXMEPHbIX MOYeK HA
NIOCKOCHb OM COOMBEMCMBYIOUUX MOYEK MPIKUHZA.

2. Cybvexkmugnovle”

- CybvekmugHas oyeHKa Kayecmeda pPeKOHCMPYKYUU Napamempos u mpaeKmopuu
Kamepbi.

- CybvexmueHas oyeHKa Kawecmea pPeKOHCMpYKyuu cyenvl. s 9moeo MOANCHO
coenamo cneyuanbHvle ueypvl U3 Mapkepos Ha cvemke. A nocie mpakuHea oyeHusams
UX coomeemcmaue NOLYYeHHOU MoYeyHol MOOe.

- CyOvekmugnasi OYyenKka Kawecmed pPeKOHCMPYKYUU AUH3060t mooenu. Jlis amozo
NPUMEHSIEMCSL NPOCMOMP MECMOBbIX 00BEKMOE C GKIIOHUEHHOU OUCTOPCUeL TUH3bL.

*
UCNOJIL3YIOMCA MOJIbKO onst OYCHKU NPOMEIHCYNOUHBbIX pe3yi1bmamos
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CTaHI[apTBI OLCHKH Ka4CCTBa min

B 3DE ucnonvzyemca memod 6 cuem, Cmoib HONYIAPHbIL 6 OYEeHKe Kauecmed

NPOOYKYUY UNU YCTLY2.

Kaowcowiii 6u0 desmenvHocmu npeononazaem c0u CMAHOAPMbL OYEHKU HO SMOMY
memody. Tax dce bonvuioe 3HAUEHUe UMeenm KOMNAHUS, KOMOPAds 3a4acmylo cama s

cebs1 onpedensiem 3mu CMAHOAPNIbL.

| i status Window

T
Help

ﬂflﬂ OUeHKU Kadecmea mm Mbl
NpUHAIU maKue cmam)apmbz:

1. xauecmeennviii mpaxune. Cpednee
omkioHeHue wmenvute 1 cuemvl. Hem
VUACMKO8 CeK8eHYUl, 20e OMKIOHEeHUe
evlute 1 cuemol.

2. mpoKuHe cpeoHe20 Kauecmaa.
Cpeonee omxnonenue 6 npeoenax 2
cuem. Hem yuacmkoe cexgenyuu, 2oe
OMKIOHEHUe 8blute 2 CueM.

3. HEeKAYeCMBEeHHbIll  MPIKUHE.
Cpeodnee omxnonenue gviue 2 cuem. Miu
npu  manom/cpeOHem OMKIOHEHUU U
Hanuuuy Xxomsi Obl 0OHO20 YHACHKA
CeKBEHYUU CO CPeOHUM OMKIOHEeHUeM
bonvue 2 cuem.
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