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YUto HamepeHO: NOJIHbIN CBOA,

CopeprxaHue

o 1. Kap,p: CKOJIbKO €ro B KyCKe

e 2. YactoTy He Hafo yrajbiBaThb

e 3.[lakeT — He Kagp

e 3.1. KntoueBble Kajpbl: NakeTtaMmn, a He 4eKOANPOBaHNEM

e 3.2. Yac matepunana 1 oTMeHa Ha XnBoM FFmpeg

e 4. CMHXPOH 3BYyKa: CYUTAETCA B MUNINCEKYHAAX

e 5. TpoBepka «6e3 notepb»

e 6. KOHTEMHep 1 Kogek: YTO BO YTO KnageTca

e 7. MeTasaHHble: UTO NEPEXMNBAET pPe3

o 8. lpeaen NHCTpymMeHTa: KamepHbin RAW

e 9. PactaxeHne BpeMeHn: duabtp cbegaet 15 mc

e 10. T'paban FFmpeg, HaheHHble U3MEPEHNEM

e 11. Cnyyau, Korga n3mepeHume CoBpano

e 12. Yem 310 MepseTcs

e 4. pend: ero Het, 1 BOT YeM 3TO NOKa3aHO

e 12.1. BewatenbHbit MXF: 4K, aecsTb NOTOKOB, Cy>KeOHbIe AaHHble

e 12.2. PazgeneHuve: 4aCcTu CKNaAblBatOTCA B MCXOAHMUK

e 12.3. 3ByKOBble aisibl: pe3 no CaMMIy

e 13.Yero mbl He NpPOBEPANM

Mpo vHTepdeinc B 3Tom goKyMmeHTe. TOUKM pe3a HaxoAAaT B Nnjieepe mpv, KOTOPbIN
OTKpbIBaeTCA KHonkon n3 pasgena HAPE3KA, n nepeHocAT B mons kKHonkamu — anbo
BBOAAT TalMKOAOM C KnaBmaTypbl. Vi3mepeHuns Huxe — o ABukke 1 FFmpeg, oT okHa OHw

He 3aBUCAT.




Pabouas TeTpagb BCEro, UTO MePAIM MO TOUYHOCTU PE3KN, CUHXPOHY 1 npesenam FFmpeg. Otcroza
6epyTca uncna ans Tabanl, 0TKa3oB B KOAE M A4 PeLLUeHNA; Hayanack 3Ta pabota ¢ pasbopa Shutter

Encoder.

I'Ipanmo O4HO: HX O4HO yTBepXXaeHune 34eCb He B3ATO U3 AOKYMEHTaLluu. Ka>|<p,aﬂ Adernka
Ta6}'II/ILI|bI — peajsibHaA nonbiTka, Ka>a0e 4Yncjio — 3aMep. Fp,e n3MepeHne oKasaaoCb HEBEPHbIM, 3TO

TOXe 3anuncaHo: B pasgene 11 cobpaHbl cayyan, Korga npaBAonoA06OHbIN BbIBOA NPULLIOCE OTMEHUTD.

Bepcua FFmpeg: 9.0.1; kntoueBble uncia nepecHnmManmcb Ha 8.0.1 n coBnaaatoT, pacxoxaeHns
OTMeYeHbl OTAe/IbHO. B mocTaBKy Bepcysa nonasaeT He OTcroAa — €€ BbIOMPaET YCTaHOBLLMK MO
Bepcum gpaneepa NVIDIA, n ana 601blWIMHCTBA MaLIWH 3TO BeTKa 8.x. [103TOMy NnpoBepaTb NPUXOANTCS

obe.

MNMopasok BEANUNH, 3a KOTOpble MAET pa3roBop: Kaap (33 mc Ha 29,97), 3BykoBoM nakert (8 Mc), camna
(20 mkc). CmeLleHre Ha OAMH KaAp B Hayane CMeHbl — 3TO PaCCUHXPOH, KOTOPbIN MOHTaXEp byaet

nckaTb pyKamu.

1. Kagp: ckonbKo ero B Kycke

Mpocuan oTpe3ok — CKObKO KaapoB Bbiwao. CYMTaeTcs TOYHON APOo6bIO, a He AeCATUYHOM YaCTOTOW.

Yacrota Apo6b 3anpoc MpaBunbHbLINV OTBET Yepes | round(fps)
23,976 24000/1001 50 ¢ 1199 1200

29,97 30000/1001 4 MyH 7193 7200

59,94 60000/1001 4 MyH 14386 14400

59,94 60000/1001 50 ¢ 2998 3000

25 PLYA 4 MyH 6000 6000

Pa3Huua mexay konoHkamu u ectb x1.001: 3,9 ¢ Ha uac.
[Be aeTtann, Ha KOTOPbIX NENKO OWNOUTHCA MOBTOPHO:

¢ Touka BO BpeMeHM ¥ TalMKoA — pa3Hble BeinunHbl. Non-drop  00:04:00:00 Ha 29,97 — 310

kaap 7200, To ectb 240,24 c peanbHOro BpeMeHMU.

¢ KoHewu oTpeska okpyraaertca BBepx. Kagp 899 Ha 29,97 ctouT Ha 29,9966 ¢ — BHYTpW TpuALaTOM

CeKyH/Abl, 3HA4YUT OH B KyCKe. OprrneHme K 6}1I/1>KaVILLIeMy TepdaeT ero, N pe3 BbIXOAUT KOpPpOYe Ha
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Kagp. Tak >xe n ¢ 2998 kagpamu BbiLe: kagp 2997 ctont Ha 49,99983 ¢, TO ecTb BHYTpH

NATUAECATON CEKYHAbI.

NMpoBepeHo Ha maTepunane

UNcTouHunk 3anpoc Kappos PacxoxxpeHue
ProRes 25p 3-9 150 0

HEVC long-GOP 29,97 12 - 30 600 0 (nocne gobopa, cM. pasgen 3)
H.264 all-intra 23,976 3-9 144 0

29,97 drop-frame 5-15 330 0]

59,94 drop-frame 3-9 360 0]

MPEG-TS (ctaprt 1,44 ) 2-8 300 0

4 xaHana PCM 2-8 150 0

Canon HEVC 4:2:2 10 6ut 3-10 166 0

ARRI ProRes 4444 XQ 24,000 2-38 144 0

VER (30 — 17,6) 4 - 16 no BpemeHu +1,07 ¢, 06baBAEHO

2. YactoTy He Haao yraabiBaTtb

CO6J’IaBH, KOTOPOMY Mbl NOAAaJ/INCb N OT KOTOPOTro OTKa3aanCb: «<KaMepbl MULLYT KPpyrioe 1am, rae I/IAéT

ApobHOe, 3HaUMT 24 Hago umTaTh kak 23,976». [poBepka nokasana, 4Yto  ffprobe He okpyrnser:

dann r_frame_rate N3mepeHo (Kaapbl / ANNTENBHOCTDb)
Canon MVI_0757 24000/1001 23,97679

TecT-knun 23,976 24000/1001 23,97614

ARRI Alexa Mini 2u/1 24,00000 (260 kagpos Ha 10,8333 ¢)

Alexa cHMMaeT Ntobyro YacToTy, U CHATOE Ha YecTHble 24,000 o6bsaBaseT 24/1 . Yntatb Takon dain

Kak 23,976 — 310 co3aatb owmnbky x1.001, a He yCTpaHUTb eé: NATb KaAPOB 3a YeTbiPe MUHYTbI, POBHO



TO XK€, 3a YTO KPUTUKYETCA Yy>KaAa Hape3Ka.

BbiBoA: YacToTa 6epéTtcsa y daina Kak ectb. Ty, UTO HE YAaNO0Ch NMPOYMTaTh, YECTHEE OTKIOHUTD, YEM

3aMeHWUTb JOrajKon.

3. NMaketr — He Kaap

—count_packets 6bicTp MMeHHO NOTOMy, UTO He aekoaumpyeT: 0,14 ¢ NpoTKB 5,7 C Ha YeTbIPEX

MUHyTax 59,94. O6bI4HO OAHO PaBHO APYroMy — HO He Ha xBocTte long-GOP.

Yro cumtanm HEVC long-GOP, 3anpoc 600 kagpoB
MNakeToB 3anncaHo 600

Kagpos aekoaupyertcs 597

AnvtenbHOCTb MOTOKa 19,920 c BmecTo 20,020

MocneaHwe Tpu B-kagpa ccblnatoTca Ha KapTUHKY 3a rpaHnLLEen pesa, gekogep vx otbpacbkiBaet. Gaiin
kopoue Ha 0,1 ¢, npu 3TOM BCe NPOBEPKM panopTyroT ycrex. To xe camoe Ha 8.0.1 — 3HauunT 310 He

perpeccus Bepcuu, a ciernoe naTHO MeToja.

Hepobop ycTonumB 1 AnHeeH:

Mpocum naketoB 600 601 602 603 604

[Jekoanpyetcs Kagpos 597 598 599 600 601

Bbigaér npobnemy  duration notoka — oHa yXe cuMTaeT No-4YeCcTHOMY WM JOCTaETCA Aapom. [oaTomy
AeKoAMpPOoBaTb CTOUT TONbKO TOTAa, KOrAa AIMTENbHOCTb He COLLIach C NiaHOM 6oblle YeM Ha

noakagpa.

3.1. KnroueBble kagpbl: naketamMmu, a He AileKOANPOBaHNEM

Pe3 1 cBegeHus o darine cnpallmnBatoT, e nexar KJto4eBble Kajpbl.

Mowuck kAoueBbIX KagpoB AekoaupoBan KapTUHKKU. —skip_frame nokey nponyckaet He-

KatoueBble Kagpbl — a Ha all-intra matepuane nponyckatb Heuero, u ffprobe yectHo aekoaupyeT BCé



okHO. Ha ARRI ProRes 4444 XQ (2944x2160, 12 6uT) 310 54 cekyHAbl Ha OAWH BOMNPOC, NPX TOM YTO

caM Kagp crpoutca 3a 0,85 c. MakeTbl HecyT dnar | K v gekoaepa He TpebytoT:

Cnoco6 ARRI ProRes 15 c okHa ProRes 1080p HEVC long-GOP
—-skip_frame nokey  (zekoaupyer) 552 c 031c 0,05c
-show_packets + ¢nar K 0,76 c 0,05 c 0,04 c

Cnncky Npy 3TOM COBMAAAIOT NOJIHOCTBIO: MPOBEPEHO Ha AecATU NcToUHMKax — long-GOP, all-intra,
VFR, MPEG-TS, drop-frame, ProRes, ARRI, — xygLiee pacxoxaeHune no speMmeHn 0,0. ITo CyLLeCTBEHHO:

OT TOTO Xe CNnCKa 3aBUCUT TOYKa pe3a.

3anyck npouecca HUUEro He CTOMUT; CTOUT AekoaupoBaHme. 3anyck ffmpeg — 0,02 ¢, oguH kagp 4K
H.264 n3 danna Ha 825 Mb — 1,2 ¢, n ymeHbLueHue kagpa fo 480x270 a1y undpy He MeHseT: NaaTUTCA

3a TO, UTOObI Kagp A0ObITb — OTKPbLITb $ali, NPbIrHYTb B MeCTO 1 pa3BepHyTb 3840x2160.

3.2. Yac maTtepuana n ormeHa Ha >xusom FFmpeg

Bcé npegpiayllee MepsaHO Ha kannax 4o MUHYTbl. YacoBon dain cobpaH ckieikon konuin 6es

nepekoaupoBaHusa: 66 konui 55-cekyHaHoro 4K ganm 1 uwac 25 ¢, 50,7 I'b, H.264 3840x2160 Ha

23,976.
Yro Ha uacoBowm daiine
MpouwnTath dakTbl O daiine 0,43 c (noBTOpPHO 0,28 )
KntoueBble kagpbl Ha 58-1 MuHyTe 0,47 ¢, noBTOpPHO M3 K3Lwa 0,00 c
Pe3 10 c Ha 58-# MuHyTe 254 kappa, +0,000 c, 2,3 c paborbl
Pe3 nocneaHux 10 ¢ darina 358 kagpos, +0,000 c, 2,5 c paboThbl

OTmeHa nocpeau 3anucu. MexaHn3m 6bin HarncaH, HO HNKOrAa He NMPoBepPANCA Ha XXMBOM FFmpeg

MpoBepka: pe3 nosyyaca U3 yacoBoro ¢arisa, oTMeHa Yepes 6 CeKyHa,

® JlOYEePHUI NPOLECC racuTcs KOppekTHO (| terminate , nATb cekyHa, 3atem  Kill );
e orepaums BO3BPALLAETCA KaK HECOCTOABLLAACA, @ He KakK ycnex;

¢ HO Ha AUCKe OCTaBaJioCb 6 'b Heuntaemoro q)aﬁna — No4 NMMeHEM roToBOro Kycka.

MynbTUNAeKCOp He ycnen 3anucatb MHAeKC, moov atom not found , HM oaWH Nneep Takoe He



OTKPOET, a B Narnke OHO BbIrAAUT PE3Y/IbTATOM.

MNpe>xxHee NpaBMaO YAaNAaN0 ToNbKO daliabl HYNEBOW ANNHbI, PACCy>KAas, YTO YaCTUYHbIV pe3yabTaTt
MOXKeT ObITb HYy>KeH. 9TO BEPHO POBHO A0 TeX MOp, Noka YacTUYHbIA daiin oTkpbiBaeTcs. Tenepb
NPOBEPSAETCA YUNTAEMOCTb: UTO OTKPbIBAETCA — OCTAETCA (M B XXypHasae CKa3aHo, A0 KakOW CEKYHAbI),

UTO HE OTKPbIBae€TCA — yAandaeTca C obbsicHeHnewMm. MNocne NpaBkM OTMEHAa HE OCTaBJIAET HUYETO.

4. CI/IHXpOH 3BYyKa: CHUUTaeTCcAd B MUWIJINCEKYHAaX

MepﬂeTCH HE «eCTb JIN PACCUHXPOH>» BOO6LLI,€, d USMEeHWUAN JiIn ero pes’ y N060ro NCTOUHMKA eCTb CBOS

3ajep>XKKa, n abcontoTHOE 3HAUEHMNE HNYETO HE roBOpUT.

MaTepuan — Kaun, rae MeTKa ecTb B 06enx JOpo>KKax OJ4HOBPEMEHHO: 6enbii Kaap B Hauase Kaxzaown

CeKkyHAbl 1 Wwen4ok 20 MC B TOT XX€ MOMEHT.

KoHTeliHep MN3meHeHWe NpPOTUB NCXOAHUKA

MP4 0...2 mc

MOV 0...5 mc

MKV 1...3 McC

MXF 0...5 mc (nocne nepesanucy PCM; fo Heé 6b110 9...18 Mc)

Mpo MXF otaenbHo. MNpu npoctom konnpoBaHun PCM KoHTerHep NPUHOCUT € cOHOoMr CIMMAbI OT
rpaHunLbl YaHKa A0 TOUkKM pe3a — 384 camnna, 8 Mc 3ByKa, KOTOPbIA OTHOCUTCS K MOMEHTY A0 pe3a.
Mepe3anuck Toro xe PCM Toi >e pa3pagHOCTU KNajEeT 3ByK Ha CAMMJ U COBMAJAET C 3TaJIOHHbIM

pe3om 6anT B 6anT. MNokoneHne He Tepsetcs: PCM nepenucbiBaetcs B PCM.

Eweé oaHa Menoub Toro xe nopsgka: MXF npuHumaetr PCM Tonbko little-endian. Canon nuwet
pcm_s16be , noatomy npu BbiBoge B MXF 6anTbl nepectaBasftoTCA — Te XKe COMMJbI, MOPSAA0K,

KOTOpOro TpebyeTt KOHTENHep.

5. MpoBepka «6e3 notepb»

3asBNEHNE «MOTOK CKOMMPOBAH, He MepexaT» NPOBEPSETCS, a He AeKNapupyeTCs.



KapTunHka. Xowu fekoanpoBaHHbIX KajpoB KyCcka 1 TOro Xe AnanasoHa uctoyHuka ( —f framemdS )

— coBMnageHve go banTa.

3ByK. XE&cTye: BbITalWMTb 3BYK KyCKa 1 3ByK BCEro nctouHmka B raw PCM 1 nonckatb nepBbIv
AOCNOBHO BO BTOPOM. Ha kKaMepHOM ¢aiine Halénca — v No3nLma BXOXAEHNA fana TOYHOe

CMeLleHne pesa: 48 camnnos, 1 mc, COpoKoBas A0JiA Kajpa.

KaptuHka Ha Bxope Kycka (open-GOP). Yncio kagpoB HUYEro He roBopuT O TOM, YTO BUAHO. [Mpun
open-GOP kagpbl nocne K1HYEBOro MOTYT CCbINATbCA Ha KAPTUHKW A0 HEro, U KycoK, HayaTbli OTTyza,
nokasbIBaeT UX bBUTbIMM — 0bBblYHaA NpeTeH3na kK konmposaHuto long-GOP. MpoBepka npsmMas:
CPaBHUTb X3 AEKOANPOBaHHbIX KaZpPOB KycKa C TeMU Xe KajpaMn UCTOYHMKA, cunTas ot

K/JIFOUEBOTO Kazpa, Ha KOTOPbIA NEr BXOA.

UcTtouHunk Bxop, kycka CpaBHeHO CoBnano
HEVC long-GOP 29,97 ( has_b_frames=2 ) karoueson Ha 10,010 ¢ 40 kappoB 40
KamepHsbin 4K H.264 23,976 KaroueBon Ha 18,852 ¢ 40 kappoB 40

but B 6I/IT, 6e3 €ANHOIo pacxoXaeHnaAa: Ha BXxo4e KyCka BUAHO POBHO TO Xe, UTO B UICTOYHUKE.

6. KoHTeMHep U KoaeK: YTO BO UTO K/1apeTcs

Kaxaas sueiika — 3anuncb OAHOM CEKYHAbl C —c copy Y UTeHWe pe3ysibTaTa 06paTHO CO CBEPKOL

Kozeka. [TpoBepsTb NO KOy BO3BpaTa Hesb3s: dari MOXET 3anmncaTbCa U He YMTaTbCS.

Bugeo MP4 MOV MKV MXF TS M2TS
H.264 Aa Aa Aa Aa Ja Aa
HEVC Aa Aa Aa HeT Aa Aa
ProRes HeT Aa Aa Aa HeT HeT
DNxHD/DNxHR HeT Aa Aa Aa HeT HeT
MPEG-2 Aa Aa Aa Aa Ja Aa
AV1 aa HeT Aa HeT HeT HeT

VP9 Aa HeT Aa HeT HeT HeT



3Byk MP4 MoV 14" MXF TS M2TS
PCM 16 LE Ja Ja Aa Ja HeT HeT
PCM 16 BE ( twos , Canon) Ja Ja Aa HeT HeT HeT
PCM 24 LE Ja Ja Aa Ja HeT HeT
PCM 32 float aa aa Aa HeT HeT HeT
AAC Aa Aa Aa HeT Aa Aa
AC-3 / E-AC-3 Aa Aa Aa HeT za Ja
MP3 Aa Aa Aa HeT Aa Aa
FLAC Ja HeT Aa HeT HeT HeT
ALAC Aa Aa Aa HeT HeT HeT
Opus Aa HeT Aa HeT za za

Tabavubl nepecHaTbl Ha 9.0.1 ueankom n coBnanu ¢ 8.0.1 4o AYenku.

7. MeTapaHHbIe: UTO NepeXXxnBaeT pe3

Yro MP4 MoV MKV
MoBoporT ( rotation=90 ) Ja Aa Ja

A3bIK fOopoXKeK Aa Aa Aa

Teru npoekTa (title, artist) Ja Ja Ja
KamepHble Tern (make, model, brands) Ja Ja YyacTUYHO
TanMKog, fopoxkkoi | tmed za Aa HeT (TeKCTOBbIN Ter)

-map_metadata @ He nepeHocuT kamepHble Tern B MP4 — Hu | make , HM model , HM BpeHa Bpoae
mp42hvclCAEP : MyabTUNAEKCOp NuLleT cBou | isomiso2mpll . Hy>keH | —movflags

use_metadata_tags .



Tavimkog npu konnpoBaHun MOV — MP4 nepeHOCUTCA JOPOXKKOMW, HO 3HAUE€HUEe OCTAETCA MPEXXHUM

— CABUT Ha AJINHY OTPE3aHHOro Hago nNncatb CaMOMy.

8. NMpeaen uHcTpymeHTa: kamepHbii RAW

[Ba dopmaTa, koTopble FFmpeg He OTKpbIBAeT HX B KaKOW BEPCUN:

®daiin BHyTpu Yro Bugur ffprobe
Sony BURANO X-OCN X-OCN B MXF notok 6e3 umeHu Kogeka, width=0 ; 3Byk pcm_s24dle
LT OP1a ymnTaetcd

ARRI Alexa Mini = .mxf ARRIRAW B MXF TO e camoe

MpocToe konunpoBaHue Aaét «dimensions not set» n ¢an Hyneson aanHbl. NMposepeHo Ha 8.0.1 1 Ha
9.0.1 — opunHakoBo. Takon maTepuan pexetcs B pogHom O npounsBoanTens nam nocae TpaHckoaa, u

yecTHee CKa3aTb 3TO A0 3anycka, YeM MokKasaTtb HyseBoW daii.

Tot e ARRI B MOV (ProRes 4444 XQ, 2944x2160, 12 6ut, 5 gopoxek PCM) pexxetcsa kaap B Kaap

BMECTE C TaMKOZOM.

OtpenbHas Menoyb oT1Tyaa xe: ARRI nuwet uget kak GBR ¢ 3ape3epBrpoBaHHbIMK primaries, u
swscale oOTKa3blBaeTcs Aenatb U3 3TOro MuHuatiopy — «Unsupported input». Kagp n3 takoro danna

NPUXoanTCAa NPOCUTb, Ha3BaB LIBETOBOE NMPOCTPaHCTBO ABHO.

9. PactsoxeHune BpemeHun: puabTp cbegaet 15 mc

MNpoBepAnoch A4 Nepecyéta YacToThl, rAe 3ByK TAHETCA BCes 3a KapTUHKOM.

OTHOLUEeHue UctouHuk 10 ¢ UctouHuk 0,25 ¢
60 — 24 -0,10 % -3,28%
120 - 24 AER) -511%
1000 — 24 -0,16 % -6,04 %

8000 — 24 -0,16 % -6,14 %



MoTeps 3aBMcKUT He OT KO3 PULMEHTa, a OT A/IMHbI BXoAa: 1 | atempo , 1 | rubberband cveaatoT

okono 15 Mc MCXOAHOTO 3BYKa — 3TO UX BHYTPEHHWI Bydep. Ha peanbHOM MaTepuane 310 Aoau

npoueHTa; Ha YeTBepPTbCEKYHAHOM O6prBKe Npu pacTa>KeHUM B COTHU pa3 — Yy>Ke CeKyHAbl.

JlonuncbiBaHme TULWMHBI Ha BXOA ( apad ) BO3BpaLLaeT YacTb, HO BHOCUT COBCTBEHHbIN NePEenérT,

noaToMy GUAbTP OCTaBJ/IEH KaK eCTb, @ rPaHuLLa 3anvcaHa 34ech.

3a04HO NPOBEPEHO, YTO UCTOUYHMK MOXKET BbITb NtobbIM: 8000 KagpoB B cekyHAy — 24 npoliv 6e3

notepu eanHoro kagpa (2000 kagpos, poBHo 83,3333 ¢).

10. lpaban FFmpeg, HauaeHHble N3MepeHnem

Hu ogHa He oueBMAHA 13 LOKYMEHTaL MK, N Kaxaas CTouna OTAeAbHOro pasbopa.

10

11

12

13

14

lpa6bnsa

-ss | fo | —i cbpacbiBaeT Bpems

round(fps)  Ha APO6HbLIX YacToTax

OkpyriaeHne KoHLa <k banarLuemy»

-t npu KonvpoBaHWK

—frames:v TOYEH TOJIbKO C TOYHbIM | =SS

HEVC c B-nupamugoli

—avoid_negative_ts make_zero

start_time # 0 (MPEG-TS 1,44 c)

avg_frame_rate Ha VFR

=N  Ha cyLlecTBYOLWNI paiin

PCM npw konuposaHun B MXF

-map_metadata @ B MP4

pan=mono | cO=cl | Ha MOHO

MXF + ckaTblli 3BYK

Mpoasnenve

—to | mocse Hero cumTaeT oT HOBOTO Hynsa

4 MyHyTbI Ha 29,97 npespaluatotca B 240,27 ¢

TepseTcs Kagp, CTOALWMA Ha 29,9966

nepe6op Ha 1-3 kagpa Ha noToke ¢ B-kagpamu

npu seek MUMO KIHOUEBOTO Kagpa Kycok Kopoye

MyKcep MULLET Ha 2—4 Kajpa MeHbLUe 3arnpoLUeHHOro

BMAeo ye3xaeT Ha 0,1 c oT 3ByKka

BCE TOYKUM CMELLAKOTCA Ha 3Ty BENINYNHY

12 3anMpoLUeHHbIX CeKyHA npeBpaLyaroTcs B 16

«already exists» 1 kop, Bo3Bpara 0

384 anwHmx camnna (8 mMc) B Havane

KaMepHble Tern 1 bpeHAbl TepAaroTCS

nueT TUWKnHY, Ko BO3BpaTa (0]

«Could not write header», kog 4294967274



N2 [pa6nsa Mpoasnexnuve

15 | [Maket # kagp 600 3anucaHo, 597 gekoanpyetca

16 = KamepHbin RAW B MXF «dimensions not set», dann HyneBoM AAUHbI

17  TpeaynpexzaeHue B | stderr nomaet pasbop json.loads | nagaet Ha daine, KOTOPbI YNTaeTCS
INJO)\ npeKpacHo

11. Cayuau, koraa usmepeHue coBpaso

3Aer CTOUT BbITb OCOBEHHO YECTHbIM: |<a>|<,a,b||7| M3 3TUX BbIBOAOB BbIrnaaen y6e,u,v1Teano, n Ka)KAbIVI

OKa3sancda HeEBEPHbIM.

«MKV yBoauT 3B8yk Ha 107 mc». CpaBHUBaNUCh «MepBas HalNAeHHas BCMbILKa» U <NepBbll
HaVAEeHHbIV Wwen4ok». OaMH NOTOK OTKPbIBAACA METKOW, APYrOo HET — AETEKTOPbI OMUCbIBaAM
pa3Hblie cobbiTua. O6a noToka HbiAN CABUHYTBI BMECTE, PaCCMHXPOHA He 6bino. MpaBuabHO —
COMOCTaBAATb KaXAYyH BCMbILLKY CO CBOUM LLLEIYKOM 1 CMOTPETb Ha Becb Habop. MNpeaynpexaeHue,

fobaBNeHHOe B NPOAYKT MO 3TOMY «OTKPbITUIO», MPULLIOCh CHUMATb.

«ProRes Henb3a nonoxxntb B MXF». Nposepka wna ¢ naptHEpcknm 3BykoM AAC, kotopbin MXF He
npuYHYMaeT BOBCe. Aueika NokasbiBana OTKa3 NapTHEPa, @ He NPOBePAEMOro Kogeka. MNapTHEpcKmM

NMOTOK HaZo NoAbupaTb MO KOHTENHep.
«HEVC pexertca TouHo». Cuntanmce naketbl. KagpoB Ha TpU MeHbLLe — CM. pa3gen 3.

«3BYK CKOMUPOBaH AOC/IOBHO» — ABaXXAbl NOAPAA HN 0 UéM. [106MTOBOCTL NpOBeEpPAETCS
MOWCKOM C3MIMJIOB KyCKa BHYTPW MCTOYHMKA, 1 0ba pa3a NOWUCK HaxoAua COBMajeHMe, KOTOPOE HNYero
He goka3biBano. CHayana curHaaom Hblna CMHycomaa: OHa NepUoAnYHa, NH060M e€ KyCcok CoBnajaer ¢
Hauanom, n «HangeHo Ha 0,000 c» nonyyaetcs Bcerga. [OTOM KAMMN UMeN €AVHCTBEHHbBIN KHOUYEBOW
Kagp — B HyJe, TakK UTO pe3 «C TPETbEN CEKYHAbI» PUINYECKN HAaUMHANCA C Havana darna, v
COBMNajeHne CHOBA BbIXOAMN0 YECTHbIM Mo GopmMe M NyCTbiM NO CMbicay. [poBepAaTb HAA0 Ha
HEMOBTOPSOLLEMCS CUTHaE (PO30BLIV LUYM) WU Ha KAWUME C YacTbiMU KNHOUEBBIMU Kagpamu (( —g 25 ):

TOr4a cosnajgeHne HaxoanTca POBHO Ha 3aHpOUJeHHOﬁ CEeKyHAE, N 3TO Yy>XKe YTO-TO 3HaUWnT.

OtpenbHo: | blackdetect pabotaeT uenbimun kagpamu, silencedetect — okHamu; BMecCTe OHM
AaroT 0kono 40 MC NOrpeLHOCTH, TO eCTb 6osiblue, YeM BesnYMHa, KOTOPYH 06blYHO MepatoT. Ha Hux

NIErKO YBNAETb CABUT, KOTOPOTrO HeT.




12. Yem 310 MmepseTtca

(
# kagpbli: nakeTbl (6bicTpo) M AekopgupoBaHHbie (YecTHO)

ffprobe -v error -select_streams v:0 -count_packets -show_entries
stream=nb_read_packets -of csv=p=0 FILE

ffprobe -v error -select_streams v:0 -count_frames -show_entries

stream=nb_read_frames -of csv=p=0 FILE

# KnwyeBble Kaapbl BOKPYr TOYKM, 6e€3 ckaHa Bcero aiina
ffprobe -v error -select_streams v:0 -skip_frame nokey -read_intervals
"START%+WINDOW" -show_entries frame=pts_time -of csv=p=0 FILE

# nonoxeHue BcMbiKW: o06s3aTenbHo c passthrough, uHave ¢unbTp Ay6nupyeT Kappbl nop cBou
yacel

ffmpeg -v info -i FILE -map 0:v:0 -vf
"signalstats,metadata=print:key=lavfi.signalstats.YAVG" —fps_mode passthrough -f null

# 3BYK No caMmniaM, a He OJETeKTOPOM: TOYHOCTb 20 MKC

ffmpeg -v error -i FILE -map 0:a2:0 -ac 1 -ar 48000 —f sl6le -

# nobutoBasg npoBepKa KonupoBaHuA

ffmpeg -v error -i OUT -map 0:v:0 —frames:v 100 —f framemd5 -

\

Mpobbl unTaTh € paspenéHHbIMU notokamu: Sony MXF BcTpeyaeT kaxaoe uteHune ctpokoin «could
not resolve file descriptor strong ref», n ecan | stderr noamewat B stdout , paz6op JSON nazaet

Ha paline, KOTOPbIV YMTAEeTCA NPeKpPacHO.

4.1. Apend: ero HeT, N BOT YeM 3TO NoKasaHoO

CVHXpPOH B pasgene 4 mepsanu Ha kKamnax. Bonpoc 6bin noctaBaeH MHave: ye3xkaeT v 3BYK OT

KapTUHKM MO Mepe A/IMHbI (paidila — TO, YTO B MOHTaXKe BCMJIbIBAET Yepes nosyaca U MopTUT BCE.

Yac matepuana (120 konuin TpuALATUCEKYHAHOTO Ay6As, CKAeeHHbIX 6e3 nepekoanpoBaHus, 696 Mb),

M 13 Hero Bbipe3aHo no 10 cekyHA B TPEX MecTax:

OTKypa pexxem KaptuHka 3ByK EELTITES

10-a cekyHAa 10,000000 9,990000 -10 mc



OTkyaa pexxem KaptuHka 3ByK PasHuua
30-9 MuHyTa 10,000000 9,984000 -16 mc
59-a MuHyTa 10,000000 10,000000 0 mc

BennuunHa He pacTér. B KOHLIe Yaca OHa POBHO HOJIb, B CepefuHe — LeCTHaALaTb MUNINCEKYHA,; 3TO
He HaKoMAeHWe, a TO, FAe NpULWAAch rpaHnLa ayamonaketa (21 mc Ha aTom daine). Apend Boirnsaen

6bl MHaue: 10 mc B Hayvane, 300 B KOHLIe.

Hauano o6ounx noTokoB BO Bcex Tpéx kyckax — 0,000000: pe3 He caBuraet 3ByK OTHOCUTENBHO

KapTUHKKN, OH UX TOJIbKO BMECTE YKOPa4vnBaeT.

Tak ¥ AOMXKHO ObIThb, N MPUYMHA NPOCTasn: NOTOKN KoNUpyroTca. MNakeTbl NepeHOCATC CO CBOUMM
NCXOAHBIMW METKaMu BPEMEHM, YacCbl OCTAOTCH YacamMn MCTOYHMKA, U YMHOXaTb UX He Ha uTo. [pelid
NOABASAETCA TaM, A€ BPEMS NEPECUUTLIBAKOT — NPU NEPEKOANPOBAHUM UAN PACTAXKEHUN, — N TaM OH

y Hac n3mepeH otaenbHo (pasgen 9: dunbTpbl cbegatoT 15 Mc He3aBUCUMO OT K03 dULLMEHTA).

Henobop B KOHLLe Kycka yovpaeTcs Tam, r4e OH MeLuaeT: npu nepesanucy PCM 3ByK pexeTcs no
camnay, 1 Ha BewatensHoM MXF KapTVHKa M 3BYK BbILUAN OAVMHAKOBbLIMM O MUKPOCEKYHAbI —

3,003000 n 3,003000 (pa3gen 12.1).

JloByuwika 3Toro nsmepeHus

MNepBbl 3aMep CpaBHVBa MNOCNEAHNIA MAKeT 3ByKa C NOCNEAHNM MaKeTOM KapTUHKM 1 gan
6eccmbicanuy: «3Byk Ha 40 MC ANnHHee». Y BUAeEO ¢ B-kagpamu Nopsaaok XpaHeHMA He CoBMagaeT €
nopAsKOM nokasa — nocaegHvie Tpu naketa wav 9,84 /9,96 / 9,92, — v «nocnefHMin nakeT» okasascs

HE nocaeagHnM Kagpom. CpaBHI/IBaTb Haao ANINTEJIbHOCTU NMOTOKOB, a HE XBOCThbI NMakKeToB.

12.1. BewatenbHbiit MXF: 4K, aecatb noToKOB, cny)kebHble
AaHHble

[lBa kauna ¢ peanbHou CbéMkM,  AGOUCO12_201031NW.mxf 1 ABO6CO10_201031JD.mxf (98 n 281

MB Ha 3,4 1 6,2 cekyHabl — 243 1 378 M6uT/C). MaTepunan NAOTHEE BCErO, YUTO MEPUAN AO CUX NOP:

Yo 3HaueHue
Buaeo H.264 all-intra, 4096x2160,  yuvid22pl0Ole , 23,976

3BYyK BOCEeMb OT/e/IbHbIX MOHO-A0poXek PCM 24 6uta / 48 kl'y,



Yro 3HaueHue
[aHHble smpte_U36m_anc | — cny>kebHble gaHHble SDI
Taimkopa, 06:49:06:03 1 04:13:14:11 — HacTOALLMNE CLEMOYHbIE

Kaxxabi kaap — karoueBoi. MNpuavnanns Hayana 34ecb He bbiBaeT BoBce: 3anpoc Ha 00:00:01,000

nér Ha kaap 00:00:01,001, To ecTb Ha BAVXKANLLWI KaAp, @ He Ha AaNEKNIN ONMOPHBLIN.

Pe3 MXF » MXF , o6a danna:

®daiin 3anpoc Kagpos PacxoxxpeHue Tavimkogp,
A006C010 1,000 — 4,000 72 +0,000 c 06:49:06:03 — 06:49:07:03
A004C012 0,500 — 2,500 48 +0,000 c 04:13:14:11 - 04:13:14:23

B pe3ysbTaTe Bce AecATb NOTOKOB: KapPTUHKA, BOCEMb MOHO-A0POXEK U Cy>XebHble AaHHble. X3Lu
nepBoro Kagpa pesy/brata COBMa C X3lWeM Kajpa UCTOYHMKA B TOUKE pe3a —
1105dab6b3f5c81761e9578u4e58albd8 B 0boux. 3Byk nepenuncaH no camnnay, kak ana MXF n

MOJI0>KEHO.

UTo 34eCb BbiIACHU/1I0Cb NMPO NMOTOK AdHHbIX

MpaBKaO «Kakme KOHTEMHEpPbI AepyKaT NOTOK AaHHbIX» 6bI10 HAMMCAHO MO MNPEANONOXKEHUIO U

OKa3an0Cb HEBEPHBIM ABa>XXAbl:

1. MXF pep>xut. Cuntanocb, 4to HeT. BellaTenbHbI OpurinHan HecéT aopoxky SMPTE 436M n

npuHMMaeT eé obpaTHO 6e3 eAAMHOro BO3PaXKEHNS.

2. KoHTeiiHepa Mano — Ba)kHO npoucxoxxgeHune. MOV gep>XmT NOTOKM AaHHbIX BOOOLLE, HO 3Ty
AOPOXKKY He MPUHMMAET: pe3 MXF » MOV ynan ¢ kogom 4294967274 n 6e3 BHATHOrO CoobLLeHS.

[MoTok AaHHbIX NMULWIETCA noAa ToT q)opmaT, B KOTOPOM >KUBET, U nepees3>aeT TOJIbKO B Takowm xe.

Tenepb NpU CMeHe KOHTENHepa pa3zAen roBOpuUT 06 3TOM A0 3anycka U pexeT Aablie, a He NajaeT:

[WARNING] The data stream (smpte_u36m_anc) was written for MXF and MOV will not
take it, so it stays behind. Keeping the container as MXF carries it

over.

OTzenbHas Menoyb, CTOMBLUAA HEBHATHOrO coobLueHmsa: y MXF-noToka nycTon YeTblpEXCUMBObHBbIN

Ter, u ffprobe otgaérero kak [0]1[0]1[0]1[0] . B coobLieHNN TeMepb CTOUT MMS KOZeka —



smpte_u436m_anc , — a Ter UICNOAb3yeTcA TaMm, rAe OH OCMbIC/eHHbIW: | gpmd |, tmcd .

12.2. PaspeneHune: 4yactu CKNaAbiBalOTCA B UCXOAHUK

Crapoe «Pa3genutb HagBoe» cObMpanoch U3 ABYX HE3aBMCUMbIX Pe30B — «yHpaTh KOHEL» A0 TOUKM U
«ybpaTb Hayano» oT He€. Hauano BTOPOM YacTu NpbIraso K KNKOYEBOMY Kaapy, KOHeL, MepBOM — HeT,

M BCTpeYanCb OHU, TOJIbKO €C/IM TOYKa CaMa CTOAJ1a Ha KJIFOYEBOM Kajpe.

Matepuan — 30 cekyHa H.264 640x360 ¢ karoueBbIM Kagpom Kaxayro cekyHay (750 kagpos, 30
katoueBblx), PCM 16 6ut 48 kl'y ctepeo, Taimkog 01:00:00:00. MNMpoBepka camas XEcTkas 13
BO3MOXXHbIX: X3LL KaXJ0ro AeKoAMpOBaHHOrO KaZpa YacTeil NoApAA NPOTUB CNMCKa UCXOAHMKA U

Cblpble COMMJibI yacren nogpaa npoTne CMNA0B UCXOAHUKaA.

Toukn Bbino Crano

10,0 c — Ha knro4YeBOM Kagpe 750 kagpos 750, xawm coBnanu
10,2 ¢ — nocne KNHOYEBOro 755: 5 kagpoB B 06emx yactax 750, xawm coBnanu
10,7 ¢ — nepes KNHOYEBLIM 743: 7 kappoB HU B OAHOMN 750, xawm coBnanu
10,7 n 20,3 ¢ — Tpw Yactn — 750, x3wmn coBnanu
Te >Xe TOUKM B 0OpaTHOM nopszke = 750, xawm coBnanu

3Byk BO Bcex natu caydasax — 1 440 000 camnioB yacTen noapsas, nobarMToBO paBHbIE NCXOAHUKY.

Kak ycTpoeHo Tenepb: KaXxaas Touka OAMH pa3 JIOXKUTCA Ha 6avdkalluni KNKOYEBOW Kaap, U 3TOT Kaap
— 06LWMI CTbIK: OAHA YaCTb KOHYAETCA Nepes HUM, CNeayrowas ¢ Hero HaumHaetcs. [nvHa vactm
cumTaetcs yepe3 round , a He ceil : MeTKa KJIHOUEBOrO Kajpa y>Ke CTOUT Ha rpaHuLLe Kajpa, a Ha
23,976 kapp 240 umtaetca kak 10,010010 ¢ — 240,00024 kagpa, v | ceil nonoxwun 6bl ero B obe

YacTu.

12.3. 3BykoBble ¢anbl: pe3 no caMnay

Matepuan — 30 cekyHa ctepeowyma 48 kl'u, 1440 000 camnnos, B WAV 24 6uta, FLAC, MP3 320k,
AAC 256k n Vorbis; Toukun 10,2345 1 20,0001 ¢ — camnabl 491 256 1 960 005. MeTog oAWH Ha BCE:

AEKOAMPOBATb YaCTU N MCXOAHWK B Cbipbl€ C3MIMJIbl U CPAaBHUTb nobarToBo.



TouHas pe3ka

Kycok gekoampyetcs oT Hauyana daina n pexeTtcs atrim no HOMepam CIMM/IOB.

Yro Pesynbrar

WAV, Tpu yactv Tpema npoxogamu 491 256 + 468 749 + 479 995; noapss — UCXOAHUK 6UT B
6ur

WAV, Tpu yactv ogHnm npoxogom ( asplit ) TO Xe, 6ut B 6UT

FLAC, Tpu yactu TO Xe, 24 6BUTa COXPaHUANCH

cepeavnHa Bbipe3aHa OAHUM NPoxoaoM (| concat ), 971 251 camnn — ncxogHuk 6e3 Kycka, but B 6uT
WAV 1 FLAC

MP3, AAC, Vorbis — float WAV KyCOK 61T B BUT paBeH TOMY >Ke OTpe3Ky

[eKOAMPOBAHHOIO NCXOAHMKA

KogunposaHue kycka B 468 749 camnioB:

Koaep Aekoanpyertca B but B 6UT
MP3 320k 468 749 (+0) HeT, cxaTtne
Opus 256k 468 749 (+0) HeT

AAC 256k 468 992 (+243) HeT

FLAC, ALAC, WAV 24 468 749 (+0) Aa

FLAC n ALAC camu gep>xat 16 nam 24 6uta no ncxogHuky; us float n 32 6ut nuwyt 24. Opus 13 44,1 1

96 kl'u, 1 MP3 13 96 kI, Yepes soxr — AArHa TOYHa 4O CIMMAA.

3aros10BOK NPOTUB AeKoAaepa

Kycok B 468 749 camMnioB, 3anmncaHHbIv Pa3HbIMU KOAepaMu:

®opmart 3aronoBok Aexoaep
WAV, FLAC, ALAC, WavPack, TTA, MP3, Vorbis TOYHO TOYHO
AAC B M4A -29 +243

AAC B ADTS +5 342 +1 267



®dopmar 3aronoBok Aexoaep
Opus +312 TOYHO
AC-3, E-AC-3 +1267 +1 267

MNo3ToMy pa3gen MepsieT pe3yabTaTt AeKOAEPOM, @ y CKATOro UCXOAHWKA U KOHew, dalina cuntaet
aekogepom: AAC-dpann «Ha 30,000 c» gekoampoBascs Ha 768 COMMNIOB ANNHHEE, N KYCOK A0 KOHLA

obewan 6bl ANNHY, KOTOPOWN y darna HeT.

Broadcast WAV u iXML

FFmpeg untaet yaHk bext B Tern noj cBoMMun MMeHamu ( comment ,  encoded_by , date ,
creation_time ), a nuwweT ero, TONILKO eCan NoNpocuTb —write_bext 1, — m3 Teros c Apyrumm

nMeHamu ( description , originator , origination_date , origination_time ). Pazo6paHo no

bavTaM YyaHka:

Kak pesanu Yrto B bext pesynbrarta
-map_metadata 0 YaHKa HeT BOBCe
| -write_bext 1 time_reference , UMID, nctropus KognpoBaHus; onnucaHue, CTOYHUK, AaTa,

BpeMA — nycCTbie

1 NoAfA No4 MMEHaMM BCE, M | time_reference cABUHYT Ha 491 256

MyKcepa

iXML FFmpeg He BMAWT HW Nepes YaHKOM | fmt , HM nocae YaHka  data v B pe3yabTaT He MULLET:

6anToB  <BWFXML> B pe3y/bTaTe HeT.

KOHVIpOBaHI/Ie nakeToB

Touka yXoauT K BAvKanLLen rpaHunLe naketa. Pasp,eneHl/le Ha TpU 4acTtn, KyCOK 13 cepegnHbl CaM MNMo

cebe v Bblpe3aHune cepesmrHbl CO CKNENKOW, B CAMMIAX:

Kopaex PaspeneHue Kycok n3 cepeauHbl  Ckneiika

MP3, kak senaet FFmpeg -4 625, 3ByK CABUHYT nocne -529, caBuHyT ONMHa BepHa, 1 632
nepBOro CTblKa y CTbiKa

MP3, 3aronoBoK TONbKO Y +47,no 1632 y Kaxgoro [ANVHa BepHa, NepBble = —

YyacTu C Havana CTblKa 1632



Kopek

AAC

AAC, yacbl CKNerKn Ha3aa,

Ha nparimep

Vorbis

Vorbis, yacTb c naketa

paHblue

Opus

PazpeneHue

ANVHa BepHa, no 1 024 y

CTblKOB

-2 048, caBur

-624, caBur

Kycok uz cepeguHbi

nepsble 1 024

-1 024, caBur

C rpaHULbl MakeTa,

6uT B 6UT

-312, nepsble ~0,5 ¢
Apyrne

Cknemka

+1 024, caBuHyTa

LeAVKOM

A/viHa BepHa, 1 024

y CTblKa

ANvHa BepHa, 1 024

Yy CTbIKa

AnvHa BepHa, 20 590

Yy CTbIKa

CrapT Ha O4MH nan YeTbipe NakeTa paHblue Hudyero He gaét MP3, AAC n Opus: nckaxkeHve B Havane

Kycka 1o xe. Cknerika NpsMOo 13 UCXOAHMKa Yyepe3  inpoint W | outpoint aemynbTuniekcopa

concat y MP3, AAC n Opus Takas Xe, Kkak cknenka yacrten, y Vorbis — cnomaHa (+45 056 camnnos).

LLtaTHbIM NyTéM

Becb nyTb — | trim_media , Kak ero 30BET KHOmMkKa, — nporHaH Ha WAV ¢ bext u iXML, FLAC 24 6ura,

MP3 c o6noxkorn, M4A, OGG Vorbis n Opus: 34 npoBepku u3 34, oT C3MMNJIOB YacTen 1 nonen  bext

A0 06JI0XKWM, OTKa3a Npu NycTon cpeAHen Yyactu, MPOHHOro MporoHa 1 oTkasa nepesanuncaTb.

13. Yero mbl He npoBepAn

Cnncok OTKPbITbI — YTOObI HUKTO, BKIFOYas aBTOPa, He peLUuns, YTo TeMa 3aKpbiTa:

e kamepbl: BewatenbHbli MXF 4K all-intra c Bocemblo gopo>kkaMu U cny>KebHbIMU JaHHbIMU

npoBepeH (pa3gen 12.1), Canon HEVC n ARRI ProRes npoBepeHbl paHbLue; octatotcs Panasonic,

BMPCC, GoPro ¢ tenemetpuer, AVCHD npsamo ¢ KapTbl;

e dali/ibl AIMHHEe Yaca (Yac NPOoBepPEH, CM. pasgen 3.2);

® HeXBaTKa MeCTa Ha AMNCKe B CepeJUHE 3anncu;

® VICTOYHMK Ha CETEBOM MyTW WM 3aHATbLIN APYron NporpamMmmon;

e JBe onepauun Og4HOBPEMEHHO;



e 3Byk 96 k'l (B BMAeO peakoctb; 32 buta float Ha 48 kI'y, — 0bbIUHBIN CyYalt ¢ pekopaepoB —
npoBsepeH:  pcm_f321le nepexunBaeT pes, 3BYK KyCka HalAeH B NCTOYHMKe AocaoBHO Ha 3,0000 c,
cMelleHure +0,00 mc);

e 3ByK, YXOZALLMM 3a NOCNEAHMI Kaap Ha rpaHuuy naketa (0,1 ¢ nocne gobopa xBocta): 06 3ToM
coobLuaeTcs, HO Ha CyX He MPOBEPAIOCh;

e 3ByKOBble dannbl ¢ HacToALWwero pekopaepa:  bext u iXML npoBepeHbl Ha danne, cobpaHHOM No
cneumdukaumm, MHOrokaHanbHbl poly-WAV — Her;

e konuposaHue naketoB AC-3, E-AC-3, DTS n AAC BHe M4A — He Mepuan, 1 MO3TOMY 3TOT PeXUM

ANA HUX He npeanaraetca,

e DSD, APE n TAK B TouHOM pe3ke ¢ BbiIbopom FLAC nan WAV.

Yctponcteo pa3sgena HAPE3KA v ero otkasbl — B TRIM_MATRIX_RU.md, nogpo6Ho — B TRIM_RU.md,
peweHuns — B DECISIONS_RU.md.
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