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BcTtynneHue.

34paBCTByMTE.

OTOT MPOEKT - M3MeHeHHbIN CKeTu Mosb3oBatess Sulako ¢ opyma cxem.net Ha 0OCHOBe TIpOeKTa
MrShilov.

3a 9TOT TUTAaHWUUECKUI TPYZ UM OTPOMHasi 671arolapHOCTb.

OpurvHanbHbIN MPOEKT C KOTOPOTO BCe HaualoCh Bbl MOXKeTe HalTH 3/1eCh

https://cxem.net/mc/mc207.php

K coxxanenuto Ha mpoctopax VIHTepHeT 3T NPOeKThl Ma/IOW3BeCTHBI, a CyL|eCTBYHOLIMEe POEKTHI C
3aKPbITbIM MCXOZHBIM KOZIOM U IJIaTHBIMM MPOLLMBKaMU/ipaiiBepaMu/(QyHKLUSIMU He
CITOCOOCTBYIOT Pa3BUTHIO TEXHIUECKOW MBICIIH.

OTOT NPOEKT He H/leasieH, MHOTOe MOYKHO 1epepadoTaTh U Y/IyUllluTb, HO C TIOMOII[BIO 3TOTO
TIpoeKTa MHOTHe Oro/)KeTHbIe DY/ MOYKHO Y/IyUIIUTb U1K OTPEMOHTHPOBATE.

Ha jjaHHbII MOMEHT Mara3uHbl 3aBajieHbl Py/ISIMUA BCeX 1ieH 1 KaTeropuii, HO B CBSI3W C MPOCaJKOMH
HaIIMOHA/ILHBIX BaJTFOT, PY/IU C aKTUBHOM 00patHOM cBsizbio (ForceFeedback) u yrimom mosopota 900
IpajlyCcoB CTa/i HeJJOCTYTTHbI MHOTMM K3-3a BBICOKOM LIeHbI, UTO ZiesiaeT uHTepec K DIY-pysisim elije
BBILLIE.


https://cxem.net/mc/mc207.php

OnucaHue npoekKTa.

IInrocel mpoekTa.
1. OTKpBITOCTB, B OT/IMUKE OT APYTUX IIPOEKTOB, 3TOT NPOEKT UMeeT OTKPBIThIM Koz, ¢ MIT-
JULIeH3MeH, UTOo T03BOJIsieT ero JopabaThiBaTh U U3yUaTh.

2. JlocTymHasi 3/1eKTPOHMKA, BCE [/1s1 IPOEKTa MOXKHO KyIIUTh B MHTePHeT-Mara3suHax Wuin
MeCTHBIX pajoMarasuHax, TakkKe YaCTUUHO MOXKHO MCIO/Ib30BaTh YacTH (MOTOPBI, KHOMKHY,
9HKOZlepbl) PEMOHTUPYEMBIX pPYJIeH.

[ocratoyHoe KO/MUeCTBO KHOMOK - 24 + 8(cBepX Ae(OATHBIX), TPU NeAasiu.

4. Wcnonb3oBaHue fpariBepa ot Logitech G25 fenaeT cCOBMECTUMBIM pyJib C OUeHb MHOTUMHU
yrpamu.

OTIMYHO MOAXOUT /IJIsi PEMOHTA U MO/IePHU3aIMH MHOTHX OO/PKeTHBIX pyJieit
Paborarouuii FFB

7. Ectb onucanue nporokosa FFB

w

oo

Munycsl npoeKTa.
1. Hekoropast C/1I0)KHOCTb 3a/IMBKY CKeT4a U MPOLIUBKHU.
2. lleHTpOBKa KHOIMKOM WY YCTaHOBKOHW B LIEHTP [0 MOJK/TFOYEHNS PYJIS.

Kommenmapuii om Sulako k opuzuHaabHoMy ckemuy.

OnucaHue npomokona FFB He 6o ecemM coomeemcmayem peabHOMy nogedeHuto opatieepa, u
HeCKO/NbKO Heno/sHoe, mak Ymo Npuwiioch Koe-20e om He20 omotimu.

He ysepeH, umo pe3yabmam npasuibHbiil. K onucavuto a¢h¢pekmoe ecmb 8onpochbl, enpouem,
peanbHO 8 uepax 6obwas uacms U He UCNOAb3yemcs.

He peanu3soeaHbl: achcpekm "Square Wave'", ynpasneHue ceemoduodamu, watchdog, Raw Mode,
pacuwupeHHble kKomaHobl, yemavoska Dead Band, HID+ + - aubo oHo Hu K uemy, 1ubo onucaHue
NoBepXHOCMHoe.

B kauectBe AaTUHKd OCH PYJid UCIIOJ/Ib3YEeTCA OITTUYe CKUU SHKOJEep, AdTUYMKU ne,qanef/i -
repeMeHHbIe pe3rCTOPbI WK JII00BIe APpyruve faTuruKy C COOTBETCTBYIOIIKMMU LIeTIAMH COITIaCOBAHUA
M aHa/IOI'OBBIM BBIXO0OM.



IANEeKTPOHHbIE KOMMOHEHTbI

ApayvHo

Ncnonws3yercs nara ApayvuHo JleoHapzo.

PeKomeH/1yeTcst UCITO/Thb30BaTh TakKxKe LU/, YTOObI 00/1eruiTh MOAK/TFOUeHUs repudepuu.

ARDUINO

% LEONARDO

JHKoAep

Bribop orpomeH, pekOMeHYIO UCI0JIb30BaTh CTaHJAPTHbIN SHKOZEP PYJisi, TIPH ero OTCYTCTBUU
JIyullle MCI0/Ib30BaTh MPOMBILLIJIEHHBIN SHKOZEeP.

I[Tpu nokynke obpaTuTe BHUMaHKe Ha HampsDKeHHe IPU KOTOPOM OH
paboraeT, Hy>keH Ha 5BOJIbT, ¥ KO/IM4eCTBO TUKOB(MMITY/IbCOB) Ha
060poT.

Ecnu pynb npsiMoro rprBoja (AupeKT-ApaliB) U AaTukiK Ha OCU MOTOPa,
TO cyiepyet Opath 3HKoZEep ¢ 1200 umrysbcaMu Ha 000pOT | BbIIIIe (710
2400). Ecnu pynb ¢ niepefiaueil (1ectepeHyarasi, peMeHHas) U SHKOJep
CTOMT He Ha OCH PYJIsi, TO TIoAOMpaiiTe SHKOZEP TaKuM 00pa3oM uToObI
o611ee KoiyecTBO UMITY/IbCOB Ob110 0T 1200 10 2400 Ha 1 0o6opoT
pyasi. Hampumep, Bas iefiaeT ofivH 000POT, a 3HKO/iEp fenaet 4 060poTa, TO J0CTaTOuHO OyzieT
sHKoZepa ¢ 360-600 umrmyiscamu.

He ctpemurtech BbifiTH 3a 2400 TUKOB Ha OIMH 000POT PYyJIsi, TaK Kak y JIeoHap/i0 MOXeT He
XBaTUTh CKOPOCTH JIJIsI TTO/[CU€Ta UMITY/TbCOB Ha PHIBKOBBIX YCKOPEHHSIX.

[AaTtunkn neganei

Kaxk 00bIUHO 3TO TIepeMeHHbIe Pe3UCTOPbI,

ec/I1 y/aydlllaeTe WM PeMOHTHpYeTe Py/b, TO OHU Y)Ke CTOSIT B nefjansix. OGpaTvTe BHUMaHKe, UTO
HY’KHBI [IepeMeHHbIe Pe3UCTOPbI C TMHEMHON XapaKTepHUCTUKOM, Y UMIIOPTHBIX B Ha3BaHUU OHA
ob6o3HauaeTcst OykBoii B.

1o conpoTuBieHUIO - JIy4llle ITIOKYTaTh [lepeMeHHble Pe3UCTopsl B AuanasoHe 10-20kOm.

Ecmn Yy BaC XOpoiire TO4YHbIE 1rnesid/inv, eCTb CMbIC/I 3dMEHHUTL PE€3KMCTOPLI Ha
MArHUTOPE3MCTHUBHBIE TIPOMBILIIEHHBIE NAdTYWKHA YIJ/ld, TUIld TaKOTO

P3022-V1-CW360
Joporo, HO 3aTO HafIeXKHO U JI0JITOBEYHO.




O6paTI/ITe BHHMMdHHE UTO UM HY>KHO IMUTaHHE 5B, " eCJI1d UCTI0/Ib3yeTe B TOTOBBIX I1e[a/IAX, TO
HpOBepHI‘;ITe TMOJIAPHOCTD IMMUTaHUA 1iepe rMoAK/Ir0YeHHUEM.

[nst cepbe3HbIX Mejjaei UCMo/b3yTCs TeH304aTuiKy Ha 70-90Kr, HO He [yMato 4To B 3TOT MPOEKT
He CTOUT C HUMH 3aMOpaurBaThCsl, 3TO yAen refasei K rnpodeccuoHanbHbIM Oa3am.

Motop

MoTop MCMOMb3YeTCst OT CaMOro PyJisi WK TokyraeTcsi 775-motop Ha 3000-5000060poTOB.

MOoykHO /1 elrie MoIHee? MoOyKHO, HO TIPU/IETCSI MCIIOb30BaTh Ooee
MOLHBIW JpauBep, faxe npu yctaHoBKe 775 B MOMO Racing
Gnarozmapst KOMOMHHMPOBAHHOM epejaue PyJ/ib CTAHOBUTCS OUeHb
TSDKeJIbIM NPU MaKCHMMaJ/IbHOM CUJie OT/auM.

Apansep

Ecsu ucrnonb3yeTe MOTOP U3 PyJisi, TO XBaTUT JipaiiBepa Tuma L298N

OG6paruTe BHUMaHUe, UTO yIIpaBJieHHe ApaiiBepamu pasHoe, BTS7960
TpebyeT Tpu MHUM yripaBienusi, a L298N — age. [1pu uconb30BaHUN
nByx munui s BTS7960 Oyzer akTMBUPOBaH PEXXUM TOPMOKEHUsT, UTO
He T03BOJIUT JpU(TOBaTh B FOHKAX.

B opurunansHoM cketue Sulako ucrionbzoBan L298N
B moem ucnionb3zoBad BTS7960, Ho BBI MoXKeTe Hcronb3oBatk U L298N,
noapobHee 06 3ToM B pa3zesne XaKu U TPIOKH.

Bnok nutaHus

ITo ombITY, ec/y UCTIONB3yeTe POSHOM MOTOp pyJist, TO U 610K Gepete pofHOM, ecii 775 MOTOp, TO
JlydlIle UCTI0/Th30BaTh PeTy/IMPyeMblii 010K C OrpaHHUYeHHEeM T10 TOKY, Ha TIepBOe BpeMst
HarpspkeHue 12B u orpaHnuenue 10 ToKy B 2-3AMriiepa. MoxxHo ucrions3oBate DC/DC-monynu ¢
OrpaHUuYEeHUEM IO TOKY.



CTpyKTypa apxuBa:

* Original - opuruHaneHeIi ckety Sulako

* Libraries - bubsmorexu 151 COOPKU CKeTya

* CalibrationG25 - ckeTu AJisi Ipe/iBapUTeIbHOM HAaCTPOMKU U KaJIMOPOBKY Tepe/] MPOLIMBKOM
Release Bepcuu

* Develops- Bepcusi Mofi SHKOZIEp C PyYHOM YCTaHOBKO# JipaiiBepa Zijisk pa3pabOTKK U OT/Ia/IKU

* Release - penmnsHasi Bepcus /1 OKOHUATeIbHOM 3arpy3Ku

* Schematic - cxembl yCcTpOUCTB

* Bonus - fonosHUTebHBIE MaTepUasibl, PACTMHOBKH, JOKYMEHTHI.

*  HEX — ckoMnuaupoBaHHbIe TIPOLIUBKHU.

OnucaHuve ckeT4yem.

OpuruHanbHbIM ckeTu Sulako mpesiHa3HaueH [ijist pe3UCcTopa B OCH PYJis, U €r0 OITUCAHKe OT aBTOpa
BbI Hali/leTe B Tarke rpoeKTa.

Develops

OcobeHHOCTH - SHKO/IEP, YIIPOIlleHHasi Ka/TMOpOBKa OCH pyJisi, pyuHast KaMOpoBKa Te/janet,
Ka/MOpOBKa OCYIeCTB/sieTcsl uepe3 MOHUTOD TOpTa, MOAIep>KKa yIyia TIOBOpOTa B JipaiiBepe,
pyuHasi yCTaHOBKa.

[171s1 er0 yCTaHOBKHU BOCTIO/Ib3yWTeCh MHCTPYKLIMEN U3 OpUrMHa/IbHOTO rpoekTa Sulako.

Wnu B fBa 111e/1uKa 3a/ieliTe CKOMOWIMPOBaHHYO TipoiiBKy Devel.hex n3 manku HEX c rnomoiiibto
nporpammbl Xloader, HatizieTe ee B 6oHyce. C ipaiiBepoM MPHU/IETCS TOBO3UTHCS TI0 UHCTPYKLIUU
Sulako.

Release

CoOcTBeHHO pa/iv Hero BCe U 3aTeBasioCh.

OCHOBHOe OT/IMUME OT OT/IaJ[OYHOM - Ge3rpobieMHOe OrpeZiesieHre U YCTaHOBKA JipaliBepa
Logitech.

VimeeT 0COOEHHOCTH - TIOC/IE TIPOIIMBKY 3TOW BepCHeH - MOpThI OyTaoazepa u Serial ctaHyT
HeJIOCTYITHbI U3 Cpe/ibl apJyuHO.

YTtoObI IMETh BO3MOXXHOCTb CHOBA OTKa/IMOPOBATh MeZlaiv B C/Iy4yae 3aMeHbl Pe3rCTOpPOB, B
ycTpoicTBo fobaBneH codToBbiii COM-MopT Ha BeIBoZiax ISP-pa3bemMa K KOTOPOMY MOXXHO
MOJK/TFOUUTBCSA € NToMoLLbI0 KoHBepTepa USB-TTL.

Tak Kak 3To pe/u3Hasi Bepcusi, TO yOpaH BbIBOJ, B TIOPT MHOTUX JIJaHHBIX OT/IaJKH.

Takyke HarMCaH CKeTY /ISl TIpeABapUTe/IbHOM KaTMOPOBKH yCTPOMCTBA [I0 TIPOIIMBKA OCHOBHBIM
CKeTyeM.

CalibrationG25

CkeTu [17151 Ka/IMOPOBKM OCeii pyJisi ¥ refjajield 1o 3a/IMBKHU ckeTua Release.
On npocto 3anuckiBaeT B EEPROM faHHbIe KaTMOPOBKH.
Toxke camoe MOKHO CZiefiaTh 3a/11B OT/Iaf0uHy0 TIponBKy Devel.hex



YctaHoBKa Release

1 TlMoAarortoBKa

Cketu He TpeOyeT HACTPOUMKHU, OTHAKO 110 YMO/TUAHUIO OTK/TFOUEHO OrpaHUYeHHe TTOBOPOTA PYJist
YCUIEeM JIBUTaTeJIsi, eC/TU OHO TpebyeTcsi, TO peKOMeH/yI0 CHadasia 1o/joopaTh 3HaueHue Ha
Develops ckeTue, MOTOM YKa)KUTe 3HaueHHe ¥ paCKOMMEHTHPYWTe CTPOKU B cKeTue Release u
TOJIBKO ITOTOM €ro 3a/IMBauTe.

[Tpum. Ecnmu kamibpoBKa y>ke Oblia BbirosHeHa Ha Develops ckeTde, MO)KHO cpa3y TMepexoiuTh K
3arpys3ke cketua Release.

[ns Hauana 3arpy3ute B raty Leonardo cketu CalibrationG25.

IIpoBepka xesesa

B MonuTope mopTa BBeiuTe KoMaHAy info

Bynet BriBeieHa nH(oOpMaIyst 06 0CH pyJisi U OCH Tiefiasiei.

[ToHa)xrMakiTe Ha Me/a/iv, OKPYTUTE PY/IeEM U MTOHAO/IIo1aliTe KaK MEHSFOTCS LU PBHI.

[Tpu Ha)kKaTuu Teaau 3HaueHue 10/KHO BO3pacTarh, MPY KPYUeHUU pyJisi BJIeBO OT LieHTpa
3HaueHusl OTpUliaTe/IbHbIe, BITPABO TIOJIOXKUTE/LHBIE.

Ecnu nesanb MHBEPTUPOBaHa, TO MPOCTO IMOMeHsIHTe TTPOBO/ja Ha KpaltHUX BBIBOJ|aX IepeMeHHOT0
pe3ncTopa MecTamu.

Ecnu HeT BO3MOYKHOCTH UHBEPTUPOBATh Tefia/ib, HallpuMep NP HUCI0/Ib30BaHUH
MarHUTOPE3UCTUBHBIX JJaTUMKOB, TO B pa3jesie XaKu U TPIOKU OyJeT MmoKa3aHo KakK HHBEPTUPOBATh
nefiaib B KoZie.

OctaHoBWTe BbIBO/, MH(POPMAIK B MOHUTOP TOPTa CHOBA Toc/aB info

2 WHuguwanusauyua EEPROM

3anuiieM B MaMaTh JedoTHbIe 3HaUeHHs1 KoMaHzou initMem
[TpoBepum Komanz o1 showCal
3HaueHUs JOJDKHBI OT/TAYAThCS OT -1.

3 Kanub6poeka

HacTtpoiika ocu pyns.

Tak Kak y MHOTHX BO3HUKA/I0 MHOTO BOTIPOCOB, TO 51 MAKCMMAaJ/IbHO YIIPOCTUJI 3Ty MPOLIESYPY.
[ToBepHuTe py/b 0 yIIOpa IPOTUB YaCOBOW CTPeJIKU (B/I€BO).

Beepute komangy setTick

Ha nosiBuBLLICE CS1 TPE/I0KEHHWE, IOBEPHUTE PYJIb 10 YaCOBOM CTpeJIKe (BMpaBo) [0 yropa 1
BBe/iUTe KOMaHAy end

KanubpoBka neganei.

Bce nesany B MCXOHOM OTKaTOM COCTOSIHUM.
BBoaum komaHzpbI:

minA - 3amMch COCTOSIHUSA rasa

minB _- 3an1Ch COCTOSIHUS TOPMO3a

Ecnu ecth cuennenue, To BBogum minC



HaxvmaeM riefjansb rasa /10 yropa ¥ BBOAUM maxA
Haxxumaem nesasib Topmosa [0 yrniopa v BBOAUM maxB
Ecimm ects cueruienye, To Ha)KUMaeM 1efiaib 40 yriopa v BBoguM maxC

Tenepb nipoBepsieM KaimOpoBKYy KoMaH/ 101 showCal

3HaueHus Ocel Tezaien ra3a, TOpMo3a U CLer/ieHus1(eC/u eCThb Nefiaib) J0/DKHbI OT/IMYaThes 0T 0 1
1023

3nauenvie Mode fo/mkHO oTuaThesi oT 2400.

Ecnu Bce HOpManbHO, TO MOXKHO TT€PeXO/IUTh K 3arpy3Ke OCHOBHOTO ckeTua Release

4  3arpy3kKa OCHOBHOIO CKeTua.

51 cKoMITUIMPOBAJI IBe TIPOILMBKH, OFHA C OrPaHMUeHHeM yT/ia TOBOPOTOM MOTOPa, BTopasi 0e3
5Toi (pyHKIMH. [To-XOpoIeMy Bbl JO/DKHBI OTAaUTh 3Ty (QyHKLMIO Ha develops -Bepcuu Mo, CBOe
Kesieso.

Nerknia nyTob.

3amyckaeTe rporpammy Xloader, yka3sbiBaeTe NOPT, IPOLLMBKY U )KMeTe MPOLIUTb.
Ecnu nporpamma nvitet failed, To mepe3sarykaeM apiyrHy OBICTPBIM JBOWHBIM Ha>KaTHEM reset,
ObpIcTpO BbIOMpaeM MOSIBUBILMICS HOBBIM 1OPT U >kmeM Upload.

Apyroi nyTb.

Uepe3 cTaHAAPTHYIO Cpefly apyuHO.
st Hauasia HaM HY>KHO B marike ¢ Arduino B ¢aiisie hardware/arduino/avr/boards.txt moMeHsITb
3HaueHWs CIeJyIOLUX CTPOK:
leonardo.build.vid=0x046D
leonardo.build.pid=0xC299
Heobsi3aTennbHO, HO TOXXKe MOXXHO, UTOOBI pysib Ha3biBasics He "Arduino Leonardo":
leonardo.build.usb_product="G25 Racing Wheel USB"

Tenepb HaM HY>XHO OTKIHOUUTHL COM-110pTHI B haiisie hardware\avr\1.8.4\cores\arduino\USBdesc.h
IS 3TOr0 pacCKoMeHTHpYHTe cTpoKy //#define CDC_DISABLED

// Uncomment the following line or pass -DCDC_DISABLED to the compiler

// to disable CDC (serial console via USB).

// That's useful if you want to create an USB device (like an USB Boot Keyboard)
// that works even with problematic devices (like KVM switches).

// Keep in mind that with this change you'll have to use the Arduino's

// reset button to be able to flash it.

#define CDC_DISABLED

Bce Terepb MO)KHO 3aMyCKaTb CpeJly apAyWuHO, BbIOpaTh riaty Leonardo v mpomivBaTh I1ary.
[Tocne npomMBKY, yCTaHOBUTE ApalBep COOTBeTCTBYOIMIM Bailert OC 1 Briepe/; K HOBbIM

FOPU30HTAM B UI'PaX.

[Tpum. He 3abyzabTe mocsie ycrielHoM MpOIKMBKYA BepHYTh (aiinbl Arduino K cTaHZapTHOMY BHUAY.



XaKku U TpHOKMU.

NHBepTUpoOBaHue neganu
IIpvmMep f/14 niefiaiv rasa.

HaxopuM Ha r7iaBHOM CTpaHULe CKeT4ya CTPOKY

//Onpoc oceut

CTPOKa HIDKe

G25.axes[AXIS_ACC] - setValue(analogReadF ast(PIN_ACC));

Y eCTh TO UTO HaM HY)KHO, MeHsieM ee Ha

G25.axes[AXIS_ACC] - setValue(1023-analogReadF ast(PIN_ACC));

Huke uayT ABe CTPOKU B KOTOPBIX UMTAOTCS 3HAUEHHMsI TOPMO3a U CLeTUIeHHs], eC/IU HaJlo
VHBEPTHUPOBATh — U3MEHsIeEM CTPOKY aHa/IOrMYHO.

Wcnonb3oBaHue gpaiiBepa L298N

[MopksroueHye paiiBepa OyZeT Takoe >ke KakK B OpUrMHanIbHOM cketue Sulako, cxema ecThb B
OpPUrMHA/IbHOM apXUBe.

Ckonupyiite ¢aiin motor.cpp U3 opuruHanabHoro cketua Sulako B cketu Release, 3ameHuB
CyLL[eCTBYIOLLMH (aii.

Cxema pyna MOMO c poaHbIM 3HKOA4EPOM

CxeMa TOZK/TFOUeHHsI POJHOTO HKOZiepa B pasziene Bonus, kararor MOMO
Takke MpuMep ecThb B narke Shematics

Kak BepHYyTb NOpTbl apAynHO?

BapuaHTOB HeCKO/IbKO, UCIT0/Ib30BaTh MporpamMmMaTop wiu uepe3 Xloader 3anuB Devel.hex

He 3anuBaeTcsa npowuBKa B apaymHo yepes Xloader, uto
genarb?

Ecsm nipu nipormBke muiiet failed, To To mepe3arnykaemM apAayuHy GbICTPBIM JBOMHBIM Ha)KaTHEM
reset, ObICTPO BEIOMpPaeM TOSBUBIINICS HOBBIM TTOpPT U skMeM Upload.

Kak nogkniouutb USB-TTL KoHBepTep?

PacrivHoBKa /1e>kuT B manke Shematics. Otkmrouaem apgyvHo ot USB. Co6irogaeM mosisipHOCTb.
He 3a0piBaeM uTO coefiiHeHMe MMHUM JaHHBIX ueT HakpecT RX-TX, TX-RX.



Ccblnku

OpuUruHaJbHBIN IPOEKT
I'pyrma no Moaudukaimu pyiag MOMO B BK

FOt1y6-kanan SeGord aBropa MozoB pyis Logitech MOMO Racing



https://youtu.be/fmIQU8esIDs
https://youtu.be/fmIQU8esIDs
https://youtu.be/fmIQU8esIDs
https://youtu.be/fmIQU8esIDs
https://vk.com/momo_mods
https://vk.com/momo_mods
https://vk.com/momo_mods
https://cxem.net/mc/mc207.php
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