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Ceetoguoabl AJI307BM moxHO 3a-
MeHUTb NI6LIMKU aHanormyHbiMu. Juo-
Aol KO522 moryt 6eitk ¢ niobbiv 6yKBeH-
HBIM MHAEeKcoM, a KA247E moxHo 3ame-
HWUTL NIO6bLIM ANOAOM C MakCUMaNbHbIM
o6paTHbIM HanpsixeHnem Gonee
600 B w npavmeim Tokom ©Honee
0,5 A. Tpanauncrop KT503A ponyctumo
3ameHuTb Ha KT3102 ¢ niobbim 6GykBeH-
HBIM UHAeKkcom, a 2T506A — Ha KTS506A,
KT858A. TpaHaucTtop VT2 KTB05AM xe-
natensHo noaobpartk ¢ MUHUMAaNBHBIM
HanpsXeHWeM HaCHILEHWS KONNEKTOp-
3MUTTEpR, 4TO BnaronpuATHO CKaXeTcH
Ha KMNQ npeoBpasoeartens. Ha puc. 5
rnokasaHa cxema BKMIOYEeHWA TPaH3UCTo-
pa Ans uaMmepeHus napameTpa npu ¢uk-
CUpoBaHHOM Toke BGasbl.

B tpaHcdopmarope T1 wvcnonsayercs
6poHeBwlii MarHuTonpoeog B30 ua dep-
puta 2000HM. NMepewyHas ofmoTka co-
nepxut 14 BUTKOB, HaMOTAHHLIX MNPOBO-
aom N3WO 35x0,07, w HamaTbiBaeTcH
noeepx BTOPUYHON OBMOTKM, UMEIOLLEeit
1600 BMTKOB, HaMOTaHHLIX MPOBOAOM
N3aB-2 0,12 eutok K BUTKY. Bece oBMoTKK
WU30NMPYIOT ABYMSA CNoAMY kabenbHoi By-
marv TonwwmHoil 0,05 mm, nocne 4ero
nponuTeliBaioT napadguiom. Mexay yaw-
Kamu TpaHcgpopmMaTopa BKieeHa Auanek-
TpUyeckas Npoknajka u3 snekTpokapTo-
Ha TomwuHon 0,4 Mmm.

Ha puc. 6 npuBeneHul NpYMepLl CXem
BKJIIOHEHMS HEKOTOPLIX NOAYNPOBOAHNKO-
BbIX NpVBOPOB A5 NPOBEPKW WX Napame-
TPOB NOCTOAHHOIO Toka: a — NpPoOWBHOIo
HanpsxeHws guopa; 6 — HanpsXeHwus
crabunusauun crabunutpoHa (nNpu Toke
1,25 MA); B — OTKpbIBaIOLLEro Hanpsxe-
HUA AWHUCTOPA; I, [, — HanpshKeHus npo-
6os KonnekTop—amMuTTep BuUnonApHLIX
TpaH31CTOpPOR paann4Holi CTRYKTYREI Npu
3alaHHOM CONpPOTUBNEHKN B Lenn 6asb;
e, XX — HanpsxeHna NpofoA CTOK—UCTOK
P- W N-KaHanbHbIX NOJIEBLIX TPAH3WUCTOPOB
€ WHOYLUWMPOBAHHBIM KaHanom; 3 — nps-
MO0 HanpsixeHus npobosi TpUHWCTOpa
B 3aKPLITOM COCTOSIHUU; U — oBparHoro
HanpskeHua npobos.

lMNepepn NpoBepKol NONeBoro TpaHanc-
Topa cnegyeT ybeauTLCA B TOM, 4TO ANS
NOMY4EHWsi HYNEBOro TOKa CToka focTa-
TOMHO HYJIEBOIO HanpsXeHws Ha 3aTeope,
T. € CONPOTUBNEHUS B LIENW 3aTBOp—WC-
ToK. Hanpumep, noneBble TpPaH3WUCTOPHI
C p-N NepexofoM ANIs NONYYeHUs HyNneBo-
ro Toka cToka TpebyoT obpaTtHoro cme-
WEeHUs Ha 3aTBOpe, 4Y4TO He no3Bonser
NPOBEPSTL MX NO cxeme puc. 6,e, X.
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Pegakrop—A Cokonoe,
rpaguka i oTo —aB

NopxknioyeHue AXOMUCTUKOB OT

UrpoBbIX NpUCTaBoK K wunHe USB

C. PIOMUK, r. YepHuros, YkpauHa

ABTOp pacckasbiBaeT, KakK U3roToBUTh NPOCToi aganrtep Ha MK
ATmega8, nossonsiowmii noaKIoyYnTs K pasvemy USB KomnbioTepa
JXOUCTUK OT urpoBoii Buaeonprictaskn. CtaThs OyAeT nonesHa He
TOJILKO JIOBUTENSIM NOUrpaTe B "MpHUCTaBOYHbLIC "N Pbl Ha KOMIbIOTE-
pe, HO ¥ BCeM, KTO UHTepecyeTcsi npuMeHeHueM uHTepgetica USB

B CBOMX KOHCTPYKLMSIX.

TOM, Kak NoAKMoyaTs UrpoBLIe MaHu-
NyNSTOPbLl OT BUOEONPUCTABOK K Nop-
Ty LPT koMneloTepa 1 Kakue nporpamMmm-
Hble ApaliBepsl ONA HWX WCNONb30BaTh,
aBTop pacckasan B [1]. B coBpemeHHBIX
HOYTOYKax W MaTepuHCKUX Mnarax Kom-
nbloTepoB NopT LPT cunTaeTcs YyTs N He
aTaBM3MOM U BO MHOTUX CRY4asx OTCYTCT-
Byer. Ha cmeny emy npuxopnut nopt USB,
K KOTOPOMY MOAKMIOHAT NPUHTEPLI, MO-
nembl, FLASH-namsite 1 npouve nepude-
puiiHble yCcTpolicTea.
OXOWCTUKWU OT WIPOBLIX MNPUCTABOK

ansHoli nrpoBoi Npuctaeke. USB-apantep,
paboTaroLmii B pexume LS, MOXHO NocTpo-
WTb Ha cpaBHUTENBHO Aelueeom MK obuero
Ha3HaYeHVss 1 COeAMHUTBL ero G KOMMbLIoTe-
POM AOBOSLHO [UIMHHBIM KabGenem paxe
6e3 BUTLIX Nap NPOBOAOB. Tak kak pexum
LS 6bU1 npeaycMoTpeH 1 cneundukaumer
USB-1.0, To apgantep cmoxeTr pabotartb
HE TOJMLKO ¢ COBPEMEHHBIMW, HO WU € MO-
panbHo yCTapeBLUMMK KOMIbIOTEPamMK.
CornacHo cneuMdurkaunM pasnuHalT
nea knacca USB-ycrpolicte:  CDC
(Communication Device Class) — ycTpoii-

Dendy, SEGA MegaDrive-ll {(Sega), Sony cmBa cBfAan, HID (Human Interface
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Puc. 1

PlayStation (PSX) — He nckniovenue. Mop-
Knio4aT vx K pa3zsemy USB komneloTepa
Yyepea cneuynanbHble agantepbl. V3aBecTHsbl
Takue N3AeNMA Kak NpoOMLILLIEHHOIO Npo-
U3BO/ICTREA [ 2], Tak 1 NIoBUTENLCKUE CaMO-
[enkw, Hanpuwmep, [3, 4]. Bce oHn BEINORN-
HeHb Ha MK, HO Kaxablid U3 HUX UMeeT Te
WV WHBIE HefocTaTKW: TO Manoe 4vcno
W HOMEHKJNaTypa noakJoyaemMblX [XOR-
CTWKOB, TO BLICOKas UeHa W WU3NULIHAA
CNOXHOCTB, TO pefikaf MMKpocxema » oT-
CYTCTBME uYepTexa nevarHol nnarbl.
Ho xyxe Bcero — "3acekpeveHHoCTs" 1c-
XOJIHOrO TeKCTa NPOorpaMmsbl, He No3BoNs-
10LaA MOJEePHU3NPOoBRaTE M NPUCTIOCOBUTE
UHTepdelic ynpaeneHua Nof CBOU BKYChI
u notpebHocTu. Mo 310l NpuyuHe 1 Bbina
BLINOMHEHa Npeanaraeman paspaboTka Ha
AOCTYNHOW anemMeHTHo 6a3se U ¢ OTKpbl-
THIMW NCXOAHBIMUY TEKCTaMKU NPorpamMm.
Kak u3BecTHo, yTBepxeHHas B 2000 r.
crneumgpukaumna USB-2.0 npepycmartpuea-
eT Tpu pexuma paboTtel WKHLE: LS (Low
Speed) — ckopocTte Ao 1,5 Méwut/c, FS (Full
Speed) — ckopoctb o 12 M6ut/c, HS
(High Speed) — ckopocts o 480 MéuT/c.
Camblii NpOCTOW M3 3TVX PEXMMOB — LS.
Ero cpaBHWTENBEHO HU3KOK CKOpOCTY AocTa-
TOMHO, 4TOBLI O6ecneynTs ONpPoC KHOMOK
Ixolictuvka ¢ nepyogom 16...20 Mc, Kak B pe-

Devices) — ycTpoiicTBa uHTepdeiica "de-
nogek-komnetoTep”. K nepsomMy w3 Hux
OBLIMHO OTHOCAT AOMNOMHWTENbHLIE KOM-
MYHNKaLWMOHHBIE MOPTHI, CO3[aBaeMble
B KOMMbIOTEPE C NOMOLIBI KOHBEPTEPOB
RS-232—USB. na pabotel ¢ HUMK Tpe-
Byercs, Kak Npaeuno, nucarb coBCTBeH-
Hble KOMMBIOTEPHLIE MPOrpaMMbl.

YcrpolicTBa BTOPOro knacca WChoJb-
3yioT rotoeole HID-ppaiBepel cucTeMbl
Windows, 4To 3HauMTensHo obneryaer aa-
Aa4qy NporpaMmucTa, Brepeble CTOJIKHYB-
weroca ¢ USB. Mo cytn pena, HUKakoi
nporpamMmel COCTaBAATE HE MPUXOAWTCS,
pocTtarodHo pasobpatbcsl B NpOTOKONe
ofbmeHa MHpopmMaumein.

PaspabotaHHble agantepul NOCTPOEHLI
Ha MK ATmega8 [5]. Ero nporpamma tak-
Xe J[oMmkHa cogepxatk pgpariesep USB.
B HacTosiee Bpems noaobHbie apaiiseps
s MK cemelictea AVR paspaBatsiBaior,
Kak npaewno,Ha 6ase 6ubNMoTEK ApaiiRe-
poB cnoeaukoro papuoniobutens Krops
Yewko [6], HaMMCaHHLIX Ha A3bIke accemb-
nepa, wunu 6GubnuoTtek, npepnaraemblx
¢upmoit Objective Development [7] (Ha
Aabike C ¢ accembnepHbiMK BCTABKaMK).

0O6e 6ubnMoTEKN pacnpoCTPaHAKTCH
BecnnatHo U no o6bemy 06BLEKTHOIO Koaa
nawT NpubIM3UTENBHO OfIMHAKOBLIE pe-
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aynbTatel. OpgHako BTopas 6wbnnoteka
npegnoyTuTeNLHee No KOPPEKTHOCTH 06-
paboTkK 3anpoCcoB NpepLIBaHUn K BLICT-
popeiicTeuio. Kpome Toro, MCXoAHbIE TEK-
ctbl gpaiieepoe Objective Development
ropasfio KomnakTHee W HarnsAHee, OHW
NpoLLEe B NOHWMaHUK W Nerde nognalTcs
KOppekTUpoBeke. Mo 3TUM NpUYMHAM OHK
1 UCMOMNL30BaHL! B NpefnaraeMoii BHUMa-
HWIO yuTaTenel paspaboTke.

Ana pxolcTUKOB OT MrPOBLIX NpUcTa-
Bok Dendy, Sega n PSX 6bum paspaboTa-
Hbl OTAenbHble ajanTepbl, WMeloLne
B CBOEI1 OCHOBE OAMHAKOBbIA MUKPOKOHT-
ponnepHLIii y3e, cxema KOToporo ma3ob-
paxeHa Ha pmc. 1. KonpeHcatopsl C3
1n C4 — anemMeHTbl TUMNOBOW CXemMbl NOA-
KNIoYeHWst kBapueBoro peaoHaropa ZQi
K MK DD1. K yHUpULMPOBaHHOI po3eTke
USB-B (X1), ananornuHoli yctaHaBnvpeae-
MO B MpUHTepax, ckaHepax W B ApYrux
nepudepUnHbIX YCTPOWCTBAx C WMHTEp-
dericom USB, nogknioyvaloT Bunky Tuna B
craipaptHoro USB-kabensi. Bunky tvna

TAHOBNEHHLI Ha nnaty. HasHave-
HUWEe ero KOHTaKTOB COOTBETCTBY-
eT pekoMeHJoBaHHOMY B [8]. 3T1OT paskem
MOXHO UCKNIO4UTB, ecnin MK Bynet sapaHee
3anporpaMMMpoBaH B NaHenu nporpamma-
Topa, W B JanbHelem mMoauduumMpoBaTb
ero nporpammy He NpeanosaraeTcs.

JOXOWNCTUKN COEOMHAIT C MUKPOKOHT-
pONNEpPHbLIM Y3NIOM N0 CXeMaM, NoKa3aH-
HEIM Ha pMc. 2 (00 YeTbipex AXOWCTNKOB
ot Dendy), Ha puc. 3 (o OBYX IKOWCTU-
KOB OT Sega) 1 Ha puUcC. 4 ([0 ABYX OXOii-
cTkoB oT PSX). BO3aMOXHOCTL NOJKio-
HYKMTb OIHOBPEMEHHO HECKONBLKO MKONRCTKU-
KOB yaobHna pna nobuteneld vurp ¢ He-
CKOJNIbKMMU YHACTHUKaMM.

Bunku X3—X6 Ha puc. 2 — DB-9M unn
DB-15M B 3aBMCUMOCTW OT TUNA PO3ETOK,
KOTOPbLIMA  OCHALlLeHbl NoAKNKYaeMble
JPKOWCTUKW. HomMepa BLIBOLOR AEBATUKOH-
TaKTHBIX PA3bEMOB NPUBEAEHH B ckobkax.
Bunkn Ha puc. 3 — DB-9M, a posetku Ha
puc. 4 — crneywanbHele OT NPUCTaBKK PSX.

Ha puc. 4 ectb avon VD4, nokasaHHbIA
NyHKTUpoM. TeopeTu4eckr, HTOOB NOHW-
3aUTb HanpsbkeHne nutanus ¢ 5 no 3,5 B,

CM. puc. 1)

HeoBXoAMMBLIX ANS AXOWCTUKA OT Npw-
craBku PSX, TakoW anopn AonmkeH ObiTb.
OpHako Ha npakTWke ¢ ero ycTaHOBKOW
BO3HUKAIT JIOXKHBIE cpabarbiBaHns npw
OfIHOBPEMEHHOM HaXatun YeTspex n 6o-
nee KHONOK AXXKORCTUKA.

K BxogHelM nuHMAM noptoe MK npo-
rPaMMHO NOAKMIOYEHB! BHYTPEHHWe pe3nc-
TOPbLI, COEANHSIOLLME WX C NAIDCOM UCTOH-
HWKa NUTaHWA. JTO yMeHbLUIAET HaBOAKW
1 yCTpaHseT NIoXHble cpabaTbiBaHus, Koraa
KOHTaKThl pasbemMoB, K KOTOPBIM He TMof-
KIMOYEHB! JDKOUCTUKW, "BUCHT B BO3[lyXe™.

AganTtepbl cobBupaloT Ha NevaTHeIX nna-
Tax, u3obpaxeHHbx Ha puc. 5—7, ans
JKOWCTUKOB OT Bupeonpuctasok Dendy,
Sega u PSX cooteetcTBenHo. [nara gna
Dendy paccyutaHa Ha nogKIioYeHUe K Hel
He Gonee ABYX AXOWCTWKOB, W TONBKO
¢ pasvemamu DB-9. Mop Gonbluee Yucno
IKOMCTUKOB 1nu nop, paskemsl DB-15 ee
npuaertcst nepenenarb. Kak BapuaHt, no-
nyckaeTcs oboiitncs Boobue 6e3 passe-
MOB, NpUNasie NpoBoAa AXONCTUKOB Npsi-
MO K KOHTAKTHLIM NAOLaAKam Ha nnarte.
Hawbonee peduunTHLIE pa3bembl Ans
JKOWNCTUKOB OT NpucTaekK PSX MoxHO 3a-
MEHUTL CeMbl0 OAMHOYHBIMK MPOBOAAMM
C NPUNasHHBIMW K HUM THE3JaMKu NOAxXO-
Aflllero paamepa OT OPYTUX pPas3beMOoB.
W3onupoeae mMecTa naikun otrpeskamu no-
JIMXNOPBUHWNOBOIA TpyBKW, rHe3fna Haje-
BalOT HA LUTLIPW BUJIKW JXKOMCTUKA.

Pacnonoxexnve pertaneli apantepos,
NPakTUYecKn WAEHTUHMHOE Ha nnarax BCex
Tpex BapyaHToB, NoKa3aHo Ha puc. B. Uc-
KnioyeHwe npeacraenser guon VD3, ero
yCTaHaBNWBAIOT TONbLKO Ha nnare ans PSX.
Ha Heli >xe MHa4e pacnonoXeHbl KOHTaKT-
Hble nioLwaaKu noj pasbemMel X3 1 X4.

[Mpy OTCYTCTBUKM YKa3aHHOTO Ha CXeme
MukpokoHTponnepa ATmega8-16PI ¢ max-
cUManeHol-TakToBoW Yactotoil 16 MMy
MOXHO nonpoboBaTb 3amMeHWTb ero Ha
ATmega8L-8Pl. dopmanbHO ero makcu-
manbHaa TakToBas 4wactora — 8 My,
HO MNpakTUKa NokassiBaeT, YTo Npu Hanps-
WeHUM nutaHma 5 B +5 % BonbluMHCTRO
aTUX MUKpOCXeM Ha uyactore 12 MIy pa-
6oralT ycToumBo. BoamoxHa 1 3aMeHa
MUWKPOKOHTpoNepa ¢ "MHAycTpuassHbIm™
AONYCTUMEIM WMHTepBanom paboyeid Tem-
nepatypbl (6ykebl | unm U B MHAEKCE) Ha
"kommepyecknii™ (¢ Bykeoii C B nHaekce),
HE paccYMTaHHLIi Ha paboTy Npu oTpUua-
TenLHOIN Temneparype.

Kaxaelil U3 Tpex BapuaHToB apantepa
vcnonbayeT CBoK COBCTBEHHYIO Nporpam-
My MK, npuyemM pasHylo, B 3aBUCUMOCTH
OT MakCuManbHOTo YMCna NoAKNIoHaeMbIX
IDKOMCTWMKOR. Hanpumep, ANA IpKOMCTUKOB
oT Dendy nmeloTca YetTsipe BepcuM npo-
rpammel, o6cnyxusaloluve ognH, ABa, Tpr
WK HYeTkipe IXoncTuKa.

Heno B ToM, 41O MHpOpPMaLMA NO WH-
Tepdelicy USB B pexume LS nepepaercs
nakeTamu (TpaHsakumamu), cneayowmmm
¢ nepuogomM 10 mc. OnpepeneHne cocro-
AIHVA KHOMOK W pblMaroB AXXOKCTUKa npo-
rpammoii MK 3aHumaeT npubnuantensHo
9 mc. Mo3sTomy 3a OHY TPaH3aKLMWIO KOM-
neloTep WUMeeT BO3MOXHOCTL NONYYUTh
VHGpOPMALMIO © COCTOAHWUW TOJIBKO OfIHO-
ro KoNCcTUKA.

B cny4ae, korpa AxoRCTUKOB HECKOSb-
Ko, agantep nepepaeT WHGopMauuio
O HUX nocyepepHo no kpyry. MNpu AByx
xocTukax nepron 06HOBNEHUst MHGop-
MaUMnm 0 KaxaoMm M3 HUX paeeH 20 mc,

JONV VYA S

WIMHX3L BYHd0223N0odUOodININ

8£-82-802 ‘vaL

ni'olpel@ynsuod imaoduog
NI OIPRJHNEW (Haleld nandy
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a npu Yetbipex pocturaet 40 Mc, 4To Mo-
XEeT 3aMeTHO yXyAWWTb OnepaTBHOCTb
ynpaeseHns ofbektamu urpbl. Moatomy,
ecny He NNaHUPYIOTCA Urpbl © GONLLIKM
UMCIIOM YYACTHUKOB, CTOUT 3arpy3uTb

B MK Bepcuio nporpammbl, paccunTaHHyo
Ha MWHUManbHO Heobxoaumoe 4HYWCHo
nxoiictukoB. Ecnuv notpe6yetcsa, 10 MK
MOXHO NepEnporpaMmMMUpoBaTh NpakTuye-
CKUW HeorpaHnyeHHoe Yucno pas. Cocrtos-
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HUe KOH(UIrypauMOHHLIX BUTOB NpW ero
NporpaMM1poBaHUK [IOSIKHO COOTBETCT-
BOBaTL pMcC. 9.

MmeHa npunaraeMolx K cratbe 3arpy-
3o4HbIX dalinoe (HEX-daiinos) coctoaT na
COKpallleHHOro Ha3BaHWA BUOEONPUCTaB-
KU W Unpbl, 03HaYaoLwein MmakcumansHoe
4MCNO NOAKNIHAEMBLIX K afantepy [XOoR-
CTUKOB. [lna npucTaBku Sega MeeTcs Ba-
puaHT (Segal-2.hex), no3asongaoLni
Nofb30BaTbCA ABYMA NOAKNOYEHHBIMU
K agantepy AXoWcTuKamu noouyepegHo.
B aTtom cnydae muraHue ceetogvona HLA
¢ vacTtotoil 0,5 U nokasblBaeT, 4To AercT-
BYET JUKOWCTUK, MOAKNIOHEHHLIA K pasbe-
my X3, a c yactoToil 5 Ny — noakoYeH-
HBIA K paabemy X4.

K coBpaHHOMy 1 3anporpaMMupoBaH-
HOMY afantepy NOAKNIOYAT OAWH U He-
CKONbKO AXXOMCTUKOB. WX Yncno He Qomx-
HO NpeBLILLaTh JONYCTUMOrO A8 UCMNoNb-
3yemoit Bepcun nporpammel MK. 3arem
agantep crtaHgapTHeim USB kabenem co-
e[INHAIOT C KOMNbOTEPOM (Aonyckaetcs
"ropsivee” noaknoyeHve k pabotalowemy
KOMMLIOTEPY).

Yepes HECKONbKO CeKkyHp apantep
byner aBToMaTWyecku Ono3HaH cucTe-
moit Windows-XP kak HID-ycTpoiicTso.
B cucteme Windows-98SE Heobxopumo
npeaBapuTesibHO YCTaHOBUTL BCe Npef-
naraemble ¢$upmoin Microsoft natin,
B TOM 4qucne 240075up.exe (<http://
www. microsoft.com/downloads>)

[MpocMmoTpeTk CBOWCTBa BHOBbL MOJ-
KNnioYeHHblX USB-OXOBCTUKOB MOXHO,
npoas no nytn "Myck-»HacTpolika-=Ma-
HeMb ynpaeneHua-»MIrpoBble  YyCTPOMCT-
pa-»CeolicTBa”. Hanpumep, y IXOWCTHKA
ot Dendy 6ynyt otobpaxeHbl 4eTbipe
KHOMKW W OfHa OCb, OT Sega — BOCEMb
KHOMOK 1 0flHa OoCb, Ansi PSX — 12 kHoNok,
oflHa OCb W [Be PYy4ykW ynpasneHus
{pmc. 10), npuyem ABe KHOMKKW U obe pyy-
KW [IeNCTBYIOT TONBKO B "aHanoroBom” pe-
XUMe [LKONCTHKA.

KannbpoeaTtb AXOWCTUKKM He TpebyeT-
cf. HID-mKOWCTUKN MOryT 3aMeHATb ApYr
Apyra. Hanpumep, B amynstopax wrp
Dendy ycnewHo (yHKUMOHUPYIOT KO-
cTuku oT Sega n PSX. MoxHo 1 HaobopoT,












