2025/07/15 22:56 1/22 freeldr

NMocnepoBaTenbHOCTb 3arpy3ku osFree (MpepBapuTenbHbI BapUaHT, Bepcus
2)

3aMeyvaHue: [aHHbIN OOKYMEHT HaxXxoANTCA Ha CTaanun pa3p860TKI/I. Bbl MOXeTe npucblnaTb
3aMedaHuna n ncnpasneHns.

3amevaHue: Cneundukaumsa Multiboot noaaepxnMBaeTCcs TONIbKO B OrpaHUYeHHbIX npeaenax. Mol
CYMTAEM, 4YTO He BCE BO3MOXXHOCTY HEOOX0AUMO NOAAEPKUBATb. HacTpolika BULEOPEXIMOB He
[0J1XKHa ObITh 3a4a4el 3arpy34mKa. 3arpy3ynk OO/KEH NPOCTO 3arpy>aTb CUCTEMY 1 He bonee.
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3ameyaHue: [JaHHbIN OOKYMEHT UCMOJIb3yeT YacTu gokyMeHTa Multiboot Specification Bepcun 0.6.93
(C) Copyright 2004-2007 osFree project

JaHHbIN foKyMeHT cocTasuaun: KOpun MNpokywes, Banepuin Cepgneukun, Cawa WmnaT.

BBepeHue

MocnenoBaTeNbHOCTL 3arpy3KmM osFree He NCNob3yeT KNaccnyeckne peweHns Hanogobe GRUB mam
LILO. GRUB xopolias nporpamMmma, HO UMeeT psif HeAOCTaTKOB. [NaBHbIN U3 HUX - 3arpPy34MK OOJKEH
3HaTb 0 CTPYKTYype (hannoson cnctembl (PC). ITO 0O3HAYAET, YTO 415 TOro, YT0bbl UMETb NOAAEPXKKY
HoBon ®C, BaM Heobx0AMMO, Kak nonb3oBaTento, 06HoBMTL GRUB Ha 6onee HOBYIO Bepcuto C
noanep>xkon Hoson ®C (ecnn Takaa Noggep)Kka cylecTsyeT). A Kak pa3paboTynky, Bam
notpebyetca pobasutb gpansep ®C B 94p0 1 3arpy34mk. B 60NbLIMHCTBE CyYaeB 3TO O3HaYaeT
pa3fnyHble apXUTEKTYpPbl, CTUb MPOrPaMMUPOBaAHUS U Cpeabl pa3paboTkn. Mbl He XOTUM 0BHOBASATH
BCIO CUCTeMy A4 obecnevyeHnsa NoOAAEPKKMN TONbKO MaNeHbKOW (hYHKLIMOHAbHOCTU (B CPaBHEHUM CO
BCEW onepaunoHHON CUCTEMON). Mbl HE XOTUM NOCTOSHHO NepeyCcTaHaBAMBaTb AN 0BHOBAATbL Ky4y
CUCTEMHbIX KOMMOHEHT 419 “yKa3aTeNa Mblln C TeHb”. Mbl XOTUM, 4TOObI 06LLasi CTOMMOCTb
BNafeHna ocTaBaslaCb HA MUHUMaNbHOM YpOBHe. B pe3ynbTaTe Mbl 3aMMCTBOBaJIN MAEKD
ycTaHaBimBaemow annoson cuctemsl (YOC) n3 0S/2. Mbl He onuceiBaeM 34eCb YCTPONCTBO
MicroFSD n MiniFSD, T.K. 370 3aga4a gokyMmeHTa YOC, HO He YCTPOMCTBa 1 UHTep(encos 3arpy3dnka
fa4pa.

OcHoBononaratowas nidopmauus (MubopmaTusHas)

B aTOoM pa3pene mbl nonpobyem 0b6CyanTb HEKOTOPbIE BONPOCHI OTHOCUMTENBLHO 3arpy3ku osFree ¢
ANCKa 1 npouecca CMCTEMHON nHULManm3aunn. osFree asnseTtca k1oHoM 0S/2, N03TOMYy OHa LO/KHA
BbIMOJIHATL 3ajayn TeMu e cnocobamu, 41o 1 OS/2. TakxKe Mbl fO/KHbI 3aMMCTBOBATb XOpoLUme
noen n3 0S/2 Warp Connect PowerPC Edition (Takxe n3sectHon kak Workplace OS), Tak Kak 370 6bin
nepBbIl NpUMep NpuMeHeHns Mukposigpa B 0OS/2, B KOTOPOM MMenncb HeobxoanmMblie 0COBEHHOCTH
ANs LaHHOW CUCTEMb.

NMocnepoBaTeNbHOCTb 3arpysKu

B koHUe npouenypbl POST ROM BIOS npoBepsieT nmeowmecs yCTponcTea 1 nepefaeT yrnpaBieHme
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npouenype npepbiBaHus int 19h, KoTopas 3arpyxaeT 1-blil CEKTOP 1-0ro 3arpy304HOro yCTponcTBa
(onckeTa, BUHYecTep nau ap.). Ecam 3arpyska nponsBoanTCA C BUHYeCTepa, TO r1aBHas
3arpy3o4Has 3anucb (MBR - Master Boot Record) 3arpy»xaetcs n3 1-oro cektopa. ROM BIOS
3arpyxaet ero B agpec 0x07c0:0x0000. MBR cogep>XuT BXo4 BO BHECUCTEMHbIN 3arpy34nk (NSB -
NonSystem Bootstrap) n Tabnuuy pasgenos (PT - Partition Table). Kog NSB nepemeuwiaet MBR B
0x0060:0x0000 1 3arpy>xaeT 3arpy304HbIi CEKTOP BUHYeCTepa B Te xe agpeca (0x07c¢0:0x0000),
Kyaa bbina 3arpyxeHa MBR. Pa3gen HavanbHOM 3arpy3kun HaxoanTca B Tabnuue pa3fnenos, KoTopas
conepXxutcs B koHUe MBR. Tabnuua pa3fgenos coLepXuT YeTolpe AeCKpunTopa pasfena, Kaxabii n3
KOTOPbIX COAEPXUT haar akTUBHOCTU B 1-oM BanTe CTPYKTYypbl AeckpunTtopa. Ecam atoT 6anT paseH
80h, To pasnen akTuBeH, ecnin oH cooTBeTCcTBYeT 00h, TO BblAe/IeHHble pa3fesl He aKTUBEH. 3aTeM
MBR nepefaeT ynpaBieHue 3arpy304HOMY CEKTOPY, KOTOPbIN 3arpy>XaeT onepaunoHHY CUCTEMY.
OTa 4acTb 3arpy3Kn Takas Xe Kak 1 B Apyrux onepaumoHHbix cuctemax PC, Bkatodasa Windows, 0S/2
1 Linux, Korga npouecc 3arpy3ku npoucxoanT U3 akTUBHOr0 OCHOBHOMO pa3aena.

Ina Toro, 4Tobbl MMETb BO3MOXKHOCTb 3arpy3nTb Kakyto-11Mbo onepaumoHHyto cuctemy kpome 0S/2,
IBM Bknto4mna B coctaB 0S/2 meHexep 3arpy3ku (Boot manager). MeHeg)xep 3arpy3Ku yCTaHOBEH
B MaJiblii MEPBWYHLIN pa3fen, KOTOPLIN OTMEeYeH Kak akTUBHbIN B Tabanue pasgenos. To ectb, MBR
NpPoun3BOAUT 3amnyCcK MeHed)Xepa 3arpy3ku 0S/2, a He 3arpy3Ky onepaumoHHON cuctemol. MeHegxep
3arpysKu NpefocTaBfseT NnoJsib30BaTeN0 MEHIO, B KOTOPOM MOXHO BblibpaTb pa3aen ans
LanbHenwen 3arpysku. lanee MmeHenxep 3arpy3ku Npon3BoANT 3aMyCK 3arpy304HOro CeKTopa
onepaunoHHOM cucTemsl o Tomy xe agpecy 0x07c0:0x0, 4To 1 pasgene HavyasibHOW 3arpy3Ku.

3arpy3o04Hbii cekTop (Bootsector) copepxuT 610K napameTpoBs 3arpy3ku (BPB - Boot Parameters
Block), npeacTtasnsiowmin cobon CTPyKTYpY, KOTOpas COAEPXUT HEKOTOPbLIE BaXKHbIE NapaMeTphl,
HeobxoaunMble ANA 3arpy3Kn Hagnexxawmm obpa3om 13 pasgena. bonblWMHCTBO U3 HMX
npenHa3sHayYeHbl AN ANCKETbl U annoson cuctemol FAT, HO UMEKOTCA NapaMeTpbl, He0bXoaAnMble
L4N9 3arpy3Kun goHKHbIM obpasom 0S/2. B 6510ke napamMeTpoB 3arpy3ke eCTb TPY BaXKHbIX NapameTpa
ans 3arpysku 0S/2. A nmeHHo: napameTp HiddenSectors (CkpbiTblie CekTopa), husmyeckoe
3arpy3o4Hoe yCTPOMCTBO U JIormyeckoe 3arpy3oqHoe yCcTponcTso. MNociefHnin aHanornyeH nMeHu
LMCKa YCTPOWNCTBA 3arpy3kun 1 KpamHe BaXKHO UMS AINCKA C pa3fesioM HavaslbHOW 3arpy3Ku.
dun3nyeckoe 3arpy3o4Hoe yCTPONCTBO - 3TO HOMep 3arpy3ku ancka B popmate BIOS int 13h: Tak
3Ha4eHune 00h cooTBeTCTBYET NEepBOM gucKeTe, 3HavyeHne 01h - BTopon auckete, 3HaveHume 80h -
NnepBOMY XXeCTKOMY AMUCKY, 3Ha4YeHne 81h - BTOpOMY XXeCTKOMY AUCKY 1 T.4. MapameTp
HiddenSectors BaxxeH ans 3arpy3ku OS/2 ¢ nOrm4eckoro Ancka B 4ONOJHUTENLHOM pa3gene. Ons
NnepBUYHbIX pPa3fesioB 3TO 03HaYaeT CMellleHne pa3fena OT Havana XeCTKoro AncKa, HoO ans
NOrMYeCcKUX ANCKOB 3TO PaBHO3HAYHO KOJIMYECTBY CEKTOPOB B KaXk40oW JOpoXKe (63 ana
COBPEMEHHbIX BUHYecTepoB). MNapameTp HiddenSectors ncnonb3yetcs ans npeobpasoBaHus
NOKasIbHOr0 HOMepa cekTopa (0T Havana pasgena) k obwemy agpecy cekTopa (0T Ha4yana XXeCcTKoro
ANCKa). Mo 3ToM NpuYmMHE MHOrme onepaLmoHHbIe CUCTEMbI MOFYT 3arpy>XaTbhCa TOJIbKO C OCHOBHOIO
pa3gena, nogobHo Windows unu FreeBSD. Ho IBM cnpoekTupoBasia 0S/2 Takum obpasom, 4Tobbl
[laHHas onepaunoHHasa CUCTeMa MOrJia 3arpy>aTbCs C IOrMYeCKUX pa3fesioB Takxe Kak C
nepBuYHbIX. Kak pa3 4ns 3ToN uenn MmeHegxep 3arpysku ot IBM ycTaHaBiMBaeT Tpu
BbILUEYMOMSAHYTbIX NapaMeTpa B 3arpy304Hbi CeKTope B Buae 6/10ka MapaMeTpoB 3arpy3Ku U TONbKO
nocse 3Toro nepefaeT yrnpasieHve 3arpy304HoMy cekTopy. (JaHHas 0COBEeHHOCTb Hy)XHa
MeHe[)Kepy 3arpy3ku 4sa Toro, 4Tobbl 4o/MKHBIM 0bpa3oM 3anycTuTb OS/2 ¢ nornyeckoro pasgena.
B naHHbBIN MOMEHT TaKyr BO3MOXHOCTb NPeLOCTaBNAOT TPU MeHe)Kepa 3arpy3ku: IBM
Bootmanager, VPart oT Veit Kannegieser n AirBoot ot Martin Kiewitz).

Mocne nepenayu yrnpasneHns oT MBR nnm meHepxepa 3arpysku, B 3arpy304Hbll CEKTOP
3arpy»xaeTcs Tak Ha3biBaeMbln Kog blackbox u3 octanbHOM YacTu 3arpy3o4Horo 6aoka (B HPFS aTo
cnepyowme 15 cekTopoB Nocse 3arpy304HOro cektopa, n npuMmepHo 30 cekTopos B boot)FS) nnn uns
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KOpHeBOro Katanora panna os2boot ana FAT. Blackbox sBnsieTca Mukpogpansepom hanioBom
cuctemsl (Micro File System Driver - MicroFSD) 1 conepXuT HeCKobKO (PYHKLMIA, NO3BOJIAIOLLMNX
OTKPbIBaTb, YATATb W 3aKpblBaTb (hansibl B KOPHEBOM KaTaslore 3arpy30o4Horo ANCKa. TakXe B HEM
MMeeTCs KOA4 UHULMANU3auum n Kog o4ncTkn. O4HOBPEMEHHO MOXHO OTKpbIBaTb He Bonee 04HOro
tanna, a B blackbox'ax oT IBM mMoryT 6biTb MPOYnUTaHbl TOJIbKO haibl, HAXOAALLMECS B KOPHEBOM
KaTanore.

B xoge nHnumanmsauum blackbox (MicroFSD), ¢ aucka 3arpy»atTcs asa ¢anna: os2ldr n os2boot.
(os2boot pna FAT conepxuT MicroFSD, HO B Apyrux (hannioBbix CUCTEMAXxX OH CO4epXuUT Ko MiniFSD).
®ann os2ldr aensetcsa 3arpy3dmkom agpa 0S/2. OH He 3aBUCUT OT (PalnNoBON CUCTEMBI, TONLKO AJs
FAT comepXuT cneunanbHbld KOA (BbllLeyrnoMsAHYTble PYHKUUN ANs YTeHus (ainnos B pa3aene FAT,
a TakXXe Ons noaaepXku cbpoca v BOCCTaHOBIEHMA NaMsaATu Ha/c FAT pa3saen(a)). Mommumo 3Toro,
0s2ldr BbinonHseT dyHkumm DosHIp (“nomowHnkn” gna sapa 0S/2), To ecTb paboTaeT Hanonobue
HEeKOTOpPOro MuKposiapa (HaHOAApa)- OCYLLECTBASET HEKOTOPbIE (DYHKLIAW, OT KOTOPbIX 3aBUCUT
A0po. Takxe, 0s2ldr conepxuT noagepxkKy apansepa yctponctsa OEMHLPS. (Oa, OEMHLP$
HaxoamTcs B 3arpy3ymke!). O4eBMAHO, 4TO 0S2ldr npeacTaBnseT HeYTo HbosbLlee, YeM NPOCTO
3arpy34yuk onepaunoHHON CUCTEMBI.

Hanee ynpasneHue oT blackbox nepepnaeTcs 0s2ldr, KoTopoMy NpefocTaBAAETCSA UHDOPMaLUS O
CXeMe MaMsaTu U TOYKM BXoAa B PYHKLUMM OOCTYNa K hannoBon cucteme (Takum obpa3om, 3arpysymk
nosyyYaeT CTPYKTYpy hannoson Tabanupl, ykasaTenb Ha 610K napaMeTpoB 3arpy3ku, CTPYKTYpY
(bn3n4ecKoro 3arpy304HOro yCTponcTea U HeKoTopble hnarn). 3aTeM 3arpysyunk nepemeltaeT cebs
Ha BEPLUMHY HUXXHEN NaMATK, 3arpy>KaeT C Aucka os2krnl n 3agencTeyeTt HeobxoanMble yCTPONCTBA
(TakmM 0bpa3om NPOU3BOANTCA CUHTAKCUYECKUI aHann3 popmaTa LX n/unu NE, nepemelleHne
CEerMeHTOB B TpebyeMble MecTa, a TakXXe UCnpaBsieHne aapecoB PYHKUNA 1 NepPeEMEHHbIX 4N4
Hagnexatllen CBs3n).

MNocne Toro ynpasneHune nepegaetcs 0s2krnl, n ceeaeHns o namaTn BMecTe ¢ 0s2boot MiniFSD
NpPenoCcTaBNAOTCA 3arpy34nKoM sapy.

Ana yteHnsa gucka os2krnl ncnonbsyet MiniFSD, a He MicroFSD. MicroFSD npefgHa3HayeH ons
3arpy34ymka u paboTtaeT B peanbHOM pexunme, a MiniFSD npenHa3HayeH gna sapa n pabotaet B
3almUEeHHOM pexume. MiniFSD nmeet dopmaT 16-pa3pagHon NE dll. Ero pa3mep orpaHuyeH 62 K6.
Mpoueaypa sysinit ganna os2krnl npon3soaunT 3arpy3ky obpasa MiniFSD B namMsaTb. 3TO NPOUCXOANT
Ha nepBov CTagAuM CUCTEMHON UHULMANU3aLmMmn Npu 4TeHumn config.sys 1 3arpyske npansepos
OCHOBHbIX ycTponcTs (BASEDEV un PSD).

Mepeln S4pOM 3arpy>xalTcsa AUCKoBble Apansepbl nogcuctemsl 0S/2 (310: ibmliflpy.add, ibmIs506.add
- AnckoBble apansepsbl, GuabTp ATAPI ona nopoepxxkm CDROM&#039;08, DASD manager
(0s2dasd.dmd), meHenxep TomoB (0s2lvm.dmd)), 4TeHne guCKa BbIMNOJHAETCA NEePEKIOYEHNEM B
peasibHbIN peXnM 1 Bbi30BOM (hoHKUMK 13h BIOS. Mocne Toro Kak apanBepbl 3arpyxeHbl 1
NHULMAAN3UPOBaHbI, AP0 UCNONb3YeT UX ANA YTeHUs ANCKa, a 414 JOCTyrna K ainsioBon cucteme
NPOAO/MKAEeT NCNonb3oBaTb MiniFSD. 3To NepBbI 3Tan Npouecca MHULMANN3aLnm CUCTEMbI, Kak 3TO
yKa3saHo B (anne ifs.inf 3 pokymeHTaumm ot IBM. Ha faHHOM 3Tane 84po UCnosib3yeT PyHKUUK
MiniFSD MFS_* gns pnoctyna K ansioBon cucteme. 3T yHKLUN 04EHb MOX0XKM Ha YyHKLNN
MicroFSD, HO B oTan4me oT nocnegHnx, paboTaloT B 3alLMLLEHHOM pexume. Ha BTOpoM 3Tane s4po
ces3biBaeT MiniFSD B IFS uenoyky (B uenoyke ToabKo IFS), Bbi3biBaeT yHKUMO MFS TERM ons
3aBepLleHns NepBoro 3Tana, a Ha BTOPOM 3Tane UCnofb3yTca GyHKUUn FS * n3 MiniFSD, Tak 4To B
3TOT MOMeHT MiniFSD nopnobHa obbivHOM IFS, HO Npy 3TOM NogaepxnBaeTcsd MUHUMYM FS *

pyHKLMA.

3aTeM Ha4yMHaeTCa TPeTui 3Tan. 3To 3Tan 3anycka IFS, koTopas 3aMeHsaeT MiniFSD B IFS yenoyke.
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Mocne 3Toro BO3MOXKEH MOJIHbIA AOCTYM K (halnoBo cucteme. Tenepb CUCTEMA MOXKET YATaTb U
3anncbiBaTb hannbl Ha Mobom gucke, 3a CHET NOAAEPXKKM MMEH ONCKA U BO3MOXXHOCTW OTKPbLIBATb
0QHOBPEMEHHO MHOXXECTBO (hain1oB. Ha 3TOM 3Tane A4po 3arpyxaeT Heobxoaumble AUHAMUYECKue
6UHMOTEKM N MOXKET 3arpyxaTb ApanBepbl 00bIYHbIX YCTPONCTB (“device=").

llanee cuctema Npoao/KaeT 3arpy3Ky ApanBepoB yCTPONCTB, MOTOM 06pabaThiBatOTCA MHCTPYKLMM
“run="1n “call=", 3aTem “protshell”, 4yTobbl 06ecne4nTsb 3arpy3ky pmshell.

HekoTopas nHcgopmMauusa o npouecce 3arpyskum 0S/2 PPC

Y MeHs HeT cuctemHoro 6noka PowerPC, Ho umeeTtcs redbook IBM “Mepsbini B3rnsg Ha 0S/2 Warp
(M3paHne PowerPC)”, conepxxalwmii HeboNbLIOW pa3aen 0THOCUTENLHO NOCAEeA0BaTEIbHOCTY
3arpy3sku 0OS/2 PPC. 3TOT pa3gen LOBOJIbHO HEBONbLION N COAEPXXUT 04EHb HEMHOIO MH(OPMaLMK.
Takxxe y MeHs eCcTb (hanibl KoHdurypaumm 0S/2 PPC gnd 3arpy3symka (boot.cfg) n ans 0S/2 cepsepa
(config.sys). bonblas YacTb ApanBepoB, cepBepoB K bBubnnoTek 3arpy>xaetcs u3 boot.cfg, a
config.sys oTBevaeT 3a nHAMBMAYaSIbHbIE HAacTponkn 0S/2.

Kak cka3aHo B redbook IBM, 3arpy34uk (bl _auto dann B kopHeBoM pucke) 3anyckaetcs PowerPC ROM
HenocpeaCcTBEHHO U3 pa3fesa HavyalbHOM 3arpy3ku, 6e3 kakoro-nnbo 3arpy304HOro CekTopa
(bootsector), ROM cpa3y e 3arpy>aeT ann 3arpy3dmka. 3arpy3yumnk numeeT ani KoHGUrypaumm
boot.cfg. B harine KoHpUrypaumm cogepxxatca nMma ainna MUKposapa, HavyanbHasa 3agada u gpyrue
(hansibl, KOTOPbIE 3arpy34nK LOJSKEH 3arpy3nTb U3 AUCKA B MaMATb. 3TN CEPBUCHI, 3arpyXXeHHble 13
boot.cfg Ha3bIBalOTCA HEMTpanbHbIMK OT personality cepeucamm (Personality neutral (PN) services),
OHW He3asucumbl oT 0S/2 Personality n cogepxaT apavBepbl yCTPONCTBA.

71 He BNnajet HUKaKoM MH(opMaLmMen 0THOCMTESIbHO TOr0, Kak HavasibHbIM 3arpy34uk obpallatoTcs K
thariniam Ha AnNCKe, 1 ecnn umeeTcsa akBmuBaneHT MicroFSD B 0OS/2 PPC, To 310 nogobue ncnonb3yer
pyHKUMn ROM, 4T06bI YNMTaTb C ANCKaA (aHanorn4yHo pyHkumsam int 13h PC BIOS)

HavanbHbIA 3arpy3ymnk 3arpyxaeT pag gannos B NaMaTb, 3aTeM 3anyCcKaeT MUKPOAAPO U HaYabHYIO
3afayvy. HavanbHasa 3afiavya Bbi3blBAaeT HayasIbHYIO 3arpy3Ky. HadanbHbIN 3arpy3yvk nepegaet
HavyasIbHON 3aJaye HEKOTOPYI MHOPMaLMIO Hapsay C pa3MeLLHHbIMK (hannaMu, KOTopble
3arpy>XeHbl B NamMATb. HavyanbHas 3af4a4a OeACTBYET Kak (halnnoBbIi cepBep AN OPYrMx CEpBEpPOB.
NHbIMK cnoBamu, 3TO obecneymBaeT JOCTYN K (harsiaM, KOTopble HadvaslbHbIA 3arpy34mK 3arpysun B
namMsaTb. HavanbHasa 3afadva He COOAEPXUT HUKaKUX ApariBepOB YCTPOWCTB, BMECTO 3TOro MMeeTcs
LOCTynN K (hanaM, KOTOpPbIE HavyabHbIA 3arpy34mK 3arpy3mnn B NamMmsaTb. 3aTEM HavaslbHas 3a4ava
ocyLlecTBngeT cnepyulee (LUTUPYLO TeKCT oT redbook):

3arpy>xaet Root Name Server

3anyckaeT HAaCTPOWKW, 3aaHHble N0 YMONYaHUIO

3anyckaeT NOCTaHOBLUMK 3a4aY

ObecneynBaeT hanoBble CEPBMUCHI, KOTOpble ByayT ncnonb3oBaTbcsa Task Server

YKka3biBaeT Task Server 3anyCTuTb NepcoHasibHble HENTPaJibHbIE CepBepbl, HeobxoanMble ons
noaHATna dominant personality. MepcoHanbHble HENTPasibHbIE CepBepPbl 3anyCKaoT
PeructpaTtop CoobuieHns, MeHeaxep AnnapaTHbix pecypcoB (Hardware Resource Manager
(HRM)), obecneynBatoT Bus Walkers n gpansepbl yCTpONCTBa.

6. 3anyck Personality.

e whe

HavasbHas 3aaya NPoAo/HKAET A0 KOHUa cBoel paboTbl hyHKLIMOHMPOBATL KAk (haltsioBblii cepBep.

3aTeM 3anyckaeTcs nHamemayanbHble HacTponkn 0S/2. OS/2 personality server aHanusnpyeT
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config.sys n 3arpy>xaeT nepcoHassbHble cneunanbHble cepsepbl OS/2. [panBepbl YCTPONCTB HE
oTHocATCA K OS/2 personality, n03TOMy OHM 3anycKaloTCs C MOMOLLbIO bootstrap n HaxoosaTcs B
hanne KoHpMrypaumm HavyanbHOro 3arpy3ymnka (boot.cfg), a He B channe config.sys.

Mpouecc 3arpysku mukposaapa L4. 3arpy3unk GNU GRUB u cneuundukauua Multiboot

Mukposanpo L4 MoxeT ObITb 3anyLLeHO Kak B peasibHOM Tak 1 B 3alUuLLEHHOM pexuMe. Ecnm 3anyck
npov3BefeH B peasbHOM pexuMe, TO nepeksilyeHre B 3alMLEeHHbIN PeXNM OCYLLeCTBASETCS
oTaenbHo. MNoapobHasa npouenypa 3arpy3kun onncaHa B L4 API, cnpaBo4HOM onucaHum sepcum X.2.
Anqa 3arpy3ku mukposagpa L4, 0bblMHO NCNoNb3yeTcs HavanbHbIN 3arpy34nk GNU GRUB. GRUB
onpefensieT cneumdukaumio multiboot, koTopas npefHa3HavyeHa ObITb 0OLMM MPOTOKOIOM MeXAyY
S4POM OMepaunoHHON CUCTEMbl U HaYasibHbIM 3arpy34ynkoM. B HacTosLwee BpeMs Tosibko GRUB
nogaepXxueaet cneymgukaymio Multiboot, HO MOXXHO Co34aTb COBMECTUMbIA HaYaslbHbI 3arpy3yuK.
Anpa, noggepxunsatowme Multiboot, conepxat sapo HURD Mach (GNU GRUB saBnsetcs
ogmumanbHeiM GNU npoekTom no pa3paboTke Ha4yanbHOro 3arpy3ymka, KoTopbin bl cozgaH
cneumanbHo onsa npoekta GNU HURD. Ho oH Takxe npuMmeHum gns Linux, FreeBSD, OpenBSD,
NetBSD, MacOS X u L4). Ho camo L4 - He Multiboot aapo, BMECTO 3TOro, OHO UCNOJIb3YeT CBON
cobcTBeHHbIN 3arpy34uk/bootstrapper, koTopbin B L4Ka:Pistachio npeactasnseT cobon kickstart, a B
L4/Fiasco - rmgr (resource manager).

Crneuudgmkauma Multiboot TpebyeT, 4T0bbl B NepBbix 8192 banTax aapa pa3MeLwlanca gucneryep
Multiboot. 3TOT aucneTtyep onpeaenseT TpeboBaHUA ONA 3arpy3ymnka aapa, Takue Kak: agpeca
Harpy3kun pa3/nyHbIX CEerMeHTOoB A4pa, cnocob nHuLManmsauum BUAeo 1 To4Ky Bxoda sapa. dopmat
ncnosHaemMoro anna sapa MoxeT ObiTb NI0ObIM, eAMHCTBEHHOE TpeboBaHMe - [OKEH UMETbCS
ancnetyep Multiboot. Ho GRUB Tak)xe HenocpeacTBeHHO nogaepxusaeT hopmaTtsl ELF 1 a.out. (Ho
B 0S/2 (intel) ncnonb3yetcsa popmart LX, a B OS/2 PPC - hopmaT ELF).

HavanbHbI 3arpy3ymK 3arpyxaeT a4po (B HalleM ciyyae 3To ocywecTenseT kickstart) n pag
LOMONHNTENbHBIX MOAYNen. HavyasibHbIN 3arpy34nK 3arpy>xaet S4po 1 NoAKJYaeT yCTPOMNCTBa K
HeMy, HO MOAYJ/IX OCTalOTCA He3a4enCTBOBAaHHbIMU, 3arpy34MK 3anycKaeT a4p0 U npegocTasnseT
€My yKa3aTesib Ha CTPYKTYypy Multiboot. GRUB ocTaBnsieT s4po B NpoCToOM cpefe 3alinLLieHHOoro
pexnma 6e3 BO3MOXKHOCTY IMCTaHus, gonyckaemasa nmHma A20 n PerynsTtop lMNpepbiBaHnA oCTatoTCA
HEVHULMANN3NPOBaHHLIM. TakXXe, yCTaHOBJIEH HavYafbHbIA CNocob Bnaeo.

CTtpykTypa Multiboot cogep>XunT nHMopMaLmMO OTHOCMTENBHO CXEMbI NAMATK 1 Mogynen. Ans
B3aUMOOENCTBUA S4pa U MOAYNEN UMEKOTCSA CBA3U. DTN CBSA3M MOTYT UCNOJIb30BaTLCA Kak
KOMaHAHble CTPOKM ONs a4pa U MOAYeN, a TakxXe, Kak MeTKU, 4S9 NAEHTUGUKaLUL Moy ien.

B L4Ka:Pistachio, kickstart bootstrapper urpaet posb MynbTusarpysymka agapa (multiboot kernel). OH
nony4aet CTpykTypy Multiboot oT GRUB, a ELF 3arpy»xatoT 54po L4 n Ha4aNbHble cepBepbl. 3aTeM
nccnenyetcs Kernel Interface Page (KIP) BHyTpu o6pa3a L4. MNocne yero, nHgopmaumsa ot Multiboot
npenocTaBnseTcs B CTPYKTypy Bootinfo, yToyHeHHon nonem B KIP. MNMoToM kickstart 3anonHseT nons
A5 HaYanbHOro pasmelleHunsa cepsepos B KIP (Ha4anbHble cepepbl - sigmal u roottask, koTopble
Ob1nmn nponyLweHsbl Yepe3 GRUB Kak MynbTu3arpy3oyHble Moaynu). 3atem kickstart Bbi3biBaeT TOYKY
BXoA4a B Agpe L4.

B cnyyae L4/Fiasco ponb kickstart urpaet resource manager (rmgr). OH COCTOUT M3 ABYX 3Tanos. 1
3Tan aHanoruyeH kickstart. OH aHanm3mpyeT KoOHGUrypauuo 1 3arpyxaet L4 n cepsepbl. 1 3Tan
OCYLLLeCTBAAET KOH(Urypaumto, gnsa obecnevyeHus BToporo 3tana. Bo 2 aTane 3anyckaeTtcs L4,
CNlyalllee Kak KOpHeBoW cepBep. Ho B HacTosiWwee BpeMs, rmgr pasgeseH Ha 2 4acTu - HavaslbHas
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3arpy3ka(BbIXo[ Ha HOMUHAMbHbIA PeXUM) 1 roottask, KOTOPLIN 3arpy>KatoTCs Kak OTAeNbHble
MYJIbTWU3arpy304Hble MOLY /N,

Mocne 3anycka L4, nepemeltaeT cebs K Haanexallemy MecTy B NamaTy, a 3aTEM 3aMyCKatoTcs
sigma0 u roottask. Mocne 3Toro, roottask MOXXeT MHULMANU3MPOBATL OCTAJIbHYIO YaCTb CUCTEMBI.

Wctopus npoekTta FreeLdr n npeanoXxeHusa o nyTax pasBuTus

MpoekT FreelLdr 6epeT cBoe Havano ¢ 1999 roaa, korga A3sug 3ummepan (David Zimmerli) Hanucan
cTaTbto B EDM/2 (MpoekT no 3ameHe OS2LDR: http://www.edm2.com/0705/freeldr/freeldr.html)
OTHOCUTENbHO 0S2ldr n Havyane NpoekTa No ero 3ameHe. 370 bbina HebosbLIAS MCNoNHAEMan
nporpamma copmaTta COM, KoTopas 3arpy»xanacb ¢ nomowbto blackbox. OHa nony4vaeTt
nHgpopmauumio oT blackbox (cTpykType thannoson Tabnuubl, BPB 1 T.4.), n ucnonb3yet blackbox,
4TOObI NPOBEPUTBL €ro yHKLUUN JOCTYNa K annoson cucteme. FreelLdr BbIBOAWUT MNONYYEHHYIO
NHMopMaumto Ha 3kpaH 1 COM nopT. OH Bbi3biBaeT yHKUMIO Open oT blackbox, 4Tobbl NoKa3aTb
pa3mep anna os2krnl. OgHako, 370 6bIN0 cAeNaHO TONLKO B LENsiX TeCTUpOBaHuS. 3aTem, [.
3umMmepan NpennoXun peasnsoBaTb YacTb (PYHKLMOHAIbHbIX BO3MOXHOCTEN 0s21dr, HO He foBen
3TO 00 KOHUa. Ho nHhopmaums bbina 4OCTYyNHa B CTaTbe Ha CTpaHuue EDM/2.

Ceryac 3Tu OaHHble B3ATbl NPOEKTOM 0SFree, n UCM0JiIb30BaHbl Kak HavyaslbHas ToYKa peasm3aunu
3arpy34yumka osFree. HasBaHue 3arpy34ymka 0CTanoChb NPeXHWUM, MOCKOJIbKY OHO OTpa)kaeT Ha3BaHue
npoekTa osFree. MNepBoHaYanbHble NCTOYHUKIK BbIIM HanncaHbl B Turbo C/Turbo Assembler. B
npoekTe osFree ncnonb3ytotcs Watcom C n accembnep, no3ToMy 3T NCTOYHUKM OblIM NepeHeceHsl
B OpenWatcom. MopTuposaHue ocywectensanm - Cawa Wmunart (Sascha Schmidt) n FOpwuia Mpokywes
(Yuri Prokushev). Imn 6binn 06beanHeHbl NICTOYHMKKN Freeldr ¢ MUHMManbHbIM HabopoM npouenyp
GRUB, Heobxoanmbix, ona obecnevyeHmns 3arpysku u 3anycka kickstart. B HacTosLlee BpeMs, KOA,
cBfi3aH ¢ pyHkumammn GRUB, Ho He paboTaeT. [pobnema - ¢ Bbi3biBaeMbIMU QyHKLUAMMN MicroFSD -
yHKumMa mu_Open () BbI3bIBaETCA, HO UMEETCA HekoTopas npobsieMa C NPOXoXAEHMEM MapaMeTpPoB
N NOATBEPXAEHMAMM BbI30BOB. [ToKa KoA 0T/axmBaeTcs. Mbl ucrnons3yem amynatop Bochs PC u
cofepXalmnncs B HeM oTNafunK ansa oTnafku koga. (Mpobnema, KaxeTcs, NPOCTON, HO CPeamn Hac
He 6b1710 pa3paboTUMKOB, UMEIOLLMX HaBbIKK MPOrpaMMnpoBaHns B accembnepe. I nporpamma

OTJlaXKMBanacCb TONILKO B COOTBETCTBMM C COOBLLEHNAMM OTNAQUMKA. Tenepb Korga y Hac ecTb

-
o=~

0TNafuynK, BO3MOXHO, Npobsema byaeT BCKOpe pelleHa — ).

B OaHHbIN MOMeHT y MeHs (Banepus CeQneukoro, TakXxe U3BeCTHOr0 Kak valerius) umeroTcs
HEKOTOpble NAEN OTHOCUTESIbHO NOC/Ie0BaTENbHOCTY 3arpy3KmM osFree n CTPYKTYpPbl Ha4anbHOr0
3arpy34ymka. igeun yepnanucb 13 nocnenoBaTensHoCcTH 3arpy3kn 0S/2 PowerPC 1 HavanbHOro
3arpy34mka GRUB. Ho rnaBHbIN MCTOYHUK MAEN, KOHEYHO, NOCef0BaTeNbHOCTb 3arpy3ku 0S/2
(intel). Takxe, HekoTOpble naen b6bian 3aMMCTBOBaHbI N3 0S2csm config.sys peaakTopa u
npenpoueccopa Benta KaHHernecepa (Veit Kannegieser).

3ameyaHue o 0S2CSM

Bent KaHHerunecep (Veit Kannegieser) Hanucan nporpamMmmy nof Ha3BaHneM 0s2csm. BOOXHOBEHMEM
Ans 3Toro nocnyxwuna ogHa DOS-nporpamma, nsmeHswwas config.sys B namatu. 0s2csm
yCTaHaB/MBaeTCs BMeCTOo 0s2ldr, n nepemmeHosbiBaeT 0s2ldr B 0s2ldr.bin. Os2csm cuennseTcs ¢
nporpammoi 0bpaboTky npepbiBaHuUs int 13h 1 aHanmM3mpyeT nHdopmaLmio, CHMTbiBas npouenypy int
13. ®ainn Config.sys conepxuT AUPEKTUBLI, aHaNOrnYHble anpekTneBaM C npenpoLeccopa, u Kaxzable
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512 6anT darnna config.sys (Kaxkabl [UCKOBBIN ceKTop config.sys) uMeloT cneumanbHbIn
KOMMEHTapUin Co cneumanbHoOM CUrHaTypon B HeM. Mpoueaypa, KoTopas CLennseTcs ¢ NporpaMMon
0bpaboTku npepbiBaHma int 13h, npoBepseT KaXkAbli CEKTOP ANS 3TUX CUFHATYp, U €C/N OHa
HaxoauT ux, To npeanonaraeT, 4To ann config.sys Yyntaetcs. Takum obpa3om, npenpoueccop
onpefensieT n ucnpasnset config.sys Ha neTy.

Mpenpoueccop Config.sys noneseH Aas 3aMeHbl HEKOTOPLIX YacTen config.sys HEKOTOPbLIMM
nepeMeHHbIMY (Tak)Xe U3BECTHBLIMU KakK CMMBOJIbI Npenpoueccopa). 3TN nepemMeHHble MOryT ObiTb
NoJly4YeHbl N3 MEHIO, KOTOPbIE 0S2CSM NpefoCTaBAdeT nosb3oBaTesnto. 0s2csm Toraa 3arpyxxaet
0s2ldr u3 channa os2ldr.bin; 3arpy34umk 3anyckaeTt a4po. Korga a4po cymTbiBaeT config.sys, 0s2csm
N3MEHSIET ero Ha N1IeTy, U 3aMeHseT NepeMeHHble. Tak, YCTaHOBOYHbIE MapaMeTpbl, yCTaHOBJIEHHbIE
nosib30BaTENIEM 3aMeHAI0T nepemeHHble B config.sys. Takum obpa3om, Habop napameTpos
LONYyCKaeTcs K aapy Yepes npenpoueccop config.sys.

B HacToswee Bpema OS2CSM ncnonb3yetcs B eCS (B 4EMOHCTPALNOHHOM M YCTAaHOBOYHOM AUCKaX
eCS). Bbl MOXeTe CKayaTb AEMOHCTPaUMOHHLIN AncK 13 http://ecomstation.com/.

Mbl MOXXKEM UCMONb30BaTh 3TY MAEK A1 Halero HavyanbHOro 3arpy34ynka, Tak, Mbl CMOXEM
peann3oBaTb MPOCTON NMpenpoLeccop ¢ CMHTakcmcoM similiar B C npenpoueccope (unu, naxe,
cuHTakcmc PPWizard). 9 npegnarato BHEAPUTL 3TOT NPENPOLLECCOP B 3arpy34mK, a BMECTO
cuenneHns ¢ npouenypon int 13, Mbl MOXEM cuennsaTbes ¢ npouenypamu blackbox. KoHgurypaumm
cynTbiBatoTCA Yepe3 blackbox (He yepes minifsd, nogo6Ho B opuruHanbHom 0S/2!). 1 roBopto ABHO
OoTMeYaTb pPAfd HaNUIbHUKOB Kak KOH(MUrypaunm B KOHGUrypauum 3arpys4ymka. Tak, CMrHaTypsl B
KaXx4oM cekTope (hainna config.sys He SBAAOTCA HEOBX0ANMbIMU. Tak)Ke Mbl MOXXEM WUCMO/b30BaTb
6onee npmBneKaTesnbHbIA K KPACKBbIN HArIA4HbIN CUHTAKCUC BMECTO YPOL/MBOro CUHTaKCMCa
0s2csm.

AnpekTuBbl Npenpoueccopa MOryT BKOYaTb aHanorun “#define”, “#include”, “#ifdef” n 1.4., 310
NO3BONUT ONpeLensowmnm CUMMBOIaM BKIOYaTb OAMH (halfl KOHMUrypauum B 4pyron, 1 yCNoBHO
BKJI0MaTb (hansibl MNK onpefensiowme CMMBObl. Tak KOHeYHbIN han KOHPUrypauum MoXeT ObiTb
rMbKo COo34aH M3 YacTen, a NepeMeHHble B HEM MOTyT OblTb 3aMeHeHbI.

Noes npenpoueccopa gonosHsaeT ngeto GRUB oTHOCUTENBHO NPOX0XKAEHUA KOMaHLHbIX CTPOK K
A4py U MoaynsaM. To eCTb, Mbl MpefJiaraem 1CMnob30BaTb NPOXOAALLME NapaMeTpbl K A4pY Kak
KOMaHAHble CTPOKK moltiboot, TakXXe Kak 3aMeHy NepeMeHHbIX B hannax KoHpUrypaummn. Takmum
obpa3oM, Mbl KOMBUHMPYEM 3T ABa NOAXOAA.

Upen o pusanHe FreelLdr

1) Bo-neps.ebix, 1 npegnarato 06beanHNTb PYHKLMOHAIbHbIE BO3MOXHOCTMW HaYaIbHOro 3arpy3ynka
0S/2 v 0s2Idr B ogHoM nporpamme. To eCTb, NOCNeA0BaTENbHOCTb 3arpy3kn A0J)KHa ObiTb B 3TOM
pone: MBR Harpysku - akTUBHbIA pa3fen, Wav pa3fen ¢ AaHHbIM HOMepPOM. (A yxe Hanucan Takon
MBR cekTop, KOTOPbIN MOXET 3arpy>aTb 3arpy304HbIN CEKTOP 13 BbIOPAHHOMO KOPHEBOIO MK
NOrn4eckoro pasgena (4a, nornyeckue pasgesnsl Takxe nogaepXxusatoTcal). Homep
CaMo3arpy»xaemMoro XecTKoro gucka n HoMep pasfena B HeM HanucaHbl BHYTpn MBR nepsoro
XKeCTKoro aucka. (Camosarpy>xaemblil pas3fes MOXXeT HaXOAUTbCS Ha TOM XKe CaMOM XXeCTKOM [UCKe
Ha MHOM BUHYeCTepe, C KOTOPOro NPoOn3BOANTCA YTeHne Yyepe3 MBR).

Tak, MBR 3arpy>xaeT 3arpy304Hblii CEKTOP CEKTOP 13 CamMO3arpy>XaemMoro pasgesa. 3arpy304Hsbii
cekTop 3arpyxaeT blackbox. Blackbox 3arpy>kaeT Haw 3arpy34ymk. 3aTem cnegyeT 3anyck
3arpysynka. 3arpy3ymk obbeanHseT PyHKLUNOHAIbHbIE BO3MOXXHOCTU Ha4ya IbHOro 3arpy34mka
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(PYHKLMOHAIbHBIMM BO3MOXXHOCTAMW MEHEeOXXEpPa 3arpy3ku: nocse BbizoBa U3 blackbox, 3arpy3ymk
npenocTaB/seT MEHI0 NoJib30BaTeso. MNob30BaTe b BbIOMPAET MYHKT U3 3TOr0 MEHI0, KaXKablIN
MYyHKT MEHIO ONpeaenseT onepaLmnoHHyI0 CUcTeMy, KoTopas byaeT 3arpyxeHa Hapsay C
napaMmeTpamMun, KoTopble 3aTeM nponyckatoTca K agpy OC. Mocne aToro nyHKTa,
3arpy34ymk/MeHeKep 3arpy30K rotoB K YTEHWIO 3arpy304HbIX CEKTOPOB ONepaLnoOHHbIX CUCTEM, He
noaaepXnBaeTcs HeEMNOCPEACTBEHHO HaLIMM 3arpy34mkom, nogobHo Windows. 3arpy34mk TOJIbKO
3arpy>xaeT nepefatoLLnii 3arpy304Hbll CEKTOP 1 ncnonHsaeT ero. Ho ecnm agpo OC
HenocpefCTBEHHO NOALEPKNBACTCSH, TO 3arpy34mK MOXXeT TakXXe nepefaBaTb HEKOTOPbIE
napameTpbl K a4py, Yepes ansl KOHpUrypaumm nam napameTpbl KOMaHLHOW CTPOKW.

MpeumyLecTBO Takoro noaxoa COCTOUT B TOM, YTO Mbl MOXXeM BblOMPaTb OMepaLnoHHY0 CUCTEMY U
ee napameTpbl B 04HOM MeCTe MecTa, @ UMeHHO B 06beMHEHHOM 3arpy3ynkKe/MeHeXepe 3arpy3Ku.
Hanpumep: B opurnHanbHon OS/2 meHed»xep 3arpy3ok no3sonseT Boibupatb OC, a 0s2ldr no3sonser
BbIOMpaTb AONONHUTE bHbIE MapaMeTpbl - 3TO OCYLLECTBAETCSH HaxXaTueM BelbpaHHON KOMBMHaLUK
“ropsymx knasmw”, 41066l UMETb BO3MOXHOCTb OTKaTa K NepBoHaYvasibHbIM 3HaYeHnsM. MimetoTca
TaKXXe MHOXEeCTBO Apyrux napameTpos, OOCTYrMHbIe Yyepes HaxaTusa Alt-F1 [F2, F3, ...]. B HaweMm
cny4vae, UMeeTCs TONbKO OAHO MEHIO 13 KOTOPOro MoryT 6biTb BeibpaHbl OC 1 ee napameTpbl, a
TaKXe OOMONHUTENbHbIE MeHIO, NoA06HO BbIbOpy rNybuHbI 0TKaTa, - 3arpy34ynka/MeHexepa
3arpy3ku. Kak BULHO, MPeuMyLLecTBo B MHTErpaunm BO3MOXXHOCTEN.

TakXe, Hall MeHed)Kep 3arpy30k pacnonaraeTtcs Ha obblyHOM pa3zgene 0S/2, a He Ha cneunanbHbIn
pasgene. na yteHus hannos oH ncrnonb3yeT microfsd. /I Bce ycTaHOBOYHbIE MapamMeTpbl
MeHe[)Kepa 3arpy3kKn/HavyanbHOro 3arpy3ymka MoryT OblTb COXpaHeHbl B 0ObI4HbIX TEKCTOBbIX
(harnax KoHGuUrypauuum.

/I HakoHeu, Halwa naes OTHOCMTeNbHO rMbpuaa 3arpy3ynka/MeHeaxepa 3arpy30K No3BoaseT Ham
3arpyXaTb agpa oTanyHble oT OS/2 13 Toro xe pasgena. Ml He TonbKo A4po, Ntobas Bepcus
CMCTEMHOW COCTaBNAOLWEN MOXKET 6biTb BbibpaHa OT TOr0 )Ke CaMOro MecTa - OHU MOryT BbiTb
BbiOpaHbl Yepe3 MeHI0 MeHeXepa 3arpy3ok.

2) 3arpysyuk npefocTaBiseT MeHIo Nosb3oBaTeNto. KaXabi NYHKT MEeHI0 COOTBETCTBYET CLeHapuio
3arpy3ku. CueHapuii COAePXUT KOMaHbl, 419 NOAy4YeHUs 4ONONHUTENbHON MHOpMaLMK OT
nonb3oBaTens (To ecTb, 3Ta KOMaHAa NOKa3blBaeT MEHI0, M0JIb30BaTe b U3MEHAET napameTpbl,
nocse Yero napameTpbl BO3BPALLAIOTCA 3arpy34mKy. 3aTeM napaMmeTpbl COCTaBAAT 3arpy34mK
“enviroment”. H1TK enviroment MOryT 3aMeHATb NepeMeHHble B KOMaHHbIX CTPOKax 1 hanniax
KOH(Mrypaunm, U3MeHATb TEKYLLMIA pa3fes, onpefensTe NepeMeHHble 1 T.4. Takxe cueHapui
3arpy3Kmn CoaepXxuT onpegeneHne Gannos, 3arpyXeHHbIX Ha4asbHbIM 3arpy34nKoM. 3arpy3ymk
pasfnyaeT ncnosHaemMble ansbl (3arpy34mk BoIMONHAET CUHTaKCUYeCKUA aHanus opmaTa), hanbl,
KOTOpbIe TOJIbKO 3arpy»<atoTcs 3arpy34mMKoM, HO X hopMaT UM He aHanm3npyeTcs, u anbl
KOH(urypauuu. ®ainsbl, 0TMEYEHHbIE KaK KOH(UIYPaLMOHHbIE - BbIMONHATCA NPEnpoLeccopoM.

Tak, nanee cnepytoT annsl KOHGUrypaumu: 1) ann onpeaeneHnsa MeHIo 3arpy3ynka, OH COAEPXNT
CTPYKTYPY MYHKTOB MeH0. Ka)kablh MyHKT MEHI0 CBSA3bIBAETCA C HUM Yepes3 CLEeHapuin 3arpy3ymka.
3T0T (hann KoHpurypauumn nogobeH ganny menu.lst 8 GRUB. Il) cueHapum 3arpy3ku. Kaxabin
CLLeHapuin YNoMsaHYT WK BKJIKOYEH KOHUrypaunen onpeneneHns MeH. Kaxxabln cueHapun
nonoben danny boot.cfg 8 0S/2 PPC. Ill) hann config.sys. OH oTHocuTcs kK OS/2 personality. 3Tu
KOH(Mrypaunm YnTatoTcs Yyepes 3anpocbl microfsd n MoryT 6bITb CONHAEMbI. MOryT UMeTbCA
AOMONHMTENbHbIE (halnibl KOHGUIYpPaLMK NS OTAENbHbIX CepBepoB. OHM Tak)Xe NCMOoNb3YIOT
cpeacTBa npeaBapuTensHon 06paboTkmn KOHpUrypaumm 3arpysymka, Tak 1 napameTpsl,
onpegeneHHble B CLLeHapuKy 3arpy3ynka, 3anpallvBatoT y Nosb30BaTeNs, MOXXHO 3aMeHATb
nepeMeHHble B 3TUX anax KoHpurypauumn. Tak 4To Mbl MOXKEM rMOKO yCTaHaBAMBaTb NapaMeTpsbl
KaX[0ro CUCTEMHOIO KOMIMOHEHTA B MEHIO MEHEL)XKepa 3arpy30kK.
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Takxe, ona ny4wen rubkocTn, Mbl MOXXEM OCYLLECTBNATb HebobLLYIO KOHpUrypauuo ans blackbox.
Korpga blackbox 3anyweH 3arpy304HbiM CEKTOPOM, OH MOXET 4YUTaTb (haisl KOHDUrypaumm, n3
KOTOPOro CTAaHOBUTCS U3BECTHO, Kakme anfibl OH A0JKEH 3arpy3uTb Kak minifsd (3710
HeobsA3aTeNbHO, Mbl HE MOXXEM UCNONbL30BaTh Minifsd, Tak 4YTO HET HEOBXOAMMOCTHY 3arpy>aTb ero)
1 rnasHbln Moaynb freeldr. (Cm. cnegyownin naparpad: nges 0THOCUTENbHO MOAYNEN).

3) pea oTHoCUTENIbHO MOAYIEN.

B HacToAwee Bpems, 3arpy34uk - COM-cainn, orpaHuyeH pasmepom B 64 K6. YTob6bl BKAOYaTh
Hosibluee KOMYeCTBO (hYHKLMOHAbHBIX BO3MOXHOCTEN, MOXET OblTb MMEET CMbIC/T OCYLLECTBAATb
JaHHble 33341 C NOMOLLbIO MYJIbTUCErMEHTHOM MPOrpaMMmel, Tak 4YTO, LOJKEH UCNOJb30BaTbCA
nydwmn popmaTt EXE. MOCKOSIbKY 37O - 16-pa3psifiHas NporpaMMa peasibHOro pexxuma, 1, BeposiTHO,
opmaTt OS/2 NE nogxoguT ons atoro. dopmaT DOS EXE, KaxxeTcs, Hanbosiee npocTomn, Tak 4To
bonee npocto peanunsosaTb FreelLdr kak ann DOS EXE. Mo MOAYNbHbIM 3arpy34mMKoM (UMeTb
BO3MOXXHOCTb 3arpy3uTb TOJIbKO HEOOXOAMMbIE €ro 4acTu, U BO3MOXXHOCTW 3arpy3nTb/pasrpy3nTb nx
xe B noboe Bpemsa), 1 Meto B BUAY peann3oBaTh ero kak Habop mogynen. Moaynb LOKEH
paboTaTb B peasibHOM pexuMme n MoXXeT BbiTb peannsoBaH Kak ¢ann DOS EXE. (Mbl He MOXXeM
ncnonb3osaTb DLL'M B peasbHOM pexume, Tak 4TO Mbl LO/DKHbI MPOEKTUPOBATb MNPOCTON MEXaHU3M,
OCHOBaHHbIV Ha thannax DOS EXE). 4 npennarato moaynb, npeacrasnsowmin ns ceba DOS EXE dann
C C 3aroJI0BOYHbIM (hansiom (*.h). 3aronoBoYHbIN hana NoMoraeT pacnonaraTb yHKUMIA BHYTpKU EXE
(hanna. 3aronoBoOYHbIN hann HaYMHAETCH C yKa3aTensa Ha HUTb ASCIIZ, kKoTopas cooep>XnT Ha3BaHue
mMoaysisa. MNocne 3Toro ykasaTtens ciegyet pa3Mmep Aucrnetyepa, 3ateM pasMep BbINOJHUMON
nporpammbl DOS nocne 3aronoBo4HOro hasa 1 3aTem cnegyeT Tabauua CTPYKTYp, KOTOpas MOXeT
ObITb ONMcaHa Kak:

struct {

char *FuncName;

unsigned long EntryPoint;
} *pFuncTable;

TO eCTb, KaXaas CTPYKTypa onpegenseTt gyHKuUnio B EXE danne, 3To cBA3bIBaeT UMSA PYHKLMMK C €ro
cMelLeHneM B EXE danne. 3Ta MaTpuLa CTPYKTYp CONPOBOXAAeTCs Tabauuen HUTK, KoTopas
COLEPXUT BCE UMeHa (PYHKLMUU 1 MOLYNbHOE Ha3BaHue. Kaxabin FuncName ykasaTenb ykasblBaeT
Ha 3Ha4yeHue B 3ToN Tabanue HUTU. 3aroN0BOYHbIN hann MOMOraeT pacnosaraTbh KaXayo (QyHKLMIO
B EXE dhanne. ®yHKuMOHanbHaa Tabanua MoxeT bbiTb CreHepupoBaHa U3 anna KapThbl
KOMMOHOBLL KA.

NaBHbIN MOAY b 3arpy34mMKa 3arpy»xxaeTcs ¢ nomowbto microfsd. OH nmeeT chopmaT DOS EXE, ans
€ro UCNOJIHEHUSA, Mbl LOJDKHbI 3arpy3uTb €ro HEKOTOPbIM BbINOJIHMMbIM 3arpy34uMkom opmaTta. DOS
EXE 3arpy34mk MoxeT 6bITb peannsosaH kak DOS COM cann. 1 nmeto B Buay csaszate DOS EXE
3arpysyuk c rnaBHbiM Mmofynem Freeldr (rnaBHbIn MOLYb CKpeneH ¢ BbiIBOAOM EXE 3arpy3yumka, 3Ta
naes 3ammcteoBaHa M3 MS NTLDR: NTLDR coctouT n3 3anyckaemoro COM ¢haina B CBA3KE C
ncrionHsemon nporpammont popmata PE). Mocne 3anycka FreeLdr nonyyaeT nHpopmaumio oT
blackbox, 3arpyxaeTt n nepeMeLlaeT rnaBHbI MOAYJIb U3 €ro BbIBOAA, BbINONHAGT U NPOMNyCKaeT
NHOPMaLMto, NonyyYeHyto oT blackbox.

[NaBHbLIN MOAYJIb COAEPXUT MEXaHU3M ANA 3arpy3kKu Apyrux mogynen n3 gansos, pacnosioXeHHbIX
Ha ancke. OH 3arpyxaeT Mmoaynb kKak DOS EXE ¢ain, n CBA3bIBaeT ero 3arofioBOYHbIN aita co
CMUCKOM 3aron0BOYHbIX hannos. Mpu BbINOJHEHUN HACTPOEK MoAay s, 3arpy34yumk opmata DOS EXE
ncnpassisgeT afpeca B 3aro/I0BOYHbIX (Paisiax, KOTopble CBA3aHbl CO CMMCKOM. M3 3TOro cnucka
FIaBHbIN MOAYJIb MOXET pa3MellaTb nobae yHKUMmM oT ftoboro moayna. Ana Ton Lenn, rnaBHbIN
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MOJZlyJib MOCTABASET AOCTAET (hYHKLMIO, KOTOPYIO HYXXHO Ha3BaTb OT APYrux moaynen. 3ta yHKLUs
BepeT MofyNbHOE UM, @ UMSA PYHKLMW B HEl CIY)KaT Kak napameTpbl, ¥ BO3BPALLAET TOYKY BXOAa
3TON PYHKUUW. DTUM NyTeM, Ntoboit MOAYIb MOXKET HAXOANTb TOYKY BXOAa K JIl060A (PyHKLMN C
[aHHbIM MeHeM B NtoboM Apyrom MoayJsie C AaHHbIM UMeHeM. Tak, Mbl UMEEM CBOEro pofa cayxoby
MMEH, KoTopasi MoXeT npeobpa3oBbiBaTb NMs YHKLUM K ero agpecy. Jlloboit Moaynb MoXeT
BbI3bIBATb JI0OYI0 (hYHKLIMIO B APYrOM MoLye.

Microfsd, 3arpy34umku onsa pasnun4yHelx popmatos anna (DOS EXE, NE, LX, ELF), npenpoueccop
thanna KoHUrypaumm n T.4. MOryT ObITb peasin3oBaHbl Kak OTAENbHbLIE MOLYIN.

4) Mbl MOXKEM OCYLLECTBAATbL AOMNONHUTENbHbIE UCMOJIHAEMbIE 3arpy34nkn popmaToB ans popmaTos,
OT/IMYHbIX OT ELF (Hanpumep, LX, NE, PE (?) ...). OHK Takxe MOryT ObITb peann3oBaHbl Kak
OTHeNIbHble MOAYN.

5) BO3MOXHOCTb 4YnTaTb (haisibl U3 APYroro pa3aena, a He TONbKO B 3arpy304HOM, MOXHO
OCYLLEeCTBUTb nepekstoyeHnem blackbox. [1ns 3Toro, 3arpy34mk MOXET BbIMOHUTL KOMaHay
CLeHapna 3arpy3Ku, N3MeHATb TeKyLWni anck, nogobHo komaHae “root” B GRUB. ns 3Toro,
3arpysymK 3arpy»aet HoBbl microfsd Ans n3mMeHeHHOro pasaena gansoson cuctemsl. OH
obHOBNSAET CTPYKTYpY (hannoson Tabamubl ykasaTensiMmm Ha QpyHKLUn B HOBOM microfsd. OH Takxxe
3arpy>xaeT BPB 13 HOBOro pasfena 3arpy3o4Horo cektopa (U ucnpasnseT 3HadeHne HiddenSectors
(CkpbiTble CeKkTOpbI), NpK HeobxoammMocTK). Tak, 3Ta 0COOEHHOCTb MOXET faBaTb BO3MOXXHOCTb
3arpy34mKy 4YmTaTb parnbl U3 HECKOJILKUX Pa3fesnoB, Nepeknyas ux.

6) 9 npegnarato caenaTthb 3arpy34nK CNOCOBHbLIN 3arpy>XaTb CTaHAAPTHbIE My/IbTU3arpy304Hble
agpa, 94po L4 (kak cBoero poga MyJsbTu3arpy3o4Hoe A4p0), 1 oTAesNbHble aapamu, Tuna agpa 0S/2.
PaHee, 3Ta nges y>xe onucbiBanacb B JaHHOM TeKCTe. Miaes cocTouT B TOM, 4TOObI peann3oBaTb
3arpysyuk B Buge Habopa 3arpy>xaemeix mogynen. OtaenbHole agpa OC, He COBMeCTUMbIe CO
cneuundukaumen MynbTusarpysku, MoryT OblTb Noggep>XaHbl OTAESIbHbIM 3arpy304HbIM MOAYJIEM.
MoooepXXKa MynbTU3arpy3kn MoXeT TakxXe OblTb peann3oBaHa Kak OTAeNbHbIA MOAYb. Mooy nb
3arpy>xaeTcs rfiaBHbiM MmofyneM Freeldr. HanucaHvem mooyns nogfepXXKu ons oTAeNbHOro Tuna
f4pa CTOPOHHME pa3paboTymKy MOryT AOMOSHUTL HaLl 3arpy34MK BO3MOXXHOCTbIO 3arpyXaTh UX
agpa. MoXeT CTaTbCA, YTO Hall 3arpy3ynKk yaoBJeTBOPUT He ToNbko agpa UNIX, 0S/2 nnum L4, Ho
Takxe n agpa Windows n ReactOS. Mbl He MOXeM XAaTb AfA0 bunnu, 4Tobbl caenate NOALEPXKKY

3alrpy3ku Windows A0pa HallnM 3arpy3vymkom, HO BO3MOXXHO, 4TO NapHW, 3aHNMatoWLnNeCa NPOEKTOM

-
o=~
-

ReactOS, cmoryT caenaTtb CBOe AP0 3arpy>KaembiM € NoMolblo Freeldr . Ta YacTb 3arpy34uka,
KoTopas 3arpyxxaetcs blackbox Ha3biBaeTcs 06Lien YacTbio 3arpy3ymka. ObLias 4acTb COAEPXKUT
TONIbKO (PYHKLUKN NOALEPXKKM ONS 3arpy3Kn MoAyNen, pacrnonoXeHne B HAX (PYHKLNIA, 3arpy3ymK
topmaTa DOS EXE, 1 HeCkonbKo Apyrnx yHKUUN. 3TO faeT BO3MOXXHOCTb KOHTPOJIMPOBaTb
3aKa3HYyl0 YacTb BMECTe C UHTepgencamm B MOAYNbHOM 3arpy3ymke, microfsd, a Takxe
NH(opMaLMto, Nony4veHHyto oT blackbox camo3arpyxaemoro pasgena. OTaenbHasa 4acTb 3arpy3ymnka
OCYLLECTBAAET NOALAEPKKY 3arpy3Kun onpeaeneHHoro sBuaa aapa.

a) [nd 3arpy3ku MysbTU3arpy3o4HbIxX a4ep, cneumnasnbHas MybTU3arpy3oyHas 4acTb 3arpysynka
MOXET ObITb peann3oBaHa Kak OTLAesbHbIA MOAY/b. NOCPEACTBOM 3TOr0, Mbl MOXKEM 3arpyxatb L4
A4p0, TakxXe Kak bonbwmnmHcTeo UNIX apep.

6) na 3arpy3kn obbi4HbIX OS/2 simep, A0/MKHA MMETbCS CreumnanbHO NpeaHa3HaYyeHHas 4acTb. JTa
ocobas 4acTb bepeT oT 0bwen YacTn NHDopMaLmto, Nosy4eHHY oT blackbox. OHa 3arpyxaeT cann
0s2ldr ¢ gucka n nepegaet 3Ty UHdopmauuio os2ldr. [lanee npouecc 3arpy3kun NpoaoKaeTcs Kak
06bI4yHO. B byayuieM, ocobas 4acTb MOXKET ObITb paclUMPEHa, Tak YTO OHa MOHOCTbIO 3aMEHUT
(DYHKLIMOHaNbHbIE BO3MOXXHOCTM 0s2ldr, cornacHo naee [3Bnaa 3MMMepan, COCTosLLLasA B TOM, 4TOObI
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B TOYHOCTU 3aMEHNTb prHKLI,I/IOHaJ'IbeIe BO3MOXXHOCTM 0s2ldr.

B) MNpu 3arpy3ke HeNnoadepXXMBAEMbIX SOEP, 3arpy34nmK MOXXET TOJIbKO 3arpy>XaTb nepegaBaemblie
3arpy3o04HbiM cekTopom OC, 1 nepenaBaTb UM yripaBfiieHne. 3T0 MOXeT BblTb peann3oBaHo Nogo6HO
koMmaHae GRUB “chainloader”.

npennoxeuuaa nocsienoBaTesIbHOCTb 3arpy3ku

1) Y10 Ham Hy>xHo B MiniFSD?

Ecam mMbl nocMOTpMM Ha nocnefoBaTesibHOCTb 3arpy3ku 0S/2 PPC v L4, TO Mbl MOXeM NPUATH K
BbIBOAY, YTO HaYasbHbIN 3arpy34uk 0S/2 PPC n GRUB ocyLLecTBASIOT 0AMHAKOBbIE DyHKUUKN. OHK
3arpy>atT 24po 1 Habop hannoB B NaMaTb M 3anyCcKaloT S4p0. 3aTeM 3a4avya Ha4anbHOW 3arpysKuy,
B 1-oM cnyyae, u root task B 2-om cnyyae, 3anycTuT apyrue 3agaydu; FreeLdr Takxe A0JKeH
BbIMNOJIHATb 3KBMBAJIEHTHbIE 3a4a4X. B 3TOT MOMEHT (pannoBas CUCTEMA eLLe He UHMLMAIN3MPOBaHa,
bootstrap, nnu root task moxxeT ToNbKO 0bpaLLaTbCa K hannam, KoTopble Bbin yxXe 3arpyKeHsbl
HavasibHbIM 3arpy34nkoM. YTo6bl NCMOb30BaTh PasIoBYIO CUCTEMY, Mbl AO/KHBI CHaYana
3arpy3uTb AncKoBbIn apansep (ibm1s506.add nnm ibm1flpy.add), dasd agmuHmucTpaTop, volume
agMUHUCTPATOpP W Apansep pansioBon CUCTEMbI (MM UX IKBMBAJIEHTHI B HaLle MUKPOSLEePHON
cncTeme). Bo3MOXXHO, 4YTO Mbl CMOXKEM UCMOJIb30BaTh Minifsd Kak gpaneep annoBon CUCTeMbI. B
cnyyae ¢ L4, Mbl He MOXXKeM UCMoNb30BaTh 16-pa3psagHbie NporpaMmbl, TaKUX »Ke NPOCTbIX Kak B
opurunHan 0S/2. Takum obpasom, Haw minifsd gomxkeH bbiTb 32-pa3psaaHbIM. M orpaHnyeHne B 62
KbanTa ona ero pasmepa He NpMMEHUMO B aHHOM C/ly4ae, NOCKOJIbKY Mbl UCMOJIb3yeM 32-
pa3psagHbie NPorpaMmsl.

Kak cka3aHo B ifs.inf ¢parine ot IBM, minifsd nmeeT aBa pexuma paboTbl - B cTagmm 1 1 B cTagmm 2 BO
Bpems npouecca 3arpysku. MNpexae Havyanom ctagum 1, korga minifsd nHMUnann3npyeTcs, OH He
MOXXeT BblI3blBaTb HUKakue 3anpockl dynalink (8 MFS_INIT npoueaype nHumumanusaumm). ObbiyHas IFS
B FS_INIT npouenype, MoxeT Bbi3blBaTb BHelwHMe dlls. EAMHCTBEHHble BHELHNE (hYHKLMK, KOTOpble
minifsd MoxeT BbI3biBaTb - MFSH_* helpers, KoTopble Bbi3biBatOTCS U3 Aapa. MNosHoueHHble IFS moryT
OCYLLEeCTBNAATb HAMHOro 6onblLlee KONNMYeCTBO BHELLIHWX BbI30BOB. IT0 - FSH_* IFS helpers. (Ho,
HaCKObKO f MoHaAN, IFS He MOXeT Bbi3blBaTb Apyrue BHeWwHne GyHKUMK, Kpome FSH_* Bbi3biBalOTCA
npouenypsl 0TAn4YHbIe 0T npoueaypbl FS_INIT). YTo6bl MMeTb BO3MOXHOCTb Bbi3biBaTb DLLS B IFS init
time, noogepxKka AUHAMUYECKOW 3arpy3kn AokHa paboTaTb 1 onepaTneHO, a CAM DLLS gonXHbI
ObITb AOCTYNHbLI. OHM MOryT BbITb 3arpy>KeHbl TOAbKO Minifsd (moTomy 4To IFS BCe Xe He
NHULMANN3NPOBAHA), NN XXe NX MOXHO 3amnyCKaTb HaYaslbHbIM 3arpy34MKOM.

MpuymHa, novyemy minifsd ncnonb3yeTtca B npouecce 3arpy3ku 0S/2 (intel), coctonT B TOM, 4T0bbI
NMeTb OrpPaHUYEHHbIA AOCTYN K (haIoBOM CUCTEME MOC/1e NePEKYEHNS a4pa B 3aLUULLEHHbIN
pexum. MNpexae, 4eM ANCKoBble apanBepbl noacuctembl 0S/2 6yayT 3arpyXeHbl, ANCKOBOE YTEHUe
BbINOJIHAETCS NP BPEMEHHOM NEPEKIIOYEHNN B PeasibHbIA PEXMUM U BbI30BE PYHKLUUN YTEHUA ANCKA
int 13h. Mocne Toro, Kak ANCKOBas NOACUCTEMA 3arpy>KeHa, YTeHUEe C AUCKa BbINMOSHAETCS Yyepes
anckosbin gpansep 0S/2.

B L4 nnmn B 0S/2 PPC, npexae 4eM ONCKOBbIE ApanBepbl ByayT 3arpy>KeHbl, Mbl HE MOXEM
NepekslYnTb B peasbHbIl pexuM, 4Tobbl Ha3BaTb npouenypsbl int 13. ChegoBaTenibHO, ANCKOBbIE
Lpansepbl fOMKHbBI BbITb CHUTaHbI Microfsd ¢ MOMOLLbIO HaYaIbHOM O 3arpy3ynKa, a 3aTem UX HY>KHO
HanpasuTb K roottask yepes namsaTb. Takum 0bpa3oM, ANCKOBbIE ApaiBepbl MOTYT ObITb 3aMyLLeHbI
13 NamsATK € NoMoLLbio roottask. Ho Torpga cnpawwmsaeTcs, NnoY4emMy Mbl LODKHbI UCMOJb30BaTh
minifsd? Mbl CMOXXEM 3arpy>xaTb Cpa3y MoJIHOLEHHbIN IFS, a nepen 3TUM, Mbl CMOXKEM 3anyCKaTb
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LVHaMu4eckne cepeepbl NOAOEPXKKU 3arpy3ynka B hopmaTe ELF 1 3arpyxaTb Becb Habop DLLS,
Heobxoaumeblx IFS. Bce 3Tn haisibl MOXXHO NPONYyCKaTb HavyaslbHbIM 3arpy34MKOM Hapaay C
LVCKOBbIMU AipaiBepaMun NoacnUCTeMsl.

Tak 410 HeT ocoboro pesoHa ncnonb3oBaTb Minifsd B nocnegoBaTeNlbHOCTH 3arpysku L4,
Heobxoaumel ToNbKo microfsd. I ecnn mbl cMoTpyuM Ha OS/2 PPC, TO Mbl yBUAUM, YTO OHa HE NMeeT
minifsd n 3arpy3ky ca3bl basedev. BmecTo 3T0ro, Bce TpebyemMble CEPBUCHI MPEAOCTABAATCS
HavasibHbIM 3arpy34MKoM 3aja4ve HayvasibHOM 3arpy3kun. B Hawem cnydae, Freeldr u kickstart nrpatoTt
pOnb HavanbHOro 3arpysyunka 0S/2, a roottask aHanornyHa 3agade HavasnbHOW 3arpysku. B obuuem,
Mbl JOJKHbI, UICNOJIb30BaTh NOAOOHbLIE peLleHns Npu NPoeKTUPoBaHUK 1 paspaboTke.

2) B cnyyae 3arpy3ku L4, 3arpy34uk 3arpyxxaeT kickstart L4 bootstrapper. Kickstart'y HavanbHbIM
3arpy34MKom npegocTaBnseTcs Habop Moaynen Yepes CTPYKTYpy MysbTu3arpysku. Kickstart 3atem
nepefaet 3Ty MH(OPMaLUto B CTPYKType bootinfo, HanpasneHHon nonem B KIP. Korga L4 3anyLieHo,
OHO 3anyckaeT sigma0 u roottask. Roottask MoxxeT nony4nTb MHGOPMaUKMIo OT CTPYKTYpbI bootinfo,
KoTopas MoXeT bbiTb B3aTa U3 KIP. Agpec KIP Mo)eT 6biTb NnonyyeH Yyepe3 L4 CUCTEMHbIV BbI30B
Kernellnterface(). Tak, roottask MmoxeT nony4ynTb MHGOPMALMIO OTHOCUTENBHO MOAYNEN, MONYHEHHbIX
ot kickstart. Torna roottask moxeT HanTu Heobxoanmble Moaynn B CTPYKTYpe bootinfo. Llenb
KaX4oro Moayns MoXxeT BbITb onpefenieHa 4epes HUTK, CBA3aHHbIE C MOAYAMU, KaXXAblA MOLY b
MOXKET ObITb OTMEeYeH CrneLmanbHON METKOW, KOTOpas onpenenseT ee Ha3HavyeHne (Hanpumep,
MOZyNb, cogepxxawun bnbnnoteky, KoHpuUrypauuio, cepsep root name, cepsep 3arpysrb
NCNONIHAEMbIX (PanoB U T.4.). MeTKa MOXeT CoLep)XaTbCs B HUTU HapsA4y C KOMaHAHOW CTPOKOW
ANns aToro moayns. laHHbIM cnocoboM, nHpopMauma OTHOCUTENLHO MOAYNEN NPOMYCKETCA OT
3arpy34mka 4vepes kickstart k roottask, a roottask moxeT HaxoguTbe HeobxoauMble cepBepbl U
3arpy>xaTb UX B HagJsiexallun nopsaaok. Takmm obpasom, roottask MoXKeT oCyLLecTBAATE PYHKLNN
3aQa4un HavanbHou 3arpy3ku 0S/2 PPC. Roottask cHavana 3anyckaeT nepcoHasbHble HENTPasbHbIE
cepsuchl (personality neutral (PN) servuces), 3aTeM oCyLLeCTBASET NepcoHasbHble HacTponku OC
(0S/2, LALinux n T.4.).

0630p nocnepoBaTeNbHOCTU 3arpy3ku osFree (HopmaTuBHbIN)

Mpun BKJIIOYEHWUM KOMMbIOTEPa WKW ero nepesanycke, nepeas nporpamma, Kotopas byneT 3anyleHa -
370 BA3OBAA CUCTEMA BBOJA-BbIBOLA (BIOS). CywwecTBytoT pa3nnyHble 6a30Bble CUCTEMbI BBOAA-
BbIBOJa C Pa3JIM4HON NOCIeL0BaTEIbHOCTbIO BbINOJIHEHUA. Mbl LOJIKHbI 3HaTb TOJIbKO OAHY Bellb:
BA30BASl CUCTEMA BBOLA-BbIBOA (Standart, BOOTrom, PXE-BMO nnun kakas-nmbo ewwé)
3arpy>xaeT CEKTOP Ha4vaslbHOW 3arpy3ku (Noa TEPMUHOM ‘CEKTOP HayaslbHOM 3arpy3Ku’, Mbl
MOHUMaeM He TONIbKO (PaKTUYECKUN CEKTOP HavyanbHOW 3arpy3Kuy XecTkoro aucka uam obpas PXE
3arpysKku, Ho 1 nobon NepsbIl KOG, KOTOPLIN 3arpy>XeH 1 BbINOJIHEH annapaTHbIMU CpeacTBaMu) 1
nepepaet emy ynpasjeHue. /I TyT 3anyCcKaeTca Halla NocnefoBaTesibHOCTb 3arpy3ku. Mbl Ha3biBaem
BECb KOJ, BbIMOJIHEHHbIN Nepej HallMM CEeKTOPOM HavaslbHOW 3arpy3ku kak BlackBox (YepHnbin
AwmK). Mbl He 3HaeM, Kak OH paboTaeT. Mbl TONbKO 3HAEM, YTO Y HAaC €CTb BO3MOXKHOCTb Nnepeaayun
yrnpaBieHus HaweMmy Kofy. Hall ceKTop Ha4YanbHOW 3arpy3ku npeactasnseTt cobon 16-pas3psaaHbii
KoA. CeKTop Ha4vasbHOW 3arpys3ku 3arpy>xaeT 3arpy34yvk nepsoro 3Tana, uMeHyemblin MicroFSD,
MiniFSD v 3arpy34uk sgpa. MicroFSD - Mukpo LOpansep ®annoson cuctemsl. MiniFSD npeactasnseT
cobon Manbin Apansep ®annosort CucTeMbl. 3arpysyuk sapa - Ko, KOTOpbI 3arpyxaeT u
BbINOJIHAET A4po osFree (nnm noboe MynbTU3arpy3o04Hoe COBMECTUMOE AP0, KOTOpoe
NpeAnoYynTaeT Nnosib30BaTesb).

Kof B ceKTope HavasibHOW 3arpy3kun 3anojHAeT NHGOPMaLMOHHbIE CTPYKTYPbLI U nepefaeT nx
3arpy3ymnky agpa. Te nHopMaUNOHHbIE CTPYKTYPbl, KOTOPble codep>XaT MHOpMaL Mo
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OTHOCUTEJIbHO TEKYLLEr0o pacnpeneneHna naMaTnn n To4eK BX0Aa MicroFSD.

3arpy34yumk agpa - 3To CMeLWaHHbIn 16/32-pa3pagHbii koa. OH 3arpy»xaeT COBMeCTUMbIN 0bpa3
MyJIbTM3arpy304Horo sapa, nepepacnpenenset ero n MiniFSD B namMsaTun, To4YKax BXo4a CBA3EN),
nepekJsilnyaeT NPoLLeccop B 3alUULLEHHbIA PeXUM 1 NepefaeT ynpasaeHve aapy. Aapo n MiniFSD
npeacTaBnsaoT cobon yxe He 16-pa3psaaHblin, a 32-pa3psagHbii KOA.

Nutepdenc MicroFSD/KernelLoader (HopMaTUBHbIN)

NHTepgenc MicroFSD/KernelLoader - Takom xe 410 1y 0S/2. MNocne Toro Kak MicroFSD 3arpy3un
BeCb Tpebyemsbin kKoa (06pa3 MiniFS, obpa3 OS3LDR), ynpaBneHne nepenaeTcs 3arpy3ymnky aapa
(OS3LDR). MNpoueccop AosKeH bbITb B peasibHOM pexuMe, a permcTpbl NpoLeccopa Ao/MKHbI ObiTb
3amnoJiHeHbl COOTBETCTBEHHO ceaytowen Tabauue.

Mpwn nepBoHaYanbHOW nepenaye ynpasseHns OS3LDR oT “yepHoro Awmka” (“black box”),
NHTepdenc onpepenseTca cnegyowmm obpasom:

Register Contains Description

bit 0 (NOVOLIO) on indicates that the mini- FSD does not use
MFSH_DOVOLIO.

bit 1 (RIPL) on indicates that boot volume is not local (RIPL boot)
bit 2 (MINIFSD) on indicates that a mini-FSD ispresent.

bit 3 (RESERVED)

bit 4 (MICROFSD) on indicates that a micro-FSD is present.

bits 5-7 are reserved and MUST be zero.

DH Boot mode flags

DL ﬁggﬁbtfk drive This parameter is ignored if either the NOVOLIO or MINIFSD bits are zero.

pointer to the

DS:SI BOOT Media's |This parameter is ignored if either the NOVOLIO or MINIFSD bits are zero.
BPB
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Register (Contains Description

[* # of entries in this table */ :::

unsigned short ft_cfiles;

/* paragraph # where OS2LDR is loaded */

unsigned short ft_Idrseg;

/* length of OS2LDR in bytes */

unsigned long ft_ldrlen;

/¥ paragraph # where microFSD is loaded */
. unsigned short ft_museg;

ES:D Eloe'?;&reto a /* length of microFSD in bytes */

structure unsigned long ft mulen;

[* paragraph # where miniFSD is loaded */

unsigned short ft_mfsseg;

/* length of miniFSD in bytes */

unsigned long ft_mfslen;

/* paragraph # where RIPL data is loaded */

unsigned short ft_ripseg;

/* length of RIPL data in bytes. */

unsigned long ft_riplen; </pre>

/* The next four elements are pointers to
microFSD entry points */
unsigned short(far *ft muOpen) (char far *pName,
unsigned long far *pulFileSize);

unsigned long (far *ft muRead) (long loffseek,
char far *pBuf, unsigned long cbBuf);

unsigned long (far *ft muClose) (void);

unsigned long (far *ft muTerminate) (void);

Toykun BxoAa nHTepgenca MicroFSD onpeneneHsl cnenyowmm obpasom:

<ul> <li class="levell”><div class="li"> Mu_Open nepepaeT yAaneHHbIN yKa3aTesb Ha UMA (anna,
KOTOpbI ByaeT OTKPLIT U yAaneHHbIN yka3aTens Ha ULONG, ons Bo3BpaTa pa3Mepa danna.
Bo3Bpaltaemoe 3HavyeHue (B AX) o3Ha4vaeT ycnex (0) nnm HencnpaBHOCTb (He -0). </div> </li> <li
class="levell”><div class="li"> Mu_Read nepefaeT uCkoMoe CMeLLeHNe, yaaneHHbI YKa3aTe b Ha
bydep AaHHbIX, 1 pa3mep bydepa faHHbIX. Bo3Bpaliaemoe 3HavyeHne (B DX:AX) yKa3biBaeT 4nCo
(hakTnyeckmn yntaemoix banTos. </div> </li>

<li class="levell”><div class="li"> Mu_Close He nMeeT HMKaKne napameTpbl N He OXuagaeT
HWUKaKOro BO3BPaLLAEMOro 3Ha4yeHus. 3TO - CUrHan gna micro-FSD, 4To 3arpy3ymKk npoynThiBaeT
Tekywmn ann. </div> </li> <li class="levell”><div class="li"> Mu_Terminate He uMeeT HUKaKNX
napamMeTpoB M He OXKWOAET HMKAKOro BO3BPALLAEMOro 3Ha4yeHns. 370 - CUrHan gnga micro-FSD, 4To
3arpy34mK 3aKOHYMA YTeHMe 3arpy3oyqHoro gucka.</div> </li> </ul>

<p>

3arpys4umk Bbl30BeT micro-FSD B nocnenoBaTenbHOCTU OTKPbITb-YTaTb-YnUTaThb-....-HUTaTb-3aKpbITb
ONS KaXKA0ro CH4MThIBAEMOro (parsa € 3arpy304Horo gucka. focne Toro, Kak Bce (aibl 3arpy>XeHol,
LomkeH bbIThb Bbi3BaH mu_Terminate. </p>
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</div>

<h2><a name="uHTeppenc_kernelloader_kernel HopmaTuBHbLIA"
id="nHTepdenc_kernelloader_kernel HopmaTusHbIN">NHTepgenc KernelLoader/Kernel
(HopmaTumBHbIN)</a></h2> <div class="level2">

<p> WHTepgdenc KernelLoader/Kernel He coBmecTM ¢ <acronym title="Operating
System”>0S</acronym>/2, HO COBMECTUM C MyJIbTU3arpy3Kon. 3To 03Ha4YaeT, 4TO Bbl MOXeTe
3arpy>aTtb pa3fimyHble aapa, HanpuMep Linux-a4po. </p>

<p> /imeloTCa Tpn OCHOBHbIX acnekTa obpa3a nHtepgenca Kernel loader/Kernel:

</p> <ol> <li class="levell”><div class="li"> ®opmaT obpa3a aapa Kak oOMe4yaeMbln 3arpy34nKom
agnpa (Kernel loader).</div>

</li> <li class="levell”><div class="li"> CocTosiHMe MalUNHbI, KOTAa 3arpy34yrK sapa 3anyckaeT
onepauunoHHyto cuctemy.</div> </li> <li class="levell”><div class="li"> ®opmaT nHpopmaLmu,
nepegaBaeMon 3arpy3ynkom sgpa onepaumoHHon cucteme.</div> </li> </ol>

</div>

<h3><a name="¢{opmaT_obpasa_sapa” id="dopmaT_obpasa_sapa”>dopmaTt obpasa
anpa</a></h3> <div class="level3">

<p>

Obpa3s agpa MoxeT npeacTaBnATb CO60N 0ObIYHBIN 32-pa3psALHbIA UCNOSTHAEMBIA (haln B
CTaHOApTHOM hopMaTe ANA KaKon-mbo ocobeHHOM onepaLMoHHON CUCTEMBI, 3@ UCKIIOYEHNEM TOrO,
4TO OH MOXXET ObITb CBA3aH C 3arpy>aemblM M0 HEYMOIHaHUI0 aapecoMm, 4Tobbl nsbexatb
cBepx3arpy3ku obnactu Beoga - BbiBoga PC unu pyrux pesepBHbix 06nacTen, n KOHEYHO He
LOJDKHbI UCMOJIb30BaTbCA 00WwenoCcTynHble bubnnotekn nnm gpyrve npuyyaaneblie 0COOEHHOCTH.
</p>

<p> Obpa3 Aapa OO/KEH COAEPKaTb AOMONHNTESbHbLIN 3aroI0BOYHbIA (halisl, Ha3biBaeMbI
3aro0/I0BOYHbLIM (hanioM MynbTU3arpy3ku, NoMUMo popmaTa 3aronoBOYHbIX halnoB, NCNOJIb3yEMOro
obpasom agpa. 3aronoBoYHbIN hana MynbTU3arpy3Kn SOKEH MNONHOCTbIO HAX0A4MTLCA B Npeaesax
nepsbix 8192 6anToB 0bpa3a f4pa, U foKeH 6biTh 32-pa3psaaHbiM. Booblue, oH A0KHO NpubbiTh
KaK MOXXHO paHblle N MOXET bbiTb BHEAPEH B HAa4Yal0 TEKCTOBOr0 CErMeHTa Nnocae peanabHo
BbINMOJIHEHHOI 0 3aros0BOHOIO (hanna. </p>

</div>

<h3><a name="cTpyKTypa_3aronoska_multiboot”
id="cTpyKTypa_3aronoska_multiboot”>CTpyKkTypa 3aronoska Multiboot</a></h3> <div
class="level3">

<p>
Cxema 3aronoBo4Horo anna MynbTnsarpysku ooxkHa bbiTb cnegyowen: </p>

<p> CmelLeHune Tun HassaHue nons MpumevaHue 0 u32 Magic Tpebyembiin 4 u32 ®narun Tpebyembin
8 u32 KoHTposibHas cymMmMa Tpebyembin 12 u32 Header _addr, ecnum cnarm [16] ycTaHoBNeHbl 16 u32
Load addr, ecnu pnaru [16] yctaHoBneHbl 20 u32 Load end_addr, ecnv dpnarun [16] ycTaHOBNEHBI
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24 u32 Bss_end_addr, ecnu pnaru [16] ycTaHoBneHbl 28 u32 Entry addr, ecnv pnarm [16]
ycTaHoBJsieHbl 32 u32 Mode_type nomxHO nrHopmposBaTbCs 36 u32 LLnpunHa LOMKHO UTHOPUPOBATLCA
40 u32 BbicoTa fO/MKHO NrHopupoBaThCs 44 u32 nybuHa 0OHKHO UrHOpMpoBaThCa Mond magic,
narv 1 KOHTpoJibHas CyMMa onpefesieHbl B NoJIAX Magic 3arosloBoYHOro ana, obnactu
header_addr, load_addr, load_end _addr, bss_end addr n entry_addr onpefeneHsl B nonsx agpeca
3arosIoBOYHOro (harnna, a nons mode_type, WwWnpuHa, BbicoTa 1 raybuHa - onpenenieHsbl B NOAsAX
rpamkmn 3aronoBoYHoro anna. </p>

<p> ong magic 3aros0BOYHOr0 hansia MynbTU3arpysKu, noae magic AaBnseTcs YyaecHbIM
HOMEepOM, OMO3HAKLLUM 3aroJI0BOYHbIN (hal, KOTOPbIA AOJKeH OblTh WecTHaaLaTepniHoe
3Ha4veHnem 0x1BADB002. </p>

<p> lNomMeyaHne nonesbix haaros onpenensetT 0ocobeHHOCTM, KoTopblie 0bpa3 aapa 3anpalnsaeT
nnn TpebyeT oT 3arpy3ynka sapa. butel 0-15 yka3biBaloT TpeboBaHUA; eCam 3arpy3ynk agpa BUanT
nobon 6uT 13 3Toro Habopa, HO He NOHUMAET nar NN He MOXKET BbINOJIHATbL TPeboBaHUS, OH
YKa3blBaeT M0 KaKUM NpuUYnHaM, 3aTeM LOJHKEH YBEAOMUTb 06 3TOM NOJSIb30BaTENS U MPEKPATUTb
JanbHenwWwy 3arpy3ky obpasa sapa. butbl 16-31 ykasbiBaloT Heobsi3aTeNbHble 0COBEHHOCTK; ecn
nobble 6UTHI B 3TOM AMana3oHe YCTaHOBJIEHbI, HO 3arpy34uK sapa He MOHUMAET MX, OH MOXXET
MPOCTO UrHOPMPOBaTh MX 1 paboTaTb Kak 06bl4HO. ECTECTBEHHO, BCE MOKa eLle -HeonpeneneHHble
6uTbl B cnoBe haaroB A0/MKHbI ObITb YCTaHOBEHbI Ha HYJIb B 06pa3ax sapa. Takum obpa3om, nons
hnaros cny>xat Oas ynpaB/ieHUs BEPCMEn Kak ANna NpocToro Bbibopa ocobeHHoOCTH. </p>

<p> Ecam 6uT 0 B C/ioBe (hlaroB yCTaHOBJ/IEH, TO BCE 3arpy304HbIE MOAYN, 3arpy>KEHHbIEe Hapsaay C
onepaunoHHON CMCTEMOW A0JKHbI BbITb BEIPOBHEHbI Ha rpaHuMLUax cTpaHuubl (4K6). HekoTopele
onepaunoHHble CUCTEMbI MOTYT ObITb CNOCOOHBI 0TOBpaXkaTb CTPaHULbI, COAEPXKALLME 3arpy304HbIe
MOZYJI HernocpeaCTBEHHO B U3MEHSAIOLWMNXCA CTPaHMLax agpecHoro npocTpaHCTBa BO BpeMs
3arnycka, u cfiefloBaTeslbHO, HY)KAAaTbCA B 3arpy304HbIX MOAYNAX, 4ToObl Nnpeobpa3saTh B
BbIPOBHEHHYI0 CTpaHuuy. Ecam 6uT 1 B cnoBe haroB yCTaHOBJIEH, TO MH(OPMaLIMS OTHOCUTESIbHO
LOCTYMNHOW NamMATK, MO KpanHen Mepe, Yepe3 mem_* Nois CTPYKTYpPbl UHDOPMaLUN MynbTU3arpysKu
(c™m. chopmaT MHDopMaL MK 3arpy3Kkn) LosmkeH bbiTb AOCTynHa. ECam 3arpy3yuk aapa cnocobeH K
NPUHATUIO KapTbl NamMaT (mmap_* nons) n oHa nMeeTCs, TO AaHHOE Nose MOXET OblTb TakXe
BKJI04EHO. buT 2 B Cnose hylaroB AoJHKEH UTHOPUPOBATbLCA 3arpy3ynkom sapa. Ecam 6ut 16 B cnose
(hnaros yCTaHOBJIEH, TO MNOJA B CMeLLeHNsX 8-24 B 3aro/IoBOYHOM (hanne MybTU3arpy3Ku
LOMYCTUMbI, U A4EPHbIN 3arpy34nK SOJKEH UCNOJIb30BaTbh MX BMECTO nosei B PakTU4YeCKoM
NCMNOJIHAEMOM 3arofIoBO4YHOM hanne, 4Tobbl onpegennTs, rae 3arpy3mTb 0bpas aapa. dTown
NHGOpPMaLMK He [O0/MKHO bbITh, ecnin 0bpa3 sapa HaxoauTca B hopmaTe ELF, HO oHa posikHa bbITb,
ecnn obpas HaxoauTca B hopMaTe a.out mam B HEKOTOPOM Apyrom hopmaTe. COOTBETCTBYOLLME
3arpy3ymkm agpa fosKHbI 6bITb CNOCOOHbLI 3arpy3nTb 06passl, KOTOPbIE UM HAaXOAATCS B hopMmaTe
ELF, nnu copepxaT Harpysky, agpecyloT NHMOpMaLnto, BHEAPEHHYIO B 3ar0/I0BOYHbIN hran
MYJIbTU3arpy3Ku; OHN MOTYT Tak)Xe HemnocpenCTBEeHHO NOALEPKNBATL APYrune BbiNOJHMMbIE
hopMaTbl, B HaCTHOCTU a.out BapmaHTbl, HO X NOAAEPXKKA He ABNSAETCS He06X0AMMON.

</p>

<p> one KOHTPO/bHAaA CyMMa siBnseTcs 32-pa3psaaHbiM 3HavyeHneM 6e3 3Haka KoTopoe, byay4m
[06aBNIEHHBIM K ApYruM NoasiM magic (To eCTb magic u dnaru), A0JHKHO UMeTb 32-pa3psagHyto
CYMMY OT/INYHYIO OT Hynd. </p>

<p> lMNons agpeca 3aro/I0BOYHOIO (halna MybTM3bIFPY3KK. Bce nons agpeca, Aonyckaemole Gutom
16 dnara - pusnyeckne agpeca. 3HayeHne Kaxx4oro cnegywowme: </p>

<p> Header_addr conep>XuT agpec, COOTBETCTBYIOLLUIN HaYvany 3arosoBO4HOro hansa
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MynbTU3arpysku - hrM3myeckoe pasmMeLLeHme naMaT, B KOTOPOM magic 3HaYeHune, Kak
npennonaraetcs, byneTt 3arpy>eHo. 3To noJie cayXuT, 4Tobbl CUHXPOHMU3MPOBaTb
KapTorpadupoBaHmne Mexay cMelleHnamu obpasa sapa v pusnydecknMm agpecamm namaTu.
Load_addr copepuT usnyecknii agpec Hayasa TEKCTOBOro cermeHTa. CmelleHve B hanne obpasa
f4pa, 419 Havyana 3anycka 3arpy3ku, B KOTOPOM 3aro/ioBOYHbIA (ains bbi1 HandeH, MUHYC
(header_addr - load _addr). Load_addr nosxeH 6biTb MeHbLUe 1M paBHbIM header addr.
Load_end_addr conepXuT usnyeckmin agpec KoHua cerMmeHTa faHHbix. (Load_end addr - load_addr)
onpeaenseT CKONbKO AaHHbIX TpebyeTcs 3arpy3uTb. 3TO NOAPa3yMeBaeT, YTO TEKCT U CErMeHThI
LaHHbIX A0JKHbI ObITb NOCNefoBaTeNbHbI B 06pa3e sapa; 3TO KacaeTcs CyLWweCcTBYOWMX a.out
BbINOJIHUMBIX (hOpMaTOB. EC/IM 3TO Nose HyNeBoe, 3arpy3ynk sapa npeanosiaraeT, YTo TEKCT U
CerMeHTbl AaHHbIX 3aHUMAIOT Lenblin hann obpasa agpa. Bss_end addr copepxuT pusnyeckuni
afpec KoHLa cermMeHTa bss. 3arpysyuk agpa nHuumnanmsnpyeT 3Ty 061acTb, 4T06bl YCTAHOBUTL Ha
HY/b, N PE3epPBMPYET NamMATb, KOTOPYIO OHa 3aHMMaeT, 4Tobbl n3bexaTb pasMeLleHns Mooy s
3arpys3ku 1 opyrux gaHHblx, B 061acTn npegHa3HayYyeHHble onepaunoHHon cucteme. Ecam 3to none
HyneBoe, 3arpy3yunk aapa npeanonaraeT, 4To bss cerMeHThbl OTCYTCTBYIOT. Entry_addr dusnyeckui
aflpec, K KOTOPOMY AOJKEH MepenTu 3arpy3ymk agpa, ans Toro, 4Tobbl onepaunoHHas cuctema
Havana yHKLMOHMpoBaTb. COCTOAHME MALUUHbI, KOr4a 3arpy3ynk aapa Bbi3biBaeT 32-pa3psgHyIo
onepaunoHHY0 CUCTEMY, LO/DKHO UMETb CieflyoWwmin Bua: </p>

<p> EAX ponxeH cogep)xaTb 3Ha4YeHne magic; NPUCYTCTBUE ITOr0 3HAYEHNS yKa3biBaeT Ha
onepaLnoHHYI0 CUCTEMY, YTO OHa Oblfla 3arpy>KeHa MyibTU3arpy304HbIM 3arpy34nkom aapa
(HanpuMep, B NPOTUBOMNOJIOXKHOCTb APYrOMY TUMY SAEPHOro 3arpy34ynka, KOTOpPbIM ornepaumoHHas
CMCTEMa MOXET Takxe BbiTb 3arpy>xeHa). EBX gonxeH cogep)xaTb 32-pa3psagHbii GU3NYecKnin
afpec CTPYKTYpbl MHDOpMaLMmn MynbTu3arpysku, obecneyeHHon 3arpy34ymkom aapa (cMm. hopmaTt
NHopMaumn 3arpysku). CS nomkHa bbiTb 32-pa3psAHbIM CEFMEHTOM KOAa YNTaTb/BbINONAHATL CO
cMeweHnem 0 n npenenom OXFFFFFFFF. ToyHoe 3Ha4veHue HeonpeneneHo. DS/ES/FS/GS/SS pomxeH
ObITb 32-pa3psAaHbIMU CEerMeHTaMy AaHHbIX 418 YTeHWUs/3anmcn co cMeweHnem 0 1 npenenom
OXFFFFFFFF. To4Hble 3Ha4yeHus HeonpeaeneHbl. Fent A20 gomxkeH 6biTh 3anyuieH. CRO Bit 31 (PG)
[o/KeH 6biTb o4neH. but 0 (PE) ponxeH 6biTb ycTaHoBNEH. [lpyrue 6utol HeonpegeneHsl. EFLAGS
Bit 17 (VM) ponxeH 6biTb o4nwieH. but 9 (IF) nomxeH bbiTb o4nwieH. pyrne 6uTbl HeonpeaeneHsi.
</p>

<p> Bce gpyrve perncTpbl npolieccopa n 6uTsl hiara HeonpeaeneHsl. B 0cobeHHOCTH 3TO
KacaeTcs: </p>

<p> Obpa3 sapa ESP fonmkeH co3faTb CBON COBCTBEHHBIN HAabop, Kak TONbKO OH NoTpebyeTcs.
GDTR [axxe npu TOM, 4TO perncTpbl CErMeHTa yCTaHOBEHbl Kak onucaHo Boile, GDTR, MoXeT 6bITb
HeZonycTuM, Tak 4T1o obpas saapa He OOJKEH 3arpyXaTb HUKAKUX PErnCTPOB cermeHTa (faxe
TONbKO Nepe3arpy>XatoLmin Te e caMmble 3HavyeHna!) noka He ByaeT yCTaHOB/IEH ero COBCTBEHHbIN
GDT. Obpa3 sgpa IDTR go/mkeH 0CTaBUTb BbIBEAEHHbIE U3 CTPOS NPepbIBaHMA, Noka He byaeT
YyCTaHOBJIEH ero cobcTBeHHbIN IDT. </p>

<p> OfgHako, NMOMMMO 3TOr0 MalUNHa A0JHKHA BbITb yCTaHOBEHA 3arpy34nKoOM sipa B HOpMasbHoe
paboyee CoCTOSAHMNE, TO €CTb Kak nHuumnannsnposaHo BIOS (nnm DOS, B 3aBUCUMOMTU OT
KOH(urypaumm). Apyrummn caiosamm, onepaumoHHas cucteMa fosmkHa 6biTb cnocobHa fenaTb
3anpockl BIOS pa)ke nocsie 3arpysKu, noka OHa He 3anucbiBaeT NoBepX CTPYKTYP AaHHbIX BIOS
nepes BbiNoJIHEHMEM. TakxXKe, 3arpy34nk aapa 4oJHKeH ocTaBuTb PIC, 3anporpaMmMnpoBaHHbIn C
HopMaJibHbIMK 3HaYeHnamMu BIOS/DOS, na)ke ec/in OHW N3MEHEHbI B 32-pa3psAgHyo MOANMMKaLNIO.
</p>

<p> lMpwn 3arpy3ke nHhopmaummn opmata Upon B onepauMoHHYI0 cuctemy, peructp EBX cogepxut
(pr3myecknn agpec CTPYKTYpbl AaHHbIX MH(OPMaLMKM MyNbTU3arpy3Ku, Yepes KOTOPYHO 3arpy3ynk

osFree wiki - http://osfree.org/doku/



Last update: 2013/03/11 14:32 ru:docs:boot:freeldr http://osfree.org/doku/doku.php?id=ru:docs:boot:freeldr&rev=1363012334

sapa nepefaeT HeobxoaMMy0 UHGOPMaLMIO onepaLnoHHon cncTeme. OnepaLmMoHHas cMcTeMa
MOXXeT MCMO0J/Ib30BaTb WU UTHOPUPOBATL NtobbIe YacTy CTPYKTYpPbl, KOTPYIO OHa BbiIbUpaeT; BCA
MHOPMaLMA, KOTOPYIO NepefaeT 3arpy3yrk aapa SBASETCA KOHCYNbTaTUBHON. </p>

<p> CTpyKTypa UHDOPMaLNUN MYSIbTU3Aarpy3KN 1N CBA3aHHbIE C HEM MOACTPYKTYPbl MOryT BbIThb
pa3MeLleHbl rae-HMbyab B NaMATK 3arpy34mMkoM aapa (KOHEYHO, 3@ UCKJIIOYEHUEM MaMATH,
COXPaHEHHON ANa Aapa W 3arpy3oyHbix moaynen). Takum obpa3om, onepaumoHHasa CUCTeEMa
cnocobHa n3bexaTb 3anncu NoBepx 3TOM NamsaTh. </p>

<p> dopmaT CTPYKTYpbl MHPOPMALUKN MYNbTU3Arpy3Kn (Ha OaHHLIN MOMEHT) npeacTasnaeT cobon:
</p>

<p> 0 Flags (Tpebyemebin) 4 Mem_lower (3agenctsoBaH, ecam naru [0] yctaHoBneHbl) 8 Mem_upper
(3apenctsoBaH, ecnu naru [0] ycTaHoBneHbl) 12 Boot device (3apenctsosaH, ecnu naru [1]
ycTaHoBneHbl) 16 Cmdline (3apgencTeosaH, ecnn ¢pnaru [2] ycTtaHoeneHbl) 20 Mods_count
(3apencTBoBaH, ecnu naru [3] ycTaHoBneHbl) 24 Mods_addr (3apencTsoBaH, ecnu gnaru [3]
yCTaHoBJIeHbl) 28 - 40 Syms (3agenctsoBaH, ecnu narv [4] unm dnaru [5] yctaHoBneHbl) 44
Mmap_length (3ageincTBoBaH, ecniv pnaru [6] ycTaHoBsieHbl) 48 Mmap_addr (3agencTsoBaH, ecnu
tnaru [6] ycTaHoBneHbl) 52 Drives_length (3apencTsoBaH, ecnv niarun [7] yctaHoBseHbl) 56
Drives_addr (3apenctsoBaH, ecnu cnaru [7] yctaHosneHsl) 60 Config_table (3apenctsoBaH, ecnu
tnarm [8] ycTaHoBneHbl) 64 Boot loader name(3anencTsoBaH, ecnu naru [9] yctaHoBneHb!) 68
Apm_table (3apencTteoBaH, ecnm cnaru [10] ycTtaHoBneHsl) 72 Vbe_control_info(JonmxeH bbiTb
3anoJsiHeH) 76 Vbe_mode_info 80 Vbe_mode 82 Vbe_interface_seg 84 Vbe_interface_off 86

Vbe interface_len Mepsbin longword yka3biBaeT NPUCYTCTBME M 3aKOHHOCTb APYrux nosien B
CTPYKTYpe nHopMaLmMm MybTu3arpysku. Bce HeonpeneneHHble 6UTbl O/KHbBI BbITb 0OHYNEHbI
3arpysymnkom sigpa. Jlitobon Habop 6BUTOB, KOTOPLIE ONEepaLMOHHAs CUCTEMA HE NOHUMaeT, AO/KEH
NUrHopnpoBaTbCa. Takum obpasom, nose garos Takxe PYHKUNOHUPYET Kak MHANKATOP BEpCUN,
MO3BONAS CTPYKTYPE MHOPMaLMN MybTU3arpy3ku bbiTb paclumpeHHon B byayuiem 6e3 nomMku nam
HapyLlueHuns vyero-nmbo. </p>

<p> Ecan 6ut 0 ycTaHoBneH B napameTpe flags, To mem_* nons npasuabHbl. Mem_lower u
mem_upper yKa3bIBaloT KOAn4ecTBo 6onee HU3KUX 1 061acTb CTapLUnX afapecoB, COOTBETCTBEHHO, B
kKmnobanTtax. bonee HU3Kasa NamATb Ha4YMHaeTcs B agpece 0, n 3anyckax 0bnacTn CTaplwmx afpecos
B agpece 1 merabant. MakcMManbHOE BO3MOXHOE 3Ha4YeHne ans 6onee H1U3Kom namaTu - 640
KnnobanT. 3HavyeHme, BO3BpaLLeHHOoe A 061acTu CTaplnx aApecos - MakCMMasibHOe, agpec
nepBoro oTBepcTnsa 061acTy CTapLUMX aapecoB MUHYC 1 MerabanT. 3TO He 3Ha4YUT, 4TO OHO byaeT
3TUM 3Ha4YeHneMm. </p>

<p>

Ecnm 6uT 1 B napameTpe flags ycTaHoBneH, To nosie boot_device npaBunbHO, 1 ykasblBaeT, OT
KOTOPOro ANCKOBOro ycTponcTea BIOS 3arpy3ynk sapa 3arpysunn obpas sapa. Ecan obpas sgpa) He
OblN1 3arpy>XeHo € ANCKOBOro ycTponcTtea BIOS, To 3To none He AO/KHO NPUCYTCTBOBATL (buT 3
Lo/MKeH BbITb YncT). OnepaunoHHasa CUCTEMA MOXXET NCMONb30BaTb 3TO MOJE KakK NoACKa3sKy Ans
onpefeneHns ee cobCTBEHHOr0 KOPHEBOIro pa3fena, Ho OHO Heobs3aTenbHO. None Boot device
pa3MeLLeHo B YeTbipex noanonsax ogHMM bantom cnegyowmm obpasom: </p>

<p> wnck Pa3zgenl Pa3pnen2 Paspen3 </p> <pre class="“code”> lMepBbln BanT COAEPKNT HOMEpP
ancka BIOS kak noHaTo BIOS INT 0x13 HM3KOypOBHEBOro AMCKOBOro nHTepdenca: Hanpumep 0x00
ANs nepeoro rubkoro ancka nnm 0x80 ons NepBOro XecTkoro gucka.</pre>

<p>
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Tpu ocTawmxca banta onpefensioT pasfien HavanbHOW 3arpy3ku. Partl onpenenset Homep
pa3fena BepxHero ypoBHs, part2 onpegenseT nogpasfien B pasfesie BepxHero ypoBHs, U T.4.
Hymepaumsa pa3genos BCcerfa Ha4MHaTCa € Hyns. Hemcnonb3oBaHHbIe 6anTel pa3gena AOJKHbI
6bITb YycTaHOBMEHbI B OXFF. Hanpumep, ecnn anck pa3buT Ha pa3aensl, UCNO0Jib3ys NPOCTON
ofHoypoBHeBbIN DOS, BblAeNsaWmin pasgenbl cxembl, To partl coaepxut Homep pasgena DOS, a
part2, n part3 - OxFF. pyron npumep, ecnv ANCK pa3buT Ha pa3gensl cHavana B DOS PARTITION, u
3aTeM, oauH n3 Tex DOS PARTITION nonpasgeneH B HeCKonbko BSD pasgesibl, MCcnosib3yoLine
disklabel ctpaTeruio BSD&#039;S, To partl conepxut Homep DOS PARTITION, part2 conepxuT
noapasaen BSD B npegenax toro DOS PARTITION, a part3 - OxFF. </p>

<p>

B DOS pa3pfenbl 0603Ha4YeHbl Kak Yncia pasfesna, HaunHalowmecs oT 4 1 Bbille, CKopee Kak
BJIOXKEHHbIe nogpa3fesibl, LaXke Npu TOM, 4YTO OCHOBHAA CXeMa AUCKA pacLlUMpPEeHHbIX pa3aesos Mo
XapakKTepy nepapxuyeckas. Hanpumep, ecnm 3arpysymk aapa 3arpy>Kaetca U3 BTOporo pasgesia Ha
ancke, pa3butom Ha pa3saensl B 0bbivHOM cTune DOS, 1o partl 6yneT 5, u part2, u part3 6yayTt OxFF.
</p>

<p> Ecnm 6uT 2 hnaros longword ycTtaHoBneH, none cmdline gonycTumMo 1 coaepxuT Gusnyeckni
agpec KOMaHAHOM CTPOKMK, KOTOPYIO HY>XXHO NPONyCTUTb K aapy. KOMaHAHas CTpoOKa - 3aKOHYeHHas
HyJfiem CTpoka B C-cTune. </p>

<p> Ecam 6uT 3 chnaros yCTaHOBJIEH, TO NONAA MOdS yKa3blBaOT A4PY Kakue 3arpy304Hble MOLY N
OblnK 3arpy>xeHbl Hapsay ¢ obpa3om sfpa), U rae oHn MoryT 6bITb HangeHbl. Mods_count cooepXxuT
4MCII0 3arpy>KeHHbIx Moaynein; mods_addr cogepXuT usnyYeckmin agpec nepson MoLyabHON
CTPYKTYpbl. Mods_count MoXXeT ObITb HY/IeBOW, HE YKa3biBas Kakune 3arpy304Hble MOy Bbian
3arpy»eHbl, faxe ecam 6ut 1 chnaros ycTaHoBeH. Kaxaas MoayJsibHas CTPYKTypa opMaTupyeTcs
cnenywowum obpasom: </p>

<p> 0 Mod start 4 Mod_end 8 String 12 reserved(0) MNepBble ABa Noas coaep)XaT Ha4vano n
KOHEeYHble aipeca HenocpeaCcTBEHHO 3arpy304HbIX Moaynen. Mone cTpoku (String) obecneynBaeT
NPOU3BOJIbHYIO HUTb(LWINaraT), KoTopasa byaeT cBa3aHa C TeM cneunguyecKum 3arpy304HbiM
MOLyneM; 3TO - 3aKOHYEHHas HyJleM CTopoKa <acronym title="American Standard Code for
Information Interchange”>ASCIllI</acronym>, TO4YHO TaK Xe Kak KOMaHHas CTpokKa sapa. [Mone
CTPOKM MOXET BbITb 0, €C/IN HE MMEETCS HUKAKOM CTPOKWK, CBA3aHHOM C MoAaysieM. OBbIYHO CTPOKa
MOXET ObITb KOMaHOHOM CTPOKOMN (Hanpumep, ecnn onepaunoHHas cuctema obpabateiBaeT
3arpy304Hble MOAYN KaK UCMONHAEMbIE MPOrpamMMbl), UAK UMSA NYTKU (HanpuMep, ecian
onepaunoHHaa cucteMa obpabaTbiBaeT 3arpy304Hble MOLAYIN KaK (hainbl B (hansIoBOM CUCTEME), HO
ero To4YHoe NCMNoNb30BaHWe NpegHasHa4YeHo Ans onepaLmoHHon cuctemMbl. CoxpaHeHHoe nose
LO/MKHO BbITb YCTaHOBAEHO B 0 3arpy34rMKoM aapa v MTHOPMPOBATLCS ONEPaLMOHHON CUCTEMON.
</p>

<p> BHUMaHue: 6uTbl 4 1 5 B3aMMHO UCKOYaEMBI. </p>

<p> Ecnm 6uT 4 B CnoBe (hJ1laroB yCTaHOBEH, TO AOMYCTUMbI CleyloLne noas B CTPYKType
NHOPMaLMM MybTU3arpy3Kun, HauymHawwencs B bante 28: </p>

<p> 28 Tabsize 32 Strsize 36 Addr 40 reserved (0) OHM yKa3biBatoT, rae Tabnnua naeHTUPUKaTopos
oT a.out obpa3za sAapa MoXeT bbITb HangeHa. Addr - pur3nyecknin agpec pasmepa (4-6anTtosbin be3
3HaKa OJMHHBIA) MaTpULbl a.out, hopMaTUpyoT CTPYKTYpPbI nlist, conpoBoXAaeMble HEMeOeHHO
MaTpULLON HenocpeacTBEHHO, Toraa pa3mep (4-6anTtosbii 6€3 3Haka ASIMHHBIA) Habopa 3aKOHYEHHbIX
HyJsieM cTpok <acronym title="American Standard Code for Information
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Interchange”>ASCll</acronym> (nntoc sizeof (6e3 3HaKa ONNHHbLIA) B 3TOM C/ly4ae), U HaKOHeL,
camocToATeNbHbIN Habop CcTpoK. Tabsize paBeH ero napameTpy pa3mepa (HaNAEHHbIN B Ha4ae
cekuun cmmBona), a strsize paBeH ero napameTpy pa3mepa (HangeHHbIW B Ha4Yane CeKLUM CTPOKN)
cnepytoulen Tabamubl CTPOKK, K KOTOpon obpallaeTcs Tabnmua naeHTudukaTopos. ObpaTtute
BHUMaHWe, 4To tabsize moxeT 6bITb 0, He YKa3blBas HUKaKMe CUMBOJIbI, faxke ecnv 6uT 4 B cyiose
tnaros yctaHoBneH. </p>

<p> Ecnm 6uT 5 B cnoBe h1aroB yCTaHOB/IEH, TO AONYCTUMbI ClieflytoLne nons B CTPYKType
NHOPMaLUM MybTU3arpy3Kku, HauyMHatowencs B 6anTe 28:

</p>

<p> 28 Num 32 Size 36 Addr 40 Shndx I'ge yka3biBaeTCs cekuunsa Tabnnubl 3aro0BOYHOI0 hana mns3
ELF agpa, pa3mep Ka)aoro Bxoaa, Y1Ca0 BXOA0B, U CTPoKa Tabnnubl, NCNOAb3yeMON Kak MHAEKC
nMmeH. OHun nepegatoT shdr * Bxogam (shdr_num, n T.4.) B BbINOJIHAMOM Y MPUrO4HOM A5
pefakTupoBaHus opmaTe cneumdukauunio (ELF) B 3arosoBo4HOM hansie nporpaMmbl. Bce cekuum
3arpy’>xeHbl, 1 puamnyeckne nona agpeca 3arogoBoYHoro anna cekumn ELF Torga obpawatorcs
CeKUMsM, OTHOCALMXCA K 1386 nokymeHTauun ELF ona getanen oTHOCUTENbHO TOr0, Kak YnTaTb
Cekuun 3aronoBo4Horo anna. Obpatute BHUMaHUe, 410 shdr_num moxeT 6bITb 0, He yKa3biBas
HUKaKne CUMBObLI, AaXke ecnn 6uT 5 B coBe hnaros ycTaHoBneH. Ecan 6uT 6 B cnose dhnaros
yCTaHOBJIEH, TO mmap_* nosas AonyCcTUMbI, K yKa3blBaOT agpec n AnvHy bydepa, cogepxatlero
KapTy namsaTu MawwuHbl, obecrnevyeHHon BIOS&#039;0M. Mmap_addr - agpec, a mmap_length -
NoNHbIN pa3mep bydepa. bydhep cocTonT U3 ogHoro, nam 6onbLIEro KOANMYecTBa cnegyoumx
Size/CTPYKTYpPHbIX Nap (pa3mep OeNCTBUTENbHO UCMNOJIb3YEeTCS 415 NMPONyCcKa K cienyowen nape):
</p>

<p> 4 Size 0 base_addr_low </p>

<p> 4 Base_addr_high 8 Length_low 12 Length_high 16 Typewhere size - pa3mep cBs3aHHON
CTPYKTYypbl B banTax, KoTopble MOryT 6biTh Bonblie 4em MuHUMyM 20 6anTos. Base addr low -
HU3Kue 32 BrTa Ha4YanbHOro agpeca, a base_addr_high - BepxHue 32 6uta gns obwero KonmyecTea
64-pa3psfHOro HavasbHoOro agpeca. Length_low Huskune 32 buta n3 pasmepa obnactv namsaTu B
banTax, a length_high - BepxHue 32 6buta gns obuero Konmyectsa 64 6utos. Type - pa3Hoobpasue
npefCcTaB/€HHOr0 aApecHoro NHTepBasa, rae 3HavyeHune 1 ykasbliBaeT JOCTYMHYO OnepaTUBHYIO
namsaTb, a BCE Apyrue 3Ha4yeHMs B HacTosAlee BpeMs 0603HaYaloT pe3epBHyto 0b6n1acTb. </p>

<p> byneT BbiBEAEHO 3HAYEHNE ONepaTMBHON NaMATK, HeobXxoaAnMoe AN HOpMabHON PaboThl.
</p>

<p> Ecnm 6uT 7 BO (hnarax yCcTaHoBseH, TO drives * nons LonyCTUMbI, U YKa3biBalOT afpec
(hu3nyeckoro agpeca nepsov CTPYKTYpPbl ANCKa 1 pa3Mepa CTPYKTYp Aucka. Drives_addr - anpec, un
drives_length - nonHbI pa3mep CTPyKTyp Ancka. ObpaTuTe BHUMaHwWe, 4To drives_length moxeT
ObITb HyNleBoW. Kaxxaas CTpyKTypa AWCKa oTopMaTMpoBaHa cnegyowmm obpasom: </p>

<p> 0 Size 4 Drive_number 5 Drive_mode 6 Drive_cylinders 8 Drive_heads 9 Drive_sectors 10-xx
Drive_ports MNone size onpefenseT pa3mep 37O CTPYKTYpbl. Pa3mep MeHAeTCa B 3aBUCUMOCTM OT
yncna noptoB. ObpaTuTe BHUMaHME, YTO pa3Mep He MOXeT bbiTb paBeH (10 + 2 * yucno nopTos), U3-
3a SInHeapm3aumm. </p>

<p> Mone Drive_number conepxut Homep ancka BIOS. Mone Drive_mode npeactasnseT cnocobd
L,0CTYyMa, NCMNONb3yeMbIN 3arpy34nMkom aapa. B HacToswee BpeMsa onpeneneHsl cnegyioume
cnocobebl: </p>
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<p>

0 CHS mode (TpaguumnoHHbin cylinder/head/sector cnocob agpecauumn) 1 LBA mode (normnyeckuni
cnocob agpecaumm 6noka) 3t Tpu nong, drive_cylinders, drive_heads n drive_sectors yka3biBatoT
reomMeTpuio Ancka, obHapyxxeHHoro BIOS&#039;0M. Drive_cylinders conepXuT 41cio LMAnHLPOB.
Drive_heads conepxuT 4ynucno rnas. Drive_sectors cooepXuT Y1CI0 CEKTOPOB B OPOXKKE.

</p>

<p> Mone Drive_ports cofep>XuT maTpuuy NopToB BBOAA - BbIBOAA, UCMOJb3yEMbIX A5 AUCKa B
Koae BIOS. Maccus cOCTOUT U3 HYyNS WAy BONbLUMX HYNIA LenblX Ynucen ¢ AByms bantamu, v
3aKaH4MBaeBLNXCA HyeM. ObpaTuTe BHUMaHWe, 4TO MaCcCB MOXET cofepXxaTb ntoboe 4ncno
MopTOB BBOAA - BbIBOAA, KOTOPbIE HE CBA3AHbI C AUCKOM (hakTn4ecku (Tuna noptos DMA
KOHTpOJ1/1epoB). </p>

<p> Ecan 6uT 8 BO (hbnarax ycTaHosneH, To none config_table gonycTumo n ykasbiBaeT agpec
Tabnunupbl KoHpurypauum M3Y, so3spaLLeHHon Ha Bbi30Bbl BIOS. Ecnu Bbi30BbI BIOS ocTanuce 6e3
0TBETa, TO pa3Mmep Tabanupbl foMKeH BbITb HYNEeBON. </p>

<p> Ecnm 6uT 9 BO (hnarax yctaHoBseH, To none boot loader name fonycTuMo, U COQEPXUT
hun3nyecknin agpec MMeHN 3arpysynka aapa, npy 3arpyske sapa. IMs - 3aKoHYeHHas HyneM CTPOKa
B C-ctune. </p>

<p> Ecnn 6uT 10 BO (hylarax yCcTaHOBAEH, TO nojie apm_table fonycTumo, 1 COAePXUT PU3NYeCKnm
agpec onpefeneHHon Tabanubl APM Kak yKasaHo Huxe : </p>

<p> 0 version 2 Cseg 4 Offset 8 Cseg 16 10 Dseg 12 Flags 14 Cseg_len 16 Cseg 16 len 18 Dseg_len
Mons version, cseg, offset, cseg 16, dseg, hnaru, cseg_len, cseg 16 _len, dseg_len yka3biBaeT HoMep
BEPCUW, 3aLUMLLEHHBIN peXMM 32-pa3pagHbli CErMEHT KoAa, CMELLLeHMe TOYKN BXOAa, 3aLLULLEHHbIN
peXxuMm 16-pa3pagHbii CErMEHT KOAa, 3alUMLLEHHbIN peXxnM 16-pa3paaHbli CerMeHT AaHHbIX, daaruy,
NPOLAO/MKNTENbHOCTb 3aLUNLLEHHOMO peXxnMa 32-pa3psaLHoro cerMeHTa Koaa, NpoAo/KUTENbHOCTb
3alUMLLEHHOr0 pexuma 16-pas3pagHoro cerMeHTa Kofa, U NPoL0/KUTENbHOCTb 3aLllULLEHHOM0
pexunma 16-pa3psagHoro cerMeHTa AaHHbIX, COOTBETCTBEHHO. TobKo nosie offset - 4 banTa, a
oCTajibHble - 2 B6anTa. CM. paCcluMpeHHoe yrnpaBfieHne anekTponmTaHmem (APM) cneumdukaymm
NHTepgenca BIOS gna nonyvyeHns ONOAHUTENBHON UHOPMaUnn. </p>

<p> but 11 BO hnarax fosmKeH 6biTb HyIEBLIM. </p>
</div>

<h2><a name="ana_pa3paboT4yMKoB_fipanBepa_yCTaHaBsMBaeMon (HansoBon _CUCTEMbI”
id="pns_pa3paboTynKoB_[panBepa_ycCTaHaBAMBaeMoW (hansioBon cuctembl”>[nsa pa3paboTymKos
ApanBepa ycTaHaBAMBaeMon hannoBom cuctemol</a></h2> <div class="level2">

<p>

YcTaHaBnMBaeMble fpansepbl hannoson cuctemsl (IFS) onucaHbl B LokymeHTe 1o IFS (ewte He
n3paH). </p>

</div>

<h2><a name="yCcTpoNCTBO_3arpy3ymka_sapa” id="yCcTponcTBO 3arpysyvka_sagpa”>YCTponcTso
3arpy34ymka agpa</a></h2> <div class="level2">
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<p> 3arpy34uK sapa noka eLué coipor 16/32-pa3paaHbliin 4BOUYHbIA Kog (NnogobHO <acronym
title="Microsoft”>MS</acronym>/PC-LLOCY COM chainnam, Ho 3anyckaeTcsa He oT 100h, a oT Oh).

</p> <ul> <li class="levell”><div class="li"> MNpexae Bcero, 3arpy3ynk agpa xpaHuT BCO
MH(OPMaLIMIO OT PErncTPOB LLeHTPasIbHOr0 NPOLLeCcCopa BO BHYTPEHHUX CTPYKTYpbI</div>

</li> <li class="levell”><div class="li"> BblgaeTcs nHpopMaLma 0THOCMTENIbHO NaMaTn</div>
</li> <li class="levell”><div class="li"> lNocne 3TOro BbIBOAUTCA UHDOPMaLNS Ha gucnnen</div>
</li> <li class="levell”><div class="li"> 3arpyxaetca aapo</div> </li> <li class="levell”><div

class="li"> lMNepekn4aeTcs B 3alUMWEHHbIN pexumy</div> </li>
<li class="levell”><div class="1i"> W BbinonHAeTCA MynbTU3arpyska agpa</div> </li> </ul>
<p>
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