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A3JIMYHbIC HpHJIO)KeHI/IH, B KOTOprX HpI/I‘
MeHsieTcst g poBast 06paboTKa CUrHa-
JIOB, IPEbABISAIOT pa3JIMdHble, IOPON
HpOTI/IBOpe‘{I/IBbIe, Tpe6OBaHI/IH K BbIYUCIIUTECIIb-
HOMY Mozy0. COOTBETCTBEHHO, IPOU3BOIU-

Mpoueccopbl uucgposou
006paboTKU CUrHaNnoB
KomnaHuu Texas Instruments

Co BpeMeH NosiBNeHUs NepBoro curHanbHoro npoueccopa TMS320C 10 Texas
Instruments npowno yxe 6onee 20 ner. 3a 370 BpeMs MUP MUKPO3JIEKTPOHUKH
nepe>Kun Hemanoe YUCJio 3TanoB 3BoNIOLUHU. Pa3BUTHE TEXHO/IOrUH NO3BONANO
co3paBaTb HOBble, CO 3HaUUTE/IbHO Gosiee BbICOKOM CTENEHbIO MHTErpaLum
1 paboueti yactotoi, Mukpocxembi. LICIM (DSP) Hawnu orpomHoe KonuuecTeo
NpUMeHEeHUW B NPUJIOKEHUAX, CYylLleCTBOBAHWE KOTOpbIX paHee 6bisio

HEeBO3MOXXHO.

TeJIH JIEMEHTHOI 0a3bl BBIHY KIICHBI BBIITYCKAaTh
mupoxuit HoMeHKkaTypuslit psz LI CIT, 4To6sr
MAaKCHMAaJIbHO YIOBJIETBOPUTH TPEOOBAHMUS pas-
PaboOTYNKOB U IPOMU3BOAUTEEN PATUOITIEK-
TPOHHOII anapaTypsl. Takum 06pasoM, Ha Ha-
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Puc. 1. ApxutekTypa npoueccopa TMS320F2812

YaJILHOU CTaIUU Pa3pabOTKU HHKEHEP CTAIKH-
BaeTcs ¢ mpobiremoit Borbopa. HesepHo pumsitoe
pellleHue He II03BOJIUT ONTUMAJIBHO Peasin30-
BaTh IPUJIOKEHUE KAK 110 beHKLII/IOHaJII)HbIM,
TaK U 110 9KOHOMUYeCKUM I0Ka3aressiM. [lers
IAHHOM CTaTb — IIOMOYb Pa3paboTINKY COpHU-
entupoBathbcs B HoMeHkIaType LICIT TI u coie-
JIaTh IPaBBUILHBIN BBIOGOP.

Kommanus Texas Instruments mpoussonut
CUTHAJIbHBIE IIPOIIECCOPBI TPEX OCHOBHBIX ILJIAT-
dbopm — C2000, C5000 u C6000. Kasxpast u3 Hux
HMeeT CBOIO 00J1acTh IIPHUMeHeH s, C1abo Iepe-
CEKAIOLIYIOCS C APYTUMHU IUTAT(OpMaMHL.

Mnarcdopma C2000

CurzaspHbIe mporeccops! mwiatdopmsr C2000
M3HAYaJIbHO IIPOEKTUPOBAIHUCH KaK IIPOLIECCO-
pbl o praBHeHI/IH JJIEKTPOABUTrATEIAMU
1 asekTporpuBonamu. C pa3BUTHEM JIMHEHKH
OHHU CTAJIA IPUMEHATHCA BO MHOTUX OIPYTUX
[IPUJIOXKEHUSIX, TAKUX, KAK POOOTHI, IIPOMBIII-
JICHHBIC aBTOMATHBI, UCTOYHUKHU ITUTAHNS, JKECT-
KHe IUCKH, OIITHYeCKHe ceTH U T. 1I. [Ipomecco-
por o6iamatot rubKrocTsio RISC-apxXuTeKTypsr,
BBIYNCIIUTCIBHBIMU MOIITHOCTSAMHA CUTHAJIBHBIX
IIPOLIECCOPOB, IPOCTOTOI IIPOTPAMMHUPOBAHNUS
MHKPOKOHTPOJLIEPOB.

B mratdopmy C2000 BXOAST IBa ceMeicTBa
mporeccopoB — C24x u C28x. CemeicTBO po-
1ieccopoB C24x MIMPOKO UCIIONB3YeTCsI B HACTO-
s111ee BpeMsl, HO JajabHelllee NX pagBUTHUE YKe
IIPEKpAIeHO, B HOBbIE Pa3pabOTKH CIIelyeT 3a-
KmagpiBath C28x.

ITpomeccopnr C28x MMeIOT 32-pa3psImHYIo rap-
BapJCKYIO apXUTEKTYPY,  TAKKe pasfieleHHbIe
IIIMHBI IPOrpaMM U TaHHbIX (puc. 1). nna nan-
HBIX, B CBOIO OY€pPENb, PA3[EJICHA Ha IITUHBI 9TE-
HU 1 3aII1MCH B TEJIIX YBeHI/I‘IeHI/IH HpOHyCKHOI;'I
CIIOCOGHOCTH, BBUAY HEOOXOTUMOCTH 06paboT-
KU TAaHHBIX B peaTbHOM BpeMeHH. [Tporeccopsr
IIO3BOJIAIOT BBIIIOJHATH 34 OJUH MaIIVHHBIA
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Tabnuua 1. XapakTeprctiku npoueccopos cemeiictsa C28x™

TMS320C2810 | 150 | 150 | 36 KB | 128KB | 2KB 1x16-kaH. | 16-kaH. 12-6ut | 1 80 2 1 1 4x16-6uT, 1 CTopoxesoit 56 | —40—85,—40—125
TMS320C2811 | 150 | 150 | 36 KB | 256 KB | 2KB 1x16-kaH. | 16-kan. 12-6ut | 1 80 2 1 1 4x16-6uT, 1 CTopoxesoit 56 | —40—85,—40—125
TMS320C2812 | 150 | 150 | 36 KB | 256 KB | 2KB 1x16-6ut | 1x16-kan. | 16-kan. 12-6ur | 1 80 2 1 1 4x16-6uT, 1 CTopoxesoit 56 | —40—85,—40—125
TMS320F2801 | 100 | 100 | 12KB 2KB | 32KB 1x8-kaH. | 16-KkaH. 12-6uT 160 | 1 1 2 1 4x16-6uT, 3x32-61T, 1 CTopoesoit 32 [ —40-85,—40—125
TMS320F2806 | 100 | 100 | 20KB 2KB | 64KB 1x16-kaH. | 16-kaH. 12-6ut 160 | 1 2 4 1 8x16-6uT, 6x32-611 ,1 Croposkesoit | 32 | —40—85, —40—125
TMS320F2808 | 100 | 100 | 36 KB 2KB | 128KB 1x16-kaH. | 16-kaH. 12-6ut 160 [ 1 2 4 2 8x16-6uT, 6x32-611 ,1 Cropokesoit | 32 [ —40—85, —40—125
TMS320F2810 | 150 | 150 | 36 KB 2KB | 128KB 1x16-kaH. | 16-kan. 12-6ut | 1 80 2 1 1 4x16-6uT, 1 CTopoxeBoi 56 | —40—85,—40—125
TMS320F2811 | 150 | 150 | 36 KB 2KB | 256 KB 1x16-kaH. | 16-kaH. 12-6ut | 1 80 2 1 1 4x16-6uT, 1 Cropoxeso 56 | —40—85,—40—125
TMS320F2812 | 150 | 150 | 36 KB 2KB | 256 KB | 1x16-6ut | 1x16-kaH. | 16-kaH. 12-6uT 1 80 2 1 1 4x16-6uT, 1 CTopoxesoi 56 —40—-85, —40—125
TMS320R2811 | 150 | 150 | 40 KB 1x16-kaH. | 16-kaH. 12-6ut | 1 80 2 1 1 4x16-6ut, 1 Cropoxesom 56 | —40—85,—40—125
TMS320R2812 | 150 | 150 | 40 KB 1x16-6ut | 1x16-kaH. | 16-kaH. 12-6ut | 1 80 2 1 1 4x16-6uT, 1 CTopoxesoi 56 —40—85, —40—125

1K1 MAC oneparun 32x32 (MaTpUYHbINA yM-
HOJKUTEJIB), @ TAKOKE OTIEPUPOBATD 64-Pa3psIHbI-
MH 4UCIaMU. BbICOKast pa3psmHOCTD TO3BOTISIET
HMETh JOCTATOYHbBIN AUHAMMWYECKUN JUAIIa30H,
TO, B CBOIO OUeperib, HCKII0IAeT HeOGXOMIMOCTD
HCIOJIb30BaHNS IIABAOIIeH 3arsaToit. [Tpenmy-
1recTBa GUKCHPOBAHHOM 3aIIATON Hall IUIABAIO-
11ei — TOYHOCTB, @ TaKKe IIPOCTOTA alIapar-
HOIT pealu3alni, 9TO BIeUIeT 3a COOOI CHIDKe-
HUe IeHbl Kpuctauia. [Tpomeccopsr comepskar
aromapHoe AJIY, BBINOMHAIONIeE OTIEPAIUN UTe-
HsL, MOAUGbUKAIIN U 3AITHCH B IIAMSITD 38 OfUH
MAIIMHHBIN TaKT, TO eCTh paboTaloIIee HAJ TaH-
HBIMH U3 OCHOBHOH NaMSTH, I03BOJISIONIEE,
TaKuM 06pa3oM, UCKIIOYUTD IPOMEKYTOYHOE
KOIIMPOBAHUE TAHHBIX B PErHCTPOBBLLIT (ari, KaK
3TO JIeJIAeTCs B CUTHATBHBIX IIporieccopax. B mpo-
1lecCopax NpHMeHEH 8-CTyIleHYaThlil KOHBeHeD,
3HAYUTEIBHO YBETNIHBAOIINH IPOU3BOUTEb-
HOCTb. OTepaTuBHas MaMATh TOJjeIeHa Ha He-
CKOJIBKO 06JIacTel, KaXkias U3 KOTOPBIX MOJKET
65ITh CKOH(DUTYpHUpOBaHA KaK IIAMSATH IIPOrPaMM
60 KaK IaMATb TaHHBIX. B mpomneccop BcTpo-
€H MOJYJIb 3alTUTHI KOJIA, TO3BOJIIOIINI CEKTO-
panbHo samuniars 128-6utHeM KmodoM O3Y
u I13Y mporieccopa. [Tporeccopsr comepskar ad-
bexTHBHBIT 06PAOOTIHK IIPEPHIBAHMUIT C MATBIM
BpeMeHeM OTKJIMKA, YTO BaKHO B YIIPaBJIAIOIINX
npuokeHusx. IIpoeccopsr, moMumo omepa-
THBHOU Tamsity, conepikar Flash-TI3Y o6bemom
1o 128 Kcio (x16), a Takke OTHOKPATHO PO~
rpammupyemyio (OTP) mamsits, ynobHyto, K mpu-
Mepy, IJISl 3aIHICH YHUKAIbHBIX ITAPAMETPOB yC-
TPOJCTBA (CepHITHbIe HOMEPA, Ky PHATIbHbIE, Cep-
BUCHBIE [aHHBIE U T.J.) MakcuMmanbHas
ITPOU3BOUTENLHOCTD ITPOIIECCOPOB COCTABIISET
150 MIPS npu TaxkroBoit gacrore 150 MI'y mpu
BBITIOJTHEHUHY IIPOTPaMM 13 OTIePaTUBHON MaMsI-
TH 1 0kos10 120 MIPS — nipu BeIOSTHEHUH ITPO-
rpamm u3 Flash-mamsira.

CemetictBo C28x 06J1ajiaeT yHHKaIbHBIM Ha-
6opom nepudepun, Brrogaomum [IMAMbr,
ALIIT (16 xaHanoB, 12 paspsioB, MUHIMAaIIb-
HOe BpeMsI ipeobpasoBanus 80 HC), 60IBILION
Ha6op TafMepoB, OOJIbIIOE KOJIHIECTBO Pas-
IeNbHBIX IOPTOB BBOA-BBIBO/IA, KBAapaTyp-
HBble JeKOZIePbI IS peanusanuy uHtepdeiica
C JATINKAMH CKOpocTH u T. 1. [Tporeccopsr co-
IepsKaT PasBUTHII HAOOP KOMMYHHUKAILIMOHHBIX
nopros: SPI, UART, CAN. Kparkue xapakre-
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PHUCTUKY IIPOIECCOPOB CEMENICTBA IPUBE/ICHBI
B Tabuuie 1.

barogapst HU3KOM LieHe MIIaJIIIINe IpesicTa-
BUTEJIA CEMENCTBA MOTYT 6bITb HCIIOJIb30BAHBI
B [IPUJIOKEHUAX, I'/1€ paHEE MOTJIN IPUMEHATDH-
Csl TONBKO MUKPOKOHTpoJuIepsl. [IpuHuIMan
BO BHUMaHUE MOIIHOE S/IPO, BO3SMOXHOCTb
IIPpOrpaMMUPOBAHN Ha A3bIKAX BBICOKOTO ypOB‘
Hs1 C/C++, pa3dpabOTYUK T10JIydaeT BO3ZMOK-
HOCTD CO3JaHUs BBICOKOYPOBHEBBIX ITPUJIOXKE-
HUI B KOPOTKHE CPOKH.

Mnardopma C5000

C5000 — 16-paspsioHble CUIHAJIbHBIE ITPOLIec-
Copbl ¢ pUKCUPOBAHHOI 3arsToit. [IpenHasHa-
YECHBI B HepBon ouependb it MO6I/IHbeIX pu-
JIOKEHUH C OI'PAaHUYEHHBIMU SHEPTETUIECKUMU
pecypcaMi: MOOWIILHBIX CPECTB TeIEKOMMYHHU-
Kanuu, N3MEPUTEIbHBIX yCTpOﬂCTB, MEIUIIUH-
CKOI1 TeXHUKH U T. I. [Ipu paspaboTke TaHHBIX
mporeccopoB TI opueHTHpOBANACH HA yIOBIIE-
TBOpEHUE ABYX OCHOBHBIX KPUTEPUEB: YMCHBU_Ie‘
HUe HOTpeGHHeMOﬁ MOIIIHOCTH, IOBBIIIIeHUE
IIPONU3BOIUTEIBHOCTU.

CeMeiiCTBO HAIMHAET CBOIO HCTOPHIO C MO~
cemerictBa TMS320C54x (mepBbIX ero mpescTa-
Butesieit). Jlajee MOABUIOCH IOICEMENCTBO
TMS320C54xx, oTIIyaroneecs OT IpebIAyIIe-
rO CHIDKEHHEM TIOTPeOIIsIeMOI MOIITHOCTH, POC-
TOM pa6oq1/1X JacToT U, COOTBETCTBEHHO, ITPOU3-
BOIUTEILHOCTH, 60J1ee Pa3BUTOM ¥ COBEPILIEHHOMN
nepucdepueit. Kpome Toro, 6511 BBEIEH PSI U3-
MeHEeHHUII siIpa MPOIeccopa, MO3BOIUBIIINI 3TO-
MY IIO/ICEMENCTBY 3aHATH OTPOMHYIO YaCTh PhIH-
Ka MOOmITbHOIA Tenteporu (6oee wem B 50% Mo-
6I/IJIbeIX TeJ'IerOHOB HCIIO0JIb30BAJINCH TAHHBIC
nporeccopst — Nokia, Ericsson u ap.). Hanbo-
Jiee MHTePEeCHbIe PeJICTaBUTEN N JAHHOTO TIOfICe-
MmerictBa: TMS320VC5401, C5402 — MUHHAMAaIIb-
HOE HOTpe6HeHI/Ie, MHUHUMAJIbHAS CTOUMOCTbD;
TMS320VC5471 — nBa simpa Ha OfTHOM KpHUCTaJI-
7e (curaanpHOe 1 ARM7), a Taxoke BCTPOEHHBII
Ethernet-xoutpomtep; TMS320VC5404, C5407,
C5409, C5410, C5416 — ornmyaoTcs Ha6opoM
nepI/chepI/II/I U IIaMSITH, COOTBETCTBEHHO, IIeHO.
Oco6usakom croar TMS320VC5421, C5441,
HMeEIOIIe COOTBETCTBEHHO 2 1 4 NIeHTUUHDBIX
Sapa, YIOOHBI [JIs IPUMEHEeHUsI B CHCTEMax,
B KOTOPBIX HeO6XOI[I/IMO YBeJII/I‘II/ITb, K npuMe-

Py, 9HCI0 06pabaThIBaeMBIX OHUM YCTPOICT-
BOM KaHAaJIOB, He H3MEH:IS IIPOrpaMMHOe 00ec-
IIeYeHHe, SIpa UMEIOT OOIIYIO pasuesieMyIo I1a-
MSTh. B I[pyI‘I/IX cny‘{aﬂx OKOHOMMYECCKH I1eJIe-
co06pasHo ObUIO0 GBI HCIOJIB30BaTH OoJiee
IPOU3BOJHUTEJIbHBIE IIPOIECCOPBI CEMEICTBA
C6000. [Tpomeccopsr cemeiicTBa C54XX HCIIOIb-
3YIOTCSI B OTPOMHOM KOJIMYECTBE IPIJIOKEHUI,
U, BEPOATHO, ABJIAIOTCA CAMBIMU MAaCCOBO BbI-
IIyCKa€MbIMU CUTHAJIBHBIMU IIPOLECCOPAMU.

B HOBBIe pa3pabOTKH CIIeMyeT 3aKIafbIBaTh Ce-
MeticTBo C55xx, mponsuraemoe T1 B jaHHBIIN MO-
MeHT. B cpaBHenun ¢ npegpiaymum C54xx,
C55XX mpeTeprieny pAfl ApXUTEKTYPHBIX U3Me-
HeHuit (puc. 2). B smpo nporeccopa job6asieHo
emte ogHo AJIY, erlle oMH MOZYJIb YMHOKEHUS
C HaKOIIJICHUEM, BCJIE[ICTBUE 9ero MPOIeCCOPbI
CHOCO6HbI BBIIIOJIHATH 10O ABYX BBIUYUCIIUTEIb-
HBIX OIlepallnii omHOBpeMeHHO. COOTBETCTBEH-
HO, YBeTII/I‘IeHO KOJIN4YECTBO BHYTpeHHI/IX IITHMH
(Tporieccopbl OCTPOEHBI IT0 MOAUMUIIPOBAH-
HOM rapBap/ICKOM apXUTEKTYPE: Pa3/Ie/IeHbI IIIH-
HBI IIPOTPAMM U IAHHBIX, OCTeIHIX 5 (3 — uTe-
HHe, 2 — 3aMKch). Bech aT0T HabOP MO3BOJISIET
3HAYUTEJILHO YCKOPUTD OCTYII K IaHHBIM). Pas-
PATHOCTD IINH YBeHI/I‘{eHa, 9TO IIO3BOJIAET IIPO-
Ijeccopy o0Opamarhcs HAIpsAMYIO K 60JIbIIeMy
o0beMy maMsTH. BBesieHa IUTaBaroIas JUIMHA UH-
CprKHI/IfI, 4qT0 3aqaCTy10 IIO3BOJILET NOCTUYb
30-1IpOLI€HTHOM ONITUMU3ALUHU 10 o61;eMy KO-
na. [Tpomeccopsl 3TOro mMOICEMENCTBA, TAK HKe
KaK ¥ IpebIAyIero, 061afaoT KOHBeepoM,
[I03BOJISIIOLIUM [IPOU3BOIUTH OOMEH TaHHBIX
¥ BBIYUCJICHUA ITAPAJIIETIBHO U JOCTUYb MaKCH-
ManbHOU npouaBopuTteabaoctu B 600 MIPS.
ITpomeccops! nMeIOT HHTEPDECH K BHEIIHEH
HaMsTH, B TOM YHCJIe TUHAMUYECKOM, YTO 103~
BOJISAET 3HAYUTEIBHO YBEJININUTD O6HaCTI) ux npu-
MEHEHUA U CHUSUTH CTOUMOCTb KOHEIHOI'O pe-
IIIeHHs 32 CIeT 3aMeHbI 60JIee JOPOToro IpoLec-
copa ¢ 60IbIIIM 00beMOM BHYTPEHHEH HaMATH
MIPOIIECCOPOM C MAJION BHYTPEHHEN U IEIIEBOM
BHeIIIHEN IaMAThIO.

ITponeccops! mopcemeticta C55XX yCIOBHO
MOJXHO pa3nenuTb Ha pAI I‘pYHH:

1. CurHabHbIe IIPOLECCOPHI 06IIIero Has3Hade-
Hus: TMS320VC5501, C5502, C5510.
IepBsIM IpomeccopoM cemericTBa C55XX sIB-

nsercs TMS320VC5510. B HacTosinmit MOMEHT

nMeeT HauboJIbIINil 00beM ITaMsITH Ha KPUCTa-
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Puc. 2. ApxutekTypa npoueccopa TMS320VC5509

JIe, 9YTO IIO3BOJISIECT EMY IIPOU3BOAUTD BbIYUCIIE-
HUA B IPUJIOJKEHUAX C 6OJ'IbIlII/IM KOJINYE€CTBOM
[AHHBIX, KPUTUIHBIX KO BpEMEHU ILOCTYHa. HpO‘
neccopsl TMS320VC5501, C5502 nmeroT Masblit
06beM TaMsATH Ha KPUCTAIITE, HO TIPH 9TOM CO-
[epiKaT BHEIIHUE [TIOJTHOPA3PANHDIE IITNHBI /T~
peca, 9TO I03BOJISIET ITOJKII0YATh K HUM Mac-

CHBBI JAHHBIX OOJIBIIIOTO 06beMa.

Tabnuua 2. XapakTepucTuku npoueccopos cemeictsa C55x™

2. [Tponeccopsr TMS320VC5503/07/09 conep-
JKat mepudepuo, MO3BOLSIIONIYIO JETKO HH-
TETPUPOBATD B Pa3pabOTKy CBOMCTBA MYJIb-
TUMEIUNHBIX YCTPOMCTB, TAKUX, KaK MHTEP-

eiicsr Flash-xapt, USB.

3. OMAP5910/12 — nporieccopsl, JaCTUIHO OT-
HOCAIIIECs K JaHHOMY ceMeiicTBy. Conepskar
ZiBa SApa HAa OMHOM KPHUCTAJUIe: CHTHAIbLHOE

(C55) 1 ARMO. K jrasHbIM Iporieccopam ajari-
TI/IpOBaH pHI[ OHepaHI/IOHHbIX CHUCTEM, B 9aCT-
HoctH Linux, 9To 03BOJIsIeT CTPOUTH Ha UX 0C-
HOBe 60Jiee CIIO)KHBIE CHCTEMBI, I/le CUTHAJIb-
HOE SIZIPO BBITIONHSET CHTHAIBHYIO 06paboTKy
(3ByKoBas, rpaduaeckasi, BULEO, TeIEMETPH-
weckast u ip. urdopmarus), ARM-s11po BbI-
nonmster GyHKINH XocT-Tiporieccopa. Cyie-
CTByeT MHOXECTBO KapMaHHbIX KOMHBIOTepOB,
[OCTPOEHHBIX Ha 6a3e JAHHBIX [POIIECCOPOB.
Pasuras nepriepust IO3BOJISIET PEATH30BATH
60NBIIMHCTBO QYHKIUI — OT KIaBUATYPHI
U TUCIUIeS O BCEeBO3MOKHBIX KOMMYHHUKAI[H-
OHHBIX CBOVICTB.

XapakTepuCTHKH POIECCOPOB CEMENCTBA

C55x IpuBeIeHb! B Tabnue 2.

Mnardopma C6000

OCHOBHBIM KpHUTepreM IIPH pa3paboTKe Ipo-
1[eCCOPOB TAHHOTO CeMeCTBA SIBIISIETCS [IPOU3-
BOJUTEIbHOCTD. C Pa3BUTHEM TEXHOJIOTUN IIpo-
MU3BOJCTBA HOHYHPOBOJIHI/IKOBBIX KOMIIOHEHTOB
HEMaJIOBa)KHBIMU CBOMUCTBAMU JAHHBIX IIPOIIEC-
COPOB CTAJIH TAKKe NX OTHOCUTEILHO Majioe SHep-
ronorpebyieHne 1 HU3Kas IleHa. BBumy pactyrmeit
HOHyﬂf{pHOCTI/I ITAHHBIX IIPOLECCOPOB X HOMEH-
KJIATyPa YBEIIMIUBAETCS ¢ GOTIBIIION CKOPOCTBIO.

K nauHoit miatgopme mporeccopoB OTHOCAT-
cs cemeiicrBa TMS320C62xx, TMS320C64xx,
OIIepUPYIOLINe C YHCIAME ¢ PUKCHPOBAHHOM
3amsaTol, 1 TMS320C67xx — ¢ naBaroe.

JIuHetKa IpOIECCOPOB ¢ MJIABAIOIIIEN 3aIls-
toit mrardopmar C6000 cOCTOUT U3 ceMeiicTBa
TMS320C67xx — TMS320C6701, C6711, C6712,
C6713, C6722, C6726, C6727. [IpuBnekaTenbHbl-
Mu 0cobeHHOCTSIMU cemelicTBa CO7X sSBIIseTCs
[IPOCTOTA Pean3al[iy AITOPUTMOB 00pabOTKI
CUTHAJIOB B YUCJIAX C IUIABAIOLLIEN 3aIIATOM, a TaK-
JKe Hallmune B HeM mporieccopoB B QFP-xoprmy-
cax (TMS320C6713, C6722, C6726). IIpomecco-
pu1 TMS320C6722, C6726, C6727 nneanbHbI I
peanusanuu npuwioxernit Hi-End ayauo (cun-
Te3aTOpbI, CTYAUIIHOEe 060PyIOBAHKE U T. 11.)
KpaTkue xapakrepuctuku mpoueccopos C67x
[IpefICTaBIIeHbI B TabHIIE 3.

I/IHTepeCHbIMI/I IIPpEeACTABUTEIIAMU CeMencTBa
TMS320C62xx Ha CETOTHAITHUHI JeHD ABJISIOT-
cs1 mporeccoper TMS320C6204 1 TMS320C6205.
[Ipoueccopst cemeiictBa TMS320C62xx mocT-
poenbl Ha 6a3e apxutexTypsl VelociTI mepsoro

Async SRAM, 6 Kananos

8-6ut

2xMcBSP,

TMS320VC5501-300 | 600 | 300 | 32KB | 32KB | 16K | 32647 | psfav SORAM | Broyes /Breus. A e Zxﬁ‘&%”ﬂ + ~40..85
TMS320VC5502-300 | 600 | 300 | 64K [ 32KB | 16 Kb | 32-6ur SB%?R?II,SESII\?’IAM 8/166ur ﬁfc“”'jﬁsR';’ 2640, | 4 —40..85
TMS320VC5503-200 | 400 | 200 | 64K | 64KB 166ur | Asyne SRAM. 18:Gum | SMeBSP, 12\;3‘?‘%% + |Image/Video | _yy g5
TMS320VC5507-200 | 400 | 200 [128KB| 64KB f66ur | Async SRAM, e e = e | SMBSP, | 2t Bur.. | + | ™mege/Video | s g5 |us, apc
e e e e i s I Al R g
TMS320VC5510-200 | 400 | 200 |320 KB| 32 KB | 24 KB | 32-6ur SB%?R&?ESQAM 1,?;?,,‘? 3xMcBSP | 2x16-6ur | + "“;?teeﬁ’l'(‘j? ‘3%@5'
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Tabnuua 3. XapakrepucTuki npolieccopos cemeiictsa C67x™

K YBEJIMYEHHIO IIPOU3BOUTEIbHOCTH IIPH BbI-
IIOJIHEHUY BBIYUCIUTEIbHBIX aJITOPUTMOB HAJ,
[OTOKaMH HaHHBIX. Taxoke OblTa yBelndeHa
(DYHKIMOHAILHOCTD BHIIHCIUTEIBHDIX MOLYJIEH.
JlaHHBIe CBOYICTBA SBIISIOTCS BEChMa CyIIIeCTBEH-
HBIMHU B 33jladaX peaJbHOr0 BPEMEHU — OCHOB-

TMS320C6701-167 | 334 | 1000 | 167 | 128KB | 1x32 | Async. SRAM,SBSRAM,SDRAM | 1x16-6ur | 2 232641 | HpIX IPUIIOMKEHHSX CHIHATBHBIX IIPOLIECCOPOB.
TMS320C6711-250 | 500 | 1500 | 250 | 64KB | 1x32 | Async. SRAM,SBSRAM,SDRAM | 1x16-6ut | 2 2x32-6ur K cemeiicry C64X OTHOCHTCS IOCTATOHHO 06-
TMS320C6712-150 | 300 | 900 | 150 | 64KB | 1x16 | Async SRAM,SBSRAM,SDRAM 2 2x32-6ur
TMS320C6713-300 | 600 | 1800 | 300 | 256 Kb | 1x32 | Async SRAM,SBSRAM,SDRAM | Tx166r | 2 | 2 | 2 2x326m | LUIHMPHOE KOJMIECTBO IIPOLECCOPOB, OTIMTAIO0-
TMS320C6722-250 | 500 | 1500 | 250 | 128KB | 1x16 | Async RAM/ROM,SDR SDRAM 222 trm I[UXCS 110 IPOM3BOJUTENBHOCTH, 00beMy BHY-
TMS320C6726-250 | 500 | 1500 | 250 | 256KB | 1x16 | Async RAM/ROM,SDR SDRAM 322 frRm TpeHHell TaMATH 1 Habopy nepudepun ¢ uaeH-
TMS320C6727-300 | 600 | 1800 | 300 | 256KB | 1x32 | Async RAM/ROM,SDR SDRAM 322 trm THMHBIM SIPOM HeHTPATbHOTO POIECCOpa.
Tabnuua 4. XapakTepuctuku npoueccopos cemeictsa C64x™
TMS320C6410-400 | 3200 | 400 | 128KB 132 Async SRAM, SDRAM, SBSRAM 1x32/166ur | 2 | 2 | 2 | 3x326mr
TMS320C6411-300 2400 | 300 2Mb 1x32 Async SRAM, SDRAM, SBSRAM 1x32-6ut 1x32/16-6ut 2 3x32-6ur
TMS320C6412-720 | 5760 | 720 | 256 KB 1x64 Async SRAM, SDRAM, SBSRAM 10/100 1x32-6u7 [66 MTu] 1x32/16-6ur | 2 T | 3x32-6mr
TMS320C6413-500 | 4000 | 500 | 256 KB 132 Async SRAM, SDRAM, SBSRAM 1x32/166ur | 2 | 2 | 2 | 3x326mr
TMS320C6414T-1000 | 8000 | 1000 | 1MB 1x16, 1x64 Async SRAM, SDRAM, SBSRAM 1x32/16:6ur | 3 3x32-6ur
TMS320C6415T-1000 | 8000 | 1000 | 1MB 1x16, 1x64 Async SRAM, SDRAM, SBSRAM 1x32-6u1 1x32/16:6ur | 3 3x32-6uT
TMS320C6416T-1000 | 8000 | 1000 | 1MB 1x16, 1x64 Async SRAM, SDRAM, SBSRAM 1x32-6u7 1x32/16-6ur | 3 3x32-6ur
TMS320C6418-600 | 4800 | 600 | 512KB 132 Async SRAM, SDRAM, SBSRAM 1532/166ur | 2 | 2 | 2 | 3x32-6ur
TMS320C6455-1000 | 8000 | 1000 | 2MB | 1x64EMIFA, 1x32DDR2 | Async SRAM, SBSRAM, DDR2SDRAM | 10/100/1000 | 1x32-6ut [66/33Mru] | 1x32/16-6ur | 2 1T | 2x64-6ur
TMS320DM640-400 | 3200 | 400 | 128KB 1x32 Async SRAM, SDRAM, SBSRAM 10/100 2 | 1 | 1| 3x326m
TMS320DM641-600 | 4800 | 600 | 128KB 132 Async SRAM, SDRAM, SBSRAM 10/100 1661 | 2 | 1 | 1 | 3x32-6ur
TMS320DM642-720 | 5760 | 720 | 256 KB 164 Async SRAM, SDRAM, SBSRAM 10/100 1x32-6u7 [66 MTu] 1x32/166ur | 2 | 1 | 1 | 3x326mr
TMS320DM643-600 | 4800 | 600 | 256 KB 164 Async SRAM, SDRAM, SBSRAM 10/100 1x32/166ur | 1 | 1 | 1 | 3x326mr
IIOKOJIeHHs], pa3paboTanHol Texas Instruments
1 ucnosb3yoiei rexaonoruto VLIW (very lon
i HCTOTESy o ery lont | (sl
instruction word — 04eHb JUIMHHOE CJIOBO KO- -)I Mem Ctir |‘"
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sanaToit cemeticrsa C6000 Texas Instruments «pl L0 | EDMA 3.0
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CTBO IIOCTpOEeHO Ha 6aze apxutektypsl VelociTI [ a | Genrelley
BTOPOTO ITOKOJIeHNs1. VI3MeHeHMs: BO BTOPOM I10 - E——
KOJIEHUH KOCHYJIUCH SIIpa IIPOIeccopa, B 9aCTHO-

CTU ME&XMOJYJIbHBIX COeIUMHEHNU, 9TO II03BOJIU-
JIO YBEJIMIUTH IIPOIYCKHYIO CIOCOOHOCTD MeX-
Iy HHUMH, 4YTO, B CBOIO OYepe/lb, IPUBEJIO
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Puc. 4. Apxurtektypa npoueccopa TMS320DM642

Taxum 06pasoM, y pa3paboTInKa CyIIeCTBYeT
BO3MOKHOCTH ONITHMaNbHO mogo6pars 111,
YIOBJIETBOPSIOIIAI TPEOOBAHUSIM ITPUIOYKEHST
I10 BBIYUCIUTEIBHON MOIHOCTH U HabOpy Iie-
pucdepuu mpu MEHUMAIBHOH LeHe. JInHeKy
IIPOL[ECCOPOB MOJKHO Pas3ieIUTh HA TPH YacCTH:
1 — GromKeTHBIE IPOIECCOPDI, OMHUM U3 HAH-
6oJtee BOXKHBIX KPUTEPUEB IIPU pa3paboTKe KO-
TOpBIX sIBIIsUIAch IeHa (TMS320C6410, 11, 12, 13);
2 — IPOLECCOPBI C MAKCUMYMOM IIPOU3BOIH-
tenpHOCcTH (TMS320C6414T, C6415T, C6416T,
C6418, C6455); 3 — crieruann3upoBaHHbIE [IPO-
1Ieccophl, K HuM oTHOCATCs TMS320DM640-643,
HMeIOLIYe CIIeNUAIbHYIO Teprudepuio IjIs BU-
1eo06paboTKU TaHHBIX.

Kparxkue xapakrepucruku mporeccopos Co4x
MpefCTaBiIeHbl B Tabmuie 4.

I/ICTOpI/I‘IeCKI/I TIEPBBIMU ITOABUJINCH IIPOIIECCO-
pu1 TMS320C6414, 15, 16. OTridus B HUX — Ie-
pudepust. C6415 B nononuenue k Habopy C6414
cozepsxut PCl-xorTpomep u UTOPIA. C6416 co-
nepsxut Ba corporeccopa Viterbi u Turbo, mos-
BOJIAIOINE 3HAYUTETIBHO ITIOBBICUTH ITPOU3BOAU -
TE€JIBHOCTh KOMMYHI/IK&HI/IOHHBIX HpI/IJ’IO}KeHI/Iﬁ.
Bce TPU IIPEACTABUTEIA BbIHYCKaIOTCH B UJICHTUY-
HbIX Kopr[ycax U SBJIIIOTCS COBMECTUMBIMM I10 BbI-
Bozam. [Tponeccop TMS320C6418 sBstercs yre-
IIeBJIeHHBIM BapuanToM C6416. TMS320C6410,
C6413 — mpoueccopsl 0011ero Ha3HAYEHUSI,

nMerInnue MI/IHI/IMaJIbHYIO L[eHy B CEMENCTBE.
TMS320C6412 comepxuTt xoHTposuiepsl PCI
u Ethernet (MAC-yposens). TMS320C6411 ot-
Jmyaetcst 6OJIbIIIM 00BEMOM BHY TPEHHEH ITaMsi-
TH [P MUHIMATBHOM IieHe. [TocmenHuym us -
HeMKH ¢ GUKCHPOBAHHOI 3AIATON SBIETCS
TMS320C6455 (puc. 3). B mporieccope mpumete-
Ha apxurtekrypa VelociTI Tpetbero moxoseHus,
BKJTIOYAIOIIAst B CeOsI Psif IOTIOIHEHUIT K 2-11 Bep-
cun VelociTL TTporieccop mpenHasHadeH st 1Mo-
CTPOE€HUS CBEPXMOIITHBIX MHOTOIIPOLIECCOPHBIX
crcteM 1 poBoIt 00PAOOTKY CUTHAIOB PEILHO-
O BpeMeHH (pafuosIoKaIusl, yIpaBjeHue cbI/ISI/I—
YeCKUMU IIPOLIeCCaMH, YCTPOCTBA pacIperieie-
HIISI BUTIEO, TeIEKOMMYHHUKAIIOHHOE 060pyoBa-
Hue 6a30BBIX CTaHIuUi). 31ech IIPUCYTCTBYET
BbICOKOCKOpocTHOI nHTepderic RapidIO, mo3so-
JISIOILMIT B LIeJISIX CO3IaHNUSI MHOTOIIPOLIECCOPHBIX
CUCTEM PEAIN30BBIBATH CETEBBIEC CprKTYpI)I u3
JAHHBIX TIpo1eccopoB. CKOPOCTb 0OMeHa yepe3
unTepeiic nocruraer 10 ['6ut/c.

OrtnenbHas BeTBb ceMeticTBa C64x — mporiec-
copbl TMS320DM64x (puc. 4), nmpenHasHaveH-
Hble 17151 00paboTku BuneonaHHbIX. OHU cofep-
JKat MHOFObeHKHHOHaJIbeIe BUICOIIOPTHI, I103-
BOJIAIOIIME PeaTn30BaTh AIIIAPATHBIN BBOJ
U BLIBOJI, TOTOKOB LU(POBOTrO BUIEO B PA3IUI-
HBIX (POPMATAX U IPETOCTABILIIOT BO3MOKHOC-
TH 110 TIpe06pasoBaHuio GOpMaToB.

ITpormeccoper DM640 1 DM641 conepskat co-
OTBETCTBEHHO OJIMH U J1Ba 8-OUTHBIX BUIEOIIOP-
ta. [Ipoueccopsr DM642 copepsxat Tpu ru6xo
HacTpanBaeMbIX 20-OUTHBIX BUIEOTIOPTA, pea-
JIA3YIOIIUX /IO ILIeCTH BXOITHBIX U BBIXOIHbIX BH-
[e0n0TOKOB. KayKIbIil IOPT MOJKET OBITH CKOH-
¢burypuposas xax aBa 8- win 10-OUTHBIX HOP-
Ta Wik ofuH 16- um 20-6utHbi opt. HoBblit
IIpesicTaBUTeINb ceMelicTBa DM64x — DM643 —
roziiep>KuBaet 1Ba 20-OMTHBIX BU/IEOIOPTA.

Bupeomopts! peanusyior nHTepdeiich K pac-
IIPOCTPaHEHHBIM BUJIE0 — KOZIEPaM U JIeKOepam
U TOJIIEPKUBAIOT PA3/IMHbIE PAa3PeeH s 1 CTaH-
IapThl. B pexximMe BXoja IIOPTHI MOINEP/KUBAIOT:
e Yacrora BeIBOA HaHHBIX 10 80 MI'11.

e JIBa kaHania 8- wint 10-6uTHOTO UG POBOTO BU-
neomnoroka YCbCr 4:2:2 B popmare ITU-R
BT.656, 4T0 03BOJIsIET IOAKIIOYUTH HUDPO-
BYIO BH/ICOKaMepy HAIPSIMYIO HIIM aHAJIOTOBYIO
KaMepy C UCIIOJIb30BAHNEM BUIEOIEKOIEepPa.

e OpuH Kanan 16- win 20-6utHOro 111dpoBO-
ro Bupeoniotoka B popmare YCbCr 4:2:2 ¢ pas-
nenpHBIMU KoMnoHeHTamu Y u C. [Toxgep-
xuBatotcs popmarst SMPTE 260M, SMPTE
274M, SMPTE 296M, ITU-BT.1120 u npyrue,
Brumodas nuTepdeiicsr CCIR601.

e TopusonTanbHOe Maciutabuposanue YCbCr
4:2:2 B YCbCr 4:2:0 u MaciurabupoBaHue ¢ Ko-
addurmentom 1/2 B 8-6UTHBIX pesxumax 4:2:2.

e Vutepderic st AByX KaHAIOB PasPSIIHOCTEHIO
mo 10 6MT MaAM OXHOTO PaspATHOCTHIO
10 20 6uT HeOPMATUPOBAHHOTO IIOTOKA BII-
neomanHbix ot AIIIL.

B pexxuMe BBIBOJA BUJIEO HOJIEP>KHBAIOTCSE:
e Yacrora BeIBOA MaHHEIX 10 110 MI11.

e OnuH KaHaJI HEIPEPBHIBHOTO BBIBOJIA BUJIEO
YCbCr 4:2:2 B popmare ITU-R BT.656 ¢ pas-
perenueM 8 uin 10 6ur.

e OpuH KaHai 16- wiu 20-6utHOr0 HUGPOBOro
Buneonoroka B popmare YCbCr 4:2:2 ¢ pas-
nenbHbIME KoMItoHeHTaMu Y u C. [Tognepsxu-
Batorcst popmarst SMPTE 260M, SMPTE 274M,
SMPTE 296M, ITU-BT.1120 u mpyrue.

e TopusonTanbHoe Maciutabuposanue YCbCr
4:2:0 B YCbCr 4:2:2 u MaciirabupoBaHue ¢ Ko-
abdurmenToM 2 B 8-6UTHBIX pesKuMax 4:2:2.

e JIporpammupyemoe OrpaHUYeHIE AMILTUTY -
IIbI BBIXOIHBIX 3HaYeHui1 B popmarax BT.656
U ¢ pa3nenpbHbIMU KoMIoHeHTaMu Y u C.

e Opnuu KaHa1 HehOPMATHPOBAHHOTO IIOTOKA
PaspsAnHOCTBIO 10 20 GUT [JIs IIPSIMOTO BbI-
Boga Ha RAMDAC. Bo3MOXHOCTh CHHXPO-
HM3AIIUH BBIBOJA IO IBYM KaHaJIaM.

e B03MOXHOCT (POPMUPOBAHUS TPeOyeMBIX
BPEMEHHBIX XapaKTePUCTUK Pa3BePTKH Ha OC-
HOBE BHEIITHETO TAKTOBOTO MMITYJIbCA.

B cocras Bupeonopra sxonut 6ydep FIFO
obbemomM 5120 6aiit. Bydep FIFO monpepsxusa-
eT KOH(UTYpaLUHK ¢ pasaeIeHneM KOMIOHEHT
YCbCr BX0IHOTO IIOTOKA B OT/EIbHBIE IApaI-
nenpHO paborarontue FIFO u o6parHo mpu BBO-
Iie ¥ BBIBOJIE BU/ICONAHHBIX. TakuM 06pasom,
oCyIecTBIsIeTcs IpeoOpa3oBaHUe IMOTOKA
B dopmar, yIoOHbII 17151 BHYTpeHHelt 06pabot-
ku. [Tpu pabore BUeOOpTa B JBYXKaHAJTBHOM
pesxume FIFO paspensiercss Mexmy KaHaTaMi.
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Taxum o6pazom, B 6000-M ceMeiicTBe HOTyYaeM CIeIyIONyIo KapTHHY.
[Tpu HEOOXOIUMOCTH UCIIOIb30BaTh MAKCUMAJIBHO JICIIIEBbII IIPOLIECCOP BBI-
60pOM MOTYT CITy’KUTB Iporieccopsl cemericrsa C62x: TMS320C6204, C6205.
B npunosxeHusIx, roe HeoOXOIUMO OITUMAJIBHO COYETaTh IIPOU3BOAUTEIIb-
HOCTh U CTOMMOCTb, 11€J1eCO00Pa3HO HMCI0Ib30BaTh ceMeiicTBO CH4x:
TMS320C6410, 11, 12, 13. B ipuiiosKeHHsIX, Iie [IaBHBIM KPUTEPHEM BHI0O-
pa SBJISETCS HPOU3BOAUTETBHOCTD, — TMS320C6414T, C6415T, C6455.
,HJ'IH MOITHBIX T€JIEKOMMYHUKAITMOHHBIX HpI/IIIOH(eHI/IfI, BBUIY Haym4qus CIie-
TMAJIM3UPOBAHHBIX BbIYUCIATEIbHBIX Mouyneﬁ, HnaeaJIbHO MOI‘yT HOI[OP’ITH
nporeccopsl TMS320C16T, C6418. B mpritoskeHUsIX € IUTaBAIOILel 3aIIITOM
MOXKHO TIPUMEHUTH ceMeiicTBo C67X. B mpunoskeHusx Bumeoo6paboTku,
BBUIY HAIMYMS MOIITHBIX BUEOTIOPTOB, IIPUMEHUMO ceMelicTBo DM64x.

CpepcTBa pa3paboTku

SHAIUTENBHYIO POJIb B PEATH3ALINH IPHIOKeHHI HudpoBoit 06paboT-
KU CUTHAJIOB UTPAIOT cpecTBa paspaborku. 3ziech y Texas Instruments ectb
Bce HeoOxopuMoe. Bee BbIIIeonucaHHbIe IPOLECCOPI UMEIOT BCTPOCH-
ublit JTAG-unTepdeiic, HO3BOSIONIMI BECTH OTIANKY CHCTEMBI B peasib-
HoM BpeMeHH. JTAG-aMynIATOp MONKITIOYAETCs depe3 pa3beM Helocpe-
crBenHO k BoiBonaM L[ CII, 6maromapst aemy OT/IafKy MOKHO IIPOU3BO-
OUTH HEIIOCPENCTBEHHO B IIPUIIOJKEHUU. CYH_IeCTByeT JBa COBMECTUMBIX
JTAG-cranmapra Texas Instruments: XDS510 u XDS560. Bropoit u3 Hux
sBJLsIeTCst 60J1ee BBICOKOCKOPOCTHBIM. C HCII0Ib30BaHIEM 3MYJIATOPA BO3-
MOJKHO 3aJaHNE BCEBO3MOKXHBIX TOYEK OCTAaHOBA, B TOM YHCJIE YCHOBHBIX.
Orrazka MOXKET TaKKe IPOU3BOAUTHCS €3 0CTaHOBA IIPOLECCOPa, YTO
BeCbMa CYILIeCTBEHHO IIPH OTJIA/IKe IIPUIIOKEHHI PealbHOTO BPEMEHH.

ITporpammuas qacts cocrout u3 Code Composer Studio — uHTErpH-
POBaHHO¥ cpenbl pagpaboranka, cogepxarteit C/C++, accembiep, KoM-
MUTISATOP, JTUHKEP, OTIATYHUK, pefakTop. Taxke B coctaB CCS Bxomut
DSP/BIOS — MHOrodbyHKIHOHAIbHAS OTIEPALIMOHHASI CUCTeMa PeaTbHO-
TO BpeMEHH, II03BOJISIIOIIAs PeaIN30BbIBATh MHOT03aIa4HbIe IPHIIOKEHUS
C CHHXPOHH3AI[1ell IIOTOKOB U KBaHToBaHMeM 110 BpemeHH. DSP/BIOS no-
crynen s Beex wiaTdopm LICIT TI. Taxke B CCS BCTpOeHBI MOIIIHbBIE
rpacduIeckie CpencTBa BU3yalTH3al[ii JAHHbIX.

B Code Composer Studio Taxke MokeT GbITh HHTETPHPOBAHO OOJIBIIIOE
KOJIMYEeCTBO CPECTB Pa3pabOTKK TPETbUX KOMIIAHUI, B 9aCTHOCTH, Cy-
1mectByer nnHTepdeiic ¢ MatLab.

Becrmarnas Bepcust CCS MoskeT OBITh 3aTpyskeHa ¢ BeO-CcariTa KOMIIAHUH.

3aknoueHue

B maHHOII cTaTbe GBLIN PaCCMOTPEHBI TPH OCHOBHBIE IIIATGOPMEI
CUTHAJIBHBIX ITpoIieccopoB kommnanuu Texas Instruments. 3a pamkamu
cTaTh’ ocTanoch cemericTBo TMS320C30, KoTOpOE Ha TaHHBII MOMEHT
60J1ee He Pa3BUBAETCSI, XOTS CAMI IIPOLECCOPHI BBIITYCKAIOTCS B OTPOM-
HBIX KOJIMYECTBAX BBUAY UCIIOJIb30BAHUA UX B 6OHBU_IOM quciIe panee
CHeTaHHbBIX pa3paboTok. Lnbposyio 06paboTKy HUBKOIACTOTHBIX CHT-
HQJIOB MOYKHO TaK’Ke PeaM30BbIBaTh HA MUKPOKOHTpoJutepax MSP430,
UMEIOIINUX BHyTpeHHI/II;I YMHO)KI/ITeHb C aKKyMY)IHTOpOM.

Bcro Heo6xomumyto unopmanuio o nauabix [{CIT MOXKHO HaiiTh Ha
Be6-caifTe Kommanuu Texas Instruments, rae Takke MOXKHO IPOIUTATD
QHOHCBHI 0 BHOBD IOSIBILIIOIIUXCS IPOIieccopax. [lomonHuTeIbHbIE CBe-
JEHU 110 H0ﬂ60py CUTHAJIBHBIX ITPOLECCOPOB MOKHO HO‘{CPHHYTI} B CIIe-
I[aIbHOM pyKoBoxcTBe [1].
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