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AHHOTaumMs. B paboTe wucciaegoBaHO JHEPTONOTPEOSICHUE MNPAMOXA0THYECKUX
IMPUEMOIICPEAATINKOB, IMPCAHA3HAUYCHHBIX JJIA HCIIOJIb30BaHUA B 6CCHpOBO,Z[HI>IX
CBCPXUIMPOKOIIOJIOCHBIX CCHCOPHBIX  CCTAX. HpeI[J'IO)KeHBI BO3MOJKXHBIC IIYTH
CHUXXCHUSA C—)HCpFOHOTpC6JICHI/I}I JJIA oOecnieuenuss Oosee HpO,Z[OJI)KHTCJIBHOﬁ
aBTOHOMHOM  pabotbl. [lpu 3TOM  HCHONB3YIOTCA  pa3lNUyHbIE  MOJIXOMBI:
KOHCTPYKTHBHBLIC PCIICHUA, IIO3BOJIAIONIME MCIIOJb30BAaTh MaJIOHOTpC6JI}IIOHII/IC
QJICKTPOHHBIC KOMIIOHCHTBI, OpraHu3anus IIPOTOKOJOB CBA3H, CHHKAIOIIHUX HAI'PY3KY
HA YCTPOWCTBA, BBEJICHUE CIISIIIUX PEKUMOB.

KiroueBbie cJIOBA: AHEPronoTpedeHue, sHEeprocOepeKeHUE,
CBCPXUIMPOKOIIOJIOCHBIC CUCTCMBI CBA3H, CBEPXITHPOKOIIOJIIOCHBIC CCHCOPHBIC CCTH.
Abstract: In the paper power consumption of direct chagtndceivers meant for
using in wireless ultrawideband sensor networksnigestigated. Some ways of
energy saving to provide long autonomous opergtiemod of the transmitters are
proposed. For this aim different approaches ard:USe we need to find the way to
reduction of power consumption of our devices. fhig aim several approaches are
used: design solutions, using low consumption efgspecommunication protocol
organization and using of sleep modes.

Key words: power consumption, energy saving, ultrawidebandmanication

systems, ultrawideband sensor networks.

BBenenue
Ceepxmmpokormnosiocabie (CHIIT) cetn cBs3u [1-10] aTo mocratodHo HOBOE, OBICTPO

pa3BUBaOIICCCA HaIIPaBJICHHUC COBPEMCHHBIX TCHCKOMMYHHK&HHﬁ. 910 CHUCTCMBI,
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OCHOBHOM (DyHKLIMEH KOTOPBIX SIBISETCS OOMEH JaHHBIMU MEXIY yCTPOMCTBAMH B
cocraBe ceTH Ha HeOoumbime paccrosHus (o 30 m) [2, 10]. K takum cuctemam B
YaCTHOCTU OTHOCSITCSL CEHCOPHBIE CETH, OCHOBHOM (YHKIMEW KOTOPBIX SBIISIETCS
cOOp IaHHBIX C pacTpeAEIECHHBIX B IPOCTPAHCTBE JATYMKOB M IOCTABKA MOJTy4YEHHON
uHpopMaIuu K Touke cOopa gaHHbIX (0a30Boit craniuu). OOMacTh MPUMEHEHHUS
TaKMX CUCTEM BeCbMa OOIIMpPHA — 3TO U3MEPEHUE MapaMeTPOB OKPYKAIOILIEH Cpelibl
(TemmepaTypa, BIaXXHOCTH), MOHUTOPHHT HECYIIMX KOHCTPYKIUH 3IaHUM, CHUCTEMBI
cOopa Moka3aHUi C JAaTYMKOB HAa TeJe NMalueHTa B meauiuHe u Ap. KiroueBbiMu
XapaKTePUCTHKAMHU CEHCOPHOM CETH SIBIISIOTCA:

Huskoe »sHepromorpebieHre — BO3MOXKHOCTH paboTbl OT OaTtapen WiIn
aKKyMYJISITOpA.

JlnutenbHOE BpeMsl KU3HU CETH 0€3 3aMeHbl Y3JIOB CETH WM 3JIEMEHTOB
MUTaHUS.

He6011b1110#1 MOTOK JaHHBIX, TIEPEIaBaeMbIX OT KaXKJIOTO y3ja CETH.

HeobOxonumoctsb o0ecrieueHus  AJTUTEIbHOM ABTOHOMHOW  paboThI
O0ecpoBOAHBIX MOPTATUBHBIX YCTPOMCTB SBISETCA MPOOJEMOI, Ompeaesomen
KU3HECTIOCOOHOCTh,  001acTh ~ MPUMEHEHWS W KOHKYPEHTHOCIOCOOHOCTH
0ecpOBOJAHBIX TEXHOJIOTMM M YCTPOMCTB Ha UX OCHOBe. [l perieHusi BONpPOCOB
SHEpromnoTpedseHus u  dHeprocoepekenuss [11-13] Moryr HCIOJIB30BaThCs
pa3jnyHble MOAXOJbI. KOHCTPYKTHBHBIE PEUICHMs, MO3BOJIAIONINE HCIOIb30BaTh
MaJIoNnoTPeOAIOMNE KOMIIOHEHThI, OpraHU3allMs MPOTOKOJOB CBSI3H, CHUKAIOLIUX
Harpy3Ky Ha yCTPOMCTBa, BBEICHUE CISIIUX PEKUMOB U JP.

B TAHHOU CTaThe IIPOBOJUTCS aHaJIA3 HHEPronoTpedIeHus
CBEPXILHUPOKOTONOCHBIX MPUEMONEPEIAIOIIUX YCTPOUCTB M TIOMCK IyTeH €ro
CHUKEHUS.

[Tpunnun neiictBust CIIIT mpamMoXaoTMYECKUX MPUEMONEPENATUYUKOB, HX
CTPYKTypa M XapaKTePHUCTHKH pacCMOTpeHbl B paborax [6-7, 10, 14-18]. K
HACTOAIIEMY BpeMeHU pazpaboraHo Heckosbko TumoB CIIIT mpsimoxaoTudyeckux

IpUEMOTIEPEIaTIMKOB, (DU3NYECKUN YPOBEHb KOTOPBIX YIOBJIETBOPSET CTAHIAPTY
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IEEE 802.15.4a [2} gacTu kacaromeicsi HCIOJIb30BaHUs Xa0THICCKUX UMITYJIbCOB B

KauyecTBE HOCUTENEH HHPOpMAIUH.

2. CTpyKTypa npuemMonepenaTynka

Ha puc. 1. npeacraBieHa cTpykTypHas cxema npuemonepenatunkoB Ha CILIT
Xa0THYECKUX CHTHaJaX. Ee MOXHO pasnenuTh Ha paguodacToTHyo 4acth (PU) m
U(POBYIO YaACTh.

K PY oTHOCSTCSA NpueMHUK, reHepaTop ¢ moayisatopoM u CBY niepekioyaTes.
MonynsTop npencraBisieT OO0 dIEKTPOHHBINA KITFOUY, KOTOPBINA MOJAE€T MUTAaHUE HA
reHeparop M oOecreynBaeT HEOOXOAMMOE HaNpsbKeHHe Ha ero Bxone. B cocras
NpUEMHUKA BXOJAST MAJOIIYMSIIUN YCUIUTENb M JIOTapUMUUYECKUM JETEKTOP.
HeoOxomumocts B CBUY mepexirouarene cBs3aHa ¢ TeM, YTO NMPUEM U Iepeaayda
OCYILECTBIISIFOTCS. B OJTHOM JMAIa30HE U MOCPEACTBOM OJHOW IMPUEMOIIECPEIAOIICH
AHTEHHbI. B TOT MOMEHT, KOIrZJa OCYLIECTBIIETCS IIepelada, KIKY HaXOAUTCSA B
TaKOM IOJIOXKEHUH, TPU KOTOPOM oOecreunBaeTcsi KOMMYTalus BbIX0/1a TeHepaTopa
CO BXOJIOM aHTEHHBI, puueM B KaHan npuemHuka CBY curnan He momanmaer. Bo
Bpems mpueMa — HaoOopoT. Takum obpazom, CBY mepexirodarenb OCYIIECTBISET

Pa3BA3Ky MEX]y MPUEMHUKOM U T€HEPaTOPOM.
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Puc. 1.Crpykrypnas cxema CIIIT npsamoxaoTruueckoro npueMonepeaaTimka.
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OYHKIUIO YIpaBI€HUS KIIOYOM BBIIOJHIET MNPOrpaMMHpyeMasi JIOTMYECKas
unterpanbHas cxema ([IJIMC). Kpome Toro, oHa OCYIIECTBIISCT MPEABAPUTEIHHYIO
00paboOTKy HMMMYJbCOB, MOJYYEHHBIX OT MPUEMHHKA, (HOPMUPOBAHHE HMITYJIHCOB
HY)KHOM JUuMHBI W ckBaxHocTu nns mnepepauyu. [lockonbky IIJIMC pabGotaer
UCKJIIOUUTEIBHO € IUGPOBBIMU CUTHAJIAMM, TO JUIsl MpeoOpa3oBaHUsI aHAJOTOBBIX
UMITYJIbCOB B IU(POBBIE HCMONBb3yeTcss Kommaparop. [loporoBoe HampsbkeHue
KoMIlaparopa  3amaercs  Iudpo-aHAIOTOBEIM  mpeobOpasoBateiieM  (LIAIT),
yIpaBjisieMbiM MUKpOKOHTpoJuiepoM (MK).

MK koopaunupyetr paboTy Bcero mnpuemonepenatuunka. Kpome ympaBieHus
ITAIT (r.e. 3amaHus MOPOTOBOTO HANpPSDKEHUsT Kommaparopa), MK B cOOTBETCTBHUH ¢
3arpy>KeHHOM MPOrpaMMoOil akKTUBU3UPYET PEKUMBI IIpreMa, nepenayu nHdopmauu,
PEXKUM OXKHUITAHUS, COACPKUT HHPOPMAIIUIO, HEOOXOAUMYIO I pabOThI YCTPOMCTBA
B CETH; BKJIIOYAET B ce0s HHTEP(DENChI CBA3M C BHEIIHUMH YCTPONCTBAMMU.

PaboTa mpuemonepenaTymka B CETU ONpPEACNSIETCS TAKUMH XapaKTEepPUCTUKAMU
KaK JIJIMHA MaKeTa JaHHbBIX, JUIMHA (peiiMa JaHHBIX, YUCIIO TTAKETOB B CEKYH/TY.

B nanpHeiiiem, B KayecTBEe NIpHUMEpPA, €CIM HE OrOBOPEHO HHOE, Oyaem

MCIOJIb30BaTh HAOOp pabounx mapaMeTpoB MPUBEACHHBIN B Ta0nuie 1.

Tabnuna 1.
[Tapametp O6o3HaueHue | 3HaUYCHHUE
CkopocTh niepeiaun JaHHbIX (IToJIe3Hast) Ryata 32 xobur/c
dusnyeckas CKOPOCTh EPENAaYH Rohys 6 Mowurt/c
JlmnHa makeTa JaHHBIX L data_pack 7200ut
JlnuHa dperiMa TaHHBIX Ldata_in_pack 6400ur
JIMUTENbHOCTh UMITYJIBCA Toulse 79.5ucC

3. CTpyKTypa 3HepronoTpedieHUs1 MpueMonepeaaTYnKa

brok-cxema sHepronoTpeOieHus npuemoriepeaTuuka rnokazadHa Ha puc. 2 u

BKIItoyaeT B ce0s mukpokontpomwrep (MK), TIJIMC, nepemaTdwmk, NPHEMHHK,
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KBapleBblid reHepatop, kommapatop, L[AII, craOumuzaTop M UCTOYHUK MUTAHUS
(batapen). B mporecce (GYyHKIIMOHMPOBAHHWS NPHUEMONEPEIATINK TOCTOSHHO
noTpedysieT aneKTposHepruio. Bemnuumna mnorpebiieHus sBhserca  GyHKUHUEH
BPEMEHHU, KOTOpas 3aBUCUT OT XapaKTEPHUCTHK DHEPromoTPeOSICHUS OTAEIbHBIX
AJIEMEHTOB NpPHUEMOIEepEaTUNKa, BKJIIOYAas BBHIOPAHHBIE PEXUMBI U YCIOBUS UX
paboThl, U OT COCTaBa 3JIEMEHTOB IMPUEMONEPENaTUMKa, aKTUBHBIX Ha Pa3IMYHbIX

BPEMEHHBIX UHTEPBaIax.

MK MJIAC [MpremHuk || lMepegaTumk

KeapL,. reHep. fe— I I s Komnapartop

CTaGMﬂH:iaTOp(— NCTOUHMK MMTaHKS |_||A|-|

Puc. 2. biok-cxema sHepronoTpedieHus npueMorepeaaTymka.

Hampumep, pasHble THUOBI MHUKPOKOHTPOJIJIEPOB HMMEIOT pa3Hble YpPOBHU
HoTpeOJIeHusT ~ MOITHOCTH. Kpome  ToTO, MOITHOCTb, notpedisemas
MUKPOKOHTPOJIIEPOM, 3aBUCHUT OT €r0 3arpy3KH U TAaKTOBOM YaCTOTHI, HA KOTOPOH OH
paboTaeT B mpueMoIiepeiaTInKe.

MormiHocTs, noTpediseMas NepeaaTdukoM U MPUEMHHUKOM, TAaKKe 3aBUCHT OT
00BEMOB TNepe1aBaeMoi B €IMHULLY BpeMeHU HHPOpMAIUH.

PaccmoTpuM sHepromnoTpebiaeHne mpeajaraeMblx K peanu3alud YCTPOWCTB U
BO3MOXHBIE IYTH €ro CHIKEHHMS JUIsi obOecriedeHusi 0Oojee NpOoJODKUTENbHOM

aBTOHOMHOM pabOoTHI.

4. DyHKUMOHUPOBAHME NIPHEeMOINePeJATYNKA B PesKMMe PeTPaHCIsIIUN

OcHoBHBIE ~ pabouue  pexuMbl  QyHkiumoHupoBanus  y3noB  CLHII
KOMMYHUKAaIIMOHHOM CETH — OTO PpEXKHUM NepeAayd MOTOKa JaHHBIX IO
OecpoBOJHOMY KaHaTy, PEKUM PETPAHCISAIMN CUTHAJA U BCEBO3MOJKHBIE CIISIINC

PEKNMBI, €CJIM HUKAKUE IMOTOKH JTaHHBIX B ,Z[&HHLIﬁ MOMCHT HC IMECPCAAIOTCA. KpOMC
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TOTO, BpeMsi OT BpPEMEHH IepenaceTcsl ciy:keOHas WHGOpMalus — yIpaBIsSIOLIUe
KOMaH/Ibl, HO CYUTAEM, YTO 3TU MPOLIECCH 3aHUMAIOT 3HAYUTEIILHO MEHbIIIE BPEMEHH
10 CPABHEHMIO C OCHOBHBIMU PEKMMAMMU.

Jl51s TOro 4TOOBI MPOAHATU3UPOBATH SHEPTONOTPEOICHUE YCTPONCTBA, HAUHEM C
PETPAHCISILIMYM [TAKETOB, MOCKOJIBKY 3TO HAauOOJIee CIOXKHBIA PEXKUM, NP KOTOPOM
3aJIeiCTBOBaHbl Bce OJIOKM yCTpoWcTBa. PaccMOTpUM LMK PETPAHCISIIMM OJHOTO
MAKEeTa JIaHHBIX.

B nuxie perpaHCisiuu makera JaHHBIX MOKHO BBIICIHUTH YETHIPE OCHOBHBIX
JTama: MpueM Makera, oOpaboTKa MakeTa, mepenada MakeTa, PeKUM «OKHUJIAHUS.
31ech MOA PEXKUMOM «OXKHJAHUA» TOJpa3yMEBaeTcs Iay3a MEXAy JIBYMs

pPETPAHCIIAINAMH ITOCICOAOBATCIIBHO UAYIITHUX ITAKCTOB.

Marer 1 MakeT 2

[Mpwew  |ObpeboTtka| [Nepegava Crrmnanue [Mpiem ‘OﬁpaﬁoTKa| [Nepegaqa OsrmnaHue

#— Trec —w+—Tproc —s—Tlrans —s+————  Tal ————*

——————  L{ukn peTpaHcnaLm ¥
Puc. 3.3ransl nukia peTpaHciALuy NakeTa.

5. DHepromorped/ieHHe NpHEMONepPeIATYNKA B peKUMe PeTPAHCASUUN B

OTCYTCTBHH IHEProcoepe:keHust

B kayecTtBe  OTHpaBHOM  TOYKM  PACCMOTPUM  BHEPromnorpedieHue
pUeMoIrepeaTinKa, B KOTOPOM He IPETyCMOTPEHBI PEKUMBI dHEeprocoepexxenus. B
MIPUEMOIIEPEIATYMKE CYIIECTBYET TOJBKO TPU BO3MOXKHBIX COCTOSIHUS: IIPHUEM,
oOpaboTka makera, nepegavya. B mayzax Mexay nakeTamMu MpUEMOINEpelaTyuK
ciymaeT 3gup, T.€. HAXOAUTCS B PEKUME ITpUEMa.

Ha puc. 4 nokasan cueHapuil (GyHKIIMOHUPOBAHUS OTIEIbHBIX OJIOKOB B IIMKJIE

PETPAHCIIAINY ITaAKETA.
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Puc.4. Cxema QpyHKIIMOHUPOBaHUA OJIOKOB IpUEMOIEpeIaTUrKa B LIUKIIE

peTpaHCIALMY MaKeTa JaHHbIX. BapuanT 1.

Ha xaxxmom sTamne perpaHCiALMU MakeTa OJOKU MpUEMOoIiepeiaTyuKa padoTaloT
M0-Pa3HOMY B 3aBHCHMOCTH OT BBINOJIHSEMBIX MU Ha JAaHHOM 3Tane (QyHKIUH u
3aJJaHHOTO clieHapusi ux pabotel. CueHapuil paboThl OJOKOB MpHeMoONepeaaTInKa
3aJI0’)K€H B MPOrPaMMY, BBIIIOJHAEMYIO MUKPOKOHTPOJUIEPOM, KOTOPBII YIpaBisieT
CMEHAaMU PEXHMOB OTAEIbHBIX OJIOKOB NMPHEMOIepeaaTUHKA.

[ukn peTpaHcisinuy makera:

1.1. IlIpuem nakera

Ha »or1oil craguu mOpOMCXOIUT TpPUEM TMaKeTa B TEUEHHE BpPEMEHH
COOTBETCTBYOIEro JuyiTeabHoCcTH 1 makera Trec= T1bit*Ldata_pack.

a) ['eHeparop OTKIFOUEH.

0) [IpuemHHK BKIFOUEH, MOTPeOIsieT TOK Irec_rec.
7
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B) [IUIMC BriroueH, motpebdisier Tok IPLIC_rec.

') MukpokoHTpoJIIep BKIIOYEH, moTpedisieT Tok IMC_rec.

1) Ksapuessiii reneparop [IJIMC BximroueH, notpediaseT Tok lquartz_rec.

e) Kommaparop Britouen, norpedisier Tok lcompar_rec.

k) LIAII BximroueH, notpedsier Tok IDAC_rec.

3) Ctabunm3atop BKJIHOUYEH, HoTpediseT Tok Istab_rec.

1.2.  Ob6pabotka makera

Ha srtoit craguu nporcxoauT o0paboTKa MPUHATOTO MaKeTa B TEUCHUE BPEMEHH
Tproc.

a) ['enepaTop OTKIFOYEH.

0) IlpuemHMK BBIKIIOUaeTCs. Bpems BbIKItoueHus npueMHuka Trec_off, npu
ATOM OH MOTpeOIseT TOK Irec_proc.

B) [IJIMC BxiroueH, norpedisier Tok IPLIC _ proc.

I') MukpokoHTpoJuIep BKIrO4eH, motpedisier Tok IMC _ proc.

1) Keapuessiit renepatop [IJIMC BxiroueH, motpedisier Tok lquartz_ proc.

¢) Kommnaparop BkiroueH, notpedsieT Tok lcompar_ proc.

x) LIAII BrirroueH, nmotpediser Tok IDAC_ proc.

3) Ctabunm3aTop BKJIIOYEH, oTpediseT Tok Istab  proc.

1.3. [lepenaua.

Ha »or1oit cragum npoucxXoguT Tmiepesaya IaKeTa B TEYCHHE BPEMEHHU
COOTBETCTBYOIIEro JuinTenabHocTH 1 makera Ttrans=T1bit*Ldata pack.

a) Ecmm mnepemaercs Our «1», TO TeHeparop BKIIOYAETCSI HA BpeMs
COOTBETCTBYIOIIEE JUIUTEIHHOCTH OJAHOTO WH(GOPMAIIMOHHOTO HMMITyJbca |pulse n
BBIKJIIOYAETCS Ha BpeMsl COOTBETCTBYIOLEE 3allUTHOMY HHTepBainy. Eciu
nepenaercs 6ut «0» reHepaTop OcTaeTcs B BBIKIIOUEHHOM cocTosiHuH. [Iporemypa
MOBTOPSIETCA B COOTBETCTBUU C YHCIIOM TIE€pE/IaBaeMbIX OUT.

0) IlpueMHHK BBIKIIOYCH Ha MPOTSKCHHHM BpPEMEHH Ttrans-Trec_ONnp KoHIE
JTama mepeadd MakeTa MPUEMHHUK BKIIIOYAETCS B TEUEHHWE BPEeMEHHW [reC_ON,mpu
3TOM NOTpebIIsIeT TOK lrec_rec.

B) [UVIMC BriroueH, motpebdisier Tok IPLIC_trans.

8
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') MukpokoHTpoIIep BKIO4eH, motpedisieT Tok IMC_ trans.

1) Keapnessiit renepatop [IJIMC BxiroueH, motpebdisier Tok lquartz_ trans.

¢) Kommaparop BkiroueH, norpedisieT Tok lcompar_ trans.

x) LAII BimroueH, norpediser Toxk IDAC_ trans.

3) Ctabunm3atop BKJIOUYEH, HoTpedseT Tok Istab  trans.

1.4. Oxwunauue

B pexume 0e3 sHeprocOepekeHHs B Tay3aX MEXKIy MaKeTaMH YCTPOWCTBO
HpOCIyImMBaeT 3pup, T.e. HAXOAUTCSA B PEXKHUME MPUEMa B TCUCHUE BpeMeHHU 1 Sil=

Ldata_in_pack / Rdata-(Trec+Tproc+Ttrans).

B KayeCTBE rnpuMepa paccMoTpuUM AHEPTOINOTPEOICHUE CHIIT
npsiMoxaotndeckoro nmpuemornepeaarauka [MI1C-40A [10, 17, 18].0to ycrpolicTBo,
pabortaroniee B Auana3zoHe yactot 3-5 [T, @usnueckas CKOpOCTh Mepeaayn JaHHbIX
6 MowuT/C, u3irydaeMasi MOIIIHOCTh Ha 3TOM ckopocth -1 nbm, JlanbHOCTh mepenadn
20-25 M. D10 OJHA M3 MEPBBIX BEPCUH MPAMOXAOTHYECKHX MPHUEMOINEPEIATIUKOB,
UCIIONB3YEMBIX B CEHCOPHBIX CeTAX. B 3ToM mnpueMonepenaTiMke He
MIPEAYCMOTPEHBI PEXKUMBI SHEPTOCOEPEIKCHUS.

B paccmaTtpuBaeMOM yCTpOWCTBE T€HEPATOP BKIIFOYAETCS TOJIBKO NJIs Epeaadu
JAHHBIX, MPU ATOM B HEMPEPHIBHOM pexkuMe OH mnorpedssier Tok 60 MA. Jlns
nepeaadyd  OTACNBHBIX OHTOB TEHEPATOp MOIYJIUPYETCs 10 THUTaHUIO, T..
BKJIFOYAETCS U BBIKIItOUaeTcs. [Ipu 3TOM BpeMsl BKIIFOUEHUSA-BBIKIIFOYEHNS T€HEpATOpa
Maio (~ 1-2 Hc). 3a cyer TakoW MOIYJISAIMM CpelHee NMOoTpedlieHHue reHepaTropa
YMEHBIIIAETCSI MPONOPILMOHANIBHO CKBaXKHOCTH CJEAOBaHUSA MMITyJbcoB. Ha sTamax
npuemMa u 0oOpabOTKM MakeTa W B Iay3e MEX]y MaKeTaMH T'€HEpaTop MOJHOCTHIO
OTKJIIOUaETCs U ero norpedyienue paBHo 0 MA.

[IpueMHuK oOTKIIO4AaeTcss Ha BpeMs o0O0pabOTKM ¢ Tepelayd  IakeTa
(motpebisiembrit Tok O MA). Bee octanbHOE Bpemsi IPUEMHUK HAXOIUTCS B pabouem
pEeXHUME 0KHJasi MPUX0/1a MaKeTa TaHHBIX, MOTPEOIsis mpu 3TOM TOoK 41 MA.

[IJINC BKJIFOYEH TOCTOSIHHO M MOTPEOISET «XOJIOCTOM pexnumMe» 2 MA, OJIHAKO

B 3aBUCUMOCTH OT I[CﬁCTBHfI, KOTOPBIC OH IMPOU3BOJAUT HA PA3JIMYHBIC JTAllaX IHUKJIA

9
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npueMa-Tiepeladd makera ero mnoTpedsieHne Bo3pactaeT. [lepekioueHne MexIy
peKUMaMU TTPOUCXOIUT OBICTPO.

OcranbHble OJOKM YCTpPOMCTBA, Takhe KaK KOHTPOJUIEP, KBapIIEBbIM
ocIIILISATOp, KoMiapatop, LIAITl u ctabunmuzaTop paboTaroT MOCTOSTHHO.

B tabnuie 2 npuBeneHbl cpeHUE 3HaYEHUsI TOTPEOJICHUS SHEPTUH KaXK/IbIM U3

0110K0B ycTporicTBa [19-23]Ha pa3Iu4HbBIX dTamax.

Tabnuma 2.
[Ipuem | OGpaboTka [Tepenaua Oxunanue
I'eneparop OmMA OmMA 70MA OMA
(B HETIPEPHIBHOM pPEXKHUME)

[TpuemMHux 41MmA OMA 0MA 41 MA

BpEeMS BBHIKJIIO- | BpeMsl BKIIOUEeHUS 16 MKC, TOK

gernst 160uc | BriroueHus 41 mMA
[JINC MAXII 10 vA | 10 MA 10 MA 2 MA
MK Atmega 168| 8.ZtA | 8.2mMA 8.2MA 8.2MA
KBapuessrit 7.4MA | 7.4MA 7.4MA 7.4MA
TeHepaTop
[JINC
Komnaparop 7.4MA | 7.4MA 7.4MA 7.4MA
TLV3501
CIBOEHHBII
LIATT AD5300 0.2uA | 0.2mMA 0.2mA 0.2mA
Crabunusarop 0.5MA | 0.5MA 0.5mMA 0.5MA
ADP3303

Bpewmst 06paboTku makeTa cuntaercs paBHbIM 1 MKC.

B tabnuue 3 npuBeneHsl cpeiHrue 3HaYEHUS TOTPEOICHHS TOKAa YCTPONCTBOM BO
BpeMs TMpueMa TaKeTa, Mepeladd IMakeTa, B May3e MEXIy IakeTaMu U o0Iiee
noTpedyieHue yCTPONUCTBA U3 pacuera, uTo mnepeaaroTcs makeTsl AuHoi 90 OalT co
ckopocThio 32 kOut/C. [Ipenmonaraercs, 4To yCTPOHCTBO pabOTaET B ATOM PEKHME

100%Bpemenu.
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Tabmuma 3.
[ToTpebnenue npueMoriepeaTanka Cpennee, MA
Ha stane npuema 0.44
Ha »tane nepenaun 0.29
[Tpu petpancsiuu (mprem+obdpadoTka+mnepenaya) 0.73
Ha srare oxxunanus (B may3ax Mexay IakeTaMu) 73.82
Obmee 74.55

Cpennee mnoTpeOieHHE OHHEPrUM TMPH TaKOH CKOPOCTH TMepefadd pPaBHO
npumepHo 75 MA uinu 250 MBT. Ecnu ycrpoiicTBo Oyner HempepbhIlBHO paboTaTh B
peKHME pEeTPAHCISIMU Ha TaKOW CKOPOCTH, TO OHO CMOXET paboTaTh OT
CTaHIapTHOM Oarapeiku eMkocThio 1.2 Ay (2.4 Au) B Teuenue 16 (32)4acos.

[TomyueHHbIE XapaKTEPUCTHUKU TMO3BOJIAIOT 00€CNeYUTh (PYHKIIMOHUPOBAHUE
pUEeMOTIepeIaTINKOB B TEUYEHHE HECKOJIbKUX JIET, MPU HCIOIb30BaHUU HUX B
MPWIOKEHUAX, B KOTOPBIX MH(OPMALIUS OT CEHCOPHBIX OJIOKOB MEpPEAaeTCs PEIKo,
HampuMep pa3 B MecCsIl B 00beM Mepe1aBaeMbIX JaHHBIX HeBeHMK. OTHAKO €CIIU Peb
UAET O TMPWIOKEHHUAX, B KOTOPBIX TOTOK JaHHBIX OT JaTYMKOB JOCTATOYHO
WHTEHCUBHBIN, N7 OOECHedYeHUs] ONTOBPEMEHHOW paboThl ceTh 0€3 3aMeHBI
UCTOYHUKOB TIMTAHUSA DSHEPromoTpeOIeHHe MPUEMOIEPEeIaTIMKOB JIOJDKHO OBIThH
3HAYUTENIbHO YMEHBIIICHO.

[IpuBeneHHblE HUKE PUCYHKH HIUIIOCTPUPYIOT BKJIAA B oOliee MoTpedieHne
yCTPOMCTBA OTIEIBHBIX OJIOKOB TMpHUEMOTepeaTunka Ha Pa3IUYHBIX dTalmax IHKJIa
PETPAHCIISIIINH.

Ha puc. 5 mpencraBnena oOmias kapTuHa moTpeOsieHus. l[Berom mokaszaHo
notpebieHne oTAenbHbIX 0J10K0B. [ToTpebienne 6JI0KOB CTPYIITUPOBAHO MO dTAraM
[IUKJIA PETPAHCIISIUH.

Ha puc. 6 6onee neranbHO IpeAcTaBieHO MOTpebiieHne OJI0KOB YCTPOMCTBA Ha

KaXXJ0M H3 O3TAIIOB.
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Kak moka3piBaeT aHamu3 PHUCYHKOB, OCHOBHOE TMOTpeOJIeHHE YCTPOMCTBA
MPUXOJUTCS Ha 3Tall OKHUJAHUS, TIPU 3TOM OJIOKOM, MOTPEOJISIONINM HANOOIBIITHIA
TOK, SIBISIETCS MPHEMHHK. OJTO OOBSCHSIETCS TEM, YTO MPHUEMHHK caM 1o cebe
MOTPEOISIONMUNA B aKTUBHOM PEXUME JOCTATOYHO OOJBIIION TOK, IO CPABHEHHIO C
ApyruMu OokaMu, paboTaeT MPAKTHUYECKH ITOCTOSHHO, OTKJIIOYasCh JIUIIb Ha
KOPOTKHMI WHTepBaJ BpeMeHHU. Jlpyrue OJIoku ycTpoiicTBa (32 HUCKIHOUECHUEM
reHeparopa) Tak ke paboTarT MOCTOSTHHO, BHOCS CBOW BKJIaJ B o01iee moTpedieHue.

Jis  Toro 4ToObl CHH3UTH DHEPromoTpeOsieHHe MpUeMOoIepeaaTInuKa
HEO0OXOUMO ONTHUMH3UPOBATh (PYHKIMOHUpPOBAHUE €ro OJoKoB. s 3TOro Oymayt
MCIIOJIH30BaHbl OJHOBPEMEHHO JBa IMOJXOJa. BHIOOP OJOKOB yCTpoWcTBa ¢ OoJjee
HU3KHM TIOTpeOJICHHEM U OpraHu3aius pPeKUMOB (PYHKIIMOHUPOBaHUS OJOKOB

YCTPOMCTBA.

6. JHepromorpedjeHne TpueMONepeNaTYHNKA B PpeKUME PETPAHCIAAUUH C

JHeprocoepeKeHueM

Ha mepBoM »dTame MBI  TONBITAIMCH  CHU3UTh  DHEPronoTpeOsIeHne
pueMoTepeIaTINKa 3a cYeT 00siee palMoHaIbHOW OpraHu3aud padoThl OTAEIbHBIX
6moxoB. Eciu B cxomHOM cxeme Oouibiasi 9acTh OJIOKOB pabOTaeT HEMPEPHIBHO HA
MPOTSDKCHUH BCETO IMKIA PETPAHCIANMMA TaKeTa, TO B HOBOM BapHaHTE
MpeaiaraeTcsl Tam, TJIeé BO3MOXKHO, OTKIIIOYATh HE 3aJCHCTBOBAHHBIE HA TOM WIIH
MHOM OJTane OJOKM WJIM TEpeBOJAUTh HMX B PEKUMBI C TOHKEHHBIM
SHEPronoTpeOIeHneM («CITAIIUEe PEKUMBI») U BO3BpAIaTh MX B aKTUBHBIN PEXHM
HETIOCPEICTBEHHO K TOMY MOMEHTY, KOT/la OHU JOJDKHBI OBITH 3aJ€MCTBOBAHBI AJIs
BBITIOJTHEHUS KAaKUX-TTHO0O0 (PyHKIIHIA.

Hampumep, ecnmn B cucteMe CBS3U TPEIyCMOTPEHA CHHXPOHU3AIUS MEXKTY
yCTPOMCTBAMH, W MPHEMOIEPEIaTINK UMEET HHPOPMAIHIO 00 0KUJAEMOM BPEMEHH
MPUXO0Ja CIEAYIOMEro MaKeTa, KOTOPHIM OH JTOJDKEH MPUHSATH, TO MPUEMHUK MOXKET
HE TMPOCIYyIINBaTh 3(PUp TOCTOSHHO, a BKIIOYATHCA TOJIBKO K OIPEACIICHHOMY
momeHTy Bpemenu. Kommapatop u LIAIl 3aneiicTBOBaHBI TOJBLKO BO BpeMs MpHEeMa

ImakeTa, Mmocjic Toro, Kak makeT HpUuHAT, UX MOKXHO OTKIIOYUTb W BKIIIOYHUTH CHOBA K
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MOMEHTY IpHUEMa CJIEAYIONIero nakera. MUKpOKOHTpOJJIEp aKTUBHO PabOTaeT BO
BpeMs mpuema, oOpadOTKM M Tepeadd NMakeTa, a Ha JTare OXUIAHUS OH MOXKET
OBITH TepeBejieH B «crsuuii» pexkuMm. Ksapuessiii reneparop IIJIMC moxer ObITH
OTKJIFOYEH Ha BPeMs OKHJIaHUS CJeayromero nakera. OqHako He00X0IMMO BEPHYTh
MHUKPOKOHTpOJUIep U KBapueBbiil reHeparop [IJIMC B akTUBHBIN PEXKUM K MOMEHTY
MIPUXO0/IA CJIECIYIOLIETO aKeTa.

Bpemennas muarpamma (yHKIIMOHMPOBAHUS OJIOKOB MpUEMONEpeaaTdyruKa 110

TaKOMY BapUaHTy MPUBEJICHA Ha pUC. 7.

Mprer ObpaboTka Mepepada ChaaHne
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T
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[eHepaTop
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.
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MK

KeapLeBbli TMC_on
reHeparop
e

Komnapatop Tquartz_on

LAN

[

Crabunuaatop

Puc.7. luarpamma pyHKIHMOHUPOBaHUS OJIOKOB MPUEMOTIEPEAATIYNKA B ITUKIIE

peTpaHCIIALMY MaKeTa JaHHbIX. Bapuant 2.

I'enepaTop BkIIOYaeTCsl TOJABKO JUIsi MEpeAauyd JAHHBIX, IPU 3STOM B
HETMPEPHIBHOM PEKUME OH, KaK M mpexjae, norpednser Tok 60 MA. [lns nepenaun
OTIIETTLHBIX OWTOB TEHEPATOpP MOAYIUPYETCS MO MUTAHWUIO, T.€. BKIIOYACTCS H

BBIKJIFOYaeTcs. [Ipu 3TOM Bpemsi BKITIOUCHHUSA-BBIKIIIOYCHUS TeHepaTopa majio (~ 1-2
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HC). YMEHbBIIEHHE DJHEPromoTpedNeHusT 3a CYET CKBaXHOCTH  CIICAOBAHHUS
paaMoOUMIYJIbCOB B TaOMUIE HE MPUBEACHBI, OHH YUUTHIBAIOTCA Jajiee MPHU pacyeTe
SHEpromnoTpedIeHus ycTpoicTBa M ero OiokoB. Ha stamax mpuema u 00pabOTKu
nMakeTa W B May3e MeXAy NaKkeTaMd T€HepaTop MOJHOCTHIO OTKIIOYAeTCS U €ro
notpebsenue papHo O MA.

[IpueMHuK paboTaeT TOJBKO BO BpeMs MpHUeMa MakeTa, HoTpedsisist Ipu 3TOM TOK
41 mA. Ha Bpems oOpaOoTKku, mepefaud NakeTa M B May3e MEXAY MMaKeTaMH
NpUeMHHUK OTKIroueH (motpedisiembiii Tok O MA). OmHAKO BO BpeMsl OTKJIFOUCHHS
npuemanka (160Hc) Ha 3Tarre 00pabOTKM MakeTa U BO BpeMs BKIIFOUSHUS IPUEMHHUKA
(16 MKc) mns mpueMa CIEeAyIOIIero IaKeTa B KOHIE dTara MOJTYaHWs MPUEMHHUK
notpebiseT Tok 41 MA.

[TJIMC BKIFOYEH MOCTOSHHO U MOTPEOISAET «XOJIOCTOM pPeXuMe» 2 MA, OJHAKO
B 3aBHCUMOCTH OT JE€HCTBUM, KOTOPbIE OH MPOU3BOJUT Ha Pa3JIMYHbIE dTanax LUKIA
npuema-rnepesayl nakera ero mnorpediieHue Bo3pacraer. Tak, Mpu mpUeMe MakeTa
[IJIMC notpebasieT AOMONHUTENBHO 8 MA, mpu 00paboTke makera 2 MA, mpu
nepenaye nakera 5 MA. [lepekiitoueHrne MEeXy peKMMaMu MPOUCXOIUT OBICTPO U HE
YYHUTHIBACTCS B TAIGHEUIIINX pacueTax.

MUKpOKOHTpOJIJIEp BO BpeMsl mpuema, o0pabOTKM U TMepefauyd MakKera
HaXOJUTCS B aKTMBHOM pexxkume U notpediser 8.2 MA. Ha Bpems may3sl Mexay
MakeTaMd MUKPOKOHTPOJUIEP MEPEBOAUTCS B CHSIIMM pexum ¢ morpedieruem 10
MKA, TpU 3TOM MEPEeXOoJ B CISIIUA PEKUM MPOUCXOAUT OBICTPO, @ BBIXOJ HX
CISIIET0 peXHMa [UIsl MpueMa CIeQylollero mnakera 3anumaer 1.3 mc npu
noTpebaeHnu Toka 8.2 MA.

KBaprieBslii reneparop, 3agatromuii TaktoByro dactoTy I[IJIMC paboraer Ha
gactrote 48 MI'nm u B paGouem pexume mnotpedsser 7.4 MA. B stom pexume
KBaplIeBbI T€HEPATOpP HAXOAUTCS BO BpeMs peTpaHciisaluu nakera. Ha BpeMs nayssl
MEXAYy MaKkeTaMHd KBaplIeBbIA TeHepaTop OTKIroYaeTcss. OTKIIOUEHHE MPOUCXOAUT
OBICTPO, B BBIKIIFOUEHHOM COCTOSIHMM KBapIIEBBI T€HEpATOp TOK HE nmoTpedisier. s
npuemMa CIEIyIOIIero MakeTa KBapleBblil TeHepaTop CHOBA BKIIIOYAETCS, YTO

3aaumaeT 10 mc mpu motpednennn Toka 7.4 MA. Kommaparop u I[AIIl paborator
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TOJIbKO Ha JTane Mphema makera, norpebnsis mpu stom /7.4 MA u 0.2 MA
cooTBeTcTBEHHO. Ha octanpHbix »3Tanmax kommnapatop u LIAIl  oTkiItouyeHsI.
BxitoueHne W BBIKIIOUYEHHE 3TUX OJIOKOB MpoucxoauT OwicTpo. IloTpebnenue
cTtabunu3aTopa 3aBUCHUT OT O0mIero moOTpeOJeHHs  OCTalbHBIX  OJIOKOB
npuemorniepenaTyuka. I[Ipu BeicokoM oOmIeM MOTpeOJIEHUHM YCTPOHCTBA BO BpeMs
peTpaHCIsAIMKM TakeTa crabuiuzatop mnorpediser okoigo 1 MA, mpu mnaaeHuu
noTpedsieHus yCTPOMCTBA Ha JTalme MOJYaHHUA TMOTpeOJeHHe CTabuiIn3aTopa
camxkaercsa 1o 0.5MA.

Pe3ynbTaThl pacyeToB »HEPromnoTpeOieHus MpreMorepeIaTuhKa MPUBEICHbI B

Tabnure 4.
Tabmuma 4.
[ToTpebnenue npueMoriepeaTanka Cpennee, MA
Ha srane npuema 0.44
Ha »tane nepenaun 0.23
[Tpu petpancsiuu (mprem+obdpadoTka+mnepenaya) 0.67
Ha srare oxxunanus (B may3ax Mexay IakeTaMu) 6.82
Obee 7.49

W3 cpaBHEHUsS pe3ynbTaToB, NMPHUBEACHHBIX B Tabmuiax 3 u 4 BHUAHO, YTO
BBEJICHHE  DHEpProcOeperaromero  CreHapus  (QyHKIIMOHHUPOBAHUS  OJIOKOB
npueMonepeaaTInka TO3BOJIIET CHU3UTH JHepromoTrpedsnenune moutu B 10 pas.
[TpuueMm kak crieayeT U3 aHalIM3a PUCYHKOB 8-9 OCHOBHASI IKOHOMUS TOCTUTAETCs 3a

CUCT CHMIKCHHUS 3aTpaT Ha 3TAIlC OKUIaHNA.
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AHanu3 TOJyYEeHHBIX PE3yJbTaTOB MOKA3bIBAET, YTO OCHOBHOM BKJIaa B 0OIIee
sHEepronoTpedieHne B Iukie perpaHcisnuu nakera BHocAT [IJIMC u kBapreBsbrid
reaeparop IIJIMC B may3e Mexay Makeramu. IJTO 3HAYUT, YTO ISl JAJbHEHIIEro
YMEHBIIICHUSI JYHEPromoTPEOJICHUsT yCTPONCTBA B TEPBYIO OdYEpeah HEOOXOIUMO
CHU3UTHh TOTpeOJieHHe HJTHX OJOKOB Ha JTane OXUAaHUS. YMEHbIICHUs
sHepronotpednenus [IJIMC MoxHO T0OUTHCS, €ClIM UCIOIb30BaTh IPYTyI0 MOJENb
[UIMC — MAX V [24]. Ina sToii MOonenu XapakTepHO Oojiee HH3KOoe 0a3oBOe
notpedaenue — 27MkA, BMecto 2 MA s moaenu MAX Il [20].

Kpome Toro, MOKHO HCHOJIB30BAaTh OAMHAPHBIM KOMIIAPAaTOpP, BMECTO JIBOWHOTO
UCIONIb3yeMOoro B 0a30BOM MOJeNM, YTO TO3BOJUT CHHU3UTh NOTpeOIeHHe
KOMIIapaTopa BIIBOE.

[Tocne mnpouwsBeneHHoW MoaudUKANUK HanbOoIee MOTPEONIAIOMHIM OIOKOM
ycTpoiicTBa octaetcs kBapieBblid reHepaTop ITJIMC. Jlng Toro 4ToObl pemuTh 3Ty
npobieMy mpeasaraercs nojaBatbh TakToByio yactory Ha [IJIMC He ¢ xBapueBoro
TEHEPATOpPA, & C BBIX0Ja MUKPOKOHTPOJIJIEPA € MOCIEAYIOIIUM YMHOXEHUEM YaCTOThI
B [IJIMC. D10 mo3BomuT n30aBUThCS OT KBapiieBoro reueparopa I1IJIVC.

Ha puc. 102 u 106 moka3ana cxema mogauu TakToBou yactorel Ha [IJIMC B
ucxonHoMm BapuaHTe (¢ kBapueBoro reneparopa [IJIMC) m B HOBoM BapuanTe (C

MHKPOKOHTPOJUIEPA) COOTBETCTBEHHO.

KeapueBblF KeapueBblF
peaoHaTop || MK peaoHaTop || MK
KeapLegbli
e e TINC v
(a) ©)

Puc. 10.BapI/IaHTBI CXEMBI IMOJa4YM TaKTOBOT'O CMI'HaJIa Ha MUKPOKOHTPOJLJICP U

I[JINC.
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Cuenapuii (yHKIIMOHUPOBaHUSA OJOKOB MpUEMONepeaTinka Mpu OTCYTCTBUHU

kBapueBoro reueparopa [IJIMC npeacrasnen Ha puc. 11.

Mprer QbpaboTka Mepenava Chnpanne
Trec Tproc Ttrans Tsil

T
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Crabunuzatop

Puc.11. Jlnarpamma GyHKIIMOHUPOBAHUS OJIOKOB MPUEMOTIEPEIaTUNKA B IIUKJIIE

pPETPAHCIISAINY TTaKeTa TaHHbIX. BapuanaT 3.

[ToTpebaeHue 6J0KOB yCTPONCTBA HA PA3IMUHbBIX 3TANAX IUKJIA PETPAHCISALUN

MaKeTOB MpuBeIeHbI Ha puc. 12u 13.
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Kak mnokas3piBaeT aHajan3 pe3ydbTaTOB B ONHUCAHHOM cllyuyae HauOOoJbllee
noTpedieHUe NPUXOIUTHCS HA MUKPOKOHTPOJLIEP.

B ycTpoiictBe TakTOBas YacToTa MHUKPOKOHTposuiepa (GOpMHUPYETCs MpHu
IIOMOIIM BHEUIHEr0 IIACCUBHOIO KBapleBoro ocuwuaropa. Ilpu mnepesoze
MUKpPOKOHTpPOJUIEpa B CIAIIMNA PEXKUM KBapUEBbIM OCHWLIATOpP OTKiItoyaeTcs. [lpu
NOCJIEAYIONIEM TIEPEeBOJIE MHUKPOKOHTPOJJIEpAa B AaKTUBHBIA pEXUM CHayaia
3aIyCKaeTCsl KBApIEBbIM OCHMIUIATOP. MUKPOKOHTPOJUIEP MOXKET paboTaTh TOIBKO
KOT'/Ia KBaplLEBBbI OCHMIUIATOP BBIWAET HA CTAOWUJIBHBIN pexuM. ITUM (HaKTopoM
OTIpe/IeIIsIeTCS MEAJICHHOE BpeMs Mepexoja MUKPOKOHTpoJUiepa B paboumii pexum
(oxomo 1.3mc). [TorpebiaeHrne MUKPOKOHTPOIUIEPA B MPOIIECCE TMEPEX0/ia U3 CISIIETO
pexumMa B paboudii peXUM BHOCHT OCHOBHOM BKiIaa B oOiiee mnoTpediaeHue
MUKPOKOHTpPOJIIEpA U yCTpoiicTBa B LejaoM. Ilomydaem cienyroniue pe3ysibTarhl 1

sHepromnoTpedenus ycrpoicta (Tabauia 5).

TabOmura 5.
[ToTpebnenue nmpremMonepeaTInKa Cpenuee, MA
Ha srane npuema 0.36
Ha srane nepenaun 0.17
[Tpu perpancisiuu (mpuem+odpadboTka+nepenayda) 0.54
Ha srare oxxunanus (B may3ax Mexay IakeTaMu) 1.08
Oo01uree 1.62

B pesynbrate nmpou3BEeICHHOTO M3MEHEHHS KOHCTPYKIIMU MPUEMOIEPEIaTunKa
MOYKHO CHHM3HUTh SHEPronorpeliieHre B Mmay3ax MeXIy makeramu 10 1 MA, a oOmiee
HOTpeOJICHUE MPU PETPAHCIIAIINHU MTAKETOB HAa CKOPOCTH 32 KOUT/C 10 1.6 MA.

Uro o3HAUaAET, YTO MPHU IMOJIHOU 3arpy3Kke Ha CKOpocTH 32 KOUT/C yCTpOHCTBO
cMmoxkeT npopaborats 7504acoB (15004acoB) ot 6artapen emkocthio 1.2 Ag (2.4 Ay)
wm npu 10%3arpyske okosio 10 (20)mecsies.

Kak moka3pIBaroT pacdeTsl Ha CKOpocTH 64 KOUT/C YCTpONCTBO CMOXKET
npopabotatsk 4504acoB (8904acoB) ot Oatapen emkocThio 1.2 Au (2.4 A4) uinu npu

10%3arpy3ke okoiio 6.2 (12)mecsiies.
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/. JHepromnorped/ieHHe NMpUeMoNepeIaTINKa B pe:kuMe nepeiadu JaHHBIX U B

LCIAIIEM> PEKHME

[TpuBeneHHbIe BBILIE AaHHBIE ObUIM MOJIYYEHBI IJISI CAMOTO TSXKEJIOTO pPeKUMa-
peXKHMa PETPAHCISIMN MAKeTOB. A YTO MBI UMEEM B CiIydae mepefadd JaHHBIX OT
ceHcopa? B »ToM ciydae yCTpOMCTBY HET HEOOXOIWMOCTH MPOCITYIINBATH 3PUp.
OHO TONBKO BpeMsi OT BpPEMEHU MLUIET MaKeThl NaHHBIX. [l03TOMYy NpHEMHUK,
kommnaparop u [IAIl MoXHO nepkaTh BBIKIIOYEHHBIMA. UYTO TPHUBOIUT K
MOTPEOJICHUIO YCTPOMCTBA MPH TIepeiave JaHHBIX CO CKOpOocThio 32 kout/C — 1.2MA
wi 4 MBT.

Korma ycTpoiicTBO AMMTENBHOE BpeMsi HE HCIIOJIB3YeTCs I Tepenadd Win
pPETPaHCISIIIMKM JAaHHBIX MOKHO TEPEBECTH ero B crsmuid pexum. [Ipu paborte B
rTyOOKOM CITAIIEM PEeKHUME YCTPOHCTBO 1 pa3 B CeKyHAY MPOCHIIACTCS M CITyIIAeT
a¢up npumepno B teueHne 20 mMxc. Ecnu 3a 3TO Bpemsi yCTpONCTBO MOIy4aeT U3
sapupa curHaid nmoOyAKH, OHO TEPEXOAUT B aKTUBHYIO ¢aszy, €clii HET — CHOBa
3achITaeT.

B rnyOokom chosmem pexume Bce OJOKH yCTPOMCTBA OTKIIIOYAIOTCA 32
UCKJTIOYCHHEM MHUKPOKOHTpOJIIepa, KOTOPhIH HaxoauTcs B pexxume Power DownB
TOM pEXHUMe NOoTpeOJeHHe TOKa MHUKPOKOHTposuiepoM coctaBisier 20-30 MKA.
Bpems Brixona MukpokoHTposiepa u3 pexkxuma Power Down — 4.31c. Kpowme Toro,
eme 1 Mc TpeOyeTcst JIsl yCTaHOBIIEHUST YaCTOTHI KBAapIEBOTO pe3oHaTopa. Mcxons us
ATUX JAHHBIX UMEEM CJEAYIOUIYI0 OLEHKY JJIsl OTPeOIeHUsS! YCTPONUCTBA B CISIIEM
pexXUMe.

[Ipn HaxoxaeHun B TiyookoMm crsmeMm pexume B TeueHue 100% Bpemenu

yCcTporcTBO oTpebsieT Tok 80 MKA.

8. DKkcnepuMeHTAIbHOE HCCJIeIOBAHUE YJHEPTONOTPedIeHusI

npueMornepeaaTYnKa

Ha ocHoBe omucaHHOro Mojaxoja K SHEProcOepekeHuo ObL1 pa3paboTaH U
M3TOTOBJICH MAaJoONOTpeONsIomuid  npueMonepenaTunk. B xome paboTel Haj

OKCIICPUMCEHTAJIbHBIM MaKETOM YCTPOﬁCTBa OBLIM BHECEHBI HEOOJIbIITE U3MCHECHUS B
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MEPBOHAYAIBHO TPEUIOKEHHYIO CXeMy (YHKIMOHHPOBAHMS YCTPOWCTBA, KOTOPHIC
OJTHAKO HE MEHSAIOT OO0Iero cmeicia. B Tabmmile 6 TpHUBEACHO COMOCTABIICHUE
pe3yIbTaTOB pacueTa SHEPromnoTpedIeHHs IPUEMOIIepeIaTunKa B PKUME TIepeIadn
JTaHHBIX U B PEKUME PETPAHCISAIMHN MPH CKOPOCTH Tiepenadyn AaHHbIX 64 kout/c u

JUTMHE makeToB AaHHBIX 170 OalT [i1d MaTeMaTUYECKOW MOJIEIM CHUCTEMBI U

AKCIIEPUMEHTA.
Tabmuna 6.
DHepromnoTtpedaeHue, MA
Monuens DKCHEPUMEHT
Ilepenaua qaHHbBIX 2.5 2.8
Perpancsius 3.3 4.0

[lpu HampsokeHun mnHTaHus ycTpoiictBa 3.3 B morpebieHue MOITHOCTH
YCTPOMCTBOM B PEKMME IEepeIadu JaHHBIX Ha CKOpocTH 64 kout/C paBHo 9.2 MBT, B

peKHUME PETPAHCIIAINY JaHHBIX Ha CKOpocTH 64 kout/C — 13.2mBT.

O. BuIiBoabI

[IpoBeneHO  HWCClIEZIOBAaHUE  SHEPrONMOTPEOJICHUS  CBEPXIIUPOKOMOIOCHBIX
NPSIMOXAa0THYECKUX MPUEMOIEPEIATINKOB U IPOAHATM3UPOBAHBI IYTH CHIDKCHHS
OHEPronoTpeOsieHust i  oOecrevueHus: 0ojiee TMPOIOJDKUTEIIBHON aBTOHOMHOM
paboTHI.

B  pesynbTare OpOBEACHHBIX  HCCICAOBAHHMI  MPEIIOXKEHAa CTPYKTypa
npueMoriepejaTyuka W pa3paboraH cleHapuil (QYHKIIMOHUPOBAHUS OTACIBHBIX
OJIOKOB TpHEMOIepeaTIynKa, MO3BOJISIONINE 00ECIeYUTh SHEPromoTpedicHre Ha
ypoBHe 2.8 MA (9.2MBT) B pexume mepemaun u 4 MA (13.2 MBt) B pexkume

PETPAHCIISILIMK JAaHHBIX CO CKOPOCThIO 64 KOuT/C.
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