3apsaHoe YCTPOMCTBO
ZU vl.5

udposoe 3apsiaHoe ycrpoiicTBo Ha npoueccope ATMega32

/[Ba He3aBHCHMMBIX KaHAaJIa C TeIUVIOBBIMH JATYMKAMH, YINPaBJsIeMbIX OJXHHUM
NpoLeccopomM.

IMamMsaTh HA 20 AKKYMYJISITOPOB

ITamaTe Ha 16 XMMHYECKMX THIIOB AaKKyMyJsTOpoB. ToHkasi HacTpoiika
0CO0eHHOCTEH XMMHYEeCKUX THIIOB (0oJ1ee 40 mapameTpoB)

3apsaka, pa3psiika, 10 3 IUKJI0OB TPEHUPOBKH

MakcumajibHasi MOIIHOCTH paspsaa 50 Barr (pagmaTtopa) + MOIIHOCTH HATIPY3KH,
HO He 0oJiee SA u He Oouiee 25 BoJibT.

MakcumaJjibHasi MOIIHOCTD 3apsiaa 125 Barr, Ho He (oJiee SA

MakcumajibHOe HanpsikeHHne 3apsaa 25 BoabT

BenTHIATOP OX/12:KI€HNS CHJIOBBIX CXeM € JaTYMKOM TeMIlepaTyphbl.

3amuTa oT NepenoaCOBKH, OT NPeBbIIIEHNS TOKA, OT NPeBbILICHUs HANPSKEHUS
10 BXOJY M BBIXOZY.

KKMU 4 crpoxu Ha 20 cuMB0JI0OB

Kuaasuarypa - 4 kHonkH (12, HeT, BBepX, BHU3)

OOHoOB/IeHME NPOIIMBKHM € NOMOIIBI0 BCTPOEHHOro mporpammaropa PonyProg,
KOTOpBIii padotaer TOJAbKO 4Yepe3 poaHoii COM (mepexognuxku USB to COM u
HedyecTHO caesanHble COM-nopThl HA HEKOTOPBIX HOYTOYKAaX He IOy CKAIOTCS).
CaexxkeHue 3a mpoueccoM 3apsiikm Ha komnbioTepe 4depe3 COM-mopr (IIO ¢
OTKPBITBIM Ko0A0M mnpujaraercs). OrTpaxkeHue BceX NapamMeTpoB 3apsiiku B
rpagukax u TeKCTOBBIX (ailjiax JTaHHbIX.

OTkpeIThI KOO MUKponporpaMMbl Ha WinAVR (Bce HCXOMHUKH € MOAPOOHBIMHU
KOMMEHTApHUAMH NPHIATAIOTCH)

B03M0XHOCTb MOAK/IIOYEHUS] CAMOCTOATEIBHO PAa3pa00TAHHBIX CHJIOBBIX CXEM.
Bo3M0:kHOCTH OBepK/IOKHHTIa (YBeJMYEeHHs] MOLIHOCTH 3apsiaa/pa3psaaa)



Bcerymiienue.

[Ipomy cuuTaTh [AaHHBI NPOEKT MOAAPKOM JUIsl HAUYMHAIOMIMX MPOTrPAMMHUCTOB U
MOJIEJIUCTOB «HA BCE pyKu». Eciin akKypaTHO Bce /1€1aTh, TO 1 HAYMHAKOIINANA CMOKET MOJYyYUTh
pe3yJbTaT M TOJIE3HBIM ONBIT. B 3TON cTarbe Bbl TAaKKE HAWJETE BBDKUMKH M3 Pa3IMYHOU
JIUTEPATYPbl OTHOCUTENIBHO 3apsIHBIX YCTPOUCTB U BCErO, YTO C HUMU CBSI3aHO.

YCTpOWCTBO COCTOMT W3 IM(PPOBOH CXEMbI, OCYLIECTBISIONICH YHpPaBICHUE JBYMs
cuIoBbIMH. MuHuManbHas KoHpurypamus 3Y — omHa 1udpoBas u omgHa cuioBas. CuioBas
cXeMa MOXKET OBbITh BKIIIOUYEHA B JIF000H U3 pa3beMoB 1-ro wium 2-ro kaHaia. B kayectBe cuinoBoit
npeacrasieHa cxema SEPIC — npeobpaszoBarens u3 128 B muamnaszon ot 0B-258.

Bce 3auHTEepecoBaHHBIE MOTYT 3KCIEPUMEHTHPOBATH C CHJIOBBIMU CXEMaMH, BBIOUpas UX
M0 CBOEMY YCMOTPEHHIO, €CIH TPH ATOM OyayT cOONIOACHBI TPEOOBAHUS «CTaHAAPTHOTO
pazpemay. [Iporpamma, 3ajmoxeHHas B LUQPOBOM cxeme, OyAeT TaKXkKe YCIEUIHO
(yHKIIMOHUPOBATH U HA APYTUX CUIIOBBIX.

B cratpe ommcan mporecc ycranoBkn WinAvr. 3Haronye IporpaMMUpPOBAaHHE Ha SI3bIKE
CH cMOTyT BHOCHUTh U3MEHEHHUS B KOJI MUKPOIPOIPAMMBI, U3MEHATh NIPOLIMBKY U 3AJIUBATh €€ B
MHUKpPOIIPOLIECCOP.

[IpaBunbHO coOpaHHas MO HOMMHAjIaM cXxeMa He TpeOyeT HajaJKH >Keje3a, TOJbKO
MporpaMMHasi OJICTPOiKa KO (HUIIMEHTOB HANIPSHKEHUS U TOKAa C KOMITBIOTEpa.

Bes nononnurtensHas MHPOpMAaIs BEIHECEHA B MIPHIIOKEHHUS, YTOObI HE MyraTh HOBUYKOB.
3axoTrenu yrayOuThCs — OTKpbUIM W mpounTand. OCHOBHAs JHHHUS BEIET HAYMHAIOMIUX K
OBICTPOMY PE3YJIBTATY.

ITepcoHABHBIN KOMITBIOTED

RS232
KinaBuarypa < [Iporpammarop
» < oopty”
AT Mega 32
JnHamuk KKU
Benrtunarop < JUCILIEH
SEPIC - 1 Crabummsanus Crabunmsanus SEPIC - 2
10 TOKY 110 TOKY
Hanpsoxenue
barapes 1 > Tox < barapes 2
Temneparypa




C yero HauaTh?

[lepBoe 4TO BaM HyXHO CAEIaThb 3TO CECTh M MOAyMaTh: A Hago OHO BaM? 3aueM Bam
3apsnHoe ycTporcTBo? Moxket myure Kynuth? [1o Bpemenn Touno Owictpee. 1o nenbram Toxe
MEHBIIE NOIy4YUTcs B uTore. OTBET Ha ATOT BONPOC 3HAETE TOJIBKO Bbi!

Btopoe. HyxHo mpounrtath crathto. [lomyuuB, Takum oOpa3oMm, HOBYIO HH(OPMAIIHIO,
OISITH MepeolieHruTe cuTyaruio. Cuil 1 BpeMEHU XBaTUT JI?

Ecnu permmunucek, 3Ha4uT Briepen 63 COMHEHUI!

Wrak, BaM HYXHO pa3foObITh T/Ie-HUOYAb MIaThl. MOXKHO B CKIIQJIUMHY 3aKa3aTh IUIATHI Y
KaKoTO-HUOYIb M3TroTOBUTENS. M3roroBurento Hamo otnath (aitner: bplSd.pcb — mudposas
cxema, bp15fs.pcb — cunosas SEPIC. Kaxnas miara Oyzaer ctouth B paiione $4 (3a 4 Hemenn)
wim $8 (3a 1 Hememno), HO U3rOTOBUTEIIB 3aPOCHT Y Bac ere 1mo $50 3a moAroToBky (haiaoB s
CTaHKa OJTHOTO BUA TiaThl. KcTaTtu mpu moBTOpHOM M3roToBIeHUHU $50 maTuTh HE HAIO.

Jpyroii BapuaHT IUIaThl MOKHO H3TOTOBUTH CAMOCTOATEIBHO C IMOMOUIBIO TUICHKH
¢dorope3ncTa WM JA3ePHO-YTIOKHOM TEXHOJOTMHM. B 3TOM cilyyae mpuaeTcs NMOMYYUTHCS C
CaMOW TEXHOJIOTMEH, C COBMEIIEHUEM OTBEPCTUH, CO CBEPJECHHUEM OTBEPCTUM U PEIICHHEM
BOIIpOCAa MX MeTaum3auud. Eciau y Bac HET OnbITa M 4pe3BbIYAWHON aKKypaTHOCTH, B 3TOM
HAIpPaBJIEHUU BacC JKJET pa304apoBaHHUeE. S

Jlanee 3akymaeM  BCe€  HEOOXOAMMEBIE  JIeTAIH B
cooTBeTcTBUH cO crmuckoM «BOM» (cMm. Ilpunoxxenune Nell).
Tam »xe naHbl peKOMEHJAIMM IO 3aMeHe Ha aHanoru. llasem
nudpoByto cxemy. CMJl KOMIOHEHTBI JIETKO TMASsIFOTCA C
UCTOJIb30BaHUEM cCHenuanbHoro mnuHiera. CrapaeMcs He oOwmMOAaThCS W MPOBEPSATH BCE
KOMITOHEHTHI TIepe]l BITauBaHUEM (XOTsI ObI TPAH3UCTOPHI).

OTnenbHO CKaxeM, Kak MOTaeTcst ipoccenb. Ecnu 310 Mo-nepmauioi, To 00e MoJIOBUHKU
CKJICUTh Ha MOMEHT. B34Th nBa Kycka 1.4 MM nmpoBoja JauHOM 45 cM, CI0XKHUTh UX BMECTE CO
CABUIOM S5cM. 3acyHyThb B JBIPKY KOJbIAa 10 CEPEIUHBI M MOTaTh CHadaja OJHY IIOJOBHHY,
notoM BTopyio. C Kaxa0i U3 CTOPOH IMOCIEAHHE J1Ba BUTKA MOTAIOTCS OJHUM
MPOBOJIOM M BCTPEUYHO cOeauHsAIOTCS. [IpM MOTaHMM BHYTPEHHHE BUTKH
JI0’)KaTcsl BMecTe 0e3 3a30pa, BHEIIHHME Mapbl MPOBOJIOB OTCTOAT APYT OT Apyra
Ha 3 wmMm. [lng Jyymiero NOpWwKUMaHWs MEIW K KOJIbIy, HaJxo Mepen
MIPOCOBBIBAHUEM B JBIPKY IMPOCTO OOOTHYTH IMPOBOJ BOKPYr KOJbIA, HE
IIPOCOBBIBAsI, @ IOTOM OTBECTH BECh BUTOK Ha3aj (OH HEMHOTO PA30THETCS 110 BCEMY PaIUYCy
KOJIbIIa) U TIOTOM CyeM B JIBIPKY U HATSATUBAaeM - OrudaeM, He IPOCOBBIBASI CIEAYIOIIUI BUTOK, C
3amacoM BBILIENIMBAsE 3 MM Ha BHELIHEM paJHyce UIUIOTHO MpHkumas Ha BHyTpeHHeM. [lepBbie
BUTKH OYAyT HEYAOOHO OTTONBIPUBATHCS, MOTOM Bce OyneT xopoiuo. Hy>kHO MpuHOPOBUTHCS U
IIPOSIBUTH CMEKaJIKy. Becero nosydaercs Ha kosblie 24 mm 11 ButkoB. [Ipu naiike Ha muiaty nojn
Jpoccenb Jydllie MPUKIeUTh Kycok kapToHa 10x10 mm. He GecrokoiTech 0 3aKOpOTKE MPOBOIA
U ceplievyHuKa (y cepleYHHMKa OYeHb BBICOKOE CONPOTHUBIICHHE), a OECIIOKOMTECh O 3aKOPOTKE
poBoAOB. Hu Kakux M30J9TOPOB M MOKPHITUN HE HYKHO JUISl TYYIIEro TeII00TBOA.

d=24

L=50 d="1.4 L=450

d=1.4 L=450

rAo-neprannoid MMED 1
ZoolMu=E0 1 Coolha=350
10-11 BTHOR



IlepBoe BKIIOYeHHEe HM(PPOBOH IJIATHI.

AKKypaTHO MPOMBIBAE€M BCE€ CIUPTOM, YTOOBI HE 3aJIUTh Pa3beMbl, U MPOBEPSEM 3ATUIIBL.
ITorom TecTepoM H3MepsieM CONPOTUBIIEHUE MEXAY «3emiei» u «5B» u «12B». JlomkHO OBITH
00JIbIIE HYJIS.

Heruisiem knaBuaTypy 4 KHOIKHU: OOIIMI KOHTAKT pazbemMa X7 Ha KaXIyl0 KHOIIKY, BTOpbIE
KOHTAaKThl KHOIIOK Ha COOTBETCTBYIOLIMI KOHTAKT pa3bema.

KKH noncoennnseM k pazbemy XL1:A. Ckopee Bcero, Hymepanus HOT Ha pa3beMeE U Ha
XKKMU cosnazer (mposeprte no onucanuo Ha XKKWN). [Toaceerky J)KKU na HL1:B (15 u 16 Hora
TOro ’k€ pa3zbema). Ecim mojacBeTka HE 3acBETWIAch IPU IEPBOM BKIIOYEHHH, IPOCTO
MIOMEHSNWTE MECTaMM NPOBOAKH HIYyIIHE K MOJCBETKE. Pa3Hble NMPOM3BOIUTENM MO-Pa3HOMY
Pa3BOAAT aHOA U KAaTOJ MOJICBETKH.

3ayMbIBajIoCh, 4TO LU(ppPOBasi CXeMa MUTAETCS Yyepe3 CTaHAApTHBINA pazbeM cuiioBoidl. Ho
pa3beM UMeeT HEeHAJIEKHbIE KOHTAKTHI, TI03TOMY HE 3a0y/bTe B KOHIIE COEJCHUTH U(POBYIO U
CWJIOBYIO OTJENIbHBIMH MpoBoJgamMu: 12B mudpoBoil ¢ 12B cHUIOBOHM MOCie MpeaoXpaHUTENs U
COEZICHUTh 3eMJII0 IM(poBOi K 3emiie cuioBod Ha KoHueHcarope C20. Iloka s 3amycka
OTIeNbHO U(pPOoBOI nmonaiiTe nurtanue «12B» Ha 6oibIIoe oTBEepcTHEe O0KojIo DAL, «3emia» Ha
[IEPEXOHOE OTBEPCTUE B YIIly IUIATHI.

Ecmm Bce OK, To npima He OyzaeT, a Ha sxpane JKKU Oyaet yepHas mosoca BO BCIO MEPBYIO
CTPOKY (WJIM 2 TOJIOCHI, MM HE OyAeT MOJOC — 3TO TOXe HOpMaibHO). Eciau mosjockl HeT,
nonpoOyiite nomensaTs Mectamu R3 u R4 — 310 konTpactHoCcTh JKKU. Ecniu KOoHTpacTHOCTH Bac
HE YCTpauBaeT, MompoOylTe BMECTO OJHOTO M3 HHMX IOCTaBUTh IMEPEMBIUKY, a BTOpPOE He
BIAWBATh WJIM HA00OPOT.

Tenepb HE00X0AUMO 3arIporpaMMHUpOBaTh Iporeccop (cM. [Ipunoxenue Ned).

Ecnu nporpammupoBanue npomnuio ycnemHo, Ha JKKW BbICBETUTCS TPUBETCTBUE U B Ballly
4eCTb 3aUrPAET My3bIKa.

Ecnu y Bac ner )KKUW w/unu Her knaBuaTypsl, Bbl MokeTe ynpasiath 3Y uepe3 COM-
nopT. Iy 3TOro 3amycTUTE MPOrpaMMy «Zu.€Xe», COEIMHUTE Balll KoMmmbioTep U 3Y (pazbeM
X1) cranpaptaeiM mHypoM COM-COM (mama-mama) u mnopaiite nutanue Ha 3Y. 3arem
OTKpoiiTe U3 nporpammsl HykHblii COM-niopt. Ha BTOpo#i 3aknanke ynpasiseM 3Y B «pydHOM»
pexume.



ITepBoe BKJIIOYECHHE CHJIOBOI IJIATHI.

Ecnu y Bac ¢ mudpoBoil Bce mpouuio Ha ypa, TO U ¢ CHIOBOH Oyzmer Takxke. Ecnu Ha
UG poBoi TIaTe OBLIN OIMOKH, TPOBEPHTE MO aHAJOTMU OIIMOKH Ha CUJIOBOH uarte. Jlanee Bce
Kak ¢ I[U(QpPOBOIl: MPOMBIBKA, 3aJMIIbl, COMNPOTHUBIIEHHWE mNHUTaHUA. [l ymydmeHus
XapaKTepUCTUK CUIOBOM MOKHO Ha JIOPOKKU HamasTh MeaAHbIH mpoBox d = 0.5-1.5 MM, a MOXHO
U HE MasTh, a IPOCTO 3aJUTh OJIOBOM.

3eMitro IU(PPOBON COSMHUTE JOMOIHUTEIBHBIM MPOBOAOM C 3eMilell cuitoBoii okono C20,
a +12B mmdpoBOl TOMOJHUTEIHHBIM TPOBOJAOM COEAMHHUTE C BXOJOM CHJIOBOH TIOCIE
npenoxpanurens. T.k. Ha mudpooit Haxoxaarcs BeHTwiasTop M JKKU (koTophle KylnaroT
HEMajo), a 'CTaHJAapTHBIA pa3beM" HEBBICOKOTO KauyecTBa, TO ATO TMOBJIHUSET HA TOYHOCTH
u3Mepenuil. CoequHuTe M(PPOBYIO U CHIIOBYIO Yepe3 CTaHJIApTHBIA pa3beM U MojaiTe muTaHue
Ha cwiIoBylo. S, Hampumep, nojaBan nuradue ¢ kommneiorepHoro bBII (ATX u3 mocnennux). ¥
HUX 12B oueHb MouHble. Y BII ecTh 3ammuTa Mo TOKy, 3TO OY€Hb YJOOHO: €CJIM YTO HE TakK,
IIPOCTO BBIKIIIOYaeTcs U Bce. [Ipu mepBoM BKIIFOUEHUH CUJIOBOW MOIIHBIE KIIFOUH U JTUOJ MOKHO
HE BIaMBaTh, YTOOBI YOEAMTHCS, YTO HA 3aTBOpAX MPHUCYTCTBYET 3alUpPAIOLIUA MOTEHLIUAT U
nposeputh padoty ®HY (cm. MucTpykiuto o skcrutyarauuu). Ecnu Bce OK, BnanBaeM kittouw,
B pazbeM X2 (LOAD) BnanBaem Harpy304HOE COIIPOTUBIICHHE WM MEPEMBIUKY MJIU JIAMIIOUKY
wiu mMonynb IlenbTre. [logcoennnseM BMECTO 3apskaeMoro akKyMyJisiTopa Moce0BaTeNbHO 2
namnouku Ha 12B 50 Barr n HactpauBaem 3Y ¢ NOMOUIBIO MOCIEIHEN 3aKJIaJKN MPOTrpamMMBbl
zu.exe (HaxmMuTe KHOTIKY «Ilomotby).

T.k. 3TO He KOpPOOOYHBIH BapHAHT C TApaHTUSAMHU OT IPOU3BOAUTEINS, MPHUAETCS BCe
MIPOBEPSTH HA CBOUX aKKymyJisiTopax. bepem 3V, akkyMynsTop, KOTOPBIM HE XKaJIKO, aMIEPMETP
U BOJBTMETP (OAMH TIOCIENOBATENBHO, OJUH MapauIebHO aKKYMYJISATOPY) M 3alycKaeM
3apsAAKy, a caMH HEOTPBIBHO CMOTPUM 3a COBHNaJeHHEM Moka3zaHui Ha 3Y u nmpubopax. Ilpu
BO3HHUKHOBEHHUH JIIOOBIX MOJI03PEHHUH HAa HECTAOMIBHOCTD, BCE aHAIU3UPYEM H ITPOBEPSIEM.

Ecnu BBl pemiiv caMoCTOSITENIBHO Pa300paThes, MPOYUTANTE KpAaTKOE ONMMCAaHUE KaxXI0i
IUIaThl, TAM JIA€TCS PA3bsICHEHUE 110 KaXKAOMY JIEMEHTY cxeMbl. [IpoBepsiiTe CurHasabl Ha HOrax
mpoleccopa, Ha CTaHJapTHOM paszbeMe. [loMHuTe, Bcs mHGpOpManus y Bac yXe €CTh, HaJo
IIPOCTO TOAyMaTh M He cnemutb. He paccmaTpuBaiiTe TpyOHOCTH Kak HENPEOJOJIMMBIE U
HENpPUATHbIE, a CMOTPUTE Ha HUX KaK Ha BO3MOXXHOCTb MPOSBUTH CMEKAJIKY HJIM BO3MO>KHOCTb
peiuTh HHTepeCcHbIi pedyc. Bee paBHO, Koraa-HUOY b BCE MTOITYUUTCS.

Ecnu y Bac Hu4ero He moijy4aertcs, *JeM Bac Ha GopyMe. Y3HaB MPABHIbHBIN OTBET, BbI
IIOCMEETECHh HaJl €ro MPOCTOTOM WM Y3HAETE YTO-TO HOBOE.

Ecnu BBl pemmnu 100aBUTh TUIOB aKKyMYJIATOPOB WM HUCIPAaBUTh UX, MPOUYUTAITE MPO
xumuto [Ipunoxenne Ne8 Ne9 n onncanue nactpoek 3V Ilpunoxxenue Nel4.

Ecnmu Bel 3Haere s3pik CH, TO y Bac €CTb BO3MOXKHOCTb HU3MEHATh NpOrpamMmy U
HKCIEPUMEHTUPOBATH ¢ MPOIIUBKOIl nporeccopa (cm. [Tpunoxenne Nel0).

Ecnu BBl pemmiam MoBBICUTh MOIIHOCTh 3Y WIM YBEIWYUTh JUAINA30H HANPSHKEHUN, BaM
HaJ0 IPOYMUTATh BCIO CTAThIO.



Kparkoe onucanue uupoBoi cxeMbl.

3amaua nudpoBOil CXeMbl 00ECTCUYUTh MPOTPAMMHUPOBAHKE MPOILECCOPa, MOAIEPKUBATDH
pasroBop (MHTEpdeiic) ¢ Mmoyib30BaTeNeM Yepe3 KIaBUaTypy M OOJIBIIMM KOMITBIOTEPOM dYepe3
RS232, orobpaxats Bcio HeoOxoaumyro uHpopmanuio Ha KKH, mogaBath 3ByKOBBIC CUTHAJIBI,
YHIpaBJIATb BEHTUIATOPOM OXJIAKACHUSA CXCM, OI_[I/I(i)pOBBIBaTI: PA3JIMYIHBIC aHAJIOTOBBIC CUTHAJIBI,
MOCTYMAIONIME C CHJIOBOHM, BBIIABaTh COOTBETCTBYIOIIME CUTHAIBI YIPABIICHUS Ha CHIJIOBYIO
cxemy JJis o0ecriedeHus 3apsja, pa3paaa akKyMyJIsiTOPOB.

HudpoBas cxema COCTOUT U3 CIEAYIOIMIUX JIEMEHTOB, BBIICJICHHBIX HA TMPUHIUITHAIBHON
cXeMe B OTJIeNIbHbIE ()ParMEeHTHI:

1. Muxponpoueccop ATMega32 u sementsl 00Bsi3ku. C9, C10, Z1 — ctangapTHas cxema
MOAKIIOYEHUs] BHEIIHEro KBapueBoro pe3onaropa. R1, Cl1 — 3agepxka 3amycka
mponeccopa, mokKa Harps>KCHUE HE JOCTUTHET HYXKHOI'O YPOBHSA IPHU BKIIFOUCHHH.

2. Iluranue wu3MepuTeabHbIXx wuemei. L1, L2, C3, C6, C8, C2 — »siemMeHTH
o0ecrneunBaoIne OOJIBIIYI0 TOMEXO03AIIHUIEHHOCTh U3MEPUTENLHOM 3€MIIU U TTUTAHUS.

3.  Craduwmmsarop 7805 obGecneuuBaer +5B g nutanus npoueccopa AT Mega32 u nns
MHUKpOCXeMBbI coriacoBanus HampsikeHuit COM-nopra MAX232. Cl, CS5, C12, C14, C15,
C18 ¢unbTpyloT HaBOAKM Ha IMHE nuUTaHus. OHM pacmpeneneHbl MO BCed IulaTe |
JOJDKHBI OBITH PACIIONIOKEHBI B HETIOCPEACTBEHHON OJIM30CTH OT MOTPEOUTEINEH.

4.  Cradonauszatop 7809 oOecneumBaer +9B ISl NMUTaHUS OINEPALMOHHBIX YCHINTENEH
LM324 na cunossix miarax. C4, C7, C13 — ¢puiabTpyrOT HABOJIKHM Ha IIUHE 9B.

5.  TloakaroyeHue BEHTWIATOPA I OXJaxaeHus cuiioBbix miat. R20, R21, R22, VT3, VTS5
— YCWJIMTEJNb CUTHAJIA ¢ Ipoleccopa i MoAauud NuTaHusi Ha BeHTwiaTop. VD9 — 3amura
OT UHJIYKTUBHBIX OPOCKOB HAIPSDKEHUS OT MOTOPa BEHTUJISATOPA.

6. Toaknwvenune 7KKH 4 crpoxu mo 20 cumBosioB. R2 — obecneunBaeT HYXHBIA TOK JJIS
nutanug noacetku JKKM (HL1:B). R3, R4 — 3apaoT yron mnonsipu3aluy >KUAJKUX
kpuctauioB XKW wnu xontpactHocth. HL1:A — pazsem nna moxkmrouenust KKU.
Pacnaiika pazbema, ckopee Bcero, coBmnazeT ¢ pacnaiikoit camoro JKKU.

7. Tloakaw4yenue aguHamuka. RS, R23, VT] — ycunurens curhama c mnpoueccopa Ha
quHaMuK. VD1 — 3amuniaer cxemy OT MHIYKTUBHOCTH IMHAMHUKA.

8. Iloakuarwouyenue 3-x naryukoB temmneparypbl LM3S. TepMomaTunku NMOAKIIOYEHBI K
pazbemam X4, X6, X8 — OHM MUTAIOTCS OT 3€MJIM U 5B. 2-1 HOra Ha pa3beMeE - 3TO CUTHAJ
natunka. OH B amama3oHe oT 0 10 5B, B 3aBUCUMOCTH OT TEMIEPATypbl. DTOT CHUTHAJ
npomyckaetcst uepe3 RC nenouky (R17C28, R18C29, R19C30) u ornpasnsercs Ha AT
npoueccopa (TO, T1, TC).

9. IloaknaoveHue KIaBHATYpbl. X7 pa3beM MOAKIIOUEHUS KIAaBUATyphl. 5 HoOra pasbemMa
obmas Juist BceX 4-X KHOIOK, OCTaJbHbIE KOHTAKTHI pa3beMa HUAYT K COOTBETCTBYIOLIUM
KOHTaKTaM KHOIIOK.

10. TloakaovyeHue CWIOBBIX IUIAT M CXEMBI COTJIACOBAHUS W3MEPUTEIBHBIX CUTHAIOB. C
CWJIOBBIX IUIaT MPUXOIAT u3MepurenabHble curHaibl Toka (I IN) u manpsokenus (V_IN),
oun npoxomiatr uepe3 RC ¢umbprp (R13C24, R14C25, R15C26, R16C27) u 3amuTHBIN
cnapenssiid muoxa (VDS, VD6, VD7, VDS). ITorom onu uayt Ha AL mporneccopa (10, VO,
I1, VI1). Otgenbnas cxema R6, R7, R8, C23, VD4 penutr nHanpspkeHue nutanust 128 110
ypoBHS <5B, GpUIbTpYyeET, 3ammuiiacT u Toxe Ha AL mpomeccopa (V12).



11.

12.

IHoakmouenne MAX232 k COM-nopry KoMIbIOTepa Uil YNPaBICHUS 3apsiIHBIM
YCTPOMCTBOM C MEPCOHAIBHOTO KOMITBIOTEpPA U IMOJIYUYEHHUS JIaHHBIX O XOJI€ BBIIOJHEHUS
sapsaku/paspsakun. MAX232 u 5 xowgencaropoB (Cl6, C17, C20, C21, C22)
oOecneunBalOT cornacoBanue curHaioB TXD, RXD wmexny 5-TH  BOJBTOBBIM
npoueccopoM M 12-tu BonpTOBBIM cTraHaapToM RS232. [loaxmroueHnue uepes MAX232
pabotaet ctabmibHO 17151 Bcex COM-mopToB u smyssiiuii yepe3 USB.

IIporpammarop PonyProg mi1 mnepBHYHOrO NIPOrpaMMHUPOBAHMS IMPOLECCOpPA H
OOHOBJICHHs TpOIIMBKKM B ciydae HeoOxomumoctu. VT2, R11, R12 obGecneunBator
nepeBog RESET B axtuBHOoe cocrosHue OB - cOpoca u mepexoja B PEXKUM
nporpammupoBanusa. CurHan MISO wuner ot mporeccopa (0-58) k kommbroTepy (0-12B)
Hanpsimyto. Curnanst MOSI u SCK uayr ot xommnbiotepa (12B) x mpoueccopy (5B) u
MO3TOMY HX HPUXOAMUTCS MOJApe3aTh CBA3KOM compoTuBieHue cradbunurpoH (ROVD2,
R10VD3). IIporpammarop mokazan ceOss HecTaOMIbHO Ha HedecTHO craenaHHbix COM-
noprax. IIporpaMMaTop He TEPIUT HUKAKUX SMYJSIIMHA U 3anepxkek. K coxaneHnto 3To
TakK.
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WHIYKTUBHOCTBIO)

CunoBas cxema SEPIC

SEPIC  (single-ended primary inductance converter,

npeoOpa3zoBareib C HECHMMETPUYHO HArpyKEHHOW TEePBUYHOMN TJ
LT

SEPIC

st ctpororo o6wsicnenust SEPIC pekomenyto npounrtars [1]

WJIY TIEPBOUCTOYHUK [2].

BoT mpocTeie paccykaeHus, KOTOpble MOMOTYT MOHATh mnpuHIuI padotsl SEPIC Ha

YPOBHE JIFOOUTEIIS:

SEPIC - 53TO0  MOJEpHU3MPOBAHHBIM  MOBBIIIAIOIINN
npeoOpazoBarens (Boost converter) B KOTOpOM  pOJib J?
pa3fenuTenst MEXIY BXOIHBIM W BBIXOJHBIM HaIPsDKEHHEM T . T
UrpaeT KOHAEHcaTop, a He AuoA. biarogapst aTomy, Ha BBIXOZE Boost converter

MBI MOKEM HMMETh HalpsDKEHHE Kak OoJible, TaK M MEHBIIe
BXOJTHOTO.

B namewm cnyyae (12B => 0-25B) ciieBa OT KOHJEHCATOpa TOKK B HECKOJBKO pa3 OoJbIe
yem cripaBa. Ecnu cripaBa 5 Amnep 3HauuT cieBa >15 Amrep.

Hpoccenn L1 u L2 paboTaroT CHHXPOHHO (OAHOBPEMEHHO 3apsDKAIOTCS U OJTHOBPEMEHHO
paspsKaroTcs), IOITOMY HX MOXKHO HAaMOTaTh Ha OJHOM cepaeuHuke. Kornma kirou
oTkphIT, L1 1 L2 3apsxarorcs.

Hdpoccenn  pabotaroT B OJHONOJSPHOM  pexuMe  (HaMarHUTHIIH,
pa3MarHUTUINCh, HaMarHUTUIM TOH JK€ IMOJSIPHOCTBIO, Pa3MarHUTUINCh U
T.A.), TIOATOMY, NPH HCIOJIB30BAHUMU 3aMKHYTOTO CEpAEUHHKA, HEOOXOIUMO
crenarb wienb Ui YMEHBUICHHS OCTaTOYHOM HamarHuueHHocTH. B II-00pa3Hbix
CepJeYHUKaxX IIeNb JIydlle AejaTh B CpelHeM oTnaene. MOXHO MPUMEHSTh
MaTepHualbl C pacmpeseneHHbIM 3a30poM. IlopomikoBoe xene3o (KenTble
WM 3eJIeHble Koblia u3 KomnbiorepHoro bII). Ux nyume npumensts go 50
k1. Oto He Ham ciyyaif, y Hac 250 xI'u. Ilepmamnoit MII-60 u CoolMu
(M10=60) Ham noxxonat unaeainbHo. MII-140 Toxxe moaXoaiT, HO XyXKeE.

ITpu manoii Harpyske Ha SEPIC KII/I - Hu3Kkoe M3-3a 110/a U HE TOJIBKO, OH IOCTOSIHHO
OTKpBIBaeTCsl U 3akpbiBaeTca. CylIECTBYIOT PEXHUMBI, KOT/la AMOJ IOCTOSHHO OTKPBIT,
torga KIIJI makcumaneHn u gocturaer 95%.

Jpoccenu mydmie MOTaTb TOJBKO B OJUH CIOH BJOJb BCErO CEPACYHUKA TOJICTBIM
npoBogoM 1.32-140 mm wimm ckpytkod u3 3x xuia 0.8 MM Kak 3TO cleinaHo B
coBpeMeHHBIX KoMIbloTepHbIX BII. CkpyTKOl MOTaTh O4€Hb HE yI0OHO. Y MEHS TaK U He
MOJIyYMJIOCh CAENIATh ATO aKKYPaTHO.

CpenHuii KOHIEHCATOp HAJI0 OpaTh C MUHUMAaIbHBIM HMIenaHcoM (Hanpumep SMD), tak
4TOOBI €ro eMKOCTh Oosiee ueM B 20 pa3 mpeBbliana KosuebdaHus 3apsijia B nepuone, 1.e. 10-
20 Mx®. Bea momuocts SEPIC npokaunBaeTcst nepeMeHHbIM TOKOM MMEHHO 4Y€pe3 3TOT
KOHJIEHCATOp, HECMOTPSI Ha TO, YTO OH OueHb MajieHbkuii (Y5V, 10mMkd 50B).

beicTponelicTBue Kiro4a M aAuojga o4yeHb CwibHO BiusAOT Ha KIIJ[. ®poHTe Ha K04

JOJDKHBI OBITH MAKCUMAJIbHO BEPTHKAIBHBIE, IUOJT JOJDKEH OBICTPO MEPEKITIYaThes, T.K. ¥
Hac Oyner yactora 250 kI'mI.
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9. BXOmgHON KOHJIEHCATOp HU3KOUMIIEJAHCHBIM DJIEKTPOJUT OONBLIION EMKOCTH U
TaHTAJIOBBIM B Mapasijiesib K HeMy JJIsi BO3MOKHOCTH MCIOJIb30BaHUSI UMITYJIbCHBIX OJIOKOB
nutanus. KonaeHcatop a0keH ObITh MakCHUMAajbHO TNPIJKAT K IUIATe, T.K. HOXKKH JaxKe
MHJUTUMETPOBOM JUIMHBI CUJIBHO YXYJAUIAIOT €r0 UMIIEIAHC.

10. BbIX0/1HOM KOHJEHCATOP HU3KOUMIIEAAHCHBIN 3JIEKTPOJIUT OOJIBIION eMKOCTU (M HE OJIUH)
Y TAHTAJIOBBIN B Mapajuieb K HeMy Ui 0oJiee TOYHOTO U3MEPEHHUsI HANIPSHKEHUS 3apsAIKU U
yIy4IIeHus: paboThI e 00pAaTHOW CBS3M CTAOMIIN3AIUH 110 TOKY.

CuiioBasi SEPIC coctouT U3 cile1ylOIIUX 3JIeMEHTOB:

1.  CranpaptHbli pa3beM. R15 — noaTsaruBaeT onopHslid CUTHAJI Ha 3€MJTIO, HA CIIy4al, eciiu
MI0JIb30BAaTENb 3a0bLT MPUIETIUTH CUIIOBYIO K IMppoBoit. C15, C16 — Oydepa nuranus.

2. ®HY 2-ro mopsaka (Sallen Key cm. [8]). ®unbTp HU3KHMX YacCTOT coOpaH Ha
onepauuoHHoM ycunurene DA3:1. [l kauecTBeHHOM pa®oThl QuiIbTpa HEOOXOIUMO,
9T00BI HOMUHATEI 00Bs13kH (R19, R20, C17, C14) 6butn coOmronens! ¢ 1% TOYHOCTBIO, HO
ecny Bbl noctaBute 5%, To Toxke pabotars Oyzer. R19 B maeane nomxen 6bITh 5.9k, HO
TaKOro HOMMHaJa HET, €ro MOKHO CNasATh JOMUKOM U3 2-x CM/I, eciau 04eHb XoueTcsl Win
noctaBuTh 5.6k+5%, monobpaB ero u3 psaga umerounuxcs. Ilocne ¢unbTpa crouT
yeunutenb DA3:4 u conporuBnenune R21 nns ymenbmienust BinusHus C6 u3 0OBSI3KH
TL494 na paboty ¢unbtpa. LM324 wnu ee aHanmor, KOTOpBIM Bbl BHASUIH B CXEMY,
pabotaeT He Ha BceM auana3one HanpspkeHuil (He Rail-To-Rail — ot 0B 1o 9B), mosToMy Ha
Bbixoge ®HY Mb1 OynieM umeTs curHan npumepHo ot 0.2B 10 5B.

3.  H3mepuresb TOKa — WIYyHT M ycuiaurteab. R8RY9 RI2RI13 — sto xutpslii mryHT. Bee
COIIPOTHBIICHHS 3a/IBOCHBI, YTOOBI YMEHBIIUTh COMPOTUBJICHUE IIYHTA U B TOXKE BpeMs
HomuHan 0.1 OM Jlerko HaWTH cpeau OTEYECTBEHHBIX. Takas KOHCTPYKLHMS IIyHTa
Heo0Xxo/1uMa, 4ToOBl ¥ IPU TOKE PA3PSAAKH U MPHU TOKE 3apsSAKH, KOTOPhIE TEKYT B Pa3HBIX
HaIpaBIICHUAX, HA JIMHUU 0OpaTHOU cBA3u FB ObuIo MONIOXKHUTETHHOE MO OTHOIICHHIO K
3emiie najeHue HanpsbkeHus. B Mukpocxeme TL494 mpoucxoguT CpaBHEHHE ONOPHOIO
curHana (ATMega32=>1lIUM=>OHY=>] SET - 2 Hora), KOTOpbI HaxoguTCs B
nuamazone 0.2B 1o 5B u curnana (ILIYHT=>FB=>YCUJIUTEJIb 1:10=>1_OUT — 1 Hora),
kotopelil ocie noarskku R11R14 cran 0.03B, a mocne ycunenus 0.38-58. T.o. onopHoe
HanpsDKeHue, 3ajatomee ToK, MeHbiie OOpaTtHoil CBs3u, a 3HAUUT, MpHU MoJaue
paspemienuss Ha ko4, TJI Oyzmer cmaTh M He HayHeT paboOTy C TeHepauuu ¢
MaKCHUMaJIbHOTO ckauka. OO0 3TOM HaJl0 MOMHUTH MPHU HAMCAHUH MUKPOIPOTPAMMBI, 4TO
IIpU BKJIIOYEHUHU pa3pelIeHHs Ha CHUJIOBbIE KJIIOYM HadallbHOE ONOPHOE, JOJKHO OBITh
menbIie OC (FB).

4.  TLA494, ee 00BsI3Ka 1 cxeMbl paszpemeHus 3apsaku/pazpsakua. Cl1, C9, L3 obecneunBaior
nutanue TL494. RS, C10 3amarot wactory IHIMM TL494 250 xI'it (s Texas Instruments
F=1.0/(R5*C10), mns Motoponsr F=1.1/(R5*C10)). R3, R4 3amaroTr MaKkCHUMalbHYIO
CKBaXKHOCTD (HE 6osee 50%), T.e. makcuManbHyto MomHocTh SEPIC. DA3:3, R16, VT4 —
CXeMa CpaBHEHHS HaIPSKEHUsSI Ha aKKyMYJsTOpe (MOJEICHHOTO 0 SB) M 3TAJIOHHBIX SB.
Ecnu nampsbkeHne Ha akKymylsiTope TIpeBbIcWIIO 25B, TOo TeHepanmus Ha TL494
OnokupyeTcsi. DTO HY)KHO Ha CIy4ail OTCOCJMHEHHUS aKKyMyJsiTOpa B MOMEHT 3apsi/KH,
T.K. Ctabunu3anus ToKa pPe3Ko TMOJHHUMET HampspkeHwe Oe3 Harpy3ku. R23, R25, R28,
R29, VT6, VT8 B 3aBucumoctu or CH_ON (3apsiika) pa3speimiaeT mojaady CHUrHajga C
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TL494 na npaiiBep u nanee Ha cuioBble kmoun. R22, R24, R26, R27, VTS, VT7 B
3aBucuMocTu oT DCH_ON (pa3psiaka) npomyckaet curHan oT TL494 Ha pa3psHbIil KITiod.
CH ON u DCH ON Henp3ss OJHOBPEMEHHO BKIIOYaThb U3  YIPABISAIOLIEH
MHUKPOIIPOTPaMMBI.

Henocpeacreenno SEPIC. Jlna yBenuuenust KIIJ[, nemnoro nopadboraem SEPIC. BmecTo
onHoro kiova nmoctaBuM a8a VT1, VT2 u ynpaBnare umu Oynem npaiisepom MAX4420
wn TC4420, koTopelii MOXXET BbIIaTh TOK 10 6A — mo 3A Ha KaXAblil KIOUY.
Comporusiieanst R1, R6 orpannumBaroT TOK, 4TOOBI 3aTBOPHI HE Mporopenu. Bce atm
aMIiepbl HaM HYXHBI JJI1 CKOPOCTH 3apsKA U Pa3psIKU €MKOCTH 3aTBOpoB kitouen. Cl,
C7 obGecneunBaror nuranue napaisepa. L1, L2, C2, VDI, C8, C3, C4, C5 — oObIuHbIC
cocrasistouie SEPIC.

HN3mepurens HanpsixeHus - geaurenb. R2, R7 nenar nanpsokenue OB - 258 10 ypoBHS
4.98, yT0OBI €ro MOKHO ObLTO M3MepuTh Ha ALIII npoueccopa.

Cxema paspsaku. VT3 paspsokaeT akkymyasaTop Ha cebs wim Ha Harpy3ky. OH
ucrnonb3yercss B JuHeHHOM pexume. TL494 mnonbupaer ckBaxnocts. R10, CI12
GUIbTPYIOT €e M JaloT TaKOW CHUTHaJ Ha 3aTBOP, YTOOBI TOK Yepe3 MOJYOTKPBITHIN
TpaH3UCTOp OBLT paBeH 3agaHHOMY. YTOOBI yMEHBIIUTH TEIUIOBYIO HArpy3Ky Ha
TPAH3UCTOP, B pa3beM X2 HEIUIOXO OBl BMasATh KaKyHO-HUOYIb Apyryto Harpysky: TOH,
JAaMIIOYKY, CONPOTUBIIEHUE HA paguaTope, 3iaeMeHT [lenbTbe.

3aumTa OT IIPEBLINICHUA H IMMEPENOJIOCOBKM Ha BXOJC. CTa6I/IJ'H/ITp0H Ha BXOJIC
3alqumacT OT TMCPCIOJIFOCOBKU TIOAKIIOYCHUSA W IIPCBBIMICHUSA HAIIPSIKCHUA. Ero
MOIIHOCTHU JOJIXKHO XBaTUTh, YTOOKI CHAJINTh MpEaAOXPAHUTCIIb. Ho x coxaneHHIo Takmx
CT8.6I/IJ'II/ITp0HOB He HalTh. M0>KHO MOCTaBUTH IIpocTO AUOA.
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IIpaBuJIbHOE MOAKIIOYECHHE MUTAHUA K CWIOBO M iU poBoi

[Mogxrouenne uMdpoBOM YacTW K CWIOBOW - HETPUBHAIbHBIM mpouecc. s
oOecreyeHnss HaUMEHBIIUX IOMEX IPU H3MEPEHUH HANPSIKEHHs, OCOOEHHO B pEeXHMax C
OOJIBIIMMU TOKaMH, HEOOXOIMMO TMOAKIIOYUTh CHIIOBYIO KaK IMOKa3aHO Ha pUCyHKe. B manHOM
Cllydae OT IEPEMEHBI MECT CJIaraéMbIX CyMMa n3MeHserca. HecMoTps Ha To, 4TO 1O rajbBaHUKE
3TO OJIHO M TOXKE, [0 IOMEXaM 3TO JBE OOJbIINE Pa3HHILIBI.

CHTOBAA
o 1 - Barapen
CEIIIK AKRKYMYIIATOPOB
CrabrmsaTop Himepn
BIIox mmraHma TOKA TeTs
’ A

GIND

aal
ITudporan
CcXeMa

£

3eMuss HU(pPOBOI cXeMbl, 3eMJIsl CTAOWIN3ATOPA TOKA HA CUJIOBOW J0/KHBI ObITh
NMPUCOEeIMHEHbI K CHJIOBOM 3emJjie mepea myHToM (Ha konaeHcarope C20). OoOparure
BHHMAaHHUeE HA 3TOT (PaKT BJaJeJblbl NPeIbIIYIIUX BEPCHid.

SEPIC notpebnser 10 20A. OGecneunTs HY)KHYIO TOJIIMHY MPOBOJIOB HA MOHTa)KHOM
[UIaTe OYeHb TSHKETIO, MO3TOMY 3eMJIsl OyAeT CHIBHO 3alllyMJieHa Ha BXoje cuioBoil. Eciu tyna
npuienuth 3emito mudposoi, T.e. ALl mpoueccopa OyaeT MepuTh HaNpsHKEHWE Ha BBIXOJIE
OTHOCUTENIFHO 3€MJIM BXOJld. DTO NPHUBEAET K CHUCTEMATHYECKUM OIIMOKAM /10 HECKOJIBKHX
BOJIBT, a HaM HyxkHa TouHOCTh 0.01B. Hukakoe ycpenHenue 3nece He nomoxet. [IpaBuinbHOE
MOJIKJIFOUEHHUE 3€MJIM JacT TOYHOCTH 210 0.05B B AHAMUKE.

®dunocodekuit Bompoc: HykHa nu Takasi TOYHOCTh B AMHAMHUKE MPH OOJIBIIUX TOKax?
ToyHOCTh W3MEpEeHUs HANpPSOKEHUS HYXKHA B 3aKIIOUUTENBHON a3e 3apsiK, KOrjaa TOKH
MaJble, TI0ATOMY TOYHOCTh TaM IOJy4yaeTcsl BbicoKas. KpoMe Toro, MHOTHE 3apsKkyd U3MEPSIOT
HanpsDKeHUE B CTaTUKE, Ja elle, mocie Hebonboro paspana. Hamr otser: JIMmHAS TOYHOCTD He
nomeniaer!



Muxkponporpamma.
bbuta momelTKa HamucaTh NPOTrpaMMy Kak MOXHO TIpOIIE M TOHSTHEE, YTOOBI
HAYMHAIOIIMKA MPOrpaMMHUCT MOT OBICTPO BHUKHYTh B CyTh, HO HU3-3a Pa3MEpOB TEKCTa U
KomyecTBa (HailJIoOB KaKeTCs, YTO MOJYYHJIOCH CJOXHO. Hmke ONHUCHIBAIO CTPYKTYpPY
nporpamMmbl.  [Iporpamma  Hamumcana  Ha ~ OecIUIaTHO — paclpocTpaHseModW — cpene
nporpammupoBanust WinAvr (cm. [punoxenune Nel0).
Hawnbonee momHO O JOrMKE MNporpaMMbl MOXKHO Yy3HaTh M3 caMOMl mporpamMmbl. S
UCTOJIb30BaJ OJHU U T€ ke 0003HaueHUs B MHMKpPO, MAaKpO M B NMPUHLUUMHUAIBHBIX CXEMax, a
TaK)Ke He kajesl KOMMEHTapueB.

1. T'maBHas mporpamma, TJIaBHBIA (aiil: «main.cpp» BcE OCTabHBIC (alabl 3TO BCTABKH
(#include ...) B aTOT (haiin.

2. Tlocne xommuisiuu «main.cpp» moiydaercs 2 daina: «main.hex» u «main.eep» - 3TO
npommBku 11 FLASH u EEPROM npoueccopa ATMega32, Ho He 3a0yapTe 0 OuTax
koHurypanuu FUSES. Ux Hago npomuThs B MEPBYIO OYepeb C MOMOIIBI0 MPOrpaMMbl
PonyProg (cm. Ilpunoxxenue Ned u Ne5).

3.  «ZU.pnproj» - 310 aiin npoekta. B Hem omumcanbl Bce (ailyibl I OTPKECHHS HX B
oboouke pegakropa «c:\winavr\pn\pn.exe». Kcratu, eciiv Bel akTUBHO OyJieTe paboTath ¢
MIPOLIMBKOM, BBl MOXETE MPSIMO M3 peJakTopa €€ CKOMIWINPOBAaTh U 3al1uTh B 3Y (CM.
[Tpunoxxenune Nel0).

[Tpu HanMcanuu nporpammsl 11t Hatrero 3Y, Mbl Oy1eM HCIIONIb30BaTh MPEPHIBAHUS.

Muxkpornpoiieccop 0OBIYHO BBINOJIHAET BCe KOMaHAbl Mo ouepenu. IlpepsiBaHus — 310
MEXaHM3M IICEBJI0 paclapajieIMBaHMs BBIYMCICHUH - MPOLIECCOp IPEPhIBAET HOPMAIbHBIN X0
MOCJIEI0BATEIHHOIO BHITIOJHEHHSI IPOTPAMMBI «BCE IO MOPAIKY», 3aIOMHUHAET CBOE COCTOSHUE
¥ HAYyMHAET BBINOJHATH MOANpPOrpamMMy o00paOoTku mnpepsiBaHus. llocie ee BBIMOTHEHHS,
MIPOLIECCOP BCIIOMUHAET CBOE COCTOSIHHE JIO0 MPEPBIBAHUS U MPOAOKAET BBINOJHATH OCHOBHYIO
nporpamMmy. Koraa st TOBOpIO O HpephIBaHHSX, S UMEIO B BHJYy KaKOE-TO Ba)KHOE COOBITHE,
KOTOpOE MPOU30ILIO ¢ mpoueccopoM. Hampumep: cuetunk gaocuurtan 1o Makcumyma wid AL
3aBEpIIWIIO MTPeoOpPa30BaHUE WM 3aBEPLIMIICS MPOIECC Mepeiadyn 1O MOCIe0BATEIbHON IINHE.
B namem nponeccope AT Mega32 okono 15 BumoB mpepbiBanuil. Mbl OyaeM HCIOJIB30BATh
JUIIb TSTh U3 HUX.

OcHOBHOH TmpoliecC MPOU3BOAUT JBUKEHHE IO TJIaBHOMY MEHIO M YCTaHABJIMBACT
pa3nuYHbIe MEpPEeMEHHbIE, KOTOpPbIE SBISIOTCA MapaMeTpaMmu JJisi paboThl alropuTMa 3apsaa u
paspsga. OrpoMHOE pa3BETBICHHOE MEHIO IBITAEMCS COCTaBUTh, UTOOBI MOJIb30BaTENb 0€3
MHCTPYKLMM MOI J0rajarbcs, 4TO €My HaJI0 JeJlaTb U HE CMOI' JONYCTUTh KPUTHYECKHX
OLINOOK.

O6pa3 mento xpanurcs B0 FLASH u cocTOMT U3 CTpPOK, KOTOpPBIE B CBOIO OYepe/b,
COCTOSIT U3 HAa3BaHUS CTPOKH, INIyOMHBI 3TOM CTPOKM B MEHIO U HJECHTHU(PUKATOpPA CTPOKH, IO
KOTOPOMY OIIpeJIeNIIeTCs MOANporpaMmma 00paboTKH 3TOW CTPOKH.

[Ipouecc 3apsaa U paspsaa KOHTPOJIUPYETCS OCHOBHOM MPOrpaMMoOil, MOTpeOstomnei
IIOYTU BCE PECYpCHl Ipolieccopa. IJTa MporpaMma B 3aBUCHUMOCTH OT BPEMEHU M JPYTUX
MapaMeTpoB OMpeeNsieT, KaKoi MOCTaBUTh TOK 3apsIKM WU Pa3psAIKd B HY>KHOM KaHaJIe.

B mnpepbiBanumM OyayT NpPOHMCXOAMTH MPOIECCHl, KOTOpblEe TPEOYIOT IUKIWNYHOCTH,
MEePUOAUYHOCTH U OKUJAHUM HACTYILIICHUS:



»  Bwon Buneonamst Ha JKKU. (IlpepriBanue «raiimep 0 mepenonHuics»)

»  Ortpabotka Haxatwii Ha kinaBuatype. ([IpepeiBanue «Taitmep 0 mepemoTHIIICS)
»  MysbikansHoe conpoBoxaeHue. (IIpepriBanne «raiiMep 0 IEpemoTHAICS)

»  Cueruuk Bpemenu u yachl (IIpepriBanne «raiiMep 0 IepemnoHUICS)

»  3amyck ALII. (ITocrostaHO M HenpepbiBHO 125 KI'1T)

»  Usmepenue I, V, T. (IIpepeiBanue «uzmeperne AL 3aBepiiieHo)

»  CuurblBaHWE€ W OTHpaBKa JaHHBIX Mexay Oydepom mamsatu u COM-moprom.
(ITpepriBanue «UART nannsie nomyueHs», [IpepsiBanue « UART nanHble nepegaHbn)

[Ipn wucnonp3oBaHMM Tpoleccopa paboTaromero Ha dacrote 16 MIm u JXKU
paboratomiero Ha yacrore | MI', ouensb yacto TpeOyercst oxunarh, noka XKW orpabotaer
MoCJIaHHbIe eMy KOMaH/Ibl. B JaHHOM CUTyaluu MCIONIB30BaTh 3aJeP>KKU HEI(DPEKTUBHO - eciu
MPOIIECCOp BBIMOJHSIET IMKII OXHJAHHS, KOHTPOJIb IpoIlecca 3apsaa/paspsia B ’TH MOMEHTHI
OTCYTCTBYET M BCE OCTaJlbHbIE 3a/Jaydl OCTaHaBIMBAIOTCA. lcmonb3oBaHHWe MpepbIBAaHUI
MO3BOJISIET COKPATHTh BPEMs MPOIECCOPHOTO MPOCTOSI MM «OECTONKOBOM 3arpy:KeHHOCTH» U
paBHoMepHO niepepactpenenuts KK 3aTpatel Ha Bce Bpems pabOTHI.

B O3V (onepatuBHO maMsATH Tpoleccopa) Mbl OpraHusyeM «Buueo 0ydep», B KOTOPBIi
B 71000 MOMEHT BPEMEHH MPOU3BOJUTCS 3aMUCh TEKCTa cooOuleHuil, 0e3 oxumaHui, Oe3
00s13HU, YTO YTO-TO HE OyHeT OpUCOBAaHO, HE 3a0bIBas IMPOCUTHAIM3HPOBATH O TOM, 4YTO
MPOM3OILIN U3MEHEHUs BUAEO MaMsATU. TeHeBO mpoiiecc, MPU HAIUYUHM CUTHAJa W3MEHEHUH,
Ha cBoed ckopoctu mnpousBoauT BeIBOA Ha JKKU. Ilpm sTtomM mnponeccopHbie 3aTpaTsl He
npeBbiaoT 1% Bpemenu ¢ auckperusaunuend 7812,5 I'n npu HenpepsiBHOM npopucoske XKKH.

Ho »t0 eme He Bce. UTOOBI CTaHIApTU3MPOBATH BBHIBOJ[ COOOIICHWH HA JKpaH, MbI
MpUMEHUM 111a0sI0Hbl. He mpocTo B TeKCTe mporpaMMbl Mbl BBIPUCOBBIBAEM KaXK[blii pa3 OJUH U
TOT K€ BUJ SKpaHa, HapUMeEp XOJ 3apsAIKHd aKKyMyJsAToOpa, a co3jaeM OalTOBBIA IIaOJIOH C
yKa3aHHeM TJe OTOOpa)kaloTcsi ciloBa M3 MaccuBa ¢pa3 U TAe OTOOpakaroTcsi U B KaKOM
¢dopmare oToOpakaTh MPOHYMEPOBAaHHBIE NIepeMeHHbIe. T.0. YTOOBI MPOPHUCOBATH LIETBIN IKPaH,
MBI, BCETO JHIIb, Ja€M BHUAEO MOJANpOrpaMMe HOMEp IabioHa W TroBopuM: pucyil. Takas
OpraHu3alysi JaeT HaM  BO3MOXKHOCTb, IE€penucaB  MAOJOHHYIO  dYacTh, OBICTPO
MEePEOPUEHTUPOBATHLCS HA IPYTOM sI3bIK Wik Ha Apyroit XKKU.

Bce usmepenus (11, V1, T1, 12, V2, T2, V12, Tc) npousBoasTcs mo 32 pasza JJIsl Kaxk101
BEJIMYUHBI, a TOTOM ycpenuswoTcs. Y ATMega32 oauH KaHaln HM3MEpPEHUH, HO K HEMY
KOMMYTHPYIOTCSI 8 HOr mpoueccopa. KoMMyTHpyrOTCS — 3TO 3HAYUT MO OYepeau. 3amyck
n3Mepenuit aBromaruueckuit 125 kI'm. [TpuyeM camo usamepenue npou3BoauTcs 3a 14 TakToB HA
3aJJaHHOM YacToTe. DTO 3HAYMT, 4TO 3a ~1/35 cexkyHasl Ha yacToTe 125 KI'IT MOKHO M3MEPUTH 8
BEJIMYMH 10 32 pa3a Kaxayro 3a 14 TakTOB KakJ10€ U3MEPEHHUE.

N3mepenune mpoucXoauT OJHOBPEMEHHO (peajbHas MapajiIeIbHOCTh) C BBITIOJIHEHHEM
OCHOBHOW M TEHEBOH MpOrpaMMbl, a BOT (hUKcallds U3MEPEHHOTO - B IpepbhiBaHUU. Ham HY>KHO
TOJIBKO JaTh KoMaHnay Ha 3amyck AILIIl, mpoueccop cooOmuT 00 OKOHYAHMH BBI30BOM
MIpEepBIBaHMs, @ Mbl COXPAHHUM IOJTYYEHHBIE PE3YNbTAThl B IJ100abHbBIE TIEpEMEHHbIE.

T.K. MBI ycpeiHsIeM KaXAyI0 BEIMUMHY 1O 32 M3MEpEHUsM, Jy4llle, €CIIU TOMeXU OyayT
«Oenbiey (Torna ycpelHeHHUe aeT YBEIMUYEHUE TOUHOCTH), a HE «I[BETHBIE» (B 3TOM CIy4yae MbI
MOJIy4aeM CUCTEMATUYECKYIO OIITHOKY).



Nuannuaauzanus

Muannmnannzanus nepeMeHHasx Cu B O3Y
Wunnmanu3anys mopToB BBOJIA BEIBOA MPOIIECCOPa
Wuunnuanuzanus 1 3aimyck TaiiMepoB

v

TecTtupoBanue
KonTponeHas cymMma NpOIIUBKY.
CuutsiBanue EEPROM ycTaHOBOK.

Nuunmanuzanus XKUY u npusercTBue.

v

COM-nopr.

TeHeBoii npouecc

—pp» Orobpaxenne nndopmanun Ha XK.
CuuThiBaHUE KJIABHATYPHI B Oydep.
YcraHOBKa 04epeJHON HOTHI 3BYKA.
Taiimep, yacel, uamepenue I, V, T.

v

OcHoBHOI npouecc
O06paboTka KOI0B KIaBHATYPHI U3 Oydepa KITaBHATYpPHI.
[IpopricoBka MEHIO M pa3HBIX TEKCTOB B BHIE0Oydhepe.
YcTaHOBKa apaMETPOB MPU JBHIKESHUH IO MEHIO.

3anMBKa MPOIIUBOK.
Hactpoiika xxene3a 3Y
3armyck 1 OCTaHOBKA KaHAJIOB.

OtcnexuBaHue TEMIICPATYPHBIX IMAPAMETPOB U YIIPABJICHUC BECHTUIIATOPOM.

KOHTpOJ’IB KaHaJIOB B COOTBETCTBHUU C YCTAHOBJICHHBIMH ITapaMCTpPaMU.

YnpasieHue u cBsi3b ¢ OOJBIIAM KOMIIBIOTEPOM LIS TOCTPOCHUS rpaduKoB.




Maxkponporpamma (ZU.EXE)

[IporpaMMa HHTYUTUBHO SICHA, HO BCE YK€ 3aCIIY)KMBAeT HEKOTOPhIX KOMMEHTapHeEB:

3Y COM-nopT npomut Ha cKopocTh 38400, MO3TOMY COEIMHEHUE HA JIPYTUX CKOPOCTIX
He pabotaer. Ecim BBI XOTUTE NIPYTyIO0 CKOPOCTB, CIENAaiTe MCIpaBICHHUS B «init.cppy,
NEPEeKOMITMIINPYITE TporpamMmy M Tmepemieiite mponeccop. MTak, mepBoe, 4To HaIo
caenarb, oTKpbITh COM-iopT, K KOTOpoMy TpucoenuHeHo 3Y. OOMeH JaHHBIMU MOKET
YCIEUIHO MPOUCXOauTh W Yepe3 mnepexogHuk USB to COM. U, Bce xe, HaaexHee
nporpamma paboraet ¢ poaHbiM COM-nopToM Ha KOMIIBIOTEpE.

Bropoe, uro Hago caenars, 3T0 Ha 3aknanke «lIpommBkay npountate EEPROM u3 3V.
[Tocne 3Toro 3amoiHATCS Bce MapaMeTphl Ha Beex 3akiajkax, T.e. «ZU.EXE» Oyner 3Hath
0 TEKYIIUX HAaCTpoMKax 3Y M CMOXKET aJIeKBaTHO YIPABJIATh UM.

Ecin y Bac Hery )KKU un xiaBuarypsl B 3V, TO Bbl MOXKETE YNpPaBISATh UM U3 3aKJIaJIKU
«Py4noe ynpasieHue».

Ecin BBl eme He HacTpOWIM CHUJIOBYIO, HAJ0 3aliTH Ha 3aKIajgKy
«Hacrtpoiiku». B kadyecTBe Harpy3ku Jiydllle B3sTh MOCJIEIOBATEIBHO IBE
OJIMHAKOBBIE JIaMIIOYKH 110 12 BosbT 50 BarT. [[yist Bcex peKMMOB KaXK10T0O
KaHaja BBecTu 6osiee 10 HEHyJIEBBIX TOUYEK, OXBAaThIBAIOIINX BECh AUANAa30H
TOKOB M HaNpsDKEHUH M MPOM3BECTH pacdeT Ko3((UIMEHTOB Mapadoibl
METOJIOM HauMEHbIIMX KBaJApaToB M BOucaTh uUX B 3Y, 3areM
nepe3anyctuth 3Y. HeoOxoaumo Takke OLEHUTh TOYHOCTh paboThl Bamero 3Y
rocrapaTrbcsi pa3oOpaTbCsi C BOIPOCOM Kak €€ yBeIWduTb. Kak MpaBWiIO TOYHOCTb
HAuMHAeT YIUIbIBaTh NpU HampspkeHusx Ooinee 12B. Ilocjie mMpomMBKHU BCeX HACTPOEK,
3Y Haxo nepe3anycTuTh, YTOObI HACTPOMKHU BCTYNHJIU B CHITY.

Ecnu Bl pemmnu 3anucath B 3Y JaHHBIE O CBOMX aKKYMYJIITOpax, 3TO MOKHO ClieaTh Ha
3aKIagKe «AKKyMYJIATOPBD

Ecan BEI peminiin UCHIPABUTH AJIITOPHUTM 3apsaAKd XUMHUYCCKUX THIIOB AKKYMYIIATOPOB,
3aX0JUM Ha 3aKIaJKy «Tumsl AKKYMOB».

Tenepb mepexoauM K CTaAMM TECTUPOBAHMS 3apsAIKU M pa3psIkd aKKyMyJIATOPOB Ha
saknaake «Kanan 1» wm «Kanan 2». B mporecce paboTsl kaHalia MPOMCXOAUT 3aIUCh
U3MEpeHHBIX 3HaueHuil B (aitn ddmmyyhns.gra. Ecnmu Bam He moHpaBsarcs rpaduku B
mporpamMme, BBl MOXeTe 3TH (aiiel oTKpbITh B Excel n HapucoBats cBou. Ecnm KIMKHYTH
MBILIKOW Ha rpaduke, TO OH pa3BOpauMBaeTCS Ha BECh DKpaH, & €CJIH BbIIEIUTH 00JIacTb,
TO OHA YBEJIMYMBAETCS Ha BCIO 00JacTh rpaduka.



Tekyuiee cocTosiHMe MPOEKTA — HE3aBEPIICHKA

[Ipoext BbImMonHeH Ha 95%. B memom Bce paboTaeT, 3a HCKIIOYEHHEM HEKOTOPBIX
sk30Tryeckux pexxkumoB. KIITI ot 70 no 92%. Bech ciekTp MOLTHOCTENH OXBAYEH.

B nacrosmuii MOMeHT uaet 6opb0a 3a TOUHOCTh U3MEpeHus HanpspkeHus. Cienyronee
qro OyOeT cAeJaHo — 93TO yJAyYIIEHHWE MHUKPOIPOrpaMMbl /10  BBIMOJHEHHUS BCEX
HEPEATN30BaHHBIX XapaKTEPUCTHUK 10 TUIIAM aKKyMYJISTOPOB.

Hexoropele pexumsl ecynb(aTaiui 10 KOHIIA HE U3YYEHBl U He TecTupoBaHbl. Kpome
TOT'0 PEXHUMBI TPEHUPOBKHU HE NPOTECTUPOBAHBI.



8.
9.
10.
11.

12.

JIuteparypa'

Hvutpuii Modde. «Pa3paboTka HUMITyIbCHOTO MpeoOpa3oBareist HaNpsHKEHUS ¢
tononorueit SEPICy.

MAXIM/Dallas Semiconductor Application note 1051 SEPIC Equations and Component
Ratings.

http://st.ess.ru/publications/4 2001/kotomin/kotomin.htm 3apsanbie ycTpoiicTBa s
XUMUYECKUX UCTOUYHUKOB ToKa. [Ipobiiemsl u mytu pemenus. Koromun B.O.
«AkkymynsaTopsl». M3garensctBo Usympyn. JI.A. XpycraneB. Mocksa 2003.

KK mHaukaTopsl 1 MX MPUMEHEHHE Ha OCHOBE KoHTposuiepa HD44780

B wunere wummre cnoBa: Aunekceit KysnenoB «TpanchopmaTopbl U JIpOoccenu JUis
UMITYJIbCHBIX MICTOUHUKOB NMUTaHUA» WU IPOCTO «pacueT TpaHC(HOPMaTOPOBY.
Bypxyiickuii caiit: http://schmidt-walter.fbe.th-darmstadt.de/smps _e/smps_e.html. Ecan
cchlIKa He paboraer, unute: Design of Switch Mode Power Supplies.
http://www.microchip.com IIporpamma FilterLab v2.0. Ilporpamma pacmnpoctpassieTcs
OecIuIaTHo.

Haramut Ha MuKpocxemy ATMega32 Ha anrnuiickoM si3bike. Ha www.atmel.com

Texas Instruments TL494 http://bp.xsp.ru/tl494/t1494.pdf

Crarbs u3 HMuera: Pabota ¢ komMmyHukanumoHHeiMu moptamu (COM u LPT) B
nporpammax s Win32

KK nHaukaTopsl ¥ X IpUMEHEHNE Ha OCHOBE KoHTposiepa HD44780.

' Bee YKa3aHHbIE MICTOYHMKHU MOXHO HalTH B MIHTEpHETE 110 KIIIOUYEBBIM CIIOBAM.
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HNHcTpyKIms 1o 3KCIuTyaTaluu 3apsagHoro ycrpoiictsa ZU v1.5

JlaHHBII MPOEKT BOILIOMIAJICH € HAAEKIOW YJYYIIMTH MHP. ABTOPBI CIeJajlH Bce
BO3MOKHOE /IJISl COOTBETCTBHS 3apSiIHOTO YCTPoiicTBa TpedyeMbIM MapaMeTpaM 3apsiia u
pa3psiia pa3jiM4HbIX THINOB akkymyJsaTopoB. Ho aBTopam cBoiicTBeHHO omubOatbesi. U
eCJIM BbI COIVIACHBI B3fITh HAa ce0si BCe PHCKH, CBSI3AHHBbIE ¢ BO3MOKHBIM NMPHUCYTCTBHEM
OIIMOOK, TO Bbl MOKeTe 0eCIIaTHO BOCIOJb30BAaThCSl 3TOH Pa3padoTKOM B JHMYHBIX U
KOMMeEpYeCKUX HeJsiX 0e3 yBelIOMJIEHHSI ABTOPOB M YINOMUHAHHSA MX MMEH, aJpecoB H
TejiepoHOB. 3a 3TO, MbI 00si3yeMcsl B CJy4yae OOHApPY:KeHHMsI OMIMOOK, MOCTAPATHCH HX
YCTPAHUTH B KPOTYANIIIHE CPOKHU, HO He MO3/JHEE KOHLIA CBeTA.

Buumanue! Hapymenne MHCTPYKIMM MO IKCIUIyaTAIMU MOKeT IOBJIeYb 3a c000i
BOCILIAMEHEHHME 3apsi/IHOT0 YCTPOICTBA, 3apsiKaeMbIX AKKYMYJSATOPOB M IpeAMETOB
POCKOIIH, HAXOAAIIMXCH MNOOJM30CTH €O BCEeMH BBITEKAIIMMH (MOKUTAIOIMMM)
NOCJIeACTBUSIMH.

Buumanne! Karteropmuecku paspemiaercsi 3apsizkaTh aKKyMYJSTOPbI TOJAbKO B
CIeNUAJBHO OTBEJAEHHBIX MecTax, 000pPYIOBAHHBIX NPOTHBOIOKAPHON CHCTEMONl Ha
OCHOBE MOPOIIKOBOI0 HJIH YIJIEKHCJIOTHOTO OTHETYIIHUTEJIsl, 003aTeJIbHO B MPUCYTCTBUHU
OTBETCTBEHHOI'0 COTPY/JAHHMKA, M3YYHMBIIEro M MOHABUIEr0 JAHHYI CTATHIO, a TAKKe BCIO
JIUTEPATypy MO XMMHUHM M 3JIEKTPUYECTBY U NMPH 3TOM HAXOAALIErocs B 3IPaBOM yMe U
TBEpPAOH MAMSATH.

Buumanue! Bol padotaere ¢ nmpudopoM BbicoKo0il MomHOcTH. Beerna paspemaercs
HaxuMaTh Ha KHONKY «HET». Knonku «BBepx» m «BHH3» TOxke MOKHO HAKUMATh
noutu 6e3 nmociaencreuid. Ilpu HaxaTnu kHonku «OK» OyabTe yBepeHbI B TOM, YTO BbI
0CO3HaeTe MOCJeACTBHSA U IPMHUMAaeTe Ha ce0sl OTBETCTBEHHOCTDb 32 HHUX.

Buumanue! He orcoenmusiiite 3apsikaeMblii akkymyJsaTop ot 3Y, koraa maer
3apsiaka. B mpouecce 3apsiiky 00s13aTeJIbHO MCIIOJIB3YTE TEPMOAATYNKH.

VYupasnenue 3V ocymectBisercs u3 MeH0 Ha JKKU skpane wiy U3 nporpaMMsl «Zu.exe»
B py4HOM pexuMe uepe3 RS232.

I.Karan 1 3anyck I[epBOTO KaHajla. BeOOpP aKKyMmyJsaTopa, BHEHOOP CKOPOCTM (MeIJIeHHO,
HOpMaJjbHO, OrICTPO), BHOOP IeMcTBMa (3apdnka, TpeHupoBka 1-3 Hukia,
3apAangKa IOJig XPaHeHUA)

II.Kanan 2 3anyck BTOPOTO KaHajla. BelOOp aKKyMmyJsaTopa, BHEHOOP CKOPOCTM (MeIJIeHHO,
HOPMaJIbHO, OBICTPO), BHOOP IeNuCcTBMA (3apsanka, TpeHupoBka 1-3 umkia,
3apsAanKa IOJig XPaHeHUA)

IIT.AKKYMYJSITOPS! JI3MeHeHMe IapaMeTpOB aKKyMyJaToOpoB B EEIPOM (Has3BaHME, XMMUYECKMI THII,
KOJIMYecTBO OaHOK, E€MKOCTH ..)

IV.Tune axxKyMoOB VI3MeHeHM e IapaMeTpPOB XMMUUECKMX TUIIOB akKyMyJsTopoB B EEIPOM (HazBaHue,

(l)HaI‘M aJiroOpMTMOB, MMHMMAJIbHBEIE WM MaKCHMMaJIbHBIE IIapaMeTpPpEl TOKOB U HaHpH)KeHMIZ

..)

V.HacTponkmn 3aT0JIOBOK
1.T'poMKOCTE TPOMKOCTE (BKJI./BBIKJI. )
2 .3Byxn BreiOOp 3BYKOB
a) 3Byk cTapT BeIOOp MeJjionuM INpu CcTapre
6) 3Byk KOHeI BEIOOp MeJyioOoMyt HNPpM OKOHYaHMM 3apAIKM
B)3BYK KIMK BelOOp MeJioouM Npy neperpese
r) 3Byk neperpes BriOop MeJionouy [PpM HaxXaTUM KHOIIKM
) 83Byx oumbka Breibop Mesionuy npm ommoke
3.HacTp.cxeMs! 3aT0JIOBOK
a)Il sapsn BxyouaeTcsa pexuM 3apanku  0e3  KOHTPOJIA HATPy3KM (B HarPy3Ky  MOXHO
NPULENUTL JIaMIOUKy) . Perynmpyem IVIM M CMOTPMM 3HA4YeHMS TOKa M HaNPSKEHUS

IIepBOI'O KaHaja.




6) I1 paspsan

BryouaeTcsa pPexuMm paspanku  0es3  KOHTPOJIsS Harpysku (B HAaTPy3Ky  MOXHO
NPULENUTb TajlbBaHMUECKM Pa3BSI3aHHBIM MCTOYHMK OMUTaHMg) . Perynupyem UMM wu
CMOTPMM 3HAUYEeHMs TOKa M HAIPSXEHMs [IepBOTO KaHasa.

B)V1 sBapsg

BxiouaeTcsa PexmMm 3apAIOKN bes KOHTPOJIA HaT'py3KM (B HaAT'py3Ky MOXHO
nIpuuennTb JIAMIIOUKY) . Per'ynMpyeM M m CMOTPMIM 3HAUYEHME HallpAXEeHMA IIepPBOT'O
KaHaJla.

r)I2 Bapsg

CMm. a)Il =apspg

n)I2 paspsan

Cm. 6)Il paspsn

e)V2 sapsig

Cm. B)V1 Bapsan

x*) V12 [IpocMaTpMBaEM HaNpPsSXeHMEe Ha MCTOUHMKE.

s)IMM 1 PerynmupoBKa OIOPHOTO HanpsSxeHMs 1 KaHajla 0e3 mnomadum CuTHajla Ha CUJIOBHE
xyouy. s npocMoTpa kadecrea OHU mepBoro kaHasia Ha 2 Hore TJI494.

u) MM 2 PerynmupoBKa OIOPHOT'O HaNpskeHMsa 2 KkaHajsla ©0e3 nomauy CuUITHaja Ha CUIJIIOBHE
xyour. Iy npocMoTpa kadecrBa OHU BTOpOTO KaHaja Ha 2 Hore TJI494.

k)Tl [IpocMOTPp ImaTumMka TeMmIepaTypsl 1 KaHama.
lIpu HaxaTuu OK mnepexon B PEeXVM BKJIOYEHMS, OTKJIOUYEHMS OaTdrKa.
Bropoe OK 3amnoMMHaEeT HacCTpoOMKy B EEPROM.

) T2 [IpoCcMOTP ImaTuMkKa TEeMIepaTyps 2 KaHaja.
[Ipr HaxaTum OK Hepexon B PexMM BKJIOUEHMS, OTKJIOUEHMS JaTuuKa.
Bropoe OK 3amnoMmMHaeT HacCTpoOMKy B EEPROM.

M) T3 [IpocMOTP HaTuyMKa TeMIepaTypel 3Y.
[Ipr HaxaTum OK Hepexon B PexMM BKJIOUEHMS, OTKJIOUEHMS JaTuuKa.
Ipr HaxaTum OK 1Iepexon B PeXMM HaCTPOMKM  TeMIepaTyps  BKJIOUEHMSI
BeHTUJIATOPA.
Ipu HaxaTum OK mnepexon B pPexXmMM HACTPOMKM  TeMIEPaTypPH  OTKJIOYEHMS
BEHTHUJIATOPA .
Ipr HaxaTum OK nepexonm B pexXyM HaCTPOMKM  TeMIepaTypH  aBapuUMHOTO
OTKJIOYEHMSA BCexX KaHaJIOB M3-3a IlleperpeBa palMaTopa CWMJIOBHIX KJIO4el OINHOI'O
"3 KaHaJIOB.
[locnenHee OK sBanomMmHaeT HaCTpoOMky B EEPROM.

VI.Uudo 3aT0JIOBOK

1. Karan 1

VHbopMauMa O KaHajle 1 (TeKymye HnapaMeTpE WM MTOTM NPpelsHAyllell 3apAanKu)

2. Kanan 2

Vubopmalums O kKaHaje 2 (TeKymMe IapaMeTph MM MTOIM [NPeIenyllel 3apsaiakm)

3. 3BY wuudo

Vubopmalms O BapsOHOM yCcTpoMcTBe (JlaTa [OPOmMBKM, BpeMs BO BKJIIOUEHHOM
COCTOSHUN)




Ipuioxenue Nel

CaoBapsb
3V, ZU- 3apsiiHOE YCTPOMCTBO. 3/1€Ch, HIDKE M BBINIEC MO TEKCTY KpaTkoe 0003HauYeHHE
3TOrO IIPOEKTA.
barapeiika, Akk, AkkyM -  barapes akkymyisTOpoB, Ta camasi KOTOpYIO OyJieM 3apsiKarth.

Kimrou, MOSFET, HEXFET -On ke 1oyIeBOM TpaH3UCTOp, KOTOPBIM OTKpBIBacTcd U
3aKpbIBaeTCsl OYEHb OBICTPO. boutcs moaeil B 4MCThIX cBUTEpax, OEIOPYCCKUX
CTylIb€B HAa KOJECHKax IO JamMuHary, T.e. cratukd. CoBpeMeHHas
IIPOMBIIIJIEHHOCTh BBIITYCKAET CHUJIOBBIE KIIIOUH, KOTOPHIE MOXHO HCIIOIb30BaTh
Ha yactortax 0-300 xI'u, HO 3TOro mano. Eciaum mOBBICUTH 4acTOTy, MOXHO
3HAYHUTENIEHO YMEHBIIUTH pa3Mepsl peoOpazoBateneit wiu yBemnautb KIT/1.

3anonHenue- OTHOIIEHHE BPEMEHH B OTKPHITOM COCTOSIHUU KITIOYa KO BCEMY IEpUOY.
CkBaxxHOCTh- (1 / 3amonHEHHE) OTHOIICHNE TIEPHOA K OTKPBITOMY COCTOSTHUIO.

HATI(DAC)- [udpo-anamoroBeiii mpeoOpa3zoBarens. Hampumep, W3 peructpa mporeccopa
(omHoro Oaifta) mosyyaem aHanoroBoe HampspkeHue ot 0 no 5 Bomsr. B
ATMega32 IHAII wer. [Ipuxoaurcs ncnonb3oBats HIM+®OHY.

ALII(ADC)- Amnanoro-uudpoBoit npeodpasoBarens. M3 ananoroBoro Hampspkenust ot 0 1o 5
BosbT nmMeeM BOMYHOE YMCIIO B perucrpe mnporeccopa. InaBHas mnpobiiema B
TOM, 4TO pa3psaHocTy Beerga Mano (1024 ypoua B ATMega32) u usmepeHHoe
3HAYEHUE CWIBHO 3alllyMJIEHO KaK BCEH CXEMOH, TaKk M CaMHUM H3MEpUTENIEM
(mpoueccopom). Ho ecnu n3meputs 32 pasa U yCPEeIHUTh, TO MOXKHO MOBBICUTb
TOYHOCTb.

HNM(PWM)- lupoTHO-UMIyIbCHAs MOAYJIALUS. B mporieccope ecTh 3allMKICHHbII CUETUHK,
KOTOPBIM CUMTAET C 4acTOTOW KpaTHoM TakToBOil (0T 0 mo 255 mnm ot 0 1o
65535), a Taxke B mpolieccope ecTb HeKUil peructp cpaBHeHus. Koraa cuetumnk
Oompllle perucTpa Ha Hore mporeccopa - 1, xkorma menwine - 0. T.o. menss
pEerucTp, Mbl MEHSIEM MOMEHT IEPEKIIOYCHUS, a 3HAYUT U CKBAKHOCTh CUTHAJA.
Nmes IIINUM B mukpompoueccope, MOXKHO ¢ ero momouipto caenatb LIAIL
npocto 100aBuB RC-nenouxy winum nyuime @HY Broporo nopsizika, Kak y Hac B
CXeMe.

OHY- Ounptp HU3KUX 4YacToT. Huskue 4acToThl IPOIyCKAaeM, BCE OCTaIbHOE BBIPE3AEM.
Hampumep: y coceneit urpaer my3bika, a y Bac — 0y, Oy, Oy. Ctenka — GuiabTp
HU3KUX 4acTOT. PWIBTP HU3KHMX YacCTOT HYKEH JUIS CIIaXMBaHMs CUTHajla -
YCTpaHEHHs MOMEX B U3MepUTENbHbIX Hensax. Cruaxusasa [LIMM, mbl nonyyaem
65536 ypoBueit or 0 10 5 BOJBT, KOTOpbIE OyneM HCIOJIB30BaTh B KaueCTBE
OMOpHOro HampsbkeHud. BeictaBisa onpenenenusii UM, Mbl uMeem cTporo
3allaHHOe HanpspkeHue. Yem Beime nopsagok u kadectso GHY, tem mydie
CrIIaXUBaeTcs HampspkeHue. Yem Oosbiie pasnunia mexay dactorod UM u
yacroroii cpeza PHY, Tem crabuibHee HaNpsKEHHUE.



AVR, TI, AD, LT, LM, MAX, MC - ®upMbI Npou3BOAUTETN MUKPOCXEM.

HARD-

Kemnezo. Ono TBEPAOC, €0 HAJ0 NIasATh, pa3BUHYNBAThL U CBUHYMBATh.

SOFT- IIporpamma. B3sut u u3MeHus, nepe3anui, mepenuca, T.e. MArkas, Tuokas.

COM, COM-nopt, UART, USART, RS232 — B gaHHO# CTaThe MPUMEHSIOTCS B OJJTHOM CMBICTIE

Assembler-

CH++ -

— COM-nopT (9 - IWTHIPHKOB).

Campblii TPOU3BOIUTEIBHBIN, CaMbIil IPUMUTUBHBIA W, B TOXE BpEMs, CaMbIi
CJIOXKHBIH S3bIK MPOrPaMMMPOBAHUS IJIs MIOMENIaHHbIX. VIHOT1a €ro NpUMEHSIOT
HOpPMAaJIbHBIE JIIOAM B BHJIE HEOOJBIIMX BCTAaBOK. AcceMOnep WU SI3bIK
MalIMHHBIX KOJIOB OTKPBHIBAIOT HaM TIJia3a Ha (akT, 4TO BCE MHOrooOpasue
KOMITHIOTEPHBIX MPOTPaMM, MO CYTH, 3TO MepeKIaabiBaHue OANTOB U3 SYCHKH B
SueiiKy uiu apudMeTHdyeckue W JOTHYeCKHe ONepaluy ¢ s4eiikamu, T.e. MHUpP
3TO WIIO3US — COH POrpaMMHUCTA.

SI3BIK IpOrpaMMUpPOBaHUs 11 HOPMAJIBHBIX JII0/IeH. Bee ocTanbHbIe I3bIKH U OH
caM HamucaHbl HA HEM. DTOT SI3bIK — WU3SIIHBIN, U30LIPEHHBIN, TOJIHBIA, B MEPY
HU3KOYPOBHEBBI U B MEpPY BBICOKOYPOBHEBBIM, S3BIK Ul YHHBEPCAJIOB, IS
BCEMOTYIIUX JIFOJICH.

®y3b1, FUSES -6uthl  koH(uUrypamuu mpoiieccopa, YCTaHABIMBAIOIINE PA3TUYHbIE PEKUMBI

paboTHI TIpoIieccopa, B TOM YHKCIIE, CEKPETHBIC PEXKUMBI: 3alIUTa OT IMPOUYTCHHS
MPOIIMBKU. KCIIEPUMEHTAIILHBIM TIyTeM OOHAapyXEHO, YTO WHOTJA OHH
HaxXOAATCA B CTOPOHE OT OCHOBHOM MaMATH HA KPUCTAJUIE, TOTJa C MOMOILBIO
dbonbru u yapTpaduoeTa Wi IeperpeBa uX MOXKHO CTEPETh, T.€. IPEBPATUTD B
«1».

FLASH- DHeproHe3aBucuMasi (MeIJICHHAas Ha 3alUCh) MaMATh, HO C OTPaHHUYEHHBIM
konudyecTBoM Tmepe3anucu (Hampumep 1000 pa3z). OOBIYHO TaM  JIEKUT
MHUKpOIIpOrpaMMa B BHJI€ MAIIMHHBIX KOJOB. S3bIK MAIIMHHBIX KOJOB H
Assembler 3T0 MpakKTUYECKU OTHO U TOXKE.

EEPROM, II3VY - DHeprone3aBucumas (MEUICHHOEC UYTEHHE M eIme Oosee MeIeHHAs

3anuck) namate Ao 100000 muxnoB nepesanucu. Tam XpaHsTcs HAacTPOWKH
I10JIb30BATENS: TIOOMMBbIE aKKYMYJISTOPBI, JFOOMMBbIE aITOPUTMBbI 3apSAKH.

RAM, SRAM, O3Y - DmueprozaBucumasi, ObicTpas mamsth. [lpm BeKIOUeHMH 3Y Bce

mnmponaaacrt. XpaHI/IT B cebe NEPpEMCHHBIC, MACCUBEI, CTCK.

Henbra ik, Negative Delta V, NDV, -dV — pe3koe, He3HaYUTENLHOE CHIKEHUE HATPSHKEHUS

SoC, SoH -

Ha Oarapee B koHIe 3apsaaa (0.005-0.0108). Jlyumie nposiBisieTcst mpu OOIBIIHX
Tokax 3apsna. beiBaet B 6atapesix Ni-Ca u Ni-Mh. CymiecTByeT JI0XHBIH JenbTa
MUK, KOTOPBIA TPOUCXOIUT B TIepBbIe 5-10 MUHYT 3apsija CUIBHO pa3psiKEHHOM
Oarapen.

State of Charge, State of Health, Tekymuii 3apsia, Tekyliee COCTOSHUE OaTapeu.
Omnpenensiercss HanpuMep CyMMHUpPOBaHHEM IEPEJaHHOTO 3apsa Oatapee WiIu
OoJiee CIIOKHBIMU METOJIaMH COOTHOIICHHUS (ha3 HATPSHKCHUS TEMITEPATYPhl U UX
CKOpPOCTEH.



Trickle, Crpyiinas mnomzapsaka — (0.1-0.03C) Ilpumensiercs uig  Jgo3apsna  u
YpaBHOBEIIMBAHUS XHMHUYECKHUX TMPOIIECCOB B KOHLE 3apsaa. Takxke
IPUMEHSETCS U1 KOMIIEHCAIMK pa3psiaa pU HEUTUTEIbHOM XPAHEHUH.



Ipunoxenue Ne2

TpeooBanus «CTaHIaPTHOI0 pa3beMa

Ne
X3 niaun X5

HaszBanmue

Hanpasienue

Onucanue

1

+12v

Cunosas => L{udposas

B npunimne, Mmoxer ObITh 0T +11B 10 +14B. OnTHMaIbHOE
3Hayenue +13B.

Charge On

[udposas => Cumnonas

Pazpemenne 3apsaaku akkymyssitopa. Jlornueckuii 0 (0B) —
3anpenieHo, Jlornueckas 1 (5B) — paspelieHo.

Disch On

Hudposas => CumoBas

Paspemenue paspsaku akkymysstopa. Jloruaeckuit 0 (0B)
— 3amnpenieHo, JlJoruueckas 1 (5B) — paspemieHo.

PWM

Ludposas => Cunopas

[IMM curnan c¢ mpoueccopa AJid 3aaHUs BEIUYUHBI
CTa0MJIM3UPOBAHHOTO TOKAa 3apsgKd WM PpaspsiIkd B
3aBrcuMocTd OT curHanoB «Charge On» u «Disch Ony.
Yacrora 16MI'i/65536=244 T'y wiu 16MI'11/32768=488
I'm (B 3aBucuMocTH OT mpommBKH). Ha cumoBoii murate
3TOT curHai npoxoauT depe3 ®HY Broporo mopsinka 16
I'm m momydJaercsi ONMOPHOE HampsDKEHUE, OIpelersionee
TOK. B mmepBoM cirydae GOJbIlie TOYHOCTH BHICTABICHUS, HO
u Oonble myma rnocie (GUIbTPauy, BO BTOPOM — MEHBIIE
TOYHOCTh M MEHBIIIE IIIyMa.

BwmecTto aToro curHamsa MOXKHO TIOJIaBaTh (PUKCHPOBAHHOE
HanpsbkeHue ot OB mo 5B. 0.1B coorBercTByer 0A, 5B
coorBercTByeT SA. T.e nudpoByw 4acrb MOKHO
BBIKHHYTb, H «B PYYHYI0» BBICTABJATH HY:KHBIH TOK
He ipe0e3KallMM NepeMeHHbBIM pe3ucropom!!!

(9,

GND

Cunosas => I[lugposas

Semis

1IN

Cunosast => l{udposas

Curnan Ha AIIIl mnpomeccopa or OB mo 5B. 5B
COOTBETCTBYET MaKCHMallbHOMY TOKy. KoadduuneHTts
npeoOpa3oBaHus 3a7al0TCsA TpU HacTpoiike 3Y B MEHIO
HaCTpOeK.

Cunosas => lludposas

Curman Ha AINIl mnponeccopa or 0B no 5B. 5B
COOTBETCTBYET MaKCHMaJIbHOMY HaNpsDKEHHUIO.
Koaddunmenter  mpeoOpa3oBaHus  3agar0Tcs  IpU
HacTpolike 3Y B MEHIO HACTPOEK.

+9v

[Mudposas => CusnoBas

[Tutanue onepanMoOHHBIX YCHINTENEH

AGND

udposas => Cunosast

Amnanoroas HJIn U3MEpUTEIIbHAA 3EMIJIA, IMUTAaHUEC
OIICpallMOHHBIX yCHHHTeHCﬁ.

10

GND

CuioBas => [ludposas

Semis




Ipuioxkenue Ne3

Onucanue npoueccopa AT Mega32

Hora | Tlopr Hamp. HasBanne Onurcanune
1 B0 OuT CO (Charge On) | Pa3pemenue 3apsiiku kaHai |
2 Bl ouT C1 (Charge On) | Paspemienue 3apsiiku kaHai 2
3 B2 IN SO Knonka «J1A»
4 B3 ouT S2 Knomnka «BBepx»
5 B4 IN S1 Knonka «<HET»
6 BS5 IN MOSI JUis nporpammaropa PonyProg
7 B6 ouT MISO JUis nporpammaropa PonyProg
8 B7 IN SCK Jlist mporpammaropa PonyProg
9 IN RESET Jlst mporpammaropa PonyProg u He TOJIBKO.
10 VCC [TuTanue npoueccopa
11 GND 3emiist mpoueccopa
12 XTAL2 BrenHsis TakToBas 4acToTa
13 XTALI1 BrenHsis TakTOBas 4acToTa
14 DO IN RXD Yrenne mponeccopom u3 COM-niopra
15 D1 ouT TXD 3ammch nponeccopom B COM-niopt
16 D2 ouT DO (Disch On) | Pazpemenue paspsiiku kanai 1
17 D3 ouT D1 (Disch On) | Paspemnienue pa3psiiky KaHai 2
18 D4 ouT PWMI 16-tu paspsansii [HTMM, 3aaromuii oopHBIN TOK B KaHaJe 2
19 D5 ouT PWMO 16-tu paspsanasii 1M, 3amaromuii oOpHBIN TOK B KaHaje |
20 D6 ouT COOL BrutoueHue BeHTUIISITOpa oxJlaxaeHus 3Y
21 D7 OouT BUZZ IIse30 numanka
22 CO0 OUT/IN DB4 but nepenaun u nosyyerns qanabx KK
23 Cl OUT/IN DBS5 but nepenaun u nosyyerns qanabx KK
24 C2 OUT/IN DB6 but nepenayun n nosyyenus: nanabix JKKU
25 C3 OUT/IN DB7 but nepenaun n nosyyenus: ganabix JKKU
26 C4 ouT RS Ynpasnenue KK
27 C5 ouT RW Ynpasnenue KK
28 Cé6 ouT E Ympasnenne XXKN
29 C7 OUT/IN S3 Knonka «BHU3»
30 AVCC IMutanue AIIIT npoueccopa
31 AGND ITuranue AT npoueccopa
32 AREF Omnopnoe Hanpsbkenne AL nporeccopa
33 A7 IN TC Temnepartypa paguaTopa-BeHTHIATOPA OXJKIACHUS 3Y
34 A6 IN V12 HanpsxeHne nepBUYHOr0 HCTOYHUKA — MAIIMHHOTO aKKyMYJISITOpa
35 AS IN T1 Temmneparypa TepMOpe3UCTOpa KaHa 2
36 A4 IN V1 HamnpsbxeHue 3apsbkaeMoi/paspsbkaeMoi Oarapeiiki kaHain 2
37 A3 IN FBI Tox 3apspkaemoii/paspsikaeMoii baTapeliku KaHai 2
38 A2 IN TO Temneparypa TepMope3ucTopa kaHan 1
39 Al IN VO Hampshxenne 3apshkaeMoii/pa3psibkaeMoit 6arapeiiku kaHa 1
40 A0 IN FBO Tox 3apspkaeMoii/paspsikaeMoii baTapeliku KaHai |




Ipunoxenue Ned

IIporpammatrop

Buumanune! HenpaBuiabHoe mnporpamvupoBanue ¢y30B MOKeT NOBJeYb 32 Cco00M
HEBO3MOKHOCTh MepenporpaMMupoBanus npouneccopa. CHavyana mpounTaite 3TOT maparpad,
MOTOM MPHCTYNAITe K BHINOJHEHHUIO.

Buumanmue! BeTpoeHHBIH nporpaMMarop padoraer TOIbKO Yepe3 poaHoOH, YecTHbIE COM-
noprt. Ilepexognmk USB-COM wu HekoTOpble «He4YecTHbIe», HemodHble COM-mopThl Ha
HOYTOyKax He JONMYCKAKTCA K mnpuMeHeHuo. Ecam mporpammarop padoraer HecTadMIbHO,
peKoMeHayeTcs YKOPOTUTH JAJIUHY Ka0els U yBeIU4UTh nepeMeHnyio AVRByteWriteDelay=50 B
¢paiiie PONYPROG2000.INI

Jlnist paGoThI 3apsAHOTO YCTPOHCTBA HEOOXOMMO 3allPOrpaMMHUPOBATh MUKPOIPOILIECCOP
ATMega32, T.e. 3anucaTh B IOCTOSTHHYIO NMaMATh IIpoLeccopa 3 BUJa JaHHBIX:

1. ®y3bl — cnenuanbHble, yIpaBisiomye padoTol MUKpOMIpoIieccopa OUTHI JaHHBIX
(mpubnusurensHO 3 OaiiTa).

2. Henocpencrsenno mukponporpammy Bo FLASH (IIT13VY) 32768 GaiiT mamsru.

3. Hactpoiiku 3apsinHoro ycrpoiictBa B EEPROM (I13VY) 1024 6aiit namsru.

Bbl MoxeTe BOCHONIB30BaThCS COOCTBEHHBIM IMPOrpaMMAaTOPOM WM MPOrpaMMaTOpPOM,
pa3BeneHHBIM Ha nudposoit miate 3Y (pazbem X2). PekoMeHmanuu mo MEpBOMY CIIy4aro, BbI
HaiileTe B ONMCAHMHU Ballero mnporpaMMaropa. Bam Toiabko Hajmo 3HaTh, 4TO (ailyibl ¢
npommBkamMn FLASH — «main.hex» m EEPROM - «main.eep» caenanbl B ¢opmare INTEL
STANDART wunu INTEL HEX, a 6uTbl KOHGUrypayu Bbl MOXKETE IIOCMOTPETh HUXKE.

Paccmorpum BTOpoO#t ciywait. Ha mudpoBoii mimarte 3Y pasBeieH mporpammaTop I0
cxeMme PonyProg. /s nporpaMMupoBaHus €lie Hy>KHa IporpaMma, KOTOPY0 MOKHO CKa4aThb U3
WutepHer c caiita PonyProg. /lanee HeoOXxoaumo:

VYcranoButh PonyProg Ha cBoeM KOMIIbIOTEPE.

3amnyCTuThb.

BriOpate npousBogurens — “AVR micro”

Bri6pats mukpocxemy ATMega32

Setup => Interface Setup => BwiOpare HoMep COM-nopra K KOTOPOMY y Bac

noacoeauHeHo 3Y (6oJpliie HUYEro pykamu He Tporats) => OK.

Setup => Calibration => OK.

Coenuuuth KOMIBIOTEP U 3Y OOBIYHBIM «OJIMH B ofuH» mpoBogoM COM-nana —

COM-mama.

[Tonate HanpsKeHUE NUTAHUS HA TUPPOBYIO IUIATY.

9. Jlns mpoBEpKH, YTO BCE XOPOIIIO, BEITIOIHUTH YTeHUEe MUKpocxembl: Command =>
Read All.

10. 3amporpammupoBats (y3sr: Command => Security and Configuration Bits

M

_—

*


http://www.lancos.com/
http://www.lancos.com/
http://www.lancos.com/

Configuration and Security bits

[ [ [ Bootlockl2 [ BootLock!l [ BootLockd? [ BootlockOl [ Lock? [ Lockl

[ OCDEM [ JTAGEMW I v CKOPT [ EESAWE [ BOOTSZ1[ BOOTSZ0[ BOOTRST

v BODLEVEL I BODEM [ SUTH1 [ sUTO [ CKSEL3 [ CKSELZ [ CKSEL1 [ CKSELO

v [

Fefer to device datazheet, pleaze

Cancel | ok | Clear Al | Set Al | Wiite | Read |

11. Bce nepenpoBeputs notom Write.

12. 3arpy3uts mnporpammy u3 (aitna: File => Open Program (FLASH) File =>
main.hex

13. 3anmporpammupoBate FLASH: Command => Write Program (FLASH)

14. 3arpy3uth HacTpoiiku u3 ¢aiina: File => Open Data (EEPROM) File =>
main.eep.

15. 3amporpammupoBate EEPROM: Command => Write Data (EEPROM)

Buumanne! Eciam koMnboTep 3achinaer, MPOCHINAETCS, BBIKJIOYAETC WIH
BKJIIOYaeTcs: Npu coexuHenun 4depe3 COM-nmopt ¢ mporpammaropom 3Y, 1o Ha 3Y
NMPOMCXOJUT Nepe3arpy3Ka.




Hpuiaoxenue NeS

Pexomenayemoe moso:xxenne 0utoB koHpurypauuu (FUSES).

1 - He 3anporpamMmmupoBaH, rajouka B PonyProg He cTourt.
0 - 3armporpamMmupoBaH, rajgouka B PonyProg ycranoBieHa.

>

>

>

CKSEL3=CKSEL2=CKSELI1=CKSELO=1 - Yactora ompeneisercs BHEUIHUM
KBapLEBbIM PE30HATOPOM, & HE BHYTPEHHUM.

CKOPT=0 - pexomenyeTcst sl 3alIyMJICHHBIX IPUOOPOB U I 4acTOT Oosbine 8 MI'ig
SUTO0=SUT1=1 - 65Mc MeuIeHHBIN CTapT MpoIeccopa

BODEN=0 - pa3pemuTh pearnpoBaHue Ha YypOBEHb HampspkeHus. [[ns crabuibHOrO
3arycka u 3amuThl oT nopun EEPROM.

BODLEVEL=0 - munumainbHblil ypoBeHb HamnpsbkeHus 2.78. i cTaOMIIbHOTO 3ammycka 1
3amuthl oT nopun EEPROM.

BOOTRST=1 - CraproBath U3 00b19HOTO BeKTOpa, a He 3 BOOT-3arpy3unka.
BOOTSZ0=BOOTSZ1=1 - pazmep 6yToBOI1 IporpaMmbl 6€3pa3inyeH.
EESAVE=1 - EEPROM He 3anuinexn

SPIEN=1 - SPI He Ba)HO pa3pelleH Wi HET

OCDEN=1 - BCTpOEHHBII 0TJIaJUMK 3aIpeLeH

JTAGEN=1 - JTAG 3anpeiex

Configuration and Security bits

-

v

[ OCDEM | JTAGEM [ v CKOPT [ EESAVE [ BOOTSZ1[ BOOTSZ00 EBOOTRST

¥ BODLEWEL W BODEM I SUTT [ SUTD [T CKSEL3 [ CKSEL2 [T CKSELT [ CKSELD

Refer ta device datazheet, pleaze

Cancel | oK | Clear Al Set Al | wiite | Read |

B [ BootLockl? | Beotlockdl [ BootLock0? [ BootlockOl [ Lock? [ Lockd

-



http://www.lancos.com/
http://www.lancos.com/

Ipusoxenue Ne6

YTo HA/M0 3HATH 0 Mpeodpa3oBaTeJAX HANPSKEHUSA

1. Tpanchopmarophsie (6€3 MPOMEKYTOUHOTO HAKOTUICHHSI SHEPTHH).
a. IIpsmoxonoBebie.
b. JIByXTakTHbBIC (MHBEPTOPHI).
1. Perymupyemsie.
ii. Heperymupyewmsie.
2. besrpancopmaTopHbie (C IPOMEKYTOUHBIM HAKOIICHUEM DHEPTUH).
a. Ha xonnencaropax.
1. HMuBepTtupyromue.
il. YMHOXaroume.
b. Ha karymkax.
1. Tlonwmxkaromiue.
1i. IloBeimaromue.
iii. CocraBHEIE.
1. HuBepTupymomue (00paTHOXOIOBHIE)
2. Cxewmnl Kyka
3. SEPIC



TpauncdopmarTopHbie npeodpazoBaresn

[Mpunmun  neiictBust  TpaHcopMaTOpHBIX —mHpeoOpa3oBaTesiell HMHTYUTHBHO SICEH.
Ucxonnpie 12B MBI packaunBaeM Ha KOJeOATEIIBHOM KOHTYpe WM ITUGPOBBIM MpephIBaTEIEM
BBICOKOM YacTOTHI U 10/Ia€M Ha NEepBUYHYI0 0OMOTKY. Bo BTopruHON 00MOTKE MMeeM OoJibliiee
KOJIMYECTBO BUTKOB, & COOTBETCTBEHHO, U HANPSIKEHHUE, KOTOPOE BIIOCIEACTBUM BBIIPSAMIISEM.
Perynmupyss wacToTy © 3aloJIHEHHE UMIIYJbCOB B TEPBUYHOW OOMOTKE, pErylIupyem
BBINPSAMIIEHHOE HANpsKeHHe BO BTOPUYHOW. Eciu MBI 0XBaTuM Bce 3TO XO3SIMCTBO 0OpaTHOM
CBSI3b10, MOXKEM CTAOMIIM3UPOBATh HAPSHKEHUE U OTPAHUYUTh TOK, YTO PAaBHOCHIJIBHO 3aIllUTE OT
K53s.

T.x. y Hac ectb 12B, a Ham Hajmo OB-26B mpHUIETCS PAaCCMOTPETh PA3IUYHBIE CXEMBbI
npeoOpazoBaresneil HalpsKEHUSI.

Flyback converter — moBbITIAIONUN ¥ MTOHWKAIOUTUN C

raJlbBaHU4eCKON pa3BsA3KOMN Kak u BCE

TpanchopmaTopHbie. MOXHO  caelaTh  HECKOJIBKO

HE3aBHCHUMBIX BTOPUYHBIX OOMOTOK CO cTabunmm3arueit
JB 1o oaHou u3 Hux. [Ipumensiercs no 250 Barr.

Single Transistor Forward converter — ucmoib3yercs
JUISL  TIONy4EHUS  TMOCTOSHHOTO  HAMpPSDKCHUS  JI0
HECKOJIbKUX COTeH BarT MomHocTH.

HI

Two-Transistor Forward converter - ucrnonb3yercst s
MOJTYYEHUS TIOCTOSIHHOTO HampshkeHust 1o 1 kBT.

H—

Half-Bridge Push-Pull Converter — mnoxymocToBas
| cxema. o Heckonabkux kBT. HMeHHO 3Ta cxeMa
WCTIONB3YETCS 11 KOMIBIOTEPHOTO KOHTPOJIS MUTAHUS
L1 | yriora yepe3 MHTepHET B KBapTUpax HOBBIX PYCCKHUX U
MIPOJIBUHYTHIX TEXHOKPATOB.
-

Full-Bridge Push-Pull converter — MocrtoBas cxema

J = J = MHOro  kBr.  MoxHO ~ genaTh  CBapKy B
TaHKOMO/IeIMpOoBaHUM B MaciuTade 1:1.
‘ § —

I

I

Yro 3mece HaM He JODKHO MoHpaBuThes? Ilotepm B TpaHcpopmarope 3a cuer
nepeMarHu4MBaHus CEpACYHHUKA 3TO Pa3, CI0KHOCTh JOOBIBAaHUS HY>)KHOTO TpaHc(hopMaTopa 3To
7IBa, OTHOCHUTEJIBHO CJIOXKHAsi CXeMa BCEro ycTpoicTBa 3To TpH. B cxemax ¢ aByms u Ooiee
KJIIIOYaMM HX coracoBaHue 310 4erbipe. Huskmii KIIJ[ mpm manbix Harpyskax 3TO IISITb.
l'anpBaHnYeckas pa3Bs3ka HaM HE HyXHa O3TO IIecTb. S He HasBal BCEX OCTAJIBHBIX
HENPUATHOCTEH, KOTOPBIE MBI €1lie OyAeM 00CyXK/1aTh.



http://schmidt-walter.fbe.fh-darmstadt.de/smps_e/vgw_smps_e.html
http://schmidt-walter.fbe.fh-darmstadt.de/smps_e/hgw_smps_e.html
http://schmidt-walter.fbe.fh-darmstadt.de/smps_e/hdw_smps_e.html

BesrpancdopmartopHsbie npeodpa3oBarTe/iu

Uro Ttakoe 6e3rpanchopmaTopHbie peodpazoBaTenu? OHU OCHOBBIBAIOTCS Ha MPUHIIUIIE
MIPEIBAPUTENLHOTO HAKOIJIEHUSI SHEPTrUU OT MEPBUYHOIO HMCTOYHHUKA, a 3aTe€M IOJIyUYEHHUS U3
3TON 3HEprum Tpedyemoro HampsokeHus M Toka. Cka3aHoO KpHBO, HO OoJiee-MeHee MOHSTHO.
[Tosicasiro. Hanmpumep: pa3buBaem mpeoOpa3oBaHue Ha JBa paBHBIX mukia mo 0.5 cexkyHasl. B
NepBOM  LMKJE€  BbICachlBaéM M3  aBTOMOOMJIBHOTO  aKKyMyJIAITOpa  MOIIHOCTb
P=(10A*12B)/0.5cex.=240 Bt. Bo BTOpOM IHKJIE BCIO 3Ty MOIIy OpOocaeM Ha CrIIaKUBAIOITUN
KOHJIeHCcaTop W/munu apoccenb. Ho mpeoOpaszoBaTenb NMUTAET HArpy3Ky HE TOJ CEKyHIbI, a
HENpephIBHO (T.e. BeCh MNEPHUOMA), 3HAYUT CPEAHssl MOLIHOCTh OYyJeT B JBa pa3a MeEHbIIe
Pcp.=(0+240)/2=3A*40B/1 cek. IIpu Takux 3anpocax cTaHgapTHbIN JKUTyIeBCKUI aKKyMyIsSaTOp
40 A/ga paspspkaercs 3a 4 dHaca TO pacyeTraMm, a peajlbHO ropas3fo OwicTpee (OHHU HE JHOOAT
00bIKX TOKOB U 40 A/4 OTHAIOT TOJBKO MPU MEAIEHHOM pa3psize).

Nmenno »stoT BUa mpeoOpazoBaresneil Hamboiee YacTo HCHoyib3yercs. Bor oHm —
Tpy>KeHUKU. MOOMIIbHUKH, paguoTenedoHsl, ieepsl, (oToanmnaparsl, KOMIBIOTEPHI, TOYTH BCE
yCTpoicTBa, UMeroIIre OaTapelKH, UCTONb3YIOT 3TH MpeoOpa3oBaTesid, a TO U 0 HECKOJIbKO
pas.

Buck converter - Ilonmxkaromuii npeodpa3oBaresb. BoixogHoe
HanpspKeHUEe MeHblle BXoaHoro. Koraa ko4 3aMKHYT, 3HEprus
NEPBUYHOIO HMCTOYHHKA MCPCHACTCSA Ha BBIXOJ W OOAHOBPCMCHHO
HaKaIlIMBacTCs B Jpoccene M KoHaeHcarope. IIpu pasmbikanuu
KJII04a, IPOCCEb U KOHIAEHCATOP MUTAIOT HATPY3KY.

11

|
[

Boost converter — IloBblnaromuii npeodpaszoBarenb. BeixoaHoe
HanpspkeHue OoJbine BXoaHOro. /lunoa obecneunBaeTr 310 ycioBue,
a 0e3 nuozxa He pabotaer. (DTO, €CIM KTO 3aX04eT U IOBBILATh U
IIOHWKaTh Ha 3TOM cxeMme). Bce uTo HakomieHo apoccenem Ipu
3aMKHYTOM KJIIOUYE BBIIUIECKUBAETCS HA BBIXOJ TP Pa3MbIKaHUH.

Buck-Bost converter — IloHum:kaomuidi ¥ NOBBIIAKUIUNI
npeoOpa3oBarenb, HO 1 MHBepTUpYIOMid. Bee, uto HyxHO, HO
BO3HHUKAIOT TPYIHOCTH TIPU TOMBITKE TMpHAEIaTh K HEMY
MPOLIECCOPHOE  ympaBieHHe. MeHsisi CKBaXXHOCTb, MEHSETe
BBIXOJIHOE HANPSKEHUE KAK XOTHUTE.

SEPIC - Single-Ended Primary Inductance Converter -
—_ —_ HECUMMETPUYHBIA TIPeoOpa3oBaTe)lb MEPBUYHON HHIYKTUBHOCTH
Jq (3TO He MOCIOBHBIN MepeBoj, a Boobuie He nepeBon) Bor OHO,
—t TO, YTO MbI TaK J0JIr0 HCKAJIH. Bce MOXET M HenepeBepHYTHIH,
HO 32 9TO MBI 3aIUIATHM €IIIe OJHUM JAPOCCEIIEM U KOHJICHCATOPOM.

Konnencaropusle mnpeoOpa3oBaresn, K COXAJCHHIO I0KAa HE JOCTYHmHbI. HyxXHBI
CHelMaJIbHbIE KOH/IEHCATOPhl — HETOJISIPHbIE, Ha BBICOKUM TOK, M 060b110i eMkocTH. Hy a ecnu
YEeCTHO — MaJjio TakuX MecT B MHTepHeT, riae MOXHO HaWTH CXEMy peajbHO paboTarolero
KOHJEHCAaTOpPHOTOo MnpeoOpa3oBarenss. M BOT, 4YTO CTpaHHO, MMEHHO KOHJEHCATOPHBII
npeoOpazoBarenp Ha MukpocxeMe MAX232CPE Oyaer ucmonb30BaH JUIsi COTJIACOBAHUS
Hanpspkenuit COM-nopTta koMIiproTepa 1 Haiero 3Y.

W3 Bcex, nmpemyioKEHHBIX CXeM, JIydlllee Ha MO B3] nociaeanuil Bapuant — SEPIC,
[0-HalleMy HECUMMETPUYHBIN MpeoOpa3oBaTeab NEPBUUHON MHIYKTUBHOCTH. DTO yCTPOUCTBO
SBJISICTCS COCTaBHBIM, T.€. COCTOSIILIUM M3 MOHMKAIOIIEr0 U MOBBILIAIONIETO MPeodpa3zoBaTes.

EcTb u npyrue cxeMbl NOHMKAIOIMIMX U MOBBIIIAIOMIMX IpeoOpazoBareneil. [la XoTs Obl
0o0bEeIMHEHNE BTOPOW M MEpBOM CXEMbl IOCIENOBATEIbHO, HO TOorjna Oyaer mpolbiema ¢
CUHXpOHHM3auuen ynpapieHus kioyamu oboux nosoBuH U KIIJ ne Bbime 90%. Ilouemy-To
JpYyTHE CXEMbI OTCYTCTBYIOT B KJIACCUUECKOM JIMTEPATYpE U HE IPUKWINCH B KU3HU.




Hpuiaoxenue Ne7

Horepu u KII

IloTepu B cepaeynunke

Jlisi MUHUMH3AIUU W3ITYyYCHHsS W KOHIIEHTPAIIMM BCEr0 MArHUTHOTO TIOJNsSl BHYTPH
CepACYHMKA JIydllle HCIOJb30BaTh 3aMKHYThIE cepaeyHMKH. HO Kak IMoKa3pIBaeT TEOpHUs U
NpaKTUKa, KaKoi Obl He ObLT XOPOILIMA MaTephall MarHUTOIPOBOAA, Ha OOJBIIMX YacTOTaxX B
Halleil cXeMe MarHUTONPOBOJ| NEPECTaeT BIUTHIBATH M OTAABATh JHEPIHI0, & UMEHHO 3TO
CBOWCTBO JIpOCCENIell HaM TaK HYXXHO. DTO MPOUCXOIUT W3-3a TOrO, YTO B HAIICH cxeme
MOJISIPHOCTh  JIPOCCENsi HE MEHSAETCS W MAarHUTONPOBOJ HAMAarHMYMBACTCd U IPH HTOM
HachIaeTcs. B pesysnbrare U3 Bcero 00beMa MarHUTHBIX CBOMCTB CEPIICYHUKA MBI UCTIOIb3yeM
MakcumyM 50% (y cambIx JTy4mux (eppoMarHeTUKOB OCTaTOYHAs HAMAarHUYEHHOCTb /2 OT
MaKCUMaJIbHOW HaMarHM4eHHOCTH). UTOOBI yMEHBIIUTh ATOT HENPHUATHBIN 3 deKT, mpuxoaurcs
B 3aMKHYTBI CEpACYHHK BBOJIUTH IIeib. [Ipudyem yem Oosblie mieiab, TeM MEHbBIIE OCTaTOYHAs
HAMarHMYEHHOCTh — 93TO XOpPOIIO W TIUIOXO. BBeJCHME IIeNu aHaJOTrHYHO YMEHBIICHUIO
MarHUTHON NPOHUIIAEMOCTH cepAeyHHKa. He3HaumTenpHasi 1ielib YMEHBIIAET MPOHHIIAEMOCTh
Ha TIOPSIIKA. A 3HAYHUT HAJ0 MOTaTh OOJIBIIE MPOBOAOB IS MOJYYCHHS TOH ke WHAYKIUH. B
TpanchopMaTopax, KOTOPhIE HCIOIB3YIOT IPSIMOXOJIOBYIO CXEMY C MepeMeHHOM MOJIIPHOCTHIO,
npoOJemMbl € HaMarHMYUBaHHEM HET. [Ipu  TOJOXHUTENbHON TOJSIPHOCTH  CEPACYHHK
HAaMarHMYMBaeTCs, a TNpU OOpaTHOM, OH pa3MarHWYMBAETCS M HAMAarHUYMBAETCS JPYroi
MOJISIPHOCTBIO, €CTECTBEHHO HE 3a OECIUIATHO, a 3a MOTEPH.

[Ilens B TOpoWIe MOXKHO CIEJaTh aJMa3HbIM IHCKOM WK Pa3OUTh TOPOHJ HOXOM U
MOJIOTKOM. 3aTeM Ieidb Hajg0 OTHUTU(GOBATh W 3alOJHUTH JIUAJICKTPHUKOM HAmpUMep
tekctonuToM. B III-00pa3HOM cepaeyHHMKE CTaunMBaeTCs M 3aMOJHSACTCS TOJBKO IIEHTpalIbHas
qacTh. Ellle MOKHO MCIIOJIB30BaTh MaTepHaiIbl C PaCIpeCIICHHOH IEeNbI0 (TOPOLIKOBOE KEIe30,
CoolMu, Mo-nepmamoii). Kak mnokasana mnpakTuka, TOCIEIHMNA Marepuajl HaM Jydiie
MOAXOUT Mpu MI0=60.

BosBpamaemcs k norepsiMm. MHOTHE CEpJICUHUKM OOJIAZAI0T caMH 10 ce0e KOHEYHBIM
CONPOTHBIICHHMEM, W, B CBS3M C 3THUM, BO3HHUKAIOIIME B HHUX BUXPEBBIC TOKH HArpeBarOT
CepACYHHK.

Bosee neranpHO M3yunTh (PHU3MKY Mpoliecca MOXHO B CTaThe crienuaiucra. B MHTepHer
nmute cinoBa: Anekceir KysnemoB «Tpancopmaropsl M Apoccenu A HUMIYIbCHBIX
MCTOYHUKOB TUTAHUS» WK IIPOCTO «pacdeT TpanchopmaToposy [6].

IloTepu B npoBoaax

[IpoBon, KOTOpPHIM HAaMOTaH JPOCCENb, TOKE HMMEET CONPOTUBJICHUE, a 3HAYUT, OH
rpeercsi, 0co0eHHO, eciii TOK Oomnbiioi. [Ipu moBbimenun vactotel g0 100 000 I'm HaunHaeT
NPOSIBIATECS CKUH-3()(dexT. Hamm MeaHbie MpoBoia TOXKE MaJICHbKUE CepACYHHUKH. W KakIpiid
MIPOBOJI HABOJUT B COCETHHMX IPOBOJAX MAarHUTHOE MOJE, a TO B CBOIO OYepelb BIUSICT HA
JBIDKYIIAECS 3JIEKTPOHBI U BBITECHSAET UX OJIMKE K MOBEpXHOCTU NMpoBoaHUKA (CKkuH-3(deKT).
Ot sT0ro0 3(h(heKTHBHOE CeueHHe yMEHBIIAETCs, a CONPOTUBICHUE YBEIMUUBACTCSA. PemuTs 3Ty
npo0JeMy MOXHO 3aMEHUB OJIMH TOJICTBIM MPOBOJ HA MHOTO TOHKHX. Hampumep, mpu vactore
250 kI'y pekoMeHayeTCs MOTaTh JIpoccelb mpoBoAaaMu He toiie 0.4 MM B 1uamerpe.

B ykazaHHOW HWXKe TaOIUIe TPUBEACHBI PACUCTHHIC 3HAYCHUS BEIMUYUHBI JOOABOYHBIX
notepb kg ans pasueix yactoT. [lonbop Hy>KHOTO JuaMeTpa MPOBOJHHKA HAZ0 MPOBOJHUTH C
ycnoBueM k,<=1.1

Hacrora kI'1g 3HaueHue K, 17151 OJTHOKMIGHOTO IPOBOJHAKA JHAMETPOM MM
0.8 0.7 0.6 0.5 0.4 0.3 0.2
500 2.37 2.12 1.85 1.59 1.32 1.13 1.0
400 2.16 1.93 1.67 1.46 1.21 1.083 1.0
300 1.9 1.7 1.48 1.3 1.14 1.06 1.0
250 1.76 1.57 1.38 1.23 1.1 1.034 1.0




200 1.6 1.43 1.27 1.2 1.083 1.03 1.0
150 1.4 1.28 1.11 1.072 1.0 1.0 1.0
100 1.3 1.24 1.08 1.025 1.0 1.0 1.0
75 1.24 1.097 1.06 1.0 1.0 1.0 1.0
50 1.065 1.0 1.0 1.0 1.0 1.0 1.0
20 1.014 1.0 1.0 1.0 1.0 1.0 1.0

OHYCKaIO PACCYyXKACHUA OTHOCUTCIIBHO €IIC OJHOI'0 BAa MOTCPh B JPOCCEIIC, CBA3AHHBIX
C INIOTHOCTBIO HAMOTKHU WJIN YAAJICHHOCTBIO IIPOBOJOB OT MArHuTOIIPOBOAA, T.K. HC CMOTI' HaWTH
I/IH(i)OpMaHI/IIO, HO 3alIOMHHM, YTO MOTaTh HaJO0 KaK MOXHO IIJIOTHEC, XKCJIATCJIbHO B OJHH clIou
KaK MOJKHO OJIMXKe K Mar"auToIipoBoay U paBHOMCpPHO BAOJIb BCEH ero JJIMHBL.

IHorepu Ha KiII04e

Uewm yare nepexioyaeTcss Hall K104, TEM JI0JIbIIE JUIATCSA y4aCTKH, HA KOTOPBIX KIIFOY U
HE OTKPBIT M HE 3aKpbIT, T.€. 00JajaeT He OECKOHEYHBIM CONMPOTUBICHHEM. VIMEHHO B 3TH
MOMEHTHI Hallla IparolieHHasi YHEPTUsl HarpeBaeT Kito4d. Yem ObIcTpee KITto4, TEM MEHBIIIE Halllu
notepu. [ yBelIMUeHUsT CKOPOCTH MEPEKITIOUEHHUS KIIF0Ua HY)KHO MCIOJIb30BaTh CIIEHUAIbHYIO
MHKPOCXEMY ApailBep Kitova. [ MUHUMH3aIUU COPOTUBJIEHUS COEAMHUM JIBA KJIKOYa BMECTE
napaieabHo. Kak mnokasana MNpakThkKa, CKOPOCTh NEPEKIIOYEHUs KIo4Ya HauBa)KHEWIIas
xapaktepuctuka g Makcumuzanuu KIIJ[. Jlns oGo3HaueHus TMOPSIAKOB CKa)XXeM, YTO Hac
uHTepecyoT yactotrbl 250 kl'm. Jlns mnonydeHuss npueMieMoll CKOPOCTH NEPEeKIOUYEHUs
TpebyeTcs apaiBep crnocoOHbIM aath TOK 3 u Oonee Ammep, 4TOOBI OBICTPO 3apsSaUTh U
pa3psAIUTh EMKOCTb 3aTBOPA KIIIOYA.

IHoTepy Ha BHINPAMHUTEIbHOM HO/1€

[ToctaBum cnapennsiii nuoxa Illortku. KoneuHo, MOXHO ObUTO OBl TIOCTaBUTH BMECTO
JIM0/1a KIIF04Y, KOTOPBIM UMEET Ha MOPSAJOK MEHBIIEE CONMPOTUBIIEHUE B OTKPHITOM COCTOSIHUU, U
OTKpBIBATh €r0, KOrja Hajl0, HO aJrOPUTM YIPABJICHUSA KIOUOM CHIIBHO YCIOXKHHUT CXEMY, a
Jpoccenis He MPOCTAT HaMm omuOoK. [loToMy Kak, eciu Apoccento HEeKyda pa3psKaThCs, TO OH
paspsaauTcs yepe3 Kitod. Bee paBHO eMy, 3aKpBIT OH MIIM coOMpaeTcst OTKpbIThes. M Oyner rueHa
OTHEHHAs.




Hpuiaoxenue Ne§
Xumusi

Hacrano BpeMss oOCYIMTh QIXHMMHIO MPOIECCOB OTACIBHO IO KaXKJOMYy BHIY
AKKyMYJISITOPOB. DTH 3HaHUsS ObUIM MOYEPIHYTH U3 cTaThh [3] m [4], a TakKe U3 HEOOBATHOTO
WHuTepHeT. 3a TOUHOCTH CBEJIEHUI OTBEUaTh HE MOr'y. byzneM MpoBepsATh Ha CBOMX IIMIIKax. B
ctatbe [3] mpuBeAeHbI JaHHBIE MO OOBIYHBIM AKKyMYJISTOpPaM, MOJEIbHBbIE AKKyMYJISTOPHI
JIOITYCKAIOT OOJIBIINE TOKH 3aPSIIKU U Pa3psIIKHU.

[IpuBeneHHble AaHHBIE ycpeAHEHHbIE. B mo0oM ciiydae, OpUEHTUPOBATLCA HAJI0 HA TY
MHPOpPMALIMIO, KOTOpas HMMEETCs Ha CaMOM aKKyMYJIsTOpe WM B CONPOBOAMTEIBHBIX
JOKYMEHTaX IpHU MOKYIKE OHOTO.

E1e pa3 noBropumMcs 0 pexuMe NpaBUiIbHON IKCIUTyaTalluM aKKyMYyJIsITopa:

. He 3apsxkats TOKOM BbILIE ONPEACICHHOTO 3HAUEHUS.

. He paszpsixarh TOKOM BBILIE ONPEACICHHOTO 3HAUEHUS.

. He paszpsxaTh HIKE ONPEIEICHHOTO 3HAYEHUS HAPSHKCHUS.

. He 3apsikath BbIlIE ONPENEICHHOIO 3HAUEHHS HAIIPSHKEHUS.

. He nenate ¢ akkymMyJiTOpOM TOTO, UTO MOKET IPUUTHU B TOJIOBY JETAM U

JyIIEBHO OOJILHBIM.

Tak kak Bce aKKyMyJATOPbl 3TO XMMHYECKHE TaJbBaHHMUYECKHE HCTOUYHUKU TOKa, TO
CKOPOCTb MX paspsiia U 3apsia, OrpaHUYEHbl CKOPOCTBbIO NPOTEKAHUS XUMHUYECKHX pEeaKLuil,
KOTOpasi HamnpsIMyIO CBsi3aHa (PU3MUECKUM IMEPEMEILEHUEM B JIEKTPOJIUTE NOHOB U KATHOHOB U
o0ecreynBaeTcsi €CTECTBEHHOM KOHBeKkuuel, auddysueil u KynoHoBckuMu cuiamu. llpu
MIPEBBILICHUH CKOPOCTU 3apsiia U pas3pslia yBEIWYMBAIOTCS NOOOYHBIE, BPEIHbIE pEaKluu,
KOTOpBIE pa3pylIalOT 3JIEKTPOJUT, HApPYyLIAIOT CTPYKTypy KaroJa M aHoJa, M3MEHAd HX
3¢ (EeKTUBHYIO IUIONIA/Ib, YTO IPUBOJUT K YMEHBIIEHUIO €EMKOCTU WJIM IOJTHOMY YHUYTO)KEHUIO
akkymyasatopa. OtTcrola TEpBbI BBIBOJA, 4YTO IIPU HU3KUX TeMIlepaTypax MU 3apsKaTb H
pa3pspKaTh HaJ0 MEJICHHEE.

Bee akkymynsaTopbl MOXHO 3apsbkarh 1o ofHoit um Toit ke cxeme: 0.1C (rme C —
HOMHUHAJbHAs €MKOCTh aKKymyJaropa), Bpems 12 — 16 wuacoB. Ho mma nutueBwix
aKKyMYJISITOPOB HU B KOEM CIIy4ya€ HEJIb3sl NPEBBICUTH JOIYCTMMOE MAaKCHMaJIbHOE 3HAYCHHE
HanpspkeHus. [IpuHumn tuine exems, ganplie Oyzaens, paboTaeT Xopolo, HO He Bcerga. llpu
CIIMLIKOM MENJIEHHOW 3apsAlKe MOTYT OTKJIa[bIBaTbCs KPHUCTAUIbl Ha KaTOJE, 3aTPYIHSIOLINE
paboTy aKKyMyJIsTOpA.

Jlaxxe TaM, TJie MEUIEHHBIH CIOCO0 M XOpOII, BpeMsl OT BPEMEHH NMPUXOJUTCS UATH Ha
YCKOpEHHE Tporiecca. 3aueM 0oraToMy 4esioBeKy Oepedb MalluHy, €CIIM 0 KOHIA KU3HU OH HE
yCIleeT MOTPAaTUTh BCE CBOM JEHbIH? DTO 5 00 akkymyissatopax. Peakuil camoner noneraer Ao
100 uukI0B nIepe3apsAKA AKKYMYJIATOPA.

Jns toro 4roObl paboTaTh «HAa TIpaHW», HaAO0 Oojee TOYHO 3HATh KTO TaKue
aKKyMYJISITOpPBI. 3HaTh UX CJIa00CTU-YA3BUMOCTH.

CBHMHIIOBO-KHCJIOTHbIE AKKYMYJISITOPBI

CBHUHIIOBO-KUCJIOTHBIM ~ aKKyMYJISITOPOM Ha3bIBAa€TCsS TajJbBAHMYECKUN HJIEMEHT, B
KOTOpPOM AaKTHBHBIM BEIIECTBOM TOJIOKHUTEIBHOTO AJICKTPOJA CIY)KHT JBYOKHCh CBUHIIA, a
OTPHUIIATETILHOTO - TyOuaThlii CBUHEN. PaccMOTpUM XHMMHYECKHWE pEakUuu TpU 3apsie
KHCJIOTHOTO aKKyMYyJIsiTopa:

PbSO, + PbSO; + ,H20 = Pb + PbO, + 2H,S0, (1)
Ipu nepe3apsje:



2H,0 = 2H,+0, 2)
MOOOYHAs PEaKITUs:

H,SO, = SO; + H,0 (3)

N3 ypaBHenust (1) BuAHO, dYTO TMpH 3apsie HAa OTPULIATEIBHOM  3JIEKTPOJIE
BOCCTaHABJIMBAETCS TyOuaThli METaNIMYEeCKUH CBHUHEL, a Ha TIOJIOKUTEIBHOM - JIBYOKHCHh
CBHUHIIA.

CBUHIIOBO-KHCIIOTHBIE aKKyMYJISITOPHl OBIBAIOT 3aJMBHBIE W TepMETHUYHBIC. 3aJIUBHBIC
0oJiee elleBble U TOMYCKalOT 3aMEHY M JIOJIMB 3JIeKTpoJuTa. B HacTosiiee Bpems HaOmoqaercs
TEHJCHLIMA Ha CHW)KCHHE HMX NPUMEHEHMS, T.K. OHM HPUIOJHBl JIMIIb JUIS CTAlMOHAPHOIO
UCIOJIb30BAaHUSl M HENPUMEHUMBI B KWIbIX M padOyuX TMOMEUIEHUSIX W3-3a BbIICICHUS
pa3IMYHBIX Ta30B B Ipoliecce dKCIuTyaTtauuu (cM. ypaBHeHus (2) u (3)). Pazymeercss monekyna
cepHoro anrugpuga SO; Tskenas ¥ manonojsuxHas. Ckopee BCero, oHa MHpPOpearupyer c
BOJSHBIM IIApOM M BEpHETCS B pacTBOp JJIEKTPOJIMTa, HO Mpu mepesapsae (2), xoraa
ra3oo0pa3oBaHue HJET aKTHUBHO, BIIOJHE BEPOSTEH BBIHOC SOBUTOTO Ta3a B OKpYyXkaroliee
npoctpancTBo. KosnnyecTBa ero mansl, HO B 3aKpbITOM IOMELIEHHH... K ToMy k€ cMech ra3oB
MOJTy4aloluXcs B pe3yibTaTe peakuuu (2) B3pbiBoonacHa. OHaKO, ¢ TOUKH 3pEHUS 3apsijia, 3TO
camble HENPUXOTIIMBBIE AKKyMYJSTOpbl. MX MoxHO 3apspkate Tokamu 10 0,25 CHom, a
YCIIOBUEM OKOHYAaHMS 3apsfa MNPUOIU3UTENBHO MOXHO CUMTATh JOCTH)KEHHE HEKOTOPOTO
HanpspKeHUs, Hanpumep, ansd temneparypsl 20°C 310 HampspkeHue coctaBut 2,43B - 2,53B.
Kpome Ttoro, ecim paxke 3TOT MOpPOr MPEBBINIEH, TO Iepe3apsi] NpUBENET K "KUIEHUIO"
NIEKTPOXUMUYECKOMY pa3OKEHUI0 Bonabl. IIpu ycinoBuM, 4YTO IOMEIIEHHUE XOPOIIO
MIPOBETPUBAETCS, €AMHCTBEHHON NpoOIeMOll CTaHET BOCCTAHOBJIEHHE HOPMAIbHOIO YPOBHS
AJIEKTPOJINTA.

CBHHII0OBO-KHCJIOTHBIC TePMETHYHbIC AKKYMYJIATOPBI

SLA (Sealed Lead Acid batteries) — repMeTHYHBIE CBUHIIOBO-KHCJIOTHBIE OaTapeu.

VRLA (Valve Regulated Lead Acid batteries) — 6atapeu ¢ peryaupyeMbIM KJIaIaHOM.

SLI (Start, Light, Ignition) — [Tyck, ocBerienue, 3aKurasue.

OTU aKKyMyJIATOPbl OTJIMYAIOTCS OT 3AJMBHBIX B OCHOBHOM IIPUMEHEHHEM T'E€IIHEBOIO
JNIEKTPOJUTA M TEPMETHYHOCTHIO KOHTEWHepa. Ecim He cuuTaTh HEMHOTO 00Jiee BBICOKOM
CTOMMOCTH, TE€PMETUYHBIA KHUCIOTHBI aKKyMYJIATOp JIMIIEH HEAOCTAaTKOB 3aJIMBHOTO, YTO
3HAYUTENbHO paclupsieT obsiacte ero npumeHeHus. C TOUKM 3peHust 3apsjaa, 3TO camblit
JYYIIUHA B CMBICIIE IPOCTOTHI aKKyMYJISTOP. Bo-epBhIX, 0 cTeneHu 3apsKEHHOCTH OJIHO3HAYHO
CBHJICTEIBCTBYET HANpPsDKEHHE Ha akkymyssaTope 2,43B -2,53B Uil IUKIMYECKOTO pexuma
3apsfa, a BO-BTOPBIX, JaX€ IpPU MPEBBIIICHUU 3apsIHOTO HAINPSDKEHUs, HE IMPOMCXOIUT
BBIJIEJICHUS] Ta30B - pPEKOMOMHAlLMS B TOJIIE TEJIWEBOrO CJosi M Ha MpoOKax KIIalaHoB,
BBITIOJTHEHHBIX M3 KaTaIUTUYECKOW pe3uHbl. OJHAaKo, NpU 3HAYUTENBHBIX TOKax 3apsna,
CKOPOCTb BBIJICJICHUS Ta30B MOXET IMPEBBICUTh CKOPOCTh PEKOMOMHALMK, M CcpaboTaeT
IIPEIOXPAaHUTENbHBIA KiamaH. KuCIOTHBIE aKKyMyJISTOpPBl MOYKHO 3apsDKaTb B IIUPOKOM
nuanasoHe temmepatyp -20 - +50°C. Makcumanbhblie 3apsaHbie TOKH - 10 0,35 Cion.

MO’KHO IPUMEHUTH OAVUHAKOBYIO CXEMY JUIS 3apSAAKU CBUHIIOBBIX AKKyMYJISITOPOB.

HcTouHKK Karoy AKkkyM™m. batapesn
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YeTpoiicTBO  ympaBiieHUs] OpPUEHTUPYETCS TOJBKO Ha HANpsHKEHHUE 3apsKEHHBIX
akkymynsatopoB. Ilpm npoctwxkennmn 2,43B  -2,53B Ha »5ieMEHT, KIIOY pa3MbIKaeTCs.
DddexTBHOCTH Takoro crocoba 3apsaku coctaBiseT 80-90% B 3aBHCUMOCTH OT TOKa B KOHIIE
3apsanku. Yem MeHbmie TOK (MEUICHHEE HJAET 3apsiia), TeM 10 OONbIIeH €MKOCTH MOXKHO
3apsanTh. Huxke mokaszan rpaduk 3apsia.

4 Bhikal4EHHE
Japraa

-
t

Cpa3y mnocne otkitoueHust 3V 3aps] clerka yMEHbIIAeTCS H3-3a MPOUCXOISIINX B
JJIEKTPOJIUTE MPOILIECCOB, YPABHOBEIIMBAIOIIMX TMPSMYKD U  OOpaTHYK peakiuu U
nepepacnpe/esieHr0 BelecTB B ajekTponure. YtoObl ao6uth 3apsan g0 100% mnpumeHstoT
CIIEYIOILYIO CXEMY /103apsiia MaJbIMU TOKaMHU:

G

(o)

-

JlydmumM, HO OoJiee CIIOKHBIM SIBIISIETCS TaK Ha3blBaeMoe "ObICTpoe" aBTOMAaTHYecKoe
3apsAAHOE YCTPOMCTBO. 3/1€Ch OT HMCTOYHHMKA IMHMTAaHUS MHUTAIOTCS CTAOMIM3aTOpbl TOKa M
HanpspkeHus. CTaOMIu3aTop TOKa BbIIAET MAaKCUMAaJbHBIA JOMyCTUMBIA TOK 3apsja, Mo Mepe
pocTta HampsbkeHuss Ha AD ymeHpIIaeT ero, a Hnpu JOCTHXKEHUM Iopora, nepeBoaut Ab Bo
BTOPYIO CTaJHMIO - 3apsjl IMOCTOSHHBIM HampspbkeHuem U=(2,26B - 2,31B) Ha 3JI€MEHT OT
crabunuzaTopa HampspbkeHus. VIMeHHO »Ta cxema 3apsja peKOMEeHAyeTcsi BceMH (upmamu
IIPOU3BOJUTEINISIMU C PA3JINYHBIMU BapHalUsIMHU.
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OnTUMalbHBIM 0 CYyMME MAapaMeTPOB, BKIIOYAs CTOMMOCTb, SIBJISIETCS aBTOMAaTHUECKOE
3apsAAHOE YCTPOMCTBO, yKa3aHHOE HIDKE. 31€Ch MCTOUYHUK ITUTAHUSA, KaK B 3apsIHOM yCTPOWCTBE
Ha TIEPBOW CXeMe, O0eCreYrBaeT OTpaHWYEHHE TOKAa M THTACT CTAOWIM3aTOp HANPSIKCHHS,
OTpEryJIMpoBaHHBIH Ha Hampsbkenue Usz=(2,26B - 2,31B) Ha osnmemeHT. [lo JdoCTHXXKEHUS
YKa3aHHOTO HaIPsDKEHUS TOK 3apsaja OyJeT onpeaensiTh HCTOYHUK MUTAHUs, a IPH JOCTHXKEHUN
Ha akKymyssaTope HampspkeHuss U3 cTaOwin3aTop HampsbKeHHMs BOMIET B pexxXuM M Oyzaer
OTrpaHUYMBATh TOK, MOJJEpKUBas HampspkeHHue Ha ADB moctosHHbIM. VIMEHHO 3TOT MeTox
npuMeHsieTcss Ul 3apsiia Oatapeil paboraromux B OyepHOM pexume WIM HaxOJIsIuXcs B
ropsiueM pesepse. 3aBUCUMOCTU TOKOB U HANPSKEHUI OT BpEMEHHU 3apsija:

MeTouHnK CrabuanzaTop Akkym. baTapen
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CymiecTByeT MHOXECTBO MyOiMKamMid O 3apsfe KUCIOTHBIX aKKyMYJISITOPOB
aCUMMETPUYHBIM TOKOM - Yepeaysl UMITYJbChl 3apsiaa M paspsanaa. SAkoObl Takod MeToA 3apsijaa
MOBBIIIAET CPOK CIYKObl aKKyMYJSTOPOB, HO y aBTOPOB HET €IMHOIO MHEHHs MO IMOBOIY
BEJTMYUHBI U (DOPMBI 3TUX UMITYJICOB. ECIU ydyecTb, YTO KUCIOTHbIE aKKYMYJIATOPBI SIBISIOTCS
CaMbIMHU [JIEIIEBBIMU, TO IPUMEHEHHUE JOPOTUX YCTPOMCTB, AJII COMHUTEIBHOTO IMPOJIEHUS UX
CpoKa CIIy>KObI, BpSiJI JIU [IETIECO00pa3HoO.

KucnorHele akkyMysisTOpbl JOJDKHBI XPAHUTHCS B 3apsHKEHHOM COCTOSIHUHM, WHaue
cyiabdatanus. Bce kucinoTHble He JOOAT TIyOOKUX paspsioB, KOTOpPbIE MOTYT INPUBECTH K
notepe emkoctu Ha 80%. Taxke KUCIOTHBIE HE JI00AT BhICOKUX Temmeparyp. [Ipu Temneparype



42°C cpok ciryx0bl cokpamiaercs 10 1 roma. EMKOCTh KHCIIOTHBIX aKKyMYJISITOPOB OTIPEIEIISIOT
paspsoM mpu Manbix Tokax Harmpumep TokoM 0.05C 3a 20 wacos. Takoii crioco6 onpeneneHus
JacT HauOoJIee TOYHOE 3HAUEHUE EMKOCTH.

Hukeab kagmueBble akkymyasiTopbl Ni-Ca

HI/IKGJH)-KaZIMI/IeBBIe, TCPMETHYHBIC AKKYMYJATOPBI 3TO IICJIOYHBIC AKKYMYJIATOPBI C
OKCHJIHO-HHMKEJIEBHIM M KaaMHUEBBIM dyekTponaMu. OCHOBHas peaklus, NpoTeKaromas B
IIpoLecce 3apsja Ha IMOJIOKUTEIbHOM 3JIEKTPOJE B HHUKENIb-KaJMHUEBOM aKKyMYJISITOPE, MOKET
OBITh 3aIUCaHa CIEAYIOUINM 00pa3oM:

Ni(OH), + OH- = NiOOH + H,0 + e-

Ha OTPULATCIIBHOM KaJIMHUCBOM JJICKTPOAC IIPU 3aPAAC IMPOTCKACT PCAKIIHA:
Cd(OH), + 2e- = Cd + 20H-

OO0mas peakuust 3aps/ia BBITISANT Tak:
2Ni(OH), + Cd(OH), = 2NiOOH + Cd + 2H,O

HpI/I nepe3apdaac Ha TIIOJOXKHUTCIbHOM JJICKTPOAC BO3HUKACT MOOOYHBIN mpouecc

reHepaluu KUCIopoa:
20H-=0+ H,0

KI/ICJ'IOpOI[ qepe3 cermapaTop A0CTUTACT OTPULIATCIbHOI'O 3JICKTPOAA U OKUCIIACT KaﬂMHﬁ:
0 + Cd + H,0 = Cd(OH),

[Mocneaare peakuu 0O0pa3yrOT 3aMKHYTBIM IUKI M OOECIIEYMBAIOT T'a30BBIH OalaHC B
akkymynstope. OQHAKO AaBIEHUE B AKKYMYJISATOPE 3aBHCUT HE CTOJIBKO OT MHTEHCUBHOCTH
MIPOTEKAIOIIMX IPOLECCOB, CKOJIBKO OT COOTHOIIEHHS CKOPOCTH TE€HEpallud U CKOPOCTU
TpaHcnopta kuciopona. Kpome Toro, peakuus OKHCIECHHS KaaMHs 3k30TepMmuueckas. [lpu
ObICTpOM 3apsiie HaONIOJAeTCs 3HAYUTENBHOE BBIICTICHHE TEeIUla W pa3orpeB KopIyca
AKKyMYJISTOPA.

[Ipobnema 3apsiia HUKENb-KaAMUEBBIX aKKyMYJISATOPOB IO HAMPSHKEHUIO CBs3aHa C OYEHb
MaJibIM IPaJUEeHTOM HANPSKEHUS MPU 3apsie MaJIbIMU ToOKaMu. HampsikeHue Ha 3apsyK€HHOM Ha
20% HUKeNb-KaJMUEBOM aKKyMYJISITOPE COCTaBiisieT 1,4B, a Ha MOJHOCTHIO 3apsKEHHOM - 1,468
- 1,478 npu 20°C. TemrniepaTypHblie (IyKTyallH 3TOW BEIMYUHBI JIOBOJIBHO CEphE3HBIC, HO, TaXKe
IIPU JOCTaTOYHO CTA0MJIBHOM TeMIiepaType, 3HaU€HUs YIOJI3at0T B MPOLIECCE CTapEHUS.

OKCIIepUMEHTANBHBIM TIyTeM ObUIO BBISICHEHO, 4TO ompeneieHHbii Buix  Ni-Ca
AKKyMYJISITOPOB JIOMYCKAIOT 3HAYUTENBHBIM TMepe3apss, A0 HECKONbKUX Cyoy, MTpU 3apsfe
MaJbIMU TOKaMH. DTa BeJIMYMHA KoyeOsercs Juis pa3HbIx nmpousBoauteneii ot 20 go 50 ydacos,
0e3 CyIIEeCTBEHHOTO YXY/IICHUS MapaMeTpOB MpPHU pa30BOM Iepe3apsijie, U IO HECKOJIBKHX
MecseB 0e3 MOBPEXKICHUS aKKYMYIIATOPA.

Jlnst BBIOOpaA TUIA 3apsiIHOTO YCTPOKUCTBA M METOIa 3apsiia HE0OX0IMMO MPECTABIIATh, C
AKKyMYJISITOPOM KaKOTO THIA Bbl HMMEETE [eJl0, AaXXe €CIM HM3BECTHO, YTO OH HHKENb-
KaaMueBbli. Eciam Takoit nHpopManuu HET, TO YHHBEpCAIbHBIN (IIPaBUIIBHBIIN) CIIOCO0 3apsia -
ATO PA3PAAUTHh aKKyMYJISATOPBI WM OaTtapero 10 HampsDKeHHWs 1B/37eMeHT | 3apspkath 10 - 12
yacoB TOKOM 0,1 C,oy.

JInsi COBpEMEHHBIX LWIMHIPUYECKUX HUKEIb-KaJIMHUEBBIX AKKyMYJISTOPOB JIOIYCTUMO
npoBoauTh 3apsia Tokamu 10 0,2 C,, 0€3 mpeaBapuTeIbHOrO pa3psijia ¢ OTPAaHHYEHUEM I10
BPEMEHH OKOJO 6 4acoB. JTO OOYCIOBIEHO TE€M, YTO CHHXXEH 3(PQPEeKT mamsTH, U TOMYCTHM
HEKOTOPBIN Iepe3apsii Ipu MajblX Tokax. [IpuMep Takoro ycTpoHCTBa IPUBEICH Ha CXEME.
HcTounuk nutaHus, KOTOPBIA BMECTE CO CTaOMIN3aTOPOM TOKa 0OecrieuynBaeT CTaOMIbHBIN TOK,



3apAKacT Ab qgepe3 KIHOUY. TaﬁMep OTCUUTBIBACT BpPEMA 3apdaa U, IPpU AOCTHKCHUHU KOHIA
HHTCPpBAJIa, 3allpacT KIKOY.

UCTOUHUK| e | KNOY| | AkkyM. GaTapes
NUTAHUA | vanprwenn S B T P —

Taimep

AHanoroM 3TOro MeroAa sBiseTcs "KyJOHHBIM" WIM "MHTErpaibHbIA" METOA, INpHU
KOTOPOM HCIIOJIb3YETCS CYETYHMK amIep-4acoB (LMGPOBOM WIM aHAJIOTOBBI HMHTErparop,
KOTOpBIM YYMTHIBAET TOK 3apsia Mo BpeMeHH). Cxema 5 NoKa3bIBaeT 3apsiiHOE yCTPOWCTBO,
ucronb3yrouiee 3ToT MeTtoA. IIpu mpoxokaeHMHM TOKa yepe3 JaTYUMK TOKa, Ha €ro BbIXOJE
(dopmupyeTcsi CUrHaJl, yBEIMUMBAIOIINN 3HAYCHUE HAa BBIXOJEe MHTerparopa. Ilpu moctmxeHuu
MOCJEIHUM YPOBHS IOpora KOMIApaTop 3alupaeT KIY M MOXET BbIAATh CUTHAI Ha
MHIWUKATOp. 3/1eCh Ui 00ecTeYeHus epelaHHOro akKKyMyJIsiTOpy 3apsjaa He TpeOyercs: Taitmep
U HE HYXEH CTa0MIM3aTOp TOKAa, OJHAKO 3TO M SBJISIETCS CYLIECTBEHHBIM HeAOCTaTkoM 3V,
IIOCTPOEHHOI0 MO TakoMmy npuHuumy. [Ipm Manmelx TOkax Bo3pacTaeT BpeMsl 3apsia, a IpH
OONBIIMX BO3HUKAET PHUCK Iepe3apsiia IpU OTCYTCTBUU IpeABApPUTENbHOrO 3apsaa. llpum
UCTIOJIb30BaHUM CTA0MIM3aTOpa TOKa MpolieMa MOJHOCThIO CHHMAETCs, HO B 3TOM Cllydae
IIPUMEHEHNE NHTErpaTopa M0 CPABHEHUIO C TaliMEPOM HE ONpaB/aHO HU C KAKOH TOUYKHU 3PEHHUS.
WHTerpaTop ciokHee, Kak CJEICTBUE AOPOXKE M MEHEe HaleXeH, KpOME TOro, TOYHOCTh
MHTErpaTopa HaMHOTO HWXKe, 4eM Tailmepa. Pe3ynbraToM B 000MX Cilydasx - aMIep-yachl WIN
KYJIOHBI, INE€pEelaHHble OT MCTOYHMKA IHUTAHUA aKKyMyjlsaTopy. bojee TouHoro merona He
CYIIECTBYET, HO NMpPUIOJEH OH JIMIIb JUIsl OTHOCUTEIBHO MAaJIbIX TOKOB 3apsijia, MpU YCIOBUHU
OTCYTCTBHUS Mpeapaspsaa.

McTouHKK Knoy Aarymnk AkkyMm. baTapesn
UTaHUS [ (=t 3] ToKa | i B = o ]

A
WHTerpatop
KoMnapatop
MeTouHKK
noporoBoro
CWrHaaa

OnHU U3 MEPBBIX 3aPSAHBIX YCTPOMCTB sl OBICTPOTO 3apsiia UCIOIb30BATIM KPUTEPUI
npeBbllieHuss TeMmneparypsl 45 - 50°C s IpUHATHS pelIeHus O MPEKpalleHuu 3apsaa. ITo
NPOCTOI M JeHIeBBIl CIOCOO0 MMeEeT HEKOTOphle HENOCTaTKH. [lenmo B TOM, YTO BO3MOXKEH
HEJlo3apsii WK Tepe3apsii MPU CIUIIKOM BBICOKOW WIIM HU3KOM TEMIIEpAType OKpYKArOLIEH
cpenspl. [loaToMy YacTo MCHONb3yeTCs HE caMa BEJIMYMHA TEMIIEPATyphbl, & CKOPOCTh €€ POCTa,
paBHas 0,5 - 1 rpag/mMuH Kak yciioBUe OKOHYaHHs 3apsna. [Ipumep takoro 3V mpuBeneH Ha
cxeMe 6. Mcrounuk nuranus 3apspkaeT Ab yepes Kiito4, yCTpOHCTBO yNpaBICHUS Yepe3 AaTUUK
TEMIIEpaTypbl OTCIEKUBAET TeMIeparypy Ha Ab u pu TOCTHKEHUHU 0KUIa€MOM BETMYUHBI WITN



CKOPOCTH €€ pPOCTa, BBIJAET CHUTHAJT PAa30MKHYTh KIIOY M MOXET BKIIOYUTH KaKOW-ITHOO
WH]IUKATOP.

4 100%
3dpaA

HcToyHMK i Karoy Akkym, GaTapen

NUTaHWUA [ HANpAMKEHWA — ] o = ]
A Aarauk

YcTpoiicTeo
yrpaBAeHHA

Eme omHuM mapaMeTpoM SIBISIeTCsl CIaj HANpsOKEHHs] B KOHIIE 3apsaa (CM. 3apsaHbie
KpuBble). OH 3aMEeTEeH TOJIBKO MPU OOJIBIIUX TOKAX, PAKTUUYECKH OTCYTCTBYET IIPH TEMIIEpaType
BhImie 35°C, u cnabo BeIpaxeH B Oatapesix ¢ OONBIIMM KOJMYECTBOM DJIEMEHTOB U3-3a TOTO, YTO
B pe3yJbTaTe HEKOTOPOro pazdpoca MO €eMKOCTH, KOI/la HaIpsKEHUE OJHOTO 3JIEMEHTa pacTerT,
JIPYyroro MOKET MajiaTh, UCKaxasl oO0myro KapTuHy. OZHAKO 3TOT CMOCOO MOMYYHI HIHPOKOE
pacnpocTpaHeHue I 3apsiia 6atapeil ¢ HEOOJIBIINM KOJUYECTBOM 3JIEMEHTOB IPU HOPMAJIbHON
TeMrepatype. PexkomenayeMasi BelMurHa JUIsl 3aBEPUICHUS 3apsiia - CHHXKEHHE HANPSKEHUs HA
10 wmB/anement. [lpemmymiecTBOM Takoro cmoco0a SBISIETCS BO3MOXKHOCTh KOHTPOJIS
HANpsDKEHUST Ha AaKKyMylsTope wid Oarapee 1O TeM Ke MPOBOAAM, IO KOTOPBIM
ocymiectBisiercss 3apsan. CrnpaBeayIMBOCTH paau cleAyeT OTMETUTh, 4YTO MOYTH Bce 3Y
UCIONB3YIONINE 3TOT MapaMmeTp OJHOBPEMEHHO KOHTPOJHMPYIOT M TeMIeparypy Oarapen u
cHaOKEHBI 3aIUTHBIM BBIKIIFOYCHHUEM I10 MMPCBLINICHUIO BPECMCHU 3aps/a.

3anaqa KOHTPOJIA OTPHLATCIBHOI'O CIliaJa HAIIPAKCHHA - JACJIIO CJIOKHOC U B OCHOBHOM
BBIIOJHACTCA CIICHUAJIM3UPOBAHHBIMHU MHUKPOCXEMAMU - KOHTPOJIICpaMU 6LICTp01" 0 3apsaa.
KpOMe OTPULATCIIBHOr0 CliaJla HaIpPsSKCHHUA MUKPOKOHTPOJJIEPEI MOTYT OTCICKHBATH
TEMIICPATYPy HIIU €€ POCT, MAKCUMAJIBHOC HAIIPSXKCHUC WU BpCMA 3apsaa. HpeBBIIJ_ICHI/IC OJHUM
M3 3THUX MapaMCTPOB YCTAHOBJICHHOI'O 3HAYCHHA BEACT K OKOHYAaHUIO ITpOoLccca 3apsaa.

TakuMm 00pa3oM, HAMITYYIIMM CIIOCOOOM 3apsiia HUKEIb-KaJMUEBBIX aKKyMYJISATOPOB U
Oarapeil sBISeTCA 3apsAl IO BPEMEHM C IPEABAPUTENbHBIM pa3psaoM. BTopsiM 1o cymme



[IapaMeTPOB SABJISAETCS 3apsj IO TEMIIEpAType WM CKOPOCTH €€ pocTa. OQHAKO TPEHUPOBOYHBII
paspsiji akKKyMYJISITOPOB, KOTOpbIE IMOABEPraliCh OBICTPOMY 3apsily BCE PaBHO HEOOXOIAMMO
pOBOJUTH yepe3 5 - 10 HUKIOB paboTHI.

Hukenp-xkagmuensie 6atapen tepsoT 10% cBoell eMKOCTH B T€UEHUHU MEPBBIX 24 4acoB
1ocJie 3apsja, 3aTeM CHIKEeHUE eMKocTu okoso 10% B mecsn. TUnoBoe 3Hau€HUE HANPSHKEHUS
1.25B B pexxume X0J0CTOro xoaa U 1.2B moj HamnpsKeHUEM. DTOT THI aKKYMYJISITOPOB MMEET
caMoe HU3KOE COOTHOILIEHHE IIeHa/CPOK ciykObl. OHM He OOSATCS MOJIHOTO paspsla U HU3KHUX
TEMIIEpATyp, JIOOST OBICTPBIN 3apsii U MEAJCHHBIA pa3psal U MOA3APSJIKY UMIYJIbCaMHU TOKa,
MOTYT JIOJITO XPaHUTHCS.

JI1si HUKeTb-KaIMUEBBIX OaTapeil KpaiiHe HeOOXOIUM TOHBIA MEPUOAUYECCKUN paspsi;:
€CId ero He jeiaTh, Ha IUIACTHHAX »JJIEMEHTOB (OPMHUPYIOTCS KpPYIHbIE KPHUCTAILIHI,
CYIIIECTBEHHO CHIDKAIOIINE UX EMKOCTD (TaK Ha3bIBaeMBIN «d(DPEKT maMsaTuny).

CaMblil r1aBHBIN HETOCTATOK — TOKCUYHOCTb.

Huxesas MeTamni - ruapuanbie akkymyasaTopbl Ni-Mh

Hukens - MerasioruipuaHble TEPMETUYHBIE  aKKyMYJSTOpbl -  IIEJIOYHBIE
aKKyMYJISITOPBI, T/I€ BMECTO KaJIMMEBOIO 3JIEKTPOJa NMPUMEHEH IEKTPOJ U3 CILIaBa HUKENSA C
MeTaJUTaMH PEIKO3EMENBLHOM TPYIIbI, CIIOCOOHBIX K abcopOumm Bomopona. [lomoxurenbHbIH
NIEKTPOJl, KaK M B HUKEIb-KaAMHEBOM aKKyMYJIATOpPE OKCHUIHO-HUKEIEBBIA. Peakuuu,
MIPOTEKAIOIME Ha HEM MOKHO 3alicaTh CIEAYIOLINM 00pa3oM:

Ni(OH), + OH- = NiOOH + H,O + e-

Ha orpumarensHOM 3JIEKTpOJEe METAT pearnpyeT ¢ BOJOPOJAOM BOJBI M 0Opasyer
METaJUITHIPHI
M + H,O + e- = MH + OH-

OO6m1ast peakius 3apsijia BBITIISINAT Tak:
Ni(OH), + M = NiOOH + MH

[Mpu mepesapsine, Kak U B HHUKEIb-KaJMHUEBOM aKKyMYJSTOPE, Ha TOJOKHUTEIHHOM
AIIEKTPO/Ie BO3HUKAET MOOOYHBIN MPOIIECC FeHepaIiy KUCIOPO/Ia:
20H- =0+ H,0 +2e-

Kucnopon depes cemapatop JJOCTUTAaeT OTPHUIATEIBHOTO AJIEKTPOJa W BCTYMAeT B
PEaKInio:
O+ H,O + 2e+=20H

[Tocneanue peakuu 0O0pa3yrOT 3aMKHYTHIM LUK M 00ECIIEYMBAIOT T'a30BBIH OalaHC B
akkymyissitope. OZHAaKO JABJICHHE B AKKyMYJISITOPE 3aBUCUT HE CTOJIBKO OT WHTEHCHBHOCTH
MPOTEKAIOIIMX TMPOLIECCOB, CKOJBKO OT COOTHOIIEHUS CKOPOCTUM TEHEpALMh U CKOPOCTH
TpaHcnopTa Kuciopoja. Kpome Toro, mpu HOTJIOHNIEHMH KHCIopoja oOecreduBaeTcs emie u
JIOTIOJIHUTENIPHOE YBEITHMYEHUE €MKOCTH METAITHIPHUIHOTO SJEKTpoAa 3a c4eT oOpa3oBaHUS
rpynnsl OH. OgHako pa3orpeB METAUITHAPUIHOTO AKKYMYJISITOpa MpPH Iepe3apsie BCEe paBHO
MIPOUCXOJIUT.

OCOOCHHOCTAMH ~ METAUITMAPUIHOTO AKKyMYJIATOpa II0 CPaBHEHUIO C HUKENb-
KaJIMHEBBIM 3aKJIIOYAIOTCA B Oonblmei emkocTd (mo 1,6 pasza), MeHee BBIPAKECHHOM CIaje
HaIpsDKEHUS B KOHLE 3apsizia, OrpaHUYEHHEM TeMIepaTypsl npu 3apsae Ha ypoBHe 40°C,
oTcyTcTBUM 3¢ ¢deKTa maMsITH U 3aBUCUMOCTh KOJIMYECTBa LUKIOB OT TNIyOWHBI paspsjaa -
METAJUITHJIPUTHBIE aKKyMYJIITOPHI "HE JTI00AT" MOJTHOTO pa3psijaa.



HOCHC,Z[HI/IC JABEC 0COOEHHOCTHU ACIA0T 3apsad MCETAJUITMAPUIHOIO AaKKyMYyJiATOpa II0
BPEMCHHU C IPEABAPUTECIBHBIM pa3pAJa0M HE TOJIBKO HCHYXHBIM, HO U BPEAHBIM.

HpaKTI/I‘—IeCKI/I BCC NMUIMHAPHUYCCKUEC W TMPUSMATHUYCCKUC HHKCIIb-MCTAUITUAPUAHBIC
aKKyMYJIATOpPBI JOMYCTUMO 3apspkaTh TokaMu 10 0,2 C,., 0€3 mpeaBapuTenbHOro paspsjia c
OTpaHUYEHHEM [0 BpEeMEHH OKoJIo 6 yacoB. DTO 0OyCIOBIEHO TeM, 4To 3(p(eKT mamsaTu
OTCYTCTBYET, a HEKOTOPBIM Iepe3apsa] NMpU MalbIX TOKax A0NycTUM. 3Y, MOCTPOEHHOE IIO
TaKOMYy MECTOoY AHAJIOTUYHO YCTpOﬁCTBy JJIA HUKECJIb-KaIMHUEBBIX AKKYMYJIATOPOB,
IIPUBEICHHOMY Ha cxeMme. IlapamMeTpbl MCTOYHMKAa NUTAaHHUA TaKUE JK€ - HOMHUHAJIbHBIE
HaMpsoKCHUS HUKCEJIIb-METAIUITUAPUAHOIO M HUKCIIb-KaAMUCBOTO aKKyMYJIATOPOB IMPAKTHUYCCKU
COBMAJALOT.

MeHee BbIpa)keHHBIH CIaJ] HANPsKEHUS B KOHIIE 3aps/ia JIeaeT KOHTPOJIb 3a 3apsAA0M 110
OTpHUIIATETIFHOMY CIIay CJIOKHBIM M ONacHbIM i Oatapeu. PazpaboTka GaTtapeit Oosee uem u3
10 HMKETb-METAITUAPUAHBIX AKKyMYJIATOPOB HE PEKOMEHAYETCS B CBS3U C OMNACHOCTHIO
meperpeBa IpU 3apsje OJHOTO M3 aKKyMYJSTOPOB, KOTOpas BO3pACTaeT C yBEIMYCHUEM
pa3bpoca Mo eMKOCTH B pe3yJIbTaTe AIUTEIHHOTO HCIOIb30BaHMUS.

B cBere BblIECKAa3aHHOTO, HAWIYYIIMMH CIocOOaMU  3apsia JUId  HUKENb-
METAITUIPUIIHBIX aKKyMYJISTOPOB SIBJISIFOTCS: CTAHAAPTHBIA 3apsii MO BPEMEHHM U OBICTPBIN
3apsiz o Temrneparype 10 3Hadenus 40 - 60°C wium ee rpaguenty 1 - 2°C/mMuH.

Paznuunble GUPMBI-IPOU3BOIUTENH JTAIOT pa3Hble PEKOMEHJIAIMH M0 OBICTPOMY 3apsry
CBOMX aKKyMyJIATOpOB. Tak, Hanpumep:

- Panasonic (SImonwus): 3apsianbie Toku 0,5 - 1 CHoM. MakcuManbHasi TemmepaTypa -
55°C nmns tunmopasmepoB A u AA u 60 mia L-A, Taiimep ObicTporo 3apsaa - 90 mMuH ams
3apsaHoro Toka 1CHOM (JI0BOJIBHO cMeNo, HO UM BUaHee), Hanpsbkenue okoHuanus 3apsiaa 1,8
B/anemenT, oTpunaTenbHblii crial HanpspkeHus S - 10 MUJUTMBOJIBT/3JIEMEHT.

- Gold Peak Group (Kwuraii) pexoMeHayeT 3apsikaTh CBOM AKKyMYJISTOPbI pa3HBIMU
METOaMH, B 3aBUCHMOCTH OT OKPYKAIOIIEH TeMITepaTyphl:

10 Temmeparype - npu 25 - 45°C;

10 TpaAueHTy TeMriepatypsl - pu 20 - 30°C;

10 OTPULIATENILHOMY cliay HamnpspkeHus - npu 0 - 30°C.

MaxkcuManbHOE 3HaYEHHE TEMIIEPATYPhI aKKyMyJIsiTopa pu 3apsaaHoM Toke 0,5 - 1 CHom
cocrapmsier 55°C, a mpu 3apsgHom Toke 0,2 - 0,4 Cuom - 50°C, oTpuIaTenbHBINA Craj
HanpspkeHus 10 - 15 MUIUIMBONIBT/31IEMEHT, TaitMep ObicTporo 3apsiia - 120% emkocTu.

T.K. IeabTanmuK OOBIYHO JOCTUTAETCS MOCIIE TOTO KaK aKKyMYJISTOPBI 3HAUUTEIIHHO
Harpenuch U cpaboTana 3anmTa o HarpeBy, s goctwkenus 100% 3apsaku,
PEKOMEHIyeTCS MOJIh30BAThCS OXJIAXKIAIOIIMMHU YCTPOUCTBAMHU BO BpeMs 3apsaa. 1 BooOiie,
CYIIECTBYET MHEHUE, UTO MEPETPEB aKKYMYJIATOPA CHIKAET CPOK CITYXKOBI.

Bo Bpewms 3apsakm akKyMyssiToOpa, OT COCTOSIHHSI IOJIHOCTBIO Pa3psKEHHOIO MOKET
BCTPETUTHCS JIOTIOJHUTEIbHBIN, (ajabIIMBEI MUK B Hadale 3apsaKd, KOTOPBIH HYXHO
UTHOPHPOBATH.

CyiiecTByeT METO/, IPU KOTOPOM 3amepbl (PaKTUUECKOrO HAMpPSKEHUS aKKyMYJAToOpa
npousBoATcs 1 pa3 B MuHyTy. IIpu 3TOM mepen 3amepoM NpOM3BOIUTCS HEOOJNbIIAs pa3psaka
AKKyMYJISITOpA B TEUEHUE HECKOJIBKUX CEKYH/I.



Mertan - ruapuiHble aKKyMyJIATOpbl HE JIIOOAT UMMYJIbCHOW Harpysku. M3-3a storo
CHHMYKAETCSl CPOK MX CITY’KOBI.
XpaHUTh aKKYMYJISATOPBI JIydllle 3apsbkeHHbIMU Ha 40% B MpoXJIaiHOM MecTe.

JInTuii nonnsie akkymyJasitops! Li-Ion

Jlutuii 1menoYHOM MeTally, TIOYTH CaMbIi JIEBBIM B TAaOJuWIle HAMpPSHKEHUS METaJUIOB.
Pa3naraercs Ha BO31yXe, COEAUHSIETCA C KEM IONAJO, BBITECHSAET BCE METAJIBI U3 MX COJEH.
XpaHUTCA TOIBKO B T€PMETUYHBIX YIIAKOBKAX U B KEPOCHHE, COOTBETCTBEHHO, CPOK T'OJIHOCTH C
WCITOJIb30BAaHUEM WM 0€3 OHOT'O HECKOJIBKO JIeT. DTO KacaeTcsl BCEX JIUTUEBBIX OaTapeil.

[lepBbie nuTHEBBIE OaTapen ObUIM U3 JUTUA. M3-32 0OBIYHOTO Ui BCEX IMOJIb30BaTEeH
CBOWCTBA HApyLICHHs pEXHMa 3SKCIUTyaTallud, MPOUCXOJIMJI OBICTPBI H3HOC M CTapeHue,
KOTOpBIE B CBOIO OYepelb, NPUBOIWIM K HapyHIEHHIO TeMIepaTypHOil crabuimpHocTH. B
pe3yibTare, TeMnepaTypa OaTapeu JocTUraia TeMIepaTypbl IUIABICHUS JIUTUS U IIPOUCXOINIIA
OypHast peakuus, IOJy4YUBIIasi HA3BaHUE «BEHTUWISIHS C BHIOPOCOM IUIAMEHU».

B 1991 roay Obiio oTo3BaHO MHOro Garapeir MoOWiIbHBIX TenedoHoB. IIpu pasrosope,
Korja noTpebyiseMblil TOK MakCUMalleH, W3 TeiaedoHa BBIPHIBAJIOCH IUIaMsi W MPHUBOJIMIO K
o’koraM nosb3oBaTesieil. C TeX BpEMEH OT MU3rOTOBJIEHUS OTPULATEIBHOIO JJIEKTPOAA U3 JIUTHSA
OTKa3aJIMCh, HO CTaJd HCIIOJIb30BaTh HMOHBI JIMTHS. JTO HECKOJIBKO YMEHBIINJIO IUIOTHOCTh
3apsizia, HO B KyIl€ ¢ HOBBIMH CHCTEMaMH 3alllUThl, 3HAYUTEIBHO MOBBICUIIO Oe30macHoCTh. U Bce
e JIMTUI MOHHBIE OaTapeu KpemsTcs K TeaeoHy C3a7H 3a CI0EM TEKCTOJINTA U KIaBHaTypol Ha
cl1labeHbKOI 3allelKe.

[Tpu 3apsne nuTUi MOHHBIX OaTapeil MpOTEeKarT peaKIuu:

* Ha nonoxutenbubix miactuaax: LiCoO, 2 LijCoO,+xLi+xe
» Ha orpunatensnbix miactunax: C+xLi+xe =2 CLiy
[Tpu pa3psiie mpoTekaroT 0OpaTHbIE PEAKIIHH.

C TeueHueM BpeMeHM Yy Oaraped MOJHUMAaeTCs BHYTpPEHHee colpoTuBieHue. Bce
aKKyMYJIATOpBl Ha OCHOBE JIMTHS TOJBEpPXKEHbI OBICTpOMY cTapeHHio. 3a rop Tepserca 20%
€MKOCTH, JlaXKe €eClIM aKKyMyjisTop He ucroisb3yercs! 3a BTopoil rox 20% oT ocraBierocs.
CrpamnBaiite faTy poXAE€HHsA INpu NoKynke. [IpowsBoaurenn B KOMMEPYECKMX LENAX 3Ty
nH(GOPMaLIMIO CKPBIBAIOT U KOJIUPYIOT €€ B cepuilHOM Homepe Oarapen. Crtapenue Oartapeit
MOkHO 3amennuTh Ha 40% xpanenuem npu 15°C, Garapen OOMKHBI OBITH 3apsHKEHBI Ha
MIOJIOBUHY.

A TIpu JKCIUTyaTalWH, MOBBIMIEHUE Temmepatypsl g0 60°C crmocoOCTByeT ITydIne
TOKOOTAAue, T.K. IPOBOJUMOCTD JINTUS yJIydlIaeTCs.

Hanpsokenue nmpu skcmtyataiiuu MeHsieTcs oT 4.2B 10 3B (HamnpshKeHHe OTCEUKH), YTO He
OYeHb TO TNPUEMIIEMO IS pa3IMYHOro pojia MoTpeduTenei, TPeOYIOUMX MOCTOSHHOTO
HaIpPsDKEHUs, HO B HEKOTOPOM CMBbICIIe YI0OOHO /7Sl OLIEHKHU 3apsa OaTapeu.

Panbiie KOHCTpYKLMS OaTaper OCHOBBIBAJIACh HA UCIOJIb30BAHUY TPAPUTOBON CUCTEMBI,
YTO OTPaHUYMBAIO MAaKCUMaJIbHOE HanpspkeHue 110 4.1B Ha anemeHT. Hapymenue orpaHudeHus
MIPUBOJUT K COKPAILIEHHIO CPOKA CITY>KOBI.

B Hacrosiiee Bpemsi myTeM NpUMEHEHHUS pPa3JIMYHBIX J100aBOK, YIajJoCh IOBBICUTH
MakcuMalbHOe HampspkeHue 10 4.2 + 0.058. BoeHHble 3apspKaroT JIUTUH-MOHHBIE OaTtaped 1o
ycrapy n0 3.9B i yBenu4eHHs cpoka chnykObl. Ilpum mepesapsne JIUTHI-HOHHOTO
aKKymyasaTopa 10 4.3B, MPOUCXOAUT OTJIOKEHUE METAIJIMYECKOrO JIUTHS, YTO MPUBOJIUT K
HECTaOUJILHOCTU ¥ YMEHBUICHUIO CPOKa IKCILUTyaTallUH.

[Tpu Hu3kux Temrepatypax oT 0-10°C MakcUMalbHBIM TOK 3apsjia Jydllle YMEHBIIUTb.
[Ipu TemmepaTypaXx HW)KE TOYKM 3aMEp3aHMs DIJIEKTPOJUTA Jydllle He 3apshkaTh HHaue
OCaXIACHUE METAJININYECKOTO JIUTHS.



OObIyHas cxema 3apsIKi JTUTHEBBIX OaTapel COCTOUT U3 IBYX (as:

1. Ot ucrounnka crabunsHoro toka (I= 0.5C-1.5C) npousBoautcs 3apsia ot 1 10
3 yacoB (B 3aBUCHMOCTH OT TOKa) mocturaem 3apsaa ao 70-80% emkxoctu. 1o
CKOpee BCEro MPOM30MIET NMPH JOCTHKEHUU HanpspkeHus 0.9%V,,,

2. OT uCTOYHHMKA CTAOMIBLHOTO HAMPSHKEHUS TOKOM, KOTOPBIH MONYyYUTCS, IO
MIOJTHOTO MCYE3HOBEHUS TOKA.

CKOpOCTh TOJTHOTO 3apsjia MPaKTHYECKH HE 3aBUCHUT OT MAaKCUMAJIBHOTO TOKa, T.K.
BTOpas cTaaus - camas JuurenbHas. Hekotopsie 3V 3asBisioT Bpems 3apsiaa | dac, 9TO 3HAYMT,
YTO BTOPOM CTAWHU y HUX HET, T.€. Baia 0atapest OyaeT 3apsukeHa Ha 70%.

[Ipy nonagaHuM »>IEKTPONMTAa HA KOXY WIM B TIJa3a Cpa3y IPOMBITh OOJIBLIINM
KOJIMYECTBOM BOJBI U K Bpayy Ha OCMOTP.

JInTuii noumepHsbie akkymyJasitopsl Li-Po

SBnsitOTCST  PA3HOBUAHOCTBIO JINTUH HMOHHBIX, WU OTIMYAIOTCI OCOOBIM COCTaBOM
AJIEKTPOJIUTA TeaeoOpa3HON KOHCHCTEHIIMM, HaXOJIAIIErocs B MOJUMepHOW ryoke. bmaromaps
3TOMY (opMa aKKyMyJISITOpa MOKET ObITh MPOU3BOJIbHAS.

Hanpsokenue takoe ke, Kak ¥ 'y JUTUH HOHHBIX. Cpok ciyx0bl Taioke coctasiser 1000
LIUKJIOB.

Bce GbITOBBIE yCTpOIiCTBA C JIMTHEM Ha OOpPTY, UMEIOIINE KOHTAKT C JII0JIbMU, 0COOEHHO
C 1eTbMH, CHaOXEeHBI LIEIbIM HAOOPOM 3aLIUTHBIX YCTPONCTB, BCTPOCHHBIX B caMy Oarapero. ITo
JBa Kiouya OT mepesapsaa >4.3B u mepepaspsaa <2.5B, CHEIUaIbHBIN BBIKIIOYATEIb Ha
npesbimenue gasinenus (1034 klla), u repmonpenoxpanutens Ha 90°C.

B MonenbHOM akkyMyssiTope Hu4uero 3toro Het! MojenusM 370 BaM He Urpymku!

AKKYMyJATOpP JTUTHI MOTUMEPHBIA MOKHO OBICTPO YHUUTOKUTDH €CIIH:

1. Paspanutre Hmwxke 2.5B. Ecaum Bbl pazpsgunu Huxe 2.5, MOXHO TOIBITATHCS
BOCCTaHOBUTH ero mMaybiMu Tokamu 0.02A no 2.8 u ganee 0.05A 1o HampsokeHHs
3.2B, nanee B OOBIUHBIN 3apsIHHUK, HO JIy4Ille OT HETO JaJIeKO HE OTXO/AUTh.
[lepeszapsiiuts Bhie 4.2B.

IlepeoxnaauTh, 4TO MPUBEIET K MYyHKTY 1.

[Teperpets >90°C o B3myTHS.

Hapymmrth repMeTH4YHyIO YyIaKOBKY.

3aKOpOTHTh aHOJ M KaToJ HeOOJBIIUM HampaBleHHBIM ynapom. Wiu, Hanpumep, B
aKKyMmyJsiTopax, mnpousBeneHHbIX ¢upmoir SONY nns HoyrOykoB DELL, 6bin
JIOMYIIEH 3aBOJICKON Opak — BHYTPH repMETHMYHON YHaKOBKH OOHApY>KEHBI YaCTHUIIBI
Merauta. SONY cka3asa, 4TO B30pBAHHBIE AKKYMYJSTOPBI AKCILTyaTHPOBAJIUCH B
HENPaBWIBHBIX HAarpy304HbIX YCJIOBUSAX, HO, BCE JK€, OTO3Baja HX JUIsl 3aMEHBI
(Tonbko He B Poccun). Drta cTaThs MUIIETCS UMEHHO HAa TakoM HoyTOyke. Tenepp s
0010Ch €r0 OCTaBJIATh Ha 3apsAAKY, HA HOYb M KOTJIa HUKOTO HET JIoMa.

SANNAP e



[Ipy HapylieHMHM TepMETUYHOCTH WM 3aKOPOTKE aHoJa W Karoja (Hampumep, OT
NajieHusl Ha TBEpAbIH MpenMeT) Npu 3apsaKke MOXET BO3HHKHYTh OOJBIION KpacHBBIM mIap c
BbIJIEJICHUEM COOTBETCTBYIOIIETO KOJIMYECTBA TEIIOBOM 3Hepruu. CKOJNBKO BBIIEIUTCS TEIUIa,
MOKHO TOJCYUTATh M3 COOOpa)XEHUs, YTO BBl 3apsHKaIM €ro ABa-TPU 4Yaca HECKOJIbKUMHU
ammepaMu Toka. BenmunmHa nocraTtouHas, 4TOOBl MOJKEYb ABTOMAIUMHY WM 3aHABECKH WU
obou y Bac Joma. 3apsbkaiiTe TOJBKO B HEBO3rOpaeMOM IKady BJIalIM OT JETKO U TPYAHO
BOCIIJIAMEHSIEMBIX TIpeaMeToB. He octapmsiite 0e3 mprucMoTpa M UMEWTe NpU cede MOPOIIKOBBIN
OTHETYILUTEIb.

Anroput™ 3apsIKM TaKOW K€, KaK M y JIMUTUH HMOHHBIX aKKyMyJsaTopoB. Crposkaiiiie
3aMpeLIeHO MPEBBIIIATh MAKCUMAJIbHOE HAIIPSDHKEHUE 3aps/a.



CBoaHas Ta0/IMLA 110 AKKYMYJIATOPaM

XHUMHUSA 04YeHb KOPOTKO.

Ipuioxenue Ne9

JlaHHBIE, yKa3aHHbIE B 3TOHM TaliMlle OYEHb MPUOJIM3UTENIBHBIE U JIOJKHBI CIYKUTh
JIMILB JUIsl CPAaBHEHUSI CPEAHUX XapAaKTEPUCTUK PA3IUYHBIX aKKYMYJIATOPOB.

Tounble naHHBIE YyKa3aHbl HAa CaMOM AaKKyMyJsTOpE MM Ha COIPOBOXKAAIOLIMX
JNOKyMeHTax. Eciu HM TOro He Ipyroro y Bac HET, IPOBEPHTE CAUT MPOU3BOJAUTEISL.

IMapamerpsr | SLA, VRLA, Ni-Ca Ni-Mh Li-Ion Li-Po
SLI
OHepreTHyecKast 30-50 45-80 60-120 110-160 100-130
IUIOTHOCTh BT*u/Kr
Yucno pabouux | 200-300 1500 300-500 500-1000 300-500
LUKJIOB 110
CHHIXKECHHSI E€MKOCTH
Ha 80%
MunnmansHOe 8-16 1 2-4 2-4 2-4
BpeMsi 3apsa
Tox 3apsna, 0,1-0,2C 0,1-3C 0,1-2,5C 0,1-0,4C 0,1-1C
C-HOMUHAJIbHAS
E€MKOCThb
Toxk pa3psiga
[TukoBbIii- 5C 20C 20C >2C >2C
[Ipuemnemblii- 0.2C 1C 0.5C no 1C no 1C
Camopaspsn 3a | 5 20 30 10 10
mecsn %
Dddext namstu OTCYTCTBYET CHIIbHBIH Cra0pblit OTCYTCTBYET OTCYTCTBYET
Hanpsokenne 2 1,25 1,25 3,6 3,6
OJTHOT'O 3JIEMCHTA B
Oarapee, B
Yero He m00AT Tonxoro pa3psza Ieperpesa Ilepepaspsna, Bcero Bcero
neperpesa
AJTOpUTM 3apsAKu 1.1=0.1C, t=16 u. 1 =0.2C. =6 1. 1=0.2C, t=6 u. 1. I=Imax, U=Umax 1. I=Imax, U=Umax
2. Vconst * R 2. 1=2C, T<50°C
3. Ir>0.1C, Iep=0.1C RS 3. I=2C,dT/dt=1°C/mun.
2. 122C, Ak

ITonsenem uroru asnst 6a30BBIX anropuTMOB. st yrpoiieHus OyaeM CUUTaTh, YTO 3apsij
npousBoauTcs npu 20°C - 25 °C g5t 0oAHOTO AJIEMEHTA.

SLA (3anuenvie)
HyneBas ¢aza. Ecnu akkyMmyJsITOp MOJIHOCTBIO pa3psiKeH, 3HAYUT €MKOCTh €ro

1.

[98)

nocrpajana u ymeHbmmiacb. MoxkHo 3apsikatb Tokom 0.1C go 2B.

3apsiKkaeM MOCTOSSTHHBIM TOKOM Iimax = (0T 0.1C 10 0.25C).

CraBum Taiimep Ha BoiKirOYeHHUE 0 BpeMeH! t = (169 * 0.1C) / Lax

Kaxxapie 10 MuH cCHIMaeM 3apsiAHBINA TOK U JIeTaeM HEeOOBIION pa3ps/l B TCUCHUE
5 cexyHA TeM XK€ lma. Ecim Hanmpspkerwe nocTUriao Vi = (0T 2.43B 1o 2.53B)
MIPEeKpaIaeM MpoIece 3apsIKu.
B pexume pecynbparammm 3apsbkaem 1 cek., paspsbkaem 0.2 cek. (He

poBepeHo!)

SLA (cepmemuunsie, 2enuesvie)
Hynesas ¢aza. Ecmu akkyMyssITOp MOJIHOCTBIO Pa3psiKEeH, 3HAYUT €MKOCTh €ro

1.

2.

IocTpajaaia U ymeHbmuiaack. Moxso 3apsokatrs TokoM 0.1C o 2B.

[TepBas daza - 3apspkaeM MOCTOSHHBIM TOKOM Imax = (0T 0.1C go 0.35C) wunm
MIOCTOSIHHBIM HaIIPsDKEHUEM U3 pacueTa 2.45B Ha 3JIEMEHT.
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Kaxnpie 10 MuH. cHMMaeM 3apsIHbIl TOK W JienaeM HeOONbLIOW paspsa B
TeUeHHUE 5 CEeKyHJ TeM ke ln.. Ecnu HanpsokeHne 1octurio Vi = (ot 2.26B 10
2.31B), TO epexoaAuM Ko BTOpoii (asze.

B pexume npecynbparammm 3apsbxkaem 1 cek., paspsbkaem 0.2 cex. (He
poBepeHo!)

CraBum Taiimep Ha nepexos oT nmepBoi ko BTopoit Baze t = (1649 * 0.1C) / Lnay.
Bropas ¢a3a crabunuzanus no HanpsbkeHuto (ot 2.268 10 2.31B).

CraBum Taiimep Ha BTOpyIO a3y 1 vac.

Ecnu rimy6oko pazpsokeH, 3apsbkaem 0.1C mo 0.8B.

Kanmuii ¢ cepenunnt He 3apspkaroT. [lepBas daza — paspsixaem g0 1B.

3apsKaeM MOCTOSHHBIM TOKOM Inax = (0.1-0.2C HOpMmanbho, 0.3C ObIicTpBIid, 0.5-
1C ckopocTHOI).

MoXHO mociie KaKI0ro UMITyJIbca 3apsiIHOTO TOKA JeaaTh HeOOJbIION NMITYIIbC
paspsjia ans peKOMOMHAIMU Ta30B, JEKPUCTAUIM3AlMM U yBEJIWYEHHUS CpOKa
ciryx0b1. KonkpetHsie napameTpsi???

CraBum Taitmep Ha npekpamienue 3apsaaa t = (129 * 0.1C) / Lnax.

CraBuM TeMIepaTypHbIi Tpurrep uiau Ha temneparypy 60°C unm Ha ee poct
dT/dt = 1 °C/mun. [Ipu npeBsilieHHH TpekpaiiaeM 3apsaky. [lpu npeBblimeHun
IIPEKpaIaeM 3apsaKy 10 ocThiBaHUsA. Eciin 3aps HE MOJHOCTBIO IPUHAT, MOXKHO
caenaTh may3y M IpOAOKUTH MeHbIIMM TokoM ([uddepennmanbHo-maropblit
3apsi). Benmuunna Toka 3aBucut ot SoC (State of Charge) crenens 3apsna.

[Ipn noctwkeHnn HanpsbkeHus 1.4B aKTHBU3UMPYEM TPUITEp Ha HaIpsDKEHUE.
Ecnu mnanpspkenume Hawanmo cHuwxkateess (~ 10 MB), mnpekpatuts 3apsn.
OpueHTupyemcsi Ha CHI)KEHUE Ha OJHOM OaHKe, T.K. AJIEMEHThl MOTYT OBbITh HE
COTJIACOBAHBI.

HManee 1 wac crpyiinon noazapsaku 0.05C. Ilpu nmurensHOM 3apsie NPUBOJIUT K
KpHUCTaJTU3ALHIH.

Ecmm rmy6oxko paspsiken, 3apsbkaem 0.1C no 0.8B. Ecnu Oyaem 3apspkath TOKOM
1C, to Heooxoaum niepuof 10-20 munyt naunuupytomero 0.2-0.3C 3apsina.
3apspkaeM MOCTOSTHHBIM TOKOM Inax = (0.1-0.2C Hopmainbro, 0.3C OvIcTpHIit, 0.5-
1C ckopoctHoit). IlpennoururenbHee OBICTPBIE M CKOPOCTHOHM 3aps] HHaye
TPYAHO ONPEEIUTh KOHEI] 3apsijia.

CraBum Taiimep Ha npekpaiuenue 3apsaa t = (124 * 0.1C) / Lnax.

CraBum TeMIiepaTypHBIM Tpurrep uiam Ha Temneparypy 60°C wim Ha ee pocT
dT/dt = 1-2 °C/mun. Ilpu npeBbIIIEHUH TpPEKpaIlaeM 3apsiiKy 1O OCTHIBAHHSL.
Ecnu 3apsa He MOJNHOCTBIO MPUHAT, MOXHO CJeNaTh Nay3y U HpOAOKUTH
MeHbIIUM TokoM (nddepennmansHo-marosslil 3apsn). BenndanHa Toka 3aBUCUT
ot SoC (State of Charge) crenens 3apsia.

IIpu poctmxenunn HamnpsbkeHust 1.4B craBuM Tpurrep Ha HanpsbkeHue. Ecnn
HanpspkeHue cHuswiock Ha 10 MB, mpekparuts 3apsig. OpueHtHpyemcss Ha
CHIDKEHHE Ha OJIHOM OaHKe, T.K. 3JIEeMEHTHI MOT'YT OBITh HE COTJIACOBAHBI.

Jig nydniero ompezeneHus JienbTa-NMuKa, HW3MEpPEeHHE HaANpPSDKEHUS MOXHO
7enaTh €KEMHUHYTHO C HEOOJBIINM IMPEIBAPUTENILHBIM pa3psioM. Jlenbra-nmuk
3aMeTHee Mpu OOJIBIINX TOKAX U MPU MAJIOM KOJUYECTBE FJIEMEHTOB.

Hanee 1 gac ctpyitnoi noazapsiaku 0.03C. Ilpu nnutensHOM 3apsiae NPUBOIUT K
KpUCTAJUTU3AIIH.



Li-Ion u Li-Po

1.

[Tepen mepBoi#i dazoii: Ecnu nanpsbkenne Ha OaHke B auama3oHe 2.4B - 3B, TO
HYXHO 3apsaauTh ee kaneiabHbIM 3apsaoMm (0,05 - 0,1 C) mo 3 BOJBT, U TOIBKO
notoM nepedtu k (aze 1. Ecnu Hmke 2.4B, TO Ha Balll CTpax M PUCK MOXKHO
npo6osats 0.05C, He oTx014 oT 3Y.

[lepBas dasza - 3apspkaeM HOCTOSHHBIM TOKOM I = (oT 0.5C g0 1.5C) no
0.9*V,ou.

Bropas ¢aza - 3apspkaeM CTaOMIM3UPOBAHHBIM HAMPSHKEHUEM Vyoq J0 TTOJHOTO
HCYE3HOBEHHUS TOKA.

KoHnTponb Hajg TOKOM M HampspDKEHHEM MOXKHO MPOU3BOAMTH HENPEPBIBHO H
OJTHOBPEMEHHO.

CraBum TeMriepaTypHbIi Tpurrep wid Ha temrepatypy 40 - 50°C nnu Ha ee pocT
dT/dt = 1 °C/mun. Ilpu npeBbIIEHNU TPEKpaIaeM 3apsiIKy.

CraBuM Taiimep t = (1.54 * 1C) / I,n.x Ha IpEKpaIieHUE 3apsIKH.



Ipuioxenue Nel(

Kak pa6orats ¢ WinAvr?

WinAvr — ofHa M3 caMmbIX JIYYIIUX TPOTPaMM i MPOTrPAMMUPOBAHHS TPOIIECCOPOB
Atmel. 1 BOT Mou J0Ka3aTeNbCTBa HA MOMEHT HAalMCAHUS CTaThH:

W

Oto OecratHeii kKomnwisitop Cu, Cut+, pacnpocTpaHseMblid IO JIUIECH3UH
GNU. U »53T10 HaurmaBHEWIIMH IUIIOC, JUIsI IPOIPAaMMUCTOB, JKEJAIOLIUX HE
HapymaTh JUIEH3MOHHOE 3akoHojaTenbcTBO. «Embedded IAR C++ for AVR»
CTOHMT 3ampe/ielibHO BBICOKO Juisi camozenbiumkoB $2000. IIpo ocranbHbIe
KOMITHJISITOPBI TOYHO He ckaxy $150 - $300, Ho mpoOiieMa ¢ HUMH HE B IICHE, a B
BO3MOXXHOCTH UX ITPHOOpeECTH.

CKOpoCTh CKOMITMJIMPOBAaHHOM MPOrpaMMbl HAXOAMTCS Ha YpPOBHE JYYIIHUX
KOMITUJISITOPOB.

Pa3mep ckoMOuIMpoBaHHOM MPOrpamMMbl BIIOJIHE TPUEMIIEMBIH.

SIBHBIX OIIMOOK HE OOHAPYKEHO.

B nporpamme mmeercsi cBosi 000J04YKa — TEKCTOBBIM penakTtop «Programmers
Notepad 2» u3 KOTOPOro MOXHO KOMIHJIUPOBATh M HPOIIUBATH MPOIECCOPHI,
HanpuMep ajs nporpammaropa PonyProg.

Jannas mporpamma HamucaHa Ha WinAVR-20071221rcl. B Gonee mo3nneit
BEPCUH ONTHUMH3AIMS 110 pa3Mepy cejiaHa 3HAUUTEIbHO XYXKe.

Ho ecTp Takke M MUHYCBHI: ONITUMH3AIIMS IO pa3Mepy J0CTaTouHo ciabosara. Pabora c
OTACIIbHBIMH 61/ITaMI/I yrapa3aHeHa € MOTHBHpOBKOfI YBCIMYCHUA CKOPOCTHU, HC COBCCM JIOTUYHOC
UCTIOJIB30BaHUE III00ATBHBIX IEPEMEHHBIX, 3aTPpyIHEHA padoTa ¢ yKa3aTelssMU Ha KOHCTaHThI BO
FLASH mamsrtu, 6ubnuoreka GyHKIUN He OnemeT pazHooOpaszueM. M, Bce ke, 0eCIuiaTHOCTh U
JOCTYITHOCTh IEPEBEIINBACT BCE 3T HEJOCTATKH.

Kax YCTAaHOBUTD!:

1.
2.

4.

3akaunBaeM yCTaHOBOYHBIN (haiin ¢ caiita WinAvr.

ITocne ycraHoBkM 3amyckaeM «c:\winavr\pn\pn.exe» 23TO pemakTop ¢
BO3MO>XHOCTBIO KOMITWJIMPOBAHHUSI M ITPOIITUBKH.

Penakrop HEOOXOAMMO HACTPOUTh HA KOMIWISTOP M YTHIUTY IPOIIMBKH
AVRDUDE, no6aBuB B HEro HECKOJIbKO KOMAaHI;

* OYHUCTKA: Tools => Options => Betka Tools => Bsi6pats B cniucke: C/
C++ => ADD => Name=CLEAR; Command=
C:\WinAVR\utils\bin\make.exe; Folder=%d; Parameters=clean

o KOMIIWJISIOUS: Tools => Options => Berka Tools => BriOpats B
crucke: C/C++ => ADD => Name=COMPIL; Command= C:\WinAVR\
utils\bin\make.exe; Folder=%d; Parameters=all

« INPOI'PAMMMPOBAHHME: Tools => Options => Berka Tools =>
Breiopats B crmucke: C/C++ => ADD => Name=BURN; Command=
C:\WinAVR\utils\bin\make.exe; Folder=%d; Parameters=program

B manke ¢ ucxomnukamm 3V ectb «Makefilen. B mobom npoexkre WinAvr
JOTKeH ObITh Tako aiin. OOpaTuTe BHUMaHUE Ha CIEAYIOUINE MapaMeTPhI:

« F CPU=16000000 - TaKTOBas 4acToTa

* FORMAT = ihex - opmar ¢aiina npoImruBKU

* TARGET = main - Ha3BaHMeE (pailyia MPOIIUBKU


http://winavr.sourceforge.net/
http://winavr.sourceforge.net/
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e OPT-=s - ONTUMU3AIUS IO BCEMY
* AVRDUDE PROGRAMMER = ponyser - NOAKIIOYEH NPOTrpaMMaTop
PonyProg uepes COM-nopt. Enie pa3 HanoMHHaK HMCHOJIB3YHTE TOJIBKO
yecTHbli COM ¢ MaTepuHOK M He Hcnoib3yite nepexoanuku USB to
COM
* AVRDUDE PORT =coml - nomep COM-nopra
* AVRDUDE WRITE FLASH = -U flash:w:$(TARGET).hex
» AVRDUDE WRITE EEPROM = -U eeprom:w:$(TARGET).eep
OcranpHbie HacTpoiiku «Makefile» 6e3 ocoboit HagOOHOCTH HE Tporaiite!
Jlns  3amycka  pefdakTUpoBaHUsi MpoekTta 3Y  HEOoOXOJMMO  3alyCTUTh
«c:\winavr\pn\pn.exe zu.pnproj».
Jlig Toro 4troObl CKOMIMJIMPOBATH MPOEKT HEOOXOJUMMO CHayala BBIOJIHUTH
komaHny Tools => CLEAR 3arem Tools => COMPIL
YroOel mpomuth 3Y  HOBOM  CKOMIWJIMPOBAHHOW  NPOIIUBKOM  depe3
nporpammatop PonyProg, passenennslii Ha uudpoBoit cxeme 3V, Hamo
BbINOIHUTH KoMaHy: Tools => BURN. K coxanenunto, MHE HE yAalI0Ch NPOIINTh
¢y3b1 (OuThl KOH(DHUrypamuu mporeccopa) u3 WinAvr, a 6e3 HuX paboTath He
Oyzer, ModTOMY CHayajia HaJao Ha mporpamme oT PonyProg mpommts ¢ys3sl, a
MMOTOM YK€ IIMTh MporpaMMy Ha WinAvr.



Ipunoxenue Nell

Cnucok
I{udposas cxema:
Oobo3HayeHue Tun Koa- Kopnyc Hena KommenTapuii
BO (pyo.)
M1 ATMega32 1 DIP40 120-180
HL1 DV204000 1 KKH 20x4 250-400 Jlroboro  mpousBomHTeNsA,  pycHDHUIH-
I POBaHHBINA, ¢ TOACBETKON MM 0e3 Hee Ha
MT-20S4... ocHoBe KoHTposuiepa HD44780
D1 MAX232CPE 1 DIP16 40 W mr060ro Apyroro HpOU3BOAUTENS Y
I HUX OOBIYHO B HAa3BaHUM MPHUCYTCTBYET
MAX232N «232»
DALl 7805 1 TO-220 5 Wi KPEH SA
DA2 7809 1 TO-220 5 W KP142EH8A
VTS5 KT814 1 KT27(TO126) 3 Wi nro6oit gpyroit
VTI1-VT3 KT3102 3 TO-92M 3
VD1, VD4-VD8 BATS54S 6 SOT-23 5 He o00s3aTenbHO BHAWBaTh. 3alldTa HOT
nipoueccopa oT <0v wiu >5v HanpsHKeHUs
VD2, VD3 4.7v 2 SODS80 5 CMJ] crabumutponer. 5.18 nmyume HE
CTaBUTb.
VD9 LL4148 1 LL103 5 Wi KD522 — Ge3Horuit
Z1 16 MHz 1 CRYSTAL 10 B maneHbkoM Koprryce.
BF1 3I1-1 1 10 [Ipe30 numanka. SB 6e3 reneparopa.
L1,L2 10-15 uH 2 IND_CH_0805 5 WnnyktuBHOCTS CM/I, MOXXHO HE CTAaBUTH,
MOIIIHOCTh MUHHMAJIbHasl.
C1-C4, Ce, C8, 0,1u 26 COND_CH_0805 0.2
C11-C30
C9, C10 27p 2 COND_CH_0805 0.2 MoxkHo 22p
C5,C7 10u 2 COND TAN D 15 Mosksao 10u-100u 168
4.7k 5 RES _CH_0805 0.1 80 py6. 3a makeruk 27 HOMuHANOB 1O 20
IIIT.
RS 5.1k 1% 1 RES CH 0805 0.1 MoxHOo 5%, HO BO3MOXHO OygeT 4yTh
OoJiee UyBCTBUTENEHA K TEMIIEpaType.
R1, R4, RS, R7, 10k 6 RES_CH_0805 0.1
R9 -R23
R6 11k+1% 1 RES_CH_0805 0.1 MoxHo 5%, HO BO3MOXHO OygeT dyTh
OoJiee UyBCTBUTENEHA K TEMIIEpaType.
R2,R3 100 2 RES CH 0805 0.1
X4, X6, X8 PLD4X1 3 PLD4X1 5 4-X IITBIPHKOBAS JIMHEHKA
X7 PLD5X1 1 PLD5X1 5 5-TH IUTHIPbKOBAsl IMHEHKA
X3, X5 PLD5X2 2 PLD5X2 5 10-Tu IITBIPHKOBAs CIBOCHHAS JIMHEHKA
XP1 WH-2 1 WH-2 5 2-X WITBIPHKOBBINA TOJIAPHBIA pa3beM Ui
BEHTWJISITOPA
HWroro: 600-750
CusoBas SEPIC
O0o3HaueHue Tun Kou- Kopmyc Hena KommenTapnii
BO (py6.)
DAl TL494CN 1 DIP-16 10
DA2 MAX4420D 1 DIP-8 50 W TC4420 DIP
DA3 LM324A 1 DIP-14 5
VTI1, VT2 70N06 2 TO-220 30 Wnu nro6oii npyroii (N-kaHaibHbBIH, >508B,
1-G(3aTBOp) HanpspKeHHe IepeKioueHus oT 2B 110 9B,
2-D(cToKk) €MKOCTb 3aTBOpa MUHUMAJIbHAs,
3-S(uctok) CONPOTUBJIICHUE B OTKPHITOM COCTOSHHUHU
MHUHHUMAJIBHOE)
VT3 IRL540N 1 TO-220 30 Wnn nro6oii npyroit  (N-kaHAIBHBIH, >258B,




1-G(3aTBOp)

HapsKCHUE TMEPCKIIIOYCHUA OT 2B J0 9B,

2-D(cToK) €MKOCTb 3aTBOpa MHUHHUMaJIbHAs,
3-S(uctok) CONIPOTHUBJIICHHE B OTKPHITOM COCTOSHHU
MHUHHUMAJIBHOE)
VT7, VT8 KT3102 2 TO-92M 3
VT4, VTS5, VT6 KT3107 3 TO-92M 3
VD1 30A 50V 1 TO-247AD 40 30CPQO50. KenatensHo BBIOMPATH
obIcTphIe U ¢ BhicokuM KIT/I.
VD3 18v 1 DO-201 20 >5 BarT, MOXXHO CTaOMJIMTPOH, a MOKHO
IIPOCTO AMOJ, @ MOXHO HE BIIAWBaTh, TOTJA
He OyHOeT 3ammThl OT MEePETONIOCOBKH U
IIPEBBIICHYSL.
L1, L2 MII-60 2 JIBe mOJI0BUHKH 70 Cepo-KOpUYHEBOIO  LBETa C  CUHEH
Mo-nepmaioit TopouIa TI0JIOCKOH
27x15x6
WA
24x13x4
CoolMu 77351 24x14x9 UepHoro 1seta ¢ 6ol HaJImuchio
[15B2 Im d=1.4 20 MoXXHO B34Thb M3 CTAporo TpaHCA WIH
KATYIIKH 32)KUTaHUS
L3 10uH 1 IND CH 0805 5 MunyktuBHocTh CM/I, Majio MolHast
C7, Cl11, C13, 0.1u 4 COND_CH_0805 0.2
Cl6
C12,C17 0.68u 2 COND_CH 0805 0.2
C10 1.8n 1 COND CH 0805 0.2
C6, C8 lu 2 COND CH 0805 0.2
C2, Cl4, CI5, 4.7u 50v 4 COND_CH_1206 15 C2, C21 MOXHO HamasTh CBEpXy eIle
C21 CTONBKO ke (Turl audnekTpuka X7R, Y5V),
OHH OBIBAIOT ¢ HOXKamu wim SMD (Ha
CTapblX  MaTepsiX TIoJ  IPOIECCOPOM
TOJICTbIE KyOHKH)
C19 3300u 25v 1 COND EL 18 8 30 Jlns komnbroTepos, low impedance, 105°C
C4, C5,C20 2200u 35v 3 COND EL 18 8 40 “
Cl1, C9 10u 25v 2 COND TAN D 10 MoxxHo 10u-100u 168
C18 220u 25v 1 COND TAN D 10 Moskno 10u-100u 168
C3 220u 35v 1 COND TAN D 10 Moxuo 10u-100u 358
R17 1k 1 RES CH 0805 0.1
R5 2.4k 1 RES CH 0805 0.1
R11,R15 3.3M 2 RES CH 0805 0.1
R1,R6 5 Om 2 RES CH 0805 0.1
R19 5.6k 1 RES CH 0805 0.1 Jlyame 5.9k. Moxuo 5%, HO BO3MOXKHO
Oymer uyre Oojee YyBCTBUTENBHA K
TeMIeparype.
R20 7.5k+1% 1 RES CH 0805 0.1 MoxHo 5%, HO BO3MOXHO OygeT dyTh
OoJiee UyBCTBUTENEHA K TEMIIEpaType.
R4, R10, RI14, 10k 15 RES CH 0805 0.1
R16, R18, R21-
R31
R7 24k 1 RES_CH_0805 0.1 MoxHo 5%, HO BO3MOXHO OygeT dyTh
OoJiee UyBCTBUTENEHA K TEMIIEpAType.
R2,R3 100k 2 RES_CH_0805 0.1 MoxHo 5%, HO BO3MOXHO OygeT dyTh
OoJiee UyBCTBUTENEHA K TEMIIEpaType.
RS8, R9, R12, R13 0.1 Om 4 RES2W 5 2-X BaTTHBIC IIYHTHI
FU2 15A 1 -‘\ 10 HepxaTenp BCTaBKH IUIAaBKOH ©3  2-X
- 4acTel ¢ JBOWHBIMHM HOKAMH BIOJIb
BCTaBKM, KpailHas Hora 2MM, Jpyras
OMIKe K IEHTPY 3MM U BCTaBKa ITaBKas.
X3 PLD5X2 1 PLD5X2 5 10-TH IITBIPbKOBAsl CABOSHHAS! JIMHEHKA
Hroro: 550




Ipunoxenue Nel2
Kak He Ha10 3apsiKaTh...

Marepuansl B3saThl ¢ caiita http:/klaudius.free.fr/lipo.htm. Oto Moxer ciayuutbes ¢
KaXJ[bIM:

CJ'ICIIYIOH_[Hﬁ IIar Takou (Ha3BIBaeTC}I BCHTUJIALIUA C l'IJ'IaMeHeM)Z



http://klaudius.free.fr/lipo.htm

Wnu Takoi, ecniu B MarmHe OyeTe 3apsKaTh:




Ipunoxenue Nel3

Pacuer mapamerpos SEPIC no crarsbe [2]

Makpoc moxHo 3anmyctuth u3 ¢aitna: SEPIC 1051.doc, ecnu B «IlapameTpax» 3akianka
«be3omacHOCThY paspelleH 3allyCK MakpoCOB € coracus mnosb3oBarens. llocne n3meHeHus
YpOBHsI 0€30MaCHOCTH (paifil Hy>KHO 3aKpBITh, OTKPBITh BHOBb M Pa3pelIUTh 3aIIyCK MAaKPOCOB.

Texct mporpamMMbl MOkHO mnocmoTperh u3 mMeHro WORD: CepBuc => Makpoc =>
Maxkpocel => M3menuts. B oTkpsiBmiemMcs: okHe Visual Basic cineBa B okHe Project menknyTh
Mbimkoi Ha User Forml, a motom, Ha)kaB Ha KHOTIKK Ha )opMe, BBI ITOTIAIETE HETIOCPEICTBEHHO
B TEKCT IIPOIPaMMBI.

B mporpamme noapoOHBIe KOMMEHTapuu. Pe3ynbTar paboThl MPOrpaMMBl 3TO TEKCTOBBII
¢aiin Ha aucke c:\sepic.txt. M BOT, 4TO y HAaC MOJIYYUIIOCH:

"llapameTpel SEPIC"
"Freg= 250000 I'u"

"3amaHHOe BXOIHOe HampsxeHue"

"Vin min= 11 MmMHMMAaJIbHOE HampsaxeHme"
"Vin typ= 12.5 TunmuHoe HamnpsxeHue"
"Vin max= 14 MakcumajbHOe HamnpsxeHue"

"MHOexcH min, typ, max 3mechk M pajiee O0O3HAYAKWT IOJIsg yKa3aHHOT'O TUIlA BXOIHOTO HaNpsxeHus"

"3amaHHBIE BHIXONHEE IapaMeTps"

"Vout = 35"
"dvout = .01"
"Iout = 5"

"Ilpoza xu3HU"

"RL1 = .01"

"RL2 = .01"

"Rsw = .044"

"Rcp = .01"

"vd = .4 TlageHue HanpsxeHusa Ha nuone"

"Gep = .05 BesmmumHa KoJiIeOaHMI HaNpsxeHMs Ha Cp OOJpkHa OBITH Majla 10 OTHOWEeHM®o K Vep =1%-5%"

"KooddMLUMEeHT yMHOXEHMS MIOeaJIbHBEM 0e3 ydeTa [apa3UTHBX CONPOTUBJIIEHMN"
"Al min = 3.22"
"Al typ = 2.83"
"Ai max = 2.53"

"KoodbdmiimeHT yMHOXeHMS peatibHell 20 mTepaumin"
"Aa min = 3.64"
"Aa_typ = 3.11"

"Aa max = 2.73"
"[Anbda % oT nepmoma T]-kiou 3aMxHyT; [100-Anbda]-xjod pasoMKHYT"
"Al min = 78.43%"

"Al typ = 75.68%"
"Al max = 73.18%"

"Cp >= 28.5209 mMxd"

"Pcp = .91 BaTT paccemuBaemas MOMWHOCTbL Ha Cp"

"Psw = 18.55 BaTT paccemuBaeMas MOUWHOCTbL Ha KJjoue 0e3 yueTa MNepekJuodeHmi"
"Prll = 3.31 BarT paccemBaemMas MOWHOCTb Ha L1 m3-3a RL1"

"Prl2 = .25 BaTT paccempaeMas MOINHOCTb Ha L2 m3-3a RL2"

"pdl = 2 BaTT paccemBaemMas MOWHOCTb Ha nmone"

"L1 > 6.01 mxI'r"

"L2 > 16.39 mxI'a"

"ILlsat>> 21.05 A TOK HACHUWEHMUSI MHIOYKTMBHOCTM HOOJDKEH OBITH 3HAUYMTEJLHO OoJbume"
"IL2sat>> 6.25 A TOK HACHIUEHMS MHIOIYKTUMBHOCTM INOJDKEH OLTH 3HAUMTEJIbHO OoJbme"
"Cout > 5705 Mxd"
"Cin > 570 Mxd"

Bang
"KPD min= 87%"
"KPD_typ= 90%"
"KPD_max= 92%"

"Vds= 41 B MakcuMaJIbHOE HalNpsXeHMe Ha KJode C 3arnacom 15%"
"Vr= 40 B MakcuMaJbHOE HaIpsXeHMe Ha OuoIe C 3anacoMm 15%"




Pacuer reomerpuu apoccenei

Jlanee OyneM HMCIONb30BaTh CTaThio [6] IS pacueTa nmapameTpoB Apoccens. HauanbHbie
JaHHBIe OepeM U3 MpeabIayIIero naparpadga.

OCHOBHBIMHU KPHUTEPHUSMHU JIJISI pacueTa Jpocceist OyayT CITYKUTh:

—

Tox Haceimenust THAYKTUBHOCTH L1 momkeH ObITh Oosbiie 20 A

2. Tox HaceleHHss MHAYKTUBHOCTH L2 nosmkeH ObITh OGosblie 6 A

Ceuenus mpoBoaoB L1 m L2 A0mKHBI COOTBETCTBOBATH TOKAaM, BO H30EKaHHE
neperpena. CeuyeHre MOYXXHO YMEHbBIIINUTh, HO 00€CIEeUNTh XOPOIIH OTTOK TeIUIa.

4. Jlns ymeHblleHusl CKMH-3(()eKTa HaM peKOMEHAYIOT PUMEHSThH TOJIIMHY ITPOBOJIOB
0.4 MM npuemisiemyto Juist yactotsl 250-300 kI, HO Kak Moka3ana MpaKkTUKa, MOYKHO
UCHONB30BaTh MeAHbI mpoBoa d=1.4 mm unu 3 xuisl mo 0.8 MM (yumie, HO
Tpy/AHEEe MOTAaTh).

[98)

ITo Teopuu, HEOOXOIUMO JOCTATOUYHO TOYHO YCTAaHOBHUTH MHAYKTHMBHOCTH Y OOMOTOK,
KOHTPOJINPYSI MHAYKTUBHOCTh LC-METpOM, €ciu mpeyBeaudYuTh L HE MOIydrMM HY>KHBIX TOKOB,
€CIM CIIMIIKOM YMEHBIIUM, I[IOJIy4UM IIOTEPU OT IMEPEHACBIIEHUs M CY3UM JUana3oH
PETryJIMpPOBAHUS KIIFOUOM.

Msl Oynem wucnoib3oBate Mo-nepmamuioir MII-60. Iloxka He ynamnoce HalTH
3aKOHOMEPHOCTh WM ONTHUManbHOE cooTHomeHne L1 n L2 . Jla m uHayKTMBHOCTH B paiione 10-
20 MxI'H BHOJIHE XOPOIIO paboTaroT.

IIpo paccuuTaHHbIC KOHICHCATOPBI

st Toro 4ToOBI Hamia cxema paboTtania, HE0OXOAMMO TOJ00PaTh COOTBETCTBYIOIINE
KOHJIEHCATOPhl C HHU3KUM YypPOBHEM HUMIeNaHca (MHAYKTUBHOCTH). 3apsi JODKEH HMETh
BO3MOXXHOCTh JIETKO M OBICTPO NPHUXOJIUTh «B» U YXOJUTh «HU3» KOHJEHCATopa, a €ecliu
KOHJIEHCATOp 3TO HAaMOTKa (oJbIU (CUMTall KaTyllka), TO Ha BBICOKMX YaCTOTaX MHIYKTHUBHAas
COCTABJISIIOLIAsl TPEMATCTBYET 3apsike M paspsake KOHAEHcaropa. B konaeHcaTope naxke
JUITMHHBIE HOXKH OYyAyT UTpaTh MHIYKTUBHYIO POJIb, U MEIIAaTh HaM 3apskaTh M pas3pspKaTh
OOKIIaIKH.

ITIpu BeIOOpe KOHAeHcaTopa Cp, HEOOXOJMMO OpPUEHTHPOBATHCS Ha KEpaMHUYECKHe
KOHJIEHCATOphbI Ha Oosbinoe HampsukeHue. Maeansno ucnonb3oBats YUIT SMD konmeHcatopsi,
eclii BBl Halijiere HyxHoe HanpspkeHue S0B. (X7R, Y5V)

BrixonHo#t koHaeHcaTop Toxke jgobkeH ObiTh SMD. UUII TanTanoBble KOHIEHCATOPHI
MOJIXOAAT MO XapaKTepUCTHKaM, HO OHHU joporue. B HameM ciyyae OoJbIIME TaHTAJIOBBIE
KOHJeHcaTopbl HaiTu cioxHo. T.k. 250 xI'n 3Tto mpumepno 100 kI, To OyaemM UCHOIB30BaTh
KOMIIbIOTEPHBIE 31eKTpoauThI ¢ low ESR (¢ HU3kMM uMnegancom, T.e. UHIYKTUBHOCTBIO).
BxonHoil konaeHcarop, 6marogaps ¢uibtpyromuM cBoiictBam SEPIC, nmon6upator kak 1/10 ot
BBIXOJIHOTO.



Ipunoxenue Nel4

Onucanue HACTPOEK AKKYMYJISITOPOB M UX XUMHYECKUX THIIOB

AKKYM JIATOPBI OIPCACIIAIOTCA CICAYIONIUMU ITapaMCTpaMu:

Ne I 2911705000031 Onucanne
Oarita

0-9 Ha3zpanue u3 10 6ykB 6aTapen akKyMyJIsiTOPOB

10 Koz tuna akkymymsropa

11 KonruecTBo mociie1oBaTeNbHBIX 3JIEMEHTOB B 0aTapee akKyMyIIsITOPOB

12 A9/10 EMKOCTh mOCIemoBaTeTbHOTO D3JEMEHTa B 0Oarapee aKKyMyJsSTOPOB (€MKOCTP
OaTapen aKKyMYJISITOPOB)

13 kOMm Kon yaudukarop aist aBTo onpenenenus o6arapeu (He peannzoBano)

14 KommaectBo mukimoB (PeanbHble mMapaMmeTpsl CTapeHHWs, JJIA aHalu3a |
NPEAYIPESKICHUA 0 COCTOSIHMH akkyMmynsaTopa) (He peann3oBano)

15 % [Mpouurslii momydeHnsiid 3apsa (PeanbHble mapamMeTpbl CTapeHMs, Ul aHaIu3a U

MIPEeIYIPEXACHUI 0 COCTOSTHIH akkymyIsitopa) (He peani3oBaHo)

THITBI aKKYMYJISITOPOB!

Ne Enuunier Omnucaune
Oaiita

0-9 HasBanue Tuna (1o XMMHYECKOMY IIPHU3HAKY)

10 F1 @naru anropurma 3apsaku Nel. (ITo ymonuaHuio WzaeT 3apsii MMOCTOSHHBIM TOKOM H
HPOBEPSETCS BPEMsI 3apSAKH)
7-6ut - Pa3pemmuTs HyneByro (OT MOJHOM pa3psaaky) (hasy 3apsaa (He peaan30BaHo).
6-0uT - PaspemmTh KarmenbHbIN 3apsi.
5-6urt - Pa3pemuTh CTpyHHBIHA 3apsi.
4-6ut - PearmpoBats Ha mieperpeB aOCOTFOTHBIM.
3-6uT - PearupoBarh Ha CKOPOCTb Iieperpena.
2-0uT - Pa3pemmTs 1eKpuCTaIN3aIHIo.
1-6ut - OcranoBka npu [=0.
0-6uT - OcTaHOBKA IpH IPEBBIIICHNH Vmax.

11 F2 Onarn anroputma 3apsaku 2. (Ilo ymomgaHwrio WAET 3apsii TOCTOSIHHBIM TOKOM H
TIPOBEPSETCS BpPEMsI 3apSAKH)
7-6ut - OCTaHOBKA IPH MIPEBBIMICHUH Vst CTATHYECKOT0 MAKCUMAJILHOTO HATIPSDKEHHMS.
6-0uT - PearnpoBars Ha JIENbTANK JUHAMHYECKHUI.
5-6uT - PearupoBars Ha JIEJIbTAITUK CTATUYECKHH.
4-6ut - MenneHHOE MOBBIIIEHHE TOKA B ITpOIecce 3apSIKi OT MUHUMYMa K MaKCHMyMYy.
3-6ut - Ilpu mpeBblIEHUH TeMIEpaTypbl cienath nay3y 30 MHH. U HONpOOOBaTh elle
pas.
2-6ut - JIuraMudecknit KOHTpoIb V<Vmax 3a c4eT YMEHBIICHHS TOKa.
1-6uT - 3ape3epBHUpPOBaHO
0-6uT - 3ape3epBUPOBAHO

12 1/50 Bonbt V MuHHMaJIbHOE HYJEeBO# (a3sl (Hampumep s LiPo ot 2.4 (10 3.0)), T.e. KOraa MOXHO
3apsKaTh, HO OUCHb MEJJICHHO.(HE peann3oBaHo!!!)

13 1/50 BosbT V MuHUMaJIbHOE TIepBO# ¢a3bl (Hanpumep mist LiPo 3B).

14 1/50 BosbT V Makc npy TMHAMUYIECKOM W3MEpEHHH.

15 1/50 Bosbt V Makc npu cTaTH4ecKOM H3MEPEHUU.

16 MB dV kanenpHOrO 3apsina.

17 MB -dV penpranuka.

18 %C Tox MeIeHHO (3apsAKK U pa3psiiku). JUis JeKpUCTAIUTM3AINH TOK Pa3psIku

19 %C Tok HOpMaITEHO (3aPSIKU B Pa3psaku). s MeKpUCTAIUIH3AUN TOK 3aPSIKA

20 %C Tok OBICTPO (3aPSLIKA U Pa3psLIKHA).

21 %C Tok HyneBo# (hasbl.

22 %C Tok kanenbHOU U CTPYIHOM 3apsSKH.

23 °C AOcCoJTIoTHAs TeMIIepaTypa neperpea.

24 (°C*10)/munH CKOpOCTh Teperpena.

25 % K st onpenieniennst MakcMManbHoro Bpemenu 3apsaa. (C 3apsina/C noTpadeHo)

26 1/10 cek. PDes npu pexpucraummzanuu Bpems 3apsiaku. [onsbpid nukn=(PDes 3apsm)+(Ilayza)+




(TDes paspsn)+(ITay3za)

27 1/10 cexk. TDes Bpemst Ha paspsi.

28 1/50 Boabst V XpaHeHusi AMHAMUYECKOE.

29 1/10 A/cex CkopocTb pocta ToKa. CKOpPOCTh ¢ KOTOPOH aJIrOpPUTM YBeIWYMBAaeT TOK. CIHIIKOM
BBICOKasi CKOPOCTb - Kojie0aTesibHasi HeCTaOMIbHOCTh

30 MuH. Bpewmsi cTpyiiHOW MM KaneJIbHOM 3apsAKH WM HYJIEBOH (ha3bl
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