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NMMUTAUMNOHHAA MOJEJIb CUCTEMbI OBECTTEYHEHUA
MAKCVMAJIbHOW BbIXO4HOW MOLWHOCTIN
COJTHEYHOW BEATAPEN

ABAYINT MAXWA ANMb-XATUB,
KaHj. TexH. Hayk, gou. METPEHKO HO. H., acn. JIKOJINC A. L.

Benopycckuii HauMoHaNbHbIA TEXHUYECKUIA YHNBEPCUTET,
OunM HAH benapycu

Bo MHorux ctpaHax mupa [1...3] BegyTCs MHTEHCUBHbIE PabOoTbl MO UCMO/b-
30BaHVI0 BO30OHOB/ISIEMbIX UCTOYHMKOB 3HEPTUM, CPEAM KOTOPbIX 0CO60€e MeCTO
3aHMMaeT COMIHeYHas aHeprus.

O606Las onbIT UCNOML30BaHNA COMHeYHO 6aTapen (CB) B MMPOBOiA Npak-
TUKE, MOXHO BbIAENUTb Cleaytowme rpynnbl  NOTpebuTeneldi COMHEYHON
3Hepruu:

1-4 rpynna: 60/blMe CUCTEMbI, B KOTOPbIX MOLLHOCTL CB npeBbIwaeT ge-
CATKN 1 6onee kuosatT; Cb paboTatoT Ha CeTb MepemMeHHOro Toka. Takue cu-
CTeMbl LienecoobpasHo MPUMEHATb B CTpaHax, rhe UMeeTcs YCTOM4MBOE COfl-
HeyHoe n3nyyeHve 1 nog Cb BO3MOXHO OTBECTM 60/IbLUME M/IOLAAN.

2-9 rpynna: He6onbLwve no mouHocTn Cb, Kak npasw/o, He Bbiwe 5 KBT
CNyXar ana obecneveHns aNeKTPOIHEPr e yaaneHHbIX Nob3oBaTeneli B aBTo-
HOMHOM peXxume. Harpy3koi Takux YCTaHOBOK SB/IAKOTCA HACOCh! MPPUraLyoH-
HOW CUCTeMbl, KOHAWULVOHUPOBaHWE, OXNTaXAeHWe U fp.

3-9 rpynna: Kak v B npefblayLiem cnyyae, He6osblime no MowHoctn Cb
CNYXaT [/19 MUTaHUSA 3NeKTPO3IHePrmelt Xublix jomMos. Cb pacnonaratorcs, kak
npaBuno, Ha Kpbilax u cTeHax. [nsa obecrneyeHWs HenpepbIBHOrO MUTaHMA
MPUMEHAKOTCH aKKyMynATOpHble 6atapen (Ab) 1 npeobpasosaren MOLLHOCTH,
He TpebytoLLmMe 06CNyXKMBaHKS.

B naHHoiA paboTe paccmaTpmBaeTcs NpeobpasoBaHye COMTHEYHON 3HEPTN B
anekTpuyeckyto [3...5]. HenocpeAcTBEHHOE MOAK/OYEHNE CONMHEYHbIX GaTapeit
K noTpebuTento HeaptheKTMBHO. MNpeobpasoBaHMe NapaMeTpoB 3/1EKTPO3HePrnm
Cb B mapameTpbl, NPUrofHble A1 UCMO/b30BaHWSA, OCYLLECTB/ISETCH C MOMO-
LB  MOMYNPOBOAHMKOBBLIX BbICOKOYACTOTHbIX CUIOBbLIX Mpeobpa3oBaTenei
mowyHocTtn (CIMM) [4, 6]. Kpome TOro, ans obecneyeHuns 6GecnepeboOiHOro
3NeKTPONUTaHusa B No60e Bpems CyToK Mexay Cb v Harpyskoi ycTaHaBnvBa-
etca Ab. Huskoe 3HaveHune KI1/[ Cb, n3aMeHeHne MHTEHCUBHOCTU CO/THEYHOIO
M3Ny4YeHUs B TeYEHWe CBETOBOMO JHA AeNat0T aKTya/lbHON 3afady obecrneyeHums
MaKCUMa/ibHOM BbIXoAHOW mowHocTn (MBM) CE [6...8].

BbIXofHble napameTpbl — HanpsKeHWe, TOK, a CnefoBaTe/lbHO, W MOLL-
HOCTb — HEMNpepbIBHO M3MEHSAOTCSA MNOJ BO3AENACTBUMEM aTMOCKEPHbIX YC0BUi
(puc. 1), 0CO6EHHO NPU WU3MEHEHWWN WHTEHCUMBHOCTW COMIHEYHOIO W3/yYeHUs,
N3MEpAEMOTO B eMHMLIAX MOLLIHOCTM Ha 1 M. 3TO NPUBOANT K HEO6XOANMOCTH
n3MeHeHua pexxuma padotel CINM. Ha puc. 2 npusefeHa 3aBUCUMOCTb BbIXOA-
HOM MowHoCTM CB 0T HanpsbkeHus. TakuMm 06pa3oM, NofaepXKaHvie pexumMa
MBM ocCyLecTBNAETCA 3a CHET U3MEHEHWNA HanpPsXKeHUs Ha Bbixoge CMM ny-
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Tem perynuposaHus cksaxkHocTn D LUMIM-curHana ynpasneHus TpaH3uCTOpoMm
VT B cxeme npeobpasosatens (puc. 3), ynpasnsemoro MUKPOKOHTPO/I1IEPOM
(MK) [8].
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Puc. 1. XapakTepucTuka CO/IHEYHbIX GaTapeit Puc. 2. 3aBUCUMMOCTb MOLLHOCTM COJIHEYHbIX
Npy NOCTOSIHHOW TemnepaType U pasnnyHoi GaTapeii OT HanpsxeHus: 1 — 1000 BT/m% 2 —
WHTEHCMBHOCTW COJIHEYHOTO U3Ny4yeHus: 1 — 750; 3 -500 BT/M?

1000 BT/m?; 2 - 750; 3 — 500 BT/M?
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Puc. 3. dyHKUMOHa/IbHas CXeMa MUKPOMPOLLECCOPHOIA cucTeMbl obecneyeHns MBM

B kauecTBe Harpys3ku B cxeme puc. 3. ucnonbsyetca Ab. HTepdelicHble
mogynu AL obecrneumBatoT BBOS, aHA/IOTOBbIX BE/MUYMH TOKA N HANPSHKEHNUA B
MUKPOKOHTpoep. 10-pa3psiaHble YCTPOMCTBa BNOHe 06ecrnevnBaroT Heob6Xo-
OMMYIO TOYHOCTb Mpeobpa3oBaHus. B KayecTse cunoBoro TpaHsuctopa VT pe-
KomeHayeTcs npumeHsTb MOSFET, vMetowmii HW3KOe nNafeHue Hanpske-
HWA B OTKPbITOM COCTOSHWWU. Auog VD [omkeH 6biTb 6bICTPOAEACTBYHOWMM
(tsoer < 150...200 Hc).

K mukponpoueccopy MK He npefbsaBnseTcs XecTKux Tpe6osaHuin, 0cobeH-
HO B 4acTW BbICTPOAENCTBUSA, MOCKO/bKY afirOpUTM peanns3auumn ynpasieHus
[OCTAaTOYHO NPOCT. BbIGOp MOXHO OCTaHOBUTb Ha npoueccopax Intel 8032 u
Intel 80C196KC. MocneaHMiA 0TANYAETCS HU3KOM CTOMMOCTbIO U MOTpe6seMoit
MOLLHOCTBIO 1 MOXET NofyyaTb NutaHue oT AB, MMetoLLeiics B cxeme. [aHHbIi
npoLeccop NOCTPOeH Mo 16-6MTOBON apXMTEKTYpPE; ero peLlatoLLMM npemmyLLe-
CTBOM B pacCMaTpuBaeMOM acrekTe ABNAETCA Hannyme Tpex BbIXo4HbIX LLM-
curHanos. Kaxabiii Boixog LLUIVIM MOXeT Mcnonb3oBaTbCs A4/1s YrpaB/ieHns oT-
[eNbHOIN CCTEMOI Npeobpa3oBaHUs.
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MpeaNoXeHHbIA anropuTM 0becrnedeHns pexxnMa MakCUMasibHOM BbIXOLHOM
MOLLHOCTU Ha ocHoBe MK npescTasneH Ha puc. 4.

OnucaHne paboTbl anropuTMa.
3afjayeil  MaTemaTMyeckoro Mopenu-
poBaHua pexxuma MBM aBnsdeTca noa-
TBEpXAeHne (YHKLUMOHMPOBAHUA an-
ropyTmMa 1 paboTocrnoco6HOCTU CXEMbI
MMUKPOMNPOLLECCOPHOM  CUCTEMbI  06e-
cneyeHns MBM. B Hauane pabotbl
nporpammbl 331aeTCA MONOXKUTENIbHOE
npvpaLleHne M3MeHeHUs CKBaXXHOCTU
(z = 1). B KayeCTBe KOHCTaHTbl Mpu-
paLleHns CKBakHOCTU D BbibpaHa Be-
nnyrHa 0 < A y < 1. 3HayeHue CKBax-
HOCTW XpaHWUTCA B BOCbMWPA3PALAHOM
perncTpe npoLieccopa.

B TeueHne KaX[oro wHTepBsasia
CKaHMpoBaHWsA 13 nopTa BBOAA CUUTHI-
BAETCA 3HAYEHMEe HanpsHKeHus 3apsaga
akkymynatopa U, M cpaBHMBaeTC C
MaKCUMa/IbHbIM  [ONYCTUMbIM  Hanps-
XeHvem 3apsaga Uy, npy LOCTUXKEHUN
HanpsXKeHUst  akKKymynsatopa  Makcu-
Ma/lbHO [OMyCTMMOro 3HaYyeHus 3Ha-
yeHne CKBaXXHOCTM D ycTaHaBnmBaeTcs
paBHbIM HYNt0. TpaH3MCTOP 3aKpoeTcH, -
n 3apagka Ab npekpatutca. Ecnm 3Ha-

H argamo

YyeHne HanpsXeHus AB MeHblUe f0- D=D+dpy

MYyCTUMOTrO 3Ha4yeHus, TO fasiee Hauu-

HaeTca  ynpasfieHne  CKBaXHOCTbIO Puc. 4. ANropuT™ (yHKLMOHMPOBAHWS
LM, cucTemMsbl MBM

CuunTbiBaeMble faHHbIe Yepes nopt
BBOJA 3HaueHuii HanpsxeHua Uy 1 Toka |y, NepemMHOXasACh, ONpeaensatoT 3HaYe-
HUe MOLLHOCTU Py B AaHHbIi MOMEHT BpeMeHW. [lanee nonyyeHHas MOLLHOCTb
CpaBHMBAETCA C MOLLHOCTbIO, MOMYYEHHON Ha npefplayllem ware Py, 1 ecnm
3HaYeHVe MOLLHOCTM Py MeHbLle Py_;, TO NPOUCXOAUT UHBEPCUA Hamnpas/eHns
npupaLLeHns CKBaXKHOCTY (z = 1z). Takvm 06pa3om onpesenseTcs MakcmasibHas
MOLL{HOCTb [/11 K&X[0M 13 XapaKTepuUCTuK.

MporpammHoe o6ecriedeHne. [Ona mofenuposaHus cuctemsl MBM no
ON1CaHHOMY BbILLE /ITOPUTMY COCTaB/ieHa nporpaMmma Ha ssbike C++

bool z=true; /[ ycTaHaBMBaeM Haya/bHble 3Ha4YeHUs
int P, P1=0, U, 1I; /[ napameTpos cucTemsl MBM
doubl e D=0, g¢=0.05;
void WM ) {

whil e(true){

U=Readl)() ; /] YTeHne AaHHbIX O HaNPS>KEHUN
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i f(U<Um { // cpasHeHue TekyLero U ¢ MakcymabHbIM

| =Readl () ; // YyTeHve AaHHbIX O TOKe

P=U*1; /[ BbIYMCNIEHME MOLLLHOC T

i f(P<Pl) z=!z; // NpoBepKa MakCMMaibHOW MOLLLHOCT !

if(D && !'P) z=fal se; //3agaHne 3Haka npypaLleHns

Dt=g*(z? 1 : -1); /] BbluKCNEHNE CKBEOKHOC T

D=D>1? 1 : D // 3apaHne orpaH1yeHnii Mo CKBa>KHOCTK

D=D<0? 0 : D

Qut (D) ; [/ ynpaBneHune CKBa>KHOCTbH0

P1=P; // coxpaHeHne AaHHbIX O TeKyLLen MOLLHOCTH
} else QutX0);

}
}

Ha pwuc. 5 npefcrasneHa Konma akpaHa MOLENMpoBaHMA npolecca nonyye-
HUS MaKCUMasIbHO BleO,D,HOI‘/’I MowHoCcTM npn U3MEeHEeHUN WHTEHCMBHOCTU
ocseLLeHuns 500...750 B1/m* 1 1000...750...500 BT/m?.

ErTTEESSSSS—— i3
Fdau Fulug 7
Il
Slal | Ir— |
Trs J Ha - |0 &
o i Wiz 115
=y 10 BE CAMTA or = il - :
Tmesimaeior 1330 2] boagn (D00 2 i el
= Irlereu (0= S
(5 N 1 i
=]l . I=:H]
— Ha- - M : ! tt ! : il e Hai - o :
e | L | Mir- |3 _ _ _ _ e -
{ 1) [ e EE
!
{ n| | | 11
i
;
i | e B e T e e e e s o
il f=21]
=i [=] | Mae- 2 % Moo | 2
\ Hio- 2 3 ;_ Mig- [0 3
i ZEE e Tl i b= [N &
y
!
A e e e R S| { P Bty W o] At L
| i

Puc. 5. Konus skpaHa MMWUTaLMOHHO MoAen

PesynbTaTbl MOAENNPOBaHNA MO aNropuTMy pyc. 4 NPeAcTas/eHbl Ha puc. 6,
rae a — yBenmyeHne MOLHOCTM MPU U3MEHEHUW CKBAXXHOCTU; 6 — M3MEHEeHWe
MOLLHOCTW OT BPEMEHU; B — U3MEHEHMe CKBaXKHOCTM OT BpemeHu npu Ay = 0,05.
CMofenmpoBaH nepexof ¢ XapakTepucTuky 3 Ha 2 (puc. 2) npu t = 3 ¢; ¢ Xapak-
TepucTuKM 2 Ha 3 (puc. 2) npu t = 6 ¢. MNonyyeHHble rpaMKy NOKasbIBatoT, UTO
MK nogaep>uBaet MakCMMyM MOLLLHOCTU B CKO/Ib3ALLEM PEXMME.
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Puc. 6. Pe3ynbTatbl MOAeNMpoBaHnsa pexuva MBM

BblBO /bl

1. Pa3paboTaHHbIi anroputm 1 ero peanmsaums Ha MK no3BonsoT ocyLe-
CTBUTb PEXMM MNOLAEPXKaHNS MaKCUMaNbHON BbIXOAHOV MOLLHOCTW COTHEYHO
6aTapev Npy pasIMYHOM 3HAYEHUM NHTEHCUBHOCTY COMTHEYHOTO M3/TyUeHMS.

2. PaspaboTaHHast MMWUTaLMOHHAA MOAeNb SBASETCS YAOOHbIM MHCTPYMEH-
TOM ANnsa uccnegosanns cuctemsl MBM CB.
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Y[IK 621.315

MPOBNEMbI PA3BUATUA TEXHUKN NN TEXHOJTIO NN
KOMMNO3NTHBIX N30JTAUNOHHBIX MATEPUATIOB
B 3AMNAAHOW EBPOINE

CYBOUY JIEX

LLLeuynHcKuiA nonnTexHnueckuidi MHCTUTYT (Monblua)

Pe3koe yBenmuyeHne noTpeb/ieHns 3M1eKTPOIHEPrM, KOTOpoe OTMeYaeTcs C
Havana 50-x rr. XX cT., 06ycnoBuio Heo6X0AMMOCTb CO3LaHNs IHEPrOCeTei ¢
HanpsbkeHvem cbilwe 1000 KB. Cpean NpensTCTBUIA — 3HAYMTESIbHbIN BEC Tpa-
LVNUMOHHBIX ((hapthopoBbIX AN CTEKNAHHbLIX) U30MATOPHBIX LernoYek, rnoBbILLe-
HUE MeXaHWYeCKON MPOYHOCTU M30/IATOPOB M UX TONYKOOBPa3HOe ConpoTmBe-
Hve. KOHCTPYKTOpPbI MPeAIoXMIn UCMO0/b30BaTh B BO3AYLLHbIX U30/IATOPaX He-
KOTOpPble CUHTETUYECKME MaTepuasibl UM KOMMNO3UTbI, COCTOALLME M3 Heopra-
HUYECKMX MaTepunasioB B KQYECTBE HAMO/HUTENENR 1 TePMOMNIACTUYHBIX CMOJT.

BriepBble CMHTETMYECKME MaTepuasibl (OMOPHbIE N30/IATOPbI U3 CTEK/IO3MNOK-
CWAHOrO C/IOMCTOrO NIacTVKa, NMOKPLITOTO MOMMYPETaHOBbLIM 1aKOM) MpUMeHe-
Hbl B peasibHbIX ycnosuax B 1954 r. B CLUA. B lNonbLue nccnefoBaHNa CUHTe-
TUYECKNX MaTepuanos Havyannch B 1960-e rr. (pa3paboTKu U30NALMOHHBIX KOH-
CTPyKUuiA). BHavane wccnefoBasmcb 3anokcugHble cmosnbl (3C), nmerowme
NyyLine U30/ALMOHHbIE CBOMCTBA, YeM MNOAM3(UPHBIE, U 06nagatoLve 60bLIei
CTabUNbHOCTLIO B Pa3/NYHbLIX YCMOBUAX CTapeHWs. MonuaupHble CMONbI, KO-
TOpble Jal0T BO3MOXHOCTb 60/1ee LLIMPOKOIA MOANMMKALMN, KPOME 3/1EKTPOTEX-
HWYECKOW MPOMBILLNEHHOCTW, MPUMEHAKOTCA U B APYruMX 06/1aCTAX TEXHUKM.
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