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[TocTanHoBka 3apga4um ontummnlaumnm PCB c

HakKonumTesemM asHeprmm



,DJIH HakKonuTensa B 3aaa4e onTtmnMunsaumnm HQO6XOAVIMO y4HeCTb OorpaHunydeHus

VseS,d=s,g=s,h=1,...24

1
(B = 7]5Es(h71) -+ ’r]dehAt = ;PghAt < Ysh (1)
g
Esmi“ <E,< Esmax i 'VS,aX(min) (2)
0< Py < P(Tax o, 7r;nhax(min) (3)
0< Pgh < Pgmax <~ W;‘hax(min) (4)

e S — MHOXEeCTBO BCEX HAaKOMUTENER SHeprum

Es, — ypoBeHb aHeprum (state of charge) nakonuTens s B wac h
e Py, — mMowHocTb 3apsiga (notpebnenns) HakonuTensi s B 4ac h

o Pz, — MOWHOCTL paspsifa (reHepaunn) HakonuTens s B Hac h

Ns, Nd, g — 3PDEKTUBHOCTL XpaHeHNs!, 3apsaa 1 paspsga

TaTtbsina Backkoeckas 25 aerycra, 2022 2 of 24



Hakonutenb noaaeT 3asABKUN TaKue e, Kak u n0KynaTenm/np0p,aBu,b|

Ob6bIYHbIe 3a59BKM YHaCTHNKOB pPblHKa

3asiBKa Ha MOKYMKy 3asiBka Ha Mpogaxy
LleHa Uena
‘\—\— —
P3anen O6bem P3afBn gyem

Bynem paccmaTpuBaTbh aHasOrMyHble 3asiBKM, HO TOJIBKO C OAHOW CTYMNEHbKON C LEHOW MOKYMNKM
Cy v uenoii npogaxun Cg.

OrpaHqueva CBA3N NMOKYNKN N NpOoAa>XN NMO3BOJIAET MaKCUMU3NPOBATb I'Ipl/l6bIJ'Ib HaKonuTena:

24 24

Z(/\gh — Cg)Pen + Z(Cd — Adh)Pdn — max (5)

h=1 h=1
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LleHooOpa3ylouwinini ctaTyc HakonuTens



Hakonutens moxeT cTtaTb Map>kuHaibHbiM (LeHoOOpasytoLwmm)

e Hakonutens He BocTpeboBaH, Korga ero 3arpyska (u notpebsieHue, n reHepauus) paBHa
HYJII0 BO BCE Yachbl

e BocTpeboBaHHbI HakonuTeNb 0TOOPaH MOMHOCTLIO, KOTAA ero eMKOCTb MCMOoJb30BaHa Ha
MaKCUMyM

(] BOCTpe6OBaHHbIﬁ HaKOMUTENb ABNAETCA MapXWHAJIbHbIM NN LI,EHOO6pa3yIOLLI.I/IM, Korga
€ro EMKOCTb NCNoJib30BaHa 4aCTU4HO

HakonneHnHas sHeprus, MBT-y
[MonHocTbio OTO6paHHI>II7I HakonunTeNb

YacTtuuHo 0TO6paHHblﬁ HakonuTenb

] 400 [ T T T T T T T T T |

400

200 - 200 |- 3

i i i i i i > 06 i i i i i I
2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 24
Yac Hac
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YcnoBus onTuManbHOCTU Ana Hakonuntena

OrpaHuyenus:

EMn < By S EP 65 o)
1

Esn = nsEs(h—1) + na PanAt — n—PghAt < Ysh
g

Ycnoeusi onTuManbHOCTH:

Ysh — V" + VI = NsVs(ht1)r Vs24 — Vooa + Vo =0,

B mpouecce 3apsaga: Apg = Cy + ﬂ?hi“ — g+ NayshAt

: 1
B npouecce paspaaa:  Apg = Cg — " + TR n—%hAt
g
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V3noBble UeHbl MAap>XUWUHAJIbHOINro HaKoOMNUTensAa B nepuog 3apsiia CBsA3adHbl

MapXunHanbHeIA HakonUTeNb He JOCTUraeT MakCMMyMa 3apaga, a 3HaquT, Yo" = v = 0,

Ysh = NsVs(h+1) B A4BYX NPON3BOJIbHbIX Yacax 3apsfia Ha HEMOJIHYIO MOLYHOCTb

, 0
Ning — Co = Tiaysmy At + T 7T — gl At

Ainy — Cq = Naysh, At

B pe3ynbTaTe NMEEM CBA3b LEH MeXAY HaCaMun BO BpeEMA 3apsana

Aiby — C
)\ihz—Cd:ﬁ (6)

5
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V3noBble UeHbl CBA3adHbl U B nepuo pa3psAaaa

MapXuHanbHblli HakoNUTeNb He JOCTUrAeT MUHMMYMa 3apsda, a 3HauuT, YMN = M3 = Q,

Vsh = TsVs(h+1) VU B ABYX NPON3BOJIbHBIX Yacax pa3psAa Ha HEMOJHYI MOLLHOCTb

. 0
N = G = T At rgio 4= gl e

Ng Tlg

Ains — Cg = L2 At

Tg
B pesynbraTe nmMeem CBS3b LeH MeXAY HacamMu BO BpeMs paspspa
Niby — Cg
Ainy = Cg = ——p (7)
T)s
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Mpu s = 1 HakonuTenb chopmupyeT aBe NaoWaAfKU LeH

MouwHocTb Harpysku (+) / rexepatopa (—), MBT Vanoeas ueHa, pyb./MBT-y
l T T T TTT T T ] 1,400 —e— be3 HakonuTtens
—e— C HakonunTesnem
50 |- *
1,200
0¢ 3 1,000
| | | | | | | | | | | 800 | | | | | | | | | |
2 4 6 8101214161820 2224 2 4 6 81012141618202224
Yac Yac

Mapametpbl HakonuTens: E'** =400 MBt-4, P7® = P =100 MBrT,

Ngng = 1,ms = 1, Cg = 700 py6./MBT-4, Cg = 1200 py6./MBT-4
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V3noBble UeHbl MeXay nepunogamMmin 3apsaga n pa3psaga 1oxxe CBsA3aHbl

AHanornyHble BbIKNAAKN A5 ABYX NEPUOLOB AAtoT

Niby — Cd = NaYshy At = ngn2 =M yg, At

Aibg — Cg = 77]’1 At
g

B pesynbraTte nmeem cBsisb LeH

Ain, — Ca
ndng(Ain, — Cg) = W (8)
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Mpu 71y < 1 pa3Hnua mexay ueHamu yBennymsBaeTcs

MouwiHocTb Harpysku (+) / rexepatopa (—), MBT V3nosas ueHa, py6./MBT-4

1,400 —e— Be3 Hakonutens
—o— NgNg = 1
50 g —o—  1gng = 0.7
1,200
06 ] 1,000 |-

| | | | | | | 800 i |
0121416 18 20 22 24 2
Yac

| | | | | | | | | | | | |

246 81 4 6 8 10121416 18 20 22 24
Yac

Vimeem cooTHoweHue LeH, npu 1,1y = 1

npw ngng = 0.7
1352 — 1200 = 852 — 700

0.7 - (1374.06 — 1200) = 821.84 — 700
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Mpu 75 < 1 ueHbl ogNHAKOBbI, HO Ha NorapugMnyecKkoi WwkKane

MouwHocTb Harpysku (+) / rexepatopa (—), MBT Vanosas yena, py6./MBT-u
100 lgq | [ [ [ [T [T 1,400 —o— bes nakonutens
—— ns =1
—o— 7s = 0.8

---700+63.55-0.8~"

1,200

0¢
1,000

—100 - 800

| | | | | | | | | | | | | | | | | | | |
2 4 6 8 10121416 18202224 2 4 6 8 1012141618 202224
Yac Yac

ﬂpm Ns = 1n OAWNHAKOBbLIX LeHaX B 3asABKaX Ha NpPOoAa>ky N NOKYNKY HakKONUTENb NOJIHOCTbIO

21.84 — 700
otobpaH. lMpu ns = 0.8 310 He Tak n 1374.06 — 700 = 802Thl0

Mapametpel HakonuTensa: E® =400 MBt-4, PT® = P =100 MBr,
ngnd = 1, C4 = 700 py6./MBT-4, C; = 700 py6./MBT-4
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[TlpoOnema ogHOBpeMeHHOro 3apsga U pa3spsiga



Flpm onpenesieHHblX yC/qioBUAX 3apsag v pa3psag nponcxogAat ogHoBpeMeHHO

Mouwrocts, MBT Vsnosasi ueHa, pyb./MBT-4

1004 ‘ ol | | [ [ ] || —e— Pg | 1,400 —o— Be3 HakonuTens

—— Py —e— C HakonuTenem
‘ y 1,200

50 |-
1,000
0 7\ | | | | | | | | | | ! 800 | | | | | | | | | |
2 4 6 81012141618202224 2 4 6 8 10121416 18202224
Yac Hac

Mpu orpaHnyeHnn MOLWHOCTY Harpysku n mowHocTy reHepatopa B 100 MBT HeBo3MOXHO B
TeyeHue Yaca notpebuts 100 MBT-4 n ogHoBpemerHo BbipaboTaTe 50 MBT-y

Mapametpbl HakonuTens: E** =100 MBt-4, P7®* = P7#* =100 MBrT,

NgNd = 1,ms = 1, C4 = 1000 py6./MBT-4, C; = 1000 py6./MBT-4
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ﬂpo6nema «LpewaeTrcda>» BHeceHuneM uesioHUC/IeHHbIX nepeMeHHbIX

Hosble OorpaHmn4eHuns Hakonurtensa

BapuaHT 1 BapuaHT 2
Pdh . Pgh = 0 (9) Pdh = P(I/h * Udh, Pgh = 'Déh . ugh, (10)
Udh + Ugh = 1, (11)
Udh = {0,1}, Ugh = {0,1} (12)

Takue OrpaHN4YeHnsa N UeNOYNCNEHHbIE NEPEMEHHDbIE CEPBLE3HO OCNOXKHAIOT pELUEHNE 3a4a4n
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I'Ipo6new|a BO3HUKAET He Bceraa

YcnoBns BO3HUKHOBEHUS OAHOBPEMEHHOrO 3apsija U pa3psiga

e Llena 3asiBKn Ha MokynKy Oosblue LEeHbl 3a8BKU Ha NMPOAAXKY
e BbinonHeHune Tpex ycnosuii

o KM uvkna ngng <1
® LieHa 3asBKM Ha MPOAAXY BbILLE Y3/I0BOM LieHbl
® HaKOMUTESIb MOXKET CAENaThb LMKJI 3apsiAa  pa3psga B oAnH Hac (HW3Kas eMKOCTb

HakonuTens)
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BGPOHTHOCTb BO3HUKHOBEHUA I'IpO6J'IeMbI MO>XeT ObITb CHU>XeHa

an/IeMbl, CHMXXauine BePOATHOCTb NosiBN1eHnsA I'IpOGJ'IeMbl

Ycetanosuts Cy =0 Mpobnema byneT BO3HMKATb TOJILKO MPU OTPULATENBHBIX LEHaX,
KOTOpble MMEKOT HeYacTbIli U JIOKaJIbHbIA XapaKTep

Hobaentb nuHeliHble Byper cusnyeckas BO3MOXHOCTbL 3apsikaTbCsi b paspsikaTtbcs B

OorpaHnyeHust TeyeHue OAHOro 4Yaca

BapuaHT 1 BapuaHT 2

PanAt + PgpAt < EM (13) Pan/vg™ + Pgn/vg ™ < AT (14)

MoxxHo nckntounTb npo6nemy NOJIHOCTbHO, 3anpeTnB O4HOBPEMEHHYIO NO4a4vy 3asABOK Ha
NOKYNKY N Ha NpoAaxy. OAHaKO 3TO UCKNHKOYAET NCNONIb30BAaHNE HaAKOMUTENA NOL

CKnajblBarowjmne pa3Hoo6pa3Hble PEXUMHbIE YCNOBUA
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BKna,u, HakKonmrTesaAa aHeprmm B

LLeHoobpa3oBaHune



Pe3yn bTaTbl MOAEe/INPOBAHUA

Obbem, MBT (3apsg, MBT-4) V3nosas ueHa, pyb./MBT-u

3apsg - ¢- Be3 nakonuTens

—o— [en+, Motp—

—o— C HakonuTenem

1,500

1,000

,
o0

| | | | | | | | | | | | | | | | | | | | | |
2 4 6 810121416 182022 2 4 6 810121416 182022
Yac Hac

[MapameTtpbl HakonuTens: E"® = 400 MBT-u, P'd“ax = Pg‘ax = 100 MBr,

ngng = 0.9-0.9,ms = 0.8, Cy = 700 py6./MBT-4, Cg; = 800 py6./MBT-4
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Cd)OpMVIpOBaHbI ABa YPOBHA 3KCNOHEHUWAJIbHbIX LLeH

V3anosasi ueHa, py6./MBT-y

--- bes HakonuTens
2,000

C HakonuTenem
—— 700 +95,52-0,87"
—— 800+ 117,93-0.87"

1,500 |-

1,000 |

I S R A L
-4 -2 0 2 4 6 8 10 12 14 16 18 20 22
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Hakonutenb pa6OTBET B pexxunme CbOpMI/IpOBaHI/lﬂ UueH n pexnmMme npmema ueH

Sanan Bocrok
Hakonurens o
. .
933,21 850 Sanan Bocrok
/
Yac 3 1,0979-850 HO. CeueHne HaKOl’:HTe.TIL
1400 / 7 1502,02
/
Hakomurens . oo Yac 7 800+(1064,39—7OO)/0.82/0.81
° Ceuenue °
99151 € 850
/
Yac 4 700+(933,21-700)/0,8 Ha](or[znem, F?C
1678,65  1667,95
7 N
Haxormrens Yac 8 800+(1502,92-800)/0,8 Cdopmuposana B
L] Ceuenue
1064,39 €«— gacax 10-20
/
Yac 5 700+(991,51-700)/0,8
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B oTCcyTCTBME 00bIYHbIX LI,EHOO6pa3yIOLIJ,I/IX BO3HUKAIOT BOMNPOCHI

[asaiite pa3bepemcs,

e kak cdopMnpoBaHa LeHa B y3nie HakonuTens B Yace 4 Ay = 991,51 pyb./MBT-y

e Kak cchopMupoBaHa LeHa cedeHuns B Hace 4 o4 = 87,87 pyb./MBT-u
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V3nosyto ueHy B Yace 4 cpopmupytot cam Hakonutenb u NIC mn3 8-ro vaca
HaKon:nenL Cevenne IlO. Halcon:nenb C
¢ .
9/91,51 850 167}3,65 1667,95

N
Yac 4 700+(933,21-700)/0,8 Yac 8 800+(1502,92-800)/0,8 Cdopmuponana B

yacax 10-20

VBennynm Harpysky B y3se Hakonutens Ha 1 MBT. Ot LLO 3a ceveHnem nocraska
HEBO3MOXHA. 3HauuT,

e CHuXaem notpebneHne Hakonutens B 4-m yvace Ha 1 MBt

e CHUXaeM reHepauuto HakonuTens B 8-m vace 1-0,8*-0,81 = 0,332 MBT

e nosbiwaem rerepayuto [9C B 8-m vace (3a cuer nepebpockn 06BEMOB 13 ApyriX Hacos)
Ha 0,334 MBT

As = (700 — 800 - 0,84 - 0,81) + 0,334 - 1667,95 = 991,51 py6./MBT-4
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Ha ce4deHuns cqpopmMmmpoBaHa LI,EHOO6pa3yIOLIJ,I/IMVI 13 4-ro n 8-ro yacos

Hakonmem: Cevtenme Hal(Ol'lPITCJ'Ib r3C
<«—
991 51 1678 65 1667,95

N

Cdopmuposana B
yacax 10-20

700+(933,21- 700)/0 8 800+(1502,92- 800 /0,8

Yac 4 Yac 8

Ecnn mbl ymeHbwnmM nepetok no cedenuto Ha 1 MBT, aTo BygeT o3HavaTh, 4To

e Mbl He cMoxxem nepeaaTth 1,204 MBT ot LUO ¢ uenoin 850 Ha BocToke

® 5TO NPUBEAET K CHUKEHUIO MOLLHOCTY noTpebneHns HakonuTens Ha 1.121 MBT

® 35TO NPUBEAET K CHUMXKEHNIO FrEHEPAUUN HaKONUTENSA B Hace 8 Ha
1,121-0,8*-0,81 = 0,372 MBT

e 370 npuseseT K nosbiwerunto redepauun [9C Ha 0,374 MBT B 8 vace

Llena ceueHus

o4 = (—1,204 - 850 + 1.121 - 700) + (—0,372 - 800 + 0,374 - 1667,95) = 87,87 py6./MBT-4

TaTtbsina Bacekoeckas 25 aerycra, 2022 24 of 24



