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Abstract: In modern conditions, the key direction of ensuring the
energy security of critical infrastructure facilities is associated with
the use of local generation sources combined with battery energy
storage systems into hybrid power systems. An urgent problem in
the design of such systems is the determination of their optimal
parameters, including the nominal capacity of storage system. Me-
thods from guidance documents or scientific methods based on
dynamic programming, genetic algorithms, and others can be used
to solve these problems. There is no unified approach to calculating
the energy capacity of storage systems. The paper deals with a
hybrid power system based on a fuel cell. The purpose of the
work and its scientific contribution is to study the influence of
the type and characteristics of consumer electrical load curves on
the nominal capacity of the storage system for a hybrid power
system with a fuel cell operating in a constant power mode. An
algorithm for determination the energy capacity of batteries based
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on consumer electrical load curves specified with a certain discreti-
zation has been developed. The criteria for choosing the nominal
capacity of batteries are: maximum discharge current, peak covera-
ge and the sum of load peaks coverage, charge level. The algorithm
is implemented in MS Excel, and the collection and analysis of the
obtained results is automated using Python. The dependences of
the energy capacity of lithium iron phosphate batteries on the
indicators of the electric load curve were obtained for a hybrid
power system with a fuel cell.

Keywords: modeling, algorithm, energy storage system, battery,
fuel cell, hybrid power system, load curve, energy capacity.

1 Bsegenne

B coBpemeHHBIX YCJIOBHSIX OIHA W3 COCTABJISIONIMX ObecrevueHus Hepre-
THYIECKOH O€30IaCHOCTH CTPAHBI 3aKAI0YAETCI B HAJEKHOM U 3(PpPEKTIBHOM
AJIEKTPOCHADKEHUN KPUTUIECKH BAaXKHBIX HHMPACTPYKTYPHBIX TOTpebuTe-
Jieii (mpenmpusiTuii J00BIBAIOIIEH OTPAC/H, MUINEBOI TPOMBIILIEHHOCTH, OT-
JIeJIBHBIX 0CO00 OTBETCTBEHHBIX yCTaHOBOK # T.71.) [1|. C yuerom Toro, aro
HanboJiee ysi3BUMBIMU KOMIIOHEHTAMHU CHCTEM 3JIEKTPOCHADXKEHUS SBJISOT-
CsI DJIEKTPUYECKUE CEeTH W PacIpeesuTebHble YCTPONCTBA, PEIleHnue JaH-
HO¥I 33,1241 OCHOBAHO HA ITPUMEHEHWH JOKAJIbHBIX HCTOYHUKOB 3/JIEKTPOIHED-
run, 00eCTIeInBAIOIINX PAOOTY TIOTPEOUTE TS JaKe TTPH TTOTHOM OTKJIIOUEHUN
BHEIIHEH 3JIECKTPUIECKON CeTH.

B zaBucumocT 0T npeabABIsieMbIX NOTpebnTensimu TpeboBanuii (BHICO-
kast 3bHEKTUBHOCTL, KOMIIAKTHOCTE, 3KOJOTUIHOCTL) B KAYECTBE JIOKAJb-
HBIX UCTOYHUKOB MOTYT MPUMEHATHCA T'a30BbI€ MUHU-IJICKTDOCTAHIINN, BO3-
obHoBIsIeMble ncrounnkn sHeprun (BUY), Tormsasie anements! (1) u ap.
Bwecre ¢ Tem, 60MBITMHECTBO NCTOTHUKOB UCITOIB3YIOTCA COBMECTHO C CHCTE-
Mmoit Hakorenus snekrposneprun (CHII) ma ocHOBE aKKyMyaaTOPHBIX Oa-
tapeii (AB). Ilpumenenne AB nospossier: obecrieunts Gecrnepeboiinoe rmura-
HUe ToTpebuTe /st TIPU CTOXACTUIECKOM xapakTepe renepamuu BUD; ymens-
IIUTH YCTAHOBJIEHHYI) MOIIHOCTH MCTOYHMKA (Hanpumep, TD); yBesnanTsb
pecypc paborTsl ucTouHuKa [2].

JIoKa/ibHbIE UCTOYHUKY 3/IeKTpOdHeprun, obbeannentabie ¢ CHID ayek-
TPUYUECKUMU CBA3IMU U CUCTEMON YIIPABJIEHWS, MPEICTABIIAIOT cO00# ru-
Opunmble sueprerudeckue kommiercsl (I'DK). Onpesenenne onTuMaabHBIX
mapamMerpoB I'9K, B Tom uncie CHID B ero cocrase, gBsgeTcs: BaxKHeHIeit
3a/1adeil Ha CTaJIuu IPOEKTHPOBaHUA (3.

Hnst xommiekranmn CHYY B magane ompenenstercs tun AB. B mactost-
Iee BpeMsl PAa3BUBAIOTCS TEXHOJOTHH W3TOTOBJIEHUST Pa3IUIHbIX THITOB AB:
CBUHIIOBO-KHUCJIOTHBIX,, JINTUH-NOHHBIX, HUKEJIb-KaIMUEBBIX, HATPUN-UOHHBIX
u np. Haubosibitiee pacupocTpaHeHue MOJMYyYUIN JUTHEBbIE aKKYMYJISTODHI,
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KOTODbBIC XaPaKTCPUIYIOTCHA BBICOKOH IIJIOTHOCTBIO QHEPIrum M HU3KUM ITOKa-
saresem camopaspsiia [4]. Ilpu seibope tuna AB ciuejyer yanrbiBars ux j0-
CTOWHCTBA U HEJOCTATKU MPUMEHUTETBHO K YCIOBUAM PabOThI KOHKPETHOTO
I'oK.

[Tocsre BBIGOpaA THIIA AB ClIeAyIoNmM 3TamoM gBISIeTCsS OTpeTeeHne HO-
MuHaJBHOH sHeproevMkoctr CH29. Eannas MeTognka pereHnst JaHHON 3a-
nmaun orcyrcrByer. llpu pacemorpenun Koukperhbix '9K tpebyercs: ajar-
TaIus yKe UMEIONINXCs METO/INK U aJrOPUTMOB WK pa3paboTKa HOBBIX.

2 (O630p MeTOd0B OIIpeaeIeHIs SHEPrOeMKOCTH CHUCTEM
HAKOMJIEHU 3JIEKTPOIHEPTUU

Ipoekruposanne CHYD persamentupyercs psigom cranjgapros |5, 6], B
KOTOPBIX OTME€4YE€HBbI OCHOBHBIEC Tpe6OBaHI/IH n pEKOMCHIaIuKW K CUCTeMaM,
B TOM 4mciae K ux dHeproemMroctu. OFHAKO s DoJiee TOYHOTO OIpesesie-
Husi sHeproemkocTu CHI Tpebyercs yuanrbiBarh 0COOEHHOCTH KOHKPETHBIX
I'9K u ux morpeburerei.

Cpenu ucciietoBanmii 3apyoOeKHbIX U OTEIECTBEHHBIX HAYUHBIX KOJLIEKTH-
BOB HamboJiee PaCIpOCTPAHEHHON 3aJjaveil siBJIseTCs BBIOOD IHEPrOEMKOCTH
CH23 s ucnonbzoBanus B 'K coBmecto ¢ BIID, xoTopbie xapakTepu-
3YIOTCSI CTOXACTHIECKUM XapAaKTEPOM TEHEDAITUH 3JIEKTPOSHEPTHH (HAIpHU-
Mep, COJTHEYHBbIE 3JIEKTPOCTAHIINN, BETPOYHEPTETHIECKHE YCTAHOBKH ).

st periennst JaHHOM 331291 9aCTO MPUMEHSIIOTCS PA3IMYHbIe BADUAIIUU
Meroa post yactuil. Tak B [7, 8] Ha OCHOBE TaHHOTO METOA PEIICHBI 33 IaTH
BhIbopa mapamerpos CHI3, KoTopas UCIoIb3yeTcsd B MUKPOCETH COBMECTHO
¢ HeckostpKuMH THIIaMu BUD. VccnenoBanne (9] mocBsmeHo nenomp30BaHI0
MeTOj[a pOs YaCTHUIl Jijid BbIOOpA ONTUMAJBHOIO COCTaBa 0DODY/IOBAHUS U
napamerpos I'9K B paitone ropoga Binangusocroka. pyroit pacnpocrpaneH-
HBL{ II0/IX0/] OCHOBAH HA HCIIOJb30BAHUN I€HETHIECKUX aaropurMos. B [10]
C HOMOIIBIO TEeHETUYECKUX aJrOpUTMOB BbIOpanbl napamerpbt CHI9 ansa
COBMECTHOW PabOTHI C BETPOIHEPTETUIECKUMHU YCTAHOBKAMU W COJTHETHBIMU
SJEKTPOCTAHITATMH.

Taxxke s Beibopa sHeproeMkoctr CHID npumeHdaoTcs MeTOAbl YnC-
JleHHOro MojiespoBanust [11] n guramuaeckoro nporpammuposanus [12, 13].
OTaeabHO MOXKHO BBIIAEIUTE [I0IX0/, OCHOBAHHBIA Ha CO3LAHUN W UCCIIEA0Ba-
aun udposbix apofinnkos I'OK [14]. TocronncTBa moaxoa 3aKIF0YAI0TCH
B BO3MOXKHOCTH y9eTa MHOTHX (DAKTOPOB M BOBAEHCTBHUI, HO TIPU ITOM TPe-
OyeTcs MOCTPOEHNE CIOYKHBIX MOMETeH.

ITpu TOM B Ka¥YecTBE KPUTEPHUEB ONTUMU3AINNN, KAK TPABUJIO, PACCMATPHU-
BAIOTCs 9KOHOMUIecKue nokazaresn npumeneans CHII: cpok okynaemocTu
MPOEKTa, CeOeCTOMMOCTE JTEKTPUIECKON SHEPIUN, KAITMTAIbHBIE 3aTPATHI HA
I'9K, obrmue 3aTpaTsl Ha SHEPTETUIECKYTIO CHCTEMY.
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Jpyryio rpymny padoT COCTABJILAIOT UCCACIOBAHNS, B KOTOPBIX IIPU OIIpe-
gejienun sHeproemkoctn CHII npuopurer orjaercss rpadukaM 5J1€KTPU-
yeckux Harpy3ok (I'9H). Tax B [15] npencraBiena MeTomnka BEIGOpa mapa-
MerpoB CHI9, ocHoBaHHAS HA aHAIM3E AMILIATY/IHO-IACTOTHBIX XapPaKTePU-
ctuk I'9H. Meron omnpeesieHus mapaMeTpoB HAKOIMUTENA JIEKTPOSHEPTUH
Ha ocHoBe Dypbe-anannsa 'DH npusenen B [16].

OTcyTcTBHE €INHOrO MOAX04a K oupeaeaeHnto sneproemkoctu CHI cu-
JeTeIbCTBYeT 00 aKTyaJbHOCTH JAHHOM 3a/adi.

Crarbs pazBuBaeT TeMaTUKy y4era rnmapamerpos I'9H npu Beibope sHepro-
emkoctu CH23. B pabore ucciaenyerca '9K, B KOTOpOM MCTOYHUKOM 3JI€K-
TPOSHEPTUH HABJISETCS BOJOPOJHBIN TOILIMBHBIN 3JIEMEHT C IPOTOHOOOMEH-
HO¥ MeMbOpanoii. st Beibopa sneproemroctu CHID npenioxken aaroputm,
yauTeiBatomuit Tun AB, yeranoBieHHy0 MotHOCTE TD U xapakTep moTpe6-
Jienusi ajiekTpoareprun 1o I'OH norpeburess. Orauyunresnbias 0cOBEHHOCTH
AJICOPUTMa 3aKJIIOYAETCH B BO3MO2KHOCTHU MCITOJIb30BAHUS JIJId PACUETA ABYX
criocobor 3ananus I'DH morpeburesns: dakrudeckoro, eciiu 'DH 3apamnee
W3BECTEH, Wn ciayuaiinoro, ecan I'9H we 3aman. DT0 TO3BOJISET BHITOIHUTD
HCCIeN0BaHNe 3aBucuMocT Tpebyemoit sueproemkoctn CHOI or mokaza-
resieit '9H myTeMm uTeparmoHHOr0 MOJESUPOBAHUS CAYIARHBIX DeaTu3ariuit

I'SH.

3 T'ubpugHbIii SHEPreTUYECKUil KOMILJIEKC

CrpykrypHas cxema uccieayemoro I'9K npeacrapiena wa puc. 1. CHI9
BBITIOJIHEHA HA OCHOBE JINTHil-2Kese30-hochaTHbIX aKKyMyJIaTOPHBIX HaTa-
pei.

Cucrema
COMPSDKEHUS
H, 0, —» p — >
U yIpaBJICHUS

[ToTpebuTens

o .

o

Haxkonurens 3HEprUn

Puc. 1. Crpykryphuas cxema ucciaegyemoro I'9K

ITo cBowM XapaKTEepPUCTUKAM TOILIUBHBIE 3JIEMEHTHI OTJIUYIAITCH KaK OT
TPATUIIUOHHBIX MUHU-3JEKTPOCTaHImil, Tak u or BUY. B otnwauwe ot BUD
poTiecC TTPOU3BOJICTBA deKTposHeprun T sBasercss yrpasisiembiM. Ho
JUTS JIOCTH2KEHUsT HauboJIbInell sHepreTudeckoil 3(hheKTUBHOCTH 11e/1ec006-
pasHbIM siBjidgercss pabora T B pexwnme ¢ mocrodHHOil MorHOCTHIO. [lo
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CPABHEHUIO C TPAIUIMOHHBIME MUHU-3JIEKTPOCTaHIUIMEI 1D XapakTepusy-
FOTCsi 1Opa3o 00Jiee BBICOKMME KalluTajbHbiMU 3aTpaTavMu. C yderoMm 310-
r0 yCTAaHOBJEHHYIO MOIITHOCTE 1T'9 11e7eco0bpasHo BRIONPATh HE MO THKOBOit
MOTITHOCTH, a OJIM3KOI K CpeiHell MOIITHOCTH HAarpy3Ku morpeburesns. Bo3nu-
Kamuil HebaJaHC MeXKIy TeHepUupyeMmoii u moTpebssdeMoil 3JIeKTPUIECKOit
MOIITHOCTBIO B T€UEHME CYTOK J0Ji2KeH ypapHoBenuBaThcst CHID. Ilpu sTom
CHD25 nomxna obecmeunBarh BO3MOXKHOCTL npuMenenns ['9K mis muramms
norpebuTeneil ¢ pa3IUYHbIM XapakTepoMm cyTouHbix ['9H.

CoBmectnasi pabora T9 u CHI3 onucana na npumepe cyrounoro I'9H,
MIPUBEJEHHOTO Ha PHUC. 2.

3,5

H.max A WA];.Zmax A WA];.max

IIHKOBasA 30Ha

AKTHBHAs MOLHOCTb, KBT

01 2 3 45 6 7 8 910111213 14 1516 17 18 19 20 21 22 23 24

Bpewms, u

Puc. 2. TIpumep cyrounoro I'OH (mepuog, quckpernsanum 1 uac).

Ha cyrounom rpacduke Harpy3km MOXKHO BBIIEIUTHL 3 30HBLI: 0a3ucHad,
MOJIYITHKOBAS U TTHKOBA.

B 6asucnoii 30m€ (o1 0 10 Pymin) TO nmraer narpysky u sapsikaer AB.
Ecan 3apan AB nonmeit, To TS orkmodaercsa nu AB nuraer marpysky. B mo-
JynukoBoit 308 (0T Py min 20 Pry.cp) TO nuraer narpysky. Mzimmku renepa-
muu nocTynatoT Ha 3apsa AB. Ecau Momtnoctn TS 1 muTaHust HATPY3KT
HEJOCTATOYHO, TO JOMOJHATENLHAS MOIITHOCTE TocTynaeT o AB. B mukoBoit
3ome (0T Pycp 10 Pymax) MUTaHNE HATPY3KH OCYIIECTBJISETCS COBMECTHO OT
TO u AB.

DueproeMKocTh AB Mo/KHA BHIOMPATHCT TaKUM 00pa3oM, 4TOOBI 3ara-
CEHHBIX W3JUIIKOB reHepaluu 1D ObLIO JA0CTATOYHO JJid MOKPBITHS MUKOB
HArPy3KH.
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4 AgroputMm BbIOOpa 3Heproemkoctn CHI3 B cocrtaBe '9K

st Bei0Opa sreproemroctu CHII B cocrase nccimeayemoro I'9K pazpa-
OoTaH aJTOPUTM, MPEACTABICHHBIA Ha PUC. 3. AJITOPUTM MO3BOJISIET OIpe-
aenuTh Tpebyemyio miad OecrepeboiHOTO 3IeKTpocHADKeHUA TTOTpeduTe ek
sueproemkocth CHI3 ¢ yuerom tuma AB, ycranosmennoit momtaoctun T,
xXapakTepa MOTPeOIeHIs SJIeKTPOIHEPTHN.

Hauano

BBox nanHbBIX
IOH: PH maxs PH.min» PH T
. F

P

B eI
AB: Usp, Cog. Ry 1/C, SOCoyaq

Pacuet AP(1), Wi(1), Wro(t), AW(1), AWiaxs AWsmass APrnax

Bri6op emxoct AB (') IO KpHTEPHIO MAKCHMYMa
paspsinHOro ToKa (3)

I Pacuern,=C,/ C,p: Ry =R,/ ny |

[ Pacuet Lugi(1), Unpi(?), SOCag1(), SOC s51.min |

»!
>

TIposepxa
emkocTu AB 1o kpurepuro
OKPBITHS IIHKA HATPY3K

Her

ITposepra
emkocTu AB 1o kpurepuro
TIOKPBITHSI CYMMBI TTHKOB
arpysku (5

Her

Ha

Pacuer ny. Ry, 1,\];4(7)»
Uagal1), SOCp1),
SOC v,\E-t.mm

Her

emrocti AB o ypoBHIO

Ha

v —
(umx7(4

Puc. 3. Anroputm BBIGOpA sHEproemMrocTrn CHID I'DK



MOJEJINMPOBAHUE BJIMAHNA HATPY3OK HA 9HEPIT'OEMKOCTB 675

Wcxonuble nannbIe:

(1) I'SH unorpeburenst B redernu cyrok (Pyy, kBr), MakcumasnbHas u
MUHUMAJIbHAsE MOITHOCTU HArPY3KH (Pymax 1 Pymin, KBT);

(2) ycraHOBIEHHAS MOIIHOCTH TOIUTUBHOTO syieMeHTa (FPry, KBT);

(3) mapamerpsr AB:

e equHNYHAsT eMKOCTh dementa AB (Csy, Ad) U ero compoTuBIeHIe
(RSJD MOM)7

e HOMUHAJIBHOE, MUHUMAJIBHOE U MAKCUMAJIbLHOE HATIPSZKEHUE JIEMEH-
ta AB (USJ'I.HOMy Usnmin 7 Usymax, B);

® HOMWHAJBbHOE Hampsizkenne akKyMyasaTopHOH c6opru (UAB you, B);

® yDPOBEHD 3apsjia B HadabHbI MoMeHT MojeaupoBanns (SOCyaq, %);

e JIONyCTHMasi KPATHOCTh TOKa paspsiaa saementa (I/C, o.e.).

Hammere mapaMerpol AB, MO3BOMAIOT paccIuTaTh MOJTHYIO eMKOCTh M Ha-
npsikenne CHI9:

Cap = Csp - 15 (1)
UAB.HOM = USJI.HOM . ka (2)

rae k - KOJMYeCTBO IIOCJIEJIOBATENLHO COEIUHEHHBIX 3jieMenToB AB; n -
KOJIMIECTBO TAPAJIIeThHO COEIMHEHHBIX 31eMeHTOB AB.

Bribop sueproemrocru CHOD mo pazpaboranHOMY ajirOpuTMy OCHOBAH
Ha 9eThIpeX KPUTepudax.

Kpurepunii 1 - makcumym pazpsiiaoro Toka. Tok, morpebssiembrit ot AB,
A0JIZKEeH 6bITb MEHbIIIE .HI/I6O PaBE€H MaKCUMaJIbHO ,Z[OHyCTI/IMOMy TOKy pa3p-
Jla. DTO yCaoBue OyJIeT BBITOJTHATHCH, €CIIH:

Cl > A]Drnax _ PH.maX - PTS . (3)
UAB.HOM : I/C kU:—m.HOM : I/C
Kpurepnit 2 - mokpbITHe TWKa HATPY3KW. DHEPTHUH, 3amaceHHoit B AB,
JOJIKHO OBITH JTOCTATOYHO JIJIsT MOKPBITHA HanboJIbInero nuka ma I'DH:

AWAB. max _ max (Pimax — Pra) -t

- )
UAB.HOM kUS.HOM
riae t = 1 - mepuon muckpernsanun ['DH ().
Kpurepnii 3 - MOKpEITHE CyMMBI MAKOB HATPY3KH. JHEPTHH, 3AIACCHHON B
AB, mo/KHO GBITH JOCTATOYHO OJIA IOKPBITHS HECKOJBKAX MTOCIEI0BATEh-
HBIX nuKoB Ha I'9H:

Co

Y

(4)

Cy > AVVAB.Z:max _ maXZ (PH.max — PTS) . t‘ (5)

UAB.HOM kUS.HOM
Kpurepuit 4 - yposennb 3apsima. Ypoeenb 3apsna AB B Tedenwe cyTox
He JIOJIZKEH OTYCKAThCsI HUXKE MHHUMAJIBHO JIOMYCTHMOrO ypoBHs (B pabore
npunsar 0%). Ha kaxmom mepuone muckpernsanuu ['DH paccanrbiBaercs
TOK U (HaKTUIECKOe HAIPsKEHHEe aKKyMYJISTODHOU ddYefiku, 10 3HAYEHUIO

KOTOPOTO OTpejiessaeTcst yposerb 3apsiaa (SOC):
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SOCAB.min Z 0 (6)

Ecmu panee seibpannsie emxoctu AB (C — C3) He y0BIETBOPAIOT KpU-
Teputo 4 , T0 HeobxOoMMMO yBemauTh eMkocTh CHO9 1o snauenus Cy.

CyTb BBIGOPA IHEPTOEMKOCTH 10 TTPUBEIEHHOMY AJTOPUTMY 3aKJIF0IaeTCH
B caeayonieM. 110 KaxK oMy KpUTEPHUIO OTIpeJeadeTcss MUHUMAIBHO HE0OXO-
anmast emkoctb CHII. [Ipunagaro, uro kpurepuii orpaHudeHus pa3psajiHOro
TOKA siBJIsieTcs 0azopbiM. Paccaurannoe 3navdenune emkoctu C1 IPOBEPSIeTCst
Ha COOTBETCTBUE OCTajbHbIM KpurepusiMm. Ecin emxoctu Co — Cy GoJibIIIE,
gem C'1, To BBIOUpaeTca Hanbo bITee 3HAYMeHNne. Pe3ymbraToM pacdera siJis-
ercst Hanbosbinee 3uadenue u3 C7 — Cy.

Hns peagusanuu agropur™a B Excel pazpaborana nporpamma, mo3BoJis-
OIAs paccauTaTh Tpedbyemyto eMkocTs CHI9 mis I'9K ¢ TI. Ilporpamma
OCHOBaHa Ha MOJeJupoBaHuu cyTounoro I'D9H u mporHoze muk/I0B 3apsjia-
paspsana Ab.

[IporpaMmma mpegycmarpuBaer jsa crocoba 3amanus ['IH:

Criocob 1 - I'DH uszeecten. B arom ciydae pacuer TpebyeMoil 3HEProeMKo-
CTU BBITOJIHAETCS OJIUH Pa3 U MOJYyIeHHOE B PE3YJIbTaTe 3HAUEHUE CUUTAETCS
MUHUMAJIbHO HEOOXOUMBIM J1Jist obeciieuenusi HecriepeboitHOro 371eKTpOoCcHab-
JKEHHsT TTOTPeOUTe .

Crocob 2 - I'DH mopenupyercs Ha OCHOBE MU3BECTHBIX 3HAYEHUIT MUHU-
MaJIbHOM 1 MAKCHMAJIBHON aKTHBHOI MOITHOCTH OTPeOUTENT Py min 1 Pi.max
(xBr). B sToM caygae, pacder Tpebyemoii sneproemkoctu CHID BoimosHs-
eTcs TyTeM UTEePAIHOHHOTO MOIETUPOBAHNS CJAyUIaiHbiX peanusanuii ['DH.
Jns kaxk poit urepanun ['OH onpeaensiercs MUHUMAJILHO HEOOXOAMMAas SHEP-
roevrocTs CHI3. KosmuecTBo urepanmii CyIecTBeHHO BAUSET Ha, TOJIY IeH-
HBIIl pE3y/IbTAT, W 33/aeTCs B HAUAEe PACIeTa. DIMIUPUIECKH YCTAHOBJIEHO
HeobxomMoe KosrrmaecTBo ureparuii - 1000. YBennuenne KOmIndIecTBa nTepa-
uit He BJEYET K MaJbHEHIeMy N3MEHEHWIO UTOTOBOTO Pe3yabrara. Pe3yiib-
TATOM pacyera gBJIgeTcd MaKCUMa/ibHOe 3HadeHune sxeproemkocru CHID,
TOJIYy9EHHOE Cpean BCEX BBITIOJTHEHHBIX I/ITepa]_[I/Iﬁ.

Ecim mormuocts T He 3a7ana, TporpaMma MO3BOJISIET PACCIATATH €ro
PEKOMEHTyeMYE0 MOIIHOCTE ¢ yaerom ['OH:

PTE) = PH.Cp7 (7)
— Z?io Pt

riae Bycep = o7} - CpeJIHds aKTUBHAS MOIIHOCTh HAIPY3KU B TeUEHUN
cyToK (KBT); Py ¢ - MOIIHOCTE HAIPY3KU B MOMEHT BPEMEHH t.
B mporpaMme BCTONB30BaHB CIEIYIONINE TOMYITIEHUS:

(1) I'9H s3amaercst IUCKPETHO € 33JAHHBIM MEPUOIOM JTUCKPETU3AINN ¢
(o yMOTIaHWO BRIGUPAETCS OJTHO W3 YETHIPEX 3aJaHHBIX 3HAUCHUIL:
1,5,10 wnum 60 mun);

(2) Harpyska IpeCcTaBJIsieTCsl aKTHBHOM MOITHOCTEIO ( Py ) U ee 3HaUeHMe
B MOMeHT BpeMeHH t(Py ;) MOCTOSHHO BHYTDPH 3aJIAHHOTO MEPHOJIA
TUCKpeTn3anuu (puc. 2);
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(3) makcumasbHasi BBIPAOOTKA MOMHOCTH 1D B TEUEHMU CYTOK MOCTO-
dHHA U PABHA €0 YCTAHOBJIEHHOM MOIITHOCTHU (HpI/I sToM, ecan Py <
Prs, a yposenb 3apsga AB pasen 100%, To remnepamnus T orpamu-
qnBaercs 10 Py y);

(4) yposenb 3apsina AB ompejesisiercst 0 HANPSKEHUIO HA WX 3aKU-
MaxX Ha OCHOBE JIMHEHHOI 3aBHCAMOCTH: IIOJHOCTBIO 3apIKEHHOE CO-
crosiame (100%) coorsercrByer HAMpsiKeHNIO UAB max, & MOTHOCTHIO
paspstzkernoe cocrosiane (0%) - Uap.min. B Hagane pacaera AB mo
YMOJTIaHAR 3apaxennl 10 100%.

(5) paccumTaHHBIE 3HAYECHUS SHEPrOEMKOCTH OKDPYTIAIOTCS B GOJIBIILYTO
CTOPOHY C 3aJaHHLIM YPOBHEM TOYHOCTH.

PesynbraTel paboTsl mporpaMMbl TIPEJACTABIAIT coboit Habop rpadue-
CKUX 3aBUCHMOCTEH, KOTOPbIE HATJIAJIHO 0TOOParKarT X0/ pabOThl aJrOpUT-
Ma, a [0JIb30BaTE b OJIyJYaeT 3HadeHus Tpebyemoii sneproemkoctu CHII.
Ha puc. 4, 5 npuBeieHbl pe3y/IbTaThl BU3yAJIU3AIUN PAOOTH] TPOTPAMMBI JIJIst
I'9H, npeacrasiennoro ua puc. 2.

35 s WH, kBtu

o Wab, kBtu
VT3, KBTU

A WAB.ZmaX

2,5

>

(3]

—_
—_ wn

DnexTpodneprus, KBru
IS)
i

Puc. 4. Cyrounsrit '9H: norpebiienne narpysku Wy; reaepanus T Wy
Tpebyemast snekTposteprust or CHID Wyap (orpumaresnbHbie 3HAUEHUS CO-
OTBETCTBYIOT PEKUMY 3apsi/ia)
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50 100
m R & L S VS
U | e e 80 !
=
= 25 - ,
g 60
=0 <
an 1 3 5 7 9 11131517 19 2123 25 2. 40
<\C 25 Dg
£ Ta6, A | 20
= o—Uab Qaxt+orki, B

=50 memem Uab maxkc, B 0

— —-Uab mun, B 0 2 4 6 81012141618202224
Bpewms, u. Bpewms, 1
(a) (©)

Pucynok 5 - Iamenenue nanpsxenns AB B Tedennn cyTok (a): Hampsizke-
HAA UAB.pakr; MAKCHMAIbHO U MHHHMAJIBHO JOMYCTUMBII YPOBEHb HaIps-
weunst UaB.max M UAB.min; TOK Iap (OTpUIIaTEIBHbIE 3HAYEHUS TOKA COOT-
BETCTBYIOT PEXKUMY 3apsja); yposens 3apsiaa AB (6)

5 MHWccnenosanue Bausinus nokaszareseit ' 9H wa Tpebyemyro
sHeproemkoctb CH3 B cocraBe I'9K

Ha srane npoekTupoBannn peajibHbIX 3HEPrOOOBLEKTOB, 3a4aCTY0, HEBO3-
MOKHO peayrajiarh pakrudecknit [OH. [Tosromy jist BEIOOpA SHEPrOEMKO-
ctu CHI9 MoryT 6BITH UCTIOIB30BAHBI TOJTBKO OPUEHTHPOBOUHBIE 3HATEHUS
MaKCUMAJIBHON U MUHUMAJIBLHON HATPY3KHU, & TAKXKEe CIPABOYHBIE 3HAUEHUS
koaddurmenTon, xapakrepusytoiux '9H norpebureseii qanHOTO THITA:

o K03 PUIMEHT MAKCUMYMa:

PH X
.ma; .(b, (8)
PH.Cp

riae Pymax.¢ - dakTuUecKad MakcHMaIbHasd aKTUBHAA MOIIHOCTD
Harpy3Ku, KOTopas Ipu cay4daitnom 3agannn I'9H moxkeT oTmwdars-
Cd OT 3a7AHHOHI (PH.maX.cb < PH.InaX);
® KO3 (DUIIMEHT 3aIIaca;:

K, =

24P, ax.
pmemd (9)
0 Wa

e Wy - KOndecTBO 9/IeKTPOIHEPTHH, TOTPEDIEHHOE HATPY3KOiT
3a 24 yaca (kBr-u);

o kK0vpdurmenT PopMmbI:

1+ 2K,
Ky =\ —F07—; 10
d) 3K3an Y ( )

® K03 (DUIHEHT HEPABHOMEPHOCTH IpadyKa HATPY3KIM:

Ksan =
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rjae Pyming - PakTHIecKadg MHHUMaIbHAA AKTHBHAS MOIIHOCTD
Harpyskunu (PH.min. > PH.IIliIl);
® YUCJIO HaCOB UCIIOJIb30OBaHUA M&KCI/IMyMa Hany3KI/I:

Ty=—"— (12)

IIpoBenmennr nccnenoBanus BausHus mokazareneii [9H ua Tpebyemyro 3-
veproemkoctb CH9 ¢ nmomompio paspaborannoii nporpammbl. s 31010
I'9H szajaBajics caydaifHbIM 00pa30M ¢ 3apaHee OMpeIeIEHHBIMU 3HATEHUS-
MA Pgmin 1 Pamax. i apToMmarusamnmm mpoiiecca, coopa JaHHBIX HUCITIOJb-
3oBaH ckpunT, Hanucanubiii B Python 3.10 ¢ nomorsio 6ubimorekn xlwings.
B pezysibrare momenmpoBanus oy 4eHbl 3aBUCUMOCTH BIUsTHIS KOIDDurim-
enToB, xapakrepusytomux ['DH, na sueproemkocrs CHI (puc. 6).

IIpeacrasiennble 3aBUCHMOCTH ITOJIYYEHBI IPU OSUHAKOBBIX UCXOIHBIX JAH-
HBIX: Py max = 3 KBT; Pymin = 0,2 kB1; Cs; = 3,5 Au; Ry = 18 MO
Usiwon = 3,2 B; Uspmin = 2,95 B; Uspmax = 3,6 B; UaBauon = 38,4 B;
I/C = 2 o.e.; mepuon IuCKpeTH3anuu 3aJaH ¢ = 1 9ac; YUCI0 UTeparmii -
1000 mrr. [Is mosyyuennst 3aBucuMocTelt B 0b1eM Buae sueproeMkoctn AbB
OpPUBE/IEHBl B OTHOCUTEIBHBIX enHuax (BA-w1/BT) mo orHomenmo K ycra-
HOBJIEHHOM MormHocTn 1'9.
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Puc. 6. 3aBucumocts sueproemroctn CHII mo kpurepusim 1-4 oT Ko-
sabdurmenta makcuMyma (a); Kosddunuenta 3amaca (6); kosdbdurmenTa
dopmbl (B); 4ncia 9acoB UCIOMB30BAHNUST MAKCUMyMa HArpy3Ku (11); Koadh-
dunmenta HepaBHOMEPHOCTH rpadrka HArpy3Ku (T)

PesynabpraThl HCCaeI0BaHmil TOKA3AIN CIeIyIOIIee.
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Ha nojiyuennbiit pe3ysibrar CyImecTBeHHO BJRAET BbIOOD KAK EPUO/Ia, JHC-
Kperuzanuu, Tak u uucao peanusauuii I'OH. Ilpu 3agannom nepuoye 1 gac
BHAYEHUSI PACCUNTAHHON €MKOCTH IO KPUTEPHIO0 ypoBHs 3apama C4 modTu
BCEraa, sIBASIOTCS MUHUMAJILHBIMEA U COBIAIAIOT Ha pHC. 6 ¢ 9HEPrOEeMKOCTSI-
vu C1. Ilpu yMeHbIIeHNT BpeMeHN JUCKPETU3AINH KPUTEPUH yPOBHS 3apsaa,
VK€ CTAHOBHUTCS OIPEIEISIOIIIM.

MakcuMaIbHOE 3HAYEHHE SHEPrOEMKOCTH OIIPEIe/IsaeTcsd KPUTEpPHeM II0-
KPBITHSI CYMMbBI IHUKOB HArpy3KH. DHEPTOEMKOCTDL, OIpeAeaeHHas ¢ IOMO-
b0 maHnoro Kpurepus - Co, MoxkeT mpesbimarh emkoctu C, Cs, Cy moaTtu
B 10 paz. llosromy mpuMeHeHMe TAHHOTO KPUTEPHST [IPU BbIBOpE SHEPTOEMKO-
cru CH2 Moxer 6BITH SKOHOMUYECKH HE OIIPAB/AHO [PU MUTAHUHU TOTPE-
OuTesieit, MOMYCKAOMNX KPATKOBPEMEHHDIE IEPEPLIBLI IJIEKTPOCHAOKEHNSI.
Jlnst HuX BBIOOP 9HEPrOEMKOCTH MOYKET OCYIECTBJSTHCA [0 KPUTEPHUIO II0-
KPBITHUS IIHKA HATPY3KHU U UCIIOJIb30BAThCA 3HadeHne sHeproeMroct Co. DT0
BHAYEHHEe SHEPTOEMKOCTH OBLIO HUCIOJIBL30BAHO I JaIbHEHIero aHain3a.

Ilosyuennpie 3aBUCHMOCTH OTHOCHUTEIBHON SHEPrOEMKOCTH OT K03dhdu-
nrenToB ['9H wwmeror smHeitnyio 3aBucuMocTh. Ha puc. 6 npusegensr pe-
3YJIBTATHI AMMMTPOKCUMAIIAN TTOJYIEHHBIX 3aBUCHMOCTEN U COOTBETCTBYIOIINE
Bemanabl goctoeproctn R2. C pocrom koddduimmenta GopMbr 1 K03]-
durmenTa MakCUMyMa yBeIudnBaeTcs Tpebyemasi sueproemMrocts CHID.
3aBUCHMOCTD IHEPrOEMKOCTH OT YHCIA YaCOB HCIOJb30BAHUA MAKCAMYMa
Harpy3ku u xkodddurmenta 3amaca obparHo-nponopirona buad. Koaddu-
nuenT HepasHoMepHOocTH '9H mouTn He Bimsger Ha 3HeproemMrocts CHID.

B obmem cayuae, sueproevmrocts CHOD MOXKHO OMpeenTs yIIpOIeHHO
¢ TIOMOIIBI AHATUTUIECKH [MOJYIEHHBIX 3aBUCUMOCTEN JIsT KPUTEPHUs TIO-
KDPBITHS TIHKa HATPY3KH (puc. 7).

4,5

KM= 1.5 o.e. ==KmM= 2 oe. KM= 25 o.e. KM= 3 oe.
4

35

(%)

Emkoctb Ab C,i/ Pyry, BAu/BT

0 0,5 1 1.5 2

JIANTeIPHOCTh MAKCHMYyMa HAaTPY3KH 7, T

Puc. 7. 3aBucumocts sHeproemkoctt CHI or 1muTebHOCTH MAKCUMYMa,
HATPY3KHU fax TPU U3MEHEHHH KO3 UIMEeHTa MakcuMyMa, Ky
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Ha puc. 7 tyax - AIATEIBHOCTH CAMOTO TTPOAOIKATETHHOTO COBIAEHUS
nukoB Harpys3ku Ha I'9H (u). IIpeacraBiennbie 3aBUCHMOCTH CIIPABEIUBbI
PU COOTHOIIEHU] JOTYCTUMO KPATHOCTD TOKa paspsja daementa [ /C = 2.

6 3akaoueHne

[Mpasuneabiit Bei60p CHIYY nozsonser adgppexkrurHO ncmonp3oBars 'IK
SIS TATaHUS TTOTpeOuTENell ¢ PA3INIHBIMEA PeXUMaMKU PAbOThI (CyTOUHBI-
vu I'OH). Beibop sueproemxoctu CHID 3aBucur or xapaxrepa morpebie-
Hust 3ekTposreprun u truia, AB. Ha Besmmuuny Tpebyemoit 3HEProeMKOCTH
BiusgeT Buf u xapakTepuctuku ['D9H morpeburesnsd, KoTopbie HEOOXOIUMO
YYUTBHIBATH Ha 3Talle IIPOECKTUPOBAHUA CUCTEMBI. yCTaHOBJIeHO, qTO ompee-
JITIOTIUM KPUTEPUEM, B OOJBINTUHCTBE C/IYYIaEB, SIBIIETCI KPUTEPUil TOKPHI-
THE CyMMbI THKOB HATPY3KH, & MOJTyueHHOe 3HadYeHne emkoctn C3 gaBisgercs
MakcumasibabiM. OjiHAKO BBIOOp mToroBoii sneproevrocru CHII ¢ yuerom
JAQHHOTO KPUTEPHsT IIEIeCO00PA3EH TOJBKO /T KPUTUIECKH BaXKHBIX WHMpa-
CTPYKTYPHBIX 00bEKTOB (moTpebuTeieil mepBoii u ocoboii Kareropun no Hec-
nepeboHOCTH SIEKTPOCHAOKEHWST, TTEPEPHIB B JIEKTPOCHAOKEHUN KOTOPBIX
He jmormycTuM). IIpeioXKeHHBIH B cTaThe MOAXOJ, PACCMOTPEHHBIN Ha TpHU-
Mepe I'9K ¢ BOOPOIHBIM TOILIUBHBIM 3JIEMEHTOM, MOYKET OBITH TPUMEHEH K
pertennto OGOBITHHCTBA TUIIOB 3aJ1a4, TJe HEOOXOIUMO OIPEIeTUTh SHEPTO-
emkocTh CHI2 st I'9K ¢ apyrum cocraBom ucrourukos. Ilonydennsie mpu
9TOM PEe3YJBTATHI MOTYT ObITH YTOUHEHBI IIyTeM OOJiee JeTaJbHOIO pacuera
SKOHOMHUYECKUX KPUTEPUEB C TIOMOIIBI0 METOJOB ONTHUMU3AINU, aAlITHPO-
BaHHBIX [IOJT TY 3a7a4y.
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