PO3/1L1 3
KOMINEHCALISI PEAKTUBHOI MOTYKHOCTI 3
BPAXYBAHHSIM OBMEXEHB 3A TEPMIHOM OKYITHOCTI

3.1. MaTemaTu4Ha MOJeJIb BPAXyBAHHS 00MeKeHb 32 TEPMiHOM
OKYITHOCTI

Jns 3amadl onTuMi3alli pPEeaKTUBHUX IOTYKHOCTEH BUKOPHCTAEMO METOJ
CHpoIeHHs MaTpuili ['ecce, 0 AeTanbHO MPEACTABICHO B €IEKTPOHHOMY KOHCIEKTI
1 32 JTOTIOMOTOI0 SIKOTO BUKOHAHO OMTHMI3allil0 PEaKTUBHUX MOTYKHOCTEH y BY3JIax
204, 9, 2 yuboBoi cxemu puc.2.4. CyTb METOJy MOJISITA€ B alTpoKcUMaIlii GyHKIlIi BTpat

AKTUBHOI MOTY>KHOCTI KBaipaTUu4yHOIO (yHKIi€0 puc.3.1.

A (Q+AQ)*+B-(Q +AQ)? +C=APT

A-Q*+B-Q+C=AP

A-(Q—AQ)*+B-(Q—-AQ)*+C=AP
A= AP + AP~ —2AP/(2 - AQ?) ;

B=AP*+ AP —4-A4-Q AQ/(2-AQ);
C=AP—-A-Q*-B-Q

Pucynok 3.1 - Anpokcumartisi GyHKIIIi BTpAT KBaAPATUUHOIO (PYHKIIIEIO
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Ha puc.3.1 nokazano popmMyid po3paxyHKy  KOeQILI€HTIB  KBaJApaTUYHOL
¢ynkuii A, B, C. 3a nonmomororo anmpokcuMoBaHO1 (QyHKITIT IETKO BU3HAYAETHCS TOUKA
onTuMyMy Qonr 1, BIAMIOBIIHO, KpoK onTuMizamii AQ = Q — Qyyr -

Are KpiM 3ajadi JOCHIJPKEHHsI TJ100aJlbHOIO MIHIMYMY BTpAT CIiJ] TaKOX
BpPaxoOBYBaTH CKJIAJ0OBY TPOIIOBUX BUTpaT Ha MPHUCTPOI KOMIIEHCAIll PEaKTUBHOI
NOTY>KHOCTL. Piu y TiM, 1m0 uum Onmxde Touka Q 10 onTUMyMY Qonr, TUM OLIBIIT
MIOJIOT OO CTa€ (PYHKIIIS, 1 TUM MEHILUM CTAa€ 3HWKEHHS BTPAT HA OJIMHUILIIO PEAKTUBHOI
noTy>XHOCTI. ToOTO MOCSTHEHHS aOCOMIOTHOTO MIHIMyMYy BTpaT MOxe OyTH He
JIOLIUTEHUM 3 TOYKH 30py KaIliTal0BKIAACHb.

Jl1st BpaxyBaHHS IIbOTO ACTIEKTY MPOIMOHYETHCS BBECTH OOMEKEHHS KpOKy AQ

3a OaKaHUM TEPMIHOM OKYITHOCTI - puc.3.2.

N

APl

Pucynok 3.2 - BpaxyBaHHsg 0OMeK€Hb 32 TEPMIHOM OKYITHOCTI
Puc.3.2 noka3zye Tpu MOXIIMBI BapiaHTH KpPOKY BiJ MOTOYHOI Touku Q 3
ypaxyBaHHAM 3HaueHHS Q. , IO BIAMOBIIAE 3a1aHOMY TEPMiHY OKYITHOCTI. BapiaHT a)

noBeprae 3HaueHHsA Q y BuxigHe 3HaueHHS Qp ockimbku 3HaueHHS Q> Q. VY

@
A 4

Apk.
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BapiaHTi 0) BigOyBaeTbcst Kpok Q =2 Q. ockimbku Qunr < Qr < Qu. Y BapiaHTi B)
BiZI0OyBa€eThCs Kpok 0e3 ooMexkeHb Q =2 Qonr OCKUTBKH Qr < Qopy.
Jlnst  po3paxyHKy TpaHnuHOoro Q; BHUKOpHCTaEMO cHpolleHy (opmyiry
PO3paxyHKY TEpMiHY OKYITHOCTI:
tox =K/E K= (Qu—0u) k,E=(@P,—A-Q3—B-Q,—C)-t-T (3.1),
1€ tox — TEpMIH OKYIHOCTI, PIK;
K — kanmiTanoBkiafeHHs, TPH.;
E — piuna ekoHOMIS, TPH./PIK;
Qu , Q; — mouartkoBe 1 rpaHuvHe 3HaueHHs Q, KBAp;
K — muToMa BapTiCTh KOMIICHCYIOUHX MPUCTPOIB, IpH./KBAp;
AP, — mouaTkoBi BTpaTu, KBT;
A, B, C - koedimieaTn anmpokcuMoBaHoi (DYHKIIIT BTpaT, 110 pO3paxoBaHi 3a
dbopmymnamu puc.3.1;
t — KUTBKICTh TOAMH BUKOPUCTAHHS MaKCUMyMY, TOJI. ;
T — rapud Ha aKTHBHY €JIEKTpOCHEPTito, I'pH./KBTTOI.
JJis eKCTIepUMEHTAIbHAX PO3pPaxyHKIB BUKOPHUCTAEMO HACTYIHI 3HAYCHHA K
= 500 rpu./kBAp, t = 0.5-8760 = 4380 rog, T = 1.7 rpu./kBT'TOx.
[Ipu 3amanomy 3HaueHHs o y hopmynax (3.1) HEBIIOMOIO BEIMYUHOIO €
rpaHuyHe 3HayeHHs Q; :
tor = ((Qu— Q) " K)/(AP, — A+ Q2 =B Q= C) T (3.2)
3BiJIKM BUKOHABIIIY BIJIIOBIIHI IEPETBOPEHHS OTPUMAEMO KBaJIpaTHE PIBHIHHS:
tox't'T=N
(AA_*IV)WT_(B-Z*—k)+(C—APH)C-jV+k-QH
D=B"—4-4"-C"
Q: = (—B*FVD)/(2- A)

3.2. AIropuT™M BU3HAYEHHSI TPAHUYHOTO0 3HAYeHHs Qr

Q7

Anroput™ BusHadueHHs Q; peamizoBano B mporeaypi RangeTok. Buxigaumu

JAHUMU JIJI1 PO3PAXYHKY €:

Apk.

6.050701.4113.042./15 ”

3m. | Apk. Ne dokym. Midnuc |dama




Qu, Q, AQ — mouaTkoBe 1 MOoTOYHE 3HaYeHHS Q, a TaKOX 3HAYCHHS MPHUPOCTY
AQ;

AP*,AP~,AP,AP, — Tpu TOYKM BTpaT npu 3HadeHHAX Q + AQ, Q, Q — AQ i
MIOYaTKOB1 BTPaTH;

tox — TEPMIH OKYITHOCTI.

Ha Buxomi aiaroputmy po3paxoByeTbcs 3HaueHHs Q.. HaBememo cmouartky

anroputm npoueaypu CalcTok (A, B, C, Qu, Qx), 1e Qi — kiHmeBe 3HaucHHS Q.

MouaToK

Tarif=1700, k=500 000, t=4380

L]

AP=AP,—A"Q%—B Q- C

Y

p - (@-QJk
°%k ™ (AP t  Tarif)

Pucynok 3.3 - Anroputm npoueaypu CalcTok

Apk.
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MouaTtok

U

B

_ (AP* + AP~ —2:AP)

Q.=0

2 - AQZ

_(AP*—AP"—4-A-Q-AQ)

C=AP—-A-Q*—B-Q

2-AQ

Q

- BUXip,

B
QOHT = _ﬁ

Q

- BUXip,

Tarif = 1700,k = 500000, t = 4380
A" =A-t,, 't Tarif

B* =B -ty t-Tarif — k

C'=(C—AP,) t,,-t-Tarif +k-Q,

D=B"—-4-4-C

:Q

- BUXig,

Qir =

Qar =

Bubip kopekTHoro 3Ha4eHHs Qr = f(Qq1r1, Q271)

(—B* + /D)
2-A
(—B* — D)
2-4

QonT < QT < QH

- BUXig

- BUXig

Qr =0,

Pucynok 3.4 - Anroputm nipouteypu RangeTok
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B anroputmi puc.3.4 HEoOXimHO 00paTh KOpeKTHE 3HaUYeHHS Q; 3 MOMIX
1Box KopeHiB QjrTa Q. [IpakTHuHi po3paxyHKHU MOKa3ylOTh JBa KPUTEPIl BIACIBY:
1. Ha mepmomy Kpoii: KOpiHb, IO BIAKHIAETHCA, MPAKTUIHO JTOPIBHIOE

MMOYaTKOBOMY 3HAUYCHHIO Q.
2. Ha iHmmX Kpokax BIAKHUJIAE€THCS 3HAUCHHS, SKE MPH ITICTAHOBII Y TIPOLIEAYPY

CalcTok mae Big’eMHe 3HAaUEHHS .

Hampuknaa, npu onTuMizailii peakTUBHUX TMOTY)XHOCTEH y By3m 9
PO3PaxXyHKOBOI cxeMu puc.2.4 OTpUMaHO HACTYIHI 3HAa4eHHS KOpeHiB (fox = 2
POKH):

1 kpok: Qy =10, Qonr =-11.6
Q1 =9.99999975 (tox = 1.999...)
Q2 =45 (tox=2) > O«
2 kpok: Qy =10, Qonr =-13.3
Qi:=10.2 (tox = '2)
Q=44 (tx=2) 2> Oy

3.3 OnTuMmisanisi peakTUBHOI MOTYKHOCTI 3 yPaxXyBaHHSI TEPMiHY

OKYITHOCTI HA eKCIIePUMEHTAJIbHIN cxeMi

ExcniepumenTanbHi po3paxyHku mpoBeneHi s Bysia 110 kB (Byzon 9) i
TepMiHiB okynHOCTi 1.5, 2, 2.5, 3, 4 poku. Pe3ynbTaTu po3paxyHKy MoOKa3zaHi Ha
puc.3.5. B Tabmumi 3.1 1 rpadiky puc.3.6 mnokazaHo (QyHKIiO to A

arpoOKCUMOBaHO1 (YHKIIIT BTpAT HA MEPIIOMY KPOII.

Apk.
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4.967 (0.375)
4.873 (0.469) 4.896 (0.446) __g—"
——

——

-15 -10 -5 -1
I e
|QO]‘[T=_16 | |
| | | Qr =10@¢t, =15
——ot, =
| | L | Qr =56 t‘"‘_z
| NN .tox_z-s
Ll Qr = —4
L Qr = —10 ® foc =3
® =4
ty = 3.72 for

Pucynok 3.5 - OnTumizaiiisi peakTUBHOT HOTYKHOCTI 3 PI3HUMHU TEpMiHAMU

OKYITHOCTI

Tabmuns 3.1 - 3aauenHs QyHKIIT Lok

Q 10 9 8 7 6 5 4 3 2
tox 0 0.812 | 1.189 | 1418 | 1.581 | 1.709 | 1.817 | 1.912 | 1.999
Q 1 0 -1 -2 -3 -4 -5 -6 -7
toc | 2.081 | 2.160 | 2.238 | 2.316 | 2.394 | 2.473 | 2.555 | 2.638 | 2.724
Q -8 -9 -10 -11 -12 -13 -14 -15 -16
toc | 2.814 | 2907 | 3.005 | 3.108 | 3.217 | 3.331 | 3.453 | 3.583 | 3.721

Q| -17 -18 -19 -20 -21 -22
toc | 3.869 | 4.028 | 4.2 | 4385 | 4.587 | 4.807

Jl1s1 po3paxyHKy 3HAUSHB MPUBEICHUX B Ta0:1. 3.1 Oym BUKOpHCTaHI HACTYITHI
snaucHHs: (A=0.000816, B=0.019787, C=5.031090),

D t=4380r0s, T =1700 ——
MBAp' =~ rod B MBT - rof

AP, =5.342 mBt,k = 500 000
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BucHoBkH

VY po3aini Oynau po3riisiHYTI HACTYMHI TUTAHHSL:

1.
2.

MaremaTudHa MOJIeTh BpaXyBaHHS OOMEXEHb 32 TEPMIHOM OKYITHOCTI;
ANTOPUTM BU3HAYCHHS TPAHUYHOTO 3HAYCHHS Q;;

OnTuMizallisi peaKTUBHOT OTYKHOCTI 3 ypaxyBaHHsS TEPMIHY OKYITHOCT1 Ha
eKCTIEpUMEHTAIBHIN CXeMi,

[IpoBeneHa onTuMi3allisi peaKTUBHOT MOTY>KHOCTI 3 PI3HUMH T€PMIHAMU

OKYITHOCTI.
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BUCHOBKMU

OCHOBHOIO METOIO JTAHOTO TUTUIOMHOTO TPOEKTY OyJI0 OTPUMAaHHS MPOTPAMHOT
peanizaiii KOMIIEHCAIil pPEaKTUBHOI MOTYKHOCTI 3 BpaxyBaHHSM OOMEXEHb 3a
TEPMIHOM OKymHOCTI. JIJIs AOCATHEHHS Iii€l 1Tl OyJ0 TPOBENEHO OCIHIKEHHS
BIUIMBY PI3HUX TEPMIHIB OKYIMHOCTI lox Ha ONTUMalbHE 3HAYEHHS PEAKTUBHOI
NOTYXHOCTI. Po3paxyHKu JaHOro po3ainy Oylid BUKOHAHI 3a IOMOMOT'OI0 TPOIEAYP
RangeTok ta CalcTok. 3rigno HaBefeHHX rpadikiB MeTy poOOTH MOKHA BBAKaTH
JOCSTHEHOIO.

Oxpemoto 3aa4ero MPOEKTY OYB PO3paXyHOK YCTaBOK CIIPAIFOBAHHS PEICHHOTO
3aXHCTy JBOXOOMOTKOBOro TpaHchopmaTopy Ta kabenbHoi miHii 10 kB, skwii
IPYHTYBaBCSI Ha pO3paxyHKax CTpymMy Tpu(pa3HOro KOpPOTKOTO 3aMHUKaHHS.
[TopiBHIOIOUH PYYHUI Ta IPOrPAMHUI po3paxyHOK cTpyMmy K3 MOXxHA 3ayBakUTH, 110
pI3HUI BIANOBIAHUX 3HAa4YeHb ckiagae Onu3bko 2%. lle mosicHIOETBCS PI3HOIO
METOJOJIOTIEI0 PO3PaxyHKy, ajie, B CBOIO 4Yepry, MIATBEP/UKYE MPABHIBHICTh
BHUKOHAHUX 1.

Takoxx B MpPOEKTI HABEJEHO PO3PAaxXyHOK 3 MOJEIIOBAHHSA, aHamizy Ta
ONTUMI3AIli PEKUMY EJIeKTPUYHOI Mepexi. BiamoBigHO 10 mepepaxoBaHUX 3aaad
BiZIOYBaBCs PO3PAXYHOK YCTAJICHOTO PEKUMY MeTooM HpIOTOHA Ta 3a TOTIOMOTOIO
[IK PAOTB. /lns OUIHKY NMPaBUJIBHOCTI pO3PaXyHKIB BUKOPUCTOBYBAJIOCS 3HAYEHHS
BTpaT aKTHUBHOI MOTYXXHOCTi, IIPU YOMY PI3HULA Yy BIANOBIAHUX 3HAYEHb CKIA/a€
0.165%, 110 TOSICHIOETHCS OKPYIJICHHSIM JESKUX 3Ha4Y€Hb NMPHU E€KCHOPTI BUXIAHOTO
¢aitny 3 I[IK PAOTB B xommiekc 1o po3paxyHky metogoMm Herotona. Onrumizaiis
peKUMY TI0 pEaKTHBHIA TIOTYXXHOCTI BimOyBajacsi pO3paxyHKOM 3HAYCHb
KOMIIEHCYIOUUX MPUCTPOIB Y TPHOX By3JaX Mepexi. PyuHi pe3ynbratu ontumiszariii

CHIBIIAJIal0Th 3 TPOTPAMHHUMH, 1110 CBIYHUTH MPO MPABWIbHICTH BUKOHAHHS POOOTH.
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