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The analysis of power potential base of Kirovograd region and forecasts of using it own fossil fuel and
renewable power sources for power supplies

The first aim of this article is to show the demands of our region in importable energy sources and the
potential of own fossil fuel which is not used. The second - is to find the way to replace importable fuel by
renevable energy sources and prepare the base direct calculation of their potential.

The analysis of power potential of fossil fuel of the Kirovohrad area is conducted in the article. The
necessity of creation of exact map of power potentials of renewable energy sources is certain. The method of
decline of energy cost, and increase reliability of energy producing through the increase of part of the use of
own resources, is offered in fuel and energy balance of area. Deposits of fossil fuel in the areas concentrated
north and central districts, and the south prevail after potential of renewable sources. The wind power and sun
radiation given on potential are got a calculation way, and show itself a medium value.

From foregoing follows: it is necessary to conduct research of local meteorology information, conduct
control intentions in supporting points - on verge of reach of stationary weather-stations, to take into account the
local features of landscape, and on the basis of these data to create the specified map of power potentials of arca
(on districts) for wind and sun radiation powers. It will allow to estimate financial viability of the use of these
types of refurbish able sources for the receipt of energy in a select for placing of power stations with high
exactness.
energy saving, fossil fuel, renevable energy sources, communal complex, map of power potentials, energy-
savings
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MiHiMaKkCHe ynpaBJiHHS JIIHIHHUMU OaraTOBUMIPHUMH
00’€eKTamu 31 CTalllOHAPHUMHU 30BHIIIHIMHA 30YPEHHAMHU

B poboTi posriIfmaeTsCsa 3amavua TapaHTOBAHOTO, TOOTO MIiHIMAKCHOTO VHPABIIHHA 00 €KTaMH
KEPYBAHHS, SKi OMHCYIOTHCS CHCTEMaMH JIHIHHUX Au(epeHmiadbHUX PIBHSIHD 3 IHTCPBAIPHUMH 3O0BHIIIHIMHA
30ypeHHsIMH Ta 30YPCHHSIMHE B TIOYATKOBHH MOMCHT Yacy, MPHUOMY IPHITYCKAETHCS, IO 30BHIMIHI 30YPEHHS €
cranioHapHUMHU. [HTEpBaNbHI 30YpEHHS MPOIOHYETHCS ANMMPOKCHMYBATH EIMINCOIAOM MIHIMAIBHOTO 00 €My, B
Pe3ybTAaTi YOr0 MOYATKOBA 337a4a MIHIMAKCHOTO YTIPABIIHHSA ANPOKCHMYETHCS CYOONTHMAIBHOK 331a4CH0
MIHIMAKCHOTO YIPABIIHHS 3 CJIINCOINATbHIMHA 30YPEHHAMH, UL PO3B SI3aHHS SIKOI MOYKHA 3aCTOCYBAaTH BiIOMI
TAXOIH.

JiHifini cucTeMu, MiHIMAKCHHIT peryJsiTop, ONTHMAJILHE KePYBAaHHS, iHTEPBATLHI 30ypPeHHSsI, eTICoin
JonmycTuMux 30ypens, Gpyukiis Jlarpamka
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B pabote paccmarpuBaeTcs 3aJada TapaHTHPOBAHHOTO, T.€. MHHHMAKCHOTO YIPABICHUA OOBEKTAMH
VIPaBJICHHS, KOTOPBIC OMHCHIBAIOTCS CHCTEMAMH JTMHEHHBIX TU((epeHIHaTbHbIX YPABHCHUH C HHTCPBATbHBIMHI
BHCIIHAMH BO3MYIICHHAMHI H BO3MYIICHHAMH B HAYATBHBIH MOMEHT BPEMCHH, MPHYCM HPEANOIATACTCA, HTO
BHCIIHHEC  BO3MYIICHHSA  ABIAKOTCA  CTAOMOHAPDHBIMH.  MHTEpBajbHBIE  BO3MYINCHHA  MPEAIaracrcs
aNmMpPOKCHMHUPOBATH 3IUIHIICONIOM MHHHMAJIBHOTO 00BEMA, B PE3YIBTATE YEr0 HCXOMHAS 331444 MHHUMAKCHOTO
VIPaBJICHHS AIIIPOKCHMHPYETCS CyOONTHMANBHON 3aJa4ei MHHUMAKCHOTO YIIPABICHHUS C 3JLTHIICONJAIbHBIMH
BO3MYIICHHAMHY, I PEIICHAA KOTOPOM MOYKHO HCTIOIB30BATh H3BECTHBIC MOAXOIBL.

JIMHCHHBIC CHCTEMBI, MHHHMAKCHBIA PEryJfitop, ONTHMAJILHOC YNPABJCHHE, HHTCPBAJILHbBIC
BO3MYIICHHS, JJUINIICON/ AONYCTHMBIX BO3MymIeHNil, pynknusa Jlarpan:xa

Beryn. PeanpHi 00’€kTH ympaBiiHHS 4acTO-TYCTO (PYHKLIOHYIOTH B YMOBAaxX MEBHOI
HEeBU3HA4EHOCTI. L[ HeBU3HAUEHICTh MOXKe OyTH Pi3HOI MPUPOIH, HAMTPHUKIIAMA, CTOXACTHYHA —
3 BIJOMHMH YHM HEBIJOMHMHU CTATUCTHYHHUMH XapaKTEPUCTUKAMH, NETEPMIHOBAHA — 3
eNINTUYHOK UM IHTEPBAJBLHOK OO0NaCTI0O JOMyCTHMHX 30ypeHb, KOMOIHOBaHA, TOMIO.
[ToOynoBa 0OaraTOBUMIPHUX PETyJIATOPIB ISl TAKUMX HEMOBHICTIO BU3HAYEHUX OO €KTIB
B3araji € JOCUTb BAXKKOIO 3aa4er0.

B poborax [1-3] posrisimaBcs kimac 3amad MIHIMAKCHOTO YIIPABIIIHHS CUCTEMaMHU 31
30ypeHHsMH, IO HAJEXKaTh NESKI MHOXKHHI y BUIJsIAI O0araTOBUMIPHOTO THIIEPEIICOiNy.
Axmo x 30ypeHHs HE HaJIeKaThb TiNepeninconomiOHiii MHOXKHHI, TO KOHCTPYKTHBHI
pe3yJbTaTH ONepKaTH NOCHTh BaKkO. Ha mpaktuui 30ypeHHs, BiaxuieHHs a0 HETOYHOCTI
YacTO 3aMal0ThCS Y BHUIJBIAI NEBHUX 1HTepBajiB ad0 B Yy BUIJBIAI /1 -BUMIPHUX
napaneseninenis, ki Oy1eMo Ha3MBAaTH IHTEPBAIBHUMHU OONACTSIMHU HEBH3Ha4YeHOCTI. Tomy,
mob onep’kaTH KOHCTPYKTHBHI pe3yJbTaTH, HEOOXIMHO Wi IHTepBalbHI OOMEXKEHHs
ANPOKCHMYBATH 3BEPXY NESIKUMU TrinepesincoinaMmu. 3BU4aifHo, o MpH TaKii ampoKcUMarlii
3011BIIy€eTECST 00JACTh NOMYCTHMUX 30YPEeHb 1 OTXKE, ONTHMAaJbHE MIHIMAKCHE YIPaBIIiHHS
Oyne ampokcuMoBaHe CyOONTHUMAIbHHM yrpaBiiHHSIM. OCHOBHOIO 33a4€l0 NPU LBOMY €
noOynoBa 0araTOBHMIpHUX — €JIICOIAIB  MIHIMAIbHOTO 00’eéMy, SIKI alpOKCUMYIOThb
iHTepBabHI 00JaCTI HEBH3HAYEHOCTI.

Mera crarri. B nmaniii poboti Oynyerbcsi enincoin MiHIMaJbHOTO 00’eMy, SIKUH
OXOIUTIOE 1HTEPBaJIbHI 30ypeHHs] B OYAaTKOBHH MOMEHT 4Yacy Ta CTaliOHapHI 30ypeHHs, 110
IiI0Th Ha OO’€KT ympaBiiHHSA B Tpoueci Horo ¢yHKOioHyBaHHSA. OnepkaHWil enincoin
JOMYCTUMHX 30ypeHb Ja€ MOXUIUBICTh OyyBaTH MiHIMAKCHI PEryJsiTOpH, sKi 3a0e3MedyoTh
NEeBHY SIKICTh MEPEeXiTHUX IMPOLECIB 32 HAHOIIbII HECHPUATIMBHX 30ypeHb, IO AIIOTH HA
00’€eKT yrpaBJiHHS.

Bukaaa ocHoBHOro marepiamy. Po3risitHeMO 00 €KT ynpaBiliHHS, SIKUH OMHCYETHCS
HACTYITHOIO JIIHEAPU30BAHOIO CUCTEMOIO 3BUUAHHUX TU(pepeHIIaIbHUX PIBHSHD

dx(?)
dt
x(t,) = Lx°,

= A(O)x(t) + BOu@) + K1) f. t,<t<T. (1)

nex(t) € R"-sextrop crany o6’ekta B MomenT uacy ¢, u(t)e R”- Bexrop
KepyBalbHUX mil, [ eRl—BeKTop 30BHIlWHIX BrUWBIB (abo 36ypenn), X' € R’ — BexTop
B(t)e R™™, K(t)e R™,

) —n (N Xn) - BUMIpHUI €BKJI/IIB POCTIP BEKTOPIB

cTaHy 00’€kTa B MouaTkoBuil mMomeHt wacy f,,A(t)€ R™"

2 2

nxn

nxr . . . n
L e R™" — Bigomi matpuni; R~ (R
(MaTpuLb) BiAMOBIIHOI PO3MIPHOCTI.
IIpunycTUMO, 1110 BEKTOP 30BHIIIHIX 30ypeHb f Ta BEKTOpP MOYAaTKOBOrO HAOIMKEHHS
0 . .
X~ € HeBIIOMHMH BEKTOPAMHU, €JIEMEHTH SIKMX 3aJ0BOJIbHSIOTH IHTEPBAIBHIM OOMEXEHHSIM
BUJTY
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reQ ={fif=(hitonf) a<fi<h =12, ),

T
0 0 0 0 _0 0 0 .
X eonz{x X :(xl,xz,...,x) , ¢ <x <d, 1:12,...,r},

2)

»

ne a,, b, ¢;, d,— Binomi rpanu4Hi 3Ha4EHHS 30YPIOIOYMX THHHHKIB.

Hexali cnocrepexXeHHs 3a KOMIIOHEHTAMU BEKTOpA CTaHy x(/) ONMCYIOTbCS

PIBHSTHHSIM
() =C(0)x(1), (3)
ne  y(t)e R°— BEKTOp pe3ynbTaTiB BUMIPIB, ((1)e R”"— 3a7aHa MaTpuls
CTIIOCTEPEKEHb.
PosrisiHeMo iHTerpaIbHO-KBAAPATHYHUHA (PYHKLIOHA BUIY

J(u) = LT(xT OP@)x(1) + 1" (t)D(t)u(t))dt +x " (T)Px(T)> (4)

neP(t)=P"(t)=0, D()=D"(t)>0, P, =B >0~ 3anaHi Barosi MaTpHLI.
3ajaua noJsirac B TOMy, 100 3HANWTH YIPABIIHHS y(f) Y BUTJIAAL
u(t)=R()y(), (5)

TOOTO y BUIJISAAI PEryJaTopa Bill CIOCTEPEKYBAHUX KOOPAMHAT y(f), AKE MIHIMIZye

HACTYMHUH KpUTEPIH
I(w)= sup J(u): (6)
fle,xerxo

VrpasniHHaa 3 (¢), SIKe 3a10BOJBHSE YMOBI

1) =inf Iu)=inf sup J(u) (7
u u fle,xerxo

OyneMo Ha3MBaTH ONTUMAJIBHIM MiHIMAKCHUM YIIPABJIIHHSIM.

B Takiii mocTtaHOBHI 3adaui 3 I1HTepBAIBHUMHU OOMexkeHHsMH (2) onepkaTh
KOHCTPYKTHUBHI Pe3yJbTaTH IOCHTb BA)XKKO. TOMy iHTepBasibHI 00NAcTi AOMyCTUMUX 30ypeHb
Q, Ta Q ,anpOKCUMY€EMO OIHHM eJNCcoifoM MiHIMaJIbHOrO 00’eMy. Iyl IIOTO CIIOYATKY

X

posrasuemo (/ + 7) -umipHuil napanenemnines 30ypeHsb BULY

Qﬂ:{n: n=_fx") JeQ,, xerxo; a,<n < i,i:1,2,...,l+r}a (3)
B SIKOMY
a, 1<i<l, b, 1<i<l,
a. = =
"o, I+1<i<l+r,”" |d, 1+1<i<l+r,

1 HaragaeMo, 1o AOBUTBHUH €NTCOoin MOKe OyTH OMUCAHUN PIBHSIHHIM
(n—1,)" H(np—1,) =1, ©)
ne 1J,— ueHTp enincoima, a f{ — cuMeTpudHa JOJATHO BH3HAYEHA MATPHULL, SIKa
BU3HAYAE OPIEHTALIIIO Ta PO3MIpP eNncoina.
Hama 3amaua Gyne mossiraté B ToMy, o0 3Haiitu Marpuuio f1 Ta Bekrop 7, mpu

AKkux enincoin (9) anpokcumye napanenerinen (8), npryomy Oye MaTu MiHIMAJIBHUH 00’ €M.
Bpaxosyroun, mo oci napaneneninena (8) mapajiesbHi KOOPAUHATHAM OCSIM, HEBAJKKO
NPUNATH O BUCHOBKY, L0 LHEHTP IIYKAHOTO EJNICOiia BUZHAYAETHCS 38 (POPMYIIO0

,701_:%(aﬁﬁl_),i:l,z,...,lw, (10)
a marpuus [ mosunna OyTu miaronanbHO, TOOTO f1 Zdiag(/’q,hz,...,hlw).

[Ipuiimaroun 1e 1[0 yBaru, a TAaKOX Te, INO BEPIIMHU mnapaieneninena (8) MOBUHHI
3HaXOJUTHCh Ha MOBEPXHI MIYKAHOTO eNincoina, 3 (9) MoXKHa oiepkaTh
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i[@jhzl. (11)

i=1
Ockinbkn 06’eM emincoina (9) 3 miaroHanbHOW Martpunero /1  Bu3HavaeThes 3
bopmyoro
I+r

l+r l+th

ne C,, =z""?/T((l+r)/2+1)— KOHCTaHTA, sKa 3aJI€KUTb JIMLIE Bil PO3MIPHOCTI

npocropy (/ +7) i He 3anexurs Bin Bemwumu /iy, h,,...,h, ., TO 3anady nomyky emincoina

+r 2
MiHIMaJIbHOTO 00’ eMy (POpPMai30BaHO MOXKHA MPEACTABUTH K ONTUMI3aLiiHY 32124y

I+r
=[]#"' - min
i-1 B

C2y?

v 1+ T

3 obmexxeHnsM (11).
Jlns po3p’si3aHHS L€l 3a7adl BUKOPUCTAEMO METOJ MHOXKHUKIB Jlarpawxka, y
BIZMOBITHOCTI 110 sikoro Oynyemo GyHKI0 Jlarpan:ka BUTIISITY

I+r I+r _ 2

L(hl,@,...,hm,,z)zl‘[hi1—,{2[%} -h, —1} (12)
i=1 i=1

ne A— muoxHuK Jlarpamxka.

Onrumanbi napamerpu A, M,,...,H,, Ta MHOKHHK /A BU3HA4arOTBCS 3 yMOBH

+r
MmiHiMizamii pyHkuii Jlarpamka (12)

Ll by, 2) — min (13)

Buxopucraemo anst po3s’si3ansst 3a1a4i (13) HEOOXiIHY YMOBY €KCTPEMyMy

2
aL( 12 2: :h”,: __h—Zﬁhl ( j_aj] =0

Ch, 2
J

i=l+r (14)

i*j

2
OL(h,.h,,...h, . 2) zl_zﬂr(/}j—aj] o
2 o

04 i
3 mepioro piBHAHHA cucteMu (14) BU3HAUUMO MHOXHHK Jlarpanxa

__hzﬁ [ﬂ — ] -y 1ﬁh [ﬂ a] j=12,. 0+,

lf»

BUKOPUCTOBYIOUH SIKUH, 3 cucteMH (14) MOKHA OI€pKaTH HACTYITHE CITiBBITHOLIEHHS
2 2
h [/31- _“ij _ h{ﬂj —9; ] AJs BCIX IHAEKCIB j, j=1,2,.... [ +7. (15)
' 2 / 2

Toni, mpuiimMaroun 1o ysaru supas (15), 3 pisaocTi (11) ogepskumo
I+r _
Z[M] ho=(+r)h, [ﬂ —% ] ~1.
T\ 2 2

3BLAKU

h :i(/} —a) i=12, 04 (16)
Yol+r T

HeBaxko mokasatu, mo onTuMajibHi mnapaMerpu (16) 3aKOBOJBHSIOTH TaKOX
AocTaTHIM yMmoBaM MiHiMizaii gynkuii Jlarpamxka (13), e (/+7) — pPO3MIPHICTb IPOCTOPY
30BHIIIHIX 30ypeHb.

TakuM 4YHHOM, ONTHUMAJBHUN ENICOiN MIHIMAJIbHOTO 00’ €My, SIKUH ampOKCUMYE
napanenerninea 30ypens (8), Bu3HauaeThes crmiBBimHOeHHs ME (9), (10), (16).
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IToeepHemMoch Tenep Oe3nocepenHbo A0 3aaadi moOyI0BU MIHIMAKCHOTO PEryJsTOpa.
Jns enincoina MiHIMaIbHOTO 00’ €My BBEIEMO TTO3HAYEHHS

S,={n: neR". (n—n) Hap-n,) <1}, (17)
e n, :(7701377023"'37701+V)T’ H :diag(hl,ha,,,,,hm), a BEJIMYMHHU 7], Ta hl. O0OYHCITIOIOTHCS
3a popmynamu (10) Ta (16).
Toni mouaTkoBuil kpuTepiii (6) MOXKHA aTPOKCUMYBATH (PYHKIIOHAIOM
I;w)OsupJ(m)= sup Jw)=1(u) (18)

776S,, fle,xerXO

Jnsa po3B’si3aHHA 3amadi moOynoBU CyOONTHMAIBHOIO MIHIMAKCHOTO YIPABIIHHS 3
KPHUTEPIEM [ (/) CTIOYATKY MEPETBOPUMO (PyHKIIOHAT J(x).Jns 1BOT0O, BHKOPHCTOBYIOHYH

criBBimHOIIEHHS (3) Ta (5),mepeTBOpuMO criodaTky cucreMy (1) mo HacTymHOi

d);(t) (A1) + BORMC (1)) x(1) + K (1) . t,<t<T, (19)
x(t,) = Lx°,
1 3aMUIIEMO PO3B’SI30K I[i€i CUCTEMU Y BUTJISII
(1) = Gt ,)Lx° + j: G(t,D)K(r)dt- 1 > (20)
ne G(t,r)—(pyHnameHTanbHa MaTpuisl cuctemu (19), ska € po3p’sI3KOM MAaTPUYHOIO
PiBHSIHHSI
GG; D) _ (4G + BOROC1)G(t,7).

G(r,7)=E,
B IKOMy F — OIMHUYHA MATPHLIA.
Ipuiimaroun 1o ysaru ¢opmynu (3), (5), (20), GyHkuioHaT J (1) MOKHA NIPEACTABUTH
y BUTJISAL
J@)y=n"Fn,
ne
F=F(R)= LT W (O(P()+CT OR ODOROCE )W (Odt + W (TP (T
a Matpuns W () e R™"" 3a10BOJIbHSE PIBHSIHHIO
aw (1)
dt
W(t,)=(L:0).

SIkmo inTepBanbHa 06nacTb HonyctuMux 30ypeHs (8) nentposana, Tobto &) = — /3,

= (A1) + BORMOCO)W (1) +(0 : K(1)),

TO 77, = 01 OTKe, QYHKUIOHAN [ (1) MOYKHA MEPETBOPUTH TaK

I (u)=supJ(u)= sup n'Fn=2_(FH")

nes, nTHy<l
_ -1 . _
pe H=Usn " diag(B2.5% . f5) 4

. -1
matpuni FH

TakuMm 4YHHOM, 3a7ada CHUHTE3y CyOONTHMAJIBHOTO MIHIMAKCHOTO —YIIPaBJIHHS
3BOJIUTBHCS 70 HACTYITHOI ONTUMI3aLIAHOT 3aaa4l

I, (uw)=I,(R) = /ImaX(F(R)H’l)—>mRin. @

SIKIo MaTpuLst 3BOPOTHOTO 3B°s13Ky K IIYKA€ThCA B KJACi MOCTIHHUX MaTPHILb, TO
3amada (21) BIIHOCHTBCS 1O KJIACy 3a7ad HENIHIHHOTO MpOorpaMyBaHHs. SKIIO K €JIeMEHTH
matpuni R 3anmexarts Bim uwacy ¢, To 3amada (21) € 3amadero BapiauifHOrO YMCIEHHS.
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OcranHIO 3ama4y B3araji He MOXKHA BITHECTH 1O NMPOCTUX 3a4ady, aje B JAHOMY BUIAIKY
BIA€ThCs TO30YTUCH OMeparii supremum, IO CYTTEBO CHPOLIYE PO3B’A3aHHS BUXIAHOI 3aa4l
CHHTE3y MIHIMAaKCHOTO yIIPABJIIHHS.

BucnoBku. B naniii poOOTI MpOMOHYETHCS ONTUMANIbHA APOKCUMALS IHTEPBAJIBHOI
obnacti momycTUMHUX 30ypeHb enimncoigoM MiHiMaipHOro 00’eMy. B pesymbraTi Takoi
anmpoKCHMallli MOYaTKOBa 3aJada ONTHMAJIBHOTO MIHIMAKCHOTO VIIPABIIHHS 3BEACHA [0
3HaYHO MPOCTIMIOI 3a1adl cyOONTHMAaIbHOTO MiIHIMAKCHOTO YIPAaBIIHHA 31 30ypPEeHHSMH, IO
HaJIeXKaTh eJrncoinainpHii MHOXHHI. OCTaHHA 3a7a4a MOXKe OyTH pO3B’si3aHAa YHCIOBHMHU
METOIaMH HENIHIHHOTO MporpaMyBaHHs ad0o METOaMH BapiaLliiHOTO YHUCIEHHS.
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0. Lobok, B. Goncharenko, N. Savitska
National University of Food Technologies, Kiev
Minimax control linear multidimensional object with a stationary external perturbation

The construction of the minimum volume ellipsoid that covers the interval perturbation at the initial
time and stationary perturbation acting on an object management during its operation. The resulting ellipsoid
allowable perturbation gives the opportunity to build minimax controllers to ensure a certain quality of transients
in the most adverse disturbances acting on the object management.

The paper considers the problem of guaranteed i.e. minimax facility management control systems,
described by linear differential equations with interval external disturbances and perturbations in the initial time
and assume that the external perturbation is stationary. Interval perturbation proposed approximate minimum
volume ellipsoid, causing the initial problem minimax control problem is approximated suboptimal minimax
control with ellipsoidal perturbations, for which the solution can apply known approaches.

An optimal approximation interval region of admissible perturbations minimum volume ellipsoid. As a
result, the initial approximation minimax optimal control problem is reduced to a much simpler problem of
suboptimal minimax control with perturbations belonging ellipsoidal set. The latter problem can be solved by
numerical methods of nonlinear programming methods or variations.
linear systems, minimax control, optimal control, interval perturbation, ellipsoid allowable perturbation,
Lagrangian function
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