HAIIIOHAJIbHUM TEXHIYHUI YHIBEPCUTET YKPATHA
«KUIBCBKUHU MOJITEXHIYHUU THCTUTYT
imMeni I'OPSA CIKOPCBKOI'O»
®dakyIbTET eICKTPOCHEPTOTEXHIKU Ta aBTOMATHKHU

(roBHa Ha3Ba IHCTUTYTY/(aKyIbTETY)

Kadenpa aBromatuzariii eneprocucteM

(mmoBHa Ha3Ba Kadeapn)

«]_—[0 3aXHUCTY AOIIYIICHO»

3aBiqyBau kadeapu
O.1. Tosouko

(mmiamuc) (iHimiamy, mpi3BHILE)

@ 9 ZOE p.

JAMIIIOMHMNA NIPOEKT

HAa 3100yTTH CTyleHs 0akajaaBpa

3 Hanpsimy TiArotoBku_6.050701 — EnexTpoTexHika Ta eJIeKTPOTEXHOIOT 11
(kom i Ha3Ba)

Ha Temy: «JlocmiKeHHs KBaApaTU4YHOi (OpMHU BTpaT 3 BUKOPUCTAHHSIM MAaTpPHIIL
BY3JIOBUX OIOPIB»

Buxonas: crynent IV kypcy, rpynu EK-c51

(urup rpym)
Po3no6a Makcum OpiitoBuy
(mpi3BuLe, iM’s1, 0 GATEKOBI) (mimmmc)
KepiBauk K.T.H., o1, banin JI.b.
(mocana, HAyKOBHil CTYITiHb, BUEHE 3BaHHS, MPi3BHUILE Ta iHIIlIaJIN) (mimmmc)

KOHCYJ'II)TaHT 3 IINTAaHb aJ'IFOpI/ITMiBaLIﬁ Ta IIPpOrpaMyBaHH:A
(Ha3Ba po3ainy)

c.u.in. bania M.JL.

(mocara, BueHe 3BaHHs1, HAYKOBHIA CTYITiHb, TIPI3BHUILIE, iHIITIATN) (mimmmc)

Perntensenr

(mocana, HayKOBHH CTYIiHb, BUCHE 3BaHHS, HAYKOBUIl CTYIiHb, MPi3BHIIIE Ta iHIIliaHN) (miamuc)

3acBiguyto, 10 Y IIbOMY JUIIJIOMHOMY
IPOEKTI HEMAE 3aMO3WYEHb 3 MPaIlh 1HITUX
aBTOPIB O€3 BIAMOBITHUX MOCUJIAHb.
CryaeHt

(mignmc)

Kuis — 2019 poky



PE®EPAT

B 6akanaBpchkiit po6oTi Ha TeMy «JlochiKeHHs KBaJpaTUiHOi popMu BTpaT 3
BUKOPUCTAHHAM MAaTpHIll BY3JOBHX OIOPIBY» BUIUIAETbCA ABI yacTuHU. [leprma —
po3paxyHkoBa (po3aia 1, 2), Ae peanmi3yloThCs 3arajibHi eeKTPOCHEPTeTUYHI 3a1adi
PO3paxyHKy 1 ONTHUMI3allil peXUMiB, BUSHAYCHHS CTPYMIB K.3. 1 BUOOPY mapameTpiB
pENeHOr0 3aXHMCTy s JOCTaTHBO BAXKKHX EJIEKTPUYHUX MeEpex, 1 Apyra —
nocipKeHHs (po3ai1 3) mo oIiHIl €(heKTUBHOCTI MPAMUX MATPUUYHUX METOMIB JJIS
PO3paxyHKy PEKUMHOI XapaKTEePUCTUKN — YACTUHHIN MOX1IHIN BTpaAT MO PEaKTUBHIM
notyxHocTi (AAS/0Q).

[IpuBOASATHCS TEOPETUUHI BIIOMOCTI, SIKi CYMPOBOKYIOTHCSI PO3paxyHKaMHU Ha
KOHTPOJILHUX 1 MPOMUCIIOBHUX cxeMax. bakanaBpchka pobora Mictuth 90 cTOpiHOK, 6
Ta0JHIb, Ta 35 PUCYHKIB.

O06’exktamu pocaimxennss € [IC 110/35/10 kB, po3moaiibua Ta cUCTEMHA
po3paxynkoBi cxemu 330/110/35/10 kB, po3paxyHKOBI CX€MHU TPOMUCIOBOTO 00’ €MY.

IIpeaMeTomM OCJiAKEHHSI € HEBIOMI PEKHMMHI XapaKTEPUCTUKU (HAMPYTH,
PEaKTUBHI MOTYKHOCTI, SIKI PETYIIOI0Th PEKUM, CTPYMH K.3. JIs1 BUOOPY MapaMeTpiB
pENEeHOro 3axXuCTy Ta 1H.), @ TAKOXK EKOHOMIYHUHN €KBIBAJIEHT PEAKTHUBHOI OTYHOCTI
EEPII, saxuii BUKOPHUCTOBYETHCS B 3aJadyaxX pO3PaxyHKy IUIATH 34 MEPETOKU
PEaKTUBHOI €JEKTPOEHEPTii, BUOOPY MICIb YCTAHOBKM KOMIIEHCYIOUHX IPHUCTPOIB,
IpaJliEHTHUX METOJIaX CIYCKY Ta 1H.

Mera poboTH — MIATBEPAUTH pPiBEHb KBalidikaiii OakagaBpChbKOi poOOTH
3T1IHO 1HAWBIAYaJbHOTO 3aBIaHHSA, a TaKOX OIIHUTH Jiana3oH e(eKTUBHOCTI
ATbTEPHATUBHUX METOMAIB IS PO3paxyHKy pexumHoi xapaktepuctuku EEPII
(npsiMuil Ha OCHOB1 KBaJpaTH4HOI (OpMH BTpaT 1 iTepaliiiHoi Ha 0a3i aJropuTMiB
YUCENHHOTO MU(EPEHITIFOBAHHS).

AKTyaJIbHICTh POOOTH — BU3HAYAETHCS B KOPEKTHOMY PIIlICHHI 1CHYIOUOTO B
MIPAKTHUIll TTPOTPAMyBaHHS CICKTPOCHEPTETUYHUX 3a7a4 TEOPETHUYHOTO TMTUTAHHS PO
€(eKTUBHICTH 3aCTOCYBAaHHSI IPSIMUX MAaTPUUHUX METO/IB JUIsl PO3PAXYHKY YACTUHHHX
noxigaux dAP/0Q nns BETMKUX TPOMHCIOBUX cxeM enekTpuaHux mepex (1000

BY3JIIB).
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Jns peanizariii 3a1a4 6akagaBpCcbkoi poOOTH 3a1isTHUN Yy4OOBUN KOMIT FOTOPHUI
komruiekc AP_APEZ, npomucnosi enektpoeHepretuuni komiuiekcu PAO TB,
Z_REGIM. Ilpu nepeBipiii MaTpudHUX BUpa3iB BuUKopuctoBysascst MathCad.

B mpoueci peamizaiii 3amad po3poOsieH1 BIJAMOBIAHI PO3pPaXxyHKOBI CXEMH,
BUKOHAHUH PO3paxyHOK, aHaMI3 1 ONTHMI3allis PeKHUMIB, BU3HAYEHI CTPyMH K.3. 1
oOpaHuii BapiaHT peyieliHOro 3axucty. Ilo MOCTITHUIBKIA YacTHHI PO3pOOJICHI
BIJIMOBIAHI aITOPUTMHU, 5IK1 peanizoBadi B mporeaypax Z REGIM.

[Tepemix xmrouoBux ciiB: PO3PAXYHOK VYCTAJIEHOT'O PEXUMY,
METOJ HBIOTOHA, OIITUMI3ZALIISI PEAKTUBHOI ITIOTYXHOCTI, METO/] 3
MATPUIIEIO TECCE, MATPUIII ITPOBIJTHOCTEN TA OIIOPY, KOPOTKE
3AMUKAHHSI, MAKCHMAJIbHUI1 CTPYMOBHH 3AXHCT, PEXHNMHA
XAPAKTEPUCTHUKA EEPII, OIIEPATOP CUCTEMMU 3 POIIOJALIY (OCP)/
ITEPEJIAYI (OCII).
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ABSTRACT

In the baccalaureate work on the topic "Loss Quadratic Form Analysis with
Nodal Matrix Application" there are two parts. The first one is calculated (section 1,
2), where the general electric energy problems of calculation and optimization of
modes, determination of currents K.z. and the choice of relay protection parameters for
sufficiently heavy electrical networks, and the second one is a study (section 3) on the
estimation of the efficiency of direct matrix methods for calculating the regime
characteristic - partial derivative losses on reactive power (0AS/3Q).

The theoretical information accompanying calculations on control and industrial
schemes is given. Bachelor work contains 90 pages, 6 tables, and 35 drawings.

The research objects are: PS 110/35/10 kV, distribution and system design
circuits  330/110/35/10 kV, calculation schemes of industrial volume.

The subject of the study is unknown operating characteristics (voltages,
reactive power, regulating the regime, currents for selecting relay protection
parameters, etc.), as well as the economic equivalent of the reactive power of AERP,
which is used in the tasks of calculating the charge for the flow of reactive power,
selection of installation sites for compensating devices, gradient methods of descent,
etc.

The purpose of the work is to confirm the level of qualification of a bachelor's
work according to the individual task, and also to estimate the range of efficiency of
alternative methods for calculation of the regime characteristic of AERP (direct on the
basis of quadratic form of losses and iterative on the basis of algorithms of numerical
differentiation).

The urgency of the work is determined in the correct solution of theoretical
problem of the application of direct matrix methods for the calculation of partial
derivatives OAP / 0Q for large industrial circuits of electrical networks (1000 knots),
which is in the practice of programming of electric energy problems.

For implementation of the bachelor's work tasks involved the educational
computer complex AP_APEZ, industrial electric power systems RAO_TV, Z REGIM.

When checking matrix expressions, MathCad was used.
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In the process of implementation of the tasks developed appropriate calculation
schemes, performed calculation, analysis and optimization of modes, determined
currents k.z. and the option of relay protection is chosen. The research part has
developed the appropriate algorithms that are implemented in Z_REGIM procedures.

The list of key words: CALCULATION OF STEADY MODE, NEWTON
METHOD, OPTIMIZATION OF REACTIVE POWER, METHOD WITH HESSIAN
MATRIX, THE MATRIX OF CONDUCTIVITY AND RESISTANCE, SHORT
CIRCUIT, MAXIMAL CURRENT PROTECTION, EERP,
DISTRIBUTION/TRANSMISSIION SYSTEM OPERATOR.
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