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EFFICIENT USE OF THE DISTRIBUTED GENERATION (RENEWABLE AND TRADITIONAL)

FOR THE CONDITIONS OF THE REPUBLIC OF IRAQ

The article attempts to use the method of analytic hierarchy process to determine the most promising

energy technologies generate heat and electricity for the conditions of the Republic of Irag. For the analysis

taken eight major energy technologies and a complex of seven criteria. The mathematical apparatus of the

method makes it possible to determine the level of prospects based on the passport data of energy technologies

and expert judgments.
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YK 621.331.3.025.1
. O. Bocuii, kaHx. TexH. HayK, TOLEHT
JHinponerpoBchbKuii HALIOHAIBHUI YHIBepCHUTET 32/Ii3HHYHOTO TPAHCIOPTY
imeni akanemika B. Jlazapsina

3ABE3NEYEHHS NAPAJIEJIBHOI POBOTHU TATOBUX
NIJICTAHIIIA 3SMIHHOT'O CTPYMY B YMOBAX TPAH3UTHHUX
IHHEPETIKAHB ITOTYKHOCTI

B cmammi posensoaemvca Auwge SBUHUKHEHHS BUPIGHIOBANLHUX CMPYMIE 8 MA208Il Mepedici 3MIHHO20
cCmpymy npu GiOXUleHHAX Kyma 3cy8y (ha3 OOHOUMEHHUX HAanpye CYMINCHUX MA208UX NIOCMAHYil, Wo
NapaneivbHo AHCUBIAMb Mixcniocmanyitiny sony. Ha niocmaei pe3yiomamie excnepumMeHmanbHux 00CiONHceHb
mseoeoi niocmanyii O0ecbkoi 3ani3HUYI OOCAIOHCYEMBCA BNIUE NPUCMPOIE NO3008XCHLOI MA NonepeyHol
KOMneHcayii peakmueHoi NOMYNCHOCMI HA XAPAKMEPUCMUKU GUDIGHIOBANbHUX cmpyMis. 3anpononosana
MemoOUKa 8U3HAYEHH NAPaAMempie n03008H#CHbOI KOMNEHCAYil peaKkmugHoi NOMY*CHOCI Y 8i0CMOKMYIOHOMY
Qidepi Ons nepesedennss npobieMu MPAHZUMHUX NEPEeMiKanb V DPeaKmueHy HNIOWUHY 3 HOOAIbUUM
3ACMOCY8AHHAM NPUCTIPOI8 NoNnepedHoi KoMneHcayii.

Kntouosi cnoea: enextpudHa TATa, 3MIHHUA CTPYM, TATOBA IiJCTAHINS, MapajenbHa poOOTa, TPaH3UT
TIOTY>KHOCTI, BUPIBHIOBAJIBHUN CTPYM.

Beryn

EnexrpudikoBaHi 3ami3HAII 3MIHHOTO CTPYMY € TOCUTH CHEIM(IYHIM CIIOKHBAaYeM €IIEKTPUIHOI €Heprii.
OKpiM TOro, IO EJIEKTPOTATOBE HABAHTAXKCHHS € HECHMETPUYHUM Ta HENiHIMHUM CIIOKHMBAa4YeM 3i 3MiHHUM Yy
Yaci Ta MpocTOpi HAaBaHTAXKEHHSM, MAIOTh MiCIle iCTOTHI BiIMIHHOCTI Bif iHIMX cnokuBadiB. Lli BiaAMiHHOCTI
MOJISTAIOTh Y TOMY, IO €JIeKTpU(IKOBaHA 3aJi3HUIS € PO30CEPE/DKCHUM IpHUiiMaveM eJIeKTpoeHeprii Ta ii
KHMBJICHHS alpiopi HEMOJKIIMBE BiJ/l OTHOTO BY3JIa EHEPTOCHCTEMH.
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VY 3araspHOMY BUIAJKy TATOBI IIJCTaHIii OTPUMYIOTh >KMBJIEHHS BiJ PI3HHMX BY3JIB OnHi€i abo HaBiTh
JIEKITIbKOX eHeprocucTeM. lle mpu3BOIWTH 10 TOrO, IO TATOBI MiACTAHII MalOTh pi3HI NMpHUBEAEHI 30BHINIHI
XapaKTEPUCTUKU Ta 3aMHKAIOUYHCh 4Yepe3 TATOBY MEPEXY CIIOCTEPIra€ThCsl BIAMIHHICTD y MOAYISIX Ta KyTax
3cyBY (a3 HaNpyr B TOYKAX NPHUEIHAHHS 10 BY3JiB eHeprocucreM. HasBHICTh BKa3aHUX YMHHUKIB ITPHU3BOIUTH
JI0 BUHUKHEHHS TPAH3UTHHX TEPETIKaHb IMOTYXHOCTI MIXK BY3JIaMH >KUBJICHHS, SIKi OUTBIN 32 BCE TPOSBIISIOTHCS
TIPY BiICYTHOCTI Y BiTHOCHO HU3bKMX HaBaHTaKCHHSX B TATOBIM Mepexi.

B ymoBax miGepamizamii pUHKOBHX BiJJHOCHH, KOJIM 3aJi3HMII YKpaiHH CTaJld JIilEH31aTaMU ONTOBOI'O
PHHKY, pa3oM 3 iHIIUMH CY0’€KTaMH PUHKY (POPMYIOThCS BiZTHOCHHH, SIKI HE IepeadadaroTh OIUIaTH MOCIYT 32
OyIb-sKi TPAaH3UTHI IEpEeTiKaHHs aKTHBHOI Ta PEaKTHBHOI MOTY>KHOCTEH.

CucreMi TATOBOrO €JIEKTPONOCTaYaHHS 3MIHHOTO CTpyMY JUisl 3a0e3nedeHHs 3aJaHuX pPO3MIpiB pyxy Ta
TIPOITYCKHOI CIIPOMOYKHOCTI TEXHOJIOTIYHO HEOOXi/HEe OIHOYACHE >KUBJICHHS JAISTHOK TSATOBOI MEpEeXi BiJl IBOX
CYMDKHUX TATOBHX IiZICTaHIIIH, 00 1HAKIIIEe CIIPOEKTOBAHI ITapaMeTpH JUISTHOK eJ1eKTpU(IKOBaHHUX 3ali3HUILISAX HE
3a0e3nevyaTh HOPMOBAHUH PiBEHb HA JIIMITYIOUMX OJIOK-AISIHKaX. B HOpManbHOMY pexumi poOOTH TPUCTPOIB
€JIEKTPONIOCTAYaHHs U1l CHCTEMHU 3MIHHOTO CTPYMY HE XapaKTepHi Mpo0iIeMH 3 piBHEM Halpyrd B KOHTAKTHIN
Mepexi, HaBiTh NPY BIIPOBADKEHHI MIBUIKICHOTO Ta BEIMKOBAHTaKHOTO PYXY.

MeTtoanka BUMiplOBaHb

VY BuMajKaxX MOPYIICHHS HOPMAaTbHOI CXEMH KUBJICHHS B CHCTEMi 30BHIIIHHOTO EEKTPOMOCTAYAHHS MiXkK
BEKTOPaMH OMHOMMEHHHX MEPBHHHHUX HANPYT BHHUKAE KYT 3CYBY (a3, KU BHUKIUKAE BiIIOBiHY BEKTOPHY
PI3HUIIIO HATNPYT HA IMHAX TATOBOTO HaBaHTaXeHHs MinctaHuii. [1ix niero pi3HUIN Hampyr, 3yMOBJICHOIO came
KyTOM 3CyBY (a3 TSATOBOKO MEPEKero, sika Mae aKTHBHO-iIHAYKTHBHHI XapakTep, MpOTiKae Maike aKTUBHUI
BUPIBHIOBAJIbHUI CTpyM. BHacmiok TOro, mo TAroBI MiACTaHIII MOXYTh Yy CXEMi 30BHIIIHBOIO
CJICKTPpONOCTaAYaHHA KUBUTUCH Bl}l piSHI/IX CHEProcucTeM, B CI/ICTeMi TATOBOI'0  CJICKTPOINOCTAaYaHHA
BHUHUKATHUMYTh TPaH3UTHI IEPETOKH IOTYXKHOCTI, 5Kl OyIyTh OIHO3HAYHO BH3HAYaTUCh KYTOM 3CyBY (a3 Mix
BEKTOPaMHM HAIpYTH, II0 MapaielIbHO KUBISATh MIKITIICTAHIIHHY 30HY.

Juist uncenbHOro BU3Ha4YeHHs Ta (ikcallii poro Kyra 3cyBy (a3, 3acTocoByBayach cxema (puc. 1), sika
JIOIATKOBO BHMAara€ KOHCOJIHOTO JKUBJICHHS JIOCHIJHOI AUISHKMA TSATOBOI Mepexi BiJ CyMiKHOI miacraHuii. B
TAKOMY BUIIaJIKy 32 JIOIIOMOI'OI0 HAasIBHOTO aHalli3aTopa MOTYXKHOCTI, BIAMOBIAHO 31 CXEMOI0, MOXHA BUMIPSITH
PI3HUILIIO MK HalpyraMu CyMIKHHMX TSTOBHX MiJCTaHIIN 332 BEJIMYMHOIO Ta KyToM 3MmimieHHst ¢a3. Came Kyt
3MIIIEHHS BEKTOPIB HANPYTH, L0 JKUBJIATh MIKIIACTAHIIWHY 30HY, BU3HAYaTUME MOXIIMBICTh MPOTIKAHHS Ta
AKTHBHUH XapakTep MepeToKiB eIeKTPOSHEPrii.

SATEC
EDL-175xr

4 27,5kB

Puc. 1. Cxema npoBeeHHSI BUMipIOBaHb Ha TATOBIH IiACTaHII{
JUTS BUMiPIOBaHHS KyTa 3CYBY (a3 Mi>K OTHONMEHHIMH BEKTOpaMH HATIPYTH

AHaJi3 OTpUMAaHHX pe3yJIbTATiB

KepyBauHs pexuMoM poOOTH CHCTEMH 3MIHHOTO CTPYMY IIOBUHHE KEPYBAaTUCh KYTOM 3CYBY (ha3 BEKTOPiB
HANpYTH CYMIXHHAX TSATOBUX IiACTaHI. BuMiproBaHHS IIbOrO mapaMeTpy peXMMY B YMOBaX EKCILTyaTarlil
JIEI0 YCKIIAJHIOETHCS, OCKITBKM HEOOXITHO MAaTH JPKEPENo OMOPHOI HAmpyrd abo BHMYIIEHO 3aCTOCOBYBATH
HEHOPMaJIbHI CXeMH JKUBJICHHs. Tak, Uil OTpPHMaHHS NMPUBEICHOI HA pUC. 2 PEriCTporpaMH 3aCTOCOBYBAJIOCH
KOHCOJIGHE JKWBIICHHS MIISHKH MiX CYMDKHAMH TMIACTaHIISIMH Ta PO3MUICHHS cekmii mmH 27,5 kB 3
T AKITFOUEHHSM JI0 TPaHC(OPMATOPIB HANIPYI'H KOXKHOI CEKIIi1 BUMIPIOBAJIBHOI amapaTypH.
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Puc. 2. 3mina kyra 3cyBY (ha3 Mk oqHOMMEHHUME (Da3aMu y daci

AXTHBHUI XapakTep BHPIBHIOBAJIBHUX CTPYMIB B TaKOMYy BHIAJKy YCKIAIHIOE TEXHIYHY peallizaliro
3axX0/iB MPOTWAIl TPAaH3UTHUM TIEepeTiKaHHAM. TOMY 3aCTOCYBaHHsI IOIEPEYHOI KOMIIEHCAllil PEeaKTHBHOI
MOTY)KHOCTI BIUTUBATHUME JIMIIE HA PEAKTHBHY CKJIAJOBY BHPIBHIOBAJIHHOIO CTpyMY. IlepeMHUKaHHS TOJIOKEHb
aHnandg TtpaHchopMaTopa BHece NMEBHI KOpeKTHBH (puc. 3) ane 0e3 oCTaTodHOro iX YHWKHEHHs. BupimeHHsd
MOXKJIMBE 3aCTOCYBaHHSM (Da303CyBalOYMX CHJIOBUX TPaHC(POPMATOPIB 3 IHTEIEKTYaILHOI CHUCTEMOIO
yIpaBJiHHS. BUMiproBaIbHUMH OpraHaMH TaKOi CUCTEMH MOXKYTh OyTH MPUCTPOI KOMILIEKCHHX BUMIpPIOBaHb
ENIEKTPUYHHX MapaMeTpiB MEpexi, a BUKOHABUYUMHU — TIPUCTPOI NepeMUKaHHS 00MOTOK TpaHc(hopMarTopiB, sKi
3i6pani 3a cxemoro 3ursary [1]. Ilpore, sk mokasaB JOCBif eKCIUTyaTallii, BUKOPHUCTaHHS ()a303CyBalOInX
TpaHcdopMaTopiB BUIpaBaaHe B Mepexax Hanpyrow 150 kB Tta Buiie. ToMy, oueBHIHO, IO ISl Y3TOJDKEHHS
TATOBHX MIJICTAHIIH 3MIHHOTO CTPyMY, SIKI OTPUMYIOTh JKWBJICHHSI B OCHOBHOMY Hampyroio 110 kB, ta B
OKpeMHUX BHUMAJKaX B SIKOCTI BHHATKY — 154 kB, 3actocyBaHHsi (a3o3cyBarouux TpanchopMaTopiB He Oyxe
BUIIPaBJIaHKM, 1€ i TOMY, 10 Y3rOJDKEHHS Bi0yBaTHMEThCS JIUIIE 32 OfiHI€I0 (pa3oro Tpuda3Hoi CHCTEMH.
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Puc. 3. 3anexHOCTi BUPIBHIOBAILHUX CTPYMIB B TSTOBIH Mepexi Ha (a30Biil MIIONIHHI
BiJI IOJIOJKEHB MepEeMHUKadiB anmarng TparchopmMaTopiB

3acTocyBaHHS M0310B:KHBOI Ta MONePeYHOI EMHICHOI KOMMeHcaii

Ha TaroBux miactaHmisx enekTpu(iKOBaHUX 3ali3HUIB 3 TPUQPa3HUMHU TpaHcHopMaTOpaMU MOXKIIMBE
BCTAHOBJICHHSI YCTaHOBOK TO37I0BXXHBOI KOMIIEH AT y BifcMokTyrounii (izep [2]. JOMIBHICTS IHOTO pillleHHs
NOJISITAaE B TOMY, IO, TO-TIEpIIe, MPHU IMiABUIICHHX HaBAaHTA)KEHHSX 1 B JIIBOMY, 1 B IPaBOMY IJIe4aX >KUBJICHHS
KOMIICHCAIIis Y BiICMOKTYI0UOMY (iznepi mpuiiMae ydacTs y MiABHINEHHI Hanpyru. HeoOXigHO BiAMITHTH, IO
IIpY BBIMKHEHI IT03/I0BXXHBOI KOMIIEHCAllii y TUIedi >KWUBJIEHHS IJIsl JIOCSTHEHHS TakuX YMOB 3HaJ00MIIOCH
BMUKaHHS JIBOX YCTaHOBOK.
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[o-npyre, mpu BBIMKHEHI NO3M0BXHBOI KOMIIEHCalii y BiJCMOKTyIOUMi ¢izep Hampyra Ha Ioiedi
KUBJICHHSI HE OyJie 3aJie)KaTH BiJ] HABAHTa)KCHHS 1HIIOTO Ijieya, TOOTO YCYBAa€ThCS €PEKT BUIEPEIKYIOUOi Ta
Bifgcratouoi ¢a3. [Ipu mpomy nocsraeTbcss CUMETpis HAaNpYrW NMpH PiBHUX CTpyMax Iuledax >KUBJICHHS. Ta,
HapeIlTi, IJKIIOYEHHS KOMIIEHCAllil y BIJICMOKTYIOUMH (ifep 3HIDKYE KJIac Harpyrd 3acTOCOBYBAHOTO
o0J1aiHaHHS Ta CIIPOIIYE KOHCTPYKTHBHE BUKOHAHHS YCTaHOBKH.

Ha tsroBux mifcraHIisXx 3MiHHOTO CTPYMY BCTaHOBIIOIOTH, SIK ITPAaBUIIO, JABA CHJIOBUX TpaHC(HOPMATOpH.
3a3Bu4ail y poOOTI 3HAXOJUTHCS JIMIIE OIWH TpaHc(hopmarop, ajie TPH BiAKIIOYEHHI CYCiIHBOI MiACTaHIIl, a
TAKOX TP 3HAYHOMY TiJIBUIIEHHI PO3MIpiB pyXy Ta Bard BaHTAXXHUX MOI3IIB 3 PI3HUX NPUYMH BMHKAIOTH
npyruii Tpancdopmatop. TakuM YHMHOM, 32 PaXyHOK BKIIOUEHHS JPYroro TpaHcopmaropa 3MEHIIYEThCS OIip
TATOBOI mifcraHnii. Yepes 1e mpu 3MiHI 4ymciia BBIMKHEHHX TpaHC(OpMAaTopiB HEOOXIAHO MepedavynTd 3MiHY
rapameTpiB MPUCTPOIO MO3J0BXXKHBOI KoMITeHcanii. J{0CBi 3aCTOCYBaHHS MTO3/I0BXKHBOI KOMITEHCAIIIT Y TATOBOMY
€JIEKTPOIIOCTAYaHHI BHSBUB IEPEBArdl iX IiJKIIOYEHHS 10 BICMOKTYyro4uoro ¢igepa miacranmii 3 tpudasHUMU
TpaHchopMaTOpaMH.

Juist mocimipkeHHsT BIUIMBY TO30BXXKHBOI KOMIIEHCAllli Ha XapaKTep BUPIBHIOBAIBHHUX CTPYMIB 3a7aMoOCs

CXEMOI0 3aMIIlIEHHs TSArOBOI MEPEXKi B 3arajibHOMY B (puc. 4).
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Puc. 4. Cxema 3aMillieHHs] MIXKITiJICTAHIIIHOT 30HH TP 3aCTOCYBaHHI MMO3]I0BXKHBOT KOMITEHCAIIT
1 - ¢asza tpaHchopmaropa; 2 — KOHTAKTHA Mepexa; 3 — HABAHTAXKEHHS; 4 — TI03/I0BXKHS KOMIICHCAIIis

OtpuMaeMo BUpa3 AJIsl 3HAXO/PKEHHS BUPIBHIOBAILHOTO CTPYMY B TATOBIH MEPEXKi B 3arajibHOMY BHUI

U, -Y,
I = — — ] 1
PP (1 + jxp)-L— iXc @

ne Uq,U o — BeKkTopH HaNpyru Ha MIMHAX CyMiXKHUX TATOBHX ITijcTaHUil, B;

Iy + jXg — NUTOMUIA OITip TATOBOI Mepexi, B MOJANBIINX po3paxyHkax npuinsTo 0,2 + j 0,4 Om/kwm;
L — moBkuHA MDKITiICTAHITIMHOT 30HH, IPUAMAETHCS PiBHOIO 50 KM;
X — ormip IpUCTPOIO TTO30BXKHBOT KoMIeHcatii, OM.

B Takomy BHIaKy, 3aJIeKHICTH MOIYJIIO BHUPIBHIOBAIBHOTO CTPyMY Ta MOro KyTa 3CyBY Bif 3HA4EHHS
OIIOpPY MO3I0BXKHBOT KOMIIEHCAI[IT MaTHMe BHUIJIS, TIPUBEACHUIA Ha puC. 5, 6.

BUD?
400,

300 [

200

I

mo_,,,.—f’””r ‘\\“““h-~______~________

g ‘
~50-40-30-20-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
X, Om

Puc. 5. 3anexHicTh MOYITIO BUPIBHIOBAIEHOTO CTPYMY BiJl OMOPY MO3/IOBXHBOI KOMITEHCAIII{
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Puc. 6. 3anexHicTh KyTa BUPiBHIOBAJILBHOI'O CTPYMY BiJl OIIOpPY MO3I0BXKHBOI KOMIIEHC AT

[TpuBeneHi Bulle po3paxyHKH BHUKOHaHI JUIi MaKCUMaJbHOIO 3HAYCHHS KyTa 3CyBY Hampyru y ¢asi A Ha
TsiroBii miacranuii «IlleBuenka» Oneckkoi 3ani3Hull, a came st 10 en. rpayciB.

Juist mociipKeHHsT XapaKTepUCTUK BUPIBHIOBAJIBHOI'O CTPYMY NPH 3aCTOCYBaHHI IONEPEYHOI KOMITEHCAITiT
BUKOPUCTAHO CXEMY 3aMillleHHs, sIKa MpUBe/ieHa Ha puc. 7.
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Puc. 7. Cxema 3amillieHHs] MXKITIZICTAHIIIHOT 30HH TIPH MOTIEpEeYHiil KoMIieHcallii

BupazuMo MaTeMaTHYHO 3HAYCHHS CTPYMIB HAaBAHTAXKCHHS Ta CTPyMy KOMIeHcalii. s Hporo cxiamemMo
cucTeMy piBHSHB 3a 3akoHamu Kipxroda:

L+lp—1c =0
Ii(ro+Jxo)L/2— jXc -1 ¢c=Uy; 2
Iy(o+jxg)L/2- jXc -1 c=Uy.
BukoHy09M epeTBOPEHHS B 3arallbHOMY BUII OTPIMAEMO BUPA3H I 3HAXOMKEHHS CTPYMIB:
_ Lull’o + LQZI’O - jLLl]_XO - jLQZXO +4ju1XC +4jQ2 Xc +
L2r2 + L2x5 —8LX X +16X 2

16U, X &1 ~16U p X &1g — 16U X2 %0 + 16U, XExg @)
16LXE (12 + 3 ) ’
_ LUgio + U1 — jLU; X0 — LU 5% +41Us Xc +41UpXc
- L2 +L%x3 ~8LX ¢ xo +16X & “

2 2 . 2 . 2
16U, X219 ~16U, X 21 — 16U X 2x0 + 16U ;X 2xg
2 (.2 2
162 (ro +x0)

2(Ug+Up)(Lr - jlg +4jXc) 5)
22,1202 g xXxg +16X2
0 LG cXo +16X¢
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I'padiuHo oTpHMaHi 3ayeKHOCTI CTPYMIB IUIEUEH KUBJICHHS BiJl 3HAUEHHS €MHICHOI'O OIOPY ITOIIEPEYHOL
KOMITEHcallii peacTaBieHi Ha puc. §, 9.

LA
6x10°
4x10°
2x10°
0
-50-40-30-20-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Xe, Om
Puc. 8. 3anexHocTi cTpyMiB IUIeuei )KUBJICHHS Bifl ONOPY MOMEPeYHOi KOMIeH allii
@, eJL. Tpaj.
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Puc. 9. 3anexHOCTi KyTiB HABAHTAXKEHHSI CTPYMIB BiJl OIIOPY TOMEPEYHOI KOMITEHCAIIIT

Y3aranpHIOIOUH MPOBEIEHI JOCTIIKEHHS, OTPUMAEMO 3aJIeKHOCTI KyTa HAaBAaHTAXXCHHS BHPiBHIOBAJIHLHOTO
CTpYMY BiJ apaMeTpiB IPUCTPOIB MO3IOBKHBOI Ta MOMEPEIHOI KOMITEHCAIlli BHKOPHUCTOBYIOYH BHPA3

9amp =¥ (Ug) = (Lgup ).
OTpumaeMo 3aleXHOCTI, TpuBeneHi Ha puc. 10, 3 SKMX BUAHO, M0 KyTa HaBaHTaXeHHI y 90° moxkHa
TOCSATTH TIPH 3aCTOCYBaHHI IO3J0BXHBOI KoMmeHcamii 3 omopoM Xc =26,50M, a mpm 3acTocyBaHHI

nornepevHoi kommeHcamnii — 3 omopoM Xc =-12,20m. Tobro, mmst oTpuMaHHS KyTa 3cyBy $a3 y 90° mpu

TIOTIePEYHI KOMIIEH cAIlil He0OXiTHO BMHUKATH Y KOJO JONATKOBE iHAYKTHBHE HaBaHTA)KCHHSI, IO HA MPaKTHUIIL
HE € AOUUTEHUM. TakuM 4MHOM, MaeMO BiJIMOBHUTHCH BiJl BUKOPHCTAHHS ITONMEPEYHOI KOMIICHCALIT JUTs BIUIUBY
Ha XapaKTep BUPIBHIOBAJIFHUX CTPYMiB.

VY mopmaipIoMy MpUAMEMO TO3I0BXKHIO KOMITEHCAIII0 Y BiICMOKTYIOUOMY (imepi 3 mapaMeTpoM, SKuit
3MIHUTH KyT 3CYBY BHPIBHIOBAJHHOTO CTpyMYy sikomora Ommkde mo 90°, TmM camuMm nepeBesne mpoOiemy
BHPIBHIOBAIFHHUX CTPYMIB Y pEaKTHBHY IUTOLIUHY.
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Puc. 10. 3anexHOCTI KyTa HABaHTa)KEHHSI BUPIBHIOBAJILHOT'O CTPYMY JUISl Pi3HUX BHUJIIB KOMITEHCAIIIT:
1 — n0310BKHBOT; 2 — TOMEePe4HO]

Bu3HaueHHs palioHAJILHOI0 KYTa HABAHTAKeHHS] BUPIBHIOBAJILHOTO CTPYMY

BupiBHIOBAaJIbHUN CTPYM Il AI€I0 PI3HUX KYTiB 3CYBY (ha3 HAIpyr CyMDKHHX TATOBHX MiJCTAaHLIH 3
YPaxyBaHHAM INIPEBAJIIOIOYOr0 iHIYKTHBHOTO OIMOPY TATOBOI Mepexi BHUABIAETHCSA Malhke aKTHBHHM BiTHOCHO
HaNpyr Iwiedel >KUBJICHHS. BUKOPHCTOBYIOUM MO3JIOBXKHIO KOMIICHCAIIIO Yy BiJICMOKTYyouoMy ¢inepi icHye
MOXKJIUBICTh (POPMYBaHHS KyTa 3CYBY BHPIBHIOBAJIBHOTO CTPYyMY BiIHOCHO HAmpyr IUICYeH JKUBJICHHS. THM
CaMHM CTa€ MOXKJIMBUM IIEPEBEICHHsI TPOOIEMH aKTHBHUX IEPETOKIB Y PEaKTHBHI.

Puc. 11. BektopHa jiarpama 3MiHH BUPIBHIOBAJIBLHOI'O CTPYMY P 3aCTOCYBaHHI MO30BKHBOT
KOMIIEHcaIi1

[IpuiiMemo y SIKOCTI paliOHAIFHOTO KyTa HABAHTAXKEHHS BUPIBHIOBAILHOTO CTPYMY BiJIHOCHO HAIPYT IIIeY
JKUBJICHHSI MaKCUMaJIbHO Onu3bke 110 90°. 3 ypaxyBaHHIM TOTO, 1110 BUPIBHIOBAILHHUN CTPYM JUIsl OAHI€T TArOBOT
micTaHIii Oy/ie aKTUBHKUM, a JJIsl 1HIOI — EMHICHUM, PE3YJIbTYIOUHA KyT BU3HAYUMO 3 BUPa3y

180 -y(Uy)
Ppup = 2 : (6)

[IpoBeneHi mocHiKeHHS TIOKa3ajid, IO EMHICHHHA OMip MPHUCTPOI0 TIO3/IOBXKHBOI KOMITEHCAIll st
JOCSITHeHHsT BuMoru (6) He Oyae 3MIHIOBATHCh B 3aJISKHOCTI Bif KyTra 3CyBy (a3 OJHONMEHHMX HAmpyr
MIEPBUHHOI MEPEeXi, 10 03BOJISIE BU3HAUYUTH HOT0 3HAYCHHS 32 MPUBEICHOI METOANUKOIO.

Bucnosku

TpaH3utHi mepeTikaHHS MOTYXXHOCTI TATOBOIO MEPEXKEI0 3MIHHOTO CTPYMY Ha CHOTOIHI 3aJIMIIAIOTHCS
aKTyaJbHUM IMUTAHHSAM, OCOONMBO B YMOBax JiOepaiizallii pHHKOBUX BiTHOCHH B c(epi eleKTpOeHEPTeTHKH.
YHUKHYTH SIBUIA BUPIBHIOBAJIFHUX CTPYMIB B TATOBIA Mepeki 3MIiHHOTO CTPYMY IPH BiAXWICHHI KyTa 3CyBY
(a3 OmMHONMEHHUX HANPYr CYMDKHHX TSATOBHX MIJCTAHIA 3aJMIIAI0YH iX Yy IapaienbHiii poOoTi TOCTaTHBO
CKJIAJTHO.

[IpoBeneHi mociimKeHHS IMMOKa3aiy, M0 HAWOUTBIIHMK BIUIMB Ha XapaKTep BHUPIBHIOBAIGHHUX CTPYMIB B
TATOBIf MepexXi 3MIHHOTO CTPYMYy Ma€ TIO3IOBXKHS KOMIICHCAIisl pEeaKTHBHOI MOTYXHOCTI, Ky Ha TMPaKTHIl
HANOLIBII AOMUTFHO BUKOHYBATH Y BIICMOKTYIOYOMY (hifiepi TATOBOI ITiCTaHIIi].

3anpornoHoBaHa METOAWKAa BH3HAYEHHS IapaMETpPiB II03/I0BXKHBOI KOMIIEHCAllii O3BOJNSE TEPEBECTH
Mpo0JieMy TPaH3UTHHUX mepeTikanb 10 90 % y peakTMBHY IUIOMIMHY 3 MOAANBIINM 3aCTOCYBAHHIM CYYacHHUX
MIPUCTPOIB TIOMEPEYHOI KOMIIEHCAIlil, TUM CaMHM MOKPANIyIOuM €IeKTPH(IKOBAHUM 3alli3HUIIM YMOBH
3aKyIIiBIl €IEeKTPOEHEeprii.
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D. O. Bosiy
Dnipropetrovsk National University of Railway Transport
named after academician V. Lazaryan
PROVIDING THE PARALLEL OPERATION OF THE ALTERNATING CURRENT TRACTION
SUBSTATIONS UNDER CONDITIONS OF TRANSIT POWER FLOWS
The phenomenon of transit power flows in the alternating current traction network that parallel operating
caused by the shift of the same name voltage phases is described in the article. Using the results of the
experimental researches at traction substation of the Odeska Railway the influence of the series and the parallel
compensation routines on the characteristics of the circulating currents is researched. The methodic of the
evaluating of the series compensation routine parameters which connected in the reverse feeder is proposed. The
methodic which proposed in the article allow to transfer the problem of the transit power flows in the reactive
power field where might be used the modern parallel compensator routines.
Keywords: electric traction, alternating current, traction substation, parallel operation, transit power,
circulating current.
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A. A. Bocblii, KaH/. TEXH. HAYK, IOLIEHT

JlHenponeTpoBCKN HAMOHAJILHBIN YHHBEPCUTET #KeJIe3HOAOP0’KHOr 0 TPAHCIIOPTA

uMeHH akagemuka B. Jlazapsina

OBECIHEYEHUE IMAPAJUIEJIBHOM PABOTHI TATOBBIX ITOACTAHIIAN IEPEMEHHOI'O

TOKA B YCJIIOBUAX TPAH3UTHBIX IEPETOKOB MOIIHOCTH

B cmamve paccmampusaemcs aenenue G03HUKHOBEHUS YPAGHUMENbHbIX WOKOE 6 WA2060U Ccemu

nepemMenno20 MoKa Npu OMKIOHEHUAX Yena couea ¢az OOHOUMEHHBIX HANPANCEHUN CMEeJCHbIX MA206bIX

noocmanyuli, Komopbvie NapaiiebHO NUMAlm MeHCnoOCmanyuonnylo 3omy. Ha ocnoeanuu pesyismamos

IKCNEPUMEHMATLHBIX UCCAe008anUll MA2060U noocmanyuu Q0eccKoll JHcene3Holl 0opo2u Ucciedyemes enuAHue

YCmpoucme NpoOONbHOU U NONEPeuHOl KOMNeHCayuu Ha XapaKkmepucmuky YPasHUmMenbHblX MOKOS.

Ilpeonodcena memoouxa onpedeneHus NApamempos HpOOOIbHOU KOMNEHCAYUU PeaKmueHoOu MOWHOCMU 6

omcacwvigaiowem @uoepe 0 nepegedenuss npoodiemvbl MPaAH3UMHBIX NEPEeMOK08 8 PeaKmMusHyIo NI0CKOCHb C
nOCaeOyIoWUM NPUMeHeHUeM YCMpoLCme NonepeyHol KOMNeHCayuu.

Knrwoueessle cnosa: snexktpudeckas Tsra, MepeMEHHBIH TOK, TSAroBas MOJCTaHIM, MapajuielbHas padora,

TPaH3UT MOILIHOCTH, YPaBHUTEIbHBIH TOK.
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OCHOBbBI ®POPMHUPOBAHUA CAMOKOHTPOJIA ITPU
IHOATOTOBKE CIIEHUAJIUCTOB JJIAA SQHEPITETUYECKOI'O
KOMIIVIEKCA

B cmamve paccmampusaiomcs paznoobpasuvie noOXoovl K ONpedeneHuio CYWHOCHU CAMOKOHMPOJ.
Obocnosana  HeoOX00UMOCTb — POPMUPOBAHUA  CAMOKOHMPONA 6  npoyecce OOYVHeHUA — UHIHCEHepOs
9Hepeemuyeckoeo komnaekca. Cpopmyruposansl snaweHue u HeoOXo00UMOCHy camokoumpons. Obo3Hauenvl e2o
8UObl U KoMnoHenmol. llepeuucnenvt cmpykmypHvie 21eMeHmvl CAMOKOHMpos. Bvidenenvi ezo gopmuvl u
Kkaaccugpuxayus. Paccmompensvt smanvi opmuposanus camoxonmpons. Yxasana ponv npenooasamens Ha
Kascoom amane. [lpusedenvi npuémvl hopmuposanus camokoHmpons & yueonom npoyecce. Obo3nayeHvl
VPOBHU (POPMUPOBAHUA CAMOKOHMPOTIA, A4 MAKHCE €20 KAYeCmeeHHble NOKA3ameuy.

Knrouegole cnosa: caMocTOATENHOCTh, CAMOKOHTPOJIb, CAMOOILIEHKA, KOMIIOHEHTBI CAMOKOHTPOIIS, (hOPMBI
CaMOKOHTPOJIS, KITaCCU(DUKAIINSA CAMOKOHTPOJIS, IPUEMBI CAMOKOHTPOJIA, STAIlbl (JOPMUPOBAHUS CAMOKOHTPOJIS.

BBenenmne.

B HpiHemHee BpeMsl OTHUM M3 KIIOYEBBIX (DAKTOPOB KOHKYPEHTOCIIOCOOHOCTH TOCYAAapCTBa M, YTO
MIPUHIUIAATIGHO Ba)KHO, OCHOBOH [UISI €T0 TEXHOJOTHMYECKOW, IKOHOMHYECKONH HE3aBHCHUMOCTH CTAHOBUTCS
Ka4ecTBO MHXKCHEPHBIX KaapoB. Pa3BUTHE HAYKH M MPOM3BOJCTBA BBI3BIBAIOT OCTPYIO HEOOXOIMMOCTH HOBBIX
MTOJIXOIOB K TMOATOTOBKE crernuanucta. OT HWHXeHepa TpeOyeTcs He TONBKO YMETh OBICTPO TepecTpamBaTh
CHCTEMY CBOEH JEeATEINFHOCTH B COOTBETCTBHU C HOBBIMU TEXHOJIOTHSIMH, HO U YIUTHIBATH UX HEOJHO3HAYHOCTE,
MIPUHUMAs BO BHUMaHHE COLMAIbHO-3HAYMMEIC LM U OTpaHWYeHUs. Bo3pacTaror TpeOOBaHUS K JIMIHOCTH H
poeCCHOHATHHON KOMITETCHITUH CIICIIUAIUCTa, CIHOCOOHOrO yCTaHABIUBATh MEXIIMYHOCTHBIE OTHOIICHWS,
Y9acTBOBaTh B COBMECTHOM JAEATEIFHOCTH, WCIIONHSATH Pa3HBIE COIMANBHBIE PONA W NPUHIMATH yJacTHe B
KOJDICKTHBHOM PEUICHUH TBOPYECKHX 3a1ad. Bce 3To mpeArnonaraeT Haludre y BBITYCKHIUKOB 3HAHWUN, YMEHAN
Y HAaBBIKOB WH)KCHEPHOW JEATENEHOCTH, CIIOCOOHOCTH K MPHHATHIO PEIICHHH, a Takke Mpo(ecCHOHATBHBIX
Ka4eCTB JTUYHOCTH.
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