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TEXHOJIOI'TI
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HauionaneHuii TexHiYHU yHIBEpCUTET «XapKiBCHKUI MOMITEXHIYHUI IHCTUTYT»

SAOIAIKEHHSI EHEPI'OPECYPCIB 3A PAXYHOK HIIBUIIIEHHA
E®PEKTUBHOCTI BUKOPUCTAHHS I'TIPOAI'PEI'ATIB ITPH IX
POBOTI 31 3SMIHHOIO YACTOTOIO OGEPTAHHA

B cmammi posensnymo nepedymoeu ma cnocobu niosuugenHs epekmueHocmi pobomu eHepeo0dIA0HAHHS
2I0pOaKyMYMIOIOYUX — eNeKMPOCMAaHYill ma, SIK HACLOOK, 3MEHWEHHS 30 PAXyHOK UYb020 CHONCUBAHMSL
eHepeoHociis. 30kpema demanvho posenanymo numanns niosuwenns KKJ/[ oirouoco oonaouanns 'EC ma T'AEC
30 PAxXyHOK 11020 pOOOMU 3 HECUHXPOHHOIO Yacmomoio obepmannus. Ha npuxiadi padianbho-ocbo6ux mypoiH, sKi
ecmanosneni na [nicmpoecwkiti TAEC noxazana modicaugicms nioguwyeHHs egpexmusHocmi ix pobomu, sk 6
mMypOIHHOMY MAK | 8 HACOCHOMY pedxcumax. /s ybo2o HA OCHOBI YHIBEPCANbHUX XAPAKmepucmuk mypoin 6yu
susHaueni HO6i 3HauenHa onmumanvhux KK/ ciopoacpecamis npu ymosi, wjo wacmoma obepmanHs azpezamy
0y0e 3MIHI8AMUCA PA3OM 3i 3MIHOIO HANOPY. 3anponoHo8ano HAUbLbUL PAYIOHATLHUL CKAAO eHepeoOIoKY, 00
AKO20 MAlOMb Y8iumu paodiaibHO-0Cb08a 2i0pomypOiHa ma ACUHXPOHI308AHUL CUHXPOHHUL 2eHepamop, Wo
003601umb 3abe3neuumu CMilKy ma HAOIHY 6u0auy NOMYX’CHOCMI 3 WuH cmawnyii, AKa 6 eionosioana 6cim
sumozam 00 sAKOCmi ejnekmpoeHepeii. B cmammi onucana cmpykmypa HO80I cucmemu asmoMamuiHo20
Kepy8amHs, Wo 00360aumbs 2iOpomypoOini npayoeamu 3 ONMUMATbHUMU NAPAMEMPAMU NPU HECUHXPOHHIL
yacmomi obepmanis ma 3a6e3neyums HeoOXIOHy AKICMb Pe2ylio8anHs NpU OUHAMIYHUX NPOYECax.

Knwuosi cnosa: eHeprocucteMa, TiIpOaKyMyllooua — €JICKTpOCTaHiis, rigporypbina, KKJI,
ACHHXPOHI30BaHMH FeHEepaToOp, CUCTEMa aBTOMAaTHYHOI'0 KepYyBaHHs, 3MiHHA YacToTa 0OepTaHHsI.

Ha cproromuiniHii 1eHp npobiaeMa e(eKTHUBHOTO BUKOPUCTaHHS O0JIaJiHAHHS €JIeKTPOCTaHIii, TOOTO Horo
pobota 3 MmakcumansHO MoxuBMM KKJI, € onHOIO i3 OcHOBHMX B eHepreTuii. CydacHi €HEprocucTeMH BasKKO
yasutn ©Oe3 rigpoenektpoctanmiii (I'EC) ta rigpoakymymiotounx enekrpocrannii (CAEC), ski cyrTeBO
BIUIMBAIOTh Ha CTIKY Ta eQeKkTuBHY poOoTy iHmux emekrpocraniiii (TEC, AEC), ta Bci€l cucteMu B OUIOMY.
e 3ymMOBIIOETHCS Pi3KUME 3MiHaMH Tpadiky HaBaHTa)KEHHS BIPOJOBXK JOOU Ta HAsSBHICTIO B €HEPrOCHCTEMI
cTaHLii 3 HepiBHOMipHOIO reHepartieto (CEC ta BEC).

Pobora TemnoBHMX eJEKTPOCTaHLili B MaHEBPEHOMY pEXHMMI NPU3BOJUTH JO IMiJIBUIIEHOTO 3HOCY
o0yiaiHaHHSl Ta 3pPOCTaHHIO COOIBApTOCTI €Heprii, 3a paxyHOK 3MEHUICHHS e()EeKTHMBHOCTI BHKOPUCTaHHS
obJiajiHaHHs Ta 30UIbIIEHHS CIIOKMBAHHS €HEPropecypciB IpH poOOTI arperariB CTaHIil 3 HE HOMIHaJIbHUMHU
napaMeTpamH.

Bukopucranns 'EC ta TAEC nae 3Mory onTuMizyBaTi poOOTY €HEprocCUCTEMH Ta MPH LOMY 320113 IUTH
eHeprorocii. ToMy meprn TiIpoaKyMyJIIOYi €IeKTPOCTaHIii movaau 3’sBisatucs Bxke B 20-Ti poku XX
cropiuusi. Ha choroanimuiii nens 3a ganumu International Energy Statistics B cBiTi excruryaTyeTbest O1HM3bKO
460 T'AEC 3aranpHOI0 mOTYXHICTIO 104 MiH. kBT, ipu womy y ®pantii Ta ['epmanii notyxuicts [AEC Big
BCi€i BCTAaHOBIICHOT IIOTY)KHOCTI eHeprocucteM ckianae 4 %, B SInonii 8 %, B ABctpii B3arami 20 %. Tineku 3a
octaHHe aecaTuniTTs Kurait BBiB 6 MutH. kBT motyxaocTi 'AEC.

Ane mpu 1poMy OyIIBHHUIITBO HOBHX TiJPOCTaHIIH YCKIaIHIOETBCS OaraThMma (aKTOpaMH, cepell SKHX
OCHOBHHUMH € HEOOXIIHICTh 3HAYHMX 1HBECTHUIINA Ta MIUTAHHS OB’ A3aH]l 3 EKOJIOTIYHOIO OE3IEKOIO.

Takox He Tpeba 3a0yBaTHl i Tpo Te, MmO Oarato CTaHIM BXe MOpaANBHO Ta (i3WYHO 3acCTapiiyd Ta HE
BIZIMIOBiZAfOTh Cy4aCHUM BHMOTaM 3 €KOHOMIYHOCTI.

Ha namry nymMKy oZHUME 3 OCHOBHHX IUISXIB BHPIIIEHHS 1i€i Ipo0IeMH € MOEPHI3aLlis Ta pEKOHCTPYKITiS
nitounx ['AEC. IIpomoHyeTscsi BHKOPHUCTOBYBATH TiApOAarperatd B PEKUMiI 3 HECHHXPOHHOIO YacTOTOIO
obepraHHs. SIKIIO MpoaHaTi3yBaTH 3aJIeXKHICTH (1)
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ne Q — Butparn Bomu uepes TypGinu, m3/c; H — mamip, m; 1y — KKJI typ6inu; M — obepranbHuit
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MOMEHT Ha Bany TypOinu, H M; # — yacrora oGepranHs TypOinu, xB.-1; ) — rycruna Boam, r/cM3 aGo Kr/m3;

MoxHa mobauntu mo KK/l TypOinu oOepHeHO NpomopIiiiHWil Hamopy Ta BHTpaTaM BOJM Yepe3 arperar Ta
NPSMONPOIIOPLIHHUN MOMEHTY Ta 4acToTi ooepranHs. Tomy npu 3HwkeHH] Haropy KK/l MoxxHa 301mbmuTH 32
paxyHOK 3MiHM YacTOTH OOEpTaHHs, 110 MPHU3BEJIE A0 3MEHIICHHS BUTPAT BOAM i, SK HACIIJIOK, IMiABHIIECHHIO
KK/. IIpn mboMy MOMEHT OTIOpY Ha Bally TypOiHM IIOBHHEH 3aJIMIIATUCH 3aIaHIM.

e MoxHA TOBECTH, SIKIIO IpU 0OpOOIIi YHIBEpCaIbHOI XapaKTEePUCTUKH PaliabHO-0CHOBOI TiAPOTYypOiHN
TPUITYCTUTH, IO YacToTa oOepraHHSA Oyne 3MIHIOBAaTHCS Pa3oM 3i 3MEHIIEHHAM Hamopy. Taki JOCHimKeHHS
Oy TIPOBEICHI, K BITYU3HAHUMHE TaK i 3aKOPIOHHAMH BUeHHMH [1-5].

VYuiBepcanpHa xapakrepuctika Typoiau Trry OPOHT 170 nmpusenena Ha puc 1.
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Puc. 1 VHiBepcanbHa xapaktepuctuka Typ6inn tumry OPOHT- 170

HaykoBo noBemeHo, mio mid pisHMX TypOiH mpu Takux pexxumax miasuimenHs KK, B cepeanbomy,
CTaHOBUTPH BiZ 2 10 5 %, IO MOXE CYTTEBO 30UIBIIUTH BEITUYMHY BHPOOJIEHOI €JEKTpOEHEpTii 3a pik, a B
HACOCHOMY PEXXHMI 3a0IIaUTH BEIUKY KUIBKICTh CIIOKHTOI €JIEKTPOSHEPTii.

Hanpuknan mms JHictpoBebkoi TAEC pospaxynkm mokasamu, mo 30impmenas KK B cepemapoMy
craHoButuMme 1,5 — 2 % (Puc. 2). 3Baxkaioun Ha IOTYXKHICTH arperartiB B TypOiHHOMY pexumi, (330 MBT),
CyMapHHU# MPHUPICT MOTYKHOCTI HA CTaHIii cTaHoBUB O0u 35 — 46 MBT. 1le 103B0HIO0 6 CKOPOTUTH PI3HUIIO B
MOTYKHOCTSIX CTaHIii B TypOIHHOMY Ta HACOCHOMY PEKHMax 1 CIIpUsLIO O IMiZABUIIEHHIO 3arajbHOi eeKTUBHOCTI
cTaHuii.

s Kuiecbkoi 'AEC migsumenns KK/ Big po6oTu arperaty 3 HSCHHXPOHHOIO 4acTOTOIO CKjiamae 3 — 5
%, 110 1ano 6 mpupict notyxHocTi Ha 7—11 MBT.

Kng Q, m3/c
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Puc. 2 3anexnicts KK/| Ta BUTpar Boau Bix Hanopy (CyLiJIbHA JIiHISL — IPH OCTIHHIA 9acTOTi 00epTaHHs,
MIyHKTUPHA — TIPU 3MiHHIH 9acTOTi 00epTaHHs)

8 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepzemuxa: exonomixa, mexnonozii, exonozia. 2014. No2

[Ipote He Tpeba 3a0yBaTH MPO Te, 10 NPH poOOTI B TAKMX PEKUMax Halpyra Ha MIMHAX CTAHIII Mae MaTh
gactororo 50 I'm, a 3 oy Ha 3ampornoHoBanuii Hamu croci6 migsuieHHs KK/ rigpoarperaTis, muisxom ix
poOOTH 3 HECHHXPOHHOIO YacTOTOIO, IIOCTa€ HOBa MpoOjeMa, IOB’s3aHAa 3 CHHXPOHI3AILlI€l0 TaKoro
TiporeHeparopa 3 MEepekero Ta 3a0e3nedeHHsT He0OXiTHOT SIKOCTI eJeKTPOeHePTii.

[IpoanamizyBaBmu OaraTo croco0iB BUpINICHHS i€l mpoOiieMu Ta Oepydd M0 yBard BCi TepeBard Ta
HENIOJIIKA KOXKHOTO 31 HHX, MPONOHYEThCS U BHPIMICHHS ITOCTABJICHOI 3ajjadi BHKOPHCTOBYBATH 3aMiCTh
TpPaIUIifHNX CHHXPOHHUX T€HEpaTOPiB aCHHXPOHI30BaHI CHHXPOHHI reHeparopu. B Takux kpainax sk SAmnoxis,
Icmanis, 1lIBeiitiapist, Taki reHepaToOpyu BXe MIHPOKO BUKOPUCTOBYIOTHCS HA TiAPOCTAHIIAX, Ie BOHHU cebe mobpe
3apexoMmeHayBand. JlocBiny pobotu Takux rereparopiB Ha BiTum3HAHHX ['EC mokm mo Hemae. OcoOmmBOCTi
KOHCTPYKLIT TaKOT MaIlIMHK JJO3BOJISIIOTH B IIMPOKOMY Jiana3oHi 3MiHIOBAaTH MIBUAKICTH 00EpPTaHHS poTopa, Ipu
[bOMY Ha BHXOJl 4acTtoTa OyJAe 3ajJMIIaTHCS HE3MIHHOI. BUKOPHCTaHHS acCHHXPOHI30BaHMUX TI'€HEPATOPIiB
CYTTEBO BIUTMBAE HA CTIMKICTh Ta HaAIMHICTh OKPEMOI CTaHIIii Ta EHEPrOCUCTEMH B IIIIOMY.

Taka KOMIOHOBKa TimpoarperaTy notpedye po3poOKH HOBOi CHCTEMH KepyBaHHS, sika 0 3abe3meumsna
CTIHKY Ta HaAiliHy poOOTy eHeproOJOKy NpH pI3HUX pexumax iHoro podorn 3 makcumanbhum KKJI. Hamwu
NPOTIOHYETHCSL CTPYKTypa HOBOI CHCTEMHM aBTOMAaTHYHOro ympaeiiHHs rigpoarperatom ['AEC, ska €
0araTOKOHTYPHOIO CHCTEMOIO 31 3MIHHOIO CTPYKTYPOIO, SIKa BiIMTOBiIa€ BCIM BUIIE3a3HAYEHUM BHMOTaM.

Cucrema niepenbadae poOOTy arperaTiB B pexXuMax MiITPUMAaHHS 3aJaHOT YacTOTH o0epTaHHA, a00 podoTy
arperatry B pexxumi ontumizanii KK/ mo Hanmopy. B ocTraHHpOMY BHIaAKy, CTPYKTypa CHCTEMH 3MIiHIOETBCS i
HEPETBOPIOETHCS HA CICKTPOTIAPABINYHY CIIAKYIOUYY CHCTEMY BUTPATH BOJH IO HAIOPY.

Ha Bxing cucteMu monaeTbesl Iirodi 3HAUCHHS HAIOPY Ta MOTY)XHOCTI, 33Jal0uuil eleMeHT (opMye Ha
BUXOJi CHUTHAJ BiINOBITHMHA HEOOXiOHIA KITBKOCTI BUTpPATH BOJAHM, SKa 3a0e3ledye ONTHMATbHUN IS BOTO
Haropy KKJI, nmanmi enekTpuyHMi CHrHan IMojaeThcs B enekTporiapasiiuHuii neperBoproBau (EITI), a ne
MPU3BOAMTE 10 HEOOXITHOIrO 3MIICHHS NOPIIHIB 010Ky 30510THUKIB (B3) Ta cepBomoropy (CM), sikuii perysiroe
BIZAKPUTTS Hampassitodoro anapaty TypOinu (T), Big siKoro 37iHCHIOETHCST 3BOPOTHHH 3B'SI30K HA BXiJl CUCTEMH.
3HaueHHs Ai0Y0i 4acToTH o0epTaHHs TypOiHM MOJAaeThCs Ha BXiA cUcTeMM peryntoBaHHs 30ymxenHs (CP3D)
acuHXpoHi3oBaHoro reHeparopa (ACI), sika miaTpUMye HE3MIHHUM HOTY)XXHICTh TeHeparopa. B pasi pizkoro
3MCHIIICHHS IIOTYXHOCTI —arperarty, CHCTEMa YIpPABJIiHHA aBTOMAaTHYHO 3MIHIOE CBOIO CTPYKTYpY,
MIEPETBOPIOIOYNCH HAa JAWHAMIYHUA KOHTYP PEryNIOBaHHS YacTOTH oOepTaHH:, 1 3a0e3medye HeoOXimHi mil, sKi
HIYAM HE BiJPi3HAIOTHCS BiJ BiIIOBITHHUX il IITATHOTO PETYISITOPA YACTOTH 00epTaHHs TiAPOTypOiHN.

BucHosku.

1. Icaye HeoOXimHicTh B OymiBHHITBI Ta MonepHizamii girounx 'EC ta TAEC, 60 came HasBHICTH TaKuX
CTaHIIi B €HEProcucTeMi Ta e(QEeKTUBHICTh X POOOTH CYTTEBO BIUIMBAE€ Ha POOOTY TEIUIOBUX Ta ATOMHHUX
€JIEKTPOCTAHIIIH, HA 30€PEIKCHHSI EHEPrOPECyPCiB 3a paXyHOK ONTHMI3allii rpadika HaBaHTAKEHHS.

2. Nosenena MoxJiuBicTh migsuiieHHs KK/ rigporyp0in npu ix poOoTi 31 3MIHHOIO 4aCTOTOK 00EpTaHHSI.
3okpema Ha npukiani JnicrpoBeskoi TAEC Ta KuiBcbkoi TAEC Oyno po3paxoBaHo edeKT BijJ BIPOBAIKEHHS
Takoi TexHoJorii. CymapHHii IPUPICT MOTY>KHOCTI CTaHOBUB OM Big 42 o 57 MBT.

3. JloBeneHa JAOLUIBHICTh 3aCTOCYBaHHS B CKJIaJl TaKoro OJIOKY aCHHXPOHI30BAaHOTO CHHXPOHHOTO
TeHepaTopa 3aMiCTh KJIACHYHOTO CHHXPOHHOTO I'eHepaTopa.

4. 3anporioHoBaHa cTpykTypa peryisitopa KKJ[ ams enepro0ioky, 10 ckiagy SIKOTO BXOJHUTH paliallbHO-
0CBOBa TIAPOTYpOiHA Ta aCHXPOHI30BAHUI CHHXPOHHUI TeHEepaTop, MO 3a0e31euye CTiKy Ta HaaiifHy poOoTy 3
HEOOXIHOIO SKICTIO eJICKTPOCHEPril.
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S.F. Artjuch, L.1. Chervonenko
National Technical University «Kharkiv Polytechnic Institute»
ENERGY SAVING BASED ON ENHANCEMENT OF HYDRAULIC UNIT EFFICIENCY WITH
ITS WORK AT VARIABLE SPEED

The article describes the background and the ways of pump-storage plant power equipment efficiency
upgrading and, as a consequence, reduction due to this energy carriers consumption. Particularly the question
is consider in depth how to upgrade efficiency of HEP and PSP operating equipment due to it work with non-
synchronous rate of rotation. On an example of Francis turbine installed on the Dniester PSP the possibility of
increasing the efficiency of their work both in turbine and pump modes was shown. For this purpose, based on
universal turbines characteristic, new value of hydroelectric unit optimum efficiency were determined on
condition that aggregate rate of rotation will change along with changes in source pressure. The most rational
electrical power unit structure was proposed, which should include Francis turbine and asynchronized
synchronous generator which will provide a stable and reliable transmission of power from the tires station that
would meet all the requirements for power quality. The article describes the structure of a new automatic control
system that will allow hydraulic turbines operate with optimal parameters in non-synchronous speeds and

ensure the required quality control during dynamic processes.
Keywords: electric power system, pump-storage plant, hydroturbine, efficiency, asynchronized generator,

automatic control system, variable speed.
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C.®. Apriox, 1-p TexH. Hayk, npodeccop; U.U. UepBoHeHKo
HaunoHajbHbI TeXHUYeCKH YHMBEPCUTET «XapbKOBCKHUM MOJMTEXHUYECKH HHCTUTY T
3KOHOMUSA SJHEPTOPECYPCOB 3A CUET HOBBIIIEHUSA D®PPEKTUBHOCTHA
HCIOJb30BAHUSI THJIPOATPETATOB ITPH UX PABOTE C MIEPEMEHHOM YACTOTOM
BPAIIEHUSA
B cmamve paccmompenwvi  npeonoceiiku u cnocobvl  nogviuieHus d@gexmugnocmu  pabomol
9HEP20000PYO08aHUS 2UOPOAKKYMYTUPYIOWUX IIEKMPOCMAHYU U, KAK CIe0Cmaue, YMeHbUleHUe 3 CYenl 91020
nompebnenus dHepeoHocumeneli. B uacmnocmu nodpobno paccmompen onpoc nogviuwenus K]
oeticmsyrowezo obopyoosanus I'9C u I'ADC 3a cuem e2o pabomul ¢ HeCUHXPOHHOU Yyacmomou epawjenus. Ha
npumepe paouanvbHo - ocesvblx mypoun ycmanosnennvlx Ha Junecmposcxou I'ADC noxasana 603mMoACHOCHD
nogvluenus dhpexmusnocmu ux pabomsl, Kax 6 MypOUHHOM, MAK U 8 HACOCHOM pedcumax. [[is 3mozo Ha
OCHOB€ YHUBEPCANbHBIX XAPAKMEPUCMUK MYpoOuH Ovliu onpedeneHvl HoGvle 3HayeHus onmumanvhuix KIIJ]
2udpoazpe2amos npu ycio8uu, Ymo 4acmoma epaujenus azpezama 6yoem usmMeHAmMsCsa mMecme ¢ U3MeHeHuem
Hanopa. Ilpednodceno nauboiee payuoHAIbHBLL COCMAG IHEP2OOIOKA, 8 KOMOPbILL O0IICHBL 6OUMU PAOUATILHO -
ocesas 2u0pomypoOuHa U ACUHXPOHUSUDOBAHHBIL CUHXPOHHBIU 2eHepamop, Hmo HO360uUmM obecneyums
YCMOUYUBYIO U HAOEHCHYIO 8blOAYY MOWHOCMU C WIUH CMAHYUU, KOMOpas Obl 0meeudana ecem mpebo8aHusim K
Kayecmey 3/1eKkmposHepeul. B cmamve onucana cmpykmypa HOGOU CUCHEMbl A8MOMAMUYECKO20 YNPAsLeHUs,
YUMo no360AUM 2UOpOMypoOUHe pabomamv ¢ ONMUMATLHLIMU NAPAMEMPAMU NPU HEeCUHXPOHHLIX Y4aACmOmax
epaweHus u obecneuusams mpedyemoe Kawecmeo pe2yiuposanus npu OUHAMUYECKUX NPOYeccax.
Knioueevte cnoea: sHeprocucteMa, THAPOAKKYMYIHPYIOIIAsh SJIEKTPOCTaHIMs, ruaporypouna, KIIJ,
ACHHXPOHHU3MPOBAHHBIX T€HEPATOP, CUCTEMa aBTOMATHYECKOTO YIIPABJICHHUS, ICPEMCHHAS YaCTOTA BPAICHHS.
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