


PEOEPAT

kBautiikaiiitHoi podoTu «Po3pobienns npoekty manoi nopratuBHoi 'EC nis
JIOMOTOCTIOapCTBAY
Po6ora mictute 61 cropiHok, 10 umtoctpauiif, 3 Tabnuipb, 28 BUKOPUCTAHUX
ToKepe.
Kuarouoai caoBa: mana rigpoenektpocraniiist ('EC), typ6ina Ilenrona, cHHXpOHHUN
reHeparop 3 NOCTINHUMH MarHiTaMu, IHBEPTOP.

O0’eKTOM AOCHIIKEHHS SIBJIIETHCA MIHIATIOpPHA TIIPOEIEKTPOCTAHIIS, 10 Ma€e
MOCTaYaTH EICKTPUKOIO TPUBATHY OCEII0 B aBTOHOMHOMY (pOopMaTi.

MeTta moCTiKEHHSI TIONATAaE y CTBOPEHHI €PEKTUBHOTO TEXHIYHOTO IUIAHY IS
nomamHboi Mikpo-I'EC, 1o 3maTHa rapaHTyBaTH pe3epBHe abo TMOCTiiiHE
eJIeKTpo3a0e3NeueHHs] B CUTYallli BIACYTHOCTI LEHTPAII30BaHOI €JIEKTPOMEPExK] Iijl
gac OJiekayTiB, OepyuH /10 yBaru HassBHUIM BOJHUN pecypc Ta OOMEXKEH1 po3MIpH.

B pe3ynbrarti 3a1iiCHEHHS JOCIKEHHS 3alIPOIIOHOBAHO KOMITAKTHY Ta €(PEKTUBHY
KOHCTpYKIit0 HeBenukoi nopratuBHoi I'EC, saxa 3pmatHa BupoOmstu g0 1 kBt
esniekTpoeHeprii. CrpoekToBaHa CHUCTEMa MOXKE BUKOPHCTOBYBATHCS SIK JOJATKOBE
JDKEpENIo KHUBJIEHHS abo sIK IMOCTIHHA aBTOHOMHA EHEpPreTMYHa YCTaHOBKA ISt

JIOMOTOCITOAapCTRA.



ABSTRACT
"Development of a project for a small portable hydroelectric power plant for a
household"
The work contains 61 pages, 10 illustrations, 3 tables, 28 sources used.
Keywords: small hydroelectric power plant (HPP), Pelton turbine, permanent magnet
synchronous generator, inverter.

The object of the study is a miniature hydroelectric power plant, which is to supply
electricity to a private home in an autonomous format.

The purpose of the study is to create an effective technical plan for a home micro-
hydroelectric power plant, which is able to guarantee backup or constant electricity
supply in the absence of a centralized power grid during blackouts, taking into account
the available water resources and limited dimensions.

As a result of the study, a compact and efficient design of a small portable
hydroelectric power plant, which is capable of generating up to 1 kW of electricity,
was proposed. The designed system can be used as an additional power source or as a

permanent autonomous energy installation for a household.
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BCTYII

Bona - ogHa 3 HaMOUIBII MOMIMPEHUX PEYOBUH y MPHUPOJl Ta FOJIOBHA CKJIAJ0Ba
KUBUX OopranizMmiB. OJIMH 3 HE3aMIHHUX 1 HEOOXIIHMUX, 1 HEBUUYEPIIHUX PECYPCIB B
CydyacHOMY CBITI 1 H€ TUIBKHM. 3a JOIMOMOIOK) TaKOTO OE3IIHHOTO, B OUIBIIOCTI
BUIAJIKax HeoOMexeHoro pecypcy sik HpO, monctBo nmocsario mporpecy. I B XIX
CTOJIITTI B OJIHOMY 3 HAIpsIMiB PO3BUTKY BiI0yJacsl MPOMUCIOBA PEBOJIIOIIS JTFOU
MoYaJii BUPOOJISTH €EKTPOSHEPTit0 3 CUJIN Tedii Boau.[1]

JIronu 3acTOCOBYBAJIM Millb BOJM 3 CUBOT JABHUHU — BOHA CTaJIa OJTHUM 3 TICPIITUX
OPUPOJHUX JHKEpPEsT eHeprii, 10 JOMoMaraio B pO3BUTKY IIUBLII3AIII.

Takox e€JIIeKTPOCHEPrilo BHUPOOJSAIOTH 3 PI3HUX JDKEpesd, a came, TeIUloBi
€JIEKTPOCTAHIIIi, aTOMHI €JIEKTPOCTaHIlli, TigpoenekTpocTanilii. Came IikaBe 10 B
ATOMHHMX 1 TEIJIOBUX TAKOX 3aCTOCOBYETHCS BOJA, il HATPIBAIOTH O YTBOPEHHS MapH,
a mapa obeprae TypOiHY, a MOTIM Tapa MEPETBOPIOETHCA BXKE B PIAKUM CTaH MICHs
0XOJIOJKEHHsI.[2] Ajie HaBITh 1 HA 3apa3 BOHA HE BTPATUJIA aKTyaJIbHICTb.

VY cydacHiii YkpaiHi, mia 4ac BiHU, KOJIM BiIOyBarOThCsl OJEKayTH, KOJH IIHA Ha
€IEKTPUKY CTPIMKO 3pOCTalOTh, a Iepedoi 3 EICKTPOCHEPTi€r0 CTaloTh Jeaali
YaCTHMH, IUTAHHS €HEPTeTUYHOI HE3JICKHOCTI IPUBATHUX OCENb MOCTAE HA TIEPIINAN
riad. OJTHUM 13 IEPCIIEKTUBHUX MIISX1B PO3B'SI3aHHS II€T TPOOIEMHU € BUKOPUCTAHHS
MaJuX TIAPOEICKTPOCTAHIIM, 10 JJO3BOJSIOTh €(EKTUBHO BHUKOPHCTOBYBATH
OpUpOAHI OaraTcTBa — TMOTOKM BOAW — IS OTPUMAaHHS HAAIHHOTO JKeperna
EJIEKTPOEHEPTi.

3a 1OmOMOT0¥0 BiTHOBIIOBAJIBHOTO JXKepesna eHeprii mopratusHi MiHi-I' EC, MOXyTh
3a0e3neunt cebe ENEeKTPOCHEPri€l0  IHAWBIMyanbHI JOMOrocmojapcTBa 0e3
HeoOXigHOCTI OymiBHUIITBA MacmiTaOHOI iHGpacTpykTypu. Ta 3a0e3meuyBaTu 6a30Bi
noTpedu MoOYyTOBOTO CTOXKMUBAaHHS Oyje TEXHIYHO aKTyallbHO TaK 1 3 €eKOHOMIYHOTO
30py.

IlepeBarn manoi mnoprtatuBHoi ['EC  uwucieHHi: MOOUIBHICTh, JIETKICTh

BCTAHOBJICHHS, C€KOJIOT1YHA Oe3leKa, a TakKOoX 3JaTHICTh 3aJ0BOJBHHUTH 0a30BI
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noTpeOu B EJIEKTPOCHEPTili HE3aJeKHO B 30BHIMIHIX Mepex. Taki yCTaHOBKH
O0COOJMBO KOPHUCHI [JIsi CUIBCHKOI MICIIEBOCTI Ta BIJJAJCHUX PETIOHIB, i€
[EHTpaATI30BaHe eEKTPOIIOCTauYaHHs BiICyTHE a00 He HaxiiHe. [lo TOTo X, pO3BUTOK
TEXHOJIOT1A POOUTH 11 PIMIEHHS IOCTYMHUMH JJIsl LIMPOKOTO KOJja CIIOXKUBayiB,
3BOJISIYM 10 MIHIMYMY BUTPATH HA MOHTaX Ta OOCIYrOBYBaHHSI.

Metoro 1BOrO MPOEKTY — PO3POOUTU TEXHIYHUNA MPOEKT MaJIoi MOPTATUBHOL
rigpoenektpoctaniii (I'EC), sxa Oyne 3abe3neuyBaTu €(EeKTHBHE Ta CTaOUIbHE
€JIEKTPOIIOCTauYaHHs JOMOTocnoapcTBa. Lle 103BONNUTh 3MEHITUTH 3aJEeKHICTh Bij
IEeHTpati30BaHuX Jpkepen eHeprii. IIpoekT mnependadyae CTBOPEHHS KOMIAKTHOT,
eHeproe)eKTUBHOI Ta E€KOHOMIYHO BHTIAHOT YCTAaHOBKH, sKa 3a0C3MECYUTh CTaIUi
JOCTYII IO €NEKTPUYHOT €HEePTii, BAKOPUCTOBYIOUH BiJHOBIIOBAHE JHKEPEIO — BOIY,
MIHIMI3YIOYH MPHU [[bOMY BIUIUB Ha HABKOJIMIIIHE CEPEIOBHUIIIE.

JIJIst TOCATHEHHS TIOCTABJICHOT METH MOTPIOHO BUKOHATH TaKi 3aB/IaHHS:
1.AnHami3 moTped JOMOrocnoapcTBa B €Heprii:
30ip Ta BHUBYEHHS JJaHUX MO0 CIOKHMBAHHS EJIEKTPOCHEpPrii B CEPeAHBOMY
JIOMOT'OCTIOZIaPCTBI.

Busznauenns HeoOxigHoi noryxHocti 'EC, mo 3a0e3neunTh epeKTUBHE MTOCTaYaHHs
eHeprii 6e3 rnepeBaHTaKEHHS CUCTEMHU.

2.Bubip onTuManibHUX TEXHIYHUX XapakTepucTUK aiisa nopratusHoi ['EC:

Orinka MOXJIMBUX BapiaHTiB TiaApoTypOiH ams manux ['EC

Busnadyenns HaitOubIn epeKTUBHOT TypOiHU N1 YMOB MaJioi BUCOTH MAIHHS BOIH Ta
HU3bKO1 BUTPATU BOJH.

Bubip BianmoBigHOT cUCTEMH peryaloBaHHS Ta 30epiraHHs eHeprii.

3.Po3po0Oka koHcTpykTHBHOTO pitieHHs 'EC:

Po3paxyHok maTepiatiB st KOPIyCY Ta KOHCTPYKTHBHUX €JIEMEHTIB, SKi 3a0e3meduathb
TPHUBATY €KCILTyaTaIliio MPH MiHIMAJILHUX BUTpATax Ha OOCITYyrOByBaHHS.

4.Po3po0ka cxeM:

Po3pobka cxeM Ta KpeclieHb, 0 OMUCYIOTh POOOTY €IEKTPUUHOI CUCTEMHU.
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OT1xe npoekT po3pobienHs manoi nopratuBHoi I'EC qist nomorocnogapctsa Oyne
KOPUCHUM, XTO XO4Ye OyTH €HEProHEe3aJeKHUM, Ta HE CUAITH 0€3 eNeKTpOeHepril mij

yac OJIeKayTiB.

1 OI'JISIJT TA AHAJII3 KOHCTPYKIIN MAJIUX I'EC

1.1 3araabHi BiTOMOCTI PO riApoeIeKTPOCTAHLII

INapoenexrpocrtannii (I'EC) € ognuM 3 HaiigaBHIIUX, Ta BOAHOYAC, HAMOUIBII
NEPCIEKTUBHUX HUISIX1B BUJOOYTKY €IEKTPOEHEPTii, 3a/11F0I0YU CUITY BOJHOTO TIOTOKY.
Ha Binminy Bing Tpaguniinux TEC a6o AEC, rigpoenekTpocTaHIilii HE BUMararoTh
CHaJIOBaHHA MaJbHOTO, IO CYTTEBO MIHIMI3Y€ iX BIUIMB HA €KOJIOTIIO Ta OInepaiiiHi
BUTpPATH.
[punun a1i TEC 6a3yeTbes 1110 HaTUCK BOIM, CIIPSIMOBAHUM Ha JIONATI T1APOTYpOiHH,
3mymrye ii obepratucs. Y CBOIO uepry, riipoTypOiHa, CHOJydeHa 3 T€HEepPaTOPOM,
TaKOX MPUBOAUTH HOro B pyX. ['eHepaTop MpOIyKye €JIEKTPUYHY EHEprio, sKa
nepeaacThCcsl Ha TpaHC(OPMATOPHY CTAHINIIO, a 3BIITH — HA JIIHIT eJIeKTporepeaay.
VY MamuHHIN 3ai11 T1IPOeIeKTPOCTaHIII1 pO3MIILIeH] TipoarperaTt, 1o MepeTBOPIOIOThH
EHEpril0 BOJSHOTO TIIOTOKY Ha eJeKTpUYHy, a Oe3rnocepeaHbo y OymiBii
TIPOETIEKTPOCTAHIIT MICTATBCS BC1 HEOOXITHI PO3MOJUIbHI TMPUCTPOi, a TaKOX
IpUIaIu i KepyBaHHA Ta KOHTpoito pyHkiionyBanns ['EC.[3]

[ToTyXHICTh T1APOETEKTPOCTAHIIT 3aJICKHUTh BiJl 00CATY BOIAW Ta HAIoOpy, IO
MpPOXOMUTh 4epe3 TypOiHu. besnocepeHbo Hamip YTBOPIOETHCS — 3aBISKU
CIPSIMOBAaHOMY pyXy HoTOKy Boau. Lle moxke OyTtm Boja, 3i0paHa y rpebiii, KOJA B
MEBHIM TOYIll HA PIUIll CIIOPYIKYEThCS TpeOsi, abo K Hamip OTPUMYETHCS 3aBISKU
JiepUBaIlii MOTOKY — 1€ KOJIK BOJA BIIBOAUTHCS Bij] pyciia CHEIIaTbHUM TYHEJIEM UYu
KaHaJIOM.

Omxe, TimpoeneKTpocTaHIlii OyBalTh TpebieBi, MaepuBalliiHi Ta rpebie-
nepusarliitai. Haitoinem nommupeni rpednesi ['EC maioTs B ¢BOill OCHOBI rpeditto, sKa
MepEeKpUBaE pPyclIo piuku. 3a Tpebdiieto BoAa TMITHIMAETHCS, HAKOMUYYETHCS,
YTBOPIOIOYM CBOEPIAHUN BOJSIHUN CTOBM, IO 3a0e3nedye THUCK 1 Hamip. YuM Buima

rpebiis — TUM cuiibHIIIKK Hanip. HaliBumia y cBiTi rpe0ist mae Bucoty 305 MeTpiB, 1€
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rpe6ns Ha L[3mbniHcskii ['EC notyxHicTio 3600 MBT, mo Ha piumi SAnyHuzsH y
3ax1aH1i yacTuHi npoBiHLii Cuuyans Ha [liBaenHo-3axinHiil Teputopii Kuraro.[3]

['ipgpocraniii, M0 BUKOPUCTOBYIOTH E€HEPril0 BOAM, OYBarOTh JBOX THIIIB.
Skio piuka Mae HEBEJIMKE MajiHHS, alie BIAHOCHO 0aratoBOJiHA, TO 3a JIOMIOMOTOIO
rpe0ii, 10 NepEeKpUBA€E PIUKY, CTBOPIOIOThH JOCTATHIO PI3HUIIIO PIBHIB BOJU.

Han rpe6ieto yTBOpIo€ThCs BOJIOCXOBHUIIE, 1110 3a0e31euye piIBHOMIPHY poOOTY
CTaHIlli mpoTsroM poky. buist 6epera Hmkue rpedii, B 6e3nocepeaniin 6IM3bKOCTI 10
Hel BCTAHOBIIOETHCS BOJsSHA TypOiHA, CHONydeHa 3 EJICKTPUYHHM Te€HEpaToOpOM
(mpurpe6nieBa craniist). Skio piuka CyaHOIIaBHA, TO OUISI MPOTHUIICKHOTO Oepera
00Tl TOBYETHCS IIUTFO3 JUIsl TIPOITYCKY CyJEH. SIKIo  pidka He ayxe OaraToBojHa,
ajyie Ma€ 3HayHe NMaJiHHS Ta OYypXJIMBY Teulo (HANpUKIIaJ, TIpChbKi PIYKH), TO YaCTHHA
BOJIM BiJIBOJAMTHCS IO CIEIiaIbHOMY KaHally, [0 Mae HAabaraTo MEHIINH YXWI, HIXK
piuka. Kananm el iHKoIM csira€ JOBKUHU Y JIEKUIbKAa KUTOMeTpiB. [HOMI yMOBH
MICIIEBOCTI BHMAararmTh 3aMIHM KaHally TyHeJleM (IS MOTYXHUX cTaHiiil). Takum
9quHOM (OPMYETHCSI 3HAYHA PI3HUI PIBHIB MK BHUXIJIHUM OTBOPOM KaHajy Ta
HUKHBOIO TeUi€r piuku. HampukiHill KaHally BOJa HAAXOAUTh B TPYyOy 3 KpYTUM
HaXWJIOM, OIS HIPKHBOTO KIiHIIS KO pO3MIITYEThCS T1APOTYpOiHA 3 TeHEPaTOPOM.

3aBAsKM 3HAYHIA PI3HMIN PIBHIB BOJa HaOyBae BEIWKY KIHETUYHY EHEPriio,
JOCTATHIO JIJISl YKUBJICHHS CTaHIIIi.

Kiracudikartis rigpoeneKkTpocTaHIlini

[NupoenexkTpocTaHIlii KIacu(iKyIOTHCS 3a IEKUIBKOMa OCHOBHUMHU KPUTEPISIMHU:
1) 3a BCTAaHOBJICHOIO MOTYKHICTIO:
Bemnki 'EC — monazn 100 MBT;
Cepenni 'EC — Bix 10 MBT 10 100 MBT;
Mami 'EC — 1o 10 MBT;
Mikpo-I'EC —no 100 kBT;

Mikpo-'EC 3Haiimim muUpoKe 3acCTOCYBaHHS Yy TMPUBATHOMY CEKTOpi, st
KUBJICHHS OKpeMHUX OyaiBeiab a00 HEBEJIMYKUX HACEJICHUX MYHKTIB, OCOOJHBO Y
BilJIaJieHUX paiioHax 0e3 JOCTYIly A0 LIEHTPAJII30BAHUX €IEKTPUUHUX Mepex.[3]

2) 3a TUIIOM BUKOPHUCTAHHS €HEPTii BOJIU:
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- Hanipui 'EC — BUKOpPUCTOBYIOTh 3HaUHI IEpeNaad BUCOTH (HAIIOPY);

- be3nanipHi (pyciioBi) — Mpano0Th HA IPUPOJHOMY MOTOL1 pIYKH 0€3 CTBOPEHHS
HITYYHOTO HAMopy;

- KomOiHOBaH1 — 3aCTOCOBYIOTH SIK HaMip, TaK 1 KIHETUYHY €HEPrito Teuii.
3) 3a xapakTepoM CIOXUBaHHS €HEpPrii:

-3 NOCTIHHUM HABaHTAXKEHHIM — 3a0€31e4yI0Th CTa0UIbHE KUBJICHHS;

-3 perynbOBaHUM HAaBaHTAXKEHHSM — BUKOPUCTOBYIOTh aKyMYIIIOIOU1 CUCTEMH abo
riOpuHI CXeMH.

-Bubip TypOiHu 3a5€KUTh Bijl T1IPOTr€0JIONTYHUX OCOOJIMBOCTEH: BUCOTH HAMOPY Ta
BUTPATH BOJIH.

Haii6inbii knacudikaiii rigpaBiaidyHuX TypOiH, K HaBeJAeHO Ha pUCYHKY 1.1 €:

Knacuoikauis riapotypbiH
[ 1

AKTUBHI PeakTuBHi
I r_%
[ | ] . :
Koneco 3 nepexpecHnm ] 3 0CbOBUM
MNenTtoHa e, | ®peHcica
Typro NOTOKOM

I10T10K0M
[ | |

KannaHa
Hanis-KannaHa

N &

Pucynok 1.1 Knacudikartis rigpaBiaidaux TypOiH

-0

MNMponenepHi || KonbonoaibHi

Typ0Oina Ilearona. B 1iii cucteMi Boja CHPSIMOBYETHCS Kpi3b COIUIA,
CIPSIMOBYIOUHCHh TIO JTOTHYHIM MO KOJa, K€ MPOXOAUTh KPi3hb CEPEeNHUHY KOBIIA.
BupuBarourcs i3 comta, Boaa (popmye MBUAKOTUIMHHAN CTPYMiHb, SIKHH JI€ HA JIOTATI
(xiBIII1) Ta MpUMYIITY€E Kojeco KpyTuTucs. Ha oMy xoneci moxke 0yTu o 40 nonartei
Ta moHaioubme 6 comen. Jlomarti TypOiHM OCHAIIICH] JI€30M IMOCEPEANHI, SIKE PO3ALIIE
CTpyMiHb, 3MCHIIYIOYM 3HONIICHHS JIOMATeld Ta TMOKpanylodu eQeKTUBHICTh
BUKOpUCTaHHs1 eHeprii. lleif Tunm TypOiH 3aCTOCOBYETHCSI NJii BEJIMKUX HAIMOPIB,

nourHaroun Big 60 merpis.[4]



12

Typ0ina Typro. EdexruBHo npaitoe B aiana3oni Hanopis Big 50 - 250 meTpis.
Cxoxa no Typ6inu Ilentona, mpore mae BIAMIHHOCTI y (OpMI KOBIIIB Ta CHOCOOI1
CHpsSMYBaHHS BOJISHOTO TMOTOKY, IO TaJae Ha IJIONMHY poropa mig kyrom 20
rpagyciB. Y mopiBHsHHI 3 TypOiHowo Ilentona, typOina Typro BusBIsi€ OUIBIILY
IIBUJIKICTh 32 aHAJOTIYHUX HAMIPHUX MOKA3HUKIB Ta OOCATIB MOTOKY BOJHU, XOod4a il
koedimient kopucHoi nii (KKJI) nemo Hkumii.[3]

IlepexpecHo-ctpymunHa TypOina. Boja Haaxonuts y TypOiHY Kpi3b OJUH a0o
JIeKUIbKa CIPSIMOBYIOUMX KaHaJliB, 10 PO3TAIlIOBaHI BUILE 3a TEYIEIO BiJl poOOYOro
KoJieca, Ta JIBIYl MEepeTUHae Horo, mepu HiX BUUTH 3 TypOiHu. Jliama3oH poOounx
HanopiB KonuBaeTbesa Bim S5 - 200 metpiB. s typOina nemonctpye Hu3bkuii KKJ|
MOPIBHSTHO 3 IHIIMMHU TUTIAMH, TIPOTE € BiTHOCHO HEJOPOrol0, a ii peMOHT MPOCTHI Ta
exoHoMiuHMM. L1 pucu poOnsaTh i MpUBaOAMBUM pIMIEHHSM IS 3aCTOCYBaHHS B
CLIBCHKIM MicIeBOCTI.[3]

Typ6ina ®pencica. Ileit Tun TypOiHM Mae ¢ikcoBaHI JIomaTi poTopa Ta
peryiaboBaH1 HanpaBJisgoui ionaTi. Boxa B poTopi pyxaeTbes Bix nepudepii 10 [eHTpY,
a moTiM B370BXK oci. OTke, BXIAHUN OTBIp 3aBXIM Mae€ paiaJbHUNA HAIpsM, a
BUXITHUNA — OChOBHMM. 3a3BHYaid, 1l TYpOIHH 3aCTOCOBYIOTH 3a HamopiB Bix 25 - 600
metpiB. ['omoBHi mepeBarm — Bucokuii KKJI, mpore BOHM MaioTh OUIBIIT KPYTYy
XapaKTEePUCTUKY Yy MOPiBHIHHI 3 TypOiHamu Karana.[3]

Typ6inu Kaniana ta npomnesepni TypOinu. I{i TypOiHM MamTh OCHOBHU
HanpsMOK MoToKy. TypOina Kannana nepenbayae MOXKIMBICTh PETYJIFOBAHHS JIOTIATEH
Ta, 1HOJI, HampaBisounx amapariB. Komm oOujgBa BuIM JIONATe MOXKYTh
perymioBatucs, Taka TypOiHa KiIacu(ikyeTbcss SK TypOiHA 3  MOABIHHUM
perymioBaHHsIM. SIKmo po6odi jomati ¢ikcoBaHi, TOMI 1€ — MpoOIeIepHa TypOiHa.
HaityacTimre, i TypOiHU MpaIio0Th 3 Hamopam# Binx 2- 40 meTpis.[3]

KonbGonoaiona typ6ina. € momudikamieto TypOin Kamnana, me reHeparop
PO3TAIIOBAHO y BOJOHENPOHUKHOMY KOPIYCl, KU 3aHYPIOETbCS Yy MOTIK BOJM.

EdextuBno pynkuionye B giana3oni Hanopis Big 0.5 - 30 MeTpis.
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BpaxoBytouu, 1110 MaJii riipoeseKTPOCTaHIII1 YaCTO MalOTh 0OMexkeH1 00CITH BOIU
y BOJOCXOBHILAX a0b0 B3araji iXx HE MarOTh, BOHM, 3BHYAlHO, MPALIOIOTH 3a YMOB
BEJIMKOT MBUIAKOCTI T€Uli Ta MaJIUX HAIMOPiB.[5]

1.2 ®ynkuionyBanus 'EC B eHepreTH4HHX cuUCTEMAX.

Po6ora rigpoenexrpocranuiii (I'EC) B eHeprocucremax XapakTepU3yeETbCS
MEBHUMH PUCAMH, 10 BUHUKAIOTh BHACIIIOK 3aJI€KHOCTI BiJl pIYKOBOT'O CTOKY, TaK 1
pexuMamu GYHKITIOHYBaHHS BOJIOCXOBUII] OaraTopyHKI10HATBHOTO MPU3HAYEHHS.

Takox BIUIMBaIOTh OOMEKCHHS, 110 HAKJIAJIal0ThCsl YMOBaMH HIDKHBOTO O'ey Ta
notpebamMu oXopoHW JoBKULIL. Bomocxosuiia riapoenektpoctanniii (I'EC) B
3aJIEKHOCT1 B KOPUCHOTO OO0'€eMy MOXYTh PETyJIIOBaTH BUPOOITOK €Heprii y
1000BOMY, THXKHEBOMY, CE30HHOMY Ta OaraTopivHOMY pexumax. Pazom 3 TuM, SIKIIO
piK ManoBOJIHMI (3a3BUYall 3a PO3paxyHKOBUU OepyTh ManoBomHui pik 3 90-95%
3abesmneueHicTio), ' EC 3000B's13aH1 rapaHTyBaTH pO3paxyHKOBY Biiady eHEeprii, moo
BUKOHATHU CBOIO YACTKY Tpadika HaBaHTaXKEHb EHEPTOCUCTEMHU.

BonocxoBuiie, sike 3acTOCOBYETbCS IJisi JOOOBOTO PETYJIOBaHHS, J03BOJISE
NePEPO3NOAUIUTH MPUPOTHUHN T000BUM cTiK Boau. Lle HeoOXigHO 1ys1 3abe3rmeueHHs
HepiBHOMIpHOI pobotn ['EC 3 MeToro TMOKpUTTS MiKOBOI 4YacTUHHM rpadika
HaBaHTaXEHb.[3 ]

VY nepioau 3HMKEHHSI €IEKTPUYHUX HABAHTAKEHb B €HEPrOCUCTEMI Y BUXIIHI JHI,
IpU THXKHEBOMY PETYIIOBaHHI, MOTYKHICTh Ta BUPOOHUITBO enekTtpoeHeprii 'EC
3MEHINYIOTbCS. HEBUKOpUCTaHWN CTIK HAKOMHUYYETHCS Yy  BOJOCXOBHUIII 1
BUKOPUCTOBYETHCS Y POOOUI JTHI THXKHS, 110 cripusie 30ubmenHt0 enepropuaadi ['EC.

B yMoBax ce30HHOTO Ta 0araTOpi4YHOTO pPETYIIOBAHHS, B TEPiOA MaJOBOJIA,
BogocxoBumie ['EC 3abe3medye mTOKpHUTTS mMIKOBOI 4YacTWHU J000BOTO Tpadika
HaBaHTaXeHb. lle BimOyBaeThCs 3aBASKH TMPUPOJHOMY TPHUTOKY BOAH 1O
BOJOCXOBHIIA TPOTATOM JIOOM, a TaKOX BUKOPHCTAHHSIM KOPHCHOTO 00'eMy, SKUU
Oys10 moTnepeIHhO HAKOMTUYEHO Y BOJAOUMHUIIIL[3 ]

VY 4gac moBeHe, 33151 MAKCUMAJTLHOTO 3aJTy9eHHSI TIIPOCHEPTeTUIHUX PECYPCIB Ta
VHUKHEHHSI HEBUKOPUCTAHMX CKHUJIB BOJAM, 3a3Buyail Bci rigpoarperatu ['EC

Mpalol0Th HA MaKCHUMaJlbHIA MOTYXKHOCTI Oe3nepepBHO. Lle mo3Bonsie BUpOOIATH
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AKOMOra OLIblI€e eJIEKTPOEHePrii, YHUKHYBIIM MOTPEOH B JEHHOMY pEryJIIOBaHHI,
3abe3rneuyoun 0a3oBy CKJIaAoBy rpadiky HaBaHTaKEHb C€HEPrOCUCTEMU. 3aBISKU
LbOMY, JOCSTAa€ThCA 3arajbHa €KOHOMIS MajuBa, Xxo4a B 1eil mepioa neaxki TEC
BUMYIIEH! (PYHKI[IOHYBaTH B HEPIBHOMIPHOMY PEKMMi, OCOOJIMBO y MIKOBii YacTUHI
rpadiky.

Ha T'EC, mo Bo0JOMiIIOTH BOJAOCXOBHIIAMHU 31 3HAYHUM KOPUCHUM 00'eMOM,
JOIUIBHO  PO3TAlllOBYBaTH aBapiiiHUW pe3epB CUCTEMH 3 TPUBAIMM HYacOM
cupairoBanHg. Takoxx Ha ['EC mepenbaueHo po3MilllEHHS HaBaHTaXyBaJIbHOTO
pe3epBy CUCTEMU, HEOOXITHOT'O JJIS MIATPUMKH YACTOTH B EHEProCUCTEMAX.

Hanpuxnan, B OEC Ykpainu ['EC Iainposcbkoro kackany Ta JJnictpoBcbka 'EC
BUKOHYIOTH (DYHKI[itO aBapiifHOTO pe3epBy, MPOTE KOMIUICKCHE BHKOPHUCTAHHS IXHIX
BOJIOCXOBHIIl HakKJIajae nmesHi ooMexxkeHHst Ha pexxumu podotu 'EC sik pezepy OEC.
BinnoBigHo, iXHE 3acTOCyBaHHs B aBapiiHUX BHUMAJKaX MOE 3aBJIaTh 30UTKIB B
THITUX TaTy35X, 30KpeMa puOHOMY rOCIIOAapCTRI.

binbmicte  rigpoenekTpoctanmiii  (CEC) Takok BHKOPUCTOBYIOTh —PEXHM
CUHXPOHHOT'O KOMIIEHCATOpa JJI MPOAYKYBAHHS PEaKTHUBHOT MOTYKHOCTI.

OyHKITIOHYBaHHS 00’ €IHAHUX EHEProcUcTeM, Je 3HauyHa 1oyl Hanexkutb I EC,
3QJICKUTH BiJl PETYIIOBAHHS CTOKY BOJOMMHUII, a TAaKOX BiJ KOpeKIlii BUPOOHHIITBA
eleKTpoeHeprii mig yac criibHOi pobotm kackaniB 'EC y eneprocucremi depes
IPUPOHY HEPIBHOMIPHICTH CTOKY pik. CKaxiMo, y 3B'I3KY 3 aCHHXPOHHICTIO CTOKY
pidok AHrapa Ta €Hiceil, a Tak0X 4epe3 BIAMIHHOCTI B PETyISTOPHUX MOKITHBOCTSIX
BogocxoBui kackaaiB ['EC, po3ramoBaHux Ha IUX pidykax, MOAATKOBO OTPUMYIOTH
npuonm3Ho 500 MBt B O6’ennaniit eneprocuctemi Cubipy (Pocist), ne gactka I'EC €
JTOCHTBH BUCOKOIO Maike 50%.[3]

[NxpoenekTpocTaHIlii BUKOHYIOTh POJIb KJIIFOYOBOTO CHCTEMOTBOPYOTO €JIEMEHTA.
3BeICHHS] BEITUKHUX TIAPOCICKTPUYHUX KACKaJiB Ta BHCOKOBOJBTHUX JIHINA ISt
nepenadi iXHbOI MOTYKHOCTI YacTO CTaBajo OCHOBOIO (OpMyBaHHS 00'€mHaAHUX
CHEPTeTUYHNX CHUCTEM.

Po6ora TEC Bim3HauaeTbcsi BUCOKOK HAAIMHICTIO, BIPOTIAHICTh aBapliiHUX

CUTyallli Ha HUX CYTTEBO HI)KYA, HDK Ha TEIUIOBUX EJIEKTPOCTaHUIAX, A€ aBapii
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MOB'I3aH1 3 BHUKOPUCTAHHAM Yy TEXHOJOTIYHOMY MPOLEC] HAA3BUYAMHO BHCOKHX
TEMIIEpaTyp Ta TUCKIB, a TAKOX OUTBIIMMU 3allacaMy MajuBa Ta iH.[3]

1.3 PosnoBcroakeHi Ppi3HOBHAM CaMOPOOHHMX TiAPOEJEKTPOCTAHIIN A/
JOMOTr0CIIOIapCTB

Sk 3a3Havaniocs 3 pucynka 1.1 knacudikaiii rizpotypOiH B 3aJ€KHOCTI BiJl CBOET
OynoBu Ta crnoco0y GYHKIIIOHYBaHHS, PO3PI3HAIOTh JEKUIbKa 0a30BUX BHUJIIB
CaMOPOOHMX T1APOETEKTPOCTAHIIIH.

lipasnpa. KoHCTpyKilis BKIIOYAaE TPOC, HATATHYTUM BiJ OJAHOrO Oepera piuku 10
iHImoro. Ha nboMy Tpoci 3akpiruieHi poTopH, 0 00epTatOThCs Mijl BILIMBOM MOTOKY
Bonu. Lli poTopu, y CBOIO 4epry, IpUBOISTH Y PYX TPOC, OJMH KiHEIb SIKOTO 3'€THAHO
3 MIAMUAITHIKOM, a IHIIWN - 3 BaJIOM T€HepaTopa.

Boasine koJieco. KimtouoBuii enemeHT caMmopoOHOi Manoi rigpoenektpoctanilii. Ha
KOJIECi pO3TalllOBaHi JIOMATI, pO3MIllleHi EPIICHINKYISIPHO 0 BOIHOT MoBepxHi. Boga
TUCHE Ha I1i JIOTNaTl, BUKJIMKAIOYN 00epTaHHS KoJieca.

IIponenep. [neansuuii Bapiant 11 MiHi-I'EC, axio mupuHa piuuia nepesuirye 10
meTpiB. PoTop mpomenepa po3TamoByeThCs BepTHKaNIbHO. JlomaTi mpomenepa
HEBEJNIMKi, OJM3bKO 2 cM. SIKIIO MIBUAKICTh TEUii PIUYKM TEPEBHUIIYE 2 METPU Ha
CEKYHY, JIOLIBHO PO3IJISHYTH 1HIII PO3MIpH JIOTIATEH.

Potop Jdap’e. Lle BepTuKanbHUil pOTOp, KUK 00€PTAETHCS 32 PaXyHOK PI3HMII
THUCKY Ha MOro yionatsix.[4]

1.4 Bu6ip Ta nopiBHsiHHA riaporyp0in Ilonepeunoi Ta IlenTona

OmHUM 3 KIIFOYOBHUX €TaIliB Y pO3po0Ili MPOEKTY MOPTATUBHOI TAPOETEKTPOCTAHIIIT
JUIS. TOMOTOCIIOJapCTBa € BUOIp pizHOBUIY TypOiHM. CamMe BiJ IBOTO 3aJICKHTH
MPOYKTUBHICTh TEHEpAIlil eNeKTPOeHEePTii, HaMIHHICTh POOOTH CHCTEMH, MPOCTOTA
BUTOTOBJICHHSI Ta TeXHIYHOrOo oOciyroByBaHHs. Cepen OaraThox BHIIB TypOiH, fKi
BUKOPUCTOBYIOThCA B Manmx Ta Mikpo-I'EC, HaiOuIbIn mpugaTHUMU ISl YMOB
IHAWBIAYaTLHOTO JOMOTOCIIOAAPCTBA € TypOiHAa 3 TIONMEPEYHUM IMOTOKOM (TaKOXK
BimoMa sk TypOiHa banki abo banki-Mituemnna) ta Typ6iHa IlenTtona (kiBiioBa

TypOiHa).
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TypOina 3 monepe4yHUM MOTOKOM

Le#t pi3HOBUA TypOiHM Ma€e KOHCTPYKLIIO Yy BUIJIAI UAJIIHAPUYHOTO OapabaHa 3
jJonataMu BcepeauHl pucyHok 1.2. TloTik BoAM MpOXOOUTH yYepe3 poTop ABIYT —
CHEpIly 30BHI BCEpEAMHY, MOTIM 3CEpeAMHH HAa30BHI, WO JO3BOJSE Kpalle
BUKOPUCTOBYBATH €HEPrito MOTOKy. Taka TypOiHa qoOpe MiaXOauTh IS JKEpel 13
HEBEJUMKUM HAropoM (3a3Buuaii 10 10 MeTpiB) i BeMKOIO BUTPaTOIO BoAM. Ii mepesaru
- 1€ JIETKE BUTOTOBJIEHHS, 1 BIAHOCHO HU3bKa BAPTICTh, @ TAKOXK MOXIJIMBICTH PYYHOTO
30upaHHs 0e€3 CKJIaJHOro oOnanHaHHSA. BogHouac KOHCTPYKIlSE dYyTJIUBA JO
3acMiueHHs, Mae Ouibmi rabaputu Tta Hwkuuid KKJ 3a HempaBuibHOrO

BUTOTOBJICHHS.[6]

Pucynok 1.2 Typ6iHa 3 monepeyHuM MOTOKOM

TypOina IleaxTona

KiBmoBa Typ6ina IlenTtoHa, HaBImaku, po3paxoBaHa Ha POOOTY MPH BHCOKOMY
Haropi BOJM Ta Majid BUTpaTi. BoHa cKiamaeTrbcss 3 JOHWCKAa 3 KOBIIAMH, SIKi
PO3TaIIOBaHI IO KOy Ta MPUBOASTHCS B 00€pTaHHS BY3bKUM TOTYKHUM CTPYMEHEM
Boau 3 (opcyHku pucyHok 1.3. 3aBmsku ¢opmi KOBIIIB, TypOiHa e(EeKTUBHO
MEPETBOPIOE KIHETUYHY EHEPTil0 CTPYMEHsI y MEXaHIuHy, 3a0e3medyrour BUCOKUU
KK/I. Bona € ontuMansHUM BapiaHTOM JJIS TIPCHKUX PaiioHIB 200 cUCTEM, Jie¢ MOKHA
ctBopuTH Hamip moHaxa 10—15 metpis. [lonpu cknaaninry KOHCTPYKILitO, 1l mepeBaraMmu

€ KOMITaKTHICTh, €HEProe()EeKTUBHICTD 1 CTIHKICTh A0 3a0pyAHCHb.
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Pucynok 1.3 Typ6ina Ilentona

AprymenTartis BUOOpPY: 3 ypaXyBaHHSIM BHMOT JI0 TOPTaTUBHOCTI, aBTOHOMHOCTI Ta
e eKTUBHOT pOOOTH B YMOBaX 0OMEXEHOTO PECYPCY BOIH, JUIS IHOTO MIPOEKTY OOPAHO
TypOiny Ilentona. Takuil BUOIp 3yMOBICHUN MOMXJIHMBICTIO 3a0€3MEUUTH CTAOUIbHY
reHepalio eJIeKTPOSHEPT1l TPU HEBEIMKIN BUTPATI BOAH, IO OCOOJIMBO aKTyaIbHO JJIS
noOyToBux ymoB. KpiMm Toro, ii komMmakTHa KOHCTPYKIIisl Kpalie MHiAXOAWTH s
BCTAHOBJICHHS B YMOBaX 0OMEKEHOI0 IPOCTOPy abo 3MIHHOTO cepeaoBuina. TypOiHa
3 IOTIEPEYHUM TTOTOKOM TaK0X Ma€ MepeBaru, NpoTe notTpedye OUTBIIOT BUTPATH BOIU
Ta CKJIaJIHIIIA B peaizallii s MOOLTLHOTO 3aCTOCYBaHHS.[6]
1.5 Kpurepii BuOOpy onTuMaibHOro reseparopa ais Mini-I'EC

OmHUM 13 KITFOYOBUX KOMITIOHEHTIB Oyb-SKO1 IIpOEIEKTPOCTAHIII] € TeHEPATOP —
MPUCTPIi, M0 3MIHCHIOE TIEPETBOPEHHS MEXAaHIYHOI €Heprii 00epTaibHOTO PyXy B
CIEKTPUYHY CHEprito. Y  KOHTEKCTI NPOEKTYBaHHS Majioi  MOPTaTHUBHOI
T1IPOENIeKTPOCTAHIIIT ITIs1 IOMOTOCIIOIapCTBA BUOIp Ta aHAIII3 TUITY TeHEpaTOpa MaloTh
KPUTUYHO BaXKJIMBE 3HAYEHHS, OCKUIBKM caMe IIell eJeMEHT BH3HAuUa€ 3arajibHy
e(DEeKTUBHICTh CHUCTEMH CJICKTPOIIOCTAa4YaHHs, il HAIIAHICTP Ta  3JaTHICTH
3aJI0BOJIHUTH MMOTPEOH CIIOKMBAUIB.

YcTaHoBka Takoro TUMY (YHKIIOHYE B CieM(PIYHUX yMOBaX: 3MIHHA IIBUAKICTD
MOTOKY BOJIM, HEBEJIMKA BHCOTA HAMOPY, KOJMBAHHS HABAHTAKEHHS BiJl MOOYTOBHUX
npuiaaiB. ['enepaTop y 1bOMy KOHTEKCT1 Ma€ OyTH HE JIMIlIEe €eHEProePEeKTUBHUM, a i

aalTUBHUM JI0 3MIHM 30BHIIIHIX YMOB. Jlo TOro ’, y 3B'SI3Ky 3 NOPTaTUBHICTIO
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YCTAaHOBKH, BaXKJIMBUMHU CTalOTh KOMMAKTHICTh, MPOCTOTa OOCIYyroBYBaHHS 1

MOXJIMBICTh MOHTQXY 0€3 CHeliaabHOro o0aaaHaHHs. [7]

Field winding

Pole shoe

Shaft

<— Yoke or frame

Armature Commutator

conductors
Interpole

& wm

Pucynok 1.4 Crpykrypha cxema [JIIC

Tunu remepartopis, mo 3acTocoByOThCsl B Maaux 'EC

Ha mpakTtuiri B Maiii rigpoeHepreTuIli 3aCTOCOBYIOTh KiIbKa TUITIB TEHEPATOPIB,
AK1 MaIOTh SIK TIepeBaru, Tak 1 HeJOJIiKU. PO3riisHEMO OCHOBHI 3 HUX.

I'enepaTop nocriitnoro crpymy (DC):

Lle#i T reHepaTopa MMPOKO BUKOPUCTOBYETHCS B caMopoOHuX MiHi-I'EC
3aBSKH IIPOCTOTI KOHCTPYKITIT Ta 3IaTHOCTI MPAIFOBaTH Ha HU3BKUX 00epTax.
['omoBHa mepeBara — MOXIJIHMBICTH O€3MMOCEPEAHBOT 3aPSAIKH aKYMYJISTOPIB, 110 J1a€
3MOTY HAaKOIMYYBaTH €HEPTii0 1 BUKOPUCTOBYBATH ii B pa3i BIICYTHOCTI TOTOKY
Boau. Hemomikom € oOMekeHa MOTYKHICTh Ta HEOOXITHICTh 1HBEPTOpa IS
MEPETBOPEHHS HANPYTH B 3MIHHY, IPUAATHY ISl TOOYTOBHUX MPHUIIATIB.
CHHXPOHHMIA reHepaTop 3MIHHOT0 CTPYMY:

Ile renepaTop, 110 BUPOOJISIE eISKTPOSHEPTit0 31 CTA0LILHO YaCTOTOIO Ta
HAIPYTo¥0, 32 YMOBH IMATPUMKH IMOCTIHHOT MIBUAKOCTI o0epTanns. /s ctabinpHOT
po0OOTH Takoi CUCTEMH HEOOX1AHO a00 MaTH CTaOUTHPHUI BOJHUMN ITOTIK, 200
BUKOPUCTOBYBATH CUCTEMY aBTOMAaTUYHOTO PETYJIIOBAaHHS 00epTiB TypOiHH. Y
JIOMAIITHIX YMOBAaX 1€ YCKJIQIHIOE peati3allito, poTe TaKuil BapiaHT NpUAATHUMN IS

0e31mocepeTHbOr0 KUBJICHHS MOOYTOBUX MPUIIAIIB O€3 MPOMIXKHUX NEPETBOPEHb.
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ACHHXPOHHHMH reHepaTop:

3aCcTOCOBY€ETBHCA piIIe Yepe3 0COOIMBOCTI pOOOTH — MOTPEOYE 30BHIIIHBOTO
30y1KeHHS (HapUKIIad, MIKIIOUYEeHHs 10 HasBHOI Mepexi a00 BUKOPUCTaHHS
KOHJIeHcaTopHOi OaTtapei). [Ipote Mae 1o6py MeXaHIuYHY HAJIAHICTh 1 TPOCTY
KoHCTpyKIIito. B ymoBax nopratuHoi 'EC He € onTuManbHUM pillIeHHSIM, OCKUTBKU
noTpedye CKIIaHIIIO] MYCKOBOI CXeMu.[8]
Bumoru 1o reneparopa y ckiaaai mopratusHoi 'EC

OcCKUIbKM TIPOEKTOBaHAa yCTaHOBKA Mae 3abesmeuntu mpuOmm3zHo 1 kBT

€JIEKTPUYHOT OTYHOCT1, OCHOBHUMHU BUMOTaMU JI0 T€HEPaTOpa €:

HaniitHicTs y poOO0TI 32 HECTaOLILHOTO HABAHTAXKEHHS.

MoxnuBICTh pOOOTH Ha 3MIHHUX 00epTax TypOiHH.

KoMmakTHICTB 1 3py4YHICTb KPIMJIEHHS 0 TYpOIHH.

[IpunatHiCTh 10 3apSAAKUA AKYMYJISITOPHUX Oatapeit abo CyMICHICTB 3 IHBEPTOPOM.

VY xonTekcTi o6panoi TypOinu [lenToHa, sika mpairoe mpu 3HAYHOMY HaIopi 1 Moxe
3a0e3reuynTd CTabUThHI BHCOKI 00€pTH, JOPEYHHUM BUIILIAAE 3aCTOCYBAHHS
CUHXPOHHOT'O reHepaTopa.

OOupaTu KOHKPETHI THUIIM 1 MOJIeNIl TeHepaTopa OCTaTOYHO Oyjae 3AiMCHEHO Ha
HACTYITHOMY €Talll TPOEKTYBaHHS — TIIICIsA PO3paxyHKy oOepTaabHOi YacTUHH
TypOiHH.

1.6 Kpurepii Budopy inBepTopa

[HBEpTOp — 1I€ €NEKTPOHHUIN MpUIIad, KUl epeTBopioe nocTiuuii ctpym (DC),
0 HAJXOAUTH BiJ aKyMYJSTOPIB YU TeHEepaTopa MOCTIMHOTO CTpyMy, Ha 3MIHHUU
ctpym (AC), mpumaTHuil 11 3a0e3NedYeHHS JKUBJICHHS 3BHYAHHUX ITOOYTOBHX
npuiaaiB.. Y CHCTeMax aBTOHOMHOIO €HEpPro3ades3ledyeHHs, TakuxX fAK Mall
T1IPOENeKTPOCTAHIII1, IHBEPTOP € KIIFOYOBHM KOMIIOHEHTOM MIX JIPKEPEJIOM €HEPrii Ta
KIHIIEBHM CITOKHMBAaYEM.

Sxmo reHepatop BHUPOOISIE MOCTIHHUN CTpyM abo eneKkTpuka 30epiraeTbcs B
aKyMYJISITOpHUX OaTapesix, iHBepTop 3a0e3neuye HeOOX1HE IEPETBOPEHHS CTPYMY A0
napametpiB 220 B Ta 50 T'u — cranmapry, SKuid BUKOPHCTOBYETHCS y OUIBIIOCTI

moOyTOBUX Mepexk. TakiuM YMHOM, BiH J]Ja€ 3MOTY BUKOPUCTOBYBATH €JIEKTPOECHEPT1IO
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IUIsL OCBITJIEHHS, XOJOJMJIBHUKIB, HACOCIB, 3apsSAHUX MPHUCTPOiIB, KOMII IOTEPIB Ta
IHIIIOT TOMAIIHLOT TEXHIKH.
[HBepTOpU MOAUISAIOTHCS HA JIEKUIbKA TUITIB 32 (POPMOIO BUXIHOI HATIPYTHU:

[aBepTopH 3 MOAU(DIKOBAHOIO CHHYCOIOI0 — MAIOTh MPOCTIILY KOHCTPYKLIIO Ta
HUKYY BapTICTh, aje€ MOXYTb BHUKIMKATH 3001 B poOOTI JEAKUX YYTJIUBHUX
€JIEKTPOIPUIIA/IIB;

[HBepTOpH 3 TPAaBUIBHOI (YHCTOI) CHUHYCOINOI — 3a0e3MeuyroTh Hampyry,
MaKCUMaJIbHO HAOJMKEHY J0 TIET, 10 MOJAEThCS B HEHTPAII30BaHOI MEpexi, 1 €
HaWKpamuMu ajisi cTabuIbHOT pOOOTH OUTBIIOCTI MPUCTPOIB.

VY npoexTi Masioi TipOeNIeKTPOCTAHIlII IHBEPTOP BUKOHYE MOABIMHY (YHKIIIIO: 3
OJTHOTO OOKY, BiH J103BOJIsIE €)EKTUBHO BUKOPHUCTOBYBATH CHEPTi0, 1[0 HAKOITMYEHA B
aKyMyJsTOpaxX, a 3 IHIIOTO — BHUCTYMAa€ SK EJIEMEHT aBTOMAaTH3allii, KEpyK4u
NIepeMUKaHHSM JKepell )KUBIICHHS (HaIPHUKIIal, 3 TeHepaTopa Ha OaTtapero i HaBIaKu).

CyyacHi 1HBEPTOpPHM 4YaCTO OCHAIICHI BOYJOBaHMMH 3aXHUCTaMH  BIJ
NEPEBAaHTAXKEHHS, KOPOTKOTO 3aMHUKaHHs, IMEpPEerpiBy Ta HAAMIPHOTO PO3PALY
akymyssTopiB. Lle m03Bossie MIABUINUTH HAAIMHICTD Ta O€3MeKy poOOTH Bciel
CHUCTEMH, a TAKOXX MPOJIOBKUTH TEPMIH CITYKOHU €IEMEHTIB €HepronocTadyanHs.[9]
[HBEepTOp € HEBII’€EMHOIO CKJIAJOBOIO ABTOHOMHOI TiIPOCNEKTPOCTAHIIII, IO
3abe31euye TTOBHOI[IHHE BUKOPUCTAHHS BUPOOJICHOT eneKkTpoeHeprii B mooyrti. Came
3aB/ISIKA HOMY CTa€ MOXJIMBUM TEPETBOPEHHS MOCTIMHOTO CTPYMY, HAKOTTMUYEHOTO B
aKyMyJaTopax abo OTPMMAHOTO Bil reHepaTtopa, y 3MIHHHUMA CTPYM i3 MapaMeTpamu,
HEOOXITHUMU ISl )KUBJICHHS JOMAIITHIX €JIEKTPOIPUIA/IIB.

[TpaBunbpHUIT BUOIp iHBEpTOpa — 3a MOTYXHICTIO, TUIIOM BHUXIJTHOi HAampyru Ta
HASIBHICTIO CHCTEM 3aXHCTY — 3HAYHOIO MIpOIO0 BU3Ha4ya€e e€(eKTHBHICTh, OE3MEKy Ta
JIOBTOBIYHICTh POOOTH BCi€El E€HEProcUCTEMHU. Y TIOE€JHAHHI 3 TEHEpPaTopoM Ta
aKyMyJIaTOpaM# BiH (OpMy€e THYUYKY, HaAIMHY Ta 3py4HY y KOPUCTYBaHHI PE3EPBHY

CUCTCMY CJIICKTPOIIOCTAYaHHA I AOMOIOCIIoJapCTBa.
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1.7 AkymyaroBanus eneprii Big maaux-I'EC

AxymynsaropHa Oarapes Biairpa€e KIOYOBY pOJb y CHCTEM1 HAKONUYECHHS
eJEKTPOCHEPrii sl Malux TiApoenekTpocTaHiii. Bona no3Bosisie 30epiratu
HAJUIMILIKU €HEeprii, 10 BUPOOJISIOTECA T'€HEPATOPOM IiJ 4ac poOOTH CTaHIIii, Ta
3a0e3reuyBaTd JKUBJICHHS CIOXKHBA4iB TOJ1, KOJM BOJSHUM TOTIK 3MEHIIYETHCS,
TypOiHa NpUNHUHSIE POOOTY, a00 CIOXKUBAHHS €JIEKTPOCHEPrii MEPEeBUILYE MOTOYHE
BUPOOHUIITBO. 3aBiasiku 11boMy aBTOHOMHA ['EC 31aTHA (DyHKIIIOHYBAaTH CTA0LIbHIIIE
il edeKkTUBHIIIE, HABITH B YMOBAaX MIHJIMBOI IPUPOIH.

OcHoBHa 3ajaya aKymyjsiTopa — CIYXUTH OydepoM MK BUPOOHUITBOM Ta
CIIO’)KMBAaHHAM €JIEKTPOCHEprii. 3a BiACYTHOCTI COHIIA, BITPY UM BOJHOIO IOTOKY,
TUIBKA aKyMYJISITOp JIO3BOJIIE CHUCTEMI MPOJOBXKYBaTH MOJa4yy CTPYMY JO
HaBaHTaXEeHHA. [le 0coOMMBO KpUTHYHO It TOOYTOBHUX MOTpeO, /1€ HAIIWHICTH
€JICKTPOTIOCTAYaHHS € HAJ3BUYAIHO BaXKIIUBOIO.

JIist Manux TiApOeNeKTPOCTaHIId HaiyacTiie BUKOPUCTOBYIOTHCS CBHUHIIEBO-
kucioTHi (reneBi abo AGM) abo miTiii-ioHH1 akymynstopu. KokeH Tunm mMae cBoi
nepeBaru. CBUHIEBO-KHCIOTHI aKyMYJISITOPH  XapaKTePU3YIOThCS  JOCTYITHOIO
BapTICTIO, MPOCTOTOI0 B EKCIUTyaTallii Ta MepeBipeHoro HaiildHicTio. JIiTii-10HHI
aKyMYJISITOPH € JISTIIMMH, MalTh OUIBIIMN pecypc IUKIIB 3apsi-po3psjl, Kparry
E€HEePTrOEMHICTB 1 IIBU/IIIE 3apsKAIOTHCS, aJie IXHS BapTICTh BUIIA.

€MHICTh aKyMYJSTOPHOTO OJIOKY BH3HAYAETHCS 3 YypaxyBaHHSIM IIJIJAHOBAHOTO
HABaHTAXXEHHS Ta TPHUBAJIOCTI aBTOHOMHOI poOotn. HeoOximHo, mo0 Oarapes He
TUTHKY BUTPUMYBaJja KiJIbKa TOJMH aKTUBHOTO CIIOKMBAHHS €JIEKTPOCHEPTii, ale i He
po3psipKanacs HaATO TIMOOKO, M0 MOXKE CKOPOTHTH ii TepMiH ciayxOu. Tomy B
CUCTEMi, SK TIPaBHJIO, 3aCTOCOBYIOTHCS KOHTPOJIEPH 3apsly, SKI 3aXHINAIOTh
aKyMYJIATOD BiJ MEPEBAHTAKECHHSI, HAIMIPHOTO 3apsiay Ta TIIHO0KOTO po3psany.[10]

AxymynstopHa Oatapesi BCTAHOBIIOETBCS Y CyXOMY MPHUMIIIEHHI 200 KOpITyCi,
3aXUIICHOMY BiJ BOJIOTM Ta TEMIIEpaTypHUX KoJWBaHb. BoHa moBWHHA OyTH
JIETKOJIOCTYIHOK JJiT OOCITYyroByBaHHS Ta KOHTPOIIO cTaHy 3apsay. Kpim Toro,
BKJIMBO 3a0€3MEYUTH BEHTWISAIIIO (0COOJMBO ISl CBUHIIEBUX aKyMYJSTOPIB), 1100

YHUKHYTH HAKOMUYEHHS ra3iB Mij yac poOoTH.
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B zarampnii cTpykTypi aBTOHOMHOI ['EC, akyMynsTop BHKOHYE pOJb
cTabutizaTopa, JO3BOJSIIOYM  3rJIaJ)KyBaTh HEPIBHOMIPHOCTI y  BHUPOOHMIITBI
€JIEKTPOEHEPrii Ta rapaHTyBaTH HaA1iHE )KUBJIEHHS MOOYTOBUX MPUIIAIIB Y OyIb-IKUN
MOMEHT. Y B3a€MO/IIi 3 IHBEPTOPOM Ta TE€HEPATOPOM, BiH YTBOPIOE MOBHOI[IHHY
aBTOHOMHY CHUCTEMY PE3EPBHOTO YKUBJICHHS.

BucnoBku 10 po3ainy 1

Y nmepmiomy po3auri Oyiau  pO3TASHYTI KIHOYOBl €JIEMEHTH KOMITAKTHOI
NOPTAaTUBHOI TIAPOENEKTPOCTaHLli, sKi ¢GOpMyloTh 1i 0a30By CTPYKTypy Ta
BU3HAYAIOTh TMparne3aaTHicTb. OcobiuBa yBara Oyna 3ocepeikeHa Ha BHOOpI Ta
BJIACTUBOCTSIX TypOiHM — OCHOBHOTO KOMITOHEHTA, IO TIEPETBOPIOE €HEPTII0 TIOTOKY
BOJAM Ha MexaHiuHy eHeprito oOepranHs. [linbip onTumanmpHOrO THUMY TYpOIHU
rapanTye MaKCHMaJbHE BHKOPUCTAHHS TiJPOCHEPreTHYHOTO TMOTEHI[ATy 3
MIHIMaJbHUMHU BTPATAMHU.

Takox Oyno pO3MISAHYTO PI3HI TUMM TEHEPATOpPIB JJISI rec Taki SK: CHHXPOHHI,
ACHHXPOHH1 1 TeHepaToOpH IOCTIMHOTO CTpyMy. bByno MigKpecieHO BaKIUBICTh
BIJIMTOBIIHOCT] T€HEpaTOpa yMOBaM €KCIUTyaTallii Ta 0COOJMUBOCTSIM HaBaHTAKEHb Y
0OYTOBOMY CEKTOPI.

Otxe, BceOIUHUMA aHAII3 OCHOBHUX CKJIAJIOBUX MaJIOil T1IPOCIEKTPOCTAHIIIT 1a€ 3MOTY
CTBOPUTH e(EeKTUBHY, HAAINHY Ta 3py4HY y BUKOPHCTaHHI CHCTEMY aBTOHOMHOTO
€JIEKTPONOCTAYaHHA JIOMOTOCIIOIAPCTBA, sIKAa MOXKE YCIHIIIHO TPAIOBaTh Y

BiI[I[aJ'IeHI/IX 494 aBTOHOMHHX YMOBaAX.
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2 PO3PA3YHOK TA BUBIP OCHOBHUX EJEMEHTIB MAJIOI TEC

2.1. Bxigni xani aas po3podaenns mini-I'EC

Marna rigpoenexrpoctanilis (I'EC), mo npoekTyeTbcsi B poOOTI IpU3HAUCHA IS
3a0€3MEUeHHs]  €JEKTPUKOI  JIOMOTOCHOJapcTBa ab0  HEBEJIMKOro 00 €KTa,
PO3TAIIOBAHOTO B aBTOHOMHHUX YMOBAaX, 30KpeMa B TIpChbKiil MICIIEBOCTI 3 HASIBHUMH
BOJHMMHM MMOTOKaMU. [IopTaTUBHICTH CUCTEMHU JIO3BOJISIE il JIETKE TPAHCTIOPTYBAHHS Ta
IMIBUJKE PO3TOPTAaHHs, IO BKpalk BaXJIMBO [UIS MICIb, J€ IICHTpali3oBaHa
eJIeKTpoMepeka BiJICYTHS abo 11 MIAKIIOYEHHS €KOHOMIYHO HeBWTinHEe. Buxonsuu 3
IIUX 3araJIbHUX IiJICH, BU3HAYAOTHCSA HACTYIHI KIFOYOBI BUMOTH JI0 TPOEKTY, IO
CIIYTYIOTh OCHOBOIO JUISI TIOJAJIbIIIMX O0OYUCIICHb Ta KOHCTPYKTUBHUX PIllICHb:
Baxxana BuxigHa ejiekTpuuHa nmory:kHicTh (Pei): Cucrema mae Oyt CIpoMOKHA
reHepyBatu 1 kBt (a6o 1000 BT) crTaluibHOi enekTpu4HOi MNOTY>KHOCTi. Ils
MOTYXKHICTh € JOCTAaTHBOI JIJIsl KUBJIEHHSI 06a30BOT0 HA0Opy MOOYTOBHX MPHUIIAIiB,
TaKUX K OCBITJICHHS, 3apsIHI IPUCTPOI, HEBETUKI XOJOAMIBHUKH, HACOCH TOIIO, 1110
3abe3reuye MiHIMaJIbHI TOTPeOU TOMOTOCIIOIAPCTBA B aBTOHOMHUX YMOBAaX.
Jlxxepesio eHeprii: ['impaBiiyHa eHepris TIPChKOTO BOJHOIO MOTOKY. BuOip 1poro
JoKepena OOYMOBJICHHMH MOro BIJHOBIIOBAHICTIO, €KOJIOTIYHICTIO Ta BHCOKOIO
IIUTHHICTIO €HEPTii MOPIBHIHO 3 IHITUMU JKEpEJIaMU BiTHOBIFOBAHOI €HEPT'ii B yMOBax
ripchbKOi MICIIEBOCTI.
Po3paxynkosuii Hanip Bogu (H): 3 ornsany Ha TUTIOBI YMOBHU TiPCHKUX MOTOKIB,
JIe 4acCTO € 3HAa4HI Mepernagd BUCOT Ha BIMHOCHO KOPOTKUX JAUCTAHIIISAX, a TAKOXK JIJIS
3a0e3MedeHHs] ONTUMAaIbHUX TapaMeTpiB TypOiHu IlentoHa, po3paxyHKOBUN HaIip
BOAM BcTaHOBIeHO Ha piBHI 20 M. lleil Hamip m03BONISIE OTpUMATH HEOOXITHY
TiIpaBIiyHy TMOTYXKHICTh MPH PO3YMHINM 00’€MHIM BHUTpaTi BOAM, IO TMOJIETIIYE
BUMOTH JI0 BOJ03a0IpHUX CIIOPY/T Ta BOJOBOJTY.
Twun rigpaBaiunoi Typ6inu: BpaxoByroun po3paxyHnkoBuii Harip 20 M Ta XapaKkTepHi
JUTSl TIPCHKUX MOTOKIB TOMIPHI BUTPATU BOJU, oOupaeThes TypOina [lentona. Leit tun
TypOiH 11€ajTbHO MIAXOAUTH /111 BUCOKOHAMIPHUX YCTAHOBOK, 3a0€3M€Uy0YU BUCOKUM

KOe(ilI€EHT KOPUCHOT 111 Ta €pEKTUBHE BUKOPUCTAHHS €HEPTrii BOJHOTO CTPYMEHS.



24

Tun enexTpuuHoro reneparopa: /[ 3a0e3neyeHHs] MaKCUMaJIbHOT €(PEKTUBHOCTI,
HAJIHOCTI Ta MOMKJIMBOCTI MNpsAMOro mnpuBoay (0e3 peaykropa) oOHpaeThecs
Tpu(a3HUil CUHXPOHHUHN reHepaTop 3 mnocTiHumu MarHitamu (PMSG). Leit tun
reHeparopiB xapakrepusyerbcst BucokMM KKJI HaBiTh Ha HU3bKMX o0epTax,
BIICYTHICTIO IIITKOBOTO BYy3ia ([0 3MeHIIye MOTpeOy B 0OCIyroByBaHH1) Ta
KOMIaKTHICTIO.

Buxigna wampyra Ta tEm crpymy: CucreMa MOBHHHA TC€HEPYBAaTH IOCTIHHUN
cTpyM Hampyroro 48 B mins edektuBHOI 3apsaku akymyiasTopHux Oarapeit. Ilicis
aKyMYJIATOPIB, JJIs KMBJICHHS CTaHJAPTHUX MOOYTOBUX MPHIIAJIB, TEpPea0adacThCsl
NEPETBOPEHHS MOCTIHHOTO cTpyMy Ha 3MiHHUK cTpym 220 B, 50 't 3a gomomorozo
IHBEpTOpA 3 YUCTOI CHHYCOINOIO.

EHneprone3anekHicThb: Cucrema MOBUHHA 3abe3reuyBaTu aBTOHOMHE
CJICKTPOIIOCTAYaHHs, M0 IMepeadavae iHTErpalifo aKyMyJIsaTOpHOi Oarapei Ta
BIJIMOBIIHUX TIEPETBOPIOBAYIB (BUIPSIMIISAUA Ta IHBEPTOPA) JJIsI HAKOTMYCHHS €HEPrii
Ta 3a0e3MeueHHs CTa0UIHLHOTO JKUBJICHHS CTIOKUBAYIB  HABITh y nepioau
HECTaOUTbHOT BUTPATH BOJIM 200 MIKOBUX HABAHTAKEHbD.

IopraTuBHicT, KOHCTPYKHii: 3aranpbHa KoHCTpykuiss ['EC moBuHHa OyTn
MaKCHUMAaJIbHO KOMITAKTHOIO Ta MaTH MOJIYIJIbHY CTPYKTYpY, IO JO3BOJHTH ii
TPAHCIIOPTYBAHHS Ta IIBHIKE PO3TOPTaHHS 0e€3 3aydeHHs Ba)KKOi CIeIiali30BaHOl
TexHIKM. Maca OKpeMHX KOMIIOHEHTIB Ma€ OyTH po3paxoBaHa 3 YypaxyBaHHSIM
MO>KJIMBOCTI iX TIEpEHEeCEeHHS IBOMa-TphoMa ocobamu.[11]

2.2. Po3paxyHOK OCHOBHHX NapaMeTPiB riIpoeHePreTUYHOI YCTAHOBKHU

Po3paxyHok mapaMmeTpiB CUCTEMU € KPUTHYHO BAKJIIUBUM [l BU3HAYEHHS il
TEXHIYHOI JKUTTE3IATHOCTI, CEKOHOMIYHOI JOIILHOCTI Ta edeKTUBHOCTI. Bci
po3paxyHku 0a3yroThCsi Ha (yHIAMEHTAIBHUX 3aKOHaX 30€pEeKeHHS eHeprii Ta
BPaxoOBYIOTh KOE(IIIEHTH KOPUCHOI Aiil KOXKHOTO enemMeHTa cuctemu. lle mo3moise
MEPEUTH BiJl TCOPETUIHUX BUMOT JI0 KOHKPETHUX YMCIOBUX 3HaU€Hb, HEOOX1THUX JIJISI

IIPOEKTYBAHHA Ta BUTOTOBJICHHA KOMIIOHEHTIB.
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BuznaueHHs HeOOXiAHOI riAPaBIIYHOI OTYKHOCTI

[lepimnm KpOKOM y pO3paxyHKax € BU3HAYECHHs TAPaBIIUYHOT OTY>KHOCT1 TOTOKY
BOJM, sIKa HEOOXIJHA JIJIs 3a0e3MeyueHHs 33aH01 BUXIHOI €JIEKTPUYHOI MOTY>KHOCTI,
BPaxOBYIOUM EHEPreTHUYHI BTPATH B CHCTEMI. 3arajbHa €(EKTUBHICTH CUCTEMHU
3anexuTh Bi KKJI renepaTtopa Ta rigpaBiiyHoi TypOIHU.
Bxigni gaHi 1151 o0uKc/IeHHSA:

- Hamip Bogu (H): 20m (Bu3HAYaeThCAd PI3HUILECID BHUCOT MDK TOYKOIO
B0/103a00py Ta MICIEM PO3TalllyBaHHS TYpOiHH).

- baxana Buxigna egexkrTpuuna mnory:xkHictb (Pex): 1000 Br (uizsoBa
HNOTYXXHICTh, IKY Ma€ BUJaBaTH CUCTEMA).

. T'ycruna Boam (p): 1000 xr/m® (cTangapTHa rycTMHA BOAM NPU HOPMAIBHHX
YMOBAaXx).

- Ilpuckopenns BiabHOro maginns (g): 9.81 m/c? (cTaHgapTHE 3HAYECHHS).

- 3araapnHmii koedimieHT KopucHoi aii cucremm (n3ar): lleii xoedimieHT
BiJIoOpakae e(heKTUBHICTH MEPETBOPEHHS TiAPABIIYHOI €HEPTii B €ICKTPUUHY
EHEeprilo Ha BUXOI 3 1HBepTOpa. BiH BpaxoBye BTpaTu B TypOiHi, T€HEpATOPI,
CHUCTEeMI TMepenadi MOMEHTY (SIKIIO €), BUIPSAMIIAYI, KOHTPOJEpl 3apsuay,
aKyMyJsiTopax Ta iHBepTopi. JlJIsi MaluX TiIpOCHEPreTUYHUX YCTAaHOBOK 3
ONTHUMI30BAaHUMHU KOMIIOHEHTAMH Ta IPSIMUM MIPUBOIOM, PEATICTHYHE 3HAUCHHS

n3ar npuiimaeTses B miama3oni 0.6—0.7. s qaHOTO MPOEKTY MPUKEMAEMO M)3ar

=0.65 (65%).

1.0O64uncieHHs MOBHOI TiApaBiiaHOl moTyxHOCTI (P riap):
INigpaBimiyHa TOTYXXHICTh — II€ TMOTEHIIIMHA IMOTYXHICTh BOJHOTO TIOTOKY,
JOCTYITHA JIJIs IEPETBOPEHHS B MEXaHIuHy poOOTy TypOinu. BoHa € BXiTHOIO €HEepri€to

JUTSI BCIET CICTEMH TOMY po3paxoByeMo[ 12]:

Pen

Pryps = Noar

(2.1)
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[TigcTaBasgro4Yy YUCIIOB1 3HAUYEHHS

1000
Pryps = —— = 153846 Br

2.3 Po3paxyHOK BUTPAaTH BOIU

[NppaBiiuHa MOTYXHICTH BOJHOTO MOTOKY (Priyp) MpAMO 3a5€XKUTh BiJ KUTBKOCTI
BOJIH, IO TIPOTIKa€e yepe3 TypOiHy 3a OJUHUIIIO Yacy (00'eMHa BUTpaTa), a TAKOXK BiJl
BUCOTH MaJIIHHA BOAM (HAMOpPy) OCHOBHI XapaKTEPUCTUKHU HaBeleHl B Tabmuui 2.1.
dyHnameHTangbHa (Gopmylia i po3paxyHKY T1IPaBIIYHOI MOTYKHOCTI Ma€ BUTJIS

(13):
Pri,qp:p'g'Q'H (22)

3 miei popmynu BUpakaemMo 00’ eMHy BUTpaty Q:

— Pri/:Lp
p-g-H (2:3)

Q

[Tizcrapmsiroun po3paxoBaHy TiIpaBIIivHY MOTY>KHICTH Ta 3a7aHl YMOBU:

1538.46

Q =————=10.00784 Mm%/c
1000-9.81-20

Jist  OUTbIl  HAOYHOTO TIPEACTABICHHS 00'€eMHOI BUTpaTH, SKa dYacTo
BUKOPUCTOBYEThCS B MpakTU4HUX oIiHkax manux ['EC, mepeBememo ii B miTpu 3a

cexyHJy, 3Hatoun, mo 1 m>=1000

Q=0.00784-1000=7.84 n/c



27

Takum umHOM, 1 3a0e3nedeHHs (yHkuioHyBaHHs MiHI-I'EC 3 BuUXiIHOIO
notyxHicTio 1 kBt mpu namopi 20 merpiB, HeoOxigHa 00'eMHa BUTpaTa BOAU B
ripChKOMY MOTOIIl CTAHOBUTH MPUOIN3HO 7.84 Jj1/Cc miTpiB 3a cekyHay. Lleit mapametp €
KPUTUYHO BaXXJIMBUM IpU BUOOPi1 Micus posramryBaHHs 'EC, ockiibku BiH BU3HAYa€
MIHIMaJIbHO HEOOXITHUH AeOIT MOTOKY, SIKUW Ma€ OyTH CTaOUIBHUM IPOTATOM BChOTO
nepiojly ekcruiyaTanii ycTaHoBkd. Ha erami npakTU4HOi peamnizamii HPOEKTY
000B'13K0BO HEOOX1JTHO MPOBECTH JI€TATbHI TAPOIOriYH1 BUMIPIOBAHHS BUTPATH BOJU
B 00paHOMYy MOTOLI JUIsl MIATBEPIKEHHS HOro BIANOBIAHOCTI PO3PaXyHKOBUM
3HAYCHHSIM.

2.4 PospaxyHok napametpiB TypOinu Ilearona

Typ6ina IlenTona, sk iMmyJabCcHa TypOiHA, NMEPETBOPIOE KIHETUYHY EHEPTiro
BOJISTHOTO CTPYMEHSI Y MEXaHIYHY eHeprito ooepTanHs Bany. [ns edhexkTuBHOT poboTH
HEOOX1IHO po3paxyBaTH ii KJIFOUOBI I€OMETPUYHI Ta KIHEMATH4YHI MapaMmeTpH, sKi
3a0e31euytoTh €()eKTUBHY B3a€EMOJIII0 MK CTPYMEHEM BOJIM Ta KOBIIaMU poOOYOTo
KoJieca.

BusHauyeHHs IIBUAKOCTI CTPyMeEHsI BOAH

[IBuaKicTh, 3 SIKOIO BOJA BUTIKAaE 13 comia Ta 0'e B JomaTku TypOiHu (v1) 1mo
BUTIKa€ 3 coIvia 1 BAApseThcs 00 KoBIIl poOoYoro koisieca TypOiHH, € OCHOBHUM
IIOKa3HUKOM, III0 BHU3HAYA€ KIHETUYHY CHEPrio, sika Oyne rnepemaHa TypOiHi. BoHa
00UYHCITIOETHCS HAa OCHOBI 3akoHY Toppiuesur, ajge 3 IMONMpPaBKOK Ha Koe(ilieHT

IIBUIKOCTI COILIA, 110 BPaxoBYe TiapaBiiuni BTpatu[ 14]:

vy =C,"2-g-H (2.4)

Ile
C,— koedimieHT mBUAKOCTI comia. BpaxoBye BTpaTu eHeprii Ha TepTs Ta
TypOyJIeHTHICTh Yy coruti. {711 moOpe CrpO€eKTOBAHUX COTEN MOTO 3HAYCHHS 3a3BUYAM
ctaHoBUTh 0.96—0.99. ITpuiimaemo 0.98
J — IPUCKOPEHHs BiabHOro nafinus (9.81 m/c?).

H — rigpasniuauii Hanip (10 m).
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[TigcraBiasirouy 3HAYECHHA:

v; =0.98-v2-9.81-10 = 19.41 m/c

TakuM 4MHOM, IIBUJKICTH CTPYMEHS BOJHM, 1110 BUTIKAE 3 cOILIa 1 OyJe NpUBOJUTH B
pyx TypOiHy, cranoBUTUME Oim3bko 19.41 m/c.
Po3paxyHok aiamerpa comjia

Hiametp comia (d) € KpUTHMYHUM KOHCTPYKTMBHUM MapamMeTpoOM, OCKUIbKU
0e3rmocepe/IHbO BIUIMBAE HA po3Mip 1 GOpMY CTpyYMEHS BOJM, SIKUA KOHTAKTye 3
TypOI1HOIO.

dopmyna s OOUMCIEHHS JlamMeTpa CoIJla BHUBOJAMTHCS 3  PIBHSHHS

HeHepepBHOCTi IMOTOKY:

Q=A-v (2.5)

1e A — 012 nonepeyHoro nepepizy CTpyMeHs, sika JJis KpyTioTro COIia CTAaHOBUTD

A=TE (2.6)
[lincTaBuBIIH 11€ y TIOTIEPETHE PIBHSIHHS:
m-d?
== "
3BifICH, BUPA3UBIIHN JiaMeTp coria d:
d= |22 2.7)

T['vl
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Berapnsroun  pospaxoBany o0'emny Butpary Boam (Q=0.00784 mM%c) Ta

mBUAKICTH cTpyMens (v1 =19.41 m/c):

d= /M = 0.02267 M
17-19.41

[lepeBoAMMO B MUTIMETPH JJIs1 3pYHYHOCTI:
d=22.67 mm

TakuMm unHOM, JlaMeTp BUXITHOTO OTBOPY COIIa MOBUHEH OyTH MPUOIN3HO 22.67
MmM. [e 3a6e3neunTs PopMyBaHHS CTPYMEHS HEOOX1THOTO pO3MIPY IS Tepeiadl BCiel
HasiBHOI eHeprii TypOini. KoHcTpykilig cora mae OyTH Takoto, 100 3abe3neuyBaTi
MaKCUMAaJIbHO JIaMiHApHUM (0e3 TypOyJIeHTHHI) MOTIK BOAM, III0 BUMArae peTesbHO1
MOJIIPOBKH BHYTPIIITHBOI ITOBEPXHI Ta IJIABHOT KOHIYHOT (hOpMHU.
2.5 Po3paxyHOK ONTHMAJILHOI TPAHWYHOI IIBMJAKOCTI KOBIIIB TAa 4YacTOTH
o0epTaHHs TypOiHH

OnrTuMalibHa TPaHWYHA MBHAKICTh KOBIIIB (Uy;y) BU3HAYAE IIBUIKICTD, 3 KOO
KOBIII1 IOBUHHI pyXaTHUCh, 1100 Halie(peKTUBHIIIE IEPETBOPIOBATH KIHETHUHY €HEPT1I0
MOTOKY BOJIM HA MEXaHIYHY €HEeprito, 0 IPUBOIUTH Kojieco B ooepTanHs. [ TypOiH
[lenTona € meBHHMIA KOEQIIIEHT, IO TMOB'I3yE€ MBHUAKICTH KOBIIA 31 IIBUIKICTIO
CTpYMEHS BOJM.

Koedimient mBuakocTi (k,): Llei koedimieHT moka3ye BIAHOIMICHHS ONTUMAIBHOT
nepudepiiftHOl MBUAKOCTI KOBIIIB O IIBUAKOCTI caMoro ctpyMmens Boam[15]. Jlms
Typ6in [lentona k., sk mpaBmiio, komuBaeThes B Mexax Bin 0.45 go 0.5. [Ipuitmaemo

k. = 0.48.
Uopr = Ku* V1 (2.8)

[TincraBisiemo po3paxoBaHy MBUIKICTb CTPYMEHS
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Ugrr = 048 -19.41 = 9.317 m/c

Buznauenns xiamerpa pododoro koseca typoinm (D):

HiameTp pobodoro kosneca € OJHUM 3 HaWBAXKIUBIIIUX KOHCTPYKTUBHHX
€JIEeMEHTIB TYpOIHU, OCKUIbKA O€3MOCEepeIHhO BIUIMBAE HA YAaCTOTY OOEpTaHHS
TypOiHu. [ns TypOin Ilentona icHye onThMalibHE CHIBBIIHOIIEHHS JllaMeTpa KoJieca
(D) no niametpa crpymens (d), 110 3a3Buyaii JIeKUTh B AlanazoHi 8—15.

BpaxoByrouu po3paxoBaHuil giameTp ctpyMmenst d=22.67 mm, MU MOKeMO 00paTu
JiaMeTp KoJjieca, 110 3a0e3MeUnTh ONTUMANIbHI 00epTH 1711 €()eKTUBHOTO Y3TO/KEHHS

3 CJICKTPUYHUM I'CHCPATOPOM.

[Tpuitmemo niametp podouoro koneca D=0.3 m (300 mm).

ITepesipsiemo criBBigHOmMEHHs D/d:

b_300 _ 1393
d 22.67

Ile 3HayeHHS BXOAUTh B PCKOMCHIOBAHUH Jialla30H, IO ITATBEPKYE
OOTpYHTOBaHICTh BUOOPY PO3MIpIB.
Po3paxyHok yactoru o6epranns Typoinm (N):

YacTtora obepTanHs poOOUYOTo Kojieca Mae BUPIIIAIbHE 3HAYCHHS, OCKLIBKH Mae
OyTH y3roJKeHa 3 HOMIHAJIBbHOIO IIBUIKICTIO 00€pTaHHS €IEKTPUYHOTO TeHEepaTopa
JUISL JOCSTHEHHS MAaKCUMAJIbHOT €PEKTUBHOCTI Ta MiHIMI3aIlii TOTPeOH B PeayKTOPI.

Yacrora obepranns N (B o0epTax 3a XBUIMHY) PO3PaXOBYETHCS 32 (POPMYIIOIO:

N:% - 60 (2.9)
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e
Uopt — ONITUMAJIbHA MI'PAHWYHA MBUAKICTH KOBIIIB (9.317 M/c).
D — niametp poboyoro kozeca (0.3 m).
MHoxHUK 60 — 171 iepeBeieHHs 00epTIB 3a CEKYHY B 00€pTH 3a XBUJIMHY.

[TigcTaBiasieMo 0OUYHMCIIEH] 3HAYCHHS

N=>2. 60 = 593.1 06/xB
0.3

OKpyTII0EMO 10 HAHOIMIKYOTO TPAKTUIHOTO 3HAYCHHS:
N=593 00/xB

Taxum unnom, Typ6iHa [lenTona 3 o6panumu napamerpamu (D = 0.3 M) moBuHHA
obepratvcst 31 MBUAKICTIO NpUOIU3HO 593 00epTiB 32 XBWIMHY [IJIs1 JTOCATHEHHSI
po3paxynkoBoro KKJI[. Ile 3HaueHHS € KIIOYOBHM [Jis TOAAQIBIIOT0 BHOOPY
reHeparopa.

BuzHaueHHs KIIBKOCTI KOBIIIB

Bipae unciio nonatok (Z) Ha pobouomy kojieci TypOinu [lentona HeoOXimHe s
3abe3reueHHs Oe3nepebiftHOro Ta e(PeKTUBHOTO TMEPEeXOIICHHS CTPYMEHS BOIH, a
TaKOX YHUKHEHHS 3aiiBOro omopy. SIKIO JOMaToK Mayio, YaCTHHA CTPYMEHS MOXKE
MPOWTH TIOB3 poOOYEe KOJIECO, HE BiAAaBIIM eHeprito. Skmio ix GaraTto, JIOMaTKH
MO>XXYTbh CTBOPIOBATH TIPABIIYHHM OMIp Ta HETATUBHO BILTUBATU HA CTPYMiHb, 1110 III€
HE JOCATHYB HACTymHOI jomnatku. s mammx TypOiH IlentoHa BHUKOPUCTOBYIOTH
eMmipuaHy GopMyIy JJIsi OOYHCICHHS OPIEHTOBHOI KUTBKOCTI JIOMATOK, BPAXOBYIOUH

CIIBBITHOIIICHHS JIlaMETPiB Kojieca Ta cTpymeHsi[ 16]:

- D
Z=15 + - (2.10)
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[TincraBnsiemo oOYuUCIIEHI 3HA4YE€HHS JiaMeTrpa pobdouoro kojseca (D=0.3 m) ta

niametpa ctpymens (d=0.02267 m):

Z=15+ —2 _ —21.616
2:0.2267

OCKUIBKM KUIBKICTh KOBIIIIB MOX€ OYTH JHIIE LUIAM YHCIOM, OKPYTJISEMO
3HAYECHHS JI0 HAHOIMKUOTO LUJIOTO:

7~22 xoBIIl

Taxum ynHOM, pob0oue Koseco TypOinu [lentona Mae Matu 22 KOBIII, PO3MIIIIEHUX
PIBHOMIPHO T10 TIEPUMETPY.

BuznaueHHs po3MipiB KOBIIIB

KpiM KiIbKOCTI, BU3HAYAIBHUMH € 1 TEOMETPUYHI PO3MIPH KOXKHOTO KOBIIIA, SIKi
Oe3rocepeIHbO BIUIMBAIOTh Ha €(DEKTUBHICTD MIEPETBOPEHHS eHeprii cTrpyMmens. Kosiri
MYCSTh OyTH JIOCTAaTHHO IIMPOKUMHU M TIUOOKMMH, abM LIIKOBUTO 3aXOILTIOBATU
CTPYMiHb BOAM, €(PEKTHUBHO BIAXWJIATH MOT0 Ta MIHIMI3yBaTH BTPATH MPU BIITOKY.
Po3mipu KOBIIIB TpaAMIIHO BU3HAYAIOTHCS K KpaTHI JiaMeTpy cTpymens (d).

[Mupuna xorma (B): Lle po3Mip KoBIIa y HANPSIMKY, IEPIEHIUKYIIPHOMY 10 OCi
oOepTaHHs Ta HANPSMY CTpyMEHsl. 3a3BUYail MpUHA KOBIIA TPUHMAETHCS B Jiana3oH1
Bim 3 nmo 5 miamerpiB cTpymeHs. IS IIbOTO MPOEKTY, 3 OTIIAAY Ha TOTpeOy

e(eKTHUBHOTO 3aXOIJICHHS CTPYMEHS, 00MpaeMo KoedillieHT 4:

B=4-d (2.11)

[TincraBmsiemo po3paxoBanuii giametp ctpyMmens (d=22.67 mm):

B=4-22.67=91 mm
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I'mubuna xoBma (L): Ile po3mip koBIIa y HampsIMKy, MapajeibHOMY JI0 OCi
oOepranHs. SIK mpaBwio, rIMOMHA KOBIIA MpUHMaeTbesl B Aiana3oHi Bifg 2.5 go 4

niameTpiB cTpymeHs. s po3paxyHKy oOupaeMo koediieHt 3:

L=3d (2.12)

[TincraBnsieMmo po3paxoBaHHil JlaMeTp CTPYMEHS:

L=3-22.67=68 mm

KpiM niHiiiHUX po3MipiB, KPUTHUYHUM € Tpodinp KoBma. KokeH KiBII Mae
IEHTPATbHUN po3ciKau (CIUIITTEp), M0 JAUIMTH CTPYMiHb BOJM Ha JIBI CUMETPHUYHI
YaCTHHHM, HAIIPABJISAIOYH 1X B3J0BK BHYTPIIIHIX TOBEPXOHB KOBIIA. BakinBo, abu KyT
BIIXWUJICHHSI CTPYMEHS B KOBIIl OyB skomora OmmkuuMm 10 180 rpamycis, ane Ha
npakTUIll BiH ckiagae 165-170 rpanycis. Lle no3Bossie 3a0e3neuntu Maike MOBHY
nepenavyy iMIysibCcy cTpyMeHsa kojecy. Kyt Binxusnenns menmie 180 rpamyciB Takox
3armobirae 3BOPOTHOMY yJapy BOAM MO HACTYIMHOMY KOBIIY, IO MOK€ BHKJIMKATH
BTpaTd Ta BiOparii. TouyHICTP BHUTOTOBICHHS (OPMH KOBIIIB, iX TIJIAJKICTh Ta
CUMETPUYHICTh € BU3HAYAJbHUMU (AKTOpaMH JUIsl JOCSTHEHHS BHCOKOTO
rigpasmiuaoro KKJI Typ6inmu.

2.6 Bubip marepianiB Ta KOHCTPYKIii po60o4oro kosieca Typoinu Ilearona

Bubip MarepianiB 3Ba)kaloud Ha IHTEHCHBHMI BIJTUB CTPYMEHS BOJH, BHCOKI
MIBUAKOCTI oOepTaHHs, Oe3mepepBHI yJapHI HaBaHTAXXCHHS Ta MOKJIUBUU
rinpoabpa3uBHUI 3HOC (OCOOIMBO SIKIO BOJIA MA€E 3aBUCI1 YACTUHKH), poO0OUYE KOJIECO
Typ6inu IlentoHa moTpeOye 3acTOCyBaHHS MarepiayiB 3 BUHSITKOBOI MIITHICTIO,
3HOCOCTIMKICTIO Ta KOPO31MHOIO CTIMKICTIO.

Marepianu:

Hepxagitoua cranb: CrmaBu tumy AISI 304 a6o, kpame, AISI 316L (mns

MIJBUIIIEHOT KOPO31iHOI CTIMKOCTI B arp€CHMBHHUX CEpeIOBHINAX) Oyae HaWKpalium

BuOOpoM. BoHu 3abe3rneuyioTb BHUCOKY CTIMKICTh J10 KaBiTaili (YTBOPEHHS Ta
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pyiiHyBaHHs OyJnb0alIoK y piAMH1), KOpo3ii Ta epo3ii, a TAKOK BOJIOAIIOTh JOCTaTHBOIO
MEXaHIYHOO MIIHICTIO JUIsl BATPUMYBAHHS JUHAMIYHMX HAaBaHTAKEHb.

bpon3a a0o BucOKOMILHI JaTyHl: MOXYTbh 3aCTOCOBYBATHUCS JJISI MEHIIUX
MOTYXHOCTeH abo y crnenu@iyHuX YMOBax, /i€ iX aHTUKOPO31iHI BJIACTUBOCTI Ta
JIETKICTh 00poOKH € mpioputetoM. OHAK, X MEXaHIYHA MIITHICTh Ta 3HOCOCTIUKICTh
MOXXYTb OyTH HHKYMMU TOPIBHIHO 3 HEPHKABIIOYOIO CTAILIIO.

Koncrpyxkiis:

MomnouiTHa BigiuBka a00 MexaHiuHa oOpoOka 3 muibHOro Immatka: I[le
HaWKpamuili BapiaHT 3 TOYKH 30pYy MIIIHOCTI, TOYHOCTI reoMeTpii Ta OaraHCyBaHHS.
PobGoue koieco 3 KOBIIAMH BUTOTOBIISIETHCS SIK €IWHA IHTErpoBaHa aeranb. Lle
MIHIMI3y€ PHU3MK BIJPHUBY KOBIIIB (110 MOXE OyTH KaTacTpopiyHUM Ha BEIMKUX
obeprax) Ta 3a0e3nedye BHUCOKY TOUHICTh MPOQIII0 KOBIIIB, IO € KIOYOBUM JJIs
nocsiruenns makcumanbHoro KKJI ta BimcyTHOCTI BiOpalii.

36ipHa KOHCTpYKITisa: OKpeMi KOBIII MOXKYTh OyTH MPUKPITIIEH] 10 000/1a KoJieca
3a JOITOMOT 010 OOJITIB, 3aKJICTIOK a00 3BaproBaHHs. Llei MeTo1 MoXke OyTH MPOCTIIIUM
y BHUTOTOBJICHHI Ta 3aMiHI OKPEMHX TOIIKO/DKEHUX KOBIIIB, aje mnoTpedye
HAJ3BUYANHO HAJIMHOTO KpIIUICHHS Ta BHUCOKOI TOYHOCTI TpPH CKJIAJaHHI IS
30epekeHHs OajlaHCy KoJieca Ta yHUKHEHHs BiOparii. Jlis moryxkHocti 1 kBT Ta
BHUMOT JI0 HATIHHOCT1, MOHOJIITHA KOHCTPYKIIIA € Kparior.[17]

bamancyBanus: Ilicms BUroTOBNIEHHS poOOYEe KoJiecO OOOB'I3KOBO ITOBHHHO
MPOWUTH CTaTHYHE Ta JuHAMiyHe OanaHcyBaHHS. lle KpUTHYHO BaXKIUBO IS
YHUKHEHHS BiOpalliii mij 9ac poO0TH, SKi MOXKYTh MPU3BECTH JI0 MPUCKOPEHOTO 3HOCY
IIITUITHAKIB, TIONTKOKEHHS BaTy Ta 1HIINX €JIEMEHTIB CHCTEMH.

2.7 Bubip koHCTpYKUII Kopnycy TypOoiHu

Kopnyc typOinn IlenToHa € 3axMCHMM €IE€MEHTOM, IIO0 BUKOHY€E JEKiJIbKa
BAXKIIMBUX (PYHKIIM, sIK MokazaHo Ha Pucynky 2.1: BiH BMillye poOode KOJeco,
HaIpaBisie CTPYMiHb BOJHU, 3amobirae po3Opu3KyBaHHIO BOAM IIiJ Yac poOOTH Ta
3abe3reuye Oe3neyHe BiJIBeJICHHS BIAMPAIlbOBAHOT BOIU.

Marepian: Kopnyc Oyzie BUrOTOBISITUCS 31 3BapHOi cTalli a00 yaByHy. Marepian

MOBUHEH OyTH JIOCUTh MILHHUM, 00 BUTPUMYBATH BHYTPIIIHIA THUCK (SIKIIO L€
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3aKpPUTOrO THUIY) Ta 30BHIIIHI HAaBAHTAXKEHHS, a TaKOX MaTu A00py KOpO3iiHY
CTiikicTh. [Ins TpuBanmoi ekcIulyatamii pEeKOMEHIYETbCS BUKOPUCTOBYBATH
KOPO31MHOCTIMKI MOKPUTTS a00 HEP:KaBIIOYY CTajb JJIsl BHYTPILIHIX TOBEPXOHb.
Oco06IMBOCTI KOHCTPYKIIIi:

[IpocTip nnsa oGepranHs Ta BiABeAeHHs Bojau: Kopryc moBUHEH MaTu JI0CTaTHHO
BHYTPIIIHBOTO 00'€eMy JJISI BUIBHOIO OOEpTaHHS poOOUYOro kojeca Ta 3abe3reueHHs
0e3MepelIKoIHOTrO BiJIBE/IEHHS BIAMPAlbOBAHOI BOAM Micis yaapy o0 kosmii. Haaro
TICHUM KOPIYyC MOXE CTBOPIOBATH TiApaBiiuHui omip Ta 3HMWKyBatn KK/ TypOiHu.
BHyTpilHi moBepxHi NOBUHHI OYTH TJIaIKUMHU.

Bxigauit ¢pnanens/oTBip: [IpuzHaueHuii 11 repMETUYHOTO 3'€THAHHS KOPITYCY 3
HaIIPHUM BOJIOBOJIOM Ta HAJIHHOTO KPIiMJIeHHS (GOPCYHKH (Coruia).
3nuBHMM OTBip: Po3ramoBanuil y HWKHIN yacTuHi Kopmycy. [lpuszHauenuit mms
e(heKTUBHOTO BIJBEJICHHSI BIAIPAIlbOBAHOI BOJIU O HIXKHBOTO 0'edpa a00 BIABITHOTO
kaHany. Po3mipu oTBOpy MaroTh OyTH po3paxoBaHi HA MAKCUMAJIbHY BUTPATY BOJIU.

PeBiziitnuii mok (BikHO gocTymy): HeoOXimHuil 11 3pydyHOTO JOCTYIY 10
poOoyoro Kosieca Ta coria JJisg MPOBEACHHS PETYIISIPHOTO OTJIsiAy, 00CIyroByBaHHS,
OYMILICHHS B1Jl 3aCMIY€HBb Ta MOKJIMBOTO PEMOHTY 0€3 IMOBHOTO JIEMOHTAXY TYpPOIHHU.
JItok MOBUHEH OyTH T€PMETUIHO 3aKPUTHIA.

Onopu Ta kpimieHHs: Kopryc Mae OyTu MIITHO 3aKpillJIEHHH Ha CIeliaJbHO
miaroroBieHoMy (yHmameHTi abo JKOpCTKid omopHid pami. lle 3a6e3meuye
CTaOUTbHICTh BCi€i yCTAaHOBKM, MOTJIMHAHHS BiOpalliil mij dyac poboTu Ta 3amolirae
OyIb-IKUM HeOaKaHUM 3MiIIeHHSM. [ 17]

Bentunsiia: Y geskux KOHCTPYKIISIX MOXKYTh TepeadadaTucss BEHTWIIAIINAHI
O0TBOpH 200 KJIAMaHu TSl 3a100iraHHs HaIMIpHOMY THCKY a00 pO3pIIHKEHHIO TTOBITPS

BCEPEIMHI KOPITYCY, 1[0 MOKE BUHUKATH 11T 9ac poOOTH.
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o T i 03m

Z 22 xosuil

Pucynok 2.1 KoncrpykruHa cxema miHi-I'EC

2.8 Bubip koHcTpyKuii GopcyHKH (COMJIA) TA TOJKOBOI0 PeryJsiropa

[Tpusnayennsi: KoHBepTye NOTEHIIIHY €HEPril0 HAmopy BOAM B KIHETHYHY
eHeprito, GOpPMYyHOYH BY3bKHM, BHUCOKOIIBUAKICHUN CTPYMiHb, SKHH TOYHO
CIIPSIMOBYETHCS Ha KOBIII TYpOiHU.

Marepian: Jlns BHTroTOBICHHS (POPCYHKH BHKOPHUCTOBYIOTBHCS MaTepiajiu, IIo
MaroTh BUCOKY CTIAKICTB JO KaBiTaIlli Ta abpa3uBHOTO 3HOCY, TakKi SK JaTyHb, OpOH3a,
HeprKaBiroda cTainb a00 crerianbHi 3HOCOCTIMKI CIIIABH.

Buytpimniit npodins: BayTpiniHs noBepxHsi GOpPCYHKH MOBUHHA OyTH i7I€aTbHO
[JIAJKOI0 Ta MaTU ONTHUMATbHUN KOHIYHUN Tpodinb (3BYKEHHs) I MiHIMiZallii
TiIpaBIIYHUX BTpAT, 3a0€3MEUYEHHS JIAMIHAPHOTO TIOTOKY CTPYMEHS Ta JTOCSATHEHHS
MaKCHUMAaJIbHOI ITBUKOCTI.

Kpimnenns: @opcyHka MIIHO KPIMUTHCS 10 HAMTIPHOTO BOJOBOY Ta IHTETPYETHCA
B KopIyc TypOiHH, 3a0€3Me4Uy04l T€pMETUYHICTD 3'€/IHAHbD.

[NomuacTuit perynsrop:
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[Tpuznauenns: Jl03Bosisie€ TUIABHO Ta TOYHO PETYNIOBATH 00'€MHY BUTpaTy BOJM,
10 HaJAXOAMUTh Ha TypOlHYy, HUISIXOM 3MiHHM IUIOIIl BUXIZHOrO OoTBOpY comia. Lle, y
CBOIO UE€pTYy, JI03BOJISIE KOHTPOJIIOBATH MOTYKHICTh TypOIHU Ta, BIAMOBIIHO, YACTOTY
oOepTaHHs TeHepaTopa ado Moro BUXITHY MOTY>KHICTb.

Koncrpykuiss: Cknanaerbcss 3 KOHIUHOI TOJKH, SIKA MEPEMIIIYEThCS aKCIAIbHO
(B3110B3k 0oci) BeepenuHi opcyHku. [lepeMillieHHs TOJIKU 3MIHIOE PO3MIP KUTBIIEBOTO
3a30py MiX TOJKOIO Ta BHYTPIIIHBOIO MOBEPXHEIO COIUIA, IO BIUIMBAE HA JiaMeTp
CTpYMEHSI BOJIM SIK TIOKa3aHO Ha Pucynky 2.2.

[Tpusin: [lepemimieHHs TOIKH MOXKE 3A1MCHIOBATHUCS:

Bpyuny: 3a pomomoroio mitypBana, 1o oOeprae TBUHTOBUH MexaHizm. lle
NPOCTHIA, aje BUMAarae IOCTIHHOTO BTPYYaHHS Ta HE Ja€ 3MOTH aBTOMATHYHO
pearyBaTH Ha 3MiHY HaBaHTa)KEHHSI.

Martepian: Tonka moBMHHa OyTH BHUTOTOBIIEHA 3 BHCOKOMIIIHOTO Ta
KOPO3IMHOCTIMKOTO MaTepiany (Hampukiaj, Hep)kaBiloya CTajib) 1 MaTH 1J1€aJIbHO
TIAJIKY, TIOJIPOBAHY MOBEPXHIO JIJIs MIHIMI3aIlli TepTs, 3HOCY Ta KaBitaii.[18]

I'epmeTtuzamisi: HeoOximHO mependauynTd  HaAIIMHY CHCTEMY  YIIUIBHEHB
(HampuKJIaa, CadbHUKOBI YHIUIBHEHHS a00 O-KUIbIA) B3J0BXK IITOKA TOJKH, 100
YHUKHYTH BUTOKIB BOJIH.

[lepeBaru: BukopucTaHHS TOJKOBOTO pETYyJIATOpa MO3BOJSE HE TUIBKH
peryJIoBaTH MOTYXKHICTh, ajie W 3M1MCHIOBATH aBapiiHy 3YNMHUHKY TYPOIHU IUIIXOM
MOBHOTO TEPEKPUTT CTpyMeHsa. g 3amobiranHs TiApoynapy MpU IIBUIKOMY
3aKpHUTTI TOJKHA, MOXYTh OyTH TiepenOadeHi JOMAaTKOBI pO3Cikadi CTpyMEHS, SKi
BIJIBOJISITH BOAY BiJI KOJIeca MPH MIBUAKOMY MEPEKPUTTI, & TO/1 MOBUTLHO 3aKPUBAIOThH

1oJa4y BOJIM ITOBHICTIO.
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d 22.67MM

L 68 MMm

Pucynok 2.2 Konctpykiiist GopcyHKH coria

2.9 Po3paxyHoK nmapamMeTpiB eJIeKTPUYHOI 0 TeHepaTopa

[Ticns nmetasibHOrO PO3paxyHKY TiApaBlivyHOI YaCTMHU TYpPOiHU, HACTYITHUM
eTaroM € BUOIp, pO3paxyHOK Ta OMHUC EJIEKTPUYHOTO reHepaTopa Ta BCi€i CUCTEMU
MEPETBOPEHHS €Heprii, fKa J03BOJISIE OTPUMATH MPUAATHY IS CIIOXKUBAHHS
€JICKTPOCHEPTiIO.
Buoip Tuny reHeparopa ta iioro HOMiHAJILHOI MOTYKHOCTI

Hnst manoro mpoekty MiHi-I'EC o6paHo TpudaszHuii CHHXpOHHHI TEHEpPaTOp
3MIHHOTO CTpyMy 3 TmocTiiHuMu MarHiTamu (Permanent Magnet Synchronous
Generator - PMSGQG). Ileii BuGip oOTpYHTOBYETbCS HU3KOIO 3HAYHUX TEpeBar, sKi
PMSG mnpomonyioTh AJis 3aCTOCYBaHb Yy BIIHOBIIOBaHIA €HEPreTHUIll, OCOOIUBO Y
MaJuX TIAPOCHEPTETUYHUX YCTAaHOBKAX[ 8] XapaKTepUCTHKY HaBeIeHI B Ta0mwmi 2. 1.

baxana BuximgHa enektpuyHa moTyxkHIcTh (Pem): 1000 Bt (1 xBt) — 11e minpoBa

MOTYXHICTh CUCTEMH.

HominanbHa MexaHIyHa MOTYXHICTH Ha Bamy TypOiHuM (Ptyp0): Sk Oyno

pO3paxoBaHO paHillie, MOBHA TipaBiIiyHa MOTYKHICTh cTaHOBUTH Prigp ~1538.46 Br.
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[Ipuitmemo koedimieHT KopucHoi nii TypOiHM (MTypO) piBHHUM 0.8 (80%). Toxi
MEXaHI4Ha MOTY>KHICTb, 110 NEePEJAETHCSA Ha BaJl TEHEPATOPa, CTAHOBUTHME:
P, P

yp6 = Frigp * Nyp6 (2.13)

Pryps = 1538.46 - 0.8 = 1230.77 Br

Binrak, renepatop mae OyTH po3paxOBaHHMM Ha BXIJIHY MEXaHIYHY MOTYXHICTb,
npubnu3no 1,23 kBT.

Koedimient kopucHoi aii reneparopa (mrewn): s cydacanx PMSG, nmokaszHuk
Iy’K€ BUCOKUW, OCKUIBKM BIJICYTHI BTpPAaTH Ha CUCTEMYy 30Yy/UKEHHS Ta TepTsS B
miTkoBoMy By3ii. [Ipuitmaemo nren=0,85 (85%).

HominanpHa ejexkTpu4Ha TOTYXHICTh TeHepaTopa: ['eHepaTop MOBUHEH OyTH
3natHUM BiggaBatu sk MiHiMyM 1000 Bt enexktpuunoi moTykHOCTi. BpaxoByrouwn

BXIJIHY MexaHIuHy noTyxHicTh Ta KKJ]I reneparopa:

Pen,reH = PTyp6 *Nren (214)

Puyres = 1230.77 - 0.85 = 1046.15 Br

Ile miaTBepmKYy€E, 10 0OpaHUil TEHEPATOP 3 HOMIHATBLHOIO MOTYXHICTIO 1 KBT €
BIIMOBIIHUM, Ta HAaBITh 3a0e3nedye HeBEeNWKUH 3amac. Jlmsg HamiiHOCTI Ta
JIOBTOBIYHOCTI €KCIUTyaTailii, TeHepaTop OOWparOTh 13 HE3HAYHUM 3amacoM I10
MOTYXKHOCTI, Hanpukiaa, 1,2 kBt a6o 1,5 kBt, ane 1 kBt € MiHiMansHO HEOOXITHUM
Ta IPUHHITHUM JIJISI TAKOTO TUITY TIPOEKTY.

HowminanpHa mBuaKICTh 00epTanHs renepatopa (NreH,Hom): OIHIEI0 3 KITFOYOBHX
nepeBar PMSG € ix 37aTHICTh ePeKTUBHO (YHKIIIOHYBAaTH Ha HHU3bKUX OOepTax.

BpaxoByroun po3paxoBaHy MmBHUAKICTE 00epTaHHs TypOiHU (NTYyp6=593 00/XB),
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obupaemo PMSG, HOMIHanbHA MIBUAKICTH SIKOTO OJIM3bKa /10 1bOro 3HadeHHs. Ha
puHKy € mojzieni PMSG, cnierianibHO po3p0o0JieHi 1J1sl MaJIOi T'1Ipo Ta BITPOEHEPTETUKH,
3 HOMIHQJIBHOIO MIBUJIKICTIO oOepTaHHs B Aianazoni 500—700 o6/xs.

[IpuitmaemMo HOMIHAJIBHY WIBHUAKICTH reHeparopa NreH,HoM=600 o0/xB. Ileii
BUOIp JJa€ 3MOTy HallOUIbI €(PEKTUBHO Y3rOAUTH T'€HEPATOp 3 TYPOIHOIO, MIHIMIZYIOUH
a00 MOBHICTIO BUKJIIOYAIOYU HEOOXIAHICTh Yy PEAYKTOPI.

Buxinna Hanpyra renepatopa: PMSG renepytots Tpudaznuii 3SMiHHU M cTpyM. s
CHUCTEM 3 aKyMYJISITOPDHHMH OaTapesMH 4YacTO OOMpaeThCs BHIXiHA HAmpyra, M0
BIANOBIAA€ HamNpy3l IIMHU MOCTIHHOTO CTpyMy micis BUOpsimiieHHs. [lpuiimaemo
HOMIHAJIbHY BUXIJIHY JIIHIAHY Hanpyry reHeparopa (0e3 Bunpsmienns) 48 B AC. L
Hampyra € TONIMPEHOI Ui aBTOHOMHHUX CHCTEM, OCKIJIBKH  JTO3BOJISE
BUKOPHUCTOBYBATH BiJTHOCHO MaJli CTPYMH IIPH JIaHil MOTYXHOCTI, 3HIKYIOUH BTPATH
B Ka0eJsX.

Kinbkicte momtoci: Xoua st PMSG, 110 mpaifioroTh Ha MOCTIMHUN CTpyM depe3
BUIIPSMJIIOBAY, 4YacTOTa HE KPUTHYHA Ui CUHXPOHI3alll 3 MEpeker, KUIbKICTb
MOJIFOCIB T€HEpaTopa BIIMBAE HA HOT0 00epTH JJIsI TAHOT YaCTOTH (SIKOW BIH MpaIltOBaB
Ha Mepexy). st reneparopa Ha 600 06/xB Ta BuximHOi yacrtotu 50 I'r (sika Oyae

neperBopena Ha DC), KiTbKICTh Map MorociB p Oyze

n:f% (2.15)

SIkmo N=600 o6/x8, =50 I'y, To

£:60

p_N

_50:60

"~ 600

5 map momoci, To6to 10 momtociB. Ile TMMOBa KOHCTPYKIIiS 11T HU3bKOOOEPTOBUX
PMSG.
HepeBaru PMSG i wi€i podoru:

Bucoxkuit KK/[: 3aBasiku BiACYyTHOCTI OOMOTKH 30Y/KE€HHS Ta, BIAMOBIIHO, BTPAT

Ha 11 )KUBJICHHSI, @ TAKOX BIJCYTHOCTI IIITKOBOTO By3Jia, PMSG neMOHCTPYIOTh JTyXKe
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Bucoknii KKJI, 0ocoOIMBO TNMpW YaCTKOBUX HABAHTAXKCHHSAX, IO XapaKTEPHO IS
BiTHOBJTIOBAHO1 €HEPTCTHUKH.

HaniitHicTs Ta AOBrOBIYHICTH: BiICYTHICTP pYXOMHUX ENEKTPUYHUX KOHTAKTiB
(111TOK) yCyBa€ OCHOBHE JXKEPEJIO 3HOCY Ta OOCTYTrOBYBAaHHS, a TAKOXK 3MEHIIYE PUBHK
ickpiHHs. Lle rapanTye 1OBrOBIYHICTh Ta MIHIMI3Y€ BUTPATH Ha OOCIYTOBYBAHHS.

[Ipsmuii nmpuBig: Sk Oyne NoOKa3aHO B HACTYNHOMY MYHKTI, OJM3BKICTh
HOMIHAJIbHUX 00epTiB TypOiHM Ta reHepaTopa J103BOJISI€E BUKOPUCTOBYBATHU MPSIMUMN
NPHBIiJ, [0 3HAYHO CIIPOIIYE MEXaHIYHY YACTUHY CUCTEMH.

KomnaktHicTh: 3aBAsiku BUCOKIA €HEPreTUYHIM NIUIBHOCTI TMOCTIMHMX MAarHiTiB,
PMSG MoxyTh OyTH TOCUTh KOMITAKTHUMHU CTOCOBHO CBOET BUXITHOT IMTOTY>KHOCTI.

EdekrtuBnicts mpu HU3bkUX ob0eprax: PMSG cheuiaabHO CHpOEKTOBaHI st
e(eKTUBHOI pOOOTH Ha HU3BKUX HIBUIKOCTSIX 0O0CpTaHHS, 110 POOUTH iX 1€ IbHUMU
JUISL TIPSIMOTO TMIJAKJIFOYEHHST JO0 T1IPOTYpOiH, SKI 4acTO MPAIOIOTh Ha BIJHOCHO
HU3bKUX 00epTax.

2.10 Bubip cuctemu nepeaadi od0eproBoro momeHnTy: IlpsiMmuii npusin

VY3romkeHHs MBUIKOCTI 00€pTaHHS MEPBUHHOTO ABUTYHA (TypOiHM) 31 IBUAKICTIO
EJICKTPUIHOTO TeHEpaTOpa € OAHUM 13 HAWBAKIIUBIIIINX ACTICKTIB MIPOEKTYBAHHS.

Ockinpku Mu obOpanmu PMSG, ontumizoBaHuid Jjisi HU3BKUX OOEPTIB, MU Ma€EMO
MO>KJIMBICTD peajli3yBaTH BUCOKOC(EKTUBHY CUCTEMY Iepe/iadi MOMEHTY.

byno pospaxoBano, mo Typ6iHa IlenToHa mpairoe 3 ONTHMaIbHOIO MBHIKICTIO
obepranHs NTypO <593 06/xB. OOpaHuii reHepaTop Mae HOMIHAJIbHY IIBHAKICTD
Nren,HoMm=600 00/xB.

Busnauennst nepenaBanbpHoro uncina (i): [lepegaBanbHe 4MCIIO BU3HAYAETHCS K
BIIHOIIIEHHS HOMIHAJIBHOI IIBHJKOCTI TEHeparopa J0 HOMIHAJIBHOI IIBHIKOCTI

TypOIiHU:

i:Nl"eH,HOM (2 . 16)

N TypO

ITincraBisieMoO 3HAUEHHS
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i=2%% — 10118
593

OTpumaHe mnepenaTHe YHCIIO, SKE CTaHOBUTH MNpubiau3Ho 1,01, Hag3BUYaiiHO
0s113bKO 10 oguHuUIl. Lle cBigunuTh mpo (HakTUYHO 17eanbHE Y3roJKEHHS IIBUIKOCTI
obepranHs TypOiHU Ta 0OpaHoro reveparopal19].

BucHoBOK 11010 peayKTOpAa:

Take OM3bKe 10 OAMHUII TIEpEIaTHE YKHCIIO TIepe10avae, Mo BEIUKHN PeTyKTOp
He noTpioeH. HatoMicTs, 11 KOHDIrypallis gae 3MOTy peaaizyBaTH CUCTEMY MPsIMOTO
npuBoay (direct drive), ne Ban TypOiHu 3’ €1HaHO O€3MOCcepeHRO 3 BAJIOM I'€HepaTopa.
KoHcTpyKItis mpsSMOro IpuBOY:

[TpssmMuii puBia 3AIHCHIOETHCS 3a JIOMTOMOTOI0 THYYKOi MYy(TH, 110 3’ €IHYE BajIu
TypOiHM Ta reHeparopa. ['Hyuyka MydTa KOMIIEHCYE HE3HA4H1 HECIIBBICHOCTI
(MOMWIKM TIEHTPYBaHHS) BajiB, TOTJMHAE BiOpaiii Ta yaapHi HaBaHTaKEHHS,
3aXUIAKYH MAMAMTHAKA Ta 1HII KOMIIOHEHTH BiJ Tepea4acHOro 3HoIIeHHs. Bubip
Uy MyhTH (HampuKiIaa, MpyxkHa, 3yodacTta, MTHPTOBA) 3aJICKUTH Bl MOTPiOHOT
3IaTHOCTI JI0 KOMIIEHCAIIi1 HECTTIBBICHOCTI Ta PiBHS Mepeaadi KpyTHOTo MOMEHTY. J{iis
i€l TOTY)XHOCTI MiAilfe cTaHgapTHa MpykHa MydTa, IO CKIAAAETBCA 3 JBOX
HaIiBMy(T, SKi KPIJIATHCS JO BalliB, 1 MPYXKHOTO eJIeMEHTa (HampHKiIajd, TYMOBOi
3ipoyku ab0 JUCKIB), IKUI TIEpea€ MOMEHT.

[lepeBaru cucremu npsmoro npuBoay st MiHi-I'EC:

Bucokuii 3arampauit KKJ/[ cucremu: BincyTHicTh 3y04acToro abo mIacoBOTO
peayKTOpa yCyBa€ 3Ha4yHI BTpaTH CHEPrii, MOB'I3aHI 3 TEPTAM, MPOCIH3AHHIM 1
HarpiBaHHAM, SKI TpUTaMaHHI peayKTopHMM mepenadam. lle OesmocepenHbo
MOKpAIye 3araabHy e(HEeKTUBHICT IEPETBOPEHHS T1/IPaBIIYHOI €HEePrii B €ICKTPUIHY.

[TinBuimena HamiiHICTh: MEHIIa KUTBKICTh PYXOMHUX KOMIIOHEHTIB (BIJICYTHICTB
IIECTePeHb, BaJliB PEAYKTOpa, MIAMMUIHUKIB PEIyKTOpa) 3HUWXKYE HWMOBIPHICTH
MEXaHIYHUX BIMOB 1 HECIPABHOCTEH, IO KPUTHYHO BAXKIMBO JJISI aBTOHOMHHX

CHCTEM, PO3TAIlIOBAHUX Y BIJIIAJICHUX MICIIEBOCTSIX.
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3HIKEH1 eKCIUTyaTalliiiHi BUTpaTH Ta OOCIYroByBaHHs: BilCyTHICTH peayKTOpa
O3HA4a€ BIACYTHICTb MOTPEOM B HOro MnepioguyHOMY OOCIYrOBYBaHHI, TAKOMY SIK
3aMiHa MacTujia, TIepeBipKa 3HOCY IIEeCTepeHb ab0 peryitoBaHHs HaTAry macis. Lle
CYTTEBO CHPONIYE SKCILTyaTallil0 Ta 3MEHIITy€e BUTpaTH.[20]

3HIKEHUH piBEeHb 1IyMy Ta BiOpauii: [Ipsamuil npuBia npairoe 3HaYHO TUXILIE Ta
3 MEHIIMMH BIOpalisiMU MOPIBHAHO 3 PEIYKTOPHUMH CUCTEMaMH, L0 MIABUIILYE
KOMQOPT eKCIUTyaTaIlii Ta 3MEHITye HaBaHTa)XCHHS Ha (QyHJIAMEHT.

KommnakTHicTh: BiACYTHICTH pEeAyKTOPHOrO OJOKY pOOUTH BCIO YCTaHOBKY
KOMIIAKTHIIIIOO, [0 B)KJIUBO JIJIS IOPTATUBHUX PIllICHb.

2.11 Oo0rpynryBanns Buoopy 3-¢ga3Horo reHeparopa 3 NOCTiHHMMH MATrHITAMU
niasa 'EC

I'eneparop 3 mocriinumu MarHitamu (PMSG) € cepuem enekTpoMexaHIYHOL
CHCTEeMH, $IKa IEpPETBOPIOE MEXaHiuHy eHepriro TypOiHM B eleKTpuuHy. Moro
KOHCTPYKIIisl ONTUMI30BaHa JijIsi BUCOKOT €(DEKTUBHOCTI Ta HAAIHHOCTI, 0COOJIUBO MPHU
po6O0TI Ha HU3bKUX O0epTax.

OCHOBH1 KOMIIOHEHTH:

Crarop: Hepyxoma yacTuHa reHepaTopa, IO CKJIAIa€eThes 3 (DepoOMarHiTHOTrO
ocepas (IMaKeTy TOHKUX CTaJeBHX IIACTUH 3 €JEKTPOTEXHIYHOI CTajl, JJAMIHOBAaHHUX
JUISL 3MEHIIIEHHS BUXPOBUX CTPYMIB Ta TICTEPE3WCHHUX BTPAT) 1 TpudazHoi 0OMOTKH,
M0 YKJIAJaeThcsd B ma3u craropa. Llg oOMOTKa € BHUXITHOIO I TeHeparli
EIEKTPUYHOTO cTpyMy. OOMOTKM 3a3BUYail BUTOTOBJICHI 3 MiTHOTO JPOTY 3 BUCOKOIO
EJIEKTPOIPOBIIHICTIO Ta 130JIAIIIETO, IKa BUTPUMY€E BUCOKI TEMITEpaTypH.

Potop: ObGeproBa yacTuHa reHepaTopa, >KOpCTKO 3akpimieHa Ha Baimy. Ha potopi
pO3TalIOBaHi MOTYXHI MOCTIHHI MarHiTh (Haidacrime HeogumoBi marHitH, NdFeB,
gepes iX BUCOKY 3AIMIIIKOBY HAMArHIUY€HICTh Ta KOEPIUTUBHY CHITY). MarHiTH MOXYTh
OyTu po3MilieHi Ha moBepxHi poropa (Surface-mounted PM, SPM) a6o BcepenuHi
poropa (Interior PM, IPM). SPM-koHcTpykiii mpocTimr Ta aemesmi, aige [PM-
KOHCTPYKIIIi 3a0€3MeuyloTh Kpalluil 3aXUCT MAarHiTiB, BUILY MEXaHIYHY MIIHICTb
poTopa Ta MOXYTh BHKOPHUCTOBYBAaTH MAarHiTHYy PEaKTUBHICTh MJIs JOJIaTKOBOTO

MOMeHTY. JIJis1 Manux reHepaTopiB 4acTo 3aCTOCOBYIOTH SPM.
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Ban: MexaHiuHO 3'€eJHye pOTOp reHepaTopa 3 BajoM TYpOIHM 4Yepe3 THYUKY
My(pTy. BUTOTOBIISIETHCS 3 BUCOKOMILIHOI JIETOBAHOI CTalll, U0 3/aTHA BUTPUMYBATU
KPYTHI MOMEHTH Ta pajiajibH1/0CbOB1 HABAaHTAXKECHHSI.

[Tigmunauky: 3a0e3nedyoTh IIaBHY Ta CTa0UIbHY pOOOTY poTOpa, MIHIMI3YIOUH
TepTds Ta BiOpamii. 3a3BuMYail BUKOPUCTOBYIOTHCA  BHCOKOSIKICHI — 3aKpUTI
HIAPUKOMIIIIUITHUKY a00 POJIMKOBI MIIIIUITHUKY (AJ1 OUTBIINX HABAaHTAXEHb ), L0 HE
NOTPeOYIOTh MOCTIHHOTO 00CTYrOBYBaHHS Ta MalOTh TPUBAJIMN TEPMiH cITy)kOu. BoHun
pO3paxoBaHi Ha OChOBI1 Ta pajiajibHI HABAHTAXKCHHS.

Kopriyc: 3axucHuii enemMeHT, M0 BMIIIye Ta 3aXuIae CTaTop, POTOp Ta
OiIMIAITHAKOBI  BY3JM Bl 30BHINIHIX (akTopiB (BOJOTH, TWHIY, MEXaHIYHHUX
MOIIKO/KEHB). 3a3fajeriib BUTOTOBJISETHCA 3 MIIHUX MarepialiB, TaKUX SK
QITIOMIHIEB] CIUIaBU (JJIs JIETKOCTI Ta XOPOIIOr0 TEIJIOBIABEICHHS) a00 4aByH (HJis
OutbIoi MinHOCTI Ta mymoizossnii). Kopmyc moxke Matu pebpa ajis Kpaiioro
MACHBHOTO TETUIOBIABEICHHS (TIOBITPSHOTO OXOJIOKEHHS).[9]

Knemna xopoOka: Micuie i1t 6€31eYHOro eJIEKTPUIHOTO MiAKIIOUCHHS BUXITHUX
Tpuda3zHUX 0OMOTOK reHepaTopa J0 30BHINIHIX EJICKTPUIHUX JIAHITIOTIB.

[Tpunnun po6oTw:

ITlinm wac oOepraHHsA poTOpa, IO OTPUMYE MEXaHIUYHY EHEpPrir0 Big TypOIiHH,
MOCTIMHI MarHIiTH Ha POTOP1 CTBOPIOIOTH 00EpPTOBE MarHiTHe noJje. Lle MarnitHe mose
nepeTuHae 0OMOTKH CTAaTOPa, IHAYKYIOYH B HUX 3MiHHY enekTpopyuiiny cury (EPC)
3a TPUHIMIIOM eJeKTpoMarHitHOi iHaykiii Papages. OcKUIbKM OOMOTKH CTaTopa
pO3TalIoBaHi 31 3CYBOM Yy TIPOCTOpi, T€HEPYeThcs TpUbaA3HUM 3MIHHUN CTPyM.
Baxmuporo ocoOmmBictTio PMSG € Te, mo 11 CTBOPEHHS MarHiTHOrO ITOJIS HE
MOTpiOHA 30BHINIHS €HEPTis (K y reHepaTopiB 3 00MOTKOI0 30Y/IKEHHS), 110 POOUTH
iX gyxe e(eKTUBHUMH.

2.12 Po3paxyHOK BUIIPSIMHOI'O IIPUCTPOIO /ISl TeHepaTopa

Ockinbku reHeparop PMSG BupoOnsie tpudaznuii 3minaui crpym (AC), a mns
3aps/KaHHS aKyMYJIATOPHUX OaTapeil Ta TOJAajbIIOro MEePETBOPECHHS IHBEPTOPOM
notpioeH noctiaui ctpym (DC), B cuctemi nepeadoadeHo BCTAHOBJICHHS BUIIPSIMHOTO

PUCTPOIO.
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Tun: J{na tpudaznoro reHeparopa BUKOPUCTOBYETHCS TPU(PA3ZHUM AI0JHUNA MICT
(micT Jlapionosa). Llel npucTpiii cKIaaaeThbes 3 LIECTH CUIOBUX HAMIBIPOBITHUKOBUX
JI0M1B, 3’€IHAHUX 3a CXEMOI0, IO J03BOJISIE BUMPSIMIISTH BCl MIBXBUJI1 TpUDa3HOTO
3MIHHOTO CTPyMY.

[Tpuniun podotu: KoxHa napa aiof1iB y MOCTI BIANOBIIA€ 32 BUNPSMIICHHS OJIHI€T
MIBXBUJII 3MIHHOTO CTPYMY KOXHOI (pazu. Bci micTe A10/1iB MpaloTh pa3oM, 100
nepeTBopuTy TpudasHUil 3MIHHUN CTpyM 3 BUXOAY T'€HEepaTopa Ha IyJIbCYIOUUi
NOCTIMHUN cTpyM. BaxinBo BiI3HAYUTH, IO MyJbcallii HAMPYTHU MIicas TpUPa3HOTO
BUTIPSAMJISTYa 3HAYHO MEHIII Ta MalOTh BHIIY YacTOTY MOPIBHSAHO 3 OAHO(MA3HUM, IO
MOJIETITYE MOJAANbITY (LIBTPAIliI0 Ta CTA01TI3a1lil0 CTPYMY KOHTPOJIEPOM 3apsy.

Bubip Tta mnapamerpu: JionHuii MICT TOBHHEH OyTH pO3paxoBaHUN Ha
MaKCUMaJbHUN po0OouMid CTpyM TeHeparopa 3 HEOOXIHMM 3amacoM  II0
HABAaHTAXKECHHIO, a TAKOXX HA BIJIMOBIIHY 3BOPOTHY HAMpyTy, 100 3amo0irtd mpoboro
miodis.[21]

s renepatopa 1 kBT (1000 BT) 3 HOMiHAIBHOIO BUX1THOO JITHIMHOO HANpyTowo 48

B AC, HoMiHanbpHUY cTpyM Ha ¢asy (Jiroue 3HaUYeHHS ) MOYKHA OIIHUTH SIK:

I — Pen
$asa oM V3 Uniniitna

(2.17)

1000
chasa,HOM = m =12.03 A

OpnHak, MIKOBUH CTpyM dYepe3 JIOAM y TIOAHOMY MOCTI MijJ Yac HaHOUIbIINX
HaBaHTaXXEHb a00 3aIMTyCKy MOKE BUSBUTUCH OUTBIITUM, HIK HOMIHAJIbHUN CTPYM (a3u.
Jlnst HamiHO1 poOOTH, MIOAHUI MICT Tpeba oOMpaTH 3 HOMIHAIBHUM CTPYMOM, HE
MeHmuM 3a 20-30 A, 3 gocTaTHIM 3amacoM IO MaKCHMAaJlbHIM 3BOPOTHIN Hampy3i
(cxaximo, 100 B uu 200 B), abu yHUKHYTH MOIIKO/KEHB BiJl CTPUOKIB HATIPYTH.

Oxonomxenns: [1ig yac GpyHKIIIOHYBaHHS 1I0AW HArpiBatOTHCS, BULISIOYH TETLIO
B pe3ysibTaTi MaJiHHSA HANpyru Ha HUX. ToMy moTpiOHO 3a0e3neyuTH ePEeKTHUBHE

OXOJIOIKCHHA ,Z[iOI[HOFO MOCTY, 333BH‘-I&I>1, IIJIIXOM BCTAQHOBJICHHS MOro Ha
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ATIOMIHIEBOMY pajlaTopi, 3 JOCTaTHHOIO IUIOMICIO JJIA BiABEeACHHS Terwia. Jlis
MOPTAaTUBHOI CUCTEMHU MOKE OyTH JIOCTATHIM MACUBHE MOBITPSHE OXOJIOKEHHS.
2.13 Bu0ip koHTpOJIEpY 3apsay

Kontponep 3apsay — 11e po3yMHuU Npuiiaj, o BiANOBiAaE 32 ePEeKTUBHY i
Oe3Meuny 3aps/IKy aKyMYyJISITOpHUX OaTapei, a TaKoK ONTUMI3Ye 301p eHeprii Bif
reHepaTopa OCHOBHI XapaKTepUCTUKH HaBeIeH1 B Tabyumi 2. 1.

Tum: V cuctemax 3 reHeparopaMu 3 TMOCTIHHUMH MarHiTamMu, sIKi MPamioioTh Y
IMPOKOMY Jiana3oHi 00epTiB (BIAMOBIIHO, i BUXIAHUX HANpYyT), Halle()eKTUBHIITUM
Tta pekoMeHgoBaHuM € MPPT-koutponep (Maximum Power Point Tracking —
BIJICT€)KEHHSI TOUKH MaKCUMaJIbHO1 MTOTY>KHOCTI).

[Mpunun po6otu MPPT:

BincrexenHns: Touku MakcuManbHO1 oTyxHOoCT1 (MPP): Ha Bigminy Bijg npocTtux
IIM-konTponepiB (PWM), MPPT-koHTposiep NOCTIMHO aHali3y€e BUX1IHI TapaMeTpu
reHeparopa (Hampyry 1 CTpyMm) 1, BAKOPUCTOBYIOUH CKJIAJIHI alrOpUTMH (HAIpPUKIA,
Perturb and Observe — 30ypeHHS Ta CIOCTEPEKCHHs), 3HAXOAWTH '"TOUKY
MakcuMaibHOi moTyHOCTi" (MPP) — kxoMOiHaiito Hampyru Ta CTpyMmy, 3a SKOi
reHepaTop BUAAE MAKCUMAIIbHY €JIEKTPUYHY NOTYXHICTh. Lle 3a0e3neuye onTuManbHy
pobOTYy TeHepaTropa HE3aIeKHO BiJ YacTOTH o0O0epTaHHSA TypOiHH, TapaHTYIOUH
MaKCUMAaJIbHUN 3apsTHUN CTPYM aKyMYJIATOPIB HaBiTh 3a HeileaIbHUX T1IPaBIIuHUX
YMOB.

[lepetBopenns Hanpyru: MPPT-konTposep, no cyrti, € neperBoproBauem DC/DC.
Bin moxe mpuiimMatu Buily a00 HIDKYY BXIJIHY HAmpyry Bif TeHeparopa (Iicis
TIOJTHOTO MOCTY) Ta TEpPETBOPIOBATH i HAa ONTHMAIbHY HAMPYTy Ui 3apsIKd
akymynaroproi Oartapei. Hampuknan, BiH MoOXXe MEpPETBOPIOBATH MYIbCYIOUUH
48 B DC Big Bunpsimuisida y ctabutbHi 48 B DC ana akymynaropis, abo agantyBaTucs
710 3MiH HaIpyTW TeHepaTopa B MIMPOKOMY Jiana3oHi.[22]

baratoctyneneBuii anroput™m 3apsay: KoHTponep peamizye OGaraTocTyneHEBUN
anroput™ 3apsay (3azsuuaid, Bulk — ocHoBHUl 3apsin, Absorption — abcopOuiiHuit
3apsa, Float — miarpumytrounii 3apsn). Ile 3abe3nedye onTuManbHu Ta Oe3MeYHUMN

3apsa] aKyMYJISITOPIB, 3HAYHO 30UIBIIYIOYM TEPMIH 11X CIOYyXOM Ta 3amo0irarouu
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nepe3apsay, AKUN pyHHYye aKyMyJsSITOpH, a0o0 Heno3apsay, L0 NPHU3BOAMUTH 0
cynbdaTarii.

3axucHi (yHkuii: MPPT-koHTposiep TakoX BHKOHYE HU3KY BKpail BaXKJIMBHUX
3aXUCHUX (PYHKI[IM: 3aXUCT B Mepe3apsay aKyMyJsiTopa, 3aXHCT Bil TNIHOOKOTO
po3psiny (aBTOMAaTHUYHE BIAKJIIOYEHHS HABAaHTAXEHHS MPHU JOCATHEHHI KPUTUYHO
HU3bKO1 Hanpyru OaTapei [uist 30epexkeHHs ii pecypcy), 3aXUCT Bijl epEeBaHTAXKEHHS
Ta KOPOTKOTO 3aMUKaHHS, 3aXWMCT BiJl 3BOPOTHOI MOJSPHOCTI MIJKIIOYEHHS,
TeMIIepaTypHa KOMIIEHCaLlid 3apsiay.

Bubip ta mapametpu:

Bxinna nanpyra: KonTtponep mae Oyt po3paxoBaHMil HA MAaKCUMAaJbHY BXIIHY
HAnpyry, 10 HaJIXOAuTh BiA Bumpsmisdya reHeparopa. is 48 B AC reneparopa,
BUIIPSIMJIEHA HANpyTa XO0JOCTOTro X0y Moxe OyTu Outbinoro, Hix 48 B. Tomy BapTo
oOupaTH KOHTpOJIEp 3 BXiIHOIO Harpyroto He meHmie 80 B ado 100 B.

Buxinna wHamnpyra: Mae BiANOBiIaTH HOMIHAJIBHIA HamNpy3i aKyMmyJIsSTOPHOT
Oarapei, ssiky mu oopanu (48 B DC).

MakcuManbauii  3apsaHuii ctpyM: KoHTposnep mae OyTh po3paxoBaHM Ha
MaKCUMaJIbHUM CTPyM, SIKMH 37aTHUM BUAaTu reHepatop. s rereparopa 1 kBT i

cucrtemu 48 B, HOMIHAJIBHUH CTpyM 3apsay Oyne:

I Pen

sapagy — Unigm (2.18)

=199 _9p83A

Liapany = 8

Omxe, HEOOXIAHO 3ynmUHUTH CBiK BUOip Ha MPPT-koHTposepi 3 HOMiHATLHUM
ctpymoM 3apsnay MiHiMym 25-30 A. Ile rapaHTye AocTaTHI 3amac MIITHOCTI Ta
edeKkTuBHY poOOTY B ITIKOBI MIEPIOU CIIOKUBAHHS CHEPTii.

2.14 Bu0ip akymyJasaTopHoi 6aTapei
AxymynsaTopHa Oartapess — KPUTHYHO BaXKIWBHW €JIEMEHT, IO 3a0e3meuye

cTabinbHE Ta Oe3nepebiiiHe KUBJICHHS aBTOHOMHUX cucTeM. BoHa 30epirae enepriio,
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BUpOOJIEHY TE€HEpaTopoM, Ta Mepelae ii CIoXUBauaM 3a NOTPeOH, BUPIBHIOIOYU
HEPIBHOMIPHICTh BUPOOHHUIITBA Ta HABAHTAKEHHSI HABEAEHO B Tabmmii 2.1.

Tun: Ha cydyacHOMy pHUHKY NpPONOHYIOTHCS PI3HOMAHITHI TUIH aKyMYJSITOPIB,
KOJKEH 31 CBOIMH MepeBaraMu:

CaunieBo-kucnotHi akymyastopu (AGM, GEL): BigHocHO nocTymHi 3a 11HOIO,
ITUPOKO MOIIUPEHI, aJie MaIOTh OOMEKEHUM pecypc HUKITIB 3apsy/po3psaay (3a3Buuaii
300-800 mukmi npu 50%) 1 uytnuei g0 rmbokux po3psaiB. AGM (Absorbed Glass
Mat) ta GEL (reneBi) — HeoOCIyroByBaHi, repMETHUYHI Ta O€3MeUHIlI1, HIXK TpaAULiHH1
piako-enexktponitHi (FLOODED). Bouu no6pe miaxoasats 1jst 0ypepHOro pexxumy.

Jliriit-3amizo-pocdarui (LiFePO4) axymynsaropu: CyuacHe pimeHHs. Bonu
BIIPI3HSAIOTHCS 3HAYHO OUIBIIMM TepMiHOM ciuyxOu (2000-6000 1ukmaiB npu
80%DoD), BUCOKOIO €eHEepreTUYHOIO MIUIBHICTIO (MEHIIIa Bara Ta 00’ €M), MBUIIIUM 1
e(EKTUBHIIINM 3apsoM, MEHITUM camopo3psaoMm Ta BuiuMm KKJI 3apsmy/po3psimy
(mo 98%). Bonu Takox Oe3medHinIi 3a iHII JiTieB1 TexHoorii. [Ipore ix moyarkoBa
BapTICTh BHIIA. [ 1IOTO MPOEKTY, 3Ba)KalOUd Ha JOBrOBIYHICTH, €(PEKTUBHICTH 1
MiHIMaJgbHE 00CIyroByBaHHs, pagumo po3risiHyTd LiFePO4 axkymynsitopu, Ko
no3Boisige OwmkeT, abo skicHi AGM/GEL akymynstopu sk OUIbII €KOHOMHUUN
BapiaHT.

HominanbHa Hampyra cucremu: Bwu3HauaeTbes BIANOBITHO JO  HANpPYTU
reHepaTopa, KOHTpoJiepa 3apsaay Ta inBepropa. [ cucrem nmotyxuicTio 1 kBT 1 BuIILe,
a TaKOXX 3 METOIO 3MEHILIEHHS CTPYMIB y Kabesix (10 3MEHIIIYe BTPATU Ta J03BOJISIE
BUKOPUCTOBYBAaTH KaOelll MEHIIOro mepepildy), PEKOMEHAYEThCS OOWpaTH BHIIY
Harnpyry. [IpuiiMaeMo HOMIHAJIbHY HANIPYTy akymyssiTopHoi 6arapei 48 B DC.

€MHICTD akyMynsTopHOi 0atapei (y A-rom): OO0UnCTIOETECS HA OCHOBI Oa)XKaHOTO
yacy aBTOHOMHOI poOOTH cucTeMHU (TOOTO, CKUIBKH TOJIMH CHCTEMa MOXKE >KUBUTHU
CHokrBadiB 0e3 poOOTH TeHepaTopa) Ta MAKCHMAIBHOTO €HEPTOCIIOKIBAHHS.

[Tpumycrimo, 1o cucTema Mae 3abe3medyBaT poOOTy Ha HOMIHATBHIHM MOTY>KHOCTI
(1000 Bt) nmpoTaromM, HanpuKIIam, 5 roauH 0e3 ma3apsaaku (e Moxe OyTH HIYHHM Jac
a00 vac BiJICyTHOCTI Boau):[10]

HeoOxinna enepris Ajist aBTOHOMHO1 pOOOTH:
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E:PBJI ) EaBTOHOMHOCTi (219)

E=1000-5 =5 kBt
He
Pen — crnioxkuBaHa eJ1eKTpUYHA MOTYKHICTh, BT;
T asrosomuocri — 3aIUIAHOBAHMM Yac aBTOHOMHOI pOOOTH, IO
Po3paxyHOK HOMIHAJBHOI €MHOCTI aKymyJsTopa (0e3 ypaxyBaHHs TIMOMHH
pospsiay):

€MHICTD Y aMIICP-TOANHAX BU3HAYAETHCA TAK!:

E
CHOM = E (220)
5000
Cuaom = —p> = 104.2 A
KopuryBaHHs 3 ypaxyBaHHSIM TJIMOWHU PO3PSITY
CHOM
C(l)aKT = E (221)
104.2
Copaer = ——— = 130.3

0.8

3 ypaxyBaHHSIM 3amacy:
[I[06 KoMIIEeHCYBaTH MOXJIMBI BTPAaTH HA TIEPETBOPEHHS, HEOUIKYBaHE 3PDOCTAHHS
HABAaHTAXXEHHA Ta 3MEHIICHHA e()EeKTUBHOCTI 3 dYacoM, JONUIBHO J0JaTh

TEXHOJIOT1YHUH 3amac. ToMy IOIIIbHO BUOHPAIO aKyMYISTOPHY OaTapero EMHICTIO:

150200 A



50

2.15 O0rpyHTyBaHHs BUOPAHOIO iHBEpTOpPA

[HBEpTOp € 3aKIIFOUHOIO JTAaHKOK y TPOLIeCi IEPETBOPEHHS €HEPrii, 1110 3a0e3neuye
(YHKIIOHYBaHHSI CTaHJAPTHUX MOOYTOBHX NpuiaAiB. BiH mepeTBoproe MOCTIMHUN
CTPYM Bi aKyMyJIATOpHOI OaTapei Ha 3MIHHUN CTPYM 3 HEOOXITHUMU MapamMeTpaMH,
HaBeJeHo B Ta0mui 2.1.

Tun: [Ins rapanTyBaHHS CTaOUIBHOI Ta SKICHOI po0OTH  TMOOYTOBUX
eJICKTPONPIIA/IIB, OCOOJUBO YYTIUBOI €JIEKTPOHIKM (KOMIT'HOTEPH, TEIEBI30PH,
MenYHE 00JalHaHHS, IPUIIAIN 3 eIEKTPOIBUTYHAMH ), HEOOX1THO BUKOPUCTOBYBATH
iHBepTOp 3 uHncTolo cuHycoigoro (Pure Sine Wave Inverter). I[uBepTopu 3
MO (hiKOBaHOIO CHHYCO1OF0 JICIIEBIII, TPOTE TX BUXITHUI CUTHAT MOYKE TIOLTKOUTH
NEeBHI MpWIATW, CIOPUYMHUTH HEKOPEKTHY poOoTy (Hampukiaa, IIyM B
ayaioanaparypi, meperpiB ABUT'YHIB) a00 3HU3UTHU IXHIO €(PEeKTUBHICTh.[23]

Hominanbaa mnotyxkHicTh: [loTyxHicTh 1HBepTOpa Mae OyTH TOCTATHBHOIO IS
YKUBJICHHS YCiX MPHUJIAIIB, SKI MOXYTh OYTH YBIMKHEH1 OJTHOYACHO.
bazoBa BuxinHa noryxHicth cuctemu — 1000 Br.

[IpoTe yacTo BUHMKAE HEOOXITHICTD y MIKOBUX HABAaHTAKEHHIX (HAPUKIIAI, IPH
3aIyCKy XOJIOAUIbHIKA, Hacoca abo HIIMX MPUIIAJIIB 3 €JIEKTPOJABUTYHAMH, K1 MAIOTh
BUCOKHH IIyCKOBUM CTpyM, IO MOXK€ y 3-7 pa3iB NEPEBUIYBATH HOMIHAJIBHHI).
[HBepTOp MOBMHEH MaTH 3amac MOTYXKHOCTI JUIsl TaKUX BUMAJAKIB, a TaKOX JJIs
MO>KJIMBOTO PO3IIUPEHHS KUTBKOCT1 CTIO’KUBAYiB.

PexoMenioBaHO 00MpaTH IHBEPTOP 3 HOMIHAIBHOIO MOTYXKHICTIO IIfoHaMMeHTe 1.5
kBT (1500 Bt) a6o 2 kBt (2000 Bt) mist 3ab6e3neueHHs HEOOXITHOTO 3aracy s
MyCKOBUX CTPYMIB Ta THYYKOCTI BUKOPUCTAHHSI.

Bxigna mampyra: [loBuHHa BigmoBigaTH HOMIHAJIBHIA HaIpy3l aKyMyJIsSTOPHOI
Oarapei. Y namomy Bunaaky me 48 B DC.
Buxinna nanpyra ta yactora: CranmaptHi 1t mo0yToBoi mepexi — 220 B AC, 50

I'o.

HonatkoBi Pynkiii: CydacHi IHBEpTOPU MOXKYTh MaTH HU3KY KOPUCHUX (YHKIIIH,

10 MIABHUINYIOTh ()YHKIIIOHAIBHICT Ta HaIIMHICTh CHCTEMHU:
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BOynoBanuii 3apsgHuil npucTpiii: Jlo3BoJisse€ 3apsypKaTh  aKyMYJISTOPU B[
30BHILIHBOTO JpKepesa 3MIHHOTO CTpyMy (HaIllpuKiad, FreHepaTopa Ha pIAKOMY NaluBI
a00 IIEHTPaJII30BaHOT MEPEXKI1, SKIIO BOHA TUMYACOBO JIOCTYITHA).

Oyukuis  Oe3nepediiinoro  kuBiaeHHs (UPS):  3abesneuye aBTOMaTU4HE
MEePEeMUKAaHHS HA JKUBJIEHHS BiJl aKyMYJISTOpPIB Yy pa3l 3HUKHEHHS 30BHIIIHBOIO
JOKEpesia JKUBJICHHS (AKTyallbHO, SIKIIO CHUCTEMa MIAKIIOYAEThCS J0 30BHINIHBOI
MEpPEK1).

3axucHi (QyHKUI: 3axuUCT Big TEpeBaHTAXEHHS, KOPOTKOrO 3aMUKaHHS,
M1BUIIICHOT/3HIKEHOT HaNpyTu OaTapei, meperpiny.

MomniTopyHT Ta KepyBaHHS: MOXJIIMBICTh BiOOpaK€HHS MapaMeTpiB poOOTH
(mampyra, cTpyM, NOTY>KHICTb, CTaH Oatapei) Ha JUCIUIei a0o yepe3 MIAKIIOYEHHS 10
KOMIT'FOTEPa/MOOLITLHOTO MIPUCTPOIO.

2.16 Bu0ip KOHCTPYKTHUBHHX €JIeMEHTIB Ta MaTepiajiB cMCTeMH

Jlns 3a0e3medyeHHST JOBrOBIYHOCTI, HaiMHOCTI Ta MoOUIbHOCTI MiHI-['EC,
HEOOX1THO BpaXOBYBaTH KOHCTPYKTHUBHI OCOOIMBOCTI Ta BUOIp MaTepialiB AJIsl BCIX ii
€JIEMEHTIB, 0COOJIMBO THX, IO MIJAAIOTHCS MEXaHIYHUM HaBAaHTA)KEHHSIM Ta BIUIUBY
JIOBKLJLJISA.

Bubip nmixmmnHUKOBUX BY3J1iB

[TiqMUIHUKY € KITIOYOBHMH €JIEMEHTaMU, 110 3a0e3IeUyioTh IJIaBHE 00epTaHHs
BaJIiB TYpOiHM Ta reHeparopa 3 MiHIMAaJIbHHM TEPTSAM Ta BiOpaIlisiMH, a TaKOX BOHU
TaKOX 37aTHI BUTPUMYBATH pajiaibHi i1 OChOB1 CHJIH.

Tun migmunaukiB: s 060X By3nmiB (TypOiHa Ta reHepaTop) PeKOMEHIYEThCS
BUKOPUCTOBYBAaTH BHUCOKOSIKICHI paaialibHI MIApUKOMIAMIUIHUKN a00 pajiaibHO-
YIOPHI MApUKOMAMUTHUAKA. KyTbKOB1 MAMIAITHUKY — YHIBEPCAIbHI, TEMOHCTPYIOTh
HU3bKE TePTs Ta €PEKTUBHI Ha BUCOKHUX IIBUAKOCTIX obepTaHHs. PamianpHO-ymopHi
IITUITHAKY 3/1aTHI CIIPUMATH SK pajiiaibHi, TaK 1 3HAYHI 0ChOBI HABAaHTAKCHHS, 110
MOKe OyTH akTyalmbHUM 151 TypOinu [lentona.

Oco0auBocCTI:
3akpuTi nigmunauku (2RS abo Z7): BukopuctanHs NiIIUITHUKIB 13 3aBOJACEKUM

3MalIEHHSAM Ta TePMETUYHUMHU YIIUTbHEHHSIMU 3 000X OOKIB € 00OB'SI3KOBHUM 17151 YMOB
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eKcIulyaTtalii y BoJioroMy cepenoBuii. lle 3axuiae BHYTpINIHI €JIEMEHTH
MiAMUIHAKA Bif TOTPAIUITHHS BOAHM, MWIy Ta aOpa3sWBHUX YAaCTHHOK, a TaKOX
3ano0irae BUTOKY MacTuja, 3MEHIIYIOUH OTpeOy B 00CIyrOBYBaHHI.

Martepian: I[inMMNHUKY MOBUHHI OYTH BUTOTOBJIEHI 3 BUCOKOSIKICHOI XpOMHCTOT
ctani (Hanpukian, GCrlS5), mo 3abe3neuye BUCOKY TBEPIICTh Ta 3HOCOCTIHKICTb.

BupoOnuku: PekoMeH10BaHO BUKOPUCTOBYBATH MPOIYKIIIIO BIJOMUX BUPOOHHKIB
(SKF, FAG, NSK, Timken), 1o rapaHTye BUCOKY SIKICTh Ta JJOBIOBIYHICTb.[24]

PosramyBanns: [lifIIMTHUKA BCTAHOBIIOIOTHCS B CIEIIAIBHUX KOpITycax
(MAIIKMIHAKOBUX BY3JIaX) 3 TEePMETMYHUMHU VIIUIBHEHHSAMH (CalbHUKH abo
Na0IpUHTHI YUIUTBHEHHS ) IJIs1 3aXUCTY Bil BOAM Ta Opy.y, 10 € KPUTUYHO BAKIMBUM
st TypOiHu. JIyist reHepaTopa MiAMUITHUKY THTETPOBaH1 B TOPLIEB1 KPUIIKK KOPIYCY.
3aranbHa pamMa Ta pyHAAMEHT

Jlns 3abe3neueHHs CTaOUIBHOCTI, CHIBBICHOCTI Ta O€3MEKH BCi€l YCTaHOBKH,
TypOiHa Ta TeHepaToOp MaroTh OYTH 3MOHTOBAHI Ha €IMHIHN )KOPCTKINA pami.

Pama:

Marepian: Pama Oyjie BUTOTOBJIEHA 31 3BapHHUX CTajeBUX MPodiLIiB (HAIPUKIIA,
mBesepiB abo mpAMOKyTHUX Tpy0). CTalib Mae BUCOKY MIITHICTh Ta JKOPCTKICTh. J{Jis
3aXUCTY BiJ KOpo3ii pama Oy/e MOKpHTa aHTUKOPO3IMHUM IpyHTOM Ta (papboro abo
OIIMHKOBAHA.

Konctpykmis: Pama moBuHHa OyTH JOCTaTHRO MAaCHBHOKO Ta KOPCTKOIO, 100
MIHIMI3yBaTH BiOpallii, M0 BUHUKAIOTH il Yac poOOTH, Ta 3a0E3MEYUTH TOUYHE
B3a€EMHE PO3TalllyBaHHA TypOiHH Ta reHeparopa. [lepenbdavaroThCsi MOHTaXHI OTBOPHU
JUTSE KPITUIEHHST TypOiHU, TeHepaTopa Ta rHy4koi MydTu. KoHCTpyKIliss paMu Takox
Ma€ BpPaxOBYBAaTH MOMJIMBICTh IIBUIAKOTO AOCTYITY JIJIsl OOCIyTOBYBaHHS.
dynmameHT/MOHTaX:

CramionapHa yctaHoBka: JlJis JOBroCTPOKOBOI €KCIUTyaTalii pama »KOPCTKO
KpIMUTHCA 10 0€TOHHOTO (YHIAMEHTY 3a JOTIOMOTOI0 aHKepHUX 00JTiB. DyHIAMEHT
MMOBHHEH OyTH JOCTAaTHHO MACHBHUM Ta 3arJIMOJICHUM, 1100 3a0€3MEUUTH CTIHKICTD /10

BiOpalliif Ta HAaBaHTaXKE€Hb BiJ] MIPAIIOI0YO0T BOJIM.
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Haiimenysanus, ONTMHHTIA [Mo3HaueHHs Bennunna

BHUMIpiB

1. INigpasmniuna Typ6ina

Tum TypOina ITenTona

Hanip (po3paxyHkoBuii) M H 20

Butpara Boau (po3paxyHKoBa) Q 7.84

n/c

JiameTp pobodoro kojaeca M D ~0.3

OntrmanbHa 4acToTa N ~593

obepTaHHs 00/XB

KinpkicTh KOBIIIB Z 22

HiameTp cormia (BUXITHHAN) MM d ~22.67

2. Enextpuunnii ['eneparop

Tum ['enepatop PMSG
P 1

HowminansHa moTyxHicTh (KBT)

HowminansHa LIBUJIKICTH n 600

ob6epranHs (00/XB)

Buxinna Hampyra U 48

(HominanbHa) (B)

3. Cucrema KepyBanHd Ta

IleperBopenns Eneprii

KonTponep 3apsany Tun MPPT
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[IponoBxenHs Tadbauui 2.1 XapakTepucTuka OCHOBHUX KOMIIOHEHTIB

MOTYXKHICTh BT

HominanpHa BXigHa Hampyra Usxinna ~60-80
(DC), B

HominanpHa BHXigHA Hampyra Usnxizsa 48 DC

B

MaxkcuManbHuK BUXITHUN Imax 25-30
cTpym, A

AxymynsTtopHa Oatapest Tan (LiFePO4)
HowminansHa Hanpyra B U 48
€mHuicTh A ro/KBT O C 150 - 200 (7.2 - 9.6)
IaBepTop Tun Yucra cunycoina
Bxinna Hanpyra B UsxigHa 48 DC
Buxinna nampyra B Usuxiana 220 AC, 50 '
HowminansHa  (Ge3nepepBHa) P 1500 - 2000

BucHoBkHM 10 po3ainy 2

VY npomy po3aii Oyno BAKOHAHO OOYMCIICHHS Ta OTPUMAHO HACTYITHI pe3yJbTaTH

BUXIJHA €JICKTpUYHA TOTYXHICTh B | kBT, BH3HaueHO HEOOXITHY TiIpaBIIYHY

MOTYXHICTh, 10 AopiBHIOE 1538.46 BT, 1 po3paxoBaHo 00'eMHy BUTpaTy BOJH, SKa

ckiaaae nmpuonm3Ho 7.84 n/c.

3niiCHEHO pOo3paxyHKH mapaMeTpiB TypOinu llentona, mo namu 3MOTy BU3HAYUTH

MBUAKICTE cTpyMeHs: Boau (19.41 m/c), ontumanbHuil giameTp coma (22.67 mm),

niameTp pobodoro koseca (0.3 M) Ta KUIbKICTh KOBIIIIB TypOiHH (22).

O6pano TpudazHuii CUHXPOHHUN TeHepaTtop 3 mocTiiHuMH MarHitamu (PMSQG),

pO3paxoBaHUl HA HOMIHAJIBHY MBUAKICTH 00epTanHs 600 06/XB.
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3 PO3ILJI IPOEKTYBAHHS EJIEKTPOMEXAHIYHOI CACTEMHU
MAJIOIi TEC

VY 1mpoMy po3auTl PO3MIISIAAETHCS PO3MIMPEHHUM 1HXKEHEPHHUI aHalli3 po3poOKu
KJIFOUOBUX KOMIIOHEHTIB MIHIATIOPHOT MOPTAaTUBHOI riipoenekTpocTaniii. [I[puitHaTTs
pillieHb 0a3y€eThCS HA MOMEPEIHIX po3paxyHKax TiIpaBiiku Ta eHepreTuku. ['onoBHa
yBara 30cepe/pkeHa Ha BHOOpI Ta 3araJbHOMY KOHCTPYKTUBHOMY oO(QopMIIeHHI
riIpaBiaiyHOi TypOiHM, €JIEKTPUYHOTO TeHepaTropa, a TaKoX Ha IUIaHyBaHHI
apXITEKTYpH YCI€1 CUCTEMU 3arajoM.

3.1. OOrpyntryBaHHs BHOOpPY TrigpaBJidyHOi TypOiHM Ta ii NPUHUMIIOBA
KOHCTPYKIist

Bubip tuny rigpotypOiHu — KpUTHUHUM (pakTop 3abe3reyeHHs] e(EeKTUBHOCTI Ta
cTabUTbHOT pOOOTH TipOeNIeKTpocTaHIlil. BpaxoByroun 0co0IMBOCTI TIPCHKUX BOAHUX
MOTOKIB, $IKI XapaKTepHU3yIThcs 3Ha4HMM HamopoM (H=20 M) Ta oOmexeHOIO
o6'eMHor0 BUTparoro Boau (Q=7.84 n/c), HeoOXimHO oOpatu TypOiHY, 110 HAWOUIBII
e(hEeKTUBHO TEePETBOPIOBATUME TIAPABIIYHY CHEPril0 Ha MEXaHIYHY, 3aJ0BOJIbHSIOUN
came 1IUM [apaMmeTpam.

Jlnst oOTpyHTYBaHHS IPUHHATOTO pillieHHs OyJI0 MMPOBEICHO MOPIBHAILHUMA aHAITI3
HaWOLIBII TOIIMPEHUX THIIB TIAPOTYpPOiH, IO BUKOPUCTOBYIOTHCS B Malii
TIpOEHEPTeTHIII.

Tabnurs 3.1 [HopiBHSHHS OCHOBHUX T1IAPOTYpPOiH

Tunu [TenTon banki-Mituens ®dpeHcica [Tponemnnep
TypOiH ~ (Kamnana)

Butpara | mana noMipHa BEIHKa BEJIUKa
BOIU

Hanip, m | Bin 30 5-25m 10-300 Ho 10
nepeBara | EdexTuBHa, I'pomizka, €wMHicHa, ckiagHa | BuTpartHa,

HajiiHA HeeEeKTUBHA rpoMi3Ka
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Ha ocHoBi ananizy naHux, HaBeaeHux B Tabmuui 3.1, Ta 3 ypaxyBaHHAM
PO3pPaxXyHKOBUX MapaMeTpiB MPOEKTY, ONTUMAIbHUM piteHHsM s 1€l MiHl-T'EC €
TypOina Ilentona. Ile akTuBHa (iMmysibcHA) TypOiHa, poOOTa AKOI IPYHTYETHCS Ha
MEePETBOPEHHI KIHETMYHOI €HEeprii BUCOKOIIBHJKICHOTO CTpyMeHs Boau. Bona
171eaibHO MIAXOIUTH JIJI BUCOKUX HAMOPIB Ta MaJIUX BUTPAT, 3a0€3Meuy0ur BUCOKUN
koedimienT kopucHoi aii (KKJI) HaBiTh mpH YacTKOBUX HaBaHTAaXEHHSX, IO €
HAJ[3BUYAITHO BAXKJIMBUM B YMOBAX HECTAOIbHOCTI TPCHKUX PIUOK.[25]

3.2 Po3po0Ka ejIeKTPOMEXaHIYHOT 0 OJIOKY

3aranbHa cTpykTypHa cxema (PucyHok 3.2) neMOHCTpye B3a€MO3B'S3KH MiX
KOMIIOHEHTaMH CHCTEMH: BOJa 3 BOA03a00py, IPSIMYIOYH BOJOTOHOM, MOTPAIUIIE Ha
TypOiny IlentoHa, sika oOepTaec CHHXPOHHUH T'C€HEPATOp 3 MOCTIHHUMH MarHiTaMu
(PMSG). 3renepoBaHa €JIEKTPOCHEPrisl MPOXOAWTH YEPe3 CHIIOBY CIEKTPOHIKY
(xoHTpONIEp 3apsiAy, IHBEpPTOp) Ta 30epiracTbcsi B aKyMYJSTOpHIM Oartapei s
MOJIaJIBIIIOT0 BUKOPUCTAHHS.

Bubip enekTpudHOro reHeparopa:

Jns miei mini-I'EC 6yno o6pano TpudazHuii CHHXpOHHUN T€HEPaTOp 3 MOCTINHUMU
marnitamu (PMSG). Moro nepearu B Maiiii rigpoeHepreTuii 6e3sanepeyi:
Bucokuit koedimient kopucuoi aii (KK): PMSG edextuBHO mpaitoe HaBiTh Ha
HU3bKUX MIBUAKOCTSIX O0EPTAHHS, 10 KPUTUYHO BAXKIMBO JJIS PSIMOTO TIPUBOTY Bif
riapoTypOiHH.

3aranpHa cxema MiHI-[EC (PucyHok 3.2) AeMOHCTpye B3a€EMO3B'SI3KHM MiX
KOMITOHEHTaMHU CHUCTEMH: BOJIa 3 BO103a00py, MPSMYIOUH BOJOTOHOM, MOTPAIUIIE€ Ha
TypOiny Ilentona, sxka obepTaec CHHXPOHHUUN Te€HEPATOp 3 MOCTIMHUMHU MarHiTaMu
(PMSG). 3renepoBaHa €IEKTPOCHEPTis MPOXOAWTH HYEpPE3 CHUJIOBY EIEKTPOHIKY
(koHTpONIEp 3apsdy, IHBEPTOp) Ta 30epiraeTbCsi B aKyMYyJSITOpHIA Oarapei mis
MOTATBIIIOTO BUKOPUCTAHHS.

Bubip enexTpudHoOro reHeparopa:

Hns wiei miHi-I'EC Oyno o6pano TpudasHuid CUHXPOHHHI TeHepaTop 3

noctiftanmMu  Mmarnitamn  (PMSG). HMoro mnepearm B Mauiii rizpoeHepreTHiii

Oe33anepeyHi:
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Pucynok 3.2. 3aranbna cxema miHi-I'EC

Bubip enekTpudHOro reHeparopa:

Hnsa miei mini-IT'EC Oyno o6pano TpudasHuid CUHXPOHHHM TeHepaTop 3
noctilinumMu  Marnitamu (PMSG). Moro mepeBarm B Maimiii TrigpoeHepreTii
Oe33arnepeyHi:

Bucoxknii koedinient kopucnoi aii (KK/[): PMSG edexTuBHO mpaiftoe HaBiTh Ha
HU3bKUX MIBUAKOCTSIX O0EPTAHHS, 1[0 KPUTUYHO BAXKIIUBO ISl IPSIMOTO MIPUBOY Bill
riapoTypOiHH.

Hanifinicts: BigcyTHICTh NIIITOK 1 KOJEKTOpAa 3HAYHO CIIPOINYE KOHCTPYKIIIIO,
3HIDKYIOYH 3HOC 1 TOTpeOy B CEPBICHOMY OOCITYTOBYBaHHI.

KommnakTtHicTh: BukopucTaHHS CHIIBHUX TIOCTIHHHMX MarHiTiB Hagae PMSG
BHCOKOi TUTOMO{ MOTY>KHOCTI HA OJIMHUIIIO 00'€MY Ta Baru.

PMSG wmae craTop 3 00MOTKamM# Ta pOTOp 3 IHTETPOBAHUMH MOCTIHHUMHU MarHITaMHU.
OOGepTaHHs pOTOpa MPU3BOJAMTH J0 3MIH MarHiTHOTO TIOTOKY Yepe3 0OMOTKH CTaTopa,
110 1HAYKY€E 3MIHHY €JIEKTPUUHY Hanpyry.[26]

[TpsimMuit mpuBizg Ta 3'€THAHHS:
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KirouoBoro nepeBaroto 00panoi KoHIrypaiii € MOXIUBICTh pealtizallii mpsiMoro
npuBoAay (Direct Drive). OntumanbHa mBUAKICTE o0epTanHs TypOinu Ilentona (593
00/xB) 6J1M3bKa 10 HOMIHAJIBHOT IIBUAKOCTI 00epTanHs BuOpanoro PMSG (600 06/xB).
Ile BukiIOYae HEOOXITHICTH PEAYKTOpA, IO 3HA4YHO ToKpamrye 3aranbHuil KKJI
cucTemMu (BIACYTHICTh BTpPAT B PEAYKTOP1), 3MEHIIYE 1IyM, BiOpallii, Bary Ta BapTiCTh
YCTaHOBKH, a TAKOXX CIPOIILY€E MOHTAX 1 00CIIyTOBYBaHHS.

3'enHaHHs BajiB TYpOIHU 1 reHepaTopa peanizyeThes 3a JOMOMOTOK €IaCTUYHOT
MybTu. BoHa KoMmeHCye HEBEIMKI HETOYHOCTI CIIBBICHOCTI BalliB, 3axHIIAlOUud
MIITUITHAKY Ta 3aMo0irarodu nepeaadi Bioparii Mixk TypO1HOIO 1 T€eHEpaTOPOM.

3.3 IIpoeKTyBaHHS CHCTEMH KEePYBAHHS

Leti po3ain 30cepeKyEThCA Ha €IEKTPUYHINA CKIIaJIOBIM CHCTEMHU, SIKa BIAMOBIAAE
3a YOpaBJIIHHS TOTOKOM €HEPTii, perytoBaHHs HAPYTrH Ta 3a0€3MeYeHHs 3aXUCTY.

Y upoMy po3auil aKIEHTOBAHO YBary Ha €JIEKTPUYHIA CKIIaJIOBId CHUCTEMHU,
BIAMOBIAAIBHIM 32 KepyBaHHA TIOTOKOM €HEprii, KOpPUTYBaHHS HaNpyru Ta

rapaHTyBaHHs O€3MeKH.

Pucynok 3.3. CtpykrypHa cxema mainoi ['EC

CrpyktypHa cxeMa cucteMu ynpasiiHHa (Pucynok 3.3)[26,22,23,27] umocTpye

B3a€EMOJII0 OCHOBHUX €JIEKTPUYHUX CKJIaA0BUX. EHepris, BUpoOJieHAa TeHepaTopoM,
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npsamye 1o MPPT-koHTposepa, KOTpuil ympaBiisde 3apsKaHHAM aKyMyJSITOPHOI
Oatapei. AxkymynsiTopHa Oarapes >XUBUTb IHBEPTOp, IO MOJA€ 3MIHHUNA CTpyM
croxuBavyaMm. JlaTuuKy BiCTEKYIOTh KIIOYOBI MapaMeTpH CHCTEMHU.

OCHOBHI KOMIIOHEHTH CUCTEMU YIPABIIHHS Ta IEPETBOPEHHS €HEPTIi:

MPPT-koutponiep  3apsay: Lle  kiro4oBHil — eleMEHT — ymNpaBliHHA B
eNIEKTPOTEXHiuHiii uacTuHi. VOro TONOBHE 3aBIAHHS — BIiJICTEXYBATH TOYKY
MakcuManbHOi moTykHOCcTi (MPPT) reneparopa. lle 3a0e3neduye MaxCHMalIbHO
e(eKTUBHE BUKOPUCTAHHS BCIET 3reHEPOBAHO1 €JIEKTPOEHEPTii, MIAJIaIITOBYIOYHUCH IT1]T
3MIHM IIBHJIKOCTI 0O€pTaHHs reHepartopa (depe3 KOJIUBaHHSA y CIOKHMBAHHI BOJH).
Oxpim 1iboro, MPPT-koHTpoJsiep BUKOHYE Takl (PyHKITIT:

[leperBopenHss Hampyru: BiH mepeTBOprO€ 3MiHHY HAaMpyry BiJ BUIPSIMIICHOTO
reHepaTopa Ha cTabinbpHy Hanpyry 48 B, HEoOXiaHY /TS 3apsKaHHS aKyMYJISTOPHOT
Oatapei.

baratoctyneneBe  3apsmxaHHS:  BUKOPHUCTOBYE  ONTUMAIbHUNA  AITOPUTM
3apsypKaHHS akymyssiTopiB (Hampukiazn, Bulk, Absorption, Float), mo 30iabImnye
TEPMIH TXHBOT CITYKOH.

3axucT akyMyJsITOpiB: 3ano0irae HaaAMIPHOMY 3apsI>KaHHIO Ta TITMOOKOMY PO3PALY
akymyJssitopiB. Jis cucremu Ha 1 kBT, 06panuit MPPT-koHTposiep Mmae MaTH BUXITHY
Harpyry 48 B Ta MakcuMaabHUM BUXITHUN CTpyM y Mexax 25—30 A.

AxymynsatopHa Oatapes: Ciyrye sik HaKoImu4dyBad eHeprii Ta Oydep, rapantyodu
CTaOUTbHE €JIEKTPONOCTauYaHHS y TEepiou 3MEHIIeHOi TeHepalii abo 301IbIIeHoTo
HaBaHTaXeHHsA. Bubpano mitiii-3amizo-docdharni (LiFePO4) akymynstopu 3
HOMIHAJIBHOIO HampyToto 48 B.

[lepeBarun LiFePO4: nosrosiunicte (2000-6000 1ukitiB), BUCOKa €(hEKTHBHICTS,
MOXKIIUBICTH TIINOOKOTO po3psiay (o 80-100% DoD), mBuaka 3apsika Ta miaBUIICHANA
piBeHb Oe3neku. Hanpyra 48 B BuOpana ans MiHiMi3allii CTpyMiB 1 BTpaT y KaOemsx.

[aBeprop: I[lepeTBoproe moctiitHuii ctpym (48 B) Bim akymynstopHoi Oarapei Ha
smMiHHHH cTpyM (220 B, 50 I'm) ans 3a0e3medyeHHs] >KUBJICHHSM CTaHAAPTHUX
MoOyTOBUX TpuiaaiB. [HBEPTOP 3 YUCTOIO CHHYCOIOK HEOOXITHUN IS >KUBJICHHS

YYyTIMBOI €JIEKTPOHIKH, €JIEKTPOABUTYHIB Ta IHIIUX MPUCTPOIB, IKI BUMAraroTh IKICHOT
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Hanpyru. HominanbHa (0e3nepepBHa) NOTYKHICTh IHBEPTOpa 0OpaHa 3 3anacom 1.5—2

KBT, 1110 703BOJIsI€ MOKPUBATU MTYCKOBI CTPYMHU Ta KOPOTKOYACHI ITIKOBI.
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Pucynok 3.4 EnekrpryHa NpUHIMIIOBA CXE€Ma CHJIOBOTO IIUTA JE€TAIBHO BIIOOpaxae
BC1 €JIEKTPUYHI 3'€JHAHHS, 3aMI00KHUKHU Ta KOMYTALIMHI IPUCTPOI CUCTEMH.
OCHOBH1 KOMIIOHEHTH CXEMH CHUJIOBOTO IIIHUTA:

- Bxigni kiemu Bin enexrpomepexi ta EC.

-ABTOMaTHYHI BHUMHKaul Ta 3amoODKHUKUA: 3a0e3ledyroTh 3aXUCT  BiJ
HAJUIMIIKOBOI'O CTPYMY Ta KOPOTKHX 3aMUKaHb Y KO)KHOMY 3 €JIEKTPUYHHUX KiJI.

- Enexrponpunaau.
3.4 I'enepanis esextpoeneprii majsoi 'EC
Le#t po3ain 30cepe/KyeTbCsl HA MPOTHO30BAHOMY PIYHOMY BUPOOITKY €JIEKTPUYHOI
€Heprii Ta 00TPyHTOBAHOCTI EKOHOMIYHOT €()EKTUBHOCTI MTPOECKTY.
Ominka o06csTy BUPOOHMIITBA €JIEKTPOEHEPTi:
[Tokazuuk BUpoOITKYy enekrpoeHeprii MiHi-I'EC Moxe 3MiHIOBaTUCS MPOTIATOM POKY
4yepe3 Ce30HHI KOJMBAaHHS Ta 0OCST OIajiiB, 110 BINIMBAIOTh HA BOJHUMN CTIK piuku. JlJis
TOYHOT'O PO3PaxXyHKY PIUHOTO BHPOOITKY HEOOXIIHHMI aHali3 TiIPOJIOTIYHUX JTaHUX

KOHKPETHOT MICII€BOCTI.

HaBaHTAKCHHSI.
Butparta Boau Bupo6.ieHa EHepris 3a
” NOTY>XHICTh A0Gy
12 L6 40

/\/\/\/ L /\/\/\/ 35
10
1.2 30
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N I g 25
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Pucynok 3.5. I'padix renepaii enektpoeneprii Mini-I'EC
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Sk BunHO 3 Pucynky 3.5, BUpOOITOK €1EKTPOCHEPTil IEMOHCTPYE CE30HHI 3MIHH.
Haii0inpia reHepaiiisi CHOCTEPIra€ThCsi B MEPIOAM BEIUKOI BOAM (BECHSIHI MaBOJKH,
OCIHHI JOlIl), TOAl SIK y TOCYIUIMBI Mepiogu (JITHS 3acyxa, 3UMOBI MOPO3H)
MPOAYKTUBHICTh MOXE MHaaatu abo B3araii npunubatucs.[28] Lle naronomye Ha
BAXKJIMBOCTI aKyMyJsiTOpHOi Oatapei sik Oydepa ana 3abe3nedeHHs CTaOUIbHOTO
eHepronocrayanHsa. CrpaTerii A1 KOMIIEHCAIll] craay TeHepauii MOXYyTh BKIOYaTH
CKOpPOYEHHSI CTIOKMBAHHS, BAKOPUCTAHHS PE3ECPBHUX JXKEPEN (HAMTPHUKIIA], HEBEITMUKa
COHSTYHA €JIEKTPOCTaHIIis) 800 ONTUMaIbHE BUKOPUCTAHHS BOJHUX PECYPCIB.
ExoHOMIYHE OOTPYHTYBaHHS MIPOCKTY:

ExoHoMIUHa OIliHKa MPOEKTY Moka3zaHa B Tabmwuill 3.2 103BOJIsIE BUSHAYUTU HOTO
BapTICTh.
Kaniraneni Butpatu (CAPEX):
OCHOBHI KaITITAJIOBKJIAJIEHHS OXOILIIOIOTh:
. BapricTs rinpoTypOinu (pa3oM 3 KOPIYCOM, COTUIOM Ta PETYJISITOPOM).
. BapricTs cunxpoHHOTO TeHepaTopa 3 nocriiHumMu Marairamu (PMSG).[26]
. Bapricte MPPT-konTposiepa 3apsiny.[22]
. Bapricts akymynstopHoi 6arapei LiFePO4.[27]
. BapricTs iHBepTOpa 3 YUCTOI CHHYCOi1010.[23]
. Bapricts cunmoBoro muta BPII Ta #ioro KoMnoHeHTiB (aBTOMaTHYHI BUMHKaYI,
3an00DKHHUKHN, BUTIPSIMIISY, KaOeJi).
. BapricTh BooBOTY, BOJI03a0IpHUX CIIOPY/, apMAaTypH Ta KPIIJICHb.
Excrimyaramiitai sutpatu (OPEX):

Jlo ekcruTyaTamiitHuX BUTPAT HAJIEKATh:

-Perynsipue TexHiuHe 0O0CIyroByBaHHsS (OTJIsi, OYMWIINEHHS TypOiHH, TMepeBipKa
€JIEKTPUYHUX 3'€THAHD).
-MoxiBa 3aMiHa 3HOMIEHUX JIeTanel (MiIIUITHUKA, YIIUTHHIOBAYI).

-AMopTH3alliifHi BiApaxyBaHHS Ha 00 THAHHS.
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Tabnuus 3.2 EkoHOMIYHA OLIIHKA KaliTaJbHUX BUTPAT

Kowmnonent / Bug Po6oTu OpienToBHa Bapricts, $
I'igpaniuna Typ6Gina [lenrona (1 kBr) 800—1500
CuHXpOHHUH reHepaTop i3 NOCTIHHUMU

600—1000
marnitamu (PMSG, 1 kBT, 600 06/xB)
MPPT-kouTponep 3apsay (48 B, 25-30 A) 250—400
AxymynaropHa 6atapest LiFePO4 (48 B, 150-
1800-2000
200 A‘ron)
[aBepTOp (uncra cunycoina, 48 B / 1.5-2 kBr) 400-700
Kommnekryroui 10 cunosoro mura BPII 200—400
Boposig (tpyowm, dituHTH) Ta BOA03a0IpHI
pyor, ¢ ) P 500-700
criopyau
KaGeni Ta 3'eqHaHHs (CUIIOB1, KEpYBaHHs) 150-300
MeTanokoHCTPyKIIii (pama reHepaTopHoi
pyxuii (p patop 100-200
YCTaHOBKH, KPIIJICHHS)
3aranbhi Kamitaneai ButpaTt (opieHTOBHO): $4800 - 7200
CepeiHE 3HAUECHHS: $6000

Or11iHKa TEpMIHY OKYITHOCTI:

TepmiH OKYITHOCTI pO3paxOBYETHCS K CIIBBITHOIICHHS KaIiTAIbHUX BUTPAT JI0
piuHOi ekoHoMIi abo JOXOay BiJ MPOJAXy elekTpoeHeprii (3a HasBHOCTI). s
ABTOHOMHUX CHCTEM, IO HE TMependadaroTh NPOJaX eJIEKTPOSHEpTii, TepMiH
OKYITHOCTI BU3HAYAETHCS AK Yac, MPOTATOM SKOTO 3€KOHOMJICHI KOIITH Ha KYMiBJIIO
CJEKTpOeHEePrii 3 IEeHTpasli3oBaHOI Mepexi (abo BapTicTh BUKOPHCTAHHS
ANbTEPHATUBHUX JDKEPEJ, HANpUKIAJ, AU3EIbHOTO TEeHepaTropa) KOMIICHCYIOTh
MOYaTKOB1 IHBECTHIII].

3a3Buyail 11 aBTOHOMHUX TIAPOETEKTPOCTAHINIA 1€ TIOKa3HHK MOXKe
KonuBaTucs Bix 15 1o 20 pokiB, 3aJIe’KHO BiJl YMOB €KCIUTyaTallii Ta pUHKOBHUX I[iH Ha
oOnaHaHHS.

[lopiBHIOIOUYM 3 THIIMMU AaBTOHOMHHUMU JIKEPEIaMu €HEeprii (Hanpukiaj, AU3eib-
reHepaTopaMmu, ikl MalOTh BEJIMKI MOTOYHI BUTpaTH Ha nanuso), MiHI-I'EC € Ouibin

€KOJIOTTYHHMM Ta JIOBrOCTPOKOBO €KOHOMIUHO BUT1IHUM PIIICHHSIM.
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BucHoBok

VY kBanmiikaniiiHiii po6oTi O0yn0 OOTPYHTOBAHO Ta CIPOEKTOBAHO KOHUEMIIIO
CTBOPEHHSI KOMIIAKTHOI NMEPEHOCHOI T'iJIpOeNIeKTPOCTaHIlli, po3paxoBaHoi Ha 1 kBT
noTyxHOCT1. BoHa npu3HaueHa aiisg €e(peKTUBHOTO BUKOPUCTAHHS B YMOBAX TPChKHUX
BOJIHUX TIOTOKIB, JI€ € BUCOKUH HaIIip, aje BITHOCHO HEBEJIMKA BUTPATa BOJIU.

OOrpyHTOBaHMI BUOIp Ta PO3paxyHOK TiApaBiiuHoi TypOiHu. [limiGpanuii
CUHXpPOHHHMU reHepatop 3 noctiiaumu MmarHitamu (PMSG). OOGpano niTiii-3aiizo-
¢ocharni (LiFePO4) akymynaropu sk HaJiiiHE Ta JJOBrOBIYHE pIIICHHS JIs
30epiranns eHeprii. Po3pobiieHa neranbHa eleKTpuyHa MPUHIIMIIOBA CXeMa CHIIOBOTO
muTa BPII, 1110 MicTUTh yCi KITFOYOB1 KOMIIOHEHTH CXEMH.

3niiiCHEH1 TOCTIKEHHST Ta OOYMCIICHHSI MIATBEPANUIN TEXHIYHY Ta €KOHOMIYHY

JOLIBHICTD IBOTO MPOEKTY K aBTOHOMHOTIO JIXKEpeJia EHEeprii.
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Jlonatok A
1 TECHNOLOGICAL PART

1.1 General information about hydroelectric power plants

Hydroelectric power plants (HPPs) are one of the oldest, and at the same time, the
most promising ways of generating electricity using the power of water flow. Unlike
traditional thermal power plants or nuclear power plants, hydroelectric power plants
do not require the combustion of fuel, which significantly minimizes their impact on
the environment and operating costs.

The principle of operation of a hydroelectric power plant is based on the fact that
the pressure of water directed at the blades of a hydroturbine causes it to rotate. In turn,
the hydroturbine, connected to a generator, also drives it. The generator produces
electrical energy, which is transmitted to a transformer station, and from there to power
lines.

The machine room of the hydroelectric power plant houses hydraulic units that
convert the energy of the water flow into electricity, and the hydroelectric power plant
building itself contains all the necessary switchgear, as well as devices for controlling
and monitoring the operation of the hydroelectric power plant.[3]

The power of a hydroelectric power plant depends on the volume of water and the
pressure that passes through the turbines. Direct pressure is created due to the directed
movement of the water flow. This can be water collected in a dam when a dam is built
at a certain point on the river, or pressure is obtained due to flow diversion - this is
when water is diverted from the riverbed through a special tunnel or canal.

So, hydroelectric power plants are dam, diversion and dam-diversion. The most
common dam hydroelectric power plants have a dam at their base that blocks the
riverbed. Behind the dam, water rises, accumulates, forming a kind of water column
that provides pressure and head. The higher the dam, the greater the head. The world's
tallest dam is 305 meters high, the 3,600 MW Jinping Dam on the Yalong River in

western Sichuan Province, southwest China.[3]
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Hydropower plants that use water energy come in two types. If the river has a small
gradient but is relatively high in water, a dam is used to create a sufficient difference
in water levels.

A reservoir is formed above the dam, which ensures the steady operation of the plant
throughout the year. A water turbine connected to an electric generator is installed near
the bank below the dam, in close proximity to it (a dam station). If the river is
navigable, a lock is built on the opposite bank to allow ships to pass through. If the
river is not very rich in water, but has a significant drop and a turbulent flow (for
example, mountain rivers), then part of the water is diverted through a special channel,
which has a much smaller slope than the river. This channel sometimes reaches a length
of several kilometers. Sometimes the terrain requires replacing the channel with a
tunnel (for powerful stations). In this way, a significant difference in levels is formed
between the outlet of the channel and the lower reaches of the river. At the end of the
channel, the water enters a pipe with a steep slope, near the lower end of which a
hydroturbine with a generator is placed. Due to the significant difference in levels, the
water acquires a large kinetic energy, sufficient to power the station.

Classification of hydroelectric power plants

Hydropower plants are classified according to several main criteria:

1) By installed capacity:

Large hydroelectric power plants - over 100 MW;

Medium-sized hydroelectric power plants - from 10 MW to 100 MW;
Small hydroelectric power plants - up to 10 MW;

Micro hydroelectric power plants - up to 100 kW;

Micro hydroelectric power plants have found wide application in the private sector,
for powering individual buildings or small settlements, especially in remote areas
without access to centralized power grids.[3]

2) By type of water energy use:
Pressure hydroelectric power plants - use significant height differences (head);
Non-pressure (stream) - operate on the natural flow of the river without creating

artificial head;
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Combined - use both head and kinetic energy of the flow.

3) By type of energy consumption:

With constant load - provide stable power supply;

With regulated load - use storage systems or hybrid schemes.

The choice of turbine depends on the hydrogeological features: head and water flow.

The major classifications of hydraulic turbines, as shown in Figure 1.1, are:
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Figure 1.1 Classification of hydraulic turbines
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Pelton turbine. In this system, water is directed through nozzles, directed
tangentially to a circle that passes through the center of the bucket. As it escapes the
nozzle, the water forms a fast-moving jet that acts on the blades (buckets) and causes
the wheel to rotate. This wheel can have up to 40 blades and a maximum of 6 nozzles.

Bladed turbines are equipped with a blade in the middle that separates the jet,
reducing blade wear and improving energy efficiency. This type of turbine is used for
high heads, starting from 60 meters.[4]

Turgo turbine. Works effectively in the head range from 50 to 250 meters. Similar
to the Pelton turbine, but has differences in the shape of the buckets and the way the
water flow is directed, which falls on the rotor plane at an angle of 20 degrees.
Compared to the Pelton turbine, the Turgo turbine exhibits higher speeds for similar

head and water flow rates, although its efficiency is somewhat lower.[3]
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Cross-flow turbine. Water enters the turbine through one or more guide channels
located upstream of the impeller and crosses it twice before exiting the turbine. The
operating head range varies from 5 to 200 meters. This turbine exhibits low efficiency
compared to other types, but is relatively inexpensive, and its repair is simple and
economical. These features make it an attractive solution for rural applications.[3]

Francis turbine. This type of turbine has fixed rotor blades and adjustable guide
blades. The water in the rotor moves from the periphery to the center and then along
the axis. Therefore, the inlet is always radial and the outlet is axial. Typically, these
turbines are used at heads from 25 to 600 meters. The main advantages are high
efficiency, but they have a steeper characteristic compared to Kaplan turbines.[3]

Kaplan turbines and propeller turbines. These turbines have an axial flow
direction. The Kaplan turbine provides for the possibility of adjusting the blades and,
sometimes, the guiding devices. When both types of blades can be adjusted, such a
turbine is classified as a dual-control turbine. If the working blades are fixed, then it is
a propeller turbine. Most often, these turbines operate at heads from 2 to 40 meters.[3]

Bulb turbine. It is a modification of the Kaplan turbine, where the generator is
located in a waterproof housing that is immersed in the water flow. It functions
effectively in the range of heads from 0.5 to 30 meters.

Given that small hydroelectric power plants often have limited or no water in their
reservoirs, they typically operate at high flow rates and low head.[5]

1.2 Operation of hydroelectric power plants in energy systems

The operation of hydroelectric power plants (HPPs) in energy systems is
characterized by certain features that arise from dependence on river runoff and the
operating modes of multifunctional reservoirs. Restrictions imposed by downstream
conditions and environmental protection needs also affect. Reservoirs of hydroelectric
power plants (HPPs), depending on the useful volume, can regulate energy production
in daily, weekly, seasonal and multi-year modes. However, if the year is low-water
(usually a low-water year with 90-95% availability is taken as the calculated one),
hydroelectric power plants are obliged to guarantee the calculated energy output in

order to fulfill their share of the energy system load schedule.
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A reservoir used for daily regulation allows the redistribution of natural daily water
runoff. This is necessary to ensure uneven operation of the hydroelectric power plant
in order to cover the peak part of the load schedule.[3]

During periods of reduced electrical loads in the power system on weekends, with
weekly regulation, the power and electricity production of the hydroelectric power
plant are reduced. Unused runoff is accumulated in the reservoir and used on weekdays,
which contributes to an increase in the energy output of the hydroelectric power plant.

Under conditions of seasonal and multi-year regulation, during periods of low
water, the hydroelectric power plant reservoir ensures coverage of the peak part of the
daily load schedule. This occurs due to the natural inflow of water to the reservoir
during the day, as well as the use of the useful volume that was previously accumulated
in the reservoir.[3]

During floods, in order to maximize the use of hydropower resources and avoid
unused water discharges, all hydroelectric power units of the hydroelectric power plant
usually operate at maximum capacity continuously. This allows you to produce as
much electricity as possible, avoiding the need for daily regulation, providing the basic
component of the power system load schedule. Thanks to this, overall fuel savings are
achieved, although during this period some TPPs are forced to operate in an uneven
mode, especially in the peak part of the schedule.

At HPPs with reservoirs with a significant useful volume, it is advisable to have an
emergency reserve of the system with a long operating time. HPPs are also provided
with the placement of a load reserve of the system necessary to maintain frequency in
power systems. For example, in the Unified Power System of Ukraine, the Dnieper
Cascade HPP and the Dniester HPP perform the function of an emergency reserve,
however, the complex use of their reservoirs imposes certain restrictions on the
operating modes of HPPs as a reserve of the Unified Power System. Accordingly, their
use in emergency cases can cause losses in other industries, in particular, fisheries.

Most hydroelectric power plants (HPPs) also use the synchronous compensator

mode to produce reactive power.
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The functioning of integrated power systems, where a significant share belongs to
HPPs, depends on the regulation of reservoir flow, as well as on the correction of
electricity production during the joint operation of HPP cascades in the power system
due to the natural unevenness of the river flow. For example, due to the asynchrony of
the flow of the Angara and Yenisei rivers, as well as due to differences in the regulatory
capabilities of the reservoirs of HPP cascades located on these rivers, approximately
500 MW are additionally received in the Unified Power System of Siberia (Russia),
where the share of HPPs is quite high, almost 50%.[3]

Hydropower plants play the role of a key system-forming element. The
construction of large hydroelectric cascades and high-voltage lines to transmit their
power has often become the basis for the formation of integrated power systems.

The operation of hydroelectric power plants is characterized by high reliability, the
probability of emergency situations at them is significantly lower than at thermal power
plants, where accidents are associated with the use of extremely high temperatures and
pressures in the technological process, as well as larger fuel reserves, etc.[3]

1.3 Common types of homemade hydroelectric power plants for households

As noted in Figure 1.1 of the classification of hydroturbines depending on their
structure and method of operation, there are several basic types of homemade
hydroelectric power plants.

Garland. The design includes a cable stretched from one bank of the river to the
other. Rotors are attached to this cable, which rotate under the influence of the water
flow. These rotors, in turn, set in motion a cable, one end of which is connected to a
bearing, and the other to the generator shaft.

Water wheel. A key element of a homemade small hydroelectric power plant. The
wheel has blades located perpendicular to the water surface. Water presses on these
blades, causing the wheel to rotate.

Propeller. An ideal option for a mini-hydroelectric power plant if the width of the
river exceeds 10 meters. The propeller rotor is located vertically. The propeller blades
are small, about 2 cm. If the river flow speed exceeds 2 meters per second, it is

advisable to consider other blade sizes.
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Darrieus rotor. This is a vertical rotor that rotates due to the pressure difference on
its blades.[4]
1.4 Selection and comparison of cross-flow and Pelton hydroturbines
One of the key stages in the development of a portable hydroelectric power plant
project for a household is the selection of the type of turbine. This is what determines
the efficiency of electricity generation, the reliability of the system, and the ease of
manufacture and maintenance. Among the many types of turbines used in small and
micro-hydropower plants, the most suitable for individual household conditions are the
cross-flow turbine (also known as the Banki or Banki-Mitchell turbine) and the Pelton
turbine (bucket turbine).
Cross-flow turbine
This type of turbine has a design in the form of a cylindrical drum with blades inside
Figure 1.2. The water flow passes through the rotor twice - first from the outside in,
then from the inside out, which allows for better use of the energy of the flow. Such a
turbine is well suited for sources with a small head (usually up to 10 meters) and a large
water flow. Its advantages are ease of manufacture, and relatively low cost, as well as
the possibility of manual assembly without complex equipment. At the same time, the
design is sensitive to clogging, has larger dimensions and lower efficiency if

manufactured incorrectly.[6]

Figure 1.2 Cross-flow turbine Pelton turbine
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Pelton turbine

A Pelton bucket turbine, on the other hand, is designed to operate at high water
pressure and low flow rates. It consists of a disk with buckets arranged in a circle and
driven into rotation by a narrow, powerful jet of water from a nozzle (Figure 1.3). Due
to the shape of the buckets, the turbine effectively converts the Kinetic energy of the jet
into mechanical energy, providing high efficiency. It is the best option for mountainous
areas or systems where it is possible to create a head of more than 10—15 meters.

Despite the more complex design, its advantages are compactness, energy efficiency

and resistance to pollution.

¥
N

Figure 1.3 Pelton turbine

Rationale for selection: Given the requirements for portability, autonomy, and
efficient operation in conditions of limited water resources, the Pelton turbine was
selected for this project. This choice is due to the ability to provide stable electricity
generation with low water consumption, which is especially relevant for domestic
conditions. In addition, its compact design is better suited for installation in conditions
of limited space or variable environments. A cross-flow turbine also has advantages,
but requires a higher water consumption and is more difficult to implement for mobile

applications.[6]
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1.5 Criteria for selecting the optimal generator for a mini-hydroelectric power
plant

One of the key components of any hydroelectric power plant is a generator - a device
that converts the mechanical energy of rotational motion into electrical energy. In the
context of designing a small portable hydroelectric power plant for a household, the
selection and analysis of the type of generator are of critical importance, since it is this
element that determines the overall efficiency of the power supply system, its
reliability, and its ability to meet consumer needs.

This type of installation operates under specific conditions: variable water flow rate,
low head, load fluctuations from household appliances. The generator in this context
must be not only energy efficient, but also adaptable to changing external conditions.

In addition, due to the portability of the installation, compactness, ease of
maintenance and the possibility of installation without special equipment become

important. [7]

Field winding

Pole shoe

Shaft

<— Yoke or frame

Armature Commutator

conductors
Interpole

=

Figure 1.4 Structural diagram of a DPS

Types of generators used in small hydropower plants

In practice, several types of generators are used in small hydropower plants, which
have both advantages and disadvantages. Let's consider the main ones.
Direct current (DC) generator:

This type of generator is widely used in homemade mini-hydropower plants due to

its simplicity of design and ability to operate at low speeds. The main advantage is the
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ability to directly charge batteries, which allows you to accumulate energy and use it
in the absence of water flow. The disadvantage is limited power and the need for an
inverter to convert voltage into alternating current suitable for household appliances.
Synchronous AC generator:

This is a generator that produces electricity with a stable frequency and voltage,
provided that a constant rotation speed is maintained. For stable operation of such a
system, it is necessary to either have a stable water flow or use an automatic turbine
speed control system. In domestic conditions, this complicates implementation, but this
option is suitable for directly powering household appliances without intermediate
conversions.

Asynchronous generator:

It is used less often due to the peculiarities of operation - it requires external
excitation (for example, connection to an existing network or the use of a capacitor
bank). However, it has good mechanical reliability and a simple design. In the
conditions of a portable hydroelectric power plant, it is not the optimal solution, since
it requires a more complex starting circuit.[8]

Requirements for a generator as part of a portable hydroelectric power plant
Since the designed installation must provide approximately 1 kW of electrical

power, the main requirements for the generator are:

Reliability in operation under unstable loads.

Ability to operate at variable turbine speeds.

Compactness and ease of attachment to the turbine.

Suitability for charging batteries or compatibility with an inverter.

In the context of the selected Pelton turbine, which operates at significant head and
can provide stable high speeds, the use of a synchronous generator seems appropriate.
The final selection of specific types and models of generators will be made at the

next stage of design - after calculating the rotating part of the turbine.
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1.6 Inverter Selection Criteria

An inverter is an electronic device that converts direct current (DC) from batteries
or a DC generator into alternating current (AC) suitable for powering common
household appliances. In off-grid power systems such as small hydroelectric power
plants, the inverter is a key component between the energy source and the end user.

If the generator produces direct current or electricity is stored in batteries, the
inverter provides the necessary current conversion to 220 V and 50 Hz - the standard
used in most household networks. Thus, it allows you to use electricity for lighting,
refrigerators, pumps, chargers, computers and other household appliances.

Inverters are divided into several types according to the shape of the output voltage:
Modified sine wave inverters - have a simpler design and lower cost, but can cause
malfunctions in some sensitive electrical appliances;

Inverters with a correct (pure) sine wave - provide a voltage that is as close as
possible to that supplied from the centralized network and are the best for stable
operation of most devices.

In the design of a small hydroelectric power plant, the inverter performs a dual
function: on the one hand, it allows for the efficient use of energy stored in batteries,
and on the other hand, it acts as an automation element, controlling the switching of
power sources (for example, from a generator to a battery and vice versa).

Modern inverters are often equipped with built-in protection against overload, short
circuit, overheating and excessive discharge of batteries. This allows you to increase
the reliability and safety of the entire system, as well as extend the service life of the
power supply elements.[9]

The inverter is an integral part of an autonomous hydroelectric power plant, ensuring
the full use of the generated electricity in everyday life. It is thanks to it that it becomes
possible to convert direct current, accumulated in batteries or received from a
generator, into alternating current with the parameters necessary for powering
household electrical appliances.

The correct choice of an inverter - in terms of power, type of output voltage and the

presence of protection systems - largely determines the efficiency, safety and durability



79

of the entire power system. In combination with a generator and batteries, it forms a
flexible, reliable and easy-to-use backup power supply system for a household.
1.7 Energy storage from small hydropower plants

The battery plays a key role in the electricity storage system for small hydropower
plants. It allows you to store excess energy produced by the generator during the plant's
operation and provide power to consumers when the water flow decreases, the turbine
stops working, or electricity consumption exceeds current production. Thanks to this,
an autonomous hydropower plant is able to function more stably and efficiently, even
in conditions of variable nature.

The main task of the battery is to serve as a buffer between electricity production
and consumption. In the absence of sun, wind or water flow, only the battery allows
the system to continue supplying current to the load. This is especially critical for
domestic needs, where the reliability of electricity supply is extremely important.

For small hydropower plants, lead-acid (gel or AGM) or lithium-ion batteries are
most often used. Each type has its own advantages. Lead-acid batteries are
characterized by affordable cost, ease of operation and proven reliability. Lithium-ion
batteries are lighter, have a longer cycle life, better energy density, and charge faster,
but they are more expensive.

The capacity of the battery pack is determined by the planned load and the duration
of autonomous operation. It is necessary that the battery not only withstands several
hours of active electricity consumption, but also does not discharge too deeply, which
can shorten its service life. Therefore, the system usually uses charge controllers that
protect the battery from overload, overcharge, and deep discharge.[10]

The battery is installed in a dry room or enclosure protected from moisture and
temperature fluctuations. It should be easily accessible for maintenance and monitoring
the state of charge. In addition, it is important to provide ventilation (especially for
lead-acid batteries) to avoid the accumulation of gases during operation.

In the general structure of an autonomous hydroelectric power plant, the battery
plays the role of a stabilizer, allowing to smooth out irregularities in electricity

production and guarantee reliable power supply to household appliances at any time.
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In interaction with an inverter and a generator, it forms a full-fledged autonomous

backup power system.
Conclusions to section 1

The first section considered the key elements of a compact portable hydroelectric
power plant, which form its basic structure and determine its performance. Particular
attention was paid to the selection and properties of the turbine - the main component
that converts the energy of the water flow into mechanical rotational energy. Selection
of the optimal type of turbine guarantees maximum use of hydropower potential with
minimal losses.

Different types of generators for hydroelectric power plants were also considered,
such as: synchronous, asynchronous and DC generators. The importance of matching
the generator to operating conditions and load characteristics in the domestic sector
was emphasized.

Therefore, a comprehensive analysis of the main components of a small
hydroelectric power plant makes it possible to create an efficient, reliable, and user-
friendly system of autonomous household power supply that can successfully operate

in remote or autonomous conditions.
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