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PE®EPAT

KBaJiikaniiinoi poboTu 0akajiaBpa «Po3po0s1eHHsT ABTOHOMHOI

eJIEKTPOCTaHUil HA 0a3i ACHHXPOHHUI eJieKTpoABUTYH — JIB3)»

Pobora mictuth 66 cTopiHOK, 6 imtoctparliii, 2 Tabmumi, 40 BUKOpPHCTaHUX

JoKeped.

KirouoBi cnoBa: aBToHOMHa enekTpocTaHiis, JIB3, AcuHXpOHHMII IBHUTYH,
cTalimizallis Hampyrd, CUCTeMa KepyBaHHS, aBTOHOMHI JDKepena eHeprii,

KOHCTPYKTHBHA CXCMa.

OG'extoMm kBamiikaiiiiHoi poOOTH € Po3poOKa aBTOHOMHOI €JIEKTPOCTaHIIIi
Ha 0a31 aCHHXPOHHOTO €JIeKTpoABUTYHA - JIB3 (IBUTYHA BHYTPIIIHHOTO 3rOpaHHS).
Enextpocranuiss Mae OyTH 3/1aTHa TEHEPYBaTH €JEKTPUYHY C€HEprilo y
CaMOCTIMHOMY pexXuMi, 0€3 MIIKIIOYEHHS 10 30BHIIIHBOT MEpeXi, IO JI03BOJHTH
3a0€3MEeUNTH CHEPTETUUHY HE3aJICKHICTh Ta 3HU3UTH 3AJICKHICTh Bl TpaJAUIIHHUX

JOKEpEN eHeprii.

OCHOBHOIO METOI0 pOOOTH € CTBOPEHHS €(DEKTUBHOT Ta HAIMHOI aBTOHOMHOI
€JICKTPOCTaHIIi, sKa 3a0e3neuye MOCTIMHUM eIeKTPONOCTauYaHHs Y BiJJAJICHUX a0o
HEJIOCTYIHUX JJIsI MIAKIIOUYEHHS 10 TPOMAJCHKOI EJIEKTPUYHOI Mepexki MICIISX.
OCHOBHUMH 3aBJaHHSIMU POOOTH € aHa3 ICHYIOUMX BHUJIB aBTOHOMHHUX JIKEpes
eHeprii, po3paxyHok Ta BuOip JIB3 Ta acMHXpOHHOrO ABWUTYHa, BHOIp CHCTEMHU
kepyBaHHs JIB3, po3poOsieHHs cucTteMu cTalumizallii 3reHepoBaHOl HaAMpyTu Ta
PO3pO0ICHHS KOHCTPYKTHUBHOT CXeMH T€HEPATOPHOI YCTAaHOBKH.

B pesynbrari mpoBemeHHs KBami(ikailiiiHOI poOOTH OYIKYETHCS OTPUMATH
eheKTUBHY Ta HaJiiHy aBTOHOMHY €JIEKTPOCTAaHI[I0 Ha 0a3l aCHHXPOHHOTO
enekTponaBuryHa - JIB3, sika Moxe 3a0e3medyBaTtu cTajieé €IEKTPOTNOCTAaYaHHS B
yMOBax BiJJaJIeHMX a00 HEJAOCTYIHUX [JIs MIAKIIOYCHHS J0 TPOMaJChKOT
CJIEKTPUYHOI Mepexi Micisix. Pe3ynbraté poOOTH MOXKYTh OyTH BHUKOPHCTaH1 AJIs
PO3BUTKY aBTOHOMHHUX JDKEped €Heprii Ta MiJABUIIEHHS  €HEepPreTHMYHOl

HE3AJIEKHOCTI.



SUMMARY

Development of an Autonomous Power Station based on an "Asynchronous
Electric Motor - Internal Combustion Engine (DVZ)".

The work consists of 66 pages, 6 illustrations, 2 tables, and references to 40
sources.

Keywords: autonomous power station, DVZ, asynchronous motor, voltage
stabilization, control system, autonomous energy sources, constructive scheme.

The objective of the qualification work is to develop an autonomous power
station based on an asynchronous electric motor - DVZ (internal combustion engine).
The power station should be capable of generating electrical energy in a self-sufficient
mode without being connected to an external grid. This would enable energy
independence and reduce dependence on traditional energy sources.

The main goal of the work is to create an efficient and reliable autonomous
power station that provides a constant power supply in remote or inaccessible locations
where connection to the public electrical grid is not feasible. The main tasks of the
work include analyzing existing types of autonomous energy sources, calculating and
selecting DVZ and asynchronous motor, choosing a control system for DVZ,
developing a voltage stabilization system, and designing a constructive scheme of the
generator installation.

The expected outcome of the qualification work is to obtain an efficient and
reliable autonomous power station based on an asynchronous electric motor - DVZ,
capable of providing a stable power supply in remote or inaccessible locations. The
results of the work can be utilized for the development of autonomous energy sources
and enhancing energy independence.
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Beryn

P03BUTOK TEXHOJIOTIH Ta 3pOCTaHHS CIIOKUBAHHS €HEPTii CTaBJIATH MEPE] CyJaCHUM
CYCIILIBCTBOM BUKJIIUK — HEOOX1/IHICTh CTBOPEHHS €(PEKTUBHUX Ta CTIMKUX €HEPreTUIHUX
cUCTeM. Y I1IbOMY KOHTEKCTI pO3pOOJICHHS aBTOHOMHHUX €JIeKTPOCTaHIiH Ha 0a3i
ACMHXPOHHUX JIBUTYHIB BHYTPIIIHBOTO 3TOPAHHSA € aKTyaJbHOIO 337a4elO.

AHani3yroud CydacHUW CTaH MpoOJeMH, MPOBEIECHUN Ha OCHOBI BITUM3HSIHOI Ta
3apyO1>KHOI HAYKOBO-TE€XHIYHOI JIITEpaTypH, NEPIOJUYHUX BUAAHb, TATEHTHOTO MOILIYKY Ta
JOCBiy pOOOTH MiANPUEMCTB, YCTAHOB 1 MPOBIAHUX (ipM, MOXHA BHUSIBUTH KLUIbKa
KJIFOUOBUX MOMEHTIB. [lo-Tiepire, iCHy041 CHCTEMH €HEPTeTUIHOTO MOCTaYaHHs HE 3aBXKIU
BIJIMOBIJIAI0OTh CYYaCHUM BHMOT'aM €KOJIOTTYHOI O€3MEeKH Ta CTajoro po3BUTKy. [lo-mpyre,
€HepreTUYHa HEe3aJIeKHICTh, 0COOJIUBO B BIJIAJICHUX PETiOHax a00 Ha MICIAX 3 0OMEKEHUM
JOCTYTIOM JI0 €JICKTPUYHUX MEPEX, CTae Jefainl Bakiaupimow. [lo-Tpere, eHepreTuyHi
CHCTEMH, SIKI BUKOPHCTOBYIOTh ACMHXPOHHI JABUI'YHH BHYTPIIIHBOTO 3rOpaHHS, MOTPEOYIOTH
MOJIEpHI3allli Ta yJIOCKOHAJICHHS, 00 3a0e3nmeunuTy iX e(eKTUBHICTh Ta HaAilHICTh. [lo-
YeTBEpTE Yy 3B’S3Ky 3 PO3MOYATHM T[MOBHOMACHITAOHUM BTOPTHEHHsM Pociiicbkoi
Odeneparrii Ha TEpUTOPIFO YKpaiHM 1 B HACHIAOK CEPHO3HUX MOIIKO/KCHh 00’ EKTIB
EHEepPreTUYHOi 1H(PACTPYKTypH, BHUHUKIA HarajbHa NOTpeda B po3poOlll aBapiiHUX
JOKEpeN  KUBJCHHS JUIsl KPUTUYHO  BAXKIMBHX  IMPOMHUCIOBUX Ta  MOOYTOBUX
eJEKTPOyCTaHOBOK. Yepe3 el KOH(UIIKT eHepreTuyHa CTaOUIbHICTh Ta HAIIMHICTH Yy
perioHi OyJyia nopymieHa. byjno cnpyudrHeH1 3HaYH1 MOIIKOKEHHS SJICKTPUYHUM MEpPEKaM,
EJETKPOCTAHIIISIM Ta 1HIIMM EHEepreTHYHuM o0’ektaM. [le cTBOpmiio 3arposy st
Oe3rnepediitHOl Mmo1ayl eNeKTpOoeHeprii 10 MIANPUEMCTB, BAKIUBUX IS (DYHKIIIOHYBaHHS

€KOHOMIKH Ta KUTTE€3a0€e3[eUEeHHS HACEICHHS.

Mertorwo paHoi poOOTH € pPO3pOOJICHHS ABTOHOMHOI €JIEKTPOCTaHIli Ha 0a3i
ACUHXPOHHOTO JBUTYHA-JIBUTYHAa BHYTPIIIHHOTO 3TOpPaHHA, SKa BIAMOBIIAE€ Cy4acCHUM

BHMOTaM CTaJIOr0 PO3BUTKY Ta €HEProe(EeKTUBHOCTI.
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OCHOBHMMHM 3aBIaHHSMU TPOEKTYy € TMIJBUIIEHHS €KOJOTIYHOi Oe3meKH,
3a0€e3MeUYeHHs] €HEPreTUYHOI HE3aJIEKHOCTI Ta 3HUWKEHHS BUTpAT Ha eHepriro. s
JOCSITHEHHSI IUX IIJIell HEOoOXiTHO TPOBECTH MOCTIDKEHHS I0JI0 BIOCKOHAJICHHS
KOHCTPYKLII aCHMHXPOHHOTO JBHIYyHa, OMNTUMI3allii MapaMeTpiB Ta PEXKUMIB pPOOOTH
€JIEKTPOCTAHIIIi, pPO3POOKM CHCTEMU KEpyBaHHS Ta MOHITOPUHTY, a TaKOX OLIHKU
€KOHOMIYHO1 €()eKTUBHOCTI IPOEKTY.

YpaxoByroun BHINE3a3HAUCHI OOTPYHTYBaHHS, pO3poOKa aBTOHOMHOI €JEKTPOCTaHIlli Ha
0a31 aCMHXPOHHOTO JBUTYHA-JABUTYHAa BHYTPIIIHBOTO 3TOPAaHHS Ma€ BEIUKWN MOTEHINAN AJis
BIIPOBA/DKEHHSI B pI3HUX c¢epax, BKIOYAIOYM MPOMHCIOBICTh, CUIbCbKE TOCIOIApPCTBO,
OyIIBHHMLITBO Ta JIOMAlIHE BUKOpUCTaHHS. Llell mpoekT crpusTume sl OUIbII CTIMKOI Ta
HE3aJIE)KHOT €HEPreTUYHOI CUCTEMH, IO BIAMOBIJAE CYYACHUM €KOJIOTITYHUM Ta €KOHOMIYHUM

BHMOTaM, Ta CIPUATUME PO3BUTKY 1HHOBAIIHHUX PILIEHB Y c(hepl EHEPTEeTUKH.



1. AHAJII3 ICHYIOUMX BUJIB ABTOMHOMHUX JOKEPEJI EHEPTII
ABTOHOMHI JDKepea eHeprii — Iie JpKepena eHeprii, ki MOKyTh (DyHKIIOHyBaTH 0e3
3aJIeKHOCTI B/l 30BHIMIHIX JKEPEJ €HEPTii, TAKHUX SIK eICKTpUIHA Mepexka.

OCHOBHMMHU BHUJaMU aBTOHOMHHUX JDKEpEeld EHEeprii €: COHSYHI EeJEKTPOCTAaHIII],
TAPOSHEPTETUYHI yCTAaHOBKH, BITPOCNIEKTPOCTAHINi, JU3€Ib-/Ta30-/0eH30reHepaTopH,
KoreHeparlliifHi 610ra3oBi yCTaHOBKH.

1.1 CoHsuHA €IeKTPOCTAHITIS

CoHsiuHa eNEeKTPOCTaHLis — 1€ CUCTEMa, 110 MEPETBOPIOE COHSIYHY EHEPTIIo Y
eJIEKTpUYHYy eHeprito. COHsIYHA eIeKTPOCTAHIIIS TOAUISAETHCS HAa BUIN €JIEKTPOCTAHIIIM:
TEIVIOBa Ta (OTOENEKTpUYHA eseKkTpocTaHii. COHsUHA TEIIoBa YCTAHOBKA €
NPUCTPOEM, SKUH TPHU3HAYCHUN 71 TEPETBOPEHHsS E€HEeprii COHSYHOrO CBITJIA B
€JIEKTPOCHEPTil0 3 BHUKOPUCTAaHHSIM  3BHUYAWHOTO TEPMOJUHAMIYHOIO  LIMKILY.
OcoONUBICTIO COHSIYHUX TEIUIOBUX EJEKTPOCTAaHLIA € Te, [0 BOHU OTPUMYIOTh
a0COJIIOTHO €KOJIOT1YHE JIKEPEJIO SHEPril - COHAYHE CBITJIO, Ha BUOIP BiJl TPATUIIHHUX
TEIJIOBUX EJIEKTPOCTAHIIIH, SIKI MPAIIOI0Th Ha BUKOMHOMY MajiuBi. X0Ya TEXHOJIOTIS
BUPOOHHUILITBA €JIEKTPOCHEPTIT BIAPI3HAETHCA B1Jl TUITY COHSYHOI TEIMJIOBOI yCTAHOBKH, 1X
omepaiiiiina cucrema cxoxka. COHsAYHA TEIUIOBA EJEKTPOCTAHIlSl BHUKOPHUCTOBYE
KOHLIEHTPAILI}0 COHSIYHOTO BUIIPOMIHIOBAHHS JUJISl MIJBUIIEHHS TEMIIEPATypH PiIUHHU 3
BJIACTMBOCTSIMH TEIUIOMPOBITHOCTI 10 TOTO MOMEHTY, ITOKH BOHA HE TIEPETBOPHUTHCS HA
napy, sika MmoTiM MoAaeThes B TypOiHy. B il TypOiHi TerioBa eHeprisi IepeTBOPIOETHCS
B MEXaHIUHY €HEPTiI0, 1110 MEPEAAETHCS B TCHEPATOP 3MIHHOTO CTPYMY JIJISI OCTATOYHOTO
NEPETBOPEHHA B €JeKTpHKy. Ilicis 3aBeplieHHsS TEPMOAMHAMIYHOTO IMKIY, Mapa
MOBEPTAEThCSI B KOHJEHCATOp, J€ BOHA TIOBEpPTa€ CBIA PIAKANA CTaH, 1 TPOIEC
MOYMHAETHCS 3HOBY. 3 TOYKM 30pY €(GEKTUBHOCTI, BaXKIMUBO PO3YMITH, IO
MPOIYKTUBHICTh COHSYHOI TEIJIOBOI YCTAHOBKM 3aJIeKUTh BiJ KUIBKOCTI TOJHMH

COHSTYHOTO CBITJIa Ta MOTOAHUX YMOB. Lle 03Hauae, 1110 COHSIYHI €JEKTPOCTaHIIl MalOTh
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pe3epByap it 30epiraHHs HaKOMHYEHOI eHeprii, sIKy MOKHa BUKOPHCTOBYBATH B pasi
noTpeou.

OYHKI[IOHYBaHHS ~ COHSYHOI  (POTOENEKTPUYHOI  yCTAHOBKU  0azyeTbCsd  Ha
BUKOPHUCTAaHHI (JOTOHIB Ta CBITJIOBOi €HEPTii COHAYHOTO BUIPOMIHIOBAHHA. Y IHX THUIAX
00'€KTIB BUKOPUCTOBYIOTHCSI Pi3HI TUIIM COHSYHUX MaHesne. Hampuknan, Ijs COHAYHUX
TEIMJIOBUX E€JIEKTPOCTAHIIN BUKOPUCTOBYIOTh KOJIEKTOPH, TOA1 SIK IS (POTOEIEKTPUUHUX
€JIEKTPOCTAHLINA - TMaHelNl, IO CKIAJaloThCAd 3 (POTOENEKTPUUYHUX COHSIYHUX EJIEMEHTIB.
OcranHl MOXYTh OYyTH BUTOTOBJICHI 3 KPEMHIIO (MOHOKpUCTaTIi4HI ab0 MOJIKpUCTATIYHI
COHSYHI mMaHem) abo 3 I1HIMX MarepianiB 3 (OTOETEKTPUUYHUMHU BIACTUBOCTSIMH,
HaIMpuKiag, aMophHUX COHSYHUX TaHENeH. 3aBIIKH MartepiajaM, 3 SKHX BHUTOTOBIICHI
COHSIYHI MMaHel, €JIEeKTPOHU, 10 MICTITHCS B OUIBII 30BHIMIHIX MIapax (POTOETEKTPUUHUX
€JIEMEHTIB, TIOTJMHAIOTh BHIPOMIHIOBAHHS Ta TCHEPYIOTh MOCTIMHUNA CTPYM 3a PaxyHOK
COHSIYHHUX IMPOMEHIB sIK1 O€CIIOCEPETHBO MOTPAIUIAIOTH Ha MaHesi. COHAYHI MaHeN 3a3Buyai
3'€/lHaHI MapajiesibHO, YTBOPIOIOYM CTPYHH, SIKI TMOTIM MiJKIIOYAIOThCS JI0 1HBEPTOpa
cTpyMmy. [HBepTOp MepeTBOPIOE MOCTIMHUN CTPYM BiJ (POTOETEMEHTIB HA 3MIHHY €HEpTIIO,
MICJISt YOTO €JIEKTPOCHEPTis HAMPaBIsAE€ThCA 10 TpaHchopmaTopa. Tpanchopmarop amanrye
HaIpyry Ta 1HTEHCUBHICTb €JIEKTPOEHEPTii TaKUM YMHOM, IO i MOXHa TPaHCIOPTYBaTU
gyepe3 JIHIT eNeKTPUYHOI Mepexi JO MEeHTPIB CchokuBaHHSA. JJig moKpaieHHs
IPOJYKTUBHOCTI POOOTH COHSIYHA €JIEKTPOCTAHINS TaKOK BUKOPUCTOBYE METEOCTAHIIIIO,
sKa aHaNi3ye TMOTOJHI YMOBH HaBKOJHIIHBOTO cepenoBuiia. Lle mo3Boisie BU3HAUUTH
IHTEHCUBHICTh COHSYHOTO BHUIPOMIHIOBAHHS Ta MOTO 3MIHY Ha KOPOTKHUX 1 JOBTHX
iHTepBajax, a TaKOXK TOYHHH Yac 3aXOAy COHII. TakuM YHMHOM, MOKHA TepeadadyuTh
nepioar, KOJW CBITJa HEJOCTAaTHbO, Ta HAKOMUYYyBAaTH HEOOXIJHY €HEpriro s
3a0e3nedeHHs enekTponocTadants. COHSUHI CIIUTBHOTH Ta COHSYHI (hepMU - IBA TPUKIIAIN
(bOTOCNEKTPUUHUX €JICKTPOCTAHIIIH, 10 JOTIOBHIOIOTH TPAAUIIIHI COHSIUHI €IeKTPOCTAaHIIII,
BCTAHOBJIEH] Ha Jaxax OyniBesnb. COHSYHI CIIBHOTH 3a3BUYAil BCTAHOBIIOIOTHCS HA JIaxax

OyJIMHKIB Ta BUPOOJISIOTH €IEKTPOCHEPTIIO JJISI BJIACHOTO CIIOKUBAHHS 3 METOIO 3HIKCHHSI



11

BUTpAaT Ha EJEKTPOEHEprito. Y CBOIO Yepry, COHAYHI (PepMU MarOTh 3HAYHO OUIBIIY
NOTY>XHICTb Ta 3a3BUYail PO3TALLIOBYIOTbCS Ha BEIMKUX JUISHKAX 3€MJIl 3 METOIO
BUPOOHUIITBA E€JIEKTPOEHEPTii AJI MOCTavyaHHs 10 Mepexl enekTponocradaHHs. CoHsuHa
CJIEKTPOCTAHILII 11 aBTOHOMHOTO €HEpPro3alde3leyeHHs TMpalioe 3a MPUHIUIOM
HaKOMHWYEHHS EJIEKTPUKHU, 110 BUPOOJAETHCS COHSYHMMM IAHENISIMHM, B aKyMYJISTOPHUX
Oarapesix. [IpoTsarom qHS eHepris HAIXOAWTH 4Yepe3 3apsiIHUN MPHUCTPIN (KOHTPOJEp) B
akyMyJsiTopHi OaTtapei 1 30epiraeTbcsi 10 TOBHOI 3apsiaku. EnekTpoeHepriro Mo)kHa
BUKOPHUCTOBYBATH L1LJI01000BO, /U LBOTO MOCTIHHUI CTpYM 3 aKyMyJISITOpHUX OaTapei
HAINPaBIIIETBCS B 1HBEPTOpP, @ 3 HBOTO - B MEPEXYy MIANPUEMCTBA. ABTOHOMHA
€JIEKTPOCTAHLIIS € aKTYaJbHOIO B TUX MICILSX, /1€ HEMA€E JOCTYIY A0 €JIEKTPUUYHOI MEPEexi
a00 3a3HAYarOThCS PEryJIApHI BiAKIOUeHHs. [Ipote, enexkTpocTaHiis 3 aKyMyJsTOPHUMH
OarapesiMu € JOPOXKIOI0, HIXK MEpekeBa COHSUHA eNeKTpocTaHilis. [lepeBaramMu cOHSYHOT
€JIEKTPOCTAHIII] €:
- HeckinuenHnuii 3amac COHSIYHOI €HEprii, Ha BIAMIHY Bij 3amaciB HadTH,ra3y uu
BYT1JLIS
- ExomoriuHicTh BHJIOOYTKY COHSIYHOI €Heprii aOCoOmoTHO Oe3meuHe st
HaBKOJIMILIHBOTO CEpeI0BUIIIa
- IlpocToTa ekcrutyaTarlii Ta JOBI'Mil CTPOK CITy>KO0uU
Henomnikamu B 1111 €IEKTPOCTaHIIII €:
- Bucoxka BapTicTh
-  MIHIHUBICTE TIOTOIHU

- 3aiiMae TOCUTH O0araTo Micrs

1.2 T'igpoenekTpocTaHilis
[lepeTBOpEHHSIM TipaBIIYHOI €HEePrii BOAOTOKY, MPUPOJIHOTO YK MITYYHOTO, Y

BiJTHOBJTIOBAJIbHY €JIEKTPOEHEPTII0 3aiiMaeThes TiapoenekTpoctanilis. ['EC 6yBaroTh
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TPHOX THUIIIB: PYyCIIOBi, BoAocxoBuIa abo axymymroroui. s edextuBHocti 'EC

NMOTPiOHI1 SIK MIHIMYM J1Ba (haKTOpH, TaKl SIK:
- T'apanToBaHICTh 3a0€3M€UCHHS BOOIO NI PIK
- Benuki 10HO piukH, Ui OUIBII CHIIBHOT TEUil

[lin yac BUPOOHUIITBA T1APOEIEKTPOCHEPTii BUKOPUCTOBYETHCS MPUHIUI PI3HUII
BHCOT, JI€ BOJ/Ia 30MpaeThCsl a00 30epiracThCsl Ha BUILIM BUCOTI 1 MOTIM BEJEThCSI BHU3 Uepe3
HaIipHi TpyOou abo TyHem. Llel cryck Boau CTBOPIOE TiIPOCTATUYHUN THUCK, BIIOMHM SIK
"rosoBa", 0 JO3BOJISIE BOJI BUKOHYBAaTHU po0OTY, Nafardu Ha TypOiHu. TypOiHH B CBOIO
4yepry, NMPUBOISTh B PYX T'€HEpPATOpH, SIKI MEPETBOPIOIOTh MEXaHIUHY €HEpriio TypOiH B
€IEeKTpUYHy eHeprito. Jlami, 3MIHHA Hampyra, IO BHUPOOJSIETbCS TIe€HEpaTopamu,
NEPETBOPIOETHCS. HA BHUILY HANpPYry 3a JONOMOIOK TpaHC()OpMATOpiB, IO JI03BOJISE
nepenaBaTH  €IEKTPOCHEPril0 Ha BEJIMKI BiJICTaHI. 3a3BUYall TiIpPOENEeKTPOCTAHIIIT
pO3TallloBaH1 Ha JaM0ax, sKi MepeKpuBaroTh piuku. Lle 103BosIsi€ MIABUIIUTH PIBEHH BOIU
3a 1aMO00I0 1 CTBOPUTH HAWOLIBII BUCOKUN HAIip HACKUIBKU 1€ MOXIUBO. OTpUMaHHS
MOTEHLIMHOI MOTY>KHOCTI 3 BOJU MPOMOpIIiiiHE poOOYOMYy HAmopy, TOMY YCTaHOBKH 3
BUCOKMM HAamopoM IMOTpeOyloTh MeHUoro o0’eMy BOAM, MO0 BHUPOOJSATH TakKy XK
MOTYXHICTh, IOPIBHSIHO 3 YCTAHOBKAMHU 3 HU3BKUM HaropoM. Jlesiki rpediii eneKTpoCTaHIii
po3TalioBaHi Ha OJHOMY 0oLl rpedill, e YaCTUHY rpediil BUKOPUCTOBYIOTH SIK BOJOCKHU/I
JUTSI HAJUTHIIIKOBOI BOJM TTiJT 4ac TOBEH1. Y BUIAJIKY, KOJIM piuKa Te€4e Yepe3 BYy3bKY Ta KPYTY
yIIENIMHY, €JeKTPOCTaHIlisI MOXe OyTH po3TallioBaHa B Mexkax camoi rpebmi. IcHye Tpu
PI3HUX THUIMU TIIPOETEKTPOCTAHI[IM, HAMOUIbII MOLIMPEHUM 3 SIKMX € BOJOCXOBHILIE. Y
BOJOCXOBHIIAX rPeOIII0 BUKOPUCTOBYIOTH JIJI KOHTPOJIIO TIOTOKY BOJIH, sIKa 30€piraeThCcs B
OaceiliHi abo pesepByapi. Koau moTpiOHO Oisibliie €Heprii, Boja BUITYCKAEThCA 3 J1aMOu, a
CuJIa TSDKIHHS crIpuse ii pyxy BHU3 uepe3 TypOiny. Jlonati TypOiHu 00epTatoThCsl, JKUBIISTYU
reHepaTop, KoM Boja npoTikae uepes Hux. Jpyrum tuniom I'EC € BogoBiaBiaH1 TpyoOwn. [lei
Buja ['EC yHIKanbHUNA TUM, 10 HE BUKOPUCTOBYE AamMOy, 3aMiCTh IIbOTO TI'€HEpPaTOPH

KUBJISITHCA 32 JIOMOMOTOIO Cepii KaHaJIiB sIKi CTPAMOBYIOTh TE€U1I0 pIYKOBOI BOAM J0 TYpOiH.
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Tperiit Tun cranuii Mmae Ha3By rigpoakymymorodi. TAEC MaioTh 1Ba pe3epByapu Ha pi3HUX
PIBHSIX: OJMH 3HAXOUTHCS BUILIE IO TeUii, a IHIIUN HUXKYE, 1 JPYTUil BUKOPUCTOBYETHCS K
3amac eHeprii. Taka KOHCTPYKIiS 3a0e3nedye MOABIMHMM PEXUM: B IMEPIOd HU3BKOTO
MOTUTY Ha €HEPTiIo, BOJAA, sIKa MPOXOIAUTh Yepe3 TypOiHU Ta BUPOOISIE EIEKTPOCHEPTIIO,
MOe OyTH MOBEpHYTa Hazaja y BEpXHIN pe3epByap 3a ydacTi TUX caMux TypOiH. Takum
YUHOM, BOHH JiIOTh SIK HACOCHA €JICKTPUYHA CUCTEMA. TaKOoX JIsl MOOYTOBUX CITOKHBAYIB
€ wiHi-,Mikpo EC — MOOUIbHI TipoeHepreTHYHi YycTaHOBKM Hampukiag Mikpol EC
PYKaBHOTO TUITY 1 YCTAaHOBKHU 3 BUIbHOTeKYuuMHU TypOiHamu. Mikpol ' EC pykaBHOro Tty
e(eKTUBHI IPH BUKOPUCTAHHI €HEPrii BOAW HA MEPEAripHUX 1 TPChbKUX AUITHKAX PIYOK 31
3HAYHUMHM YXWIAMH JTHA TaK BEJIMKUMU MBUAKOCTSIMU TOTOKY. [lepeBaramu ['EC €:

- BukopucTanHs MOHOBIIOBAILHUX PECYPCIB

- lIBuakuii Buxij Ha poOOUY MOTYKHICTH IMICJISI BBIMKHEHHS

- He mae mkiymmBUX BUKUIIB B aTMOChEPY

- JlemieBa eneKkTpoeHepris

Henonixkamu I'EC €¢:

- 3aTOIUICHHS OPHUX 3€MEIb

- CkopoueHi 1 He peryJiboBaHi MOIyCKH BOIAH 3 BOJOCXOBHIII

- IIpuxXuIbHICTB 10 BOJONM

- ITlaryOHuii BIUTMB Ha €KOCUCTEMY PIYOK

1.3 BitpoenekrpocTaHIlii

BiTpsiHa enexkTpocTaHilis - TEpUTOPIsl pO3MIPOM KiJIbKa KBaJpaTHUX KUIOMETPIB, HA
SK1/ BCTAHOBJICHO PsiJl BITPOBUX TYpOiH, sIKI BAKOPUCTOBYIOTH CHUJIU BITPY 3 MOBEPXHI 3eMITi
abo0 Mops Uil BUPOOJICHHS €JEKTPOEHEprii, sSKa MOTIM MOJAEThCS JO MEpexi s

BUKOPHUCTAHHS CHOKMBadyaMu. [IpuHIMN 32 SIKMM MPalOIOTh BITPSHI TypOiHH TyKe
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npoctuii. OOepTaroun JOMACTi, 3a JOMOMOTOI0 CHUJIM BITPY BHUPOOJSETHCA KiHETUYHA
€HEprisd, Ky TeHepaTop MepeTBOproe Ha enekTpuuHy. CKiiaa BiITporeHepaTopa siBjsie co00r0
BEXKY Ha BEpXIBII SKOI 3HAXOIATHCS TOHJONHM 1 POTOPY 3 KIJIbKOMA JIOMACTSAMHU, IO
COpsSMOBaHI 3a HamlpsIMKOM BITpY. BiTporeHeparopm mNOIUISAIOTh HA JABa THUMH: 3
TOPU30HTAJILHOIO Ta BEPTUKAJIBHOIO OCAMU OOEpTaHHs. ['OpU30HTANIbHI BITpOreHEpATOpi
3a3BUYail BUKOPUCTOBYIOTh €JIEKTPOCTAHIIIT 3 BEJMKOIO MOTY>KHICTIO, BEPTUKAIbHI MEHII
MOTYXHI HI’)K TOPU30HTAJIbHI 1 BUKOPUCTOBYIOTh JJI MOTPed CrokuBadiB. Takox BITPOBI
TypOiHU (QYHKIIIOHYIOTh TPhOMa CIIOCOOAMU:

- ABTOHOMHHI

- Bubipkosuii

- IlapanenbHuu

ABTOHOMHUW peXUM TIOBHHEH 3a0esneuyBaTu Oe3mnepeliiiHe  SKUBJICHHS
€JIEKTPUYHOIO €HEPri€l0 CIOXKMBaya Bl BITPOBOI YCTAaHOBKH MPOTATOM IEBHOTO MEPIOAY
poooTH.

[TapanenbHuii pexxuMm poOOTH  XapaKTEPU3YEThCA 3OLIBIICHHSM 3arajibHOTO
BUPOOHMIITBA €JIEKTPOEHEPTii 400 YaCTKOBUM MOKPHUTTSIM TUTAHY 3arajJbHOT0 HaBaHTaXKECHHS
E€HEProCUCTEMHU, MPHU IIOMY 3a0€3MEUYI0UYN BEJIMKY €KOHOMII0 OPraHIyHOTO MajkuBa. 3MiHA
MOTY>HOCT1 BITPOBOTO MOTOKY MOKE BIUTMHYTH Ha BUPOOJICHY MOTYXKHICTb, 1 ICHY€E JesKa
MMOBIPHICTh MEpeA0aunTH MEPIOAH, KOJIM MOTIK BUXOJIUThH 3a MEX1 poOOUYOro Jiarna3oHy.
HagiTh B perioHax 3 moCTIHHUM JIOCTYTIOM JI0 BITPOBO1 €HEPrii, BUpOOJIeHA eIEKTPOCHEPTis
BITPSIHOIO TypOiHOIO Ma€e OyTH ONTHUMAJIBHO MTPUCTOCOBAHA JIO OOCSATY BITPY, OCKUIBKU cama
BOHA 3a3HA€ TOAWHHUX, JEHHUX Ta CEe30HHUX 3MiH. Cnpoba mnpsAMoro 30UIbIICHHS
€JIEKTPOMATHITHOT TIOTYXKHOCTI, SIKY TEHEpPYyIOTh BITpOBI TypOiHH, 3 mpodijem
HaBaHTKEHHS MOXKE MPU3BECTH A0 BTpAT MOTYXKHOCTI, IO BIUIMBAE Ha pOOOTY OKpPEMHX
CIOXKMBA4iB Ta YCI€T €IEeKTPOCHEPreTUYHOI CUCTEeMHU. TakuM YHMHOM, ONTUMAJbHE
BUKOPHUCTAHHS €JIEKTPOEHEPTii, BAPOOJICHOI BITPOBUMH TypOiHAMHU, IOBUHHO BPAaXOBYBaTH

npodiab MJIaHy HAaBaHTAXKEHHS Ta MOTOJAWHHI, IIOJIEHHI Ta CE30HH1 3MiHH, SIK1 BILTUBAIOTh
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Ha o0csar BiTpy. B 1minmomy, ymoBu poGoTu BITpOBHX TypOiH, HaBaHTaKEHHS Ha
€HEProcucTeMy Ta Tpadikd CIOXHBAHHS EJIEKTPOCHEPrii He 03BOJSIOTh HE3aJIEeKHOT
poboTH BiTporeHepaTopiB 06€3 HaSBHOCTI BIAMOBIIHOT pe3E€PBHOI CUCTEMHU, OCKUIIBKH II€ HE
rapaHTye HajiliHe Ta Oe3nepediiiHe enekTponocTadantsa crnoxkupadiB. e IcHye Tpu Trmm
BEC: Oeperosi, npubepexni ta odpumopni. beperosi BEC € Haii0unpIl momMpeHUMH,
PO3TAIIOBYIOTHCSI HAa CYIIIi HE MEHII HIXK B 3 KIJIOMETpax BiJ y30epexoks 1 CIOKHUBAIOThH
Ha3eMHI TOBITpsHI nmoTtoku. [Ipubepexni BEC Takox po3ramioBaHi Ha Cymi, aje MEHIIE HIX
3a 3 KUTOMETPH Bij y30€pexoKs 1 BUKOPUCTOBYE HazeMHi 1 Mopchki BiTpl. OdmopHi BEC
30y/1I0BaHi y BIIKPUTOMY MOPI 3a JCKUIbKa MIJIb B1Jl Y30€pExoKs 1 mepeBara HaJl MepIIiMHU
TUTIaMU B TOMY 1[0 CUJIA BITPY B MOp1 OUIbIIIA 1 PETYJISIPHIIIA HIXK Ha CYIIIL.
IlepeBaramu BiTpoTreHepaTopa €:
- Exoinoriuno 6e3neune
- Heckinuennuii 3anac eHeprii BITpy
- MoOXJIHUBICTh BCTAHOBUTH Ha BaXKKOJJOCTYITHOMY MICIIi
- ABTOHOMHICTb
- He 3aiimae 6araro miciis asisi BIalTyBaHHS
Henonikamu BaxKarOThCA:
- JloBruii TepMiH OKYITHOCTI
- HecrtalinpHICTB BITPSHOTO MOTOKY
- HeGe3nexka nns nraxiB
- IllymoBe Ta BiOpaliiiHe HaBaHTAKEHHSI B1Jl POOOTH «BITPSKIB
1.4 KoreneparliiiHi yCTAaHOBKHU
Korenepariiss - 1me mporec, 3aBAsKd SIKOMY IPH BUKOPHCTaHHI €HEPrii MmajuBa
OJIHOYACHO BUPOOJSIOTH €JIEKTpUYHY Ta TermaoBy eHepriio. [[o0 3maiicHuTH mponec
KOreHepallii BUKOPUCTOBYIOTh CIICLllaJbHY YCTaHOBKY, fKa €(EKTUBHO BHUKOPHCTOBYE
MaJIMBO, BUPOOJISIFOYH TETIJIO Ta EJIEKTPHUKY 3 BUCOKUM KOe(DIIIEHTOM KOPUCHOI 1. 3aBISIKU

CHAJIOBAHHIO a3y MEeXaHIyHa €HEprisl BUBLIBHAETHCS 1 T€HEPATOp MEePETBOPIOE ii Ha
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CIEKTPOCHEPTII0 1 TpH 1BOMY TMPOIECI JABUTYH BHUPOOJS€ TEIUIO, SIKE MOXKHA
BUKOPHCTOBYBATH 3a JOTIOMOTY TeIJI00OMIHHMKIB. KoreHepaiiiiiHa ycTaHOBKa CKJIaJa€ThCs
3:

- CunoBoro arperaty

- IlepBuHHOrO ABHUTYHA

- CucreM 30epexeHHs Ta epeaaydi Teria

OCHOBHOIO XapaKTEpHUCTKOIO 3a JOMOMOTOi AKOi KIacH(IKyIOTh KOTeHeparliiHi

YCTaHOBKM — THII IEPBUHHOIO JABUTYHA 1110 BUKOPUCTOBY€eThCsA. CTaHOM Ha 3apa3 OuIbIIy
YaCTUHY CKJIaJAl0Th HACTYIIHI BaplaHTU JBUTYHIB:

- T'azomopmHeBuit

- TazoTypOinHuUI

- MikpoTtypOiHHUI

["a3onopuiHeBl yCTaHOBKM NPALIOIOTh Ha 0a3l ABUTYHIB BHYTPIIIHBOIO 3rOPSHHSA,

najguBoM sikoro € ras. [lpunuun po6otu I'IIY monsirae B 3ropsiHH1 NaJIMBHO-HOBITPSIHOL
CyMilIl y Kamepax 3ropsHHs JIBUTYHA, MOJal0ud PyX Ha KOJiHYacTWii Bai razoBoro JIB3.
3aBISKM KPYTHOMY MOMEHTY JBHUTYHAa SKHH TIEpEJacTbCs Ha EJIeKTPOTreHepaTop,
BUPOOJISETHCS eJeKTpoeHepris. ['a3oTypOiHHI JBUTYHU MPAIIOIOTh HA OCHOBI Ta30BO1
TypOiHM sIKa BCTAHOBJIEHA B CUCTEMY. B IMX JBUTYHax B pe3ysbTaTi 3TOPSHHS MajiKBa, MOTIK
ra3y BIUIMBA€ Ha JIONATKA TYpOIHUM THUM CaMHM CTBOPIOIOYM KPYTHH MOMEHT 1 oOepTae
pOTOp, SIKHI y CBOIO Uepry 3’€JlHaH 3 reHepaTopoM. MiKpOTypOIHHUN JBUTYH CXOXKHU 3
ra3oTypOIHHUM JBUTYHOM, aJie MEPIIMI Ma€ MEHbII1 PO3MIP1 1 KOMITAKTHIIINN HIXK APYTHi
a TaKoXX MIKPOTYpOIHHHI JBUTYH BUKOPUCTOBYETHCS HA HEBEIMKHX TOTYKHOCTSX.
[TepeBaramu Takux KOT€HEPAIIMHUX YCTAHOBOK €:

- Exonoriuno 6e3mneyni

- IlogaroTh ABa THIH €HEPTIi: TETUIOBY 1 ENEKTPUIHY

- Hesanexwurs Bix yacy 1o6u, mopu poky 1 T.nI.

- MaroTh KOMITaKTHI TabapuTH (151 TPUBATHOTO KOPUCTYBAHHS )
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- BukxopucToBye 6iora3 B OCHOBI SIKOTO JIS)KaTh OpTraHIYHI BIIX0IU
Henonikamu koreHnepariiitHoi yCTaHOBKH €:

- BiacyTHICT KOHTPOJIO TEMIEpaTypu Tapsyoi CTOPOHU TEPMOTEHEPYIOUUX
€JIEMEHTIB

- HepouinpHicTh mNpu  BUKOPUCTAHHI BOJSHOI CHUCTEMH  OXOJO/DKEHHS  Ha
MaJIONOTY>KHUX KOTJax

- 3umwxkenns 3aranpHoro KKJI ycraHoBKM Ipyu BUKOPUCTAaHHI KOPUCHOI TETLIOBOT
€Heprii KoTJa.

1.5 Jluzenb-/ra3o-/0eH30reHepaTopu
bensunoBuii reHepaTop sBise COOOI CHJIOBHMI amapar, sKU BUPOOJsiE
€JIEKTPOCHEPTil0 3a JOMOMOIOK JABUTYHAa BHYTPIIIHBOTO 3ropsiHHA. ['eHepatop mae

HEBEJIMKI PO3MIpH , BIZHOCHO HE JAOPOTui 1 3py4yHHil B ekcrutyaramii. L{i renepaTopu

MaloTh PI3HOMAaHITHI cdepu 3acTOCyBaHHS 1 MOXYTb OyTH BHUKOPHUCTaHI SK B

JIOMAaITHBOMY TOCIOJApPCTBI (HANpHKIaJ, B KOTeMXkax abo Ha Jadax), Tak 1 Ha

BIIKpUTOMY TIOBITpi, HAmpHUKIaA, Ha TiKHIKaXx abo B mojxopoxax. [lpunmmmn

(yHKLIOHYBaHHSI OCH3WHOBUX I€HEpaTOpiB 0a3yeThCsl HA €JIEKTPOMArHITHIM 1HIYKIIII,

0 TEpPEeTBOPIOE MEXaHIYHY €HEpPrito, sika BUHUKAE IIiJI Yac 3TOPSHHS MaJiuBa, Ha

CJIEKTPUYHUIA CTpyM. BeH3UH € maauBoMm, sikeé BUKOPUCTOBYETHCS Ul LIMX F€HEPaTOPIB.

IcHye nBa BapiaHTH 3allyCcKy O€H3MHOBOTO T'€HEpATOpaA:PYyUHHI, 3 €JIEKTPO3amyCKoM. 3a

MPU3HAYEHHSIM 111 €JIeKTPOreHePaTOPH MOKHA MOUTUT Ha J[BI OCHOBHI TPYIIN:

- IloOyToBi (HeBenuKi 3a pO3MIPOM 3 MOTYXHICTIO 10 4 KBT mpu OGe3nepepBHOMY
eKCIUTyaTyBaHH1 MPOTATOM YOTHUPbOX T'OJMH)

- Ilpodeciiini (HOMiHanbHOIO MOTYXHICTIO 30kBT, 3 BOyIOBaHMMM MOTYXHUMH
YOTUPUTAKTHUMHU JIBUTYHAMH, MOXKYTh IPALIOBaTH OE3MEPEPBHO MPOTITOM AECITU
TOJIUH)

[lepeBaramu 1IbOT0 TUITY T€HEPATOPIB €: HAA1MHICTh, MAIMI PIBEHB IIyMYy, CTaOLIbHA

po0oTa B Oy1b-sIKy IOTO/Y, IPOCTE TEXHIYHE OOCIYTrOBYBaHHS, TPUBAJIMI TEPMIH CITY>KOU.
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HeponikamMyu MO)XKHa Bask’KaTH HACTYITHE: HE MOKJIMBICTh O€3MEPEBHOI POOOTH MPOTATOM
JIOBIOTO 4acy, 1 MaJoMOTY»XKHi

Amnapat skuil noctayae 0e3nepeOiiiHe eIeKTPOKUBICHHS 1 MPaLIO€ HA TPUPOTHOMY
rasi HA3MBA€ETHCS Ta30BU TeHepaTop. B razoBux reHepaTopax HpPUHLUI POOOTH
noOyZ0BaHUI Ha MEPETBOPEHHI 00epTaIbHOI MEXAHIYHOI €HEPrii B €JIEKTPUUHY. 3aBISKU
MNOPUIHEBOMY JIBUTYHY, L0 3’€IHAHWW 3 POTOPOM MATHITHOT TOIYIIKH BIIOYBA€THCS
nepeTBOpeHHs eHeprii. [lepeBaramu Takoro reHepaTtopa €: TpuBaiHMid 4ac poOoTu(Oyze
IpaIfoBaT MOKU B OCHOBHIHN TpyOi € ra3), eKOJOT1YHICTh, HE JOPOre MajivuBo (30epiraTu B
OaJioHax) 1 BEJIMKUI TepMiH eKkcrutyartauli. Hempomikamu razorenepaTopa HaCcTYIIHI: BUCOKA
1[1Ha, IOCUTh CKJIaJIHE BCTAHOBJICHHS J[M3eIbHUM reHepaTop — e Hepyxoma abo nepecyBHa
€HepreTMyHa YyCTaHOBKa 3 BOYJOBaHMMH OJHUM a00 KUIBKOMA €JIEKTPUYHUMHU
reHepaTopamMu 3 MPUBOJOM BiJl JU3EIHHOTO JBUTYHA BHYTPIIIHBOTO 3ropsiHHS. [IpuHImn
poOOTH NH3EIBHOTO TeHepaTopa CXOXKUH 3 OCEH3MHOBUM  EJIEKTPOTE€HEPATOPOM.
KnacudikyBatu qu3enbHi TeHEpaTOPH MOXKHA 32 TAKUMU MapaMeTpamu:

- Tloryxnicts (ManonoTyxkHi (10 50 kBT), cepenubo motyxHi (Bix 50 mo 200 kBrt),
BucokonotysxHi ( monasa 200 kBT))

- Tun oxonmomxeHHs (MOBITPsiHE, pagiaTopHE (Moke OyTH SK BOJO - MOBITPSHUM TaK 1
BOJIO — BOJISTHUM))

- IlpusHauenHs (cuoBa, OCBITIIOBAJIbHA, 3/1aTHA BIIOPATHCS 13 3HAYHUMU TIEperaiaMu
MOTY>KHOCTI, Ta CIELIAJIbHOTO MPU3HAYEHHS (HaIpHUKIaa pe3epBHE BUKOPUCTAHHS Ha
AECQ))

- Mo06inbHICTH (CTaIliOHapHI, IEPECYBHI, TOPTATHUBHI)

- Cnoci0 reneparlii eJIeKTpOMarHiTHUX MOJIB (CHHXPOHHUM, aCHHXPOHHU )

- Kinekicts a3 (omnodazuuii 3 Buxomom Ha 220 B, tpudasuuii 3 Buxogamu 230 1 400
B)

Takox B TM3eIbHOMY FeHepaTopi € Taki TPU BUIH 3aIyCKY:

- Pyunuii (3anmyck py4koro abo BUTSIKHUN TPOC)
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Enektpoctaptep ( Kit04 3amaitoBaHHS )
ABTO3aITyCK

JlnzensHU TeHEpaTOp MOKHA BBAKATH HAIMHAM 32 HACTYITHUX TIPUYHH:
[Iupokuii CeKTp NOTY>KHOCTI
ABTOHOMHICTb
HeBenuku ekcrutyarariiiiii BUTpaTu
bineia yacrora o0epTaHHs y OPIBHSHHI 3 06H3WHOBUMH I'€HEpaTopaMu

Ane 1 HeMOXJIHMBO OOIUTHUCS 6€3 HUKYE MePEeTIUeHUX HETO0IKIB:
Bucokuii piBeHb mrymy
CnaOkuii TeMnepaTypHU pexuM
BuaineHHs mkiaimBuX peuoBUH
[ToTpiOHe mocTiiiHe HaBaHTAXKEHHS

BucHOBOK: 111 Yac MpOBEACHHS aHAJI3Y ICHYIOYMX BHUJIIB aBTOHOMHHUX JKEpPe

eHeprii Oy mepesniueHi BCl IUTI0CH Ta MIHYCH aBTOHOMHUX JIPKEPEIT €JIeKTPOEHEepTii

1 B HaIlIOMY BHUIIAJIKY IMAX0aUTh OeH3oreneparop (IB3).



2.Po3paxyHok Ta Bu6ip /IB3 Ta acCHHXPOHHOI'0 ABUI'YHA
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bepemo miis po3paxynky enektpoasuryn AVMP160S4 motyxsictio 15 kBT 3

TAaKUMHU XaPAKTCPUCTUKAMM:

Tabmuusa 2.1 Xapakrepuctku enekrpoasuryna ANUP160S4

HowminanpHa Pu 15 kBt
MOTY>KHICTh

HowminansHa o 1460 o0/xB
MIBUIKICTH

Hampyra U 380/660 B

Cuina ctpymy I 30A

KK n 89,4 %

Koedirmient COS @ 0,85
MOTY>KHOCTI

BigHomenHs Mk / 2,2
KPYTHUX MOMEHTIB .

BigHomeHHs M, axc / 2,3
KPYTHUX MOMCHTIB

Bignomenus | /I 7,5
CTPYyMIB .

MowmeHnT inepuii j 0,0600 xr*m?

PiBens mymy L 75 nb(A)

Jyist moyaTKy BU3HAUYMMO 3arajibHI TapaMeTpy HeOOX1TH1 JJIs MOJaTbIIINX

PO3paxyHKIB:

HOMIHaJIbHA KyTOBA IIBUJIKICTb:

2mny 2:3,14-1460

w:—:

H 60 60

CUHXPOHHA KyTOBA MIBUIKICTb:

= 152,81 1/c;

(2.1)
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wc =157 1/c y BIANOBIZHOCTI JO CTaHAAPTHOI IMIKAIM CHHXPOHHHUX
IIBUJIKOCTEH;

HOMIHAJIbHUH €NIEKTPOMAarHiTHUI MOMEHT JIBUTYHA:
1,05-P 1,05:15000
M = 20 ) =103,07H" m; (2.2)

H

Wy 152,81

KPUTHUYHE KOB3aHHS PO3PaXOBYIOTH 3a JOTIOMOT0I0 HOMiHAIBHOI p0O0YO0T TOUKH:

Sk =~ SH(AM + \/AZM - 1), (23)

JI€ Sy — HOMIHAJIbHE KOB3aHHS

= (2.4)
Wc
s, = 2115281 _ 027:
157

KPUTUYHUNA MOMEHT My 3HaXOUTHCS 3a JOTIOMOTOI0 TIEPEBAHTAXKYBAIBHOI 3/IaTHOCTI
Av , TOOTO BIJJHOIICHHSM KPUTHYHOTO JI0 HOMIHAJIBHOTO MOMEHTIB. 3a3BHYal el
napaMeTp 3aJIa€ThCsl HACTYITHOIO (POPMYJIOIO:

=5 (25)

My

3Biacu MOKHA 3HaTH Mg:

M[( = /‘I'M " MH, (26)

Mx= 2,2-103,07 = 226,754 H - m;
Tenep migcTaBUMO OTpUMAaH1 3HAUYCHHS 1 3HAUAEMO Sk!
sk~ 0,027 - (2,2-V2,22 — 1) = 0,116;

3a cripouieHoro Gopmynoro Kitocca mu otpumaemMo:
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2 M 2.7
Mi="si s 0
ko 2-226,754 453,508
M; = s, 0116 s, 0,116
o116t o 01167 g

3amaeMOCh 3HAYCHHSIMH KOB3aHHS SI Ta po3paxoByeMo 3HaueHHS Mi. Kopucho
BKJIFOUUTH JI0 PO3PAXyHKY 3HAUYEHHS KPUTUYHOTO KOB3aHHS SKII.

BinnoBigHi 3HaUYE€HHS KYyTOBOI IIBUAKOCTI PO3PaXOBYIOTHCS SIK

wi= w: (1 —s) = 157-(1 — s)). (2.8)
Si M;,H M w;, pag/c
0 0 157
0,01 38,81 155,43
0,05 164,85 149,15
0,1 224,28 141,3
0,3 152,55 109,9
0,5 99,84 78,5
0,7 73,14 47,1
0,8 64,41 31,4
0,9 57,5 15,7
1 51,91 0

['onoBHUM KOMITIOHEHTOM TeHepaTopa (EJIeKTPOCTaHIli) € JIBUTYH-TeHepaTOpHUM
arperar, SIKMil CKJIaJa€ThCs 3 JABUTYHA, IO MpPAIOE Ha AW3EIbHOMY ab0 OCH3WHOBOMY
MajuBi, 1 EJIEKTPUYHOTO TeHeparopa. [IpuHIMI poOOTH eneKTpocTaHIli (reHepaTopa)
MOHa CIPOCTUTHU JI0 HACTYMHOTO: JIBUTYH MEPETBOPIOE CHEPTit0 MajauBa y 00epTH Baja, a
reHepaTop, 3 HOro poTopoM, MOB'SI3aHUM 3 BAJIOM JBUTYHA, 3aCTOCOBYIOUM 3akoH Dapases,

MEPETBOPIOE MEXAHIYHY €HEPril0 Ha 3MIHHHMHA €JEKTPUYHUN CTpyM. JIBUTYH 1 Te€HEpaTop
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mpsaMo 3'€THAHI MK COOOIO 1 3aKpilieHI Ha CTaleBid MiACTaBlI 4epe3 aMOPTH3aTOPH.
JIBUTYH, 10 BHKOPHCTOBYETHCS B E€JIEKTPOCTaHINl (reHeparTopi), oOJagHAHUNA PIZHUMH
cUCTeMaMH, K1 3a0e31euyroTh HallifHy poOoTy. 111 cucTeMu BKIIIOYalOTh CUCTEMH 3aITyCKY,
cTabim3arii yacToTh oOepTaHHs, MATMBHOI CUCTEMH, CUCTEMHU 3MAICHHS, OXOJIOKEHHS,
nojayl moBITPs 1 BuxJomy. st 3amycky JBUTyHa MOXKYTh BUKOPHUCTOBYBATHCS PYyUYHHI
3almycK abo eNeKTpocTapTep, KWW Mparftoe BiJ 12-BOIBTOBOI CTAPTEPHOI aKyMyJISATOPHOL
Oatapei. /[ reHepyBaHHS E€JIEKTPUYHOTO CTPYMYy B JIBUTYHI-T€HEPATOPHOMY arperarti
MO>XKYTh BUKOPHUCTOBYBATHUCSI CHHXPOHHI 200 aCHHXPOHHI CaMOBO30Y>KJIaeMble 03I TKOBI
reHepatopu. EnekTpocraHiiisi (reHepaTop) TaKOoX MOXKE MaTH MaHEeIb KepyBaHHS 1 OJIOK
aBTOMATUKH, IO JO3BOJISIIOTH KEpPyBaTH POOOTOIO0 CTaHIli, KOHTPOJIIOBAaTH ii CTaH 1
3a0e3nevyBaTH 3aXKCT Bl aBapiiiHUX CUTYyallH.

[TacuBHI HaBaHTaXEHHS, TakKl SK JIAMIIN HaKaJIOBaHHs, 00IrpiBadi, €JICKTPOILIUTH,
MPacKy Ta 1HI, TPOCTO MEPETBOPIOIOTH BCIO CIIOKMBAHY €HEPrio Ha Terio. Lle o3Hauae,
10 SIKIIO X 3arajbHa MOTY>KHICTh CTAHOBUTH 2 KBT, TO AJi 1X KUBJIEHHS TOYHO MOTPIOHO
2 xBt. [Ipuniun poOOTH 1UX HaBaHTaXEHb € JOCUTh MPOCTUM 1 €HEpris, Ky BOHU
CIIO’KMBAIOTh, BUKOPHUCTOBYETHCS BUKITFOYHO ISl TeHEeparlii TeTa.

PeakTuBHI HaBaHTAKEHHSI MOXKYTh OyTH MOJIIJIEH] Ha /Bl KaTeropli - 1HAYKTUBHI Ta
emHicHl. KoTymika € HampoCTIIMM TPUKIAJAOM 1HAYKTHBHOTO HABAHTAXKEHHS, TOII SIK
KOHJICHCATOP BiTHOCUTHCS JI0 EMHICHUX HaBaHTAXEHb. B peakTHBHUX CITOKMBaYaX SHEPTis,
0 CIIOKWUBAETHCS, HE TOBHICTIO TIEPETBOPIOETHCS HA TEIUIO, OCKUIBKM YacTWUHA 3 Hei
BUKOPUCTOBYETHCS JJIS 1HIIMX LUJIEH, TAKUX SK CTBOPEHHS €JIEKTPOMArHiTHUX MoutiB. Mipa
PEaKTUBHOCTI BU3HAYAETHCS 32 3HAYEHHAM KoedillieHTa noTy>xHocTi (cos ¢). Hanpukinan,
K110 KoedimieHT noTykHocTi qopiBHIoE 0,8, To 20% eHeprii He MepeTBOPIOETHCS HA TETLIO.
3a3Buyail Ha TNpUiIagax BKa3yeThCs '"TEIJIOBA" CHOXKMBAaHA MOTYXHICTh Ta KOE(IIIEHT
noryxHocTti. IIlo6 po3paxyBatu '"peasnbHe" CHOXHUBaHHS €Heprii, MOTYXHICTh Tpeda
MOIUIATH HA KOedIIi€HT MOTYKHOCTI. Hanmpuknaz, sikmo Ha apuii 3a3naveno 500 Bt i cos

¢ = 0,6, e o3Hauae, 1o apuib cnoxkuBarume Hacrpasi 900:0,6 = 833 Bt Bix reneparopa.
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Bapro mam'sitaTi, 110 KOKHA €JIEKTPOCTAHIIS Ma€ CBIM BIaCHUN KOE(ILIE€HT MOTY>KHOCTI,
SKUA OOOB'SI3KOBO TOTPIOHO BpaxoByBaTu. Hampukian, sSKmo KOeMIIIEHT IMOTYKHOCTI
nopiBHIO€e 0,8, TO 11711 poOOTH 3rajlaHoil TPl BiJl €JIeKTpOoCTaHIlii 0yie HeooxigHo 833 Br :
0,8 = 1041 BA. Jlo peui, came 3 1i€l TPUYMHA €JIEKTPOCTAHINI (T€HEPATOPH) TTO3HAYAIOTh
MOTYKHICTB y BoJibT-amnepax (BA), a ne Barax (BT).

Konu enekTponBUTyH BMUKA€THCA, CIIOKHBAHHS €HEPTii 3HAYHO MEPEBUIILYE HOTO
pobounii pexxuM. [[00 MOSCHUTH 1€ MPOCTUMHU CIOBAMHU, MOKHA 3pOOUTH aHAJIOTIIO 3
BXKHUM Bi13KOM, SIKMM CTOITh Ha PiBHIM MoOBepxHi. [ Toro, mod movyaTu pyxaTu Horo 3
MICLS, MOTPIOHO MPUKIIACTH 3HAYHO OUTbLIE 3YCUJIb, HIXK U HIATPUMKHU HOTO MOAAIBIIOT

mBUAKOCTI. [lepeBaHTakKeHHS TIpU 3aIyCKy TPUBAE JIMIIIE JEKUIbKA CEKyHI, ajlie TOJIOBHE,
100 eJIEKTPOCTAHIlisl BUTpUMAaJa 1€ HaBaHTa)XCHHs, HE BUMKHYJIAcs 1 He BUMIIUIA 3 JIany.
Jo peui, onHUM 3 "HaWCTpaIIHIMKX" TPUIAIIB 3 TOYKH 30py MMyCKOBUX CTPYMIB € HACOC,
SKUH MPU 3aITyCKy MOXE CIIOKUBATH €HEPTi0 B 3-7 pasiB Ounbiie. Lle 3po3yMisio, OCKIIbKH,
Ha BIJIMIHY BIJ] Ipujia, HACOC HE Ma€ XOJOCTOrO XOJy - BiH BiJpa3y MMOYMHAE HATHITATH BOJY.
JIBuryH € "cepuem" yCTaHOBKH, TAaKOi SIK reHepaTop abo eneKkTpocTaHiis. TepMiH
"XKUTTS" €NEKTPOCTAHIIIT BU3HAYAETHCS, IEPEBAKHO, pECypcoM caMoro aBuryHa. CepeaHii
gac poOOTH €IeKTpOreHepaTopa A0 BiIMOBH 3aBXKIM 3HAYHO TIEPEBUIILY€E Yac pPOOOTH
MOTOpA.

VY OUIBIIOCTI BUTIAJKIB KJIac €JIEeKTPOCTAHIlT BU3HAYAETHCS 32 BUKOPHUCTOBYBAHUM
JIBUTYHOM, @ KOHKPETHO 3a oro MotopecypcoM. Hampukian, BUCOKOSIKICHUN O€H3MHOBHIMA
JBUTYH 3a3BUYail MOXKE MpaloBaTy Oe3rnepepBHO NPUOIU3HO 3-5 THCAY FOAMH A0 MEepIIoi
MOXJIUBOI BIIMOBHU, TOJI SIK MPOCTIIIMKA 1 JEMIEBIIWNA JBUTYH MOXE IMPAIIOBATH JIUIIE
COTHSIMA TOAWH. JlU3eapHI JBUTYHHU, SK MPABUJIO, MAKOTh 3HAYHO OUIBIIMNA pecypc
NOPIBHSHO 3 OEH3MHOBUMU. BOHM €KOHOMIYHIII Y CIIO’KMBAaHHI MajJuBa, TU3eJIbHE NaJIUBO
JiemieBIie 3a OEH3WH 1 HE BHMAarae TaKuX JKOPCTKUX yMoB 30epiranss. OpHak,
€JIeKTPOCTaHLIIs, 310paHa Ha OCHOBI IM3E€JILHOTO JBUTYHA, 3a3BUYAl KOIITYE MPUOIU3HO B

1,5-2 pa3u goposkue, HiXK aHAJIOTIYHA 3a TOTYXHICTIO, aje 3i0paHa Ha 6a31 OEH3WMHOBOTO
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aBuryHa. Tomy po3yMHUM BHOOpPOM € €IEKTPOCTAHINs, SKa Mpaloe Ha 0a3l AU3EIbHOTO
JIBUTYHA, SIKIIO:
- BUKOPHUCTAHHS €JIEKTPOCTAHIIIl B IKOCTI OCHOBHOTO JIXKEpeJia eNEeKTPOKUBICHHS

(mpuHaAlMHI Y BUNIAJKaX TPUBAJIOTO BUKOPUCTAHHS);

- BHUKOPHUCTAHHS OJHOPIAHOTO BHUAY NaiuBa (HAsBHICTH arperaTiB SKi MPAIfOIOTh Ha

IU3eIbHOMY TaJIHBi);

- eJEKTPUYHUX MOTYXHOCTsX Buie HiXK 10-12 kBA, Ha SKUX €IeKTPOCTaHINT 3

OCH3MHOBUMH JBUTYHAMH MPAKTUYHO HE 3aCTOCOBYIOTHCS.

Biapi3HUTH BUCOKOKJIACHUI JBUTYH 3a 30BHIIIHIMU O3HAKaMU HE 3aBXKIU € JETKUM
3aBAaHHAM. PaHilie Ha MiHI-€JIEKTPOCTAHIISAX MIUPOKO BUKOPUCTOBYBAIHUCS MOTOpPHU 3
OIYHHMM pO3TAllyBaHHSM KJalaHiB, aje 3apa3 BCE YACTIIIE 3yCTPIYalOThCS BEPXHEKIIAaHH1
JIBUTYHH, SIKI MAlOTh OUIbIY MPOAYKTUBHICTH mpubIu3Ho Ha 30%. OgHuM 3 KpUTEpIiB
BU3HAUCHHS KJIaCy arperary € HasiBHICTh a00 MOXKJIUBICTb 00JaHAHHA JIBUTYHA MaJIUBHUM
OakoM Benukoi eMHOCTI. lle cBiqunTh mpo mependadeHy BUPOOHMKOM TpUBATy Oe3nepepBHY
poOOTYy TeHepaTOpHOi YCTAHOBKHU. [HIIMM MOKa3HUKOM "KJIACHOCTI" € yacToTa 3aMiHU
Macia. SIkicHI ABUTYHU 3a3BHYail BUMAraloTh 3aMiHU Macla He piamie, Hixk depe3 100 rogun
poboTu. OKpiM TOr0, BHYTPIIITHI OCOOIMBOCTI JBUTYHA MOXKYTh TaK0OX PO3MOBICTH MPO HOTO
AaKicTh. Hanpukinaz, sIKIMO CTIHKMA LMJIIHJApA BUTOTOBJIEHI 3 allFOMIHIIO, @ HE 3 YaBYHY, L€
CBITYUTH TIPO JBUTYH HIDKYOro Kiacy. Takok 3BEpHITH yBary Ha Marepiaji, 3 SIKOTO
BUTOTOBJICHI (iIbTpH (TOBITPSIHUM, TATUBHUN, MACIISIHUIN). Y TIPOCTUX MOJEISIX 3a3BUYAM
BUKOPHUCTOBYETHCS NaMip K MaTepiai 1 GUIbTPIB, IO NOTPeOye iX MeploAMYHOT 3aMIHU.
Enexrporenepatop - 11e mMpUCTPiid, M0 BUPOOJISIE EASKTPUIHUN CTPYyM. 3aJeKHO BiJl TUITY
€JIEKTPOTEHEPATOPA, CICKTPOCTAHIIISI €(DEKTHBHO BIIOPAETHCS 3 PI3HUMU 3aBJaHHIMH.

Omuu abo TpudazHi TreHepaTopu MpU3HAYEHI IS KUBJICHHS BIAMOBITHUX
cnoxkuBaviB. OHO(a3HI TeHepaTopH, K1 TeHEPYIOTh 3MIHHHK CTpyM Hampyroio 220 B 1
yactoToro 50 ', mpuaaTHi 1S MAKIIOUECHHS Juie ogHo(pa3HUX HaBaHTaxeHb. TpudaszHi

rereparopu (380/220 B, 50 I'm), 3 cBoro OOKy, MOXKYThb XKHBHTH SK OAHO(A3Hi, TaK i
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TpudaszHi croxuBayvi (Ha TPUIAA0BINA MaHel € BINOBIIHI PO3eTKH a00 KJIEMHI KOJOAKH).
VY Bunaaxky 3 oJHO(MA3HUMHU EJIEKTPOTeHEepaTOpaMHu BCE € JOCUTb MPOCTO: TOJIOBHE -
PaBUJILHO pO3paxyBaTH BCl CBOI CIOXKHMBaYi, BpaxyBaTH MOXJIMBI MpPOOJIeMH, Takl SK
BHUCOKI ITyCKOBI CTPyMH, 1 BHOpaTu TeHepaTop 3 MOTPIOHOIO peasbHOI0 BHXITHOIO
noTyxHicTio. [lpu migkimrodeHHl 10 Tpuda3zHUX TreHepaTopiB Tpu]a3HUX HaBaHTAKECHBb
CUTyallil aHajloriyHa. AJle BHUHHKae mpoliema, KOJIM [0 Tpu(azHUX TeHEepaTopiB
MIIKITI0Ya0Th 0JHO(MA3HI CIOXKUBaYi, ii Ha3uBarOTh 'mepexkocoM ¢as". be3 rnmbmoro
pO3IJIsiAy TEXHIYHUX JAeTalied, cPOpMyJIIOEMO JBa NpaBHJIa: MOTYKHICTh OJHO(A3HOTO
HaBaHTAXXCHHSI HE TMOBUHHA MEPEBUIIYBATH 1/3 BiJl HOMIHAJIIBHOI MOTYXHOCTI TpU(a3HOTO
reiepaTopa. [HImMMu ciioBaMu, SKIIO MU MaeMO 9-KUIOBaTHUM TpU(azHUN reHepaTop, MU
MO>KEMO JKUBUTHU 0HO(A3HI HABAaHTAXKEHHS, K1 HE MIEPEBUIYIOThH 3 KitoBaTH. Hanpukiian,
3-K110BaTTHHIA 00irpiBad Oy/Ie CYMiCHIM 3 TAKUM T€HEPATOPOM, 1 IpyTre MPaBUIIO KaKe TIPO
TE 11O, SKILIO y HAC € JIeKUIbKa OJHO(A3HUX HABAHTAXKEHb, TO PI3HULA Y iX CHOKUBaHIN
NOTYKHOCTI He MOBHMHHA nepeBuiyBatd 1/3 Big "mepekocy ¢az" (Todto 1/3 Bix MOTYXHOCTI,
BU3HA4YeHOT y mpaBwii 1). 3a3HaveHa BeJWYMHA € 17€aJbHOIO JJIi BHCOKOKJIACHUX
€JICKTPOCTaHIIIi, ajie MOKe OyTH MEHIIOK JiS 3BHYAMHMX arperariB. SIKIIO TOBOPUTH
JIETKOKO MOBOIO PO CUHXPOHHMM Ta aCHHXPOHHUM T€HEPATOPHU, TO CAHXPOHHHM T'€HEPATOP
Ma€e OUIBbII CKIAJAHY KOHCTPYKIIIO, HAMpHUKIad, Ha HOTO POTOPI PO3TAIIOBaHI KOTYIIKH
IHIYKTUBHOCTI. Y TOM XK€ Yac, aCHHXPOHHUN I'eHepaTop Ma€ MpOCTiily OyIOBY 1 Haramaye
3BUYAHUI MaxoBHK. Lle 03Hayae, 1110 AaCHHXPOHHUN TE€HEPATOP Kpalle 3aXUILIEHHA Bij
BOJIOTH 1 Opyy (KaxyTh, 1110 BiH Ma€ "3aKpUTy" KOHCTPYKIIit0). Takoxk BapTo 3rajatu mpo
KJIac 3aXHCTy, IKUW BU3HAYAETHCS I X TeHepaTopiB.Kiac 3axucTy mo3HaaeThes AByMa
oykBamu (IP) 1 nBoma niudpamu. [lepima mudpa o3naqae:

- 0 —3axucT BIACYTHII;

- 1 —3axwuct Bix npeametiB > 50 MM;

- 2 —3axucT BiJ npeaMeTiB > 12 mm;

- 3 — 3axuCT BiJl IPEIMETIB > 2.5 MM;
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- 4 —3axucT BiJ npeameTiB > 1 mm;
- 5 —3axucT BiJ ULy
Hpyra uudpa o3nayvae:
- 0 —3axwucT BIJICYyTHIH;
- 1 —3axucT Bij NaJar0unx BEPTUKAIBHO MaJal0unX Kpareib BOIH;
- 2 —3axXWUCT BiJ Kparnejb BOJH, K1 MagaroTh mia KyToM 15 rpagyciB 10 BepTHUKali ;
- 3 —3axucT Bia OpU30K BOIM, MAAAI0UUX il KyToM 60 rpaayciB 10 BepTUKAII;
- 4 —3axucT BiJ BOASHOIO MUY, PO3MOPOIIEHHOT0 3 yCiX OOKIB;
- 5 —3axucCT BiJl CTPyMEHIB BOJIH 3 YCiX OOKIB.

CUHXpOHHI T€HEepaTOpHu 3a3BUYail MaroTh kiac 3axucty [P 23, Toal sk acCHHXpOHHI
renepatopu - I[P 54. Ilpore, ocTaHHIM YacoM OUIBIIICTh MPOBIAHUX BUPOOHUKIB
IpeICTaBUIIA IHHOBAIIMHI CHHXPOHHI arperar, ski Bi/inoBiaoTh cranaapty [P 54. Okpim
PIBHSI 3aXMILEHOCTI, CHHXPOHHI 1 aCHHXPOHHI T€HEPaTOpPH TaKOX BIAPI3HAIOTHCS CBOIMHU
MOJKJIMBOCTSAMHU. 3aBISKHU CBOIH MPOCTOTI KOHCTPYKIIii, ACHHXPOHHI €JIEKTPOT€HEPaTOpH €
OB CTIMKMUMU 10 KOPOTKOTO 3aMUKAHHS 1 MEPEBAHTAXKEHb, a 1X BUXIJHA HANpyra Mae
MEHIIIE HEMHIHHUX CIOTBOPEHb. BUKOpUCTaHHS aCMHXPOHHOTO TeHeparopa J03BOJISE
KUBUTU HE JIMIIIE TIPOMUCIOBE OOJaJHAHHS, SIKE HE € KPUTUYHUM 10 (popmMu BXimgHOI
HaIpyTH, aje i eJIeKTPOHIKY. ACHHXPOHHHI F€HEPATOP € 11€ATbHUM JHXKEPETIOM CTPYMY ISt
MIKITIOYEHHSI aKTUBHUX a00 PE3NCTHUBHUX HABAaHTAXEHb, TAKUX AK HArpiBajbHI JIAMIIH,
noOyTOBI Ta30Bl IUTUTH, EJIEKTPUYHI OO0IrpiBayi, €JIEKTPOHHI MPHUCTPOi, BKIIOYAIOUU
3BaproOBajibHI TEPETBOPIOBAaYl, KOMIT'IOTEPU, PATIOTEXHIKY Ta iHIIE. [lpu miagKIrOYeHH1
€JICKTPOMOTOPIB Ta IHIIUX 1HAYKTUBHUX HABaHTaXEHb, PEKOMEHIYETHCS MaTH 3arac o
NOTYXHOCT1 Y 3-4 pa3u (3a Bukopucranusa Qpyskuii "CraproBe nocuiienusa" -y 1,5-2 pasn).
[lepeBaHTa)keHHSI IIUX TEHEPATOPIB HE JOMyCKAeThcs. CHHXPOHHUN TEHEpaTop € TUIIOM
reHepaTopa, SIKUH MOK€ BHUIABaTH CTPYM, MEPEBUILYIOYM HOMIHAJIbHE 3HAYEHHS, Ha
KOPOTKUM TIPOMIXKOK 4acy, He Outbiiie 1 cexynau. Bin Takoxx BUpoOsisie O11bIn "uucTuil”

cTpyM. ToOMy peKOMEHyeTbCsS BUKOPHCTOBYBATH MOTO IS JKMBJICHHS 1HAYKTHBHUX
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CIOKMBAYiB 3 TaK 3BaHUMH 'NYCKOBUMHU CTpyMaMu" (€JIIEKTPOJBHUTYHIB, HACOCIB,
KOMITPECOPIB, JIUCKOBUX MHJIOK Ta 1HIIOTO €JIEeKTPOIHCTPYMEHTY), a TaKOX JJIst
MIJKITIOYEHHST 3BaplOBajIbHOTO amapary. 3ajlHIIalouuch B TEMI CTAaOUIHHOCTI HaIpyTH,
BXJIMBUM (DaKTOPOM € KJac JBUTYHA, 30KpeMa HOoro 37aTHICTh MIATPUMYBATH MOCTIiHHI
ob6eptu (3a3Buuaii 3000 oOepTiB 3a XBUJIMHY) MPH 3MiHI HaBaHTaX€HHs. Tako) BIUIMBAa€E
HAsIBHICTh CHEIaJIbHUX CHUCTeM crabimizaiii, Takux Sk AVR (aBTomMatuyHuii perynsarop
Hanpyru). Komu daeTbest po KOHCTPYKILiI0, HAWKpAIIMMU BapiaHTaMU €JIEKTPOTeHEPATOPIB
€ Ti, [0 HE MalTh MIITOK. Lle 703BOJIsIE YHUKHYTH HEOOX1JHOCTI OOCIYrOBYBaHHS 1 HE
CTBOPIOE JOJATKOBUX IMEPEIIKOA. BuxiaHa NOTYyXHICTh € OAHUM 13 KJIIOYOBUX NApaMETPIB,
Ha KU B MEpIIy 4Yepry 3BEpTaIOTh yBary croxuBayi. [Ipore, B 11bOMy NMUTaHHI € JBi
BAXKJIMB1 HIOAHCH, Ha SIK1 BAPTO 3BEPHYTHU yBary:

- bararo BUpOOHHUKIB B CBOIX Karajorax 3a3Ha4alOTh TaK 3BaHY '"MaKCUMalbHY BUXIJIHY
noTy>kHicTe". Ilpore, BapTO MaTtu Ha yBasi, O LW MapaMeTp mependavae Jguiie
KOPOTKOYACHY poOOTy arperaty. 3aJie’KHO BiJl BUPOOHHKA, TPUBAIICTh POOOTH MOXKE
KOJIUBAaTUCS BiJ KUIBKOX CEKYHJ 10 KUIbKOX XBWIMH. PeanbHa HOMIHaJIbHA
MOTY>KHICTh 3a3BUYal € 3HAUHO HIXKUOIO 1 CKIIaJa€ KijbKa (1HO1 AECATKIB) BIACOTKIB
MEHIIIE BiJl 3a3HAYEHOT0 3HAYECHHS,

- Enextpocraniis, sk 1 OyAb-sIKAW 1HIIUN Npuiaa, Mae CBIA BIAaCHUN KOEQIIIEHT
noTy»)HOCT1 (cos). [leski BUpOOHUKHM BpPaxOBYIOTh 1€ KOe(DIIIEHT MpH BKa3iBIl
BHUX1/IHOI MOTYHOCTI, TOJ1 SIK 1HII - Hi. Y BHUIAJKYy, KOJU BUPOOHUK HE BPaXOBYE
KOe(IIIEHT TMOTY)XHOCTI, KOPHCTYBadeBl JIOBEACTHCA CAMOCTIHHO OOYHMCIUTH
pealibHy HOMiHaJIbHY MOTYXHICTh, IOMHOXKHBIITHN 3a3HaYeHE 3HAUYCHHS B KaTajio3i Ha
KOC(QIIIEHT MOTYXKHOCTI (COS).

Yac 6e3nepepBHOi pobOTH O€3 H03aNpaBKu € BAXKJIUBUM [MapaMETPOM, 1110 3aJIEKUTh
BiJl 00CSTY MaTMBHOTO 0aka Ta BUTpaTH nayivBa. [1pu mopiBHSAHHI IILOTO MOKAa3HUKA Y PI3HUX
MoOJieNiel  €JEKTPOCTaHLIM BaXJMBO, 100 BOHM OyJM TMpHUBEAEHI A0 "CHIJIBHOTO

3HaMEHHHUKA" - CIOKMBaHOI MOTY>KHOCTI. [{le 00yMOBIIEHO TUM, IO BUTpATH MalHUBa MPU
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po0oTi 3 MOBHOIO, 3/4 260 1/2 HOMIHANBHOIO MOTYXKHICTIO MOXYTh 3HAYHO BIAPI3HITHCS.
JU1 BEIMKUX €JIEKTPOCTAHIIINM YaCTO JOCTYITHOO OMIIEI0 € 3MOra MPAIOBATU 3 30BHIIIHIM
NaJuBHUM OakoM, 110 3a0e3neuye 1ie OIbIN MPOJAOBKEHUN yac Oe3nepepBHOi podoTu 6e3
HEOOXITHOCTI J03ampaBKU. 3amyCK eJIEKTPOCTAHINl MOXKe 3IIACHIOBATUCS JIBOMA
croco0aMu: pyuyHUM 1 aBTOMaTUUHUM. PyuHuii 3anyck nepeadoayae BUTATYBaHHs IIIHypa abo
o0epTaHHs PYKOSITKH, a TAKO)K BUKOPUCTAHHS €JIEKTpocTapTepa (SKILO MOJENb o0JaaHaHa
TaKUM TMPHUCTPOEM) 3a JOMOMOTOI0 KiIo4a abo KHOMKH. Jleski enekTpocTaHmii 3
€JIEKTPOCTAPTEPOM TaKOXK MOXYTh MaTH MOXJIMBICTh JUCTAHIIMHOTO 3aIllyCKy 3a
JIOTIOMOT OO TTyJIbTa, KWW 3'€IHAHUH 31 CTaHII€l0 Kabenem. HasBHICTh enekTpocTaprepa €
BaXJIMBOIO YMOBOIO JJIsl IEPETBOPEHHS €JIEKTPOCTAHIII] B TOBHOLIIHHY CUCTEMY PE3EPBHOTO
€HEeprornocTavyaHHs, AKa MOKe aBTOMAaTUYHO (DYHKIIIOHYBATH, BKIIOYATHCS Ta BUMHUKATHCS
0e3 HeoOX1JHOCTI MPUCYTHOCTI JIIOAUHUA. DYHKIISI CTAPTOBOrO MOCUJIEHHS B T€HEpaTopax
AK JUISl CHHXPOHHMX, TaK 1 JUIsi aCHHXPOHHUX T€HEPATOPIiB, MIAKIIOUYEHHS 1HIYKTUBHOIO
HaBaHTAKEHHS MO>KE MPU3BOANTH J10 3HIDKEHHS BUX1HOI Hanmpyru. KpiM Toro, rmpu 3amycky
OyIb-SIKOTO  €JIEKTPOMOTOpA CIIOKMBAaHAa TMOTYXKHICTh MOXKE IEpEeBUIILYBaTH HOTro
HOMIHAJIBHY TOTYXKHICTh y KiJIbKa pa3iB. ToMy JUIsl YCHINTHOTO 3aMyCKy €JIEKTPOJABUTYHIB
3aBXAM MOTPIOEH TEeHepaTrop, Yusd BUXIJAHA TMOTYXHICTh MEPEBUILYE HOMIHAIbHY
MOTYXHICTh  €JIEKTPOMOTOpa. 3HMKCHHS  BHXIJHOI HANpyrd MNOpU  MOAKIIOYSHH]
€JIEKTPOMOTOpPa B ACHHXPOHHUX T'€HEepaTopax Ouiblle, HIXK Y CHUHXPOHHUX T'€HEpaTopax.
[Ipote, iCHye MOXJIHMBICTh aBTOMATUYHO MIJBUIIYBAaTH BUXIJHY HAmpyry Ha 4ac 3amycKy
MoTtopa. Lo ¢yHkIi0 3a0e3nedye OJIOK CTAPTOBOTO IOCHJICHHS, SKWM aBTOMATHYHO
30UTbLIY€ 30y KEHHS TeHEpaTopa Npu Pi3KOMY 301JIbILIEHH] BUX1IHOTO CTPYMY IFeHepaTtopa
IpH MIAKIIOYEHH] BEJUKOr0 HaBAHTAXKEHHA. BaxIMBO MiAKPECIUTH, L0 MPU 3BAPIOBATIBHUX
poboTax OJOK CTapTOBOIO MOCUJIEHHSI 0OOB'SI3KOBO MOBUHEH OYTH BKIIIOUCHUIA.

Jlist Toro o6 obpatu /IB3 (ABUTYH BHYTPIIIBHOTO 3rOpsSIHHS) Tpeda A MOYaTKy
BU3HAYMUTHU SIKA HEOOX1IHA OTYXKHICTh JuIsl podoTu. Po3paxyBaTtu noryxHicts B3 MoxHa

3a HACTYIHOIO (PopMyJI0TO:
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(2.9)

Buxoasuu 3 po3paxyHKIB OTpUMaIM KPYTHUM MOMEHT, IO HEOOXIAHMM st

OTPUMAaHHS MOTY>KHOCTI 1 TETep MiACTaBUMO YCi JaHi B OPMYITy:

103,07 - 1460

Ne=

9549
3riHO po3paxyHKy MU oTpumanu Ne

= 15,78 kBT;

15,78 kBT, TakoMy 3Ha4€HHIO KPYTHOTO

MOMEHTY  BimmoBigae nBuryH OensunoBuii BULAT BTI190FE-L 3

XapaKTCPHUCTHUKAMU:

Tabmuis 2.2 Xapakrepuctuka 6enzunoBoro asuryna BULAT BT190FE-L

TaKMMH

Tun nBUryHa

A-TaKTHHUM OJHOIMITIHAPOBUI

Cucrema 0XO0JIO0KEHHS IBUTYHA [ToBiTpsina
OO6csr manuBHOTO 6aka (1) 6.5
[ToTy>xHicTh 1BUTYHA (K.C.) 16
Butpara nanusa, r/kBt.roguny 335

O6'em nBUryHa,CcM° 420

Cucrema 3anycky

Pyunuii,enexktpocraprep

OOcsr macna B KapTepi IBUTYHA, J1

1.6

MM

Tun XxBOCTOBUKA BaJia [IInonkoBuMiA
JIoBXrHA BaIy, MM 60

JlaTurK HU3BKOTO PIBHS Maciia €
Koedimient kommpecii 8:5:1
JliameTp nmmiHapa/ Xif MOPIIHS, 90/66

Hampsimok oOepTanHs Bana

[IpoTu TOMMHHUKOBOI CTPLIIKH

Tun 1 HagBHICT, peayKTOpA

JBUT'YHA

[lecrepuuit pexyKTop
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Bara npuryna, xr 35

[IBuakicTh  0OepTaHHS  Baly, 1800

00/XB

3.Bubip cucremu kepyBanus /IB3

PerynsTop mBUAKOCTI, TAKOXK BIJOMHI sIK 0OMeKyBad a00 KOHTPOJEp MIBUIKOCTI,
€ MPUCTPOEM, 1110 BUKOPHUCTOBYETHCS /JIs1 BUMIPIOBAHHS Ta HAJIAIUTYBaHHS IIBUIKOCTI PYXY
MAaIlIHA, HAPUKIaA, 1BUryHa. OTHUM 3 TaKUX KJIACUYHHUX MPUKIIAAIB - 11€ BIAICHTPOBHIMA
PEryJsTOop, TAKOXK BIIOMHH K peryisTop Barra abo perynsitop 3 JIETIOUO KYJIbKOIO, 1110
BUKOPHUCTOBYEThCS Ha MOPIIHEBUX MMapOBHUX JBUTYHaX. Lleil perynsTop BUKOPUCTOBYE 110
1HEpI1I1HOI CHJIM Ha 00EpPTOB1 Baru, sIKi IPUBOJATHCS B PYX BHXIJTHUM BaJIOM MAILIWHU, IS
peryioBaHHs ii IIBUAKOCTI HUIAXOM 3MIHM BXIJHOTO HMOTOKY napu. Perynstop nBuryHa
ABJISIE COOOI0 MPUCTPIH, 110 ABTOMATUYHO MiATPUMYE IBUJKICTH OOEPTaHHS JIBUTyHA a00
1HIIIOTO OCHOBHOTO JIBUTYHA B MEKaX MPUUHATHUX 3HAUEHB, HE3aJIC)KHO BiJ] HABAHTAKCHHS.
3a3BUYail perysTop perylito€ MBUIKICTh JBUTYHA LUISIXOM 3MIiHM NOCTA4aHHS MajliBa
3aJIeKHO Bi NOTpeOu. binblicTh peryisTopiB 0a3ytoThcsd Ha BUKOPUCTAHHI BiILIEHTPOBOI
CWJIM 1 CKJIQIal0ThCS 3 Mapu Mac, siki 00epTaroThCsl HABKOJIO mmuHAens. Lled mmuHaensb
IPUBOJUTHCS B pyX MEPBUHHUM JIBUTYHOM, @ Macu YTPUMYIOTHCS Bl BUKUJAHHS 30BHI 32
JOTIOMOT'OK0 KEPYIOUOi CHIIH, IKa 3a3BUYail 3a0e3MeuyeTbes Mpy>KUHAMH. 31 3017IbIICHHSIM
MIBUIKOCTI pyXy, Kepyroua CHJIa JOJA€ThCS 1 Macu pyXaroThCs Ha3oBHI. [leit pyx mac
nepenaeTbes Ha KanaHu, skl MoJalTh podouy piiuHy ado0 MaJiMBO 0 ABUTyHA. MacHu, siKi
00epTaroThCsl, MPEACTaBICHI KyJIbKaMH, II0 TPHB'SA3aHI 0 BEPTUKAIBHOTO IIITHHJEIS
JIaHKaMH, 1 Kepyroda cuiia (pOpMY€EThCS Baroo IUX KyJboK. SIKII0 HaBaHTa)KEHHS Ha ABUTYH
3MEHIIYEThCS, MIBUIKICTh MOro oOepTaHHS 3pocTae. Y TakoMy BHUIAJIKY Kyibka M
pyxaeTbcs Brepen, a eneMeHT C MiIHIMAa€eThCsl Bropy MO BEpTUKAJIbHOMY MmuHaemo. Lle

MPU3BOJUTH JI0 3MEHINEHHS KITBKOCTI MapH, SKa HAAXOAUTh J0 JIBUTYHA, 1 B pe3yibTaTi
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IIBUIKICTh 3MEHINYETHCS. 3O01IBIICHHS HABAHTAKEHHS, HABMAKW, BUKJINYE 3BOPOTHUI
e(eKT - 3HIKEeHHS BUJKOCTI. CydacH1 peryisaTopy BUKOPUCTOBYIOTHCS JJIS PETYIIOBAHHS
NoJiavi MajrBa B IBUTYHHU BHYTPIIITHBOTO 3TOPSIHHS, a TAKOX JJII KOHTPOJIIIO TI0Jiadi MapH,
BOJIM 200 rasy JI0 pi3HUX THUIIIB TYpOiH. ICHYe YOTHPHU TUIIH PETYIATOPY MIBUIKOCTI:

- MEXaHIYHUM a00 BIAIICHTPOBUMN PETYIATOD;

IMHEBMATUYHUN PETYJISATOD;

T1IpaBIiYHUIN PETYIATOD;

ENIEKTPOHHUN PETYJIATOP.

MexaHi4yHl peryjasiTopu CKIAAarThCAd 3 OOTSKEHUX KyJdb ad0 MAaxOBHKIB, fKI
CIpUIMAIOTh BIALIGHTPOBY CHIIY IMiJl 4ac oOepTaHHsS IIiJl BIUIMBOM KOJIIHYACTOTO Baja
nBuryHa. L BigUEeHTpoBa cuiia BUCTYIA€E B POJII KEPYIOUOI CHUIIU 1 BUKOPUCTOBYETHCS IS
pEryJIoBaHHs MOJadi MajuBa B ABUTYH Y€pe3 APOCENIbHUN MEXaHi3M, 110 0e3M0CepeHbO
HIAKIIOYEHUN 10 1HXKEKTOpHUX peiiok. i By3nu MaroTh HE3HAUHY Macy, TOMy CTBOPIOBaHa
HUMHU CWJIa HEJOCTATHS MJis YOPABIIHHS BEJIMKMMHM HAacOCaMH BIOPCKYBAaHHS JBHUIYHIB.
BoHu MoxyTh OyTH BUKOPHCTaHI B CUTYAIlisIX, KOJIM TOYHE PETYJIOBAHHS IIBUIKOCTI HE €
HE0OX1THUM. BOHM MatoTh MKMPOKY 30HY HEUYTIMBOCTI 1 0OMEKEHY BUXIAHY MOTYXKHICTb.

[IpuHuun poOOTH MEXaHIYHOTO PEryJsiTOpa MOJIATae B TOMY, LIO MIJ Yac 3aIycKy
JIBUTYHA, Baru pO3TAIIOBYIOTbCS Yy TMOJIOXKEHHI, K€ MIATPUMYE CTaOUIbHY XOJOCTY
mBHAKICTh. Konu menans NpUCKOPEHHsS HATUCKAE€TbCS Ha MPYKUHY, Bara 3MILIYEThCS
BIIPUTYJI, 1 OCKIJIbKA BOHA MOB'A3aHa 3 PyXOMHM MEXaHI3MOM KepyBaHHS, M0Jlaya MajiuBa
30UTBIIY€ETHCS, 10 TMPU3BOJAUTH N0 3OUIBIIEHHS IIBUJIKOCTI OOEpTaHHS JBUTYHA.
[TinBuIIeHHS 00€pTOBOT MIBUAKOCTI IBUTYHA 3MYIIYy€ PO3MOAUIBHUN Bajl Hacoca IIBUIIIE
o0OepTaTuCs, U0 NPOTUIIE Jii KEPYIOUUX MPYKUH 1 BUBOJUTH Baru Ha 30BHIIIHIO CTOPOHY.
Ile 3MmeHIIye momady NanuBa, MOKW HE Oylie JOCSITHYTO ONTHUMAJIBHOTO OajaHCy IS
KOHKPETHUX YMOB po00TH nBHryHa. OTxe, MPUCKOPIOBAY HE NPsIMO 30UIbLIYE MOJaYy

nanaunBa, aje BIUIMBAE HA 3aTPUMKY Jii perynsatopa. BiH BU3Ha4ae BiTHOCHE MOJOKEHHS Baru
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perymisTopa 1 Kepyrdoi nefal B peKUMax Tpaill ABUTYHAa Ha XOJOCTOMY XOAY Ta MpH
MOBHOMY HaBaHTA)KEHHI.
[lepeBaraMmu MEXaHIYHOTO PETYJIATOPA € HACTYIHI YAHHUKHU:
- Hwusbka 11iHa;
- MosxnrBe BUKOPUCTaHHI KOJIM HEMae€ HEOOXITHOCTI MiATPUMYBATU
TOYHY IIBUAKICTb 3aJIEKHO B1J] HABAHTAXKEHHS;
- [IpocTa KOHCTPYKIIis, sIKa TUIIE KUIbKa YaCTHH;

[THeBMaTHYHI PETYJATOPH YCITIIHO BUKOPHUCTOBYIOTh B JIBUTYHaX HHU3BKOI Ta
CEpeIHbOI MOTY>KHOCTI. BOHM BUSIBJISIOTH YyTJIMBICTh JI0 KOJUBAHb KPYTHOIO MOMEHTY
HaBaHTAXXEHHSI Ta 3a0€3MeuyI0Th CTa0UILHUN KOHTPOJIb HAJl PEKUMOM XOJIOCTOTO X0y .
[TomibHO 10 NHEBMATUYHOTO PETyJIIOBaHHS IHAYKIINHHOI TpyOHW, mojgaya MOBITPS
JAPOCENIOEThCA TP MallUX HABAaHTAXKEHHSAX 3a JOMOMOIOI0 JAPOCENIbHOI 3aCiiHKH,
po3TaiioBaHoi B apoceni. [el kianaH BiIKpUBa€EThCs a00 3aKPUBAETHCS OE3MOCEPETHBO
3a JOMOMOTrOI0 Iefani akceneparopa. JlpocenbHuUi OJOK pO3TAIIOBYETHCA MIXK
HOBITPOOYMCHUKOM 1 BIIYCKHMM KOJIEKTOPOM, IO MPU3BOAMTH O 3MEHILIEHHS TUCKY
MOBITPS B KIHII IHAYKIIHHOTO 1UIsAXy. [Ipy iboMy BIOPCKYBaHHS BiAOYBA€THCS B MEHIIT
IIIIbHOMY TIOBITPi, HDK TPH HEOOMEXKEHIW I1HIYKINi, mo 3a0e3rnedye KiIbKiCHUI
KOHTpPOJb, a He sKkicHU. KepyBaHHs mojauer0 najavBa 3IIMCHIOETHCS ILUIIXOM
pETyJIOBaHHS TTMOWHU MPOHUKHEHHS AladparMu y KaMmepy BITYCKY, sIKa pO3TalloBaHa
Ha KIHI[l MaJMBHOTO HACOCY BUCOKOTO THUCKY. Ha Topii cTiiKM ympaBiiHHS Hacoca
po3TamroBaHa MeMOpaHHa TacTiHHA. BoHa 3Milllye€ThCsl BIPaBO 10 MOJIO0KEHHS TTOBHOTO
HABaHTa)XCHHA 3a JOMOMOTOI0 TOJIOBHOI Kepyrouoi mnpykuHu. Komm mnenanp rasy
BIJIITyCKA€EThCS, TTOCUJICHE HATUCKAHHS Ha JIPOCETbHY 3aCIiHKY CIPUYMUHSE 3MIIICHHS
niadparmMu Ta TATH BI1BO, 10 3MEHIIYE Mojavyy naiausa. [{is 30amancyBaHHS 3HUKEHHSI
BUCOTH Ha XOJIOCTOMY XOJy TaK0X BHUKOPHCTOBYETHCSI JOMOMIXHa Mpy>kuHa. BoHa

AKTHUBYETBCS IMOCTYIIOBO 3aBJAKH BINIMBY KYyJIadKa.
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[MppaBmiuHi peryasaTopy NOKJIMKaHI 3HIKYBATH 3HAUHI MEXaHIUHI HAaBaHTaKCHHS
Ha TIIIIUITHUKA Ta 3MEHITYBAaTH MOKJIMBI KPYTWUJIbHI KOJMBAHHS B MPHUBOAL. Tomy im
BIJITAIOTH TE€peBary rnepejl MEXaHIUHUMHU PEryJsTopaMu. Y T1IPaBIiYHOMY PEryJsITOpi
poOOYMM areHTOM € pPI3HHUII TUCKY B OTBOpi, SKa BIAMOBIJAE 3a PEryJTIOBAHHA
mBUAKOCTI. Ll pi3HUIISI TUCKY CTBOPIOETHCS 3a JIOMOMOIOIO TMOTOKY Maclia, sKAN
MOCTAYAETHCS BiJl MO3UTUBHOTO MACISHOTO HAcOCa, [0 MPUBOAUTHCA B JIII0 ABUTYHOM.
TakuMm 4MHOM, B TiPaBIIYHOMY PETyJIATOpI PyX Macia BiJIrpae Ba)XJIUBY pPOJIb Y
IpoLeCl PEeryJloBaHHS IIBUAKOCTI. PI3HUI THCKY, SiKa 3MIHIOETHCS MPOIOPIIHHO
KBaJpaTy YacTOTH OOEPTaHHS JBUTyHA, BU3HAYAETHCS CTAaHOM pIBHOBAr", SIKHUA
3aJIeKUTh B1JI THCKY, IO HAaKJIaJaeThCs HOIOIO BOJIS Ha nefanpb rasy. ['inpaBiiunHuit
pEeryisTop, Tak caMoO K 1 MEXaHIYHHWI pEeryyarop, € yHIBEpCaIbHUM PETYISTOPOM
mBUAKOCTI. Lle o3Hauae, 10 BIH Kepye BCIEID CHCTEMOKO CTIMKOCTi, KOHTPOJIIOKYH
perynsarop, a He Oe3locepeHb0 IPUCKOpIOBaY, JuIs 3a0e3leueHHs MOTpiOHOI
mBuaKocTl. HesanexxHo Big motped y MOTY’KHOCTI, BUMOTH JO PEryJATOpa MOXKYTb
3MIHIOBATHUCh B1J] MOMEHTY O MOMEHTY.
[TepeBaramu riipaBiIiqYHOrO PETYJISITOPA HACTYIIHI:

- Bucoka BuxigHa MOTYXHICTb;

- Bonu Bipi3HAIOTHCS BUCOKOIO TOUHICTIO;

- Bucoka edexTuBHICTD;

- Jlerki B 006CIIyrOByBaHHI.

EnexTpoHHuUil peryasaTrop € NPUCTPOEM, MPU3HAYEHUM I KOHTPOJO OO0epTiB
€JIEKTPOJIBUTYHA, 1 BHUKOPUCTOBYETHCS B PaTIOKEPOBAHUX MOJEISAX 3 EJIEKTPUYHUMU
CIWJIOBUMHU YycTaHOBKamMu. lleli perynsTop m03BOJSE TJIABHO 3MIHIOBAaTH EIEKTPUUHY
MOTY>KHICTb, M0 TOCTAYa€ThCS HA EJICKTPOJBUTYH. BIiIMIHHICTIO Bi MPOCTIIIMX
PE3UCTUBHUX PETYJSTOPIB XOAY (SIKI Maike He BUKOPUCTOBYIOTHCSI B MOJIENI3MI) € T€, 1110
CJIEKTPOHHHUI PETYISITOP KEPye TOTYKHICTIO IBUTYHA MUISIXOM BUKOPHUCTAaHHS aKTHBHOTO

EIEMEHTY, SKUW MEePETBOPIOE HAJIUIITKOBY MOTYXKHICTh Ha 1HIN (OpMU €HEprii, 3aMICTh
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TOro, 100 BUTpayaTH i Ha HarpiBaHHA. lle 103BOJsSIE €IEKTPOHHOMY PETyJIATOPY MaTu
3HauyHo Buily KKJ[ Ta edekTMBHO BHKOPHCTOBYBATH E€HEPTil0 aKyMYJISITOPHOI OaTapei.
EnextpoHHuii perynsatop KiIacH(piKyloThb 3a JBOMa XapaKTEPUCTHUKAMU: 3a THUIIOM
CJIEKTPOJIBUTYHA, 32 TUIIOM MOJEJI. 3aJeKHO Bl TUITY €EeKTPOJIBUTYHIB, I AKUX BOHH
IPU3HAYCHI:

- JI71 KOJIGKTOPHUX E€TIEKTPOABUTYHIB;

- 1151 6e3K0JIEKTOPHUX O€3/TaTYMKOBUX €IIEKTPOIBUTYHIB;

- Jlns1 0€3KO0JIEKTOPHUX €JIEKTPOJABUTYHIB 3 TaTYMKAMU XOJY.

3anexHo BiJ] TUILYy MOJIEJei:

- Jlis aBTOMOJEIICH:

- Jlns aBiamoeneit:

- Jluis cynHOMOENEn.

Perynsaropu MOXyTh BapiroBaTUCS B 3aJICKHOCTI BiJl JEKUIBKOX (PAKTOPIB, TAKUX SIK
MaKCUMaJbHUI poOOYMI CTpyM, Hampyra OaTtapei 1 CyMICHICTh 3 pI3HUMU THUIAMU
akymyJsiTopiB. KoxeH peryisitop Mae cBoi BiacH1 XapaKTEpUCTUKH, 1110 JO3BOJISIOTh HOMY
MpaIoBaTH 3 KOHKPETHUMH TapaMeTpaMH CTPyMy Ta Hampyru. BibmiicTe perynsTopis
MalOTh MOXUIMBICTH POOOTH 3 PI3HUMH TUIIAMU aKyMYJISTOPIB, IO Ja€ KOPUCTYBadeBl
THYYKICTh Yy BHOOpI JpKepena KHUBJICHHS JUIS CBOiX NMPUCTPOIiB. Perymsaropu xomy s
0€3KOJIEKTOPHUX EJIEKTPOJBUTYHIB CYTTEBO BIAPIZHSAIOTHCS BIJI PETYJATOPIB XOAY st
KOJIEKTOpPHUX MOTOpPiB. OKpIM KEpyBaHHS TIOTYXKHICTIO, KA MOJAETHCS HA €JIEKTPOJIBUTYH,
BOHH TaK0>X MOBHUHHI BU3HAUATH TOJIOKEHHS POTOPA B KOKHUHA MOMEHT 4acy, 100 TOYHO
BCTAHOBJIOBATH (pa3u TPHOX KHUBJISYMX HAMPYT, HEOOXITHUX JIJIsT pOOOTH OE3KOJIEKTOPHOTO
enekTpoaBuryHa. L{i perynstTopu 3a3Bu4ail KOMITYIOTh OUIbIIE, HIXK PETYIISTOPU XOTY JUIS
KOJICKTOPHUX JBUTYHIB 3 TaKOK K EJIEKTPUYHOI TOTYXKHIicTI0. Perymsatop xomy
OE3KOJEKTOPHUX EJCKTPOJBUTYHIB MPHU3HAYCHUHN I POOOTH 3 OJHUM OE3KOJIEKTOPHHUM
JABUTYHOM, MIAKITIOYEHUM J0 HBOTO, TOAI SIK PEryJsTOp XOAy KOJEKTOPHUX MOTOPIB

JO3BOJISIE€ MIAKIIOYATH 10 HHOTO JEKiIbKa KOJEKTOPHUX MOTOPIB MOCIIAOBHO a0o0
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napajgeinbHO 3 OJHUM OOMEXKEHHSM: CyMapHH CTpyM HE IOBHHEH IEPEBUILYyBaTH
MaKCUMaJIbHUN CTPYM, HA SIKMH PO3paxOBaHUM JAHWM PETYJIATOP Xonay. Peryisitopu xony,
OpU3HAYeH1 Il CyJAHOMOJEJNIeH, OCHAIIEH! JOJATKOBUM 3aXHMCTOM BiJ BOJIOTH, II00
3a0e3neunTr HaAliHY poOOTY B yMOBaX 3BOJIOKCHHS. Perynaropu Xomy st aBToMoaemei
MaloTh PO3IIUPEHY CUCTEMY OXOJIOJKEHHS MOBITPSIM, 3 BUKOPUCTAHHSM pajiiaTopa, 1moo
3a0e3neunTH e()eKTUBHE OXOJOKEHHS eJeKTpoABUryHa. KpiM TOro, BOHM TakoXX MOXYTb
MaTH (QYHKIIIO peBepcy HampsMy oOepTaHHS, L0 JO03BOJISiE€ 3MIHIOBAaTH HAMPSIMOK PYXY
MOJICITI BIIepe/] 1 Ha3a/l.

JIJ1s HaIoro BapiaHTy MiIXOUTh JIEKTPOHHUI perysaTop Ha 6a3i Arduino. Cxema —
CTaHJapTHA IS TMIKII0YeHHs cepBomoTtopa 10 Arduino(Puc.1).

CepBOoMOTOp - LI 3aMKHyTa CHCTEMa, sIKa BUKOPUCTOBYE 3BOPOTHHUI 3B'S30K IO
MTOJIOKEHHIO TSI YIIPaBJIiHHSA CBOIM PyXOM Ta KIiHIICBUM TOJIOKEHHSM. Ha puHKY icHye
0arato TUMIB CEPBOABUIYHIB, 1 iX TOJIOBHOI XapaKTEPHUCTHKOK € MOKIMBICTH TOYHOTO
KOHTPOJIO TOJIOKEHHS 11X Baly. Y  TMPOMHCIOBUX CEPBOJBUTYHaX 3a3BHYail
BUKOPHCTOBYETHCS BUCOKOTOYHHI KOJEp AK JAaTYMK 3BOPOTHOTO 3B'SI3KY 3a MOJIOKECHHSM,
toai sik y MmeHmux RC abo cepBompuBojax aiis JOOUTENIB 3a3BUYall BUKOPUCTOBYETHCS
NPOCTUN TOTEHILIOMETp K JaT4MK moJiokeHHs. LI matuuku peecTpyroTh (akTUuHE
MOJIO’KEHHS 1 IepeatoTh KWOTO JI0 MPUCTPOIO BUSBJICHHS TTOMUJIOK, € BOHO MOPIBHIOETHCS
3 LUIBOBUM TMOJNIOKEHHSAM. Ilicisi 1IbOro KOHTpOJIEp BHOCUTH KOPEKIlli y QakTudHe
MOJIOKEHHST JIBUTYHA BIJAMOBIJHO JI0 LUJIBOBOTO TOJOKEHHS, BPaXOBYIOUM BHUSBIICHI
BIIXWJICHHS. YCEepeanHi CEpBOMPHUBOJA 3HAXOMATHCA UYOTHPU OCHOBHHUX KOMITOHEHTA!
JBUTYH MOCTIHHOTO CTPyMy, KOpOOKa repeiad, MOTEHIIIOMETp 1 cXxeMa KepyBaHHs. J|BUryH
MOCTIMHOTO CTPYyMY BIJIPI3HAETHCS BUCOKOIO IIBUJIKICTIO, aJieé HU3bKUM KPYTHUM MOMEHTOM.
[Tpote 3aBasiku KOpoOIl Tepenayd MBUAKICTh 3HIKYEThCSA 10 TpubauzHo 60 obepTiB Ha
XBWJIMHY, @ KDyTHUA MOMEHT BOJHOYAC 30UTBIIYETHCA. Y CEPBOMPHBOAAX MOTCHIIIOMETP
3a3BUYail MPUKPIIUIEHUN 10 KIHIEBOI MECTEPHI a00 BUXIAHOrO Baja, 10 O3HAYa€, 110 MPH

oOepTaHH1 JABUTYHA MOTEHIIIOMETP TakoXk oOepraerbes. Lle cTBoproe Hampyry, sika
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npornopiiiHa abCoMOTHOMY KYTy BHXITHOTO Bajia. Y CXeMi KepyBaHHS ISl Hampyra 3
MOTEHIIIOMETpa MOPIBHIOETHCS 31 BXIAHOIO HAIPYTOIO, KA HAIXOIUTh Yepe3 CUTHATBHUMN
KaHall. 3aJeXHO BIJ PI3HUII MIXK [MMH Hanpyramu, KOHTPOJEpP MOXE AaKTUBYBATU
BOynoBanuii H-MicT, kUil 03BOJIsi€ TBUTYHY 00epTaTHCS y OyIb-IKOMY HANpPSIMKY, TTOKH
JIB1 HAIIPYTH HE 3pIBHAIOTHCS. KepyBaHHs cepBOABUTYHOM 3/IIHCHIOETHCS ILISIXOM Tepeaadl
MOCIIJIOBHOCTI IMITYJIbCIB Uepe3 curHayibHy JiHito. 11100 3abe3neunty npaBuibHy poOOTYy,
4acTOTa KEePYHYOoro CUrHay moBuHHA Oyth 50 ['1i, o o3HaYae, 1m0 iMImyJbCH MOBHHHI
BuHUKaTH KOxkHI 20 Mc. lllupuHa KOXHOTrO IMIyJbCy BH3HAYA€ KYTOBE IOJIOKEHHS
CEpBOIPUBOY. 3a3BU4Yail 1€l TUI CEPBOMPHUBOIIB MOxke oOepratuca Ha 180 rpamycis,
IPOTE BOHU MAIOTh (P13U4HI OOMEXKEHHS B MEXaX CBOTO XO/y. 3a3BUYaid, 1711 BCTAHOBJICHHS
MEBHOTO KYyTOBOTO IOJIOKEHHSI CEPBONPUBOJIA, BUKOPUCTOBYIOTHCS IMITYJIBCH 3 TIEBHOIO
TpuBaiicTio. Hanpukinaz, iMmynbe TpuBaiicTio 1 Mc BianoBijae monoxeHHo 0 rpaaycis,
imynibe TpuBaiicTio 1,5 mc BigmoBimae 90 rpamycam, a IMIYyJIbC TPHUBATICTIO 2 MC
BianoBigae 180 rpagycam. OHaK, MiHIMaJIbHA 1 MAKCUMAaJIbHA TPUBAJIICTh IMITYJIbCIB MOXKE
BIJIPI3HSATHCS 3QJICKHO BiJl KOHKPETHOI MOJIeNl cepBonpuBoaa. Hampukian, neski Mojaeni
MOXKYTh BUKOPHUCTOBYBATH TPUBAIICTh iMITysibey 0,5 mc jytst monoxkenns 0 rpagyciB i2,5 Mc
st osoxkeHHst Ha 180 rpamyciB. CepBOMOTOpPY BKJIHOYAIOTh TPU MPOBOJMU: KUBIEHHS,
3a3eMJIeHHS 1 curHaul. [IpoBij )KUBIIEHHS 3a3BUYail Ma€ YEPBOHUMA KOJIIP 1 CJIIJT T IKITIOUNTH
no koHTakTy 5 B Ha Arduino-muiati(Puc.1). IlpoBia 3a3emieHHs 3a3Bu4ail 4oOpHOTro ado
KOPUYHEBOTO KOJIOPY 1 MOBMHEH OyTH MIAKIOYEHUH 10 3a3€MJIEHOrO0 KOHTAKTy Ha
Arduino-rtutati. CurHabHUHN MTPOBIJ 3a3BUYal Ma€e )KOBTHIA, TOMapaHYeBUI a00 0L KOJIIp
1 TOBUHEH OyTH MiAKIoYeHuM A0 uudpoBoro koHTakty Ha Arduino-mnati. Tpeba Oytu
YBaXHUMH, OCKIJIBKHA CEPBONPUBOIN CIIOKHUBAIOTh 3HAYHY MOTYXKHICTh. BaxInBO 3'€eqHaTH

3a3emiicHHS Arduino 3 30BHIILIHIM )KEPEIIOM JKHUBJICHHS.
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Puc.3.1 CxeMa migkirodeHHs: cepBoMOTOpy 110 Arduino.

JUist reHepaliii curHany KepyBaHHsS 3 BHKopucTaHHiAM Moxeini IIIJ[-perynsaropa mu
Bukopuctasii  Arduino-PID-Library [35], 6i0mioTeky, ska J03BOJIIE pO3paxyBaTH
BIJINIOBIJHE 3HAUEHHS KyTa MOBOPOTY CEPBOJBHMIYHA Ha OCHOBI YacTOTHU 3TE€HEPOBAHOL
Harpyru. J{is cTBOpEHHs 3HAYEHHS! CUTHAITY KE€pPYBaHHS 3a JOIOMOTOI0 JaHOi 0107110TeKn
CIoYaTKy NmoTpiOHO cTBOPUTH 00'ekT Kiacy PID, BUKOpHUCTOBYIOUH 00'€KTHO-OPIEHTOBAHY
napagurmy. [Himiamizamiss 1boro o00'ekTa BKIIOYa€e BCTaHOBJIEHHsS KoedimientiB IT1/]-
peryistopa Ta TOCHJIaHHS Ha 3MIHHI, 0 BIJIOOpaXarOTh BXIJAHWN CUTHAJ, CHUTHAJ
KepyBaHHS Ta OaxaHe 3HAYeHHs. Y TMPOTpaMHIi peamizaiii TakoX BPaxOBYETHCS
MacmTa0yBaHHS JaHUX MDK 3HAYCHHSIMH YacTOTH T€HEpOBaHOI HAMpyrd Ta KyTOM
MIOBOPOTY cepBOJBUTYHA. KpiM TOro, HajmamrToBYIOTHCS MIHIMAJIbHUNA Ta MaKCHMAaJIbHHUI
KyTH TIOBOPOTY CEPBOJBUTYHA, IO JO3BOJIIE OOMEKUTHU TMEPEepPEeryIroBaHHs Ta 3amo0irtu
HaJMIpHUM 3MIHAM MOJayl MajuBa Ta MOBITPS IO ABUTYHAa BHYTPILIHBOTO 3TOPSHHS.
3HauyeHHs O0a)kaHOi YaCTOTH HAMpPyTy MOBUHHO BIMOBIAATH KYTYy MIOBOPOTY CEPBOJBUTYHA,
10 3HAXOJIUTHCS B MEXaX MIHIMAJIbHOTO Ta MAKCUMAJIBHOTO KyTiB TOBOPOTY. MiHIManbHUN
Ta MaKCUMaJIbHUA KyTH TOBOPOTY, a TaKOX KyT, IO BIAMOBiJae OaxaHii dYacTOTI
TeHEPOBAHOI HANIPYTH, BCTAHOBIIOIOTHCS 3aJICKHO BiJl MEXaHIYHOI KOHCTPYKITIT perysTopa

Mo/1aul MajvBa Ta MOBITPS A0 JABUT'YHA BHYTPIIIHBOTO 3ropaHHs. 3a0e3rneyeHHs: IOBOPOTY
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CEPBOJIBUTYHA PEAJTI3yETHCS TPOTPaMHO 3 BUKOPHCTaHHAM 0i0mioTekn Servo [36]. ITix wac
Himam3ami 00'ekTy Servo peKOMEHAYETbCS BKa3aTH MiHIMAJbHY Ta MaKCHUMaJbHY
TPUBAIICTH IMITYJIbCIB IIUPOTHO-IMITYIbCHOT MOYJIALII1, SIK1 BIJIMOBIIAIOTh €KCTPEMAILHUM
3HaYEHHSIM KYTiB OBopoTy. Bectanosnenns mapametpis [T /I-perymnstopa BinOyBaeTbes mif
Yyac HaJaro/UKEHHs CHCTEMH 3 ypaxyBaHHSM UYyTJIMBOCTI MEXaHI3My MOjadyi MajuBa Ta
MOBITPA 10 JABUTYHAa BHYTpIIIHbOTO 3ropanHs. [lig uvac migbopy mapamerpiB TaKoX
BUKOPHCTOBYBaJIach MOXKJIMBICTh BIICTEKEHHS 3MIHU BXIJHUX Ta BUXITHUX MapaMeTpiB 3a
JIOTIOMOTOI0  TIepe/iayul JaHUX 4Yepe3 MOCIHIIOBHUU TMOPT Ta BigoOpaxkeHHs iX y (opmi
rpadikiB 4aCOBUX XapaKTEPUCTUK. Y JIaDOpATOPHUX YMOBaX JUIsi MOJCIIIOBAHHS 3MIHU
YaCTOTH T'€HEPOBAHOI HANpPyr'H BUKOPHUCTOBYBABCS IMOTEHLIOMETP, a JaHl 3 HbOro Oyiu
MacmtaboBadi y miama3oni Big 10 go 70 I'm.

BucHoBok: mij yac Bubopy cucremu kepyBanHs JIB3, 3’dcyBanocs 1o B Hamomy

BUIIAJIKy HAWKpaIIuM BapiaHTOM sIBIseThCsl KoHTpoJiep Ha 6a31 ARDUINO NANO.
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4.Po3po0JieHHsI cUCTeMH cTabijizanii 3reHepoBanoi Hanpyru. Po3pooienust
KOHCTPYKTHBHOI CXeMH I'€HEPATOPHOI YCTAHOBKH

4.1 Po3po0OJiieHHs cUCTEMU cTa01Ti3allii 3reHepoBaHO1 HAPYTH

VY 3B's13Ky 3 po3noyaTuM MmoBHOMAcCIITAOHUM BTOprHeHHSIM Pocitickkoi denepariii Ha
TEPUTOPI0 YKpaiHU 1 HACHIJKaMH CEPHO3HUX TOIIKOKEHb O00'€KTIB EHEPreTUYHOI
1HGpacTPYKTypH, BAHUKIIA HaraibHa MOoTpeda B po3poO1Il aBapiitHUX JKEpes )KUBICHHS TS
KPUTUYHO BAXKJIIMBUX IMPOMHUCIOBUX Ta IMOOYTOBHUX EIIEKTPOYCTAaHOBOK. lleli koHQIIKT
IPU3BIB JI0 CEPUO3HOrO MOPYIIEHHS €HEPreTUYHO1 CTaOUIBHOCTI Ta HAAIMHOCTI Y PET10HI.
bynu cnpuuynHeHi 3HAYHI TOIIKOJDKEHHS EJICKTPUYHUM MEpeKaM, CJICKTPOCTaHISIM Ta
IHIIMM  eHepreTuyHuM o0'exktam. lle cTtBopuio 3arposy s OesnepebiitHOi momayi
CJIEKTPOCHEPrii /0 MIANPUEMCTB, BAXKIMBHUX Uil (PYHKI[IOHYBaHHS EKOHOMIKH Ta
KUTTe3a0e3neueHHs: HaceneHHs. OTke, HEOOXITHICTh PO3POOKH aBapiMHUX JIKepen
KUBJICHHSI BHUHHKJIA 3 METOIO 3a0€3MEUEHHS HE3aJIeKHOTO Ta HAJIMHOTO IKUBJICHHS
KPUTUYHO BOKJIIMBUX CHCTeM Ta obOnamgHaHHs. [li mkepena )KUBICHHS MAarOTh 3a0€3MICUNTH
(YyHKLIOHYBaHHSI €JIEKTPOYCTAHOBOK HAaBITh Yy BHUMNAAKY aBapidiHOTO BiAKIIOYEHHS
OCHOBHOTO €JIEKTPOTOCTayaHHs, T03BOJIsII0oun 30epertu 6e3nepediiiHy podoTy KpUTHUYHUX
cucteM. OJepkaHHS HE3QJIEKHOTO JKUBICHHS € BaXJIMBOI TEPEIyMOBOIO IS
3a0e3nedeHHsT Oe3neku Ta (yHKIIOHYBAaHHS PI3HUX CEKTOPIB €KOHOMIKH, BKIIOUYAIOYU
MEJMYHI YCTaHOBH, BUPOOHUYI MIAMPUEMCTBA, TPAHCIIOPTHI CUCTEMU Ta 1HPPACTPYKTYpYy
MICT. 3a OCTaHHI 4Yacu TIIONMHUT Ha EJICKTPOTCHEPATOpU Ta 1HIINI aBTOHOMHI JKepela
eleKTpoeHeprii cTpiMko 3pic. OHAK, pUHOK He OyB rOTOBHM BiJIOBICTH Ha TaKe BEJUKE
3pOCTaHHS MOMUTY, IO CIPUYMHUIIO HEOOXIIHICTh HIBUIKOIO PO3POOJIEHHS MPUCTPOIB 3
BUKOPUCTaHHSAM "mipydHux matepianiB". OnuH 3 BapiaHTIB, 1m0 HAOYB MOMYJISPHOCTI, 1€
reHepaTopHa yCTaHOBKa, NoOynoBaHa Ha 0a3l JABUTyHa BHYTPIIIHBOTO 3TOpaHHS Ta
ACMHXPOHHOTO €JIEKTPOJIBUTYHa 3 KOPOTKO3aMKHEHUM poTopoM. Llei miaxim mosBossie
BUKOPUCTOBYBAaTH JIOCTYNHI Marepiaid Ta KOMIIOHEHTH JJIA IIBUAKOT 301pKu

€JIEKTPOreHEPATOPIB, IO CTAE€ AKTYAJIbHUM Y TaKMX CHUTYyalllsiX. 3a JOIMOMOIOI0 TaKOTO
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MPUCTPOI0 MOXHA 3a0€3MEUUTH €JIEKTPOIOCTAaYaHHs BiTHOCHO 3aJJOBUIBHOT SIKOCTI JUJIS
PI3HUX CIIOKMBAYIB, TAKUX SIK OCBITJICHHS, OMajtoBajIbHe 00aHaHHs Ta iH1Il. [IpoTe, ms
poOOTH aBTOHOMHOIO JDKEpesna eJeKTpOeHeprii B peXuMi TeHepaTopa, HEOoOXiJTHO
MIKII0YaTH KOHACHCATOpU 3 NeBHOW eMHIcTI0O C 10 ctatopHoi oOMoTkH. Lle mo3Bosse
CTBOPHUTH BHUIIEPEHKAIOUNM EMHICHUM CTPYM, sIKMM 3a0e3reuye HeoOX1IHy HaMarHi4eHiCTh
B 0OMOTKAax cTaTopa 1 BUCTyIAE SIK JHKEPEJIO MarHiTHOTO MOJs /i reHeparopa. Kpurtnune
3HaYeHHS €MHOCTI Oartapei, mo3HaueHe sk Co, € BaXIMBUM MapaMeTPOM, KU BHU3HAYa€
caM030y/PKEHHS TEeHepaTropa Ta YCTAaHOBJEHHS TpudaszHOi CHUMETPUYHOI HANMPyTH Ha
obmoTKax ctaTopa. [{is JOCSITHEHHS 1IbOro, EMHICTh OaTapei moBuHHA OyTH O1bII0I0 3a Co
1 3aJIEKUTH BiJl PI3HUX MTapaMeTPiB aBTOHOMHOTIO JXKEpelia eHeprii. 3HaueHHs HalpyTH, sSKa
BCTAHOBIIIOETHCS Ha OOMOTKAax CTaTopa, BapilOeEThCA B 3aJEKHOCTI BlJI XapaKTEPUCTHK
reHepaTopa, €EMHOCTI KOHJIEHCATOPIB, a TaKOXK XapakTepy Ta MOTYKHOCTI MPHETHAHOTO
CIIOKMBAYa.

[Tinbupatu eMHicTh TpeOa TaKUM YUHOM, 10O MOTYXHICTh Ta HOMIHAJbHA HANpyra
A/l BiAnoBiiHO OyJiM PIBHUMH A0 HAMPYTH Ta NOTYXHOCTI i Yac poOOTH HOro B pexumi
€JIeKTPOJBUTYHA. AJie 4Yepe3 3MIHM XapakTepy Ta NOTYXXHOCTI HaBaHTaXeHHS Oyze
BiIOyBaTUCSl 3MIHA TAaKOXX BUXIJHOI HAmpyrd, TOMYy HOTPiIOHO Oy/ie MPOBOAUTH 3aMiHY
€MHOCTI MJIKJIFOYEHUX KOHAEHCATOPIB.

Jlyist Toro mo0 MiATPUMYBATH HAMpPYry Ha MOCTIHHOMY piBHI TpeOa i3 301IbIIeHHS
HAaBaHTKEHHA HEOOXIJHO 3OUIBIIYBAaTH 1 €EMHICTh KOHACHCATOPiB. ABTOMAaTHYHE
BUKOHAHHS TIPOIECY € BAXKIMBUM s 3a0e3leueHHs MpaBWiIbHOI Ta Oe3meuHoi poOoTH
ycTaHOBKU. JIJis BUpINIEHHS TAKOTO 3aBJaHHS MOXKE OyTH cXeMa HaBeJeHA HIDKYE

(puc.4.1.1).
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Penenxui Arduino Mopayne
MoAayne K— nano eZMPT101

Puc. 4.1.1 briok — cxema aBTOMaTUYHOIO MIEpEMUKaHHA OaTapei KOHIEHCATOPIB ISt
Al

Hagenena cxema Mae 31aTHICTh aBTOMaTUYHO NIEPEMHUKATH KOHAEHCATOPHI OaTapei,
10 J03BOJIIE€ PETYJIOBATH BUXIJHY HAmpyry reHepatopa. Cxema MoOXHa peaiizyBaTh Ha 0asi
koHTposepa Arduino Nano, moaynss ZMPT101B 195-250VAC, peneiitHoro MoyJisi Ha iBa
peJie Ta MarHiTHUX KOHTaKTOPIB.

Omnwuc cxemu Arduino NANO

Arduin0 Mae MOXJIMBICTH BUMIPIOBATH HANPYTy LUIIXOM BUKOPUCTAHHS CBOIX
anaiorosux BxomiB. Hampukian, Arduino UNO mae 6 ananorosux Bxiguux miniB (A0-AbD),
SIKI MOXXHAa BHKOPHCTOBYBATH JUIsi BHMIPIOBAaHHS HAmpyrd 3MiHHOTO cTpymy. Arduino
NANO mae 8 ananorosux BxigHuX IiHIB, a Arduino MEGA Mae HaBiTh 16 Takux BX1IHHUX
miHiB. Arduin0 mMae MOXJIUBICTh BHMIPIOBATH HANPYTy HUISXOM BHKOPHUCTAHHS CBOIX
anayiorosux BxoiB. Hampukian, Arduino UNO mae 6 ananorosux Bxiguux miHiB (A0-Ab),
SIKI MOXHa BHKOPHCTOBYBATH JIJIsi BHMIPIOBaHHS HANpyrd 3MiHHOTO cTpymy. Arduino
NANO mae 8 ananorosux BXigHuX IiHIB, a Arduino MEGA Mae HaBiTh 16 Takux BX1JHHX

IT1HIB.
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Puc 4.1.2 Cxema xontposepy Arduino NANO

Amnaorosi BxiaHi miHnu Arduino BigoOpaaroTh BXiJIHY HaIpyry B aiama3oHi Big 0 10
5 B y ninouncnoux 3HauenHsx Bijx 0 qo 1023, 3 po3ainbHOIO 31aTHICTIO pubian3Ho 4,9 MB
Ha oxunMIO (5,00 B / 1023 oaunwmii). BaxnuBo He 3MIHIOBaTH TOJIIPHICTH HAMPYTH,
OCKUIBKH 11€ MOKE MPHU3BECTU /10 MOMIKOKEeHHsSI KOHTAaKkTiB. Arduino NANO mae Garato
BXIJJHUX Ta BUXIJIHUX KOHTakTiB. Ha miBiii Ta mpaBiii CTOPOHI TIaTH pO3TalIoOBaHO 1Mo 15
KOHTAKTIB. Po3riIgHeEMO 1X OBl JeTaIbHO.

KonrtakTn x)uBnenHs Ha Arduino BKIIOYAOTh MITUQT KuBleHHs (Vin), KOHTAaKT 3,3
B, konrtakT 5 B Ta 3emis (GND). 1li koHTakTH mpu3HayeH1 A 3a0€3Me4YeHHs] )KUBJICHHS
miatTd Arduino 1 MIIKITIOUEHHS JDKEpena >KMBJICHHS. Vin - BXiJHA Hampyra IUIaTH, sSKa
BUKOPUCTOBYEThCSI B THUX BHUIAJKaX, KOJM BU KOPUCTYETECS 3O0BHINIHIM KEPEIOM
YKUBJICHHS. 3a3BUYail JOMYCTUMUHN Jliama3oH Hanpyru st Vin craHoBuTh Big 7 B 1o 12 B.

Bu moykere MiIKITIOYNTH 30BHINIHE JKEPENIO JKUBJICHHS 10 I[OTO KOHTAaKTy, 00
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3abe3neunTH tiati Arduino HeoOXinHy Hanpyry s ii podotu. 5 B - HanmamroBana Harpyra
JoKepenia sKUBJICHHS Ha TUIaTi, sSika BAKOPUCTOBYETHCS ISl )KUBJICHHS CaMoi TIaTH, & TAKOXK
KOMITOHEHTIB, MigkiodeHux 1o Hei. Llg perynpoBana Hampyra 3abesrneuye crabiibHE
’KUBJICHHS TUTATH 1 TIO3BOJISIE TepeaBaTi HEOOX1AHY Hanpyry 5 B 10 pi3HUX eleMeHTIB 13
TOYHICTIO Ta HAJIIMHICTIO. 3a JOMOMOTI'OI0 IIOTO JIXKEpeJia KUBJIECHHS MOKHA 3a0€3MEeUnTH
MpaBWIbHY POOOTY BCIX KOMIIOHEHTIB, MIAKIIOYEHHUX A0 miaTu. 3,3 B - me HaliMeHmia
HAIpyra, sika CTBOPIOETHCS PETYJISITOPOM HAIpyrH Ha 1uiati. Llel perymnstop BiAmoBinae 3a
3abe3nedeHHs cTabinbHOi BuxigHoi Hampyru 3,3 B Ha miati Arduino. Kontakt GND e
3a3€MJIIOBAJIBHUM KOHTAKTOM, SIKHI 3a0e3Meuye eIeKTpUYHE MIIKIIOUEHHS AT 10 3€MJI1
a60 3eMIISTHOTO MoTeHMiany. Moro ronoBHa GyHKIis Mossrae B 3a6e31edeHHi cTabinbpHOT Ta
0e3reyHoi poOOTH IUIATH LUISIXOM 3a3eMiIeHHsS. 3a3emiieHHs KoHTakTy GND nozBomsie
BiJIBOJANTH CTATHYHUHN €NEKTPUIHUN 3apsij Ta HEHTpasi3yBaTH €IEKTPOCTATHYHI PO3PSIH,
o 3abe3nedye eheKTUBHUN 3aXUCT BiJ MomKopkeHb 1 nepemkol. Konrakt RST (Reset)
BUKOPHUCTOBYETHCS JUII BUKOHAHHS MEpE3aBaHTAXECHHS a00 CKUIaHHS MIKpPOKOHTpOJIEpa.
Ile#i KOHTaKT O3BOJISIE TIOBEPHYTH MIKPOKOHTPOJIEP Y IMOYATKOBUN CTaH, BKIIOYAIOUU
HaJAIITyBaHHA Ta Tporpamy, skl 30epiratoTecsi B Horo nmam'sti. Komu Ha xoHTakt RST
MOJIa€ThCsl cUTHAN ab0 CTpyM, MIKPOKOHTpOJEp Mepe3aBaHTaxyeTbes. Lle kopucHo y
BUIIAJIKaX, KOJMU MOTPIOHO OYMCTHUTH MaM'aTh KOHTpoJiepa ado BIIHOBUTH HOTO poOOTYy 10
nouaTtkoBux mapamerpiB. Kontakr RST Bimirpae BaxmBy poiib y (yHKIIOHYyBaHHI
MIKPOKOHTpPOJIEpA, OCKUIbKM BIH HaJla€ MOKJIMBICTb KOHTPOJIOBATH Ta BIJHOBIIOBATU
poboTy mpHCTPOIO 3a HeoOXimHocTi. AHanoroBi koHTakTH (AO-A7) mnpusHaveHi s
BUMIPIOBaHHSI aHAJIOroBoi Hampyru Ha miati B Mexax Bil 0 B no 5 B. Ili koHtakTn
JI03BOJISIIOTh OTPUMYBATH aHAJOTOBl CUTHAIM 3 30BHINIHIX JPKEpEN 1 mepejaBaTd ix o
MIKpPOKOHTpOJIepa I MOAaNbIIoro 00pobOneHHs. KokeH aHamoroBuid KOHTAKT MOXKE
BHUMIPIOBAaTH HAIPYTy B 3aJaHOMY Jiana3oHi 3HadyeHb, Ae 0 B BianmoBigae MiHiMalbHOMY
3HaYeHHIO, a 5 B - MakcumanbHOMy 3HaueHHIO. lle n03BONsIE OTpHUMyBaTH TOYHI

BUMIPIOBaHHSI aHAJIOTOBUX BEJIMYWH, TaKUX SIK TeMIEpaTypa, OCBITJIEHICTh a00 cuia
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CUTHaJy. AHAJIOTOBI KOHTAKTH 3a0€3MeUyI0Th MOKIIUBICTh 3UUTYBAHHS aHAJIOTOBUX JaHUX
1 JIO3BOJISIFOTH TUIATI B3a€EMOJIISATH 3 30BHIIIHIM CEPEIOBHINEM, IO JO3BOJISE PO3MIUPUTH
MOKJTMBOCTI 1 (YHKITIOHATBHICTh MIKPOKOHTpOJIEpa. [udpoBi  KOHTAKTH
BBeneHHs/BuBeieHHsT (Bim DO mo D13) maroTh 1BI OCHOBHI (PYHKIIi: BOHH MOXYTh
BUKOPHCTOBYBATHUCh K BX1JHI KOHTAKTH (1HaKIIE KaKy4du, JJISI OTPUMaHHS CHUTHAJIB BiJl
30BHINIHIX JpKepen) abo SK BHUXIMHI KOHTAaKTH (I TIepenadi CUTHAIiB Ha 30BHINIHI
npucTpoi). B IKOCTI BUX1THUX KOHTAKTiB, BOHM MOXKYTh T€HEPYBaTH 1 mepeaaBaT U(poBi
CUTHAJIM Ha MMAKIIOYCH] 30BHIIIHI MPUCTPOI. 3a JOTIOMOTOIO IILOTO MIKPOKOHTPOJIEP MOXKE
B3A€EMOJIISITH 3 1HIIMMHU €JIEKTPOHHUMH MPUCTPOSAMH, OOMIHIOBATHCS TaHUMHU Ta KEPYyBaTH
30BHIIIHIMM ~ TPUCTPOSMH B 3ajiekHOCTI Bl morped mporpamu. KoHTakTn
BBEJICHHSI/BUBEJCHHSI PO3IIUPIOIOTh MOMJIMBOCTI MIKPOKOHTpOJIEpa Ta J03BOJSIOTH
CTBOPIOBATHU Pi3HOMaHITHI iHTepakTUBHI npoekTu. KonTakTn nepemayi/orpumanns (TX, RX)
BUKOPUCTOBYIOTHCA JIJIi KOMYHIKAIi Ta OOMIHY TOCIHIJIOBHUMHU JTaHUMH 32 JTOTIOMOTOIO
cranaaptHoro piBHg Joriku TTL (Transistor-Transistor Logic). Konrakt Tx (Transmit)
BIJIMIOBIJIA€ 3a Tepeiavy MOCIiOBHUX JaHUX 3 MIKPOKOHTpOJIEpa Ha 30BHIIIHI MPHUCTPOI.
Bin renepye Ta Bianparise mu(ppoBl CUTHAIMU, IO MICTATH 1HGOPMAIIiIO, HA MiAKII0YEHI
npucTpoi st nojanbinoi 00podku. Kontakt Rx (Receive) npuiimae mociaigoBHI AaHi 3
30BHIIIHIX MPUCTPOIB 1 Mepeaae iX 10 MIKPOKOHTpojepa s MoJabinoi o0pooku. Bin
CITYKUTh JUIsl OTPUMaHHS MU(PPOBUX CUTHAIIIB 3 MIIKIIOUCHUX TIPUCTPOIB Ta MEPETBOPCHHS

iX Ha BX1JIHI JJaH1 JJIsl MIKPOKOHTpOJIepa.

3a 1OMOMOTOI0 IUX MOCTIOBHIUX KOHTAKTIB, MIKDOKOHTPOJIEP MOKE KOMYHIKYBaTH 3
THIITUMU TIPUCTPOSIMU, TAKUMU SIK CEHCOPH, AUCTIET, MOIYJI1 3B'A3KY Ta 1HIII, IEpeatoun Ta
OTPUMYIOYH JIaHI B peajbHOMY uaci. [le BiakpuBae 6€37114 MOXKIMBOCTEH JII CTBOPEHHS
PI3HOMAHITHHX TPHUCTPOIB Ta CUCTEM, SIKI B3a€EMOIIIOTH 3 OTOYYIOUHMM CBITOM 4Yepe3
nociioBHUM iHTepdeiic. KoHTakTh 30BHINIHIX NIepepuBaHb (2, 3) BUKOPUCTOBYIOTHCS IS

aKTHUBAIlll IepepUBaHb B MIKpOKOHTpoJepi. Kojm Ha KOHTAKT 30BHIIHBOTO MEPEPUBAHHS
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HAJXOUTh CUTHAI, 11¢ CIPUYMHSIE BUKIIUK 0OpOOHUKA ITepeprBaHb B MiKpOKOHTpoiepi. Lle
JI03BOJISIE€ MPOrpaMi 3yIMMUHUTH BUKOHAHHS MOTOYHUX IHCTPYKIIHM Ta MEepeuTH 10 00poOKH
npepuBaHHs. Takuii MexaHI3M J03BOJIS€ IIBHJAKO pearyBaTH Ha 30BHIIIHI Mojii abo
CUTHAQJIH, 110 BUHUKAIOTH 11032 OCHOBHUM BHKOHABYHM ITUKIJIOM MporpamMu. Bukopucrans
30BHIIIHIX TEpEepUBaHb J03BOJISIE€ 3a0€3MEYUTH MIBUAKY Ta e(PEKTHMBHY OOpPOOKY IOiH,
TaKUX SIK HATUCKaHHS KHOIIOK, 3MiHA CUTHATIB HA BXITHUX KOHTaKTax ab0 CIpaIlfoBaHHS
natuukiB. Lle 103BoOIIsIE BiCTEKYBATH Ta pearyBaTH Ha 30BHIIIHI MMOAI{ y peaJbHOMY Yaci,
3a0€e3Meuylound THYYKICTh Ta (PYHKIIOHAIBHICTh MIKPOKOHTpOJIEpa B PI3HUX JOJaTKax 1
npoektax. Konraktu IIIM (3, 5, 6, 9, 11) BUKOPUCTOBYIOThCS JjIsl T€HEpAIlli BUXOIHOTO
CUTHAITy IIUPOTHO-IMITYJIbCHOT MotyJisiiii (LLIIM) 3 po3ainsHoto 3aatHicTIO 8 61T. [IIIM - 118
METOJI MOJYJISIii, MPU SIKOMY HIMPUHA IMIYJIbCIB BXIAHOTO CUTHANy 3MIHIOETHCS JIJIst
MIPEACTABICHHS aHajaoroBoi iH(opmanii. Y Bumaaky konrtakTiB IIIIM Ha miati, BoHH
BUKOPUCTOBYIOTHCA JIJISl TE€HEpAIlii TaKoro CHTHaly 3 pO3JUIbHOI0 3/aTHicTIo 8 OiT. Lle
O3Hayae, 10 CUTHAJI MOXXEe MaTh 256 pIBHIB SICKpPAaBOCTI ab0O BIJCOTKIB 3allOBHEHHS, IO
BIJIMOBIAAIOTh BX1AHUM 3HaueHHSIM Bijg 0 1o 255. Bukopucranus IIIIM no3Bossie kepyBaTu
PI3HOMaHITHUMU TPUCTPOSIMHU Ta KOMIIOHEHTAMH, SIK1 BUMAratoTh aHaJIOTOBOTO CUTHAITY JIsI
pEryJIFOBaHHS SICKPaBOCTI, MBUAKOCTI, TOTOKY TOIIO. [le Moxke OyTH KOPUCHO, HATTPUKIIA/,
IpY KEPYBaHHI MIBUAKICTIO MOTOPA, PETYJIIOBAHHI SICKPABOCTI CBITIIONI0/IB a00 KOHTPOITI
no3uuii cyaHa. Konrakru 1M 3a6e3neuytoTh MOXIMBICTh T€HEPALlli TAKOTO CUTHAITY, 1110
703BOJIsIE €(DEKTUBHO YIPABJIATH IiIKIIOYCHUMH TMPUCTPOSIMH 3 BHUCOKOIO TOYHICTIO Ta
kouTposeM. Konraktu SPI (10, 11, 12 1 13) BUKOpUCTOBYIOThCS 1JIs 3a0€3MEUEHHS 3B'A3KY
3a orioMororo intepdeiicy nmocminosuoi nepudepii (SPI). SPI (Serial Peripheral Interface)
€ TOMYJSIPHUM TPOTOKOJIOM 3B'SI3KYy, SKHH JI03BOJIS€E OOMIHIOBATHUCS JaHUMU MIXK
MIKPOKOHTPOJIEPOM Ta 1HIITMMHU MIPUCTPOSMHU, TAKUMH SIK CEHCOPH, JUCTUIET, TaM'aTh Ta 1HIII
nepudepiitdi npuctpoi. Kontaktu SPI 3a6e3neuyroTs nepenady qaHux B 00MABa HAMIPSIMKHU
- B1J1 MIKpOKOHTpoJepa g0 npuctporo (Master Out Slave In - MOSI) Ta Big npuctporo 10

mikpokoHTposiepa (Master In Slave Out - MISO), a Takox curHanu cuHxpoHizarii (Serial
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Clock - SCK) Ta Bubopy mpuctporo (Slave Select - SS). Bukopucranus kontaktiB SPI
JO3BOJIIE pealizyBaTH IIBUAKUM Ta HAIIMHUK OOMIH JIaHUMH MDK IPUCTPOSIMH,
3a0e3neuyloud CHHXPOHI3allll0 Ta KepyBaHHA mepenayero. Lleil mpoTokosn € ocoOIMBO
KOPUCHUM Yy BUTIAJKAX, KOJIH MOTPIOHO 0OpOOIATH BEMHKI OOCSATH JaHUX a00 B3a€MOTISTH
3 6ararbMa nepudepiitHUMHU IPUCTPOSIMU O fHOYacHO. KoHTaKT BOYIOBAaHOTO CBITJI0/10/1a
(13) BUKOpPUCTOBYETHCS IS YIPABIIHHA Ta aKTHBAIl CBITJIOI0/1a, IO BXOJIUTH y CKJaj
miaTu. [leli KOHTaKT J03BOJIAE€ MPOTPAMHO KEPYBaTH CBITIOMIONOM IUISIXOM HAJCHIAHHS
CUTHAJly y BUIUISIMI €INEeKTpUYHOro cTpyMmy. Ilpu akrTuBaiii KOHTaKTy, CBITIOMIO[
pPO3MOYMHAE CBITUTH, a WOro SCKpPaBICTb MOK€ OyTH peryjiboBaHa 3aJIeKHO BIJ
IPOrpaMHOrO KOy, 110 BUKOHYETbCS Ha MIKPOKOHTposiepl. Bukopucrtanus BOyg0BaHOTO
CBITJIO/110/1a JIO3BOJISIE BI3yallbHO CUTHAJII3YBATH Pi3HI CTaHU a00 Moii, 10 B1I0YBaIOTHCS B
cuctemi. Takoxk MOro MOKHa BUKOPUCTOBYBATH JIJIsl BIIJIAJIKK MPOrpaMu abo K 1HAUKATOP,
mo BimoOpaxkae neBHI ymMoBu abo nii. Konraktu IIC (A4, AS) BUKOPUCTOBYIOTHCS IS
3abe3mneueHHs 3B'13Ky 3a nmpotokojiom TWI (Two-Wire Interface) na mardopmi Arduino.
TWI € CUMHXpOHHUM MPOTOKOJIOM 3B'S3KY, SIKMM J03BOJII€ OOMIHIOBATHUCS JAHUMH MIX
npucTposiMu Ha ogHOMY aBToOyCl. KoHTaktu A4 1 AS BUKOPUCTOBYIOTHCSA SIK JIHIT TIepenayl
nanux (SDA) 1 minis kioky (SCL) BiamoBiiHO. 3aBASIKY IIUM KOHTaKTaM, MIKPOKOHTPOJIEP
Arduino Mo’ke B3a€EMOJISITH 3 PI3HUMH MPUCTPOSIMH, SIKI MIATPUMYIOTh TIpoTokon TWI,
takuMu sik ceHcopu, KK-nucmiei, EEPROM-nam'sith Ta iHmm. {1 KOHTaKTH 103BOJISIIOTH
nepefaBaTd 1 OTPUMYBATH JlaHI 3a JOMOMOIOI0 JIBOX MPOBIJHHUKIB, IO CIPOLILYE
MiJIKIIOYCHHS Ta ChHokuBaHHsA miHiB Ha 1wiati. BuBim AREF (Analog Reference)

BUKOPHUCTOBYETHCS JIsl HAJIaHHS OTIOPHOT HAMIPYTH BX1AHUM CUTHAJaM aHAJIOTOBUX BXO/IIB.

Hami B Hamnii cxemi Moxe OyTu miakmodeHuit moxyias ZMPT 101B. Jlatuuk
Harpyru 3MiHHOTO cTpyMy ZMPT101B € ineanpHuM BapiaHTOM JJiS MIBHUIKUAX TPOCKTIB
DIY, sxi BuMararoTh IIBUAKOTO Ta MPOCTOTO BUMIPIOBAHHS TOYHOI HANpPyrd 3MIHHOTO

ctpyMy. Lleli natumk 3abe3neuye 3pyqHe MIIKITIOUYEHHS Ta poOoTy 6e3 HeoOX1JHOCTI
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BUKOPUCTaHHS 30BHIIIHIX CXEM JIJIsl BUMIPIOBAHHS HANPYTH 3MIHHOTO CTpyMy. BiH ineanbHo

OiAXOANUTh IS BUKOpHCTaHHsA 3 Iutatamu Arduino, ESP8266 a6o Raspberry Pi s

BI/IMip}OBaHHH Hanpyru 3MIHHOTO CTPpYyMY.
ZMPT101B c3 c4
vVCC VCC . | R6 10k | RS
S ouT Q- [ I | 100k
VCC R10 k vce
JO1C5 10k vee "%' Ok Q
8 7 6| |5 R7
I 2 10k
e
D1 o
g LM358
R3
20k Tr1 []mk C2 ; R, 0Ok il i
r 1
@_iRli'ﬁ | i E’—"
| 4 3

Puc 4.1.3 Cxema monyns ZMPT101B

Hatunk ZMPT101B BiamnoBijgae OCHOBHUM BHMOTaM O€3IEKH, TaKUM SK BHCOKA
raJibBaHI4Ha 130JIS11is1, LIMPOKUH Jl1ara30H BUMIPIOBaHHS, BUCOKA TOYHICTh Ta CTAOUTbHICTD.
3a BukopuctaHHsa TUIbKHM TpaHchopmaTtopa ZMPT101B, ycraHoBka cTae MpocCTOlO,
OCKUJIbKH MOTPIOHO JIMIIE MIJKIIOUUTH OOMEXYBaIbHUI PE3UCTOP HA IEPBUHHIN CTOPOHI 1
pe3ucTop BUOIPKU HA BTOpUHHIN cTOpoHi. [IpocToTa BCTaHOBIEHHS MOJSATAE B TOMY, IO
ZMPT101B Bxe mae BOynoBaHuil TpancGpopMaTop Ta He MOTpeOye T0AATKOBUX 30BHIIITHIX
CXeM 4YM KOMMOHEHTIB. [loTpiOHO MPOCTO MIAKIIOYUTH OOMEXYBAJIbHUU PE3UCTOP 10
MIEPBUHHOTO BXOAY TpaHchopMaTopa, KU JTOMOMOXKE OOMEXUTH CTPYM Ta 3aXUCTUTH B1J
BUCOKOI Hanpyru. Ha BTopuHHIN cTOpOHI TpaHchopmaTopa € 3Mora MiJKIIOUUTHA PE3UCTOP
BUOIPKU, SIKUW JIO3BOJISIE BUMIPSTH HAMpyry 3MIHHOro cTpyMy. Ormip MNEepBUHHOI Ta
BTOPUHHOI KOTYIIOK IIhOTO TpaHchopmaTopa maiixe aopiBHioe 110 OM mpu Temmneparypi

20°C.
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Takox B po3poOsieHHI cuCcTeMH cTadimizamii Hampyrm HeoOximHa mada 3
aBTOMATHUKOIO 3a JIOTIOMOTOO SIKOi, 31HCHIOBATUMETHCS KOHTpOIbh Hampyru. Ha puc. 4.3
300pak€HO CXeMy MiAKIIOYEeHHS aBTOMaTUKU B madi. KoHTpons Hampyru 371HCHIOETHCS

Mk N Ta L1, a dpasu L2, L3 BuBeneHi autie ajis KOMyTallii KOHJACHCATOPIB.

MiCON Relay AC AC/DC
det
slelele KM1 KM2 QF
LDIe|e &
N L1 L2 L3

Puc 4.1.4 brok - cxema IiIKJIFOYSHHS aBTOMaTHIHOT madu
Ha cxemi nmo3HaueHo:

- MICON — konTposep Arduino NANO

- Relay — penetinuit Mmomyb

- Ac det — monynms ZMPT101B

- AC/DC — mepexeBuii mepeTBOproBay
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- KM1,KM2- MarHiTHi KOHTaKTOpH

- QF — BUMuKa4 aBTOMaTUYHUN

4.2 Po3po0JieHHS KOHCTPYKTHUBHOT CXEMHU T€HEPATOPHOI YCTAHOBKHU

3arajgpbHui BHUITE A KOHCTPYKTHBHOI'O KOMIIOHYBAHH:A FGHGpﬁTOpHO.l. YCTAaHOBKH

300pakeHui Ha puc.4.2.

lw

|~

TEXHIYHI XAPAKMEPUCMUKY

1 3nexmpocbuzyx
mun- AHPT60S4
MowHacms 16 xkBm
2 flBueyr Brympnuns020 32005448
mun- BULATT90FE - L
3 Fednanns bamt 483 | enexmpodbuzyra

W

4. Para

5 Kpowmeun Gs Bomanobnesss wagy abmonamuky

& Uaga abmoramuxy

Puc 4.2 KoHCTpyKTHBHA cXeMa TeHepaTOPHOI YCTAaHOBKH.

Bai reneparopy nija’€IHy€eThCS A0 Bally €NEKTPOABUTYHY IJIsl IXHBOI OJHOYACHOT
pob6otu. [{is Toro mod KepyBaTH i€ TEHEPATOPHOI YCTAHOBKOIO MOTPIOHO Mijd’€IHATH
70 MEpeki KUBJEHHS mady 3 aBTOMATHKOIO B sIKii BCTAHOBJIEHO KOHTpoJiep Arduino

NANO mnoennannii 3 mogynem ZMPT 101B a takox 3 aBTOMaTUYHUM BUMHKA4YEM 1



o1

peleiHUM MOJTyJieM. 3a JOTIOMOTOI0 KOHTpoJiepa Oy/ie KepyBaTUCs MIBUAKICTh 0OepTaHHS 1
BUX1JIHA TTOTY>XHICTh. Moayias ZMPT 101B mix yac po6otn ycTaHOBKH OyJie BUMIPIOBATH
TOYHY HANpyTry 3MIHHOTO CTpyMmy. PeneliHuii MOAysbh 3a JOMOMOTOK HH3BKOTO CTPyMY
aBTOMATUYHO 3aMHKaTUME Ta PO3MHUKATHME EJEKTPUYHE KOJIO MPH BUCOKOMY CTPYMI.

ABTOMaTHYHUN BUMUKAY B Il YCTaHOBIII Oy/I€ MpaIfOBaTH SK 3am001KHUK B pasi K3.
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BUCHOBKH

AHami3 ICHyIOYMX BHJIIB aBTOHOMHHUX JDKEPEN €HEeprii MoKas3aB, 10 po3poOKa
aBTOHOMHO{ eJEeKTpOCTaHLii Ha 0a3l AaCHHXPOHHOTO €JEKTPOABUTYHA - JBUTYHA
BHYTPIIIHBOTO 3TOPSIHHS - € IEPCIIEKTUBHUM HaripsiMoM. Lleit Tum mpkepena eHeprii Bosiofie
BHCOKOIO €(pEKTUBHICTIO Ta IIMPOKUM CIIEKTPOM 3aCTOCYBaHHS.

Po3paxyHok 1 BuOip aCMHXpPOHHOIO €JIEKTPOJBUTYHA Ta aBTOHOMHOIO JIXKEpelia
KUBJICHHA € KJIIOYOBUM e€TaroM Yy mpoekTi. HeoOximHO BpaxoByBaTH MOTYXKHICTb,
HaJIIMHICTh Ta BapTICTh OOJAHAHHS JJI JOCATHEHHS ONTUMAIBHOTO PIllICHHS.

3. Bubip cucremu kepyBaHHS aCHHXPOHHUM EJIEKTPOJBHTYHOM MAa€ BPaxOBYBaTU
BUMOTH J0 TOYHOCTI PEryJOBaHHS HIBUAKOCTI, 3a0€3MeUeHHs CTa0LIbHOCTI Ta Oe3MeKH
poboTu. BukopuctanHsi CydacHUX aJITOPUTMIB KEPYBAHHSI JI03BOJISIE TOCATTH ONTUMAIILHUX
MOKa3HUKIB MPOJAYKTHBHOCTI.

Po3pobka cuctemu crabimizallli 3reHepoBaHOI HAMPYTH € BaXXJIMBUM €TarioM JIJIs
3a0e3MeUYeHHs] CTaloTO JKUBJICHHS MIIKIIOYCHUX EJEKTPOYyCTaHOBOK. BHKOpHCTaHHS
peryJITOpiB Hampyru Ta (UIBTPIB JI0O3BOJISIE 3HU3UTH KOJIMBAHHS HANpPYTd Ta 3amoOirTv
MO>KJIMBUM TOITKOPKCHHSIM 00J1aTHAHHS.

Po3poOka KOHCTPYKTHBHOI CXE€MHU T'€HEpAaTOPHOI yCTAaHOBKU Mepeadayae BUOIp
ONTUMAJIBHOI apXITEKTYpH, PO3TAIIyBaHHA KOMIIOHEHTIB Ta CHUCTEMH OXOJIO/HKCHHS.
HeoOxinmHo BpaxoByBaTH €(GEKTUBHICTh, JOCTYMHICTH IJIi OOCIYrOBYBaHHSI Ta O€3MeKy
eKCIUTyarartii.

B 1imomy, po3poOka aBTOHOMHOI eJEKTpocTaHIi Ha 0a31 aCHMHXPOHHOIO
CJIICKTPO/IBUTYHA - JBUTYHAa BHYTPIIIHBOTO 3TOPSHHA MAa€ BEJIUKWUN TMOTEHINAl Yy
3a0e3MeyueHH]l HEe3aJeKHOTO Ta CTaOUTRHOTO JKMBJICHHS KPUTUYHO BAKIIMBUX CHCTEM Ta
obnagHanHs. [IpaBuibHMI aHai3, BUOIp Ta po3poOKa HEOOX1JHIUX KOMITOHEHTIB Ta CUCTEM
rapaHTye€ YCIIIIHY peaji3alilo MPOoeKTy Ta 3aJ0BOJICHHS MOTPEO CydyacCHOTO PHUHKY

€HEPreTUKH.
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HEPEJIIK IOCUJIAHb

Buan aBTOHOMHUX JOKepen CIEKTPUYHOI eHeprii

https://journals.indexcopernicus.com/api/file/viewByFileld/635952.pdf

CoHsiuHa eJTeKTPOCTAHIIIs

https://www.repsol.com/en/enerqy-and-the-future/enerqgy-

transition/solar-power-plant/index.cshtml

[TpuHIMI pobotu COHSIYHOI €JIEKTPOCTAaHIII1

https://delaenerqy.systems/articles/princzip-roboti-sonyachnoi-elektrostanczii/

[TepeBaru Ta HEIOJIKHU COHSYHHUX €JIETKPOCTaHIIIH
https://kurs.if.ua/news/perevagy ta nedoliky sonyachnyh elektrostantsiy 732
29.html/

Sk mparroe CoOHsuHs eeKTpocTaHmis https://www.solargarden.com.ua/yak-

pratsyuye-sonyachna-elektrostantsiya/?movaUK=UK

[apoenexkrpocranmis https://esu.com.ua/article-29495

[TepeBarm Ta HEMONIKM  TiAPOEIEKTPOCTaHIH  http://um.co.ua/5/5-6/5-
65818.html

[Tpuniun poboty TigpoenekrpocTaniii hitps://poradumo.com.ua/378380-ges-

princip-roboti-shema-obladnannia-potyjnist/

Hydroelectric Power: How it Works https://www.usgs.gov/special-topics/water-
science-school/science/hydroelectric-power-how-it-works - overview

10.Hydroelectric plants https://www.enelgreenpower.com/learning-hub/renewable-

energies/hydroelectric-enerqy/hydroelectric-plants

11.What is a wind farm? https://www.repsol.com/en/energy-and-the-future/enerqy-

transition/wind-farms/index.cshtml

12.BitpoBa CJIEKTPOCTAHIIIS

https://uk.wikipedia.org/wiki/BiTpoBa_enekTpocTaHiiis



https://journals.indexcopernicus.com/api/file/viewByFileId/635952.pdf
https://www.repsol.com/en/energy-and-the-future/energy-transition/solar-power-plant/index.cshtml
https://www.repsol.com/en/energy-and-the-future/energy-transition/solar-power-plant/index.cshtml
https://delaenergy.systems/articles/princzip-roboti-sonyachno%D1%97-elektrostanczi%D1%97/
https://kurs.if.ua/news/perevagy_ta_nedoliky_sonyachnyh_elektrostantsiy_73229.html/
https://kurs.if.ua/news/perevagy_ta_nedoliky_sonyachnyh_elektrostantsiy_73229.html/
https://www.solargarden.com.ua/yak-pratsyuye-sonyachna-elektrostantsiya/?movaUK=UK
https://www.solargarden.com.ua/yak-pratsyuye-sonyachna-elektrostantsiya/?movaUK=UK
https://esu.com.ua/article-29495
http://um.co.ua/5/5-6/5-65818.html
http://um.co.ua/5/5-6/5-65818.html
https://poradumo.com.ua/378380-ges-princip-roboti-shema-obladnannia-potyjnist/
https://poradumo.com.ua/378380-ges-princip-roboti-shema-obladnannia-potyjnist/
https://www.usgs.gov/special-topics/water-science-school/science/hydroelectric-power-how-it-works#overview
https://www.usgs.gov/special-topics/water-science-school/science/hydroelectric-power-how-it-works#overview
https://www.enelgreenpower.com/learning-hub/renewable-energies/hydroelectric-energy/hydroelectric-plants
https://www.enelgreenpower.com/learning-hub/renewable-energies/hydroelectric-energy/hydroelectric-plants
https://www.repsol.com/en/energy-and-the-future/energy-transition/wind-farms/index.cshtml
https://www.repsol.com/en/energy-and-the-future/energy-transition/wind-farms/index.cshtml
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D1%82%D1%80%D0%BE%D0%B2%D0%B0_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D1%96%D1%8F
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https://mcl.kiev.ua/vetrovye-elektrostantsii-ves-vetrogeneratory-i-

vetryaki/
13.IIpunnun poboTHu BiTpoenekTpocTaniii https://vencon.ua/ua/articles/printsip-

raboty-vetrogeneratora

14.KorenepartiiiHi YCTaHOBKH https://nvp-vital.com/ua/kogeneraciya-

kogeneraciyni-ustanovky

15.Cogeneration & Trigeneration https://www.mwm.net/en/mwm-

competencies/cogeneration-trigeneration-plants/

16.I1epeBaru Ta HEOJIKH KOTeHEepaIiHIX YCTaHOBOK

http://www.esludger.com.ua/uk/Kogeneratsiyni-ustanovki/kogeneratsijni-

ustanovki-mini-tets-na-biogazi-biogazovi-ustanovki.html

https://madek.ua/ua/biogas-ua

17.What is Cogeneration https://www.cogeneurope.eu/knowledge-centre/what-is-

cogeneration

https://serviceportal.viessmann.ua/articles/so-take-kogeneracia-

kogeneracijni-ustanovki-vitobloc-vid-viessmann

https://powering.mit.edu/cogeneration-sustainable-choice

18.Koreneparris 10 e 3a TEXHOJIOT1s?

https://www.0352.ua/news/3318071/kogeneracia-trendove-energovirobnictvo

19. Buan xoreHepamniiiHux ycraHoBok http://ges-ukraine.com/maininfo_14-16.html
20.Knacudikaris OCH3MHOBUX reHepaTopiB

https://santeho.com.ua/ua/generatory/benzinovye-generatory

21. IMpuniun poboTH  OCH3MHOBHX  T'€HEPATOpPiB https://barma.by/o-

kompanii/posts/71-ustroystvo

https://acdcgenerator.com.ua/blog/ustrojstvo-benzinovogo-generatora



https://mcl.kiev.ua/vetrovye-elektrostantsii-ves-vetrogeneratory-i-vetryaki/
https://mcl.kiev.ua/vetrovye-elektrostantsii-ves-vetrogeneratory-i-vetryaki/
https://vencon.ua/ua/articles/printsip-raboty-vetrogeneratora
https://vencon.ua/ua/articles/printsip-raboty-vetrogeneratora
https://nvp-vital.com/ua/kogeneraciya-kogeneraciyni-ustanovky
https://nvp-vital.com/ua/kogeneraciya-kogeneraciyni-ustanovky
https://www.mwm.net/en/mwm-competencies/cogeneration-trigeneration-plants/
https://www.mwm.net/en/mwm-competencies/cogeneration-trigeneration-plants/
http://www.esludger.com.ua/uk/Kogeneratsiyni-ustanovki/kogeneratsijni-ustanovki-mini-tets-na-biogazi-biogazovi-ustanovki.html
http://www.esludger.com.ua/uk/Kogeneratsiyni-ustanovki/kogeneratsijni-ustanovki-mini-tets-na-biogazi-biogazovi-ustanovki.html
https://madek.ua/ua/biogas-ua
https://www.cogeneurope.eu/knowledge-centre/what-is-cogeneration
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1. ANALYSIS OF EXISTING TYPES OF AUTONOMOUS ENERGY SOURCES
Autonomous energy sources are energy sources that can function without

dependence on external energy sources, such as the electrical grid.

The main types of autonomous energy sources are: solar power plants, hydropower
plants, wind power plants, diesel/gas/petrol generators, cogeneration biogas plants.

1.1 Solar power plant

A solar power plant is a system that converts solar energy into electrical energy. The
solar power plant is divided into types of power plants: thermal and photovoltaic power
plants. A solar thermal installation is a device that is designed to convert the energy of
sunlight into electricity using a conventional thermodynamic cycle. The peculiarity of solar
thermal power plants is that they receive a completely ecological source of energy - sunlight,
as opposed to traditional thermal power plants that operate on fossil fuels. Although the
power generation technology is different from the type of solar thermal plant, their operating
system is similar. A solar thermal power plant uses a concentration of solar radiation to raise
the temperature of a fluid with thermal conductivity properties until it turns into steam, which
is then fed into a turbine. In this turbine, thermal energy is converted into mechanical energy,
which is transmitted to an alternating current generator for final conversion into electricity.
After completing the thermodynamic cycle, the vapor returns to the condenser, where it
returns to its liquid state, and the process begins again. In terms of efficiency, it is important
to understand that the performance of a solar thermal installation depends on the number of
hoursl. ANALYSIS OF EXISTING TYPES OF AUTONOMOUS ENERGY SOURCES
Autonomous energy sources are energy sources that can function without

dependence on external energy sources, such as the electrical grid.

The main types of autonomous energy sources are: solar power plants, hydropower

plants, wind power plants, diesel/gas/petrol generators, cogeneration biogas plants.
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1.1 Solar power plant

A solar power plant is a system that converts solar energy into electrical energy. The
solar power plant is divided into types of power plants: thermal and photovoltaic power
plants. A solar thermal installation is a device that is designed to convert the energy of
sunlight into electricity using a conventional thermodynamic cycle. The peculiarity of solar
thermal power plants is that they receive a completely ecological source of energy - sunlight,
as opposed to traditional thermal power plants that operate on fossil fuels. Although the
power generation technology is different from the type of solar thermal plant, their operating
system is similar. A solar thermal power plant uses a concentration of solar radiation to raise
the temperature of a fluid with thermal conductivity properties until it turns into steam, which
is then fed into a turbine. In this turbine, thermal energy is converted into mechanical energy,
which is transmitted to an alternating current generator for final conversion into electricity.
After completing the thermodynamic cycle, the vapor returns to the condenser, where it
returns to its liquid state, and the process begins again In terms of efficiency, it is important
to understand that the performance of a solar thermal installation depends on the number of
hours of sunlight and weather conditions. This means that solar power plants have a reservoir
to store stored energy that can be used when needed.

The operation of a solar photovoltaic installation is based on the use of photons and
the light energy of solar radiation. Different types of solar panels are used in these types of
facilities. For example, solar thermal power plants use collectors, while photovoltaic power
plants use panels consisting of photovoltaic solar cells. The latter can be made of silicon
(monocrystalline or polycrystalline solar panels) or of other materials with photovoltaic
properties, for example, amorphous solar panels. Thanks to the materials from which the
solar panels are made, the electrons contained in the outermost layers of the photovoltaic
cells absorb radiation and generate direct current due to the sun's rays directly hitting the
panels. Solar panels are usually connected in parallel, forming strings, which are then

connected to a current inverter. The inverter converts the direct current from the photovoltaic
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cells into alternating energy, after which the electricity is sent to the transformer. The
transformer adapts the voltage and intensity of the electricity so that it can be transported
through the power grid lines to the centers of consumption. To improve performance, the
solar power plant also uses a weather station that analyzes the surrounding weather
conditions. This allows you to determine the intensity of solar radiation and its change at
short and long intervals, as well as the exact time of sunset. Thus, it is possible to predict
periods when there is not enough light and accumulate the necessary energy to ensure the
electricity supply. Solar communities and solar farms are two examples of photovoltaic
power plants that complement traditional solar power plants installed on building roofs.
Solar communities are usually installed on the roofs of buildings and generate electricity for
self-consumption in order to reduce electricity costs. In terms of efficiency, it is important
to understand that the performance of a solar thermal installation depends on the number of
hours of sunlight and weather conditions. This means that solar power plants have a reservoir
to store stored energy that can be used when needed.

The operation of a solar photovoltaic installation is based on the use of photons and
the light energy of solar radiation. Different types of solar panels are used in these types of
facilities. For example, solar thermal power plants use collectors, while photovoltaic power
plants use panels consisting of photovoltaic solar cells. The latter can be made of silicon
(monocrystalline or polycrystalline solar panels) or of other materials with photovoltaic
properties, for example, amorphous solar panels. Thanks to the materials from which the
solar panels are made, the electrons contained in the outermost layers of the photovoltaic
cells absorb radiation and generate direct current due to the sun's rays directly hitting the
panels. Solar panels are usually connected in parallel, forming strings, which are then
connected to a current inverter. The inverter converts the direct current from the photovoltaic
cells into alternating energy, after which the electricity is sent to the transformer. The
transformer adapts the voltage and intensity of the electricity so that it can be transported

through the power grid lines to the centers of consumption. To improve performance, the
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solar power plant also uses a weather station that analyzes the surrounding weather
conditions. This allows you to determine the intensity of solar radiation and its change at
short and long intervals, as well as the exact time of sunset. Thus, it is possible to predict
periods when there is not enough light and accumulate the necessary energy to ensure the
electricity supply. Solar communities and solar farms are two examples of photovoltaic
power plants that complement traditional solar power plants installed on building roofs.
Solar communities are usually installed on the roofs of buildings and generate electricity for
self-consumption in order to reduce electricity costs. Solar farms, on the other hand, have a
much larger capacity and are usually located on large areas of land to produce electricity to
feed into the power grid. A solar power plant for autonomous energy supply works on the
principle of storing electricity produced by solar panels in storage batteries. During the day,
energy flows through the charger (controller) into the batteries and is stored until fully
charged. Electricity can be used around the clock, for this, direct current from the batteries
Is sent to the inverter, and from it to the enterprise network. An autonomous power plant is
relevant in those places where there is no access to the electrical network or regular blackouts
are noted. However, a battery power plant is more expensive than a grid solar power plant.
The advantages of a solar power plant are:

- Infinite supply of solar energy, unlike oil, gas or coal reserves

- Environmental friendliness of solar energy production is absolutely safe for the
environment

- Ease of operation and long service life

The disadvantages of this power plant are:

- High cost

- Weather variability

- Takes up quite a lot of space

1.2 Hydroelectric power station
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A hydroelectric power plant converts the hydraulic energy of a watercourse, whether
natural or artificial, into renewable electricity. There are hydroelectric power plants

of three types: channels, reservoirs or accumulative. For the efficiency of HPP, at least
two factors are needed, such as:

- Guaranteed supply of water throughout the year

- Large bosom of the river, for a stronger current

Hydroelectricity uses the principle of head-difference, where water is collected or

stored at a higher elevation and then pumped down through pressure pipes or tunnels. This
discharge of water creates a hydrostatic pressure known as "head" that allows the water to
do work by falling on the turbines. The turbines, in turn, drive generators that convert the
mechanical energy of the turbines into electrical energy. Next, the alternating voltage
produced by the generators is converted to a higher voltage by means of transformers, which
allows electricity to be transmitted over long distances. Hydroelectric power plants are
usually located on dams that block rivers. This allows you to raise the water level behind the
dam and create the highest pressure possible. The production of potential power from water
Is proportional to the operating head, so plants with high head require a smaller volume of
water to produce the same power compared to plants with low head. Some power station
dams are located on one side of the dam where part of the dam is used as a spillway for
excess water during a flood. In the case where the river flows through a narrow and steep
gorge, the power plant can be located within the dam itself. There are three different types
of hydroelectric power stations, the most common of which is the reservoir. In reservoirs, a
dam is used to control the flow of water that is stored in a pool or reservoir. When more
power is needed, water is released from the dam and gravity helps it move down through the
turbine. The turbine blades spin, powering the generator as water flows through them. The
second type of hydroelectric power station is drainage pipes. This type of hydroelectric
power plant is unique in that it does not use a dam, instead the generators are powered by a

series of canals that channel the flow of river water to the turbines. The third type of stations
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is called hydraulic storage. HPPs have two reservoirs at different levels: one upstream and
one downstream, and the second is used as energy storage. This design provides a dual mode:
during periods of low energy demand, the water that passes through the turbines and
produces electricity can be returned to the upper reservoir by the same turbines. Thus, they
act as a pump-electric system. There are also mini- and micro-hydroelectric power stations
for household consumers - mobile hydropower plants, for example micro-hydroelectric
power plants of the sleeve type and installations with free-flowing turbines. Sleeve-type
micro-hydroelectric power stations are effective when using water energy in foothills and
mountain areas of rivers with significant slopes of the bottom and such high flow velocities.
The advantages of HPP are:

- Use of renewable resources

- Quick output to working power after switching on

- Has no harmful emissions into the atmosphere

- Cheap electricity

The disadvantages of HPP are:

- Flooding of arable land

- Reduced and unregulated releases of water from reservoirs

- Attachment to water bodies

- Harmful impact on the ecosystem of rivers

1.3 Wind power plants

A wind farm is an area of several square kilometers on which a number of wind

turbines are installed, which use the force of wind from the surface of the land or sea to
generate electricity, which is then fed into the grid for use by consumers. The principle by
which wind turbines work is very simple. By rotating the blades, kinetic energy is produced
with the help of wind power, which the generator converts into electrical energy. The
composition of the wind generator is a tower on the top of which there are nacelles and a

rotor with several blades directed in the direction of the wind. Wind generators are divided
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into two types: with horizontal and vertical axes of rotation. Horizontal wind generators are
usually used by power plants with a large capacity, vertical ones are less powerful than
horizontal ones and are used for consumer needs. Also, wind turbines function in three ways:

- Autonomous

- Selective

- Parallel

The autonomous mode must ensure uninterrupted power supply of the consumer
from the wind turbine during a certain period of operation.

The parallel mode of operation is characterized by an increase in the total production
of electricity or a partial coverage of the plan of the total load of the power system, while
ensuring great savings in organic fuel. A change in the strength of the wind flow can affect
the generated power, and there is some probability of predicting periods when the flow is
outside the operating range. Even in regions with constant access to wind energy, the
electricity produced by a wind turbine must be optimally adapted to the amount of wind,
since it itself undergoes hourly, daily and seasonal changes. Attempting to directly increase
the electromagnetic power generated by wind turbines with a load profile can lead to power
losses that affect the operation of individual consumers and the entire power system.
Therefore, the optimal use of electricity generated by wind turbines must take into account
the load plan profile and the hourly, daily and seasonal variations that affect the wind
volume. In general, the operating conditions of wind turbines, the load on the power system
and electricity consumption schedules do not allow the independent operation of wind
generators without the presence of an appropriate backup system, since this does not
guarantee a reliable and uninterrupted power supply to consumers. There are also three types
of wind turbines: onshore, coastal and offshore. Onshore wind turbines are the most
common, located on land at least 3 kilometers from the coast and consume land air currents.
Offshore wind farms are also located on land, but less than 3 kilometers from the coast and

use onshore and offshore winds. Offshore wind turbines are built in the open sea a few miles
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from the coast and the advantage over the first types is that the wind power in the sea is
greater and more regular than on land.
The advantages of the wind generator are:
- Environmentally safe
- Infinite supply of wind energy
- Ability to install in a hard-to-reach place
- Autonomy
- Does not take up much space for installation
Disadvantages are considered:
- Long payback period
- Wind flow instability
- Danger to birds
- Noise and vibration load from the operation of "wind turbines"
1.4 Cogeneration plants
Cogeneration is a process by which, when using fuel energy, electrical and thermal
energy are simultaneously produced. To carry out the cogeneration process, a special
installation is used, which efficiently uses fuel, producing heat and electricity with a high
efficiency. Due to the combustion of gas, mechanical energy is released and the generator
converts it into electrical energy and in this process the engine produces heat that can be
used with the help of heat exchangers. The cogeneration plant consists of:
- Power unit
- Primary engine
- Heat storage and transfer systems
The main characteristic by which cogeneration plants are classified is the type of
primary engine used. As of now, the following engine options make up most of them:
- Gas piston

- Gas turbine
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- Microturbine
Gas piston units work on the basis of internal combustion engines, the fuel of which
Is gas. The principle of operation of the GPU consists in the combustion of the fuel-air
mixture in the combustion chambers of the engine, providing motion to the crankshaft of the
gas internal combustion engine. Thanks to the torque of the engine, which is transmitted to
the electric generator, electricity is produced. Gas turbine engines work on the basis of a gas
turbine installed in the system. In these engines, as a result of the combustion of fuel, the
flow of gas affects the blades of the turbine, thereby creating a torque and rotating the rotor,
which in turn is connected to the generator. A microturbine engine is similar to a gas turbine
engine, but the first one is smaller and more compact than the second one, and the
microturbine engine is used at low power. The advantages of such cogeneration plants are:
- Environmentally safe
- Two types of energy are provided: thermal and electric
- Regardless of time of day, season, etc.
- Have compact dimensions (for private use)
- Uses biogas based on organic waste
The disadvantages of the cogeneration plant are:
- Lack of control of the temperature of the hot side of the heat-generating elements
- Impracticality when using a water cooling system on low-power boilers
- Reduction of the overall efficiency of the installation when using useful thermal
energy of the boiler.
1.4 Cogeneration plants
Cogeneration is a process by which, when using fuel energy, electrical and thermal
energy are simultaneously produced. To carry out the cogeneration process, a special
installation is used, which efficiently uses fuel, producing heat and electricity with a high

efficiency. Due to the combustion of gas, mechanical energy is released and the generator
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converts it into electrical energy and in this process the engine produces heat that can be
used with the help of heat exchangers. The cogeneration plant consists of:
- Power unit
- Primary engine
- Heat storage and transfer systems
The main characteristic by which cogeneration plants are classified is the type of
primary engine used. As of now, the following engine options make up most of them:
- Gas piston
- Gas turbine
- Microturbine
Gas piston units work on the basis of internal combustion engines, the fuel of which
is gas. The principle of operation of the GPU consists in the combustion of the fuel-air
mixture in the combustion chambers of the engine, providing motion to the crankshaft of the
gas internal combustion engine. Thanks to the torque of the engine, which is transmitted to
the electric generator, electricity is produced. Gas turbine engines work on the basis of a gas
turbine installed in the system. In these engines, as a result of the combustion of fuel, the
flow of gas affects the blades of the turbine, thereby creating a torque and rotating the rotor,
which in turn is connected to the generator. The microturbine engine is similar to the gas
turbine engine, but the first one is smaller and more compact than the second one, and the
microturbine engine is used at low power. The advantages of such cogeneration plants are:
- Environmentally safe
- Two types of energy are provided: thermal and electric
- Regardless of time of day, season, etc.
- Have compact dimensions (for private use)
- Uses biogas based on organic waste
The disadvantages of the cogeneration plant are:
- Lack of control of the temperature of the hot side of the heat-generating elements
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- Impracticality when using a water cooling system on low-power boilers

- Reduction of the overall efficiency of the installation when using useful thermal
energy of the boiler.

1.5 Diesel/gas/petrol generators

A gasoline generator is a power device that produces electricity using an internal
combustion engine. The generator is small in size, relatively inexpensive and easy to use.
These generators have a variety of applications and can be used both at home (for example,
In cottages or summer cottages) and outdoors, for example, on picnics or on trips. The
principle of operation of gasoline generators is based on electromagnetic induction, which
converts mechanical energy that occurs during fuel combustion into electric current.
Gasoline is the fuel used for these generators. There are two options for starting a gasoline
generator: manual, with electric start. By purpose, these generators can be divided into two
main groups:

- Household (small in size with a power of up to 4 kW with continuous operation for
four hours)

- Professional (rated power 30 kW, with built-in powerful four-stroke engines, can
work continuously for ten hours)

The advantages of this type of generator are: reliability, low noise level, stable
operation in any weather, simple maintenance, long service life. The following can be
considered as disadvantages: not the possibility of continuous work for a long time, and low-
power. The device that supplies uninterrupted power supply and runs on natural gas is called
a gas generator. In gas generators, the principle of operation is based on the transformation
of rotational mechanical energy into electrical energy. Thanks to the piston engine connected
to the rotor of the magnetic cushion, energy is converted. The advantages of such a generator
are: a long working time (it will work as long as there is gas in the main pipe), environmental
friendliness, inexpensive fuel (store in cylinders) and a long service life. Disadvantages of

the gas generator are as follows: high price, rather difficult installation. A diesel generator is
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a stationary or mobile power plant with built-in one or more electric generators driven by a
diesel internal combustion engine. The principle of operation of a diesel generator is similar
to a gasoline generator. Diesel generators can be classified according to the following
parameters:

- Power (low-power (up to 50 kW), medium-power (from 50 to 200 kW), high-power
(over 200 kW))

- Type of cooling (air, radiator (can be both water-air and water-water))

- Purpose (power, lighting, able to cope with significant power drops, and special
purpose (for example, backup use at a nuclear power plant))

- Mobility (stationary, mobile, portable)

- Method of generating electromagnetic fields (synchronous, asynchronous)

- Number of phases (single-phase with 220 V output, three-phase with 230 and 400 V
outputs)

Also, the diesel generator has the following three types of start-up:

- Manual (starting with a handle or pull cable)

- Electric starter (ignition key)

- Autorun

A diesel generator can be considered reliable for the following reasons:

- A wide spectrum of power

- Autonomy

- Low operating costs

- Higher rotation frequency compared to gasoline generators

But it is also impossible to do without the disadvantages listed below:

- High noise level

- Weak temperature regime

- Release of harmful substances

- A constant load is required
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Conclusion: during the analysis of existing types of autonomous energy sources, all
the pros and cons of autonomous sources of electricity were listed, and in our case, a gasoline
generator (DVZ2) is suitable.

The device that supplies uninterrupted power supply and runs on natural gas is called
a gas generator. In gas generators, the principle of operation is based on the transformation
of rotational mechanical energy into electrical energy. Thanks to the piston engine connected
to the rotor of the magnetic cushion, energy is converted. The advantages of such a generator
are: a long working time (it will work as long as there is gas in the main pipe), environmental
friendliness, inexpensive fuel (store in cylinders) and a long service life. Disadvantages of
the gas generator are as follows: high price, rather difficult installation. A diesel generator is
a stationary or mobile power plant with built-in one or more electric generators driven by a
diesel internal combustion engine. The principle of operation of a diesel generator is similar
to a gasoline generator. Diesel generators can be classified according to the following
parameters:

- Power (low-power (up to 50 kW), medium-power (from 50 to 200 kW), high-power
(over 200 kW))

- Type of cooling (air, radiator (can be both water-air and water-water))

- Purpose (power, lighting, able to cope with significant power drops, and special
purpose (for example, backup use at a nuclear power plant))

- Mobility (stationary, mobile, portable)

- Method of generating electromagnetic fields (synchronous, asynchronous)

- Number of phases (single-phase with 220 V output, three-phase with 230 and 400 V
outputs)

Also, the diesel generator has the following three types of start-up:

- Manual (starting with a handle or pull cable)

- Electric starter (ignition key)

- Autorun
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A diesel generator can be considered reliable for the following reasons:

- A wide spectrum of power

- Autonomy

- Low operating costs

- Higher rotation frequency compared to gasoline generators

But it is also impossible to do without the disadvantages listed below:

- High noise level

- Weak temperature regime

- Release of harmful substances

- A constant load is required

Conclusion: during the analysis of existing types of autonomous energy sources, all
the pros and cons of autonomous sources of electricity were listed, and in our case, a gasoline
generator (DVZ) is suitable.

The device that supplies uninterrupted power supply and runs on natural gas is called
a gas generator. In gas generators, the principle of operation is based on the transformation
of rotational mechanical energy into electrical energy. Thanks to the piston engine connected
to the rotor of the magnetic cushion, energy is converted. The advantages of such a generator
are: a long working time (it will work as long as there is gas in the main pipe), environmental
friendliness, inexpensive fuel (store in cylinders) and a long service life. Disadvantages of

the gas generator are as follows: high price, rather difficult installation



71

MIiHICTEPCTBO OCBITH Ta HayKH YKpaiHU
Hamonanbamii yHiBepcuteT «llonTaBcbka nomitexHika imeH1 Opis Konapariokay

Kadenpa aBToMaTHKH, €IEKTPOHIKM Ta TEJICKOMYHIKaIllN

Po3po0iienHsi ABTOHOMHOI €JIEKTPOCTAHLIT HA 0431 ACHHXPOHHHI IBHIYH -
JIB3

KBamidikariitna podota OakaiaBpa

BukoHas:

Crynent rpynu 401 ME B’roH B.B.
KepiBHUK:

JIOLICHT, KaH/I. TEXH. HayK Tper’sk A.B.

[Tontasa 2023
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Metowo poGoru € po3pollieHHsT pO3pOOJIEHHS ~ ABTOHOMHOI

CJICKTPOCTAHINII Ha  ©0a31  aCHHXPOHHOIO  JIBUT'YHa-JIBUT'YHa
BHYTPIIIHBOTO 3rOpaHHs, sIKa BIJAINOBIJA€ Cy4aCHUM BHMOTaM CTaJloro
PO3BUTKY Ta €HEProePeKTUBHOCTI..

JIJIsl BUKOHAHHS ITOCTaBICHOT METH B pOOOTI HEOOXIJJHO BHKOHATH
HACTYITHI 3aB/JIAHHS:

¢ IIPOBECTH H_Dnhmhuﬁmmmm aroao0 BAOCKOHAJICHHA Hﬂmnﬂﬁwﬁﬁm
ACHHXPOHHOI'O IBHI'YHA,

* ONTHUMI3Allll MapaMeTPIB Ta PEKUMIB POOOTH €IIEKTPOCTAHIIIT;
* pO3pOOHMTH CUCTEMH KEpyBaHHS Ta MOHITOPHHTIY,
*  pO3pOOHUTH KOHCTPYKTUBHY CXEMY I€HEpPaTOPHOI YCTAaHOBKH.

O0’eKT J0CIIKEHHSI — IIPOIIEC TeHEPYBAHHS €JICKTPOCTAHIIIERO
CJICKTPHUYHOI €HEPTIi Y CAMOCTIHHOMY PEXKHMI.

IIpeamer NOCJII/IZKEHH S — E@JIEKTpOCTaHHIl Ha 0asl

ACHUHXpOHHHUM ABUT'YH - [IB3.

2
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AHAJII3 ICHYIOUHUX BHJIIB ABTOMHOMHMUX JUKEPEJI EHEPT'TI _M
™

riapoenexkTpocTaHuis KoreHepauinHa ManusBHUM
yCTaHOBKa reHepaTop
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CTpyKTypHa cxeMa reHepaTOpHOI yCTaHOBKH
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Enextpuuna cxema reHepaTopHOi YyCTAaHOBKH
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brok-cxema cuctemu crabinisanii 3reHepoOBaHOI HATIPYTH

"
: DIGITAL (PWM ) B

J
‘-

UNO

S -
w mm ARDUINO

ANALOG IN

..J_)l-a.

L




77

30BHILIHINA BUIJIS]] TeHEPATOPHOI YCTAHOBKH
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