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Aepeno Hanpyru, AXXepeao CTp
BAX

*  BAXigeanbHux gxepesn enkTpoeHepril
*  BAX peasibHUX NpUCTPOIB KMUB/IEHHS
*  BAXHaBaHTa)KeHHSA: /iHiMHa, HeAiHiMHa XapaKTepucTmKa

*  I'padiyHnit cnocid BU3Ha4YeHHA pob0oYOT TOUKM,
crieuiasibHi BUNaaKu

2. KOHCTpYKLUifA i BNaCTUBOCTI POTO-€/1eKTPUYHOIro Moy /1A

3.  YMoOBa nepegadi MakCMMa/ibHOI MOTYXKHOCTI A0
cnoxusada: MPPT
4. KomyTauinHi Ta 3aXMCHi anapatu
1. BUCOKOBO/bTHMX EM: BH, CH
2. po3nogisibHuUxX mepex HH
6.  [po penumu HerTpaai po3noAi/IbHUX MepexK
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6.

BAX igeasibHUX axxepen enKTpoeHm.

BAX peasibHUX NPUCTPOIB XKMB/1EHHA
BAX HaBaHTa*KeHHA: /iHIMHA, HeAiHIMHa XapaKTepUCTMKa

padiyHUIM cnocib BM3HAUYEeHHA poHOYOI TOYKM,
criewia/zibHi BUNagKu

KOHCTPYKLiA | B1ACTUBOCTI POTO-€/N1€KTPUHHOIO MOAY/IA

YMoOBa nepegaydi MakCMMa/ibHOI MOTYXKHOCTI A0
crnoxkmsada: MPPT

CncTemMu pery/IroBaHHA NOTYXKHOCTI BITPOKO/IIC

MeXaHi4Hi XapaKTepuCTUKU BiTpoarperaris:
y3ara/ibHeHa XapaKkTepUCTUKa MOTYKHOCTI BITPOKO/1eCa,
po3nogain Benbyana

OcHOBHi cxemu BEI 3 pery/toBaHHAM LWWIBUAKOCTI KO/1eCa

IEE: /leKuia 3, 28.09.2015 3 20.11.2016
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ﬂ,mepeno Hanpyru (1)

Ua
4
E R E3
- J/ .
U E=U, E I:E = |, =const.
R, R,,+R0 I+R /'R,
’
s 0 S |

=
>
-~
—
&=
i-.'ﬁ
\
W

a |

Iy o =Url(20) =1J2; r3=1,, Uy } % |
MoTyxHictb, ||= ‘2 i Py max = U %/(4" n)

nepegaBaHa %l ||z A

NiHiero DC G 14 :

20.11.2016 5



[Axepeno Hanpyru (2)
* KKA Ainii DC: (2)
‘T;z-}n;;: P max/ P1p, = (UH(Ar))(UT2rg) = 0',~5.'
* WHAT should BD ?
AP, =1,]% = 2pl/s(P2/I2)2,

. J€& p — TNHTOMHH pPe3HCTaHC nposoiB . AiHil;  — i1 AOBKHHA; S —
nonepeyHut nepepis npoBOAiB.



Aepeso Hanpyru (3)

3acTyrnHa cxema eKBiBa/IEeHTHOIroO
0xcepe/nd CUHycoioHoi EPC :

§_=FZi=Elc05(p+jElsin(pr-l’+jQ, Pp=y, —Vy,.

KoeilieHT NOTYXHOCTI: % =3

S
ANA KO/A i3 CUHYCOIAHUM CTPYMOM: A = COS(

[ocTinHum ctpym : P=E-I

7
TexHosorii BigHoBAOBaHOT eHepreTukn :  IEE: &Hochschule der Wirtschaft fiir Management
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/l’xepeno cTpymy (1)
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Pexxnm 6/1M3bKMIK 40 KOPOTKOrO 3aMMKAHHSA: R <<R_

Teopema NOTYXXHOCTI: YyMOBa nepeaadi max

1p =Ul=I*R, =( E )ZRH= E . —d-'(ﬁzh-?.k0 +R,)=0.
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Axxepeno ctpymy (2)

3acTyrnHa cxema eKBiBa/IEeHTHOIroO
oxucepesid CUHYCOIOHO020 cmpymy J : z

/. G u
7)) Y) (0)

Y
&

§_=Uf=UJcoscp+jU./sin(p=P+jQ. P=y, -V,
U — Hanpyra mix By3/1amu, A0 AKUX MPUEAHAHO AXKepe/o.
[xepeno noctinHoro ctpymy : P=U'J

9 20.11.2016
TexHosorii BigHoBAOBaHOT eHepreTuku :  IEE: &Hochschule der Wirtschaft fiir Management



[l>xepesio Hanpyrm i CTpymy B
EAVHOMY KO/li. PO604a TO4KaA

EKBiBa/IGHTHMU ,ﬂ,BOl‘IO/HOCDK... :

Teopema TeBeHeHa (Thevenin’s theorem)
Teopema HopTtoHa (Norton’s theorem)
6 GopM 3anucy piBHAHb YOTUPUMNOAKOCHMKA

10
TexHosorii BigHoBAOBaHOT eHepreTuku :  IEE: &Hochschule der Wirtschaft fiir Management
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[l>xepesio Hanpyrm i CTpymy B
EAVHOMY KO/li. PO604a TO4KaA
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MaHenb CPEM (cTin)

Mazxinoam Power Point (MFPF) 4
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Bo/ibT-amnepHa XapakTepucTmKa
(BAX) Cq)EM !m pPAMOM CO€AUHEHUU CO/THEYHOrO

A TOoK. A MOAY/A K aKKyMY/IATOPHOM BaTapee, MOAY/1b
p"c 4 paboTaeT npu HanpsAXXeHUU, paBHOM
K3 d HanpAXKEeHUI0 aKKyMy/IATOpPHOM 6aTapeu B
"f‘ AAHHbI MOMEHT.

B e s e e

Mo mepe 3apAaga Ab ee HanpAxeHue pacTerT,
NMo3TOMY MOAY/Ib MOXeT paboTaTb B
AWarna3soHe HanpAXKeHuA oT 10 40 14,5B
(3aechb v ganee UCNONB3YHOTCA HAMPAKEHUS
ANA MOAYAA HOMUHA/IbHbIM HaMpAXeHUem
12B. Ana mogynen C HOMUHA/IbHBIM
HanpAXeHnem 24B 3Ha4eHUA HanpAXeHuA
HY»XHO YMHOUTb Ha 2). COOTBETCTBEHHO, €ro
pabouyas ToYKa MOXeT BbITb 40BO/IBHO
A3a/1€K0 OT ONTUMA/IbHOM.

Kpusas Monugiiocma

Uxx
O 2 >
nanpsikenme, B

L) 15 20

h e

Mouyemy ke npousBoaUTENM BbIGPAIM HANPAXKEHUE MOAY/Al B MAaKCUMa/IbHOM TOYKe paBHbIM 17B?

Example. OK, so now we have this neat 130 watt solar panel.

Catch #1 is that it is rated at 130 watts at a particular voltage and current. The Kyocera KC-130 is rated at 7.39 amps at 17.6 volts. (7.39 amps times 17.6
volts = 130 watts).

Catch 22 So what happens when you hook up this 130 watt panel to your battery through a regular charge controller? Your panel puts out 7.4 amps. Your
battery is setting at 12 volts under charge: 7.4 amps times 12 volts = 88.8 watts. You lost over 41 watts - but you paid for 130. That 41 watts is not going
anywhere, it just is not being produced because there is a poor match between the panel and the battery. With a very low battery, say 10.5 volts, it's
even worse - you could be losing as much as 35% (11 volts x 7.4 amps = 81.4 watts. You lost about 48 watts.

Catch #22ais that the panel is rated at 130 watts at full sunlight at a particular temperature (STC - or standard test conditions). If temperature of the
solar panel is high, you don't get 17.4 volts. At the temperatures seen in many hot climate areas, you might get under 16 volts. If you started with a 15
volt panel (like some of the so-called "self regulating” panels), you are in trouble, as you won't have enough voltage to put a charge into the battery.

20.11.2016 IEE: /lekuia 3, 28.09.2015 14



BoabT-amnepHa xapaktepuctuka CPEM (2)

Maxamum
Power Point
\Watts:

Maximnum
Pawer Point
Volts:

Maximum
Power Cell
Tempetacurs

(©):

Prrkt

Danez

Airay IV Cuve Lefi Amps ([Bius) Ficht Watis (Green) Boticm: Yolis

How Maximum Power Point Tracking works

%

Here is where the optimization, or maximum power point tracking comes in. Assume your
battery is low, at 12 volts. A MPPT takes that 17.6 volts at 7.4 amps and converts it down, so that
what the battery gets is now 10.8 amps at 12 volts. Now you still have almost 130 watts, and
everyone is happy.

Ideally, for 100% power conversion you would get around 11.3 amps at 11.5 volts, but you have to
feed the battery a higher voltage to force the amps in. And this is a simplified explanation - in
actual fact the output of the MPPT charge controller might vary continually to adjust for getting
the maximum amps into the battery.

20.11.2016 IEE: /lekuia 3, 28.09.2015 15



3anexHicTb Big piBHA iHCOAALIT (OCBiT/IEHOCTI)
| TemnepaTtypu

BOJ/IbTAMMEPHDIE XAPAKTEPUCT
90

STC (1000

LA W/sam, 25°0)

80 : 1000 W/m2
10 -
- 800
6.0 3
50 3 600
L0 40O
30 - 200
205
10 ,
0,0 . | L e e R A R e .{‘I UL

0 5 10 15 20

* [na modenu RZMP-130-T.
(maxdapmsie ycnobusi mecmupobarus (STC): 08ay4eHHocms 1000 Bm/mM?

Kpubble — npu peansHou memnepamype Modyna & 3abucumocmu om odnuy
Bosduxa 20°C] Bplarhome. ru
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MPPT - how it works?

The Power point tracker is a high frequency DC to DC converter. They
take the DCinput from the solar panels, change it to high frequency AC,
and convert it back down to a different DC voltage and current to exactly
match the panels to the batteries. MPPT's operate at very high audio
frequencies, usually in the 20-80 kHz range.

The advantage of high frequency circuits is that they can be designed
with very high efficiency transformers and small components. The design
of high frequency circuits can be very tricky because the problems with
portions of the circuit ""broadcasting" just like a radio transmitter and
causing radio and TV interference. Noise isolation and suppression
becomes very important.

All recent models of digital MPPT controllers available are microprocessor
controlled. They know when to adjust the output that it is being sent to
the battery, and they actually shut down for a few microseconds and
"look" at the solar panel and battery and make any needed adjustments.

NB! [Tepeknao — ous. y KomeHmapsx nio caatioom

20.11.2016 IEE: /lekuia 3, 28.09.2015 17



MPPT: BU3Ha4YeHHA eKCcTpeMymy
eyHKUii P(V)=V-

1P d(VI 17 '
5 — ( ):I+V(——:() ﬂz_i? (ﬁz[}>
dV dV dV dV V dV
dl I drP
—_—>—— (— > (}) %
[ dI v vy
_V:dV ﬂ;_i. (E - (}‘
av. = v’ \adv

* YMOBM 3HAXOAKEeHHA pO60YOT TOYKM Ha KPUBIM NOTYXKHOCTI MOXHA
BUKOPUCTATK 418 N0OyA0BU aAroOpuTMy QYHKLIOHYBaHHA NPUCTPOIO
MPPT

20.11.2016 IEE: /lekuia 3, 28.09.2015 18



IC

Incremental Conductance

Fecord Load Voltage
and Curmrent

Calculate
dl and dV

Increase Array Decrease Amay Decrease Array Increase Atray
Operating Yoltage Operating Voltage| [Operating Voltage Operating Yoltage
] I I
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KomyTauivHi anapaTtu: po3noAi/ibHi

nyHkTu (PIN) cepeaHboi Hanpyrm (CH)
e

* Po3noginbHi nyHKTM (PM), AK i By3au EMNC, MOXYTb 6yTU npUiMaibHUMM
MyHKTamMK, AKLWO Hanpyra /iHiM XWBAEHHA Ta pO3MNOAiI/IbHOI Mepexi
30iratoTbCA, a TaKOX PO3MNOAINbHUMM niaCTaHUiAMM - 6e3  PyHKLUil
TpaHchopmauii Hanpyrn. CnopyAXKEeHHA TakUX MYHKTIB € AOLi/IbHUM 33
HeobXigHOCTI NPUMMaHHA NOPIBHAHO 3HAYHOI MOTYXKHOCTI, LLLO NepeaaETbCA
Ha 06’eKT /liHiAMM 6 260 10 KB (makox Hasusaroms LIPI)

* Ha BigMiHy Big TpaHCPOPMATOPHMX MigCTaHLiN, AKI AOLI/ILHO PO3MILLyBaTH
B LEHTpax HaBaHTa)keHb, PIl pO3TalloBYyHOTb Ha MeXi Ai/AHKK, WO
0b6cnyroByeTbcs, 3 BOKY AxKepen XuB/AeHHA. Tak 3anobiratoTb 3yCTPiHHUM
MOTOKaM MOTYXHOCTI, HAABHICTb AKMX 3HAYHO MOripLUYE TEXHIKO-€KOHOMIYHI
MOKA3HMKN MepeXxi.

* Ha npoMuci1oBux nignpremctBax PIT BUKOPUCTOBYIOTb A4/1A XUB/I@HHA rpyn
MNOTYXHUX €/1eKTPONPUMUMAYiB - CMHXPOHHUX Ta ACUHXPOHHUX ABUIYHIB
MOMMNOBUX, KOMMPECOPHMUX CTaHLiM, AUMOTArIB Ta iHWKX 30CepeseHnx
Fpyn CroXmBadiB cepeaHbOl Hanpyru

IEE: /leKuiAa 10, 20.11.2014 20 20.11.2016



IRERE

IEE: /leKuiAa 10, 20.11.2014

a) 6)

Puc. 5.9. Cxemun po3nogi/ibHUX NMyHKTIB 3 KOMipKamu:
a - Tuny KCO 3 BUMMKayYamMm HaBaHTaXXeHHA Ta 3anobiKHMKamu;
6 -3 BUCYBHMMMU BUMMKAYAMMU

21 20.11.2016



TaBpuaa EaneKTDIK YKpalHa:

20.11.2016
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lLIHenaep EneKTpik:
SMé6

MogynbHble s4eitku 10(6) KB

aned

Katanor

2009 .

HepHer MeTaNe

UESTHER METANNEI

l Te pMOpeAKTHEHER
METANNEI
Te pMONMACTHE
o —
A HORCTE
Schneider
PElectric
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Aqen@a
BH

849,

49
9.9%

2.35%
0.15%

Aqenka
EBIKNOYETENA

5%

106%
2%

2.3%
0.19%
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IEE: /leKuiAa 10, 20.11.2014

3axXUCHe y3eM/1eHHA

OTBETBNEHHbIE
3allMTHBIE
K OTAENbHbIM
noTpeduTENIM 3
npoBoAAIIME
YacT
4
(8 Oronnenme 5

A B,

aa 5
[az 5
6
7

o o
&
&
o 2 ’
* 1 0
& L
ATEIEEEEEEEEEEEEN II----..

24

OCHOBHOM
3aUNTHBIA
NPOBOAHUK

Y3EM/IEHHA = «3A3SEM/IEHUE»:

5 — LUMHKA MeTa/li3oBaHa

6 — r0/10BHA Y3eM/1H0Ba/IbHa LLIMHA
(F3L);

2 — y3eM/110Ba/IbHUIM NPOBIiAHUK,

¢ 1-—e/1eKTpoA/NpUCTpil

y3eM/1t0Ba/IbHUH, y3eM/1H0BaY

20.11.2016



Pexxumun HerTpani (1)

Knacmcpmau,m Mepem HWU3bKOI H -------- il HI

Axkepesia XMUB/IeHHHA (BTOpMHHOI 0B6MOTKM CUN0BOrO TpaHcd aTopa),

Cnocoby ysem/ieHHA KopryciB 06/1agHaHHA Ta CNocoby BMKOpMCTaHHFI

HeMTpa/sbHOro NpoBoAy. /1A NO3HAYEHHA Pi3HUX CUCTEM

BUKOPUCTOBYHOTb /liTEPU IATUHCBKOrO asndasiTy.

* 3rigHo 3 yiero KAacudikauiero po3pisHAOTb TaKi CUCTEMU MepeXX HU3bKOIT
Hanpyru: IT, TT, TN-S, TN-C Ta noxigHy Big ABOX ocTaHHix - TN-C-S.

* [MepLwoto NiTepoto NO3HAYATb CTAH HEUTPaI O6MOTKM TpaHcdopmaTopa
XuBsieHHA. /Jliteporo | (Bl,a, $paHLy3bKOro “isole” - I30/1bOBaHMI/l)
MO3Ha4atoTb CUCTEMY 3 i30/IbOBAHOIO HEUTPA//IIO YU 3 HEUTPa/IIIo,
NPUEAHAHOIO 4,0 MPUCTPOLO Y3eM/IEHHA Yepe3 Be/IMKUMI OTip. Y Uil CUCTEM
Mix HelTpasmo (abo ogHiero 3 das 3a i BIAcyTHOCTI) Ta NMPUCTPOEM
y3eM/IeHHA BCTAHOB/IIOIOTb arnapaT A4/ 3axuCTy Big nepexogy BULLOI
Hanpyrn Ha OOMOTKY HMXKYOT Hanpyru y pasi MOLUKOAMEHHA I30/1ALT MiX
Humu. /litepoto T (Big ¢paHuysbkoro “terre” - 3emd) mosHavaoTb
cnctemy 3 rayxum (6esnocepesHim) NPUEAHAHHAM HeNTpani 0OMOTKMK
TpaHchopmaTopa A0 NPUCTPOIO Y3eM/IeHHA NiACTaHLiT

IEE: /leKuiAa 10, 20.11.2014 25 20.11.2016



Pexkxnumu HenTpani: IT (2)

* CxeMu mepexK 3a cuctemoto IT: d - HoOTMpUNpoOBigHa Mepexka 3
YKMB/IEHHAM Big 0OMOTKM, 3’€aHaHOT Y “‘3ipKYy’’; 6 - TPUNPOBigHa Mepexa 3
*XUB/IEHHAM Big, OOMOTKM, 3’eaHaHOI y “3ipKy”’; 8 - TPUNPOBigHA Mepexa 3
YKMB/IEHHAM Big 0OMOTKM, 3’€AHAHOT Y “TPUKYTHUK”

* Cucrema IT € CUCTEMOHO 3 i30/1bOBAHOIO HEUTPA//IKO Ta MPUEAHAHHAM
KOpnyciB 06/1a4HaHHA 40 MiCLLEeBUX NMPUCTPOIB 3a3eM/1IeHHA. 300parkeHo
MOX/UBI cxemu cuctemu IT. Cuctema IT XapaKTepu-3yeTbCA AyKe
HeBe/IMKUM CTPYMOM 3aMMKaHHA OAHI€El 3 das Ha 3eM/1t0, 3HA4YEeHHA AKOro
AOPIBHIOE NOMPIUIHOMY 3HAYEHHKO CMPYMy cnaugy pd3u HOPMA/bHO20
pexcumMy i BUSHaA4YaEeTbCA NONepeyHUMM NapaMeTpamMmm Mepexi.

IEE: /leKuiAa 10, 20.11.2014 26 20.11.2016



Po3nogain ctpymiB y @pasax mepexi IT: K.3.y ¢asi3

IEE: /leKuiAa 10, 20.11.2014 20.11.2016




BeTopHa giarpama CTpMIB | Hanpyry
TOYLi 3aMUKaAHHA ¢pa3n C




Pexxnummu HeMTpam TT(3)

R, Ry Ry

* CTpymun 04HO}A3HOrO NOLKOAXKEHHA B CUCTEMIi TT 3 3a3eM/1€HO0
HeNTpasAto TpaHCHOPMATOPaA KMB/IEHHA Ta 3a3€M/IEHUMU KOPNyCcamu
06/13a4HaHHA 3HAYHO BisbLuUi, HiX y cnucTemi IT, 0g4HaK BOHM iCTOTHO
obmekeHi onopamu 3a3em/eHb R Ta R Tomy TpaAULinHI CTPYMOBI
3aXMUCTU (3aI'IO6I)-KHMI-(I/I aBTOMaTUUHI BMMMKaYi 3 TEN/I0BUMM Ta
e/1eKTPOMarHiTHUMMU powmmosaqamm) MOXYTb BUABUTUCHA
HeA0CTaTHbO YYT/IMBUMMU A4A IX HAZIMHOrO BUMKHEHHA. OTXKe,
nepesara obmMeKeHHA CTpyMy ogHOda3HOro K3 nepeTBOproeTbCA Y
HeA0/iK Yepes3 HEMOX/IMBOCTI MOro LUBUAKOMO BUMKHEHHSA.

* Cuctemy TT B YKpaiHi He BUKOPUCTOBYHKOTb, O4HAK AUCKYTYETbCA
MOM/IMBICTb YBEAEHHA 1T 40 CTaHAAPTY.
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Pexkummn HeliTpani: TN-C (4)
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*  Cuctemy TN MOXKHa peasizyBaTu y BUraa4i ogHoro 3ii pisHosugis: TN-C, TN-S,
TN-C-S.

* TlosHaveHHA TN-C BignoBigae Takin cucrtemi, B AKIM HEMTpa/b AxKepena
npueaHaHa g0 “3emni” (KOHTYpY 3a3eM/1eHHA NigCTaHLT), HEUTPa/IbHUIA
NpoBi4 NPUEAHYIOTb A0 HEWUTPasi AxKepena, a Kopnycn 061agHaHHA
NMPUEAHYIOTb A0 HEMTPA/IbHOrO NPOBOAY BUKOHYIOTb 3aXMCHUM 3axig,
“3aHyneHHA”. e npoBig 04HOYaCHO BUKOPUCTOBYIOTb TaKOX AK pob60ouni
ANA NPUEAHAHHA, HANPUKAA4, OAHOPA3ZHUX e/1ieKTponpumadis. AaA
NigBULLEHHA PiBHA 6@3MeKn BUKOHYIOTb MOBTOPHI 3a3€M/1eHHSA HY/IbOBOIO
NpoBOAY B34,0BX Marictpa/ibHOl /1E[, Lo 3MeHLIYE onip 3a3eM/1IeHHA.

* OTKe, HenTpanbHUM NpoBig PEN BUKOPUCTOBYIOTH i AK poboumni N, i AK
3axmcHuK PE, wo BigobpaxkeHo y nO3Ha4YeHHi Tuny cuctemu sitepoto C.
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Pexkumu HenTpasi: TN-S (5)

* Cucrema TN-S BiapisHAETbCA Big nonepeaHboi (TN-C) ThMm, Wwo a0
3a3eM/1eHOT HEUTPasi 4)Kepe/ia *K1B/IEHHA NPUEAHAHI HE OAMH, a 4Ba
HeNTPa/IbHUX NPOBIAHMKM: OA4MH - POOOUMHI, MO3HAYeHHit iTepoto N. a
APYrUM - 3aXUCHUI, NO3HaYeHu PE. 3arasbHa KibKicTb NPOBiAHUKIB Yy
Liild cMCTeMi CTaHOBUTDL 5: TPU pasHUX i ABA HEUTPA/IbHUX.

* Hegonikom cnctemu TN-S € 36i/1bLLIEHHA BUTPAT HAa MePEeXY (Heo6x1,a,Ho
MPOK/AAATU A0AATKOBUM NPOBIAHUK), @ TAKOXK Ha KOMYTaL|ilHi anapaTt, B
AKUX PEKOMEHAYETbCA 3aCTOCOBYBATU A04aTKOBUIM NO/OC ANA
KOMYTaLi HY/IbOBOro pobo4oro nposogy. Llen ocTaHHil 3axig,
nonepe/sKae MOXK/IMBICTb MOABU HANPYru B HelTpai (He3aneXxHo Big,
MPUYMHKU) Ha BUMKHEHOMY 06/1aHaHHI, L0 BaXK/IUBO A/17 6e3rne4yHoro
BMKOHAHHA HAa HbOMY Ha/1laroAKyBa/IbHUX, PEMOHTHUX YU iHLIMX PODIT.
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Pexxumu HenTpani: TN-C-S (6)
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FPuc. 8.5. Cxema mepexi aa cucrnemoo TN-C-S ma nepexid eid cucmemu TN-C
do cucmemu TN-S
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