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EnekTpoTexHika — rasnysb Hayku i TEXHIKN, sika NoB’A3aHa 3 NpakTUYHMM BUKOPUCTAHHAM eSIeKTPOeHepril, Lo
BKItoYae i BUpOoObHULTBO, nepedady, po3noain i CnoXXuBaHHS.

Hociem enekTpoeHepril € enekTpomarHiTHe rnosne, CTBOPHOBaHE €NEKTPUYHUM CTPYMOM Y MPOBIAHUKY.

EnekTpomarHitTHe none ue € pisHoBUA MaTepil, AKMN XapakTepnsyeTbCa ABOMA 1l CTOPOHAMU — eSTeKTPUYHUM
nosfiemM i MarHiTHUM nonem, i 3aBgae CUNoBOI il Ha 3apsAKEHI YaCTUHKK, O 3aeXuTb Big 1X LWBWUAKOCTI i

3apsay.

MNMepeBaru enekTpoeHeprii nepen iHWWMMN BUOaMU eHepril:

YHiBepcarnbHiCTb, TOGTO MOXNUBICTb OTPUMAHHSA 3 NOOUX iHLWNX BUAIB eHepril (XiMiYHOT, MeXaHi4HOTI,
TennoBOl, COHSAYHOI, AAEPHOI Ta iH.) Ta, HaBNakn, MOXIMBICTb NEPETBOPEHHS B Nobuin apyrum Bug
eHepril;

MOXIMBICTb EKOHOMIYHOT Nepeadi (3i WBUAKICTb CBIiTNA) Ha NPaKTUYHO HEOOXiAHY BiACTaHb, PO3NOAIS
Ta CNoXuBaHHSA B NtOGIN KinNbKOCTI;

HafiNHICTb, BigHOCHa NnpocToTa 06CcnyroByBaHHA, MOCTiNHA rOTOBHICTb A0 Ail;

€KONMOTiYHICTb Ta BUCOKI TEXHIKO-EKOHOMIYHI MOKa3HUKN ENEKTPUYHMX MaLLWH Ta anaparTiB
€NeKTPOyCTaTKyBaHHS;

MOXIMBICTb Ha 0as3i enekTpudikaLii NOBHOI MexaHi3auil Ta aBTomaTtmsauii BUpobHMUTBA.
Oco6nMBICTIO eNEeKTPOEHeprii € Te, L0 BOHA HE HAKOMUYYETLCSA Y BUIMAAI rOTOBOI NpoayKLii. [i
BUPOOHULITBO ENEKTPUYHUMU reHepaTopamu, nepenaya 3a 4OrNOMOro enekTpUdHUX Mepex Ta
CNOXWUBaHHSA NpunMadamm 34iNCHIOITLCSA PO34ifibHO, ane ogHo4YacHo. Lle Hepo3puBHUM Ta
6e3nepepBHMI NPOLIEC NEPETBOPEHHSA OAHUX BUAIB €HEepril B iHLLi.



EneKkTpuyHi Kona nocTinHOro CTpymy Ta iX CTPYKTypa

EflekTpnyHe Kono — Lie CYKYMHICTb NMPUCTPOIB Ta 00’EKTIB, YTBOPIOKYNX LLNAX A4
eNeKTPUYHOro CTPyMy i NpuU3HayYeHnx ona oTpuMaHH4, nepenadi Ta NnepeTBOPEHHS
€NeKTPUYHOI EHEPTrii, eNfIEKTPOMArHiTHI MPOLECH B SIKUX MOXYTb BYyTK onucaHi 3a
O0MOMOro MOHATE enekTpopywinHol cunn (EPC), ctpymy Ta Hanpyru.

EnemeHmu enekmpu4yHo20 Korna :

1. Kepena enekTpoeHeprii (reHepaTopu, ranbBaHiyYHi efieMeHTn, Tepmonapu, bartapel,
doToenemMeHTun Ta iH.);

2. CnoXuBadi enekTpoeHepril (eNeKTpoaBUryHn, Harpisadi, namnu posxaproBaHHS, Ta iH.);
3. NiHii 38’53Ky abo enekrtponepenadvi (4Box-, TPbOX- YOTUPLOXMNPOBIAHI);
4. nepeTBOpIOBaYi eniekTpoeHeprii (TpaHcdopmMaTopun, BUNPAMISYI, iIHBEPTOPW);
5. KOMyTaUinHa anapaTtypa (KSodi, KOHTaKTKU, 3aX1CHa anapaTypa);
6. BUMiptoBarbHi NpUCTpOl ;
Ry Z - _
o— ] @ o R, Cuna ctpymy | B enekTpUYHOMY KOni

7 BU3HAYaAETbCS KINbKICTIO €JIEKTPUYHOro
R 3apagy Qq, WO Teye 4epes3 nepepis
NpoBiOHMKA 3a OOHY CEeKyHAY:

Cxewma 3amimeHHs mpxepena EPC

Cxema enekTpu4Horo =4
Kora NoCTiNHOro t

CTpymy
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MMoCTiNHI 3HAaYEHHS eNeKTPUYHUX BENUYUH ESTEKTPUYHUX KifT MO3Ha4aloTb NPONUCHUMU JliTepamu:

cTtpym I, EPC E, Hanpyra U, noTyXxHicTb P.

3MiHHI 3HaYEeHHS eNeKTPUYHMX BENUYMH MO3HAYalTb PSAKOBMMM fiTepamMu:

cTpywm i, EPC e, Hanpyra u, NnOTyXHiCTb p.
AKLLO 3HAYEHHS CTPYMY B €NEKTPUYHOMY KOMi HEMOCTIMHE, 3MIHKETLCSA Y Yaci, TO MUTTEBE 3HAYEHHS

CTPyMY BU3HaA4Ya€TbCA BNPA3OM dq
i=—L
di

Cxema 3aMiujeHHs1 esIeKmpu4Ho20 KoJsa.
YMO08HO-MO3UumueHi HanpsiMKuU esieKmpu4YHUX 8esTUYUH

3akoH Oma
Ha nacuBHin ginsHui enektpudHoro kona (6e3 EPC), ctpym / nponopuiitHnm

Hanpysi U U

1 - : . :
G =— — NMPOBIAHICTb OiNAHKM enekTpMn4YHoro kona. MNpoBigHiCTb BUMIPOETHCA B cUMeHcax (Cm).

3akoH Oma ans NoOBHOro Kosia BpaxoBye BCi onopwu kona Ta noro EPC

R
R, +R

[MagiHHaM Hanpyrn abo npocto Hanpyroto U Ha neBHIW AiNsHUi KOMa Ha3nBa€eTbCH
BENMYNHA, SIKa YUCENTbHO AOPIBHIOE POOBOTI, WO 34INCHIOETLCA E€MEKTPUYHUM MNOonemM npu
nepemilleHHi OAMHWUYHOro NO3NTUBHOIO 3apsAay (Big nsoca 4O MiHyca).

U=I-R



Oxepena EPC Tta pxepena ctpymy

Y axepena EPC BHYTpILLHI onip Manuu | Hanpyra Ha Noro 3aTuckax nNpu 3MiHOBaHHI
cTpymy Big 0 0O /HOM 3MIHIOETBLCA HE3HAYHO

E=IR,, +IR=IR,, +U

U=E-IR,,

[lo mxepen cTpyMmy BiOHOCATb Q)Kepena efieKTpoeHepril 3 BENMMKMM BHYTPILLHIM ONopoMm, B
SIKMX CTPYM Y KOJli criabo 3anexumTb Big Hanpyrn Ha npunumMadi npu noro 3amiHoBaHHi Big 0 oo
HOMIHaNbLHOro 3HaYEeHHS.

R K

&H

o—:@o

Cxewma 3aminieHHs mxepena EPC

(R.eh:: 00)

(Rmz 00)

IH CUAA ! 0 UH A

3oBHiLWHI xapakTepuctukn opxepen EPC (a) i axepen ctpymy (6):

1 — ineanbHOro; 2 — pearibHOro

U

I

Cxema 3aMmileHHs ineanbHoro (a) i
pearnbHoro (6) opxepena cTpymy



Onip R xapakTepusye BNacTUBICTb efleMeHTa He3BOPOTHE NepeTBopoBaTH

U
eNeKTPOEHEPrilo AXXepena B iHWIi BUAW eHepril, Hanpuknag, y Tennosy R= 7
!
-+ R=const NiHinHW onip (R=const) 3anexuTb TiNbKK Big
R:

7T R=var Rep!

S
ae p — nutomun onip (Om-m); I, S — [OBXMHA |

nepepis NposigHMKa
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EnekTpoTexHiyHi maTepianu

B €NeKTPOTEXHIL LLUMPOKO BUKOPUCTOBYIOTLCS NPOBIAHWKOBI, I30MALNHI,
HaniBMpPOBIAHNKOBI Ta MarHiTHi (dbepomarHiTHI) matepianu.




1-n 3akoH Kipxroda: anzebpaiuHa cyma cmpymis y 8y3ni
OOpPIBHIOE HYIHO

> 1,=0 1L+, +1,=1,

By3os1 — Lie TOo4Ka enekTPpUYHOro Kona, B siKin 3’ejHaHi He MeHLe 3-X BITOK. By3os Ha
CXEMi NO3HAYaETLCS XXUPHOK TOYKOHO.

Bimka — ue ainsHka enekTpUYHOro Kona, ae BCi eneMeHTu 3’egHaHi nocnigoBHO, TOOTO No
HUM Te4ye OLWNH CTPYM.

Byob-9KnMn 3aMKHEHUN NyTb, WO NPOXOAMUTL KiSlbkOMa AinsgHKaMn, Ha3nBa€eTbCS
KOHMYpPOM €eeKTPUYHOro Kosna.

2-n 3akoH Kipxroda: asneebpaiyHa cyma EPC, Oitoyux 83008X 6yOb-5IKO20
3aMKHEH020 KOHMypy po32ally)eHo20 eJIeKmpu4yHo20 Kosia, OOpIGHIOE
arnezebpaiydHit cymi nadiHb Haripye 8 ycix OifisiHKax Ub020 KOHMypy

iEk = i]kRk " e = SR
k=1 k=1
JItst ckitamaHHs piBHSHHSA 3a 2-M 3aKoHOM Kipxroda HeoOxiaHo: Ry
oOpatH JOJaTHUU HAMPSM CTPYMIB,; s (\ 7
obpaTtn gogaTtHUM HanNpsM obxony KOHTYpY : ab
El@j I R,
E —E,=IR +1,R +U, - LR, _ > .

JlinsgHKa eIeKTPUYHOro KOJia MOCTIMHOTO CTPyMy



EHepreTnyHun 6anaHc enekTpUYHOro Kona

3a 3aKOHOM 30epexeHHs1 eHepril:

Kinbkicmb menna, wo 8udinsgembCs 8 oriopax crioxusaydie 3a 00UHUU Yacy,
Mae OopieHrO8amMU KirlbKocmi eHepeil, wo 3a mou camul 4ac siddaromp Oxxepera
JKUBJIEHHS.

ZEka — leka
k=1 k=1

3akoH [xoynsi-JleHya: BusHa4ae KinbKicmb enekmpu4Hoi eHepzii W,
nepemeopeHoi y mensoey Ha OinsiHYi kosia 3 ornopoM R 3a yac t

W=R-It
p_ w P=1’R, — 3a 3akoHom [xoyns-lleHua — ue
- 7 MOTYXHICTb, AIKY CnoxXxuBsae onip R,.

E,l, — NOTyXHICTb okepena.

AnrebpaiyHa cyma noTy>XHOCTEeM yCix mxepern eHeprii
AOpPiBHIOE apupPMeTUYHIN CyMi NOTYXKHOCTEN YCiX NpUnMadiB.



PeXXumun pob0oTun eneKTpu4HOro Kona

o—I 1 1 O
RSH
I
1 L; R,
E
R_/2 K
— ] O

HomiHanbHUU — ue pexum, B AKOMY YCi efleMeHTU eneKkTpUYHOro Kona 3a HopMasibHMMu ymoBamu
HaBKOJTNLLHBLOIO CepesoBuLLAa MOXYTb BUKOHYBATU CBOE PYHKLIOHAlTbHE NMPU3HAYeHHS JOCUTb

TpyBanuin Yac i3 3agaHoto HadiHicTo. Pexnm xapakrepusytoTe HOMiHanbHi: Hanpyra U,,,,, CTpyMm /.,
notyxHictb P, ., i KK 1, IKi BKa3aHi y nacnopti abo Ha LMTKY NpUCTPOIO.
E E’R, E?
= U=E-I(R,+R,) P =IR = i P =El=
Ry +R; + R, (R; +R,+R,) R, +R,+R,
U, f:, n szcmax
- - a ——— a
1’] = i = Ri | E | E I | —UHOM PI[)K :
B R,+R,+R | ' , | U |
| | E
| | |U=E 1= | T2
Rua| | | Rl | | P n=0,5 |
| | |
| bl ' | P |
| | ]
I___Jb l_ == ) } >
IHOM I 2171( IK I
Y2



Hepobouuu xid (HX) — ue pexum, B AKOMYy efeKTpUYHE Koo po3ipBaHe i CTpyM BiacyTHin [ = 0
U1= U2=E.
Kopomke 3amukaHHs (K3) — Le pexum, B sKoMy onip npunmMmada Habnuxaetbcs o Hyns, abo

NPOBIAHMKOM 3aMKHYTI MOro NOMIOCK, @ TAaKOXK KOMNKM 3aMKHYTI NPOBIAHMKKM NiHIT abo nontocu
oxepena.

Hanpyra npunmayda U, = 0, cTpym [, >> 1.,

E

P U
“ R, R, +R,

o)

a)

oy

kS

e \

Y3200)xeHuUM Ha3nBalTb pexuMm, B AKOMY I'IOTy>KHiCTb, AKY Bi,u,,u,ae Jxxepero y 30BHILLHE
KOJ10, € MaKCUMalribHOK, AKLLUO 3MIHHOK BENMUYUNHOIKO € 0|'|ip npmﬁmaqa. Pexxum € MoXxXnmemum
Mnpn NeBHNX 3HA4YEHHAX ONopy npm‘/'lmaqa RH. P =

; =Ry TR

Mpu ubomy KKO n=0,5, a ctpym /,=0,5/,;>>1,,,,.



METOAUN PO3PAXYHKY ENEKTPUYHUX KIJ

MeToa ekBiBarieHTHOro NnepeTBOPEHHA CXeM.
[Mpn po3paxyHKy enekTPUYHUX Kifl BUHUKAE HEODXIOHICTb 3aMiHUTU OLHY NEBHY rpyny
OrnopiB eKBiBaneHTHUM ornopom abo rpyrnoro ekBiBareHTHNUX ONopiB.

YMoeu eksigasieHMHOI 3aMiHU:

1. lNoTeHuianu BCiX By3niB cxeMu, a BigTaK i HANPYrM Ha AiNIAHKax MalTb 3anunTmcA
HE3MIHHUMMW.

2. CTpymn y rinkax, siki He 3a4enneHi NepeTBOPOBAHHAM, MalOTb 3anULWLNTUCD
HE3MIHHUMMW.

Kono 3 nocniaoBHMM 3’eAHaHHAM efieMeHTIB

] 3a gpyrum 3akoHom Kipxroa U =U, +U, +U,
. v Uzm& U=IR +IR,+IR,=I(R +R,+R,)=IR, R.=R +R,+R, RF;iR.
Us




Kono 3 napanenbHUM 3 €AHAHHAM efleMeHTiB

CTpymm y rinkax 3a 3akoHom Oma | :Q; q=.

R > R

1

IR =LR =IR =U

I/
I

2

RZ . 12

R™ I

R

_3

R

1

1 3 2

3a nepwmnm 3akoHoM Kipxrocba [1=1+1,+1,

CTpyM y Hepo3ranyXeHin 4YacTuHi Kona I=U/Re

u U U U

[=—+—+—=—
Rl RZ R3 RE

— oL G.=G+G,+G

RE R1 Rz R3 E 1+ 2+ 3
1 & - Zk:G
R 2R s

Kono 3i 3amiluaHnM 3€¢gHaHHAM enneMeHTIB

R6
R1
EEE) oy i w |
A B R4 RS | Rowxe

. dew - Sreontl I —¢- P
—] }— R10

5 |




Po3paxyHOK eNeKTpM4YHOro Kona Ha niagcraBi NepeTBOPEHHS
TPUKYTHUKA OMNOpPiB B eKBiBaNeHTHY 3ipKy i 3BOPOTHO

3’eQHaHHAM efieMeHTIB Y TPUKYTHUK Ta 3ipKy

[lepeTBOpeHHA TpUKyTHMKa onopiB Ry, R, Ta R; B eKBiBaneHTHy 3ipKy, Lo Mae onopu R,
Ry, Ta R;, BUKOHYETbHCA 3a HACTYMHUMW BUPA3aMMU:

R|R, R = R1R3

RyRy

e ————— a: C_—
" TR +R,+Rs R+ Ry + Ry R +R,+R,

[lepeTBOpeEHHSA 3ipkn onopiB R,, R, Ta R, B eKkBiBaneHTHU TPUKYTHUK 3 onopamun Ry, R,
Ta R3, BUKOHYETLCHA HACTYMHUM YUHOM:

R-R
Ry =R, +Ry+ ; B

RzR R-R
R, =Rz +R, +-5-4 R =R, +R, +-C4
A C B

Akwo Bci onopu TpukyTHUKa R, abo 3ipkn Ry piBHI MiX cob0t0, TO ONOPW EKBIBaNEHTHOI 3ipKu
abo TPUKYTHUKA TakoX OyayTb OQHAKOBUMMU, NPUHOMY

R,= R,/3, a R,=3R,.



MeTon 6e3nocepeaHbLOro 3actocyBaHHs 3akoHiB Kipxroda

3a nepwmnm 3akoHoM Kipxrota MoxHa ckrnactn n—1 piBHSIHb, e n
R, E, R, — YUCIIO BY3NiB efieKTpnYHoro kona. PewTa piBHSHb (m—n+1),

2 ., SIKUX HE BUCTaYae And BUpiLLEHHA 3adadi, HeobXigHO cknacTy,

£ BUKOPUCTOBYOYUM apyrnn 3akoH Kipxroda.

Is I I, -1,+1,=0 RI+RI,=E -E,
| L,—1.~1,=0 RI,+RI,=E,—E,

L _Il+14+15:O RIII—R3I3+R4I4=0

MeToa KOHTYPHUX CTPYMIB
I =1, I,=1,, I,=1I; I, =1, +1; Ii=1,-1, Io=1,+1;

TpW KOHTYPHI CTPYMU 3HAXOOATLCA 3 CUCTEMUN TPLOX PIBHAHb
Ry I+ Ry I+ Ry - I3 =E;
Ry 11y + Ry Iy + Ryy - I35 = Epy;
Ry I, + Ry -1y + Ry Iy =Ey,  RipmRy=— Ry, Ri3=R3=Rs, Ryp=Ry=R,

E,=E E,=E,-F, E,=E,-E,

R, =R +R +R, R,=R+R,+R, R;=R,+R,+R,

Ak Ak Ak
KoHTypHuit ctpym L« :EnTlJrEzz A2 iy A3
R11R12Rl3 -
— anreGpaiyHe [OMOBHEHHs!, OTPUMaHe 3 BU3HAYHMKa A
A=|RyRyR |  BU3HAYHMK

Ak, = (Ak,Ak,,Ak;) yepes 3akpecneHHst k-Oi CTPOUKM Ta N-ro CTOBMYMKA i

Ry R, Ry, | CUCTEMY MOMHOXEHHS! OTPUMAHOIO BU3HAYHMKA Ha (—1)k*n



MpuHuMn i MeToa cynepno3unuii

MpuHUMN cynepno3uuil (HaknagaHHs) 3aCHOBaHWIW Ha He3anexHin aii okpemux EPC B NiHiNHMX
Konax. Llen npuHUun € cnpaseanueuM TiNbKW AN NiHINHUX eNeKTPUYHKUX Kin. MNpuHuun cynepnosunil
nonsrae B TOMy, WO CTPYM Y Byab-siKin rinui sBnsie coboto cymy CTpymiB, CTBOPHOBaHNX KOXxXHO EPC

CXeMU OKpEMO.

Ry E, Ry I i
A L Y I e T
£ R, L £ I f]” R, L

[itoyi 3Ha4YEeHHA CTPYMIB CKNagHOro Kona 3HaxoaaTbes sk anredbpaivyHa cyma 4acTKoBUX CTPYMIB,
CTBOpPEHMX okpemo koxHoto EPC. Tak, ona cknagHol cxemu (puc. a) Aitodi 3Ha4YeHHS CTPyMiB
AOPIBHIOKOTb:
I=1-1 I,=1,-1, [3=I;+];
I,,1,,1, -4acTKoBi CTpyM, siKi cTBOprOIOThCs EPC E, Ta BU3Ha4al0ThCs 3 MPOCTOI CXEMH,
300pakeHiil Ha puc. 6

" "

I,,1,,I, -4acTkoBi cTpymH, siki cTBOproroThCs EPC E, Ta BU3HAYAIOTHCS 3 IPOCTOT CXEMH,
300paxkeHil Ha pUC. 8



Thanks for your attention



