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BCTYII

3amizHuil YKpaiHu croXuBaroTh Oinmbine 5% enekrpoeneprii ta 10-15%
JM3ENIbHOTO  MMajiuBa. 1OMYy OCHOBHOIO METOI0 EHEpPreTUyHOi  CcTparterii
«YKp3aJli3HUII» € €KOHOMIsS MAIMBHO-CHEPTETUUYHUX PECYPCIB MPHU 3a0e3MeueHH1
NEpeBE3CHb 3 ypaxyBaHHSAM 3POCTaHHS €KOHOMIKHM KpaiHu. OAHUM 3 paJuKaTbHUX
NUISIXIB JOCSATHEHHS IIi€i METH € BUKOPHUCTAHHS HAKOMUYyBadiB EHEprii, fKi,
PO3AUTUBIIN B Yaci MPOIEC OTPUMAHHS Ta CHOKMBaHHS €JNEKTPUYHOI €Heprii Ha
TATY 1 JOMOMDKHI MOTpeOu, Ha AYMKY (axiBIiB, MOXYTh 3aomamuta 10 30%
€HEPropecypciB.

3 ICHyIOUMX  THUIHIB HaKOIUYyBayviB eHeprii (J1IT1I€BO-10HHI,
CYNEPKOHJEHCATOPH, MAaXOBHKH, HAANPOBIAHI) HAa CBHOTOJHINIHIA JeHb Ha
peanbHUX 00'€KTax MPalIOIOTh CJICKTPOMEXaHIuH1 1HEPIiHHI HakonuuyBayi [1...3],
JUISL AOCIIJIKEHHST pOOOTH SIKUX HEOOX1JIHE 3ay4eHHSI CYy4aCHOI0 MaTEeMaTUYHOTO
ariapaTy 1 BUCOKOPO3BMHEHHUX 3aC001B ITPOrpaMyBaHHSI.

B pamkax KypcoBoi poOOTH CTyIEHTaM IPOMOHYETHCSA B MPOTPAMHOMY
cepenoBuiili. MATLAB Bupimmt cucteMy audepeHIialibHUX pIBHSIHB, SKa
onucye  (PyHKIIOHYBaHHS  OOpPTOBOrO  €JIICKTPOMEXAHIYHOTO  1HEPIIMHOTO
HAaKOMMMWYyBaya €HEprii y CKJIaal TATOBOIO EJIEKTPONPHUBOIY IMPUMICHKOTO
€JIEKTPOIIOi3/1a B peKUMaX raJlbMyBaHHS 1 pO3TOHY.

Posraspaerbest mpolec 0OMiHY €HEPri€l0 y TATOBOMY €JIEKTPONPHUBOAL MK
CJIEKTPOJIBUTYHAMH Ta HAKOMWYyBauyeM Yy PEXKHUMI TaJIbMyBaHHS MPUMICHKOTO
enektpornoizny. Ilponec omucano cuctemoro audEpPEHIIHHUX PIBHSAHD, SKY
HeoOximHo Bupimutu y cepefgoBunii MATLAB 3a pomomorm cranmgapTHHX
BupimryBauiB ODE.

3amaHo MmapamMeTpu MPUMICHKOTO €JIeKTPOMOi3 Iy, TITOBOTO €IEKTPOIBUTYHA,
IHEPIIITHOrO eNEeKTPOMEXaHIYHOTO HAaKOoMUYyBaya EHEprii, a TaKOX IOYaTKOBI
YMOBH JIJI IHTETPYBaHHS.

[IInsixoM BUpIilIEHH CcUCTeMU JU(GEpeHIIHHUX pIBHSAHb HEOOXITHO
OTpUMATH 3aJEeKHOCTI y QYHKIIT Yacy:  CTpyMy B €JIEKTPUUYHOMY KOJI

HAaKONMYyBauy - €JEKTPOJBUTYH, IIBUIKOCTI PYXy €JIEKTPONOi3/a, YacTOTU



o0epTaHHs pOTOpa HAKONMHWYYyBaya, a TaKOXX EHEPreTUYHI MOKa3HUKU POOOTH

CHUCTCMU.

BAPIAHTHU 3ABJIAHD JIJI1 BUKOHAHHS KYPCOBOI POBOTH

[TapameTp Bapiant

1 2 3 4 5 6 7 8 9 10
Maca 50 55 | 60 | 65 70 50 55 | 60 | 65 | 70
MOTOPHOI'O
Baro”Ha, T
Maca 40 45 | 50 | 55 60 60 55 | 50 | 45 | 40
IMPUYCITHOTO
BaroHa, T

Koncrpyku. 100 | 120 [ 140 | 160 | 180 | 200 | 210 | 120 | 140 | 160
HIBuAKICTD,
KM/ros

Enepris 5 6 |55 65 | 7 8 | 75|85 55| 65
oOMiHy
HaKOIu-
yyBaga, M/x

Mowment 3 33 | 3,6 | 3,9 4,2 4,5 48 | 51 |54 | 57
inepuii
HAKOITH-
yyBaya, H*m

Crpym B 700 | 720 | 740 | 760 | 780 | 800 | 820 | 840 | 800 | 820

cHCTeMi
MMOYaTKOBHH,
A

[IBuakicTh 40 45 40 45 40 45 40 45 | 40 45
moi3a
[M0YaTKOBa
KM/TOJT

Yacrora 500 | 600 | 700 | 800 | 900 | 500 | 600 | 700 | 800 | 900

o0epTaHHA
HaKONHUYyBaya
IO4YaTKOBA,

MUH




BUXIIHI JAHI TA HOCTAHOBKA 3ATAYI

Y  nporpamHomy  cepenouii  MATLAB  BupimmuTa  cucremy
nudepeHiiHuX PiBHAHB, SKa OIMHUCY€E Mpolec OOMIHY EHEpri€l0 B TSATOBOMY
CJIIEKTPOTIPUBO/I1 €JIEKTPOIOI3ay EP2T MIXK ZIIBOMA TATOBUMH
eJIEKTPOABUIYHAMHM TiocTiiHOrO cTtpymy 1JITO03 omHOro Bi3ka Ta OIHUM
OOpPTOBUM  eJIEKTPOMEXaHIiYHUM  HAKONMUYyBayeM eHeprii B  pexumi
raJibMyBaHHs. BBaxkaTu, 110 Mpu TajlbMyBaHHI HaKONMWYyBad MpHUIIMAaE EHEPTiio
CIIOBUIBHEHHSI Macu pPyXOMOTO CKJaay, IO MPUXOJUTHCA Ha JiBa TATOBUX

CJICKTPOJBUTYHA.

[lapameTpu €JIeKTpOIOi3ay, TATOBOTO EJIEKTPOABUIYHA Ta HAKOMHMYyBaya €HEprii

HaBejieH1 y Tabnuusix 1.1, 1.2 ta 1.3, BianoBiaHO.

Tabmuug 1.1 — [Hapamerpu noizna EP2T

[Tapamerp 3Ha4YeHHS
CucremMa TAroBOTO €JIEKTPONIOCTaYaHHS =3 kB
OcpoBa ¢popmyia 20-29
JloB>kuHa cexirii moi3ga, M 39,2
[[lupuHa BaroHa, M 3,5
Bucora nag PI'P, m 43
HiameTp xosreca, M 1,05

KinbkicTh Miclb J11 CUJIIHHS Y:

cekrii 194
MOTOPHOMY BaroHi 110
rOJIOBHOMY BaroHi 84

Maca Barona:
MOTOPHOTO, T 65,8

PUICTTHUH, T 51,3




KoHcTpykKIlifiHa MBUAKICTh, KM/TO 130
IpuckopenHs, m/c” 0,72
VIOBUIBHEHHS, M/c’ 0,8

[ToryxHicTh Ha TATY, KBT 960
KinpkicTh ABUTYHIB 4

Tabmums 1.2 — [Napamerpu nuryna 1/1T-003

[Tapametp 3HavYeHHS
[TotyxHnicts P, kBT 235
Hanpyra U,,,,B 750
Crpym I, A 345
YacTtoTa oOepTanHs N, 06/MUH 1250
Maca m, kr 2300
MowmenT Ha Bany M, H'm 1700
KoedirtieHT KOpUCHOT i1 #ieq, B.O. 0,905
AxTuBHU# omip Ry, Om 0,14
InayxTuBHICTD Ly, ['H 1,52 107
Mainnana noctiiHa Cpg 102
MammnaHza noctiiHa Cey 10,7

Tabmuus 1.3 — [MapameTpu HakonuyyBaya

[TAPAMETPU
["abaputHi po3mipu, M: D x H 0,6 x 0,47
Enepris oominy, M/ 5,2
[ToTyxkHicTh, KBT 280
Hanpyra nominansHa, B 700
CtpyMm HOMIHAJIBHUM, A 400




MAXOBHK
Martepian BYTJICTUIACTHK
Posmipu, m: d BHII. X d BHTp. X h 0,45x0,22x0,34
Maca, kr 110
MowmeHnT iHepii, KT ® M- 3,5
OGeptH, XB™: Max ... min 16550...500
SKIP
Yuco nosociB 4
ITonrocHuM moAlI, M 0,168
Yucio da3 4
Yucio KoTymok y ¢asi 4
IanykTuBHICTD, ['H 3,05-107
AxTtuBHH omip, Om 0,005
MammnHa nocrtiiina Ce, 0,182
Mamunana noctifaa Cp, 1,75
IHAYKTOP
Marnit, m: L x H xW 0,16x0,23x0,015
maTtepian Nd-Fe-B
[amykuis, T 0,2
[Tpomixkok, M 0,003

Pe3yjabTaTH poO3paxyHKy Tmiporiecy OOMIHY €HEpPri€l0 JUisl PexuMy

raJIbMyBaHHs HABECTH y BUIJISAI TpadikiB QPyHKIIIH
- CTPYMY B CHCTEMIi «HAKOIIMYYBA4-TATOBHI SIEKTPOIBUTYH» I4(t) ;
- IIBUKOCTI €IIEKTPOIIOi3ay Vps(1);

- yacTOTH 00epTaHHs poTopa HakonmuayBaua Wp(t) ;



- KIHETUYHA HepTisd pyXy pyxomoro ckiamxy Wy(t);
- KIHeTHYHA CHepris o0epTanHs poTopa Hakornmuuysaua Wy(1);

K1 TPEJCTaBUTH Ha OKpeMHX TpadiyHHX MOJOTHAX, a TAKOX MpOaHaNi3yBaTH

Gbi3uyHul 11epedir IPoIeciB OTPUMAHUX 3aKOHOMIPHOCTEH.

TEOPETUYHA YACTHUHA POBOTH

Cxema I MaTeMaTHYHA MOJIeJIb NPOLeCY 00MIHY eHepriero

CTpyKkTypHa cXeMa TATOBOTO EJEKTPONPUBOJA 3 HAKOMMYyBadeM CHEprii
JUTSL TOCITI/DKEHHS MpolieciB 0OMiHy B pexxuMi rambmyBanHs EPC [4] HaBeneHa Ha

puc. 2.1.

- Ti,/' li:r

Pucynok 2.1 — CtpykTypHa cxema TArOBOIO IMPUBOJIA 3 HAKOIIMYYBAYEM:
KM — xoHntakTHa Mepexa, P — peiika, K1, K2 — xmtou, /[ — skBuBanentHsiiit TEJ], H

— HaKONU4yBad, iy, i,, — CTPYM JABUTYHA Ta HAKOIIMYyBayda

Ha 6a3i piBHSHB €JEKTPUYHOI PIBHOBAru 1 PIiBHSAHL PyXy MaTeMaTUYHHMA
OMMKC TIPOIECIB, MO0 TPOTIKAIOTh B TATOBOMY TPHUBOJI 3 JIBOMa TSITOBHMH

JABUT'YHAMH 1 HAaKOIIMYyBa4Y€M, Ma€ BUTTIA:

B pexkuMi ranbemyBaHHs EPC



did — €% _id(Ra + Rn).
dt L, +L,
dv el
B=K, -1, (2.1)
dt v
dw,
ai
C C..B
ne K, — ~md Plted Ty Ky = ~m sl _ enexTpodizuuni koedimientn; Ry, Ly —
Ceq 30M J

akTuBHU omip 1 iHAYKTUBHICTH TEJl; eq — enexktpopymiiina cuna (EPC) TEJL; e, —
EPC HakomuuyBaua; iy — CTpyM B CHCTeMi; Mps — Maca CEKIil eIeKTpornoisja,
npunajgae Ha ekBiBaieHTHUH TEJ; Vips— mBuaKicTh EPC; Cgq, Crng — MalIvMHHI
nocriiiai TEJL; f,, — muToMa cuma onopy pyxy; #n, #ed, #r — KI1J1 HakommuyBaya,
TEJl, taroBoro mpuBojay, BiamoBigHo; R,, L, — akTUBHE 1 1HAYKTUBHUHN OIIp

obmotku 30yxenns TE/], BinmoBigHo.

TsroBi eneKTpOABUTYHH TOCTIMHOTO CTpyMy npu TanbmyBanHi EPC

MPaIOI0Th B PEKUMI T€HEpaTOpa 3 HE3AJICKHUM 30y IKCHHSIM.

®yrkuito EPC  gpuryna €4 = f, (Vps N ) 3a7laéMO B BIAMOBIMHOCTI 3
JOCIIIIHUMU JaHUMU (puc. 2.2) y BUIUISIAI OAHOMIPHHUX MacuBiB uucen VpS 1 v
po3mipy 1x24, a Takox aBoMipHOTO MacuBy Ed po3mipom 24x24.

Jlist oOuncnenHs qoBiabHOro 3HaueHHss EPC nBuryHa €, B JOBUIbHIN TOYII
(Vps i ) 3aCTOCYEMO IHTEPIOJAIi0 (YHKIII HAa OCHOBI JAPIbHO-(DAKTOPHOTO

mocriny 2% [8] mo wotupbom Toukam (VpS;, Iv;), (VPSi+1, 1v)), (VpSi, IVj+1), (VPSis1,

IVj+1) Ha muomuHl VPsOIlv, B34THX 13 3aJaHUX MacHBIB 1 OTOYYIOUUX JOBIIbHY

toury (Vog.i, ): VPS SV <VPS,p, Iv) <, < vy,

[To macuBy EdQ BH3HAYMMO BiAMOBIAHI 3HAYCHHS QYHKIIIT:



Edi+1,j

=Ed;  z,=¢,(Vps...lv;)=

2, =e,(Vps;,Iv;)

Edi+1,j+l .

& (VpS|+1’IVj+l)

Ed; j.. 7

2y =€, (Vps;,Iv, ;)

Busnaunmo koediieHT piBHAHHS perpecii:

ay + X +a,X, + A% X,

y:
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Pucynok 2.2 - 3anexxunicts EPC nBuryna ey Big msuakocti EIIC vy 1 cTpymy

TOPYIICHHS Iy



[TincTaBnsroun B piBHSHHS perpecii 3HaUeHHS KOJIOBaHUX (DaKTOPiB

X, = Vs —VPS,, X, = Iy, — Ivcp
Vps,, —Vps; | v, —Iv;
Vps. +Vps, lv; —1v; .
(TyT VpS,, = %, lv,, = JTH), oTpumaeMo 3HadeHHs ¢yHKIii EPC

JIBUTYHA B TEHEPATOPHOMY PEXUMI €4 = fe(vps ,iv).

Jlis  BU3HAUEHHS KOPUCHOTO €(eKTy BiJl 3aCTOCYBaHHS OOPTOBOTO
HAKOIMWYyBa4ya B CKJIaJl TSATOBOTO E€JIEKTPONPHUBOY BBEIAEMO MOKA3HUKH OLIHKHU
BJIACTUBOCTEH pOOOTH HAaKOIMMYyBaya.

Takum YWHOM, HaBeJeHI MaTeMaTU4YHlI MOJENI JaloTh MOKJIMBICTD
BU3HAYHUTH 3aKOHOMIPHOCTI MPOTIKAHHS MPOIIECIB 0OMIHY €HEPri€r0 MiXK TATOBUMHU

JBUTYHAMH 1 HAKOITMYYBayeM B peKMMax po3rony 1 raneMyBanHs EIIC.

BUPIINEHHSI CHCTEMHU JIM®EPEHIIIMHUX PIBHSIHb
TA IX AHAJII3

Jist  BupimieHHs cucTeMu audepeHniiHux piBHAHb (2.1) ckIagemo
KOMIUIEKC MpOorpam, siKi J03BOJSIOTH JOCTIAUTH TPOIEC OOMIHY €EHEprielo B
TATOBOMY €JIEKTPOINPHU

BoAl enektponoizny EP2T wmik pABomMa TITOBUMM €JIEKTPOABUTYHAMHU
noctiiHoro  ctpymy  1JITOO3  omHoro Bi3ka Ta  OJHUM  OOPTOBUM
CJICKTPOMEXaHIYHUM HAKONMUYyBaueM €HEeprii B pexuMax rajibMyBaHHS Ta
pPO3TOHY.

Kowmrmiekc BMminnye B cebe 4OTHpU TPOTpaMH, CTBOPECHHUX sIK M-daitmm y
nporpami MATLAB: mod03.m, proc03.m, dataEDS.m, interp.EDS.

daiin-pynkmis  mod03.m  —  mporpama  (GOpMyBaHHS ~ CHCTEMH
mudepentiiaux piBHsHb (CAY) (2.1) ais pexumy raabMyBaHHS C KepyBaHHSIM
CTpyMy 30y/DKeHHS [UIsi METOZIB 1HTErpyBaHHS MPOrPAMHOIO CepeloBHUIIA

MATLAB.



Bxigni mapamerpu — 3MiHHa 4Yacy U Ta BEKTOp 3MIHHUX CTaHIB, SKHUU
BKIIIOYae 3MiHHY crpymy 1dg=x(1), 3MiHHY MIBHIKOCTI PyXy EJICKTPOIOI3Iy

vPS=X(2) Ta 3MiHHY 4acTOTH 0OepTaHHs poTopa HakomuuyBada Wnd=x(3).

Buxinauit mapameTp — BEeKTOp MOXiTHUX 3MIHHUX CTaHiB f, skuit BKirtoyae B
ceOe mepmn moxigHi ctpymy didg, mBHAKOCTI pyxy enekrpomoizay dvps Ta

9acTOTH 00epTaHHs poTopa HakomuayBadya dwnd.

JlicTinr nporpamu HaBeneHo y Jlonatky A.

Qaitn-nporpama Proc03.m mpencraBisie co0O CIEHApIA TOOYIOBH
mpoiieciB OOMIHY €HEpri€l0 MDK HaKONMUYyBadyeM Ta JABUTYHAMH B TSATOBOMY
€JICKTPOIIPUBO/1 B PEKMMI rajlbMyBaHHS €JIEKTPOIOi3ay.

daiin-nporpama proc03.m 3Bepraetbes g0  (dain-¢pynakmii mod03.m 3
cucTeMor0 JaudepeHiiauX piBHsIHb (2.1) Ta 3a momomoru BupimyBada 00e23t,

SAKUU pealli3ye HesBHUM MeTo/ Tpamneuii, Bupimrye CIY.

Y mporpami mepenidyroThCsl TOCTIHHI TMapaMeTpu Ta iX 3HAYeHHS,
BKa3yloThcs noctiitHi koediientu K2, K3, KE, mo Bxoasate 1o ckiuaxy CAY (2.1),

Ta 3a3HAYAETHCS BEKTOp HauabHUX yMOB XO.

Pe3ynbTaTi po3paxyHKy BUBOJATHCA y BUIIISLAL rpadikiB (GyHKIIN Ha OKpeMi

rpadivHi MOJOTHA 3 3a3HAYEHHAM KOOPJAMHATHUX OCEH Ta Ha3BOIO rpadika.
Jlictinr mporpamu HaBeneHo y Jlonatky b.

Takox y mporpaMi BUKOPUCTOBYIOThCs mignporpama dataEDS.m, B skiii B
3aJIEKHOCT1 BiJI BEKTOpa IIBHUJKOCTI PYXY €JIEKTPOIOi3/ia VPS, BEKTOpa CTPYyMY
30ymxennst TEJ] 1d 3apaetscst macuB 3Hauenb EPC TE]] edg Tak, mo ¢popmyerbes
MOBEPXHs, 300pakeHa Ha puc. 2.2.

Jlictinr mporpamu HaBeneHo y Jlonatky B.

Jlnis po3paxyHKy JOBUIBHOTO 3HAUEHHS €NEKTPOPYUIINHOI CHIIM TSITOBOTO
CJICKTPOJBUTYHA 3aCTOCOBYETHCS IHTEpHoJsIiss (GyHKIII HAa OCHOBI JpiOHO-

(aKTOPHOTrO €KCIIEPUMEHTY, 110 ChOPMOBaHO y BUTJIAAI porpamu interpEDS.m.



BxigHuMu mapaMmeTrpaMu € TOYKa IHTEPIIOJNAIIl 3 KoopauHaTaMu (X,V). Buximauii
napaMeTp — 3Ha4eHHsI (PyHKII{ B TOYILII IHTEPIIOJISIII].

JlicTinr mianporpam HaBeaeHo y Jlogatky I'.

PE3YJIbTATH BUPINIEHHSI CUCTEMM JU®EPEHIIMHUX
PIBHSIHb
Jlns BupimeHHs cucteMu audepeHmiinux piBHsAHb (2.1) y tabmumi 3.1.
HABEJCHO IMOYAaTKOBI YMOBH JJIS UYMCEIBHOTO PO3PAXyHKY: BKa3aHO MOYATKOBI
3HaYEHHA CIPyMy Ig, IIBUAKOCTI PyXy Vps Ta 4YacTOTH OOEpTaHHA poTopa

Hakomnmu4dyBada W,.

Tabmuns 3.1 — [MoyaTkoB1 YMOBH JIJIsl YUCETHHOTO MOJICIIIOBAHHS (B 3aJI€KHOCTI

BiJl HOMEPY BapiaHTa)

[TapameTtpu 3HaYCHHS
Ig, A 875
Vps, M/C 12,5
Wy, 1/c. 52,4

PesynbraTu BupilieHHsa cucteMu TUQEepeHIiiHnX piBHIHB (2.1), ska onucye
npolec 0OMIHY €HEpri€l0 MiXK HAKOMUYYBayeM 1 TATOBUMHU JBUTYHAMH B PEXHUMI
raJIbMyBaHHI €JIEKTPOIOI3y, MPEJACTABICHO Y BUTIISAAI TpadikiB QPYHKININ CTpyMy
B CHCTEMI  «HAKOIMYYBA4-TATOBUM  eNeKTpomaBuryH»  Ig(t),  mBHaKOCTI
eIIEKTPOIIOI3AY Vps(t), dacToTH 00epTaHHs poTopa HakomuuyBaua Wy(t), kiHeTuuHO1
eHeprii pyxy enekrpopyxomoro ckiamy Wy(t), kiHeTnyHOi eHeprii oOepTaHHs

poTopa HakonuuyBaua Wp(t).

BcraHoBieHo, mo mnpu pyci €NEeKTPOMNoi3ny B pPEXUMI TalbMyBaHHS

IIBUJIKICTh 3HWKYEThCA 3a 12 ¢ Biag 3HauenHs 12,5 m/c po 7,5 m/c, a yactora



00epTaHHs HAKOMMUyBada 3pocrae Bim 52 ¢'mo 1240 ¢, i mam ui moxasHHKH
3MIHIOBINCS HE CYTTERO.

Ctpym y cuctemi niarpumyBaBcsa Ha no3Haull 1000 A, a micis 3aKiHUSHHS
12 ¢ pi3Kk0 3HU3UBCS 10 HYJIA.

BiZHOCHO €HepreTMYHUX CKJIAJIOBUX BCTAHOBIEHO, IO B TIOYATKOBHIA
MoMeHT ragpMyBaHHss EPC maB eneprito 5,46 MJIx, a B kinueBuid — 1, 85 MJIx.
[Tpu 1bOMy HaKOMUYyBad MOYaB 3a0IIAKyBaTH €Heprito 3 BiAMITKH 4,8 kX, 1110
BIJIMOBIIa€ €HEprii «MepTBOTO 00’eMy», 1 Ha 20 ¢ HOTro eHepris aocsria 3HaYCHHS

2,5 MJTx.
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Puc.3.1 — Pesynbratu Bupimensas CIAY (2.1) B pexxumi ralbMyBaHHS MOi31y
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