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PO MOJIEJIOBAHHS B EJIEKTPOIIOCTAYAHHI
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TIAT «Enepeonocmauanvna komnaunis Qdecaobnenepeoy

Anomauisa. Posenadaromsbcs pizHOSUOU MAMEMATNUYHO20 MOOEN08AHHA eleKMPOMASHIMHO20 NOASA CU-
cmem eneKmponoCmaiants KOHKPemHUX npoOMUCiogux i 0OPIGHEHUX 00 HUX CHOJICUBAYI8 elleKmpoeHepeil,
AKI PI3HOI0 MIPOIO CRUPAIOMbCS HA QI3UKY eNeKMPOCHeP2eMUYHUX NPOYECi8 32A0AHUX CUCHEM | 3ACMOCO8Y-
IOMbCs NpU  OOCHIONCEHH] HOPMANbHUX pedcumie maxux npoyecie. Illepesacy Haoacmvca peanbHO-
Mamemamuunii Mooeni, axa 6a3yEmvcsa HA 3Acadax Cy4acHoi K8AHMOBOI (i3uKu npu cmeopeHHi eleKxmpo-
MACHIMHO20 MO eNeKMPOEHEPSeMUYHUX CUCEMU, 8i0N08I0AE OCHOBHUM BGUMO2AM MEOPEMUYHUX OCHOG
eNeKMPOMEXHIKU | 3HAYHO NOKPAWYE PO3YMIHHA Y OLN0BUX GIOHOCUHAX eNleKMpOeHepeemuyHa cucmema —

CNoACUBAY eNIEKMPOEHEPRIL.

Kniouogi cnoga: mamemamuune Mooenogants @ elekmpoenepeemuyi, MamemMamuyna Mooeib Cucmemu
E1eKMPONOCMa4ants, eleKmpomazHimue noie, QopmanbHO-MamemMamuyna Mooeib, YMOGHO-MAMeMamuita
MoO0enb, peanrbHO-MaAmeMamuina Mo0eib, K6AHMYB8AHHs OieIeKMPUIHO20 CepedosUuLyd.

Beryn

IlepeBarn enekTpuvHOI eHeprii (emeKTpoeHep-
rii) mepen iHIIMMHK BHJAaMHu eHeprii 3po0wiu ii oc-
HOBOIO iICHYBaHHS 1 MOJAJIBIIOTO PO3BUTKY KHUTTS B
ycix cdepax misITBHOCTI JIFOJICHKOTO 3araixy Oyab-
SIKO1 KpaiHu, 3 OyAb-IKUM MOJITUYHAM Ta €KOHOMi-
YHUM ycTpoeM. EllekTpoeHeprito  BUPOOJISAIOTH
HEHTPaJIi30BaHO B EJEKTPOCHEPTeTUYHUX CHCTEMaXx
(EEC) 1 nmepenaroTb KOHKPETHHUM ii CHOXHMBadaM 3a
JIOTIOMOTOI0  IHIMBIIyaJIbHUX CHUCTEM EJIEKTPOITOC-
tayanug (CEII).

3a Bu3HaueHHs [1], CEIIl Oyap-skoro (¢izuaHo-
ro abo IOPUAWYHOTO) CIIOKHMBada EIIEKTPOSHEpTii
BBaYKA€ThCSI CYKYITHICTh TPHOX €JIEMEHTIB OyIb-sIKOi
EEC: 1 — mxepena XuBJIEHHS; 2 — NPUHMaIbHOIO
myHkTy enekrpoeneprii (I1I1); 3 — enekTpudnoi Me-
pexi (MoBITPsAHOT 200 KaOeNbHOT), 1110 MPUETHYE O
3rajiaHoro Jpkepena, sraganuii [1I1 enekrpoeneprii.
[IpuHOMIIOBY cXeMy YMOBHOI'O IPOMHMCIIOBOTO CIIO-
KHBaya eJIeKTPOeHepTii peicTaBlIeHo Ha puc. 1.
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Puc.1. Ilpunanumosa cxema CEIL
KOHKPETHOTO CIIOJKHBa4a eIeKTPOSHepril

[ MepexKa CJ'ICKTpOl'leC}JaBaHHﬂA 2|
= ~ I

TakuM YHMHOM, €JIEKTPOEHEPTil0 MOXKHA PO3T-
nsath y sikocti ToBapHoi npoaykuii EEC, sky Bu-
POOJISIFOTH MPOMHUCIIOBUM CIIOCOOOM (Y BEIIMKHX 00-
csrax i, MOMIPKOBaHO, HE JIOPOTO) ENEKTPOCTAaHIIIi
3rajaHoi cucreMu. ToOTo, K MPOMHUCIIOBA MPOAYK-
it EEC, enextpoenepris € poO0TO0, SKY BHUKOHY-
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IOTh TEHEPAaTOPH EJEKTPOCTAHLINA CHCTEMH VIS
CTBOPEHHS Ha CBOIX 3aTHCKayaxX PI3HHII eIeKTpHY-
HUX noTeHmianiB (Harmpyru). CriokuBaui enekTpoe-
Heprii, 3a JOMOMOTOI CBOiX BJIACHUX EJEKTPOI-
puiimMadiB, MEpeTBOPIOIOTH MOTEHIIIWHY GopMy ele-
KTpoeHeprii (Hampyry) B iHII i BUOM — CIIOKWBa-
10Tb. Takum uymHOM, enekTpuyHa Hampyra CEII
OyAb-SIKOTO CHOXXHMBada, PEaJbHO, € MOTEHLIHHOIO
(hopMoro Ti eIeKTPOCHEPT .

006'ekm oocnidrcennsa — cucTemMa eJeKTpoIoc-
TauyaHHs KOHKPETHOTO CHOXXHMBada €JIEKTPOEHEeprii,
JUISL TOCTIIKEHHS SIKOi BUKOPUCTOBYIOTH MaTeMaTu-
yHe MojemoBaHHS. [Ipu 1bOMy, He 3aBXIH UiTKO
PO3YMIIOTh CydacHy (hi3UKy MPOIIECiB, Ky MpeacTa-
BIISIE TAKa MOJIEIIb.

Sk BiOMO, Yepe3 Iie CTBOPIOIOTHCS CHTYaIlii,
HANpHUKIa, SK Y MUTaHHI 3 PpEaKTHBHUM «EJIEKTPOC-
MO’KUBAHHSAMY, K€ HOPMYIOTHh CIIOKMBadaM 3a J0-
MOMOT0I0 HOPMAaTHUBHOTO J0OKyMeHTa [2], i sike, j0-
CHUTB 4acTo, MPHU3BOJUTH IO CYNEPEUOK MiX IocTa-
YabHUKaMU eJIeKTpoeHeprii 1 ii crmoxuBauamu.
ToOTo, MuTaHHs peanbHO-MaTeMaTHYHOTO MOAEIIIO-
BaHHS Ma€ MpaKTHYHE 3HA4YEHHS, MO OOIPYHTOBYE
AKTYaJIbHICTb MPOBEIEHOTO TOCTIIKESHHSI.

Mema 0ocnidrcenns — po3poOIICHHS peabHO-
maremaTtraHoi mopaeni CEIl, KOHKpeTHOro CroXu-
Baya eJIEKTPOCHEeprii, M0 CIUPAEThCS Ha Cy4YacHY
¢i3uKy mponeciB B i €1eKTpOMarHiTHOMY IO, SKe
€ il po6oYnM 1HCTPYMEHTOM.

[Tpu oMy, HEOOXIJTHO BUPINIMTH HACTYITHI 3a-
naui:

1. ToromutH, BiZOMY 3 TEOPETUYHUX OCHOB
€JICKTPOTEXHIKH, (Pi3UKY EICKTPOMATHITHOTO IO 3
OCHOBHHMMH IIOJIOKEHHSMH Cy4acHOI KBaHTOBOI (i-
3UKH.
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2. 3’s1CyBaTH CTYIIiHb BIAMOBIAHOCTI MaTeMaTH-
YHOTO OMFCY IPOIECIB, IO BiAOYBAIOTHCS B €JICKT-
pomarnitHoMy mosti CEIl KOHKpPEeTHOTO Cro)KuBaya
enekTpoeHeprii (sk migcuctemu 3aransHoi EEC), mo
BiTHOIIIEHHIO JI0 1X Cy4acHOTO ()i3NYHOTO YSBIEHHS.

3. Po3pobutu mieBy peanbHO-MaTeMaTHYHY MO-
nens CEIl KOHKpETHOTO CH0KHMBava eIeKTPOCHEPrii,
sKa J1a€ peaJbHy MOXKJIMBICTh BU3HAUYEHHS IapaMeT-
PIB PSKUMIB TaKOi CHCTEMH 1 € IPUHHATHOIO Ta JOC-
TYIHOIO PO3YMIHHIO YCiX yYacHHUKIB €JIeKTpOeHep-
TeTUYHOTO BUPOOHUIITBA.

Pe3yabTaTtu gociaimxkeHHs.

3 TEOPETUYHUX OCHOB E€JIEKTPOTEXHIKH 3aralib-
HOBiZIOMO, MO0 POOOYMM IHCTPYMEHTOM Oyab-SKOi
EEC e i enektpomartitae mosie. Hampukiaz, B [3],
CTBEPXKYETBCS: «...JEKTPOMArHUTHASI SHEPTHS OT
MecTa ee TeHEpUpPOBaHMS TeperaeTcs K MeCTy Io-
TpeONEeHUsSI TI0 TUAIIEKTPHUKY (1po6oda dce 8 TUHUAX
nepeoayu GbINOAHAIOM OBOSKYIO POlb: OHH SBIISIOT-
Csl KaHaJIaMH, 110 KOTOPBIM ITPOXOJUT TOK, U OpTaHu-
3aTOpPaMH CTPYKTYPBI TIOJISL B IHAIICKTPHUKE). ..».

di3zuka [4] cTBepKYyE, 10 TaKe MOJIe MOXKE ic-
HYBaTH TiJIbKU B EIIEKTPUYHO MPYKHOMY (Pi3HIHOMY
CEpEeIOBHII, SKUM, 332 TBEPDKCHHSM [5], € mieneKT-
pUYHE CcepemoBHIIe OyIb-IKOTO €JIeMeHTa, Oyab-
sxoi EEC.

Haxanb, y HOpMaTHUBHOMY HOKyMeHTi [6], 110
Iie B CbOTOJICHHI YKpaiHu, HaBEeJEHO TaKe BH3HA-
YEHHS! MTOHSATTSI eJIEKTPOMArHiTHOTO TOJIs, sIKe CyTie-
peunTh GitocoPcbKOMy BU3HAYEHHIO iICHYBaHHS pe-
anpHOCTI. Mloro Ha3MBalOTh «OCOGIMBUM BUIOM Ma-
Tepiin, cyOcTaHIlil, AKy HEOOXiqHO BBaXKaTH YHIiBEp-
canmpHUM  OyniBenbHUM — MartepianoMm [Ipuposw,
BKJIFOYHO 3 KocMocom — Marepi€ro 1 ska, O4eBUIHO,
BUZIB MaTH HEe Moxke. ToOTO, eneKTpoMarHiTHe mo-
Jie, 1€ TaKui CTaH Martepil (MarepiaibHOrO Cepe/io-
BHUIIA), 32 SIKOTO Y HbOMY TIOYMHAIOThH JiSITH MEXaHi-
4yHi cwr — enektpuyHi (cunu Kymona) ta MarsitHi
(cumm Kopmosica), [4].

OcCKiIbKM HOPMaTUBHHHN JIOKYMEHT [7] BcTaHO-
BJIIOE Ha JEPKaBHOMY PiBHI IMOKa3HUKH SKOCTI eJe-
KTPUYHOI HamNpyru sIK MOKA3HUKH SKOCTI €JIEeKTpO-
eHeprii, To MOXXHa BBaXKaTH, 1[0 EHEPTis Iepesa-
€THCS CIIOXKMBA4YaM Y OTEHLIHHOMY BUTJISIII — Y BH-
IJISA1 €JIEKTPUYHOT HaIPYTH Pi3HOTO PiBHS, 3aJIEKHO
BiJI BIZICTaHi €JIEKTPOIEpeIaBaHHs.

3Ba)kalOuud Ha CKJIAQIHICTh EJIIEKTPOMArHITHUX
MpoIeciB, BUBUEHHS 1 JOCTIIKEHHS PEXHMIB POOO-
1 Oynp-saxux EEC (mporecu reHepyBaHHS 1 CIIOKH-
BaHHsI €JIEKTPOCHEPTil BiIOYyBaIOTHCS, MailKe, OJJHO-
4acHO), iX BHBYCHHS 1 JOCIIDKEHHS O€3 MOJIEIIO-
BaHHs HE € MOXIUBUM. [Ipu 1poMy, HaiOLIBII TO-
IIMPEHUM B €JIEKTPOCHEPTeTHIIl € MaTeMaTHIHE MO-
JETIOBAHHS, 3a SKOTO MOJENbh — II¢ MaTeMaTHYHa
¢dopmymna, ska (Ha TyMKy ii aBTOpiB) Bignosigae ¢i-

3UIN MPOTIECY, SIKHA BOHA PEMpEe3eHTYE. Aje, MpHU
ILOMY, BUHHKA€ MOXKJIMBICTh CTBOPEHHS MaTeMaTH-
4yHOTO (hopMaltizMy, 3a IKOro abCOIOTHO TOYHI, Oa-
raTopa3oBO IEPEBIpEHi MPAKTHKOIW, MaTeMaTHYHI
METOOW 1 METOOWKH NafoTh (i3UIHO HEMOKIIHBI
3HAYEHHS BEJIMYHH, 110 MOeIor0ThCs. Tak B [8], mo
BigHOIIEHHIO 110 [9], CTBepIKYyEThCS:

«...MaTemaTuueckasi IOCTAaHOBKA TEXHUYECKON
3a/1a4U SIBJISIETCSI CAMOM CIIOKHOM M Ba)KHOM 4acThrO
pabotbl. BaxkHbI HE CTONBKO BHIOMpaeMble MaTeMa-
TUYECKHUE METOIBl pacyera, CKOJNBKO BHIOpaHHEBIE
METOABI YIPOLICHUS NEPBOHAYAIBHOM, TOJIeKAIEH
perienuto puznueckoit 3agaun. OO 3TOM 3a0BIBAOT
aBTOPHI pa3HOOOPA3HBIX MAaTEeMaTUYEeCKUX MOJEINeEH,
JUTSE MHOTHX U3 KOTOPBIX CAMO MaTeMaTH4ecKoe MO-
JICTUPOBAHUE TPEBPATUIIOCH W3 HHCTPYMEHTA JUIs
UCCIIeIOBaHUS B caMollellb. MexX Iy HUMH JJaxKe pas-
BEPHYJIOCh COPEBHOBAaHHE — KTO CJIIENIAeT MOJEIb
KaKoro-mm0o dJeMeHTa «Kpy4e». Mozeneit MHOro, a
MOCYHUTATh YTO-TO KOHKPETHO — BO3MOXKHOCTH
HET...», [0 OOTPYHTOBYE aKTyaJbHICTh MPOBEICHHS
JTAHOTO JAOCIiKSHHS.

Ax Bimomo 3 [3, 4], eNEKTPOMAarHiTHE IMoJIe
CEIl Moxe icHyBaTH TUIBKHA B E€JIEKTPUYHO TMPYXK-
HOMY ieIEKTPUYHOMY CEpEeIOBHIIIi, [0 OTOYYE YCi
i cTpyMOBeAydYi YaCTHHU, OJHOYACHOKO II€I0 Ha
HBOTO HAMPYTH i CTPYMY MPOBIAHOCTI 3raJlaHAX Yac-
TUH. [IpHYMHOIO Takoi MPYKHOCTI € XiMiuHa OymoBa
nienektpuka. Bimomo, mo 1e ckiamHi XiMidHI pedo-
BUHH, HAHMEHIIOI YACTHHKOIO SIKHX € MOJICKYJIH,
K1 CKJIQJAlOThCS 3 HaMEHIIMX YaCTHHOK MPOCTUX
XIMIYHHX pedoBHH (pi3HUX a00 OTHAKOBUX, SIK Y Ta-
3iB atMocgepHOro moBiTpsi) — atoMiB. O4eBHIHO,
IO KOKHA TaKa YacTWHKA JIieJIeKTPHKa MOXKE MaTH
BJIACHE CJICKTPOMATHITHE IOJie, CYKYIHICTh SKHX
MOJKHA BBKATH 3arajibHUM €IEKTPOMArHiTHUM TO-
nem CEIL.

JsdKyroun enekTponpuiiMadaM KOHKPETHOIO
CIIOKMBaYa eJNeKTpoeHeprii 1i moTeHmiiiHa ¢opma
(nampyra) B enexrpomartitHomy moni CEIT takoro
CTIOKHBa4Ya TEPETBOPIOEThCS B JIiHOBY (opmy Ta-
KOTO BUJY €HEprii, ska HeoOXiIHa JJIS BUKOHAHHS
KOHKPETHOT'O BHly KOPUCHOT pOOOTH.

ITpu mpomy, 3 [3] Bimomo, mo dopmansHO-
MaTEeMaTHYHOIO MOJEIUIIO €JIEKTPOMArHiTHOIO MOJIS
oynb-axoi EEC BBaxkaeTncst reopema [loiitunra, sika
BH3HA4Ya€ BEKTOpP TMOBHOI HOT0 MOTY>KHOCTI 3a ITOC-
TIHHUX HANIPYTH 1 CTPYyMY MPOBLIHOCTI, KBA

I[I=ExH, 1)

- -
ne E=U - Bexrop HampyXeHOCTi €JIEeKTPUYHOIO

noJisA, SK YaCTUHM 3arajbHOr0 BEKTOpa  elle-
— -
KkrpoMaruiTHoro mousi, kB/M; H =1 - Bekrop Ha-

MPYKXEHOCTI MarHiTHOTO TOJS, SK JPYroi YaCTHHH
3arajJbHOI0 BEKTOpa €JICKTPOMATrHITHOTO MOJIs, A/M.
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MuTtTeBe 3HAYCHHS TaKOi IMMOBHOI MOTYXHOCTI,
3a MHTTEBUX 3HAYCHb CHHYCOiNaabHOI HAIPYTH 1
CHHYCOIaJbHOTO CTPYMY MPOBIAHOCTI i CTpyMOBe-
IOy4YHX YacTHH, IO BiACTa€ BiJl HANPYTru Ha (a3oBHii
KyT (0, MOXHA IPEACTABUTH y BUIIIAI1, KBA

s=u-i=U-sinatx I, -sin(at—¢)
—J2-U -sinatx~2- 1 sin(wt — @)=
=2-U -1 -sinat-sin(at—¢)
=U - 1-(cosp—cos(2at —¢))=
=U-1-cosp-U -1 -cos(2at ), ()

ne Um — aMIUTITYy/IHEe 3HAuYCHHsI CHHYCOiJaJbHOI

Harpyr, kB; Im — aMIUTITyHE 3HaYCHHS! CHHYCOi-

nanpHOro cTpymy mposiguocti, A; U — nxitoue 3ua-
ueHHs cuHycoinaneHoi Hanpyru, kB; | — miroue
3HAYEHHS CHHYCOiTAILHOTO CTPYMY MPOBIAHOCTI, A;
(¢ — KyT 3CyBy (a3 MUTTEBUX 3HAUYEHb CHHYCOila-
JHHUX HAMPYTH 1 CTPyMy MPOBIAHOCTI CTPYMOBEAY-
yux yactud EEC, rpan.

- -

Ipu oMy, storika cymu aii Bekropis E =U

- -
ta H=1 “A” (“i”) 3miHIOETBCS HA JIOTIKY iX mii
“V7” (“ab0”).

TakuM 4yMHOM, 3’ ABJISETHCA MaTeMaTHYHA MOX-
JUBICTH JUIsS BU3HAYEHHS BEJIMYMHH TIOBHOI MOTYX-
HOCTi CHCTEMH 4epe3 3HaYeHHs HAIPYTH il CTpyMoO-
BEJY4MX YaCTHH i CTPYMy HaBaHTaXXCHHs 32 (GopMy-
J010, KBA

s=sl+s2, (3)
ne Sl - nmepma cxnanosa piBHsHES (2), KBA
sl=U-I-cosg; 4
S2 - npyra ckianosa pisHsHHS (2), KBA
s2=U-1-cos(2-at—p). (5)

Sk MoxHa 0a4uTH, MOBHA MOTY)KHICTH €JIEKT-
pomarnitHoro moist CEIl Oynp-sikoro cmokuBaua
eJIeKTpoeHeprii, Gi3uuHO, Mae OyTH XBUIICIO TOTYK-
HOCTI MOJNSpU3aLil eNEeKTPUYHO NPY>KHOTO JieNeKT-
PUYHOTO CEpEellOBHUINA CHCTEMH, SKa ODKUTH BiX
mokepena ii skuBneHHs (Touka 1 mHa puc.l) mo I
eHeprii crioxxuBaua (Touka 2 Ha puc.l). [Ipu 1pomy,
3HaK ()a30BOro KyTa (P BIUIMBA€ Ha IOYATOK CTBO-
PEHHS i€l XBHII.

MeTonu, 1110 BUKOPHCTOBYIOTBCS y JIaHIi po0o-
Ti JUISL IOCSTHEHHS [TOCTaBJICHOI METH, TOJIATal0Th B
aHaji31 CKIaOBUX PIBHAHHA (2) 3 TOYKH 30py Kia-
CHYHOI 1 CcydacHOi (Pi3MKH B MaTeMaTHYHOMY cepe-
nosuii MATCHCAD mist BUpOOJIEHHST METOUKA
pearbHO-MaTEeMaTHYHOTO MOJCTIOBAHHSI PEKUMIB
CEIl, mo cripa€eThes Ha Cy9acHY KBaHTOBY (i3HKY.

PesynbpTati po3paxyHKy 3a JIOIOMOTOIO (op-
myiu (2) B MaTematudHoMy cepeposuili MATCH-
CAD, 3a ymou: U =10 B; | =5 A; wt =314
l/e; = +7/6 pal., IpeACTABICHO Ha pUC.2, e
Sy - mosua notyxuicte EEC 3a popmyioro (2)

So=u-i=U, -sinotxIl,-sin(at—p).

100 T T
Fon = - 1
|

50

50 |

0,010 0,015

1
0 0,005 0,020 ¢.

a — CTPyM TIPOBITHOCTI 1 HAIpyTa CIiBIaAI0Th

100 . —
Fox i

sob~ N/ p \v/ NG/ L/

.50 1 L '

0 0,005 0,010 0,015 0,020 ¢

0 — CTpyM IPOBITHOCTI BIJICTA€ Bij HAIIPYTH

100 |- 1

-50 |

0 0,005 0,10 0,015 0,020 c.

B — CTPYM IIPOBITHOCTI BUTIEPEIKAE HATIPYTY
Puc.2. ®opmansHo-MaTemMaTuuHa Mojens CEII
TakuMm unHOM, Teopemy IlolTHHTa MOXHa PO3-

DJISIATH Y SKOCTI (hopMajbHO-MaTeMaTHUHOT MOJIEII
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€JIEKTPOMAarHiTHOTO Mot 6yap-sikoi EEC, ska enwme
i1 1oJie TIpencTaBiise, YMOBHO, Y BUTIIAI CYMH JTBOX
MOJIiB, CTBOPCHHUX CHUHYCOINAIbHUMH HANpyrow i
CTPYMOM TPOBIJHOCTI CTPYMOBEIYyYUX YaCTUH 3Ta-
JTAHOI CHCTEMU.

IIpn mpomy: mepina CKiagoBa MOTYXHOCTI Ta-
KOTO IOJIsl, YMOBHO, HAa3MBA€ETHCSI HOTO aKTHBHOIO
TIOTYXKHICTIO, TIO3HA4yaeThcs JiTeporo P i BBaka-
€TBCS TO30BXHBOIO CKJIAJOBOIO ITOBHOI MOTYX-
HOCTI €JICKTPOMArHITHOTO TOJIs, KBT

sl=P=U-1l-cosg; (6)
Apyra CKJIafoBa MOTYXHOCTI 3rafjaHOTo IMOJs, yMO-
BHO, HA3UBAEThCA HOT0 PEAKTUBHOIO IO TOTYXKHIC-
TI0, TI03HAvaeThes Jiteporo (Q i BBaxkaeThes more-

PEUYHOIO CKJIQJIOBOIO IMOBHOI MOTYKHOCTI €JIEeKTPO-
MAar"iTHOTO TTOJIsI, KBap

s2=Q=U-1-cos(2at—¢).

[Tpu 1poMy, 3Ba)KarOUM Ha KyT MK 3raJlaHUMHU
CKJIIOBUMH TTOBHOI TOTYXKHOCTI TIOJIS, SIKAW CKJIa-

o
nae 90, peakTuBHY CKIIaIOBY MOXKHA BU3HAYATH 32
(hopMmyIoro, KBap

Q=U-I-sing. (8)
TaKI/IM YHUHOM, 3’SIBJISI€TLC$1 MarTeMaThudyHa MO-
)KJII/IBiCTI) BHU3HAYCHHS BCIIMYUHHU HOBHOI HOTy)KHOC-

Ti €IeKTPOMATHITHOTO TIOJIA CHCTEMH S 32 BiZIOMOIO
¢dopmyioro, KBA

S=P?+Q?. )

Ha mpakTuii, 3a J0MOMOIrOR KOMEPIIHHOIrOo
00JIIKy €JIEKTPOEHEPrii, KU BCTAHOBJICHO y TOYIIi
0aaHCOBOT TMPUHAJIEKHOCTI EIEKTPUUHHX MEpex
(puc.1), y KO)KHOMY pO3paxyHKOBOMY Tepiomi (ka-
JICHJAPHUA MiCsllb) BU3HAYAIOTh BUTOK aKTHUBHOI 1
PEaKTHUBHOI EJIEKTPOSHEPTi] CIIOKUTHX CIIOKUBAYEM.

[Ipy upOMy BBaXKaeThCs, LIO TepHIa i Apyra
nepeaaeTbes oMy Bij renepatopis 3 EEC. st To-
ro mo0 3ade3neunT KyT 90° MiXK CKIaJIOBUMH aK-
THUBHOI Ta peaKTUBHOL €JIEKTPOCHEPrii,
BUMIPIOBaJIbHI €JIEMEHTH JIYMILHUKIB PEaKTUBHOI
€JIEKTPOCHEPTil BMUKAIOTh 32 CXEMaMH, 10 Bpaxo-
BYIOTH CIIOKMBaHHS 1 TeHEPYBaHHS, puc.3.

PBI :
A
R « Qn a1 . o
& x Qo 3| [ o
C Qc [e
o o Q
«CIIOKHMBAHHA» «TCHCPYBAHHS»

Puc.3. CxemMn BMHUKaHHS pEaKTUBHUX
JYHIILHUKIB

3a TakuX yMOB, YMOBHO-MaTEMaTHYHA MOJICIb
CEIl, B 3ramanoMy pafilie MaTeMaTHIHOMY Cepe-

JIOBUIIII TIPEJICTABJICHO Ha puc.4.

T T T
100} ox. -~ N -
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Puc.4. YmoBo-maTematuuna moaens CEIT
Sk MokHa OayWTH, CIHPAIOYHCh HA TEOPEMY
[Noiituara, ¢dopManbHO-MaTeMaTHYHA 1 YMOBHO-
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MaTeMaTHyHa Mojienb Oynb-sikoi EEC BBaxae, 110
aKTHBHA 1 peaKTHBHA CKJIAJIOBI €JICKTPOCHEpPTii BU-
pobiseThess TeHepaTopamu enekrpocraniid EEC i
MEPEIaEThCsl CIIOKMBAaYaM y BHUTJIISAL ABOX (hi3WMIHO
pI3HHX BHIIB MPOIYKIIii, SIKi BPaXxOBYIOThCS 1 CIIO-
KHUBAIOTHCS, TaKOX, OKpeMo. OYeBHIHO, IO TakKe
YSIBJICHHSI € TIOMHJIKOBUM — 0€3 HasiBHOCTI HaNpyr#
HE MOXKe OyTH CTpyMy NPOBIIHOCTI, SIKHH pa3oMm 3
HaTpyrol CTPYMOBEAYYUX YaCTHUH OYAb-SIKOTO ele-
MEHTa CTBOPIOIOTH B iX [IIEIEKTPUIHOMY CEPEIOBH-
i eTEKTPOMAarHiTHE ToJie — HOCIi eHeprii (3a TBep-
mxerasam [3]).

IIpn mpoMy, Hampyra CTPyMOBEIYyYHX HaCTHH
CHCTEMH, 3aJISKHO BiJ] TIOJAPHOCTI CTUCKAE JiENEeKT-
pHUYHE CEPENOBUIIE Y NONEPEYHOMY HANPIMKY TaK,
SIK IOKa3aHo Ha puc.S,a.

CTpyM MpOBIJHOCTI CTPYMOBEAYYMX 4YacTUH
3raflaHoi CUCTEMH, CTBOPEHHI HANPYTO0 TaKUX Ya-
CTHH, PO3TATYE AiENIEKTPUIHE CEPEIOBUIIE CHCTEMHU
y TONEpPeYyHOMY HaIPSIMKY eJeKTpOoIepeaaBaHHs
Tak, MOKa3aHo Ha puc.5,0.

Puc.5. Pobora nienekrpuunoro cepenosuiia EEC
a — JIist HarpyTH; O — Jisl CTpyMy MPOBiHOC-
TI CTPYMOBEIyYHX YACTHH CHCTEMHU.

Cnmparourck Ha [5], KOXKHY MOJIEKYJTy €JIeKT-
PUYHO-TIPYKHOTO  JIiJIGKTPUYHOTO  CEpeAOBHILA
Oynp-sixoro enementa EEC, cmoTBopeHy omHouac-
HOMO Ji€ro Ha ii (i3nYHUN BakyyM, HAIlpyTH i cTpy-
My TPOBIJTHOCTI CTPYMOBEIYYMX YACTUH CHCTEMH
MOXKHA PO3TJSIIATH SIK KBAaHTOH — elIEMEHTapHHMA
00’eM (izmuHOTO BaKyymMy, OOMEXKEHHUH JBOMA JIU-
MOJISIMH Y TI03/10BXKHBOMY 1 IONIEPEYHOMY HANPSIMKY
enexTponepenaBanus (puc.6).

Puc.6. [lumoni nonspu3oBaHOi MOJIEKYIN
nienekTpuaHoro cepenopuima EEC:
a — CTPyM IMPOBIAHOCTI 1 HAampyra crhiBajaa-
10Th 32 (ha3010; 6 — cTpyM BiAcTae 3a Ga3oro
BiJl HATIPYTH; B — CTPYM BHUTIEpeKae 3a (a-
3010 Hampyry cTpymMoBenydux dyactud EEC.

VY [0310BXHBOMY HAaNpsIMKY €JEeKTpoIepeaa-
BaHHs MPALIIOE HAINPYTa, a Y MONEPEeUHOMY — CTPyM
3MIIIEHHS Y AieTEKTPHYHOMY CEpeIOBHIIIL.

B po6orax [10, 11] «...0but0 MOKa3aHoO, YTO
CTPYKTypa MpOCTPaHCTBA UMEET JIEKTPOMArHUTHYIO
OCHOBY. JleliCTBUTENBHO, 4YTOOBI OTMapKUPOBAThH
KBaHT NPOCTPAHCTBA, HEOOXOANMO YEThIpe MapKep-
HBIX TOYKH. Sl HEe AyMmalo, UTO 3TO YHCTOE COBIAje-
HUe (CIy4ailHOCTh), HO MPHUPO/JIa 3alUIaHUpOBaja 3TH
MapKepHble TOYKUM B BHIE UYETHIPEX 0€3MacCOBBIX
3apsiioB: [1BA JJIEKTPUUYECKHX M JBa MAarHUTHBIX,
CBSI3aHHBIX MEXAy co0Ooii mapamu. [lo cytu nena,
(u3nUecKuii KBaHT MPOCTPAHCTBA — 3TO BJIEKTPO-
MarHUTHBIM KBagpYyINOJib, B LEJIOM BJIEKTPHYECKH
HEeWTpanbHasi W O4YEHb JHEproeMkas Oe3maccoBas
yactuna. HazoBem o0nacTh cpeibl HA YpOBHE KBaH-
Ta TPOCTPAHCTBA CYONPOCTPAHCTBOM...». Takuii
crnoci®é MapKyBaHHs MarepiajlbHOro (i3UYHOrO ce-
peaoBHIIa HA3BAHO KBAHTYBAaHHSM.

KoxeH Takuii KBaHT (CIIOTBOPEHA MOJICKYJIa [i-
enekTpuaHoro cepenosuina EEC Bonomie enektpo-
MarHiTHOIO €HEpTi€lo, SKa MOXe MepeaaBaThCh 3a ii
Mmexi). Cruparouich Ha NPHHIM CYNEPIO3HMILi, 3a-
rajpHe JIieNIEKTPUYHE CePeIOBUILE CHCTEMH MOMKHA
MIPEICTAaBUTH Y BUTIISAI KBAaHTOHA, KU Ma€ YOTUPU
KBaJIpaHTH — KBaIpymouti (puc.7).
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Puc.7. Enepris (IOTyXHICTh) KBAHTOHA
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Sk 6yio mokasano B [12, 13], y mepmomy Ta
IpyroMy KBaJapymnoJii BinOyBaeThCs BHIa4a (CIIOXKH-
BaHHS) €Heprii, a y TpeTboMy Ta 4eTBEpTOMY Ii Te-
HEpyBaHHS, Jie MPAIIOI0Th HATIPyTa 1 CTPYM MPOBiA-
HocTi cTpymoBenyunx dactua EEC. OueBumHo, 110
y MO3A0BXXHBOMY HANpsSMKy KBaHTOHA MPALOIOThH
enextpuyni cuin (cunu Kynona), a y oro momnepe-
YHOMY HampsIMKy — MarHiTHi cuin (cunu Kapuodi-
ca). CaMe TOMy TIOJICc HAa3MBAETHCS CICKTPOMArHiT-
HHM.

PeanbHO-MaTeMaTHUHy MOJENH CHCTEMH €JeK-
TPOTIOCTayaHHs, sIKa CIIUPAETHCSA HA TaKy KBAHTOBY
($i3uKy, CTBOpEHYy B MaTEeMaTHYHOMY CEPEIOBHIII
MANCHCAD 3a 3raganux pasiiiie yMOB, MpeacTa-
BJICHO Ha puc. 8.
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B — CTPYM MPOBITHOCTI BUTIEPEIKAE HATIPYTY
Puc.8. PeanmbHO-MatemaTnuna mozaens CEIT
BucHoBKkH.

3Ba)kalouu Ha MPOBEACHI JOCIKESHHS, MOXKHA
3p0oOWTH HACTYIIHI BUCHOBKH

1. Pobounm iHCTpyMEHTOM OyIb-SIKOTO eleMe-
HTa OyAb-KOI €JEKTPOCHEPTeTUYHOI CUCTEMH € iX
€JIEKTPOMArHITHE II0JIE, SIKE CTBOPIOETHCS B ENIEKT-
PUYHO IPYKHOMY CEpPElOBHIIII, 10 OTOUYE iX CTPY-
MOBEJyYi YaCTHHH, OJJHOYACHOIO JIi€I0 Ha HHOTO Ha-
MIPYTH i CTPYMY TIPOBITHOCTI 3ralaHuX YacTHH.

2. EnextpomarHiTHe ToJie IIe¢ TakWil CTaH 3ra-
JAHOTO EJIEKTPUYHO MPYKHOTO JIIENEKTPUYHOTO Ce-
PENOBHIIA, 32 SIKOTO Y HbOMY ITOYHHAIOTh, OJJHOYAC-
HO, NisATy enektpuyHi cw (cum Kynona) ta mar-
HiTHI cuin (cwn Kapuodica), siki MOXKYTh BUKOHY-
BaTH MEBHUI BUJ poOOTH (KPYTATH, CBITATH, HArpi-
BAIOTh i T. iH.).

3. Enextpuuna eHepris (K TOBapHa MPOYKITis
€JIEKTPOCHEPIreTHYHHX CHUCTEM) € poOOTOIO, SIKYy BH-
KOHYIOTh CHHXPOHHI T'€HEepaTOpH ii eNeKTpOCTaHIIii
JUTSL CTBOPEHHS Pi3HUII MOTEHITIaIiB Ha CBOIX 3aTHC-
Ka4yax — Halpyry, Ky eHeprornocrayalibHi opraHisa-
1ii, 3a JJOTOMOTO0 CBOIX BJIACHUX CJIEKTPUYHUX Me-
pex (kabenbHMX Ta MOBITPSHUX) MOCTAYarOTh JI0
MpUAMAIBHUX MYHKTIB B CHCTEMax eJIEKTPOIOCTa-
YaHHS KOHKPETHUX CIIOKMBadiB. TakuM YWHOM, Ha-
Mpyry MOKHa BBaXKaTW MOTEHLiHOIO (popmoro erne-
KTPUYHOI (€JIeKTPOMarHiTHO1) eHeprii.

4. Teopemy lloiiTuHra, sika € MaTeMaTUYHOIO
OCHOBOIO €JICKTPOMATHITHOTO MOJIS, IO CTBOPIOIOTH
B JIiEJIEKTPUYHOMY CEpENOBHIII MOCTiHHI Hampyra i
CTPYM IPOBIAHOCTI CTPYMOBEIYYHX YaCTUH HE MO-
’KHa, 0e3rmocepeIHbO, 3aCTOCOBYBATH AJISI MOJAEIIO-
BaHHs 3raJIaHOTO TOJIS 32 CUHYCOIIalIbHUX Halpyru
U CTPYMY HPOBITHOCTI 3ralaHuX YacTHH.

5. MareMaTH4HOIO OCHOBOIO MOJIEIIOBaHHS CH-
CTEM EJIEKTPOIIOCTaYaHHs 3a CHHYCOINANIbHUX Ha-
MPYTU 1 CTPYMy HPOBIIHOCTI IX CTPyMOBEAYYHX Ya-
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CTHH Ma€ OyTH MaTEMaTHUYHO IEPETBOPECHE PiBHSIH-
HA (2), O crmpaeThess Ha TeopeMy lloithara, ke
nepeadaydae 3aMiHy JIOTIKM CyMyBaHHS [Iii 3raJjaHux
HATpYTH 1 CTPYMY «i» JIOTIKOIO «a00».

6. YMOBHO-MaTeMaTndHa MOJENb, SIKa i€ ChO-
TOJHI y TPAKTHIN eIEeKTPOIIOCTaYaHHs, nepenadadae
IO CIIOKUBAauaM MEpeacTbCsl SIEKTPOCHEPTisl ABOX
OKpEMHX BH/IB, 32 CIIO’)KUBAHHS SIKUX HAPAXOBY€Th-
csl OKpema Iuiata (SIK 3a aKTUBHE i PEaKTHBHE «CIO-
’KHBaHHS), SKI BBAKAIOTHCSI TOBAPHOIO MPOIYKIIIEI0
€JIEKTPOCHEPTETUYHOT CUCTEMHU. .

7. KBaHTyBaHHS MOJIEKYJIH TI€JIEKTPUIHOTO Ce-
pEeNOBHIA CHCTEMH €JIEKTPONOCTauyaHHA (PO3MiTKa
il 3a JIOMOMOTOIO JBOX JIMIIOJNIB) HA/Ja€ MaTeMaTUd-
HOMY OITUCY €IEeKTPOMAarHiTHOTO (i3uyHOi Oa3u.

8. YMoBHO-MaTeMaTHYHa MOJEINb €JIeKTpoMar-
HITHOTO TIOJISI CHCTEMH €JIEKTPOINOCTaYaHHs HE Mae
HafiitHOTO (hi3myHOTO OOTPYHTYBaHHS 1 Mae OyTh
3aMiHEHa pPeaJbHO-MAaTEMaTUYHOI0 MOJEILIIO.
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ABOUT MODELING IN SUPPLY

A. 1. Doroshenko *, S. A. Borisenko ?
'0dessa national Polytechnic University
2[TAT "power Supplying company Odessaoblenergo”

Abstract. Discusses the variety of mathematical modeling of electromagnetic field power supply systems
for specific industrial and dorwning to them consumers, which is their working tool. Such models in different
extent based on the physics of electric power processes in these systems and used in the study of normal
modes of the above-mentioned processes. The advantage over conventionally mathematical model, which is
widely used in the practice of power, is really-a mathematical model based on the foundations of modern
guantum physics when creating the electromagnetic field of the power system, meets the basic requirements
of the theoretical foundations of electrical engineering and vastly improved understanding in business deal-
ings power system — the electricity consumer. The essence of such electrical engineering and vastly im-
proved understanding in business dealings power system — the electricity consumer. The essence of such
modeling is the quantization of elastic molecules electrically to the system environment, in which they dis-
torted the amount of physical vacuum (matter) mark with two mutually perpendicular dipoles created by the
action of voltage and conduction current conducting parts of the system that is modeled.

Keywords: mathematical modeling in electric power, mathematical model of the power system, electro-
magnetic field, formal mathematical model, the quasi-mathematical model, real-mathematical model, the
guantization of dielectric media.
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Annomayusa. Paccmampusaromes pasHo8uOHOCU MAMEMAMULECKO20 MOOETUPOBAHUS dNIeKMPOMA2-
HUMHO20 NOJISL CUCIEM IeKMPOCHAOMNCEeHUST KOHKDEMHBIX NPOMBIULIEHHBIX U OOPIBHEHUX K HUM nompebume-
Jiell JeKmpodIHepeULl, KOMopbvle 8 PA3HOU CIMeneHy ONUPAmcs Ha QUIUKY IIeKMpPOIHepeemuieckux npo-
4ecco8 YNOMAHYMbIX CUCEM U NPUMEHAIOMCA NPU UCCIe008AHUU HOPMATIbHBIX PEHCUMO8 MAKUX NPOYECCO8.
Ipeumywecmeo npedocmagniemcs peaibHO-MaAMeMaAmuyecKol Mooenu, Komopas 6asupyemcs Ha NPUHYU-
nax co8pemMeHHol K6AHmMoaoul hu3uKy npu co30aHuU 31eKMpPOMACHUMHO20 NOJI DJIeKIMPOIHEPLeMULeCKUX
cucmembyl, Omeeuaem OCHOBHbIM MPebOBAHUAM MEeOPEeMULECKUX OCHOB JJIeKINPOMEXHUKU U 3HAYUMETbHO
VAYYUiaem noHUMAanue @ 0el0GbIX.

Kniouesvie cnosa: mamemamuueckoe MoOeIUPOSAHUe 8 DIIEKMPOIHEPeMUKe, MAMeMamuiecKkas Mo-
0ellb CUcCmeMbl JNeKMPOCHADICEH UL, INEKMPOMACHUMHOE NOJle, hPOPMATHO-MAMEMAMUIECKas MOOeb,
VCIIOBHO-MAMEMAMUYECKASL MOOEb, PEATbHO-MAMEMAMUYECKdsi MOOelb, KEAHMOBAHUE OUILEKMPULECKOU
cpeowl.
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