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USE OF THE INFRARED RADIATION RANGE OF CELESTIAL BODIES FOR
NAVIGATION OF SHIPS

The purpose of the article is to substantiate the need to develop and implement astronavigation
systems on ships to improve the reliability of navigation of ships in the event of a global positioning
system failure. This goal is achieved by analysing the vulnerability of global navigation satellite
systems as the main means for determining the location of a ship in modern navigation; assessing the
real state of navigational astronomy as a possible alternative to global navigation satellite systems
when determining the location of a ship on the high seas; proving the possibility of using the infrared
waveband in astronavigation systems on board a ship to improve the efficiency of navigational
astronomy. The advantages of the infrared range over the optical range for determining the location of
ships have been proved, which are expressed in independence from the brightness of the daytime sky
background, significantly less dependence on hydrometeorological conditions, primarily on humidity,
and higher atmospheric transparency in spectral windows during the transition from the visible to the
near-infrared spectral region. It is shown that infrared stars of the late spectral classes K, M, N, C in
the near-infrared region are the best for use in astronavigation systems due to the characteristics of
their number, distribution over the entire celestial sphere, stationarity of the infrared image, and
constancy of the stellar magnitude. The «windows of transparency» of the Earth's atmosphere in the
near-infrared region of the spectrum are shown. The capacity of the optimal catalog of navigational
luminaries for observation in the near-infrared spectral region is mathematically substantiated, and
data on stellar magnitudes for the brightest navigational luminaries are given for the marked
transparency ranges. The most significant result is the development of the structure of the
astronavigation system of marine vessels for automated determination of the ship's position by
tracking celestial natural landmarks (stars and planets), measuring astronavigation parameters and
processing the measurement results by the system's computing device. The further direction of work is
to provide proposals for the construction of the photodetector of the proposed system.

Keywords: navigation, celestial body, infrared range, sea vessel, radiation, «window of
transparencyy, astronavigation system.
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PO3POBKA NIIXOAIB 10 ®LJIbTPAIII HEAKTUBHOI TA AKTUBHOI HATIPYTH
HA IIIUHAX EJJEKTPOIIOCTAYAHHSA B CYJHOBIN EJEKTPOEHEPTETUYHIN
CUCTEMI

Memoio cmammi € po3pobka nioxodie 00 inbmpayii Hanpysu HA WUHAX OJICUBTIEHHS 8
elleKmpoeHep2emuyHii. cucmemi cyoHa, wo 003801i€ 3abe3nedumu NnoeHe YCYHEeHHs 2APMOHIUHUX
CKIA00BUX CMPYMY [ HANPY2U 8 OYOb-AKUX HCUBUNLHUX eIeKMPUUHUX MEPeNcax, K 3 HeCKIHUeHHUMU
2EHEPYIOUUMU — NOMYHCHOCMAMU,  MAK 1  NOPIGHAHHUMU 3 NOMYHCHICMIO,  CHONCUBAHOIO
HABAHMAJICEHHAM, Npu 0YO0b-AKUX, SAK JIHIUHUX, MAK I HeliHilHux Hasawmadjcenusx. Ilocmaenena
Mema 00CAAEMbC WLIAXOM PO3POOKU 080X NiOX00i6 00 ¢hinbmpayii HeakmueHoi ma aKmueHoi
Hanpyau Ha WUHAax eieKmponocmavanHs 6 cyOHOS8Il eleKmpoenepeemudtit cucmemi. Bemanogneno,
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WO OOHUM 3 XAPAKMEPHUX PUC CYYACHUX CYOHOBUX eNeKMPOeHepeemUdHUX CUCmeM € me, W0 80HU
Micmsamb  3HAYHY KILIbKICMb  00IAOHAHHS, MAK020 5K GUNPAMIAAYL, IHEEPMOpU, Nepemeoprosayi
yacmomu i On0KU Oe3nepedilino20 JHCUBNeHHs, 8 AKUX BOJbM-AMNEPHI XaApaKmepucmuku €
Heninitnumu. Lle obnaonanus ecenepye Oilbul BUCOKI 2APMOHIKU CMPYMY | HANPYeU, WO He2AmMUeHO
BNIIUBAE HA MEPENCY HCUBNEHHS 3MIHHO20 cmpymy. Lli eapmoHiku mModcyms cnpuduHumu pe3oHancHi
ABUWA 8 eNleKMpOoeHepeemUdtil cucmemi CyOHd, Nopywumu pooomy cneyianbHoi Komn'romepHoi
MexHIKU, anapamis pereuHo20 3axucmy t a8moMamuKu, a MmaxKodc NPUCKOPUMU CMAPIHHA 3018yl
OCHOBHO20 eNeKMPOOONAOHAHHS, WO 6 pe3yIbmami 3HUNCYE HAOIUHICMb eNeKmponoCmaianus
CnoJcuUBauie aemoHomMHo2o ob'exkma. Tomy 6ce Oinvwia yeaea npudinaemvcs po3poobyi 3acodie ma
Memooie AKMUBHO20 KepYBAHHs 2eHepayiclo ma po3nooiloM eNeKmpoeHepeii 32i0H0 3 NeeHUMU
sumMozamu, 01 3a0e3neuerHs HeoOXiOHOI AKOCMI eflekmpoenepaii ma YCyHeHHs 63AEMO0ii nNapaieIbHoO
npay4020 001A0HANHA 3i CMOPOHU HCUBULLHOI Mepedci. Hallbinbw cymmesum pe3yiomamom € ,
no-nepuie, GU3HAYEHUUl CHOCIO 2eHepayii KOMNEHCAmMOpPHO20 CMPYMY 8 eleKmpomepedtcy, KUl
3abe3neyye noeHy KOMNEHCAYil0 HeaKMUBHUX CKAA008UX CMPYMY CHodcuéaua, no-opyee, nioxio 0o
Ginempayii Hanpyeu Ha WUHAX JHCUBTIEHHS, WO 3aDe3neuye CnilbHy pOOOMY Pi3KO 3MIHHUX NOMYIHCHUX
HABAHMAJICEHb 3 eIeKMPONPUUMAYAMU, YYMIUBUMU 00 Cnomeopens Hanpyau. Omoice, 6CMano81eHo,
Wo BUKOPUCMAHHA HAGIMb 0A308UX cucmem YNPAaGliHHA AKICMIO eleKmpoeHepeii  003805€
3abe3neyumu 3HauyHe NiOBUWEHHS NPOOYKMUBHOCMI MEPEXNC] eleKmpPONOCMAYanHs, Wo CMOCYEMbCs
30Kpema 38apro8aibH0O20 00JIAOHAHHS.
Knrouogi cnoea: cyonosa enekmpuuna cucmema, e1eKmpuina mepesxca, Cmpym, AKmueHa ma

HeaKmueHa Hanpyea, JiHilHe ma HeaiHilHe HABAHMANCEHHS, Pitbmpayisi.

IloctanoBka mnpoOiemu. OpHiI€I0 3 XapakTepHUX OCOOIMBOCTEH CYYacHUX CYIHOBHX
enektpoeHeprernuHux cucreM (CEC) € HasiBHICTB B 1X CKJIaJi 3HAYHOI KITBKOCTI 00JIaIHAHHS, TAKOTO
SK BUIPSAMIISAYI, IHBEPTOPH, MEPETBOPIOBAUlI YaCTOTH 1 OJIOKM Oe3repeOiiHOTO >KMBJICHHS, B SIKUX
BOJIT-aMIIEPHI XapaKTEPUCTUKHU € HeNliHIMHUMU. Take o0naHaHHS reHepye OUIbIl BUCOKI FapMOHINHI
CKJIaJIOBI CTPyMYy 1 Hampyru, 110 HETaTMBHO BIUIMBAE HAa MEPEXY >KUBICHHS 3MiHHOro crpymy. Lli
TapMOHIKM MOXYTb BHUKIMKaTH pe3oHaHcHl sBuma B CEC, mopymuTtu po0OoTy choeriaibHOT
KOMIT'IOTEPHOI TEXHIKH, arapariB peJIeHHOro 3axucTy N aBTOMAaTHUKH, a TaKOX HPU3BECTH [0
IPUCKOPEHOTO CTapiHHS 130JI111 OCHOBHOTO €JIEKTPOOOIaJHAHHS, 110 B KIHIEBOMY pe3yJbTaTi
3HMXKYE HaJIIHICTh €JIEKTPONIOCTauaHHs CIIO’KMBAviB aBTOHOMHOTI'O 00'€KTa.

I1i ¢axTopu 3HAYHO 3HUKYIOTH SKICTh enekTpoeHeprii Ha CEC, 4yomMy TakoX CHPHSIIOTh
HECTIPUATINBI €HepreTuyHi Ta (pi3MyHi YMOBH CaMOi aBTOHOMHOI CHUCTEMHM, TakKi K OOMEXEHICTb
HNOTY>KHOCTI KOPOTKOI'O 3aMHKaHHS, CyMIPHICTh BUXIAHHMX 1 HaBaHTaXXyBaJIbHUX MOTYKHOCTEH, Masa
JIOBXKMHA 1 BHMCOKMHM omip KaOenbHUX JIHIM eJeKkTporepenad, a TaKOX BiJACYTHICTh CHJIOBHX
tpanchopmatopiB Ha Ounsinocti CEC. ¥V 3B'SI3Ky 3 IIUM ChOTOHI BCe OLIbINE YBaru MPUAUISETHCS
pO3po0IIi METO/IB 1 3aC001B, 31aTHUX YCYHYTH HEraTUBHUM BIUIUB BUIIMX FAPMOHIMHUX CKJIQJOBUX Ha
€JIEKTPOCHEeprito, 3a0e3MeUuTH HEOOXIAHY SIKICTh €JIEKTPOEHeprii 1 BUKIIOUHUTH B3a€EMHHI BILIUB
napaieiabHOro oOJaJHaHHS Ha eJeKkTpoMmepexy. lle Bumarae CTBOpEHHS CHUCTEM YIpPaBIiHHS
TeHEepAI€ro, IepeIadueto 1 pO3MOIiIIOM eJIEKTPUIHOT eHeprii.

CrtBOpeHHsI HOBUX 3ac00iB aBTOMAaTH3allil MOBHICTIO MpoOIeMy HE BHpIIIy€e, OCKUIBKM OCHOBHI
€IIEMEHTH EJIEKTPOCHEPTeTUYHUX CHCTEM HE BOJIOMIIOTH JIOCTaTHHOIO KEPOBAHICTIO, IO HAKJIAIA€
NeBHI OOMEXXEHHS Ha (QYHKIIIOHYBaHHS aBTOMAaTHYHUX 3aco0iB. Lle mpu3Beno 10 3pocTaHHs iHTEpecy
JI0 aKTUBHOTO YIOPaBIiHHSA MpolecaMH TeHepalii Ta pPO3MOAUTY eJIeKTPUYHOi eHeprii, 1o Jae
MOYJIMBICTh HaJaBaTH HEOOXiJHI BJIACTUBOCTI BCiil enekTpoeHepreTuyHii cucremi. PoboTa 3 Takumu
IHCTpyMEHTaMH BHMarae TPOBEIEHHS IOCHTI[HKEHb 3 METOI TONIYKY ONTUMAIBHUX PIlIeHb JUIS
KOHKPETHUX YMOB, PO3POOKH HOBHX CXEM 1 aJlTOPUTMIB YHPABIiHHS TPaAULIHHUM 0OJIaHAHHIM, SIKi
3a0e3mnedaTh Horo eheKTHBHE BUKOPUCTAHHS B €JICKTPOCHEPTETHYHIX CHCTEMAX.

AHani3 ocTaHHix AociikeHb i myOJikaniii. ¥ po6oti [1] po3rissHyTO NPUUUHHU 3HMKEHHS
sxocti enekrpoeneprii CEC. Po3pobneHo airoputm poOOTH CHCTEMH YNPABIIHHS IS 3MEHIICHHS
aMILTITYIM KOJMBaHb eHeproooMiny. IIpu mpoBeneHHi 10CTiKeHb BUKOPUCTOBYBAJIacsi MaTeMaTHYHa
MOJIEJIb 1 MPOBOAMBCS €KCIIEPUMEHT B PEealbHUX YMOBaX Cy/Ha.
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VY pob6oTi [2] posrasHyTO TIpoOIEeMy BHHUKHEHHS €HEProOOMIHHMX KOJWBAaHb Ha MOPCHKHX
eNEeKTpOCTaHIisIX. [[poBeIeHO EKCIIEpUMEHT 1 JOBEICHO aJCKBATHICTH PO3POOJIEHOT MaTeMaTHYHOT
MOJIeJTi TTapaiesIbHOiI pOOOTH AM3eIb-TeHEPATOPIB.

Y pob6oti [3] po3risiHyTO pobOOTY OGararoreHepaTOpHOi CYAHOBOI €HEPreTUYHOi yCTAaHOBKHU 3
TOYKH 30py ICHYBaHHS B HIA €HEprooOMiHHMX KojuBaHb. [lms mociimkeHHs Oyma po3poOieHa
MaTeMaTHYHa MOJIENb 1 MPOBEACHUH EKCIIEPUMEHT B pealbHUX YMOBAX eKCIUTyaTallii.

VY poborax [4, 5] pO3rAsSHYTO MPOIECH TUHAMIYHOI KOMITEHCAIlli peaKTUBHOI €HEPTii IPH MYCKY
ACHHXPOHHUX JIBUTYHIB BiJl CYyJHOBOI €JIEKTPOCTaHIii TMOpPIBHSAHHOI NOTYyXHOCTi. HaBeneno
pe3ysbTaTH MOJENIOBaHHS MPOLECy MPsIMOrO IYCKY eJeKTpOoABUTYHa Oe3 KOMIIeHcalii Ta 3
KOMIICHCAIII€I0 CTPYMHHHOTO CTPYMY JBHT'YHAa B yMOBaX CyMIpHOCTI NMOTY>KHOCTI '€HEpaTopa, 3MiHH
HABaHTA)XKEHHSA Ta KOMIIEHCYIO4Oro npuctporo. [IpoBeneHo anamiz 3MiHM aKTUBHOTO 1 pEaKTHBHOIO
OTIOpY aCUHXPOHHOTO JABUT'YHA MPH MPSMOMY 1 6€3 IPSIMOTO MYyCKY.

Y poboti [6] BH3HAue€HO, LIO0 PO3BUTOK MOPCHKHX I1HTETPOBAHMX EHEPreTUYHUX CHUCTEM
JIO3BOJIMB TIOBHICTIO €JIEKTPUYHOMY CYIHY 3 €IEKTPUYHUMH CHIIOBUMH YCTAaHOBKAaMH >KUBUTHCS Bij
nu3erb-reHeparopis. KpiM Toro, B ocTaHH1 JECSITUIITTS 3'ABISIOTHCS Cy/HA 3 TIOPUIHUMU JKepeliaMu
KUBJICHHS TIOCTIHHOTO CTPyMY, TaKUMH SIK TAJUBHI €JIEMEHTH, CYNEPKOHIEHCATOp 1 aKyMyJISATOp.
HesBakaroun Ha KijbKa JOCHIKEHb, MOB'A3aHUX 3 TiIOPUIHO-EIEKTPUUYHUMHU CyIHAMH, IHTErpalis
riOpUIHUX SHEPTeTHYHUX CHCTEM Ta iX 3aCTOCYBaHHS JJISi MOPCHKOI IMTPOMUCIOBOCTI BCE € BUMArae
JOJIATKOBUX JTOCIITHUIBKUX 3aBJaHb, OCKIIbKA KOHIEMIIiT MOPCHKOI €HEPreTHUKH MAaroTh YHIKaJbHI
0COOJIMBOCTI, SIKiI BIAPI3HSIOTHCS BiJl BIIOMHX KOHIICIIINA TIOPUIHUX TPAHCIIOPTHHUX 3aCOOIB MO0
KUTBKOCTI T€HEpaTopiB Ta PO3MIpPYy, peakiii CHCTEeMU Ta XapaKTEPUCTUK MPO(DLII0 HaBAaHTAXKEHHS.
30kpeMa, epeKTHUBHE YIPABIIHHA C€HEPTi€I0 3 TOYKH 30py PO3MOAUTY HaBaHTAKEHHS MK PI3HUMH
riOpUIHUMH JPKEpeIaMu JKUBIICHHS € OJIHIEI0 3 KPUTHUYHUX MPOoOJIeM MOPCHKOI TOPUAHOI cCUCTEMH. Y
JaHiii poOOTI 3alPONOHOBAHO YaCTOTHO-HABAHTAKYBAJIBHHUNA IMIJXIJ JJIS YIPABIiHHS TMOTYXHICTIO Ta
pPO3MOTY HaBAaHTKEHHS B TIOPUAHMX EJIEKTPUYHHMX CYyJHAX MOCTIHHOro cTpymy. OCHOBHa ines
MOJISITa€ B TOMY, IO KOXKHE JDKEPENIO JKMUBJICHHS Ma€ PO3PI3HMIBHY 3JaTHICTh MIOAO 4Yacy BIATYKY.
[InsxoM 3acTocyBaHHS JEKiIIbKOX (UIBTPIB HU3BKHX YacTOT JOMYCTUMHUN Jiala3oH YacTOTH
HABAaHTa)KEHHA JUIsI KOKHOTO JIKepesia >KMBJIEHHS MO)Ke OyTH KiacHu(iKOBaHUN 1 PO3MOAUIEHUN Ha
KO>KE€H KOHTpPOJIEP MOTY>KHOCTI.

VY cratTi [7] pO3rsiHYTO 3arajibHi MUTaHHS, MOB'A3aH1 13 CyMapHUMU HOMIHAJIBHUMHU HaIllpyramMu
Ta 4acTOTaMH ISl CYJEH, IO 3aXOASATh Y €BPOMEHCHKI MOPTH, Ta iX PO3PaxyHKOBUM IMOMHUTOM Ha
enekTpoeHeprito. KpiM Toro, HaBeiaeHHMH TMpUKIaJ TMOPOMHOTO CyJqHA, $KE€ B JaHMM 4ac
nepeoOnagHyeTbcsd A 3'€HAHHS 3 Oeperom, a TaKOX OINUCAaHI JesKi JeTali, L0 CTOCYIThCS
TE€XHIYHUX pIIIEHb Ta EKOJIOTTYHUX IepeBar.

PazoMm 3 TuM, y Bimomiii mitepaTypi BiACYTHI MUTaHHS JOCHIDKEHHS MAXOMIB 10 (inbTparil
HANpyTry Ha IIWHAX )KUBJICHHS B €IEKTPOCHEPTeTUYHINA CUCTEMI CYIHA.

Mera pociaig:keHHst — po3poOKa MiAXOAIB 10 (inbTpallii Hampyrd Ha IIWHAX >KABICHHS B
€JIEKTPOCHEPreTUYHINA CUCTEM1 Cy[HA, IO JO03BOJIs€ 3a0€3MEeYUTH TMOBHE YCYHEHHSI TapMOHIMHHX
CKJIQJIOBUX CTPYMY 1 HAIPYTH B OYAb-SIKUX KUBUIBHUX EICKTPUUHUX MEpexkax, siKk 3 HECKIHUCHHUMU
TCHEPYIOUMMH TOTYKHOCTSMH, TaK 1 MOPIBHIHHUMH 3 MOTYXHICTIO, CITO)KHBAHOIO HABaHTAKCHHSM,
npu Oyb-SKUX JIHIMHMX 1 HEMIHIHHUX HABaHTAXXECHHSX.

OcHOBHi pe3yJbTaTH AOC/JIIKeHHA. 3alporoHOBaHO CHocid reHeparli KOMIIEHCATOPHOTO
CTPYMYy B €JIEKTPOMEpEXY, AKHH 3a0e3reuye MOBHY KOMIIEHCAIlI0 HEAKTHBHUX CKIIAJ0BUX CTPyMY
cnokuBaya. 11{o6 3p03yMiTH OCHOBHI IPUHLIUIIK POOOTH CUCTEMHU YIPABIIHHS SKICTIO €JIEKTPOEHEPrii,
PO3IIIIHEMO €KBIBAJEHTHY CXeMy poOOTH KOMIIEHCATOpPA, IO MPAallo€ B €HEProCUCTEMI, HaBEACHY Ha
puc. 1.
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Pucynok 1 — ExBiBasieHTHa cxemMa KOMIIEHCATOPa

Cxema 3aMilleHHA CKJIQIA€TbCs 3 KOMIICHCYIOUOTO JDKEepena Hampyru 1, croxuBaya
HECHHYCOIaJbHOTO CTPYMYy 4, EKBIBAICHTHOTO JDKEpelia Hampyrd Mepexi JKUBICHHA 3 i
KOMYTOBaHOT'O Mi>kK HUMU peaktopa 2.

EnexktpomarHiTHI mpomecd B TaKOMy KOHTYpl OIHUCYIOThCS TakuM AUQEepeHIiaTbHUM
PIBHSHHSIM:

u, () = LD oy (), (1)

ne U, (t) — MUTTEBE 3HAYCHHS HALIPYTU JDKEpesia KOMIICHCAIIIT;
L — i1HAyKTUBHICTH peaKkTopa;
i (t) — MUTTEBE 3HAUCHHS CTPYMY KOMIICHCAIIIT;
u.(t) — MUTTEBE 3HAYCHHS HALIPYTH Y BY3JIi MEPEXKi )KUBJICHHSI.
[ToBHa KOMITEHCALlisl HEAKTUBHUX CKJIAZOBUX CTPYMY CIIOXKHBa4ya MOXe OyTH 3/iiiCHeHa 3a
YMOBH, 110

ik (0) = —ip (D), )

ne i, (t) — MUTTEBE 3HAUEHHS MACHBHOI CKIIaI0BOI CTPYMY CIIOKHMBAYA.
[TacuBHY CKJIQIOBY CIIO)KHBYOTO CTPYMY MOXHA PO3pPaxyBaTH BiIITOBIIHO 0 BHPa3y

ip(£) = in(£) — Huc(t), ©)

2
Udc
e i, (t) — MUTTEBE 3HAYEHHS CTPYMY CIIOKHBAYA,;
P, — aKTHBHA MOTY)XHICTh CIOXUBAYA;

U,e — Airode 3HAUEHHS HAIIPYTU y BY3Jli MEPEeXi KUBJICHHS.
ko 3aminutu (3), BpaxoByrouu (2), B (1), Toai orpumyemMo

dig(®) | Pn dug(®)
" +LUazlc " + u.(t). 4)

u,(t) = —L
OTpuMaHa TaKuM YMHOM Harpyra KOMIEHCAlIHHOTo Jkepena 1, mojaHa Ha peakTop 2,
HiAKIIOYSHUH 0 By3J1a KUBIISTUO1 Mepexi, 3a0e3neuye BUpoOIeHHS HE00X1THOTO KOMIIEHCYIOUOT0
CTPYMY B MEPEXKY KHBIICHHS.
Posrnsgaemo, 110 cripaBeyIMBO 7151 CHHXPOHHOI MaIlluHU

ey(t) = ki, (¢), (5)

ne k — xoe(ilieHT nepeaadi CAHXPOHHOT MAITMHU;
i,,(t) — ctpym B 0OMOTIII 30Y/IDKEHHS, a 3 ypaxyBaHHAM (4) — PEryiIoBaHHs CTPYMY 30YIDKEHHS,
BIJIIIOBITHO 10
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uc(t), (6)

Ldi(®) | LPy due(®) | 1

" z
kdt kU3, dt 3

ip(t) = —

Oyze reHepyBaTH HEOOXiTHUI KOMIICHCYIOUUH CTPYM.

Binznaunmo, 1110 poJib iHIYKTHUBHOCTI PEaKTOpa y JaHOMY BHUIIAJIKy BUKOHYE iHAYKTHBHICTD
CHHXPOHHOT'O aBTOMATa.

Binznaunmo, 110 BiIMIHHOIO PHCOIO IIBOTO METOJTy € IIOBHA KOMIICHCAIisl HEAKTUBHUX
CKJIaJIOBHX CTPYMY CHOXHBaua, 0 Aa€ MOXKIUBICTh BIIMOBHTHUCS Bijl QIIBTPYIOYMX HPUCTPOIB,
HiIKJIIOYCHHX JI0 BY3J1a KHUBIICHHS, HABITh PH HECHHYCOIAAIbHOMY CTPYMi CITO’KHBaya.

JJist OIIHKYM SIKICHUX XapaKTEPUCTUK CUCTEMH aBTOMATHYHOTO YIIPABIIIHHS, IO peai3ye
3aMpONOHOBAHUI METOI, 3aMMCyeMO (4) B CUMBOJIBHIN (hopmi:

dix® | Pn duc(®

uy () = —L dt Ui, dt
Cc

+ uc(t) = Uy, (t) — Uy (®). (7)

3 Bupasy (7) BUIHO, [0 BUXITHUI CUTHAJI CUCTEMH YIIPABIIIHHS — II€ PI3HUII MiXK BUXITHUMU
CHUTHAJIAMU JIBOX HE3AJIC)KHUX JIAHOK.
OyHKIIis TIepeadi nepuoi JTaHKH BUSHAYAETHCS K

K(D) = 220 ®)

i)’

10 Ma€ PO3MIPHICTH OTIOPY 1 € MepeaaBaIbHOI0 (QYHKITIEIO 11€abHOT TU(EPEHINF0I0Y0l JTaHKH.
3amina D Ha jw TPU3BOAUTH 10 KOMIUIEKCHOTO KOE(IIIEHTY NepeaaBaHHs,:

K(w) = K(D)p=jw = jwL. ©)

AMILTITYJHO-4acTOTHI Ta ()a30BO-4aCTOTHI XapaKTEPUCTUKU NEPIIOT JaHKU BU3ZHAYAIOTHCS
BIJIITOBIAHO K
Kw) = |K(w)| = wL, (10)

T

pw) ==

>
[lepenaBanpHa GyHKIIISI IPYTOT JIAHKKA BU3HAYAETHCS SIK

_ (@) Pn
K(D) = oG] +L U2 D, (11)
10 HE Ma€ PO3MIPHOCTI, 1 € TIepeaBaAIbHOI0 QYHKIIIEIO 11ealibHOI (hopcyrodoi tanku. KoMriekcHuit
Koedilli€HT MepeaaBaHHs 3a/1a€ThCS K
. ) Py
K(]W) = K(D)Dzjw =1 +]WL - (12)

Udc

AMIUTITYTHO-4aCTOTHI Ta ()a30BO-4aCTOTHI XapaKTEPUCTUKHU APYTOi JIJAHKA BU3HAYAIOTHCS

BIJIIIOBITHO SIK
. P2
K(w) = |K(jw)| = ’1 + w2L? E’ (13)

o(w) = arctgwlL :—Q.
dc

TakuM YHHOM, CHCTEMa YIIPABITiHHS OyIYEThCS 3 €JICMEHTIB 3 IO3UTHBHUMH ITapaMeTpamMu, He
Ma€ 3BOPOTHOTO 3B'SI3KY, 4, 3HAYUTH, € CTAOLTHLHOIO 1 Ma€ JOCTATHIO CTA0LIBHICTh 30BHIMIHIX
MOKA3HUKIB.
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CTpyKTypHa cXeMa CHCTEMH aBTOMATUYHOTO PETYJIOBaHHS HEAKTUBHUX CHIIOBUX KOMITOHCHTIB
noKaszaHa Ha puc. 2.

i) _ i)

i)
—»  +WLPJU

Pucynok 2 — CTpyKTypHa cXeMa CHCTEMH aBTOMATUYHOTO PETYIIIOBAaHHS HEAKTHBHUX CHUIIOBUX
KOMIIOHEHTIB

SIK110 KOMITeHcallis BCIX HeNMIHIHHUX HaBaHTAXEHb B €JIEKTPOCHEPIeTUYHUX CUCTEMAaX CYJIEH, J1e
BUPOOJICHA MTOTYKHICTH MOPIBHSHHA 3 MIOTYKHICTIO, CIIOKWBAHOI HABAHTAXECHHSM, 3 SIKHXOCh IPUYNH
HEMOJKJIMBA, TO IMONEPEIHIN MiAX1]] BXKE HE MOXKE 3a0€3MEYUTH JOCTATHIN KOe]II[iEHT KOPUCHOT Mii.

VY 11boMy BUMAJIKy TAPMOHIIHI CTPyMH, 1110 MPOTIKAIOTh Yepe3 HelliHIHE HaBaHTa)KEHHS,
BUKJIMKAIOTH MAAIHHS TAPMOHIHHOI HAPYTH MPHU BHYTPIITHBOMY OTIOPi DKEpena, B pe3yIbTaTi 4oro
KpHMBa HAIIPYTy MPUKIAJAEThCA 10 HABAHTAKEHHS, HABITh SIKIIIO JUKEPEJIO HAIIPYTH 11€aIbHO
CHHYCOIJaJIbHE.

1100 BUMpaBUTH CIOTBOPEHHS KPUBOI HAIIPYTU HA OJIOII KUBJIEHHS, HEOOX1/IHO HE JIOIyCKaTh
NPOTiKaHHS TAPMOHIHHUX CTPYMIB 4epe3 HeJliHIifHe HaBaHTaXKCHHS 1 HAIIPABIIATH iX 110 MapaebHii
cXeMi, MIKIYeHOol A0 JKepena. Takum yuHoM, Oyze TOoCsITHyTa OuIbll cTabiibHA KPUBA HAMIPYTH.

Ha puc. 3 moka3zana cxema 3aMillIeHHs JJIsl TAKOTO BUIAAKY. [lapanensHa cxema TyT
npejcTaBieHa AeskuM imnenancoM K. 'apMoHiHUE cTpyM, CTBOPIOBAaHUH HEMIHIHHUM
HaBaHTAXEHHSM [}y, TIIMThCS Ha AB1 yacTuHU. OJHa yacTuHa [g, MpOTIKae yepes TUIKy JpKepena,
1HIIIa — 10 TUIII 3 iMIegancoM K.

Pucynok 3 — Cxema 3aMillleHHsI KOMITOHEHTIB CTPYMY ITAaCUBHOTO HABAHTAXXCHHS Ha IITMHAX
reHeparopa

Buxonsuu 3 neporo 3akony Kipxroda, ctpym gy, B rinmi 3 iMneaancoM K BU3HAYa€ThCS SIK
Ien = Ipp — Isp. (14)

3 inmmoro 00Ky, BUXOAA4H 3 Ipyroro 3akony Kipxroda, ams nanirora, 300paxeHoro Ha puc. 1,
ICTHHHHM € TaKHil BUpa3
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Klgp = Z, 1. (15)

3amina Igy, 3 (14) Ha (15) npU3BOAUTH 10 TAKOTO PE3YNIHTATY:
Klpp — Klsp = Z 11, (16)
3BiJIKH ISl CTPYMY TapMOHIK [gp, 1110 MPOTIKAE uepes3 JHKEPesIo, MOXKe OYTH 3alicaHo

_ (K-zp)

Isn = S22 1, (17)

Haprry Ha minHax, 110 KUBJIATH HeﬂiHiﬁHe HaBaHTaXXCHHA, MOXKHA BU3HAUYNUTHU AK
VT = VS - ZSISh' (18)

Amnani3 Bupasy (17) nokasye, mo npu |K —Z;| = 0 ctpym Ig, Takox MPHOIHU3HO TOPIBHIOE
HyJ10. [HITMMU clioBaMU, TapMOHIWHUN CTPYM IepecTae MPOTIKATH uepe3 TiKy JKepena i MOBHICTIO
MPOTIKa€e uepe3 riiky 3 immnenancoMm K, To0To immnenaHc K IMIyHTYe JKepeno Ha TapMOHIMHI CKIIaJ10B1
HENHIAHOTO CTpyMy HaBaHTaxeHHA. OCKUIBKM TapMOHIMHI CKJIagOBI HENIHIHHOTO CTpyMy
HABAaHTA)XCHHS B IIbOMY BHUMAJKYy B)XX€ HE MPOTIKAIOTh 4Yepe3 KEpesio, 1€ HE CTBOPIOE MaJ(iHHS
rapMOHIHHOI HaNpyryd MpH BHYTPIIHBOMY iMmeaaHci mkepena. Omke, Gopma KpuBOi Hampyru Ha
muHax Vp, 10 KUBJSATH, CHOTBOPIOETHC. 3 BUpasy (18) BurumMBae, 1o 3a BUIEBKa3aHUX YMOB
Ve = Vs .

TexHiYHO TmapalielbHa TiIKa 3 HEOOXiMHMM immemancoM K Moke OyTH peanizoBaHa 3a
JIOTIOMOTOI0 KEPOBAHOT'O JKEpEIIa CTPYMY.

S0 mKepenoM CTpyMmy YIpaBiIsTH TaKUM YHMHOM, IO 3B'S30K MK CTPYMOM 1 HAmpyrowo B
napajesbHIi TUIl € TaKUM CaMUM, SIK 1 B TUILI 3 HNOTPIOHUM IMIIEIaHCOM, TO MPOLECH B 1HIIOMY
JIaHII031 He OYIyTh 3alie)aTu BiJl TOTO, IMIIEAHC € OIMOIIPHUM aKTUBHUM a00 macuBHUM. CyTh Takoi
TUIKK TOJSrae B TOMY, 110 BOHa Oyne (YHKIIOHYBaTH SIK (PUIBTp akTHBHOI MOTYyXHOCTI. Puc. 4
MOKa3ye, K MOKHA CTBOPUTHU TaKU QLIBTP.

T

141

Pucynok 4 - ExBiBasieHTHa cxeMa o0Oy10BU CHJIOBOTO aKTUBHOTO (pisIbTpa

AxTuUBHUI QinbTp mpamtoe Tak. JlaHi mpo Hampyry Ha kjiemax reseparopa nortyxkHocti Vs i
CTpyMy B XUBWIBHHX peiKax BiJ JaT4MKa HAMPYrd 1 AaT4yuKa CTPyMy Sy HAAXOAATH B CHUCTEMY
ynpaBimiHHS akTUBHEM (itbTpom APF. CuiioBa cxema akTUBHOTO (PiIbTpa BiAIPAIbOBYE HEOOX1THUI
iMrienanc. TakuM YMHOM, HEAKTHUBHI CKJIQJIOBI CTPYMY IITWH >KUBJICHHSI TIPOTIKAIOTh Yepe3 aKTHBHHM
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GIIBTp 1 HE CTBOPIOIOTH MMAJIHHS HANpPYTW Ha BHYTPIIIHHOMY IMIIEJAHCI TeHepaTopa, 10, Y CBOIO
yepry, 3abe3nevye CHHycoinaabHy (OpMy KPUBOI HAIIPYTH KUBJICHHS HAa CUJIOBUX IIKWHAX V.

AmHaii3 ocumiiorpaMm mependadyBaHOTO AaKTUBHOTO (UIBTpa, HANPYTH KUBJIAYOI Mepexi (Io-
nepiie) i cTpyMmy resepartopa (mo-apyre), OTpUMaHUX B Pe3yiabTaTi KOMI'IOTEPHOTO MOJICTIOBAHHS
JIBOX EKCIEPUMEHTIB, MOKa3ye, MO JI0 TOTO, SIK aKTHBHUH (iTbTp mMOYaB CBOIO poOOTy, Hampyra Ha
HaIpsIMKaXx >KMBJICHHS 1 CTPYM T€HepaTopa MICTUIIM BEJIHMKY KUIBKICTh TapMOHIK. ["apMOHIAHUN CKIIa
KPHBOi CTpyMy I'e€HepaTtopa JI0 TOro 4acy, KOJU aKTUBHHUH (iIbTp MOYaB CBOIO poOOTY, CXOKUH Ha
TapMOHINHUI CKJIaJl MEPEKEBOTO CTPyMy MEPIIOTO €KCHEPUMEHTY, TaK SIK B 000X €KCIIepUMEHTax
BUKOPUCTOBYBAJIOCA OJHE 1 T€ K HaBaHTaxeHHA. OJHAK, KOJIM aKTUBHHHA (IIBTP MOYMHAE CBOIO
poOoTy, Halpyra Ha UBWIBHHUX pelKax 1 CTpyM I'eHepaTopa CTal0Th CUHYCOIJaIbHUMU. 3a3HAYUMO,
10 B IbOMY BHIIAJKy aMIUTITy/la CTPYMYy I'€HepaTopa 3MEHIIY€EThCs, OCKUIBKH 31 CTpyMy TreHepaTopa
3HHUKAIOTh Or0 HEaKTUBHI KOMIIOHEHTH.

BucnoBku. Takum 9uHOM, TOCIIHKEHO OCOOJIMBOCTI EIEKTPUYHHX MPOLIECIB, IO BiIOYBAIOTHCS
B EIEKTPOCHEPreTUYHUX CHUCTEeMaX OOMEXKEHOI MOTY)KHOCTI, IO MpalioloTh Ha HeJIiHIHHOMY
HaBaHTaXEHHI. JIOCIIDKEHO CHCTeMy pETyJIIOBaHHS HEAKTUBHUX CKJIQJOBUX IOTY)KHOCTEH.
Po3pobreno aktuBHUM miaxig 10 (ineTpamii Hapyru Ha MIMHAX JKUBIEHHS, 110 3a0e3mneuye COuIbHY
poOOTYy pi3KO 3MIHHHX TMOTYKHHX HAaBAaHTAXEHb 3 €NEKTPONpUiMadyaMH, YyTIMBUMHU JI0 CIIOTBOPEHB
Hanpyru. BcTaHoBneHo, 1m0 /Ui AOCATHEHHs] HAOUIbII e(heKTUBHOTO BUKOPUCTAHHS €HEPreTUYHHUX
MOTY)KHOCTEH €JeKTPOooOIaqHaHHS HEOOXigHe 00'€HAHHS CTAaTUYHMX KOMIICHCATOPIB HA MIMHAX
HABAaHTA)KCHHSA 1 aKTUBHUX (UIBTPIB Ha MIMHAX TeHepaTtopa. TiNbKUM B 1IbOMY BHIIaJKy MOXHA
JIOMOTTHCSI CyBOPOi CHHYCOIZAaJbHOCTI SIK HANpYyrW, TaK 1 CTpyMmMy Mepexi xkuBieHHS. OTxe,
BCTaHOBIICHO, III0 BUKOPUCTAaHHS HaBiTh HAWNPOCTIIIMX CHUCTEM YIPABIIHHA SKICTIO €IEKTpOEHeprii
JI03BOJISIE 3HAYHO MiABHIIUTH €()EKTUBHICTh EKCIUTyaTalii Mepexi eJIEeKTPOIOCTayaHHS 3a PaxyHOK
3BapIOBAILHOTO 001 THAHHS.
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Daki O.A., Yakusevych Yu.H., Tryshyn V.V., Kolesnyk V.V.
DEVELOPMENT OF APPROACHES TO FILTERING INACTIVE AND ACTIVE VOLTAGE

ON POWER SUPPLY BUSBARS IN THE SHIP'S ELECTRIC POWER SYSTEM

The aim of the article is to develop approaches to voltage filtering on power supply buses in the
ship's electric power system, which allows to ensure complete elimination of harmonic components of
current and voltage in any supplying electric power networks, both with infinite generating capacities
and comparable to the power consumed by the load, under any linear and nonlinear loads. This goal
is achieved by developing two approaches to filtering inactive and active voltages on power supply
buses in a ship's electric power system. It has been established that one of the characteristic features
of modern ship power systems is that they contain a significant amount of equipment, such as
rectifiers, inverters, frequency converters and uninterruptible power supplies, in which the volt-
ampere characteristics are non-linear. This equipment generates higher current and voltage
harmonics, which adversely affects the AC power supply network. These harmonics can cause
resonance phenomena in the ship's electrical power system, disrupt the operation of special computer
equipment, relay protection and automation devices, and accelerate the aging of the insulation of the
main electrical equipment, which ultimately reduces the reliability of power supply to consumers of an
autonomous facility. Therefore, more and more attention are paid to the development of means and
methods of active control of power generation and distribution in accordance with certain
requirements to ensure the required power quality and eliminate the interaction of parallel equipment
with the power grid. The most significant result is, firstly, a method of generating compensatory
current to the power grid that ensures full compensation of inactive components of the consumer's
current, and secondly, an approach to voltage filtering on the power buses that ensures joint operation
of sharply variable power loads with electrical receivers sensitive to voltage distortions. Thus, it has
been established that the use of even basic power quality management systems can provide a
significant increase in the performance of the power supply network welding equipment.

Key words: ship electrical system, power grid, current, active and inactive voltage, linear and
nonlinear load, filtration.
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