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BJIUSTHUE PA3JIMYHBIX TUIIOB PEJEVMHOM 3AILIATHI HA
HAJIEZXKHOCTD DJJEKTPUUECKHUX CETEN
INFLUENCE OF DIFFERENT TYPES OF RELAY PROTECTION ON THE
RELIABILITY OF ELECTRIC NETWORKS

K.B. Banyk, /I. O. Kapkosa
Hayunslii pykoBoautens — A. JI. CTapKUHCKU, K.T.H., JOLIEHT
benopyccknii HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecriyonmka bemapych
astarginsky@bntu.by
K. Vashchuk, D. Zharkova
Supervizor - A. Starzhinsky, Candidate of Technical Sciences, Docent
Belarusian National Technical University, Minsk, Belarus

Annomayun: B oannou pabome paccMOmpeHvl paziuiHble MUunsvl peietHoll
3auumsl ¢ MOYKU 3PEHUs HAOEHCHOCMU UX UCNOIb308AHUS 6 IHEP2OCUCHEME.
IIposeden amnanuz u evisAeneH Haubolee npuemaeMvlil Cnocob 3auumol 8
COBPEMEHHDIX YCIOBUSIX.

Abstract: The article consider various types of relay protection are considered
in terms of the reliability of their use in the power system. An analysis was carried
out and the most acceptable method of protection in modern conditions was
identified.

Kntoueswvie cnosa: penetinas 3awuma, 31eKmpomexaHuyecKue 3auumnule pere,
MUKPONPOYECCOPHOE 3AUUMHOE YCIMPOTICIEO

Keywords:  relay  protection,  electromechanical  protective  relays,
microprocessor protective device

Bsenenne

Ha3znauenuem penelHON 3allUThl SABJSAETCS OTKIIOYEHHE ITOBPEKICHHBIX
yacTel JJIEKTPUUECKOM CETH OT HEMOBPEXKICHHBIX BO M30€KaHHE Pa3BUTHS
MacmtaOHou aBapud. [ 1] HeucripaBHOCTh penieiHOM 3allIUThHI SIBJISIETCS MO MEHBIIEH
Mepe OJHOW M3 Hauboliee BaXHBIX TMPUYUH CEPBE3HBIX COOEB, KOTOpHIE
MEPUOIUYECKH TPOUCXOJAT B DSHEProcUcTEMax MO Bcemy Mupy. [lo paHHBIM
CeBepoamepukanckoro CoBeTa 1Mo Ha/I€KHOCTH 3JIEKTpocHaOkeHus, B 74% ciayuyaes
MIPUYMHON Cepbe3HBIX COOEB B HIHEProcHCTEMax ObUIM HEKOPPEKTHBIC JEUCTBUS
PEJIEMHON 3aIUTHI MPU TIONBITKE OTKJIKOYNUTH MOBPEKIACHHBIM ydacToK. Mcxona u3
ATOTO MOXHO CJIeNaTh BBIBOJ, YTO HAJCKHOCTHh dHEProcuctemMbl Oosiee uem B 50%
CIIy4aeB 3aBUCHUT OT HAJEKHOCTH PEJIECWHOW 3aIUThl. /[ OLEHKM HAJEKHOCTH B
TEXHUKE CYIIECTBYET IEJIbIii Ha0Op pa3IMYHBIX KPUTEPUEB W MapaMeTpPOB, OIHAKO,
JUTSL OIEHKH HAJEKHOCTH YCTPOWCTB PEJICMHOW 3alllUThl BBIOpAaH OJWH M3 HUX:
«HapabOTKa Ha OTKa3», KOTOPBIA MOJYYWJI IIOBCEMECTHOE PACIPOCTPAHCHHE U
YKa3bIBAaCTCSI B TEXHUYECKOM JTOKYMEHTALWH, PEKIAMHBIX MPOCHEKTaX, TCHIEPHOU
JOKYMEHTAIIMM KaK OCHOBHOM IIOKa3aTeb, XapaKTEPU3YIOUIMN HAACKHOCTh
YCTPOMCTB PEIEHHON 3aIIUTHI. [2]
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OcHoBHas YacTh

Onekpomexanuueckue 3ammuTHbeie pene (OM3P) B mocneaHee BpeMsl He
NOJIB3YIOTCSI TOMYJISIPHOCTBIO B MHUPE SHEPre€TUKH, KPOME TOTO HCCIEAOBAHUSA U
pa3paboTKa TakuX pejie JaBHBIM-JaBHO TMOCTABJICHA Ha May3y Belb HAa CMEHY UM
OPUIUIM CHAYyaJla 3JIEKTPOHHBIE, & IMOCJIE HUX M MHUKPOIPOLIECCOPHBIC 3aIIUTHBIC
ycrpoiictBa (M3Y).

[Tocne MHOrux mner wucnonb3oBaHuss OM3P HM3HOCWIHMCH W yCTapenu W,
CJIEIOBATENbHO, SIBJSIFOTCS MPUYUHON CHUKEHHMS HAJCKHOCTU SJIEKTPOCHAOKECHHUS.
[Tepexon Ha M3V B a5IeKTpodHEPTETHKE TPEeOyeT HEMAIBIX BIOKCHUA WHBECTHUITUH,
Kak [t mpuooperenus M3V, Tak u A pa3nuyHOTO COBPEMEHHOTO 00OPYOBaHMS,
a TaKXKe JUIS 3aMEHBI TOporoctosmux 0J10koB M3V, KOTOpble MOTYT BBIUTH U3 CTPOS
Y HE MOJUIEKATh JAIbHENUIIEMY PEMOHTY.

Camoil riaBHOW NPUYMHOM, M3-32 KOTOPOW BECH MHUpP CTal IEPEXOAUTH Ha
M3V, HECOMHEHHO SBIIIETCS €ro NPAKTUYECKH COBEPIICHHAs HaJCKHOCTh B
CpaBHEHMH C ero npenmectBeHHnkaMu. Ho Ha camom gene M3V He Tak uaeanbHbl, U
B OCHOBE BBIIICTIPUBEICHHOTO YTBEPKACHUS JICKUT LEIbIi psan mudos o M3Y.

HeucnpaBauocte OM3P 00BIYHO CBf3aHa CO CTapeHHEM U MOBPEXKICHUEM
M30JISIIMKA  TPOBOJAKK (M3HOC, BBICHIXaHUE), KOPpPO3UEW BUHTOB U KJIEMMHBIX
3QKMMOB, H3HOCOM OCHOBHBIX YacTed pese. Ho ecim mocuurarh KOJIUYECTBO
pabouMx IUKJIOB B TEYEHHE BCETO Cpoka ciy:kObl OM3P Ha mpakTuke, TO OHO He
IIPEBBICUT HECKOJIBKO COTEH. UTO HE AaeT mpaBa yTBEPXkKIATh, UYTO C TEYEHUEM
BpeMeHH y OM3P 3HauuTenbHO TMajgaeT HaACKHOCTh padoThl. EnuHCTBEHHas
IIPUYMHA, TT0 KOTOpo OM3P MOryT mpourparbs B Ha€KHOCTH C 3TOM CTOPOHBI, 3TO
Opak Mpu M3rOTOBJICHHHM KaKOW-IMOO AETaly WM HMCIOJIb30BAHME MATEpUAJIOB, HE
MPOIIEAIINX TPOBEPKY HA KadecTBO. Ha 3TOM OCHOBaHMHM MOXHO OTMETHTh, YTO
OM3P SABISAIOTCSA HAJIC)KHBIMU C TOUKHU 3PEHUSI MEXaHUYECKOTO PECYpCa, YETO HEIb34
ckazatb 0 M3VY. Beap TaM B OJUH MOMEHT HAaXOASATCA B MOCTOSHHOM JBUKEHHU
TBICSIYM PA3JIMYHBIX COCTABHBIX YaCTE€M: IN€HEPATOpPbl CUTHAJIOB, MHOTOYHUCIICHHBIC
TPaH3UCTOPHBIE KIIFOYH, YCUIIUTENIH, KOMIIAPAaTOPhl, TAUMEPBI, CUETUUKH, JIOTUUECKUE
AJIEMEHTHI, CTAOUIIM3aTOPhl HAIPSLKEHUS, MOCTOSIHHO paboTaroT; MUKPOMPOLIECCOP
MMOCTOSTHHO OOMEHMBAETCSl CUTHAJaMHU C JJIEMEHTaMHU MaMsTH, aHaJoTo-Iu(POBOi
npeoOpa3oBareib MOCTOSHHO BeleT oOpaOOTKy BXOIHBIX CHTHajioB U T. A. [lpu
paboTe B OCOOCHHO TSKEIBIX YCJIOBHUSIX MUMITYJIbCHBIE UCTOUYHUKH MUTAHUS HEPEIKO
CTAHOBSITCSI TPUUMHOM OIMOOK, BO3HUKaOMKUX B M3V,

Kpome Toro, cyuiecTByeT MHEHUE, 4TO HajexHocTh M3V ropasno Oosblie,
YeM Yy JPYIruX THUIIOB PEIEWHOM 3alUThl M3-3a BCTPOCHHOW CAMOIAMWATHOCTHUKH,
OJIHAKO 3TO TOKE HE COBCEM TaK. be3yCIOBHO HaIM4YMe TaKUX COCTABHBIX YACTEN KaK
aHajoro-nudpoBoii npeodpazoBaresib, MaMsATh, MPOIECCOP, HUCTOYHUK MUTAHUS
MMeeT Maccy MpPEeuMYUIECTB Nepea MexaHnyeckumu pese. Ho He cTtouT 3a0bIBaTh,
YTO B HAIE BpPEMs HE Mallyl0 POJIb UIPaeT pasMmep ycrpoucrtsa. s peueHus
npo0JieMbl HEMOCPEICTBEHHOTO TMEPEKII0YeHUs] paclenuTeseldl BbICOKOBOJIBTHBIX
BBIKJTIOUATENICH, a TakKe JJIi OpraHu3alii HAASKHOTO M OBICTPOJEHCTBYIOMIETO
YIOpaBJIEHUS TOCTATOYHO MOUIHBIMHU peJie OCHOBHAs 4acThb Ipou3Boauteneid M3V
UCIIONIB3YIOT HEOOJIbIINE 3JIeKTpOMarHuTHele pene. Kak mokaspiBaeT NpakTHKa,
peanbHbIe ycioBus padoTel M3V u Te, I KOTOPHIX OHU CO3JAIOTCS A0COJIOTHO HE
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COOTBETCTBYIOT JApPYyr Apyry. be3ycloBHO, 3TO HE MOXET HE OTpaxaTbCsi Ha
HAJICKHOCTU CaMOM 3aIlUTHI.

Ha ceromHsmHuil 1€Hb MOXHO CMEJIO TOBOPUTH O TOM, YTO HENPEPHIBHO
yBeJMuuBaromnieecs: konudectso ¢pynkuuii P3, a umenno M3V, B oJHOM yCTpoWCTBe
HE TOJBKO HE TapaHTUPYIOT YBEIMYEHUE HAJIEKHOCTH cpabaThIBaHUs pelie, a CKopee
Jake Ha00O0pPOT CIOCOOCTBYIOT €€ CHIXKEHHIO.

Paccmotpum  mpumep. Y Hac  e€CTb  MHUKpPOIPOLECCOpPHas U
BJIEKTPOMEXAHUYECKAS 3aIIUTHI. B 2017-2018rr. KOJIMYECTBO
ANEKTPOMEXAHUYECKUX pelie B JKCIUTyaTallud cocTaBisuio 2312 mTyk, a
MUKpoIpoueccopHbix — 3787 mryk. OnekrpomexaHnuyeckue pene 3a 2017 rox
OTKa3alau OAUWH pa3, a 3a 2018 rox — 4 paza, uro kacaercs M3Y: 2017 ron — 43 pa3a,
2018 rox — 51 pas. IIycte N — KOJIMUECTBO perne B IKCIUTyaTallMH, F — KOJIWYECTBO
noBpexaeHuii. HeoOxonmMo paccuuTaTh TOJOBYH0O MHTEHCHUBHOCTH OTKa30B ATHX
3aIlUT U CPaBHUTh, KaKasi U3 HUX HauboJjee HaJeKHasl.

IIpuBenem pacuer Juisl SIEKTPOMEXAHUYECKUX 3allNT:

F
q =—-100,
N
r'ac ¢ — OTHOCUTCIIBHOC KOJIMYCCTBO HOBpCH(HCHHﬁ, %
1

G017 = EJOO =0,043%
4

=——-100=0,173%

92013 2312 0

Tenepp HaiineM cpeTHEroJOBOE OTHOCUTEIBHOE KOJIMYECTBO MOBPEXKICHUN:

gy = or oy QO301T3 e,
’ 2 2

IIponenaem aHajnOTMYHBIE JEUCTBUS I pacueTa MUKPOIPOIECCOPHOM
3aIUTHI:

43
2017 =ﬁ'100=1,135%
o1 100 =1,347%
= —— = , o

9018 3787
_ Gooi7 TG 1,135+1,347

qcp(.my) - 2 = 2 = 1, 24%

Haiinem ro/IoBy0 = MHTEHCHBHOCTH  OTKaz3oB M3V  OTHOCHUTENIBHO
BJICKTPOMEXAHUYECKHX 3aIINT:

k — qcp(,my) — 1’ 24 —
0,108

qcp(a,w)

3akjaoyeHue
Takum o0Opa3oM, MOXKHO cjieiaTh BBIBOJ, YTO HaJiekHOCTh M3V moiydaercs
HIKE, YEM  HAJeKHOCTh  DJJICKTPOMEXaHWYECKUX  pene.  HMcmosb3oBaHue
HAHOTEXHOJIOTUW MPU U3TOTOBJICHUHU 3JIEMEHTOB M3V NpUBOIUT K BOSHUKHOBEHUIO
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npoOsieM, He H3BECTHBIX paHee AN pesedHo 3amuThl. WrHOpupoBaHUE 3THX
npobsieM MOXKET NpPUBECTH K KaracTpoduueckuM nociaeactsusM. Ho Tak kak
HAaHOTEXHOJOTMM — 3TO Hamle Oynayliee, a B KaKOW-TO CTENEHU M HAcTOsIIee,
HEeoOXoAuMo OoJsiee TIIATENBHO MOAXOAUTh K H3rotoBieHuro M3V, a Takke
IOCTOSIHHO IIPOBOJUTH MEPONPHITHS IO COBEPIICHCTBOBAHMIO JAaHHOIO BHJA
PEJIEMHON 3aIUTHI.

Jluteparypa
1. Jlnst gero HyKHaA pesieiiHas 3ammTa [DIEeKTPOHHBIA pecypc]/ mIkoia
sHepreTuka. — Pexum pocrtyna: http://electricalschool.info/main/elsnabg/803-dlja-chego-
nuzhna-relejjnaja-zashhita.html /. — Jlata nocrymna: 10.04.2022.
2. JIns OLEeHKM HaAEKHOCTHM COBPEMEHHOM DPENEHHOM 3allUTHl HYKEH
HOBBIM KpuTepudh [OnexTpoHHbId pecypc]/ studref. — Pexum gocryma:

https://studref.com/575937/prochie/otsenki_nadezhnosti sovremennoy_releynoy zas
chity nuzhen novyy kriteriy /. — Jlata noctyna: 10.04.2022.
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VK 621.317.384
BJIUAHUE TOYHOCTH PACYHETOB IIOTOKOB MOIIIHOCTH HA
TOYHOCTD PACYHETA ITIOTEPH MOILIHOCTH C UCITOJIb30OBAHUEM
HHPOI'PAMMBI RASTRWIN3 JIUIAA CXEM C PASHBIM KOJIMYECTBOM
Y3J10B
THE IMPACT OF ACCURACY OF POWER-FLOW CALCULATIONS ON
THE ACCURACY OF CALCULATING POWER-LOSSES THROUGH THE
USE OF THE RastrWin3 FOR GRID WITH THE DIVERSE NUMBER OF
POWER UNITS

I'.JI. Ko3un, C.B. Knumuyk
Hayunsbiid pykoBoautesns — E.B. MbIIKOBEI, cTapiivid MPENo1aBaTeib
benopycckunil HAlMOHAIBHBIN TEXHUYECKU YHUBEPCUTET

r. Munck, Pecniyonuka bemapych
myshkavets@bntu.by

G. Kozin, S. Klimchuk
Supervisor — E. Mishkovets, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHOmMauuAa: 6 OaHHOU cmamve Onpeoensemcs 3a8UCUMOCMb  GIUAHUS
MOYHOCMU paciema HNOMOKO8 MOWHOCMU HA MOYHOCMb paciema Nnomepb
MOWHOCMU OJIsL CXeM C PA3IUYHBIM KOJULECTN8OM Y37108.

Abstract: the given article defines correlation between the impact of accuracy
of power-flow calculations and the accuracy of calculations of power losses for
grid with the diverse number of power units.

Kntouesvie cnoea: nomoxu mowHocmu, nomepu aKmMuHOU MOWHOCMU,
VCMAHOBUBULULICS PEHCUM, INEKMPULECKAsl CeMb.

Keywords: power-flow, active power loss, steady state, electrical network.

BBenenue

OCHOBHOM 3a7ja4eil pacyeTa YCTaHOBUBILErOCS PEKUMA SIBIIIETCS ONPEEIICHHAE
MoTepb B DJEMEHTaX  paccMaTpUBaeMOl  dJeKTpuyeckod  ceTu. Jlrobas
MaTeMaTHuecKass MOJeNIb YCTAHOBUBILIEIOCS pEXHMMa MpEACTaBiIsieT CcoOoi
HEJIMHEWHYI0  alreOpamdyeckyrd  CHCTEMY  YpaBHEHMH, ¢  KOMIUJIEKCHBIMU
kodddurmentamu u nepeMeHHbIMU. CucTeMa MOXET OBbITh peIIeHa TOJbKO
YUCJIEHHO, @PUYEM H3-32 €€  HEJIMHEWHOCTH B  OCHOBHOM  METOJAMH
MOCJIEAOBATEIbHBIX MPUOIMKEHUI(UTEpAalMOHHBIMU ). B naHHOM uccrnenoBaHuu Jist
pacyeToB MOTOKOB MOILIHOCTH HMCHOJIb3yeTcsd MeToJ HbIoTOHA, peaan3oBaHHBIA Ha
6a3ze mporpammbl RastrWin3. Cxomumocth MeTona HproTOHA 3aBUCHUT OT BBIOOpaA
HayaJbHOTO MNPUOIMHKEHUS, MO3TOMY MPH YTSHKEIEHWUW WM pasrpy3ke pekuma
MOJIyYarOTCA PAa3M4YHble 3HAYEHUS T[OTOKOB MOIIHOCTH, W Kak CJEICTBHE,
pa3JIMYHbIC 3HAYEHUS TOTEPh MOITHOCTH [1].

OcHOBHas YacCTh

OcHOBOI 1711 ONTUMHU3ALUK PAOOTHI JIEKTPUUECKHUX CETEH SBIISIOTCS PACUEThl U
ONTHUMM3aLMs UX YCTAHOBUBLIMXCS PEXHUMOB. B 3aBUCMMOCTH OT 3arpyKeHHOCTHU
CETH He BCerja yAaeTcs TOOUThCA CXOIMMOCTH MUTEPAIIMOHHOTO Mpoliecca ¢ OAHON U
TOHN € TOYHOCTHIO. [103TOMY B JaHHOW CTaThe HUCIOIB3YETCS 6 pa3HBIX PEXHMOB,
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KOTOPBIE  COOTBETCTBYIOT 6  pa3IMYHbIM  HAYIBHBIM  MPUOIKEHUSIM
HAnpsDKEHUM B y371aX, OT KOTOPBIX OyJEeT MPOU3BOJUTHCS pPAacUeT MOTOKOB
MOIIHOCTH.

CBoeii 3aj1a4eil CTaBUM BBISIBUTh 3aBUCUMOCTH BIIMSIHUSI TOUHOCTH pacdeTa
MOTOKOB MOIITHOCTH Ha TOYHOCTb pacyeTa MoTepb MOIIHOCTH C UCTIOIb30BAHUEM
nporpammbl RastrWin3 st cxem ¢ pa3HbIM KOJIMYECTBOM Y3JI0B. BricTaBisem
CJIeIyIOILIME TapaMeTphl pacueTa MporpaMmbl JjIsl IPOBECHUS SKCIIEPUMEHTA:

-ITnockuii crapt (ILn. crapt): Her; Kaxnapiii mocineayroomuii pacyer 0yer
HAYMHATHCS HE C HOMHUHAJIBHBIX MOJYJICEH M HYJEBBIX YIJIOB HANpPSKEHUH, a C
IIOCIEAHEN PACCUMTAHHOM BEIMYMHBI HANPsKEHUSA B y3ne. [[ng mosydeHus
PA3TUYHBIX TPUOTMHKCHUN PEKUM CETH YTSDKEISUICS WIH O0JIerdalics MyTEM
YBEIIMUEHHUS] WM YMEHBIICHUSI aKTUBHBIX MOIIHOCTEW Harpy3ok Ha 75%, 50%,
25% CcOOTBETCTBEHHO [2];

-Tounocts pacuera (dP):1|0.5/0.1; JlaHHas BenMuYMHA XapakTEPU3YET
MaKCUMaJbHO JOMYCTUMBIM HeOalaHC AaKTUBHOW MOINHOCTH B Yy3Je, MpHU
JOCTUKEHUU KOTOPOrO0 MporpaMMa 3aBEPIIAET WTEPALUUMOHHBIA MPOUECC H
pacyeT CYMTAETCA 3aBEPILICHHBIM.

CrnenoBarenbHO, UMeeM 6 pacyeToB MOTEPb AKTUBHOM M PEAKTUBHOU
MOIIHOCTEN [JIsl Ka)XJOM TOYHOCTH pacdera MOToka MoinHocTu. [IpousBenem
pacueT Il CXeM dJIeKTpudeckoit cetu 1 u 2 [2].
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Tabnuua 1 — [Tapamerps! munnit Cxemsl Nel.
Tun N;Ha N;{KO I\rII— R X B Kt/r | P _Hau Q Hau I max
JI9 - 306,964
H 1 2 0 7,84 | 32,32 | -211,2 110,893 -53,7344 >
JI9 - 403,591
H 1 3 0 4,13 23,1 | -148,5 142.203 -83,4633 7
P 3000 | 726 | 261 | -156 8.55322 | S22 | BT
J9 - 41,0226
I 3 4 0 6,05 | 21,75 | -130 823321 -7,29592 )
Tp-p | 4 5|0 | s [ 1587 74 | 0045 || 14518 | D02
Tp-p 2 6 0 2,8 104 6 0,526 47.3201 -30,097 | 140,308
Tp-p 3 7 0 1,03 59,2 11,8 | 0,526 23 4;362 -53,4462 247§109
J9 - 96,7045
n 6 8 0 3,645 9,3 0 17,1109 -8,6813 6
J9 - 131,180
n 7 8 0 3,65 9,3 0 23.1836 -12,0568 1
Tabnuna 2 — [lapamerpsl y310B Cxembl Nel
Tumn | Homep | U HOoM | Paiion | P v | Q H Pr Qr v Delta
baza | 220 1 0 0 |253,096 | 137,197 242 0,000351
Harp 2 220 1 70 | 35 0 0 230,7642 | -3,19651
Harp 3 220 1 40 | 20 0 0 231,5063 | -2,98955
Harp 4 220 1 0 0 0 0 230,2789 | -3,11191
Harp 5 10,5 1 18 | 5 10 -8 9,929809 | -4,4615
Harp 6 110 1 30 | IS 0 0 114,5522 | -8,71498
Harp 7 110 1 60 | 30 0 0 115,0093 | -8,52325
Harp 8 110 1 40 | 20 0 0 113,3085 | -9,27775

Tabnuua 3 — [Tapamerps! muHul Cxembl Ne2.
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Tun N;Ha N;IKO R X B Kt/r | P_nau Q nHau I max
32,3 -
JIDI 1 2 7,84 5 2112 0 |-181,806 | -130,895 550,3618
JIDI 1 3 4,13 | 23,1 14-8 5 0 -230,53 | -170,624 695,5986
JIDI 2 3 7,26 | 26,1 | -156 0 16’?;819 28%675 86,24827
JIDI 3 4 6,05 215’7 -130 0 -76,783 | -34,9115 226,2762
Tp-p 4 5 5,6 1578’ 7,4 0’;)4 9’811371 -8,93324 35,39715
Tp-p 2 6 2,8 104 6 0’652 -51,9962 | -42,8368 177,8452
Tp-p 3 7 1,03 | 59,2 | 11,8 0’652 -91,2865 | -69,5689 298,2488
JIDII 6 8 3,645 | 93 0 0 |-9,51205 2’025232 53,56406
JIDII 7 8 3,65 | 9,3 0 0 -30,972 | -23,3101 207,7695
JIDII 4 9 3,65 | 9,3 0 0 |-85,7179 | -29,0021 241,3689
mrn |9 | 10 [ 60s || 0 | 0 | -251001 |-123727 | 7557325
Tpp | 2 1| 1,03 | 592 11,8 0’652 69,2139 | 639752 | 2488118
JIDII 11 12 3,65 | 93 0 |-48,9206 | -23,0895 293,8613
JIDII 12 6 3,65 | 93 0 0 12’(;002 19’37222 127,9422
JIDII 11 13 7,26 | 26,1 0 0 9,87778 | -9,42987 74,18412
Tabnuia 4 — [Napamerps! y310B Cxembl Ne2
Tun | Homep | U Hom | Paiion [P H| Q H Pr Qr v Delta
baza 1 220 1 0 0 412,3359 | 301,5188 220 0,000351
Harp 2 220 1 70 | 35 0 0 220 -5,20442
Harp 3 220 1 40 | 20 0 0 220 -4,91031
Harp 4 220 1 0 0 220 -6,62546
Harp 5 10,5 1 10 -8 10,5 -4,57386
Harp 6 110 1 30 15 110 -12,1682
Harp 7 110 1 60 | 30 110 -11,6372
Harp 8 110 1 40 | 20 110 -12,6686
Harp 9 220 1 60 15 220 -7,48145
Harp 10 220 1 40 10 15 -2 211,8285 | -8,07746
Harp 11 110 1 30 | 20 106,282 | -10,4396
Harp 12 110 1 60 | 40 102,6408 | -12,3869
Harp 13 110 1 10 5 20 -4 104,686 | -8,7592

Tabnuma 5 — Pe3ynbraThl H3MEpEHUH.



DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

15

Cxema 1 Cxema 2 OTHOCHUTENIbHAS] TOTPEIIHOCTD, %
dP | Pexxum AP, AQ, AP, AQ,
MBT MBAp MBt | MBAp P Q P Q

1,75 5,1 4,2 17,39 | 77,69 | -0,49261 | -5,74906 | -0,40416 | -0,64775

1,5 5,06 3,79 17,38 | 77,53 | 0,295567 | 4,574066 | -0,34642 | -0,44047

1 1,25 5,09 4,11 17,15 | 76,06 | -0,29557 | -3,483 | 0,981524 | 1,46392
0,75 5,09 4,13 17,22 | 76,56 | -0,29557 | -3,98657 | 0,577367 | 0,816168

0,5 5,07 3,94 17,39 | 77,68 | 0,098522 | 0,797314 | -0,40416 | -0,6348

0,25 5,04 3,66 17,39 | 77,62 | 0,689655 | 7,847251 | -0,40416 | -0,55707

1,75 5,1 4,2 17,39 | 77,68 | -0,16367 | -1,69492 0 -0,00644

1,5 5,1 4,2 17,39 | 77,68 | -0,16367 | -1,69492 0 -0,00644

0.5 1,25 5,09 4,11 17,39 | 77,69 | 0,032733 | 0,484262 0 -0,01931
10,75 5,09 4,13 17,39 77,7 |0,032733 0 0 -0,03219
0,5 5,07 3,94 17,39 | 77,68 | 0,425532 | 4,600484 0 -0,00644
0,25 5,1 4,2 17,39 | 77,62 | -0,16367 | -1,69492 0 0,070808

1,75 5,1 4,2 17,39 | 77,68 0 0 0,009583 | -0,00215

1,5 5,1 4,2 17,4 77,7 0 0 -0,04792 | -0,02789

0.1 1,25 5,1 4,2 17,39 | 77,69 0 0 0,009583 | -0,01502
10,75 5,1 4,2 17,39 77,7 0 0 0,009583 | -0,02789
0,5 5,1 4,2 17,39 | 77,68 0 0 0,009583 | -0,00215
0,25 5,1 4,2 17,39 | 77,62 0 0 0,009583 | 0,075096

3akioueHue

AHanu3upysi TOJYyYEHHBIE pPE3yJbTaThl, MOXXEM CJelaTh BbIBOJA, YTO IMpH
YBEJIMYEHUM TOYHOCTU pPAcyeTa, YBEIUYMBAETCA TaK)K€ TOYHOCTh pacyera IOTepb
MourHocTHu. [t cxembl Nel (cxema ¢ MEHBIIUM KOJMYECTBOM Y3JI0B) 3TO HATJISHO
JEMOHCTPUPYETCS MPU MOMOIIM CTOJIOLOB OTHOCUTENBHOW MOrpemHocTu. B cxeme
No2 (cxema ¢ OOJBIIMM KOJMYECTBOM Yy3JI0B) HAWMEHbBIIHWE MOTPELIHOCTH
MTOJYYMJIIMCH NP TOYHOCTH pacueTta 0.5.

JIuteparypa
1. BpHCIMTETBLHBIE MOJETN TMOTOKOPACTIPEACICHUS B  DJICKTPUYCCKUX
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2. IIporpammusbrii komrieke «RastrWin3» PykoBoactBo mosb3oBatens / B.I.
Heyiimun, E.B. Mamanos, A.C. Anekcanapos, A.A. barpsuues, /[.M. MakcuMeHKo,
C.C. borganos - ExarepunOypr : 2020. - 331 c. : u.
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Annomayusa: 6 pabome npusedeH pacdem ONpeoeseHUus HAOeHCHOCHU
coocmeentwvlx HYyHco AIC.

Abstract: the article deals with the calculation of determining the reliability of
the NPP's own needs.

Kniueevle cnosa: coocmeenuvie Hyscovl AIC, HadexcHocmv cOOCMBEEHHBIX
HY#CO.

Keywords: the NPP's own needs, the reliability of its own needs.

OnHoOM M3 BaXKHEUIINX YacTel JII0OO0N 2JIEKTPUUYECKON CTAHIIMH, B TOM YHUCIE U
atomHor (ADC) sBustorcss cobctBeHHble HYyx)abl (CH), tak Onaromaps um
OCYUIECTBJISIETCS.  PAaCXOJIAXKMBAHUE  PEAKTOPOB, O0OOECHEUYMBAETCS  HAJIEKHOE
(GYHKLIMOHUPOBAaHUE YCTPOMCTB HOPMAJIbHOM  JKCIUTyaTalluM, 3allUTHBIX U
JOKAIM3UPYIOIIUX YCTpOHCTB. OTKa3 OTHEIBHBIX BUIOB 3JEKTPOOOOPYJAOBAaHUS B
YCJIOBHSIX HOPMAJIBHOM JKCIUTyaTallid W3-3a HapyweHus HanexxHocth CH moxer
MPUBECTU K CpadaThIBAHUIO PEJIICMHON 3alIUThl PEAKTOPa U OCTAHOBKE 3HEPro0sIoKa.
B pesynbrare 4ero MoOrytr co3gaTbCs NPEANOCBUIKM Uil Pa3BUTHS CHCTEMHOMU
aBapuu, KOTOpas MOBJIEUET 32 COOOM MOMHBIN 0TKa3 cuctembl CH.

CH ADC npunsTo pasfensaTh Ha TpU OOJIbIIKME TPYMIbl, B 3aBUCUMOCTUA OT
TpeOOBaHUI HAJEKHOCTH, KOTOpbIE MPEAbSBIAIOTCS K JaHHBIM morpedutensim. K
MEePBOM TPyIIE MPUHATO OTHOCUTH TOTPEOUTENCH, KOTOphIE B TMPOIECCE CBOEH
paboOThl HE [OMYCKAaIOT IEPEphIB B JJIEKTPOCHAOKEHMM Jake Ha JOJH CEKyH].
Bropas rpymnmna Bkimoudaer B ce0s moTpeOuTenel, KOTOpble MOTYT OCTaHaBJIUBATHCA
710 I€CATKOB MUHYT. DJIEKTPONOTPEOUTENN, KOTOPbIE B MPOLIECCE CBOEH pabOThI HE
NPEABSBISIIOT  TOBBIIIEHHBIE  TPEOOBaHWS K  HAJAEKHOCTH  CHAOXKEHUs
ANEKTPOIHEPTUEN OTHOCAT K TpeThbed rpymnme. Takue MNOTpeOUTENH IOMyCKaoT
MepephIB B AJIEKTPOCHAOKEHUH JI0 aBTOMATHYECKOT0 BBO/Aa pe3epBa (ABP).

Tak xak k cxemam CH mpeabsBisitOTCS BBICOKHE MOKA3aTeNd HAJIEKHOCTH, TO
Ha 3Tane pa3padotku cxem CH MoaenupyroT pa3iauyHble OTKa3bl CUCTEMBI, C LEbIO
OnpeaeneHus nokasarenaei HaaexKHOCTU. K TakuM 0TkazaM MOXHO OTHECTH:

l. OTtkroueHne pabounx M Pe3epBHBIX HCTOYHUKOB 3JIEKTPOCHAOKEHUS
CH B pe3ynbTaTe aBapuu;
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2. ABapuiiHbIE OTKIIIOUEHUS 3JIEMEHTOB JIEKTPUYECKON CETH, NPUBOISIIINE
K CHWKEeHMIO HanpsbkeHus Ha cekiuax CH na 20%;

3. Paznuunbie MOBPEKICHUS B HETsIX TypOOTeHepaTopoB,
TpanchopmatopoB u TpanchopmatopoB CH (TCH);

4. ABapuiiHble CUTyallMH HA IMHAX BBICOKOTO HampsbkeHus ADC;

5. VYcroiturBoe TOBPEXKIECHUE CEKIUSAX PacHpeleuTeIbHbIX YCTPOUCTB

(PY) CH pa3nuuHbIX CTyIIEHEW HaNpPsKEHUS.
[TpuBenem cxemy snexkrpocHadxenus CH nmotpebuteneit TpeTheil KaTEropuu O JHOTO
6moka ADC Ha pucyHke 1.

472048782 49T5086R4 0

TE TE T PT
‘] CE CB L&, Cr cn
] PY¥ c.n. 0,4 kB
T\ Kl \ 231 \ CR&\ HOPMATLHDH

DKCTLTVATAIIHH

K cxeMe HaeaHOrD reTaHis

Pucynok 1 - Cxema snextpocHab:xenust CH norpebureneit
TpeTheil kareropun ogHoro 61oka ADC

Kak BugHO u3 pucyHka, NOTpeOUTENH TPEThe TIpyIIbl B OCHOBHOM
MPEJCTABIAIOT COO0M Takue 3JeKkTpoaBurarenu kak Hacochl Ttumna ['I[H. Tak xe k
JAHHBIM MTOTPEOUTENSIM MOYKEM OTHECTU PA3JIMYHBIE CETEBBIE U JPEHAKHBIE HACOCHI,
KOHJIEHCATHbIE M LMPKYJISLUMOHHBIE  HACOChl  TYpOMH,  IOHMXKAIOIIHE
tpanchopmatopsl 6/0.4 kB.

[ToTpeOurenu TpeTbeil rpymnibl MOACOESAUHEHBI K CXeMaM HaJeKHOTO MUTaHUS U
cekMsiM HopMalibHOH 3kcimyartaunu 6 kB (BA, BB, BC, BD). K kaxnoit padoueit
CEKIIMU TOJCOCIUHIETCS BBOJ OT OAHOW M3 pe3epBHBIX Maructpaied (BL u BM).
Tax ke xk cOopHbIM mMHAM PY uinu 1pyromMy MCTOYHUKY MUTAHUS MPUCOCTUHSIIOTCS
TCH (T1) u PTCH.

[IpoBoas aHanmu3 HAAECKHOCTH CUCTEMBl SHEProcHaOKEeHUs MOTpedOuTeneit
tpetbeit rpynnel CH paccmMoTpum ee TOBEEHHE NpH TMOTAIICHHH CEKIMI
HOPMAJIBHOM 3KCIuTyatanuu. [Ipu a3tom yureM npoBenenue pemonTa Ha PY Beiciiero
HarpspkeHus. Tak e ciexyeT OTMETUTh, 4TO CTpyKTypa cxemsl CH paauaibHasi, 4To
TOBOPUT OT TOM, YTO TEpe/iaya ANEKTPOIHEPTUH K MOTPEOUTEIIO OCYILIECTBIISAETCS 1O
OJHOM IIETH.

Pacuer HagexxHOCTH cXeMbl OyAeT NPOBOAUTH Iipu oMo nporpamMmmsl REISS.
C moMompr0  JAaHHOM  OpOrpaMMbl  ONPENEIMM  4YacTOThl  MEPEPHIBOB
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ANEKTPOCHAOKEHUSI © WX  JUIMTEIBHOCTH, KOI(POPUIIMEHTHI  HETOTOBHOCTH
noTpeOuTeNIe K JaHHOMY COOBITHIO.
3navenus A u T B o0111eM BUJIE OMPECIISIOTCS 11O BBIPAKEHUSM:

A= AK);
k=1

1
T = XZRT(k)A(k);

rae Mk), T(k) — gactoTa u IIUTENHPHOCTh CMOJICTTUPOBAHHON aBapwii k-ro BH1a,
MPUBOJISIINX K PACYCTHOMY TOTAIIEHHUIO.

M) = al Ao m) | | 0t s);
Dtk s tond [ | 00k 53

T (k) = q(k, j)A(k, m)min{

rae g(k,j) — oTHOCHTEIbHAS JUIUTEIHBHOCTH PEMOHTHOTO IIPOCTOS j-T'O DJICMCHTA,
0.e.;

A(k, m) — yacToTa MOBPEXKACHUS M-TO JIEMEHTa CXeMBbI, 1/To;

t,n — BPEMs OTIEPATHBHBIX MEPEKIIOUCHU, U,

Q(k,s) — BeposATHOCTH OTKa3a B CpadaThbIBaHMH S-IT'O YCTPOMCTBA peleiiHOM
3aIUThI, KOMMYTAI[HOHHBIX alllIapaTOB MM aBTOMAaTHYECKOTO BBOJIA PE3€pPBa;

t(k,m),t(k,j) — mIMTENBHOCTD MOCACABAPHUITHOIO BOCCTAHOBICHUS M-TO U j-TO
DIIEMEHTOB CXEMBI, Y.

Koaddumuent HeroroBHocT norpeduteneit ky BEIUUCIAM 1O GopMyIie:

= TA
" 8760

JUig mpoBeNEHUs] pacyeTOB MOHANOOATCSA MOKA3aTENM HAJECKHOCTH JJIEMEHTOB
CH ADC, koropsle npeacraBiieHbl B Tabauue 1. Pe3ynbTaThl pacuera HaJIeKHOCTH
cxembl CH ADC npuBenens! B Tabnuie 2.

Taomuma 1 — [Mokazarenn Hanexuoct 1eMeaToB CH ADC

Yacrora Bpewmst Yacrora manoBoro| JJIMTENBHOCT
OTKa3a ), | MOC/TEABAPUHHOTO | penoHTA Apew,1/roy|  IUIAHOBOTO
OneMeHT l/rog  |Boccranonenms s, U peMoHTa Tpen, U
M 0,020 1,2 0,200 10
['enepatop 0,550 91 1,000 540
bnounslit TpanchopmaTop 0,008 60 0,250 6
Tpancdopmatop CH 0,005 40 0,250 7,5
COopHBIE IMHBI 0,090 2 0,498 15
PezepsHblii TpaHcpopmaTop 0,008 60 0,250 6
CH
KabenpHas TUHUS 0,005 4.4 1,000 2
BrikroyaTenb 0,010 10 0,200 10
PasbenHuTEH 0,010 1,8 0,166 1,8




DNeKTPOIHEePreTuMKa M DJEeKTPOTEeXHHUKA.

Tabnuua 2 — Pesynpratsl pacuera HagexHocTH cxembl CH ADC

CHTK-78 19

Bun aBapun

CymmapHas 9actora
cobbITus Acym, 1/ron

Cpenmsist
MIPOJIOIHKUTEIBHOCTh
OTKJITOUcHUS T, 1

Koadbdurment
HETOTOBHOCTH, O. €.

OTKIIIOYEHNE OHOM CEKIINN

: 0,1021 1,855 02127 - 10°*
[HOPMAJIbHOU SKCILTyaTallun
OTiumoueHHE ABYX CoruuiL 0,5128 - 10°3 0,5416 0,3157 - 107
HOPMAaJIbHOH SKCHHyaTaHI/II/I
OTiciotenie Tpex cexit 0,1831 - 10 0,6125 0,1282 - 107

HOPMAJIbHOM 3KCIUTyaTaluu

Kak BHIHO M3 pe3yJpTaTOB pacyeTOB HAJECKHOCTH, AK€ OTKIFOYECHHUE OJHOU
CEKIIMM HOPMAJIbHOM JKCIUTyaTaluy BO3MOXHO | pa3 B Teuennu 10 siet, 4To roBOpUT
0 BeICOKOM HazexkHOCTH cxeMbl CH ADC. 1Ipu 3TOM BEPOSITHOCTh NOTALIEHUS ABYX U
0oJiee CeKIUi KpaitHe mMaJa.

1. Tyxk,

0. b. VYecrpoiictso,

Jlureparypa

IMPOCKTUPOBAHUEC W OKCILIyaTaluda CXEM

anekTpocHabxkeHus: cooctBeHHbix Hyxa ADC / 10. b. I'yk, B. M. Kobxys, A. K.
UYepnosen. — M.: DHeproaromusaar, 1991. — 296 c.

2. DrnekTpuyeckas 4acTh AJEKTPOCTaHIMM: y4ueO. mis By3oB / mox pen. C. B.
VYcoBa. — 2-e u3a.— JI.: DHeproaromusaar, JIenunrp. ora-aue, 1987. — 616 c.
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AHHOmMauuAa: OYeHKa HAOeHCHOCMU  B030VWIHOU JUHUU C  HOMOUWbLIO
cneyuantbHulX noKasameretl.

Abstract: assessment of the reliability of an overhead line using special
indicators.

Kntouesvie cnosa: 6o30ywmas auHus, cems, IHEP2OCUCEMd, OMKA3,
HAOeXNCHOCMb, 9IeKMPOIHEepeemuiecKue cucmembl, 0071208€YHOCMb,
Oe30MmKa3HOCmb.

Keywords: overhead line, power grid, power system, failure, reliability, electric
power systems, durability, non-failure operation.

Bsenenne

B coBpeMeHHOM Mupe LEHbl Ha DBJIECKTPOIHEPTHIO CTPEMUTEIBHO pPacTyT,
MO3TOMY HAJEKHOCTU DJIEKTPOIHEPreTHUECKUX CHCTEM BBIJEISETCS 0co0oe
BHUMaHue. Pacuer HageXHOCTH BO3AyIIHbIX JuHUW (BJI) mpousBoasT s toro
YTOOBl MHUHUMHU3HMpPOBATH CIy4yal aBapuil, OTKa30B, MAacCOBOIO MpOCTOS H
HEJIOOTIYCKAa MNPOAYKIIMA HAa  MOPEONpUITHSIX B  CBSI3M ¢ nepebosmMu
AIIEKTPOCHAOKEHUS U 3TO BIEYET K OOJIBIIMM 3aTPaTaM.

Camas rnaBHas pojb B pabOTE€ SHEPrOCUCTEMBbI U €€ HaJEeKHOCTU OTBEJICHA
BO3yIIHbIM JHHUAM. [Ipumepro 30 - 50 % oTka30B M OTKIIOUEHUN HAOJIOAAETCA
cpenu BJI 35-750 xB.

HaunbGonee 4dacThiMu TPEANOCHIIKAMU  OTKJIIOUEHUS WA  TOBPEKICHUS
BO3AYIIHBIX JIMHUM SBJISIIOTCS pa3iMuHble KJIMMAaTUYECKHe yciaoBusA. JluHuum
anektponepenady (JIOII) B 3uMHIOIO TOrojly MOTYT MOJBEPraTbCsl TOJOJENy U
cuibHOMY BeTpy. Hepenko atMochepHbie mepeHanpsHKeHUs U epenajibl TeMIepaTyp
MOTYT SIBISTBCS NpUUMHOM TmoBpexaeHus BJI. MHorama cioydarorcss paccTpesnsl
TUPJISIHA, W30JISITOPOB WJIM CIy4YailHble Hae3/lbl Ha OMNOpY — BCE€ ATO BEAET K
HapYIIEHUIO YHEPTOCHAOKEHUS TOTPEOUTENICH PIICKTPOIHEPTHH.

HccnenoBanre HaeKHOCTH BO3AYIIHBIX JIUHUN CTapaeTCsl pelIuTh MpoOIeMbl
JUCIIETUYEPCKOTO yIpaBJeHHUs, pa3paboTaTh pa3MuyHble HOPMATHBBI aBapUUHBIX
pe3epBOB  00OpPYAOBAHMS, MPOAHATU3UPOBATH KOHCTPYKIIMM BCETO TEXHHUYECKOTO
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00OpyIOBaHUsl BO3IYIIHBIX JUHUN M OLEHUTh 3(P(HEKTUBHOCTH MEPOIPHUSITHIA IO
YIYUIICHUIO HAJSKHOCTH M ycTOoWUnBOM padote BJI.

BaxxHOU COCTaBIAOMIEN OLEHKU HAJAEKHOCTU BJI BBICOKMX M CBEPXBBICOKHX
HaIPSDKEHUN  SIBJSIIOTCS  CIELUAlIbHbIE KOMIUIEKCHbIE ToKazaTenu. Ha mnpakrtuke
UCIIOJIB3YIOT BCErO MATh OCHOBHBIX TPYIIIL:

1) Ilokazarens Oe3oTkazHoctu BJI — ¢ momompio 3TOro KoddduimeHta
OMPENENAIOT KAaKyl0 4YacTh BPEMEHH OT HapaOOTKH WA OMNpEeNIeTICHHOTO
MPOMEXYTKa (PYyHKIMOHUPOBAHUS BO3AYIIHAS JIMHUS paboTana 0€30TKa3HO.

2) PemonrtonpuronHoctb BJI — 3T0 CBOWCTBO BO3AYIIHOW JMHUU, KOTOPOE
3aKJII0UaeTCsl B pelleHuu npodieM oTka3a B pabore BJI myrem pemonra u
00CITyKUBAHUSI.

3) HonroBeunocts BJI — 3T0 cnocoOHOCTH BO3AYIIHOW COXpaHSATH CBOIO
paboTOCIIOCOOHOCTH 10 T€X MOp, MOKa €€ JNajbHenas 3KCIuTyatamnus OyaeT
HEBO3MOHA, JaXKe MOCIIE PEMOHTA.

4) KoMIuiekcHbIE MOKa3aTeNd — 3TO OJJTHU U3 BXKHBIX MOKa3aTesIel JJis OLICHKU
HaJexHOCTH BJI, OHM XapakTepusyrT cpa3y HECKOIbKO CBOMCTB, KOTOPBIE
SBJISIFOTCSI KOMIIOHEHTaMU HaJIEKHOCTU SHEPTOCUCTEMBI.

5) DKoHOMHYECKHE TMOKa3aTeIH - C TOMOIIBI0 ATOrO IOKa3aTessl BENeTCA
orleHKa 3P (EKTUBHOCTH 3aTpaT, KOTOpbIE HIYyT Ha TMOBBIIICHUE CaMOM
HajgexHocTu Ha BJI.

OcHOBHas YyacTh

1. be3orka3Hocts BJI

Bo3nymnas nuHHS — 3TO TakoW OOBEKT, KOTOPBI MOKET BOCCTAHABIMBATHCS.

ITokazarens 6e30TkazHocTu BJI o0o3HavaeTcst crnemyromumM obpaszom «(t). Ero ee
MHOT/Ia Ha3bIBAIOT MAapaMETPOM MOTOKA OTKAa30B. Tak 4YTO K€ BIUSET HA BEIUYUHY
ATOro ToKaszarens «w»? W3Hoc 000pynoBaHUS U TUIAHOBBIE PEMOHTHI. JTa
3aBUCUMOCTh OTOOpaXkeHa Ha Tpaduke, Mpe/ICTaBICHHOM Ha pUCyHKe 1.

=

o (t) 1

Wy (CpeiHmit)

S
-

Pucynok 1 — I'paduk 3aBUCMMOCTH TapaMeTpa MOTOKAa OTKAa30B OT MOMEHTA BPEMEHH!
BBITNIOJTHEHUS KaIIUTAJIbHBIX PEMOHTOB. t1, 2, t3 — MOMEHT BPEMEHH BBIIIOJHEHUS KalIUTAJIBHBIX
PEMOHTOB. t) — OKOHYaHHE MPUPAOOTKH (IIepHOTa OCBOCHU).
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. M[r@+A0]-M[r(@)

o) = lim .| zulro], (1)
At—0 At

I'me M — maTeMaTn4eCcKOE OKUIAHUE OTKA30B BO3YLIIHOM JINHUHU;

r(¢) - YACJIO OTKA30B 3a BpeEMH t;

r(t+At) - 9UCII0 OTKA30B 3a BpeMs (t+At);
(t) - CpeaHee YNUCIIO OTKA30B, O’KUIAEMBIX B MAJIOM MHTEPBAJI€ BPEMEHHU.

N3 ananu3a npuynH 0TKa3a BO3AYIIHBIX JIMHUM:
(1) = w,(1) +w,, (2)

I'ne @ - NOTOK OTKAa30B BO3AYIIHOW JINHUH;

o,(f) - OTpaXaeT CBSI3b C U3HOCOM U CTapEHHEM BO3JYLIHBIX JIMHUA OT CPOKa
CILY OBl

®, - JTOT TapaMeTp CBA3aH C BHEIIHUMH BO3JCUCTBUSIMU Ha BO3AYLIHYIO

JIMHUIO.

I'nueHne apeBecuHbl, U3HOC apMaTypshl, IPOBOJIOB, TPOCOB, KOPPO3UA — BCE ITO
XapaKTEPHU3yeTCsl IOTOKOM OTKAa30B, & TAKHE ITOIOJIHBIE SIBJICHUS, KaK FOJIOJE, BETEP,
yJapbl MOJIHUH B JIMHUIO 3ekTponepenad (JIDII), nenoxoast, oOpbIBEI IPOBOAOB U
[I0’Kapbl HANPSIMYIO CBSI3aHbI C MTOTOKOM. Tak Kak ImapaMeTp HHMKaK HE 3aBUCUT OT
pa3IMyYHBIX IJIAHOBBIX PEMOHTOB M BPEMEHU JKCIUTyaTallud CHUCTEMBI, €ro OOBIYHO
IIPUHHAMAIOT 32 IOCTOSIHHYIO BEJINYHHY.

BeposiTHOCTh 0€30TKa3HON pabOThl BO3IYIIHBIX JUHUN OTPAKaeT MOHSITHE
(yHKIIUU HAJIE)KHOCTHU JIUHUMN - p(¢) .

p(t)zl—Zp,.(t)-ql.(t), (3)

I'ne i —BO3MOXKHOE COCTOSIHUE BO3AYIIHBIX JIMHUM;
p,(f) - BEPOSATHOCTh HAXOKJIECHMS BO3AYLIHBIX JIMHWM B MOMEHT BPEMEHHU ! B

COCTOSIHUM I
q,(f) - BEpPOSATHOCTb HAPYLICHHUS HANECKHOCTUM BO3AYIIHBIX JUHUM B MOMEHT

BPEMEHU { B COCTOSIHUM 1.

2. PeMOHTONPHUIOAHOCTH BO3AYIUHbIX JUHHUHI

Cpennsisi IpoAOHKUTENBHOCTD IJIAHOBBIX OTKIIFOUEHUMN JIMHUW, CPEAHEE BpeMs
BocctaHoBieHus: JIDII mocne otkaza, cpenHssi nepuoguyHOCT, peMOoHTOB BJI u ee
00opyIOBaHusl, CpEeIHHE 3aTPaThl 3a TPY/, KOTOPHIN ObUT MPUIIOKEH HA KalUTaIbHBIN
PEMOHT U TEXOOCTYyXKMBaHUE JMHUUA — BCE 3TO ONPEIEISIET PEMOHTOIPUTOIHOCTD
BO3yIIHOM JIMHHH.

3. JoaroBe4HOCTH BO3AYILIHBIX JUHHUI

CambiMu HenonroBeuHbIMH JIDII sBNAIOTCS TE, YTO OBUIM COOPYXEHBbI Ha
JIEPEBSHHBIX OMOpaXx, NPUHITO CUUTATh, YTO CPOK CIYX OBl TAKUX JIMHUWA COCTABIISIET
B cpeaHem 30 7neT, a METAUIMYECKUE WU KEeIe300€TOHHBIE MOTYT MPOCITYKUTh
okouo 50 ner.
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4. KoMmjieKkcHbIe OKa3aTeJIn

a) KOod(POUIMEHT TEXHUYECKOTO0 HCIIOIB30BAHUS — 3TO YacTh BPEMEHH, MPH
koropoM BJI Oputa B pabodyeM COCTOSIHUM OTHOCHTEIBLHO BPEMEHHM CaMoOM ee
sKcIuTyatanuu. M3 maHHOTO oOmpeaeneHuss CTaHOBHTCS cpa3y SCHO, YTO JTOT
MOKa3aTeIb UMEET CIICIYIONIYI0 (GopMyITy:

T,

=——xl-w-T,—u-T,, 4
T,+T,+7, g M- 1Lp 4)

.1

I'ne T, - cpeanee BpeMst pabOThI BO3YIIHOM JIMHUU MEXAY OTKa3aMH;
T, - cpeaHee BpeMsi BOCCTAHOBJICHUS BO3AYUTHOM JIMHUU;

T, - cpeHee BpeMs IpeAHAMEPEHHOT0 OTKJIFOYEHHUS BO3AYIIHOW JTMHUH,
® - IapaMeTp NOTOKAa OTKA30B;

4 - CPEHSIS IEPUOANYHOCTh PEMOHTOB.

DTOT mokazaTenab XapaktepuszyeT padbotry BJI. Uem Oosbiiie ObUIO OTKa3O0B,
IJIAHOBBIX OTKIIIOUEHUH M mpoctoe B pabore JIOII, Tem MeHblne OyIeT 3TOT
rokasarens [2].

0) KosdduimumenT roTtoBHOCTH HMEET MNOYTH Takyl xXe QopMylly, Kak H
KO3 PUIIMEHT TEXHUYECKOrO0 HCIONb30BaHUsA. Pa3Huina 3akioyaercs B TOM, YTO
KO3(PUIIMEHT TOTOBHOCTH HE UMEET B 3HAMEHATEJNE MOKA3aTeNlb CPETHErO BPEMEHU
npenHaMepeHHoro ortkiaroueHus BJL. [loatomy, MOXHO cKa3zaTb, 4YTO 3TOT
Kod(PuIMeHT moKa3bpiBaeT Kakyr 4acTh BpemMeHu JIDII maxomunace B pabouem
COCTOSIHUM YYMUTBIBas CpPEIHEE BpEMsI BOCCTAHOBJICHHS BO3AYLIHOW JIMHUHA H
HCKIIIOYasl CPEAHEE BpEMsl TPEAHAMEPEHHOIO OTKIOYEHHUS BO3AYIIHON JIMHUU. DTOT
MoKa3arelib UMeeT hopMyITy:

T
K.=—2 ~l-w-T,,
"o 4T, B )

I'ne T, - cpennee BpeMst paOOThI BO3IYIIHOM JIMHUHU MEXIY OTKa3aMH;
T, - cpeaHee BpeMsl BOCCTAHOBJICHHSI BO3AYLIHOM JIMHUU.
B) KO3(h(ULIMEHT MPOCTOS BO3AYIIHOM JTUHUU U3-32 OTKA30B:

T
11,0 :—B’ (6)
T, +T,

) KO3 PUIUEHT TPOCTOS BO3AYIIHON JIMHUH MPU PEMOHTAX:

T
mp £ > (7)
T,+T,

5. DKOHOMHYECKHE MOKA3aTENHN HAJIEKHOCTH BO3AYLIHOM JIMHUU
a) 3 peKTUBHOCTD 3aTPaT HA MOBBIICHUE HAJEKHOCTA BO3AYITHON JIMHUU:
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== (8)

['ne AH - noBbIlIeHUE HAIEKHOCTH JIMHUM B pe3YyJIbTaTe BBEJICHUS PE3EPBa;
3, - BeJIMYMHA MIPUBEJEHHBIX 3aTpaT Ha 00Opa3oBaHUE pe3epBa.

0) cyMMapHbIe 3aTpaThl Ha IMPOBEIECHUE TEXOOCTYXMUBAaHUS HIM PEMOHTa 3a
ONPEAECTEHHBIN CPOK.

B) yiiep0 OT 0TKa3a BO3AYLIHON JTUHUMU.

[IpuBenem mpumMep pacuera KOMIUIEKCHBIX TIOKa3aTeled  HaJeKHOCTH
OJIHOLICTTHOM kesne300eToHHOM BozaymHod nuHuu 35 kB [3]. M3BectHO, 4TO
rnapameTp IMOTOKa OTKa30B BO3AymHOW JnHUM (@) paBeH 0,72 1/rog Ha 100 xm
JUHUY, Cpe/lHee BpeMs BoccTaHOBJIeHUs JiuHuM (T,) cocTaBiseT 10 yacoB, cpemnss

MEePUOJIMYHOCTh PeMOHTOB (x) — 1,2 1/rog Ha OaHY JNHHHUIO, CpPEOHEE BpeMs
npeaHaMepeHHoro oTkioueHust (7,) — 15 yacoB Ha oany junuto. Hamo HaiiTu

K02 PUITMEHT TEXHUYECKOTO UCIIONIb30BaHus U KodduirieHT roroBHocty BJIL.
Bocnonb3oBaBmncs ¢Gopmynoi (4) Haiigem KO3QUIIMEHT TEXHUYECKOTO
UCIIOJIb30BAHUSA:

K

T

u=l—o-Ty—puT,=0,997,

ITo popmymne (5) k03pPULIUEHT TOTOBHOCTH:

K, =1l-@-T, =1-0,72-—2__ 0,999,
8760

3akirouenue

VY4er HaAEKHOCTH JJIEKTPOCHAOXKEHUS — OTO OJHA W3 BaXKHEHWIIMX U
HEOTHEMJIEMBIX YACTEHM NMPOEKTUPOBAHMS COBPEMEHHBIX JJIEKTPUYECKUX ceTed. Ha
CETOJHAIIHUN JIeHb, JUISI TOro, 4YTOOBl obOecmeunTh H(HHEKTUBHOE YIPABICHUE
HAJCKHOCTbIO  BO3MYIIHBIX JIMHUM, WJET AaKTUBHAas pa3paboTKa CHCTEMbI
MOHHMTOPHMHTA B HAIPABJICHUHU AJIEKTPOIHEPIETUKH, a TakKe 00ecredeHre pa3BUTHS
TaKoOW OTpaciu, KakK «UHTEJUIEKTYaJbHbIE CHUCTEMbl DJIEKTPOCHAOXKEHUS IS
MOBBIIICHUS] HAJECKHOCTU 3JIEKTPOIHEPreTHUECKUX CHUCTeM. BraaeHue ocHOBaMH
TOPUM HAJIEKHOCTH COACHCTBYET O€30IIMO0YHOMY TMPUHATUIO PpELUICHUH NpH
AKCIUTyaTalliM W MPOEKTUPOBAHMU dSHeprocucteM. lloaToMy mpu MOATOTOBKE
BBICOKOKBAJIU(DUIIMPOBAHHBIX KaJIpOB B c(epe dHEPreTHKHU, HAJIEKHOCTH yAeNseTcs
0co00e BHUMaHUE.

B kauectBe ucciemyemMoro o0bekTa ObUla MpPEACTABICHA OJHOLEIMHAA CETh
HOMUHAJIBHOTO HampsbkeHus 35 kB. beul mpoBeneH pacueT KOMIUIEKCHBIX
MIOKa3aTesIed JJIEKTPUYECKOW CETH W Mbl TOJYYHIIA CIEIYIOUUME pEe3yIbTaThl:
KOO(POUIMEHT  TEXHWYECKOro  Hcmonb3oBaHus K, , =0,997,  koodduuueHt

roToBHOCTH K, =0,999. M0OXHO cjenaTh BBIBOJ, YTO CETh pabOTaeT MpPaKTUYECKHU
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0e30TKa3HO M HHUKAKHX MCPp II0 YBCIMYCHHUIO HAACKHOCTH CCTH IIPOBOJUTL HC
CICOYCT.
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Abstract: This work considers the introduction of smart networks to improve
the reliability of the network. An analysis of the use of generation distribution and
the effectiveness of this method was carried out.
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BBenenne

B Hacrosiee BpeMsi 3JIEKTPUUECKHUE CETU YaCTO CTATKUBAIOTCS C CEPhE3HBIMU
OTKa3aMU U OTKJIIOUYECHHSMU. VMIMEHHO MO 3TOM MpUYMHE MPOBOAMTCS TaK MHOTO
UCTIBITAaHUN Ha HAJEKHOCTh.  HajeXHOCTh 3IEKTPOCHAOKEHUSI MOXKET OBbITh
HapyllleHa W3-3a pa3IMuHbIX nOpuuuH. [lodTOMy »SHepreTuyeckue KOMITAaHUU
CTPEMUTHCS MOACPHU3ZUPOBATH CBOM OOBEKTHI, YTOOBI CBECTH K MHUHUMYMY
3aTpaThl, TMOBBIIIAS TMPU ATOM HAJEKHOCTh W Oe3omacHOCTh ceTu. Ilepexonm k
YMHBIM CETSIM TO3BOJISET YJIy4llIaTh MPOU3BOJICTBA, TEXHOJOTHH aBTOMATU3AIUIO U
CBsI3b. [1]

OcHoBHasl yacThb

YMHas ceTh — Oyayllee MOKOJICHUE YJICKTPUUYECKON CETH, KOTOpasi pa3yMHO

WHTETPUPYET NCUCTBHS MPOU3BOIUTEIICH U IOTPEOUTENCH CBI3BIBATHCS M OOIIATHCS
BMecCTe, 4T0Obl oOecnieunTh 3(HEKTUBHOE, YCTOWYNBOE, HAZEKHOE, 0€30MacHOe U
PKOHOMUYHOE CHAOXXECHHE DJICKTPUYECTBOM. YMHAsl CETh PacCMaTPHUBAETCS Kak
CaMOJIOCTAaTOYHAsl CHCTEMa, TO3BOJIIONIAs WHTETPUPOBATh JFOOBIE HMCTOYHUKU
TeHEpalMA B AJIEKTPUUECKOM CETH C IeNb HaJACKHOH, 0€30MacHON M yCTOMYMBOU
AIIEKTPOIHEPTUH JIJIsI TOTPEOUTEIIA.

ITo cpaBHEHUIO C OOBIYHOM CETHIO, YMHASI CETh - 3TO CIIEAYIOIIEe MOKOJICHUE
pacripefieyieHdss ~ DHEPruu,  BKJIIOYAIONIEe  THICAYM  HOBBIX  YCTPOMCTB
MH(OPMAITMOHHBIX 1 KOMMYHHUKAITMOHHBIX TEXHOJIOTUH.
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YMHas ceThb AacT HCCKOJIBKO ITPCUMYIICCTB IJIAA DHCPIrOCCTH:

o HAJCKHOCTH 32  CUET  COKpamieHuss  mepeboeB W HapyIICHHUH
DHEPrOCHA0KCHUS,

o HKOHOMHH 32 CYET MUHUMU3AIIUU TIOTPEOTICHUSI JIEKTPOIHEPTUH;

o 3G ()EKTUBHOCTH 3a CUET CHIKCHHS Ce0eCTOMMOCTH TPOM3BOCTBA,
pacmpesiesieHus1 U OTPEOICHUS SHEPTUH;

o 3alTUTa OKPY)KAIOIIEH CpeIbl 32 CUET COKPAICHUs BHIOPOCOB 3arps3HSIONIIX

BEIIECTB, 32 CYET MHTETPAIlMU BO3OOHOBIIIEMBIX UICTOUHUKOB SHEPTUH; [2]

OHa mnpenocTaBisieT BCe HEOOXOJIMMBIE YCTPOMCTBA HJisi yHpaBieHUS W
aBTOMATH3aIlMK DJICKTPUUYECKOM CETH, a Takxke JJIsi oOecrnedeHus: moTpeOuTeneit
JNOCTYITHOW U HaJCKHOU SHEPTUEH.

YMHasi ceTb MOXET HWHTErpUpOBaTh paclpeeieHue TIeHepalul, YTOOBI
YMEHBIINUTh 3aBUCUMOCTh OT MCKOTIAEMBIX PeCypcoB. Pacnipenenenne renepauu —
ATO HOBBIA METOJ, OCHOBAaHHBIH Ha BO300OHOBIISIEMBIX HCTOYHUKAX HHEPTHH,
KOTOPBIA MOKET OKa3aTh MOJIOKUTEIBHOE BIMSHUE HA PACHPEICIUTEIBHYIO CETh.
Bo300HOBIsIEMbIE SHEPrETUYECKUE PECYPChl PACCMATPUBAIOTCS KaK OCHOBHBIC
pecypchl it OyIyIIMX «3armacoB) SHEPTUU B CBSI3U C SHEPTETUUECKUM KPU3HUCOM.
PacnipenenurensHblii  reHepaTOp MOXKET OBITh TMOJKIIOYEH K TeHepaTopam
AIIEKTPOIHEPTUH WJIM HETIOCPEACTBEHHO K TOYKaM MOTpeOeHus sl obecreueHus
SHEPTUEW HArpy30K. B JIEUCTBYIOIIEH 3JJEKTPUUECKOM CETHU DSJICKTPUYECKAsS
MOIIHOCTB PaCIpPENeISIETCs] Ha HAIrPY3KHU Yepe3 JIUHUU U DJIEKTPUUYECKUE DIIEMEHTHI,
YTO MOKET MPUBECTU K CHUKCHUIO HANPSIKEHUS U YBEIIMYEHUIO MIOTEPh MOIIHOCTH
B ceTsix. Takum 00pa3om, JIMHUU BJIEKTpOINepeadl HEe BaKHBI, KOT/Ia T€HEPaTOPhI
PaCIOJIOKEHBl psAAOM C moTtpedutensmu. CrenoBaTesibHO, TaKO€ MOJKIIOYCHUE
MOJKET CHU3UTh MOTEPU MOUTHOCTH B CETH.

JIns aHanmuM3a CeTHM MBI CO3/aJMM CE€Th, COCTOSIIIYIO U3 Y3JI0B, OOBEIECHHBIX
JIMHUSIMHM, OJHOTO MCTOYHHMKA SHEPTUU U HArpy3okK. [IpeanonoxuM BO3SHUKHOBEHUE
Meperpy3Kku u3-3a OOJBIIOTO KOJI-BO SHEPIUU MOTPEOIsieMON Harpy3KaMu B OJIHO U
Toxe Bpems. Kak mocienctBue 3TOW HEUCIPABHOCTH MOXET MPOU30MTH OOpPHIB
CeTH WJIK Tepebou AeKTpocHaOkeHus. UToObl n30ekaTh JaHHON HEHCIIPABHOCTH,
CBSI3aHHOM C MEPErpy3Koil CeTH MBI MOXKEM BOCTIOIB30BAThCS PHEPTUEH OT OJIOKOB
pactpenenéHHoi TeHepaly, YTO CMOXKET CHHU3HUTh MOTPEOJICHUE SHEPTHH OT
OCHOBAHHOI'O MCTOYHHWKA DJSHEPrUM W 3HAYUTEIIBHO CHU3UT BEPOATHOCTH
BO3HUKHOBEHHUSI HEUCIIPABHOCTH.

UtoObl MaTeMaTHYeCKH OMPEACIUTh WHICKC HAJEKHOCTU BOCIOJIB3YyEeMCS
4acCTOTOM U MHTEHCUBHOCTBIO OTKA30B, COOTBETCEHHO Gopmyibl (1) u (2):

YacToTa OTKa30B MO CTAaTUCTUYECKUM JIaHHBIM OO0 OTKa3ax OIpeaessercs
BBIPAKECHUEM
1) = An(t)

N -At 1

rue An(t) - YMCJO OTKA3aBIIMX M3JEJIMN HAa Y4YaCTKE BPEMEHU (t,t+At);
1@ - CTaTHCTHYECKas  OIlleHKa  YacTOThl  OTKAa30B  H3JIEIIHA;

At - unTepBaN BpeMeHH.
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NHTEHCUBHOCTh OTKAa30B IO CTaTHUCTUYECKUM JIaHHBIM 00 OTKazax
onpenensiercs GopMysIoun :

/1(1‘) = Al’l—(f) (2)
At -n(t)

rae n(f) - cpeiHee YNCIIO M3MCNUM, He OTKA3aBIIMX K MOMECHTY BPEMEHH ! ;

An(f) - 4YHMCIO OTKa3aBIIMX W3JENMA Ha ydacTke Bpemenu (Z,1+At);

A(t) - crarucTuyecKast OlleHKa HHTEHCUBHOCTH OTKa30B M3eins.[3]

PacuutaB dopmynsl (1) u (2) ma8 SIEKTPOHEPTETHUECKONH CETH MOXKHO
OTMETHTb, YTO YaCTOTA OTKA30B /I HEOOIbIION ceTh HanpspkeHneM 110 kB Obina
paBHa 0,445, a uaTeHcuBHOCTH 0, 215 3a MHTEpBan BpEMEHH paBHBIN roay. A npu
BBEJICHUE B HMCIOJIb30BAHUE YMHOM CETH YacTOTa OTKa3a CHU3WJIACH 10 3HAYCHUU
paBHbIX0, 398.

Ba)xHO OTMETUTH UTO JAHHBIM CHOCOO MOBBIMICHHS HAJEKHOCTH CETH, IPH
MTOMOILIM BBEJICHUS JOIMOJIHUTEIbHBIX T€HEPATOPOB SBISETCS JTOPOTOCTOSAIIUM Kak
CO CTOPOHBI BBEJIEHUS HOBOTIO OOOPYJIOBaHHUSA, TaK U CO CTOPOHBI HaJTaKEHHOU
paboThl Bceit yMHOM ceTu. ClieioBaTeabHO, BAXKHO YYUTHIBATh BEJIMYMHY 3aTpart,
HEOOXOUMBIX JIJISl peajlu3aluil U CTOMMOCTh aBapUHHOTO pEMOHTa 000pyAOBaHNUs
[IPY BOBHUKHOBEHUH MEPECHANPSIHKEHUS.

3akiouenue

Takum 00pa3oM MOXKHO PacCMOTPETh HOBBIM METOJI MOJACIMPOBAHUS YMHBIX
ceTel ISl TOBBIIICHUS HAJACKHOCTH DJIEKTPOCHAOXKEHUsT moTpedutenein. MoxHO
OTMETUTh YTO MNPH HEUCTPABHOCTH BEPOSTHOCTH MAJICHUS HAMPSIKEHUS B CETH
cHu3uTcA ¢ 45 % 1o 40%. 310 noKa3pIBa€T BO3MOKHOCTh BHEAPEHUSI YMHBIX CETEU
JUTS TIOBBIIIICHUST HAJICKHOCTH.

Jlureparypa
3. SMART GRID wunu yMmHBIE CETH DJIEKTPOCHAOXKEHUS [DIEKTPOHHBIM
pecypc]/ eneca.by — Pexum goctyma: https://eneca.by/novosti/energetika-i-

energoeffektivnost/smart-grid-ili-umnye-seti-elektrosnabzheniya/. — Jlata nocryma:
11.04.2022.

4. «YMHBIE CeTH»:. TIepCIEeKTHBBI MW pealluu [DIEeKTPOHHBIH pecypc]/
cleandex.com — Pexum pgocryma: http://www.cleandex.ru/articles/2014/09/11/umnye
_seti_perspektivy i realii/. — [lata noctyna: 11.04.2022.

3. KonuuceTBeHHbIE TIOKa3aTeNnd HAACKHOCTH [DNEKTpOHHBIN  pecypc]/

all4study.ry — Pexxum goctyma : https://all4study.ru/proizvodstvo/kolichestvennye-
pokazateli-nadezhnosti.html/. — lata qoctyma: 11.04.2022.

28


http://electricalschool.info/main/elsnabg/803-dlja-chego-nuzhna-relejjnaja-zashhita.html%20/
http://www.cleandex.ru/articles/2014/09/11/umnye
http://electricalschool.info/main/elsnabg/803-dlja-chego-nuzhna-relejjnaja-zashhita.html%20/
http://electricalschool.info/main/elsnabg/803-dlja-chego-nuzhna-relejjnaja-zashhita.html%20/

DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

YAK 621.311.153.001.24
ITPOI'HO3UPOBAHUE I'PA®PUKOB HATPY3KHU
PREDICTION OF LOAD SCHEDULES

K.A. Mapuyk
Hayunsblit pykoBoautenb — [lonkoBa H.A., ctapmmuii npenogaBarelb
benopyccknil HalMOHAIBHBIN TEXHUYECKAN YHUBEPCUTET,
r. Munck, Pecriyonmka bemapych
popkova@bntu.by
Marchuk K.A.
Supervisor — Popkova N.A., Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayuna: B pabome paccmampusaemcsi B03MOMCHOCHb NPUMEHEHUs.
Mooenelt MAWUHHO20 00yueHusi Ol peuleHus 3a0ayu NpoSHO3UPOBAHUU 2PADUKos
IIeKMpU1ecKoll Hacpy3ku. Buvlasnenvl 3akonomepHocmu 8 UCXOOHBIX U NOLYYEHHbIX
OAHHbBIX, NPOBEOEHO CPABHEHUE UX C OelUCMBUMENbHBIMU, NPOU38E0eH NOUCK JIyYulell
MOOenu Ha OCHOBAHUU 8bIOPAHHOU MEMPUKUL.

Abstract: The paper considers the possibility of using machine learning models
to solve the problem of predicting electrical load curves. Regularities in the initial
and received data are revealed, they are compared with the real ones, and the best
model is searched based on the selected metric.

Kniueewle cnosa: epaguxu naepysru, kopperayuonnas mampuya, RMSLE.

Keywords load graphs, correlation matrix, correlation, RMSLE.

Bsenenne

[Ipenckazanue Oyaymux coOBITUN — MEPCIEKTUBHAsS, HO U UHTEpECHas 3ajada
BO MHOTUX cdepax: HauMHas C MPOTrHO3a MOTOAbl M 3aKaHYMBas MpPeJACKa3aHHEM
pocta akuui, Kypca BamOT. MamnHHOe OOy4eHHe YXKE CEerofHsi IO3BOJISIET
3HAUUTEIBHO COKPATUTh BpPEMsI M TPYyAO3aTpaTbl HAa MNPUHATHE YIPaBICHUYECKUX
pElIeH, HanpuMep, BBOJ JAOMOJIHUTEIBHOTO YMCIIa TEHEPUPYIOIINX YCTPOUCTB WU
e BbIBOJ. IIporHo3upoBanue rpadukoB Harpy3ku Ja€T BO3MOKHOCTh M3HAYaJIbHO
MPEACKa3aTh 3arpy3Ky reHepUpPYIOIIMX annapaToB U paclpeiesuTh 3arpy3ku MExKIy
HUMH TakuM oOpa3oM, 4TOOBbI CE€0ECTOMMOCTh DJIEKTPOIHEPTrUU ObLla MUHUMAJIbHA
[1].

JIOCTHKEHUIO BBICOKOM TOUHOCTH MPOTHO3UPOBAHUS MEIIAI0T MHOTO (PaKTOPOB:

e BHE3AITHOE U3MEHEHHUH TEMIIEPATYyPHhI;

® OTCYTCTBHE BO3MOKHOCTH yu€Ta CIy4alHbIX COOBITUH;
® 3aBUCUMOCTH OT BHJIA JHS;

® TOYHOCTb IIPEICKa3aHHON MOTO/IbI;

JIJisi IpOTHO3UPOBaHUs TPaUKOB HArpPy3KH HCIOJIB3YIOTCS CIEIYIOUIUE BUIbI
JAHHBIX: UCTOpPHUS NOTpPEOJICHHs] U MPOTrHO3 Temreparypbl. s Havana oOydeHus
HE0OXOJAMMO TMPOBEPUTH JTaHHbIE HA aHOMAJIMU, HauOoJee MOAXOASIIUM PEIICHUEM
ABJISIETCSl KOppPEJALMOHHAs MaTpulla B BHUAE TEIUJIOBOW KapThl. JlaHHas Marpuua
MOKa3bIBAET, KaK IMEPEMEHHbIE B HA00pE JaHHBIX CBSI3aHbI JAPYT C IPYTOM M KaK OHU
NEPEMEIIAIOTCS OTHOCUTENIBHO JIPYT Apyra. 3HaueHHUe KOppessiuuu Koyednercs oT -1
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no +1. HyneBoit k03pGUIIMEHT KOppEensauu O3HA4aeT, YTO JBE IMEpPEMEHHBIC HE
3aBHCIAT Jpyr OT japyra. llomokurenpHas KOppENsIUs YKa3plBaeT Ha TO, YTO
MEPEeMEHHBIC IBW)KYTCS B OJHOM HAIpaBICHHH, a OTPHUIATENbHAS KOPPEISIUs
YKa3bIBA€T HAa MPOTHUBOIIOI0XKHOE [2].

-09
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Pucynok 1 - KoppensunonHnas Matpuiia B BUJI€ TEIIOBOU KapThl

ITocne mpenBapuUTENBHOTO MPOCMOTPA TAHHBIX, CTOUT 3aJa4ya C ONpPEAEICHUEM
3aBUCHUMOCTEN U IPOBEPKHU ITUX 3aBUCUMOCTEN C IEMCTBUTENBHOCTHIO. Kak mpasuio,
MOTPEOJICHUE DJICKTPOIHEPTrUM B 3UMHUM M OCEHHHM miepuoja OoJibllle, 4yeM B
BECEHHUH U JIETHUH, YTO ¥ OTPAXKEHO Ha rpauKax IHEPronoTpedsIeHUs MOKa3aHHbIX
Ha PUCYHKE 2.

HeHb Hepenn

MoHenensHVK

BTOPHWK

Cpena

YeTeepr

naTHuua

Cyb6oTa
BockpeceHbe

‘\ F~|| ‘\“i
N |II II'I I'N II
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1 1l

SHepronoTpebneHue

Pucynok 1 - [ToTpebiieHne 351eKTpoIHEePTUN OT BPEMEHH roj1a
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[Tocne 06pabOTKM MaHHBIX M YCTAHOBKHM BCEX 3aBHCHMOCTEH CTaBUTHCA 3ajaya:
BHIOOpa MO W METPHUKH, TI0O KOTOpOH OyJeT MpOBOAMTHCS OIleHKAa Mojaenu. B
KadyecTBE METPHKU HCmoib3yoT 12 (R -  kxodddumument aerepMuHaIvu,
MOKa3bIBAIONIMA, KaK CHJIBHO YCJIOBHAs JUCIEPCHS MOJEIH OTJIMYaeTCsS OT
mucnepcun peasibHbIX 3HaueHuil) ¥ RMSLE (Root Mean Squared Logarithmic Error,
WIA CpeIHEKBaJpaTHuUHas JorapudMuyeckas OmMUOKa, KOTOpas  SBISAETCS
paccTosIHUEM MEXIy IBYMS TOYKaMH Ha IIOCKOCTH) [3].

Monens Oyner mogoOpana myteM mepedopa Mofenel Mo JIydiieMy KauyecTBy, a
Jy4dIIUue TapaMeTphbl I MOAENTH OyIayT ONpenesieHbl C IMOMOINBI0 BCTPOSHHBIX
GyHKIMA, pe3yJabTaThl TOYHOCTH MPEACKA3aHUs KaXJAOW MOJETH TPHUBEICHHI B
Tabnuie 1.

Tabmuua 1 — [Tokazarenu kayecTBa IS KaXI10M MOJIENA

31

Mertpuka LightGBM Catboost XGBoost Prophet SARIMAX

2 0.94137 0.93984 0.92909 0.81435 0.73778

MSLE 0.02468 0.02477 0.01219 0.00829 0.00658

Kak Buano w3 tabmumpl 1, yto nyumas moxens LightGBM, pe3synbrathb
MIPOTHO3a IIPEACTABICHBI HA PUCYHKE 3.

= PeanbHule noka3axua
—— [peacxazanue SARIMAX

2016-01 2016-05 2016-09 2017-01 2017-05 2017-09 2018-01 2018-05 2018-09 2019-01

Pucynok 3 — I'padux mpornosa notpeOaeHus

B KpynHbBIX TOpOJax, Kak IMpaBuiIO, €CTh IIOYTH JIMHEWHAs 3aBUCHUMOCTH
MOTPeOIIEMOI MOIIHOCTH OT TEMIIEPATYPhl HAPYKHOTO Bo3ayxa. Eciu motpebienue
HE OTBEYACT ATUM CJIOKHUBIIUMCS Tpadukam, 3HaUYUT BMEIIAJICS Kakoi-TO (akTop,
KOTOPBI HEBO3MOXHO MPEICKA3aTh.

BoiBOJ

Ha ocHoBaHMM BBIIEU3TIOKEHHOTO MOYHO CJI€JIaTh BBIBOJI, YTO HEIOOTITYCK
AJIEKTPOIHEPTUH TOTPEOUTENSIM B CiIydyae BO3HUKHOBEHHUS aBapuM TPUBOIUI K
CEephE3HOM TOTPEIIHOCTH HuccieayemMor wmozenu. Haubonee mnepcneKTUBHBIM
BapUAHTOM OYJET IPOBEJICHUE MPECKA3aHUS HArPY3KH M0 paiioHaM, MIPEATPUITHSIM,
KBapTaJlaM TOpoJia 100aBUB K YK€ UMEIOIUMCS MIPU3HAKAM, HOBBIE, KOTOPBIC OYIyT
OTBEYATh 33 BEPOSITHOCTH IIOSIBJICHHWS aBAPUM, a4 I HAXOXKJICHUS CYMMapHOMU
Harpy3ku, Hy)KHO OyaeT oOydWTh MOJENIh Ha CYMMApHBIX TPEICKA3aHUSX IPYTUX
MO/IEJIEN.
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Annomayun: B OauHoti pabome paccmMompeHvl OCHOBHble NOKA3amenu
HAOENCHOCMU 80CCMAHABTUBAEMBIX INEMEHMOB DNEKMPUYECKUX CUCTIEM.

Abstract: In this paper, the main indicators of the reliability of the restored
elements of electrical systems are considered.

Kniouegvle cnoea: noxkazamenu HA0eHCHOCMU, 80CCMAHABIUBAEMBIL IIEMEHMN,
INEKMPULECKAsL CUCTNEMA, HAOEHCHOCHD.

Keywords: reliability indicators, recoverable element, electric system,
reliability.

BBenenue

[Tokazarear HaJEKHOCTH - 3TO KOJUYECCTBEHHBIC XapPaKTESPUCTUKH OHOTO KU
HECKOJIBKMX TapaMeTpoB OOBEKTa, XapaKTEPHU3YIONIUE CTEICHb CBONCTBCHHBIX
JAaHHOMY OOBEKTY IapaMeTpPOB, €€ OTICIIbHBIC COCTOSIHHS, KOTOPBIC OMPEACIISIOT
HAAEKHOCTD.

3a4acTylo CIIOKHBIC JJICKTPHYECKHE CHCTEMbl C JUIMTCIbHBIMH CpPOKaMHU
CITY>KOBbI SIBJISIFOTCSI BOCCTAHABIMBAEMBIMH. DJTO O3HAYaeT, YTO OTKa3bl 3JICMCHTOB
CUCTEM MOTYT YCTPaAHAThCS TP PEMOHTE, T.C. OTKA3aBIIMK JJIIEMEHT MOXKET
MEePEXOUTh U3 HEPabOTOCTIOCOOHOTO COCTOSHUS B pAa00OTOCIIOCOOHOE.

OcHOBHas YyacTh

s TOro, 9TOoOBI OICHUTH HAJIEKHOCTh BOCCTAHABIMBAEMBIX 3JIEMCHTOB,
MIPUMEHSFOTCS CIISAYIONTUE TIOKAa3aTelId HaIeKHOCTH:

1. BepoaTHOCTH ~ BOCCTAHOBIIGHHMSI ~ 3JIEMEHTa WM BEPOSITHOCTh
CBOEBPEMEHHOTO 3aBeplieHUs peMoHTa S(t) — 3TO BEPOSTHOCTH TOTO, YTO
OTKAa3aBIIMHA 3JIEMEHT MOXET ObITh BOCCTAHOBIIEH B TEUEHHE 3aJJaHHOTO MTPOMEKYTKA
BpEMEHHU t.

JJ1st OLIEHKH BEPOSATHOCTH BOCCTAHOBJICHUS 3JIEMEHTA UCIOJIb3YyeTCs popMyia:

S() ==, (1
OB

rae Nog — KOJIMYECTBO OTKA3ABIIKMX 3JIEMEHTOB, KOTOPBIE ITOJIEKAT PEMOHTY;
NB - KOJIMYECTBO OTKA3aBIIMX DJIEMEHTOB, BPEMsI PEMOHTA KOTOPBIX MEHBIIE
3aJIJaHHOI'O BPEMEHHU .
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2. BeposTHOCTb HECBOEBPEMEHHOIO 3aBeplieHus pemoHTa G(2) — 3T0
BEPOSTHOCTh TOTO, YTO OTKA3aBUIMH JJIEMEHT HE MOXET ObITh BOCCTAHOBJICH B
TEYEHHUE 3a/IaHHOTO IPOMEKYTKA BPEMEHH .

JInst  OIEHKH BEpOSTHOCTH  HECBOEBPEMEHHOTO  3aBEpIIEHUS PEMOHTa
ucronb3yeTcs popmyna:

Nog—N
G(t) = % : (2)
OB
Ucxons u3 Beipaxkenuii (1) u (2) cnenyer, uro:
SW+G6(t)=1.
3)

3. YacTtoTa BOCCTaHOBJECHUS Ag(t) — 3TO MJIOTHOCTH PacIpeIeiCHUs BPEMEHH
BOCCTAaHOBJIEHHUS OTKA3aBILIETO 3JIEMEHTA!

ag(t) =S'(t) = —-G'(¢). 4)
CDOpMYJIa AJIs1 OOCHKHW YaCTOTbI BOCCTAHOBIICHUSA A g (t):
ng(At)
aB (t) == N(B;B'At 5 (5)

rac NOB - KOJIMYCCTBO 2JICMCHTOB, ITOJICIKAIIIUX PEMOHTY,
Npg (At) KOJIMYCCTBO JJICMCHTOB, BOCCTAHOBJICHHBIX B TCUCHHC BpPCMCHU

(t—— t+ )

4. VIHTEHCHMBHOCTh BOCCTaHOBJIEHHS L(t) — 93TO YCJIOBHas IUIOTHOCTb
pacrpeaeneHns BpeMEHN BOCCTAHOBJIEHUS JJIsi MOMEHTA BPEMEHU 1 TIPU YCIIOBUH,
YTO JI0 ’TOT0 MOMEHTA BPEMEHU 3JIEMEHT HE BOCCTAHOBUJIU:

__ag(®) _ ap(t)
u) = 1-S(t)  G(t) (©6)
®dopmyna sl OLIEHKH UHTEHCUBHOCTH BOCCTAHOBIICHHUS Li(t):
TLB(At)
u(e) = 252 (7)

rae Npcp. - CPEAHEE YUCIIO DJIEMEHTOB, KOTOPbIE HE BOCCTAHOBUJIM B TEUCHHE
uHTepBaia Bpemenu (0, t).

ng(At)- KOTUYECTBO BOCCTAHOBIIEHHBIX JIEMEHTOB 33 HHTEPBAJ BPEMEHH t.

5. Cpennee BpeMs BOCCTAaHOBJICHHS Tp - MAaTEMATHYECKOE OXKUIAHUE BPEMEHU
BOCCTaHOBJICHUSI:

Ty = [, G(t)dt, (8)
Tg = [, tag(®)dt = [ [1—S()]dt. 9)
Bpewmst BoccTaHoBNIeHUs onpenensiercs o hopmye:
Zl 1tBl
Tp = Nop (10)

rne t,; - BpeMsi BOCCTAHOBJICHHUSI 1-T'0 AJIEMEHTA;
Nop — YUCIIO 3JIEMEHTOB, KOTOPBIE MOAJIEKAT PEMOHTY PEMOHTY.

IIpu p = const:
1
Tg =-. 11
b= (11)
Cpennee BpeMsi BOCCTaHOBJIEHUSI COCTOUT M3 MPOJOJDKUTEIBHOCTH IJIAHOBOTO

peMoHTa Ty ¥ TPOJOIDKUTENBHOCTH MOCIEABAPUMHOTO pEMOHTA T Ap:
TB = THJI + TAB' (12)
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®opmyJsia OLIEHKH BPEMEHU BOCCTAHOBJICHHSI UMEET BUJL:
1

Ty = —2i=1 ti, (13)
TJI€ 7 - YUCJIO OTKA30B;
ti — BpeMsl BOCCTAaHOBJICHHUS i-TO OTKa3a.
6. Ilotok oTka30B w(t) — cpeaHee KOJMYECTBO OTKA30B BCEX DJIEMEHTOB,
MIPOUCIIIEIINX 32 CAMHHUITY BPEMEHH t K YHCITy SJIEMEHTOB HA UCIBITAHUH, C YIETOM
TOTO, YTO BCE AJIEMEHTBI, KOTOPHIE OTKA3aJI1, 3aMCHSFOTCSI HOBBIMH.

IToTok oTKa30B m(t) omnpenensercs nmo Gopmyne:
__An(t,t+At) _ ny(At)
rae An(t, t + At), n, (At) — 9KCII0 3IEMEHTOB, KOTOPbIE OTKA3ald B HHTEPBAJIC

At At
BpemeHn At wim (t - ,t+ ?) €CJIM Y4€CTb, YTO DJIEMCHTBI, KOTOPBIC OTKa3ajlH,

3aMEHSI0TCS HOBBIMU.
Ny, — KOJIMYECTBO 3JEMEHTOB B MPOLECCE HCMBITAHUSA, C YUYETOM 3aMEHbI
OTKAa3aBIINX YIEMEHTOB.

w(t) =A(t) = w = A = const. (15)
Bpemst HapaboTKu Ha OTKa3:
Tr=1_1__8760 (16)

A w wron~1!
TaK)Ke JJIA pvaeTa HAICKHOCTH 3JJICMCHTOB HpI/IMCHHIOTCH KOMIIJICKCHBIC

MOoKa3aTeNn HaJASKHOCTH. Pa3HuIla MEXIy STUMH TIOKA3aTeIIMA COCTOUT B TOM, YTO
KOMIJICKCHBIC ~ TOKa3aTeldd  XapaKTEPHU3yIOT  BOCCTAHABIMBACMBIA  DJICMEHT
OJTHOBPEMEHHO C HECKOJIbKUX CTOPOH.

KoMmiekcHble moka3aTeii BKIIOYaloT B Ce0s:

1. MaTtemaTnyeckoe OK1IaHuEe MPO0JDKUTEIIBHOCTH MUKJIA PaOOTHI 2JIEMEHTA:

Tumcﬂa =T+ TB: (17)

rae T - cpeanee Bpems HapaOOTKHU JI0 OTKa3a dJIEMEHTA;

Tg - cpeHee BpeMsi BOCCTAaHOBJICHHS DJICMEHTA.

2. YacToTra 0TKa30B 00BeKTA f:

1

f= . (18)

Tunxna

3. Koadpdumuent roroBHoctu Kr —BeposITHOCTb, UYTO OOBEKT SIBISCTCS

paboTOCTIOCOOHBIM B JIFOOOW MTPOMEKYTOK BPEMEHHU:
T T 7
r = = = . (19)
Trukiaa T+Ts U+
Orenka k03¢ GuIeHTa TOTOBHOCTH MPOU3BOIUTCSA 10 CIEAyIOIIeH dhopmMyre:
m
ot
K. = =i 20
r Z?;1 ti+2ﬁ1 tyi ’ ( )
rje ti - BpeMs 0€30TKa3HOM paboThI 1-TO AJIEMEHTA;
tBi - BpeMsI BOCCTAHOBJICHUS 1-TO DJIIEMCHTA,
m - KOJIMYECTBO OTKA30B IJICMEHTA.
4. KoaddumumeHt HeroroBHOCTH KH — BEpOSTHOCTH TOTO, YTO OOBEKT SBIIICTCS

HepaboTOCTIOCOOEH B JTF000M MPOMEKYTOK BPEMEHH.
T T A
K,=1-K . =—F=—"—= :
T+Ts Tum(na Atp

CraTtuctuueckas OILICHKAa KOE)(I)(I)I/II_II/ICHTa HeroToBHOCTH KH:

1)
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_ Z:rzll tgi
NP AN b
IIpu 3TOM, HY’KHO YYUTHIBATH, YTO:
K. +K,=1. (23)
5. Koaddumment onepatuBHOi TOTOBHOCTH Kor(t, T) — BEpOSTHOCTH TOTO, YTO
AJIEMEHT paboToCnoco0eH B MPOU3BOJIBHBII MOMEHT BpEeMEHH t U CMOXKET
mpopadboTaTh 0€3 0TKa3a B aBApPUHHBIX YCIOBUSX B TCUCHUE BPEMEHU T.
Kor(t, D) = K (DP (D). 24)
6. Koapdumment texnuueckoro ucmnoibzoBanus Kiy — 3TO XapakTepucTHKA
IPOJOJDKUTEILHOCTH BpEMEHH PaOOTHI:

K,, = Tpap+TpE3 (25)

Tpap+TpE3+Tag+Trp ’

rie Tpap— BpeMsi, B TEUEHUE KOTOPOTO DJIEMEHT HaXOJIUTCA B paboTe;

Tpg3 — BpeMsi, B TEUEHUE KOTOPOTO 3JIEMEHT HAXOJIUTCS B PE3EPBE;

Tap - BpeMs, B TEUEHUE KOTOPOTO 3JIEMEHT HAXOJIUTCSI B aBAPUITHOM IIPOCTOE;

Trp - BpeMsl, B TEYEHUE KOTOPOT'O JIIEMEHT HAXOAMUTCS B INIAHOBOM PEMOHTE.

[IpuBenem nmpuMepsl pacuera OLUEHKU HAJEKHOCTH:

3agada 1. B 00bekTe 3JEKTPUYECKONM CUCTEMBbl OBLIO OOHAPYKEHO 6 OTKAa30B.
BpeMs BoccTaHOBIIEHHS KaXI0TO U3 OTKA30B COCTABISIO: t; = 10 MuH, t, = 14 MuH, t3
= 21 muH, t4 = 19 muH, ts = 28 MuH, ts = 15 mun. HeobxoaumMo onpenenuts cpeaHee
BpeMsi BOCCTAHOBJICHHS JIEMEHTA CUCTEMBI Tp.

Bocnonb3yemcs Gpopmyroit (13):

T, = 1 m g = 10+14+22419428+15 _ 1 g 0
m 6

3agadya 2. OOBEKT JJIEKTPUUYECKOW CUCTEMBI HUMEJ CPEAHIO HapaOOTKy Ha
orka3 T = 45 4 u cpennHee Bpemsi BoccraHoBieHus Tp = 1,25 4. Heobxommumo
onpenenuTb Ko3ppuureHt roroBHOCTH Kr 1 ko3 dunmrent neroropHoctu KH.

Ucnonszyem dpopmysl (19) u (21) :
L= =0,97

K, = =
T+TB  45+1,25
K,=1-K.,=1-0,97=0,03.

3agada 3. OnpenenuTh KO3POUIMEHT TEXHUYECKOTO HCIOJI30BAHUSI O0OBEKTa
OC, ecnau W3BECTHO, YTO BpPEMs HAXOXKACHUS dJIeMEHTa B pabore coctaBuio 8760
yacoB (0auH Toj), B pe3epBe — 40 yacoB, B aBapuilHOM MpocToe — 9 yacoB U B
iaHoBoM peMoHTe — 480 yacoB (20 cyTok).

Ucnonszyem dhopmymy (25):

K = Tpag+TpE3 __ 8760+40  _ 0,95.
Tpap+Tpea+Tag+Tip  8760+40+9+480

K, (22)

45

3akioueHue

CrnenoBaTenbHO, OIEHKA HAICKHOCTH CUMTACTCSl HEMPOCTOM 3aJaueii B CBSI3U C
HEOOXOJMMOCTBIO Yy4YeTa MHOXKECTBa (PAKTOPOB W CBOMCTB OOBEKTOB, KOTOPHIC
BIUSIOT Ha HAJS)KHOCTh. PacdeThl mokazaTelield HaJeKHOCTH OCYIICCTBIIIOTCS Ha
OCHOBaHWM JAaHHBIX, ITOJIYICHHBIX B pe3yJIbTaTe WCHBITAHUH WJIH BO BpeMs
IKCIUTyaTallil  00BEKTOB. B mpormecce pacuera Tmokaszareneii Han&KHOCTH,
AKCIUTyaTaIlMI0 PACCMAaTPUBAIOT B BHJIE MPOIIECCa MOCIEIOBATEIIBHOTO YepEIOBAHMUS
paboTOCTIOCOOHOTO M HEPAOOTOCTIOCOOHOTO COCTOSTHHM OOBEKTA.
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PECITIYBJIUKE BEJAPYCb
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AHHOTanusi: B coBpeMeHHOM MUpeE, TJIe TaK OCTPO CTOUT BOIIPOC 3arpsI3HCHHUS
OKpY)KaroIiel cpeapl, MNpOAODKAeTCs BHEAPEHHE HOBOTO BHJAAa aBTOMOOWIIEH,
paboTaImMUX 3a CYET DJHEPruu, XpaHALIEHCS Ha aKKyMYJSTOPHBIX OaTapesx,
KOTOPBIE 3apsKAIOTCS OT JOMAIIHEH CeTH. DIEKTPOMOOUITb — IKOJIOTUUYECKU YUCTHIN
TpaHcnopT. EcTh 1 mpeumyiiecTsa AJisi UCIOJIb30BaHUS JAHHOW MHHOBAIIMK UMEHHO
B Hameu crpane?

Abstract: In today's world, where the issue of environmental pollution is so
acute, the introduction of a new type of car that runs on energy stored in batteries that
are charged from the home network continues. An electric car is an environmentally
friendly vehicle. Are there any advantages to using this innovation in our country?

KiroueBble ciioBa: 3JeKTpOMOOUIIb, JJICKTPUUECKUNH TPAHCIOPT, DKOJIOTHS,
DHEPTHSI.

Keywords: electric car, electric transport, ecology, energy.

BBenenue

B coBpeMeHHOM MHpe aBTOMOOWIIM SIBJISIFOTCSI HEOTHEMJIEMOM YacCThIO KU3HU
mozaed. MHorue Joau He MPEACTaBIAIOT CBOIO KU3Hb 0€3 ATOro BUAA TPAHCIIOPTA,
MI03TOMY OH OYE€Hb BOCTpeOOBaH. [ JTaBHOE MpPEeuMyIIecTBO JIFOOOTO TPAHCHOPTa B TOM,
YTO 32 MUHUMAJIbHBIN MPOMEKYTOK BPEMEHU MOXKHO TPEO0JIETh JIOBOJLHO OOJIBIINE
paccrossHusi. Ho y aBromMoOmiss ¢ JABUrarejieM BHYTPEHHETO CropaHusi €cThb
CYIIIECTBEHHBIE MUHYCHI — BBICOKHIA IKOJIOTHUYECKHUM yIiepo.

ABTOoMOOUIH ¢ nBUTaTensiMu BHyTpeHHero cropanus ([IIBC) coszmarot memnblit ps
TSOKEITBIX TIPOOJIEM, HalpUMep, IIyM, TETUIOBOE 3arps3HEHUE, MPOIYKTHI CrOpaHUsS U
BBIXJIOITHBIE Ta3bl, aBAPUHBIE Pa3JIMBbI TOIUIMBA U KUIKOCTEH.

JI7is CHIKEHHMS BO3JICUCTBHSI HA OKPYXKAIOIIYI0 Cpelny HEOOXOAMMO BHEAPSATH
HKOMHHOBAIIMM, & UMEHHO HEOOXOJMMO TIEPEXOAUTh C aBTOMOOWJICH C JBUTaTENISIMU
BHYTPEHHEI0 CropaHusi Ha OJJIGKTPOMOOWIM, TaK KaK JIaHHBIM BHJA TpaHCIOpTa
pa3BUBAETCs OUYEHb OBICTPO U MMEET OTPOMHBIM MOTEHIMA KaK B MacIITade Harileu
CTpaHbl, TaK U I BCErO MUpA.
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OcHoBHas YacTh

JUia TOro, 4toOBbl OLEHUTH IPEUMYIIECTBA TAaKOrO BHJA TPAHCIOPTA, KaK
AJIEKTPOMOOWIIb, PACCMOTPUM MPHUMEPHl JAPYTUX CTPaH, BHEAPUBIIUX ITY
HSKOMHHOBALIUIO.

3HauuTeNbHblEe (DUCKAIBHBIE CTUMYJbl CMOTJM IOMOYb HE€PBOHAYAIBLHOMY
BHEJPEHUIO JIETKOBBIX 3yiekTpomobmield (LDV) u cnocoOcTBOBaiIM pacHIMpEHUI0
IPOU3BOJACTBA 3JIEKTPOMOOMIEH W MPOU3BOJACTBA AKKyMYJATOpPOB. Mepel — B
NEepBYI0 ouepenb CyOCHAMM Ha MOKYNKY W/MIU CKUJAKH Ha HAJOT Ha MOKYNKY M
PETHCTPALMIO TPAHCIIOPTHBIX CPEACTB — ObUIM pa3paloTaHbl ISl COKpAIICHUS
LIEHOBOT'O pa3pbiBa C OOBIYHBIMU aBTOMOOMISIMU. Takue mMepbl ObUIM pean30BaHbI
emie B 1990-x romax B Hopserun, B CIIIA B 2008 roay u B Kutae B 2014 roxy.

[TocTeneHHoe yeCTOUeHHE CTaHIapTOB 3KOHOMHH TOILIMBA U BbIOpocoB CO2 B
BBIXJIONIHBIX Ta3aX I[IOBBICWJIO POJb JJIEKTPOMOOWIEH B COOJIOJACHUH 3TUX
crannaptoB. Cerojus 6osee 85% npoax aBTOMOOUIIEH BO BCEM MUPE MOAUNHSAIOTCS
takuM cranaaptaM. Crangaptel BeiOpocoB CO2 B EBpomeiickoM coro3e cChIrpaiu
3HAYUTENIbHYIO POJIb B CTUMYJIMPOBAHUN MPOAAXK dJIEKTpoMoOuiel, kotopsie B 2020
roJy HpPOJEMOHCTPUPOBAIM CaMblii OOJBIION TOAOBOM NPUPOCT, TOCTUTHYB 2,1
MWUIMOHA. B HEKOTOpBIX IOPUCAMKIUAX HIPUMEHSIOTCS 00s3aTebHbIC LIEJICBbIC
MoKa3zaTelau MpoJaXk HJIEKTPOMOOWIIEH, HalpuMep, B TEUYEHHE JAECITUIICTHH B
Kanudopuuu u B Kurae ¢ 2017 rona.

YnoOHble W JOCTYNHbIE OOIIENOCTYIHBIE 3apsAHbIe YCTpOWcTBAa OYyIyT
npuoOpeTaTh Bce OOJblIEE 3HAYEHHE 10 MeEpe YBEIMYEHHs MaclTaboB
MPOMU3BOJACTBA 3JeKkTpomoOuneil. YUToObl MOMOYb pEmUTh 3Ty HOpodiemy,
MPaBUTEIbCTBA OKA3aJIM MOJACPKKY MHPPACTPYKTYpE 3apsiIKU AJIEKTPOMOOMIIEH ¢
MOMOILIBIO TAKUX MEp, KaK MpsSAMble MHBECTHIMU JUIsl YCTAHOBKU OOIIEIOCTYITHBIX
3apAIHBIX ~ YCTPOMCTB WM  CTUMYJbl JJIA  BJAQACNBLEB  AJIEKTPOMOOMIIEH
YCTaHaBJIMBATh TOUYKH 3apSIKH JOMA. B HEKOTOPBIX MECTaX CTPOUTEIBHBIE HOPMBI U
npaBwiia MOTYyT TpeOOBaTh HOBOTO  CTPOMTENBCTBA WM  CYLIECTBEHHOU
PEKOHCTPYKIMHU ISl BKJIFOYEHUS TOYEK 3apsAKH, HaIpUMEpP, B MHOIOKBAapPTHPHBIX
JIOMax ¥ TOPrOBBIX 3aBEICHUSIX.

Ycunus roposioB 1O MOBBIILIEHUIO EHHOCTU AJIEKTPOMOOMIIEH CTUMYIUPOBAIIH
IPOJAXH JaXe 3a MpelenamMu TOpOACKUMX paloHOB. Takue Mepbl BKIIOYAIOT
CTpaTEerMyecKkoe pa3BepThIBAaHHE HHOPACTPYKTYphl 3apsKM W BHEAPEHUE CXEM
JBIOTHOTO/3aNPEIIEHHOI0 OOpallleHusl WU AO0CTyNa, TaKUX KaK 30Hbl C HU3KUM H
HYJIEBBIM YpPOBHEM BBIOpOCOB uin AuddepeHuupoBaHHble cOOpbl 3a oOpalieHHe.
Takve Mepbl CHUJIBHO TOBIUSIM Ha MPOJaXu 3yekTpomooOwneir B Ocio u psize
roponoB Kurasi.

B pamMkax OTBETHBIX MEp, CBS3aHHBIX C MaHaemued, EBpomneiickuii Coro3
YCKOPWJI pa3BepThIBAHUE JJIEKTPOMOOMIeH Onarojgapsi CBOE€M MNPUBEPKEHHOCTH
0e3yrJIepoKMBaHUIO B paMKax «3eieHoro coriamenus» EC u nocnenytomiero Ilnana
EC mo BoccranoBnenuto cieayromero nokojieHus. B nexabpe 2020 roma Ctpaterus
u Ilnan peiicteuii EC B o0mactu ycTOMYMBON M MHTEIIEKTyaJlbHOM MOOMJIBHOCTU
MNOJKPENWIM 3TH IUIaHbl JUIS TPAaHCIOPTHOTO CEKTOpa aMOWLMO3HBIMU IEJISIMU
pa3BepThIBAHUS MPOU3BOJCTBA AIIEKTPOMOOMIIEH MdJii MaccoBOro BHeAapeHus. B
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HACTOSIIIIEE BpeMs TiepecMaTpuBaeTcs psan aupektuB u mpaBuin EC, d9ToOBI
aJanTUPOBATh UX JJIS JOCTHXKEHUS 3asBJICHHBIX 1IEJIeH.

DneKTpoMOOUIIE MOXKET CTaTh JJI Bac, Kak MOTPEOUTENS, OTIUYHBIM CIIOCOOOM
COKOHOMHUTH MHOTO JICHeT Ha OeH3uHe. TeM He MeHee, CYHIECTBYET TaK MHOTIO
pPa3HbIX MPUYUH, N0 KOTOPHIM BaM CJEAYEeT MHBECTUPOBATH B JJIEKTPOMOOWIb B
YCIIOBUSAX COBPEMEHHBIX TEXHOJIOTHH.

CambpiM  OOJIBIIUM ~ TPEUMYIIECTBOM  AJIEKTPOMOOWIJISI  SIBISIETCS €0
AKOJIOTUYHOCTh. DnekTpomoousid Ha 100 % 3KOoJIOrMYHbI, TOCKOIBKY OHU pabOTalOT
Ha JIBUTATEJIAX C AJEKTPUUECKUM MIPUBOJIOM.

OH He BBIIENAECT TOKCUYHBIX Ta30B WM JIbIMa B OKPYXAIOIIyl0 Cpeny,
MMOCKOJIPKY paboTaeT Ha HKOJOTHYECKH YHMCTOM HCTOYHMKE 3Hepruu. OHHM maxke
JydIe, 4eM THOpUIHBIE aBTOMOOWIIM, TIOCKOJIbBKY THOpHUIBI, paboTaromuye Ha Trase,
MPOU3BOAAT BBIOPOCHL. BbI OyzieTe criocoOCTBOBATh 3I0POBOMY U 3€JI€HOMY KIIMMATY .

3axroueHnue

B 2020 rogy na moporax mwupa ObUIO JIECSATh MWIIMOHOB DJIEKTPOMOOUIICH. DTO
ObUT KIIOYEBOM TONA Ui AJIEKTpU(UKAMU OOIIECTBEHHOro TpaHcnopTa. [lpomaxu
anekTpoMoOmIielt coctaBuiu 4,6% oT o01iero o0bemMa Mpoiak aBTOMOOWIIEH 0 BCEMY
mMupy. JloCcTynmHOCTh Mojienelt aneKkTpoMoOmiiel pacmpuiach. beuin 3amyIeHbl HOBbIE
WHUIIMATUBBI B 00JACTH KPUTHUYECKH BAKHBIX aKKyMYJSATOPHBIX TeXHOJNOTUH. W 3TOT
nporpecc Obul JOCTUTHYT B pasrap mnangemud Covid-19 u cBsizaHHBIX C Hel
HKOHOMMYECKOTO CMaJia U KapaHTHHA.

3a mocnenHee NECATWIETUE Ha KIIFOYEBBIX PHIHKAX ObUIM BBEICHBI Pa3IUYHbIC
MOJIMTUKU TOJACp KKK diekTpomodusiet (EV), koTopble NOMOINM CTUMYJIUPOBATH
3HAYUTEIBHOE PACIIMPEHUE MOJEIIEH AIEKTPOMOOHIIEH.

Ho 3amaua ocraercs orpomHOM. {51 TOCTVKEHUS TPACKTOPUH, COOTBETCTBYIOILEN
Cuenaputo ycroitunsoro pazsutust MDA, k 2030 roay Ha goporax Mupa JOKHO ObITh
230 MHJUTHOHOB 2JIEKTPOMOOHIICH.

UroObI 35IEKTPOMOOHMIIM TOJHOCTBIO PACKPBUIM CBOWM MOTEHIUA JJisi OOpBHOBI C
n3MeHenneM kimmara, 2020-e roapl JOJDKHBI CTaTh JECSTUIETHEM MacCOBOIO
BHE/IPEHUSI JIETKUX DIIEKTPUYECKHX TPAHCIIOPTHBIX cpeAcTB. Kpome Toro, ocoOas
MOJIUTUYECKAs TOJIEP)KKa U PACIIUPEHUE MOJENiel Ui CerMEHTOB aBTOMOOWIICH
cperHed W OOJBIION TPY30MOABLEMHOCTH OYyAyT WMETh peIIarolee 3HAuCHUE IS
COKpAIIICHHSI BEIOPOCOB M JIOCTHKEHUS IIeJIeH B 00JIaCTH KJIMMaTa.

JUis  KpynHBIX TOpPOJOB TakKe HMEEeTCs HEeoOXOOUMOCTh TIepexoja Ha
HKOJIOTUYECKU YUCTBIA TPAHCHIOPT, YTO B COBOKYITHOCTH CO3/1a€T OJaronpusITHYIO Cpeay
JUTSL Pa3BUTHS 3TOTO HarpapieHus. Oy TUMBIN TOTUOK CIISAYET OXKHUAATh MOCIIE BHIXO/Ia,
CIICAYIOUIETO TOKOJIEHUSI DJIEKTPOMOOUJICH, KOTOphle OYAyT HMMETh YIIy4dlleHHbIE
XapaKTEPUCTUKH, YTO BIOJIHE OCYIIIECTBUMO B OJIMKAMIITE HECKOJIBKO JIET.
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Aunomayusa: B Oannou  cmamve  paccmMampueaemcs  A8MOMAMUKA
yacmomHnoeo oOenenus. Taxoice paccmompenvl ciyyau npu KOMOPHIX UCNOIb3YEMCs
ABMOMAMUKA YACMOMHO20 OelleHUsl U NPUYUHBL BO3HUKHOBEHUS] MAKUX CTIyYaes.

Abstract: This article discusses the automation of the frequency division. Cases
are also considered in which automatic frequency division is used and the reasons for
the occurrence of such cases.

Knroueswvie cnosa: asmomamuxa, oenenue, 4acmomad.

Keywords: automation, frequency, division.

BBenenne

ABTOMATHYECKOE YAaCTOTHOE JeJIeHHe — OJWH W3 METOJOB JICTICHUS
AJIEKTPUYECKOM CHCTEMbI, KOTOPBI HCHOJB3YIOT B KauyecTBE OJHOIO W3 BHUIOB
POTUBOABAapUHON aBTOMATHUKH, M paboOTaeT BO BpeMsl IEPEXOJHOro Ipolecca
METOJIOM  OTKJIFOUEHHUS JIMHUWA  3JeKTponepenauyd, WIM K€ OTKIYEHHEM
MEXIYIIMHHBIX BBIKIIOYATENICH Ha CTaHIHSIX.

OcHoBHast YacTh

OnacHble CHUTyalluHd, KOTOpbIE TOSABISAIOTCS C HEAOCTATKOM aKTHUBHOM
MOIIIHOCTH, TPHUBOAAT K CHW)KCHHMIO YacTOTHl B cHcCTeMe. [JlaBHBIE TPHUWHBI
ABapUMHOTO CHIDKEHHMSI 4YacTOThl — BBIKJIIOYEHUE O00JIaCTHM TeHEepUpYIoIIeit
MOIIIHOCTH;, OTCOCAMHEHHE YacTH CHCTEeMBl C HEJOCTAaTKOM TeHEpHPYOIIen
MOIIIHOCTH  M3-32  BBIHY)KJICHHOTO  BBIKJIIFOUEHHUS JIMHUWA  DJIEKTpomepenay;
HECO0JII0/IeHHE CTAOUIIBHOCTH JJIEKTPOCTAHIMN ¢ OyAyHIMM BBIKJIIOUYEHUEM JIMHUN
AJIeKTpoTiepesiad W TEeHepaTopoB. JleATeNbHOCTh SJICKTPOCTAHIIMA C TOHMKEHHOU
4acTOTOM IUIOXO CKa3bIBaeTCs Ha paboTe U caMOW CTaHLIUU, U TOTPEOUTENS.

Cyl1iecTBeHHOE TMOHM)KEHHE YacTOThl BBI3BIBACT aBAPUIO — JIABUHY YACTOTHI —
BIUIOTH /10 a0COJIIOTHOTO OTKJIIOUEHHS 3HEPrOCHUCTEMBl M 3JIEKTPONPUEMHUKOB Ha
KPYMHBIX TEPPUTOPHsIX. JIaBUHA 4acTOTHI MOSABISETCS, KOr/ia abCONIOTHO HCUepIiaHa
MOIIIHOCTb CTaHIUH.

Bozo6HoBneHne paboThl SHEPTOCUCTEMBI TPEOYET MOAAaYU Ha KaXAyH U3 HHUX
AIIEKTPOPHEPTUU OT pabouell YacTh CTAaHUUHU, YTO NPU KPYHHOM KOJHUYECTBE
aOCOJIOTHO HEpadOuUMX DJIEKTPOCTAHIMI BEChbMa 3aTPYJHUTEIBHO W 3aHUMAET
J0CTATOYHO OOJIBIIIOE KOJIUYECTBO BPEMEHH.

ABapuitHOE CHM)KEHHE 4acTOThI IPOXOIUT IOCTATOYHO OBICTPO, U BOZMOKHOCTH
BMEUIAThCsSl B ATOT MPOLECC MPAKTUUYECKH HET. M juid ycTpaHEeHUs U OrpaHUuYEHUs

42



DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

BO3MOKHOCTH aBapUi CO CHIIKEHHWEM YacCTOThl B HHEPrOCUCTEMAX HCIOJIb3YETCS
COBOKYITHOCTb CpEJCTB IIPOTHUBOABapUiHON aBTOMAaTWKH. OIMH M3 TaKUX CPEICTB
ABJIIETCSL aBTOMATUYECKOE YACTOTHOE JICJIEHUE.

ABTOMaTHYECKOE YACTOTHOE JEJIEHUE Ha 3JIEKTPOCTAHUUAX MCIIONb3YETCs: NI
OTCOEIMHEHUSl AJIEKTPOCTAHLUUN CO COAJIaHCUPOBAHHOM HArpy3Koil, KOTOpBIE
ABJIIIOTCS 3allaCHBIMU HMCTOYHUKAMHU JUIsl pa3BOPOTA MOILIHBIX OJIOYHBIX TEIJIOBBIX
AJIEKTPOCTAHLMN NpU HMX “TIOCAJAKE Ha HOJB~ B YCIOBUSAX TSKENBIX aBapuil co
CHW)KEHHUEM YacCTOThI; JUISI OTCOCAWHEHHUS AJIEKTPOCTAHLUMK IOJHOCTBIO WM
YaCTUYHO C LENbI0 COXPAaHEHUs HX COOCTBEHHBIX HYXJ MpPH aBapHsIx Co
3HAYUTEIHbHON HEXBATKOW MOILIHOCTH B CUCTEME WJIM KOHKPETHBIX y3JIax.

ABTOMaTHYECKOE [EJICHHUE JEHCTBYET TaK, YTOOBI JOJSI SHEPTrOCHUCTEMBI C
YacTbl0 HAarpy3ku Oblla HIM C MAJICHBKHUM  «OCTATOYHBIM»  HEIOCTATKOM
(ycTpaHsieMblii TpyJOM aBTOMAaTHYECKOM 4YacCTOTHOW pa3rpy3Kd B KOHKPETHOM
paiioHe WM, B HaWIydllleM ciydae, 6e3 cpaOaThlBaHHMsI aBTOMAaTUYECKOW 4acCTOTHOM
pasrpy3ku), WIK ¢ MaJIEHbKUM H30BITKOM T'€HEPUPYEMOW MOIIHOCTH (yCTpaHsIEMbIM
paboTOl aBTOMAaTHYECKUX PETYISTOPOB TYpOUH).

ABTOMAaTHYECKOE YaCTOTHOE JACIICHHE MMEET MHOIOCTYIIEHYaThld XapakTep H
paboTaeT MNpU CHWKEHUM 4YacTOThl B IMpelieie BpEeMEHH, a eué B ciayyasx
€AMHOBPEMEHHOI'O CHM)KEHHMS YacCTOThl W HANpPsDKEHUsA. B HECKOJNBKHMX cCllydasx
IIPEXKIEBPEMEHHON JIEATEIIBHOCTBIO aBTOMAaTHYECKOIO YacTOTHOTO JIEJIEHUS €CTh
ABTOMATUYECKUI MEPEBOJI MUTAHUS COOCTBEHHBIX HYK]I HA APYTYIO YaCTh CTAHLIUU.

3akJinoueHue

PaboTta yacToTHOrO aAeieHHs] OBIBAET BOCTPEOOBAHA B CIy4asX TSKEIbIX H
OMAaCHBIX AaBapUMHBIX CHUTYalUUsX, CTUMYJUPOBAHHBIX CHWXKEHUSMU YacTOT B
HSHEProCcUCTEME, TO €CTh MOUTH MPHU Pa3pyLIEHUU Bcell cucTembl. I aBHas 3adada B
TaKUX CIIy4asX — 3TO COXpaHEHHe Mpu padoTe XOTS Obl €AUHUYHBIX OJIOKOB I
OyAymiero HX UCHOJb30BaHUS KaK MCTOYHHUKOB HAINpPSDKEHUS TMPU  IyCKe
OCTAHOBJICHHBIX 3a BPEMsI aBapUH 3JIEKTPOCTAHIIMINA.
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Annomayusn: Onucanvl ocobennocmu koncmpykyuu IBY na 6aze soooepetinvix
anekmpoousix xomaoe Parat IEH mownocmvio no 50 MBm, nepeuucnenwl
mpeboganus K KA4yecmey Cbipbs, HNEepeducienbl napamempwvl, nooiedxcaujue
ABMOMAMUYLECKOMY KOHMPOTII0 noo PYKOBOOCMBOM cucmemul
ABMOMAMUZUPOBAHHO20 YNpAGLeHUs. YKazanvl cnocodvl ynpasieHusi 8bIXOOHbIMU
napamempamu u dHepeonompedieHuemM 6 3a8UCUMOCIU OM NAPAMEmpo8 cemesol
800b1. Onucan onvim nPUMeHeHUs: YCMAHOBKU 8 NPOU3BOOCHBEHHBIX Y CIIOBUSIX.

Abstract: The design features of the ECU based on Parat IEH hot-water
electrode boilers with a capacity of 50 MW are described, the requirements for the
quality of raw materials are listed, and the parameters subject to automatic control
under the guidance of an automated control system are listed. The ways of
controlling output parameters and energy consumption depending on the parameters
of network water are indicated. The experience of using the installation in production
conditions is described.

Kntouesvie cnoea: sodocpeiinvle  91eKMPOOHbIE  KOMJIbL,  KOHMPOJLIEp
memnepamypul, SHepeonomped.ieHue, CUCmeMbl a8MOMAMuU3UPOBAHHO20 YNPABILEHUS.

Keywords: hot water electrode boilers, temperature controller, energy
consumption, automated control systems

BBenenue

B paMkax mMepCrleKTUBHBIX HAIMPaBICHUN MOJIEPHU3AIMNA DHEPTOCUCTEMBI
PecnyOnuku benapych, a Takxke € LENbIO CO3JaHUS MOTPEeOUTENCH-peryisaTopoB
MOITHOCTHU JJII MPOXOXKIEHUS MHUHUMAJIbHBIX B OCHOBHOM HOYHBIX 3JIEKTPUUYECKHUX
Harpy30K BBOJSITCSI SKCIUTYaTaILUIO 3JIEKTPOKOTIbI Pa3IMYHON MOIIHOCTH.

OcHoBHas yacThb

Ha Munckoit TOII-3 paboTaroT nBe 3nekTpoboiiepHbie ycTaHOBKU (naiee ObY)
Ha 0a3e BOJIOTPEUHBIX 3IEKTpoaHbIX KOoTI0B Parat IEH momtHocTRIO IO 50 MBT.

Jnst  KoppeKkTHOW  paboOThl  COBMECTHO C  JIByMS  DJEKTPOKOTIIAMH
YCTAHABJIMBAIOTCA YEThIPE Hacoca 3aMKHyTOoro koHtypa Etanorm RSY 300-400
MOIIIHOCTRIO MO 52,4 xBT; naBa mmactmHYaTBIX TeriooOmennuka Alfa Laval T-35
PFD; nBe aBTOMAaTHMYECKHE YCTAHOBKHM TOJJIEPXKAHUS MAABICHUS WM IOANUTKU
3aMKHYTOT'O KOHTYpa; OJiHa 00111asi yCTaHOBKA MOATOTOBKU JOOABOYHOU BOIBI.
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Jlnst obecrieueHns MUPKYISAIAA MEXITY TEIJI0O0OMEHHUKAMH U KOJIJICKTOPAMH
oOpaTHOM M TPSIMOM CETEBOM BOJBI, PACIIMPUTENS CIMBA U3 IPEIOXPAHUTEITHHBIX
KJIarlaHOB, 0aka CIIMBA U3 PACIIMPUTEINS U JIBYX HACOCOB OTKA4KH M3 0aka B Mal3all
TJIaBHOTO KOpIyca yCTaHOBJIEHBI JiBa ceTeBbix Hacoca Grundfos LS500-300-710E
morHocThI0 o 1000 kBT (1 — pab., 1 — pe3s.)

TexHuueckne XxapakTepUCTUKH JEKTPOKOTIIOB MPEACTABICHBI B Tabuuiie 1.

Tabauua 1

— TexHHUUYECKME XapaKTEPUCTUKH IeKTpoKoTia tuna Parat [EH

Parat IEH Pabouee HanmpskeHie
TacToTa TOKA

MoImHoCTh 3MeKTPOKOTIIA

JanazoH perynipoBaHIa

PacuétHoe naBaeHIe

Pabodee masnenne

TecToBoIll napIeHIE

Pacdernas makcimMmansHaA TeMIlepaTypa
VYeTaBKa OTKIIOUEHII IO TeMIleparype
Pabouas TeMmepaTypa mogadil i3 KoTia
TemmnepaTtypa noa4un BOABI OT
TeILT00OMEHHITKA

Ob6néM KoTIa

HomHnHAaTBHEI pacxXo.l TEIIOHOCHTE A

10kB £ 10 %
50+£04Tn
50 MBT

ot 2 % 1o 100 %
10 Bap

8 Bap

15,7 6ap
184,1 °C

160 °C

140 °C

90 °C

30 M3
860 m3/q

DJIEKTPOJIHBIA BOAOTPENHBIN KOTEN (ajee — ANEKTPOKOTEN) MPeIHAa3HAYEH 1JIs
npeoOpa3oBaHus DJIEKTPUUYECKON HHEPTrUM B TEIUIOBYIO IMOCPEICTBOM HArpeBaHUs
TEIJIOHOCUTENS C TIOCTEAYIOIIEH MOJauu €ro MOTPEOUTEIIO.

[IpuHIMnIMaTbHAs cXeMa JIEKTPOKOTIIA MPpeICTaBlIeHa Ha PUCYHKE 1.

NOAAYA BbICOKOBO/IBTHOIO TOKA

MPEJOXPAHWUTENLHBIA

koHTPoNk Aasnerua (O

YCTPONCTBO NPESOXPAHMTENLHOE (O]
M0 JABEHMIO

LATYMK
TEMMEPATYPbI

2] '

LATYUK
TEMMEPATYPbl

O

PEMY/IMPYHOLLWIA

BE3OMACHBIA

KNAMNAH

CUCTEMA
CHATOrO
WHEPTHOMO FA3A

KOHTPOSb

K/IAMAH YPOBHA

I

YPOBHEHb

TPEXXOAOBOW
KNAMAH

—» I

NOABOL, XMMOHM-
LLEHHOW BOARI

/

_O

LMPKYNALUMOHHBIA
HACOC

TEMNOOBMEHHMK

TEPMO3AWNTA O

—&—b— MPOYBKA KOTNA

KOHTPO/Ib SNEK-
TPONPOBOAHOCTH

Pucynok | — [IpuHOunuaneHas cxema 31eKTPOKOTIIA
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Kotren cocrour wu3 HapyKHOTO M BHYTPEHHErO pe3epBYyapoB, KOTOPHIC
AJIEKTPUYECKU H30JIMPOBAHBI APYr OT JApyra M OT KOHCTPYKIUH C 3aKPEILUICHHBIMU
anekTpoAaamu. KoTioBas Boja IUPKYJIUPYET Yepe3 BEpXHUU pe3epByap (pe3epByap
HarpeBa), TIJ€ TMPOU3ZBOJAUTCSA €€ HarpeB JJIEKTPOJaMH 0 HEOOXOJIUMOM
temreparypel. B komie wmomHocThio S0 MBT ycraHoBieHO 12 33€KTpooB,
PacMoJIO)KEHHBIX B BEpPXHEM pe3epByape koTia. Koren mo3BossieT yCTaHaBIMBATH
MOCTOAHHYIO TemIieparypy ¢ maroM 1 °C 1o ee MakCMMalbHOTO 3HauYeHUd. Bbigaua
ropsiueit BoJibl C KOTJIa B IPEIOIINA KOHTYP YIPaBISAETCS APOCCEIBLHON 3aCIOHKOI.

Koten BeimonHen mnst 3-(a3Hol ceTu, UMEET yrioBOe CoeAuHEHue (3BE3/I0M).
Onna dasza coequHeHa C KKIBIM JJICKTPOIOM. B 3aBHCHMOCTH OT KOHCTPYKIIUU
Kaxaas (aza COCTOMT M3 YETHIPEX JIICKTPOIOB. DJICKTPUUECKHH TOK MPOXOIUT
MPSMO B BOJIE MEXAY (pa30BBIMHU 3JIEKTPOIAMH U DJIEKTPOIaMU HYJIeBOH Touku. [Ipu
paboTe KOTJIa BCE AJIEKTPOJbl JOJKHBI OBITh BKIIIOUEHBI, B CITy4ae BBIXOJIA U3 CTPOS
OJIHOTO U3 3JIEKTPOAOB KOTEN OTKIIFOYAETCS.

VYpoBeHb BO/IBI B 000UX pe3epByapax U3MEpSIETCsl ¢ TOMOIIBIO TATYUKOB YPOBHS
U MOXET OBITh BU3YaJbHO CYMTAH Ha CMOTPOBBIX CTEKIaX. [lo mokazaHusM ATHX
JATYUKOB Ompenaensercs oOumil 00béM BOABI B KOTIe. BakHbIM mapaMmeTpowm,
CBSI3aHHBIM C ONTUMAIbHBIM (PYHKIIMOHUPOBAHUEM KOTJA, SIBJSETCS dJICKTpUYECKas
MPOBOAUMOCTh  BOAbL.  [IpOBOAMMOCTH  HENPEPHIBHO  KOHTPOJHUPYETCA IS
rapaHTUPOBaHUA MPOU3BOJIUTEIBHOCTH. IIpuM MpEBBINIEHHMH  YCTAHOBIEHHOTO
rapaMeTpa NpoBOAUMOCTH BKJIIOUAETCSI aBTOMATUUYECKas MPOIyBKa.

JIns  SKCIUTyaTalid  KOTJIa PEKOMEHJIOBAHO CJICYIONIEE KaueCTBO BOJIBI
MEPBUYHOr0 KOHTYpA JEKTPOKOTIIA:

— yIeJbHas JIEKTPUYECKas AIEKTPONPOBOIUMOCTh H-KaTHOHUPOBAHHOM MPOOKI
— He 6oxee 3,0 MKr-3KB/T;
— o0mas )xecTKoCTh — He Ooiee 3,0 MKr-aKB/1 (1pu aBapusx 1o 6);
— COJIepKaHHe PacTBOPEHHOTO KHUCIOPO/1a, KPEMHEKHUCIIOTHI, COEIMHEHUN MEJIH,
COCMHEHUN HATPUsI SIBJISIFOTCS. HCHOPMUPYEMBIMU MOKa3aTEIISIMU.

[TpousBoauTeNb NOMyCKAeT 3HAUYCHHUE DJIEKTponpoBoguMocTy 10 6,0 uS/cm 6e3
YXYJIIEHUS XapaKTEPUCTUK pabOThI KOTJIA.

Bona B cocyne mpu sKcIuTyaTalud KOTJa HAXOAUTCA TOJ JAaBJICHHEM a30Ta.
A30T B cucteMe He notpedisercs, sl noaaepx anus (yHKIMOHUPOBAHUS CUCTEMBI
TpeOyeTcs JBa CTaHAAPTHBIX OallJloHa a30Ta Ha TOJA JKCIUTyaTaluH, T.€. [0
manoBoro TO. Takas cuctema obecrieynBacT:

— TMPEIOTBPAIICHUE 3aKUTIAHUS BOJIBI B KOTJIC JTFOOBIX PEKUMAX AKCILTyaTallHH;

— OTCYTCTBHUE KaBUTAIIMM HA BCOCE HACOCOB;
— OTCYTCTBHUE HEOOXOJIMMOCTH YCTAHOBKU PaCUIMPUTEIBLHOIO Oaka.

[Tpu mpoiyBKe BepXHEH CEKIMHU KOTJIA (BBITIOIHSAETCS aBTOMAaTHYECKH B Cllydae
obpazoBaHus Bojoposa) 1-2 cexk B TedueHue 24 dYacoB padOTHI, pacxoj a3oTa
MHUHUMaJIbHBIA. JUIs NpenoTBpalieHds] aBapUUHBIX CUTYallMd, BBI3BAHHBIX HE
KOHTPOJIMPYEMbIM TIOBBIIICHUEM JIABJICHUS B pe3epByape, KOTET CHaOXaeTcs
MPEIOXPAHUTEILHBIMU KilarmaHaMmu. J[7si cOpoca HEKOHICHCHUPYIONIUXCS Ta30B B
KOHCTPYKIIMU KOTJIa MPEAYyCMOTPEHbI aBTOMATUYECKHE BEHTUJIALIMOHHBIC KJIAlaHBbI.
OHU OTKpBIBAIOTCS C 3a/IaHHBIM HHTEPBAJIOM BPEMEHM ISl MPOBETPUBAHUS WIH
BEHTUJIALIMU KOTJIA.
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YcraHoBka paboTaeT MOJHOCTHIO aBTOMAaTHYECKH O] PYKOBOJCTBOM CHUCTEMBbI
aBTomMaTu3npoBaHHOTO yrpasieHus (CAY), kotopas o0ecreynBaeT:
— aBTOMAaTHYECKYIO MMPOBEPKY TOTOBHOCTH K ITYCKY;
— aBTOMATHYECKHUU ITYCK C BBIXOJOM Ha PEXKUM 3aJaHHOUN HArpy3Ku;
— CcTaOWJIM3ALMIO 3aJJaHHOTO PEKNIMA;
— aBTOMAaTHYECKUU M aBTOMAaTHU3UPOBAHHBIN (C yYaCTUEM YEJIOBEKA) ITYCK;
— KOHTPOJIb U OTOOpaKeHUE MapaMeTPOB IEKTPOKOTIIA;
— TPEAYNPEIUTEIbHYIO U aBAPUUHYIO CUTHAIN3ALINIO;
— 3alIUTY EKTPOKOTIIA IPH IyCKaX, OCTAHOBAX U pabOTe MOJ HArpy3KOu;
— wuHTerpanus JokanbHod CAY co CTaHUMOHHON CUCTEMOW YITPaBIICHHS
(ACYTII) u otpaboTKy ee kKoMaH[ (IIp1 HEOOXOAMMOCTH);
— aBTOMAaTH3aLUIO BCIIOMOIraTeIbHOTO 000PYI0BaHMSI 3JIEKTPOKOTIIA;
— apxuBHpOBaHUE MHPOPMALINH;
— PpErucTpauuio aBapUUHbBIX CUTYyallMi, BKIIIOYask pErUCTPALUI0 HHPOPMALIMH O
TEXHOJIOTHYECKHX ITapaMeTPax 3a ONPENEICHHBIN NEPUOA, TPEAIIECTBYOIIHMA
BO3HHKHOBEHUIO aBAPUU.
— IIepEYEHb TEXHOJIOIMYECKUX 3AIIMT, JEHCTBYIOIIMX HA OTKIIFOUECHHE
ANEKTPOKOTIIA:
— TOBBIIICHUE JIABJICHUS B KOTJIC BbIIIE HOMUHAIBHOTO pacuéTHOro (0€3
BBIJICP’KKH BPEMEHH);
— TOBBILICHUE TEMIIEPATYPhI, BBIXOASILIEH U3 3JIEKTPOKOTIIA BObI BBILIE
MaKCHUMAJIbHOM (C BBIIEPKKOU BPEMEHMU );
— TIOHW)KCHUE JIaBJICHUS B KOTJIC HUYKE MUHUMAJILHOTO paboyvero;
— JOCTH)KE€HHE MUHUMAJIBHO JAOIMYCTUMOTO pacXo/1a BOJbI IEPBUYHOIO KOHTYPA;
— TIPEBBIIICHUE JOMYCTUMOIO 3HAYEHHSI KOHAYKTUBHOCTH (ITIPOBOJIMMOCTH )
BO/IbI;

— TMPEBBILICHHUE JIEKTPUUECKON MOITHOCTH HOMUHAIILHOTO 3HaueHus Ha 10 %;

— HEHCIIPAaBHOCTH PACIPEIEIUTEIBHOIO YCTPONCTBA BBICOKOTO HAIPSKEHUS.

DNEeKTPOKOTEN HCMOJIb3YEeTCS JUIsl CO3/JaHMsl YCTAHOBOK HarpeBa BObI
ANEKTPUYECKUM TOKOM, paOOTaIOIIMX MO 3aKPbITOM JIBYXKOHTYpPHOM CXE€M€ B
cucTeMax TeruiocHa0xeHus. Koren BKioyaeTcst B IepBUYHBIN KOHTYpP, & BTOPUYHbBIN
KOHTYp THOJKIIIOYAETCs] K CUCTEME Topsiuero BojgocHaOxeHus. KoHTypbl pazneneHsl
yepes3 TeII000MEHHUK.

B komie mnpu NpoXOXKACHUM IIIEKTPHUUECKOTO TOKA 4Yepe3 BOAY MEKIY
ANEKTPOJAMU MPOUCXOAUT HArpeB BOJbl. KOIMYECTBO 3JIEKTPUYECKON SHEPIUH,
npeobpa3yeMoil B TEIJIOBYIO B €IWHHUIy BPEMEHM, 3aBUCUT OT IUIOLIAIU
MOBEPXHOCTU HYJIEBBIX M (PA30BBIX 3JEKTPOIOB, MOTPYKEHHON B BOJYy. YTNpaBlieHUE
TEIJIONPOU3BOAUTENBHOCTBIO KOTJIA OCYIECTBIISIETCS PETYJIMPYIOIIMM KIIAalaHOM B
OTBOJIAILEM TPYOONpPOBOJE BEpXHEro pe3epByapa. OH peryiupyer nepeTrok BOAbl U3
BHYTPEHHETr0 pe3epByapa BO BHEHIHHWH. V3MeHssi ero mojoXeHue MOXKHO
PEryJIMpoBaTh KOJUYECTBO BOJbI B BEPXHEM pe3epByape, UTO BIICUET 3a COOOM
M3MEHEHUE MOUIHOCTU KOTia. Takke B PEeryaupoOBaHUM MOIIHOCTH 3JEKTPOKOTIIA
YYAaCTBYIOT LMPKYJSIHMOHHBIE Hacocbl. KoTen CHopoekTUpoBaH Tak, YTO €ro
MaKCUMaJIbHAsI TPOU3BOUTEIBLHOCTD JOCTUTAETCSA TOT/A, KOTJIa BEPXHUW pe3epByap
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3aM0JHEH MOJHOCTBIO (IPH 3TOM 3JIEKTPOJABl MOJHOCTBIO HMOTPYKEHBI B BOAY), a
TeMIepaTypa BOJibl Ha BbIxoje U3 Kotia coctasiser 140 °C. [Insg npeaoTBpalieHus
3aKUMAaHUsl BOABI B MEPBUYHOM KOHTYpE CHUCTEMAa HAXOAUTCSA MOJA JABIICHUEM.
JlaBiaeHue co3JaeTCsi CUCTEMOM MOJIepKaHUsl JIaBJICHUs, MPEICTABISAIONIEH Cco00i
pe3epByap, 3aroJHEHHBIM ra3000pa3HbIM a30TOM. JlJIi KOHTPOJIS TeMIlepaTyphl
oOpaTHOM ceTeBOM BOJBI B KOTJE HCIOJIb3YeTCs 3-XOJI0BOM MEpEenmyCcKHOM KiamaH,
KOTOPBIM COCTOUT U3 JABYX APOCCENIBHBIX 3aCIIOHOK, UCIIOIb3YEMBIX JJI YBEIUYECHUS
WIM YMEHBIIEHUs pacxoia TerloHocuTens. llpu NOHM)KEHMH TeMmmneparypsl B
oOpaTHOM TpyOONpOBOAE KOTIa pPacxoJ BOJAbI B TEPEMyCKHOW TPyOOmpoBOL
YBEJIMYUBACTCS M YMEHBILAET PacXoj 4epe3 TEIUIOOOMEHHUK, a MPH MOBBIIICHUH
TEeMIIEpaTypbl B OOpaTHOM TPYyOONMpOBOJE pPacxoj] B MEPEMYCKHOM TpyOOIpoBOje
ymeHnbmaercs. Temneparypa BoJibl BIMSET HA €€ KOHIYKTUBHOCTb. JTO 3HAYUT, YTO
€CJIM TEMIIEpATypa CHIXKAETCSI, TO U MOUTHOCTh KOTJIa OyzaeT yMeHblatbed. [loaTomy
BaYKHO, YTOOBI BOJIa B TEINIOOOMEHHHUKE HE MOABEPrajiach U3JIMLUIHEMY OXJIAXKICHHUIO.
JUis 3TOrO LIYHTHI JOJKHBI CHU3UTH CKOPOCTH MOTOKA Yepe3 TEIIOOOMEHHUK U TEM
CaMbIM YBEJIMYUTbh CKOPOCTh MOTOKA B OOBOJHOM JMHUU Ui NOJACPKAHUS HYKHON
TeMIieparypsl B Korie. IlpeamouytuTenbHOE 3HayeHue Ui KOHTpoJuIepa
TEMIIEpaTypbl IPSIMON CETEBOM BOJABI PETYIMPYETCS HA AHEIH YIIPABJICHMUS.

KoHTpoiiep TemnepaTypbl CUCTEMBI IPSIMOM CETEBOM BOJIBI IIOJIy4aeT 3HAaUCHHE
OT HMHJUKATOpa TEMIIEpaTypbl. BBIXOAHOW CHUTHaJ OT KOHTpOJUIEpa IepenacTcs K
MEPEKIIOYaTEN0 C HaMMEHbIIMM CcUTHaJoM. llpenmoururensHoe 3HaYeHUE I
KOHTpOJUIEpA TEMIEPATypbl OOpATHOM CETEBOW BOJBI PETYIUPYETCS HA MaHEIH
ynpasienus. KoHTposiep TemmepaTypsl Uisi 00paTHOTro TpyOOIpoBoja KOTJIA
MOJy4aeT NAHHBIE OT MHAMWKATOpa. BEIXOAHONM CHUTHAN OT KOHTPOJUIEpA MEePEeIacTCs K
MEPEKITI0YATEN0 C HAMMEHBIIIUM CUTHAJIOM. DTOT BBIXOJAHOW CUTHaNa OOpaTHBIN, 3TO
03HAYaeT, YTO MPU MOHWKEHUU TEMIEPATYpPbl, BBIXOAHOW CUTHAJI CHMKAETCS IS
TOTr0, YTOOBI 3aKpbITh JOCTYN K TEINIOOOMEHHUKY. A KOI/la TeMIeparypa
MOBBILIACTCS, YBEJIMUNBAETCA U CUTHAI, YTOOBI OTKPBITH TOCTYI K TETJIOOOMEHHHUKY.
HanMeHbIIni U3 CUTHAJIOB OT JIBYX KOHTPOJUIEPOB 3aT€M NEPENAcTCs Ha MPUBOABI
IIYHTOB JUUISl YBETTUUECHHUSI/YMEHBIIICHHUS.

OOBIYHO KOTEJ YIpaBiseTCs B 3aBUCUMOCTH OT TEMIEPATYpbl MPSAMOM ceTeBOi
BOJIbl, HO €CJIM Harpy3Ka CJIMIIKOM BBICOKA, TO KOHTPOJUIEP TEMIEPATypbl 0OpaTHON
CETEBOM BOABI MPEAOTBPAILAET U3JIMIIHEE CHUKEHUE TEMIIEpaTypsl B KoTie. Takum
o0pa3oM, KOTel1 MOXET padoTaTh Ha MOJHOM MOIIHOCTH, [1aK€ €CIM Harpyska
CJIIMILIKOM BbICOKa. OJHAKO, €cliid TeMmIiepaTypa B KOTJE CHMKAETCS, MOIIHOCTb
MOKET ObITh YMeHblIlIeHa Ha 25 % — 50 % B 3aBUCHMOCTH OT Harpy3KHu.

Eciu T1pebyercss Oosiee HuH3Kasg Temreparypa MpsIMOMl CETeBOM  BOJbI,
TeMIiepaTypa B MOJA0IIEeH 1 00paTHOM JIMHUAX KOTJIAa AOJKHA ObITh YMEHbILIEHA Ha
CTOJIbKO >K€. B TpOTMBHOM cllydae BEIUK PHUCK BO3HUKHOBEHHSI MpPOOJIEM C
yIpaBiIE€HUEM IIYHTOB MpHU O0jee HU3KUX HArpy3kax. DTO SIBJICHHE MOXKET TaKXKe
BO3HUKHYTh MPU HU3KUX Harpy3kax ¢ HOpMaJbHBIMHU HacTporKaMmu. JlJis TOro, 4To0bI
UCIIPAaBUTh 3TO, MPEANOYTUTEIbHBIE YCTAHOBJICHHBIE 3HAYEHHS ISl TEMIIEpPaTyphl
JUHUM TOJA4d KOTJa CJeIyeT YMEHbIIMTh. B Takom ciydae OOBIYHO CHUTYyalMs
CTaOMIIU3UPYETCH.
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OCHOBHBIMU TOTPEOUTENSAMU 3JIEKTPOIHEPTUU B OBY ABIAIOTCS 3IEKTPOIBI
aNeKTpokoTaa MoImHocTeio 50 MBT, cereBoit Hacoc Grundfos LS500-300-710E
mMorHocTei0 1000 kBT, 1Ba HUPKYJIAIMOHHBIX HAacOCa 3aMKHYTOI'O KOHTYpa KOTJIa
(omun pesepBHbIi) Etanorm RSY 300-400 momHocThio Mo 52,4 kBT kakawli, 1Ba
JTPEHAXHBIX Hacoca (OUH pe3epBHBIN) MOITHOCTHIO 110 1,1 kBT, Hacoc g03upoBaHUs
xumuueckux peareHtoB Grundfos DME 375-10 AR wmomtHocteio 0,24 kBT,
aBTOMATHYECKass yCTaHOBKAa IOAMUTKH 3aMKHYTOIO KOHTypa KOTJIOB C HacOCaMH
Grundfos CR15-06 A-F-A-E-HQQE wmominoctsio 4,41 kBTt. CymMMapHast MOIIIHOCTb
CAY cocrasmser 0,5 xBrT.

3akilouenue

B pabote paccMOTpeHbI BOIPOCHI MPAKTUYECKOTO UCTI0JIb30BAHUS
COBPEMEHHOT'0 KOTEILHOTO 000pYA0OBaHHUS, KOTOPHIE MOTYT OBITh UCIIOJIb30BAHBI MPU
MOCJEAYIOIIEM TPOCKTUPOBAHUHN OOBEKTOB AJICKTPOIHEPTETUUECKON CUCTEMBI.
Takoii B KOTEIbHOT0000PYA0BAHUSHCIIONB3YETCS 110 3aKPHITOM IBYXKOHTYPHOM
CXeMe B CUCTeMax TEIIOCHA0KEHUS, KpOME TOTO, 3TO €I M HaJAC)KHBIM KOMITIOHESHT
MIOBBIIIIEHNS MAaHEBPEHHOCTH U 0€30MaCHOCTH AKCILTyaTallMK BCEeH SHEPTOCUCTEMBI.

Jlureparypa
1. Hcnbrtanust 060pyaoBaHMsI — 3aJI0T O€30MacHOM 3KCIUTyaTaluu [ DIeKTPOHHBIH pecypc]. -
Pexum noctyna :https://eepir.ru/article/ispytaniya-oborudovaniya-nbsp-zalog-bezopasnoj-
ekspluatacii/
2. DIeKTpUuYeCKHE W MapoBbIEe ra3oMa3yTHbBIE KOTIbl — benapych [DnekTpoHHBIN pecypc]. -
Pexxum noctyna: http://altenergy.lv/ru/anexkrpudeckue-u-napoBble-ra3oMa3yTHbI
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YAK 621.311
TEXHOJIOT'HYECKOE OBOCHOBAHME NCIOJIb30BAHUSA KABEJIEN
THUIIA ABBI'-HI' B CPABHEHUMU C KABEJISIMU ABBI'
TECHNOLODICAL JUSTIFICATION FOR THE USE OF AVVG-ng TYPE
CABLES IN COMPARISON WITH AVVG CABLES

A.B. Kaxypo, E.A. ITpuienon
Hayunbiii pykoBoautens — T.M. ApouieBud, crapuivii mpenoaaBaresib
benopyccknil HAIMOHAIBHBIN TEXHUYECKU YHUBEPCUTET,
r. Munck, Pecniyonnka benapych
A.V. Kazhuro, E.A. Prishchepov
Supervisor — T. M. Yaroshevich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayun: Paccmampusaromes eonpocwl ucnonvzosanus kabeneu ABBI -ne,
UX mexHol02uYecKue C8oUCmad, npeumywecmaesa 6 cpasuenuu ¢ kaberimu ABBI'.

Abstract: The issues of using AVVG-ng cables, their technological properties,
advantages in comparison with AVVG cables are considered.

Knwuesvie cnosea: Kabenu, ABBI, ABBI-ne, coomeemcmeue 6bl0panH0o20
ceuenus, 3auumHvle KaOeabHbIX TUHU.

Keywords: Cables, AVVG, AVVG-ng, compliance with the selected section,
protective cable lines.

BBenenne

B cucremax snekTpocHaOXKeHUsS IS TIepeladd dSJIEKTPOIHEPTHU W MUTAHUS
Pa3IUYHBIX MOTPEOUTENIEH 3a4acTyIO UCTIOIB3YIOTCA KaOeabHbie TMHUUA. B 0CHOBHOM
Ha TPOMU3BOJICTBE, B aJMHHHUCTPATUBHO-OBITOBBIX IOMEIICHUSX JJIsI TMHUTAHUS
CUJIOBBIX HAarpy30K M OCBETUTEJHHBIX HArPY30K MCIOIB3YIOTCS Kabelu ¢ 000J0UKOon
13 CIIUTOrO MOJIMA3TUIICHA WIIH MOJUBUHWIXJIOPUIHOTO TUIACTUKATA.
B mapre 1963 rona B CIIIA u3o0penu cuuthiii moaudTwieH. [ 1aBHas 0COOEHHOCTh
kabemeir B wm3omanuu u3 CIID —wW3074mus CIIUTBIM MHOJMATHIICH, OCHOBHOH
HEJIOCTATOK KOTOPOTO -3TO. PE3KOE CHIXKEHHUE XapaKTEPUCTHUK IMPU TEMIIEpaTypax,
MPUOIMKAIOIIUXCA K TEMIIEpaType TIaBICHUS.

N3osnsiiiust 13 TEPMOIUIACTUYHOTO MOJIUATUIICHA HAUMHAET MEHSTh CBOIO (popMy,
a TaK Xe JJIEKTPUYECKUE U MexaHuueckue xapakrepuctuku mpu 90° C [1]. Beuxy
YXYJIIEHUS] XapaKTEPUCTUK MPU HEOOJBIINX TeMIlepaTypax, 3HAYUTEIbHO JIy4Ile
MCIIOJIb30BaTh Kabenu B 000JI0YKe U3 NOJUBUHUIXIOpUAHOrOo tiactukara (IIBX). B
CBSI3U C TEM, YTO JAHHBIN IJIACTUK JOCTATOYHO CTOEK K BO3JACHUCTBUIO MPSAMBIX JIyUeH
COJIHIIa M HHU3KUX TeMIiepatyp, kademb ¢ wmioismuen w3 [IBX momxomut mis
MPOKJIAJKH MPOBOJKHU BHYTPH 3JaHUI

JlanHbiii Kabelnb MOXXET M3TOTaBIMBATHCS XJIAJOCTOMKHAM; SKPaHUPOBAHHBIM
(3aIuTa  OT DBJEKTPOMOJeH) W MOXKAPOCTOMKUM (IS CUCTEM H3BaKyallWH,
Oe3omacHoCTH ¥ TMoXKapotyiieHus). Hanbonee n3BecTHIME KabeasiMu ¢ 000JI0YKON
3 [IBX mnactukara, siBisitoTcst kabenn ABBIT (A — antomMuHuEBast TOKOMPOBOASIIAS
xkwnna, B — m3omsanms u3 [IBX mmactukara, B — o6onouka u3 I1BX nnactukara, I' —
roJibli (OTCYTCTBHE 3alIuTHOro TMOKpoBa)) u BBI' (TOo e, Tolbko ¢ MeaHOMH
TOKOIIPOBOIAIIEH KUIIOM ).
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OcHoBHasl yacTh

Cy1iecTByeT HECKOJBKO OCHOBHBIX YCJIOBMM BbIOOpa Kabens. K Hum
OTHOCSITCSI: BBIOOP CEUEHHMM MPOBOJHUKOB IO JIONMYCTUMOMY HarpeBy, IMpoOBepKa
BBIOPAHHOTO CEUEHMsI TTPOBOJHUKOB CHJIOBOM CETH IO APKOHOMHUYECKOH IJIOTHOCTH
TOKa, pacueT CUJIOBOM AJICKTPUUYECKOM CETH MO IOTepe HaIpsHKeHHs, MpOBEpKa
BBHIODAHHBIX CEUCHHMM KW Kalejaed 10 TEepMHUYECKOM CTOMKOCTH, IIPOBEpKa
COOTBETCTBHS CEUCHUS NMPOBOJHUKOB BEIOPAHHBIM YCTPONHCTBAM 3aIlIUTHI.

[Ipu u3yueHun neperpeBa NMPOBOJHUKOB U KaOenel Mpu NPOTEKAaHWU CIUIIKOM
OOJBITIMX TOKOB, OOJBIIIONW WHTEPEC BHI3BIBACT YCJIOBHE IMPOBEPKU COOTBETCTBUS
kabenss BBIOpAaHHBIM  ammaparam 3amuThl. [Ipu HEOOXOAMMOCTH  3aIUTHI
ANMEKTPUYECKUX IIETIed OT TOKOB TIEPETPy3KH HEOOXOAMMO 00ecreunBaTh
COTJIACOBAHHOCTh MPHUMEHSEMBIX MPOBOJHUKOB W 3alUTHBIX YyCTpoWcCTB. ILnaBkue
MPEJOXPAHUTEIM W aBTOMATHYECKHE BBIKIIOUATENN JOJDKHBI OTKJIIOYAaTh TOK
neperpy3ku. [Jig 3Toro J0JKHO BBITIOJIHATCS CIEAYIOIIEE YCIOBUE

]()on 2 IHUM.S’ 2 lp )
rone [ wons - HOMHUHAJIBHBIA  TOK YCTpOﬁCTBa 3alIUTHI (HHaBKOﬁ BCTaBKH

MpEeIOXPaHUTENS, TETJIOBOIO WM KOMOMHUPOBAHHOTO paclenuTess aBToMara)[2].
Cormacuo I1YD 7 n.3.1.10-3.1.11[3] u TpeOGoBanusim 7.3.94 psig 3JI€KTpUUECKHX
CeTell BHYTPHU MOMENIEHUI JOHKHBI OBITh 3aIUILEHBI OT IEPErPY3KH.

JUIst 3a0UThl CeTe OT MEeperpy3okK, MapaMeTpbl anmnapaToB 3alUTHI B 3TUX CETIX
I,,, IO OTHOLIEHUIO K [, JOJHKHBI UMETh MPEEbHbIE KPATHOCTH KOTOPBIE 3aBUCAT

HOM.3 don

OT MaTepuasa BbIIOJHEHHBIX MPOBOJIHMUKOB U BUJA 3aIUTHOTO alapara.
CrnenoBaTenbHO, €CIM  CEeThb 3alllUIIEHAa OT MEpPerpy3kd, YCIOBUEM

COOTBETCTBUSl KabOensl ammapaTy 3allUThl MOXKHO IpeHeOpeub, NMPUHSB MEHbIIEe

cedyeHue Kabens, TaK KaK 3aBbIIICHUE CEUEHUS NPOBOJHUKOB MPUBOIUT K

YBEJIMYEHUIO  CTOMMOCTH  Kabens, YTO  MOXET  OBITb  DKOHOMHYECKH

HenenecooOpasHeiM. Pazbepem 310 Ha HArJISIAHOM MPUMEPE:

Hmeem aCMHXpOHHBIM JBUTATENb C TSDKEJIBIMU yCIOBUSMH MyCKa U HOMUHAJIBHBIMU

HOM

1
rapameTpamMu: P, =7,5Bm, U, =400B, n=87,5%, cosg,, =0,86, ["y”‘ =7,5. JlaHHBI!

HOM

JBUTATENb 3alUIIAETCS MPEeIOXPAaHUTEIEM U TUTaeTcs yepe3 kadenb. OKpyKaromas
cpena HeB3pbiBoomacHas. HoMuHanbHbIN (PaCYeTHBIN) TOK ABUTATENS:

P
I, 700 =14,3894.

BB-U-cosp-n  f3-400-0,86-0,875

ITyckoBoii TOK aBUraresns

l,..=751,=7,514,389 =107,918 4.

nyck

JList JaHHOTO JOBHUTATEIIA 1o YCJIOBUSIM BbI60pa I, 21 , 2 14,3894,
1
;s imes 107,918

H.6 —

>67,449, rnel,, - HOMUHAQJIbHBIA TOK IUJJABKOM BCTaBKHU

a 1,6
MPEAOXPAHATENSA, « - KOIPDUIIMEHT TMeperpy3Ku, KOTOPBIA ISl JBUTATENCH C
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TSOKENBIMHU yCIOBUSIMH TTycka = 1,6, BeiOupaem npenoxpanutens [IH2-100 ¢ Tokom
Tu1aBKOM BcTaBkM /,, =804 . BeiOepeM kabenb 10 10IMyCTUMOMY HarpeBy

1
PSS LT )
"7 K, 0,92

n

rne K, - mompaBouHBId KOAPGUIIMEHT HA OMYCTUMBIA TOK, YUYWUTHIBAIOIIMNA
dakTUYeCKue YCIOBHS TMPOKIAIKKA TPOBOMOB M Kabeieil. B pesympraTe uyero bl
MoOxkeM 1mojooparhk kabenb ABBIT 5x2,5 ¢ I, =194 (ta6u. 113.3) [2]. Omnako npu

oon
ydeTe YCIIOBUSI COOTBETCTBUS CEUEHHUS IMPOBOJHHKOB BBIOpAaHHBIM YCTpPOICTBaM
3alUTbl, UMCEM IIPCACIbHYIO KPATHOCTH JId IIPOBOJHHMKOB, IIPOKIIAIBIBACMBIX B

I,
HEB3PBIBOOITACHBIX IIOMEIICHUAX —** =1, CJICIOBATCIBHO

oon

L, 21, 21,2804

don HOM.3

B pesynbraTe, Mbl HOKHBI BhIOpaTh Kabenb ABBI' 5x35 ¢ 7, =904 (Tabm.
I13.3) [2]. Croumocts kabems ABBI' 5x2,5, cormacHo oduimaibHOMY CanTy
komnanuu wsd.by, coctrasisier 1,36 BYN 3a 1 M, B TO BpeMs, Kak CTOUMOCTb Ka0erst
ABBI' 5x35, coctaBnsier 11,15 BYN 3a 1 M, uto 6ombiie noutu B 10 pa3 [4,5].
MOoXHO cenaTh BBIBOJ, YTO YBEJIMYCHHE CeUeHUs Kabellel MOKET BECTH 3a COOOM
JOCTATOYHO OOJbIIIME JICHeXKHBIE 3aTpaThl. B Takux cly4asx HaMHOIO
1esecoodpasHee MpeHeOpeUb YCIOBHEM COOTBETCTBHS ammapaTy 3allliThl U BEIOPATH
Heroprouui kKabepb s oOecreueHns MoKapoOe30IIacCHOCTH IPHU MeperpeBe Kadeei.
Nunekc "Hr" o6o3HayaeT HETOPIOYME BHJIBI KaOes C M30JISIIUEH M3 OTHEYIIOPHOTO
MJIaCTUKA, UMEIOIIEro BhICOKYIO creneHb Heroptouectu (ABBI'ur, BBI'ur, BBI'Owr,
BBI'ar-XJI). /lanHb1il ka0enb npu neperpeBe He MIABUTCS, B Pe3yJIbTaTe YEro MOXKET
3aropeThesl COCENIHsIS TPOBOIKa U 00opyaoBanue, kak ABBI', a pacceimaercs.
PaccmoTpum aetanbHee 0COOCHHOCTH COCTaBa 000JOUKHU JAHHOTO KaOes.

Tab6muna 1 - Cocras [1BX-mmacTukara MOHMKEHHON
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Kabeas ¢ n3oasmeii ¢ noJHBHHIIXIOPHIHOTO IVIACTHKATA ¢ NOHHACHHOI roployecTbio [6]
Cocras Haznauenne JlocToHHCTBO
AHTHIHPEHDI Jlns cumkenns o HMel0T 10cTATOYHO MAJIYIO FOPIOYECTD;
roprovecTa H ®  BBLICOKHE TEXHO/JIOrHYECKHE CBOICTBA:
3a/IbIMJIeHHS TePMOCTA0H/ILHOCT b, BLICOKAS TEKY4eCThb
[Tornorurenn Bogopona | lis ymenbuenus pacILIaBa, CTOMKOCTH K HH3KHM
BbIIE/IeHHS TeMIepaTypam;
KOPPO3HOHHBIX JIETYHHX *  He uMeeT OJIH3KOPACHOI0KEHHBIX HIH
MPOAYKTOB ropeHus CJIHINIIHXCH TPAHYJL, 0P H ATIOMEPATOB,
[Inacruduxaropsl Jlng noBbILIeHHS C03/1aeT OJ1eCTHLIYI0 BHEIIHIOW YaCTh
JJACTHYHOCTH H H3MeHiH
MOPO30CTOIKOCTH
Hamosnurenu, [Tonn:karwT BLIAEIEHHE
cradnamu3aTopsl ONACHBIX VISt 310POBbS
NLIMOB
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Tabmuia 2—KoMmoHeHTh TOTUMEPHON KOMITO3UIIUY CHUKCHHON TOPIOYECTH, Mac.q

CycneH3HOHHBIH NOJTHBHHHIXJIOPH 100
Caoxuoydupuslii miacrugukaTop 45-70
Xaopnapadpuu XI1-470 u/nian xsiopupoBanusie a- 15-20
oJ1e(hHHBI

TpexocHoBHBII cY/1LMAT CBHHIIA 5-7
Creapar KaJbllHS 1-2
I'HApOKCHA ANOMHHHS HJIH FTHAPOKCHI MArHHs 45-60
TpexokHch CypbMBI 1-10
Jlndenusonnponaun 0,1-0.5
INOKCHAHAN THAHOBAH CMO0J1A 2-4
Caxa 0,5-2,0

[IpeumyliecTBaMu OTHECTOMKUX KaOenel sBISIETCS HMX CHOCOOHOCTh HE
MOJJIEP)KUBATh PACIPOCTPAHEHHE TOPEHUs, CBOMCTBO CaMO3aTyXaHUs, HHU3KOE
npIMOBbIIEeHre. OTHECTONKHE KaOeau HEe BBIACISIOT TajJoreHOB U KOPPO3UMHBIX
ra3oB, COXPaHsIOT pabOTOCIOCOOHOCTh MPU BO3ACHCTBUM TUIaMeHH B TeueHue 180
MuH. (FE 18Q) npu xectkom Mexanuueckom Bo3zaeicteuu (EN 50200 Ph 90 — 90
MuH.). C yueroM TpeOoBaHuii TeXHMYECKOTO perjiaMeHTa IO MOXKapHOM
0€30MacHOCTH KaOellbHbIE HU3JENMsl MO MOoKa3aTelsiM MOoKapHOM 0e30macHOCTH
JOJDKHBI COOTBETCTBOBATh YCIOBUAM UX IPUMEHEHUS.

3akiouenue

MOXHO OTMETHTb, YTO B pAa3IUYHBIX OTPACISX IPOMBIIUIEHHOCTH,
CTPOUTEIBCTBA U HAPOJHOI'O XO34MCTBA MPOUCXOIAT MOKAPBI, IPUIMHAMHU KOTOPBIX
ABIIIIOTCS  TEPErpy3KM U KOPOTKHME 3aMbIKaHUs B  KaOEIbHBIX M3ACTUSX.
be3zonacHocTh OKCIUTyaTaliuu  KaOeNbHBIX M3JEIMA BO MHOIOM 3aBHUCHUT OT
s pekTuBHOCTH pabOThl anmapaToB 3allUThl. AMNMaparbl 3alIUATHl  JTOJKHBI
OTpaHUYMBATh BpeMs AeUCTBUSA TOKOB K3 M meperpy3ok, npeaoTBpamas TeM CaMbIM
HarpeB KaOeNbHBIX M3/ENHI BBIIIE MOKapobe3onacHou teMrepaTypsl. M, moapoOoHO
pazo0OpaB coctaB U cTpoeHue kabenss ABBI'-Hr, MOXXHO clenaTh BBIBOJ, YTO OH
o0OecreynBaeT HaMHOTo Ooubllyl0 Oe3omacHocTh, B cpaBHeHHM ¢ ABBI. Tak xe
MOXHO OTMETUTbh, YTO, NpPH MPOBEPKE COOTBETCTBUS CEUYEHUS MPOBOJIHUKOB,
Helelecoo0pa3Ho NPUMEHATh Kalellb C 3aBBbIIIEHHBIM CEYEHHEM, TaK KakK 3TO
HPKOHOMHUYECKH HEBBITOJHO. JIJIsl 9TOTO JAOCTATOYHO B3sITh Kabenb mapku ABBI'HT,
KOTOpBIM M3-32 CBOMX XapaKTEPUCTHK TIO3BOJSET HCIOJb30BaTh JKUJBI Oolee
MaJIEHBKOI'O CEYEHUSI.
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YK 621.32
CUCTEMBI YITPABJIEHUA HAPYXHBIM OCBEIHHLIEHUEM
OUTDOOR LIGHTING CONTROL SYSTEMS

M.H. Txyrns

Hayunsblii pykoBoautenb — B.b. Ko3noBckas, K. T. H., 1OLIEHT

benopyccknil HAIMOHAIBHBIN TEXHUYECKU YHUBEPCUTET,
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Supervisor — V. Kozlovskaya, Candidate of Technical Sciences, Docent
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AuHomayusa. Asmomamuzayusi CUCEMbl HAPYHCHO20 OCBEUJeHUSL S8I1eNC s
OOHOU U3 NEepPBOCMENeHHbIX 3a0ay npu odecneweHuu KOMPOPMHLIX YCI08UlL
0CBeWeHUs. U IKOHOMUU INEKMPOIHEP2ULL.

Annotation. Automation of the outdoor lighting system is one of the primary
tasks in providing comfortable lighting conditions and saving energy.

Knioueevle cnosa: muapysicnoe oceeweHue, 0CBEUWEHHOCMb,  CUCEMA
VIpasieHus, a8MmomMamu3ayust, HA0e#CHOCMb.

Keywords: outdoor lighting, illumination, control system, automation,

reliability.

BBenenne

Ha ocBemenne pacxomyercsokono20% oT 00IIero KoJaudecTBa MOTPEeOJICHHS
AIIEKTPOIHEPTUH B MUpPE. 3aMEHa CYIIECTBYIOINUX UCTOYHUKOB CBETA OCBEIICHUS HA
CBETO/IMOIHBIC TEXHOJIOTHH TO3BOJIIET COKPATUTh MOTPEOJICHNUE AIEKTPOIHEPTUH HA
40%, a ecnu MBI Takke OyZeM HCIOJb30BaTh CHUCTEMbl YIPABJICHHS OCBEIICHUEM,
ATOT TOKazaTeab MOxeT aocturarb 80%. Jlroboe HapyKHOE OCBeIIeHHE TpeOyeT
KOHTPOJIS U ynpasieHus [1].

OcBemeHre yIWIl W TMPOE3KUX YACTEH HACENEHHBIX ITYHKTOB, a TaKKe
MOJICBETKA COOPYKEHUI — OJIHa U3 HauboJiee 3aTPATHBIX CTATE Ha DJIEKTPOIHEPTUIO
B TopoackoM Oromkere. CTOUT OTMETUTh, YTO MPH COKPAIICHWH BPEMEHU PaOOTHI
HMCTOYHMKOB CBETa HAPYKHOTO OCBEIICHHS, MPUMEPHO B 2 pa3a YBEIUUMBACTCS MX
CPOK CIYXOBI, TEeM CaMbIM yMEHbIIAs 3aTpaThl Ha OJKCIUTyaTallMi0 T.€. 3aMCHY
0oTpaboTaBIIMX JaMIl U TpaHcnopT. OaHako U 3To emé He BcE. HacerneHHbIe MyHKTHI
HEIIPEPHIBHO Pa3BUBAIOTCS, €KETOTHO IMOSBIISIOTCS HOBBIC JKHIIbIC PAailOHBI, KOTOPBIC
TaK)ke HEOOXO0IMMO OCBeIIaTh. YaCTUYHO CKOMIIEHCHPOBATH 3aTPAThl HA BBOJI HOBBIX
MOIIIHOCTE MOKHO IIyTEM COKpAIICHHsS DJJIEKTPONOTPEOJICHUsI Ha HapYKHOE
OCBEIIIEHUE B CTAPbIX pallOHaX.

B Hapy)XHOM OCBeIIEHHH MOXHO aBTOMATU3UPOBATH CHCTEMbBI YIIPABJICHHUS
OCBEIICHUEM YJUI[ U TOJCBETKON ¢acagoB 37aHUMN, PEKIamMbl, BUTPUH Mara3uHOB,
ABTOCTOSIHOK, KEJIE3HOJIOPOXKHBIX TEPEe30B, OCTAHOBOYHBIX ITYHKTOB, CTPOEK,
KOTTEIKEH U T. II.

OcHoOBHas YacTh

YpoBeHb pa3BUTHA COBPEMEHHON JIJIEKTPOTEXHUKU IO3BOJSIET CO31aTh
a0COJIOTHO aBTOMATHU3UPOBAHHYIO CUCTEMY VIPABJICHHS HAPY>KHBIM OCBEILEHUEM,
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YTO MOXKET o0ecneunTh Oosiee KOM(OPTHBIE YCIOBUS HApYKHOTO OCBELICHUS U
OJIHOBPEMEHHO 3HAYUTEIIBHO CHU3UTH 3aTPaThl HAa 3JIEKTPOIHEPTHIO.
CucreMbl yNpaBICHUE HAPYKHBIM OCBEIICHHEM HMMEIOT [IBE OCHOBHBIC
(GyHKUMM: YNpaBI€HWE U MOHUTOPHUHI. YTPABICHHE OTHOCUTCS K (QYHKIHSIM,
CBSI3aHHBIM C BKJIFOYEHUEM, OTKJIKOYEHWEM M CHUKEHHEM YPOBHS OCBEIICHHOCTH
UCTOYHHUKOB CBETa, W BCErJa 3aBUCUT OT BHEHIHUX (DaKTOPOB, TaKUX Kak
€CTECTBEHHOE OCBEILCHHUE, IJIOTHOCTh WJIM CKOPOCTh ABWKEHHS TpaHcropTa. YTo
KacaeTcss MOHUTOPHHIA, TO OH B OCHOBHOM OyJeT CBfi3aH ¢ HH(pOpMAIHer o
COCTOSIHUM HCTOYHHMKOB CB€Ta (BKJIIOYEH WM OTKIIIOYEH, HAaXOJIWUTCA JU OH Ha
MaKCUMaJbHOM HMJIM TOHM>KEHHOM YPOBHE HAIPSKEHUS U UMEIOTCS JIM KaKue-HUOY b
HEUCHPaBHOCTH). [lomonmHUTENbHBIMU (YHKIMAMA MOHUTOPHHIA TAKXKE SIBISIOTCA:
KOHTPOJIb COCTOSIHUS CETH, KOHTPOJIb 32 OTKPBITUEM JABEPLBI IIKada YIpaBIeHHUS,
KOJJMYECTBO YacOB pabOThl KaXJOro DSJEMEHTa YCTAHOBKH, D3JIEKTPUUYECKUE
napaMmeTpsl (HanpsiKeHHue, TOK, 4acToTa U T.1.).
CymecTByrone CUCTEMBI HMMEIOT  PsJ  HEJAOCTAaTKOB, CBSI3aHHBIX C
HAJC)KHOCTbIO, 3KOHOMHYHOCTBbIO, Oe3omacHocTblo. OJHUM U3  OCHOBHBIX
HEJOCTaTKOB ATHX CHUCTEM SBISETCS TO, YTO OHM HE O00JIaJaloT HeoOXOIUMOMN
IrMOKOCTBIO, TaK KaK HE IMO3BOJIIIOT KOHTPOJIMPOBATh KaKIblii MCTOYHUK CBETA B
OTIEJIBHOCTH, & KPOME TOI'O CUTHAJIbI, KOTOPBIE ITOCTYIAOT JUCHIETYEPY, UCXOIAT OT
rpynnsl MCTOYHMKOB CBETa, TEM CaMblM KapTuHa HH(opmanus o0 yCTaHOBKE
Hapy>KHOTO OCBEIICHHS HE IOCTOBEPHA B MIOJTHOM O0BEME.
Hanbonee ontuManbHbIM pellieHUEM Ha CETOAHSIIHUN A€Hb 7151 9(PHEKTUBHOTO
VIOPaBJICHUS] HApYXKHBIM OCBEILIEHUEM HACEJIEHHBIX IYHKTOB SBIISIETCS BHEIPEHHE
MOJIHOCTBIO ABTOMATU3MPOBAHHBIX CHUCTEM YOpPABJICHUS W JAHUCIETYEPU3ALUU
Hapy>kHoro ocsenieHus: (ACYHO).
Cucrembl ynpaBlieHUs pa3JesioT Ha JBa OOJbIIMX Kiacca:
« ABTOMaTH3MpOBaHHBIE cucTeMbl yripaBiieHus (ACY) —uenoBex
HEIOCPEJICTBEHHO y4acCTBYET B IIPOLIECCE YIIPABJICHMUS;
« Cucremsl aBTomMaTtrueckoro yrpasieHus: (CAY) —BO3MOXKHOCTh YeJIOBEKa
MOBJIMATH HAa MPOLECC UCKIIFOYEHA.
Buenpenne u  oakcrmryaranus  ACYHO  mo3BoisieT  OCYIIECTBIATH
TEJIEeKOMMYHUKALIMOHHBIA KOHTPOJb COCTOSIHUSI CEeTed W TNPUOOPOB  YJIMUYHOTO
OCBEILEHUS, YOPABIATH pEXUMaMU pabOThl  CBETWJIBHUKOB, JMCTAaHLUOHHO
VIOPABJISTH YPOBHEM OCBEIICHHOCTH YJIUI[ IO 3apaHee 3aJaHHOMY rpaduky, a Takxke
BECTH YYeT MOTpeOJCHUsI DSJIEKTPOIHEPIUU U cleauTh 3a €€ A(PPEeKTUBHBIM
HCIIOJIb30BAHUEM.
Cucremsl aBroMatuyeckoro yrnpanieHus: (CAY) — oauH K3 CaMBIXIIPOCTHIX U
3¢ (PEeKTUBHBIX CMOCOOOB JTOOUTHCS 3HAYUMBIX PE3YJIbTATOB B BOMPOCAX IKOHOMHH
AJIEKTPUYECKOM sHEeprun. OHU UMEIOT CIEAYIOIIKE MPEeuMyIecTBa[2|:
¢ B aBTOMAaTUYECKOM PEXKHUME CTPOTO NPHUIECPKUBAIOTCS pACIIUCAHNUA, T.K.
MCKJTIOYEHO BIIMSTHUE YEIOBEYECKOTO (PaKTopa;

o HE TpeOyeTcs BbI€3KaTh HA IPOBEPKY BKIIOUEHHUS WIH OTKIIOUCHUS
OCBELICHUS;

¢ B CJIy4ae HEOTKJIIOUYEHUSI OCBELICHHS HE MPOU30MAET 3HAYUTENIbHBIX IOTEPh
AIIEKTPOIHEPTUH, T.K. TUCHIETUYEP OMEPATUBHO 00 3TOM OIMOBEIIACTCS U
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MPUHUMAIOTCSI COOTBETCTBYIOIINE MEPHI (paHee 0 He OTKJIIOUEHUHU COO0IaIu
JUIIb Yepe3 HECKOJIbKO YaCOB CaMU TPaXkJIaHe - MOTEPU MOTJIU OBIThH
BECOMBIMH);

o JUTSI OCYIIIECTBIICHUSI TEXHUYECKOTO yueTa YHEPTrUU He TpeOyeTCsl BbIE3KaTh U
CHHUMATh NIOKa3aHUs CO CYETUYMKOB BU3YAIIbHO;

o TEJIEU3MEPEHNUS MTO3BOJISIIOT OMEPATUBHO BBISIBIIATh HECAHKIIMOHUPOBAHHBIE
NOJKJIFOUEHHS K CETSIM OCBELIEHHUS U BBISIBISAT XUILEHUS 3JIEKTPOIHEPTUU;

o C IOMOUIBIO TEJIEU3MEPEHUN HAIPSIKEHNN, TOKOB U MOIITHOCTEW MOYKHO
OCYILIECTBUTH MIEPBUYHYIO IUATHOCTUKY OCBETUTEIILHONU CETHU NPHU
BO3HUKHOBEHUH aBapwil;

« O0JICe HaJE)KHASI CUCTEMA, IOCTPOEHHAS U3 COBPEMEHHBIX KOMIIOHEHTOB,
TpeOyeT MEHBIIIE 3aTpaT Ha CBOE OOCITyKHBaHHUE.

JIns  Hapy)KHOTO OCBELIEHHWs HE MEHEE BaXHOM 3aJaded  sBIAETCA
aBTOMATUYECKOE BKIIOUYEHHE oOcBelleHUusl. OCHOBHBIM (PAKTOPOM BKJIIOUEHUS
OCBEILEHHUs SBJISIETCS YPOBEHb €CTECTBEHHOI'O OCBEILUEHHUs, BPEMS CYTOK, a TAKKe
WHTEHCUBHOCTD JBMKEHUS HA JaHHOM Y4YacTKE YJIWLIBI.

CoryacHo [3]|BKJIIOYEHHE HAPY>KHOT'O OCBEILIEHUS YIIHIL, JOPOT U IUIOLIAZACH,
TEPPUTOPUN MUKPOPAMOHOB U JIOOBIX JPYIMX OCBEUIAEMBIX TEPPUTOPHIl CleryeT
IIPOU3BOANTHL IPU CHWKEHHH YPOBHS €CTECTBEHHOM OCBelmleHHOCTH 10 20 K,
OTKIIOYeHWEe — 1npu noselmieHnn ypoBHA 10 10 sk, TKII Hukak He
PErIaMEHTUPYETCS OCBEIICHHOCTh B 3aBUCHMOCTH OT MHTEHCUBHOCTH JIBH>KCHUSI.

CucreMbl aBTOMAaTHYECKOTO YIPABICHUS HAPYKHBIM OCBEIICHUEM, YCIOBHO
MOXHO pPAa3JelINTh Ha JBE OCHOBHBIE TPYIIBI — TaK HAa3bIBAEMbIC JIOKAJIbHBIE WU
LEHTpaIu30BaHHbIe. JUJIs JIOKaJIbHBIX CHCTEM CBOWCTBEHHO YIPABJIEHUE KAKOW-TO
OJIHOM HEOOJBIION IPYNMOM MCTOYHUKOB CBETA, 4 C MOMOIIBIO IIEHTPATU30BAHHOM
CUCTEMBbI MOXHO JOMYCTUTh MOJKIIOYEHHE MPAKTUYECKH OECKOHEYHOr0 KOJMYECTBA
pa3lleabHO YIPaBISEMBIX IPYIIIT CBETUIBHUKOB.

Beibop oaHONM M3 aBTOMAaTUYECKUX CUCTEM YIPABICHUS HapyKHBIM
OCBEILIEHUEM HACEJIEHHOTO IMyHKTa 3aBUCUT €lIe OT TaKOro (pakTopa, Kak KOJIUYECTBO
xuTened B HEM: mnpu  Oonee S50  ThIC. TpUMEHSIETCS LEHTPATU30BAHHOE
TeleMexaHnueckoe ympasiaeHue; ot 20 go 50 ThIC. — LEHTPAIU30BAHHOE
TEJEMEXaHUYECKOE WM JUCTAaHIIMOHHOE; ITpU MeHee 20 ThIC. — LIEHTPaJIu30BaHHOE
JUCTAaHIMOHHOE YIIPABIICHHE.

BapuanTel opraHu3alnny CHUCTEM YIPAaBJIEHUS HAPYKHBIM OCBEIICHUEM TECHO
CBSA3aHBbI ¢ 9HEProd(PeKTUBHOCTHIO OcBelleHus. [Ipyu Mpou3BOACTBE U HKCILTyaTaAIIH
CBETOTEXHMUYECKUX YCTPOUCTB, HanboJiee 3aTPaTHOM SBISETCS CTAUsl SKCILTyaTal|y.
Ecnu co3gath onTUMalibHbIE YCIOBUS AJ11 pa0OThl HAPY>KHBIX OCBETUTENIbHBIX CETEH,
TO OyAyT OTMEUYEHBI CIEAYIOIIMe JOCTHXKEHHS: MHUHUMHU3ALMS pacxoJ0B Ha
AIEKTPOIHEPTUIO, TEKYIIUA PEMOHT U 00CITY)KMBAaHUE OCBETUTEIBHBIX YCTAHOBOK.

Takke B yJIMYHOM OCBEUIEHMM TOPOJAOB U  HACEJEHHBIX ITYHKTOB
IpeyCMaTpUBAIOT BEUEPHUM U HOYHOM peKUMBbI paOOThl OCBETUTENIBHBIX YCTAHOBOK
C LIEJIBIO DKOHOMHUH JJIEKTpO3Hepruu. [lepexintoueHre Ha HOYHOU PEKUM € IIOMOILBIO
OTKJIFOYEHUS]  KAKOM-TO 4YacTH HWCTOYHMKOB CBETa WJIM JUMMHPOBAaHUEM
OCYULIECTBJISIETCS MIPU 3HAYUTEJIbHOM CHHKEHWH aKTUBHOCTH HACEJIEHUs, CHHKEHUU
MHTEHCUBHOCTH JIOPOXKHOTO JBMKEHUS U APYTUX (PaKTOpax.
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[Ipu ympaBnenuu mo ¢azaMm ecTb BO3MOXKHOCTh OTKJIIOYaTh HEKOTOPYIO YaCTh
CBETWJIBHUKOB. Takoil BapuaHT 5JKOHOMHMH DJIEKTPOSHEPTUU HMMEET CBOU
OTpaHUYECHHUS B MPUMEHEHUHU, OOYCIOBJICHHBbIE BEPOSITHOCTHIO BO3HHUKHOBEHUS
3HAYUTEITLHON HEPAaBHOMEPHOCTH OCBEIIEHHOCTH.

3akioueHue

B Hacrosiiiee BpeMsi CUCTEMbI TUCTAHIIMOHHOTO YIIPaBJICHUS pa3padaThIBAIOTCS
C y4€TOM MOTPEeOHOCTEH pPa3NMUYHBIX TPYNN MOTpeOUTeNeld 3IeKTpodHeprur. OnbIT
MMOKa3bIBACT, YTO HEOOXOIUMO paboOTaTh ¢ OTKPHITHIMUA CHCTEMaMH, YTOOBI CHCTEMa
VIOPaBJICHHUS OCBEIICHWEM paboTaja W B3aUMOJCHCTBOBAja C APYTUMHU CHUCTEMaMH,
TaKMMU Kak 00paboTka BO3ayxa, CHCTEMbI O€30TaCHOCTH U T. .

HNHTemnekTyaqbHOE OCBEIICHHE, TOMHMO CBOMX (YHKIHA MOHUTOPWHTA H
VIOPABJICHHUS HYHEPTOMOTPEOICHUEM, TaKKe CIOCOOCTBYET YMEHBIICHHUIO H30BITKA
HMCKYCCTBEHHOTO CBETa, KOTOPOMY ITOABEPIKEHBI HAIM Topoja, Aemas ux Oosee
MPUTOIHBIMHU JIJIS )KU3HHU.

Oddexr ot BHeapenuss ACYHO:

o yIaJICHHAs JUCIIeTYepU3aIusl yIPaBICHUS ¢ BBIBOJOM Ha MyJbT OliepaTopa

WM Ha 3alUIIEHHBIN cepBep;

 UHJMBUTyaJIbHOE U TPYNIIOBOE YIPABJICHUE CBETHIIbHUKAMU (BKJI/BBIKII,
JTUMMHUPOBAHUE);

e CO3/ITAaHUE PEKUMOB PAOOTHI OCBEIICHUS U BO3MOKHOCTh KOHTPOJIS HaJl HUMH,

o TOCTYI K OCHOBHBIM 3JICKTPUICCKAM XaPAKTEPUCTHKAM B PEKUME OHJIANH C
dbopMUPOBAHHUEM CTATUCTUYECKUX OTUYETOB 3a JIIOOOW MHTEPECYIONTUI HAC
NepHo;

o OHJTAMH UJICHTU(UKAINS COOCB C PAa3IMYHBIMU BO3MOKHOCTSIMH OTTOBEIICHUSI.
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Abstract: this article gives the concept of power losses, their causes, as well as
ways to reduce them.
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Bsenenne

IToTepy MOIIHOCTH M DJIEKTPUYECKON DHEPTUU SIBISIOTCS OCHOBHBIM TEXHHUKO-
HSKOHOMHUYECKUM  [OKa3aTesleM paboThl  AJEKTpUYecKuX ceTeil. Pazmuuaror
TEXHUYECKUH (MPOEKTHBIN) U OpraHU3alMOHHBIA MYTH CHUKEHUS MOTEPh MOIIHOCTH
Y DIEKTPOIHEPTHH.

TexHu4yeckuil MyTh MNPEAIONaracT yMEHBIIEHUE NOTEPh JJIEKTPOIHEPIHHU 3a
CYET JIOTIOJHHUTEIbHBIX KANHUTAIBbHBIX 3aTpar (yCTAHOBKA JOMOJIHUTEIBHOIO
000opy0BaHusl, TPOKIIAJKA TONOJHUTEIbHBIX JUHUHN U T.1.). K TexHuueckoMy myTu
OTHOCSITCS TAaKME MEpPbl CHIKEHUS IIOTEPh MOIIHOCTH, KAaK: TIOBBIIICHHE
HOMUHAJIBHOTO HANPSDKEHUS JIMHUM JJIEKTPOIEpeadyd M JJIEKTPUYECKOM CETH;
KOMIIEHCALIUSI PEAKTUBHOM MOLIHOCTH; YCTAaHOBKA JIOMOJHUTEIBHBIX YCTPONCTB JJIS
pPEryJIMpOBKHM; YCTAaHOBKAa YCTPOWCTB IPEAHA3HAYEHHBIX I IPUHYAUTEIBHOIO
pacrpeneneHys MOIIHOCTEW B HEOJHOPOJHBIX 3aMKHYTBIX CETAX; 3aMEHa CEUYCHUH
IIPOBOAOB BO3AYIIHBIX JMHUN PACIPEIEIUTEIbHBIX CETEH C LEJIbI0 ONTHMM3ALINY,
UCIIOJIb30BaHUE TEIUIOThI, OTOMpaeMoil OT TpaHcPOpPMATOPOB MOJCTAHIIMEH;
IIPUMEHEHUE HAKOIIUTEJIEU SHEPTUHN JIP.

OpraHu3anMoHHBIA MyTh CBSI3aH C ONTUMU3ALMEN PEXUMOB CYIIECTBYIOLIEH
CETH B YCIIOBUSIX IKCIUTyaTalluu, HE TPeOYyeT JOMOIHUTENIbHBIX KaMUTAIbHBIX 3aTpaT
(moBbILIEHUE YPOBHS PabOYero HampsyKeHUs B Pa30MKHYTBHIX paclpeaesuTeIbHbIX
CeTAX; ONTUMHU3ALMUSA PEKUMOB HAINPSHKEHUWM W PEAKTUBHBIX MOIIHOCTEN B
CUCTEMOOOpa3yIolIel CeTH; YNpaBJICHUE MOTOKAMU MOIIHOCTH B HEOJIHOPOIHBIX
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3aMKHYTBIX CETSX; BhIpAaBHHBAHWE HArpy3ok (a3 TpexdazHoW ceTH; ONMTHMHU3AIUS
pexkUMOB  paboOThl  TpaHCPOpMATOpPOB  HA  MOJCTAHIUAX;  YIPaBJICHHE
AIEKTPONOTPEOIICHHEM U P.)

OcHoBHas YyacTh

PaccmMoTpyM Ui HEKOTOPBIE MEpPbl CHHMJKEHUS MOTEPh MOIIHOCTH B
ANEKTPUUECKUX  CETAX:  ONTUMHU3alMs  KO3(P(PUUHUEHTOB  TpaHChHOpMALUU
TpaHC(HOPMATOPOB CBS3M U ABTOTPAHCPOPMATOPOB; KOMIICHCAIUS PEAKTHUBHOU
MOIIIHOCTH OMNTHMHU3AIUS 4Yuciaa paboTaromux TpaHCHOPMATOPOB Ha MOACTAHITHSIX
ANEKTPUUECKUX CETEH; pa3MbIKaHHUE 3aMKHYTHIX CETEH B ONTUMAaJIbHBIX TOYKAX.

DJIEKTPUYECKUM CETSIM COBPEMEHHBIX JHEPrOCUCTEM CBOWCTBEHHA BBICOKAS
CTENeHb HEOJHOPOJHOCTH, MPUYEM C TEUCHUEM BPpEMEHHU OHa Bo3pactaet. [Ipuunna
ATOTO - OBICTPBIA POCT MPOTSKEHHOCTU JMHUN HJIEKTPONEpeayr CBEPXBBICOKOTO
Hanpsokerust 330 - 750 kB, koTopble ¢ MOMOIIBI0 aBTOTpaHC(HOPMATOPOB
CBSA3BIBAIOTCA Ha MapalieJbHYI0 pabOTy €O CIOKHO3aMKHYTBHIMU CeTSMU Ooliee
HU3KHUX HAMPSHKECHUU.

JIist onTUMHM3alUKM 4YKClia paboTaronIMX TpaHCPOPMATOPOB Ha MOACTAHIIUIX
ANEKTPUYECKUX CETEd HUCCIEAYIOTCA CyMMAapHbIE MOTEPU AKTUBHOM MOUIIHOCTH B
TpaHchopmaTopax MoACTaHINI, KOTOPbIE MOXKHO PACCUUTATh 110 BBIPAKEHUIO:

AR.= S AP+ 5 AP, ( % )2 (1)
= 4 (—L)~,

= = h A

rae AR - CyMMapHbIe OTEPU aKTHBHOI MOIHOCTH B TPaHC()OPMATOPAX;

AP APkl. - COOTBETCTBEHHO, ITOTEPU XOJIOCTOTO X0J1a U KOPOTKOTO 3aMbIKaHUS

B i-OM TpaHc(opmaTope;
S; - MOIIHOCTB, IPOTEKAOIIAst Yepes i-biif TpaHcopmarop;

S,,; - HOMHHAJIbHas MOIIHOCTb i-I'0 Tpanchopmaropa.

Bocrons30BaBIIMCh JTaHHBIM BBIPAKEHUEM, MOXHO IOCTPOUTH 3aBUCUMOCTH
CYMMapHBIX MOTEPh MOIIHOCTH B TpaHC(opMaTOpax OT HArpy3KH IpU pa3HOM YHCIIe
BKJIFOUEHHBIX TpaHc(hopMaTopoB Ha nojactanuuu. Ha puc.l nokazan xapakrep Takux
3aBUCUMOCTE NPH YMCIie BKIOYEHHBIX TpaHC(HOpMATOpPOB OJMH, ABa, TpH. Ilo ocu
adciucce 0TOOpakeHbl HArPY3KU MOJICTAHLMHU, a IO OCH OPAUHAT — MOTEPU aKTUBHOM
MOIIHOCTH B TpaHcopmaropax. Jluaus 1 cooTBercTByeT paboTe OAHOrO
TpaHchopmaTopa, JIMHUS 2 - BYX, U JUHUS 3 — TpeX TpaHCPOPMATOPOB.

Kak BUIHO M3 pUCYHKA, CYIIECTBYIOT I'paHUYHbIE 3HAYEHUS MOIIHOCTEU, IpPU
KOTOPBIX LieJeco00pa3Ho U3MEHATh YUCIIO BKIIIOUEHHBIX TpaHchopmaropos. Touka a
— TOYKa mepecedyeHus: nuHUM 1 U 2 jgaer Harpy3ky Sy, MpU KOTOPOMl MHOTEpH
MOIIIHOCTH B OJTHOM U JBYX BKJIIOYEHHBIX TpaHc(opmaTopax OJuHAKOBBL. Tak mpu
MOIIIHOCTH Harpy3ku Ooibiied Sz 1enecoo0pa3Ho BKIIIOYATH TpU TpaHchopmaropa,
MIPU MOIIHOCTU HAarpy3ku oT Sy 10 Sp — JBa, IPU MOIIHOCTH HArPY3KH MEHbILIEH Sy —
OJIVH.
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A PC\VM/
KEBT

I

I

!

Pucynok 1. 3aBucuMoCTb 1OTEPh AKTUBHON MOLTHOCTH OT Harpy3Ku U
qrciia BKIIOYEHHBIX TpaHCPOPMATOPOB

iy S, kB A

JlonmycTuM, 4YTO MOIIHOCTU 4epe3 TpaHchopMmaTropbl MNpU E€CTECTBEHHOM
IIOTOKOPACIPEACIICHUNA  NPONOPLHOHAIBHEl WX  HOMHUHAIBHBIM  MOIIHOCTSIM,
Osarozaps ’TOMy MOXKEM IOJIyYUTh BBIPAXEHUS JJIsl pacueTa TPaHUYHOTO 3HAUYEHUS
MOIIIHOCTH CYMMApHOM HAarpy3kd uepe3 TpaHcopMaropsl Sp, MpU KOTOPOWM
1es1eco00pa3Ho MEPEXOIUTH OT 7 padOTaIOIIKNX TpaHCHOopMATOPOB K n-1.

[Ipn pa3HbBIX 3HAYEHUAX HOMHMHAJIBHBIX MOLIHOCTEH TpaHC(OpMATOpPOB Ha
IOJICTAHIIMH, BEIPA)KEHHUE JJIS pacyeTa S, IPUMET BUJL:

2 2
Abxn Hx(n-1) 'SHZn

rae APy, - IOTEpH XOJIOCTOro X04a B TpaHC(HOPMATOpE n;

ng (n-1) - CyMMa HOMHHAJIHBIX MOIIIHOCTEHN #-1 TpaHC(HOpPMaTOpOB;

Sﬁzn - CyMMa HOMUHAJIbHBIX MOIIIHOCTEH n TpaHC(HOPMaTOPOB;
APK1 U T.J1.- TOTEpU KOPOTKOr0 3aMbIKaHus B TpaHchopmaTopax 1, 2 u T.1.

Ecnrm Ha moacTaHIMM  yCTAaHOBIIGHBI  TPAaHC(POPMATOPHI  OJMHAKOBOM
HOMHUHAJIBHOW MOIITHOCTH, TO BBIPAKEHUE TPHOOPETACT CICAYIOIIHIA BHI:
n(n—1)- APy 3)
5
AP,

Se =Sy

rae, AP, AP, - HOMHHalbHasg MOIIHOCTh, IIOTEPH XOJIOCTOTO XOZa M KOPOTKOIO

3aMBIKaHUS OJTHOTO TpaHC(POpPMATOpa, COOTBETCTBEHHO.

JIns  yMeHbIIEHHs] TOTEPh  AKTUBHOM  MOIIHOCTM HA  MOJCTaHLMIX
AIEKTPUUYECKUX CETEH UCIOIb3YETCS KOMIICHCAIUSI PEAKTUBHOM MOITHOCTH.

Kak u3BECTHO, KOMIIEHCHUPYIOLINE YCTPONCTBA (CUHXPOHHBIE KOMIIEHCATOPHI,
CTaTUYECKUE KOHJIEHCATOPHI, CTATUYECKHE KOMIIEHCATOPHI U Jp.) YCTAHABIMBAIOT B
ANEKTPUYECKUX CETSIX IHEPTOCUCTEMBI JUIsl CHIXKEHUS IOTEPh MOLIHOCTH U SHEPTHUH.
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OnHOBpPEMEHHO OHM B KOMIUIEKCE C JAPYTMMHM CPEICTBAMHM (TE€HEpaTOpaMu,
tpanchopmaropamu ¢ PIIH, BonbromoGaBouHbiMM TpaHchopmaTopamMu U Ap.)
MO3BOJIAIOT PETYIUPOBATh HANIPSIKEHUE.

PanroHanbHOCTh JOMOIHUTENBHON YCTAHOBKH KOMIIEHCHUPYIOIINX YCTPOMCTB
(KY) B sHEeprocucTeme onmuchiBaeTCs CASAYIONINM HEPABEHCTBOM:

35-3,20, 4)

rae 3, - DKOHOMMs NIPUBEACHHBIX 3aTpaT 3a cueT ycTaHoBKU KV
3.- 3aTpaThl HA KOMIIEHCALIUIO PEaKTUBHONW MOILITHOCTH, ThIC. pYO.
3arpartsl, CBsI3aHHbIE C ycTaHOBKOU KV,

3 =(py + p)kka + APkaTM.K.IB > ®)

rIe p; - HOpMaTUBHBIN KOY((UIUEHT d3PPEKTUBHOCTH KAIUTAJIBHBIX 3aTpaT;
p - OTYUCIIEHUS HA aMOPTHU3ALMIO U TeKyluil pemont KV, ThIC. pyo;
ky - yAenbHble KanuTaibHble 3aTpaThl B KY, ThIC. pyO/KBap;

Qk - momHOCTh KV, kBap;
APy— yAENbHBIE TOTEPHU MOIIHOCTH B KV

T, .- uucio 4dacoB pabotsl KY B rogy, ompeznensemoe rpadukaMu Harpy3ku
noTpeduTeneit u TpedyeMbIMU PeXXKMMaMH HaPsDKEHUIH, 4. ;

[ - croumocTh 1 kBT 4 moTepssHHO# 3HEpTHH, KOTI.

3aTpaThl MOKHO TIPEACTABUTH B BUJIE:

3 = QkT M.Kﬂ . (6)

31ech  pacyeTHOE  3HAYEHHE CTOMMOCTM |  KBap-4,  BBIIABAEMOIO
KOMIIEHCUPYIOLIUM YCTPOMCTBOM,

3, k,(p,+P)
——f  =AP B+

S =
: O Tk T,

(7)

IIpn ycranoBke KV 3a cuer CHMKEHUS OTEPh AKTUBHOM MOIHOCTH W DHEPTHH,
IIOTEPh PEAKTUBHOW MOIIHOCTH W TOBBIIICHUS KAaYECTBA HAIPSKEHHUS IOITY4YaeTCs
MTOBBICUTH 3KOHOMUYHOCTb.

OKOHOMHS Ha IMMOTEPAX AKTUBHOM MOIIHOCTHU W JSHECPIruM 3a CUCT IMOBLIIICHUA

ypOBHCﬁ HanpsOKCHUA W CHHUIKCHHA ITOTOKOB pCaKTHBHOﬁ MOIIHOCTHU B OCHOBHBIX
CCTAX SHCPIrOCUCTEMBI BBITIIAINT:

3= (ABTIP - AI)ZTZP)ﬂ9 )

rane AR u AP, - noTepu aKTMBHOM MOIIHOCTH 10 U mociie ycraHoBku KY B
MaKCHUMaJbHOM pexumMe, KBT;

7,, U T,,- BPEMs TOTEPh OT MPOTEKAHUS PEAKTHBHOM MOLIHOCTU JI0 W TIOCIIE

KOMIICHCaluu, 4.
C HCKOTOPBIM AOMYIICHUEM IJIA ITPAKTHYCCKHUX PaCuUC€TOB MOXKHO CUHUTATh, UTO:
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cp _C
3y =0k Tp B 9)
rac T;p - CpCAHCC 3HAYCHNUC BPCMCHU IIOTCPb, Y,

C o
kap - CPCAHEC 3HAYCHUC SKOHOMHWYCCKOTI'0 9KBUBAJICHTA PCAKTHBHOU MOIIHOCTHU

B y3JI€ Harpy3KH MOCje YCTAHOBKH KOMIIEHCUPYIOIIETO YCTPOUCTBA MOUTHOCTHIO Qk'
JUist  COOTBETCTBUSI HOPMATHUBHBIM  TpPEOOBAaHUSIM CpPOKa  OKYHaeMOCTH

JOITOJIHHUTCIIBHBIX KaluTaJIOBJIOKCHUN B KOMIICHCHUDPVYIOIICC YCTPOﬁCTBO 3HA4YCHHUC
OKOHOMHMNYCCKOI'O 3KBHBAJICHTA peaKTI/IBHOﬁ MOIIIHOCTH:

T

KO — _MK. & (10)

) 'Z'Cp ﬂ

p
PacueTHO€ 3HAUEHKE MOIITHOCTH KOMIIEHCHUPYIOIIET0 YCTPOIMCTBA:
K;

Qi =i 7k (11)

Kimax

rae (. - peaKTHBHAs HArpysKa B i-TOM y3IIe, KBap;
K; - MOIIHOCTH KOMIICHCHPYIOIETO YCTPOICTBA B 1-TOM Y3II¢, KBap;

Kmax - MaKCHUMaJIbHad MOITHOCTb KOMIICHCHPYIOHICTO YCTpOﬁCTBa B

paccMaTpUBaeMbIX y3Jax, KBap;

k,, - k03((UIUECHT, BIUAIOMNNA HA TOYHOCTh PacyeToB. B naHHOM ciyyae Ham

11eJIECO00pa3HO MPUHSATH €ro paBHbIM ().3.

3akioueHue

[Tpoananu3upoBan CTII0COOBI TIOBBITIICHHS TEXHUKO-IKOHOMHUYECCKUX
mokasaresied paboThl INEKTPUYCCKUX CETeH MOXKeM clelaTh BBIBOJ, UTO
CJIMHCTBEHHOTO BEPHOr0 crmoco0a JOCTKEHHUS TIOCTABIICHHOW 3aJadd  He
CYIIECTBYET, HAIIPOTHUB, UMEET MECTO KOMOMHUPOBAHUE PEIICHUHA.

Jlureparypa

1. ®enun B.T., [Ipokonenko B.I'. [InanupoBaHue xapakTepHBIX PEKHUMOB
anektpuueckux ceteit 110-750 kB 1o Hanps>KeHUIO U PEaKTUBHON MOITHOCTBIO. —
DIIEKTPUUECKHUE CTAHIINU.

2. KomrneHcanys peakTUBHOM MOUTHOCTH [3JIEKTPOHHBIN pecypc]/ KoMneHcalus
PEaKTUBHOW MOUTHOCTHU: CIIOCOOBI U CpelicTBa. -PexuM gocryna:
https://www.nucon.ru/reactive-power/reactive-power-and-types-of-compensation.php
— Hara noctryna 19.04.2022.
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AuHomauua: 6 OaHHOU HAYYHOU pabome Mbl PACCMOMPUM, PA3TUUHBLE
3apsoHble cmanyuu OJisl NeKMpPOMoOULel, UX 0COOeHHOCMU U BUObL.

Abstract: in this scientific work, we will consider various charging stations for
electric vehicles, their features and types.

Kntouesvie cnosa:  onekmpomobunv,  3apAoHas — cmMamyus, — 3apsaoHoe
YCmMpoUucmeo, 8pems 3apsioKu.

Keywords: electric car, charging station, charger, charging time.

BBenenue

Ceiiuac Bc€ Oouibllie ¥ OOJIBIIIE B MUPE HAXOMAST MPUMEHEHUE dJIEKTPOMOOUITH.
OHM HEOOXOJWMBI Ui YIYYIIIEHUS SKOJIOTHH, HET HEOOXOIUMOCTH B OCH3WHE,
CHUYKAeTCsl YPOBEHb IlIyMa B rOPOJIaXx.

He otctaér ot aTux Tenaenumii u benapychb, 0cCOOEHHO 3TO aKTyaJbHO B CBSI3H
¢ BBogoM benopycckoit ADC.B benapycu Owputo mpunsaTo mocranoBieHne CopeTa
MunuctpoB Ne731 ot 10 oxTsa6pst 2018 1. 00 yTBEp)KIECHUU MPOTPAMMBI CO3/IaHUS
rOoCyJIapCTBEHHOM 3apsiTHON CeTH JJIsl 3apsIKU dJieKTpoMoOuiei. Jjisi HopMabHOTO
(OYHKIITMOHUPOBAHUS JJICKTPOMOOWJIEH JOJDKHA OBITh CO3/laHa CETh 3apsIHBIX
CTaHUMKW Ha TeppuTopuu Pb M BhINOJHEHA PEKOHCTPYKLMS IJIEKTPUUECKUX CETEU U
noacranuud ['TIO «bemsHepro» s BO3MOXKHBIX TMOJKIIOUEHUH ITUX 3apsIHBIX
CTaHIUH.

OcHoBHasl yacThb

Jnst 3apsaku 2JieKTpoMoOusiel pa3paboTaHbl CTAaHIIMK Pa3IMYHBIX TUMOB. [lo
CTPYKTYpPE BBIIEIAIOT caeayromue tursl I3C:

Mode 2 — 3apsigHOE YCTPOWCTBO MJIS DJIEKTPOMOOWIICH, OCYIIECTBIISIONIEE
3apsANIKY IEPEMEHHBIM TOKOM OT OBITOBOI CETH C UCIIOJIH30BAHUEM CHUCTEMBI 3aITUTHI
BHYTPH KaOeJst (BpeMs 3apsiIKU COCTABIISIET OT 12 4acoB);

Mode 3 — 3apsigHOE YCTPOWMCTBO MJIA DJIEKTPOMOOUIICH, OCYIIECTBISIONICE
OJTHO-, TpeX(a3HyI0 3apsAIKy MEPEMEHHBIM TOKOM C MCIOJb30BAaHUEM CIICIIHAIIBHOTO
pazbemMa, B KOTOPOM peaju30BaHbl CUCTEMBI 3aIlMThl U KOHTPOJS XOAa 3apsJIKu
AIEKTPOMOOMIIS (BpEMsI 3apsi KU COCTaBIISIET OT 4 0 8 4acoB);
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Mode 4 — 3apsaHOE YCTPOMCTBO JUIsl JIEKTPOMOOMIIEH, OCYILECTBISIOLIEE
OBICTPYIO 3apsiIKy TOCTOSSHHBIM TOKOM (Bpemsi 3apsiiku cocTtaBisieT oT 15 mo 30
MUHYT U obecnieunBaet 80 MpoILIEHTOR 3apsijia baTapen).
Haunbonee xapakTepHbIMU ISl IPAKTUYECKOTO MPUMEHEHUSI MOXKHO paccMoTpeTh 4
OCHOBHBIX MOJIeJiell Hanmbojee ONTUMANBbHBIX M0 COOTHOIICHHUIO IIeHa —Ka4yecTBO,
Hanpumep, komnanust OAO «CasizpuHBecT» B benapycu, Tabnuna 1. [2]

Ta6muma 1- OCHOBHBIE MOJICIIN 3aPSTHBIX YCTPOMCTB VISl AJICKTPOMOOMIICH

Bup 3apsannoii XapakTeprucTUKa CTAHIUU Texuuueckue
CTaHLUHU XapaKTePUCTHKH
[TopraTuBHas Jannast 3apsiiHasi CTaHLIMS OCHalleHa | BxogHoe HanpsbkeHue:
sapsimHast  ctannus | pazpémMom CHAdeMO, Gmaromapsi cBoemy | [lepemeHHbIit TOK — 3 ¢a3bl
IIOCTOSIHHOTO ~ TOKa | ynoOHOMy ucnojHeHuto, mnopratuBHyto | (VAC) 380;
Ha 20kBT CTaHIMIO  TOCTOSHHOTO  TOKa  MOXHO | Tum HaTPSHKCHUS
nepeMeniaTh B JJI000M y100HOM MecTe OyAb | IEpeMEHHOro  TOoKa  —
TO COOCTBEHHBIM Tapak WIM TapaxHoe | Tpex(as3HbIii;
MOMEIICHUE aBTOMOOUIILHOM CTaHIUH. Onnodaznoe JTUHEHHOE
breictpas 3apsanas cranuus Inabikari | HanpsbkeHue

20xBt DC cocTtouT u3 3apsaHbIX MOJyJeH,
MOHHUTOPA, WHTEJUIEKTYaJbHOIO CUETUYHKA,
HMI, monyns cBA3u, 3apsSaHOrO pazbEma,
yIpaBJeHHs U KaOWHeTa.

JanHoe 3apsiAHOE YCTPOMCTBO
coyetaeT B cebe oOuYeHb YyJIo00HOE s
JKCIUTyaTalliyl MCIOJHEHHE C MepeoBOH

(VAC) — 85-300;
Toxk (A) — 0- 30A;
Yacrota (I'm) —45-55

TEXHOJIOTHEN 3apsAIKH, KOoTOpas

COOTBETCTBYET AIEKTPOMOOHIISIM

CJICAYIOIIETO OKOJIEHHUS.
Hacrennas 3apsgnas [annas 3apsiHas cTaHuMs | BxogHoe HampspkeHue:
CTaHIUSA nocTosiHHOro  oOecnieunBaeT ObicTpyto U | [lepemenHblit TOK — 3 ¢a3bl

MOCTOSSHHOTO ~ TOKa
TUISt
AIEKTPOMOOUIIEHOTO
TpaHcmopTa

0e30MacHyI0 3apsAAKy Ballero TPAHCIIOPTHOTO
CpeACTBa. Takas CTaHIUA 0OBIYHO
UCIIOJIB3YETCSI B KAueCTBE  «JIOMAIlTHEW
3apsIIHON CTaHIUU, €€ Bec cocTaBisieT 20 Kr.

(VAC) 380;

Tun HaIpPsHKEHUS
MEepEeMEeHHOT0 ~ TOKa  —
TpexQa3HbIi;

Onnodaznoe JTUHEHHOE
Hanpsbkeane  (VAC) -
8511300;

Tok (A) — 0[130A;
Yacrora (I'm) — 450155

3apsigHas CTaHUIUS
MMOCTOSIHHOTO TOKa
JUTSL
ANEKTPOMOOUIBHOTO
TpaHCIopTa

3apsaHas ~ CTaHUMSI  TOCTaBJseTCS
pazpémamu  crangapra CHAdeMO, CCS
(xom00) TUIS IIEKTPOMOOUIBHOTO
TpaHCIOPTA.
JlocToMHCTBaMU JaHHOM 3apsiTHOM CTAHIIUU
ABIISIOTCS:

- Bo3amoxHoCTB HCIIOJIb30BaHUs
MHTEJJIEKTYaJIbHOTO MOJYJIS, COCTOSIIETO
u3 CHUCTEMBI pacnpenenéHHoro
yIpaBJIeHUs, B BapHaHTe paboOTHl C
HECKOJIbKUMH MOJYJISIMH, COOH OJIHOTO

Hanpsokenne na nunuum (B
noct. Toka) — 380 B;
Tun nanpsxenus — 3 ¢asbl;

HomuHaneHOe  BBIXOJHOE
Hanpspkenue (B) — 400/700;
Beixomnori Tok (A) —
0C71200A
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MOJyJIl HE TOBJHUSET Ha pabOTy CHCTEMBbI
B LIEJIOM.
- Mogenb CTpYyKTyphl HCHOJB3YET MOJIHYIO

HU30JIALNIO IIbIIN, BCTpOCHHHﬁ
BCHTHJIATOP OXJIAXKIACHUA C
HHTCJUICKTYAaJIbHBIM YIIpaBJICHUEM

CKOPOCTH, YTO MOXET aBTOMAaTUYECKU
peryivpoBaTh CKOPOCTh BEHTHJISATOpA B
COOTBETCTBUU c Harpy3Kou JUTSt
YBEJIMUYEHUS CPOKa CIIY>KObI BEHTUIISITOPA.

- Hanuume  xomaHapl Ha  yIAIEHHOE
aBapHifHOE BBIKJIIOUEHUE.

3apsiaHas  CTaHLUS
MEPEMEHHOTO  TOKa
TUISt
JIEKTPOMOOHUIIBHOTO
TpaHCIOpTa

3apsiiHasi yCTAaHOBKA IMEPEMEHHOI0 TOKa

UCIIOJIb3YETCS JUTSL obecrnieueHus

IIEKTPOMOOMIIBHOTO TpaHCcHopTa

3JIEKTPONUTAHUEM NIEPEMEHHOT0  TOKa.

3apsiHas CTaHUUS TPOCTa B TPUMEHEHUU

Onarogapss KOMIIAKTHOCTH M €€ yaoOHOMU

ycTtaHOoBKe. E€ MOXHO yCTaHOBUTH Ha

3apSAAHBIX  CTAHIMSX — AJIEKTPOMOOMIBHOTO

TPAHCIIOPTA, OOIIECTBEHHBIX MApPKOBKaX,

CTOSIHKAX  KWIbIX  pPallOHOB,  CTOSIHKAX

OOJIBIIUX TOPTOBBIX IIEHTPOB U JIPYTUX

BHYTPEHHHUX u BHEILLIHUX CTOSTHKAX

aBTOTPAHCHOPTA.

JlocTonHCTBaMU NaHHOH 3apsAHON

CTaHIIUU SABJISIOTCS:

- Oob6ecnieuenne pyHKIIUU 3aLTUTHI OT TOKOB
KOPOTKOIO  3aMbIKaHHs,  CBEPXTOKOB,
YTE€UYKH TOKA M HU3KOT'O HAIPSKECHHUS.

- @opmupoBaHuE KOHPHUTYpPUPOBAHHUS B
OJIHO KacaHHe.

- @yHKuMsg ~ ompexeneHus — cuéra  3a
JJIEKTPOIHEPIUI0 UM CUMTBIBAHUS C KaprT:

MOJJIEPIKKA pexuma 3apsza u
BBICTaBJICHUE cuéra Ha OCHOBE
KOJIMYECTBa JICHET, KOJINYECTBA

JJIEKTPOIHEPIUM ABTOMATUYECKOU IOTHOU

3apsAJIKH U TII.

ITognepxka MHOTI'OCKOPOCTHOM
HaCTPOWKH, BO3MOKHOCTh YCTaHOBKH
pa3IMYHBIX CKOpPOCTEM M pa3HOe BpeMms,
MAaKCUMYM &8 CKOPOCTEH.

- Bopnonenponunaemas, nblUIE3aIlIUTHAS
KOHCTPYKIIMS W Kiacc 3amuthl [P54 u
COOTBETCTBYET TPeOOBaHUAM K paboTe BHE
ITOMENICHUSI.

Momnoctb 3,5 kBT 1
7kBrt:

Hanpsokenue (B) — 220 B
(omHa (aza, Tpu MPOBOIA);
Tok (A)— 16 A (s
3,5kBrT), 32 A (1 7xBT);
Emkocts (kBA) — 3,5kBA
(s 3,5kBt), 7 kBA (s
7xBr);

Momnoctb 10,5 kBT 1
21kBrT:

Hanpsokenue (B) — 380 B
(Tpu dasbl, nATH
MPOBOJIOB);

Tok (A) — 16 A (nns
10,5xBr1), 32 A (nns
21kBT);

Ewmkocts (kBA) — 10,5 kBA
(mnsa 10,5xBT), 21 kBA
(nns 21 xBr);

Yacrota (I'm) — 450165
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Pucynok 4 — a) [lopratuBHas 3apsiiHasi CTaHIIMA MOCTOsIHHOTO Toka Ha 20kBT; 6) Hacrennas
3apsiHas CTAHIUS MTOCTOSTHHOTO TOKA JIJISl 2JIEKTPOMOOHIIEHOTO TPAHCTIOPTA; B) 3apsiiHast CTAHIIHS
MIOCTOSIHHOTO TOKA AJIs 2JIEKTPOMOOMIIBHOTO TPAHCIIOPTA; T') 3apsiiHas CTaHIUS [IEPEMEHHOT0 TOKa

JUISL 31IEKTPOMOOUIIBHOTO TPAHCIIOPTA

IIpuHIMIIBI TOCTPOEHUS 3aAPSAAHBIX CTAHIMI

C TOYKM 3peHHus dIEKTPOTEXHUKH 3apsaHasl CTaHUUSA ULl 3JIEKTPOTPAHCIIOPTa
HUYEM HE OTJIMYAeTCsd OTOOBIYHOTO BBIIPSMUTENIBHOTO YCTPOWCTBA M JOJDKHA
o0ecneunBaTh TPU KJIIOUEBbIE (PYHKIIUH:

* 1IpeoOpazoBaHUE NEPEMEHHOTO HAIPSHKEHUS MUTAIOLIEH CETH B IOCTOSTHHOE;

* TIpeoOpa3oBaHUE YPOBHS HANPSKEHUsI MUTAIOLIEH CETH;

= o0OecrieueHHe PICKTPUIECCKON U3OJISIINY MUTAIOIIEH CeTH OT OOPTOBOM CEeTH
AIEKTPOMOOMIIS (TaIbBAHUYECKYIO PA3B3KY).

Knaccuueckast  cuctemMa  SJEKTpPOCHAOKEHHS  OOJIBIIMHCTBA  3JIaHUU
(«mmocnenHss MWD Tepellayu dJIEKTPUYECKONW IHEPruu) COCTOMT M3 TpeXdazHoit
AIEKTPUYECKON TpoBOAKM C HampspkeHueM 230/400 B, mnoakiroyaeMod K
TpaHchopMaTopy, NOHIKAIOIIEMY HaMpPsHKEHUE MECTHOW pACTpPEeIUTENIbHON CeTH
(06pruno 10...12 kB) (pucyHok 5). Bropuunble 0oOMOTKH TpaHcpopMaropa, Kak
MPaBUJIO, COEIUHSIOTCS MO CXEME «3Be3/la» C 3a3€MJICHHOW HEUTpaiblo, MO3TOMY
AJIEKTpUYECKass M30JSIIUS  Ha  3apsAAHbIX  CTaHIMAX JOJDKHA — 00s3aTebHO
IPUCYTCTBOBATh BO U30€KAHNE MOPAKEHUSI SJIEKTPUUECKUM TOKOM.

M3 Bcex CyIECTBYIOIUX 3JEKTPOTEXHUYECKUX YCTPOMCTB MAaKCHMAJIBHO
3¢ (EeKTUBHO MeperaTh AJIEKTPUUYECKYI0 PHEPrHI0 M3 OAHOM Lenu B Jpyryro 0e3
MCIIOJIb30BaHUS 3JIEKTPUUECKOM CBSA3H MOYKHO TOJBKO C MMOMOIIbIO TpaHCcHopMaTopa.
Tpanchopmarop Taxke MO3BOJISET MIPEOOPa30BaATh MapaMeTpbl HAMIPSHKEHUS, TO €CTh
o0ecreynTh 0OJTHOBPEMEHHO JIBE U3 TpeX (HYHKILMMA 3apsiIHOTO yCTporcTBa. [1]

Opmnako rabapuThl TpaHcpopmaTopa 0OpaTHO MPOMOPIIMOHAIBHBI YACTOTE €0
paboyero HampsKEHUs, MO3TOMY €CJIM MPeoOpa3oBhIBaTh HANPSHKEHHE C YaCTOTOM
npombinuieHHOU cetu (50 I'1y), To OH OyAeT UMeTh 3HAYMTEIbHBIE pa3MeEphl, Maccy U
CTOMMOCTb, YTO HEMpPHUEMJIEMO B OOJBIIMHCTBE ciydyaeB. EJMHCTBEHHBIM BBIXOJ0M
M3 DTOM CHUTyallMd SBJSETCS IMOBBIIIEHHE pabouyeld 4acToThl TpaHchopmaropa,
KOTOpasi B COBPEMEHHBIX BBINPSIMHUTENIBHBIX YCTPOMCTBAX OOBIYHO mpeBbiiaeT 20
kl'. B aTOM ciiydae CTpyKTypHasi cxeMa 3apsiiHOTO yCTPOUCTBA COCTOUT U3 YETBIPEX
KITFOUEBBIX Y3JIOB (PUCYHOK 6):
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_________________

3apanHoe
YCTPONUCTEO
Cetb Cetb
cpeaHero HH3KOrD
HaNPANMEHUA HanpAXMEHUA et xl
10 kBM2 kB 380 BM4B0B ] = | T
L — P
Cets ] i H
HM3KOTO i = = (i
HanpsKeHns ™) ] L) —
Pacnp. Lo ==

Beix. (DC)
xn 200..500 B

—&

HW3KO4aCTOTHLIA
TpaHcopmarop

Pucynok 5 — PactipenenurensHas cetb

BxoaHOTO Bhinpsimutelist (AC/DC), mpeobpasyroiero TpexdazHoe nepeMeHHOe
HaIpsHKEHUE B TIOCTOSIHHOE;

uneepropa (DC/AC), npeobpa3yroniero NOCTOSIHHOE HAINPSKEHUE B IEPEMEHHOE €
yacToTou cBhile 20 kI '11;

TpaHcpopmaTopa, 00eCIeINBAIOIETO dICKTPUUECKYIO U3OJIALUIO U
npeoOpa30BaHNUEe YPOBHSI BXOIHOTO HAMPSKCHHUS,

BBIXOJTHOTO BBIMPSMHUTEIIS, TPEOOPA3yIONIETO MEPEMEHHOE HAMPSYKEHNE BTOPUYHON
0OMOTKH TpaHC(hopMaTopa B MTOCTOSTHHOE.

)

Puynok 6 — CtpykTypHas cxema 3apsiIHOrO 3JIEKTPOMOOHIIEH

3akioueHue

Ha 2018 rog B benapycu yctaHoBieHbl 45 3J€KTpO3apsAHbIX CTaHLM: 14-
Mode4, 24-Mode3, 7-Mode2.Co3nanne u pasputue benopycckoil 3apsHON ceTH
mpeamnojaraetr Tpu drana. Tak mnepBwiid dtanm (1o 2021 T. BKIIOYHUTENBHO)
npeanonaraetr yctaHoBky 431 93C (Mode 4 — 230, Mode 3 - 201) mo Teppuropun
bemapycu. Bo Bropoi »3tan (2022-2025) npennonaraeTcs ycTaHOBUTH 144
93C(Mode 3 — 30, Mode 4 — 114) B r. MuHCKe U B OOJIaCTHBIX IIEHTPaX U ropojiax
oynet ycranosieHo 278 23C(Mode 3 — 50, Mode 4 — 228). Bo Bpems peanuzanuu
TpeTbero stana B IaHax ycraHoButh 113 D3C(Mode 3 — 10, Mode 4 — 103) B
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r.MuHcke, B o0nacTHbIX 1leHTpax OyayT yctanoBieHsl 11793C (Mode 3 — 10, Mode
4 —107), B ropogax Peciyonmuku benapyce — 177 93C(Mode 3 — 60, Mode 4 — 117).[2]

Jlureparypa
1. Komrman [DEeKTpOHHBII pecypc]. — Pexum JIOCTYIIA:
https://www.compel.ru/lib/143222. — Jlata noctyna: 01.03.2022.
2. [ICM 731 10 10 2018 o006 yrBepxknenuu Ilporpammbl  co3maHus
roCyAapCTBEHHOM 3apsIHON CETH JIsl 3apSTHBIX AIEKTPOMOOUIIEH.



DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

VK 621.548
YCTPOMCTBO JJIs1 TALIEHUS THPOCKOIMMYECKOIO MOMEHTA
BETPOJABUI'ATEJIA
DEVICE FOR EXTINGUISHING THE GYROSCOPIC MOMENT OF THE
WIND TURBINE

B.B. I'apnoBckuii, A.B. Bacumiok
Hayunsblii pykoBoautenb — A.B. ['opHocTai, K.T.H., JOIIEHT
benopyccknil HAIMOHAIBHBIN TEXHUYECKU YHUBEPCUTET,

r. Munck, Pecniyonnka benapych

alekssvu@gmail.com
V. Harnovski, A. Vasiliuk
Supervisor — A. Gornostay, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

Annomauusn: Ilpeonosxcena cmpykmypHas cxema yYCMpoucmea OJisl 2auleHus.
2UPOCKONUYECK020 MOMeHma eempoosucamens, codepicaujeco OblCmMpoXooHoe
8EMPOKOIeCO C 20PU3OHMAILHOU OCbI0 8PAUEHUsl, cOCmoauee U3 8aid ¢ 8MYJKOU U
CBA3AHHBIX C HUMU OCHOBHBIX pPAOUATbHBLIX Jonacmeu. [Ipu s3mom eempokoneco
CHADIHCEHO PA3HECEeHHLIMU 2PY3aMU, VCMAHOBIEHHbIMU HA NOJYOCAX, KOMOpbvle
COeOUHEHDL C BAIOM U PACNOJIONCEHbL NEPHEHOUKVISAPHO OMHOCUMENbHO PAOUATbHBIX
Jonacmeti u3 yCio8ull OUHAMUYECKOU OAIAHCUPOBKU 86eMPOKOIeCd.

Abstract: A structural diagram of a device for damping the gyroscopic moment
of a wind turbine containing a high-speed wind wheel with a horizontal axis of
rotation consisting of a shaft with a sleeve and associated main radial blades is
proposed. In this case, the wind wheel is equipped with spaced loads mounted on
semi-axes that are connected to the shaft and arranged perpendicular to the radial
blades from the conditions of dynamic balancing of the wind wheel.

Kntouesvie cnosa: eempoogucamens, empoceHepamop, 0ObiICMpPOX0OHOe
8EmMPOKOJIECO, SUPOCKONUYECKULL MOMEHMNI.

Keywords: wind turbine, wind generator, high-speed wind wheel, gyroscopic
moment.

BBenenue

N3BecTHBI OBICTPOXOJHBIE KPbUIbYAThIE BETPOJBUTATEIM C TOPU3OHTAIHHOM
OCBI0 BpAIlICHUS U JBYXJIOMACTHBIM BETPOKOJIECOM, OCYILECTBISAIOIINE PA3BOPOT
TOJIOBKH 10 BETPY € MOMOIIBI0O XBOCTOBOTO cTtadbmiuzaropa [1]. Hegoctatkom Takux
BETPOJBUTATENIEN SIBJISIETCS TO, YTO IPU IMOBOPOTE TOJIOBKH, MPOUCXOAIIEM IPH
W3MCHEHUM  HANpPABJIEHUS  BETPA, BO3HUKACT BPEAHBIM  THPOCKONMUYECKUMN
[IUKIINIECKUIT MOMEHT, BBI3BIBAIOIINIA HEXeNaTeIbHbIe BUOpAIK, OCOOCHHO Ha BTy
BETPOKOJIECA, UTO MPUBOAUT K YMEHBIICHHUIO HAJICKHOCTH BCEW KOHCTPYKIIUU.

OcHoBHas yacThb

JInsl MOBBIIIEHUS] HAJE)KHOCTH KOHCTPYKLIMU KPbUIBYATOTO BETPOABUTATEINS, a
TAK)K€ TOBBIIMICHUHA CTPArMBaIOIIEr0 MOMEHTA M YJIYYIIEHUH HAYAIBHOTO pPa3roHa
BETPOJIBUTATENIsl aBTOpaMM MPEMNJIOKEHAa CXeMa yCTpPOMCTBA ISl TallleHUd
TUPOCKOMMYECKOTO0 MOMEHTa BETPOJIBUraTesisi, COJEp)Kallero ObICTPOXOIHOE
BETPOKOJIECO C TOPU3OHTAIIBHOW OChIO BPAIIEHUs, COCTOAILIEE M3 Bajla C BTYJIKOW U
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CBSI3aHHBIX C HUMU OCHOBHBIX paJvalibHBIX jonacTted [2]. IIpu saTomM BeTpokoseco
CHa0KE€HO pPA3HECEHHBIMU TPy3aMH, YCTAHOBJIEHHBIMM Ha MOJYOCSX, KOTOpPbIE
COEIMHEHBI C BAJIOM U PACIOJIOKEHBI EPIEHANKYIIIPHO OTHOCUTEIBHO PaJualIbHbIX
JonacTe U3 yCIOBUM JUHAMUUYECKON 0aJaHCUPOBKU BETPOKOJIECA.

CTpyKTypHas cXxeMma YCTpOMCTBa IpUBEJACHA HAa pUCYHKE 1, BEKTOpHas
auarpaMma U rpauKu U3MEHEHMs] TUPOCKOIMYECKOIO0 MOMEHTA IIOKa3aHbl Ha
PUCYHKE 2.

Betpokoneco BkimodaeT B ceOsi OCHOBHBIE JIONAacTH 1, mosryocu 2, rpy3bl 3 U Bal
4 ¢ Brynkoil. Ilonyocu 2 HecyT Ha CBOMX KOHIAX IPY3bl 3 U COEIMHEHBI C BAJIOM 4.
['py3sl 3 pacmoyioskeHbl MeprEeHANKYSIPHO JONacTsIM 1 U UMEIOT B ceueHuu popmy
a’poauHamuyeckoro mnpodumia. Ilpm  cOopke wu  OajmaHcupoBke Tpy3sl 3
HAaBUHYMBAIOTCS Ha KOHIIEBYIO pe3p0y Tmomyoceit 2 u mocie OalaHCHPOBKU
3aKPEIUIIOTCS B TPEOYEMOM TOJIOKEHHH.
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yCTpOMCTBa JUIA raltCHAs TUPOCKOIMMYECKOI0 MOMEHTA

TUPOCKOMMNYICCKOI'0O MOMCHT
BETPOABUTATEIIA
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YCTpolcTBO ISl TalleHWsT THPOCKOIMMYECKOIO MOMEHTA BETPOJIBHIaTENs
paboTaeT CIETYIOIIIMM 00pa3oM.

[Tpu nauane BpaiieHus jonacreil 1 npoduaMpoBaHHbIE TPY3bl 3, YCTAHOBICHHbBIE
noJ; OOJBIIMM YCTAHOBOYHBIM YTIJIOM K IMOTOKY YYacTBYIOT B YBEJIIMYCHHMH MOMEHTa
CTparvBaHUs U YJIyYIIEHUH pa3roHa BETPOKOJIECa, a TAKXKE B TypOyIM3allui BETPOBOTO
notoka. [Ipy moBOpOTE rOJIOBKH C BETPOKOJIECOM NPU M3MEHEHHH HAIIPaBJICHHS BETpa
BO3HHMKAET THPOCKONUYECKUHA MOMEHT Mz, BEKTOp KOTOpPOIO HalpaBieH IO
nornepeuroit ocu Oz; (¢wur. 2, a). [Ipu MOBOPOTE TOJIOBKU C BETPOKOJIECOM IO BETPY
OTHOCUTENBHO ocu Oyg ¢ YIIOBOM CKOPOCTBIO ] BO3HUKAET TMPOCKONUYECKHIA
[MUKITMYeCKUA MOMEHT (pur. 2, ¢ — CIUIONTHAS JTUHUS), KOTOPBI MOXKET MOJHOCTHIO
(ur. 2, b — mTpuxOBas JMHUS) TMOTAIlIEH AHTUMOMEHTOM, HaXOMAAUINMCSA B
poTUBO(a3ze ¢ MOMEHTOM Mz;, U KOTOpBI cO3JaeTcsi rpy3amMud 3, MPHUYEM €ro
BEJIMYMHA OY/IET 3aBUCETh OT MACChl TPY30B 3 U IUIeYa Moyocei 2.

3akiouenue

Takum  oOpa3oMm, JONOJHEHHME  BETPOKOJIECA  PAa3HECEHHBIMH  TpPYy3aMH,
YCTAaHOBJIICHHBIMM Ha IIOJIyOCSIX, COCIMHEHHBIX C BaJOM, PACIOJIO)KEHHBIMU
MIEPIICHIUKYJIIPHO OTHOCHUTEIBHO PAJUAIBHBIX JIOMACTEH, TAaCUT TMPOCKONUYECKHIA
LMKJINYECKUA MOMEHT, BO3HMKAIOIIMN IPU Pa3BOPOTE TOJOBKU C BETPOKOJIECOM IIO
BETPY, YTO INOBBIIIAECT HAJEKHOCTh YCTPOMCTBA B LIEJIOM. A BBIIIOJHEHUE TPY30B C
a’3pOIMHAMUYECKUM NpOo(UIeM U WX MPEIJIOKEHHAs HadajdbHAs yCTAHOBKA, CO3AAIOT
TpeOyeMoe MNpUpAlEHUE K HAYaJbHOW BEIMYMHE CTPArMBaroOlEro MOMEHTa, YeM U
00eCrneurBaroT yJIy4llIeHHe pa3roHa BETPOKOJIeca.

Jlureparypa
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AnHOmayuna:eé 0anHoU HAY4HOU pabome Mbl PACCMOMPUM, CXEMY U NPUHYUN
pabomsl  NOOCMAHYUU C YNPABIAEMbIM — UYHMUPYIOWUM —DeaKkmopom u eé
npeumyuwecmaa.

Abstract:in this scientific work, we will consider the scheme and principle of
operation of a substation with a controlled shunt reactor and its advantages.

Kntouesvie cnoea: ynpasisemuvlii  UYHMUpylOwWUlL - peakmop, 0OMOMKA
VHpasnenus, — pazveOuHumenb,  mpamcgopmamop,  3azemisowue  HONCU,
KOMREHCUPYIowas 0oMomxa.

Keywords:controlled shunt reactor, control winding, disconnector, transformer,
grounding knives, compensating winding.

Bsenenne

YhpasnsieMplil IIYHTUPYIOIIUKA PEAKTOP IPEAHA3HAYECH JUIsi KOMIICHCALUU
M30BITOYHOM 3apsAJHOM MOIIHOCTH JIMHUU JJEKTpoNepenauud, a Takke s
CTaOWIM3aluu HaPsDKEHUS B TOUKax ero nojakioueHus. Kpome toro, B aBapuiHbIX
pexuMax OBICTpOE YNPAaBICHHE MOIIHOCTHIO PEAKTOpa MOBBIIIAET YCTONYUBOCTD
sHeprocucteMsl. [1o cpaBHeHUS ¢ TpaAMLIMOHHBIM IIYHTHPYOUUM peakTopoM (LLIP),
KOTOPBIM, B CBOKO OYEpE.b, SABISETCA MACCUBHBIM JIEMEHTOM CETH M CIIYXKUT IS
KOMIIEHCAIIMM H30BITOYHOM 3apsAJHOM MOIIHOCTH B JIMHUAX JJIEKTPOIEpeaadn
cBepxBbicokoro HampspkeHus: (JI9II CBH) VIIIP— axkTuBHBIN 37€MEHT, KOTOPBIH
MIPENOCTABIISET BO3MO>KHOCTBOCYILECTBIISITh yIpaBJICHHUE pexuMamMu
sHeprocucteMbl. OJHAKO, clieqyeT MpUHATH BO BHUMaHue, uro YIIIP oOnamaer
CYIIIECTBEHHO 0oJiee CIIOKHOW KOHCTpyKumeu, mo cpaBHenuto c I[P, u, kak
CJIEJICTBUE,TPEOYIOT 00Jiee 3HAYUTENIbHBIX 3aTpaT Ha UX YCTAHOBKY U SKCILTyaTalHIo.
[ToaTomMy uX ucCHOIb30BaHUE TPeOyeT TEXHUKO-3KOHOMHYECKOTO OOOCHOBaHHS B
Ka)XI0OM UHIMBUYAJIBHOM CIIy4ae.

OcHoBHas YacTh

Ha paccmarpuaemoit T1C 330xB/220xB/110xB/35xB «Pocch» ycTaHOBICHBI
nBa cwioBblx TpaHchopmaropa AT-3 200 MBA 30/110/35 kB u AT-1 125 MBA
220/110/35 kB (pucynox 1).
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Pucynoxk 1- ITyckoBas cxema st koMmiuiekcHoro onpo6osanus YIIIP 180MBAp na I1C 330xB
«Pocce»

I1C 330xB «Pocch» noakiodyeHa Kk sHeprocucreme 4yetbipbMsi tuHusgmMu 330 kB:
BJI 330 kB benopycckas ADC-Pocch mpoTsSKEHHOCTHIO 42,8 KM
BJI 330 kB bapanoBuuu-Pocce npotssk€HHOCTBIO 87,1 KM
BJI 330 kBbenoo3épck-Pocch npoTs:k€HHOCTHIO 34 KM
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4. BJI 330 kB I'poxno-tOxHas-Pocck mpoTssk€HHOCTBIO 42,2 KM
Kax u3BecTHO, MpOTSHKEHHBIE TMHUU, KOTOPHIE MBI MOKEM HAOJIIOJaTh HA CXEME
BBIIIE, MPUBOJAAT K YBEIMYECHHIO PEAKTHUBHOM MOIIHOCTH, 4, COOTBETCTBEHHO, K
noTepe SJIEKTPO’HEpruu B ceTax. [ kommeHcanuu (yMEHBbIIEHUS) MOTEPh B
anektpocerax 330kB wHa IIC 330xkB «Pocce» ycraHOBIEH ymnpaBisieMbld
myHTupyomuit peakrop (YILP), noakmtouénnelii k nepBoit cexiuu mmH 330 kB. [3]
VIIIP umeeT KOMIEHCAITMOHHYIO, CETEBYIO K OOMOTKY yIIpaBieHUs (PUCYHOK 2).
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Pucynok 2- Cxema siiekTpryeckast IpUHIIMIHAIbHAS JIEKTPOMAarHUTHOM 4acTh

1. CerteBas oomotka (CO)- HeoOxoauma JJisg Tepeayd MOUTHOCTH B OCHOBHYIO
cetb 330kB. CeteBass 0OMOTKAa »3JEKTPOMArHUTHOM wyactu peaktopa PTHAY-
180000/330-Y1 coeanHeHa B 3Be3y C BBIBEJICHHBIMH HapyXy C IMOMOIIBIO BBOJOB
XI, X2, Yl, Y2, Z1, Z2) HeWrpalbHBIMH KOHIIAMH, IpPEIHA3HAYCHHBIMH JIJIs
MOJIKJIIOUEHUS K KOHTYPY 3a3€MJICHUS TIOJICTAHIINH.

2. Jluneninsie BBOABI (A, B, C) ¢da3 CO »snekTpOMarHUTHOW YacTH pPeaKTopa
MOJIKJIFOYAIOT K IIMHAM TOJACTAHLWU WM JIMHWUW, HEUTpaJbHbIE BBOJBI - K KOHTYpPY
3a3eMJICHUS MTOJICTAHIIH.

3. Oo0motka ynpaneHuss (OVY)coennHeHa B JIBOWHYIO 3BE€3ly C BCTPEYHO
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BKJIFOUEHHBIMU CEKLUSMH, YTO 00ECIeYrBaeT PaBHOMOTEHIINAILHOCTh HEUTPATbHBIX
KOHIIOB  OY  OTHOCUTENBHO  WHAYKTUPOBAHHOIO B  HEH  HaIpPSKCHHUS.
[loacoenuueHHble K BBOJAM «+» U «-» yKa3aHHbIE HEHTpaJIbHbIE KOHIIBI 00pa3yroT
BXOJ] YIIPABJICHUS AJIEKTPOMAarHUTHON YacTH.

4. Bxon ympaBieHus mnpenHa3sHayeH sl MOJKIIOYEHHS MOJYNPOBOIHUKOBBIX
npeoOpa3oBateneil w3 coctaBa mnpeoOpazoBarenbHbIX OnokoB. Kpome Toro,
HeWTpanpHble KOHIBI OV MOAKIIOUEHBI Yepe3 paBHbIE IUI€YM pe3uctopa R,
YCTAaHOBJICHHOIO B 0Oake 3JIEKTPOMAarHUTHOW 4YacTH, K KOHTYpPY 3a3eMJICHUS
MOJICTAHILIMH C MTOMOILBIO 3a3eMIISIFOLIET0 BBOJA «O».

5. Komnencanuonnas ooMoTka (KO)BbINonHSET 1B€ OCHOBHBIE (DYHKIIUN —
WCKITIOYEHHSI U3 TOTPEOIIEMOTO CETEBOTO TOKA TApMOHUK, KPAaTHBIX TPEM, U TUTAHUS
OCHOBHOTO TpaHc(opmaTopa ¢ mpeoOpazoBaTesieM, 00ECIEeYNBAIONMIETO TPEOYyEMBbIit
YPOBEHb IOJMAarHA4YMBaHUsA Marmurtonposoga uyepe3 OY. KomneHcannoHHas
0o0OMOTKa COEMHEHAa B TPEyroJbHUK. BBONBI KOMIIEHCAlIMOHHON 0OMOTKH (a, b, C)
NOJKJIIOYAIOT K  HEPBUYHBIM  OOMOTKaM  TpaHc(opMaropoB U3  COCTaBa
npeoOpa3oBaTeIbHBIX OJIOKOB, 00ECIEUMBAIOIINX HEOOXOAUMOE MOAMAarHuYMBaHUE
MAarHUTHOW CHUCTEMBI 3JIEKTPOMArHUTHOM YacTH.

6. DJeKTpOMarHuTHas 4acTb, IO CYTH, IPEACTaBisieT co0oil TpexdaszHoe
CTaTUYECKOE IUIABHO PETYIMPYEMOE HHIYKTHBHOE COIIPOTHUBIICHHUE.

Ha nmoacranuum «Pocce» 330 kB VIIIP nmoakmiou€H K NMEpBOM CEKLMM IINMH
330kB uepe3 pazpenunutens P-330 VIIIP ¢ 3ammron OITH-330 VIIP. OIIH —
OrpaHUYMTENIb TEPEHANPSDKEHUS, B Clly4ae I[ONaJaHusi MOJIHMM OCHOBHOHM TOK
MOJIHUM TOUAET Yepe3 HEro B 3eMITHO. [1]

Pabora VYIHIP ocymecTBiasercas ¢ MNOMOIIbIO OOMOTKH  yIpaBICHUS
(mononHutenvHas ooMoTtka YIIP, npennasHaueHHast Juisl CO3JaHUSl YIPABIISAIOIIETO
MarHuTHOTO TI0JIs1), paccuMTaHHo Ha Hanpstkenue 0,4kB. VYmopasnenue OV
BO3MOXKHO TipH nojkioueHnn e€ ot cetu 35 kBt BTIIE-21/300-Y1 (BeimpsiMurens
TpEx(a3HbIN MOCTOSIHHOIO TOKAa BO3AYIIIHOTO €CTECTBEHHOTO OXJIAXKIACHMUS) .

K cetu 35kB OV coenuneHa depe3 pazbeaunuteab 2 P OV ¢ 3azeMisiommnmu
Hokamu 2 3H OV, TIP (momynmpoBOAHHMKOBBIM MpeoOpa3oBaTelib PE3epPBHBIN) U
TIIPIMBA 35/0,4 kB (tpancdopmarop mpeoOpa3oBaTeIbHBI PE3EPBHBIN)
nmeromuii 3amuty OITH. TIIP B cBOIO ouepenn coennHEN ¢ cekiuei muH 35 kB.

K BTIIE-21/300-Y10VY coenunena uepe3 pazpeaunutens BTIIE (P BTIIE) u
nanee k muty cooctBennbix Hyx 1 (ILICH). B TIIE npeacrasnsier coboii TpexazHbiit
MOCTOBOM IMpeoOpa3oBaTeb C HECUMMETPUUHON CXEMOM, B KOTOPOM OJ[HA U3 TPy
CWJIOBBIX BEHTHWJIEW — YyINpaBisgeMmas TUPUCTOpHAas, a Jpyras — Heymnpasisemas
auonHad. BpimpsMuTens noMemaercs B MKad I8 HApYXKHOTO pa3MelleHHUs,
COBMECTHO C NUTAIOIIMM CHJIOBBIM TpaHchopmaropoM. IlocpencTBoM CHIOBBIX
BBO/JIOB, YCTAHOBJICHHBIX Ha KpbIIlIe 1mKada, MOI0ca BHITPIMUTENS MOAKIIOYAIOTCS K
obmoTtke ynpasienus YIIIP.

Kommnencanmonnass oomotka (KO) VIIP noxkmrouena uepe3 OITH-10xkB KO,
BAKyyMHBII BbIKIOYaTeNb B-10, KOTOpBII HCMONB3YyeTCSl B KaY€CTBE KOMMYTAaTOpa,
MPU3BAHHOTO BBITIONHATH OTKIIOUYEHHE OOOpYAOBaHHWS Ha ClOydyaidl aBapHHBIX
CUTyallull WM B paMKax TeKymlel oskcruryatamuu, cam TIIO (tpancdopmarop
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npeoOpaszoBarenbHbli  OCHOBHOM), [1O (momynmpoBOJHUKOBBIM mpeoOpazoBaTeNb
ocHoBHOM) 0,4kB, pazbenunutens [10 ¢ 3a3eMISIOMUMU HOKAMH.

BBICOKOBONIBTHBIE  pAa3bEAUHUTENN MPEAHA3HAUYEHBl U1 BKJIIOUYCHUS U
OTKJIIOYEHUS 3JIEKTPOYCTAHOBOK (TOJNBKO O3 Harpy3ku!) U oOecredeHus: BUAUMOIO
paspbiBa LIETH.

VYmpasnenue B camom YIIIP mpoucxomautr Onaromapss CAY.CAY — cucrema
aBTOMATHUYECKOI'O YIPAaBJIEHUS MpEJHa3HAYeHa JJIsI aBTOMAaTHYECKOTO YNPABJICHUS
VHAYKTUBHOCTBIO YIIPABJISEMOTO MOJMAarHAYMBAaHUEM MIYHTHUPYIOLIETO PEaKTopa
MOCPEACTBOM JIBYX IMOJYNPOBOJHUKOBBIX IMpeoOpa3zoBateseil, GopMUPYIONIUX TOK
MOJIMarHWYMBaHUs PEaKTopa C LEIbl0 crabmiu3auuu HampsbkeHus B cetn 330 kB
WU I8 aBTOMAaTHYECKOro TOMAJICpKaHMs 3aJaHHOM MOIIHOCTH (TOKAa) PEaKkTopa;
MPEABAPUTEILHOTO TOJMArHUYUBAHUS pEakTopa W OOeCIeUeHUs IUHAMUYECKUX
PEeKHMOB, a TaKXe TEpPEeBOJa PEAKTOpa B PEXKHUM XOJIOCTOTO XOJa MpH
BO3HUKHOBEHUHU aBAPUNHBIX PEXKUMOB U MEPETPY30K, WIH JJIsI TUIABHOTO YIPABICHUS
nHAYKTUBHOCTHIO YIIIIIP B pyuynom pexume. [IpeasapurenbHoe noaMarHuunBaHUe
peaktopa obecrieunBaercs ot [1P, 3anurannoro ot cetu 35 kB nmoacranuu, 1160 oT
npeodpazosarens BTIIE, 3anmutannoro ot cetu 0,4 kB moacranuum.

B cootBeTcTBHM ¢ yka3zaHHbIM HazHaueHHeM CAY noJKHA BBIOJNHSATH CIEIYIONINE
GbyHKINU:

° ABTOMAaTHYECKOE yNOpaBJICHUE BEIWYMHOM uWHAYKTUBHOCcTH YIIIIIP B
3a/IaHHBIX Mpeeax g o0ecrneueHus cTabunn3anuu Hanpsikenus Ha muHax 330 kB
MOJICTAHIINY;

e OGecrnieuenne pexuMa pydyHoro perynupoBaHusi Toka YIIIIP cryneHuatsim
W3MEHEHUEM yTJIa yrpasieHus Tupucropamu I111;

o ABTOMaTHUYECKOE MOJAJIEpKaHNE 3a/JaHHOT0 3HAYEHUS! TOKAa CETEBOM OOMOTKHU
peakTopa;

o IIepeBon YIIIIP n3 pexumMa aBTOMaTUYECKOTO YIIPABIECHUS B PEKUM PYYHOIO
YIOpAaBJIEHUS U 0O0PaTHO;

o Nuaukanuss mapaMeTpoB peXHMa, 3aJaHHbIX YCTaBOK PpETyJMpPOBaHUS H
coctostHus cxembl komiuiekca PTY-180000/330;

o Curnanuzanus o neperpyskax 1 noBpexxJaeHusx B npeodpasonaresie [111;

e Kontponrs neperpy3ku YIIIIP mo Toky ceTreBoii OOMOTKH C MOCIETYIOUIUM
aBTOMATUYECKUM OTPAaHUYEHUEM MOIIHOCTHU U BbIIauei CUTHAJIA;

o Kontpons meperpy3ku u mneperpeBa mnpeoOpazoBaTesieil ¢ MOCIEeIYIOIMNM
ABTOMATHYECKUM OrPAaHUYEHUEM MOIIHOCTHU U BbIJJaUEl CUTHANA;

o KonTposnb ynpaBneHus: THpUCTOPOB MpeoOpa3oBarteneii;

o Obecnieuenne pexuma peaBaputenbHoro nogmarunuuBanus Y I1IP;

o Obecneyenre aBTOMaTHUecko (0€3 ywacTusi ONEPATHUBHOIO TEpcoHasa)

MOJITOTOBKHU peakTopa K BKIIOYEHHIO M BKIIIOUeHHE ero B ceTh 330 kB 1o komangam
ot cucteM ITA u ACY TII;

o ObecnieueHre BO3MOKHOCTH U3MEHEHHUSI MOIITHOCTH PeaKkTopa Mo KOMaHIAaM OT
cucremsl [TA ¢ ucnosib30BaHKEM CyXHX KOHTAKTOB. [ 1]

3ak/jIoueHue
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B xonme mpomenmanHO#l pabOThI OBLIO YCTAaHOBIEHO, YTO PacCMaTPUBACMBIE
ynpasiisgembie myHThpytonme peaktopsl (YIIIP)pekomenayercs yctaHaBIuBaTh s
CHHKEHHUSI TOTEPb B CETAX U PETyJIMPOBKM YpPOBHEW HANpsKEHUS Ha BCEX
nojactrannusx 330 kB u Beimie B benopycckoii sneprocucreMe.

Jluteparypa
1. dapamaxc. Crennanu3nupoBaHHbIE IPOU3BOIUTENHU CHUJIOBBIX
TpaHcPOpMaTOpOB U yIpaBisieMble HIYHTUPYIOLUIUE PEAKTOPHI [DIEKTPOHHBIN
pecypc]. — Pexxum moctyma: https://www.faramax.com/. — [lata goctyna: 21.02.2022.
2. Buxknnenus [DJIEKTpOHHBIM pecypc]. = Pexum JNOCTyTa:
https://ru.wikipedia.org/wiki/. — Jlata nqoctymna: 25.02.2022.
3. Kypunosuu, N.®, Ilepsoiii B I'ponnenckort obmactu / N.®, Kypunosuu //
Ouepretuk [Ipunemanps. —2021. — Ne 6. — C. 3-5
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YAK 621.311
BJINAHUE HECUMMETPUU HAI'PY3KH HA IIOTEPU
3JEKTPOYHEPI'UM B DJIEKTPUUECKOMN CETH
THE EFFECT OF LOAD ASYMMETRY ON ELECTRICITY LOSSES IN
THE ELECTRICAL NETWORK

A.IO. CeHbKO, MarucTpant
Hayuneiii pykoBoautens - H. E. [lleBuuk, K.T.H., TOLEHT
benopyccknil HalMOHAIBHBIN TEXHUYECKUN YHUBEPCUTET,
r. Musnck, PecniyOnuka bemnapycs,
neshevchik@gmail.com
A. Yu. Senko
Supervisor - N.E. Shevchik, Candidate of Technical Sciences, Docent
Belarusian National Technical University, Minsk, Belarus

AnHomauusn: 6 pabome nposeden aHaIU3 USMEHEHUs NOMePb INeKMPOIHEPSUL
8 cemu Ha npumepe KommeoxcHou zacmpouxu. Ilokazano, umo npu moxe 6 HyJ1e60M
npogode pasHom 25% om HOMUHALHO2O, nomepu yeeauuusaromcs Ha 75% no
CPABHEHUIO ¢ CUMMEMPUUHBIM PEHCUMOM.

Abstract: the article analyzes the changes in electricity losses in the network on
the example of cottage development. It is shown that when the current in the zero
wire is equal to 25% of the nominal, the losses increase by 75% compared to the
symmetrical mode.

Kntouesvie cnoea: necummempusi Hacpy3Ku, nomepu INeKMpPOIHEPeUU 8
INEeKMPUYECKOL cemu, Memoo CUMMEMPUUHBIX COCABIAIOUUX.

Keywords: load asymmetry, electric power losses in the electric network, the
method of symmetric components.

Bsenenne

B nHacrosmee BpeMs pacuer NOoTepb JJIEKTPOIHEPIHMU B IJIEKTPUUYECKUX CETAX
IIPOBOAMUTCS HAa OCHOBE KOJIMYECTBA IMPOXOISAIIEH IO 3JIEMEHTAM YKa3aHHOM CETH
AJIEKTPUYECKON 3Hepruu. Tak B [1] pekOMeHI0BaHbI CIEayOIME METOAbl: "Pacuer
IIOTEPh HAa OCHOBE TOJIHBIX CXEM JIMHHI», B KOTOPOM IIOTEPHU DJIEKTPOIHEPTHH B
ANEKTPUYECKON CETH IMPOBOAMUTCS C YYETOM IOJHOM CXEMBI JJIEKTPUYECKON CETH U
otmyuieHHOU 3nekTposnepruu ¢ muH TII 10/0,4 B cets 0,4 kB. IIpu 3TOM Harpy3ku
pacrpenensoTcs N0 y3JI0BbIM ToUKaM. ONpenesitoTcs Harpy3ku y4acTKOB JIMHUN U
o opmyie [xoyns-JIeHia pacCUuThIBAIOTCS TOTEPH.

Takxe npeaaraercst ynpoueHHas: METOJIMKA pacueTa o MOTEPSAM HaIPSKEHUS:
"PacueT moTepp 3JIEKTPOIHEPTHH HAa OCHOBE H3MEPEHHBIX MAKCUMAJbHBIX IMOTEPh
HarnpspkeHus: B tuHUK". OHa OCHOBaHA HA TOM, YTO (OPMYJIBI NIl pacdeTa MoTephb
MOIIHOCTU U MOTEPb HANPSKEHUS B JIMHUM COJEPKAT OJHU U TE€ KE MapaMeTphl,
MIO3TOMY IOTEPH MOILMHOCTU OINPEACIAIOTCS IO MOTEpsM HampspkeHus. OIHUM U3
HEJIOCTATKOB YKA3aHHOW METOJMKH SIBJISICTCS TO, YTO OH HE YUYWUTBHIBAET MOTEpPHU
DHEPIrUM B OTBETBIICHUSX.

Kpome Ttoro, umeercss meromuka '"Pacder morepp Ha OCHOBE OOOOIIEHHBIX
JAHHBIX O cxemax JuHuK'". Pacdyer B Hel NPOBOAUTCS MO YNPOUIEHHBIM [IaHHBIM
AIEKTPUYECKOU CETH.
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Henmoctatkamu mipemyiaraeMbiX METOAWK SIBIIICTCS OOJIBINIAS TOTPEITHOCTh
pacyeToB, CBSI3aHHAs C MPUHATBIMM B HUX JomyuieHussiMA. Hu onHa W3 HUX He
YUUTBHIBAET JOMOJIHUTENbHbIC TOTEPU B TUHUU IIPU HECUMMETPUU HArPY30K.

bonee Tounas Meroaumka pacyera mnpemsaraetcs kadeapor "DieKTpuueckue
cucteMel" BHTY [2]. B Heil onpenensitoTcsi TOKU B (Da3HBIX U HYJIEBBIX IPOBOJAX
Tak)k€ Ha OCHOBE OTHYLIEHHON anekTposHepruu. I[losromy aHanmu3 mnoTepb
anekTposHeprun B cetu 0,4 kB ¢ HecUMMETpUUHON Harpy3koil B JaHHOW pabote
MPOBEJIEH € UCNoJib30BaHneM Metoauku bHTY.

OcHoBHas yacThb

Jns ananu3a mpuHsTa 3ekTpudeckas cetb 0,4 kB, muTaroimias KOTTEIKHYIO
3aCTpOiKy ¢ TpaHchopmaTopoM MoIlHOCThI0O 160 kBA u cxemoil coeguHeHUs
oOMoTOK Y/YH, TpeMs JTUHUSMH, BBITOTHCHHBIMH CAMOHECYIIIUM H30JUPOBAHHBIM
IPOBOJOM cedeHueM 35 Mm>, mmHOM 600 M, ¢ PAaBHOMEPHO PACIPENEIECHHON II0
JUITMHE JIMHUM HAarpy3Kou. 3arpys3ka Tpancopmaropa cocrapisieT 70% HOMUHAIBLHOM
€ro MOIIHOCTH.

Pacder mnorepp »HEpruM B DIEKTPUYECKOW CETU TMPOBEAECH METOIO0M
CUMMETPHUYHBIX COCTaBIIOMMX. OHU onpeensTes no Gopmyre:

AP =8760* P, +3*7*| (I7 +1,))*r, + 1 *r, |+

7y {1 3%+ 1, +1,)) %1, +G1)7, |},
i=1
rie Py - mnorepu xosoctoro xoaa tpaHcdopmaropa, Bt, ans tpanchopmaropa
TMI'12-160/10 Py=450 Br;
T - BpeMs IOTepb, sl KOMMYHaIIbHO-ObITOBOrO cextopa 1200 u/rox;

V<> "o - aKTUBHBIE CONIPOTHUBJIEHUSI KOPOTKOT'O 3aMbIKaHUS U HYJIEBOU

nocyenoBaTeabHoCcTe Tpanchopmaropa, Om, 1 Tpancopmaropa TMI'12-
160/10 . =0,016250m, 7,=0,219 Owm;

I 1> 1 25 I 0 - TOKH MPSIMOM, 0OpaTHOM M HYJICBOM MOCIIECIOBATEIIBHOCTEH B
TpaHchopmarope, A;

I 1i I 2 I - TOKH TIPSIMOM, 0OpaTHOM M HYJIEBOU IOCIE0BATECILHOCTEH Ha
y4acTKaxX JIMHUH, A;

Ty>Ty - ymempHOE akTHBHOE CONPOTHBIICHUE (ha3HOTO M HYJIIEBOTO IPOBOJIOB,

0,868 Om/kM;

1 - KOJINYECTBO YYaCTKOB JINHUM,

Toxu npsiMoii, 0OpaTHOM U HYJIEBOW MOCIIEIOBATEIHPHOCTEH OMPEIEISIOTCS 0
M3BECTHBIM (popMmynam [3].

N3BECTHO, YTO HECMMMETPUS HArpy30K JOCTATOYHO CHJIBHO BIIMAET Ha
Ka4eCTBO HAaIpsOKEHUsT W NOTEPU  BJIEKTPO3HEpruu. B cBowo ouepenb, Ha
HECHMMETPHIO HArPy30K BIHUAIOT /1Ba (hakTopa: 1 - HEpaBHOMEpPHOE pacmpe/ecHue
Harpy3ok 1o azam, 2 - CIiy4aifHbIe BKJIFOYCHHS dJICKTPOIIPHUEMHHUKOB.

Pacuetsl npoBeeHs! 11 3-X BAPUAHTOB HArPY3KHU:
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1. UneanbHblit BapuaHT — Harpyska o dazam paBHOMEpHAs
l,=1,=1.=0,71_, 3arpy3ka tpanchopmaropa 70% OT HOMHUHAIIEHOM.

2. HecumMmeTrpusi TOKOB, BBI3BaHHAs CIyYalHBIM BKJIIOYEHHUEM OIHO(A3HBIX
warpysok [,=1,=0,71_.;1. =0,561 npu 3arpyxeHHeiM Ha 70 %

HOM ? HOM °
Tpanchopmatope B aze "C" Harpy3ka cHuzmiIach emie Ha 20%.
3. K daze "b" moaxmroueHa NOMOJHHUTENbHAST Harpy3ka, MpU STOM CllydaiHas
HecumMeTpus coxpanunaces [, =0,707, 1, =0,811 ;1. =0,561_ .

Tpetnii BapuaHT Harpy3Kd MOKHO OOBSICHUTH cieayromuMm obpazom. K
npuMepy, B YXKe 3aCTPOCHHOM KOTTEIKHOM MAacCHUBE OBLIM  BbIJIEJICHBI
JONOJHUTENbHBIE YUacTKU. W, ecu Ha OCHOBHOW MacCHB BBINOJIHSETCS MPOEKT, B
KOTOPOM TMPAaBHJIBHO TIOJ0OpaHBI CEYEHUS MPOBOJIOB,  HArpy3ka pPaBHOMEPHO
pacripeneneHa mo ¢azam, TO 3JICKTPOCHAOKEHHUE JOTOTHUTEIBHBIX YYaCTKOB 4acTO
BBITOJTHSCTCS B IEJISX SKOHOMUU JBYMs MPOBOJAAMH, YACTO MEHBIIETO CEYCHUS, YeM

B OCHOBHOM 3aCTpoiike. DTO MPUBOJUT K €Il O0JbIIel HECUMMETPUHU HArpy30K.

4 N
B Notepu, % ; 3;
175,4

B Fotepm, %5 1;
100 @ Motepw, % ; 2;
928

N Notepu, %

Y3Ka, %i
70

Y3Ka, %, H Harpy3sKa, %

65

- /

Puc. 1 Tlotepu B 3JIEKTpUYECKON CETH:
1 - cummerpuunas Harpyska la=Ib=Ic=0,710Mm; 2 - cy4aiiHas HECUMMETPHS
la=1b=0,7Inom , Ic=0,56/H0M; 3 - HECUMMETpUSI, BhI3BaHHAs 100aBICHHON 0THO(DA3HOM

[To mepBOMY BapuaHTy MOTEPH DJIEKTPOIHEPTUU MPU CUMMETPUYHON HArpy3Ke
cocramw 12000 kBt*u/ron (puc.1). Ha yka3zanHoM pucyHke Harpyska MmpuBelieHa
B TPOIIEHTaX K HOMHHAJIBHOW MOIIHOCTH TpaHchopmaTopa, a TOTepU — B
MPOIEHTaX K TMOTEPSAM BCEU DJIEKTPUUYECKOW CETH TPHU CHUMMETPHUYHOW Harpyske.
Eciu HepaBHOMEpHYIO Harpy3ky mo (asam JIeTKO YCTpaHHTh, TO CIIydaiiHbIC
BKJIFOUEHUST DJICKTPONPUEMHUKOB YCTPAHHUTh MPAKTHYECKH HEBO3MOXHO. B craThe
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PACCMOTPEHBI PEKUMBI PAaOOTHI JIMHUK CO CIy4YalHOW HECHMMMETpHEH, KOTopasi, Kak
IPaBUJIO, HE MpeBBIIAET 25 %, mosTomy B pacuerax npuHITo 20%.

IToTepu BAEKTPO’HEPTMM B CETH CO CIyYalHOW HECUMMETpPUEW Harpy3oK
Oynyt paBubl 11138 kBr*u/roa. Cienyer OTMETUTh, YTO B LIEJIOM IO CETH Harpyska
cHu3miach Ha 5%, a norepu cHuszwiuch Ha 7,2% (puc.l, Bapuant 2). Ilotepu Ha
PUCYHKE MPUBEIECHBI B ITPOIIEHTAX K MOTEPSM MPU CHUMMETPUYHOMN Harpys3Ke.

[Ipeanonoxkum, 4TO OBLJIO MPHUHATO PEIICHHE YBEIMYUTHh 3aCTPOMKY U, Kak
CKa3aHO BBIIIE, K JOMOJHUTEIbHBIM 3aHUSIM NPOTIHYJIU JIBa MPOBOJIa CEUeHUEM 35
mM®.  Ho ecnm panplie 3qaHus ObUIM 3amuTaHbl OT 3-X (a3, TO ceiiyac BHOBb
BBEJICHHBIC HATPYy3KHU JIETJIN Ha OJIHY (a3zy.

Tak kak HecMMMETpHUS HArpy3oK OblIa CcllydaiiHas, BbIOOp ¢a3pl TIpH
MOJICOCIMHEHNH JOTIOJIHUTEIIBHON HArpy3KH TAKKe ciiydacH. Hawmydymuii BapuaHT
— npucoenuuenue K daze "c". Toraa Harpyska no ¢azam BeipoBHsieTcs. B pacueTax
JIOTIOJTHUTENIbHYIO HArpy3Ky IpHcoeIuHUM K daze «e». Harpyska tpanchopmaropa

crama {,=0,70{  ;1,=0,811 ;I =0,561_..

HOM ? HOM? T ¢

ITorepu anmexTposHeprun B cetu coctaBat 21047 kBt*u/roa. Ecnu cpaBHUTH
C CHMMETPHUYHBIM PEXKUMOM, TO TMOTEpU BhIpocin B 1,75 pasa, XoTs cymmapHas
Harpy3ka TpaHchopmaTropa yMeHbIIWJIAch B 1ejloM Ha 1 % 1o CpaBHEHHUIO C
CHUMMETPUYHON HArpy3KOM.

3akioueHue

HecumMerpus Harpy3ok NOpUBOAUT K PE3KOMY YBEIMYEHUIO TIOTEPH
ANeKTpodHepruu B ceTu. [lpu Toke B HyleBom mpoBojae 25% OT HOMHUHAJIBHOTO
MOTEPH YBEIUYIINCH HA 75% 1O CPABHEHHUIO C CHMMETPUYHBIM PEKUMOM.

JIuteparypa

1. Pacuer motepp onektpodnepruu B cerax 0,4 kB: QopMynbl, cxembl
[OnekTponHbIi  pecypc]/ITYD8.- Pexum noctyma: https://pue8.ru/uchet-
elektroenergii/2-1-11-raschet-poter-elektroenergii-v-setyax-0-4-kv.html - Jlata
noctyna 27.04.2022.

2. O®ypcanoB M. MN. Pacdersl TexHOMOTMYECKOTO pacxona (MOTEPh)
AJIEKTPOIHEPTUM HAa €€ TPAHCIOPT B DJEKTPUUYECKUX CETAX SHEPTOCHUCTEMBI:
y4e0HO-METOIMYECKOE nocobue/ @DypcanoB M. W., 3omotoii A.A.,
Makapesnu B.B. - Munck, bBHTY, 2018 - 112 c.

3. https://ru.wikipedia.org/wiki/MeTon_CUMMETPUYHBIX COCTABJISIOIINX
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VK 620.9
IMPUMEHEHUWE KACKAJIHBIX COEJJUHEHU ABTOMATUYECKHUX
BBIKJIFOUATEJIEA
CURRENT-LIMITING AUTOMATIC CIRCUIT BREAKERS
APPLICATION

I1.B. CypoBuu
PykoBoautens — A.}O. KanycTuHCKH, aCCUCTEHT
benopyccknil HAIMOHAIBHBIN TEXHUYECKU YHUBEPCUTET,
r. Munck, Pecniyonnka benapych
A Kapustynski@eneca.by
P. Surovich
Supervisor — A. Kapustsinski, professor assistant
Belarusian national technical university, Minsk, Belarus

Aunomauyua:B cmamve yKaszamvl NpeuMywecmeqa NpuMeHeHus KACKaAOHbIX
coeOuHeHull asmomamuyeckux gvikarouamernet. Taxoce 8 pabome noopooHO onucano
KOHCIMPYKMUBHOE ucnoHeHue MOKO02PAHUYUBATOUUX aA8MOMaAmMu4ecKux
guikniouameneu. Cmamvsi peKOMEeHO08AHA CMYOEHMAM INeKMPOIHEPSeMULECKUX
cneyuanrbHoCmel U Cneyuaiucmam 8 00aacmu dJ1eKmpodIHePeemuUKU.

Abstract: The article deals advantages of circuit breakers’ cascading. Current-
limiting automatic circuit breakers’ design is mention in the text. The paper is
recommended to students with electrical energy specialization and to electric
network specialists.

Knrouesvie cnosa: xackaouposamnue, KOpOmKoe 3aMbIKaHUe, A8mMoMaAmuiecKull
BbIKNIOUAMENb,  MOKOOSpAHUYeHue,  dleKkmpuyeckas  oyed,  OMKIIOYAowas
CNOCOOHOCMb BbIKNIOUAMEIIA.

Keywords: cascading, short circuit, circuit breaker, current limitation, electric
arc, circuit breaker’s breaking capacity.

BBenenue

B cBsi3u ¢ pocToM MOTpeOaeHUsI ANEKTPUUECKOW SHEPIHH MPOMBIIIJIEHHBIM U
KOMMYHaJIbHO-OBITOBBIM CEKTOPOM ITPOJIOKAETCS MHTEHCUBHOE YBEJIIMUYCHHUE YHUCTIA
M YCTAaHOBJICHHOM MOIIHOCTH TE€HEPUPYIOIIMX  YCTPOWCTB  SHEPTOCUCTEM.
YBenuueHne MOIIHOCTH TEHEPHUPYIONIETO 000PYAOBaHMS B SHEPTOCUCTEME 3a4aCTYIO
MPUBOAUT K VYBEIMYEHUIO TOKOB KOPOTKOIO 3aMBbIKAHUS BO BCEX TOYKAX
AIEKTPOIHEPTETUUECKON CHUCTEMBL. DTO, B CBOIO OYEPEAb, 3a4aCTyIO0 MPUBOJUT K
HEOOXOJAMMOCTH 3aMEHBbl O00OpY/IOBaHUS, KOTOPOE TEPECTaeT YIOBICTBOPATH
TpeOOBAaHUIO TPEMHYCCKOM CTOMKOCTH, DSJCKTPOJAMHAMHUYECKOM CTOMKOCTH U
OTKJIIOUaroIel cnocoOHocTu. OMHUM M3 CMOCOOOB YBEJIMYECHHUS OTKITHOYAIOIICH
CIIOCOOHOCTH aBTOMATHYECKHMX BBIKJTIOUATENICH B CHIIOBBIX CeTAX a0 1 kB sBmseTcs
MIPUMEHECHUE KAaCKaJHBIX COCMHEHNI aBTOMAaTUYECKUX BBIKIIIOUATEIEH

OcHoBHas yacThb

[IpyHoMIT ~ KackagHbBIX  COCAMHEHUM  ABTOMATHUYECKHUX  BBIKIIKOYATEJIEH
3aKiroyaercs B caeayromem. [Ipu BBICOKOM 3HaY€HUM TOKOB KOPOTKOTO 3aMbIKaHUS,
MPOTEKAKOMIMUX YEpEe3 BBIMIECTOSAIIAM amnmapar, ITPOUCXOJUT HE3HAUYUTEIIbHOE

83



DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

pa3MblKaHME KOHTAKTOB JIAHHOTO YCTPOMCTBA, OOYCIOBJIEHHOE €ro KOHCTPYKIMEH.
IIprn pa3MbIKaHMM KOHTAKTOB TOSIBUBLIASICA B MECTE pPa3MbIKaHUS KOHTAaKTOB
ANEKTpUYECKasl Qyra YBEJIWYMBAECT MOJHOE CONPOTUBICHHUE LIENU NPOTEKAaHUS TOKa
KOPOTKOTO 3aMBIKaHHUS, 32 CUET YEr0 U MPOUCXOAUT CHUKEHUE MPOTEKAOIIEr0 TOKA
KOPOTKOTO 3ambIkaHus. [lociie OTKIIFOUEHUS aBTOMAaTHYECKUM BBIKJIIFOYATEIEM TOKa
KOPOTKOTO 3aMbIKaHUSI €70 KOHTAKThl BHOBb 3aMBIKAIOTCS, TAK KaK [0 HUM MEPECTAET
IPOTEKATh TOK KOPOTKOTO 3aMbIKAHHSI.

[IpuMeHSITP aBTOMATHUYECKHE BBIKJIKOYATENIM C KACKAJIHBIM COCIUHCHUEM B
ClIy4yae OTCYTCTBHUSI CEJEKTUBHOCTM HE HMMEET CMBICIIA, TaK KaK HECEJIEKTUBHOE
OTKJIIOYEHUE TOKa KOPOTKOIO 3aMbIKaHUs OyneT MPOU3BOAUTHCS BBIIIECTOAIIUM
arrmapaToM 3alluThl, B TO BpeMs KaK HUKECTOSIIMN anmapar cpadaTbiBaTh HE OY/IET.
PaccmoTpum paboTy aBTOMAaTUUYECKHX BBIKIIIOUATENEH PU MPUMEHEHUH KACKaJIHbIX
COCMHCHUN B ClIydya€ TMPOTEKAHUS IO HHUM TOKAa KOPOTKOIO 3aMbIKAHMSI.
ABTOMaTHyeckuii BbIKIIOYaTeb D2 BeIOpaH C TpeNenbHON  OTKIIOYAIOIICH
CIIOCOOHOCTh HUIKE, YEM OXKHMJIAEMBIM TOK KOPOTKOTO 3aMbIKaHHS, TaK KakK OH
pPAacMoJIOKEH HUXKE IO DICKTPUUECKOM cxeme, yeM BbIkIouarenar D1. B mannom
ciayyae BbIKIIO4aTenb D1 corylacHO ONMCaHHOMY BBIIIE AITOPUTMY CMOXET
OTPAHUYUTh TOK  KOPOTKOIO  3aMbIKaHUA. 3a  CYET  JONOJHUTEIBHOTO
TOKOOTPAaHUYEHHS BBINIECTOSIIMM anmaparoM D1 oTkimrodaromnias crnocoOHOCTH
HIDKECTOSIIEro anmnaparta D2 yBennuuBaercs.

4

D1 I

clU D1~ "Kaowan

D2 -

cu D2 ™ k3 oxua
; I'lII'C:i oANA

Pucynok 1 — [Ipumep paboThl aBTOMAaTUYECKUX BBIKJIFOYATEICH TPU KaCKaIuPOBaAHUS

I[J'ISI 000CHOBaHMUSA YCTAaHOBKHM AaBTOMATHYCCKOT'O BBIKIIOYATCId C HU3KHUM
3HaAa4YCHHUECM OTKJIIO‘-IEIIOHICﬁ CITOCOOHOCTH B CETH C BBICOKMMM 3HAYECHHSIMHU TOKOB
KOPOTKOI'O 3aMBIKAHHMA IIPOHU3BOJUTCIICM 3allIMTHBIX allllapaTOB IIPOU3BOAATCA
pacCUCTEhL. ITocne IMMOATBECPKACHUA AJAHHBIX PaCUCTOB J'Ia60paT0pHBIMI/I HUCIIBITAHUSIMU
COCTaBJIAIOTCA CIICOUAJIbHBIC Ta6J'II/II_IBI, B KOTOPBIX YKa3aHa YCUJICHHAsA
OTKJIIOYaromiasa CIIOCOOHOCTh HUKCCTOAIICTO aBTOMATHYCCKOI'O  BBIKIKHOYATCIIA
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(TomycTuMBle 3HAYEHUsS] OTKIOYAEMbIX TOKOB KOPOTKOI'O 3aMbIKaHUS IpU
MIPUMEHEHUHN BBIIIECTOSIIET0 ABTOMATHYECKOTO BBIKIIIOYATENS C OMNPEIEICHHBIM
HOMHHAJIBHBIM TOKOM C (yHKUIMEH TOKOOrpaHWyeHus). Tabmuipl, B KOTOPBIX
YKa3aHO YBEJIMYEHHOE 3HAYEHUE OTKIIIOYAKOIIEH CHOCOOHOCTH HUKECTOSIIErO
anmapara, Ha3bIBalOTCS Ta0JIMLAMU KaCKaIHbIX COCUHEHMIA.

[IpuMeHeHne KacKaJHbIX COCAMHEHUN 3alIUTHBIX alnapaTtoB U, KaK CIEICTBHE,
anmnapaTtoB 3alIMThl C 0Oo0Jieeé HU3KOW OTKJIHOYAIOIIEH CHOCOOHOCTBIO, IMO3BOJIET
3HAYNUTEIBPHO CHU3UTh 3KOHOMHUYECKHE 3aTpaThl HA MX YCTAHOBKY B TOUYKaX CETH C
BBICOKHMM 3HAYE€HHEM TOKa KOPOTKOIO 3aMbIKaHusA. B psne ciiyyaeB npHu OTCYTCTBHH
HEOOXOAUMOCTH  3aBBIIIEHUS  MNPEAETbHOM  OTKIIOYAOLIEH  CIIOCOOHOCTH
ABTOMATUYECKUX BBIKIIOUATENCH, pPACCUMTAHHBIX HAa Malbli TOK HArpys3KH,
OTCYTCTBYET HEOOXOJUMOCTh YCTAaHOBKM AaNlapaToB 3alllUThl C 3aBBILIEHHBIM
HOMHUHAJIBHBIM TOKOM IIOCJI€ MPOBEPKH MPEAEIbHOW OTKIIOYAIOLIEH CIHOCOOHOCTH
JaHHOTO oOopynoBaHus. IIpuHIUO KackagHOrO COEIMHEHUS aBTOMAaTHYECKHX
BBIKJIOUATENEH MPEAIOKEH OOJBIIMHCTBOM AJIEKTPOTEXHUYECKUX KOMIIAHUW, YTO
MPUBOJMT K €r0 BCe OOJIBLIEMY PACIPOCTPAHEHUIO.

3akiouenue

[IpuMeHeHne METOAMKH KacKaJupOBaHUS MO3BOJSET CHU3ZHUTHh OTKIHOYAOUIYIO
CIOCOOHOCTB 3alIUTHOIO arapara B CETH C BBICOKMMHU 3HaueHussMU Toka K3. D10, B
CBOIO OY€pEe/b, MO3BOJSET CYIIECTBEHHO CHU3UTh CTOUMOCTD 3JIEKTPOOOOPYI0BAHUS
IIPOCKTUPYEMOM HJIM 3KCIUTyaTUPYEMOH CeTH. B HEKOTOphIX ciydasX, HOMHMO
CHWKEHUSI CTOMMOCTH anmnapaTroB 3a CYET CHIKEHHS MPEeeiIbHOW OTKIIOYarolen
CIOPOCOOHOCTH, YHAeTCsl NOOUTHCS YMEHBIICHHS HOMHUHAJIBHOTO TOKa M pa3Mepa
3aIMATHBIX alNaparoB, U, KaK CIEACTBUE, PACIPEAEIUTEIIBHOIO YCTPOUCTBA B LIETIOM.
BBuay NaHHBIX NpPEMMYIIECTB KAaCKaJUPOBAHE 3aLIUTHBIX alllapaToOB HAaXOJUT BCE
OoJbIIIee pacpoCcTpaHeHue.
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YAK 621.311
NPUMEHEHUE UCTOYHUKOB PEAKTUBHOI MOIIIHOCTHU B
JHEPT'ETUKE
APPLICATION OF REACTIVE POWER SOURCES IN THE ENERGY
SECTOR

P.A. Tl'ony6es, K.JI. KopoTkeBuu
Hayunsiii pykoBoautenb — T.E. JKykoBckas, cTapiinii npenogaBaTeib
benopyccknil HalMOHAIBHBIN TEXHUYECKU YHUBEPCUTET,
I'. Munck, Pecniyonuka benapych
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R. Golubev, K. Korotkevich
Supervisor — T. Zhukovskaya, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Aunomayusa: B cmamve paccmompeHa mema UCNONb308AHUSL UCTNOYHUKOS
PEaKmusHol MOWHOCMU 8 dHepeemuKke. B cmambe onucanbl 0CHOGHbIE UCTOYHUKU
PEaAKmuBHOU MOWHOCIU U NPUHYUN UX pabOmbl

Abstract: The article discusses the topic of using reactive power sources in the
energy sector. The article describes the main sources of reactive power and the
principle of their operation

Kniwueevle cnosa: peaxmop, peakmueHas — MOWHOCHb,  MUPUCTIOPHI,
BLIKIOUAMENU, UWLYHMUPYIOWUL, KOMOUHUPOBAHHBLIL

Keywords: reactor, reactive power, thyristors, switches, shunt, combine,
saturating

Bsenenue:

Jlist Toro 4ToOBI OrpaHUYMUBATH TOK KOPOTKOTO 3aMbIKAHUSI U YMEHBIIHUTH
MOCJIEACTBUSL €r0 BO3ICHUCTBUSL B JIIEKTPUUYECKHX CETSIX, YJAEPKUBATH HEKOTOPBIM
YpPOBEHb HAMNPSOKEHHWS Ha IIMHAX, NOPUMEHSIOT peakTtopbl. [loTpeOHOCTh
HCIIOJB30BAaHUS  PEAKTOPOB  OOYCJIOBJIEHA  BEPOSITHOCTBIO  TMOBPEKICHUS
AIEKTPOYCTAaHOBOK MO (haKTOpPy BO3ACHCTBHS AJIEKTpOAMHAMUUECKUX cuil. [loaTomy
B cdepe ONTUMU3AIMU AICKTPOIHEPTUM CTOUT OJIHA W3 TJIABHBIX 3aJlay — HauboJjiee
MOJTHO 00ECIeUUTh KOMITEHCAINIO PEAKTUBHOU MOIIHOCTH.

OcHOBHasl YaCTh:

ba3oii KOHCTPYKIIMU peakTopa SIBISETCS KaTyllka HHAYKTUBHOCTH, BKIFOUEHHAS
MOCJIEA0BATEILHO B Pa3pblB OCHOBHOM LIETIH MTUTAHUS.

PeakTopsl noapasaenstorcs:

1) Hapy»XHOro UCMOJIb30BAHUSI U BHYTPEHHETO;

2) CpeIHEero M BBICOKOTO HAIPSIKEHUS,

3) OeToHHBIE, CyxXHue, MACJIsIHbIC U OPOHEBHIE;

4) ¢ BepTUKAIBHOW, TOPU30HTAIBHON U CTYIIEHYATOMN To3uIiuel (das;

5) oauHapHBIE U CABOCHHBIE;

6) ¢dunepnsie, puaepHbIC MAKETHHIE U MEKCEKIIMOHHBIE.

B OCHOBHOM peakTop MOJKIIOYAETCS HAa IIMHBI WIM K TPETUYHOU OOMOTKE
TpaHcdopmaTropa uepe3 BbIKItouarenab. [locTosHHAs XapakKTepucThKa peakTopa
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JUHEWHA, HO TIPpU TPHUCYTCTBUHM IKEJIE3HOTO CEepJACYHMKA JMHEHHA B pabodem
IMaIia3oHe, a 32 €ro rpaHulaMHi MOXKET MPOSABIATHCA HEIMHEWHOW. BbIKitouaTeny,
KOMMYTHUPYIOIIIUE pPEaKTOphl, 00JaJal0T B CBOEH KOHCTPYKIMU HAPYKHBIMU
pe3ucTopamMu, a CaMU pEaKTOpbl — pa3psIHUKAMHU, OOECICUMBAIONIMMU 3allUTy
M30JSILMU OT NEpEHANpPsKEHU. PeakTopsl MOBBIIAIOT MPUMEHEHUE PEAKTUBHOM
MOIIHOCTH,  COJICUCTBYSl €ro  OrPaHUYEHUIO, TEM  CaMbIM  IPOSBISIOT
CTaOMIU3UPYIOMHHN 2P DEKT.

Jlnss perynupoBaHHs PEAKTUBHOM MOIIHOCTH MCIIOJB3YIOT HACBHIIIAIOIMIUECS
peakTophl, pabo4uii OXBAT PEryJUPOBAHUS KOTOPOIO PACIoiaraeTcsi B HaChIIEHHON
YaCTH €r0 CTATUYECKOM XapaKTEPUCTUKU. B HEMMHENHOW YacTH XapaKTEPUCTUKU
CONPOTHUBJIEHUE pPEaKTOpa KOJIEONETCS B 3aBUCUMOCTH OT IPHIOKEHHOTO K HEMY
HANPSDKCHHS.  YBEIWYMBAs HANPSKCHWE, YBEIMYMBACTCS M TOK B PEAKTOPE,
CJIEOBATEIbHO, YBEJIUYMUBACTCA TNOTpEOJICHHME PEaKTUBHOM MOIIHOCTH, 4YTO
NPUBOJUT K CTaOWIM3allMd HANpsOKEHUS B TOYKE TMOAKIIOYEHHUS peakTopa.
[TapayutennbHOE MTOAKIIFOYEHUE K UCTOYHUKY PEAKTUBHOM MOIIHOCTH KOHAEHCATOPHOU
Oatapen TMO3BOJISIET OOECIEUUTh MapaMETPUUECKOE PEryJIupoOBaHHE B PEKUME
MoTpeOIeHUsT U TeHEPUPOBAHUS peaKTUBHOM MomIHOCTU. KoHaeHcaTopHas GaTtapes
BBITIOJIHSECT (YHKIUIO (QUIBTPOKOMIICHCUPYIOIIETO YCTPOMCTBA U €€ MOIIHOCTD
BBIOMPAIOT UCXOJI U3 YCIOBUSI, YTO CyMMapHasi MOIIHOCTh UCTOYHMKA PEAKTHUBHOM
MOIIHOCTA TpPU  HOMHUHAJIBRHOM  HANpsOXKEHUM  OyJeT  paBHATHCA — HYIIIO.
CrenoBaresibHO, YBEJIWYMB HAINPSXKEHUS  BbIIE HOMHWHAIBHOTO, HCTOYHHK
MOTPEOJISIET PEAKTUBHYIO MOIIHOCTh, 4, CHU3UB HAIPSHKEHHUE BBIIIIE HOMUHAJIBHOTO,

HCTOYHHMK F€HEPUPYET PEAKTHBHYIO MOIIHOCTb.
f.}'f
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Pucynok 1 - [Tapamerpuueckuii IPM ¢ Hachlaronmcst peakTopoM: a — IPUHLIUIINATIbHAS
cxema; 0 — cTaTuueckas XapaKTepUCTHKa

CymiecTByeT  peakTop, KOMMYTHUPYEMBI €  CEThbl0O OECKOHTAaKTHBIMH
MOJIyIIPOBOJITHUKOBBIMHM ~ KJIFOYaMU BEHTWJIbHOTO Tuna. [lpuHiun ero paboTel
3aKJIF0YAETCS B 3aKPBITUM TUPHUCTOPHBIX SYEEK MPHU MEPEXO0JI€ TOKA CKBO3b HYJIEBBIE
3HAY€HUs U OTKPHITUM B MOMEHT OJIMHAKOBBIX 3HAUEHUN HANPSDKEHUN HA HArpys3ke u
B ceTu. [IpuHIMnManbpHas cxema peakropa NpecTaBleHa Ha PUCYHKE 2.
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Pucynok 2 — [IpuniunuanbHas cxema peakTopa

KoMMmyTupyemsle MHOCpPEACTBOM  3aTBOpAa THUPHUCTOPBI  OTKPBIBAKOTCS U
3aKpBIBAIOTCA 10 YCTAHOBIEHHOMY YIUIy YIPABJICHUS U IIO3BOJISIOT IIPEPBIBUCTO
JaBaTh HaIpPsDKEHHE HA HArpy3Ky IO HPUHLUIY (A30BOro peryJupOBaHUS WU
IMPOTHO-UMILYJIbCHOW MOAYJIALMU. MOIIHOCTE peakTopa peryjaupyercs ¢ HOMOILIBIO
YBEIIMYEHHs WA YMEHBIIECHUS YIJIOB YIIPABJICHMS JIBYX TUPUCTOPOB, BKIIOUYEHHBIX
BCTPEUYHO U MMAPAIIEIBHO, YTO IIPUBOIUT K U3MEHEHUIO TOKA B caMOM peakrope. [Ipu
ATOM YIJbl YyNOpaBlieHUs paBHbL. Eciiv yroy ymnpaBieHUss paBeH /2, TUPHUCTOPHI
OTKPBITHI M TOK B PEAKTOPE MAKCUMAJIbHBIA. JIaHHBIN TOK MPEICTABIEH IYHKTUPHON
nvHuer Ha pucyHke 3. [lo Mepe yBenmyeHHs yria ynpaBlICHUS M €r0 U3MEHEHUS B
npenene m/2 < o < 1T TOK B peaKTOpE YMEHBIIIAETCA U yTpauuBaeT CUHYCOUIAbHBIN
XapakTep. XapakTep 3TOro TOKa Ha PUCYHKE 3 MTOKAa3aH HENPEPBIBHOM JTUHUEH.

u, !

a, \ o,
{ Iynp

Pucynok 3 — JluarpaMma TOKOB M HAIIpsKEHUN

HecosepiieHCTBOM peakTopa, KOHTPOJIMPYEMOTO THUPHUCTOPAMU, SIBISETCS TO,
9TO TP yriax o > 7/2 OH CTAaHOBUTCS MCTOYHHUKOM BBICHIMX TapMOHHUK TOKA.
[Topsimok rapMOHMK W WX 3HAaYEHUsA OJM3KKM K TapMOHHUKAM, TEHEepUupyemble 6-
UMITYJIbCHBIMA ~ TIpeoOpazoBaTensiMu. [[nsi KOMIEHCAluu TapMOHHK PEaKTOPBI
BKJIFOYAIOT TPU TMOMOINU TPaHCHOPMATOPOB C OOMOTKOM, COOpaHHON MO cXeme
TPEYrOJIbHUK-3BE3/1a-TPEYTOJIbHUK.

JIns m1aBHOM PETyIMPOBKU PEAKTUBHONW MOITHOCTH B PEXKHME €€ MOTpeOJICHUS
U B pexuMe e€ reHepaldy UCIOIb3YI0T KOMOMHUPOBAHHBIC UCTOYHUKH PEAKTUBHOM
MoutHOCTH. [lpuHIMNMaIbHAS cXeMa KOMOMHUPOBAHHOTO MCTOYHUKA PEAKTHUBHOMN
MOIITHOCTH, KOTOPBIM HA3bIBACTCSl CTATUYHBIM TUPUCTOPHBIM kKommieHcatopoM (CTK),
n300pakeHa Ha pUCyHKe 4.
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baok
yOpap/JIeHHs

Pucynok 4 — [IpunnunuansHas cxema komouaupoBanHoro CTK

OnHMM U3 OCHOBHBIX 3JIEMEHTOB KOMOWHHUPOBAHHOI'O MCTOYHHMKA PEAKTUBHOM
MOIIHOCTH SIBJIIETCS YIIPaBJISIEMbIH IIYHTHUPYIOIIMI pEakTop, UCIOIb3yEeMbIH dPPeKT
NpEleIbHOrO HACBILEHUS CTald, Ojarojaps CHEIUAJbHOM KOHCTPYKIHMH U
[IOJAMarHWYMBaHNUsI MAarHUTONPOBOAA. YTPABISIEMBIA IIYHTUPYIOIIMA  PEaKToOp
MpeACTaBIAeT coboil TpéxdazHoe GeppoMarHUTHOE YCTPOMCTBO, MOIIHOCTD
KOTOPOTO  HM3MEHSETCA OT HOJISI JI0 HOMHUHAJIBHOTO 3HAayeHUs 3a CUér
MOJMarHWYMBaHUs TOCTOSIHHBIM TOKOM CEpJCYHHMKA PEaKTopa, YTO NPUBOJIUT K
M3MEHEHUIO0 UHAYKTUBHOCTH peakTopa. PeakTop cocTouT U3 IByX OOMOTOK, OJIHA U3
KOTOpPBIX Ha3bIBAETCA CETeBas M NOJAKIIOYEHA K DJIIEKTPUYECKOM CETH, CO3HaET
MEPEMEHHBI MarHUTHBIA TOTOK MPOMBIIIJIEHHONM YacTOThl, BTOpas OOMOTKa
Ha3bIBAECTCS YNPABISIIOIIEM M NOAKIIOYEHA K PEryJupyeMOMY HCTOYHHKY
IIOCTOSIHHOTO HANPSDKEHMS, CO34AET IOCTOSIHHBIA M PETYJIMPYEMBI MarHUTHBIN
IIOTOK NOJAMAarHu4YuBaHusA. I[IOCTOSHHBIM MarHUTHBIA ITOTOK IOJMAarHWYMBaHUS
U3MEHSET WHAYKTUBHOE CONPOTUBIIEHWE YCTPOMCTBA 32 CYET CMEIIEHUs
NEPEMEHHOTO TOKa B 00JIaCTh HACBILEHUS KPUBOM HaMarHUYMBaHUS CTajlH, B CBOIO
ouepenb 3TO NPUBOIUT K M3MEHEHUI0 HaMarHUYMBAIOLIEH CHWIIBI, TaHHBIA IpPOLECcC
MPEJICTABJIICH HA PUCYHKE 3.

Pucynok 5 — KpuBble HaMarHu4rMBaHus
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Jlnst maTaHWsT OOMOTOK YIpaBJCHHUS PEAKTOpa HEOOXOMUM YIPABISIEMBIMA
TUPHUCTOPHBIN BBIIPSIMHUTENb, KOTOPBI MUTAaeT MAaCSHBIA TpaHchopMaTop W
YIPaBJISAETCS CHCTEMOM aBTOMATHYECKOTO yIIPABIICHHUSL.

Hcxonss w3 Ha3HaueHUs KOMOMHHUPOBAHHOTO CTATUYHOTO THPHUCTOPHOTO
KOMIICHCATOpa, BBIOMpAeTCs paboOuyuii Juama3oH pPEryJupoBaHUsS pPEaKTUBHON
MOIITHOCTH, YCTAHOBJCHHAs MOINHOCTh HEPETYIUPYEeMOW WM  CTYIEHYATO
perynupyeMoit 0arapew, MOIIHOCTh PETYJIUPYEMbIX THPHCTOPAMU PEaKTOPOB.
Cy1miecTByeT OrpoMHOE KOJUYECTBO OTHOIICHUN MEXKTY YCTAaHOBJICHHOW MOITHOCTH
peakTopa W KOHACHCATOpHOW OaTtapen. B KkauecTBe IAEMOHCTpalMU CTaTHYECKUX
XapaKTEPUCTHK PACCMATPUBAIOTCS B OTHOIICHUS:

1) ycTaHoBI€HHas MOIIIHOCTh PEAKTOpPA U KOHJECHCATOPHOM OaTapen paBHbI,
2) ycTaHOBJIEHHAs MOIIHOCTh peakTopa Ooiblie B 2 pa3a MOUIHOCTH
KOHJICHCATOpHOM OaTapeu.

[Ipy mepBOM OTHOIIEHHH MOIIHOCTEH pabouuii CHEKTp pEryIupOBaHUS
reHEpUPYEeMOM  PEaKTUBHOM MOIIMHOCTH HAXOAUTCS B 30HE PEXKHUMOB OT
reHEpUPOBAHUS MOUTHOCTH, PABHOIPaBHOM noctaBieHHOW MorHoctu Kb, no wyns,
KOIJIa THUPUCTOPHI PEaKTOpa OTKPBITHI MONMHOCTHIO. (CTaThyeckas XapaKTepUCTUKA
MoKa3aHa Ha pUCYHKE 6.

=T

i ——

I I I
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Pucynok 5 — CtaTuueckue XxapaKTepUCTHKH MTPH ABYX OTHOIICHUSAX MOIHOCTEH: a — mpH
pPaBHOM OTHOIICHNH; O — yCTAaHOBIICHHASI MOIITHOCTH PEaKTopa B 2 pa3a 0oJIbIlie KOHIEHCATOPHON
Oarapen

r.|

=
m
=i

[Ipr BTOPOM OTHOILIEHMM MOIIHOCTEW CTATUYHBIA THUPUCTOPHBIN KOMIIEHCATOPD
paboTaeT B ABYX PEXHMMaX, a IMEHHO B PEXHME T€HEPUPOBAHUS U yHOTPEOJICHUS
pPEaKTUBHOM MOIITHOCTH.

3akioveHue:

IlepenaBaemMble B HArpy3kKy HEAKTHBHBIE COCTABJISIFOIIME MOJHOW MOIIHOCTH
OTPUIIATEILHO BIUSIOT HA PEKUMBI PA0OTHI AJIEKTPUUECKUX CETEH M Ha MOKa3aTesH
Ka4yeCcTBa OJJIEKTPOIHEPTUM, MOITOMY IS HMX KOMIICHCALIMM HY>XHBI MCTOYHUKHU
pEaKTUBHOM MOINHOCTU. IIpencraBieHHbIE B CTarb€ MCTOYHUKU PEAKTUBHOU
MOITHOCTH SIBJISIFOTCS YCTpOMCTBamu, Oyiarogapsi ObICTPOJACHCTBUIO U CITIOCOOHOCTH
PETYJIMPOBKHU, OKAa3bIBAIOT MOJOXKUTEIBHOE BIMSHHUE Ha PEXKUMBI IJIEKTPUUECKHUX
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AHHOmayua: 6 0aHHOU cmamve npeocmasiern 0030p HOBEUUUX MEXHOI02UlL 8
obnracmu  npumeHeHus NOJAYNPOBOOHUK08. Paccmampusaemcs  803modcHocmo
BHEOpeHUsl ~ MEeXHOA02UU  NPO3PAYHBIX  MOHKONIEHOUHbIX  (DOMOAKMUBHBIX
mamepuanoe 8  COIHeyHou  dHepeemuke.  Ilpoananuzuposan  nomeuyuan
NPAKMUYECKO20 NPUMEHEHUSL COBPEMEHHBIX PA3PabOMmOK.

Abstract: this article provides an overview of the latest technologies connected
with the application of semiconductors. The possibility of introducing the technology
of transparent thin-film photoactive materials in solar energy is considered. The
potential of practical usage of modern developments is analyzed.

Kntouesvie cnosa: nonynposoonux,  ¢omosnemenm,  MOHKONIEHOUYHOe
YCMPOUcmeo, KpemHuegvle pomodieMenmsl, COTHEYHAs NaAHEb.

Key words: semiconductor, photoelectric cell, thin-film device, silicon
photovoltaic cells, solar panel.

BBenenue

CoBpeMeHHBIN MHUP TPYAHO MPEICTABUTh 0€3 AICKTPOHHBIX YCTPONCTB, CETOIHS
OHM HCIIOJB3YIOTCA BO BceX cdepax KU3HU OOIIECTBA: IMPOMBIIUICHHOE
MPOU3BOJICTBO, DHEPreTHKa, CBs3b, 3JPaBOOXpaHEHHE, Hayka, oOpa3oBaHue. B
000py10BaHUMU pa3HON KOH(PUTYpalluu MPUMEHSIOTCS MUKPOCXEMBbI, H3TOTOBJICHHBIC
W3 TOJYNIPOBOAHUKOBBIX MartepuayioB. VIMEHHO TMOJYNPOBOJHUKH (KPEMHHIA,
repMaHui, CeJIeH, OKCHUJI HUKEJISI, ABYOKHUCh TUTaHA U JIp.), 3aHUMAIOIIHNE 0 CBOEH
CITOCOOHOCTH MPOBOJUTH TOK MPOMEKYTOUHOE MOJIOKESHUE MEXITY MPOBOJIHUKAMH U
TUDJICKTPUKAMHU, TTO3BOJISIFOT KAUECTBEHHO Y MPAKTUYECKH MTHOBEHHO OCYIIECTBIISITH
HYXHbIE omnepauuu. Bo MHOrMX CTpaHax MOCTOSSHHO MPOBOASTCS HOBBIE
MCCJIEIOBaHMs B O0JIACTH TOJYIMPOBOJHUKOBBIX MATEPHAIIOB, KaXII0€ W3 KOTOPBIX
BHOCUT BKJIaa B Oymymiee ayekTpoHWkH. OMHO W3 TEpPeNOBBIX HAMpPAaBICHUNU —
TOHKOIUJICHOYHBIE ~ TEXHOJIOTHMHM, KOTJa pa3HBIMH CIOCOOaMH  TONy4YalT W
00pabaThIBaIOT TOHKUE TUICHKU TIPOBOJHUKOB, TUAJICKTPUKOB U TOJYIPOBOIHUKOB
MpU M3rOTOBJICHUH BCEBO3MOKHBIX DJJIEMEHTOB MHTErpajibHbIX cxeM. CeroaHs
MPOCJICKUBACTCS CTPEMIIEHUE CO34aTh AJIEKTPOHHBIE YCTPOWMCTBA BCE MEHBIIEH
TOJIIIMHBI, MEHBIIIEH MACCHI, Ja U BOBCE MPO3paYHbIMHU, HEBUAUMBIMU. CyIlIECTBYET
OOJIbIIIOE KOJIMYECTBO HCCIECNOBAaHUN O Tpo3padHbix (orornemeHTax. Takwue
TEXHOJIOTUM MMEIOT TMOTEHIMA i1 NMPUMEHEHHS B TeIIMOdHEPreTHKE, BEIb OHU
pacIupsitOT 00JaCTh UCOIb30BaHUs (POTODJIEMEHTOB.
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OcHoBHas yacThb

CeromHst axkTyallbHbl pa3pabOTKU B O0JACTH COJHEYHOM HHEPreTUKH.
Hampumep, pactér koadduimenT npeodpa3zoBanus yabTpadroiIeTOBOr0 U3ITyUCHHUS
B ayiekTpuuecTBOo. Ho wHcCmonab30BaHKME HBIHEHMIHUX (DOTORIEMEHTOB HECKOJIBKO
OTpaHUYCHO MU3-3a UX Henmpo3padyHOCTH. CoIHEUHbIE TAaHEIH OOBIYHO YCTaHABIMBAIOT
Ha KpBIIAX, B YAQJICHHBIX MecTaXx. YToObl BBIPA0OTAaTh OOJIBIIOE KOJUYECTBO
AIEKTPOIHEPTUH, HEOOXOAMMBI IMAHEU COOTBETCTBEHHO OOJIBIIION MIIOMIA/IH.

HenaBHee wnccrmenoBaHue KOPEHCKHUX YUYEHBIX (POKYCHPOBAJIOCHh HA CO3JIaHHH
3¢ ()EKTUBHOTO M TMOJHOCTHIO TIPO3PAYHOTO COTHEUHOTo 3ieMeHTa [1]. HeoObrunbie
CBOMCTBa MPO3pavYHBIX (POTOAIEMEHTOB TMO3BOJSIOT TPUMEHIThH WX B IIMPOKOM
KOJIMYECTBE MECT, HaIpUMeEp, B OKHAX 3aHUH WM B CMapT(HOHAX.

[Ipo3paunblii  (oTOIMEMEHT B pe3yjibTaTe HCCIAEAOBaHUSA OBUT CO3TaH C
MOMOIIBI0 KOMOMHAIIMU TOJYIPOBOAHUKOB U3 okcujaa Hukens (NiO) u aumokcuia
tutaHa (Ti0,). Okcun HUKENs HWMEET BBICOKHME XapPaKTEPUCTUKH ONTHUYECKOM
mpo3payHOCTH. OH MIMPOKO HUCIOJB3YETCS B KEPAMHUUYECKOW MPOMBIIIJIEHHOCTH, B
KQueCTBE 3€JI€HOTO MUTMEHTa JJisl CTeKJIa. JIMOKCUI TUTaHA CEroJiHs UCIOIb3YIOT B
COJIHEYHBIX OaTapesiX, OH HETOKCUYHBIM M IKOJOTUYECKU YUCTHINA. MecTopokaeHus
tutada, 90% koToporo mocie AOOBIYM HUCIIOJB3YETCS MJisi CO3JaHus JTUOKCHUJA,
HaxonATca B OoibiioMm konuuectBe B ABctpanuu, CHIA, Hopseruu, Poccum u
JIpYrux cTpaHax. XoTs MOTpeOJeHUE pacTeT U B JAKOKPACOUYHON MPOMBIILIIEHHOCTH,
Y B MPOU3BOJICTBE IJIACTMACC, 3allaCOB TUTAHOBOM PYJbl B MUpPE IMOKA JOCTATOYHO.
CrnenoBatesibHO, €r0 XBAaTUT U I HOBBIX (PoTO3JIeMEeHTOB. CoueTaHne OMUCAHHBIX
BBIIIIE DJEMEHTOB TIO3BOJIUT CO3JaBaTh MpPO3pauHble CoOJHEYHble maHenu. K
coKalleHut0, 3(PPEeKTUBHOCTh MPEOoOpPa30BAHMS PHEPrUU TAKUX IMaHEJIEH COCTaBUIIA
Bcero Jivib 2,1 %, 4TO CIUIIKOM MaJio JJIsi MacluTaOHOTO MPUMEHEHHS U TIOJTyUYEHHUS
MPUOBLIH.

Hpyras rpynna ydeHbix u3 FOxHoit Kopeu mnpemnaraer ucnoiab30BaTh AJIs
MPO3PAYHBIX  COJIHEYHBIX MAHEJIE JPYrod MOJYNPOBOJAHUK —  KPEMHHM.
Kpucranmuueckuii KpeMHUH OTJIWYHO TOJXOIAUT JJIsi pa3pabOTKH CTEKJIOBHIHBIX,
OCCIIBETHBIX  COJHEYHBIX JJIEMEHTOB. UTOOBI JOOUTBCS  MPO3PAvYHOCTH, B
dboTodneMeHTe  MPOOMBAIOTCA  MAaJICHbKHE  OTBEPCTHS,  PACIOJOXKEHHBIE B
ONpeeICHHOM Topsiake. X HEBO3MOXKHO 3aMETUTh HEBOOPYKEHHBIM IJ1a30M, HO
MIPU 3TOM OHH HE YXYIIIAI0T KO PHUIIMEHT MOJIE3HOTO ACHCTBUS deMeHTa [2].

Pucynok 1 — [punImm paboTs! (HOTOITEMEHTa C OTBEPCTHIMHU



DQaexkTposHepreruka u d>aexkrTtporexunuxka. CHTK-78 -

Ha pucynke 1 wu3obpaxkeHo ABa cioyyash NaJ€HUs Jyda: MPOIMYCKaHUE WU
norsomenue. OIUH U3  MPOJEMOHCTPUPOBAHHBIX  JIydeil, TIPOXOJs uepe3
MOBEPXHOCTH (hoTo3NIeMeHTa ToJuHOM 200 MKM, MOMa aeT B OTBEPCTUE U TPOXOIUT
nanbiie. IMeHHO 3TO MaéT MpO3payHOCTh, M YEIOBEUECKHUI T1a3 BUAUT MPEIMETHI,
HaXOJIAIIUECS MO/ MaHEeNb0. 3HAYUT, MOXKHO HUCIIOIb30BaTh TAKUE JIEMEHTHI B OKHAX
MW dKpaHax. Brtopoil nyu mnoriomaercs, nomagas Ha TOJYYHMBIIYIOCS PEIHIETKY.
bnaronapst Takum JiydaM COJTHEUHas SHEPTUsI peoOpa3yeTcs B dJIEKTPUUYECTBO.

HcnpiTanuss CBUIETENBCTBYIOT O TOM, UYTO MPO3pAauHBbId (POTOIEMEHT U3
KPEMHHSI COXPaHSAET MPOU3BOAUTENBHOCTD 12,2%. X0Ts y HENMPO3pauHbIX 3JIE€MEHTOB
JAHHBIN Moka3aTenb cocTaBisieT 20 — 25%, y mpo3payHbIX OH HUXKE TOrO, HA YTO
criocoOHbl KpemHHeBble. Kpome Toro, ecinu mogoOHbIE (OTOIEMEHTHI CTABHUTH
BEPTUKAJIBHO, TO JIy4d CBETa, MAJAIOIIME MOJ IOJOTUM YIJIOM, MHPUBOIAT K
CHIDKECHHMIO DJIEKTPUUYECKOTO Toka npuMmepHO Ha 30%. B HOBBIX KpEMHHEBBIX
AJIEMEHTaX C OTBEPCTUSIMM TAaKOW MpOoOJIeMbl HE OOHApYX EHO, B XOJ€ HCIbITAHUS
IIPOU3BOAUTEIIBHOCTD CHU3MIIACH HA TOYTH 4%.

Yro kacaercs 3pPEeKTUBHOCTU CTAHJAPTHBIX KPEMHUEBBIX (POTORIEMEHTOB, OHA
oObI4yHO He mpeBblmaeM 29,1%. O3To MpPOUCXOAUT TOTOMY, YTO KaXIbI (HOTOH
MO>KET BBIOWTH TOJBKO OJUH 5JeKTpoH. HccrnenoBatenu u3 MaccauyceTckoro
TEXHOJIOTHYECKOTO HHCTUTYT IIPEOJOJIENIM 3TOT Mpeaed IPOU3BOAUTEIBHOCTU
KpEeMHUEBBIX (poTO37€eMEeHTOB. OHU cAeNanu Tak, 4YToObl OJUH (POTOH CMOT BBIOUTH
cpa3sy JiBa AJIEKTPOHA, U ATO YBEIUUYWIO KOA(PIULIMEHT mosie3Horo aeictBus 10 35%.
Takoro ycmexa yganock JA0OUThCA Onarojgapsi MaTepuasoB, COAEPIKALIUX
BO30Y)K/ICHHbIE KBa3WYacCTUIbl SKCUTOHBI. Takas dYacTulla MNpEACTaBIseT COOOi
AJNIEKTPOHHOE BO30YKIEHHUE B AUAIIEKTPUKE, MOJYNPOBOAHUKE UM METaJIe, KOTOPOE
MUTPHUPYET IO KPUCTAIUTy U HE CBSI3aHO C IMEPEHOCOM JJIEKTPUYECKOIro 3apsjaa H
Macchl. [log aeilicTBUEM 3KCUTOHOB 3HEpPrusi OJHOro (oToHa pazfensieTcss Ha JiBe
HE3aBUCUMBIE €IMHUIIBI. DTOT MPOLECC U3BECTEH KAK CUHIJIETHOE JIEJICHUE IKCUTOHA,
OH n300paxkeH Ha pucyHke 2 [3].
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Jlo 3TOro wuccienoBaHUs HE IIOJIY4aloCh CBSA3aThb JHEPTUI0 3KCUTOHOB C
HEIKCUTOHHBIM KpeMHHEM. B utore 3a cuet 1o0aBieHUs] OY€Hb TOHKOTO CIIOSI MEXKITY
MTOBEPXHOCTHBIM CJIOEM M3 TETpalleHa U KPEMHHEBBIM COJHEYHBIM 3JIEMEHTOM
MOJyYnJIOCh JOOUTHbCS HYXKHOTO d3(dekra. ITOT Nepexo] TOIIMKUHON BCEro
HECKOJIbKO aTOMOB COCTOUT U3 OKCUHUTpPHIA TaQHMUS.

[locne oObenuHEHUs TpeX 3JIEMEHTOB KOJWYECTBO SHEPIUH, MPOU3BOIUMOMN
COJIHEYHBIM CBETOM B CHHE-3€JIEHOM YacTH CHEKTpa, YBEIUYMUIOCH B JIBa pa3a. ITo
O3HAYaeT yBEIMUYEHUE TEOPETUUYECKOIO0 MAKCUMYMa KPEMHMEBBIX (DOTOIIEMEHTOB C
29,1% no 35%. KomMmepueckoe MCHOJb30BaHUE pa3pabOTKH, OYEBUIHO, HAUHETCS
Heckopo. HeoOXxoauMo onTUMU3MPOBATh MCIOJIb3YyEMbIE KPEMHHMEBBIE AJIEMEHTHI U
IIPOTECTUPOBATH IOJyYECHHBIE IUIACTUHKN HA IIPOYHOCTb.

Jpyroil myTh MOJXY4YEHHUs SKPAHOB HOBOI'O THIIA JIE)KUT B TEXHOJOTHHA HOBOIO
MaTepuasa, KOTOPbI codeTaeT BBICOKYIO MOJBHYKHOCTH 3apsAZ0B U CHOCOOHOCThH K
JIOMHUHECHEHIIMU. Tak MOXKHO MOJIyYHTh TMOKHI MPO3pavyHbli MCTOYHUK CBETA.
Poccniickue # HEMENKHME y4Y€HbIE CO3Jald NEpBbIM  opraHnueckuid 2D-
CBETOTPAH3UCTOP, N300paKEHHBIN Ha pucyHke 3 [4].

I AT

IidIE|ECtI'IC

Pucynok 3 — CtpykTypa oprannyeckoro 2D-CBETOTpaH3uCTOpa

bbputi cuHTE3MpOBaIM HOBBIE MOJIEKYJIBl Ha OCHOBE KECTKOrO LIEHTPAIBHOTO
(¢parMeHTa, COCTOSIIET0 W3 AapOMAaTUYECKUX KOJIEl M  OTBEYAIOIIEro 32
MOJIyITPOBOJJHUKOBBIE U CBETOM3Iydaroliue cBoiicTBa. Takxke ero MoaupuuupoBaiu
JUIMHHBIMA THOKUMHU aJKUJIBHBIMH «XBOCTaAMW» JUIsl YBEIMYEHUS PACTBOPUMOCTH.
Takas MonekynsipHas CTpyKTypa IIO3BOJIIET BBbIpAlIMBaTh W3 pactBopa 2D-
MOHOKPHCTAJUIBI pasmMepaMu A0 OJHOro MwuinMerpa. IlomydeHHsli Marepual
AQHAJIM3UPOBAIM,  MCHOJIB3YS  METOJOB  OINTHUYECKOM, aTOMHO-CHUJIOBOM M
(GOTONIOMUHECIIEHTHON MHUKPOCKONUH, MOJIy4deHHbIH MmaTtepuan. [lomydennsie 2D-
KpUCTAJIBl 00JIaIalii TOJBMKHOCTBIO HOCHUTENIEH 3apsia HaMHOTO BBINIE, Y€M B
amop(HOM KpeMHUU. Takxke CTPYKTYpPbl BBIIEP>KUBAIOT MOBBIILICHHBIE TEMIIEPATYPhI
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— ocBpie 200 °C, B TO BpeMs Kak JpYrM€ H3BECTHbIE OpPraHUYECKUE
HNOJIYIIPOBOAHUKH, TIOJMUMEPBI M HU3KOMOJIEKYJISIPHBIE COCIUHEHUS, KOTOPBIE
UCIOJIb3YIOTCSl B OPTaHUYECKUX CBETOAMOJAX U COJTHEUHBIX Oarapesix, TepSOT CBOU
KPUCTAJJIMYECKUE CBOMCTBA MPU TaKOM HarpeBe. BbICOKas MOJIBUKHOCTh HOCUTENEH
3apsjia U APKO BBIPAKEHHbBIE JTIOMUHECIIEHTHBIE CBOMCTBA MOTYT OBITh OOBEMHEHBI B
OJIHOM opraHudyeckoM 2D-kpuctamie u Onarojaps CBOUM CBOWMCTBaM JaHHBIN
MaTepHall MOXET OBbITh HCIIOJIB30BaH ISl OMNTOXJIEKTPOHUKHA HOBOTO TOKOJICHHUS.
Takxe Ha €ro OCHOBE MOrYT OBITb CO3JaHbl YJbTPATOHKHME HCTOYHUKH CBETa
BBICOKOH SIPKOCTH M Pa3HOOOpa3HbIE CEHCOPHBIE YCTPOMCTBA.

Opranuyeckue 2D-maTepuanbl ClyKaT aKTUBHBIMU THUKCEISIMUA B JKpaHax U
AJIIEMEHTAMHU PA3JIMYHBIX CEHCOPOB, a TAaKK€ OHM MOTYT OBbITh TUIAT(HOPMON ISt
VIOPABJISIEMBIX TOKOM OpPraHMYECKUX Ja3epoB. OHAKO TOJIBKO HENABHO CTAJIO
M3BECTHO O 2D-MOHOKpHCTaIaX OPraHUYeCKUX MOJYIIPOBOJIHUKOB, COYETAIOIINX B
cebe 00a Mmose3HbIX CBOMCTBA. biarojgapsi cBoiicTBaM 3TUX MaTepHUaiOB BO3MOKHO
co3JaHue THOKOM, CBEPXTOHKOM, WPO3payHOM U  JCHIEBOM  DIEKTPOHUKH.
[ToynpOoBOJTHUKM BKIIIOUAIOT B C€0S OJIMH WM HECKOJBKO CJIOEB OPraHUYECKUX
MOJIEKYJI M, €CIIM UX YHAeTCs YIIAKOBATh B MAaKPOCKOIIMYECKHE MOHOKPHUCTAJUIBI,
pasmepoM 1 cM, TO OHU CTAaHOBSITCS OTJIMYHBIM MATEPHAIOM [JIsi TPAH3UCTOPOB,
KOTOPBIE SIBIISIFOTCS 0a30BBIM 3JIEMEHTOB JIFOOBIX AJIEKTPOHHBIX YCTPOUCTB, TAKUX KaK
JNATUYNKU, CEHCOPBI, MIMKCEJIN IUCILIEEB, UCTOYHUKU CBETA U JIPyTHE.

3akioueHue

Takum oOpa3zoM, Mpo3padHble MOIYNPOBOJHUKOBBIE MaTEpHAlIbl, XOTs €IIE B
3a4aTOYHON CTaauu pPa3pabOTKH, UMEIT OOJbIION moTeHuuan. EcTh elie MHOro
npoOJeM U BONPOCOB, KOTOPbIE HEOOXOJIMMO pelIuTh. TeM He MeHee, MpOo3payHbie
(hOTORJIEMEHTHI OTKPHIBAIOT HOBBIE BO3MOXXHOCTH JIJIsl PACIIUPEHUS UCTIOIb30BAHUS
COJIHEUHOW DJHEPreTUKU. BeposTHO, YTO HOBBIE IOJYNPOBOJHUKH CKOPO CTAHYT
BaYKHOM YaCThIO JIEKTPOHHUKH.
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Annomayuna: 6 OauHolu pabome npedocmasier 0030p 21emenmos llenvmoe.
Paccmampueaemcsa  6o3mooichvie nymu  npumenenus dnemenmosé Ilenbmove, ux
00CMOUHCMEA U HeOOCAMKLU.

Abstract: this article provides an overview of the Peltier elements. Possible
ways of using Peltier elements, their advantages and disadvantages.

Kntroueswvie cnosa: mepmosnekmpuueckuti npuoop, noaynpo8oOHUKU, dlleMeHmbl
llenvmoe, 21emenmul 3eebexa.

Key words: thermoelectric device, semiconductors, Peltier elements, Seebeck
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BBenenue

B 19 Beke ObUT0 OOHApY>KEHO, YTO B HEKOTOPHIX MaTepHaliax MpH Tojaye
HaIpsHKEHUS BOSHUKAET PA3HOCTh TeMriepatyp. Takke ObLII0 OOHApYKEHO YTO ITOT
s dexT umeeT U 0OpaTHOE CBOWCTBO: CO3/1aBAaTh AJIEKTPOIHEPIHIO 32 CUET Pa3HUIIBI
TeMmnepaTryp. MHOXECTBO JECATHIETHII WHKEHEPHl MBITAIOTCA HCMIOJIb30BaTh 3TOT
(eHOMEH Ha MPaKTUKE, MOCTOSHHO YCOBEPIICHCTBYS 3Ty TEXHOJOTUIO, W THITASCh
HAaWTH HOBBIC COBEPIICHHBIE MaTepUalbl, KOTOPbIE MOTYT BBIpa3uTh 3PdeKT
MakCcUMaJIbHO 3¢ (ekTuBHO. Beap moTeHnuan JaHHOW TEXHOJIOTMU KpailHE BBICOK U
CIIOCOOCTBYET TOJYKY B Pa3BUTUHU YHEPTETUKH.

OcHOBHas 4YacTh

OnemeHT llenbThe — TEPMOINEKTPUUECKUI MPUOOP CIOCOOHBIN MO JeHCTBUEM
MPWIOKEHHOTO K HEMY HANpsDKeHHs] CO3[aBaTh PA3HOCTh TEMIIEpAaTyp Ha CBOMUX
rmiactuHax. [IpuHun paboTel snemMenTa noctpoeH Ha ¢ dexre IlenbThe, OTKpHITOM
B 1934 rony Xanu Ilenbrhe. DdekT 3akiroyaeTcs B MEPEHOCE TEIUIOBOM YHEPrUuU
MO/ JIEWCTBHEM DJIEKTPUYECKOIO TOKa B MECTaX COEAMHEHUSX pPa3HOPOIHBIX
MpoBOMHUKOB. [Ipu coequHeHnn pa3sHOPOAHBIX METAIOB 3(M(EKT BhIpakeH ciiado,
HanboJiee CWJIBHOE MPOSBICHWE HAOIIONAETCS y TOJYIPOBOJHUKOB P U N THUIIOB,
COECTUHEHHBIX MEXKIY COOOI.

DJIEMEHT COCTOUT W3 KepamMu4ecKuX IuiacTuH (1), monynpoBOgHUKOB (2,3) u
Metainueckux coenunuteneit (4) [1]. IlnacTuHbl SBIAIOTCA KOPIYCOM 3JIEMEHTa U
HEO0OXOAMMBI JJI MPOBEACHUS U OTBeAeHUs Tera. [1oaynpoBOAHUKOBBIE 31€MEHTHI
BBITIOJIHAIOTCS B (hOpME MPSMOYTONbHBIX NapayiIeIenUNeioB U COCAUHEHBI MEXKIY
co0oll momapHO B TMOcCienoBaTeabHyt0 Lenb. COeAMHSIOTCS OHU MEXIy CcoOou
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MCTAIVIMYCCKHUM COCIMHHUTCIISIMU, H606XOI[I/IMI)IG JJB1 IPOBEACHUA TOKAa U OTBCACHUS

TeI1a OT IJIACTUHBI, COSMHEHUE MPOMCXOIUT MANKOW C TeMIIepaTypoul IJIaBICHHS
okoJ1o 80-200°C.

A0n00HOA CMOpOHQ

Pucynok 1 — Crpykrypa 3nemenra [lenbthe

[Ipy npunokeHWr HANpsHKEHHUs K KOHTAKTaM 3JIEMEHTA, OJJHA U3 €ro IUIaCTHH
OyAeT OXJIaXJaThCs, BTOpasi — HarpeBaThCsl, IPUYEM YEM MHTEHCUBHEE MPOUCXOAUT
OTBEJICHHE TEIJIa OT HarpeBaroILENCs MITACTUHBI, TEM HUXKE TEMIIEpaTypa OMyCTUTHCS
Ha OXJaxAEHHOM cTopoHe. Ecium mNpoBeCTH ANEKTPUUECTBO B  OOpaTHOM
HaIpaBJCHUH, DJIEMEHT Takxke Oyner paboTaTh, HO OXJKIAEHHAs W Harperas
CTOPOHBI TIOMEHSIOTCSI MEXTy COOOA.

B Texnuke snemeHT IlenbThe IMIMPOKO MPUMEHSAETCA I NPUHYKAEHHOTO
OXJIQXK/ICHHUsI HEOOJBIINX YCTPOWCTB, HAPUMEpP, MPOLIECCOPOB, TPEOOBATENbHBIX K
HU3KOWM TeMmreparype. Takxke yIoOHO HCHOJIb30BaTh »dieMeHT IlenbThe B
TEPMOCTATUPOBAHUM, B BUJLy €TI0 CIIOCOOHOCTH JIOCTATOYHO TOYHO OXJIAXKIAATHCS WU
HarpeBaThCsl B 3aBUCHMOCTH OT MPUJIOKEHHOTO K HEMy HamnpspkeHus. Ho oH umeer
KpynHbiii Henoctatok — Hu3kuid KIIJ, mosTtomy Ha OONBLIMX MOIIHOCTAX OH HE
ucnonpdyercs. Bwmecto HHX 1enecoo0pa3sHO  UCHOJIb30BaTh  KOMIIPECCOPHBIE
yCTpOICTBa, KOTOpble HaMHOro 3((eKTUBHEEe M BBIrOAHEE. B  MamoMOIIHBIX
yCTpoicTBax, rae 3PpGeKTUBHOCTh HE TaK BaKHa, 3JieMeHT [lenbThe umeeT Oobinoe
MPEUMYILECTBO B TOM, YTO MPHU XOJI0J000pa30BaHNUU B HEM HE MPOUCXOJAUT HUKAKUX
MEXaHUYECKUX MPOLECCOB U MPHU MOCTOSHHON TeMIIEPATYpPe U MOIIHOCTH pabOThI €ro
pecypc MakcuMalieH. BosibTammnepHasi XapakTEpUCTUKA CaMOro PaclpOCTPaHEHHOTO
sanementa Ilenpthe, TEC-12709, uzobpaxena Ha rpaduke 2 (dT — pasznuna
TEeMIIepaTyp MEXIy MjIacTuHaMu) [2].
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['paduk 2 — Bonbr-amnepnas xapakrepuctuka TEC-12709

OnHako 3JIEMEHT UMEET PECYPC MO HUKJIaM BKIOYEHHS U BBIKIIOUEHUS, TAK KaK
BCE DJIEMEHTHI B Ipoliecce pabOoThl MOABEPKEHBI TEMIEPATYPHBIM PaCIIUPEHUSIM,
KOTOpBIE U ONPEIEISIIOT CPOK CITYKOBbI 311eMeHTa. B ocHOBHOM y aeMeHTOB IlenbThe
3asBJICHHBIN PECypC LIUKIIOB BKJItOUEHHs paBeH okoio 5000 pas.

Tak Kak M3-3a TEIUJIOBBIX PACIIMPEHUN CKOpEe M3HAILIMBAETCS JIEMEHT, TO IS
M3MEHEHHUSI MOIIHOCTH HEOOXOJUMO MEHSTh CaMO 3HAUY€HUE HAIpPsDKEHUS, a HE €ro
cpenHee 3HadyeHue. [loaToMy perymnpoBath MOIIHOCTH ¢ nomolnbto [IIMM upeBaTo
BBIXOJIOM M3 CTpPOSl MOAyJsl. Takke 3JIEMEHT CWJIBHO BOCIIPUMMYUB K ITyJIbCALHSIM,
npu 5% nynbcaruii win Beie 3QPEKTUBHOCTD AeMeHTa cpasy naaaet Ha 30-40%,
MO3TOMY HE€ BCSKHMM OJIOK NUTaHUS MNOAOWIAET [UIsl PEryJsiiud MOIIHOCTU
OXJIQXKJEHUS WA HArpeBa.

OcHoBHoit npo6siemoit B nosbiiennu KII/[ anementoB IlensThe siBisieTcs TO,
YTO CBOOOJHBIE 3JIEKTPOHBI B BEIIECTBE SBJISIOTCS OAHOBPEMEHHO MEPEHOCUUKAMU U
ANEKTPUYECKOTO TOKa, U Terua. [lomygaercs, yro marepuan s snementa [lenbThe
JOJDKEH OJAHOBPEMEHHO 00J1afaTh IBYMS B3aMMOUCKIIIOYAIOUIUMHU CBOMCTBAMH —
XOPOIIO MPOBOAUTH JIEKTPUUECKUN TOK, HO TIJIOXO TPOBOAUTH Teruio. B [xoynesbie
MOTEPHU U MOTEPH HA TEIIIONPOBOAHOCTh CUIIbHO cHMKarOT KIIJI snemenTa. [1loaTtomy
N0 CHX TIOp BBEIETCS IOMCK JOCTYIIHOIO MaTepuaja U YCOBEPLICHCTBYIOTCS
TEXHOJIOTHH ISl paCIIUPEHUs chepbl MpUMEHEHHs 37eMeHTOB [lenbThe.

Kpome »snementoB IlenpThe CyHIECTBYIOT Takke dJeMEHTHl 3eeOeka,
ocHoBaHHbIe Ha 3¢ dexTe 3eedeka, oTkpbiToM B 1821 ronmy Tomacom HMoranHom
3eebexom. DpdexT 3eedeka SABASETCS MPOTUBOIMONOKHOCTBHIO 3 dexTy IlenbThe u
COCTOMUT B TOM, YTO MPHU PA3HOCTH TemIepaTyp Ha sieMeHTe [lenbThe Ha KOHTaKTax
BO3HMKHET HaNpsDKeHHE, MPUYEM ueM OOJIblIe pa3sHOCTh TEMIIEpaTyp, TEM BBIIIE
HanpspDKeHUe Ha KOHTakTax aneMmeHTa. [lo cytu moboi snement llenbThe siBnsiercs
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BUJIOM TEPMOIJIEKTPUUECKOTO T'eHepaTopa, MpeoOpasylonuii HampsMyr pa3HOCTb
TEMIIEPATYpP B DJIEKTPOIHEPTHIO.

OnemenTsl [lenbThe npegHa3HaueHHbIE 17151 BBIPAOOTKU AJIEKTPOIHEPTUH UHOT 1A
HA3bIBAIOT AJieMeHTaMK 3ee0eka. OHM OoJiee yCTOWYUBHI K Mepernaay TeMIepaTrypbl U
UMEIOT 00Jiee BBICOKYIO MOIIHOCTH T'€HEpallMu 3JIEKTpOosHepruu. Temieparypa, 10
KOTOPOM MOKHO HarpeBaTh 3JEMEHT, 3aBUCUT OT BUJA MPHUIIOSA, KOTOPHIM CIIASHBI
NOJIYIIPOBOAHUKOBBIE ~ 3neMeHThl.  Hampumep, osmement  SP1848  mmeer
MaKCUMaJIbHYIO MOIITHOCTh TeHepanmu 3.5 BT, nmpu rabaputasix pazmepax 40x40 mm.
[TonkimounB CTAOMIU3AaTOP HANPSDKEHUS MOKHO OJHHM DJIEMEHTOM IPOU3BECTU
3apsAAKy MOOMIBHOTO TenedoHa. MakcumanbHash MOIIHOCTh TOJIy4YaeTcs Npu
MOAKIIOYEHUN ONPENEIEHHOTO CONPOTUBIEHUSA, TO €CT NPH COIJIaCOBAaHHOM
Harpyske. A MakKCUMaJlbHasi MOIIHOCTb TE€HEPALMU CaMOT0 PaCHPOCTPAHEHHOTO
sanementa TEC-12706 npu Toil ke rabapUTHOM COCTaBISIONIEH COCTABISAET OKOJIO
Barra [3].
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I'padux 3 — I'enepanus momuoctu Ha TEC-12706

Kak wuctounuk xonoma nsnemeHT IlenbThe 3aHSAT CBOKO HUIIY B OBITY H
MIPOMBIIJICHHOCTH, OJIHAKO, KaK TeHEepaTop Ha MajbIX MOIIHOCTAX MPUMEHSETCS
penko, Ha OOJBIIMX MOIIHOCTAX HE HCHOJb3yeTCS COBCEM, H3-3a BBICOKOU
CTOMMOCTH CaMoOro JJIEeMEHTa M €ro Hu3koi 3(P(HEKTUBHOCTH KaK TeHepaTopa
anekTposHeprun. Hampumep, kak reHepaTop OHHM XOpOIIO ce0s TMOKa3aid B
HAapy4YHBIX dYacax, KOTOpbIE HWMEIOT OYEHb MaJIEHbKOE JHEpromnorpedieHue u
HaxXoJsTCSA B TMOCTOSSHHOW pa3HOCTU TEMIEpaTyp YelOBEYECKOro Tella W
OKpyXartomied cpensl. Taxke UAET pa3pabOTKH TO BHEAPECHHWIO DJJIEMEHTa B
aBTOMOOWIT BBUTY TTIOCTOSTHHOW BBIPAOOTKE TEIjia IBUTATEIIS.
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Ha 0a3e snemenra IlenbThe MOMKHO C€O3/1aBaTh MAJOMOILIHBIE ITOXOJHBIE
AJIEKTPOCTAHLIMH, HA BOASIHOM OXJIZKIECHUU KOTOPBIE MOJIYYarOT SJHEPTUIO OT TOPEHUS
IPOB.

B nacrosimee Bpems co3zaBaTh OOJIBLIME T'€HEPUPYEMbIE MOIIHOCTH Ha 0Oasze
ap¢ekra llenbThe 3KOHOMHYECKM HE ompaBaaHo. OIHaKo, e€ciau B JajbHEHIIEeM
IOJyYUTCS] B Pa3bICHU3UTh CTOUMOCTb, IMOBBICUTH 3PPEKTUBHOCTh U HAAEKHOCTD,
AJIEMEHTHl MOKHO OyJIET HCII0JIb30BAaTh B I€OTEPMalIbHON 3HEPIrEeTUKE, OCOOEHHO B
MecTax, TAe OHKCTPEeMalbHO HHU3Kas TeMIepaTrypa BO3/AyXa, Bedb Ha TIIyOHHE
HECKOJIBKO JIECATKOB METPOB MOJ 3€MJIEW €CTh IUIKOCOBAs Temmneparypa. PasHuna B
HECKOJIBKO JIECSITKOB IPalyCoOB YK€ JJOCTaTOUHO JJIsl BBIPAOOTKH 3JIEKTPOIHEPTUH.

BriBOJ

B mHacrosimee Bpemsi y dsnemMeHTOB IlenbThe €CTh HECKOJIBKO OOJBIINX
HenoctatkoB: HU3KkKU KIIJI, BeICcOKas CTOMMOCTh MaTeprasioB U UX 3(P(HEKTUBHOCTD.
Ho pa3Butue B OyaymieM 3TOro HampaBiCHHUS CMOXKET OTKPBITb MHOXECTBO
BO3MOXKHOCTEH 3()PEeKTUBHOTO MPUMEHEHUSI TAHHOTO (PEHOMEHaA.

Jlureparypa:
1. DnemenT IlenpThe — Kak ycTpoeH M paboTaeT, Kak MPOBEPHUTH U MOJIKIIOYUTH
(2JIEKTPOHHBIH pecypc) / Electricalschool —Pexum JOCTyIa:

http://electricalschool.info/spravochnik/poleznoe/1977-jelement-pelte-kak-ustroen-i-
rabotaet.html

2. Onemenrt llenbThe, TpUHIKUIT PaOOTHI (AIEKTPOHHBIN pecypc) / principraboty —
Pexxum nocryna: https://principraboty.ru/yelement-pelte-princip-raboty/
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YAK 621.311
ITPUMEHEHME 'EHEPATOPA OTKPBITHUSA ABEPH /U1 OCBEIIEHUSA
IOMEIIEHUS B YYEBHOM MACTEPCKOM KOJIJIEJKA
THE USE OF A DOOR OPENING GENERATOR FOR LIGHTING A ROOM
IN A COLLEGE TRAINING WORKSHOP

C.A. Jonruit
Hayunsiit pykoBoautens — T.E. )KykoBckas crapimmii mpenogaBarelib
benopyccknii HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecriyonnka bemapych
zukovskya@bntu.by
S. Douhi
Supervisor — T. Zhukovska
Belarusian national technical university, Minsk, Belarus

Annomayusn: B cmamve npeodnacaro  paccmompemsv — 2eHEpAMOpPHOe
YCmMpoUcmeo 0Jisl 0C8eweHUs. NOMeweHUs: 8 YUeOHOU MACMePCKol npu OMKPbl8AHUU
osepu.

Abstract: In the article, I propose to consider a generator device for lighting a
room in a training workshop when opening a door.

Kntouesvie cnosa: cenepamopHoe ycmpoucmeo, cadosvlii C8emMUIbHUK, Opelb
INIeKMPU4eCKull, YenouiupmMauuHKa.

Keywords: generator set, garden lamp, electric drill, angle grinder.

BBenenne
Ilepen memaroramMu CTOUT BakHas 3ajaya: BOCIHUTaTh HOBOE IOKOJICHHME,
KOTOpO€, BHEAPSS M UCIOJIb3ysl COBPEMEHHBIE TEXHOJIOTUU B PA3IMYHBIX OTPACIISIX
MPOM3BOJICTBA, B TO JK€ BpeMs OyIeT TNOHUMATh BaXHOCTh SKOHOMHH
sHEpropecypcoB, u0o0, o0jamas HWMH, TOCYJapCTBO OO0ECIEUHUBACT CBOIO
DHEPreTUYCCKYI0 O€30MMacHOCTh, a OepeKHOE OTHOIIEHHWE K HHUM TapaHTHPYET
AKOJIOTHYECKYIO YUCTOTY OKPYIKAIOIIEro HaC MUpa.
OcHoBHasl YacTh
B mporecce oOydeHust B koyuiexke, Obuta uaes co3aaTh MPUCITOCOOJICHUE IS
MpeoOpa3oBaHUsl MEXAHUUYECKOW IHEPTUM OTKPBITUS JABEPU B CBETOBYIO SHEPTHIO
CBETHJIbHUKA JIJIS OCBEILICHUS KOPUI0pA.
3agaum npoekra:
e ByunTh TEXHOJOTHIO PAOOTHI BO30OHOBISIEMBIX M  HETPATUIIMOHHBIX
HCTOYHUKOB YHEPTHUHU.
e PaspaboTaTh cxeMy reHepaTopa JIECKTPOIHEPTHUH.
e TlomoOpaTh KOMIUIEKTYOIIUE JISl CO3/IaHUSI DJIEKTPOCXEMBI.
e CoOpaTth cxemy.
MarepuanbHO, TEXHUUECKUE PECYPCHI.
e baza: YO «KinueBckuii rocy1apCTBEHHBIN arpapHO-TEXHUYECKUN KOJUIEIH.

e OOopynoBaHHME: CTaHOK CBEpJMJIbHBIM, MasuyibHas  CTaHUUS, JApeib
AIIEKTpUYEcKasi, yrionnpMaIinHKa.
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e 3. Marepuansl: nuct u3 Hepxaperomend crtaaun 100x100x0,8mM, camope3
4x6MM, KJIeil STTOKCHTHBIM.
[Ipennoiaraemplil pe3yJbTar:
o [.CHmxeHue OIODKETHBIX 3aTpaT Ha OCBEUIEHHE YYEOHBIX MACTEPCKUX
KOJUIE[Xa 33 CYET CO3/IaHMsI IONOJIHUTEILHOTO UCTOYHUKA SHEPTHUH.

B kxomnemxe ObUIO CO3JaHO  YCTPOMCTBO, KOTOpoe IpeoOpasyeT
MEXaHUYECKYI0 YHEPTUI0 OTKPBIBAHUS JIBEPU B CBETOBYIO DHEPIHUIO CBETHIJIbHHMKA. B
KauecTBe MPOTOTHMA JUIsi TEeHepaTropa OTKPBITHA JABEpH Oblla HCIOJIb30BaHA
AIIEKTPUYECKasi CXema caJIoBOro (hoHapHKa Ha COJIHEYHBIX OaTapesx.

AN Yenobuble 0003HaYEHUS:
L1
DOTF1 / 1T 2 3 &
[ I | [
Lo N MUkpocxema muna 5252
/] _ comesmas
/\/|/ Oamapes
PR | _— T OKKYMynsmop
~ \ | J, cbemoduodHsil
~— L \/ | ®oHape
St _]_
Bk nio4amens

(xema cadobozo chemumbHuka

~

Pucynok1- Cxema caoBOro cBeTUJIbHUKA

Hpuauun padorel: ConHile B TE€YEHUE JHS, OCBEIIAs COJHEYHBIA 3JIEMEHT
CBETUJIbHUKA, 3apsHKAET BCTPOCHHBIN aKKyMyJATOp. A C HACTYIUICHUEM CYMEpeK,
KOr/Ia COoJIHEYHasi OaTapes yKe€ He JJaeT DJHEPruH, JJICKTPOHUKA CBETHUJIHHUKA
BKJIFOYACT CXEMYy DJIEKTPOHHOTO TMpeoOpaszoBarelisi, KOTOPBIM mpeoldpasyeT
3aMaceHHYI0 YHEPTUI0 aKKyMYJsiTOpa B 0ojiee BBICOKOE HAMPsHKCHHE NJIsi MUTAHUS
CBEPXBSIPKOTO CBETOAMO/IA.

Bce conmHeuHble CBETHJIBHUKM MAajoro W CpPEJHEr0 IIEHOBOTO [vama3oHa B
HacTosmee BpeMs OOOPYIOBaHBI MPAKTHYECKH OJIMHAKOBBIMH  COJTHEYHBIMU
OaTapesiMu TUJIOIIAIbI0 HE OoJbIle 9 KBaJpaTHBIX caHTUMETpoB. CostHeuHast Oarapes
3apakaeT aKKyMyJsaTop. PasMep M eMKOCTh aKKyMyJIsiTOpa 3aBHCHT OT rabapHTOB
cBeTWiIbHUKA. Kak nmpaBuiio, NpuMEHSIOTCS CTaHAAPTHBIE aKKYMYJISTOPbI HEOOIBIION
WIH CpeJTHEN €MKOCTH.
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Pucynok 2 — Cxema cBETWIIbHHKA HAa TEHEPATOPE OTKPBITUS BEPU

Bes anexTponuka, 3a MCKIIOUEHHEM WHIYKTUBHOCTH mpeobOpaszoBarens L1,
COCpeIoTOYeHAa Ha OJHOW MHUKpocxeMme (B JaHHBIX CBETWJIbHMKAX HaWJEHBI JBE
OJIMHAKOBBIE MHUKpOCXeMbl Tuma 5252 u 5251). Mukpocxembl TpH CHUKEHUU
HaIpsOKEHUST OT COJHEYHOW Oarapen HayuHAIOT (HOPMHUPOBATH MYJIHCUPYIOIIHE
HANpPsDKEHUE U1 TUTaHUS CBEPXSAPKOTO CBETOAMOAA.

Jlns Hamero yCTpOMCTBA Mbl HCIOJB30BAIM MHUKPOCXEMY  CaJI0BOIO
CBETWJIBHUKA ISl YIPABJIEHUs BKIOUYEHUEM CBETA B 3aBUCHMOCTH OT OCBEILIEHHOCTH
MOMEIIEHNs. J[OMOMHUTENBPHO B 3Ty CXEMY Mbl YCTAHABIMBAEM TIE€HEPATOp OT
JUHAMUYECKOTO (DOHAPHUKA C BBIIPSIMUTEIBHBIM MOCTOM.

[Ipn HEAOCTATOYHOM OCBEIIEHHOCTH AKKYMYJISITOP YCTPOWCTBA 3apsiyKA€TCA OT
reHeparopa. ['eHeparop yCTaHOBKM B3ST W3 KapMaHHOro (oHaps ¢ JUHAMO-
MaIlIMHOM. B cymepkax COJIHEUHBIN AJIEMEHT BKJIIOYACT JIaMILy.
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Pucynoxk 3 — ®onapuk cagoBblii Pucynok 4 — ®oHapb CBETOIUOAHBIN

B y4yeOHOM MacTepckoi o1 pyKOBOJICTBOM CTapIIero MacTepa MpOU3BOAMIICS
MOHTa 3JIEMEHTOB 3JIEKTPHUUECKON CXEMbI T€HEPATOPA OTKPBITUS ABEPU, KOMIIOHOBKA
JeTaneil u coopka reepaTopa, mociie 4ero ObUI0 BEHIOPaHO MECTO YCTaHOBKHU.

PRS-y e P,

Pucynoxk 5 — C6opka reneparopa
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YtoObl MOATBEPAUTH SKOHOMHIO 3TOTO YCTPOMCTBA, Mpejiaral0 03HaKOMUTHCS €
TEXHUKO-3KOHOMHYECKUM II0Ka3aTeJIeM FeHepaTopa OTKPBITUS ABEPH.

Ta6J'II/II_[a 1 — TeXHUKO — PKOHOMHYECKHE TT0Ka3aTeIn réHeparopa OTKPBITHUA IBCPU

Ennnuna
[Toka3zarenb S 3HayeHue
N3MCPCHUA
CrouMocTh TeHeparopa py6ueii 18.6
OoTKpbITHS 1Bepu Cr
Pabouee HanpspkeHue B 1,2
[ToTpebasiemas cuiia Toka MA 20
[TorpebsiemMast MOLIHOCTD Br 0,07
CBeTOBOI MOTOK JIm 100
MouiHoCTh reHepaTopa Br 0,5
EmkocTh akkymyssiTopa MAY 1000
Bpewms nmonHoro 3apsiga [{UKIIOB «OTKPBITHE- 2000
AKKyMYyJIATOpa 3aKpBITHE IBEPH
BpewMms HenpepbIBHOM pabOThI wac 3
CBETOJIMOTHOM JIAMITBI
DKOHOMHUS 3JIEKTPOIHEPTUU IPU
HE BKJIIOUCHUH 4-X 6116 O=4namnbix0,04kBT*4
JIFOMMHECIICHTHBIX JIAaMIT Ha py gacax(0,26871=0,17
OCBEIICHHE KOPUJIOPA B JIEHb
T'onoBas sxoHOMHUSA pyOueii Oron=0,17%x255=43,6
Cpoxk okynaeMocTH JIeT 0=Cr/Oron=18,6/43,6=0,43

3a roJ MCHOJB30BaHUS YCTPOWCTBA MPUHOCHMAs UM SKOHOMUS COCTaBIsET 43
py6isa 60 komeexk.

3akioueHue

[Ipumenenue B PecriyOnuke bemapych TaHHOTO yCTPOMCTBA, SIBISIETCS BAXKHBIM
HMCTOYHUKOM CHWIKEHHUSI OIO/DKETHBIX 3aTpaT Ha OCBEIICHHE YUeOHBIX MaCTEPCKUX
KOJUIEI)KA, 33 CUET CO3JaHMS JOTIOJIHUTEIBHOTO HCTOYHUKA SHEPTHUH.

Jlureparypa

1. VYcTpoWcTBO i  OCBEHICHHWS TOMEIIEHUs [DIEKTPOHHBIA pecypc]/
YCTPOMCTBO ISl OCBELICHUS MOMELIEHHUS. -PexxuM octyma: http://energoeffekt.gov.by/
.— HMara nocrymna: 22.03.2021.
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YK 378.001
TATOBBINA DJIEKTPOIIPUBOJ TPAHCIHOPTHOI'O CPEJICTBA HA
OCHOBE ACUHXPOHHOI'O JIBUT'ATEJISL
TRACTION ELECTRIC DRIVE OF A VEHICLE BASED ON AN
ASYNCHRONOUS MOTOR
H.O. CaBko
Hayunsblii pykoBoautens — CuzukoB C.B., K.T.H., TOIIEHT
sizikovsv(@bntu.by
benopyccknil HAlMOHAIBHBIM TEXHUYECKU YHUBEPCUTET, T. MHUHCK
N.O. Sauko
Scientific adviser — Sizikov S.V., Candidate of Technical Sciences, Docent
Belarusian National Technical University, Minsk, Belarus

Annomayusn: B Oawunoti pabome pazpabomana cucmema  msA208020
INEKMPONPUBOOA OJisl 2PY308020 IEKMPOMPAHCNOPMA MAUCMPATIbHO20 muna. Js
peanuzayuy  cucmemvl — mMA208020  INEKMponpusoda  Ovll  pazpabomau
CNeyuanu3uUpPOBAHHbIN ACUHXPOHHDIL JIeKmMpoogueameb, U CUCMEMA BEeKIMOPHO20
ynpaenenus

Knwuesvie cnosa: s1ekmpomodunv, 31eKmponpugoo,  3pghexmueHocmo,
cKopocmb, 2papux.

Annotation: In this paper, a system of traction electric drive for electric freight
transport of the main type has been developed. To implement the traction electric
drive system, a specialized asynchronous electric motor was developed, and a vector
control system

Key words: electric car, electric drive, efficiency, speed, schedule.

BBenenue

Onexrpomobunu (OM) Ha CErOAHSIIHUMA JIEHb MPEACTABISIOT COOON OJUH U3
HauOoJsiee TEPCIEeKTUBHBIX TyTeW pa3BUTHS aBTOTPAHCIOPTA, SHEPreTHUECKOU
0€30MacCHOCTH M COKPAILEHUIO BbIOPOCOB 3arpsi3HSIONIMX BELIECTB B ropojaax. B
JIOJITOCPOYHOM TMEPCIEKTUBE AJIEKTPOMOOWIIM BaXXHbI ISl CTpaH, CTPEMSIIUXCSA K
YMEHBIIIEHUIO YpPOBHS BHIOPOCOB YTJIEBOJOPOJOB OT HA3eMHOTO TpaHCIOpPTa B
ropojax.

DneKTpOMOOUIIL B CBOEM COCTaBE MMEET CHUCTEMY TATOBOTO DJIEKTPOIPHUBOJIA,
KOTOPBIH TpeaHAa3HAYeH I TPUBCACHHUS B JBW)KCHUE TPAHCIOPTHBIX CPEICTB
(9TEKTPOBO30B, AJIEKTPOIOE3/I0B, TEIJIOBO30B M TEIUIOXOAOB C AJIEKTPOIPHBOIOM,
TpamMBaeB, TPOJIJICHOYCOB, AIEKTPOMOOUIICH U T.11.).

DNEKTPOTPAHCIIOPT CTAHOBUTCS HEOTHEMJIEMOW YacThlO COBPEMEHHOTO MUPA,
TaKUM 00pa30M aKTyaJIbHOCTh JJAHHOUW paOOTHI HE BHI3IBAET COMHECHHIA.

OcHoBHas yacThb

[IpuHnunuanbHOE OTIWYWE JIAHHOTO TPOIEccCa PEryaupOBaHUS CKOPOCTH
TATOBBIX DJIEKTPOJIBUTATENICH (BTOPOTO XapaKTEpPHOTO TMporlecca B 3aMKHYTOM
CHUCTEME) OT IMpollecca M3MEHEHUS MapaMeTpoB C IIeNbI0 (OPMUPOBAHUS HOBOH
MEXaHMYECKOM  XapaKTepUCTUKM 3aKIIIOYaeTCs B  BO3MOXKHOCTH  IMOJTYYCHHS
Pa3TUYHBIX 3HAYCHHUIA CKOPOCTH DJI IpH MOCTOSHHOM 3HAYCHHH BEJTUYHMHBI MOMEHTA
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conpotuBieHusi. Bo3nelicTBue BOAUTENST TMPU  ITOM  SIBISIETCS  BHEIIHUM
BO3JEUCTBUEM.

3a OCHOBY NPOMBIIUIEHHON yCTaHOBKM IpuMeM rpy3oBUk MA3-4371C0, nis
KOTOPOT0 HEO0OXOIUMO pa3paboTaTh TATOBBIM AIEKTPONPHUBOMA, KOTOPHIA 3aMEHHUT
umeronuiicsa JIBC.

Ha anexTpomMoOuiiv ycTaHaBIUWBAIOT JUTUH-HOHHYIO OaTapero, KoTopas COCTOUT
U3 HECKOJIbKUX MOAYJIeH, COSTMHECHHBIX MKy CcO0OO0M. BbIgaBaemblii TOK Takoi
Oatapen cocraBmser mopsaka  400-600 A OCTOSHHOTO TOKa, a €€ eMKOCTh
COOTBETCTBYET MOUTHOCTH 3JIEKTPOABUTATENS.

Cuia COpOTUBIICHUS ABMKEHUS B TOPY OMpPEAesIeTcs mo Gopmyrie:

E, = mg - sina; (1)

K anextponpuBory npeabsBIistOTCs CIEAYIONINE TpeOOBaHUS:

- BpeMsl peryJIMpOBaHus JOJIKHO ObITh, KAK MOKHO MEHBIIIE;

- OBICTPOJICHICTBHE OTPAHUYNBACTCS 3HAUEHUEM PBHIBKOB;

- mepeperynupoBanue < 5%;

- KOJIMYECTBO ITyCKOB M TOPMOKEHHUI OIpPENEIseTCd W3 SHEPreTUYECKUX
ITOKA3aTeJen AIEKTPONIPUBOAA;

- MaKCUMaJIbHasA CKOPOCTh Vi qpy = 90 KM/y;

- MUHUMaJbHasi CKOPOCTh Vi = 5 KM/4;

- Irana3oH peryiupoBanus D = 18;

- ycxopenue 0,6 m/c?,

Pacuér MexaHW4eckOW YacTH  aBTOMAaTU3UPOBAHHOTO  AJIEKTPONPHUBOAA
MexaHu3Ma. [[ns aHanM3a MEXaHWYECKOW YacTH JJIEKTPONPHUBOAA HCIIOIb3YETCS
MEePEX0/ OT PeaJIbHOU KHHEMATHUYECKOW CXEMBbI K OJTHOMACCOBOM.

Pacuetnast cxemMa 0JHOMaccOBOM CUCTEMBI IIPUBEICHA HA PUCYHKE 1:

Js
Mc

NV N
SR )

Wapes Mae

Pucynok 1 — PacueTHas cxema 0JIHOMacCOBOM CHCTEMBI AJIEKTPOIIPHUBOAA

Iy = 6 '];LB +jmexnpr (3)

Ha  pganHOM  »Tame  OPOEKTUPOBAHMS ~ MOMEHT  HMHEPIMU  pOTOpa
AIEKTPOABUTATENSI HEU3BECTEH.

[Tonnas cHapspk€HHAs Macca aBToMOOWIIS (my): m, = 12000 kr.

MaxkcumanbHast ckopocTb Vi, 0, = 90 kM/u = 25 M/c.

Ha «kaxmoidi mnepegaye »SIEKTPOJABHUrarellb BBIXOJUT BO BTOPYIO 30HY
perynupoBanus Ha ckopocTsx oT 314 no 840 pan/c.

Paccuntaem TouHble ckopocTH aBToMOOWIs mpu nepeximrodeHun AKIIIT s
BTOPOI1 30HBI PETYIUPOBAHUS:
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V . 0)400_840 ' RK . (400 - 840) ' 0,405
st i 15,25

[IpumeM MakcUMallbHYIO HArpy3ky HEOOXOJAMMYIO JUIsi  pasroHa [0
MaKCHUMaJIbHOW CKOPOCTH C MaKCUMAaJIbHOM 3arpy3Koil Ha POBHOM Y4acTKE JOPOTH:

f = fy(1+(0,006-1V,)%) = 0,007(1 + (0,006 - 25)2) = 0,0072,
F.=mg-f =12000-9,81-0,0072 = 840 H,
F,=k, S-V2=048-7,7-252 =2310H,
m-a = 12000-2 = 24000 H,
F, = F. 4 F, + ma = 840 + 2310 + 24000 = 27150 H.

Bpewms pasrona:

M
= 10,68 — 24,5 o

v, 90-1000
t | =E— ==
P a 0,6-3600
HCXOI[H nu3 HOHy‘—ICHHBIX JAaHHBIX, MOJKXHO paCCqHTaTb MOIIHOCTBD,
HGO6XOI[I/IMyIO JJIs1 I1BUKCHU A aBTOMO6I/IHﬂ IIpU JaHHBIX YCJIOBHUAIX.

P=F-V,=3150-25 = 78,750 Br.
Heo0xonumo npuBecTy JaHHBIE CUJIbI K MOMEHTY Ha KOJIeCe MEXaHU3Ma:
Mg =F,-R,=27150-0,405 = 10995,75 H,
M=F-R,=3150-0,405 = 1275,75 H.

CkopocTHas XapakTepUCTUKa MEXaHW3Ma MPEACTABICHA HA PUCYHKE 2:

100 CkopocTHas xapakrepucrtuka V(t)
/_

z /

Z50

)

=

o

g 0

o

S 0,00 10,00 20,00Bpemn, 39,00 40,00 50,00

PI/ICYHOK 2 — PacuerHas CKOPOCTHAA XapaKTCPHUCTHKA MCXaHNU3Ma

[TapameTpamu 3JIEKTPUYECKUX MAIIWMH HA3BIBAIOTCS AKTUBHBIE U MHIAYKTUBHBIE
conpoTuBiieHus: T-00pa3HOM IEKTPUUECKON CXEMBI 3aMEIICHUS
(pucyHoOK. 3).

Pucynok 3 — T-o0pa3Hasi cxema 3aMeIIeHUs aCHHXPOHHOTO JBUTATENS
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Hap aMCTpbl ACHMHXPOHHOI'O  ABUIAaTCJII MOXKHO  CUHMTATh  ITOCTOSHHBIMHA
HCU3MCHHBIMU.

M ame: IEfficienc_l,l vz Output Power j

ANSYS

96.00
92.00
—_ 4 Curve Info
g Efficie
—_— ney
)
c
[
5
i 87.00
§2.00 — T T T [ T T T T [ T T T T [ T T T T [ T T T T
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

utput Power (W)
Pucynok 4 — 3aBucumocts KII/] acMHXpOHHOTrO BUTaTeNsl OT €r0 MOIHOCTH

Hcxonst u3 mostydeHHBIX pe3ybTaToOB, MOXKHO CYJIUTh O To, 4To KIIJI aBurarens
JIOCTUTAET MaKCUMaJIbHO 95%, COSQ aCMHXPOHHOIO JBHUTaTENsl COCTaBisieT 87%.
JIBurarenb B COCTOSTHUM pabOTaTh B AMana3oHe 4acToT BpamieHus 10 9000 06/MuH, B
peXHUME TIOCTOSTHCTBAa MOIIHOCTHU, M UMEET HEeOOJIBIIION 3arac Mo MOMEHTY Ha BCEM

AUAIa30HC 4aCTOT BPAIICHMA.

la]
220008400
20533400

QL
— c\‘?‘i“n;%!’

2,

B 7asmsEm
5.8687E-01
44000201
28313E01
1.4687E-01
0.0000£+00

8 [tesk
117338490 -
1.0267E400 . A \ =
B s on0e01

Time = 8.00003s
Speed = 8955 624903pm [
Postion = 52.17774Tdeg o 100 200 (mm)

Pucynoxk 6 — 3HaueHre MarHUTHOW MHYKIIMA ACHHXPOHHOTO ABUTATENS 1J1st ckopoct 9000
00/MUH NPH HOMUHAJIBHOM Harpyske
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ApWoim]

Time = 6000035
Speed = 8955 624903mm
Posilion = 52.177747deg

100 200 (mm)

PucyHnok 7 — 3HaueHHe MarHUTHOTO MOTOKA, JIEKTPUUYECKON MaIIuHbI Ipu ckopocTu 9000
00/MUH NPH HOMUHAIBHOW Harpy3Ke

[To momydeHHBIM pe3ynbTaTaM pacuéTa aCHHXPOHHOTO IBUTATENS 3aIlOJTHUM
tabmuy 1.

Tabmuma 1 — [TapameTpsl cxeMbl 3amenieHus A/
R;,Om | X;,0Om | Ry, Om | X5,OMm | X, OM | Lo, TH | Ly, T | L, I'H
0.012 0.0857 0.0064 0.0779 1.43 0.0001 | 0.0001 | 0.0015

JubdepeHmaibable  YpaBHEHHS,  OMHUCHIBAIOIIME  AJICKTPOMEXaHHUYECKOE
nmpeoOpa3oBaHWe SHEPIUM B ACHMHXPOHHOM KOPOTKO3aMKHYTOM JIBHTATelie IPHU
OMKMCAHUU BO Bpalaromieiics cucreMe koopauHatr XY OyayT UMETh CICAYIOIIUNA BU/T;:

2 .
(  L12d%5 L12 digx_;
ulx—Rlllx 1 L, dt H L4 ( at llywo),

L dt

dw¥ L
dtz _ R/ L12 - (5)

L dl]_ .
uly—R111y+ le(A)o"‘(Ll 12)( y—llxwo)

R,
1 0=29,+
L,
rLiz.
0= Rz lly Y,w,,

3 L12 ,
\ _pn Ly lIJ2"1_'y;

[IpencraBum TpeTbe U YETBEPTOE YPABHEHHS CUCTEMBI YPABHEHUN B BUJIE:
!
R;

p, =gy lz; K2y
b, 2L2 1x L, 2

_ , L2,
Lpzwo — lpz(l) + RZ _I'ly'
L,
[Tepenatounas GyHKIMs 3BeHA, MpeoOpasyroias MPOEKIUI0 TOKAa CTaTopa i, B
norokocuerienue W,, nmeeT BU:
Y, Ly
i1, Top+1

CrpykTypHas cxema oObekTa ympaBieHus (Al u  npeoOpazoBaTenb
HaIpsDKEHMs) BO Bpaljarolencs cucreMe Koopaunatr XY MpeacTaBieHa Ha puc 8.

W, =
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Ly, L,, L — WHAYKTUBHOCTH CTAaTOpa, pPOTOpa M B3aUMOWHIYKLIHH
COOTBETCTBEHHO:

L, =Ly, + L, = 0.00009 + 0.0015 = 0.0016 TH,
L, =L,y + L,, = 0.00008 + 0.0015 = 0.0016 TH,
Ly, = L,, = 0.0015 T

SHCKTPOMaI‘HI/ITHaH IMOCTOAHHAA BPCMCHHU LCIIN POTOPA:
L, 0.0016

T, = R = 00064 " 0.2513 c.

KoadduimenT MarauTHOM CBSI3U poTOpa:
Ky = iz _ 00015 1 9435,

L, 0.0016

3aI[aHHOC 3HAYCHUC ITOTOKOCHCIVICHUA pOTOpa:

1 | 2M,Ry 1| 2-384-0.0064 03198 BG
Vox = Dol 30ononSuom 343 - 314.16-0.0057 '

3aI[aHHI)IC 3HAYCHUS TOKOB i/, U I Iy PACCUYUTBIBAIOTCA 110 BBIPAKCHUSAM

4y, 0.3198
=12 _ = 210.76 A,
M = T 0.0015

emax = 201, = 2+ 210.7582 = 421.52 A,

. . 2Mpax _ 2-725 =534.01A
Mymex = 3, KW  3-3-09435-03198 o

[TocTostHHBIE BpEMEHM LIETIH CTATOPA:

L, 0.00009
T =27 = o1z = 00076¢
oL, 0.1099-0.0016
Ty =R = 0012 = 0.0147 c.

MaxkcumasbHble 3HAUEHUSL HATPSKEHUH 110 OCAM X U Y:
Uix max = Rilix max — @10L1l1y max
Uix max = 0.012-421.52 -2 -7 -150-0.1099-0.0016 - 534.01 = —83.89 B,
Uty max = Riliy max + @1 (W2x + Ligiix max)s

Uiy max = 0.012-534.01 4+ 2-m- 150 (0.3198 + 0.00009 - 421.52) = 343.92 B.



DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

_____________________________________________
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@?— - Kpc ' Tn'lp . ©
K—OC
Pucynok 8 — CtpykrypHas cxema A/l u npeobpa3zoBaTesis HalpsHKEHUS
3akiIroueHue

OnTuManbHOM CHUCTEMOl pEIIeHO BbIOpaTh ACHHXPOHHBIM JBUTaTeNb —
npeoOpa3oBaTeib YaCTOThI, U CIIPOCKTUPOBAHA (PYHKIIMOHAJIbHAS CXEMA.

Pacuér w® 1mocTpoeHHMe Harpy304YHBIX JuarpaMM IIOKa3aj, B KaudecTBe
AJIEKTPOJBUraTeNsl  HEOOXOAMMO  BBIOpaTb  ACHHXPOHHBIM  JBUTAaTelb  C
KOpPOTKO3aMKHYThIM  potopom  AUP280S8 P, = 50kBT, ny,, = 740 06/
MUH. [locie BbIOOpa ObLIa Mpou3BeieHA MPEABAPUTENbHAS IPOBEPKA IO HATPEBY.

B kauectBe mpeoOpazoBaTensi DJIEKTPUYECKOM DHEpruM ObUT  BHIOpaH
npeobpasoaresb 4acToThl pupmel Brusa DMC524 B, = 60kBT, Io),, = 108A.

Komnrerorepnast UMUTAIIOHHAs MOJIETb aBTOMATHU3UPOBAHHOTO
AJIEKTPONPUBOAA MeXaHuW3Ma B cpeae Matlab mno3Bonmna npomoaenupoBaTh
NEPEXO/IHbIE MPOLECChl B CHCTEME U 0oJieeé TOYHO OIpPEeNeInTh ONTHUMAJbHBIC
3HAYEHUs] PEryJasaToOpoB. PaccuMTaHbl 3aBUCHMOCTH 3aJarolIero BO3ACHCTBUS OT
BpemeHH. [locTpoeHbl cTraTuueckre XapakTepUCTUKU 3JIEKTPOIIPUBOIa U PACCUUTAHBI
NEepEeXOAHbIE MPOLECCHI, ONPEAEICHBI I0KAa3aTeIN Ka4yeCTBa CUCTEMBI.

B cBs3u ¢ TeM, 4TO NaHHAs YCTAaHOBKAa HE HMMEET 3a3eMJICHHS, W JOJDKHA
COOTBETCTBOBATh  OCOOBIM  TpeOOBaHUS MO  AJIEKTPOOE30MaCHOCTH,  ObLIM
pPacCMOTPEHBI BOMPOCHI OXPaHbl TpPyAa M OMHCAHBI MeEphl 0€30MacHOCTH MPH
AKCIUTyaTallul aKKyMYJISITOPHBIX OaTapei.

DkoHOMHYECKOe 000CHOBaHHME TEXHHUYECKHX PEIICHUH MOoKa3ano, 4TO JaHHas
CHUCTEMa HE MMEET BBICOKOTO SKOHOMHYECKOTO MPEUMYIIECTBa, OJHAKO 3TO MOXKET
3HAYUTENIbHO U3MEHUTDH B OJIKalIIeM BpEMEHHU.
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Abstract: The article discusses two basic methods for calculating DC electrical
circuits, their features and applications. One method is most effective for circuits
with up to three nodes, the other is most effective for circuits with more than three
nodes.

Keywords: Kirchhoff’s laws, loop method, equation, node of electrical circuit,
direction of current, loop, loop current, circuit branch.

Introduction

One of the most common tasks in electrical engineering is the calculation of a
DC electrical circuit. And its solution is based on Kirchhoff's and Ohm's laws. There
are several basic methods for calculating DC electrical circuits two of which we will
consider.

The first is a direct application of Kirchhoff's laws to a circuit according to
which equations are made according to the first and second laws. Almost any circuit
can be calculated using this method, but the more nodes there are in the circuit, the
more equations have to be made and the longer it takes to solve them [1]. For this
reason, it is most efficient to calculate circuits through direct application of
Kirchhoff's laws when there are no more than three nodes.

If the circuit will have more than three nodes, it makes sense to apply the loop
method. The method is based on Kirchhoff's second law and the calculation of true
currents through loops and allows the overall number of equations to be reduced [2].

Main body

Calculation of a direct current electrical circuit through direct application
of Kirchhoff's laws

Consider the sequence of circuit calculations through Kirchhoff's laws on the
example of circuit 1.1 [3], fig.1. Resistances and EMF of all elements are known. It is
required to find out the currents in all the branches of the circuit.

P / .-" hY N, R

E(t) /Ra/ Rﬁ.m\_: (1)E:
¢ Rs (<)}—%
E;

Fig.1 — Circuit 1.1
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The number of unknown currents is equal to the number of branches (sections of
circuit starting at one node and ending at another) in the circuit. The circuit 1.1 shows
five branches, hence it follows that the unknown currents are also five, 11, I, I3, 14, Is.

The number of independent loops (a closed circuit section containing at least
one new branch) is three.

According to Kirchhoff's first law, the number of equations to be made up is n-1,
where n is the number of nodes. In this case the number of nodes is three and the
number of equations according to Kirchhoff's first law is two [2].

Let's designate the nodes and the directions of currents and loop bypasses, fig.2.
The directions are chosen arbitrarily as this has no effect on the end result. If we get a
negative result for the currents, this will only indicate that the true direction of the

currents is opposite to the one chosen.
Fig.2 — Circuit 1.2

-.-:". .::} -.l‘l"'-__ ]:I:[
E(t) , Igﬂ L WRs\\ (1)E:
4 7 " ‘ e
.-"/ N
/1. Is §
I-i s Rj { l‘/ {_\} -.__.‘3
I3 ! Ey

Now make the equations according to Kirchhoff's first law. The currents leaving
the node will be negative and those entering the node will be positive [3].

NOdel' _11_13 _14 :O
N0d62111—12+14+15 =O
Next, we have to make equations according to Kirchhoff's second law. The
number of equations in this case is equal to the number of independent loops, we
have three of them [2]. The EMFs and currents whose directions match the chosen
direction of the loop bypass will be positive, and those that do not match will be
negative [3].
LOOp I: IlRl - I4_R4_ = El
LOOp II I4R4 - 15R5 - I3R3 = E3

LOOp [1I: IZRZ + I4_R4_ = _EZ
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In the end, the resulting system of equations will look as follows:

( _Il — 13 — 14 =0
11_12+I4+15 =0
IiRy — 4Ry = E4
I4_R4 - 15R5 - I3R3 == E3

\ 12R2 + I4_R4 = _EZ

N

The system can be calculated in matrix form using the Cramer method.
It is useful to use the power balance [1] to check the correctness of the
calculations. If the directions of the EMF and the current do not coincide, the power

will be negative.
z El = z IR

E\l, — E;I, — E3l; = RyI? + Ry12 + RyI? + RyIZ + Rcl?

Calculation of direct current electrical circuits using the loop method

When calculating complex circuits with more than three nodes, it is not practical
to make equations according to Kirchhoff's laws, because the resulting system of
equations is much too complex. In this method, the equations are only compiled for
loop currents. Thus we exclude from the system the equations which are composed
according to the first Kirchhoff's law [2].

Consider circuit 2.1 [4], fig. 3. Resistances and EMF of all elements are known.

It is necessary to determine the currents in all branches of the circuit.
Fig.3 — Circuit 2.1

Circuit 2.1 has six branches and six unknown currents 1y, I, I3, 14, Is, Is, as well
as four current sources and three independent circuits.
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Let's number the nodes, mark the directions of currents and chose directions for
bypassing the loop currents, circuit 2.2, fig.4.

Fig.4 — Circuit 2.2

Since there are three independent loops in circuit 2.2, there will be an equal
number of equations made according to Kirchhoff's second law for the loop currents
51, I, I33. These equations will be made in overall form, which requires calculating
the eigen-resistances of all loops R;i1, R», Rss, they are equal to the sum of all loop
resistances [1]. Also it should be determined their relative resistance Ri», R»1, Ro3, Rz,
Ri3, R, they are equal to the resistance of the overall branches of the two loops and
are negative if the directions of the loop currents coincide [4].

Ri1 = Ry + R3 + Rs
Ri2 =Ry1 = —R3
Ry, =R, +R;+ R,
Ry3 = R3; = —R;
R33 = R, + R5 + Rg
Ri3 = R31 = —Rs
Now we should find the EMFs of loops E11, Ex, E33, they are equal to the sum
of the EMFs in their loops, with those EMFs whose direction coincides with the
direction of bypassing of the loop currents being positive. However, due to the

specificity of the circuit the EMFs of the sources will only change their sign
depending on the loop in question but will not change the result [1]. Therefore, in the
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system of equations, instead of the EMF of the loops Eii, E», E3; the EMF of the
sources £} and E> will be written.
The system of equations will have the following overall form:

Ri1l11 + Ryply; + Ryglzs = —E
Ry11h1 + Rypl55 + Ry3l33 = E)
Ry114 + R33055 + R33l33 = —E)

Since the resistances and EMFs on are known from this system we will get the
values of the loop currents Iy, l», [33. It is also possible to use the matrix form,
Cramer's method, for calculations here. Assuming that the values of the loop currents
are the same as the real currents in the outer branches, but equal to the difference of
the adjacent loop currents in the inner branches, we find the branch currents [2].

If the direction of the real current does not coincide with the loop current, the
latter is written with a minus sign [4].

L =—Ij;
Iy, = Iy,
lg = —I33

I = I, — I3
I3 = I, — 114
Is = I35 — I14

It remains to check the power balance.

z El = Z I’R
Eil, + E,I, = R{I? + RyI% + R3IZ + R,IZ + R5I§ + RGIZ

Conclusion

Having considered the direct application of Kirchhoff's laws and the loop
method for the calculation of a direct current electrical circuit, the following
conclusions can be made:

1) The two methods are based on Kirchhoff's laws and are suitable for the
calculation of direct current circuits;

2) The loop method makes it possible to calculate the currents of all branches
with less time than the direct application of Kirchhoff's laws.

Since the direct application of Kirchhoff's laws results in systems with a large
number of equations, for the calculation of complex branched circuits with many
nodes and independent loops it is more rational to use the loop method.

Independently of which method to use for calculating the circuit, the correct
answer will be obtained.
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Abstract: This paper describes the possibility of using quantum measurements
and quantum computers, as well as problems of information entropy.
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Yerepras UuaycrpuanbHas peBOMIONUS y)KECTOUMIA TpeOOBaHUS K TOUHOCTH
KOHTpPOJSl MMAapaMeTpOB TMPOAYKIMHM M TMOCHYKWJIAa CTUMYJIOM JUIsl Pa3BUTHUS
KBAaHTOBBIX H3MepeHuid. AHaimm3 pabotr [1-7] mo3Bosaui chenaTh BBIBOJ, YTO
KBAaHTOBbIE W3MEPEHUSI PEATMU3YIOTCS MNPH TOMOIIM KBAHTOBBIX KOMIIBIOTEPOB U
Touek. KBaHTOBBIN KOMIIbIOTEp 00pabarbiBaeT MHGOPMAIIUIO WHAYE, YeM OOBIUHBIMI
WU «KJIACCUYECKUI» KOMITBIOTEP B JBYX (PyHIaMEHTaIbHBIX acnekTax. KBaHTOBas
TOYKa — 9TO HAHOKPHUCTAJd HEOPTaHUYECKOIro MOJYIPOBOJAHUKOBOIO MaTepuasa
(kpemuus, ¢ochuna uHaMs, ceineHuaa kaamus) [2]. KBaHTOBbIE BBIYHCICHUS
MPEAOCTABIISIIOT HOBYIO MAPAUTMY JJIsl PEIICHUS CJIOKHBIX 3371a4 ONTUMU3ALIUH.

Mertepeosorusi. KBaHToBBIC KOMITHIOTEPHI UCIIOJIb3YIOTCS TUISt
KapTtorpadupoBaHMsl YpPE3BbIYAHHO CIIOKHBIX MOTOJHBIX YCIOBHM, MPEIOCTABIATH
MPOTHO3BI JIi  HEOOJBIINX, OO0Jee KOHKPETHBIX PETHOHOB, B OTJIUYHE OT
«CTaHJAPTHBIX» MOTOJHBIX cHCTeM, OHU MOryT [2]. Tak, Ha BeicTaBke CES 2019
reHepasibHbil  aupekrop IBM  JlxunHu Pomertu npeacraBuina HOBYKO CHUCTEMY
MIPOTHO3WPOBAHUS TOTOJIbI, pa3paboTaHHyl0 KommaHnuen copmectHo ¢ The Weather
Company. UtoObl MOBBICUTH TOYHOCTH TMPOTHO3a B pErHOHAX, TJE€ HET
CHeIMaIN3UPOBAHHBIX METEOPOJIOTHIECKUX YCTaHOBOK, B IBM coOupatorcs BnepBbie
MCIIOJIh30BAaTh JAaHHBIC C JATYUKOB aTMOC(Ephl, YCTAHOBJIEHHBIX Ha camolierax [3].

Kubepbe3onacHocTs. KBaHTOBBIE KOMIBIOTEPHI MOTYT OCYIIECTBIISATH B3JIOM
aNropuT™MOB  ImMdpoBaHMs, 3amuarmux uHpacTpykrypy HHTEpHEeTa WM
KOH(UIeHIMaIbHble JaHHble. KBaHTOBOOE30MACHBIE AJITOPUTMBI  BBINOIHSIOT
mudppoBaHre  (PUHAHCOBBIX W OAHKOBCKMX  ONepauuid, = BOCHHOM U
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MPAaBUTEIIbCTBEHHON CBA3U, KOPIOPATHBHBIX CETE€W, MEIULUWHCKUX 3aluceul u
JUYHBIX JaHHBIX B oOmake [2].

AKKyMYJISITOpBl HOBOTO TOKOJieHHs. B cBoem uccnenoBanuu IBM u Daimler
CUMYJIMPOBaIM OCHOBHOE COCTOSSHUE MW  JUIOJBHBII  MOMEHT  MOJIEKYII,
UCIIOJIb3yeMbIX B JUTHI-cepHOM Oartapee: ruapun autusa (LiH), cepoBogopon (H2S),
ruapocyibduna mutus (LiSH) u cyneduna nutus (Li,S). Beruucnenus coBepiaimch
C HKCIIOJNB30BAaHMEM YEThIpeX KyOUTOB KBaHTOBOro kommeiorepa IBM Q Valencia.
UccnenoBatenu Daimler cuuTaioT, 4TO KBAHTOBBIE KOMIIBIOTEpPHI CIIOCOOHBI C
BBICOKOM TOYHOCTBIO CHUMYJHPOBATh U BBIYUCISATH IMOBEICHUE MOJICKYJ B JIUTHUM-
cepHbIX Oarapesx. [lenb MONEKyIsIpHON CUMYJISIIUM — HAUTH OCHOBHOE KBAaHTOBOE
COCTOSIHHE DJIEMEHTA, €T0 Hanbosee cTabuibHy0 KoHpurypamnwmro [4].

ConHeuHas »SHeprusi. ABCTpaIMNUCKUE UCCIEIOBAaTEed U3 YHUBEPCUTETA
KBuHcinenna yxe pa3zpaboranu THOKME W I€YaTaeMble KBAHTOBBIE TOYKH,
obecnieunBaronire 3hGEeKTUBHOCTD ITpeodpa3oBaHus 3Hepruu 6osiee uem Ha 16 % [5].

OnTuMuzaiusi JOpPOKHBIX Maructpaied u TpadukoB. B 2018 r. Ha
TexHuueckoi koHpepenrun Web Summit B JIuccabone (IlopTyranus) aBTOKOHIIEPH
Volkswagen Group aHOHCHpOBAJ CHUCTEMY YIPABJICHUS JOPOXKHBIM TpadUKOM Ha
OCHOBE KBaHTOBbIX BbiuuciieHut [2]. ['pynma UT-cneumanuctoB Volkswagen
paszpaboTana ajaropuTM Ui PEryJUpOBaHUS TPAHCHOPTHOTO IOTOKA, HCIOJIb3YS
BO3MOXHOCTH  BBICOKOIIPOM3BOJIUTEIIBHBIX  KBAHTOBBIX  KOMIIbIOTEPOB.  Jlis
peanuzanuu  npoekta Volkswagen BOCHOIB30BaJIaCh MOIIHOCTAMH KBAHTOBBIX
KOMITbIOTEpOB KoMnanuu D-Wave. C moMOIbi0 HOBOWM TEXHOJOTHUU «YTPABIISIOIINAEC
OOIIIECTBEHHBIM  TPAHCIIOPTOM  OpPraHU3alMU, TaKCOMapKU ¢  IMOCTABIIUKU
TPAHCTIOPTHBIX yCJIYyr CMOryT emie Oosnee S(PPEeKTUBHO HCMHOJB30BAaTh CBOU
apTonapku [1].

Memuuuna (quarHoctvka 3a0osneBaHuMM Ha paHHMX cTaausx). Koprnopanwus
Microsoft, uccienoBarenn KOTOPOH COBMECTHO ¢ YUYeHBIMH M3 YHUBepcurera Keiic
Bectepu Pesep (Case Western Reserve University) B KiuBnenae ycmnemnrHo
MPUMEHWIN KBAaHTOBbIE QJITOPUTMBI K METOAY MEIUWLUHUHCKON BU3YyaJIU3alUUA -
MarHuTHoO-pe3oHaHcHO#M maktuiockormuu (MRF). B To Bpemsi kak TpaauiMOHHAs
MarHUTHO-PE30HAHCHAass ToOMOTpadusi MOXKET HUICHTU(DUIIMPOBATH TOJBKO CBETIIbIC
unu TemHbie oOmact, MRF cnocoOHa TOYHO pa3nuyarh TUITBI TKAHEH, IMO3BOJISS
noJty4ath 0oJsiee moapoOHbIe U UHTEPIPETUPYyEMbIe n300paxeHus [6].

®dusuka sr1emeHTapHbIX yactul. Ha bonbsimom anponnom kosutaiiaepe B LIEPHe
(EBpomnelickas opranuzaius 1o sigiepHbIM UCCIEIOBAHUIM) JAIOT JaHHBIE 10 OJTHOMY
neradaTy B CEKyHJAy OT MWUIMApJa CTOJIKHOBEHUN YacTHUIl KaXAYH CEKYHIY.
AHaJIi3 BBITIOIHSAETCS HA OJJTHOM MUJUTMOHE MPOLIECCOPHBIX saep, padoTaromux B 170
HeHTpax oOpaboTku JaHHBIX 1o BceMy Mmupy. K 2027 romy BbIYMCIUTENbHAS
MOIITHOCTb, He0OXoauMas it 00padoTku U aHanuza gaHHbix [[EPH, yBenuuutcs B
50-100 pa3z. LIEPH yxe nadan paborarh ¢ IBM Ham KBaHTOBBIMH KOMIBIOTEPAMHU.
UccnenoBarenu HMCMOIB30BAIM «KBAaHTOBYIO MAITMHY OMOPHBIX BEKTOPOBY, YTOOBI
YBUJETh, KaK KOHTPOJUPYEMOE KBAaHTOBOE MAIIMHHOE OOY4YeHHE MOXKET OBITh
WCIIOJB30BAHO I HWJASHTHU(HUKAIUU COOBITHH 0030HAa XuWrrca B JaHHBIX O
CTOJIKHOBEHMSIX. [lpyrasg rpymnma wucclieioBaTeliel yCHENHO CMOJAENINpoBalia
pelIeTOuHbIe KAIMOPOBOUHBIE TEOPUU HAa KBAHTOBOM KOMIIbIOTEpE [2].
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Hpyrue oOnacTH TPUMEHEHUS KBAaHTOBBIX TOYEK - 3alllATa JOKYMEHTOB U
u3nienuii ot ¢anbcuuUKaIMM, HW3rOTOBICHUE W WACHTHU(HUKALMSI MapKepoB B
MEIUIIMHCKUX M OHOJIOTUYECKUX MCCIEOBAHUAX, MPOU3BOIACTBO COBPEMEHHBIX
JUCIUIEEB, JIA3epHbIE TEXHOJIOTUH, DHEpreTHKa [5].

B mnocneaHue HECKOJIBKO JIET MPaBUTEIbCTBA MO BCEMY MHUPY U KPYITHBIC
TEXHOJIOTHYECKUE KoMmnaHuu, Takue kak Google, IBM, Microsoft, Alibaba u mHoTHE
Jpyrue, MTHBECTUPYIOT CPEJICTBA B KBAHTOBBIC BhIUUCICHMS. [IprMepbl BKIIOYAIOT B
ceOst eBpomeicKkuii (rarMaH KBAHTOBBIX TEXHOJOTHH CTOMMOCTBIO 2 MUJUIAApIA
€BpO, KBaHTOBBKIN LIeHTp Kutas ctoumocthio 10 mummmapaoB nomiapoB CILIA u cuer
3a KBAaHTOBBIC BBIYMCIEHUSI B pasMmepe 1,2 muimuapaa aosapoB CIIIA. Yuensie u3
KopHenibckoro yHuBepcuTETa NpOBEIIA CUCTEMATUUECKOE UCCIEAOBAHUE KBAHTOBBIX
BBIYUCJICHUN [1JI1 3a7a4 ONTUMHU3AIUMU DHEPreTUYECKUX CHUCTEM, BBISIBUB HOBBHIC
nepciektuBbl. Tak, B sHBape 2019 ronma kpynHas razoBas xommnanus ExxonMobil
noanucana cornamenue ¢ IBM o pa3paboTke sHEPreTUYECKUX U MPOU3BOJICTBEHHBIX
TEXHOJIOTUH HOBOTO MTOKOJIEHUS C UCIIOJIb30BAHUEM KBAHTOBBIX BBIYMCIICHUH [8].

B Tabmuue 1 moka3zaHbl cpeibl BBIMOJIHEHHS] OJHOTO SiApa Tpoleccopa H
KBaHTOBOI'O Mporieccopa D-wave s pa3iiuyHOTO KOJIMYecTBa 00bekToB. Talmiwuila
MMOKA3bIBAET, YTO BBIYHUCIUTEIBHOE BpPEMS JUISl MIEPBOTO PACTET IKCIIOHEHIIMAIBHO C
KOJIMYECTBOM OOBEKTOB: /I 14 00BEKTOB OHO SAPO Tporieccopa padoTaeT 6osee 11
4acoB, B TO BpeMsl Kak npoueccop Dwave 3annmaet Bcero 16 munyr [8].

Tabmua 1 — Cpenpl BBIMOJIHEHHUS OJHOTO siipa MpOIeccopa M KBaHTOBOTO mpoleccopa D-
wave JJis pa3jIM4HOro KOJIN4eCTBa 00bEKTOB

No. facilities Best known solution Gurobi solver Quantum solver
(single CPU core) (D-wave 2000Q)

time(s) obj. fun. time (s) obj. fun.

3 24 1.33 24 0.024 24

4 32 1.48 32 0.062 32

5 58 1.5 58 0.066 58

6 94 1.35 94 0.043 94

8 214 1.96 214 0.127 214
9 264 2.01 264 44523 264
12 578 325.68 578 1946.12 578
14 1014 42,01042 1014 1008.7 1026
15 1150 - 1160 986.19 1160
17 1732 — 1750 921.71 1786
20 2570 - 2674 744.76 2640

B HEKOTOphIX TpakTOBKAax CTAaTUCTUYECKOW TEPMOJAMHAMUKHU, YEJIOBEK
CBS3BIBACT (PM3HUECKYIO IHTPOIHUIO CO CTATUCTUIECKOM «mHpopManuei». TpyaHocTh
ATOTO TMOJXOJa 3aKJI0YaeTCs B TOM, YTO WH(OpMaAIMOHHAs PHTPONHS S HE Bceraa
MPOCTO CBsI3aHa C TEPMOJAMHAMUYECKUM TEIIoM [7]:

d’Q = -fidx* (1)
[Ipy 3TOM CTaTHUCTHYECKAss OHHTPONHUA KBAaHTOBOTO M3MEPEHHS CUMTAETCS
BO3pACTAIOLIEH, OJIHAKO (PUKLUOHHBIH HarpeB (t.e. YBEIIMYEHUE
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TepMoauHaMudeckoi sHTpormu d'Q/T) B HU3KOCKOPOCTHOM TMPU TPOEKTHUBHOM
M3MEpPEHUHU MTPAKTUYECKHU PaBeH Hyo [7].

[Tapagokc MokeT OBITH pa3pelieH, €clid MOHSATh, YTO BO BpEMsS Pa3BUTHS
YHUTApPHOTO BPEMEHHU B ypaBHEHUU [7]:

ih (G)= [H, pl. @
rae:

I -MHUMOE YUCIO,

h - nocmosnnas [lnanka,

H — onepamop I amunomona,

p- Mampuya njiomHoOCmu.

Ha CaMOM JCJIC CTPOTI'0 BEPHO, YTO CTATUCTUYCCKAA OHTPOIINA YPABHCHHUA [7]

S = —kgTr(pinp), (3)
HE yBEJIMYUBaeTCsl BOOOIIE, T.€. [7]:
% = —kB% Tr(plnp), 4)

Tonbko Osaromapsi camMoMy IIOCTYJIATy MPOEKIIMM MOXKHO TI0Ka3aTh, YTO
CTaTHUCTUYECKas SHTPONUS yYBEIUUUBaeTCsA [7]:

'O =T4dS,

(72)

U TOrja HET OOJBIION pa3HUIBI MEXAY CTAaTUCTHUYECKOW DSHTPONMHUEH WU
TepMOJAMHAMUYECKOM [7]:

S =kpInQ (5)
rae:

kg - nocmosnnasa borvymana;

Q — cmamuueckut 8ec MaKpoCcoCmMoAHuUs ¢ SdHmponueu S.

Ecnu KBaHTOBBIII OOBEKT MMEET OCCKOHEUHOE YHCIIO CTEIeHel CcBOOOIBI, TO
pPa3yMHO COCIaThCsl Ha HEEAUHUYHOE PA3BUTHE BPEMEHH MEXKAY THILOEPTOBBIMU
MPOCTPAHCTBAMH, KOTOPBIE€ HE SBISIOTCS YHUTApPHO JKBUBAJCHTHBIMH. JIJIs1 3TOM
CUTyalldd  TPEACTABISCTCS  Pa3yMHbIM, 4YTO  JOKBUBAJEHTHOCTh  MEXIY
CTATUCTUYECKON »HHTpONUENH M TEPMOJUHAMUYECKOM DSHTPONHUEH MOXKET OBbITh
YCTaHOBJICHA BO Bpemsi HeoOpaTumou nuHaMuku. OOCyKlieHue, Npe/ICTaBICHHOE B
JTAaHHOU paboTe, SBISICTCS TOYHBIM M OMKCHIBAET MPOOJIEMY TOHUMAHUS CBSI3U MEXKITY
KBAaHTOBBIMH H3MEPEHUSIMA U BTOPHIM TEPMOJUHAMUYECKUM 3aKOHOM YBEIUYECHUS
sHTponuu [7].
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AuHomauun: B OauHOU cmambe Mbl pACCMOMPUM HPUHYUN padombl
YCMPOUCm8 1a3epHOll 83U, PA3IUdHble 8UObL U CNOCOObI NA3EPHOU CES3U.

Abstract: In this article, we will consider the principle of operation of laser
communication devices, various types and methods of laser communication.

Knroueswvie cnoea: nasep, npuemMHux, nepeoamuux, c6s3b, yCmpoucmao.

Keywords: laser, receiver, transmitter, communication, device.

BBenenmue

Ha mannbIit MOMEHT HEBO3MOXKHO IIPEJCTaBUTh HAIl MUP 0€3 pa3IMYHOTO pojaa
KOMITBIOTEPOB M CETeH Ha WX OCHOBE. Pa3BUTHE AJICKTPOTEXHUKH W DJIEKTPOHUKH, B
Haille Bpemsi, Habupaet Bce OoubIue U 0osblire 000poThl. Hu 115t KOro HE CeKpeT —
JUTSL  OCYIIECTBIICHUS KOMMYHHUKAIMK OONbIIe HE NPEISITCTBYeT HU BpEMs, HH
¢dbu3nYecKue rpaHullbl, HU pacctossaue. OaHOM W3 HOBEUINX, OECITPOBOIHBIX BUIOB
CBSI3U OTKPBITOM OTHOCUTENILHO HEJABHO, SIBJISIETCS JIa3epHas CBsi3b. PaccmoTpum ee.

OcHOBHasl YacTh

JIyisi Havajma pacCMOTPHUM OJUH M3 MPOCTEUIIUX CIIOCOOOB CBSI3H C MOMOIIBIO
naszepa. ITOT crnocob 3aKiIovyaeTcsl B Iepeaye TeKcTa npu rnomoinu a3oyku Mopae.
Jlns sroro cmocoba HEOOXOJMM: HEMOCPEJACTBEHHO caM Jia3ep W IMPUEMHOE
ycTpoiictBo. Ilpyn mnomommy mnepuogudyeckoro BKIIOUYEHHUS Jiazepa C Pa3HOM
MIPOIOJDKATEILHOCTRIO BKIIFOUCHHUST MOXKHO TIepeaaBaTh HH(POPMAIUIO OT OIHOTO
HMCTOYHHKA K IPYTOMY.

Hampumep: 0THO KOPOTKOE BKIJIFOUCHHE M OJIHO JJIMHHOE — OyKBa «A», OJHO
JUTMHHOE W TPH KOPOTKUX — OykBa «b» U T.1I.

Cy1miecTByeT TakK JK€ YCOBEPIICHCTBOBAHHBIM CIOCOO CBS3M TIPU ITOMOIIA
nasepa. [l Hero HeoOXOAMMBI JBa YCTPOKCTBA: MepeAaTIUK CUTHAJIA M MPUCMHHK.
VYcTpolicTBO mepenayr COCTOUT M3: Jla3epa; MOIYJIATOPa, KOTOPBIM HEOOXOIUM s
HaJIOKeHUS MHGOPMAITUH Ha JIa3ePHBIN MyYOK; ONTUYECKON CUCTEMBI, TS TIepeaadn
uHopmauu Ha OOJIBIIIOE PACCTOSHUE; a Takke MHUKpodoHa c ycuiutenem. B
MPUEMHOE YCTPOMCTBO BXOJAT: OMTHYECKasi CUCTEeMa, (DOTOIETEKTOP, AEMOIYIIATOD,
YCWINTENb 3ByKa M JAWHAMUK. EciW TpueMHUK W TepeAaTduK CUTHaJIa He
CTaIMOHAPHBIE TaK K€ HEOOXOAMMO HCTOIL30BaTh YCTPOMCTBO HAIICIMBAHUS J1a3epa.
[TpunItMn paboTHl JTAHHOW JIMHUW CBSI3U: PEUb, B BUJE 3BYKOBOM YaCTOTHI, IIOCTYIACT
Ha MuKpodoH mnepenarurika. C momolibi0 MUKpoQOHaA peub MpeodpasyeTcs B
ANEKTPUUECKUN CUTHAJ, MOCTYMAIOIMUNA HAa MOAYJSTOP, Yepe3 KOTOPBIM MPOXOAUT
u3nydyeHue Jsazepa. OHO CTAHOBUTCA TPOMOJCIUPOBAHHBIM W TMOCTYyHaeT Ha
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ONTHYECKYIO cHCTEMY. J[aHHBIM M3JIy4EHHEM C MOMOIIbIO MPUILEIBHOIO YCTPONCTBA
o0Jy4aeTcs TO MECTO, TJI€ PacIoyIOKEH MpHUeMHUK. ONTHYecKasi CUCTEMa IPUEMHHUKA
coOupaeT Ja3epHbIi My4OK U HampasisieT ero Ha ¢oroaerekTop. C doTomerexropa
CUTHAJ MOCTYINaeT Ha JAEMOAYJATOP, TI€ OH IMpeodpazyeT CUTHal B 3JIEKTPUUYECKYIO
4acTOTY, KOTOpasi MPOXOAUT Yepe3 YCUIIUTEINb 3ByKa U MOCTYNAET Ha JUHAMUK.

3akiouenue

[lonBenem wutor. JlazepHass CBs3b MMEET OOJBIIOE NPEUMYIIECTBO MEpEN
PaIMOCBSI3bI0 MPU OCYIIECTBICHUU OECIPOBOAHBIX MOAKIIOUECHUM. Takxe, OqHON U3
CHWJIBHBIX CTOPOH JIA3€PHBIX YCTPOMCTB KOMMYHUKALIMM SIBIISIETCA UX COUYETAEMOCTBD C
OOJBIIMM  CIIEKTPOM  Telie-000pyAOBaHUS  Pa3HOTO MPUMEHEHHUS  (MOCTOB,
MapIIpyTU3aTOPOB, MOBTOPUTENEH U T.[.), YTO MOATBEpKAaeT (akT TOro, YTO
Ja3epHblEe YCTPOMCTBA KOMMYHHUKALIMM, TaKXe pelIarolue 3anady I[epeaayu
uH(popmanuu Oosiee MPOJYKTUBHBIM M MaJIOYA3BUMBIM 00Opa3zoM, UMEIOT U OyayT
UMETh Bce Oouibliee MPUMEHEHHUE B pa3IMUHbIX chepax Hallel KU3HU.
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VIK 621.314
CUCTEMBbI IIMTAHUA MUKPOITPOLUECCOPOB U BUIEOKAPT
COBPEMEHHBIX IEPCOHAJIBHBIX KOMBIOTEPOB
POWER SYSTEMS OF MICROPROCESSORS AND VIDEO CARDS OF
MODERN PERSONAL COMPUTERS
E.A. Kapuxckuid, 3.JI. 3aBanios, K.B. FOquuig
Hayunsiit pykoBoautens — [.A. Muxanbpuesud, cTapini MpernogaBaTelib
benopycckuii HaMOHAIBHBIA TEXHUYECKUM YHUBEPCUTET, T. MUHCK
E. Karizhsky, Z. Zavalov, K. Yudchits
Scientific supervisor — G. Mikhaltsevich, senior lecturer
Belarusian National Technical University, Minsk, Belarus

Aunomauun: B Oannoii cmamve Mmbl paccmMompum cucmemy HUMAHUSA
MUKDONPOYECCOPO8 U COBPEMEHHBIX NEePCOHANbHbIX KOMNbIOMEPOS, pPa30epém
npooaemvl U MemoOUKU UX PeueHUs.

Abstract: In this article we will consider the power supply system of
microprocessors and modern computers, analyze the problems and methods of their
solution.

Kntroueswie cnoea: /[paiisep, svicokue moxu, nyivcayuu, OJ10K RUMAHUSL.

Keywords: Driver, high currents, ripples, power supply.

BBenenne

LenTpanbHblid BerurcauTeabHbiii Moayiab (CPU), wim e npocTo HEeHTPaATbHbII
npoiieccop. Mo3roBelif IEHTP JTFOOOTO YCTPOUCTBa, Oy/Ib TO cMapTHOH WM MOIIHAS
Hay4dHas BeuncauTenbHas ctaHuusa. CPU cocTouT U3 HECKOJIBKUX BBICOKOYACTOTHBIX
UCIIOJIHUTENIbHBIX ~OJIOKOB  (s1ep) W Kaxkmoe sapo oOnagaeT coOCTBEHHOM
CBEPXOBICTPON KAMI-MAMSThIO0. DTO YCTPOWCTBO CIPABIAETCS C TMOCIEI0BATEIHHOM
00paboOTKOW JaHHBIX, MOITOMY obOecrneunBaeT OecnepeOoiiHyr0 00pabOTKy Bcex
TEeKyIIUX 3a7ad Ha YCTpoWcTBe, kpome Trpaduku — 3a Hee oTBeuaeT GPU,
rpaguuecKkuii MOyb.

AKTyanbpHble TpaQUUecKue MPOLECCOPbl B KOMIIBIOTEPAX, MpeIHA3HAUYECHHbIE
IUISL TIapaJuIeIbHBIX BBIYMCICHUN OOJIBIIOTO KoyinyecTBa omnepauuid, thna GPU
MOTPEOISAIOT OOJBIIOE KOJWYECTBO DJEKTpOdHEpruu. OHM MNHUTAIOTCA MajbIM
HarnpspkeHueM (1.2-1.5 B) u npu 3ToM NOTpeONSIIOT 3HAYUTEIbHBIE CHJIBI TOKA OT
0JIoka MNUTaHUS. DTO MOXKET MPUBECTH K HArpeBy CHIIOBBIX JJIEMEHTOB OJIOKa
MUTaHUA U SHEPreThYecKuM norepsM B HEM. [lycTh, Buneokapra norpedsier 350 Br.
Ecnu nanpsokeHue »IeKTpONUTAHUS Ha YU cocTaBiseT okoyio 1,35 B, To Tok B
MUATAIOUIUX TPOBOJAX JIOJKEH COCTaBIATh npumepHo 260 A. Jlns mepenadd Takoro
TOKa ¢ HEOOJNBIIMMHU YHEPTEeTUUYECKUMH MOTEpAMU Ha 1 MeTp OoT OJoKa MUTaHUS 10
BUJICOKAPTHI HAM HYXeH OyAeT MeIHBII MPOBOJ CEUEHHUEM, N0 KpaitHel mepe, B 120-
150 Mm%, Jlaske He NPUHUMAs BO BHUMAHKE TO, YTO KaKUE CIEAyET BLIOPATh KJIEMMBI
Ui TOrO, 4YTOOBI MpPEeNOTBPATUTh WX IUIABJIEHUE, TOSBISAIOTCS MPOOJIEMBI
MJIACTUYHOCTU TIOJIOOHOrO MPOBOJIA, @ B CBOIO OYEpPE/lb TOKOMOJBOISIINE MPOBOAA
OyIyT CTOUTH HA TOPSAJOK JOPOKE TeX OJOKOB MUTAHUS, KOTOPbIEC B TAHHBIH MOMEHT
HaXOJIATCA B MPOJAKE.
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B Hacrosiee BpeMsi Ha MaTEPUHCKYIO IUIATY JJI1 MATAaHMS MPoIeccopa Mmo1atoT
HalpspDKeHHe BeanunHoi 12 B. biiok nuTaHus MOXKET BbIJJaBATh U MHBIE HAIIPSKEHUS,
HO Il OJIOKOB, MOTPEOISIONUX OOJBIIYI0O MOIIHOCTh, UCIONB3YIOT UMEHHO 12 B
JUHUIO0, YTOOBI OOECIEYUTh HAMMEHBIIHE IMOTEPH MpU Tepenaye IEKTPUUECKOro
TOKa. A BC€ ocTaibHOE, TO €CTh npeodpazoBanue 12 B, B Oosiee HU3KKME HATIPSHKCHUS
y’)KE€ OCYLIECTBIIIETCS HAa MATEPUHCKOW IUIaT€ WM Ha IUIATE BUACOKApPTHI B
HEMOCPEICTBEHHON (PM3UUECKOUN OJIM30CTH K CAMUM KpUCTAJLIaM.

OcHoBHas yacThb

Urak, nomyctum, 4To y Hac ecth nutanue B 12 B, a Ham Hago 2 B. [{ns sToro
MOYXHO HCIIOJIh30BaTh JIMHEHHBIN CTaOWIM3aTOp HAMPSDKEHUS, OJHAKO, KaK YKe
TOBOPUJIOCh, MBI MMEEM JIeJI0 C JOCTATOYHO BBICOKMMHU MomHOCTAMU U KIIJ]
nmoJoOHOW cxeMbl OyJeT KpaHe HHU30K. [[03TOMy B COBpPEMEHHBIX MATEPUHCKUX
IJaTax MCHOJIb3YeTCsl HUMITYJIBCHBIM MpeoOpa3oBaTelib, KOTOPBIA MpeoOpa3yeT
MIOCTOSIHHOE HampspkeHue 12 B, B UMIyJIbCHOE HANpSKEHUE C HY>XKHOM IIMPOTHO-
UMITYJIbCHOW MOJYJISIIMEN. 3aTEM JJIsl CTIIaXKUBAHUsI CKAUKOB HAIPSYKEHUS! CTABUTCS
LC ¢unptp. Ha BBIXOJE MBI MOJTYYUM HEKOTOPOE MOJ00HME TOCTOSHHOTO TMpHU
nosyyeHun Bbicokoro KIIJ[ (pucynok 1). Koneuno, 3to He 100%, HO 3HAUUTENHHO
0oJIbIIIe, YeM B JUHEHHOM CTaOUIIU3aTOPE.

1

M Hanpamenwe, B /

BPEMA

Pucynok 1 — @opma curHana Ha BXOJIE U BBIXOJI€ TpeoOpa3oBaTers:
1) uMIynbChl A0 CrIaKUBaHUs, 2) — UMITYJIbCHI TIOCJIE CTIIAKUBAHUS

JUisi mojayuM MMIYJbCHOTO MUTaHUS TNpUMeHsieM cOopky u3 mapel MJII
tpanzucropoB (MJII TpaH3UCTOPOB ¢ H30JMPOBAHHBIM 3aTBOPOM  A-THIIA).
3aTBOpaMy 3TUX TpPAaH3UCTOPOB YIPABISIET JpalBep, C HU3KUM BBIXOJHBIM
COMPOTHUBJICHUEM. Y TpaiiBepa ecTh 3a/auu, KOTOPbIE MPEACTABISAIOT cO00 ObICTpOE
ynpasienue 3arBopamu M/III-tpan3ucropoB. Harpyska, To ecTh moTpedieHue
MIPOLIECCOPOM, HEMPEPHIBHO M3MEHSETCS, U ITH JpaiiBepbl 00s3aHbI JefaTh 3TO Ha
TpeOyeMblii TMPOMEKYTOK BpEeMEHH. A 3TOT TpeOyeMblil MPOMEXKYTOK BPEMEHU
BKJIFOUEHUS JApaiBepy NEpenaeT KOHTpOoJUIep. 3ajada JIMIIb 3aKJIKYaeTcsl B TOM,
YTOOBl MOJYYUTHh CpEIHEE 3HAUYE€HHE IMOCTOSHHOTO HAMPSOKEHHS MPH HEKOTOPOM
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3HaYeHUM TNynbcanuil HampspkeHus. [Ipoueccop moTpeOisier  3HAYMTENHHOE
KOJIMYECTBO 3HEpruu. Takum oOpa3oM, CYHIECTBYIOT JBE€ OCHOBHbIE 3aaaud. OnHa
3ajJaya 3aKJIIOYaeTCsl B PELIEHMH NpOOJEMbl BBICOKMX MOTPEOISEMBIX TOKOB B
BUJICOKapTax M IpoIeccope, a APyras B CIVIAKUBAHWM IYJIbCAUUN B HMMILYJIbCHBIX
peoOpazoBaTENsIX yCTPOUCTB MUTAHMSL.

Hauném c pemienust npodaeMbl BHICOKMX TOKOB

CyTb B TOM, 4TO (pU3MUECKHE pa3MEPhI n-IIEPEXO/Ia B OTKPHITOM COCTOSIHUU B
M/II-TpaH3ucTopax CymeCTBEHHO OTPAHUYEHBI, & 3TO O3HAYAET, YTO B 3TOM MECTE
€CTh OIPENEIEHHOE CONPOTUBIICHUE M KaK CIEICTBUE OCYLICCTBIISICTCS UX HArpeB
pu nporekanun Toka. Yacro npumenstorcs MJII-tpaH3ucTopel ¢ MakCMMaIbHBIM
3HAYEHUH TOKAa B OTKPBITBIM COCTOSHMM — 25-65 A.. 3amaua ¢ HEJOCTATKOM
IIPOITYCKHOM CITIOCOOHOCTH IO TOKY PELIAETCsl OTHOCUTEIIBHO JIETKO. DTO AENIAI0T IPH
MTOMOILY ITPOCTOT0 YBEIUYEHHSI KOJIMYECTBA LENel MUTaHus (PUCYHOK 2).

[IPABEP

KOHTPOIIEP

PI/ICYHOK 2 — V3en nuTaHus BUJCOKAPTHI C YBEJIMYCHHBIM BbIXO/JIHBIM TOKOM

[Ipenmonoxxum, HaM HeoOXoauMO oOecmeyuTh TOK TnuTaHus 240 A,
pa3paboTUuK, UMEET, TPAH3UCTOPHI CLIOCOOHBIE TIporryckaTh 40 A, nenum 240 Ha 40 u
nosryyaercs 6. Takoe KOJIMUECTBO LeTel MTUTaHUsI MUHUMYM MOTpeOyeTcs.

IlepexoauM KO BTOpOMY BONPOCY — IyJibcalusiM. TyT €CTh JBa MyTH PEILICHHUS
MPOOJIEMBI:

1) TlepBwiii — Hambosiee TPOCTONM U TOHATHBIA. ECIW TOBBICUTH YaCTOTY
UMIysibcoB. [Ipm 3TOM TNPOMEXKYTOK BpEMEHH, Ha KOTOPOM MPOUCXOAUT
CIJIaXKMBAHUE UMIYJIbCOB BBIXOJHOIO CUTHANA, OyJeT ropas3no kopoue. Takoil meTon
XOpOIIO ce0sl TMOKa3bIBAET U LIMPOKO HCIOIB3YETCSs, OJHAKO MPOOJieMa COCTOUT B
TOM, UYTO XapaKTePUCTUKHU TPAH3UCTOPA B MOMEHT IMEPEKIIOUYEHUS 3HAUYUTEIHHO
yxyamarrcsa. To ecTb, IpU NOBBIIEHUM YaCTOTHI IOBbImIaeTca HarpeB MJIII-
Tpan3zuctopoB. Ilpu sTomM cHmxkaercs KIIJ[ menu. M Bce xe Takoil crmocod
IIPUMEHSETCSA BEChbMA YacTo.

2) Bropoit cmoco6 OCHOBaH Ha TOM, YTO HYXHO a3y BKIIOYCHHUS U
BBIKJIFOUEHHUS TPAH3UCTOPOB pa3/IeIuTh, HE JIOIyCKas UX HAJOXKEHUs IpYr Ha Jpyra
(7Ta paboTa JIeKUT HA KOHTPOJIJIEPE), MyJIbCAINH 3HAYUTEIIHPHO YMEHBIIAIOTCS, U TIPU
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ATOM HE MPOM30UIET HU MOBBIMIEHUS TemnepaTypsl, HU norepu KIIJ[, BupryansHO
YaCTUYHO UMUTHUPYS 00JI€€ BHICOKYIO YACTOTY.

HanpaxeHwne, B

A 1 2 3 4 1 2 3 4

- PA3A 1
e PA3A 2
®A3A 3
DA3A 4

BPEMA

Pucynok 3 — ®@opma UMITYIIbCOB YIPABICHHS C HYKHOH (Pa30i BKIFOUECHUS
Y BBIKJIFOUYEHHS TPAH3UCTOPOB

3ak/Io4eHue

Croutr n06aBUTH, YTO TMOAOOHAs CXeMa IHUTAHHUS HCIOJB3YETCS TaKXe U B
rpaduyecKuX YCKOpUTEIsx (Buicokaprax). Llemu muTaHus B HHUX pacmoJiararoTcs
HETIOCPEJICTBEHHO Ha TEKCTOJIUTE, PSIZIOM C rpad)MueCKUM YHUIIOM.
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NCITOJIb3OBAHUE COJTHEYHOU SGHEPI'MHM B JIOMAX
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Annomayun: B oannou cmamve paccmompeno UCnONb308AHUE COJIHEYHOL
cucmemsl 8 00OMax, 8 Kauecmae omonieHus.
Abstract: This article discusses the use of the solar system in homes, as heating.
Knioueevle cnosa: conneunvle nanenu, omonieHue 8 00Max, 1eKmMpoCmanyus,
SHepeemuyeckas dppexmusHocms.
Keywords: solar panels, heating in houses, power plant, energy efficiency.

BBenenne

Bo MHOrMX KIMMaTH4YeCKHX YCIOBUAX OTOIUICHUE SBJISETCS KPYMHEHIINM
noTpeduTeNeM »HHEPrud B JoMe. BOT HECKOIbKO BapUAHTOB HCIIOJIb30BAHUS
obOorpeBaresieil Ha COJTHEYHBIX OaTapesx, YTOObl OCTaBaThCA B TEILIE 3UMOM.

B OonbmmHCTBE ~ KIMMAaTUYECKUX  30H,  IEHTPAIbHOE  OTOIUICHHE
OCYIIECTBJISIETCS. C  HWCIIOJIB30BAaHMEM  HCKomaemMoro  TormBa.  HawmbGonee
pactpocTpaHeH TMPUPOJHBIA Tra3, HO BO MHOTUX PETHOHAX TMO-TPEKHEMY
UCTIONB3YeTCsl MacisiHoe oTorieHue. Jlaxke yroiap He HCYe3 TMOJTHOCTBIO JIs
nomainHero ororuieHus. Ho 3aueM oTamivBaTh CBOM JIOM HCKOIMAEMBIM TOILTMBOM,
Korjga ecth coyiHie? Kak MUHHMYM, COJIHIIE MOXET 00€CHEeYUTh JOMOJHHUTEIHHOE
OTOIUICHHE Baillero Aoma. Eciu moTpeOHOCTH B OTOTUJICHUU CKPOMHBI WJIM €CJTH Y Bac
Cylep HW30JUPOBAHHBIA JIOM B XOJOJHOM KJIMMAaT€, COJHEYHAs DHEPrUs MOXKET
obecnieunth 100% norpeOHOCTEN B OTOIJICHUH.

Jlaxke ecnu IOM JTOBOJIBHO OOBIYHBINA, TO MOMKHO IEpeoOOpyI0BaTh CUCTEMY
OTOIJICHUSI Ha COJHEYHBIX Oarapesx MPaKTUYECKU B JIOOYIO CYIIECTBYIOIIYIO
YCTaHOBKY.

DOHepretudeckas 3h(PEKTUBHOCTD B MEPBYIO 0YEPE/Ib: €CIU BbI XOTUTE JOOABUTH
B CBOM JIOM OTOIUICHHWE HAa COJHEYHBIX Oarapesx, BaIllUM TEPBBIM IIArOM JOJIKHO
CTaTh pelieHue mnpodiieMbl d3HepreTudecko sddextuBHOCTH. Bama cucrema
OTOIUICHHS OyJeT MEHbIIE M JCIICBJE, €CIu B HEMl OyneT MeHbIle paldoThl, a
M3OJIAIMST M TepMeTH3alus JoMa, Kak MPaBUIIO, SBISIOTCS CaMbIM JICIIEBBIM
CIOCOOOM CHU3UTH BAIllM CUYETA 32 DJICKTPOIHEPTHUIO.

Cawmpblii JIydIuii COJIHEUHBIA 000TpeBaTelib s JoMa

ConHeuHbIe TETUIOBBIE MaHeNH OyIyT yJIaBiIUBaTh OOJbLIE COJHEYHOW SHEPTrUu
B BHJIC€ TeIUIa, HO JUIsi OOJBIIMHCTBA JOMOB, JIYYIIMH CHOCOO OTaruIMBaTh JOM
COJIHEYHOM 3HEepruerd — 3TO YCTAaHOBUTH TEIJIOBOM HACOC U (POTORNIEKTpUUYECKHE
COJIHEUHbIC MaHeNH. [[151 7TOro ecTh HECKOIBKO MPUYMH:
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1) IIupokogoctynHbeiii onblT. Ha Bcell IUIaHeTe HACUUTBIBAETCS HECKOJBKO
MUJUIMOHOB COJIHEYHBIX (DOTOINEKTPUUYECKUX YCTAHOBOK U MHOMKECTBO
KOMITaHUM, KOTOPBIE UX YCTAHABIMBAIOT. Y CTAHOBUIMKH TEIUJIOBBIX HACOCOB
TaKK€ OYEHb PACIPOCTPAHEHBI, YUYWUTHIBAs, YTO OHU OYEHb ITOXOXKH Ha
KOHIUIMOHEpbl. C Opyroil CTOPOHBI, COJIHEYHAsl TEIUIOBAash JHEPTHs
BCTPEUYAETCS TOPa3io PEXKE, a 3TO 3HAYUT, YTO HANTHU ONBITHOTO MOJPSAIUNKA,
KaK MpaBUIIo, OYAET CIOXKHEE.

2) bonpmoit BeIOOp TOBapoB: ConHEUHBIE (POTOAIEKTPHUUECKUE W TEIUIOBBIC
HAcOChl OYEHb IOIMYJIAPHBI BO BCEM MHpE, O3TOMY CYLIECTBYET OOJIBIION
BBIOOD Mpou3BoaUTENEH Ha BEIOOP. C IPYyroil CTOpOHBI, COTHEUHAS TETLJIOBAs
DHEpPrusl IMOIyJsIpHA B HEKOTOPBIX YacTAX MHpa, HO TOpa3fgo MeHee
pacnpoctpaneHa B bemapycu. M3-3a 3TOro y Bac MEHbBIIE COJHEYHBIX
TEIJIOBBIX MPOAYKTOB Ha BBIOOP; HEKOTOPbIE JOMOBIAJEIBIbI JaXKe
BbIOMpatoT MapumipyT DIY u  cTposAT cBOM COOCTBEHHBIE TEIJIOBBIE
KoJieKTopbl. COJHEUHbIE TEIJIOBBIE CHCTEMBI TpPeOYIOT  OOJIBIIETO
oOciyxuBaHusl. MOXHO MCHOJB30BaTh (POTOIIEKTPUUECKUMHU TAHEISIMU B
TedeHue 25 JIeT, Opu O3TOM PEIKO IPOBOJUTH HX TEXHUYECKOE
o0CITy’)KMBaHHUE, €CIIU Y HUX UMEETCS] aBTOMAaTUYECKasi OUMCTKA MOBEPXHOCTU
naHenu. TemnoBble HACOCHI, KaK U KOHAUIIMOHEPHI, TPEOYIOT MEPUOJUIECKUX
CEpPBUCHBIX NPOBepOK. HO CcoJIHEUHBIE TEIIOBBIE CHCTEMBI OCHOBAaHbBI Ha
BOJIOIIPOBOJIE, COJIHEYHBIX KOJUIEKTOPAX, TEIUIOHOCUTENAX, HAcocax H
MHOroM Jgpyrom. CymectByer ropa3go  OoJibllie  MEXaHUYECKOTO
0o00pynoBaHus, 0 KOTOPOM HYXKHO 3a00THThCS, U OOJIbIIIE KOMIIOHEHTOB,
KOTOPbIE€ MOTYT BBIMTH U3 CTPOSI.

OcHOBHas 4YacTh

Bbl nonyyaeTe HarpeB M OXJaXJEHHE: TEIUIOBBIE HACOCHI MOTYT 00OTpeBaTh U
OXJIQXKJaTh Ball JOM, 3aMEHss KaK Ie4yb, TaK U KoHAuUuoHep. C apyroil CTOPOHBI,
COJIHEYHas TEIUIOBasi CUCTEMa MOXXET 000rpeBaTh TOJIBKO Balll JJOM.

Jpyrumu cioBamMu, B TO BpeMsi KaK COJIHEYHBIM TETUIOBOM KOJUIEKTOp OyjaeT
yJIaBIUBaTh OOJIBIIE COJMHEYHOM B3HEpPruu uis o0OrpeBa Balllero JI0oMa, Ipyrue
MPAKTUUYECKHE COOOpaXEHUs] O3HA4yaroT, 4YTO OOJBIIMHCTBY JIOACH Jydlle
HCIIOJIb30BaTh Oonee IIONYJIAPHYIO TEXHOJIOTUYECKYIO KOMOHMHAIINIO
(OTORNIEKTPUYECKUX MTAHEJIEH U TEIIOBOro Hacoca.

Tem He MeHee, cyliecTByeT OO0JbIIOE pa3zHOOOpa3ue JOMAIIHUX CHCTEM
COJIHEYHOTO OTOIUICHMSI, HayuMHasg C MAaCCHUBHBIX COJIHEUHBIX JO aKTHUBHBIX
COJIHEYHBIX, HCHOJIb3YIOIINX HA3€MHBIE WM BO3IYIIHBIE TEIUIOBbIE HACOCHL. Kaxkmas
13 3TUX TEXHOJOTUNA UMEET MIPEUMYILECTBA, KOTOPBIE MOTYT MOJOWTH BAaIIEMY JIOMY.

ConHeyHOE OTOIUIEHUE [T I0MA: CYLIECTBYET JIBa THIIA OTOILICHUS COJTHEYHOM
DHEPIrUel: MaCCUBHOE COJIHEUHOE U AKTUBHOE COJTHEYHOE.

[TaccuBHas coiHEuYHasi SHEPTHUS OCHOBAaHA Ha KOHCTPYKIIMHM JoMa AJisi 00orpeBa
0€e3 MCIOoJIb30BaHNsI MEXaHUUYECKUX YCTPOMCTB, B TO BpeMs KaK aKTUBHAsl COJHEYHAs
SHEpPrusl HCIOJIb3YET Ppa3IMYHble TEXHOJOTHH, Takhe Kak (HOTOIIEKTPUUYECKUE U
COJIHEYHBIE TEIJIOBbIE HATPEBATENH.

Jis  OONBIIMHCTBA JOMOB HAWIyYIIMM TMOJIXOJOM SIBJISETCS AKTUBHOE
COJTHEYHOE OTOIUICHHE C MHCIOJIb30BAHUEM (POTORJIEKTPUUECKUX JJIEMEHTOB U
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TEIUIOBOTO Hacoca. B TO BpemMs Kak CyIIECTBYIOT W JPYrM€ THIBI JAOCTYHHBIX
COJIHEYHBIX oOOorpeBaresieil, MHOTME W3 HHUX JOBOJBHO SK30THYECKHUE U PEIKO
UCIIOIb3YIOTCS.

TeruioBble HAcOChI CTAHOBSTCS OOBIYHBIM SIBICHUEM K YacTO MOTYT OBITh
YCTAHOBJICHBI JIIOOBIM MOAPSTYMKOM, KOTOPBIM YK€ YCTaHaBIIMBACT IIEHTPAJIbHBIC
KOHJIUIHOHEPBl. KpoMe TOro, MHOrme€ KOMMYHaJIbHBbIE NPEANPHUATUS MPEATIAraroT
CKUJIKH Ha BBICOKOA()()DEKTUBHBIE TETVIOBBIE HACOCHI.

Urto Takoe maccuBHOE coiHe4YHoe oTtorienne? IlaccuBHOe coJIHEUHOE
OTOIJICHUE O3HA4aeT, 4YTO 37aHWe CHPOSKTHPOBAHO TaKUM OOpa3oM, YTOOBI
YJIaBJIMBAaTh COJIHEYHBIN CBET JIsi 000rpeBa BHYTpeHHUX nomerieHuil. B CeBepHom
MOJYIIAPUU 3TO O3HAYAET HaJu4yue OOJIBIIOTO0 KOJWYECTBA CTEKJIA, BHIXOJSAIIETO Ha
F0KHYIO CTOPOHY, KOTOpPOE€ TMPOIYCKAaeT COJHEYHbIA CBET BHYTPb 3JaHUS, U
MEHBIIIETO KOJIMYECTBA CTEKJIa HA CEBEPHOI CTOPOHE, YTOOBI JIydIliasi U30JISI[UsI CTEH
MOTJIa yAEPKUBATh TEILIO.

Hpyrue ocoOEHHOCTH MOTYT BKJIIOYATh JJIMHHBIE HABECHI, MpeAHA3HAYCHHBIC
JUISL TOTO, YTOOBI MPOIYCKAaTh CBET B 3UMHHUE MECSIbl, HO 3aTE€HATh OKHA JIETOM,
KOI/Ia COJIHIIE HAaxXOJUTCA Bbilie B HeOe. YacTbio ATOTO MOXKET OBITh O3€JCHEHHE,
HamnpuMep, UCI0JIb30BAaHUE JIMCTBEHHBIX ITOPOJI HA FOXKHOM CTOPOHE 3[1aHUS, KOTOPbIE
TEPSIOT CBOM JIMCThS M TIPOIYCKAIOT COJIHEYHBIM CBET 3UMOW, HO OJOKUPYIOT
COJIHEYHBIN CBET JIETOM.

DTOT METOJ Ha3bIBACTCS MACCHUBHBIM, MOTOMY YTO B HEM HE HCIOJIb3YETCA
AIEKTPUYECTBO WJIM MEXaHWYECKHE TEXHOJIOTMU. TeM He MeHee, MOTYyT ObITh
WCMOJIb30BaHbl BBICOKHE TE€XHOJOTHH, TAKWE KAK OKHA, C JBOWHBIM WIJIA TPOUHBIM
OCTEKJIEHMEM, WJIA TEIUIOBbIE MACChl B CTE€HAX WJM MOJIy, KOTOPBIE IOMOTAIOT
YAEPKUBATH TEIUIO.

B To BpeMs Kak MOJHOCTHIO TACCUBHBIM COJMHEYHBIM JOM JOJDKEH OBITh
CIIPOCKTUPOBAH C HYJISA, JTI000I JOMOBIAJENEI] BCE PABHO MOXKET CJeNIaTh MPOCThIC
BEIIY, YTOOBI MAaKCUMHU3UPOBATH MPUTOK COJTHEYHOTO TEIIa 3MMOM U YMEHBIIIUTh €r0
JIETOM.

Hampumep, BbI MOXKET€ COKOHOMUTH OOJBIIOE KOJIMYECTBO HHEPTUU, TPOCTO
YIIpaBJIsisd Kamro3aMU. ECIM 3TO COJIHEUHBIM J€Hb 3MMOW M Yy Bac MHOIO OKOH,
BBIXO/AIINX HA FOXKHYIO CTOPOHY, OCTaBJISISL BAIM JKAIKO3U IIUPOKO OTKPBITBIMHU, BbI
MOXeTe J00aBUTh TEIlIa, SKBUBAJICHTHOrO BKIFOUEHHIO oborpeBaress. M HaoO6opor,
€CNi JIepKaTh JKaJ03U, 3aKPBITBIMU JIETOM, 3TO MOXKET 3HAYUTEIIBHO COKPATUTh
Ballli MOTPEOHOCTH B KOHAUITMOHUPOBAHUU BO3AyXa.

[TaccuBHBIE coJHEUHBIE oOOorpeBaTeN sl joma: [IpuHIMI MacCHBHOIO
COJIHEUHOTO HarpeBa MOET OBbITh HCIOJIb30BaH JJIsI CO3JIaHHsl OOOTpeBaTeliei,
KOTOPBIC HE UCIOJIB3YIOT HUKAKUX TEXHOJIOTHI, KpOMe HEOOJIBIIIOT0 BEHTUIISATOPA.

OTH TPOCThIe O0OTPEBATEM HUCIOIB3YIOT COJIHEUHBIA CBET JUISl MAaCCHUBHOIO
HarpeBa BO3JdyXa BHyTpH oOorpeBaTelis UM HEOONBIIONW BEHTWIATOP IS
MepEeMEIICHHS TEIJIOro BO3ayXa BHYTpH 31anus. OHU MOTYT ObITh A (PEKTUBHBIMU U
B TMPUHIMIIE AHAJIOTUYHBI OOJiee CIIOXKHBIM KOMMEPUYECKHUM TPOAYKTaM IS
COJIHEYHBIX TEIUIOBBIX KOJUIEKTOPOB.

UTo Takoe aKTHUBHBIE CUCTEMbI COJHEYHOI'O OTOIUICHUS? AKTHUBHOE COJIHEUHOE
OTOIUIEHWE HCHOJIb3YET MEXAHWYECKYI0 WA BJIEKTPUUYECKYI0 TEXHOJOTHIO IS
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nobaBieHus Teruia B Bamie 31aHue. CyIiecTByeT MHOXKECTBO Pa3MYHBIX THIIOB
COJIHEYHBIX 00OrpeBaresiei, HEKOTOpPbIE U3 HUX JIOBOJBHO SK30THUECKUE.

OronzeHne AoMa ¢ MOMOUIBI0 COTHEYHBIX TEIJIOBBIX KOJUIEKTOPOB: COJTHEYHBIC
TEIUIOBBIE KOJUIEKTOPBI HEMOCPEICTBEHHO YJIABIUBAIOT COJHEYHYIO SHEPIHUIO0 B BUIE
TEIUIa U MIEPENIaloT €€ B PE3EpBYap IS TOPSUYEH BOJBI B JJOME.

B otnnuune oT conHeuHbIX (HOTOIIEKTPUUECKUX MaHEeNel, KOTOPbIE UCTIOIb3YIOT
MOJIYIPOBOJHUKUA JJI1 TpeoOpa3oBaHUsS COJIHEYHOTO CBETa B 3JIEKTPUYECTBO,
COJIHEYHBIE  TEIUIOBBIE  KOJUIEKTOPHI  SIBIIFOTCS. ~ OTHOCHTEJIBHO  MPOCTBIMU
ycrpoiictBamu. OHU pabOTarOT, HCMONB3YSd KOJUIEKTOP TEMHOIO IBEeTa JUis
MOTJIOIIEHHS COJHEYHBIX Jydel. KosuiekTtop HarpeBaercs, W Harperas *XHUIKOCTb
BHYTPU TPOXOAUT IO KOHTYpPY K TEIIOOOMEHHHUKY, KOTOPBIH OTBOAMUT TEIJIO B
pesepByap i ropsiaei Boabl. [lomoOHas cuctemMa MOKET 00eCTICUnTh MTOTPEOHOCTH
JlOMa B TOpsiYei BOJAE, WIH K€ TOPSAYYI0 BOJY MOXKHO HMCHOJIB30BaTh JJIsl 000rpeBa
IIOMEIICHUN.

Tunsl CcoONHEYHBIX TEIUIOBBIX oOorpeBaTenied Il JOMa: CYIIECTBYIOT
pa3IMYHbIE KOHCTPYKUHUHU COJIHEUHBIX TEIJIOBBIX KOJUIEKTOPOB. JIEKTPOCTAHIIUU
KOMMYHAJILHOTO MaciiTaba HCHONb3YIOT 3€pKaJbHbIE TOJS IS OTPaKCHUS
COJIHEYHOI'O CBE€TAa B LEHTPAJIBHOM KOJUIEKTOPE, KOTOPBIA HCIIOIB3YET OTPOMHOE
KOJIMYECTBO COOpAaHHOM TEIUIOBOM 3HEPruu AJis NPUBENEHUS B JCUCTBHE MApOBBIX
TypOUH.

OnektpocTtanius [vanpah orpoMHa, €€ HOMHHAJIbHAs MOIIHOCTH COCTaBIIAET
okoso 400 MBt. Takoi Thn au3aiiHa BO3MOXKEH B ITyCTBIHE, II€ MPOCTPAHCTBO HE
MMeEEeT 3HAUYCHHUS, HO JIOMOBJIA/IeIIbIly HY>KHO 4YTO-TO 00JIe€ KOMITAKTHOE.

BoT 4T0 Takoe KOJIIEKTOpP MIOCKUX IJIACTUH. DTO MPOCTO HAOOP 3aMOJIHEHHBIX
KUAKOCTBIO TPYOOK BHYTPH UEPHOIO KOJUIEKTOpPA CO CTEKJISSHHOM KPBIIIKOM.
CrexysiHHasi KpBIIIKA IMO3BOJSET COJHEYHOMY CBETY HarpeBaThb TpyObl BHYTpH, a
TaKe MOMOTaeT yJIaBJIMBATh TEIJIO BHYTPU KOJUIEKTOpa. B 3aBUCMMOCTH OT Balllero
KJIUMaTa ¥ HEOOXOAMMOI'0 KOJMYECTBA TEIJIOBOM SHEPIHMH HECKOJBKO KOJJIEKTOPOB
MOTYT OBITHb COEIWHEHBI BMECTe, YTOObI KOHEYHas TemIeparypa Oblia OuYeHb
BBICOKOW — JjaKe BBIIIE TOYKH KUIEHUS BOJbl. Camoe MPUSATHOE B 3TUX KOJUIEKTOpPAX
TO, YTO OHU He3aMmeTHbI. Kaxaplii U3 HUX 3aHUMAET MPUMEPHO CTOJBKO K€ MECTA,
CKOJIbKO (hoTO3NeKTprUyecKas naHesb. CyliecTByeT 1Ba OCHOBHBIX THIA:

e [lnockue muacTUHYATHIC KOJIJIEKTOPHI COCTOSIT M3 MEIHBIX TPYOOK BHYTpPH
CTEKJIIHHOM maHenu. JKUAKOCTh [BHXKETCS IO MEIHOMY TpyOOINpoBOLy H
HarpeBaeTcs nepes] BBIXOA0M U3 KOJIJIEKTOpA.

e Bakyymuble (BakyyMHbIE) TpyOUaTble KOJUIEKTOPHI paOOTalOT aHaJOTUYHO, 3a
UCKJIIOYEHHEM TOrO, YTO BMECTO HENPEPHIBHOM MEIHON TPYOKH KOJUIEKTOD
COCTOUT U3 HECKOJIBKUX OTIEIBHBIX KOJUIEKTOPOB, KOTOPBIE I€PMETU3HPOBAHBI
MOoJ BAaKyyMOM, KaK TepMOCHL. TpyObl Takke TOJBEPraroTCsi MPSIMOMY
BO3/CHCTBHUIO COJIHIIA, & HE HAXOJATCS BHYTPH KOJUIEKTOPHOM KOPOOKH. DTOT
TUTl KOJUIGKTOpA SIBIIACTCS JIy4IIUM BBIOOPOM IS XOJIOAHOTO KJIMMATa,
MOCKOJIBKY B aTMOc(epy TepsieTcsl MEHbIIIE TeIIOBON SHEPTUU.

['opsiuas Boja OT COJHIA: TEIUIO OT JIOOOTO M3 3TUX THUIIOB KOJUIEKTOPOB
cOpacbIBaeTcs B pe3epByap [Ulsl XpaHeHus ropsiueit Bojibl. [lapa KOIeKTopoB MOXKET
OBITh BCEM, YTO BaM HY>KHO, YTOOBI YJOBJIETBOPUTH MOTPEOHOCTH B ropsyed BojE
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g cpeaHero noma. Ecnu y Bac 6osbinne noTpeOHOCTH B ropsyeil Boje, HanpuMmep,
g OacceilHa WM THJIPOMACCaXKHOW BaHHBI, Bbl MOXET€ IPOCTO J100aBUTH
JOTIOJTHUTENBHBIE KOJUIEKTOPBI.

I'mppaBnuyecknid TEIUIBIM NOJI: €CJIM Y BAaC €CTh CUCTEMA BOISHOTO IOAOIPEBa
1oJjla, Ballla COJIHEYHas ropsidyas BOJAa MOXET ObIThb HCIIOJIb30BaHA g 00orpena
Ballero Jgoma. MHoOrume ruApaBIMYECKHEe CHUCTEMBI HCIOJIB3YIOT OJHY M Ty XK€
CUCTEMY JUIsl HarpeBa KakK >KMIKOCTH JJI1 IOJOTpeBa IOJIa, TaK M JUIsl Ballero
rOpsiYero BOJOCHAOKEHHsI. DTO MO3BOIHIO ObI COJTHEYHON IHEPIHH YAOBICTBOPATH
BCE Ballld MOTPEOHOCTH B OTOIIJICHUH.

[IpunyuTensHOE BO3AYIIHOE OTOIUIEHHE: MOXHO JaXe HCHOJb30BaTh
COJIHEYHYIO TEIUIOBYIO CHCTEMY JUIsl 000OrpeBa JJoMa C MPUHYAUTEIbHBIM BO3TYIIIHBIM
OTOIUIEHHEM. OJTO paboTaeT ¢ MCMOJIb30BAaHUEM TEIIIOOOMEHHHUKA B BO3AYIIHOM
MIOTOKE  CHUCTEMbl  NPUHYIUTEIBHOTO  BO3AyXa.  TemIoOOMEHHMK  HMMEET
MeTaJJIn4eckie pedpa, KOTOpbIe MO3BOJIIIOT OTBOJUTh COOPAHHOE COJIHEYHOE TEILIO
B BO3/1yX, II€ OHO LIUPKYJUPYET 10 BO3AYXOBOJAM.

ABTOHOMHBIM TEMJIOOOMEHHUK: JpYrodl BapuaHT — 3allyCTUTh HArpeTyro
COJIHEYHBIMH JIy4aMU KHUJIKOCTh B aBTOHOMHBIM TEIJIOOOMEHHHMK B BaIleM >KUJIOM
IIOMEIICHUH, TaKOM KaK IJIMHTYC WIM HacTeHHbIA paguartop. [IpemmyiecTBo 3100
3aKJIFOYAETCS B TOM, UTO HET HEOOXOAUMOCTH U3MEHATh KaKHe-JIM0O CyIIEeCTBYIOIIIE
CUCTEMBI. JTO MOXET OBITb XOpOLIMM BBIOOPOM MJii HEOOJBIIOro JoMa 0e3
CYILLIECTBYIOLIEH CUCTEMbI OTOIJIEHUS, UM €CJIA Bbl XOTUTE JOOABUTh HEMHOT'O TEIIA
B [IOMENIEHUE, KOTOPOE €I€ HE OTAIlJIUBAETCA.

3akiilouenue

Ha nanHbIil MOMEHT, cOHEYHas dHeprus, B bemapycu, He Tak MOMyJsipHa, KaK B
Opyrux, Oojiee pa3BUTHIX CTpaHaxX, TeM OoJieeé C MCHOJIb30BAHUEM COJHEYHOU
SHEPrUU B KAUECTBE OTOIUICHUS B IOMaX.
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KPYNHEHNIIUE OB BLEKTHI BO3OGHOBJISIEMOM SHEPTETUKHA
LARGEST RENEWABLE ENERGY FACILITIES

E.H. Crpemoyc, B.A. Anucumos, FO.A. bparkoBckuit
Hayunsiit pykoBoautens — [.A. Muxanpuesuy, cTapimi MpernogaBaTelib
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r. Munck, Pecniyonnka benapych
E. Stremous, V. Anisimov, Y. Bratkovsky
Scientific adviser — G. Mikhaltsevich, senior lecturer
Belarusian National Technical University, Minsk, Belarus

Annomayun: Yucno cmanyuti 80300HOGNAEMOU IHEPLEeMUKU 3d HOCTe0Hee
epems cuibHo yseauuunocv. 3a 2021 cymmapnas yCmamoGleHHas MOUWHOCHb
80300H0615emol  3Hepeuu cocmasuna 2839 I'Bm. bBonee 20% muposoti
NeKmMpOo3Hep2uL nocmynaem ¢ 00beKkmoe 60300Ho61eMoll sHepeemukxu. Kascoas u3z
HUX VHUKAJIbHA U UMeem C80uU omaudumesnbHvle yepmuvl. B oanmoii cmamve mol
PAcCMOmMpum KpynHeuuiue CMaHyuu 60300HOBIAEMOU IHEPLeMUKU MUpa, YeUouMm
0CODEHHOCMU U XapaKmepucmuKky Kaicoou u3 Hux.

Abstract: The number of renewable energy stations has increased greatly in
recent years. In 2021, the total installed renewable energy capacity was 2839 GW.
More than 20% of the world's electricity comes from renewable energy sources. Each
of them is unique and has its own distinctive features. In this article, we will consider
the largest remewable energy stations in the world, see the features and
characteristics of each of them.

Kntouesvie cnosa: 60300H0615eMble, INEKMPOIHEPUs, CMAHYUU, 00Was
MOWHOCM®.

Keywords: renewable, electricity, stations, total power.

Bsenenne

Bo BceM mupe crnpoc pacT€T Ha 3JIEKTPOIHEPTHIO, & TAKXKE YBEIUYMBACTCS
HEOOXOJIMMOCTh TOSIBJICHUSI U HCMOJb30BAaHUSI HAJEKHBIX, O€30MaCHBIX U, TaKXe
AKOHOMHUYHBIX UCTOYHHUKOB 3JICKTPOIHEPTHUU.

OcHOBHas 4YacTh

PaccmoTpum kpynHelie CTaHIIud BO30OHOBIISIEMOM YPHEPTETUKH B MUPE.

Kommiekc BerpodJiekrpocranuuii 'anbey

Momnocts: 8 I'BT

Kommnekc pacnonioxken B Kurae m Ha3BaH B 4eCTh IPOBUHIIMA B KOTOPOW OH
Haxoautcs (I'anbey), Henaeko oT ropoja I3romtoans. Berpoanekrpocranius (B2C)
["anbcy BO3BeneHa BAOJIb MYCTHIHU 1'00M, B KOTOPOM NYIOT 3KCTPEMAaJIbHO CHUJIbHBIC
BeTpbl. CTpouTenbCcTBO cTaHuuMM Hadamocb B 2009 romy. Komrekc
BETPORJICKTPOCTAHITUH SBJISIETCS OJTHAM M3 6 3aITAaHUPOBAHHBIX MPOEKTOB B 001aCTH
BeTposHepreTukn Kutas, 1elibl0 KOTOpPBIX siBIsAETCS cTpoutelbecTtBo BOC B 3TOM
pernoHe cymmapHoil MomHOCThO0 20 ['BT. CToMmoOCTh npoekTa HacuuThiBaeT 17,5
MJIpJ. 10JUT. EAMHCTBEHHBIN HEAOCTATOK KOMILIEKCA COCTOUT B TOM, UTO B PETHOHE,
I7Ie OH HaxOJWUTCS, HET MOTPEOHOCTEH B TaKWX KOJIMYECTBaX SHEPrUU, MOITOMY
DHEpPrusl HAIpaBIIETCS B  BOCTOYHBIE PETHOHBI, TaKK€ 4YacTb OSHEPrUHU
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AKCIOPTUPYETCS B JIpyrue cTpanbl, Takue kak byran, Heman, Uunus. B Oynymem
IUTAHUPYETCS YBEJIMUUTh MOIIHOCTh KOMILJIEKca OoJiee ueM B 2 pasa.

Hornsea One

Momnocthb: 1,2 I'BT

Camas MolHas U KpymnHeimas oddinopHas (MOpCKOro 0a3upoBaHus) BETPsSHAS
anekTtpoctanims. CraHuus Haxomutcs B 120  kwiomeTrpax oT  Oeperos
BenukoOputanuu. Cam 00bekT Hornsea One 3aHUMaeT 3HaYUTENBHYIO TEPPUTOPHUIO
B 407 KM, 4TO K HPUMEPY, NPEBBILAET pa3MepPhl TAKUX CTPaH Kak MaiubauBbel U
Manbsra. Ha cranuuu Hornsea One pacnonokensl 174 OaimiHu, pazMepbl KOTOPBIX
nocturator 190 merpoB, camu OamiHM 000pPYAOBaHBI 7-MEraBaTTHHIMH BETPOBBIMU
TypOMHaMu OT Siemens. A quaMeTp pa3maxa JIOmacTed KaKJ0oW M3 HUX COCTaBIISACT
okono 180 merpos. ITo cnoBam pykoBoauTens Credana XyHHHIca OJHOTO IOJHOTO
000poTa TakoW TYpOMHBI C TOJIOBOM XBaTUT JJisi OOECHEUYEHUS AJICKTPUUECTBOM
CPEIHECTAaTUCTUYECKOIO0 JOMa Ha IPOTSHKEHMHM LENblX CyTok. Ha peanmmsanuro
MIPOEKTa MPABUTEIHCTBOM BennmkoOputanuu OblI0 TOTpayeHo 0KoJ0 730 MUJIITMOHOB
JI0JI1apOB.

Jamba «Tpu ymesnbs»

MomHocTth: 22,4 I'Bt

Hamba «Tpu yiienbs» — rpaBUTAlIMOHHAS THAPOIICKTPOCTAHIIUS, IEPEKUHYTas
yepe3 peky AHuzsl y ropoma Canppoynud, B paiione WMnuH, Muyan, mpoBUHLUS
Xy05i1, neHTpanbHblii Kurtaii, Hike mo tedeHuto ot 3-x ymenuil. Ctanuusa «Tpu
yiIenabs» Oblla HauKpyMHEWIIEH B MHpE 3JIEKTPOCTAHUMEH MO YCTaHOBJIEHHOMN
momHocty (22 500 MBT) ¢ 2012 roga. B rox gamOsl mpou3BoauT B cpenHem 95420
TBT1*4 »nekTpuuecKoil 3HEpruu, 3aBUCMMO OT TOJOBOIO KOJHMYECTBA OCAJIKOB B
peunoit O6acceiin. B 2020 roay mocie oOMJIBHBIX MYCCOHHBIX JOXIUKOB, TOJ0Bas
BbIpaOOTKa 1aMObl npakThuuecku pocturiaa 112 TBt*y, mo6uB MupoBoii pekopa B ~
103 TBT*u ycranoBnennsiii miotunoi Uraitny B 2016 romy.

JItobasi M3 OCHOBHBIX THAPOTYpOMH mmeer MomHOcTh 700 MBT, Bcero 32
rJiaBHble TypOuHBI. JIJisi mUTaHUS caMOW CTAHIIMHU YMOTPEOJSIOTCs JBa TeHEpaTopa
(50 MBT nro6as), obmast 35ieKTprudeckast MOIHOCTh 1aMObl cocTaBiisgeT 22 500 MBT.

Kpome mnpousBoacTBa 3JEKTpUUYECKON 3Hepruu, gamba co3fgaHa s pocTa
IPOIMYCKHOM BO3MOXXKHOCTH peku SHu3bl. OOecnedrBas MeCTO Ui XpaHEHMs
MaBOJIKOB, JamM0a MOHUXKAET BO3MOKHOCTh HaBOJHEHUN BHU3 MO TeueHHto. OaHaKo,
namOa BbI3BaJia HKOJIOTMYECKHME HU3MEHEHHS, B TOM 4YHCJE 3aBBIIICHHBIA PHUCK
onon3uen. [losTomy namOa BbI3Baja CHOpPbl KaK BHYTPH TOCYIapCTBa, TaK U 3a
IrPaHULICH.

«Oyster Wave Energy System»

MoiHocThb: 2,25 MBT

Camas momHas BoJsiHOBas sjekTpoctaHuus «Oyster Wave Energy Systemy»
pacnosiaraetcsi y 6eperoB ropoja [loBya-ne-Bap3un B ceBepHoit uactu [lopryramumu.
Jt10 l-as B Mupe KomMMepyeckass BOJIHOBasl 3JeKTpocTaHius. OHa MPUIIOMUHAET
«3Mer», Ha 50% norpyxeHHyro B Body, JiuuHOM 150 M wm mumpuHOM 3,5 m.
HakatpiBasich Ha 3TUX «3Mei», BOJIHBI MEPENAlOT UM KoJieOaHMs, KOTOPhIE TOTOM
npeoOpaszoBbiBatoTcss B sHepruro. Opna Typbuna mpousBogut 0,75 MBr
anekTpudeckoil sHeprun. Celyac BBEACHO TPU YCTAHOBKH OOIIEN MOIIHOCTBIO 2,25
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MBT u uenoii 13 mun. gomn. CIIA. B panbHeliieM 3amiaHUpPOBAaHO MOBBIIIEHUE
MomtHocTu 1o 21 MBT.

«Solar Energy Generating Systems»

MomHocth:355 MBT

Haumomnnneitiias temioBas cojiHeuHass oiekTpocTanius «Solar  Energy
Generating Systems» pacnonaraercsi BHyTpu CoenuneHHbix lllTatoB Amepuku K
TOMY K€ COCTOSIas U3 9 CONHEYHBIX AIEKTPUUYECKUX CTAHIMN, HAXOMSIIMXCS B
nycteiHe Ha FOro-3anage CIHA. U3 Hux 5 ucnonb3yrot momiHocts 30 MBT mio6as, 2
ucnonb3yroT 80 MBt1, n 2 crannuum Ha 14 MBt1. B MexaHusme npennpusitus
npuMeHeHo 936 385 mnapaboauyeckuxX KOHIIEHTPATOPOB, OHU pa3MELIEHbl Ha
IUIOILAIY B 6,5 KM

«[eitzep»

MomnocTts: 1518 MBT

Haumomneitmas reorepmanbHasi — diekTpocTtaHuus — «l'eiizep»,  KoTopas
pacnonaraetcsi B Coequnennbix llTarax AMepuku, npeacTaBisieT U3 ceOsi KOMIUICKC,
COCTOSIIINI U3 22-X T€OTEPMAJIbHBIX CTAHIUI. 3aJIe)KU T€OTEPMAIbHBIX UCTOYHUKOB
pa3menieHsl B 116 km B ceBepHOM HampaBieHUH oT CaH-PpaHIUCKO U cOCTABISAET 79
kM2, DHEPrHsi OT 3TUX UCTOYHHKOB J03BOJIAET obecreunts 60% HEOOXOAMMOCTH B
AIIEKTPUYECKOM dHEpPrum ceBepHoro noodepexbs Kamudbopuuu. HeB3upas Ha TO, 4TO
nrkoBasi momtHocTh 2100 MBT nocpeaune 1980-x rogoB cHusmiaach ceivac a0 1518
MBT, n1aHHBII OPOEKT, KAK U PaHbIIE€ HE MPEKPALIAET OCTABATHCS CAMbIM OOJBIINM
10 UCITOJIb30BAHUIO T€OTEPMATBLHON YHEPTUH.

«0Oy Alholmens Kraft»

MomnocTb: 160 MBT Tepmuueckuii JHepruu u 265 MBT ajiekTpuueckon

Haumormneitmas B Mupe 3J€KTPOCTAHIIMS, KOTOpas CHKUTaeT OMOJIOTHYECKYIO
Maccy — japeBecHyto mnopoay u Topd «Oit AnbxonbmeHc Kpadt» pasmernieHa B
OunnsHauu. B KkadecTBe MOMOJHUTEIHHOTO TOPIOYETO MOXKET YHOTPEOIATHCS
KaMeHHbIH yroJib. CtaHiusi npous3BoauT 265 MBT snektpuueckoil snepruu, u 60
MBT TepMHUYECKUN 3HEPrUU Il UCIOJb30BAHUSA B LIEHTPAJIM30BAHHBIX CHCTEMAaX
obecrieuenus teriom u 100 MBT tepmuyeckuii sHepruu Jjisi HoTpeOHOCTEN 3aBOIa
10 IPOM3BOACTBY Oymaru. B wac cranims cnoco6Ha cxurats 1000 M Guororuisa.
Pa3Mepbl KOTiia, B KaKOM CIIy4ae€TCsl CHKHUTAaHUE TOPIOYEro, COCTaBISIIOT 8,5 M B
MONEpEeYHUKE B OCHOBaHMM U 24 M - BBepxy, npu Beicore 40 M. B naens
ynotpeosiercs 120 0onblINX Tpy30BUKOB OMOTOIIINBA.

Perovo Solar Power Station

Momuocts: 100 MBT

Komnanuss Activ Solar B 2011 romy oxoHYMIa 3aBeplIAlOlIMNA  IIar
CTPOUTENHCTBA (POTODJEKTPUUECKON cTaHIMU o0mer wmomHocteio 100 MBT
HaxojsmIelcs Henaneko ot nepeBHu IlepoBo, B Kpeimy. CoopykeHre ObLIIO TOTOBO
28 nexabps 2011 roma. O6BekT cocTouT U3 6oyee, yem 440 ThICSY KPUCTALTUICCKUAX
COJIHEYHBIX (DOTOIIEKTPUUECKUX Moaysed. JlanHas QoTosmekrpuyeckas CTaHIUA
SABJISIETCA CaMOW KPYyHHOM B MHUpe. DJIEKTPOCTaHIUs 3aHUMaeT Tepputroputo B 200
reKTap W BIAJEET MOTeHIaaoM mpou3BoauTh 132 500 MBT*u snextpudeckoit
SHEpPruu B roiA. Pa3mepbl MaHHOW 3JIEKTPOCTAHUMU MOYKHO CpaBHUTH C 260
(GbyTOONBHBIMH MOSIMH.
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Orbital O2

Momnoctb: 2 MBT

Komnanusa Orbital Marine Power B Bomax Illotmangum 3amycTuna
HAaUMOIIIHEHIYI0 MpuiiuBHYI0 TypOuHy. OHa HasbiBaeTcst Orbital O2, e€ nukoBas
MOIIHOCTh cocTaBisieT 2 MBtT. Ha 1aHHbBIi MOMEHT €€ cTaparloTcsi CKopee
NOAKIIOUNTh K EBpomelickoMy LIEHTpY MOPCKOM »sHepreTuku. Bec TypOuHBI
coctapisier 680 ToHH. CTpouTenbcTBO Havanoch emié B 2019 roay. Jdnuna nonacrtei
coctapisier 10 MeTpoB, JJIMHA KOHCTPYKIIMK — 74 MeTpa, IUIOoIIa b OXBaTa JIomacTei
— 0onee 600 M>. MOIHOCTH TypOUHBLI XBATUT Ul 00ECIIEYEHHs DIEKTPOSHEPTUEH
okoio 2000 momoxo3zsiicTB BenunkoOputanuun u kommneHcanuu okoio 2200 ToHH
YIJIEKHCIIOTO ras3a B roj.

Sihwa Lake Tidal Power Station

MomnocTh: 254 MBT

Kpynnerimas MIpUJIMBHAS TUIPOIICKTPOCTAHITHA. [TpunuBHas
AJIEKTPOCTAHIIMS, PACTIOJIOKEHHAs Ha o3epe CuxBa CUMTACTCS KPYIHEHUIIEH B MUpE
MPWIMBHOM 3JIEKTPOCTAHIIMEH, 0011as BBIXOJHAS MOIIHOCTh cocTaBisieT 254 MBT.
ITocne crpoutenscTBa 7aMObI B 1994 roay, B TOJIBKO MOSBUBIIEMCS BOAOXPAHUIIUIIE
o3epa CuxBa HAKOIUJIIOCH OOJBIITOE KOJUYECTBO BPEAHBIX BEIICCTB, UTO MPHUBEIO K
MeYajJbHBIM TMOCIICICTBUSAM, BOAY M3 BOJAOXPAHUJIHUINA HENIb3s OBLIO HCIIOIh30BaTh
JUISL CeNIBCKOTO X03sicTBa. KOHIIEHTpauu neppTOpoOKTaHOBOTO CyJib(poHATa, OBLIN
OJHHUMHM M3 CaMBbIX BBICOKMX KOHIICHTpAIlMid B Mupe. B monckax perieHuss mpoOieMbl
nHxeHepel B 2004 roay pemid MCIOIb30BaTh NPUTOKU OT MPUIMBHOM IIJIOTUHBI
HaJIeXK]I€ CMBITh 3arps3HEHUE.

3akiaouenune

B coBpeMeHHBIX peanusix poib BO30OHOBISIEMON YHEPTUU B MUPE KaK HUKOT/1a
BbICOKa. Tak Kak pecypchl 3eMJIM UMEIOT CBOMCTBO 3aKaHYMBATHCS, a MOUCK HOBBIX
3ajIeKed MOXKET PacTATUBATHCS Ha JIOJTHE TOJbl. A €CIM YYUTBIBATh, YTO CTAHIIUU
BO300HOBIISIEMOM SHEPTUU MOYTH HE 3arPs3HSIOT OKPYKAIOIIYIO CPEy, a HEKOTOPhIS
1 BOBCE €€ HE 3arpsA3HSIOT, TO JJIS YEJIOBEYECTBA €IMHCTBEHHBIM BEPHBIM pEIICHUE
OyZIeT TOJIHOCThIO TEPEXOIUTh Ha BO300HOBISEMbIE HMCTOYHMKH H3Hepruu. Ho
€IMHCTBECHHON TMPOOJIEeMOM OCTaeTcs TO, YTO TIOKa OOBEKThI BO300HOBIISIEMOM
DHEPIeTUKH HE MOTYT TOJIHOCTBIO B35ITh Ha ce0s oOecreueHHue SJISKTPOIHEPIrHeit
Bcero mupa. [loatomy HY)XHO € Ka)XJbIM IOJ0OM yiydllathk cyuiectByromue BOC u,
HECOMHEHHO, CO3/IaBaTh HOBBIC.

Jluteparypa

1. [Tuporosa, B.B. Tenaenuuu pa3BuTHUsS BO300OHOBISIEMBIX HCTOYHUKOB
sHepruu B mupe / B.B. Iluporoma; nayuy. pyk. E.A. KpaBuyk // AkTyanbHble
npoOJeMbl JHEPreTUKU [DNEeKTpPOHHBIM pecypc]: Marepuanbl 76-i1  HaydHO-
TEXHUYECKON KOH(EPEHIIMU CTYJACHTOB M AacCIUPaHTOB: CEKIUs "DKOHOMUKA U
opranu3zanus 3Hepretuku” / coct. T.E. XKykosckas. — Munck: BHTY, 2020. — C. 84-
88.

2. Knennar, @ Moxaman  TeHaeHuMn WU CTPYKTypa  Pa3BUTHSA
B0O300HOBIIsIEMOM sHepreTrky / Moxaman Kneiinat / VII Mexaynapoanas HayqHO-
TeXHUYECKass  HMHTepHeT-KoH(pepenmus  "MHpopmalMOHHbIE  TEXHOJOTUHM B
oOpa3oBaHuH, Hayke u mpousBoacTBe", 16-17 Hos0ps 2019 rona, Munck, benapych
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YIAK 621.313
PEKYIIEPALIUSA DQHEPT'UN ABTOMOBUWJIA
VEHICLE ENERGY RECOVERY
C.B. Kaznogsckuii, ['.}O. Kynukos
Hayunsiit pykoBoautens — [.A. Muxanbpuesud, cTapimui MpernogaBaTellb
benopyccknii HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET,
r. Musnck, PecniyOnuka bemapycs,
S. Kazlovskiy, G. Kylikov
Scientific adviser — G. Mikhaltsevich, senior lecturer
Belarusian National Technical University,
Minsk, Republic of Belarus

Annomayusn:  [ubpuowvie u  21eKMPOMOOUNU — NOAYHUUIU — UWUPOKOE
pacnpocmpanerue 6 cmpanax 3anada u CILIA. B 0annwlil MOMEHM U HA NPOCMOPAX
CHI' onu me sguaiomcs peokocmvlo. B cesa3u ¢ smum 6 OaHHOU cmamve Mbl
PAaccmMompum pazsumue SUOPUOHLIX ABMOMOOUIeU U CNOCOObL peKynepayuu dHepeul
asmomoouis.

Abstract: Hybrid and electric vehicles have become widespread in Western
countries and the United States. At the moment, and in the CIS, they are not
uncommon. In this regard, in this article we will consider the development of hybrid
cars and methods for recuperating the energy of a car.

Kntouesvie cnosa: passumue snekmpugpuxayuu asmomoouneu, cucmembl
peKynepayuu 3Hepeuu.

Keywords: development of car electrification, energy recovery systems.

BBenenne

B coBpemeHHOM Mupe aBTOMOOWIIL TMOJYYHJ OOJIBIIOE PACHPOCTpaHEHUE B
CBSI3U C €r0 JOCTYMHOCTHhIO. OJTHAKO OH MMeET OOJBIINE HENOCTATKU, CBS3AHHBIC C
BBIOpOCaMU B aTMoc(epy MPOAYKTOB TOPEHHS TOIUIMBA, HU3KUM KO3 UIIEHTOM
noje3Horo aeictBus, a0 50% nns aBTOMOOWJIEH C JBUTaTeleM BHYTPEHHETO
cropanus. B nocnennee necaTuiieTe CTaly MOJydaTh OOJIbIIOE pacHIpOCTPAHEHUE B
ctpanax 3anaaHod Epomsl um CIIA aBromoOunu ¢ 3aeKTpUPUIIMPOBAHHBIM
MPUBOJIOM BEAYLIMX KOJIEC, HO OH TaK)XK€ MMEET HEIOCTAaTKH, TaKue Kak OoJblias
3aBUCUMOCTh OT HMH(PACTPYKTYpbl, OOJIbIIIOE BpEeMS 3apsiiKh aKKyMYJISTOPHBIX
OaTapeil, MEHbIIIUM MPOOer 0 MOoCAeayoNIeH 3aps KU 0 CPABHEHUIO C 103aIpaBKOM
aBTOMOOMJIeH ¢ nBurarensiMu BHyTpeHHero cropanus (JABC). Otu Hemocratku
NpUBEIM K  TOSBICHUIO  aBTOMOOWICH CO  CJICAYIOIUMH  THOPUIHBIMH
YCOBEPIIICHCTBOBAHUSMU:  DJIEKTPOMOTOP MOXKET paboTaTth Kak YCTPOWCTBO,
noBblaroniee Tsaropoe ycwine, JIBC MoeT y4yacTBOBaTh TOJBKO KakK MPHUBOJ
reHeparopa sl 3apsSiKd aKKyMYJISTOPHBIX Oarapeil ¥, MOdydYuBIIas OOJIBIIOE
pacnpocTpaHeHHe, cxemMa ¢ KOMOMHHMpPOBAaHHBIM MOAKIIOYeHHEM. B sTOoM ciydae
aBTOMOOMJIb MOXET JIBUTAThCSl TOJIBKO HA JJIEKTPOTATE WM HCIOIB3YS TOJBKO
MotrHocThk JIBC, a Takke npu ux COBMECTHOM paboTe.

Nuxenepsl npopoipkuiv paboTel Haja mnoBeimieHueM KIIJ[ aBTomoOwiiei u
pa3paboTanu CUCTEMbI, KOTOPBIC MO3BOIMIN PEKYIEPUPOBATH YHEPTHIO ABTOMOOKJIS.

OcHOBHas YacTh
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CyTb padoThI pekynepanum 3Hepruu TOPMOKEHUsI

[Ipu nBM>XEHUH aBTOMOOWIISI, ABUTATENb TPATUT MHOTO MOIIIHOCTH Ha Pa3roH U
NOCJEAYIONIEE JABMKEHHSI C 3TOM CKOPOCTBIO, OJHAKO PEAJIbHOCTh TAaKOBa, YTO B
CBS3U C M3MEHEHHMEM JIOPOKHOM OOCTAaHOBKM aBTOMOOWJIb JIBIDKETCSI HE C
PAaBHOMEPHOM CKOpPOCTBIO, YTO B CBOIO OYE€pEIb MPUBOIUT K OOJBIIUM MOTEPSIM
SHEPrUM Ha €ro pasroH U TOPMOXEHHE. Tak Kak TOPMOMXKEHHUE OCYLIECTBIIIETCS B
OOJIBIIIMHCTBE CIIy4aeB C IOMOIIbI0 (PUKIMOHHBIX MEXAaHU3MOB, TO DJHEpPrus
TPaTUTCAd Ha HM3HOC (PPUKIIMOHHBIX HJIEMEHTOB MEXaHHW3Ma, a TaKXke B OOJbIICH
CTEIIEHU MEPEBOAUTCS B HATPEB €ro IEMEHTOB. C HCIONIb30BAHUEM JIEKTPUUYECKOTO
MPUBO/A BEAYIINUX KOJIEC HHKEHEPHl HAaYaJld YMEHbIIATh OTEPU SHEPIHH, IEPEBOIS
SHEPIrUI0 TOPMOXKEHUS B 3JEKTPUUYECTBO W MOCIEAYIOIIEE HCIOJIb30BAaHUE €€ IpPH
pasroHe aBTOMOOWIISL.

IlepBble  HCHIOJIHEHHMs  CepUHHBIX TI'MOPMAHBLIX  aBTOMOOMJIECH ¢
peKkynepanuei JHeprum TOPMOKeHHU s

[lepBbie TUOpHUIHBIE AaBTOMOOWIM C pPEKyHepaluel SHEepruM Havyalu
MpPOU3BOAUTHCS B SMOHMHM, Kak MOIU(MUKAIUS CEPUMHBIX TEpPEAHETPUBOHBIX
apromMoOusiel. B HUX ycTaHaBIMBAJICS JOMOJHUTEIBHBIN PEIYKTOP CO CBOOOIHBIM
mubdepeHnanom, KOTOPbIH  MPUBOAWICS B JBWIKEHHWE  KOJUICKTOPHBIM
AJIEKTPOJIBUTATENIEM, 3alMTAHHBIM OT OOpTOBOM cetu aBToMOOWIsi. OH co3gaBal
JIOTIOJIHUTENIbHOE TArOBoe ycuiaue Ha ckopocTsx 10 30 km/4. Topmoxkenue
aBTOMOOWJIS OCYIIECTBIISUIOCH COBMECTHOM pabOTOM 3JIEKTPOMOTOpAa, B KAadyeCTBE
T€HEepaTopa, HW OCHOBHOW TOPMO3HOW cuCTeMbl. (CTEneHb MCIOJIb30BAHUS
peKynepaiuu Ipu TOPMOKEHUH 3aBUCETI0 OT MHTEHCUBHOCTU TOPMOXKEHUS, TO €CTh
NP HU3KOM 3aMEIJICHMM OCHOBHAs TOPMO3Has CHUCTEMa HE Y4acTBOBaja B
TOPMOXKEHUHU, a Mpu 0oJjiee CUIBHOM 3aMeMJIEHHH padoTaiu COBMECTHO, OTIABas
AIEKTPUUYECKYIO DHEPTHIO B OOPTOBYIO CETh AaBTOMOOMIISL.

Hocaenywinne reHepanuy ruOPUAHBIX ABTOMOOUIEH

B cBsi3u ¢ Tem, 4TO mEpBBIE CUCTEMBbl MUTAIUCH OT OOPTOBOM CETH, TO OHU
UMEITM MaJIyl0 MOIIMHOCTh TPH OOJIBIIMX pabouuMx TOKaX, YTO OTPAHUYMIIO
WCIIOJIb30BAaHUE JIAaHHBIX CHUCTEM TOJBKO Ha CBEPXJIETKHX AaBTOMOOWISNX. A C
JTATbHEHIIIMM pPAa3BUTHUEM JaHHOW CHUCTEMbI, HANpPsSHKEHUE MOBBICHIOCHL 10 48V, B
pe3ynbTare 4ero  BO3pOcCia  MOIIHOCTB  3JEKTPOMOTOpa, HO  HIPHIIIOCH
JOYKOMILJIEKTOBBIBATh ABTOMOOWIIb JTOTIOJTHUTEIHHON aKKyMYJISITOPHOUM Oartapeeil u
reHepaTopoM, TMPUBOAUMBIM OT JBHUratens. Takxke aBTOMOOWIM JUIIMINUCH
KOJUIEKTOPHOTO  AJIEKTPOJBUTATENsl, MM HAa CMEHY MpUIUIMd OecClIETOYHEbIE,
OECKOJJIEKTOPHBIE  DJIEKTPOABUTATENId  MOCTOSHHOTO TOKA C  KUJAKOCTHBIM
oxnaxaeHneMm. Mcnonp3oBanne BLDC-MOTOPOB NpHUBENO K MOBBIILICHUIO MOIIIHOCTH
M YMEHBILICHUIO JuaMeTpa MpoBOAOB. B mocnenyromieil reHepanuu HampsHKeHUe
osuto yBenmuueHo 10 200-300V nmns rubpuanbix aBtromoOuieid u 300-800V st
AICKTPOMOOHIICH.

CoBpeMeHHbIE TEHIEHIIUU

JIisi mOHMMaHWS JATBHEUIEr0o Pa3BUTHS THOPUIHBIX aBTOMOOWIEH HYKHO
oOpatuthes K “3aKOHOJATEN0 MOJ~ — aBTOCIOPTY, TJI€ CTaIl UCIOIb30BaTh BHICOKO
00OpOTHCTBIE  MOTOp-T€HEpaToOphl, Ml TpuBoAa TypOoKommpeccopa. ITo
ANIEKTPUYECKas MallnHa, CHIAAIIas Ha Baimy TypOokommpeccopa. M paborats ona
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MOET B 00€ CTOPOHBI: M3BJIEKATh YHEPTUIO U3 BHIXJIOMHBIX TA30B M PaCKPyUHBAThH
TypOOKOMIIpECCOp MJIsi COKpaieHus “‘rypbomara”. UTo mo3BOJIIET BBIpaOATHIBATH
DHEPTrUI0 Ha MPSMBIX YY9acTKaX M MOJy4aTh MAaKCHUMaJbHYIO MOIIHOCTH TPU CTapTe
aBTOMOOMJISL ¥ BBIXOJIC €0 U3 IMOBOPOTa (PUCYHOK 1).

~ Ne' Akcenepatop

-
ﬂ%anb TopMO3a ;
s S ; 47" Nepans
: TOpMO3a
‘. MGUH EaTa a MGU B p
= MGU K . MGu Kk
i W - Bartapes
—
- . Akcenepatop
- Axcenepartop .
© MNepans TopMoza .
- ; " Nenans
TOpMO3a
Barapesn L 7 MGUH P

MGU K
Bartapes

Pucynok 1 — [lupkynsuus s3HEPTUU B pa3IMYHbIX PeKUMaxX aBTOMOOMIIS

3akiroueHue

C HECOBEpIICHCTBOM HBIHENTHUX TApPaMETPOB aKKYMYJIATOPHBIX SUECK,
MacCOBO€ HCIOJB30BAHUE DJIEKTPOMOOMIICH HEBO3MOXKHO, MOITOMY OJjrbKaifiiee
JecsATUiIeTHE OyayT MOJydaTh MIMPOKOE PacIpOCTpaHEHUE TMOPUIHBIE aBTOMOOWIIH,
C UCIIOJIh30BaHUEM BCEBO3MOKHBIX YCTPOUCTB, JUIsl peKynepamuu sHepruid. Cucrema
peKyIepay dHEPruu TOPMOKEHHUSI MO3BOJUT BJIAJAEIbIy KOHOMHUTH JICHHIU Ha
TOIUTMBE U Ha PACXOJHBIX MaTepHaiax TOPMO3HON CUCTEMBI MPU IKCILTyaTaI[uu €ro B
TOPOJICKOM IIHUKJIE, OJTHAKO, B CBS3M C OOJbINEH CTOUMOCTHIO aBToMooOmis (Ha 20%)),
Ha PEKHUM OKYITAEMOCTH OH BBIUJIET CIYCTS OOJIBIIIOE BPEMSI.

Jluteparypa
1. Casuu, E.JI. YcrpoiictBo aBromobuneit / E.JI. CaBuu, A.C. I'ypckui,
E.A. Jlaryn. — Munck: PUIIO, 2020. — 448 c.
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VK 629.3.032
MOTOP-KOJIECO
WHEEL HUB MOTOR

J.C. Jorumb
Hayunsblii pykoBogutens — [ A. MuxanbleBuy, cTapiuinii npenojgaBaTeib
benopyccknii HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET,
r. Musnck, PecniyOnuka bemnapycs,
D. Dohil
Scientific adviser — G. Mikhaltsevich, senior lecturer
Belarusian National Technical University,
Minsk, Republic of Belarus

Annomauyusn: Buovi momop koaéc, cnocoowl nosvluenus KI1/].
Abstract: Types of motor wheels, ways to increase efficiency.
Knioueewle cnosa: Momop koneco, 8uovl, npumeHenue, yiyuuieHue.
Keywords: Motor wheel, types, usage, improvement.

BBenenne

B naie Bpemst 001acTh IpUMEHEHUSI MOTOP KOJIEC HA TPAHCIOPTHBIX CPEACTBAX
Pa3IMYHOIO KJIACCa CHIIBHO PACLIMPSAETCS. JTO CBI3aHO C TE€M, YTO UCIOJIb30BAHUE
MOTOpP KOJEC MO3BOJSET CO34aBATh MAIIMHBI HOBOM KOHCTPYKLMH, Y KOTOPBIX
OTCYTCTBYET TpaHcMuccusa. OHM HalUIM CBOE MECTO B OOIIECTBEHHOM TPAHCIIOPTE,
AIEKTPOBEIIOCUIIENIAX, JIEKTPONPUBOIAX, MHBAIHMIHBIX KOJSCKAX U T.1I.

Pucynok 1 — Mortop-koseco Ha Beocunene

OcHoBHas yacTh

[lepBbIii, KTO TpPEeAsOKMUI HICIH0 MOTOp-KoJjieca, ObUT aMepukaHel Ajgamc
Benunrron B 1884 rony u yxe k 1890 nosiBuiMch nepBble NATEHTHI HA BEJIOCUIIEIBI C
MOTOP-KOJIECAaMU, TUTAIOIIUMUCS OT OaTapei.

MoTop-koneco mpeAcTaBiasieT CcoOOW  arperar  BKJIIOYAIOIIMNA  KOJIECO,
ANEKTPOABUTATENL, TOPMO3ZHYKO CHCTEMY M CHJIOBYIO Iepenauy. Kaxkmoe komeco
KpENuThCsl K paMe TPaHCIOPTHOTO CpelcTBa Oyarojaps KpOHIUTEHHAM WIM Ha
IIOBOPOTHOM MEXAaHU3ME, KOI1a KOJIECA YIIPABIISIEMBIE.

OCHOBHBIMM ~ NPEUMYLIECTBAMU MOTOP-KOJEC  SBISAIOTCS: IUIABHOCTH B
M3MEHEHMM KpYTAIIEro MoMeHTa Ha Konécax, Bblcokun KIIJ[ xonéc, wu3-3a


https://www.triumph.ru/html/serv/udk.html?category_id=70508
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MaJICHBKOTO KOJUYECTBA TPYIIUXCS TMOBEPXHOCTEH, BO3MOXHOCTh BbIJABATh
OOJIBIIION KPYTSIIUI MOMEHT, OBICTPBIN OTKIIUK U HU3KYIO HHEPIIHUIO.

OCHOBHBIMU HEOCTAaTKaMU SIBJISIETCS TO, UTO JJIsL TAKOTO MPUBOJIa HY>KEeH OoJiee
TOYHBIA MEXaHU3M YIIPaBJICHUS B OTJIMUME OT APYrux Aurarenei. Ecnu nBurarens
paboTaeT Mpu BBICOKUX Harpy3kax (moabeéM) uiau ¢ HeOousbliol ckopocthio KITJI
MOXeT nagath 10 50% u HUKe.

B 2009 romy «xommanusi EZ-Wheel paspaborara cBow  cucremy
MHTETPUPOBAHHOM CHUCTEMBI U3 TSTOBOTO BJEKTPOJBUTATENS, AKKYMYJSITOPA,
AMEKTPOHHOTO Oyioka ympasinenus (OBY) wm  OGarapen. DOTa  KOHIEMIHA
MIPEACTABIISIIACh KaK AJIEKTPOMOTOP, KOTOPHIM yCTaHABIMBACTCA HA HEOONBIINX H
JNETKUX TPAHCIOPTHBIX CpPEJICTBaX, a HMEHHO: CKYyTe€pa, WHBAJIUJHBIC KOJISICKH,
TEJICKKH, BEJIOCUTIE/BI U T.]I.

Pucynok 2 — Morop-koneco komnanuu EZ-Wheel

Active wheel — 910 cucrema pazpabotaHHas QpaHIy3CKOM KOMIaHUEH
Michelin. 3DT0 MOTOp-KOJECO COCTOMT W3  TSITOBOIO  AJIEKTPOIBUTATEIIS,
AJICKTPOABUTATENII U aJalTHUBHOM  DJIEKTPUYECKOM  TMOABECKH, CHOCOOHOMU
ABTOMATUYECKU TMOJCTPAUBAThCA MOJ YCJIOBHUS JIOPOTHM, a HMEHHO W3MEHSTh
KJIMPEHCAa Ha KaXJOM KOJiece, YTO IMO3BOJSET Jydlle MPOXOAUTh MOBOPOTHI U
HEPOBHOCTU JOPOTH, a TAKXKE CUCTEMA COJAEPKHUT NMPUHYAUTEIbHYIO BEHTUJISLIUIO
TopM030B cucteMbl. Kommnanusi Michelin crpemumnach MakcMMaiabHO CHHU3UThH BEC
MOTOpP-KOJIeCa, YTO TIO3BOJIMJIO YMEHBIIUTh MHEPIUIO KoJieca U YBEIHUUIIO
CIETJIEHUE C JOPOrod. OTO MO3BOJMJIO MPEB30MTH MO XapaKTePUCTHKaM JpyTue
MOTOp-KOJIECA.



DQaexkTposHepreruka u d>aexkrTtporexunuxka. CHTK-78 -

Pucynok 3 — Motop-koieco ¢ cucremoii Active wheel

K HemocTaTkam Takoro kojieca MO>KHO OTHECTHU TO, YTO Y HEro O0Jiee CIO0XKHbBIN
PEAYKTOP, KOTOPBI YBEJIMUUBAET 3aTPAThl HA €r0 MPOU3BOJCTBO U PEMOHT, OOJIBIIIOE
KOJIMYECTBO AJIEMEHTOB PEAYKTOpPA KOTOPbIE HECKOIBKO CHUKAIOT 3(h(PEKTUBHOCTD U
HaAEXKHOCTh KoJieca.

[IpuHuun  paboThl  MOTOp-KOJE€ca TakoM Ke, Kak Uy  OOBIYHOTrO
ANIEKTPOABUTATENS, TJ€ BpallleHne Kojeca co3gaéres onaromaps 3/C. B tpancnopte
C TaKUM MIPUBOJIOM MTUTAHUE MOTOP-KOJIeca OCYIIECTBISAIOT OT Oatapeit. Camo MOTOp-
KOJIECO MHTETPUPOBAHO B KOJIECO U MPEACTABIISIET C HUM OJHO LIEJIO€. ITO MO3BOJIET
MCIIOJIb30BaTh OCBOOOJMBIIEECS MPOCTPAHCTBO IMOJ HEOOXOAMMBIE HAM HYXKIbI, a
TaKxe moj 6arapen.

OcCHOBHBIE KPUTEPUH, ONPEIEIISIOIINE LIEIeCO00pa3HOCTh MPUMEHEHUS:

®BEC NPUBOJA;

oKII/] mpuBOa;

®CPOK CITY’KOBI;

® CTOUMOCTb.

Pa3nnuaroT MOTOp-KOJECA C NPSIMBIM NIPUBOJAOM U PEAYKTOPHBIE MOTOP-KOJIECA.

MoTop-koneco ¢ NpsMBIM IPUBOJAOM HMEET BBIBOJ Cpa3y Ha KOJECO YTO
oOecrieunBaer 0ojiee BBICOKYIO CKOPOCTh M BO3MOXHOCTb pPEKyHepalu, Korjaa
MPOUCXOJMUT “HAKar”’, Kojeco OyleT paboTaThb Kak TE€HepaTop W NOA3apsHKATh
aKKyMYJISITOp, OTHAKO U3-3a 3TOro npu ciaadbom 3apsane KIIJ[ koneca ymenblaercs.

PenykropHble MOTOp-KOJ€ca MPEACTABIAIOT U3 ceOsl JJIEKTPOABUTATENb U
IJIaHETapHBINA PEIYKTOP, BCTPOEHHBIN B CTYIHUILYy Kojeca. Micnonap30BaHue peyKTopa
MO3BOJISIET MOBBICUTH KPYTAIIMIT MOMEHT Ha Koji€caX, HO MaKCUMajbHasi CKOPOCTb
OyZeT MeHbIIE, YeM Y MOTOP-KOJIeca ¢ IPSIMBbIM IIPUBOIOM.
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Pucynok 4 — I'paduku 3aBUCHMOCTH CKOPOCTH U YCKOPEHUSI MOTOP KOJleca OTHOCUTENILHO
HEPOBHOCTEW HA 1I0pOre

Pa3BuTtre MOTOpP-KOJEC MPOJOIKAIOTCS U YyXKe ceddyac OpuUTaHCKUE YUEHbIE
HallUIM, KaK UCIPaBUTh OJWH W3 IJIaBHBIX HEIOCTAaTKOB MOTOp-Koji€c, ux Bec. OHU
MPEIOKWIN UCIIONIB30BaTh AJTFOMUHHUEBBI MATPUUYHBIM KOMIIO3UT. DTO KOMIIO3UT Ha
OCHOBE anmoMuHueBoi MaTpullbl. OH Ha 50% kEcTye U MoYTH B 3 pasza MpoyHee, YeM
YIJIEIUIACTHK, a BeCc uMeeT Ha 50% meHsble crain. POTOpBI A€IaroTCs M0 TEXHOIOTUN
“IpoaBUHYTOr0 TUAPOGOPMHHTa”, KOTOPAsi MO3BOJISIET TOUEYHO YIPOUHSTH U3/EIHE.
N3roToBieHHOE MOTOP-KOJECO MO TakoW TexHosoruu Oyaer Ha 40% MpoLeHTOB
JIerye, 4em ero aHaJIoru U3 CTaJId WU aTFOMUHUSL.

3akiroueHue

Mortop-kon€ca 3aHsJId CBOKO HHUIIY, B KOTOPOM HMX HCIIOJb30BaHUE BBITOJHEE,
YeM OCTaJIbHbIE CIIOCOOBI MOaUM MOIIHOCTH Ha Koyiéca. Yxke ceiuac mpeararorcs
IIyTH PpEUIEHUS OCHOBHBIX WX HEIOCTaTKOB M C IMOCJIEAYIOIIUM pPa3BUTHEM
TEXHOJIOTHI CMOTYT 3aMEHUTh CTaHJAPTHBIE CIIOCOOBI TPUBOJIA Y AJIEKTPOMAILIKH.

Jlureparypa

1. MoTtop-KoJieco crnenuaabHOM MOJBUAKHOM YCTAHOBKU [DIEKTPOHHBII
pecypc]/ MOTOp-KoJIeco CreluaaIbHOM MOABUKHON YCTAaHOBKH.

- Pexxum nocrtyma: https://www.bibliofond.ru/view.aspx?1d=520666#text. — Jlata
noctyna: 13.04.2022.

2. Hub motors [DnexTponHsIi pecypc]/ hub motors.

- Pexxum poctyma: https://www.explainthatstuff.com/hubmotors.html. — Jlara
noctyna: 17.04.2022.



DNeKTpol3Hepreruka u 31ekTporexHuka. CHTK-78

VK 536.521
IIMPOMETPHBI
PYROMETERS

A.C. I'ynenkos, JI.M. TukoBunkuii, FO.A. Kazeko
Hayunsiit pykoBoautens — [.A. Muxanbpuesud, cTapimui MpernogaBaTellb
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Musnck, PecniyOnuka bemnapycs,
A. Gulenkov, D. Dikovitsky, Y. Kazeko
Scientific adviser — G. Mikhaltsevich, senior lecturer
Belarusian National Technical University,
Minsk, Republic of Belarus

Annomauusn: Ilupomemp (ungpakpacuviii mepmomemp) — 35mo YCMPOUCHEO
0J1s1 onpeoenenusi memnepamypvl 6eCKOHMAKMHbIM CHOCOOOM. MO B8bICOKOMOUHbLIL
npubop, KOMOPLIL MONCEM UMePSMb memnepamypy vy 00vekma, Haxoosaue2ocs Ha
paccmosHuu.  Omom  npubop  npumeHsiemcs 8  MeduyuHe,  dHepeemuxKe,
NPOMBIUIEHHOCIU U NpoYux ompaciax. lakdce oOHU Obl8AIOM  ObIMOBGLIMU.
Yuumeieas ux cmoumocmo, ounu 3IPpexmusHo nomoearom KOHMPOIUPOBAMD
XpaHeHue MeoOuKameHmos u npooykmos. Taxoce, ux UCNOAb3YIOM NONCAPHbBIE
Opueadvl u m.o.

Abstract: Pyrometers (infrared thermometer) are a device for determining
temperature in a non—contact way. It is highly accurate, and can measure the
temperature of an object located at a distance. This device is used in medicine,
energy, industry and other industries. They also happen to be household. Considering
their cost, they effectively help to control the storage of medicines and products. Also,
they are used by fire brigades, etc.

Kniwueevle cnosa:  ungpaxpacwsiti,  onmuueckuti,  mepmoOemexKmop,
paouomemp, memnepamypa.

Keywords: infrared, optical, thermal detector, radiometer, temperature.

BBenenne

[TupomeTp, WK €ro Apyroe Ha3BaHUE «TEPMOJETEKTOP» — 3TO TOUYHBIA MPUOOP
JUIsl OECKOHTAaKTHOTO M OBICTPOrO M3MEpPEHHUs TeMIepaTypbl Ha pacCTOSHUU (HE
oonpuie uem Tpu Metpa). Coznmarenem camoro nepBoro nupomerpa Owu1 [lutep Ban
MymenOpyk. CHauyana 3TOT TEPMHUH HPUMEHSUICS TOJIBKO K IpUOOpam, KOTOpbIE
OMPENENSIIOT TeMIEpaTypy BHU3YaldbHO, & MMEHHO IO SAPKOCTH M LBETY OYEHb
HarpeToro oObekTa. B HacTosiuii MOMEHT CMBICA 3TOTO TEPMHUHA CTajl ILIHpE.
Tenepbs HEKOTOPBIE TUIBI MUPOMETPOB 1AFOT BO3MOKHOCTh U3MEPATH JOBOJIBHO-TAKU
HU3KUE Temneparypsl. B cepenune 60-X rogoB ABaguaToro BeKa HaA4ajJoCh Pa3BUTHE
MUPOMETPUU, KOTOPOE UIUTCS MO HACTOAIIMN MOMEHT. Torma »e ObLIM CAeNlaHbl
BaXHbIE OTKpBITHSI B oOjacT (U3MKH, KOTOpblEe Jajld Hayajo CO3/aHus
IIPOMBILUIEHHBIX MHUPOMETPOB C CEPHE3HBIMH XapaKTEPUCTUKAMH M MAJBIMH IO
rabapurtam pazmepamu. B 1967 rogy O6b11 n300peTeH nepBblil MOOUIIBHBIN TUPOMETP.

OcHOBHasl YaCTh

IInpomeTpshl pa3nuyaroT:

150
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1. Opnocnektpanbuble. OHHM  MOJY4YalOT W3JIy4eHHE TOJIBKO B OJIHOM U3
CIIEKTPAJIbHBIX JUAMA30HOB, ATOT JAMANA30H MOXKET ObITh MIMPOKUM. BHauane
U3MEPSIIM 3HAU€HUE MOILITHOCTH, a IIOTOM 3TO 3HAYCHHE MEPEBOIUIN B 3HAUCHUE
temnepaTypbl. OqHOCTIEKTpalIbHbIE TEPMOJAETEKTOPHI B CBOIO OUEPE/Ib AEISATCS:

e SfpkocTHble (CpaBHEHUE SIPKOCTH HU3MEPSEMOro OOBEKTa W ITAJOHHOTO

HarpeToro Tenia).

e Paguanuonueie (ornpeaerncHue MOIIHOCTH TEIUIOBOIO HW3JIYYEHHUS U TEPEBOJ
pe3yiibTara B TEMIIEpaTypy).

2.  MpynbpTUcnieKkTpandbHble (TakK€ OHUM  HA3bIBAIOTCA KaK TEPMOJETEKTOPHI
CHEKTPAJIbHOTO OTHOIICHHS M LBETOBBIE TEPMOJETEKTOPbl). OHM MOryT
MIPUHUMATh U3JIyYEeHHUE KaK MUHUMYM B JIBYX CIEKTpalbHBIX JUana3zoHax. Yepes
CpaBHEHME MOIIHOCTEH B Pa3HbIX JUAINA30HAX U3MEPSETCA TeMIlepaTypa
00BEKTA.

Ctpoenue

OcHOBOI TepMOJETEKTOpa SIBISETCA JCTEKTOp HWH(PaAKpacHOrO U3ITyYEHHs,

MHTEHCUBHOCTb M CIIEKTP KOTOPOTrO MOJHOCTHIO 3aBUCHUT OT TEMIIEpaTyphl OOBHEKTa.

CuctemMa nupoMeTpa MOXKET (UKCUPOBATh M BHIBOJUTH Ha HKPaH H3MEPEHHBIC

JaHHbIE IS y100CTBA U MOCIEAYIOIIEr0 aHAIM3a MOJIb30BaTEIIEM.

OCHOBHBIE TEXHUUECKHE XapaKTEPUCTUKU MUPOMETPA:

o OniTHueckoe pasperieHue, WIM [oKa3aTeldb BHU3UPOBaHUS  (KPaTHOCTD
KoJiebsercs B quamnaszone 2...600).

o IIpenensr u3mepsemoit remneparypsl (-50...+4000°C).

o Omnpenensiemoe pazpenieHue.

o Ckopoctb paboThl (B 00Jiee HOBBIX MOJENSIX TEPMOACTEKTOPOB CKOPOCTH
W3MEPEHUS MEHBIIIE CEKYH[Ibl, YTO BaXXHO NPU H3MEPEHUU MOCTOSIHHO
MEHSIIOIIECHUCS] TEMITEPATYPhI).

o [aGaputbl (COBpEMEHHBIE TEPMOJETEKTOPHI UMEIOT HEOOJIBIIIE PAa3MEPHI).

o BriBox nndopmaruu (aHaoroBbIN WM UPPOBOK).

o [lorpemHocTs.

o Hanuume naszepHoro ykaszarens (NPUCYTCTBYET MOUYTH Yy BCEX MOJEIEH
MUPOMETPOB; B 00JIee TOPOTHUX €CTh IBOMHOM JIa3epHBIA yKa3aTelb).

CyuiecTByIOT MOJIeNId, KOTOpbIE UMEIOT usb-unTepdeiic ayig nepegayu 1aHHbIX

Ha [IK wu paneHeimero ux aHanmusza. B 0osiee COBPEMEHHBIX MOJICNAX €CTh

BO3MOXXHOCTh (POTO M 3amucCU BHUACO, a TAKXKE yJAEp)KaHHE JaHHBIX Ha JIHUCIUICE

(HampuMep, peruCTPUPOBATH MUHUMYM U MAaKCUMYM IIPU U3MEPEHUHN TEMIIEPATYPhI)
IpuHuun padorsl
YuuThIBasi, 4TO HarpeThiii 00BEKT €CTh UCTOYHUK UH(PAKPACHOTO U3ITYyUCHHUS, U

YTO 4YeM CHUJIbHEE HarpeT OOBEKT, TEM HM3Iy4YCHHUE MOIIHEE, U3JIydaeMble 00BbEKTOM

uH(ppaKkpacHble Jydd NTPOXOIAT 4Yepe3 OOBEKTHUB M MPOCHHUPYIOTCS Ha CEHCOD,

KOTOPBI YK€ OmpeneseT TeMmreparypy OOBeKTa HWCXOAsS W3 HMHTCHCHUBHOCTH

n3inydyeHus. ['aza yenoBeka He BUIAT 3TOTO M3JIYUYEHHUS, HO JIEKTPOHHbBIE CEHCOPHI

HE BUJSAT 0CO00U pasHUIIBI MEXKAY BUIUMBIM U HH(PPAKPACHBIM CBETOM.

OcHoOBHBIE (PYHKITUY TTUPOMETPA:
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o Bo3MOXHOCTH H3MEPATH TeMIEPaTypy OOBEKTOB, KOTOpPbIE HAXOJSATCS IMOJ]

HaIpsHDKEHUEM, JIN00 HAXOISIIMUXCS B TPYIHOAOCTYITHBIX MECTaX.
o brictpas duxcanus TemnepaTypHbIX U3MEHEHUN MOBEPXHOCTH OOBEKTA.
o HccnenoBanue 0OBEKTOB, KOTOpbHIE 001aJal0T HU3KOM TEIUIOEMKOCTBHIO WIIU

TEIIONPOBOJIHOCTBIO.

bonpmM  1OCTOMHCTBOM MHPOMETPA SIBISIETCS MPOCTOTA HCIIOIb30BAHUS:
JI0OCTaTOYHO HABECTH MPUOOP HA paccMaTpUBAEMbIil OOBEKT, HAXKaTh U YACP>KUBAThH
«KYpOK» U Ha aucIuiee OyayT oToOpaxkaThCsi TEMIIEpaTypHbIEC TaHHBIE.

Oobsn1acTh NpMeHeHUs

[TupomeTpbl OOLIMPHO TNPUMEHSIOTCS B  MPOMBIIUIEHHOCTH, OBITYy H
OPEANPUATUAX, TI€ OUYEHb BaXXHO KOHTPOJHMPOBATH TEMIIEPATYPY HA PA3HBIX 3Tarax
IPOU3BOJACTBA (METAULyprusi, MAaUIMHOCTpOeHHE). Takke MNUPOMETPbl MOTYT
WCIIOJIB30BaThCSA B TEIUIODHEPTETUKE U CTPOUTENIBCTBE, T.K. C UX ITOMOIIBI0 MOXKHO
MCKaTh MOBPEXKIEHUS B TEIUIOM3OJISILIMOHHBIX CIIOSAX TpyO WK cTeH. bbIBaroT Takue
cllyyad, KOrjja C paccMaTpuBaeMblM OOBEKTOM HEBO3MOXKHO  (U3UYECKU
B3aMMOJICHCTBOBATh M3-3a BBICOKOW TEMIlEparyphl. Torma NHPOMETp SBISETCS
HE3aMEHUMBIM ISl TPABUIIBHOTO U3MEPEHHUsI TEMIIEPATYphl PACKAJIEHHOTO OOBEKTA.
Bo BpeMs OnbITOB M UCCIEIOBAHUN B OTPACIN HAYKHU, UX UCIOJIB3YIOT JAJI1 TOYHOIO
ONpeJEeIeHUs] TEMIIEPATYPBI BEIIECTB U Pa3HbIX MPEAMETOB.

3akiouenue

JUis Toro 4ToObl pe3ynbTaT U3MEPEHUs ObUl MaKCHUMaJlbHO TOYHBIM, B
MHCTPYKLUU YyKa3aHO HEOOXOJAMMOE pacCTOSIHME 10 OOBEKTa, KOTOPOE HYNKHO
co0moaTh. Y HEKOTOPBIX TEPMOJIETEKTOPOB MMEETCSl CITyCKOBOW KPIOUOK (KYPOK),
KOTOpBbIM MMeeT 2 nojoxeHus. [Ipyn HaxkaTuu 10 MOJOBUHBI OH CKAHUPYET YYaCTKH
HEOJIMHAKOBBIE 110 TEMIIEpaType, JaHHbIE Ha JUCIUIee OyIyT MOCTOSIHHO U3MEHSThHCA.
HawmBbIciass temmeparypa 3aKpeluiieTcss Ha S3KpaHe IpH HaXaTUUd 1O BTOPOIO
nonoxeHus. [lpu moMmomum nepekirodarenss nokasarens KodpuimenTa U3ayyeHus
MOXHO 0o0Jiee TOYHO HACTPOUTH NPUOOP M MOJYYUTh TOYHBIM pe3ynbTaT. Takas
HacTpoiika npuOopa MPOU3BOAUTCS MO TaOIUIE, KOTOpas UMEETCS B KOMILIEKTE.
bnaronapss TepMOJETEKTOpaM MOXHO HW3MEPITh TEMIIEpaTypy Ha HEKOTOPOM
PACCTOSIHUM OT OOBEKTA U3MEPEHUS, YTO JIENAET €ro HE3aMEHUMbIM B ONPEIETIEHHBIX
cinyyasx. Camble HOBbIE TPUOOPHI CITIOCOOHBI U3MEPATH C HEOOXOAUMON TOYHOCTHIO U
00J1aJ1af0T CPABHUTEIILHO HEOOIBIIION CTOUMOCTBIO.

Jlureparypa
1. Jluneser, ®. U3smepenue temmeparyp B TexHuke. CrpaBounuk / .
JIuneser. — Mockga «Metamtyprus», 1980
2. Kpukcynos, JI.3. CrnpaBodyHHMK 1O OCHOBaM WH(MPAKpaCHON TEXHHUKHU /
JI.3. KpukcyHnos. — M.: CoBetckoe paauo, 1978. — 400 c.
3. Kpemenuyrckuit, JI.C. [luposnekrpuyueckue NPUEMHUKUA H3ITyYEHUS /

JI.C. Kpemenuyrckuii, O.B. Poiinnna. — Kues: Hayk. nymka, 1979. — 382 c.

4. [DOnextpoHHbIN pecypc]/ - Pexxum gocryma:
https://www.elec.ru/publications/tsifrovye-tekhnologii-svjaz-izmerenija/4360/

- Jara nocryna: 20.04.2022.
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V]IK 629.1
MAJIOTABAPUTHBIN SJIEKTPUHUYECKHUU TPAHCIIOPT
SMALL-SIZED ELECTRIC TRANSPORT

A.H. I'punpko
Hayunsblii pykoBoautesnb — ['.A. MuxanblieBu4, CTapLIAM IpenogaBaTeib
benopyccknii HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Peciyonnka bemapych
A. Hrynko
Supervisor — G. Mikhaltsevich
Belarusian national technical university, Minsk, Belarus

Annomayun: Manoecabapumusiii 21eKmMpudecKuti. mpancnopm, 00CmMouHCmed u
Heo00CmamxKu.

Abstract: Small-sized electric transport, pros and cons of its use.

Knwuesvie cnosa: snekmpuueckuil mMpaHcnopm, Ce28dU, I1empomMomop,
eupockymep.

Key words: electric transport, segway, electric motor, gyro scooter.

BBenenne

B Hame Bpems MIMPOKOE NPUMEHEHHE HaXOAUT AJIEKTPUUECKHI TPaHCIOPT,
MMCIOIIMKA TaKue TMPEUMYIIECTBAa Iepe]] BHAAMH TpPaHCIOpPTa C JBUTATEISIMU
BHEILIHETO WJIM BHYTPEHHErO CrOpaHus, KaK 3KOJIOTMYECKH YUCTOE IMPOHU3BOICTBO
AKKyMYJISITOPOB U 3KOJIOTMYECKH UYHUCTYHO YTHIHM3ALUHUIO OTXOJO0B. DJIEKTPUUYECKUM
Ha3bIBAETCSI BHJI TPAHCIIOPTA, KOTOPBIA B KAYECTBE MCTOYHUKA HEPTUU MPUMEHSIET
ANEeKTpUYecTBO. B mpuBoAe 1NOAOOHOrO TpaHCHOPTA HCIOJNb3YETCS TATOBBIM
AJIEKTPOJBUraTeNb. B MOBCEAHEBHOM >KM3HM JIIOAM Yallle BCEro oOpalarTcs K
MaJjorabapuTHOMY 3JIEKTpHUUECKOMY TpaHcnopTy. K HeMy OTHOCATCA TeXHUYECKUE
CpeACTBa C TAKUMH NapaMeTpaMu: 2 METpa B JUIMHY, 2 METpa B BBICOTY, | METp B
mupuHy.  ManorabapuTHbIM — JJIEKTPOTPAHCIIOPTOM  CUUTAIOTCS  Pa3lInYHBIC
MOAU(UKALIMK  CETBEEB, THUPOCKYTEPbI,  BJIEKTPOBEJIOCHUIIENIbI, MOHOKOJEca,
aBTOMOOUITY MaJIbIX Pa3MEPOB U IIEKTPUUECCKUE TTOTPY3UHKH.

OcHOBHas 4YacTh

JIBurateneM B TEXHMKE TaKOro poja BBICTYNAET >JEKTPOABUIATENb WIH
AIEKTPOMOTOp. JEKTPOABUTATENb - O3TO DJJEKTpUYECKas MalluHa, KoTopas
npeoOpa3oBbIBAET  JJIEKTPUUECKYIO OSHEPrHUI0 B MEXAHUYECKYID  DHEPTHUIO.
DJIEKTPOJIBUTATENIN TOAPA3ACISIIOTCS HA JIBUTATENIM C MPUMEHEHUEM MEPEMEHHOTO
TOKa W JIBUTaTeIu ¢ MPUMEHEHUEM IMOCTOSTHHOTO TOKa. Ha maHHBIE MOMEHT camoe
4acTO€ MCIOJIb30BAHME Ha MAajaoradapuTHOM TpaHCHOpTE MoMydmsn 3-X (a3HbIid
ACUHXPOHHBIM  JBUTATENh TEPEMEHHOTO TOKa. PaboTaeT »3IeKTpoaBUTATENb
Omarogapsi Tpexda3Hoit 0OMOTKE. ITOT JBUraTelib, COCTOUT U3 2 YacTel: poTopa U
cTatopa. DJIEKTPOJBUTATENIb YCTPOEH TaK: OOMOTKHM MOJY4YarOT CHUMMETPUYHOE
Tpex(da3Hoe HampsHKeHHE, KOTOPOe UMeeT CABUT (a3 HampspKeHUH U TokoB Ha 120°.
B sTOM cnyuyae cocTtaBisiolide MePEMEHHOI0 TOKa U3MEHSIOTCS BO BpemeHu. M3-3a
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwju0rD0ws33AhW1wQIHHdncDpYQFnoECAIQAQ&url=https%3A%2F%2Frep.bntu.by%2Fbitstream%2Fdata%2F85500%2F1%2F38.pdf&usg=AOvVaw3CemyduaCzfH2YWGzTLQLK
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C_%D0%B2%D0%BD%D0%B5%D1%88%D0%BD%D0%B5%D0%B3%D0%BE_%D1%81%D0%B3%D0%BE%D1%80%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B3%D0%BE_%D1%81%D0%B3%D0%BE%D1%80%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A2%D1%8F%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D1%8F%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://www.uesk.org/stati/chto-takoe-elektrodvigatel/
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ATOr0 M3MEHSETCS MarHUTHOE IIojie, KoTopoe co3maéTcs oOMoTkamMu. Bo Bpems
ATOTO, COXPAHSAETCS OJUHAKOBASI aMILIUTY/Ia, MATHUTHOE TI0JIe Tpex(ha3HoW 0OMOTKH
HAYHET MPUHUMATh Pa3HyI OpHUEHTanuio. ECiau MOMeCTHTh paMKy M3 IPOBOJHUKA
BHYTPH BpAaIIalONIErOCs MAarHUTHOTO TIOJs, TO IO 3aKOHY JJICKTPOMAarHUTHOM
WHAYKITUHU, U3-32 U3MCHSOIICTOCS MarHUTHOTO TI0JISI BO3HUKHET TOK B IIPOBOJTHUKE H
BO3HHKACT 3JICKTPOABHKYIIAsI CHJIa, ICHCTBYIOIIAs Ha Hero. B uTore paMka HayHET
BpaIiaThCs.
Cersaii

Cersnil — TpaHCIIOPTHOE CPEACTBO, paboTaroIiee Ha JIEKTPUIECTBE U CIIOCOOHO
camo0aaHCUpOBaThCs, co3AaHHOe Kommanuend Segway Inc. C BuIy OH MOXO0X Ha
KOJIECHUIly: HAa MaJEHbKOM IUIOCKOCTH IO 00€ CTOpPOHbI OT IUIaT()OPMBbI
pacrojoxeHsl JBa kosieca. M3o0petartens cersast un Keitmen.

VY cTpoiicTBO M pUHLIKIT pabOTHI CETBAs
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Pucynok 1 — YcrpoiicTBo cersas

I[Io cropoHam »TOM TEXHMKH Ha OJHOM OCHM Haxojarcs KoJ€éca. Kaxnmoe
000pyZI0BaHO WHANBUYATBHBIM 3JIEKTPOMOTOPOM. IIEKTPOMOTOPHI “TSIHYT KoJieca
C TIOMOINBIO YCWJIMBAIOIIETO pPeayKTOpa. Bo BpeMs ABUKEHHUS CETBIM CHOCOOCH
aBTOMATUYECKH OaJlaHCUpYyeTCs TpHU W3MEHEHWW HaKJIOHAa Kopryca e3foka. Jlims
ATOTO UCIIOIB3YETCSl CUCTEMAa MHIUKATOPHOU crabmnu3anuu. [Ipy HakIOHE CUTHAIBI
C THUPOCKONMMYECKMX W JKUJIKOCTHBIX JAaTYMKOB HAKJIOHA IMIOCTYyHAalOT Ha
MHUKPOITPOIIECCOPHI, KOTOPBIE BHIPAOATHIBAIOT AJIEKTPUUECKUE CUTHAJIBI, a T€, B CBOIO
oudepe/lb, BO3ACHCTBYIOT Ha JBUTATENIM U YIPABISIOT UX JABWKCHUSIMU. YTIpaBICHUE
OCHOBBIBACTCSI Ha TaKUX MpaBUJIaX: - HAKJIOH BHEPEN, CErBAM HAUMHAET KATUThCS
BHEpEN, MPU YBEIUYEHUU yTiia HAKJIOHA, CKOPOCTh YBEIMYUBACTCS, IPU OTKJIOHEHUU
KOpIlyca Ha3zaJ CaMOKaT 3aMeUIsieT ABWIKCHHE, OCTAHABIMBACTCS WM KATUTCS


https://engineering-solutions.ru/motorcontrol/electricmachine/#faradey_law
https://engineering-solutions.ru/motorcontrol/electricmachine/#faradey_law
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
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3aIHAM XOJIOM; PYyJICHHE B PAaHHUX MOJEISIX MPOUCXOIUT C 332 CYET MOBOPOTHOM
PYKOSITKHA, B COBPEMEHHBIX MOJIENSX — KayaHUEM pYJIEBON KOJOHKH BIIPABO WIIH
BJICBO; MPUHIUII MMOBOPOTa pabOTaeT Kak B T'YyCEHMYHOM TPaKTOpPE: OJIHA CTOPOHA
3aMeIsAeTCa, a BTOpas HET, TOTJa CErBdil MOBOpAuMBAET B CTOPOHY MEJJICHHO
Bpamaronierocsi kosieca. Cerait crnoco6eH pa3BUTh CKOPOCTh 50 KM/4 ¥ BECUT OKOJIO
40 xr (6e3 O6arapen). Ero mmpuna 60 cm, a gonyctumas macca — 140 xr. OObIYHO
AKKyMYJISITOp JA€T BO3MOXKHOCTh MpoexaTh 0kojio 39 kM. B 3aBucumoctu oT 00pasia
MoKasareiar MOTyT oTianuatrcs. Jljis paboThl CErB3eB CO3/1aHbI MajorabapuTHBIE, HO
MOIIIHBIC (2 JI. C.) BJIEKTPOJBHUTATEIN. YCTPOHUCTBO CIIOCOOHO TEPEABUTATHCS IIO
acanbsTy, TPOTyapy, U TaKXKe M0 TPyHTy. MuHUManbHas 1ieHa cerBes B PecnyOmuke
benapych ma 20 ampens 2022 roma 750 py6neit. B mponmaxke nMeroTcs Moienu U 3a
6000 pyOmneii.
I'mpockyTepsl

Pucynok 2 — I'mpockytep

OnHoil U3 coBpeMeHHON MoauduKanuen cerBes SIBISIOTCS TUPOCKYTEPHI: y HX
HET pYJIEBOTO YIPABJICHMS, TO3ITOMY TMPOCKyTep Oojee yAoOeH B MCHOJIb30BAHMH.
CBoUM BHUIOM OHH MTOXOKH HA TaHTEJNb, K KOTOPOU MPUCOEAUHEHBI KoJieca. [[ist Toro
yTOo OBl TMOEXaTh Ha TUPOCKyTepe, Hajo: 1) cTaTh Ha TMOBEPXHOCTH JJIsl HOT, 2)
OTKJIOHUThCS BHepea uin Hazan. [locie ogHOro yaca KkataHusi Ha TAKOM YCTPOMCTBE
MOYHO JIETKO UM OBJA/I€Th.

IIpumenenue

ManorabapuTHbIE ~ DJIEKTPUUECKUH  TPAHCIOPT  TMOJB3YETCS  OOJIBIION
MOMYJISIPHOCTHIO CPEJU JIOOUTENCH aKTHBHOTO OT/AbIXAa, 4 TAKKE CPEeIUd OOBIYHBIX
JIOJIEH JJ1s1 TPOTYJIOK IO MapKaM WIH CKBEpaM, MPAaKTUYECKH BO BCEX CTpaHaX MHUpA.
Cereau NMPUMEHSIOT TTOYTOBBIC CITY>KalllUe, MOJUILICHCKUE, JTIFOJIU, UTPAIOIINE B TOJIb()
n npyrue. llonmumuss Ha cerBesx IOXOKa HAa KOHHYIO TMOJMIMIO, HO CIOCOOHA
nmpoexarh TaM, TJie KOHb HE MpOMAET, Hampumep, B aspomnoprax. KuHoomepaTopbl
MCIIOJIB3YIOT CErBAM JUIsl TEpPEeMENICHHUs] KaMmepbl MO ChEMOYHOM Iulomaake 0e3
Tpsicku. B Poccuiickori denepanu Takue CpelcTBA MCIOJb3YET IMOJUUIUEN IS
natpyisi nmapkoB. B ApMeHuu ecThb aHcaMOib, UCHOJIHAIONIMI TaHIbI Ha CErBIsiX.
[IpumeHsrOT Ha OOJBIIIOM MPOW3BOACTBE I OBICTPOTO TMEPEABIKEHHUS IO IIEXY.


https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D0%BB%D0%B8%D1%86%D0%B8%D1%8F
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CerBau MNpUMEHSIIOT KaK TPy30BbI€ YCTPOWCTBA (HAa HHUX YCTAaHABIMBAIOTCA
JOTIOJTHUTENbHBIE MIATGOPMBI ISl TIEPEBO3KU MallbIX Tpy30B). [IpuMeHSTH
MajorabapuTHBINA SJIEKTPUUYECKUNA TPAHCIIOPT PEKOMEHAYETCS B TE€X MecTax, T
HY>KHO TIEpEIBUTaThCsl Ha OOJIBIINE PACCTOSHUS TEIIKOM.

Tabnuma 1 — CpaBHEHUE TUPOCKYTEPA U CETBIS

Paznnuus Cersaii I'upockytep
Hannuue pyins + -
["abapuramu - +
KoMnakTHOCTBIO - +
Pazmepom - +
CTOUMOCTBIO - +

[IpeumyiecTBa MaiorabapuTHOTO SJIEKTPUUECKOTO TPAHCIOPTA: BO3MOKHOCTh
HCIIOJIL30BaHUS Ha YJIWIIE M B TIOMEIIEHMSIX, a TAKXKe VIl OBICTPOTO MepeMeIeHUs Ha
MIPOMU3BOJICTBE. bhICTpOe mepemeleHrne Ha O0JIbIITNE PACCTOSTHUS B MECTaX, T/I€ paHee
OBUIO TPUHSTO MEPEABUTATHCA MEIIKOM, a TAKXKE AKOJOTMYHOCTb, MPAKTUYHOCTD,
MOOUJIBHOCTh, OECHIyMHOCTh, OJHOBPEMEHHO M MHUHYC T.K. MOKET TMPUBECTU K
aBapuu.

Henocratku manoraGapuTHOIrO AJIEKTPUUYECKOTO TPAHCHOPTA: OrPaHUYECHUS IO
3amacy Xojia, J0JIr0€ BpeMsl «3apsiKuy, TpeOyeTcss HAJIMUKUE MOJTOTOBJICHHBIX MECT
JUISL TIEPEeNBUXKEHUS, YTOObl HE 3aTPyAHSITh JABUKEHHE TMEIIEXOJO0B U JPYTux
TPAHCIIOPTHBIX CPEJICTB.

3akiouenue

ManorabapuTHbIN IEKTPUUYECKUNA TPAHCIIOPT — ITO YAOOHBIC, IPAKTUYHBIC, U
MPOCTHIE B AKCIUTyaTallUM CPEJICTBA JJIs IEPEABUKEHU HaceneHus. KpoMme Toro, oHu
BOXHBI JUISI ONTUMM3alMM pabouero Imporecca Ha MNpeanpuaTusx. MHorue
MPEJCTABUTEIM  MaJorabapuTHOTO  TPAHCIIOPTa, CTajd HE3aMEHUMBIMH  Ha
MPOM3BOJICTBE U B MOBCEIHEBHOM JKU3HU MHOTHX JIIOAEH. BO3MOXHO, YTO CErBe U
TUPOCKYTEPHI B CKOPOM BPEMEHHU TOXKE CTAHYT HE3aMEHUMBIMH B *KU3HHU OOIIIECTBA.
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Annomayuna: B oannou cmamve Mbul paccmompum npunyun pabomvl
UMRYTbCHBIX OJI0KO8 NUMAHUS, Y8UOUM OCHOBHbIE NPEUMYWEeCmEad U HeOOCMAamKU.

Abstract: In this article we will look at the principle of operation of switching
power supplies, we will see the main advantages and disadvantages.

Knwuesvie cnosa: umnyavcuvie oOnoku numanus, MBI,  unsepmop,
Hanpscenue, MpaHcghopmamop, UMnyibebl.

Keywords: switching power supplies, UPS, inverter, voltage, transformer,
pulses.

Bsenenne

Nmnynbeupiii 610k nuranust (MBII) npennasnauen miis mpeoOpa3oBaHUs
OJHOTO HAIPSKEHUsST B APYroe HAIpsOKEHUWE OJHOM WIIM HECKOJIBKUX BEJIUYMH.
MHorue ero 3JeMEeHThl, TOM YHUCJE CUJIOBbIE, PabOTalOT B KIOUEBOM PEXHME.
NHBepTOp — 3TO HMCTOYHHUK MUTAHUS, HUCIOJL3YIOIIMN IBOMHOE MpeoOpa3zoBaHUE
IIEPEMEHHOIrO HalpsKeHud.  Pasmep  Bexomammx — xapakrepuctuk  WBII
PETYyIUPYETCd NyTEM W3MEHEHUs NPOAOJDKUTEIBHOCTH HWMITYJIBCOB TaKXKeE, B
OTIPENIETICHHBIX CIIyYasiX, YacTOThl WX cliefloBaHUs. Takoil TN pabOThl Ha3bIBACTCA
IHAPOTHO-UMITYJIbCHOW MOAYJISILIUEN BBIXOIHBIX XapakTepuctuk UbII.

Ecnu BxonHOEe HampspKeHHE NEpPEeMEHHOE, HampuMep, CETEeBOE, TO BHaudajie
HEOOXOJIMMO TIPOU3BECTH €r0 BBINPSIMICHUE, 3aT€M CIVIKUBaHUE (UIBTPOM U
nocyenyrouee MnpeoOpa3oBaHUe C TMOMOIIBIO HHBEPTOpPAa B IOCIEAOBATEIbHOCTD
BBICOKOUYACTOTHBIX HMMITYJIbCOB. MMEHHO 3TO OTJIWYaeT €ro OT CTaHAapTHOIO
Tpanchopmaropa. BxogHoe HampspkeHHE M COOTBETCTBEHHO BBIXOJHOE (OPMHPYET
CUTHAJIOM OTPHUIIATETILHON OOpaTHOM CBSI3M, KOTOpash MO3BOJSET PETyJIUpPOBATH
rapaMeTpbl UMITYJIbCOB, TOCTYHAIOIINX HAa CUIIOBBIE TPAH3UCTOPHI

B xonctpykunn muorux MBI HeT moHmxkaromiero cereBoro tpancpopmaropa. B
OCHOBHOM BO BCEH COBPEMEHHOM TexHUKe ycrtaHoBieHbl WbII, Tak kak oHu
HanbOoJsiee 3¢ (PEeKTUBHBIE U UMEIOT HEOOJIBLINE PAZMEPHI.

OcHoBHas yacTh

B cetu Hanpspkenne nMeeT cuHyconnanbayio Gopmy. HekotopsiM ycTpoiicTBam
3TO M HEOOXOIMMO, IPYTHM HY>KHO MOCTOSTHHOE WJIM MUMITYJIbCHOE Hampsbkenue. Bor
B 9TOM U 3akitouaercs cyTh padoTsl BII. brnok nutanus Ha3bIBalOT UMITYJILCHBIM HE
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OoT (OpMBI BBIXOJHOTO HANPSDKEHUS, a M3-3a CTaAWi MpeoOpa3oBaHUs, KOTOPHIC
(GOpMHUPYIOT UMITYJIbCHI, KOTOPBIE HA BBIXOJIE BBIIPSAMIISIOTCS U IIPU HEOOXOJUMOCTH
CIJIaYKUBAKOTCSL.

EcTb 1Ba BUJ1a UMIYJIbCHBIX OJIOKOB IMUTaHUS:

® C raJIbBAHUYECKOMN Pa3BA3KOM;

e (€3 rajlbBaHUYECKON Pa3BI3KH.

C raJibBaHMYECKOM pa3Bs3KOU

BricokouacToTHbIe c(hOpMHUPOBAHHBIE UMITYJIBCHI IOJIAIOTCS HA TpaHchOopMaTop,
OTBEUAIOIINI 3a TaJbBaHUYECKYIO pa3Bs3Ky meneid. [Ipudopsl naHHOTO BHIa UMEIOT
CpPaBHHUTEIBHO HEOOJbIIHE pa3Mepbl  (PEppUTOBOTO  CEpPACUHUKA, KOTOPBIN
XapaKTepU3yIOTCsl BBICOKOM OTJaueld MO MOIIHOCTH Ha paboymx dYactoTax. B
OCHOBHOM CEpJCYHHUK TpaHc(hOopMaTopa H3rOTAaBIMBAIOT M3 (EPPUTOB Pa3IUUHBIX
MapOK, HO HUKAK HE U3 MIEKTPOTEXHUYECKON CTANIN, YTO a€T BO3MOKHOCTD C/IEJIaTh
AJIEMEHTHI 0J10Ka MUTaHus 00Jiee KOMIAKTHBIMU.

CoBpemennbiii UBII moboro koMmmpeioTepa co3aH Mo CXeMe, KOTOpasi BBICOKO
OesomacHa M HajxexHa. J[ns curHasa OOpaTHOM CBSA3M NPUMEHSAETCS 3HAUYEHUE
HanpspkeHuss SB wnmm  12B, Tak kak 3TO HampspkeHHE HEoO0XOAMMO HMETh
MAaKCHMAJIbHOW TOYHOCTH.

WMy nbCHBIN 070K MUTaHUSA, OJKIIOUEHHBIA K CETH, COCTOUT U3 BBIIPSIMUTENS
CETEBOTO0 HANPSDKEHUsS, CIVIAKMBAKOIIEro (uibTpa, 3aJalolliero TeHeparopa,
dbopmupoBatenss MOPSIMOYTOJbHBIX HMIIYJIbCOB  PEryJupyeMOM JUIUTEIbHOCTH,
JIBYXKACKaJHOTO WM  OJHOKAaCKaJHOTO YCHWIIMTEN MOIIHOCTH, BBIXOJHBIX
BBINIPSIMUTENEN U CXE€MbI CTAOUIIN3ALIMH BBIXOJTHOTO HANIPSHKEHUS.

B wumnynbcHbIX OJIOKax MWUTaHUSA, pa3pabOTaHHBIX MO  aAJIrOpUTMaMm,
HCKJIIOYAIOIINE TaJlbBAaHUYECKYIO PAa3Bs3Ky, BBICOKOYACTOTHBIM Pa3IeIUTENbHBIN
TpaHc(hopMaTop HE HCIMOIb3YETCS, a CUTHAJ MOCTyHaeT cpasy Ha (UIbTP HHKHUX
4acToT.

Curnan ¢ MM (ImupOoTHO-UMITYILCHOM MOJYJISIIIMEH) TTOCTYNAeT Ha BBIBOIBI
YIOPaBIsEMbIX TPAH3UCTOPOB, KOTOpPbIE OOBIYHO BKJIIOYEHBI IO MOCTOBOM WM
MOJIyMOCTOBOW ~ cxeme. BwmecTo OMMNONSPHBIX TPaH3UCTOPOB B  OCHOBHOM
ucnons3yrrcs /GBT vnu MOSFET TpaH3uCTOpPbI, UMEIOIINE MUHUMAIIBHOE MaJCHUE
HAaIIpsDKEHUS Ha IEpeXoJax B OTKPBITOM COCTOSHMM M BBICOKYK) CKOPOCTBH IIPH
IepeKIIIOYeHUAX. JlaHHbIE TPAH3UCTOPHI MEHBILE PACCEUBAIOT MOIIHOCTH BO BpeMs
MEPEKIIIOYEHNS] TIPU OJMHAKOBBIX pa3Mepax MW IapaMeTpax IO CPABHEHUIO C
OUMOJISIPHBIMU TPAH3UCTOPAMHU.

Knaccuueckuii ¥ BBIXOJAHOW HWMITYJIbCHBIM TpaHchopmaTop paldoTaroT Io
OJIHOMY TpUHLHUIY npeoOpa3oBaHusi. Ho mpu paboTe Ha MOBBIMIEHHBIX YacTOTaX
MMEIOT MEHBIIINE PA3MEPHI.

Harnpsixenue ¢ BTOpuuHbIX OOMOTOK (BTOPUYHONM OOMOTKHM) UJIET HA BBIXOJHBIE
BBINIpAMUTENH. JlaHHBIE TUOMBI TOJKHBIE UMETh MOBBIIICHHYIO pabouyyl0 4acToTy, B
OTJIMYME OT BXOAHOTO BhIpsiMuTens. Jlyume Bcero paborator auozasl IlloTrTtku B
JaHHOM BBINPSMUTENE, TaK KaK OHU HMMEIOT BBICOKYIO pabdOuyl0 4acToTy, Majoe
[1aJICHAE HANPSDKEHUS, HU3KYI0 EMKOCTB p-11 IEPEX0/1a,

B OonpmmHCTBE CiIy4aeB HMIIYJIbCHbIE MpeoOpa3oBaTeNid  HaMpsKEHUS
MPUMEHSIOTCSI BMECTO TPAJUIIMOHHBIX TPaHC(POPMATOPOB C MOIYNPOBOJIHUKOBBIMU
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crtabunuzaropamu. OHM UMEIOT MaJiblil BEC U Maccy, BHICOKYIO HajexHocTh U KII/I, a
TaK>kKe BO3MOKHOCTb pa0OThl B OOJIBIIIOM JIMANa30HE BXOJHOTO HAMPSKEHUS! U UMETh
HEOOJIBIION pazmep.
Jlist moBbIieHus: 3QPEKTUBHOCTH UMIYJIBCHOTO OJIOKa MUTaHUs, HEOOXOIUMO
CBECTH K MUHUMYMY BJIMSIHUE BCEX UMEIOLINXCSA Napa3uTHBIX 3JEMEHTOB. [IpuunHoit
HenocTxkuMocT Onm3koro k 100% KIIJI kpoercss MMEHHO B HaJWYUU ITHX
Napa3UTHBIX AJIEMEHTOB U XapaKTEPUCTUK HEKOTOPBIX CAMUX AJIEMEHTOB. B mpouecce
MPOEKTUPOBAHUS HYKHO coOmonaTh 6amanc mexay KIIJ[ u cebecrommocthio 6i10Ka
MATAHMUSL.
WNuBepropHble peoOpa3oBaTeNy HUCIHOJIB3YIOTCS B KOMIIBIOTEPHOM TEXHUKE,
KOMIUIEKCaX CHTHAJIM3al[Mi, HUCTOYHHKAX OecrepeOOHHOro muTaHus, OBITOBOU
TEXHUKE, BUICOHAOMIOMeHnn. HyXHO TMOHWMATh, YTO HAJIWYUE MMAPA3HTHBIX
AJEMEHTOB He ToJbKOo moHmkaeT KIIJ[, Ho U MOXeT OBITh MOJIE3HBIM KOMIIOHEHTOM
cxembl. Hampumep, B cilydae KOpPOTKOI'O 3aMbIKaHHS Ha BBIXOJE MpeoOpazoBatesis
IIEPEMEHHOT0 B TIOCTOSIHHOE HAIPSKEHHUE, Apa3UTHBIA 3JIEMEHT OTPAaHUYMBAET TOK
KOpPOTKOT0 3aMbIKaHHs. C YBEpEHHOCTBHIO MOKHO CKa3aTh, YTO BIUSIHUE Mapa3uTHBIX
AJIEMEHTOB MOYKET ObITh, KaK MOJIOXKHUTEIbHBIM, TaK U OTpUIATENbHBIM. [Ipu 3TOM
POJIb OJTHOTO U TOTO K€ 3JIEMEHTA MOKET MEHATHCS B PA3JIUYHBIX CUTYaLHSsIX.
[Ipeumymecrsa UBII:
® MaJble Pa3MEpBIL;
e HeOOJIBIION BEC;
e Bpicokui KII/[, Tak Kak Bce moTepn B OCHOBHOM IPOMCXOJAT HA KACKaJe
CHUJIOBBIX KJIFOUCH;

e (0OJIBILION 1MANa30H BXOAHOTO HAMPSKEHUS;

® HU3Kasg  CTOUMOCTh, VHU(MUIMPOBAHHBIE  JETalld, AaBTOMATHUYECKOE
MPOU3BOJICTBO, PEryJIMPOBAHUE CTOMMOCTH 3@ CYET MEHEE MOIIHBIX
MOJTYTIPOBOHUKOB,;

e UBII umerot KII/ oxomo 97%.

Henocratku UBII:

e OrpanudeHue Mo MouiHocTH. He BO3MOXHOCTH pabOThI, KaK MpPU BBICOKHUX,

TaK U HU3KUX Harpy3kKax B HEKOTOPBIX CIyYasx.

¢ BricokouyacToTHbIe TOMEXH, KOTOphie BeipadbaTeiBatoT UBII mpu pabote.

e HeoOxoauMocTh B 1I0/IaBJIIEHUH TTOMEX.

3ak/rouenue

CoBpeMEHHBIT MHUpP HEJIb3sl TNPEICTaBUTh 0€3 HWCIONB30BAHUS HMMITYJIbCHBIX
6510k0B TuTaHusA. C KaXJIbIM r0JI0M BOCTPEOOBAHHOCTH B HUX pacTeT. CeromaHs yxe
4acTO TPYAHO HANTH mMpuOOp WK OJOK MUTAHUS, B KOTOPOM OYJIET UCIOIb30BATHCS
CTapblii TpaHC(POPMATOP C CEPACHHUKOM M3 AJIEKTPUYECKON cranu. MMiynbcHbIE
OJIOKM TMTaHUS HAMHOrO JydYllle TpaHCPOPMATOPHBIX OJOKOB MUTAHUA TIO
O0e3zomacHocTH, rabaputaM, BO3MOXHOCTH peryaupoBkd cuibl TOKa. HWBII
MPUMEHSIOTCS B 3apsSAHBIX  YCTPOMCTBAx Uil  Telne(pOHOB, HOYTOYKOB,
aKKyMyJsTOpoB. Takxke B HCTOYHUKAX OecrepeOOMHOr0 MUTaHUS, YCHIUTENSX,
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npueMHuKax, Monutopax. MBIl MOXHO cunTaTh BETMYalIINM TOCTH)KEHUEM B cdepe
AIIEKTPOHUKH.
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VK 621.375
YCHJIHUTEJB 3BYKOBBIX YACTOT. HEKOTOPBIE PASHOBUIHOCTH
AUDIO FREQUENCY AMPLIFIER. SOME VARIETIES

K.II. IlexoBoit
Hayunsblii pykoBogutens — [ A. MuxanbleBuy, cTapiuinii npenojgaBaTeib
benopyccknili HaMOHAIBHBIA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecniyonnka bemapych
K. Tsekhovoy
Supervisor — G. Mikhaltsevich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayusa: B OauHou cmamve Mbl paccMompum HpuHYyun padbomol
ycunumens 38yK08bIX YACMOm, YBUOUM OCODEHHOCMU U XAPAKmMepUCmuKy pa3Hblx
81008 ycunumenetl.

Abstract: In this article, we will look at the principle of operation of an audio
frequency amplifier; see the features and characteristics of different types of
amplifiers.

Kntroueswie cnoea: ycunumeins, 36K, CUSHAL, MOK, KA4e€CMB0, YCMPOUCMEO.

Keywords: amplifier, sound, signal, current, quality, device.

BBenenne

B pa3Hoe BpeMms Bcera u BCIOAY JIIOAM OYEHb JIOOSAT CIylIaTh MY3BIKY.
My3bIKy ciiyliaeM B JIOpore, B TpaHCIOPTE, B MEIIUX MPOTYJIKax, MPU CHOPTUBHBIX
3aHATHSX, pab0Tas 32 KOMIIBIOTEPOM U 3aHUMAsICh (PU3UYECKUM TPYIOM.

B nmocnenHee Bpemsi TEXHHYECKOE COBEPIIEHCTBO OBITOBOWM 3BYKOBOM
anrmaparypbl 3HAYUTEIBHO pacTeT. [TocTosTHHO pacTeT e€ BhIOOD, a MOJb30BaATEIHLCKUE
KadyecTBa cTaHOBATCs Jjayuiie. Emie, camo paanoo0opynoBaHHE B CErOJIHSIIIHEM
BPEMEHHU CTAHOBHUTCSI Bce OoJjiee M 0oJiee CIIOXKHBIM H3-3a COBEPIICHCTBOBAHUS
TEXHOJIOTMH MPOU3BOJCTBA U 0a3bl HAPAOOTOK B ATOW 00IACTU. DTO 3aBUCUT OT TOTO,
YTO CJIyIIash My3bIKY Ba)XKHO YBEJIWYUTh KAa4eCTBO NpHEMa PAJW0 W TCICBUICHHS,
MIPOUTPHIBAHUS W 3alMChIBAaHUS 3BYKa, W YCHIICHHS 3ByKa. B TPOCKTHUpOBAaHWH WU
MIPOU3BOJICTBE HOBBIX YCTPONCTB B CETOHSIIHEM BPEMEHH €CTh JKEJIAaHUE KaK MOKHO
OOJIbIIIC YIPOCTUTDH YMPABISIONINE CUCTEMBI JICKTPOHHBIM 000PYIOBAaHUEM, YTOOBI
CIeNIaTh €ro MPOCTHIM B WCIIOJIb30BAHUU JJIsI OOBIYHOTO 4YelioBeka. Bce paBHO, 0e3
KOHKPETHBIX, XOTS Obl 0a30BbIX TO3HAHUW B OOJACTH paqMOANIIAPATYPHl U
MPUHITUIIOB  paOOThl  PAJAMOYCTPONCTB  OBIBACT CIIO)KHO  BIIOJHE  OIICHUTH
MPEUMYIIECTBa KaKOTO-HUOY/Ib YCTPONCTBA M MPABWILHO UM YIIPaBJsTh. biarogaps
YCUWJIMTEII0 MOKHO 00€CIIeUUTh MPOBEIEHNE TUCKOTEK, PA3HBIX MEPOTPUATHNA U T.1.
Ero MOXXHO HCHoJIb30BaTh COBMECTHO B pPa3HBIMM HMCTOYHHUKAMU, a KOJUYECTBO
KaHaJIoB (Hampumep — 4), MOAKIIOUECHHBIX K 4-€M KOJIOHKaM IO3BOJISIET CO34aTh
00BEMHBIN 3BYK.

OcHoBHasl yacThb

DNEeKTPOHHBIC YCUIIMTENIN 3BYKOBOM YaCTOTHI HYXKHBI B YCTPOMCTBAX, JIJISI TOTO
yTOOBl YCWJIMBATh CHUTHAJl MEPEMEHHOr0 TOKa, YacTOTa MX HM3MEHSETCS OT Mayion
gactoThl 10 I'm g0 Bbicokod uactoThl 20 kI'u. IlepBooTkphiBaTenem B oO0jacTu
ANIEKTPOHHBIX ycunuteaei cran Pobept ¢on Jluben B 1906 romy. Ero ycunurensb
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MCIIOJIh30BaJ JIEKTPOHHO-TYUYEBYIO TpyOKy bpayHa mis 3amenienust B TenerpadHbx
JIMHUSX JIEKTPOMEXAHUUECKUX PETPAHCISITOPOB.

BricokokauecTBEHHOE ay/IHOyCTPONCTBO, Oy/Ab TO aBTOMOOWJILHOE Pauo WU
JOMAalIHsAsg  ayJWOCHUCTEMa,  BE3JA€  €CTh  3BYKOBOM  YCHUJIUTENb.  OJTO
y3KOCIEeIUAIM3UPOBAaHHAS CUCTEMA, KOTOPAsl yCHIIUBAET HEOOBIION ANIEKTPUUECKHIMA
CUTHAJI B OOJIBIIION, Yepe3 MOBBIIIEHUE MOIIHOCTH, 32 CYET YBEJIMUYCHHUS HAIPSKCHUS
U TOKa. 3BYKOBOUM YCHJIMTENb MOITHOCTH OBIBA€T B BHJI€ HE3aBUCUMOTO YCTPOMCTBA,
SBIISIOIIMMCSI YaCThIO 3BYKOBOW CHUCTEMBI, JIMOO BCTPOCHHOHN YacCThIO, B KaKOe-TH00
YCTPOMCTBO, C YCHJIUTEJIEM MOIIHOCTH B COCTABE.

Y  O0OBIYHOTO YCHIMTENS [JIsl 3BYKOBBIX JHHAMHKOB €CTh OCOOCHHOCTH
[1apaMEeTPOB:

1) BeixoHast MOIIIHOCTh HA KOHKPETHOE COMTPOTUBIICHUE HATPY3KHU.

2) 3ajiaHHas m0JI0Ca YCUIIMBAEMBIX YaCTOT.

3) BxoaHoe HOMUHAIBHOE HAIIPSIKEHUE.

4) BxonHOE CONPOTUBIICHHUE.

5) YpoBeHb HEIMHEWHBIX UCKAXXEHUHN B 3aJIaHHOM TOJIOCE YaCTOT.

JIt060i1 mpocToil ycUIuTENbh 3ByKa, HE3aBUCHUMO OT KJIacCa U KOHCTPYKTUBHBIX
0COOEHHOCTEM, paboTaeT Mo caeayroLel cxeMe:

1) B Onoke mnuTaHUA TIOCTyHAIOIIEee »dJICKTPUYECKOE HAIPSKEHUE OT
CTaHJAAPTHOM  DJIEKTPUUECKOW CETHU WM  aBTOMOOWJILHOTO  aKKyMyJsiTopa
npeoOpa3yeTcsl B HAPsHKEHUE 3aJaHHOM BEJIMYUHBI 1 HEOOXOIMMON MOIIHOCTH.

2) Ycunurenu 3ByKa JJIsl JOMAIIHEW aKyCTHKH MOJIY4Yal0T CUTHAJI OT UCTOYHHUKA
3BYKOBOIO CHTHajia (HampuMmep, MPOUTPHIBATENSI KOMIIAKT-IUCKOB W JIp.) 4epes
MPEIBAPUTEIbHBIN  YCUIIUTENb, KOTOPBIM  YBEIMYMBAECT €r0 aMIUIUTYLy W
KOPPEKTUPYET YACTOTHYIO XapaKTEPUCTHUKY, C IOMOIIBIO, XKENATENBHO, JKBAJIA3€Epa.

3) YcusieHHBIN 3BYKOBOM CUTHaJI 10 HEOOXOAMMOM BEJIUUYMHBI TEepeaeTcs Ha
BBIXO/I (IMHAMHKH, 3BYKOBBIE€ KOJIOHKH), U€pe3 KOTOPHIA OH BOCTIPOMU3BOIUTCSI.

AkycTtuueckoe  000pylIOBaHHE HMEET MHOXKECTBO  XapaKTEPUCTHK U
IIPUMEHECHUH, TOATOMY YCHJIMTEIb 3BYKa HMMEET HECKOJIbKO pasHoBuAHOCTEU. [lo
Ha3HAYEHUIO PA3JINYaroT:

1) [IpeaBapuTenbHbIe, KOTOPBIC SIBISIOTCS MPOMEKYTOUHBIM 3BEHOM.

2) OxoHeYHbIE, HEMOCPEJICTBEHHO YBEIMYMBAIONIUE BXOJHOE HAIPSKEHUE U
MOIIHOCTb.

3) MuTterpanbHbie, 4acTO O0ObEAUHSIONINE JBE MPEIbIAYIINE PA3HOBUIHOCTH B
€MHOE YCTPOUCTBO.

[To snexTpoHHOM 0a3e pa3iIUyaroT: JAMIOBbIE, TPAH3UCTOPHbBIE, NHTETPAIbHbBIE
ycTpoiicTBa. [10 KOTMYECTBY MOAKIIOUEHHBIX KAaHAJIOB YCTPOMCTBA MOAPA3AEIIIOTCSA
Ha: OJIHOKaHAJbHBIE YCTPOWCTBA, JBYXKAHAJIbHBIE YCTPOWCTBA, MHOTIOKaHAJIbHbBIC
YCUJITUTENH.

3akirouenue

Takum 06pa3om, B 3aBUCUMOCTH OT 00JIaCTH MMPUMEHEHHS 3BYKOBBIX YCTPOUCTB,
B HUX MPUMEHSIOT T€ WJIM WHbIC BUAbl YCUJIUTEIEH C y4ETOM HUX MPEUMYLIECTB U
HemoctaTkoB. CaMo cobol pazyMeeTcs, 4To cienaTh uacanbHbii Y3U TeXHHUecKu
CIOKHO, HO HWHXXEHEpPbl CTPEMSITCSI TMOCTOSIHHO YBEJIWYUTh HX TEXHUYECKHUE
XapaKTePUCTUKU U BO3MOKHOCTH.
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Annomayusn: B oanHotl pabome mul pazbepem npuHyun pabomsi 0amuuKa
KOHmMpOo.is 300posbs FaceBit u paccmompum e2o ponb 8 JHCU3HU Yelo8eKd.

Abstract: In this paper, we will analyze the principle of operation of the FaceBit
health monitoring sensor and consider its role in human life.

Kntoueswie cnosa: FaceBit cencop, bamapes, meOuyunckas macka.

Keywords: FaceBit sensor, battery, medical mask.

BBenenne

B 2019 roay Bechb MUpP CTOJKHYJCS C TJI00ATbHOM MpoOIEeMON — 3mujaeMHuei
Covid-19. Macku cranu OOBIAEHHBIM aTpuOyTOM B JKM3HU YeJioBeKa. MHorue
BEIYIIME MEIUIIMHCKHUE YUPEKICHUS CTAIU MPUTYMBIBATh HOBBIE CIIOCOOBI KOHTPOJIS
3JI0pOBbsI, Be/Ib HE BCEr/a €CTh BO3MOXHOCTh CBOEBPEMEHHO OOpAaTUTHCS K Bpauy.
bnaromapss nmatunky FaceBit u ero BO3MOXXHOCTM TOAKIIOYEHHUS K BallleMy
cMapThOoHY BBl BCETJa CMOXETE CIEAUTh 3a CBOEH YacTOTOW cepianeOueHus u
nbixanus [1].

OcHoBHas yacTh

Jyist Hauana paccMOTpHUM MpUHIUI paboThl gatunka FaceBit.

JlanHo# cucteMe TpeOyercs OoJibliasi 6aTapes, 4UTOObl ee XBaTajo OoJjiee, yeM
Ha Henelo. Ho 9T0 yBeIMYUT Bec JaTyrKa U BBI30BET HEYJI0OCTBO Y IKCILTyaTaTopa.

JlaTuuk BKJIOYaeT B ce0sa JepkaTenb Oaraped Uil HEOONBIION sSYeHKH
émkocThio 105 MBT*4, a Takke cxeMy cOopa 3HEpruu M yCTPONCTBA XPAHEHMS JIs
MUTAHUS TUIATHl OT UCTOYHUKOB MOCTOSTHHOTO M MEepeMeHHOTo Toka. OH 00beaUHSET
B cebe Tpu KoHneHcaropa no 3 M®, kotopeie ynaepxuBatoT 104 MxBT*u sHeprun
(pucynox 1).

Ideal Diode
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Pucynok 1 — I'mbpuanas cxema nutanus FaceBit



mailto:piakarchyk@bntu.by

DQaexkTposHepreruka u d>aexkrTtporexunuxka. CHTK-78 -

[To cmoBaM y4eHBIX, Takas KOMIIOHOBKA IMO3BOJISET MPOJIATH CPOK CITY>KOBI
Oatapen. YCTpOMCTBO TakX e BKJIIOYACT JOMOIHUTENIbHbIE TMOKUE PEKUMBI, TaKue
KaK pEeXuM, B KOTOPOM cHcTeMa paboTaeT TOJbKO OT HAKOIUICHHOW SHEpruu
KOH/ICHCATOPOB.

CeHncop mnomeniaercss B Macky ¢ TMoMomiplo MarHuta. OH CUHMTHIBAET
TEeMIlepaTypy Teja, PUTM CEepAUeOMEHUs] M 4YacTOTy JIbIXaHHs, TaKKe MOXKET
aHaMM3uMpoBaTh KadecTBO cHa [2]. Bce pganHble mnocTynmairoT B MOOWIBHOE
MPWIOKEHUE. 3aTeM CHCTEMa OIEHWBACT MX W B Cllydyae HaIWYUS KaKUX-JIHOO
OTKJIOHCHHH TIpEeJIaraeT 0OpaTUTHCS 32 METUITMHCKON MTOMOIIBIO (PUCYHOK 2).

Energy Sources Sensors Health Metrics

Temperature Respiratory
Solar -
*: /\ Sensor Rate 0
Digital
Thermal i‘i @ IMU Signal Heart Rate @
Processing
Battery i / Pressure Sensor Mask Fit “3

Pucynok 2 — [Ipunuun pa6ots! FaceBit

VYyeHble MPOBEIM ONPOC CPEaU Bpaue W BBISIBUIM OJHY U3 BaXKHEUIIMX
MOTPEOHOCTEN — KAauecTBO TMpUJIeraHus Macku. MeIUUMHCKUM pabOTHUKaM
MEePUOJIMYECKH HEOOXOJUMO TPOBEPSATH COCTOSHUE TMPUJICTAHUS MACKH, 4YTO
3aHuMaet jumrtenbHbid nepuo [3]. Cencop FaceBit moMoraeT KOHTpOIUPOBATH 3TOT
MPOIIECC, YTO 3HAUUTEILHO 00JIeTYaeT mpoiecc paboThl.

3akioueHue

B 3akmtodueHMn Mbl MOJKEM CKaszaTh, YTO JIaHHAss WHHOBAIIMOHHAS TEXHOJOTHUS
MO3BOJISIET C/EJIATh OTPOMHBIN IIar B Pa3BUTUU MEAUIMHBI. OTPOMHBIM ILJIFOCOM
natunka FaceBit sBiasercss BO3MOXHOCTh OECKOHTAKTHOM TIOMOINM Bpauei
MalureHTaM.
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sensors-to-masks /.- Jlara moctyma: 11.04.2022

3. FaceBit moxer crmenuTh 3a 370pOBbEM BIaeiblla [DIESKTPOHHBIA pecypc] -

Pexum noctyma: https://news.northwestern.edu/stories/2022/01/fitbit-for-the-face-
can-turn-any-face-mask-into-smart-monitoring-device/.- J/lata noctymna: 11.04.2022
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IHEPT'OO®®EKTUBHbLIE TEXHOJIOI'MX B DOHEPI'ETHUKE,
JJEKTPOTEXHOJIOTI'UAX U DJIEKTPOTEXHUKE
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AHHomayusa: 6 cmambe 3amMpasusaemcsi mema  IHepeodIPheKmueHbIX
MEeXHONI02Ull 8 OMPACIU IHEPSEMUKU, d MAKHCEe UZIOHCEHbl HeKomopble (axkmopbl
PAaA3euUmMuUsl MexHOI02U.

Annotation: the article touches upon the topic of energy-efficient technologies
in the energy sector, and also outlines some of the factors in the development of
technologies.

Kniouegvie cnoga: TexHonoruu, MoiepHu3aius, 3pHEeKTUBHOCTD.

Keywords: Technology, modernization, efficiency.

Bsenenne

DHepreTka B Halle BpeMs MOJICPHU3UPYETCS U OOHOBISETCS OBICTPHIMU
TEMITAMH, B CBSI3U C MTOBBIIICHUSIMU TPEOOBAaHUN TOTPEOUTENCH.

B crpanax CHI' mporecc MojepHU3anuy HAET MEJIEHHEE, YeM B CTpaHax
3anmannoit EBpombl. Ho B cBOIO ouepenb CHUCTEMBl OTOIUICHHS W BOJOCHAOKEHUS
MOJIEPHU3HUPYIOTCSA CTPEMUTEIILHBIMUA TEMITAMM.

[IpyurHOM TOMY SIBJISIETCS JKEJAaHWE HACEJEHHS 3aTPauyvBaThb MEHBIIEE
KOJIMYECTBO JICHEKHBIX CPEJICTB HA KOMMYHaJIbHBIE YCIYTH, a TaKXe ObITh Ooiee
CaMOCTOATENIbHBIMU B 00ecriedeHrH cedsi BCeMU BUAaMH 3Hepropecypco. Hecmotps
Ha HU3KUM YypOBEHb IIEHTPAJIM30BAHHBIX CETEH BEAyTCS pa3pabOTKU MO UX
YIYUYLIEHHUIO.

OcHoBHasl yacThb

B cBs3u ¢ gaBHMMH OOHOBJIEHUSIMH CHUCTEMBI JJIEKTPO- M Ta30CHA0XKEHUS,
MHOTHE U3 HUX TPEOYIOT MOJTHOW MOJEPHHU3AIINN.

OcHoBHbIMM TipUurHaMu sBistOTCS: HU3KU KIIJ[ mo cerogusimiHuM Mepkam,
OoJpITIasi U3HOMIEHHOCTh 000PYI0BAHUS U €T0 OMACHOCTH JJI YeJOBEKa B MPOIIECCe
paboTHI.

N3-3a GOABIIIOr0 KOIWYECTBAa KOTENBHBIX, OOJbIMHCTBO TOI[ paborator B
KOHJEHCAILMOHHOM PEKUME.

[Ipouiecc pacnpeneneHuss ANEKTPUUECKOTO U TEMJIOBOTO CHAOXKEHHS —
JEUEHTpAIN3aIHs, B CBA3U C POCTOM CTOMMOCTH OOCITY>KMBaHUS LIEHTPAJIM30BaHHbIX
MarucTpainei, He ooparum. Takke M3-3a pocTa IIEH Ha TEIUIOBYIO U JIEKTPUUYECKYIO
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SHEPrUl0, HBIHEUIHUE YCTAHOBKU MEPECTAIOT ObITh 3((EKTUBHBIMU H3-3a2 CBOETO
Hu3koro KIIJI.

B cBsi3u ¢ 9THUM, HBIHCIIHUC CTAHIUU HYXKIAIOTCA B HOBBIX TCXHOJIOTUAX, ITPHU
oMo KOTOPBIX YHACTCA IIOBBICUTL HX B(i)(beKTI/IBHOCTB, a TarKKC IIOHU3UTHb
3aTpaThl HA UX 06CJ'Iy}KI/IBaHI/IC.

MoxHO BBIACIIUTE HCKOTOPBIC (i)ﬁKTOpBI Pa3BUTHA TEXHOJIOT UM

¢O0BEM DJIEKTPO- M TEIUIOBOM SHEPTUHU, HCIOJIB3YeMOM MoTpeduTeseM, Ha
JTAHHBIA MOMEHT pacTeT, YTO MOKa3aHo Ha nuarpamme (pucyHok 1) [3];

.CTpaHBI, KOTOPBIC MACCOBO OTKA3BIBAIOTCA OT TOIUIMBA, B BUAC YIJIA, Ira3a U
aTOMHOM OHCPI'UHU B I10JIb3Y «3EIICHON OHCPI'CTUKU,

.ABTOMaTI/I?)aHI/IH CHUCTEM YIIPABJICHUA 1 MOHHTOPHUHTA SHCPIropeCypCoB.

Global direct primary energy consumption Our Warld
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Pucynok 1 — MupoBoit pocT noTpeOiaeHus: SJHEPTUr

Jlanubie (akTophl MO3BOJSIOT CielaTh BBIBOJ, YTO COBCEM CKOpPO CTaphie
TEXHOJIOTHUHU MEePEeUIyT Ha HOBYI0O KOMOMHUPOBAHHYIO CUCTEMY YHEPTOCHAOKEHHUS.

DTO MO3BOJUT IMEPECTaTh WCIOJIb30BATh TPAJUIIMOHHBIC MCTOYHUKH DHEPTHH,
KOTOpPBIE HEOIAroNpUATHO BO3JICUCTBYIOT Ha yesnoBeka 1 OC (OKpy Kalollyro cpeay).
BwmecTo cTapblx HCTOUHUKOB YHEPTUM OyAyT MCIIOJIB30BAThCS 00Jiee POYKTUBHBIE,
TaKue Kak MEeTaH, BOJOPOJI U TaK Jajee.

HoBbie TexHONOTMH, KOTOPBIE YK€ TMOABSATCS B OmmKaliieM OyayiieM
HE0OXOMMO BBECTH B TAKUX CETMEHTAaX, KakK:

eYacTHBIE CEKTOPA;

¢ DJIEKTPO- U TEINIOCHAOXKECHHE;

e[ IpoMpbllITIEHHBIE KOHJIEHCATOPBI U CETH;

HexoTopbie U3 HOBBIX TEXHOJIOTHH YK€ HaIllJId CBOE€ MPUMEHEHHE B OTpacsX,
HO MX pa3paboTKa BCE €IIe BEICTCA U YIIyqIIaeTCs.
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HoBble TEXHOJOrMM B YacTHOM CEKTOPE NOMOTYT IOHHU3UTh 3aTpaThl Ha
KOMMYHaJbHBIE yCIyrM. B  1aHHBII MOMEHT IIMPOKOE IIPUMEHEHHE B
AIIEKTPOIHEPTETUKE HAUMHAKOT HAXOAUTh COJIHEYHBIE ITAHEIN, CUCTEMBI YMHOTO JJOMa
U HOBBIC CTPOUTENIBbHBIE MaTEpHalbl C IIOBBIIICHHBIMH  XapaKTEPUCTHUKAMU
DKCILTyaTalUH.

TexHosornn B TEMIOCHAOKEHUM HYXXJIAIOTCA B MOJEPHHM3ALMM B IIJIaHE
KOHTPOJIA, YIIPABIECHUS U ONTUMHU3aLUNA CUCTEM Harpy3KH.

TexHOJOorMM B MNPOMBINIJIEHHOCTH YIIYYIIAIOTCS HAMHOrO ObICTpee, 4eM B
IPYTUX OTpacisax. B CBA3M ¢ yeM, NOHMKAETCA CTOMMOCTb TOTOBOW IIPOJIYKIIMH, YTO
BECbMa BBIFOIHO HBIHEIIHEMY OTPEOUTENIO.

B Hame BpeMs ceTu HEOOXOAMMO MOJEPHHU3UPOBATH JJIsi TOBBIIICHHUS
3¢ ()EKTUBHOCTH yNPaBICHUS JICIEHTPAITU30BAaHHOW HATPY3KOM.

B mocnenHee Bpems pa3BUTHE TEXHOJOTHM HAIPABIECHO HA YKOHOMHIO 3aTpar
AIIEKTPOIHEPIHH, C OTHOBPEMEHHBIM yBennueHneM KIT/I.

Ceroanofpl, KaK UCTOUYHUK CBETA, UCIOJIb3YIOTCS B aBTOMOOWIIAX, MEIULIMHE,
KOMITBIOTEPAX, YTO MO3BOJISAET YMEHBIINTD PACX0/l 3aTPAYMBAEMOT0 AIEKTPUIECTBA.

Ha naHHBII MOMEHT JIMAEPOM IO BHEAPECHHUIO HOBBIX TEXHOJOTHMN SIBIIAECTCS
Kwuraii.

HoBble TEXHOJIOTNH B AJIEKTPOTEXHUKE 3aTPOHYJIM U arpapHBIi CEKTOP, TIE yKE
JaBHO HCIIOJIb3YETCSl aBTOMATHKA, YIpoLIatouias padoTy YeloBeKa.

VYcnemHo BHEIPEHBI LENblE JIMHUU, MPEJOCTABISIIONIME YOOPKY U KOPMEXKY
CKOTa, 4TO CHI)KAEeT ce0€CTOMMOCTb MPOAYKIUH.

3akiroueHue

BHeapeHue HOBBIX TEXHOJIOTMN — MEPBOOYEpPENHAs 3aada BCEX MPEANPUITHH,
ocyulecTBisieMas Ui MOBBIMIEHUS 3(PQPEKTUBHOCTH MO CPABHEHHIO CO CTapbIM
000pYyJOBaHUEM U CHUKEHUSI CEOECTOUMOCTH TPOIYKIIUU.

Jluteparypa
1. HoBble TEXHOJOTHUU B BJIEKTPOIHEPIreTUKE [DNEKTpOHHBIN pecypc] / HoBbie
TEXHOJIOTMA B JJIEKTPO3HEpreTuke. — Pexum pmocryma:  https:/www.elektro-

expo.ru/ru/articles/novye-tehnologii-v-elektroenergetike/ — J/Iata nocryna 19.04.2022.

2. IHHOBAalIMOHHBIE TEXHOJOTMHA COBPEMEHHOW HAy4yHOW JE€ATEIbHOCTHU:
CTparerus, 3aJadd, BHeApeHUe [DNeKTpoHHbI pecypc] / VIHHOBarmoHHBIE
TEXHOJIOTUH COBPEMEHHON Hay4YHOU JEeSATEIbHOCTU: CTPATETHUs, 3aJa4H, BHEJ[PEHUE. —
Pexxum poctyna: https://os-russia.com/SBORNIKI/KON-302-1.pdf — Jlata gocryna
19.04.2022.

3. https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D1%80%D0%BE%D0%
B2%D0%BE%D0%B5_%D0%BF%D0%BE%D1%82%D1%80%D0%B5%D0%B1
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19.04.2022.
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AHHOmMayua: 6 cmamve 3amMpazuéaemcs mema noaynpo8OOHUKOBbIX NPUOOPOs
U Mamepuanos, Komopvle Jexcam 6 ux OCHose. B cmamwve usznoocenvt xpamkue
c8e0eHUsl O HAOUPAIOWUX NONYIAPHOCNL MAMEPUATAX.

Abstract: the article touches upon the topic of semiconductor devices and the
materials that underlie them. The article provides brief information about the
materials that are gaining popularity.

Kntouesvie  cnoea:  yenepoouvlie  HamompyoOku, — epageH,  KpemHuul,
HOJYAPOBOOHUK, MPAHIUCTOP.

Keywords: carbon nanotubes, graphene, silicon, semiconductor, transistor.

OcHOBHas YacTh

TexHonorMM ynydiamTcsi ¢ OTPOMHOM CKOPOCTBHIO, U B HEKOTOPBIX MECTax
MpPUOIMKAIOTCS K  MPENETbHBIM  TEXHOJIOTHYECKUM  pa3MepaM. Y MEHbBIICHHUE
pa3MepoB TPAaH3UCTOPOB CTAHOBUTCS BCE JOPOXKE U CIIOXKHEE, Ha JaHHBIH MOMEHT,
TOJIIITMHA OKUCJIAa MOYKET COCTABJISITH MEHEE CTa AaTOMHBIX CJIOEB.

Campble TOMYJSIpPHBIC AHAJIOTH KPEMHHUSI, I TPAaH3UCTOPOB: YTIIIEPOIHBIC
HAaHOTPYOKM ¥ TpadeH. YTIIepoaHble HAHOTPYOKH MPEACTABISIIOT CO0O0M OOJbIINE
MOJIEKYJbI, COCTOSIIIME TOJIBKO M3 aTOMOB yriepoaa. VX AumaMmerp HEe NpeBbIIIAeT
JeCSITH HAHOMETPOB, B TOM BpeMs KaK JUIMHHA MOXET JIOCTUTaTh HECKOJBKO
MUJUTUMETPOB. DNEeKTpUUECKUe CBOMCTBA HAHOTPYOKH 3aBUCSAT OT CTEMEHU
ckpydyeHHOcTH. llpu ompeneneHHON CKPYyYEHHOCTH HAHOTpyOka Oyaer o00JsagaTh
AIIEKTPOHHON TIPOBOIMMOCTHIO KaK Y METaJJIOB.

VYrinepoaHple HAHOTPYOKM MOMKHO HCIIONB30BAaTh ISl CO3JAHUSI TIOJEBBIX
TPaH3UCTOPOB, B KauecTBE KaHajga TMPOBOJUMOCTU. Takue TPaH3UCTOPHI YKe
MPEB3OLUIM MO  XapaKTEePUCTHKaM  TPAJAMIMOHHBIE  KPEMHHUEBBIEC,  HX
AJIEKTPOIIPOBOTHOCTH OOJIbINIE, KAK W BEJIMYMHA KPUTHYECKOTO TOKA. 3apsiibl B HUX
JBUKYTCSl OBICTpEEe, YTO TO3BOJMUT CAENaTh OoJiee OBICTPHIE MOIYIMPOBOJIHUKOBBIC
puOopsl. TpaH3UCTOPHI HA OCHOBE YIVIEPOAHBIX HAHOTPYOKAX MOTYT IPUMEHSITHCS B
TUOKOM DJIEKTPOHUKE, HampuMmep, B cMapToHax. VX mpuHOMN AEHCTBUS CXOXK C
MIPUHITUTIOM JICHCTBUSI OOBIYHBIX TPAH3UCTOPOB, 32 UCKIFOUEHHUEM TOTO, YTO KaHAIOM
MepeHoca 3apsaoB SBISETCS caMa HaHOTpyOka. Emie omHuM TmIoc  siBiseTcCs
CTOMMOCTh MPOW3BOJCTBA HAHOTPYOOK, KOTOpass HAaMHOTO JIEIIeBJIe, YeM
IPOU3BOJICTBO TPAJAUIIMOHHBIX TPAH3UCTOPOB, HA OCHOBE KPEMHHUSI.



DQaexkTposHepreruka u d>aexkrTtporexunuxka. CHTK-78 -

YraepoaHbie HAHOTPYOKHM MOKHO MCIOJIb30BAaTh HE TOJBKO JJISI U3TOTOBJICHUS
MOJIEBBIX TPAH3UCTOPOB, OHU TaK >K€ MOTYT OBITh MCIOJIB30BAHBI JIsI CO3JaHUS
SHEpProHe3aBUCUMON omnepaTuBHOM mamaTh NRAM. JlaHHas naMmsaTh MHTEpPECHA 1O
nByM mnpuurHaM. [lepBasg — MJIOTHOCTH 3amucu HMHMOPMALMM B HECKOJBKO pa3
0oJpllle, YeM B COBPEMEHHBIX MHUKpOCXemax mamsTH. Bropas — pabouast dacrtoTa,
KOTOpas TaK)Ke€ B HECKOJIBKO pa3 0oJibllle, Y4eM B OOBIYHBIX MUKPOCXEMaxX MaMsTH.

JpyruM MatepuaioM, KOTOPbIA MOMXET UCIOJIb30BATHCS B AIEKTPOHUKE BMECTO
KpeMmHust sBsieTcs rpaden. [Ipencrabiser co0oil 0OYeHb TOHKYIO IIEHKY CO CTPOTO
VIOPSIOYCHHYI0 TEKCaroHaJbHYI0 KPHUCTAUTMYECKYIO CTPYKTYpy. ['padeH odeHb
CXOX, MO CBOUM (DU3MUYECKUMHU CBOWMCTBAM, C YIJIEPOJUCTHIMUA HAHOTpyOKamu. JIjis
ATOTO MaTepuana XapakTEepHbl — BBICOKAs MPOBOJAMMOCTh U CTAaOWIBHOCTH MpPHU
paziuuHbIX Temneparypax. [[oJBMKHOCT 3JEKTPOHOB B rpadpeHEe B HECKOIBKO pa3
BbIIlIE, YeM Yy Haubojee UCMIOIb3YEeMbIX MOJIYNPOBOJHUKOBBIX MaTEpPHAJIOB.
bnaronapsi rpageny MOXXHO cO3/1aBaTh TPAH3UCTOPHI, KOTOPhIE PabOTalOT HAa OYEHb
OONBIIMX YacTOTaX. B Takux TpaH3UCTOpax MOXKHO JIETKO YBEIUYMBATH
yIpaBJBOIKUK TOK. VX mpou3BOACTBO AECLIEBIE, YEM ITPOU3BOACTBO AHAJIOTMYHBIX
NpuOOPOB HA OCHOBE YIJIEPOAHBIX HAHOTPYOOK. OJHAKO, O KOMMEpPYECKOM
IIPOM3BOJCTBE TOBOPUTH €lle paHo. Ha JaHHBI MOMEHT MHXKEHEPHI U YUEHBIC JIUIIb
MIOJATBEPAUIN TEOPETUUECKUE OCHOBAHMUSL.

3akioyeHue

Hayka, B TOM 4nCiie U 3JIEKTPOHUKA, KaXKIbIA JIEHb PA3BUBACTCA. Y KE CErOHs
YYEHBIC TTOYTH JOCTUIJIM MPEACIbHBIX 3HAYCHUM, OJTHAKO, HOBBIE TEXHOJIOTUU TAKXKE
nosBISAIOTCS. HOBBIX TEXHOJIOTMH YaCTUYHO TMO3BOJISIT PEUIUTh podiaemMy aeduimra
T€X WM WHBIX MATEPUAJIOB, A TAKXKE YBEIMYAT CKOPOCTH BBITIOJHECHUS PA3JIMYHBIX
TEXHUYECKUX MTPOIECCOB.
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AnHomauusn: 6 cmamve npeoCmasiena UHGoOpMaAyuUs O Mamepuaiax,
MEXHON02UAX NPOU3BOOCMBA, chepax NpuMeHeHus U XapaKmepucmux 2ubKo
INEKMPOHUKU HA MEKCMUIbHOU OCHO8e, MKAHEBbIX OAMYUKO8 U HOCUMbBIX
UHMEILIEKMY ANbHBIX CUCTEM.

Annotation: the article provides information on materials, production
technologies, applications and characteristics of textile-based flexible electronics,
fabric sensors and wearable smart systems.

Knioueevie cnoea: snexmponHulll  MEKCMUlb, 2UOKas  31eKMpPOHUKA,
MEXHON02USL, HOCUMASL JIEKMPOHUKA.

Keywords: electronic textiles, flexible electronics, technology, wearable
electronics.

BBenenne

Hocumas 351eKTpOHUKA WUIIM 7K€ TIPOCTO 3JIEKTPOHHBINM TEKCTUIIb — 3TO TEKCTUJIb
CO BCTPOCHHOM 3JIEKTPOHUKOM M HEKOTOPBIMU BOJOKHUCTBIMM MaTepHaIaMH,
00JagaroNMMH JIEKTPUUECKUMH XapaKTEPUCTUKAMU U BBITIOJHSAIOIIMMH HEKOTOPBIC
nosie3Hble (yHKUMU. Ecin OH coderaercss ¢ 3JIEKTPOHHBIMM KOMIIOHEHTaMH, OH
MOXET OIIYLIaTh U3MEHEHUs] B OKPYXKAlOLIEH Cpele W pearnpoBaTh, U3JIy4as CBET,
3BYK WJIM PaguoBOJIHBL. KOMIIOHEHTBI M B3aMMOCBS3H SIBIISFOTCSI YaCThIO TKAHEBOIO
Martepuana M, CJIEJOBATEIIbHO, TOpa30 MEHEE 3aMETHBI. DJIEKTPOHHBIM TEKCTUIIb
OTHOCUTCA K TEKCTUJIBHOM IMOJJIOKKE, KOTOPasi BKIIOYAET B c€0s1 BO3MOKHOCTH AJIS
BOCTIpUSTHSl (OMOMETpUYECKHE WJIM BHEIIHUE), CBSI3M (0OBIMHO OecpOBOHOMN),
nepeaun dHEPruM, U TEXHOJIOTHS MEXK-COeIMHEHUM, TO3BOISIONIas TaTYuKaM WU
TaKUM BellaM, Kak yCTpoHcTBa 00pabOTKH MH(pOpMaLMH, ObITh OOBEIUHEHHBIMU B
CeTh BHYTpHU (paOpuKu.

OcHOBHaAl 4aCTh

DONEKTPOHHBIA TEKCTUJIh TO3BOJISET BBITIOJHATh HEOOJBINHME BHIYUCICHUS HA
tene. OHM OOBIYHO COAEpPIKAT MPOBOMASIINE HHUTH, KOTOphIE JHOO MPsAIyT, KOO
CKPYYEHBI, U BKIIOYAIOT HEKOTOPOE KOJIMYECTBO MPOBOIAILETO MaTepHalia (Halpumep,
HUTH U3 cepedpa WM HeprKaBerolIen cTain) AJisg 00ecredeH sl 3JeKTPOIPOBOAHOCTH.
[IpoBondiie TKaHU W TEKCTWIb MOKPBHITHl WJIM COTKaHbl W3 METAJUIMYECKUX
AJIEMEHTOB, TaKUX Kak cepedpo, HUKENb, OJIOBO, MEIb M ATIOMUHUN, a UMEHHO:
ANEKTPO-HENIIOH, 3JIEKTPO-HEUJIOHOBBI HUKEIb, MPO3pauyHasl CETKa, MSATKas CeTKa U
CTalbHasi TKaHb. Bce ATM TKaHM JIEMOHCTPUPYIOT YAUBUTEIbHBIE SJIEKTPUUYECKUE
CBOMCTBAa C HHU3KHUM T[IOBEPXHOCTHBIM COMNPOTUBIECHUEM, KOTOPHIE MOXKHO
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HUCIIOJIB30BaTh AJIA U3IrOTOBJICHUA THOKHX U MSITKHX QJICKTPUICCKHX ueneﬁ B O4CKIC
WK APYTUX U3OCIINAX, 4 TAKIKC B CUCTCMAX U3MCPCHUS JABJICHHUA U ITOJIOKCHUSI.
CBoiicTBa QJICKTPOHHOI'O TCKCTUJIA:

1. Jlerkuii.

2. bonpias momans MOBEPXHOCTH BOCIPHUSITHS.
3. [TpoHHUI1aeMOCTB.

4. HeBuaumbiil 1151 OKpY>KArOIIKX.

5. JlemeBoe mpou3BOACTBO.

OcCHOBHBIC HEAOCTATKH U METOABI MX JMKBUAALUHA

VYcTpoiicTBa CTaHOBATCS Bce 0oJiee CIIOKHBIMH, HO 4YacTO MM HE XBaTaeT
HEOOXOJMMBIX TEKCTHJIBHBIX XapaKTEPUCTUK MATKOCTH, TMOKOCTH M CHOCOOHOCTH
COOTBETCTBOBATH IOBEPXHOCTSM C IBOWHON KPUBU3HOM, ITOTEPS POU3BOAUTEILHOCTH
py HU3rude, pacTSHKEHUHU, CTHpPKE, IS pPEIICHUs KOTOPBIX BCE emle Tpedyercs
OTPOMHBIM BKJaJ €O CTOPOHBI YXK€ YINOMSHYThIX oOOyiacTel, B YacCTHOCTH,
MaTepHalOBEICHNS U HAHOTEXHOJIOTMI. TAKUE HOCUMBIE TATUYUKH JTOJKHBI COXPAHSTh
CBOM YYBCTBHUTEJBHBIE CIOCOOHOCTH B YCJIOBUSX HOPMAJIBbHOTO HM3HOCA, KOTOPBIN
MO>KET BbI3BAaTh CEPHE3HYI0 MEXaHUUECKYIO Ae(POpMAIIIO IIPEIMETA OACHKIbI.

HoBas TexHosorusi, paspabatsiBaecMass B YHuBepcurere Hortunrem TpeHr,
BKJIFOYAET F'OTOBBIE MOJYIIPOBOJIHUKOBBIE MUKPOYMIIBI B CEPALUEBUHY NPSDKHU. Takon
MOAXO0/ TNPUBOAUT K COXPAHEHUIO HEOOXOJUMBIX TEKCTHIIBHBIX XapaKTEPUCTUK U
MO3BOJISIET CTUPATh TKAaHU B CTUPAIBHOW MAIMHE W CYIIUTh B CYIIWJIKE. JTa
TEXHOJIOTHSI MMEET 3HAUYUTENIbHBIM IMOTEHUMad B OYyIylleM C MHOTOYMCIECHHBIMH
NPWIOKEHUSIMA B MEIUIMHE, CIOpPTE, aBTOMOOWJIBHOW M a’3pOKOCMHYECKOU
MIPOMBILIUIEHHOCTH, 00OPOHE, MOJIE U COLIMAJIBHBIX B3aUMOJEHCTBUAX

THNbI 3JIEKTPOHHBIX TEKCTHJICH

Cdepy HOCHMOI 2TIEKTPOHUKH MOKHO Pa3JeIUTh Ha 1Ba OCHOBHBIX THUIIA!

1. ONEKTPOHHBIA  TEKCTWJIb  C  KJACCHUYECKUMH  YCTPONCTBaMu
AJIEKTPOHUKH, TAKUMHU KaK MPOBOJHUKU, UHTErpajbHbIE CXEMBbI, OObIYHBIC OaTapen U
CBETOMO/Ibl, THTETPUPOBAHHBIE B OJIEKIY.

2. DIEKTPOHHBIN TEKCTUJIb c AIEKTPOHUKOM, BCTPOCHHOMN
HEIMOCPEJICTBEHHO B TEKCTHJIBHYIO OCHOBY. OJTO MOET ObITh, KaK IacCHUBHAs
AJNIEKTPOHUKA, TaKasl KaK MPOBOJIHUKHU U PE3UCTOPHI, TAK U aKTUBHBIE KOMIIOHEHTBI, K
MIPUMEPY TPAH3UCTOPBI, COJTHEYHBIE DIEMEHTHI U PA3JIUYHBIE THOBI.

BoNBIIMHCTBO MCCIENO0BATENBCKUX U KOMMEPYECKUX IMPOEKTOB AJIEKTPOHHOTO
TEKCTHJISI TIPEJICTABIISIIOT COOO0M TMOpPUIIBI, B KOTOPBIX 3JEKTPOHHBIE KOMIIOHEHTHI,
WHTEITPUPOBAHHBIE B TEKCTWJIb, MOAKIOYAIOTCA K KIACCHYECKUM 3JIEKTPOHHBIM
YCTpOHCTBAM MM KOMIIOHEHTaM. K nprumepaM MOXHO OTHECTH CEHCOPHBIE KHOIIKH,
KOTOpBI€ BBINOJHEHbl LEIMKOM B TEKCTWJIbHOM (¢GopMe ¢ HCHOIb30BaHUEM
TEKCTWIBHBIX IEPEIUVIETEHUI € NPOBOJALUIMMHU CBOMCTBAMH, KOTOPBIE 3aTeM
MOAKIIOYAIOTC K TAKUM YCTPOMCTBAaM, KaK MY3bIKaJbHbBIE MNPOUTPHIBATENN WIN
CBETOAMO/Ibl, KOTOPBIE YCTAHABIMBAIOTCA HA MJIETEHBIX MPOBOISAIINX BOJOKOHHBIX

ceTsix Jua  QopmupoBaHus  auciieeB.  lleyaTHele  gaT4yuMkM IS
(U3MOJIOTUYECKOTO U JKOJOTUYECKOT0 MOHUTOPUHra ObUIM HWHTETPUPOBAHBI B
TEKCTHUJIb, BKJIFOYasi XJIOMIOK U HEOIIPEH.

IIpumeHeHue 31EKTPOHHOI0 TEKCTHJISA
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[loxxanmyii, nHauOoyiee MIMPOKO M3YyYEHHBIM MPUMEHEHHUEM 3JIEKTPOHHOTO
TEKCTUJISL SIBIISIETCS MEIMIIMHA. B 4YacTHOCTH, OTCIEKMBAHHUE COCTOSIHUSA 3I0POBBS
nandeHTa. B JaHHBII MOMEHT BPEMEHHM CYIIECTBYIOT MEIULUHCKAE HOCHMBIE
YCTPONCTBA, KOTOpbIE OBbUIM W300pETEHBI /JI1 HAONIOJCHHS 32 HECKOJBKUMU U3
aCIIEKTOB COCTOSIHHS 3JI0POBbsSI YENIOBEKA, TAKUX KaK apTepUaIbHOE IaBICHUE, YACTOTA
cepilieOMeHns U CUMITTOMBI 3a00JI€BaHUN.

YMHBIN TOMAIIHUI TEKCTUIb C JaTYUKAMU 3arPA3HEHUS BO3/1yXa, TEMIIEPATYPBI
U BJIAXKHOCTU MOTYT PEryJIMpOBaTh CHCTEMbl BEHTWISLUU U KOHAUIIMOHHPOBAHUS
BO3/yXa, YTOOBI BO3/IyX OCTABAJICS CBEKHUM U KOM(DOPTHBIM.

Kpome Toro, Oynyiirie BO3MOKHOCTH UCIOJIb30BaHUSI HOCUMOM 3JIEKTPOHUKH B
BOCHHBIX LIENSAX COCPEJOTOYEHBI Ha KPUTEpUSAX BbIOOpa M (PYHKIMOHAIBHBIX
BO3MOKHOCTSIX ~ CIIELMAIM3UPOBAHHOM 3JIEKTPOHUKH, KOTOpas JIOJDKHA OBITh
pa3paboTaHa U MHTETPUPOBAHA B BOEHHYIO (DOPMY U aKCeCCyaphl.

3akiloueHue

C pocTtoM mHTEpeca K HOCHUMOM SJIEKTPOHUKE, MPOWU3BOJICTBEHHBIE IMPOLECCHI
Pa3BUBAIOTCS, U UX HUCIOJIb30BAaHUE CTAHOBUTCS Bce 0oJiee pacnpocTpaHeHHbIM. B
KOHEYHOM CYEeTe, 3JIEKTPOHHBIA TEKCTWJIb OYyAET UIpaTh BaXXHYIO poJib B 00JacTd
MEJUIMHBI, 0€30MMaCHOCTHU U 3aILUTHI, @ BUAEHUE HOCUMBIX KOMITBIOTEPOB ONUCHIBAET
Oyayliue 3JIEKTPOHHBIE CHCTEMbl KaK HEOTHEMJIEMYIO YacTh HaIIEil MOBCEIHEBHOU
OJZI€Kbl, BEICTYIIAIOIIEN B POJIM HHTEIUIEKTYAJIBHBIX JINYHBIX TOMOIIIHUKOB.

Jlureparypa
l. DJEKTPOHHBIM TEKCTWIb [DNEeKTpoHHBIM pecypc] / Texnonorus
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Hayunsiii npenogasarens — O.A. [lekapuuk, crapuimii npenogaBaTeib
benopycckuii HaMOHAIBHBIA TEXHUYECKUM YHUBEPCUTET, T. MUHCK
piakarchyk@bntu.by
M. Zaruba, M. Rynkevch
Supervisor — O. Piakarchyk, Senior Lecturer
Belarusian national technical university, Minsk

OcHoBHas YyacTh

YMHasi ceTh BBOAUT JABYXCTOPOHHUM OUAJIOr, B KOTOPOM BJIEKTPOIHEPTUS U
uH(popMaIuss MOTYT OOMEHUBATHCS MEXKIY KOMMYHAJIbHBIM MPEANPUITHEM U €TI0
noTpeduTeneM. ITO pa3BUBAIONIASCA CETh KOMMYHMKAIMU CPEICTB YIPABJICHHUS
KOMIIBIOTEPOB, aBTOMATHU3AIMsl HOBBIX TEXHOJOTUA W MHCTPYMEHTOB, PabOTAIOIIUX
BMeECTEe, 4TOOBbI cjenaTh ceTb Oosiee 3h(PEeKTUBHON, HAAEKHOM M IKOIOTUYECKH
YUCTON. DTa yMHas CETh MO3BOJISIET UHTETPUPOBATh HOBBIE TEXHOJIOTUH, TAKHUE KaK
MIPOMU3BOJICTBO SHEPIHH BETPA U COJIHIIA U 3apsJiKa MOJKII0YAEMbIX 3JIEKTPOMOOHUIIEH.
[Ipy nHamem yyacTuM B KauecTBE HHGOPMUPOBAHHBIX MOTPEOUTENEH, OTOT
MHTEIJIEKTYaJIbHBIA KJIACC 3aMEHUT YCTapEBIIYIO CTPYKTYPY COBPEMEHHBIX CEeTeH U
KOMMYHaJIbHBIE CITY>KObI CMOTYT JIyYIll€ B3aUMOJICCTBOBATH C HAMHU, YTOOBI TOMOYb
YVOPABJISITH HAIIUMH MTOTPEOHOCTSMU B DJICKTPOIHEPTHH.

IIpunoun paéoTsl

YMHBIN TOM B3aUMOJEHCTBYET C CEThIO M MO3BOJISIET MOTPEOUTENISIM YIPABIISTh
anekTposHeprueit. Yamie wusMepsas NOTPeOJICHHE JIIEKTPOIHEPTUU B JOMaxX C
MOMOIIbI0  MHTEJUIEKTYalIbHOTO  CUETYMKA, KOMMYHAJIbHBIE CIYXOBbl MOTYT
MPEIOCTaBUTh CBOMM KJIMEHTaM TOpa3/io Jy4dlIyr0 WHPOpPMAIUIO JUIsl yIpaBIICHUS
CBOMMHM CUETAMHU 3a DJIEKTPOIHEPTHIO.

Buytpu ymHOro jgoma JOMalllHSSI CE€Th MOJKIIOYACT HHTEIUICKTyaIbHBIC
MPUOOPHI, TEPMOCTATHI U APYTUE DICKTPUUECKUE YCTPOUCTBA K CUCTEME YIPABICHUS
AHEPronoTpedsieHus. Y MHbIE YCTPOMCTBA U TPUOOPHI OYAYT KOPPEKTUPOBATH rpaduK
CBOEH paboThl, YTOOBI CHU3UTH CHPOC HA BJEKTPOIHEPTHI0 B CETH B KPUTHUYECKUE
MOMEHTBl M CHHU3UTh CUeTa MOTpeOuTEeNeH 3a AJIEKTPOIHEPTHIO. DTUMU YMHBIMU
YCTPOMCTBAMH MOYKHO YIPABJISITh M KOHTPOJUPOBATH Yepe3 HWHTEPHET WM 10
TEJIEBU30DY.

IIpenMyiIecTBa YMHBIX CeTeil 3JIEKTPOCHAOKEeHUS

BozoOHoBsieMbIe pecypchl, TaKue KaK BETEp M COJIHEUHAs DHEPTHUS SBISIOTCS
YCTOMYMBBIM M PACTYIIUM HCTOYHUKOM 3JIEKTPOdHEpruu. OJHAKO OHU M3MEHUYUBHI
0 CBOEH TPHUPOAEC U YCIOXKHSIOT HOPMAIbHYIO palbOTy ceTh. YMHas CeTh
MPEIOCTABIISCT JaHHBIC ABTOMATU3AIMKH HEOOXOAMMBIE ISl TOTO, YTOOBI COJTHEUHBIC
MaHeId W BETPSHBIC JJCKTPOCTAHIIMM MOTJIM I[0JaBaTh DSHEPrUI0 B CETh U
ONTUMU3UPOBATH €€.

UToObl yAOBIETBOPATH MOCTOSSHHO MEHSIIOUIUECS MNOTPEOHOCTU B SHEPTHUH,
KOMMYHaJIbHBIE CIY>KObl JIOJDKHBI BKJIFOYATh W BBIKIIOYATh AJIEKTPOCTAHLIMU B
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3aBUCUMOCTH OT KOJHMYECTBA SHEPTHH HEOOXOIUMBIE B ONPEACIEHHOE BPEMS CYTOK.
DJIIeKTPOIHEPrus 00XOAUTCS JOPOXKE B YAChl MMMKA, IOTOMY YTO JUIS YJIOBJIETBOPEHUS
0oJiee BBICOKOTO CIpOca HEOOXOJIMMO 3aIlyCKaTh JOTOJHUTENIbHBIC, YacTO MEHEe
3 PeKTUBHBIE, JJICKTPOCTAHIIMU. YMHas CETh  IO3BOJUT KOMMYHQJIbHBIM
IPEANPUATHAM YIPaABIATh MOTPEOJCHUEM JJICKTPOIHEPTUH, OCOOCHHO B TEPUOIBI
IIUKOBOTO  cmpoca.  [Ipom3BOJACTBO  3JIEKTpOdHEpPruu  Oojiee  paBHOMEPHO
pacnpenensieTcs B TEUeHUe JIHS.

KonuuectBo  BbIpabaThiBa€MOW  DJIEKTPOIHEPTUU  JOJKHO  PABHSITHCA
MOTPEOJICHUIO IO BCel ceTh. TEeXHOJOTUM YMHOW CETH MPEIOCTABIACT JIETAIBHYIO
uHopmaIuoo, KOTOpas  TO3BOJSET  OlepaTopaM  BUIETh  TNOTpeOJICHHE
AIEKTPOIHEPTUH U YIPABISITH UM B PEXKUME PEaIbHOrO BpeMeHU. Takoi KOHTpPOJIb
COKpariaet nepedoit B paboTe W CHIKAET MOTPEOHOCTh B MUKOBBIX MOITHOCTSIX TIO
BCEH CETH.

KomMmyHanbHbIE NPEATPUATHS TTOJIATAIOTCA HA CIIOKHBIE CXEMBI paclpeeIeHUs
ANEKTPOSHEPTHUM U PYYHOE TMEpEeKIfoueHre, YToObl  Oo0ecnedyuTh Mojavy
AJICKTPOIHEPTHIO CBOMM IOTpeOuTensiM. JIroGoit cOoif B ATOH CHCTEME MOXKET
MPUBECTH K TMepebosiM B TMOjJaue DJIEKTPOIHEPTUU. YMHasl CeTh MPOTHUBOCTOUT
KOJICOaHUsIM DHEPruM W TepedosiM, aBTOMATUYECKU BBIABISAS MPOOJIEMBI TIPU
MIEPEHAINPABICHUU U BOCCTAHOBIICHUH T0JIa4U 3JIEKTPOIHEPTHH.

TpaduuWoHHaA ceTb YMHanA ceTb
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Pucynok 1 — CxeMa pa3BUTHS AJIEKTpOCETEN
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3ak/JI04YeHue

YMHas ceTb DJEKTPOCHAOKEHHS — 93TO  MOJIEPHU3UPOBAHHAS  CETh
AJIEKTPOCHAOKEHHUSI, KOTOpasi IO3BOJISIET aBTOMATHYECKHU IOBBIIMIATh HaAEKHOCTD,
3 PEKTUBHOCTh, HSKOHOMHYECKYIO BBIFOAY, YCTOMYMBOCTH IIPOM3BOJICTBA U
pacrpesiesieHre JIEeKTPOIHEPT U H.

Jluteparypa
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Pexxum nmocrtyma: https://ru.wikipedia.org/wiki/ YMHBIE ceTH 3IEKTpPOCHAOKEHUS/.—
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AHHOmayusa: 6 cmamve 3ampasusaemcs B8030elucmeue  paouayUOHHbIX
Gaxkmopos Ha noaYNPOBOOHUKOBbIE KOMNOHEHMbL IJIEeKMPOHUKY, UX MEeXAHUIMbL
Nn08peAHCOeHUs U CNOCOObL NPeOOMEpauieHusl Na2yOHbIX GIUAHULL

Abstract: the article touches upon the impact of radiation factors on
semiconductor components of electronics, their damage mechanisms and ways to
prevent harmful effects.

Kntouesvie cnosa: nonynpogooHuKogvle ycmpoucmed, 2J1eKmpOoHHAs cXeMd,
UOHU3AYUS.

Keywords: semiconductor devices, electronic circuit, ionization.

Bsenenne

C wucropuyeckoid TOYKHM 3pEHHUS, H3Y4YEHHE paJualuoHHbIX 3(deKxToB B
AJIIEKTPOHHBIX CXEMaX HadajJoch B Hadayie 60-X roJoB MPOILIJIOro BeKa B OCHOBHOM
KaK OTBET Ha JIBE TIPOOJIEMBI:

1. Pactymuii cnpoc Ha 3alUIIEHHYIO DSJIEKTPOHUKY, KOTOpas MOryia Obl
BBIJIEPKATh BO3/ICUCTBHE SIAEPHOTO B3pbIBA (TOHKA SAEPHBIX BOOPYKEHUI B TO BpeMs
ObLJIa B caMOM pasrape).

2. OTKpbITHE paIHALMOHHBIX NOSICOB Ban AmieHOM 1 BEpHOBBIM M BO3HMKILAA
MOTPEOHOCTH B 3aIIUTE OT HUX (TIOCJIE Havajla OCBOCHUSI KOCMOCA).

[lepBble mIaru 3A€KTPOHUKUA MOKHO OTHECTH MPUMEPHO K TOMY XK€ MEPUOAY:
nepBblii cnyTHUK (CroytHuk 1, 1957) mosBuiica B TO e BpeMs, KaKk W IepBas
UHTErpajgbHas cxema B repmanuu (1958); TpaH3uctop  MeTaI-OKCHI-
nonynpoBoguuk  (MOII) mosBuiics B 1960 rtomy. Ilporpecc B obnactu
MUKPO3JIEKTPOHUKH, TEMITbI PA3BUTHS KOTOPOW HUKOI'ZIa HE CHUYKAJICS C MOMEHTA €€
MOSIBJICHUSA, CHeJaJl HMCMOJb30BaHUE JJIEKTPOHHBIX YCTPOMCTB, Bce OoJee
MPUBJICKATEIBLHBIM, JaXKe Il TPUMEHEHUS B HEOJAroNmpHUSTHBIX YCIOBHUSIX CPEIbI.
DJIEKTPOHHBIE CXEMbI HCMOJIb3YIOTCS B HECKOJIBKUX 00JIacTsX, rae Tpedyercs Oosee
WIM MEHEe BBICOKas CTENEHb pPAJWALMOHHOM CTOWKOCTH: KOCMHUYECKHE U
aBUALIMOHHBIE MPUJIOKEHUS, BBICOKOIHEPIeTHUECKUE (PU3UYECKHE HKCIIEPUMEHTHI,
dalepHble W (BCe e€lIe SKCIEpPUMEHTAIbHbIE) TEePMOSACPHBIE 3JIEKTPOCTAHIINH,
MEJUIMHCKAs IMarHOCTHKA U Tepalus, IPOMBIIUICHHAs BU3yain3anus U oopaboTka
matepuasioB. [lpu pabore B 3THUX cpenax TMOJYNPOBOJAHUKOBBIE YCTPOWCTBA U
MHTErpajbHble CXEMbl MOTYT IMOABEPrarbcs MPSMOMY BO3ACHCTBUIO (DOTOHOB,
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ANEKTPOHOB, MPOTOHOB, HEUTPOHOB WU 00JIE€ TSAKEIBIX YACTUI]; U3MEHEHHE HX
ANEKTPUYECKUX CBOMCTB MOXET MPUBECTH K OTKa3y 3JEKTPOHHOM MOJACUCTEMBI. B
3aBUCHMOCTH OT THUIAa U XapaKTEPUCTHUK MAJAIOIIETO M3JIYyYEHHsS MOTYT BO3HUKATh
paziuunble 3P (dEeKTh, Kak HeoOpaTuMmble, Tak U (YACTUYHO WM TIOJHOCTHIO)
oOpaTumble. 3HAHHWE MEXAaHU3MOB, JIEKAIIMX B OCHOBE DPaJMAIMOHHON peakluu
ANEKTPOHHBIX YCTPOMCTB UMEET NEPBOCTENEHHOE 3HAUEHUE IS

1. PazpaboTkn MeToAMK oOOecnedeHus TBEPJIOCTH, TapaHTUPYIOLIUE, YTO
TECTUPYEMbIE YCTPOMCTBA MOTYT HaJIe)KHO pabOTaTh B LIEIEBOU Cpee.

2. Pa3paboTku pamuaniMOHHO-CTOMKUX CXEM W METOOB MPOCKTHUPOBAHMS IS
MOBBIIICHUS] YCTOMYMBOCTH DJICKTPOHHBIX CXEM K CHEIU(UUECKHM BO3IACHCTBUSAM
paauanuy B HEKOTOPBIX KOHKPETHBIX CpeJiax.

OcHoBHas YacThb

[TonynpoBOTHUKOBBIE YCTPONCTBA U MHTETPATIbHBIE CXEMbl B HACTOSIIEE BpEMSI
paboTaroT B psJie BpaxkaeOHbBIX Cpe/l:

1. KocMuueckoe npoCcTpaHCTBO.

2. 3eMHas cpefa.

3. Boennast o6cTaHOBKa.

4. AToMHas MPOMBIIUIEHHOCTh U 3JIEKTPOCTAHIUH.

5. UccnenoBarenbekas cpena PU3MKU BHICOKUX DHEPTUH.

6. Cpena 11 Hay4dHbIX HCCIIeIOBAaHUN B 00J1aCTH (DOTOHOB.

7. MeauuuHCKOE ¥ MPOMBIIIJIEHHOE IPUMEHEHUE.

Bo3nelicTBue H37IydeHHs] MOXET MEHATHCS B 3aBUCUMOCTH OT KOHKPETHOTO
MpUHIUIA padOThl paCCMaTPUBAEMOTO JIEKTPOHHOTO YCTPOMCTBA.

CyuiecTByeT MHOXKECTBO BHAOB TOBPEXKIACHUS B  IMOJIYNPOBOJIHUKOBBIX
ycTporcTBax. HecMOoTpss Ha CIOXHOCTh TPOLECCOB B3aUMOJACHCTBUS H HX
3aBUCHUMOCTh OT CBOMCTB MaJarollled 4acTUIlbl U MaTepuajia-MHUIICHHU, JBa U3 HUX
SBJISIFOTCS. OCHOBHBIMM MEXaHM3MaMH PaJUallMOHHOTO MOBPEXKACHUS, BIUSIOIIMMU
Ha IMOJIYNPOBOJHUKOBBIE YCTPONCTBA!

1. MoHn3alMOHHOE TOBPEXKIAEHUE: MPOUCXOJIUT, KOT/Ia SHEPIrusi, OCelarouas B
MOJIYIPOBOJHUKE WJIM B H3OJUPYIOIIMX CJOSIX, TJaBHBIM oOpazom  SiOs,
O0CBOOOXK/TIA€T HOCUTENH 3apsiia (Mmapbl C AJIEKTPOHHBIMU OTBEPCTHUSIMHU), KOTOPHIC
mubGyHaupyoT WM IpeidyroT B Apyrae MecTa, rIe OHM MOTyT IONacTh B
JOBYIIKY, B pe3yJibTaTe HENpPEAHAMEPEHHbIX KOHIIEHTpAlMi 3apsioB U
napasuTapHsix nojei. Takon ymiepO siBiIseTCS OCHOBHBIM CJICJICTBUEM BO3ACHCTBUS
PEHTTEHOBCKOTO U Y-U3JyUYCHHUS U 3apsSKEHHBIX YacTHUIl, OH 3aTparuBaeT TIJIaBHBIM
00pa3oM yCTpOWCTBa, OCHOBAaHHBIE Ha MOBEPXHOCTHON MPOBOAUMOCTH (HAIPUMED:
MOSFETsS).

2. IloBpexzaeHue B pe3ylibTaTe CMEIIEHUS: MAJarollee H3JIyYEeHUE BBITECHSET
aTOMBbl M3 HUX PEIIETKH, B PE3yJbTaTe YEero BO3HUKAIOT ACPEKThI, M3MEHSIOIIHE
AIEKTPOHHBIE CBOWCTBA KpUCTAJIa, HTO OCHOBHOM MEXaHW3M Jerpajaluu
YCTPOMCTBA [JII  BBICOKOPHEPIreTHYECKOTO0 HEUTPOHHOTO H3IydeHHus. Takoe
MOBPEXKJICHUE B OCHOBHOM BIIMSAET HAa YCTPOIMCTBA, OCHOBaHHbIE HA OOBEMHOU
npoBoauMocTu (Hanpumep, BJT, nauonsl, JFETS).

BozneiictBue u3nyuyeHuss B MOJYNPOBOJHUKOBBIX YCTPOMCTBAX MOXKET OBITh
BKJIIOYEHO B OJIUH U3 JIByX IIUPOKUX KIJIACCOB:
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- O¢dexTl cymMmMapHOl [03bl: OOYCIIOBJICHBI IOCTEHEHHBIM HAKOIJICHHEM
yIEPKUBAEMOIO 3apsiia B M30JUPYIOMUX closAx win Ha wuHTepdeiice Si/Si0;
(BciencTBUME HWOHM3ALMOHHBIX SIBJICHWM) Wik JAedeKkTaMu B OCHOBHOM Macce
YCTPOUCTB (BO3HUKAIOUIMMU B PE3YJIHTATE HAKOTUICHUS CMEILICHHUS ).

- ObdexTsl OIMHOYHBIX COOBITUH: BBI3BAHBI OCAXKICHHEM 3apsiga OJHOU
YacTHUIIEH, KOTOpasi MepeceKkaeT YyBCTBUTEIbHYIO 00acTh ycTpoicTBa. OHU MOTYT
IPUBECTH K Pa3pyILIUTEIBHOMY WIH HEPAZPYIIAIONIEMY OBPEKIACHUIO YCTPONCTBA.

Ha ocHoBe peaknunu ycTpoiCcTBa Ha U3JIIYUYCHUE U MEXAHU3MOB PaIAALMOHHOTO
MOBPEXKACHUS MOTYT OBITh NPUHATHI HEKOTOpPHIE KOHTPMEPHI [JIsl TOBBIIICHUS
PaaalMOHHONW YCTOMYMBOCTU YCTPOUCTB U CXEM:

1. TexHonorus pagranMOHHON 3aKAJIKU

Ecnu ycTpoicTBO HEOCTATOYHO pagualMOHHO-CTOMKOE AJIA MPEANOoIaracMoro
MPUMEHEHUsI, MOXKHO TMPUHATH HEKOTOpPbIE MEpbI, 4YTOOBI clenaTh ero Oosee
CTOMKHM; 3TO MOXKET OBITh JOCTUTHYTO ITyTEM:

- U3MEHEHHUSI TE€OMETPUYECKOM CXeMbl YCTpOHCTBAa (YyNpPOUHEHUE IIyTEM
KOMIIOHOBKH)

- UI3MEHEHUs OJIHOTO WJIM HECKOJIBKMX JTaloB IIpollecca HM3rOTOBIICHHUS
(YrIpouHEHHE 10 TEXHOJIOTHH)

- COOTBETCTBYIOIIMM OOpa30oM CIPOEKTHUPOBATH OOLIYI0O CXEMYy WIH CHCTEMY
(Ynpo4yHeHHeE ITyTeM MIPOESKTUPOBAHMUS)

2. COBpEMEHHBIE TEXHOJIOTHH 3AIIHUTHI

- Kommepueckue rinyooko cyOMukpoHHeie KMOII-texHonorum yxe MOryt
o0ecrneynTh ypOBHHM OOHIEH CTOMKOCTM K HMOHU3UPYIOLIEH 103€ B JAHMANAa30HE OT
HECKOJIbKMX €UHUIL J0 HECKOJIbKUX JecaTkoB MPaj. Mcnonb30BaHue yabTpaTOHKUX
(HECKOJIBKO HM) OKCHUJIOB OIpDaHUYMBAET BIIMSHUE 3aXBAYCHHOI'O OKCHJIOM 3apsja.
Hcnonb3oBaHWe TOHKHMX ANUTAKCHAIBHBIX CIIOEB, PETPOTPAIHBIX JYHOK H
HErTYyOOKOM M30JIAIIMK TPAHIIIEH YIy4IlIaeT CTOMKOCTD K 3aIleIKUBAHUIO.

- Texnonorust SOI npencTaBisieT 3HAYUTENbHBIT KOMMEPUECKUI UHTEPEC H3-3a
IIPEUMYILECTB, KOTOPHIE OHA JA€T B IUIAHE CKOPOCTH, MOIIHOCTH M IUIOTHOCTH
uHTerpauu. ToT (akT, 4TOo OHA Takke O0O0eCneyuBaeT IMOJHYK H30JIALHUIO
YCTpOICTBa, SIBISIETCA NMPEUMYIIECTBOM C TOYKU 3PEHUSl PaJUallMOHHBIX 3PPEKTOB,
M3-32 H30JUPYIOLIETO CJOSI TEXHOJOTHs HE TMOABEpPKEHA pa3pyLIUTEIbHOMY
3aILETKUBAHUIO.

3. YpouHeHue B Mpoliecce U Mpu NPOEKTUPOBAHUU

- U3roroenenue tunuuHoii MOII uHTErpanbHOW CXEMbl BKIIIOYAET OOJIbILIOE
KOJIMYECTBO 3TAIOB, U MHOTHE M3 HUX MOTYT BJIMATH HA PAJAMALIMOHHYIO CTOMKOCTb
yctpoiictBa. Haubonee  BaxHbIMH  SBISIOTCS  (AKTOpBI,  BIMAIONIME  Ha
XapaKTEpUCTUKU 3axBaTa 3apsiia OKCUIOB (OKCHUJ 3aTBOpa, IIOJIEBOW OKCHI,
WHTEPMETALTNYECKUI OKCHU]T).

- 'myGokue cyOMUKpOHHBIE TEXHOJIOTHH, KaK MPaBuio, 00Jiee YyBCTBUTEILHBI K
eIMHUYHBIM c00siM, 4yeM OoJiee cTapble TEXHOJIOTUH; OJHAKO YCTOWYMBOCTH K
OJTHOKPATHBIM aBapUMHBIM CUTYaLlUsIM MOXKET ObITh yJydllleHa C TOMOIIbI0 METO/I0B
npoekTupoBaHus. B ciydae 1upoBBIX CXeM THUIHYHOE PpEUICHHE BKJIOYAET
UCIOJIb30BaHUE JIOTHUYECKOM HW30BITOYHOCTH, KOTOpas MOXKET 3aKJIH04aThbCs,
HanpUMep, B YTPOSHHUH IenH IU(PpoBOil 00pabOTKH, B 3TOM ClIy4ae pagualiiOHHO-
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WHAYIMPOBAHHAS OIIMOKA B OJJHOM OUTE MOXKET OBbITh NEpeurpana AByMs IPYTHMH,
HE 3aTPOHYTHIMU paguanyeil KOMIIOHEHTaMHU.

3akiouenue

VY COBEpLIEHCTBOBAHNE CIIOCOOOB MOBBIIIEHUS PaJUAllMOHHOM CTOMKOCTH
KOMIIOHEHTOB JJIEKTPOHUKH 3HAYUTENBHO BIMSET HAa PA3BUTHE KOCMHUYECKOW U
aTOMHOW TPOMBIIIJICHHOCTH, a TaK € MEIMIMHCKOM TEXHUKH, HCIOJB3YIOIIEH
MOHU3UPYIOIIee U3TyUCHHUE.

Jlurepartypa

1. Ionizing Radiation Effects in Electronic Devices and Circuits
[DnekTponusbIii pecype] / Pexxum moctyma:  https://agenda.infn.it/event/5622/co
ntributions/59843/attachments/43107/51149/Ratti_radiation effects on_electronics.p
df — Jlara nmoctyma: 16.04.2022.

2. PaguanvoHHasi CTOMKOCTh AJIEKTPOHHBIX MPUOOPOB [DNEKTPOHHBIN pecypc] /
Pexxum pocryna: https://studme.org/83201/tovarovedenie/radiatsionnay
a_stoykost elektronnyh priborov — Jlata noctryna: 16.04.2022.
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YK 621.382.2/.3)
YCTPOUCTBO U ITPUHIUITI PABOTBI MUKPOKOHTPOJIJIEPA
STRUCTURE AND OPERATING PRINCIPLE OF MICROCONTROLLER

3.B. KoBranon
Hayunsiit pykoBoaurens — JI.W. HoBukoBa, ctapmmii mpenoaaBaTeib
benopyccknii HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecniyonnka benapych
eie@bntu.by
Z. Kovganov
Supervisor — L. Novikova, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayusn: onucanue pabomuvl MUKPOKOHMPOINEPA U €20 YCMPOUCmEa.

Abstract: the description of microcontroller operation and its structure.

Knioueevle cnosa: muxkpokoHmpounep, MUKpocxema, aiecopumm, HNpPOUUBKA,
npoSpaMMamop, Keapyeawvlii pe3oHamop.

Keywords: microcontroller, microcircuit, algorithm, firmware upgrade,
programmator, quartz-crystal resonator.

BBenenne

MUKpPOKOHTpOJUIEp — YHUBEpCalbHAa MHUKpPOCXEMa, B KOTOPOH OOBEIUHEHBI
mpoleccop, namsaTh U nepudepusi, T. €. TaHHOE YCTPOHCTBO MOXET padoTaTh Kak
KOMITBIOTEP, TOJBKO BBINOJHAS Oojee mpoctbie 3anauu [1]. MUKpOKOHTpOIUIEpHI
JOCTaTOYHO TOMYJSIPHBI U3-32 CBOEH MHOTO(YHKIMOHAIBHOCTH M HCIOJIb3YIOTCS
JUIS YMEHBUICHUs] Pa3IMYHBIX JeTajled B cxeme Ju00 i pealu3alud KaKoro-To
YCTpOMCTBA, TA€  NPOCTEUIIMX  JIOTUYECKHMX  DJIEMEHTOB  HEJOCTAaTOYHO.
MUuKpOKOHTPOJUIEPHl 3HAUUTEIBHO YIPOLIAIOT paboTy MO CO3/IaHUI0 KaKOH-HUOYIb
HOBOH cxeMbl. BpIOOp €ro 3aBHUCHUT OT KOHKPETHOW IOCTaBICHHOW 3a/ayu W,
COOTBETCTBEHHO, 4YeM OoJibllle (YHKIHUM JIOJDKHO BBINOJHATH —peau3yemMoe
YCTPOMCTBO, TeM Oouibllie TpeOoBaHUM K Mukpocxeme. Hanpumep, eciu HE0OX0AMMO
co37aTh YTO-TO TIOX0’KE€ Ha HOBOTOJHIOIO THUPJSHIAY C YEThIPbMS Pa3IM4YHBIMU
LIBETAMH U MHOXECTBAMHU PEXHMaMH €€ padOoThbl, TAKUX KaK MUTaHUE, MepeIuBaHue
U T.J. TO JIOCTATOYHO OyAET MHUKPOKOHTPOJUIEpA C BOCHMBIO BBIBOJAMHU. A 4YTOOBI
CAeNIaTh TaKylo K€ THPJSHIY, HO Y€ HE C YEThIpbMs I[BETaMHU, a C BOCbMbIO, TO
TaKOro MUKPOKOHTpoJIiepa OyeT HEIOCTaTOYHO, U HEOOXOANMO B35Th IIECTHAALIATH
BBIBOAHYIO MUKpocxeMmy. Takke, ueM OoJbllie peKUMOB pabOThI THUPISHIBI HYXKHO,
TeM OOJIbIIe MaMSTH JIOJDKEH COJEp)KaTh MUKpPOKOHTposuiepel. Ho 3TO nmanexo He
€IMHCTBEHHBIN coco0 ux npuMeHeHus. CyliecTByeT OrpOMHOE KOJMYECTBO Pa3HBIX
CXEM, I'I€ OHU UCTIOJIb3YIOTCA.

OcHoBHas YacTh

Yrobbl co3maTh HEKOE YCTPOMCTBO Ha 0a3e MHUKpPOKOHTPOJUIEpPA, B TMEPBYIO
ouepelb Hy)XHa cama Mukpocxema. Jlamee, 4yToOBl 3aCTaBUTh MHUKPOKOHTPOJLIEP
paboTarh, HEOOXOIMMO peaJu30BaTh aJIrOpPUTM, a TMOCI€ — BHEIPUTh €ro B
MHUKpOCXeMy. B 3TOM MOMOTYT chelnualbHble KOMIBIOTEPHBIE MPOTPAMMBI, TAE C
MOMOIIBIO si3bIKa MporpammupoBanus (B ocnoBHom C/C++) co3naercst Ko, KOTOPbIN
nocie mpeoOpasyercss B TPOIIMBKY, Ojarogaps KOTOpo u Oyaer paborarth
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MUKpOKOHTpoJuiep. [lomydeHHyr0 TpOmMBKY HYXKHO 3amuWcarth B IaMATh
MUKpPOCXEMBI. IJTO JIellaeTcd C TOMOIIbI0  CHEIHUAIbHBIX  YCTPOMCTB  —
nmporpaMmaTopoB (pucyHok 1) [2].

Pucynox 1 — IIporpammarop

[locne 3amucu, MUKPOKOHTPOJUIEp MPAKTUYECKH TOTOB K padote. Emie ogHa
Belb, HeOOXoauMasi JJIsi ero paboThl U BCEH CXEMbl B LIEJIOM — 3TO KBapLEBBIH
pe3onarop. OH CIIy>KUT 7S 3a/1aHUsI KOJTMYECTBA TAKTOB pabOThI B CEKYH]Y, TO €CTh
OH 33J1a€T CKOpPOCTh pabOThl KOHTpoJuiepa. OMHAKO y KaKJOr0 MUKPOKOHTPOJIIEpa
€CTh JIMMUT, U €CIIM MOCTABUTh KBAPIEBbIM PE30HATOpP C YACTOTOM, KOTOpas BBIIIE
MaKCUMaJbHOTO JOIYCKAEMOr0 3HAY€HHsS KOHTpOJUIepa, TO HHYEro padoTaTh HE
Oyner.

3akioueHue

Takum o6pa3zom Ha ocHoBe MK MOKHO co3AaTh IPAKTUYECKHU JTIOOYIO CIOKHYIO
cxeMmy. HeoO6xoauMbl TOIBKO HAaBBIKM MPOIPAaMMUPOBAHUS U CO3AAHUS aJTOPUTMOB.
JlaHHO€ YCTpPOMCTBO 3HAYMTENIBHO YNPOUIAET CXEMY M 3aHMMAET MEHBbIIE MECTa, IO
CPaBHEHHIO C MCHOJb30BAHUEM BMECTO HETO0 OOBIYHBIX MOJYHIPOBOJIHHUKOBBIX
AJIEMEHTOB.

Jlureparypa
1. Uto Takoe MUKPOKOHTPOJUIEPHl — Ha3HA4YeHUE, YCTPOMCTBO, cOdT
[DJIeKTPOHHBIA pecypc]/ DIIEKTPUK Hudo. — Pexum JOCTyma:

http://electrik.info/main/automation/549-chto-takoe-mikrokontrollery-naznachenie-
ustroystvo-princip-raboty-soft.html/. — Jlata noctyma: 15.04.2022.

2. Tonm-10 nyumux mnporpaMMaropoB U jAeOarrepoB [DIEKTPOHHBIN
pecypc]/ iIXBT.Live. — Pexum goctyna: https:// www.ixbt.com/live/topcompile/top-
10-luchshih-programmatorov-i-debaggerov-s-aliekspress.html/. — Jlara pgoctyma:
15.04.2022.



