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characteristics of the codes was carried out taking into account their ability
to detect and correct errors in various situations. The results of the study
confirmed that Hamming codes are easy to implement and effective in
detecting small errors. While Reed-Solomon codes have demonstrated high
error correction capabilities, LDPC codes have demonstrated excellent
performance in a variety of situations. A literature review and discussion
of the results showed that the choice of a particular error-correcting
coding method depends on reliability requirements, data characteristics,
and available resources.

Keywords: interference-resistant coding, error detecting, error
correction, information security, LDPC codes, block codes, model.
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JOBABOYHbIE NMOTEPU 3JIEKTPUYECKOU SHEPIrNn
INPW EE PACINPELQENEHNN B 3JIEKTPUYECKOU CETHU

Yenosus pesicuma pabomor cucmem vexmpocuabicenus bvicmpo
menaromes. [Ipuyunotl aensaemcs usmMeHeHsl, KaK co CIOpOoHbl UCTOYHUKA
RUMAHUsL, MAK U CO CMOPOHBL HA2pY3KU. Ycmouiuueas paboma
cucmemul IIEKMPOCHAOICEHUs OA3UpYemcs Ha MamemMamuyecKux
MoOensax u npaguiax sxkcnayamayuu. IIpu mensiowuxcsa yciogusx
603HUKAEM 6EPOSIMHOCMb HEAOEeK8AMHO20 ONUCAHUSL CUMYAYUU U
coomeemcmeenHo OouwubouHol pabomel 21eKMpoobOpPy008aAHUs U
cucmemvl eKmpocHadicenus 8 yerom. /s npedomspaujenus OaHHOU
cumyayuu Heo6x00uUMo NPouU3800UMs NPOBEPKY NAPAMEMPO8 Percuma
U NpUMEHSIEMbIX MEmOo008 pacyema Ha a0eK8amHocmy. Baicneliuwum
Kpumepuem pabomsl CUCMeMbl 2IeKMPOCHADNHCEHUsL SAGNAEMCS YPOBEHD
nomepu nekmpodHep2uu. Ilpu menawowuxcs ycioguax cocmasiiaiowjue
nomepo 31eKmMpodHepauu Mensaomces. B makom cnyuae ecmaem eonpoc
0 HEOOXOOUMOCU UCCACO08AHUS NAPAMEMPOE PEHCUMOE CUCTEM
NEKMPOCHAOICEHUSL, BbISTICHUE COCTAGTSIIOUUX NOMEPb INEKMPOIHEPSUU
npu yueme HeCUMMEMPUU U HECUHY COUOATTbHOCMU OJIsL yMEHbUEHUEe NOMePD
npu nepeoaye u pacnpeoeeHul dIeKMpULecKol IHepeUu.

B cmamwe paccmompenvt makue 80npocul Kak HOmepu 27ekmpoIHepUn
GIUAIOM HA YeHOooOpasosanue. 3Hanue nomepsb SHEPSUU U UX OMHECEHUe
K KOHKDEMHbIM 2IeMEHMaM cemesol CUcmeMvl umeen cCyujecmeeHHoe
3HAueHue O NPUHAMUS Mep, HANPABICHHbIX HA MUHUMUZAYUIO
yenoobpaszosanue u mapugol na snexmposrepeuro. Om mozo HaAcKoIbKO
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byoem obvexkmueHo Oydem npou3eedéH paciem HOPMAMUBHBLX
nomepn, 6ydem 3asucemsv 00X00 IHEP2OCHAOICAIOUWUX KOMAAHULL.
Ecnu ne docuumaem cmpadaem 3HepeocHabicaowue KOMRAHUU, d
ecnu nepecuumaem, mo cmpadaem nompeoumens. I1095momy HYIHCHO
COBEPUIEHCMBOBAMb MEMOOUKY PACHema HOPMAMUGHBIX NOMepb.

Kniouegvie cnosa: cucmemvl 21ekmpocHabicenus;, nomepu
NEKMPOIHEP2UU,; INCKMPUYECKAS IHEPUS, HASPY3KA CUCMEMbl;
NEKMPUYECKUE CEMU.

Beenenne

[Mpouecc mepenaun 3JMEKTPUUECKOW IHEPTUM BaXkHas COCTaBISIOMIAs
YCTOWYMBOTO Pa3BUTHSI SKOHOMHKH U MTOAJIEp KaHus OJIarocoCTOSHHS 00IIeCTBa.
Ha nanHOoM 5Tane pa3BuTHs HaOIIOAETCS CYIECTBEHHOE N3MEHEHHUE ITapaMeTPOB
pexrMa paboThI CHCTEM JEKTPOCHAOKEHHSI, 0COOCHHO BIIMSIHUE HECUMMETPHH U
HECHHYCOUIAJIBHOCTH TOKA U HaPSDKEHHUSI, KOTOPOE MTPUBOAMT K TOBBIIIEHHBIM
MOTEPSIM TIPU Tiepeiaye U paclpesieieHnu dIEKTPOIHEPTHH, & B OTIENBHBIX
CllyyasiX U HapyUICHUIO PEXHUMOB pabOTHI BIUIOTH A0 Pa3BUTHUs aBapuu. s
MIPE0TBPAIIEHHS HApYIIEHUH 1 TOBBIIIEHHBIX TIOTEPh HEOOXOANMO MPOBOIUTH
MOHHUTOPUHT PEXHMOB PabOTHI C y4ETOM JJAHHBIX (PAKTOPOB 1 BHOCUTH H3MEHEHHS
B pacdeTHble METOJUKHU JUId 00ecIedeHHs aJeKBaTHOCTH MaTeMaTHYeCKOTo
armapara ¥ OpraHi3aluOHHBIX Mep, PerIaMeHTHPYIOIINX IKCILTYaTallUI0 CUCTEM
anekTpocHadxenus [1-9].

Marepuajibl 1 METOAbI HCCJIEIOBAHUS

LlenooOpa3oBanue u Tapu(bl Ha AIEKTPOIHEPTHIO.

[TockonbKy 3IEKTPOIHEPTHIO HEJb3sl XPaHUTh U MOCKOJIBKY CIpOC Ha Hee
pacTeT 1 najaeT B 3aBUCHMOCTH OT CE€30Ha HJIH B TEYEHHUE CYyTOK, HEOOXOAUMOCTb
HEMEIJICHHO BBECTH B JICHCTBHE JOTOIHHUTENLHBIE PE3EPBHBIE TeHEPUPYIOLIHE
YCTAHOBKH JJIsl YIOBJIETBOPEHUS PacTyIIero cupoca. B pesynbrare 3aTparsl Ha
MIPOM3BOACTBO JIEKTPOIHEPTUU U, CJIEJOBATEIbHO, MpeIesIbHbIE U3IEPKKU U
Tapr bl pacTyT, YTO BIMSET Ha CIIPOC Ha ANIEKTPOIHEPTUIO, KOT/a MIEKTPOCTAHIHN
nepeBosiTCs B pabouee COCTOSIHUE WIM OTKJIIo4atoTcs. LleHsl Ha Bpems
WCIIOJIb30BaHMS AAl0T MOTPEOUTENSIM CTUMYJI COKpallaTh MCIIOJb30BaHUE B
TIEPUO/IBI TUKOBOTO CIIPOCA M YBEIMYHMBAThH MCIIOIb30BaHUE B MIEPHOJIBI HU3KOTO
crpoca B HENHUKOBbIE nepuosl. HesicHO, kakoe BiusiHHE Tapu(oB Ha Bpems
HCIIONIb30BaHMS OKAXYT Ha CTPYKTYpY CIIpoca.

[To Tumy BBHIPaOOTKHM 3IEKTpOCTAaHOMSAMH mopsaka 82,7% or Bcei
BbIpaboTaHHOM »1ekTposHeprun B Kazaxcrane npuxonurcs Ha TOC (TerioBbie
anekTpocTaniun). OCHOBHBIM MPOM3BOIUTENIEM dJIeKTpodHepruu B Kazaxcrane
B pa3pe3e OCHOBHBIX dHEpTreTHUEeCKHX 30H sBisercs CeBepHas 30Ha,
BhIpabarsiBatomas 6onee 81.5% Bceit anexrposneprun crpansi [10].
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B cekropax anekrposnepretuku Pecrmy6nuku Kasaxcran camu meHs
MIPECTABIAIOTCS OTHOCUTENIBHO HU3KUMHU. [lo MeXIyHapoZHBIM MeEpKaMm,
CTOMMOCTb 3JIeKTposHepruu B Kasaxcrane odeHs aemesas. Tak, 0 JaHHBIM
naTepHeT noprana GlobalPetrolPrices, cronmocTs 3nekTposHeprun B Kasaxcrane
3a omuH KBT*u cocrasmsier $0,043 (Tabmuna 1), B TO BpeMsi Kak Cpe/Hsis [ieHa
o mupy coctasisiet $0,14. B Benopyccuu oaus kKBT*4 35eKTPOIHEPTHH CTOUT
$0,07, B I'py3uu $0,068, a B Ykpaune $0,057.

Tabmuna 1 — CTOUMOCTH 3JIEKTPOdHEPTHH (HaHHBIE MeEXIyHapOIHOTO
SHEepPreTUIeckoro arearcTea 3a 2021 roxn)

Tapudsl Ha JIEKTPOIHEPTUIO TIsA
Ne Crpari notpeduteneii, USD 3a kBT
1 Keipruscran 0,011
2 V36ekucran 0,027
3 Kazaxcran 0,043
4 VYkpanna 0,057
5 I'py3us 0,063
6 Poccus 0,087
7 Snonwst 0,224
8 I'epmanus 0,333

s ropuandeckux i tapug cocrasiaser 0.055$ 3a kBt. Hanpumep, B
Takux cTpaHax, kak I'epmanus, CIIIA u [Tonbiia, eHa Ha SJEKTPOIHEPTHUIO JJIs
OOBIYHBIX MTOTPEeOHTENEH B IBa pa3a BBIILE, YeM JUIS IPOMBILIUIEHHOCTH. B Takux
cTpaHax, kak bensrus, HoBas 3enanaus u [LIBenyst, 7To COOTHOIIIEHHE BO3pacTaeT
B TPH pasa.

Kak ykazano B OTyere 00 3HEpro3arparax u yroMsHyTOM Bhiliie, B Kazaxcrane
€CTh PA3JIN4Ks, YTO 0OBICHACT pa3HBIM YPOBHEM IOKYTIaTeIFHON CIIOCOOHOCTH,
HO paszuuna coctasisieT 0,055-0,043=0,0138. CnenoBareapbHO, MOXKHO CIC/IATh
BBIBOJ, uTO Ka3zaxcraH HaleneH Ha SKOHOMUYECKHUN POCT, SKCIIOPT U IIPUBJICUCHHUE
MIPSIMBIX MHOCTPAHHBIX HHBECTHLIMH U CUUTAET UX IIaBHBIMU IIPHOPHTETaMH.

Kpome Toro, Tapudbl Ha aNeKTpo3Hepruio pactyT. B Tapud Ha aneKTposHepruio
CKJIaJBIBAaETCS M3 CTOMMOCTH Ha sHepruto, Takue kak HJIC u npyrue, norepu u
BEPOSITHOCTh HE3aKOHHOTO HCIIONB30BAHNS — XHIICHHUS, TIOTEPH, a TAK)KE PACXOJIBI
Ha 00CITyXKHBaHHE.

IloTepu 31eKTpoO3HEPrun

YacTh 3IEKTPOIHEPTUH PACXOAYETCsS B IpoLecce ee mepenadyd u
pacrpeneneHus oT reHeparopoB K mnorpedurensM. CymiecTByeT THIIBI MOTEPb
3JIEKTPOIHEPTUH, KOTOpbIe TIOKa3aHbl Ha puc. 1. B maHHO# cTarke paccMoTpuM
TEeXHUYECKHE, HEIOYUEeT SJIEKTPOIHEPTHH U KOMMEpUECKHUE MTOTEPH.
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Pucynok 1 — @akTiueckue norepu

Heckonbko CTpaH CTOJNKHYJIHUCH C CEPbE3HBIMH TPYIHOCTAMU B
YAOBJIETBOPEHHUH CTIPOCA HA 3JIEKTPOIHEPTHIO U3-3a HEAAEKBATHOCTH HAAEKHBIX
TCHEPUPYIOIINX MOIITHOCTEH, YCYTYOICHHBIX C1a00CThI0 HH(PACTPYKTYPhI CETCH
3HeKTpOCHa6)KeHI/I${, YTO NPHUBEJIO K BEICOKUM TCXHUYCCKUM W HETEXHUYCCKUM
HOTEPSIM, COCTABISIONM OT 45% 1o mpumepHO 4% YUCTOTO JOCTYITHOTO
NPEIUIOKECHUS B HEKOTOPBIX cTpaHax (Tabmuna 2). HecMotpst Ha 3Ty cuTyaluio,
YUCTOE MOTpeblieHrne JIEKTPOIHEPTUH POCIO MOYTH Ha 6,5 mpoleHTa B
roA B MOCJEAHEE AECATHIETHE, a YCTaHOBJICHHAS MOIIHOCTH NMPOU3BOACTBA
3IEKTPOIHEPTHH pociia Ha 4,3 MpoIreHTa B TOX B MOCJIEAHEE ACCATUICTHE.
Xors YCTPAHUTh TCXHUYCCKUE MMOTEPU HEBO3ZMOXHO, UX MOKHO YMCHBIIUTE 10O
pa3yMHOTO YPOBHS 1O Mepe pa3BuUTHs TexHoaorui. [1o qaHHbIM AMEpUKaHCKOM
acCcOLMAIK OOIIECTBEHHOTO NMUTAHUS, TEXHUYECKHe ToTepu B pasMepe 9 %
JIOTTYCTUMBI B JIFO0OH deKTpudeckoid cucteme. C Apyroil CTOPOHBI, COKpAIICHUE
HETCXHUYCCKHUX MMOTEPH 3aBUCUT OT NOCTOAHHBIX cy)1e6H1)1x HCKOB ITPOTHUB J'IIOI[CIZ,
KOTOPBIE CKJIOHHBI UCIIOJIB30BATh 3JIEKTPHIECTBO HEJIETAIBHO.

Tabnuna 2 — @akTHYECKUE TOTEPH AIEKTPOIHEPTUH B HEKOTOPBIX CTPaHax

Crpana Torepu (%) Crpana Iorepu (%)
AHrmus 7,46 Erumner 17,00
Opannus 7.00 Wopnanus 16,00
T'epmanns 4.00 JluBau 45,00
I'perms 9.07 Mapokko 18,00
Tomnannus 3,89 CaynoBckast Apasus | 16,00
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Uramus 6,53 Typuust 19,00
IMoptyranus 9.25 Kasaxcran* 6,4
Hcnanus 8,45 Poccus 10,0

Texuuueckue norepu AO «KEGOC» 3a 2019 rox cocraBunu 6,4 %
OT oTmycKa 31exkTposHeprun [10], K coxaneHuro HHGOPMAIHA IO MOTEPSIM B
pacIpeaeIuTeNbHbIX CeTSIX He YKa3aHa.

B pesynsrare oxxuiaeMoro pocra norpeduTeneil okuaaeTcs, 4To pocT crpoca
Ha 3JIEKTPOIHEPTUIO OCTAHETCS BEICOKMM M COCTABUT OKOJIO 6 ITPOIIEHTOB B IOJ
B CJICITYIOLIEM JICCSTUIICTHH.

HerexHnyeckue morepu MMEIOT TEHACHIUIO K yBeandyeHHIo. Ilockonbky
HETEeXHHYECKHE IIOTEPH BKIIIOYAIOT CITydan HE3aKOHHOTO UCIIOIb30BAHUS, B CBSA3H
C pOCTOM HOTpeOIeHHs.

B mocnenHee BpeMs OTHOCHUTENbHBIE NMOTEPH IIEKTPOIHEPTUH B
anekrpuueckux cersax Kasaxcrana cocrasmsror oT 6% 1o 18 % or npunsroit
ceTH 371eKkTpodHeprur. OCHOBHAsl 4acTb 3TUX MOTEPh MPUXOIUTCS HA JIMHUU
anexrponepenauu. CienyeT OTMETUTh, YTO OTHOCUTENBHBIE TOTEPH DD B CETAX
CTPaH C Pa3BUTOM TSHKENON MPOMBILUIEHHOCTBIO B 2 - 2,5 pa3a BbILLE OTEPH BbIILIE
MIOTEPh CPEAHETO MUPOBOTO YPOBHSI.

OTO TOBOPHUT O TOM, YTO B 3IEKTpHUUecKux ceTsix KazaxcTaHa mmeTscs
MOTEHIMAJ JJIsl CHWKCHHUS MTOTEPU AIIEKTPOdHepruu. s peannsanuu 3Toro
MOTEHIHaJla HEOOXO0ANMO MPOBOJUTH MOHUTOPHHI W aHAJIU3 CTPYKTYpPHI
TEXHUYECKHUX U HETEXHUIECKHX ITOTEPb, BEIABIISTH X HCTOYHHUKH M pa3padaThIBaTh
OpraHM3aIIOHHBIE TEXHUYECKNE MEPOIPHUSTHS 10 SHeprocoepexxennto. OmxHoi
13 BIMSIOMNX (PaKTOPOB SIBISIETCS BBIPOCIIAS 1Ol HENMMHEWHBIX ITOTpeOnTENeH,
410 00YCIIaBIOBHIIO ITPOTEKAHUE BBHICIIMX FAPMOHNYECKUX COCTABIISIIOLINX TOKOB
B 2JIEMEHTAaX CUCTEM 3JIEKTPOCHAOKEHNSI, KOTOPBIE IOMUMO CHID)KEHHS KauecTBa
SNIEKTPOIHEPTHH, BBI3BIBAIOT 100aBOYHBIE TOTEPH HIEKTPOIHEPTHH.

Texunueckue norepu B cetn AO «kKEGOC», a Taxke ux cTpykrypa (pHc.
2) 3aBUCAT OT PEKUMOB pabOTHI IHEPIOCUCTEM COCEIHUX TOCYNAPCTB (TPaH3HT,
9KCTIOPT ¥ UMIOPT JIEKTPOIHEPTHH) U KIMMATHYECKHUX yCIOBUH. TexHnueckue
norepu AO «KKEGOC» 322019 rog cocraBunu 2,869 mupa kBT 4 anekrposHepruu
B ceTb [10]. Ay onepaTtopa Jaxke Majasi SJKOHOMUS 3HAUMMA.
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Pucynok 2 — Ctpykrypa Texunueckue norepu B cetu AO «KEGOC»

Haubonpmmii 3hdekT ¢ TOYKN 3peHHs COKPAICHHUS SHEPTOMOTPeOICHUS
JIAfOT MEPOIIPUATHS 10 CHIDKCHHIO TEXHOJIOTHYECKOTO PACX0/ia SEKTPHIECCKON
SHEPTUM Ha Tepenady 1o dNMEeKTpudecknM ceTsiM (Tabmunsl 3 u 4). IIpu stom
HEOOXOANMO UMETh B BUILY, YTO TEXHOJIOTHIECKHE TIOTEPH HIEKTPOIHEPTHH — 3TO
TIOTEPH IEKTPOIHEPTUH, 00y CIIOBIECHHBIE (PH3NIECKIMH ITPOLIECCAMH B IPOBOZIAX
1 3JIEKTPOOOOPYI0BaHNH, MTPOUCXOMAIINMHE TP TIepeiade MEKTPOIHEPTHH TI0
NEKTPUIECKUM CETAM, M, COOTBETCTBEHHO, OCHOBHOH IEJBIO IJIAHWPOBAHUS
1 TPOBEACHHUS MEPONPHUATHI 10 CHH)KCHHIO MOTEPh JJIEKTPOIHEPTHH B
IMEKTPUIECKHX CETAX SABIISETCS JOBEACHHE (haKTHUECKOTO 3HAYCHNS TEXHIIECKUX
TIOTEPB IEKTPOIHEPTHH 0 HX ONTUMAIBHOTO YPOBHS. B pesynprare peanuzarum
MEpOTPUATHH 10 CHHKEHHUIO IOTEPh AJIEKTPOIHEPTUN CHHIIKEHHE Pacxoja
anekrposHepruu B 2019 roay cocrasuiio 4,8 MiaH KBt 4.

Tabmuma 3 — MeponpHsaTHs 10 CHIKEHHIO JJIEKTPOIIOTEPD

Dddext oT MeponpHATHSL
Meponpusrtus bd % porp ’
MIIH KB1*4
OTKIIIOYCHHUE JIMHUN B PEXKHUME MaJIbIX Harpy30K 0,390

OTKIIIOUCHHE CHIIOBBIX TPAHC()OPMATOPOB B PEKMME MaIbIX HArpy3ok | 4,394
Hroro 4,784

Tabmmma 4 — [Toka3zarenn SHEPTONOTPEOICHHS

I o x a3 aTeamul|Eg. 2019/ 2019/
9HEPronoTpedIeHns H3M. 2017 2018 2019 2018 2018, %
IIpouent noreps npu nepenaye | % 6,2 6,3 6,4 0,1 1,6%

¥ pacrpeieieHin dHeprum™*

Oddexr ot meponpusaruit | I'/lx | 16 920 16 560 17222 662 4,0%
0 CHHUXCEHHUIO HOTEph

(oHeprocoHeperxeHue)
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* TexHUUECKHE TIOTEPH OT OTITYCKa JIEKTPOIHEPIUH B CETh IPH €€ Nepeaye.

MeToapl pacuéra TEXHHYECKUX MOTEPb AIEKTPOIHEPTHUH yTBEPIKACHBI
COOTBETCTBYIOIMMH TUPEKTUBHBIMHU U METOJMYECKHMH TOKyMEHTaAMH.

B cBsI3u ¢ 3THM ecTh HEOOXOIMMOCTh HayYHOTO HCCIIEI0BaHUSI IIPOLIECCOB IIPH
HECUMMETPHH U HECHHYCONIAJIBHOCTH TOKOB B BO3/YILIHOM JIMHUH JIEKTPOIIEpeIadn
1 pa3paboTKe ITOPUTMOB TIO OIIPE/IENICHUIO AOMOIHUTEIBHBIX MOTEPb.

B pesyinsrare npeBapuTeIbHOTO aHAIM3a SKCIUTyaTallMOHHBIX JJAHHBIX OBLTH
yCTaHOBJIEHBI (haKThl HEy4eTa J00aBOYHBIX MMOTEPh, KOTOPBIE 3aKJIaJIbIBAIOTCS
B Tapud, OMJIaYMBACMBIA MOTPECOUTEISIMH. YBEIHYCHUEC HEIUHCHHOW U
HECMMMETPHUYHON Harpy30K YCHIMBAeT HEOOXOMMMOCTh U3Y4EHHUS JaHHOH TEMBI.

B pesynbrare npoBeneHus NpeaaraeMbIX HCCIEI0BaHNI CTAHET BO3MOXKHBIM:

BBISIBUTb OT/EJIbHBIE AJIEMEHTHI CHCTEMBI JJIEKTPOCHAOKEHHUS, B KOTOPHIX
HaOmoaeTcst HanboNbIIast 10 J0OABOYHBIX MOTEPh AEKTPOIHEPTHH;

NPEeIJIOXKHUTh PEeKOMEHIaluu ydeTa JO0O0aBOYHBIX HMOTEPh MEXIY
JHEProcHaMKaIoIIel OpraHu3aiueii U mOTPEeOUTENIEM, a 10 OI[CHKE JT00aBOYHBIX
MOTEPh AEKTPOIHEPTUH U UX yUeTy Al GOPMUPOBAHUS TapU(OB;

JIaTh PEKOMEH/IAINY 110 CHUKEHHIO 100AaBOYHBIX TIOTEPD;

- YTOYHUTD OaJaHCHl MOLITHOCTEH U SHEPTHH.

[Tpu pacuere HOpMATHBA TEXHHYECKHX MTOTEPH JJIS1 yTBEPXKICHUS Tapru(oB,
pacueT 100aBOYHBIX ITOTEPh HE TPOU3BOUTHCS, U3-3a TOTO IHEProCHAOKAIOIINE
KOMITaHUH HEJIOTOJTyYaroT IPHOBLIE.

Pe3ysbTaThl 1 UX 00CyXKAEHUE

OKCIUTyaTalys JHEPIeTHKH B COBPEMEHHBIX YCIOBHSIX TPEOyeT HaAeKHOTO
1 Ka4eCTBEHHOT'0 AIEKTPOCHa0XeH s oTpeduTesell. OCHOBHOM HOBOW MOJIEIIBIO
cOalaHCMPOBAaHHOTO PHIHKA AJIEKTPOIHEPTUH SIBJISIIOTCS IBYCTOPOHHUE KOHTPAKTHL.
OcHoBHas 3ajia4a 3TOTO PbIHKA — I'apaHTHPOBATh CTAOWIIBHOE U HaJe)KHOE
(YHKIIMOHUPOBaHHE OOBEIMHEHHOW SHEPTOCUCTEMBI, T. €. Iepeady 1 TOCTaBKY
ANIEKTPOIHEPTUH COOTBETCTBYIOIIETO Ka4eCTBa.

UccnenoBanne ¢unancupyercss Komurerom no Hayke MuHHCTEpPCTBa
obpazoBanus 1 Hayku Pecrryonuku Kazaxcran (rpant Ne. AP09058186)

BeiBogp!. [ToTpebnenue anekTpruyeckoi 3HEpTUH, IPOCTOTa UCTIONB30BaHMS,
BO3MOXXHOCTB IIPe00pa30BaHMs B APYTrUE BUABI SHEPTHHU U IIHPOKast TOCTYITHOCTh
B OBITY COCTABJISIET OZIMH U3 BAKHEWIIINX [TOKa3aTesIel ypOBHS Pa3BUTHS CTPAHBI.

Y100cTBO, KOTOPOE HaM MPEACTABIISIOT COBPEMEHHBIE NIEKTPOOOOPYIOBaHUS,
BIIMSIIOT Ha KadecTBa O0.

LleHbI Ha YHEPTOHOCHUTENH OKa3bIBAIOT BIMSIHUE HA KOHKYPEHTOCIIOCOOHOCTh
npoMbinuieHHOCTH PecnyOnuka Kasaxcran. B cexrope amekTposHepruul neHbl
caMH 110 ce0e KaKyTCst OTHOCHTEIBHO HU3KUMH, M3-3a UCTIOIb30BAHNS TEPBUYHBIX
HCTOYHUKOB SHEPIUH, TAKKX KaK YroJib ¥ IPUPOIHBIN ras.
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OnHako, €ClIM MPHUHATH BO BHUMaHUE MAPUTET MOKYHaTeIbHOU
CIIOCOOHOCTH, IIeHa AIIEKTPOIHEPTHH, OTPEOIIIEMO CEeNbCKUM X035 icTBaMU U
MIPOMBIIICHHOCTBIO, BEICOKA. XOTs yCTPAHUTh TEXHHYESCKHE TIOTEPU HEBO3MOXKHO,
WX MOXXHO YMCHBIIUTH JIO Pa3yMHOTO YPOBHSI IO MEPE PAa3BUTHUS TCXHOJIOTHI.
3HaHUE TOTEPh PHEPTHU U UX OTHECCHUEC K KOHKPETHBIM 3JIEMCHTAM CETEBOM
CUCTEMbI MMECT CYIICCTBEHHOC 3HAYCHHUC JJIS MPUHATHS MEp, HAPaBICHHBIX
Ha MUHUMHU3AIHIO [ICHOOOpa30BaHMEe W TapU(bl HA AICKTpOIHEepruw. OT
TOTO HACKOJBKO OymeT 0OBCKTHBHO OyIET MPOU3BEACH pacueT HOPMATHUBHBIX
oTepb, OyIeT 3aBHCETH JIOXO] dHEpProcHadXarmux koMmrnanuii. Ecnu He
JIOCUUTAEM CTpa/laeT SHeprocHadXarole KOMIaHWH, a €CIIM TIePeCYUTaeM, TO
cTpanaer norpedurens. [103ToMy HY)KHO COBEpIIEHCTBOBAThH METOIUKY pacdera
HOPMATUBHBIX MOTEPb.
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JIEKTP DQHEPI'UACBIHBIH 3JIEKTP XKEJIICIHAE TAPTBLIIY
KE3IHIEI'T KOCBIMIIA IIBIFAJTAPBI

Dnekmpmen acabObiKmay dcynuenepiniy dHCymMulC pedcumMiniy
wapmmapwsl me3 oseepedi. Mynvly cebebi-Kyam Ko3i dcazblHAH 04,
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JACyKmeme dcazblHan 0a e3zepicmep. DMeKmMpMeH JcabObIKMay HCyueciniy
MYPAKMbL AHCYMbICHL MAMEMAMUKALBIK MOOeab0ep MeH NAUdALIaHy
epeoicenepine HeeizOenzen. Ozzepemin dcazoauiapoa Haz20auovly
OYpbiC CUNAMMAIMAYbl HCOHE COUKecinule INeKmp HaboblKmapbvl
MeH mymacmail 1eKmpmeH AHcabdobiKmay Hcyueciniy oypulc JHcymblc
icmemeyi vikmumanoviesvl 6ap. byn sicazoaiioviy andvin any yuiin pexcum
napamempepin JHeoHe HeemKiNiKminikmi ecenmey 90icmepin mekcepy
Kascem. DieKmpmer dcaboblKmay icyueci JcymMblCblHbIY MAHbI30bl
Kpumepuiii 91eKmp dHepeUsICbIH dico2army Oeneelli 60abin madwvliaobl.
O3cepemin dicaz0aiinapoa 2ieKmp dHePeUACbIHbIY Kypamoac 6enikmepi
o32epedi. byn sicazoaiioa siekmpmen sHcabObIKmay Heylenepi pescumoepiniy
napamempJepin 3epmmey, dIeKmp SHePSUSICbIH Oepy JIcoHe mapamy Ke3inoe
WBIZLIHOAPObL A3AUMY YUWIEH CUMMEMPUsL MEH CUHY COUOANOBLIbIKMbL eCKepe
OMBIPBIN, DICKMP IHEPSUSCHIHBLH IHCOATLYbIHbIH KOMNOHEHMMEPTH AHLIKINAY
Kasicemminiei mywblHOQuObl.

Maxkanaoa snekmp dHepeuscwiHbIY dco2anyvl baza benziieyee ocep
ememin Mocenenep Kapacmulpvliaovl. JHepaus wblablHOaApblH Oiny
JICOHe 0NlapOobl JCENLNIK JHCYUCHIH HAKMbL 3JeMEeHMMeEPIHe HCAMKbI3Y
MUHUMU3AYUSI2A OAZbIMMANZAH WAPAIapobl KAObl0ay YuliH Manbl30bl
601bIn MadBLIAOLL IEKMP IHEPSUCHIHBIY Oazacvl Men mapugmepi.
DHepeusimer 2cabObiKmayuibl KOMRAHUSIAPOLIH MAObLCbL HOPMAMUBIMIK
WbI2bIHOAPOLL ecenmey KAHWAIbIKMbL 00beKMUsmi JHeypeiziieminine
batinanvicmol 601a0bl. Ezcep 6i3 canamacak, sHepeusimen #cadoblKmayulsl
KOMRaHusinap 3apoan wezeoi, ai e2ep Camacar, mymulHYulbl 3apoan
weeedi. COHObIKMAH HOPMAMUBMIK Ubl2bIHOAPOblL ecenmey 90icmemeciu
JHceminoipy Kaxcem.

Kinmmi cesz0ep: snexmpmen dcabovikmay scyienepi, 31eKmp
IHEPSUSICLIHBIH WUbIZLIHOAPDL, DIEKMP IHEPSUSCHL; HCYUEHIH JCYyKmemeci;
2JIeKmMp JHceninepi.
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ADDITIONAL LOSSES OF ELECTRIC ENERGY DURING ITS
DISTRIBUTION IN THE ELECTRIC NETWORK

The operating conditions of power supply systems are changing
rapidly. The reason is changes, both on the power supply side and on the
load side. The stable operation of the power supply system is based on
mathematical models and operating rules. Under changing conditions,
there is a possibility of an inadequate description of the situation and,
accordingly, erroneous operation of electrical equipment and the power
supply system as a whole. To prevent this situation, it is necessary to
check the parameters of the mode and the applied calculation methods
for adequacy. The most important criterion for the operation of the power
supply system is the level of electricity losses. Under changing conditions,
the components of electricity losses change. In this case, the question
arises of the need to study the parameters of the modes of power supply
systems, identify the components of electricity losses, taking into account
the asymmetry and non-sinusoidality to reduce losses in the transmission
and distribution of electrical energy.

The article discusses such issues as electricity losses affect pricing.
Knowledge of energy losses and their attribution to specific elements of the
grid system is essential for taking measures aimed at minimizing electricity
pricing and tariffs. The income of energy supply companies will depend
on how objectively the calculation of regulatory losses will be made. If we
do not count the energy supply companies suffer, and if we recalculate, the
consumer suffers. Therefore, it is necessary to improve the methodology
for calculating regulatory losses..

Key words: power supply systems; power losses, electrical energy;,
system load; electrical networks.
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ENHANCING BIOMASS GASIFICATION: ANALYZING
CRUCIAL PARAMETERS FOR SUSTAINABLE ENERGY
PRODUCTION

Biomass gasification is a promising technology for converting
organic materials into valuable gases such as syngas, hydrogen, methane,
and chemical feedstocks. This process involves complex thermochemical
reactions influenced by various parameters. This article explores key factors
affecting product quality during biomass gasification, including feedstock
composition, moisture content, particle size, operating conditions, catalysts,
and sorbent-to-biomass ratio. The study sheds light on the advantages and
disadvantages of different gasifier types, such as updraught, downdraught,
fluidised bed, and entrained flow, highlighting their suitability for specific
applications. It also delves into the significance of parameters like steam-
to-biomass ratio and air equivalence ratio. The findings underscore the
importance of optimizing these factors to enhance gasification efficiency
and minimize undesired byproducts. Biomass gasification holds significant
potential for sustainable energy production and should be explored further
to harness its benefits effectively.

Keywords: Biomass, alternative source of energy, bioenergy, biofuel,
biomass gasification, gasifier types.

Introduction

Biomass is any organic substance that is renewable over a period of time
relating to plants and animal derived materials. Biomass consists of C and a mixture
of H, 02, N and little amount of alkali, alkaline earth, and heavy metals. The most
used techniques for biomass analysis are the ultimate and proximate analysis,
where the ultimate analysis is used for biomass composition of the hydrocarbon,
and the proximate analysis used for moisture, fixed carbon, and ash [1].
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