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AKIAPATTbI KE4QEPIITE OPHBIKTbI KOATAY 9/4ICI —
TYPBO-KOATAPAbI 3EPTTEY

Kasipei manoa yugproix baiinansic nem 31ekmpoHobl MEXHUKAOA HCUL
KOJLOQHBLIAMbIH Kedepeice OPHbIKMbL KOOMapowly 0ipi — mypbo-koomap
bonbin mabwLiaowl. byn koOmapoviy 0amy mapuxsl Omsl3 HCbLIOAH ACMAM
yagvimmul Kypauost. Typ6o-ko0maposl Koa0aHyobly o3eKkmiiici oy
Koomapowiy komezimen [llennon wezine scaxvbin Kamenepoi mysemyze
MYMKIHOIKKe KOJl JcemKizymen anvikmanaovl. Typoo-koomap 3G men
4G cmanoapmmapel ywin apHa Koomapuvl peminde naudalanbliobl.
byn cmanoapmmap mobunvOix unmepHemminy nauoa O0IYbiHA Cenmicin
mueiz0i. Byn sviivimu makanada xedepeice OpHbIKMbL KOOMAPObIH
Oipi Oonvin canaramoli MypoO-KOOMap KApacmulpwlibli, 3epmmeinoi.
Opanzan mypoo-ko0omapovly KoOMRbIOmMepaiK Mooeii Kypwiaiovl. On yuin
MatLAB konoanbanvl npoecpammanap nakemimer uHmezpayusianaan
Simulink npoepammanay epagukanvix opmacet Koaroauwliovl. I aycc
APHACLIHBIY MAMEMAMUKAIbIK, Mooeui scacanvin, I aycc apuaceinoazvl
myp6o0o-KOOMAYubIHbIY KOMAbIOMEPAIK MoOeli Kypoliovl. I aycc apHacol
peminde Iaycc wyblavl Kocblizan OQilanblc apHacel atbiHobl. Llugpiv
azanvix MOOYIAYUAHBIH eKLTIK MYPi KONOAHBLIbIN, OipHeue umepayusiHbly
KoMeziMeH Jicy3ece achipbliobl. Op mypii umepayusoazvl OHIMOLIIK
epaguranviy mypoe kepcemindi. 3G ocone 4G cmanoapmmapol Yulin
apua koomapuvl peminde mypbo-koomapoan 6acka LDPC koomapul
nauodanaHblI2aHbIH eCKepe OMbIPLIN, DY HCYMBICHIbIH HCAN2ACHL PEMIHOe
kereuexkme LDPC koomapovl 3epmmey JcyMblCmapsl H#Cypeizieoi.

Kinmmi ce30ep: aknapammul Kopeay, kedepeice OpHbIKNbL KOOMAY,
umepayusiblk, KOOmay, mypoo-ko0, OaulanvlC apHAacsl
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Kipicne

Kasipri tanga typ6o-koarap — nudpiblk OaiaHbIC MEH JIEKTPOHIBIK
TEXHHMKa/Ia KOJJIAHBUIATHIH KeIepTire OpHBIKTHI KOATapablH Oipi. byn kimaccka
JKaTaThIH KOATAp apKbUIBI KAaTeJlepAi THIMII Ty3eTyre jkKoHe TypOo-KOATapabIH
JepeKTepai MaKCUMaJbl Te3 KbLUIIaMIBIKIIEH Ki0epy MyMKiHairi 6ap
OonFaHABIKTaH CHYTHHUKTIK OaiimaHpicTa na KoigaHbicKa we. TypOo-koarap
3G xoHe 4G craHgapTTaphl YIIiH apHa KOATAphl peTiHAe MakaanaHbuiabl. by
CTaHAapPTTap MOOWIBIIK HHTEPHETTIH maiga 0omysiHa centirid Turizmi. Com
ce0enTeH ChIMChI3 JAePEeKTep/Ii TaChIMaljay CTaHJapThIHA COHKeC TypOo-KoaTap
5G Oeuiri OOMBII ecenTele .

TypOo-koaTapABIH OTHI3 KBUIIBIK TAPUXbI O0ap aeyre Oonanbl. by koaTs
QIIFAlIKBI PET aKMapartap TEOPHSCHIMEH allHANIBICAThIH TEOPETHK-FAJIbIM eMecC,
AJIEKTPOHUKAMEH aifHaJBICAaThIH NHKeHep oitam TanTsl [1]. Con yakeITTan 6epi
TypOO-KOoATapFa KBI3BIFYIIBUIBIK apTKaH ce0ebi, on llleHHOH mIeriHe »akblH
Karenepai Ty3eTy MYMKIiHJIITiHe KOJ keTkize amanbl. TypOo-koa uHTEpiieBep
apKBLIbI TAPAJLIeNIb KOCBUIFAH €Ki CABICThIPMAIIBI TYPAE KapanaibiM KypasiFaH
opajFaH KOATAaylIbUIApJbl Taiajgany apKbLIbl KOATAy/la MaHbI3/Ibl YTHICTHI
KamtamachI3 ereni [2, 3]. K. Pamacamu, b. b anamypanurapa men M. Y.Cunnuksu
3G xyi#enepiHe apHalFaH aCUMMETPHSUIBIK TypOOKOATAYIIBUIAPIBIH XKaHa
KJIACCHIH YCBIHBIT, OHTaiIbl cysbaceiH xkacaael [4]. K. Bol, X. I'yibkioH MeH
J. KBUHT Kol peXMMJi ONTHKAJBIK TAIIMBIKTEI OallaHbIC XYyHeciHae OUT
OOMBIHIIIA KaTeNiK KHUUIITiH TOMEHIETY YIIiH TypOO-KOATHI KOJIIAHYABI YCHIH/IBL.
Oumnap Simulink opracsiHIa Mozaenbaey XKyiieciH Kypacteipasl. JKyitere cyiiene
OTBIPHII, TypOO-KOABI Oap KYHeHi eKi THITIK KOATAY CYJI0achIMEH — OpajFaH KOoj
TIeH Ti30eKTeNIreH KacKaAThIK KOAbI 0ap sxyienepMer canbICThIpAbl. CanabICTRIPY
HOTHXeCi TypOo-KoATalFaH )XyHeHiH 6acka exi xKyiere Kaparania OuT OOMbIHIITA
KaTeJiK KULIIri TOMEH eKeHiH KkepceTTi [5].

KaOpurgarsImrarsl KaTelepai TiKeIed Ty3eTy KOABIHBIH HapaMeTpliepiH
Oaranay MaHBI3IbI poi arkapasl. [{udpnel Gaitnanbic xxylienepi MEH AepeKTepai
cakray XXyHeJjepiHAe TOMEH ACHIeiIi Karenepre Kol JKeTKi3y YuIiH OipHerre
opanfaH KOITapABIH Mapajuienbai OipikTipiayi Goibim TaOBIIATHIH OpajFaH
Typbo-xoaTap Konmausuiagsl. P. CBamunaaran MmeH A. C. Manxykymap KOITBIK
mapameTpiepi COKbIp OarajayFa KoHe IIyJIbl CLIEHAPHITE COliKec opaFaH Typoo-
KOZITaylIBIHBI KaiiTa KYpyFa apHaIFaH aJropuTMiep YCbiH bl OpajFaH TypOo-Ko/
HHTEPJIEBEPMEH €Ki KypamJac KOATap apKbUIbl xacanpl. KOMIIO3UTTIK KoxTap
peTiHae peKypCUBTI JKYHelTi opasFaH KoaTap Konaansuiasl. [Tapamerpnepni Oaranay
JONITT TYPFBICBIHAH aBTOPJIApMEH VCHIHBUIFAH alTOPUTMIEPIiH OHIMIIIIT1
MOJYJISLHS PETIHIH, KO XbULIaMIbIFbIHBIH JKOHE IIEKTEY Y3bIHABIFbIHBIH OPTYPIII
MOHJEPI YIIIiH 3epTTeNni [6].
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Bys1 MakanaHbIH MakcaTbl: KeAEprire OpHBIKTHI TypOO-KOATap Il 3€PTTEY, OHBIH
Simulink nmporpammanay rpadukanbIKk OpTachIHIA KOMIIBIOTEPIIIK MOJIENIH KYPY.

Typ06o-koxrapaplH MOIEiH Kypy yiiH Simulink makeTi TaHAam aibIHIBI,
ce0ebi Simulink — KypbUIFBLTAp/IBI KOPHEKI MaTeMaTHKAIIBIK MOJEIIbICY HaKeTi
6o TaObIaAb! [7]. Bys oprana KypeUIFBUIap MEH JKyHelepai HaKThl yaKbIT
PEeKHMiH/IE MOJIeNbIey MyMKiHAiri Oap. [Iporpammansik Kypan perinne Simulink
BH3yaJibl OarbITTaJIFaH IporpaMmainay TULAEpiHIH KaTapblHa >KaTaabl, OHBIH
MaHBI3/IBl aPTHIKIIBLUIBIFE OHBIH Tek MatLAB xylieciMeH FaHa eMec, COHBIMCH
KaTap OipkaTap KEHEHTLIIM MaKeTTePiMEH MHTETPAlUsIChl HMMUTAIUSIIBIK
MOJIEJIbJIey MEH OKUFaIap/ bl MOJENIBACY/IIH Ke3 KeIreH TOKIpuOenik ecentepin
LIeIy YIIiH KoJtany¥a 0omaapl. Simulink MyMKiHAIKTEp! FBUTBIM MEH TEXHUKaHbIH
OapIbIK callalapbIHIaFbl KYpAETl AWHAMHKAJIBIK XKYHelepali MareMaTHKaIbIK
MOJIEJIb/ICY €CeNTePiH KaMTHIBI.

Marepuangap MeH dictep

MonenbeHeTiH KYphUIFbIIapAbIH (yHKIIMOHAIABI OIOK-CYJI0achiH KYPY
ywrig Simulink-te 0J0K-KypaymbuiapAblH KeH ayKbIMIbl KiTanXaHackl MEH
BIHFaiIBI ON10K-cys10a penakTopsl O6ap. Simulink - maiiananybHBIH rpaUKaIbIK
uHTeperciHe HeTi3/IeNTeH XKaHe BU3yallIbl-0ar JapilaHFaH TUITIK IporpaMMmalay
Kypaisl 6onbin Tabbutazs! [7]. OHBIH 3epTTEyre JKOHE e3repTyre allblK, KeH
ayKbIM/IbI, KOMITOHEHTTEp KiTanmxaHachkl 0ap. O Ke3 KelreH yakbITKa Toyensi
acep eTy Ke3AepiH, 9p TYpJli TachkIMaiJiay CHIaTTaMaiapbl 0ap CHI3BIKTHIK
OHE OCHCHI3BIKTBI TYPJICHIIPTilITep i, KBAHTTAy KYPBUIFBICHIH, HHTErpasay
xoHe muddepennnannay 6mokrapelH KaMTHIbL. KiTarxaHaga BUPTyasibl jKka3y
KYPBUIFBUIAPBIHBIH TYTAC )KUBIHTHIFBI 0ap: BOJIBTMETP HEMECE aMIIEPMETP CHSKTHI
KapanaibIM eJmerimTepieH oacran omOeban ocumniorpadTapra Aeiin TOKTap
MEH KepHEYIIep, OpbIH aybICTHIPYJIap, KbICEIMAAP CEKII MOZIEIIbICY JKYHeNepiHiH
LIBIFBIC TapaMETPIIEPiHiH YaKbITKa TOYEIALIIrH Kepyre MyMKIHIIK Oepei.

HoTm:kenep xoHe TaIKbLIAY

Typ0o koxTap — Ka3ipri 3aManfbl OaiIaHbIC XYHenepiHe apHajFaH Keeprire
OPHBIKTHI KOATay oaicTepiniH Oipi. TypOo koxrapabl KypyablH €Ki Tocimi Gap:
Ti30eKTel KoHe Mapaulenbli KoCy apKbuibl TypOo-koarap Tysireni. Keminae
€Ki KOATayIIbUIapasl Ti30eKTEN KOCY apKbUIBl OpajFaH TypOO-KoATap Ty3iIesi.
1-cyperre Simulink nporpammManay rpadukaiblK OpTachiHa KYpbUIFaH OpasFaH
TypOO-KOITayIBIHBIH MOJIEI KENTipiJreH.
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Turbo Codes

Unipolar to
- - Turbo ol H
EIE_rn:uIIl Encoder ¥ * FEIP:HEI
Binary Converter
Code Blodk Tobo B

Generator

Sl T

x
Emcr Rate:
Calculation
Rx

Cyper 1 — Opanras Typ60-KOATAYIIBI MO

Ex MaHpBIB! y31ikei3 onindui 6ap apHamapasiy 0ipi — ['aycc apHacsr Oombim
TabpuIampl. [ayce apHack! Aerenimis ak raycc nrysutsl Kocsurad (AWGN, Additive
white Gaussian noise) OaitnansIic apHachH aifTanpl. by ['aycc apHachH anFam pet
[ennoH [ 8] KapacThIp/pBL. [9] JKYMBICTBIH aBTOPIAPHI KOIITETeH IIeKTi KyPBUTFbUIapaa
TypOOKOATHI JEKOATAY OHIMIUIITIHE IIYIBIH 9CEPiH 3epTTedi. 3epTTey HOTIKECl
ITyAbIH apHAHBI KOATAayFa jKOHE JEKONTayFa Maiaaibl 9CepiH TUTI3eTiHIH KOPCETT.

l"aycc apHAaCBIHBIH MaTeMaTHKAIBIK MOZICIIH KeJeciiel cumarrayra 60oap!:

A{t)=B @)+ C(t) t>0,
MyHZaFH A (t) = B (), — kKaHanapIH KipiciHae, IBIFRICHHAAFE curHAI, ai C (t)

— OIyBLIL.
2-cyperte ['aycc apHachIHIAFBI TypOO-KOATAYIIBIHBIH MOJENI KEITipiITeH.
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Cyper 2 — I'aycc apHacBhIHAAFBI TYPOO-KOATAYIIE MOJEITI

Hudpnsr pa3ansik MOTYIANNS CaHABIK ACPEKTEPIi CHIMCHI3 XKiOepyaiH
ombebar oxici 6ombin Tabemansl. Ludpier Gazanbik MOTYIAIIUSHBIH €H KEHIHCH
KOJIJAHBUIATHIH TYPi — eKiJlik (pazansik ayeichIMIBIK KinTTey (BPSK, binary phase
shift keying) TopT uTepanusHbIH KOMETIMEH Ky3ere achIpbuIIb (3-cyperT).
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Turbo decoder performance over AWGHN channel for BPSK modulated symbols
5 ! ! ! ! ! : : :
10 -t EREEEEE EREEEEE EEEEEE L 1st lteration H
: : : : 2nd lteration
3rd lteration
4th lteration
Theoretical Bound ||

BER

SNR(dB)

Cyper 3 — Op Typ:i UTepanusIaFbl OHIMILTIK

TypOokoaTapIblH OHIMALUIIr KaHTadaHATHIH JCKOATAY adrOpUTMICPiHE
0aliaHBICTHl PHEPTETHKANIBIK YTHICTHI KaMTaMachl3 eteli. ['aycc apHachIHna
TypOOKOATap B! Al 1alIaHy OapbIChIH A TYPOO-KOITAY/IbIH SHEPTeTUKAIIBIK YTHICHI
2-4 nb [10] xypaiiasl.

Kapxpli1anapipy Typajisl aknapar

Kymeic KP BFM rpanteiven kapskbutanasipsuirad AP09058557 sxo6acst
eHOepiH/e OPBIHAAIIBL.

KopbITbIHABI

JlMHaMUKaIbIK JKYHenep MEH dJIeKTPOHABI KYPBUIFBUIAPIBI MOJETIbICYTe
apHajFaH OipKarap IporpaMMaiblK Kypangap Oap. Airtansik, Tutsim sxoHe
LabVIEW nporpammanapsiH ajaTbH OoJicak, Oyi1 Kypanaap/sl THIM/II aianany
YILiH >KOFapbl JKbUIaM/IBIKTHI ISy KyphUIFbUIap KaxeT. Komma 6ap nepdec
KOMITBIOTEP/IIH MYMKIHAIKTEpiH eckepe oTwIphin, Simulink mporpammanay
rpaduKabIK OpTackl TaHIan ajdbHAbL, o1 MatLAB sxylieciMeH HHTerpalysuIaHIbl.
Simulink rpadukanbIK Kypasisl MOJEIIb/ICY HOTHKENIEPiHIH KOpHEKI KepiHici Oap
TypOO-KOATAYIIBIHEI KYPYFa MYMKIHIIK Oepi.

3G xoHe 4G craHgapTTaphl YIIIH apHa KOATaphl peTinjie TypOo-KoaTapaaH
6acka LDPC koaraps! maiifjaniaHbIIIFAaHBIH €CKEPE OTBHIPHIN, KeJeIeKTe Oy
KYMBICTBIH JkasFachl petinae LDPC koarapp! 3epTTey s>KYMBICTaphl XKYpri3iiesi.
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UCCJEJIOBAHUE METOJA IOMEXOYCTOMYMBOI'O
KOANPOBAHUA HHO®OPMAIIUN - TYPBO-KOJ10B

Ha cezoonuswnuii 0env mypooKkoOvl A6AAI0MCA 0OHUM U3 YACO
UCNONIL3YeMbIM 68 MeopUl NOMeX0YCMOUYUB020 KOOUPOBAHUA U HAUIO
npuUMeHeHue 8 YuGposoll cea3u u 8 2ieKmpouHol mexuuxe. Mcmopus
pazsumus 9mux k0008 Hacuumuigaem 6oee mpuoyamu jem. AKmyanipHocms
UCNONb308aHUSA MYPOO-KOO08 ONpedensencs 603MONCHOCIbIO UCAPABICHUS
owubok, oauzkux Kk npeoeny Ilennona. Typ6o-K00bl UCNONB308ATUCH
6 Kauecmee K0008 Kaunana ceasu o 3G u 4G cmandapmos. dmu
cmaunoapmul cnocoocmeosanu nosAeIeHUI MOOULIbHO20 UHMepHemd.
B oanmnoii nayynoi cmamve paccmampugaomcsa u uUccieoyiomcs
ycmouuusvie K nomexam mypookoovi. Coz0ana KOMnviomepHas mMooeib
Cc8epMOYHBIX MYpO0-K0008. [N 231020 UCNONIb308ANACH epaduyecKas
cpeoa npoepammuposanus Simulink, unmeepuposannas ¢ nakKemom
npuxnaouvix npoepamm MatLAB. Paspabomana mamemamuyeckas Mooensb
Tayccoscrkoeo kanana u co30ana KOMnbIomepHast Mooeib mypoo-Kooepa Ha
Tayccosckom kanane. Mcnonv306aicst 080uyHbLI mun yu@posoi (hazosou
MOOYIAYUY, Peanu308aHHbIU 3a HeCKOIbKO umepayuii. Pesyremamul no
NpoU3800UMENLHOCINU HA PA3HBIX UMEPAYUAX NPOOEeMOCMPUPOBAHDL 8
suoe epagpuxos. Yuumuleas, umo napsaoy ¢ mypoo-kooamu 011 3G u 4G
CMaHoapmos 6 Kawecmee K0008 KAHAN08 ce:a3u uchonvzosanuce LDPC
KOObL, 8 0y0yuem Kak npoooadicenue OaHHOU pabomol OYOYm UCCie008aHbL
LDPC ko0wbi.

Kuioueswie crosa: 3awuma ungopmayuu, nomexoycmouuugoe
KoOouposanue, umepayuonHoe Koouposanue, mypooxoo, Kanau césasu
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RESEARCH OF THE METHOD OF NOISE-RESISTANT CODING OF
INFORMATION - TURBO CODES

To date, turbo codes are one of the most frequently used in the
theory of error-correcting coding and have found application in digital
communications and electronics. The history of the development of these
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codes has more than thirty years. The relevance of using turbo codes is MPHTMU 28.23.25

determined by the possibility of correcting errors close to the Shannon

limit. Turbo codes have been used as link codes for 3G and 4G standards. https://doi.org/10.48081/PXQ04695
These standards contributed to the emergence of the mobile Internet. This

scientific article discusses and investigates noise-resistant turbo codes. A *A. C. AkaHoea’, H. H. OcnaHoea? A. C. KazaHb6aeega®,
computer model of convolutional turbo codes has been created. For this, I. A. AHap6ekoea®, C. E. LLlapunoea®

the Simulink graphical programming environment integrated with the 145K asaxckuii arpoTexHuueckuii yrnsepenter nvenn C. Ceiidyumsa,
MatLAB application software package was used. A mathematical model Pecny6inka Kasaxcra, . Acrana,

of the Gaussian channel has been developed and a computer model of the *TopaiirsipoB yHHBepcuTeT, Pecriyonuka Kaszaxcraw, r. [TaBnogap
turbo encoder on the Gaussian channel has been created. The binary type 3Ceepo-Kasaxcranckuii yausepeuter nvenn M. KossiGacsa,

of digital phase modulation was used, which was implemented in several PecnyGinka Kasaxcran, 1. [Terponasnosck

iterations. Performance results at different iterations are shown in the e-mail: akerkegansaj@mail.ru

form of graphs. Considering that along with turbo codes for 3G and 4G

standards, LDPC codes were used as communication channel codes, in METO/bI MPOrHO3UPOBAHMS B MALUMHHOM

the future, LDPC codes will be investigated as a continuation of this work.
Keywords: information security, error-correcting coding, iterative
coding, turbo code, communications channel

OBbYYEHWN: OB3OP N CPABHEHUE

B oannou cmamve npedcmasnen 0630p u cpagnenue paziuiHbix
MemMo008 NPOSHOZUPOBAHUSL 8 MAUUHHOM 00yuenuu. Onucanbvl Memoovl
JIUHEIHOU U JIO2UCTNUYECKOU pecpeccull, 0epebes peteHull, CIyiaino2o
Jleca, epaoueHmnozo bycmunea u mMemood OnOpHuIX 6ekmopos. Takoice
UCCIe008AHBL U NPOAHATUSUPOBAHA APXUMEKMYPA HEUPOHHBIX Cemell,
Memoobl KIACmepu3ayull, Komopbule UCHOIb3YIOMCs 0I5l BbIAGICHUSL 2DYNN
6 dannvix Ha ocHose cxoocmea. C yenvio 6b100pa HaumHUe20 Memood
0151 OanbHelie20 UCCIe008a s, ObLIU PACCMOMPEHbL NPEUMYULECEd
U HEOOCMAMKU KANC0020 Memooa npocnozupoganusi. IIposeden ananus
cmametl OnYOIUKOBAHHBIX 6 JHCYPHALAX 6X00wux 6 6azy Scopus,
umobbl NOYUUMb 0030p ONYOIUKOBAHHBIX MEMOO08 NPOSHO3UPOBAHUSL
Ypooicaunocmu. Imo ucciedosanue nOKa3auio, Y¥mo 6 bloopke uz
101 cmamwu n0OX00bL, OCHOBAHHDbIE HA NPOYECCAX U HA OCHOBE OAHHBIX, ObLIU
npeocmasieHbl 8 pasHoll cmenenu. M3 ananuza iumepamypbi Cmaio sicHo,
UMO OCHOBHBIM NPENIMCIMBUEM OISl WUPOKO2O GHEOPEHUSI KOMNJIEKCHBIX
Nn00X0008, OCHOBAHHBIX HA OAHHDIX, AGIAEMCSI OMCYMCMEUe NOOXOOSUUX
Habopos8 OAHHBIX, 8 MO 8PEMS KAK MOOEIU POCIA CeNbCKOX03AUCMEEHHbIX
KYAbMYp CMAIKUBAIOMCs ¢ NPoOIeMOU HECNOCOOHOCIU MOOETUPOBAMs
KOa(puyuenmol CHUMNCEHUs:, MpedYsi YACMO MHO2OYUCTCHHbIE 6XOOHbLE
Gaxmopwi. B yenom, npasuibHulil 6b100p Memooda NPOSHO3UPOBAHUS
AGAAEMCSL KNIOYEBbIM (PaKmMopom 04 00CMUNCEHUS YCNEULHbIX
Ppe3yibmamos 8 MAwUHHOM 00y4eHuu.
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Knroueswie cnosa: memoowi NPOCHO3UPOBAHUA, MAUIUHHOE 06_)/"{@Hu€,
HeﬁpOHHbl@ cemu, celbCKkoe x03}zﬁcm60, ypoofcazlnocmb.

BBenenue

[IporHO3UpOBaHNE UrpaeT KPUTUYECKYIO POJIb BO MHOTHX acleKTax
COBPEMEHHOMW JKM3HH, TaK KaK MO3BOJISIET NPUHUMATh WH(POPMHUPOBAHHBIE
pelIeHuss ¥ CTPOUTh CTPAaTerny Pa3BUTHS Ha OCHOBE aHalIM3a JAaHHBIX H
npejackazaHusi Oyaymux TeHaeHIui. MamuHHoe oOydeHHue, Kak OIHMH M3
OCHOBHBIX MHCTPYMEHTOB IJIsl TIPOTHO3MPOBAHMS, TIpeIIaraeT psii METOJ0B U
QJIITOPUTMOB JIJISl PELLIEHUSI CIIOXKHBIX 33]]a4 B Pa3HbIX OTPaCIIIX.

MamuHHOe 00yueHHe UTPaeT BaKHYIO POJIb B ITPOTHO3UPOBAHUH, TaK KakK
MPEeIOCTABIsICT HA0Op METOJOB U aJIrOPUTMOB, CIIOCOOHBIX 00pabaThiBaTh U
aHAJIM3UPOBaTh OOJIbIINE OOBEMBI JAHHBIX JUIS BBISBICHUS 3aKOHOMEPHOCTEH
W CO3JaHus MTPOTHO3HBIX Mojielieil. B koHTekcTe MporHo3upoBaHus MalIMHHOE
o0yueHHe TIOMOTaeT YIy4YIlINTh TOYHOCTh M CKOPOCTH IPEACKa3aHMH, a TaKke
o0ecrieyrBaeT aBTOMaTU3aIMIO M ONITHMHU3AIIMIO TIPOIecca IIPOrHO3UPOBaHMSI.

MeToapl MallMHHOTO O0y4YeHUs1 HaOMPaIOT MOMYJISIPHOCTh B 00JacTH
nporHo3upoBaHus. OHAKO TOHUMAaHHUE TOTO, TOYEMY U KaK ATH METO/IbI XOPOIIO
paboTaroT JUIsi IPOrHO3UPOBAHUS, BCE eIlle HaXOJUTCs Ha OYeHb PaHHEW CTa/InH,
OTYACTH U3-32 UX CIIO)KHOCTH. MeTo] MPOrHO3UPOBAHMUS B MAITTHHOM 00y4eHUHT
Ha OCHOBE PErpeccHH, KOTopas MPEeAOCTaBISIeT MCCIIENI0BATEIsIM OOIIUI S3bIK
1 aOCTpaKIHMIO, TIOMOTaeT B UX UCCIEAOBaHUAX. UTOOBI POAEMOHCTPHPOBATH
MOJIC3HOCTh (hpeliMBOpKa, [ 1] IpencTaBIeHO, KaK €ro MOXKHO HCITOJIb30BaTh IS
COTOCTABJICHUS ¥ CPABHEHHSI METO/IOB MAIlTMHHOTO 00y4eHHSI.

JlepeBbsi peleHNi OIHUCHIBAIOT THIT METO/Ia MAITMHHOTO 00Yy4€HHs1, KOTOPBIH
LIMPOKO HCIONB3YETCsl B HayKax O 3emiie JJIsl aBTOMAaTH4YeCKOrO W3BJICUCHUS
1abJI0HOB M3 CIIOKHBIX M MHOTOMEPHBIX JaHHbIX. OfHAaKO, KaK U 000U
METOJI, OCHOBaHHBIH Ha JaHHBIX, IPUMEHEHHUIO NPEIMSATCTBYIOT OTPaHUYCHUS
JIAHHBIX, TAKKE KaK 3HAUUTENbHBIE TIOTPELIHOCTH, IIPUBOJSIIHE K IIOTEHIINAIEHO
(bu3MUEeCKN HepeaCTHYHBIM pe3yibTaTtaM. [2] co3nann Habop MHCTPYMEHTOB
Python ¢ oTkpBITEIM HCX0AHBIM KOJOM. [Tonb30BaTen MOTYT B HHTEPaKTHBHOM
PEeXUMe CO3/1aBaTh HOBBIE COCTAaBHBIE NEPEMEHHbBIE, U3MEHSTh NEPEMEHHYIO U
TIOPOTOBOE 3HAYEHHE JJIsl pa3JelICHUs], COKPAIIEHHS U TPYITITHPOBKH ITEPEMEHHBIX
Ha OCHOBE X (PM3MYECKOI0 3HAUCHHSI.

Hannuue 3arps3HEHHBIX 3eMelb SIBISETCS HEM30EKHBIM HacleaueM
MIPOMBIIIJICHHON JIESITEIBHOCTH, U YIPABICHYECKHE PEIICHHsI, PEryIupyoye
PEKYJIbTHBALUIO ITUX 3€MeJb, UTPAIOT KIIOYEBYIO POJIb B MUHHMH3AIHUH
9KOJIOTMYECKUX PUCKOB M 00eCTIeueHNH 0€3011acHOT0 1 3(h(hEeKTHBHOTO TTOBTOPHOTO
UCIIONIb30BaHMs 3eMeflb. B 3TOM KOHTEKCTE, MPOTHO3UPOBAINCH ONTUMAJIbHBIC
BapHaHThI peabWITUTaIMH JUIs OYIyIIUX TPOIIECCOB MIPUHATHS PEIISHUH B 00JIacTH

22

TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

YCTOWYUBOTO YIIPABICHUS 00BEKTaAMHU, TEM CAMBIM YIYYIIUB HH()OPMAIIMOHHBIH
00MEH MeXIy 3aMHTECPCCOBAHHBIMH CTOpOHAMHU. B mccrnemoBanuum [3]
AHAJTM3UPOBAJIOCH |7 MapaMeTPOB YyBCTBUTEIBHOCTH PEIIICHUH, U UX BIMSHUC HA
MOJICITH YITPABIICHHS 3aTrPSI3HCHHBIMU 00BEKTaMH OTIPEACIISCTCS TPEMSI AJITOPUTMBI
JiepeBa peleHuH.

MamuHHOEe 00yYeHHEe Ha MHOXKECTBAaX C IICIBI0 MOCIEIOBATCIHHOTO
BBIBOJIA SIBJIETCS BaXKHOW M MOBCEMECTHOH 3amaueid. [IpunoskeHus KOTOpoi
BapbUPYIOTCS OT SI3BIKOBOT'O MOJICTTMPOBAHUS M META-00yICHUSI 1O MHOTOAreHTHBIX
CTPATETUUCCKUX UTP U ONTUMH3ALIH dIeKTpoceTerd. CoueTast BIeMeHThI 00y YeHHUS
MPENCTABICHUIO U CTPYKTYPHUPOBAHHOTO MPOTHO3UPOBAHUS, €T0 IBE OCHOBHBIC
3a/lauydl BKJIFOYAIOT B CeOs MONYYCHUE 3HAYMMOTO IPEICTABICHUS MHOXKCCTBA,
WHBAapPUAHTHOTO K MEPECTaHOBKaM , U MOCJENYIOIIee MCIOIb30BaHUE ITOTO
TpeCTaBICHUs ISl BBIBO/IA CIOKHOM 11eJIeBOM mepecTaHoBKY [4].

MeTobl MAIITMHHOTO 00YUCHHS IIPUMEHSIOTCS JJTs1 0ObEIMHECHUS PE3Y/IBTaTOB
B paMKax (eiepaTHBHOTO MAaTCHTHOTO Moucka. HecMoTps Ha TO, 4TO OBLIO
pa3paboTaHO HECKOJNILKO METOOB OOBCTUHEHUS PE3yJIBTATOB, HU OJUH M3 HHUX
He OBLI MPOTECTUPOBAH HA MATCHTHBIX JAHHBIX M HE PACCMATPHUBAJ HECKOIBKO
MoJieNieii MalMHHOTO 00yueHHs. TakuM 00pa3oM, aBTOPHI IKCICPUMECHTUPYIOT
C CaMbIMH COBPEMCHHBIMU METOJJAMH WCIIONB3Ys MATCHTHBIC MaHHbIC. Momenb
CITy4aifHOTO Jieca 00EeCIICUNBACT HAMTYUIIIAE PE3YIIBTAThI TI0 CPABHEHHUIO CO BCEMU
JPYTUMHU MOJCISIMH M JTa€T HOBOE MPEICTABICHUE O MPOOIeMe O0O0beIUHCHHS
pe3ynbTraroB. JJokazaHo [5], 4T0 MOEIH MATUHHOTO OOYYEHUS MOTYT 3aMCHUTh
JIpyrue CTaHJapTHbIE METOAbl U MOJEIU, KOTOPBIE MUCIOJb30BAIUChH I
00BEMHCHUS PE3Y/IETATOB B TCUCHUE MHOTHX JICT.

MeTtonbl ancamoOIs (aIrOpUTMbI 00YyYCHUS), KOTOPBIE CO3IAI0T HAOOp
KJ1accu(uKaTopoB, a 3aTeM KIacCU(DUIMPYIOT HOBBIC TOYKH JAHHBIX IyTEM
B3BEIICHHOTO T'OJIOCOBAHUS MO UX MPOrHo3aM. OpUruHaIbHBIA METOI aHCAMOJIS -
0alieCOBCKOE yCpEeTHEHHE, HO 00JIee IO3HUE aTOPUTMBI BKITFOUAIOT KOJUPOBAHUEC
BBIXOJTHBIX JIAHHBIX C UCIIPABIICHHEM OIMUOOK. PaccMoTpeHo [6], mouemy aHcaMOmu
4acTO MOTYT paboTaTh JIydIlle, YeM JPyrue METO/bI MPOrHO3UPOBAHUS.

CriekTpaibHbIC METOIBI UIMCIOT (PYHIaMEHTAILHOC 3HAYCHHUE B CTATUCTUKE
U MallUHHOM OOY4YeHHUH, MOCKOJBKY OHH JIC)KAT B OCHOBE aJITOPUTMOB
OT KJIACCHYECKOT0 aHaJIM3a TJIaBHBIX KOMIIOHEHT J0 00Jiee COBPEMEHHBIX
MOJIX0JI0B,UCIIOJIB3YIOIIUX MHOTO00pa3Hy CTPYKTYpy. B OonbmimHCTBE
CJIydacB OCHOBHAS TEXHHUYECKAs MPOOIeMa MOXKET ObITh CBE/ICHA K BBIYHCIICHUIO
HU3KOPAHTOBOTO MPUOIMKECHHUS K MOJIOKUTEILHO OMpeeicHHOMY siapy. OnHaKo
JUIS PAcTYIIErO YKCia MPUIIOKCHUI, UMCIONIUX JIEJI0 C OYCHb OOJBIIUMHU
WM MHOTOMCPHBIMH HaOoOpaMH JaHHBIX, ONTHMalbHOC MPHUOIUIKCHUEC,
oOecreurBaeMoOe TOYHBIM CIIEKTPATBHBIM Pa3jI0KCHUEM, SBISCTCS CIHUIIKOM
JIOPOTOCTOSIIUM, TIOCKOJIBKY €T0 CIOKHOCTh MAcIITaOUPyeTCs Kak KyO JIr000ro
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KOJINYECTBO OOyYaroNIMX NMPHMEPOB WM MX pa3MepHOCTb. [Ipencrasnen [7] 2
HOBBIX QJITOPUTMA ISl AITPOKCUMALMH TTOJIOKUTEIILHO-TIOTYOIIPEICIICHHBIX S/1EP
BMECTE C OI[CHKaMH OIIMOOK, KOTOPBIE YIYUIIaloT PE3ysbTaThl, IPUBEICHHBIC B
JUTEpaType.

IIpencraBiaeH BCeCTOPOHHUNH 0030p McciaenoBaHHI 3apyOeKHBIX
YUCHBIX, MOCBSIIEHHBIX NPUMEHCHUIO MAIIMHHOTO OOy4YeHHUs B CHCTEMax
CEIIbCKOXO03HCTBEHHOTO MpOU3BoAcTBA. DmibTpanus u Kinaccudukamus
TIPEACTAaBICHHBIX CTaTeH JEMOHCTPUPYIOT, KAK CEIbCKOE XO3IHCTBO BHIUTPAET OT
TEXHOJIOTHH MaIIMHHOTO 00y4enus. IIpiuMensist ManmHHOE 00y4YeHHe K JaHHBIM
JaTYNKOB, CUCTEMBI yNpaBJIeHUs (hepMaMu MPEBPAIIAIOTCS B IPOTPaMMBI C
MOJZIEPKKOH MCKYCCTBEHHOTO MHTEJJICKTA B PEaJIbHOM BPEMEHH, KOTOPBIE
TIPEIOCTABIIIOT ITIOAPOOHBIE PEKOMEHJAINH 1 aHATUTHYECKYIO HH(POPMALIUIO JUIS
MTOJICPKKY PUHATHS PEIICHUN U qeiicTBuit pepmepamu [8].

Bo3spocimast [oCTyITHOCTB TaHHBIX OT PETHOHAIBHOTO JI0 TIOJIEBOTO MacIITada
TIPOJIOKMIIA TTYTh JIUISI HOBBIX MOAXOJI0B, OCHOBAHHBIX HA JIAHHBIX.

Ilenpto 3TOW CcTAaThM SBISIETCS CPAaBHEHHE METOJOB MPOTHO3MPOBAHUS
YPOXXalfHOCTH B CTaThsIX OIMyOJIMKOBaHHBIX JKypHAJIaX BXOISIINX B 06a3zy Scopus.

Marepuajbl 1 METOAbI HCCJIE0BAHUS

B nccrnenoBanmy ObIIN HCTIOIB30BaHbI CIIELYIOIINE METO/IBI: aHAJIN3, HAYIHOE
00o0menue cpaBHeHHE. C MMOMOIIBI0 HAYTHOTO 0000MIeHNS OYIYT PacCMOTPEHBI
1 0000IIeHB! Pe3yabTaThl CYIIECTBYIOIINX OMBITOB B OOJIACTH HCCIICAOBAHUS
YPOXKaHOCTH.

MeToasl MAaOIMHHOTO OOYYEHHS OTHOCATCSA K IIMPOKON KaTeropu,
OXBAaTBIBAIOIIEH MOAXOBI PA3INYHON CcIOKHOCTH. Heckompko mccnenoBanuit
OBUTH MOCBAIIEHBI CPABHEHUIO PA3JIMYHBIX AJITOPUTMOB MAIIMHHOTO OOyYECHUS
JUTS TPOTHO3MPOBAHMS ypokaiiHocTH. Hanpumep, B 3apy0eHOM HCCIIeIOBAaHUN
[9] cpaBHMIH pa3IMYHBIE METOBI MAIIMHHOTO O0YYEHUS IJIs1 TPOTHO3UPOBAHMS
YPOXaHOCTH OpOIIAaeMBbIX IToNIeii B opomaeMoM OacceitHe B Mekcuke. pyrue
yuensle [10] mpoTecTHpoBaI HECKOJIBKO ITOXO0B K MAalIMHHOMY OOy4YECHHIO
(uckyccTBEHHAsl HEHPOHHAS CETh, PErPECCHsl OTIOPHBIX BEKTOPOB, k-Ommkanmme
cocenu W CIydyalHBIH Jiec), UCHOIb3ysd pEerHOHaNbHBIC HaHHBIE. TOYHO Tak
xe yuensle n3 Kopeu [11] cpaBHMIN pa3nudHble METOABI (HEHPOHHBIE CETH
C Pa3IM4YHON apXWUTEKTypOH, MAIIMHBI OIMOPHBIX BEKTOPOB, CIydaiHBIC Jeca)
JUTS TIPOTHO3MPOBAHUS ypOXKalfHOCTH KyKypy3bl u com Ha CpemHeM 3amajne
CIHIA. B nenoM HaOmomaeTcs, 9TO MOAXOIbI, XapaKTEPHU3YIOMHecs MHOTHMHU
rapameTpamu, TpeOyIoT O0IbIIoro o6beMa 00yJaromnX JAHHBIX, HAIIPHIMED, BO
MHOTHX HCCIIEJOBAHUSIX HEHPOHHBIE CETH MCIIONB30BATUCH JJISI IPOTHO3UPOBAHMS
YPOXKalfHOCTH C MCIIOIb30BaHUEM OOJIBIIOro Habopa AaHHbIX [12], Torna kak mpu
HaJIMYNU MEHBIIETO KOJIWYECTBAa JAHHBIX (M, KaK MPaBHiIO, C 0ojee BHICOKHM
paspemeHneM) Oosiee MPOCTBIE MOJEIN MOT'YT OBITH MPEATOYTUTEIbHEE.
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Hanpumep, kak [13] ucnonp3oBanu AepeBbsl perpeccuu i NPOrHO3UPOBaHUS
ypOXalHOCTH Ha ypOBHE TOJIeH, HCTIoNb3Ys AaHHbIe 48 noneii cou B Kurae u 48
rosiel mueHunsl pepmepoB banriazen cooTBETCTBEHHO.

MamuHHOE 00y4YeHUE SABISCTCS OBICTPOpPA3BUBAIOMICHCSA 00JIACTHIO,
U METOJbl MPOTHO3UPOBAHUS HE SIBISAIOTCS HcKiIodeHueM. B Tabmume 1
MIPEJCTaBIEHbI METOABI IPOTHO3UPOBAHMUS, IJI€ CIIeBa MPEUMYILIECTBO METO/A, &

CIipaBa COOTBETCTBCHHO NPUBEACHBI HEJOCTATKH.

Tabnuna 1 — MeTozapl MporHo3upoBanust (IIPEUMYIIECTBA U HEIOCTATKH)

JIuHeiiHas 1 JTorucTHYEeCKast perpeccus

mpocTasi MaTeMaTH4deckast OpMyJIMPOBKA U JIETKO
HHTEPIPETHPYEMA, YTO MO3BOJISET HOIb30BATEISM
JIETKO TIOHUMATh BIIMSIHHE IPH3HAKOB Ha PE3YJIbTAT.
oby4eHune u npecKasanue TpeOyT OTHOCHTEIBHO
Majio BBIYMCIMTENBHBIX PECYPCOB, YTO JETAeT UX
MOJXO/SIIMMHE JIIsSE pabOTHI ¢ OONBIINMH HAOOpaMu
JaHHBIX

JETKO peann30BaTh M HACTPOUTH C MOMOILBIO
CYLIECTBYIOLIMX OMOIMOTEK MALIMHHOTO 00Y4CHHUSI,
takux Kak scikit-learn 8 Python

JIMHEeHHas 3aBUCUMOCTb MEXKTy IIpU3HAKaMU
U I[eTeBOIl IepeMEeHHOI, YTO MOXKeT OBITh
HEpUEeMIEMBIM JUIS CTI0XKHBIX, HeTHHEHHBIX
JTAHHBIX

YyBCTBUTENBHB K BEOpocaM u
MYJIbTHKOJUIMHEAPHOCTH (KOTJa B HIH
0olee IPU3HAKOB CHIBHO KOPPEIHPYIOT
Ipyr C APYTrOM) B TAaHHEIX, YTO MOXET
CHIDKATh KaueCTBO MOJIEIH
JOTUCTHYECKas. perpeccHus orpaHHYeHa
OMHAapHBIMH KIacCH()UKAIUOHHBIMHU
3agauaMu

JOTHCTHYECKAass perpeccuss MOXKeT
CTOIKHYTBCS € MPOOJIEMOH JIOKaTbHBIX
MHHHMYMOB IIPH ONTUMH3AIUH (QYHKIIUU
oTeph

JlepeBbs pemieHui

JIETKO BU3YalIM3HPOBATh H O0BSICHHUTB, YTO JeIaeT X
HOJIC3HBIMHU JUTsl OOYUYCHHS U TPE3CHTALN

MOTyT paboTaTh ¢ 00OMMHU THIIAMH JaHHBIX 0e3
HpeIBapUTENIbHON 00paboTKI

HE YyBCTBHUTEJIBHBI K MacIITa0y IPH3HAKOB.

MOT'yT UICHTH()UIUPOBATH Ba)XKHBIC NMPU3HAKU BO
BpeMst 00y 4CHUSL.

TpebyeT GoJbllie BpEMEHU U PECYpPCOB JULS
00y4eHHs 1 IPE/ICKa3aHNUsL, YEM OT/ICIIbHBIC
JIePeBbsI PEIICHHUI.

YyBCTBUTEIIbHBI K M3MEHEHHSAM B JJAHHBIX,
YTO MOXKET NPHBECTH K 3HAYNUTEIbHBIM
U3MEHCHHUSM B CTPYKTYpE JiepeBa.
CTPOSITCA JKafHBIM AITOPUTMOM, KOTOPBIH
ONTHMH3UPYET Kaxkjaoe pa3bueHuHe
JOKaJbHO, YTO MOXET HMPHUBECTH K
HOJONTHMAIBHOMY ITI00AIBHOMY PEILICHHIO.

Cuyuaiinblii nec

aHCaMOJIEBBI TOIXOI CITy4aHHOTO Jieca yMEHBIIAET
PHCK HepeoOydeHHs.

MOJXET AOCTHYH Oojee BHICOKOH TOYHOCTH,
4eM OTJeNbHBIC AepeBbs pelIeHuil, omarogaps
YCpeIHEHHIO IPeCKa3aHuN.

MOxkeT 3p(pexkTuBHO 0OpabaTeiBaTh OOJBIIHE
Ha0OPBI JaHHBIX U O0JIBIIOE KOTHIECTBO IPH3HAKOB.

I'panuenTHsIit OycTUHT

TpeOyeT GolblIe BpEMEHH U PECYPCOB UL
00ydeHHs ¥ IPeCKa3aHHs, YeM OTACIbHBIC
JIepPEeBbs PeLICHNUI.

XOTSL OTJCNbHbIE JePEBbs PEIICHHN JIETKO
HHTEPIPETHPOBATh, HHTEPIPETAIUS
aHCaMOIIs JepeBbEB MOXKET OBITH CIIOXKHEE.
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MOXET JOCTHIaTh BBICOKOW TOYHOCTH IPOTHO3a
3a CYET MOCJIEIOBATEIBbHOTO YIyULICHNs! OMUOKH
MPEABIAYIIUX MOZieIICil Ha KaXIOM Iuare.

MOXeT 00pabaThIBaTh KaTEropHalbHbIE U YUCIOBBIE
MPU3HAKH, a TAKXKE TEKCTOBBIC JaHHBIC, HCTIONb3Ys
CreIHaabHbIC METObI KOJUPOBAHHUS.
MOJACPKUBACT PEryIIpH3aLUI0, YTO TOMOracT
CHM3UTB NIepeoOydeHHe U YIIyHIIHTh 0000IAIOIy 0
CIIOCOOHOCTDH MOJIEIIH.

Tpedyer OoJIbllie BpEMEHH U PECYPCOB IS
00yueHHs ¥ IPeCKa3aHus, YeM OTACNIbHBIC
JIepeBbs PELICHUI WM CiTydaiiHbIii ec.
MOXeT OBITh OOJiee MOJIBEPXKEH
nepeoOyUYeHHIO, €CIIM TUMepIapaMeTphl He
HACTPOCHBI IPaBUIIBLHO.

MOXET OBITh 4yBCTBUTEIIBHBIM K BEIOpOCaM
B JIJAHHBIX, YTO MOXKET IPHUBECTH K HU3KOMY
KauecTBY IPOTHO3a.

Mertox onopHsix BekTopoB (Support Vector Machines, SVM)

Beicokast TOYHOCTB U 3()(PEKTHBHOCTD JUISI PEIICHUST
32124 KJIaCCH(UKALINH, PETPECCHU U ICTEKTUPOBAHIS
BEIOPOCOB;

Toxnepika UCIONB30BAaHUS PA3IHYHBIX SICPHBIX
(yHKIM U1 00pabOTKK pa3HBIX THUIIOB JaHHBIX;
MuHUMaIbHAS 9yBCTBUTEIBHOCTh K JTOKAIBHBIM
9KCTpEeMyMaM B (pyHKIIUH OIIHOKH.

Bricokas CI0XHOCTh HAacCTPOWKHU
THIIEPIIapaMeTPOB, TAKMX KaK IIMPUHA SIpa;
TpeOyercs MacmITabUpoBaHNE IPH3HAKOB
IJIsl NOCTUXKEHHUS ONTUMAlbHOIM
MIPOU3BOIUTEIILHOCTH,

HesddekTHBHOCTS 17151 pabOThI € OOIBIINMU
HabopaMu JaHHBIX, TaK Kak TpeOyer
3HAYMTEIBHBIX BEIYKMCIIUTEIIBHBIX PECYPCOB.

Heiiponnsie cetn

Bblicokast TOYHOCTH B PEIICHUH CIIOXKHBIX 33/1a4;
YMeHHe u3BIEKaTh CIOXKHbIE 3aKOHOMEPHOCTH M3
JIAHHBIX;

CnocobHocTh 00pabarbiBaTh OoJibIINE OOBEMBL
JIaHHBIX;

ATaNTHBHOCTb K HOBBIM JaHHBIM U CUTYaIlHsIM.

TpeboBaTeNbHOCTh K BBIYHCIUTEIbHBIM
pecypcaM U BpeMeHH;

CJ0>XXHOCTh HACTPOWKH THIIEpHapaMeTpoB
U apXUTEKTYpbl HEHPOHHOM CeTH;

Yacto Tpedyercst 00JIbIIONH 00BEM TaHHBIX
Uit 9 (HEeKTHBHOTO 00yIeHHSI.

MCTOZ[L] KiacTepusaluu

(K-cpenunx (K-means), Mepapxuueckas knacrepusanus (Hierarchical clustering), DBSCAN)

B03MOXHOCTb BBISBIISITH CKPBITBIC CTPYKTYPHI B
JIQHHBIX;

He TpeOyroT 3apaHee H3BECTHOTO YHCIIa KIIACTEPOB;
MoryT HCHOJIB30BaThCS )11 00pabOTKU OOJBIIMX
00BEMOB JTaHHBIX.

Pe3ynbTaThl MOTYT 3aBHCETH OT HAYAIILHON
MHUNUAIN3AMHIN H 1apaMeTPOB aIrOPHTMa;
Heo6xoauMocTh BBIOOpa MOIXOASLIETO
METOJa M €r0 HACTPOUKHU JIJIsI KOHKPETHOM
3a/1a4H;

TpyaHOCTh UHTEPIPETALIUHU PE3YIHTATOB.

Yto0bI moTyuuTh 0030p OMyOIMKOBAHHBIX METOJOB HMPOTHO3HPOBAHUS
YpPOXaWHOCTH, MPOBEAECH 0030p JTUTEPATyphl, TPOUYUTAIN U H3BICKIH
HHPOPMAIIHIO O METOIOJIOTHH, HCIIONE30BaHHOI B 109 0TOOpaHHBIX cTarksx. Llenp
CHCTEMATH4ECKOTo 0030pa COCTOsIIa B TOM, YTOOBI HOHSTH MaclITad M HCXOIHBIC
JaHHbIE, WCIIOIb3yEeMbIC JUUISI TIPOTHO3HPOBAHUS YPOXKAHHOCTH, OCHOBaHHBIX
Ha JTaHHBIX 1 Tporeccax. CucremMatndeckuii 0030p ObUT TakKe HaNpaBiIeH Ha
BBISIBJICHUE TEMAaTHUYECKUX HCCIEAOBAHUH, B KOTOPBIX 3TH JBa MOAXOAA OBbLIN
00BEINHEHEI.

ITpoBenen mouck B 6a3e MaHHBIX pedepaToB W LMUTHPOBAHHS SCOpUS,
HCIIONB3YSl CIEAYIONIMH 3a1poc:

DOCTYPE (ar or re) AND TITLE-ABS-KEY (crop yield) AND TITLE-

ABS-KEY (predict OR forecast® OR monitor* OR calculat*) AND TITLE-ABS-
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KEY («decision support system» OR regional OR farm* OR tactical OR strategic
OR scenario* OR policy* OR DSS OR (compar* AND method) OR review OR
AI OR «machine learning» OR «deep learning» OR «random forest» OR «neural
network» OR «support vector machines» OR «artificial intelligence» OR «big
data» OR «statistic* model*») AND PUBYEAR > 2010.

Pa36unu 3anpoc Ha cienyromue 6J0KH, cBsi3aHHbIe onepaTtopoM AND:

Ony6nukoBano B nepuox ¢ 2009 no 2023 rox (3ampoc ObUT BbINOIHEH 12
mas 2023 rona)

Bkiaroueno «nporHoctudyeckoe» cioBo (mporHoszupoBats WJIN
nporHosuposatb* UJIN orcnexusars® WJIN BeruncasTe*)

BkittoueHO €110BO M3 CHHCKA CJIOB LIENH (HalpHMep, CUCTeMa MOANECPIKKU
TIPUHSTHUS PELLICHUI) MIIH CJIOBO M3 CITUCKA CJIOB METO/a (HarpuMep, MallliHHOE
o0yueHne, MOJIEeNb POCTa ypoxKas).

W3 crniicka crareid, 0ToOpaHHBIX MO Ha3BaHMUIO, UccienoBanbl 109 U3 HUX:
BoceMb crareil u3 109 ObuIM 0030pHBIMH, TO3TOMY OHM OBUIM HE BKIIIOUEHBI B
CHUCTEMAaTHYECKHii 0030p.

Jnst xaxmoit u3 101 BKIIOUEGHHOW CTaThu 3a()UKCUPOBATHU CIICIYIOIIYIO
nHpOpManuIo:

1 IIpocTpaHcTBeHHBIH MacmTab. DTa Kareropus NpejacTaBisieT
MIPOCTPaHCTBEHHBIH MacmTad naHHbIX. MHOpManus ycraHaBiuBaeTcs Kak
JIByXypOBHEBasl IepeMeHHas: MaciTad mojis win ¢pepMbl WK Bbile (0OBIYHO
OKPYT, MPOBUHIMS WK IITAT).

2 Kareropus mozenu: 3ta MHGOpMaIUs MpeacTaBisiaa co0oi crnucox
METO/I0B, HCIIOJIb30BaHHBIX B HCCIIEIOBAHHUH JUISl IPOTHO3UPOBAHUS YPOXKAHHOCTH,
COKpAaTHJIM HEOJHOPOAHOCTh BO3MOXKHBIX METOJOJIOTHU JIO JBYX KaTeropuii:
ynpaBisieMble JaHHBIMU (JIMHEITHAs M HelIMHEeWHast perpeccuy) U OCHOBaHHbBIE Ha
nporeccax (Moiesi pocta ypoxas). B 12 ciryyasix ucrons3oBasiuch 00a noaxoa,
BCE JITaHHBIE MPECTABICHBI HA PUCYHKE 1.
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Pucynok 1 — Tabmura HenpeIBUICHHBIX 00CTOSTENBCTB CTaTeH
Mo MacITady U MOJAXO.y.

3 BxonHble naHHBIE: 1OTOJa, ITOYBA, YIIpaBieHHE (BKIOYas OpOLICHHUE,
ynoOpeHwue, 1aTy Moca k), COPT ¥ OTpaXkaTelIbHask CIIOCOOHOCTh PACTUTEIHLHOTO
IIOKpOBa, OMOIOTHYECKNEe TIepeMEHHbIE KyJIbTYPHI (HalmpuMep, Jara [BETCHUS
WIN COIEp)KaHHWe a30Ta B JINCTHAX) M Apyrue (JUIs BXOAHBIX JaHHBIX, KOTOPBIC
HCIIOIB30BAIMCH MEHEE YEM B JIBYX HCCIIC/IOBaHUIX ). BXOTHbIE JaHHBIE CUNTAIINCH
caMbBIMH HE0OpabOTaHHBIMH, a JalbHEWIINE NepEeMEHHBIE, MTOJIyYeHHBIC U3
HCXOIHBIX BXOIHBIX JaHHBIX, HE YUUTHIBAINCE.

PesyabTarsl un 00cyxkaeHue

AHanu3 MpoCTPaHCTBEHHOTO MaciuTaba MPOTHO30B TOKa3all, YTO MOJIEIH,
OCHOBaHHBIE Ha TIpoOIleccax, Yallle MCIOJIb30BAIUCH B MacuITabe Mo Wiu
Hwke (32 mpotuB 10 cmywaes, pucyHok 1). Hanmpotus, Momenu, ynpasisieMbie
JIaHHBIMH, HCTIOJIb30BAJIMCh OIMHAKOBO B Pa3HBIX IPOCTPAHCTBEHHBIX MaciiTabax
(23 npotus 24). [Ipeobnanaromiee UCIONBb30BaHUE MOZCTCH, OCHOBAaHHBIX Ha
mporneccax, B MaciTale Mois WM HIDKE, BEPOSITHO, OTPaKaeT MOTPEOHOCTh B
yIIpaBiIeHYeCcKoi HH(pOpMauK (HanprMep, 0 BHECCHUH yI0OpEHHH, 1aTe ocesa)
JuId uX 3armycka. O4eBHIHO, YTO MOJENHU, OCHOBAaHHBIE HA MPOLECCAX, MOXKHO
3aIlyCKaTh B PETHOHAIBHOM MaciuTabe ¢ y4eTOM TOJBKO IOTOIHBIX YCIOBHM,
OIHAKO B 3THX CIIydasx IOJIb30BaTEN0 HEOOXOMMMO JIeNIaTh MPEIIION0KEHHS 00
YIIPABICHUH KYJIETypPaMHU.

B nemnom 0030p nuTeparypsl BRISBWII, MO KpaiHEH Mepe, TpU OCHOBHBIX
HarpasJIeHNs pa3BUTHS UCCIEIOBAHNI MOJIENCH pocTa CelbCKOX03STHCTBEHHBIX
KyJIBTYD: aCCHMIJISILIUS JAHHBIX B MOJIEIISIX POCTA CENIbCKOXO3SIHCTBEHHBIX KYIBTYP
JUTSL yJTydILIeHUs] BHYTPHCE30HHOTO IPOrHO3UPOBAaHUS, HHTET PaLys MoJIeseii pocTa
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CEITbCKOXO3SIHCTBEHHBIX KYJIBTYp U T€HETHUKH, BKIIIOUCHUE (PaKTOPOB CHIKCHUS
ypOXalHOCTH.

[TpaBunbHEI BEIOOP METO/Ma NPOTHO3UPOBAHUS SBISIETCS KIIOUEBBIM
(bakTOpOM ISt TOCTHIKEHHS YCIEIIHBIX PE3YJIBTaTOB B MAITMHHOM 00y4eHUH. ITO
TIOMOTaeT 00ECIEYNTh BRICOKYIO TOUHOCTH M 3(PEKTHBHOCTH MPOTHO3UPOBAHHUS,
a TaKkXkKe YJIy4IIUTh MPUHIATHE PENICHUH U MOBBICUTH 3(dekTHBHOCTL OM3HEC-
IIPOLIECCOB.

HNudpopmanus o puHaHCHPOBAHMY (TIPH HAJIMYNHN)

JlanHoe uccnenoBanue gpuHancupyercs Komurerom Haykn MuHuCTEpCTBa
HayKH ¥ BbIciero oopaszosanus Pecriyonnku Kazaxcran (rpant Ne. AP19675312).

BriBoabI

OTo0 McceoBaHUe 1MOKa3alo, 4To B BeIOOpke u3 101 craTbu momxonsl,
OCHOBaHHBIE Ha MPOLIECCax U Ha OCHOBE JIAHHBIX, ObLIM MTPEACTaBICHBI B PABHOM
creneHu. M3 aHanu3a qUTEpaTyphl CTAJO SCHO, YTO OCHOBHBIM MPENATCTBHEM
JUISL IIUPOKOTO BHEAPEHUS! KOMIUIEKCHBIX ITOJIXO/I0B, OCHOBAaHHBIX Ha JIaHHBIX,
SIBIIIETCS OTCYTCTBHE MOJAXOMSIIINX HAOOPOB JaHHBIX, B TO BpeMs Kak
MOJIETI POCTa CEIbCKOXO3SHCTBEHHBIX KYJIBTYP CTaJIKHBAIOTCS C TPOOIIeMOi
HECIIOCOOHOCTH MOJAEINPOBaTh KOA(G(PULUMEHTHl CHIXKEHUs, TpeOys dacTo
MHOTOYHCIICHHbIE BXOAHBIE (hakTopbl. MBI HAllTM YacTHYHOE ITOATBEPIKIACHHE
TOTO, YTO B HECKOJIBKHX HCCIEJOBAHUSIX UCIIOJIB30BAJIOCH COUETAaHHUE ITHUX JIBYX
TIO/IXO/I0B IS IPOTHO3UPOBAHUS YPOXKAHHOCTH, ¥ MBI OIIPEICITHIINA TPH OCHOBHBIX
croco0a CMeIIUBaHUA ABYX MOAXOAO0B: UCIIONb30BaHUE MOZIENIH pocTa ypoxas
JUTsE pa3pabOTKU XapaKTepUCTUK MM MHJIEKCOB, HCIIOJIL30BAHUE MOJEIEH,
yIOpaBISeMbIX JAaHHBIMHM, Il OLCHKHM HEJOCTAIOLIETO ypoxkasi, BBOJ MoOAeeH
pocTa, co3AaHne MeTaMoAeNeH Il CHUKECHUS BBIYUCIUTEIbHOM Harpy3KH.

Hcxons U3 aHanu3a M CpaBHEHHUs MONydaeM, YTO MCCIEJOBaHUE C
NpUMEHEHUEM HellpoceTH ocTaeTcsi OTKPHITHIM BONPOCOM U TpedyeT
JOMOJIHUTENBHOIO TIIATEIbHOTO UCCIIEI0BAHUS.

HakoHer1, Ba)KHO TOMHHTb, YTO HCIIOJIb30BAHUE METO/IOB IPOTHO3UPOBAHMS B
MAaIIMHHOM 00y4YEeHUH SIBJISIETCS BCETO JIMIIL HHCTPYMEHTOM JUIs PEIICHHs 3a/1a4,
Y TIpaBWIIbHBII BEIOOP METO/a M IIpaBUiIbHast 00paboTKa TaHHBIX HE TapaHTHPYIOT
ycriexa. BaxHO y4MTBIBaTh KOHTEKCT 33J1aud M NPUHUMATh BO BHUMaHHE BCe
HeoOxoanMble (HaKTOPBI IPH MPUHITUH PELICHHH.

CIIMCOK UCITOJIB30BAHHBIX UCTOYHUKOB

1 Casper, S. B. Understanding machine learning-based forecasting methods:
A decomposition framework and research opportunities [Text] / S.B. Casper
// International Journal of Forecasting. — Volume 38. — Issue 4. — 2022, — P.
1555-1561.
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MAIINWHAJIBIK OKBITYJIAT'BI BOJIZKAY 9AICTEPI:
MOJY )K9HE CAJIBICTBIPY

byn maxanada mawunansix okbimyoaasi spmypai b6ondxcay s0icmepine
wony snoHe canvicmulpy Oepineen. Col3bIKMbIK HCOHE NO2UCUKATIBIK
peepeccust d0icmepi, wewin azaumapwl, Ke30elucox OpMaH, epaduenmmi
Kywietimy dcoHe mipexk eekmopiawik 90ic cunammanzan. Conoati-ax,
HeUPOHOLIK JHCeNiiepOiy apXumeKmypacvl, YKCacmvlKKa Hezizoeneen
OepexkmepOezi MONMAapObl AHLIKMAY YWIH KOJAOAHLLIAMbIH KAACmepey
adicmepi 3epmmenin, mandanosl. Opi Kapai 3epmmey YuliH ey HCaKCol
adicmi manoay mMaKcamoloa op 00ax#cay 90iCiHiY apmublKUbLIBIKIMADbI
MeH Kemutinikmepi Kapacmuipsvlaiovl. Kapusianean oHIMOINIKmMi
bondrcay odicmepine wony xacay ywin Scopus bazaceina KipemiH
AHCYPHANOAPOA HCAPUALAH2AH MAKALALAP2d MAnoay xiacaiovl. byn
sepmmey 101 maxanansiy yneicinoe npoyecmepee He2iz0ej2eH HCoHe
Odepexmepee Hezcizoencen mocinoep 0ipoell YCulHblI2aAHbIH KOPCEemMA.
Aoebuemmepoi mandayoan oepexmepze He2izoenzeH Keuenoi mocindepoi
KeHiHeH enei3yOin Hecizei Kedepeici Koaalivl 0epeKxmep HCUblHMblablHbIH
bonmaysl exeni benzini 6010vl, AN 0aKbLIOAPOLIY 6Cy YaAcitepi momenoey
Koaghduyuenmmepin mooenvoeil aimay mocenecine man 60bIN, HCUI
manan emedi.kenmezeH Kipic pakmopaaput. Tymacmaii anzanoa, bonsxicay
90ICiH OypbiC MAHOAY MAWUHANBLIK OKbIMYOd COmMmi Homudicenepee Kol
JrcemKizy0iy He2izei (hakmopsl 60abIN MAOBIIAOYL.
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FORECASTING METHODS IN MACHINE LEARNING:
OVERVIEW AND COMPARISON

This article provides an overview and comparison of various
forecasting methods in machine learning. The methods of linear and
logistic regression, decision trees, random forest, gradient boosting and the
support vector method are described. The architecture of neural networks,
clustering methods that are used to identify groups in data based on
similarity are also investigated and analyzed. In order to choose the best
method for further research, the advantages and disadvantages of each
forecasting method were considered. The analysis of articles published
in journals included in the Scopus database was carried out in order to
get an overview of published methods for forecasting yields. This study
showed that in a sample of 101 articles, process-based and data-based
approaches were equally represented. From the analysis of the literature,
it became clear that the main obstacle to the widespread implementation
of integrated data-based approaches is the lack of suitable data sets,
while crop growth models face the problem of inability to model reduction
coefficients, often requiring multiple input factors. In general, the correct
choice of the forecasting method is a key factor for achieving successful
results in machine learning.

Keywords: forecasting methods, machine learning, neural networks,
agriculture, productivity.
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EVALUATION OF THE EFFECTIVENESS OF THE
ORGANIZATION OF AN AUTOMATED SYSTEM

FOR MANAGING THE RESERVE ENERGY SUPPLY OF A
MINING FARM

The popularity of digital money due to the high capabilities of digital
technologies, data transmission, makes it possible to carry out fast transactions and
store capital in the form of electronic, virtual funds. Mining technology allows you
to mine cryptocurrencies (bitcoin, Namecoin, etc.) in real time using a large number
of video cards for parallel calculations of soda (hashes), while a large amount of
electricity is consumed. The boom of mining technology occurred in 2009-2015,
which caused a sharp increase in electricity consumption and insufficient capacity
for the development of other sectors of the economy In Kazakhstan due to the
low cost of electricity, there was an increase in the number of mining farms, and
therefore there were several blackouts. As a rule, a mining farm does not belong
to consumers of the 1st category, for whom switching to other feeders takes
place, the elimination of accidents has recently taken quite a long time and the
equipment stops, causes overheating and failure of video cards, moreover, the
calculation process itself is interrupted, the warranty functioning of the equipment
is not provided. The presented article discusses the methodology of organizing
the backup power supply of a mining farm, the selection and justification of the
necessary equipment and automation.

Keywords: mining, automated control systems, backup power supply,
efficiency
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Introduction

In 2022, the Majilis of the Parliament adopted amendments to the draft law
«On Digital Assets in the Republic of Kazakhstan» [1]. This document has brought
big problems to the mining farmers of Kazakhstan. So what is the problem? The
biggest problem is the licensing of activities, the next is the payment of corporate,
as well as the ban. to connect to the common energy system of Kazakhstan.

At the same time, there is still no clear understanding of the functioning of
mining farms in the country within the legal framework.

The blackout that occurred in 2022, against the background of increased
energy consumption by manners, greatly undermined their credibility members of
the government. Fig. 1 shows data on mining farms in Kazakhstan for 2022 [2].

Figure 1—Data on mining companies in Kazakhstan

According to the department [3], in October 2021, only 27 companies engaged
in digital mining were registered in the country. By mid-December 2022, the
number of «white» miners increased 11 times, to 297. This number includes both
active crypto miners and those who have just notified the ministry about the start
of their activities. By December last year, there were 60 such firms (27 of them
were engaged in mining in parallel). In total, there were 330 unique participants
in the industry at the end of last year. In Fig. 2 presents a map of the presence of
mining farms across the country [4].
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Figure 2 — Map of the presence of mining farms in Kazakhstan

As can be seen from Fig. 2, the main part of mining farms settled in Almaty
and Astana (115 and 100) [4—6]. According to the proposals announced during
the meeting of the Majilis of the parliament on December 26, 2022 x6], miners
will be able to receive technical conditions for connection to electric networks,
due to imports from other countries, from renewable sources electricity (RES) or
from JSC «KORDM» at market prices with a positive balance of electricity. Fig.
3 shows data on electricity consumption in Kazakhstan for the period 2021-22.

Figure 3—FElectricity consumption
in Kazakhstan 2021-2022
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As can be seen from Fig.3, the shortage of electricity occurred from May
to September 2022, during this period there was a blackout in Kazakhstan and
massive outages of consumers. In this regard, the organization of alternative energy
supply to consumers is relevant.

Materials and methods

«NB-coin» LLP, located on the territory of the Akmola region, with 250 units
of equipment for cryptocurrency mining, was chosen as the object of research. The
purpose of the study is to increase the efficiency of the functioning of the mining
farm. The objective of the research is to develop an automated control system and
organization of backup power supply for mining farm equipment.

Results and discussion

In «NB-coin» LLP, the equipment of the manufacturer (asic) Antminer S9
is used. Table 1 shows the technical thermal conditions of the equipment (asic)
Antminer S9.

Table 1-Technical characteristics of the Antminer S9 for thermal mode

Parameter Meaning
Electrical power consumption 1400 wt

Operating temperature range 0°C++40°C
Cooling cooler performance 338 m/h

Overall dimensions 329 x 127 x 159 mm

Fig 4 — shows the equipment (asic) Antminer S9.

Figure 4-Equipment (asic) Antminer S9

For normal maintenance of the temperature regime, heat from the room must
be removed in order to avoid overheating and accidents.

When the room temperature rises above +40 °C, there is a natural decrease
in farm productivity by more than 5 %.
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To maintain the temperature regime, it is necessary to ensure the normal
functioning of the equipment for this purpose, an air conditioning or forced
ventilation system is organized, depending on the capacity of the mining farm.

It should be borne in mind, especially in winter, the air temperature should
not be below 0 °C and should be heated.

Ensuring proper ventilation should ensure effective cooling of the cooling
system of the mining farm equipment, while the following rule must be observed:
the flows of cooled air should enter the room with the equipment at the entrance,
and removal should be carried out in places where hot air accumulates. In the
professional environment, this term is called the «cold and hot corridor principle».
Fig. 5 shows the principle of operation of this scheme.

Figure 5—The principle of cold and hot corridor

We will perform the necessary calculations related to ensuring the necessary
ventilation of the equipment of «NB-coin» LLP calculation and selection of
equipment of optimal parameters. Table 1 shows the heat dissipation of 1 unit of
equipment, respectively, as mentioned above, the number of equipment is 250
pieces. From this quantity we perform calculations.

Tent - the room is 5° °C;

Trem— from the room is +40 °C;

The heat release from the equipment is the formula (1):

Q=1400 x 250 = 350 kWt 1)

The heat capacity Cp of the air is- 1005 Wt/m2xK
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We calculate the amount of air to remove the entire volume of heat:
G = Qx3600/(Cpx1,2x(Tent-Trem)) = 350000 x3600 / (1005 x1,2 x (40
—5))=29850 m3/h

It should be emphasized here that the heat removed from the equipment can
be used to heat the outdoor air in winter and cool it in summer, in order to increase
the efficiency of the ventilation system.

It is necessary to understand that ventilation systems are expensive equipment,
therefore, either issues of equipment performance are being resolved or a
ventilation system is being organized.

In our case, a forced ventilation system is organized in NB-coin LLP, which
is not of the highest pricing shown in Fig. 6.

Figure 6— Ventilation system of «NB-coin» LLP
We will calculate the energy consumption of the equipment of «NB-coin»
LLP. This calculation is made up of the total electricity consumption, both by the
production equipment and by the administrative office [7-14].
The main equipment of for mining Me:

Me =250%1,4= 350 kW/h;

2. Ventilation equipment fig.7, consumes 4 kW/h;
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Figure 7—Fan group with freon cooler

3. The administrative building, taking into account the workplaces of
employees, security systems and other low-current equipment, is 15 kW/h.

Now let’s calculate the total energy consumption of the entire enterprise of
«NB-coin» LLP formula (2).

Etot= 350+4+15=369 kW/h 2)
The following equipment and materials are included in the reserve power
supply [15-17].
1. Choose a diesel generator, according to the formula (2), the total energy
consumption is 369 kW / h. Kazakhstan has a fairly wide range of diesel generator

sets (diesel generator), so the choice was made by the company «AS-Al» LLP
brand SDG 5008 Fig. 8, the characteristics of which are shown in Table 2.

Figure 8—SDG 500S diesel generator

Table 3—Technical characteristics of SDG 500S DSU
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Rated Power Tank volume, / Engine capacity Weight, kg | Overall dimen-
kW/h Cub/m sions, m
450 450 91,5 4,5x1,6%2,09

The diesel generator is selected with a margin for a possible increase in the
number of equipment. The cost of the diesel generator of this brand

is 24000000tenge.

2. Selection Of Batteries. Here my choice stopped on batteries of the brand
SVC VP12150/S12 In 150 Ah (485=172=240) 2-005498. Fig. 9 shows the
appearance of the battery.

Pucynox 9—Akkymynstop mapku SVC VP12150/S

Let’s calculate the number of required batteries for our system.
[=PA3xU (©)

[=369000/3x380=561 A

In total, taking into account the fact that 1 battery gives 150A, we need 4-5
pieces. The cost of 1 battery of this brand is 157,000 tenge, respectively, for 4
batteries - 628,000 tenge.

3. Automation and accessories. Let’s choose a cable for organizing the
connection of power lines. Let’s focus on the cables of the VVG brand, the number
of cores is 1-5, the cross sections are different from 1.5-25. Fig. 10 shows the
appearance of the VVG cable.
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Figure 10-VVG cable

The cost of 1 meter of cable of this brand ranges from 1000 tenge per meter.
We need more than 150 meters of cable of this brand, the cost of the cable will
be 150,000 tenge.

The power cabinet. The complete set with the introductory automata is
shown in Fig. 11.

Figure 11-Power cabinet

The cost of such a power cabinet is 150,000 tenge, it is produced in
Kazakhstan, SK Magic Technology.

4. Installation and accessories. Only certified companies with appropriate
certificates and permits should be engaged in the implementation of work on the
organization of backup power supply. According to the market offers on the sites
OLX, Roof, GARDEN and others, the cost of installation work will be at least
1000000tenge, obtaining permits 1000000tenge. The components not presented
above, of a fairly wide range, take a sufficient amount of time to describe, so we
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do not consider them. The approximate cost of all components and other works
will be more than 9000000 tenge.

Fig. 12 shows the connection diagram of the diesel generator- this option
when there are no additional batteries.

Figure 12— Connection diagram of a diesel generator
Fig. 13 shows the scheme of the AAR (automatic activation of the reserve).

Figure 13—AAR diagram

As can be seen from Fig. 14, when the power supply from the external load
is cut off, AB 2 automatically triggers the diesel generator. In Fig. 15 presents an
automated system for managing the operation of the backup power supply. All
connection of the equipment at which autorun of the diesel generator is provided
is clearly shown, when the general power supply network of «NB-coin» LLP is
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disconnected. The very fact of the presence of the AAR with the correct connection
ensures the correct switching from the diesel generator to the general network
and back.

Figure 14—Automated backup power supply management system

Power supply management is carried out in automatic mode without
human intervention, AAR, contactor unit allow control signals to be carried out,
monitoring the current state of the power supply system. The presented automated
control system provides not only the set research goal, but can be practically
implemented.

Conclusions

To implement the above-mentioned backup power supply system for

«NB-coin» LLP, an investment in the amount of 25928000 tenge (excluding
emerging costs) or $ 54736 is required. To date, the cost of 1 bitcoin is $ 30,000
at the rate of the National Bank of the Republic of Kazakhstan. It is known from
open sources that for mining 1 bitcoin with the appropriate amount of equipment,
it takes from 1-1.5 months, Presumably NB-coin LLP, to get 1 bitcoin, it will take
6 months, in this case, the payback period of the project, conditional will be 1-1.6
years. With the existing problems of the Astana power grid, the organization of
backup power supply of the enterprise will not only ensure trouble-free operation
of equipment, but also increase the efficiency of cryptocurrency hashing.
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OIEHKA 3OPEKTUBHOCTHU OPTAHU3ALINHN
ABTOMATH3UPOBAHHOM CUCTEMBI YIIPABJIEHU S
PE3EPHBIM SHEPITOCHABXXEHUEM MAHHUHIOBOB ®EPMbI

Tonynaprocmo yugpoewix Oenez 6 C653U C BbICOKUMU BOIMONCHOCHIAMU
YuPposvix mexnono2uil, nepedayu OAHHLIX, Odem 603MONCHOCMDb
ocyujecmeienus OblCmpylX MPAH3AKYULL U XPAHeHUs Kanumanida 6
Gopme dneKmpOHHBIX, UPMYATbHBIX cpedcms. Texnonoeus mMatnunea,
NO360J5IEM 8 PedcUMe PedalbHO20 8PEMeHU 000bl6amsb KPUNMOGATIONY
(6umkoiin, Namecoin u 0p.) ucnonwv3ys 6oabuioe Koiuiecmeo euUdeoKkapo
0JIs1 NAPALNIENbHbIX 8bIYUCTIEHUTE CO006 (Xewiel) npu SMomM pacxo0yemcst
bonvwoe Koruuecmeo snexmpodnepeuu. bym mexunonoeuu mainunea
npuwenca Ha 2009-2015200a, umo nocayxicuno pe3komy pocmy
nompeonenus INeKMmpoIHePeUU U  HeOOCMAMOYHOCMU MOWHOCIEU 015l
passumusi opyaux cexmopog sxonomuxu B Kaszaxcmane Orazooaps
HeBbICOKOU CIMOUMOCHU INEKMPOIHEP2ULL, NPOUZOULET POCIT KOTUYECTNEA
MAUHUHZOBbIX (hepM, 6 C8A3U C YeM NPOUSOULO HECKOIbKO ONIKAVMOS.
Kax npasuno maiinuneosas ¢epma, He omHocumcs Kk nompeoumensim
1 xamezopuu, 0151 KOMOPLIX NPOUCXOOUM NepeKIloUeHue Ha opyaue
@udepovl, ycmparnenue asapuil 3aHuUMaem 8 NOcjieOHee 8pemMsi 00CHAmMoYHO
nPOOOAANCUMENbHOE 8PEMSL U OCMAHOBKA 000pYO08AHUs, Bbl3blEAEM
nepezpes u 6bIX00 U3 CmMpos 8udeokapo, boiee mo2o npepvieaemcst Cam
npoyecc BbIYUCTEHUN, KaK NPABUILO HA MALIHUSOBLIX (hepmax, YCmaHo61eHbl
UPS, xomopuvle He obecneuusaiom 2apanmuiiHoe QYHKYOHUPOBAHUE
o0bopyoosanusi. B npedcmagieHHol cmamove paccmampuéaemcs
Op2aHU3ayUsL pe3epPeHO20 IHEP2OCHADICEHUS MAUHUHOBOU (epmbl, 6b100D
U 060CHOB8aHUE HE0OX0OUMO20 000PYO0BAHUSL, ABMOMAMUKU.

Kutoueegvle crnosa: maiinune, asmomamusuposanubie CUucmembl
VIpasieHus, pe3epsHoe dHepeocrabicenue, Ippexmugnocmo
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48

TAY KEH ®EPMACBIH PE3EPBTIK DOHEPTUSIMEH
KABJBIKTAYJbI BACKAPYABIH ABTOMATTAH/IBIPBIJIFAH
JKYWECIH YUBIMIACTBIPYIbIH TUIMILIITTH BAFAJIAY

Huppnvik mexnonocusnaposiy, depexmepoi Oepydin dcoz2apul
MYMKIHOIKmepiHe 6auianblcmvl Yu@pavlk aKUlanbly mMaHblMaioblasl
AHCHIIOAM MPAHIAKYUALAPOBL JiCy3€e2e aAcbipyad JHCOHe KANnUumaiovl
EKMPOHOBIK, BUPMYATObL KYPAOap mypiHOe Cakmayea MyMKIHOIK Oepeoi.
Tay-xken mexHoNO2UACHl HAKMbL YAKbIM PEHCUMIHOE KPUNIMOBATIOMAHbI
oHOIpy2e MyMKIHOIK Oepedi(Bitcoin, Namecoin sicone m.0.) napaiiens cooa
(xaut) ecenmey yulin kenmeezer UOEOKapOmMapobl KOIOAHA OMbIPbIN, KNP
IHEPSUSICLIHBIY KON MOnuepi scymcanradsl. Mainune mexHonocuscbiHbly
opreyi 2009-2015 scvinoapza kendi, 6yn 3ieKmp SHEPSUSLCbLH MYMbIHY OblH
Kypm ocyiHe JicoHe 2eKmp IHEPSUSCHIHbIY MOMEH KYHbIHbIY APKACLIHOA
Kazaxcmanoa sxonomukanvly 6acka cexmopiapvli 0ambimy yulin
KyammapOoblH HCemKiNKci30i2iHe, MAUHUHSMIK hepManap CanbIHblY 6CYiHe,
ocvlean batlianvicmul Oipreule Kapa mycmi. doemme, may-kex gpepmacet 1
canammazol MymulHYWbLIAP2a JCamnatiovl, oaap yutii backa gpuoepriepee
ayvicy opbiH anaodvl, anammapobl Hcol COHebl YAKLIMMA IHCEMKINIKMI
V3aK YaKblmmol aiaobl JHCoHe JHeabObIKmMbl MOKMAamaobl, Kbl3bln Kemyoi
JICOHE BUOCOKAPOMbIY ICMEeH Wbl2yblH MmYyoblpaobl, COHbIMEH Kamap
ecenmey npoyeciniy 03i y3inedi, o0emme may-KeH QepmaiapblHoa ups
OPHamMwLIAObL, ONAP KAMIMAMACHL3 emnetioi HcabObIKMbLH Keninoi HCymMblC
icmeyi. ¥ colnbinean makanaoa may-Ken pepmaculii pe3epemix dHepeusimeH
2HcabOLIKMAayObl YUbIMOACTbIPY d0ICIeMeCt, Kadcemmi 1eabOblKmap MeH
ABMOMAMUKAHbL MAKOAY JICOHE He2i30ey Kapacmuvlpbliddbl.

Kinmmi co3dep: may-ken, agmomammanovipwiiean backapy
Jicytieniepi, pe3epemik IHePEUsSIMEH JHcabobIKmay, muiMOLliK
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TopaiireipoB yHuBepcureri, Kazakcran Pecniyonukace, [TaBionap x.

HAEPEKTEPLEI XXACbIPbIH BAUITAHbICTAPAbI
AHBIKTAY 9/4ICTEPI TYPAJIbI

Maxkanaoa depexmepdezi dcacvlpvii OAUIAHBICMAPObI AHBIKINAY ObLH
aoicmepine WOy dcacanaowl. [lepexmepoeci xcacvipvli Oauiaubicmap
— KOpperayusivlk manoay Hemece pecpeccusiivlk maniday CusKmol
Odepexmepdi mandayovly o0emmeei 90icmepin NAUOALIAHY APKbLIbL
AHBIKMAIMATUMbIH, AUHLIMALLLIAD apacbiHoaz2bl Oailanbicmap Hemece
mayenoinikmep. Byn oicacvipoin batinanvicmapovl, depexmepoi mandayobiy
Kypoenipex apHaiivl 90icmepin KOJOAHy apKulibl 2aHa mabdyaa 601aobl.
Conviy iwinde, Oyaviyevip mexnonrozusiapoazvl B.Jleonmvesmin
OUHAMUKANBIK, CANAAPATLbIK MAIOAY MEOPUACHIH JHCOHE EHII3y-Ubl2apy
Manoayvl aHATUMUKALLIK Jicyliecin aima kemy kepek. Ocbl maxanaoa,
DKOHOMUKATLIK, BIHMBIMAKMACMbIK, dcoHe 0amy yivimsl (DDIJ¥(OECD))
ecebinoeei, Kazaxcman Pecnybonuxacoinoiy 2019 ocvinzer muriuapo
AKII oonnapeinoasel caraapanvlk OAUIAHLICMAP KeCMECIHEH AIbIH2aH,
Kapoicvlavlk dicone cakmanovipy xwvizmemi (TTL _64T66: Financial and
insurance activities) kepcemkiuti depexmepin naioalanbin, depekmepoezi
2HCACHLIPLIH OALIAHLICMAPObL AHLIKMAY2a KOAOAHBLIAMbIH 90iCmepOiH OIpi
peminode, B.Jleonmbeemiy OUHAMUKATBIK CANAAPATIBIK MANOAY MEOPUSICHIH
(eneizy-wvizapy manoayvl) KoJI0aHYOblH MbICATIbL KAPACHMBIPbLIAOb
grcone acymcar ecenmeyiepin MS Excel opmacwvinoa scyseze acvipy
Homuoicenepi kenmipinedi. byn nomuoicenep Kazaxcman Pecnybnuxacuol
Fouibim orcone dicozapuol Oinim munucmpiiei Founoim xomumeminiy UPH
AP14972847 «/lepexmepoezi aukvln emec OQUIAHbICMAPObl AHBIKMAY
MeH mepey manodayobl Jicy3e2e ACblPamvl an2opUmmi MeH KOMNbIOMEPLIK
baz0apramacwein 93ipiey» MemieKemmik 610024cemmik H#oOACbIH OPbIHOAY
bapulcblHOa anviHean Homuoicenep DOIbLIN MAOBLIAOYL.

Kinmmix ce3dep: depexmepdi manoay, xcacvlpvlh OQAUIAHLICMAD,
UHMENTIEKMYa0bl MA0ay, canaapanvlk manoay, B.Jleonmves meopusceoi.
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Kipicne

AXnapaTThIK TEXHOJIOTHSUIAPABIH KAapKBIHIBI JaMyBIHBIH HOTHXECiHIE,
Omonorus, MEANIINHA, Kap>Kbl, TPAHCIIOPT CHAKTHI )KOHE TaFbl 0acka /1a OapIbIK
canajapja KenTereH IepeKTep KUHaKTaIbl. JlereHmen, Oy gepexrep keOiHe
KYpBUIBIMJIaHOAFaH KYyHIe Ke3Zecemdi, jKoHe Oyl AepeKTep CHUIaTTal TYpFaH
nporecTep MeH KYOBUTBICTAp/IBI JYPHIC TYCIHYTe KUBIHIBIK TyFbI3abl. OchIHIal
Karnaiga, nepeKTepaeri )KachIpblH (aiiKpIH emec) OaiyaHBICTApAbl aHBIKTAY
©3€KTi Macelere aifHaIa bl

Jepekrepmeri xachIpbIH OalilaHBICTap PETiHAe, OHIAFbl AHBIMATBLIAPIBIH
apacwslHAaFrsl OipaeH OalKanMaWTBIH, Oipak OCHl AEpeKTep CHUMATTAUTHIH
KYOBIIBICTEI HEMECE MPOIECTi AYPHIC TYCIHY YIIiH KaKeTTi OaiaHBICTAp.IbI
TycineMi3. HeriziHeH anmraHza, AepeKkTep JKOHE aKMapaT YFBIMBI Karap >Kypeni.
Byt exi yFeIMIOBI TYpHIC TYCiHY Kepek. AKmapar — Oy ansiaFaH OuriM. Bimimai
OpTYPJIi KOJIapMeH airyFa 00J1aIbl, MBICAJIB, IIPOLIECCTIH, 3ePTTEYIEpPAiH HEMece
KaHAai aa Oip skaHa IToH aliMaFbIH TATKBIIAY HOTKECIHIH KOPCETKIIITEePiH eey
apKBUTBI J)KoHE T.0. Bipak Oyt akmmapaTThl JKHHAKTay ’KOHE TapaTy YHeMi oHai Oomna
6epmetini. Keiibip akmaparTsl emmieyre 0omaabl, an 0acKachblH eIIIEYy MYMKIH
emec. JlereHMeH, OCHI anFaH OUTIMIEpIi caKTall, TapaTyFa THIPHICATHIHBIMBI3
aHBIK. AKMapaTThl cakTay MEH Tapary TociiiepiHiH Oipi — oHbBI KonTay. MiHe,
OCHI KOATay Ke3iHae nepekrep kacananbl. COHBIMEH, IepeKTep Al KOATaIFaH
aKmapaTThl TYCiHyTe 0OJaIbl.

JepexTep KypeUIBIMIaHFaH HEMECE KYpbUIBIMAaHOaraH O0ybl MYMKIiH.
KypruibiMpasras AepeKTepIiH MbICabl peTiHae, OaraHmap MeH KaTapiapra
KUHAKTAJIFaH KeCTeer1 MaiMeTTep i aliTa anambl3. AJl, KypbUIBIMIaHOaFaH
JIepekTepre Amazon-Iarbl MOTIHIEP, QJIEYMETTIK XKeJinepaeri Oeiinenep, aynno
JKoHe BUIeo (aimmap, opTypii AepeKKo3AepAeH albIHFaH opTYPIi (opMaTTaFsl
alfHBIMAaJIbUIAPABI )KaTKBI3yFa Oomansl. MyHIai KypeUIbIMAaHOAFaH IepeKTepi
KYPBUIBIMAAHFaH JepeKTepre aHaJIABIpYy YIIIH apHalbl omicTepai KOIOaHy
Kepek, jkKoHe OyJI JepeKTepJeri )KachIpblH OalaHBICTapabl aHBIKTAYABIH
©3eKTUIIriH KepceTei.

Ocel Makanaga, AepeKTeperi KackpbslH (aliKbIH emec) OaimaHbICTapaAbI
AHBIKTAWTHIH 9JliCTepre IOy JKacaslaibl, JKoHe DKOHOMHUKAIIBIK BIHTBIMAKTACTBIK
YKOHE TaMy YUBIMBI ecebiHeH anbIaFaH Aepekrepai naganansm (ObIY(OECD)),
JIepeKTep/Ieri )KachIPhIH (aliKpIH eMec) OaiilaHbICTapIbl aHBIKTAyFa KOIJaHBIIATHIH
omictepxiy Oipi perinnme, B.JIeOHTEEBTIH TMHAMUKAIBIK CajaapalblK TaJaay
TEOPHUSCHIH KOJIIaHYIBIH MBICAJIbI KAPacTBIPBLIA/IBL.

Marepuangap mMeH aicrepi

JHepekrepmeri >kackIpblH OaiimaHbICTAap YFBIMBIH TYCIHY VIIIH KapamaibiM
MBICaJ KapacThIpalbIK: TAObIC IIEH aJaMIapIblH JAEHCAYJBIFBl apachIHIAFbl
OallmaHBICTHI OJIIEI JKaThIPCHI3 Aen ecenTeiik. bip KaparaHga, TaOBICTHIH
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JEHCAyIIbIKKa ocepi 0OIysl MyMKiH OoJica ga, ic XKY3iHIOEe ocepai apTTHIPaThIH
KemTereH Oacka ma oacepiep 6ap. Mbicanbl, eMip cainThl, TAMAaKTaHy, TYKbIM
KyaJayIIbIIBIK, KI3METTEPAiH KOJDKeTIMIINITi koHe T.0. byn ¢akropmapasx
OapneIFs! 6ip-OipiMeH jkaHama Typre OaiTaHBICTBHI OOTYBl MYMKiH, OYJ1 HAKTHI
ceOer-caap KaTbIHACTapBIH XKBIPaTyIsl KUBIHAATaabl. OchUIalIa, TepeKTepaeri
JKACBIPBIH OafaHBICTapABl aHBIKTAY — KaHAal (akTopiap KyYOBUIBICTEI HeMece
MPOTIECTi HAKTHl CHUIATTANTHIHBIH, JKOHE COJI KYOBUIBIC TEH MPOIECTEePIiH
Oomamrakra OONaTHIH e3repicTepiHe He TYpTKi O0IyBI MYMKIH €KeHiH TYCiHyTe
KOMEKTECE].

Jlepexrtepaeri kachIpblH OaiiaHpIcTap — KOPPEISIIMSUIBIK Talgay Hemece
perpecCHsUITBIK Taliay CUAKTHI JepeKTepl TaJAaydblH SIETTeTri dJicTepiH
naiiaxany apKelIbl aHBIKTAIMANTHIH, alfHEIMAITBIIAp apackIHAAFE! OalIaHbICTap
HeMece Toyenautikrep. bys xaceipeiH OaimaHBICTapABI JepeKTepAl TalaayIblH
KYpZIeINipeK apHaibl oficTepiH KOIJaHy apKbUIbI FaHa TaOyFa Oomanel. JKaceIpeiH
OaiimaHbpicTapAsl Taly XKyile opekeTiH Aoiipek Ooipkay »oHE Heri3eNreH
menriMaep KaObuiay YIIiH Haiansl 00Iysl MYMKIiH.

Kasipri Tagma, gepexTepaeri )XacsIpbIH OailmaHbIcTapasl aHBIKTAUTHIH
omicTepHiH KOeNTereH Typiepi O6ap: KOPPENSIIUIBIK Talaay; perpeCcCHsUIBIK
Tangay; GakTOpABIK TajAay; HEri3Ti Kypamaac Tajaay; KIacTepiliK Taliay;
YaKBITTBHIK KaTapiapabl Tajjaay; baiiec sxeminepi; MapkoB yirinepi; HeHpOHIBIK
XKeJiep; KypbUIBIMIBIK TeHICYIEpi MOIENbAEY; IpaQUKaIbIK MOAEIbAECD MEH
ANTOPUTMIEP; KENIJIK AepeKTep i Tanaay; MOTIHIIK MOJIMETTepIi Talaay;
MAaIIMHABIK OKBITY SIiCTEpi; TEpPEH OKBITY dicTepi xkoHe T. 0. [1]

CoHBIMEH Karap, JepeKTepi Taljgay KoHe OaimaHbICTapAbl anly YIIiH
XKW1 KOJIAaHBUIATBIH MaTEMaTHKAJIBIK MOJENIBAEP MEH OMICTEp/i /e aram eTyre
6omansr: AR (Autoregressive model) aBToperpeccHBTi MOIEIB - yaKbIT KaTapbIHbIH
arbIMIAFEl MOHI COJI KaTapIbIH JIIBIHFBI Jka30alapbIHa TOYeI 11 O0IaTHIH MOJIEIB;
MA (Moving average model) >KpIDKBIMaJIBI OpTaIia YiTi — yaKbIT KaTapbIHBIH
arbIMIIaFbl MOHI aJIBIHFBI OOJDKAy KarelepiHe OaiylaHBICTHI OONAThIH MOJIEIb;
ARIMA (Autoregressive moving average model) aBroperpeccusri OipikTipinren
KBUDKBIMAJIBl OPTalla YJTi — yaKbsIT KaTapJapblHBIH aWbIpMalIbUIBIFbIH
aHBIKTAWIBI, comaH KeliH OipikTipinren mepexrepre ARMA KommaHanbl;
SARIMA (Seasonal model ARIMA) maycemmabik ARIMA yarici — MayCBIMABIK
YaKBIT KaTapiapelHBIH KypamblH eckepe oTeIpbil ARIMA Monenin keHenTeni;
ETS (Exponential smoothing taking into account errors, trend and seasonality)
KaTenepi, TPeH/ KOHE MayCBHIMIBIKTBI €CKEPE OTBIPHIN 3KCIIOHEHIIUATABI
TEricTey - YaKbIT KaTapblH MOAEIbICH/I, SKCIIOHSHIINAIIB TETICTEYi, TPEHATI
*KoHe MaychIMIBUTRIKTH eckepeni; GARCH (Generalized Autoregressive
Conditional Heteroscedasticity) JKannpuranFaH aBTOpPErpeCCHBTI MIAPTTHI
TeTEPOCKECTHBTLIIK - YaKBIT KaTapbIHIAFbI, KoOiHece Kap)KbUTBIK AepeKTepaeri
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©3TepMEINIIIKTI (TeTepOCKeIacThIKThI) aHbIKTAYy YINiH Nainananeians; VAR
(Vector autoregression) BEKTOPJIBIK aBTOPETPECCHS - OipHEIe YaKbIT Karapiapbl
apachIHIarbl KaTbIHACTAP/bl CHIIATTay YIUiH maipanansuians;; VECM (Vector
Error Correction Model) BekTOpIBIK KaTeHi Ty3eTy MOjeni — y3aK Mep3imui
KaTbIHACTap/Ibl XKOHE KaTellep/i aJlbIH aja Ty3ere oThIpbil VAR keHeiTeni;
MeMiekeTTik Fapsim Mojaenbaepi (State-observation models) MemiekeTTik
0aKpUIay YITUIEpPl — YaKbIT KaTapiiapblH OaKbUIAy KOHE JKACBIPBIH JKarmaiiiap
peTinne cunarrail anansl; XoibTa-BHHTEPCTIH YII eceliK KCIOHEHIIHaJIbI
TericTeyi — SKCIOHEHIMAJIbl TETICTEY apKbUIbl TPEHJ IEH MayCBhIMIBIKTHI
ecenke anmy ymiH ETS keneliteni; CToxacTHKalIbIK YaKbIT KaTapiapbl — YaKbIT
KarapiapblHBIH CTOXAaCTUKAJBIK CHUIIATBIH €CKEPETIH apTYpJi MOJEIbACpAl
kamtuzbl; DeepAR (Deep autoregression) TepeH aBToperpeccus — Kypzeii yakbIT
KaTapblH MOJZIENB/ICY YIIIH TepPEH OKBITY/bI NMainananansl; @ypbe TypiaeHaipyi —
JIepEKTEPAIH MEP3IMAUIIri MEH MayChIMABUIBIFBIH TaNay YIUIH KOJIIaHBLIAJIbI
KoHe T.0. [2-6]

Ochl Makanana, JepeKTeperi kachblpblH OalaHbICcTapbl aHBIKTAyFa
KOJITAaHBIIATBIH 9JIicTepiH Oipi perinne, B.JICOHThEBTIH AUHAMUKAIBIK
caJlaapaliblK Tajl/lay TEOPUSCHIH KOJIaHYIbIH MBICAJIbI KAPACTHIPUIAJIbL.

[Mpodeccop Bacunmii JleonTses 1930 »xKbutaapably asFbIH/a HT13y-IbIFapy
TaJ/1aybl aHATMTUKAJIBIK XXYHECiH a3ipJiereH, skoHe ol YIIiH 1973 5KbUTbl 3KOHOMHUKA
6oiipiHmIa HoGenb chiitnbirbiH anasl [7]. EHrisy/msirapy Typaisl aiTKaHga
anamaap xeOinece JleoHTheB Mojneni Typaisl aitangsl. CallaapaiblkK Tangay
TEpMHMHI JIe KONJaHbIIa/Ibl, OUTKEeHI eHI13y-1IbIFapy *KYHeciHiH Heri3ri MaKcaTsl
SKOHOMUKAJIaFbl Cajlalap/iblH ©3apa TOYEJJIUIriH Tanjgay OoNbIn TaOblIaibl.
Byriuri Tanna JIeoHTheB OasHIaFaH HET13Ti TYCIHIKTEP YKOHOMUKAIBIK TaJ1ay/IbIH
KOITEreH TYPICPIiHiH HET13r KypaMaac 0eIiKTepi OOJIBII OTHIp KOHE IIIBIH MOHIH/IC
KipiC-IIBIFBIC TaJ/Iaybl SKOHOMHKAAa KCHIHCH KOJJIAHBUIATBIH OJICTEPAiH Oipi
peTiHae MoitbiHaFaH [8].

B.JleoHThEB yChIHAFaH AMHAMUKAIIBIK CaJlaapaliblK MOJIEINi, SKOHOMHKAJIBIK
MPOIECTEPIIIH OPTYPIIi MOCceNeNiepiH 3eprreyne auddepeHIuaNIbIK TeHACYIep
TEOPUSICHIH TMailalaHy/AbIH KJIACCHUKAIBIK YJTici OONBINT TaOblIaabl KoHE
KbI3MeT erelli. OHBbIH SKOHOMMKAJIBIK MOJIEIIbJICp JKYHEeCiH/Ieri OpHBIH Obliaiiia
TYCiHIipyre 0Oab:

1) KoFaMABIK ©HIM MEH YJITTBHIK TaOBICTHI yAalbl OHAIPYIIH KaparmaibiM
MOJICITiH OOJIIIeKTeY (JIe3arperupiaCHICH) PETIHIE;

2) caslaapaJiblK OAIaHCTBIH CTaTUKAJIBIK MOJIEIIIH IaMBITYbI (JIMHAMU3ALHSIAY )
peTiHme.

Opi Kapail TaHBICTBIPY/a HOTHIKEIIEP/Ii allly )KOHE OFaH JKETY YKOJIaPbIHBIH
6ipi perinze OipiHINI >KOIBI TAHIANMBI3.
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ConsimeH, ecentid Koubuiybsl: DbIJIY¥Y (OECD) ecebiniy Ka3akcran
Pecniyonukaceiabiy, 2019 xpurrsl Munapa AKLL gonmnapbiHaars! canaapasibik
OaiiaHbICTap KECTECIHEH aJIbIHFaH, Kap>KbUIBIK JKOHE CAKTaHIBIPY KbI3METi
(TTL_64T66: Financial and insurance activities) [9] kepceTkiri JepexTepin
Tanaay KesiHJe, CypaHbIC NIEH YCBHIHBIC OarajapbIHBIH Tele-TeHIK KaThIHAChIH
aHbIKTay Tocimi perinne, B.JIeOHTbEBTIH AMHAMUKANIBIK calaapaliblK Tayjgay
TEOPUSICHIH (SHT13y/IIbIFapy TaJlAaybl) KOJAAHYIBIH MBICAJIBIH KapacThIPAHBIK.

Byn ecenrti mrenryre KakeTTi JAepeKTepi AypbIC TYCiHY YIIIH, aJJbIMEH,
JepeKTepal Tazanay KaXeT, SSFHH opi Kapad Tangay MEH MoJeljeyre
YCBHIHBUIATBIH, IEPEKTEP/IiH 1IIKI )KUBIHIAPBI TAH/IAIT aJIbIHYBI Kepek. OChI TyCTa,
KYpbUIbIMIaHOaFraH HeMece JICI3 KYPhUIbIMIIAaHFaH JEepeKTep/l TepeH Talaaybl
€CeNnTepiHiH UHTEIUIEKTYa1bl aHATMTUKAIIBIK MOJICIIH KYPYFa KaKEeTTl JKyMcakK
€CenTey TeXHOJIOTUsUIapbIHBIH Oipi peTiHae OYJIBIHFBIP (HEUeTKas) TEXHOJIOTHSCH
Koyganbuiaabl. OHBIY imiHge, B.JICOHThEBTIH IMHAMUKAIIBIK CaTaapaibIK TaJaay
TEOPHSICHIH aTar eTyre 6onassr [7].

Byn reopusira cyiiene oteipbin, cypanbic (Purchase/buying) neH yChIHBICTBIH
(employment) Tere-TeHIiK KYHBIHBIHBIH HET13I' TPAaeKTOPHsIIApbIHA KETY
LIapTTapblH KbI3METKEpIIepaiH (’KYMbIC iCTeHTIHIepAiH) sKkanakpicbiHaH (Wages
and taxes €'wj), »koHe OM3HecTeH TyceTiH naiaanan (Gross saving €'sj, Imports
€'Mj) aJbIHFaH XUBIHTBIK KipicTi 0ackapy apKbUIbl aHBIKTayFa Oonansl [10] xone
1-kecrene MS Excel opracsinaa ecentey HOTHKEIEPi KEJITiPUITeH.

Kecte 1 — KapKbUIBIK jKoHE CaKTaHABIPY KbI3METi KepceTKil OoWbIHIIA

YCBIHBIC KYHBI (employment) MeH canaapaiblK eHim/caty KyHbI (intersectoral
produce/selling)

53



TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 3. 2023

AmnbIkTanrat nepekrepre B.JIeoHTheBTIH TUHAMHKABIK Caaapaliblk TaJaay
TEOPHUSCHIHBIH MOJEJ HEeri3iH/e, KapKbl MPOLECTEPIHIH apTYpil Macenenepin
3epTTeyre apHaiFaH AU GepeHIHaIIbIK TeHICYIEp TEOPUsICH MEH Tere-TeHIIK
OCYIliH AMHAMUKAIBIK MOJACIIH KOJJAaHy apKbUIbl ailbIPBIMIBIK TCHACYJIEP
KyiteciH anambl3. SIrHu, Terne-TeH ik oHIM, eHOCK )KOHE KalluTall HApbIKTapbIHBIH
€CeNnTeNeTiH MOJENIH YKOHOMHKAJIBIK-MaTeMaTHKAJIBIK TYXKBIPbIMIAy Ke3iHJe,
1) >kanmbl KOCBUIFaH KYH MEH KapiKbUIBIK ©CiM eceOiHIH ChI3BIKTHIK (opmMackiH
OapbIHILIa a3aHTATHIH Tayapliap MEH KbI3METTEP/IiH TeTe-TeHIIK IIBIFAPbITBIMBIHBIH
Oenriciz GaraH/IBIK BEKTOPHIH Ta0y KaKeT €KEHiH, )KOHE, COHBIMEH Karap, 2)
KoJ1/1a 6ap TaOBICTHIH CHI3BIKTHIK (hOpMAChIH OapbIHILA aPTTHIPATIH Tayapiiap MeH
KBI3METTEP/IiH TeNe-TeH K KYHBIHBIH O€Jrici3 BEKTOPBIH, TETe-TeHIK KaJaKbl
MeJIIIIEpIIeMECIH JKOHE Mai/IaHbIH Tene-TeHJIIK HOPMAachlH Taly KaKeT eKeHiH
eckepeMis. byt ecenteynepni MS Excel opraceiiia xy3ere achlpy HOTHIKECIHIIE,
KP KapKbUIBIK J)KOHE CaKTaHABIPY KbI3MeTi KepceTkimiHig 1995-2018 xx
JICpEKTEepiH/Ieri, YChIHBIC (employment) rieH cypansic (purchase/Buying) 6aramapsl
aHBIKTaNabI (2-KecTe).

Kecre 1 — KP Kap>KbUIbIK oHE CaKTaHABIPY KbI3MeTI kepceTkinmiHig (1995-
2018 xox., mitpa AKII nonsapsr) aepekTepinieri YChIHBIC IIEH CYpaHbIC Oaraiapbl

HaTu:kenep »oHe TaIKbLIAY

B.JIcOHTBEBTIH AMHAMHKAJBIK CajaapalblK Tajfay TCOPUSACHIH (SHIi3y/
HIBIFapy Tajjaybl) KOJJIaHYIbIH HOTHXKECIH/IE ajblHFaH Oy nepekrep, ocbl KP
Kap KbUIBIK JKOHE CaKTaHABIPY KbI3MeTi kepcerkimtiniH 1995-2018 x.ox (Mipa
AKIII mosmapsl) mepekTepingeri 6acka a *achIpblH OaillaHbICTApIBl KOPyTe
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MYMKiHIK Oepeni. MbIcaiibl, YCHIHBIC TI€H CYPaHBICTBIH TEHe-TeHAIK KYHbI MEH
KeJIeMiH, KapKbUIbIK ociMiH (1-, 2-, 3-cyper).

Cyper 1 — KP KapKbUIbIK )KOHE CAKTaH/BIPY KbI3METI CEKTOPBIHAAFBI YCHIHBIC
TIeH CYpaHBICTHIH TeNe-TeH IiK KYHBIHBIH 6CiMi

Cyper 2 — KP KapXbUIBIK )KOHE CaKTaH/bIPY KbI3MET]1 CEKTOPBIHAAFbI
YCBIHBIC TIeH CYPaHBIC KYHBI
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Cyper 3 — KP KapXbUTBIK )KOHE CaKTaHBIPy KbI3METI CEKTOPBIHIAFbI
YCBIHBIC TIEH CYpaHBIC KeJeMi

KopbITbIHABI

KopsiTa aiiTkanaa, Makajiazna IepeKTepAeri KachbIpblH OailaHbICTapabI
AHBIKTAY/IbIH 9JIICTEPiH 3epTTeY OapbIChIHIAFbI KEHO1p HOTIIKENEp KapacThIPbIIIBL.
JIepeKTepAEr] KachIpbIH OaiIaHbICTap bl aHBIKTAY/IBIH SJIiCTEpiHE LIONY XKacay
Heri3iHnae, OYJ TakbIPBIIITHIH MaHBI3ABUIBIFBIH Kepyre Oonaasl. Conpaii-
aK, JIepeKTeperi KachlpblH OaitnansicTapabl aHbIKTayna B.JIeoHThEBTIH
JUHAMUKAJBIK cajaapalblK Tajaay TCOPHUSCHIH (SHTi3y-LIbIFapy Tajaaybl)
KOJIZIaHYIBIH SPEKIIIC OPHBI O0ap CKSHIr aHBIKTAIBI. JKoHe OYIT ofiCTiH HeTi3iHae
Tajjay €CeNnTepiHiH camaibl HOTHKEIEPIH allyFa KoHE JIEpPeKTep CUMarTam
TYpFaH MpouecTep MeH KYOBUIBICTapAbl AYphIC TyciHyre Oonansl. XKyMBICTEI
OpbIHzAy OapbICBIHAA, JKOHOMHKAJBIK BIHTBIMAKTACTHIK KQHE JaMy YHBIMBI
(OBIA¥(OECD)) ecedinnmeri, Kazakcran PecnyOnukackiablH 2019 sKBUTFBI
muutapa AKII nomnapsiaiars! canaapaiblk OainaHbICTap KECTECIHEH aJIbIHFaH,
KapKbUIBIK koHe cakTanapipy KeiMmeti (TTL 64T66: Financial and insurance
activities) KepceTKimi JepeKTepl MmaiaaIaHbUIIb], J)KOHE XKYMCaK ecenTeynepi
MS Excel opraceina OpbIHAAIIEL.

HAVJIAJTAHBLIFAH JEPEKTEP TI3IMI

1 AmamoBa, K. C. O MeTo1aX BBISBICHUSI CKPBITBIX B3aUMOCBSI3€H B OOJTBIINX
nmaHHbIX [Tekct] // «XV CarmHOBCKHE YTEHHUS. MaTepualibl MEKIyHAPOTHON
Hay4YHO-TIPaKTHYCCKOH KoH(pepeHmu «HTerpanus oOpa3oBaHus, HayKu U
pou3BozcTBaY / KaparaHIMHCKAN TEXHHYCSCKUA YHUBEPCUTET UMEHH AOUITKaca
CarunosBa. - Kaparanga: Usnarensctso Kapry A. Carunosa, 2023. 2 - 4. - cTp.
119-122.

56

TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

2 Enuceena U. U. Dxonomerpuka: yueonuk [Texcr] / [lox pen. Enuceeoit
. U. — 2-e u3a. — M. : ®unance! u ctatuctuka, 2006. — 576 c.

3 Lai D., Lu B. Understanding Autoregressive Model for Time Series as a
Deterministic Dynamic System. [Tekct] - Archived 2023-03-24 at the Wayback
Machine, in Predictive Analytics and Futurism, Ne5-2017, P 7-9.

4 Brooks C. Introductory Econometrics for Finance (3rd ed.). [Texct] —
Cambridge: Cambridge University Press, 2017 — P. 461.

5 Asteriou D. Hall S. G. Vector Autoregressive (VAR) Models and Causality
Tests. Applied Econometrics (Second ed.). [ Tekct] — London: Palgrave MacMillan.
2011 —P. 319-333.

6 Enders W. Applied Econometric Time Series (Third ed.). [Tekcr] - New
York: John Wiley & Sons. 2010 —P. 272-355.

7 Leontief W. Quantitative input and output relations in the economic systems
of the United States, [Texct] Rev. Econ. Stat., vol. 18, P. 105-125, 1936.

8 Miller R. E., Blair P. D. Input-Output Analysis: Foundations and
Extensions. [Tekct] Cambridge University Press, Jul 30, 2009 — Business &
Economics — 784 P. 2009

9 OECD Homepage, [online] Available: https://stats.oecd.org.

10 Kepumkyaos C. E. MonenupoBanie MaKpo3IKOHOMHUECKUX MIPOIIECCOB
B Kazaxcrawne. [Texct] — Anmarst : HULL «Fputeim», 2001-240 c.

REFERENCES

1 Alimova, Zh. S. O metodax vy'yavleniya skry'ty'x vzaimosvyazej v
bol'shix danny'x [About methods of revealing hidden relationships in big data]
[Text] // «XV Saginovskie chteniya. Materialy’ mezhdunarodnoj nauchno-
prakticheskoj konferencii «Integraciya obrazovaniya, nauki i proizvodstvay /
Karagandinskij texnicheskij universitet imeni Abilkasa Saginova. — Karaganda:
Izdatel'stvo Kartu A. Saginova, 2023. 2 —ch. — P 119-122.

2 Eliseeva I. 1. E'konometrika: uchebnik [Econometrics: textbook] [Text] /
Pod red. Eliseevoj 1. I. — 2-¢ izd. — Moscow. : Finansy" i statistika, 2006. — 576 p.

3 Lai D., Lu B. Understanding Autoregressive Model for Time Series as a
Deterministic Dynamic System. [Text] — Archived 2023-03-24 at the Wayback
Machine, in Predictive Analytics and Futurism, Ne 5-2017, P 7-9.

4 Brooks C. Introductory Econometrics for Finance (3rd ed.). [Text] —
Cambridge: Cambridge University Press, 2017 — P. 461.

5 Asteriou D. Hall S. G. Vector Autoregressive (VAR) Models and Causality
Tests. Applied Econometrics (Second ed.). [Text] — London : Palgrave MacMillan.
2011 —P. 319-333.

57



TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 3. 2023

6 Enders W. Applied Econometric Time Series (Third ed.). [Text] - New
York: John Wiley & Sons. 2010 —P. 272-355.

7 Leontief W. Quantitative input and output relations in the economic systems
of the United States, [Text] Rev. Econ. Stat., vol. 18, P. 105-125, 1936.

8 Miller R. E., Blair P. D. Input-Output Analysis: Foundations and
Extensions. [Text] Cambridge University Press, Jul 30, 2009 — Business &
Economics — 784 r. 2009

9 OECD Homepage, [online] Available: https://stats.oecd.org.

10 Kerimkulov S. E. Modelirovanie makroe konomicheskix processov v
Kazaxstane. [Modeling of macroeconomic processes in Kazakhstan] [Text] -
Almaty’ : NICz «Fy'ly ' m», 2001-240 p.

Bacein msirapyra 18.09.23 kaObuimasb!.

K. C. Anumos
TopaiireipoB ynusepcutert, Pecniyonuka Kazaxcran, r. [TaBnonap
IIpunsaro x uznanuto 18.09.23.

O METOJAX BbIAABJIEHUSA CKPBITBIX
B3AUMOCBS3EM B IAHHBIX

B cmamve npedcmasnen 0630p memoooe visAeaCHUSL CKPLIMbIX
szaumoceszell 8 0annvix. CKpvimovle 83AUMOCEA3U 8 OAHHBIX — MO
OMHOWEHUS UNU 3AGUCUMOCTNU MedHCOY NepeMEeHHbIMU, KOMmopble
HEB03MOIICHO OOHAPYIHCUND C HOMOULBIO MPAOUYUOHHBIX MEMOO08 AHAUZA
OAHHBIX, MAKUX KAK KOPPETAYUOHHBIN AHAU3 UTIU PE2PECCUOHHBIN AHAU3.
Omu ckpvimvle 853U MONCHO OOHAPYIICUMDb MOLLKO C HOMOWbIO OoJee
CHLOICHBIX Memo008 ananusa oannvlx. Cpeou Hux ciedyem ommemums
meopuio OUHAMUYECKO020 Medcompacaesoeo anaiuza B. Jleonmvesa
U AHATUMUYECKYIO CUCEMY MENCOMPACTe8020 AHANU3A 6 HEeYEeMKUX
mexnonozusax. B oannoti cmamove ¢ ucnonv3oganuem 0aGHHbIX NOKA3amens
Gunancosotl u cmpaxosoti desmenviocmu (TTL _64T66: Financial and
insurance activities), 635mvlxX U3 MaOAUYbL MEHCOMPACTCEBIX CEs3ell
6 munnuapoax oornrapos CIIA Pecnybauxku Kazaxcmawn ¢ omueme
Opeanuzayuu no IxoHomuuecko2o compyornuwecmaa u pazsumus (OOCP)
npeoCcmasieHvl Memoobl BbIAGICHUSL CKPLIMbIX 83AUMOCES3€l 8 OAHHbIX, 6
Kauecmee 00HO20 U3 HUX PACCMOMPEH NpuUMep UCHONb308AHUS MeopUU
OUHAMUYECKO20 MedHcompaciesozo anaiusa B. Jleoumvesa (ananius
«3ampamul-6bINYCK») U pe3yibmanmbl NPUSEOEHbL NPOSPAMMHBIE PACHENIb
6 cpede MS Excel. Jlannvie pe3yivmambl A6IAI0MCA Pe3yibMamami,
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ABOUT METHODS FOR IDENTIFYING HIDDEN
RELATIONSHIPS IN DATA

The article provides an overview of methods for identifying hidden
relationships in data. Hidden relationships in data are relationships or
dependencies between variables that cannot be detected using traditional
data analysis techniques such as correlation analysis or regression
analysis. These hidden connections can only be discovered through more
sophisticated data analysis techniques. Among them, we should note the
theory of dynamic inter-industry analysis by V. Leontiev and the analytical
system of inter-industry analysis in fuzzy technologies. This article, using
data from the indicator of financial and insurance, taken from the table
of intersectoral relationships in billions of US dollars of the Republic of
Kazakhstan in the report of the Organization for Economic Co-operation
and Development (OECD), presents methods for identifying hidden
relationships in the data, As one of them, an example of using the theory
of dynamic inter-industry analysis by V. Leontiev (input-output analysis)
is considered and the results are given by software calculations in the
MS Excel environment. These results are the results obtained during the
implementation of the state budget project of the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan
AP14972847 «Development of an algorithm and computer program for
identifying and in-depth analysis of unclear connections in data.»

Key words: data analysis, hidden connections, intellectual analysis,
interdisciplinary analysis, V. Leontiev’s theory.
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MPHTU 44.39.29 BBeaenue

B nocnenHee Bpems B MUpE MPOBOIATCS HCCIENOBAHUS IO CO3TAHUIO
https://doi.org/10.48081/VXWG4153 MOIITHBIX BETPSHBIX JIEKTPOCTAHINH (HECKOIBKO coTeH MBT), MoaKiIroueHHbIE
K CETEeBBIM JHEpProcucTeMaM rocyaapcTBa. Kaxxabpiii rog yBeanduBaeTcs
*A. A. Bekmacoea’, A. K. Awumoea’, K. b. Lllake+Hoe’, (uHaHCHPOBaHHUE B BETPOIHEPIETHUKE, A, CIICIOBATENHHO U IIOBBIIIASTCS Ka4eCTBO
E. A. CapceH6aeg’ paboT 1 00beM paboT B JaHHOM oTpaciau. Kazaxcran HapaBHE CO BCEMHU CTPaHAMHU
ISatbayev University, Kasaxcran PecryGimKacsi, AMars! K. MHpa 00BEIUHIET OHO O0IIee aKTUBHOE CTPEMJICHHE K PAa3BUTHIO Pa3IMIHBIX
e-mail: Bektasova_aa@mail.ru BHJIOB BO30OHOBIISIEMOI YHEPTETHKH, TAKHUX, KaK BETEP, COTHIIE, T€0TePMaIbHBIC

HCTOYHUKHU U OMOIOTHYECKOE TOILIHMBO.
MEPCIEKTUBbI PA3BUTUSI U AHAJIU3 B Kazaxcrtane pa3BuTHe M cO3JaHHE BO300HOBISIEMOW dHEPTETHUKH

onpeneneHo 3akoHamMu PK «O06 sneprocoepexenun», «O06 sHepretuke», «O
MTOJ/IEPIKKE NCTIONB30BaHHS BO3OOHOBISIEMBIX HCTOYHUKOB SHEPTHH» U APYTHMH
3aKOHOJATEIHHBIMH MTOCTAHOBICHUSMU.

B Hacrosmee Bpems, TOCyZapCcTBO BBIIENSET BCE OONbIIE MHBECTUIMHN B
cepy Ipor3BOICTBA ATEKTPOIHEPTUH BO30OHOBIIEMBIMU HCTOYHIKAMH SHEPTUH,
B 3TOI1 CBS3M 00BEMBI BEIPaOOTKH PaCTyT B cpenHeM Ha 3 % B rox.

B coorBeTrcTBUU MON0XKEHUS O MEPEXOJie Halllel CTpPaHbl K «3EJIEHON»
SKOHOMHKE, MPOIEHTHOE COOTHONIEHHE BO300HOBIISIEMBIX MCTOYHHUKOB
ANIEKTPUYECKOH U MexaHn4decKoil saepruu k 2030 rogy rmraHUpyeTcst COCTAaBIATh
10 % ot 06BpEMa npouzBozcTBa 3HEpruy, k 2050 roxy mnanupyercs 50 %, ¢ yaérom
HEeTPaIULINOHHONW YHEPTETHKH.

Marepuais! 1 MeTogs! OCHOBOH pabOTHI BETPOIHEPTETHUECKUX YCTAaHOBOK
SIBJISIETCS CTIOCO0 MPeoOpa30BaHMsI CHITBI BETPA, KOTOpas peoOpasyeT KHHETHIECKYIO
SHEPTHIO BO3IYIITHOTO IIOTOKA BO BPAIIATEIFHYIO MEXaHHUIECKYTO SHEPTHIO pOTOpa,
KOTOpasi 3aTeM HCHOIB3yeTCs U BpaIlleHUs Baia 3neKkTporeneparopa. Crocob
mpeoOpa30BaHMs SHEPTHH BETPa 00513aTEIHFHO COCTOUT U3 IBYX OCHOBHBIX TPYIIIL:
1 — MexaHn4eckoi (aspoIuHaMUYIEeCKOH) rpymbl (poTopa, (MyJIBTHILINKATOD),
1 2 — DJIEKTPUUECKON (IIEKTPOAMHAMUYECKOW) TPYIIBI (JIEKTPOTEHEPATOP C
CHCTEMOH TIpeoOpa3oBaHuA MEKTPOIHEPTUH) (PUCYHOK 1).

BETPOJ3HEPIrETUYECKOI'O OBbOPY/LJOBAHUA

B oannoui cmamve npedcmasienvi nepcnekmugvl pa3eumus
60300H0818eMOU dHepeemuru Kazaxcmana. Ilpouzseden ananus
8emMPO3IHEPeeMU1ecKo20 0bopyoosanus. Paccmompensvi munsi 6empsaHbix
YCMAHOBOK (N0 KOIUYeCmay N0nacmel, N0 HOMUHALLHOU MOWHOCMU,
N0 HANPAGICHUIO OCU, NO Mecmy pachonodxcenus). Tlokaszanvl pasiuyus
MedHCOy 8empAKaMU, ¥ KOMOPbIX OCU BPAUEHUsL: 2OPUZOHMATbHAS U
sepmuranvias. Ommeueno, 4mo 20pu30HMalbHble YCIMAHOBKU HEOOXOOUMO
1O HANPABTEHUIO BeMPa OPUESHMUPOBATND, 8 OMAUYUE 0T GEPINUKATILHBIX.
Taxarce 07151 20pU30OHMATILHBIX BEMPSIKOE 00SA3AMENbHBIM YCIOBUCM ABTIAEMCSL
BbICOKAsSL MAYMA, MAK KAK NOMOKU 6empa UHMEHCUBHee HA GblCOMme
Ha pomop. Menvbuie HysCOAIOMCS 8 IMOM BEPMUKAIbHBIE YCIMAHOBKU.
Dhpexmuernocms pabomoi sviie 6 YerOM Y 2OPUZOHMATLHBIX YCIMPOUCME,
uemy 6epmuKaIbHbix. B cmamve paccmompenvl munvl 6empozeHepamopos.
Onucanvl KOHCMPYKYUY, OCODEHHOCMU UX KOHCPYKYUU, 00CIOUHCMEA
u neoocmamxu. Paccmompenvt npunyunst pabomul ycmpoticms, o01acmo
npumenenusi. Paccmompen kosguyuenm noneznoeo oeticmeus 0Jisi
B8EPMUKATLHO20 U 20PU3OHMANLHO20 6empoceHepamopos. Kosgguyuenm
NOJE3HO20 OeUCBUS OISl BEPMUKATLHO20 U 20PUZOHMATLHO20 GEMPSIHbIX
MypOUuH umelom npumepHo 0OUHAKo8oe 3HaueHue. [Jis GepMmuKaIbHbIX
sempsikog amo 20 — 30 %, ons copuzonmanvhuix ycmanosox 25 — 35 %.

Ommeyeno 6 cmambe, 4mo uHmepec K 60300H0BIAEMOU SHepeemuKe,
a UMEHHO 8eMPOIHEP2EMUKA, NOMO2Aem Onpedesimb CMPaHamM 60RPOCHL
IKONO2UU U IHEP2EMUYECKOU HE30NACHOCTL.

Kniouegvie cnosa: 6030610615eMas dHep2emMuKa, 6empo2eHepamopbl,

Pucynok 1 — CtpykTypHas cxema it CHCTeMbI Ipe0pa3oBaHus BETpa,
8empoKoJieca, 6empomypouHsl, 10NACmy

HOZ[KJIIO‘IQ—IHOP'I K DJICKTPOCCTH
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Knaccugukanus BeTposHepreTHUECKUX YCTaHOBOK. BerpsiHast TypOuHa,
peoOpasyoliast SHEPTUIO BETPA B AEKTPHUYECKYIO MITH MEXaHUUECKYI0 SHEPTHIO,
JieJlaeT ee MPUTOJHOW ISl MPAaKTHYECKOTo HCIONb30BaHUs. MexaHndeckas
SHEPrusl NIPUMEHsIeTCS B OTAAJNCHHBIX pailoHaxX JUIsl MOABEMa YPOBHS BOJBI.
BetpoanekTpocTaHuny BbIpabaThIBaOT 3JIEKTPOIHEPTHIO JUIS IPOMBIIIIIEHHBIX
1 OBITOBBIX HYXJI, pad0Tasi HE3aBUCHMO B OOIIIEH IEKTPOCETH M COBMECTHO C
JPYTHMH SJIEKTPOCTaHIUSIMU.

Berporeneparopsl XxapakTepHu3ylOTCs SKOJIOTHYHOCTBIO U 00€CIeYHBAIOT
norpeduTeNnell B TeYCHWE HEOrPaHUUEHHOTO BPEMEHH OECIIaTHOW dHEprUeH.
Berporeneparopsl — BETPO3JIEKTPOCTAHIIUM UMEIOT Pa3HYI0 MOIIHOCTb, YTO
I03BOJISIET IPUMEHSTB MX B Pa3HBIX 00J1acTsX.

OOBIYHO BETPOINEKTPOCTAHIIUN YCTAHABIMBAIOT Ha BO3BBIIICHHOCTSX
(X0JIMBI, TOpBI), TOOEPEKbSI MOPEH U OKEAHOB, TJI€ TIOCTOSIHHBIE AKTHBHBIE TOTOKU
BO3yXa. DTUM JIOCTUTAETCsl MaKCUMallbHasl 3 (EeKTUBHOCTD. [ TaBHOI AeTanbio
BETPOYCTAHOBKH SBIIsIETCSl pabouee KOJECO, KOTOPOE BBINOJIHIET (QYHKIUIO
TypOuHbL. OOBIYHO UCHOB3YFOTCS KOHCTPYKIMU BETPOTYPOUH C TPEMsI JIONacTIMU
B BHJIE ITporieiiepa (PUCYHOK 2), yCTaHaBIMBAaEMble Ha 3HAYUTENILHOI BHICOTE OT
TOBEPXHOCTH 3eMIIH. [1]

Pucynok 2 — KoHcTpykiimu BeTpoTYpOHH B BHJIE NIpOIIEIiepa

B mpunnumne paGoTsl BETPOTYpOMH HUCHONB3yeTcs dHepruu Berpa. [loTtok
BeTpa ACHCTBYET Ha JIOMAcTH pabodvero Koyieca, 3aCTaBisil MX BpallaThCes.
Janee mepenaeTcss Ha TeHEPaTOp, KOTOPHIA BHIPAOATHIBAET IEKTPOIHEPTHIO.
3apspKaeT aKKyMYJSITOPBl TEHEPATOp, OT KOTOPBIX OH IOJaeTcs Ha UHBEPTOD,
KOTOPBIN CO3MaeT mepeMeHHbIN Tok HanpspkerueM 220 B 50 ', HeoOxoquMerii
T0JIb30BaTENSAM. [2]
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PeanbHblil K.ILA. Ty4IINX BETPOBBIX Koyiec AocTUraer 45 % B ciydae
YCTOHYMBOHN pabOTHI IPH ONTHMAIILHOM CKOpOCTH BeTpa. [3]

K OCHOBHBIM KpHUTEpPHSM, ONpEACISIONIUM THIIBl BETPSHBIX TYpOUWH,
OTHOCSITCS CIIEYIOIINE:

— Pa3nuna B yucne nonacreid. Jlo 4 jomacteil UMEIOT OBICTPOXOJHBIC
U MaJloJIOTIaCTHBIE, @ BBIIIE — COOTBETCTBEHHO THUXOXOAHBIE YCTPOMCTBA C
MHOroJonacTsiMu. Yactora BpaleHUs JBUraressi 3aBUCHT OT YHCIIa JIOMACTEH.
Owna BbIIIIE, YEM MEHBIIIE YHCIIO JIONACTEH.

- 3HaYeHNnEe HOMHHAIBHON MOITHOCTH. YCTaHOBKH OBIBAIOT: OBITOBBIMU (J10
15 xBT), nonynpomsiieHHsMu (0T 15 1o 100 kBT), a Takke NpOMBIIITICHHBIMU
(ot 100 kBT 10 1 MBT).

— HanpaBnenue ocu. OObIyHO HpuMeHsAIOTCS ABa Thna. IlepBas
KOHCTPYKIIMSI UMEET TOPU30HTAIBHYIO OCh, NMEPIECHINKYISIPHAS JBHKCHUIO
BeTpa, KOTOpasi HAIIOMUHAET OOBIYHBIN arMocdepHbIit duttorep. Takue reHepaTopbl
XapaKTEepU3yIOTCs BBICOKOH 3P QEeKTUBHOCTHIO U pa3yMHOH LieHOH. BTopas
KOHCTPYKIMS TeHEepaTopa ¢ BEPTUKAIBHOM OCHI0 KOMIIAKTHA, HE 3aBHCSINAs OT
HarpasJIeHHs BO3AYIIHBIX ITOTOKOB. Ee Tonacti uMeroT Bu TypOuH. MOIIHOCTh
TaKOH KOHCTPYKIMHU 3HAYMTEIHHO MEHBIIE, TaK KaK CHI)KAeTCs Harpys3ka Ha
ocb. Bo3aMO)XHO MCITIOIp30BaHNE HECKOIBKIX FEHEPATOPOB Ha AJIEKTPOCTAHIHAX
C Pa3HBIMH OCSIMH, MOAKIIOYEHHBIX K CETH, YTO MO3BOJISIET MOJIYy4aTh BHICOKYIO
MOIIIHOCTh Ha OTHOCHTENILHO HEOOJIBIION IIIOIA/IH.

— Ilo mecrononoxenuto. HazeMHbIe yCTaHOBKH IIMPOKOTO MPUMEHEHHUS.
OHHU pacmoyioKeHBl B TOpax M Ha BBICOKOTOPBAX, TAKXKe Ha IJIOIMIaAKax
CIELMaIbHO ITOATrOTOBICHHBIX. [IprOpesKHbIe BETPOCTAHIIMN yCTaHABINBAIOTCS
BONIM3H MOOEPEKUA MOpEll U OKEaHOB. DIEKTPUUCCTBO KPYIIIOCYTOUHOE, 0e3
niepe6oes. IllenbhoBbie BeTpOCTaHIMK CTPOSITCS B MOpe Ha paccTostHuy 10 — 12
KM OT noOepexbs. 31ech TeHepaTophl MPUMEHSIOT SHEPTHIO, BHIPAOaThIBAEMYIO
OOBIYHBIMH MOPCKUMH BETpaMHu. [4]

BeTpoycTaHOBKH B 3aBUCHUMOCTH OT PAacIONIOKEHUS OCH BpallleHHs ObIBAIOT
TOPU30HTAJILHO-OCEBbIE U BEPTHKAJIBHO-OCEBBIE.

[MepBast rpynmna, KaK MpaBuiio, OBIBAIOT KPBUIKYATOTO WM MPOIEIUIEPHOTO
tuna (pucyHok 3a). B aToM ciydae IiocKocTh BpaleHus] BO3IYLIHOTO Kojeca
MeprneHANUKYIsIpHa HAlpPaBJICHUIO MTOTOKAa BETPa, a 0Chb COOTBETCTBEHHO
napajuienbHa MoToKy. Pabodee koeco MOXKET HaXOAWUTCS 3a ONOPHOM OaliHew,
a TaKoKe nepeq Hell.

B BeTponnexrpoycTaHOBKax OOBIYHO HMPUMEHSETCS 2- MM 3-JIOTIACTHBIC
BETPOKOJECca, MIaBHOCTHIO XOJa XapaKTePHU3YIOTCS C TPEeMs JIOMACTSIMH.
OnekTpu4ecKkuil TeHepaTop OOBIYHO pacIiojaracTcsi B MOBOPOTHOM TOJOBKE B
BepxHeH yacTu OarrHu. MHOTOJIOMACTHBIE BETPOKOJIeca Pa3BHUBAIOT JaKe MpU
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cnaboil CKOPOCTH BeTpa OOJNBIION KPYTSIIMA MOMEHT, HCHONB3YIOIIHECs s
arperaTMpOBaHUs MAIIIUH, HEe TPEOYIOINX BBICOKUX CKOPOCTEH.

C BepTHKAIIBHOW OCHI0 BETPOYCTAHOBKHU (pUCYHOK 30) mpu Jro60oM
HaNpaBJICHHH MTOTOKA BETPa, O1aroaps pacrioIoKeHUIO OCH BPAILICHHUS, HAXOIATCS
B paboueM COCTOSHUH, OCh BpalllcHHUs BETPSHOrO KOJleca MEePIeHIUKYIApHa
MOTOKY BeTpa. B Takoii BETpO3IEKTPOCTAHIMH, YIUTHHUB BaJI, TEHEPATOP BO3MOXKHO
pa3sMecTUTh B HIDKHEN YacTu GarHy.

Pucynok 3 —OcHOBHBIE BUIIBI BETPSIHBIX KOJIEC C TOPU30HTAIBHOM (a) U
BEPTHKaJIbHOI 0chI0 (0): 1 — 0HOIONACTHOE KOJIeco; 2 — IBYXJIONACTHOS; 3 —
TPEXJIONAacTHCE; 4 — MHOTOJIONIACTHOR; 5 — YallleuHbIi aHeMOMETp; 6 — POTOp

Casonnyca; 7 — porop Hapee; 8 — potop Macrpysa; 9 — potop DBaHca
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Pe3synbrarel v 00cyx)aeHue PaznuareM MexX Ty TByMs THITAMU KOHCTPYKITHA
SIBJSICTCST HEOOXOJUMOCTh OPUEHTHPOBATH TOPU30HTAIBHOE 000PYIOBaHHUE
[0 HAMpPABJICHUIO MOTOKA BETPAa M HEMPUXOTIUBOCTh K 3TOMY BEPTHKATBHBIX
BETPSIHBIX TypOuH. KpoMe Toro, 00s3aTeIbHBIM YCIIOBHEM JIJISl TOPU30HTAIBHBIX
BETPSIKOB SIBJISICTCSI BRICOKAs MauTa, TaK KaK JAHHOE PACIIOIOKEHUE 00CCIICYHBACT
MaKCUMAaJIbHYIO 3 QEKTHBHOCTH, BO3YIIIHBIC TOTOKA HHTCHCUBHEE BO3/ICHCTBYIOT
Ha poTop. BepTukaibHbIe YCTAHOBKU HE TPEOYIOT MOIbEMa HaJl yPOBHEM 3EMITH.

B To e BpeMs 3(PEeKTHUBHOCTh TOPU30HTAIBHBIX BETPSHBIX TypOUH, KaK
MIPABUJIO, BHIIIE, YEM Y BEPTUKAIBHBIX BETPSIKOB. CBsI3aHO 3TO C TEM, YTO JIOTIACTH
BEPTUKAIBHBIX YCTPOWCTB OKa3hIBAIOT OJIarOTBOPHOE BO3ACUCTBHE Ha paboune
YCTaHOBKH ¥ MPOTHUBOACHCTBYIOT Harpy3KaM ¢ 00paTHOM CTOPOHBI. YMCHBIIICHHE
ypaBHOBEUIMBAIOIIETO 3P eKTa MOTOKa Ha 00paTHBIX CTOPOHAX JIONACTeH ecTh
IJIaBHas 331a4a KOHCTPYKTOPOB, pa3padaThIBAIOIINX HaHOOJIee BEITOTHYIO GopMy
pabouero BeTpokoneca.[2]

PaccMoTpuM 3TH THIBI TOMOAPOOHEE, TTOTOMY YTO KaXKIbI U3 HUX UMEET
pa3paboTKH U yCOBEPIICHCTBOBAHMUS.

TwuIbl BEpTUKANBHBIX BETPOTCHEPATOPOB (KapyCEIbHOTO THIIA)

BeprukanbHbIC BETPSIHBIC TYPOUHBI 4YaCTO MPUMEHSIOTCS JJ1S1 OBITOBBIX HYXK]I.
Wmu nerko ynipapisth. TpeOyrolre BHUIMaHUS OCHOBHBIC Y3IIbI PACIIONIATAIOTCS
B HIDKHCH YaCTH YCTAHOBKH, TAK)KE OHU CBOOOIHBIC JIJIS TOCTYTIA.

1 YcranoBku-reneparopsl ¢ poropom CaBoHHMyCa, COCTOSIIUE U3 JIByX
IWIAHAPOB. BEeTpoBOIi MOTOK HE 3aBUCUT OT MOCTOSIHHOTO OCEBOTO BpAIIICHUE.
U nipu pe3kux MOphIBaxX BETpa OH BPAIIAETCS C MEPBOHAYAIBLHO YCTAHOBICHHOM
CKOPOCTBIO.

Pucynok 4 — Porop CaBonuyca

XOpOHII/IM NPpEUMYHICCTBOM ABJIACTCA OTCYTCTBHUC BJIMSAHHA HAa CKOPOCTH
BpalicHUA IMOTOKA BETPaA. K HEAOCTATKY MOKHO OTHECTH TO, YTO MCIOJIB30BaHUC
CHJIbI BETPA HC HA NOJIHYIO MOIIHOCTD, @ TOJIBKO Ha TPCTh. I[aHHOC YCTpOﬁCTBO

MOXET pa60TaTL BCETO C 0Z[HOI7[ YCTBCPTHIO 060p0Ta.
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2 YcrpoiicTBo ¢ poropoMm Jlapbe uMeeT ABE Wi Tpu Jomnactu. [Ipoct B
ycTaHOBKe. JM3aiiH MpOCT ¥ MOHATEH. PaboTaTh MOXET HayaTh OT PYYHOTO
3amycka.

Pucynox 5 — Porop [Hapse

K HemocTaTky MOXHO OTHECTH MajJoMONIHOCTh. CHiibHasi BHOpaLus
BBI3BIBAET MHOTO IITyMa M3-3a OOJIBIIIOT0 KOJIMYECTBA JIOMACTEH.

3 YCTpo#CTBO C TeMMKOUIHBIM POTOPOM. BpallieHre reaeparopa mpouCcXoauT
PaBHOMEPHO 3a CUET 3aKPyUYCHHBIX JionacTei. [Toauumauke ObIcTpoi aehopMaruu
HE TIOJIBEP>KEHBI, TEM CaMbIM MIPOJJIEBAS CPOK CITY>KOBI.

MOoOHTaXX yCTaHOBKH TpeOyeT MHOTO BPEMEHH, TaK KaK CBA3aHO C
TPYAHOCTSAMH Tpu MOHTake. CIOXKHAsT TEXHOJOTHS MPOU3BOJCTBA OTPA3UIACh
Ha BBICOKOI CTOMMOCTH.

4 MHOTOJIONACTHBIN POTOP

DbdekTUBHOCTh TaKuX TYpOUH BbICOKa Oyiaronapsi KOHCTPYKIIUHU
BEPTHUKAJILHO-0CEBOM, TaK KaK 3aCTaBIsET BpalaTbes Jaxke pu caabom BeTpe.

Pucynok 6 — MHOrosomnacTHelii poTop

66

TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

OH sBNIsieTCSl MOLIHBIM TPE00Opa3oBaresieM, HCIOJIB3YIOMIHN 0 MaKCUMYMY
SHepruro BeTpa. Beicokast croumocts. K HemocTaTky OTHOCUTCS BRICOKHIA (DOHOBBII
mryM. Mo)keT reHeprpoBaTh 3HAYUTEIHHO OOJIBIION 00BEM DJIEKTPUYECTBA.

5 YeTpoiicTBO € OPTOrOHAIBHBIM POTOPOM BEIPAOATHIBACT SHEPTUIO IIPH BETPE,
CKOPOCTb KOTOporo coctasiser 0,7 M/cek. YCTPOMCTBO COCTOUT U3 JIoNacTel U
BEpTHKAIIbHOM ocu. [Ipy nprMeHeHnn B paboTe He ITyMHBII, HEOOBIYHBIH TH3alH.
CpoKk 3KCIITyaTalluu — HECKOJIBKO JIET.

Pucynok 7 — OpToronanbsHble pOTOPHL:
a) TEeIMKOM/HBIN, 0) ¢ IPSAMBIMH JIOTIaCTsMH, B) Jlapbe

[Tpu MOHTaXKE yCTaHOBKH BBI3BIBACT CIIOXKHOCTH OONBIION Bec. KOoHCTpyKIms
TPOMO3/IKasl.

K npenmyniecTBaM BepTHKAIbHBIX BETPSIKOB MOYKHO OTHECTH:

1) Dkcrutyaraiys TeHEpaTOPOB BOZMOXKHA MTPH CJIa00M BETpE.

2) He 3aBucAT OT HanpaBJIeHUS BETpa.

3) YcranaBinuBaloTcss Ha HeOONBIION MayTe, CIEOBATEIbHO MOXHO
00CITy’)KMBaTh YCTaHOBKY Ha 3eMJI€.

4) Hu3zkuit yposens mryma = 30 n1b

5) PaznuyHblil KpacUBBIA BHEITHUM BH/I.

OCHOBHBIM HEJJOCTAaTKOM SIBIII€TCSI TO, YTO SHEPT U BETPa UCIIONIB3YETCs He
B MOJIHOM Mepe U3-3a HU3KOH CKOPOCTHU BpallleHUs poTopa.

VYeTpoicTBO B BUI€ TOPU30HTAIBHBIX BETPOr€HEPaTOpOB (KPbLUTBYAThIC)

PaznuuHble MOIUGUKAIIMKM STUX YCTAHOBOK BapbUPYIOTCS OT OJHOH 10
Tpex Jionacrtei u 6onee. biaaronaps sToMy 3h(heKTHBHOCTH PaOOTHI BBILIE, YEM Yy
BEPTUKAIBHBIX BETPOTEHEPATOPOB.
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Pucynok 8 — Bupl TOpH30HTAIBHBIX BETPOTEHEPATOPOB

HenocrarkoMm BeTpsSHBIX TypOWH SBISETCS TO, YTO OHHM 3aBHCST OT
HaMpaBJICHUs BETPOBOro NOToka. CKOPOCTh BPALIEHUsI BETPSIKA CHUXKAETCS IIPU
MIOCTOSTHHOM ITOZICTPauBaHUK K HATIPABJICHUIO BETPOBOTO ITOTOKA, YTO IIOHMKAET
MIPOM3BOIUTEIHEHOCTD.

1) OnHoNOMacTHRIE W ABYXJIONACTHBIC BETPSKH. YCTPOMCTBA C BBICOKOW
CKOPOCTBIO JBHraress. brarogapst HeOombIIOMy Becy M rabapuTaM HpOCTHI B
MOHTaXe.

2) TpexiomacTHBIM BeTporeHepaTop, reHepupymomuid 1o 7 MBT,
pacIpocTpaHeH Ha pPHIHKE.

3) MHoro0onacTHeIE yCTPOHCTBA, UCIIONB3YIOTCS B HACOCAX JUISl BOJIBI, YHCIIO
JIOIIacTeN MOXKET COCTABJIATE 10 S50 jomacTen.

Yame Ha pBIHKE CTAJdW BCTpPEUYAThCs THOPUIHBIE BETPOTCHEPATOPHI,
OTIIMYAIOIIUECS CBOCH KOHCTPYKIMEH OT KIaCCHYECKOM.

1) BeTpoBoii reHepaTop B BHIIC MAPYCHUKA

KoHeTpyKIust B BUZIE TapeIIKH 1101 JaBJIEHHEM BO3LyXa IIPHUBOANT B ICHCTBHUE
TIOPIITHY, KOTOPBIE IPUBOAAT B JICHCTBHE THIPABINYECKYIO cUcTeMy. B pesynbsrare
¢usHUecKas 3HEpTus MpeodpaszyeTcst B AIMEKTPUIECKYIO.

Pucynoxk 9 — Berporeseparop 1o TuIly napycHUKa
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Bo Bpemst paboThl yCTpOHCTBO He M3AaeT HUKakoro myma. [lokasarenn
MOIIIHOCTH BBICOKHE. Jlerka B ynpaBiieHHH.

2) YcTpoHcTBO B BUJIE JIETAIOLIETO BETPOr€HEPATOP-Kpblia MPUMEHSIOT
0e3 Ma4Thl, BETPOre€HEPaToOpa, POTOpa U JomacTed. DTO U ABIAETCA €ro
MIPEMMYIIECTBOM (BBICOKAsi CTOMMOCTD U CJIOKHOCTB IIPH MOHTaKe MauT, BIUSHHE
HECTaOMIILHOCTHU CUJIBI BETPOBOTO ITOTOKA).

Pucynoxk 10 — JleTarommii BeTporeHepaTop-KpbuIo

JleTaronuii BeTporeHepaTop-KphliIo 3almycKaloT Ha 550 METpoB B BBICOTY.
BripaboTka snekrposnepruu cocrapisieT | MBT B ron. [Ipou3BOIsT «KpHIIO» B
rxommanuu Makani Power. [12]

¢ pexkTUBHOCTH padoThl BeTPOreHepaTopoB

Koaddunment nonezHoro AeicTBIS 1151 BEPTHKAIBHOTO U TOPU30HTAILHOTO
BETPSIHBIX TypOWH UMEIOT IPUMEPHO OMHAKOBOE 3HaueHHe. /|11 BepTUKAIBHBIX
BeTpsikoB 310 20-30 %, I TOPU30HTAIBHBIX YCTAaHOBOK 2535 %.

BeiBoabl

BeTpoaieKkTpoCTaHINH SBIAIOTCS XOPOIIINM BapUAHTOM PEIICHHS TPOOIEeMBI
CHaOXKEHMS AIIEKTPUIECTBOM OTAAJICHHBIX pernoHoB. Ilpu nmpodeccnonansHOM
MTOJXO0JIC€ ¥ HMCIIONB30BAHUK ONTHMAIBHO MPAaBHIBHOTO Habopa 000pymoBaHHA
MOXXHO CO3/1aTh KaK HeOONbIIME 3JIEeKTPOCTAHIIUH, KOTOPHIE CIIOCOOHBI
o0ecTieunBaTh YHEPrOCHA0KEHNEM OT/ICTIbHBIE 30aHNs, TAaK U KPYITHBIX YCTAHOBOK
— JI7151 HACEJICHHBIX ITyHKTOB.

Bo3MokHOCTH BBIPAOOTKH 3JEKTPOIHEPTHH Oe3 yimepoa AJist OKpyKaroei
CpPEeZbl pETHOHA CIIEAYET yACISITh IPUOPUTETHOE BHUMAHNE, U BETPOIHEPreTHKA
Ha CETOIHANTHUN JIEHb SABJISIETCS YCIEIIHBIM pEIIeHneM dToH Tpobiem. [2]
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Pucynoxk 11 — 3aBHCHUMOCTH MOLITHOCTH OT CKOPOCTH BETpa

O¢ddexrrBHOCTS pabOTHl BeTporeHepaTopoB (k03 duuneHT 1noae3Horo
JeHCTBUSA) 3aBUCUT OT BUJA BETPOBBIX TYPOUH M CKOPOCTH BETPOBOTO IOTOKA.
[pousBomurenu noseimatotr KI1J] BepTukambHbIX BETpSHBIX TypOuH 10 15 %,
MCHsI NOAIIHUITHUKHU ITOCTOAHHBIMHW HECOAUMOBBIMU MarHuTaMu. 9t0 MMPpUBOAUT
K BBICOKOH CTOMMOCTH KOHCTPYKUHHU (TIpH 3TOM 3(h(HEKTHBHOCTH MOBBIIIACTCS
HE3HAYUTETHHO Bcero Ha 3—5 %).

O0a Tuma He OTIIMYAIOTCS 10 CPOKY CIyXObl. B cpeaHeM cpok ciyxObl
paccuutan Ha 15-25 neT. beicTpee BCcero M3HAIMIUBAIOTCS JOMACTH H
HNOAIIMITHUKOBBIN y3esl. CpOK dKCIUTyaTallMd ONpEAesIsieTcs KaueCTBOM
00CITy>)KUBaHHS.

Bynymiee npuHaaiexuT BeTpodHepreTike. Bo BpeMeHa HEXBAaTKH CHIPbS
U CEpPhE3HBIX MPOOJIEM SHEPIeTHYCCKON MOJIUTHKH TEIEePh BCEM SICHO: SHEPIHUs
Oyy111ero IPOU3BOIMTCS B OCHOBHOM 3 cueT BeTpa. HoBbIe TEXHOIOT MM M MHHOBALIK
TMOKAa3bIBarOT, YTO MbI TOJIBKO B HAYaJIC ITyTHU UCIIOJIB30BAHWA DHEPTUU BETPA.

BerposHepreTuka B Hacrosiiee BpeMs, BBICTYNAMOMAs KaK HCTOYHHK
ANEKTPUYECKOM SHEPTHH, MOMOTAeT MHOTUM CTpaHaM peliatb npoOieMbl
9HEPreTUIeCcKoil 0E30IaCHOCTH ¥ OXPaHbl OKPYKAIOIIEH CPEabl.

OHepro3hHeKTHBHOCTH BETPOIHEPTETUKHU BaXKHA T10 CIICTYOIIMM IPHYHHAM:

— OTCYTCTBHE BPEIHBIX BHIOPOCOB;

— HEMCYeprnaeMoCTh SHEPreTHYECKOTO pecypca;

— IIMPOKHUIT ACCOPTHMEHT Ha PhIHKE BETPOIHEPTETUUECKUX YCTPOUCTB;

— KOHKYPEHTOCIIOCOOHAsI CTOMMOCTH Ha ANIEKTPOIHEPTHIO;

— KOPOTKHE CPOKH YCTAaHOBKH (CTPOHUTENILCTBA) BETPOBBIX AJIEKTPOCTAHIMN
¢ HeoOXOAMMOH Harpy3KoH M ajanranyeil K MeCTHOMY KJIMMAaTy;

— obecrnieueHmne SHepProcHadKeHNEM MOTpeOHTENIeH B OTIaJICHHBIX PETHOHAX.

B pecnyonuke Kazaxcran paspaborana Harmonanbsnas [Iporpamma pa3sutust
BETPOIHEPTeTUKH. XOpOIlNe MEePCHEKTUBEl Ha Pa3BUTHE BETPOIHEPTETHKHU
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ompeznenseT kauMarndeckas tepputopust (y 10 % teppuropun Hamieil cTpaHbl
CpeIIHEeTo/10Basi CKOPOCTh BETpa COCTABIISET 6 M/C U BBILIE).
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ITpunsTo x u3nanuto 18.09.23.

A. A. Bexmacosa', A. K. Awumosad?, K. B. Illaxenoé’, E. A. Capcenbaes’
1234CorbaeB yuuBepcureTti, Kazakcran PecnyOnukachl, AMaThl K.
Bacoin misrrapyra 18.09.23 kaObuinaHab!.

KEJI SHEPTETUKACBHI ’KAB/IBIKTAPBIH IAMBITY KOHE
TAJJAY IEPCIIEKTUBAJIAPBI

byn maxanaoa Kasaxcmanuvly sHcanapmoliamvli SHeP2emuKacbli
damulmy nepcnekmuganapvl ycoiHviazaHn. XKen smepzemuracul
2HcabobIKmapwvina manoay xcypeizinoi. Xen KonovipavLiapvinbly mypiepi
Kapacmuipuliobl (NblUlakmap Canvl OOUbIHWA, HOMUHANObL KYambl
boubiHWa, 0cb bazvlmpl OOULIHWLA, OPHAACKAH Jcepi OotbiHwa). AuHany
ocemepi 6ap dicen OUIPMEHOEPIHiY apacblHOdabl AlbIPMAUBLILIKINAD
Kepcemineen: Koadeney ocone mix. Kenoewey xonovipevinap mix
KoHObIp2bliapea Kapazanoa dceil 6azblmulHa 0A2blMmanyvl Kepex
exenoiei aman emindi. CoHOaul-ax, KONOeHeH Jicesl mypOuHAIapol yulin
Jrco2apel Oineek MiHOemmi 606N MadbLIAObI, OUMKEHI Jicell A2blHOapbl
pomopobly buikmizinoe KapKblHObl 001a0bl. byn ywin mik KoHObipabliap
as Kaoicem. Kymvlc muimoiniei mix Kypwlizgbliapea Kapazanoa Kea0eHeH
Kypuligvliapoa dfcozapsi. Makanada dicen eeHepamopiapuiibly, mypiepi
Kapacmuipoliaosi. Koncmpykyusiap, onapoviy ousaiin epexuienixmepi,
ApMuLKWbLILIKMAPbl MeH Kemuinikmepi cunammanzat. Kypwviaeviiapouviy
JAcymbic icmey npunyunmepi, KOi0aHy caiacvl Kapacmoipviizat. Tik
JICOHe KOJLOEHEH JICel 2eHepamopaapsl YUiH Ra0aisl ocep Kodpguyuenmi
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Kapacmulpwliaowl. TiKk dcoHe KonN0eHeH dcell mypOuHanIapblHbly MUiMOiie
wamamen 6ipoen monee ue. Tik ocen mypounarapwr ywin oyn 20-30 %,
KOJI0eHeH KOHObIpabLiap yulin 25—35 %.

Maxkanaoa aman eminzenoell, sHep2ust KO3 peminoe SpeKem ememin
Jicen IHEPLeMUKACHIHA 0e2eH Kbl3bl2YWbLIbIK el0epee IHEP2eMUKALbIK,
Kayincizoix nex 9KoL02usi Moceneepin ueutyee Komekmeceoi

Kinmmi cesdep: sicanapmoliamulii SHepus, el 2eHepamopiapul,
JKcen 0oneeneKmepi, Jceil mypoOuHaniapul, Kaiax
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MOBbILEHUS] SHEPFOO®EKTUBHOCTH
COBCTBEHHbIX HY)XI KOTE/IbHbIX MAJION U
CPEOHEV MOLYHOCTH KOCTAHAUCKOU OBJIACTH

DEVELOPMENT PROSPECTS AND ANALYSIS OF WIND POWER
EQUIPMENT
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This article presents the prospects for the development of renewable
energy in Kazakhstan. The analysis of wind power equipment was carried
out. The types of wind turbines are considered (by the number of blades,
by nominal power, by the direction of the axis, by location). The differences
between wind turbines with horizontal and vertical axes of rotation are
shown. It is noted that horizontal installations need to be oriented in
the direction of the wind, unlike vertical ones. Also, for horizontal wind
turbines, a high mast is a prerequisite, since wind flows are more intense
at the height of the rotor. Vertical installations need this less. Overall, the
efficiency of horizontal devices is higher than that of vertical ones. The
article discusses the types of wind turbines. The constructions, their design
features, advantages and disadvantages are described. The principles
of operation of the devices, the scope of application are considered.
The efficiency coefficient for vertical and horizontal wind generators is
considered. The efficiency for vertical and horizontal wind turbines have
approximately the same value. For vertical wind turbines, this is 20-30
%, for horizontal installations 25-35 %.

1t is noted in the article that the interest in wind energy, acting as an
energy source, helps countries to solve issues of energy security and ecology

Keywords: renewable energy, wind generators, wind wheels, wind
turbines, blade

B cmamvwe pazpabomana cucmema dononnumenshotl S5eKkmpo2eHepayuil
COOCMBEHHBIX HYHCO KOMETLHOUMATIOU U CPEOHE MOWHOCTIU C UCHOTIb30BAHUEM
MENIOPUKAYUOHHBIX MYPOUH U 2EHEPAMOPO8 NPU YIMUIUZAYUL GMOPUYHOU
meniomul Ha npumepe ycmanogok Kocmanaiickou oonacmu.

Hccredosativl KOHCMPYKYUU NAPOCUTOBLIX YCMAHOBOK, UX MEXHUYECKUe
U MeXHUKO-IKOHOMUYECKUe Xapakmepucmuxu. B pezynomame uccredosanus
BbIAGICHbL OCHOGHbBIE NPUYUHBL U NOMEHYUANbHASA IPPekmuenocms
6HeOpenusi cucmemsvl Mmypouna — 2eHepamop Npu UCHOIb308AHUU
ee om ucmouHuka copocrozo menia. Bueopenue oannoil cucmemol
eKMpo2eHepayu nO360AUNM COKPAMUmMs NOMPeOHOCMb KOMETbHbIX
MAROU U CpeOHell MOWHOCIU 8 JIeKMPOCHAOICEHUU COOCMBEHHBIX HYICO C
6b10aYell USTUULKOG INEKMPOIHEPSUL 8 YEHMPATUZOBAHHYIO IEKMPOCEMD,
CHU3UMDb 3A6UCUMOCTb OM IHEP2EMUUECK020 MONAUBd, d MAKICe
obecneuums RPUPOCM IHEPLEMUYECKUX MOUHOCTEL.

Paccmompennvr sgonpocwl snepeospdexmusrnocmu cucmema mypouna-
eenepamop. Habniooaemces nesnauumenvhoe crudicenue KIIJ[ cucmemul
mypbozenepayuu 8ciedcmaue NObIUeHUst MEMNEePamypbl OKPYICAIOWe2o
HapyoicHoeo 6o30yxa (1-2 %), a maxoice pacuemnoiii yOeavbHbill pacxoo
ycnogHozo monausea, komopwii cocmasun 0,01-0,05 xke/Kem v npu
usmeHeHuil memnepamypwl eHeuthei cpeowvl na 5-7 °C. Joxazano, umo
cucmema 3QhexmusHa u Modcem 8ulpadbamvléams 00CMamoyHo IHePeUl
6 NepUO0 IKCNIYAMAYUL, YMO NO3GOIUN NOKPbIMb PACX00bl NOMpeOIeHUs
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INEKMPOIHEPSULL COOCTNBEHHBIX HYIHCO KOMENbHOU, COKPAMUMb HASPY3KY
Ha KauMam, a makoice obecnedums HA0eHCHOCMb U becnepeOolHOCb
IEKMPOCHAOIHCEHUS.

Knioueevie cnoea: emopuunsvie snepzemuyeckue pecypcol,
Komen, napogasi mypouna, mypboceHepamop, MexaHuieckds dHepeus,
INeKMPUYECKAsL IHEP2USL, KOMETbHASL.

BBenenne

B Hacrositiiee BpeMsi CTaHOBUTCS HE BHITOJJHO TIPOM3BOJIUTH TEILIO (OTAIINBATH)
U TPaHCHOPTHPOBATH TOJBKO TOpsYyI0 BOAY 10 moTpeburens. B maHHoe
BpEMsl JKWIINIIHO-KOMMYHAJIbHBIMH XO3SHCTBAMH yCTAHOBJICHBI TPEOOBaHUS O
1e7Ieco00pa3HOCTH KOMOMHHUPOBAHHOTO IPOU3BOJICTBA MIEKTPHYECKOM U TETIIIOBOM
SHEPruM Ha OTONMTENBHBIX IIEHTPAISX, PAcIojlaraéMbIX B HEMOCPEACTBEHHON
6nu3ocTH OT MOTpeOuTENs AJisi COOCTBEHHBIX HYXJI M Ha mpomaxy [1, 2].
[penmnonaraercst, yto npeodpazoBaHmst GYHKIMHU F'EHEPaL|H TeTUIa U AIIEKTPHYECTBA
TOBBIIIAET KO3 PHUIIMEHT MOJIE3HOTO IeHCTBUS B 1iesioM 110 80 %: yMeHbIIatoTcs
3aTpaThl Ha Pacxojl SHEPrHH, YBEIMIUBACTCS CPOK CITY>KOBI OT/IENIBHBIX JJIEMEHTOB
00opy/noBaHMs, COKpAIEHHs MPOCTOS 33 CYET HAJEKHOTO PEe3epPBHPOBAHUS,
CHW)KEHHUE U3HOCa 000pYy/I0BaHNS U Iepepacxof] sHepruu [3].

Lenbto uccnenoBanus sBIsETCS MOBBIMIEHHE YP(OEKTHBHOCTH KOTEIBHBIX
YCTaHOBOK Malloll M CpelHEH MOIIHOCTH IyTEM MOJEpHHU3AIMU 00beKTa
C mpuMeHeHueM TypOoreHeparopa s BHIPaOOTKH AOMOJHUTEIbHOMN
ANIEKTPOIHEPTUH TP UCTIONB30BAHUH BTOPUYHOTO OTPabOTaHHOTO Mapa.

Peanu3zanus naHHOM 1IeJM TaKKe MPUBOIMT K OJIOKUPOBKE cOpOCa TEILIOTHI
B OKPYXKaIOLIYI0 Cpely, K KOTOPHIM Ha KOTEJIBbHBIX OTHOCATCS 00OpOTHas
BOZIa OXJIAXJICHNSI KOHJICHCATOPa, MPOXYKTHI CTOPAaHHs, U HEKOTOPhIE KOHTYPHI
OXJIXKJEHHSI TEXHOJOIMYEeCKHX NOTOKOB. Kak cieicTBHe, 3TO CHMXKAET
JIOKaJIbHOE 3arps3HeHune kiauMara KocrtaHaiickol 00nacTH, U TakKe IOBBIIIAET
3¢ PEeKTUBHOCTD MCIOJIL30BaHHS KOTEJIFHOH B BOIPOCaX BHIPAOOTKHU TEIJIOBOU 1
3NIEKTPUUYECKON SHEPTHH.

Marepuajisl 1 MeTOABI

B Kocranaiickoii 061actu 0obIlas 9acTh KOTEIBHBIX MAJON U CpeaHen
MOIITHOCTH 710 SMBT, paboTaeT Ha rase, yriie 1 Ma3yTe, UCIIONb3Ys apOBbIC KOTJIHL.

HccnenoBanus mpoBOAMINCE Ha KoTenbHOU ropoaa Kocranaii ¢ mapoBeIM
xomioM tuna ['M-50/14. JlaHHbIN KOTEN paboTaeT Ha IMPUPOTHOM Ta3e U Ma3yTe
KaK pe3epBHBIN HCTOYHHUK SHEPTHH B CITy4asiX OTCYTCTBUSI IPUPOITHOTO Ta3a o TeM
WM MHBIM TprurHaM. Koten umeer nponsBoauTenbHOCTH apa 50 1/4ac, pabouee
napieHue B Oapabane — 14 aTM, 3a IaBHOW NapOBOM 33ABUKKOW COOTBETCTBEHHO
14 atm. Temmeparypa HachllleHHOTO Napa npu BoasHoM oowveme 30,0 M3 n
napoBoM ooseme 8,2 M3 okoio 215 0C. Tun Torku kaMmepHast, 00beM Tonku 133 M3,
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paauaoHHbBIC TOBEPXHOCTH HATPEBa 3aKPHIBAIOT BCE CTCHBI TOMTOYHOMN KaMepBhl,
00pasyst GpOHTOBOIA, 3aHUH ¥ J]Ba OOKOBBIX PKPaHA ILIOMIAIBI0 PATHANIMOHHON
MOBEPXHOCTH 3KpaHOB 158 M2 B cpeiHeM MPUPOIHOTO rasa pacxXomyeTcs
nopsaka 20002300 m*/gac. M3nuiuku napa, KOTOpble CKOHICHCHPOBAIUCH B
JKUJIKOCTh, HANPABJISIOTCSA CHOBA B MAPOBOI KOTEI, JUISi TOBTOPHOTO HArpeBa C
MPEBAPUTEIHHBIM YIAICHHEM KUCJIOPOJa U MOJAOOHBIX PEarcHTOB PKAaBICHHUS
MapOBOM CUCTEMBEI.

B pa3snuyHBIX Hay4HBIX TPyJAaX MPOM3BOAMTCS aHAIHM3 W PCIICHHS IO
9HEepro3(pHEeKTUBHOCTHU TEIIOBBIX YCTAHOBOK, a TAK)KE YCTPOUCTB KOTCHEPALIUH.
Mertonosorust U pe3yabTaThl pa3auyHble. Tak, aBTopamu [4] mpejararorcs
IKCIIEPUMECHTATBHO-PACUCTHBIC UCCIICIOBAHUS SJHEPTETHUCCKUX U IKOJIOTUICCKUX
XapaKTEePUCTHK B 3aBHCUMOCTH OT MPUPOIHBIX YCIIOBHHI PerHoHa, kotiia Firematic
60, paboTaroiero Ha TBepIoM ToruuBe. B padote [5] mpeacTaBieHsl pe3ynbTaThl
HCTBITAHUN OCHOBHOTO MPOMBIIIICHHOTO 00pa3iia CUCTEMbl HAKOTUICHUS
snepruu (3CC-10-1200-400), paboTarouX HEMOCPEICTBCHHO B KOMILIEKCE C
rasonopiHeBsIMU rereparopamu (') B cocTaBe ONBITHONH AHEPrOCHCTEMBI.
ABTOpaMH uccieIoBaHUN [6] MOKa3aHbl U JOKa3aHbl MOJE3HOCTh METOJOB U
MyTEH MOBBIMICHUS YHEPrOdIPPEKTUBHOCTH HA TCIUIOBBIX YCTAHOBKAX, MyTEM
HCIIOB30BaHMsI a0COPOIMOHHBIX TEPMOKOMIIPECCOPOB. B HayuHBIX paborax [7,
8] mpencTaBaeHBI METOMIBI TOBBIICHHS 3D ()EKTHBHOCTU PAOOTHI POMBIILICHHBIX
AIIEKTPOCTAHIIHIA 33 CUYET CIOIh30BAHKSI HOBOTO KOMITBFOTEPHOTO IMPOTPaMMHOTO
oOecricueHusl, TP KOTOPOM MPOU3BOJUTCS MOAPOOHBIN aHAU3 KPUTCPUCB
HATrpy3KH KOTJIa [0 MHHUMYMY IMOJHOW CTOMMOCTHOW XapaKTePHCTHUKU TMapa.
HuTepecHoe penieHue npeaiaraetes B [9], Tae qokaszana 3G HekTHBHOCTh METOIa
CXKHUTAHUS M30BITOYHOTO MOPONIKOOOPA3HOTO MOJIYKOKCA, OMPEICICHHOTO B
KPUTHYCCKOM JIOJICBOM PKBHUBAJICHTE TOIUIHBA. TEXHOIOTHYECKOE MPAKTUIECKOE
pCIICHUE C MCIOJIB30BAHUEM M3MEHCHHOW KOHCTPYKIIMM M BHEIPCHUEM
MHOTOKaMEPHOTO CXKUTAHUS B JIBIMOBBIX BOJOTPEHHBIX KOTIIAX, MPEIIaracTcs
aBropamu [10]. TTo cpaBHEHHIO ¢ THITOTE3aMH U UICAMHE, KOTOPbIC OBUTH OIPOOHO
MIPOAHATM3UPOBAHBI, TPUHIIUITHAIHLHON 0COOCHHOCTBIO MPEJIaracMOro PEIICHHS
SIBIISICTCSI UCTIOIB30BAHHUEM CUCTEMHOTO TIOIXO0/IA JIJISl CBSI3H [ICHTPATM30BaHHOM
U pacHpe/ICIICHHON TeHEPAaIlMK, a TAKKE OTPAOOTaHHON BTOPUYHON IHEPTHH
mapa oT KOTJa, JJIS MOBBIIICHUS YHEPro3(pPEeKTUBHOCTH KOTECIBHBIX MallOW W
cpeanelt MomHOCTU. [Ipy yYUTHIBAIOTCS KaK BHYTPEHHHE CBOMCTBA YCTPOMCTB
KOTENbHOM, TaK U XapaKTep B3aUMOJICHCTBUS C BHEIIHEH OKPYKaoIIel Cpeoi.
OCOOCHHO BaXKHBIM SIBIISICTCA (DAKT, YTO KOTEIBHBIC MAJIOW M CPETHEH MOIIIHOCTH
MIPH TAKOM PEIIICHUU CTAHOBSITCS aBTOHOMHBIMHE B BOITPOCAX IEKTPOCHAOKEHUS,
obecrieunBasi CUCTEMbI COOCTBEHHBIX HYK (QJICKTPOIBUTATEIN TATOAYThEBBIX
arperaroB, NEKTPOBUTATEIId HACOCOB, CHCTEMbI BEHTUIISAIINH, OCBCIICHHUS, YaCTU
CHJIOBOM HArpy3KH H JIp.) COOCTBCHHOU «3€JICHON» AIICKTPOIHEPTUCH.
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Pe3ysibraThbl U 00CYy:K/IEHHE

15 mepBUYHOTO aHaiu3a Kputepuer 3HeprodddexruBHOCTH ObLIN
HCCleI0BaHbl TEIIOIHEPreTHUYeCKHE 0Ka3aTeln KOTeJIbHOH Ha mpuMepe
HCcmojabp30Banusa Kotia I'M-50/14: pacxoapl TomiuBa (rasa) B TEYCHHE
(UKCHPOBAHHOTO OTpe3Ka BPeMeHH. Pe3ynbraThl MCCIIENOBaHHH MMOKa3aHbl HA
pucyske 1.

Pucynok 1 — Pacxon nmpuposHOTro ra3a B mapoBoM KOTJIE

B cxeme mpou3BOACTBa Tema IOCIIE HArpeBa TEMJIOHOCHUTENS (BOJIBI)
IIapoBOT0 KOTJIA, TIap MOCTYIAeT Ha rpeOeHKH 1 aponeperpesareins. [locie storo,
B TEXHOJIOTHYECKOH cxeMe BHepseTCsl TypOOreHeparop, KOTOPBIi BeIpadaThIBaeT
HEOOXOIMMOE KOJIMYECTBO SHEPIHHU AJIS MOTALICHUS 3IEKTPOIHEPreTHUECKUX
3arpar MoTpedIsIeMoil KOTEIFHOM.

CHUHTE3 TEXHOJOTHYECKOH CXeMBbl IpU €€ pa3paboTKe OTpaHUUIUIN
OIIpE/IEIIEHNEM COCTaBa JIEMEHTOB M CTPYKTYPOH, I/ie ISl peali3aliy KaXIoH
CTaJuU TEXHOJOTHYECKOIo Ipolecca MoadupaeTcss OAMH WU HECKOJIBKO
TEXHUYECKUX 37eMeHTOB. [lociie ompeneneHuss cocTaBa TEXHOJIOTHYECKHUX
9JIEMEHTOB OBbLIa yCTAHOBJIEHBI CBSI3UM MEXKAY HMMHU IO MTOTOKAaM BEIECTBA U
SHEPTHH, a TAKKE ONPENENICHBI CBA3H C BHEIIHUMH CHCTEMaMH, B TOM YHCIIE C
OKpY>Karollen Cpeo.

DnexTprudecKkas YHEpTrHus BhIpaOaThIBaeTCsl B T€HEpPaTope, MPUBOIUMBII
B JABW)XEHHE TYpOMHOH, NPU Y€M YacTh DHEPIHH PacXoIyeTcsl Ha NPUBOJ
koMnpeccopa. IlyTh napa 3akaHuYMBaeTCsl Ha MOJOTpeBe ceTeBoi BoAsl. Ilap
OTAaBas TEIUIO B TEINIOOOMEHHHMKE CETEBOH BOAE, BO3BpamaeTcs oOpaTHO B
KOTEJI, JJIs1 TIOCJIEIYOIIEro TOBTOPHOTO HarpeBa TeronocuTes. [lapoBoii koresn
BBINOJTHEH KaK BEPTHKAIBHO-BOIOTPYOHBIH ¢ €CTECTBEHHON IUPKYIISIIHEH BOABI.
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[Momaya ra3a win MasyTta (pPE3epPBHOTO TOILUIMBA) OCYIICCTBISCTCS C TOMOIIBIO
ra3oMa3yTHOU Tropeiku. PacrmonokeHue ropesiok mpeaycMOTPEeHO Ha OOKOBBIX
CTEHKaX TONKHU B KOJMYECTBE JBYX IOPEJIOK Ha KaXXIAOW CTEHKU C Ma3yTHBIMHU
(hopcyHKaMu MeXaHHIeCKOTo paciibiieHus. [Togaua Bo3ayxa Ut TOPSHUS TOTLIHBA
MIPUHYIUTENbHAS, Y KQXKI0U FOPENKH MPelyCMOTPEHA MOBOPOTHAS PETYJIUPYIOILAs
3acJOHKa BO3AyXa. Pa3spaboTaHHast CTPYKTYpHAs CXeMa CHCTEMBI KOTCHEpAIHH
TUIIOBOU KOTEJIBLHOM Mpe/ICTaBIeHa Ha PUCYHKE 2.

[ponecc paboThl TYpOUHBI IPUCYII IS JBYX PEKUMOB: K COIIIAM CBEXUN
map MOCTYIaeT Yepe3 peryilupyrone Kianansl U kopnyc Typounsl. [Tocie
TEPMOJMHAMHYECKOTO PACIIMPEHHUS ITapa B COILIAX IMOCTYTALT K pabodeMy KoJecy
B OCEBOM HarpapicHuu. Jlanee 3HEprus nmapa npeodpasyercss B KHHETHIECKYFO
SHEPruIo, Bpalllas poTop reHeparopa.

Pucynok 2 — Cucrema KoreHepaiyu ¢ TypOOMaIInHON 111 0TOopa
MOIIHOCTH K CHCTEME COOCTBEHHBIX HYK[] KOTEIbHOU

Tak 3a cueT U3MEHEHUs HalpaBJIEHHs IOTOKA CTPYH Iapa, Ha paboumx
JomaTkax, KMHeTHYecKas dHeprus mpeolOpasyeTcs B MEeXaHHYECKYIO.
OtpaboTaHHBIH ap NOKUAAET TYpPOUHY Yepe3 BBIXJIONMHOM marpyOoK.

O06miast cxema 00pasyeT JjBa KOHTYpa: OIMH KOHTYp HOCTYIIaeT OT apOBOTO
KOTJIa yepe3 rpeOeHKy M Imaporieperpesarens B TypOuny. [locne TypOuHBI nap
00aas OOJIBILON TEPMUYECKON SHEPIHEH MOCTyIaeT Ha TeII000MEeHHNKY. Takux
TEII00OMEHHHUKOB YCTaHOBJICHO HE B €IMHUYHOM KOJIMUECTBE, TETUIOOOMEHHUKOB
CTaBSIT HECKOJIBKO INTYK AJIS JAYYIIEro TEXHOJIOTHMYECKOro mpouecca. Bropoit
KOHTYpP XOJIOIHOH BOABI, K KOTOPOMY Iap OTHaeT CBOE TEIIO, NOCTYMaeT B
BOJIOTPENHBIE KOTIbI, TaM JOBOJST 10 ONTUMAIBHON TEMIIEPATyphl U JaBICHUS.
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[TapameTpsl 3a1aeT AUCIETYEP, U yXKE TOTOBYIO BOAY, OUMIICHHYIO OT BCEX
BPEIHBIX AJIEMEHTOB, BEIBOAAT B FOPOJ 10 TEIIOTPACCE.

BHeapeHnue cUCTEMBI 3ICKTPUUYCCKOW TCHEPAIMH B TCIUIOBYHO CXEMY
KOTEJIhHOU MPOU3BOAMIACH MYTEM MOAPOOHOTO aHAIM3a 3JICKTPOMArHUTHBIX,
TEPMOJIMTHAMUYECKHX H MEXaHHYCCKUE CBOMCTB CHCTEMBI.

Pacuet sHTanBOMIT 00REMOB BO3yXa M MPOIYKTOB CTOPAHHS TPOU3BOIUM
mpu remiieparype ot 100 go 1000 °C yepes kaxabie 100 °C. 3aTem nocunThiBaeM
SHTAJBIHUK MPOJYKTOB CropaHus Mmpu koddduireHTe u30bITKa BO3IyXa 3a
ra30xoJlaMHt BCEX IMTOBEPXHOCTEH HarpeBa. Pe3ynbrarsl pacuera SHTANBINN BO3TyXa
Y TIPOJIYKTOB CrOpPaHUsI MPEJICTABICHBI HA PUCYHKE 3.

PucyHok 3 — 3aBHCHMOCTH 3HTANBIINI BO3AyXa U IPOTYKTOB CTOPaHUS B
ra30Xo0/ie «TOIKa-(heCTOH»

[Tocne pacdeToB SHTAIBINN 00BEMOB TIPONU3BOAUIICS TIOJICUET OTEPH TETIIa
¢ HenoxuroM B 0,5 %, U yXOIAIIUMH TazaMu, KOTopble cocTaBmin 6,6 %. [Ipu
9TOM MOTEPS TEIUIA OT HAPY>KHOTO OXJIaKAeHHs KoTi1a coctaBmiio 0,91 %. B utore,
KII/I BomorpeiiHOro KoT/a «0pyTTo» A/t BHIOOpa CHCTEMBI KOTEI-TYypOOTreHepaTop,
HAXOSIT [0 METOMy 00paTHOro OayaHca, U COCTaBHIH [4]:

n,.=100-(6,6+0,5+0,91)=91,99 % (1

Kak pe3ynbrar mokasaHo, 4TO KOTJIBI C IPOM3BOIUTEIBHOCTBIO Mapa B
50 TOH yac, JOCTaTOYHBI JUIsS BPAlICHHUs TypOOreHeparopa W MPOU3BOJCTBA
ANIEKTPHUECTBA, MOTPEOIIEMOI KOTEILHOM BO BpeMsl Ce30Ha OTOIJICHHUS.

TypOGoreneparop mo macmnopTy objajaeT CIeAYIOIMHUMU TEXHHYECKUMHU
XapaKTepUCTHKaMH: HOMUHAJIbHOW MOIIHOCTBIO: 8863 kBA, ko3ddunment
morHocTtH 0,8, Hanpspxerue: 10500 +/-5 %B, Tok: 487 A, yacrora: 50+/-2 % I'ny,
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CKOpOCTh BpaieHus, 1500 06/MuH, ciocob oXIaKACHU: BO3AYX. TeMmeparypa
Bo31yXa, 40 °C, moakimoucHUe ¢a3sl cratopa: Star3, KOMu4ecTBO (a3 0OMOTKH
cTaropa: 3, HampspDKeHUe Moy Bo3OyxaeHus: 125 B, Tok Bo3OyxmeHus: 522 A,
yepenoBanue ¢az: U-V-W, HamnpaBiieHHE BpalleHHs: [0 YaCOBOW CTpENKE OT
MIPUBOJTHOTO KOHIIA, CTeNeHb 3auuThl: [P44, meton oxnaxnenus: [C3 1, konuuecTBo
BBIBOJIOB cTaropa: 6.

[MpuHIMO coenMHEHUsI BHEAPCHHOTO TypOOTeHepaTopa OJHOBAIbHON
CUCTEMBI TIOKa3aH Ha PUCYHKE 4.

TemmepaTypa MOMIIMITHUKOB TeHepaTropa CTOpOHBI A U B cocraBnseT oT
45 1o 55 °C B cpennem 3a cytku. Temmeparypa ooMoTok ot 45 10 65 °C, 3Hath
TEeMIIepaTypy HEOOXOIMMO Il KOHTPOJS COCTOSHHUS OOMOTKHM reHeparopa.
COOTBETCTBEHHO TeMIIepaTypa Bo3ayXa (TeHeparopa) 3a TeII00OMEHHUKOM OKOJIO
20 —23°C, remneparypa Bo3ayxa (reHeparopa) nepej TermioooMeHHuKoM 54 — 60
0C. IIpucoemuHeHne BO3IyXOOMCHHHAKOB MTOKAa3aHO HA PUCYHKE 5.

PucyHnok 5 — I'enepaTop BuA reHeparopa
U TypOMHBI Ha BO3/1yX03a00pHUK

OnactuyHas My(dTa coeIMHEHa ¢ BO3OYIHTEIEM COOCHA U SBISICTCS
MPOJOJKEHHEM MeXaHHW3Ma TypOuHa-reHeparop-Bo3Oynurtens. PesepBHble
BO30YyAMTENN MOCTOSHHOTO TOKa, POTOP MPHUBOASTCS CBOUM Tpex(pazHbIM
MIEPEMEHHBIM TOKOM 3JICKTPOIBHUTATENS, U MPEIYCMOTPEHHBIN IPH YCTaHOBKE B
CXeMe TeHepaTopa, KaK pe3eps.

Tak xe B TypOoreHeparope Obuta paccyuTaHa U BeIOpaHa TypOWHA C
npotuBogasinenneM Mapku TST-100-G-P-640 u mpuBOASIIIAM MEXaHU3MOM
MPHUBOJIa LEHTPOOECKHOTO ABYCTOpPOHHEro Hacoca Bxoxa 1/1-1250-125, ¢
obecriedeHneM apoM TpeOyeMbIX TapaMeTPOB Ha BBIXOAE U3 TypOuHEL. TypOuHa
n3roTaBiIMBaeTcsA B ucrnonmHeHnn Y XJI 4.1, mis ycnoBuil MCHIOTB30BaHUS B
3aKPBITHIX IOMEIIEHISIX IPU TeMIIepaType oKpyskatorien cpeast ot 5 qo 50 0C.
Typbuna obmamaet nyms pexxrmamu padoTer: TWIN 4766050 m MONO 4345118.
[Ipu nozcyuere KoMMYECTBA TEIIIA, OTITyCKAeMOTO IIOTPEOHTEITIO, YCIIOBHO IIPHHSATO,
4T0 5% BEIPaOOTaHHOTO TETIIa PACXOIyeTCs Ha COOCTBEHHBIC HYXK/IbI KOTEIbHBIX,
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paboTaronyx Ha OCHOBHOM TOIUIMBE — r'a3e, IPH Pe3epBHOM — MazyTe. TypOuHa
o0JlazjaeT HOMUHAJIBHOW MOIIHOCTBIO HA BBIXOJHOM Bally TYpOWHBI (MydTe)
7252 kBT, MmomHocTh Ha kiemmax okojo 7000 kB, HOMUHaNbHAsT CKOPOCTh
BpaIlCHUs BBIXOIHOTO Baia 1500 06/MUH, HOMUHAIbHAS TEMITEpATypa Iapa rnepes
CTOIOPHBIM KJlananoM TypouHsl 223 °C.

TypOuna B pexxume TWIN 4766050 — paccmarprBaemasi MalinHa siBISIETCS
OZHOCTYTICHYATON aKTHBHOW TYpOMHOMW, U MpeiHa3HaueHa KaK 3UMHUI NepHo.
paboTsl TypOOTreHeparopa.

Typouna B pexxume MONO 4345118 — paccmarprBaemasi MallMHa SBISETCS
OJHOCTYTICHYaTOl aKTUBHOM TYpOMHOW M paboTaeT B JIETHUH IIEPHO]I, TOCKOIBKY
HET HeOOXOIMMOCTH TOJITOTaBIMBATh BOAY B TEIUIOTPACCY.

JlaBreHue cBexero mapa coctasisieT B mpeaenax: 11,5-14,4 6ap, pabouee
e naBieHue okoio 14,1 G6ap, HOMUHANBHBIA pacxox mapa 0,6—1,35 Gap,
HOMHWHAJIbHOE M30BITOYHOE JIaBJICHUE Napa Ha BBIXOJe M3 TypOuHbI 1,6 Oap,
JaBneHne oTpaboTaHHOTO Mapa cocTapiset B npenenax: 0,6—1,35 6ap. Pabouwii
JManasoH temreparypsl cocrasisier 190-220 °C, remneparypa oTpab0OTaHHOTO
napa 171 °C, kputudeckasi CKOPOCTh BpaIleHUs: OKoJIo 1665 00/MuH,

[TpousBeneH aHanu3 BOIHBIX PECYPCOB OXJAXAEHHSI CHCTEMBI, I BOJA
UMeeT CBOMCTBO OBITH OyhepoM Teruia Mex.Iy ONpelesIEHHBIMU arperaTtami,
TaKUMH KaK MapOBOM KOTeN, TEIUIO0OOMEHHUK U TypOoreneparop. Ha pucynke 6
TIpUBE/IeH padyK, ONPEAEICHHBII pacdeTaMu 1o popmysie (2), KOTOPBI BEIpaXxaeT
KOJIMYECTBCHHO CKOJBKO HY)KHO 3HEPTHH, 4To0bI HarpeTh 50 M* BOJBI B Yac 70
OTIpe/ICJIEHHON TeMIepaTyphl.

TpaHcropTHPOBKY Hapa (BOIbI) CYMTAIOT JJISl KOIMYECTBEHHOTO 0000IIeH s
SHEPruU NMOTPAYCHHON Ha MOJIe3HYyI0 padoty [1,4]:

Q=V-(L,-T) 2

rae V' — o0beM, TUTphI;

Q — TernoBas SHEPrus, KKa;

T, — Temneparypa HauanbHasd, °C,

T, — Temneparypa koneunas, °C;

Ha nuarpamMme paccMOTpeHO TpHU IHS B pabodeM pexume TypOMHBI
reHepaTopa B peXXMMe KOHBEPTAIlMM TEIUIOBOM IHEPTrUH B AIEKTPUUYECKYIO C
MOCIICYOIICH OTa4Yeii B CETh COOCTBEHHBIX HYK]I.
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Pucynok 6 — /luarpamMma 3aBHCHMOCTH MU3MEHEHUS
TEIUIOBOM PHEPTUH B TEUEHHE CyTOK

KorenbHast BbIpabareiBaeT aeKTposHepruro B cpeaneM 3800 kBA-uac.
IMoka3anus GUKCHPYIOTCS CHCTEMON ydeTa KAl 4ac, TaK ke (PUKCHpYyeTCs
MHUHHMAJIbHAS YaCTOTa BPAIICHUS POTOpa MpubopaMu TypOUHBI,

Ha pucynke 7 moka3aHa 3aBHCUMOCTh M3MCHCHHUs BhIpaOaThIBacMOM
SNEKTPOIHEPTHH B 3aBHCHMOCTH OT PETyIHPOBAHMUS YacThl BPALICHHS POTOpPa
reHepaTopa OT NePBUYHBIX PETYSITOPOB CHCTEMBI (ITAPOBBIC PETYIATOPHI).

OroT rpaduk 0600IIaeT CYTOUHYIO BBIPAOOTAHHYIO SHEPTHIO OT BHEJAPCHHOTO
TypOOreHeparopa B yKe CyHIeCTBYIOLIYI0 cxemy. Ha rpaduke BUAHO, Kak
pacnpenesnsieTcs YHEPrus U UACT BHIPaOOTKa NMEKTPUUYCCKOIl IHEPIHU B CETh,
YTO MO3BOJISACT MPOCICAUTH 32 KAYeCTBOM JHEPIMH M BHOCHTh KOPPEKTHUBBI B
MePBUYHBIC U BTOPHYHBIC CPEACTBA PETYIUPOBAHUS MOIIIHOCTH.
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Pucynok 7 — 3aBUCHMOCTB BEIPAOOTKH 3NEKTPOSHEPTUH
OT YacTOTHI BpaIlleHHsI Bajla TeHepaTopa

DTH MOKa3aHUS HYXHO OTCIICKHBATH MOCTOSHHO, ISl CBOSBPEMEHHOTO
BMEIIATEIBCTBA B IIPOIIecC pabOTHI TeHepaTopa.

B memom mpemaraemasi crcteMa KOreHepaluy KOTEIBHBIX MMEeT OTIAYUS
oT TpaguuuoHHEIX TOL, T1e n3HaYampHO OBLIO 33 IyMaHO I10 TIPOEKTY BHIPaOOTKa
ANIEKTPUIECTBA U TETUIA. B KOTEPHBIX MAIOH 1 CpeTHel MOIITHOCTH C UCCITETyeMbIM
y3J7I0M KOTCHEpaIlny KOHTYp OXJIKAAIoIIeH BOABI HE MOCTyIaeT K TpagupHe, a
SIBJISIETCS TOpsTaei Bomoit 1yst ropona Kocranaii. [Tap oT mapoBBIX KOTIIOB HEOOXOANM
JUTSL HATPEBa XOJIOHOU BOJIBL, C TTIOCIIEAYIOIIEM €€ HarpeBe 0 HYKHOH TeMITepaTyph
¥ TPaHCIIOPTHPOBKH B TOPOJ IO TEIIOTpacce. DIEMEHT TypOoreHepaTop —
BHEJPSCTCS MEXKITy TTAPOBBIM KOTIIOM H TETUIOOOMEHHHKOM, U TEM CaMbIM HICIIONTB3YS
mmap MapoBOTO KOTIAa HE TONBKO JJIsi COOCTBEHHBIX HYXK, HO W JJIS BBRIPAOOTKH
AIIEKTPHUYECTBA COOCTBEHHBIX HYXKII. ITHX MEPOIIPUATHI TOCTATOYHO JIJIS OLICHKH
3((EeKTBUHOCTH BHEAPSEMBIX MEPOTIPHUATHHA C TOYKU 3PCHHUS SKOHOMHUYCCKUX
ToKa3aTeeH, PJHePreTHUSCKIX, a TakKe M3MEHEHUsI KIIMMara.

Jnst ananm3a sHEprodpdekTnBHOCTH OBLIH MCCICIOBAHEI IBa OCHOBHBIX
mokasarens cucteMsl: KIIJ] ra3oTypOMHHOIM CHCTEMBI U PacXOll YCIOBHOTO
TOILTUBA Ha TEHEPAIHIO JICKTPOIHEeprur. Pe3ynbTaTel aHamn3a MOKa3aHbl Ha
pucyHkax 8 u 9.

Buenpenne cucTeMbl KOTeHEpalWd B MPOW3BOIACTBEHHBIN IpoIlecc
KOTETIHHBIX MaJIOH U CpeTHEe MOIITHOCTH 3a CUET UCTIOI30BAaHMS BTOPIYHBIX Ta30B
KOTEJBHBIX arperaroB, IO3BOJISET MAKCHMAIbHO CHA3UTH PACXOMbl U YBEITHUUTH
JIOXOJ] TIPEATIPUATHS, a TAKKE YBEIHMUUT IKOJOTHUECKYIO 0€30IaCHOCTD 32 CUEeT
CHIDKCHHS BIUSHUS TEIUIOBBIX HAIPY30K Ha OKPYXKAIOMIYIO CPEy.
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3aki04eHue

B mpoBeneHHOM Hccien0BaHUU ObLIM pa3paboTaHbl HOBbIE TEXHHYECKHE
pelIeHus 0 BHEAPEHUIO CHUCTEMBbI 3JIEKTPOTEHEPAIlMi B KOTEIBHBIX Malod U
CpeIHel MOITHOCTH, B KOTOPBIX NEPBUYHBIM HUCTOUHHUKOM SHEPTUH SBISETCS
orpaboranHbiii map. Ha nmpumepe korenbHOM ropoma Kocranaii Obu1 mpoBeacH
CHHTE3 TEXHOJIOTHYEeCKOH cXeMbl, sl 3P PEeKTHOro 3HeprocHabKeHus
c(OpMHUPOBaHbI JiBe OJIOYHBIX YCTAHOBKH MAPOBBIX TYPOUH, a TaKKe TeHepaTop
3JEKTPUYECKOH MOIHOCTEI0 5 MBT. Ilap npeaycMoTpeH NOCTYIUIEHUEM B
CHUCTEMY OT IapOBBIX KOJUIEKTOPOB KOTEIhHOU ¢ mapamerpamu B P=I1,4Mlla
u temneparypoii t=190-1950C. [lapamerpsl 0TpabOTaHHOTO Mapa OT TypOHH
BapbupytoTcs B auanasone P=0,05...0,15 MIla, u Temneparyp t=80...113 °C.

IIpenycMoTpen oTBOI OTPabOTAHHOIO mapa OT TypOWH B OOWIEPHYIO
TPYIILy U Aea3parop.

Paccuuranbl nokazarenu 3HEprodpGHEeKTUBHOCTH BHEIPSIEMONH CHCTEMBI,
rae HaOmonaercs He3HauutenbHoe cHukenue KIIJI cucrembl TypOoreHepaiuu
BCJIE/ICTBHE TIOBBIIIEHUSI TEMITEPATYPBI OKPY>KAIOIIET0 HApyKHOTO Bozayxa (1-2 %),
a TaK)Ke PAaCUYECTHBIN yAENbHBIM PACX0X YCIOBHOIO TOILIMBA, KOTOPBIM COCTaBUII
0,01-0,05 kr/KBT4 mpu M3MEHEH I TeMItepaTypsl BHeIHe#H cpenst Ha 5-7 °C. Bee
3TO TO3BOJISIET YIIPABIIATH OKA3aTeJIIMHU BHEAPSIEMOTO 000PYIOBAHHUS B YCIOBHSIX
MEHSIOLLENCS TEIUIOBOY HArpy3KHU U TEMIIEPATYPbl OKPYKAIOILEH CPENIbL, a TAKXKE
MPOBOAMUTH MEPOIIPHUATHUS 10 ONTHMHU3ALUHU PEKUMOB PeKUMa PabOThl CHCTEMBI
JUISL TIOJIy4YEHHUsS] MAaKCUMAaJIbHOW BBIPAOOTKH 3JIEKTPUUYECKON IHEPrHH IyTeM
HCTIOJIb30BaHMS BTOPUYIHOM SHEPIHH OTPaOOTaHHBIX T'a30B.
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MeH NOMeHYyuanrobl muiMoiniei aHblkmanovl. By snexmp sHepeusicolH
OHOIPY JiCYyleCiH eHei3y OpMAbIKMAHObIPLLIZAH JJeKMP JHCENICIHe apmblK,
INEKMP IHEPSUACHIH Depy apKbLIbl WASbIH JHCOHE OPMA KA3AHObIKMAPObIH
63 Kadcemmilikmepin KamMmamacsls emy KadcemmilieiH aszaiumaovl,
IHEP2eMUKANbIK OMblH2a MOYeA0INiKmi azaumaovl, IHepeus KyamolH
apmmuipyobl KAMMAamacwsl3 emeoi.

Typounanvix-eeHepamopvix JHCyleHiy SHepeust muiMoiniei Moceeepi
Kapacmuipbliadvl. Colpmibl ayaHsbly KOpUazan Opma memnepanypacbitbly
arcoeapoinayvl (1-2 %), conoaii-ax 0,01-0,05 ke Kypaean cmandapmmaol
OMUBIHHBIY 6ONHCAMObL YIeCMIK Ubl2blHbl eceOiHern mypOuHaiapovl
2EHEPAYUSNAY HCYUECIHIH MUIMOLLIZIHIY Wamaibl moMeHoeyi OauKaiaobl.
/kBmecae kopwiazan opma memnepamypacwinviy 5-7 °C e3eepyimen.. JKyiie
MUIMOL JHCOHE JHCYMBIC Ke3IHOe JHCeMKILIKMI IHep2ust OHOIpe ANAmblHb
007e/10eHOI, Oyl Ka3aHOLIKMbIY JHCeKe KANCeMMINIKmepl YWliH 3JeKmp
IHEP2USCHIH MYMbIHY WbISbIHOAPbIH OMeU0l, KIUMAMbIK JCYKMeMeHi
azaumaovl, CeHiMOINIK neH y30iKCi3 2JeKMpMen HcadoblKmay vl
KAMMAamacwl3 emeoi.

Kinmmi ce3oep: Katimanama sHepeemukanvli pecypcmap, Ka3anoblx,
0y mypbunacvl, mypbozenepamop, MexaHUKaIblk dHep2us, d1eKmp
IHEPIUSICDL, KAZAHODIK.
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Kazakcran PecniyOnukacel, AcTaHa K.
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KOCTAHAM OBJIBICBIHIAFBI TOMEH )KOHE OPTA JIEKTP
KA3AHJABIKTAPBIHBIH MEHIIIK KAKETTIJIIT'THIH
SHEPTETUKAJIBIK TUIMALJIITTH APTTBIPY YIIIH
TEHEPAJIIBIK )KYWECIH EHI'I3Y

Maxanaoa Kocmanaii 06nvicoinOazbl KOHOIP2bLIAD MbLCATLIHOA
eKiHWI pemmiK HCblIYObl KAANbIHA KeAmipyoe KO2eHepayusiblk
MYypOUHANAp MeH 2eHepamopaapobl NAUOAIAHA OMBIPLIN, WABLIH JHCIOHE
opma 3eKmp Ka3aHObI2bIHbIH JCEKe KAXCeMMmIiNiKmepi YuiH KOCbIMULd
9Hepeust OHOIPY Jicylieci 93IpaeHOI.

By onexkmp cmanyusnapvinbly KOHCMPYKYUALAPDL, 0AAPObIH
MEXHUKALbIK HCOHE MEXHUKANBIK-IKOHOMUKALLIK CURAMIMAMALADbL
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KaLObIK JICbLLY KO3IHeH NaudaniaHy Kesinoe eHei3yOiH Heeizel cebenmepi

*J. Sh. Bermagambetov' A. 1. Ogarkova®, A. B. UteguloV’, I. V. Koshkin®
124K ostanay Regional University named after A. Baitursynov,

Republic of Kazakhstan, Kostanay;

3Kazakh Agrotechnical Research University named after S. Seifullin,
Republic of Kazakhstan, Astana

Accepted for publication on 18.09.23

INTRODUCTION OF A GENERATION SYSTEM TO INCREASE THE
ENERGY EFFICIENCY OF THE OWN NEEDS OF BOILER HOUSES
OF LOW AND MEDIUM POWER IN KOSTANAY REGION

The article developed a system of additional power generation for own
needs of a boiler house of small and medium power using cogeneration
turbines and generators in the recovery of secondary heat using the example
of installations in the Kostanay region.

The designs of steam power plants, their technical and technical and
economic characteristics have been studied. As a result of the study, the
main reasons and potential efficiency of the implementation of the turbine-
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generator system were identified when using it from a source of waste
heat. The introduction of this power generation system will reduce the
need for small and medium-sized boiler houses to supply their own needs
with the issuance of excess electricity to the centralized power grid, reduce
dependence on energy fuel, and ensure an increase in energy capacity.

The issues of energy efficiency of the turbine-generator system are
considered. There is a slight decrease in the efficiency of the turbine
generation system due to an increase in the temperature of the ambient
outside air (1-2%), as well as the estimated specific consumption of
reference fuel, which amounted to 0.01-0.05 kg/kWeh with changes in
the ambient temperature by 5-7 0C. It has been proven that the system is
efficient and can generate enough energy during operation, which will
cover the costs of electricity consumption for the boiler house’s own needs,
reduce the load on the climate, and ensure the reliability and uninterrupted
power supply.

Kouesvie cnosa: secondary energy resources, boiler, steam turbine,
turbogenerator, mechanical energy, electrical energy, boiler house
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AUTONOMOUS POWER SUPPLY ON SOLID FUEL AND
BIOGAS

The article considers two options for autonomous power supply using

both traditional and non-traditional fuels.

The efficiency of using renewable energy sources is described

depending on the climate, geographical location and method of energy
production.

The relevance of this topic is caused by increasingly high environmental

requirements for production. Moreover, decentralization with the use of
unconventional sources allows the energy system to be more flexible in
an autonomous mode, taking into account the time of day, the intensity of
solar, wind and hydropower. The use of renewable energy sources is also
possible in combination with solid, liquid and gaseous fuels. Combined
systems are very convenient for power supply of small objects. These can be
settlements remote from centralized power supply, autonomous industrial
facilities, peasant farms, livestock farms.

One of the energy supply options is more suitable for the northern

region of the country with a long cold period and the presence of large
coal reserves, there is an opportunity for the consumer to receive gas, as
well as heat and electric energy when using coal as a feedstock, a kind of
local gas network. The second method will ensure the disposal of animal
waste and organic waste.

Keywords: alternative energy sources, biogas, gaseous fuel, coal

processing, autonomous power supply.

Introduction
To date, alternative energy sources are increasingly being considered as an

opportunity to reduce the cost of energy. In world practice, there is a successful
experience in improving energy efficiency through the introduction of renewable
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energy sources (RES) for energy supply of remote facilities. But with such
methods, it is necessary to take into account climatic conditions and the economic
feasibility of their use.

So, when choosing the method of production of various types of energy, they
are primarily based on the technological justification for optimizing production
costs. Kazakhstan has committed to increase the share of alternative energy in
the total amount of energy produced from 1 % to 50 % by 2050. But, it is worth
noting that the cost of electricity generated, for example, by solar panels, at Astana
Solar LLP, in 2018 was 71 tenge per 1 kW/h. Whereas Ekibastuz GRES-1, which
runs on coal, is ready to sell its products for 6 tenge per 1 kW/h.

Electricity production using renewable sources in our country in 2017 amounted
to 1,2 %. According to the Statistics Committee of the Ministry of National
Economy of the Republic of Kazakhstan on renewable energy sources, as of
01.04.2019, 11210. 2 million kWh were produced by hydroelectric power plants
in 2017. Hydroelectric power generation is in the first place. In second place is
wind energy — 339,840 thousand kV/h, in the next place is solar 93,038.8 thousand
kW/h, and in last place is energy production using biofuels 200 thousand kW/h.

The use of alternative sources in the creation of modern sustainable energy
systems is a priority. Investments aimed at the development of the «Green
Economy» contribute to the further growth of clean technologies. But today
renewable energy is more expensive. There are also plans for gasification of a
number of regions of the country, however, the coal industry occupies a large share
in the energy balance of the republic. It provides 78 % of electricity, as well as
a full load of coke production. But the use of coal as a fuel in the form that it is
happening now has many disadvantages. In terms of calorific value, coal is less
efficient than gas, and when generating 1 kV/ h of electricity, about 1 kilogram of
CO2 is emitted into the atmosphere.

Solar panels used over the past decade have fallen in price, which makes
solar energy much more attractive, but it is not enough for the payback period
to reach 2-3 years, and given the specifics of operation, it can be assumed that
before it expires, it may be necessary to change the panel or other equipment
(wires controllers, inverters, batteries). The panels themselves are subject to wear,
they need to be cleaned, the absorbing surface is covered with dust and dirt in bad
weather, even a small damage can reduce the quality of the reflective coating. A
prolonged solar season is typical for the southern regions, that is, the intensity of
solar radiation required for energy conversion in other regions will be seasonal.

Solar energy is not just a fashion trend, but a promising direction in the
production of electricity, supported by government policy. By the current SES in
2020, it is planned to launch 4 more solar power plants with a capacity of 77 MW.
Every year, about 30 GW of solar-powered generating capacity is connected to
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the grid in the world. Moreover, according to the results of 2018, Germany was
not too sunny, where 7.6 GW was installed. The production of equipment for
such SES on the territory of the country is possible and would reduce the cost
of this type of energy, but still traditional energy is still out of competition. In
the northern regions, the flow of solar radiation from mid-April to early October
can satisfy a partial demand for electricity. But it is also necessary to take into
account cloudy days when the sun’s rays do not have direct access to the panel.
Dependence on the season and time of day, the high cost of construction, the
features of the operation of such equipment are the main drawbacks affecting the
choice of energy supply technology. And the long winter period, accompanied
by prolonged low temperatures in most of our republic, suggests that the use of
renewable energy is generally unprofitable.

Wind energy as an alternative to traditional energy is already being used in
some regions. The wind speed in the vast expanses of our country varies from
moderate to strong, with such production there are no expenses for the purchase
and transportation of fuel, the cost of equipment decreases every year. But again,
such sources are unreliable, as in the previous case, they depend on the weather
and the time of year. The peculiarities of operation in general make such sources
not permanent. Icing can disrupt the operation of a wind farm, weather conditions
change the amount of energy generated. The station operates at full capacity only
10 % of its time. And most likely such a source is applicable only as an additional
one, because at low temperatures the energy received is not enough for heating. So
far, solar and wind energy is much more expensive than using traditional sources.

Underground gasification can be used as an alternative source, using such
technology Kazakhstan may be in the first place in the production of combustible
fuel. This is a more environmentally friendly and safe way, since there is no need
for expensive equipment used for the safety of miners (coal harvesters, lifts, trolleys
and other equipment for transportation). All the ash remains in the mines, and not
carried by the wind. Many countries of the world are interested in underground
gasification. The place and role of decentralized energy in the energy supply
of Kazakhstan, the ways of its implementation with the help of hybrid power
generating plants have been described more than once.

Materials and methods

Given the climatic conditions, geographical location, as well as the location
of the fuel resources of our country, decentralized energy supply is preferable, in
particular for dispersed settlements where coal is the only available type.

Decentralization of energy supply is one of the options for providing various
types of energy to remote settlements, which will primarily affect the reduction
in the cost of electricity, as well as more comfortable living conditions in places
where centralized heating of fuel has not been introduced.BapuanTt nonyuenns
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U3 TBEPAOro TOIJIMBA ra3000pa3HOe ¢ W3OBITOUHBIM JABICHHEM M BBICOKOM
TEeMIEPaTypoil U HAPS/Y C 3TUM, TBEPAOTO KOKCA MOXKET OBITh UCIIONB30BaH JIIs
o0ecrieueHus1 ra30- U SHEProCHAOKEHHUSI MaJIbIX HACEIICHHBIX TyHKTOB.

The increased pressure and temperature of gases can be triggered in an electric
power generation unit (gas turbine), and then directed to the household needs
of the population. By burning solid coke residue, hot water will be obtained for
heating the population. In addition, gaseous fuel can be used for household needs.

The location of such remote settlements allows them to be supplied with
cheaper fuel — coal. As is known, coal contains a sufficient amount of substances
that, when heated, are released as a combustible gas with an acceptable heat of
combustion, the released gas is suitable for use as a gaseous fuel, as well as for
cooking. The supply of settlements with gas for domestic needs, as well as electric
and thermal energy can be carried out according to the scheme shown in Figure 1.

Figure 1 — a source of autonomous gas and power supply to a remote settlement
when using coal as a feedstock

The proposed autonomous source of gas and energy supply to a remote
settlement works as follows: ordinary coal from the warchouse (1) is fed to the
classifier (2), in which the small part is removed. The fine particles removed from
the coal are sent to the boiler unit (3), in which the pyrolyzer is simultaneously
heated and the water intended for further supply to the heat supply network is
heated. The classified coal enters the pyrolyzer chamber (4) without oxygen
access. The gas released during heating through the cooler (5) with the help of a
fan (6) enters the main gas pipeline, where it is divided into two streams, one of
94
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which enters the receiver (7). The presence of the receiver allows you to vary the
performance quite widely due to volume changes. The gaseous fuel accumulated
in the receiver is supplied to the local gas network before entering the houses.
Another flow of gaseous fuel goes to the gas distribution point (8) and then to the
gas turbine unit (9), where the gaseous fuel energy is converted into electrical
energy in the electric generator (10).

From the pyrolyzer chamber (4), the coke residue formed after the removal
of volatile, together with coal is fed for combustion into the boiler unit (3), in
which the pyrolyzer is simultaneously heated and the water intended for further
supply to the heat supply network is heated.

The cooler (5) is designed to cool the pyrolysis gas and use the resulting heat
to heat the air sent to the boiler.

The proposed autonomous source of gas and power supply to a remote
settlement involves switching to a single-fuel power supply system, which is an
advantage in regions where coal is the only source of energy, excluding the use
of hydrocarbon gas and liquid fuel. The introduction of this patent will make it
possible for the consumer to obtain gas, as well as heat and electric energy when
using coal as a feedstock, excluding the use of hydrocarbon gas and liquid fuel.
The result is achieved by transferring: electric energy generated by a gas turbine
installation over the network; hot water obtained using a hot water boiler over
thermal networks; gas obtained in a pyrolyzer chamber without oxygen access
through a local gas network.

Results and discussion

If biogas is used as fuel, a special biogas plant can be used for the production
of various types of energy: heat, electricity and fuel for cars, the product of which
is an environmentally friendly gaseous fuel. Simply put, a biogas plant is an
aggregate consisting of a complex of technical structures and devices combined into
a single technological cycle. The configuration of a biogas plant can be different,
depending on its capacity, the type of raw materials and the final product obtained
in the form of thermal or electrical energy, both types of energy or only biogas
used in household gas stoves and as fuel for cars.
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Figure 2 — Configuration of a biogas plant

The standard installation consists of several units and aggregates. This is
a storage tank in which raw materials used to produce biogas are accumulated,
mixers and mills of various designs dividing large fractions of raw materials into
smaller ones, a gas tank, a hermetically sealed container that serves as a storage
of the resulting gas. The heart of the installation is a reactor, a tank or a reservoir
in which the process of biofuel formation takes place. The systems for supplying
raw materials to the reactor of the installation and the system for transferring the
received fuel from the reactor and the gas tank are used at the stage of processing
and conversion into other types of energy. The plant is controlled by an automation
system with protection and control over the processes of production of gas and
its processed products.

For smooth operation, it is necessary to prepare raw materials. As raw
materials, products of the vital activity of farm animals (manure), waste from
food and other industries (timber processing) can be used, which enter storage
tanks, after which the raw materials are crushed and transported using pumps. The
prepared raw materials enter the bioreactor, which must be durable, acid-resistant
and hermetically sealed, which determines the process of biogas production.

In order to create optimal conditions for the decomposition of the prepared
raw materials and accelerate the fermentation process, devices are usually installed
in the reactor to provide additional heating and mixing of decomposition products.
The optimal temperature regime for the operation of the bioreactor plus 40 © C. As
a result of decomposition and fermentation, after a certain period of time, which
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depends on the raw materials and technical capabilities of a particular installation,
biogas and biofertilizers are formed. Biogas accumulates in a gas tank, which can be
detached from the bioreactor, or mounted in a single housing with it. Biofertilizers
accumulate in the capacity of the bioreactor itself and after the fermentation process
is completed, they are removed for further use. Biogas, under the pressure created
in the gas tank, enters the purification system, after which it is used by consumers
to obtain electrical, thermal energy and for household consumption. Biofertilizers
enter the storage tank, then by separation, are divided into solid and liquid, after
which they are used for their intended purpose.

Figure 3 — Biogas production technology

The peculiarity of such an installation is that in a cold climate, most likely, the
use will be ineffective. When studying this direction, the following advantages and
disadvantages of a biogas plant were highlighted. First of all, from the point of view
of ecology, when installing such installations near enterprises that are suppliers
of raw materials, the protective sanitary zone around them decreases. Emissions
of harmful substances into the atmosphere are reduced. From an energy point of
view, we get affordable raw materials at minimal prices, and sometimes without
it, as a result, the consumer receives various types of energy and fuel with low
cost. From an economic point of view, the installation of biogas plants avoids the
construction of sewage treatment plants, barrier devices, and waste disposal costs.
Which depends on the availability of various types of raw materials used as fuel.
Waste can be considered as an inexhaustible source of raw materials, provided by
the growth of agricultural production and the volume of food industry products.
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Conclusion

The proposed autonomous sources of gas and energy supply provide for
the transition to a fuel system preferred for the region, depending on climatic
conditions and territorial locations. The first option is preferred in regions where
coal is the only source of energy. This is typical for the Northern region of the
country with a long cold period and the presence of large coal reserves, where it
is possible for the consumer to obtain gas, as well as heat and electricity when
using coal as a feedstock, excluding the use of hydrocarbon gas and liquid fuel.
The result is achieved by transferring: electric energy generated by a gas turbine
installation over the network; hot water obtained using a hot water boiler over
thermal networks; gas obtained in a pyrolyzer chamber without oxygen access
through a local gas network.

The second method will ensure the disposal of animal waste and organic
waste, while it is necessary to take into account the territorial dependence of the
installation location on the area where the sources of raw materials are located
(large livestock complexes, processing enterprises and agricultural production
facilities), this will affect the cost of energy generated.
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ABTOHOMHOE 5HEPI'OCHABXXEHUE
HA TBEPIOM TOIIJIMBE U BUOT'A3E

B cmamve paccmompenvt 06a 6apuanma agmoHOMHO20
IHEPEOCHAOIICEHUSI C UCNONb30BAHUEM KAK MPAOUYUOHHO20, MAK U
HEMPAOUYUOHHO20 MONIUBA.

Onucana 3¢hpekmusHocms UCNONb3068AHUL 60300HOGIAEMbIX
UCMOYHUKOS IHEPeUU 8 3AGUCUMOCIU O KIUMAMA, 2€02PaApuiecko2o
PACNON0JICEHUs: U CHOCOOA RPOUZBOOCIBA IHEPSUU.

AxmyanvHocms OaHHOU MeMbl 8bi36AHA 6Ce OOJee blCOKUMU
aKoNOocUYeCKUMU mpebosanuamu Kk npouszgodcmey. Ilpuuem
OeyeHmpanu3ayus npu UCRONb306AHUU HEMPAOUYUOHHBIX UCTHOYHUKOG
nosgosiem 6vimo dHepeocucmeme 60ee 2UOKOU 8 AGMOHOMHOM PeACUME
C YUemoM 6pPEeMeHlU CYMOK, UHMEHCUGHOCMU COTHEUHO, 6empogoll U
euopoauepeuu. MUcnonvsosanue 60306H0GISAEMbIX UCHOUHUKOS IHEP2UU
BO3MOJCHO U 8 COUEMAHUU C MBEPObIM, HCUOKUM U 2A3000PA3HbIM
monaugom. Kombunuposanuvie cucmemvl oueHv y00OHbI 05
9Hepeoobecneuerus HeboIbuux 00vbekmos. Imo mozym 6vims YOajieHHbLE
om YEeHMPAIu308aHHO20 IHEP2OCHAOIICEHUs HACENeHHble NYHKMbL,
AGMOHOMHbBIE NPOMbBIULICHHBLE 00bEKMbl, KPECMbIHCKIUE X03AUCMEd,
JHCUBOMHOBOOUECKUE hepMbl

OO0un u3 8apuanmos dxHep2oCcHadIceruss borvue nooxooum OJis
Cegeproco pecuona cmpauvl ¢ OIUMENIbHBIM XOJIOOHLIM NEePUOOOM U
Hanuyuem GONbUUX 3ANACO8 Yesl, MAM eCb 803MONCHOCTb NOJYYEHUS]
nompebumenem 2asa, a maKdice Meniogoll U ANeKMPULECcKoll IHepeull npu
UCNONL30BAHUU 8 KAYECMBE UCXOOHO20 CbIPbsl Yeis, pood NO JIOKATbHOL

KATTbBI OTBIHMEH KOHE BUOT'A3BEH JIEPBEC
SHEPTUSAMEH KABJIBIKTAY

Maxkanaoa docmypni sicoHe 0ocmypii emec OmulHObL KOJOAHAMbIH
ABMOHOMObL IHEPSUSIMEH JICAOOLIKMAYObIH €Ki HYCKACHL KAPACTbIPLLIZAH.
JKanapmolniamott sHepeusi KO30epIHiy MUIMOLIIZE KTUMAMKQ, 2e02PAPUSLIbIK,
OPHANACYbIHA JHCOHE dHEPp2Usl OHOIPY d0icCiHe OATNIAHBICIbL CUNAMMATIZAH.
byn maxgvipeinmoly e3exminiei 6HOIpicke KOUbLIAMBIH 3KOLOSUSIbLE,
mananmapoviy apmyvina dainanvicmol. ConbiMen Kamap, 0ocmypiii emec
K630epOi naudalany Ke3iHoe opmanblKCbl30aHOblpy IHEP2US HCYUeCiHe
MOYIK YAKbIMbIH, KYH, JHCENl JCOHE 2UOPOIHEPLUAHBIY KADKLIHObLIbIZbIH
eckepe omuipbln, OPIAlH pedxcumoe ukemoi Oonyaa MyMKIHOIK bepeoi.
JKanapmuiniamuln 9Hepaus Ko30epin nanuoaiany Kammol, CYUblK JcoHe
2az mopizoi omvlHMeH 6ipee MymKin. Bipikmipineen sicytienep wazolt
HbLCAHOAPObl IHEP2UAMEH KAMMAMACHI3 emy YWin ome viyeaiasl. byn
OpManblKManoblPbLI2aH IHEePSUIMEH HCaAOObIKmayoan waneai enoi
MeKeHOep, ABIMOHOMObL OHEPKICINMIK 00BEKMIIED, UAPYa KOJICATLIKIMAPDL,
man pepmanapuvl 601ybl MYMKIH.

DHepausimen scabObiKmay HyCcKaiapvlHuly Oipi y3aK CyblK Ke3ei
bap oicoHe KOMIpOIH yIKeH Kopbl Oap endiy CONmycmik aumazvl YuiH
KOLQIbl, MYMbIHYUWbIHBIY 2A30bl, COHOAU-aK KOMIpOiy bacmankul
wuKizamul peminoe naudalaH2an Ke30e JHCbLILY HCOHE INCKMP IHEPSUCHIH
any Mymxinoiei 6ap, sicepeinikmi eaz gcenici oouviHwa. Exinwi adic
JACAHYapAAPObIY KATOLIKMAPLL MEH OPSAHUKANBIK, KOKbICIAPObL JCOI00b]
KAMMamacwl3 emeo.

Kinmmi cozdep: banamanvl sHepeusi ke3depi, buoeas, 2az mopizoi
OmbIH, KOMIPOI KAUMa eHOey, A8MOHOMObL IHEPSUSIMEH HCAOObIKMAY.
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PROMISING TECHNOLOGIES FOR COMBUSTION OF
USED OIL IN BURNERS

Emissions of pollutants are of great public concern due to their impact
on the environment and human health. There is an acute issue of saving
energy resources while reducing harmful emissions during the combustion
of various types of fuel. Used oil, which consists mainly of hydrocarbons, is
an excellent alternative for partial or complete replacement of typical design
fuels does not contain the heavy residual fraction characteristic of heavy fuels.

This article provides an overview of alternative fuel combustion
technologies. The review focuses on the principles of operation, key
technologies in the field of used oil combustion. As an alternative to existing
technologies on the market, an innovative design of a swirl burner for
burning various types of fuel is presented in comparison with the closest
analogue in terms of design and characteristics. The main advantages of
using the innovative design of the burner are substantiated. The conducted
literature review and analysis will be useful for further study of the efficient
combustion of used oil.

Keywords: combustion, vortex burner, fuel-air mixture, vortex,
alternative fuel, used oil.

Introduction

The high rate of fossil fuel depletion is the main cause of the energy crisis and
pollution dilemma [1]. There is an acute issue of environmentally safe combustion
of heavy hydrocarbons and substandard fuel for cheap energy production [2]. The
industry is gaining attention due to worldwide concerns about greenhouse gas,
carbon dioxide (CO,), nitric oxide (NOx), sulfur oxide (SOx) and soot emissions.
For example, the Intergovernmental Panel on Climate Change has provided
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evidence that CO, emissions increased by 3 % per year between 1990 and 2010
and will continue to rise [3]. Burning used oil as a heating fuel is underutilized due
to the challenges of cleaning up contaminants found in the oil and overcoming its
high viscosity and density to properly atomize into a fine stream and effectively
mix the fuel with air [4]. In external combustion devices such as oil burners, the
combustion and ejection characteristics of viscous fuels are improved by using
heaters to reduce the high viscosity of the oil and swirlers to supply turbulent
secondary air in a swirl form to the combustion zone in order to provide efficient
atomization and mixing characteristics [5], [6]. Although the re-refining and
recycling of used oil is considered more environmentally friendly, its combustion,
which meets the quality requirements for heat recovery, is a fairly environmentally
and economically viable option [7]. Used oil is used as an individual fuel or mixed
with others for many heating systems. In ceramic kilns, used oil is used as a fuel
during hardening and glazing under reducing firing conditions [8], [9]. Household
heaters, foundries and, more importantly, cement kilns use used engine oil as an
additional or replacement heating oil [10].

Used oil burners are justified where there are sufficient volumes of «own-
made» testing — auto enterprises, service stations, car garages, heavy equipment
repair enterprises. For them, it is not only waste disposal, but also cheap heat
for their own needs. Greenhouses can also achieve savings when using used oil
boilers. The advantage is that there is no need for gas supply lines, which leads to
less risk during interruptions in gas supplies. Small enterprises, farms, livestock
complexes can easily solve the issue of heating with the help of mining boilers.

Literature review

At the present stage of development of science and technology in the world,
developments in the field of used oil combustion are being actively carried out. The
issue is especially relevant due to the increasing price of traditional energy carriers.

Studies conducted on the incineration of used oil have reported high spray,
combustion, and impressive heating values [11], [12], [13].

In the EU and the USA, systems for the disposal of used oils have long been
developed. Used oil burners from the following manufacturers are popular: USA
(EnergyLogic; Omni; Clean Burn), Canada (CAEQ), Germany (Kroll; Euronord
EcoLogic; Giersch), Italy (Ecoflam), Finland (Danvex), South Korea (Olympia
AL), China (Smart Burner; NORTEC WB), Poland (Hiton; Master MB).

The equipment requires regular maintenance — cleaning the combustion
chamber, checking the filter and removing contaminants from it is required at least
once a month. When it comes to used oil burners, the quality of American and
Canadian products is unbeatable. German and Austrian modules are traditionally
distinguished by high quality and reliability. Korean burners are multifunctional
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and more affordable. Chinese and Polish burners are produced in approximately
the same quality and are a good option for heating small spaces [14].

Figure 1 shows a Kroll KG/UB burner manufactured in Germany, which is
used on various equipment, including heat generators.

Figure 1 — Universal burner KROLL KG/UB 55
Figure 2 shows a vortex burner device «Burner Alternativey» — 270 2-3 MW.

The burner device combined (gas/liquid fuel) multicomponent, allows to burn any
gaseous, liquid fuel or their mixes.

Figure 2 — Burner Alternative - 270 2-3 MW
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The burner can be used for burning used motor, transmission, hydraulic,
turbine, transformer, vacuum oils and mixtures of these oils, diesel fuel, motor
fuel, heating oil in accordance with specifications, pyrolysis fuel.

The burner operation is based on the principle of preheating and vortex
mixing of fuel components (Figure 3). The primary combustion of fuel occurs in
the prechamber using pneumatic nozzles and quasi-solid air vortices [15].

Figure 3 — Swirlers inside the combustion chamber

Another development of a direct-flow burner [16], [17] showed the possibility
of efficient combustion of diesel fuel and used oil; when steam is supplied, due to
the effect of diluting the combustible mixture and lowering the flame temperature,
NOx is reduced by 30 %. Complete combustion of heavy fuels (crude oil, fuel oil,
waste oil, oil production waste) in such a burner is not efficient, since it requires
a longer stay of fuel droplets in the combustion chamber.

Considering Shtym's vortex burner (Figure 4), it should be noted that the use
of the cyclone-vortex method of burning liquid and gaseous fuels makes it possible
to increase their heat output by 10-20 %, reduce specific fuel consumption, and
bring nitrogen oxide emissions to a level not exceeding established standards in
all areas, load range, reduce the cost of electricity for traction and blowing by
10-20 %. In addition, the system of automatic control of the boiler unit is greatly
simplified, and the reliability of the processes of ignition, combustion and load
control is increased [18].
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a) b)
Figure 4 — Cyclone pre-furnace: a) longitudinal section; b) cross section

Materials and methods

The principle of operation and the design of mass-produced vortex burners
using used oil are directly related to forced heating and partial evaporation of
the fuel. After the fuel is supplied to the burner, it is sent to the pre-treatment
chamber, heated to the required temperature and oxidized. The combustion of the
air-fuel mixture takes place in a flame. The electrode, located directly in front of
the nozzle, is responsible for igniting the fuel-air mixture. The turbulence of the
air flow created by the fan blades is used to maintain the intensity of combustion.
The principle of operation of the burner is the same as that of devices operating
on diesel fuel or liquefied gas.

Depending on the type of power control, there are certain classifications of
burners. Burners are manufactured in two types:

Single stage burner - with a simple design and operating principle. Heating
of the heat carrier is carried out in the maximum power mode. When the required
temperature is reached, the burner turns off until the coolant cools down to the
set value. After that, combustion resumes.

The principle of operation of single-stage burners is inefficient and leads to
a significant waste of fuel.

Two-stage burner —a module that operates continuously without shutting down.
The heating principle is as follows. The burner will work at 100 % until the coolant
reaches the required temperature. Then there is a switch to 30 or 40 % reduced
power. The burner does not turn off completely. A similar principle of operation
has a smoothly two-stage and modulating burner units.

Although the cost of two-stage and modulating burners is much higher, the
costs are fully paid off with fuel savings of up to 15-20 % compared to single-
stage burners [14].

The comparative analysis of the swirl burner device with its design analogue
was carried out by means of determination of aerodynamic resistance of the fuel-air
mixture (head loss, Pa) in the narrowing channel (by analogy with the confuser).
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Aerodynamic resistance can be determined by the universal formula for linear
and local resistances of any configuration:

(M

where A — is the coefficient of friction resistance (for metal structures 0.02);

[/ — length of the design section, m;

d — diameter of the design section, m;

W? — radial component of velocity;

p — pressure, Pa;

& —local resistance coefficient. For constriction flow with constriction angle
a=20+600, & is taken as 0.1.

Results and discussion

Burner manufacturers differ in how they control axial flow (swirl) through
nozzle and swirler design, air pressure, and adjustment mechanisms.

One of the problems in the organization of fuel combustion in a small
volume at high volumetric thermal stresses is the protection of the walls from
overheating and destruction. Due to improper organization of aerodynamics and
fuel spraying, the destruction of the inner surface of the pre-furnace (combustion
chamber) begins almost immediately. In the case of water cooling, fistulas are
formed, lining with refractory material leads to local overheating of individual
zones with their subsequent melting. As a result, the symmetry of the flame is
broken and coking of its individual sections occurs. Particular attention should be
paid to the start-up modes and the first minutes of operation of the pre-furnace,
when heating occurs and a reverse current zone stabilizing the flame (ejection
zone) is formed. Some designs of pre-furnaces do not allow gradual warming up
to enter a stable operating range. A common problem of many cyclone chambers
is the loss of the combustion products recirculation zone and the transition to a
normal once-through mode when the rated load is reached or close to it. At the
same time, excess air increases sharply, the load is immediately limited by draft,
and combustion stability depends entirely on the quality of atomization and air
temperature. Violation of the nozzle operation leads either to the failure of the
torch, or to the formation of coke deposits on the screen surfaces in the area of the
fore-furnace embrasure. Also, the disadvantages of burners listed above include
the problematic scaling due to difficult hydrodynamic conditions.

As a result of the review of technologies for the combustion of alternative
fuels, it was concluded that the closest analogue in terms of the type of organization
of the vortex in the combustion chamber is the Shtym burner shown in Figure 5.
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Figure 5 — Shtym's vortex burner

Unlike the nearest innovative burner device, it has an internal pipe, due to
which the overheating of the combustion chamber body is significantly reduced
and, as a result, the efficiency of the device shown in Figure 6 is increased.

Figure 6 — Distribution of the fuel-air mixture. 1 — vortex motion of combustion
products, 2 — reverse flow, 3 — flame vector in the combustion chamber;
4 — supply pipe; 5 — combustion chamber; 6 — outlet pipe. Zones A, B, C.

Fuel anpd oxidizer are fed into the combustion chamber 5 (Figure 6)
tangentially through the supply pipe 4. The fuel and oxidizer enter the burner
separately in the form of a swirling jet, then they are mixed in the combustion
chamber 5. As they move, until they meet with the secondary air, the air mixture
is preheated occurs due to mass transfer with the suction flow of hot gas and
irradiation with a burning torch, which leads to oxidative reactions and ignition
of fuel particles. The peak of the mixing effect falls on the inlet section of the
outlet pipe 6.

Combustion initiation begins in the combustion chamber 5, accompanied
by heat treatment of the fuel, the release of volatile fractions, and partial coking.
The products of complete and incomplete combustion underlie the formation of a
stable vortex flow (Figure 6 shows the path of gases by lines 1). Under the action
of'the vortex motion of gases in the axial zone A, a deep rarefaction is formed, and
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in zone B - reverse currents 2 of the combustion products. The reverse currents
create an overpressure in zone B, as a result of which the pressure in zone B
exceeds the pressure in zone C. As a result, the flame vector 3 will be directed
to zone C. Thus, the vortex flow in the combustion chamber takes the form of a
mini-tornado - a figured vortex with a narrowing of the vortex radius as the gas
moves towards the outlet section. It should also be noted that the main vortex flow
of variable cross section (mini-tornado) practically does not touch the prechamber
body. Due to the part of the outlet nozzle that goes inside, friction occurs in the
area of contact of the main vortex of zone A with the reverse currents of zone B, as
a result of which overheating of the prechamber is almost completely eliminated,
and the effect of friction of gas flows against each other has a positive effect on the
temperature inside the chamber, since heat is absorbed by the threads themselves,
not by the camera body.

In addition, the innovative vortex burner is easy to manufacture, highly
reliable, and does not require significant capital investment for boiler upgrades [19].

To compare the proposed design of the vortex burner [20] with the closest
analogue [18], the aerodynamic resistance of the outlet part of the devices was
estimated. Figure 7 shows the aecrodynamic drag loss curves in the presented
burner device (1), and for comparison, the acrodynamic losses in the vortex pre-
furnace device described in the works of Shtym (2) are calculated for similar
dimensions of the device. For the structure under study, laboratory measurements
of acrodynamic resistance were made according to the magnitude of the load on
the blower fan electric motor. The maximum deviation in head loss was 15 %.
In the proposed burner (1), the losses continuously increase due to the increase
in axial speed with a reduction in the diameter of the vortex in the direction of
flow along the x axis. In the first zone up to the inlet nozzle, the device (1) is
inferior to the known device (2) in terms of aerodynamic resistance. However,
the aerodynamic resistance increases uniformly up to the maximum value at the
inlet to the outlet nozzle, which has a positive effect on the reliability of the device
(1) in comparison with (2). The device (2) has in its design a sharp narrowing of
the outlet channel (the entrance to the channel with straight edges of the western
face with the walls), as a result of which the aerodynamic resistance increases
sharply and at the stage of the exit of combustion products significantly exceeds
the resistance in the device (1) by 1.34 times . Thus, the presence of an inwardly
protruding part of the outlet nozzle is justified.
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Figure 7 — Aerodynamic drag losses, Dh, Pa
1 — Proposed burner; 2 — Shtym's burner

The philosophy behind the innovative swirl burner is to have no moving
parts in the burner to ensure smooth operation without jamming and avoid
repeatability issues. The advantages of the innovative burner include a relatively
simple design, low energy consumption, easy adaptation to the combustion process
conditions (pressure and temperature), continuous separation of particles without
accumulation, performance at high concentrations of particles in the gas phase.

Conclusion

Based on the analysis of the presented materials, it can be stated that the
improvement of devices for burning both low-calorie and high-calorie fuels is
mainly aimed at the maximum possible increase in the efficiency of fuel combustion
against the background of reducing the emission of harmful substances into
the atmosphere. This is achieved through the use of a number of methods. This
includes, above all, the efficient formation of the fuel-air mixture. In addition, for

the efficient combustion of this mixture, it is necessary to create conditions for the
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recirculation of combustible substances in the furnace space itself. The proposed
design of a universal burner (chamber shape) increases the residence time of the
fuel in the combustion chamber and, as a result, increases the efficiency of burning
various liquid hydrocarbons, including substandard ones.
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KPATKHUI OB30P C)KUTAHUSI OTPABOTAHHOI'O MACJIA B
TOPEJIOYHBIX YCTPOMCTBAX

Boibpocuvl 3aepazuaiowux gewecme 6vi3618a0Mm 001bULYIO
03a604eHHOCTb Y 0OWECMBEHHOCTIU 6 CBA3U C MEM, YMO OHU 8030€liCMEYIOMm
Ha OKpyacaiouyio cpedy u 300pogve uenoseka. Ocmpo cmoum 60npoc
06 3KOHOMUU IHEP2OPECYPCOB C OOHOBPEMEHHBIM CHUNCEHUEM BDEOHbIX
8b10POCO8 8 XOOE CHCULAHUS PAZTUYHBIX 6U008 monauea. Ompabomannoe
MOMOPHOE MACIO, COCMOsiee 8 OCHOBHOM U3 Y2lie8000P0008, AGIAEMCs,
OMAUYHOU ANbMEPHAMUBOU OISl YACTNUYHO20 UU NOJHO20 3aMeueHus
MUNOBLIX NPOCKMHBIX U008 MONIUBA, He COOEpPIUCUM MAINCENOU
0CMamoyHol paxkyuu, XapakmepHou Oisk MANCENbIX MONIUB.

B oannoii cmamve npedocmasien 0630p MexHONO2ULU CHCUSAHUS
anbmepHamugHozo euoa monaued. OcHogHoe BHUMAHUe 8 0030pe yOersiemcs
NPUHYUNAM pabomol, KII0YEBbIM MEXHOI0UAM 6 001ACMU CHCUSAHUS
ompabomannozo macia. B kxauecmse anbmepnamusvl cyujecmeyiomum
Ha pbIHKe MEXHON02USIM, NPeOCmasieHa UHHOBAYUOHHASL KOHCTNPYKYUS
BUXPEBO2O 20PENOYHO20 YCMPOUCMBA OISl CHCUSAHUS PAZTUYHBIX BUOOE
MONAUBA 8 CPABHEHUU C ONUNCAUWUM AHATO20M HO KOHCMPYKYUU
u xapaxmepucmuxam. O6OCHOBAHBI OCHOBHbIE NPEUMYUECEA
UCNONL3068ANUS UHHOBAYUOHHOU KOHCMPYKYUU 20PENIOYHO20 YCMPOUICMEA.
Ilpogedénnviii rumepamypuoiii 0030p u anaiuz 6yoem nojezex Os
OanvHeliule2o usyueHus: SPPHeKMuUsHO20 CHCULAHUS OMPAOOMAHHO20 MACIA.
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Knroueswvie cnosa: coicueanue, suxpegoe 2openounoe ycmpoucmeo,
MONIUBHO-8030YULHASL CMECH, BUXPb, ANTbMEPHAMUBHOE MONIUBO,
ompabomanHoe Macio.

*M. I JKymaeynos', A. A. baybex?, A. M. Ipubkoé®, C. A. [aszvipun®,
M. B. [loncos®

1245 J1. H. T'ymunéB arbiHaarsl Eypasusuiblk YITTBIK YHUBEPCHTETI,
Kasakcran PecnyOnmkacer, AcraHa K;

SKa3aHb YITTBIK YHEPreTUKAIIBIK YHUBEPCUTETI,

Peceit ®enepanusicel, Kazansb K.

Bacein merrapyra 18.09.23 kaObumaHgp!.

HAWJIAJTAHFAH MAY OTTBIKTAPBIH J)KAHYFA HIOJIY

Jlacmaywivl 3ammapovly wbleapblHObLIAPbl KOPpULA2AH opmazd
JHCOHEe a0am OeHCayIbl2blna ocepite OalnaHbiCmbl K02amobl aiay0amaobl.
Opmypai omvlH mMypiepin dcazy Kes3inoe 3usHObl UbleapblHObLIAPOb
asanumy Ke3iHOe SHep2usl pecypcmapsli YHeMOey Moceneci omKip myp.
Heeizinen xomipcymexkmepoen mypamuln nauoaiauvlizai MOmMop
Mativl Munmix KOHCMPYKYUSALbIK, OMbIHObL JHCAPMBLIAL HeMece MObIK,
ayvicmulpy2a mamauwia oanama 601ein mabwliaovl, ayblp OMvlH2A MOH
ayvlp KanovlK ppakyususl KAMmMuLMatiovl.

byn maxanada banama omein dcazy mexHoro2UsIAPLIHA UWLOTY
arcacanaowl. Llony srcymvic icmey npunyunmepine, MyHati KaiobIKmMapbiH
JHcazy canacbiHOazbl He2izei mexXHoNoUANapaa Ha3ap ayoapaosl. Hapvixmazvl
KO0aHblCmazvl mexnHoaocusnapea oarama peminoe op mypii omulH
MYpJiepin dcazyea apHanean Oypanoanbl Kbi30bip2blmbly UHHOBAYUSIBIK,
Ou3aLiHbL OU3AUHBL MEH CUNAMMAMANAPYL DOULIHIUA €H HCAKIH AHANOSHEH
canvicmuipaanoa ycoitblizan. OmmulKmoly UHHOBAYUALLIK OUAUHBIH
nanoanianyovly Hezizei apmulKubLIbIKmapsl HeeizoenzeH. OmKizineen
a0ebuemmepoi WOy JHCOHe MAaiday MYyHall KAlOblKMAapbiHbly MUiMoi
JHcanyvin 00aH 9pi 3epmmey Yulin nauoarst 60a1aowi.

Kinmmi ce3dep: scany, KyublHObI OmMmMblK, OMbIH-Aya KOCHACHL,
KYUBIHObL, OAIamMa OmblH, NAUOAIAHBLIZAH MYHAL.
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AJIbTEPHATUBHAS TOKOBAS 3ALNTA
SJIEKTPOABUIATEJIEN
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B cmamwe asmopamu npedcmasnerno cozoanue u npunyun 0eucmeus
anbmepHamusHol pecypcocbepezaioweti moKogou 3aujumaol 05
BbICOKOBONILMHBIX DICKMPULECKUX 08ULAMEIEl, BLINOTHEHHOU C KOHMPOJEM
UCNPABHOCTU HA KAMYUWKAX UHOYKIMUBHOCMU, 6€3 UCHONb308AHUS OISl
Imux 3awum uzmepumenshvlx mpamcpopmamopos moka (IT) u pene
MOKA ¢ MEMANTUYECKUMU CEPOYHUKAMU, 00IA0AIOWUX 3HAYUMETbHLIMU
6eco2abapumHbiMy NAPAMEMpPAMU U 8bICOKOU CHOUMOCMbIO. 3aujumul ¢
UCNONBL30BAHUEM KATYWEK UHOYKIMUSHOCTU MO2YM NPUMEHAMbCS, KaK
AnbMepHaAmuHbLE N0 OMHOWEHUIO K MPAOUYUOHHBIM MOKOBbIM 3AUWUMAM
INEKMPUUECKUX Ogueameriell, 6bINOIHEHHbIX HA IJIeKMPOMEXAHUYECKOU,
NOYNPOBOOHUKOBOU U MUKPONPOYECCOPHOU 6A3aX U Npu 3mom no
bvicmpooeticmeuio HUYYmov He ycmynaiowue um. B npeocmasnennoii
MOK0GOU 3awume 3JeKmpoosuecameeti, ooraoanwei QynxKyuen
KOHMPOISL UCNPABHOCIU CEOUX DTEMEHMO8, KOMOPbIlL OCYUWeCmEIAemcs
asmomamuuecku u 6e3 yuacmus yenogexka. Obochosanuem HaAy4YHOU
HOBU3HBL 56AeMCsl MO, Ymo OAHHAs 3awuma obradaem 3¢ppexmom
pecypcocbepediceruss Mamepuanos, NO360ssL MeM CamMblM 0CYUWeCmEUnyb
SHAYUMENLHYIO IKOHOMUIO MeOU, CIANU U U30AYUOHHBIX MAEPUAos,
npeocmasnsis u3 cebs HOBbLU NOOX00 8 peanu3ayul MoKoGblX
3awum O0as dneKkmpoogueamenei. Bce koncmpyxmuenvie smemenmot
npeo0CmaseHHOU 3auumyl BbINOIHEHbL U3 MEPMOCMONKO20, NPOYHO20
u obaeeuénnoeo niacmuxa, muna « PLA», pacneuamannoix na 3D
npunmepe. Pecypcocbepecaemocms dannoil 3auumel 3aK1104aemcs 6
UCNONb308AHUU KAMYUEK UHOYKMUBHOCHU, AGISIOUUXCS, KAK NO C80ell
cmoumMocmu, maxKk u no C8OUM 8eco2abapumHblM napamempam Ha
nops0oK Oeuleslie U MeHbUle NO pasmepy U 8ecy, YeM BblUeCKA3aHHble
usmepumenvhwie TT. Hcnonvzosanue npedcmagieHHOU 3auumayl nogviuidem
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HAOENHCHOCMb PEeliclHOU 3aWumbl, KaK Camou 4eiKu, 20e YCmMaHOGIeHbl
Kamywxu uHOYKMueHOCmu, max u 21eKmpoyCcmaHo8oK, 6 Kaiecmee
KOMOpbIX 8blCynaem 3JeKmpo0sucamenb, HOOKIIOYEHHbIX K sAueliKe.
IIpeonooicennas moxogas 3auuma GbINOJHAEMCA 6 U0e KOHCIMPYKYUU
€ YCMAHOBKOU Kamyuex UHOYKMUGHOCmell 6HYmMpU a4eeK KOMNICKMHbIX
pacnpedenumenvrvlx ycmpoucme (KPY), nanpsocenuem 6-10kB u
3aKpLImMbIX pacnpedenumenvhulx ycmpoiicme (3PY), nanpsiocenuem 35k B.

Kniouesvie cnoea: kxamywra uHOyKmMuHocmu, omceuxa,
AEKMPOOBUAMEND, PECYPcocOepedtceHue.

Beenenne

Bomnpoc pecypcocOepexeHusi MaTepranoB B AJIEKTPOIHEPTETHKE HE pa3
MOJHUMAJICS Ha MEXJIyHapOIHBIX COBETax MO OONBIIMM IIEKTPUUYECKUM
cucTemMaM BbIcOkoro HampsbkeHuss — CUI'PD, ocraBasich akTyadbHBIM U IS
peNeifHON 3alnThl AJIEKTPUYECKUX JIBUTATENeH OT KOPOTKMX 3aMBIKaHWH, 0e3
MIPUMEHEHHSI IOPOTOCTOSAIINX M 00J1a1aloINX 3HAYUTEILHBIMU BECOTa0apUTHBIMU
rapaMeTpaMu U3MEpPUTENbHBIX METaNIOeMKHX TpaHchopmatopoB Toka (TT)
U TOKOBBIX pelie ¢ MEeTaJUIMYeCKUMHU cepieuHukamu [1;2;3]. JIns moBbIIeHUS
HAJIEKHOCTH TPAJUIIMOHHBIX TOKOBBIX 3aIl[UT, BBITOJHEHHBIX K IPUMEpY, Kak Ha
ANEKTPOMEXaHNUECKOM, TAK K MEKPOITPOLIECCOPHOIT 0a3e 11e1ecoo0pa3Ho MPUMEHSITh
aNbTepHATHUBHBIE 3aIUTHI JJIS TOJNyYeHHs MakcuMaibHoro ¢ dexra [4;5]. B
Ka4eCcTBe aJIbTepHATUBHI TpUMeHeHUs TT 1 COOTBETCTBYIOMIMX 3aIIUT BO3MOXKHO
paccMOTpEHHE 3alIUT Ha pa3INYHbBIX MATHUTOUYBCTBUTEIIBHBIX AIEMEHTaX, TAKUX
KaK JaTYMKH X0JIJ1a, MarHUTOPE3UCTOPBI, MarHUTOUO/IbI, MAaTHUTOTPaH3UCTOPBI,
KaTyIIKd WHIYKTUBHOCTH W TepKOHHI [6;7;8;9;10;11;12;13;14]. PaboTsl 1o
CO3IaHUI0 pecypcocOeperaomumx ToKoBbIX 3ammt 6e3 TT ¢ MerammyeckuMu
CeplIeYHHKaMHU, K IpUMepy Ha OCHOBE I'epKOHOB BexyTcs eme ¢ 60-x romos
MPOIILIOTO CcToNeTUs. J{Jisi MOCTpOeHUs peJeiHON 3alIUThl AIIEKTPOJABUTATENEH
0e3 BpIeHa3BaHHBIX TT aBTOpaMu ObLTH BHIOPAHBI KaTyIIKH HHIYKTHBHOCTH OT
OOBIYHBIX IPOMEXKXYTOUHBIX peie, Takux kak PI1-25 [14]. BeiOpanbl onn Obun B
CBSI3H C TEM, YTO B CPAaBHEHUH C JPYTMMHU MArHUTOUYBCTBUTENBHBIMU 2IEMEHTaMU
OHU 00JIa/IaI0T MPENMYIIECTBAMH, 3aKJIOYAIOLIUXCSl B TOM, YTO OHH BBICTYIAIOT
B Ka4eCTBE M3MEPHUTENHFHOTO OpraHa 3alllUThl, 00JaJaf0T HU3KOH CTOMMOCTHIO,
MaJlbIMM BecorabapUTHBIMU NMapaMeTPaMHU B CPABHEHUH € U3MepHUTEIbHbIMU T T
Y TOKOBBIMH peJie C MeTAIITMYECKUMU CepICUHUKAMU. 3a ITOCIIEIHUE JECSITUNETHS
nuMeeTcs psizl pa3paboTaHHBIX TOKOBBIX 3aIIIUT Ha TAKUX KaTyIIKaxX HHIYKTHBHOCTH
[15;16;17;18;19;20]. B nanHoii paboTe mpeacTaBieH U PacCMOTPEH MPHHIIUT
JENCTBUS albTEepPHATUBHOI TOKOBOM 3aIUTHI ¢ KOHTPOJIEM HCIPABHOCTH Ha
KaTyIIKaX MHAYKTUBHOCTH JJIS 2IIEKTPUUECKUX JBUTAaTelIeH, BEIOIHEHHOI B BUIE
KOHCTPYKIIMH U YCTaHOBJIEHHON BHYTpH Kopiyca sueiiku KPY 6-10xB.
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MeTonbl B pe3yabTaThl NCCIEIOBAHUS: LENbI0 MCCICIOBAHUS SIBIACTCS
CO3JaHWE JJs 3aIMUTHl BHICOKOBOJBTHBIX 3JIEKTPUUECKHUX JBHUTATENCH
aTbTEPHATHBHOW TOKOBOHM 3aIIUTHl (OTCEYKH) C KOHTPOJEM HCIPABHOCTH
3JIEMEHTOB CXEMBbI 3alIUTHl HA KaTyIIKaX WHIYKTHBHOCTH, 0€3 MCIIOIb30BaHMS
JUTSL 3TUX 3aIIUT U3MEPUTEIBHBIX TPaHC(OPMATOPOB TOKA M pelie TOKa C
METAJUTMYECKIMH CEpACIHIKAMHU. METOIOM HCCIIeI0BaHUS SIBIISIETCSI CPABHEHHE
PacCMOTPEHHBIX TOKOBBIX 3AIIUT 3IEKTPUUECKUX ABUTATEICH C TPaJUINOHHBIMA
3alIUTaMH, BBITIOIIHEHHBIX C HCIIOJIB30BAaHUEM TPAHC(HOPMATOPOB TOKA U pee
TOKa C METAJUINIECKUMHU CEPACUHUKAMU. [TaBHBIM ()aKTOPOM ABISETCS OTKA3 OT
MIPUMEHEHHS METAJUIOEMKHIX, TPOMO3AKHX U JOPOTOCTOAIINX TPaHC(HOPMATOPOB
TOKa M PeJie TOKA C METAJUTMYECKIMH CEPIICUHUKAMH.

PesyabTaThl M ob6cyxaeHue. Tokogas 3auuma 6blCOKOBONbMHBIX
anekmpooguecamenel ¢ Konmpoaem ucnpagiocmu. IlpuHnun aeHCTBUSA TaHHON
3aIlUTHl, TIPEJCTAaBICHHON B BUJEC KOHCTPYKIIMH OCHOBaH Ha BO3JICHCTBHE
MarHUTHBIX IOTOKOB @, CO3JaHHBIX TOKAMH B TOKOBELYIINX MHMHAX sueiiku KPY
6-10xB, K KOTOpPOIl MOIKIIIOYEH 3aIIUIIAEMBIN AIEKTPOIBUTATENh Ha KAaTYIIKY
nHIYKTHBHOCTH 1 (puc.l). JlaHHas KOHCTPYKIHS MOXKET YCTaHABIMBATHCS
BHYTpH moOBIX cepuit staeek KPY 6-10xB u 3PY-35kB, kak mis Bcex Tpéx dasz
B OJHOM KOMIUIEKTE, TaK M I KaKHOH (as3bl Mo OTAETBHOCTH B TOM MECTE,
IJie UMeeTcs MaKCUMaJlbHOE 3HAUY€HWE MAarHUTHBIX MOTOKOB. IIpuMeHeHne
MHKPOKOHTpOJLIEpa 2 00yCIIOBIEHO KOHTPOJIEM HCIPABHOCTH JIEMEHTOB TOKOBOH
3aIINTHI, OCYIIECTBISIONINNA TOOYEPEAHYIO MTOAaTy MOTEHIINAJIOB OT HCTOYHHKA
MTOCTOSTHHOTO TOKa 3 M mepeMeHHoro HampspkeHus 4 (puc.la). Ilpu aTom ero
KOHTAKTHI 5 U 6, MOAKIIIOUCHHBIE K MICTOYHUKY NTEPEMEHHOTO HaIpsHkeHHs 4, a
Takke 7 ¥ 8 TOAKIIOUEHHBIE K MCTOYHUKY TOCTOSHHOTO TOKa 3 cpabaThIBaroT
OITHOBPEMEHHO M IIONAPHO, TO €CTh K MPUMEPY, IPU 3aMBIKAHIH KOHTaKTa 6
pa3MbIKaeTCsl KOHTAKT 8 W MO TOHM K€ aHAJOTWU NPH 3aMbIKAaHWU KOHTAKTa 5
Pa3MbIKaeTCsl KOHTaKT 7.
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a) 6)
Pucynok 1-TokoBas 3amuTa 3JIeKTpOABHTaTENeH ¢ KOHTPOJEM HCTIPAaBHOCTH:
a) MUKPOKOHTPOJIIEP; ) CTPYKTypHAs CXeMa 3allUThI

[Tpy KOPOTKOM 3aMbIKaHHU HA BBIBOJAX 3aLIMIAEMOI0 HJIEKTPOABUTATEN,
TOK B IIMHAX STYEHKH KOMIUIEKTHOTO PAaCIIPEACIUTEILHOTO YCTPOICTBA BO3PACTALT,
U KaTyllKa MHAYKTHBHOCTH 1, ycTaHOBJIEHHas Ha Oe3omacHoM 1o «IIpaBumam
YCTPOHCTBA 3MEKTPOYCTAaHOBOK» PAacCTOSHUM, paBHOro 0,12M. OT ZaHHBIX IIHH
pearupyeT Ha U3MEHEeHHs] MarHUTHOTO T10J1s, U B Hel HHIIYKTHUPYETCs IIOBBIIICHHOE
3HaUEHHE MEKTPOABIDKYIIEH CHITHI (prc.16). B cuity Toro, 4To 3HaYeHHE TaHHOTO
CHHUMaeMOTO HaIIPsDKEHUS C BEIBOIOB KaTYIIKH MHAYKTHBHOCTH | HMeeT 3HaYeHHe
mopsiaka 5 B, To 0HO moBBIIIaeTCsA ¢ MOMOIIBIO yerauTens HanpsokeHus (Y) 9

1o 3HadeHus1, pasaoro U=220 B (mpu 3ToM k03¢ (HHUITMEHT yCHICHHS paBeH )

U, 220
K, =2-=="=44) u monaercs Ha BBIBOJbI OOMOTKHM ymnpasieHus 10 repkona
1

11. B pe3ynsrare repkoH 11 noa Bo3aeiicTBHEM MAarHUTHOTO MOJIS, CO3aBAEMOr0
oOmoTko#t yrpaBienus 10 cpabarbiBasi 3aMBIKaeT CBOM KOHTAKT 12 u mockinaer
MTOJIOKUTENBHBIM MOTEHIMAN «+», MOCTYNAOMUI ¢ UCTOYHUKA MOCTOSHHOTO
ToKa 3 Ha mepBbIi BEIBOA 00OMOTKH 13 mpomesxytouHoro pene 14. JlanHoe
pene 14 cpaboraB, momaéT MOTEHINAN «+» Yepe3 CBOW KOHTAKT Ha 3aMbIKaHHUE
15 1 mpoXoaWUT uepe3 KOHTAKT HAa pasMbIKaHUE 7 MUKPOKOHTpoOJIepa 2 Ha
TICpBBIN BBIBOJ yKa3aTeJIbHOTO pene 16, a ¢ Hero Ha MEpBBIM BBHIBOJ OOMOTKH
katymky orkitodenus (KO) 17 Beikmouarens anekTponsurarens. B pesynsrare
3aIIMIIAeMBbIH 3JIEKTPOABUTATENb OTKIIodaeTcs. CpabaThIBaHNE TOKOBOH 3aIUTHI
SNIEKTPOIBUTATENS TIPH 3TOM (HUKCHpYeTCs yKazarenbHbIM pene (PY)16.

B HOpMasbHOM peskrMe paboThI ANIEKTPOBHUTATEIIs, TAPAaMETPHI B YCHIINTEE
HarpsDKEHUS 9 OTPETYIMPOBaHbI TaK, YTOOBI OH CPAOATHIBAI JINIIB IIPH MOSIBICHUN
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Ha €ro BBIBOJIaX HAIPsDKEHHs, CBHIIE 5 B, a mpy 3HaueHUN HaNPsHKEHUS MEHBIIIE
9TOrO 3HAYEHHSI, IaHHas 3all[1Ta Ha OTKITIOYEHHE AIEKTPOIBUTATENs HE CpadaThiBaeT.

C 1enpio HaIeKHOTO (PYHKLIMOHUPOBAHHS JAHHOM aIbTepHATHBHON TOKOBOM
3aIUTHI OCYIIECTBISIETCS HEMPEPHIBHBIN KOHTPOIb HCIIPABHOCTH €€ HJIEMEHTOB.
BrinonHsieTcst JaHHBIA KOHTPOJIb C MCIOJIb30BaHUEM MHUKPOKOHTpoJIiEpa 2,
KOTOPBII OCYIIECTBIISET C 3aJaHHON BbLAEPKKOH BpeMeHu, paBHor 0,02 c. (c
uHTepBasioM BpeMeHu 180 c.) mogady OoT HCTOYHMKA IEPEMEHHOTO HAIPSKECHUS
4 omHOro m3 (ha3HbIX MOTEHIMAIOB «~» Yepe3 CBOIl KOHTAKT Ha 3aMbIKaHHE 6
Ha TEPBbII BBIBOJ YCHIUTENS HANpsHKeHUA 9, Ha BTOPOI )ke BBIBOZ JaHHOTO
ycunuTens 9 yepe3 KOHTaKT Ha pa3MbIKaHHE 8 MUKPOKOHTPOJLIEpa 2 MOCTOSHHO
MPUXOUT OT HICTOYHUKA [IEPEMEHHOT0 HANPshKEeHHs 4 Ipyroi (a3Hbli TOTEHIHAI
«~» (puc.la). ITocse 3TOro BRIXOASIIEE C YCHINTENS 9 HaNpsKEHUE TTOBBIIIASTCSI
uM Takxe 10 3HadeHuss U=220 B (xak u B ciay4ae NpH KOPOTKOM 3aMBIKaHUH),
K03 (DHUIMEHT yCUIICHHS TaK)KE PaBEH M IMOJACTCS Ha BBIBOIBI OOMOTKHU
ynpasnenust 10 repkona 11. T'epkon 11 mon Bo3aeiicTBEM MAarHUTHOTO MOJIS,
co3maBaeMoro ooMoTkoit 10 cpabaThiBasi 3aMbIKaeT CBOM KOHTAKT 12 M MOCKLIACT
MOJIOKUTENIBHBIN TOTEHIIMA, TIOCTYNAIOIINI C HCTOUHUKA ITOCTOSTHHOTO TOKa 3.
IIpu 3TOM AaHHBIA MOTEHLHMAN MPOXOAUT yepe3 0OMOTKY 13 mpoMexyTOuHOTro
peine 14, koTopoe cpabarbiBasi 3aMbIKACT CBOM KOHTAKTHI HA 3aMbIkaHue 15 u 18.
Janee mojaoKUTENbHBIN TOTEHIMAN POXOAUT C KOHTakTa 15 pene 14, a Takxke
gyepe3 KOHTAKT Ha 3aMbIKaHHE 5 MUKPOKOHTpoJIIepa 2 K CUTHajiIbHOH namre 19,
KOTOpas 3aropasich CUTHAJIM3UPYET 00 UCIIPAaBHOCTH yCTpoiicTBa (puc.10). Uepes
MHTEpBaJl BpeMeHH, paBHbIi 180 c. JaHHBIN KOHTPOJIb HCIIPABHOCTH YCTpOIiCTBa
MOBTOPSIETCA BHOBB IO aJITOPUTMY, OIIMCAaHHOMY BBIIIE. B cioydae, ecnu kaxoii-
00 JIEMEHT YCTPOMCTBA MMEET MOBPEKACHUE, TO K CHUTHAIBHOW Jlamre 19
MOJIOKUTEJIBHBIN TIOTEHLIMAN HE MOCTYIAeT, ¥ OHa He TOPUT, YTO C JETKOCTHIO
0OHapyKUBAETCS 00CITYKUBAIOLMM TIEPCOHAJIOM.

HNudopmanus o puHancupoBanuu. JlaHHOE UCCIICIOBAHUE PUHAHCHPYETCS
Komurerom Hayku MuHKCTEpCTBa HayKH U BhIcLIero oOpasoBanus PecyOnuku
Kazaxcran (rpant Ne. AP14972954)

BriBoabI

YV npezncTaBiaeHHOI! U pacCMOTPEHHOM abTePHATUBHOM 3aIUTHI UMEETCS CBOS
0COOEHHOCTB, 3aKJII0YAIONIAsICS B TOM, YTO TOKOBas 3aIllUTa JIEKTPOABUraTenei
oOnamaer ¢GyHKIUEH KOHTPOJISI COCTOSHHSI UCIPABHOCTH CBOUX DJIEMEHTOB,
KOTOPBI OCYIIECTBIAETCS aBTOMAaTHUECKU U 0e3 ydacTus dyenoseka. [Ipu atom
HE HapyllaeTcs pexkuM paboThl, TOJKIIOYEHHOTO0 K mpumMepy K sueitke KPY
6-10xB anekTponBUrarelns, Tak Kak HET HEOOXOAMMOCTH B OTKJIFOUCHHH €0 U
COOTBETCTBEHHO HET HEOOXOAMMOCTH BBIKAThIBAaHHS BRIKIIIOUATEIS (BAKYyMHOTO,
MaJIOMacJISTHOTO U JIp.) U3 TYeHKH. Bce KOHCTpYKTHBHBIE A/IEMEHTHI ITPEICTaBICHHON
3aIUTHI BBIOIHEHBI U3 TEPMOCTOHKOT0, POYHOTO M 00JIETUEHHOTO [UIACTHKA, THUIIA
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«PLAY, pactieuaranusix Ha 3D npunTepe. OTCyTCTBHE IIPU ATOM HCIIONb30BaHUS
B JIaHHBIX 3alllUTax TOKOBBIX pejle W M3MEPUTEIbHBIX TpaHC(HOPMATOpOB TOKA
(BBIHOCHBIX) C METAJUIMYECKHUMHU CEpACYHUKAMU, COJEPIKALINX B CBOEM COCTaBE
JOPOTOCTOSIIIIUE MElb, CTaNlb M BEICOKOBOJBTHYIO M3OJISLIHIO, UMEIOIIUX TaKXkKe
3HAYUTENIbHBIE BecOra0apUTHbBIE MapaMeTphl, OTBEUACT aKTyaJlbHOMY BOIPOCY
3MEKTPOIHEPIeTHKU — PECypcoCcOepekeHUI0 MaTepHaIOB, IO3BOJIIA TEM CaMbIM
OCYIIIECTBUTh 3HAUUTEJIbHYIO SKOHOMHIO MENHU, CTAIN U U3OJALUH, IPH ITOM
NpeaCcTaBiIss U3 cedsl COBEPUICHHO HOBBIM IOAXOJ B peaju3aluyd TOKOBOMH
3aIUTHI 3JICKTPOABHUraTeIed U Kak pe3ylbTaT HCIOJIB30BaTh MPEICTABICHHYIO
KOHCTPYKIIMIO JUIS peaau3allii TOKOBBIX 3alUT Ha KaTylIKaX MHIYKTHBHOCTH
JUIsL BIIEKTPOABUTaTeNel IF000ro TUIA U Kilacca HalpsKEeHHUS.
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napamempiepi boubiHwa oa dcozapvioa kepcemineen TT-2a Kapazanoa
on0eKauida ap3an JcoHe oaulemMi MeH caimazvl OoubiHa Kiuipex.
¥cvinvinean Kopeanvicmel nanoanany uHOYmMu8miK Kamywrkaiapobl
OPHAMBLIZAH YSUBIKMbIY 03iHOE 0€, 02aH KOCbLI2AH JIeKMPKO32AIMKbIULbL
001611 MAOBLIAMBIH TEKMP KOHOLIP2LLIAPbIHbIY 04 PEeIK KOP2AHbICHIHbIY
CeHIMOLNIZIH apmmubIpadbl.

¥ cvinbinzan mox KopeansviCol KOMNICKMIK Mapamy KypoliebliapblHblH
(KTK), xepreyi 6-10kB orcone scabvix mapamy Kypwiazoliapoinsiy (KTK),
KepHeyi 35xkB ysauwbikmapulibly iuline UHOYMUBMIK KAMYUWKAIAPObL
OpHamymeH KOHCMPYKYUsi mypiHoe HcacaneaH.

Kinmmi co30ep: unoykmuemi kamywkaniap, moxkmol KeCKiul, 1eKmp
KO32a1MKbLUbL, PeCypcmapobl YHeMOeY.
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Maxanaoa asmopaap enweyw mox mpancgopmamopnapvir (1T)
GeppomazHummik e3exkmepi 6ap HcoHe MOK peiecin Natdarandall caimazol
nen oauleM napamemprepi dicone dicozapul Kyhvl. Ocbl Kopaanvbicmap
YUlin UHOYMUSMIK KamywKaiapobl 6aKbliaAy apKblibl HCACANSAH JHCO2APbL
KepHey 971eKMmpPKO32aIMKbIUMapsl YUWiH aibMepHAMUSMbIK pecypc
YHeMOeUmin MoK KOP2aHbICbIH KYPY JHCOHE JHCYMBIC ICHmey NPUHYUNIH
ycoiHaovl. Kondanwviayvimen Kopeanvicmap 21eKmpmexanuxaibik,
JHcapmulial OMKI3IUMIK HCOHe MUKPONDOYECCOPIILIK, He2i30e HCaCaneat
INEKMPKO32ANMKBIUMAPBIHBIY 0OCIYPIAL KOP2AHbICMAPbIHA KAMbICHIbL
Kaumanay peminoe nauoanianbliybl MyMKIH JCOHE COHbIMEH Oipze
onap JHCblIOAMObIK OOUbIHUWA 0AapOaH Kem mycnetioi. ¥ ColHblI2aH
IEKMPKO32ANMKBIUIMAPBIH MOK KOP2ay, OHbIH dJleMEHIMMEPIHiY 6aKbliay
dyHryusicel 6ap, o1 A0AMHBIY APALACYLIHCHL3 AGMOMAMMbL Mypoe
Jrcyzeze acvlpvlaaobl. Feinvimu scayanvikmoly He2izoemeci MblHadA:
Oy Kopeanvic pecypcmbl YHeMOeUmin mamepuanioap ocepin bepeoi,
COl ApKbLIbL MbIC NeH bosammyl atimapiviKmai yHemoeyee MyMKIHOIK
bepedi dcone IMeKMPKO32ANMKBLUUMAPLIH MOK KOp2ayobl Jcy3ece
acvipydazul Jcana mocinoi 0indipedi. ¥ cblHbLI2aH KOP2aHbiCMmbly 6APIbIK
KypolabiMOblK, demenmmepi 3D npunmepde b6acvin wivizapwiizan « PLAy
CUSIKMbL ICMBIKKA MO3IMOIL, DEPIK JCOHe JCEeHIN NAACTNIUKIMEH HCACAN2AH.
bByn Kopeanvicmuly pecypcmapvin yHemoey uHOYmuemiK Kamyuwraiapovl
natoananyoan mypaovl, 01ap KyHvl OOUbIHUA 0d, CATMA2bl MEH OJIUUEMOIK

ALTERNATIVE CURRENT PROTECTION
FOR ELECTRIC MOTORS

The authors present the creation and principle of operation of
resource-saving current protection for electric motors, made with control
of serviceability on inductance coils, without using for these protections
current transformers (CTs) and current relays with ferromagnetic
cores, which have significant weight and size parameters and high cost.
Protections with their application can be used as a duplicate in relation
to the traditional electric motor protections, made on electromechanical,
semiconductor and microprocessor bases and at the same time on the speed
of operation is not inferior to them. In the presented current protection
of electric motors, possessing function of control of serviceability of its
elements, which is carried out automatically without human participation).
Justification of scientific novelty is the fact that this protection has
the effect of resource-saving of materials, thus allowing to carry out a
significant saving of copper and steel, and represent a new approach in
the implementation of current protections for electric motors. All structural
elements of the presented protection are made of heat-resistant, durable
and lightweight plastic of “PLA” type, printed on a 3D printer. Resource
efficiency of this protection is the use of inductance coils, which are both
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in their cost and in their weight and dimensions much cheaper and smaller
in size and weight than the above-mentioned CTs. The use of the presented
protection increases the reliability of relay protection, both of the cell,
where the inductance coils are installed, and of electric installations, which
is an electric motor, connected to it. The proposed current protection is
performed in the form of a design with the installation of inductance coils
inside the cells of complete switchgear (CS). Voltage 6-10 kV and closed
switchgears (CSs), voltage 35 kV.

Keywords: Inductance coil, current cutoff, electric motor, resource saving
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METOL4 MOQEJINPOBAHWA MHTEPUPOBAHHbIX
rPyrir brijiA

B pabome paccmampueaemcs mamemamuuecxkas mMooens
onpedesichue Koopounam urnmezpuposannvix epynn BIIJIA. B cmamve
ananuzuposamna cgep npumeneHus OECNUIOMHBIX JeMaAMenbHbLX
annapamos. Paccmampueaemcs nepcnekmushvie 001acmu Oecnuiommoix
ABUAYUOHHBIX CUCIEM, UHMESPUPOBAUIUE KOMNICKC OUCAHYUOHHO-
YNPAagsieMblX JemamenvHulX annapamos. B cmamve npednosicenvi
0ns1 pewenusi npodem yCmouuugvie cmpykmypbli UHMEZPUPOBAHHbIX
epynn. Hccrnedosan memoo MOOeruposanuus uHmMezpupo8anHvix epynn
BIIJIA, exmouarowuti mamemamuieckoe onucanue U KOMNoiomepHvlii
aKcnepumenm. AHAIU3UPOBAHO CMPYKMYPbl UHINE2PUPOBAHHBLY
epynn u npu GopmMuposaHuu KOMopwvlx Y4UMbvlEAIUCh Kpumepuu
YCMOUYU80CMU MONOIO2UU NPU NEPEMEUJEHUSX U HAOCHCHOCIU KAHATO8
nepedauu OaHHbIX, ROCMpoeHHblX Ha ocHose VLC mexnonoeui. Ilpu
nOYYeHUe pe3yibmamos NpeodsodceHvl Mamemamuyeckue onucaiue
u pazpabomanvl KOMRbIOMEPHbIE MOOENU UHMESPUPOBAHHBIX 2PYNN
BIIJIA coomsemcmeyowue Kpumepusm yCmouyueocmu monoio2uu npu
nepemeweHUsIX U Ha0eHCHOCMU KAHAI08 nepeoayu OaHHbIX, NOCMPOEHHbIX
Ha ocnoge VLC mexnonozuti. B pabome onucana ¢ npoepamme Matlab
R2020b nocmpoervl komnviomephwvie mooenu poes BII/IA 6 mpexmepHoi
cucmeme xoopounam. Paspabomka mooerneil knouana mpu smand.

Hccnedosan credyrougue smanvl. KUHEMATMUYECKAST YPAGHEHUS, CUNA
63aUMOOECMBUS], NOCMPOEHUE KOMRLIOMEPHO20 MOOenuposanust. B pabome
paccmompera 6uodvl monojao2uu uhmezpuposantoil epynnei BILIA.
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Llenv oannotl cmamovu pazpabomams mMamemamudecKue Mooeiu u
nocmpoums Komnviomepivie mooenu poes bIIJIA.

Kniouegvie cnosa: memoo, becnunomuule jemamenpHvle annapanul,
YHpasienue, cemn, MoOelb, KOOPOUHAMA.

Beenenne

B Hacrosiee Bpemst MacITaOHO BHEJPSIFOTCSI TEXHOJIOTHHY, COOTBETCTBYIOIIHE
HanpasiaeHuo Wuayctpus 4.0, Ha OCHOBE NPUMEHEHUS TEXHOJOTUH
HCKYCCTBEHHOTO MHTEJUIEKTa U MHPOKOMMYHHUKAIIMOHHBIX cucTeM [1].

B nanpHeitmem, non takuM oowvennHenueM BITJIA Oyner moHMMarhes
HHTETpUpPOBaHHAs IpyNIa, WIN PO, — caMOOpTraHU3yloIascs CUCTEMA,
BKJIFOUAIOMIAsl TIABHBIM YNPaBISIONIUNA 3JIEMEHT (BEAYIIHI) M KOMILICKC
yOpaBJIsieMbIX JETaTeIbHBIX annapaTtoB (BEAOMBIX), KOMMYHHUIUPYIOIIHX
MOCPEACTBOM CIENUATU3UPOBAHHBIX KaHAJOB Nepegadyd AaHHBIX AJId
(hopMUpOBaHKs KOJUIEKTHBHO-BBIPAOOTaHHBIX perreHui [2,3,4,5].

ITpumenenue nHTErpupoBaHHBIX rpyni BITJIA B pa3auuHBIX Ipa)kJaHCKHX
MIPUJIOKEHHUX [6] MPHUBENO K yBeIHUEHUIO 3((HEKTUBHOCTH PEIICHUU psijia
MIPUKIIAIHBIX 3a1a4. OHAKO UMeeTCs Psifl TPoOeM, CBI3aHHBIX C HapylIeHHEeM
CTPYKTYp POE€B, CIIO)KHOCTBIO NMPEOAONEHUSI €CTECTBEHHBIX M HCKYCCTBEHHBIX
MIPENSATCTBUM, UCKaXKEHUEM (DOPMBI CUTHAJIOB IPH Iepeiade MHPOPMAIUU MO
MIPUYHMHE 3aBUCUMOCTH OT METEOPOJIOTMYECKUX TapaMeTPOB U BIIUSHUS BHEITHUX
OpraHU30BaHHBIX yTpo3 [7,8].

Martepunajabl 1 MeTOAbI

Pabora cocTOUT M3 aHANMTHYECKUX HCCIIeJOBaHUU, pazpaboTke
MaTeMaTH4eCKUX OMMCAHUI Ha OCHOBE KOOPUHAT 3JIEMEHTOB HHTETPUPOBAHHBIX
rpynn BITJTA u KOMIBIOTEPHOM MOJIENHPOBAHUH.

B pesynbrare aHanuTH4YECKUX HCCIIEIOBAaHN T OBUIN MPETIOKEHBI CTPYKTYPBI
WHTErPUPOBAHHBIX TPYIIIL, IPH (POPMUPOBAHUN KOTOPHIX YUUTHIBATUCH KPUTEPHU
ycroifunBoctu Tononoruu [9,10] npu nepememeHusX 1 HaJeKHOCTU KaHAJIOB
nepeaayy JaHHBIX, TOCTPOEHHBIX Ha 0cHOBe VLC TexHOJIO0ruit.

CrpykTypsl HHTerpupoBaHHbIX rpynn BITJIA OniBator nByx Bumos. K
NepBOM TPYIEe OTHOCATCS MPOCTPAHCTBEHHBIE, XapaKTEPU3YIOLUIUECs IBYMsI
KOOpIMHATaMu pou V={X,y}:

nepapxudeckas, pUCyHok 1,a;

Kpyrosasi, pucyHok 1,0.
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a) 6)

Pucynoxk 1 — IIpocTpaHCTBEHHBIE CTPYKTYpBl HHTEIPUPOBAHHBIX rpynms! BITJIA

Ko BrOopoMy BHIly OTHOCSTCS XapaKTepH3YIOIIHecs TpeMsi KOOpAnHaTaMu
o0beMHBIE por V={X,y,z}:

cepuueckast, pUCYHOK 2,B;

KyOHn4eckasi, pUCyHOK 2,T.

B) r)

Pucynok 2 — O6beMHBIE CTPYKTYPBI HHTETPUPOBAaHHBIX TPyl BITJIA

ABTOpBI CTaThH NMPHUHSUIN clieqytomue obo3HaueHus: VD-Benynmii 1 VM-
Begomble BITJTA. JlerarenbHble anmaparsl OyleM CUMTATh MaTepUaIbHBIMHU
ToukamMu. OUeBUIHO, €CIHM UX pa3Mepbl COU3MEPHUMBI C PACCTOSHUEM MEXIY
HUMH, TO B pacyeTax HeoOXOANMO YUHTHIBATh IONPABKH Ha UX pa3Mepsl U OT
KaKOH TOYKH KOHCTPYKIWH CUUTAETCS PACCTOSHUE MEXTy 00bEKTaMHu.

Maremarnueckoe oriucanue HHTerpupoBaHHbIX Ipynmnsl BITJIA Gasupyercs
Ha CIIeIyolel 3aBUCUMOCTHU.

(M
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e KoopauHATH Bexymiero BITJIA;
— koopauHarsl Betomoro BIJIA;

M — KOMU4ECTBO YPOBHEH B CTPYKTYype UHTErpupoBaHHON rpynnsl bITIA;

i — xommaectBo BITJIA B ypoBHe;

J — TIOPSAKOBBIA HOMEP YPOBHS CTPYKTYPBI;

nopsiakoBeIit Homep BITJIA B 3amanHOM ypOoBHE.

PaccmMoTpuM MareMaTH4YeCcKOE€ ONMHCAHHME KaXAOH CTPYKTYpBHI
WHTETPUPOBAHHOU TpymIel, 0003HauMB uepe3 d — paccrosaue mexay BIUIA,
T.€. MAKCUMAJIbHOE BO3MOJKHOE PACCTOSIHUE, TIPH KOTOPOM CHTHAJ yIPABICHHS
HE HCKa)KaeTcsl.

Hepapxndeckasi CTpyKTypa Ha pUCYHKE |,a IMEET TOIOJIOTHIO TOTIOJIOTHIO,
TIPE/ICTaBICHHYIO HA pUCYHKe 3. PaccMOTpHUM mMepapXn4ecKyro CTpyKTypBl JUIst
ciydas, xorna N =2, M =4

Pucynoxk 3 — Mepapxuyeckasi TONOJIOTHS UHTEIPUPOBAHHOM
rpynnsl BIUIA npu N =2, M =4

B cootBercTBHH ¢ hopmymnoii (1), mpumMem cremyromiee yCIoBHe:

T.e. —PaBHOCTOPOHHHE, TOTJIa PACCTOSIHHE
[VM} — VM3] = 2d.

CoBMECTHM Hayaio IPsAMOYTOJIBHON CHCTEMBI KoopauHar ¢ VD', t.e VD!
(0 0)
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=> KoopauHarbl €CJIH MBI XOTHM, YTOOBI

paccTosiHue = d ¥ Opu NPOYUX HPEIBIIYIIAX
MPEANOIOKEHUSAX.

T.e. VD! G6yaer nexaTh Ha OAHOW MPAMOH C TOYKAMHU H

=180°).
Eciu Ham Hy»HO TOTHATE VD' Haj VM3 u VM3TOo Z[B craHeT MEHbIIe
180° 1 yeM MeHbIIIE OH OyzIeT, TeM Oonblie Oyner paccrosane [VDY — VM3 ] u

[VD! — VM2L].

IToxa ocranaBnuBaeMcs Ha ciiydae £f3 = 180°, Torga MaTeMaTU4eCKOe
OIMCaHUE NepapXUIECKOil CTPYKTYPbI OyAeT UMETh CIEAYIOIINT BUA:

@)

Jyi (v

[anee paccMOTpUM KpYTOBYIO CTPYKTYpPY UHTETpUpOoBaHHOM rpynnsl BITJIA
¢ rorontorueit N = 1, M =8, mpeacraBineHHON Ha prCcyHKe 4

Pucynok 4 — Tomosiorust KpyroBast CTpyKTYpHI
HHTErprupoBaHHON rpynims! BITJIA
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B cootBeTcTBHU ¢ hopMmyoii (1), mprMeM yCIOBHUE, YTO PACCTOSHUE MEKIY
JICTaTeIbHBIMU arapaTaMy PaBHBI MEXKITy COOO:

Maremarideckoe OnMcaHue KpyTroBoi CTpYKTYpBI OyZIeT IMETh CIICTYy OIHI BH/:

&)

I'ne

Crenyer OTMETHTB, YTO PACCTOSIHUSI MEXKIY BEJOMBIMH O€CHMIOTHUKaMU
OyayT MeHbIIEe, YeM PacCTOSHHE MEXAY BeAyIIHMH OecHnmioTHHKaMu. Tax
paccTOosIHAE MEXITY U HaTIpUMepe KOOPINHAT TOYKH

Hanee paccmoTpuM chepHUECKYIO CTPYKTYPY MHTETPUPOBAHHOMN TPYIIIIBI
BILJIA c Tononoruei , IPE/ICTaBICHHON Ha PUCYHKE 5.
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L <
»=

Pucynoxk 5 — Tomosiorust cpepruecKoi CTPyKTYphI
MHTETprupoBaHHON rpynms! BITJIA

HpennonaraeM YTO HaAYaJO KooOpaAWMHAT cCcoBImagacT C

TaK KakK JIC)KAT B INIOCKOCTHU xOy Ha 0CAX KOOpAMHAT COOTBETCTBEHHO. Ha
IIJIOCKOCTH zOy TOXKE JICKAT Ha TOUKHU, [TOOTOMY UX KOOPIUHATHI paBHBI

1 1 1 1 1
; TTockonbky VM3, VM3, VMg, VMg, VMg nexar
B IIOCKOCTH z0X U pu 3TOM TOYKHU VML, VM, VMA, VM JICKAT HA Jydax,
mw 3w 5m 7w
COCTAaBJIAONIUEC YITIBI C OCBIO 0x Z: T: T; = COOTBCTCTBCHHO.

MaremaTudeckoe omucaHue chepuveckoil CTPYKTYpHl OyAET UMETh
CIIEYIOIIHUNA BU/T;

V3 = (VDY (VM}, VML, VM} . VM VM, VML, VML, VM, VMI)3, 4)

e VMY = (d,0;0), VM = (0;-d;0), VM = (=¢; 0;0),

M= (0;d;0),  VME=(0;0;d),  VME=(0;0;~d),
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Paccrosuue Mexy Toukamu VM u VMY,

" VM = V) = VMG = VM) = (V5 - V] = VM7 - Vi) =

PaccMoTpuM KyOndeckyro CTpYKTYpbl HHTerpupoBaHHO# rpymnibl BITJIA ¢
tonosiorueit N = 1, M =12, npeicTaBlIeHHON Ha pUCYHKE ©.

- QVM]

Pucynok 6 — Kybuueckast Tormoorust HHTerprupoBaHHbIX rpym BITJIA

Kak u B mpenpiaynux cxemax VD! pacnonoxxeHa B Hauase npsMOyroibHON
cucteMmsl koopauHat VD'=(0;0;0) VM pacnonoxeHsl B cepequHax pedep kyoda.
CuuTaeM, 9TO AMAaroHAIb CTOPOHHI KyOa paBHa 2d. Torma nnmHa pebpa xyOa

paBHa
MateMaTH4YeCKOE ONMHCAHUE UEPAPXHUECKON CTPYKTYpHI OyIeT UMETh
CJIeyIOIIUNA BUI;

)
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Bamxaiitiee paccrosame Mexry VM cocraBisier camoe naekoe d Harpumep
MEXIY

Hanpumep: [VM® —VM®] =+2d

Ha ocHoBe maremarnueckux onucaHuii B nporpamme Matlab R2020b
MIOCTPOEHBI KOMIbIOTEpHBIE Moaenu poeB BIIJIA B TpexmepHO#l cucTeme
koopauHat. PazpaboTka Mozeneii BKiIro4aia TpH JTara.

Ha mepBoMm sTamne npoBOIMIICS BHIOOpP KMHEMAaTHYECKUX YpaBHEHUH,
OTIPENSIIAIONINX ABUKEHUE KaXKIO0T0 JIEMEHTAa UHTEIPUPOBAHHOM IPYTIIIEL.

(6)

rie b, — panuyc-BekTop;
R — mpoiinenHoe paccTosiHuE;
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U — CKOPOCTH;
a — YCKOpeHHe.
JIMHaMHKa KaXXI0T0 37IEMEHTA 0L POst OTIUCHIBAETCSI BTOPBIM 3aKoHOM HbroTOHA

Fy = mg * ag (7

rae F — cuiibl, ICUCTBYIOIIKE HA 0. BJIEMEHT POst;

m_— Macca dJIEMEHTA POsl.

Ha Bropom stare Beioupasiacsk GopMyiia, OIUCHIBAIOIIAS CHITBI B3AUMOICHCTBUS
Fa MCXKIY DJIEMCHTaAMU pPOs. Cpma B3aHMOHCﬁCTBHH MCXIY 2JIEMCHTOM POA O U
a5IeMeHTOM [ mpeacTasiacHa Ghopmyioi (8).

®)

rae o1 b © 2 OMUCHIBAIOT MPUTSHKEHUE U OTTAIKUBAHHE.

[MogpeMHas cuiia SIEMEHTOB B KOMIIBIOTEPHOM MOJEIHPOBAHUH B JaHHOM
ClTydae He yIYUTHIBACTCS, HHAYe MOTPeOyeTcs omucanne GOpMBL, MacChl K pa3Mepa
kaxpaoro BIIJTA. Kaxnaplil s1eMEHT posi IPEACTABIEH Kak TOYEUHas macca,
opueHTupoBaHHas B 3D-npocrpaHcTBe.

Tperuit sTan - mocTpoeHne KoMmeloTepHON Monmenn. B Matlab R2020b
CO3/IaHBl MACCHBEI, ONpPEACNSIOMNE X,Y,Z — KOOPAUHATH 3JIIEMEHTOB pOs
M0 MaTeMaTHYeCKHM ONMHCAaHWeM WHTerpupoBaHHbIX rpymnm (2) — (5). C
MOMOIIbI0 (YHKIHMH «scatter3» JaHHBIE MacCHBBI BOCIpon3Benu 3D-momenn
WHTETPUPOBAaHHBIX Tpym mpu d = 10M.

a) 0)
Pucynok 7 — KommbroTepHble MOIENH CTPYKTYP HHTEIPHPOBAHHBIX TPYIII
BIUJTIA: a) nepapxudeckas, 0) Kpyroas.
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a) 0)
Pucynox 8 — KoMmbroTepHble MOZIEN CTPYKTYP HHTETPHPOBAHHBIX IPYIII
BIIJIA: a) cepuueckast, 0) Kyonueckon

Pe3ysbTarsl u 00cyKaeHHE

Pazpabotanbl npeniokeHbl MaTeMaTHYeCKUe ONMCaHue M pa3paboTaHbl
KOMIIBIOTE€PHBIE MOJENU HHTerpupoBaHHbIX rpynn BIIJIA cooTrBeTcTByOLINE
KPHUTEpUSIM YCTONUUBOCTH TOIOJIOTHH IIPU MEPEMEIIEHUAX U HAZIEKHOCTU KaHAJIOB
nepeaayy JaHHBIX, IOCTPOEHHBIX Ha 0cHOBe VLC TexHOI0ruit.

[Mpumenenne pa3zpaboTaHHBIX CTPYKTYP MO3BOJIMUT MHTETPUPOBAHHYIO
rpynny NpeAcTaBisATh B BUJE PacIpeAeICHHON CUCTEMBI ¢ NPaBUIBHOU
HMHTepIpeTalyeil BHEIIHUX JAHHBIX M peIlaTh 3aJaudl YIpPaBICHUS BEIOMbBIMU
BITJIA B ycnoBusix HeonpeIeJIeHHOCTH C OMOIIbI0 THOKOM agantaryy. Tornonorus
— cxeMoTexHuueckoe pacnonoxenue BIIJIA B nHTerpupoBaHHOH rpymme.

Tonbko onHA MepapXxuyeckas CTPYKTypa MHTErpupoBaHHbIX rpynm BITJIA
MOXET OBITh MHOTOCJIOHHOM.

BriBoabI

B nanHoii pabore paspaboTaHa pelieHHE MaTeMaTHUYE€CKOH MOJENU U
IIOCTPOEHBI KOMIIBIOTEpHBIE Mojienu poeB BITIA.

Ucnone3ys popmyinsr (1-5) B8 Matlab R2020b MoxHO MOmenupoBaTh
nepemernenue poeB BITJIA no npsMbIM U KPUBOJUHEHHBIM TPAEKTOPHUSIM B
MIPOCTPAHCTBEHHON CHUCTEME KOOpAMHAT. Bynymue nccnenoBaHMs CBSI3aHBI C
KOMIIBIOTEPHBIM MOEIUPOBAHUEM IPOIIECCA MPEOIOJICHHUS] UCKYCCTBEHHBIX
npensTcBui. IIpu 3TOM NmpakTH4YEeCKH 3HAUMMBIM pEUICHUEM SIBIAETCA
HMHTETPUPOBaHHE I€HETUYECKUX aITOPUTMOB B Kaue€CTBE MOIYJS ONTUMU3AINU
U TIOMCKA HaJIEeXKHBIX TPACKTOPUH JBMXKEHUS, MUHUMU3UPYIOIIUX BEPOSITHOCTD
CTOJIKHOBEHHMS 3JIEMEHTOB KaK MeXAy c000W, TaK M C MCKYCCTBEHHBIMHU
MIPENATCTBUSIMU.

BaarogapHoctb

Crarbs BBITIOJTHEHA B paMKaXx [TpoekTa MuHHCTEpCTBa 00pa30BaHus U HAYKU
PecniyOnuku Kazaxcran Ha rpaHToBOe (prHAHCHUpOBaHHE (yHIAMEHTAJIBHBIX U
MPUKJIQAHBIX HayYHBIX UCCIEAOBAaHUNM MOJIOABIX YUEHBIX-NOCTAOKTOPAHTOB IO
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BIPIKTIPIVITEH YIIKBINICHI3 ¥IIIY AIIITAPATTAPBI
TOIITAPBIH MOJAEJIBJAEY 9ICI

JKymvicma 6ipixmipineen ¥¥A monmapeitsiy KOOPOUHAMANADLIH
AHBIKMAYObly MaAmMemMamuxanivlk mooeni Kapacmuipuvlizan. Makanraoa
YUKBIUCHI3 YUY annapammapulibly ayKbiMbl manoanaovl. Kawwikman
backapviiamuly Ywakmap Kewienin OIpikmip2eH YWKblUICbl3 YLy
JAcytiesiepiniy nepCcneKmusanblk 6azeimmapbl Kapacmuipbliaosl. Maxanada
npobremanapovl wewy yuwiin Oipikmipineen monmapovly mypaxKmol
KYpblasiMOapbl YColHblIaA0bl. MamemamuKkanolk cunammamansl HoHe
Komnvromepaik skcnepumenmmi Koca aneaunoa, ¥ ¥A 6ipikmipineen
monmapsin Mooenvoey adici sepmmendi. Bipikmipineen monmapowviy
KYPbLIbIMOApbl MAI0aHObL HCOHe 0NAPObIH KATbINMACYbIHOA KO32ANbICIAD
Ke3inoe MONON0USAHbIY MYPAKMbLIbISbIHbIY Kpumepuiiiepi sicone VLC
MeXHONo2UANAPbl He2l3iHOe Kypbli2aH Oepekmepoi 6epy apHAlapblHbIH
cenimoiniei eckepindi. Homuoicenepdi any xesinde mamemamuKaibik,
CUNAMMAMA YCIHBLIAObL JHCOHE KO32ANbICMAp Ke3iH0e MONO0NI0USHbIY
mypaxmuliviebl dicone VLC mexunonocusnapvl He2izinoe Kypacmulpuli2aH
Oepexmepdi Oepy apHANAPbIHBIY CeHIMOLNIel Kpumepuiliepine coukec
xenemin unmezpayusnianzan ¥ ¥A monmapuinviy Komnvlomepaik yieiiepi
a3iprenoi. Kazazoa Matlab R2020b 6az0apramacvinda yw eauiemoi
Koopounammap scyiiecinoezi YuKbluCol3 Yuly annapammapulHoly
Komnvlomepix yaeinepi canvibean. Mooenvoi a3iprey yui Ke3enoi Kammblobl.

Kereci kezenoep sepmmendi. KuHeMamukaivlk meyoeyiep, ocepiecy
Kywti, Komnvromepix mooenvoeyoi Kypy. Kymvicma 6ipikmipineen ¥ ¥A
MOoObIHBIY MONONOSUACHIHLIY MYPJEP] KapACbIPbLIZAH.

Byn maxananviy makcamer mamemamukanvlk Mooenb0epoi 93iprey
JHCOHE YUIKBIUUCHI3 YULY aNNAPAMMAapPbIHbIY KOMALIOMEPIIK MOOeNbOepiH
Kypy 60161n madwuLiaobi.

Kinmmi cesodep: odic, ywkbiuicols yuly annapammapbl, 6ackapy,
arceni, Mooenb, KOOpOUHAM.

B. Keribayeva!, K. Alibekkyzy?, Koshekov K.3, Baidildina A. T,

Semenyuk V. V°
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MODELING METHOD OF INTEGRATED UAV GROUPS

The paper considers a mathematical model for determining the
coordinates of integrated UAV groups. The article analyzes the scope
of unmanned aerial vehicles. The promising areas of unmanned aerial
systems, which have integrated a complex of remotely controlled aircraft,
are considered. The article proposes stable structures of integrated groups
to solve problems. A method for modeling UAV integrated groups, including
a mathematical description and a computer experiment, has been studied.
The structures of integrated groups were analyzed and the formation of
which took into account the criteria for topology stability during movements
and the reliability of data transmission channels built on the basis of VLC
technologies. When obtaining the results, a mathematical description is
proposed and computer models of integrated UAV groups are developed
that meet the criteria for topology stability during movements and reliability
of data transmission channels built on the basis of VLC technologies.
The paper describes in the Matlab R2020b program computer models of
UAV swarms in a three-dimensional coordinate system are built. Model
development included three stages.

The following stages have been studied: kinematic equations,
interaction force, construction of computer simulation. The paper considers
the types of topology of the integrated UAV group.

The purpose of this article is to develop mathematical models and
build computer models of UAV swarms.

Keywords: method, unmanned aerial vehicles, control, network,
model, coordinate.
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MATHUTHbBIA NMPEOBPA3OBATEJIb TOKA C IBYMS
MAIrHATOINPOBOLAMU

B oannoii cmamve paccmampueaemcs eonpoc pazpabomxu
MAZHUMHO20 npeobpazosamens mMoKa u Memooda onpeoejeHus: e2o
nopoza cpabamvl8anusi NPU U38ECMHOM MOKe CPAdAMbIBAHUSL 3AUJUNbL.
B Hem ucnonwzyemces konmaxkmuas cucmema om pere moxa PT-40, 0sa
MASHUMONPOBOOA U CUCTEMA KPENEICHbIX CMOEK, 00eCneuusaromux e2o
KpenjieHue Ha 3auuujaemol d1eKmpoycmaHosKke 8 HenocpeoCmeeHHOU
oauzocmu om moxogeoywel wunbsl. [lpu 3mom wuna 3aKpenisiemcs Ha
ONOPHBIX U30TAMOPAX U UMeen OONOTHUMENLHYIO HAKIAOHYIO U30JAYUIO.
B macnumnom npeobpazosamene moka (MIIT) peeyruposka nopoza
Ccpabamvl8anusi OCYuecmeusiemcst Nymem nepemewjerus e20 MazHumHou
cucmembl OMHOCUMENbLHO WUHBL C MOKOM U pbluaea. /s onpedenenus
paccmosanus h, mexncoy Maznumonpoeooamu u WuHol ¢ mokom, d
Makdice NOIOACEHUs pvluaza OJis BbICMAGICHUsL NOPO2A CpAdAmMblEaHus,
onpeodensieMoe HA WKANE 6CAUHUHOU M NPU U3EECMHOM MOKe
cpabamuiéanus, ¢ 0OHOU CMOPOHbL, UCNONL3VEMCs 3asucumocmo B, =
f(m ), nonyuaemasn sxcnepumenmanvroim nymem, 20e B,  — unoykyus
MAZHUMHO20 NOJSL 8 6030YWHOM 3A30pe, NPU KOMOPOU NPOUCX00um
cpabamvisanue MIIT. C Opyeoii cmopoHbl, ¢ ROMOWbBIO NPOSPAMMHO2O0
xomnnexca ELCUT Ons 3adasaemvlx senuvuun h, u m - MoOe1uposanus
unoykyuu B . Tpebyemvie 0ns ycmanoeku nopo2a cpabamvléanuisi 6eiuduHbl
h, um__ nomyuaiomcs npu pasencmee senuyut Byu B, .

Kniouegvie cnosa: Maznummnwiii npeobpazosamens moxd, 1eMeHmMbl
peie, MAZHUMHASL CUCeMA peie, KOHMAKMHAsL cucmema peje, nopoe
cpabamvisanusi, npoepammusii komniexc ELCUT .
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BBeaenne

Kak u3BecTHO, /s peann3anu TOKOBBIX 3amuT [1,2] aeKTpuuecKux
ceTel M ANEKTPOYCTAHOBOK MOTYT HCIIOIB30BATHCS TaKHE YCTPOICTBA Kak
MIJIaBKHE IPEAOXPAHUTENH [3 ], aBTOMAaTH4YeCKHE BHIKITIOUATENH [2,3 ], IepBUYHBIC
MaKCHUMaJIbHBbIE TOKOBBIE pejie KOCBeHHOro neiictBus Tuma POB-570 [1],
tpancdopmaropsr Toka (TT) [1,2], xkarymka Porosckoro [4] m MarHUTHBIE
tpanchopmaropsl Toka (MTT) [5] ¢ BTopHYHBIMH TOKOBBIMHU pejie KOCBEHHOTO
neiictBus [ 1,6], MaranTHBIE ipeoOpazoBartenu Toka (MIIT) [7], onTOBOIOKOHHEIE,
rajJbBaHOMAarHUTHBIE U MarHUTOPE3UCTUBHEIE MpeoOpasoBatenu [4], a Takxke
repkoHsI [8]. [ToaTomMy 00macTe MCHONH30BAaHUS TOKOBBIX 3AIIUT ONPEACICHA
00IIeN3BECTHRIMHU IOCTOMHCTBAMH M HEOCTAaTKAMHU 3THUX yCTPOMCTB.

AHanIM3 MOKa3bIBaeT, YTO OJHON M3 HamboJyiee NEIMIEBBIX M MPOCTHIX
B YCTAHOBKE SBJISIETCSI TOKOBas 3allUTa, B KOTOpOoil ucnoab3zyercs MIIT,
M3TOTaBIMBAEMbI Ha 0a3e ayeMeHToB TokoBoro pene PT-40 [7]. Takoit MIIT
MOXXET YCTaHABIHMBATHCS HAa TOKOBEAYIIYIO IIMHY C ITOMOIIBIO M3OJISIINHU B
BUJIE JICHTBl U3 CTEKJIOTKAaHU, IPONUTAHHOW JIAKOM MJIM 3IOKCHIHOW CMOJIOH.
Peanm3anus 3amuT ¢ UX UCIOIB30BaHUEM HE TPEeOyeT HOIOIHUTENBHBIX pele,
Tak Kak KOHTakThl MIIT MoryT mogkirouarbcsi HEIOCPEACTBEHHO K LIETISAM
YOpaBICHUS] MAarHATHBIM ITyCKaTEIEeM FJIM aBTOMAaTHYECKHM BBIKITIOYATEIIEM.
OpnHako, eTo HeNb3s yCTaHOBHUTH Ha IIMHY, pa3Mepsl KOTOPOH MPEBHIIAIOT OKHA
MarHATOIPOBoa TokOBOro pene PT-40. Yto, HECOMHEHHO, OTpaHUIMBAET 00JIACTh
€ro MPUMEHEHHSI.

Marepuanabl 4 METOABI

Konctpykmus MIIT. DToro Henocratka numeHa KoHCTpykius MIIT,
MIPUBEICHHAS HA PUCYHKE 1,3, [Jie B KaUeCTBE HECYIIIETO AIEMEHTA HCIIONIb3yeTC s
amoMuHUeBas cToiika 1 umeromas H — o6pasnyro ¢popmy. C oqHOI CTOPOHBI Ha
9TOH CTOMKE MOHTHPYIOTCS KOHTaKTHAs CUCTEMa 2, a ¢ APYTOil CTOPOHBI HA HEeH
C TIOMOIIBIO YETHIPEX BUHTOB 3 3aKPEIUIAIOTCS MaTHUTOIIPOBOIRI 4 1 5.
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MIT YX/4
50-60Hz (ygyg)

11 3,4 5 &

6)

Pucynok 1 — Koncrpykuus u ycranoBka MIIT

B xauectBe koHTakTHOHN cucteMbl 3Toro MIIT ncnone3yercs: KOHTaKTHas
crcreMa oT TokoBoro penie cepunt PT-40. [TogsrokHas 9acTh 3TOH CHCTEMBI COCTOHUT
n3 I'-00pazHoro sikopst 6 1 ykazaTemns 7, CBSI3aHHBIX MEXIy COOOH C TIOMOIIBIO
CHHMPATIbHON TPYKUHBI §, a Tarke MKanbl 9 W monBmXHBIX KOHTakToB 10. C
TIOMOIIIBIO yKa3aTelst 7 OCYILIECTBISETCSA HATSHKEHNUE TPYKUHBI 8 B KOHTAKTHON
cucreMe. BennunHa ee HaTsHKeHUS onpenenset mopor cpadarsiBanus MIIT. [Tpu
5TOM MOPOT CPabaTHIBAHKSI ONPEAEIAETCS BEMMIMHOM M Ha IKane 9.

B cootBercTBHH C [9] Takast KOHTaKTHAs CCTEMa CpadaTHIBaeT B TOM CIydae,
KOTJa BEJIMYMHA B, MHAYKIHMHU B BO3MYIIHOM 3a30P€ JOCTUIHET BEJTHYHHBI
B, . Ipn 3a1aHHOM IIOJIOXKEHUH yKa3aTels 7, KOTOpOe Ha IIKaje 9 OIpeseNeHo
BenmauHOW m - PasMeTka mkansr 9 mokasana Ha pucyske 1,0. Takast 3aBUCHMOCTB
B YHCJICHHOM BHUE MPH BEIWYHHE BO3IYNIHOTO 3a30pa 0 =0,7 MM sikopeMm 6 u
MarHuTonpoBogaMu 4 u 5 nmpuBeneHa B Tabnure 1.

Tabnuna 1 — BennunHa WHAYKIIUU BJ MAarHuTHOTO I0JIs, IPUBOASLIAS K
cpabareBannto MIIT npu paznrgHOM TOT0KEHHH phrdara 10

BCJ'II/I‘II/IHLI I’IIM‘_l Ha IIKaJie 1 2 3 4 5 6
MIIT

nnyiuns B, | nepen 0,060 0,075 0,094 0,109 | 0,128 | 0,143
cpabarbiBaHKeM pene, T

AntoMuHHMEBas CToMKa 1 Ha 3AEKTPUUYECKOM YCTAaHOBKE 3aKpeIUIsieTCs
¢ momouIpio cucreMsl croek 11, 12 u 13, 14 U3 antoMuHUS, KOTOPBIE MEXAY
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CO0O¥ CKPEIUISFOTCS C MOMOIIBI0 BUHTOB 15, a Tarke BUHTOB 16 u rack 17. Uto
o0ecIieurBaeT BO3MOXKHOCTh IICPEMEIIICHUS ATFOMHUHUCBOM CTOMKH | ¢ KOHTAKTHOM
CUCTEMOM 2 U MarHUTOMPOBOJAMU 4 U 5 OTHOCUTENBHO TOKOBEYIIEH IIUHBI 18 B
JIOCTAaTOYHO IIMPOKUX NpeAenax, a, CJIeJ0BaTeIbHO, BIUSAET Ha BEIUUUHY IIOpOra
cpabarbiBanus. TokoBenymas muHa 18 K 3aluIiaeMoi 3eKTpHIEeCKOi yCTaHOBKE
KPENHUTCA C TIOMOILBIO OTIOpHOro u3onsTopa 19. Paccrosunue 4, ot munel 18 1o
MarHUTONPOBOAOB 4 U 5 oTMepsieTcs MO0 LIKane, HAaHeCeHHOM Ha cToiky 11. J{na
TOT0, YTOOBI UCKJTFOUYMTH BO3MOYKHOCTH BOSHUKHOBEHHSI AJIEKTPHUECKOTO IPOO0st MEXK/TY
MHOH 18 ¢ TOKOM 1 MeTaTMYeCKUMU dlieMeHTaMu KoHCTpyKiwn MITT Ha 310t ivHe
3aKperuisiercst u3omsinys B Buje riactiHbl 20 [T — 06pasHoit GpopMbl 13 riacTHka.

Takum 00pasom, B Takom MIIT B 3aBUCHMOCTH OT HOMUHATEHOTO HAPSKCHIUS
Y MOIIHOCTH 3all[UII[aeMOM 3NIEKTPOYCTAHOBKM MAarHUTONPOBOABI U IIMHA MOTYT
HMETb POU3BOJIBHBIE POPMY M pa3MepBl, a TAKKE PacIioNaraTbest Ha POM3BOIEHOM
paccTosHuu i, apyr ot apyra. Ilpu stom cpabareieanue MIIT npoucxoaut B Tom
City4ae, Koria MHIyKIMK B ; MarHUTHOTO IO/ B BO3/TYIIIHOM 3a30p€ J MEXTy IKOpEM
6 ¥ MarHUTONPOBOAAMH 4 U 5 NOCTUTHET BennuuHbl B, = f(m, ) a Tok B 1MHE
JOCTUTHET BETHYHHEI [ .

Omnpenencuue mopora cpabareiBanus MIIT. Onpenenenue Toka Ip
cpabarsiBanuss MIIT 6a3upyercs Ha MOJAEIMPOBAaHUM MHIYKIMH MarHUTHOTO
noJIst B BO3JYLIHOM 3a30p€ B IPU M3BECTHBIX Pa3Mepax MAarHUTONPOBOJOB
4,5 v muHbL 18, a Takke paccTostHUS Mexy HUMH. OHAKO, B COOTBETCTBUU
¢ [10-12], MmomenupoBanre MHAYKIUH B, C y4ETOM BCEX 3THX TpeOOBaHMMH
MPEJICTABISIET JOCTAaTOYHO CIIOXKHYIO MAaTeMaTH4YeCKylo 3aJauy. 3HAYUTEIbHO
MpoIe At ATUX Liesel BOCHONIb30BaThes MporpaMMHbIM koMiuiekcoM ELCUT
[13] ¢ ucnonszoBanueM pacuetHoit mogenu MIIT, mpuBeaeHHON Ha pUCyHKE 2.

Pucynok 2 — Pacuernas cxema MIIT
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[Ipouecc ompenenenus Toka Icp cpabateiBanus MIIT ropasgo mpoie
NpPOAEMOHCTPUPOBATH HAa KOHKPETHOM Npumepe. B kauecTBe mpumepa
ucnonsdyercs MIIT, pazmepsl 31eMEHTOB MarHUTHON CHCTEMBI KOTOPOTO U
TOKOBE/IYIIICH IIMHBI IPUBEICHBI B TAOIHUIIE 2.

Tabnuma 2 — Pa3mepsr ameMerToB MarauTHON cuctembl MIIT ¢ TokoBemymiei
IIUHOH

Pasmeps! anementos maruuronposoga MIIT Benuunna
JluHa a MarHUTONpPOBOJA, MM 30
Paccrosinue a Mesk1y MarHUTONPOBOJIAMH, MM 48
Ilupuna Marauronposoaa, b.Mm Suls
Tonmuna mmHeI ¢ TokoM, h,Mm 10
[IupuHa mwuHbI ¢ TOKOM ,h, MM 38
Tonmuua d1 sikopst MIIT B HCXOIHOM MOJNOXKEHUH, MM 0,016
Bennunna 6 Bo3myniHoro 3azopa, MM 0,6

KapTuHBl MarHUTHBIX MOJEH, TOTYYEHHBIX C MOMOIIBIO MPOTPAMMHOIO
xomriekca ELCUT st paccrostnuit £, = 5 MM u h, = 40 MM NpUBCAEHBI Ha
pucyHkax 3,a u 3,6.

/7 N

i S VYN
=
"/

\

Pucynok 3 — KapTuHBI MArHUTHBIX TIONIEH NpH /1, = 5 MM (a) uh, = 40 mm ()

a)

PesynbTarnl u 00cyxkneHns

PacueTHble 3HaYeHUS BEIMYUH TOKOB, IPU KOTOPBIX MPOUCXOIUT
cpabareiBanne MIIT B 3aBHCHMOCTH OT PacCTOSHHA h, MEXIy TOpPUAMH
MarHUTOIPOBOAOB U IIMHON C TOKOM, a TAK)KE MOJIOXKEHUS pblyara 7 3aJarollero
HOpPOT cpabaThIBaHKs OMPENENAEMOT0 BEMMIUHbI M Ha mkaine MIIT npusenens:
B Tabnuue 3.
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Tabnura 3 — PacyeTHbIe 3HAYCHUS BEIMYNH TOKOB, ITPU KOTOPBIX MPOUCXOUT
cpabateiBanue MIIT

Bemnuuaer M Ha
MIIT
mkane MIIT

PacueTHblii TOK B mIuHe
I mpu,h,=5mMm A
"

4400 5500 6893 7993 9387 10487

PacuerHblit TOK B 1IKMHE

npi , h, = 20 s A 7100 8875 10650 | 12898 | 15147 16926

PacueTHbIii TOK B IIUHE

npu , b, = 40 v A 12500 15625 | 19583 | 22708 | 26667 29791

3apucumocty I = f (m, , TOCTPOCHHEIC 10 NAHHBIM U3 TaOIHLE! 3, JUIst
h, paBuBIX SMM, 20MM 1 40MM, TIpHBEIEHBI HA PUCYHKE 4 B B JUHMHA 1. 2 1
3. Takum 00pa3oM, el H3BECTHA BeIMYMHA TOKa [ | cpabaThiBaHus 3aIATHL, TO
B OTOM CIly4ac MOJNOKEHHE M, Pbryara 7 yKasbIBAOLIETO MOPOT CpabaThIBaHIs
omnpefensercs Tak, Kak I0Ka3aHO Ha pucyHke 4. M3 »Toro pucyHka BHJHO,
4TO, Harpumep, npu Toke I | paBHOM 21000A 5TOT phlyar o MIKae CIeayeT
yCTaHaBIMBaTh B mojoxkeHne m  =3,45 Ilpu 5TOM TOK cpabarbiBaHMs JIs
MaKCHUMaJlbHOM TOKOBOM 3alIUTBHI U TOKOBOH OTCEYKHM IO MAaTEMaTH4YECKHM
BBIpaKEHUSIM NpUBeAeHHBIM [1-2, 14-15].

IyA
/ :
24000 -
Ly ——————>——7T/
18000 // |
| ,.-{
/ | L
12000 = =]
.-""— \L -""""'-# ‘—’E_
000t
| e I
0 |
12 3mg,d 5 My

Pucynok 4 — Cxema ompeiesieHus! OJI0XKEHHS yKa3aTellsl Topora
cpabatsiBanus MIIT

HNudopmanus o puHaHcUpoBaHUHT
Oro nccnenoBanue ObUTO NMpoduHAHCHpOBaHO MuHHcTepcTBoM Hayku n

Bricirero O6pasoBanust Pecryonuku Kazaxcran (MPH AP14972779).
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EKI MATHUTTIK OTKI3I'TIINI BAP MATHUTTIK TOK
TYPIEHAIPTTIIT

Byn maxanaoa moxkmoiy macHummix mypaeHOIP2IMIH HCACAY HCOHE
beneini Kop2anvlc Mo2vl Ke3iHO0e OHbIH ICKe KOCHLLY We2iH aHbIKmay
90ici Kapacmoipviiaovl. On PT-40 mok peneciniy 6ainauvic HCyueciH,
€Ki MAZHUMMIK CbIMObL JICOHEe OHbL KOP2al2aH 3NeKmp KOHObIP2blCbIHOA
MOK OmKi3eiul WUHA2a HCAKbIH Jicepoe DeKimyoi KamMmamacol3 ememin
beximy mipexmepi dcyliecin natoaianaosl. byn pemme wuna mipex
oxwaynazviuumapaa Oeximieoi JHcoHe KOCbIMULA yCmeme OKUAYIazbluibl
601a0bl. Macnummix mok mypienoipeiuinoe (MPT) icke Kocy wiezin
pemmey OHblH MAZHUMMIK JHCYUECIH WUHA2A JHCOHEe PbludeKad KAmblCHbl
JHCBLIIICHIMNY APKBLIBL JCY3€e2e aAcblpbliadsl. Macnummik omkizeiuimep meH
MOK WUHACHL apacbiHOAebl KAWBIKMbIKMGL, COHOAl — aK Oip JHcasblHAH
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beneini icke KOCcy moeblHOA2bl Uama WKAIACbIHOA AHbIKMAN2aH iCKe
KOCYy wlezin opHamyaa apHai2ax mymKaHblH OPHbIH AHBIKMAY YUIIH
IKCNEPUMEHMMIK JHCOJIMEH ANbIH2aH MOYeNOLIIK KOLOAHbLIAObL, MYHOA
MIIT icke KOCbLIAMbIH AYa CAHBLIAYLIHOG2bL MACHUM OPICIHIY UHOYKYUACDL.
Exinwi ocazvinan, Oepineen wamanap men uHOYKYUsiHbl MOOelboey2e
apHanzan elcut 6az0apramanvly HcacaKkmamacvlHuly komezimer . Icke
KOCY wie2in OpHamy yuin Kasicemmi wamanap jHcoHe wamanap mey 6oi2am
Ke30e anblHAObI.

Kinmmi ce30ep: macnummix mok mypienoipeiuii, pejie dieMeHmmepi,
MazHummik pejie Jcytieci, bainianvic peie dxcyect, icke Kocy ueei, ELCUT
6az20apramanviK KeuieHi.
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MAGNETIC CURRENT CONVERTER WITH TWO MAGNETIC
CONDUCTORS

This article discusses the development of a magnetic current converter
and a method for determining its trigger threshold at a known protection
trigger current. It uses a contact system from the RT-40 current relay, two
magnetic cores and a system of mounting racks that ensure its attachment
to a protected electrical installation in the immediate vicinity of the current-
carrying bus. In this case, the tire is fixed to the support insulators and has
an additional overhead insulation. In a magnetic current converter (MPT),
the threshold of operation is adjusted by moving its magnetic system relative
to the current bus and lever. To determine the distance between the magnetic
cores and the bus with a current, as well as the position of the lever for
setting the trigger threshold, determined on a scale by the value at a known
trigger current on the one hand, the dependence obtained experimentally is
used, where is the induction of the magnetic field in the air gap at which the
MPT is triggered. On the other hand, using the ELCUT software package
for set values and induction modeling. The values required to set the trigger
threshold and are obtained when the values and are equal .

Keywords: Magnetic current converter, relay elements, magnetic relay
system, relay contact system, trigger threshold, ELCUT software package.
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UCCJIEJOBAHUE SBJIEHNSA ®EPPOPE30OHAHCA

B cmamve usnoocenvl nowsmus o eppope3oHancHOU yenu, o
NPUYUHAX BO3ZHUKHOBEHUSL (PepPOPE30HAHCHO20 SGTICHUS NPOUCX00AUE20
6 dfiekmpuueckotll cemu. Mcciedoeanul siekmpuyeckue yenu, 8 Komopblx
nocie008amenbHO ROOKIOUEHbL KAMYUIKA COOePACAUAst heppOMASHUMHDBIL
cepOeuHUK, KOHOeHcamop. Dmu UCNbIMAHUS NPOBEOeHbl ¢ NOMOUWbIO
nabopamopnoeo komniexca « Teopusi snekmpuyeckux yeneiy, a makice
nPeOCmasieHo ONUCAHIe SMUX YCMPOUCME OIOUHO-MOOYIbHO20 MUNA.
Ipu nposedenuu pacuemog no HANPSIIHCEHUIO U MOKY YCMOABULE20CS
nepexooauieco PexncuMa 8 NeKMmpuiecKkol yenu UcCnoIb308aH Memoo
aKgueanreHmuuvix cunycoud. Cocmasiena cxema 3aMewjeHust UCCieoyemoll
yenu, NOKA3aHvlL BeKMOPHbLE OUASDAMMBbI PACCMAMPUBAEMOI DTICKIMPUUECKOLL
yenu, XapakmepucmuKy @ HeIUHEHOU Yenu ¢ YKa3aHuem Ha papuxax
3asucumocmu. Ilpedcmagnenvl IKCnepUMEHManbHble G0NbMAMNEPHbIE
XapaxmepucmuKuy SIeKmpUudecKoll yenu npu yeenuteHuy U npu YMeHbUeHuu
HANpAdICeHUsl, 8bINOJHEH pacyem Peakmueno20 CONPOMUGTEHUS, C
ROCHOVIOWell YCMAHOBKOU 3aKOPOYEHHOU NePEeMbIUKIL 8 CXeMe YUacmKa
NEKMPULECKOU Yenu ¢ KOHOEHCamopom. Fcnonb3ys sKCnepuMeHmanbHyo
Xapakmepucmuky Kamywru UHOYKIMUSHOCMU U pACHemHYIO 3a6UCUMOCTTb
MOKA OM HANPAICEHUsL GbICUUMAHbL 3asucumocmu no gopmyram. U 6
3agepuieHuU Ha 0OHOM NOJe SPAPUKA NOCMPOCHbL IKCNEPUMEHMATbHbIE
BOLMAMNEPHBLE XAPAKMEPUCIUKY Yenu (RPU 603pACMAHUY U YOblGaHUL)
U paccuumanHas 3a6UCUMOCb MOKa om Hanpsicenus. Hcecredoganvl u
coenamvl 8b1800bL N0 PE3YIbMAMAM NPOOCTAHHBIX USMEDEHUL.

Knwuesvie cnoea: senenue geppopeszonanca, Kamyuika
UHOYKMUBHOCMU, (DEPPOMACHUMHDLI CEPOCYHUK, DNCKMPULECKAs Yenb,
cXeMbl 3aMelyeHusl, oK, HanpsidiceHue.
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BBeaenue

Bonbiioe BHUMaHME TpE/CTaBISET siBIeHUE (eppope3oHaHca, 3a4acTyio
MpUMEHsAEeMOe MpHU pa3paboTKe MHOTOYUCIECHHBIX MPUOOPOB aBTOMATHKH,
a Tak)Xe B yCTaHOBKE (eppOpPEe30HAHCHBIX CTaOMIN3aTOPOB HANPSIKCHUS.
Deppope30HaHCHOM LIETBI0 Ha3bIBAIOT, LIEIh, COCTOSIEH U3 HEJTMHEMHOM KaTyIIKH
WHIyKTUBHOCTH C (DepPPOMArHUTHBIM CEPJCYHUKOM U KOHCHCATOPA.

Bo3ankHOBeHHE (heppOpe30HAHCHOTO SBICHHS IPOUCXOINT B DJIEKTPUIECKOI
CeTH TIPH ONEePATHBHOM MEPEKIIOUYCHUH, TIPH HEMOIHO(MA3HOM BKIIOUCHUH, IPU
IepeMeKaroecs TyroBOM 3aMBIKaHUH Ha 3eMJII0 B MOMEHT B3aMMOJEHCTBHSA
HeJIMHEeHHOW MHIyKTHBHOCTH HAMAarHUIYMBAHHUS Mar HUTOIIPOBO/Ia TpaHchopmaTopa
¢ €MKOCTBIO 3JIEKTPOYCTAaHOBOK 3JieKTpuueckoil ceTu. [Ipu mpoxoxaeHuu
(beppope3oHaHca MOSBISETCS MPOIODKUTENILHOE IIePEHANPSHKEHNE Ha HIMHE
pacIpenenuTeNsHOTO YCTPOICTBA, Hebe30MmacHoe ISt pa3psAHNKA, OTPAaHNIUTEI
MIepeHanpsHKEHNUs, a TaKoKe MeperpysKa Mo TOKy B 0OMOTKaX 3JIeKTPOMarHUTHOTO
TpaHchopMaTopa, 1moj BO3AEUCTBUEM KOTOPOTO MPOUCXOTUT MOBPEKACHHE
M30JIUH ¥ BOSHUKHOBEHHE BUTKOBBIX 3aMBIKaHHI, YTO BJIEYET K B3PHIBY
TpaHchopMaropa U MOXKAPHOMY OYary B paclpeieluTelbHbIX yCTPOUCTBAX
AIEKTPOCTAHIINN U TToAcTaHIwiA [ 1,2].

B HameMm rocymapcTBe BOMPOCY MOBPEXIAEMOCTH 3IEKTPOOOOPYIOBAHUS
B JJIEKTPUUYECKHX CETAX COTJIACHO 00CTOSATENBbCTBY (heppoOpe30HAHCHOIO
ABIICHHS yIEISIETCS MHTEPEC CO BpPEMEH Mpouuioro crojetus. [lpuuanHamu
(beppope30HAHCHOTO SIBJICHHS [TOCITYKUIIO MOBBIIICHUE HATPY30K [TOTPEOUTENEH,
00yCIIOBUBILIEE CTPOUTENIBCTBO U YBEJIHUCHUE CYIICCTBYIOIIMX AIEKTPHUECKUX
pacrupeseTuTeNbHBIX CeTeil, B KOTOPBIX BO3MOXXHO BO3HHKHOBEHHE PEKHUMOB
pabOThI, IPUBOISIIUX K CYIIIECTBOBAHUIO (hepPOPE30HAHCHBIX SIBICHHHA [3-5].

B 3apy0OexHBIX CTpaHax 3TOW Ba)XXHOW mMpoOeMe MO MOBPEKICHUIO
ANEKTPOOOOPYAOBAHHUS B MEKTPHUUECKOIT CeTH 13-3a eppOPE30HAHCHOTO SIBJICHHS
MOATBEPKICHO pa3paboTkamu, mposencHubIe B CIIIA, Kanane, ®paniun: Soudack
A.C., Marti J.R., Mozzaffari S., Henschel S. [6,7].

Martepuanasl 4 METOABI

HccnenoBaHus 3MeKTPUIECKON IeNH, B KOTOPHIX MOCJIEIOBATEIHHO
MOKIIFOYEHBI KaTyIIKa Cofiepkalias (heppoMarHUTHBIH CEpACUHHIK, KOHIEHCATOP
MIPOBOIIINCH C ITOMOIIBIO JTA00PaTOPHOTO KoMITIeKca « TeopHst SMeKTprIecKuX
neneiy. MIcTOYHIKOM CHHYCOMIAIFHOTO HanpsbkeHns gacTotor =50 [’ siBsteTcs
610K «PyHKIMOHAIBHBIHN reHepaTopy». HeobxomuMele mapamMeTphl I H3MEPEHHUS
AIIEKTPUYECKOH LIEeNH pacioiokeHsl B Ooke «I3mepurens ¢a3p». Karymka c
(beppoOMarHUTHBIM CEPACUHIKOM HaXOAUTCs B Oioke « HenmmHeHbIe 211eMeHTbI»,
a KOHJIeHcaTop - «PeakTHBHBIE 3IEMEHTEI.

[Ipu pacuerax HampsHKEHHH M TOKOB YCTAHOBHBILIETOCS NEPHOIMYECKOTO
peXuMa B 3JIEKTPUIECKON LIENH HCIIOIB3yeM METOJ SIKBUBAIEHTHBIX CHHYCOH/.

153



TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 3. 2023
IIpenebperast HOTOKaMH pacCesHUS, IPIMEM CXEMY 3aMeIIeHISI KaTyIIKH B BHIIE,
MTOKa3aHHOM Ha pucyHke 1 [8].

Pucynok 1- Cxema 3amelieHus KaTyIIKH

Torma, cxema 3aMelleHus UCCIIeyeMOU 1Ienn MpUMET BUJI, MOKa3aHHBIN Ha
pUCyHKe 2.

Pucynok 2— CxeMa 3amelieHus HccleTyeMoll Lenu

OHpe,HCJ'II/IM PCAKTUBHBIC CONMPOTUBJIICHUSA KATYIIKU B COOTBCTCTBUU
OPUHATOMY JONYIICHUIO:

X, (D=U, (/L (1)
Cornacno pucynky 3 Bzammocsa3p U, (I) mpeacTaBnseT HeluHeHHYIO

¢ynknuro Toxa 1. Torma 3aBucumocts X, (I) paBHBIM 00pa3oM HILTIOCTPHPYET
HEJIMHEHHYI0 (QYHKIHIO TOKa.
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PucyHnok 3 — XapakTepuCTUKU B HENMHEWHON 1IeTN

M3MensIs BXOTHOE HaNPSIKEHHUE, MMEETCS BO3MOKHOCTB TOOMThLCs Toka I=1,
npu kotopoM X, (I)=X (1 ). B enm Bo3HuKaeT pe3oHaHc. B oTiHume OT TMHEHHOM
LIeTIN, COCTOSTHUE PE30HAHCA IOCTHTaeTCs M3MEHEHNEM BEJIMIHNHBI TPUIIOKEHHOTO
HarnpspKeHUs. JTO sIBJICHUE Ha3bIBaeTcs heppopezoHaHcoM [8].

Ha pucynke 4 nmoka3zana BeKTOpHasl [uarpamMma IerH.

Pucynok 4 — BextopHas nuarpamMma 1enu

Ha ocHoBe aTOM AuarpaMmbl HOJTYYUM COOTHOLICHMS, CBA3bIBAIOIIUEC TOKU
1 HaAIPSIPKECHUA HccneayeMoﬁ eI

U, (D=V(I'R)>-(URL(D))’, )
U, (D=U, (DI X, 3)
UM=V(U, ()y~(I'R)>. @)

Ha pucynke 5 npexcrasien rpagux s3anmocssizu U(I).
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Pucynoxk 5 — I'paduxk 3aBucumoctr U(I)

IpomexyTtok ab xpuBoit U(l) nmeeT oTpunarenbHoe TuddepeHInaIrHoe
COTPOTHUBIICHNUE, B PE3YIbTATE UETO CINTAETCS HEYCTOWIMBEIM. KoTia M3MEHSIIoT,
BXOJHOE HANPSDKEHHE MOSBIIAIOTCS B BUJIE CKAYKOB IIEPEMEHBI TOKA OT TOYEK: a K
c w b x d. Pexxumy deppope3oHaHca OyIeT COOTBETCTBOBATH TOUKA b, TIPH ATOM
BXOJIHO€ aKTHBHOE COIPOTHBIICHUE LIEITH R:UO/IO [8].

Cxema uccieryeMoi IeTH IoKa3aHa Ha pucyHke 6. C TOMOIIBIO peryisTopa
«Yacrora» Moxyist « DyHKIIOHAIBHBIH TeHEPaTOp», HOITyYNM 3HAYEHHUE YaCTOTHI
=50 I'u. BricTaBuM pyuxoil «AMImuTyga» BxomgHoe Hanpspkenune U=0 B. B
MoxyIe «PeakTHBHBIC AIIEMEHTHI» IEPEKITIOYNM Ha KOHIeHcaTope EMKocTh C=69
MKO.

Pucynok 6 — Cxema uccreayeMoi emnu

OKcnepuMeHTalbHbIE BOJIBTAMIIEPHBIC XapaKTEPUCTHKHU IENU MPHU
YBETMYEHUH U TIPY YMEHBIICHUN HANIPSDKEHUS TIPEACTaBIeHb! B Tabmure 1.
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Tabmuna 1— Pe3synbraTsl n3MepeHui
IIpu yBenuueHHH HaNpsHKEHUS
1, MA 0 20 30 40 53 61 226 255
U,B 0 0,8 1,9 2,8 3,4 3,6 3,8 4,3
IIpu yMeHbIIEHUH HANPSHKEHUS
1,, MA 245 228 212 200 182 50 41 0
U, B 4,1 3,8 3,6 34 33 32 2,8 0

BrImonHIM pacueT peakTHBHOTO COIPOTHBIIHUS IO (GOpMyTe:

X~12nf0), )
XC=1/(2 3,14 50 69 10°)=46,155 Om.

3aKOpOTUM B CXeMe Y4acTOK IIeTU ¢ KOHAeHcaTopoM. [1aBHO yBenn4nBas
BEJIMYMHY TIPUIIOKEHHOTO HATIPSIKEHHUS, oyduM 3apucumocta U, (1), P, (1),
KOTOpEbIE MPEACTaBIIeHbI B TaOIUIE 2.

Tab6nuna 2- Pe3ynbrarel n3mMepeHuit
1, MA 0 21 41 61 71 82 98 129 166 229
Uy, B 0| 15 4 |55 61 ] 66 | 71 7.9 86 | 95

P, ,Br 0 0,01 | 0,09 | 0,16 | 0,19 | 0,22 | 0,26 0,33 0,41 0,55

RL>

Paccunraem 3aBucumocts R(/) mo popmye:
RA=P,, /Y. (©)
Pe3ynbTaThl pacuera 3anumeM B TadauIty 3.
Tabnuma 3- Pe3ynbpTaTel n3MepeHuit

1, MA 0 21 41 61 71 82 98 129 166 229
R, Om 0 22,7 53,5 42,9 | 37,7 | 32,7 | 27,1 19,8 14,9 10,5

Hcnonp3ys sKcepuMeHTanbHy0 xapakTepucTuky karymku URL(I) u
pacuetHyto 3aBucuMocTh R(I) BIcunTaem 3aBucuMocTd mo ¢opmynam (2-4).
Pesynbrarhl pacuera npuBeeHbI B Ta0NMNE 4.

Tab6nuna 4- Pe3ynbrarsl pacueToB
Coma [ o [ 2t [ 41 [et [ 71 ] 82 | 98 [129] 166 | 229 |
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U,B 0 1,42 | 335 | 483 | 548 6,03 6,58 | 7,47 8,23 9,19
U.B 0 0,45 1,45 | 2,02 2,2 2,25 2,06 1,52 0,58 1,38
U,B 0 0,66 | 2,63 | 3,31 | 3,47 3,5 3,36 | 2,98 2,54 2,77

Ha omnom mone rpaduka moctpouM skcrnepuMenTanbHyo Ul(I1) (mpu
Bo3pacranmn), U2(I12) (mpu yOBIBaHUM) 110 JaHHBIM TaONHUIEI | U paCCYNTAHHYIO
U(I) 3aBUCEMOCTD IO JAHHBIM TaOJNHIIE 4 COTIIACHO PUCYHKY 7.

Pucynok 7 — I'paduku 3aBucuMocTi

PesyabTaThl u 00cyKaeHne

Kak mbl BuuM U3 TaOIMYHBIX JAHHBIX, B HEIMHEWHOW 3JIEKTPUUECKON
ey, CofiepKallel KaTylKy ¢ (peppOMarHUTHBIM CEpACUHMKOM, HaOIonaeTcs
pe3KO BBIpaXKEHHAas! 3aBUCUMOCTh MHAYKTUBHOCTH 3TOW KaTyIIKH OT 3HAUEHUS
HaMpsKEHUS B HEH.

MO)XHO CyOUTh 1O HOCTPOEHHBIM HKCIIEPUMEHTATIBHBIM BOJIBTAMIIEPHBIM
XapaKTepUCTUKAM NPHU YBEIMUYEHUM U YMEHBUICHUH HANpPSIKEHUs, TIe
(beppope3oHaHCHbBIE SBICHHS HUIUTIOCTPUPYIOTCS B BUAE CKaYKOOOPa3zHOTO
nepexojia U3 COCTOSHMS MOIIHOIO HAaCBIIIEHUS KaTYIIKH MHAYKTHUBHOCTH
B MaJlOHACBII[EHHOE COCTOSIHME, a TakXe B 00OpaTHOM Mopsake. A Npu
paccunranHoit 3aBucumocty U(I) MoxxHO HaOmonarh GopMy TEXHUUECKON KPHBOH
HaMarHUYMBAaHUS MaTepuana CepAeyHUKa.

BriBoabI

Takum 00pa3oM, TEOPETUYECKU M IKCIEPUMEHTAJIBHO HMCCIIEIOBaHbBI
OCHOBHBIE 3aKOHOMEPHOCTH siBlieHUs (eppope3oHaHca. Vcnonb3ys cBoiicTBa
TaKUX lereil, Kak MoKa3aHo B paboTe, MOXKHO cO3/1aTh elé OoJiee OpUrnHajIbHbIC
CXeMBbl CTa0MIIN3aTOPOB TOKA, HE KPUTHUYHBIC B HIMPOKOM JHana3zoHe, HU K

158

TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

U3MCHCHUAM COIIPOTHUBJICHHUA HAIr'py3KH, HU K OTKJIOHCHHAM IMHUTAIOLICTO
HalpsyKCHU.
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023

colHakmap « dnekmp miz0eKmepiniy meopusiCobly» 3epmMXaAHANbIK KeULEHIHIH
KoMe2iMeHr JHcyp2i3inii, COHOa-aK o0cbl OIOKMbIK-MOOYIbOIK munmezi
KYpblagbliapObly CURAMMAMACbl YCbIHbLLObL. Daexmp mizbecinoesi
beneiieneen ayvlcy pPedlCUMIHIH KepHeyl MeH mo2bl OOUbIHUA ecenmeyep
JIcypeizy Kezinoe 3KGUSANCHMMI CUHYCOUOanlap 90ici KOJOAHBLIObL.
3epmmenemin mizb6exmi ayblcmuipy CXeMacyl JHCAcanobl, KAPACMbIPbLIbIN
OmbIpean 2ieKmp Mmiz0e2iniy 8eKMOpPAbIK OUACPAMMALAPYL, CHIZLIKIMbIK
emec mizbekmeei cunammamanap paguxkmepoe moyeiodilikmi kepceme
omuipwin kepcemineer. Kepreyoiy sicoeapoinayvl men momenoeyi kesinoe
MeKmp Miz0e2iniy IKCNEePUMEHMMIK 801bMAMNEPIIK CUNAMMAMAIAPbL
YCHIHbLI2AH, PeaKMUGMINIK ecenmeieeH, COOaH Kellin KOHOeHcamopul bap
9eKmp Miz0e2iHiy YHaACKECIHIY CXeMAacbiHOd KbLCKA CeKIP2iul OPHAMBLIZAH.
Hnoyxmopoviy sKcnepumenmmix CUnammamacvli JHCoHe MOKMblY
KepHeyee ecenmenzer moyenodinicin Koa0ana omulpsin, opmyranlap
bouviHuwa moyendinikmep ecenmeneoi. Coyvinoa epaguxmiy Oip epicinde
mizoexmiy dKCnepuMenmmiK GobmamMnepiiK cunammamanapsl (ecy
JICOHE KeMy Ke3iHOe) JCoHe MOKMblH KepHeyee ecenmeleen moyenoiniei
canvinean. XKypeaisineen onweynep Homuogicenepi OotbIHWA 3epmmeyiep MeH
KOPbUMbIHObLLAP HCACALOb.

Kinmmi ceszdep: ¢peppopeszonanc Kybvlivicvl, UHOYKMOPD,
Geppomaznummik s0po, nekmp mizdeci, ayblcmulpy mizoexmepi, mox,
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INVESTIGATION OF THE PHENOMENON OF FERRORESONANCE

The article describes the concepts of the ferroresonance circuit, the
causes of the occurrence of the ferroresonance phenomenon occurring

®EPPOPE3OHAHC KY¥YBbBUIBICBIH 3EPTTEY

Maxkanaoa geppopesonancmolx mizoex mypaiuvl, JeKmp Hcenicinoe
OONbIN HCAMKAH HePPOPe3OHAHCMBIK KYObLILICIbIY cebenmepi mypansl
mycinikmep bepineen. Tizbexmeil KocvlLizaH sjexmp mizoexmepi 3epmmenoi
KamywKka KypamvlHOA heppomazHummix s0po, Konoencamop oap. Byn
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in the electrical network. Electrical circuits in which a coil containing a
ferromagnetic core and a capacitor are connected in series are investigated.
These tests were carried out using the laboratory complex “Theory of
electrical circuits ”, and a description of these block-modular devices is also
presented. When performing calculations on the voltage and current of the
established transient mode in an electrical circuit, the method of equivalent

161



TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 3. 2023 TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

sinusoids was used. A replacement circuit of the circuit under study is drawn MPHTH 44.41.35

up, vector diagrams of the electrical circuit under consideration are shown,

characteristics in a nonlinear circuit are indicated on the dependence https://doi.ore/10.4808 1/ARAT3893
graphs. Experimental current-voltage characteristics of an electric circuit

with increasing and decreasing voltage are presented, the reactance is *I". 6. KypmaH6aee’, U. Y. Maxambaeea?, I'. H. Kamanoea®,
calculated, followed by the installation of a short-circuited jumper in the H. . Beksynda*

circuit section of an electric circuit with a capacitor. Using the experimental

L234K BI3BUTOPAMHCKHAN  YHUBEpCUTET NMeHu KOpKeIT ATa,
characteristic of the inductor and the calculated dependence of current on P Y p P

Pecnyoimka Kazaxcras, r. Kei3suiopna

voltage, the dependences are calculated according to the formulas. And w .
. . AR . e-mail:gkurmanbayev(@mail.ru
finally, experimental voltage characteristics of the circuit (with increasing

and decreasing) and the calculated dependence of current on voltage are

plotted on one field of the graph. The results of the measurements were MNEPCIIEKTUBA PA3BUTUA 9 OJIHEYHbIX .
investigated and conclusions were drawn. QJIEKTPUYECKNUX CTAHUUN B KbI3bIITOPUHCKOU
Keywords: ferroresonance phenomenon, inductor, ferromagnetic core, OBJIACTU PECITYBJTMKN KA3BAXCTAH

electrical circuit, substitution circuits, current, voltage

B smoii pabome npusedenvi ceedenusi o nepcnekmugax pazeumusi
COTHEUHBIX DNEKMPOCMAHYU U (AKMopax, IUAUUE HA ee Percum
pabomul na npumepe KoizvLiopounckoii obnacmu. OchosHoll 3a0ayeii npu
CMpoumenbcmee CONHeUHbIX IMeKMPOCMAHYUL A6TIAeMCsl OnpedesicHue
NOOX00AWUX KAUMAMUYECKUX PAKMOPO8, a Makice ux yiem npu
paspabomke pesicumos pabomuvl cmanyuu. K maxum yciosuam ModsiCHO
OMHeCmu YPOBEHb COJIHEYHO2O U3NYYeHUs, siCHble Oe3001aunbie OHU,
nvlibHble OYPU, MEMNEPAmypy OKpyHcauiell cpeobi.

Kax uzeecmno unmeHcusHoCmb COIHEUHO20 céemad, KOmopas
docmuzaem 3eMiu, MEHAEMCs 8 3A8UCUMOCINU OM 8PEMEHU CYMOK, 2004,
MeCmononodcenus u no2oonuix ycaosutl. Obujee KOIUUECm80 Hepeul,
noodcuumanHoe 3a OeHb ULU 3a 200, HA3bleaemcs uppaouayueil (Ui ewe
NO-0pY20MYy «NPUX00 COTHEUHOU paouayuuy) i noKaswviéaem, HaACKOAbKO
MOWHBIM ObLIO CONHeuHOe uznydenue. B xode ucciedosanus onpeoeneHul
U NPOAHATUZUPOBAHBL OCHOBHBIE NPUHUHbL U KIUMAMUUECKUue haxmopbl,
BAUAIOWUE HA PENHCUMBL PAOOMbl COTHEUHBLX INEKMPOCMAHYUU HA
npumepe XKanazauckoti COC Koizviiopounckoti obnacmu. Oco6o nysicHo
OmMemumy, Ymo MaxKue napamempbl, Kax y2oi NA0eHUst COIHEUHbIX y4ell,
0611auHOCIb, MEMnepPamypa OKpyicaroujeli cpedbl MO2Ym CYueCneeHHO
GIUAMb HA BbIPAOOMKY JNIEKMPOIHEp2UlL. Yuumuleasl, npuseoderHvie paxmol
U npogederHbie pacuemvl MOXNCHO ymeepoicoams, umo Kvizvliopounckuii
PpecuoH umeem OOIbULOU NOMEHYUATL COTHEUHOU IHEPSUU.

Kuwuesvle crnoga: conneunas 31eKmpocmanyus, CONHEUHAs
naHenb, KiumMamuieckuil oakmop, 8030elicmeus, COIHeUHdas paouayus,
uppaouayusi, SHepeus.
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BBeaenne

ConHeyHas PHEPreTHKa — 3TO OAWH W3 MEPCIEKTHBHBIX BHIOB JOOBIYU
SHEPTruH, OCHOBAHHBIX Ha BO30OHOBISEMBIX MCTOYHHUKAX, B YACTHOCTH, HA
sHeprun ConHIa. DTOT BUJA SHEPTUN HEUCUYEpIaeM M MOXKET PacCcMaTPHUBATHCA
MMOTEHI[HATBHO KaK YHEPropecypc, CIOCOOHBI MepeBEPHYTh COBPEMEHHBIC
npeacTaBiIeHuss 00 dIHEProoOECneYeH U MOJHOCThIO YJIOBIETBOPUTH
moTpeOHOCTH YenmoBedecTBa B OyaymieM. Tem OoJiee SHEPreTHIECKH pecypc
IUTAHETHl ¢ KaKIBIM T'OJOM MHTEHCHBHO CHIDKaercsa. Ho Hamo oTMeTwTs, 4TO
CTPOUTENBCTBO COMHEYHOH 3JIEKTPOCTAHINH — YIOBOJIBCTBHE HE U3 ACHIEBBIX.
310 00yCcIOBIEHO HEOOXOAUMOCTRIO MPUMEHSITh PEAKHE 3JIEMEHTH B HX
KOHCTPYKUWH. He Bce cTpaHbI FTOTOBHI pacTpadrBaTh OIOHKETH HA MEHEE MOIITHEIE
aJIeKTpOCTaHIuu, Korma ecth paboune TOC u ADC. st pasMerneHus: Takux
YCTAHOBOK TaK)ke HEOOXOAMMBI OONbIINE IUIOIMAAH, MPUIEM B MECTax, I
COJTHEYHOE M3JTyYeHHE MMEET JOCTAaTOYHBIH ypoBeHb. CTaOMIBHOCTh PabOThI
TaKUX JJIEKTPOCTAHIIUN 3aBHCUT OT KIMMATHYECKHX (PAKTOPOB, U MOTYT
KoJie0aThes B MPOKKX auanaszonax|[1]. Hanpumep, 3atsHyToe ob1akaMu HEOO B
TEUeHNE HECKOJIbKUX JHEH 3HAUNTEeNIFHO MOHMKAET BRIPAOOTKY 3JIEKTPHUIECTBA,
a Be/Ib HACEJICHHIO W MPENNPHUATHSIM HeoOXonuMa ero OecriepeOoifHas mojada.
[TosToMy mpekse 4eM MOCTPOUTH TaKWe CTAHIIUHU, HAJO YUUTHIBATH MECTHBIC
KIIMMatudeckue (PakTopbl 1 0COOEHHOCTH, @ TAK)KE BOZMOXKHOCTH PErHMOHAIBHBIX
cereil K CTabMIM3aly U PEryIMPOBAHUIO MOILIIHOCTH, IPH KOJIe0aHHH BBIPAOOTKU
AIIEKTPOIHEPTUH HA COTHEYHBIX 3IEKTPOCTAHIIHX.

Hecmotps Ha 3T0 3a mocnexnue aecsaTuneTus B mupe u B Kasaxcrane
aKTHBHEE CTAJIM CTPOUTH MOIHBIE COMHEYHBIE HIEKTPOCTAHIMN. DTO 00YyCIOBIECHO
CHIXEHHEM ce0eCTOMMOCTH, BbIpabaThiBaeMO Ha ATUX CTaHIUAX 1kBT*uac
AIIEKTPOIHEPT U H.

Martepuanabl 4 METOABI

CpaBHUTENBHBIA aHAIHU3 U3MEHEHHS CTOMMOCTH JJIEKTPOIHEPTHH
npencrasieH Ha pucyHke 1. B 2015-2020 rr. B Pecrry6nuke Kazaxcran Obuto
ITOCTPOCHO HECKOJIBKO MOIIHBIX COJHEYHBIX JIEKTPOCTAHIUH, paboTaromue
MapajuIeIbHO C YHEPTOCHCTEMON. BONBIIMHCTBO M3 HUX HAXOAATCSA B FOXKHBIX
pernoHax, Takux kak, KeisputopauHckue, Anmaruackue, XKamopuickue, FOxHO-
Kazaxcranckue obmacTu.

OCHOBHOH 3amayeil MpU CTPOUTEIHCTBE COTHEUHBIX DJICKTPOCTAHIIUN
SIBJISIETCSI ONpe/eNICHHEe TOMXOAAIIMX KIMMAaTHYECKUX (AaKTOPOB, a TaKXKe HUX
yUYeT Mpu pa3pabdoTKe PexKUMOB padoThl cTaHiu. K TaKUM YCIOBHSM MOXKHO
OTHECTH YPOBEHB COJHEYHOTO M3IYUCHUs, ICHBIE O0e300I1auHbIe THU, IBUIBHBIC
OypH, TeMIeparypy oKpyxaromei cpensi[2].
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Pucynok 1-IIporHo3 cpaBHUTENBHBIX U3MEHEHU CTOMMOCTH 3JIEKTPOIHEPTUU

Pucynok 2 — CyTouHBIN YPOBEHb COJTHEUHON palialliil Ha TePPUTOPUU
YKanaramickoro paiona, Kei3simopauackoi o6aactu

C 2019 mo 2021 roast B Kbi3puopauHckoit obnactu ObLIO BBEJEHO B
SKCILTyaTaIHIo TPU MOITHBIX COJIHEYHBIX AJIEKTpOoCcTaHIH B JKanararickom paiioHe
— xomnanus «Total Eren» (®panuus)-30MBT, B )Kanakopranckom paiioHe-
xomnanust AO «HydroEnergy» (bonrapust) -10MBT, emie ogna — B Hlnenuiickom
paiione — coBMecTHO ¢ komnaHusmMu «Samruk Kazyna — United Green» u
00O «Asenap Conap Texunonmomxu» (Poccus) -SOMBT. JlonoaHUTENTEHO UAYT
MTOAITOTOBUTENIbHBIE IPOEKTHBIE paOOTHI IT0 CTPOUTENBCTBY €IIIe OHOM COTHEYHOM
3NIEKTPOCTaHIUK BONMM3u ropoja Keieuiopaa moruaocThio 50 MBT.
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Takast mpuBJIeKaTeNbHOCTh KBI3BUIOPMHCKOTO PETHOHA B TIEPBYIO 0YEPEIh
00yCJIOBJICHA COTHEYHOI aKTUBHOCTHIO. B ron BeisiBieHO 260-280 6e3001a9HbBIX
COJHEYHBIX JHEH. [Ipu 3TOM ypOBEHB CONIHEYHOTO M3ITyYCHHS B JICTHEEC BpPEMs
MakcuMmanbHo moxoauio ao 1050 Bt/m?, a B 3umuee 700 Bt/m? (pucyHku 2
u 3). JlanHbie CBeJCHUS OBLIU MOJYYECHBI METCOPOJOTHYCCKON CTaHIUCH,
pactmonioxkeHHOro B JKajaramickom paifoHe.

Pucynok 3 — CyTouHBIH YPOBEHb COTHEUHON pafiialliil Ha TEPPUTOPHU
JKamaramckoro pariona, Kesmopauackoit oomacta (25-31 saBaps 2020r.)

PucyHok 4 — MecstuHbIi YPOBEHb COJTHEUHON palallii Ha TePPUTOPUU
XKanaramickoro pariona, Keizsuiopaunckoit oonactu (suBaps, 2020 1.)
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Ha JKanaramickoil coiHeYHO# cTaHIMU OBUIM MCHOJNB30BaHbI COJTHEYHBIE
na"enu «SOLOR» MOHOKpHCTaIMCTHYECKHE, TUIOIIAAb OJHON aHEeNIN COCTABIISET
1,2m2, MomHoCTh 289 BT, 5T0O HE IIIOXHE TEXHUKO-3KOHOMHYECKHE [TOKA3ATEIIH.

Ucxonsa u3 pucyHkoB 2,3,4 MOXKHO MPEITNONOKUTh, YTO CAMbIM TJIaBHBIM
(akTOpoM, BIUSIONIME HA BHIPAOOTKY IIEKTPOIHEPTHHU SIBISETCS COJIHEUHAs
paauanus. Ilpu 3TOM Hafo0 OTMETHUTH, YTO K CHIDKEHUIO U COOTBETCTBEHHO K
YMEHBUICHHUIO PAJMallid W AJIEKTPOIHEPTUU UTPaeT JHEBHAs OOJIaYHOCTh U
MIpsIMOE MOTaJaHUe COMHEUHBIX JTyuel k manensM [3]. XoTd i yperynupoBaHus
yIJla UCHOJB3YIOTCS ANEKTPONPUBOIHBIE TPEKepa, HO MAKCHMAJIbHOE 3HAaueHHE
(L.90°) nocTuraercst TOIBKO MOCiE 2 U 3 4acOB YTPEHHETO U MOCIe00eICHHETO
nepuona. B o6enennsrii nepuoa ¢ 11.00 g0 14.00 wacos HaOMORACTCSI HEKOTOPOE
CHIU)KCHHE aKTUBHOCTHU COJHEUHOH paamanuu 10 10—15 %, oOycnoBieHHOM
CHIKCHHMEM yTJIa MaJeHUs COJHEYHBIX JIydeill. DT0o oXxapakTepHU30BaHO TEM,
4YTO, MecTopacnojoxeHue XKanaramckoil coTHEUHON CTaHIIMM HE TO3BOJISET B
BBIIIEyKa3aHHbIE Yachl MPSMOTo NomnajgaHus coaHeuHsIx aydeit (b 80-83°), rem
caMbIM yMeHblIas o01ryro paauanuio. Hago ormeruts, uto KITJ] ncnons3yembix
naHesnel HanpsAMYyI0 3aBUCUT OT yTJla MaJeHUs JIyda.

Kak u3BeCTHO MHTEHCUBHOCTH COJIHEYHOTO CBETa, KOTOpas JOCTUTAEeT
3eMJIM, MEHSETCS B 3aBUCUMOCTHU OT BPEMEHH CYTOK, I'0/la, MECTOIIOJIOKEHUS U
MTOTO/THBIX yCI0BHUIi[4]. O0IIIee KOMUYeCTBO SHEPTHH, TOACYUTAHHOE 33 JICHD HJIH
3a TOJI, Ha3bIBAETCS Mppanuanueil (MM elle Mo-apyroMy «IpHXO[ COJHEYHOU
panuanum») U MoKas3bIBaeT, HACKOJIBKO MOIIHBIM OBLIO COJTHEYHOE HM3IIy4YEeHHE.
Uppanuanus usmepsiercs B Br*u/m? B nens, winm B apyroii nepuon. Ecim yuects,
YTO MaKCUMallbHas e¢ BequunHa paBHa — 1353 BT/M?, TO U3 BCeX BO3MOXKHBIX
0 HCCIIEyeMOM OOBEKTe B JIeTHEEe BpeMst OHO gocturaer g0 1050B1/m? (u3
MOKa3aHMs JTaTUYNKOB, YCTAHOBJICHHBIX Ha JKanaramickoi COMHEUHON CTaHIMM).
OTo ele oHa XOpolIasi TeXHUYecKas BO3MOXKHOCTh pealln3allii COJTHEUHOU
nporpammbl. Takke OJUH M3 HEMaJIOBAXHBIX (akTopoB, Biusomue Ha KITJ]
TaHesel sBiseTcs: Temrneparypa caMoil manenu[5].
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Knumar KbI3pU10pAMHCKONH 00JIaCTH OTJIMYAETCS MBUIBHBIMH OypsIMU.
Oco0eHHO Takue MOTO/HbIE YCIIOBUS HAOIIOaeTCs B )KapKUe JIETHHUE THU U MOTYT
JUTUTHCS] HECKOJIBKO JHEH M B pe3yNbTaTe B OKPYXKAIOUIMH BO3AYX NOIHHUMAETCS
TOHKHH CJIOW TIecKa, KOTOpasi B CBOIO OY€PE/b, 3arps3Hss COJHEUHBIC MaHEeNH,
camxkaet ux KIIJ[6]. UccnenoBanus, MpoBOAMMEIE HA 3TOM OOBEKTE BBISIBHIIA,
YTO Takue (PaKTopbl MOT'YT HaOIIONATHCS TOJNBKO B JICTHEE BPEMs, a TaKKe
YpOBEHb 3arpsi3HeHUs B TeueHue 3 mecsies coctasuna 5-10 % ot obmiero KITJT
(pucynok-7). [Toatomy aist nanpHel el SKCIuTyarauy TpeboBanoch MOYUCTHTh
TTOBEPXHOCTD TTaHEIH.

Pucynok 5 — CyTouHbIi rpadMK U3MeHeH!s1 TEMIIEPATYPbl TaHeId U
okpyxartorieit cpeapl (21.07.2022r. XKanaramickas comHeUHas! SJEKTPOCTAHITHS )

Pe3yabTarhl M 00cyKaAeHUE

HccnenoBanusi, MpoOBOIMMBIC B ATOM HANpaBJICHUU MOKa3ajH, YTO CaMble
Jkapkue U rofa, pu 40-45 °C, Temneparypa MOHOKPUCTALTUIECKUX TTaHEIeH
nocturanu 65°—68 °C (pucyHok-5). IIpu 3ToM BbIpabOTKa DIIEKTPOIHEPTUH
nokazaina 6-8 % monmxenue (prucyHok-6). JlanpHeiiiee MoBbIIIEHUE TEMIIEPaTyPhI
BeimIe 70 °C BO3MOXKHO NpuBeAET K pe3xoMy cHinkeHuro KI1/1. Ho Takue daxrops
Ha 9THX 00BEKTaxX BCTPEUAIOTCSl OUEHb PEAKO.

Pucynok 7 — YpoBeHb BBIPaOOTKH 3JIEKTPOIHEPT U B YHCTHIX M 3aTPSI3HEHHBIX
nasersix. (22.08.2022 r. XKanaramickasi coHeyHast 3JIeKTPOCTAHIINSA )

Pucynok 6 — I'paduk 3aBHCHMOCTH BBIPAOOTKH 3JIEKTPOSHEPTHH C .
y pad M P p P Pucynok 8 — Texuuueckue Pucynoxk 9 — Breminuii Buj
ydeToM Temrepatypsl nasener (21.07.2022 r. XKanaramickas conxedHast N . N
N HnapaMeTphl UCCIIEAYeMOl MaHeIn Kanaramickoit coHeuHON
ANIEKTPOCTAHIIHS, HCIIOIb30BaHbl MOHOKPHCTAJUTMUECKHE TTaHETIN CyMMapHOH
3NEKTPOCTaHLIUU

ycTaHOBIGHHON MOIIHOCTEIO 3000kBT)
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Pucynok 10 — O6muit Bux COC 1 HOBOPOTHOrO MEXaHU3Ma MaHeT!

PucyHok 11— 3arpsi3HeHHBIC U IOYHIICHHBIC TTAHETH

BriBoabI

B xone mccnenoBaHus OompeneIeHbl W IMPOAHATN3UPOBaHB OCHOBHBIE
TIPUYUHBI ¥ KITMMaTHYeCKUe (DaKTOPBI, BIHSIOIINE Ha PEXXUMBI paOOTHI COTHEUHBIX
anektpoctannuii Ha npumepe JKamaramckoit COC. Oco00 HYKHO OTMETHUTH,
YTO TaKHE MapaMeTphl, KaK yroJl MaJeHHsl COTHEYHBIX JIydeH, 00JadHOCTb,
TeMIIepaTypa OKpY’KaloIIei Cpeibl MOTYT CYIIECTBEHHO BIIMSTH Ha BBIPAOOTKY
aneKTpo3Heprun|§], a TeMmneparypa 1 3arpsiI3HeHHE TAaHEIN MOTYT JOIOIHUTEIBHO
npusectu K norepsm KITJ[ o 10 %. YuuteiBas, BelenpuBeaeHHbIE (AKTHI 1
TIPOBE/ICHHBIC PACUEThl MO)KHO YTBEPK1aTh, YT0 KBI3BIIIOPANHCKUIA PETHOH HMEET
OOJBIION ITOTEHITHAI COTHEYHOHW YHEPTUH.
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KA3AKCTAH PECITYBJIUNKACBIHBIH KbI3BIJIOPIA OBJIBICBIHJA
KYH SJIEKTP CTAHIIUAJIAPBIH JAMBITY HEPCIHHEKTUBACHI

Byn orcymvicma Koizvinopoa 0oavlcoinOa KyH 27eKmp CIMAHCAIAPbIHbIY
ACYMbIC icmey nepcnekmuganapuvl, Kopulazan OpmaHsly 01apobly
JACYMBIC pedicumine ocepi mypanvl maziymammap Oepineen. Kyn snexmp
CMAHYUALAPBIH Canyoazvl Hezi3ei MiHOem KOAQuabl KAUMAMMBLK
gaxkmoprapovl aHbiKmay, coOHOAal-ax CMAHYUSAHBIH HCYMbIC PENCUMOEDIH
o3ipaey Ke3zinle onapovl ecenke any Ooavin mabwviiadvl. Mynoai
Jrcazoaiinapea Kyn paouayuscbiHbly 0eyeelli, aublk Oyamcul3 KyHoep,
wWanovl 0aywiioap, KOpuazam Opmanbly memnepamypacsl Hcamaobl.

Kynu coyneciniy KapKblHObIIbI2bI KYHHIY YAKbIMbIHA, JCHLIbIHA,
OPHANACKAH JIcepiHe JIcone aya-paliblHa 0aiianbiCmel 032epeminoici
bencini. bip xynoe nemece 6ip arcvinda ecenmenzen IHePSUAHbIY JICANbL
Monuepi coyrenieny 0en amanaovl (Hemece backaula «KyH paouayuscblHbiy
Kenyiy) ocone KyH paouayusicblHbly KAHWALLIKMbL Kywmi O0a2aHbIH
Kepcemedi. 3epmmey Oapvicvinoa Kvizviiopoa obnvicvinviy Karazaw
COC mbicanvbinoa KyH 2JeKmp CMAHYUALAPLIHBIY HCYMBIC PEeNCUMIHE
acep ememin Hezizei cebenmep MeH KIuMammblK (pakmopiap aublKmasin,
manoanovl. Kyn coyneciniy mycy oOypulitel, OYIMmuoliblK, KopudeaH
OpmaHbly MEeMREPAMypachl CUAKMbL NAPAMEMpIep 2IeKmp IHePSUSCHIH
onoipyze atmaprvlKmail ocep emyi MyMKIH eKeHiH epeKiie aman OmKeH JCoH,
Kenmipineen paxminepoi srcome sicypeizineen ecenmeyiepoi eckepe omuipuin,
Kwi3bi10poa onipiniy KyH sHepeuscsl dcozapbl Oen atimyaa 601aokbi.
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PROSPECTS FOR THE DEVELOPMENT OF SOLAR
POWER PLANTS IN THE KYZYLORDA REGION
OF THE REPUBLIC OF KAZAKHSTAN

This work provides information on the prospects for the development
of solar power plants and on the factors affecting its operation on the
example of the Kyzylorda region. The main task in the construction of
solar power plants is to determine suitable climatic factors, as well as
their consideration in the development of plant operating modes. Such
conditions include the level of solar radiation, clear cloudless days, dust
storms, and ambient temperature.

As you know, the intensity of sunlight that reaches the earth varies
depending on the time of day, year, location and weather conditions. The
total amount of energy calculated in a day or a year is called irradiation (or
in another way «the arrival of solar radiation») and shows how powerful
the solar radiation was. In the course of the study, the main causes and
climatic factors affecting the operating modes of solar power plants
were identified and analyzed on the example of the Zhalagash SES of the
Kyzylorda region. It should be particularly noted that parameters such as
the angle of incidence of sunlight, cloud cover, and ambient temperature
can significantly affect electricity generation. Taking into account the facts
given and the calculations carried out, it can be argued that the Kyzylorda
region has a great potential for solar energy.

Keywords: solar power plant, solar panel, climate factor, impacts,
solar radiation, irradiation, energy.
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WHTEP®ENCTEP APACbBIHOAFbI AKITAPATThbI
Y/IbTPA KEH )XOJIAKTbI KON AHTEHHAJbIK
CbIMCbI3 TACBIMAJIGAY.ObI OHTANUNAHOLIPY
MOZENI

Byn oicymvicma anmennanviy 6uixmicine 6aiianvicmol ycmenoiy
Memann Kopnycoeinsly iwindezi mepazepy (TIy) cvlmcwiz apunaceinbiy
JHCONBIHOARBL UlbleblHOap MoOei KenmipineeH. Memann kopanmwiy iwinoezi
kepy cuizviebl (LoS) atimazvinoa mapany enuemoepi s#condazbl ulbleblHOap
memenzi Kabbipeadar mpancugepoiy Ouikmizite OAUIAHBICMbL 032€PEMIHiH
JicoHe Kelubip Ouikmixmep ywiiH JHconodazbl ubl2blHOap 60C Keyicmikmiy
MOHIHEeH meMeH eKeHiH kopcemeoi. Pezonamop pesicumoepine neeizoencen
manoay te-0iy aneauiKbl ce2iz pedlcumi KOpanmoly iuliHO0e2i pe30HAHCbIK,
peoicumoepee ycmemoik ememindicin kepcemeodi. ConviMen Kamap,
2HC0N0a2bl WbIZLIHOAPObL MALOAY PE30OHAHCIMbBIK, PENCUMOED KOPANMblY
[winOe2l WazvlablCyiapMern Oipee JHcoi0azvl HCOo2aimy KUCbleblHOd2bl
Kammvl moaKwiHoapza cayan depemindicin kopcemedi. Tpancusep
OUikmiciniy 632epyiMeH Wbl2blHHbIH MAapary CyeHapuiliepine Hazap
ayoapoblx, mpaKmammazvl Wbl2blHObl MAi0ay KOpCemKeHOel, MOIKblH
0a, pe30HAHCMbIK, pedcum 0e KabblLioanasau Kyamka viknai emeodi. Mynoa,
opi Kapat, 0i3 Memanl KOpnycmaavl Jcoiodabl OpmMaula WoleblHoap
MOOENIH MOAKbIH MEH PE30HAHCMbBIK PeNCUMOePOiH CYNepno3uyuscyl
peminode ycvinamviz. Convimen Kamap, 0010IK ywin 013 te-0iy aneaukpl
cezi3 pe30HAHCMbIK PercUMiMen KaObli0aH2an Kyammblly 632epyiH
Modenvoetimis. Maxananvly Kanean 6oiei kenecioell YiubiMOacmulPbLIZAH.
11 6enimoe ancondazvl uiblebiHOaAp MOOENIH KYpy YWIIH KOJOAHbLIAMbIH
enutey cyenaputii cunammanzat. 111 6enimoe enuey Homudicenepi, Hconoazul
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WbI2bIHOAP MOOEE KeNMIPINIZEH JHCOHE AIbIHEAH HOMUIICETED MATKbUIAHAObI.
1V benim-kopvimoiHObL.

Kinmmi ceszdep: unmepgeiicmep apacvinoaswl aknapam,
MUKPOMONKBIHObL HCULNIK, MEMAILL KOPAN, KeH HCONAKMbL, KON AHMEHHAIbL.

Kipicne

ChIMcBI3 OaiilaHbic YUNTEpAl KYpacThIpy KYHBIH JKOHE JKYHeHi jkoOaay
MEH TEXHUKAaJIBIK KbI3MET KOPCEeTYHIiH KYPAETUIITiH TOMEHIETY YIIiH >KYMBIC
YCTeNIHACTI YHNTEp apachbiHAaFbl OalIaHBICTHIH OOJIalaK IIENIiMi PeTiHae
ychiHbUIBI. CHIMCBI3 OalIaHBICTBIH HICKTEYJICPiHiH Oipi-gepekTepai Oepy
KbpLIAaMIbIFbl. CBIMIIBI JKY#e YIIIH CeKYHIbIHA JXY3JereH TMraOuTieH
CaJIBICTBIPFaH/Ia, CHIMCBI3 OaiJIaHbIC CEKYH/bIHA OH TUrabUTKE JKeTe ajMaiibl.
Byn maceneni menry ymrin teparepn (TT'm) chIMchI3 GaliaHBICHl YCHIHBIIIBL,
OHBIH apTHIKIIBLIBIFBI YIIKEH OTKI3y KaOJIeTTIIIIH KaMTaMachl3 €Ty KoHe Killlipek
AHTeHHanap/pl Maianany KaKeTTutiri 6onbin Tadbutanbl. XKyMbIc ycreninaeri
Teparepl] IUana3oHbIHAAFbl YUITEH YHUITKE CHIMCBI3 OaiIaHBICTBI KaMTaMachl3
€Ty YIIH apHaHBIH cumaTTaMachl KaxeT. 3,1-10 I'T MHUKPOTONKBIHABI KUK
JIana3oHbIH/IA TaKTaapalblK OaiIaHbIC YIIIH eJIIIeMIep €Ki JKYMBIC YCTEIHIH
itmiHge, 6ipeyi TOJIBII XKAaTKaH ilTKi KEHICTIKTE, EKIHIIIICI CANTBICTRIPMAIIBI TYPAC
6oc i1ki KeHicTikTe )yprizingi. COHBIMEH Katap, «4HI-4uI» OaiIaHbIChl YKCac
KUK AMana30HbIHaFbl KOMITBIOTEPIIEP/IiH JKa0bIK )KOHE alllbIK KOPITyCTapbIHa
ToH Oonapl. T kuinikTepinne yi inrngeri Oainansic TapaTksi (Tx) men
KaObunarpin (RX) apachiHIaFb! KAIIBIKTBIKTEI ©3TEPTY apKbLIbl KOPY CHI3BIFBIH
(LoS) tapaty yuriH, coHaaii-aK opTypJi Oepy koHe KaObuimay OYpBIIITapHI,
KeJIEHKeJIey cepi, HIaFbUIBICY KoHe JU(PaKIUs apKbUIbI KOPY CHI3BIFBIHAH ThIC
(NLoS) Tapary y1wiH >xy3ere acbIpbUIIbLapTYpII Mateprasiaad. CoHbIMEH Karap, los,
RNLoS, kepy cei3birbHbIH Keaeprici (OLoS) skane NLoS CHsKTBI apTYpIti BIKTUMAIT
cueHapuitnepi eckepe oTeIpbi, 300 I'T 1 KUK Teri ChIMCBI3 eITIIeyIep Ky prizii.

Kepicinmre, 0y Makanaga aHTCHHAHBIH OWIKTIriHEe OalTaHBICTHI YKYMBIC
YCTEiHIH emeMineri Mmeta kopanthiy imriageri 300 [T cbIMChI3 apHaaarsl
JepeKTepIi Oepy KOIBIHIAFBI KOFAITY MOJICII KenTipinreH. MyHa 613 TpaHcuBep
OMIKTITiHIH ©3repyiMeH HIBIFBIHHBIH Tapally ClieHapuiiiepiHe Ha3ap ayJapAabik, h
TPaKTaTTaFbI IIBIFBIH/IBI TAJ/IAY KOPCETKEH IEH, TOJIKBIH 13, PE30HAHCTHIK PEXKUM
Jie KaOblIlaHFaH KyaTKa bIKIai ereni. JKongarsl MIBIFEIHAAD MEH aHTCHHAHBIH
OMIKTIri apackIHIaFbl OalJIaHBICTHI TATJAH OTBIPHIIT, HOTHIKENIEP aJIFAIIKbI CeTi3 te
PEXUMI Koparl iliHeri pe3oHaHcTa 6ackiM ekeHiH kepcetesi. COHbIMEH KaTap,
JKOJIJaFbl NIBIFBIHAAP/IBI TANAAy PE30HAHCTBIK PEKUMJIEP KOPANTHIH IIIiHIET]
LIaFBUTBICYJIAPMEH Oipre JKOJIaFbl )KOFANITY KUCHIFBIHAAFbI KATThI TOJIKBIHIApFa
xayan OepeTiHairin kepcereai. LoS Tapany cunarramanapblHBIH OacTankbl
3epTTeyl TPaHCHUBEPJEPAiH OMIKTIriHEe OaiIaHBICTHI KaOBUIJAaHFAH KYaTThIH
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e3repyiH kepcereni. byn TE-nmiH anramksl aiTbel pe30HAHCTHIK PEKUMIHIH
KOCKaH yJieCiIMEH TyciHmipiiai. MyHnaa, opi Kapaii, 0i3 MeTasl KOPIYyCTaFbl
YKOJIJJaFbl OpTAllla IIBIFBIHAP MOJEJIH TOJKBIH MEH PE30HAHCTBIK PEXKUMIICPAIH
CYNEpHO3UIMACH peTiHae ychiHaMbI3. COHBIMEH KaTap, MOJJIIK YIIiH 0i3 te-
JIH aJIFalliKbl Ceri3 pe30HAHCTHIK PESKUMIMEH KaObUIIaHFAaH KyaTThbIH ©3repyiH
MozenbeiimMiz. MakanaHblH KainFaH Oeuiri kenecifeil yibIMaacThIpbUIFaH.
II Gemimue >koNAaFrsl WIBIFBIHAAP MOJENIH KYPY VIIIH KOJJaHBUIATHIH OJIIIeY
cueHapwuiii cunattanra. 111 GexiMae esniey HOTHXKENEPI, KOJIJAFb! IIBIFBIHIAD
MOJIeli KENTIPLIreH jKoHE aJbIHFaH HOTHXKeNiep TajKbuiaHanbl. IV OemiM-
KOPBITBIH/IBL.

Marepuannap xdHe dicTep

Oniey clieHapuil — CUIIaTTaJIFaHFa YKcac, oJ1 imamaMeH JKyMbIc yeTemiHiH
KopmychiHa cobikec kenetid 30,5 cm X 30,5 ¢cM X 9,6 cM aNIOMUHUI KOPANThI
naiifanaHajbl.

1 cypeTTe kepceTuIreHaeH, Y3uHABIFR 30,5 ¢cM OOJAThIH €Ki IIapIbl
TIOMHHUI TaKTalanap Tept OyphlliKa KeOiKIeH OeKITii, MeTanI KOpanThliy
Tebeci MEH eAeHIH Kypaabl. MeTana KopanThlH KajJfaH TOPT JKarbl aTFOMUHHUN
¢onpramen Kanranrad. by Oyitip kaOsipranap 1 A-cyperte KepceTinrenaeit A,
B, Cxone D nen GenrineHreH. Kopar KeJlieHeH aHTeHHaIapbl 0ap TapaTKbIIITHIH
(Tx) »xoHe kaOburnareIITHIH (RX) opTachlHaa KbICHUIFaH. AHTEHHAHBIH
6umikTiri perinae, h, TpancuBepain OyHipaepinae (a xarsl MeH C xarbl) 1B
CypeTTe KOepCeTUIreHAeH aHTeHHa YIIiH €Ki JTUaroHaJb/bl TECIK OYpFBUIAHIIBI.
aHTEHHaJIap/blH OPTAChIHAaH METaJUl KOpanThlH OyiipiHe AEHIHTi KallbIKTBIK
OHBIH CHIHIH JKapTHICBIHA TeH. MeTaJl KOPanThIH IIIiHACTI PE30HAHCTHIK
pexxumMaepi cunarray yurs enmemzaep 0 cm-aeH 6,6 cMm-re aeiin, 0,6 cm
KaJaMMEH eJIIeH . MyH/1aFbl h mapaMeTpi MYHi3/1iH TOMEHT'1 )KHeTi MeH MeTasll
KOpAIThIH HEri31 apachIHAaFbl KAIIBIKTBHIKTH Oinmipeai. Da3anbik OpTabIK
IICH MYiii3 aHTCHHACBHIHBIH TOMECHT1 )KHET1 apachIHIAaFbl KAIIBIKTHIK 4,575 MM.
AHTEeHHaNapAbIH apTKbl JKaFbIHJAFEl AaFbUIIBICTAP/IBl KO0 YIIH 1A cyperte
KepCeTUIreHield paKoBUHAIAP KOJIAAHBUIIBI.
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Cyper 1 — l1IbIFbIHAAp OJI11IEy KOHJBIPFBICHI IPOTOTHITI )KOHE METaJT KYBIC.
(a) LIpiFpiaap esiey KOHABIPFBICH jkoHe (b) TrMaroHasbpl TECIKTEpi Oap
TIKOYPBIITHl METAILT KYBIC.

HoTu:kenep MeH TAJIKbLIAY

2a-cypeTTe Kopall eJIeMIepiHAeri TpaKTaTTarbl OJIIICHICH IIBIFBIHAAP
KOpCeTIreH xaHe onapzasl Opunc popMynacbIMeH calbICThIpy XKypriziires. H <
1,8 cM enmeyrep yIiH TpacKTOpHsiAarbl WbIFbIHAAP Ppunc GopMylack GoHbIHILIA
OoypkaHFaHHAH TOMeH, ain h > 1,8 cM yIIiH TpaeKTopHsAarsl WbIFbIHAap Dpuuc
(dbopmyacel OoiibIHIIIA OODKaMFa Coiikec Kenemi. TpakTarTarbl NIBIFBIHIAPIBIH
OYJI e3repyiH OpTYPJIi PE30HAHCTHIK PEeKUMACP KaObUITaHFaH KyaTKa BIKIIA
eTeTiHiH OaliKay apKbUIbI TYCiHIIpyTe Oonansl. MyHzaa 6i3 6epiiiic KyaTbl TYpaKThl
OoNFaHABIKTaH, TPAKTATTAFbl HIBIFBIHAAPABIH ©3repyi Ka0blijay KyaThIHbIH
e3repyiHe TCH eKeHIH atam eTeMi3. JleMek, MeTaut KopanThIH imriHjeri los Tapary
JKOJIBIH/IAFbI IIBIFBIHAP/IbI TOJIKBIH YKOJIBIH/IAFbI IIBIFBIHIAP MEH PE30HAHCTHIK
pexxuMepre OaillaHbICThI KaOBUIAAHFAH KyaTThIH ©3repyl peTiHe KapacThIpyFra
Oomanel. 2b-cyperre OMIKTIKKE KaTBHICTBl TPACKTOPHUSIAFbl OJIICHI'eH )KOHE
€CeNTesreH opTalia IbIFBIHIAAP/IbI CATBICTBIPaAbL, h. Oenriii Oip OHIKTIKTE KYpy
JKOJIBIHAAFbl OJIIIEHIeH HIBIFBIHIAPABIH OpTalia MaHi, h, 6apibIK TipkeiareH
KHUUTIKTep/Ie 2a-CypeTTe KOPCETUINCHICH Y3MIKCI3 TOIKBIH/IBI OpTalliaiay apKbLIbI
ecenesei. Kosars! eJILEHIeH MIBIFBIH KUCHIFBI 2b-CYypeTTe KOpCeTIreH — OyI1
KHCBIKTA J1a OCJTIJICHICH OChI OpTallla HYKTEJIEeP IiH HHTEPITOJSAIHSICHL.
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Cyper 2 — OJIIeHreH XoHe €CeNTeNreH (a) MUK OOHBIHIIA TPAKTaTTaFbl
LIBIFBIHAAP/IBIH 03repyi (KbI3bUT ChI3bIK — Dpunc Tenneyi) xoHe (0) aHTEeHHAHBIH
OuikTirine OalNaHBICTBI METAIUT KopanTarbl LoS yIIiH TpakraTTarsl
opTariia meIFBIHAAp, h.

XKonnarer Teopusabik mweirsingap (PLT), 2b cyperreri nb kenecinei
ecenrenesi.

(PL g = (PL)gp + 1010g,o([E|?)™? M)

My#sza P - KO3FalaThIH TONKBIH JKOIBIHIAFBI OPTAIIA IIBIFBIH/B OiTTipesi
xoHe Ppurc GopMyIIachH JKHIMIK KOIaFsl OOMBIHIIA
peTiHae opramanay apKeUIBI ecenrteyre Oomaasl , myHAarsl d — Tx mer Rx
apachIHAAFBI KAIIBIKTHIKTHL, aJl C KapbIK JKbUIIaMABIFBIH OiAipeni.

d =D =30,5 cm Gy;1 KOpanThIH Y3bIHIBIFEIHA colikec Keneni 10/od, (/E/)!
PE30HAHCTHIK pexumaepre OailTaHBICTH KaOBIIOAaHFAaH KyaTTHIH ©3TepyiH
6inaipeni /E/? perinzie ka3putybl MyMKiH.

2

Eym sxone Exm keneci ecen 6oiibIHIIa TaOBUIAIBI.
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3)

“4)

mynarel H — A/m Giprtikrepi Gap epikTi TYpakTsL, ain m, n ke p —OyTiH canmap.
K menmikti Monaepi Kmnp = % Iy (%)2 + (%)2 = k% + ka} + kizl

mnp
MIApPTHIH KaHaFaTTaHIbIPabl, MYHIAFbl kX =n1/a,ky = nn/b,kz= nn/c an a, b >xoHe
¢ lb-cypeTTe KepceTreHeH KYbICTBIH OMIKTIr, Y3BIHIBIFI KOHE €Hi OOJBII

TaObUTabL. H GaFBITHIH ©3repTy VIIH X KeJIeCiIeh KeHUTACTITYl MyMKIH.

©)

Kucrbik ¢putunrTi Kongana oteipbin, 0i3 TE pexxumiHiH anFaluksl 8 pexuMi
KOpanTarbl pe30HaHCTHIK Pe30HaTOp/1a 6achIM OOJIATHIHBIH )KSHE OCHI PEXKUMIIEPIIH
KO3 QUIUEHTTEP] IMITUPUKAIIBIK TYPAC

A=0.441, B1=-0.173,A2 =-0.583, B2 =0.060, A3 =0.757,

B3=-0.56, A4 =-0.254, B40352, A5 =074, B5 =-0113,

A6=0.128,B6 =0394, A7 =0968, B7=0892, A8 =0.269,

B8 =0.323 ekeHiH aHLIKTaAbIK.

Cyper 3 — OnIeHreH XoHe ecenTeNreH (a) KUUTIK OOHBIHINIA TPAKTATTAFbI
IIBIFBIHAAPIBIH 03repyi (KbI3BUT CBI3BIK - Dpunc TeHaeyi) xoHe (0) aHTCHHAHBIH
OuikTirine 6alIaHBICTEI METAIUT KopanTarbl LoS yIIiH TpakTaTTarsl
opTamia meFEHAAP, h.

Kapxpliianapipy Typajasl aknapar
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byn 3eprreyni Kazakcran PecnyOaukacel FruibiM kKoHE XKOFapbl
6iiM MUHHUCTpIIriHiH FrutbiM KOMHTETI KapkbutaHasipasl, AP14869840
—«HHTepdeticTep apachIHIaFbl aKIapaTThl YIIBTPA KSH XKOJaKThl KOIT aHTEHHAIIBIK,
CBIMCBI3 TaChIMaJIJIay/lbl 3ePTTEY JKOHE KYpY» k00achl asiChIH/a NIBIFAPbUI/IBI.

KopbITbIHABI

Byn >xyMmbIcTa aHTEeHHAHBIH OWIKTIriHe OalIaHBICTHI METaJl KOPAIlThIH
immiageri 1 TT' ceIMCBI3 apHa JKOJBIHAAFBI LIBIFBIHAAP MOJENI KEeNTipiJireH.
KopanTsiH imriHae TONKBIHAAP Aa, PE30HAHCTHIK peXUMAED A€ Oap ekeHi
aHBIKTAJIIBI. MeTalul KopanThly imiHgeri los TapainyblH Tangay aHTEHHaHBIH
OMiKTiriHe OaiyIaHBICTBI KaOBUIIAHATBIH KyaTTBIH ©3Tepyl MeTajul KOpanThlH
IIIHJET] aFAIIKBI Ceri3 te peKuMi 0achiM 0OJIAThIH PE30HAHCTHIK PEKHMICPTE
0aliJIaHBICTHI EKCHIH KOPCETE .
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NPUHUMAEMOU MOWHOCIU C NEPBLIMU 80CEMBIO PE3OHAHCHLLMU MOOUMU M.
OcmanvHas wacms cmamuvi Op2aHu308ana ciedyrouum oopazom. Pazoen 11
onucvlIBaem CYEeHapull UsMEPeHUsl, UCHOIb3YeMbill OJis HOCIPOEHUS MOOeTU
cmoumocmu 0opoe. B pazoerne Il npedcmasienvl pezynbmamol usmeperutl,
MOOeNb CMOUMOCIU 00PO2 U 0OCYHCOAIOMCSL NOTYHEHHbLE Pe3YIbMAmbl.
Yacmo 1V - 3axmouenue.

Kniouesvie cnosa: unpopmayus mesxncdy unmepgeticamu,
MUKPOBOIHOBASL YACMOMA, MEMANIUYECKUL AUWUK, WUUPOKONOIOCHbIU
docmyn, MyIbmuaHmenHa.

*P. T. Kacoim!, 3. M. Omipbexosa’,
T. I Cepuxoé’, A. C. Toneecenosa’, A. A. Thenuuesa’

12 AkasieMust IOTUCTUKHU | TpaHcnopTa, Pecybnuka Kaszaxcran, 1. AnMarsi,

345 Ka3aXCKHii arpoTeXHMYECKUH YHUBEPCUTET UCCIIEI0BATENLCKUI UMEHH
C. Ceiipymnuna, Pecriyonuka Kaszaxcran, r. Acrana

*R. T. Kassym!, Z. M. Omirbekobd’,

T. G. Serikov* A. S. Tolegenova®, A. A. Tlenshieva’,

12 Academy of logistics and transport, Republic of Kazakhstan, Almaty,
345 S, Seifullin Kazakh agrotechnical research university,

Republic of Kazakhstan, Astana,

Accepted for publication on 18.09.23

OPTIMIZATION MODEL OF ULTRA-WIDEBAND MULTI-ANTENNA

IIpunsaro x uznanuto 18.09.23.

MOJIEJIb OITUMM3ALIMU CBEPXIIIMPOKOIIOJIOCHOM
MHOTI'OAHTEHHOM BECIPOBOJHOM MEPEJIAYU JAHHBIX
MEX1Y UHTEPOEWCAMHU

B oannoti cmamve npedcmasnena moodenv nomepv Ha mpacce
becnpogoonozo kanana 6 ouanazore mepazepy (T1y) 6Hympu HacCMoILHO20
MeManIu4ecko20 KOpnyca 6 3a8UCUMOCTNU OM GbICOMbI AHMEHHDYL.
HUsmepenus pacnpocmpanenus 6 30ne npamou euoumocmu (LoS)
BHYMPU MEMATIULECKO20 AWUKA NOKAZBIBAION, YO NOMeEPU HA mpacce
3a6UCSIM OM 8bICOMbL NPUEMONEPEOAMUUKA O HUIICHEU CEHbl, U 05
HEKOMOPBIX 8bICON NOMEPU HA MPACce HUdice, YeM 3HAYeHUe 8 C60O0OHOM
npocmpancmee. AHanu3, 0CHOBAHHbLIL HA MOOAX PE30HAMOPA, NOKA3bLEAEN,
umo nepevie 80ceMb MO0 te OOMUHUPYIOM HAO PEe30HAHCHBIMU MOOAMU
enympu siyuxa. Kpome moeo, ananuz nomepvb na mpacce noxasvieaem,
YUMo Pe30HAHCHbIE MOObL OMBEMCMBEHHbL 3d CUNbHbIE 60JIHbL HA KPUBOTL
nomepv Ha mpacce Hapsody ¢ OMPANCEHUAMY BHYmMpuU swura. /lazee mol
npeocmassiem Mooeib YCPeOHEHHbIX HO Mpacce NOMepb 6 MEMALIU4eCKOM
Kopnyce Kak Cynepno3uyuio 60JHOB8bIX U PE3OHAHCHBIX M0OO. Mol
COCPEeOOMOUUNUCH HA CYECHAPUSIX PACHPeOeieHUsL NOMEPb C USMEHEHUEM
8bICOMbL NPUEMONEPEOAMUUKA, AHAIU3 NOMEPL 8 MPAKMe NOKA3bleaen,
YUMo KaK 8OJIHA, MAK U PE3OHAHCHBIL PENCUM BIIUIOM HA BOCTPUHUMAEMYIO
mownocmos. Kpome moeo, 0151 mouHoOCmu mooeaupyem uzMeHeHue

182

WIRELESS DATA TRANSFER BETWEEN INTERFACES

This paper presents the path loss model of Terahertz (THz) wireless
channel inside a desktop size metal enclosure as a function of antenna
height. Measurements for line-of-sight (LoS) propagation inside the metal
box show that path loss varies with respect to the transceiver’s height
from the bottom wall, and for some heights, the path loss is lower than the
free space value. Analysis based on the cavity modes shows that the first
eight TE modes dominate the resonating modes inside the box. Also, the
path loss analysis indicates that the resonating modes combined with the
reflections inside the box are responsible for the strong ripples in the path
loss curve. Here, further, we present a model of path-averaged losses in a
metal case as a superposition of wave and resonant modes. We focused on
loss distribution scenarios with a change in the height of the transceiver,
the analysis of losses in the path shows that both the wave and the resonant
mode affect the perceived power. In addition, for accuracy, we simulate
the variation of the received power with the first eight resonant modes
of te. The rest of the article is organized as follows. Section Il describes
the measurement scenario used to build the road cost model. Section 111
presents the measurement results, the road cost model, and discusses the
obtained results. Part IV - conclusion.

Keywords: information between interfaces, microwave frequency,
metal box, broadband, multi-antenna.
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PA3PABOTKA TOMEXQYCTOAYNBOIO
PALOWNOKAHAIJIA

AJ1AA OPFTAHU3ALUNN MOHUTOPUHIA PABOTbI
OJIEKTPOCTAHLNWN «3EJIEHOU SHEPIETUKN»

184

B nacmosiyeii cmamve npedcmagienvl pe3ynbmanmuvl UCHbIMAHUS
pazpabomanno2o aemopamu 060py0068arHus 0 OPeAHU3ZAYUU
noMexoycmouyuugou nepeoayu OAHHLIX 68 ANNApamHol «3eJeHOl
onepeemuxuy Topaiievipoe ynusepcumema no paouoxananry. Hanuuue
mako2o 0060py008aHust HeO6X0OUMO OJisl OPAHUIAYUU MOHUMOPUHSA
pabombl conneurno-eempogoul dnekmpocmanyuu (CBIC) na ocuose
becnposodnblx mexunonozui. Ileped navanrom pazpabomku Oviia
IKCNEPUMEHMANLHO UCCIE008AHA CUSHATLHO-NOMEX08Asi 0OCMAHOBKA
6 noMeweHuy annapamiol Ha wacmomax 6 ouanaszoue 0o 1 I'Ty, He
nOONeHCAUUX 20CYOAPCMBEHHOMY Auyen3uposanuio. Hccredosanus ¢
nomowywio nanopamnozo USB-npuemnuka noxazanu, umo 6 ouanazonax 315,
433 u 868 Mey cmenenv 3azpysicennocmu ¢hupa npumepHo 00uHaxosa. Jis
Op2aHU3AYUU ROMEXOYCIMOUYUBOL NEPe0ay OUHHBIX ObLIU CHPOEKIMUPOBAHbI
U U320MOBTIEHbL IKCHEPUMEHMANbHBLE MUKPOKOHMPOJLIEPHbIE NEPeOamyuK
U RPUEMHUK C UCNOIb308AHUEM CIAHOAPMHBIX PAOUOMOOYJIE YUPDPOBLIX
nepeoamuuxog MowHocmoio 10 MBm u npuémMHuKos 4yecmeumenbHOCmsio
—106 dBm 6 ouanazone 433 MI'y. Ilpeonoscenvt cmpykmypHble cxembl
annapamuoll yacmu npUEMHUKA U nepeoam4uKka U ONUCan NPUHYUn ux
pabomol 60 e3aumoodeticmeuu. Paspabomano npoepammuoe obecneuenue
0151 MUKPOKOHMPOLIEPO8, YRPAGIAIOWUX Npoyeccamu nepeoadu,
omobpadicenus u NPOMOKOIUPOBAHUS NPUHAMBIX OaHHbIX. [Ipusedenvl
3AN0CEHHbIE 8 NPOSPAMMbL ACOPUMMbL Repedayu u npuéma yugdpoeswix
OAHHBIX C 2TeMEHMAMU OMCMPOUKU OM NOMEX, NO3GONSIOUUE 3ANUCHIBATND
npuHsmsie N0 pAOUOKAHATY OAHHbIE HA HCECMKUL OUCK NEPCOHATLHO20
rkomnvromepa (IIK) u omobpascame ux na monumope IIK u na sxpamne
JHCUOKO-KpUCmaniudeckoeo unoukamopa (KKH).
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B cmamve npusedenvi maxice gppacmenmul 3anuceil OUmMenbHbIX
IKCNEPUMEHMO8 NO nepedaie OAHHBIX C HOMOWbIO PA3pabOMAnHbIX nAp
«nepedamyux-npuémnury. Mx ananus noxasvieaem, 4mo npeoiodceHnoe
0bopydosanue u npocpamMMHoe obecneyeHue no36oasnen Op2aHu308ams
HAOEXNCHBIN PAOUOKAHAN 05l OP2AHUZAYUU MOHUMOPUHSA OCHOBHBLX
napamempog pabomor CBOC 6 annapammuoii «3ejeHotl 3Hep2emuKuy.

Kuwouesvie cnosa: nepedamuux, npuemHux, MUKpOKOHMpPOLIEp,
CUCHATILHO-NOMEX08As1 0OCMAHOBKA, NOMEXOYCMOUYUBLLL PAOUOKAHAT,
CONHEUHO-8eMPOBAs TEKMPOCAHYUSL.

Beenenne

Heo0xonuMoCcTh MOHUTOPHHTA COJHEYHO-BETPOBBIX 3JIEKTPOCTAHIIUH
(CBOC), xak u J000r0 JPYyroro TEXHOJIOTHYECKOTO 00OPYIOBAaHUS, CETOMHS
HU y KOTO He BbI3bIBaeT coMHeHHH [1-4]. [lns cOopa MHPOpPMALUU O TEKYIIUX
3HaUYEHHMIX KIIOYEBBIX mapameTrpoB padoTsl CBOC HeoOxoaumo BHIOpaTh
HanOoJee OIXOISIIIE METO/IBI TIEPEIaut JAHHBIX B 3aBUCHMOCTH OT KOHKPETHBIX
00cTosATENHCTB. PexXMMBI epeiadn JessITCsl Ha MPOBOAIHBIE M OecripoBoHbIE [S].

B anmapatHoit «3eneHoi 3HepreTUKU» PAacCTOSHHUE Iepeadyd HaXOAUTCS
B IIpefieniax 5 M, U nepegaBaeMble MaKkeThl JAHHBIX KOPOTKHE. Y UHUThIBAs TakxkKe
TpeboBaHWE MHUHHUMAJBHOTO BMEIIATENBCTBA B 00JaCTh MOHTa)Ka CHIIOBOU
IIPOBOJIKH, B HAIlIEM CJIy4ae BHITOAHEE BEIOpATh OECIIPOBOIHOM CIIoCcO0 nepenaian
[6]. B OonbIIMHCTBE CTpaH €CTh MPaBUTEIBCTBEHHBIE areHTCTBA, OTBEYAIOIIUE
3a paclpejielleHHe U KOHTPOJIb MCIIOJIb30BaHUS JUAla30Ha paguovyacToT IS
OGecnpoBoAHON mepenaun AaHHBIX. CIEKTpP BBHIAENSETCS B JIMIEH3MOHHBIX
0JI0Cax 4acToT (KOTOpPBIE PETYIUPYIOUINE OPraHbl BBIACISIOT JUIS OTISIBHBIX
OTIEPaTOPOB) WY B HENTUIIEH3UPYEMBIX MOJIOCAX (KOTOPBIE MOTYT UCIIOJIB30BATHCS
JT00BIMHE CYyObEKTaMH PHIHKA B COOTBETCTBUH C OIPEAEICHHBIMA CHCTEMHBIMU
TpedoBanusaMu). B PK HenmiieH3upyeMbIMH SBISIFOTCS Anara3oHbl 4actot 315, 433
u 868 MI'1 [7]. [Ipu opranuzaiiuy NpoeKTUPOBAHUH PAJUOTUHHH CIEAYET U3yUUTh
panuonoMexoByro 00CTaHOBKY B Touke npuema [8-10], kotopast oOpasyercst Kak
OT €CTECTBEHHBIX (TIPOrHO3UPYEMBIX ), TAK M OT CIIy4aifHbIX (HETTPOTHO3UPYEMBIX )
HCTOYHUKOB.

Marepuaasl 1 METOABI

HccnenoBanue moMexoBoi 00CTaHOBKH B almapaTHo# «3eeHoi SHEPTeTHKI
OBLTO TIPOBE/ICHO JIBYMsI CLIOCO0aMU:

1) ¢ momompio nmanopamuoro npuémunka MSi.SDR ¢ uHTepdeiicom
USB, BHewrHuii BU U CTPYKTypHast cxeMa KOTOPOTo NMpHUBEICHBI Ha pUCYHKe 1.
YacTOTHBIN AUana3oH 3TOro NpuéMHUKA orpaHudeH BenuduHon 1 I'T.
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Pucynok 1 — Bremnuii BUI ¥ CTpyKTypHas cXeMa IaHOPaMHOI'O
npuemHnka MSi-SDR

2) ¢ TOMOUIBIO CIIENUANIFHO N3TOTOBJIEHHBIX Map «IIePeAaTINK-TPUEMHHUKY.
W nepenaruuk, 1 IpHEMHHK YIIPABIIOTCS MUKPOKOHTpOIIIEpaMul. BHemHui BU
U CTPYKTypHasl CXeMa IepeAaTinKa NpuBeieHa Ha pUCYHKE 2.

ZQ [
—)| MCU [ TX

T
ATn =out!
> L >.out3
Aln2 ——>-out4
— ——>outd
—=0outb

Pucynok 2 — CTpykTypHas cxema U BHSUTHUN BUJI OTIBITHOTO
o0pa3ia nepeaarynka

MuxpoxonTpomiep nepegarduka MCU, gacToTa TaKTOBOTO IeHepaTopa
KOTOPOT0 CTa0HIM3MpOBaHA KBAaplEBBIM pe30oHATOopoM ZQ, ¢ NOMOIIbIO
BcTpoeHHoro ALIIT uamepsieT HanpspkeHus, MoaBaeMble Ha pa3beMel (puc. 2),
a TaK)Ke CUYMTHIBAET COCTOSIHUE IIECTH BbIXoA0B mopta Outl...Out6, nHAUIKPYS
€ro CBETOANOJaMU. DTH JAHHBIC YITAKOBBIBAIOTCS B 5 OaWT, K HUM J00aBIISFOTCS
nBa 0aliTa KOHTPOJIBHON CYMMBI, M C TIOMOIIBIO paguornepeaaromero Moayis TX
MOIIHOCTHIO 10 MBT ¢ epruOAMYHOCTRIO B JIBE CEKYHIbI OTIIPABISIOTCS B 3QUD
Ha yacToTe 433 MI'11 B BH/Ie IISITH OJUHAKOBBIX MOCHUIOK B Koje Manchester I1.
AnTOpUTM, 3aJI0)KEHHBII B MPOrpamMMy Nepeaarduka, oka3aH Ha PUCYHKE 3.
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HacTpoka noptos,
Wumumnanusaums ALLMN

Moacuer KOHTPONbHOW CYyMMbl
WHPOPMALIMOHHOMO NakeTa

!

25-kpaTHoe usMepeHve Mocbinka saronoska, 6anta KC
Uawu Ug c ycpeaHenvem M VH$OPMaLMOHHOMO NakeTa
\L Ha paauoMoay b NepeaaTunka

{

Maysa 250 mc, cuéT nocbinok N

Onpoc Bbixoaos Out...0utB,

$POPMUPOBAHWE 6anTa UX COCTOSAHUA

!

®opmuposaHme HeT
MHPOPMaLIMOHHOMO NaKeTa

I e

Pucynok 3 — Aaroput™ mporpaMMsl epegaTauka

Ha npuémnoii ctopone (pucyHok 4) mukpokonTpoyuiep MK noacunteiBaet
koHTpOoNbHYI0 cymMMy (KC) moceuiku, u B ciydae COBIAIEHUS KOHTPOJIBHBIX
CYMM Ha CTOpOHE Iepeiauyu W npuéMa MPUHSITHIN KoA paciinppoBbIBACTCS.
[punsitas uHbopManus, JONOIHEHHAs HHpOpMALUel O TeKyIleM BPEeMEHH U3
yacoB peanbHoro BpemerH (RTC), kaxxasie 2 ceKyHIBI 0TOOpakaeTcs Ha SKpaHe
JBYXCTPOYHOTO KUIKOKPHCTAIUTHIEeCKOro HHAnKaropa npuémanka (LCD), n onun
pa3 B 10 cexynx ornpasnsercs uepes mpeodpazosarens UART-USB na USB-mopt
nepcoransHOro Kommeiorepa (11K). Mudopmanus uz supryansaoro COM-nopra
IIK oroOpakanach Ha SKpaHe €ro MOHHTOpPA M OJHOBPEMEHHO 3aIlHChIBAIach
B Log-daiin Ha xEctkoMm ancke kommbiorepa. Yacsl peanpHoro Bpemenn RTC
CBSI3aHBI C MUKpOKOHTpoIiepoM 1o uaTepdeiicy 12C muamsivu SCL u SDA.

RXD| UART

T MCU

mz i 5 LCD disply

Pucynok 4 — CtpykTypHasi cxeMa U BHEIIHUHN BUJ IPUEMHHUKA
Pe3onarop ZQ1 npuMeHsieTcst AJ1sl MOBBIIEHUS CTa0OMIBHOCTH paciin(poBKH
koaa Manchester 11, a ZQ2 obecnieunBacT TOYHOCTH X014 YACOB PEATLHOTO
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BPEMEHH.
AJNTOpUTM IIpOrpaMMbI IPHEMHHKA TIPUBEAEH HA PUCYHKE 5.

Pucynok 6 — CurnanpHO-IoMexoBasi 0OCTaHOBKA B aIlllapaTHON «3eJIeHOH
SHEPreTHKW» Ha yacTtoTe 433 MI'1g

PucyHok 5 — AIropuT™M IIporpaMMbl TPHEMHHUKA

Pe3yabTarhl 1 00cy:KAeHUE
PesympTarh! Hccaeq0BaHUS IOMEXOBOW 0OCTAHOBKH HA HEIHUIIEH3UPYEMBIX
4acToTax B amIapaTHON «3eIeHO YHEPreTHKI IPUBEICHBI Ha PHCYHKAX 5-7.

Pucynok 7 — CurHansHO-IoMeX0Bast 0OCTAHOBKA B aIllapaTHON «3€JIeHOH
SHEPTeTUKW» Ha yacToTe 868 MI'11

W3 cpaBHEHUs PUCYHKOB 5—7 BHUIHO, YTO BCE TPU HEJIULIEH3UPYEMBIX

panuoanana3oHa 3arpy>KeHbl IPAMEPHO OAMHAKOBO. [l SKCIepHMEeHTaIbHON

MPOBEPKH BO3MOXKHOCTH HAIEKHOM IMepeIavn NaHHBIX B anmapaTHOW «3eleHon

SHepTreTHuKW» ObUT BeIOpaH nuama3zoH 433 MI'1, u ObUIM CIPOEKTUPOBAHBI

Prcynok 5 — CHrHaIBHO-IIOMEXOBasi 0OCTAHOBKA B AMIApaTHOH «3€JIeHOI Y M3TOTOBJICHBI BBHINICONMCAHHBIE MPUEMHUK U Tepemaarduk. (s mpoBepku
SHEPreTHKI» Ha 9actoTe 315 MI'n ITOMEX0yCTOWYMBOCTH MPOBOIMINCH JIUTEIBHBIC HCIBITAHUS pa3padOTaHHOTO
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o0opynoBaHud,B mpouecce kotopsix Ha auck IIK c¢ wactotoit, B 150 pa3
MIpEeBbIIIAIOINIEH peanbHO HEOOXOANMYIO, HEIPEPhIBHO 3aNmKChIBaIUCh B Log-
(aiin kaK NpUHSTHIC JaHHBIC, TAK U COOOIIEHUS O TIOMEeXaX, NPEMsTCTBYFOLIHX
NIepEChUIKE OTAEIBHBIX NAaKEeTOB JIaHHBIX. HauanbHble (hparMeHThI 3TUX 3arucen
TIPUBENICHBI HA PUCYHKE 8.

B Log-¢aitnax ¢ukcupyroTcss HanpsDKEHHE MUTaHHUS NepefaTyuka,
HarpspDKEHHEe UMHTATOpa COJHEYHOH Oarapew, coctosiHue BbIXogoB Outl...Out6
U 2JIEKTPHYECKUX Harpy3ok Big m Small, npuBsizanHble K TEKyIIUM BpeMEHH U
nare. 3aduxcupoBanusle B Log-(aiine Ha pucyHKe 8 IoMexu ClIy4aluch B Hauaje
WCIIBITaHUS, KOT/1a MBI HAXOJIMJIUChH C COTOBBIMH TeJIe()OHAMH B HEMOCPEICTBEHHON
OMU30CTH OT NPUEMHHKA, 4 TAK)KE B MOMEHTBI IIOCTAHOBKH M CHSITHSI C CUTHAIM3ALMN
MIPUIIAPKOBaHHBIX BOJIM3M aBTOMOOWJIEH INEpea HauyaloM M IOClie OKOHYaHHUS
pabouero aHs. CTOUT OTMETHTH, YTO CJEICTBHEM IIOMEX B IOJABJISIOLIEM
OOJIBIIMHCTBE CllydyaeB ObUIM JIMIIb KPAaTKOBPEMEHHBIE MPOIYCKU Ipuéma
repeaBaeMbIX MTaKeTOB, U UX JCHCTBUE HE NPHBOIMIO K MCKKCHUIO IPHHATON
nHpopManmy. AHAIU3 COTEH OCTaJIbHBIX 3alMCaHHbIX GparMeHToB Log-(aiinos,
He MPUBEJCHHBIX B CTaThe U3-3a OrpaHryeHus e€ 00bEMa, MoKa3bIBaeT, YTo cOon
Triepeiau O4eHb PEIKH M COCTABIISIOT MpUONM3uTenbHO 1 ciaydaii Ha 10000.
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PucyHok 8 — Pe3ynpraThl HCTIBITAHUH pa3paOOTaHHOH Maphl
«TepeaTIuK-TIPHEMHUK)

[Tpw oneHke peaabHON TOMEX0YCTOHYMBOCTH Pa3pabOTaHHOTO paliOKaHaa
CJIelyeT y4ecThb, YTO YacToTa Neperadr MH()OPMAIIOHHBIX TAKETOB B PEXHUME
WCIBITAaHUNA OBLTA CIIeNMaibHO 3aBbimeHa B 150 pa3. Bmecro 1 pasa B 5 muHyT,
HEoOXOIMMOT0 [l MOHUTOPHUHTA paboThl peansHoit CBOC, py ncTibITaHUSIX OHA
nepenaBaiuck | pa3 B 2 cekyHusl. [1oaTOMy B peaqbHOCTH OKHAAEMasl 4acToTa
c6oes He mpeBbicHt 1 Ha (10000%150 =) 1,5 MuTHOHA MTepeJaHHBIX TTAKETOB.

HNudopmanus o puHaHCUPOBAHUHU

B crarbio BKJIIOUEHBI pe3yNIbTaThl HCCIEIOBAaHNH, BBITTOTHEHHBIX B paMKax
IpaHTOBOTO (PMHAHCHPOBAHUS MOJIOIBIX YUEHBIX IO NPOEKTy «JKac rampim»
Ha 2022-2024 rogst no npoexkry MPH AP15473220 «CoBeplieHCTBOBaHHE
QITOPUTMOB PAOOTHI COTHEYHO-BETPOBON NMEKTPOCTAHINNY, (PMHAHCHPYEMOTO
Komuterom Hayxku MHBO PK.

BriBoabI

OnwucaHHbIe B CTarhbe NMPHUEMHUK M IIEPENaTYNK C MUKPOKOHTPOJUIEPHBIM
YIPaBICHUEM IT03BOJISIIOT OPraHU30BaTh Ha UX OCHOBE IIOMEXOYCTOWYMBBIN
panuokanain st coopa nHdopmanuu 00 0OCHOBHBIX HapaMeTpax padorst CBOC
B amnnaparHoi «3eleHol dHepreTukm» ToY.

Bo Bcex uccinemoBanubix guanasoHax g0 1 I'T'y curHaabHO-IIoMexoBast
oOcTaHOBKa OKa3ajlach MPUMEPHO OJMHAKOBOH. OnucaHue aHAJIOTHYHBIX
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uccaenoBanuii B nuanasone 2,4 I'T'1 BBIXOAWT 32 paMKH OTpaHHYEHUH 110 00bEMY
JTaHHOM cTaThu.
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Byn maxanaoa Topaiiebipos yHuGepcumeminin«#cacoll IHEPSUs»
annapammulk KypaielH0a paouoapHa apywlivl Kedepzice meo3imoi

Odepexmepdi mapamyovl YUbIMOACMbIPY2Ad APHAN2AH A8MOPAAPMEH
93ipliecer Kypaiobly ColHaK Homudicenepi bepineen. Mynoail Kypanoviy
OOJIYbL CHIMCHI3 MEXHONO2USNAD HE2I3IHOE KYH-JICe dIeKMP CIMAHYUSCHIHbIHY
(KOKOC) arcymulcvin bakwiiayovl yusimoacmolpy ywin Kaxcem. Kypanowi
93ipaeydi bacmamac OypviH annapammuolk O6AMede2i MeMIeKemmiK
auyenzusnayza scamnaumein 1 I'I'y-xe Oeilinei duanazonoazvl
Jrcuinikmepoe paouoxedepeiiep Opmachl IKCHEPUMEHMANobl mypoe
s3epmmendi. Ilanopamanvix USB pecusepin natioananzan sepmmeyiep
315, 433 ocone 868 MI'y ouanazonvinoa 3¢hupoiy kenmeny dopediceci
wamamen b6ipoetl exenin kopcemmi. Kedepeice mo3imoi depexmepoi 6epyoi
yuvimoacmuipy yutin 433 My ouanasonvinda Kyamot 10 mBm yugpnoix
mapamgbiuumap mer cesimmanovizbl —106 0bm Kabviioazviumapoviy
cmanoapmmol paouomooyib0epin KoI0aHy apKblibl MOXCIpubenix
MUKPOKOHMPOLIEp MApaAmKbliibl MeH Kabvlidaavlibl Hobaranaan
arcone dcacanzan. Kabvindazviu nen mapamblumsly annapammolk,
KYPAn0apulivly KypoLIblMObIK CYI0ANAPbl Y CHIHbLI2ZAH JCOHE 0NapOblY 63apa
apexemmecyoezi Hcymvic icmey npunyuni cunammanean. Kabviioanean
Monimemmepoi bepy, Kepcemy JicoHe mipKey npoyecmepin OacKapamin
MUKPOKOHMPOJLIEPTED YUWiH 6A20apAaMAaiblK KAMMAMACHL3 emy O3IpeHOi.
Paouoapna apxpinel anvinzan oepexmepdi depbec komnviomepoiy (IK)
Kammul OUCKICIHOe dicazyaa sHcone onapowl JIK monumopuiHoa, coHbiMeH
Kamap cyuvix kpucmanowl oucnieiioe (CK/]) kepcemyee mymxinoix bepemin
bazoaprnamanapaa eneizineen keoepeice Kapcol snemenmmepi 6ap yugpivix,
Oepexmepoi bepy JicoHe Kabblioay anieopummoepi YCoblHbLI2AH.
Maxkanaoda conoaii-ax o3ipieH2er mapamrbiul-Kaowlioazolul HCynmapbol
apkbLibl 0epexmepoi bepy OOUbIHWA Y3aK MEPIIMOL IKCHepUMEeHmmepOiH
Jrcazoanapuinbly ppaemenmmepi o6ap. Onrapovly mandaysi YCoblHbLI2AH
2HcabObIK nen 6az0apaaManblK KaMmamacsls emy «HCAcbLl IHEPLeMuKay»
bonmecinoe KXKIC ocymbicoinbly He2izei napamempriepiHii MOHUMOPUH2IH
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DEVELOPMENT OF AN interference-resistant RADIO CHANNELTO

ENERGY» POWER PLANT

This article presents the results of testing the equipment developed by
the authors for organizing interference-resistantdata transmission in the
hardware «green energy» of Toraigyrov University via radio. The presence
of such equipment is necessary for organizing monitoring of the operation
of a solar-wind power plant (SWPP) based on wireless technologies. Before
the start of development, the radio interference environment in the control
room was experimentally studied at frequencies in the range up to 1 GHz,
which are not subject to state licensing. Studies using a panoramic USB
receiver showed that in the ranges of 315, 433 and 868 MHz, the degree
of ether congestion is approximately the same. To organize interference-
resistant data transmission, experimental microcontroller transmitter and
receiver were designed and manufactured using standard radio modules of
digital transmitters with a power of 10 mW and receivers with a sensitivity
of —106 dBm in the 433 MHz band. Block diagrams of the hardware of the
receiver and transmitter are proposed and the principle of their operation in
interaction is described. Software has been developed for microcontrollers
that control the processes of transmission, display and logging of received
data. Algorithms for transmitting and receiving digital data with anti-
interference elements embedded in the programs are presented, which
allow recording the data received over the radio channel on the hard disk
of a personal computer (PC) and displaying them on a PC monitor and
on a liquid crystal display (LCD).

The article also contains fragments of recordings of long-term
experiments on data transmission using the developed transmitter-receiver
pairs. Their analysis shows that the proposed equipment and software

ORGANIZE MONITORING OF THE OPERATION OF THE «GREEN
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makes it possible to organize a reliable radio channel for organizing MPHTU 44.33.31

monitoring of the main parameters of the SWPP operation in the «Green

Energy» control room. https://doi.org/10.4808 1/'VNXK 5290
Keywords: transmitter, receiver, microcontroller, signal-interference

environment, interference-resistant radio channel, solar-wind power plant. *E. A. MapmbiHeHko', H. K. EpObibaeea?, A. C. Akaea?®,
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KOMIbOTEPHOE MOAEJINPOBAHUE
PACTIPELEJIEHNS TEMIEPATYPbI B TBC PEAKTOPA
uBr.im

B nacmosweri cmamve npedcmasienvl pe3ynvmamol KOMRbIOMEPHOLO0
MOOeUPOBaAHUsL PACHPeOeTeHIs EMNEPAnypbl 600bl U MEINA NO BbICOME
TBC peaxmopa UBI'.IM na paznuunslx ypoeHAX MOWHOCMU pabombi
peaxmopa. Cucmema pesucmpayuu meniomexHu4ecKux napamempos
peaxmopa UBI.IM ne nozeonsem onpedensimv pacnpeoeeHue
memnepamyp 8 aKmuGHouU 30He, NO3MOMY OJis IMOU Yeau NPUMEHSIOMCS
cogpemennbvle npo2pamMMHble KOMNIEKChl. B cmamve npusedeno
KpamKoe onucanue yCmpoucmea peaxmopd, KOMNIeKmayuu aKkmueHou
souvl u TBC. I1o0pobHO onucana memoouxa nposedeHusi pacuemos,
npeocmasieHa paciemudas MoOeb, a Makdice npusedeHvl pe3yibmamol
MoOenuposanusi. /[is npogedenus ucciedos8anus Oblld UCHONb308AHA
npoepamma ANSYS Fluent, peanuzyiowas memoo KOHEUHbIX IeMEHMOS.
B xo00e nposedenus uccredosanus 6vL10 nposedeHo cpasHeHue paciemubix
OAHHBIX C IKCHEPUMEHMATLHBIMU, YO NOOMBEPIICOaem 00CMOBEPHOCTD
pe3yibmamog pacuema. Jlannvie uccie008anus ObLiu nposeoenvl 0s
paspabomku u gepuurayuu paciemuou Mooeiu, Komopas Modxicem
ObIMb UCNONBL30BAHA 0151 ONPEOEICHUSL MENIOPUIUYECKUX YCIL08UL paDOmbL
AKMUBHOUL 30HbL, A MAKIHCE OISl AHANUZA MENTIONEPEHOCA U SUOPABTUYECKUX
npoyeccos ¢ TBC npu obocrosanuu be3onachol pabomol peakmopa Ha
PA3TUYHBIX YPOBHSX CIAYUOHAPHOU MowHOCcmu. Pacuemmuas mooens bviia
UCNONb3068AHA 8 Kayecmae 00HO20 U3 UHCMPYMEHMO8 Npu OnpedeieHul
MEeNIoPU3ULECKUX XAPAKMEPUCHUK PEaKMOPa ¢ HOBOU AKMUBHOU 30HOU.
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Knwouesvie cnosa: UP UBI.IM, mesn memnepamypnoe noe,
KomnvlomepHoe mooeruposanue, TBC, mennousuueckuii pacuem.

Beenenne

B Hacrosiee Bpemst B HarmonansHoM sinepHoM nieHTpe PecrryOnikn Kasaxcran
YCIIEITHO 3aBEPILIAETCs MPOEKT MO 3aMEHE aKTUBHOM 30HBI MCCIIEJOBATEILCKOTO
peaktopa UBI.1M c BeIcOKOOOOTaIIeHHOTO ypaHoBoTo TomuuBa (BOY) Ha
toruBo Hu3koro oboramenus (HOVY), conepxkaiee menee 20% ypana-235 [1].
KoHBepcus peakropa Oblia poBe/ieHa B paMKax MEXIyHapOJHOH MPOrpaMMBI IO
CHI)KEHHIO 000TalleHNs TOIINBA HCCIIEI0BATENbCKIX peakTopoB. Llenbio nanHo#i
MIPOrPaMMBI SIBJISIETCS CHIKEHHE UCITIoIb30BaHusl BOY TommBa MoCKOJIbKY OHO
MOXKET OBITh KCIOJIB30BAHO IS CO3JIaHUS SIIEPHOTO OPYIKHSL. 32 IEPHO C OKTSIOPS
2022 no ¢espanp 2023 roga ObuTa IpoOBeeHa CEPUsl SHEPTETUIECKUX MTYCKOB
peakrtopa, 1o pesyJbTaraM KOTOpol OBLIO ONpeneseHo, YTO TeIo(hu3nIecKue
rapaMeTpbl HOBOW aKTHBHOM 30HBI COOTBETCTBYIOT 3HAYEHHSM HOpPMallbHOU
9KCILTyaTanuy. B cBS3M ¢ BBeJEHHEM B HKCIUIyaTalWIO HOBOI aKTHMBHOW 30HBI
peaxropa OyzneT BO30OHOBJIEHO POBEICHHE HAYYHO-MCCIIEI0BATEIbCKUX PadoT.

UBTI.1M npexacraBnsieT co00l Mccaeq0BaTeIbCKUNH BOJO-BOISHON
reTepOreHHbIN KOPITyCHOH SIepHBII peakTop Ha TEIJIOBBIX HelTpoHax. B kayecTBe
TETUIOHOCHUTENSI M 3aMEJIUTENS MCIIONIb3yeTCsl BOA, B KaueCTBE OTpa)karelis
HeHTpoHOB — Oepmiinii. TexHOMOTHYECKasi cXeMa peakTopa NMpHUBe/lIeHa Ha
pucyHke 1.
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Pucynok 1 — Texnonmoruueckast cxema peakropa MIBI'.1M

AxTtuBHas 30Ha (A3) peakTopa mpeacrasiseT coboil Habop u3 30
BOIOOXJaXIaeMbIX TexHonorndeckux kaHaimoB (BOTK-HOVY) comepxamux
terwtoBsiaenstonme coopku (TBC). KaHams! pacnonoxeHsl IO TPeM paJdaibHO
pacnoyoXeHHbIM psiiaM. BricoTa KaHaoB EPBOTr0 M BTOPOT'O Psiia COCTABISIET
800 MM, BBICOTA KaHAIIOB TPEThEro psaa 600 mm.

MakcumalibHasi TEIIOBasi MOIIHOCTh peakTopa oneHuBaercs B 60 MBT,
OJTHAKO HCCJIEIOBATEIBCKIC MyCKH OTPaHUYUBAIOTCS MOITHOCTBIO HE Ooee
10 MBT B cBsI3U ¢ TeM, YTO AEHCTBYyIOIIasl cUCTEMa OXJIAXACHUS peakTopa He
MOXET 00CCIIEYHTh TOCTATOYHBIA PACXOA BOJBI TSI pealTU3alliid MAaKCUMATbHOM
MoIHOCTH. Ha ceromusmnmii AeHb BONpoCc MOAEPHU3ALUHI CUCTEMbI OXJIaXKACHUS
peaxTopa ¢ IelbIo o0ecIieueHus 0e30macHOi paboThI peakTopa Ha 60Jiee BRICOKOM
YPOBHE CTallMOHAPHON MOILHOCTH SBJISIETCS aKTyaJbHBIM.

[Ipu npoBeeHNH TUIIOBOTO ITyCKa peakTopa JUIsl OXJIaKICHUS UCIIOIb3YIOTCS
Tpu Hacoca 4MCK-10, obGecneunBaroniye oOmuii pacxox BoIsl ~ 65 Kr/c.
OxJaxaeHre peakTopa OCyIECTBISAETCS 0 3aMKHYTOM OTHOKOHTYPHOU cXeMe.
B HOMUHAITEHOM peskuMe pabOTHI peaKTopa BoIa 10 YeTHIPEM TPaKTaM ITOCTYTIAcT
Ha OXJIAXKJCHHE TETICBOTO KaHalla, KPHIIIKA peakTopa, OOKOBOTO OTpaXkaTels
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Y IICHTPaNbHON cOOpKM C aKTUBHOHM 30HOM. J[i1st 3a00pa BOIBI Ha OXJIAXKIICHHE
peakTopa U CIMBa BOIBI U3 TPAKTOB OXJIAXKACHUS MCIIONB3YETCS HAKOIUTEIbHAS
eMKOCTb 00bemMoM 1500 m3.

OxJnaxJeHue aKTUBHOM 30HBI pEaKTOpa OCYILIECTBISETCS CIEAYIOIIUM
o6pazom. CHavana BoJa W3 Pa3NaTOYHOTO KOJUIEKTOpa ABHIKETCS BBEPX,
OMEIBasl BHEIIHWE MTOBEPXHOCTH CTEHOK KaHAIOB. B BepxHeW YacTH KaKIbIi
TEXHOJIOTHYECKUI KaHaJI MMeeT 4 IIEeNeBBIX OTBEPCTHS, Yepe3 KOTOpPhIe BOMA
noctynaer B BOTK-HOY, oxnaxkaaeT TEIUIOBBIACISAIONIYI0 COOPKY U 3aTeM,
PO/ 110 BCe AITMHE TEXHOJIOTHYECKOTO KaHalla BHU3, CIIMBASTCSI M3 PEaKTopa.

Ha pucynke 2 mpuBeneH oOmuii Buj koMiiekTa crepxHeit mis TBC ¢
TOIUTMBOM HHM3KOTO 00OTaIlleHHS.

Pucynok 2 — O6muii Bua KoMIeKkTa crepxueit s oquoil TBC-HOY
DCKU3 TBAJIA C OCHOBHBIMH pa3MepaMu NMPUBECH Ha pucyHke 3 [2].
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1-cepaeunuk, 2-000109Ka
Pucynok 3 — Dcku3 TBINA

Teon B BOTK-HOVY umeer yHukamsHBIH cocTtaB. O0omodyka TBIIA
BBITIONTHEHA W3 ciutaBa D110, cepaedHuK MpeacTaBiIseT MaTPUIy U3 CIUIaBa
3110 ¢ pa3MenieHHBIME B HEW H30JIMPOBAHHBIMH JAPYT OT Ipyra BOJOKHAMH
METaJTMYECKOTO ypaHa.

Jlns onpenenenus MomHocTH, peanuzoBanHoii B BOTK-HOVY Bo Bpems
MIPOBEACHHS ITyCKOB, NCTIONB3YIOTCS 3aPETHCTPHUPOBAHHBIC 3HAYCHHS TEMIIEPATYPBI
Bozs! Ha Bxozie B TBC u Ha BBIXO/Ie 3 KaJKIOT0 KaHaula, a TAkoke 3HAYCHUS pacxoaa
BOJIBI B KaX/10M KaHaje. CrcTemMa perucTpanni TeIIOTEXHUIECKUX [TapaMeTpOB
peaxTopa He TMO3BOJISET OTPENENATh PACIPEeIICHIE TeMIIePaTyPHBIX 3HAUCHHHA
BOJIBI M KOHCTPYKIIMOHHBIX MaTepraios 110 Beicote TBC, mostomMy A 3THX 1iesei
YCIICITHO HMCIOIB3YIOTCS METOABI KOMITBIOTEPHOTO MOAEIHpOBaHU [3, 4], mpu
9TOM KaXK/1asl N3 KOMIIBIOTEPHBIX MOJIENIeH IMEET CBOM HEIOCTATKU U AOIYIICHUS.

B Hacrosmeii crarbe mpuBeACHBI PE3yIbTaThl KOMIIBIOTEPHOTO MOICITMPOBAHNUS
pacripeneneHus TeMIeparypsl Boasl u TB31a 1o Beicore BOTK-HOY peakropa
UBI.1M. st mpoBeneHusl pacdeToB ObLTa MOCTPOSHA TPEXMEpPHAsi MOJEIb,
npeacTaBisiomas coboit cumMmerpuyHblii yaactok TBC ¢ ogHUM TB3JI0M H
TertonocuresneM. IlpuBenenHast Mozesb ObUTa UCTIONB30BAHA AJIS ONPEICICHHS
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TEII0(U3NIECKUX XapaKTEPUCTUK aKTUBHOH 30HBI C TOMJIMBOM HHM3KOTO
o0oramieHus1, a TAKKe MOKET OBITH MCIIONIb30BaHA B TAJIbHEHIIIEM JIIsT ONIPE/IeIICHNS
TEeIIO(U3MYECKHUX YCIOBHH pabOThl aKTUBHOM 30HBI, aHAJIM3a TEIUIONEPEHOCca U
ruznpaBiInueckux npoueccoB B TBC npu obocHoBaHNM Oe30macHOi paboThI
peakTopa Ha pa3lIN4HbIX YPOBHAX CTAllMOHAPHON MOIIHOCTH.

Marepuajibl M MeTOAbI

Terutodusnueckue pacyeTsl MPOBEIECHBI C HCIIOIBE30BaHNEM ITPOrPAMMHOTO
rxomriekca ANSYS release 2021R2, mpenHazHaueHHOTO [UTSI PEIICHUS 33134
THIPOAMHAMUKH M TEIUIOOOMEHA C UCTIOb30BaHUEM YHCIICHHBIX METOOB [5].

Jnst MozmenupoBaHUs TEIUIO(QU3UYECKUX MPOIECCOB B IPOrPaAMMHOM
KOMILJIEKCE HeOOXOMMa peaji3alusl CIEAYIONX 3TaroB [6]:

- CO3/1aHHE Fe€OMETPUU PACUETHON MOJEINH;

- IOCTPOEHUE KOHEYHO-JIEMEHTHOM CeTKY;

- 3aJlaHMe HadaJIbHbIX U TPAaHUYHBIX YCIOBUH pacueTa;

- 3aJlaHKe CBOWCTB MaTepHUaJIOB;

- IPOBE/ICHUE PELLECHNS U UHTEPIIPETAlUsl PE3YyJIbTaTOB.

MogenupoBaHue pacupeaesieHusi TeMnepaTyp OblIO0 MPOBEIAEHO s
BOTK-HOY mnepBoro psaa, DOCKOJIbKY B 3TOM PSAY PaclONOXKEHBI CaMble
teruioHanpspbkeHHble TBC akTUBHOM 30HBI peakTopa.

Jlnst mpoBenieHHs pacyeToB MOCTPOEHA TPEXMEPHAsl PacUETHAS] MOJEIb,
KOTOpasi UMHTUpPYeT cuMMeTpuuHbIil cexTop TBC ¢ TemoHocuTenemM U oqHUM
TBAIOM. PacueTHas MoJenb ¢ KOHEUHO-3IIEMEHTHOM CETKOM, CIONb3yeMas IpU
MIPOBEICHUH UCCIIE0BaHNS IPUBEICHA HAa PUCYHKE 4.

Pucynok 4 — PacuetHas monenb
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[Ipu mpoBeneHNU TEIMIOPU3UUECKOTO pacyera C MCIOJb30BAHUEM
KOMIIBIOTEPHOI MOJIeTH OBIIIH 3a/JaHbl IPUBE/ICHHBIE HU)KE TPAHUYHBIE YCIIOBHSI:

Ha OOKOBBIE I'PaHU MOJIENIN HAJIOKEHO yCIOBHE CUMMETPHH;

NpY 3alaHAN YCJIOBHH TEUYEHHS TETJIOHOCHUTEINS MCIIOJIb30BaHbI YCIOBUS
CKOpOCTH ITO0TOKa Ha Bxoze (velocity inlet) u Beixona notoka (outflow);

JIaBJICHUE B TPAKTE OXJIAXJICHUs IPUHATO paBHbIM 1 MI1a;

YUYTEHO HEPaBHOMEPHOE SHEPTOBBIAEIEHHE 110 BEICOTE COOPKH, 33/IaHHOE C
ITOMOIIBIO TEKCTOBOTO (haiiyia ¢ mpoduiieM.

3HaueHUs] SHEPTOBBICIICHNUS ISl TIPOBE/ICHNSI pacyeTa B3SIThI 10 JIAHHBIM
HEHTPOHHO-(PU3MUYECKUX pacueToB [7].

Jlis mpoBeneHust pacuera CBOMCTBAa MaTepHajioB B3STHI U3 CIIPABOYHON
nurtepatypsl [8-10] u 3agaHbl B BUAe (pyHKIMOHAIBbHONH 3aBHCUMOCTH OT
TeMITepaTyphl.

KoHeuHo-311eMeHTHasT ceTka MoJenu coAepKuT 663228 y3noB u 626400
aneMeHTOB. CXOIMMOCTh PEIICHHs JOCTUTIAETCs ITyTeM HTEPaTUBHOTO NpolLiecca,
KPUTEPHI CXOAMMOCTH pellarelis yCTaHOBJIEH Ha ypoBHe 1-10-7.

Pe3ysbTarsl u 00cyKaeHHE

Bepuduxanus pacyetHoil monenu Obljla IPOBEAEHA C MCIIOIb30BAHUEM
pe3yJIbTaTOB TPEeX IKCHEPHUMEHTOB C Pa3jIUYHBIM YPOBHEM CTallMOHAPHOU
MOILIHOCTH peakTopa. B kadecTBe MCXOAHBIX NAHHBIX JJISI IPOBEICHUS
pacuera OBIIM MCIOJNB30BAHBI 3apETHCTPUPOBAHHBIE BO BPEMsI IPOBEACHUS
9KCIIEPUMEHTOB 3Ha4YEHHsI TeMIepaTypbl Bozpl Ha Bxone B TBC u pacxona Boasl
B KaHaJie. JHEpProBhIJIeNICHUE 110 JUIMHE COOPKH OBLIO 3371aHO B COOTBETCTBHH C
pea30BaHHON Ha 3KCIEPUMEHTaX TEIUIOBOM MOLTHOCTHIO PEaKkTopa.

B Tabaune 1 mpuBeneHBl YCIOBHBIE Ha3BaHUS JKCIEPUMEHTOB,
JKCIIepUMEHTaNbHbIE TemnoTexHudyeckue napamerpsl BOTK-HOY, a taxxke
3HAYEeHHUs] TEMIIepaTyphl BoAbl Ha Bbixoje n3 TBC, momydeHHble B pe3ynabrare
pacuera.

Ta6nnua 1 — PacuerHsie u OKCIICPUMCHTAJIbHBIC 3HAUCHUSA Tenn0(1)1431/1qec1<1/1x
napamMeTpoB AKTUBHOI 30HBI

OI1-22-02 OI1-22-04 OI1-22-05
JKCIIC

OKCIIEPHMEHT | pacdyeT | HKCHEPUMEHT | pacuer pacuer
PHMEHT

TTapamerp

TennoBas
MONHOCTH 2,00 - 6,06 - 10,21 -
peakropa, MBT

Temnepatypa
BOJII Ha BXOJE 17,8 - 19,8 - 26,4 -
B TBC, °C
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OI1-22-02 OI1-22-04 OI1-22-05
9KCIe
9KCHEPUMEHT | PacyeT | BKCIEPUMEHT | pacyeT pacder
pHUMEHT

ITapameTp

Pacxox  Bogm!
yepe3 BOTK- 2,09 - 2,12 - 2,13 -
HOY, kr/c
Temnepatypa
BOJIBI Ha
BBIXOJIC u3 26,68 25,9 47,20 46,4 71,8 68,1
BOTK-HOYVY,
°C

Kak moka3sIBaloT JaHHBIC, IPUBEJACHHBIE B Tabnuie |, MakcMMaiIbHOE
OTKJIOHEHHE PacyeTHOM TeMIlepaTypbl BoAbl Ha Beixone n3 TBC ommmuaercs ot
3HAUCHUI MOTyYEHHBIX BO BpEMsI IIPOBEICHUS 3KCIIEPIMEHTOB He OoJiee 1eM Ha
3,7 °C, 9T0 TOBOPUT O TOCTOBEPHOCTH BBIOPAHHOH pacuyeTHOI MOJEIH.

Ha pucynke 5, B kauecTBe mpuMepa, IPUBEIEHO PACUETHOE TEMIIEPATYPHOE
TI0JIe MOJIEIIH TIPH MOIITHOCTH paboTsI peaktopa 10,22 BT, a Takke TemmneparypHoe
TI0JI€ TIOTIEPEYHOTO pa3pe3a MOAEIHN Ha YPOBHE MAKCHMAIIbHOTO SHEPTOBBIIICICHHS
(0,49 m).

Pucynoxk 5 — TemnepatypHoee 1mojie MOAEIH
(cneBa-pacripesiesieHHe 10 BBICOTE, CIIpaBa-paclpeesicHue IOIepeyHOro
CeUEHMUS)
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Pacnpenenenue pacueTHBIX 3HaYEHUM MAaKCHMaJlbHOW TEMIEPATYphl
CepAeUHNKa TB3Ja, MAKCUMaJIbHOW TEMIIEpaTyphl BHEITHEH NMOBEPXHOCTH
000JI0YKHM TB3JIa U CpPeAHEH TeMIepaTypsl BOABI MO IJIMHE KaHala MpH
CTallMOHAPHOH MoImHOCTH peakTopa 10,22 MBT npuBeneHo Ha puCyHKe 6.

Pucynok 6 — PacueTHoe paciperenieHre TeMIepaTypsl BOJBI U TBAJIA
o Beicotre BOTK-HOY

BriBoabI

B pesynprare pacueTHBIX MCCIEAOBaHMH ObLIa TOCTpPOEHA TpeXMepHas
Mozenb B nporpammHoMm komiuiekce ANSYS Fluent, koTopas mo3Boisier
OTIpeIeNATh pacupeaeeHne TeMIepaTypsl BOJAbl U TB3Ja Mo BbicoTe TBC
peaxropa MBI.1M. KomrnbloTepHast MOZIENb YCIIEITHO MPOIIia BepHU(pUKAIHIO IO
SKCIIEPUMEHTANBHBIM JaHHBIM, YTO IOJTBEPXKIACT JTOCTOBEPHOCTH PACUETHBIX
pe3ynsTaToB. HegoctaTkoM Momenu SABISETCA TO, YTO NPH IMOCTPOCHUH
MOJIETIH HE y4YTeHa BHUTasl CTPYKTypa TB3Ja, YTO MOIJIO MOBBICUTH TOYHOCTH
pacuera. KommpioTepHas MOJeIb TakKe HE YUHTHIBAET TEIJIOOOMEH MEXIy
TEIUIOHOCUTENIEM U BHEIIHeH mosepxHocThio cteHkn BOTK-HOVY.

Pacuernas Mojies1b ObLIa HCIIONIB30BaHA B KAYECTBE OJJHOTO M3 MHCTPYMEHTOB
MpU OIpeJeIeHNN TeIIOo(GU3NUEeCKUX XapaKTEePUCTUK peaKkTopa ¢ HOBOM
AKTUBHOM 30HOM, a TaK)K€ MOXKET OBITh MCIOJb30BaHA B JajbHEHIIEM s
aHaJII3a TEIUIoNepeHoca U THApaBIndeckux nporeccoB B TBC npu o60cHOBaHHM
0e301acHOi PabOThI peaKTopa Ha PA3IUIHbIX YPOBHSIX CTAIIMOHAPHON MOIITHOCTH.
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HBI.1M PEAKTOPBIHBIH KBK TEMIIEPATYPACBIHBIH
TAPAJIYBIH KOMITBIOTEPIIK MOJEJIBJEY

Ocvl maxanaoa peakmop KyamviHvly opmypii Oeneeilaepinoe
UBI'. IM peaxmopuvinviy JKBX Ouixmiei OoiibiHwa cy men mean
MmemMnepamypacoiHblly MapaiyblH KOMAbIOMEPIK MOOeNbOey HOmuiceepi
xeamipineen. UBI. IM peaxmopuiHblH HCbLTY MEXHUKATbIK NAPAMempepin
mipkey acylieci bencendi aumaxmazvl MmemMnepamypaHvly mapaiyblt
anvikmayaa MyMKIiHOIK Oepmeiidi, COHObIKMAH 0OCbl MaKcammad
3amanayu 6az0apramanvly HHacakmama Keutenoepi KOai0aHuLIaobl.
Maxanada peakmop KypbvliablCblHbIY KblCKAUWLA CURAMMAMACHL,
bencenoi atimax nen TBC ocuvinmoizol Oepineen. Ecenmey odicmemeci
MONbIK CUNATNIMAN2AH, ecenmey MOoO0ei YCbIHbLI2AH, COHbIMEH Kamap
MoOenvoey Homudicenepi Keamipineen. 3epmmey Jicypei3y YuliH COHebl
anemenmmep 90icin dcyszeze acvipamoii ANSYS Fluent 6baz0apnamacet
KOIOaHbLIObL. 3epmmey 6apulcblHOA ecenmix 0epekmepoi IKCNePUMEHMMIK
MONIMEMmMePMeHr CANbICIbIPY JHCypPei3inoi, Oyl ecenmey HOMUICeIePIHIH
oypvicmbiablH pacmatiovl. Byn sepmmeyep bencendi aumaxmoly
JHCYMBICOIHBIH HCHUVDUSUKATBIK, JCA2OAIIAPbIH AHBIKMAY YUliH, COHOA-aK,
CMAYUOHAPIBIK, KYAMMblH OpmMYpIi OeHeelliepinoe peakmopoblly Kayincis
JHrcymblebin Heeizoey kesinde JKBIK-0azabl dicwiny bepy men euopasiukablx,
npoyecmepoi manoay yuiii natloaiaHbliybl MyMKIH eCenmik Moo0ensol
93IpJiey JiCoHe meKcepy Yulin scypeizindi. Ecenmey moodeni scana 6encenoi
atimazsl 6ap peakmopovly JHCHLLY-QUUKANLIK CURATNMAMALADbIH
AHBIKMayoa Kypanoapovly 0ipi peminoe natoaiansbliobl.

IN THE FA OF THE IVG.1M REACTOR

The paper presents the results of computer simulation of the
distribution of water and fuel temperature over the height of the FAs of
the IVG.IM reactor at various power levels. The system for recording
thermal parameters of the IVG. 1M reactor does not allow determining the
temperature distribution in the core; therefore, modern software systems
are used for this purpose. The paper provides a brief description of the
reactor design, configuration of the core FAs. The method of calculation
is described in detail, the calculation model and the simulation results
are presented. To conduct the study, the ANSYS Fluent program was
used, which implements the finite element method. During the study, the
calculated data were compared with the experimental ones, which confirms
the reliability of the calculation results. These studies were implemented to
develop and verify a computational model that can be used to determine the
thermophysical conditions of the core operation, as well as to analyze heat
transfer and hydraulic processes in FAs when justifying the safe operation of
the reactor at various levels of stationary power. The calculation model was
used as one of the tools in determining the thermophysical characteristics
of the reactor with a new core.

Keywords: IVG.IM RR, fuel rod, temperature field, computer
simulation, FA, thermophysical calculation.
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SJIEKTP BEPIJIC XEJIJIEPIHIH PEJIETIK
KOPFAHbICbI YLLIH TEPKOHOAPMEH OPbIHOAJIFAH
OJILLEYILU OPTAHOAP

Pernenix Kopeanvicol KypblizbliapblHbly oauleyiul opeanoap peminoe
MOK MPAHCHOPMAMOPAAPLIH NAUOALAHOAL, 2ePKOHOAPObL KOJOAHY,
onapovl Kypyobiy 63eKmi MoceNecin weuyee MyMKIiHOIK 6epemini, aman
emindi. Ocvl yaxpimka Oeiiin beneini 6012an 2epkoHOapOapmer OpPbIHOAI2AH
enueyiue 0peanoap jekmp 6epiiic Hcenlepin peieiiKk KOPeauvlChbl YUliH
nanoananean Kezoe Keneci KeMulliikmepee moH eKeHOiel aHbIKMAalobl:
meMmeH ce3eiuimiel, OUMKeHI JCeNiHIY ChIMOapbl JHCel JHCYKIMeMeIePiHil
ocepinen mepbenicmey MyMKIH (siegHU KeHicmikmeei OpHbiH 632epmedi),
an 2epkoHOap bacmanyvl Kaunwloa Kaiaovl, amaiean HcyKkmemenepoin
ocepiHer eueyiul OP2aHHblY 631 CbIHYbl MYMKIH, OVl CeHIMOLNIKMIHY
JHcemKIniKciz0iein cunammauovl, Koc mizbekmi sjekmp oepinic ceninepi
YULiH KOJLOAHY MYMKIH emec. Diexmp 6epiic Hceliiepin peellik Kop2anvle
YUlin 2epKOHOapMeH OPLIHOAN2AH €Ki JCAHA Onueyitl OPeaH YCbIHbLIZAH,
onapoa kepceminzer Kemwiikmep J4cok.: 6ipinwici — xepueyi 500 kB ocenini
Kopaay YuiiH, eKiHWici — napaiieis dceiliepoi Kopaay yuiid. Onapobviy
KYypansiMOapvl MeH JCYMbICLIHbIY MOLbIK CURAMmMamacsl depiieen.
Onweyiue opeandapobly JHcayaIviasl, Mopm mikoypvliiumsi 6pycmap meH
exi niacmunansl, exi T-mopizoi opycmap scone [1-mopizoi niacmunanap,
bipeyi mpaneyus mopiz0i niacmuHacel, OIpiHwi dHcaz0aoa aimol
OYPaHOanIbl MapmuviMbl HCOHe eKIHWICIHOe — eKi DeKImKiu JCOoNaKmol,
APKAHCHIMObL, eKi manpenmi, eKi OUCKIHI JCoHe eKi mecin OmKeH oublK 6ap
Kaknakmol, naoaiany 60avn mabwliaobsl.

Kinmmi ce3dep: Kopeanvic, omueyiw opean, 2epKon, djiekmp bepinic
JKcenici, Kypanvim, beximy.
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Kipicne

HocTyp 6oiibIHIIIA 37IEKTP KOHIABIPFBIIAPHIH KBICKA TYHBIKTATYaH KOPFaHBICH,
COHBIH iIIiHJE COHFBl OHXXBUIABIKTApAArsl d3ipiemenep [1-5], Tox Typansi
aKmapaTThl METAICHIMBIMIIBIIBIKTHI XKOHE KOJIEM/Il TOK TpaHc(opMaTopiapeIHaH
ananel. benrini [6, 7] OofibiHIIA, Ka3ipri yaKpITTa OCBI TOK TYPJICHIIpTilITepiH
naiinananbaif OChIHIA KOPFaHBICTAPABI KYpy MiHAETI ©3€KTi OO0IBII TaObLIabI.
Kem xarnmaiiza, 6acbUIbIMIapAbIH Tangaybl KOPCETKEHICH, OHBI IIeNTy VIIiH
Porosckuii karymkacsiH [ 7-9] Hemece repkoraap [ 10-13] ok maTumnkrepi petinae
nmaiinangany ycelHBUIaAEL. bBi3 TepkoHmap TaHAAIbIK, OUTKEHI ONapbIH peJelik
KOpFaHBIC YIIIIH MaHBI3IbI apTHIKIBUIBIKTaps! Oap [12]. OmapasiH HeriziHme
KYpyAbIH opTYpii npuaIunTepi [ 11-15] xKoHe KOpFaHBIC KYPBUFBUIAPEI 931pISH]I.
By sxymbIcTa, aBTOpIIapMEH 93ipiieTeH koHe mareHTTereH [ 16, 17] anextp Oepimic
KEJIePiH peNneiK KOPFaHbICH YIIiH TepKOHAAapMEH OpPBIHAANFAH €Ki eJmeyimr
OpraHaap KapacThIPbIIaIb.

Marepuangap MeH 3epTTey dicTemenepi

Kepueyi 500 kB asnextp Oepinic *eliHIH TepKOHAAPMEH OpPBIHAAJIFaH
penerik KopraHbIc yuIiH (1-cyper) emmieyimn opraH repkoHHaH |—5, KakHarsl
6ap xopmycTtaH 6, TikKOypbeITH Opycrapman 7—12 typazns! [16]. Kopmoyc 6
eki Oypannanbeiy 13 kemerimeHn OipiHmn T-topi3ai OpychiHBIH 14 y3apThulFaH
OemiriHiH 6ackiHaa OWbIKTa OekiTinreH. KopmychIHbIH 6 imiHae OypaHaanbiy 15
KeMeriMeH OHbIH TyOiHe Opyc 7 OekiTinren. bys OpycTbin Oyitipinae 6ip-0ipiHeH
Oipeil KambIKTHIKTa O0€C TeciK jkacaialbl, OJIApABIH imriHAe repkoHgap 1-5
6ip-Oipine mapasutens OekitinreH. T-topi3ni OpycTsiH 14 y3apTeurad Oeiridig
COHBIHIAFbI OMBIKTHIH TYO1 YIII CBIMHBIH 17 0ip (azaisl a5ekTp Oepiiic KeTiHiH
KAIIBIKTBIK TipeTimTepinia 16 OipiHe Tipeneni, o OWBIKTHIH OYHip OeTTepinaeri
JKOHE TIJIAIIKaIaFhl MEH TallKaMeH OEKITUINeH COOCThI TECIKTEP apKblIbl OTETIH
6ontTeiH 18 kemerimen O6pycka 14 xoceurran. T-Topi3ni OpycrtapasiH 14, 19
KBICKAPTBIIFaH OOKTEepl OpKANCHICHI TaKaiapsl 6ap TOPT KbICTBIPFIITAp 20
KOMeTIMeH J1eKTp Oepiic KeniHiH TpaBepcTepiHiH 21 TOMEHT1 )arbIHa OSKiTiIe],
orad T-topi3mi Opycrad 19 Gipaei KamIbIKTHIKTa TIKOYPBIIITH IUTACTHHATIAP 22,
23 Gekirineni. BpycThiH 8 Ty3y YIIBIHBIH COHBIHIAFbI OMBIKTHIH TYO1 OpycThIH 14
Oyiiip OeTiHe Tipenesi, aln OHIAFbl )KOHE OMBIKTBIH OYyHip OETTEpiHIETI COOCTHI
TecikTepre raifikameH Oekitinren 6oit 24 caneiarad. bpycteiH 19 y3apTeumran
OoiTiHIH COHBIH/IAFbI OUBIKTHIH TYO1 OHBIH Y3BIHIBIFBIHBIH OPTAChIHIA OPYCTHIH
8 Oyitip OeTiHe Tipenei, al OHIAFbI COOCTHI TECIKTEPTe KOHE aTaFaH ONBIKTHIH
Oyliip OetTepiHe raiikameH OekiTiireH 6ont 25 canpiarad. Tpamenus TypiHaeri
nacTrHa 26 raikanapsl 6ap TOPT KBICTBIPFRIMITAP 27 KOMETIMEH JIEeKTp Oepiic
JKeJIiHIH Tiperi TipeyiHiH 28 Oyitip 6eTTepine OekiTie i KoHe YIII YsIaH Typabl,
KalChIChIHA, ColikeciHIe OyphIITHIKTap 29-3 1 5koHe OCHI IIaCTHHAFa OCSKITUITeH
OypaHnanapabH KeMeriMeH OpyctapasiH 8-10 Kural TikTe KOHBUTFaH YIITapbIHAA
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OpHaJlacKaH, TikeHenep cansiarad. bpyc 11, Opycrapma 8-10 >kacaiFaH coOOCTHI
TECIKTEPICH OTe/i, )KoHe OYphIITHIKTap 32, 33 KeMeriMeH COHFBI €Ki Opycrapra
Oypannamapmen Oekitineni. bpycteiy 12 OipiHmi TiK KOWBUIFAH YINTBIHBIH
COHBIHIAFBI OUBIKTHIH TYO1 OpyCTHIH 14 Oyitip OeTiHe Tipenesi, a1 OHIAFbl COOCTHI
TeCIKTepre JKOHEe OUBIKTHIH Oyifip OerTepinaeri raiikameHn OekiTiiren Oont 34
canblHFad. bpycTeiH 12 ekiHmi Tik KOHBUIFaH YIIBIHBIH COHBIHIA OpHAJACKaH
TikeHe OpycTHIH 19 YsACHIHA CaNBIHFaH, al OpyCTaphl 631 OYPHIITHIFEL 35 TeH
OypaHIanapapH KeMeriMeH Oip-OipiHe OeKiTiITeH.
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0)
Cyper 1 — Kepreyi 500 kB anexTp Oepiiic >xeniHiH TepKOHAapMEH OpBIHAaTFaH
perNeNTiK KOPFaHBIC YIIIiH OISyl OpraH

[I-Topi3ni mmacturamap 36, 37 Opyctan 19 Oipael KamIbIKTHIKTa
OpHAJACTBIPBLUIFaH koHe Opycka 9 GontrapapiH 38 kemeriMeH OeKiTiTeH, OHIaFbI
COOCTHI TECIKTEP apKBUIHI )KOHE 9P IUTACTHHAHBIH KBICKAPTHUIFaH OOIITiHAC OTETIH
JKOHE raifkanapMeH OekiTinreH, an Opycrapra 8, 10 — 6onrrapasiH 39 kemerimeH,
OHJAaFBl COOCTHI TECIKTEpJEH >KOHE IUIACTHHAJAPIbIH 9PKalCBHICBIHBIH
Y3apTHUIFaH €Ki OeJiTiHAe OTETiH )KOHE TaifkaTapMeH OekitinreH. bypanmanst
TapTeiManapabie 44 neH 45 (46 men 47) npoymmaaaps! 40 mieH 41 (42 men 43)
raifkansl OonTTapablH 48 KeMeriMeH MBIFBIHKEL xkeprepre 49 (50) sxone 51 (52)
opycteiH 9 (10) TecikTepimMeH OekiTireH, an npoymuHaap 53 nen 54 (55 nen 56) —
JIOJT COJT CHSKTHI IDTACTHHATIAPBIHAA 22 MeH 23 TeCiKTepiMeH IIBIFBIHKBI XKepIiepre
57 men 58 (59 6en 60). bypannansl TapTeiManapasiy 63 neH 64 npoyIIHHIAPEI
61 men 62 raiikansl OonTTapAbH 48 KOMETIMEH IBIFRIHKEI XKepiiepre 65 ner 66
OpyctsiH 9 mieH 10 TecikrepiMeH OeKiTinreH, an npoymuHAap 67 MeH 68 — mon
COJ CHAKTHI OpyCTHIH 19 KBICKapTHUTFaH OOIITiHIE TECIKTepIMEH IIBIFBIHKHI
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xepiepre 69 nen 70. KaGenbaik apHa 71 MOHTaXIBIK IIacTHHAIAP 72 KOHE
©3JIirHEH Oypar TypaThiH OypaHaanapAbplH KeMETiMeH OpycThIH 14 Oyiiip OcTiHe
MEH KBICKapTBUIFaH OeJIiriHe, COHIal-aK TpaBepcTiH 21 Oyiiip OeTiHe kKoHE TEeKTP
Oepiitic xemiHiH TiperiHig Tipeynepi 28 oekitineni. Kockpi ceiMaap 73, kabesbIik
apHara 71 caJbIHFaH jKoHE OHJIaFbl MEH KOPITYCTaFbl 6 COOCTHI TECIKTEPJICH OTETIH
0ip YIIBIMEH TepKOHHBIH 1-5 Tyificnieniepine, aj eKiHIIi YIIBIMEH JOTMKaJbIK
KOpPFaHBIC OJIOThIHA, KOCBUTFaH (1-CypeTTe KOpCeTiIMEreH).

[Mapamens 3mekTp Oepiic KenIepiH KbIiCKa TYUBIKTAyIaH KOpFay YIIiH
enmeyim oprad [17] kypambiana (2-4 cyperTep): IIKajlackl MeH TecikTepi 0ap
OipiHmI OekiTKiu >xonak 1, oHbIH Oip yIibl 6onTTapMeH 2 MeH 3 TpaBepcke 4,
aJl eKiHII YIIbl apKaHCBIM 5 jKoHe Tajipentep 6 MeH 7 KOMeTiMeH TiperiHe 8
Oekitinren. Illkanacel MeH TecikTepi Oap eKiHIII OeKiTKil »onak 9 OipiHmi
OexiTKim >xonakneH 1 Torcanbl KocbutbiMMeH 10 xoHe yiiHm 13 xoHe TepTiHmi
14 Gexkitkim »xonakneH 11 xone 12 Gonrrapmen OekitinreH. TecikTepiMeH
OexiTkim xojak 13 KambIT 15 apKplibl OKmIayaaTKbI 16 rupisHaachiHa
Oexitinren. llIkanacel MeH Tecikrepi 6ap TepTiHIIi OeKiTKINI konak 14 apKaHChIM
17 meHn 18 xone tanpentep 19, 20 sxone 21, 22 apkbuisl Ockitinesi. Kaknarsr 0ap
kopryc 23 tepriHuui Gekity >xonarbiHa 14 oekitinreH. KopnycTbiH KaObIpranapsl
23 WIBIFBIHKBI JKepIiepMeH 24 yxacaliraH, onapa eki olbIk 6ap. OlbIKTapFa OipiHIIi
25 xoHe eKiHIIi 26 TUCKUIEp calbIHFaH, ojap 27 MeH 28 OonTTapMeH jxoHe 29 neH
30 raiikanapmeH ThIFbI3 OekiTinren. Kambrrrap 31 meH 32 apkpuisl quckinepae 25
nieH 26 repkonaap 33 neH 34 OexiTinreH. Y CTIHI JKaFbIH/Ia NIKAJIAChl 0ap MeIip
Kakmak 35 6ontrap 36 — 39 apKbUIBI IIBIFBIHKEI JKepIiepre Oekitinesi. Kaknarbiaaa
35 eki Tecim ©TKeH OMBIK Oap, onap apKeuisl oontTap 40, 41 eteni. bonTrapabiH
40 nen 41 Oacka ymTapsl OipiHII Tuckineri 25 OypaHaaisl TECIKTEp/IEH OTEl.
Koprmyceiabig 23 TyOiHAe KOCBIIBIC ChIMAAPABI 42 IIBIFapyFa apHaJFaH Tecik 0ap,
oJiap KOPITyCHIHBIH 23 TyOiHE OCKITIIeH KIIEM/IIK KOJIOAKAChIHA 43 KOCHUIFaH.
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Cyper 2 — I[Napamsens 37ekTp Oepistic JKemisepiH KbICKa TYWHIKTaTyJaH
KOPFaHBIC YIIIiH OJIIIeyill OpraH

Cyper 3 — 'epkoHIapMeH OPBIHAAIFaH KOPITYCTBIH KYpaIbIMbI
(Oyitipmix xepiHic)
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Cyper 4 — 'epkoHAapMeH OpBIHIAIFaH KaKIaFbl )KOK KOPITYCTBIH KYpPaJIbIMbI
(>xoFapblIaH KOpiHIC)

Hatm:kenep MeH TankpLIayaap.

BipiHmi emmeyimn opraH Kenecijei >kyMbIc icteii. KopraHbICTBIH icke
KOCBUTY TOTBl MEH F€pKOHHBIH -5 icKe KOCBUTY TOTbI aHBIKTaNa kL. [ epKOHHBIH 1-5
OPKalCHICBIHBIH iCKE KOCBLTY TOTHI JIETI 3JIEKTP OEpijIic XKeMiHiH KbICKA TYHBIKTATY
Ke3iHJe (ha3achIHBIH ChIMIAPBIHIA 17 OTETIH TOK IIaMAaChIHBIH MOHI TYCIHLIET],
OHJIa TEPKOH TyHicHeNepiH TYHBIKTall, JIOTHKAJIBIK KOPFaHbIC OJIOTbIHA KipeTiH
curHai Oepeni. bapnbik repkonaap 1-5 ceimaapnan 17 op Typii KambIKTbIKTa h
OpHajacyblHa OaiylaHBICTHI Oip-OipiHEH epeKIIeNeHeTIH Icke KOCBUTY TOThl 0ap
(GekiTinren KagammeH). Opi Kapail, repkoHgap 1-5 icke KOCbUTy TOKTapbIHBIH
aJbIHFaH MOHJEPIHIH IMIiHEH KOPFaHBIC iCKe KOCBUIY TOI'bIHA €H JKaKbIHBI
TaHAaJNaabl, SIFHU TePKOHABI TaHJalabl, OHBIH 1CKe KOCBUIYBI XeJliJe KbhICKa
TYHBIKTATYABIH O0JTybI Typalibl Oarananazbl. JKykreme pesxiuMiH/Ie ChIMIapbIHAa
17 aFpIn J)kaTKaH TOK, TAHIAJIFaH FePKOHIBI ICKE KOCBUTY YIIIiH, )KeTKLTiKCi3. Kbicka
TYWBIKTATy Ke3iHAE IepKOH iCKe KOChLIaIbl (63 TyHicnenepAiH TYWBIKTalabl)
JKOHE KOCBUIBIC CHIMAAP 73 apKbUIbl CUTHAJABI JIOTUKAJIBIK KOPFaHBIC OJIOTBIHA
xibepeni, KalchIChl AIIeKTp Oepiiic JKeNiHiH aXbIPaTKbIITAPbIHBIH a)KbIpaTy
Ti30erine curHai oepei.

Exinmi enmeyim opranga Oipinmn Oexity >xonarbiHa 1 mkana OoWbiHIIA
KEpHEY/IH THICTI KJIachl YIIiH AJIEKTP Kayilci3AiriHe TeH KallbIKThIK €CenTeNeIl.
Bipinmi 1 >xoHe ekiHIi OEKITKIII OJIaKTapbl TOICAIbl KOCBUIBIMMEH 10
OekiTreni. YmriHmi OekiTkim »oxak 13 Oip ymbIMeH KaMbIT 15 apKbUIbl
OKIIIAYJATKBIII 16 TUpIsSHIAFa, ajl eKiHII YITbIMeH OonTheH 11 ekiHii OeKiTKIM
xKonakka 9 Oexitineni. by skarnaidina exinmi OekiTy xosarbl 9 OipiHmI OGekiTy
JKoyarblHa | mepneHguKynsp opHanacybl kepek. JKeniHiH (azackiHa >KaKblH
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HYKTeHI aHbIKTaiabl. OnaH TpaBepcke 4 JIeHiHT KalIbIKTHIKTHI XKoHE OipiHmn
OekiTy konarbiHa | IepreHIUKyIsp eKiHII OEKITY )KOJTaFbIHBIH 9 OeKITy HyKTeci
apKBUIBI OTETIH Ty3yTe ACHIHTI KalIbIKTHIKTHI oimeiini. Exinmi 9 sxone Toprinmi 14
OEKITKIII JKOJIaKTap/IaFbl IIKaJIajaap OOMBIHIIA OJIIICHT eH KAIIBIKTBIKTapFa ColKec
KeJeTiH TecikTep Oenrineneni. benrinenren recikrepaeH OONTTHI OTKI3IIM, €KIHII
9 >xoHe TepTiHIII 14 OeKiTKiI )oJakTapasl Kocaasl. bipiHmi 1 jxoHe TepTiHIIi
14 OexiTKiII )oJIaKTap apKaHCHIMHBIH 5, 17 MeH 18 xoHe 6, 7, 19, 20, 21 men 22
TajgpenTepaiy keMerimMeH OckiTineni. ['epkormapapiy 33 neH 34 OOMIIBIK ockTepi
(hazabIK CBIMHBIH OCiHE KaThICTHI OOJNAThIHBIH, OYPHIIITHI aHBIKTalIbl. BonTTap st
40 men 41 TyTKanap peTiHJe KOJJaHa OTHIPBIN, KOPIYCHIHBIH OWBIKTApbIHA
KaTThI OeKiTUIreH Auckinepai 25 nen 26 Oypaiabl. Byt xxarnaiina repkoHHBIH 33
TYHicmeni IacTHHaChl KaKMarbIHAAFb! 35 THICTI MIKaJaHBIH PUCKACBIHA COHKEC
kenreHie Oypbuansl. Conan KeiiH auckinepain 25 rneH 26 opHBIH OONTTap/bl
40 nen 41 muckigeri 25 Tecikrepre Oypan OexiTeai. Onieyiln opral XyMbICKa
JaiibiH. J{an ockl onepanusuiap Koc Ti30eKTi JKeliHiH KajFaH (asaiapblHa )KaKbIH
OpHAJACKaH eJIIeyilll Opranaap YIIiH KaiTataHabl.

KopbITbIHABI

I'epkoHmapMeH OpbIHAANFaH KapacThIPbUIFAH OJIIEYill opraHiap, TOK
TpaHcdopMaTopIIaphiH Nalaanan6ai MeIC IeH O0NaTThl YHEMIEH, 2JIeKTp Oepiiic
JKENIJIePiH KbICKa TYHBIKTATybIHAH (COHBIH iIIIH/IE KOC TI30€KTi) KOPFaHBIC KYpyFa
MYMKIHJIK Oepeni. bexnrini enueyin opranapMeH casbICThIpFaH/a, TPaKTHKAIBIK
KYHJIBUTBIK, KYpaJIbIMHBIH )KOFapbhl MEXaHUKaJIBIK CEHIMUTITiHAE 00a bl
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W3MEPUTEJBHBIE OPTAHBI HA TEPKOHAX JIJISI PEJIEMHOM
3AIIUATHI IUHUMN SJTEKTPONEPEJIAY

Ommeyaemcs, umo npumeHenue 2epKOHOB 8 Kauecmee UsMepumenbHbix
0p2aro08 yCmpoucme peetiHol 3auumsl N0360Jisem peuums aKmyaibHyo
3a0a4y ux nocmpoenusi 6e3 UCnoIb3068aAHUs. MPAHCHOPMAMOPO8 MOKA.
Yemanoeneno, umo useecmuvim k Hacmosiwemy MoOMeHmy usmMepumenbHuIM
OpeaHam HA 2epPKOHAX NPU UX UCHOAb308AHUU OJisl PEIeUHOU 3aujumol
JUHUL ITeKMponepeday Npucywu cieoyiouue HedoCmamKu. Mands
YYECMBUMENLHOCMb, MAK KAK NPOB00A JUHUU MO2Yym Koaebamuvcs (m.e.
UBMEHSIMb CE0E NOTOJICEHUE 8 NPOCPAHCIBE) NOO B030€LICBUEM BEMPOBHIX
HA2py30K, 8 MO 8peMsl KAK 2ePKOHbL OCINAIOMCSl 8 C80eM NEPBOHAUATLHOM
HONOANCEHU; NOO BO30EUCIBUEM YROMHYMBIX HASPY30K MONCEN CLOMAMBCS
cam usMepumenvublll OpeaH, 4mo xapaxkmepusyem HeooCmamoynyio
HAOENHCHOCHb, HEBO3MONICHOCIL NPUMEHEHUS! 0I5t 08YXYENHbIX TUHULL
anekmponepeoayu. IIpednodicenvl 08a HOBbIX USMEPUMENbHBIX OP2AHA
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Ha 2epKOHAX OJis peNeliHoll 3auumul JUHULL JeKmponepeoad, TUeHHble
VKA3QHHBIX HEOOCMAMKO8: Nepebill — 0I5l 3aUUmbl TUHUU HANPSIICEHUEM
500 kB, emopoil — 0151 3auumul NaApaLieibHblx TuHU. Jano noopobroe
onucanue ux KOHcmpykyuii u pabomoi. Hogusna usmepumensbHvix opeanos
3AKAOUAENCS 8 UCNONIb308ANHULU YeMbIPEX NPSMOY2ONbHbIX OPYCO8 U 08YX
naacmu, 08yx T-obpasuvix Opycos u I1-o6pasuvix niacmuH, 0OHOU
mpaneyuesUOHOL NIACMUHbL, Wecmu pe3bbosblx Mmsiz @ NepeoM ciydde, U
08YX KPENEeICHBIX NAAHOK, MPOcd, 08YX MAAPEn0s, 08YX OUCKOB U KPLIUUKU
€ 08YMs1 CKBO3HBIMU NA3AMU — 80 GMOPOM.

Kniouegvie crosa: 3awuma, uzmepumenvubviil OpeaH, 2epkoH, JUHUs
asleKmponepeoayu, KOHCMpYKyus, Kpenjexue.
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MEASURING BODIES ON REED SWITCHES FOR RELAY
PROTECTION OF POWER LINES

1t is noted that the use of reed switches as measuring bodies of relay
protection devices makes it possible to solve the urgent problem of their
construction without the use of current transformers. It has been established
that the currently known measuring bodies on reed switches when used
for relay protection of power lines have the following disadvantages. low
sensitivity, since the line wires can oscillate (i.e. change their position in
space) under the influence of wind loads, while while the reed switches
remain in their original position; under the influence of the mentioned
loads, the measuring body itself may break, which characterizes insufficient
reliability; impossibility of application for double-circuit power lines. Two
new measuring bodies on reed switches are proposed for relay protection of
power lines, devoid of these disadvantages: the first - for protecting a 500
kV line, the second - for protecting parallel lines. A detailed description of
their designs and operation is given. The novelty of the measuring bodies
lies in the use of four rectangular bars and two plates, two T-shaped bars
and U-shaped plates, one trapezoidal plate, six threaded rods in the first
case, and two fastening bars, a cable, two turnbuckles, two disks and a
cover with two through grooves - in the second.

Keywords: protection, measuring body, reed switch, power line,
design, fastening.
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A3 TYPBUHAJIbI KO3FAJITKbIL HETI3IHOE XX¥MbIC
ICTEWTIH TAPATbIJIFAH TEHEPALNST )XYUECIH KYPY

Byn maxanaoa man wapyawviiviavl Jcone ayvli wapyauiblivliebl
Kan0blKMAapvblHaH alblHedH O6Uu02a3 omvlHMeH NAuoaldHbliAmblH
2a3mypoOuHanvlK KO32aAMKbIUMA HCYMbIC icmeumin 2ubpuomi
mapamoli2zan cenepayus Jcynuecin Kypyaa 0auianvlCmsl Mocee
Kapanowl. ¥cvinviiean eubpuomi TI' komezimen npakmukaiblx HOMUICe
bepemin Keneci mocenenepoi, i2hu O3IHOIK KYHbl MOMEH JiCbLIY HCOHe
INEKMP IHEPSUSCHIH ALYy YWiH OUOKAIObIKMAapObl NAUOAIAHY MYMKIHOIZE
orcone TI cubpuomi acytiecinoe scymoic icmeumin I'TK ywin omovin
peminde OUo KaloblKmapoaH aiblHaan 0uoeazovl RAUOANAHY MYMKIHOL2I
Oonenoenoi. I'ubpuomi mapamovlizan eeHepayus xcyieci eaz mypouHabl
Kozeanmyviut (I'TK) HezizinOe canvlHeaHn Ke3z0e, HOMUNCECIHOEe JHCLLLY
MeH INeKmp IHEePSUSCHIH 2AHA eMeC, COHbIMEH KAMmap HCblLiblocall
WapyaubliblKmapoulnoa ome Kajcem OHIMOI, si2Hu 2yMyCmul aryad
bonameinowizbl aman emindi. Kanapmeiiamoin snepeus ko3oepi (KOK)
Hezi3iHOe JHCYyMbLC iCmelmin eubpuomi IHepeemuKaIblK JHcylenepoi
backapyoaavl KublHObIKmMapaa 06atiianblcmol Moceesep, COHbLMEH Kamap,
ocbl Jicyllenepli natoanlany KesiHoeei KeMWinikmepi Kapacmulpbliobl.
Ocul ocytienepOiy apmulKULbLIbIKMAPbl MeH KeMWINIKMepIiH eckepe
Kejle, 2ubpuoOmi IHeP2eMuUKAIbIK JHCylenepOi Kypy YWin 2a3 mypouHaivl
Kozeanmibrumapowl (I TK) naiidanary muimoi ekenoiei YyColHbliIObl HCOHE
KOHObBIP2bIHBIY CXEMACHl, OHBIH JHCYMbIC NpuHyuni keamipinoi. I'ubpuomi
mapamulizan Hepeusi 6ackapyobiy MameMamukaIblk MOOel KelmipileeH.
Kaoicemmi ecenmey napamempiepi MATLAB Simulink-me ocacanean
baz0apnamanvly KOMe2IMeH AHbIKMAIObL.
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Kinmmi ce30ep: bBuoeas, eaz mypouraivl Ko32aimKblid, AUMAaKmolk,
2eHepayust, MamemMamuKaivblk Mooeb, 2uopuomi scyte, 6ackapy.

Kipicne

KenTereHn ennepaiH TapaTbUIFaH dHEpPreTHKara Kemly ypAici jkoHe
TYTHIHYIIBIIAPAbl OPTAJBIKTAHIBIPBIIFaH dHEPTUAMEH XaOABIKTayIbl
a3alTy TaparblIFaH TeHepanus OO0bEeKTIIepIMEH AJIEKTP IHEPreTUKAIBIK
Ky#enepaiH KYMBICBIH XaHJaHABIPY MacelieliepiH MIeNlyAi anFa KOWbII
OTBIp. MHTEIIEKTyaI bl JIEKTP IHEPTETUKAIBIK XKYyHelepiniH (smart grid),
KOTeHepalHsIHbIH, MUKPOTYPOUHANIBIK JIEKTP CTaHIMsUIapbiHbIH jkoHe JKOK
naiifanany Heri3iHae SHeprus eHAIPYIIH TEXHOJIOTHUIApbIH OeliceHai Typae
€HTI3y TapaTbUIFaH MJIEKTP SHEPTHSACHIH OHIIpyre Kellly YpAICiH apTThIpyaa.
Bipkarap Eypona ennepinne, Asus enaepinae, AKIL-Ta opranbIKTaHABIPBUFaH
SHEPTHUsIMEH KaOJbIKTaylaH TapaTbUIFaH YHEPTETHKAHBI JaMBITYFa KOIIy
Oaiikananbl. TapaThUIFaH SHEPTHSHBI aHBIKTAYIBIH OPTYPIIi Tociaepi 0ap, Oipak
kebiHece «TaparbutraH renepauus» (distributedgeneration) TepMHHI TYTHIHY
OpHBIHA JKaKbIH XKepJie dJIEKTP IHEPTUsIChIH OHAIpETIH ToMeH KyarTsl (20-30
MBrT-Ka jaeliiH) reHepanusIaiThiH 00BEKTUICPIIH KUBIHTHIFBIH Olmipeni [1,2].
ExiHmn jxaFbIHaH, ajbICTarbl TYTHIHYIIBUIAP YIIIH 3JIEKTP DHEPTUSCHIH FaHa
eMec, )KbUTY SHEPTHSCHIH Jia KAMTaMachl3 Ty KakeT. byl xarnaii anexTp xoHe
YKBUTY SHEPTUSCHIH @HipeTiH TapaTbuiral reHepanus (TI') qamybiH Tanan ereni,
SIFHM KoTeHepanus pexxuminge xymbic icreitin TI xyiteci[3]. MyHnnait Tokrap
AJIEKTpP dHEPreTHUKAChl XKyHenepinaeri OipkaTap MiHAETTEpAl LIENMyTre bIKIal
eTe/li: SIFHU, KayKeT OOJIFaH JKaF/iai/1a TYThIHYIIBIIIApFa €H KOFaphl )KoHE PE3EPBTIK
SHEPrUsMEH KaMTaMachl3 €Ty HeMece TYThIHYIIIbUIAPFa KyaT OpTaJIbIKTapbIHaH aJIbIC
OpTaJIbIKTaHIBIPBUTMaFaH SHEPTHs OH Pyl KaMTaMachI3 €Ty OOJIbIT Ta0bu1ap! [4].

Byn xympicTa Onorasasl OTHIH peTiHJAE MaijanaHaThlH ra3 TypOHHAIbI
KO3FaJITKBIII HeriziHne »xymbic ictedTin TI xyiteci ycwiHbUIansl. MyHnai
WHHOBAIMSUTBIK 9J1ic OipiHIIi peT [5] yChIHBUTBIN OTBIP. Bip KBI3BIFEL, OYJ1 KaFnaiaa
TI xylieciHiH )KYMBICBIHBIH HOTIIKECI TEK JJIEKTP, JKbULy SHEPTUSCHIH OHIIPY
FaHa eMecC, COHbIMEH Karap >KbUIbDKall IapyalllbUIbIFBl YIIIH OHIMJII TOIBIPAK
(rymyc) enaipy 6onansi[6]. Ocputaiina, yesrapuirad TT xyitecin T ruOpunti
XKylieci gen arayra Oomabl.

Marepuangap MeH dicrep.

OHEepKaCINTIK AaMbIFaH KoHE OPTYPII KIMMaThl 0ap JAaMyllbl ayJaHaapaa
©3 OpHBIH Ta0aThIH IIaFBIH YHEPreTHKa TEXHOJIIOTHSCHIH 931pJiey CYpaHbICKa He.

I'a3 TypOunans! kozrantkpeimTa (I'TK) ra3 kpI3asl jkoHe CHIFBLUIAIBI, COAAH
KEeHiH KbI3ABIPBUIFaH JKOHE CBHIFBUIFAH Ta3JIbIH JHEPTHSCH I'a3 TypOWHACHIHBIH
Olirinaeri MexaHMKabIK XYMBICKa aifHanajpl. COHbIMEH Oipre SHEeprusHbIH
50 % armocdepara naiijanaHblIFaH ra3 TypiHae tyceni. ['a3 TypOuHambI
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KO3FaJITKBIIITHIH MOPIICH I KO3FAITKBINITaH aibipManibuisiFbsl [ TK-1a nporectep
KO3FaJIaThIH r'a3 aFbIHBIHIA XKYpeni (cyper 1).

TT rubpuaTi XKYHEC YIIIiH AIEKTP SHEPTHACHIH FaHa EMEC, YKbLUTY SHEPTHSICHIH
na enaipy yurisa I'TK -1Te1 THIMII TYpae naiinananyra 6onaasl. Erep Ouora3s oThiH
pEeTiHe MalianaHpUIca, OH/IA CKIHINI PETTIK KaJJIBIK MAaTePHaIMCH KBUIbDKA
IapyanibUIBIFBIHA 6T CYPAaHBICKA W€ OHIMII TOMBIPAKTHI, SFHU T'YMYCTBI
anyra 6onaznpl. Erep naiinanansutran ras xonsiaaa ' TK 6onca (cyper 2) sxbuty
OarapesChIH KOMBIN, MIBIFAPBUIATHIH KBUTY SHEPTrUsCHIHBIH S50 %-bIH Malaisl
KBUTY peTinge anyra 6omazsl. ['TK - ThIH OCBI KacHeTiH Maiiianana oTeipsi, TT-
HBIH THIMJIi )KYMBIC 1CTEHTIH THOpUATI KYyHeciH KypyFa Oonanpi[8].

Cyper 1 — Kapamaiisim ra3 TypOnHaIBI KO3FAITKBIIITHH CXEMAaCHI

Taza arMocdepanbIK aya OHBIH KbICBIMBIH apTTBIPATHIH KOMIIPECCOP aPKbLIBI
etexni. ComaH keiiiH 6uoras ayara OypKy >KOHE OHBI TYTaTy apKbUIBI KOCHUIA/bI,
OCBIIaiiIa >KaHy Ke3iHJe JKOFaphl TeMIlepaTypa arblHBI maiima Oomanbel. by
JKOFapbl KbICBIMJIBI JKOFApBl TEMIIEpaTypalibl ra3 TypOWHara TYCEZi, OHAa Ol
IIBIFATHIH KBICBIMFA JAEWIH YIFaMbIN, OUTIKTIH KYMBIC KyaThIH TYABIPAJbl KOHE
naijanaHbUIFaH r'a3 ayara MIbIFapbUIabl.
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Cyper 2 — I'TK xymBIC coTi

CoHBIMEH Karap, maiAaibl KYMBIC YIIiH HaiigalaHbUIMAWTBIH YHEPTUS
nmailalaHbUIFaH Ta3lapMeH LIbIFApbIIaAbl, COHABIKTAH OJIap XKOFaphl
TeMIeparypa MEH >KOFaphl KXbUIIaMabIKKa ne. COHABIKTaH 01311 eH KaKeTTici
Hopce-MaifaNanblIFal ra3liblH WeIFy Temneparypachkl. Konmansicrarsl I'TK
JW3aiHBIHAH IIBIFATHIH Ta3/bIH MIBIFBIC TEMIIEPATyPachl HET131HEH KO3FaNTKBIII
KOMIIPECCOPBIHBIH CHIFBLTY KO3(h(huIrieHTiHe OaliIaHBICTHI eKeHiH KopyTe 00a bl
[9]. Erep ci3 nmaiiganaHsuIFaH Ta3blH MIBIFBICEIHA 3-CypeTTe KOPCETUITEH KBLTY
OaTapesCchIH OpHATaMbI3, COIAaH KeliH 013 KOTeHepaTHBTI PEKUMIIE KYMBIC ICTEHTIH
rubpunti TI xyitecin Kypamsi3 (cyper 4).

Aanem
biTeeH raz

Cames cy f Bleteixg cv

Cyper 3 — Xpury OaTapesice
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Hotmxecinne 1-cyperre kepcerinren I'TK 4-cyperre kepcerinren I'TK-
re aiinanmanel. Erep mynnait I'TK TI kyiecinae maiinananeuica, ogga T
KOTeHepalus pe>KUMiHAe )KYMBIC iCTeH .

Cyper 4 — Kpury 6atapesicet 6ap I'TK

Erep I'TK — ga aybpun mapyaliblabIFRl XKOHE MaJl LIapyallblIBIFbI
KalABIKTApbIHAH aJbIHFaH OWOTa3 OTHIH peTiHAe MaijajaHpUIca, OHIA OHIMII
TOIIBIpaK TYPIiHZETI KaiiTaama KaJIblK MaTepHalab-TyMyCThI anaMbi3[10].

Temenme Onora3oeH >xymbic icteiTiH TI' THOpHUATI KYHECIHIH KYPBUTBIMIBIK
cxeMachlH anambl3. S-cyperre I'TK naipananbuiFan rasnapablH LIBIFBICBIHIA
KBUTY aKKyMYJISTOPEI OPHATBUIFAHBIH KOPYTe 00Ia b, OaH Maii1aibl )KBLTY aTart
aliTKaHa KBUTBDKAH YIIiH JKBUTY SHeprHsicHl anbiHansl. [ TK OimiriH pexykrop,
TeHepaTop JKOHE KOHTPOJUISP apKBUIBI YKANIBI TYPAKTHl TOK OIMHACHIHA KOCY
THOPHITI TOK XYWECIH Tapary *keJiciHe KOCyFa MYMKIHIIK Oeperi.

Bi3xin xarmaiima monmenpaey oOBEKTiCi — kaHapMal Omoras3 OONBIT
tabbutaThiH [ TK Herizinme sxymeic icreittin tubpuari TT xyiteci. Monensain
MOHI MHUKPOTa30TypOMHAIBIK KYHEHIH «KipiC-IIBIFBICY CHUTMATTAMACHIH €CeNTey
KYPIENLTiri OOIBIT TaObITab.
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Cypert 5 — TT rubpunri xyiieHiH 6J0K-cXeMacsl

Kyitenepain KyMBIC iCTey HpOIECTEePiHIH MaTeMaTHKAIBIK MOJACIbACPiH
KypyZarsl OacTamkpl akmapaT 3epTTeNIeTiH THOPHUITI TapaThUIFaH TeHEPAIHs
(I'TT") xyieciHiH MakcaThl MEH JKYMBIC JKargaiiaapsl Typajbl MOJIIMETTep
6ombin TabbuTaael. Monenbaeyain 6aceiHaa 013 MOAEThACYIIH HETi3Ti MaKCaThIH
AHBIKTAWTHIH aKIapaTTHI aJIATBIH MOZIENbIEY OOBEKTICIH HAaKTHI KOPCETYIMi3 Kepek
exeri 6enrini. CoHBIMEH KaTap, a0CTpaKIis JeHrei )KYHeHi 3epTTeyIli MOIeNb
ApKBLIBI JKayall aJIFbICH KeJIeTiH cypakTap meHOepiHe OaiIaHbICThI koHe Oenrimi
0ip Imopekene MaTeMaTHKAIBIK CXeMaHbI TaHAaydbl aHbIKTaiabl. TI rubpuari
KYHEeCiHIH MaTeMaTHKaIbIK MOJEIiH aJTOPUTMICYTEe alTapIIbIKTai KOMEKTece i
[11]. 5-cyperren TT rubpuari xyiteci Oip-OipiHe Toyenci3 )KYMBIC iICTEHTIH
MOAYJIbICPACH TYPATHIHBIH Kepyre Oonansl. Byn rasronbaepiH TONTHIpYMEH
OaiinmanpIcTl V OMora3 eHZIpiCiHIH MOIYI peTiHAe KapacThIpbuIansl. ExiHMmIi
MOJLYJIb JJIEKTP KyaThIH P kone sxbuty sHepruschiH Q  (m,AT) enaipeni, ynriami
MOMYIIb Ak AaJIbl )KBLUTY SHEPTUACKHIH aly YIIiH Kongansuiansl Q L(AT) . I'mGpunri
tapatsurrad reHepanus (I'TT) xylecin momenpaey KesiHAe Kipic ocepiepi,
CBIPTKBI OpTa acepiepi E skoHe xyleHiH iMKi mapaMeTpIiepi Toyenci3 (3K30TeHIIK)
aitHBIMaITBIIap OOJBIN TaOBIIAMBL, Oap BEKTOPIBIK (GopMaaa CofiKeciHie

x (D=(x, (1),x, (t),...,x_ (t)) a; KyHEeHiH IIBIFBIC CHIIATTaMAIaphl TOYENIi
(HIOreH TiK) alHBIMATIBIIAP KOHE BEKTOPIBIK y ()=, (1),y, (1),...,y, (t) Typinme
Gomazer. ['TI sxyHeciHiH JKYMBIC icTey NpoECin yakpIT oTe Kene K, omeparopsr
CHUITaTTaWIbl, OJ Kbl JKaraiaa 3K30TeHIIK alHBIMaIbUIapIbl CHIATTHIH

apakaThIHACHI 0ap PHIOTEHIK alfHBIMAIBUIAPFa TYPIACHIIPEI.
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¥(t) = K;(R(t) M

K, oneparoppl 3H10reHIiK aliHBIMAJIBIIAP/IbI K30TeH/IIK alHbIMalbLIapFa
TYPICHAIPY Ke3iHIe oNapIbIH (PU3HKaIBIK KaCHETTePiH KopceTei. bi3min xarmaiina
K, 9KCTIepUMEHTTIK 0JIMEH HEMECE OChl AlHBIMATTBLIAP/IbIH KACHETTEP] aHBIKTAIFaH
kecTenepaen Oarananansl. K, kooppuuuenTinin MoHIH Oaranay 3e€pTTeJETiH
00BEKTIHI MOJeNbey Ke3iHae KaHnail OoinkaM jKacaJFaHbIHA OafIaHBICTHI.
MareMaTHKaIbIK MOIEBICY/ICT] OoInKaMIap IIESTIIeTIH eCeNTiH KOMBLTYBIHA YKOHE
KaXXeTTi alJaTaHbUIFaH HOTYDKETe OalTaHbICTHI eKeHI TYCIHIKTI.

T ruOpuari xyheciHiH KYpBUIBIMIBIK CXeMAaChIHAH MYHJAH Au3aifHMEH
0ip yakpITTa ic JXY3iHAE Tajan eTUMETIH YII KaXKeTTi MIHIETTEepHAl IIeuryre
OONaTHIHABIFBIH KOpyTe Oonansl. bipiHtmici — SHEprHsFa KOJ KeTiMIUTIrT KHbIH
OHIpJIep/e TYTHIHYIIBIFA KAXETTi 3JIEKTP KOHE HKbUIY SHEPTUACHIH OHIIPY,
exiamrici-TT TrOpuATI Kyleci KOCBUTATHIH Tapary >KeNIepiHiH SHEePreTHKAIBIK
CUIaTTaMajapblH TCHECTipy, YIIHIIICI-arpoOBEeKTIIepai OHIMI TOMBIPAKIICH
KaMTaMachI3 eTy.

OcpI oimapabiH Heriziage 013 ['TIT MaTeMaTHKaIBIK MOIEITiH KacaliMbI3.

XKorapeina aiiteurranmaii, TT' ruOpuaTi *xKykeci yII CiITeMeIeH TYpajbl.
IeIFeICc KE3€HI-OMOra3 KOHE TyMyC T'(¥(£)) OHIPICIHIH Ke3CHi.

OpraHuKanblK KaJIbIKTapAblH KeH KJIachklHa OWora3 eHAipy MpOIECiHIH
MaTeMaTHUKaJIBIK MOJENIH KYPYIBIH TEOPHIIBIK HETi31H KoimaHyra oomansl. O
Onora3IbIH TY3UTY KbUIIAMIBIFBIH CHITATTal bl (VC,M3/ KT TOYIIIK) KOH/II aHA3POOTHI
OHJICY/IIH TEXHOJIOTHSIJIBIK TapaMeTpiiepiHe OaiiaHbICTBI.

VC*V"S (1- ks
Ty uTg—1+ky,

) I ()

MYHIAFBI V (M*/KT) — KOHZIET] OpTaHUKAJIBIK 3aTTapAaH OHOTa3IBIH MIEeKTI
ITBIFBIMBIL; [(M?/KT TOyIiK). bi3 K, KeHiHiH TypiH cunaTTailThin koodduuuentri
enrizeMis. bisre keH Typi KaxkeT OONFaHIBIKTAH, Kipic MapaMeTpi Maj )KOHE aybul
IapyanbUIbIFbl KaablkTapsl_Q, (K.,X ) 0CBI CiTeMEHIH MaTeMaTHKAJIBIK MOJE
OoJajel:

3)
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MyHJarbel i =1,2,3,....
Exinmi Oybrn, Oy anextp sHeprusicei anarbiH [ TK Oyl P(I,U) xone
HalilanaHbUIraH ras, SFHM XKbLTy SHeprusacel Q  (mT). by cintemenin Teneyi:

GO _(p(1, ) + Q(m, AT)) @

ITakirasiel XKbLUTy SHEPIUACHIH aTybIH YIIiHIII OybiHbl 13 (K, )

)

Ocputaitma TT' ruOpUATI )KYHECIHIH KYMBICHI YIII TEHICYMEH CUTIATTAaIbl:

(6)
ai = ) 6enriciH eHri3eHik.
t
Caiipi kenrerze oepinic GyHKIUACH
AT
_ On(eD -
Qu(KiE)

myHnarsl Q (AT) — makimanst xbury, Q,  (AT) — sxaimbl OHIIPiITEH KBLTY

®)
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Tenneynep (8) PI' rubGpuari kyiieciHiH MaTeMaTHKAJIBIK MOJEINi OoJaibl.
byn xarpaiinaQ =Q, - (mAT) mbIry.ra3 o3 Ke3erinje Q uny (m.AT) = Q, (AT)
BbIxJIoM.Ta3. Conan kekin Q _(AT) maiinansl xbLTy SHEPTHACH OOJIBIN TaObLIAIbI.
Cinremenepziin KacHETTEPiH CUNATTaHTBIH KOQhHUUMEHTTEp i eHrizeiik, K,
k03 QUIMEnTTEPi-KaNbIKTap/IbIH, KypaMblHa OainanbIcThl, K, -ra3 TypOuHab!
KO3FJITKBIIITHIH THIMALITIriHe OainanbICThl, K.~ aya KOMIIPECCOPBIHBIH CHIFBLTY
Jepexecine OainanbicThl. (8) — neH 613 W Oepiitic pyHkumsiceis TI yiuiH Tabamebi3:

_ Qm(AT) )
M

W

rubpuari TT xyiiecinin Oepinic yHKUIMSICH Keneciaei:

(10)

Q,, (AT) Garanay ymin I'TK mozeni xaxer 6onanel. Ockl MOAENbIIH
kemerimeH 013 I'TK maiinananbuiraH ra3/biH MIBIFBIC TEMIIEPATYPAChIHBIH OPEKETIH
OarayaitmMBbI3.

I'TK mareMaTHKaNbIK MOJAEIbACPIH KYPYIbIH KONTEreH XoJgapbl Oap.
Mogenabaepaiy op TYpJIi TYpJiepi 9p TYpJIi TocuIaepai KOJIJaHa OTHIPBIN JKOHE
op TYpJIi MakcarTapaa AaMbiasl. bizmin xkarmaiga, ['TK MareMaTHKaIBIK MOIEITI
naiigananelIFal ra3 temmneparypacbiabiy [ TK KyaTsiHa TOyeAUIIriH HEMece
TypOHMHAHBIH aifHaITy XbULIaMIBIFBIMEH MaiiJallaHbIIFaH I'a3 TeMIepaTyPaChIHbIH
TOYEJIINIriH aHBIKTAy YIIiH KaXeT. O3 keserinne MyHmai toyenmimik V (y(t))
Orora3bIHbIH KeJieMiHe jxoHe (y(t) mapaMeTpiepiHiH KacHeTTepine OaiIaHbICThI.
Bi3ain MoenbIiH MaKcaThl XKbUTY SHEPTUSICHIH Oarasay OONFaHIbIKTaH Qg (T)
HalifanaHblUIFaH ra3ibiH 6acTanKel KanablKTapblHaH Q  albiHa (bl JKOHE ajlbIHFaH
Q, (AT) maiinans! sbL1y, IIErepiirex Qmmy (T,) mynmarer = (AT) =T ~T MyHnarsr
T, Gy atmocdepara IBIFAPBUIATLIH TA3/IBIH TEMIIEPATYPAChL.

Ocputaiiiia, 6131iH MaTeMaTHKAIBIK MOZETIMI3 YIITiH TeMIIepaTypaHbl Oaranay
kaxeT T, KblTy oHepruschiHbiH Q, 6acTanKbl KaIAbIKTaH ajlblHFaH Q .

Oceuraiima, I'TK TepMHSsUIBIK THIMIUTITIH KeJIeCi OPHEKTEH aHbIKTayfa
Gomazsl:
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_nL-T

Hr, T (11)

myHnarsl T, T — TypOMHaHBIH Kipici MEH IIBIFBICHIHIAFbI JKYMBIC TEHECIHiH
(ra3mpIH) TEMIIepaTypachl, COMKeCiHIIIe, TYpOHHAHBIH HIBIFBICHIHIAFbI Ta3ap IblH
TeMITepaTypachlH KaparnaiibIM apakareiHac OoiibIHIIa TaOyFa Ooabl:

VE
L =2 (12)

MYHJIAFBI TT), = Prp / p aya KOMIIPECCOPBIHBIH KbICY KOA(duIeHTi, o
P KOMIIpECCOpIBIH apTLIHLL['é?EI KBICBIMHBIH KaTBIHACKI P | ayi/IbIHaF bl KBICEIM
peTinjie aHbIKTanaabl. Mpicambl, KbiCy kodduuuenti m,=14 xone TypOuHa
angpiHaars! Temneparypacsl 6ap I'TK yrmin:

T = 1300 °C, oHBIH apThIHAAFBI TEMIIEpATypa IIaMaMeH KeJleciiei 00a bl

(13)

Ocp! maprrap yuid ['TK TepMusiibik THIMALTIT:

_T=Tp 13002672 ., (14)

Hry T, 1300

Komnaneicrarel I'TK tepmusuibik TriMainiri 40-tan 65 % — ra neiiin, Oipak
OCBI THIITET1 IEKTP CTAHIUSIIAPBIHBIH HAKTHI THIMALTIT 35 % — naH acmaiimel.
I'TK tuiMainiridig canplCTBIpMalibl TYPJE JKOFapbl eMeC MOHJEpi LIBIFaThIH
ra3fgapablH KyObIpbIHA LIBIFAPBUIATBHIH KBUTYIBIH alTapibIKTall JKOFalTyblHA
(>xorapbl TemIepaTypara OaiIaHBICTBI) XKOHE KOMIpeccopa ayaHbl CHIFyFa
JKYMCaJaThlH SHEPTHSHBIH YIIKEH KOFallyblHa OailylaHbICThI (ayaHBl CHIFY YIIiH
CyIbl CHIFYFa KaparaH/ia JIJieKaiia Kol SHepIus KaxKer).

bi3 T2 temneparypacsiH OaranaybIMbI3 kepek. COHABIKTAH 013 arainraH
Makcarta KospaneuiaTelH Simulink, MATLAB cusktel Oargapiamana
KYpacThIpbUIFaH MaTeMaTHKaJIbIK MOJIENb/I Talinanana anaMei3. 8-cyperre ['TK
KYPBUIBIMJIBIK CXeMachl kepcerinreH [12].
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I'paduxren T, TemmepaTypachiHBIH THIiCTI KaK€TTi MOHiH Taba anmachls.
9-1i cyperTe KepceTiireH rpaduk OolibiHIa 6epinreH (10) hopmynansy Oepiny
(YHKIMSCHI HET131H/IE AJIbIHA/IBI.

Kyar nen Tuimuinikret (12) ¢popmysna 6oiibIHIIa aya KOMIIPECCOPBIHBIH, KBICY
JIOPEKECIH aHBIKTANMBI3.

Cypert 8 — Matlab Simulink-Te xacanxral KypbUIBIMIBIK CXeMa

Ochl Mozenb Heri3iHme 013 pury OarapesiceiHa Oepimerin T1 LeiFsic
TeMmeparypacsiH OaranaiiMer3. Kepcerinrenneit Terney Oy reMmeparypa xoHe
KBUTBDKAW IIapyambuTsiFeiHa Oepineni. biz Oy temneparypansr 10-cyperreri
rpadukrep Herizinae Tabambr3. On ymid ['TK kipic mapamerpruepi ymin T=1000K,
P=0,101 MITa, 6i3 I'TK msirsic mapaMeTpiepid TabambI3.

Cypert 10 — KomnpeccopabIH THICTI KyaThl MEH THIMJILIIT

Temenne TI rubpuaTi Ky#eciHae KOPCETIITCH MOIEIB/IC KbUTY SHEPTHSICHIH
OHJIIpY/l €CcenTey aaropUTMiH Kapacteipambid (cypeT 11, B). Mogenpaixk I'TK
TEXHUKAJIBIK JICPEKTEePl aCHHXPOH]IBI TCHEPATOPABI TaHIAy KE3iHIE OHTAMIBI
LICTiM peTiHe aHbIKTan sl Ce0eOl KyHbBI OOMBIHINIA aCHHXPOH/IBI TEHEpaToOpIIap
ap3aH, COHBIMEH KaTap KypacTeIpy eTe oHall. ['eHeparop perinae 6i3 AUPS6A4
TaIaiMbI3, MyHaarel Kyat p=0,12 kBT, aitHaneiv canbsl n=1500 aifH/MuH, TOK
kymi [=0,5A, kepuey U=240 B.

Cypert 9 — Kipic motmxkenepi: T1=1000 K, P= 0,101 MIla, mbiFsic HOTIXENEPI
T2=1500 K, P=0,201 Mma GonazpI
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Cyper 11 — XXanmsr MogenbIik cxeMa a) )koHe IKcepuMeHTTiK Moaens [ TK B)

111 Groras el maiananFaH Ke3ze TYPaKThl )KYMBIC caFaThiHa 3,3 KBT anektp
SHEPTHACHH koHe Oip yakpiTTa 3500 KKaj KBUTY OHAIPII. DICKTP KOHE JKBLTY
SHEPTHACHH aiy ra3 OcH ayaHbIH OepimyiMeH Oakputanaabl. Erep ci3 301 yiken
TYPMBICTHIK IATHHAP/I KOJTaHCaHBI3, oHa 013 30-35 caFaTThIK )KYMBIC IUKITiIMEH
mamMaMeH 95 KBT 2J7eKTp SHEepPTUsCHIH allaMbI3 JKOHE KEPTUTIKTI TeMIlepaTypara
GaiimanbicTel 330x 103 KKaj KBUTY alaMBbI3.

Byn xarmaiina xputy OarapeschlHBIH enmemi 2x2x3 M 60aasl (cyper
3). Erep maiinananpurrad ra3neie Temmeparypacsl 7000C Ooica, oHIA KBLTY
OarapesChIHAAFHI )KBUTY SHEPTHACH (hopMyIa OOMBIHINA eCenTeNeIi:

Q = cm(700C°) (15)

C cys1 ymria 4200 JIx/kr =0ypIiak eKeHiH eCKepCeK, )KbUTY OaTapesiChIHIaFbI
CYIBIH MacCachlH €CETTey KHbIH eMeC.

XKeury GatapesceiHBIH KoeMi 12 M3. A oHIaFsl CyIOblH Maccachl 14,4 kr
Kypaiasl.

TeMeHIe MaTeMaTHKAJIBIK MOZIEIIbICH AJIbIHFAaH HOTHKEJICP KeJITipUITeH.
Toxipube kepceTkeHaeH, 1 M3 6norazgan mamamer 25 M/Ix xputy amyra
6omazst (330 x 103 KKka )KBUTY aJambI3).
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1 xectene monenpaik I'TK-ne maitnananpuiFad rasgaH - MaiJanbl KbUTY
SHEPTHUACHIH anyabl Oaranay YIIiH KOJIJAHBUIATBIH SKCICPUMEHTTIK JCPEKTEp
kenrtipiireH (cypet 7). MyHa ryMyCThIH IIBIFYBI KO3()(QUITUCHTIHE OalTaHBICTHI
Ki 6acTankpl KaaabIKTHIH aHBIKTAYIIIBI TYPi

Kecrte 1 — DkcniepuMEeHTTEH alblHFaH HOTHKETIEP

Ne Ipi Kapa Man KaiabIFel, KT IIlomka KaaabIFbl, KT Kyc KanasIFsl, Kr

, KT 200 | 400 | 600 | 800 1000 | 200 400 600 800 1000 | 200 400 600 | 800 | 10
00

Qm, 300 | 600 | 900 1200 | 1500 | 300 600 900 1200 | 1625 | 1500 1800 | 22 27 32

Jlx 50 50 50

P 80 160 | 240 | 300 414 112 224 300 400 4485 | 150 300 450 | 6 897

),

Br 50

ry | 150 | 300 [ 450 | 600 | 800 | 1275|255 | 3825 |10 | 680 | 1125 | 225 | 337 | 450 | 600

Mmyc,

KT 5

M3 |12 |24 |40 |55 60 |13 [30 |45 |60 |65 |26 |48 |82 | 110 | 130

KI

a) B)
Cypet 8 — buoras/ipiH a) xoHe T'YMYCTBIH B) 0aCTaIKbl KaJJIBIK TYpiHe
TOYJILTIr
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a) B)
Cypet 9 — DneKkTp SHepTUsICHIHBIH a) KOHE MaiJalTbl KbLTY IbIH
B) OMora3 KeneMiHe TOYeIIUIr

1-kectezeH 613 KaKeTTi XKUY KaHE 3JIEKTpP SHEPTUSCHIH TaHIAMBI3, COJaH
ketiin ocel R xxone Qm Herizinae I'TK opnarames. Temenne I'TT icke Kocy
anropuTMi OepiyireH.

1 1-KkecTeHiH Herizinae KaxeTTi Kbuty Q ;

2 Q_ Herizinje enipineTin V TanmaiMbI3;

3 V_wuerizinge tuicti I'TK TanmaimbIs;

4 ANTOpUTMHIH COHFBI Ke3eHiHae Q,, 6acTalKpl KalbIK TYPiH TaHAaiMBbI3;

5 Ocsbl manimerTep Herizinae 613 ['TT-ai icke KocambI3.

Hotm:xenep men taakeuaayiaap. I'TIT Tapary jkeniciHe KOCBUTFaH Ke3ZIe,
op0ip ecenTiK YIIiH OpBIHAATYBI KepeK HeT13r1 MiHAeTTepAiH Oipi-reHepaTop by
XKYKTeMelnepin 6exy. by kenecineit sxy3ere achIpbuIaibL:

1 I'TT" xyarsin sikTHMan reaepanusiiay I TK TypineH aHbIKTanmasl.

2 Bencenai KyaTTbIH JKOFaIybl BIKTUMaJ OHJIIPIATEH JJIEKTP HEPTHACHIH
TYTBIHYIIbIFa Oepy Ke3iHzae OeJICeHIi KyaTThIH )KOFallybl aHbIKTaJa bl

3 Erep ennipinerin ['TT" anexTp SHEPTrUsICBIHBIH JKaJITbI KyaThl TYTHIHYITBIHBIH
KYKTeMeciHeH keM Oonmaca, oHza MyHBIH 0api I ' TK ecebinen jxaObuiabl.

4 Erep apThIK sHeprus 0oJica, OH/a OJ1 3Heprus kuHakray 61oreiHa (J7KB)
6epineni. Kb TonbiFpIMEH TONTHIpBUTFaH karnaiaa, [ TK Kyars! Tricti mamara
a3asiIbl.

5 Erep ennuipinetiH anekTp 3HeprusculHbIH xaiansl ' TK KyaTs
TYTBIHYIIBIIAP/IBIH KYKTEMECiHeH a3 Oonca, Kyar tammbuisirbl 9)Kb ecebinen
KaObLIAIbL.

KopbITbIHABI. DIIEKTp 5KoHE JKBLTY SHEPTUSCHIH OHIPY/IiH THIM/I, SKOIOT USITBIK
Ta3a TEXHOJOTHSJIAPBIH JaMBITY SHEPIeTHKAIIBIK JIaFAapbICThl EHCEPYTe JKoHE
KOpILIaFaH OPTaHBIH SKOJOTHSJIBIK JKaFalblH JKaKcapTyFa BIKIall eTeTiH Kasipri
3aMaHFbl SHEPreTUKAHbI IaMBITY/IBIH OachIM OaFbIThI OOJBITT TaOBLIA BL.
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Bi3miH eniMi3zie aypuIapyambuIbiK, MaJl MAPYaIIbUIBIFEl )KOHE OCIMIIK
[IaPYalbUIBIFBI KAJIBIKTAPBIHBIH YIIKEH KOPBIHBIH O0JTYbI 01311 OYJT KaJIIBIKTap/IbI
JKBUTBDKAH IapyalbUTBIKTAPbIHA KAXKETTI XKBUTY, TEKTP SHEPTHICHl MCH OHIMII
tonbIpak ainy yiriH XKOK Typinze naiinananyra urepmeneni. Kouty :xoHe SJIEKTp
SHEPrUsICHIH OHIIPETIH TapaTbulraH reneparmsiiay TI sxyleci skobanay YImiH
KaJIJBIKTapAaH allbIHATBIH Ouoraz0eH skymbic ictedtin ['TK naiinanaHbuimb.
Ocpiapaii I'TK Herizinze ruOpuaTi Kyie Jen atanarblH THOPUATI XKyHeciHiH
MU3aiHBl YCBIHBUIABI. ¥ ChIHBUIFAH ruopunri T kemeriMeH kenecigei
MPAKTUKAJBIK HOTHIKETe KOJ JKeTKizyre Oonansl. BipiHImieH, ©3iHIIK KYHBI
TOMEH KbLTY KOHE AJICKTP YHEPTUACHIH aly YIIIiH OMOKAJIBIKTAP Il Al aIaHy
MyMKiHairi naina 6omaer. Exianninen, TT rubpuari skyitecine KyMBbIC iCTCHTIH
I'TK yuiH oTBhIH peTiHae OMOKAIIBIKTApaH aJblHFaH OWOTa3lbl MainanaHy
MyMKiHairi gonennenai. CoHbIMEH Kartap, YCHIHBUIFaH TUOPUJTI KYHUCHIH Tarbl
01p apTHIKIIBUTLIFBL, SFHU, [ TI" MaTeMaTHKaIbIK MOZICIIH KYPYIbIH XKETULIIPLITCH
TY)KBIpBIMJIaMachl ©3iHIH OHIMAUIIIIH KOPCETTi )XKoHE OyJI Xyiere mareHt
anbIHbL [HOpHITI )KYHEHIH KYpacThIphUIFaH MaTeMaTHKaIbIK Mozieni TT, exniey
Ke3iHJle KOPCETUIreH SHEPrUAHBIH Kipic KalablKTaphiHbiH Q (AT) makipans:
JKBUTY HEPTHCHIHA TOYCIAUTITIH OaranayFa MyMKIHAIK Oepai. MyHnaii Garanay
yurie T rubpuari xxyiecinin 6epiiic GpyHkuumscsl Kypbuiabl. Kaxerti ecenrey
napamerpiepi MATLAB Simulink-te >xacanran OargapiaMaHbIH KOMETIMCH
AHBIKTAJIJIBL.
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CO3JAHUE CUCTEMBI PACIIPEIEJTEHHOM F'EHEPALINH,
PABOTAIOIIEM HA BA3E TA30TYPEMHHOTI'O JBUTATEJISI

B oanmnoii pabome gnepgvle paccmompen 8onpoc, C6s3aHHblU C
coz0anuem ubPUOHOU pacnpedeneHHOU CUCeMbL 2eHepayulL, pabomarowet
Ha 2a30MypoOuHHOM Osu2amere, UCHOIb3YeMOM HA OUO2A3060M MONIUGE
U3 0MX0008 AHCUBOMHOBOOCMBA U CENbCKO20 X03slicmed. JJokazana
803MONCHOCIb UCNONB308AHUA OUOOMX0008 OJisl NONYYEeHUs MeNn080U
U INEKMPUYECKOU IHEP2UU € HUZKOU cebecmoumMocmsio, a makoice
603MOJICHOCMb UCHONIb308AHUSL OU02A3A, NOIYHEHHO20 U3 OHUOOMX0008,
6 xawecmse monauga ons I'TY, pabomarowezo 6 eubpuonol cucmeme
PI'. Bvlio ommeueno, yumo npu nocmpoenuu cubpuoHoll pacnpeoencHHol
cucmemsl 2eneapyuu Ha base 2azomypbunnozo osueamens (I'TY) 6
pe3yibmame MONACHO NOLYYUNDb He MOJIbKO MENI0 U IJeKMPULecmaso,
HO U CMOlb HeoOX00UuMbli NPOOYKM 8 MEeNnAUUHBIX XO03AUCMBAX,
mo ecmb nepeznotl. bvinu paccmompenvl npoodembvl, C85i3aAHHbIE C
MPYOHOCMAMU 8 YNPAGTCHUU 2UOPUOHBIMU IHEP2EMUYECKUMU CUCTEMAMU,
pabomarowumu Ha 0CHOBe 80300HOBILEMBIX UCTHOUHUKOG dHepeuu (BUD),
a maroice HedOCMAmKU NpU UCNOAb30BAHUU SMUX cucmem. Yuumoleas
npeumMyuecmsa u HedoCmamxu IMux CUCmem, ObLIO NPEON0AHCEHO, YMO OJis
CO30aHUsL 2UOPUOHBIX DHEPLEMUUECKUX CUCHEM BbI20OHO UCHONb3068AMNb
eazomypounnvie ogueamenu (I'TY) u npusedena cxema ycmanosKu,
npunyun ee pabomwl. Ilpusedena mamemamuueckas MOOeib YNpasieHust
2ubpuoHoll pacnpedenennoll snepeuell. Heobxooumvie gvluuciumenbHvle
napamempuvl ObLiU ONpeoeieHbl ¢ NOMOWBIO NPOSPAMMbL, CO30AHHOU 8
MATLAB Simulink.
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CREATION OF A DISTRIBUTED GENERATION SYSTEM
OPERATING ON THE BASIS OF A GAS TURBINE ENGINE

In this work, for the first time, the issue was considered related to
the creation of a hybrid distributed generation system operating on a gas
turbine engine, which uses biogas obtained from animal husbandry and
agricultural waste. With the proposed hybrid DG, the following problems
that give practical results are proved, that is, the possibility of using
bioweapons to obtain heat and electricity at a low cost, and the possibility
of using biogas obtained from bio-waste as fuel for GTE operating in a
hybrid DG system. It was noted that when a hybrid distributed generation
system was built on the basis of a gas turbine engine (GTE), as a result,
it was possible to obtain not only heat and electricity, but also a product
that is so necessary in greenhouse farms, that is, humus. Issues related to
the difficulties in managing hybrid energy systems operating on the basis
of renewable energy sources were considered, as well as disadvantages
when using these systems. Taking into account the advantages and
disadvantages of these systems, it was proposed that it is more profitable
to use gas turbine engines (GTE) to create hybrid power systems, and the
scheme of the unit, the principle of its operation were given. A mathematical
model of Hybrid Distributed Energy Management is given. The necessary
calculation parameters were determined using the program developed in
MATLAB Simulink.

Keywords. Biogas, gas turbine engine, regional generation,
mathematical model, hybrid system, control.
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KA3AH/LbIK ©PTIHE APHAJIFAH TA3A KOMIP
TEXHOJIOIrnsicbl
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Maxkanaoa kemipoi apuativl mepmusiIblK OHOey Ke3iHoe O6IiHemiH 2a3
MopIi30i OMbIHMEH ICKe KOCbLIAMbIH MA3yMmbl ayblCmblpy MYMKIHOI2IH
3epmmeyoiy MeopusnblK JCOHe NPAKMUKANLIK He2izoepi, coHOall-ak
KOMIDMEH JHCYMbLC ICIEtmit JHCOLLY JJeKmp CIMAHYUAIAPLIHOA KA3AHObIK,
KOHObIP2bLIAPbIH Jicazy bl 0Cbl d0ICIH en2izy Kapacmuipbliadsl. Kasicemmi
2az maopizoec OmvlHObL ALYy YWIH KOMIPOIH YUl MYpPiH 3KCNEPUMEHMMIK
3epmmey Homuoicenepi bepineen.

3epmmey nomuoicenepi 6acka HomuiepimeH CanrblCMblPbLIbIN RUPOIU3
eazoviy kenuiniei 600-900 °C memnepamypada my3ieminoiei aHbIKmManobl.
Meman men ayvlp kemipcymekmepoiy dco2apbl KOHYEHMPAYUSCHIHA
batinanvicmul 2az0bly HCLLYAbIK KYHObLIbIZbL 500 °C-ma eH dcozapul
Kepcemkiwike ue 6o1aobvl.

Komipoen ywna omutnowr anyoviy 6yn npoyeci Komipoi eaz0anovipy
npoyeci emec. Iaz0anobipy mexnono2usiapbl Kypoeupex JHcoHe KolmMoam.
ezenmen, Kapacmuipblibln Omvlp2an NPoOYeCminy Hco2apsl MemMnepantypaibl
NUPONU3 JHCOHE 2a30AHObIPY NPOYECMEPIHEH AUbIPMALUbLIbIHL, KbI30bIDY MEK
JHcamevIl YUWKbIWL 3ammapobly DONIHYIHe Kadjcemmi memnepamypaiaped
Oellin, Kaxcemmi KOJeMOe HCOHe HCEMKIIIKMI JHCAHY IHCbULYLIMEH JiCy3e2e
acwipulLiadel. Oy KOMIPOIK epeKueniKmepiHe OailaHbICIMbL.

¥umax xomip cmancanapvinoa icke KOCy MazymvlHbly OPHbIH
moamvlpy2a Kadiemmi 2a3z mopizoec OmulHObL ALY YUWIH KAMMbl OMbIHHbIH
yw mypi mooicipubenix mypoe 3epmmenoi, 01apobly KeH OpblHOAPb
Kaszaxcmanoa opnanackan: Maiikebe konwip xomipi, Lllybapron Konvip
xomipi ocone Capuladvlp KOHbID KOMIDL.

Kinmmi co30ep: kemip, mazym, YuKbl Jcanablil 3ammap, HCoLiy
EKMP CIMAHYUSL, KA3AHObLK, KOHObID2bI.
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Kipicne

Kasipri yakpITTa HEri3ri OTBIH PETiH/C TAOUFH I'a3abl JKOHES/HEMECEe KOMIpIi
TaiaananaThiH OAPIIBIK JKBLUTY a51eKTp cTaHusuiapsl (KKIC) sxoHe ipi KazaHABIKTap
PE3EPBTIK, aNaTTHIK )KOHE TOXKIPHUOETiK OTBIHMEH KAMTaMacChl3 ETUITeH. OAeTTe, OyII
OTBIH Ma3yT OOJIbIN TaObLIa b, JlereHMeH, skaHapMaii peTiHae Ma3yTThIH Oipkarap
eneyni kemuritikTepi 6ap. Kemipai MazyTnen OipikTipreHae Ka3aHIBIKTapIbIH
9KOJIOTHSIIBIK JKOHE YKOHOMHUKAJBIK KOPCETKIIITEPl Hallapiaiibl: OTBIHHBIH
MEXaHUKaJBIK a3 JKaHybl apTalbl *KOHE >KaJIIbl THIMIIIIK TeMeHaeiai (o3
KaKETTUTIKTEepiHe KYMCaIaThIH IIBIFBIHAAPABIH ocyiHe OailaHBICTH), OepinreH
ANIEKTP DHEPTHSIChIHA ITAJOH/JBIK OTBIHHBIH YJIECTIK WIBIFBIHBI apTajbl. ,
KOHBEKTHUBTIK KBI3ABIPY OETTEpiHIH KOFaphl TEMIEpPaTypPajbIK KOPPO3HUSICH
apThIN, OKCUATEPAiH MIBIFBIMBI apTaabl.A30T MEH KYKipT (Ma3zyT KypaMbIHIa
KYKIpT >KOFapbl OOJIFaH arjaija), KaHIIEpOTeH I BaHAAUH TEHTOKCHAIHIH
MIBIFAPBIHABLIAPE! Maiiga Gomaxsl [1,2,3].nmpenapar. maiigananyra apHailraH
Ma3yT [3]. PesepByapnapra Kyio jkoHe KeHiHHEH pe3epByapiapliaH TYCipy OHBI
KOJIaHJIBI OTIMIUIIK KYHiHE NeiiH KbI3AbIPYIbl Tauam eTeli, 0yi, 9JeTTe, Cy
OybIH Naiianany apKbUIbl )Ky3ere achlpblIa/ibl. ByJl MasyTThl THEY koHE TyCipy
MMyHKTTEPiHAEe KaKETTi TeMIlepaTypachl 0ap Oy Ke3i 0Omysl Kepek AeTeHni
6inmipeni. PesepByapiapaa KbI3IbIpy MEH apanacThIpyiaH 6acka, COHBIMEH KaTap
KoiiManaH Oacram camTtamara JEWiHTi OapiblK KO3FalbIC YKOJBIHIAA Ma3yTThIH
alHalBIMBIH CaKTay Ka)KeT, KaxeT OOJFaH jkarjaiiza remke mMasyT Oepy
MYMKIHIITIH KaMTaMachl3 eTy KaxeT. COHIBIKTaH Ma3yTTHI XKaryFa JalbIHIAy
KYpZeJi XKoHe KOIl YaKbITThl Ka)KET €TeTiH mporecc O0ibI Tabbutaabl, OHIa
MBIHAJIapIbl KAMTaMacChI3 €Ty KaXKeT: Ma3yTTaFrbl CyIbIH a3 001ysl (3 %-Fa neifin),
CY/IbI Ma3yTIIEH TEPEH apaiacThIpy, KAKETTI Ma3yTThIH KbI3[bIPY TEMIIEPATYPACHI.
Tarbl Oip MaHBI3ABI ACTIEKT — Oy Oara, Ma3yT — KbIMOAT DHEPreTHKAJIBIK OThIH.

XKorapbina atanran ¢akTopiaapablH OapibIFbl Ka3ipri 3aMaHFbl JKbLULY
SHEPreTUKACHIHBIH OTe ©3€KTiI MiHIETIHEe alHaIIABIpaabl - KOMIPMEH XKYMBIC
ICTEHTIH KbLTY JEKTP CTAaHLUSIIAPBIH/IA KAa3aHABIKTaPIbl MAiIChI3 XKaFy/IbIH KaHa
TEXHOJIOTUSUIAPBIH J3iplIey.

Kemipzain muponu3mik ra3gapablH KypaMbl MEH KaCHETTEpiH TYCIHYy YIIiH
KOMIpAiH NUPOJN3 Ta3dapbIHBIH (PH3NKa-XUMHUSIIBIK KaCHETTEPiH 3epTTey
KepeK. OPTYpIi 3epTTeyiep op TYpil TeMmIeparypaga KeMipIeH alblHAThIH
MAPOJIN3 Ta3lapbIHbIH Ta3 KypaMmbl MEH IIBIFBIMBIH 3epTTeni [4,5,6]. Kemipmin
MUPOJIU3AIK ra3fapblHbIH I'a3JblK KypaMbl TeMmIieparypara OalllaHblCThI
e3repeni, ra3asiH kemmiiiri 600-900 °C temmeparypana Ty3ineni [7]. Meran
MEH aybIp KOMIPCYTEKTEPIiH JKOFapbl KOHI[EHTPAMAChIHA OaiiJIaHbICTHI Ta3/IbIH
KbUTYNBIK KYHABUTBIFBI 500 °C-Ta eH sxorapbl 6omnansl [8]. KeMipin nupoausaik
razgapsl CyTeri Ke3i yKoHe OlaH opi MUPOIH3 MPOIeCcCTepi YIIiH XKBITy Ke3i
perinae e maijanaHpulybl MyMKiH. Kochutran ra3 xpomarorpaduscel/Macc-
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CIIEKTPOMETPHSUIBIK JIETEKTOPJIAphl 6ap MUPONIN3 KYHeIepiHiH aMybl MHPOIIH3
OHIMJICPIHIH, COHBIH INIHAC MUPOIHU3 Ke3iHIe O6IHETIH KEHIN ra3fgapIbH
carnaJblK )KoHe CaHbIK TaJlAayblHa MYMKIHIIK Oepeni. Byt 3eprreynep kemipaig
MUPOJIM31 J)KOHE MUPOJIN3 ra3llapblH YHEPrusl Ke3lepi HeMece OJaH api eHjaey
YILIIH OIMKI3aT peTiHe naianany MyMKIH/Ir Typaibl KYH/IbI TYCIHIKTEp Oeperi.

Marepuangap MeH dicrep

[Maiinaner Mogens mareHTi [5] Ka3aHABIKTApIbl MAChI3 JKaryablH, KOMIp
ajaybIHBIH TYTaHybl MEH JKaHYBIH TYPaKTaHIBIPYIbIH JaMbIFaH, THIMAI,
9KOJIOTHSUIBIK, JKOHE SKOHOMHKAJIBIK TYPFBIIAH KOJAWIbI 9ICiH yChIHABL. By
TEXHOJIOTHS aJIbIHFaH a3 TOpI3/l OTHIHIBI MalijajgaHyFa HEeri3JeNreH. KeMip/i
TEPMHUSUIBIK OH/ICY apKbIIBL. 1-CypeTTe »KaHaThIH OTHIH PETiH/E KaHFbIII YIIAThIH
3aTTap/pl naianana OThIPHII, Ka3aHABIKTEl MaliChl3 )KaryAblH MYMKIH OOJIaThIH
TEXHOJIOTHSJIBIK CXEMaChl KOPCETIITeH.

1- aBTOcamocBall, 2- KaObuiay OyHKepi, 3- Tacnaibl KOHBeHep,

4- BNIEKTPOMArHHUTTIK CEnapaTop, S- BUOpaUUsUIBIK SKpaH, 6- OalFasbl JHipMeH,
7- mmKi kemip OyHKepi, 8- KOMIp KBUIBITY KYPBUIFBICHL, 9- KOMip LIBIFAPFBILL,
10- ra3 kaknarsl kiamnansl, 11- 37eKTp Kaknarsl KjianaH , 12- MeXaHUKaJIbIK
cy3ri, 13- ra3 KbICBIMBIH peTTerill, 14- cakTaHIBIPFBILI KiamaH, 15- aliHanmma
ke, 16, 20- WIBIFBIH oJiIerin, 17- ra3 peTTerini kianas, 18- ra3 OTTHIFBL,
19- THIFBIHBI KIIaTaH, 21- KBUIIAM 9PEKET €TETIH ra3 KJIanaHbl, 22- aFbIHIbI
perrerimi, 23- ra3 KoMachl - KaOBUTAAFBIII, 24- KaYINCI3/iK MaMBbl,

25- KeNICTKIIIL.

Cyper 1 — JXKanFbII yHIKBIII 3aTTap bl HaiinanaHa OTHIPHII, Ka3aHIbIK
KOH/IBIPFBICHIH JKaFy TEXHOJIOTUSACHIHBIH CXEMAaChl
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JKanfpim yiima 3aTTapabl MIBIFapy apHaWbl Mem KYpbUIFBICHIHAA (8)
XKY3€ere achlpbliIajibl, OHJ]a OTTETIre KOJI XKETKi30eCTeH KoMip KabaThl KbI3a/bl.
Kemipai KbUIBITYyFa KaKeTTi 0acTarKbl KbULY YHEPTHSCHIH TaChIMaJAay bl
peTiH/e MBIHAJapIbl KOJJaHyFa 0osaapl: Oy, )YMbIC ICTEHTIH Ka3aHIbIK OOJIFaH
Ke3[ie; AJIEKTP HeMece KbUTy IHEPTUSICHIHBIH 0acka TachIMajiaylibichl. JKaHy
Ke31HJie KbI3ABIpYy/AaH KeiiH OeiHeTiH xaurbi ymkei 3artap (CO, H2, CH4
xoHe T.0.) Tikesel Ka3aHIbIKTHIH OTTHIKTapbiHa (18) Tyceni, »xaHFaHHaH KeWiH
oJlap apHalbl Ta3 CaKTaWTHIH KaObuiaarsTa (23) )KHHAIYBl MYMKIiH. Oemriii
0ip KBICBIM JXKoHE OOJalrakTa ojap >KaJbIHHBIH JKaHYBIH TYPaKTaHIBIPY YIIiH
naiiianaHelIybl MYMKiH [6,7].

KemippeH yIma oTbIHIbI aTyJbIH OYJ1 poLieci KeMip/i ra3aaHIbIpy npoleci
emec. ['a3gaHnplpy TEXHONOTHSIAPBI KypJelipeKk »oHe KbiMOar. JlereHMen,
KapacThIPBUIBII OTHIPFaH MPOIECTIH KOFapbl TeMIepaTypaibl MUPOJIN3 KIHE
ra3/laH/ibIpy NpoLecTepiHeH albIPMaIIBUIBIFBI, KbI3JBIPY TEK KaHFbBIII YIIKBIII
3arTaplblH OeJliHyiHE KaXKeTTi TeMmIeparypajapra AeHiH, KaXKeTTi Kejem/e
KOHE JKETKUIIKTI )KaHy JKBUIYybIMEH Y3€Te achlpbUiajbl. Oyl KeMipAiH
epeKIIeTiKTepiHe OailIaHbICTHI.

HoTu:kenep ’xoHe TaIKbLIAY

¥HTaK KeMip CTaHCaNapbIH/a iCKe KOCY Ma3yThIHBIH OPHBIH TOJTHIpYFa
KaO1JIeTTi ra3 Topi3/ec OTHIH/BI aly YIIiH KaTThl OTHIHHBIH YII TYP1 ToXipHOeik
TYpZie 3epTTelii, OJapblH KeH opblHaapsl Kasakcranma opHanackan: MaiikeOe
KOHBIp KeMipi, Lllybapken KoHbIp keMipi sxoHe Capbiaablp KOHBIP KOMIpi.

AJIBIH aia eHJICITeH KeMIp YIITICI (eeMi iaMmaMeH S MM OeJTIIeK ) Toxipuoe
KaMepachIHJaFbl CyOCTpaTka OpHaJacThIPbULABL. Opi Kapad, KbI3ABIPFBIIITAFbI
KepHEeY/IiH OipKeNKi ecyi )Ky3ere achpbUIIbl, OYJI TeMIIepaTypaHbIH XKOFapbliaybiHa
okeneni. TemreparypaHbIH KOFapbUIaybl HOTHKECIH/IE YITIHIH TEPMHSUIBIK )KOHBLTY
Tiporieci 6acrana/pl, OChUTAMIIA YA KOCBUIBICTAPABIH CYOIMMALMSICHIH OacTai bl

OKkcnepuMeHT OapbIChIHJIA KBUTY ©PICiHIH JUHAMUKACBIHBIH CYPETTEpPiH
KYpY YIIiH YJTiHIH O€Nrisi 0ip HYKTEJIepiHIe TeMIeparypa THHAMHUKACHI
enmenni. Toxipube ke3iH/e jKoHE asKTalFaHHAH KeHiH KaMepajaaH ra3 yiriaepi
QJIBIHAJTBI KOHE TamaHa kL. ['a3/pl ipiKTey TiKeIeH KaMepajiaH KYPri3isie/ii )oHe
MOJIUMEpIT MTHeBMaTHKaNIBIK NutaHr apkeuiel LFR-1/4-D-5M-MINI ¢unbsrp-
peTTerimnrine Tyceai. byt KypbUTFbl KaMepaaarsl KBICBIMFA 9Cep CTIICH, ra3 YriciH
aiyFa MYMKIHZIK Oepelli, COHBIMEH Karap ras3JiaH a3po30ib (pazachlH jKoHE IIaH
OemnmiekTepiH xospl. Cy3ri-peTTerillTeH KeHiH Ta3 ajJblHFaH Ta3/bl TaIJaiThIH
Agilent 7890 xpomarorpadbiaa Tycemi.

Toxipu6e y3axTeirbl 600°C MakcuMmanapl TeMIeparypaHblH KOpCeTiIreH
MOHIHE JKETYMEH IIEKTEI .
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2-cypeTTe Herisri aHrbIl ra3 komnonenTrepinin (CO, H,, CH,) 300-600 °C
apaIbIFbIHIAFbI TEMIICpATypara TOYSIIUTIKTEP], |- KeCTee Oap/IbIH JKANIIbI IIBFHIMBI
KOPCETIITeH.

Kecte 1 —300 °C -ten 600 °C -re neifinri Temneparypa Iuana3oHbIH/Aa JKaHFBIII
ra3 komnonenTrepinin (CO, H,, CH,) skanmibl IBIFBIMBI

Kewmip ynrinepinin ken | Kei3abipy Temneparypaceina 6aitnansictsl CO, H,, CH, amb! DIbIFbIMBI
OpHBI (kenemmen%), °C

300 400 500 600
Iy6apkyn 1,2 4,56 12,32 18,71
Maiikebe 0,9 3,22 8,41 10,85
Capslagpip 0,5 2,13 5,2 6,70

Cypert 1 — JXanrpim ra3 KoMnoHeHTTepiHiH MHFHICHHBH (CO, H2, CH4)
KBI3JBIPY TeMIepaTypachlHa TOYRIAUIIT

Toxipube HoTHXenepi OOWBIHmMA KOMip YHATiixepiH KBI3ABIPY
temneparypacsiHblH 300-1eH 600 °C — Ka AeifiHTi apaibIKTa )KOFapbUIaybIMEH
JKAHFBII T'a3 KOMIIOHEHTTEPiHIH KOJNEeMIiK KOHIEHTpPaIHUsAIapbIHBIH
XKOFapBUIATBHIHBIH Kepyre O6onansl. ['a3ablH KypaMbl Jja TeMIlepaTypaHbIH
JKOFapBUIaybIMEH alTapibIKTail e3repei.

Y ChIHBUTFAaH KOMIp YATIIEpiHEH opTYPIi KBI3ABIPY TeMIlepaTypajapblH/ia
aJBIHFAH Ta3AbIH JKbUIYJIBIK KYHIBUIBIFBIH €CENTEy HOTHXKENEpl KBI3IBIPY
TEMIEPaTypaChIHBIH KOFapbUIAYbIMEH KOMIp YJITUIEpiHEH ajbIHFAH JKaHFBIII
ra3JapAblH JKbUTYJIBIK KYHABUIBIFBIHBIH /1a JKOFAPbUIAUTBIHBIH KepceTTi. bapibik
KapacTBIPBUIFaH KOMip YITiIepi YIIiH aHy XBUTYBIHBIH MaKCHMaJAbl MOHIH
600°C kpI3mBIpy TEMIlepaTypackiHaa Oafikayra 0omansl. EH KOFapbl KepCceTKilI
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[llybapken keH OpHBIHBIH Tac keMipinme — 29,1 MJx/m3, an Capsiafplp KeH
OPHBIHBIH KOHBIP KeMipinzae — 13,5 M/Dx/m3.

Toxipubenik 3epTTEyNepaiH HOTHKEICPl OOWBIHINA YKAHFBIII Ta3]bl
OHJIIpyTre YChIHBUIFaH yi keMmipaiy imriane llly6apken xone MaiikeOeH keH
OPBIHAAPbIHBIH KOMipiiepi KOJIaWIbl AeTeH KOPBITBIHIBI XKacayra 0oJiajbl.
Kazannpikra Gactanksl OTBIH peTiHAE Maipanany yuiH kemipai 350-450 °C
TeMIeparypara JIeHiH KbI3AbIPY KETKUTIKTI. AJIBIHFaH KaHFBIII Ta3 CAIbICTHIPMAJIbI
TYpPZE TOMEH KbI3JIbIPy TEMIIEpaTypachIH/ia KaXKeTTi KeJIeM/Ie IbIFapbLIaIbl JKOHE
Ka3aH/IBIKTap/Ibl XKaFy MPOIECiHAe Maiianany YIIiH XeTKUTIKTI )KaHy *KbUTybIHa
He, OChbUIaiIIa 01 KbIMOAT KSHE )KYMBIC iCTeY1 KUBIH Ma3yTThI aJIMacThIpa ajia ibl.

Kewmip xaraTblH 0OBEKTLIEP/IH SKOJOTHSIIBIK KOPCETKIIITEPIH JKaKCapTy
YIIiH KaObaTThl KOHE YHTAKTHI XKaHY/ABI ra3 TOpi3Al 3aTTapiAblH XaHybIMEH
OipiKTipy MYMKIHJIITIH KapacThIpyFa Oonanel. by xarmaiiga keMip/i sKaraThlH
HBICaH KeJiecijiei 00Iybl MyMKiH. 3-CypeTTe KOpIlIaraH opTara THUTi3eTiH acepi
TOMEHJIETIJITCH KOMIp/i OIpIKTIPUIreH jKaFy TEXHOJOTHSCHIHBIH JHarpaMMachl
KOpCETIJIreH.

1 — oThIH KaObLIIAY KOHABIPFBICHI, 2 — YCATKBIIL, 3 — nUipMeH, 4 — KeMipai
TEPMUSIIBIK OHJIy KOHJIBIPFBICHI, 5 — KaOaTTaFbl Heri3ri OThIH JKaFy aiiMarbl,
6 — ra3 Topi3ai eHIMACPl KaFy aliMarbl, 7 - KbI3bII KETYy i KaMTaMachi3
€Ty YIIIH YHTaK KeMip/Ii jkaFy aiiMarbl, 8 — ra3 TypOUHAcChI, 9 — kemipai
TEPMUSIIBIK OHJIEyIIH KaTThl OHIMJEPiH XKeTKi3y, 10 — keMip/i TepMUSIIBIK
OH/ICy IIH Ta3 TOPI3/i OHIMICPIH JKETKI3Y.

Cyper 3 — Kopiraran opTara acepi TOMEHICTUIIeH KOMIPIi JKaFyIbIH
OIpIKTIpI/ITeH TEXHOJIOTHSICHIHBIH CXEMAaChI.

Tycerin kemipai KabbuiIay KOHABIPFBICHIHAA (1) KiKTEy KOMIp OemeKTepiH
«OKaHFaKy» eJIIeMiMeH 0oy apKbUIbl XKY3€ere achlpbliabl. bys perte kemipaig
ycak Oesiri quipmenre (3) xidepiseni, KeiiHHEH KOMIp IIaHbl ICHIeiiHe qeiiH
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yHTaKTay yuriH. JKanraxk kenemiHieri kemip Oesnmiekrepi KaOarTsl memrepre
(4) Gepineni, onap HEri3iHEH MEIITIH TOMEHTI OeiriHe (CybIK BOPOHKA HEMECe
TOMEHT1 paJuaIMsUTBIK OOJiK NCHIeHiH/C) OpHANTACKAH aJIJbIH ajia MEeIITePIiH
JKUBIHTBIFBI O0JIAJIbI, OHJIA HETI3T KeJII TYCETiH KoMipIiH Oip O6JIiri >kaFrbUIabl.
Oprama paauanusiblk 0exikke (6) akblH JeHreiine ra3 TypOuHachIHbIH (8)
nmaiilajJaHbUTFaH Ta3qaphl MEIIKe Tyceni (onapasl ToceKkke Oepyre Oonaubl), ol
TEPMUSUTBIK OHJICYTEe apHAJIFaH apHAWBI KOHIBIPFIIA KOMIPJICH aJIbIHFaH KaHFbIIII
ylmna 3arrap/pbl skarajabl. keMip. Ilemriy (7) skoraprbl paavanusuiblK OediriHe
colikec JIeHrelie KOMIp/iH KaJIbl KeJeMiHiH O0ip OeliriH YHTaK KyHiHze Kary
Kypeni (OyAbIH KaXKeTTi KbI3IIT KETYiH KAMTaMachI3 €Ty YIIIiH).

Hotmxecinae arMocdepara ymarbslH KyJ HIBIFapeiHABUIApE 98 % ycray
JKBUIIAMJIBIFBI Oap ka0 BIKTHI MaliiaiaHa OTHIPHII, YHTAK KYHIH/IC ®KaHy Ke31He
99%-naH acTam ycray JIeHreifiHe CoiiKec KeJICTIH JeHrelre Aerin a3aspl. TyTiH
ra3apbIHAaFbl a30T OKCHATEPiHIH KoHIeHTparusach! S00 Mr/m3 feiiin ToMeHaeH i
nen kytyre 6omanel. Ckpy0Oep/IiH KaObIpFaJapbiH CyapaThlH CyFa OKTac TCH oK
«CYTiIH» CTEXHOMETPHSIIBIK KOCY Ke3iH/Ie KYKIPT OKcuATepiHiH Menmepi ne 700-
800 mMr/mM3 neHreitine neiliH ToMeHACH .

By HoTmkenep GipKarap TEXHUKAIBIK KOHE TEXHOJIOTHSUIBIK IenTiMaep i
XKY3€ere achlpy Ke3iHJe KeMip jKaraThlH HBICAHHBIH KOpILIAFaH opTara ocepiH
afTapibIKTal a3aiiTyFa 5koHE KOMIp/Ii SKOJIOTHUSUTBIK KOJIAMITBI OTHIHFA AifHABIPYFa
OoaThIHBIH KOPCETEII.

[Muponu3 peakTopiaapblH OHTaNaHABIPYFa J)XKOHE TEPEH OHACYIIiH
TIOJIUTEH/TIK TEXHOJIOTHSIIAPBIH IaMbITYFa Ha3ap ayAapa OTHIPBII, TOMEH JA9pexKei
KOMIPTEKTI pecypCcTapblH YTBIMJBI JKOHE THIMJI MalalaHyAbIH KOJaHbl
omictepi Tankeiianassl [15]. Keitaiijarel TOMEH JTopexkeri KOMIPTEKTI MUPOIIN3
TEXHOJIOTHsIIapbIHA TOJBIK ILIOJy HETi31HJEe, COHBIH IMIHJE KO3FayChl3 MEIl
TTPOJTH3 TEXHOJIOTUSICHI, IIAPIIIBI PETOPTTHI UPOJIN3 TEXHOJIOTUSICHI, KaHAPTHUTFaH
IAPIIBl PETOPTTHI MUPOTU3 TEXHOJOTUACH, KATTHI JKBUTY TaChIMaJIIAFbINI
MUPOJIN3 TEXHOJOTHUACHI, OEIK THUITI Mell MUPOJIU3 TEXHOJOTHSICH JKIHE
aifHaJIMaJIbl TIMPOJIU3 TEXHOJIOTHCH! KapacThIpsuiasl. [Tuponus npouecrepiniy
JAMYBIHJA KeIePTi OOJIBIN aHBIKTAJIFAH HETI3r MOCeeNnep - KOMip MaibIPhIHBIH
manibel 0eJiHyi1, MUPONIN3AEH KeHiH Cyaaplbl Ta3apTy, MUPOIN3 PeaKLIUSICHIHBIH
MEXaHU3MJICPiHiH asKTaJIMaybl OOJIBIT TaObLIAIbL.

KopbITbIHABI

3epTTey/iH 0Chl Ke3eHIHIH HOTIKEIEPiH Tajliay YHTaK KOMip CTaHCcalapbiHia
iCKe KOCY Ma3yTTapbIH aybICTHIPY MOCEIECi ©3¢KTi eKeHIH KopceTTi. Taxipubenik
3epTTEYNEP/IiH HATIKENEpiHe CyHeHe OTBIPHIN, KOMIpIeH KaXXeTTi OTHIHMEH
rasz Topi3li OTBHIHIBI ajgyra 0OJaabl JereH KOPBITHIHABI jKacayFa 0OoJajbl.
KaszaH/bIKTap/a )kaHy IapameTpiepi.
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FrinbiMu-3epTTey KYMBICBIHBIH Kejeci Ke3eHi Ma3yTThIH JKaHYBI
Ke3iHJe OOJIIHEeTIH KYKIPT OKCHUITCPiHIH, a30TThIH, BaHAJAWA MECHTOKCHIIHIH
LIBIFapBIHJIbUIAPEIHA OacTaINKbl OTBIHAAP/IBI AYBICTHIPY TEXHOJIOTUSACHIHBIH 9CEPiH
tajnay Ooxbin Tabbutazbl. CoHIal-aK, YIIAaThIH JKAHFBII 3aTTapbl aTyIbIH
OCBI TEXHOJIOTHSICHI HETI31HJE LIaFblH eIl MEKEHJIEPAl JKbUTy DHEPTHsIChIMEH
KaMTaMachl3 €Tyre apHajfaH HIaFblH Ka3aHJbIKTapaa oJIapAbl Maiijaiany
MYMKiHAiKTepiH 3eprrey.Ochl karnaiiaa Oys enjii MEKeHAl SHEPTUsHBIH YII
TYpiMEH KaMTaMmachl3 eTyre Oosaisl. Oip peT: TYPMBICTHIK KaKeTTUIIKTepre
apHaJIFaH dJIEKTP, KBUTY )KOHE I'a3 OTHIHBI.

3epTTey HOTH)KECIH/IE Ka3aH/IbIK arperaTTapblH KaHFbILI YIIKBIII 3aTTapMEH
MaiiChI3 JKary/IbIH YCHIHBUIBIIT OTBIPFaH 9JIiCi Ka3aH/Ibl )Kary YIIiH Ma3yT HemMece
TaOWFH Ta3[bl Naiifasanyasl OOJNIbIpMayFa JKOHE OTTBIH TYPaKThl TYTaHYbIH
KaMTaMachl3 eTyre MyMKiH/AiK OepeTiHiH aiiTyra Ooxajbl. MIaH TOpi3li ajay,
Ka3aH/IbIK TOMEH/ICTUITeH )KYKTEMe e )KYMBIC icTereHie. byt Ma3yTThIH jKoFapbl
KYHBbIHA 0aiaHBICTBI Kap KBUIBIK MIBIFBIHIAPABl alTapiabIKTall TOMEHIETyTe
MYMKiHIiKk Oepeni. CoHmaii-aK, Ma3yTThl JKaFyFa KeIl CaTblUIbl JaibIHIAyMEH
0aliIaHBICTHI 3ayBITTHIH 63 KaXCTTUTIKTEPl YIIH YHEPTHUsS IIBIFBIHBI a3asi/ibl.
MeicTapbIH KYMBICBIHBIH THIMIUTITT MEH THIMJLIITT apTabl.

By 3eprrey Kazakcran Pecriyomukach! biiM skoHE FBUTBIM MUHHCTPIIITIHIH
I'PAHTTHIK Kap>KbUIAHABIPY FBUIBIMU K00acChl asiChIHJA XKY3€re achlpbLIyaa,
IRN: AP19675062 «¥1maTblH aHFbII 3aTTap/Abl OHIIPY YIIIH Ta3za KeMip
TEXHOJIOTHSCBIH 331pIiey».
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YUCTAA YI'OJBHAS TEXHOJIOI'UA JJISA PACTOIIKH KOTJIOB

B cmamve paccmampusaiomcs meopemuueckue u npaxmudeckue
OCHOBbI UCCTCO0BAHUSL BOZMOICHOCIU 3AMEHbL PACIONOYHO20 MA3Yymd
Ha 2a3000pazHoe MONIUBO, 8bidensieMoe NPU CREYUALIbHOU MEPMULECKOU
0bpabomke yens, a makodice eHeOpeHusi OAHHO20 cnocoba pacmonku
KOMJIOBbIX A2pe2amog Ha Y20 IbHbIX MENL08bIX INeKMPUUECKUX CAHYUSIX.
TIpusedennl pe3yrvmamol IKCNEPUMEHMATLHO20 UCCICO08ANUSL MPeEX U008
Yyenel, ¢ Yenbio Noay4eHus HeoOX00UMO20 2a3000paA3HO20 MONIUBA.

Cpasnueast pe3yiomampl UCCAEO08AHUL C OPYSUMU PE3VIbIMAMAMU,
VCMAHOBIEHO, YMO OONbUAS YACTb NUPOIUZHOZO 2a3a 0bpazyemcs npu
memnepamype 600-900 °C. H3-3a 8vicoKol KOHYeHMpayuu mMemana u
MSAACENBIX Y2Ie8000P0008 MENTOMA C2OPANUs 2A3d UMeem Hauboabulee
snauenue npu 500 °C.

Hannwiii npoyecc nomyuenus jemyqux 20plodux u3 yeis He s6asemcs
npoyeccom cazuguxayuu yens. Texnonozuu easugurxayuu Oonee croxicHbie
u dopozocmosiyue. OOHAKO paccmampusaembvlil nPoYecc Omiudaemcs
om npoyeccos8 GblCOKOMEMNEPAnypHO20 NUPOAU3A U 2a3UPuKkayuu
mem, 4mo Hazpes OCywjecmensiemcs moibko 00 memnepamyp,
HEOOX00UMbBIX OJ11 8bIX00A 2OPIOHUX JEMYUUX 6EUecms, 8 HE0OX00UMOM
obveme U ¢ 00CMAMOUHOU MENIOMO C2OPAHUSL. KOMOPbLIU 3A8UCUM OM
Xapaxmepucmux yeis.

C yenvio nonyyenus 2azo000paznHozo Moniued, cnocobHo2o
3AMEHUMb PACMONOYHBIL MA3YM HA NbLICY2OJbHBIX CMAHYUAX, Obliu
IKCNEePUMEHMANLHO UCCICO08AHbL MPU B8UOA MEEPO020 MONIUSBA,
Mecmopodicoenus Komopwix naxooamcs 6 Kazaxcmane: Oypuiil yeonw
yeonv «Maiikybernckoey, Oyputil yeonv «LLlybaprynsckoe» u Oypulil yeoun
«Capvlaovipckoey.
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CLEAN COAL TECHNOLOGY FOR BOILER FIRE

The article discusses the theoretical and practical foundations of
the study of the possibility of replacing starting fuel oil with gaseous fuel
released during special heat treatment of coal, as well as the introduction
of this method of kindling boiler units at coal-fired thermal power plants.
The results of an experimental study of three types of coal in order to obtain
the necessary gaseous fuel are presented.

Comparing the results of the research with other results, it was found
that the majority of pyrolysis gas is formed at a temperature of 600-900°C.
Due to the high concentration of methane and heavy hydrocarbons, the
calorific value of the gas has the highest value at 500 °C.

This process of obtaining volatile fuels from coal is not a coal
gasification process. Gasification technologies are more complex and
expensive. However, the process under consideration differs from the
processes of high-temperature pyrolysis and gasification in that heating is
carried out only to the temperatures necessary for the release of combustible
volatile substances, in the required volume and with sufficient heat of
combustion. which depends on the characteristics of the coal.

In order to obtain a gaseous fuel capable of replacing starting fuel oil
at pulverized coal stations, three types of solid fuels were experimentally
studied, the deposits of which are located in Kazakhstan: Maikubenskoye
brown coal, Shubarkulskoye brown coal and Saryadyrskoye brown coal.

Keywords: coal, fuel oil, volatile combustible substances, thermal
power plant, boiler plants.
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SKCIIEPUMEHTAJIbHBIE NUCCJIEQOBAHUA BITUSIHUA
MATHUTHBIX N 3JIEKTPOMAIHUTHbIX MOJIEA
HA XXECTKOCTb BO/4bl

Kax useecmmo, nocie MHo20Kpammo2o nazpesanust 600bl 07t ObIMOGHIX
U MEXHON02UHECKUX HYIHCO HA NOBEPXHOCMAX HAZPEBA OCMAEMCsl OCA0OK
6 6ude Hakunu. Imom 0cadox 3HAYUMENbHO YMEHbULAEN CPOK CLYyHCObl
MExXHON02UUeCK020 000py008aHUs U NOHUNCAem 3PPeKmuUeHOCmb
mennoeozo Hazpesa. B npaxmuke cywecmeyiom mHodxcecmso cnoco6os
0 ycmpaHenust OaHHOU npooiembvl. DIeKmpoMacHUMHbLE U MAZHUMHbIE
MemoOobl AGNAIOMCS XOpOowlell albmepHamugoll Kiaccuieckummemooam
CHUDICEHUSL HCEeCMKOCMU 800bl, NOCKOLbKY OHU HEUHBA3UBHbIE U
Oewegul, U He mpedyiom 000a6ICHUS XUMUYECKUX 8eujeCms 6 600y, 4o
OnazonpusmHo 61usem Ha OKpydlcarowyio cpedy. B dannoi cmamove
Mbl nonpobyem pazobpamuvcs 6 npoyeccax GIUAHUS MASHUMHBIX U
INEKMPOMASHUMHBIX NOJE HA COMU HCECMKOCMU, COOePHCAUUXCS 8
68000NPOBOOHOL 800€ U 0DOCHOBAMb NAPAMEMPbL INCKMPOMASHUNMHOU
VCMAHOBKU, NPEOHA3HAYEHHOU OJisl YMASYEHUSL 600bl U YMEHbULEHUS, HAKUNU
6 npoyecce ee Hazpesa.llposedennvle npedsapumenvHble UCCIEO08AHUS
NO360MUNU CHOPMUPOBAMb OCHOBHYIO UOEIO U UNOME3Y NPOCKMA CEA3AHHbLE
€ UCNONL308AHUEM ITIEKIMPOMASHUMHO20 NOJISL OJisl USMEHEHUSL CBOUICING B00bL
U ee oHUCMKU.

DxcnepumenmanvHvle UCCAEO0BANHUSL GLINOIHAIUCL 6 HAVYHOU
aabopamopuu KATHY na cneyuanvuoix ycmanoskax, npeoHa3sHaAu4eHHbIX
01 06pabomxu 600bl NOCHOAHHLIM U NEPEMEHHBIM MACHUMHBIM NOJeM
NpU PA3TUYHBIX USMEHCHUSX NAPAMEMPOS IIeKMPULECKOU Cemil.

Kniouesvie cnosa: snekmpomacHumuas o4ucmed, MazHumHast
OUUCKA, HAKUND, JCECTNKOCTb 800bl, 00pabomxa 600bl.
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BBeaenue

[Ipormeccsl BO3AEHCTBHS MAarHUTHOTO HUIM AJIEKTPOMArHWTHOTO TMOJS Ha
CTPYKTYPY BOJIBI JOCTaTOYHO M3BECTHBI M PACCMOTPEHBI B HAYYHOU JUTEPATYpe
[1]. EcTb HeckoipKO MHEHHH IO MOy 0Opa3oBaHUS M pacmana KOJUTOMTHBIX
KOMILIEKCOB KaTHOHOB METAJUIOB — UX ()parMeHThl UMEIT 0COOEHHOCTb,
CBSI3aHHYIO ¢ (DOPMUPOBAHUEM LEHTPOB KPUCTAJUIN3ALUN PACTBOPUMBIX B
BOJIe HEOPraHWYECKUX cojeld. Kak n3BecTHO, JaHHBIE IIEHTPH! KPUCTALTH3AIIH
afcopOUpyIOT KaTHOHBI Mareus Mg + n kanbuus Ca -+, 5TO Tak Ha3bIBAEMBIC
«COJH KECTKOCTIY, KOTOPBIE BEI3BIBAIOT HAKHITH Ha IOBEPXHOCTH HAaIPEBATEIbHBIX
npubopoB. [IpuunHON HaKUMK SABIsSETCA KapOOHATHAsI )KECTKOCTh BOIBI. Jlis
LIEHTPATBHOTO U ceBepHOro KazaxcraHa xapakTepHa MMEHHO <OKECTKAs BOIA»,
KOTOpasi HAaHOCHUT HEMAaJIBIIl yPOH TEIJIOOOMEHHBIM ammnaparaM, KOTeIbHBIM
arperataM, OBITOBBIM BOJOHATPEBATEISIM M JAPyromMy obopymoBaHuio. Ecnu
BO3CUCTBOBATh HA IMOTOK BOJABI MAHUTHBIM WM JIEKTPOMATHUTHBIM IIOJIEM,
TO B BoZIe (POPMHPYETCsl MEJIKOANCIIEPCHBII KPUCTAIUINYECKUi ocanok. Ocanok,
MOXET OBbITh B BU/I€ IECYMHOK HJIH 1IUIaMa, IPU ATOM 00paboTaHHasi BOAA yiKe HE
BBI3BIBACT HAKUIIM Ha TOBEPXHOCTAX Harpesa [1]. IMeroTcs n apyrue rumoressl,
KOTOpBIE YTBEPKAAIOT, YTO IIPH BO3IEHCTBIN MArHUTHOTO HJIH AJIEKTPOMAarHUTHOTO
TIOJISl Ha TIOTOK BOJIbI BO3HHMKAET JIe)OpMAIInsi THPATHBIX 000I0YEK PACTBOPEHHBIX
B HEil HFOHOB, YTO CIIOCOOCTBYET MPOLIECCY KPUCTAIUTH3AINH COoer KECTKOCTH [1].
Nmeetcs Taxke MHEHHE, YTO MAarHUTHOE FUTH AJIEKTPOMArHUTHOE TIOJIE BIUSET
Ha CTPYKTYPY BOABI, HO 3TO IPOUCXOIUT TOJIBKO B 30HE JICHCTBHS aKTUBATOpa, HA
BBIXOZI€ BOJIA JK€ HE MMEET YEeTKOH CTPYKTYpBI, KaK IIPH CHIIOBOM BO3ACHCTBHH
nosig Maraura. Ilocne Bo3aeiCTBUS BOAA YK€ HE BBI3bIBAET YCTONUYUBOM INIEHKU
OTJIOKESHUH COJIeH MarHUs U KaJIBIIUS, IIPU 3TOM KapOOHATa KaJIBIHS HE 00pa3yeTcs..
Haxune popmupyeTcs B BuIe MATKON MEIKOKPHCTAIINYECKOH CTPYKTYPHI,
KOTOpas paspymaercs moTokoM Bozsl [1]. B ctarbe [1] Takke paccMOTpEHBI
BOIIPOCHI BO3ACHCTBUA MArHUTHOTO M 3JIEKTPOMAarHUTHOTO MOJIA B clydae
IBIDKEHMS TToToKa Boabl. Ha pucynke 1 mpencraBneHa cxema c(OpMUPOBAHHOTO
numnons. ITo ocu Y dopmupyrores cunbl (cuna Jlopenca), o6o3Ha4eHb! Kak F ,
F,, KOTOpBIEC BHICTPaMBAIOT BCE JHIIONN CTPOTO B TOPH30HTAILHOM IIOCKOCTH.
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Pucynoxk 1-/lunons BOJIbI B MArHATHOM TI0J€ [1].

[ToxpobHO ¢ pe3ypTaTaMu NCCIEAOBAHUI MOKHO 03HAKOMUTHCS B ICTOUHHKE
[1]. B ucrounuke [2] pacCMOTPEHBI MOJOKEHUSI TUTIONEH MOJIEKY BOIbI TPH
BO3JEHCTBUU HA €€ MOTOK MarHUTHOTO IOJISI MOCTOSHHOTO MarHuTa. ABTOD
3asBIISIET, YTO MAarHUTHOE MOJ€ CIIOCOOHO YMOPSAAOYNUTH AHUIONn Bombl. Crry
JlopeHiia, kotopast pOpMHPYET CTPYKTYPY AMITOICH B TOPH30OHTAIBHOM IIJIOCKOCTH
MOXKHO pacCUUTaTh 10 U3BECTHOMY BBIpaXXSHHIO [2]:

F=gq-[u-B] (1)

JlaHHast cuiia HampsIMyIO 3aBUCUT OT AJIEKTPUUECKOTO 3apsifa YacTHll q U
CKOPOCTH MX JIBXKEHUS U, a TAKXKE OT BETUYMHBI MHAYKIIMA MarHUTHOTO 1oJis B.
Ha pucynke 2 npencrasiiena cxeMa, MOsICHSIIOIAs HarpaBiieHus cuiibl JIopeHua B
ITOTOKE BOJIBI, €€ HAIIPABJICHHE OY/IET CTPOTO MEPICHANKYIIPHOES OTHOCHTEIBHO
CKOPOCTH JIBIXKEHUS XKUJIKOCTH U [1]. COOTBETCTBEHHO MOHBI COJIEH HKECTKOCTH
Ca, +, Mg +, Fe + u Fe + Oymyt pacrionoxeHbl B HanpasjieHnu Bektopa B [1].

Pucynok 2 — Cxema TedeHus moToka BoJmI [ 1]

AHanu3 ncToYHUKOB [ 1-3] mokasa, 4To BO3MOYKHO HHHIIMUPOBATH MTPOIIECC
KPHCTAIUTU3AIMHU CONEH )KECTKOCTH HAXOASAIINXCS B TIOTOKE BOIBI, ITPU ATOM BOJIA
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JIOJDKHA 0053aTEIbHO HAXOAWTHCS B JIBIKCHHMH. ECIM NMPHUHSTH YCIOBUE, YTO
ITOTOK BOJIBI JIBUTAETCSI C MOCTOSTHHOM CKOPOCTHIO, BO BHYTPCHHEH MOJIOCTH TPYOBI
BBITIOJTHEHHOW M3 HEMAarHUTHOTO MarepHualia, TO 3aJaeTcsl TaKoe HallpaBJICHUE
WHIYKIUA MarHUTHOTO TOJs, YTOOBI B CEpeIUHE MOTOKAa CPOpPMHUPOBAIACH
00JaCTh ¢ HYJCBBIM 3HaueHHeM uHAyknuu [4,5]. UMeroTcs myOnukaiuu B
KOTOPBIX MPHUBEACHBI PE3yAbTaThl UCCIEAOBAHUN CBSI3aHHBIX C BO3JCHCTBHEM
Ha BOJAY Pa3NIMYHBIX MAarHUTHBIX Moyiei [6—8], a Takke MMEIOTCS CBEICHUS O
KOHCTPYKIIMH YCTaHOBOK 1 BogonoArotoBku [9,10]. Uzyuennsie cratbu [2—10]
MO3BOJIIIIN C(HOPMHUPOBATH CBOHM TOAXOBI U CKOHCTPYHPOBATh JIAOOPATOPHBIIA
CTEHJI AJIsl IPOBE/ICHUS UCCIIEIOBAaHUMN 110 TEME HACTOsIIIeH cTarbu. Jjs pacuera
ObUTa MPUHATA CXEMa, IJe MOJIF0Ca MAaTHUTOB PACIONAraloTCsS OJHOUMCHHBIMH
MOJIFOCaMH, KOTOPBIC HAIIPABJICHBI K APYT Apyry nomocom N (pucynok 3) [2,3].
Ecth paznuuHble MHEHUSI M pe3yNbTaThl, Kak JIydylle pacrojararh mojoca
MarauToB S wik N, HO B JaHHOH pa00Te BCE MOI0CAa MATHUTOB OyIyT OOpaIieHbI
WMEHHO CEBEPHBIM MOJOCOM N, Kak yxe ObUTo caenaHo B padore [11].

Pucynok 3 — JlefictBue cun Jlopedna Ha HOHBI BOJBI TP BO3ACHCTBUU HA Hee
MarHUTHOTO NOJIs. 1 — MOCTOSIHHBIE MarHuThl, 2 — cuia JlopeHna, 3 — KaTHOHBI,
4 — aHUOHBI, 5 - 30HA C HYJIEBBIM 3HAUYEHHEM HUHIYKIUH

Cuna J'IopeHua CO3acT yCJIOBUA MJII IMPOTHBOTOKA aHMOHOB U KaTHOHOB,
KOTOpLIC B3aPIMO,HeI>iCTByIOT B 30HC C HYJICBBIM YPOBHEM MarHUTHOH WHAYKOWH,
OTO HO3BOJIUT 3aIlyCTUTD MPOLECC CO3AaHUA KICHTPOB KpHCTaJ’IJ’IHSaHHﬁ» conen
xkécTrocTh. B aToi O6J'IaCTI/I, CHJIBI HopeHua CO31aAyT IPOTUBOTOK KaTUOHOB U
AHUOHOB, KOTOPBIC BIIOCIICACTBUN 6yHyT CII0COOCTBOBATH 06paSOBaHI/IIO HEHTPOB
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KPUCTAJUIM3AINN COJIEH W OCAXKICHHUIO Hakumu. TpyOOmpoBOM OMKEH OBITH
BBITIOJIHEH 0053aTENIbHO U3 HEMAarHUTHOTO MaTepuaia. [I0CTOSHHBIE MAarHHUTBI
OymyT pacnosararbcsi ¢ Hapy>KHOH CTOPOHBI IUTACTUKOBOTO TPYOONpOBOAa, IpU
9TOM, HE BCTYMas B KOHTAKT ¢ MOTOKOM Bofbl. B ctathe [10] paccMoTpeH BapraHT
PACTIOJIOKCHUS TIOCTOSHHBIX MATHUTOB BHYTPH CTAIBHOTO TPYOOIPOBO/a, HO OT
TaKOTr0 BapuaHTa, MPUHATO OTKA3aThCsl, TAK KAK MAarHUTHI CO3/1at0T COMPOTHBIICHHE
ITOTOKY BOJIBI Ml MOTYT 3aMJIMBATHCS (3arPSI3HATHCS ), TAKXKE UIMCIOTCS CBEJICHUS, UTO
MIPHU TAKOM PACIIONI0KEHUH MarHUThI MOTYT JETPAaIUPOBaTh C TEUCHUEM BPEMEHU
[11]. BeinBunyTas runoresa OyJeT NpoBEpeHa Ha MPaKTHKE IMyTeM MIPOBEACHUS
HaTypHOTO 3KCIIEPUMEHTA.

MarepuaJjbl M METOAbI

Jns moAaTBepKAeHUs] TEOPETUUECKUX MPEANOCHUIOK MO MarHUTHOM H
ANIEKTPOMAarHUTHON 00pabOTKK BOJOIPOBOJHON BOJIBI, B HAYYHOH J1abopaTopun
KATWY OGbla coOpana SKCIepUMEeHTaIbHAs yHHUBEpCaIbHAsI yCTaHOBKa, CIOCOOHAs
CO3/1aBaTh MOJISl C Pa3HBIMH JIEKTPHYECKUMU NapameTpamu (pucyHok 4) [11].

B nanHOil ycTaHOBKE MarHUTHBIE TOJISI MOCTOSTHHOTO TOKAa CO371aBajiuCh
HEOJMMOBBIMH MarHutamu B koiudectBe oT 10 mo 40 wr (pucyHok 4a) u
SJIEKTPOMArHUTHBIE TOJs, CO3/aBa€Mble MPU MOMOIIU BIEKTPOMArHUTOB
MIEPEMEHHOTO U MTOCTOSHHOTO TOKA, Pa3INYHON MOUTHOCTH (PUCYHOK 40).

a 0

Pucynok 4 — DxcriepuMeHTanbHas yCTAaHOBKA: @ — C IOCTOSHHBIMHU
HEOJIMMOBBIMU MarHUTaMu; O — C 3JeKTPOMAarHUTaMHU

CyIHOCTB MPOBOANMOTO SKCIIEPHUMEHTA 3aKITF09AIIOCH B TIEPEKaYMBaHUH BOJIBI
13 OJJHOM EMKOCTH B APYTYIO NIPH MTOMOIIN HACOCA, 9E€PE3 yIacTKH TPYyOOIIpOBOAa
CHa0XXEHHBIX MAarHUTaMH [TOCTOSTHHOTO TOKA M JIEKTPOMAarHUTaMH IIEPEMEHHOTO
1 TIOCTOSIHHOTO TOKa, YCTaHOBJIEHHBIMH Ha MEIHOH TpyOke TuaMeTpoM 8 MM.
PerynupoBka CKOpOCTH BOZBI, @ TAK)KE MAapaMETPOB MEKTPUIECKUX MATHUTOB
258

TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

OCyLIECTBIISUIACh MOCPEICTBOM Oi10Ka rutaHwust. [locie noyueHHbIe TpOObI BOJBI
B T€PMETHUYHBIX OyTBUIKAaX OTHPABIISUIMCH Ha aHAJIM3 B JIAOOPATOPHIO.

VYpOBEHb JKECTKOCTH BOJBI JI0 3JIEKTPOMArHUTHONH 00pabOTKH W mociie
HEe OINpEeNeNsaics B UCHBITATEIbHOM arpo’KoJIOrn4ecKoil akKkpeIuTOBaHHOU
naboparopun HAO «Kazaxckuil arpoTeXxHUYECKUH yHUBEPCUTET UMEHU
C.CeiipynnrHa», 9TO TO3BOJMUIIO MOJYYUTh BHICOKOTOYHBIE PE3yJbTaThI
JKCIepUMeHTa. J[1s MmoiyyeHus AOCTOBEPHOro pe3yibTaTa 3aMepbl YPOBHS
KECTKOCTH BOBI IPOBOJMWINCH KAXKABIN JEHb HA MPOTSHKEHUH MECSIIA.

Cy1ecTByeT MHEHHE, YTO YeM OOJIBILIE UCTIONB3YETCS TOCTOSTHHBIX MArHUTOB,
TEM JIyullle, OJJHAKO, Pe3yJIbTaThl SKCIEPHUMEHTOB yKa3bIBalOT Ha japyroe. Ilpu
HCTIOJIb30BaHUM HEOAMMOBBIX MATHUTOB B KoJIM4ecTBe 21 mapsl: 5 map iuameTpoM
15 MM U ¢ uHAYKIMEH MarHuTHOTrO ToJs paBHoit 98 Mk Tn; 10 map auamerpom
12 mm u unpykuuent 89 mxTi; 9 map marautoB auamerpom 10 mm —120 Mk
Tn(naroc KOMONHUTENBHO OJUH MarHuT auaMmeTpoM 50 MM u umHAykiuen 396
MKTo1) Habmoganoch MOHMKEHHE )XEeCTKOCTH B cpenHeM Ha 0,78 %. A npu
HCIIOJB30BAHUH TOJIBKO 9 Map MarHuToB KapOOHAaTHasl KECTKOCTh BOJBI
yMeHbIuiaach Ha 2,88 %. Orclozia cienyer, 4To Ui yCTpaHeHus: 00pa3oBaHus
HaKUIU B CUCTEME BOJOMOJITOTOBKM BOABI AJISI HArpeBa BIIOJIHE JOCTAaTOUHO
yCTaHaBIMBaTh Ha TPyOONpoBoJ Heckoibko map (or 2 no 10) HeoauMOBBIX
MarHUTOB, 3TO MO3BOJIUT 3HAYUTEIBHO CHU3UTH 3aTPAaThl HA YyCTAHOBKY MarHUTHOM
00pabOTKH BOJIBI HE YMEHBIIIAs KAY€CTBA MPoIecca.

Pe3ysbTaTsl u 00cyKaeHHE

IIpoBeneHHBIE TEOPETUUECKHUE U MPAKTUUYECKUE UCCIIEAOBaHUS MTOKa3aly,
YTO AJIS1 AOCTIPKEHUS HAWTyUIIero pe3yabTraTa Hy>KHO YCTaHABIMBaTh MarHUTHI
MIOCTOSTHHOTO TOKa BO MEPBBIX CHAPYXKH, a HE BHYTPH TPYyOOIPOBO/a; BO BTOPHIX
YEeTKO COOJII0/IaTh MOJISPHOCTh, TO €CTh CEBEPHBIH IONIOC MarHUTa JOJKEH
OBITH pacroyiokeH OJIVKe K BOIXHOMY TOTOKY; B TPETBUX pacriojlaraTb MarHUThI
Ha pacCTOSHUM APYT OT Apyra oT 4MM 10 9 MM B 3aBUCHUMOCTH OT IUIOTHOCTH
MarHUTHOTO MOTOKA YCTaHABIMBAa€MOI0 MarHuTa. To eCTb Hy’KHO yYUTHIBaTb
JIMHUM pacIpeeseHUss MAarHUTHOTO 110JIs, KOTOpPbIE He JOJIKHBI IIEePEeCeKaThCs C
MarHUTOM PacIOJIOKEHHBIM PSIIOM.

Tax >xe B Hay4HOH J:abopaTopru ObUIO MPOBECHO OIPeIeNICHHOE KOJIMUECTBO
OIIBITOB TIOBOZIOTIOATOTOBKH BOJIBI M HATPEBY C UCTIOIb30BAHUEM HIEKTPOMATHUTHBI
T0JIeH, KOTOPBIE CO3AaBAINCH TIPH IIOMOIIH (hPeppOMarHUTHOIO MarHUTOIIPOBOAA
C MPOBOJAHMKOBOM KAaTYyIIKOM, IO KOTOPOH MpOmycKaucs TOK NEepeMEHHOU U
MIOCTOSIHHOMYACTOTHI (pUCYHOK 40). [Tomy4yeHHbIe pe3ysibTaThl HO3BOJIWIIY CAEIATh
CJIETyIOLINE BBIBOABI: )KECTKOCTH BOJIb YMEHBIIANACH OOJIBIIE TPU IPOITYCKaHUU
110 0OMOTKH ITOCTOSTHHOTO TOKA CO CJISTYIOIIMMH apamerpamu: [=9-12 A;U=47-
71 B; H=0,7-0,85 mxTn. XKecTKkocTb BOIBI P ITUX AAHHBIX YMEHBIIWIACH B
cpeqneM Ha 0,64 %. Ilpu co3naHUM 37IEKTPOMArHUTHBIX MOJEH NMEepeMEHHBIM
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TOKOM Pe3yJIbTaThl U3MEHEHHSI )KECTKOCTH BOJBI OKA3aJIUCh HE3HAYUTEIbHBIMU
(0,52%). Pe3ynbraThl 3KCIICPUMEHTAIBHBIX TAHHBIX MIPE/ICTABICHBI HA PHCYHKE 5.

PI/ICYHOK 5-— CpaBHﬁ{I/IG 3(1)(1)€KTI/IBHOCTI/I HCIOJIb30BaHUsA pa3IMYHbIX BUJI0B
MAaruviToB JJid YMCHbIICHUS KECTKOCTU BO/JIbL

HNudopmanus o puHaHCHpPOBaHUHT

HccnenoBanne ¢unancupyercst Komurerom Haykn MuHHCTEpCTBA HAyKH
n BeIciiero obpasoBanus Pecrmyonuku Kasaxcran (rpant Ne. AP19679359
«Pa3paboTka cucTeMbl MarHUTHOI 00PaOOTKH TEXHUYECKOI BOJIBI JJISI CHIDKEHUS
00pa3oBaHUs HAKWUINK Ha MOBEPXHOCTH HAarpeBa TEIIOIHEPreTHYECKOTO
000pyIOBaHUS)

BriBoabI

[Tpu BOONOATOTOBKH HarO0Iee BBITOTHBIM M YTO HEMAJIOBAKHO SKOJIOTHIHBIM
CIIOCOOOM SIBIISIETCSI MAarHUTHOE WJIM JIEKTPOMAarHUTHOE BO3JECHCTBHE Ha BOZY.
Kaxnprit u3 HUX neiicTByrommi 1 3Q(EKTHBHBIN 1 MOXKET OBITH MCIIONB30BaH B
3aBHCHMOCTH OT OIPEIeTICHHBIX YCIIOBUI M Npe/ouTeHnii. Hanpumep, B OBITOBBIX
LIEJIIX Ha BOJOHATPEBATENbHBIX YCTAHOBKAX JIy4llle UCIOIb30BaTh HEOAUMOBEIE
MarHuThl NOCTOSHHOTO TOKA TaK KaK MX CTOMMOCTb OTHOCHTEIBHO HE BENUKA: 11O
JaHHBIM caiita www.flagma.kziiena onporo maraura pasmepom 10x5 cocrasmsier 1092
Tenre, 15 x 5 —2816 tenre, 50 x 30- 13958 Tenre (manHble Ha deBpansb 2023 Tona).

B T3, rme xonmmvyecTBo 0OpabaTsiBaeMOW BOABI 3HAYHTEIBHOE, a
CTOUMOCTH BBIpaOOTaHHOW 3JEKTPUUECKOW DSHEPTHH JJIsI COOCTBEHHBIX
HY>K 3HaYUTEIbHO JeIIeBie, YeM Tapu¢ norpeOuTeneil, To B 3TOM Ciydae
Gosiee BBITOJHEE,MCIIONB30BATh YCTAaHOBKY C JIEKTPHUYECKHMH MarHUTaMHU.

YCTPOﬁCTBa MNEPEMCHHOTO TOKa MPOMIC B JKCIUTyaTalluH, IMOCKOJBbKY IJId UX
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MUTAHUS UCIONB3YETCSI CETEBOE MUTAHUE M, KPOME TOTO, OHU HE HAKAILTHBAIOT
(beppoMarHUTHBIC OKCHABI XKejie3a, YTO HapyllaeT HOPMaJbHYI paboTy
ycTpoiicTea. TeM He MeHee, OHH TPEOYIOT 0COOSHHO THIATEIBHOTO PacyeTa, YTO0bI
n30exarh meperpesa.

Crienmyet 3aMETHTb, YTO B IPOMBIIUICHHBIX YCIOBHSX PE3YAbTaThl MATHUTHO#
00paboTKn BOJBI 0OBIYHO OoJiee CTAOMIJIBHBI U BBIIIE, Y€M B J1aOOPaTOPHBIX
YCIOBHUAX. DTO MOXKET OBITh CBI3aHO KaK C HHOW THPOJIHHAMUKOM IOTOKOB, TaK
U ¢ 00paboTKOW OONBIINX 0OBEMOB BOJIBL.
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MATHUTTIKKOHESJIEKTPOMATHUTTIKOPICTEPAIHCYIBIHKE
PMEKTITTHEOCEPIHOKCIIEPUMEHTTIK3EPTTEY

O30epinisz Oineminoel, MYypMuvlcmblK JdCOHE
MeXHONI02UANBIKKANCeMMINIKMepywiH cyobl OipHeuie pem Kbl30blp2aHHAH
Keuin, Jicelivimy bemmepinde mynbakax mypinoe xaiaovl. byn myunoa
MEHONI02USLIBIK HCADOLIKMbIY Kbl3Men emy Mep3iMite 0aYip KblcKapmaobl
JHCOHE CLLILY JHCHLILIMY MuiMmoiniein memenoemeoi. Ic ocyzinde Oyn
MocesieHi wieulyOiyy KonmezeH Jcoa0apsl 6ap. IIeKmpoMasHUMmMIK HcoHe
MazHummik adicmep cyObl KAMMblIbleblH MOMEHOemyOiH KIACCUKANbIK
a0icmepinedcakcyl baiama OoIbin MabwliaAobl, OUMKEHI 01ap UHBAZUBME
emMec JHcone ap3am HCoHe KOpula2an opmasd dHea2blMobl ocep ememin
cy2a XUMUsLbLIK 3ammapovl Kocyosl Kascememnetldi. Byn maxanaoa
OI3MASHUMMIK JiCOHE IJIeKMPOMASHUMMIK epicmepliy az2vlk cyodabl
KammulablK, my30apblia ocep emy npoyecmepin mycinyze moipblcambls
JHCOHE CYObL AHCYMCAPIY2ANCIHE OHBL KbI30bIPY NpOYecinoe KaKkmul azanumyeaa
APHANI2AH 3TIEKIMPO MASHUMMIK KOHObIP2bIHbIH RAPAMemPIiePiH He2i30elimi3.
Anovin ana sicypeizineen sepmmeyiep cyobiy KACUemmepin 032epmy HoHe
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EXPERIMENTAL STUDIES OF THE INFLUENCE OF MAGNETIC STATISTICA )KYI;fECIHﬂE AOAKbIITQAPObIH
AND ELECTROMAGNETIC FIELDS ON WATER HARDNESS 9HIM,qIﬂII'IH BOJIKAY MO,qE”bﬂEPIH K¥Py

As is known, after repeated heating of water for domestic and
technological needs, a precipitate in the form of scale remains on the
heating surfaces. This sludge significantly reduces the service life of
technological equipment and reduces the efficiency of thermal heating. In
practice, there are many ways to eliminate this problem. Electromagnetic
and magnetic methods are a good alternative to classical methods of
reducing water hardness, since they are non-invasive and cheap, and do not
require the addition of chemicals to the water, which has a beneficial effect
on the environment. In this article, we will try to understand the processes
of the influence of magnetic and electromagnetic fields on hardness salts
contained in tap water and justify the parameters of an electromagnetic
installation designed to soften water and reduce scale during its heating.
The conducted preliminary studies allowed us to form the main idea and
hypothesis of the project related to the use of an electromagnetic field to
change the properties of water and its purification.

Experimental studies were carried out in the scientific laboratory
of KATI on special installations designed for the treatment of water
with a constant and alternating magnetic field at various changes in the
parameters of the electrical network.

Keywords: electromagnetic cleaning, magnetic cleaning, scale, water
hardness, water treatment.

Maxkanaoa ayviiwapyawvliviabl 0AKbLIOAPLIHbIE OHIMOLLIIH
bonxcayza apranzan mooenvboepi MeH s0icmepi Kapacmulpbli2aH.
3epmmey b6apvicbinda ocvl bazeimmazel coOHabl dcvLidapoazsl Web
of Science, Scopus depexmep KopvlHOA2bl OMAHObIK JCOHE Uiemel
evinbimu eqboexmep zepoenenzen. Convimern kamap, 2012-2022 scvinoap
apanvievinoazel « Conmycmix Kaszaxcman ayvli-uiapyauivliviabl
mooicipubenix cmanyusicoly JKIIC-inoe ocipiiemin dicazovbix 6uOaiobly
oHIMOiniel mbicanvinoa Statistica JcyueicH Koaoanwin, 601dcay
a0icmepine mokmanzan. Kapacmulpolizar icolioapoazsl Heazoblk ouoat
OHIMOILNICIHIH IKOHOMUKAILIK-MAMEMAMUKATILIE MOOELi 0opedHCeliK
@ynyxus mypinde gypulizan. Koppensyusnvik manday o0ici apKbiivl
0Chl AHCHLIOAPOA2bl 8e2eMAYUsIbIK Ke3enoe2i aya memnepamypacsl
MeH 2ica30blK budat eHIMOLNICIHIY apackiHOazbl OAIAHBIC 3epmmeiin,
HaKmul JHCoHe OONHCAMObIK MOHOED WAUBIPAHObL OUASDAMMA APKbLIbL
Kopcemincen. XKacanowl nepcenmpon HeupoHObIK HCENiCi apKblibl
00a21CamMObIK MOOes0ep KYpbllbll, eH JHCAKCbl Homuoce bepemin
boadcamoay mooeni mayoaivin aiblHaaH.

Convimen Kamap, Kapacmuipbli2at IKOHOMUKATLIK-MAMEMAMUKATBIK
manoay, capanmay, CMamuCmuKaIblk Maioay HCOHE HCACAHObL HEUPOHOIK,
g0icmepine mepey MOKmabli, HOMUMCecinoe ap d0icke OalIaHbICIbL
HAaKMbl MYACHIPLIMOAP YCHIHBLIZAH.
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Maxkana asmopaapowiy ocvl 6azvimma coyabl HCblI0aApbl HCYpPi3inin
AHCAMKAH 2bLIbIMU 3ePMmey HCYMbLCMAPBIHbIY JHCAN2ACbl 00NbIN
maodwvLIA0bl JHCOoHe AMAn2an CepikmecmiKmiy eblivlmMu-3epmmey 6ONIMIHIH
Kbl3MemKepaepine, 0Cbl canaoa sepmmey xcypeizemin mamanoapeaa,
doxkmopanmmapea bazvim bepyze KoMeKkmeceoi.

Kinmmi coez0ep. Acmulk onimOiniei, mamemamurkaivik Mooes,
2HCACAHObL HEUPOHOBIK Jiceili, 00axCaAy d0icmepi, CMamucmuKaibiK 601xcay

Kipicne

AybUIIIapyamblUIbIFbl JaKbULIAPBIHBIH OHIMIUIIK OObKamaapsl apTypii
MYAJei Tapantap YIIiH MaHbI3[Ibl aKmapar ke3i 0osbin Tadbutamsl. Kasipri
yakbpITTa 00/DKay omicTepiHiH OipHeme Typi OOJFaHBIMEH, OJIAPABIH JKAJIIbI
KaObUIIAHFAH HAKTHI XKIKTEIYl OHE HETI3rl 9MICTepIiH Ma3MyHbBIH aHBIKTAy/1a
OipbIHFai mikip sxoK. Ockl opaiiia, Oy 3epTTeYiH MaKcaThl aybUIIapyallbUIbIFbI
JaKbUIIAPBIHBIH LIBIFBIMBIH OOJDKayFa apHaJFaH SJiCTepre IIONY jKacay MKoHE
KyHeney peTiHae alKbIHAAIbl. 3epTTey OapbIChiH/A, OTAH/BIK JKOHE IEeTel
0achUIBIMIAPBIHA IOy Yacal OTBIPHIM, aYbUIIIAPYANIbLIIBIFEl TaKbLIIAPBIHBIH
OHIMIUTIrH OoJDKay d/icTepi TeMeHeri kiacTapra xikrenai (1 kecre):

Cyper 2 — AybunapyambUIbIFb! TaKbIIIapBIHBIH OHIMALIITIH Oomkay
9JIICTEePIHIH KIKTENyi

Marepuangap MeH dgicrep

Aranran OafFpITTa moay Xyprizy ymwiH, «Contyctik Kazakcran
aybUTIIAPyabUIBFEl TOXKipHOenik cranuusics! (ALLTC)» XKIIC-nig 2013-2023
JOK. apasBIFBIHIAFEl TEMIIepaTypa, JKa3AbIK Ouaai eHIMIIUTIT] KalIbl TepeKTepi
«laramanb» METCOCTAHIUSACHIHAH XXOHE aTallFaH CEPIKTECTIKTIH FBUIBIM
OeiMiHEH aNTBIHABL. Statistica )yHeciHIe MaTeMaTHKAJIBIK MOJICIBICY, PErpeccus,
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»KacaH (bl HEHPOH/IBIK >Kelli 9/1iCTepi apKbUIbI 3ePTTEYIep JKacallblll, Tajay KoHe
CAJIBICTBIPY 9liCTEpi KOJIAaHBUIIbI.

Kecre 1 — «Conrycrik Kazakcran aypuTiapyanrsUIbIFbl TOKIPAOETIK CTAHIIASCHD)
JKIIC-nig 2013-2023 #0K. apachIHIAFHI Ka3BIK OMIall OHIMILTIr

No Aybin Crorn_Kaz, T,C
IapyaIbUIBIEBI wra
SKBUIIAPHI
1 2012-2013 18,0 18
2 2013-2014 17 18
3 2014-2015 18 18,5
4 2015-2016 18 19,3
5 2016-2017 16,1 19,2
6 2017-2018 17 18,2
7 2018-2019 17,2 18,1
8 2019-2020 16,1 19,1
9 2020-2021 20,1 19,5
10 2021-2022 20,2 19,3
O0ebu utony

3epTTey OaphICHIHIA AybIIIIAPyaIlbUIBIFEl JAKbUIIAPbIHBIH OHIMILTITIH
Oomkay OarbITBIHAA OTaH/BIK JKOHE LIETEINIIK OachUTbIMIapFa IOy JKacajibl.
Aran aiftkanna: M. A. Canenosa, H.A. beiicekeHoBa >koHe T.C.C. aBTOPIap/IbIH
[1] enberinne KazakcTaHHBIH arposKoXKyienaepiHiH 1aKbUI-1apblH KAIIBIKTBIKTaH
3epTTey apKbUIBI MAaTEMATHKAJIBIK MOJICIIBI KOJAAHBII, CATBICTBIPMAIIBI TAIIAAY
YKOHE TapUXHU aHAJIOTTap XKacay apKbUIbl JaKbIIIap/AbIH OHIMIIUIIK KOPCETKIIIIH
anbikTarad. B.Basso, D. Cammarano xone E. Carfagna aBropnaps! [2] eHOerinie
OHIMAUTIKTI O0JpKay jkoHE oyeM OOWBIHINA aybUIIIAPYaIIbUIBIK CTPATErUsCHIH
KaKcapTy Maceleliepi KapacThIpbUTFaH. byl Makaiaia cTaTHCTHKAIIBIK MOZICIBIED
KOJITaHyFa JKeHIJT JKoHE MapaMeTpli a3 KaXeT eTeTiHi, anaiina onap OepinreH
MOH/Iep ayKbIMBIHAH THIC aKIapaTIieH MIEKTEeNeTiHI TYKbIpbIMIaFaH. 3] Makataaa
2018 >xpurgan Oepi kapbikka WBIKKaH Web of Science mepekrep KopbIHaa
XKapblK KepreH 250-1eH acTaM eHOeKTep TalKblIaHFaH. bapIiblk KapacThIpbIIFaH
eHOeKTep/iH iliHAe arpoMeTeopoNIOTHIIBIK OospKaynap 3-TeH Oip Oemirinze,
MIPOIICCKE HeTi3menreH Mosiebaep 15%-iuae ke3neckeH. [4], [S] kyMbicTapna ToHIi
JAKBUTIAP OHIMAUTITIHE YKacaH bl HeHPOH/IBIK JKEITUTep apKbLIBI O0JDKAY KacaJFaH.

MareMaTnKaJIbIK MOJICNIBACY JKOHE OOIKaM/IBIK AKCTPOIIONAIHNS 91icTepi

By amic aypunmapyalibUIBIFBl TaKbUIIAPBIHBIH OHIMIUTIKTEpiHE acep
eTeTiH (aKTOpJIApBIHBIH YaKbIT OOWBIHINA KaTapiapbIHBIH 3aHABUIBIKTAPBIH
MOJIENbEYTe )KOHEe MaTeMaTHKaJIBIK CTAaTHCTHKA allllapaThl HeTi31H/Ie 3epTTeNeTiH
SKOHOMHUKAJIBIK POLIECTEP/IIH AaMy TeH ICHIMSIIAPbIH aHBIKTAyFa HeTi3/1eNreH [6].
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Cyper 3 — MaTeMaTHKaJIBIK MOJIENb KYPY MpoLeci

VYakpIT KarapjaapiapblH 3KCTPanoJAnusiaay OapbIChIHAAa 3€pTTENETiH
KOPCETKIMITEPAIH yaKbIT OOWbBIHIIA e3repyi Keilip aHannTHKanbK (QyHKINSA
TypiHze MoxenbaeHeni [6]. YakbIT OOHBIHIIA TPEH] SKCTPAMOISIUSICEIHA
HeTi3eNreH 00rKay Ke3eH Iepi TOMEH/IeT] KecTe/le KeNTipireH:

Cypet 4 — DKCTpONOJISALHUSIFA HeTi3elreH OoInKay KeseHaepi

Toxipubenik 6exiTy

X=(x,, X,, ...X ) aWHBIMAJIBICBIH OHIMIIIKKE 9CEP ETETIH KE3-KEITeH
(arpomMeTeopOoIOTHANBIK, TEXHUKANBIK, T.6.) pakrop Gonce. Onma C
«Contycrik Kazakcran AILITCy XKILC-nin 2013-2023 50K, apachIHIAFbI )Ka3/IbIK
Oujail eHIMIUTITIHIH MaTeMaTHUKAJIBIK MOJEIIH AOPEKeNiK QyHKIHS apKbUIbI
TOMEHJET1Iel epHeKTeyTre OoIabl:

2
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myHzarsl 1= (1, ..., 10). Ocbl pyHKUIMS apKbUIBI aTajFaH JaKbLT OHIMIIUTITHIH
LIaIIbIpaH/pl JuarpaMMackl Statistica xyieciHne KypblIIbl:

Cyper 5 — «Conrycrik Kazakcran ATCy» KILC-nix 2013-2023 >xK. 5Ka31IbIK
Oumall eHIMIUTITIHIH HIANIBIPAaHKBl JHarpaMMachl

IKOHOMHUKA-MATEMATHKAJIBIK MO/IeJIbIey dicTepi

DOKOHOMHUKAJIBIK - MaTeMaTHKaJIbIK MOJENb/EY 9/1iCTepi CTATUCTH-KAJBIK
MaTepualbl eCKepe OTBIPHIIN >KacajJaThIH KJIACCUKAJIBIK MaTEMaTHKAJBIK
MOJICTIB/ICY/IIH aHAJMTUKAJBIK alapaTbiHa Heri3nenreH. MyHaail Mopenbaep
JIaKbLT OHIMIUJTIrHE MaHBI3/IbI (JaKTOpIIAp/IbIH SCEPiH CUMATTalTHIH aHATUTHKAIIBIK
TeHJIeyJIepMEH cunartanaisl [7].

JocTypini MareMaTHKaJIbIK-CTATUCTHKAJIBIK TaJIAdy SiCTepi )KOFapblIarbl
CypeTTe KepCeTiIreH Heri3ri 6 Heri3ri ronrtapra Oemineni (6-cyper).
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Cypet 6 — MaremMaTHKaIbIK CTATUCTHKAIBIK TAIIAY dJIicTepl

ATanfaH CTAaTUCTUKAIBIK OOJKay OMICTEpiHIH INIHIE KCH TapajfaH
KOPPEISIIMSIIBIK KOHE PErPECCHSIIBIK Taay oliCTepiHe TOKTaIalbIK.

Koppensiuusutslk Tanaay — Oy OipHenie Toyesci3 aifHBIMalbIIap apachkiHua
OaitiaHbIC OpHATYyFa, COHJIal-aK OCHI alfHBIMANIBIIAp apachiHIaFkl OailIaHbICTHIH
KYIIiH Oaranayra MYMKIHAIK OepeTiH cTaTHCTHKaIBIK Kypal. Erep X sxone Y
alfHBIMAJTBIIAPBIHBIH MOHACP] OepisieTiH 00Jica, OHIa OCHI €Ki aifHEIMATBLIAP IBIH
apachIHIaFbl OaiiTaHbIC TOMEHIET] (POpMYIIa apKbUTB OEpiNICTIH KOPPEISIHSIIBIK
KO3 (QUIMEHT apKbUIbI CHITATTaJIA/IbL:

3)

MyHJarbl n-6akpliaynaap CaHbl,G, G, COMKec KBaJApaTTHIK aybITKYJjap.
Koppemsius koapduruenti -1-qen +1-re aeiinri apanblKTarbl MOHACPII
kabbunaiiael. Erep R < 0,3 sxarmaiibiana, onaa Oaitnaneic oancis, |R| <= 0,7 -
oprama; |R| > 0,70 — ThIFI3 OOMBIN CaHATAIBI.

Taxkipudenik GexiTy

Temenzeri kectene 2012-2022 sxpuinap apaceiaars! «Conrtyctik Kazakcran
ATC» JKIIC-HiH BereTanMsIbIK Ke3€HET aya TeMIlepaTypackiHa OaiIaHbICTHI
JKa3dbIK OMaai eHIMIUNITIHE XKacalfaH CTaTHCTUKAIBIK Tajjay HOTHXKECI
KOpPCETUIreH.
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Kecre 3 —Ka3npik Ouaii HIMIUTITT MCH aya-palibl TEMIICPaTyPaChiHA YKACAIFaH
Statistica ) yHeciHIe perpecCUsUIBIK Taliay HOTHKEC]

N=10 CNorthKaz (2012-2022)
R=0,46696988, R2=0,21806087, F(1,8)=2,2310
Intercep b* Std.Err. b Std.Err. t(8) p-value
t of b* of b
-3,38912 14,10574 -0,240265 | 0,816167
Tv 0,466970 0,312638 | 1,12435 0,75276 1,493645 0,173621

Byn xecreneri Cortika, — KABIBIK Oupaii enimaiiri, Tv — BereTalUsbIK
Ke3eH/eri aya TeMmneparypachl, R - koppesims koaddunmenti, R?- nerep-MuHaius
ko3¢ duIeHTi, b )xoHe b* — CTaHAAPTTHIK ayBITKYNAp, P — MAHBI3-IbUIBIK IIAMACHI.
(3) Tenneyre cylicHin xacaiFaH ecenteyiep Hotmxkecinae R=0,46696988 <=0,7
eKeHIH OaiikaiiMbI3. JleMeK, KapacThIpBUIFAH KbUIAap apacbiaaa « ConTycTik
Kazakcran aysurmapyambuibirsl TYXKCy» JKIIIC-HBIH ka3abpIK Oumai eHIMALTIT
BETETAIMUIBIK KE3CHJIET1 aya TeMITepaTypachiHaH 0acka 1a (akropriapra kebipek
TOYeJNIi CKCHI aHBIKTAJIJIBL.

Cypert 7 — XKa3mpIk OnmaiiaeIH HaAKTHI KoHe 00IKaMIbl MOHIEPiHIH
JIarpaMMachl
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Opi Kapaii

4)

Ooykay MoIeni KYPBUIBIN, Ka3AblK OuJail eHIMIUTITIHIH HaKTHl KOHE
60yDKaM/IBIK MOH/IEPIHIH IIAIIBIPaH/Ibl AUATPAMMACHI aJIIH/IbL.

CapanTamanslk 0aranay dgicrepi

By onic GoiibiHIIa 60rKay KaCiOH, MPaKTHKAJIBIK )KOHE FBUIBIMU TaXiproere
Herizzenred Oip MaMaHHBIH HeMece MaMaHJap TOOBIHBIH MiKipiHE HeTi3zemin
xacanazsl [5, 6]. Capantamanbik Oaranay aicTepi TOMEHETiAeH KiKTenemi:

Cypert 8 — CapanTamanbik Oaranay oaicTepi

CapanramalsiK 9/IiCTep HEri3iHEeH Kellecl KarFaiiapaa KolnIaHbUIa bl

1) 00beKT HeMece SKOHOMHKAJIBIK KYOBUIBIC MAaTEMaTHKAIBIK CHIIAT-TaMara
OarpiHbaraH Ke3Je;

2) pecimjienreH dJicTep annaparblH MainanaHyFa MYMKIHIIK OepeTiH
aKnaparThIK 6a3a 6onmaca;

3) Te3 mieniM KaObUIAAYIbI TATAIl €TETIH TOTCHIIIE JKaFaiiap/a;

4) pecimMIenreH 3epTTeyiep Kyprisy YIIiH KapKbl pecypcTapbl, OaraapiamMaibik
KaMTaMachI3 €Ty, OLTIKTI Kaapiap OoiamaraH xarnaiza [8].

HeiipoHabIK :keJi daicTepi

Heiiponasik xeminep (Neural Networks) — Oy MHIBIH OHOJIOTHSIIBIK
HEHPOHIBIK XKeJIUICPIHIH KacaH bl HCHPOH MOIeIIbAePi 00BN Ta0bLTA B! [7]. Op
KabarTa opHaJlaCKaH HeWpoHaap 0ip-OipiMeH elKaHmail OalIaHbICChI3, anaiiia
AJIBIHFBI )KOHE KeJleci KabaTTapaarsl HelpOHIapMeH OaiTaHbICThI 00Taabl. ACTBIK
OHJIIpICiHe OHIM/TIKKE a/bIH-aa HeHPOHABIK el apKbUIbl OOJDKaM xKacay
TOMEH/IET] aJIrOPUTM OOMBIHIIIA )KY3ere acaibl.
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Cypet 9 — AybutiiapyanibUIbIFbl TaKBUTBIHBIH OHIMIUTITIH 00DKay 1A JKacaH bl
HEHPOH/IBIK Kl KOJIAaHy allrOpUTMi
Heiiponnap >xelticiHiH )KYMBICBIH KeJeci TeH/IeyMEH CHUIarTayFra 0oJabl:

Ne.fj = in Wy | %)

MyH/ia¥bl Net, aHbIMaIbIChI Jj -1l HeHpOH YIIiH GapIIbIK Kipic CUTHaIIaphIH
OipiKTipyAiH HOTHXKECI, N-IIBIFBIC CUTHAJIJAPBIH CUTHAM KipiciHe kibepeTiH
JJIIEMEHTTED CaHBbl, wij—i—mi HEHpPOHABI j-111 HEHPOHMEH OaiIaHBICTHIPATHIH
0alJIaHBICTHIH CaJIMaFbI OOJBIT Ta0BLIAEI [7, §].

Tooicipubenix beximy

«Conrycrik Kazakcran AILTCy» XKIIC-Hig 2013-2023 oK. apachIHAAFbI
*Ka3MbIK Ouait eHiMaLTiria Ooymkayra Statistica xyiieciHe )xacaHabl HeHPOHIIBIK,
JKeNTepin KypabIK. Bereranmsmbik kesenueri T, —aya TeMIepaTypachl allbIHIbI,
IIBIFBIC AHBIMAJIBICHI PETIHIC Crionth Ka TKABIBIK Omaai eHIMILTIT aabiHabL. JKemi
TYpl — KenKabaTThl NMepcenTpoH, OKBITHUIATHIH kel caHbl — 20, cakTaiaThlH
HEHpOH caHbl — 5, MUHUMAJIIBI JKachIpbIH HEHPOHIAp CaHbl — 3, MaKCUMAaJIJIbI
KaCBIPBIH HeWpoHIap canbl-10 60BN TarailbIH A b,

Kecre 3 — «Conrycrik Kazakcrar ATCy» XKILC-nin 2013-2023 x0K. apachIHIAFbI
XKa3JbIK OMaai eHIMIUIITiH O0JDKayFa )KacaH bl HEHPOHABIK XKelirepi

Ne | XKemi atayst OKpITY OxpiTy | Tect KaTeci Texcepy OKeITY
HOTHKECI Kareci Kareci AITOPUTMI
1 MLP 1-2-1 0,383160 | 0,110974 | 0,217109 0,064423 BFGS 5
2 MLP 1-4-1 0,750502 | 0,054373 | 0,005004 0,080018 BFGS 51
3 MLP 1-7-1 0,381874 | 0,111071 0,217486 0,064629 BFGS 0
4 MLP 1-8-1 0,543691 | 0,094172 | 0,025511 0,002747 BFGS 12
5 MLP 1-3-1 0,546316 | 0,091483 | 0,059628 0,001028 BFGS 0

Hormxecinne muanmanas! Katenikned MLP-1-4-1 xkemici Makcumaiasl 0,75
OKBITY HOTIXeciHe ue 0ommbl. OChl HEMPOHABIK JKETiHI opi Kapail XKeTinmipitm,
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XKa3IpIK OMaiIpIH OoammakTarsl OipHeIle eriH MayChIMIapbIHa O0KaM Kacayra
Ooaabl.

KopbITbIHABI

AyBUTIIapyambsUIbFEl JaKbUIIAPEIHBIH OHIMIUTITIH o) 00JDKay eHIMILIIK
TieH (akropiiap apachlHAarb! (QyHKIMOHAIBIK OaliIaHBICTHI TYOereili Tyciny i
YKOHE KyaTThl alTOPUTMIIEP MEH OHTAMJIBI 9icTep/li KaKeT eTel.

By Makanaga aypuiiapyalibUTbFbl TaKbULIAPBIHBIH OHIMILTITIH OoMmKay
omicrepiHe miony jkacanbll, Statistica >kylecin nmaiganansin, « COnTycTiK
Kazakcran AILITCy XXIUIC-HiH ManiMeTTepi OOHBIHINA, )Ka3IbIK OMIail OHIMIILTIT
3eprTeni. 3epTTey OapbIChIH/IA KeJleci TY>KbIphIMIaMallap sKacajiibl:

AyBUTIIIapyambsUIbFGl TAKBULIAPBIHBIH, OHIMAUTITIH O0IDKay OJIICIH TaHaay
KapacTBIPBLIATHIH JAKbUIABIH TYPiHEe OaliIaHBICTEI OOJIA/IBI.

JloHni maKpUIAapAbIH OHIMAUIITIH KBICKa MEp3iMai OOJKAYIbI CHI3BIKTHIK
perpeccus Mozenbaepi OoWbIHIIA, a1 OpTa MEep3iM/Ii J)KOHE y3aK Mep3iMi Oorkay
capanTaMaiblK OoIKaMaap HEeTi3iHIe xacay THIMIII OOk,

Heiipoxxeninik Mozenb o1ici kebiHece KbICKa XoHe opTa Mep3iMal Oomkam
Kacayra KOJIIaHbLIaIb.

¥3aK Mep3iMai OomKaMIbl )Ky3ere acklpy Ke3iHJe 3epTTelNeTiH aiiMaKTarbl
aCTBIK TYPIHIH OpTalla KeIDKbUIIBIK OHIMIUIIT MEH XKeMic Oepy 3aHJIbUIBIKTaph
KOJIZIaHBUIA/Ibl, COHJIBIKTAH OOJDKAyIbIH Oy TYpi aybUIIapyallblIbIFbIHAA KOl
TapaJMaraH.

CTaTHCTHKAJIBIK MOAEbAECP KOJJaHyFa KapamnaiblM OOJIFaHBIMEH,
TBIHAUTKBIIITHIH YaKbITHI MEH MeJIIepi, Nakbulabl cely, cyapy yaKbITTapblH
GakplIay TOPI3/li arpOTEXHHUKANIBIK KEHECTEP/l KAMTH ajIMai/ibl.

ACTBIK ©HIMAIUIITIH MOJeNb/Iey ETiHIIUIK XyHeciH OacKkapyna, KOpiaap/sl
KaJIBIITACTHIPY/ia, KOMMEPIHSIaHABIPY/Ia XKoHE ayblIapyamlbulblK KbI3METIHIH
Gacka cayajapblHa KeHIHEH KOJIaHbUIaThIH/IBIKTaH, MaKajla/ia TaJlJaHFaH MoceIe
aTajfaH cajla MaMaH/Iapbl )K9HE 3epTTEYLIIep YILIiH nai ans! 0o1abl.
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PASPABOTKA MOJIEJIEM JJIs1 TPOTHO3UPOBAHMSI
YPOXKAHHOCTHU B CUCTEME STATISTICA

B cmamve paccmompensvi modenu u memoovbi npoOSHO3UPOSAHUS
VPOJICATIHOCU CENbCKOXO3AUCMBEHHBIX Kyabmyp. B xode ucciedosanus
ObLIU UBYUEHbI OMeyuecmEeHHble U 3apYyOediCHble HayuHble pabombl
onyonuKo8anHble 3a NOCIeOHUe 2006l 6 Oaze 0anHvix Web of Science, Scopus
Kpome moeo, paccmompenvt memoovl npoSHO3UPOBAHUS OCHOBAHHbIE
HA CMamucmuyeckomM auanuse U HeUpOHHbIX cemell Ha npumepe
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ypooicatinocmu Aposou nuieHuyvl gvipawusaemou 6 TOO «Cegepo-
Kazaxcmanckoii cenvckoxossaticmeennol onvimuoi cmanyuuy ¢ 2012 no
2022 20061 6 cucmeme Statistica. IKOHOMUKO-MAMEMAMUYECKASL MOOEb
VPOSACAUHOCTU APOBOU NULEHUYbL NOCTPOCHA 8 8UOE CMENEHHOU DYHYKULL.
C nomowpio Memooa KOPpeIsiyUOHHO20 AHAIU3A OblIA UCCIe008AHA
83AUMOCE513b MENHCOY MEMNEPAMYPOUL 6030YXA U YPOICAUHOCIBIO APOGOU
NULEHUYbL 8 MeYeHUe Be2eMAYUOHHO20 NePUOOd U NPOOEMOHCIPUPOBAHDLL
Gaxmuueckue u npocHo3Hvie 3Hayenus Ha ouazpamme pacceanus. C
HOMOWbIO UCKYCCMBEHHOU HEUPOHHOU Cemu nepcenmpoHa ObLIU cO30anbl
npocHOCMuUYecKue MOOEIU, U3 KOMOPbIX ObLIA 8bIOPAHA HAUTYHULAS MOOETb
NPOCHOZUPOBAHUSL.

Taxoice paccmompenvl IKOHOMUKO-MaAmMeMamuiecKue memoowl,
CMamucmuyeckutl aHau3 i Memoo UCKYCCMEEHHbIX HEUPOHHBIX CEemell.

Cmamus sensiemcs npoOOaNCeHUEM HAYYHO-UCCIe008AMENbCKOU
pabomoul asmMopos 8 OAHHOM HANPABIEHUU, NPOBOOUMOT 8 NOCTCOHUE 200bl
U Modicem 6vlmb NOJE3HA OJIs1 COMPYOHUKOE HAYYHO-UCCIRO08AMENbCKO20
omoena oannoti CXOC u 0151 00Kmopanmos, a maxoice 0Jisk CNeyuaiucmos,
nPOBOOAUUX UCCTIRO0BAHUS 8 OAHHOU 00IACMU.

Kuniouegvie cnosa. Ypoocainocms 3epna, mamemamuuecxkas
MOOenb, UCKYCCMBEHHAsL HEPOHHASL CeMb, Memoobl NPOZHO3UPOBAHUS,
cmamucmuyeckoe npocHO3UPOBAHUe
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DEVELOPMENT OF MODELS FOR PREDICTION OF YIELD OF
CROPS IN STATISTICA SYSTEM

The article discusses models and methods of forecasting crop yields.
In the course of the study domestic and foreign scientific papers published
in recent years in the database Web of Science, Scopus. In addition, the
methods of forecasting based on statistical analysis and neural networks
on the example of spring wheat growing in the «North Kazakhstan
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Agricultural Research Station» LLP from 2012 to 2022 years were studied.
The economic-mathematical model of spring wheat yield is built in the
form of a power function. Using the method of correlation analysis, the
relationship between air temperature and yield of spring wheat during the
growing season was investigated and actual and predicted values were
shown on the scatter diagram. Predictive models were created with the
help of perceptron artificial neural network, from which the best predictive
model was selected.

Economic and mathematical methods, statistical analysis and artificial
neural network method were also considered. The article is a continuation
of the authors’ research work in this direction carried out in recent years
and may be useful for the staff of the research department of this ARS and for
doctoral students, as well as for specialists conducting research in this area.

Keywords. Grain yield, mathematical model, artificial neural network,

forecasting methods, statistical forecasting
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AN INTERACTION MODEL OF RELAY PROTECTION
MEASURING TRANSDUCERS WITH COMPUTING
SYSTEMS VIA IIOT TECHNOLOGY

The object of this research is the interaction model between measuring
transducers and computing systems, particularly focusing on its application
within the framework of Industrial Internet of Things (IlloT) and Cloud
technologies. The imperative driving this study is the increasing demand for
precise and efficient data acquisition, protection and processing in various
industrial sectors. The research aims to address this need by elucidating
an interaction model that optimizes measuring computing systems through
IloT and Cloud technologies. As a result of our research, a comprehensive
interaction model that encompasses the entire data flow process was
established. This model integrates data acquisition, analytics, real-time
communication protocols, and secure data transmission methodologies. It
offers a structured framework for acquiring, transmitting, and analyzing
data with high accuracy and efficiency. The significance of our results
lies in their capacity to resolve critical challenges in data acquisition
and processing of the electrical power data, as well as monitoring and
protection against electrical faults. These results hold practical value under
diverse industrial conditions, including manufacturing, energy production

and energy distribution.

Keywords: relay protection, open architecture, encryption, data

processing, data visualization, internet of things

Introduction

Currently, the market is saturated with relay protection systems made by
numerous manufacturers, and enterprise companies are the majority of the demand
for such devices since the safety and continuity of the operations at these enterprises

are bound by standards.
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Systems that already exist on the market create complications during the
installation and maintenance due to proprietary connections and a lack of wireless
communication capabilities as a primary source of data exchange between the
elements. In other words, each unit is localized to a certain segment of the power
grid and is taking action in an ad-hoc manner without sharing information with
neighboring units. The proprietary nature of connectors and technology used to
manufacture such relay protection leads to hardships during part replacement and
scaling of the protected electrical grid. In this research, an open architecture model
for industrial relay protection with the usage of the modern Industrial IoT (IIoT)
technology will be developed and evaluated in terms of an increase in the speed
of operation, robustness, and improvement of selectiveness.

The aim of this study is to propose a model for a relay protection system
which uses the [IoT and Cloud technologies and to evaluate it. Specifically, cloud
computing enables real-time data analysis and sharing among all components of
the protection system, fostering a collaborative and adaptive approach to grid
protection. Additionally, cloud-based solutions facilitate remote monitoring,
maintenance, and scalability, ensuring that relay protection systems can evolve
and expand in tandem with the dynamic requirements of modern industrial
environments.

Literature review

Power supply reliability is a major concern in a state where reliance on
electricity and data has become a crucial part of economics, science, and general
well-being. According to Chernobrovov, traditional relay protection systems and
smart protection systems, by extension, can be functionally compared in terms of
selectiveness, speed of operation, sensitivity, and robustness [1]. These qualities
ensure that the relay protection is able to successfully prevent accidents and
malfunctions, especially in manufacturing and supplying establishments, as well
as achieve stability of power supply systems. Attempts were made by engineers
to incorporate IT technologies into power systems to increase reliability and
feedback, which resulted in the emergence of a smart grid concept. Since reliability
is a major concern of the smart grid, relay protection systems are adapting as
well to new technologies. In recent years, the Internet of Things (IoT), defined
by Ashton in 1998 [2], has started to be used in industrial and power delivery
applications, which inevitably was used in the creation of models for modern-day
relay protection systems.

Recent developments in relay protection engineering are concluded in the
work of Zhang et al. [3], such as the usage of transient AC and DC characteristics
and the ultra-high speed protection principle to aid the progression of the smart grid.
A distributed relay protection system for a smart grid was proposed by Kauhaniemi
and Voima in 2012 [4]. By using an assortment of intelligent electronic devices

280

TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvik cepusicol. Ne 3. 2023

(IED), authors described a zone-divided approach to the power grid protection,
where each zone is being measured and reported by a separate IED, which is in
turn connected to the main intelligence system via a router or a switch.

In the context of relay protection systems, the selection of an appropriate
cloud server type plays a pivotal role in optimizing performance and cost-
effectiveness. A cost analysis demonstrates the substantial cost advantage of PC-
based clusters over their multiprocessor counterparts. While the multiprocessor
server may be approximately three times more expensive, it offers significantly
fewer CPUs, about 22 times less RAM, and slightly more disk space [5]. This
cost disparity underscores the potential cost savings that can be achieved by
embracing cloud computing infrastructure that relies on PC-based clusters. The
benchmarks used in the study of C. Kotas et al. are the HPC Challenge (HPCC)
and the High-Performance Conjugate Gradient (HPCG) [6]. These benchmarks
test various aspects of computer system performance, including computational
speed, memory bandwidth, and network bandwidth. These benchmarks evaluate the
performance of AWS and Microsoft Azure cloud platforms for high-performance
computing applications that utilize the message-passing interface (MPI) library
for communication.

In the realm of relay protection systems with I1oT integration, fault resilience
is of paramount importance. Parallel processing, enabled by cloud computing,
enhances fault resilience through data replication in the cloud.

Materials and Methods

For smart grid management, ESP-32’s relevance is heightened on its
advantages in open-source development and cost-efficiency, consolidating the
CPU and WiFi/Bluetooth module for production efficiency. Within the domain of
relay protection systems ESP-NOW, a connectionless IoT protocol, excels in short
packet transmissions and power conservation. After the initiation of power, radio
transmission of the packet reaches 20 ms at maximum, including retransmissions
of the lost packets. It also supports AES-128 encryption by default, which is known
for its computational efficiency and resilience against most conventional attacks
[7]. In the smart grid context, efficient management and real-time extraction
of insights from this dynamic time-series data are essential [8]. Big Data, as
defined by De Mauro et al. signifies information with substantial volume, high
velocity, and diverse variety, necessitating specialized technologies for insights
extraction [9]. Thus, for smart grid management, the Bokeh Python library shines,
offering interactive scalability, web-based support, and real-time data monitoring,
surpassing Matplotlib for relay protection systems, enhancing dynamic analysis
and decision-making [10].
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Results and Discussion
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Fig 1. The proposed relay protection system model.

Time complexity of the AES-128 on the link between (q4) and (q5) can be
considered as O(n) if the size of the block exceeds 128 bits [11].

20(n)+en tr time (1)

The size of a common ESP-NOW with an empty payload is 36 bytes, which
already satisfies the O(n) requirements of the AES-128 encryption algorithm. This
makes the time complexity of the data transfer between the edge and forwarding
nodes equal to the value presented on the Equation 1.

Fig 2. Overview of the proposed model.
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As it was mentioned earlier, transmission time for the ESP-NOW packet can
be as low as 1 ms, with a maximum of 20 ms if packets were to be retransmitted.
Thus, latency from data acquisition until it will be accepted by the forwarding
node is close to negligible.

For the WAN transmission from the forwarding node to the server, AES-
256 encryption algorithm has been chosen. A study conducted by Singh in 2013
shows that the AES group of the symmetric encryption algorithms is faster and
more secure in comparison with the asymmetric RSA algorithm, along with the
DES and 3DES [12].

Since the AES-256 works with the same encryption method as the AES-128,
we can also consider the complexity to be O(n), albeit since the length of the block
is 256 bits, it takes longer time to encrypt and decrypt. It is plausible to ignore the
decryption costs from the server side because computation power is marginally
higher than that of a microcontroller. With these considerations, the complexity
of the data transmission to the server from the forwarding node is:

2
Where O(n) is the time required to encrypt the packet, ‘wan_tr_time’ is the
time required to reach the router via WAN, and ‘internet tr time’ is the time

needed for the packet to be perceived by the server.

Considering all the operations throughout the whole process of encryption
mathematically it can be described as:

3)

where b, — is encrypted byte, b, — is byte and c, — constant and mi is
mathematical description of the encrypted symbol.
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where A — is the matrix of bits for every byte.

Fig 3. Demonstrates the behavior of the model and shows the relationship
between time and three different signals: ADC and Encryption, Output relay, and
Blocking signal. The x-axis is time in milliseconds and the y-axis is the signal value.

Fig 3 — Simulated signals.

The first graph is an orange line representing ADC and Encryption activity.
Output and Blocking are responsible for the state of the relay at the end of the
data filtration, processing and decision making operation of the model. The Matlab
model of a control system is shown on Fig.4.
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Fig 4 — Model design in MatLab.

The model is used to simulate and analyze the behavior of the proposed
relay protection system. Three main inputs are designated: «Plant», «Referencey,
and «Disturbance». The model has two outputs: «Output» and «Control», which
describe the state of the certain node, which enforce the state upon a remote
relay node the data is originating from. The output data then can be stored and
analyzed on one of the cloud services. Resultant formula of the interaction can
be described on Eq. 3 as:

)

where «data_acq» is time required for current measurements, filtration
and processing and other components are derived from the Eq. 1 and Eq. 2 in a
summative manner. This applies for each tick of any of the relay nodes.

On the other hand, the mathematical description of the wave modulation

(6)

where m — modulation constant, Uc — carrier wave voltage amplitude, wc —
carrier wave cyclic frequency.

Options of cloud providers in Kazakhstan

The top three notable cloud providers operating in Kazakhstan are as follows:
their strengths, offerings, and unique attributes.
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PS Internet Company, a key player in Kazakhstan’s cloud ecosystem,
offers an intriguing array of cloud services. These encompass virtual private
servers (VPS), dedicated servers, and domain registration. Notably, the company
operates a data center situated in Almaty, Kazakhstan. The company’s local data
center presence in Almaty enhances data transfer efficiency and reduces latency,
considerations of utmost importance in cloud computing. Jusan Mobile is a
prominent figure in the Kazakhstani telecommunications and IT services sector.
It provides access to a spectrum of services, including virtual servers and data
storage solutions. Kazakhtelecom, Kazakhstan’s national telecommunications
operator, extends its services to include cloud and data center solutions. Their
clientele predominantly comprises businesses and government organizations within
the country. Kazakhtelecom’s cloud venture’s scientific underpinning is rooted in
national relevance and security.

It is noteworthy to emphasize that none of the three major global cloud
providers, namely AWS, Azure, and Google Cloud, have established dedicated
servers within the territory of Kazakhstan. However, when considering the
imperative requirements of relay protection systems within the smart grid context,
which necessitate comprehensive system-wide power quality monitoring and
flexible near real-time system state simulation, a pressing need emerges for local
cloud providers. This need is driven by critical factors such as security, rapid outage
mitigation, and the reduction of connection timeouts, all of which are intrinsically
linked to the hazards associated with electricity, including power outages and the
risk of emergencies.

Comparison of foreign cloud-computing providers

According to data compiled by Synergy Research Group [13], as of the
second quarter of 2023, the top three largest Cloud Service Providers are AWS,
Microsoft Azure, and Google Cloud, based on their respective market shares in
the global cloud infrastructure market with 32 percent, 23 percent, and 10 percent.
Collectively, these leading cloud service providers command a substantial 65
percent share of the global cloud infrastructure market.

Research by R. Aljamal et al. presents a comparison between the selected
cloud providers from the High-Performance Computing (HPC) user perspective
[14]. It concludes that Amazon Elastic Compute Cloud (EC2) — a part of AWS
— offers the most diverse range of virtual machine options, including instances
optimized for CPU, memory, storage, and GPU. On the other hand, Microsoft
Azure offers the most powerful GPU instances, with up to 24 NVIDIA Tesla V100
GPUs per virtual machine. Google Cloud offers the most flexible networking
options, including the ability to create custom virtual private clouds (VPCs). Table
1 shows the comparison of the selected cloud providers from the perspective of
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laaS, including virtual machine options, operating systems (OS), networking,
pricing, and billing details.

Table 1 — Analysis of Popular Cloud Service Providers

Amazon Azure Google
Value propositions Elasticity with auto- High reachability. Customized virtual
stated on the official [scaling capabilities. machines tailored to specific
websites [15-17] needs
Secure resource Trusted brand, 90% |Leading the way in price-
management. of Fortune 500 performance competition.
companies choose
Azure.
Pricing model details |Hourly on demand On demand pricing |Monthly on demand pricing
pricing
Upfront payment v v x
Region based billing |v v v
OS based billing v ® v
Instance family based |v' v ® (only based on amount
billing of RAM and virtual
CPUs)
Network type based |v x x
billing
Auvailable regions 18 54 18
Available countries  |190 140 35
Traffic routing v v ®
Data Encryption v v v

To sum up, AWS would be the most suitable option because it offers a wide

range of virtual machine options and a robust ecosystem of data analysis and

processing tools, allowing for scalable and efficient analysis of large datasets in

real time, which aligns well with the requirements of relay protection systems.
Conclusion

This research highlights the connection between cloud computing and
emerging relay protection system models, offering a path to modernization,
efficiency, and safety in dynamic industrial environments. Unlike conventional
tasks, these systems operate in demanding and high-stakes environments, requiring
speed, fault tolerance, and security.

An open architecture model with IToT to enhance relay protection systems was
addressed. Cloud computing plays a pivotal role, enabling real-time data analysis,
remote monitoring, and scalability, vital for adaptability and security. Cost-effective
PC-based clusters in cloud infrastructure offer potential cost savings. Fault resilience
is ensured through parallel processing with data replication in the cloud. Furthermore,
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collected data in the cloud could be used for subsequent analysis. Using the ESP32
microcontroller and ESP-NOW communication protocol ensures low latency and
efficient data exchange. AWS is the recommended choice for relay protection
systems due to its versatile virtual machine options and robust data analysis tools.
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IIOT TEXHOJIOTUSACHI APKBLIBI ECENTEY )KYWUEJEPIMEH
OJIIIEY TYPIEHAIPTIIITEPIHIH ©3APA OPEKETTECY MOJIEJII

Byn 3epmmeyoiy obvexmici onwey mypiendipeiwumepi men ecenmey
Jicylienepi apacslHOazbl 63apa opexemmecy Mooei 60vln mabwliaobl, OHbL
eneprocinmix 3ammap unmepremi (lloT) sicone Gynmmor mexHOROULIAD
wenbepinde Konoanyza epexute Hazap ayoapuliadvl. byn sepmmeyoin
Heeizel Kaxcemminici-opmypai cananapoazvl depekmepoi 098]l HCOHe
Muimoi Jcunayaa, Kopaayaa JdcoHe onyoeyee CypaHvbiCmbvlly apmybsl.
3epmmey IoT scone OyimmulK mexHOLO2USNAD aPKbLIbL 6IULEY eCenmey
JAcytiesepin oymaianoblpamvli 03apa opekemmecy ya2iCiH HAKmMbliay
apKblIbl OCHl KANCeMMINIKMi KaHazammanovipyaa bazelmmanzan.
biz0iy 3epmmeynepimizoiy Homuoicecinoe depexmepdi 6epydiy 6apivlk,
npoyecin KamMmumolH 63apa peKemmecyOiy KeueHOl MO0 HCACAobl.
byn mooenv depekmepoi scunayobl, AHATUMUKAHDL, HAKMbL YAKbIMMAdebl
OAUNAHBIC XaMMAMALAPLIH JHCOHe OepekmepOi 6epyOin Kayincis o0icmepin
oipixmipedi. Mooens 0epexmepai scozapvl 0SNOIKNEH JHCoHe MUIMOLTIKNEH
JICUHAy2a, bepyee JHcoHe Mandayaa ApHAI2aH KypbliblMObl Kammuobl. bizoiy
HOMuUICeNePIMI30iy MaKbI30bLIbI2bL MOOEIbOIH JJIeKMp Kyambvl mypaivl
Oepexmepoi HCUHAY JHCOHe OHOeY, COHOAU-AK, IIeKMP aKaAyIapbiH 6aKblLiay
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JICOHe Kopaay O0UbIHA MAHbI30bl MOcCeneiepOl ey Kadiieminoe deamoip.
Byn nomuoicenep sHepeusiibl OHOIPY dicoHe 6OYOI Koca anzanod, opmypii
OHEPKICINMIK JHCa20aUNapOa NPAKMUKALLLK KYHOBLILIKKA Ue.

Kinmmi ce30ep: penenix Kopeanvic, auiblk apxumexmypa, wugpiay,
Oepexmepoi 6x0ey, Oepekmepoi GU3YATUZAYUSIAY, 3AMMAP UHMePHemi

*4. B. Hegpmucos', U. M. Kazambaeé’, JI. H. Kupuuenko’,

K. M. )Xaxynosa’, JI. B. Ypazaes’

12345 Astana IT University, Pecyomika Kazaxcran, r. Acrana
IIpunsaro x uzganuto 18.09.23.

MO/EJb B3AUMOJENCTBUSA U3MEPSIOIINX

IPEOBPA3OBATEJIEN C BBIYUCJIUTEJIbHBIMA CUCTEMAMM

MHOCPEACTBOM TEXHOJIOTHH IIOT

Obvekmom — 0aHHO20 — UCCTIEO0BAHUSL  ABNAEMCA  MOOeb
B3AUMOOCUCBUSL  MENCOY — UBMEPUMETbHLIMU — NPe0OpA308amensimu
U BbIYUCTUMENbHBIMU CUCEMAMU, 0C000e GHUMAHUE YOelsemcs ee
NPUMEHEHUI0 8 paMKax npomwviuiiennoeo Humepunema eewei (IloT) u
obnaunvix mexnono2uil. Hacmosimenvnoii neobxooumocmoio, nedxicaujell 8
OCHOBE 2020 UCCIO0BAHUS, AGIACMCSL PACTIYWUL CRPOC HA MOYHbLI U
aghpexmusnbiticoOop, 3auumy uodpabomKy OAHHbIX 8 PA3IUYHBIX OMPACTAX
npomwiuiennocmu. Hccieoosanue HanpaesieHo Ha y0osiemeoperue moi
nOMpeOHOCmU Nymem BbISACHEHUSL MOOETU 63AUMOOCUCBUs, KOMOopas
ONMUMUUPYEN USMEPUMETbHBLE BLIYUCTUMENbHbIE CUCTNEMbL C HOMOUBIO
lloT u obnraunvix mexnonoeuu. B pesyrvmame Hawux uccie008aHuil
OvLIa paspabomana KOMNJIEKCHAS MOOENb 83AUMOOENCMBUs], KOMOPAs.
oxeamuvleaem 6ecb npoyecc nepedauu OaHHuIX. Ima Mooeib 00beOuHsem
cOOp OAHHBIX, AHATUMUKY, KOMMYHUKAYUOHHbBIE NPOMOKOIbL 8 PEedCUMe
peanvHozo  8pemMeHu U 0e30nacHvie  Memoobl nepeoauu  OaHMbIX.
Mooenwv sxmowaem 6 cebsi cmpykmypy 0 coopa, nepeoayu u aHaiu3da
OAHHBIX C BbICOKOU MOYHOCBIO U dPghexmuenocmolo. 3Hauumocmo
HAWux pe3yibmamos 3aKaodaemcsi 6 CHOCOOHOCMU MOOenU peuiams
Kpumuueckue 3a0aqu no coopy u 06pabomxe OaHHbIX 00 IeKMPULECKoll
MOWHOCIU, A MAKAHCEe NO MOHUMOPUH2Y U 3auume Om JJIeKMPULeCKUx
HeUCnpasHocmeti. Smu pe3yibmamsl UMerom HIPaAKmuidecKyio YyeHHOCMb
6 PA3IUYHLIX NPOMBIUIEHHBIX VCIO08USX, GKIIOHASL NPOU3800CMEO,
8bIPAOOMKY U pacnpeoesieHie SHePUU.

Kniouesvie cnosa: peneiinas 3awuma, omxpvimas apxumexmypd,
wugposanue, 06pabomrka OAHHBIX, BU3VATUAYUSL OAHHBIX, UHMEPHEm
sewyell
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OLIEHKA OCTATOYHOI O PECYPCA ®YTEPOBOK
BbICOKOTEMIMEPATYPHbIX ATPEFATOB

B oannoii cmamve paccmampusaemcsi cnocod oyenki 0cmamouHo2o
pecypca 6blCOKOMeMNEPAmypHbIX azpe2amos NepUooUtecko2o 0elcmeus
8 3A8UCUMOCIU OM APOOOINCUMETbHOCIU Paboyell KaMRAHUU pabomol
Gdymeposku. Ananuz pabomul 8bICOKOMEMNEPAMYPHBIX d2pe2amos
NOKA3bI8AEM, YMO CPOK CYHCObL 8bICOKOMEMNEPAMYPHO20 azpe2ama 00
PEMOHMA 80 MHO20M ONPeOensiemcs npoOoINCUMENLHOCIbIO PAbOmbl
dymepoexu. Imo cnpageduso i IeKmpoOy208bix nNeyell, pa3nueouHbIX
U IPOMEINCYMOUHBIX KOBUIEN U psi0a Opyeux azpezamos.

B npednazaemom cnocobe ywumovigaemcs enusnue Cieoyioujux
ghaxkmopog sxchryamayuy Ha OCMamodnbLil pecypc pabomol hymeposKu:
BO3HUKAIOWUX MEMNEPAMYPHBIX HANPAICEHUTL (CHCAMUS U PACAICEHUSL),
MAKCUMATLHOU meMnepamypsl QymeposKu, a makice noxKazameJs
Kauecmea 02HeynopHO20 Mamepuaia — npeoeia npoyHoCmu (Ha cocamue
u pacmsicenue).

Yuém daxmopos sxcnayamayuu npouzsooam npu nomowu
KOPPEKMUpyiowux Kodpouyuenmos, Komopwvie 3d6Ucim Om 6eaudunbl
OMKIOHEHUS. NAPAMEMPOS IKCHIYAMAYUU OM HOPMAMUBHO20 3HAYEHUS.

Temnepamypuvie Hanpadxicenus 8 Qymeposke ABAAIOMCA
onpeoensiowumM YCi08UueM npu oyenke OCMAmoyHo20 pecypcd, mak
KaK CHUJICeHUe MOAWunbl QymepoeKu UMEHHO 8CIe0Cmeue Oelicmeus
MeMnepamypHbix HANPANCEHU A6NAemcs: Hauboee Yacmou NpuyuHou
6616000 8bICOKOMEMNEPAMYPHBIX A2Pe2amos 8 PEeMOHM.

Tonyuennas oyenka ocmamodnozo pecypca pa3iu8ouHo20 Kosua
CO2NACYemcsl ¢ IKCHLYamayuOHHLIMU OAHHBIMU.

Ha ocnosanuu paspabomannoeco cnocoba npeonrazaemcs pso
MEXHUYECKUX U OP2AHUZAYUOHHO-YIPABICHUECKUX PEUeHUl OJisl CHUNCEHUS
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BEPOSIMHOCUL ABAPUU 8 X0O0e OdbHelell SKCIIYAMAYUL U NoGbILUEHUS
IKOHOMUUECKOU I PeKmUBHOCMU MEeXHOIOSUYECKO20 NPoYecca.

Knrouesuvie cnosa: ocmamounwlii pecype, gblcokomemnepamypHule
azpezamvl, pakmopel dKCHAYamayuu, Gymeposka, memnepamyphbvie
HAnpANCeHUs..

Brenenne

3HaueHHEe OCTAaTOYHOTO pecypca 00OpyAOBaHUS NPOMBIIIIEHHBIX
NMpEeNIpUATHH — Ba)kHAsl Ul DKCILIyaTAalMOHHOI'O IepcoHaja BeJIMYHMHA,
XapaKTepU3yIOIas CIeAyIoNe 00JacTH padoThl MPEAPUSTHS:

— IUTAHUPOBAHHE CPOKOB IIJIAHOBO-NIPEYTIPEAUTENLHBIX PEMOHTOB;

— OLIeHKa 0e30MaCHOCTH 00CIIYKUBAIOILETO IEPCOHANA;

— JIOTHCTHKA IIOCTABOK 3allaCHBIX YacTeH W MaTepUasioB VISl IPOBEICHHUS
PEMOHTOB;

— CpaBHHUTENbHBIA aHAJIU3 IOKa3zaTejlel 3KCIUTyaTallud OJHOTHITHOTO
000pyIOBaHUSI PA3ITMYHBIX MPEATPHSTHH.

OcTaTo4YHBIA pecypc BBICOKOTEMIEPATYPHBIX arperaTtoB sIBISETCS
CyMMAapHBIM ITOKa3aTesieM JIByX OCHOBHBIX rpymnm (akTopoB. Bo-mepBeix,
9TO NPOEKTHBIE PEIIeHHs, BKIIOYaroline BhIOOp MarepuasioB, U3 KOTOPBIX
H3rOTOBJIEHO 00OpYAOBaHUE, TEXHOJIOIMU NMPOU3BOACTBA U jp. K aToii rpymme
(haKTOpOB MOXHO TAaK)KE OTHECTH M KaueCTBO 3allacHBIX YacTel U MaTepUasioB.
Bo-BTOpBIX, 3TO yCIOBUS SKCILTyaTalluy, BKIIOYAIOIUE JACHCTBUE TEMIIeparyp,
JIaBJICHUH, XUMUYECKU arpeCCUBHBIX Cpell M T.[., pa3pyLIalomie JeHCTBYIOINX
Ha o0opyJoBaHue.

B ycioBusx peanpHOH 3KCIIyaTallud BO3MOXEH y4YET BIUSHUSA
BBIIIENIEPEYHCIIEHHBIX ()aKTOPOB Ha 3HAYEHHE OCTATOYHOTO pecypca 000pyA0BaHHSL.
BakHBIM /17151 OLIEHKH OCTaTOYHOTO pecypca SBISIFOTCS (PaKTOphI, B 3HAYUTEIBHON
CTEIEHH JEHCTBYIOIINE Ha HCKOMOE 3HaUEHHUE, a TAK)KE BO3/ICHCTBHE KOHKPETHOTO
(baxTOpa, OKa3bIBAIOIIETO BIMSIHNE HA 3HAYEHHE OCTATOYHOIO pecypca.

Kax ormeuator rcciejoBaHus1, CTONKOCTB (Jy TEPOBOK BHICOKOTEMITEPATYPHBIX
arperaroB B 3HAUUTEJILHON CTENEHH 3aBHCHUT OT BO3ACHCTBHS TEMIeparyp U
XMMHYECKOT0 JISHCTBUSI arpecCUBHBIX cpell. Kpome 3Toro Ha pooyKUTeNsHOCT
paboueil kammanuu pabOTHI BHICOKOTEMIIEPATYPHOIO arperara OKa3bIBaloT
BIIMSIHUE cieaylonue (aKTopbl: yCIOBUS NMPOBEIECHUS NPOMEXYTOYHBIX
PEMOHTOB, TEXHOJIOTHsI 3arpy3KH (3ajMBKH) TEXHOJIOIMYECKOro MaTepuaia
B arperar u Jp. 3ajauaMH HCCIIEIOBaHHS JUIS OLEHKH OCTaTOYHOTO pecypca
SIBJISIETCSL OTOOP (haKTOPOB AKCILTyaTallMK B 3HAYUTEIILHOM CTETIEHH BIMSIOINX
Ha IMPOAOJDKUTENBHOCTh PabOTHl (PYyTEPOBKHM M YHCIICHHAs OLEHKAa CTEICHU
BO3IeCTBIS ATUX (hakTopoB [1].
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Cy1ecTByOIINe Ka4eCTBEHHbIE U KOJTMYECTBEHHBIE CIIOCOObI, TPUMEHSIEMbIE
B HACTOsIIEe BpeMsl JIsl OLIEHKH OCTaTOYHOTO pPecypca BBICOKOTEMIIEPATYPHBIX
arperaros I10 YCJIOBUSIM HaJIEXKHOCTH PabOThI (hyTEPOBKH, B OCHOBHOM, [IO3BOJISIIOT
IIPOM3BOJIUTE OLICHKY HA OCHOBaHWH CTAaTUCTUYECKUX JAaHHBIX pabOoThI arperara
3a npeasiaymid nepuon [2, 3]. [lomydyeHHbIe TakuM 00pa3oM TaHHBIC, HE JAFOT
OOBEKTHBHON KapTUHBI TEKYILETO COCTOSHUSI arperara Ipu €ro dKCIUTyaTalu,
u B OoJyibIel CTENeHU MOAXOIST JJIS OLIEHKH pecypca arperara Ha CTaJuu
MIPOEKTUPOBAHUSL.

Pa3zpaboraH Takxke psaJ croco0OB, MO3BOJISIIOIINX YYUTHIBATh TEKYIIEe
COCTOSIHUE BBICOKOTEMIIEPATYypHOIO arperara npu U3MEpPEeHUU €ro mapaMeTpoB
B pexume on-line [4, 5]. HegocraTtkoM Takux crocoOoB IpH ONpeesIeHuN
OCTAaTOYHOTO pecypca SBISETCA y4ET BIHMSHHS TOJIBKO OJHOrO (hakTopa
9KCIUTyaTallly, HAallpUMep, TEMIIEpaTypHBIX HalpspKeHUH B (yTEpoBKe IpHU
pa3orpese WU OXJIaXKACHUU [6].

CrnenoBareibHO, HEOOXOIUMO pazpaboTarh cnocold OLEHKH O0CTATOYHOTO
pecypca paboThl BHICOKOTEMIIEPAaTYPHBIX arperaroB Ha OCHOBE CTaTHCTHYECKUX
JaHHBIX, C Y4ETOM (paKkTHUECKOTO BIMSHUS (PAaKTOPOB IKCILTyaTanuu [7].

B nmocnenHee BpeMs B MUPOBOM NPOMBIIIJIEHHOCTH, B CBSI3H C
yBeIu4YeHneM 00bEMa IPOU3BOJICTBA IPOMBIIIIIEHHOI TPOYKINH, HaOItoaeTcst
COOTBETCTBYIOIIEE yBEIUUYCHHE MOTPEOIEHUS OTHEYHOPHBIX MaTepHasoB.
Tak, cormacHO HaHHBIX OIOpO HAIMOHAJBHOW CTAaTHCTHUKHM areHTCTBA IO
CTpaTernuecKoMy IUTaHUPOBaHUIO U pedopmam Pecnyonmkn Kazaxcran 3a maii
2023 roga uMnopT orHeynopHsix usnenuil B Kazaxcran cocrasiusier 48,9 % or
obmrero morpedienus [8].

O1ieHKa 0CTaTOYHOTO pecypca GpyTepOBOK BEICOKOTEMIIEPATYPHBIX arperaroB
MO3BOJIUT HE TOJBKO CHU3UTh PACXOJA OIHEYNOPHBIX MaTepUaloB, COKPATUTh
3aTpaThl PHEPTUU HA IYCKOBBIE PEXKHMMBI, a TaKXKE TEIJIOBBbIE MOTEPH, HO U
MTOBBICUTH 0E30MaCHOCTh 0OCTy)kuBaromiero nepconana [9]. Beé ato mpuBenér
K CHIDKEHHUIO 3HEPro€MKOCTH MPOLYKIUU MPOMBIIIIEHHOTO MPOU3BOACTBA U
CHIYKEHHIO Ce0ECTOMMOCTH MTPOLYKIHH.

Marepuajibl M MeTOAbI

HccnenoBanust paboThl (yTEpOBOK BBHICOKOTEMIIEPATYPHBIX arperaToB
MepUOANYECKOr0 ACHCTBUS MOKa3ailu psii (HaKkTOPOB ONpEAeNsIonmue ux
OCTaTOYHBIN pecypc:

— Temneparypa paboTbl: BBICOKOTEMIIEPATYPHBIE arperarsl padboTaloT Npu
SKCTPEMAJIBHO BBICOKHX TEMIIepaTypax, 4TO MOXKET IPUBOJUTH K JAerpajaluu
MarepuanoB (yTepoOBKH;

— YacToTa UKIOB: NEPUOJUYECKOE NEUCTBUE BBICOKOTEMIIEPATYPHBIX
arperaroB O3HA4aeT, YTo (PyTEPOBKH I1OJIBEPTaIOTCs IOBTOPHBIM IMKJIaM HarpeBa
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1 OXJIKACHHS. ITO MOXKET IIPUBECTH K TEPMUYECKOMY YCTAIOCTH MaTepPHAIOB U
BO3HHMKHOBEHHIO TPEIVH;

— Harpysku: B nporecce paboThl BBICOKOTEMIIEPAaTYPHBIX arperaTtoB Ha
(byTEepoBKM MOTYT AEHCTBOBAaTh MEXaHUYECKUE HATPY3KH, TaKUe KaK BUOpalu,
yAapbl U IaBJICHUS. DTO MOXKET IPUBOIUTH K (PH3HUECKOMY U3HOCY MaTepHaIoB
(byTepoBKHY;

—Bo3zeiicTBre arpecCHBHBIX CPEL: B IPOLIECCE PA0OTHI BEICOKOTEMITEPATYPHBIX
arperaroB Ha ()yTEpOBKH MOTYT OKa3bIBaTh BO3/ICHCTBUE KOPPO3UH, a0pa3MBHBIX
YacTHIl WJIM XUMUYECKHUX BEHIECTB. DTO MOXET NMPUBOJUTH K OKUCIICHHIO,
BBILIETIaYMBAHUIO MJIM U3HAIIMBAHUIO MaTepHuanoB (yTepOBKH;

— KagecTBo MaTepraioB 1 KOHCTPYKIHS: Ka4ECTBO MaTepHalioB, U3 KOTOPBIX
caenaHa (yTepoBKa, U €€ KOHCTPYKLHUS MOTYT CYLIECTBEHHO BIHATH Ha ee
OCTaTOYHBIH pecypc paboThl. BEIOOP MpaBUIIBHBIX MaTepUaNIOB M ONTUMAJIbHASL
KOHCTPYKIHS ()yTEPOBKH MOTYT YBEIIMUYHTh €€ JI0JITOBEUHOCTD;

— VYcnoBus JKcmiayaTaluMU: YCJIOBHUS, B KOTOpPbIX paboraeTr
BBICOKOTEMITEPATyPHBIH arperar, Takue Kak BIaXKHOCTh, BUOpaIys, 3arpsi3HeHne
U JApyrue arpeccUBHbIE (paKTOPHI, MOTYT OKa3bIBAaTh BIUSHHE Ha OCTATOYHBIN
pecypc paboThl HyTEpOBKH.

VYyer Bcex 3THX (haKTOPOB IPHU aHAIN3€E IKCILTyaTallik BBICOKOTEMITEpaTypHBIX
arperaroB M ux (yTEepOBOK MO3BOJUT OINPEICIUTh NMPUYMHBI BOSHUKHOBEHUS
MOBPEXKACHUI U BBIOpaTh Hanbosee 3(pheKTHBHBIE METOIBI OOCITYKUBAHUS U
PEMOHTA ISl YBEIIMUCHHS UX CPOKA CAYHCObL.

IIpennaraeMblii HaMu cnoco0 MO3BOJSAET yd4ecTh pa3JIHUYHBIC
YyCIOBUS JKCIUTyaTallMd M MX BIHUSHUE Ha paboTy 00OpyAOBaHUS HIU
npoueccoB. KoppekTupyromue k03 GUIHESHTH MOTYT OBITH ONMPEACICHBI
Ha OCHOBE PE3YyJIbTATOB MCIBITAHUH, CTATUCTUYECKHX JaHHBIX HIJIHU
HKCHEPTHHIX OLEHOK. TaKuM 00pa3oM, HCIOJIb30BaHNE KOPPEKTHPYIOMNX
K03(pPUuUEeHTOB MO3BOJSIET O0Jee TOYHO y4ECTh BIHMSHUE (AKTOPOB
9KCIUTyaTallMK U TPOBECTH 0oJiee peaMCTHYHBIN YUeT IpH IIaHUPOBAHNHU
U OIleHKEe paboTocmnocoOHOCTH 000opynoBaHus win npouecca [10].

TemneparypHble HanpsDKeHUs B pyTepoBKe BO3HUKAIOT U3-32 PA3HOCTH
TeMneparyp Mexay paboueill cpenoit u GyTepoBKoii, a Takxke U3-3a
HEOAHOPOJHOTO paclpeaeNeHus TeMIIepaTyp BHYTPH arperara.

[Tpu yBenuueHNHU TeMIepaTrypbl MaTepualn QyTepoBKU pacIIupseTcs,
YTO MOXET HMPUBECTH K MOABICHHIO HampspKeHuil. OHU MOTYT BBI3BAaTh
TpemuHbl, Aepopmannio GyTEepOBKH HJIM OTCIaWMBaHUE €€ OT OCHOBHI.
[Mocrenennoe pa3zpyuieHne GyTepoBKH U3-3a TEMIIEPATYPHBIX HAIPSKCHHUH
MOXET NMPHUBECTH K CHUXKEHHIO €€ TOJIIMHBI M, KaK CIeJCTBUE, K
YMEHBIIEHHIO €€ pecypca.
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J1J1st O1IeHKH 0CTaTOYHOTO pecypca GyTepoBKH HEOOX0IUMO YUUTHIBATh
HE TOJBKO BEJIMYUHY U paclpe/ieieHue TeMIIeparyp, HO U Ipyrue GakTopsl,
Takue KakK CBOWcTBa MaTepuana (QyTEpOBKH, KaueCTBO YCTaHOBKHU W
9KCILIyaTallMOHHBIC YCIIOBUS arperara. Takyke BaKHO IPOBOAMUTH PETYISIPHOE
MOHHMTOPHHI COCTOSIHUSI (PyTEPOBKH M IPOU3BOIUTH PEMOHT WJIM 3aMEHY BOBpEMs,
YTOOBI IPEJOTBPATUTH CEPbE3HBIE TIOBPEKICHUS U aBAPUH.

Koppekrupyronmii KoahHUIUEHT ISl y4eTa BOSHUKAIONINX TEMIEPATyPHBIX
HaIpsDKEHUH MOKHO OTIPE/ICNIUTh MO GopMyIe:

Te G, — CPeHee 3HAYCHHE TEMIICPAaTyPHBIX HANPSKCHHUIT HA BPEMCHHOM
MHTEpBae, II¢ 3HAUYCHUS TEMIIEPaTyPHBIX HAIPSHKSHUH CKAaTHS W PacTSHKCHUS
TIPEBBIIAIOT pacuéTHbIC 3HaYeHune, MI1a;

O,ea — PACUETHBIC 3HAYCHUSA TEMICPATYPHBIX HANPSIKCHUH CHKATHA U
pacTsHKeHHUsI Ha BpeMeHHOM uHTepBaie, MIla;

T, — BpeMs (IPONOIDKHTENBHOCTB) TIIE SHAYEHHS TEMITEPATYPHBIX HAPSKEHHAN
CXKaTUS M PACTSHKEHHS MPEBBIIIAIOT PACUETHBIC 3HAUCHNS, .

Ha ocnHoBanmm Tabnumel 1 HaXoasAT 3HaUCHHE KOPPEKTHUPYIOIIETO
ko3¢ dunreHTa s yuéTa BO3HUKAIOIINX TEMIIEPaTyPHbIX HAITPSKEHUH CoKaThs
K1, ecnn Tpebyercs yuecTh BO3HUKAIONIIME TEMIIEPaTyPHbIE HAPSIKEHUS TIPU
CXKaTHM MaTepuana. AHAJIOTHYHO, €CJIH TpeOyeTcs y4ecTh BO3HHKAIOUINE
TeMIIEpaTypHBIC HANPSIKEHHUS NMPU PACTSKEHUHM MaTepuanaa, HaXOoIsT
KOPPEKTUPYIOMHNN KO3(D(UIMEHT I y4éTa BO3HUKAIOMINX TEMIIEPATYPHBIX
HanpspkeHnH pactshxenns K1/. Hanpumep, ecim momydeHHOE 3Ha9eHNUE BETUIHHBI
OTKJIOHEHH (TTOBBIIICHUS) HANPSDKCHNH CKATHS OT pacIETHBIX ( cocTaBisier 1,7,
TO KOPPEKTUPYIOUHMH KOI(Q(UITHEHT I yu€Ta BO3HUKAIOMNX TEMITEPaTypHbBIX
HanpspkeHui cxarus K1 Oyner pasen 1,015.

Koppexrupytommue k03 (pUIHEHTHI ONPEAESIOT OTKIOHSHHEM ITapaMeTPOB
9KCIUTyaTalluy OT HOPMAaTHBHBIX 3HAaYeHNUH 1Mo Tabmume 1.
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Tabnuna 1 —3HaueHUs KOPPEKTUPYIOMIHNX KO3 DUIIMESHTOB
3HavYeHHe KOPPEKTHPYIOIIEro KOIQdUIHEHTa, IPU BETHYMHE OTKIOHCHUS
(hakTOpa KCIUTyaTalii OT HOPMATHBHOTO 3HAUCHUS TIPH OTKIIOHEHHU
(hakTOpa IKCIUTyaTalUH:
DakTopsl
IKCILTyaTAlUH or 1.5
oT 2 110 ot 2,5 10 or 3 110 ot 3,5 1o
1o oT 4 pazu
2 pas 2,5 pa3 3 pa3 3,5 pa3 4 pa3 Bhie
TemnepatypHsbie
HATpKCHIA 1,015 1,02 1,03 1,05 1,08 1,1
TP pa3orpese
K| (nmoBbiuienue)
TemnepatypHsbie
HAMPSDKCHUS
pu 1,03 1,04 1,06 1,1 1,16 1,2
oxnaxaenun K/
(noBbILLIEHHUE)
ot 0 10 ot 2 110 oT 4 110 o ot 8 10 ot 10 1o
2% 4% 6% | OT6R08% | gy, 12%
Temnepartypa
(yreposku K, 1,01 1,02 1,03 1,04 1,05 1,06
(TIOBBIIICHIIE)
IIpenen
MPOYHOCTH
OTHEYIOPOB 1,01 1,02 1,03 1,04 1,05 1,06
Ha ckarue K|
(cHUKEHUE)
IIpenen
MPOYHOCTH
OTHEYIOPOB Ha 1,015 1,03 1,045 1,06 1,075 1,09
pactskenne K,/
(cHWKEeHue)

Ecnu 3HadueHHe MPOYHOCTU OTHEYNOPOB BhINIE HOPMHPOBAHHOTO,
TO KOPPEKTUPYIOIMUH KodpdumueHT OyaeT paBeH €IUHHUIE, TaK Kak
U3MEHEHHUEe MPOYHOCTH He TpeOyeTcs yuuThiBaTh. Eciu ke 3HaueHHE
MPOYHOCTH HHUIKE HOPMHUPOBAHHOTO, TO KOPPEKTUPYIOMHI KO PUIIHEHT
Oyner MeHpuie equHunbl. [o Tabnune 1 MOXHO ONpENeNUTh 3HAUYCHHE
KOPPEKTUPYIOMETO KO3 PHUIHESHTa B 3aBUCUMOCTH OT OTKJIOHCHHS
MPOYHOCTU OT HOPMATHUBHOIO 3HAYCHHUS. DTOT KOIPPUIMESHT yUUTHIBACT
BIHSHHE TeMIIEPaTyphl QyTEPOBKHU M IPOYHOCTH OTHEYIOPHBIX MaTEPHUAIOB
Ha OOLIYIO MPOYHOCTh KOHCTPYKIHH.
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Harpumep, npu npeBbIeHUH MaKCUMaIbHOM TeMITepaTypbl Gy TEpOBKH HaJl
e€ pacu€THBIM 3Ha4YEHHEM Ha 5 % IIPUHUMAETCS] KOPPEKTUPYIOUIHUH KO3 PUIHUEHT
1A yuéTa MaKCMManbHOH Temmeparypbl npu pabote pyreposku K, = 1,03.

3HayeHne ACHCTBUTENBHON CKOPOCTH M3HOCA MaTepHasoB (DyTEpOBKHU

, MM/CYT, KOPPEKTUPYIOT KOA(PPHUINECHTAMH, YIUTHIBAIOIIUMHU OTKIOHCHHS
[apaMeTpoB AKCIUTyaTalluy OT PacYETHBIX M0 ciIeayolei popmyse

rae K, — xoppekTupyoomui ko3QpGuuuenT s y9éTa BO3ZHHKAIOMIUX
TEeMITEpaTypHBIX HANPSDKEHUH CKATHS;

K,/ — xoppektupyromuii ko3GGuuueHT A1 y4€Ta BOSHMKAIOMMX
TEeMITEpaTypPHBIX HANPSDKEHUH PacTsHKeHUS;

K, — xoppekTupyromui xkod3pduuuent ang y4éTa MakCHMajbHOH
TeMITepaTypsl IpH padboTe GyTEepoBKH;

K, — xoppekTtupyomuii ko3GGuuueHT 1 y4éTa UCIONb30BaHuUs
OT'HEYIIOPHOTO MaTepHaja ¢ MpeeioM IPOYHOCTH Ha C)KaTHe HIKE MACIIOPTHBIX
3HAUYCHHH;

) . N

K,) — xoppekTtupyromui ko3QpQUUUEHT A yd4éTa MCHONb30BAHUA
OTHEYNOPHOI'0 MaTepHalia ¢ MpEeJeoM MPOYHOCTH Ha PACTSHKCHHE HUKE
MIaCTIOPTHBIX 3HAYCHUIA;

— pacuéTHasi CKOpPOCTh M3HOCAa MAaTEPUATIOB OTHEYMOPHOTO CJIOS
(yTepOBKH BBICOKOTEMIIEPATYpHOTO arperara NepuOANIECKOro IeHCTBHSA, MM/
cyT. PacuérHas cKopocTs M3HOCA MPUHUMAETCS] KaK CPEIHSISI CKOPOCTh M3HOCA
MaTepHaJIOB OTHEYHOPHOTO CII0sI yTEPOBKH JAHHOTO BBICOKOTEMIIEPATYPHOTO
arperara MepHOANIECKOTO AEHCTBUS HA OCHOBE CTATHUCTHYECKUX JAaHHBIX.

OcTaTouHBIN pecypc n (B cyTKax) ¢ y4€TOM 00IIET0 KOPPEKTHPYIOIIETO
Koa(dunreHTa HakTOpOB HKCILTyaTAIIH OMPENEIIOT 0 (hopMyIIe

rae 6, — TONIIKMHA OTHEYNOPHOro €0 QYTEPOBKM HAa MOMEHT OLEHKH
OCTaTOYHOTO pPecypca, MM;
d_  —MHHHMMaJIbHas TOJIHHA OTHEYIIOPHOTO CJI0Sl 0OMYPOBKH, IPH KOTOPO

MHUH

Ha BBICOKOTEMIIEpaTypPHOM arperare MeHseTcsi 0OMypOBKa, MM.
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1,1 — koadpunmenT 3anaca Uit HEYYTEHHBIX TApaMeTPOB. DTO 03HAYAET, YTO
B pacyeTrax 0CTaTOYHOTro pecypca (yTepOBKH BEICOKOTEMIIEPATyPHBIX arperaTton
MIEPUONYECKOT0 JCHCTBHSI OyleT YYUTHIBATHCS JOMOJHUTEIBHOE 3HAUCHHE,
paBHoe 10% oT pacueTHOTO 3HaucHUs. TakoW MOAX0. MO3BOJISICT 0OCCIICUYUTh
JIOTIOJTHUTENBHYIO 0€30MaCHOCTb M Y4E€CTh BO3MOXKHBIE HEYUTEHHbBIC BIHSHUS
rapaMeTpoB IKCILTyaTallii Ha OCTaTOYHBIN pecypc (yTEepOBKH.

— pacdeT CKOPOCTH M3HOCA OTHEYIOPHBIX MarepHajioB (hyTEpOBKU
BBICOKOTEMIIEPATYPHOTO arperara IMepHOJMYECKOr0 NEHCTBUS C YYETOM
OTKJIOHEHHUIl IMapaMeTpoB HKCILTyaTalluk OT PacUETHBIX, KOTOPBIA MO3BOJISIET:
OIIPEIETIUTh BEINYMHY KaXXIO0T0 U3 OTKJIOHEHHMH (OTKJIIOHEHHs BO3HUKAFOIIMX
TEMIIepaTypPHBIX HANpPSDKEHWH, OTKIOHEHHS MaKCUMaJbHOW TeMIIepaTyphbl
pu pabore QyTEepoOBKH, OTKIOHEHUS Ipejesia MPOYHOCTH HCIOJIb3YEMOTO
OTHEYNOPHOI'0 MaTepHalia HIKE MAacIOPTHBIX 3HAYEHUI), OLIEHUTh BIMSHUE
Ka)KJIOr0 OTKJIOHEHUSI Ha CKOPOCTh N3HOCA OTHEYIIOPHBIX MaTepHaoB, pAcCUUTaTh
CKOPOCTh M3HOCA OTHEYINOPHBIX MaTEepPHAIOB C YYETOM BCEX OTKJIOHEHUHU.
Jnst 5TOr0 HE0OXOAUMO YMHOXHUTHh BEIMYMHY Ka)XJ0TO OTKJIOHEHHUS Ha
COOTBETCTBYIOIINI KOA((GHUINEHT, yUYUTHIBAIOIIMHA €ro BIMSIHUE Ha CKOPOCTh
n3HOca. 3aTeM MOJTy4YeHHBIE PEe3yJIbTaThl CIOXKHUTh. Pe3ynbraTom OyeT cKkopocTh
M3HOCA OTHEYIIOPHBIX MaTEpHaIOB B MM/CYT.

PesynbTarhl 1 00cykneHns

JI714 O1IeHKH 0CTaTOYHOT'0 PeCypca OTHEYIOPHOT'O CJIOSI CTaIepa3InBOYHOIO
KOBILIAa OBUT NPOBEAEH COOP MCXOIHBIX JAHHBIX MO TEXHUYECKOMY COCTOSHHUIO
arperara: cpeaHssl IPOJOJDKUTENbHOCTh paboThl (paboyas KaMIaHHs)
CTaJIepa3IMBOYHOrO KOBIIA JI0 KalMTaJbHOTO peMoHTa cocTtasiseT 40
IJIaBOK (IIMKIJIOB); HadajbHas TOJI[MHA pabodero ciioss GyTEepoBKH H3
MEepUKIa30BBIX Kupnuued — 135 MM; MUHMMaNbHO JOMyCTHUMAas TOJIIHHA
pabouero ciost GyTepoBKU — 75 MM; CKOPOCTb CHHIKEHUSI TOJILUHEI ()yTEpOBKH
BBICOKOTEMIIEPATYPHOTO arperara — 2,86 MM/CyT; KOJIMYECTBO IUIABOK HA MOMEHT
OLIEHKU 0CTaTOYHOro pecypca — 24 (3a 12 cyTok).

KoppexTupyromue ko3¢ puuueHTsI:

- ¢ y4éTOM BO3HHKAIOUIUX TEMIEPaTypHBIX HANPSIKEHUU CXKaTHUA,
pacCUUTaHHBIX C YYETOM W3MEHEHHS TEIUIO(QU3NYECKUX U TEPMONPOYHOCTHBIX
ceoricts: K, = 1,08;

- € y4€TOM BO3HMKAIOILMX TEMIIEPATyPHbIX HanpsukeHuit pactsxenus: K /= 1,1;

- IPEBBILIEHNE TEMIIEPATYPBI B TedeHHe 25 M1aBok He 3adukcuposano: K, = 1;

- TI0 pe3yJibTaTaM MU3MepeHUs Ipezaesia IMPOYHOCTH Ha CKaThe He ObUIo
3a()MKCHPOBAHO €r0 OTKIOHEHHS OT MaclopTHOro 3Hadenus: K, = 1;

- 10 pe3yibTaTaM HM3MEpeHHs Ipejesa MPOYHOCTH Ha PACTSIKEHHE
3a()UKCUPOBAHO CHMIKEHUE 3HAYEHUs Ipejelia IPOYHOCTH MEePUKIA30BOTO
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OrHeyrnopa Ha BenuuuHy 10 2 %. 3HaueHue koddduuuenta K, npunumaem
paBHbIM 1,015.

3HayeHue JAEHCTBUTENBHONW CKOPOCTH M3HOCA MaTrepHaioB (yTEPOBKU C
yu€ToM (pakTOpOB IKCILTyaTaluy COCTaBUT 3,45 MM/CyT. 3HaYEHUE OCTATOYHOT'O
pecypcan,  COCTaBHT 7,11 cyTok.

HccnenoBanue ¢punancupyercs Komurerom Haykm MuHmncrepcraa
HAYKHM M Bbicuiero odpasosanus Pecny0amkm Kaszaxcran (rpanr
NeAP19675777).

BriBoabI

[Mony4yeHHas omeHKa OCTaTOYHOI'O0 pecypca pa3jiMBOYHOrO KOBIIA
COTJIaCyeTCsl C 9KCIUTyaTallMOHHBIMU JIaHHBIMU.

Ha ocHoBanuu paspaboranHoro criocoba npejaiaraercs psii TEXHUYECKUX
U OpraHM3alMOHHO-YIPABICHYECKUX PEIICHUH ISl CHHXKEHHUS BEPOSITHOCTH
aBapMM B XOJ/i€ JANbHEWIICH SKCIIyaTallMi M MOBBIIIEHUS dKOHOMHUYECKOH
3¢ (EKTUBHOCTH TEXHOJIOTHUECKOTO MpoIiecca.

B kadecTBe TEXHMYECKHUX PEILICHHH MOKHO BBLICIUTD CIIETYIOIIHE:

— BHEJPEHNUE CHCTEMbI MOHUTOPHHIA U KOHTPOJIS KauecTBa MPOU3BOJICTBA,
KOTOpast MO3BOJIUT OTCJIECKHUBATh U aHAIM3MPOBATH BCE ITAIbl Ipolecca
MIPOM3BOJICTBA M ONIEPAaTUBHO PEarupoBaTh Ha BOZMOXKHBIE OTKIOHEHWUS;

— aBTOMAaTH3alMs Tpolecca YIpaBiIeHUs 3aracaMi U CHaOKeHUs B LEIX
obecrieueHus TOCTOSTHHOTO HaJIMYKsl HEOOXOIMMBIX MaTepHajioB U 3alacHBIX
YyacTel /sl POBEACHHSI PEMOHTOB BOBPEMSI;

— WUCIIOJb30BaHUE COBPEMEHHBIX CHCTEM YIIpPaBJCHUs 00OpYIOBaHHEM U
MIPOrPaMMHOTO 0OeCTICUeHUsI 1Sl ONITHMH3AIIMH MPOLIECCa PEMOHTA U ITOBBILIICHHS
ero 3 PeKTUBHOCTH;

— BHEJPEHHE CHUCTEMBI TPEKMHra U KOHTPOJIS 3a BBIIOJIHEHUEM TJIAHOBBIX
PEMOHTHBIX paboT, YTO IMTO3BOJIUT CJICIUTD 38 CPOKAMH M Ka4€CTBOM MPOBEACHHS
paborT, a TakKe NpeoTBpaIaTh BOZMOKHBIE TPOOJIEMBI U 3a/ICPIKKH;

— MIPUMEHEHHE HOBBIX TEXHOJIOTHI 1 METO/IOB PEMOHTA, KOTOPHIE TIO3BOJISAT
COKpaTHTh BpeMs M 3aTpaThl HA PEMOHTHYIO JIESATEIBHOCTh U MOBBICUTH €€
KauecTBO.

OpraHu3alnuoHHO YIPaBJICHYECKHE PEIICHUS:

— MCNIOJIB30BaHHE aHAJMUTHYECKUX HHCTPYMEHTOB JIJIsl OLIPEISIICHUS IPHYHH
BO3HMKHOBEHHsI COOEB U OTKA30B 000pY/JOBaHHMS U pa3pabOTKa MEPONPHUATHI IO
WX IPENOTBPAIICHHIO;

— NPUHSITHE PEUICHWH O NMPOBEJCHUH PEryISiPHOTO TEXHHYECKOTO
00CITy>KUBaHHS U TPOPUIAKTUICCKHUX paOOT ISl OIICP KaHKs pabOTOCIIOCOOHOCTH
o0opymoBaHus;
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— MIPUMEHEHHE METOA0B KOHTPOJISI © MOHHUTOPHHTA pabOThl 000pyA0BaHUS,
YTOOBI ONIEPATHBHO BBISBIISTH BO3MOXHBIE MPOOJIEMBI M IPHHUMATH MEPHI 110 UX
YCTPaHEHUIO;

— ycraHoBieHHe 3P QEKTUBHBIX CUCTEM KOMMYHHKAIMH U COTPYAHUYECTBA
MEX/1y pa3InuHBIMU MO/IPa3AeICHUSIMH OpraHU3alliy, YTO0bI 00eceunTh 0OMeH
nHpOpManrei 1 KOOPIUHAIMIO AEHCTBUI MTPU YIPaBJICHUH 000pYIOBaHUEM.
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12345TopaitrpipoB yHHBepcuTeTi, Kasakcran Pecniy6nukace, [TaBnoaap K.
Bacem msrrapyra 18.09.23 xaObligasnas!.

KOFAPBI TEMIIEPATYPAJIBI KOHABIPTBIJIAPIBIH
KAJIABIK PECYPCBIH BAFTAJIAY

Hezizei maxanada yymeposxa jHcymbiCblHbIY HCYMbIC HAYKAHBIHBIY
y3akmoelablHa OatianHblcmsl Mep3imMOi ocep ememin dcoz2apbl
meMnepamypaivl KOHObIP2bLIapObly KalOblK pecypCblH bazanay 90ici
Kapacmulpbliadsl. XKoeapvl memnepamypaivl KOHObIP2bLIAPObIH HCYMbICHIH
manoday KepcemreHoell, Ho2apvl memnepamypaivl KoOHObLP2blHbIH
JicoHOeyee Oellinel KblsMem emy Mmep3iMi KeOiHece (ymepoeKaHvly
JHCYMBIC YaAKbIMbIMEH anblKmanaowl. by anxekmp oozanvl newmepee, Kyio
JICOHe apanvlK weminimepee JdcoHe b6acka 0a OipKkamap KOHObIp2bLIap2a
KamulCmbl.

Ycvinvinean o0ic xeneci socymuvic paxmopaapuinvly (hymeposka
JHCYMBLCHIHBIY KAJLOBIK PECYPCbIHA 9Cepin eckepedi: nauda 601amoviH
memnepamypa Kepueyaepi (Kblcy dHcoHe CO3bl1Yy), QymepoeKaHvly
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MAKCUMANObI MEMNepamypacsl, COHOAl — axK OmKa me3imoi mamepuan
Canaceinbly KOpcemKiui-oepikmix wiezi (Kblcy JHcoHe CO3bLILY).

Taiioanany paxmopnapein ecenxe any nanoarany napamempiepiniy
HOPMAMUGmMIiK MOHHEH AVbIMKY WAMACbIHG OQUIAHbICIbL MY3emy
K03 uyuenmmepiniy KomecimeH KHcypeizineoi.

Dymeposradazvl memnepamypanvik KepHeyiep Kaioblk pecypcmobl
bazanay rezinde wewyuli wapm 00aAbin MaOLLIAObI, OUMKEHI
MmemMnepamypanvly KepHeyiepoiy dcepiner mocemMHiy KaablHObl2bIHbIY
meMmeHoeyi JHco2apvl memMnepamypaivl KOHObIP2bliapObl HCOHOEY2e
wvl2apyobly ey Kon mapazat cebedi 6oavin madwviiaobl.

Kyro womiwiniy xanovix pecypcoinviy anviHean 6asacel naoaiany
Odepexmepite colikec Keeol.

O3zipieHzen 80ic He2iziHOe 00aH opi naudarany 6apvicolHoa
anam blKMUManiobleblH A3AUMY JHCOHE MEXHOIOSUSANbIK NPOYecmiy
IKOHOMUK ALK, MUIMOLIIZIH apmmulpy Yulii OipKamap mexHuKaublK HCoHe
YUBIMOACMbIPYULBLIIK-OACKAPYULBLIBIK, UEUIMOED YCIHBLIAObI.

Kinmmi ce3dep: Kanovlx pecypc, sicozapvl memnepamypaivl
KOHObIp2bLIAD, JHCYMbIC hakmopiapul, ¢ymeposka, memnepamypa

KepHeyepi.
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EVALUATION OF THE RESIDUAL LIFE OF LININGS OF HIGH-
TEMPERATURE UNITS

This article discusses a method for estimating the residual life of high-
temperature periodic aggregates, depending on the duration of the lining’s
working campaign. An analysis of the operation of high-temperature
units shows that the service life of a high-temperature unit before repair
is largely determined by the duration of the lining. This is true for electric
arc furnaces, filling and intermediate ladles and a number of other units.

The proposed method takes into account the influence of the
following operational factors on the residual life of the lining: the
resulting temperature stresses (compression and stretching), the maximum
temperature of the lining, as well as the quality index of the refractory
material — the tensile strength (compression and stretching).

Dnepeemuxanvik cepusicol. Ne 3. 2023

The factors of operation are taken into account using correction
coefficients, which depend on the magnitude of the deviation of the
operating parameters from the standard value.

Temperature stresses in the lining are the determining condition when
assessing the residual life, since a decrease in the thickness of the lining
due to the action of temperature stresses is the most common reason for
the withdrawal of high-temperature units for repair.

The obtained estimate of the residual life of the filling bucket is
consistent with the operational data.

Based on the developed method, a number of technical and
organizational and managerial solutions are proposed to reduce the
probability of an accident during further operation and increase the
economic efficiency of the technological process.

Keywords: residual resource, high-temperature aggregates, operating
factors, lining, temperature stresses.
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TEXHOJIOIMs1 HAHECEHWA OYTINIEKCHbIX
MOKPbITUA HA OETAJIN QHEPFETUYECKOIO
OBOPY[JOBAHUA

Memannoxkepamuueckue cniagvl Kapouod xpoma — HUKelb —
XpOM NPUMEHAIOM 8 Kauecmee KUCIOMOYROPHLIX MAMeEepUdaios 6
NPOMBIUTIEHHOCMU U OJIsL U320MOGTeHUs USHOCOCmOUKUx demanei. Onu
KoHuKypupytom 6 smom omuoutenuu co cnaasamu WC-Ni—Cr u TiC—
Ni(Co)—Cr. B cés3u ¢ 6bicokoll memnepamypou niaejieHus, meepoocmuio
U XUMUYECKOU cmotkocmuio gvicuiuii kapouo xpoma Cr3C2 npumensiemcs
KaK KOMHOHEHM HANIABOYHbIX CNIABOE.

B oaunoii pabome uccredyemes u npednazaemcs HO8AsL MEXHONO2USL
011 3augumsl Oemaiiell IHEPeemuUieckux obopy0osanuti pabomarowux 6
IKCMPEMATLHBIX YCAOBUSX. DA MEXHON02UsL KII0UAem 8 ceOst HaHeceHue
nokpeimuii u3 cnnasoe kapbuoa xpoma — nuxenv-xpom (Cr.C,-NiCr)
€ UCNONBL30BAHUEM OEMOHAYUOHHO20 YCMPOUCMEa U NOCICOVIOULYIO
UMNYIbCHO-RAA3MEHNYI0 0bpabomky. OnpedeneHo, umo UMRYIbCHO-
nrasmennas oopabomra (UI10) npugodum K yiyduleHuo Xxapakmepucmux
nokpvimust. Koagguyuenm mpenus nokpulmusi CHUNCAEMCs NPUMEPHO
6 06a pasza, muxpomeepoocms mamepuara nokpuimus Cr,C,-NiCr
yeenuuusaemcs ¢ npumepno 12 I'lla (nauanvhoe 3Hauenue) 00 OKOIO
16,2 I'lla, a u3HOCOCMOUKOCMb YEEeAUYUBACMCSl 80680€ NO CPAGHEHUIO
¢ Heobpabomannvim nokpvimuem. Kpome moeo, obnapyaceno, 4umo
nocne umnyibcro-niasmennot oopabomiu nokpwimue Cr.C,-NiCr
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cmanosumces 6oee yCmouuusbiM K adpasusHomy usHocy u sposuu. Taxum
obpasom, npeonazaemas OYnJIeKC MEXHOJLO2Us NO360JISIem CO30a8aAmb
6bICOKOKAYECMBEHHbLE NOKPBIMUSL U3 MEMALIOKEPAMULECKO20 MAMEPUANA
Cr,C-NiCr.

Kouesvie crnosa: memannokepamuueckue noKpvimus, HanvlieHue,
UMNYIbCHO-NIA3MEHHA 00pabomKa, ROKpvlmue, meepoocms,
UZHOCOCMOUKOCHb, 3PO3UsL

Beenenne

B Kazaxcrane okono 72 % 31neKTpOdHEPruu BeIpabaThIBACTCS M3 YIUIA,
nipuyeM 0oJ1ee MOJIOBHUHBI TEIUTOBHIX AekTpocTaHuuy (TOC) MMeroT cpeHuiA CpoK
skcrutyaraiuu Beiie 30 set. bonbias yacte o6opynoBanus TOC BeipaboTana
CBOM NPOEKTHBII M HOPMATHBHBIN pecypc, YTO OOYCIIaBINBACT CHU)KEHHE €r0
Ha/Ie)KHOCTH, BCJIEICTBHE HAKOTUICHHSI BHYTPEHHNUX M BHEITHHUX TOBPEXKICHUH.
[TosToMy, BOmpOCH! TpenoTBpamieHns: 0TkazoB obopynosanus TOC sBusercs
akTyanbHbIM. OIHOM U3 MPUUYKH 0TKa3a o0opynosaHuu TOC sBnsercs pa3pylieHe
MeTaJljla HOBEPXHOCTEH HarpeBa M yXyALIEHUE X SKCIUTYyaTallMOHHBIX CBOWCTB.

Koppo3noHHbIE B 3PO3MOHHBIE NMPOIECCH Ha MOBEPXHOCTH Harpena
(Hapy»HOI MOBEPXHOCTH TPYO) 3aBHCAT OT TOIUIMBA, HA KOTOPOM paboTaeT
KOTEeJ, ¥ cocTaBa ra3000pa3HbIX MPOAYKTOB ropeHusi. HU3KOCOPTHBIN yrob
COJICP)KUT BaHAJMH, HATPUH W Cepy B KauecTBE MpHMecel. DTH COeTUHEHUS
(30712) HaKamJIMBaIOTCS HAa MOBEPXHOCTH HAarpeBa | BEAYT K KOPPO3UH.
30J10BBIE OTJIOKEHHS pa3pyIIaloT 3aIMUTHBIN OKCUIHBIN CIIOH, KOTOPBIN Beeraa
obpasyercsi Ha Marepualie €CTECTBEHHBIM IyTEM, W MPUBOMAT K Jerpagalnuu
Marepuala BCIeJICTBUE ropsiuei koppo3un. [lociaencTsust TaHHOTO mporecca —
MIpeKparieHne paboThl yCTAaHOBKH, U HEOOXOJUMOCTh €€ TEXHUYECKOT0 PEMOHTA.
YToObI Ipeo10IeTh BCE STH HEraTHBHBIC SBICHHS, MaTepuall, HCIOJIb3yEeMbIH B
9HEPreTHYECKUX YCTAaHOBKAaX, MOXKET OBITH JIMOO 3aMEHEH JPYTMMH CIUIaBaMH,
00 Ha MOBEPXHOCTh HAHOCSTCS HE PACTBOPUMBIE NMOKPBITHS, KOTOPHIE
3alIMIIAIOT MaTepualibl B TeUEeHHe OoJiee UIUTEIBHOIO BPEMEHH, TEM CaMbIM
YBEIMYHMBAsI CPOK UX CITYKOBI.

3ammuTa OT arpecCUBHBIX BHEHIHMX BO3IEHCTBYIOIMHUX (HaKTOPOB
JeTaleldl PHEpPreTHYeCKuX 000pyAOBaHUN NMyTeM HAHECEHHS dPO3HOHHO-
KOPPO3MOHHOCTOWKUX MOKPBITHI SIBIISIETCS SKOHOMHYECKH 11eJIeCO00Pa3HBIM.
IMokpeitre Cr,C,-NiCr sBnsercs HauOonee pacnpoCTpaHEHHBIM BBIOOPOM LIS
YMEHBIICHHUS U3HOCA B YCIIOBUSX BBICOKHX TEMIIEPATyp M arpecCHBHBIX Cpes,
Omnarozapsi €ro OTJIMYHON YCTOMYMBOCTH K OKHUCIIEHUIO H KOPPO3UH 110 CPAaBHEHUIO
¢ WC-Co. [1-6]. [ina nomyuenns nokpbitus Cr,C ~NiCr npuMeHseTcst HECKOIBKO
MIPOIIECCOB PACTIBUICHNUS, TAKUX KaK JIETOHALMOHHOE pacIibliIeHue, aTMochepHoe
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ia3MeHHoe pacnbiienne (APS), a Takke BRICOKOCKOPOCTHOE KHCIOPOJHOE U
BO3ymHO-ToIUIMBHOE pacnbuieHne (HVOF u HVAF) [7-10].

B pa6ore [11-12] 6b10 0OHapyxeno, uto nokpeitue Cr,C,-NiCr,
MOJTy4EHHOE METOJIOM JE€TOHAIIMOHHOTO HAIBUICHHS! 3HAYUTEIBHO YMEHBINAET
CKOPOCTB 3PPO3HMOHHO-KOPPO3UOHHBIX IPOIECCOB U OKUCIICHHUS, TT0 CPABHEHHUIO
C MOKPBITHAMH, OIYYSHHBIX JPYTHM Ta30TEPMHUYECHKMHI METOIAMH.

3Ha4YUTENBHOE MOBBIIIEHUE CBOMCTB JIETOHAIIMOHHBIX MOKPBITHH MOXET
OBITH TOCTHUTHYTO 32 CYET BHEUIHUM BBICOKODHEPTHYHBIM BO3JCHCTBUEM .
Hawuboree 3 hexTrBHAS TEXHOIOTHS — 3TO KOMILICKCHASI UMITYJILCHO-TUIA3MCHHAS
00paboTKa, BKIFoYaroias MoAX(pUINPOBaHHE HOBEPXHOCTH: MArHUTHBIM TIOJIEM,
ANIEKTPUUECKUM TOKOM (TIOTOKOM 3apsDKEHHBIX 3JIEMEHTAPHBIX YaCTHIT), BHICOKO
IpaJleHTHON TEIUIOBOH cTpyei (rua3moi), copepikalieil MeTalinueckue u
HEeMeTaTHYeCKUe JIETUPYIoIIne J1eMeHTsI [ 13—-14].

Lenbto HacTosAIIEH pabOTHI SBISETCS N3yYSHHUE BO3MOKHOCTH MOBBIILICHUS
KOMILIeKca (PU3NKO-MEXaHUYCEKUX M TPHUOOJOTHYECKUX CBOMCTB Marepuana
SHEPTETHYECKOT0 00OPY/IOBaHNH TEIUIOBBIX CTAHIUH ITOJyYEHUEM IOKPBITHS
u3 nopoka Cr,C,-NiCr ¢ npuMeHeHHe COBPEMEHHBIX METO/IOB KyMyJIATHBHO-
JETOHAIIMOHHOTO HaHECEHHS MOKPBITHH M MOCJIENYIOIeH UX UMIYJbCHO-
IUTa3MeHHOW 00paboTKH.

Marepuaasl 1 METOABI

B kavecTBe HaNBLIAEMOro MaTepuana ucnosb3opanu nopomok Cr,C,-NiCr
(75/25) (pupmet H.C. Starck: AMPERIT® 584.054) ¢ nucniepcHOCThIO 10—45 MKM.
[MokpsITrst HaHOCKIIN Ha 00pa3Lb! 13 ctany 12X 1M® MeTo10M IeTOHAIIHOHHOTO
HaneuieHus ([{H) Ha MHOTOkamMepHOW neTOHaUMOHHOM ycTtaHoBKke [17].
YcrpolicTBo obecrieunBaeT 00pa3oBaHHe CTPYH NMPOJIYKTOB CrOpaHUs IS
YCKOPEHUsI M HarpeBa HalbUISIeMbIi TOPOIIIKa M HAHECEHHUS BBICOKOKAueCTBEHHBIX
METAUTMYECKUX U KEPAMUYECKHUX TTOKPBITHH.

Ha pucynke 1 mokazan oOuiuii BUJ MHOIOKaMEPHOTO JETOHAI[MOHHOTO
ycTpoiictBa [15]. KoHCTpYKTUBHBIE 0COOCHHOCTH MHOTOKAaMEPHOTO
JIETOHAIIMOHHOTO YCTpOWCTBA 00ECIeYrBaEeT BO3ZMOXKHOCTH JI€TOHAIIIOHHOTO
cropaHusi OEHBIX FOPIOYUX CMECEH, YTO CHM)KAaeT TeMIIepaTypy NMPOIYKTOB
CrOpaHusi, IPaKTHYECKU 0e3 CHIKEHUS X CKOpocTH. J[is yckopeHust 1 Harpesa
B CTBOJI ITOJIA€TCS /1032 TIOPOIIKA.
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W w N =

A

1 — popramepa; 2 — nUIMHAPUIECKAs KaMepa; 3 - KOIbILeBas morycdepuaeckas
Kamepa; 4 — CTBOJI; 5 — KOJbIIeBa LIeNb; 6 — CBeYa JUIs HHULUPOBAHUS
JeTOHAINY; 7, 8 — NaTYUKH JABJICHUS
Pucynok 1 — MHOrOKaMepHas IeTOHAIIIOHHAs yCTaHOBKA: 00ImmiA BUA (a) U
MPUHITUIIHATIBHAS CXeMa YCTaHOBKH (b)

Yacrora cnegoBanns geroHauuu cocrtasisier 20 ' u Beimre. I1omaga razos
1 TOPOIIKA B JICTOHALIMOHHOE YCTPOMCTBO OCYIIECTBISCTCA HEMPEPHIBHO, OT
CTaHIAPTHOTO TOPOIIKOBOTO IuTaTelns. Pacxon mopomrka — 0,9 xr/gac u BeImIe.
JlozupoBaHue ra30B ¥ MOPOIIKA U BbIAAYa MX B YCTPOWCTBO OCYHIECTBIISICTCS
ra30IMHAMHYECKIMHU YCTPOHCTBAMH 3a CUET SHEPTUH MPOTYKTOB CTOPAHUSI.

Tabnuma 1- Pacxox KOMIIOHEHTOB TOprOYel CMECH AETOHAIIMOHHOTO yCTPOICTRA.

KomnonenTsl cmecu: Pacxon, m3/4ac
02 2.92
I kamepa BO3IYX 1.33
C3H8 0.66
02 2.93
2 xamepa BO3IYX 1.43
C3H8 0.66
Tpancnoprupyromuii ras: 0,9

Jns MoauUIMPOBaHUS MOJYyYEHHOTO JI€TOHAIIMOHHOTO IOKPBITUS Ha
IIOBEPXHOCTH M3JEIMS UCIIONb30BAIU UMILYJIbCHO-IUIA3MEHHYK TEXHOJIOIHIO
(PPT). I'enepupoBaHue MMITYyIbCHOW IJIA3MOIM OCYLIECTBIISUIM HAa YCTaHOBKE
«mmynbe-6» [15].

NMnynbCHBINA 37€KTPUYECKUN TOK BBLIEIAET TEIUIOBYIO DHEPIUI0 Ha
0CJIabJICHHBIX yYacTKaX MaTepualla MOKPBITHS, UMEIOIINX MOBBIIICHHOE
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pPE3UCTUBHOE CONPOTUBJICHUE. DTO HArpeBaeT MX, BILUIOTh A0 ILIaBIEHHS,
aKTUBUPYET OU(PQY3MOHHBIE MPOLECCH U B, KOHEYHOM UTOTE «3aJICYHBACT
nedekTsl (MUKPOTPELIMHBI, TTOPHI), YBEIUYHMBAs are3UOHHBIE U KOT€3HOHHBIE
XapakTepucTuku [15].

| —neroHanMOHHAas Kamepa; 2,3 — KOaKCHAJIbHBIE JJIEKTPOIbI;
4 — 3poANpYeMBIN AIIEKTPOJT; 5 — MEKINEKTPOAHBIN 3a30p; 6 — U3/IETHE;
H — paccrosiHmEe 10 TOBEPXHOCTH N3IETHS.
PucyHoK 2 — YCTpoicTBO TSI MMITYIECHO-TIA3MEHHON 00paboTKu 00IIHii BUA
(a) m mpuHOMTIIaTBHAS cXeMa YCTaHOBKH (b).

[TapameTps! UMITYIbCHO-TIIIA3MEHHOI 00paO0TKH PUBEECHBI B TAOIHIIE 2.

Tabnuma 2 — [TapaMeTps! UMITYIbCHO-TUIA3MEHHOH 00paboTKI

ITapametp Bennunna
Hanpsoxkenue Ha koHaeHcaTopHO# Gatapeu (B) 3200
EmkocTb koHJeHCaTOpHOIT batapen (MKk®D) 960
MHIyKTUBHOCTH pa3psiiHOTO KOHTYpa (MK H) 30
YacroTa mia3MeHHbIX UMIyJbcoB (I'1) 1.2
CkopocTb mepeMenieHust (MM/ceK) 5
PaccrosiHEe 10 TOBEPXHOCTH (MM) 50

dazoBriii cocraB nokpeiTiii DS n DS/PPT m3yuanu ¢ ucnons3oBaHueM
METOZla PEHTTEHOCTPYKTYPHOTO aHalu3 Ha PEHTTEHOBCKOM IH(PaKTOMETpeE
X’PertPRO (Philips Corporation, Amcrepnam, Hunepianpr) ¢ Cu-Ka-msmyuennem
(A =2,2897 A). MukpOoTBepIOCTh TIONEPEYHOTO CEYEHUs 06PA3LOB U3MEPSIIH B
coorBercTBuM ¢ [OCT 9450-76 Ha MmukporBenomepe Meronab 502 (Metona,
Poccust). Tpubonorndeckne UCTIBITAaHKS HA TPEHNE CKOJIBKEHUS TIPOBOIAMIN Ha
tpubomerpe TRB? (Anton Paar Srl, Peseux, llIBeiiuapusi) ¢ HCIOIb30BaAHHEM
CTaH/IapTHOM METOIMKH «Iap-IHucK» (MexayHapoaHble cranaapTel ASTM G 133-
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95 n ASTM G99), rae B kauecTBe KOHTPTENA UCIOIB30BAIM IAPUK AUAMETPOM
6,0 MM, u3 cranmu ¢ nokpeitueM SiC, pu Harpyske 6 H u nuHeliHo# ckopoctn 15
CM/CEK, paluyCOM KPUBU3HKI U3HOCA 5 MM, yTH TpeHus 1200m. McnbiTanue Ha
aOpa3uBHBII M3HOC MPOBOIMIOCH HAa DKCIIEPUMEHTAIBHOM CTEHJIE C HEKECTKO
3aKpeIUIEHHBIMU a0pa3BHBIMU YaCTHLIAMHM 110 CXEME «BPAILAIOIIUICS POJIUK -
miockas moBepxHoctsy o 'OCT 23.208-79.

VcnpiTaHus Ha 3pO3UOHHYIO CTOMKOCTBH IPH KOMHATHOH TeMmmeparype
MIPOBOJWIINCH Ha CIIeUalbHOM cTeHJie B cooTBeTcTBUU ¢ ASTM G76-04. Tect
UCIIONIB30BaJI TPYOKY COILIO C ANAMETPOM 3 MM, PacroNoXeHHBIM Ha PACCTOSTHUN
10 MM OT 00Opasna yrosi HaKJIOHA HACAJIKH 110 OTHOIICHHIO K 00pa3iry Ob110 90°.
HVcnbiTanuns mpoBOIMITHCE C HCIIONb30BaHUEM adpa3uBa KBaplia AnaMeTpoM 3epHa
50 mxMm. ITpo1OmKUTENFHOCTD TECTA COCTaBIISATIA 5 MUH.

Pucynok 3 — IIpouecc ucnbitaHuii 00pa3LoB: UCIIBITAaHKS HAa CYXCe TPEHHE 110
CXeMe «IIap-TucKk» (a), UCIIBITaHue Ha aOpa3uBHBIA H3HOC
B cootrBeTcTBUM ['OCT 23.208-79 (b), uctbiTaHus HAa SPO3UOHHYIO CTOHKOCTh
B cootBeTcTBUM ASTM G76-04 (¢)

PesyabTaTsl n 00cyxK1eHHE
Ha pucynke 5 npeicraBieHbl PpEHTTEHOTPAMMBbl IIOBEPXHOCTU MOKPBITUS
1o (DS) u nocne uMmnynbcHo-11a3MeHHOM 00padoTku (DS/PPT). B nokpeiTusix
JI0 UMITYJIbCHO-IUIa3MEHHOW 00paboTKu oOHapyXeHbI cienytomue (azoBbie
cocrasnstomue: Ni-Cr-Fe, Cr,C ,Ni-Cr-Fe/ Cr,C, u Cr,C, dasbl (puc.4a). [Tocne
MIIO na nosepxHocTH oOHapyx#enbl (asbl okcuaa xpoma Cr,O, (puc.5b). ITpu
stoM, nociie 10O Ha peHTreHorpamee HaOMI0AaeTCsl POCT MHTEHCHBHOCTH ITUKOB
kapoua xpoma Cr,C,, (puc.5b), npuuuHO# KOTOPOMY SIBIIAETCSA KPATKOBPEMEHHAS
AKTUBU3ALHA TOBEPXHOCTU MOKPBITHA U3 3a UMITYJILCHOU ILJIa3Mbl, I'I€ IJIa3Ma
colepikaiias akKTHBHBIA yIJIepoJ W KHCIOpoA o0ycllaBIMBaeT NMPOTEKaHHs
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JBYX B3aMMOMCKJIIOYAIOIINX XMMHUKO TEPMHUYECKHX IPOLECCOB OKUCICHHS U
kapOropuzarmu. Codetanue TBEp/bIX (a3 OKcuaa U KapOuaa XpoMa B yIpOYHEHOH
METaJUIMYECKOH MaTpUIIE CYIIECTBEHHO IOBBIIIAET CTOMKOCTH MOJIYYEHHOI'O
MarepHana B yCJIOBUIX aOpa3sUBHOIO M3HOCA.

PucyHok 5 — PeHTreHorpaMmbl OBEPXHOCTH MaTepraia MOKPBITHS
Cr,C,-NiCr o (a) n ocsie (b) MMITYIbCHO- TTA3MEHHOH 00paboTKH

Ha puicyHke 6 mokasaH rpaduk pacrpeneeHust MUKPOTBEPAOCTH MO TONIIMHE
TIOKPBITHS IO M TI0CIIE HMITYJTECHO-TUIa3MeHHOM 00padoTkH. [ paduk 3aBucuMocTi
MHKPOTBEPAOCTH OT ToMmuHBl Matepuana MokpeiTus Cr,C,-NiCr (Puc.6)
MOKa3bIBAECT HEPABHOMEPHOE pacIpelieNieHHe TBePJOCTH: MaTepHal MOKPHITHE
BOJIM3U TOBEPXHOCTH JIETAJIH UMeeT OoJiblliee 3HAYCHHE MHKPOTBEPAOCTH B
OTJINYHE OT NMPUIOBEPXHOCTHHIX cioeB. W3 atoro mpodwis cienyer, 4To Ha
BEJINYMHY TBEPAOCTH BIHACT COACPIKaHUe TBepaod (as3bl U ee pacnpeecHie
B MOKpBITHA. OJJHAM M3 OCHOBHBIX CBOICTB OTBEYAIOIIMX 32 JOJITOBEYHOCTH
W3JIeNHi SBISETCS TPUOOJIOTHIECKHE TapaMeTphl, KOTOpbIe B HACTOALICH paboTe
OLICHMBAJIOCh 3HAYCHHEM 00BEMa U3HOCa MOKPBITHI 10 1 mocie UITO mo cxeme
«map-guck» (Puc.7a). [lo moxy4yeHHBIM 3HaYCHUSAM TPOPUIOMETpa OBLIH
MOCTPOCHBI MPO(UIIOrPaMMBI, & TaK )K€ C UCTIOJIB30BAHHEM CIICLIHAIBLHON
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Pucynok 6 — I'paduk pacnpeneneHue TBEpAOCTH IO TIyOUHE TOKPBITHI
Cr,C,-NiCr o (a) u nocse UIIO (b)

IporpaMMbl ObLIM MOJTYUeHbI 3Ha4YEHHUs ISl pacdeTa 00beMOB M3HOCA [0 U
niocie UITTO. PesynbraTsl ncnbITaHuA TOKa3aiH, uTo nocie UI1O nokpeiTre nveet
MIOBBIIICHHYIO0 W3HOCOCTOMKOCTD COTfIacHO MoATBepxkIeHNI0 PJIA 3T0 BeposiTHee
BCEro CBA3aHO ¢ nosbiieHueM joseit Cr,C, kapOounHoil pasel, koTopas obnaaer
BBICOKOM CTOMKOCTBIO K M3HOCY. COIIaCHO HMCCIIEIOBaHUIO TPHOOJIOIHIECKUX
XapaKTePUCTUK IIOBEPXHOCTH OKPHITHS YCTAaHOBIICHO, YTO UMITYJIBCHO TIa3MEHHAS
00paboTKa OKa3aja CyleCTBEHHOE BIIMSIHIE Ha 3HaUeHHE KO PUIIMEHTa TPEHNUS
MTOBEPXHOCTH MOKPHITHA (IIOHMXKEHA B 2 pa3a) U U3HOCOCTOMKOCTH (ITOBBIIICHA
MOYTH B 3 pa3a o cpaBHeHuIo ¢ 3HadeHusmu 1o UI10).

o
@

e
@

O6bem usHoca, Mm3

Lo uno MNocne UNO

Pucynoxk 7- PesynbraTsl Tpubonorndecknx ucnbitanui mokpbituii Cr,C -NiCr
1o u nocsie MIMO a)koaduimentp Tperus b) odbem n3Hoca

AOpa3uBHBII H3HOC — OCHOBHOW (aKTOp, OrpaHUYMBAIOUIHU
paboTocrocoOHOCTh OOJIBIIMHCTBA JeTallel 000pyJOBaHHS Pa3IUYHOTO
Ha3HaueHus. [[1s1 OueHKHU CTOMKOCTH MOKPBITHIA Cr3C2—NiCr 1o u nociue UITO
K abpa3sMBHOMY M3HOCY OBUIH NPOBE/ICHBI HCIBITAHMS Ha CIICIIMAIILHOM CTEH/IE.
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[Mocne xax1o0ro UCTIBITaHUS OTIPEAEISUIN TIOTEPI0 MacChl 00pa3IlioB U OLCHUBAIN
ee cpeJHee 3HaYeHHE CO CTaHJapTHBIM OTKJIOHEHHEM. Pe3ynbTaThl MCIBITAaHUH
Ha aOpa3uBHBIA W3HOC MOKa3ajH, YTO 3HAYEHHE IOTEPHU MAacChl MaTepuaa
mokpeitus ¢ UT10 6buto Menbie (0.0056 r), yem qo UT1O (0.016 1) B 2-3 paza, 4to
CBHJIETENIBCTBYET O MOBBILIEHHON CTOWKOCTH Marepuasa K abpasuBHOMY H3HOCY.
3T0 MOXXHO CBSI3aTh C HAUIMUMEM B MaTepuaie nokpbiTus nocie IO Gonpeit
JIOJIM YIPOYHSIONIeH KapOuaHo! (asbl U TBEPIBIX OKCHIOB XpOMa.

Pe3ynprarel UCIIBITAHUN HA 3PO3UI0 TIOATBEPAUIH, uTO TOKpeITUs Cr,C, -
NiCr ¢ UI1O 3HauuTEIbHO MOBBIIIAET CTOWKOCTD K 9POJIUPOBAHHBIM YaCTHIIAM.
Pacuetnas otHocutenbHas nmoreps Beca cocrtaBuna 0,1124 r. u 0,0616 . as
obpasia 6e3 IO u o6pasiia ¢ UT1O , coOTBETCTBEHHO. DTO TAK e MOXKHO CBA3aTh
C HAJIMYUEM B Marepualie nokpsITus nocie UI10 Gonblueit nonu ynpodHsomei
KapOuIHOH a3kl M TBEPABIX OKCHIOB XpOMa.

BuiBoabI

[TyTem oueHKHM 1 aHAIIN3a BCEX COOPAaHHBIX JAHHBIX, MOXKHO ChOpMyIIHpOBaTh
CJIEAYIOIE OCHOBHBIE BBIBOABI JAHHOIO HCCIeN0BaHUs. JlyIIeKC TEXHOJIOTHU
HaHECEHHS MMOKPHITUH 00ECIIEUMBAIOT, Ha ONITUMAJIBHBIX PEXKHMaXx, (POPMUPOBAHHE
Ka4eCTBEHHBIX MOKPBITUN M3 METAIIOKEPaMUYECKOr0 MaTepHaya CUCTEMBI
Cr,C,-NiCr. Umnynbcno-nnasmennas obpadotka (MIIO) cnocobeTpyer
CHW)KEHUIO 3HaUeHUsI Ko uIMeHTa TpeHUs IOKPBITHS ~ B 2 pa3a, YBEINYCHUIO
MHUKpOTBepAOCTh MaTepuana nokpeituit Cr,C-NiCr ot ~12 I'Tla (ucxonnas)
10 ~ 16,3 I'ma 1 M3HOCOCTOWKOCTH B 2 pa3a 10 CPaBHEHHUIO C HEOOpaOOTaHHBIM
TIOKPBITHEM;

[Tocie MMnyabCHO-MIA3MEHHON 0O0paOOTKM MOBBIMIAETCS CTOMKOCTH
nokpeithi Cr,C,-NiCr k abpasMBHOMY W3HAIIMBAHUIO U CTOHKOCTH K 3PO3HH.

MoXHO PEKOMEHJI0BAaTh TYIUIEKC TE€XHOJOTHIl HaHECEHUs MOKPBITHIA,
BKJIIOYAIONEH JAETOHAIIMOHHOTO HAaNbUICHUS M MOCIEAYIOIEeH UMIYyIbCHO-
TUI1a3MEHHOM 00pab0TKH, KaK ONTHMAIIBHBIH CIIOCO0 3aIUTHI TOBEPXHOCTEH AeTasei,
paboTaroIMX B SKCTPEMAJIbHBIX YCIOBHSX 9PO3HOHHOTO U a0pa3uBHOIO N3HOCA.

HNudpopmanust o puHaHCHPOBAHNH

Pabora BeimonHeHa npu ¢GuHaHCOBOH monaepxke Komurera Haykn
MuHucrepcTBa HayKu M Bbicuiero oOpaszoBaHus PecnyOnmku Kazaxcran
Ne AP09261164 «IloBblnieHHEe CTOHKOCTHU CTAJBHBIX 3JIEMEHTOB KOTJIOB
TEIUI03IEKTPOCTAHIIUU K KOPPO3UOHHOMY U A)PO3HOHHOMY U3HOCYY.
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