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PROSPECTS FOR THE DEVELOPMENT
OF RAILWAY TRANSPORT IN KAZAKHSTAN

Musayev Janat Sultanbekovich, Doctor of Technical Sciences, Academy of Logistics
and Transport, Almaty, Kazakhstan, m.zhanat@alt.edu.kz

Turkebaev Mukangali Zhambulovich, Cand.Sci.(Eng.), Academy of Logistics and
Transport, Almaty, Kazakhstan, t.mukangali@alt.edu.kz

Rita Kibitova, Cand.Sci.(Eng.), Academy of Logistics and Transport, Almaty,
Kazakhstan, r.kibitova@alt.edu.kz

Abstract. Kazakhstan occupies the ninth largest territory in the world, and in these
conditions, transport becomes the only way to overcome significant distances between regions,
this applies to both freight transport and passenger transport. Historically, the country has no
access to the seas and oceans, except for the Caspian Sea, and as a result, the main share of all
traffic is accounted for by land transport.

The needs of the development of the economy of Kazakhstan, the intensification of the
republic’'s participation in integration associations imply the implementation of effective
measures that will create conditions for the timely adaptation of railway transport to the
development of market relations, participation in international transit transport. The
implementation of such measures requires significant investments, an appropriate level of state
regulation and corporate governance, as well as training of specialists who are familiar with
modern international technologies and rules of transportation organization.

The average speed on the Kazakh railways is 50 km / h, in Russia this indicator is 70
km/h, in China - 90 km/ h, with an increase in the speed of movement on the Kazakh railways to
100 km / h, the cargo turnover will automatically double.

With the increasing potential of Kazakhstan as a transit corridor, as well as its central
position on the Asia-EU route, the country is an ideal place to create a market for transport
services such as rolling stock rental, logistics solutions and cargo transportation.

Keywords: railway transport, railway engineering, development directions, railway
transportation, transit potential
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K.C.MycaeB, M.XK.TypkebaeB, P.K.Kudurosa
Akaziemusi JJOTUCTUKHY M TpaHCIopTa, I.Anmartsl, Kazaxcran

INEPCIIEKTUBBI PABBUTUA
KEJE3HOJOPOXHOI'O TPAHCIIOPTA KA3AXCTAHA

AnHoTanus. Kazaxcran 3aHUMaeT AeBSITO€ MECTO MO IIOMAAN TEPPUTOPUH B MUPE, U B
JAHHBIX  YCJOBUSAX TPAHCIOPT CTAHOBHUTCS  E€AWHCTBEHHBIM CIOCOOOM  NPEOOICHUS
3HAYUTENIbHBIX PACCTOSHUN MEXKIy perMoHaMH, 3TO KacaeTcs Kak I'PY30BbIX IEPEBO30K, TaK U
IIEPEBO30K MACCAXUPOB. McToprueckn ClI0KUIOCh TaK, YTO CTpaHa HE HUMEET BBIX0/A K MOPSIM U
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okeaHaM, kpoMme Kacnuiickoro, u Kak pe3yiabTaT - OCHOBHas JOJISl BCEX MEPEBO30K MPUXOIUTCS
Ha CyXOITyTHbIE BUJIbI TPAHCIIOPTA.

ITorpeGHOCTH pazBuTus 3KOHOMUMKH KazaxcTaHa, MHTEHCH(UKALKS y4acTHsl pecIyOIuKu
B MHTETPALMOHHBIX OOBEIUHEHUSAX MPEAINONIATaloT MpoBeaeHne 3PPEeKTUBHBIX Mep, KOTOpHIE
HO3BOJIAT CO3AATh YCIOBUS JJIsl CBOEBPEMEHHON a/lalTalluy KeJe3HOJOPOKHOIO TPAHCIOPTa K
Pa3BUTHIO PBIHOYHBIX OTHOLICHHWH, YYaCTHI0 B MEXKIYHApOJHBIX TPAH3UTHBIX MEPEBO3KAX.
Peanuzanus mogoOHBIX MepONpUATHHA TpeOyeT NPHUBJIEUEHUS 3HAYUTENIBHBIX HWHBECTHIIMH,
COOTBETCTBYIOILIETO YPOBHS TOCYAAPCTBEHHOTO PETYIUPOBAHMS U KOPIIOPATUBHOTO YIPABJICHHUS,
a TaKKe TIOATOTOBKM CIELMAIMCTOB, BIAACIOUIMX COBPEMEHHBIMM MEXAYHApOIHBIMU
TEXHOJIOTUSIMH M TPaBWIAMU OpTaHU3alMM IE€PEBO30K, JKEIE3HOAOPOXKHBIM TPaHCIOPT,
KEJIe3HOIOPOKHOE MAIIMHOCTPOEHHE, HAIPABICHUs Pa3BUTHS, JKEJIE€3HOIOPOKHBIE NIEPEBO3KH,
TPaH3UTHBIN TOTCHIUAIL.

Kak moka3bIBaeT npakTHKa, CpelHss CKOPOCTh Ha Ka3aXCTAHCKUX JKEJIE3HBIX JOpOrax
cocraBisier 50 kM/4, B Poccum stoT mokasarenb paBeH 70 km/4, B Kutae - 90 km/4, npu
YBEJIMYEHUU CKOPOCTH [BM)KEHUS Ha Ka3aXCTaHCKHX dKeJe3HbIX goporax ao 100 km/ wac,
rpy30000pOT aBTOMAaTHYECKH BBIPACTET B JjBa Pa3a.

B craree moka3zaHo, yTO C yBeaMueHUEM Bo3MoxkHocTed Kazaxcrana B kadecTBe
TPAaH3UTHOT'O KOPUI0PA, & TAKXKE €r0 IIEHTPAIbHOE MOJIoKeHHe Ha MapiipyTe Asus - EC nenator
CTpaHy MJ€aJIbHbIM MECTOM JJIsi CO3JaHUs PBhIHKA TPAHCIOPTHBIX YCIYT, TaKUX Kak MpoKar

MOJIBUKHOT'O COCTaBa, JOTUCTUUECKHUE PEILICHUS U IEPEBO3KA IPY30B.

KinroueBbie ciaoBa: KEJIE3HOJOPOKHBIN TPaHCIOPT, KEIIE3HOAOPOKHOE
MAIIMHOCTPOCHHUE, HANpPaBICHUs Pa3BUTHS, JKEIC3HONOPOXKHBIE IEPEBO3KU, TPAH3UTHBIN
MOTEHIM A

Tpancnopr SBJIACTCS BAYKHOU 3) w3 Kwuras B IOro-Bocrounyro

OTpaciIbl0 3KOHOMHUYECKOW U IOJIUTUYECKOU
JKU3HM HalleW CTpaHbl. bosblas TeppuTopus
Ka3zaxcrana, HM3Kas IJIOTHOCTb HAaCEJICHMS,
OTIAJICHHOCTh HACEJICHHBIX IYHKTOB JIPYr OT
Jpyra, BO3pacTaroIIye MPOLECChl HHTErPaLUU
U riao0anu3aluy BO BCEM MHpE JAEIaroT ee

Asuro, B IOxnyro Asuro k HMunuiickomy
OKEaHy.

Takum  o0Opa3oMm, STOT  MPOEKT
HA3€MHOT0 MTyTH, KOTOPBIN CBSIKET KUTAUCKUE
MPOMBILIJIEHHBIE pPallOHBI Yepe3 TePPUTOPUU
Hentpansuoit  Asum, Poccum, KaBka3za,

OIHMM W3 TIPUOPUTETHBIX HampaBleHHH  Typuuu ¢ HEMEUKMMH PEYHBIMH U MOPCKUMHU

pa3BUTHSA U B HAIIEH CTPAHE. mopramMM, a OTTyAa M co Bced EBpomnon,
3HAUUTENBbHYIO  IPUBJIEKATEIBHOCTh  IpenocrasisieT KaszaxcraHy BO3MOXHOCTB

IS Ka3axcrana MpPEJICTaBIsieT  BHOBb  CTaTh  KJIIOUYEBBIM  PETHOHOM,

npeiokeHHbIH Kutaem nmpoekt «OAuH Mosic  CBSI3BIBAIOLIUM II00ATbHYIO TOPTOBIIIO.

- OJUH IyTh», LENbI KOTOPOIO SBISAETCA CoBpeMeHHbIe PBIHOYHbIE U

pa3BuUTHE OO0Jlee TECHBIX SKOHOMUYECKMX  TEONOJUTHYECKHE  TEHACHLUUH  00emaoT

cBa3ed  Mexay Asmerr u  EBpomnoi,
yriIyOJieHHe COTPYJHHUYECTBA M pacIlUpeHue

BO3pPOJIUTh JApPEBHUE apTepuu. ITO camas
OosblIasi BO3MOXKHOCTh JUISL POCTa, KOTOpas

TOYCK Pa3BUTHS B eBpasuiickom peruone [1].  Bemama Kasaxcrany mocie  oOpeTeHHS
OCHOBHbIE ~ MapuIpyThl  SKOHOMHUYECKOTO  HE3aBUCUMOCTH. Kpynueimumu
nosica lllenkoBoro myTu BeayT: 3aMHTEPECOBAHHBIMU CTOPOHAMH B CTpaHe

1) w3 Kwuras uepe3 lleHTpanbHyr0  SBJISIOTCS HaI[MOHAJIbHBIE KOMIIaHUH,

Aswuto, Poccuro 1o EBpormbl /no banTuiickoro
Mopst/.
2) w3 Kuras uepe3 llenTpanbHyro

KOTOPBIM 32 TIPEICTOSIINE TOABI HEOOXOMMO
00ecnevnTh CBOIO TOTOBHOCTh K TOJIEPIKKE
OTPOMHBIX 00BEMOB TPaH3UTA YEPE3 CTPAHY.

Asuro u 3anaanyto Asuro 1o Ilepcuuackoro [TorpeGHOCTH Ka3aXCTaHCKOMN
3anuBa U Cpen3eMHOro Mopsl. SKOHOMMKH,  WHTEHCHU(HKAIMS  ydacTus
pecnyOauKu B MHTETPAllMOHHBIX
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O00BEAMHEHUAX TMPEANONaraloT MPOBEACHUE
JNEHCTBEHHBIX MEp, IO3BOJISIIOIIMX CO34aTh
ycIoBUSL  JJIA  AJeKBAaTHOM  ajanTaluu
YKEJIE3HOJJOPOKHOTO TPAHCIIOPTA K Pa3BUTHIO
PBIHOYHBIX ~ OTHOILICHWM,  y4acTHUIO B
MEXIYHAPOAHBIX TPAH3UTHBIX IMEPEBO3KaX.
D10 Tpeldyer NpPUBICYCHUS HWHBECTHUIIUH,
COOTBETCTBYIOILETO YpOBHSI
roCy/1apCTBEHHOTO peryiupoBaHus u
KOPIIOPaTUBHOI'O  YIIpPaBJIEHUSA, a TaKKke
MOJITOTOBKU KaJIpOB, BJIQ/ICIOLIUX
COBPEMEHHBIMU MEXyHApOIHBIMU
TEXHOJIOTHUSIMU M TIpaBUJIAMH OpraHU3aIUH
[IEPEBO30K.

AKTYyallbHOCTh peaju3alliid JIaHHOTO
MeranpoeKkTa HarJsHO MOKa3bIBaeT
aKTUBHBIN ToproBbeiii Oananc Kuras ¢ EC u
MHUPOBYIO  TEHIEHIIMIO POCTAa  T'PY30BBIX
nepeBo3ok (Pucynok 1).

B T0 ke Bpems, OTCyTCTBHE
CKOPOCTHBIX KENIe3HBIX TOPOT HE IMO3BOJSET

700 -

KEJIE3HOJOPOKHOMY TpaHcnopty Kazaxcrana
BBIITH HA HOBBIM YPOBEHb pA3BUTHS, T.K.
CYLIECTBYET IpsiMas 3aBUCUMOCTb MEXAY

TeMIaMHU pa3BUTHS Ka3aXCTaHCKOMN
SKOHOMHKHM U  HaJU4yueM B  CTpaHe
COBPEMEHHOMN Pa3BETBICHHOMN

KEJIe3HOJJOPOKHOM ceTu. B Hacrosiee BpemMs
CpeIHsIi  CKOpPOCTb  Ha  Ka3axCTaHCKHUX
JKEeJIEe3HbIX Joporax cocrapiser 50 km/4. Jlns
cpaBHeHus, B Poccuu 3TOT mokazarenb paBeH
70 km/4, Kutae - 90 km/4. Eciin yBenmu4uTh
CKOpPOCTb  JIBIDKEHMSI Ha  Ka3aXCTaHCKHUX
KenesHbix goporax go 100 km/ wyac, TO
rpy30000pOT aBTOMATHYECKH BBIPACTET B JIBA
pasa. Hannune CKOpPOCTHOM
YKEJIE3HOAOPOKHON CETH - MPU3HAK Mepexo/ia
CTpaHbl M3 KaTerophH pa3BUBAIOIIUXCS B
KaTerOpHIO0 Pa3BUTHIX CTpaH Mupa. To ecTb
BBICOKAss CKOPOCTh Ha JKEJE3HBIX J0porax
nact Kazaxcrany He TOJBKO SKOHOMUYECKUM,
HO ¥ TIOJIUTHYECKUM d(PPEKT.

600
500
400
— MHAMH
300 Kutan
200
CLIA
100 : | —_— EC

2010 2020 2030

2040 2050

Hcmounux: MedxcoynapooHnoe snepeemuueckoe azeHmcmeo

Figure 1 — Dynamics of growth in demand for freight transportation in the world
Pucynok 1 — /IuHamuka pocta cipoca Ha rpy30BbI€ IEPEBO3KU B MUPE
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B Hacrosmee Bpems 16
LenTpanbHot u  BocTouHoi
npucoeiuHuInCh K npoekram  «Hosoro
skoHomuyeckoro IllenkoBoro mytu» U
«Mopckoro menkoBoro nytu XXI Beka». 1o
CBUJETEIBLCTBYET O TOM, YTO EBPOIEHCKUE
CTpaHbl Bce OOJbIIE€ HAYUHAIOT MPOSBIATH
uHtepec Kk  Kwurato  kak  mMupoBomy
SKOHOMHYECKOMY Jjmaepy. OHM  Takxke
3aMHTEPECOBAHBI B OTKPBITUUA HOBBIX PHIHKOB
cObITa EBPOIEHCKUX TOBAPOB M YCIAYr B
Asmatrcko-Tuxookeanckom  peruone. Ilo
MHEHHUIO pPa3HbIX SKCIEPTOB, 3KOHOMHUCTOB,
0o0beM BHelIHeN Toprosiu Mexay Kurtaem u
EBponeiickum  Coro30M  yke€  CEeroaHs
npesbicui 1 TpiaH. qosut. CILIA.

Kpome toro, Kuraii 3auntepecoBan B
OCYIIECTBJICHUM IIEPEBO3KM TOBAPOB U3
Snonnun, Kopen u crpan IOro-Bocrounoii
Asun (FOBA) B EBpomy, KOTOpbIE BBI30BYT
JIOTIOJIHUTEIIBHBIN pOCT ITpy30N0TOKOB Ha 350-
400 mupa. nomt. CIOA, npuuem 10 20% 31X
MIOTOKOB Ooyayt MPOXOAUTh yepes
tepputoputo Kazaxcrana, 4To mo3BOJIUT HaM
HoJTy4aTh OOJIBIIIE JOXOI0B OT TpaH3uTa [2].

Hnsa Kazaxcrana, pacnoyIO)X€HHOTO B

CTpaH
EBpornsl

LIEHTPE KpyHHEHIIero EBpazuiickoro
KOHTUHEHTa,  HEBO3MOXHO  IIEPEOIECHUTH
BAKHOCTh peanu3anuu TPAH3UTHOTO

MOTEHIMAIA CTPAHbl, YYUTBIBas, 4TO YEpe3
Kazaxcran npoxoaur mecTh xene3Hsix u 11
aBTOMOOWIBbHBIX Jopor. IllenkoBbrii myTh

bopmupyet YCIIOBHS TUISL BBIX0/1a
[lentpanpHoil  A3uMM U3  TPaHCIOPTHOU
W30JSIIMK,  CBSI3aHHOW € OTCYTCTBUEM

OpsIMOTO  BBIXOZA K OCHOBHBIM MOPCKUM
TOPrOBBIM  IyTAM  MEXIy 3amajgoM H
BoctokoMm, u B OyayuieM COEAUHHUT €€ ¢
KPYIHBIMH MEKIYHApOJHBIMH ITOPTAMHU.
Enunast  TpaHcnmopTHas — cTpaTerus
Kurtas («bonpmioli ckadok»), mporpamma
YCKOPEHHOTO Pa3BUTHSI 3a11a/IHBIX POBUHIIMIMA

KHP «Go  West»  mpemycmaTpuBaroT
peanu3anuio KPYITHBIX TPAaHCIOPTHBIX
UHQPACTPYKTYPHBIX ~ MPOEKTOB,  BKIIIOYas

CTPOUTEIBCTBO KEJIE3HOJOPOKHBIX JMHUN K
30HE CBOOOJHOW ToproBiau «Xoproc». B
HacTosuee BpeMs ToBapooOopoT mexay EC u
KuraeM wnMeeT TEHIEHIMIO TIOCTOSTHHOTO
pocta 1 k 2020 roay OH JOJKEH JOCTUTHYTH
800 mupa. momn. CIIA.

10

[Ipu »TOM J0AS TpPy30HEPEBO3OK
Mexny Kuraem m EBpornoi ysenuuurces a0
170 mun. touu [3]. Ocoboe 3HaucHHE MPH
3TOM nproOpeTaeT pa3BuTHE
BBICOKOCKOPOCTHOTO KEJIE3HOJJOPOKHOTO
TPAaHCIIOPTa, KOTOPBIM MpEaCTaBIseT COOOi
YIOOHBIH, 0e30macHbIH, THOKHH i
npupoaocoeperaomuii Bua Tpancmnopra. Ero
9KOJIOTHYECKUE XapaKTePUCTUKU u
COLIMAJIbHO-3KOHOMUYECKHE 3¢ heKThI
COOTBETCTBYIOT IEJISIM  TPAHCIOPTHON U
PErMOHAILHOM NOJIMTHKY Kak B EBporie, Tak u
B Kwurae. Ceituac o0mas mTpOTSIKEHHOCTh
BBICOKOCKOPOCTHBIX KEJIE3HBIX JOPOT B MHUPE

nocturaer mopsiaka 38 Teic. kM. CTouT
OTMETUTh, YTO JuiepamMu B olnactu
BBICOKOCKOPOCTHBIX ~ IIEPEBO30K  SIBIISIOTCS

ctpanbl Azuu: Kurait u Snonus.

Ha nomo KHP B Hacrosimiee Bpems
MPUXOJUTCS OKOJIO 65% BCEX
BBICOKOCKOPOCTHBIX jgopor. M3 127 Teic. kM
oOuiel NpPOTSHKEHHOCTH  KEJIE3HBIX JIOpOT
Kuras, 29 Tbic. KM — BBICOKOCKOpPOCTHBIE. B
CBOIO ouepelb 00mas MpOTSKEHHOCTh
BBICOKOCKOPOCTHBIX JHHMNA B crpaHax EC
y’Ke mpeBbimaer 9 ThIC. KM, M CeTh 9Ta
MPOJOJIKAET PACHIMPATHCS, TaK KaK BeAeTcs
cTpouTenbcTBO emie  okono 1600 kM
BBICOKOCKOPOCTHBIX KeJI€3HBIX JIOpOT.

B  Kazaxcrane  ygenpHbIA — Bec
CKOpPOCTHBIX cOO0IeHN B oO0mmeM oObeme
KEJIE3HOJOPOKHBIX EPEBO30K MoKa
HE3HAYUTEJIEH. Onnaxo, JTUHAMUYHO
pa3BuBaromiascsi SKoHomMuKa Kwuras u ero
OCHOBHOI Toproselii naptHép EC coznparor
MPEANOCHUIKY JJIsi Pa3BUTHUSl TpaH3UTa depes
Kazaxcran, umeromero psja OpenMylIecTB

nepen JpYTUMA TPaHCIIOPTHBIMHU
MapIiipyTaMu, a UMEHHO:

- Cokpaienue CKOPOCTH "
paccTosHus oT IPOU3BOTUTENS K

MOTpEeOUTEN0 M3 CTpaH A3MM B CTpaHBbI
EBponel. B otnnune oT Mopckoro mMapuipyra
B 3TOM HalpaBJeHHUH, TJ€ TPy3 HaAXOAUTCS B

nytu  35-40  pgHell, BpemMs  JOCTaBKH

CYXONyTHBIM ITyTEM COKpalaercs B 2-3 pasa.
- CrabunpHas MOJINTUYECKAS]

CUTyaus u OJ1aronpusTHHIN

WHBECTUIIMOHHBIN KIIMMAT B CTpaHe.
Passutne EADC nmo3Bommio co3narhb
EIUHYI0 TAMOXEHHYI0O TpPaHUIy MEXIy
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Kutaem wu crpanamu EC, uyro oOnerdaer
IPOIEeTypbl TAMOKEHHOTO 0()OPMIICHHUS.

Ilo mapaeiM MUUP PK, Tonpko 3a 5
MECSIIEB 2019 rojaa TpaH3UTHbBIE
KOHTeiiHepHbIe mepeBo3ku uepe3 Kazaxcran
BBIPOCIIM B MOJTOpa pas3a, [0 CPaBHEHHIO C
AQHAJIOTMYHBIM TEPUOJIOM NPOIUIOr0 Toja,
coctaBuB 240 Thicsy KOHTEHEpOB. [0 KOHIIa
roga ux oOBEM IUIAHUPYETCS TOBECTH [0
YpOBHS HE MeHee 18 MIJIH. TOHH, B TOM YHUCJIE
1 muH. 240 Thicau koHTeiHepoB [4]. C sToi
nensto AO  «OObeauHEHHass TPAaHCIOPTHO-
JOorucThYecKass KommnaHusi - EBpasuiickuii
eneznogopoxkusid anesiae» (OTJIK EPA -
COBMECTHOE TMPEANPUATUE >KEJIE3HBIX JOPOT
Kazaxcrana, bemapycu u P®) Bmecre c
KUTaWCKUM  JIOTUCTUYECKHM  OIEepaTopoM
Lanzhou Anting PIL Logistics 1oroBopuinch
O0BEAMHUTD YCUJIHS MO MPHUBJICYECHUIO HOBBIX
Ipy300TIIpaBUTENIE Ha JKEJIE3HblE JOPOrH
npoctpancTBa 1520 mm.

Taxxke pacTyT U Kele3HOJOPOKHBIE

MIEPEBO3KHU o Tpanckacnuiickomy
MEKIyHAPOIHOMY TPaHCIIOPTHOMY
mapuipyty (TMTM). Tak, mnocrossHHBIE
YIEHbl ~ MEXIYHAapOJHOM  JIOTHCTHYECKOU

accormanuu TMTM 3akimtouniig 10roBop o0
OPTraHU3alMU KEJIE3HOAOPOKHBIX IEPEBO30K
B Kazaxcrane KOHTEMHEpaMU yepes
Kacnuiickue noptel Akray u baky.

Tak, KazaxcranoM mno mnporpamme
«Hypisl HKOID» C 2015 roja
MOJICPHU3HUPOBAHO U BBEJICHO B
JKCIUTyaTaruioo  Oonee 2,5  ThHICIY KM

sene3nbix gopor [5]. Tonsko B 2018 roay u3
nopra Jlsauptonsran (Kurail) nmpocnenosano 6
300 moe3noB, u3 HUX 57% - MO TEPPUTOPUU
Ka3zaxcrana.

B TtecroBom pexume S5 urOId
TEKYyIIEro TOJa 3alylleHbl CMEIIaHHbIC
KEJIE3HOJOPOKHOBO3AYIIHbIE MIEPEBO3KHU

rpy3oB no Mmapmpyty Kwraii - Kazaxcran —
Typuus [6]. [To nanHbiM arenTcTBa CHHBXYA,
Ha KATANCKO-Ka3aXCTaHCKOW MEXIYHAPOIHON
Joructuyeckoil 6asze B mopty JIsHbIOHBraH
(mpoBunmmst  13stHCY, Bocrounsii Kwurait)
COCTOSIIACh Iorpy3Ka KOHTEIHEPHOT O
cocTaBa, OTIpaBKa KOTOPOTO O3HAMEHOBala
coboit Hayajuo MPSIMBIX
HKEJIE3HOJOPOKHOBO3AYIITHBIX MEePEBO30K
rpy3oB no mapuipytry Kwuraii - Kazaxcran -
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Typuusi. TpaH3uTHOE BpemMsi NOpH  HTOM
cokpauiaercs Ha 1 Hezento.
CTpoUTenbCTBO  KEIE3HOJIOPOKHBIX

JUHAA W CTPATETMYECKUX aBTOMOOMIIBHBIX
JIOpOT K 30He CBOOOJHOM TOProBiIu «XOpProc»
10 HampasieHuio «BocTok-3amany, B pamkax
€IMHOWM TpaHCHOpPTHOM cTparerun Kwutas
«bomnb1Ioi CKayOK») U MPOrpaMMbl Pa3BUTHUS

3anagubix  npopuHuumii  KHP, a  Ttaxke
JKEJIEe3HOM Joporu «Y3eHb - bepeker -
l'opran», ™O3BOJAT COKpaTUTh MapuIpyT

TPaH3UTHBIX 110€3]10B B HalpaBieHUn «CeBep
- IOr» Ha 600 kM ¥ TeM caMbIM OTKPBIBAIOT
st Kazaxcrana npsiMOM CyXOILyTHBIN BBIXOJL
B llepcuackuii 3anuB, 4TO MPUAACT UMITYJIBC
YBEJIMYEHUIO TPAH3UTHBIX IIEPEBO30K UEpe3
Kazaxcran [7].

[IpencraBuTenu  K€IE€3HOIOPOKHBIX
anmunuctpanuii PK u KHP porosopusiucek
YCUJIUTh pabOTy IO OpraHu3alyiy MEepeBO30K,
obecrieunB mpomyck depe3 JlOCThIK -
AnamaHpKoy 1O y3KOM KoJiee €KEeCyTOUHO He
Menee 10 moe3nos, mo mupokoi — 14, yepes
AnTbiHKOIBL - XOproc mo y3koil koiee - He
MeHee 12 moe3noB B CyTKH, MO MIMPOKOH - HE
meHee 4. HoBble TpaHCHOPTHBIE IPOEKTHI
no3BoJAT Ka3zaxcraHy 3a cuer MHTErpauuu ¢
CYLIECTBYIOILUMU TPAHCIIOPTHBIMU
KOpPUAOpaMH, B TOM YHCIIe KUTaCKUM «OauH
nosic - OmuH TyThb», MOJYYUTHh JOCTYI K

MOpPCKMM TOpTaM MHPOBOTO pBIHKA U
paccuMThIBaTh HAa  yBEIMYCHHE o00bema
TPaH3UTHOTO TPY30MOTOKA, IO MHEHHIO
pa3HbBIX  JKcmepToB, a0 8%  obmero
TOBapooOOpOTa MEeXIy Kuraem u
EBponeinckum cor3om.

OnHako,  BBelIEHHE  CKOPOCTHOTO
JIBIDKEHUSI TIO€3]I0B B  PECIyOJIMKE YyXKe
OTPaHUYUBACTCS napaMeTpamu

CYIIECTBYIOIIUX JKEJIE3HBIX JIOPOT U HE
CTOJIBKO MpOo(uIeM, CKOJIbKO IUIAHOM ITYTH.
TpeOyetcs MepeycTPONCTBO KPYTOBBIX
KPHBBIX. Tax, st JOCTH>KEHUS
MakcuMalibHOU ckopoctr 120 km/gac HYXHO
nepeycrpoutsb 12,5% kpussix, 140 km/yac —
okoimo 80%, m 160 xm/guac — mourum 100%
KpUBBIX [8].

KazaxcraHom Biio>KeHBI 3HAYHTETbHBIC
WHBeCTHLIMM B «Xoproc - Bocrtounsle
BOpPOTay», CYXOW MOPT Ha BOCTOYHOH T'paHUIIE
¢ Kuraewm, rie Ha ceroiHs 3aperucTpupoBaHO
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79 y4YaCTHMKOB M BEIETCS HaJlaXKUBaHUE
npousBojacta. COSCO Shipping, omun u3
KpyIHEHIIMX B  MHpPE  IOCTaBIIMKOB
JorucTudeckux ycnyr, u Lianyungang Port
Holdings Group nemaBHO mpHOOpenu 10 B
3TOM TMPOEKTe, TEM CaMbIM CJeJaB ero
TpPaHCHALIMOHAJIbHBIM, U MPEIOCTaBUB
Ka3aXxCTaHCKOM CTOpOHE BO3MOXXHOCTh
BBIUTPATh OT OFPOMHOTO OTMbITA MAPTHEPOB.

Jlpyrue 3HA4YMTENbHBIC WHBECTHIIMH
BKJIIOUAIOT  KeNle3Hyto gopory I[lankap-
beiiney, Keskazran-CakcayabCKyto
)kenesnyro gopory u Kypsikckuii nopt. B
pe3ynbTare  yBEIMYEHHWE  KOPUAOPOB U
IPOMYCKHOW CIOCOOHOCTH  YKPEMUT poiib
Kazaxcrana kak TpaH3uTHOro peruona. Ilo
OlleHKaM AKIMOHEpHOTro obmectBa «DoHJ
HaIMOHAJIbHOTO OnarococrosHus «CaMpyk-
KaspiHa», wHBeCcTHIMH B HHPPACTPYKTYPY
OyIyT  €XKeroJgHo BHOCUTh  BKJIaJI B
SKOHOMMUECKOoe pa3BuTHe Kazaxcrana Ha
ypoBae 0,1-0,2% B TeueHue ClEIYIOLIETO
JECATUIICTHS.

BrIBOABI.
Cexrtop YKEJIE3HOI0POKHOTO
MamMHOCcTpoeHuss B Kaszaxcrane wumeer

OI‘pOMHBIfI InoreHuuai, B BUAY HaJIWYUA
SHAYUTCIIBHBIX JKCJIC3HOAOPOKHBIX CeTefI, a

TaK)K€ TPAH3UTHOIO  MECTOPACIOJIOKEHHUS
mexny EBpomnoit u Azueil.

B T0 ke Bpems ¢akTuueckoe
UcUepIraHue pe3epBoB IIPOIYCKHOM

CIIOCOOHOCTH JKEJIE3HBIX aopor Kazaxcrana

TpeOyeT CO3/IaHus BBIICICHHBIX JIMHUMA IS
OpraHu3alli BBICOKOCKOPOCTHOIO JIBUKECHUS
MAaCCAKUPCKUX U YCKOPEHHOTO JBHIKEHUS
IPY30BBIX II0€3/I0B — BBICOKOCKOPOCTHBIX
MAarucTpajieu.

B mHacrosmumii MOMEHT B OTpaciu,
HECMOTPS Ha IMOCTOSHHO pacTyllee 3HauYeHUE
TPAaHCHOPTHON OTPACIU B DKOHOMHKE CTPaHbI
U pean3aliio KPYIMHBIX MEXKIyHAPOIHBIX
KEJIE3HOJJOPOKHBIX TMPOCKTOB, HAOIIOAAETCS
3HAYUTEIBHBIN cran MIPOM3BOJICTBA
MPOAYKIIMHI YKEJIE3HOAOPOKHOTO
MamuHocTpoenusi. CornacHo JaHHbiM  AQO

«HK «KTXK» 3TO 00yCIIOBJIICHO
HeOJIaronpusTHHIMU TEHJCHUUAMHU
COKpaILlCHHs cipoca Ha OCHOBHYIO

HOMEHKJIATYpy Ka3aXCTaHCKOIO 3KCIIOpTa Ha
OCHOBHBIX MEXIYHAPOAHBIX PBIHKAX,
CHMKEHHE 00BEMOB TOPrOBIIU B PETHOHE.

B o5TOi CBA3M B JTaHHOM acCIEKTe
BECbMa aKTyaJleH BOIIPOC JIuBepcUUKALUU
BBIITYCKaeMON NPOAYKLUMU. B cBsi3u ¢ ueMm,
IPEANPUATHAM HE00X0IMMO
IIPEAYCMATPUBATH BBIIIYCK HOBOM IPOIYKLUU
KOMIUIEKTYIOIIUX, IPUMEHSEMBIX B
IIPOU3BOJCTBE TEIUIOBO30B, 3JIEKTPOBO30B,
I'PY30BBIX U [TACCA)KUPCKUX BarOHOB C YYETOM

ux OKCILTyaTaluu B YCIIOBHUAX
BBICOKOCKOPOCTHBIX ~ JKEJIE3HBIX JOpOr, a
TaKke  HMX  JAJIbHEHUIIEro  CEPBHCHOTO

O6CJ'Iy>I(I/IBaHI/I$I Ha Oase ,Z[eI\/’ICTBYIOH_IeFO nIn
MOJACPHU3HUPOBAHHOI'O IMTPOMU3BOJACTBA.
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Anparna. Kazakcran onemzeri aymakrap KaTbIHACBIH/IA TOFBI3BIHIIBI OPBIH aJajbl, )KOHE
OCHI JKaFJaia KeJiKTep OHIpJIep apachlHIAFrbl €AQyip KAIlIBIKTHIKTBI €HCEPYIIH JKaJFbI3 JicCi
OoJBIN TaOBUTABI, OYJI )KYK KOJIri MEH >OJayllbUlap TachIMaJapblHA Ja KAaThICTHL Tapuxu
TYpFbIIaH ajJFaHjia, elje TeHi3Jep MEH MYXUTTapra, coHmaii-ak, Kacmmiinen Oacka, GapibIk
KOJIIKTIH HETI3T1 YJIeCi KK TypJepiHe Tyce/Il.

Kazakctan »KOHOMHKACHIH JaMBITy Ka)KETTUIIKTEpl, PECIyOJUKAHBIH WHTETPALUSIIBIK
OipJiecTIKTEpre KaThICYbIH J>KaHJAHJBIPYFa, TEMIP)KOJ KOJIriH HAapBIKTHIK KaThIHACTAPABIH
JAMYBIHA, XAJIBIKAPAJIBIK TPAH3UTTIK TaChIMalayFa YaKThUIbl OeHiMACY YIIIH XKaFaai xKacalThIH
THIMII THapajnap KojdaHaabl. MyHaai ic-mapaiapabsl iCKe achlpy MEMIICKETTIK PETTEy JKOHE
KOPITOPATHBTIK Oackapy JAeHreliHe, COHIal-aK 3aMaHayd XalbIKapaJblK TEXHOJOTHsJIAp MEH
TachIMAIIIAY/Abl YHBIMIACTBIPY €peKeNepiHe COWKeC KeNeTiH MaHbBI3[bl HHBECTUIHSIIAPIBI
TapTy/bl TAJAM €TEI.

Toxipube kepcerkenaen, Kazakctan Temip >KOJIapbIHAAFbl OpTalia >KpUIaaMablK - 50
KkM/car, Peceiine Oyn kepcetkim 70 km/car Kypaiasl, Oy kepcerkim, Kprraiima - 90 km/car
Kypaiapl, Oyn KaszakcraH Temip »KOJIapbIHIAFBl KO3FaJbIC SKburIamubiFbiMeH 100 kwm/car
KYpalThIH 00JIca, )KYK alfHAIBIMBI €Ki €Ce OCY/Ii KopCceTe/I.

Makanana Ka3zakcTaHHBIH TPaH3UTTIK JIi31 PETIHAECTI MYMKIHIIKTEpi, COH/Iali-aK OHBIH
A3us-EO OGarbITbl OOMBIHILIA OPTAJIBIK YCTAHBIMBIMEH MKBUDKbIMAJIbl KYpaM, JIOIMCTUKAJIBIK
HIenmriMaep CHUSKThI KOJIK KbI3METTepl HApPBIFBIH KYPY YIIIH MIHCI3 OpBIH alaThbIHABIFBIH
KOpCeTell )KOHE JKYK TaChIMAJIbI.

Tyiiinai ce3mep: Temip)Kon KeJiri, TEMIpXkKOJ MallMHa jKacay, AaMmy OarbITTapshl,
TEMIpPKOJ KOJiri, TPAaH3UTTIK JIeyeT
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KOJI, KYPBUIBIC ’KOHE KOTEPI'THI-KOJIIK MAIINHAJIAPBI )KOHE
ABTOMOBWJIb TPAHCIIOPTBI
JOPOXKHBIE, CTPOUTEJIBHBIE U IIOABEMHO-TPAHCIIOPTHBIE MAIIIMHbI U
ABTOMOBWJIBHBIA TPAHCIIOPT
ROAD, CONSTRUCTION AND LIFTING AND TRANSPORT VEHICLES AND ROAD
TRANSPORT

The Bulletin of Kazakh Academy of Transport and Communications named after M. Tynyshpayev,
ISSN 1609-1817, DOI 10.52167/1609-1817, Vol.8, No.3 (2021) pp. 15-21

APPLICATION OF THE INERTIAL ROTOR OF THE LOWER UNLOADING ON
MACHINES OPERATING IN CRAMPED CONDITIONS

Zhussupov Kenes Amirlovich, candidat of technical Sciences, associate Professor,
Academy of Logistics and Transport, Almaty, Kazakhstan, kenes_atabai@mail.ru

Nursobetov Alisher Bigalievich, master, Academy of Logistics and Transport, Almaty,
Kazakhstan, nalfarabi@inbox.ru

Kuanyshbaeva Asela Mukhtarovna, master, Academy of Logistics and Transport,
Almaty, Kazakhstan, kuanyshbaeva.asel@gmail.com

Yensegenov Nuraly Baynazarovich, master, Academy of Logistics and Transport,
Almaty, Kazakhstan, nuraly.ens@gmail.com

Abstract. The paper provides a brief overview of the working bodies of loaders, a new
principle of bulk material intake is selected and a small mechanization machine for loading and
unloading and transport and storage operations is developed. The advantages of the new inertial
rotor from the working bodies of the traditional design are shown. The features of the use of
inertial rotors are considered and the ways of mastering continuous excavating and transport
machines for loading and transport operations are indicated.

Almost complete mechanization of bulk materials transshipment in cramped conditions
with a reduction in labor and energy costs is achieved by a new method of excavation work
"from top to bottom™ with inertial rotors, followed by the use of continuous transport means. The
creation of equipment (complexes) for the in-line production of loading and unloading and
transport and storage operations in cramped conditions with the maximum elimination of heavy
manual labor is an urgent task. To solve this urgent problem, the authors proposed a rotary
transport complex for unloading bulk materials from wagons, warehouses and other cramped
conditions. It is based on the use of a fundamentally new working body — bucket-free or bucket
rotors with inertial unloading of the excavated material in the lower position. The rotary
transport complex consists of a single-axis intake machine and a single-axis reloading conveyor.
These two machines can work independently and in a joint arrangement.

The inertial rotor with lower unloading allows you to create a small-sized, maneuverable
and light-weight equipment for working in cramped conditions, and the analysis of its calculated
indicators clearly confirms the high efficiency of introducing a new method of conducting
excavation work into production. This is of great importance, since these problems are one of the
most promising technical tasks.

Key words: bucket and bucket-free rotor, inertial rotor, small-scale mechanization
machine, loading and unloading and transport and storage operations.
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Akanemus JIOTHCTHKY M TpaHCopTa, . AnMatsl, Kazaxcran

NMPUMEHEHUE UHEPIIMOHHOI'O POTOPA HUKHEWM PA3T'PY3KH HA
MAIIINHAX, PABOTAIOIIINX B CTECHEHHBIX YCJIOBUSAX

AHHOTanus. B paGore poOBEACH KpaTKuii 0030p MO pabodnMM OpraHaMm CYIIECTBYIOIINX
CaMOXOJIHBIX MEXaHMYECKHX pa3py3unkoB, Takux kak MBC u MI'Y, BbIOpaH HOBBIN NMPUHITUIT
3a0opa ChlIly4yero marepuaia ¥ pa3paboTaHa MallMHA MajJOd MEXaHW3alUH Ui MOTPY304HO-

pasrpy30uHbIX M  TPAHCHOPTHO-CKIIAJCKUX  padoT.

IToxazannl npeumMymecTBea HOBOI'O

MHEPIMOHHOTO pPOTOpa B CPAaBHEHUH C pabodYMMHU OpraHaMu TPAIUIMOHHOTO HCIIOJHEHHUS.
PaccMoTpeHbl 0COOEHHOCTH NPUMEHEHHsT WHEPLUUOHHBIX POTOPOB M YKa3aHbl IIyTH OCBOCHUS

9KCKaBallMOHHO-TPAHCIIOPTHBIX MallliH

HEIPEPBIBHOTO

pa3rpy30UHbIX U TPAHCHOPTHO-CKIAACKUX paboT.

JEUCTBUA  JJI1  IOTPY304YHO-

KuroueBble cj10Ba: poTOp KOBIIOBBIN U O€CKOBIIOBBIN, MHEPLUUOHHBIN pOTOP, MalllMHA
MaJIOi MeXaHu3aluK, NOrPy30YHO-Pa3rpy30uHble U TPAHCIIOPTHO-CKIIAZCKHE PaOOTHI.

AKTyaJbHOCTH padothl. Ilorpy3ouno-
pasrpy304Hble W TPAaHCIOPTHO-CKIIAJICKHE
(ITPTC) paGoTbl SABASIOTCA OOHUM U3
pacrpocTpaHeHHBIX TEXHOJIOTUIECKUX
IPOIIECCOB, IIMPOKO IMPHMEHSEMBIX BO BCEX
OTpacisix  COBPEMEHHOTO  IPOHM3BOJICTBA,
MOATOMY B HacTosiiee Bpems B crpanax CHIT
3aMEeTHO pacmmpuIoCch MIPOU3BOJICTBO
CHEIUATBHBIX TPAHCIOPTHBIX, IOTPY304HO-
pasrpy304YHBIX ~ MamiMH W YCTPOWCTB,
yIay4IIniIach opraHu3anus CKJIQJICKHX
XO3SIMCTB  HA  MPEINPUATHSAX,  TOJHSIICS
YPOBEHb KOMIIJIEKCHOM MeXaHHU3aI1H
TPYAOEMKHUX U TSDKENBIX padoT.

OnHUM U3 TPYJOEMKUX IPOLECCOB
MIOTPY30YHO-Pa3rPy30YHBIX W TPAHCIOPTHO-
CKJIAJACKUX padoT  sBISETCS Ieperpyska
CBITyYMX MaTepHajoB, KOTOpas BelIeTcs B
OCHOBHOM PYYHBIM CIIOCOOOM, OCOOEHHO, U3
TPYAHOIOCTYITHBIX CTECHEHHBIX MecCT
(BaroHel, cyna, CKJIaabl M T.1.). YPOBEHb
MeXaHU3aIIH neperpy3Ku HACHIITHBIX
MaTepHajJoB BeCbMa HHU30K, a JOJS PYyYHOTO
TpyZa OJTHUX paboT COCTaBIseT IOYTH
MOJIOBUHY OT o01ero oosema. Jta mpobdiema
emie Ooyiee ycyryossieTcsi cO CIIEKaBIIMMHUCS
CBIMTY4YUMHU MaTtepuanamMu u ux
neperpyska CoIpsbKeHa € JOMOTHUTEITLHBIMHU
3arparamu [1].

HpaKTI/I'-IeCKI/I nojJiHade  MEXaHu3alusd
NEepEerpy3Kn HACBIITHBIX MaTcpHuaJIoB B
CTCCHCHHBIX YCIOBUAX Cco CHHMXXCHHEM

16

TPYIOBBIX W  DHEPreTHYECKUX  3aTpaT
JIOCTUTAETCS HOBBIM cIrrocooom
IKCKABallMOHHBIX pabOT  «CBEpPXy BHU3»

WHEPLUUOHHBIMU POTOpPAaMHU C IOCIEIYIOIUM
UCIIOJIb30BAHUEM  CPEACTB  HENPEPBIBHOIO
TpaHCIopTa. Coznanue TEXHUKU
(KOMIUIEKCOB) ~ MOTOYHOTO  IPOM3BOJICTBA
[IPTC paboT B CTECHEHHBIX YCIOBHSX C
MAaKCHUMaJbHOW  JHUKBHJALMEH  TSKEIOrO
pydyHOro Tpyna  SIBIS€TCS  aKTyaJbHOM
3a1a4uen.

PesyabraTrel  ucciaenoBanmsa. s
pELIeHNs 3TOM aKTyalbHOW 3a/a4l aBTOpaMH
MIpeI0KEH POTOPHO-TPAaHCIOPTHBIN
kommuieke (PTK) nanst BBITpY3KHM  CBIMy4HX
MaTepUajoB U3 BaroHOB, CKJIAJOB U JIPYIHX
crecHeHHbIX ycnoBuid. PTK ocHoBan Ha
MIPUMEHEHUH IPUHLUIIAAIBHO HOBOTO
pabouero opraHa -  KOBIIOBOTO WU
OECKOBIIIOBOTO POTOPOB C HWHEPIIMOHHOU
pasrpy3koil  DKCKAaBHPYEMOIO  MaTepuaia
(OM) B HMKHEM nosiokeHuU. PoTop cHabxeH
TIBYMS (Tpems) psagamu pexyie-
TPaHCIOPTHBIX 3JIEMEHTOB (PTD),
BBIIIOJTHEHHBIX B BHJIE HOXEH, KOTOPBIMH
cpesaetrcss OM 1npu BpalleHMH UHEPITUOHHOTO
poropa (MP) «cBepxy BHU3». Cpe3aHHBbII
MaTepuana oOpyliaercs, MOAXBaThIBA€TCA U
TPAHCIIOPTUPYETCS ~ NApHBIMU  PEKYILIUMU
3JIEMEHTaMU (BP) o MMOBEPXHOCTH
pa3pabaTbiBaeMOro cjos M JOTKY, a 3aTeM
MO/ JIEHCTBUEM LEHTPOOEKHBIX, MACCOBBIX U
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WHEPLHUOHHBIX CHUJI  BBIOpachIBaeTcsi Ha
KOHBEep MO XOJay JBMXKEHHS €ro JICHTHI.
Kpome Toro, paboumii mnpouecc KomaHwus,
OCYIIECTBIISIEMbI  «CBEPXY BHHU3» KOCHIM
pe3anreM ¢ oopymeHueM DM u momadyeit ero
Ha JICHTY KOHBeHepa C  Ha4aJlbHOHU
CKOPOCTBIO, TaK)KE€ CIOCOOCTBYET CHUXKEHUIO
VACIBHBIX AHEPro3arpar TPaHCHOPTUPOBKH.
Bo3moxHOCTB HCII0JIb30BaHUSA MAaccChbl
MalIuHbl B paboueM mIpolecce KOomaHus, Mnpu
JKECTKOM MojBecke pabodyero ob60pyaoBaHMUs,
MOATBEPXKJIAET BO3MOXKHOCTh  pa3pabOTKH
CJIEKABIIMXCS HACBIITHBIX MATEPUAJIOB.

Kak mokazan ananu3 OOJIBIIMHCTBA
IIYHKTOB TEPEBO3KH 3E€PHOBBIX U JIPYTHUX
Pa3HOO0Opa3HBIX CBIITYYHX TPYy30B,
OCHOBHBIMHU cpejicTBamu Mexanuzanuu [TPTC
paboT SBISAIOTCS CAMOXOJIHBIE MEXaHUYECKHE
pasrpy3unku MBC-4M, MI'Y, mamwusbl co
CKpeOKOBO-KOHBEHEPHBIMH, KOBIIIOBO-
¢bpe3epHbIMHI, THEBMATUYECKUMU U JAPYTUMU
Pa3HOOOpPa3HBIMU  3a00pPHO-TPAHCTIOPTHBIMHU
pabourMu yCTpOMCTBAMH.

Bk 3)

I

JelicTByrone B HACTOSAIIEE Bpems
MAaIlMHbI U KOMILUICKCHI II0 CBOMM TEXHHUKO-
TEXHOJIOTHYSCKHUM rnapameTpam HE
COOTBETCTBYIOT COBPEMEHHBIM TPeOOBaHUSM
I[IPTC pabor BcieacTBUE HEAOCTATOYHO
BBICOKOM IPOU3BOJUTEIBHOCTH U HU3KOU
AKCIUTyaTallMOHHOM 3¢ peKTUBHOCTH,
MPAKTUYECKHU HENPUCIIOCOOJICHHOCTH
YCIICIIHOMY MPOBEACHUIO MEPErpy30YHBIX
MPOIIECCOB B CTECHEHHBIX YCJIOBHSIX U, B
YaCTHOCTH, BBITPY3KH HACBITHBIX MaTEPUATIOB
W3 KPBITBIX KEJIE3HOJOPOKHBIX BaroHOB,
nocraBiisieMbIx HaBasioM. [loaTomy co3zmanue
U TNPUMEHEHHE TEXHUKA C  HOBBIMHU
BBICOKOIIPOW3BOIUTEIbHBIMA UHEPIIMOHHBIMU
poTOpaMu, Kak TOKa3aJld MPEIIIeCTBYIOIIHNE
SKCIIEPUMEHTAIbHbIC HCCJICTIOBAaHUS,
SBJIIETCA TPOOJIEMON NHA M TNEpCHEKTUBOMN
CO3/IaHUsl HOBOTO HAIIPaBJICHUS] TEXHUKH IS
ITPTC pabor [2].

NP npencrasnsier coboif obevaiiky, Ha
KOTOPOM pACIOJAararoTcs ABa WIA TPU psla
HOXXEH, YCTAaHOBJIEHHBIX IOJ YIJIOM K €€
obpasytromeii (Puc.1).

6)

By

Figure 1 - Schemes of bucket (a) and bucket-free (b and c) inertial rotors for excavating bulk (b)
and dense (c) materials
Pucynok 1 - Cxembl KOBIIOBOTO (2) ¥ 6ECKOBIIOBOTO (0 U B) MHEPLIMOHHBIX POTOPOB JUIS
HKCKaBallMM HACBHIMHBIX (0) U MIOTHBIX (B) MaTepuaoB

Co3naHue TEXHUKM HENPEPHIBHOTO
nevicteuga ¢ P obecneunr:

- pe3koe MOBBIIIICHHE
MPOU3BOAUTENBHOCTU 32 CYET BO3MOXKHOCTH
MIPUMEHEHUS MOBBITIIEHHBIX CKOpOCTEN
KOMaHUs u BBICOKOM TPaHCIIOPTHOM

cnocobnoctu VP (moseimenHoi Beicotsl PTO
potopa);
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- CHW)KEHHWE YACNBHBIX JHEProsarpar
KOIIaHMs, BCJIEJCTBHUE UCIIOIB30BAHUS KOCOTO
pe3anus ¢ oopymenneM OM U BO3MOKHOCTH
BJIOJKEHUS Macchl up, pabouero
o0opy/noBaHusT WM Bcel MamuHbl (Tpu
KECTKOI mojBecke paboyero oOOpyAOBaHUS)
B TIPOIIeCC KOTIaHUS;
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- CHIDKEHHE MAacChl JKCKAaBallMOHHO-
norpy3ounoi mMamuuel (O1IM) ¢ NP, Tak kak
MOKHO  MCIOJb30BaTh  POTOP  MEHBUIMX
pa3MepoB M MacChl, a TakXke HaJln4yus
pPEaKTUBHOM cCHJBI KONAHUS B OOpaTHOM
HAIpaBJIEHUU, YTO CIIOCOOCTBYET TaKke
CHI)KCHHIO OIPOKUIBIBAIOIIEIO MOMEHTa U
oOecrieunBaeT  OOJNBIIYIO  YCTOHYMBOCTD
MaIllUHBI;

- IIOHM)KEHNE yIEIbHBIX
TPAHCIIOPTHBIX JHEPro3aTpar HEIPEPHIBHOIO
JEICTBUS, TaK KaK MaTepuai OJaeTcs Ha 3TH
CPEICTBa C HAYaJIbHON CKOPOCTHIO;

- BO3MO>KHOCTh pa3pabarbIBaTh
IUIOTHBIE W Kpemkue  mopoisl  0e3
OypOB3pbIBHOM  IMOATOTOBKM, a  TaKke
CJIeKaBLIMECS cyxue, YBJIaKHCHHbIE
MaTepuaibl, 4TO OIpPEAEsSeTCs MPOLECCOM
KOMaHUs U OEeCKOBIIOBOM KOHCTpykuued PTO
potopa u apyrue [3].

Bce st ocHoBHble noctomHcTtBa UP
FOBOPAT O 1€J1ecO00pa3HOCTH U  BBICOKOM

OTpaciisix Mpou3BOACTBA, a Takxke Ha [IPTC
paboTax, MPHUMEHHUTEIHHO KAaK K MOIIHBIM

KOMIUIEKCaM , TaKk M K MalllMHaM MaJou
MEXaHU3ALUH.

YcraHoBieHo, 4TO HauboJee
IIEPCIIEKTUBHBIMU SIBIIAFOTCS up,
KOHCTPYKLHS UM  TEXHOJIOTHUs  paboymnx
IIPOLIECCOB KOTOpPOro UMEET pan

MPEeUMYIIECTB, YKa3aHHbIE BbIlIe. B pabouem

npouecce HMP derko pasrpaHuYMBarOTCA
MPOLIECChl pe3aHUsi M KOMaHUA TPYHTOB
(mopom), T.e. Tpolecc pe3aHus  KOco

YCTaHOBJICHHBIMU HOXaMH € OOpYILICHHEM,
TPAHCIIOPTHOM M TOCJIEAYIOUIEH BBITPY3KOH
OM Ha neHty koHBeiepa. [loatomy aBTOpamu
[IpeIoKEeHa HOBasi KOHCTPYKLHUS POTOPHO-
tpancnoptHoro  komruiekca (PTK)  nmus
KOMIUIEKCHOTO 3a0opa W TOJHOM BBITPY3KU
HAChIIHBIX MAaTEpUajoOB, IOCTABIAEMbIX B
KPBITBIX JKEJIE3HOAOPOXKHBIX BaroHax. PTK
COCTOHUT U3 OJIHOOCHOW 3a00pHOI MamwuHbI |
(3M) wu  meperpy304Horo  OJAHOOCHOTO

spdexkTuBHOCTH  HUcmoiab3oBanuss WP  wa  kxomseiiepa Il (ITK). DTu nBe MamimHbl MOTYT
pa3Ho00pa3Hoi JKCKaBallMOHHO-  paboTaTh CaMOCTOSITEIBHO M B COBMECTHOM
TPaHCIOPTHOM  TEXHWKE B  pa3jIMyHbIX  KOoMIoHOBKe (Puc.2).
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Figure 2 - Rotary-transport complex for loading and unloading operations with bulk materials
Pucynok 2 - POTOpHO-TpaHCIIOPTHBIN KOMIUIEKC ISl IOTPY304HO-PA3rPy30UHBIX paboT ¢
HACBIITHBIMU MaTCpruaiaMu
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3abopHas POTOPHO-TPAHCIIOPTHAS
MammHa  (3M)  BKIIOYAaeT — OJHOOCHYIO
XOJOBYIO TEJIEKKY C paMod 3, Ha KOTOpOW
KOHCOJIBHO U JKECTKO 3aKpeIuieHa OcCh
MOBOPOTHOM KOJIOHKH 4. K MOBOpOTHOM yacTu
KOJIOHKM 4Yepe3 KpPOHWTEHH S  KECTKO
NpUKperyieHa JAByxOnouHas cTpena 6 ¢
WHEPIUOHHBIM POTOPOM 7 Ha KOHIIE, a TaKkKe
JKECTKO YCTaHOBJICHHAsl MOJIBECKA-JIOTOK &8 C
BEJIOMBIM OapabaHOM KOHBeWepa-nmuTaTess 9,
BeAyunii 6apabaH KOTOPOTO YCTaHOBJIEH Ha
crpesie. BTropoli Oomopod MallMHBI CITYXKUT
MOBOPOTHOE KoJjieco 10, KOoTOpoe MOXKET

3aHMMaTh ~ paboyee W TPAHCIOPTHOE
nonoxenus. [IpuBoj KOHBelepa-UTATENS |
poropa IPOU3BOIUTCS oT OJTHOTO

snekTpoaBurarens 11, cCOOTBETCTBEHHO uepes
LEMHYIO U 3y04aryto nepegayu 12 Ha potop, a
TaKKe LEeNHOW Iepegayel Ha KOHBeHep-
nurarens 13.

[Teperpyzounsiii  xouseitep  (IIK)
MMEET OJHOOCHYIO TEJIEeXKYy 14, Kotopas
CMEUIEHAa OTHOCUTEIBHO OCH IOBOPOTHOMU
KOJIOHKU 15, oz, KOTOPOH B
cOanaHCUPOBAaHHOM paBHOBECUH
OTHOCUTEJIBHO  OCH  TEJIeKKH  KECTKO
ycTaHoBieHa pama 16 c kouBeilepoMm 17 u
[EITHBIM MIPUBOJIOM JIEHTHI 19 oT
aneKTposaBUrarTens 18, pasmemaemMoro mnox
WK Haj pamoii [4].

3axBaT MaTepuaga IPOU3BOAMUTCS
napHbIMU HOKamu 20, pacnoJioKeHHBIMH Ha
oOedaiike poTopa, IpU BpallleHUH POTOpa H
MOBOPOTHBIX JIBUKEHUSX CTPENIbl BOKPYT OCU
KOJIOHKH,  OCYILECTBISIEMBIX  OINEPaTOPOM
pyKosThio 21.

[Ipennaraembim KOMIUIEKCOM
BBITPY3Ka CHIIYYUX MaTEpUajIOB U3 KPBITHIX
HKEJIE3HOJOPOKHBIX BaroHOB MOKET
IIPOU3BOJIUTHCS B Hayase 3a00pHON MalIuHON
| oT nBepu 10 MOMEHTa BBITPY3KH U3
CpelHeH  YacTM  BaroHa, JOCTaTOYHOMU
Uil nepememieHnss 3M  BHyTpp  BarosHa
u pa3BopoTa ee BHYTpH. ITocne
ATOr0  TNPUCOEIUHSAETCS  MEPErpy30UHBIN
kongeriep II.

Takas
obOecrieunBaeT

PTK
"

TEXHOJIOTHS  PabOThHI
Oomee MTOJTHYIO
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MIPOU3BOUTEIBHYIO MEXaHU3UPOBAHHYIO
BBITPY3KY CBHIMMYYUX MaTE€pUaIOB U3 BaroHOB
10 CPaBHEHUIO C PYYHOM pabOTOH WIH C
nomouipto neperpyzunkos MI'Y u MBC, ne
o0ecrevynBaOIIUX MOJHYI0 MEXaHHU3aIHuIo
9TUX PaboT, Tak Kak JJs TPUMEHEHUS UX
HeoOXxoauma pabora ere 2-3
BCIIOMOTaTeNIbHBIX ~ pabo4MX, KOTOphIE B
nporecce pabOThl 3THUX MallMH BPYYHYIO
JOJDKHBI TIOCTOSIHHO TMOJ0pachiBaTh 110 25-
30% He3axBaYeHHOI0 MAIIMHOW Marepuaia K
UX pabouemy oprasy.

Kpome Toro, 3HaumrtenpHas wmacca,
HAaCBIIICHHOCTh KOHCTPYKIIUHU
BBIIIICHA3BAaHHBIX NOTrpy3unkoB MI'Y u MBC
CJIO)KHBIMU TPUBOJIaMHU, HEOOXOIUMOCTh HX
BBIIIOJIHEHUSI B  AQHTUKOPPO3UITHO-CTOMKOM
UCTIOJIHEHUM U 3alllUTHl OT T0JaBacMOro
BBICOKOTO  HANpPSDKEHUS  YCIOXKHSIOT — UX
M3TOTOBJICHUE W JKCIUTyaTallMio, TOTJa Kak B
KOHCTPYKLIMHU PTK  otm TpeOOBaHMS
BBITIOJIHSIFOTCSL KOHCTPYKTHUBHO TIPOIE U C
MEHBILIMMH 3aTPATAMH.

BouiBoabl.  MHEpUHMOHHBIA  pPOTOP
HIDKHEH  pasrpy3kd  TO3BOJSIET  CO31aTh
MajorabapuTHyI0, MaHEBPEHHYI0O U MaJlOTO
BeCca TEXHUKY [Uisi paboOThl B CTECHEHHBIX
YCIIOBHSIX, @ TIPOBEJCHHBIA aHAIU3 €ro
KOHCTPYKTHUBHBIX u TEXHOJIOTHYECKUX
ToKa3aTesen HaTrJISITHO MOATBEPIKIAET
BBICOKYI0O 3G (}EeKTUBHOCT, BHEApPEHUS B
MPOU3BOJICTBO HOBOTO CcrHocoba BeaeHUs
9KCKaBaIlMOHHBIX paboT. B mocneanee Bpems

B pa3BUTUU  DKCKAaBAllMOHHOMW  TEXHUKHU
UHTCHCUBHO  BENETCA  IOMCK  CO3JaHus
BBICOKOA((PEeKTHHBIX ~ pabouMx  OpraHoB,

paboTaroIMX Ha BBICOKUX CKOPOCTSX C
MOBBIIIEHHBIM YCHJINEM KOIMAHUS U UMEIOLIUX
BBICOKYIO TpPaHIOPTHYIO CHOCOOHOCTh. B
CTaTbe TaKke yKazaHa HayyHas
HalpaBJIEHHOCTh TE€M IO Pa3paboTKe HOBBIX
KOHCTPYKLUH psana HKCKaBallMOHHO-
MOTPY30YHBIX MAIIMH. JTO HMMEET OOJIbIlIoe
3Hau€HWe, TaK KaK JaHHble TMPOOJIEeMBbI
SBIAIOTCS.  OJHOM M3  IEPCIEKTHBHBIX
TEXHUYECKUX 3aJjay Ha COBPEMEHHOM JTarle.
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AngaTna. Makanazna TUETIITEpAiH KYMbIC OpraHAapblHa L0y KacalfaH, CyChIMalbl
KYKTEpIi THEYAIH >XaHa MPUHIMI TaHIAIBIN, THEY-TYCIpy JMKOHE TachIMalaay-KOHMabIK
JKYMBICTapFa apHajfaH Killl MeXaHUKaJaHAbIPY MAIIMHACHIHBIH KOHCTPYKLMSCHI OEpiireH.
YCHIHBUIBITT OTBIPFAH KaHA WHEPUUSIBI POTOPABIH KOJIAHBICTAFbl KYMBIC OpraHJIapbIHAH
apTHIKUIBLIBIKTAPEl KOpceTUIreH. MHepuusiasl poTopasl MalJalaHyIblH epeKIIeTIKTepl KOHE
ONapJIbIH HETI31HJEe OHIMILIIr KOFapbl Y3MIKCi3 KUMBUIIAFBl THEY-TYCIPY JKYMBICTapbhIHA
apHaJIFaH SKCKaBallMsUIbIK-TaChIMa1ay MAallMHAIAPBIH KacayAblH KeJelleri KopCeTUIreH.

EnOex jxoHe 3Heprus WIBIFbIHIAPBIH a3aiiTa OTHIPBIIN, Tap ayKbIMJIbI JKaFaaiiapaa yiinai
JKYKTEpA1 THEYAl TOJIBIK MEXaHUKaJaHIbIpYFa  Y3/IKCI3 KOJIK KypaJJapblH Ke3eriMeH
naijganaHy apKbUIbl HMHEPUUSIIBIK pOTOpJIapMeH '“KorapbljaH TeMmeHre" Kapailh Kasy
JKYMBICTAPBIHBIH JKaHA OMICIMEH KOJ JKeTKi3yre Ooiiambl. AybIp KOJ €HOEriH OapbIHIIA KOs
OTBIPBITI, Tap Karjgailiapia THEY-TYCIpy JKOHE KONIKTIK-KOHMa IKYMBICTAPBIHBIH AaFbIH]IBIK
OHIIPICIHIH TEXHHMKACHIH (KEIICHAEPiH) KYpy Ka3ipri TaHJa ©3eKTi Mocesie OOJIbII TaObLIaIbl.
Ocel  ©3eKTI MOceJeHI MIelly MakKCaThblHIa MakKajiaga aBTopiap CyChIMallbl KYKTEpAl
BaroHjapjaH, KoWManapiaH *oHe 0acka Jla Tap ayMmMakTapllaH TYCipyre apHajifaH POTOpPJIbI-
TachIMaJIAyIIbl KemIeH i YChIHABL. O TyOereiini jkana >KyMbIC OPTaHbIH — YKCKaBAIMUIAHATHIH
MaTepuaiapabl TOMEHT1 >KaFgaija WHEPHMSUIBIK TYCIPETIH INOMIIITI HEMece IIeMIIICi3
poTopiapAbl  KOJNJaHyFa Heri3fenreH. PoTopibl-TackIMangaylibl KemieH OipochTi IKHHAY
MAaIIMHACBIHAH oHE OipOoChTi KalTa THey KOHBeWepiHeH Typajbl. bys eki malinHa e3JiriHeH
KEKe JIe JKOHE OipIIecilt Te KYMBIC iCTeH anajpl.

TeMeHri *KykTemell HHEPUUSIIBIK POTOpP Tap ayKbIMJIbI Karaillapaa KYMBIC iCTeyre
apHaJFaH [IaFBIHKOJIEMl, MAaHEBPJIK JKOHE cajMarbl a3 TEXHHUKAJIApIbl Kacayra MYMKIHIIK
Oepeni, aln OHBIH €CENTIK KOPCETKIIITEPIH Taljay 3KCKaBaLUSJIBIK KYMBICTApAbl KYPTi3yAiH
JKaHa JIICIH OHIIPICKE SHT13Y/IiH KOFaphl THIMIUTITIH JOJICICH/II.

Tyiiingi ce3mep: meMimTi >XOHE MIOMINICI3 POTOpP, WHEPUUSUIBI POTOp, Kimi
MeXaHUKaIaHIBIPY MalIMHACKI, THEY-TYCIpPY ’KOHE TachIMaJ1ay-KOHMAIIBIK KYMBICTAPHI.
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Abstract: The start of work on the high-speed highway has become a real technological
challenge. Since we are talking about a new high-tech railway facility, there is a need for
fundamentally new engineering and technical solutions, innovative approaches to conducting
surveys, designing, building and operating new rolling stock and infrastructure.

High accuracy in the design, construction and maintenance of the railway track is of key
importance in the creation of a high-speed highway. A thorough analysis of the experience of the
world's leading organizations in China, Japan and European countries, specializing in the
creation and operation of high-speed highways, shows that the most effective system-technical
solution is the transition to the use of high-precision coordinate methods of design, construction
and maintenance management of infrastructure and rolling stock.

It is precisely the high-precision coordinate methods that open the way to the transition to
the operation of the infrastructure in the design position. And this, according to the world's
leading experts, is an opportunity to reduce the cost of the current maintenance of such an
expensive infrastructure by 20-30%.

The technical solution that ensures the use of coordinate methods in the™ end-to-end "
technological life cycle of infrastructure objects is the creation of a high-precision coordinate
system along the directions of the high-speed highway.

Keywords: high-speed rail-highway, carriers, 30 developed countries, economy,
transcontinental transit, network

Introduction. A high-speed line is a  passengers at a speed of 140 to 200 km / h
specialized railway line designed for trains  along modernized lines. The first public high-
with high speeds from 200 to 400 km / h.  speed railroad was built in Japan. The
Under high-speed traffic - transportation of  Japanese Railways Administration created a
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high-speed rail project between the high-
traffic cities of Tokyo and Osaka in 1956-
1958. The Japanese found that with the
installation of a special track and more
powerful engines, the train can reach speeds
of up to 270 km / h. So on the Tokyo-Osaka
line, the travel time was reduced from 6 hours
40 minutes to 2 hours 25 minutes. Today,
these lines carry about 125 million passengers
a year. By the end of the 20th century, the
experience of Japan was adopted by: Italy,
Spain, France, Germany and Belgium. By the
beginning of the XXI century, the speed of
trains had already increased to 380 km / h.

In Europe, the first high-speed rail
networks were created in France in 1981, and
since the early 1990s - in Germany, Italy,
Spain, Sweden, and Great Britain. In 1994,
Eurotunnel high-speed trains opened under
the English Channel. After its construction, a
high-speed train Eurostar began to run
between Paris and London under the strait.
The construction of tunnels allows you to
cross the sea straits without ferry
communication. In 1985, after the start of the
French network of high-speed electric trains
TGV, the Transport Commission of the
European Union (hereinafter - EU) put
forward a number of important proposals for
organizing high-speed traffic in Europe.

Initially, the proposals to combine the
HSR into a single network concerned only
highways created by the national French
railway operator SNCF, but soon international
projects were also created. Since 2002, high-
speed and high-speed railway lines of
Western European countries have been
integrated into the pan-European railway
network with a length of about 15 thousand
km. In 2008, with the help of Siemens, the
HSR was built in China. High-speed train
traffic made it possible to switch the main
passenger traffic from airplanes to railways. If
in 2008 almost all high-speed trains were
purchased from Japan, Germany and France,
then by 2011 China had already established its
own production based on these samples. Now
Chinese factories produce their own trains
every year, some of which are exported.

According to the plans of the PRC, by
2020 the length of high-speed railway lines in
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China will reach 30 thousand kilometers,
covering all cities with a population of 500
thousand people.

The extension of the broad gauge 1520
from the city of Kosice (Slovakia) to Vienna
(Austria) will connect Asia with Europe via
the Trans-Siberian Railway. The Trans-
Siberian Railway connects the European part,
the Urals, Siberia and the Far East of Russia,
the Russian western, northern and southern
ports, as well as railway exits to Europe, on
the one hand, with Pacific ports and railway
exits to Asia.

The launch of the Moscow-Vienna
high-speed  railway  will allow the
transportation of goods and passengers from
China to Europe within three days. The
existing infrastructure makes it possible to
provide cargo delivery from the eastern to the
western borders of Russia in at least seven
days. The traditional delivery time is 9-10
days. The transfer of transit cargo to rail
transport is one of the priorities of the EU, as
evidenced by the constant reloading at the
Malaszewicz station located on the border of
Poland and Belarus. In 2017, the volume of
international cargo transportation in the
Russia-Austria route amounted to 523.3
thousand tons, an increase of 3 times
compared to 2016.

The railway track in Russia is 1520
mm wide, and the European railway track is
1435 mm wide. It is planned that the broad-
gauge railway to Europe will go to Bratislava
with access to Vienna and the creation of an
international logistics center on the Danube.
The extension of the 1520 gauge to the center
of Europe is objectively necessary in
conditions of competition with the sea mode
of transport. According to the calculations of
the Austrian Ministry of Transport, the project
will cost 6.5 billion euros. Construction work
is scheduled to begin in 2023 with completion
by 2033. Operational and information systems
are to be improved to speed up customs
clearance. The project to create a new
Eurasian  transport corridor is  being
implemented jointly by the railways of
Austria, Slovakia and Ukraine. The work is
carried out within the framework of the joint
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venture "Breitspur  Planungsgesellschaft",
registered in Austria in 20009.

The BVO consortium of companies
Bernard (Austria) - Walbeck (Slovakia) -
Obermeier (Germany), selected on the basis
of open tender procedures, completed work on
a full feasibility study of the project. As part
of the feasibility study, the analysis of cargo
flows was clarified, the Deloitte company
developed a business plan and a business
model of the project. HSR "Eurasia” is the
largest international project, part of the "One
Belt - One Road" initiative, which involves
the integration of high-speed rail networks in
Europe and China. Its implementation will
increase the competitiveness of railway
transport, create significant socio-economic
and agglomeration effects.

The total length of the Beijing -
Moscow - Berlin highway will be 9,447 km,
covering the territory of six countries: China,
Russia, Kazakhstan, Belarus, Poland and
Germany. The basic routing of the line across
the territory of Russia and Kazakhstan has
already been agreed. The length of the
highway through the territory of Russia is
2,366 thousand km along the route "Krasnoe
(border with Belarus) - Moscow - Kazan -
Yekaterinburg - Chelyabinsk - Zolotaya
Sopka (border with Kazakhstan)". The
Russian section can be covered in 9.5 hours,
the Brest - Dostyk section in 19.5 hours at an
average speed of 250 km / h. The cost of the
Russian section of the Eurasia HSR is
estimated at 3.58 trillion. rubles. The total
capital expenditures for the construction of
the Brest - Dostyk section amount to 7.08
trillion. rubles, the section "Dostyk - Urumgi*
- 0.76 trillion. rubles.

Due to the lack of world analogues,
high-speed freight rolling stock is designed on
the basis of a passenger one. The basic
structure is 12 cars, the maximum speed will
reach 350 km / h. The estimated cost of one
freight and passenger train is estimated at 2.7
billion rubles. Forecasts of freight and
passenger traffic along the Eurasia corridor
are based on the work carried out by
PricewaterhouseCoopers and the Center for
Infrastructure Economics. Passenger traffic on
the Eurasia HSR by 2050 is estimated at 36.9
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million passengers per year. According to
preliminary calculations, the planned revenue
of the Eurasia HSR in 2050 should amount to
2.77 trillion. rubles, while the largest part of
the income will come from freight
transportation. By that time, the highway
should carry 11.9 million tons of cargo per
year. With a total trade turnover in the EU-
China direction of 144 million tons per year,
the construction of the Eurasia highway will
not radically affect the global supply chains.
The Russian strategy for the development of
high-speed rail links includes the Moscow -
Kazan route, with an extension to
Yekaterinburg, and then through Kazakhstan
to Beijing, within the framework of the New
Silk Road project. The Moscow - Kazan
section is the first stage of the large high-
speed line Eurasia. The site is currently being
designed by a Russian-Chinese consortium.
The commissioning of the Moscow-Kazan
high-speed railway is scheduled for 2023. The
line of the first high-speed rail will pass
through the territory of 7 constituent entities
of the Russian Federation: Moscow and the
Moscow region, the Vladimir and Nizhny
Novgorod regions, the Chuvash Republic, the
Republic of Mari El and the Republic of
Tatarstan. The high-speed rail will connect the
capitals of the regions with a single 790 km
long route. with stops in 16 settlements of
different sizes. The operational speed of the
trains will be up to 360 km / h, with
transportation within 3.5 hours.

China intends to invest more than 600
billion rubles in the project, subject to the use
of Chinese technologies. The launch of the
high-speed rail will lead to an increase in the
level of consumption of services and goods,
new jobs will be created to meet demand, and
housing construction will increase. More than
370 thousand jobs will be created at the
construction stage in various sectors of the
economy. Only in the manufacturing industry
it is planned to create 155.2 thousand jobs.
Due to the multiplier effects after the
construction of the Moscow - Kazan HSR, the
aggregate increase in the domestic regional
product (hereinafter GRP) for the first 10
years of HSR operation will amount to 9.3
trillion rubles. A special place in the project of
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the highway is occupied by the ballastless
structure of the superstructure of the track,
which is the main design solution. The high-
speed rail project carries out a qualitative
transition in the creation of a railway track
from the classical technology using crushed
stone and sleepers to a monolithic concrete
structure. Almost a third of the Moscow-
Kazan high-speed rail route will run over
bridges and overpasses. To ensure high-speed
traffic and not impede the movement of
vehicles, the designers needed to get rid of
intersections with the existing road transport
network. The high-speed rail does not cross at
the same level with other transport lines and
solves the problem of long waiting times at
railway crossings. The project uses unified
structures of artificial structures (split beam
systems and continuous reinforced concrete
beam systems) and the structure of the
subgrade. The traffic safety system is
maximally automated, excludes the influence
of the "human factor”. The construction of the
first Russian high-speed railroad is carried out
by Russian enterprises.

The start of work on the high-speed
line has become a real technological
challenge. Since we are talking about a new
high-tech railway facility, there is a need for
fundamentally new engineering solutions,
innovative approaches to research, design,
construction and operation of new rolling
stock and infrastructure. High precision in the
design, construction and maintenance of a
railway track is of key importance in the
creation of a high-speed line. A thorough
analysis of the experience of the world's
leading organizations in China, Japan and
European countries specializing in the
creation and operation of a high-speed
highway, carried out by specialists, indicates
that the most effective system and technical
solution is the transition to the use of high-
precision coordinate methods of design,
construction and maintenance of
infrastructure and mobile composition. A
technical solution that ensures the use of
coordinate methods in the "end-to-end"
technological life cycle of infrastructure
facilities is the creation of a high-precision
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coordinate system along the directions of the
high-speed highway.

Modern railway communication is
unthinkable without high speeds as the basis
for the innovative development of railways
and an effective tool for solving important
socio-economic problems on a national scale.
The implementation of high-speed and high-
speed traffic projects will make a significant
contribution to eliminating bottlenecks in the
transport system of Russia and will allow to
remove a number of restrictions on economic
growth by increasing budget revenues and
gross regional product, developing domestic
engineering, tourism and other related sectors
of the economy.

The construction of a high-speed
highway network and high-speed lines is
provided for by the wupdated Transport
Strategy of the Russian Federation for the
period up to 2030 and is taken into account in
the Forecast of the country's socio-economic
development. All of these documents imply
the strengthening of the investment
orientation of economic growth, based on the
creation of modern transport infrastructure
and high-tech industries.

The issue of creating an integrated
transport network using high-speed and high-
speed railway communication has been
conceptually worked out with government
departments, regions and business.

Conclusion.

Today we can say with confidence that
high-speed and high-speed traffic means
ensuring the integration of territories at a new
level, creating conditions for increasing the
mobility of the population and increasing the
efficiency of the use of labor resources,
reducing the delivery time of goods, new
opportunities for the growth of the country's
economy, for the development of regions.
Moreover, this is a fundamentally different
quality of life for people, the successful
implementation of the transit potential of
Russia and close integration into the Eurasian
transport space.

The implementation of high-speed and
high-speed traffic is, first of all, large
innovative projects in the field of creating
transport infrastructure, rolling stock, the
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formation of new technologies and transport
ideologies. All this is possible only on the
basis of the results of a spectrum of scientific
research, which are of a breakthrough nature.
Obtaining new scientific
achievements, modern knowledge and

competencies is impossible without a deep
analysis of world experience, fundamental,
exploratory and applied research, the presence
of a scientific infrastructure, whose activities
are aimed at achieving competitive results.
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AHHoTauusi. Havano pa®oT 1o BBICOKOCKOPOCTHOH MarucTpaji CTajo peallbHbIM
TEXHOJOTMYECKMM BbI30BOM. [lockosibKy peub HIAET O HOBOM BBICOKOTEXHOJOTMYHOM
KEJIe3HOJIOPO’KHOM OOBEKTE BO3HHMKAET MOTPEOHOCTh B NPUHUMIHMAIBHO HOBBIX HMHKEHEPHO-
TEXHUYECKHUX  PEIICHUSAX, HWHHOBALIMOHHBIX IOAXO0JaX K IPOBEACHUI0  W3BICKAHUH,
IIPOEKTUPOBAHUIO, CTPOUTEIBCTBY W OKCIUIyaTallud HOBOIO IIOJBHMXKHOTO COCTaBa U
UH(PaCTPyKTYPBHI.

KitoueBoe 3HaueHue B CO3JaHUM BHICOKOCKOPOCTHONW MarucTpaiy MpHoOpeTaeT BHICOKas
TOYHOCTb IPU TNPOEKTUPOBAHUHU, CTPOUTENHBCTBE U COJAEP)KAHUU SKEJIE3HOJOPOKHOIO IYyTH.
ITpoBenénHbIl cnenualIncTaMu TILATENIBHBIA aHAIU3 OIbITAa BEAYIIMX MHUPOBBIX OpraHU3aluil
Kuras, SlnoHun u eBponenckux CTpaH, CICHHAIM3UPYIOIUXCSA HA CO3JAHMM M JKCILTyaTalluu
BBICOKOCKOPOCTHOI MarucTpanu, CBUIETENbCTBYET O TOM, 4YTO Haubosiee 3¢(PEeKTUBHBIM
CUCTEMHO-TEXHUYECKUM DELIEHUEM SIBISETCS IEpPEX0J K HCIOJIb30BAHUIO BBICOKOTOYHBIX
KOOPJAMHATHBIX METOAOB IPOCKTUPOBAHUS, CTPOUTENBCTBA M YIPABICHHUS COIAEPKAHUEM
MH(QPaCTPYKTYpPhl U MOJBUKHOTO COCTABA.

VIMEHHO BBICOKOTOYHBIE KOOPIMHATHBIE METOJbI OTKPBHIBAIOT IyThb K IIEPEXOAY Ha
AKCIUTyaTalMl0 MH(PACTPYKTypbl B IPOEKTHOM IOJOKEHHUU. A 3TO, 0O MHEHHIO BEIYLLIUX
MHUPOBBIX JKCIEPTOB, BO3MOXHOCTb COKpAalICHMs 3aTpaT Ha TEKYLIEe COJIEp)KaHHUE CTOJb
noporocrosiieit nHppacTpykTypsl Ha 20-30%. TeXHUYECKUM pelieHHeM, 00eCIICUNBAIOIINM
IIPUMEHEHUE KOOPAMHATHBIX METOJOB B «CKBO3HOM» TEXHOJIOTMYECKOM >XHU3HEHHOM LUKIIE
00BEKTOB HMH(PACTPYKTYpHI, SBISETCS CO3JAAHME BJOJIb HANpPABICHUH BBICOKOCKOPOCTHOMN
MarucTpajiv BBICOKOTOUHOW KOOPINHATHON CUCTEMBI.

KuroueBble cji0Ba: BHICOKOCKOPOCTHAs jKeJe3Has Jlopora, nepeBo3unku, 30 pa3BUTHIX
CTpaH, 5)KOHOMHUKA, TPAHCKOHTUHEHTAIIbHBIA TPAH3UT, CETh

YKOFAPBI ’KBLITAMIBIKTBI TEMIP KOJIBIHBIH DKCILTY ATAIMSJIBIK
MPUHIIATITEPI MEH TEXHOJOTHSIJIAPEI

buturos Epmek, wMaructpant, Jloructuka xoHe KOJIK aKaJAeMUsChl, AJIMaThl,
Kazakcran, ermekktze@mail.ru, 8 702 2099920

Bex:kanoB Jlunap, TeXHUKa FRUTBIMIAPBIHBIH KaHAUAATHI, O0ac aupekTop Temip Tyimap
JKIIIC, Anmatsr, Kazakcrand.bekzhanov@internet.ru

Bex:kanoBa CayJje, TeXHUHKA FBUIBIMJAPBIHBIH JOKTOpHI, JIOrMCTHKA >KOHE KOJIK
akagemuscel, Anmatel, Kaszakcran, S.bekzhanova@bk.ru

Angarna: JKorapbl KbUITAMJIBIKTBI MarucTpanb OOMBIHINIA KYMBICTapAbIH OacTalybl
HaKThl TEXHOJIOTUSUIBIK ChIH-TereypiHre aifHainel. JKaHa >KOFapbl TEXHOJOTHMSUIBIK TEMIpXKOJl
00BEKTICI Typajbl €e3 KO3FalaThIHJBIKTAH, aHAa WHXCHEPIIK-TEeXHUKAJBIK IIenrmMepre,
1371eCTipyJep Kypri3yre, *KaHa KbUDKbIMAJIBI KypaM MeH MH(paKypbUIbIMBI XKoOanayra, caayra
YKOHE NailananyFa HHHOBALMSIIBIK TOCUIAEPre KaXKETTUTIK TybIHAaHIbI.

Xorapsl KbULTAMABIKTHl MarucTpajAbl Kypy/Aa TEMIPKOJIbI xKobanay, caiy koHe KYTIIl
ycTay Ke3iHJeri >KOFapbl TOJIIIK MaHbI3Abl MoHre ue Ooianbl. MamaHaap >Kypri3reH »oraphbl
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XKanonusHblH xoHe Eypomna engepiHi )KeTeKIIl aJIeMAIK YHBIMAAPBIHBIH TOKIpHOECIHE MYKHST
TaNAay €H THIMI JKYHeTiK-TeXHUKAJIBIK IIeIiM HHOPAKYPhUIBIM MEH KXBUDKBIMAIBI KYPaMHbBIH
Ma3MYHBIH KOOalayJblH, CalTyAblH >KoHE OacKapyablH >KOFapbl JSJMIKTI KOOPAWHATTHIK
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ENSURING TRAIN SAFETY ON HIGH-SPEED RAIL-HIGHWAY

Abstract: Modern high-speed trains in normal operation develop speeds of up to 350-400
km / h, and in tests they can even accelerate to 560-580 km/h. Due to the speed of service and
high speed of movement, they seriously compete with other modes of transport, while
maintaining such a property of all trains as low cost of transportation with a large volume of
passenger traffic. For the first time the regular movement of high-speed trains began in 1964 in
Japan under the Shinkansen project. In 1981, VSNT trains began to run in France, and soon most
of Western Europe, including even the island of Great Britain, became connected by a single
high-speed rail network. At the beginning of the XXI century, China became the world leader in
the development of a network of high-speed lines, as well as the operator of the first regular
high-speed maglev.

In Russia, the regular operation of high-speed trains "Sapsan”, on common tracks with
conventional trains, began at the end of 2009. Since 2013, the idea of building the first
specialized high-speed railway Moscow-Kazan (cargo-passenger) for the national high-speed
traffic system has been discussed.

Most of the high-speed trains carry passengers, but there are varieties designed for the
transport of goods. For example, the French service La Poste has used special TGV electric
trains for 30 years, which served to transport mail and parcels (their operation was completed in
June 2015 due to the decrease in the volume of mailings in recent years).

Keywords: high-speed rail-highway, carriers, 30 developed countries, economy,
transcontinental transit, network.
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Introduction. In recent years, all over
the world, the issues of ensuring transport
security have become especially acute. This is
primarily due to an increase in the number of
acts of unlawful interference in the activities
of transport enterprises, including terrorist
acts, an increase in the scale of their
consequences (the number of victims and
injured, the amount of material damage, etc.)
and the expansion of the range of methods

using which such illegal actions are
committed.
Taking into account the transport

specifics, it should be noted that one of the
key points in the design and subsequent
construction of a high-speed highway is
transport safety. The safety system must
guarantee the travel of passengers on a high-
speed highway with an acceptable level of
risk, a predetermined level of safety for
service personnel, environmental protection
and the normal functioning of the technical
means of the highway. Thus, security issues
are considered comprehensively - these are
transport, technical, industrial, anti-terrorist,
environmental, anti-crime and other types of
security.

A safety system is understood as a
complex of technical means of a high-speed

highway, organizational and technical
measures and  regulatory  documents
governing the design, construction and

operation of a highway with a given level of
safety. Safety is ensured by creating the
necessary margin of safety, laid down in the
design in the design of permanent devices,
structures and rolling stock, and maintaining
this margin during operation; certification of
the track, rolling stock and its pre-trip control,
professional selection and training of
personnel associated with the movement of
trains pre-trip (pre-shift) health check of
personnel; automatic registration in normal
and emergency modes of parameters (states)
of objects and technical means, actions of
operators and traffic agents; admission of an
inspection train without passengers at a speed
of 160 km / h daily before the opening of train
traffic according to the schedule. The
infrastructure facilities of high-speed railway
transport and products in terms of strength,
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stability and technical condition must ensure
the safe movement of high-speed railway
rolling stock at the highest speeds within the
permissible values.

How to control traffic on the high-
speed rail.

The HSR train traffic control system is
based on the principles of multilevel
management. The train traffic safety system
covers the whole range of technological
processes: train traffic control, track and

energy facilities, telecommunication and
communication  systems, repair  and
restoration work, etc. It provides for
redundancy of control functions and

information transmission channels, ensures
the work of a traffic dispatcher along the
entire route for which it uses onboard systems
with satellite navigation GLONASS.

In general, the automation system as a
lower level of information and control
systems should be considered in the form of
three inextricably linked levels of control. At
the top level, the formation of control
commands is provided to optimize train
schedules, taking into account the resolution
of possible conflict situations.

The second level ensures the use of
these technological solutions for the formation
of routes at stations, transmission of
information to locomotives about changes in
the traffic schedule and receipt of information
from all mobile units about the parameters of
their movement and coordinates. At the
present stage, this level should also include
the infrastructure diagnostics tools installed
on the rolling stock. The third, most critical
level is security systems that provide a mode
of interval regulation of train traffic and
control of switches and signals at stations. All
three levels are hardware and software
computing systems.

Since in the area of large cities, the
intervals of high-speed trains can be up to two
minutes.  Accordingly, the management
system should be built differently. It should
be noted that industry scientists have jointly
created and developed the technology of
multilevel control systems. And this is today
recognized in international practice as one of
our main achievements.
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The operation of the station complex
on the high-speed railways is also undergoing
significant changes. Here it is necessary to
provide for the possibility of flexible
redundancy of systems functionally, and not
at the elementary level, as before. This will
reduce costs and increase the reliability factor.

You also need to remember that in
solving strategic tasks there are certain
problems and risks, including those associated
with the cyber security of control systems. It
IS necessary to take into account their ability
to withstand various threats. In this regard, the
transition to digital models of infrastructure
becomes a basic requirement. Today it is
impossible to do without it in transport.
Moreover, this allows us to fully harmonize
with European systems.

Satellite technologies and digital
communications make it possible to integrate
various elements of the high-speed rail
infrastructure, as well as create new
approaches within the framework of a new
diagnostic technology. And, importantly, we
can now evaluate the results of all these
developments economically.

Keeping in control

The system of monitoring and
diagnostics of technical means reveals their
condition, which threatens traffic safety.
Information about the absence of danger is
constantly, at a given frequency, supplied to
stationary devices.

When the flow of information is
stopped, the technological process is
transferred to a protective position and the
movement stops.

Stationary structures and devices,
especially traffic control centers, are provided
with burglar alarms and a staff of security
personnel who prevent unauthorized access by
strangers. At the points of intersection of the
high-speed railroad track with pipelines
through which fire and explosive, as well as
chemically active substances are transported,
it is planned to install control systems.

Fencing of road overpasses, other
railway lines and pedestrian crossings placed
above the high-speed lines, are equipped with
devices for monitoring their integrity. In
alarm systems, in addition to technological
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radio communication through portable radio
stations, it is envisaged to install along the
track, as a rule, on the supports of the contact
network, push-button signaling devices for an
emergency stop of the train.

A train approach alarm system is set
up along the line for track work personnel; the
same systems are installed at all intermediate
stations. At the stations, television equipment
is installed to monitor the situation on
passenger platforms, as well as for a constant
overview of places of increased danger:
overpasses, the most important turnouts, etc.

To monitor the state of the subgrade,
artificial structures, track superstructure and
other devices, a monitoring system is
provided based on the use of displacement
and deformation detection sensors in
individual elements of technical equipment. In
dangerous  places  (river  floodplains,
reservoirs), flooding and erosion alarms are
installed.

Special sensors will also be used to
signal the formation of snow drifts on certain
sections of the route. It is provided for the
placement along the line of automatic wind
speed meters - anemometers warning about
hurricane winds, and rain gauges designed to
alert about showers, the intensity of which
exceeds 60 mm / h. Along the track at a given
interval, as well as in front of large artificial
structures, devices are installed to check the
size of the rolling stock and control
emergency-protruding and dragging parts and
parts.

All the component parts of the railway
track (subgrade, superstructure, etc.) and
elements of the component parts of the
railway track (rails, turnouts, rail fasteners,
sleepers, ballast, etc.) in terms of strength,
bearing capacity and stability should ensure
the safe movement of high-speed railway
rolling stock with the highest speeds within
the permissible values. All the above features
will be taken into account by a transport
security expert already at the stage of route
design.

Onboard technical devices.

The complex of on-board technical
devices of the train includes the following
traffic safety devices: devices for monitoring
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the integrity of the train, fire alarms, checks of
the driver's vigilance, anti-gas and anti-slip
devices. For timely detection of the deviation
of rail lines from the standard tolerances,
high-speed rolling stock is equipped with a
special system.

Conclusion. High-speed connections
provide today a higher level of passenger
safety compared to other modes of transport.
Special designs of the track, rolling stock,
contact network, blocking devices, signaling
ensure high reliability of the entire high-speed
traffic system.

Currently, high-speed trains are
equipped with improved and efficient disc
brakes, electrodynamic braking systems,
electromagnetic rail brakes, as well as
aerodynamic braking systems and eddy
current brakes.

To reduce the resistance to movement,
great attention is paid to the aerodynamic
shape of high-speed trains, while any gaps
between the cars are not allowed. An
automated traffic control system ("motorist™)
also serves to ensure safety, since at speeds
above 150 km / h, the perception of track
objects, signals is visually difficult, therefore
the movement of trains is carried out
automatically, the control process itself is
controlled by an additional on-board computer

connected to the computer in control center.
The selection of drivers for high-speed trains
is carried out according to individual
requirements. In addition to high engineering
qualifications, special psychological training
and increased health requirements are

required.
The construction of high-speed
highways with environmentally friendly

rolling stock will significantly reduce the
severity of man-made environmental
problems.

Note that on the conventional railway
network, the overwhelming number of
passenger train crashes occurs when they
collide with freight trains or freight cars,
which is practically impossible for a high-
speed line.

All intersections with highways are
made at different levels, which means that
such a massive type of accidents on
conventional railways, such as a collision of
trains with vehicles, is excluded on high-
speed lines. The entire line of the high-speed
highway is protected by special fences that
prevent the entry of animals and unauthorized
persons on the way. It is envisaged to use
technological solutions that enable people,
animals and vehicles to cross the high-speed
line at different levels.
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OBECIIEYEHHUE BE3OITACHOCTHU ABUKEHUA IIOE3/10B 11O
BBICOKOCKOPOCTHOM MATUCTPAJIA
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AHHoTanusi: COBpEMEHHBIE BBICOKOCKOPOCTHBIE IIO€37a B INTAaTHOW OSKCIUTyaTalluu
pa3BuBaroT ckopocTH 10 350—400 kM/4, a B UCIIBITAHUSAX M BOBCE MOT'YT pa3roHATbes 10 S60—
580 xm/4. bnaronmaps OblcTpoTe OOCITY>KMBaHHSI W BBICOKOW CKOpPOCTH JIBUKEHUS OHHU
COCTaBJISIIOT CEPhE3HYI0 KOHKYPEHIIMIO APYTUM BHJaM TPAHCIOPTa, COXPaHss MPU ITOM TaKoe
CBOWCTBO BCEX I0€3/10B, Kak HM3Kasi Cce0eCTOMMOCTb IE€PEeBO30K IMpH OoJbIIOM 00bEME
NacCakKMpoIoToKa. BriepBeie peryisipHoe IBUKEHUE BBICOKOCKOPOCTHBIX IOE€3/10B HAyaloCh B
1964 rony B AInonun no npoekty «Cunkancany». B 1981 rony noezna BCHT cranu kypcupoBaTh
u Bo Dpaninuu, a Bckope OonbInas 4yacTh 3amagHod EBpormbl, BKIIOYas Jaxe OCTPOBHYIO
BenukoOpurtanuio, crtaja cBA3aHa €IWHOW BBICOKOCKOPOCTHOH >KEJIe3HOIOpPOKHOW ceThio. B
Hayasie XXI Beka MUPOBBIM JIUJIEPOM IO PA3BUTHIO CETH BBICOKOCKOPOCTHBIX JIMHHIM, a TakkKe
JKCIIITyaTaHTOM IIEPBOTO PETYJIAPHOTO BHICOKOCKOPOCTHOTO MarjeBa crain Kuraii.

B 0CHOBHOM BBICOKOCKOPOCTHBIE MO€3]1a MEPEBO3AT MMACCAKUPOB, OJTHAKO CYIIECTBYIOT
Pa3sHOBUIHOCTH, IpeJHa3HAuUEHHbIE M JJs NepeBO3KU Ipy3oB. Tak, ¢paniry3ckas ciayxoda La
Poste nHa mpotspkenuu 30 JeT wcHosb30BaNIa CrielUaibHbIe dekTponoe3na TGV, ciuyxusiime
JUIsL TIEPEBO3KM TOYTHI M IOCBUIOK (MX JKcIUTyaranus 3aseplieHa B utoHe 2015 ronma usz-3a
COKpPATUBILIETOCs B MOCJEAHNE TOJibl 00bEMA MOYTOBBIX OTIPABICHHUI).
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Bex:kanoBa CayJjie, TeXHUWKAa FBUIBIMJAPBIHBIH JOKTOpHI, JlorncTtuka jKoHE KeJiK
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AnaaTna: 3amaHayu JKYpJCK MONBbI3AAp KalmbINThl karmaiina 350-400 kw/car paeifin
JKBUIIAMIBIKThI JTAMBITA]IbI, aJl ChIHAKTap Ke3inae osap TinTi 560-580 kMm/car aeitin xbpuigamaaTa
amanel. KpI3MeT KepceTy IKbUILIaMIBIFBI MEH KO3FAIBICTBIH KOFaphl  KBUITAMJIBIFBIHA
OailmaHpICTHI OJlap Oacka KeK TypJepiMeH OalbIThl OdCEKeIece/Il, COHBIMEH Karap OapJibIK
MOWBI3IAPABIH KACHETIH CaKTail OTBIPBIN, JKOJAYIIbLIAp aFbIHBIHBIH YJIKCH KeJeMiMeH
TachIMalIayJAblH TOMEH KYHBI. AJIFall peT >KYpAEK MONbI3AaplblH TYPaKThl KO3raybichl 1964
*buTel JKamonusaa [lluakancen sxo0ackl OoibiHma Oactamapl. 1981 xbuiel @panmmsina VSNT
noubI3apsl kype Oactaabl, kem y3amail bateic EyponansiH kemnm Oe:iri, TinTi ¥JIbIOpUTaHUS
apaibelH Ja OipbIHFAM JKYPACK TEMIpKOJ jKelici OaimaHbICThIpABL. XXI FachIpIblH OachkiHIA
KbITail ®bpImaaMIbIFbl KOFApPhI JKENIEp KENICIH AaMbITyJa SJIEMAIK KelldacllblFa aiHaabl,
COHBIMEH KaTap aJIFallIKbl TYPAKTHI )KYPJIEK MarJIeBTiH OTIEPATOPHI OOJIIBI.

Tyiiinai ce3aep: >xoFapbl XBUITAMIBIKTBI TEMIP KOJI, TackiMaipaymsuiap, 30 gaMbiral
€J1, 5)KOHOMHKA, TPAHCKOHTUHEHTAJIBIK TPAH3HUT, JKEI
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NANOSATELLITE MOTION SIMULATION FOR TESTING THE SUN SENSOR

Abstract: Nanosatellite (NS) began to perform complex missions that require high
orientation. In this research, we developed a mathematical model of solar sensors to determine
the orientation of a NS. Various moments of obtaining the angle of the sun's rays when they hit
the solar sensors were presented. The test results of the solar sensors used to simulate various
orbit scenarios are described in detail, and graphs of the solar sensor readings are plotted based
on the results obtained.

The article deals with modeling the motion of a NS in orbit. The NS is equipped with 6
solar panels. The VTS software was used to simulate the motion of the NS. Also, in the study of
determining the orientation, two different problems were considered, that is, when the satellite is
in the shadow part of the earth and when it is in the solar part of the earth. For these tasks, a
mathematical model for determining the orientation was built. This method is very relevant for
the study of small spacecraft.

Keywords: NS, solar panel, orbit, orientation, vector.

Introduction: In this paper, we  of solar energy has been studied [1-4]. For the
consider a nano-satellite (NS), which makes a  latter application, in one of the mission
flight around the Earth's orbit. The device is  examples, the strong atmospheric resistances
equipped with solar panels, rigidly fixed in  in orbits below 500 km were modified to
the coordinate system associated with the  achieve satellite orientation stability [5-6].
spacecraft (X, -X, y,- VY, z, - z) to determine the Simulations and calculations are
orientation of the NS. performed at the following approximation. It

Solar panels on the NS can be used to  is believed that the motion of the planet is
optimize the production of solar energy and  Keplerian, i.e. no perturbations affect the
perform certain tasks, in this case, to  body, the motion of the NS is affected by the
determine the orientation of the NS. Many  perturbation from the planet's orbit. Three
articles on the first application have been  coordinate systems are considered:
published, in which new configurations of
solar panels have been developed and the use
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OXVYZ - geocentric. The origin is
placed at the center of mass of the Earth. The
system is inertial.

OXYZ-orbital. The origin is placed in
the center of mass NS, the axis OZ is directed
along the radius vector connecting the centers
of mass of the Earth and NS, the axis OX is
perpendicular to the axis OY and lies in the
plane passing through the radius vector and

7 A

the velocity vector of the center of mass NS.
The system is non-inertial.

Oijk-related. The origin of the
coordinates is also placed in the center of
mass of the NS. The axes are directed along
the main axes of inertia of the body. The
system is non-inertial.

Their relative positions are shown in
Figure 1.

K
3__

Z
J
Pk
1

~

O

>
Y

Figure 1 -Coordinate systems

I Angular motion of the NS

A satellite is a solid body moving in a
circumcircular orbit around the Earth. The
SDP4 model is used to describe the Earth's
gravitational field. To rotate the NS around
the center of mass, quaternions are used. A
quaternion is a hypercomplex number with
four parts, used in three-dimensional rotations
and orientations of the NS. All rotations in
space can be described by the axis of rotation
and the angle about that axis. The advantage
of quaternions over rotation matrices is that
the axis and angle of rotation are easy to
interpret. Using the following quaternion
formula (1), we obtain the NS rotation data.

0y
Iz
q = as
Ta

(1)

where O - is the scalar component,

35

ql-g3 - are the components of the
vector.

After obtaining the quaternion data for
the rotation of the NS, you can find out which
panels are illuminated by the sun, and analyze
how the sun looks at the surface of the NS.
The faces of the cube have six surfaces
forming the body of the satellite. The
coordinate vectors are orthogonal to each side
of the cube. So there can be two solutions for
each vector:

- the positive direction of the vector
that was identified as the front side of the NS;

- the negative direction of the vector,
which was identified as the back (reverse)
side of the NS.

To calculate the position of the Sun
relative to the satellite for any given location
at a given time, you need to perform three
steps [7]:
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- Calculate the position of the Sun in
the ecliptic coordinate system;

- Convert the result of step 1 to the
coordinate system at the center of the Earth;

- Convert the result from step 2 to the
coordinates of the NS body.

To get the position of the Sun relative
to the satellite, use the following function in
the Aerospace Toolbox MATLAB simulation
program.

Planet Ephemeris
(2021,04,8), ‘Earth’, ‘Sun’)

(juliandate

E #1 - Celestia

This function implements the position
of the target object relative to the specified
central object for the specified Julian date
ephemeris. By default, the function
implements the position based on the DE405
ephemeris in units of kilometers.

After the rotation of the vector, we get
data on the angle of incidence of the Earth-
Sun vector on the face of the cube, with which
we can find out which panels of the NS are
illuminated at a given time (Figure 2).

Figure 2 - Model of rotation at the moment of illumination of the NS face
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Il Plotting the NS 's orbit.

The next step is to get the elements
of the orbit on which the satellite is located.
The data format that it will use to send this
information to the ground station will be the
TLE (two-line element) format. This type of
message refers, as the name suggests, to two
lines of text that include elements of the
orbit of an object orbiting the Earth for a
given point in time, called an epoch. In
addition, there is another first line (called
line 0), which gives the designation of the
object. Even though it is optional, it is
almost always enabled.

Angular velocity
L

The choice of orbit may vary
depending on the altitude, their orientation,
and their rotation relative to the Earth. From
the point of view of the Kepler elements, the
position of the spacecraft can be easily
determined. The six parameters are
convenient for determining the orbit in
space in an inertial system defined by its
three axes X, Y, and Z. However, it can also
be useful to express the position of a moving
body in other parameters, such as the
Cartesian or polar axes[ 8].

b 4
e X ] o
‘/’
" Relerence

satellite

Orbital plane

Figure 3 - Satellite orbit reference system [9]

Circular orbits are predicted by
matching the centripetal acceleration with the
force of gravity. To model the satellite motion
scenario, we use the matlab function"Satellite-
Centric". Then the initial vectors of the
satellite’s position and velocity are obtained
using the TLE format. The TLE format
contains all the necessary information for
orbit propagation. This format will be used in

Table 1-Orbit parameters

the SDP4 orbital propogator. The advantage
of the propogator is that it is more accurate
than other progators.

To construct the orbit, we consider the
calculation of the position of the STARLINK-
64 spacecraft (the orbit parameters are shown
in Table 1) at 00: 19: 51.670 UTC on April 8,
2021 [12].

Element Symbol | Value in the TLE file Numeric value
Time of the epoch to 21123.38100113 16: 30:21.171 UTC April 8, 2021
Inclination i 52.9869 52.9869
Longitude of the &g 99.7162 99.7162
ascending node
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Eccentricity e 0000598 0000598
Argument of ®o 7.2492 7.2492
periapsis
True anomaly Mo 117.2796 117.2796
Frequency of access n 15.88178410 15.88178410 turns/solar day

11 Modeling of the orbital day/night
alternation.

After constructing the orbit, it
becomes known at what point in time the
sun's ray falls on the NS.

Having received the vector of the Sun,
we will study the Earth's satellite. The Earth

Sun (

and the Sun are almost spherical bodies, and
the Sun is about 100 times larger than the
Earth. Therefore, the shadow of the Earth is a
cone with the centers of the Sun and the
Earth.

¥

Ymax

\

/

Figure 4 - Geometry of NS conditions in the earth's shadow

Homocentric beams have a common
center, as well as three types of beams:
convergent, divergent, and parallel [10]. In
this case, we show that the focus of the Sun is
at infinity, that is, the wave front will be flat,
and the homocentric beams of rays will be
parallel (Figure 4).

If the satellite's position is known at
the specified time, we can use trigonometry to
find out whether the satellite is in the shadow
part of the Earth relative to the Sun.

To begin with, we find the angle
between the vector of the NS positions and
the positions of the Earth-Sun vector (2):

roT,
cosg = ————— |

- T @

where, r - is the position of the satellite
vector, which was obtained in the SDP4
orbital propogator.

38

rs - the position of the sun vector,
which was obtained using the Earth-Sun
ephemeris.

The radius of the Earth drawn at the
point of contact of the parallel ray of the Sun
is perpendicular to the tangent. Knowing the
radius of the earth and the height of the orbit
of the NS, we determine the angle cosy,, ..
by the formula 3:

Rg

(3)

EJ"IHI = R_E+H’

where, Re is the radius of the Earth, H
- is the height of the NS orbit.

o + 90"

max = H'J‘lﬁ.t’ (4)
So, from the above, we can calculate
that the satellite will be completely obscured

by the Earth under condition (5):
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asa,,, =o (5)

To calculate the Earth's shadow, one of
the initial tasks is to determine the Sun's
vector (rs), already performed in the equation
using the ephemeris function. Once the Sun's
vector is determined, equation (5) is used to
check whether the Sun is in the Earth's
shadow, based on the figure. Note that the
shadow, as expected, has a cylindrical shape.
That is, if the angle & < «,,..., then the NS is
in the shadow of the Earth. In other cases,
when the orbit rotates, the NS is illuminated
by the Sun.

IV Visualization of the mission.

We use the VTS program (software
from the CNES company) as a tool for
visualization of the NS [11].

The VTS application is used for
visualization of: 3D models, satellite
geometry, mobile parts, data sources for
determining position, orientation, rotation
angle, etc. The tool can be used as a graphical
verification method, as an educational tool,
and even as a communication support for the
exchange of information between space
experts.

The VTS graphical user interface is
designed to simulate a satellite orbiting the
Earth in three dimensions. Figure 5 shows the
ground track of the NS projected on a two-
dimensional map of the world in one day.

& =2 - SurfaceView

Latitude = -98.0511 ; Longitude = -4.0256

Figure 5 - Track in one day

The graph "visibilitySun" shows the time when the sun illuminates the NS.

8.0400:00 08.0400:30 08.040100 08.040L:30 08.0402:00

08,0402 08.0403:00 08.0403:30 08.0404:00 08.04043

0 I Am wm Am

Figure 6 - Graph of the illumination of the NS during the orbit movement



KasKKA Xa6apmibicer Ne 3 (118), 2021 ISSN 1609-1817 The Bulletin of KazATC
Becrauk KasATK Ne 3 (118), 2021 DOI10.52167/1609-1817 vestnik.alt.edu.kz

[/

(rad
0,5
0,3
0,1

Lhour thour

Figure 7 - This graph shows which panels the sun's ray falls on at a given time
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Figure 8 - Graph of the position and velocity of the NS
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Figure 9 - Graph of the rotation of the NS around its axis

40



Ka3zKKA Xa6apmbicer Ne 3 (118), 2021
Becrank KasATK Ne 3 (118), 2021

ISSN 1609-1817
DOI 10.52167/1609-1817

The Bulletin of KazATC
vestnik.alt.edu.kz

The determination of the total
illumination on each side of the NS is shown
in Figure 8. The gap in the middle of graph is
the result of an eclipse of the Earth. And also

Conclusion: In conclusion, in this
article, a mathematical model of the sun
sensor was developed. When developing this
model, we considered three cases of the sun's
ray falling on the edge, as well as the case in
the shadow part relative to the sun. For each
case, a different mathematical model was
developed. The principle of operation of this
method is to determine the position of the
satellite relative to the incident beam of the
sun, which allows you to orient the satellite in
orbit using solar sensors. To test the
mathematical model of the solar sensors, we

here you can see on which panels the sun's ray
falls at the moment of rotation of the satellite
in the constructed orbit.

simulated the movement of the satellite in
orbit. The model showed data on the angle of
incidence of the sun's beam on the face of the
NS and tested the orientation sensors. In the
darkened side, respectively, all sensor
readings were zero. These readings were used
to determine the orientation of the NS at a
time. In the process, we used tools like Matlab
and VTS. This method is very relevant in the
development of small satellites, since the
orientation of the satellite has an important
role in scientific research.
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MOJAEJIMPOBAHMUE JABUW/KXEHUA HAHOCIITYTHUKA JJIS1 UCIIBITAHUSA
JATYUKA COJTHIOA

Epkeoyian Hyprusat, Komnberorepnas nadoparopus Ilapmwka 6 (LIP), CopbonHckuit
yHuBepcureT, [lapmx, @pannus, e.nurgizat@mail.ru

Annoramusi: Hanocnyrauk (HC) Havanm BBIMOJHATH CIOXKHBIC 3aa4d, TPEOYyrOIIMe
BBICOKOM oOpueHTauuu. B 3TOM wuccienoBaHuM Mbl pa3padoTalid MaTEMaTUYECKYI0 MOJIEIb
COJIHEYHBIX JaTYMKOB JuIsi ompenenenus opuentauuu HC. boun mpencraBieHbl pa3idyHbIe
MOMEHTBI IOJTyYEHUS yria MaJieHus COJIHEYHBIX JIydel MpH MOoMaJaHuH Ha COJTHEUHbIE TaTYUKU.
[ToxpoOHO omwcaHBl pPe3yabTaThl HCIBITAHUA COJTHEYHBIX JAaTYMKOB, HCIOIB3YEMBIX IS
MOJICJIUPOBAHUS PA3IMUHBIX CLIEHAPHEB OPOUTHI, U MOCTPOCHBI IPaPUKU MOKA3AHUNA COTHEUHBIX
JATYMKOB HA OCHOBE MOJYYEHHBIX PE3yIbTaTOB.

Crarps mocsimieHa wmonenupoBaHuio nBwkeHus HC mo op6ute. HC ocHamen 6
COmHEYHBIMU  Oatapesmu. [Iporpammuoe oOecneuenue VTS — HcCmonb30Bamoch s
monenupoBanus aeumxeHus HC. Taxke mpu ucciaenoBaHUM OMpEeNieHUsT OPUEHTAUU ObLIN
paccMOTpPEHBI JIBE pa3HbIC 33aJ]a4H, TO €CTh KOT/Ia CIYTHUK HAXOJUTCS B TEHEBOW YacTH 3eMJIU U
KOrla OH HaxoguTcs B COJHeYHOW wactu 3emmu. Jlng »TuX 3amad  Oblla MOCTpOEHa
MaTeMaTh4yecKass MOJIeJb ONPEEICHUs OpPUEHTAlMH. JTOT METOJ OYEeHb AaKTyaJleH IS
UCCJICTOBAHMSI MaJIbIX KOCMMUYECKUX amIapaToB.

KuaroueBbie cioBa: Hanocnyrhuk (HC), conneunas Oartapes, opOuTta, OpUeHTaLMs,
BEKTOD.

HAHOCITYTHUKTIH KYH CEHCOPBIH CbIHAYT A APHAJIFAH KO3TAJIBIC
CUMYVYJIAUACDHI

Epkeoynan Hypruszar, Ilapmwkx 6 kommbrorepnik 3eprxanacel (LIP), CopGonna
yauBepcureTi, [lapmx, @panmus, e.nurgizat@mail.ru

Anpatna: HanocnytHuk (HC) xorapel Oarmapnayabl KakeT €TETIH Kypaell
MHUCcUsATapAbl opblHAal Oactansl. byn 3eprreyne 613 HC OGarmapblH aHBIKTAy VINIH KYH
JNATYMKTEpIHIH MaTeMaTUKaJblK MOJENiH jkacaaplK. KyH JaTyukTepiHe TYCKEH Ke3lle KYH
COyJeciHiH OYpbIIBIH alyJblH oOp TYpil COTTEpl YCBIHBUIABL ©Op TYypil OpOHUTAIbBIK
CLEHapuiepl MMUTALUsIAY YIIIH KOJJAHBUIATBIH KYH JATUYUKTEPIHIH ChIHAK HOTHXKENepl
erke -TerKeill cumaTTanfaH, ajJblHFaH HOTWXKeNepre CyHeHe OTBIPbIN, KYH JaT4uriHiH
KOPCETKIIITEPiHIH rpaduri canblHaIbl.

Makanaga HC opOutamarbl KO3FalbIChIH Mojenbley KapacTeipbuiafsl. HC 6 kyH
OatapesichiMeH KaOapiKTanFaH. VTS Oarmapnamanblk kamrtamacklis ety HC  Ko3FanbIChIH
MoJenpaey YuliH mnaiganansuiel. CoHzmall -ak, Oargapibl aHBIKTAyJbl 3epTTEyle €Ki Typii
Macesie KapacThIPbUIBI, SFHU XKEP Cepiri KepAiH KeJeHKell Oeirinae OosraHaa jKOHE JKepIiH
KyH Oemiringe Oonranga. bynm  rtancelpMamap yuriH Oafmapisl  aHbIKTayFa apHallFaH
MaTeMaTHKAJIBIK MOJIENIb KYPACTHIPBIIIBL. ByJl 9/1ic maFbIH FaphIll anmapaTTapblH 3epTTey YIIiH
OTe O3€KTI.

Tyitinai ce3nep: NS, kyH nmaneni, opbura, 6araap, BEKTOP.
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TECHNOLOGICAL RADIO NETWORKS FOR DATA EXCHANGE IN RAILWAY
TRANSPORT
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Abstract. The article deals with the application of conventional VHF radio modems for
the construction of mobile technological radio networks for data exchange, ensuring the
functioning of automated control systems for various purposes in railway transport. These radio
networks are considered as an integral and integral part of the unified technological
communication system of JSC "NC "KTZH", which already uses GSM-R and TETRA
communication standards. The operational and technical characteristics of the radio networks
under consideration make it possible to significantly expand the possibilities of transmitting
information about train movement, to ensure the reliability of the operation of interval control
systems using the radio channel and satellite navigation tools, to deploy backup channels for data
collection and control of railway automation and power supply facilities.

The principles of operation implemented in modern voice communication tools, aimed at
optimizing voice communication, are becoming a serious limitation in data exchange. For
example, in a backbone system, there is no rigid distribution of channels between subscribers for
the entire period of connection establishment. A request for access to the information channel
through which speech is exchanged is received via the service communication channel. When
receiving a request from a subscriber, the system automatically finds a free information channel
and provides access to it.

According to the test results, the equipment of the conventional radio network does not
affect the existing technical means and provides a guaranteed exchange of information between
the train control system and stationary equipment in the specified modes. The operating
parameters of the data transmission channel recorded during the tests on the basis of
conventional radio network devices provide a solution to the problems of schedule-interval
regulation of train traffic as part of an integrated control system.

Keywords: conventional radio modems, radio networks, railway transport, control
system, information transmission, data collection, automation

YAK 656.25 DOI 10.52167/1609-1817-2021-118-3-43-52
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Akanemus JJIOTUCTHKU U TpaHcropTa, I. AnMatsl, Peciybnuka Kazaxcran

TEXHOJJOI'MYECKHUE PAJITMOCETH OBMEHA JAHHBIMU HA
KEJIE3HOJAOPOXXHOM TPAHCIIOPTE

AHHOTa].[I/Iﬂ. B cratee 3aTPOHYTBI BONPOCHI MPUMCHCHHUS KOHBCHIMOHAJIBHBIX

panguoMoneMoB nuanazoHa YKB 1 mocTpoeHrs MOJBUXKHBIX TEXHOJOTMYECKHX pPaTUOCETEH
oOMeHa JaHHBIMH, oOOecrmeunBaOmuX (OYHKIMOHHPOBAHHE aABTOMATU3UPOBAHHBIX CHCTEM
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yIpaBiIeHUS Pa3IMYHOTO HA3HAYEHMsI Ha >KEJIE3HOJOPONKHOM TpaHCHOpPTEe. OTH PaTUOCETH
paccMaTpuBaIOTCSl KaK COCTaBHAs M HEOThEMJIEMasl YacTh €IMHOW TEXHOJOTMYECKOM CHCTEMBI
ez AO «HK«KTX», yxe ucnonssyronieit cpeactsa cBsizu cranaaptroB GSM-R u TETRA.

OrnepaTUBHO-TEXHUYECKUE

XAPaKTCPUCTHUKU  PaACCMATPUBACMBIX

paguoceTeil  MO3BOJISIFOT

CYILIECTBEHHO pacCIIMPUTh BO3MOXXHOCTU IepeJaud HHGpOpMalMM O JBUXKEHUU [0€37a,
o0ecreynTh HaJEeKHOCTh (YHKIMOHUPOBAHUS CHCTEM HMHTEPBAJIBHOIO DPETYJIHPOBAHUSA C
MCIIOJIB30BaHUEM paJUOKaHAa M CPEACTB CIYTHUKOBOW HABUTALIMM, PA3BEPHYTb PE3EPBHBIC
KaHaIbl cOopa MJAaHHBIX W YIPaBICHUS CPEACTBAMHU IKEJIE3HOJOPOKHONW aBTOMATHKU U

3J'IeKTp0CHa6}KeHI/IH.

KuiroueBblie cjioBa: KOHBELMOHAIbHBIE PAJAMOMOAEMBI, PAJHOCETH, KEJIE3HOIOPOKHBII
TPAHCIIOPT, CUCTEMA YIIPABIICHUS, Tepeaaua HHPopMaIu, cOOp JaHHBIX, aBTOMATHKA.

BBenenue. Hacrosiee Bpems Beaercs
aKTMBHasg pabora 1Mo pedopMHpPOBAHHUIO U
Pa3BUTHIO TPAHCIIOPTHOTO KOMILIEKCa
PecniyObnmuku Kazaxcran. W nabmromaercs
CTaOWIBHBIM POCT O0bEMa TPY30BBIX U
MACCAKUPCKUX MEePEeBO30K. Mex a1y TeM 3arac
[0 MPOIMYCKHOW CHOCOOHOCTM Ha MHOI'MX
y4acTKax »>KEJNEe3HOW JOpOrd MpPaKTHYECKU
ucuepnad. [loaToMy axTyanpHa 3ajaua
MOBBILICHHUS] MPOMYCKHOW CIIOCOOHOCTHU CETU
xene3Hblx jgopor KasaxcraHa M moBbILICHHE
0€30MacHOCTH JIBUYKEHUS TOE3]I0B.

Ha cerm xenesneix popor «HK
«KTX» mnepenatorcs Ooinbliue  00BEMBI
KOH(HUICHIIHATLHOM uHpopmaruu,
HUCKOKEHHE KOTOPOM MPUBOJUT CETh B
HepaboTocrocoOHOe cocTostHuE. [yt 3ammThl
uH(bOopMaIuu TpeOyercs BBISIBIICHUE
OCHOBHBIX yTrpo3 0€30MacHOCTH HH(POpMAIH,
BBIOOD TEXHOJIOTHHI nH(OPMAIIMOHHON
3aIUTHI.

CpenctBa CBSI3M  3ITHUX CTaHJApPTOB
JOJDKHBI ~ MHTETPUPOBATBCS C  CHUCTEMaMHU
aHaJI0roBOM1 u 1M poaHaIoroBoi
pamuocBsizu, paboTalomMMU B JIHana3zoHax
yactoTr 2 u 160 MI'n, u umMmers enuHyro
CUCTEMY MOHUTOPUHTA u
aIMUHUCTPUPOBAHMUS  paAuoceTed.  ITo
HaKJIaJIbIBAET JOTOJHUTEIbHBIE TPEOOBAHUS K
CTaHJapTH3alMM  amnmapaTypsl CBSI3U U
MPUMEHEHWIO B HMX COCTaBE THUIOBBIX
unTepdeiico. B Bompocax, Kacarommxcs
oOecrieyeHuss  0€30MacHOCTH  JIBMIKEHUS
MOe3/0B, HEOoOXOaUMO B MaKCHMaIbHON
CTENEHW OPHUEHTUPOBATHCS HA YaCTOTHBIC
PECYpCHI, BBIIEICHHbIE HEMOCPEICTBEHHO AJIS
Hyk1 AO «HK«KTX». Bbeibop ugacTOTHBIX
pECYPCOB JUIsl KaXAOM W3 CHCTEM JOJKEH
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OTIPENIENIATECS C yYETOM psiaa TpeOOBaHMIA.

OCHOBHBIE M3 HHX — SJICKTPOMAarduTHas
COBMCCTUMOCTB PaaroCBA3U Pa3InYHBIX
CUCTCM  YIPAaBJICHUA, BBICOKHMI YPOBCHb

HAJC)KHOCTH KAHAJIOB IEpelaydl JIaHHBIX, a
TaKk)Ke TpeOOBAaHUSA CUCTEM YIPABIEHUS IO
o0beMaM U CKOPOCTH Mepeaaun JaHHbIX.

PekoMeHI0BaHO OPUEHTHUPOBATHCS Ha
cienyiolee IPUMEPHOE  pachlpenerncHue
Y4acTOTHOTO pecypca JUIsl OCTPOSHUS! CUCTEM
YIIPABJICHUS IBI)KCHUEM:

nuanas3on 2 MI'nm — pesepBupyrommi
paguoKaHa CHCTEM yIIpaBICHUS
COEIMHEHHBIX U TKEIOBECHBIX MOE3I0B;

quana3zoH 160 MI'm — pagmoxaHabl
CUCTeM  YOpaBIIEHUS  COEAMHEHHBIX U
TSOKEJIOBECHBIX — IO€3JI0B,  CTAHIIMOHHBIX
CHCTEM nepeaavyn JaHHBIX Ha
MaJIOJICATSIILHBIX Y9acTKaX, Pe3ePBUPYIOIIHIA
KaHal TpU HCIOJIB30BaHUU B CHUCTEMax
yIpaBlIEHUs paauoceTeit o0miero
MOJIb30BaHUS;

nuana3on 460 MI'n (cucrema TETRA)

CUCTEMBl  yNpaBJCHUS MaHEBPOBBIMH
JIOKOMOTHBAaMHM Ha CTAHIIMIX;

nuama3zonsl 900 m
cucTeEMa GSM-R, oOecrieunBaroIast
MOE3/IHYIO paanoCBs3h u CHCTEMBI
WHTEPBAILHOTO PETYJIUPOBAHUS JABWKCHHUS
IOE3/I0B Ha CKOPOCTHBIX 31
BBICOKOCKOPOCTHBIX yJacTKax;

muamaszonsl 1800 m 2400 MIn
(cucrempt DECT, Wi-Fi, WiMAX)
CTAaHIIMOHHBIE  BBICOKOCKOPOCTHBIE  CETH
nepenayn  JaHHBIX U1 HHQOPMAIMOHHO-
YIPaBISIONTUX CUCTEM, OpraHu3aIu
BUICOHAOIIOICHNS.

1800 Ml
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B cocraBe cucrembr cBa3u  AO
«HK«KTK» npuMeHs10Tcs U INIAHUPYIOTCS K
JNalbHEWUIIEMY  HCIOJb30BAHUIO  CpPEACTBa
CBSI3U u oOmeHa JIAaHHEIMH,
(GYHKIIMOHUPYIOIUE TPAKTUYECKH BO BCEM
JOCTYITHOM Jiarna3oHe paaunoBosiH. Hanbonee
aKTyaJIbHbI TEXHUYECKHE pelieHus,
oOecnieunBaroIye HaJeKHbII oOMeH
JAaHHBIMU MEXIY CTallMOHAPHBIMHU MYHKTaMU
YIPaBICHUS U MOABUKHBIM COCTaBOM.

OrpanuueHus CUCTEM CBSI3U
crangaproB GSM-R u TETRA mno obmeny
JTaHHBIMU

Omno w3 Haumboyiee  aKTyalbHBIX
TpeOOBaHUI K COBPEMEHHOU CUCTEME CBSI3H —
obecrnieueHne 3¢ hekTHBHOTO oOMeHa
nmauabIMH. Cuctemsl cBa3u GSM-R u TETRA
CO3/1aBaJINCh KaK MHOTOKaHaJIbHBIC
rOJIOCOBBIE, TpeIyCcMaTpUBAIONIUE OOMEH
pedYeBbIMU COOOIIEHUSIMU MEXIY
3HAYUTENIbHBIM KOJIMYECTBOM a0OHEHTOB B
reorpauyeckux 30HaxX c BBICOKOM
IUIOTHOCTBIO HACEJICHHUS, U ISl PEeLICHUs ATON
3a/a4l  OHU  MPEACTABIAIOTCS  JYYIIUM
pelIeHueM.

Onnako oOMeH JTAHHBIMU
NPeIbABISET HECKOJIBKO MHBIE TPeOOBaHUS K
cpencTBam CBSI3H, Oonee TOTO,
3¢ (HEeKTUBHOCTH aJIanTHPOBAHHON TUTST
nepeaaun JaHHBIX CUCTEMBI TOJIOCOBOU CBS3U
CEpbEe3HO 3aBHCUT OT XapakTepa W oObema
nepeaBaeMbIX JTaHHBIX.

Peanu3zoBanHble B~ COBpPEMEHHBIX
TOJIOCOBBIX CPEJCTBAX CBSI3U  IPHUHIIUIIBI
paboThl, HaMpaBlICHHbIE Ha ONTHMH3AIIUIO
UMEHHO TOJIOCOBOW  CBSI3U, CTAHOBATCS
CEpbE3HBIM OTpaHHuYEHHUEM TIpu OOMEHe
JaHHbIMU. Hanpumep, B TpaHKOBOW cHCTEME
OTCYTCTBYET JKECTKOE 3aKpeIlICHHE KaHala
Mex1y aOOHEeHTaMM Ha BECbh IEpPUOJ
ycTaHOBJIEHUS CBsi3U. C 3TOMU 1I€JIbI0 B TaKou
CUCTEME HCITOJIb3YIOTCA CIYKEOHBIN U rpymnmna
WH(MOPMAIMOHHBIX ~ KaHAJIOB. 3ampoc  Ha
JOCTYNl K WH(GOPMAIIMOHHOMY KaHaTy, IO
KOTOpPOMY IPOU3BOAUTCS peyeBOil 0OMeH,
MPUHUMAETCS TI0 CIYKEOHOMY KaHally CBSI3U.
[Ipu momydenun 3ampoca OT aOOHEHTa
CHCTEMa aBTOMATHYECKH HAXOJUT CBOOOHBIN
WH(OPMAIIMOHHBI KaHal U MPeIOoCTaBISCT
noctyn K Hemy. Ecnu ofvH KaHan B cucteme
y)K€ 3aHAT, a Jpyras rpynna aOOHEHTOB
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NBITACTCd YCTAHOBUTH CBSI3b, TO CHCTEMa
aBTOMATUYECKH MPEAOCTAaBUT BTOPOH KaHal B
ux pacnopspkeHue. OTHOCUTEIbHO ObIcTpas
CMCHAa KaHaJIOB CBA3U MJI1 OAHHUX MU TEX XKC
aOOHEHTOB B  IIpoOlLlECCE CeaHca CBA3U
MO3BOJISIET HCII0JIb30BaTh nayssl B
IIeperoBopax OJHOM rpynmbl a0OHEHTOB JUIs
oOecrieyeHus: CBA3bIO Apyroi. B pesynbrare

npu MIPOYHUX PaBHBIX IPONyCKHAsI
CIIOCOOHOCTh 'y TPAHKOBOW CHCTEMBI TIpHU
obMeHe TOJI0COBBIMU COOOIIECHUIMU
OKa3bIBACTCSI B pa3bl BHINIC, YeM Yy OOBIYHOU
(KOHBCHITMOHAIBHON) CHCTEMBI TOJIOCOBOM
CBSI3H.

B Hactpoiikax TpaHKOBBIX CHCTEM
MpPEeIyCMOTPEHA JIOTIOJHUTENIbHAS 3aJIeprKKa
1oclie 3aBeplIeHHs] Tepefadyd O4YepeaHOro
FOJIOCOBOIO  COOONIEHMS,  JJIUTEIHHOCTh
KOTOPOM MOKET COCTABJISITh JO HECKOJIBKHX
CEKyHJl. DTO TO3BOJISIET yACpP)KATh aKTUBHBIX
a0OHEHTOB Ha OJHOM KaHajle W CHU3UTH
Harpy3Ky Ha CIy>KeOHBIN KaHaJl, CBA3aHHYIO C

IIEPEBOAOM aOOHEHTOB MEXIY
UH(POPMALMOHHBIMU KaHAJIAMH.
Takue  nTpekpacHble  TEXHUYECKHUE

peIIeH sl I TOJIOCOBOM CBSI3M OKa3bIBAIOTCS
a0COMOTHO HEIPPEKTHUBHBIMH TIPU OOMEHE
JaHHBIMH. ['0JIOCOBBIE COOOLICHHS HWMEIOT
CYILIECTBEHHO 60JIBIIYIO JUIAHY
(IPOIOIDKUTENBHOCTE  TIPH  TIepefade) o
CpaBHEHMIO C JJaHHBIMU. Eciu Bo3HUKaromiue
npu BbIJIETICHUH abOHEHTY
UH(POPMALIMOHHOTO KaHana 3aJIePKKU
MPAKTUYECKH HE3aMETHBI TPH IIEPETOBOPAX,
TO JUIsI CHUCTEeMbl OOMEHa JaHHBIMH OHH
OKa3bIBAIOTCS HempuemiieMbIMu. Hanpumep, B
TPaHKOBBIX cucremMax 3aJepKKa B
MPEJOCTABICHUN JOCTyNa K KaHaIy CBS3H
coctaBisier He MeHee 300 mc (3TO JydIMid
nokazatenb), a B GSM-R — 1m0 Heckonmbkux
CeKyHJ. 3a 3TO BpeMs B KOHBEHIIMOHAJIbHOM
cUCTeMe MOXeT OBITh  TepemaHo [0
HECKOJIbKUX JIECATKOB KOPOTKHX COOOIIEHUII.

CeppesHoe OTpaHUYECHUE
MPONYCKHAsi  CIIOCOOHOCTb  CIIY»KEOHOTo
KaHama. B ciaydae ¢ TroJgocoBbIMHU
COOOIICHNUSMU HHTEHCHUBHOCTH IMOCTYIICHHS
3aIpOCOB B CITY)KEOHBIM KaHAT OTHOCHUTEIBHO
HEBBICOKA, AaKTUBHOCTb pabOThl aOOHEHTOB
YUUTBIBACTCS npu MPOEKTUPOBAHUN
panuoceTd U TOJJIEPKUBACTCA HAa HU3ZKOM
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ypOBHE B  TIOBCEIHEBHOM  OOCTaHOBKE.
Bospacranne HMHTEHCHMBHOCTH pabOThl B
ABAPUIHBIX CUTyaIUsAX MOXET

KOMIICHCUPOBATHCA 32 CUET MPEAOCTABICHHS
Oosiee BBICOKHX TIPHOPUTETOB OTACIBHBIM
rpynmnaMm aOOHEHTOB 3a cueT Apyrux. llpum
nepenayde JaHHBIX MHTEHCUBHOCTD
IOCTYIUICHHS. 3alPOCOB  OKa3bIBaeTCs Kak
MHHAMYM Ha TIOPSAAOK BBIIIE, U CIYKEOHBIH
KaHaJI HE B COCTOSHUM C HUMHU CIPaBUTHCS.
Beinenenne TOMOTHUTENBEHOTO  CITYKEOHOTO
KaHajla 3a CYeT COKpallleHus  4Yucia
MH(QOPMAIIMOHHBIX ~ OKa3bIBACTCS  TaKXKe
Hea(pexTuBHBIM. B aBapuilHBIX cHTyauusx,
KaKk [paBWIO, OTCYTCTBYeT BO3MOXKHOCTb

IPEIOCTABIICHUS IIPUOPUTETA OJIHOMY
3JIEMEHTY  aBTOMAaTU3UPOBAaHHBIX  CHUCTEM
ynpasinenuss (ACY) 3a cuer apyroro,
MOCKOJIBKY ~ 3TO  HPUBOAUT K  CPBIBY
HOPMAJIbHOW paboThl TocienHero. Takum
o0pa3zom, MIPOITYCKHAas CIIOCOOHOCTh

C.Hy7K€6HOFO KaHajla TIIpH HCIIOJIb30BAHHUU
TpaHKOBOﬁ CHUCTCMbI OJIA obMeHa JaHHBbIMHA
OKa3bIBACTCA KPUTHUYCCKHUM OI'PaAaHUYCHUCM.

CyliecTBEHHbI  HEIOCTAaTOK — CeTel
GSM-R, kak # OOBIUHBIX COTOBBIX
paauoceTe, HCIIOJIBb3YIOLIUX o0OMeH

naHHeIMA 110 TipoTokoidam GPRS (General
Packet Radio Service) u EDGE (Enhanced
Data rates for GSM Evolution),
HeJIeTEPMUHUPOBAHHAS 3aJIep)KKa B JTOCTaBKe
maHHblX. Pabora 3HaumtensHOW yactu ACY
HACTpauBaeTcs c y4eTOM BpPEMEHH,
HEOOXOUMOr0 Ha Iepenady 3ampocoB U
MOJTyYeHUE OTBETOB HA OSTH 3ampochl. Uem
MEHBIIIE JIOMYCTHMBIE TIPECIIbHBIC 3HAUYCHUS
napaMeTpoB JOCTaBKM COOOIICHUN, TeM
sdpdextuBHee padbora ACY. B cayuae
UCTIONb30BaHUsl ANl OOMEeHa  JaHHBIMU
paauocetreit GSM-R, nmapamerpsl npeaenbHO
JMOMYCTUMBIX  3aJlep’KeK  TpH  JOCTaBKe
COOOIEHUH  TPUXOJTUTCS  YBEIUYHUBATH,

CHWXasi TeEM camMbIM d(PPEKTUBHOCTh PaObOTHI
ACY.

B03MOXXHOCTB MCITOIB30BAHUS €JMHON
panuocetd (a CJIEeIOBATENbHO, W EIUHOTO
pagrovyacTOTHOTO pecypca) g oOMeHa
T'0OJIOCOBBIMHU COOGH.[CHI/IHMI/I n JdaHHbIMHU
MOXET paccMaTpUBAaThCS KaK Cepbe3HOe
NPEUMYIECTBO B PAAMOCETAX  OOIIEero
NoJb30BaHMA. [leliCTBUTENIFHO, MHOTHE Ha
ce0e OUIYTHJIM BCIO TNpENecTh paboOThl B
WHTepHeTe W OJHOBPEMEHHOTO OOIIEHHMS IO
teneoHy B TOM ke KaHane. OpHaKo B

TEXHOJIOTHIECKUX pamuoceTsix TaKoe
pelIeHne  OKa3bIBaeTCs  MPUHIUIHAILHO
HerpueMieMbiM:  pabota ACY  TpebOyer

CTPOTO JETEPMHUHUPOBAHHOTO MOTOKA TAHHBIX
U 3aJIepKeK, a 00ECIICUNTh BHIITIOJIHEHHUE STOTO
TpeOOBaHUS MPH HAMYUU HENPEICKa3yeMOoro
[0 MPOOJDKUTEIBHOCTH TOJIOCOBOTO TOTOKA
HEBO3MOXKHO:  JIt0OOM  aboHeHT  Oyxer
TOBOPHUTh  CTOJIBKO, CKOJBKO  ITOCYHMTAET
HY)XHBIM, H TOTJa, KOIJIa €My 9TO
norpedyercs. [MpakTrueckuii OIIBIT
MOKa3bIBAET, YTO OTHOCUTEIIHO BBICOKAs
HAJIC)KHOCTh TaKOW PaJNOCETH MOXKET OBITh
JOCTUTHYTA, ©CIH ISl Tepeladyd JTaHHBIX
TpeOyercst He Ooznee 15% mpomyckHOI
CIIOCOOHOCTH BCEH CETM M TOJbKO Mpu
OTCYTCTBHUHM pPE3KHUX BCIJIECKOB B 00beMe
rOJIOCOBBIX COOOIIEHHH. OTO B MPHUHIIMIIE
HEBO3MOXKHO B OTBETCTBEHHBIX
TEXHOJIOTUIECKUX PaTUOCETSIX.

D¢ dexTuBHBIE TEXHUUECKUE PEIICHUS

[0 ONTHMMM3AIMM TOJOCOBOM CBSA3M B
COBPEMEHHBIX paguoceTsax cranaaproB GSM-
R u TETRA okazamuch  cepbe3HBIM

OTpaHUYEHHUEM JUI ITUX CUCTEM IpU OOMeHe
JaHHBIMU. [IpakTM4eCcKui ONBIT MOKAa3bIBAET,
YTO BO3MOYKHOCTH JTHX CHCTEM CBSI3U IIO
0o0OMEeHYy JaHHBIMH MOTYT OBITh KapAWHAJIBHO
yIy4LIEHBl 33 CUET MHTErpaly B UX COCTaB
CHEIHATM3UPOBAHHOIO KOHBEHIIMOHAIBHOIO
00opy0BaHUsl.

TaGJ’II/ILIa 1- CpaBHI/ITeJ'IBHBIe JAaHHBIC O 3aJICPIKKaxX IpU Nepeaaluc JaHHbIX B PAAUOCCTIAX
TETRA, GSM-R 1 KOHBEHITHOHATILHBIX PATUOCETIX
Table 1 - Comparative data on data transmission delays in TETRA, GSM-R and

conventional radio networks

CSD GPRS real

COM

[Tapamertp

GPRS
“KJINEHT-

Konsennmon
ajibHast

Pamnocerts
TETRA
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cepsep”’ paauoceThb
Cpennsisa 3anepxka | 600 500 1300 >300 25
B KaHanel, Mc
Munumaneshas/make | 500\900 30011500 100\3900 >500 24,5-27,5
HnMaJibHas 3aCPIKKa
B KaHase, ¢
Cpennss 8,168 5,153 4,905 - -
MIpOITyCKHast
CIIOCOOHOCTB
KkaHana,Kour/c
7,520/8,960 | 1,520/14,296 | 0,336\9,520 2,4/4,8 23,46\114,27

B03MOXXHOCTH ~ KOHBEHIIMOHAJIBHBIX  COOTBETCTBEHHO. Hwu3kas  cTaOMIBHOCTH
panuocereit o oOMeHy JaHHBIMU.  JTAHHBIX rokasarenen CBsI3aHa c
[lepeuncieHHble OTrpaHWYEHHS] TOJTHOCTBIO  OJHOBPEMEHHBIM UCTIOJIb30BaHUEM
OTCYTCTBYIOT B KOHBEHIIMOHANIBHBIX  PaJlOCeTH VISt oOMeHa peUeBBIMU
TEXHOJIOTHYECKUX paauoceTsx. JlocTym K  COOOIICHHSMH, IMOTOK KOTOPHIX HE MOXKET
paaroKaHay B TaKHX paguoceTsix  OBbITh IETEPMHUHHPOBAH;
OCYIIIECTBIISETCS HaIpsMYIo, 0e3 - TIOCKOJIBKY UCIIOJIb30BaHUE
UCIIOJIb30BaHUS IIPOMEXYTOYHOTO  TEXHOJOTHYECKOH panuoceTu CBSI3U
CIIy’)KeOHOTO KaHaja, IMOATOMYy onucaHHele — crapgapra TETRA npemaycmarpuBaercs st
3aJIePIKKU HOJIHOCTBIO OTCYTCTBYIOT.  TOJBHKHOTO TPUJIOKEHUS, B HEH JOJKHBI
HeoOxonuMo  oTMeTruTh, YTO  3aMmepbl  OBITh pean30BaHbl byHKIIH
napameTpoB  paborsl  pagumoceth  GSM  momexo3aluIIeHHOCTH. HomunanbsHas
IPOM3BOAMWINCHE HAa KOHKPETHOM CEIMEHTE  CKOPOCTh OOMEHa JaHHBIMH B  TakKou
COTOBOM CETH CBSI3U KOHKPETHOT'O OIEPATOpa  paguoceTd TMpU  OOECHEYEeHUU  BBICOKOM

U B KOHKDETHBIM TIEPHOJ BPEMEHU. ITHU
JTAHHBIC MOTYT OTJIMYAThCSI B 3aBUCUMOCTH OT
TEKyIIeW Harpy3kd Ha CeTh COTOBOM CBSI3H.
ObecnieueHne  CTaOMJIBHOCTH  TapamMeTpoOB
(YHKITMOHUPOBAHMSI TaKOW pPaguOCeTH B
YaCTH MPOIMYCKHOM CIIOCOOHOCTH MOXKET OBITh
o0ecIieueHo TOJLKO 3a CYUET BBLIACICHUS IS
oOMEHa JaHHBIMU OTICIbHBIX KAaHAIBHBIX H
YaCTOTHBIX pecypcoB. Ananus
NpPEJCTAaBICHHBIX B Ta0uuie | JaHHBIX
MTOKA3bIBACT:

- mpu pabore B pexume CSD
(Circuit Switched Data) obecneunBaercs
HauOosiee CTAOWJIBHBIH OOMEH JaHHBIMU,
OJIHAKO JaXe B OTOM CIIy4ac pasHHIA MEXTY
MUHHMAaJIbHBIM ¥ MaKCHMaJbHBIM 3HAUCHUEM
MIPOITYCKHOW CITOCOOHOCTH COCTaBJISIET OKOJIO
12%, a CcoOCTBEHHO CKOpPOCTh OOMEHa
JTAaHHBIMHA OTHOCHTEIIHO MaJia;

- pa3HHIIa MEXTy MUHUMAIbHBIM U
MaKCHMaJbHBIM  3HAUEHHUEM  MPOMYCKHOM
CITOCOOHOCTH TIpU paboTe ¢ MCIOJIb30BaHUEM
GPRS cocrapnser okono 94% nns GPRS real
COM u 280% nns GPRS "kmueHt—cepBep"
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ITOMEXO03AIIUIIECHHOCTA MOXKET COCTABJISATE OT
2,4 (omuH Tanimcior) mo 4,8 Kout/c (nBa
taiimcnota). HMcmonp3oBanue s oOMeHa
JaHHBIMM ~ OOJIBIIIET0 KOJHWYECTBA  TalM-
CIIOTOB JIeNIaeT paguoceTb Hed(PPEeKTUBHOU ¢
TOYKHU 3peHus oOMEHAa  TOJOCOBBIMH
COOOIIEHUSMH, XOTS 3TO OCHOBHAs 3ajaya
TaKOM PaJuoCETH;

- B KOHBEHITMOHATbHOMN
TEXHOJOTUYECKOM panuo-ceTu obMeHa
JTAaHHBIMHA MpelyCMaTpUBAETCA TOJILKO
BBICOKAs MMOMEX03alUIIEHHOCTD.

IIponyckHast croCOOHOCTb TAKOM pajnoCeTH
OyzleT B 3HAUMTEIbHOM CTENEHU 3aBHCETh OT
BCTPOCHHOI'O METO4a cXxarus JaHHBIX.
OpnHako JUIsl OAMHAKOBBIX MTOTOKOB JAHHBIX U
BBIODAaHHBIX METO/IOB CXKaTHsl IapaMeTpsl
CTaOUJIBHOCTH  MPOMYCKHOM  CIOCOOHOCTHU
OyAyT HEM3MEHHBIMH Ha MPOTSDKEHUHM BCel

IKCIUTyaTaIluu;

- Jaxe npu yCIIOBUH
WCTIONB30BaHUSI ~ BCEX  PagUOYACTOTHBIX
pecypcos (TaliMCIIOTOB) MPOIyCKHAs

criocoOHocTh pamuoceteit GSM-R u TETRA
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npu oOMEHE JaHHBIMU OKa3bIBaeTCS HUXKE I10
CPaBHEHHUIO  CO  CIEUUATU3UPOBAHHBIMU
KOHBEHIIMOHABHBIMU ~ PAJAHOCETSIMH.  ITO
OTCTaBaHUE CHUCTEMHOE€ U COXpaHUTCS B
MEPCIIEKTHUBE.

AHanu3 TAHHBIX MOKa3bIBaeT
cinenyromee. Ilpu pabore B pexume CSD
obOecrieunBaeTcss  HamOoliee  CTaOMIIBHBIN
oOMeH JaHHBIMH, OJTHAKO JIaXKe B 3TOM Cllydae
pazHuia MEXTY MUHUMATbHBIM u
MaKCUMaJbHBIM  3HAYEHUEM  MPOMYCKHOMN
CIIOCOOHOCTH coOcCTaBiIIET OKoio 12%, a
COOCTBEHHO CKOpPOCTh OOMEHa JaHHBIMU
OTHOCHUTENIbHO  HU3Ka. PasHuma wmexnay
MUHUMAaJIbHBIM u MaKCHMalbHbIM
3HAYCHHUSIMHU TPOMYCKHOM CIOCOOHOCTH TMpHU
pabote ¢ ucnons3oBanueM GPRS cocraBnser
okono 94% mmst GPRS real COM u GPRS
«KIJIMEHT-CEpBEP» COOTBETCTBEHHO. Huskas
CTaOWJIBHOCTh JAHHBIX IMOKa3aTeleil CBs3aHa
c OJTHOBPEMEHHBIM HCIIOJIb30BaHUEM
paguoceTu TUTSt oOMeHa peYeBBIMU
COOOILIEHUSIMU, TIOTOK KOTOPBIX HE MOXKET
obITh aerepmuHupoBadH. Cranmapt TETRA

peycMaTpUBaeTCs TUISE MOJIBI>KHOTO
NPWIOKEHUS W B HEW JOKHBI OBITh
pean30BaHbI byHKIIUN

MIOMEXO03alIMIIEHHOCTH. Vcnonp3oBanue JuIst
oOMEHa JaHHBIMH OOJIBIIEr0 KOJHYECTBA
TalM-CJI0TOB Jienaer paauoceThb
Hed(p(PEeKTUBHONM C TOYKH 3peHus oOMeHa
TOJIOCOBBIMH COOOILIEHUSMH. B
KOHBEHIIMOHAJILHON TEXHOJIOTUYECKOM
panuoceTu obmeHa JTAHHBIMHU
npeaycMaTpuBaeTcs TOJIBKO BBICOKAs
TIOMEX03alIUIICHHOCTb. [TponyckHas
CHOCOOHOCTh  TakoW  paauocetu  Oyner
3aBHCETh OT NMPUMEHIEMOTO0 METOAA CXKATHS
JNaHHbIX. Jlake mpH YCIIOBUM UCIIOJIb30BAaHUS
BCEX paJMOYACTOTHBIX pecypcoB (Taiim-
CJIOTOB) HPOMYCKHas CIOCOOHOCTh
pamuocereit GSM-R u TETRA B wuwactu
oOMEHa JaHHBIMM OKa3bIBA€TCS HIDKE IO
CpPaBHEHHIO  CO  CIEIHATN3UPOBAHHBIMH
KOHBEHIIMOHAJIbHBIMU panuoceTsIMH.
[IpuHnmnuansHOE pasnnuue JIBYX
paccMaTpUBAaEMbIX CXEM — HCIOJIb30BAHUE B
NepBOii M3 HUX  IOCIEIOBATEIbHBIX
UHTEepdEcoB, MO KOTOPBIM Kaxjaas Oa3oBas
craniusi Paragon PD+ noakmrodaercss K
MHOro6asoBomy koutpoiiepy MSC (Multi-
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site controller), BeIMoONHSIONIEMY (YHKIIHH
LEHTPATU30BAHHOTO TEXHUYECKOTO
yIpaBICHUS u COTPSIKCHUS c
B3aMMOYBSI3aHHOW CETHIO IIPOBOJHOU CBSI3H U
oomena pagHeiIMH AQO «HK«KTXK». Bo
BTOPOM CJIy4yae NPUMEHSETCS €IUHbIA s
BCE KOHBEHLIMOHAJIBHON TEXHOJOTHYECKOU
panuocetd oOMeHa MJaHHBIMH HHTEpderic
Ethernet wu wucmosms3yercss  cTaHgapTHOE
ceTeBoe 000pyIOBaHHUE.

Cnenyer NMOMHUTBH, YTO HAIEKHOCTH
0001 CHCTEMBI OMNpPENENsEeTCS B TOM YHCIIE
KOJMYECTBOM BXOJALIMX B €€ COCTaB
KOMIIOHEHTOB U OTJIEJIbHBIX Y3J0B — YeM HX
MEHbIIIe, TEM NpOIIe MPU MPOYUX PABHBIX
o0ecneunThb HEOOXOIUMBIN YPOBEHb
HAJI)KHOCTH U KUBYUECTU CUCTEMBI B IIETIOM.
DTO B MOJHOW MEpEe OTHOCUTCS K KOJIMUECTBY
0a30BBIX CTaHIIMA B cocTaBe
TEXHOJIOTHUECKOU paauoceTu obmeHa
JaHHBIMU: YE€M UX MEHbIIE, TeM MpoIle
CHUCTEMa VIpaBJIEHUS U O0OECIeueHUuss Hux
paboTOCIOCOOHOCTH.

B otnuume ot pamuocereit GSM-R u
TETRA, KOTOPBIE [IpeayCMaTpUBaIOT
WCIIONIb30BaHUE B UX COCTaBE HE TOJBKO
MOOUIIBHBIX, HO © HOCHUMBIX  CBSI3HBIX
TEPMUHAJIOB, pPA0OTAIONIUX C HEBBICOKOU
BBIXOJTHON MONTHOCTHIO (00b1yHO 0,9-3 BT), B

KOHBEHIIMOHAIBLHBIX TEXHOIOTHIECKUX
paaMoOCeTsIX TMPUMEHSIOTCS TEePMHHAIBI  C
BeIXOAHOM MomHocTteio 2045 Bt. 3OTto0

o0ecreynBaeT CyLIECTBEHHO OOJBIIYI0 IO
cpaBHeHuto ¢ pamguocetsimu  GSM-R wu
TETRA 30Hy NOKpBITHS C NO3ULHHA OIHOMN
0a30BOM  CTaHIMM, IOCKOJBKY  pa3Mep
ONEepaTUBHOW 30HBI 0a30BOM CTAaHLUHM Ha
MpaKTUKE OyJEeT ONpenesiThCs MaKCUMalIbHO
BO3MOXXHOH JAJIBHOCTBIO CBSI3M JUISL CaMOIO
MaJIOMOIIHOTO 000pYJ0BaHUs, padOTAIOIEro
B COCTaBE PaJIMOCETH.

Bce BeImyckaemoe  0o0opynoBaHHE
UMEET BCTPOECHHBIE CPEJCTBA JAMArHOCTUKH,

obOecreunBaONIe yAAJEHHBIH JOCTYI K
TEKYIIUM JTaHHBIM 0 TEXHUYECKOM
COCTOsIHHUU, 158 I/ICHOJ'H)3yeT OTKpBITI)Ie
UHTEPPEICHI, BKJIIOYas HIUPOKO

MPUMEHSIEMBIH TPOTOKOJ OOMEHa ITaHHBIMHU
TCP/IP. 3Oto mno3Boiser >PPEeKTUBHO H
MPOCTO MHTETPUPOBATH UX B IUHYIO CHCTEMY
MOHHUTOPHUHTA U aJIMUHUCTPUPOBAHUS
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texHoyiorndeckor cBs3m AO «HK«KTX», a
TaK)K€E B CHUCTEMBI TEXHOJIOTMYECKOU CBA3U

MIPOMBILIUIEHHOTO JKEJIE3HOJOPOKHOTO
TPaHCHOPTA U METPO.

PaGora JKEJIE3HOAOPOKHOIO
TpaHCHOpPTa  CBA3aHa C  ITOBBILIEHHOWU

OITAaCHOCTBIO M OTBETCTBECHHOCTHIO. B cBs3M C
9THUM BCC CUCTCMBI YIIPABJICHUA ABUIKCHUCM U

coopa  gaHHBIX 00  ONEpaTUBHOM |
TEXHHYECKOM COCTOSIHUM  TIOJIBHYKHOTO
cocTaBa W HANOJbHOH aBTOMATHKH Ha

KOHTPOJIUPYEMOU  KEJIE3HOLOPOKHONU  CETH
NyOnupyroTCsl WM TPOUPYIOTCS.  OTO
Tpe6OBaHI/Ie IMOJIHOCTBIO BBIIIOJIHACTCA IIPpU

CO3JaHUH  KOHBEHIIMOHAJIBLHOH  TEXHOJO-
THYECKOM cery, o0ecneunBaroici
(YHKIIMOHUPOBAaHUE  aBTOMATHU3HPOBAHHOU

CHUCTEMBI IUCTIETYEPCKOTO YIIPABJICHHS

Cucrema yrpaBiieHUs pellaeT 3aadu
MOHUTOPUHTA TIOABUXHBIX OOBEKTOB U
KOHTpPOJIsI palOOThl HAIOJbHON aBTOMATHKH,
BKJIFOYAS:

- BBIABIICGHHE IIEperpeBa KOJIECHOM
naphl;

- KOHTpOIIb COCTOSTHUS
YIpaBJICHUE CTPEJIOUYHBIMU MIEPEBOIAMH;

- KOHTpOIIb MECTOIOJIOKEHUS
JIOKOMOTHBA IO JIaHHBIM  CITyTHUKOBOM
HaBUTAIlMM  JJIS  peaju3allid  CXEeMBbl
WHTEPBAJIHLHOTO peryaupoBaHus c
MCIIOJIb30BaHUEM PaJNOKaHAaa;

- aBTOMAaTHUYECKOE
CXO0/la BaroHa;

- aBTOMAaTHUYECKOE
Ne(heKTOB KOJIECHOU TMaphI.

OnepaTuBHas 30Ha paanoceTu
dbopMHpyeTCsl TPYNION AYTIIIEKCHBIX 0a30BBIX
CTaHIMK, paboTaromMx Ha  pa3IMYHBIX
paaroyacToTax (KMCIOJIb30BAHUE PAaANOYacTOT
yepenyercs). Kaxmas BC mnonkmroueHa
HEHTPY MAHWCIETYEPCKOrO VYIPABICHUS IO
BBIJICJICHHOMY paauopeneiHomMy W
MIPOBOJTHOMY MarucTpajibHOMY KaHATy CBSI3U.
Kaxaplii  MarucTpanbHBId — KaHAl  CBSI3U
nyonmupyercs. OnepaTuBHBIE 30HBI COCETHUX
0a3oBbix  craHiuit  umewt  100%-HOe
MEePEKPHITHE, 4TO obecrieunBaeT
BO3MOXXHOCTh ~ TOJKIIOYEHHs] JII000TO U3
YCTPOMCTB  HAMNOJIbHOM aBTOMATHKH  WIIA
JOKOMOTHBAa K OJIHOM M3 JBYX 0a30BbIX
crannuii. B ciydae HapymeHuss paboTh

u

oOHapyKeHHE

oOHapyKeHHE
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oaHoil u3 bC, MOAKIIOYEHHbIE K yAaJIE€HHBIM
yCTpOHCTBaM HaIOJIbHOU aBTOMAaTUKU
PaaroMOIEMbI ABTOMATUYECKU
MEepeKIoyaTcss Ha padboTy co Bropoit bC
(pyHKIIMS aBTOMATHYECKOro Iepexoja Ha
pe3epBHBIA KaHal CBSA3M CTaHJapTHA MJid
paccMaTpuBaeMbIX PaliOMOJIEMOB).

IToaxmroueHHbIE K panuoceru
yCTpoiicTBa HaMOJILHOM aBTOMATUKH
nepefaroT CUTHaJIbl TPEeBOTM B ajpec
IucreTryepa c aBTOMATHUYECKOM
peTpaHCIisIiMell ero B aJpec MAaIIMHHUCTA 10
KaHajgaM 3TOi ke (OCHOBHOM) paJnOCETH.
Kpome TOro, kaxmaoe yCTpOHCTBO HMEET
COOCTBEHHBI pPE3EPBHBIM KaHAJI CBS3H C
MaIIUHUCTOM, KOTOPBI HCIOIB3YETCS ISt
nepeJayd  CHTHajiOB TPEBOTM B BHJE
TOJIOCOBOTO COOOIIICHHS.

B cucTeMe yIpaBJICHUS
NPEIYyCMOTPEHa HE TOJBKO BO3MOXKHOCTh
mepexojla  Ha  PE3EpBHBIH  KOMILIEKT
o0opynoBaHus B Cllydae aBapuM, HO U
NEPEeKIIIOUEHNE Ha PE3EpBHBIN IMOPT BBOAA-
BBIBOJIA JIAaHHBIX HAa OCHOBHOM KOMIUICKTE
o0opynoBaHusi MHOr00a30BOro KOHTpOJLIEpa
B CJIy4ae BBIXOJIa U3 CTPOSI OJTHOTO U3 TOPTOB.
Pa6ora OCHOBHO paauoceTH,
oOecrieunBamONIei  JABOMHOE  MEPEKpPHITHE
KKIOW OIMepaTUBHOW 30HBI, AyOIupyercs
paboToil pe3epBHON aBapHitHOW pagHOCEeTH
OTOBEIIECHHS MAIIMHUCTA.

CoBpeMeHHbIE
TEXHOJIOTHYECKHE
JTAHHBIMU
obecrniedeHus
Ha3HAYCHUS

KOHBEHLMOHAJIbHbIE
pasuoceTH oOMeHa
3¢ ¢deKkTUBHBIE  CPEICTBA
paboter  ACY  paznuyHOro
Ha KEJIE3HOJOPOKHOM
TPAHCIIOPTE, IO3BOJISAIONIME  CYLIECTBEHHO
pacliupuTh  BO3MOXKHOCTH  BHEIPSIEMBIX
cucteM cB3u GSM-R u TETRA s
nepenayd  uMHQopManMM O  Mapamerpax
JIBIDKEHUS 110€3/1a, 00ecreueHus] HaleKHOCTH
(GYHKIIMOHUPOBAHUSI CHUCTEM MHTEPBAIBHOIO
peryJInpOBaHUs c HCII0JIb30BAaHNEM
paguoKaHaga W CpPEACTB  CIIyTHUKOBOW
HaBUTAlUH, (DYHKIIMOHUPOBAHUS DPE3EPBHBIX
KaHajoB cOopa JaHHBIX U  YIpaBJICHUA
CPEICTBAaMH KEJIE3HOAOPOKHON aBTOMAaTUKU
Y DHEPTOCHAOKCHHUSI.
sl MHTEpBaNIbHOIO PETYINPOBAHUS
JIBUKCHUS M0€3/10B METPONOJIUTEHA
KOMIUIEKC TEXHHYECKUX CPEACTB KaXKA0ro
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noe3fa Ha JIMHWM METPOIOJIMTEHA JIOJDKEH
oOecrieynBaTh  BBIPAOOTKY H  mepenady
KOMaH/1 Ul JAWUCHETYEPCKOrO0 IYHKTa |
no3aad  WAYIEro  Ioe3a O  CBOeH
(aKTH4ecKoil CKOpPOCTH M  KOOpAMHATaX
IIEPBOTO U IOCJIEHEr0 BaroHOB, a TaKXke 00
UCIIPABHOCTH MTOE3THBIX YCTPOHCTB.

[lozamm wmaymumid 1oe3n  JOJDKEH
rapaHTUPOBAaHHO IIOJy4aTb OT  BIIEpEaH
17913 %11{SY0) nH(}OpMALIHIO JUTSt
aBTOMATUYECKOT'O PETYJIUPOBAHUS CKOPOCTH C
[IEpUOAOM CII€OBaHHUS, KOTOPBIN
OIIpEeACIIAETCS TOE3IHOM CUTyallel Ha JINHAN
U JENCTBYIOIUMU HOPMaTUBHBIMU
JOKyMEHTaMH.

I[lo npuHIMIDY neWCTBUSA —cuUCTEMa

nepegayd MHGOpPMALUKM MEXIY MOe3JaMH U
JTUCTIETYEPCKUMHU MMYHKTaMH 110 paJHOKaHATy
JOJKHA OBITh HENPEPHIBHO JIEHCTBYIOIICH:

OTCYTCTBHE HH(MOpMAIMK O TapaMeTpax
BIIEpEIM MAYIIET0 Toe3da B  TEYCHHUe
3aIaHHOTO TIPOMEKYTKAa BPEMEHH JOJIKHO
NPUBOANTh K TOPMOXKCHHIO II0€3/1a  JI0
MTOJTHOM OCTaHOBKH.

Ha moe3max MeTpo mnpuMEHsETCsS

ABTOMATU3UPOBAHHAS CHCTEMa YIpaBJICHUS,
TEXHUYECKOH IUAarHOCTUKU H O€30IMacHOCTH
IBWJKEHUS HOBOro IokojeHus '"Butsass" |
KOTOpasi o0ecreurnBaeT aBTOMAaTU3HPOBAHHOE
YIpaBJICHHE COCTAaBOM JO JECSTH BaroHOB
METpO, MOBBIIIAs HaJCKHOCTh n
0€30MacHOCTh ABUKEHUS B METPOIIOJIUTEHE.
Cucrema "Butsa3p" — npuHIUIINATIBEHO
HOBasi CHMCTEMa, WHTETPUPYIOIIasi B EIUHYIO
MHOTOIIPOIIECCOPHYIO CETh BCE JIOKAJIbHbBIE

CHUCTEMBI YIIPaBJICHUS 000py0BaHUs
noe3zoM  MerpomnoyureHa. Ee  ocHoBHBIE
GyHKIHN:

- aBTOMaTU3HUPOBAHHOE YIPaBJICHUE
000pyI0BaHNEM T10€3/1a METPOIIOJINTEHA;

- aBTOMAaTHYECKOE pEeryJIHpOBaHHE
CKopocTH, oOecreunBaroIiee 0e30MacHOCTh
IBIDKEHUS Ha JUHUU;

- JUArHoCTHUuKa nu KOHTpOJ'H)
YCTPOMCTB MO€3/1a ¥ OTIENBbHBIX BAaroHOB C
OTOOpaXCHUEM PE3YJIbTATOB M PEKOMEH Tallni
Ha [IBETHOM MOHHTODE;

MPOTHUBOIO30BasT  3allUTa KOJECHBIX

nap;
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- aBTOMaTruyeckas JMarHOCTHKA
BAaroHHOTO 00Opy/I0OBaHUS IEPE]] BbIE3I0OM Ha
JIMHHUIO;

- pe3epBHUPOBaHHE OCHOBHBIX
GyHKOMHA ~ yOpaBICHHS ~ COCTaBOM IS
obecreyeHnst  HAOEKHOCTH  COOJIIOIEHUSA
rpaduKa IBHKCHHS Ha JTHHHM;

- peructparus napameTpoB
JBHKEHUS rnoesa B 3aIMILEHHOM

Hakonutene (QpyHKIuM "gepHoTo SAumKa');

- uHPOPMHUPOBAHUE MACCAXKUPOB O
MECTE HaXO0KJEHUS 110€3/1a Ha MapIIpyTe.

Cucrema "Bursasp" pabGotaer B
pEeXHUME PEAILHOTO BPEMEHU M 00€CIIEUMBAET
yIpaBJeHHE BCEM BaroHHBIM
obopymoBanueM, 0€30MacHOCTh JIBUKCHHS,
TIOJIHYIO JUArHOCTHKY BaroOHHOTO
o0opy/noBaHUsT W BbIaYy pEKOMEHJalui
MAaIIMHKUCTY 10 YIPaBICHUIO TIOE3/IOM.

beun YCIIELTHO IIPOBEICHBI
MpelBapUTeNIbHbBIE U JIEMOHCTPAIIMOHHBIE
UCIBITaHUs 000PYAOBAaHUS KOHBEHLIMAJIbHOU
paauoceTH oOMeHa JAHHBIMU Ha
pamuomoemax Dataradio Paragon G3/Gemini
G3 gns  ompeneneHHsT BO3MOXKHOCTH — €TO
UCIOJIb30BaHUS B COCTaBE KOMIUIEKCHOMU
CUCTEMBbl YIpPAaBIICHUS METPOMNOJIUTEHA U
oOecnieueHus HaJIe)KHOTO
¢yHKkuMOHMpOBaHUs cucteMbl "Bursazp" B
3BeHE "Moe3/1 — AUCTeTYep CTaHIuu'".

HcnpiTanus  BBIMOJHSIUCH
JTamna.

Ha  mnmepsom o2rame B zemno
METPOMNOJIUTEHA MPOU3BOJWINCH H3MEPEHHUS
pabouunx napameTpoB YCTPOUCTB
KOHBEHIIMOHAIILHON panuocern Ha
COBMECTUMOCTD c JNENCTBYIOIUMUA
TEXHUYECKUMH CpPEJCTBAMU METPOIOJIUTEHA,
OoTpabaThIBAINCh  BapUaHTbl  pa3MELECHUs
pannoobopy/oBaHusl B TOJIOBHOM BaroHe
Moe3/a, OCYILECTBISUIaCh €ro CTHIKOBKA C
IIOE3IHOM CUCTEMOM ympasieHusa. Hanuuue y
obopynoBaHus OOMEHa JaHHBIMH Pa3BUTHIX
COBPEMEHHBIX HHTep(eiicoB obecneunino ero
COTpSKEHHE C KOMIUIEKTaMU ammapaTypbl
cuctembl "Butsa3p" 0€3 ero JOMONHUTEIHHON

B TpHU

JOpabOTKHU.

Ha BTOpoMm »sTame ocymiecTBisiiIach
nepenavya nHbOpMAIHH CpeIICTBaMHU
KOHBEHIIMATBHOH pagloCeTH B TOHHEIE

METPOTIOJIUTEHA B aBTOHOMHOM pexume (0e3
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NOAKIIOYEHUsT K IOE3JHOM  cucreme
yIpaBjeHUs). bazoBas CTaHIUsA
yCTaHaBJIMBAJIACh Ha CTaHLUH
METPOITOJIUTEHA, CTallMOHAPHBIE
MIPUEMOIIEPEIAIOIINE AHTEHHBl — B IOpTaJe
TOHHEJIA. AOOHEHTCKU pazroMoieM

pasMelalicsl Ha Jpe3uHe U MepeMelacs Mo
TOHHEJI0O B HampaBlIeHUM OT 0a30BOM
cTaHuuu. [Ipu 3TOM BBINOJIHSIIUCH U3MEPEHUS
JAIbHOCTH JCUCTBUSA PAAUOCBI3M U YpPOBHSA
CUTHAJIOB B 3aBUCUMOCTH OT MOIIHOCTH
nepeaaTynKa, CKOpocTu oOMeHa NaHHBIMHU H
TUIIA IIpUeMoIepeatoIIuX AQHTEHH.
Pesynbratsl HOKa3aiu BO3MO>XHOCTh
o0ecreyeHus Ha/le)KHOro 0OMeHa JTaHHBIMU C
OJIHOI 0a30BOM CTaHIMM MO JBYM TOHHEISM
MeTpo Ha ynaidenue g0 1200 M Ge3
MCIIOJIb30BaHUs IIEJIEBOT0 KaOeJs.

Ha Ttperbem »5Tanme abOOHEHTCKHA
paaroOMOJIEM pacrojarajicsi B MOe3Je U ObLI
HOJKIIIOYEH K M0€3/1HOM cucreme
yIIpaBIICHHUS. Bemonnsanace rnepepaya
uHpopMauuu O (AKTUUECKUX IapaMeTpax
IOBIDKEHHUS TII0€3Jla OT IO0E€3JHOM CHCTEMEI
yIlpaByieHUs! Ha 6a30BYIO CTAHLIUIO PainOCETH
OpU  KOHTPOJBHBIX  OOKaTKax  Ioe3ja.
[lepenaya  gaHHBIX  NPU  UCHBITAHUAX
KOHTPOJIMpOBaJiach Kak Ha OOPTYy moesna, Tak
U Ha CTaHINH METPONOJIUTEHA.
KonBennumonanpHast paauocerb obecrieymniia
TPAHCIALUIO TeJIeMETPUUECKOH HHPOpMAaLUU
c Oopra moe3na MeTpo C 3aJaHHOU
HNEPUOJIMYHOCTBIO (M3MEHsIach OT ABYX /10
MATH COOOIIEHUN B CEKYHNy B 3aBUCHMOCTH
OT YyAaJeHus Toe3Ja OT CTaHIUH) W
3anepkkamu. Hannmyumive pesynbrarhl ObuiH
MIOJIy4EHBl IPH MCIIOJNB30BAaHUM IPOTOKOJIA
UDP (User Datagram Protocol). Omenka
IIPOITYCKHOU CIOCOOHOCTH pasuoceTH
nokasajga, 4YTO Kaxzjas Oa3oBas cTaHUUsA

obecrieunBaeT 0OCIy)XMBaHHE HE MeHee 12
MOe37I0B  METPO B JIBYX MapalljIelIbHBIX
TOHHENSX TMPH 33JaHHOH HMHTEHCUBHOCTH
TPAHCIIALUU COOOIEHHH ¢ OopTa KaXa0To U3
HUX.

3akaodeHue. beima  BEIOTHEHA
CpaBHHUTEJIbHAS XapaKTEPUCTUKA TEXHOJIOTHH,
C TOCJIEOYIOIMM €€ aHaJu30M Ha OCHOBE
KayeCTBEHHOMN OLICHKHU OCHOBHBIX
IIOKa3aTesei.

Takum obOpazom,
KOHBEHIIMOHAIILHBIC TEXHOJOTHYECKHE
paauoceTu oOmeHa NAHHBIMU VYKB-
JUara3oHa SBISIOTCS HAJICKHBIM CPEIACTBOM
obecrieuenuss pabotrel ACY  pa3imuHOTO
Ha3HAYCHUS Ha KEJIE3HOIOPOKHOM
TpaHCIIOpTE.

IIpensioxeno IIOCTPOEHUE
TEXHOJOTHYECKON panuoceTu oOMeHa
JTaHHBIMU Ha paauomoneMax Viper-SC+. Ona
obOecrnieunBaeT ABTOMATUYECKUI
JIBYCTOPOHHUI 0OMeH anaBUTHO-IIH(PPOBOI
uHdopmanuen MEXIyY a0oHeHTaMu
panuoceru no [P-nporokoany.

bouin  paccMOTpeHBl  OCOOEHHOCTH
kona Puma-Comomona. Iloctpomnu rpaduxu
3aBHUCHUMOCTH YHCJIa OOHAPYKEHHBIX OIIMOOK
OT BEPOSITHOCTH OIIUOKH I KOJIOB (255,223)
u (7,3). C mnoMompl0 KOMIBIOTEPHOH
CUMYJISIIIMU ObLIa JaHa OIlEHKa OIMUOKaM MpHu
nepenave nHGOpMaIMy M0 KaHamy.

[TpoBeneHo wWcclieOBaHUE MOJEIH
UKInYeckoro u3osirounoro kona (CRC).

IIpoBenena JanbHenmas
ONTUMM3AIMS TIPOrpaMMbl BbiAeneHus AlS-
CUTHAJIOB, JUIS YCIIOBUH IUIOTHOTO IIOTOKA
coobmenuit. [IpoBeneH aHa—mU3 BO3MOXKHBIX
OTKJIOHEHHH U c00eB B paboTe TEX "HOJIOTUU
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AngaTna. Makanasa TeMIp)KOJd KeJIriHAe OpTypil MakcaTTarbl aBTOMATTaHIbIPBLIFaH
Oackapy KylenepiHiH KYMbIC ICTeyiH KaMTaMachl3 €TETIH MAJIIMETTEp aJIMACY IbIH KbUDKbIMAIIbI
TEXHOJIOTHSUIBIK pajuo xenuiepid Kypy yuriH YKT nuana3oHbIHBIH MIApTTHL paguo MOJAEMAEPiH
KOJIJaHy — Macenesnepi  KapacTelpbulFadH. byn  pamuoxeniiep GSM-R  xone TETRA
CTaHJApTTApPhIHBIH  Oaimanbic Kypannapein mnadganaHateiH  "KTXK"¥K" AK Oipsiarait
TEXHOJIOTHSUIBIK ~ OaimaHbplc  JKyHeciHIH Kypamjac »JKoHE axblpamac Oeuiri  peTiHze
KapacTeIpbUIagpl.  KapacThIpBUIBII ~ OTBIPFAH  PAaguo  KENUIEPAIH  KeNeN-TeXHUKAJIBIK
cUMarTamajapbl MOMBI3ABIH KO3FAIbICHl Typalbl akKmaparTbl Oepy MYMKIHIIKTEpiH elnoyip
KEHEeHTyre, paaroapHa MEH CIYTHHKTIK HaBHTAIWs KYpajJapblH KOJJIaHA OTBIPHIM, apalibIK
perTey KyHeNlepiHiH CEeHIMJII >KYMBIC ICT€yiH KaMTaMmachl3 €Tyre, JAEpeKTepAl >XHUHAY MEH
TEMIP)KOJI aBTOMAaTHKAachl MEH SJIEKTPMEH >KaOJbIKTay KypajjapblH OacKapyIblH Pe3epBTIK
apHaJapbIH allyFa MYMKiH/IK Oeperi.

Tyiiinai ce3aep: KOHBEUMSUIBIK PAago MOJEMJEP, Paauo >Kelijepi,TeMipKoJ KeJiri,
6ackapy kyiieci,aknapar 6epy, MaJTIMETTep )KUHAY, aBTOMATHKa.

52


mailto:yerkosh1@mail.ru
mailto:orazymbetova@mail.ru
mailto:orazymbetova@mail.ru

Ka3zKKA Xa6apmbicer Ne 3 (118), 2021 ISSN 1609-1817 The Bulletin of KazATC
Becrank KasATK Ne 3 (118), 2021 DOI 10.52167/1609-1817 vestnik.alt.edu.kz

The Bulletin of Kazakh Academy of Transport and Communications named after M. Tynyshpayev,
ISSN 1609-1817, DOI 10.52167/1609-1817, Vol. 118, No.3 (2021) pp.53-61

THE ANALYSIS OF THE FUNCTIONALITY OF THE TECHNOLOGY
DVB-MMDS

Matayeva Aiym Bakytovna - teacher, Academy of Logistics and Transport, Almaty,
Kazakhstan, aiym_mataeva@mail.ru

Lipsky Marina Anatolyevna - Cand.Sci.(Eng.), Academy of Logistics and Transport,
Almaty, Kazakhstan, limaan78@mail.ru

Saidahmetov Murad Ablatyevich- Cand.Sci.(Eng.), Academy of Logistics and
Transport, Almaty, Kazakhstan, msaidahmet@mail.ru

Orazymbetova Aigul Kanybekovna- PhD, Academy of Logistics and Transport,
Almaty, Kazakhstan, orazymbetova@mail.ru

Abstract. The analysis of the functionality of technology DVB-MVDS based cellullar
television equipment. Shows the block diagram of the system MVDS, station DVD-MVDS. The
principle of the teleport. Comparing with the existing system MVDS broadcast standard,
identified the main advantages of this technology, which designed to facilitate the early
introduction of digital broadcasting in the entire territory of the Republic of Kazakhstan. When
receiving small cost of subscriber equipment, ease of installation and operation of DVD-MVDS
makes it possible to provide a wide content services.

The MMDS multimedia network is based on the headend. In the formation of information
flows can be used a variety of sources-the Internet, terrestrial, cable and satellite television
channels, various local sources of information. Analog signals are converted to digital form in
MPEG2 encoders. The formation of service information, channel coding and modulation are
carried out in accordance with one of two standards - DVB - C or DVB-S.

The power of solid state amplifiers used in MVDS transmitters is very small. In channel
transmitters, it is measured in tens of mW, and in group transmitters, designed to transmit
hundreds of channels, it is measured in units of watts. Signal distribution to cellular transmitters
can be made by fiber optic, low-power relay lines or by MVDS itself. The subscriber has an
antenna mounted on the wall of the building, a low-noise Converter and a standard receiver.

The transfer of frequency from the millimeter region to the decimeter is carried out in one
or two stages. In this case, there may be problems due to the high absolute instability of the high-
frequency heterodyne Converter and the strong departure of the transmitted signal. Their solution
may be to stabilize the frequency of the heterodyne pilot signal introduced on the transmitting
side into the General stream. This principle is used, for example, in Technosystem systems
compatible with the DVB-C standard.

The signal conversion on the transmitting side is performed in two stages. First, the
frequency is transferred to the region of 2.3-3.3 GHz. At this stage, the phase-locked frequency
of the Converter heterodyne is used and the pilot signal input is phase-synchronized by the same
highly stable source. In the second stage, the frequency is transferred to the region of 11.7-12.5
GHz. On the receiving side, the signal conversion occurs in the reverse sequence - first, the
frequency is transferred to the region of 2.3-3.3 GHz, then it enters the second Converter with
phase-locked, where the pilot signal entered on the transmitting side is used as a reference.

Key words: station, converter, pilot signal, multimedia network, operating frequency
range.
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A.b. MaraeBa, M. A. JIunckasi, M.A. Caiinaxmerton, A.K. Opa3biMOeToB
JlorucTuka s<oHe KOIiK akageMHIChl, AnMartsl K., Kazakcran

TEXHOJIOI'MSAHBIH @ YHKIIUMOHAJIABIK MYMKIHAIKTEPIH TAJIJIAY DVB-
MMDS

Angarna. byn makanmaga ysiel Teleauaap KypbUIFBICBIHBIH Herizinge DVB-MVDS
TEXHOJIOTHACBIHBIH (DYHKIIMOHAIABI MYMKIHIIKTEPiHIH Tangaybl kepceriuireH. DVB-MVDS
cTaHUUACBIHBIH MVDS xylieciHiH KypbUIBIMIBIK CYJI0achl KENTipiireH. TenenopTThiH )KyMbIC
npuHIMIi cunarranrad. MVDS skyliecimen Tenebaraapiay KyieciHiH 0acka J1a cTaHaapTTapblH
CJIBICTBIPY OapBICHIHIA OChI TEXHOJOTUSHBIH HETI3T1 apTHIKIIBUIBIKTAPl aHBIKTAIbI. OCBIHBIH
Heriziaae Kazakcran PecnyOnukachiHbIH OapiblK aiiMarblHIA CaHABIK OaFdapiayabl €HTi3y
OapbICBIHBIH Te3/eTinyiHe bIKman eteni. DVB-MVDS ikyiieciniH KaObuigaymbl aOOHEHTTIK
KYpBUIFBUIAPBIHBIH ap3aH 0arachkl, )KEH1T KYPbUTYbl MEH KOJJIaHBLUTYbl KbI3METTIH KOITYPIUIIriHE
KOJI alIajbl.

Tyiinai ce3mep: cTaHmus, KOHBEPTEP, MUIOT-CUTHAJ, MYJIbTUMEIMSUIBIK YK€, KYMBIC
JKULTIKTEPiHIH TUAIa30Hbl.

MMDS MynpTUMEAUSIIBIK Kemici Oac MYMKiH. AHaJnOrTeik curHamgap MPEG2
cTaHIus 0a3achlHIA KYphUIaabl. AKIapaTThIK KOJEp CaHIBIK Typre  TYPJICHIIpiIei.
arbIHAApAbl KANBINTACTRIPY Ke3iHnae opTypii  CepBHCTIK aKIaparThbl KAJIBIITACTBIPY,
ke3nep - UaTepHeT, 23Qupiik, KabelbdiK )KOHEe  apHaIBIK KoATay koHe Monyisiius DVB - C
CIOYTHUKTIK TeNenuaap apHamapbl, opTtypii  Hemece DVB-S eki cranmapTTapbiHblH OipiHe
KEPruTiKTi aKmapar Kes[epl HailalaHbUTybl — COHWKEC )KY3ere achIpbLIa[IbL.

(
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Figure 1 - MMDS system structure
1 cyper - MMDS xvyiieciHiH KYpbUIBIMBI
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1l-cyperre MVDS xyiieciHiH TapaTy
XKoHEe  KaObuimay — OeJiKTepiHiH  THUHOTIK
KYPBUIBIMIBIK cyJ10achl OCiTHEJICHT CH.
Hudpnslk makeTTepAi KaJblITaCTbIPFAHHAH
KeHiH apHajmap MOIYJSIIUSIAHAIBl JKOHE

KEH)KOJIAKTBl ~TapaTKplITapra Oepy YUIIH
OipikTipinei. CoHpaii-aK JKEKe
TapaTKbIIITapAbl MaifagaHy Ja MYMKiH.

Taparkpimra curaan cnektpi 11,7-12,5 I'Tn
(0y1 Oip Hemece €Ki Ke3eHIE IKypeni)
00JIbICKa KemIipiyieni, KyIICeHin, aHTCHHara
Oepineni. bazanmplk craHIMsTIAp CEKTOPIBIK
AQHTCHHAJIAD KUBIHTHIFBIMEH >KA0JIBIKTAIYhI
MYMKiH. ByJ1 CUTHaIIbIH KyaTbIH KYLICUTYTE,
COH/Iai-aK JKMUTIKTI KalTa IMainagaHy >XoHE
NOJIIPU3ALUSHBI aybICTBIPY eceOiHeH
a0OHEHTTEp CaHbIH apTThIpyFa MYMKIHJIK
Oepenmi.

MVDS TapaTKbIIITapbIHIA
KOJJIaHBUIATBIH ~ KATThl ~ KYHICUTKIIITEPiH
KyaTbl ©Te¢ a3. B apHaibIK mepeaaryukax o

oJNIIeHe i OHAaraH MBT-Ka, am  TONTBIK
Oepyre apHaiFaH IKy3JEreH apHamap, -
Oipmiktepimen  Br.  Curmamgsl  ysutbl

TapaTKBIIITAPFA TAPaTy ONTHKAIBIK TAJIIIBIK,
a3 KyarTel penenik xeniiep Hemece MVDS

KOMETIMEH J>KYpri3inyl MYyMKiH. AOOHEHTTE
FUMapar KaObIpFachiHa OpHAaTBUIATHIH
AQHTCHHA, a3 IIYJalThIH KOHBEpPTEP JKOHE
CTaH/IapPTTHI PECUBEP OPHATHLIAIBL.

Tapary JKarbIH/1a CUTHAJIIBI
aileipbacTay €Ki  Ke3eHAe I Kyprisiieni.
Anneimen  xuinik  2,3-3,3 I'To alimakka
kemnipineni. byn  kesegne  Koneptep
reTePOIUH SKUUTITIHIH (hazaybIk
ABTOMOJKYPBUIBICHl KOHE JON COJI JKOFaphl
TYPaKThl KO3MEH CHHXPOHIAIATHIH ITHJIOT-
CHUTHAJIBIH €Hri3y KoJjjaHbUIanel. Exinmm
kesegae oxkuunk 11,7-125 I'Tx oOsisicka
KeIIipinei. Kabpuiarpim JKarblHIA
CUTHAJIBIH ~KOHBEPTALMACHI Kepl peTIeH
xKypemi — ammeiMer okuimk 2,3-3,3 ITn
00JIbICKa KeIIipisie[ll, COlaH KEHWiH Qa3alibiK
aBTOMOJKYPBUIBIMBI  0ap eKiHIII KOHBEPTKE
Tycell, OHIa TIPeK PpETIHAE TapaTyIIbl
JKarbIHIa CHTI31IreH MHJIOT-CUTHAJ
KOJIJTaHBLIA b,

ATtan aWTKaHaa, IIagralgarel a3
KOHBICTAHFAaH IYHKTTEP YIIiH 2-CyperTe
KOPCETUITCH KYPBUTBIMIBIK cxema
KOJIJTaHBUTYbI MYMKIH.

gpun0s £ H 4l

Figure 2 - DVB-MMDS station block diagram
2 cypet - DVB-MMDS cTaH1usCbIHBIH KYPBUTBIMIIBIK CXEMACHI
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[IaFeIH €511l MEKEHHIH TEJIEMOPTHIHBIH
KYMBIC TIPUHIIHITI

- DVB-S2 /| MPEG-4 cranmapTeiHaa
memiekeTTik ~ TB  OarnmapinamanapbIHBIH
HaKeTiH TPaHCISALIUSIIANTHIH OpTAaJIBIK
CIYTHUKTIK CTaHIMSAAH OarmapiiaManapibiH
caHIbIK makerTepi KaszakcraH ayMarbIHBIH
100% xabatein KazSat-2 cmytHuTiHEH
KaObUIIaHa k],

- OymaH opi, KaObUanFan curhai, 11
700-12 500 MI'm nuama3oHBIHBIH KYMBIC
KUUTITIHE JEKOJATayFa KYTIHOCH, KUUTIKTI
alibIpOacTay JKOJIbIMEH ©3TepTiIe/i.;

-TapaTylibl aHTEHHACHhl 0ap CaHJBIK
a¢pupnik  Ttaparkeimm  DVB-MVDS  xep
OerinHeri xabap TapaTyJIbIH JKaHa
CTaHJApPTHIHIA €JJIi MEKCH ayMarblHa CHUTHA
taparanpl. KamTy aliMarbl MEH KEpHEy
JarpaMmachl TapaTyIIbl AHTCHHAHBIH
OaFBITTBUIBIK JUarpaMMachIMeH JKoHE dupre
HIBIFAPBUIATBIH  TAPATKBIII KOHBEPTOPBIHBIH
KyaThIMEH  KaJIBINTAacaabl  JKOHE  KEHT
ayMarbIMCH HICKTEJIe I,

- CUTHAJ
aOOHEHTTEpre

YIIiH
aHTEHHA

KaObLIIaY
apadoIMKAIIBIK
eHOEUTIH CITyTHHUKTIK KaObu1IaY
KaOJBIFbIHBIH ~ CTaHAAPTTBl  TYPMBICTBIK
JKUBIHTBIFBI KaXeT. AOOHEHTIHEH KaObuiaay
aHTEHHa alfHaJIapbIHCHI3 TUNTIK a3
HIYBUIAAHATBIH ~ AQHTEHHA  KYLIEUTKIIIiHe
XKY3€re achlpbUIaJibl JKOHE KOCIOM OpHATYHAbI
Tajan erneial. ¥ ChIHbUIBII OThIpFaH >KepJeri
TB xabap TapaTy OKemiCiHIE TiKeJeH
CIYTHUKTIK Xa0ap TapaTy KaObUIJarbIIITaphbl
naiiianaHeiaTelH  O0onanmel, Oyin  OapibIK
WITTHIK HUQPIBIK Xabap Tapary >Kelicl YIIiH
MIAPTThI KOJ JKETKi3y MEH Tapu(UKAIUSHBIH
OlpbIHFall JKylleciH naiijanaHyra MYMKIHJIK
Oepeni;

- Ka3ipri yakpITTa d3ipieymiiep Kyar
ke3i periHne TB perpaHcisTopnapisl KyH

OarapesyiapplH  MaijanaHy  MYMKIHZIITIH
Kapactelpyga. OnapablH  SKOHOMHUKAJIBIK
THIMJAUTIT  JKaFdalblHaA KYWEHIH  TOJIBIK

nepOecTiri KaMTaMachl3 eTiIei.

Tonwik MacmTadbter MVDS xyiieciHiH
KypaMbIHa KeJleci KeleHaep Kipei:

- optanbik cranius (I1C) kypambinaa:
CIYTHHUKTIK  oHEe d(QuUpIiK  Teiexuaap
OarapiamanapblH  KaObUIayFa  apHajfaH
TEJICTIOPT, TENEPAAUOCTYAUSIIBIK KaOAbIKTAp,

56

OeJliHreH OarbITTaFbl pazuopenenik
CTaHLUsIIAp, Internet KaObUIIAY
CTaHIMSAIAPHI, TEIEPOH KOHE KOMIBIOTEPIIIK
KEJJIEPMEH YIITacy KaOIbIFbl, A0OHEHTTEPI1
KOJITay KOHE €CeMKe ally >yHeci, Kemiimi
JIEKTPMEH KOPEKTEHIIPY XXYHeci, MOJIEMJIIK

KAOABIKTAp, JKUUIIK apHaJIapblH OIpIKTIpYy
KYPBUIFBICHI oap Kell apHAJBI
MUKPOTOJIKBIHIBl  KaOBULAAFBII, KOJJICHEH
KA3bIKTBIKTAFbl ~ OAFBITTBUIBIK ~ HICHOEPIIIK

IuarpaMmachbIMEH aHTeHHA;

- a0OHEHTTIK KaObUIAay CTaHLUSIAPHI
(kaxxer OojFaH JKargaiga WHTEPAKTUBTIK
POKUMII KaMTamachl3 €Ty), OFaH aHTCHHa,
KaObUIZay KOHBEPTOPHI (TApaTKBIII) IKOHE
TIOHED Kipei.;

- OpTajblK CTAHIUSHBIH A0OHEHTTIK
CHUTHAJIJAPBIH PETPAHCIIATOPIAP.

MVDS  xyiiecinin LIC  Oipuemie
KEPCEePIKTEPIIiH, KEPriuliKTI CTYAUsIapAbIH
JKOHE OKEPTUTiKTI A(HUPIIK  TEICBUUSIBIK
TapaTKBIIITAPAbIH
TenepaanodaraapIaManapbiHbIH
CHUTHAJIJAPBIH KAObUIIAil OTBHIPBII, OJIAPJIBI
CHEeKTp OOWBbIHIIA ©37EepPiHIH  CTYAMUSIIBIK
eHiMiMeH OipikTipemi. Hotmxenik curnan
TOJIKBIHAAPIBIH ~ CAaHTUMETP  JKOHE/HeMece
MWUIIMETpP JHAana3oHIapblHa KaJIbIITACa b
JKoHe mibIFapbuiaas [3].

Kymsbic KUUTITHIH KOFaphI
KUUTIKTET1 JAuana3oHblH TaHmay 11,7-12,5
ITu, an xakpiH Oomnamakra 27,5-29.5 I'Tn
xoHe 40,5-43,5 I'Tu xen apHayibl Teneauaap
MEH OJKOFapbl JKBUIJAMIBIKTBI JEpPEeKTepi
Oepy, aHTeHHa-puaepnik Tpakt neH AXOK-
KYpBUIFbUIAp 3JIEMEHTTEPIHIH a3 radapurrepi
MEH MaccachlH ajly, COHJai-aK oNlemMik
HapbIKTa YJIKEH MOJIIepJe  CaThUIaThIH
CITyTHMKTIK TeJe U 1apIbIH Ka0bL11ay
KYHENepiHIH KbIMOAT eMec 3JIeMEHTTEpIH
KOJIJTaHY MYMKIHJIIT1H KaMTaMachl3 eTe/i.

Bipax 10 ITx aliMarbeIHIa
CUTHAJIJApIBIH ~ Tapalybl Kell Karaaija
MVDS  xylienepiH Kypy €peKILIeNiria
aHBIKTANUIbI.

Byn  nmama3oHHBIH ~— TOJNKBIHBIHBIH
epeKIIeNiri  OJapAblH  TapalyblHBIH Typa
CBI3BIKTHI 00Jybl OonbIm TabbuIanbEl. Onap
TIOTI LIaFbIH Keaepriiepai oyryre
KaOinercis,aln KepiciHlIe-onapaaH
Oypmanaycel3 kepinic Tabanel. Toxipube
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kepcetkennend, 10 I'Try xwuimiriage 3 per
KOPIHIC TamKaH CUTHAIIAp KaHaraTTaHAPJIBIK
KaObu1mananel. byl cumaTt >korapbl SKHUTIKTI
CHUTHAQJI Tapary >XyHenepiH >xolanay Ke3iHze
nai1amaHbUTybl MYMKIH.

Kimni paguycsl TapaTy MUWIIHMETPIIK
TOJIKBIHIIAP aHBIKTAIbl KOJIJIAHY TEXHHKACHI
MMDS Keimeperi MaJIOMOII[HBIMHA
nepeAaTYuKaMyu CaJIbIHFAH YSUIBI TIPHHIUIII.
Y51l KYpBUIBIMMEH Oipre KeH XojJakK Oy
TEXHUKaHBI Teneaunap, TesehoHuUs,
BujcokoH(pepenmms, WHTEpHETKE >KOFaphl
KBUIIAMJIBIKTBl KAaThIHAY JKOHE JEpeKTepii
Oepy KipeTiH HHTEPAKTUBTI MYJIbTUMEIUSIIBIK
JKeIuIepi YUBIMAACTBIPY YIIIH ©Te KOJaNIbI
ereni [1].

DVB ym  «Herisri»  epekmeiri
KOJIJIaHBICTAFbI Tenenuaap Tapary
JKENNIEpIHIe  KOJNIIK  aFbIHBIH  JKETKi3yre
MYMKiHAiK Oepeni: cmytHuktik (DVB-S),
a¢pupnik  (DVB-T) Hemece  kabenbaik
(DVB-C).

MVDS Kyieci KAOUIIIK
ormepaTopyiapra 3  BIKHNAJIBIHBIH ~ asChIH

alTapiIbIKTal KEHEWTyre, COHJai-aK Keke
CEKTOPJBI KOCYFa MYMKIHIIK Oepeni. CurHan
OepyniH OCBIHIAM omiciH KOJIJIaHy
KOAKCHAJIJIBI KOHE ONTHKAIBIK KOOIl Tecey
YIIiH alTapiblKTail yHeMmJeyre MYMKIHAIK
Oepeni, COHbBIMEH KaTap OaraHIapnbl JKajFa
ally YILIIH Teyieyre »oHe Oip ’kepae kalenb
y3uieni aen Kopkyra 6onMariasl. CurHain MeH
KabenpAiH 2¢upaik OepimiciHiH  yiHieciMi

aOOHEHTTEep/JiH  CaHblH Te€3  apTThIpyFra
MYMKIHJIIK Oepei.
MVDS KyheciHae Kypzeni

KepCepiKTIK AHTEHHaJapAbl MaianaHyabIH
KaxkeTl koK. MVDS xyitere Oeitimaenrexn
aOOHEHTTIK CHYTHMKTIK JXyHenepaiH ap3aH
5Ka0 IBIFBIH naiiaianyra OarbITTAJIFaH.
Curnan kabObuigay TapaTylllbl aHTEHHAHbBIH
TIKeIed  KepiHy  allMarblHIa  XKy3ere
achIpbLIa/IbI:

- 5 KM-Te NeHiH-TIKeIeH
KOHBEPTOP/IbIH COYJIETCHIIPY KYpPaJIbIHA;

- 15 xkm-re newtin-guamerpi 20-25 cm
aHTEHHAaFa;

- 30 km-re newin-muamerpi 60 cm
AHTEHHAaFra;

- 40 xwm-re newin-muamerpi 90 cm
AQHTCHHAFA.
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MVDS typm HycKamapsl KepriuliKTi
OarmapramManapMeH XXoHE jKapHaMaMeH Oipre
CIYTHHKTIK Telenuaap OarmapiamanapbiH
peTpaHCIsIIUsUIayFa — MYMKIHIIK — Oeperi.
CoHBIMEH KaTap, CaHJIBIK CIyTHUKTIK OciiHe
CTaH/IAPTTAPhIHA TOJBIK COWKECTIKKE KO
JKETKI3UIEe a1 JKOHE MPEG-2 CaHIpIK
KOMITPECCHUSICBIMEH YIJISCIMIUTIKKE KETUIIIK
Oepinei.

XKyiienin Tarpl Oip apTHIKIIBLUIBIFHI-

Kypaeni penbedke OailmaHbICTBl  APUPITIK
TEJICBUCHUE Harmap KaObLIJaHATBIH
alTapJIBIKTal KeH aiMakTapabpl JKadabl.
Mynnait  aiiMakrapael  xabap TapaTyMeH
KaMTy YIIiH peTpaHcisTopaap
naitananeias! [2].

Ddupmix xabap Taparyably
TEJIEBU3HSIIBIK TapaTKBIITaPbIMCH
CaJBICThIpFaHIa IIM JKYHeciHiH

TapaTKBIIITAPBl CIyJIE MIBIFApPY KyaThl eAQyip
a3 Oosanel. CoHBIMEH Oipre, Oy karmanja
OpEKeT paJNyChl e19yip a3 00J1ael, KaObLUIIAY
TapaTKbIIl ~ aHTEHHAJaH TiKeledl  KepiHy
HYKTeJIepiHe jKy3ere achlpbiiansl. bipak Oy
KeMIIUTIK op0ip maifanaHylibl YIIiH ©31HIH
(xepi) apHaChbIH YUBIMACTBIPATHIH
UHTEPAKTUBTI JKYHenepal IKy3ere acelpy
Ke3iHje aObIpoiira ne 60mysl MyMmKiH. Tapary
aHTEeHHachl Maijga OoNaThIH opOip «YSTHBIHY
Meiiepi a3 OoJFaH caiblH, KeJieMi OOibIHIIA
YyiIkeH (kepi) apHa opOip mnaiijanaHyubiFa
OexiHyl MYMKiH [3].

MVDS KYHeciHIH OpTajbIK
CTaHIUSUTAPBIHAH abOHEHTKE CUTHAI
KaObulay JKYHMeciHIH TepT Typl apKbUIbI

Y3€re achlpblIybl MYMKIH:

- J)keKke aOOHEHTTIK KaObliaay sxyieci,
OJ JKEpPCEPIKTIK KaObLIAay >KUBIHTHIFBIHA
yKcac, KaOBbUIIaHATHIH CHUTHANJIBIH Tajam
€TUIETIH camnachblH KaMTaMackl3 eTel, OMTKEH1
CUTHal  KOCBIMIIA TYPJCHIIpyJdep MeH
KyLierynepci3 «O1piHIII KOJI1aH»
kKaObuinaHanbl. COHBIMEH Karap, >KUITIKTIK
MO TYJISIIIASTHBI ecKepe OTBIPHITI,
KaObUTJAaHATHIH CUTHAN WHAYCTPHUSIIBIK JKOHE
Oacka ga  Kedeprijepre ic  Ky3iHIE
YIIbIpaMan/Ibl;

- Oip aHTeHHa/laH CUTHAJ KaObuiIayra
apHaNFaH YKBIMJBIK KaObUIIay Kyieci, OHBI
900-2150 MI'1q OipiHmT OCb-ne
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aOOHEHTTEpre
TapaTyMeH;

- MVDS
TapaTKbIIBl  Oap

kipebepic  Hemece  yiire
KaOBUIIAFbIIIB  KOHE
MHTEPAKTUBTI  THUNTI
YKBIMIBIK ~ JKOHE  JKeKe  KaObLIJaFbill-
TapaTKpllll  CTaHiusA. MyHpgam  Kyiienep
TenedoH JKoHE KOOULMIK Kemiyiep OoibIHIIA
aKIaparThl >KMHAYIbl, OHbl KCHIHHEH OHJEI
)koHe MVDS perpaHcasTopbiHa  Oepyi
Ky3ere aceipanbl. byn karmaiina CaHJbIK
Tene(OHUSHBI, KOMIBIOTEPIIK  JKEJiIepai
XKoHe 0acka Ja KEHXOJAKThl KbI3METTEpl
YHBIMIIACTBIpYFa O0JIaIbl.

MVDS  TtaparKblllIbIHBIH ~ pagNyChIH
ecentey. EcenTey ymriH 6actankel 1epekTep:
x)uimk guana3zonsl 12,1 — 12,5 I'Tn; apna
Kyatel P1 - 300 MBT; TapaTy aHTE€HHACBIHBIH

kymeity koddpduumenti Gl - 28 nb;
KaoObL11aYy AQHTEHHACBIHBIH KYILEHTY
koopduumenti G2 - 16 nab; Tapary

aHTeHHAChIHBIH OuikTiri hl - 10 m; kaObuHay
aHTEHHACHIHBIH OMikTiri h2 - 3 M.

MeTpOoNOrHsUTBIK  JKOHE JICHHUMETPIIIK
JaTia30HIapIbIH PATUOTOJIKBIHIAPEI TiKeIeH
KOpiHY IIeTiHAe Tapauaipl. TapaTKbIIITHIH
COyJICJICHY KyaThlH JKOHE OalIaHBICTHIH
THIMAUITIH a3afdtaTelH  o3re ne TaOuru
KYOBUIBICTAp/IbI ECKEPMECTEH, TIKeIIeH KOpiHy
HIeTiHAEe PaAUOTONKBIHAAPABIH TapalybIHBIH
OpEKeT €Ty paJauychl OChIJIal KOpiHEe/I:

R, =340(/n,+h, ) m (1)

myHaarel hl sxone h2 — Tapary xoHe
KaObU1/1ay aHTEHHAJIAPbIHBIH OUIKTIT, M.

PaguoronkeiHaapaslH  pedpakiusChiH
€CKepe OTBIPBIN, TY3y KOPIHY KallbIKThIFbIH
ecenreimis

R, =340(/10+3)=19150, kM  (2)
Ocbl  ¢dopMmyna eckepmeil euipy

CUTHAJI KOHC TapaTKbIITBHIH KYyaTbl, OJI faHa

P

L=10lg—

P,
SfHHU, KHUUTIK ocyiMeH (TOJKBIH
Y3BIH/IBIFBIHBIH a3al0bIMCH) JKOHE

aHTEHHAJIAPJBIH KYIIEUTY KOX(PQPHUIMEHTIHIH
a3alobIMEH O11yl apTaJibl.

=20Ig47ﬂr—1OIg(Gl -G, ), 1B
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MYMKIHZIT1 TypaJibl TIKEJIeH Kepy ecKepe
OTBIPBIII, )KE€KE KYTIM JOHIEJIEK JKep.

Ecentey yumiiH opeker eTy paamychl
TapaTKBIIITHIH KYILIiHITEH OosFaHna Tikenel
KepiHyiHe Kyo 6onambi3. Herizinge KyaTThliH
cumnarTaMasapbliH 0a3aiblK KOHE aOOHEHTTIK
KaOJBIKTaH, KYIMIEUTY KO3POUIMEHTTEPIH
KaObL11ay JKOHE TapaTyllbl aHTEHHAJIAPbl MEH
COHJali-aK Taparay IIbIFBIHIAAPABI ECenTey
Ke31H/Ie TYBIHAAUTHIH.

JKoranty 60C KEHICTIKTEH TYybIHIAFaH
JIeTl eCyiMEH, apaKallbIKTBIK TapaTyIlbl apa

KaIIBIKTBIKTHIH aHTCHHAJIapFa nenin
KaObuIay Ke3iHAe 3apallaHFaH  dHEeprus
OeoiriHenige OapIIbIK YJIKEH aJlaHbIHA

KUHAKTAIBIT KaObUIIay aHTCHHACHIHA KEJIS/Ii.
byn xarmaiima TapaTy aHTEHHAchl OapIibIK
JKaKKa OarbITTAJIFaH OOJIBINT TaOBLIAMIbI, COYIIe
HIBIFapy PHEPrusichbl cepanblk 6eT OoMbIHIIa
Oemineni. KambIKTBIKTBIH —eocyiMeH cdepa
OCTiHIH ayJaHbl apTajbl, an xKep OeTiHIH
Oipuirine KeJeTiH AJIEKTPOMATrHUTTIK
SHEPTUSHBIH THIFBI3IBIFEL a3asbl. MyHpaan
IIBIFBIHIAP MBIHAAAKW (Gopmyia OOWBIHIIA
aHBIKTANAbI:

€)

np

MyHaa Pu, Prnp — coyneneHy Kyarbl
YKOHE THICIHIIIE KaObu1ay;

I — apachbIH/Jarbl KaIIbIKTHIK OepeTiH
KOoHe KaObu11ay aHTEHHAJIaphl.

C KOMEKKE OarbITTAJIFaH
aHTCHHAJIAPIBI IIOFBIPJIAHABIPY OapackiHA
3apapiiaHFaH SHEPTHUSICHIH OeNriJIeHrey

OarpITTa, YJ€cl apThlll, SHEPTUsSHbI aHTEHHaFa
KaObL1ay Ke3eHi kypeni. Ocbluiap/sl eckepe
OTBIPBIN, KYHIEUTYy KO3(pGULIMEHTIHIH OepeTiH
Gl oxone kaObuimay G2 aHTEeHHaNAp.BI
YKOFAJITy COTIH 0OC KEHICTIKTE TOMEHJET1IeH
*azyra 0omabl:

(4)

Tapaty >xoHe KaObuimay Quuepinieri
IIBIFBIHIAPIBI €CETIKE alTy:
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P 4
L =10lg— = 201g """ ~101g(G, -G, )+ 1, + 11, 1B (5)
P, A
Coyne mbIFapy KyaThl OepiieTiH TonkpiH Y3BIH/IBIFbI oinaipy
apHayap caHbIMEH aHBIKTAJIA/IbI: aHBIKTAIA]IBI:

P, =P, -n, MBT (6)
MYHJAFbI - P1-TapaTKpIIITEIH apHAJIBIK
KyaTbl; N-OepiJieTiH apHaIap CaHbl.

P, =200-3 =600 MBT
HJIn
P, =-0,3501B

PIIP kaObuimaHaThIH KYyaTThIH €H
TOMEHT1 JIEHI el TA KaObLIIaY
anteHHaceiHblH Iy Temneparypaceimen, W
apHACBIHBIH  >KOJIaFbIMEH, F  myasig
kodpduimenTiven koHe S/N  curHaI/mTy
KAaTbIHACBIMEH aHBIKTaa/Ibl:

P =10lg(k-T -W)+F+§ abm  (7)
np A N’

myHaa k=1,38+10-23 Jx/K-Bonbpiman
TYPaKTBhI.

TA aHTECHHACHIHBIH 113Y%

TEMIIepaTypachlH ecenTey YUIiH (OpMYyIIaHbI
nangananyra 601aabl

2
T +{11foo}

=293 K - «xamemter [y
JMana30HHBIH ~ OpTalia

Ta

(8)

MYHJIa
TEMIEPaTypachl, -
SKULTIT.

Conpa

1100

2
T, =293+ ~| =29301K
123-10

P, =10lg(1,38-10® -20301-3-27-10° )+ 5.+ 44 = ~54,648,
nbm Hemece P, =-54,648 1b.

Tapary xoHe KaObuigay uaeperi
HIBIFBIHIAD:

n=p-1,nb ©)

MyHAa — GuaepAiH IIaFblH eIy,
nb/M; - GuaepaiH Y3bIHIBIFEL.

7=004-10=03 1B; 7 =0,04-4=0]16 1b.

B Tapary anteHHaceiHaH KaObuiIay
aHTEHHAChIHA JIEUIHT1 KAIIBIKTHIKTHI
€CEITENMI3:

-0,458+54,648+26+14-0,4-0,2-120
20

0024

4

=2,945xm

KopbiTbinabl. XKypriziiren Tannay
Oacka  TexHomorusuiap — angeiHga VDS
KYHECIHIH apTHIKIIBUILIKTAPBIH ~ aHBIKTAyFa
MYMKIHIIK Oepei:

- KaOenpJiK JKeNiiep YIIIH 9leyeTTi
KOJDKETIMCI3 KJIMEHTTepPre KbI3MET KOpCETy
(>xexe cekTop);

- Oip TEeNeBU3USIIBIK KOOUIIIK KEITHIH
ayMaKThIK TapaTbUIFaH ydacKeJepiH OipiKTipy
SKEHIIIT;

- MarucTpajibJbl >KETiIepai olapJbIH
MH(PaKYpBUIBIMBIH TIal1ajlaHa OTBIPBIT caly
KaXXEeTTUIiriHe OaiiaHbICThl 0orae yibIMaapra
TOYENILTIKTI a3auTy;

- MOHT&XIBIH KapanailbIMIbLIBIFBI
KOHE KaObUIIay yKa0IbIFBIHBIH TOMEH KYHBI|

- )KYMeHIH oTeNIMIUTITIHIH a3 Mep3iMi;

- a3 Kyp/JeJl UIbIFbIHAAP.

CoHBIMEH Karap, MVDS
TapaTKBIIIBIHBIH KaMTy aliMarbl PaJInyChIHBIH
ecenteynepi KP-ma ochl  TEXHOJIOTHUSHBI

€HT13y KOKETTUTITIH JoJIeTACHII.

OJEBUET

[1] A. Buremea. MVDS wunu OecripoBOJHBIE CETH Ha MHJUTUMETPOBBIX BOJHAX.

WNHTepHeT-cTpannna

JKypHaja

«Tene-CnyTHUK»:

http://perkis.narod.ru/Tv_technolog/kabel/MVDS/MVDS/
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AHHOTauusi. B crathe paccMOTpeHBl (QYHKUIMOHAIbHBIE BO3MOXHOCTH TEXHOJIOTUU
DVB-MVDS. Ilpusenens! crpykrypHble cxembl cucteMbl MVDS u cranmun DVB-MVDS:
[lpencraBinen mpuHOMN paboTel Tenemopra. [lpu cpaBHeHmm cucteMbl ctannmu MVDS ¢
JPYTUMH CTaHJIapTaMH BbISBIEHBI MpPEUMYIIEeCTBAa JaHHOM TexHosoruu. Ha ocHoBe aHanmu3za
paccMOTpeHa BO3MOXKHOCTh BHeapeHHst TexHonorun MVDS Bo Bce o006macTHbIE LIEHTPBI
PecniyOnuku Kaszaxcran. HeBbicokasi cTOUMOCTh 000PYJOBaHUS U MTPOCTOTA MOHTAXKa CHCTEMBbI
MVDS criocoOCTBYIOT PaCIIMPEHHIO CIIEKTPa MPEI0CTABISAEMBIX YCIYT.
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DEVELOPMENT OF A LOCOMOTIVE OBSTACLE DETECTION SYSTEM
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Abstract. This article discusses the possibility of implementing an obstacle detection
system for a locomotive driver when performing shunting work.

Project objective: to improve the efficiency and capacity of rail transport by contributing
to automation by developing a prototype of autonomous obstacle detection.

Keywords: computer vision, sampling, Wald's method, Bayes ' theorem.
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T.O. Yuramoaes, H.M. Kycman
FymapOek [loykeeB aTeiHIarsl ATTMATHI SHEPTETHKA JKoHE OaiTaHbIC YHUBEPCUTETI,
Anmartsl K., Kazakcran

KEJEPTLJIEPJI AHBIKTAYJIbIH TIOKOMOTHUB )KYHECIH 93IPJIEY

Anparna. byn makanmaga MaHEBPIIK JKYMBICTBI JKY3€re achlpy Ke3iHAe JOKOMOTHB
MaIlIMHUCI YIIiH KeAeprijepAl aHbIKTay *KYHECiH 1CKe achlpy MYMKIH/IT1 KapacThIPbLIaIbL.

XoOaHbIH MakcaThl: KeJepruiepAl aBTOHOMIbI AHBIKTAy IPOTOTHUIIIH JKacay apKbLIbl
aBTOMATTaHJBIPYFa KOCKAH YJIECl apKbUIbI TEMIP>KOJI KOMITiHIH THIMALUIITT MEH OTKi3y KabileTiH

aprTBIPy.
Tyiinai ce3aep: KOMIBIOTEPIIIK KOpY, 1pikTey, Banbn oxici, baiiec Teopemacst.

Byrinri Tagaa TeMipKOJIABIH BIKTUMA KYPBUIFBICHIHBIH ~ (DYHKIIMOHAABIK MYMKIH-
KayinTi ydackenepi ayJlaHJapblH/Ia TiKTepiH KeHelTy Oonbin Tadbuaasl [1].
amaTTap/IbIH aJIJIBIH aTyAbl KAMTaMachl3 €TyTe Temipkonmapaa ajaMziap MeH
MYMKIHJIIK O€peTiH KOeINTereH CTAllMOHApJbIK  JKaHyapiapAblH OoNlybl Ke3iHAe  ILIemliM
Oeitne  kyienep  Oenrim. TexHUKaTbIK  KaObulay MIEKTEYJIl YaKbITThI KaKET €TEell.
KOpYy/liH JOKOMOTHUBTIK >XYHeciH maiinamany  Jlemek, JJOKOMOTHBTI Oackapy Ke3iHAe ajxam
HOTHOKECI TeMIp JKOJIJIaFbl 0eryie OObEKTUIEep/ll  ONepaTOpbIHBIH ~ KaTeclH  a3alTy  yUIiH
(kenepriiepii) TaHy KOHE PENIbCTIK KOJNITabaH  aBTOKOJIK JXKyHesepiHae KOMIBIOTEPIIK Kepy
MeJIIepiHiH OY3bUTYbl YIIIH TEMIp JKOJIBIH  TEXHOJIOTHUSAJAPBIH KOJNAAHY KaxeT, Oy
AnFa JKaTKaH Yy4YacKeCiH JIOKOMOTHUBTEpre  MOWBI3AbIH KayiNCI3JiriH KaMTamachl3 €Ty
KECKiH/1 OeifHEeCIH KaJIbITAaCThIpy *oHe Oepy  YILIiH Oipkarap TarcbIpMaIap/sl
ece0lHEH  KayilCi3MIKTIH  JIOKOMOTHMBTIK  aBTOMAaTTaHJAbIpyFa MYMKIHIIK Oepeni.
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Kypnemi QITOPUTMHIH ~ JKYMBICHI  QHAIMTHKAJIBIK Kaptamarel Pl xoHe P2
aJIJIbIH-aJa OHJICJITCH TENeIUIap  CHUIATTAMAIbIK  CBhI3BIKTAPhIHA  KATHICTHI
OcitHeCIHIer1 MUKCENb XaPBIKTBIFBIH 1pikTey  o3repeni CkaHepieyiH op KaJaMbl PeIbCTiH
AIIEMEHTTEPIH KPUTEPHAIABl TalAay apKbUlbl  OOJyBIH aHbIKTAy  YIIiH CeHIMIIUTIK
J)Ky3ere  aceIpbuiafibl.  YCblHbUIFAH — 2x11 KOO(DPUIIMEHTIH  aHBIKTAWIbl.  AJIIIAKTHIK
eNIIeMal IpiKTeYy aHaJUTUKAJBIK KapTara  aHbIKTallFaH oKkardaiga Bampn — omiciMeH
KaThICThl QIABIH ajla OHIEIIeH KeCKIHMI KECKIHJII TOWEKTI Tajjay HeTi3iHAe aJlrOpUTM
CKaHepIiey i Ky3ere aceipanpl. CKaHeplIeyliH  JKYMBICHIHBIH KeJIeCi UTEepPalusiChl Ky3ere
op KE3eHIH/Ie YITiHIH OPTaJILIFBI  aCBIPBLIAIBI.

Figure 1 — Complex algorithm scheme
1 cypet - Kemien i anroput™m cxemachl

¢ K o 0
\ - — —— 4
;
4 Beitne
\
AHaTHTHKATBIK KapTa |-
Kaitranay ;
y v Hs
l Ipixrey ‘

Kok

Figure 2 — Algorithm block diagram
2 cypeTt - ATTOpUTMHIH OJIOK CXeMachl
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«105
while(y<W){

x=(y-b)/k;

int cnt=0;
for (int j=0;j<2;j++){
for (int i=-5;i<6;i++){
int d=(y+j)*Image->widthStep+(x+i);
if (Image->imageData[d]){
++cnt;

¥
¥
}

if (cnt>9 || cnt==0){
GapPoint.y=y;
GapPoint.x=x;
return GapPoint;

}

y=y+1;

»

Figure 3 — Fragment of the sample analysis software code
3 cyper - IpikTemeHni TanaayablH OaraapiaaManblK KOABIHBIH (hparMeHTi

Cyperreri 00BEKTIHI AHBIKTAY
KaTeJiepiH  aHBIKTAy  YIIiH,  CypeTTeri
00BEKTiIHI OTKI3IN Kibepyre OalIaHBICTHI

HEMeCce CyperTeri OOBEKTIHIH Oap-*KOFbIH
JKaJlFaH aHbIKTay KaTeJlepiH aHbIKTay YLIiH
CTaTHCTUKAJIBIK 9MICTEPIH KOJJAaHY THIMJIL.
Cyperreri o0bekTiHI TaHy bailec Teopemacsl
OOMBIHIIIA aHBIKTAY MYMKIH:

P(Xm)p(¥Yn/X,)
Lg= P(Xq)p(Yn/X,)

P(X,/Y,) = 1)

Mynna:

P(X,/Y,) - HOTMXKEHI aly Ke3lHJe
00BbEKTIHI Ta0y BIKTUMAJIIBIFBI,

P(Xm) - aHBIKTayABIH alpHOPJIBIK
BIKTHMAJIIBIFEL,

p(¥Yn/X, - mbHAWBI aknmapaT Kesi
Xm HbIcaHbl OOJIFaH >Karmaiga Y Oelnricid
Ty BIKTHMAJIJIBIFHI,

m,n,q =12,...,.M -  0O0OBEKTiIED
KJIACBIHBIH HHIEKCTEPI.
bipiHmi Hemece eKiHIIN  THNTEri

O0OBEKTIHI aHBIKTAy/aFbl KaTCNIKTEPAiH Oipi
amaTThl cajjapra oKelyl MYMKiH OousFaH
JKaFaiia, MyHJIal KaTeTKTepAl IIEKTeUTIH
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Heiiman-ITupcon
KaXerT:

KpUTEpUHiH KOJIJIaHy

mina, B, < fB, Hemece mina, ag S a;  (2)

Mynna:

tty By - OIpIHII KOHE eKIHINI TYpAeri
KaTeNIKTEP/AIH PYKCAT €TUITEH IIEKTI MoHAEpi
CoMKeCIHIIIE.

blkTuManipuibIK KO3pPUIUEHTI

_ p¥/x,) (3)
(x0T
bIkTUMaNIBUIBIK Koa(hpurmeHTi

(dbopMynanapaaH ecenTeNeTiH MEKTI MOHMEH
CaJTBICTBIPBLITAIBI: :

ay = fﬂtp(ﬁjxljdﬁ HeMece

4

By = ff;p(ﬁf.’{:)dﬂ “

Banba craTUCTHKANBIK SKCIIEPUMEHT
OapbhICBIHIA KAJBINTAaCKaH JOHEKTI YJrire
HETi3/IelreH  alrOpUTM  YCBIHJBI,  YITiHIH
MOHJIEPIH €CeNTey/iH 1-II1 KaJaMBIHBIH op
KE3€HIH/IEe IKCIIEPUMEHTTI KAIIFACTBIPY
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HEMece TOKTaTy Maceneci menriiai. by omic
IolekTi Tanmay Hemece Bampa omici jgemn
aTajajbl.

A oci ymr aiimakka Gemineni, onga Al,
A2 memiM  KaOwLIAQY
Oenrici3mik  aMarbl

TEpic HeMmece

KYMBICTBI ~ TOKTary  Typalbl  IIEIIiM
KaObuInananpl. CeHIMIUTK  Kod(QHUIHUEHT]
aiiMaKKa eHIeH >JKarJaijga, AKCIIEPUMEHTTI
KeJIeCcl CypeTTe >KaIFacThIpy Typaibl IICHIM

aiiMakTapbl, ai KaObUIIaHabL. bIxTuManabUIBIK
AO. bIkTUManpIIBIK ~ aliMaKTapblHBIH CXeMacel 3 -  CypeTTe
kod(dduimenTi alWMakKka TYCKEH JKarmanWga  KepceTulreH.[3]
OH HOTIKEMEH THICIHIIIE
Al A2 A
B
- ? +
-
Figure 4 — Decision-making zones
4 cyper - lllemrim kaObu1Aay aliMakTapsbl
Y CBIHBUTFAH aNTOpPUTM (GopMysiaiapra  KYPBUIFBICHIH KOJIIaHY IapTTaphl
corikec, mekTi Al, A2 MoHmepal TaHIaraH KapacThIpbLIbl. JKyMbIC HOTHIKEJICPiH
Kargaiaa OakbUIayJblH MUHHMAIIBl OpTalia  KeJecilel TYKbIphIMIayFa 00Ia bl
TexHUKAIBIK Kepy KYHECiHIH

KOJIEMIH eCenTey Ke3iHAe TUIM/I:

Ay=— 8= ()

KopbIThIHABI.

Byn 3eprrey TeXHHKAIBIK  KOpy
apKbUIbl  JIOKOMOTHMBTIH >KOJIBIHAA Oerze
3arTapabl  Taby MocelseliepiHe apHaJIFaH.
ManeBpiik  JOKOMOTUBTI Oackapy YUIiH

O3IpJIEHIeH TEXHUKAIBIK Kepy KYHeciHIH

KOMETIMEH JIOKOMOTHBTIH JKYPY >KOJIBIHIAFbI
KeJepruiepal  aHbIKTay  MEH  TaHYy/bIH
931pJIEHIeH SJICTEMECIHIH KelOip acneKTiiaepi
KapacThIPbLI/IbI. KommnbroTepiik Kepy
TEXHOJIOTUSITAPBIH KOJITaHa OTBIPHIII,
JIOKOMOTHUBTIH  KOJBIHAAFBl  KeJepriiepai
aHBIKTay JKOHE TaHy ITOPUTMIHIH
KYPBUIBIMBI YCBIHBIJIFAH.
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PA3PABOTKA JIOKOMOTHUBHOM CUCTEMbI OBHAPYKEHUS NPEIISITCTBUI

Yuramobaes TempipOaii Orap0aeBu4, KaHAUAAT TEXHUYECKUX HAyK, AJIMAaTUHCKUI
YHUBEPCUTET DJHEPreTuKM U cBsizu uM. . JlaykeeBa, TI. AJjmaThl, Ka3zaxcraH,
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cesi3u uM. I, Jlaykeea, r. Anmarel, Kazaxcras, nurbol.kusman@gmail.com

AHHOTanusi. B maHHO# cTaThe paccMaTpUBaeTCsi BO3MOXHOCTh pealu3alliil CUCTEMbI
OTIpe/ICNICHUs] TPETSTCTBHIA Il MAIIMHUACTA JIOKOMOTHBA TPU OCYIICCTBICHUU MaHEBPOBOM
paboTHI.

[lenpro mpoekTa sBISETCS: MOBBIMICHUE A(H(HEKTHBHOCTH M TPOMYCKHOH CIIOCOOHOCTH
JKEJIE3HOIOPOIKHBIX TMIEPEBO30K 32 CUET BKJIaJa B aBTOMATH3AIIMIO ITyTeM Pa3padOTKU MPOTOTHIIA
ABTOHOMHOTO OOHAPYKCHHUS MPETISITCTBHA.

KiroueBble cjioBa: KOMIIBIOTEPHOE 3peHME, BBIOOPKa, MeToa Banbia, Teopema baiieca.
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BRAKE SHOE MONITORING WITH LORA RADIO AND GPS

Chigambaev Temyrbai Otarbaevich, Cand.Sc.(Tech.), Almaty University of Power
Engineering and Telecommunications named after G. Daukeev, Almaty, Kazakhstan,
t.chigambayev@aues.kz

Yusupova Saltanat Abenovna, Cand.Sc.(Tech.), Almaty University of Power
Engineering and Telecommunications named after G. Daukeev, Almaty, Kazakhstan,
t.chigambayev@aues.kz

Kizatov Serikkhan Rasulbekuly, Master student, Almaty University of Power
Engineering and Telecommunications named after G. Daukeev, Almaty, Kazakhstan,
s.kizatov@aues.kz

Abstract. Low Power Wiring (LPWAN) networks are gaining attention in academia and
industry alike, offering the ability to connect large numbers of nodes over long distances. LoRa
is one of the technologies used as the physical layer in such networks. In this article, we propose
a new mechanism for collecting and transmitting monitoring information based on LoRa
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technology. As a possible implementation of Low Power WAN (LPWAN), Long Range (LoRa)
technology is considered the future wireless standard for the Internet of Things (1oT) because it
offers competitive features such as range, low cost, and low power consumption. This makes it
an optimal alternative to existing wireless sensor networks and traditional cellular technologies.
However, there is limited bandwidth available for physical layer modulation in LoRa. We
propose a new method for monitoring brake pads at train stations, where we transmit and receive
geo data using a LoRa radio transmitter and receiver.

A monitoring device with sensors can collect real-time activity and location information
and transmit it to a cloud server through a LoRa gateway. The user can check his entire history
and current information through a specially designed website. The experiment was conducted to
test connectivity, power consumption and performance monitoring of the entire system.
Experimental results show that this system can accurately collect monitoring and activity data
and provide long-range coverage with low power consumption.

By implementing this method, we create a new circuit to overcome the LoRa bandwidth
limitation. In this scheme, images that require a high bit rate are encrypted by the sensor as hex
data and then split into packets for transmission at the LoRa Physical Layer (PHY).

Heltec ESP32 lora, BLE devices and GPS module were chosen as the basis. The
algorithms necessary for them were implemented in the Arduino IDE software environment and
with the help of MY SQL databases and HTML and PHP required for the server to work.

Keywords: microcontroller, brake shoes, system, server, receiver, transmitter, device.
907K 681.3(075.8) DOI 10.52167/1609-1817-2021-118-3-65-71

T.0. Yuramoaes, C. A. FOcynosa, C.P. Ku3aros
Fymap0Oek JloykeeB aTeIHAAaFBI AJIMATHI SHEPTETHKA XKOHE OailIaHBIC YHUBEPCUTETI

LORA PAJMOMOJY.JII )KOHE GPS KOMEI'IMEH TEXKET'III TOCEYIIITEPII
BAKBLIAY

Anparna. KenTipiireH Makanga TeMIpKoJd OeKeTTepiHJe KOJAaHBIIATBIH TEXKETIIT
TeceyllITepAl OakpllayJbl JKy3ere achlpyFa apHajlFaH >KyHeHl ICKe achlpyFa apHajFaH.
Curnannapzpl Taparyra *oHe KaObuigayFa KaKeTTi KypbUIFbUIap TaHJanaznsl. Heriz pertinne
Heltec ESP32 lora, BLE kouabiprbuiapsl sxoHe GPS Moy Targanbiaasl. Onap yImiH KaKeTTi
anroputmaep Arduino IDE GarnapiamManblK OpTachlH/Ia OHE CEPBEPIH JKYMbBICBIHA Ka)KETTI
HTML, PHP xxone MY SQL mamiMeTTep 60a3ackl KoMeTi apKbUIBI )KY3€Te aChIPBIIIbI.

Tyiinai ce3aep: MUKPOKOHTpOJUIEp, KaOBUIAAFBII, TapaTKbII, XKYyile, cepBep, TEeXKerill
Teceyilll, KOHBIPFHI.

Temipxon OekeTTepiHae KoJaHbLIa- 4) WEB caiir.
TeiH Texerim [1], [3], TeceyimTepai ESP32 Texerim TeceyllITepiH OpHATACKaH
LoRa MHUKPOKOHTPOJIIEPITI Heriziaae  kepi  Typamsl  akmapar  GPS  apkpuiel

OpHaJlaCKaH >Kepli >KoHe opeKeTTi Oakpulay  KepceTiayl MyMKiH. OpHanackaH ep Typaibl
KYMECIHIH apXUTEKTypachlH HETi3iHEH TepT  akmaparThl >KMHAy YIIiH 013 1-cyperre

OOIIKTEeH TYpabl: KepceTUIreH e LoRa KYPBUIFBICBIHA
1) Cepgep. OpHAJIaCTBIPY MOJYJI MEH KyaTThl OacKapy
2) LoRa xaObu1jaFbIIbL. MOy IbAEP1 01311H KYpPBUIFBIMbI3JIA
3) LoRa TaparkpImibl. OpHAJIACKaH.
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Figure 1 - Connection diagram of ESP32 LoRa microcontroller
1 cyper - ESP32 LoRa MUKpOKOHTpOJIIEpiHiH KOCBLITY Cy10achl

KepceTiry

Kone

00JIBIIT
rporecci 2-cyperre OeiHeIeHIeH.

TabbLIaabI[2].

Herisri

byn JKYMBICTBIH
MaKcaTTapbIHBIH Oipi TEXEril TeceyimTepain
OpHaJIaCKaH J>XepiH KOMIIBIOTEpJIe KOepCceTy
Koumuﬂ:g §
L J
[ ]
@
[ ]
L]
[ ]
@
° 130 m
[ ]
[
]
L] -
L]
L
L]

Manog,

Figure 2 - Data visualization on computer

2 cypert - MonimMeTTepaiH KOMITBIOTEPIeTi KOpiHici
MOJIIMETTepAl TaparkpimuTa opHaimackan GPS
MOJIEMET  €KeyiH

xibepeni.

KoHIbIpFBIHBIH KYMBIC ictey
MPUHIAII, TEXKETII TOCYIIKE OpHATBUIFAaH  MOJYJIIHEH  TYCKEeH
OipikTipim, KaOBLIIaFbIIIKA
KaOplmmareiimn €3 Ke3eriHae KeJin TYCKEH
Momimertepai  wifl  KemiciHe — KOCBHUIBIM,

BLE pmaruyuri Ttaparkan curHangel ESP32

LoRa TapaTkpIll KYPBUIFBICEIMEH JaTYUKTIH

CUTHANIBIHBIH ayMarblHAa KIPTeHJe, MaTyuK
cepBepre xioepei.

JKOHEJITKEH MAJIIMETTEP/Ii OHIeH 1. OHIeNTeH
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Figure 3 - Communication between transmitter and receiver
3 cyper - TaparkpIin IeH KaOBUIIAFBIIT apachlHAaFbl OaliIaHbIC

Cepaepne MySQL moamimerTep 6a3acsl
MeH 0a3aiarbl MOIiMeTTepli OaKbUIayIIbIFa
Oakputayra bIHFainel Oonmy ymiH WEB
calTThIH OemikTepiHeH Typanbl. baza e3

php
28le0)5¢

Hegasues  Mafpaswos

oszop | ¥ Crpyeypa | L] saL

v > > | Koweecrsocrpor | 25w

Cozpams B
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valug2

- gﬁﬂv localhost3306 > . Bz panveoc K12503887_example_esp_data :.Tﬁ:— Sensoata

4 Noncr | ¥C Beramar = 3ncropr | 4=k Mwnopr | @ Onepaumn | 2o
urerpozare crpoar | Morcs & e
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Ke3eriHJIe  MOJIMeTTepre  KOJI  JKETKI3y
BIHFAMIBI  OOMYBI  YIIIH, Op  TEXeriml
TOIIEHIIIKE )KEKE KECTe KYPacCTpPhUIFaH.

Tourreps:

Coprapossme no megsscy | Hnoasow v

reading_time

| = &7 vaweurre. J& Konwpozare (@) vaarume 5201 001 433876310 76.0434140 2020-12.26 14:30:33
S St .
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) g et 0 a/‘ﬂ:ww-: i.E» @ Yasnurs BI85 001 ! 0.0434140 2020-12-28 14:30.38
'+. SensorDatsd
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228 143040

0 76.9433720 2020-12-26 14:39:50

5.0433542 202012+

43 387FTAT 760433542 2020-12-26 14:3053

Figure 4 - Database view
4 cypet - ManimerTep/iH 6a3afarsl KepiHici

KaOpu1marbimka KEJTIIn TYCKEH
monimerrep PHP ckpunt kemerimen Oazara
xkykreneai. An HTML mapakmacel apKbLIbl,
Op KecTere Keliln TYCKeH MoJlIMeTTepl
OakeLIail aJlaMBbI3. Kecreme  texerim
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TOMICHIITIH PETTIK HOMEpi, >KYMBICIIBIMEH
KOHTAKTIr'e TYCKEH COHFbI HYKTE€ MEH yaKbITHI,
YKOHE COJI HYKTEJIEep/Ii BU3yalIbl OaKbLIai airy
YLIiH GOOGLE KapTara ciiteme
YCHIHBLIAIBL.
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Figure 5 - View of data on the web site
5 cypert - MomimertepaiH web calTTarbl KOpiHici

Barongap bt KiOepyri MEH
KaOBUIAAYIIBl ~ apachlHIAFbl  CHUTHAJIIBIH
OpbIHIATybIHa Keaepri Ooma Ma, XKOK Ta,
COHBI aHbIKTay YmIiH ®peHenb aiiMarFbIHBIH
paauychl MEH JUaMeTpiH Keneci dhopMmynanap
apKbUIBI ecenTeyre 6omas [3]:

| D
= 8.656 —
r X 5

r = @peHenb aliMarbIHbIH PaguyChl

D = KaObuiafsii MeH TapaTKbIIITHIH
apa KaIIbIKTBIFBI (KM)

F = KonnanbeuiaTerd xuinik 868MHz

(2)

1)

Fzone Diameter =r * 2

@®peHenb  30HACBIHBIH ~ OpTa  HYKTecCl
KeJecijepAl KojlaHa OTBIPBIN ecenTeIreH

Fzone opTama HykTeHiH buikTiri >

MyHAaFbl 8,5 M xoHe 1,5 M — coiikeciHie
KaOBUIAAFBIII TIEH TAPATKBIIITHIH OUIKTITi.

| 1+=10°

r=8656% ——
868+ 10°

= 3.385wu

Fzone Diameter =9.29 # 2 = 18,58u
Fzone Radius = 5 - 3.385 = 1.615u

85+ 15
_ = 5
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Ocowiman keitin, @pecHenb aifMaFbIHBIH
KIIMPEeHC1 KeJeci ecemnTeylepiAiH KeMeriMeH
KAHIIAIBIKTHI €KECHIH aHBIKTay KUBIH €MEC.

Epkin emec alMakTBIH MalbI3bI

1615 _
e 100% = 23.86%

OpeHenb alMarblHBIH 00C Oediri
1009 — 23.86% = 76.14%

Ocpinaiia, TapaTKBbIII neH
KaObUIaFbIIII apachbIHIaFbI OipiHMI
KambIKTBIKTa (1 kM) @peHens aiiMarbl

keaeprigeH 60% -man apThiKk Oomnabl. by
Mmoe37]  BaroHJApbIHBIH  TapaTKbIl  TIeH
KaObUIJAFbII apachbIHAAFbl alKbIH KOpIHyre
ocep eTneiai aerexai oingipeni
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| 500m |7

WS

(Fzoneopr.|= S.n )

Figure 6 - Calculation of the Fresnel zone between the remote transmitter and receiver (1 km)
6 cypert - KallbIKThIKTarbl TAPaTKbILI I1EH KaOBUIIaFbII apachiHIaFrbl OpeHens aitMarblH
ecenrey (1 xm)

KopbIThIHABLIAP. tagaananael.  JKoHe omapael  OakpUIayHA
Makaiana TeMipkKoJl OeKeTTepiHeri apHAJIFaH KOJIAJIbI web calTThl OakbLIai
TEXKETiI TeceyimTepai OakputaynblH  anablk. OCBl KYpBUIFBIHBIH KOMeTiMeH, 0i3
UHTEJUICKTYaJIJIbI KYHECiH ’Kacay — TEMIp)KOJI OCKETTEpiHJe OPBIH alIbIll KAaTKaH

KapacTeIpbuLibl. CUTHANIAAPABl TapaTry MXKoHe TEXKETII TOIICHIITEPIIH YKOFaITybIHBIH
KaOpUIay  YIIIH  KaXeTTi  KYpbUIFbLIAp aJIIBIH ajla ajJaMBbI3.
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AnHoTanus. /laHHas CTaThs MOCBSIIECHA BHEAPECHUIO CHCTEMbI MOHHUTOPHHIA TOPMO3HBIX
KOJIOJIOK, UCIIOJIb3YEMBIX Ha BOK3aJlaX. BEIOMpAIOTCs ycTpolCTBa, HEOOXOAUMEBIC IS Iepeaadn
U mpreMa curHaioB. 3a ocHOBY Obutn BeIOpanbl Heltec ESP32 lora, ycrpoiictBa BLE u GPS-
Moysib. HeoOXomuMble Jisi HUX QITOPUTMBI OBUTM peali30BaHbI B IPOrPaMMHOMN cpene
Arduino IDE u ¢ momoripio 6a3 gaaasix MY SQL 1 HeoOxoaumbIx it paboTsl cepBepa HTML,
PHP.
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Abstract. Bioleaching is the extraction of metal from sulphide ores or concentrates using
materials that are natural to the environment; namely water, air and microorganisms. In other
words, bioleaching is the commercialization of the ability of certain naturally occurring bacteria
and archaea to catalyze the oxidation of sulfide minerals. Sulfide mineral leaching distinguishes
bioleaching from conventional acid leaching, in which only oxidized minerals are leached.

A related process is biooxidation. It is the oxidation of sulfide minerals associated with,
but not necessarily with, the mineral of interest to be recovered. Bioleaching is today used in
commercial operations to process copper, nickel, cobalt, zinc and uranium ores, while
biooxidation is used in gold processing and coal desulfurization.

Since bioleaching is a natural process, one of the undesirable effects is the formation of
metallic acid drainage due to the slow weathering of sulfide mineral outcrops and from
abandoned mines. However, as with Rio Tinto in Spain, even this can be turned into an asset by
extracting copper from such waters.

This article describes smelting and converting processes, advances in their
automation, functional characteristics and configuration of automation systems for copper
smelters.

Keywords: Bioleaching, biooxidation, mineral, sulphide ores.

YK 681.3(075.8) DOI 10.52167/1609-1817-2021-118-3-71-78

C.A. IOcynoga, T.O. Yuramobaes, A.A. Yanuen

AJMaTUHCKUIM YHUBEPCUTET SHEPTEeTUKU U cBsi3u uMeHU I'. Jlaykeesa, r.AnmaTtsl, Kasaxcran

UCCIEJOBAHUME ITPOLECCA ITPOU3BOACTBA ME/IX C TIOMOIIbBIO
MUKPOOPI'AHU3MOB

AHHOTauus. buoBkleTaunBaHie — 3TO U3BJICUEHHE METaJlIa U3 CYJIb(OUIHBIX Py MK
KOHIIEHTPAaTOB C HCIOJb30BAaHUEM MAaTEpUaJIOB, KOTOPbIE SIBISAIOTCA €CTECTBEHHBIMU JUIS
OKpYXKarollled cpenbl; a MMEHHO BOJA, BO3AYX M MMKPOOpraHus3Mbl. Jlpyrumu cioBamy,
OMOBBIIIETAYNBAHUEM — 3TO KOMMEpPLHAIU3alUs CHOCOOHOCTH ONPENENIECHHBIX OakTepuil u
apxeif,  BCTpevalolMXCsl B  MPUPOJAE,  KATAIU3UPOBATH  OKUCIEHHE  CYIb(QHIHBIX
MUHEpaoB. BellenaunBanue Cynb(QUAHBIX MHUHEPAJIOB OTIMYAEeT OHOBBIIIETAYUBAHUE OT
OOBIYHOTO KHCJIOTHOTO BBILIETAUYMBAHU, TP KOTOPOM BBILIEIAUUBAIOTCS TOJIBKO OKUCIICHHBIE
MUHEPATIBL.

B »oT0#t crartee mpeacTaBieHO OMMCaHUE TMpolecca JOOBIMM MEAM C IOMOILBIO
MUKpPOOPTraHU3MOB, JTOCTHXKEHUS B UX aBTOMAaTHU3allMU, (DYHKUIHMOHAJIbHBIE XAPAKTEPUCTHKU U
KOH(UTrypanus CUCTEM aBTOMAaTH3alMU JJIs MEJETIIaBUIIbHBIX 3aBOJIOB.

KiroueBble cjioBa: OuoBblIIeTauyMBaHUe, OWOOKUCIEHUE, MUHEpal, CYlIb(pUIHbIC
PYyABL.

ITocne  pamnmx  paspaborok u  10% mpomsBoacTBa wMeaun B Ywmm, a
npumenenus B Coenunennbix Illtarax Ynmnm — BhlIenayMBaHUE B Kydax M OTBajax, B IEJIOM,

crana KPYITHBIM pazpaboTuukoM  cocTasisiio mpumMepHo 30% OT Mpou3BOICTBA
OMOBBILIIENIAYMBAaHUS B NPOMBINUIEHHBIX ~ Meau B Yunu. [lepBbIM  BBEJIEHHBIM B
macmrtabax. CHayana Obuio 13 KoMmaHuif,  SKCIUTyaTalMIO YHJIMHCKHUM 3aBOJIOM cTan SM
Ucronp3ytonux OuoBsienaynBanne, u 30  Pudahuel. 3aBonx ObLI 3amyIieH C
KOMIIaHUI B LeJI0M WCIOJIb30BAJIM  HCIIOJIb30BAHMEM TMpoIlecca TOHKOCIOHHOTO
TEXHOJIOTHIO BBIIIIETIAYNBAHHUS. Ha  GakrepuanbHoro BeinenaunBanus (TLB) -
6HOBLIHI€HaqHBaHPIe MPpUXOOUTCA MNPHUMEPHO mponecca 3KOHOMHHN BO/JbI - u
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BBIIIEJIAYMBAHUS OKCHIOB MEH M BTOPHUYHBIX
Cynb(UIHBIX MHHEPAJIOB.

[Ipoueccel OMOBBIIIETaYUBAHUS
pa3nuMyaloTcs B 3aBUCMMOCTH OT  THIIA
oOpabatbeiBaeMbIXx  pecypcoB. CeronHsa OH

UCIIOJIB3YETCSI B TPEX pa3HBIX PEKUMAX B
3aBUCUMOCTH OT Tumla oOpabaThiBaeMOro
CBIpPbSI:

1. BplmenaunBaHue Ha CBaJKaXx -
nycTasi mopoja, pyJa ¢ HU3KUM COJIepKaHUuEeM
WM XBOCTBHI OOoraTuTenbHOW Gdabpuku (c
HU3KUM COJICPYKAHUEM, OKCUJIbI U BTOPUYHBIC
Cynb(huIbl) BBILIEIAYUBAIOTCS TaM, Tll€é OHU
pa3MeIaTcs U1 3aXOPOHEHUS.

2. KyuHoe BbllIeIauMBaHKe - HEJABHO
JOOBITHIN PYIHHYHBIN Marepual
(MpOMeXyTOYHOE COJep’KaHue, OKCHIbI U
BTOPUYHBIC CYIb(HUIBI) OTKIAJBIBACTCS B

Kydy Ha HEOPOHUIIAEMOW EeCTECTBEHHOMU
MMOBEPXHOCTH 15030 MOYILKE u
BhIIIenaunBaeTcsi. ROM MOXET

BBIICTIAYMBATLECA IIO MCPE IIO6I:I‘-II/I HIJIN
MOYET OBITh YaCTUYHO pa3Apo0IeH U CMElIaH
C KHCJIOTOU ITepe]] OTI0KEHUEM B Ky4y.

3. BriienraunBsanue ¢

NnepeMCIIMBAHUCM - KOHICHTPAThI
XaJbKOMHUPUTA  CPEAHEr0 W BBICOKOTO
CozllepKaHMs IIOMEIIAIOTCA B pe3epByap H
BBIIIETAYUBAIOTCS c MIOMOUIBIO

MCXAaHUYCCKOTO NEPEMCIINBAHM.
Tun CBIpbs TAaAKXKC OIIPCACIIACT THIL
BOBJICYCHHBIX MUKPOOPIraHU3MOB:

1.1lpu  BblIETAYUBAHMU  CBAJIOK
UCHOJIB3YIOTCS Me30(uIbHBIE (ITPU
TeMIiepaType OKpYy Karomen cpenbl)
MHUKPOOPIaHU3MBI, T.€. OaKTepHU.

2. lna BBILICTIAYMBAHUS
XaJIbKOIUPHUTA U BBIIIEJIAYMBAHUS
KOHIIEHTpaTa

HEOO0XOAUMBI TEPMO(PHILHBIE MUKPOOPTaHH3
MBI (XaJBKOIUPUT MOXKHO BBIIIEIAYNBATH C
MOMOIIBI0 ME30(PHMIIBHBIX OaKTEepHii; OJHAKO
W3BJICYCHUE HU3KOE, a BPEeMS YACPKUBAHUS
COCTaBJISIET HECKOJIBKO JIET).

3. B kxy4yHOM BBINIETAUNBAHUN PYIIbI
MOTYT OBITH 33JE€WCTBOBAaHBI Me30(UIbHBIE
WJIN TEPMOQUIbHBIC

K cneayiowen
rpynne CKBaxuH

> o

Figure 1 — Bioleaching process
Pucynok 1- IIporecc 6uoBbIIIeTauBaHUS

Jlo HenaBHEro BpeMEHH OOBIYHOE
KHCJIOTHOE BbIIII€TIaYMBAHNE Meau
UCIIOJIb30BAJIOCh KaK CpPEACTBO M3BJICUEHUS
MM U3 HU3KOCOPTHBIX MaTepHalioB, TAKHX
KaK IycTas MOpoAa M XBOCTBI (pioTanuu, u
IPOBOAMJIOCH HAa YK€  CYILIECTBYIOIIMX
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otBaiax. [lo kpaitHelt mepe, miATh (aKTOpPOB
MPENSATCTBYIOT NPU3HAHUIO BBIIIEIaYNBaAHUS
B KaueCTB€ OCHOBHOI'O KOMMEpPYECKOIO
mporuecca:
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1. OrcyTcTBHE s exTuBHOTO
crioco0a U3BJICYCHHUSI METAJUNINIECKON MEH 13
pPacTBOPOB.

2. Ouenn
BbIIIIEJIAYMBAHHUS.

3.  HeBO3MOXHOCTH  mepepadOTKU
CyIb(UIHBIX MUHEPAIbHBIX KOHLIEHTPATOB.

4. HeBO3MOXKHOCTb nepepadoTKu
XaJIBKOIUPHUTA - CaMOr0 PaclpOCTPAHEHHOTO
U, CJIeZIOBATeNIbHO, HanboIee 3KOHOMUYECKH
BaXHOT'O MUHEpaJla ME/IU.

S. HeBo3moxxHOCTB
JPparolieHHbIe METaJIbI.

B nacrosimee Bpemst BUAHBI PELICHUS
JUIsL  yCTpaHeHusi  OOJBIIMHCTBA  3THUX
IPENATCTBUM.

Jlo pa3paboTku mpolecca IKCTPAKIHH
pacTBOPUTEIIEM-3JICKTPOBBIICICHHEM
€MHCTBEHHBIM CIIOCOOOM H3BJIICUEHUS MEIU
U3 KHCIOTHOTO pacTBopa OBUI Tpolecc,
Ha3bIBaeMbIN IleMeHTanuel. B aTom mporecce
Menp  (akTudeckum  "oOMeHHMBaNach"  Ha
JKEJe30 IMyTeM KOHTAaKTa MEAbCOAEPKAIEro
pacTBopa C KeJIe3HbIM JIOMOM. 3arps3HEHHAs
MeTaJlJIM4eckas ~ MeOb  Ocaxkjaajgach  Ha
MIOBEPXHOCTH JKele3a, a ANEKTPOXUMHUYECKHHA
SKBHUBAJICHT xKenesza Mepexoau B
pactBop. [lomy4yeHHas meMeHTHAs MeIb 3aTeM

HU3Kas CKOpPOCTh

BEPHYThb

Obula mepepaboTaHa B  IUIABUJIBHOM H
JNEKTPOIIUTUYECKOM  paUHUPOBAHUU  JUIS
MIOJIyYEHUSI MEIM  BBICOKOW  4HMCTOTHI. C

nomotbio nporecca SX / EW Tteneps MokHO
U3BIIEKaTh MeIb M3 JKele3a U JPYTHux
npuMeceid B PacTBOpPE U JOMOJHHUTEIHHO
OUHUIIATh u BOCCTAHABIIMBATh 10
METALTNYECKOT0 METaJIJIa ITYTEM JIEKTPOTN3a
0e3 HeOOXOAMMOCTH TIIIABIIECHUS.

Kpome TOTO, onmarogaps
UCTIONIb30BAaHUIO  OWMOOKHCIICHHS  Temephb
MO’KHO BBIIICIIAYMBATh MHOTHE MUHEPAJIBI
cynbduaa  Meau, TNPUCYTCTBYIOIIME B
pyne. Xots XQJTBKOITUPUT ocTaeTcs
HEBOCIPUUMYHMBBIM K OHOBBIIIEIAYUBAHUIO
IpH  TeMIlepaType OKPYXKAroMIeH Cpesbl,
Ipyrue MUHepansl cynbpuaa Meaum -
BTOPUYHBIC CYJIb()HIHBIC MUHEPAIBl - TaKHUe
KaK XaJIbKOIIUT, KOBEJUIUT, OOpPHHUT U T... -
BBEIMBIBAIOTCSI C ITOMOIIBI0  COBPEMEHHBIX
TEXHOJIOTHM.

XOpomo HM3BECTHO, YTO MOBBIIIEHUE
TEMIEPATypbl MOMET YBEIHYUTh CKOPOCTh
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XUMHYECKON peakuun. OgHaKO
MUKPOOPIaHU3MBbI YYBCTBUTEJIbHBI K
Temreparype, M [0 HEJaBHEro BPEMEHH,
Korja ObLTH BBEJICHBI HOBBIE IITAMMBbI
TEPMOCTOMKHUX MHUKPOOPIaHU3MOB
(TepMOUIBHBIX), CKOPOCTb peakuuu
OMOBBILIETaYNBAHUS Obu1a CJIMIIKOM

MEJJICHHOM, YTOOBI paccMaTpHUBaTh IMPOIIECC
KaK MpoIecC MEPBUYHON IKCTPAKIIMH MEH.

B  Hacrosmee Bpems B psane
OpraHM3alii  MOpOBOAATCS  HMCCIEAOBAHUA,
9TOOBI C/eNaTh OWOBBINIETAYUBaHUE OoJee
3¢ PeKTUBHBIM u KOMMEPYECKH
KU3HECMIOCOOHBIM mporeccom. M3-3a  Toro,
YTO BCe elie TpeOyeTcsl NIUTENbHOE BpeMs
yICP)KUBAHMSI, HCIIOJIb30BAHUE TEXHOJIOTHH
pe3epByapoB C MeEMIAIKOW MJi W3BICYCHHUS
Meau OBUIO OTJIOKEHO U3-32 €€ BBICOKOM
MOTPEeOHOCTH B MOIIHOCTH JUIS
MEePeMEIIUBAaHUs  TYJIBIBI  C  HU3KOW
mwiotHocThi0. Chuquicamata SBL, onepanus
KYYHOTO BBIIIEIAYUBAHUSA PYAbl C HHU3KHM
coJlep>)KaHuEeM pyaAbl, Hampumep, TpeOyer 4-
JeTHero pabodero MHKIA, W JaXKe B ITOM
cllydae U3BJIEKaeTca Toibko okono 50%
cogepxkamieiics wmenu. Takum  oOpaszowm,
MIPOBOASTCS UCCIEOBAHUS IO YIYYIIECHUIO
KHHCTUKH  KYYHOTO  BBIIICIAYUBAHUS; TO
€CTh COKpAllleHHe BpPEMEHHU YIEp>KUBaHUS C
JIET JTO MECSIICB U YIIYYIIEHUE MacCcoNepeHoca
B pEaKTOpax C MEMIAIKOW A YMEHBIICHUS
BpEMEHH  yIEPKUBAaHUA C  Hemeldb 10
nHeil. OMHUM W3 TPUMEpPOB  SIBISIOTCA
WCCIICIOBAHUS TIO CO3JIaHUIO0 ONTHUMAIBHBIX
pabounx YCIIOBUH, CHOCOOCTBYIOIINX
310poBhI0  OakTepuii. K HuUM  oTHOCSATCA:
KOHTPOJb TEMIEPATyphl KY4H WIH PEaKTopa,
oOecrieueHHe TMHTATEIBHBIMUA  BEIIECTBAMU
(HM3KHME KOHIIGHTpAIMHU cylb(ara aMMOHHS,
cynbdara KaJus u ruapodocdara
TUAaMMOHHUSA) U oOecleyeHne A0CTaTOYHOIO
KOJIMYECTBA KHCJIOPOJa W YIJIEKHCIOTO rasa
JUISL POCTa KJIETOK.

Kak ykazaHo Bblie, HCXOJHBIC
OakTepuu, HCIIONIb30BaHHBIC npu
OMOBBINIIETIAYNBAHUY, OBUTH TEMH, KOTOPHIE
ObUTM €CTeCTBEHHBIMH Il y4yacTKa, TJe
MIPOUCXOIWIIO BhITIeaunBanue. OHAKO, KaK

TOJBKO 6I/IOBLIH_ICJ13.LII/IB8.HI/IC MIOJIYYHJIIO
IIpHU3HAHUC KakKk HNOTCHIUAaJIbHO
YKA3HECIIOCOOHBIH METOA HU3BJICUYCHUA
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METAIJIOB W3 HU3KOCOPTHBIX pYI, XBOCTOB
¢dioTanMu M OTXO0JO0B, OBUTM TPEINPUHSATHI
yCWIus TO ONTHMHU3AIMK OakTepuil uis
IIPEANOIAracMOU ONepaLuu.

«PomHbICY OakTepun, UHOT/A
Ha3bIBaeMble Me30(DUIBHBIMH OaKTepUsSIMHU,
qyBCTBUTEIILHBI K HOBBIIICHHBIM
TEMIIepaTypaM M HEKOTOPHIM H3BJICKACMbIM
MetaiaM. Takum oOpaszom, HCKAJTNCh
MHUKPOOPTaHU3MBI, CIIOCOOHBIEC BBIIEPKHBATDH

OMOBBIIIENIAYNBAHNY, KYJIBTHBHPOBAHBI M3
OpUPOAHBIX [MTAMMOB C HCIOJb30BAHUCM
METOJIOB, KOTOpBIE OOBIYHO HMCHOJNB3YIOTCS B
Ipyrux oTpaciax MPOMBIILIEHHOCTH,
HammpuMep, B CBHIPOBApEHHMH, TAE TaKXKe
HCIOJIb3YIOTCS Me30(pHUITbHBIE u
TepMODIIEHBIE MHKPOOPTaHU3MBI. DTH
mTaMMbI NJICHTHUYHbI TEM, KOTOPELIC
BCTpeyaroTcss B mpupoze. EnquncTBenHoe
OTJIMYMUEC COCTOUT B TOM, YTO B HCKOTOPBIX

Ooee BBICOKHUE TEMIIepaTyphl, ClIly4asix OHM ObUIM BBIOpaHBI AJisi OBICTPOTO
TepMopuiIbHBIE (M JaXe THIEePTePMO-  pOCTa Ha COOTBETCTBYIOLICH pyle WiIn
¢unenbie , . E., 60 ° C wim Bbile)  KOHIEHTpaTe W B YCJIOBHSAX OKCIUTyaTalllu
MUKpPOOPraHM3MOB M TOJEpPAaHTHbl K  3aBoja. JTU LITAMMBbI ObLIH
U3BJEKaeMbIM MeTaiaM. OJHUM U3 NEpPBbIX  OXAPAKTEPU30BaHbl, MHOTHME C IIOMOUIBIO
MECT, KOTOpble ObUTM ucciaenaoBansl Ha  cekBeHupoBanusi JIHK, wu BkiodeHsl B
OpeaIMeT  MOAXOIAIMX  TePMOQMIBHBIX  OCHOBHBIE MHUPOBBIE MHAEKCHI OMOIOTHYECKIX
OaxTepuil, OBLIM TOpslYME UCTOYHMKM B  BUAOB. B OyaymeM, BO3MOXHO, CTOUT
HennoycToHckoM HallHOHAJIBHOM  OXHUJATh MOSIBJIEHUST ~ HOBBIX, Ooee
napke. [[pyrue ObLIM rOpsYUM HCTOYHHKOM B 3(QEKTUBHBIX IITAMMOB, BBCICHHBIX B
Wcnanauu, yroibHOW WIAXTOM B 3amajHOM  PE3yJIbTaTe€ F€HETUYECKUX MAHUITYJIALMI.
ABcTpanuu, BynkaHoM B WMTanuu u cBankoi B Kax YKa3bIBAJIOCH BBILIIE,
I'epmanuu. OUOBBIIIETIAYNBAHNE MPOUCXOAUT B
Xots MUKpPOOPTaHU3Mbl,  pe3yJbTaTe BbIILIEJIa4YBAHUS OTBAJIOB
UCIIONIb3YEMble TpU  OHOBBINIETAYMBAHUM,  HU3KOCOPTHOW pYAbI, XBOCTOB (UIOTAllMH U
IOPUHATO Ha3bIBaTh OakTepuUsMH, CTPOro  JAPYrux yxe umerommxcs orxozos. [lo mepe
rOBOpPS, 3TO HE TakK, MOCKOJIbKY TepMO(UIBI  Pa3BUTHUS TEXHOJOTHH OHA Meperuia Ha Ooee
NOMaJaloT B JIPYryl0  KilacCUpUKauuio  yqoOHble  aisi  OOpaOOTKM  METOMBIL: TO
MUKpoOuonoruu - apxew . Takum o00pa3oMm,  ecTb BBIIIENIaYMBAaHHE HA IUIOMAAKE s
apxXeu, OKHCISIOLIUE JKeIe30 MU cepy, B  KOHTPOJMPYEMOrO BBIIIENAYMBAHUS WU B
HaCTOALLEE BpeMs SBIAIOTCSL  pe3epByape ¢ Memankod. Kaxnapii u3 atux
[PEINOYTUTENbHBIMU ~ MHUKPOOPraHM3MaMHU  METOJOB UMEET CBOK CTOMMOCTb, U IIO3TOMY,
npu  OWMOBBINIETAUYMBAHUM  XAJIBKONMUPUT-  KaK MOKA3aHO Ha PUCYHKe 2, cojep)KaHue
coJiepKalluX py U KOHLEHTPATOB. pyabl M pa3Mep  YacTHUIl  SIBISIFOTCS
B  mHacTosmiee BpeMs  IITaMMBl  OMpEAENAOIMMHU (aKTopaMu MpH BEIOOpPE
MHUKpPOOPTraHU3MOB,  HCHOJb3yeMble  TMpPU  MpOIlecca BhIIIEIaulBAHUS
6
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Figure 2 — Leaching process depending on the grade of ore and the size of grinding
PI/IcyHOK 2— Hpouecc BBIIICIIAYMBAHUS B 3aBUCUMOCTU OT COPTa PYyAbI U pasMepa U3MCIIbUCHUS
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Tpu W3 TOpPEnCTaBIEHHBIX  BbILIE
IPOLIECCOB TO3BOJIMIM JOOUTHCS OOJIBIINX
yCIIEXOB B pEIICHHMH 3TUX  [podiieM
U3BJICUEHUS MEIM U3 XaJIbKOIUPUTA!

IIpouecc ~ GEOCOAT nporecc
Ky4YHOTO  BBIIIETIAUUBAHUS, I1O3BOJISIOLIMIM
OCYILECTBIISATh OMOBBIIEIAYMBAHAE METHBIX
KOHIIGHTPATOB. OTO  JIOCTUIaeTcst  IyTeM
HAHECEHMsI CYCIIEH3MM KOHLEHTpaTa Ha
OIOPHBINA KaMEeHb WJIM MaTepuall MOAJIOKKU U
YKJIa/IbIBAaHUS 3TOTO Marepuaa ¢ NOKPHITUEM
B Kyuy ouokucienus. Cama
NOJICP)KUBAIONIAs  [OpOJia MOXET  OBITh
MEIHOM pynoHl ¢ HU3KHM COJAEp)KaHUEM
Meau. OTHOIIeHHE MO AEP>KUBAOIIEN
HOopoJbl K  KOHIEHTpPATy HaxoJuTcsi B
muanazone ot 5: 1 go 10: 1 mo macce. Kyuy
UHOKYJIUPYIOT TEPMO(PHUIBHBIMU OaKTEpUsSMHU,
U Ha OTBaJ HAHOCIAT TEXHOJIOTMYECKUN
BBILEJIAYHMBAIOLINI PAacTBOP, COCTOSIIMN U3
CEpHOI KHUCJIOThI, TPEXBAJEHTHOIO XeJie3a U
IUTATEIbHBIX BeriecTB. Bo3nyxonyBku
HU3KOIO JaBJIEHHS IOJAIOT BO3AYyX 4epes
CUCTEMY nephOpUpPOBAHHBIX TpYyo,
PacIoJI0KEHHBIX noJt OTBAJIOM.
OK30TepMUYECKUN XapaxkTep peaxkiuu
OKHCJICHHUS TOBBIIIAET TEMIEPATYPY Ky4H IO
kpaitneit mepe 10 50 °© C (122 ° F). O6b14HO
OKHCJIEHUE 3aBepuIaercs, u Meb
BEIIIETaUYnBaeTcs B Teuenne 210 qHel.

IIpouecc BioCOP - mnpoBonutcs B
peakTope €  MEHIAJIKOW,  COJEpIKalleM
pa30aBIICHHYIO CEPHYIO KHCIIOTY, B KOTOPBIH
BIyBacTCA BO3/YX, UCIIOJIb3YIOTCS
runeprepMopuIbHbIE MHUKpPOOPTaHU3MBl,
KOTOpbIE paboTaloT MpH Temmeparype ot 60 °
C 1o 90 ° C. M13BecTHSIK N00aBISAIOT KaK AJIs
nogaepxxanuss pH pactBopa, Tak u A
oOecnieyeHus pocra OakTepuil HMOKCHUAOM
yriaepona. Jlo6aBneHsbl MUTaTEeIbHbIE
BenlecTBa. MeaHbI KOHIEHTpAT J100aBIsIOT
B pEaKkTOp B KOJMYECTBE, 0OECHEeUMBAIOIIEM
HACBIIICHHBIA pacTBOp, coaepxkarmmii 30-40
IpaMMOB Ha JIUTP (KOTOPBIA YMEHbBIIAETCS J10
20-25 TpaMMOB Ha JIUTP TIOCIE TPOMBIBKA
ocTaTKa OT BBIIIETAYUBAHUA) JUIS MOAAYN Ha
YCTaHOBKY SXEW. BeienaunBanue
KOHIIGHTPATOB XaJbKONUPUTA 3aBepIIaeTCs B
TeueHne 10 qHel BhIICPKKH.
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[Mpoecc  BacTech /  Mintek -
MPOBOAUTCSI B  CEpUU  MPOTHUBOTOUHBIX
PEaKTOpPOB. [Ba 3aIlaTEHTOBAHHBIX
OuopeakTopa  IPOXOISAT  HUCHBITAaHUS B
Mekcuke. Circox, MepBOHAYAIBHO

pa3paboTaHHbIA JUIsi OMOOYUCTKU TOPOJICKUX
CTOYHBIX BOJ| W TPOMBIIIICHHBIX CTOYHBIX
BOJI U TIOJIYYMBIIHK JuIeH3UI0 OT Paques Bio
Systems BV, Hwunepnanmgel. B Guopeakrope
Circoxucnoib3yercs apiudt JUTS
MUPKYJISIUNA  TBEPABIX  YaCTUI[  BHYTpPU
peaktopa 1 BAR (a’spupoBaHHBI peakTop
BacTech). Ucnonb3yembie  TepMoQuIbHBIC
MHUKPOOPTaHU3MBbI paboTtatoT npu
temneparypax ot 25 °© C (77 ° F) no 55 ° C
(131 ° F). B peaktope nmoanepxuBaroT pH ot
0,5 no 2,5. JIByokuCh yriepoja MmojaydaroT U3
OKPY’KaIOIIEero BO3/yXa, MCIOIb3YEeMOro s
mojabeMa TBEPABIX YacTHII 1O BO3AyXy. B
IIEIOK  OT  BBIIIEIAYUBAHUS  JI00ABISIOT
nuTaTeNibHble  BemecTBa. CpoK  XpaHCHHS
cocTasiigeT nopsaka 30 aHeil.

B  Hacrosmee Bpems B psane
OpraHM3alii TPOBOASTCA  HMCCIEAOBaHUSA,
9TOOBI cJenaTh OHMOBBINIEIAYNBaHUE OoJiee
3 PeKTUBHBIM u KOMMEPYECKH
XKHU3HECNIOCOOHBIM mpoueccom. M3-3a  Toro,
YTO Bce emie TpeOyeTcsl ATUTENbHOE BpeMs
yACp)KUBAHUS, WCIIOIH30BAHNE TEXHOJOTHH
pe3epByapoB C MeEIIANKOW M W3BICYCHHUS
Meau ObUIO OTJIOKEHO U3-32 €€ BBICOKOU
MOTPEeOHOCTH B MOIIHOCTH TUIS
MEepPeMEITUBaHUs  TYJIbIBI  C  HU3KOW
mwiotHocThi0. Chuquicamata SBL, onepanus
KYJHOTO BBIIIEIAYUBAHUS PYABl C HHU3KHM
coJiep>)KaHueM pyaAbl, Hampumep, TpeOyer 4-
JIETHErO0 padouero MHKIa, U JaXKe B ITOM
cllydyae u3BIeKaeTcs Toibko okono 50%
conepxamieiics ~ menu. Takum  oOpaszowm,
MPOBOASTCS UCCIEOBAHUS TIO YIYYIIEHUIO
KHHCTUKH  KYYHOTO  BBIIICIIAYUBAHUS; TO
€CTh COKpAIllCHHe BPEMEHU YIEP>KUBaHUSA C
JIET J10 MECALIEB U YJIydllIeHHE MaccolepeHoca
B pEaKTOpax C MEMIAIKOW A YMEHBIICHUS
BpEMEHH  yJEPKHUBaHHUS C  HEAedb  JO
nHeil. OMHUM W3 TPUMEPOB  SIBIISIOTCA
WCCIICIOBAHKUS TI0 CO3JIaHUIO0 ONTHMAIbHBIX
pabounx YCIIOBUH, CHOCOOCTBYIOIINX
310poBBI0  OakTepuit. K  HUM  OTHOCSTCS:
KOHTPOJIb TEMIEPATyphl KY4H WIH PEaKTopa,
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o0OecrieueHre MHUTATEIbHBIMU  BEIIECTBAMU
(HM3KHE KOHIICHTpalMH Cyib(hara aMMOHUS,
cynbdarta KaJIus u ruapodocdara
TUAMMOHHUS) U OO0ECIeYeHHe JTOCTATOYHOIO
KOJIMYECTBA KUCIOpOAA U YIJIEKHUCIOIo Tras3a
JUISL pOCTa KIIETOK.

3akirouenue. [Ipumepno 20% Bceit
MeJU, POU3BOAMMON B HACTOSIIEE BpeMs B
MUpE, TPOU3BOAUTCS IYTEM BbILIEIAYNBAHUS
MIPEUMYILIECTBEHHO OKCHTHBIX Py
HeycTaHoBieHHOE  KOJIMYECTBO MEIU B
HacTosIIee BpeMs U3BJICKACTCS u3
CyIb(MUTHBIX pyx c MTOMOILBIO
BCTPEUAIONIUXCS B NOPUPOAEC  MHKpPO-
OpraHu3MoB. Eciiu MOXHO CHU3WUTH 3aTpathl,
HKBUBAJICHTHBIE CTOMMOCTH CamMoro mpoiecca
IUIaBKU, OWOBBIIEIAYUBAHUE MOXKET OBITh
UCIOJIb30BaHO Uil  00pabOTKM  MEIHBIX
KOHLIEHTPaTOB B CUTYyalUsIX, Korja
KaMUTAJIbHBIE 3aTPaThl HA IJIABUIBHYIO TE€Yb
HE OmNpaBAaHbl M / WIK JKOJIOTHMYECKUE
COOOpaXEHHUSI HUCKIIOYAIOT IUIABKY B OSTOM
MmecTe. brarogaps HenaBHO pa3paOOTaHHBIM
TEXHOJIOTHSIM, KOTOpBIE CeHYac MpOXOIsT
JIEMOHCTPALIMOHHbIE UCIIBITaHUS, u
IIPOIOJIKAFOIIUMCS HCCIIECIOBAHUSM
VIYUIIEHHBIX TEXHOJOTUH, MBI MOXEM C
YBEPEHHOCTBIO Mpe/ICKa3aTh, 4TO
OHOBBIIIETIaYNBAHNE B KOHEYHOM UTOTE OymeT
CIOCOOCTBOBATh YBEJIIMUEHUIO JOJU MEJIH,
MIPOU3BOAUMON KaXKIbIH rOJ.

Opnnako OUMOBHIIIECIIAYUBAHKUE JACT PSI
MPEUMYIIIECTB, TAKUX KaK:

1. Bo3MoxHOCTP  peHTaOeIbHOMI
nepepaboTKu PATOBBIX HU3KOCOPTHBIX
CyIb(UIHBIX PYI.

2. Bo3MOXHOCTh 00pa0aThIBaTh PYIbI,
KOTOpbIE  HEBO3MOJXXHO  BBIIUIABIATH  I10
9KOJIOTHYECKUM MTPUYHHAM.

MOXHO ¢ YBEPEHHOCTBIO CKa3aTh, YTO
OHOBBIIICIAYMBAHNEC HE 3aMEHHUT IOJIHOCTBIO
IJIaBKY IO KpaitHEH Mepe 1Mo TPeM MPUYHHAM:

1. buoBslienaunBaHue HE
BOCCTaHABJIMBAET JAPArolicHHbIE METaUIbl B
pyze. paroneHubie METaJLIbI 4acTo
SIBJISIIOTCS Ba)KHBIM KOMIIOHEHTOM
peHTa0eIbHOCTH Olepaliyii.

2. TpeboBaHMeE K TIaBUILHOMY 3aBOJY

NPOU3BOAUTH  KHUCIOTY I OOBIYHOTO
BBIIIETAYNBaAHUS u JOTIOJTHSITh
OMOBBIIIETIAYNBAHNUE, €CIIM B PYJHOM TEJE
MHOTO MUHEPAJIOB, NOTPEOIAIONINX

kucaoty. CepHOM KHUCIIOTBI HE XBaTaeT, U €e
JIOPOTro TOCTABJIAThH B OTJAJICHHBIE PAllOHBI.
3. 1 Ha060pOoT, B HEKOTOPBIX PYAHBIX

Tenax HEJIOCTaTOYHO MHHEPAJIOB,
HOTPEOIIAIOIINX KHCIIOTY, [I03TOMY
00pa3oBaBUIYIOCSI ~ OCTaTOYHYIO  KHCJIOTY

HEOOXOMMO HENTpaau30BaTh BHE Ipoliecca
BEIIIE/TAYNBAHMS - JIOPOTOCTOSIIIAS
albTepHaTHBA. B TakoMm ciiydae miaBka Oyaer
€IUHCTBEHHBIM JKM3HECIIOCOOHBIM CIIOCOOOM
00paboTKH.
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Anpatrna. buonuzanus - KopuiaraH opTara TaOMFM MaTepHalAapAbl KOJlJaHa OTHIPHII,
cynb(UATI KEHIEpAeH HeMece KOHLEHTpAaTTapaH MeTayl ajly; aTal alTKaHaa Cy, aya >KoHe
MHUKpoopranusmzaep. backama aiftkanna, Ouonusupiey - O6yn Oenrini 6ip Taburu GakTepusiap
MEH apXeWnepiaiH CcylbQUATI  MHUHEpalJapAblH  TOTBHIFYbIH  KaTanusjaey  KaOuleTiH
KomMepHusianablpy. CynbpuaTi MUHEpanaapabl CUITUICY 9JETTerl KbIIIKbII CUITUIEHAIpYIHEH
OMOJIOTUSUIIBIK CLITLIEY Il aXKbIpaTaibl, OHJIa TEK TOTHIKKAH MUHEpAAap MIaibuIajbl.

byn Makanama MHKpoOpraHuaMAep KOMETiIMEH MbIC OHAIpY IMPOLECIHIH CHUMATTaMachl,
oJlap/ibl aBTOMATTAHJBIPY IKETICTIKTEpl, (QYHKIUOHAIABIK CHUIAaTTaMajiapbl JOHE MBbIC
OaJKBITaThIH aBTOMATTAHABIPY KYHECIHIH KOH(UTYpALUACH! KEJITIPUIreH.
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ualievablay@gmail.com

Abstract. The article is based on the use of deposits in the world and the most common
beneficiation technologies. Typical elements of the current technological scheme for copper
processing.

The beneficiation of ores and the reasons for their use were discussed.

The report of the researchers of the Institute of Hydrogeology and Geoecology named
after U.M. Akhmedsafin gives a review of energy and mineral resources of the Republic of
Kazakhstan. The report shows their role in the economy of the country, as well as the role of the
state for resource management, based on the current legislation in the area of exploitation of
natural resources and environment protection. The report describes counteracting measures of
the state against the global economy crisis events. It also reviews the existing classification
systems of mineral resources of the country. Statistics on energy production and extraction of
mineral resources are provided. Besides, the report considers social and ecological aspects of
energy production and extraction of mineral resources. It provides data on the development of
non-traditional renewable energy resources and the results of scientific research in this area, as
well as information about the training system for technical and scientific staff and about the state
of energy and natural resource management system of the country.

Also, the article describes some of the methods of processing Kazakh copper ores. The
main proposed technologies are: abandonment, in justified cases, the separation of ore into
fractions with an increased content of sandstone and carbonate ores, flotation in the grinding
circuit as part of the final preparation of ore for coarser flotation, a classical cleaning system,
product processing with a grinding system in new type mills, classification and tailings flotation.

Keywords: copper ore, copper, beneficiation, flotation, mill.
VYK 681.3(075.8) DOI 10.52167/1609-1817-2021-118-3-78-85

T.O. Unramo6aes, C.A. IOcynoBa, A.A. Yaiaues
AJMAaTUHCKUM YHUBEPCUTET SHEPTETUKH U cBsi3U uMeHU I'. JlaykeeBa. r. Anmatsl, Kazaxcran

TEXHOJIOI'US OBOTI'AINEHUSA KASAXCTAHCKUX ME/IHBIX PY I —
HNEPCIHEKTUBBI U3 ITPOLIJIOIO OIIBITA

AHHOTanus. B craThe onrcaHbl OCHOBHBIE THUIIBI CYIIECTBYIOIUX MECTOPOXKIEHUN MENN
B MUp€ U HauboJjee pacnpoCcTpaHEHHbIE TEXHOJIOTUH 000TalleHUsl.

O6cyxaamuch oOoramieHus pyx 1 IPUUMHBI X UCTIOJIb30BaHUSL.

Taxke B cTaTbe ONMMCHIBAIOTCA HEKOTOPBIE CIIOCOOBI 00PAaOOTKU Ka3aXCTAaHCKUX MEIHBIX
pya. OCHOBHBIMM D3JEMEHTAMM IPEAJAraéMON TEXHOJIOTMU SIBISAIOTCSA: OCTaBJIEHUE B
00OCHOBAaHHBIX Cllydasix pasJelieHue pyapl Ha (pakUuud C TOBBIIIEHHBIM COJIEpKaHUEM
necyaHuka M KapOOHATHBIX pyA, (ioTanMs B KOHType IMomoja B cocTaBe 3((eKTUBHOU
MOJTOTOBKUA PyAbl K Oojee rpyOoi ¢roranuu, Kilaccudyeckass CHCTeMa OUYMCTKH, oOpaldoTka
IIPOMBIIIIEHHOIO IPOXYKTa C CHUCTEMOM UW3MEIbYEHHs B MEJIbHHMIIAX HOBOIO THIIA,
KJaccupukanus u GIoTalus ¢ BHITYCKOM XBOCTOB.

KuroueBble ciioBa: MeaHas py/a, Meb, odoramienue, GaoTarus, MeJTbHHIIA.

Kazaxcranckue MCCTOPOKIACHUA JaCTO BCTPCUANOTCA B MHPE. Tem He MCHEC,
MCIHBIX pya oOCaAO04YHOI0 THIIA JOBOJIBHO OHH O6J'IaIIaIOT Pa3sHbIMU MUHCPAJIOTO-
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nerporpaduIeCcKuMu u buzuKo-
XUMHUYECKHUMHU CBOWCTBaMH. CxoxactBa
IPOUCXOJAT TOJBKO C pyJaMH U3 pPEruoHa
Jyxuna u Mancoensy (I'epmanus), B
HacToslIee BpeMs He 3KcIuTyaTupyrores. EcTb
TaK)Ke HEKOTOpBIE CXOACTBA B OTHOLICHUH
oenoii cocHsl (CIIIA).

B »stux ycnoBusx npu pas3paboTke
TEXHOJIOTUM KAa3aXCTaHCKHUX MEIHBIX Pyl B
60-x Tr. B mpomUIOM BEKE OBUIO CIIOKHO
IIOJTHOCTBIO CJIEZIOBATh OIIBITY 3apyOexHbIX
O00BEKTOB. OTH TEXHOJOTHMH pPa3pabOTaHbI
UHCTUTYTOM LIBETHBIX METAUIOB U HPOILIH
UCTIBITAHUS.

B Hacrosimee Bpemss 1O TeM ke
NPUYMHAM HE BCE JOCTIIKEHUS B TEXHOJOTHH
oOoraieHusi B MUpe MOTYT IPUMEHSTbCS Ha
Ka3aXxCTaHCKUX OOOTaTUTENBHBIX (padpUKax.
OrpanuueHus TaKxKe HaKJI1a/IbIBAIOTCS
CYIIECTBYIOIIUMHU TEXHUYECKUMU "
OpPraHU3allMOHHBIMU  TpeOOBaHMSAMU  Ha
OTIENBHBIX 00OoraTuTeNbHBIX (abpukax B
Mupe okoimo 90%  moObiBaemMor  Memu
U3BJICKACTCS u3 pPyAOcOoIepKAIINX
Cynb(QUIHBIX MuHepanoB. OCHOBHOW MeTOn
oboramieHus — GoTarusl.

TexHonornueckue cxembl 00OraeHus
OTHOCHUTEJIBHO TpPOCTHl. B OGoJbIIMHCTBE
CllyuyaeB KpYIMHOCTb pyJAbl HalpaBlieHa Ha
oOoraieHne KpymHoe (CTeNneHb N3MEeTbUeHHS
K80% 120-200 ™M), Bpems ¢aoTauuu
KOPOTKO€ M CXEMBI MPOMITPOAYKTOB MPOCTEHI.
Konuentpatel 1py0oit QuoTtanuu  0ObIYHO

MEPETUPAIOTCSA (e} BBICBOOOKICHUS
Cynb(hUI0B Meau u3 JIPYrux
JICTKOIIABAOIIUX MHUHEPATIOB, TaKHUX KakK
MUPUT.

Kaxngass  TexHomormueckas  cxema

oOoraieHus UMEeT CBOK CIEeNU(UKAIUI0 B
3aBHCHMOCTH OT THIa OOOTAlleHHON PY/IbI,
HO 9TO TaKXKE OTPAKEHHE COCTOSIHHS TEXHHUKH
nu HepI/IOJIa pa3BI/ITI/I$I TCXHUKH.

B wmupe, ¢ TOYkM 3peHHs mpolecca
oboraieHusi, MECTOPOKICHHUS MEIHBIX DY/
MOYKHO pa3JelIuTh Ha CJICAYIOIINE OCHOBHBIC
BUJIBI:

1. TopdupoBsie pyabl BCTpEYAOTCS
OYeHb YacTo, M, IO oreHkaMm, Oonee 60%

MeIu, MNpPOAYKIUS HAET ¢ JTOro THUIIA
MECTOPOXKICHUA. B OCHOBHOM 3TO
MEJbCOCpKAIINEe pPyabl W Menb. Taxxke
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MOJINOICHOBBIE PYIBL. [Tpumepsr
MecTopokaeHui mopdupa: Yykukamara wu
Jla-Ockonmuna, (Ywnm), Kanbon bunrem
(CHIA), I'pac6epr (Munoneswus)

2. MecTopoxaeHuss MeIbCoepKa-
IETO nUpuTa BCTpEYAIOTCS cpenu
BYJIKAHUYECKUX U BYJIKAHOTE€HHO-OCAJ0YHBIX
nopona. CocTaB pya HU3MEHYHB, OOBIYHO
MOJINMETAIITUYECKH c 00JIbIIUM
KOJIMYECTBOM  MHUPUTA WIM  NHUPPOTHUHA.
[Ipumepsl:  MeCTOpPOXKIACHUSA CeBepHoit
Awmepuke.

3. CtpatuduiuupoBaHHbIe OTJIOXKEHUS
B OCAJIOYHBIX U METAMOPPUIECKHIX TTOPOJIaX.

MecTopoxaeHuss  MeIu  3ajeraror
Cpeld MOPCKHX TJMHUCTBIX O0pa3oBaHUMH,

B

MeHee  MepreibHO. MuHepaibl  00pa3yroT
CBA3YIOIIEE TECYAHUK, MHMKPOCKOIHMYECKUE
3epHa, pa3dpocaHHbIE B TJIMHUCTO-

KapOOHaTHBIX THopojax M kuiax. lIpumepst
cTpaTH(GHUIMPOBAaHHBIX OTIOXKeHMit: Hyanra
(3am6us), Kyndepmmdep (Ilonsima), benas

cocHa (CILIA).
4. Pynel  cynbdartHble  mpodue
nogumeraimyeckoro  tuna. K Hum

otHocsTcs, Hampumep, Cu-Zn-Pb, Cu-Mo,
Cu-Ni, Cu-Pb pyna u ap.

Ha pucynke 1 mnokazaH mnpumep
HaunOoJee pacnpocTpaHEeHHOMN
TEXHOJIOTHYECKOM CXEMBI oOoTraneHus
MeIHO-TIOP(OUPOBBIX PY/I.

[TopdpupoBsie pynbl, XOTS OOBIYHO
coliep>)kaT HEOONbIIOe KOJIUYECTBO MEIU
Hike 1%, OTHOCATCS K JIETKO INIABSIIMMCS
pyZaMm, a  TOJyYEeHHbIE  KOHLEHTPaThl
conepxat okojio 30% menu.

B cnydae menHO-MONMHOIEHOBBIX PYA
TEXHOJIOTHYECKAasT cXema Ooyiee CJIO0XKHa,
0COOCHHO KOT/la KOJUIEKTHBHBIA KOHIIEHTpAT
MeIu 51 MosinbaeHa IOABEPraeTcs
TepMooOpaboTKe mepes OTACIEHHEM MEAU OT
MOJIHOICHA.

Mennas  pyna, goObiBaemas |
nepepabaTbiBaeMasi Ha 3aBojax KasaxcraHa,
HMEET CIOXHBIM XHUMHUYECKHH cocTaB. /s
HETO0 XapaKTepHa BBICOKAs HM3MEHUYHUBOCTH
BOCIIPUUMYHUBOCTHU K oboramiennto. OCHOBHas
MpUYMHA 3aKJIIOYaeTCss B TOM, YTO pyja
BCTpEYaeTcss B  TpeX  JHUTOJIOTMYECKHX
Pa3HOBHJIHOCTAX: KapOOHAaTHas, CIJIaHel W
MeCYaHWK C PpPa3HbIMU (DU3HMYECKUMH U
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XUMHYECKUMU cBoWicTBaMu. CraHleBas pyna,
camas Oorarasi cpeiu BCEeX 3TUX BapHaluil,
OHa XapaKTEePU3YIOTCS Hauxyen
000TaIeHHOCTHIO. Ero JIOJIst B
MECTOPOXKIACHUS HEYKJIOHHO YBEIUYMBACTCS,
HO KojeOJeTcs Jake B Mpejaeniax OJHOTO U

Nonaua

W

TOTO JXK€ paiioHa JOOBMH. DTO HAMPSIMYIO

BIIUSCT Ha OCHOBHBIE napameTpbl
MECTOPOXKACHHUS: JOJIst OTJICIbHBIX
JUTOJOTHYECKUX  (pakiui,  CcoaepKaHHe
MEAM U  CJIEOBATENIbHO, XapaKTepUCTUKU

o0oramieHus SKCILTyaTUPyeMOU py/IbL.

Honuewtpar

MNepswunoe ﬂDUﬁﬂEHME

—

BTropuyHoe QEDGJ'IEH HE

Pl

KBOCThbI

HENOH

ﬂ OuncTra

MensHuua MBMEﬂHEHMﬂH

1

"if Konueutpar

Hononua

HoHe4HbIH KoHUeHTRaT

A 4

OCTaTONHEIE XEQCTRI

Figure 1 — A typical flowsheet used in the flotation process of porphyry copper
Pucynok 1- TumoBasi TEXHOJIOTHYECKAsI CXeMa, UCTIOIb3yeMasl B rporiecce (IoTaluu MeTHO-
mop¢upPOBOro CIjIaBa

Opranunueckue KOMITOHEHTHI,
HOSIBJISIFOIINECS B OTEYECTBEHHBIX MEIHBIX
pylax, B OCHOBHOM B CJaHIIEBOM CJIO€,
ABJISIIOTCS OCHOBHOHM INPUYMHOU TPYAHOCTEH,
BO3HUKAIOIIMX B mporecce QuoTtanuu. Mx
OPUCYTCTBUE B pylJax  CYLIECTBEHHO
OIIpeAeIIAeT X0 IpoLecca.

B cnydyae ka3aXCTaHCKMX MEIHBIX PYA
3TOT  BHJ ¢rnoranuu  He MpUHEC
YIOBJIETBOPUTEIBHBIX pE3YyJIbTaTOB U HE
HalleJa NpakTHUYecKoro mnpumeHeHus. Kpome
HEraTUBHOT'O BIMSHUA Ha Ipolecc (oTanu,
npo0iieMa Takke 3aKI0YaeTcs B COJIepIKaHun
OpraHMYECKHUX KOMIIOHEHTOB B
MIPOM3BOJUMBIX MEIHBIX KOHIEHTpaTax. B
HacToslIee BpeMsl 3Ta MpobdiemMa YacTHYHO
peraercs 3a cuer MCIIOJIb30BaHUs
pa3fenbHOM  (UOTallMd M NPOU3BOJCTBOM
JIBYX KOHIIEHTPATOB C Pa3HbIM COJEpP KaHUEM
OpPraHMYECKOT0 YIJIepoa.

Ocobast  poib B TEXHOJIOTUH
oOorameHusi Ka3axCTaHCHUX MEIHBIX pPYA
MPUHAJICKUT dnoTanuun pu
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nomose. OcHOBHas 3ajgada 3ToM QuoTanuu -

YIQIATh U3  CUCTEMBbl  KJIACCH(PHKAIUU-
W3MENbYEHHs] KOHLIEHTpAaT JJIs  OYUCTKHU
¢notanmu.  IlpemoTBpamiaer  upe3MepHOe
WU3MENbYEHHE  BBIJCIUBIIUXCS — CYIb(QHUI0B

menu. MHaue, 3T MUHEpasbl HaKaIIUBAIOTCS
B HMXXKHEM IHPOAYKTC THUAPOLWKIOHOB H3-3a
0oJiee BBICOKOTO YAEIBHOIO Beca 0

OTHOLICHUIO U K MYCTOM mopoje. 3aTeM OHU

nepefalT  HEHYXKHYI0  (parMeHTaluio,
WHOTJAa 7O  YpPOBHA  NPEIOTBpAIICHHE
3¢ ¢dexkTUBHON  MpoxoauMocTd. braromaps

HTOMY OHH B OOJIBIIIEM KOJIMUYECTBE MOTAJAI0T
B XBOCTOXpaHMiHIA. DPPexTsl ¢uoTanuu B
KOHTYpE U3MENbYCHHS XOpOIIO
WUTIOCTPUPYETCS ~ aHAIM30M  COJAEPIKaHUS
MeIH B Marepuaine, pElupKyISIus B
MEJIbHUILY B 3aBUCUMOCTH oT
rpaHyJIOMETPUYECKOro cocTaBa. Ha pucynke
2  TOKa3aHO  coJepXaHWE  MeAu B
TpaHyJIOMETPHYECKOM cocTaBe, rae | -
MPOAYKT, PEUUPKYIUPYEMBIH Ha MEJIbHUILY
0e3 wucnosib3oBaHUA (QUIOTAlIMM U KOHTYpP
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M3MEIbYEHUs, B TO BpeMs Kak 2,3 - 3TO

MMPOAYKTHI, BO3BpallaCMbIC B MCJIbHULY C
HCIIOJIB30BaHHUEM (bJ'IOTaI_II/II/I B KOHTYpPC
N3MCJIIBYCHUA.

(DJ'IOTaHI/IH B KOHTYPEC H3MCIIBUYCHUA
MOXECT OCYHICCTBIIATHCA B OOBIYHBIX
q)J'IOTaI_[I/IOHHBIX MalllMHaX. DTO TaKKe MOKET
OBITH OCYIICCTBJICHO B CIICIHUAJIbHBIX
CTPOUTECIIBHBIX MalllMHax. MammHbI

cnenuanbHoil  KoHCTpykuuu tuna W3-9C,
N316C pabotanu B 90-¢ roapl IPOLLIOro BEKa
Ha BCEX YyYacTKaxX O0OTaTUTENIbHBIX (aOpHK.
Kopm st MammH 3Toro tuma Obll MPOAYKT
HEOpaOOTKM  IIAPOBBIX ~ MENBHHI] WU
TUAPOLIMKIOHOB. CrnenoBarenbHO, OHHU
paboTanu ¢ BHICOKOM IJIOTHOCTHIO CYCIIEH3UU

U TpU OTHOCUTEIHLHO KPYIIHOM pasmepe
YacTHII.

Llenpto  ¢uortanmu, Kak W B
KJIaCCUYeCKOM  ¢uioTanum B KOHTYpe
U3MeJbYCHHs, OBUIO yIajeHHe Cyinb(uIoB
MCIU Ha CTaaAuH IMCPBHYHOIO OGOI‘aH_[eHI/IH.
[Tony4yeHHbIE KOHIEHTPATHl OBUIM BBICOKOTO
KadecTBa COOTBETCTBOBAJIH Ka4eCTBY
KOHEYHOT'0 KOHIIEHTparta. JTO OJIAromnpusiTHO
CKa3aJIoCh Ha OOpalleHHH MPOMBIIIJICHHOTO

InpoaAyKTa H CcTaOHIILHOIO IMIPpOU3BOJCTBA
KOHCYHOI'O KOHIICHTpATa. Crour
IIOAYCPKHYTD, qTo HHU3KOEC COACPIKAHUC

OpPraHMYecKOro yriepoJa B KOHICHTpaTax
OBLIO MOJIyY€HO UMEHHO 3/1ECh.

9
8 AN [
7 \1 Cu,avg=3.01
\ Cu,avg=0.54
. \ Cu;avg=0.96
5
2, \
o
3
2
1 --"‘--...2 3 \'_"'" ,"'"'..
-.\;Qy
0 -
10 20 40 80 160 320
d, um
Figure 2 — Copper content in size distribution
Pucynok 2 - TunoBasi TEXHOJIOTMUYECKas CXeMa
B TEXHOJIOTHHU o0OoraimeHusi ~ MeIHU B XBOCTax, OCOOCHHO B rpyObI€ KJIacChI
Ka3axCTaHCYyUX  pyld, B  OTIMYME OT  MOTYT OBITH JOCTUTHYTBI nyTeM
nopupoBbIX  pyld, MNpuMeHsieTcss Oosiee  ONTUMHU3ALMK, HAMpUMeEp, KiacCUpUKaluu
rpy0as Qioramus, KOTopas XapakTepusyercss — mojauu s Oojee rpyOooil ¢uotauuu B
JUINTENbHBIM BpeMeHeM ¢uioTanuu. CuctemMa  TMIPOLMKIIOHAX.
O6onee  TpyOOi  QuoTanMM  OKa3bIBaeT N3-3a  Heu30eXHOro  yXyALIeHHS
3HAUUTENbHOE  BJIMSHHE Ha  KOHEYHblE  J0OBIBAEMBIX PYyJ €CTECTBEHHOH TeHACHLUEN

nokaszaTreiad oO0orameHus, MOTOMY 4YTO OH
HAIpSIMYKO ~ ONpeAesieT NOTeEpU MEAU B
XBOCTax. OTO TaKXe BIUSET Ha KayecTBO
KOHEYHOT0 KOHIEHTpara. OTO KayecTBO
MOBBILIAECTCSA o Mepe YBEJINYEHUS
COJIepKaHUs MEAM B KOHIIEHTpare oT Ooiee
rpy0oii ¢dnorarmuu. MuHHMH3AIMS TOTEPh

82

OyzIeT cHXeH uHAeKc oboramenus. [loatomy
BAXHBIM  DJIIEMEHTOM  SABJISIETCS  aHAJHN3
BO3MOXKHBIX M€p MO CACPKUBAHUIO ITHUX
HEraTUBHBIX TeHIEeHIMH. B mocnemane rojsl
OBUIO  TPOBEJAEHO  MHOro  paboT 1o
MOJICpHM3AIMA  00OTaTUTENBHBIX  (DaOpuK.
Hampumep Obun 3aMeHEHBI (IIOTAIIIOHHBIE
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MAaIIMHBI, BHEIPWIN Psiji pelieHuil B o0nacTu
¢dioTanMu  aBTOMAaTUYEeCKOE  YIpPaBICHHE
(cuctema FloVis), MIPOJIOJDKACTCS
MOJICPHH3AIUSl CHCTeM KIacCU(PUKAIUU B
TUIPOLIMKIIOHAX.

B gomnosnHeHne K ycwiuMasM 1O
MOJIEpHHU3AIMH, BKJIIOYas BHEIPEHHE HOBBIX
YCTPOKMCTB, TaKXe JMOJDKHBI TOTPEeOOBATHCS
NEHCTBUS MO aJaNnTalud TEXHOJIOTUYECKUX
CXeM K U3MEHSIONUMCS XapaKTepUCTUKAM
pyOsl M METATyprHuecKUM TpeOOBaHUSIM.
[lepcriekTrBHAS TEXHOJIOT s JIOJKHA
YUUTHIBAThH JIydlllee U3 MHUPOBBIX TEXHOJIOTHI
oboraiieHus pyabl, HO TAKKE
yareHbl 0osee yeMm S50-TeTHUN OmbIT PabOTHI
OTEYECTBEHHBIX 3aBOJIOB.

byaymas TEXHOJIOTHUS JOJKHA
BKJIIOYaTh B ce0S CJEAYIOUIME OCHOBHBIE
AJIEMEHTHI KaK Ha PUCYHKE 3:

d) TMOATOTOBKA PyABI K (IIOTalUU C
YU4E€TOM pPAacTBOPOB, HMEIOIIUX Haubosee
OJIarONIPUATHBIC TPOMBINUICHHBIC  CCHUIKH.
TpaauIMoHHOE TpeXCTyNeHYaToe IpoOiieHne
00 B KOHYCHBIX JpoOmikax, aubo B
MenbHHIAX . Vcronb30BaHue MENbHHUIL MOITY-
CaMOU3MEIIbYCHUS I103BOJIUJIO Ob1
3HAYUTEILHO COKpaTUTh KOJIMYECTBO
omepauii ¥ CIWHUYHBIX IPOIECCOB TIO
CPaBHEHHMIO C MHOTOCTYIEHYATOW CXeMou
U3MEIBbYCHUSI B KOHYCHBIX JIPOOMJIKaxX ¢

OJTHOBPEMEHHAsi BO3MOYKHOCTh  IOJIyYEHHS
Oonee MenKOro Kopma Uil IIApOBBIX
MEJIbHUII;

b) mepepaboTka Ha 3aBojie CMEIIAaHHOMN
pyIObl C OTHOCHUTEIBHO TOCTOSHHOW MJOJeit
MECYaHUKOB ¥ KapOOHATBHl CTOWUT Y4YeCTh,
4TOOBl COXPaHUTh pa3/ielieHne Ha (Ppakiuuu ¢
Oojiee  BBICOKOM  JoJied  TECYaHUKH U
KapOOHAThl C pa3JieIbHOM HX 00pabOTKOM.
OTO TO3BONIIET  PErYIHPOBaTh  PaOOUMiA
napaMeTpbl  OTAETBHBIX CHUCTEM  (TIOMOJI,
draoranus, mnepepaboTka MPOMBIIIIEHHOTO
MPOYKTa) A0 CaMbIX Pa3HBIX TPEOOBAHHS IO
000TalIeHNIO OTAETBHBIX (PPAKITHiL;

C) HEOO0XO0IMMO YBEIUYUTh
WHTEHCUBHOCTH  ()JloTalluMk B KOHTYpE
IIoOMoOJIa. OTO Ba)kKHAd 4YacThb BBITOJIHEHUS

TpeboBaHMS TOATOTOBKM KopMma misi Ooiee
rpy0oii ¢otanuu (06e3BOKMBaHUE KOpMa) U
CTa0WiM3anuy  TPOW3BOJCTBA  KOHEYHOTO
KOHIICHTPATa;

83

d) peanmuzanus OYHCTKH B IBYX- H
TPEXCTYIIEHYaTOW CUCTEME;

e) HU3MEHEHHUE crioco0a
00€3BOKMBAaHUSI ~KOHEYHOTO  KOHIIEHTpAaTa
IyTEeM TMPOBEACHUS TNpoIlecca IOBBIIICHUS
TEMIIepPaTyphI.

PasmMbrimusist 0 TEXHOJIOTHUSX
Oyaymiero, Henb3s 3a0bIBaTh O BaXXHOCTH
pa3BUTHSI MAaIUHOCTPOUTEITHLHOTO u
TEXHOJIOTUYECKOTO  00O0pY/ZOBaHMsI, HOBbBIC

(bJoTalMOHHBIE peareHThl, B TOM 4YHCIIE
aKTUBATOPHI, COJAEpKaIUe B CBOEM COCTaBE
HOBbIE  (DYHKUMOHAJIbHbIE  TPYMIbl  JAJIs
yIY4IIEHHOW — aJCOpOIUU  CYIIECTBYIOIIMX
WJIM HOBBIX KOJUIEKTOPOB Ha IOBEPXHOCTH U3
cynepuna wmemu. OOpaboTka  sBiIeTCS
Ba)KHBIM 3J1€EMEHTOM TOpPHO-
METaJUTyprUYeCcKOro MmpoIiecca Mpou3BOACTBA
Meau. KoHneunble mokazaTenu —mpouecca
obOoraimieHusi, T.€.  BOCCTAaHOBJIEHHE U
KayecTBO  KOHIIGHTpaTa, JOJDKHBI — OBITh
CBSI3aHBI HE TOJIBKO C OOOTaIlIEeHUEM PY/Ibl, HO
U HAJ0 YYHUTHIBATh SKOHOMHUYECKUN OanaHc
BCEl MPOM3BOACTBEHHOW JIMHUHU, BKIIKOYAs
OTpe/ieNieHHbI YpOBeHb (DOHJOBOTO pPHIHKA
IIEHbI Ha MeJIb U cepedpo.

BobIBOABI.

TexHonorus oborarieHus
Ka3aXCTAaHCKUX MEIHBIX pyI pa3paboTaHa ¢
yuyeToM ux creuupuyeckux cBoiictB. B
pa3Hble CpPOKM MPUMEHEHUS JOCTUTHYTHI
BBICOKHE MOKa3aTeNn oOoramieHus.
HakomieHHBIH ONBIT MNPONUIOTO IO3BOJIAET
pa3BUBaTh TEXHOJIOTMM Oyaymiero. OTO He

O3Ha4YaeT OTKa3 OT HOBBIX PpEIUICHHIH,
0COOEHHO B obnactu MAalIne u
o0opynoBaHus, yIpaBIeHUS TEXHOJIO-

TUYEeCKHMH TPOIIECCAaMU W BHEJIPCHHSI HOBBIX
(IOTAIMOHHBIX PEareHTOB.

Baxxno paccmartpuBaTh mnepepabOTKy
KakK Ba)KHBIHN 3JIEMEHT TOpPHO-
METaJUTypTHYeCKOTO mpoiiecca JUIS
MPOU3BOJICTBA MEJIH. Mertannyprus
MPEbABISET 0COOBIE TpeOOBaHMS K
MPOU3BOJIMMOMY KOHIICHTpATy, JOCTH)KCHUE
KOTOPBIX COCTaBJIIET OTJIETEHYIO
ONITUMU3UPYIOIIYIO 3amaay. bynymas
nepepaboTka JTOJDKHA COCTOATH u3
TEXHOJIOTHI, KOTOpHBIE HaBepHsKa
HCIIOIL30BaTh Ooyiee YeM IMATHAECATHICTHHN
MOTEHIIMA 3HAaHWKA B 00JACTH MPOU3BOACTBA
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KOHICHTPATOB, MNHUPOMCTAJLIYPIUYCCKUE U 06GCHC‘II/IBaIOH_II/Ie KOMIIIICKCHOC H3BJICUCHUC
TUAPOMCTAJUTYPIrUiICCKHUE MMpoUeccCChI, COACPpIKAIINXCS B HUX MCTAJIJIOB.

l
NOATOTOBKS DY AL MEMEHWL]
NONYCAMOUIMENESEHIA |
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Figure 3 — Proposed flowsheet for mixed ore processing
Pucynoxk 3 - [Ipemmaraemast TEXHOJIOTHUYECKAs CXeMa NIepepadOTKN CMEIIaHHOHN pyIIbI
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AnpaTrna. Makanaia oneMzeri KOJAaHbICTaFbl MbIC KE€H OpPbIHJAPbIHBIH HETI3r1 Typiepi
JoHe OalbITy TEXHOJIOTUsIaphl KEHIHEH TapaJiFaH.

Kengnepai 6aifbITy jxoHe onap/ibl naiiianany cebenrtepi TaIKbUIaHIbI.

Conpaii-ak, MakangaJa Ka3aKCTaHIBIK MBIC KEHAEPIH OHIEYIIH Kehoip omicTepi
CUMATTaJIFaH. ¥ ChIHBUIBII OTHIPFAaH TEXHOJOTMSHBIH HETI3r1 3JIEMEHTTEpiHE MbIHANApP >KaTajbl:
Heri3Al JKarjaillapna KeHAl KypaMbIHAarbl KYMTac >KOHE KapOOHAT KEHJIEpiHIH Kypambl
XKorapplpak (pakuusuiapra Oeny, KeHal ipi (uoranusra THIMII JaiiblHaay Oediri peTiHzae
YHTaKTay cXemachlHa (IOTalusl, KIACCHUKAJIBbIK Ta3apTy JKyHecli, KaHa THUIITET1 JUipMEHIep/e
YHTaKTay >XYHeciMeH ©HEpKOCINTIK OHIMII eHJAEY, KaJAbIKTapibl IIbIFAapyMEH XKIKTEY KOoHE
daortamus.

Tyiiinai ce3naep: MbIc pynacsel, MbIC, OalbITY, (proTaus, JUipMeH.
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Abstract.  This article discusses the development and research of unmanned aerial
vehicle of the «bird» type.

The popularity and applications of unmanned aerial vehicles (UAVS) are expanding:
delivery of small-sized purchases, aerial photography, search for missing people, organization of
video surveillance in online mode, sports races, entertainment flights, and others.

«Bird» type UAVs are used for various purposes. They are most widely used in the
military industry, where they are excellent devices for tracking on the ground. Another
advantage of this type of equipment in the military industry is the lack of personnel, which
minimizes the value of the human factor and human loss.Shunting is an off-train movement of
rolling stock within the station, and in some cases, with departure to the stage

The relevance of the use of UAVs stems from their advantages: low losses, high mobility,
minimization of victims. The main applications are military, civil, and scientific. In military and
civilian areas, the most popular applications are monitoring and photo / video shooting. A large
number of applications - for environmental monitoring and obtaining samples of various objects,
including those from inaccessible areas and places of emergency events. Images can be obtained
with high detail and are widely used in construction, control of real estate objects, land plots, and
engineering and geodetic surveys.

Keywords: unmanned aerial vehicle, bird, flight, aerodynamics, transmitter, receiver.
YK 681.3(075.8) DOI 10.52167/1609-1817-2021-118-3-85-92
T.O. Unramoaesn, E.E. KekcenoaeB
FymapOek [loykeeB aThiHIarsl ATTMATHI SHEPTETHKA JKoHE OaiIaHbIC YHUBEPCUTETI,
Anmarsl K., Kazakcran
«K¥C» THIIHAEI'T YIHKBIIICBHI3 OYE KOJIIT'TH 93IPJIEY KOHE 3EPTTEY
AnaaTna. by mMakanazna «Kyc» TUIIHJET YIIKBIIICHI3 9ye KOJIirl 931pJeHin 3epTTeIiH/Al.
YHIKBIIICHI3 oye KOJITiH d3ipiey YIIIH KaKeT 3JeMEHTTep TaHJalblHIbl. backapy xyiecinaeri

KaOBUIAAFbIII )KOHE TapaTKbILI peTiHAe peceilniik «Seplus» Gpupmackl TaHJaIbIH/BI.

Ty#inai ce3gep: YIIKBIIICHI3 dye KeOJiri, KyC, YIIy, a’dpoJWHAMHUKa, TapaTKBIII,
KaOBLIIarbIIIl.

¥Ymkpiice3 oye kenikrepiHiH (¥OK)  canbicThipranja OipkaTap apThIKIIBUIBIKTapFa
KapKbIHIBl J1TaMybl Ka3ipri yakpITTa oJIapAblH  He. bys omapasiH a3zaMaTThIK (paauopenerik

KEHICTIKTIK ~KO3Faiblc Oackapy okylleciH  OailiaHsic, KOpILaraH OpTaHbIH
a3ipiey mpobiemachlH e3eKTeHJipeni. boma  MoHUTOpUHTI), cOHIal-aKk ockepH Oakpliay,
Typa YIIYTBI OackapaTelH  Oapiay  MakcaTTapAa  KOJJaHy — asiChIH
aBTOMATTaHIBIPBUIFAaH OOPTTHIK JKyHenepre  KeHeWTyre MyMKiHik Oepeni [1].

KOMBUIATBIH Tajanrtap ynaiisl ecyne. Ocipece, Hoactypni ¥OK cxemanapblHbIH (YIIaK

OyJ1 KaHaThl Oap YIIKBIIICHI3 dye KONIKTEPIH  THIK, TIKYIIAKTBIK) YIIIY pEKUMIEPIHE CUMIATT
*obajlay CHSKTBl TEPCIEKTUBANbI OarbITKa  ama-Jibl KeMIIUTIKTep ToH. JKEeHIT aBHalusChl
KaTbICThl. MyHaall KjacThl —anmapaTTap  YLIIH ©T€ MaHbI3/bl OOJBIN KEeJNETIH KacUeT —
KJIACCUKAJIBIK CXeMayap OOWBIHIIA KYpPbUIFaH  SHEPrUsiHBl a3 TYTHIHY TIKYIIaKTapFa ToH
YIIKBIIICHI3 aye KONIKTEpIMEH  emec. AN YIIaKTap[blH MaHEBpIIri eTe
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IIEKTEYJII. byn maThopMaiapabIH
APTHIKIIBLIBIKTAPBI olapra TOH
kemmutikrepcid «Kyc» tumingeri ¥OK-ne
ICKe achIpbUIybl MYyMKiH. KiaccHKasbIK
cxeManapaplH ~YOK-meH  canbIcThipraHjia
MYHJIail anmaparrap MmaljasaHyaa KayirnTi
emec [2].

KycTrapaplH YIIYBIHBIH a3pOIHHAMU-
KaJIBIK KOpPIHICI KypJeii, aJl OHBIH CHIIAThI
JKEKeJIereH TOmTap MeEH Typliepae oTe
oprypni. Iemymi dakTopmap periHme
KaHATTap KYPBUIBICHIHBIH CpPEKINCIIKTEPiH,
TYKTI KaybIPCBIHJAPABIH Y3bIHABIFBI MCH
MPOITOPLUSCHIH, KYCTBIH JICHE CaJIMarbIHBIH
OHBIH KaHATTapbIHBIH ayJaHblHa KATHIHACHIH,
OWIIBIK €TTIH JaMy JOpeKeCiH aiTyra
oomazsl [3].

Ketepy xymi

AspoaHHAMHKATBIK
Keaepri

AYBIpABIK
Kymi

Figure 1 — Forces acting on the bird's wing during flight
1 cyper - ¥ury ke3iHjie KyC KaHaTbIHA 9cep €TETiH KYIITEp

Yy - KOIITETeH KYCTap/IbIH
KO3FaJILICBIHBIH, HET13T1 Tocimi. Onapra Tamak
i3nmeyre, KOHBIC aynapyra KOHE
JKBIPTKBIIITAPIaH e371epiH KYTKapyra
KOMEKTECE/].

OcTix
KYKTeMe
¥Ymy GareiThl
YIIKBIIICBI3 dye  ammnaparTapblHbIH

YIATUIEpiH 3epTTeY >KOHE o31pJey FhUIBIMH-
3epTTey >KYMBICTAPBIHBIH ©3€KTI OarbITTapbl
Oonbin  TaObumanpl. Kemreren 3eprreynep
anmaparThlH KYPBUIBIMBIH JKETUIIPYTe *KoHe
YIIKBIIIICBI3 dye almapaTrTapblHbIH OacKapy
XKyHeciHe  e3repicTep  €Hri3y  apKbUIbI
KOJITAaHBICTAFbI YIIKBIIICHI3 oye
anmapaTrTapblHbBIH YOIy — CHIaTTamajapblH
JKakcapTyra OarbITTalFaH.

«Kyc» TumiHaeri YIHIKBIIICHI3 dye
KOJIKTepi OMOHUKAJIBIK KarugaTkKa
HeTi3/leNreH. SIFHU, YIIaThiH Tipi 0OBEKTLIEp
KycTap  MEH  IKOHJAIKTepIiH  YIIy

87

KO3FaJIbICTapbIH
YIIazpl.

Kasipri 21137 anmnapaTTapbIHBIH
aNJpIH/Ia KYCTap MEH YIIaThIH JKOHIIKTEPJIIH
6acThl  apTHIKIIBLIBIKTAPHI oJIapbIH
SHEPTHs THIMAUTITT MEH MaHeBpJIiri [4].

«Kyc» TumiHzeri ymry anmapaThIHBIH
KYpBUIBIMBI  (PrO3€JISK/IaH, OFaH >KaJFaHFaH
KaHaTtTapaaH (2 Hemece OJaH KeIm) JKOHE
KYHpBIKTaH  (MIHAETTI  €MeC)  TYpaJbl.
KanaTtrap MeH Ky#HpbIKKa CaJbIHFaH €pKiHAIK
TIOpEKECiHEe 0aiIaHbBICTEI MOEIbIIH
0acKapbUIYblH KQHE OHBIH MAaHEBPIITiH
e3repTyre 00Jabl.

KOIIIPEeTIH TMPUHLITUINEH
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Kycrapabiyg
AMHUTaIUsIayFa
OPHUTONTEP

KO3FaJIBICTapbIH
HETI3JIeNITeH  armaparrap
aTayplH  ajica,  YIIAaTbIH
KOHIIKTEPIIH KO3FaJIbIChIH KOILipeTiH
anmaparrap 9HTOMOIITEp JIelm  aTasajbl.
Bunorpagos W.H. GoiiblHIIa KYC YIITYBIHBIH
OipHeme pexuMiH axbipaTaabl. KycTapabiH
VIIYBIHBIH €H KOIl TapajfaH pexumaepi:
cepmey, KOCIapJiayIibl, KaJIBIKTAY,
IpoTesuIepli, MapaloTTaIFal yiy. ¥IIyIbIH
opOip pexkuMi YIITy CHUIIaTTaMaJlapbIHBIH JKEKe
KUBIHTBIFbIHA M€ JKOHE KYC KO3FaJIbICHIHBIH

MapamroTTIK  yiyaslH  npuHmum — 40-60°
OYpBIIITICH TiK TYCY YLIIH KOHE KOHY Ke3iHje
naiijananbUIa b BUOPALIUSUIBIK yury
KycTapra ayazna '"Typakrayra' MYMKIHIIK
Oepeni xoHe T. 0. [5].

Kasipri 3aManfbl «KyC» THITIHJET] YTy
anmapaTTapsl YITYIBIH TaHJIAJIFaH
Karu/1acblHa COMKEC d3ipJieHe i, OUTKEeHI OHbI
ICKe acplpy YIIIH  ammapaTThlH  THICTI
KOHCTPYKLHUSACHL, KaHATTap MEH KOPILYCTHIH
MaTepuanIapsl )KoHe apHalbl Oackapy kyHeci
KaXerT.

THICTI TypiHE HeTi3aenreH. MpIcaibl, cepmey, «Kyc» THmiHAEri YIIKBIIICH3 oye
IpOoTeIuIepli, XKOCHapIaHFaH Yy TYPJIEpiHiH  KeJiriHiH KOHCTPYKIUSCBI AutoCAD
HOPUHIUITEP] KOJIJICHEH OenriieHreH  mporpammachiHza  caiblHFaH.  KaHaTtapsl
KO3FaJIbIC Ke3iHJe NapagaHbpuIafpl;  Maiylap MaTEepUAJIbIHAH KACAJIbIHFaH.
-
Figure 2 — Unmanned aerial vehicle design
2 cyperT - YUIKBIIICHI3 9ye KOJIT1HIH KOHCTPYKLHUSACHI

backapy okyieci peTiHae peceillik — KapanalbIMIbUIBIFBIHA  JKOHE  OarachlHa
Seplus Taparkpiibl MeH KaOBUIIAFBINIBI  OalJIaHBICTHI eTe THIMII
TaHJAJIbIHIBI. byn  Oackapy  xyiieci
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Figure 3 — Unmanned aerial vehicle control system
3 cyper - YIIKBIIICHI3 9ye KOMiriHiH 6ackapy xyieci

UORLRIRENNNY

Figure 4 — Diagram of the connection of elements located in the fuselage of the bird
4 cypert - KycThIH Qro3ensikinae opHaIacaThlH JEMEHTTEP/AIH KOChLUTY CYJI0achl

Bapnweixk OemmiexkTep, SFHU MOTOD, cyibara colikec Seplus KaOBUIIAFBIIITBIHA
KOpeK Ke3i, cepBomammHa 4 cyperrTeri JTOHEKEPJICHTEH.

89



KasKKA Xa6apmibicer Ne 3 (118), 2021 ISSN 1609-1817 The Bulletin of KazATC

Becrauk KasATK Ne 3 (118), 2021 DOI10.52167/1609-1817 vestnik.alt.edu.kz
Kyctoig KaHaThIH KO3FaJIbICKA JKoHe eH Oactel Oemmek — coreless 7*16
OKeJNETiH  MEXaHW3M, SFHH  PEIyKTOp  MOTOpBIHAH TYpaIbL. Kunanran

MEXaHHU3M1 KOMIPIUIACTHK, TICTI JOHFANIAaKTap  PEAYKTOPIBIH TYpi S-CyperTe KenTipuIreH.

Figure 5 — Checking the working capacity of the gearbox
5 cyper - PenykTopabIH )KYMBIC icTey KaOiIeTiH TeKcepy

6-cyperTe CepBOMAIINHA, SFHA  JTYbIHBIH Heri3ri MEXaHHU3MI
KYCTBIH KYHPBIFBIHBIH KO3Fa- KOPCETLUITeH.

Figure 6 — Checking the working capacity of the servomachine
6 cyper - CepBOMaIIMHAHBIH )KYMBIC iCTeY KaOUIETIH TeKCepy
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7 cyperte KaObLaarbi nmeH LiPo kopek ke31 OeitHeIeHTeH

Figure 7 — Checking the working capacity of the receiver
7 cypet - KaOpI1aFbIITHIH AKYMBIC iCTey KaOl1eTiH TeKcepy

KopsiThinabl. ¥maTelH oye KOJNiriH  JIeHrei/ie eKeHiH jKoHe Jie Oy YIIyIbIH jKaHa
o3ipyiey opKallaH YJKEH KHBIHABIK TeH  Oip Toclll eKeHiH TYCiHyimi3 kepek. byn oye
KBI3BIFYIIBUTBIK TYABIpansl. «Kyc» Tumingeri — kemiriHiH  Oackapy  KYHECIH  JIaMBITHIII,
VIIKBIIICHI3 9ye KOJNITiHIH THIMIUIII >KOHE MaHEBPJIITiH 91l Jie J)KaKcapTyFra 00Jabl.
OHBIH KOJJIAaHBICHI Ol JIe  TOXIPUOETiK
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AnHoTanusi. B nmaHHOW crtathe OBLT pa3paboTaH W HCCIENOBAH OCCHUIOTHBIN
jeratenbHbld anmmapaT Tuna «lItuna». bbuin  BbIOpaHBI 3JIEMEHTBHI, HEOOXOAMMBIE IS
pa3paboTku OECIMIIOTHOTO JIETATEIFHOTO amnmapara. B kauecTBe MpHEeMHUKA W MepeaaTdyuka B
cucTeMe ynpasieHus Obula BeIOpaHa poccuiickas gpupma «Seplusy.
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Abstract. We are concentrating on the aerial vehicles; want to integrate our ideas and
work to develop a new type of flight system to improve the control and maneuvering abilities of
flying UAVs or drones. Our logic is nothing can fly efficient as the birds do. So copying from
the flying behavior of it, is possible to gain all the abilities like the bird.

In this research we developed an airframe of an unmanned aerial vehicle (UAV) mimics
anatomy and control mechanism of a bird. The objective is to get a UAV with shape of a bird
with maximum take-off weight (MTOW) of 600 gr. Bird species that referred in the design is
Euroasian sparrowhawk, accipter nisus. This species has wing span of between 59 to 80 cm and
length of between 29 to 41 cm. Sparrowhawk is one of bird species that fly mostly in gliding and
soaring maneuver. During gliding and soaring, the wing is spread wide just like a fixed-wing
aircraft. The control mechanism of bird also applied to the UAV. The outer wing of the UAV can
change its angle of attack to mimic morphing ability of bird’s wing. The tail of the UAV only
consist of horizontal stabilizer, which can be rotate in 2 axis, x-body axis and parallel to the y-
body axis. The aerodynamic and flight stability calculation of the design are done by using
theoretical equations. We found that the design and configuration that has been developed is
stable. From this research, we got design of a bird-like fixed-wing UAV with a good quality in
aerodynamics and flight stability analysis and calculations.

Keywords: bird, fixed-wing, UAV, aircraft design, biomimetic, flight, aerodynamics
YJK 681.3(075.8) DOI 10.52167/1609-1817-2021-118-3-92-102

T.O. Unramoaesn, E.E. Kekcenoaen
AMAaTUHCKUY YHUBEPCUTET SHEPIeTUKU U cBsi3U UM. I'. JlaykeeBa, r. Anmatsl, Kazaxcran

KOHCTPYKIMUMSA BECITMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA TUITIA
«IITHUIIA»

AHHoTanusi. B 9sTOoM wHcciaenoBaHuM MBI pa3paboTanu  IUlaHep OECHMIIOTHOTO
neratensHoro anmnapata (BIIJIA), uMUTHPYIOIIMH aHATOMHMIO M MEXAHU3M YIPaBJIEHUS NTHILIBL.
3amaua - monyuuth BIIJIA B gopme mTuibl ¢ MakcuMaiabHOUM B3neTHON maccoir 600 rp. Bun
OTHIL, YIOMSHYTBIX B AM3aiiHe, - eBpa3HiCKUN NepenensiTHUK, accipter nisus. Y 3TOro Buaa NTHUI
pa3max KpbuibeB oT 59 10 80 cm u mmHa ot 29 1o 41 cm. Scrped-nepenensiTHUK - OJUH U3
BUJIOB IITULl, KOTOPBIE JIETAIOT B OCHOBHOM B IIAHUPYIOIIEM U IapslleM MaHeBpax. Bo Bpems
IJITAHUPOBAHUS W IApEHUs KPBUIO PACIPABICHO, KaK y CaMoOJIeTa C HEMOJBM)KHBIM KPBUIOM.
Mexannsm ymnpasnenus nruned npuMmenuics u Kk BIIJIA. Hapyxnoe kpsiio BITJIA moxer
U3MEHATh Yrojl aTakh, 4YToObl HMMHUTHPOBATh CIIOCOOHOCTh K MOPQUHIY KpbUIa ITHIBL
XBoctoBas yacTh BIIJIA cOCTOUT TONBKO M3 TOPU3OHTAIBLHOTO CTAOUIN3aTOPa, KOTOPHI MOXKET
[IOBOPAYMBATBCS 110 IBYM OCiIM, ocM X W MapauieibHO ocu Y. Pacuer aspoauHamMuku u
YCTOMYMBOCTHU I0JIETa KOHCTPYKIMH BBINOJIHEH C UCIOJIb30BAHUEM TEOPETUUECKUX YPABHEHUN.
Msbl 0OHapyXuiaH, uTo pa3pabOTaHHBIA Tu3aliH U KOHGUrypanus cTaOuibHbL. B pesynbrare
ATOr0 MCCIeN0BaHUs Mbl OMyymin npoekT BIIJIA ¢ HenmoABMKHBIM KPBIJIOM, HAIIOMHUHAOLIUI
ITULLY, C XOPOLIMM Ka4yeCTBOM a’pOJUHAMUKHU U AHAJIN3a U PACYETOB YCTOMYUBOCTH I10JIETA.

KuaroueBble cioBa: nrumna, camoner, bITJIA, koHCTpykius camoleTa, OMOMHMETHKA,
MOJIET, adPOIMHAMHUKA

[Ituna - NpupoXKIEHHBINA JIETYMK, OHA  pa3paboTaH c Y4ETOM IIPUHIUIIOB
Obula  MCTOYHHMKOM  BJOXHOBEHMS IpH  KHHEMaTHKH NOTHYbero kpsuta. C Tex mop
pa3paloTke CaMOJIETOB. «Jlerya»  wWccnenoBaHWs — NPUHLOWIIA — TOJIETAa  IITHIL

3HAMEHUTOTO OpaTheB PaiiToB Takke ObUT  Bemyrcs HempepsiBHO. /. B. llpesc u mp. [7]
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COJIEP’KUT 0030p MPUHIUIIOB a3pOJIMHAMUKU
OTUI] W JICTAIONIMX HACeKOMBIX. [lTHia
UCIOJNIB3YET YCTOWYUBYIO a3POAUHAMUKY, B TO
BpEMsI KakK JIETAIOLIEE HACEKOMOE HCII0JIb3YET
HEYCTOMYUBYIO a’pOJIMHAMUKY. ¥YCTOWYMBas
a’poJIMHaMUKa - 3TO TOT xKe
aIPOIMHAMUYECKUN  MEXaHU3M, KOTOPBIH
UCIOJB3YETCSI B IIOJIETE  CaMOJIETOB €
HEMOJIBUYKHBIM KPBLUIOM.

Mamymuii MeXaHu3M He Bcerja
UCIOJNIB3YETCs B ITUYbeM moiete. HekoTopsie
OTHLBI, Takue Kak Trpudsl u  sACTpeOHl,
JUIUTETIbHOE BpEMs BBIIEP>KUBAIOT IOJIET, HE
B3MaxuBas KpeUTbsiMU. OHHU PA3BOJAT KPBLIO
B IUIQHUPYIOIIEM U TMapslieM pexumax
nosera. B oxHoit u3 cBoux crarel B. A.
Takep HaOmoAan MIAHUPYIOUIMM  TOJET
CJICIYIOIIMX BUJIOB TITHUIL;, JIATTAPCKHUM COKOJI
[4], OemocnuuubIl Tpud [5] w Xappuckuit
sctped [6]. KoaddunmenT moapeMHON CHITBI
Opu  IUIAHUPYIOLEM  TOJIeTe  COKOJa,
CTEpBSITHUKA U sicTpeda cocrasisier 1.6, 1.1 u
1.6 COOTBETCTBEHHO.

MexaHu3M  yInpaBsieHHs  I10JIETOM
OTUIBI  TPOCT, HO MNPOABUHYT. [ITHIIBI
U3MCHSIOT (JOPMYy CBOErO KpbUIA M XBOCTA,
YTOOBI BBIMIOJHATH JIO0OW MaHEBp MoJieTa B
1esstx KoHTposs u cradbunuzamuu. /. 0. Cy
U Jap. oOHapyxuia, yTo  Oemnoryasas
BOPOOBUHAS TITUIA aKTUBHO HCIIOIB3YET CBOM
XBOCT JUI COXPAaHEHUS YCTOMYMBOCTH BO

Bpemss mnoinera [8]. B koHdurypauun
0OBIYHOTO camoJeTa TOPU30HTAIIBHOE
ONEpEHUE UrpaeT pojib B  IPOAOIBHOM
yIpaBIECHUU u YCTONYHMBOCTH, a

BEPTUKAJIBHOE OINEPEHHWE WIpaeT poiib B
HONEepPEeYHOM. XBOCT MTHUI[BI MOXET HUIpaTh
pOJIb B YIPABICHUH M YCTOWYMBOCTH TIOJETA
Kak B MPOJOJIbHOM, TaK M B IONEPEUHOM
HaIlpaBJICHUH.

HecmoTpss Ha TO, YTO NTHULIA aKTHBHO
JeTaeT C MarryuMH KPBUIbSIMH,
UMHUTHPOBATh aHATOMMIO NMTULI U MEXaHU3M
yIIpaBJICHUS MOYKHO c MTOMOIIBIO
KOHCTPYKLIMM caMmoJieTa C HEeNOJBM)KHBIM
kpbutoM. J[>k. Marnacanr u np. paspadoranu
MUKPO-JIETATEIbHbIN anmapar (MAYV),
UMUTHPYIOIINN KUHeMaTuky ronyos [2]. Ouu
OOHApY>KWJIM, YTO UMUTHPOBATh AHATOMHIO U
KWHEMATHKY KpPbUIA MTUIBI IS KOHCTPYKITHH
BIUUTA Bo3MOXHO, M jganu 3(pQGEKTUBHBIN
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pesynbrar. UTOo  Kacaerca  yIpaBJICHHS
I10JIETOM, MCCIe10BaTeNsIM U3 bpucroibckoro
YHUBEpCUTETA yAaioch npuMmeHuTh K BIIJIA
MEXaHU3M TMOCaJKH, UMUTHPYIOLUIUNA MaHEBp
ntuipl [9]. Baemnsas dacte kpsuia BITJIA

MOXET  OTKJIOHSTBCS  JUIS  3aMeUIEHHUS
nemwxkenna BIIJIA Ha sTame mocagku. OTOT
MpUeM TOYTH AHAJOTUYEH MEXaHU3MY,

KOTOpBIM HCHONB3YIOT MNTHIBI, KOTJa OHHU
MBITAIOTCS TPU3EMJIUTHCA HAa 3€MIII0 WJIM Ha
BETKY JIepeBa.

B 3TOM HCCIIeIOBaHUH MBI
paspabateiBaecM  KoHCTpykuuio BIIJIA ¢
HETOABMKHBIM  KPBUIOM, HUMHUTHPYIOLIYIO
aHATOMUIO €BpA3UNUCKON MITUITEI

nepenenstHuka. BIIJIA Oyzmer muratbes ot
NEKTPOABUraTeNsl M aKKymyjsTopa. XBOCT
uMeer (opMmy JeNbThl, KOTOpass MOXET
BpAaIlaThCs IO JBYM OCSIM: OCH X-TeJla U OCH,
napajuleIbHOM ocH y-Tena. DTOT MEXaHU3M
IIepelacT yNpaBIE€HUE XBOCTY B IPOAOIbHOU
U TONEpEeYHOM  ycToM4MBOCTH. Bwmecto
HCII0JIb30BAHHUS JJIEPOHOB, KaK B
KOH(pUrypali OOBIYHOIO caMoJjeTa, BCs
BHEIIHAA 4YacTh Kpblia Oyner JeilcTBoBaTh
KaK [IOBEPXHOCTb yHpaBieHUs. BHemHss
4acTh KpbUIa MOJKET BpalllaTbCsi U U3MEHATH
YTOJl aTaKH.

Pasmep u kondurypanus

EBpasuiickuil nepenensiTHUK, accipter
Nisus, - HeOOJIbIIIast XUIIHAS TITHIIA CEMEHCTBa
Acciptridae. Y B3pOCHIBIX CaMIIOB BEpXHSs
yacTh Tejla Troiay0oBaTo-cepas W BEpXHSIA
4yacTh Tella C OPaH)XEBBIMU I10J0CaMH, B TO
BpeMsl KaK CaMKM KOPHUYHEBATOrO IIBETA.
EBpasuiickuii nepenensiTHUK MENKUHN, JUTMHON
ot 28 1o 38 cM, ¢ Maccoil B3pOciaoro camua ot
110 no 196 t u B3pocnoi camku ot 185 mo
342 r [10]. Pa3max KpbuUIbEB B3pOCIOrO
nepenensiTHUKa cocrapiseT oT 59 no 80 cMm.

Pazmep BIIJIA Oynmer B mnpenenax
pa3MepoB  €BPA3MIICKOr0  MNeperneIsiTHUKA.
Pasmax kpeuta b cocraButr 74 cm, oOmias
mmHa 1 - 40 cm. Ha pucynke 1 mokaszana
¢dororpadus JETSILIETO €Bpa3uICKOro
nepenenstHuka. @opma kpeuia BITUJIA Oyzper
MOBTOPATH (OpMY Kpblia MepeneisTHUKA.
[Ipu mMacmtabupoBanuu 3Toi Gotorpaduu 10
pazmepoB BITJIA miomans kpeuia U pasmep
orepeHus: uMepsATcs no ¢ororpapun. Ha
pUCYHKE 2 TOKa3aHa Ta e Qororpadus,
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JIONOJTHEHHAs KOHTYpOM (OpPMBI Kpblla H
xBocta BIUIA. YroObl ynpoctuts (opmy
Kpblia, KoHUuK Kpbuta BITJIA Oyzer mpocrto
3aKpyIJIEHHBIM, a HE  PacHpoCTEePTHIM
OTKPBITBIM IIEPOM, Kak y mepenensTHuka. I1o

u3MepeHusiM 1iomans kpeuia S BIUIA
cocraimsier 987.1 cm?. Pasmep XxBocTa B

pasmaxe 15 cm, b, , u omamm 225.3 cm*, S,
VY anunenue kpeuia AR cocrasmsier 5.5.

Figure 1 — Euroasian sparrowhawk in flight [11]
Pucynok 1 — EBpazuiickuii nepeneisTHUK B mojete [11]

Figure 2 — Sizing of UAV compared to the sparrowhawk
Pucynok 2 — Pasmepsi BITJIA 110 cpaBHEHUIO C SICTPEOOM-TICPETICIATHIKOM.
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Ha pucynke 2 Mbl MOXEM H3MEPUTH
yrasl kpeuia BITJIA. Yron o63opa no xopze
0,25, Aysz., m mo xopue 0,5, A,c.,
cocraBisier 1,47 rpanyca u -1,96 rpamyca
coOTBeTCTBEHHO. KpbI10o OyAeT pacnoiaoxkeHo
TOPU3OHTAIIBHO, TaK YTO 3APUYECKUU yroua I’
paBeH 0 rpagycam. YToi 3aKpy4MBaHHS TOXKE
He Oyzer, = 0 Tpa.

OneHka MaKCHUMAaJIbHOH  B3JIETHOH
Mmacchl BIJIA paccunThiBaeTcst IyTeM OLICHKU
komrioneHToB  BITJIA.  Ilmamep  Oymer

Tabmuma 1 - PasOuBka orieHK: Beca

IIOCTPOEH C UCIOJIb30BaHUEM MaTepuana Jyis
3D-neuatu, MpoOKOBOTO AepeBa, CTEPKHS U3
KapOOHHOIO BOJIOKHAa U IIEHONOJUCTHPOJIA.
Cucrema aBUOHUKHM OyAeT COCTOATH U3
Oarapeu, KOHTpoJlIepa MOTOpa, MOTOpa,
CEpBOMPHUBOJIOB, TOJETHOTO KOHTPOJIEpa H
pazuoynpasisieMoro npueMHuka. B Tabnuue
1 mpeacraBieHbl BECOBBIE COCTABIISIOLIHE
B31eTHOU Macchl BITJIA.

BecoBrie KOMIIOHEHTEI Macca, kT
[Tnanep 0.3
CucreMma aBUOHUKH 0.2
[Tone3nas Harpyska 0.1
Bsinernas macca 0.6

Hcxonst u3 pa3MepoB, IJIMHAa KOPHEBOH
XOpIbl KpbUIa €, M XOpHbl 3aKOHIOBKU c,
COCTAaBJISACT 0.14 M U 0.056 M
COOTBETCTBEHHO. Cpenuss
a’poauHaMuueckas xopaa (c.a.x), €, MOXET
ObITh ~ paccudTaHa C  KCIOJb30BaHUEM
cJenyIolero ypasuenus [3]

(1)

__1b)2
z:—g_lr !

o € (Ndy,

rie ¢ - JUIMHAa XOpAbl Ha CTaHIuW,
pacIoiO)KEHHOM Ha  pacCTOSIHUM Yy OT
KOPHEBOM XOP/BL.

CornacHo pacuery, CpeaHsIs
a’poAMHaMuyeckas  xopaa  (c.a.x),
cocraiusier 0,142 M. Hcnons3ys T1oO ke
ypaBHeHue, (c.a.x) xBocTta coctasisier 0,135
M.

[

B nensx aspoarHaMU4ECKOTO aHaNIM3a
yuciao  PelfHonmbaca — paccuMmThIBaeTCs
UCIIOJIb30BaHUEM ypaBHEHUS (2) cieayromum
obpa3zom:

_pVL

p @

Bossmem ckopocts BITJIA Bo Bpemst

B3JI€Ta V.:rg}a erﬁcepCKYIO, V{m*uiss} n BO
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10 m/c, 18 m/c u 15

M/C  cooTBeTCTBEHHO. Ha  cranmapTHOM
YpPOBHE MOps  IUIOTHOCTh  BO3AyXa P
coctaBisger 1,225 kr/m3, a auHamMUyeckas
BA3KOCTH |1 cocTaBnser 1,789 x 107° [Ta-c. B
Kpbllle KOHTpoJIbHasA uinHa L - 370 (c.a.X), T.
Ilo pacueram, uyucno PeitHONbICa KpbUla U
XBOCTa HaxoauTcs B nuanazone ot 100 000
o 200 000.

IlepBasi MOBEPXHOCTH  YIpaBJICHUS
BIUUIA - ero xBocroBas 4acTe. Kak u y
NTUIBI, XBOCT MOKET BpalaThCsl MO JBYM
OCAM: OCH X-T€Jla U OCH, MapaJIeNbHON OCU
y-tena. /[[Ba moBopoTa mpeaHa3HAYEHbI s

BpeMst APEHUS, Vigirem)s

3aMeHbl  (YHKIHMHM  TOPU3OHTAIBHOIO U
BEPTUKAJIBHOIO  OMNEpeHUss B  OOBIYHOM
KOH(UTypanuu camoJeTa. Bropas

MIOBEPXHOCTh YINPABJICHUS - BHELIHAS YacTb
Kpbula. BMmecTo HCHONIB30BaHUS DJIEPOHOB,
Kak B OOBIYHOH KOH(UTYypaliu, BCs BHEIIHSA
YacTh KpblJIa MOXET BpalIaThCs, YTOObI
W3MEHUTH yToJl aTaKH.

AjspoauHaMuKa

Ucxonsa u3 pacyeTHON MakCHUMaIbHOU
B3JIETHOM Macchl, MBI MOJEM pacCUMTaTh
MPOEKTHBIN KOA(P(GUIUEHT MOIBEMHONW CHIIBI
C;y- Tpebyemas cuna L s mogsema BITJIA
MHUHMMYM paBHa ero Becy W. Takum
obpaszoM, C;, i1 Kaxkaod a3l moiera
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MOXKHO pacCYMTaTh C IMOMOIIBIO YpaBHEHHUS
(3) cnemyrommm 006pazoMm:

W=mg=1L
1. ©)
W= —pV-5C,,
2
rI€ m paBHIETCS MaKCUMaJbHOU

B3JICTHOM Macce,

g - YCKOpeHHe cBOOOTHOTO MaIeHus, a
p - TUIOTHOCTh BO3/yXa.

Bo3bmem pacuer co cCBOWCTBaMH B
cTaHjapre ypoBHs Mops, C,, Ui B3IeTa,
Kpelcepckylo W BO  BpeMs  MapeHus
coctaBiseT 0.97, 0.3 1 0.43 cCOOTBETCTBEHHO.

[Ipoduns, BeIOpaHHBIA UIsI  GOPMBI
Kpbuia B mane, - NACA 6412. Ha pucynke 3
nmokaszaH rpaguk KodhdUIMEHTa TOIbEMHON
CHJIBl KpbUIAa €, M YIJa aTakd o IpH 4YUCIle
Peitnonmbaca, paBuom  100000. Baxunas
uH(pOpMalKs U3 PUCYHKA 3 - 3TO yroil aTaku
IIPY HYJIEBOW MOIBEMHOM CHIIE tt 5, KOTOPBII
cocTaBisieT -4 rpajayca, rpaJlueHT JIMHEWHOU
KpuBoll c,, cocraBuser 0,109 rpazg™!, a
MaKCUMaJbHBIA KOIPPUIMEHT MOIBEMHON
CHIIBI €, .. paBeH 1,522.

[Tpodus, BBIOpAHHBIN TUTSt
xBoctoBoro omnepenus, - NACA 0012. Ha
puc. 4  mnokazaH  a’pOJMHAMUYECKUU

kodppunuent npoduns NACA 0012 ngns
yucna Peitnonbaca 100 000. M3 pucynka 4
MBI MOXKEM BBIBECTH HEKOTOPYIO
IIEpEMEHHYI0, TAKyI0 KaK HYJEBON yroj aTaku
ot ,, KoTopbli paBeH 0 rpamycoB, pagMeHT
NIMHEHHOH KpUBOii c,, pasen 0.11 rpag™t, a
MaKCUMAJIbHBIH  KOA((QUIUEHT MOABEMHOMN

CHJIBI €y, PaBeH 0.992.
MakcumanbHasi  HOJbEMHas  CUia
KpbLIa Crmax paccuuThIBaeTCs o
cieayroueMy ypaBHeHuto [3]:
Cimax — ﬂ'gclmaxCﬂs‘dDSEc' (4)

M3 npuBeneHHOro BbIIIE YpPaBHEHUS
4) MaKCHUMaJIbHBIN KodppunreHT
MOJBbEMHON CHJBI KpblIa cocTaBiser 1.37.
Ecnu MBI BBEZiEM 310 ¢, .. B ypaBHeHHE (3),
ckopocth cBanuBanua Vy BIIJIA cocraBur
8.42 m/c.

Aerodynamic Coefficient

.

wile et

wJy nama
¥

NACA 6

213
aid

Re 1£5

Figure 3 — Aerodynamic coefficient of NACA 6412 airfoil (generated from [12])
Pucynok 3 — Aspoaunamuueckuit koapunueHT npoduiis NACA 6412 (momyueno u3 [12])

97



Ka3zKKA Xa6apuibicer Ne 3 (118), 2021
Becrauk KasATK Ne 3 (118), 2021

ISSN 1609-1817
DOI 10.52167/1609-1817

The Bulletin of KazATC
vestnik.alt.edu.kz

Aerodynamic Coefficient

K & oo
NACA 0012.Re 1E5%

it et

A rOd yNama ¢

Figure 4 — Aerodynamic coefficient of NACA 0012 airfoil. (generated from [12])
Pucynok 4 — Aspoaunamuueckuii kodddurueHT npoduis NACA 0012. (momyyeno u3 [12])

I'panueHT Ko3pduIMEeHTa MOIBEMHOM

cunbl  Kppia  Cp. M Kodddunmenra
HOABEMHOI CHUJIBI XBOCTOBOTO onepeHus C,r,
PacCUMTHIBAIOTCS c MICIIOJIb30BAHUEM
CJeMyIOIIero ypaBHeHus [3]:
€
—_ 443
ELR‘ =f c, ! 5
E+—la Q)
mAR

rae f - mompaBouHbI K03 duIMEHT
JUTS KOHYCHOCTH KpBLJIa,

E - xoadduument ckopoctu KpoMKU
1o J[>ony.

W3 ypaBHeHus (5) BbIlIE T'PagUEHT
ko3 uImeHTa TOJBEMHONW CHUJIBI  KpbLIa
Ciwe Oymer 0,074 rpag™', a rpamuent
Kod(puImeHTa moapeMHON CUITBI XBOCTOBOTO

omepenuss C;,. Oymer 0,0252 rpag*.
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VYpaBHeHUe KO3 PHUIMEHTA TOIBEMHOMN CHIIBI
UL Kpblna gy, TIONYY4EHO U3 CIEIYIOLIETO
ypaBHeHus [3]:

CL- = Cl-ﬁirrr—'::rin}r— ﬁ'n'_fr}’ (6)

r€ @,- Yrojl arakd B OCHOBaHUH
KpbLIa,

(a;5), - Yron arakd [pH HYJIEBOM

MIOABEMHOM CHJIE B KOPHEBOM 4acTHU KpbLIA,
@ty - YIOJl aTakh IPHU HYJIEBOW IOABEMHOMU
CWIE€ Ha E€IMHHUIy IOBOPOTAa JUIsl TPSAMBIX
KpbUThEB [3].

Ha pucynke 5 mokasaHa TpexmepHas
monens BIIJIA, co3gaHHas C ITOMOIIBIO
aBTOMATHU3UPOBAHHOTO IIPOEKTHPOBAHHUS
(CAIIP), B pe3yabTare ITUX
a’pOJUHAMUYECKHUX PACUETOB.
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Figure 5 — 3D CAD model of the bird-like fixed-wing UAV
Pucynox 5 — Tpexmepnass CAD-moznens nrunienonoosoro BITJIA ¢ HemoABHXHBIM KPBUIOM

Pasmep ¢rosemspka  uM3MepeH  Ha
pucyuke 2. Ilupuna  drosemspka, by,

coctrapimsier 0,074 M, a miomaab Kpbuia 3a
npenenamu  (rosemsvka, S,.., COCTaBISIET
0,088 I'paguent kod(durmenra
MOBEMHON CHIIBI KPBUIO-(ro3eisik (Cpp ), s

M.

paccuMThIBaeTCS c MCTIOJIb30BaHUEM
CJIEyIOIIEro ypaBHeHus [3]:
(Cradws = KiCpy (7)
K, - xoddpduuument pams pacuera
MOABEMHONM CHJIBI Ha Kpblle U (Pro3eispke,

Ky, .
Crws = (CL-:r)wf [(‘If - aulgr) + ?{Iw_ (@0) 3| +4.C
I

rie K, eme oauH (¢akTtop Uil pacueTa
NOJIBEMHOM CHJIBI Kpblla U (ro3ensxka,
KOTOPBIM MO’KHO pacCUMTaTh Kak [3]:

_ bf 5;.;9:-

N A_C,, xak yrBepxkagaer C. O.
Xépuep [1] mna  BBICOKOTO  Kpblia,
COCTaBJISCT:
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KOTOpBIN 15t bf/ b <0,2 MOXeT OBITb
paccuutaH Kak [3]:

b\ 5 b?
K, = (1 + z.15—f)i*+ = 7

b/ 5§ 2C e S (8)
Kosdpdumument mnombemMHON  CHIIBI
Kppita W ¢rosemspka  BMecte, (e,

paccuMTHIBACTCS Ha OCHOBE CIEIYIOLIEro
ypaBHeHus [3]:

9)

5,G5_ .
€, by - (11)
VYron a/ICHUS KpbLIa -

pacCYMTBIBAECTCS CIIENYIOMUM oOpazom [3]:

Cf-wf - "ﬁzcl-

K;
K, Cpo +ag s+ (@) (12)

KH

I
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rae Cf_wf pacCUMTHIBACTCS coctapiger 0,188 M. Pacnonokenue neHTtpa
cieyromumM o6pasom [3]: TsuKECTH (IL.T), X, YCTAHOBJIEHO HA 25% C, a
MpearnoiaracMoe pacroJIoKeHue

a’pOAMHAMHUYECKOr0 LIEHTPA, X ., HAXOIUTCA

. (13)  ma 25% c. U3 ypaBHenus (12) yron mnajgenus
(14 ﬂ&r!—_xﬂc) Kpblia i, paBeH 3,3 rpagyca.

h [Tonaplli  KO3PGUIHUEHT TMOIBEMHOMN

CWJIBI CaMoJieTa C y4eTOM MOJBEMHOW CHJIBI

Pacuer  BHIMOAHEH B pexume Kpbula-ro3emspka W omepeHus.  Pacder

oxunanus, npu  Co= 0.43. Mexons w3 pinonngercs c HCIIOIb30BAHUEM

pa3mepoB, paccrosiHue Mexay 25% Kpbuia u ClIeAyOIEro ypaBHeHus [3]:
25% 1uMHBL  XBOCTOBOIO  OINEpeHHusd, [,

[
(CI_-E' - a Cmrzc)

Cf-w F =

B de, 5,4,
CLn’ - [:Cer]wf + Cl-hn' [:1 - da ]?? (14)
C y4acTHEM,
dEh Cl-wrr
—=1.75 - .
dex TAR(Ar)%25 (1 4+ |m|) (15)
I'ne
r= ::" nm= Ef';‘ (16)
z;, onpenensier HepHeHANKYIsIpHOe  TaHraxa camosieta. Koadouunmenr momenra
pacCTOsIHUE OT JIMHUU XOPJibl KOPHEBOM YacTH pacCUnTBIBACTCA Y HCIIOJIb30BAHUEM
KpbUIa C HYJIEBOH MOJBEMHOM cuiol ¢ 25%  CIEAYIOLIETo ypaBHeHus [3]:
c.a.x. XBOCTA. ITockonbky BIUTA
OTHOCHTEITBHO HEGOBIIONH, MOKHO dc,
c_ =C o +— C;_.r
MPEAIONIO0KHUTE, YTO JUHAMUYECKOE aBJICHUE m m dac, (18)
Ha OIIEpPEHHE PAaBHO Ha JIABJIICHHE HA KPBUIO,
1581071 qq—?' =1 I'ne
YCTOMUYHUBOCTH S, L qy,
MecromnonoxeHne HENUTpaIbHON Como = Crnae — Crnaln Sc g (19)
TOYKHU BITJIA paccyuThIBaETCS
c UCIIOJIb30BAHUEM CHCAYIOUIETO 4 rafoke
ypaBHeHus [3]:
dcm — _x:':! - xcg
Xn _ Xac + Cria (1 _ dg, )Shghﬁ. dc, N (20)
g & C da/ s¢ ¢ (17)

N3  ypaBuenuss (18) momydaem
Ucnonesyss  ypauenue (17), MBI  MOMEeHTHBIH KOX(QHUIMEHT JETATENHHOTO
moJiyda€mM IIOJIOKCHUEC HEUTPAJIbHOM TOYKH arrapara Kak:
x Ha 28,4% c.ax. Ilockoneky oOH

n
MOKHO CJIeNaTh BBIBOI, €, = —0.097 — 0.034C,. (21)

PacIioJIOKECH 3a X m -

cg’
yro koH¢urypamus BITJIA crabunbHa.
Jns mporHo3upoBaHus MPOAOIBHOU Heobxomumbim yCI0BUEM AT

YCTOHYHBOCTH paccUnThIBaEM MOMEHT MPOJOJIBHON YCTOMYHUBOCTH SIBJISIETCS TO, YTO
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nmpou3BoaHas KO3(PGUIIMEHTa MOMEHTa OT  HWCCJICAOBaHHMS Mbl pa3paboTanu  au3aiH
yria arakd JO0JDKHa ObiTh MeHbine Hyns,  BIUIA B bopme €BPa3UIICKOro
m -0 Us ypaBHeHHs monydaem, uro ~ lepenemithuka. Pasmep BIUIA cocrasiser
. b
e 40 cMm B miuHYy U 74 cM B pa3maxe KpbuIa.
npousBogHas  Kodd@uIUMeHTa  MOMEHTa 2
"y [Mnomane xpema 2253 ¢cm~. AHamu3 u
coctapsieT -0,003rpag ™. .
pacuer Ha YCTOHYMBOCTH IIOKa3bIBaeT, YTO
BriBoabl.
KOH(UTypauus BITJTA cTabuibHa.

W3 uccienoBaHus MOXKHO IOHSTH, YTO
EILIA o Crenyiommm IaroM 3TOr0 HCCIEAOBAHUS
co3JlaHue UMUTHpYIOIIETO  (HOopM
A ’ pyro pMy Oynet co3ganue nporotuna bITJIA.
NTHIEI, BIIOJHE BO3MOXHO. Ha ocHOBe 3TOTrO
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AngaTtma. byn Makanmaga «Kyc» THUIIHJEr YIIKBIIICBI3 9ye Keuiri KoOalaH[bl.
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Abstract. In order to prevent emergencies and reduce their consequences, programs and
government decrees are being adopted in the country. Despite the fact that the bodies of the
Ministries of Emergency Situations (MES) have strengthened their organizational structure,
created an appropriate regulatory framework, coordinated actions with international
organizations, the existing State system for the prevention and elimination of emergencies needs
to be improved and modernized.

The placement of people in the stream is always uneven and often random. The distance
between walking people is constantly changing, local seals appear, which then dissolve and arise
again. These changes are unstable over time. One of the main factors that determine the speed of
a person's movement in a stream is the density of the human mass. In the given problem, the
evacuation of people from an educational institution in an emergency is considered. To solve this
problem, mathematical methods and models of the movement of streams of people inside the
building were used.

Keywords: Model, graph, method, algorithm, maximum flow, evacuation.
90K 004.9 DOI 10.52167/1609-1817-2021-118-3-102-111

E.H. Amuprasmes’, A.Y. Kaamkanosa 12, A X. Kozoakosa'?,
K.E. Amupranuesal, A.A. Acranaesa'*

! AknaparTeIK *koHe ecenreyim TexHonorusuiap uactutythl, KP BEM FK, Anmarter, Kazakcran
2Fymap6ek JloykeeB aThlHIarsl AJIMAThl JHEPTETHKA JKOHE OAIaHBIC YHUBEPCUTETI
3 ASIMaTBI TEXHOJIOTUSIIBIK YHUBEPCUTETI, AnMatsl, Kazakcran
4an-®apabu ateigarsl Kasak yITTeIK yHEBepeuTeTi, Anmartel, KazakcTan

FUMAPAT IINIHAE ATAMIAP KO3T'AJIBICBIH MOJAEJIBAEY AIH HET'I3I']
AMAJIJTIAPBI

Anparna. TereHuie >xarqainapAblH AJNJIbIH aly OHE OJIAPJIBIH 3apJanTapblH a3anTy
MakcaTblH/a enje Oarnapiamainap MeH YKIMETTIK Kaynbliap KaObuinaHanael. TeTeHie
xarjgainap muHuctpiikrepiHiH (T)XKM) opranpapsl yHBIMIBIK HBIFAUTBHUIFAHBIHA, THICTI
HOPMATUBTIK-KYKBIKTBIK 0a3aHbl KypFaHbIHA, 1C-KUMBUIIApAbI XaJbIKapalblK YHbIMJIapMeH
KeJliCKeHIHe KapamacTaH, 1)K anjbliH amy MeH OIOJbIH KOJIJaHBICTAaFbl MEMIIEKETTIK KyHecl
KETULAIPYII )KOHE XKaHFBIPTYAbI KaXeT eTel. AFbIHAA aJaMIap/IblH KalFacybl OpKallaH dpKeJIKi
Oombin, kebiHece, Ke3nehcok cumatka ue. JKypim Oapa jkaTkaH agamaap/blH apachIHIarbl
apaKalIbIKTHIK KalllaHAa e3Tepill, TapalaThlH KeWiH KaiTa KypbUIAThIH JKEPTiTIKTI THIFBI3ATY
naiiga 6omanel. bys esrepictep yakpIT jKaFbIHaH TYPaKChI3. AFbIHIAFbl afamaap KO3FaJbIChIHBIH
KBUIIAMJIBIFBIH  @HBIKTAUTBIH €H Heri3ri (QakropiapabiH Oipi — agaMaapblH OyKapasblK
THIFBI3ABIFBl  OONIBIN TaObLIanbl. Makanana TeTeHIIe >XKaFAaia OKY OpHBIHAH aJamaapibl
IBaKyalusiay Kapajiaabl. by MoceneHi memry yuriH FuMapar imiHAeri agaMaap arbIHIapbIHbIH
KO3FaJIBICBIHBIH MaTEMaTUKAJIBIK 9JIICTEPI MEH MOJIEbAEP] KOJIJaHbIIbI.

Kiarrik ce3nep: Mopens, rpaduk, 9/ic, anropuTM, MaKCUMAaIIbl aFbIH, IBaKyalysl.
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Fumaparteig amaTTeIK ~ HeMece
KaJIBIIThI JKarJaibIHIa OyKapaJbIK
KO3FaJILICTBIH Oip Me3riie eTyi OapbhIChIHIA
amammap Oip OarpITTa KBUDKH OTBIPBIIL,
Y3bIHIBIFRL | JKoHE eHi O OousraH, amamziap
aFbIHBI ATTHI aFBIH KYPanIbl.

KeOinece, agammap arbIHBI TEMeEKi
TEeKTeC MmilrHre ue 0ojaanpl. AFbIHHBIH Oac
JKarbl MEH COHBIHJIA )KYpPI'eH OeJIiri, olerTe,
IIaFBIH KOJIEMJETI ajamJap CaHblH Kyparl,
oJIap aFbIHJAFbl HETI3T1 agamaap OediriHe
KaparaHga HE  OKOFapbl, HE  TOMEH
JKBUIZAMIBIKIIEH  KO3Fajanbl.  ANATTBIK
xKarmainapaa (keOiHece, KaJbIIIThl KO3Fally
Ke3lHJIe JI¢) aFblHHBIH 0ac JKaFbIHJAaFbI
Oemiri  KOFapel  JKBULIAMIBIKIICH  aiiFa
JKBUDKHABL.  AFBIHHBIH  0ac  JKarbIHBIH
JKalbLTybIHA OalIaHBICTHI arbIHHBIH
JKaHa/IaH KYPbUTYbI OOJIBIN ©TEIi.

OBakyanusiay — Ke3iHae —amamuaap
KO3FaJILIC JKOJIAApbl TYpiHAEC op TYypdi
MaKcaTKa apHaJFaH OeJIMeNepdiH JKOHE
apHaiipl OenmenepaiH eTkemuepi  (momis3,
doiie, Oacmanmakrap, CBIPFBIMaA
Oacnanymakrap) KoJjmaHbuiaael. Ko3raybic
KOJIBI Kezieprici3 L y3bIHIbIKTarbl jkoHE D
eHiMeH  cumartamangel. JKommap — ecik
OpBIHIaPBIMEH, JIEKOPATUBTIK
MOPTANJAPMEH KUBUIBICHIT, KaOBIPFaHbBIH
’Ka3bIKTHIFbIHAH IIBIFBIIT TypFaH
JIEMEHTTEpIH (MBICAIbl, AaIIbIK KYOBIp
JKEJICIHIH) eCeOIHEH TapbUIaJbl.

Anampmap  aFbIHBIHBIH ~ KO3FaJIbIC
KOJIbI  (KOJJIeHEeH, Keyibey ecik, Tepese
OpBIHJIAPHI) cumarrtamackl MeH L xkoHe b
napameTpiiepl  JKarblHAH  EPEKIICICHETIH
tenimMaepre Oemineni. Coiikec KyaHIbIFbI
0,7 m acram KaObIprajia OpHAJaCKaH €cCIK
OpHBI MEH TamOypzbl JepOec KON TeniMi
nen ecentereH jkeH.  CoHbIMeH Oipre,
aZaMIapablH ~ KO3FaJbIChl  MEXaHHMKAIIbIK
KYPBUIFBLIAP apKBUIBI J]a JKY3ere acChIPhLTYbI
MYMKIH: JCKajaropiap oHe IuQTTep.
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AnamaapAblH  MEXaHUKalbIK KYpbUIFbLIAp
apKbpUIBI  KO3FANybl JepOec Kol  Temimi
Oombin TabbLTaNbI [1].

Anampap  arbiHbl N ajgamjap
caHbIMeH oHE€ D TBHIFBI3IBIFBIMEH, SIFHU
arplH  OpHAJlaCKaH  ayJaHFa  KaThICTHI
agamjap caHbIMEH cunarranaabl. Dyaxe =
0,92 Mm% M? ajgampap  arbIHBIHBIH
TBHIFBI3bIFBIHBIH MaKCHUMaJI/Ibl MOHI.
Anampap aFblHBIH  3epTTeyliep  Keibip
s)karnannapaa Dyace @FbIH THIFBI3BIFBL 0,92
M%/ M?mamaceiHaH KOFaphl 60J1a aMaThIHBIH
KOPCETTI (MBICAITBI, €HCI3 ecik
OpBIHJAPBIHIA). AJamaap arblHBI OenTii
0ip V Ko3ranbIC XbuLIaMbIiFbiHa ue. XKoo
Q oTki3y KabijeTiMeH SFHH, KOJIICHEH KuMa
JKOJI apKbUIbl Oip yakbIT OipiiriHae eTyiii
agamuap caHbiMeH cunarranaael. Colikec,
THIFBI3ABIKTHIH (PU3UKAJIBIK TYPFBIIAH MIeTi
Typinze  Dgn=1,15M% M? mamachH
ecenteyre  Oomagel.  JKom  KeHeTTeH
TapbUIATBIH JKEPJICPAC AaFbIH THIFBI3/IBIFBI
JKOFaphbl IIaMara KOJ KeTKizeldl. Op Typii
JKOJI TEIMEpl YIIH aFbIH THIFbI3ABIFBIHBIH
BIKTUMAJIIBLITBIFBI 1-2. CypeTTepinae
oepinren [1].

Op6ip agaM aJaMHBIH OJIIEMIMEH
AHBIKTAJIATHIH f keysgeHEH  KecCKiH
ayJlaHbIMEH CHIATTaNagbl. AJlaM emieMi
(GU3MKaAIbIK MOJIIMETIHE, JKachlHA JKOHE
KMiMiHEe OallmaHbICTBl e3repeii. Anamaap
OJIIIIEMIHIH J>KOHE QJIBIHFaH HOTIKEIEPAiH
KOPBITBIHIBICHIHBIH HETi3iHIe, kectene—2.1
KOPCETUITeH, aJaMHBIH KeJleci opTalia
€CelTeNTeH onemMaepl anbiHis [1].

Op6ip agamabl Vo €piKTI KO3FaJIbIC
KBUTIAM/IBIFBIMEH KOHE KOHUT-KYH
JKarIabIHBIH ~ JCHTeWIMEH  cUIaTTayFra
Oomanel. KeHin-kyi »KarqailbIHBIH JEHTeil
Oenrini Oip agamaap arbIHBIHBIH KO3FaJIbIC
KaTerOpHUsChIHA COMKEC KeNedi: >Kaubl,
Oaiicanpl, OenceHl, Korapbl OeyceHml [2-
4].
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BeposiTHOCTL NNOTHOCTH NOTOKA

MNnoTHocTb NoToka M7/ m°

1 cypeT — AFbIH THIFBI3IBIFBIHBIH BIKTUMAJBIFBL: 1- ecikTepe, 2- e3re Koaaapaa

0.45+
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s
§ 0.35
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T
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0
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a
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& 0.1+
S ;
g 0.051
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MnoTHoCTE NOTOKa sz m?

2 cypeT — AFBIH THIFBI3/IBIFBIHBIH BIKTHMAJJIBIFBL: |- OacnagakTap >KOFapbIFa,
2- GacraiakTap TOMEHTe, 3- OKY OpPHBI

1 xecTe —AaMHBIH OpTallla eCeNTEeTreH omeMIepl

ATaMHBIH KacChl Eni, m Kyannwirel, M | KenieHeH KecKiH

ayJaHbl, M2

Kuimperi epecek agam

JKa3Fbl 0,46 0,28 0,100
KellIere apHajIFaH MayChIMapaJibIK 0,48 0,30 0,113
KelIllere apHaJIFaH KbICTHIK 0,50 0,32 0,125
xKacecripiMm 0,43-0,38 | 0,27 -0,22 0,090-0,067
cobu 0,34-0,30 |0,21-0,17 0,056-0,040
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Knerkansl  aBTOMaTTap,  KENUIIK
MO/JIENBEP, azamaap KO3FaJIBICHIH
CYWBIKTBIK  (TUAPOAHAIOTHSI) AaFbIHBIHBIH

aFbIMbI TYpiHIE Oepy agaMaap KO3FaJbIChIH
MOJICNIbJICY/IIH Ui KOJJAHBUIATBIH SiCTEP1
Oouibin TaObLIAABI [S].

Bipinmn aman eH Kem TapayFaHbl
Oonpin TaObUTaBl. MyHIA agamiap arbIHbBI
Jomi3 OOMBIMEH CYHMBIKTBIKTBIH KYOBIpJaH
OTETIH arbIMbl CHUSKTHI Oepinmemi. Mynnai

aMai azamzap arbIHBIHBIH, Oipaeit
cunarramara ue, OipJed JlIeMeHTTeplaeH
TYpaTbIHBIH TOMNIIBUTANABI. bipax,

CYWBIKTBIK OeJIerine KaparaHjaa arbIHJarbl
azamiap op TYpJIl KeKe Kypic-TYphICKa He.
AFBIHIAFBI OpOip JKeKe — Japa aJlaMHBIH
©3IHJIIK JKYPIC-TYPBICHI agamMaap TOOBIHBIH
JKAJIITBI JKYPiC-TYPBICHIHA OTE YJIKEH 9CEpiH
turizeni. Kimi kuMa TenimiHe oTy Ke3iHze
ajzamiap aFBIHBIHBIH KB TAM/IBIFbI
TOMEHJICHI, al CYUBIKTBIK KbLJIJIaMIbIFbI
Oepitren karmaiina skorapbuiaiiibl.  Ochl
ceOenTiH calgapblHaH aJamaap arbIHbIH
KYOBIp/Iarbl CYMBIKTHIK aFBIMBIHA YKcCac
MoJieIb/Iey MYMKIH emec [2].

Exinmni aman kapamaibiM JHCKPETTIK

MOJICIIbJIeP TYpiHAET1 KJIETKAJIBI
ABTOMATTAP/ABl KOJIAHYIbl TOMIIBUTANIB.
Bepinren wmopmenbnep TypiHIe —axamaap
arbIHBIHBIH ~ KO3FAJBICBI €Ki  Kypayllbl
0OoIiKTEH TYpPATHIHBI TOMIIBUIAHABL:
OarpITTaFaH  koHe  perci3.  MyHnai
JKargaia — KIeTKajdbl  aBToMar  Oipaei

KBaJlpaTKa (TOpIbIH KBaJpaThlHA) O6JIHIeH
FUMapar >o0achl TypiHAe Oonansl. OpOip
KJIETKa €K1 TYpJl JKarJalJblH OlpiHae FaHa
O6oma amagel: 1- erep Kietka 0oc
OonmMmaranga, 0-erep kieTka 60c OosiFaHfa.
OpOip amamra colikec Keibip Oemnmek
Koubutanbl. KaOwipra wMen Oacka Ja
KeJleprijiepre KieTkanap colikec Oosazpl 1a,
MyHJa OONIIeKTep JKbUDKH  aJMaiibl.
AnaMaap aFbIHBIHBIH =~ KO3FallBICBIH — TE€H
YaKbIT apajblfbl apKbUIbl FUMapar IMIHAE
MOJIeTbIey  Ke3iHje TOp  imIiHAe
OoJmeKTepl, COMKeC KeJEeTIH KOpIIiiec
KJeTkamap Ooc OonfaH Kardaiija faHa,
Oenruti Oip OaFbITTa JKBUDKBITY KYy3ere
achIpbUIaAbl. OpOip MYMKIH OOJIFaH OarbITTa
OONIIeK JKBUDKH alaThH BIKTHMAJIBLUTBIK
opOip KagamIa aHBIKTAIBIN OTBIPAAbI [6].
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AJBIHFaH BIKTUMAJIJIBUIBIK HETI31HAE opOip

ochb OoiibiMeH  OOMNIIeKTepIiH  Tapany
TBHIFBI3IBUIBIFBI €CenTeNie/li. bipak, MyHnai
TYpAC, MOJACIb arbIHAArbl aJdaMIaapAbIH

OpPTYPJIi KBUIIAMJBIKTA KO3FaIybl CHUSKTBI
JEpeKTi KepceTmeiai. MyHaail KeMIIUTIKTI
OapibIK OOJIIEeKTEP/Il JKbUIIAM KoHE Oasyra
Oeminm ko  yceiHBUIAABI  [7].  Kym
KaJamjapaa €Ki OeJmieKk THI 1€ YKbIIKYbI
KepeK, aJl TaK KaJaMJapjaa TEeK KaHa
KbUIIAMIAPhl KBUDKYBl KaxeT. COHBIMEH
Oipre, Tak Kamammapnaa Oasy OeJImeKkTep
KbUIIaM OeJIIEeKTEpIIH Keaeprici TypiHae
KapacThIpbuiaibl[ 8].

Korapeima Oepinren  jkazdaiapra
KaparaHJa, KJICTKaJIbI aBTOMAaTTap agamjaap
AFbIHBIHBIHBIH KONTET'CH KACUETTEPIHIH SFHH
arplH  OONIKTepiHIH  KalWTa  KYpbUIYHI,
Tapainybl, aFblH INIHAETT aZaMIaplblH 9p
TYpAl KO3FAIBIC JKBUITAMJBIFBI  CHSIKTBI
KeWOip skepiepiH MOAENbACYre MYMKIHAIK
Oepemi. bipak, MocemeHi —ecenTeymiH
KYPACJUIITiH alTapJIbIKTail )KOFapbUIaTaThIH
OT€ YJIKEH TOpJbl aWTapJIBIKTal YJIKEH
FUMapaT YIIiH KYPy KaXKeTTIrl TybIHAAWIbI.

YChIHBUTFAH  OOINIICKTEPi  JKBUIIAMJIBIK
OOMBIHIIIA €Kl TUIIKE 061y TOCLI MOAETbIIH
AHBIKTBIFBIH TOMEHIETEI]. Kexe
JKBUIIaMOBIKTBIH opOip OoJIerinig
TaIChIpMachl MOCeJIeH1 OHaH opi
KUBbIHAATa 6! [9].

Y mriHmi aMal FUMapaTThIH

Kypamjac OeIIIeKTepiH e3apa JoraiapMeH
Oipirymri TYHIH TYpIHIE Oepyni
TOMIIBUIANHBI. Op JOFaFra KehOip KUBLIBICY
VaKbITBl ~ CAJIBICTBIPBUIABI.  AJlaMIap IbIH
KO3FalIbICbl ~ TYHIHHEH  TyHiHre  JeiiH
ecentemneni. Keibip sxeninaik Moaenbaepae
opOip Keke ajamra kel iminae o6enrinai 6ip
MapHIpyT TI€H JOFaHbI KeCilm OTYAiH Oenriil
Oip yakbITBl CaNbICTBIpbIIAAbI. HeriziHeH,
MYHJail amanja, agamaap KO3FaJIbICHIHBIH

OpPTYPJII  KBUIJAMJIIBIKTAPBIH  MOJIENBACYTe
6omaapl. OchuTaid, KENUTIK MOJIETBIED JKEKe
ajlaMaap/bIH Keke TYJIFJIBIK
MiHE3/IeMeNIepiH €cenKe alyFa MYMKIHAIK
Ooepeni. CoHbIMEH KaTap, FUMaparThl,
MOJICNBJICYAIH ~ aJTOPUTMIH  ©Te  KaTThI
KUBIHJATIAUTBIH ~ KypaMJac  3JIEMEHTTEp

canbl Oap, xem TypiHAe Oepyl MyMKIH.
OcblFan yKcac MOJeNbAepAl Kypy KesiHzae
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e KYPBUIBIMBIH KaJIBIITACTBIPY €H HET13T1
KHUBIHBIK OOJIBIN TaOBLIA b,

AnaMaap arpIHBIHBIH TTapaMeTpIIepiH
€CEeNTeY/AIH €H HEeri3ri 9/IicTepi MbIHATIAP:

MECT 12.1.004-91 cranmaprarbl
dbopmynanap OoMbIHIIIA aFbIH
napaMeTpiIepiH JKOHE  DBaKyalusuIayJIbIH
JKAJIITBI YaKBITBIH ecenTey oici [9];

— rpadoaHaTUTHKAIIBIK omiciieH
arblH napaMmeTpJiepin KOHE
IBaKyalUsIIayIbIH YKAITITBI YaKbITBIH
ecemnrey;

— aJamJIap/IbIH KO3FaIry

KBUIAAMJIBIFBIHA  alaMIapJblH  KOHUI-KYH
JKarTaibIHBIH JKOHE arbIH
THIFBI3BUIBIFBIHBIH OCEP €TYIH ecemKe aya
OTBIPBIN aFbIH MapameTtpiepin ecentey [10].

Bipinmri auic JKaH-)KaKThI
KapacThIpbUIFaH. bepiiren omicTiH HOTHXKEC]
JKYBIKTAy, Opi  aWTapibIKTail  ©pECKe.
bepinren omicke coiikec  OTKEIIEPAiH
anneiHaa OIpACH aJaaMIaplblH KUHATYBI
OHBIH €H Herisri KeMmunri  OoJbln
TaOBLIaNbI, OyJI dBakyalusuiay Ke3iHje
JKQIIMBl €CENTENTeH YaKbITThIH KeOewiHe

amein kenemi. MECT 12.1.004-91
Oo¥bIHIIIA IBaKyaIusUIayIbIH JKaJIIIbI
VaKbITBIH €CeNTey  Ke3iHJeri OTKeNaep
aJIbIHIA aJaMIapabIg KUHATYBIHBIH
KAJBIITACybl MEH Tapaly JHHAMHKACHI
Cyper -3 KeNTipiJreH.

I'padaHanMTHKAIBIK 9ICTE aFbIHHBIH
KaiiTa KYpbUTY >KbUIJAMIBIKTAPhI, aFbIHHBIH
0ac >KarbIHJArbl JKOHE COHFBI JKarbIHJArbl
KaiiTa KYpbUTy IKBULIaMIBIKTaphl  T.O.
ecenreseai. AJBIHFAaH MAJIIMETTEp KecTere
SHT131IeIl. ApHaiibl KYPBUIBIMAAP
KOMETIMEH  DBaKyalWsUIayJblH  JKaJIlbl
VaKbITBl aHBIKTaNaAbl. [ padaHamuTHKaIbIK
O/liC arbIHHBIH KalTa KaJbINTACYybIH CCEIKE
QJIFaHJIBIKTaH HAKThIpAK HOTHKE Oepel, Oyl
OHBIH 0AaCTBl KYH/IBUIBIFBI OOJIBIN TaOBLIAIBI.
ConbiMeH Oipre, TpadaHaTHTHKAIBIK OJiC
NpaKkTUKaga JKy3ere achlpy OapbIChIHIA

amici

alTapinplkTaii  OeifHeTTi OONBIT  Kemesi.
IBaKyaIUsUIIay IbIH YKAITITBI YaKbIThIH
rpadOaHATUTUKANBIK ~ OJMICIICH  eCenTey
KE3IHIETIOTKENACp  alJblHAAa  ajgamjap
JKUHATYBIHBIH ~ KAJBIITACybl MEH Tapaiy
IUHAMHUKacel cyper — 4 OepiireH

»
>

3 cyper —MECT 12.1.004-91 GoiipiHIIa 3BaKyalUsIay IbIH Kbl YaKbIThIH €CENTEY
Ke31HJIer1 OTKeJAep aj/IbIH/Ia aJaMIap IbIH )KMHATYBIHBIH KaJIbIITACYybl MEH Tapally JUHAMUKACHI

AtamMIapasiH KO3Fraiy
KBUIAAMJIBIFBIHA  aJlaMIapJblH  KOHLI-KYH
JKaFTaibIHBIH KOHE aFbIH
THIFBI3ABUIBIFBIHBIH ~ OCEP E€TylH ecemke

bepinren omic KOMETIMEH
MOJIEJIB/ICY/I€ aFbIH AJJIBIHA THIFBI3IBIKTHIH
O0ipTe-0ipTe ocyiH Kepyre Oomansl, Oy
QNBIHFAaH MOIMETTepre coiikec Kejei.
JKorapbl TBIFBI3ABIKTAFBl aFbIHIAp OipTe-
0ipTe KaJbITACBIN, THIFBI3IBIKKA JKETY
YakeITel D (g arblH KapKBIHIBLIBIFBI
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aJIaThIH 9JIiC apTHIK 9JIC OOJbIN TaObLIABI.
OTtkennep alabIHAA azgamMaapbIH
KUHATYBIHBIH ~KQJBIITACYbl MEH Tapainy
JTUHAMHUKACHI 5 cypeTTe OepiireH.

MaKCUMYMT€ JKeTeTiH [} aFblH THIFBI3JIBIFbI)
corinen D_.. (D Makcumanibl aFrblH
TBIFBI3ABIFBI) JEHiH 5-7 ¢ Kypaiiapl. byn
JIepekTi  rpadaHaTUTUKAIBIK  OIC  TEH
MECT 12.1.004-91 omici kepceTneiimi.
OCBIHBIH CaJIITapbIHAH OCHI €K1 9/IC aKbLIFa
CBIMBIMCBI3 TYpAE aJaMIapiAblH >KOFapbl
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THIFBI3/IBIKTa JKMHATYBIHBIH CaKTadybl MEH
KYpbUTY JAWHAMHKACBHIH Oepeii, COHIBIKTaH
Jla SBaKyaIrusIay/IbIH Kambl YaKbITHIH KaTe
ecenreimi [11].

OBaKkyanusiay MoceNeIepiHAeTI KeiIe
0ip Ka0aTTHI )KOHE KOIT Ka0aTThI aFbIHAD

3epTTeneTiH FuMaparTa TeK KaHa oip
KabaT KapacThIPBUIBIN JKATKAHABIKTAH i,
KabaT WHIEKCIH aiaMbl3. Tere-TeHaiKTi

131ey aJTOPUTMIHIH HJESChI MYMKiH OOJFaH
y 3
D

OacTamKbl KEeiHl 13[IeyICH KOHE OJIap/IbIH
KeJeci Teme-TeHIIK JKaFjaliblHa KelyiHeH

Typaapl. OpOip J0Fa MIEKTEYlIl OTKI3y
KaOinerine we OONFaHIBIKTaH MYMKIH
OonFaH aFbIHAAPABIH Oap OOMybl MeEH

onap/bl 137ey/AiH TeKCepuTyiH MaKCHMAaJI bl
arplH  TypaJibl €cell apKbUIbI JKOHE OCHI
ecenti Popa-PankepcoH AITOPUTMI MEH
IIEITy apKBUIBI )KY3€Tre achlpyFa 0oa bl

—

t

[

»

4 cyper — ['padoananutukansik 9/1ic OOMBIHINA IBAKYAIUSIIAY IbIH JKAIbl YaKbITBIH €CENTEY
KE31HeTi OTKEIJIep AJIbIH/IA aIaM/Iap IbIH KUHATYBIHBIH KaJIBIIITACYbl MEH Tapally TUHAMHUKACHI

t

»

»

5 cyper — Angamaap/bIH KO3Faly KbUIIaMIBIFBIH €CENTEeYy KE31HJ€ OHBIH THIFBI3ILIFBI MEH
KOHUI-KYH KaFJalbIHBIH JICHT€H1H €CenKe ajia OTHIPHIN OTKEIIACP ajAbIHAFbl agaMaap by
YKAHATYBIHBIH KAJIBIIITACYbl MEH Tapajly JUHAMHUKACHI

Maxkcumanael arblH eceOlHae arblH
Oactankpl TeOeHIH OipeylHEH COHFBIHBIH
OipeyiHe eTe/Il. Bapnbik JoFanap
OenrineHre” oty KaOuterrtinirine ue. Ecenri
MYH/Iall Typre ajbIll Kely YIIiH jKaiFaH i
xoHe KK exi TeOeHi KocambI3. lo aFbIH KO3iH
Il OipikTipeitik. On yuriH eTy KaOineTTiTir
—qo (i) Ten Oomanmel, g;(i) =>0. byn
JloFajiapra eTy KaOuUIeTTulri coiikeciie
g;(i) TeH. HorTmxene MakcHUManIbl arbIH
Typajibl CTaHAAPTTHI TYPZAET1 €CENTi alaMbl3,
OHBl INIENly YIIIH Ke3 KeireH Oenrimi
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anroputMaepaiy OipiH KonjgaHambi3. Erep
MaKCUMAJIIbl aFblH g0 (i) -maH KeM 0osFaH
Oosica, oHma Oip KabaTThIH KOPBITHIH/BI
eceO1, CollKkeciHIIe ecell TYreliMeH MIeliMre
e OOJIMaIbI. MyH naii JKarmanma
MUHUMAaJIIbl  KUBUIFAH JKep  KOCBIMIIIA
JIOFajiapiaH ThICKapbl OpHaiacaasl [42].
Erep mMakcumanipl arbiH qs, (ip)-nan
keM Ooisica, oHma OipiHII  KaOaTTBIH
Oacrankbl ecebl, COHbIMEH Oipre OapibIK
ecem mrenrimi koK. MyHmail karmalinga
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MHUHMMaJIbl KHUBIK KOCBIMIIA JOFajapAaH
TBICKApBl OPHAJIACKaH OOJa bl
Erep makcumanbl arbiH Q1D(19)'re

C epkiH IMKJIBIH KapacThIPalbIK. U
LUKJIBIHIAFbI Keuoip JIOFaiapIblH
OaFbITBIMEH COMKEC KENyIi alHaJIbIN OTYIiH

TeH Oosca, OHma TeIe-TEHIIK JKarmaibiHa €pKiH  OarbiThIH  Oepemis. signg (v)
WHBApUAHTTBIK  JKAHFBIPTYyJIap  apKbLIbl CUIMATTAMAIIBIK QYHKIHUSACHIH KYPaMbI3:
©TETIH YIFapbIM/Ibl aFbIH aJaMblI3.
0, erepv & C
sign,(v) =41+1, v € C,
-1, ved(,

+1,v € C -UMKIABI aWHAJbBII OTYy
OaFpITBIMEH COMKEC Keyllli OaFbIT,

—1,v € C - mUKIABl AalHAIBIT OTYy
OarpITBIMEH KapChl KETyIIi OarsbIT,

veV KaTbIHACHIH
KaHaFaTTaHJBIPYIIBl XV 00/CbiH. 6 CaHBIH
aTafbIK , Ke3 KeJITeH veV

yuH x, = x,+signi(v)6@ KOSIMBI3, SIFHU
OarpIThl alfHAJIBII OTY OarbITHIMEH COlKec
KEJIETIH LMK JOFachl YIIiH XV arblH
V3bIHABIFBIHA € KamFaHalbl, OarbITHI
alfHanbInl  ©Ty OarbIThIHA KapaMa-Kapchl
IIUKJT TOFAChl YIIIH XV aFbIH Y3BIHJBIFbIHA O
xanraHansl. Conzma X, v € V' KaTbIHACbIH

KaHaraTTaHbIpaJIbl.
Tene-Termix YKaFTalbIH i3mey
ITOPUTMI.
Kentipiniren  KypeuieiMpap — Oip

Ka0aTThIH Teme-TeHJIK KaFJailblH  137ey
YIIIH TUKIAEpAIH Oipereil Tyiluly TuniHieri
AMTOPUTMACPIH  KONJaHyFa  MYMKIHMAIK
Oepeni. Mseicams, NB,(0)>& Gonran

JMoFaHbl  (WIaFbIH ~ CaHABl  JKETKUTIKTI)
131eiMi3, erep MyHaai gora OonmMaca, oHJa
Ka0aTThIH TYWUTYylH TOKTaTambl3, OYJ J0Fa
ywin NB,(f)=0 ecebin memewmis ze,
QITOPUTMII KailTa oOpbIHIayFa KipiceMis.
Ken kaOaTThl  Kyilenep YIIIH JOFaHbI

Oapnblk KabaTrTapiaH »>KOHE COHKECiHIe
KabaTTap/bIH IIIIHEH 137y KepeK.

KopbITbIHABIL: I'mapaBaukaibiK
xKeniiep TEOPHSICHIHBIH ecenTepin
HIenTyAeri TOXIprOeMi3 YCBIHBUIFaH

aMaJ/IbIH THIMJIUIITIHE CEHIM apTThIPAJbL.
Ocpbinaii, Mpicaisl, mamaMmed 1500 mora meH
1000 Tobemik oameMaUTIriHAErT KalaablK
CyMEH J>KaOIbIKTay KeNiCiHae, KbUTyMEH
KaMTaMachI3 €Ty JKeJTICIHICaFbIHHBIH Tapary
ecebin  15-30 cexynn imiHzme aepOec
KOMITBIOTEPIIEPIC ety JKOJI-KOJIIK
JKENUIEPIHIeT1 aFbIHHBIH Tapalybl KOJAMIbI
OomFaH  yakpIT  IIIHAE  OPBIHAAIYBIH
TOMIIbUIAYFa MYMKIHIIK oepeni.
¥ChIHBUIFAH ~ aNTOPUTMAED  MapAIEIbICY
AITOPUTMEPIH  KOJJAaHyFa  MYMKIHJIK
Oepeni, Oyn o3 Ke3eriHae KEeH KeJeMe
3aMaHayH KeIl TMPOIECCOPIIbI KOMITBIOTEPITIK
KeNIepl KoJJaHyFa MyYMKIH/IIK Oepei.

FoueiMu  3epTTey  KYMBICTaphI
Kazakcran PecnyOnukacet bimim  xoHe
Fruteim MUHUCTPIITIHIH TPAHTTHIK
kongaybimeH Ne  AP09259547  «Haxkrer
YaKBIT pexXUMiHIE IBaKyalusiay
TanChlpMaapbl  YIIIH  WHTEJUICKTYaJIIbI
aKMmaparThblK  TEXHOJNOTHUSIAPIbI  KYpy»
®Ko0acel  asAChIHIA, AKNAPATTHIK KOHE
€CenTeyill TeXHOJIOTUSIIApbl HHCTUTYTHIH/IA
KYPTi3UIreH.
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Abstract. This article provides an overview and discusses the issues of monitoring the
design of industrial facilities. Monitoring of the technical condition of important and hazardous
production facilities in order to prevent emergency situations leading to damage or destruction of
objects is a continuous round-the-clock process of instrumental automated control and
registration of individual parameters of the object. Monitoring is carried out using optical, laser
and geophysical methods and tools. Monitoring of the technical condition of building structures
ensures their safe operation, and the monitoring results are the basis for operational work at
industrial facilities. During the monitoring, the processes occurring in the structures of objects
and in the ground are monitored. Monitoring is carried out for timely detection at an early stage
of trends in negative changes in the condition of structures that may lead to the transition of the
object to a limited operational or emergency state, as well as to obtain data necessary for the
development of measures to eliminate the negative processes that have arisen. The article
analyzes the methods and means of monitoring. The most promising approach is to use fiber-
optic sensors as a key element of the monitoring system. Namely, the use of fiber-optic sensors
based on fiber Bragg gratings. The types and schemes of fiber-optic sensors based on fiber Bragg
gratings are considered. The use of such sensors in the monitoring system will simplify
measurements and obtain reliable data, as well as get all new opportunities for simultaneous
measurement of various quantities.

Keywords: Monitoring, monitoring methods, fiber optic sensors, fiber Bragg gratings,
types of fiber gratings
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AHAJIN3 1 UCCJIIEAOBAHUE CYIIECTBYIOLIEI'O OIIBITA
IMPOEKTUPOBAHUA U UCITIOJIb3OBAHUA PA3JIMYHBIX COBPEMEHHbBIX
BOJIOKOHHO-OIITUYECKHUX JATYUKOB U1 KOHTPOJISA COCTOAHUSA

MEXAHUYECKHX W CTPOUTEJBHBIX KOHCTPYKIIUM

Annoraunus: B ,HaHHOfI CTaTbC CACJIaH O630p U paCCMOTPCHBI BOIIPOCHI MOHUTOPHUHIA

KOHCTPYKIIUK OOBEKTOB

IMPOMBIIIJICHHOCTH.

IIpoananusupoBaHsl

METOJbl M CpEACTBA

MOHUTOpHHIA. HaubGonee NEPCICKTUBHBIM IIOAXOA0B SABJIACTCA HMCIIOJIB30BAHHME BOJIOKOHHO-
ONTUYCCKUX HNATYHUKOB B KAYCCTBC KIIFOYCBOI'O 3JICMCHTA CHCTCMbI MOHHTOPHHIA. A wmMeHHO
IMIPUMEHCHUEC BOJIOKOHHO-OINTHYCCKUX MJATUUMKOB HAa OCHOBC BOJIOKOHHBLIX PEHICTOK Bparra.
PaCCMOTpeHH BUJbl BOJIOKOHHO-OIITHYCCKUX HOATYUKOB Ha OCHOBC BOJIOKOHHBIX PCHICTOK
Bparra. Hcnonnp3oBanne Takux JaT4UKOB B CHCTEME MOHHUTOPHHI'A I1I03BOJIUT Hauboee
YIOPOCTUTh HM3MCPCHUC W IMOJYUYUTb AOCTOBCPHBLIC HAHHBIC, @ TAKXC IIOJYUYUTb BCC HOBBIC
BO3MOXHOCTH U3MCPCHUA PA3JIMYHBIX BCJIMYHNH OJHOBPEMCHHO.

KuaroueBbie cioBa:

MOHI/ITOpI/IHF, MCTOJAbl MOHHUTOPHHIA, BOJOKOHHO-OIITHYCCKHC

JAaTYNKH, BOJIOKOHHBIC PCIICTKHU Eparra, BUbI BOJIOKOHHBIX PCIICTOK.

BBenenue. MOHUTOPHUHT  TEXHHU-
YECKOT0 COCTOSHUS BAXHBIX WU OIACHBIX
MIPOU3BOJICTBEHHBIX ~ OOBEKTOB C  LIEJBIO
NPEAYNPEKACHUS YPE3BbIYANHBIX CUTyalUU,
MIPUBOISAIINX K MOBPEXICHUIO UIm
pa3pyleHuio 00bEKTOB, MPEACTABIAET COO0M
HEIPEPBIBHBIA  KPYIJIOCYTOUHBIM  MPOLECC
MHCTPYMEHTAIBHOTO  aBTOMATH3UPOBAHHOTO
KOHTPOJSI M PETUCTPALMM  OTHAEIBHBIX
MapaMeTpoB 00BeKTa. MoHHUTOpPHUHT
OCYILIECTBIISCTCS c UCIIOJIb30BAaHUEM
ONTHUYECKUX, JIA3€PHBIX U Teo(PU3NUECKHX
METOJI0B u CPEICTB. MoHUTOpPUHT
TEXHHUYECKOTO  COCTOSIHUSL ~ CTPOMTEIBHBIX
KOHCTPYKIIUK obecreynBaeT uXx 0e30MacHylo
AKCIUTYaTalui0, a Pe3yJbTaTbl MOHUTOPWHIA
SBIISIIOTCS OCHOBOM OIEpaTHUBHOW pabOTHI Ha
IPOMBIIUIEHHBIX ~ OOBEKTax. B  xonme
MOHUTOPUHIAa KOHTPOJUPYIOTCA IPOLIECCHI,
MIPOUCXOMSIINE B KOHCTPYKIUAX OOBEKTOB U
B TIpyHTe. MOHMUTOPHUHI IPOBOAUTCA IS
CBOEBPEMEHHOI'O  BBISIBJICHHS Ha paHHEH
CTaJUU TEHJEHUUNA HETaTUBHBIX W3MEHEHUHU
COCTOSIHUSI KOHCTPYKIIMH, KOTOPbIE MOTYT

OpUBECTH K  Iepexoqy  oObeKTa B
OTpaHMYEHHOE  JKCIUTyaTallMOHHOE WU
aBapuilHOE  COCTOSIHME, a TaKkke JJi
MOJIyYEHUsI JITaHHBIX, HEOOXOAUMBIX JJIs
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pa3pabOTKu MEPONpPUATUN MO YCTPaHEHUIO
BO3BHUKIINX HETAaTUBHBIX MPOLCCCOB.

Ha MHOTUX NMPOMBIIIIEHHBIX 00BEKTaX
JIOCTyII K OOJIBIINHCTBY HECYIIUX
KOHCTPYKIIUH CYIIECTBEHHO OTpaHHYeH, a
paboThl MO TPAAUIIMOHHOMY OOCIEA0BAHUIO
UX TEXHUYECKOTO COCTOSIHHS  SIBIISIOTCS
TPYAOEMKHUMHU M Joporocrosmumu. [l
MOHHUTOPHUHTA TaKUX OOBEKTOB UCIOIB3YIOTCS
CIICIINAJIbHBIC METOAbI u TEXHUYCCKHUC
CpeicTBa  paHHEro oOHapyXeHUs u
JIOKAJIN3allud  MECT W3MEHEHHUSI COCTOSHUS
COOPYKEHHI c MOCIEAYIOIIUM
o0cieloBaHUEM TEXHUYECKOIO COCTOSHUS
BBISIBJICHHBIX OIMACHBIX YYaCTKOB.

OcHOBHEIE BUJbl METOJOB KOHTPOJIA

TEXHUYECKOTO  COCTOSIHMS ~ CTPOUTENIBHBIX
KOHCTPYKIUN:

1) reosie3anveckre METO/IbI;

2)  obcrnenoBaHMsl — TEXHUYECKOTO

COCTOSIHUSI KOHCTPYKIUH;

3) ompeneneHrWe BETUYMH HArpy3o0K,
HanpsDKeHUH U 1eopMariii B KOHCTPYKIMAX
c MTOMOIIBIO TEXHUYECKUX CPEICTB
U3MEPECHU;

4) TMHaMHYECKUE METOIBI.

I'eone3ndeckre METONbI pean3yrOTCs
C HCIIOJIb30BAaHUEM COBPEMEHHBIX HH(PPOBBIX
NEpBUYHBIX TpeoOpa3oBaTeneil (aT4UKOB),
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ClyTHUKOBBIX GPS-TexHOJMOrMi M J1a3epHOTO
CKAaHMPOBAHMS CTPOUTEIBHBIX KOHCTPYKIUH.
I'eoge3nyeckre MeETOIBI MO3BOJISIOT
ONPENICTUTh TEPEMEIICHUE CTPOUTEIBHBIX
KOHCTPYKIUH B MPOCTPAHCTBE, U3MEPUTH HX
OCaJIKH. [TonyuyeHHbie JIaHHbIE
COOTBETCTBYIOT COCTOSIHUIO KOHCTPYKIIMM Ha
MOMCHT H3MCPCHHUA, T. €. OAHHBIC MCTO/bI
peau3yIoTCs MPU OJJHOKPATHBIX U3MEPEHUSIX
U HE JalT TNOCTOSHHOW wuHopMamuu o

JUHAMHKE MOBEACHUSA CTPOMUTEIBHOU
KOHCTPYKIUU.

O06cnenoBanus TEXHUYECKOTO
COCTOSIHMSI ~ CTPOMTEINIBHBIX  KOHCTPYKLUH

4acTO NPOBOJATCS IIyTE€M OLIEHKH COCTOSHUS
TPYHTOBOTO MacCuBa B OCHOBAaHHMU 3JaHUA
WM coopykeHHsa. OHM 3aBHUCAT OT YpPOBHSA
peacMbIX 3aga4 10 TPYAOCMKOCTH,
CTOMMOCTH, pa3pellaronieid CrocoOHOCTH U
UH(POPMATUBHOCTH U MOTYT IPOBOJAUTHCS OT
U3MEpEHUl B OTHENBHBIX CKBAXKHUHAX [0
MEXKCKBa)XMHHOI'O COCTOsAHUA. B
3aBHCUMOCTH OT BBIOOpA CpPEACTB KOHTPOJIS
TEXHHUYECCKOI'O COCTOsSAHUA CTPOUTCIIBHBIX
KOHCTPYKLUH  JIOYCTHUMO  OCYIIECTBIIAThH
KOHTPOJb au((HepeHInaTbHOTO MOCIOWHOTO
WIn CYMMapHOT0 ocajka rpyHTa
(yHIaMEHTOB COOPY)KEHUH, YpPOBHS BOJBI,
JIaBJIEHMsI B TOPHBIX MOPOJax U Ap.

Onpenenenve BEIUYMH  HArpysok,
HanpspKeHUuH u edopManuil B KOHCTPYKLUAX
C IIOMOIIBIO TEXHUYCCKUX CpCaAcCTB

MU3MEPEHUIN OCYILECTBIAETCS C IOMOIIBIO
Habopa HHCTPYMEHTOB C HCIOJb30BaHUEM
JAaTYUKOB  BHUOPAIMOHHBIX  HaNpsOKEHUH,
pa3MelIeHHbIX B (yHIaMEHTHOW IUIUTe, a
TaK)K€ B CTEHAaX, MWJIOHAX, KOJIOHHAX 3JaHHM.
UccnenoBanuss mpoBOASTCS HENPEPHIBHO B
ABTOMATUYECKOM PEXHUME.

JluHaMHuecKre METO/Ibl BBITOJIHSAIOTCS
Pa3INYHBIMM U3MEPUTENIHBIMU TPUOOpaMHU.
CxeMbl JTUHAMHAYECKUX HaOII0AeHU
pa3sHOOOpa3Hbl M BKJIIOYAIOT KaK BapUaHThI
HCKYCCTBEHHOTO BO30YXKIEHMsI KoJjeOaHui
3laHU BHOpaTopamMM, Tak M BO30YXKIEHUS
KoJIe0aHUN €CTECTBEHHBIMH BO3ACHCTBUSIMH,
HanpuMep BeTpoM. J[MHaMUYeCKHUE METOIbI
JAlOT  TOCTOSHHYIO KAapTHUHY  COCTOSIHUSA
CTPOUTENBHOM KOHCTPYKIIMH, HaOmonas 3a
KOTOPOM MO’KHO MOJYYUTh IOJHBIA CHEKTP
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nHpopManuu 00 OCOOCHHOCTSIX JAHUHAMHUKH
3IaHUM U COOPYKEHUM.

Mounutopusr TEXHHUYECKOTO
COCTOSIHUSI CTPOUTENIbHBIX KOHCTPYKIIMH, a
MMEHHO OLIEHKa W3MEHEHHs HuX Hecyllen
CIIOCOOHOCTH, MOYKET OCYIIECTBIISATHCS ITyTEM
U3MepeHus TEKYIIHUX Harpy3ok Ha
KOHCTPYKIIMIO, OTHOCHTENBHBIX Je(opmanuii
U TEepeMEelIeHUIl 3JIEMEHTOB KOHCTPYKIIUH,
COOTBETCTBYIOIIUX H3MEHEHUSIM BHYTPCHHHX
CWJI W HalpsHKeHWH B HMX TOMNEPEUHBIX
ceyeHusx. Jmg  3TOro  MCHONB3YKOTCSH
MH(OPMALIMOHHO-U3MEPHUTENbHBIE  CHCTEMBI,
OCHAIIICHHbIE MIEPBUYHBIMU
npeoOpazoBaTeIsIMu (matunkamm),
XapaKTePU3YIOIIHECS TPUHIAIIOM JCHCTBUS,
KOHTPOJIUPYEMBIMHU napameTpamu,
JAJIbHOCTBIO neicTBus, TOYHOCTbIO
M3MEpEHUN U YyBCTBUTEIHLHOCTHIO.

B HACTOsIIIEe BpeMs B
MH(OPMALIMOHHO-U3MEPUTENBHBIX CHCTEMaX
KOHTPOJIS TEXHUYECKOTO COCTOSTHUS
CTPOUTENBHBIX  KOHCTPYKUUN MPUMEHSIOT
ClIeyIolllie MEepBUYHbIE IpeoOpa3oBaTenn
(maTuukm):

— TEH30METPUUECKHUE;

— aKyCcTUYEeCKHe peodpa3oBaTey;

— MOJIEKYJIIPHO-3JIEKTPOHHBIE;

— BOJIOKOHHO-OIITUYECKUE.

TeHnzomerpuueckue JIaTYUKU
npeobpasyroT JedopMali  CTPOUTEIBHBIX
KOHCTPYKLUHUN B 3JIEKTPUYECKUHA CUTHAI. ITO
CBA3aHO C M3MEHEHHEM DJIEKTPUYECKOIO
COINPOTHBIICHUS JaTUYNKA P BOZHUKHOBEHUHU
nedopmaruu  u3Mmepsiemoro mpudopa [10].
TeH30MaTYMKU MOTYT HWMETh Pa3IMYHBIC
BapUaHTHI UCTIOJTHEHUSI: MIPOBOJIOYHBIE
TE€H30JaTYUKH, (OIBroBble TEH30JaTUUKH,
MJICHOYHBIE TEH30IaTYHKH.

AKycTH4eckue
MIPEICTaBISIOT co0boit
AJIEMEHThl CO  CHEKTPAJbHBIM  AHAJIU30M
CUTHAJOB  OT BOJH  HampsOKEHUH B
HAINPsDKEHHBIX KOHCTPYKITUSAX, OCHOBAaHHBIC
Ha  HW3MEPEHHSX  psAga  aKyCTHYECKHX
MapamMeTpoB  CTPOUTENBHBIX  MaTEPUAJIOB.
YcTaHoBka ITUX npeoOpa3zoBareneit
BO3MOXHa KaK BHYTPH KOHCTPYKIIHH TIpH
CTPOUTENbCTBE, TaK U Ha TMOBEPXHOCTSIX
KOHCTPYKLUN MPU IKCILTyaTaiH.

npeoOpa3oBaTean
YYBCTBUTEIIbHBIE
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MonekynsipHO-371eKTPOHHBIE
npeoOpa3oBaTenu SIBISIOTCA CTallMOHAPHBIMU
JaT4NKaMU JUTSE MIPOCTPAHCTBEHHO-
BPEMEHHOI0 aHajn3a. OHU MO3BOJISIOT TOYHO
PETUCTPUPOBATh CMEIIEHUS CTPOUTEIbHBIX
KOHCTPYKIMH, BUOpalUy, HOPMaJbHBIE U
TaHT€HIIUAJIbHbIE nedopmanum,
KOPPO3UOHHBIE U3MEHEHUS U JIp.

BonokonHo-onTuueckue JATYUKH
(BOHA) npennazHayeHsl i KOHTPOJIS
nedopManuii B 3JEMEHTaX CTPOUTENbHBIX
koHcTpykuui. [leiictBue BOJI ocHoBaHO Ha
3aBUCUMOCTH KO3 UIMEHTa  OTpaskeHUs
CBETAa B UYBCTBUTEJIHHOM AJIEMEHTE JATUHKA,
JKECTKO COEIMHEHHOM C KOHTPOJIUPYEMbIM
CTPOUTENBHBIM KOHCTPYKTUBHBIM AJIEMEHTOM,
OT BEJIMYMHBI JeOopMalliid 3TOrO SJIEMEHTA.
Bomokonno-ontuueckue JaTYUKH,
00BeIMHEHHBIE B €IMHYI0 HH()OPMAIMOHHO-

U3MEPUTEIIbHYIO CUCTEMY, HO3BOJISIIOT
KOHTPOJIMPOBATh HE TOJIBKO AedopMarnuu, HO
U U3MEHEHHUs Harpy3okK, TeMIepaTyphl,
BJIQ)KHOCTH, BUOpanuu CTPOUTEINIBHBIX
KOHCTPYKLUHI U Jp.

BonokoHHO-onTHUECKHE CUCTEMBI
monuropudra  (BOCM) -  kommiekc
KOHTPOJIbHO-U3MEPUTEIBbHON anmnaparypsl

(ToueuHble M pacHpelie]ICHHbIE BOJIOKOHHO-
ONTUYECKUE JaTYNKH, WUHTEPAraTopsl,
BOJIOKOHHO-ONTUYECKHE JUHUH u
MyJIbTHILUIEKCOPBI) B couetanun ¢ SCADA-
CUCTEMAaMHM, TIO3BOJISIOINIMMH B PEXHUME
pealbHOTO BPEMEHHU cobupaTh u
oOpabareiBaTh  JaHHbIE O  Pa3IM4YHBIX
napamerpax 0o0beKTa MOHUTOPHHTA.
BonokxonHo-ontnueckue JTATYUKH
ABIIAIOTCS OTHOCHUTEIIBHO HOBBIM u
Ype3BbIYaITHO MHOT0(YHKIINOHAJIbHBIM
TEXHUUYECKUM IPUMEHEHUEM OMTO-
AJNIEKTPOHMKH, BOJIOKOHHOW W HMHTETPAJIbHOU
ontuku. IlpuumHBl 3TOrO  KpoOKOTCA B
MHOTOMapaMeTpUYecKol MpHUpPOAE  Ccamoro
ONTUYECKOTO CHUTHAJIa OJIHOBPEMEHHOM
HaJIMYUU B HEM HMH(pOpManuu 00 M3MEHEHUU
¢da3pl, aMIUIUTYABl, JUIMHBI  BOJNHBI U
MOJIIPU3allMU BO BPEMEHH U MPOCTpaHcTBe [ 1-
3]. BO/J u BOJIOKOHHO-OIITUYECKHE
u3Mmeputenbhpie cuctembl (BOUC) wmoryr
UMETh  paclpeielieHHble CTPYKTYpsl [4],
yCTOHYMBO pabOTaTh B TEUEHHE JUIUTEIHHOTO
BpEMEHU B HEOJArompUATHBIX YCIOBUSX:
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AKCTPEMAJIbHBIX TEeMIIepaTypax, IaBJICHHSIX,
3JEKTPOMArHUTHBIX BO3JICHCTBUSX, B
paauanioOHHBIX, TOKCHYHBIX TN
arpecCUBHBIX Cpelax, Majo BIMSIOUUX Ha
onTthyeckue BoJiokHa. BOJl  sBasrorcs
a0CONIOTHO 0O€30MacCHBIMA BO B3PBIBUATHIX
cpenax. Baxno Takxke TO0, uro BOJI
SIBIISIIOTCS JIETKMMHU, KOMIIAKTHBIMH, THOKMMU
M OCTAlOTCSA HAAEKHBIMU B  TEUECHHUE
JUTUTEJIBHOTO BPEMEHHM 3KCIUTyaTallud U BO
MHOTHX MIPUMEHEHUSX SIBJISTFOTCSI
MOTEHIMAIbHO Hemoporumu. Ha mpakTuke
BOJI u BOUC cnocoOHBI pemuTh 3amadu
pacmpeiesieHHbIX — U3MEPEeHUH, KOTOpbIE
HEBBIIIOJHUMEI C  IOMOIIBIO  OOBIYHBIX
JTATYMKOB U U3MEPUTEITBHBIX CUCTEM.
Hampumep, B LEIIX
pOoUIAKTHICCKON JHArHOCTHKH u
MPOTHO3UPOBAHUS YPE3BBIYANHBIX CHUTYaIlHii,
OHH MOTYT OBITh BCTPOCHBI B KPHUTHYCCKHE
COOPYKEHHSI — MOCTBI, IJIOTUHBI, KOpaOiH,

CaMoOJIEThl,  AJNEKTPOCTAHUMM U  Jpyrue
COOpPYXKEHHsI,  HENPEpbIBHO  KOHTPOJIMUPYS
CTPYKTYPHYIO  LIEJIOCTHOCTb OOBEKTOB C

MOBBIIIEHHONH TOYHOCTBIO M  INIOTHOCTBIO

U3MEPEHHUM, TEM CcaMblM IIpeaoTBpanas
BO3MOXHBIE KaracTpopuueckue OTKa3bl U
paspymeHus.

C nomompro BOJ[ miigs MoHUTOpHHTa
COOPYKCHMM  ONpENCIAIOT  CIELYIOIIHE
napameTpsbl:

— JaBlieHUE KOHCTPYKIIMH Ha TPYHT;
— U3MEHEHUS YCUJINI B apMaType;

— IMHENHY0 AegopMannio OeToHa;
— TeMrepaTypHbIe TpeoOpa3oBaHus;
— JaBJIEHUE BOJIBI HA KOHCTPYKIINU;
HanpspkeHus  (aedopmarum)
KOHCTPYKITUSX;

— BuOparnuto (koneOaHus) 31aHNS;

— cMelIeHne o0beKTa.

[maBHBIM MPEUMYIIECTBOM  JIFOOBIX
BO/ SIBJISIETCSI BO3MOKHOCTB
JUCTAaHIIMOHHOTO MOHHUTOPHHTA Ha
PacCTOSTHUN HECKOJIBKMX KHIIOMETPOB. B aTOM
Cllydae CBETOBOJ, MOXET BBICTYNAaTh B
KauecTBe KaOeys JUIS Mepeaqd ONTHYSCKOTO
W3IIy4eHUsT Ha YYBCTBUTENIBHBIA DIIEMEHT,

B

pacmojiOKEHHBIA B 30HE MW3MEPEHUs, U
OJTHOBPEMEHHO OBITH YyBCTBUTEIbHBIM
JJIEMEHTOM  JaT4yhKa. DBBIIOJIHEHHBIA W3

KBapueBOTro CTCKJIa CBCTOBOA HE oouTcs
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BIIMSIHUSI TIOTOJTHBIX YCJIOBUH M arpeCcCHBHBIX
KOMIIOHCHTOB rOpPOJICKOM aTMochepsl.
OTCyTCTBHE DJIGKTPOCHAOKEHUS U KaKHX-
au00 DIIEKTPUYECKHX IIENeil B CBETOBOJE
WCKJIIOYaeT BO3HUKHOBEHHE II0KapOOITacCHON
cuTyauuu  npu  okcmnyatamuu - BOJL
OnTryeckoe BOJIOKHO MOXKET BBICTYIIATh B
KauyecTBe Kadels sl Tepeadd ONTHIECKOTO
W3JIyYCHUS Ha YYBCTBUTEIBHBIM DJIEMEHT,
PacCIOJIOKEHHBIN B 30HE U3MEPEHUs, a TAKXKe
MOJKET OJIHOBPEMEHHO OBITE
YYBCTBUTEIBHBIM 3JIEMEHTOM JaTUHKA.
BoOKOHHEIA CBETOBOJ, SBIISIONIHAICS
OCHOBOH J11000r0 BOJIOKOHHO-OIITHYECKOI'O
JaT4YMKa, TPEACTABIIET COOOW KBapIEBYIO
HUTb, CTPYKTYPUPOBAHHYIO TIO AuameTpy. B
MpOCTEiIIeM ciay4dae CBETOBOJ COCTOUT U3
MO (PHUIMPOBAHHOTO KBapLIEBOTO
CepJICYHHMKA C TIOBBIIICHHBIM IOKa3aTeaeM
MPEJIOMJICHUSI U OTpaXkaromed 0O0O0JOUKH M3

HCJICTHUPOBAHHOI'O KBApHCBOI'o CTCKIIA. B
3aBUCHUMOCTH oT o0nacTu IMPUMCHCHUA
CCPpACUHHUK MOXCT OBITH JICTUPOBAH
Pa3siInIHbIMU 9JICMCHTaMU: TCpMaHUCM,

a3oToM, 3pOueM, oj0BOM U Ap. braromaps
Jo0aBKaM caM CBETOBOJ M JAaTYHMKH Ha €ro
OCHOBE npuoOpeTaroT oTmpe/IeIICHHBIC
MPOU3BOJCTBEHHBIE U  AIKCIUTyaTallHOHHbBIC
CBOMCTBA: MOBBIIICHHYIO YYBCTBUTEIBHOCTD K
TeMIiepaType, JIOMHUHECIIEHTHbIE CBOMCTBA,
MOBBIIICHHYIO TEPMOCTOMKOCTh u
MTOBBIIICHHYIO CBETOYYBCTBUTEIHHOCT,
TEXHOJOTHYECKH HEOOXOAUMEIE JJIS CO3TaHUs
pAla BOJIOKOHHO-ONTUYECKHX  CEHCOPHBIX
3JIEMEHTOB.

BonokoHHO-OIITHYECKHE NATINKH
MPEJCTaBISIIOT CO00M  KlacC yHUKAIbHBIX
3JIEMEHTOB, o0anarmux HIUPOKUM
JIUAMa3oHOM  HM3MEpSEMBbIX  apamMeTpoB,
KOHCTPYKTHUBHOM ITOJIBMKHOCTBIO i
MPUCTIOCOOTSIEMOCTHIO K pa3IuYHBIM
YCJIOBHSIM YCTaHOBKH, MaJIbLIMU Ta0apUTHBIMU
pa3Mmepamu, a  TaKKe  CHOCOOHOCTBIO
BBITIOJIHSTh W3MEPEHHS TI0J] BO3JACHCTBHEM
MOIIIHBIX JJIGKTPOMATHUTHBIX MONe 0e3
MOTEPH 3aJaHHON TOYHOCTH.

Bce BO/] mMoxHO pa3nenuTh Ha JABa

OCHOBHBIX THUIIA: pacinpeaciCHHbIC u
TOYEUHBIE.
Pacnpenenennnie JaTYUKHU

HCIIOJIB3YIOT CBOMCTBAa CaMOI'0 ONTHYECKOIO
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BOJIOKHA o BCEU €ro JIUIAHE.
JlokanmM30BaHHOE BO3JCHCTBHE Ha JIOOYIO
4acTb YyBCTBUTEIBHOTO CBETOBOJA MOXKET
ObITh  3a(UKCHPOBAHO 1O BEIUYMHE U
MECTOINOJIOKECHUIO.  Takue  JgaTdyuku B
HACTOAILLEE BPEMsI IWIMPOKO HCIOJIB3YIOTCS
JUI MOHUTOPHHTA JUIMHHBIX TPYOOIIPOBOJIOB.

ToueuHble JAaTUMKU MPEACTABISAIOT
CO0Ol KOHCTPYKTMBHO MOJAU(DUIMPOBAHHBIN
I KOMOWHUPOBaHHBIH Yy4acToK
BOJIOKOHHOTO  CBETOBOJA M ITO3BOJIAIOT
KOHTPOJIMPOBATh apaMETPhI B ONPEEICHHON
TOUKE WJIM JIOKAIBHOM 00J1acTH 00BEKTa.

Yacto BBIAEHAIOT U TPETHH TUI
JNaTYUKOB — KBaszupacnpezeiaeHHsle. Takue
JaTYUKU COCTOAT M3 MacCHMBa TOYEYHBIX
CEHCOPHBIX 3JIEMEHTOB, COECJMHEHHBIX
€AMHbIM CBETOBOJIOM U €IMHbIM
npeoOpa3oBaTesbHBIM  ycTpoiictBom. B
paccMaTpuBaeMont CHCTEME TUITAYHBIM
IIPEICTaBUTENEM KBa3upaclpeneacHHbIX
JaTYNKOB ~ MOTYT  OBITh  TEH30JATYHUKH,
M0CJIeI0BATENbHO OOBEANHEHHbIE B E€IUHYIO
BOJIOKOHHYIO  JIMHWIO. Takue  JaT4yuKy,
o0yajasi BCeMU IPEUMYLIECTBAMHU TOYEYHbIX
JATYUKOB, B TOM YHUCJIE BBICOKOW TOYHOCTBIO
U3MEpPEHUH,  MO3BOJAIOT  OCYLIECTBIATH
pPa3oBblii MOHUTOPUHI B PA3JIMYHBIX TOYKAX
00beKTa WIM  00ECleYnBalOT  YCIOBHO
HENpPEpPBhIBHBI MOHUTOPUHI IPOTSKEHHBIX
00BEKTOB.

Paccmorpum knaccugukanuo BOJ.
CymectBytoT cnenyromue Buasl BO/I:

1. UnTepdepomerprueckre JaTUUKU:

— unrepdepometp Padpu-Ilepo;

— untephepomerp Maxa-Llennepa;

— uHrepdepomeTp MaiikenbcoHa;

— untephepomerp CaHbska.

2. PacnipenienieHHbIE TaTYMKU:

— PaMaHOBCKOE pacCesiHUE;

— PJIEEBCKOE PACCESIHUE;

— OpWUIIOPHOBCKOE pacCessHUE.

3. JIaT4MKM Ha OCHOBE PEUIETOK:

— BOJIOKOHHas penieTka bparra;

—  JUIMHHONEpPUOJHAas  BOJOKOHHAas
pelIeTKa;

— YUpHUpoOBaHHas pemeTka bparra;

— HaKJIOHHas peweTka bparra.

WnTepdepomerpuueckre JaTYMKH,
JeXKalMe B  OCHOBE TaKMX JIaTYMKOB,
OCHOBaHbl Ha M3BECTHOM 3(]deKTe cBEeTOBOMH
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uHTepepeHy, Korga JiIBa  CBETOBBIX
CUTHaJIa, B3aUMOJICUCTBYS APYr C JPYIOM,
YCWJIMBAIOT WM TacAT JApyr Apyra. Dddekr

3aBUCUT oT ¢asbl MOCTYMAIOIIETO
ONTHYECKOTO CHI'HANA, KOTOpas U3MEHSETCS C
U3MCHCHUEM paccTodgaHud, HpOfI[[eHHOFO

CBETOBBIM JIy4OM, & UMEHHO C HU3MEHEHUEM
TaK Ha3bIBAEMOT'0 ONTHYECKOTO MYyTH.

[Ipunuun pa®oTsl pachpeerIeHHbIX
JATYMKOB OCHOBAaH Ha aHalIM3€ CHUTHAJla
o0paTHOrO  paccessHUS WM IPSIMOTO
paccessHusT B BOJIOKHE. Bo Bcex Takux
CHUCTEMax HCIIOJIb3YEeTCSI KOPOTKUM CBETOBOM
HMITYJIbC, paccesiHue KOTOPOro
perucTpupyercst mpueMHou anmnaparypoit. [lo
BpEMEHU NPHUXOJa U BEIMYMHE MPUHATOTO
CUTHaJIa MOXHO ONpPENEIUTh BEIUYHHY U
MECTO BO3JCHCTBUS HAa OMOPHOE BOJIOKHO.
TouHOCTB onpeneaeHus BEJINYUHBI
BO3JECHCTBUS Ha BOJIOKHO 31 €ro
MECTOIOJIOKEHUSI 3aBUCUT OT JJIMTEIIBHOCTU
UMITyJIbca M TOYHOCTH  OMpEIeICHUS
aMIUIUTybl  curHana. Jlnsg  moBbllIeHUs
TOYHOCTH  HCIOJB3YETCSs  MHOTOKPATHOE
YCpPEIHEHHE 110 MHOTMM HM3MEpPEHUSM, 4YTO
MOXXET  YBEJIMYUTh BpeMs oOmpoca [0
HECKOJbKMX MHUHYT. Kak u B ciyyae
uHTEepEePEHIIMOHHBIX JIATYNKOB,
pacrpeieieHHble CHCTEMBl MOTYT  OBIThH
OCHOBaHbl ~ Ha  pa3lIMuHBIX 3 dexTax:
peNeeBCKOM u paMaHOBCKOM
(KOMOMHAITMOHHOM) PpAaCCesSHUH, PACCETHUU
Mannensiurama— bpusuitossa v ap.

BosiokoHHO-OnITHUECKHE JIaTYUKU
paccesiHus aKTHUBHO BHEZIPSIOTCS B
HedTerazoBo  oTpacium IS KOHTPOJIS
[EJIOCTHOCTU He(Te-U ra30mpoOBOJIOB.

B Hacrosmee Bpemss  Hambosee
noctynHbiMu - sBisitorest BOJI, ocHOBaHHBIE
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Ha MHCIOJIB30BAHWKU BOJIOKOHHBIX PEIICTOK

bpsrra (BPB). BOJI na ocHoBe BPbH
CO3JaeTcsi Kak OCHOBA HOBOM CHCTEMBI
MOHUTOPHMHIA  3JaHUW U COOPYKEHHH,
KOTOpasi MCHOJb3yeTCd Ul  HM3MEpPEHUs

nedopmanuii, BUOpaIu ¥ TEMIIEPaTyphl, YTO
IIO3BOJISIET KOHTPOJIMPOBATH IEPEYUCIICHHBIE

OCHOBHBIC napamMeTphbl HECYIINUX
CTPOUTENIbHBIX KOHCTPYKIIHMH.

Bonokonnas peuieTka bparra
3aI1CBIBACTCS B ONTHUYECKOM BOJIOKHE
yAbTPa(HUOIETOBBIM Ja3€POM. Onu
IPEACTaBISIIOT COOOM y4YacTKM CBETOBOJAA C
MEPUOJUYECKUM H3MEHEHHEM II0Ka3aTells

IMPEJIOMIICHUA BOOJIb OCH. Hepnon PEUICTKH
OmnpeacsICT €€ TUIl W IMPHUHIUIT JIEHCTBHSL.

Haubonee  BaXHBIMM B OOJIBIIMHCTBE
IPUMCHCHUI BOJIOKOHHBIX peIIeToK
SIBJISIIOTCS 1504 CHEKTpaIbHbIC
XapaKTePUCTUKHU: CIEKTPBl TPONYCKAHHS H
OTpaXKEHUS.

Bonokxonnas pemietka  bparra

NPECTaBIsIeT COOOH YYacTOK BOJIOKOHHOTO
CBETOBOJA (KaKk MpPaBWJIO, OAHOMOJIOBOTO), B

CCPpALCBHUHC KOTOpOro HaBCACHA
nepuoanvccKas CTPYKTYypa IIOKa3aTcib
INpCIOMJICHHA C IICPHOAOM L, uMceronias
OIPCACIICHHOC MMPOCTPAHCTBECHHOC

pacnpeiesieHue, CXEMaTH4YEeCKH I0Ka3aHHOE
Ha pucynke 1. Kak mnpaBuio, pemerka
dbopmupyercs B (OTOUYBCTBUTENBHOI
cepaueBuHe cBetoBoza 1, B To Bpems Kak [111
KBapLEBOU 000JI0YKH 2 0CTaeTCst
HeusMeHHbIM. Takasi CcTpykTypa oOiamaer
YHUKaJIbHBIMU CIEKTPaJIbHBIMU
XapaKTepUCTUKAMHU, KOTOPBIE M OMPEIENIIIOT
€€ IIUPOKOE IPUMEHEHHE B Pa3JIMYHBIX
YCTPOMCTBAX BOJOKOHHOW ONTHKH.
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Figure 1 - Schematic representation of a Bragg fiber grating
Pucynok 1 — CxemaTnueckoe n300paxeHue BOJIOKOHHOM pemieTku bparra

Crpykrypa BBP BbIOMpaercs Takum
o0pazoM, 4yTOOBI 00€CIEeUYUTh HEOOXOIUMOE
PE30HAHCHOE B3aUMOJICUCTBUE MEXIY
MOJaMH CBETOBOJA. B3amMoneicTBHe MO
CBETOBO/Ia OOBIYHO OIMCHIBAETCS C MIOMOIIBIO
TEOPHH CBSI3aHHBIX MOJ, B paMKax KOTOPOM

IpearnoyiaraeTcs, 4YTO Ha  OIpeAeTIeHHOU
JUIMHE  BOJHBI  TOJNBKO  JBE  MOJIBI
YIIOBJIETBOPSIIOT YCIIOBUIO ¢bazoBoro

CUHXpPOHM3Ma U TakuM O00pa3oM MOTYT
s¢dexTUBHO  mepemaBaTh  JAPYr  APYry
SHEPTHIO.

BonokoHHbIE OpIrTOBCKHE PEIIETKH
CBSI3BIBAIOT OCHOBHYIO MOJY CBETOBOJA C TOU
)K€  MOJOH,  paclpoOCTpaHAILIEHCS B
MPOTUBOMOJIOKHOM  HAMpaBICHHH.  IJTO
O3HAYaeT, 4YTO Ha OMNPENCIICHHON [UINHE
BOJTHEI, pacrpocTpaHsIoeecs 1o
ONITUYECKOMY BOJIOKHY U3ITy4yeHue
OTPaKACTCS OT PEMIETKH MOJHOCTBIO HIIH
YaCTUYHO - B 3aBUCHMOCTH OT TapaMeTpoOB

peuretku.  Jlazepsl, uWCHOAB3yeMble  IJIsSt
3aIIUCH BbP, MOL'yT OBITH KakK
HENpPEphIBHBIMU, TaK M HUMIYJIbCHBIMH, C

JUTMHOM BOJIHBI U3ITy4€HUsl OT UH(paKpacHOTO
0 yAbTpa(HOIETOBOTO JMana3oHa CIEKTpa.
Cpenun ocHOBHBIX MeTon0B 3anucu BBP
BBIJICTISIFOT ~ TMOMIArOBBIA ~ METOJA,  METOJ
dazoBoil Macku u HHTEPHEPOMETPUUECKUN
METO/I.

Bonokonnass pemerka bparra umeer
NIEpPUOLI, o MOPSAIKY BEJIMYUHBI
COIIOCTABUMBIN C JJIMHOM BOJIHBI OIIOPHOTO
curHana natdvka. Takas pemierka oOiamaer
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YHUKAJIbHBIM CBOIMCTBOM OTpaxaTb CBCT B
Y3KOM CIICKTpAaJIbHOM JAUaria3oHe C
MaKCUMYMOM Ha JJIMHE BOJIHBI 7\,B,
OIIPCACIIICMBIM I10 3aKOHY Bparra:

s = 2AN,

rae A — nepuoj peueTky;
YCPEIHEHHBIN
IIPEIOMIICHUS CBETOBOJA
PacipOCTPaHAIOLIEHCS B HEM MOJBI.
N3menenune TeMIepaTypsl
OKPY’KaIOILEeH Cpeibl MPUBOJUT B OCHOBHOM K
M3MEHEHUIO ITOKa3aTeIst MIPEIOMIICHHUS
MaTepuajga CBETOBOAA. JTO, B CBOIO OYepelb,
OTPa)KaeTcsi Ha HM3MEHECHHWM JUIMHBI BOJIHBI
orpaxxeHus. Jlnga ananmusza curHana BOJ[ ¢
BPb parumka wMcnone3yeTcs NOPTAaTHBHBINA
Y3KOIIOJIOCHBIN  CIIEKTpOMETp. A Takke
MEXaHNYECKOE BO3JCHCTBHE NPUBOANUT K
U3MEHeHUu0 ee mnepuoga. VIMeHHO H3TOT
3(pdeKT JeKUT B OCHOBE ONTHUYECKHUX
TE€H30JaTYUKOB, IIUPOKO MCIOJIb3YEMBIX MIJIs
KOHTPOJISI COCTOSIHUS CJIOKHBIX MHKEHEPHBIX

IIOKa3aTeciib
JJIA

coopyxeHuil. OOHOBpEMEHHBII KOHTPOJIb
TEMIICPATYPhbL IIO3BOJIACT YUUTBEIBATH
Temreparypuele  Aeopmanuu  00bEKTa,

MOBBIIIASI TOYHOCTh U3MepeHus. Kpome toro,
BO/Jl na ocuoBe BPb npu nHeobxommmoctu
MOKET OBITh ONTUMHU3UPOBAH ISl U3MEPEHUS
JABJICHUSA U T. II.

BOJI na ocumoBe BPBb wumeror
YPE3BBIYANHO MaJIbIi BEC U pasMep — BCEro
0,12 MM B guametrpe W 3...5 MM B JIMHY,
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BBICOKYKO  YYBCTBUTEJIBHOCTH W My
WHEPTHOCTh TMOKa3aHwii. OHU MOTryT OBITh
YCTaHOBJIEHBI B TPYIHOAOCTYIHBIX MECTax.
OnHako, Kak YINOMHUHAJIOChH BBIIIE, CaMbIM
npumMedaresibHbIM cBolicTBoM BOJI Ha ocHOBe
BPB saBisieTcst BO3MOXKHOCTD UX 00BEIUHEHNS
B MAacCHUBbl C HCIIOJb30BAHUEM OJIHOTO
MOJIBOJSAINETO CBETOBOJA W OJHOTO OJIOKa
aHanuzatopa. Pe3onanchas (bparrosckas)
JUIMHA  BOJIHBl  SIBJIAETCS  YHUKAJIbHBIM
CBOMCTBOM JaTdyvKa. /[aTuyuku ¢ pa3nuuHbIMU
3HAUEHUSMU JTOTO TapamMeTpa MOTYT OBITh

0e300J1€3HEHHO 00BEIMHEHBI B
MOCIICOBATEbHYI0  IIeNb, [OJY4YHB  Ha
BBIXOJIC ~ MHOTOIMKOBBIM  CIIEKTPaIbHBIN

curHan. Takum o0pazoMm, €IUHOBPEMEHHO C
MOMOIIILI0 BCEr0 OJHOTO OJHOKaHAIBHOTO
npubopa MOXHO aHAIM3HPOBATH COCTOSHHE
IO COTHH JAaTYUKOB. DTO YHUKAIBHOE
CBOMCTBO pelIeToK Bporra Jaet
CYIIECTBEHHOE  IpeuMyllecTBo.  Bmecto
HUCIIOJIB30BAHUA TAXKCIBIX H HeFa6apI/ITHI>IX
MHOTOXHJIBHBIX ~ JJICKTPUYECKUX  KaOenei
JA0CTAaTOYHO IMPOTAHYTH BCCTO OUH
BOJIOKOHHBIA ~ CBETOBOJ,  COCAMHSIOLIUI
JIECSATKH JAaTUYUKOB C OJIOKOM aHaIM3aTopa.
HimenHo Oiarojapsi YHUKaJbHBIM CBOWCTBAM

OonbLIoe KOJIMYECTBO COBPEMEHHBIX
CEHCOPHBIX CHUCTEM MOHHUTOPHHIA COCTOSHUS
KOHCTPYKIMI ~ OCHOBAaHO  MMEHHO  Ha

BOJIOKOHHO-ONITUYECKUX JATYMKAaX HA OCHOBE
BPb — nanbonee nepcrneKkTUBHBIX, HAIEKHBIX
U YO0OHBIX.

Bonokonnsie pelIeTKu bpoarra
MIOJIy4alOTCs Pa3HbIMM U3-3a DPA3IN4YUil B
CTPYKTYpe u (OTOYYBCTBUTEILHOCTHU
UCMOJb3yEMBIX ~ BOJIOKOH,  BJ00OAaBOK K
OCOOEHHOCTSIM YCJIOBUH 3allUCH U JIa3€pOB, C
MIOMOUIBIO0 KOTOPBIX IIPOU3BOAUTCS 3aIIUCH.

JUIMHHONEPUO/IHbIE PEIIETKH. IJTOT
TEPMUH OTHOCHUTCS K OpATTOBCKOH peleTk,
KoTopass Obula IOJIyueHa B pe3yibTare
00JTydeHUs] M3MEHEHHs MHTEHCHBHOCTH Y D-
Jydel BJAOJb peuleTKd. [[nmmHHOmepHnoaHsbIe
PELIETKH CONEP>KUT MHOKECTBO KOMIIOHEHTOB
pemietkn AL B JIMHY M pa3AersroOmMX HX

y4acTKOB  0e3  MOAYISIHM  TIOKa3aTels
MpeJIOMJIEHUsT JUIMHBI ~ WHAEKca Ol, Tak
Ha3plBaeMble 'MepTBbie 30HBI'. Crenyer

OTMETHUTb, YTO JJIMHA KOMIIOHEHTOB PELIECTKU
Y JUTUHBI "MEPTBBIX 30H", MOKET U3MEHSTHCA.
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Cnektp cBeTa, OTPAKEHHOTO OT TaKOH
CTPYKTYPBL, UMEET psif Y3KHUX ITHUKOB.
Bonokonusie JUTMHHOTIIEPUOIHbBIE

PEUIETKA UMEIOT Psii BAXKHBIX MMPUMEHEHUN B
Ppa3InYHBIX BOJIOKOHHO-ONITUYECKUX
YCTPOMCTBAX, TAKUX KaK  BOJOKOHHBIC
JaTyuKd  (U3MYEeCKUX  BeauuumH  [6-8],
CIIEKTPAJIbHO-CEJIEKTUBHBIE  ITOIVIOLIAIOIINE
GUIBTPHI, B TOM 4YHCIIE IepecTpauBaeMbIe,
MOJYJISITOPBl ~ ONITHYECKOTO  HW3JIYYEHHUS U
apyrue. OJHUM M3 BaXKHBIX IPUMEHEHUU
JUIMHHOIIEPUOJHBIX PEIIETOK B CUCTEMAX
TEJICKOMMYHUKALIMI: CIVIA)KUBAHUE CIIEKTpa
YCUJICHUS BOJIOKOHHBIX YCWIHNTEIICH,
IPUMEHSEMBIX B CUCTEMAX CO CIIEKTPAIbHBIM
YIUIOTHEHHEM KAaHAJIOB, a TaKXe CIEKTPOB
JIOMHUHECLICHIINT HIMPOKOIOJIOCHBIX
UCTOYHUKOB. OCHOBHBIMH JOCTOMHCTBaMHU
JAHHOTO  METoJa  ABJISIIOTCA ~ MPOCTOTA
M3TOTOBJICHUS PEIIETOK U UX MCIIOJIb30BaHUA,
HIMPOKUM  CHEKTPaJIbHbIA  JMana3oH |
BBICOKOE€ YCHJICHME IIOCJIE CIVIA)KUBAHUA,
HU3KWE TOTepU Ha JJIMHE BOJIHBI HAKAYKH,
OTCYTCTBUE OTPAXKEHHOW BOJIHBI.

OcHoBHbIM  oTinuuem [IIBP ot
peurerok bparra siBisieTcs nepuoa N3MEHEHUS
NoKa3aTesss MpPEeJOMIIEHHST B ONTHYECKOM
BOJIOKHE. JlJI1 BOJIOKOHHBIX penieTok bparra
3HAYEHUE MEPUOJA UMEET TOT XK€ IMOPAIOK,
YTO W JUIMHA BOJIHBI, B TO BpeMs Kak st
JAIIBP  3HayeHue mepuoga  COCTaBIsET
HECKOJIBKO COTE€H MHKPOMETpOB. B cBs3m ¢
aTol ¢u3udeckoirt ocobenHoctpio JII1BP

OTJINYAKOTCSI NPOCTOTOM HW3TOTOBJICHHS, a
TaKke Oojee BBICOKOM CTOHKOCTBIO K
BHEIIHMM  BO3JCUCTBUSAM, B  YAaCTHOCTHU

BhICOKHX Temmeparyp (cebime 300°C) wu
MOHU3UPYIOLIUM U3JICYEHUSIM.
YupnupoBaHHble pelieTku. Pererkw,
MIEPHOJ] KOTOPBIX BAPbUPYETCS B 3aBUCUMOCTHU
OT TOJIOKEHMsI BJIOJIb BOJIOKHA, HA3bIBAIOTCA
YUpIUpOBaHHbIE pemeTku. llepuon moxer
ObITh M3MEHEH pa3IMYHBIMH CIIOCOOAMHU:
HampuMep, CHUMMETPUYHO (IO BO3pacTaHHUIO
WM yObIBaHHIO) JO TOYKH, B TIOJOBUHE
JUIMHBI ~ PEIIeTKH. A Takke MOXKeT
W3MEHATHCS JIMHEHHO ¢ JUIMHOM peleTKu HITN
MOTyT  OBITb  KBajpaTHbIMU.  [lpyroii
aJIbTepPHATHBOMN SBIISIETCS W3MEHEHUE
CpeIHero 3¢ (HeKTUBHOTO MoKazarTess
MIPEIOMIIEHUS 110 JUIMHE PELIETKH, YTO MOXKET
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ObITb ~ JOCTUTHYTO  IIyT€éM  W3MEHEHHMs
aAMILIUTY b npous IIOKa3aTenst
IIPEJIOMIIEHUS MOAYIALUH, 1100

CY)KAIONIETOCsICA BOJIOKHA B 00JACTH JJIMHBI
pemieTku. PasHble UIMHBI BOJIH OTPa)kKaroTCs
OT PpPa3HbIX YYACTKOB pPCHICTKH, HMCIOIUX

pa3HbIi TIEPUO/T; JUTHHHBIE BOJTHBI
OTPaXaTCSI OT ydacTKa C  OOJBIINM
NEPUOJIOM, KOPOTKHE BOJHBI  MPOXOJST

OOJNBIINI MyTh M OTPAXKAIOTCS OT 00JacTH ¢
MajbIM 1mepuonoM. B pesymerare sroro,
HECMOTpPS. Ha pa3Hble CKOPOCTH JJIMHHBIX U
KOPOTKMX BOJH, @ TaKKe HMPOWICHHBIE MMHU
paccTrosHusA, BpeMsA HX I[PUXOJa K IIYHKTY
Ha3HAYECHUS OJINHAKOBO.

brmaromapss cBOMM XapaKTEpHUCTHKaM,
YUPIHUPOBAaHHBIE  PEIIETKH MOTYT  OBITh
UCIIOJIb30BaHbI, TJIABHBIM 00pa3oM, B cdepe
TEJICKOMMYHHKAINH, T/Ie OHH HCIIOJIB3YIOTCS
AJi1  KOMIICHCAalMK JUCIICPCUM  IJid  TOTO,
9TOOBI CKaTh MMITYJIbCHI, PACIIUPUBIINECS B

TE€UYEeHUE BpPEMEHU pacnpocTpaHeHusl.
[IupoKoIoI0CHbIE YUPITUPOBAHHBIE PELIECTKU
TakK€ MOI'YT OBbITb HCIOJIb30BAaHbl  JUIS

MO/ABJICHUS] HEMOIVIOUIEHHOM HaKauykud B
9pOMEBOM YCHIIUTEIC W BBIPABHHBAHHS €O
CIEKTpa.

Haknonnast pemerka bparra. 1990
rony G. Meltz u ap. 6bu1HM IEPBBIMH, KOTOPHIE
BBEIIM HakJIOHHBIE pemerku [9]. Haxnon
IJIOCKOCTH IITpUXa MO OTHOIICHHIO K OCHU
BOJIOKOHHOTO  CBETOBOJIa  MPUBOIUT K
¢ dekTHBHONW CBSI3U € OOONOUYEYHBIMU U
U3IIYYAIOIIMMU MOJAaMU M, TakuM oOpa3zoM,
dbopmupyer Y3KOIOJIOCHBIN bunbTp
MOTJIOIICHMS, KOTOPBIA HCIONB3YEeTCS ISt
MO/IABJICHUS] HEKENATENIbHOIO H3IYyYeHHUs B
pe3oHaTopax  BOJOKOHHBIX  JIa3€pOB M
CIJIAKMBAHMS CHEKTPOB JIIOMHHECIIEHIIUU U
YCUJICHHS.

DTO CTPYKTypa, B KOTOPOH IJIOCKOCTh
pemetku bparra He mepneHAMKYISApHA OCH
BOJIOKHA, HO 00pa3yeT yroy THnU4HO 45°.

HakiioHHbIE BOJIOKOHHBIE — PEIIETKH
Bbparra (HBPB) wmoryr wucnonb3oBatbcs B
KaueCTBE YYBCTBUTEIBHBIX DJIEMEHTOB IS
U3MEPEHUS PA3IUYHBIX PU3NISCKUX BETUUHH.
OnauM u3 X HanboJee NHTEPECHBIX CBOMCTB
SIBIISIETCSL CIIOCOOHOCTh M3MEPSATh MOKa3aTeib
npenomiieHus: okpyxatouieit cpenst (I1IIOC)
nyreM  HaOMIOJeHWS 32 TOBEJCHUEM
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o6omnouku. [Ipumenenne HBPb B m3mepenun
nokazatenst npenomienus (III) mo3Bosser

JOCTHYb  BBICOKOW UYyBCTBHTEIBHOCTH U
HOBTOpSIeMOCTI/I HpI/I COXpaHCHI/II/I
OTHOCHTEIIbHO HHM3KOW YyBCTBUTECIBHOCTH K
IIEPEKPECTHBIM TIOMEXaM. Haknonueie
pemieTkd  bparra  COXpaHSIOT IMOYTH BCE
MPEUMYIECTBA  JATYAKOB  HA  OCHOBE
TPAAWIIMOHHBIX  PEIIETOK,  TaKMX  Kak
CIIOCOOHOCTD IACTAHITHOHHOTO
30HAMPOBAaHUS, W  HCIHOJB3YIOTCA IS

CO3JIaHUSl MHOIONapamMeTPUUYECKUX JaTYUKOB
YpE3BBIYANHO MaJIOr0 Beca WU pa3Mepa, 4To
MO3BOJISIET BCTPAMBaTh WJIA HPUKPEIUIATH
JAaTYMKA K  TPOBEPEHHBIM  CTPYKTYpaM.
N3menenusa IIII oxas3piBalOT BIMSHUE HA
cruektp nepenaun HBPbH npu ycnosum, uro
HCCIeAyeMoe BEIIECTBO OyAeT OXBaThIBaTh
000JIOUKY CEKIIMH ONTHYECKOro BOJIOKHA C
YyBCTBUTEIBHBIM 3JIEMEHTOM. B pe3ynbTaTe
Ha MOJIbl, paCIpOCTPaHSIOIINECS Ha TPaHULE
MEXTy 000JIOYKOW BOJIOKHA M OKPYKAFOIIUM
BEUIECTBOM, OYAYT BIHATH HU3MEHEHUS
nokazarens npenomienus. HBPb oGnanator
YHUKaJIbHBIMU CHOCOOHOCTSIMU K
BOCIPUSTHIO.

[Tockonbpky moka3zaTesnb MPEeTOMIICHUS
CEepAUECBUHBI BBIIIE, YEM CaMblidi BBICOKUH
3¢ deKTHBHBIN MOKa3aTelb MOJ 00OJIOYKH, Ha
STH BOJIOKHa MPOCTO HAIMpPaBUTh CBET OT

ITOJTHOT'O BHYTPEHHETO OTpaKEeHHUS.
Ocob6ennocts HBPB cocTout B TOM, 94TO OHHU
YYBCTBUTEJIHHBI K OKpYKaroIeMy
MOKA3aTeII0 TMPEJIOMIICHUS BHE PEIICTKH,
Onmarogaps KOTOPBIM OHU MOTYT

(bYHKIIMOHHPOBATh Kak pedpakTomerpsl [7-9]
u koHuenrtpatopsl [10, 11]. HBPB, koropsie
UMEIOT OOJbIIME YIJIbl HAKJIOHA, TaKke
YYBCTBUTEJIbHBl K COCTOSIHUIO TOJISIPU3ALIAN
uHuuAeHTa cer. CienoBaTeslbHO, OHU MOTYT

CILY’)KUTb MOJIIPUMETPaAMHU [12-14],
JaTYNKaMU CKpyuuBaHus [15] u 3aBucsammuMu
OT  TOJSIpU3alUMM  [OTepH  TeMOpamu
3ByKa [16].

OCHOBHBIM TMapamMeTpPOM, BIUSIOIIUM
Ha CHEKTPaJbHBIM XapakTep HaKJIOHHOU
peLIeTKH, SBIISIETCS yroi HaKJIOHa

IUIOCKOCTEN MOJYJISIMA. Y BEJIWYECHHE Yriia
03HAYyaeT, YTO CHEKTpP MOKa3bIBaeT MOTEpHU
MOIIIHOCTHU JIs1 pe)KI/IMOB MAaHTHUHU Ha BCEC
0oJee KOPOTKUX JJIMHAX BOJH.
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Cnextp mnponyckanus HBBP T(RA)
COACPIKUT NCCATKH CIICKTPAJIbHBIX ITPOBAJIOB,
HOJYYEHHBIX U3 MOJA 000J0YKH. Yroa
HAKJIOHA OIpENENseT, Kakue MOJbl OyayT
BUAHBI B CHEKTpe M C  Kakou
HWHTCHCUBHOCTBIO. HOH BIIMAIHHUECM BHCIIHHX
U3MEHEHUH HIOKa3aTes IIPEIOMIICHHUS
HU3MCHAIOTCA KakK aMIIMTy[da, TaK W JJIMHA

JaTYUKH Ha OCHOBE BOJIOKOHHBIX PEIICTOK

Bparra OTJIMYaKTCs OIICPaTUBHOCTHIO,
I/IH(bOpMaTI/IBHOCTBIO u AOCTOBCPHOCTBIO
BbIJIaBaCMbIX napameTpoB, KOTOPELIC

HEOOXOIUMBI JJIi IPUHATHS pEIleHUH Ipu
HCCIIEA0BAHUM YPE3BBIYAMHBIX CUTyallM Ha
IPOMBIIIJIEHHbIX 00bekTax. MccnenoBanus
IIpOBOJAMINCH B  paMmkKax Impoekra ['D

BOJIHBI CIIEKTPaJIbHBIX JIMHUM. NeAP09259547 «Pa3paboTka CHCTEMBI U3
3akiroueHue. pacnpeesIeHHbIX BOJIOKOHHO-ONTUYECKUX
[IpuMeHeHnEe BOJOKOHHO-ONTHMYECKHUX  JIATYUKOB HAa OCHOBE BOJIOKOHHBIX PEIIETOK

JATYMKOB JUIsi MOHMTOpUHra coctosinus — bparra JUISL KOHTPOJIS COCTOSIHUSI

Pa3JIMYHBIX MPOMBIIUIEHHBIX KOHCTPYKIIMH B CTpPOMUTENbHBIX KoHCTpykuuit» MHWBT KH

HACTOsILIEE BpeMs SIBIIIETCSA BecbMma  MOH PK.
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ASSESSMENT OF THE PROSPECT FOR THE USE OF RENEWABLE ENERGY
SOURCES IN THE WORLD AND KAZAKHSTAN

Annotation. The world energy industry today is at a new stage of development, which is
characterized by the strengthening of integration processes, the development of new technologies
in the field of extraction and production of energy resources. The energy sector of Kazakhstan
was designed with the understanding that it was part of the energy sector of the Soviet Union.
Today Kazakhstan follows international development trends in the field of energy. To make a
reliable forecast of the Kazakhstani energy sector, it is necessary to look at the global processes
in the development of the world energy industry. There are several organizations that have this
information. These are the International Energy Agency (IEA), the UN, the World Bank, large-
scale international companies, etc. In forecasting energy consumption in Kazakhstan, as part of
the Eurasian Economic Union (EAEU), it is important to look at the forecasts for the EAEU
member countries. This article provides basic information on forecasting the growth of
electricity consumption in the world and in Kazakhstan, based on various sources. It also
provides a comparative analysis of the use of various sources of electrical energy. A detailed
analysis of the energy sector of Kazakhstan and the prospects for the use of renewable energy in
Kazakhstan are considered.

Keywords: wind turbine, energy resources, electric energy, forecast of electricity use,
Renewable sources, traditional sources

The key indicator for forecasting an indicator as an increase in energy
energy consumption is energy demand, which ~ consumption per capita can be considered as a
directly depends on the quantitative indicator  key indicator of improving the quality of life
of the population. However, there are other  of people and their well-being. This is the
important factors that affect obtaining a  case when the result of the country's economic
reliable forecast. This is the economic  development works to improve the living
situation in the country as a whole, and such  standards of consumers.
indicators as energy consumption per capita, As for the intensity of electricity use
energy intensity, human factor, the qualitative ~ per unit of GDP, it directly affects the
composition of the population by professional ~ progress of technological development. Thus,
preferences, occupation, etc. After all, as you it can be seen that three key indicators should
know, all these details can also significantly  be taken into account. (According to the latest
affect the energy consumption of a particular ~ UN forecasts, in 2040 the world population
category of the population. In addition, such  will reach 9.1 billion people (Figure 1) [1].
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Figure 1 - Forecast of world population growth according to UN data

Africa, Asia and India will provide the
most significant population growth (83% and
33%). So, Asian countries will be the most
populous and therefore have the highest
energy demand (Figure 2). Technological
advances will undoubtedly have an impact on
the energy sector.

The most urgent problem in the real
energy sector is the problem of energy
conservation. This problem has both
economic and environmental components as
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the driving force for innovation. There are
many predictions based on the assumption
that there will be no technological revolution
in the energy sector in the near future. The
energy intensity of GDP per capita is expected
to decrease by almost 1.5 times by 2040
(Figure 3). But due to population growth, total
electricity consumption will grow (Figure
1.4). Energy consumption per capita is a key
factor in the quality of life, and this figure will
rise from 1.88 to 1.92 per person.

B India
»m China
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m EU
QECD
m others

5

5 I
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Figure 2 - Energy consumption by region [4]
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Figure 3 - Dynamics of energy intensity of GDP [3]

It is also important to consider the
forecast of the structure of energy
consumption in the world. Environmental,
economic issues and technical breakthroughs
in the industry of certain energy sources will

1.83
192

Energy consumption per capita

change the pattern of energy consumption
over several decades. The share of
hydrocarbons will be reduced and a large
increase in renewables and nuclear energy is
expected (Figure 5).

1.9
1.8
1.80
1.88
187
1.86
1.85
2013 2020 225 20H0 2005 20

year

Figure 4 - Energy consumption per capita
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Figure 5 - Structure of energy sector consumption by fuel type. BP forecast [4]
Consider the forecast of the structure  necessary to install additional power plants

of energy production in the world. Due to the  (Figure 6).
growing demand for energy consumption, it is
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Figure 6 - The structure of production in the energy sector according to the BP forecast [4]

The share of renewable energy
sources will also grow (Figure 7)
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Figure 7 - Structure of production in the energy sector according to the US Energy Information
Administration (EIA) [2]

Speaking about the forecast of energy
production and consumption in the EAEU
countries, we can say that Kazakhstan was
one of the founders of the Eurasian Economic
Union (EAEU), which was created in 2014
[5]. In contrast to the global demographic

188
188

population, min

2

growth, population growth in the EAEU
countries is expected to decrease in 2030—
2040. (Figure 8). However, population decline
does not affect the growth of energy
consumption in the EAEU countries
(Figure 9)
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Figure 8 - Forecast of the EAEU population according to the data of the Research
Institute of Energy of Russia [3]
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Thus, the level of energy consumption  modern technologies and the implementation
per capita will reach 5.15 TOE per person  of energy efficient programs in the EAEU
(Figure 1.9). Which is much higher than in the  countries will lead to a decrease in the energy
world (1.92). Thus, an increase in the quality  intensity of GDP (Figure 10).
of life is expected in the region. The use of
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Figure 9 - Dynamics of energy consumption per capita in the EAEU [3]
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Figure 10 - Dynamics of energy intensity of GDP in the EAEU [3]
The availability of natural resources in ~ the most demanded energy source in the

the region will be reflected in the structure of  EAEU (Figure 11).
primary energy consumption. Natural gas is
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Figure 11 - Structure of consumption of the energy sector by fuel type in the EAEU according to
the Institute of Energy Research of the Russian Academy of Sciences [3]

Energy sector of Kazakhstan

Figure 13 shows that both
consumption and production of electricity are
growing steadily. Objects of the energy sector
of Kazakhstan in percentage terms are shown
in Figure 14. In total, 63 power plants are in
operation today. The basis of the electric
power industry in Kazakhstan is made up of
large coal-fired power plants (Ekibastuzskaya
GRES (GRES) 1 - 4 million kW, Aksu GRES
- 2.1 million UAH kW, Zhambyl GRES - 1.2
million kW, Ekibastuz GRES-2 - 1 million

1990 2000 2006 2007 2008

2009 2010

kW ). The group of the largest hydroelectric
power plants includes: on the Irtysh River
Bukhtarminskaya HPP - 0.7 million kW, Ust-
Kamenogorsk HPP - 0.3 million kW and
Shulbinskaya HPP - 0.7 million kW, on the Ili
River Kapchagayskaya HPP - 0.4 million kW.
KW. The largest thermal power plants that
provide heat and electricity to large industrial
enterprises and nearby settlements include:
Pavlodar thermal power plant (TPP),
Shymkent TPP, Balkhash TPP, Rudnenskaya
TPP and others

M Production

W Consumption

2011 2012 2013 2014 2020 Years

Figure 13 - Dynamics of production and consumption of electricity in the Republic of
Kazakhstan during 1990-2020
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renewable energy 0.5%

Figure 14 - Structure of the installed capacity of power plants in Kazakhstan

A fairly powerful energy system was
created in the Soviet era, based on the
maintenance of energy-intensive industry,
mining and primary processing of raw
materials (in particular, the production of
aluminum, ferroalloys, copper). Despite the
fact that consumption in the 1990s fell by
half, the balance of electricity remained in
deficit: the volume of imports amounted to
37% of the total consumption. Only since

2002 has the import of electricity ceased to
exceed export for the first time. For example,
in 2010 Kazakhstan imported 6.2 billion kWh
of electricity (Table 1), Including 4.6 billion
kKWh from Russia and 1.6 billion kWh from
Kyrgyzstan. Russian electricity is supplied to
consumers in Western Kazakhstan, while
Kyrgyz electricity is supplied to consumers in
the southern regions of the country.

Table 1 - Export and import of electricity, billion kWh

year 2005 2006 2007 2008 2009 2010
import 3,5 4,0 3,4 2,8 1,7 6,2
Export 3,6 3,7 3,3 2,5 2,4 47
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Renewable energy sources and their
prospects in Kazakhstan

The concept of a "green” economy is
in force in Kazakhstan, and a draft law has
been created to date, where a plan for the
development of renewable energy has been
developed. In accordance with this concept,
the share of renewable energy in the country
by 2020 will be 3% of the total electricity
production, and by 2030 it should be 10%, by
2050 - 50%. This forecast is based on the
available potential of alternative energy
sources. Thus, the potential of solar energy is
3000 hours of sunshine per year, the energy of
the wind flow was estimated at 920 billion
KWh per year, and the potential of
hydropower is 62 billion kWh per year [1].
Also in 2009, the law “On Supporting the Use
of Renewable Energy Sources” [2] was
approved, this law is aimed at supporting the
use of alternative energy sources in the
generation of heat or electricity. There are 99
renewable sources in Kazakhstan as of May
2020, including:

- SES - 37,

- WPP - 21;

- BioES - 4;

- HPP - 37.

The total capacity is 1,361 MW,
including:

- SPP - 797.6 MW;

- WPP - 335.9 MW;

- BioPP - 2.82 MW;

- HPP - 224.6 MW.

The total electricity generation from
renewable energy sources in 2020 amounted
to 2.4 billion kWh, which corresponds to
2.3% of the total electricity generation in the
Republic of Kazakhstan. The Ministry of
Energy of the Republic of Kazakhstan expects
continued growth in the production and
consumption of electricity in the country.
Thus, in the next five years, the average
growth rate of electricity consumption will be
2% and will increase from 110.1 billion kWh
in 2020 to 120.9 billion kWh in 2025,
According to the Ministry of Energy of the
Republic of Kazakhstan, the average annual
growth rate of electricity production in 2020-
2025 will be 3%. As a result of lower
consumption, the excess supply of electricity

132

over this period will grow by 123%, or an
average of 17.5% per year, to 14.1 billion
kWh, compared with a surplus of 6.3 billion
kKWh in 2020 year. By 2025, 28% of all
electricity production will come from plants
commissioned between 2020 and 2025, which
indicates the need for additional capital
investments in this industry. At the same time,
19% of the stations planned for
commissioning will be renewable energy
sources. 12.7 billion tenge in dividends paid
by KEGOC to its shareholders in June 12.7
billion tenge in dividends paid by KEGOC to
its shareholders in June

The question of increasing their own savings
for many is becoming more and more . The
demand for maximum electrical load from
2020 will increase from 18,205 MW to 20,262
MW in 2025. The total installed capacity of
the power plant in Kazakhstan over this
period will grow by 13.2% from 23,867 MW
in 2020 to 27,017 MW in 2025.

Conclusion.

Thus, two main opposite processes:
population growth and GDP energy intensity
affect future energy consumption and
electricity production in the world and the
EAEU, which includes Kazakhstan. As the
charts discussed in this section show, the
demand for energy will continue to grow. The
challenge for the energy sector is to increase
electricity production as required. According
to forecasts of power engineers, most of the
energy potential is still in hydrocarbons.
However, unstable prices, an unclear political
situation in the world [7], as well as the
deterioration of the environmental situation,
the acceleration of the involvement of other
energy sources, the development of the
nuclear industry insistently dictates that
mankind is already today turning to renewable
energy sources, which in the near future will
at least partially contribute to the replacement
of hydrocarbon energy sources. If we talk
about the potential of Kazakhstan in this
matter, then it is great. The republic has a real
opportunity to use wind and solar energy,
geothermal energy, the energy of small rivers
(small hydroelectric power station), etc. The
growing demand for energy resources and
environmental restrictions lead to the need to
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take measures to develop renewable energy  analysis both from the standpoint of the
sources, in particular, the construction of  technical capabilities of the energy system
small hydropower plants, as well as wind  implementation, and from the point of view of
farms. However, the issue of introducing  considering the economic aspects.

renewable energy sources requires careful
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ASSESSMENT OF THE PROSPECT FOR THE USE OF RENEWABLE ENERGY
SOURCES IN THE WORLD AND KAZAKHSTAN

Fazylova Alina Rinatovna, doctoral student, Satbayev University, Almaty, Kazakhstan,
sharf_06@inbox.ru

IJIEMJETIT )KOHE KASAKCTAHJA /KAHA KYATTbBI DQHEPT'USA KO31EPIH
HNAHUJAJTAHY NEPCIEKTUBAJIAPBIH BAFAJIAY

da3piioBa AnuHa PunaroBHa, gokrtopant, CorTOacB yHUBEpPCHTETi, AJIMATHI,
Kaszaxkcran, sharf _06@inbox.ru

AHHOTalusl. OJEMIIK DSHEPreTUKANBIK HMHAYCTpUs  OYTriHAE  HMHTErpanusbIK
npolecTep/IiH KYLICI0IMEeH, )KaHaHbIH 1JaMybIMEH CUIIaTTaIaThIH 1aMY/bIH jKaHa CaTBICBIHIA TYP
SHEpPrusl pecypcTapblH OHIIPY MEH OHAIpY cajachlHIarbl TexHoJjorusiap. KazakcTaHHbBIH
SHEpreTUKaNbIK ceKTopbl KeHec OaFblHBIH YHEPreTHKAIBIK CEKTOPBIHBIH Oip Oeiri ekeHiH
TyciHin kacanrad. byriage Kazakcran »sHepreThka canachlHIAFBl XalBIKAPAIBIK —JdaMy
TEH/ICHIMSUIapbIH ycTaHa bl Ka3akcTaHIbIK dHEPreTHKaNbIK CEKTOPFa CeHiMl OoynkaM jkacay
YIIIH QJ€MJIIK 3HEpPreTUKaJblK WHIYCTPUSHBIH AaMybIHIAFrbl kahaHABIK yAepicTepal Kapay
KaxeT. byn akmapatka une OipHemie yiibiM 0ap. byn XanbslkapasiblK HEPreTUKAIbIK areHTTIiK
(XDA), bBYY, JlyHuexysunk OaHK, ipl XalbIKapaJiblK KoMmaHusiaap xoHe T. EADO -ra myiue
enjepre apHairaH OoipkaMm. bynm Makanana op Typii Ke3depre cyileHe OTBIPBIN, dJIeMAe >KoHE
Kazakcranaa s5neKkTp SHEprusiChblH TYTHIHYABIH 6CYIH 00JKay Typajbl HET13r1 aKknapaT OepiireH.
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On coHbIMEH KaTap 3JEKTP PHEPIHUsCHIHBIH 9p TYPJl Ke3[epiH MaiaiaHyAblH CalbICThIPMAIIbI
TaJlJayblH YCbIHa/bl. Ka3aKCTaHHBIH SHEPreTUKANBIK CEKTOPBIHBIH €IKEeH -TerKeilsli Tangaysl
meH KazakcTrana >xaHapThUIaThIH HEPTUSHBI MaliJananyablH OoJlalarbl KapacThIPbUIIL.

Tyiinai ce3gep: xen TypOMHACKHI, SHEPTUSl PECYPCTaphl, AJIEKTP IHEPrHSCHI, IIIEKTP
SHEPTHUACHIH Naiianany 00KaMbl, )KaHAPTHUIATBIH KO3J1ep, T9CTYPIIi Ko3aep

OIEHKA INEPCITEKTHUBBI UCITIOJIb3OBAHUA BO3OBHOBJISAEMbBIX
NCTOYHUKOB S9HEPI'MHA B MUPE U KAZAXCTAHE

®da3piioBa AnuHa PunatoBHa, 1oktopaHT, yHuBepcuTeT CarnaeBa, AJiMaThl,
Kazaxcran, sharf_06@inbox.ru

AHHoOTanusi. MupoBasi SHEpreTHMka CErojJHs HAaXOJUTCS HAa HOBOM 3Tale pa3BUTHUSA,
KOTOPBIH XapaKkTepu3yeTcs yCUICHUEM UHTerpallMOHHbBIX IIPOLIECCOB, OCBOEHHEM HOBBIX

TEXHOJIOTUU B 00JacTh JOObIMM M IPOU3BOJCTBA HHEPrOPECYpPCOB. DHEPreTUUECKH
cekTop Kaszaxcrana co3aBajicsi ¢ y4eTOM TOTrO, UTO OH OBLI YAaCThIO YHEPIETUUECKOr0 CEKTOpa
Coserckoro Cotro3a. Cerogus Kazaxcran ciemyeT MUPOBBIM TCHICHIMSM pa3BUTHS B cepe
sHepreTukd. UroObl caenaTh JOCTOBEPHBIM MPOTHO3 PA3BUTUS Ka3aXCTAHCKOW SHEPreTHKH,
HEOOXOMMO B3IJIIHYTh Ha TJIOOAJIbHBIE MPOIECCH B PAa3BUTHHA MHPOBOM 3HEpreTWku. EcTh
HECKOJIbKO ~OpraHu3aluii, y KOTOpBIX ecTb A3Ta HH(popMamus. OT1o MexayHapogHoe
sHepreruueckoe areHTcTBO (MOA), OOH, Bcemuphblii 0aHK, KpyHmHBIE MEXIyHapOJHbIE
komrmanuu u ap. [lpu nporHo3upoBanuum sHepromorpebiieHuss B Kaszaxcrane B paMmkax
EBpasuiickoro s3xonomudeckoro coro3a (EADC) BakHO yUUTHIBaTh IPOrHO3bI I CTPaH-YJICHOB
EADC. B naHHOI cTaThe mpejcTaBiieHa OCHOBHAs MH(OpMAaIMs MO IPOTHO3UPOBAHUIO POCTA
noTpebIeHus AEKTPO3HEPrur B Mupe U B Kasaxcrane, ocHOBaHHasi Ha pa3JIMYHbIX UCTOUHUKAX.
Taxxke Jaercs  CpaBHMTENbHBIM  aHalIM3  MCIOJIB30BAaHMS  PA3JIMUYHBIX  MCTOYHUKOB
AIIEKTPOIHEPTUU. PaccMOTpeHbl MOApOOHBIA aHAIM3 SHEpreTudyeckoro cekropa Kaszaxcrana u
HEepCHEeKTUBBI UCII0JIb30BaHMsI BO30OHOBIIIEMBIX HCTOYHUKOB 3Hepruu B Kasaxcrane.

KiroueBnie ciioBa: BECTpsAHAA Typ6I/IHa, OHEPIropeCypChI, JIJICKTPOSHEPIrusd, IPOIHO3
HCIIOJIb30BAHUSA 3JICKTPOSHEPI'H, BO300HOBJISIEMEIE HCTOYHHKHU, TPAAUTTHUOHHBIC UCTOYHUKU.
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CALCULATION OF THE PARAMETERS OF THE WIND TURBINE ROTOR EDDY
CURRENT SENSOR

Annotation. Eddy current sensors are used to measure shaft clearance in wind turbines
and to check that there is a thin film of oil in the clearance. In this case, the oil is usually applied
under pressure. Because the eddy current sensors are resistant to oil, pressure and temperature,
this allows them to operate reliably in these hostile environments. When the gap becomes too
large, a maintenance warning is generated. Eddy current sensors help detect axial and radial
deflection of the turbine shaft. Radial movement occurs when the shaft is off-center. Axial
movement indicates that the shaft is tilted relative to the central axis. Both cannot be eliminated
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completely. However, with significant deviations, increased bearing wear occurs. If such
situations are detected, the turbine should be shut down as soon as possible for maintenance,
even before an accident occurs. Finally, eddy current sensors are used to measure forces or
torques applied to the nacelle. These influences can be caused by vibration, wind loads or other
factors that, over time, can lead to the destruction of the entire structure. Eddy current sensors
can also be used to measure axial, radial or tangential deflection of clutch discs, which ensure the
safety of the rotor in the event of strong winds. This article provides a method for calculating an
inductive sensor. This calculation will allow you to correctly develop a wind turbine eddy

current sensor.

Keywords: Sensor, eddy currents, wind turbine, gap, inductance, reliability.

Sensors are elements of many
automation systems, with their help they
receive information about the parameters of
the monitored system or device. A sensor is
an element of a measuring, signaling,
regulating or control device that converts a
controlled value (temperature, pressure,
frequency, luminous intensity, electric
voltage, current, etc.) into a signal convenient
for ~ measuring,  transferring,  storing,
processing, recording , and sometimes to
influence them on the controlled processes
[1]. An inductive sensor is a parametric-type
converter, the principle of which is based on a
change in the inductance L or the mutual
inductance of the winding with the core, due
to a change in the magnetic resistance RM of
the magnetic circuit of the sensor, into which
the core enters. Inductive sensors are widely

used in the industry for measuring
displacements and cover the range from 1 um
to 20 mm [2].

Inductance is an idealized element of
an electrical circuit in which the energy of a
magnetic field is stored. The storage of the
energy of the electric field or the conversion
of electrical energy into other types of energy
does not occur in it.

The closest thing to an idealized
element inductance is a real element of an
electrical circuit an inductive coil. In contrast
to inductance, an inductive coil also stores the
energy of the electric field and converts
electrical energy into other types of energy, in
particular into heat. Quantitatively, the ability
of real and idealized elements of an electric
circuit to store the energy of a magnetic field
is characterized by a parameter called
inductance. Thus, the term “inductance" is
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used as the name of an idealized element of an
electric circuit, as the name of a parameter
that quantitatively characterizes the properties
of this element, and as the name of the main
parameter of an inductive coil.

The principle of operation is based on
changes in the amplitude value of oscillations
of the generating unit when an object of a
certain size enters the active zone of the
device. In the process of supplying power to
the end switch of the equipment, a changing
magnetic field is formed in the area of its
sensitive part. It induces eddy currents in the
material located in the working area of the
sensor, leading to a change in the amplitude of
electromagnetic oscillations.

As a result, an output signal will begin
to be generated, which in the process may
vary depending on the actual distance
between the device and the object under
control.

This article discusses a method for
calculating an inductive sensor. The principle
of operation of such a sensor is based on a
change in the oscillation amplitude of the
generator when a metal, magnetic,
ferromagnetic or amorphous material of a
certain size is introduced into the active zone
of the sensor. The main performance
characteristics of inductive position sensors
are: response range, degree of
protection,  operating temperature and
response frequency [3].

A single inductive sensor was taken
(figure 1), the operation of which is based on
the property of a choke with an air gap to
change its inductance when the value of the
air gap changes. The inductive sensor consists
of a yoke 1, a winding 2, an armature 3 - held
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by springs. An alternating current supply
voltage is supplied to winding 2 through the
load resistance Ru. The current in the load
circuit is defined as [4]:

U
J(Rgtrg V- Hwl)”

1)

where rq is the active resistance of the
choke;
L is the inductance of the sensor.

f?/i

— =
&
TP 2 !
U” (]
B
Rx
O
Uewx 4

Figure 1 - Schematic of an inductive sensor

Because the active resistance of the
circuit is constant, the change in current I can
only occur due to a change in the inductive
component XL = IRy, which depends on the
size of the air gap 6. Each value of &
corresponds to a certain value of I, which
creates a voltage drop across the resistance
Ru: Uout = IRy - is the output signal of the
sensor. It is possible to derive the analytical
dependence Uout = f (8), provided that the gap
is sufficiently small and the scattering fluxes
can be neglected, and the magnetic resistance
of iron R can be neglected in comparison with
the magnetic resistance of the air gap Rm [4]

In order to analyze the operation of the
inductive position sensor, the finite element
analysis (FEA) software package of the
COMSOL Multiphysics environment was
used to create a frequency-dependent model
of a planar inductor. In order to analyze the
performance of the inductive sensor, the FEA
software package of COMSOL Multiphysics
was used to create a frequency-dependent
model of a planar inductor. circuit board -
PCB). Planar coils can be of different
geometric shapes: square, rectangle or
circle.The model also includes a sensor
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activator (in this case, in the form of a
diamond), which is made from a thin copper
plate and is located at a height of 0.2 to 0.3
millimeters above the plane of the coil. It can
move, or slide, horizontally along the surface
of the planar coils. It should be noted that
although the activator is free to move
horizontally, the vertical distance is fixed.
When a copper activator approaches a planar
coil, eddy currents generated in it reduce the
inductance of this coil. In general, an
inductive sensor can be thought of as a lossy
transformer, or with loosely coupled primary
and secondary windings, and an air gap.

The simulation helps to visualize the
real functionality of the eddy current sensor
by determining the change in inductance of
the planar coils in relation to the movement of
the copper activator over their surface. In the
sensor, the change in the horizontal Xoff
coordinate correlates with the physical change
in the position of the copper activator relative
to the coils. Usually, the Xoff position of the
activator serves as a signal to suspend or
completely stop the transmission (if we are
talking about a wind turbine gearbox), but in
this simulation this means only the maximum
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reduction in the inductance of the planar coil. ~ Xoff position, the maximum suppression of
In these graphs, Xoff = 0 represents the center  inductance occurs. Figure 2 illustrates how
of the planar coil. At this point, the inductance  sliding a copper activator with a fixed vertical
should be at its lowest value, because at the  gap causes inductance changes at 10 MHz.

195 1
190+
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160
155
150 |
145 ¢
140
135
130 |
125

mf.intWm*4/(mf.lport_1)~2, Domain Probe 1

120 |
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105

100 |

mf.intWm*4/mf.lport_1~2 (nH), Domain Probe 1

Top: Change in coil inductance (nH) versus horizontal position Xoff (mm) of a copper activator
for a single-layer planar coil. Bottom: Change in coil inductance (nH) versus horizontal position
Xoff (mm) of a copper activator for a two-layer planar coil.

Figure 2 — Change in coil inductance
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In accordance with Figure 2, a sensor  which are presented in
was  selected, the initial data of Table1.
Table 1 - Initial data
8s1, MM 852, MM 8s3, MM Sm, mm? n
0,3 0,5 60 15500
The inductance of the sensor is Lo = (2/0,0005)*3,14*

calculated using formula 1.

L = 2/8,*n*n?*Sp*107 )

15500%*0,06*107 = 18,1*10% '
Ls = (2/0,0007)*3,14*
15500%*0,06*107 = 12,9%10% I'n

From formula 1 it follows that : .
According to the calculation results,

L = (2/0,0003)*3,14*  table 2 is filled.
15500%*%0,06*10" = 30,2*10'" T'n
Table 2 - Calculation results
L1, 10" Gn L2, 10Gn L3, 10" Gn
30,2 18,1 12,9
Graph L = f (d8). This graph is shown in Figure 3.
35
30
25
20
15
10
5
0
0,0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8

Figure 3 - Graph of the dependence of the inductive sensor on the air gap
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According to the initial data the angular frequency, sensor inductance,
presented in Table 3, it is necessary to find number of turns, wire diameter.

Table 3 - Initial data

Sm, mm? 85, MM I, mA A, A/mm U,V f, Hz
400 3 20 3,5 220 400
The angular frequency of the The wire diameter is determined by
alternating current is determined by  formula 6.
formula 3.
d = V4*I~/(7*A) (6)
W = 2%*f (3)

Based on the above formulas, a
The inductance of the sensor is  calculation was made.
determined by the formula 4.
w = 2*3,14*400 = 2512 (1/s).
L=U~/(I~w) (4) L =220/(0,02*%2512) = 4,4 Gn.
n = V(4,4%0,003*10"7)/(2*3,14*0,4) = 230.
The number of turns is determined by  d= \/4*0,02/(3,14*3,5) =0,007 mm.

the formula 5.
The calculation results are presented in

n = V(L*8,*107)/(2*1*Sm) (5) Table 4.

Table 4 - Calculation results

w, 1/sec L, Gn n d, mm

2512 4,4 230 0,007

Thus, in accordance with the calculations, the optimal use of the sensor in a wind
generator is the TL-W5MC1 end inductive sensor (Figure 4)

Figure 4 — Limit inductive sensor TL-W5MC1
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Conclusion.

This article describes the principle of
operation, the main characteristics of the
inductive  sensor. The parameter was
calculated - inductance, inductive sensor.
Based on the calculation results, a graph of
the sensor inductance versus air gap was
plotted. Also, according to the initial data, the
parameters of the inductive sensor were

alternating current. According to the results of
the study, it can be concluded that for
measuring eddy currents, the selected sensor
with the initial parameters is suitable for its
use in a wind generator. When a metal object,
in this case, a gear tooth, approaches the
device, the magnetic field generated by the
built-in permanent magnet increases, which
leads to the induction of an alternating voltage

calculated, such as inductance, number of in the coil.
turns, wire diameter, angular frequency of
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CALCULATION OF THE PARAMETERS OF THE WIND TURBINE ROTOR EDDY
CURRENT SENSOR
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JKEJIJIIK TYPEUHA POTOPBIHBIH KYHUBIHIbBI TOKTAPBIHBIH
ITAPAMETPJIEPIH ECEIITEY

da3pioBa AanHa PunHatroBHAa,
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noktopaHT, CorbaeB yHUBEpCUTETi, AJMarThl,

AHHoTanus. KyibIHABI TOK AAaTYMKTEPl KeJl KOHJBIPFBUIAPBIHBIH OUIIK CaHbLIaybIH
eJIlIey YILIIH KOJIJaHbUIAbl )KOHE CaHblIay/a >KyKa Mailibl KaObIK O0ap -)KOFBIH Tekcepeai. by
JKar/jaiia Mai o[IeTTe KbICBIMMEH KoJiaHbuiafsl. KyWbIHIBI TOK CEHCOpJIAphl MaiFa, KbICBIMFa
KOHE TeMIlepaTypara Te3iMJIl OOJFaHABIKTaH, OyJl OJapAblH KOPPO3HSAJIBIK OpTaja CEHIMII
KYMBIC 1cTeylHe MYMKIHJIK Oepeni. CaHblaay ThIM YJIKEH OOJIFaH Ke3[€ TEXHHUKAJBIK KbI3MET
KepceTy Typalibl eckepTy Oepuieni. TypakTbl TOK ceHcopyiapbl TypOuHa OUTITiHIH OCBTIK jKOHE
pamuanabl aybITKYbIH aHBIKTayFa KeMeKTecendi. Paawanabl Ko3fajabic OUTIK OpPTajIbIKTAaH THIC
OonraH ke3ne naiga 6omanbl. OChTIK KO3FaNbIC OUTIKTIH OPTAIBIK OChKE KUCAFAHBIH OUTIIpeI.
ExeyiH ge TONBIK KO0 MYMKIH emec. AJaiifja, eleynii aybITKyJlap Ke3iHAe MOMBIHTIPEKTepIiH
TO3ybl maiina Oomansl. Erep MyHnail >karmaiimap aHbIKTauca, TypOMHaHBI XeHAEY YILUiH
MYMKIHJIT1HIIE Te31peK, TINTI anaT OpbIH ajiFaHfa JAeHiH /e elIipy KepeK. AKbIPbIHAA, KYWbIH/IbI
TOK CEHCOpJIapbl HacellbI'e KOJJAHBUIATBIH KYIITEpAl HEMEece MOMEHTTEpAl eJlley YIIiH
KoJaaHeanael. bynm ocepiep mipii, xenm Kykremeci Hemece Oacka (axTopiapAblH dcepiHeH
00JIyBl MYMKIH, OJIap YaKbIT ©T€ KeJie OYKUI KypbUTBIMHBIH OYy3blTybIHA 9KeTyl MyMKiH. CoHJail -
aK, KYWBIHJIBI TOK CEHCOpJapbl UTIHIC JUCKUIEPIHIH OCBHTIK, paguaibl HEMECe TaHTEHIUAJIbI
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ayBITKYBIH OJIIICY YIIiH KOJJIaHBUIYbl MYMKIH, OYJI KaTThI JKeJ Ke31H/I€ POTOP/IbIH KayIlncCi3airia
KaMTaMachl3 eTejli. bysl Makanajaa WHIYKTHBTI CEHCOPIBI ecentey dfici OepinreH. byn ecenrey
)K€ TYpOMHACBHIHBIH, KYHBIHIBI TOK JATYUTIH JYPBIC KYpyFa MYMKIHIIK Oepei.

Heri3ri ce3mep: ceHcop, KYHBIHIBI TOKTAp, el TypOUHACHI, CaHbLIAy, MWHIYKTUBTLIIK,
CEHIMAUIIK.

PACYET HAPAMETPOB JATYUKA BUXPEBOI'O TOKA
POTOPA BETPOBOU TYPBUHDBI

daspiioBa AnuHa PunatroBHa, 1oktopaHt, yHuBepcuteT CarnaeBa, AJiMaThl,
Kazaxcran, sharf_06@inbox.ru

AHHOTaUMA. BUXpETOKOBBIC NAaTYMKH HCIOJNB3YIOTCS JJIsi M3MEPEHHUs 3a3opa Baia
BETPSIHBIX TYpOMH M MPOBEPKH HAJIWYMs TOHKOW MACJSHOHW IJICHKH B 3a3ope. B atom cirydae
MacJI0 OOBIYHO HAHOCHTCS TIOJ JaBieHHEM. [10CKOIbKY BUXPETOKOBBIC JATYMKU YCTOHYHMBBI K
Macily, AaBJICHHIO M TEMIIEpaType, 3TO MO3BOJSIET UM HaJIe)KHO paboTaTh B ATHX arpecCUBHBIX
cpenax. Korma 3a30p CTaHOBHTCS CIMIIKOM OOJNBIIUM, BBIJACTCS MPENYNPEKICHUE O
TEXHUYECKOM O0CITYKMBaHUU. [|aTYMKU BHXPEBBIX TOKOB IOMOTalOT OOHAPYXHBATh OCEBOC U
paauanbHOEe OTKJIIOHCHHWE Bayia TypOWHBI. PanamanbHOE ABM)KCHHUE IPOMCXOJUT, KOTJa Ball
cMmemeH 1o 1eHTpy. OceBoe mepeMenieHHe O3Ha4yaeT, 4TO Ball HAKJIOHEH OTHOCUTEIBHO
neHTpanbHol ocu. O0a HE MOTYT OBITh YCTPAaHEHBI MOJHOCTHIO. OJHAKO TPH 3HAYUTEIHHBIX
OTKJIOHCHUSIX TPOUCXOJUT TOBBIINICHHBIH W3HOC TMOJALIMITHUKOB. EciaM Takwe cutyanuu
00HapYXUBAIOTCS, TYPOUHY CIIEIyeT KaK MOXHO CKOPEe OCTaHOBUTH JUISI OOCITYKHBAHHSI, JaKe
JI0 TOTO, KaK MpOW30iaeT aBapus. HakoHel, NaTYMKW BUXPEBBIX TOKOB HCIIOJIB3YOTCS JUIS
WU3MEPEHUS CHJI WIH KPYTSIIUX MOMEHTOB, IPHJIOKEHHBIX K TOHJIONIC. DTH BO3ACHCTBHUS MOTYT
OBITh BbI3BaHBl BHOpAIMCi, BETPOBBIMH HArpy3KaMu WIH JPYI'MMH (pakTopamu, KOTOpPBIE CO
BPEMEHEM MOTYT MPHUBECTH K Pa3pyIICHUIO BCel KOHCTPYKIIMU. BHXPETOKOBBIC JATUYUKH TaKKe
MOTYT MCIIONB30BAThCS TSI U3MEPEHHSI OCEBOTO, PAIUAIBHOTO WM TaHTCHIIMAILHOTO Mporuda
JIVICKOB CIICTUICHUS, 9YTO oOecrieunBaeT 0€30MacHOCTh pOTOpa B Cllydae CHIIBHOTO BeTpa. B aToi
CTaThe MPEJCTABICH METO/ pacyeTa MHIYKTUBHOTO AaTYUKA. DTOT pacueT MO3BOJIUT MPABUIBHO
pa3paboTaTh TaTYMK BUXPEBBIX TOKOB BETPSHOW TypOMHBI.

KiroueBble cioBa: [aT4MK, BHUXPEBbIE TOKHM, BETPAK, 3a30p, HWHAYKTHBHOCTS,
HaJ€KHOCTb.
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CALCULATION OF THE PARAMETERS OF THE WIND TURBINE ROTOR
TEMPERATURE SENSOR

Annotation. Today, all the processes associated with technology, mainly operate in
autonomous modes, so devices such as a temperature sensor are a must. Since technical progress
is taking place in industry and production by leaps and bounds, all equipment most often used in
various kinds of processes and work has an automatic principle of operation [1].
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However, for productive work, albeit automated units, it is necessary to comply with all
the exact indicators at which the device's performance will be the highest. These indicators
include values, namely the required, more precisely, the working pressure, speed, and
temperature. To prevent rapid wear and overload of automated equipment, the temperature level
must be measured. Of course, this is not done with a simple thermometer or thermometer. For
these purposes, special devices are used, such as temperature sensors. Wind power is one of the
most important renewable energy solutions. As a rule, wind farms are located far from
civilization, in remote regions - in hilly areas, on the sea coast [2]. These types of terrain are
chosen because wind energy becomes profitable only under conditions that allow obtaining the
maximum amount of wind throughout the year. However, the harsher environment calls for more
sophisticated wind turbines, usually consisting of towers, blades, hubs and nacelles. To ensure
control over all parts of the wind turbine, companies install controllers near the tower. A wind
generator controller, like a PLC, is the brain of any wind generator, providing control over the
system as a whole, the ability to generate reports and monitoring. The generator must be
controlled and programmed; without a controller, it couldn't work correctly. For this reason, the
controllers must be connected to a single system for remote monitoring, power generation
reporting, parameter monitoring and diagnostic maintenance [3].

This article provides an algorithm for calculating a temperature sensor for its correct
selection for a wind generator system, which will subsequently be used for a temperature control
system in a generator system.

Keywords: Sensor, temperature, wind turbine, gap, inductance, reliability.

Temperature is a physical parameter coated with glass. They are small flat sealed
that is measured in degrees. It is an essential discs that react relatively quickly to any
part of any measurement process. temperature change.

Areas requiring accurate Due to the semiconducting properties
temperature measurements include of the material, thermistors have a negative
medicine, biological research, electronics, temperature  coefficient ~ (NTC), ...
materials research, and thermal performance resistance  decreases  with  increasing
of electrical products. A device used to temperature. However, there are also PTC
measure the amount of heat energy that thermistors whose resistance increases with
allows us to detect physical changes in increasing temperature.
temperature is known as a temperature The dependences of resistance on
sensor. They are digital and analog. temperature are described by Steinhart-Hart

There are many different types of expressions.
temperature sensors. From simple on / off Advantages of thermistors:
control of a thermostatic device to complex a) high speed of response to
control systems of water supply, with the temperature changes, accuracy;
function of heating it, used in the processes b) low cost;
of growing plants. The two main types of c) higher resistance in the range from
sensors, contact and non-contact, are further 2,000 to 10,000 ohms;
subdivided into resistive, voltage and d) much higher sensitivity (~ 200
electromechanical sensors. The three most ohm / ° C) within a limited temperature
commonly used temperature sensors are range of up to 300 ° C.
thermistors, RTDs, and thermocouples. Temperature-resistance Sensors

A thermistor is a sensitive resistor (RTDs) are made of rare metals, such as
that changes its physical resistance with platinum, whose electrical resistance varies
temperature. Typically, thermistors are made with temperature.
of a ceramic semiconductor material such as Resistive temperature detectors have
cobalt, manganese, or nickel oxide and are a positive temperature coefficient and,
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unlike thermistors, provide high temperature
measurement accuracy.

The advantages of such sensors

a) wide temperature range from -200
to 650 ° C;

b) provide a high output for the drop
current;

c) are more linear in comparison with
thermocouples and thermocouples.

Thermocouple temperature sensors
are most commonly used because they are
accurate, operate over a wide temperature
range from -200 ° C to 2000 ° C, and are
relatively inexpensive.

A thermocouple is made of two
dissimilar metals welded together to produce
a potential difference over temperature. The
temperature difference between the two
junctions produces a voltage that is used to
measure the temperature (Seebeck effect).

The mathematical model in the case
of temperature sensors is the dependence of
resistance on temperature.

%r = A+ BIn(R) + C(In(R))?

The equation has parameters A, B
and C, which must be taken from the
specification for the sensor. Since we don't

: 1 1 R
=5 TE0GE)

1
T o

In this equation, only parameter B
remains unknown, which for an NTC
thermistor is 3950. The rest of the
parameters are already known to us:

TO is the room temperature in
Kelvin, for which the thermistor rating is
indicated; TO = 25 + 273.15;

Table 1 - Calculation results

Depending on the type of sensor, the
relationship between the values of resistance
and temperature can be expressed in a
variety of expressions, so the mathematical
model of the temperature sensor will be
valid only for this type of sensor.

Let's build a mathematical model for
a thermistor temperature sensor - B57164-K
472-J, 4.7 kQ, 5%, NTC.

Technical specifications:

- type -k164 (NTC);

- resistance at 250C - 4700 Ohm;

- accuracy - 5%;

- coefficient  of
sensitivity - 3950;

- operating
1250C.

The thermistor mathematical model
will be based on the Steinhart-Hart
expression:

temperature

temperature  -55

1)

need much precision, we can use a modified
equation (B-equation):

()

o

T is the required temperature, in Kelvin;

R is the measured resistance of the
thermistor in Ohmes;

RO is the nominal resistance of the
thermistor in ohms.

Based on this, we calculate the values of
the desired temperature and enter them in
table 1.

R,

Om 10 50 100 500 1000 2000 3000 4000 4500
556,68 | 453,75 | 420,29 | 353,26 | 332,64 | 314,29 | 304,47 | 297,86 | 299,13

T,K 05 85 25 2 14 53 24 72 18
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Using the data from the table, we will build
a graph of the dependence of resistance on
temperature (Figure 1).
600
'.__é
[
500
400
300

200

100

0 500 1000 1500

ISSN 1609-1817
DOI 10.52167/1609-1817

2000

The Bulletin of KazATC
vestnik.alt.edu.kz

2500 3000 3500 4000 4500

R, Om

5000

Figure 1 - Graph of resistance versus temperature

To study the thermistor temperature
sensor, we will assemble a circuit by
connecting the midpoint of the voltage
divider to the analog input of ArduinoUno
A0 according to the schematic diagram The
value of the resistor in the upper arm of the
divider is taken close to the resistance of the
thermistor, in my case the resistance of the
thermistor is 4700 Ohm, respectively, we
take the resistance of 4660 Ohm from the
series connection of resistors: 4 resistors for
1kOhm and 3 resistors for 220 Ohms.To
calculate the temperature, we will use the
modified Steinhart-Hart equation expression
(2) (Figure 2).

Listing:

#define B 3950 #define SERIAL_R 4660
#define THERMISTOR_R 4700

#define NOMINAL_T 25

const byte tempPin = AO;

void setup() {

Serial.begin( 9600 );
pinMode( tempPin, INPUT );
}
void loop() {
int t = analogRead( tempPin );
floattr=1023.0/t-1;
tr=SERIAL_R/ tr;
Serial.print("R=");
Serial.print(tr);
Serial.print(", t=");
float steinhart;
steinhart = tr / THERMISTOR_R; // (R/Ro)
steinhart = log(steinhart); // In(R/Ro)
steinhart /=B; // 1/B * In(R/Ro)
steinhart += 1.0 / (NOMINAL_T + 273.15);
/] +(1/To)
steinhart = 1.0 / steinhart; // Invert
steinhart -= 273.15;
Serial.printIn(steinhart);
delay(100);

}
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R1

Arduino A0
NTC

Figure 2 - Schematic diagram

Table 2 - Dependence of resistance on temperature

R,Om | 4490 | 4490 |4525 |4490 |4490 |4525 |4508 |4508 |4525 |4525

T,°C |26,03 | 26,03 | 2585 |26,03 |26,03 |2585 |2594 |2594 |2585 |25,85

We compile the sketch, take readings

of resistance and temperatures (Table 2). Using the obtained values, we will build a
graph of the dependence of resistance on
temperature
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Figure 3 - Graph of resistance versus temperature

Build a computer model of a
temperature control system based on a PID
controller (Figure 4). As a software
environment, we use Simulink, which is part
of the MATHLAB complex.The main
elements of the system will be such
components as: an ideal temperature sensor

temperature source (ldeal Temperature
Source), a thermal reference point (Thermal
Reference - the point of absolute zero
relative to which all temperatures in the
system will be determined) and the PID
itself -regulator (PID-controller), To display
readings, we use an oscilloscope - Scope

(Ideal Temperature Sensor), an ideal (Figure 5).
70 —m(- FID|s) » 5 PS = o ‘ ' EL'—]
G = Db al?
Constart FID Contraller 5;:::::;5 Ideal Temperature ‘ |desl Temperature
Source Sensor
L Thermal Reference
> |
f{x) =0
Scope
Soher
PS5 Simulink Configuration
Conmerter
5 PS
-

Figure 4 - PID temperature control system
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T=70.000

Figure 5 - Readings from an oscilloscope

Conclusion. In this article, the
principle of operation of the temperature
sensor was described. Also, a mathematical
model of the thermistor was built, reflecting
the dependence of resistance on temperature.
A real circuit of a thermistor temperature
sensor was assembled using the ArduinoUno
MK and its operation was investigated.

Also, a computer model of a temperature
control system based on a PID controller in
Simulink was built and its output
characteristics were obtained. Yes, based on
these findings, the DHT-22 sensor was
chosen for the temperature monitoring
system of the wind generator system.
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KEJAIK TYPBUHA POTOPBIHBIH TEMIIEPATYPAHBIH ITAPAMETPJIEPIH
ECEINIITEY

®da3pL10Ba AtuHa PunaTtoBHa, noktopant, CotbaeB yHuBepcuteTi, Anmatel, KazakcraH,
sharf_06@inbox.ru

AHHOTAIUsA. ByriHae TeXHOJIOTUsAFa KaThICTHI OapiIbIK MPOLECTEP HETi3iHEH aBTOHOM/IBI
PEXKUMJIE KYMBIC 1CTEH[i, COHJBIKTAH TEMIIepaTypa CEHCOPbl CHUAKTBHI KYpPBUIFbLIAp MIHAETTI
0onbIn TaObUTAABI. OHEPKACINT TMEeH OHIIPICTEri TEXHOJOTHSUIBIK IMPOrpecc CeKipiclieH Xypimn
KATKAHABIKTaH, op TYpJl MpPOLECTep MEH >KYMbICTapja KUl KOJJIaHBUIATBIH OapiibIK
a0 IBIKTap/IbIH aBTOMATTHI )KYMbIC TIpuHIIHAI Oap [1].

JlerenMeH, ©HIMAI KYMBIC VIIiH, aBTOMATTAHIBIPBUIFAH KOHJABIPFhUIAp Oosica 1a,
KYPBUIFBIHBIH OHIM/ILIITT MaKCUMaJIbl OOJAaThIH OapibIK HAKTHl KOPCETKIMITEPAl CaKTay KaXeT.
byn kepcertkimrepre MoHAep, ATIpeK alWTKaHIA, KAXKETTI, AQJIIPEK alTKaHAA dKYMBIC KbICHIMBI,
KBUIIAMJIBIK TIEH TeMIleparypa Kipeai. ABTOMATTaHIBIPBUIFaH KaOIBIKTBIH T€3 TO3YBIH >KOHE
[1amMajaH ThIC )KYKTETyiH OONpIpMay YIIiH TeMIepaTypa JACHIEeHiH oiIIey KaxeT. OpuHe, 0y
KaparnaibiM TEepMOMETpP HEMece TEPMOMETPMEH jkKacaiaMmaiabl. byn Makcarrap yIniH apHaiibl
KYpBUIFBLIIAD KOJJAHBLIAAbI, MbICAIbI, TeMIepaTypa ceHcopiapbl. JKen dHeprusicel -
KAHAPTBUIATBIH DJHEPTUsl KO3JIEpiHIH MaHBI3Abl HICMIMACPiHiH Oipi. OJerre, MXKel DSJIeKTP
CTaHIMsUIaphl OPKEHUETTEH albic, IIainFail aliMakrapaa - Tayiabl aWMakrapiaa, TeHi3
KarajayblHIa opHaymackaH [2]. byn penbed Typiepi jKenm SHEPrusichl JKbUT INIHIE >KEIIiH
MaKCHMaJbl MOIIEpiH allyFa MYMKIHAIK OepeTiH >Karnaiga FaHa TUiIMII OOJaThIHIBIKTAH
TaHAaIIbl. AJaiifa, KaTaH JKarFgaiiapaa, 91eTTe, MyHapajlap/aH, MblIakTapIad, TopanTapiaaH
YKOHE HaceJbACPACH TYPaThIH KYPAEIi kel TypOruHanapsl KaxeT. JKea KOHIbIPFBICHIHBIH 0apIIbIK
OemikTepiH OakpUIay bl CaKTay YIIiH KOMITAaHUSUIAp MyHapara »aKblH jKepje KOHTPOJUIepIepIi
opHatajbl. JXXen TypOuHaceiHbIH perrerimi, PLC CUSKTBI, Ke3 KEeITreH el TeHepaTOPbIHbIH MUbI
OonbIn TaOBUTAIBI, O OYKiNM JKyiieHi Oackapynwl, ecerm Oepy MeH Oakpuiay MYMKIHIIKTEpiH
KaMTamachl3 ereni. I'eHepaTopibl Oackapy koHe Oaraapiiamanay KakeT; KOHTPOJUIEPCi3 O
JYPBIC KYMBIC icTel anMaiiabl. Ocbl ceOenTi KOHTPOJIIEpSiep KaIIBIKTHIKTaH Oakpuiay, dJEKTP
SHEpPrusacChbiH OHIpy OolbIHIIA ecen Oepy, mapaMmeTpiepAl Oakbulay >KOHE JUArHOCTHUKAJIBIK
KbI3MET KOpCeTyl1H OlpbIHFal KyleciHe KOChLITYbI Kepek [3].

byn makanana >kenm reHepaToOphl KYHECIH MYphIC TaHAy YIIIH TeMIlepaTrypa JaT4uriH
€CeNnTey AJITOPUTMI YCHIHBUIFAH, OJ KEHiH TeHepaTopibIK KYHene TeMIlepaTypaHbl peTTey
KyHecl YIIiH KOJIJaHbUIa Ibl.

Tyiiinai ce3mep: ceHcop, TemmepaTypa, kel TypOMHAChl, CaHbUIAy, WHJYKTHUBTLIIK,
CEHIMALIIK.

PACYET TAPAMETPOB JATUUKA TEMIIEPATYPBI POTOPA
BETPOBOM TYPBUHbBI

da3piioBa AsimHa PuHaTtoBHA, 10KTOpaHT, yHHBepcuter CarmaeBa, AJIMaThl,
Kazaxcran, sharf_06@inbox.ru

AnHoTtanusi. CerogHsi BCE MPOIIECCH, CBA3aHHBIE ¢ TEXHUKOW, B OCHOBHOM pabOTalOT B
ABTOHOMHBIX pEXHUMax, MO3TOMY TaKHE€ YCTPOMCTBA, Kak JAaTuyMK TeMIlepaTypbl, IPOCTO
HeoOxoauMbl. [1O0CKOIBKY TEXHHUYECKUH TPOTpPecC B MPOMBINIJIEHHOCTH W MPOU3BOACTBE HJIET
CEMUMIIbHBIMU IIIaramMH, Bce 00OpyaoBaHHE, Hamboyiee 4acTO HCMOIb3YeMOE B Pa3IUYHBIX
mpoiieccax u paboTax, UMeeT aBTOMAaTUUECKHUI MPUHIHAT paboTsl [1].

148


mailto:sharf_06@inbox.ru
mailto:sharf_06@inbox.ru

Ka3zKKA Xa6apmbicer Ne 3 (118), 2021 ISSN 1609-1817 The Bulletin of KazATC
Becrank KasATK Ne 3 (118), 2021 DOI 10.52167/1609-1817 vestnik.alt.edu.kz

Opnako A7 MPOAYKTUBHOM pPabOTHI XOTh M aBTOMATU3MPOBAHHBIX arperaroB HEOOXOAUMO
coONII0/IaTh BCE TOYHBIC TOKA3aTeNH, NMPH KOTOPHIX MPOM3BOJUTEIBHOCTh YCTPOICTBa Oyzaer
MaKCHMaJbHOW. DTHU IOKa3aTead BKIIOYAIOT B ceOs 3HAUeHUs, a UMEHHO HEoOXoaumoe, a
TOYHee pabouee JaBJIeHUE, CKOPOCTh U TeMrepaTypy. YToObl peoTBPaTUTh OBICTPBIA U3HOC U
Neperpy3Ky  aBTOMAaTHU3UPOBAHHOTO  O0OpYZOBaHMS, HEOOXOAMMO HU3MEPSATh  YPOBEHBb
temneparypbl. KoHeuHo, 3TO HE Jienaercs ¢ MOMOIIbIO MPOCTOr0 I'PaayCHUKA WIN I'PadyCHUKA.
Jnist oTUX 1enel UCHOob3YIOTCS CHEelMalIbHbIE YCTPONCTBA, HApUMEp, JaTYUKH TeMIIepaTyphl.
DOHeprusi BeTpa - OJHO M3 BAKHEHIIUX pEUICHUH B OOJIACTH BO30OHOBIISIEMBIX HCTOYHHKOB
sHepruu. Kak mpaBuio, BETpOmapKu pacroyiaraloTcsl BAAIW OT IIUBWIIM3AIMH, B OTAAJIEHHBIX
peruoHax - B XOJMHUCTOH MECTHOCTH, Ha MOPCKOM ToOepexbe [2]. DTH THIBI MECTHOCTH
BbIOpaHbl MOTOMY, 4YTO SHEPrus BeTpa CTAHOBUTCS PEHTA0ENbHOM TOJBKO B YCIOBHSX,
MO3BOJISIOMINX TOJIYYUTh MAaKCUMaJIbHOE KOJMYECTBO BeTpa B TeueHue roxa. OmHako Ooinee
CypOBbI€ ycJOBHsI TpeOyIOT 0o0Jiee CIIOKHBIX BETPSIHBIX TYpOMH, OOBIYHO COCTOALIUX U3 OallleH,
JonacTted, cTynmuil ¥ roHaoi. UtoObl oOecneunTh KOHTPOJIb HAJ BCEMH YacTSMHU BETPSHOU
TypOMHBI, KOMIIAHMM  YCTAaHABJIMBAIOT  KOHTpoOJulephl  Bo3jie  Oamnu.  Koutposiep
BeTporeHepatopa, kak u IIJIK, sBusercs mosrom mo0oro BeTporeHeparopa, obOecrieuuBas
KOHTPOJIb HaJl CUCTEMOM B I1€JIOM, BO3MOXKHOCTh CO3/IaHUS OTYETOB U MOHUTOpHUHTa. ['enepaTop
HEO0OXOUMO KOHTPOJIMPOBaTh U IMPOrpaMMHUpOBaTh; 0€3 KOHTpOJUIepa OH HE MOI paboTaTh
npaBuibHO. [10 3TOM mpUYMHE KOHTPOJUIEPHI JOKHBI OBITH MOJKIIOYEHBI K €IWHOM cHucTeme
JUIA YAAJCHHOTO MOHHTOPHHTA, OTYETHOCTH MO BBIPAOOTKE D3JIEKTPOIHEPTHH, MOHHTOPWHTA
apamMeTpOB U THArHOCTHYECKOTO o0Cy)uBanus [ 3].

B nanHOl craThe MpencTaBiIeH alrOpuTM pacuera JJaTuhKa TEMIEPATyphl Ul €r0 MPaBUIIbHOTO
BbIOOpA AJI1 CUCTEMBI BETPOTE€HEpaTopa, KOTOPBIA B JajbHeWeM OyAeT MUCHOIb30BaThCS IS
CUCTEMBI KOHTPOJI TEMIIEPATYPhI B CUCTEME T€HEpaTopa.

KuroueBsnle ci10Ba: 1aTduk, TEMIEPATypa, BETPSK, 3a30p, UHAYKTUBHOCTD, HA/IEKHOCTD.
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3KOHOMMKA )KOHE CAITA MEHEI)KMEHTI ’KYUECI
IKOHOMMUKA U CUCTEMA MEHE//KMEHTA KAYECTBA
ECONOMICS AND QUALITY MANAGEMENT SYSTEM
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MODERN ECONOMY-PROFESSIONAL ECONOMICS OF EDUCATION

Gulstan Kairatkyzy, PhD student, Academy of Logistics and Transport, Almaty,
Kazakhstan, gulistan.kairatkyzy@gmail.com

Kulgaisha Zhuniskankyzy, PhD student, Kazakh National Agrarian Research
University, Almaty, Kazakhstan, Gulgaisha_1984@mail.ru, Zhanbirov

Zhanbirov Zhumazhan Ginayatovich, Doctor of Technical Sciences, Central Asian
University, Almaty, Kazakhstan, janbirov_jg@mail.ru

Abstract. In recent decades, the development of economic theory has been characterized
by an increase in the number of works devoted to the problems of expanded reproduction of the
labor force. Today, the most important factors are the innovative activity of the country's
enterprises, the ability to involve new technologies in the economic turnover, to mobilize the
potential of resources of the necessary quality and quantity, obviously, only from professionals.
Entrepreneurial advantages - the possession of huge resources, know-how, trade secrets allows
them to be transformed into a special type of human capital-organizational and entrepreneurial
capital. Effective structural capital of any enterprise, institution, or educational center can only
arise where "ideas are valued above the hierarchical level". He asked to provide information on
the planned measures for employment after graduation, effective use of their knowledge in the
country's economy, as well as stimulating the interest of young people studying in other
countries to return to Kazakhstan. We live in a world of constantly evolving scientific progress,
and it should be noted that the main carrier of knowledge is man. In the course of its existence, a
person creates all other carriers of knowledge, thereby making life easier for other people. In this
regard, we must recognize that it is necessary to pay more attention to the development of
modern technical and technological science as the main element of improving each person and
stimulating the development of society. Therefore, the policy of each state should be built in
such a way that citizens of this state do not seek to go abroad, but apply their knowledge in their
native country, bringing it additional income, which ensures the growth of gross domestic
product by increasing the amount of know-how and improving existing production and
technologies.

Keywords: Economy, technology, enterprise, innovation, social resource, qualification,
experience, labor force, modern development.
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3AMAHAYHU 39KOHOMHUKA - K9CIBHU BIVIIM 9KOHOMMUKACHI

Angatna. COHFbI OHXBUIJIBIKTap/ia SKOHOMHUKAIBIK TEOPUSHBIH JaMYbl )KYMBIC KYIIiHIH
KEHEUTIITeH KobOero mpobieManapbiHa apHaJIFaH KYMBICTAp CAHBIHBIH apTYbIMEH CHUIIATTaNIaJIbl.
byrinri TaHma emiMi3Aeri KOCIMOPBIHAAPABIH HWHHOBAIMSIIBIK OEJICEHAUNI /€ MaHBI3IbI
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dakTopiap OONBIT TaOBUIAIEI,

KaHa TEXHOJIOrudajaIapAbl 3KOHOMHUKAJIBIK afHaIBIMFa Tapry,

KOKETTI cama MEH MeJIIEpJeri pecypcTapAblH ONEyeTiH JKYMBUIABIPY KaOileTi TeK Kociou

MaMaHJIapAbIH KOJbIHAH KEJICTIH1 alKbIH.

Tyiinai ce3aep: DKOHOMUKA, TEXHOJIOTHS, KOCIIOPBIH, HHHOBAITUS,JIIEYMETTIK pecypc,
OUTIKTUIIK, TOXKIPUOE, )KYMBIC KYIIIi, 3aMaHAYH aJIaM.

Herisri OoJtiM. XXI FaceIpJia
SKOHOMMKAJIBIK, FBUIBIM/IBI JAMBITYIbIH
MEePCIEKTUBAIBI OAFBITTAPBIHBIH Oipi agamu
KalmuTal  Teopuschbl  OONbIl  TaObUIAMBI.
Homipex akTkanma, XX FachIpJIbIH EKIHIII
JKAPTHICHIHAA OJ OaTBICTBHIK 3KOHOMUKAJIBIK
TEOPHSHBIH alKbIH KETICTIr1 00Jyibl. COHFBI
OHXKBUIIBIKTApJa YKOHOMHUKAJBIK TEOPUSHBIH
JaMybl )KYMBIC KYIIiHIH KEHEUTUIreH Kebero
npoOyieManapblHa ~ apHAJIFaH  KYMBICTAp
CaHbIHBIH apTybIMEH cumnarranaasl [1].

CoHbIH 1ruae AMepUKabIK
3eprreymri-fanbiv, T. Llynsl ymin gactypii
TYpIAE aJaMH KamuTal TYKbIPhIMIaMAaChIH

ozipieyzaeri OachIMIBIK TaHbUIaAbl.  OHBIH
OCEI caJaJlarsl KYMBICHIHA CepITiH
D.JleHUCOHHBIH ~ KYMBICHI ~ OOJIBI, OHJIA

TEXHUKAIBIK WHHOBAIMSIIAp MEH CHOCK IIeH
OHTIPICTIK YKaOIBIKTAPIbI naiganany
ayKbIMBIH KCHEWTY, €H JKaKChl Karjaijia,
AKII-tery XX Facelpfia ajFaH >KajIbl 1K
eHiMHIH (OKIO) ecyiHiH JXapThICBIH FaHa
KaMTaMachl3 €T alaThIHABIFbI JoNEIACH Il [2-
4]. DKOHOMHUKAIBIK ©Cyre jKayanTbl Oacka
(dakTopiap/pl aHbIKTay 3€pTTEYIIIep YIIiH

KUBIH MIHAET OONIbI: OJlap  OHIIPICTI
YUBIMIACTBIPYIBI KaKcapTyabl, eHOeK
KAPKBIHJBUIBIFBIH ~ JKOHE  AKOHOMMKAJIBIK

casicaTThIH TUIMJIUIITIH apTTBIPY/bI aTal OTTi.
T. Ilyns1 Onim O6epyai epekiie atan oTTi. On
eHOeK camachbIHBIH JACHICHIH TEXHHUKAJIBIK
IIPOrpecc CUSKTHI OLTIMIe KOChIMIIA KapaskaT

calyAblH TaOWFM  HOTWXKECI -  OHJIpic
OHIMJUIIIIH  JKakcapTy MeEH apTThIpyFra
OoNiHETIH  KapaXaTThlH  HOTIDKECI el
caHaIbl.

3eprrey Oemimi. Byrinri  Tanga
DKOHOMHUKAJIBIK ~ ©Cy  YJalbl OH/IIpiC
IpOIECiHIH OapibIK caTbUIapbIHJA SKarmaii
WHHOBalMsIIapMeH  OailmanpIicThl.  bapibik

JKaHa WIesUIapAblH TachIMaAayIIBIChl JKOHE
eHlipylIici-aiaM. buriM MeH Toxipube eH
NJIBIMEH KOFapbl OUTIKTI KbhI3METKEpIepe
KY3€re achIpbLIAIbL.
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byn JKyMBIC Kymi MEH  OHBIH
KYpaMbIHAFbl Canajibl ©3repicTepre OKemeIi.
bip xarpiHaH, opuHE, OUIKTI >KYMBIC KYIII
MEH >KaHa MaMaHJBIKTapFa JETeH KaKETTLIIK
KYpT aptaiel. bipak ekiHII >KarblHaH,
OYpBIHFBI  JOYIpJIEpACH MYJIJIEM e3relle,
OHIPICTIH  OapiblK  cajajapblHAa  aJam
(akTOpbIH JKaHTAHABIPY TYypajdbl Mocele
TYBIHJIalIbI.

70-mi  sxeurmapel  J[.  Bemnm  aram
OTKEH/IeH, erep MHAYCTpUsAFa IeiiHTri Joyipae
HEeTI3ri OHMIPICTIK pecypc OWIMIBIKET KyIii
0oJica, OHEPKACINTIK — MallMHa TEeXHUKACHI
0ojica, OHAA TOCTUHAYCTPUAIABI KE3CHJE
OU1iM MEH HHTEJUIEKT OCBIHAAM pecypcka
aitHananel. LprFapMambuibIK  KaOUIeTTepiH
airy,  3MATKEPJIIK ~ OJHEprusi  3aMaHayu
KbI3METKEepAiH OacTel "TayapbiHa" aiHAIIBI
[4].

Kazipri yakpITTa JaMbIFaH JKOHE Te3

JaMbITl  KeJe JKaTKaH eljepAe  eHOEK
HUHTCJUICKTYAJIN3alUsCBIHBIH aﬁKBIH
TeHACHIUSIAPHI Oap.

3amaHay  DKOHOMHKa -  OUIIM

HSKOHOMHMKACHI, OHJIA 3USTKEPIIIK eHOeK 0achiM
MaMaH/IbIKTapFa JKYMBICTICH ~ KaMTYIbIH
HETI3T1 ©CiMI THEC1IT1, MBICAJIBI:

85% AKII ta, 89%
¥Ynwi6puranusna, 90% - Kanonusina [5].

binim 9KOHOMMKACHI OapIbIK
QJIEYMETTIK KOHE DKOHOMUKAJBIK >KETEKIIl
enjiepiiH 0acThl cHUIlaTTamMachblHa, all JKYMbIC
Ky HETi31HEeH OHEPKOCINTIKTEH
"aKmaparThIK )KyMbIC KymriHe" aitHanpl. 1960
xbiaapel AKII 10 sxput immiHAe FHIIBIM MEH
TEXHHKA CaJIaChIH/Iarbl MaMaHIap bl
HIbIFapyAbl eki ecere, an 1965-1985 xpumap
Ke3CHIH/Ie eCenTey TEeXHHKAChl CaJIaChIHJIAFbI
MaMaHAapAbl MbeFapyasl 10 ecere YIFAWTTHI.
EnH ynken 6u1iM KoWMachl — BammmHT TOH1aFbI

AKII Konrpecinin kiTanxanacel - 112

MUJUTHOH KiTall TIeH KyXKaTKa JeiiH ocCTi.
1984-2000 xpuImap — apaibIFbIHIIA

KapaTbUIBICTaHy FBUIBIMIAPHI YIIiH — 442
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MBIH, WHXXCHEpJep YIIiH 600 MbIH,
TeXHUKTEp YmiH — 1 MiIH.389 MBIH KYMBIC
OpHBI  KYpbULABL. JKyMBIC  OpBIHIAPBIHBIH
YKaJIbl CaHBIHBIH 25% - Fa apTybIMEH >KOFaphbl
TEXHOJIOTHSUIap cajachlHIarbl MaMaHIap/bIH
XKYMBICTIEH KaMThuTybl 40-45% - ra ynrarona.
bimiM  eHIipicTIH  MaHBI3IBI  TOPTIHIII
dakTopbIHA altHanabI KOHE OHBIH
MaHBI3IBUIBIFEl  MaTepUAJIBIK pecypcTapra,
KaluTaiara, cHOCKKe KaparaHaa OachIMIIBIKKA
aliHanajel [6].

JIalbIHOBIK ~ JKaJlakbl  MEH  Kac
apachIHIarbl KapbIM-KaTbIHACTBIH CHIIAThIHA
aliTapipikTaii  ocep eremi. JlalbIHABIKTaH
OTKEH a/laMJap NaibIH/IbIK Ke3eHIH/Ie TOMEHT1
KaJlakplFa ue 0oJaibl, OUTKeHI OyJl yakpITTa
olap OHBI TeJeWi, al JKOFaphl >KAacTarbl
ajaMJiap CoJI Ke3[le ajfaH JalbIHABIKTaH
TYCKEH KipicTepre OalIaHBICTBI KOFaphI
xamakpl amaabl.  Ocbl  exi  (hakTopIbIH
OlpJIeCKeH SpeKeTi - OKY aKbIChl JKOHE OJaH
KalTapbIM aly - JaWbIHIBIKTAaH ©TKCHICPIiH
JKacblHa OalIaHBICTBl TaOBICTHIH  ©3Tepy
KHCBIFBI ~ HEFYPJIBIM  CAQJKbIH  OOJajbl,
WHBECTUIMSUIAY MIBIFBIHIAPHI MEH OJapiblH
KalTappIMbl ~ COFYPJBIM KOl  OOJajbl.
CoHbIKTaH agaMH KamuTal TEOPUSCHIHBIH
yJieci epekiie MaHbI3[bl OOJIBIN TaOBUIATHIH
Tarbl Oip cala - SKOHOMHKAIBIK TEHCI3IK
MOCeJIeNIepIH Tajaay.

OJIEYMETTIK-9KOHOMUKAIIBIK J1aMy IbIH
COHFBI TCHJICHIUSUTAPHI KANUTAJl YFBIMBIH
TYCIHAIpyAe JkaHa  OachbIMABIKTAD  MEH
KpUTEepUmiIepal aHBIKTAy Ka)KeTTLUIIr1
TYbIHAAFAHBIH ~KOPCETeNl, OHJa >KOFaphI
JaMblFaH Ka3ipri KOFaMHBIH HeEri3ri Oenriiepi
KUHAKTaIFaH. MyHJall KaXeTTUliK KaruTal

TEOPUSACHIHBIH ~ SBOJNIOLMSACBHIHAA  ANKbIH
KOpiHe/l.

Anamu  KamuTal TEOpUsACHl Kazipri
€HOEK YCBIHBICBIH  TalJayAblH  OPTaJbIK

OemimzaepiHiH OipiH Kypa OTBIpPBIN, ajJaMu
pecypcTapAbl canayibl KETUIAIpY TPOLECiH
3eprreini. OHBIH  YCBHIHBUTYBIMEH  €HOEK
SKOHOMMKACHIHIAFbl HaKThI TOHKEpIC
OaitnanpicTel. COHBIH 1IIIHAE €H KOII MOHTE e
OoJIraH:

1) HapblK areHTTepiHIH  MIHE3-
KYIKBIHIAFBl  "Kypaemi", WHBECTHIUSIIBIK
acreKTiiepAl Oenin Kepcery;
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2)  arpIMIaFrbl  KOPCETKIMTEpACH
KBbI3METKEpJICpAiH OYKUT OMIpIiK [HKIiH
KaMTHUTBIH KOpCETKilTepre Kemry (MBICAbI,
eMip 0OiiFbI TaOBIC);

3) azam YaKbITHIH
SKOHOMHKAIIBIK PECYpC PETiHJIE TaHYy.

AnlaMHM KamuTal TEOPHUsChl OULTIMHIH
HSKOHOMHKAJIBIK 6Ccyre KOCKaH YyJieci, Oiimim
Oepy oHE MEIUIMHAIBIK KbI3METTEPre JIeTeH
CYpaHbIC, TAOBICTHIH XKaC TUHAMHUKACHI, epiep
MEH oHengep eHOeriHe akpl TeJeyeri
allBIpMaIIbUIBIKTap, 9KOHOMHUKAITBIK
TEHCI3AIKTI YpHaKTaH-ypHakka Oepy KoHe
Tarbl Oackanmap CHSKTBI op Typii Ooubin
KOpIHETIH  KYOBUIBICTApABI  TYCIHIIPYIIH
OipbIHFal AHATUTHKAIIBIK EHOEPIiH YCHIHIBI.

Keke «kipicrepai Oemy MoaemiHze
I".bekkepain "taza" Tadbicel (Et) t xaceinza,
azam KaIluTaJIbIHA CaJIbIHFaH
WHBECTUIUSUTAPABIH TOJIBIK OOJIMaraH Ke3Je
OCBHI JKacTa anaTtblH TaObIchbIiHA (Xt) TEH, OFaH
Koca OyYpbhIH JKacallFaH WHBECTHUIUSUIAPAAH
(k) T yakpIT CoOTiHAErT OHBIH JKHBIHTHIK
TaOBICBI KOHE OHBIH HWHBECTHIMSIIAPBHIHBIH
(Ct) kyHBIH mICTEpYy, COHIAM-aK t YaKbIT
COTIHJIE:

HET13r1

Ei= Xt + k¢ - Ct. (l)

I'. bexkepniH mikipinie, Ou1iM Oepyre,
nasipiayra, OefipecMH OKbITYyFa, ACHCAYJIBbIKKA
ayKbIMJIIBI CaJBIMIIAp JKY3€Te AaChIPBLIATHIH
JaMbIFaH HSKOHOMHKAJIap/a, OFaH
WHBECTHIMSUIAaHFaH anamu KanutaameH (X)
OaliJTaHBICTBI €MeC JKeKe aJaMHBIH TaOBbIChI
OJIapJIbIH JKaJlMbl KOJIEMIHIH a3 FaHa YJIECIH
Kypaiimpl. X  MOHI  COHINQIBIKTHI a3,
COHJIBIKTaH JKeKe Kipicrepal Oeny MOIeINiH
TajjaraHia r. bekkep oHbl enemeyre 0oaabl
[7,c.92-94].

Keke kociOM MamaHIapiblH Keleci
HETI3T1 3JIEMEHTTEPIH axbIpaTyra Oosanabl [8-

10]:

- SKOHOMUKAJIBIK KBI3METTE
KOJIIaHBUIATBIH aKMAapaTThIH THICTI HBICAHBI
Oonpim  TaOBUIATHIH  OLTIM, OYJI  OHBIH

TUIMJIUTITIH apTTBIpYFa MYMKIHJIIK Oepeni;

- KabijgeTTep — Ke3-KeNTreH KBI3METTI
COTTI oOpbIHAay MyMKiHfiri. Kabinerrepaix
JAMYBIHBIH ~ KeJiecl JeHreiiepl  OesiHel:
KaOineTTiH Oonmmaybl  (HONIIK  JeHrel),
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KapThulail KaOulerTep, oprama KadiieTTep,
TaJIaHT, JAHBIIIIAH;
TOXKIpHOE

HEMece iC-opeKeT
JMaFblUIapbl, HAKTHl  OHAIPICTEri HeMmece
KOCIIKEpIIKTerl ©3 MaMaHIBIFbl OOMBIHIIA
ic-Toxipubeci >koHe eHOEKTI  y3aK YakbIT
OpBIHAY MIEOEPJIIri;

MOJICHHET-KOFamaa ©Oap  Ouim,
epexernep, I9CTypiep, MOpaslb IeHOEPiHeT1

MiHE3-KYJIBIK KaruJaTTapbl MEH
CTEPEOTHUIITEPI;

- MOTHBalUS — KBI3METTIH OarbIThI,
OHBbIH  KAapKbIHABUIBIFBI,  IpOLIECC  MeH
HOTHIKEJepre KaHaraTTaHy.

3eprTey  KOpbIThIHABUIApHL.  Keke

aJaMH KanmuTall TYPJCPiHIH, OHBIH IIIHJE
KOCiOM MaMaHHBIH JICHCAYJIbIK KaIMTaJbl,
MOJICHH >KOHE MOPAIBIBIK KamuTall, €HOCK

KaluTallbl,  YWBIMIACTBIPYIIBUIBIK  JKOHE
KOCIKEPIiK KaluTall, 3UATKEPIIK  KauTal
TYpJIepiHiH HEri3ri JKIKTellyiHe Heri3

00JIaThIH KEeKe KaCUETTEep TOMEHIe OepiireH.

AJlaMy KamUTaJIJIBIH Typiiepi. Anamu
KaluTall TYPJAEPiH JKIKTEY OCBI Macejelnep
OoiipIHINIA 91eOUETTEe YCBHIHBUIFAH OPTYPJIi
HETi3ep MEH OpTypJi MakcaTTap YUIiH
MYMKiH. 3epTTeyIiiepiiH OapibiFbl JepiiK
IIBIHBIKTBI JKOHE 3USATKEPIIK KamuTaJIbIH
LI POTIH MOWBIHIANIBL.

Jencaynblk KanuTanbel. JleHe Ky,
TO3IMALTIK, XYMBIC KaOLIeTTLir, aypyra
KapChl UMMYHUTET, O€JICeH/II eHOEK Ke3eHIHIH
YJIFAIObl 9p aJlaMfa, KociOM KbI3METTIH Ke3-

KeJIreH cajachlHIa KaxeT. biz  agam
JIEHCAYIIBIFbl MEH YJITTBIH JCHCAYJIbIFbIHBIH
YJIKEH, Kypaeni MaHBI3]IbUTBIFBIH,

JICHCayJIbIFbIHAH albIPBUIBII, XaIbIKTBIH 6J1Mi
KoOEHTeH Ke3/1€ TyCiHEMI3.

JleHcaymbIK KamUTaJIbIHBIH KbICKAPYBI
(Temenzeyl) aemorpadusUIbIK Kardaiira acep
eTelll, OHbI Ka3ipri yakpITTa ©Te KypAesi Aemn
Oaranmayra 0oJajbl.

Enbex xanuransl. EHOex HerypiibiM
Kypaeni 0oiica, KbI3METKEPiH OLTIKTUIIrIHE,
Oinimine, TOXiprOeciHe JKOHE
JKayarKepIIUliriHe  KOWbUIATBIH  TaJlanTap
COFYpJIBIM >KoFapbl 6onaznsl. I1. [pykep atan
oTkeHen: "buznec — Oy nmamyasl Hemece
KOUBUTYJIBl  aHBIKTAHUTBIH  (PAKTOPBI  OHBIH
KbI3METKEpJIEpIHIH KociOM OUTIKTUIIrT OOJbII
tabbutaThiH (akTop. bipak kocibu OutiM -
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OyY1 aJaMHBIH HaKThl pecypchl.  bimimi
Kitrantapaan TalOyra Oonmaiasl. OHma Tek
aKmaparTel Tabyra Oomjazapl; Oipak KociOu
Oimim - Oy Oenriymi Oip KbI3MET canachlHIA
aKMmaparThl KOJIJIaHy MYMKIH/IIT1".

BinikTi kociOu enoOek, axkagemMuk C.T.
CTpyMUIMHHIH ecenTeynepi OoMpIHIIIA
KapanaiibiM eHOeKKe KaparaHma 2-3 ece
OHIM/I, JKOHE, THICIHIIe, TapuPTIK KecTe
OoiipiHIIa 2-3 ece xorapsl TeneHenl. Kommgay
MEH  OUTIKTUTIKTI  apTTBIpyFa  CaJIbIHFaH
WHBECTUIUSIIAP KBI3METKEP MEH KOCITOPBIHFA
TiKener KauTapeiM Oepeni. Pac, sxymbic Ky
MEH aJamMH KaluTalJIbl aXbIpaTy Moceleci
cakTalyja.

3UATKEPITIK KamuTall.
WuTemnekTyanipl, MbFapMaIIbUTbIK KbI3MET-
Oyl axaM  aKbUIBIHBIH, TANKBIPJIBIKTHIH,

TANKbIPIBIKTHIH €PEKIle aTpUOYTHI.

3UATKEPIiK KBIBMETTIH OHIMI  OHBI
SKOHOMHMKAIIBIK TaiianaHyJplH OaFbITTaphl
MEH HBICAHJAPBIH aWKBIHAAY KYKBIFBIHA HE
aBTOPJABIH  adpbIKIIa  MEHIIT  peTiHIe
NATCHTTENICAI JKOHE aBTOPJIBIK KYKBIKIICH
OexiTineni. 3UATKEPIiK MEHIIK OOBEKTiIepi
KOCITOPBIHAAPABIH ~ MaTepUAIBIK  €MecC
aKTUBTEP1 PETIHJE IIapyalIblIbIK aifHAIBIMFa
TApTBUIABI JKOHE (UPMaHBIH JKOHE OCHI
aKTUBTEPAIH MEHIIIK HeJepiHiH KipicTepiH
apTTHIPAIBL.

Onaipicreri HIBIFapMaIIbUIbIK
OacTaMaHbIH peIIHIH apTybl cajanap MeEH
KOCIMOPBIHAApAAFsl  MaMaHaap  YJeCiHIH
aptybiMeH gonengeHenl. XXI  raceipabig
OacbIiHAa [IapyanbUTbIK cayajapbIHia
xofFapbl Ourimal 11 MIH. KybIK MamaH,
OimikTiniri opta aeHreiaeri 10,3 MiuH. MmamaH
KyMbIC icTeni. Erep omapra KbI3METKepiep
MEH JK€Ke KhI3MET KOPCETETIH >KYMBICIIbLIAp
KOCBIJICA, OHJA KYMBICIIBUIAP/BIH  CaHBI
HETi31HEeH KYMBICIIBUIAPABIH CaHbIHA TEH
0omanabl.

Y KBIMJTBIK-KOCITKEPITIK KamuTall.
Kacinkep MeH MeHemKepAiH >KYMBICHI Oacka
eHOeK TypJepiMeH CaJIBICTBIPFaHa
anTapibIKTail epekmenikke ue. Kocimkepimik
XKOHE IcKepimik Oaranay, JKaHAIIbUILIBIK,
YUBIMIACTBIPYUIBIIBIK ~ KaOlIeTTep  KoHe
KOFapbl JKayanKeplliIiK, YHeMIUNK IeH
YHEMJIEy Ce3iMi, aKbUIFa KOHBIMIIbI TOYyeKel
eTy Kalineri, OW3HECTI XKYyprizy Hemece
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Oackapy VIIIH DHEpPrusi MEH epiK-XKirep
KaxeT. bys kocinkepiik KaOuIeTTepAiH YIKeH

MaHBI3AbLIBIFBI MEH Oiperermirin
OKOHOMHUCTEPJIIH KOMIILIITT MOWBIHIANIBI.
[ymmerep Ka3ipri HEOMHCTHTYLIMOHAIH3M

TEOPETUKTEPiHE ACHIH.
Kacinkepitik apTHIKIIBUIBIKTAP - YIKEH
pecypcrapra, HOy - XayFa, KOMMEPIUSUIBIK

Kynusuiapra  #we  Oolybl  oJappl  ajgaMu
KA TaJIIbIH epeKIe TYpiHe-
YUBIMAACTBIPYIIBUIBIK ~ JKOHE  KOCIIKEpIIiK

KaluTalFa alHaIABIpyFa MYMKIHIIK Oeperi.
Ke3 kenren kocimopbIHHBIH, MEKEMEHIH, O11iM
0epy OpTaNBIKTAPBIHBIH THIM/I KYPBUIBIM/IBIK
KauTanbl "Waesyiap HMepapXUsUIbIK CaThbLIaH
JKoFapbl OaraymanraH" JkepAe FaHa maiga
00Jybl MYMKIH.

OkiHinke opaii Toyencizairimizaig 30-

KBUIIBIK,  aTayidbl  MEpeKeci  amjblHnaa
eNIMI3JIEH TaJaHTTBl JKacTapMeH, JalbIH
MaMaHJIap/JblH KeTyiHe KaTBICThI JKaFaai

anmapaataapl. bynm mocenme Typaibl JemyTar
Anexcanap MumoTuHHIH aiTybiHIIa, «2020
JKBLTBI HaHJIEMHUS MEH KO3FaJIbIC
HIeKTeyJepiHe KapaMacTaH, SMUTPAHTTapbIH
JKaJIbl CTaTUCTUKACHIHIAFBI KOFapbl OLTIKTI
MaMaHJapablH  yieci 54,3% rFa KerTl.
Kazakcrannan 2019 xbpuIMEH cabICTBIPFaH/Ia
YyII ece Kell MeIUKTep, TepT ece Kol
negarorrap, Oec ece Koem TEeXHUKAIbIK
MaMaHaap KETTI. ConbIMeH Karap,
JKacTapAblH KeTyl Kasip/liH ©31HAe CBhIHU
neHreiire »xakplH. OH MbIHJaFaH JacTap
Kazakcrannan kerinm, mierenre, ocipece
Peceiire okyra xereni, oHaa O131H eniMi3IiH
HIETE/I€ OKHUTBIH OapiblK CTYIEHTTEpIHIH
60% OKHIBI )KOHE COJI )KEP/I€ MOHT1 Kaslafpl.
Ocipece, Kazakcranma sxorapsl OLTIM
ayAbIH TaHBIMAJI €MECTIT STHOCIIEH HeMmece
TIIMEH OallaHbICTBl eMmec, Oyl  Typajbl
Peceiine xoHe Gacka enjepae OKUTBIHIAPIbIH
apacelHIa  COJI  JKepJae  KalyFa  HHUET
OunmipreHaepi, OJTHHUKAIBIK  Ka3aKTapIblH
eoyip yJIecl KyallaHIbIpaIb» - A1 OJI.
JlerytaTrTapAbly —MiKipiHIIE, MYHBIH
cebenTepiniy Oipi-Kazakcranma 2019 xputra
JEHIHT1 CBIPTTall kOHE KAIIBIKTHIKTaH OKBITY
OaFjapiaMallapblHBIH ~ OKYy  JKOCHapiapsl
KYHJI3r1 6i1iM 6epy MaTepuanfapbslHbIH 65%
- BIHA JCH1H KBICKApPTHULABL, all 2019 Xbu1abIiH
OipiHIII KaHTapblHAH OacTam ChIPTTail OiTIM
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Oepy HbICaHBI MYJIIEM TOKTAThULABL. byt enmme
KAIIBIKTBIKTAH ~ OKBITY  TEXHOJOTHSIIAPHI
OOMBIHIIIA JKOFAphl OLTIM allyFa MYMKIHJIIK
KOK, aJl PECeiNik YHHBEPCUTETTEpP MYHJa
OKy OarnmapiamanapblH KeHIHEH YChIHA/IBI.

Tarer  Gip cebebi, Kazakcrannan
KEJITeH TaJanKepJepliH PeCeHITIKTepMEH TEH
TOpeKeie TEeriH OKyFa TYCYy MIapTTapbl MEH
MYMKIHAIKTEP1 Oap, an Peceiine
MaMaHJBIKTApJbl TaHJAy JJIJICKalIa Kerl.
Bi3aiH oWBIMBI3IIA, €H MaHBI3OBI ceden-
Peceline TynekTepliH JKYMBICKA OpHAJACy
BIKTHMAJIJIBIFBI JKOFApbI'", - e TOJBIKTHIPIBI
MutoTUH.

OHbIH  alTybIHIIA,  Ka3aKCTAHBIK
KOFappl OKYy  OpBIHIAphl  TYJEKTEpiHIH
JKapThIChIHAH K601 MaMaHJIBIK OOWBIHIIA
XKyMBbIC Taba anmaiinel, cebedi Kasakcranmga:

-OipiHIIiIeH, €HOEK HapbIFBl HaIap
OakbUTaHAIbI, COHBIH cangapbiHaH "bomamak”
Oarmapyiamacel  OoWbIHINIA  OUTIM  aiFaH
TYJIEKTEp /e MaMaH/BIK OOWBIHIIA JKYMBICKA
opHaJiaca ajMauIpl;

- CKIHIIJIEH, Ka3aKCTAHIBIK >KOFAPBI
OKy  OpBIHIApbIHAAFBl  OUTIM  IIETEIAIK
JKOFapbl OKYy OpBIHJApbIHA  KaparaHja,
OiTipymiire  >KyMbBIC  TpolieciHe  OipiaeH
KOCBUIYFa MYMKIiHAIK O€peTiH MpaKTHKAaJBIK

JaFapLIapabl  KaJbIITACTBIPYFa JKETKUTIKCI3
OarapyIaHFaH IbIKTaH.
Cownpaii-ax HIOTEKAHbIH, )Kac

orOacbutap yuIiH Oamamap Outrim  Oepy
MEKEeMeJIEpiHiH KOJDKETIMILIIT, COHAai-aK
Peceiine Oap xone Kasakcranma ok aHa

KaIluTaJIbIHbIH, 0TOACBHIH KoJjgay
OarnmapiaMaliapelHBIH ~ OOJYbI  MaHBI3JIbI
¢dakTop 00JbIN TaObLIA/IbI.

Korapel 0Ky OpHBIH OITipreHHeH

KEeWiH KYMBICKA OpHANACTBIPYy, OJapIbIH
OuTIMACpPIH €7 DKOHOMHKACHIHAA THIMJII
naiganany, COHIai - aK 6acka enaepae OKBII
KaTKaH kactapablH Kazakcranra opairyra
MYAJENIIriH ~ BIHTATAHJBIPY  KaKETTLTIri
OOWBIHIIA >KOCTIApJaHFaH Iapajiap Typajbl
MautiMeT OepyiH cypansl [11].

biz yHemi gampim  Kenme  JKaTKaH
FBUIBIMH TIPOTPECC ONeMiHIe eMip cypim
JKaTbIPMBI3 JKOHE OUTIMHIH HEr1311
TaChIMaJIAYIIBICKl a/laM €KEHIH aram oTy
KaXeT. Ajnam e31HIH eMip Cypy MpoIeciH/e
Oapnplk Oacka OimiM TachIMaiiaylibUIapbIH
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Kacaiapl, oOchUIaima Oacka amaMaapiablH KETULTIPYAIH  HETI3T1  3JIEMEHTI  peTiHIe

OMIpiH XeHUIIeTe . JaMbITyFa, JKOHE KOFaMHBIH JlaMybIH
TykbIpbIMaIaMa: BIHTAJIAHJABIPYFa KOOIpeK KOHUT 0oy Kaker
Byrinri TaHJa eMMI3ZeTI  €KEHIH MOWBIH/IayBIMBI3 KEPEK.

KOCIOPBIHAAPIBIH WHHOBALMSIIBIK Hemek, opOip MEMJICKETTIH cascaThbl

OenceHaUTIri e MaHb3Abl (pakTOpiap OONMBIT  OCHl  MEMJICKETTIH  a3aMaTTapbl IIETeNre

TaOBLIAIbI, KaHa  TEXHOJIOTHSUIApIbl  KETyre yYMTBUIMATBIHAAH, Oipak o3

HSKOHOMHKAJIBIK alHaIbIMFa TapTy, KaKETTi  OLTIMIEpIH TyFaH eNiHJAEe KOJJIAHBIN, OFaH
cama MEH MeJIIIepJeri  pecypcTapiblH  HOY-Xay CaHBIH YIFAWTy JKoHE Koiga Oap
QJIeyeTiH J>KYMBUIIBIPY KaOileTi TeK KociOM  eHAIpiCTep MEH TEXHOJOTHSUIAPIbI KETUIAIPY

MaMaHJIapJblH KOJBIHAH KEJICTIHI aWKbIH. eceOlHEH JKaumbl 1MIKI  OHIMHIH  ©CyiH

OcpiraH 0ailyIaHBICTHI 3aMaHAYU TEXHUKAIBIK-  KaMTaMachl3  €TETIH  KOChIMIIA  TaObIC

TEXHOJIOTUSIIBIK FBUIBIMIBI 9P  aJlaM/Ibl OKeJIeTIHIeH eTill KYPBhUIYbI THIC.
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AHHOTanus. B 1nocienHue pecAaTwieTHss pa3BUTHE HKOHOMHUYECKOHM  TEOPUHU
XapaKTepU3yeTcsl YBEIMYCHHUEM 4YHciaa paboT, IMOCBAMICHHBIX MPOOJIeMaM pPaCIIMPEHHOTO
BOCIPOM3BOACTBA pabouelt cuibl. CeronHs BakHEHIMMH (AKTOpaMU  SIBISIOTCS U
WHHOBAIIMOHHAS aKTUBHOCTh MPEANPHUATUI CTPAHBI, CIOCOOHOCTH BOBJICKATh HOBBIC TEXHOJIOTUI
B HKOHOMMYECKUN 000pOT, MOOHMIIM30BAaTh MOTEHILIHMAJ PECypCcOB HEOOXOAMMOIO KauecTBa M
KOJINYECTBA, OYEBUIHO, TOJIHKO Y MPO(ECCHOHATIOB.

KaroueBble ciioBa: 9KOHOMMKA, TCXHOJIOrus, MpCArpuiaTUC, WHHOBAIIUH, COHHB,JII)HI)Iﬁ
pecypc, KBau(UKaIus, OnbIT, paboyas CHiia, COBpEMEHHOE Pa3BUTHE.
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Annotation. Currently, more and more attention is being paid to the national security of
the country. The idea of the project is to offer for the needs of the defense industry of the
Republic of Kazakhstan the development of scientific and technological bases for the
experimental design of rocket technology and technology focused on a specific task.

The article presents an analysis of the current issue of trends in the development of small
short-range tactical missiles, as well as a general scheme of the process for creating a scientific
and technological center for designing ultralight missiles. The article also provides general
recommendations on the manufacturing technology of small rocket body elements.

Keywords: Design, rocket, mathematical model, 3D modeling, power shell, materials,
body, composite, winding, scientific and technological center.
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CO3JAHHUE HAYYHO-TEXHOJIOT'HYECKOT'O HEHTPA JIJIA
MMPOEKTUPOBAHUSA PAKET CBEPXUIEI'KOTI'O KJIACCA IJIAA PECITYBJIUKA
KA3AXCTAH

AHHoTaums. B Hacrosmiee Bpemst Bce Ooibllieeé BHUMAHHE YAEISIETCS HAIlMOHATBLHOU
Oe3omacHOCTH cTpaHbl. Maes mpoekTa — 3TO MpeayokuTh Uid HyXJ1 o0opoHHOl otpaciu PK
pa3paboTKy HAyYHO-TEXHOJOTMUYECKUX OCHOB JUISi ONBITHO-KOHCTPYKTOPCKOTO MPOEKTUPOBAHMS
PaKETHON TEXHUKH U TEXHOJOTHH, OPUEHTUPOBAHHON HAa KOHKPETHYIO 3a/1a4y.

B npencraBiieHHON cCTaTbe NPUBEACH aHAIM3 aKTyaJbHOIO BOIIpOCa TEHACHUUN
pa3BUTHS MaJbIX pakeT OJIMKHEH TaKTMYeCKON 30HBI, a Takke o0las cxema mpolecca Mo
CO3JJaHUI0 HAYYHO-TEXHOJIOTMYECKOIO ILIEHTpAa Ui IPOEKTUPOBAHMS PAKET CBEPXJIIETKOTO
kJjacca. Taxke B cTaThbe JaHbl 00IMe PEKOMEHIALUHU 110 TEXHOJIOTHH U3TOTOBJICHHS JIEMEHTOB
KOpIlyCa MaJIbIX PaKeT.
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Beenenune

B emsX obecrieueHus
HAIlMOHAJIFHON 0€30IacHOCTH, B YaCTHOCTH,
HAlMOHAIBHBIX ~ TPaHUI,  HCIIOJIB3YIOTCS
pakeTsl ¢ ONMKHUM pPagUycoM JICHCTBUS.
OcHOBHasi 1eJIb  WCHOJNB30BaHUS  MAJbIX
paker  3akioyaeTcss B OOeCleYCHHH
0€30macHOCTH  HAUMOHAJIBHBIX  TPAHHUIL
Oco0oe MecTo pakeTsl ¢ MajblM PaguycoM
JICUCTBHA  3aHMMAIOT B  O0ECHeUeHHUH
0€30MacHOCTH B HIPUTrPAHUYHBIX pailoHax,
rnue UMEIOTCS IPEANOCHIIKH K
BO3HUKHOBCHUIO BOOPYIKCHHBIX
koH(paukTOB. C ydeToM Maioro paauyca
I[CI\/JICTBI/IFI u pasMCIICHUsA PAKETHBIX
KOMIUIEKCOB Ha TEPPUTOPUU TOCYIapCTBA-
cOoOCTBEHHUKA y1op Jenaercs Ha
OezomacHocTh mycka. IlosTomy B Xome
UCTIBITAHUS HOBBIX PaKeT 0c000e BHUMaHHE
yaensieTcss a’poAMHAMHYECKUM CBOHCTBaM
PAKET - TOYHOCTH ITIyCKa, NOI'PCHIHOCTH OT
U3MECHEHHs  3aJaHHOW  OaJUTMCTUYECKON
TPaeKTOPHUH.

B03MOXXHOCTP TpPUMEHEHHUSI paKeT
nmpoucxoaur ¢ OHCHKOfI HUX Ppas3InYHbIX
napameTpoB. Tak, 3Ha4eHUs CKOPOCTH H
BBICOTBI TIIOJICTA PAKETBI JOJIKHBI OBITH
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cOalaHCUPOBaHbl, a BHEJIPEHHAs] B DPAKETY
MO/JIeJIb BO3JyLIHO-PEAKTUBHOIO JIBUraTEJIs
JOJDKHA ~OTJIMYaThCS MallbIM  pacxoJoM
TormuBa.  bonblmioe  3HaueHue — mpu
KOHCTPYHPOBaHUU paker UTparoT
a’poJIMHAMHUYECKHE CBOMCTBA, MOTOMY YTO
OHM ONPEIENSAIOT TOYHOCTh IMOPaKEHUs,
CKOpPOCTh JIOCTHIKEHMsI pakeToM 3aJaHHOU
LEJH.

Jlns pelieHus MOCTaBICHHBIX 3a/ay
OyAyT WCHOJb30BaHbl TEOPETHUUECKUE U

OKCIICPUMCHTAJIBHBIC IoAXOJBbI. Z[J'Iﬂ
CUCTCMbl HCYIIPABISACMBIX MaJbIX PaKET
6YIIYT IMOCTPOCHLI COOTBCTCTBYIOIIINC
MAaTe€MaTUYCCKHUE MOJCIM, Ha KOTOPBIX
6YI[6T HU3YUCHO Hux IIOBCACHUC IIpu
Pa3JIMYHLBIX YCIIOBUSAX.

B HaCToAIICeC BpEmMms MCTOABI
MaTEMaTHYICCKOI'O MOACIIUPOBAHUA

MOBE/ICHUS a3POKOCMUYECKUX almapaToB HE
UMEIOT  albTEpHATHBHBI W SBISAIOTCA
OOLIENPUHATEIM B  MHPOBOM IpaKTUKE
CO3/IaHMsI JIETAaTEJIbHBIX allapaToB.

B pucynke 1 mpencraBieHbl dTambl
CO3/1aHMsI HAy4YHO-TEXHOJOTUYECKON LIEHTpa
JUIsl TIPOEKTUPOBAHMSI PAKET CBEPXJIETKOIO
KJ1acca U UX COCTaBIISIIOIINE.
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BrImoTHEHIE PacdyeTOB B
COOTBETCTBHUII C YCIOBHAMI
TeXHIYECKOro 3aIaHH.
Br100p KOMITOHOBKH ¢
ydetom TexHIrgecKoro
3a/IaHHA.

Brmonnenne
KOMILTEKCHBIX PacueToB Ha
YCTOMYHBOCTD IYCKOBOI'O
KOMIIITEKCa.
KoHcTpyKTHBHAS
KOMITOHOBKA ITyCKOBOTO
KOMILTEKCA C TIPHMEeHeHHeM
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TlccnejoBaHMe I pa3paboTKa
TEXHOJIOTIII 0Ty
MaTepHata JUIA N3TOTORIEHIIS
371EMEHTOB KOPIYca MalbIX

PaKeT,
ran lll
‘0ObocHOBaHIIE I BEIOOD
MaTepHaoB,
TIPHMEHSIEMOTO IIPH
H3TOTOB/ICHHH 3IEMEHTOB
KOpITyca MaJbIX paKeT.

. BemonHeHHne

MaTeEMaTHIECKOI 0
MOJEIIPOBaHHIA.

. TlomyteHne BHIGPaHHOTO

MaTeplana B
11a60paTOPHEIX YCIOBHAX.

. IIpoBeneHte

11a00paTOPHBIX ICIBITAHILT
MaTeprana.

. IIpoexTnposanne

TEXHOJIOTHYECKOTO
nponecca H3rOTOBICHUA
MaTepHana.

. IIpoBeieHme HayIHBIX

TCCIIeI0BAHMIT B 001aCTI
3AIUTHEIX TOKPBITHI IS
3JIeMEHTOB KOpITyca MajbIX
paKer.

. Boimaua ofmmix

peKOMeHaIil 1o
TEeXHOIOTHI I3TOTOBIEHIIT
37IeMEHTOB KOPITyCca MalbIX
paKer.

Figurel - Creation of a scientific and technological center for the design of ultralight missiles.
Pucynok 1 - Co3nanue HaydYHO-TEXHOJIOTUYECKON IIEHTpa JJIsi TPOCKTUPOBAHUS PAKET
CBCPXJICTKOI'O KJ1acCa

Oo6uue peKoMeHIalumn no
TeXHOJIOTHUM W3IrOTOBJICHHS] 3JIEMEHTOB
KOpIyca MaJIbIX paKer.

Hasnayenue H yCJIOBHUA
IKCIJIyaTAUUH 00beKTa MPOU3BOACTBA.

CunoBast o0omouka oOecreunBaeT
HECYIIyI0 CIIOCOOHOCTh KOpIyca MallbIX
pakeT M MpeJCcTaBisieT cOO0OH TOHKOCTEHHOE
TEIO BpaIICHHS, UMEFOIIas
IMHApUYeckylo  ¢popmy. B kopmyc
3aKJIQJBIBACTCS TBEPAOTOIUIMBHEINA 3apsf, U
B Ipolecce paboTbl pakeThl MPOUCXOIUT
TOpPEHHE 3apsiia HeToCPEJACTBEHHO BHYTPH
kopryca. Ilpu »TOoM cunoBas o06o0ouka
Kopmyca paboTaeT B OKCTPEMAaJbHBIX
YCIIOBHSAX:

— Temreparypa MPOIYKTOB
cropanusi BHyTpu kopmyca 3400+3600 K;

— HOMHUHAQJIBHOE JaBJICHHE BHYTPHU
kopmyca 10 MITa.

Kpome Toro, cumoBas o06osouka
KopIlyca JO0JDKHA o0JiafjaTh MHHHUMAJIbHOM
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Maccoii, 4TO MPH MPOYUX PABHBIX YCIOBHUSX
00ecrneynT yBeIMYeHHe MacChl BBIBOJUMOTO
I0JIE3HOT'O Tpy3a.

AHaiu3 W 000CHOBaHUE BbIOOpa
MaTepHajIoB 00bEeKTa MPOU3BOACTBA

Bribop Mmarepuana, MCHOIb3yeMOTo
P HW3TOTOBJICHUM CUJIOBOM  00OJOUYKH
KOpIlyca, OIpeJenseTcss Ha3Ha4eHHeM H
YCIIOBHSIMU JKCILTyaTalllH, JIEHCTBYIOIUMH
Harpy3kamu u TpeOOBaHUSAMH,
npeabsBisieMbIMH K u3genuto. CutoBas
o0onouka obecrnieunBaeT HECYIIYIO
crocoOHOCTh Koprryca. [Ipu sTom cuioBas
o0oyouka  MmojBepraercs  BO3JEHCTBHIO
BHYTPCHHETO  JIaBJICHHS,  CIKUMAOIINX
(oceBBIX) CHMJI U M3THOAIONIIUX MOMEHTOB, a
Takke HarpeBy. /Ui 3amuTel  CHIIOBOM
000JIOYKH OT BO3ACUCTBHUS 3HAUUTEIHHBIX

TETUTOBBIX MIOTOKOB HCTIOJNIB3YETCS
BHYTPEHHEE TEIUIO3AIIUTHOE IOKPBITHE,
IpeJICTaBIIsIIoIIee co0oif
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KOMOMHHPOBAHHYIO MHOTOCJIONHYIO
CTPYKTYpY.

Ha OCHOBaHHH TpeOOBaHM,
NpEeAbSBISIEMBIX K paccMaTpUBaeMOi

KOHCTPYKLUHU (0oOecrieueHHe >KECTKOCTH H
IPOYHOCTH), c y4eToM YCIIOBHU
JKCIUTyaTallui H3JeNusd M JeHCTBYIOILUX
HArpy30K MOXHO C(OPMHPOBATH KPUTEPH
3¢ ($EeKTUBHOCTH MaTepuaa, IpUMEHSIEMOro

IpU HU3TOTOBJICHUHM CHJIOBOM  00OJOYKH
KopIyca:

— MakCHMAaJIbHOE 3HA4YE€HHE MOJYJIS
YOPYrOCTH B IIMPOKOM TEMIIEpaTypHOM
JIMaIa30He;

— MaKCHMaJIbHOE 3HaY€HHUE IIpeena
IIPOYHOCTM B IIUPOKOM TEMIIEPATypPHOM
JIMaIa30He;
MUHUMAaJIbHOE

IJIOTHOCTHU (Macchbl).

3HA4YCHUC

Tabmuna 1 - XapakTepuUCTMKM KOHCTPYKIIMOHHBIX MaTEpHalioB, MPUMEHSEMBIX IpU

HU3TOTOBJICHUU paKCTHOﬁ TCXHHUKHU

g
Marepuan E, I'lla ; s KM F+1, MIla p, Kr/m®
Crais 30XT'CA 200 192 1500 7800
ANIOMUHUEBBIN

71 178 510 2850
cmwiaB B95
TuraHOBBEII  CIUIAB

110 196 900 4600
BT-20J1
CTEeKJIOIUIACTHK 48 127 1600 2200
Vrnemactuk 140 750 1200 1600
OprasorniacTuk 80 1850 2500 1350

AHanu3upys XapaKTePUCTUKH OueHp BaYKHBIM rokasareyieM

Pa3IMYHBIX KOHCTPYKIIMOHHBIX MaTepUasoB, MEXAHUYECKUX CBOICTB MaTepuasoB
MPUMEHSEMBIX TPU U3TOTOBJICHUH CHIIOBBIX SBIITIOTCSI  TaK  Ha3bIBa€MbIC  YJCIbHBIC
JJIEMEHTOB PAaKeTHOM TEXHUKH, MOXKHO XapaKTePUCTHKHU AN OTHOIIIEHHUE
clenarThb BBIBOI, 4yTO MTOJINMEPHBIC MPOYHOCTH ®  MOAyhs jaedopmamuu K
KOMIO3UIIMOHHBIE MaTepHalbl  00JagaoT TUIOTHOCTU (TIPUHATHIN TMOKa3aTelb OICHKU
HauboJee BBICOKHMU yICTbHBIMA VICTBHOW  MPOYHOCTH  MAaTEpHUAJOB -

XapakTepucTukamu (yJesbHasi MPOYHOCTh U
ylenabHas JKECTKOCThb). B cBsi3m ¢ 3TUM
IPUMEHEHNE KOMITO3UIIMOHHBIX MaTepHaIOB
JaeT BO3MOXHOCTb CO3/aBaTh CHJIOBBIC
KOHCTPYKLIMM MEHBIIEH Macchl, COXpaHssA
IIPU 3TOM HX JKECTKOCTb U MPOYHOCTb.
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"pa3ppIBHAs ATUHA" B KWIOMETpPAX).

Ha pucynke 2 wu3obpaxkena 31
Mozens kopnyca PIITT, moaroToBieHHOro K
ucnpiTanussM B makere  Solidworks
Simulation.
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Figure 2 - 3D model of the Solid-fuel rocket engine body (Solidworks)
Pucynok 2 — 31 moaens kopmyca PJITT (Solidworks)

AHaau3 " o0ocHOBaHMe
TeXHOJIOTHM U3Tr0TOBJICHUS

CunoBasi 0007109Ka KOpITyca paKeThl
— KpynHorabapuTHas KOHCTPYKLIUS
CJI0’KHOM KOH(Urypanum. Hns
U3TOTOBJIEHUS Takoro pojga OOBEKTOB
METOI0M HAMOTKH 1IeJIECO00Pa3HO
UCIMOJIb30BaTh CIOCOO “MOKpOH” HAMOTKH.
B ornmume ot cnocoba “cyxoii” HaMOTKH
(BOJIOKHUCTBI  apMUpPYIOIIMKA  MaTepual
nepen HaMOTKOM MIpeIBApUTEIHHO
HPOMUTHIBAETCS CBAZYIOIIUM Ha
IPONUTOYHBIX MAalllMHAX) TMpu crocode
“MOKpOI” HaMOTKH MIPOIMTKA
apMUPYIOIIET0 BOJOKHUCTOIO MaTepHuala
CBA3YIOIIMM, M HaMOTKa Ha OIPaBKY
COBMEILIEHBI.

OcHOBHBIE ITanbl TEXHOJIOTUYECKOU
orepanuu HAMOTKM  U3Jenus  1pu
MCII0JIb30BaHUNU criocoba “MOKpOI”
HAaMOTKH:

— IpeaBapuTesIbHAs
HUTEHN rOpYUM BO31YXOM;

— (QopmupoBaHue npsen U3 HUTEH;

MOJICYIIKa
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— NPOIUTKA NPSAEH CBA3YIOILIEH
KOMIIO3UIIMEN B  IPONUTOYHO-HATAKHOM
Tpakre (MpOTArMBaHME  HHUTEH  4yepes3

BaHHOYKY CO CBS3YIOILM);

— yJal€HUE U3JMIIEK CBSA3YIOLIETO,
HaTsDKEHUE NPAIEH HUTEH;

— HaMOTKa npsen Ha
BpAILAOIYIOCS ONPaBKY, YKPEIJICHHYIO Ha
HaMOTOYHOM CTaHKE.

[IpeumymecTBo cmocoba “mMoKpoit”
HAaMOTKU 3aKjirodaeTcs B 0Ooiee HHU3KOM
KOHTaKTHOM JIaBJI€HUH (POPMOBAHHUS, YTO
TpeOyeT  oOopynoBaHMs C  MeEHbIIEH
MOIIHOCTbIO MpUBOJA U aydien
(bOopMyeMOCTbIO  TOBEPXHOCTEH  M3/EHSL.
D10 o0ycnaBiaMBaeT MPUMEHEHUE IaHHOTO

crocoba npu M3TOTOBIICHUH
KPYITHOTa0apUTHBIX  000JIOYEK  CII0KHOM
KOH(UTypaluu.

Henocratku  cnocoba  “Mokpoif”
HaMOTKHU:

— HEBBICOKAas CKOPOCTh HAaMOTKH,
OTpaHWYEHHAs  CKOPOCTBIO  IPOMUTKH

HaITOJJTHUTCIIA CBH3y10H.ICfI KOMHO3I/ILII/ICI\/’I;
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— HEBO3MOJKHOCTH obOecrieueHus
PaBHOMEPHOTO COJIEPIKAHUS CBSA3YIOIIETO IO
TOJIIMHE HAMATBIBAEMOI0 U3/IEIINS;

— OOJIBIIOE KOJHUYECTBO OTXOJIOB
CBSI3YIOIIIETO B BHUJE 3aryCTEBIIUX OCTaTKOB
B IPOIMHMTOYHOH BaHHE W BBIAABICHHOTO
HN3JINIIKa CBSISyIOH_IeI‘O N3 HaMaTbIBAECMOI'O
U3JIENHNS;

— 3arpsi3HEHUE HaMOTOYHO-
IIPOIIMUTOYHOIO TpakTa M pabouero Mecra
CBSI3YIOILUM;

— HEBO3MOXXHOCTh MIPUMEHEHHS
BBICOKOBSI3KUX CBSI3YIOIIMX.

TexHonoruuyeckoe peleHue,

IPUMEHSEMOE IPU H3TOTOBJIEHHE CUJIIOBOM
000JIOUKM KOpIyca pakeThl B paMKax
JTAaHHOU paboThI u MI03BOJISIIOIIEE
ONTHMHU3UPOBATH  ONEpalMI0  “MOKpPOM”~
HaMOTKH: CJIEAYEeT OCYLIECTBIISITh POIUTKY
npsiied  CBS3YIOIIMM B IPOMUTOYHO-
HaTSHKHOM TpaxkTe IPOTATMBAaHUEM
HarpeThlX HUTEH uepe3 BAHHOYKY C
HEHarpeTbIM CBA3YIOLIUM (00BIYHO
MPOMUTKY OCYIIECTBISIIOT TMPOTATUBAHUEM
HE HArpeTbIX HUTEH uYepe3 BaHHOUKY C
HArpeThiM CBS3YIOUIMM). OTO TO3BOJIAET
OCYIIECTBIISATh IIPOIUTKY npsiaei
CBS3YIOIIUM 0oJiee paBHOMEPHO, YMEHbIIas
HAHOC U3JIMIIKOB CBS3YIOIIEH KOMITO3UIUH.

B 3aBucuMocTH OT THNAa YKIaJKH

— CHUPATIbHO-BUHTOBAs (TaHTEHIU-
ajbHAas1, KOJbIEBas);
—  CIHMpalIbHO-TIEPEKpPECTHAs

(criupanabHO-IIPOJIOJIBHAS, CIHMpaIbHO-
norepeyHas);

— COBMEIIIEHHas CIIUpaIbHO-
KOJIbLIEBas;

— TPOJOIBHO-TIONEepEYHas,
KOCOCJIOMHAs ITPOJI0JIbHO-TIONIEPEYHasl;

— IUIaHapHas (momtocHas,
opOuTagbHast, TIIOCKOCTHAS ),

BrIBOaBI

B »3TOM  cratbe  paccMOTpEHBI
COBPEMEHHBIE TOJXO/IbI K MPOSKTUPOBAHUIO
paker, a TaKkKe MpHuBeneHa oO0Immas cxema
nporecca 1o CO3/1aHUIO Hay4YHO-
TEXHOJIOTUYECKON HEHTpa TUIs
MPOEKTUPOBAHUS ~ PAKET  CBEPXJETKOro
knacca. Jlapl oOmIMEe pPEKOMEHIAIUU IO
TEXHOJIOTUM  U3TOTOBICHHUS  DJIEMEHTOB
Koprmyca Manbix paket. [IpoBeaen anamus u
o0ocHOBaHME BBIOOpa MaTepualia CUIOBOH
000JIOUKH KOpIlyca pakeT Kak O0ObeKTa
npousBojcTBa. Ommcano  00OCHOBaHUE
BbIOOPA TEXHOJOTUU U3TOTOBICHUS CUIIOBOU
000JI04KH KOpITyCa.

HccnenoBanue OblI0 TOIIEPIKAHO
rpaatToM Ne00076/T'® «Coznanue HaydHO-

apMUPYIOIIETO BOJOKHHUCTOIO MaTepuana B TCXHOIIOTHHECKOTO HeHTpa U
HAMOTAHHOM —— pABTHYAIOT IIPOEKTUPOBAHMUSL ~ pPAKeT  CBEPXJIETKOIO
CIIENYIOIIME  TEXHOJOTUYECKHE  CXEMBI Kaccay.
HaMOTKH:
— npsmas (OKpy>KHas);
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CO3JAHHUE HAYYHO-TEXHOJIOT'HYECKOTI'O HEHTPA J1JIA
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Anparna. Kazipri yakpITTa enfiH YJITTBIK Kayilci3[irine keOipek KeHLT OeiHyje.
KobGanwsig unescel-Oyn KP KopraHbIC canachlHBIH KaKETTUTIKTEpl YIIIH HAKThl MIHJIETKE
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OarpITTAIFAaH 3BIMBIPAH TEXHUKACHl MEH TEXHOJIOTHSCHIH —TIKIPUOETIK-KOHCTPYKTOPIIBIK
xo0aray YIIiH FRUIBIMU-TEXHOJIOTUSUIBIK HET13epAl 931piiey i YChIHY.

Y ChIHBUIFAaH MaKaJiaJa >KaKblH TAaKTUKAJIBIK aiMaKTBIH IIaFbIH 3bIMBIPAHIAPBIHBIH JaMy
TEHJCHIMSUIAPbIHBIH ~ ©3€KTI MOCeNieCiHe Tajjay, COHAal-aK yJibTpa JKEHUT KJIACThI
3BIMBIPAaHAAP/bl K0Oallay YIIiH FHUIBIMHU-TEXHOJIOTHUSIIBIK OPTAIBIK KYpy IMPOLECIHIH KaJIIbl
cxemachl kenrtipinred. CoHiai-ak, MaKaiaja MIarblH 36IMBIPDAHAP KOPITYCHIHBIH AJIEMEHTTEPIH
»Kacay TEXHOJIOTUSICHI TYPaJIbl )KaJIbl YChIHBICTAp OEpLIITeH.

Tyitinai ce3nep: xobanay, 3pIMbIpaH, MaTeMaTUKAIIBIK MOAENb, 3/ Monenbaey, KYIITIK
Kanrama, MaTepuasaap, KOpnyc, KOMIIO3HUIUSIIBIK, Opay, FhUIBIMU-TEXHOJIOTUSIIBIK OPTAJIBIK.
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